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Choucox AOKYMEHTOB U MaT€pua’jioB

1. IlepeueHp IUIAHUPYEMBIX pPE3YJIbTATOB OOYYEHHUS IO AUCHUIUIMHE, COOTHECEHHBIX C

YCTAaHOBJICHHBIMM B  0Opa30oBaTeIbHON MpOrpaMMe HHAMKATOPAMH  JIOCTHIKEHUS
KOMIIETEHIINN

2. Llenb 1 MECTO TUCIUILIMHBI B CTPYKType 00pa30oBaTeIbHOM MPOrpaMMBbI
3. Conepxanue paboueil mporpamMmbl (00BEM AWCHUIUIMHBI, THIBI W BUABI Y4COHBIX

3aHIATHHA, y4eOHO-METOIMIECKOE 00ECIIEUCHHE CAMOCTOSTEIIBHON pabOThl 00YJatOIUXCsl)

4, q)OH[[ OLCHOYHBIX CPCACTB 10 JUCHUIIIINHE

4.1. IlepeueHb KOMIIETEHUMH M MHIUKATOPOB JIOCTH)KEHUS KOMIETEHLMH C yKa3aHHEM
COOTHECEHHbIX C HHMMM 3aIUIAHUPOBAHHBIX PE3YJIbTaTOB OOYYEHHS M0 TUCIUIUIMHE.
Onucanue KpUTEPUEB U LKA OLEHUBAHUS PE3yJbTaTOB O0YUYEHHUS 10 JUCLUILIMNHE.

4.2. TunoBble KOHTPOJIbHBIE 3aJaHUsl WM HHbIE MaTepuasbl, HEOOXOAUMBIE IS
OILICHWBAHMSI PE3YJIbTaTOB OOYYEHUS M0 JUCLMILIUHE, COOTHECEHHBIX C YCTAHOBICHHBIMH B
0o0pa3oBaTeIbHON MpPOrpaMMe MHAWKATOPAMHU JOCTIKEHHUS KOMIEeTeHnwid. MeTtoaudeckue
MaTepuasbl, OINpPENesIoNINe MPOLUEAYpbl OLICHWBAHMUS PE3YNbTaTOB OOy4YEHHS 110
JTUCLUILINHE.

4.3. PeUTUHT-TIJIaH TACIIUTUTMHBI

. YyebHo-MeToqu4eckoe 1 HHGOPMAIMOHHOE 00ecredeHre JUCITUTIITUHBI

5.1. IlepeueHb OCHOBHOU W JTOTOJIHUTEIHHON Y4eOHOU JuTeparypbl, HEOOXOIUMOM AJst
OCBOEHUS JUCIUILIIMHBI

5.2. Ilepedens pecypcoB nH(DOPMAITMOHHO-TEIEKOMMYHUKAIIMOHHOU ceTu «HTepHET» 1
MIPOrpaMMHOTO oOOecreyeHusi, HeOOXOIUMBIX JUIsl OCBOCHMS JUCHMILIMHBI, BKIIIOYas
npodeccuoHanbHbIe 0a3bl JAHHBIX U HH(GOPMAIIMOHHBIE CITPABOYHBIE CUCTEMBI

. MarepuanpHO-TeXHUYECKass 0a3a, HEOOXOoauMas Il OCYIIECTBICHUSI 00pa30BaTEILHOTO
rpolecca o AUCIUILIINHE

A b~
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1. Hepeqeﬂb IJIAHUPYEMBIX pE3yJIbTaTOB oﬁyqe}mﬂ mo JTMCHUIIJIMHE, COOTHECCHHBIX C
YCTAaHOBJCHHBIMU B OﬁpaSOBaTeﬂbHOﬁ nmporpaMme HHAHKaATOpaMi JOCTUKCHUSA

KOMIIeTeHIIMH

[To uToram ocBOEHUs TUCIUTIIIMHBI 00YUYAIONTUNCS TOJDKEH TOCTUYD CIICIYIOIMINX PE3YJIbTATOB

o0yJeHUSI:

Kareropus (rpynma)
KOMIeTeHI Uit
(npu Hanuuuu OIIK)

dopmupyemasn
KoMIeTeHuus (¢
yKa3aHHeM KoJa)

Kon m HammeHoBaHue HHIUKATOpPA
JOCTHKCHHUS KOMIIETCHIINH

Pe3ynbsTaThl 00y4yeHust no
AUCIUTIJIMHE

OomrenpogeccroHaIbHbIE
HaBBIKA

OIIK-3 Cnocoben
MIPUMCHSITH
pacdeTHo-
TEOPETUICCKHE
METOJIBI JIJIst
W3yYEHUS CBOMCTB
BEIIECTB U
MTPOIIECCOB C MX
y4acTHEM,
HCIIOJTB3YS
COBPEMEHHOE
MPOrpaMMHOE
obecrieueHue u 6as3bl
JTAHHBIX
poheCcCHOHATBHOTO
Ha3HAYCHUS

OIIK-3.1. [Tpumensier
TEOPETHYECKUE U
MOIYSMIUPHYECKUE MOJIETH MPU
peLIeHNH 3a7a4 XUMHUYECKOH
HarpaBJIeHHOCTH

3HaTh: OCHOBHBIC TIPUEMBI
paboTHI O
CIICIHATH3UPOBAHHBIM
POrpaMMHBIM
obecrieueHneM mpu
MPOBEJICHIUH TEOPETUIECKHX
pacueToB u 00paboTKe
9KCTIEPUMEHTATIBHBIX TAHHBIX
YMeTb: IPUMEHSATh
CIICIHATH3UPOBAHHOE
HporpaMMHoe obecrieueHre
IpH NMMPOBEACHU N
TEOPETHYECKUX PACUETOB U
00paboTke
OKCICPUMEHTAJIbHBIX TaHHBIX

OIIK-3.2. Ucnons3yer
CTaHJAPTHOE POrPaMMHOE
ofecreueHre Npy peleHny 3a1a4
XMMHYECKOI HallpaBIeHHOCTH

3HaTh: OCHOBHBIE IPUEMBI
paboThI co
CIIeMaTN3HPOBAHHBIM
HPOrpaMMHBIM
obecrieueHneM mpu
NPOBECHNH TEOPETUIECKHX
pacderoB 1 00paboTKe
9KCIEPUMEHTAIBHBIX JaHHBIX
Biagers: HaBBIKaMu
NPUMEHEHHUS
CIICLMATI3UPOBAHHOTO
MPOrpaMMHOI0 00eCIIeYeHUs
u 0a3 JaHHBIX NIPH PEIICHHN
3aja4 nMpodeccroHaIbLHOMN
cepbl IesITeNbHOCTH

2. lleab M MeCTO JMCHHUIIUHBI B CTPYKTYpe 00pa30BaTeibHON NPOrpaMMbl

JucuumuinHa «KBaHTOBast XUMUs» OTHOCUTCS K BapUaTUBHOM yacTu o0s3arenbHoro nukia Ol
JucuuiuinHa usydaercs Ha 4 kypce B 8 cemectpe.
[lenbro OCBOEHMS NUCLUIUIMHBI ABJIAETCS MOATOTOBUTH CTYJEHTOB K NOHMMAHHIO S3bIKA COBPEMEHHOU

KBaHTOBOM XHMHUH,

a TaKXKC K CaMOCTOATCIIbHbBIM KOMIIBIOTCPHBIM BBIYUCIICHUAM J3JICKTPOHHOI'O

CTPOCHUH, HpOCTpaHCTBCHHOﬁ CTPYKTYPHI U q)HSI/IKO'XI/IMI/I‘leCKI/IX CBOMCTB PAa3JIMYHBIX MOJICKYJISIPHBIX

CHUCTCM.

Z[J'ISI OCBOCHUA OUCHUIIIHHBI H606XOJII/IMLI KOMIICTCHIINH, C(bOpMHpOBaHHBIe B paMKax HU3YUYCHHA
CICAYIOIUX JUCHUIIINH ((CDI/ISI/IKa», «MaTeMaTI/IKa», «CTpOCHI/Ie BCIICCTBA», «YucneHHsle METOABI U
InporpaMMHUpOBaAHUC), ((HCpCOHaJ'IBHBIe KOMIIBIOTCPBI B XUMHUHN» ((I/IH(I)OpMaTI/IKa», ((0611_[3.51 XUMMUA»,
«AHaTATUYECKas XHUMUA», ((OpI‘aHI/I‘-ICCKaSI XUMUA», «Du3nyecKas XUMHUI».

3. Coaepxxanue padoueii nporpaMmbl (00beM AUCHUILINHBI, THIIBI M BUbI Y4eOHBIX 3aHATHH,
y4eOHO-MeToau4YecKoe obecrneyeHHe CaMOCTOATEIbHOM PadoThl 00y4YaI0IMXCs)

Copneprxanue paboueii mporpammel npezacranieHo B [Ipunoxenun Ne 1.







4, D oHI OLIEHOYHBIX CPEaACTB 10 U CHUIIJINHE

4.1. Hepeqeﬂb KOMIIeTEHIIHI 1 HHAUKATOPOB A0CTUKCHUSA KOMIIeTEeHIINIi ¢ YKa3aHuE€M COOTHECECHHBIX ¢ HUMHU 3aIVIAaHUPOBAHHBIX
pe3yjJbTaToB 06yqe}mﬂ no AucuuiInHe. Onucanue KPUTEPUEB U HIKAJ OLCHUBAHUA PE3yJIbTAaTOB Oﬁy‘-lel-[l/lﬂ o JTMCHUIIJIMHE.

Kox u popmymuposka kommereniuu OIIK-3 CriocoOeH MpUMEHATh pacdeTHO-TEOPETUIECKHAE METOJIBI [T U3YUEHHsI CBOMCTB BEIIECTB U TIPOIIECCOB C
UX Y4acTUEM, UCTOJIb3ysd COBPEMEHHOE MPOrpaMMHOe oOecriedeHne U 0a3bl JaHHBIX MPO(PECCHOHANIBHOIO HA3HAYECHHUS.

Koa u Pe3yabTaTsl Kputepun ornieHuBaHMS pe3yabTaTOB O0YICHHS
HAUMeEHOBaHUe 00y4eHuUsI 1Mo
HHIUKATOPA AUCUMIIHHE 2 3
AOCTHKEHUS («HeynoBnetBoputenbHo | («YIOBIETBOPUTEIHHOY 4 («Xoporoy) 5 («OTaHO»)
KOMIIETeHI[HH ») )
OIIK-3.1. 3HaTb: OCHOBHEIE 3HaeT OTAENbHBIE TPUEMBI | 3HAET OCHOBHBIE 3HaeT OCHOBHEIE 3HaeT OCHOBHEIE
[Ipumenser MpUEMbI pabOTHI CO paboThl ¢ HanboJIee MIPUEMBI pabOTHI C MIpUEMBI pabOTHI C MIPUEMBI pabOTHI CO
TEOPETUYECKUE U | CHEIUAIU3UPOBAHHBI | MOMYISIPHBIMU HauboJee HauboJee CHeUaIN3UPOBAHHBIM
MOJIYySMITUPUYECKH | M IPOTpaMMHBIM CHelHaTu3upOBaHHBIMU MOMYJISIPHBIMU MOMYJISIPHBIMU U IIporpamMMamy,
€ MoJenu IpH | o0ecrieueHueM npu MpOrpaMMaMu, CHEHUAM3UPOBAHHBIMU | CHEIHMATU3UPOBAHHBIM | HCIIOJIb3yEMbIMU B
pelieHnd  3a7ay | IpOBEICHUH UCIOJIb3YEMbIMU B XUMHHU | IIPOTPaMMaMHU, U IIporpamMMamy, XUMHH,
XUMHYECKON TEOPETUUECKHUX U MaTepualoBE/ICHUH, HO | UCIIOJIb3YEMbIMHU B HCIIOJIb3YEMbIMU B MaTepUaJOBeICHUU U
HaIpPaBJICHHOCTH pacueToB 1 3aTpyaHsETCs B UX XUMHH U XUMHH U CMEXHBIX C HUMU
obpaboTke peanuzanuu MaTepUajIOBeICHUH, HO | MaTepuaIOBeICHUU 00JacTsIX 3HaHUS
AKCIIEPUMEHTATBHBIX JOTTYCKaeT OTJeNIbHbIE
JTAHHBIX HETOYHOCTHU MPU UX
peanu3anuu
YMeTh: IpUMEHSATh YMeeT ucnonb30BaTh YMeeT npuMeHATh YMeeT npuMeHsITh YMeeT ucnonb3oBaTh
CHEIHATU3UPOBAHHOE | OT/AEIbHBIC ()YHKIIHH CHeIaIbHOE CHeIHaIbHOE CIEIHAIN3UPOBAHHOE
MPOrpaMMHOE HEKOTOPBIX POrpaMMHOE MPOrpaMMHOE MPOrpaMMHOE
obecrnieueHue mpu CHEIHATU3UPOBAHHBIX obecrieueHue npu obecrieyeHue npu obecrieyeHue st
MPOBEACHUU nporpaMm i o6paboTku | 00paboTke o6paboTke MIPOBEACHUS
TEOPETUIECKHIX IKCIIEPUMEHTATBHBIX AKCIIEPUMEHTATBHBIX OKCIEPUMEHTATBHBIX | TEOPETHUECKUX
pacdeToB u JTAHHBIX TAHHBIX U TaHHBIX U pacueToB ¥ 00pabdOTKH
o0OpaboTke UCIIOJIb30BaTh UCIIOJIb30BAaTh AKCIEPUMEHTATBHBIX
AKCIIEPUMEHTATBHBIX HEKOTOpHIE HEKOTOpHIE JAHHBIX MPU PEIICHUH
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JaHHBbIX

CIeIUATU3UPOBAHHBIC
MaKeThl IPOTrpamMM B
OTACILHO B3ATOM
o0JtacTy XUMUH II0]]
PYKOBOJCTBOM
crenuanucra oojee
BBICOKOM
KBaJIM(DUKALIUU

CIIeLIMATU3UPOBAHHBIE
MaKEeThl IPOTrpaMM B
OTJEIILHO B3SITOM
00J1acTh XUMHHU

3agad
npo¢ecCuoHaIbHOM
chepsl 1eATeTbHOCTH

OIIK-3.2.
Hcnonb3yet
CTaHJapTHOE
MPOTPaMMHOE
obecrieueHrue Mpu
pemieHuu  3ajad
XUMUYECKON
HaIpPaBJIEHHOCTH

3HaTh: OCHOBHEIC
preMbl paboThI CO

3HaeT OTAENbHBIE IPUEMBI
paboThl ¢ HauboJee

3HaeT OCHOBHBIE
pUEMbI pabOTHI C

3HAEeT OCHOBHBIE
pHeMbI paboOThI C

3HAEeT OCHOBHBIE
pHeMbl paboThI CO

CHIEIUATU3UPOBAHHBI | TIOMYJISIPHBIMU HauoOoee Hauoboee CIEeUATTU3UPOBAHHBIM
M TIPOTPaMMHBIM CHETMATN3UPOBAHHBIMU MOMYJISIPHBIMHU MOMYJISIPHBIMHU U TIporpaMMamH,
obOecreueHreM mpu MporpaMMaMH, CIIEIUATU3UPOBAHHBIMHU | CIICIIMAIM3UPOBAHHBIM | UCITOJIH3YEMBIMH B
MPOBEJCHUH WCIIOJIb3YEMBIMH B XHMUH | TTPOTpaMMaMHU, U TIpOTpaMMaMH, XHUMHUH,
TEOPETHUCCKHUX Y MaTE€pUAJIOBEACHUH, HO | UCIIOJIh3YEMBIMH B HCITOJIb3YEMBIMH B MaTepuaIoBEACHUHN 1
pacyeToB u 3aTPYAHSIETCS B UX XUMUHU U XUMUH U CMEKHBIX C HUMH
00paboTke peanu3anuu MaTepHaJIOBEICHUH, HO | MaTepUaIOBEACHUHN 00J1acTAX 3HAHUS
AKCIIEPUMEHTAIIbHBIX JIOTIyCKaeT OT/ICIbHBIC
JAHHBIX HETOYHOCTH TIPH MX
peanu3anuu
Bnaners: HaBbIKaMu Biageer crtocoOHOCTBIO Bianeer cnocodHOoCcTRIO | Bitageer Bnaneer
MIPUMEHCHHS HCIOIb30BAaTh HCII0Ib30BaTh CIIOCOOHOCTBIO CIIOCOOHOCTBIO
CHEIUATU3UPOBAHHOT | CIICIIHAIM3UPOBAHHOE CIIeIUATU3UPOBAHHBIC CaMOCTOSTEILHO CaMOCTOSTEILHO
0 MPOTPAMMHOTO IpOrpaMMHOE 0a3nl JaHHBIX U HCII0JIL30BaTh HCII0JIL30BaTh
obecneyeHus u 0a3 o0ecreueHrue TOJIBKO MPU | CHEIUATBHOE CIICIIUAJIU3UPOBAHHbBIC | CIEIUATU3UPOBAHHBIC
JAHHBIX [IPU HEMOCPEACTBEHHOM POrpaMMHOE 0a3bl JaHHBIX U 0a3bl JIaHHBIX 51
peuieHun 3a1a4y Y4acTHH CHEeUAINCTA oOecrieueHue s CIICIIHAIIFHOE CIICIIUAIIFHOE
npodeccruoHaIbHON 0oJiee BHICOKOU pelIeHus! OTAEIbHBIX MIPOrpaMMHOE MPOrpaMMHOE
cdepbl AeATeNbHOCTH | KBANU(UKAIIUU npodeccrnoHalIbHBIX o0OecrieueHue s obOecrieueHue NI
3a7a4 Mo/ pEIIeHUs OTAETbHBIX MMOKMCKAa HEOO0XO0IUMOM
PYKOBOJCTBOM 3aja4 Hay4YHO-TEXHUYECKOMN

cnenuaiucra dolee
BBICOKOU

npodeccrnoHanbHO I
cepbl AeITeTbHOCTH

uHpopManuy,
NPOBEJICHUS] PacyETOB,
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KBTI (DUKAIIAH

00paboTku
SKCIICPUMCHTAJIbHBIX
JaHHBIX, IIOoArOTOBKHN
HAy4YHBIX ITyOJIMKAIHiA
Y JIOKJIAJIOB




4.2. TunoBble KOHTPOJIbHbIE 32/IaHUS UM HHbIE MAaTEePHAJIbl, He00X0AUMBbIE /1JI51 OLleHUBAHUS
pe3yJabTaToB 00y4eHMs MO ANCHUIIIHHE, COOTHECEHHBIX ¢ YCTAHOBJIEHHBIMH B
0o0pa3oBaTe/IbHOI MporpaMMe HHANKATOPAMH J0CTHKeHUsI KoMNeTeHuil. MeToguyeckue
MaTepHuaJibl, ONPeiesolIie NPoueypPbl OLlEHUBAHNUS Pe3y/IbTATOB 00y4eHHs MO

JAUCHHUIIIMHE.

Kox m nammeHoBanue HHAWKATOpA
JOCTH/KCHHUSI KOMIICTCHIINHU

Pe3yabTaThl 00yueHuUs: M0 AUCHUILJIMHE

OueHOYHBIE CPeICTBA

OIIK-3.1. [IpumMeHsieT TeopeTHYeCcKue 1
TIOTYIMITUPHYECKHE MOJIEITH ITPU PEIICHUN
3a/1a4 XUMHUYECKOH HaIpaBIeHHOCTH

3HaTh: OCHOBHBIE MIPUEMBI PAOOTHI CO
CIeIHaIM3UPOBAHHBIM POrPAMMHBIM
obecrieueHueM MpU MPOBEIECHUN
TEOPETUUCCKHUX PACUCTOB U 00paboTKe
IKCIIEPUMEHTANTbHBIX JaHHBIX

YMeTh: IPUMEHSTH CIIEHATH3UPOBAHHOE
MPOrpaMMHOE 00CCIICUCHHUE TIPH
MPOBEIEHNH TEOPETUUECKUX PACUETOB U
00pabOTKe KCIEPUMEHTABHBIX TAHHBIX

nabopaTtopHble
paboThl,
KOHTPOJIbHBIE
paboThl,
TECTHPOBAHUE,
pedepar, yCcTHBIH
OTIPOC THIIOBBIC

OIIK-3.2. Mcnonb3yeT cTaHAapTHOE
nporpamMMHoOe oOecrieueHue PH  PEIIeHUH
3aaa4 XHUMHUYECKOM HanpaBJICHHOCTU

3HaTh: OCHOBHBIE MPUEMBI PAOOTHI CO
CIICHHUAaJIU3UPOBAHHBIM IMTPOTrpaMMHBIM
obecrieueHneM Mpy MPOBEICHUN

3aJa4yu

TEOPETUYECCKHUX PACUCTOB U 00paboTKe
OKCICPUMEHTAJIbHBIX JaHHBIX

BHa}ICTB: HaBbIKaM¥W MIPUMECHCHU A
CIIEIMAT3UPOBAHHOTO MPOrPAMMHOTO
obecnieueHuns v 0a3 JaHHBIX TPH PELICHUN
3aza4 npodeccruoHaibHol chepb
JIeATENBHOCTH

Bomnpocsl Kk 3xk3aMeny

1. Ilpeamer KBaHTOBOI MEXaHUKU MOJIEKYJISIPHBIX CUCTEM U KBAHTOBOM XMMHHU.

2. OcCHOBHBIE 3TaIlbl pa3BUTHUS KBAHTOBOM TEOPUHU.

3. I'maBHBIE TEHAEHIMM B PA3BUTUM KBAHTOBOM XMMHU KaK OCHOBHOTO TEOPETHYECKOTO
(GbyH1aMEHTa COBPEMEHHON XMMUYECKOH HayKH.

4. MareMarudeckuil anmnapaT KBaHTOBOH MEXaHUKHU.

5. DpMHUTOBBl OIEpaTOpbl, HX COOCTBEHHbIE (YHKIUMM M COOCTBEHHbIE 3HAYEHUS.
Beipoxxaenue. MatpuyHoe npecTaBjieHIe OepaTopoB.

6. PasznoxxeHne no CcoOOCTBEHHBIM (YHKIMSIM 3pMHTOBa orneparopa. KoMmMyralnoHHbIE
COOTHOILIEHUSL.

7. CooTHoueHHs HeompenesneHHocTe. dDU3NUecKuil CMbICA U MPOCTEHIINEe OIEHKM Ha HX
OCHOBE.

8. OcHOBHBIE [TOCTYJIaThl KBAHTOBOI MEXaHUKHU.

9. KBaHTOBBIE COCTOSIHUS U BOJIHOBBIE (DYHKIIMH; OCHOBHBIE CBOMCTBA BOJTHOBBIX (DYHKIIUH.

10. Oneparops! (pu3nyeckux BeIMYUH (HAOMIOJAEMBbIX); CpeAHUE 3HAYEHHS M AUCIEPCUU
HaOJI0/1aeMBIX.

11. II10THOCTH BEPOSATHOCTH paclpe/iesIeHUs] YaCTHIl B IPOCTPAHCTBE.

12. Oneparopsl ~ KOOpJMHAT, HMIYJIbCOB, MOMEHTOB  HUMIIyJIbCa, KHHETHYECKOH U
noTeHManbHoi 3Heprun. OnepaTtop ['amuiabToHa (TraMUIIBTOHUAH).

13. OBomonus coctosinuii U ypaBuenue lllpenunrepa. Cranuonaproe ypasaenue Illpeaunrepa.

14. JTuckpeTHBIH U HETIPEPBIBHBIA CIEKTPhL. Y paBHEHHE HEMPEPHIBHOCTH.

15. Tlpocreiimume npumMepsl IPUMEHEHNUS KBAHTOBON MEXaHUKH.

16. OnHOMepHbIE 33/1a41: CIEKTP, KaUeCTBEHHbIE 0COOEHHOCTH BOJTHOBBIX (DYHKITHIA.

17.3agaun 0 mNPAMOYroJILHOM IMOTEHIMAIbHOM SIIMKE, MOTEHIMAJbHOM Oapbepe U

TapMOHHUYCCKOM OCHUIIIIATOPC.




18.

19.
20.
21.

22.

23.
24,

25.
26.
27.
28.

29.

30.
31.
32.

33.

34.

35.
36.

37.
38.
39.
40.
41.

42.

43.
44,

45.
46.

47.
48.
49.
50.
51.
52.

Teopusst MoMeHTa uUMITyJibca. OCHOBHBIE CJIEACTBUS KOMMYTAI[MOHHBIX COOTHOIICHUH st
KOMIIOHEHT MOMEHTA UMITYJIbCA.

[IpaBuna cnoxeHuss MOMEHTOB UMITYJIbCA. KECTKHI poTaTop.
3anmava 06 arome Bojopoaa. Paznenenre nepeMeHHBIX.

Bonopono-nono6usie opouTany, rpaduueckoe MpeCcTaBlIeHUE UX PAJAUATIBHBIX U YTIIOBBIX
YacTeu.

BripokieHne 0JHOSJIEKTPOHHBIX COCTOSIHUM KaK CIIEJCTBUE CHUMMETPHUHU ILIEHTPAJIHLHOTO
TOJIS.
[TpubnmkeHHBIE METOIBI PEIICHUS KBAHTOBO-MEXaHHUECKUX 3a/1a4.

Teopust BO3MyIIEHUN MJi1 CTAllMOHAPHBIX COCTOSHUM B OTCYTCTBHE M TPU HAIMYUU
BBIPOKJICHHUSL.

BapuannoHHbINM MPUHIUMIT KBAHTOBOW MEXAHUKH M BapualMOHHBIN MeToa. Meton Putna.
Monekysna B MOCTOSTHHBIX AIEKTPHUUYECKOM U MAarHUTHOM TTOJISIX.
JIMMOJIbHBIN ATIEKTPUYECKUA 1 MAarHUTHBIA MOMEHTBI CHCTEMbI YaCTHIL.

CHsTHE BBIPOKJICHUS IO/ BJIUSHUEM MOCTOSHHOTO JIEKTPUUYECKOTO HIIM MAarHUTHOTO TIOJIS
(o dexTs LlTapka u 3eemana.)

CnuH 37eMeHTapHBIX YaCTHUIl M CBA3aHHBIA C HUIM MAarHUTHBIM MOMEHT. OniepaTopbl ClIMHA U
KOMMYTaIlMOHHBIE COOTHOMIEeHH. CTUH-0pOUTATFHOE B3aUMOJICHCTBUE U €r0 MPOSIBICHUS.
VpaBuenue [Ipeaunrepa ajist aTOMOB U MOJIEKYII.

Pazgenenne >7eKTPOHHOTO | SIIEPHOTO ABMKEHUH. AnpabaTndeckoe MpuOIKEeHHE.
DNEeKTPOHHOE BOJIHOBOE YypaBHEHHE. OJEKTPOHHAs IUIOTHOCTh M €€ HM3MEHEHWs TpH
MepexoJe OT pa3JEICHHBIX ATOMOB K MOJIEKYJIE.

[TocTpoenne mpUONMKEHHBIX PEIICHUN 3JIEKTPOHHOTO BOJHOBOTO ypaBHEHHS Ha OCHOBE
BapHAIMOHHOTO NMpuHIUNa. OJHO3IEKTPOHHOE MPUOIHKEHUE.

OrpaHvYeHHBIH M HEOTPAaHWYCHHBIH MeToAbl XapTpu-Poka (caMOCOTIacCOBaAaHHOTO MOJIS,
CCII). Ierepmunant Ciarepa.

[ToHsITHE O 3aKPBITHIX U OTKPHITBIX 000JI04YKaX. Y paBHEHHUS, OTPEACIAIONUEe OPOUTAIIH.
OpOuTanbHBIC PHEPTUH U UX CBSA3b C TIOJIHOW AJEKTPOHHOMU dHeprueit. Teopema Kynmanca u
(OTONEKTPOHHBIE CLIEKTPHI.

[Ipenensl npuMeHnMocTH MeToa XapTpu-Doka.
DIEKTPOHHOE CTPOEHUE aTOMOB. DJIEKTPOHHBIE KOH(PUTYpaAIIUU U TEPMBbI AaTOMOB.
CnoxxeHue MOMEHTOB J1Jis1 atoMoB. [IpaBuna XyHpa.

DIIEKTPOHHOE CTPOEHUE aTOMOB U Ilepuoauueckas cucrema sneMentoB /[.1. Menneneesa.
[IpencraBnenune mosiekyasapHbx opoutaneit (MO) B Buje TMHEHHON KOMOWHAIIUNA aTOMHBIX
op6utanei (JIKAO).

HaubGonee pacnpocTpaneHHble THUMBI 0a3WCcOB  aTOMHBIX OpOUTalel: opOurtanu
CIIEUTEPOBCKOTO U TayccoBa Tumna. MUHUMAalbHBIE M BaJIEHTHO-pACHICINICHHbIE Oa3UCHBIC
HaOOPHI.

[Monsipuzanmonnsie u nupdysusie pynkuuu. Meron CCIT MO JIKAO.

DNeKTpOHHBIE, KoJiedaTenbHbIE M BpalllaTelbHbIE COCTOSHUSA MoJeKya. I[loBepxHOCTH
noTeHuuansHoi sHeprun (I1119).

Ponw npeacrasnenuii o 11119 B coBpeMeHHOM CTPYKTYpHOI TEOPUH XUMHH.

PaBHOBecHas koH(urypanus u koHbopMmainuu momnekyna. Cramuonapasie Touku [II13, ux
anaims. [Ipocreimue npumepsr [1119.

JIByxatroMHast MoJieKkyna. ONTUMU3ALMS T€OMETPUUECKUX XapaKTEPUCTHK MOJIEKYJIbI.

[TID u xumMuyeckas peakuus, KOOpAUHATA PEAKIIUH.

KoppennpoBanHoe ABUKEHUE 3JIEKTPOHOB. YUET SHEPTUH SJIEKTPOHHOU KOPPEISIIUU.
[TonsiTHe 0 MeToIe KOH(PUTYPAITIOHHOTO B3aMMOACHCTBHSL.

OcHOBHbIE IOHATHUSL METO/1a TEOPUH BO3MYILEHU, Teopust Memnepa-Ilnecce.

CpaBHUTENbHAS XapaKTEPUCTUKA METOJOB KOH(MUTYPAIIMOHHOTO B3aUMOJCHUCTBUA U
TEOPHUH BO3MYILEHUM.
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53. [lomysmnupuveckue MeTOoAbl KBAaHTOBOM XUMHH. METOJpbI, HCIOIB3YIOUINE HYJIEBOE
maddepeHnnanbHoe epeKphIBaHue.

54. BO3MOXXHOCTH ¥ OTPAHWYCHHUS NPUMEHEHHUS TOJYSMIUPUUYECKUX METOJIOB KBAaHTOBOU
XUMUH.

95. YueTr cuMMeTpuu siiepHON KOH(UTYpaLlUy IIPU paCCMOTPEHUH JIEKTPOHHON 3aJauH.

56. DneMeHTHI U OTepalui CUMMETPUH. ToYeuHbIe TPYIIBI CHUMMETPHH.

57. Haubosee pactpoctpanernbie mporpammubie komiuiekesl (AMPAC, MOPAC, GAMESS).

58. [NoaroroBka ucxoanoro Qaiina. Kirouessie ciioBa Kak crocod yrpaBieHHs] pacueTOM.

59. CocraBnienne Z-marpuipl. basucHeie atombl. OmpenerneHue HAYalIbHOTO MPHOIMKEHHS
r€OMETPUUECKUX TapaMeTPOB MOJIEKYIIBI.

60. Yuer cumMMeTpuu TpH 33JaHUU HadaibHOTO mpuOmmkenus. Z-marpuna ctuwist MOPAC u
GAUSSIAN.

61. OcHOBHBIE pe3yibTAaThl KBAHTOBOXMMHYECKHX pacdyeToB. Bmu3yammzamusi pe3ylbTaToB
pacuera.

CTpykTypa 52K3aMEHAIMOHHOTO OujeTa. DK3aMEHAIIMOHHBIM OWJIET COCTOMT W3 JBYX
TCOPETHIYCCKUX BOIIPOCOB U U3 OJIHOf/’I 3aaa4y, BKIIFOYCHHBIX B IIpOTrpaMMy JUCHUITIIMHBI. Ka>1<)151171
BONpoC M 3anava oneHuBaercs 10-to0 Gamnamu. TakuM oOpa3oM, MakCHMajbHBIA 0ajul, KOTOPBIN
MOXHO TIOJIYYUTh Ha dK3ameHe, coctapisger 30 6amioB. bamel, moydeHHbIe TIPH clave dK3aMeHa,
CYMMHUPYIOTCS ¢ OalljlaMH, MOTy4€HHBIMH B X0/1€ CEMECTpa.

O06pa3er; PK3aMeHaAIMOHHOTO OmieTa

MWHOBPHAYKH POCCUICKOM ®EJEPAIIIN

®denepalibHOE TOCYAapCTBEHHOE OI0KETHOE 00pa30BaTeIbHOE YUPEKICHHUE BBICIIIETO
o0pazoBaHus
«BAIIKUPCKH TOCYJIAPCTBEHHBIII YHUBEPCUTET»
XuMudeckui (hakyabTeT
Kadenpa pusnueckolt XMuMUU 1 XUMHUYECKOHN SKOJIOTUH

SK3AMEHALIMOHHBINA BUJIET Ne 1
1o aucuuiuinHe KBaHToBas XuMuUs
Hanpagnenue 04.05.01 «®yHnameHTanbHas U NPUKIATHAS XUMUS»
Hamnpasnennocts «®u3nueckas XuMus»

1. Tlpexmer KBaHTOBOW MEXaHUKH MOJIEKYJSPHBIX CHCTEM U KBAHTOBOM XUMHH.
2. Pazjnesnenuie 3J€KTPOHHOIO U SIEPHOTO JBHKEHUM. ArabaTHyeckoe pHOIKEHHE.
3. Ompenenute pe3yabTar aeiicteus oneparopa A = d/dx ua ¢pynkmmto f = sinx

VYrBepxaeHo Ha 3aceganuu kageapst 01.06.2018, mporokosn Ne 11

3aBenyrouuii kapeapoit pusnueckoi XuMuu
U XUMHYecKo sxonoruu baml'y, npoo. A.T. Mycrapun

2019-2020 yu. r. Kagenpa ®X u XD

Kpurtepun onenku (B 0a1ax):

- 25-30 6a.1710B BBICTABIISIETCS CTYJIEHTY, €CJIM CTYJIEHT Jall TIOJHbIE, pa3BEPHYTHIE OTBETHI HA
BCE TEOpPETMYECKHEe BOMPOCH Owmiera, MPOJEMOHCTPUPOBA 3HAaHHE  (PYHKIIMOHAIBHBIX
BO3MOYHOCTEMN, TEPMUHOJIOTHH, OCHOBHBIX 2JIEMEHTOB, YMEHUE TPUMEHATh TEOPETUUECKNAE 3HAHUS
IpU BBINOJHEHUHM TpakTUUYecKux 3agaHuil. CTyaeHT O0e3 3aTpylHEHHMH OTBETWJI Ha BCe
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JOTIOJTHUTEbHBIE  BOMPOCHL.  [IpakThueckass dYacTh paOOTHI BBHINOJHEHA MOJHOCTBIO  0e3
HETOYHOCTEH 1 OIINOOK;

- 17-24 6anJ10B BBICTABIISICTCS CTYJCHTY, €CIIH CTYJCHT PacKpbll B OCHOBHOM TEOPETUYECKUE
BOIPOCHI, OJHAKO JOMYIIEHb HETOYHOCTH B OINpPENEIIEHUH OCHOBHBIX MOHATHH. Ilpn oTBeTe Ha
JOTIOJTHUTEIBHBIE BOIPOCHI JOIMYIICHbI HEOOIbITNEe HETOYHOCTH. [IpH BBIMIOTHEHUH NTPAKTUYECKON
qacTH pabOThI JOMYIIEHBI HECYIECTBEHHBIC OIIHOKH;

- 10-16 6ammoB BBICTABISIETCS CTYAEHTY, €CIM IPU OTBETE HA TEOPETHUYECKHE BOIIPOCHI
CTYAEHTOM JIOIYIIEHO HECKOJbKO CYIIECTBEHHBIX OIIMOOK B TOJKOBAaHUU OCHOBHBIX ITOHSTHUI.
Jloruka M TOJHOTAa OTBETa CTPAJAIOT 3aMETHBIMU H3bSHAMU. 3aMETHBI MPOOENbl B 3HAHUU
OCHOBHBIX METOJIOB. TeopeTruueckue BOIPOCH! B LIEIOM M3JI0KEHBI I0CTATOYHO, HO C IPOITyCKAMHU
Martepuana. VMmerorcs NpUHIUNMAIBHBIE OMMOKM B JIOTMKE IOCTPOEHHMsSI OTBETa Ha BOIPOC.
CryneHT He pelu 3aJjauy Ui Ipy PeLieHUH JIOMyILeHbI TpyOble OINOKH;

- 1-10 ©0aJyIoB BBICTABISIETCS CTYIEHTY, €CJIM OTBET Ha TEOPETUYECKHE BOIPOCHI
CBHUJICTEIILCTBYET O HETMOHMMAaHUM W KpailHe HEMOJIHOM 3HAaHUM OCHOBHBIX IMOHATHH M METOIOB.
OOHapyKHBaeTCsi OTCYTCTBHE HABBIKOB MPHUMEHEHHS TEOPETUYECKUX 3HAHUU TPH BBHITIOJHEHUH
MpakTUYecKux 3a1anuii. CTyJIeHT HEe CMOT OTBETUTh HU HA OJINH JIOTIOJIHUTEIHLHBIN BOIIPOC.

IMPOT'PAMMA T'PYIITIOBBIX 3AHSITUI

Paznea 1.0CHOBBI KBAHTOBOM MEXAHUKHN

OcHOBHBIE TIOCTYJIaThl KBAHTOBOW MeXaHUKU. KBaHTOBBIE COCTOSIHUSI M BOJHOBBIC (DYHKITHH;
OCHOBHBIE CBOMCTBAa BOJHOBBIX (yHKIMH. OnepaTopbl (u3NYECKUX BeIWYUH (HAOIIOAaeMbIX);
CpeIHUE 3HAYCHHS M JUCTIEPCHUU HaOmrogaemMbIX. [ITOTHOCTE BEpOSTHOCTH paclpeieICHHs] YacTHI]
B IIPOCTPAHCTBE.

MareMaTuueckuii amnmapaT KBaHTOBOW MEXaHMKH. JPMHUTOBBI OMEPATOPHI, UX COOCTBEHHBIC
GyHKIIMM M COOCTBEHHBIE 3HaueHus. BpIpoknenue. MarpuuHoe mpencTaBiICHUE ONEPaTOPOB.
Pa3noxxenne no co6cTBEHHBIM (YHKLHAM 3pMHUTOBA onepaTopa. KoMMyTalnoHHbBIE COOTHOIICHHUS.

Omneparopbl KOOPAUHAT, UMITYJILCOB, MOMEHTOB UMITYJIbCA, KHHETUYECKOM U MOTEHIMATIbHOMN
sHeprun. Oneparop ['amunbTOHA (TaMUIBTOHHUAH).

CooTHoureHust HeonpeaeneHHocTed. Du3nyecknid CMBICT M MPOCTEUINNE OLEHKA Ha MX
OCHOBE.

OBomtonus coctosinuid v ypaBHenue lllpenunrepa. Cranmonapnoe ypaBHenue IlIpeaunrepa.
JIMCKpETHBIN 1 HEMPEPBIBHBIN CIIEKTPHI. Y paBHEHHE HEMPEPHIBHOCTH.

[Ipocreiiiue npuMepsl NpUMEHEHUS] KBAaHTOBOW MeXxaHUKU. OJHOMEpHbIE 3aJauu: CIEKTD,
KaueCTBEHHbIE OCOOCHHOCTH BOJIHOBBIX (YHKIMH. 3ajayd O MNPSAMOYTOJIbHOM MOTEHIMAIBHOM
AIUKE, TOTEHIUATbHOM Oapbepe U TApMOHUYECKOM OCHUIIIATOPE.

Teopuss momeHTa umiysibca. OCHOBHBIE CIEACTBUS KOMMYTAllMOHHBIX COOTHOLIEHUM Jis
KOMIIOHEHT MOMEHTa UMITyJbca. [IpaBuia crnoskeHuss MOMEHTOB UMITYNbca. JKecTKui poTaTop.

3amaua o0 arome Bojopona. Paznenenue mnepemeHHbIX. Bomopomo-mnomoOHble opOuTay,
rpaduyeckoe MpeCTaBlIeHNEe WX PaAUalbHBIX U YTIOBBIX YacTeil. BeipojkieHue 0THOIEKTPOHHBIX
COCTOSIHUI KakK CJIEJICTBUE CUMMETPHUU LIEHTPAIBHOTO TOJIS.

[TpubnmkeHHble METOAbl pElIeHUs KBAaHTOBO-MEXaHMUECKHX 3a7ad. Teopusi BO3MYIIECHUIN
JUISL CTAllMOHAPHBIX COCTOSHUM B OTCYTCTBME M NIpPH HAJIWYUU BBIPOXKACHUSA. BapuanuoHHBIN
MIPUHIUIT KBAHTOBOW MEXaHUKH U BapUalMOHHBIN MeToa. Meron Putna.

Monekyina B MOCTOSIHHBIX 3JIEKTPUYECKOM M MarHUTHOM NOJIAX. [IUNOJIBHBIN 3JIEKTPUYECKUN
W MarHUTHBIA MOMEHTBHI CUCTEMBbI 4YacThll. CHATHE BBIPOKIACHHUS MOJ BIMSHUEM IOCTOSHHOTO
ANIEKTPUYECKOTr0 WM MarHUTHOTro noJist (3¢dexte! LlTapka u 3eemana.)

CnuH 37eMeHTapHbIX YaCTUIl U CBSI3AHHBIA C HUM MarHUTHBIM MOMEHT. Onepartopsl ClIMHA U
KOMMYTallMOHHBIE COOTHOIIEHUS. CITMH-OpOUTAThHOE B3aUMOICHCTBHE U €TO MPOSIBICHUS.

KBanToBass cucreMa B TI€PEMEHHOM JJIEKTPOMAarHMTHOM Tiojie. BpemeHHas Teopus
Bo3myineHuid. Ilepexonpl mon BIMSHUEM WU3Iy4YeHUs u mpaBuia otbopa. KoaddummeHTs
DOUHIITEHHA.

12



CucTeMbl TOXJIECTBEHHBIX YacTHIl: (pepMHOHBI U 0030HBI. AHTHCUMMETPUYHOCTH BOJIHOBON
GyHKUIMU A7151 CUCTEMBI AIIeKTpoHOB. IIpencraBienne BOJHOBON (PYHKIIMHM CHCTEMBI 3JICKTPOHOB B
BH/JIE OIIPEAEIUTENLS.

Pa3zaen 2.0CHOBHBIE INOJIOKEHUS U METO/1bl KBAHTOBOI XUMWHN

I. YpaBuenue lllpenunrepa nius aToMOB U MOJIEKYJl. Pa3nenenue 3MeKTpOHHOTO U SIEPHOTO
NBIDKEHUM. Anuabatnueckoe NpuOIMKeHue. DJIEKTPOHHBIC, KoJieOaTebHbIE M BpalllaTEIbHBIC
COCTOSIHUS MOJIEKYJ1. IloBEpXHOCT MOTEHIIMAIBHOM 3HEepruu. Posb pecTaBieHnii 0 TOBEPXHOCTH
IIOTEHIMAJIbHOM JHEPrMA B COBPEMEHHOM CTPYKTYpHOM TEOpUM XUMHUH. PaBHOBecHas
KoH(urypanmust W KoHPOpMaNMKW MOJEKyd. Manble KoJieOaHusl saep BOJMU3H TIOJIOKCHHS
paBHoBecus. Konebanus ¢ 601bpIIMMHU aMIUIUTYIaMu. BpallieHue cucteMsl siiep Kak Lenoro.

DNEeKTPOHHOE BOJHOBOE ypaBHEHUE. DJIEKTPOHHAs IUIOTHOCTh U €€ U3MEHEHUS MIPU Mepexoie
OT pa3/IEJICHHBIX aTOMOB K MOJIEKYJIE.

[TocTpoenne NpUONMKEHHBIX PEIIEHUH 3JIEKTPOHHOIO BOJHOBOTO YpPaBHEHHUS HAa OCHOBE
BapHalMOHHOro npuHiuna. OpaHolNeKTpoHHOE mpubmmxeHue. Merong Xaptpu - Doka
(camocornacoBannoro moJig, CCII). VYpaBHenus, omnpenenstomue opoutanu. OpOuTanbHbIE
SHEPTUH M UX CBS3b C MOJHOM 3JIeKTpOHHOU 3Heprueid. Teopema Kymmanca n GoTosnekTpoHHbIE
cnektpsl. [Ipenensr npumennmocTu metona Xaprpu-doxka.

[Tonsatue o MeTo1e KOH(PHUTYPAITMOHHOTO B3aUMOJACHCTBHUA. MEeTO1 BAJIGHTHBIX CXEM.

DNEKTPOHHOE CTPOEHUE aTOMOB. DJIEKTPOHHbIE KOHPUTYypalluu U TepMbl aTOMOB. CroxeHue
MOMEHTOB I aToMoB. [IpaBunma XyHaa. DJIEKTPOHHOE CTPOCHHE aTOMOB M MEPHOAUYECKas
cucteMa snnemenToB J[.M1. Menneneena.

[IpencraBnenune MonekyasapHbix opoutaneid (MO) B Bune JTUHEHHONW KOMOWHAIIMM aTOMHBIX
opoutaneit (JIKAO). HaumbGosiee pacnpoCTpaHHEHHBIE THUIIBI 0a3WCOB AaTOMHBIX OpOWTAJICH:
opOuTanu cierirepoBckoro u rayccona tuna. Merog CCIT MO JIKAO.

[Ipencrasienue o MmeTonax GyHKIIMOHATA JIEKTPOHHOM MJIOTHOCTH.

II.Vuer cummerpum siiepHOM KOH(PUTYpallMM TPH PACCMOTPEHUU DJEKTPOHHOMW 3a1add.
ONeMEHTHl W ONepalud CUMMETpUH. TodeuHble rpynnsl cuMMeTpud. [IpencraBieHuss TOUEUHBIX
TPYIII, HEMIPUBOIUMBIE MPEACTABICHUS U TaOJIUIBI XapaKTEPOB.

Cummetrpus u cBoiicTBa Mojekyid. Kiaccudukamuss 37€KTPOHHBIX COCTOSHHM MOJIEKYN U
KJIacCU(pUKAIUsl MOJEKYISIPHBIX OpOHTaneil Mo cumMMmeTpuu. G- U m-OpOutanu. m-DIeKTPOHHOE
npubmnkenne. OpOuTaiv CUMMETPUN U SKBUBAJICHTHBIE OpOUTAIH.

Cas3bIBaIOINE U PA3PBIXIISIONINE OPOUTAITH.

Jlokanu30BaHHbIE MOJICKYJSIpHBIE OpOWTANM, HATypalbHbIE CBS3BIBAIOIINE OpPOUTAIM U
KJIAaCCHMYECKHUEe TMPEACTaBICHUS O XUMHUUYeCKOl cBsizu. ['pymmoBeie opOutanu. IlepenHocumoctsb
op6uTaineit ¢pparmeHTOB MosieKyIl. CBsi3eBble OpOUTATH U OPOUTAIM HETIOACTICHHBIX ap.

I'uOpuauzanus u rudpuaHbIe OpOUTAIN B Oa3uce aTOMHBIX S-, P- U d-opOuTalIei.

III. Tlomysmnupuyeckue METOAbl KBAHTOBOM XMMHHU. METO/bl, HUCIOIB3YIOUIME HYJIEBOE
muddepeHnnanbHOe NepeKphiBaHue. PacmmpeHHbii Metoa Xrokkens. Meron XIOKKens s T-
ANEKTPOHHBIX CHCTEM. BO3MOKHOCTH M OrpaHUYEHMs] MPUMEHEHUS MOJYyIMIMPUYECKUX METOJIOB
KBAaHTOBOM XUMUH.

IV. MexMonekynsipHoe B3aUMOJECHCTBHE U €ro0 ONMCAHUE B KBAaHTOBOW XUMHH.
OpueHTanmoHHas U UHIYKIMOHHAs cocTaBistoume. /{ucnepcuonHoe B3aumozeiictsue. Ban-nep-
BaanbcoBsl koMIuiekcsl. BogopoaHas cBA3b.

V. HexecTkue MoOIEKylbl. DIEKTPOHHO-Koe0aTenpHOe B3aumoeiictBue. DPdextsl AHa-
Tennepa.

VI. CoBpeMeHHOE MporpamMmHoe oOecrieyeHne KBaHTOBO-XMMHUYECKUX pacueToB. Haubonee
pacripoctpaneHHslie nporpammubie komiuiekesl (MOPAC, GAUSSIAN u np.).

Paszea 3. IPUKJIAJTHBIE 3AJIAUA KBAHTOBOM XUMUH

I. JIByxatomHble MoJieKynbl. [IpocTenmme Moaenu ONUCaHUS Ha OCHOBE METOOB
MOJIEKYJISIPHBIX OpOMTaNel U BaJICHTHBIX CXeM. AHAIU3 BOJHOBBIX (DYHKLIUH MOJIEKYISPHOTO HOHA

13



u MoJekysbl Bojopona. ComocraBienue pe3yiabtaroB pacuetoB H2+ u H2. Koppensuumonnsie
muarpammbel MO Ui AByXaTOMHBIX MOJIEKYN. PacnpeneneHue 31€KTPOHHON IIJIOTHOCTH B
JIBYXaTOMHBIX MOJIEKYJIax, 00pa30BaHHBIX aTOMaMH BTOPOro neproiaa. [1oisapHOCTh XUMUYECKOH
CBSA3U U €€ XapaKTePUCTUKH

II. KauecTBeHHBIN aHAM3 T€OMETPUUYECKOTO CTPOCHHSI MajbIX MHOTOAQTOMHBIX MOJIEKYJ Ha
ocHoBe metosia MO. [luarpammel Yodiia.

III. KoopauHanyioHHble COEAUHEHHS. Teopust KPUCTALIMYECKOTO TMOJs.  AHamu3
pacmerieHust aroMHbix d- u  f-ypoBHeH B momsAX pasznuuHOM cuMmmerpud. [lapamerpsl
paciierienus. CuiibHOE U cinaboe MoJjie JUraigioB. AHaIU3 3JIEKTPOHHBIX CIEKTPOB M MAarHUTHBIX
CBOMCTB KOMIUIEKCOB Ha OCHOBE TEOPHUH KPUCTALIIMYECKOTO TOJIA.

Teopus nosns nuranaoB. MHTepnpeTanys TpaHC- U LUCBIUSHUSA B KOMIIEKCAX MEPEXOIHBIX U
HENepexoIHbIX MeTayIoB. M30100abHas aHanorus.

IV. Opranunueckue coenuHeHus. llpuGnukeHusi, HcCMoNb3yeMble IPU pacdyeTax MU MpH
MHTEpPIPETALMM  JIEKTPOHHOTO CTPOCHMS OPraHUYECKUX COCIMHEHHHU. bBIu30CTh CBONMCTB
COEIMHEHUII B TOMOJIOTMUECKUX psAaX U IMEPEHOCHUMOCTh OpOHUTaliell JIOKaJbHBIX (parMEeHTOB
MOJIEKYI. 3aps/pl Ha aroMax U NMopsiaku cBsized mo Mamnukeny u JIésauny. Koppensauus mMexay
rnapaMeTpaMid TeOMETPUYECKOr0 CTPOCHHUS M TopsakaMu cBsized. [IpuHIUOBI MOCTpOEHUs
aJINTUBHBIX CXEM pacyeTa CBOMCTB MOJIEKYJ B psJax.

[lepenoc 3apsiga mpu oOpa3oBaHMM XUMHUYECKHX coenuHeHuil. Kommekcel ¢ mnepeHocom
3apsna.

CornpsiKeHHbIE COEIMHEHNA. APOMaTUYHOCTh M aHTUAPOMATHYHOCTh. [IpaBuna 4n m 4n+2.
AnbrepHaHTHbIE yriieBogopobl. [IpaBuno Jlonre-Xurrunca. Meroa cBOOOJHOrO 3JIEKTPOHA JUIs
aHaJii3a CBOMCTB U MOBEACHUS CONMPSKEHHBIX COCAMHEHUI.

V. KauecTBeHHasi TEOpHUS PEaKIIMOHHOW CITIOCOOHOCTH OPTraHUYECKUX coequHeHUN. HAeKCHI
pEaKMOHHON CIMOCOOHOCTU: HMHIEKChl CBOOOJHOM BaJ€HTHOCTH, 3apsjbl Ha aTOMax, HHJIEKCHI
DyKyH, 3HEPrUM KATUOHHOW, aHMOHHOW W paJMKaJbHOW Jokanu3auud. KoHIEnuus >KeCTKUX H
MSTKUX KMCJIOT U OCHOBAHUM. DIIEKTPOCTATUYECKOE MOJIE, CO3JaBAEMOE MOJIEKYJION, U €ro BIMSHUE
Ha PEaKIMOHHYIO CTIOCOOHOCTb.

KBaHTOBO XMMHYECKOE OMMCAHUE ANEMEHTAPHOIO aKTa XUMHYECKUX peakuui. [IyTs peakunn
U KOOpAMHATa peakUWHd Ha MOTEHUHANbHOM noBepxHocTu. [lepexonmHoe coctostHue. Cummerpus
peareHToB, MEPEXOHOI0 COCTOSIHUS U MTPOIYKTOB PEAKIUU.

KauecTBeHHBIN aHaNIM3 BO3MOXKHBIX MEXaHH3MOB XMMHUYECKHX PEaKIUil Ha OCHOBE oOuIeit
CTPYKTYpHI NMOTEHIMaNbHOI noBepxHocTH. Koppensuuonnsie npasuna Bynsopaa - Xodmana npu
aHaJIM3e BO3MOYKHBIX MEXaHHW3MOB XUMHUYECKHX peakiuil. Teopust rpannuHbIX opbutaneit Oykywu.
[Ipunuun bamna - OBanca - [lonstHu. OrpaHnyeHus MOAX0A0B, UCHOJB3YIOLINUX IPEICTABICHUS O
JBUKEHUH T10 IOTEHIIMAIBHON OBEPXHOCTU. POJIb TYHHEIMPOBAHMS B XUMUYECKUX PEAKLIMSIX.

INJIAH
YcTHOro onpoca no Kypey

1. OpMUTOBBI OIEpaTopbl B KOHEYHOMEPHBIX MpocTpaHcTBaX. COOCTBEHHBIE BEKTOPHI U
COOCTBEHHBbIE 3HAUEHHMsI DJPMHUTOBBIX MaTpull 2-r0 U 3-ro MOpsakoB. OpTOroHanbHOCTH
COOCTBEHHBIX BEKTOpPOB. Pa3znokeHue mNpPOU3BOJBHOIO BEKTOpPAa IO COOCTBEHHBIM BEKTOpam
SPMHTOBA OllepaToOpa.

2. HaxoxneHune coOCTBEHHBIX 3HAUYEHUH M COOCTBEHHBIX (YHKLIMH ONEpaTOpoB KBAHTOBOM
MEXaHHKH, HAIPHMED OTIEPaTOPOB Py, Px- , P’ + X°, OIEPATOPOB MOMEHTA HMITYIIHCA H JIp.

3. 3agaun 00 OAHOMEPHBIX M TPEXMEPHBIX MOTEHLHUANbHBIX SAIIUKAX C MPSAMOYTOJIbHBIMU
MOTEHIMaJIaMH U CTEHKaMH pa3IMYHOM BBICOTHL. [IpsMOyrosbHble MoTeHIMaIbHbIE Oaphephl.

4. 3amaua 00 aTome BoJiopoJa. BriieneHne 1eHTpa Macc, nepexoj K cepruueckoil cucteme
KoopauHaT. Popma aTOMHBIX OpOUTATIEH.

14



5. ®opmynbl TeOopuHM BO3MYIIEHMM Ha IIpUMEpPE JMHEHHBIX ONEpaTopoB (MaTpul) B
JBYMEPHOM U TpPEXMEPHOM IpocTpaHcTBax. (CpaBHEHHME C BapHallMOHHBIM IOJIXOJOM IIpH
WCIOJIb30BAHMH B KauecTBe 0a3nca COOCTBEHHBIX BEKTOPOB HEBO3MYIIIEHHOTO OIIEpaTopa.

6. Oddextrr LllTapka n 3eemana 11t MPOCTHIX MOJIETBHBIX CHCTEM.

7. Onepatop ['aMuabTOHA JUIsI ATOMHBIX U MOJIEKYJISIPHBIX CHUCTEM (Ha IPOCTBIX IMpUMEpax:
arom C, mosexynsl LiH, BeH2 u np.). IloctpoeHne 31eKTpOHHOW BOJTHOBOW (DYHKIIMH B BHJEC
ONPEIEIIUTENS.

8. Monexynsl H2+ u H2. Ilpocreiinie moaxojasl K NOCTPOCHHUIO BOJHOBBIX (YHKIMH U
MOTEHIIUAJIbHBIX KPUBbIX.

9. YpaBuenwus metona Xaptpu - Doka 11st mpocTedmmx Moeky:, Hanpumep LiH.

10. Toueunsle rpymnmbl cuMMeTpun. Henpusoaumble pecTaBiIeHNs Ha IpUMepe rpymn THUIa
C2v, C3v u T1.n. Xapaktepsl mpeicTaBieHUd. PasznoxkeHue MPUBOJAMMOTO TNPEICTABICHUS Ha
HerpuBoguMoe. [Ipsimoe mpousBeneHue mnpenctaBieHuid. I[IpaBmia otOopa mjis 3IIEKTPOHHBIX
nepexo0B. (2 ceMuHapa).

11. Yyer cummerpun npu kinaccupukanuu opOutaneid. o- u n-OpOutanu. ['mbpuansie u
SKBHUBaJIEHTHBIE opOuTau. KoppensunoHHslie AuarpaMmsl.

12. Meron Xrokkens. [IpocTeimre npuMepsl pacdeToB. 3apsiabl HA aTOMax, MOPSAJIKHA CBA3EH.
I'pannunsie opourtanu. [Ipasuio Jlonre-Xurrunca. (2 cemuHapa).

13. KoppensuuoHHble JuarpaMMmbl U KOPPEJSILIMOHHBIE TMpaBWiIa MPU KaueCTBEHHOM
ONHMCAHWK MEXaHW3MOB XMMMUYECKUX peakiuil (Hampumep, mnpasuia Bynsopna - Xodmana o
COXPaHEHUHU OPOUTATILHON CHMMETPHUH WJIN TEOPHUsl TPaHUYHbIX opOuTanei Oykyn). (2 cemruHapa)

14. CrnexTpsl U CTpOCHHE KOMIUIEKCHBIX cCoenuHeHH d- u f-aIeMeHTOB B TPHOIMKEHUU
TEOPHUH KPUCTAITIMYECKOTO MOJIS.

Kputepun u MeToqMKa OLleHHBAHUSI Pe3yJIbTATOB YCTHOI'O ONPoca:
Onun Bompoc (33 Bompoca).
- 0,5 6amna BeICTABISIETCS CTYACHTY, €CJIM OTBET MPABWIIHHBIN;

- 0 6anIoB BHICTABIIAETCS CTYACHTY, €CJIU OTBET HEMPABUIIbHBIM.

NIAH
JlaGopaTopHBIX 3aHATHI 10 KypCy

JlaGoparopHoe 3ansiTue 1.

Bocnonws3oBapmucek mporpammoit GAMESS, cospaliTe mMpocTpaHCTBEHHOE H300paKCHHE
MOJICKYJIbl METHIIXJIOpHAa. [IpoBeMTe ONTHMH3ALUIO €€ TE€OMETPUUYCCKHUX ITaPaMETPOB METOIOM
AMI1. Beimmumure B TaOnuily 3HAueHHWs €€ JUIMH CBs3€i, BaJeHTHBIX yrioB. IIpoBenute
ONTHMHU3AIMI0O T['COMETPUH  MOJIEKYJbl  KBAaHTOBOXMMHYeCKMM  MeTojgoM RHF/STO-3G.
[TosmydeHHbIC 3HAYEHUS TAKXKE BBIMUIIMTE B TAONMMIy. Pe3yiabTaThl ONTHMHU3AIUIl CPaBHUTE C
AKCIEPUMEHTAJIbHBIMU JAaHHBIMU, HAWIECHHBIMU TpPU WU3y4eHUU JUTepaTypbl (cM. CrpaBOYHHK
XUMHKa, T. 1. u ap.).

[Ipoananu3upyiite OTAETbHBIE XaAPAKTEPUCTUKH OSJICKTPOHHOM CTPYKTYpHI 3aaHHOU
MOJIEKYJISIPHOM CHCTeMBI: SHEpruu u coctaB MO, SHEpreTHuYecKyr Auarpammy, SHEPTHIO
CBSI3BIBAHUS, DHEPTUIO MOHU3AINH, () eKTUBHBIC 3apsabpl aTOMOB. Pe3ynbTaThl pacyera Tam, riae
3TO BO3MOXKHO, COMTOCTABUTE C IKCTIEPUMEHTANBHBIMU NaHHBIMHU. CPOpMYITHPYITE BHIBOIBI.

JlabopaTopHoe 3ansiTHeE 2.

Bocnonp3oBaBmmics nporpamMmmoit GAMESS, cozpaiite nmpocTpaHCTBEHHOE M300pakeHHe
MOJIEKYJIbl 3TaHojda. [IpoBeauTe ONTUMHU3AIMIO €€ TEeOMETPUUYECKHX MapaMeTpoB METOI0M
B3LYP/6-31G(d). Beimumute B TaOMWIly 3HA4YCHHS €€ JUIMH CBsI3¢i, BAJICHTHBIX YIJIOB.
[IpoBeaute peonTUMHU3ANUIO TeoMeTpur Mosiekyiasl MeronoM RHF/6-31G(d). IMomydenubie
3HAYeHUsl TAKXKE BBINUIINTE B TaOmuIly. Pe3ynbTaTsl ONTHUMM3AaLMN CpPaBHUTE C OKCIEpPH-
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MEHTAJIbHBIMU JIAHHBIMM, HalIECHHBIMU NIPU U3y4eHUU JuTepaTypsl (cM. ClipaBOYHUK XMMHKa, T.
1. np.).

[Ipoananu3upyiTe OTACIBHBIE XapaKTEPUCTUKU DOJICKTPOHHOM CTPYKTYpbl  3aJaHHOMU
MOJIEKYJISIPHOM CHCTEMbI: SHEprud u cocraB MO, 3HEpPreTHYecKyr AuarpamMmy, 3SHEPIHIO
CBSI3BIBAHMS, SHEPTUIO HOHM3AINH, (P (PEKTUBHBIC 3apsAabl aTOMOB. Pe3ynbraTsl pacuera Tam, Ie
3TO BO3MO>KHO, COIIOCTABbTE C IKCIEPUMEHTAIbHBIMU JaHHBIMU. CHOpMYIUpYIHTE BHIBOBI.

JlabopaTopHoe 3ausitue 3.

Bocnons3oBaBmmmics nporpammoii GAMESS, coznaiite mpocTtpaHCTBEHHOE H300pa)keHue
MOJIEKYJIBl JUMETHIIOBOTO 3¢upa. IlpoBenere ONTUMHU3AIMIO €€ TE€OMETPUYECKUX MapaMeTpOB
metogom RHF/6-31G(d). Beimuimure B Tabnuily 3HAYCHHS €€ JUTHH CBSI3€H, BaJCHTHBIX YIJIOB.
[MpoBemuTe pEONTUMH3ALUIO TEOMETpHH MOJEKyasl Merogom MP2/6-31G(d). IMomyuenHbie
3HAUEHHUS TaKKe BBIMUIINTE B TaOmuiy. Pe3ynbrarhl ONTUMH3alUil CpPaBHUTE C OSKCIEPH-
MEHTaJIbHBIMU JTAaHHBIMH, HalIGHHBIMU NPU U3y4eHUH JUTepaTypsl (cM. CripaBOYHUK XHMHKa, T.
1. np.).

[Ipoananu3upyiTe OTIOENBHBIE XAPAKTEPUCTUKHU IEKTPOHHOM  CTPYKTYpPBI 3aJaHHOM
MOJIEKYJIIDHOM CHCTEMBI: 3Heprum H cocraB MO, SHEpPreTM4ecKyr JauarpaMmy, SHEPIHIO
CBSI3BIBAHUS, DHEPIUIO MOHU3aLUH, 3 eKTUBHBIE 3apsabl aTOMOB. Pe3ynbTaThl pacuera Tam, rie
3TO BO3MOXXHO, COMOCTABBTE C AIKCIEPUMEHTATbHBIMU JaHHBIMU. CHOPMYTUPYHTE BBIBOIBI.

JladopaTopHoe 3ausiTue 4.

Bocrmonie3oBaBices nporpammoit GAMESS, co3pmaliTe mpocTpaHCTBEHHOE H300paKeHHE
MOJIEKYNbI aieToHa. llpoBeauTre ONTUMH3ALMI0O €€ TEeOMETPUYECKHX [apamMeTpoB METOJI0M
RHF/STO-3G. Beimuiiure B TaOIUIly 3HAUYEHUS €¢ JJIMH CBS3CH, BaJCHTHBIX YrioB. [IpoBemaure
PEONTUMHBAIINI0 TeoMeTprur MOJeKyIbl MeTogoM RHF/6-31G(d). [ToyueHHbBIC 3HAUYEHHUS TaKKe
BBINUIINTE B TaOmuIly. Pe3ynbrarel onTUMH3AIMI CpaBHUTE C SKCIIEPUMEHTATLHBIMHU JaHHBIMH,
HaWJICHHBIMU TIPU U3y4eHUU JuTepatypsl (cM. CipaBOYHUK XUMHUKA, T. 1. 1p.).

[Ipoananu3upyiiTe  OTAENbHBIE XAPAKTEPUCTUKH  DJIEKTPOHHOM  CTPYKTYpbl  3aJaHHOM
MOJIEKYJISIPHOM CHCTeMbl: SHepruu u coctaB MO, SHEpPreTHyecKyr AuarpaMmy, 3SHEPIHIO
CBSI3BIBAHUS, PHEPTHUIO HOHU3AIUH, Y((DEKTUBHBIE 3apsIbl aTOMOB. Pe3ynbTaThl pacdyera Tam, rie
3TO BO3MOXKHO, COMOCTABBTE C IKCIEPUMEHTATbHBIMU JaHHBIMH. CHOpMYIUpYyITE BHIBOIBI.

JlaGopaTropHoe 3aHsiTHe 5.

Bocnonws3oBaBmuck nporpammoit GAMESS, coznaiiTe mpocTpaHCTBEHHOE U300paKEHHE
MOJIEKYJIbl TpuMeTHiIaMuHa. [IpoBeuTe ONTUMH3AIINIO €€ TEOMETPHUSCKUX MapaMeTPOB METOI0M
B3PW91/6-31G(d). Beimumure B TaOMWIly 3HAYEHHs €€ JJIMH CBS3€H, BaJCHTHBIX YIJIOB.
[TpoBemuTe pPEONTUMU3AIUIO TeoMeTpur MoOJeKyabl Mmerogom RHF/6-31G(d). IMoayuenubie
3HAYCHUsI TAKXKE BBINUIIATE B TaOMUIy. Pe3ynbTaTel ONTUMH3AIMH CPAaBHUTE C OSKCIEPHU-
MEHTAJILHBIMHU JJAHHBIMH, HAWJCHHBIMUA TIPU U3y4eHUU JTuTepaTyphl (cM. ClipaBOYHUK XUMUKA, T.
1. op.).

[Ipoananu3upyiiTe OTIENbHBIE XapaKTEPUCTHKU OJICKTPOHHOW CTPYKTypa, 3aJaHHOU
MOJIEKYJISIPHOM cUCTeMbl: 3Heprud U coctaB MO, 5SHEpPreTHYecKylo JuarpaMmy, 3HEPrUIo
CBSI3BIBAHUS, SHEPTUIO MOHU3AIMH, Y(PPEKTUBHBIE 3apsabl aTOMOB. Pe3ynbTaThl pacuera Tam, Ije
3TO BO3MOXKHO, COTIOCTABbTE C KCIIEPUMEHTABHBIMU TaHHBIMU. CHopMyaupyiTe BIBOIbI.

JlabopaTopHoe 3ansiTue 6.

Bocnonb3oBaBmmmcs nmporpammoit GAMESS, co3naiite mpocTpaHCTBEHHOE M300paskeHue
ruapasuHa. [IpoBeanTe ONTHUMHU3AIMIO €€ TeOMETPUYECKHX MapamerpoB Meronom B3LYP/6-
31G(d). Bemmmmure B TabnMIy 3HAUYEHHWS €€ JUIMH CBS3€i, BaJGHTHBIX YIIIOB. [IpoBeaute
PEONTHMU3ALMUIO TeOMeTpUr MoJeKyibl MetogoM RHF/6-311G(d). [TomydyeHHbIe 3HAaUEGHUS TaKxKe
BBIMMIINTE B TaOuuIly. Pe3ynpTaTbl ONTUMU3AIMNA CPAaBHUTE C HKCIEPUMEHTAIBHBIMUA JaHHBIMH,
HalJCHHBIMU IIPYU N3Y4EHUU IuTepatypsl (cM. CipaBOYHUK XMMHUKA, T. 1. 1p.).
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[Ipoananu3upyiTe OTHCIBbHBIE XapaKTEPUCTHUKUA DIIEKTPOHHOM CTPYKTYpBl 3aJaHHOU
MOJIEKYJISIPHOM CUCTEMBI: 3Hepruu u coctaB MO, BSHEpPreTMdecKyro auarpaMMmy, 3HEPTHUIO
CBSI3bIBaHMS, PHEPrUI0 HOHHU3AIMH, 3(p(eKTuBHBIC 3apsIpl aTOMOB. Pe3ynbTaTsl pacdyera TaMm, rie
3TO BO3MOXKHO, COTIOCTaBbTE C KCIIEPUMEHTATLHBIMHU TaHHBIMHU. CHopMyIrpyiiTe BHIBOIBI.

JlabopaTopHoe 3ausiTue /.

Bocrmosib3oBaBmces nporpammoit GAMESS, co3paliTe mpocTpaHCTBEHHOE H300paKeHUE
MOJICKYJIbI JuXJopcriana. [IpoBeuTe ONTHMHU3AIMIO €€ TEOMETPHUYCCKUX MapaMeTPOB METOIOM
RHF/6-31G(d). Beimwummre B Tabnuily 3HaYeHUS €€ JUIMH CBSI3€, BaJICHTHBIX YrioB. [IpoBeaute
PEONTUMU3AIMIO TeoMeTpud MoJiekyasl Metogom B3LYP/6-31G(d). Ilomy4yeHHble 3HAYCHHS
TAKKE BBIMUIINTE B TAaOMUIly. Pe3ynbTarThl ONTHMHU3AIMH CPAaBHUTE C SKCIEPHMEHTAIbLHBIMH
JIAHHBIMU, HAWJICHHBIMH [TPU U3y4eHHUHU JTUTepaTypsl (cM. CipaBOUYHUK XMUMHUKA, T. 1. Ap.).
[Ipoananu3upyiTe  OTHENBbHBIE  XAapPAaKTEPUCTUKH  JJIEKTPOHHOW  CTPYKTYpbl  3aJaHHOU
MOJICKYJISIPHOW CHUCTEMBI: 3Hepruu W coctaB MO, SHEpPreTHUYecKyr auarpammy, SHEpPIHIO
CBSI3BIBAHMSI, SHEPTHIO HOHM3AUH, 3Q(DEKTHBHBIC 3apsi/ibl aTOMOB. Pe3ynbTaThl pacueTa TaM, rie
3TO BO3MOYHO, COMOCTABbTE C IKCIIEPUMEHTAIBHBIME JaHHBIMU. CHOPMYITUPYHTE BHIBOIBI.

JladopaTopHoe 3ausitue 8.

Bocrmosie3oBaBmmcs porpammoit  GAMESS, co3naiite mpocTpaHCTBEHHOE M300pakeHHE
MOJIEKYJIBI THOKCHIA Cephl. [IpoBeUTE ONMTUMHU3AINIO €€ TEOMETPHUYECKHX MMapaMeTPOB METOIOM
RHF/6-311G(d). Beimuimute B Tabauily 3HaUCHHS €€ JJIMH CBSI3CH, BAJICHTHBIX yriioB. [IpoBeaute
PEONTUMHBANINI0 TeoMeTpud Motekyasl mertogom B3LYP/6-311G(d). IlonydueHHble 3HAYCHHS
TaKKe BBIMUINUTE B TaOmuIly. Pe3ynbTarTel ONTUMH3AILMIA CPaBHUTE C SKCIEPHMEHTAIbHBIMH
JaHHBIMH, HAWJICHHBIMH [TPU U3y4eHHUH JTUTepaTypsl (cM. CpaBOYHUK XUMHUKA, T. 1. ap.).

[Ipoananu3upyiite OTHAEIbHBIE XAPAKTEPUCTUKH DIIEKTPOHHOM CTPYKTYpbl 3aJaHHOMU
MOJIEKYJSIPHOW CHUCTEeMBbI: SHepru U coctaB MO, sHepreTHYecKyr Jauarpammy, SHEPrUIO
CBSI3BIBAHUS, SHEPTUI0 MOHU3aLWU, YPPEKTUBHBIE 3apsabl aToMOB. Pe3ynbraTel pacdyera Tam, rae
3TO BO3MOKHO, COMOCTABBTE C IKCIEPUMEHTAIbHBIMU JaHHBIMU. CHOpPMYIUpYIHTE BHIBOIBI.

JlaGopaTropHoe 3ansitue 9.

Bocnonrs3zoBaBmmcek nporpammoit  GAMESS, co3naiite nmpocTpaHCTBEHHOE H300pakeHHe
Moutekybl hochuna. [IpoBeanTe ONTUMH3AIIMIO €€ TEOMETPUUECKUX mapaMeTpoB metogom RHF/6-
31G(d). BemmumuTe B TAONMIly 3HAYEHHs €€ JUIMH CBSI3€H, BaJCHTHBIX yriioB. IIpoBemurte
PEONTUMH3AIINIO TeOMETPUH MOJIeKYbl MeToioM B3LYP/6-31G(d). [TonyueHHbIe 3HAYECHHS TaKXKe
BBIMHUIIUTE B TaOiuily. Pe3ymbTaThl ONTUMU3AIM CPAaBHUTE C AKCIICPUMEHTAIBHBIMU JIAHHBIMH,
HaWJCHHBIMU TIPU U3Y4eHUU JauTepatypsl (cM. CipaBOYHUK XUMUKA, T. 1. 1p.).

[Ipoananu3upyiiTe OTHENBHBIC XapAaKTEPUCTHKU JJIEKTPOHHOW CTPYKTYPHl 3aJaHHOMN
MOJIEKYJISIPHOM cHcTeMbl: SHeprud U coctaB MO, SHEpreTH4ecKyr auarpammy, SHEPTHUIO
CBSI3BIBAHUS, DHEPTUIO MOHU3AIMH, Y(PPEKTUBHBIE 3apsabl aTOMOB. Pe3ynbTaTel pacuera Tam, Ije
3TO BO3MOXKHO, COMOCTABBTE C IKCMIEPUMEHTATBHBIMU JaHHBIMH. CHOpMYNUpyiTe BHIBOIBI.

JlabopaTopHoe 3ansitue 10.

Bocnonb3oBaBmmics nporpammoit GAMESS, co3naiite mpocTpaHCTBEHHOE M300paskeHue
MoJIeKybl qubopaHa. IlpoBenuTe ONTHMHU3ALMIO €€ T€OMETPHUUECKUX MapaMeTpoB METOI0M
RHF/6-31G(d). Beimuiure B TaOIUIly 3HAUCHUS €€ JJIMH CBS3€H, BAJICHTHBIX yrioB. [IpoBenute
pPEONTUMH3AIINI0 TeoMeTpurd MoJiekyabl merogoM B3LYP/6-31G(d). TlomyueHHble 3Ha4YeHUs
TaKkKe BBIMUIIATE B TaOnuiyy. Pe3ynbraTbl ONTHMH3ALMN CPaBHUTE C HKCHEPUMEHTAIbHBIMU
JTAHHBIMM, HAMJICHHBIMH [IPH U3Y4eHHUHU JTUTepaTypsl (cM. ClipaBOYHUK XUMUKA, T. 1. 71p.).

[Ipoananu3upyiite OTIENbHBIE XAPAKTEPUCTHKU  DIEKTPOHHONH  CTPYKTYphl — 3aJaHHOM
MOJIEKYJISIPHOM cHuCTeMBl: 3HEpruu U coctaB MO, 3HEpPreTHuYecKylo IuarpaMmy, 3SHEpPrHio
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CBSI3bIBAHMS, PHEPrUI0 HOHHU3AINH, 3()(HEeKTUBHBIC 3apssl aTOMOB. Pe3ynbTaThl pacuera Tam, rie
3TO BO3MOXKHO, COTIOCTABbTE C SKCIIEPUMEHTATBHBIMH JaHHBIMH. C(HOopMynupyHTe BHIBOIBI.

JladbopaTopHoe 3ansitue 11.

Bocrmosib3oBaBmces nporpammoit GAMESS, co3pmaliTe mpocTpaHCTBEHHOE H300paKeHUE
MOJICKYJIBI TepoKcHaa Boaopona. [IpoBemuTe ONTHMH3AIMIO €€ TeOMETPHUYSCKHX IapaMeTpOB
metogom B3LYP/6-311G(d,p). Beimumure B Tabnuily 3HAYCHHS €€ JJIHH CBsA3CH, BaJCHTHBIX
yrioB. [IpoBeaure peONTUMH3ALMIO TEOMETPUM MOJIeKYnbl Metogom MP2/6-311+G(d,p).
[TonyueHHbIC 3HAUCHMS TAKXKE BBIMUIIUTE B TaOiMIly. Pe3ynbTaThl ONTUMHU3AIMI CPaBHHUTE C
IKCIIEPUMEHTAIBHBIMU JTAHHBIMYU, HAWJICHHBIMH TpPU H3YydeHHUU JUTepatypbl (cM. CrpaBOYHUK
XUMUKa, T. 1. 1p.).

[Ipoananu3upyiTe OTHEIBHBIE XApPAKTEPUCTUKH  IEKTPOHHOW  CTPYKTYpBl  3aJlaHHOU
MOJICKYJISIPHOW CHUCTEeMBbI: 3Heprud M coctaB MO, SHEpPreTHYecKyr auarpamMmy, SHEPTHIO
CBSI3BIBAHMS, SHEPTUI0 HOHM3AINH, 3)(DEKTUBHBIC 3apsi/ibl aTOMOB. Pe3ynbraThl pacdyera Tam, e
3TO BO3MOYHO, COMOCTABBTE C IKCIIEPUMEHTAIBHBIME JaHHBIMH. C(HOPMYIHPYHTE BBHIBOIBI.

[NEPEYEHb MOJIEKVJIAAPHBIX CHUCTEM, 3AJIOXKEHHBIX B KOHTPOJIBHBIE
SATAHUA:

Bapuantr | Monekyina [Ipumeyanue

1 CH5Cl1 OKCIepUMEHTAIIbHbBIE

2 C,Hs0H aHHBIE 10 BCEM

3 CH3;0CH3; MOJICKYJIaM CM.:

4 CH3COCH3 CnpaBOYHHUK XUMHKA, T.
5 (CH3)sN 1 M.-JI.: Xumus, 1964
6 NoHg

7 SiH,Cl,

8 SO,

9 PH3

10 B>Hsg

11 H>0,

Kpurepun onenku j1adopaTopHbiX padoT

2,5 Oamna: 3aganue Mo paboTe BBHIMOIHEHO B MOJHOM oObeMe. CTyAeHT TOYHO OTBETHUJ Ha
KOHTPOJIbHBIE BOMPOCH], CBOOOJHO OPHUEHTHUPYETCS B MPENTIOKEHHOM pEIICHUU, MOXKET €ero
MOAU(PHUIMPOBATH IPU U3MEHEHUH YCIOBUS 3aaui. OTYET BHIIOJIHEH aKKypaTHO U B COOTBETCTBUU
C TPEIbSIBISIEMBIMU TPEOOBAHHSIMH.

2 Gamna: 3agaHue 1Mo paboTe BHIMOIHEHO B MOJHOM oObeMe. CTYIeHT OTBETHII Ha TEOPETUYECKUE
BOMPOCHI, HCHBITHIBas HeOombiine 3arpyaHeHus. KauectBo odopmiieHus ortdera kK pabore He
MOJIHOCTHIO COOTBETCTBYET TPEOOBAHUSM.

1,5 6anna (ymosnerBoputeiabHo): CTyAeHT MpaBUIBHO BBIMONHUI 3afaHue K padote. CocTaBui
OTYET B YCTAaHOBJICHHON (opMme, MPeICTaBUI PelIeHus] OONBIINHCTBA 33JaHUN, TTPEYyCMOTPEHHBIX
B pabote. CTyI€HT HE MOXKET MOJHOCTHIO OOBSCHUTH MOJTYICHHBIE PE3YIIbTATHI.

1 6amn: CryneHT HenpaBUILHO BBITIOMHWI OT 70% 10 50% 3amanuii paboThl U HE MOXKET OOBICHUTH
MOJIy4YeHHBIE pe3yibTarT.

0,5 6amna: CTyneHT HempaBUIbLHO BBITIOJHUT cBhIIe 70% 3amanuii paboThl M HE MOXKET OOBSICHUTD
MOJTy4YeHHbIE pe3yibTarT.

0 GammoB CTyneHT HE BBIMOJIHWI BCE 3aJaHUS pabOTHl U HE MOXKET OOBSICHHUTH IMOJy4YEHHBIC
pe3ynbTaT
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RBE©Ooo~NOO R~ WNE

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

Temsl pedeparos

MecTo KBaHTOBOM XUMUHU CPEIM IPYIUX HAYK
DneKTpoAuHaMHUYEecKasi KapTUHA MUpa

KBaHTOBO-1I0J1€Bas KapTHHA MUPA

«YnpTpaduoneroBas kKaracTpoda»

Hcropus pasBUTHs KBAHTOBOM XUMUH

Omnsit Pezepdopra. SnepHas monens aroma

KsanToBble nocrynarsl bopa

BousHOBBIE CBOMCTBA MUKpoUacTull. ['unoresa ne bpouns.
JanpHeiiliee pa3BUTHE KBAHTOBOW MEXAHUKH.

Martpuunas mexanuka. Pabotsr ['eiizenbepra.

OcCHOBHbBIE KBAHTOBO-MEXaHUYECKUE TIPUHIIUTIBI

BousiHBI 1 BEPOSITHOCTH.

OcHOBHBIE TIOJIO’KEHHUSI COBPEMEHHON KBAaHTOBOI MEXaHUKH.
[Tpunnun Heonpenenéunoctu [ eiizendepra

VYpasuenue lllpenunrepa

[TpuxnagHO# XapakTep KBAHTOBOW XUMHH

Bynymiee kBaHTOBOI XUMUHN

buorpadus. ne bpoitns, bopa, Lllpenunrepa, I'eiizen6epra

- Kpurepuu ouenku (B 6aiax) pegeparos:

Hanucanue pedepara cieayer HauaTh C M3JI0KEHUS IJIaHA TEMbI, KOTOPbI KaKk MUHUMYM

BKJIIOYAET 3 ITYHKTA. [Inan JOJIXKEH OBITH JOTMYHO H3JIOKEH U JOJDKCH BKJIIOUATh B ce0s BBCICHUC
" 3aKJIIIOUYCHHUEC.

Pedepar 3aBepmraercsi CIUCKOM UCIIOJIB30BAHHOM JTUTEPATYPHI.
3amauu CcTyIeHTa NPy HaUCcCaHUU pedepara 3aKII0YatoTCs B CIEAYIOIEM:

1. JIOTUYHO U II0 CYIIECTBY U3JIOKUTH BOIIPOCHI ILJIaHA,

2. YE€TKO C(bOpMI/IpOBaTI) MBICJIM, ITOCJIEA0BATCIILHO U ACHO HU3JIOKUTh MaTCpHrall,
IIpaBHUJIBHO HCIIOJIB30BATh TCPMHUHEBI U IOHATHA

3. IMOKa3aTb YMCHHC IIPUMCHATH TCOPECTUUCCKHUE 3HAHUSA Ha ITPAKTUKE,

4, IMIOKa3aTh 3HAHUC MaTCpHraia, pCKOMCHIAOBAHHOI'O 110 TEME;

5. HCIIOJIB30BAaThb JUIA SKOHOMHNYECCKOTI'O 000CHOBaHMST HeO6XOHHMbIﬁ

CTaTHUCTUYECKUI MaTepHual.

Pedepart ouenuBaercs npemnoaaBarenem kadeapsl M0 CIEAYIOUUM KPUTEPHUSIM.

O6beM pedepata n0oKeH ObITH HE MeHee 12-18 cTp. MalIMHOMMCHOTO TeKCTa (aHAJIOT —
KoMIbtoTepHbIN TeKCT Time New Roman, pazmep mpudra 14 yepes monropa HHTEpBaia),
BKJIIOUAsi TUTYJIbHBIN JIUCT.

HpI/I OIICHKC YPOBHS BBIIIOJIHCHUA pe(I)epaTa, B COOTBCTCTBHUHU C INOCTABJICHHBIMHU LCIIAMUA I

JAHHOTO BHJIAa Y4eOHOU JEATeNbHOCTH, MOTYT KOHTPOJMPOBATHCS CIEIYyIOLINe YMEHHUs, HaBBIKU U
KOMIIETCHLIUU:

- yMeHue paboTaTb ¢ OOBEKTAMM H3YyYEHMs, KPUTHUECKMMHM HCTOYHMKAMM, CIIPAaBOYHOH U
SHIUKIIONEIUYECKOH JINTEPATypOl;

- yMEHUe coOupaTh U CHCTEMaTH3UPOBATh MPAKTUUECKUI MaTepua;

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

- YMEHUE JIOTUYHO U IPaMOTHO U3JaraTb COOCTBEHHBIE YMO3AKIIOUEHHS U BBIBOJIBI;

- yMeHue co0oaaTh (opMy HAydHOTO HCCIIEIOBAHUS;

- YMEHUE MOJIb30BATHCS II100aTBHBIMU HH(OPMAIIMOHHBIMH PECYPCAMU;

- BJIAJICHUE COBPEMEHHBIMU CPEICTBAMH TEIEKOMMYHUKAIUH;

- CIIOCOOHOCTBH ¥ TOTOBHOCTH K MCIOJIB30BAHNIO OCHOBHBIX PUKJIAIHBIX IPOIPAMMHBIX CPE/CTB;

19



- CIIOCOOHOCTB CO3/1aTh CO/AEPKATENbHYIO MIPE3EHTALINIO BBIMOJHEHHON PaOOTHI.

Kputepuu onenku pedeparos (B 0a/11ax)

- 0 Ga/uIoB BBICTABIIAETCA CTYAEHTY, €CIHM CTYACHT HE MMEET IPEJICTaBICHUS 00 00CyXIaeMoM
BOIIPOCE;

- 1 OGamn BBICTABISIETCS CTYICHTY, €CIIM CTYIEHT HMMeeT (parMeHTapHbIE IMpencTaBlIeHUS 00
o0CyXIaeMoM BOIpoce (CTyIEHT AEMOHCTPUPYET HE3HaHHE TEOPETHUYECKUX OCHOB IIpeaMeTa, He
yMeeT Jenarb apryMEHTUPOBAHHBIE BBIBOABI W IPUBOJUTH IPUMEPBI, IIOYTH HE BIAACET
MOHOJIOTHYECKOM pEeYbl0, HE BIIAJECET TEPMUHOJIOTHUEH, IPOSIBISIET OTCYTCTBUE JIOTUYHOCTH U
MOCIIEIOBATEILHOCTHIO M3JI0KEHUS, JETaeT OMIMOKH, KOTOpPhIE HE MOXKET HCIPaBUTh AaXe MpU
KOPPEKILMH MTpernojaBaTesieM, OTKa3bIBa€TCA OTBEUATh Ha 3aHITHH);;

-2 Oajyla BBICTABIISIETCS CTYACHTY, €CJIW CTYACHT HWMCCT HCIOJHBIC NPCACTABJICHUS 00
o0cyX/1aeMOM BOIIpoce (CTYICHT JEMOHCTPHPYET HE3HAHHE TEOPETUYECKUX OCHOB MIpEIMEeTa, He
yMEeT JielaTh apryMEeHTHPOBAHHBIE BHIBOJIbI U IPUBOJUTH IIPUMEPHI, TIOKAa3bIBAET cl1aboe BiaJeHNE
MOHOJIOTMYECKOM pEUYbl0, HE BIAJEET TEPMHHOJOTHEH, MPOSBISET OTCYTCTBHE JIOTUYHOCTH H
MOCIIEIOBATEIILHOCTHIO M3JI0KEHUs, JeNaeT ONIMOKH, KOTOphIE HE MOJKET HCIPABUTHh Jaxe TpU
KOPPEKITUH MTPETIoIaBaTeNIeM, OTKa3bIBACTCS OTBEUATh HA 3aHATHH);

- 3 Oayuta BBICTABIISIETCSI CTYACHTY, €CITH CTYACHT UMEET He B JOCTATOYHOW Mepe chopMUpOBaHHBIE
U cojepiKalllue CyIIeCTBEHHbIe MpoOenbl MpelacTaBieHus 00 oOcykaaeMoM BoIpoce (CTYIEHT
JEMOHCTPUPYET HETITyOOKHE TEOPETHUECKUE 3HAHUS, MPOSBISET CI1ad0 COPMHUPOBAHHBIC HABBIKU
aHaJM3a SIBIICHUH W TPOIECCOB, HEAOCTATOYHOE YMEHHE JIeNIaTh apTyMEHTHPOBAHHBIE BBIBOJBI U
MPUBOANTH TIPUMEPHI, TTOKAa3BIBAET HE JIOCTATOYHO CBOOOJHOE BIIAJICHHE MOHOJIOTHYECKOHW PEeUblo,
TEPMUHOJIOTHEH, JJOTHYHOCTHIO M TOCIEIOBATEIBHOCTRIO HM3JIOKEHUS, NENaeT OMIMOKH, KOTOpHIC
MOJKET HCIIPABHUTH TOJBKO MPU KOPPEKIIUH TIPETIOJABATENIEM );

- 4 OQaa BBICTABJSIETCS CTYICHTY, €CJIM CTYIEHT MMeeT Cc(OPMHUPOBAHHBIC, HO COAEpIKaIlne
OT/AENbHBIE TIPOOENBl TpEeACTaBICHHS 00 o0O0CyKIaeMOM BoOIpoce (CTYACHT IEeMOHCTPUPYET
MPOYHBIC TEOPETUYCCKHUE 3HAHMSI, BJIa/ICeT TEPMUHOJIOTHEH, JIeNIaeT apryMEHTHPOBAHHBIC BEIBOJIBI U
0000IIeHNs, IPUBOIUT TPUMEPHI, TTOKAa3bIBaCT CBOOOJHOE BJIAJICHHE MOHOJOTHYECKOH PEUbio, HO
IIPH 3TOM JIeJIaeT HECYIIECTBCHHBIC OMIMOKH, KOTOPbIE OBICTPO MCHPABISIET CAMOCTOSTECIBHO HIIH
NP HE3HAYUTEIILHOW KOPPEKIIMH MPETIOIaBaTeIeM);

- 5 Oa)JIOB BBICTABJISIETCSl CTYACHTY, €CIIH CTYACHT UMeeT C(POPMHUPOBAHHBIC CHCTEMATUYCCKHE
npeacTaBieHus 00 00CyKaaeMOM BOTIpoce (CTYICHT JEMOHCTPHUPYET CHCTEMHBIE TEOPETHYECKUE
3HaHUS, BIIJICET TEPMHUHOJIOTUEH, JIe/IaeT apryMEHTUPOBAHHBIC BBIBOJIBI U 000OIIECHUS, TPUBOIUT
MPUMEpBI, MMOKa3bIBaeT CBOOOJHOE BIAJICHHE MOHOJOIMYECKOW PEUYbI0 M CIIOCOOHOCTH OBICTPO
pearupoBaTh Ha YTOUYHSFOIIIUE BOIIPOCHI).

TecTupoBanmue

1) Kakoe mnpubmmxenne wucmnonsdyercs is peuieHus ypaBHeHus Ilpeamnrepa s
MHOTO3JIEKTPOHHBIX aTOMOB?

A) bopna-Onnenreiimepa;

b) He3aBUCHMBIX YaCTHIL;

B) MonexynspHbIX opOuTaiei;

I') BaneHTHas anpoKCUMaNus.

2) Kakoe mnpubmmwkenue wucnoib3yercs s pemeHus ypaBHenus Illpenunrepa s
MHOTORJIEKTPOHHBIX aTOMOB?

A) pensSATUBUCTCKYIO U HEPEIATHBUCTCKYIO;

b) Ulpeaunrepa u ne bpoiins;

B) BOTHOBYIO U KOPITYCKYJISIPHYIO;

I') aToMHYI0 1 MOJIEKYIISIPHYIO;

J1) TBEpAOrO TENA U )KUIKOCTEM.
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3) B xBanTOBOM MEXaHUKE BBEIACIISIIOT IBE OCHOBHBIC UJIEU:

A) BOJIHOBOM ITPUPO/IbI CBETA U KOPITYCKYJISIPHOU IIPUPO/IbI BEIIECTBA;

B) xopmycKynsipHO-BOIHOBOTO JIyalli3Ma U AUCKPETHOCTh U3MEHEHUS (PU3NUECKUX BEITHMUUH;

B) Bo1HOBO# pupobl BElIECTBA U KOPITYCKYJISIPHOM MPUPOIbI CBETA,

') HempepBIBHOCTH U TUCKPETHOCTH U3MEHEHUS (PU3MUECKUX BEIINYHH;

J1) nenenus MukpodacTul Ha GepMHUOHBI U O030HBI U HEYCTPAHUMOCTD BIMSIHUS U3MEPUTEIBHOTO
npubopa Ha COCTOSIHUE UCCIIEAYeMOTr0 00BEKTa.

4) JloToHIeanpHasT SHEPTUS aTOMa K IJIEKTPOHY MOXXHO TPHOIMKEHHO OXapaKTepHU30BaTh
SHEprueu

A) Huxueilt BakanTHo# atomHo# oputanu (HBAO);

b) Bepxneii BakanTHO# atomHOM oputanu (BBAO);

B) Hwxneii 3anstoit aromuoit opuranu (H3AO);

I') Bepxneit 3ansToit atromuo# opurtanu (B3AO).

5) Breibepute BepHoe yrBepxkaenue. Eciu {Ei} — Habop cOOCTBEHHBIX 3HAYEHUH TaMHJIbTOHHWAHA
H B ypaBuenun HY¥i = Ei¥i, 10 ...

A) -3HEeprus CUCTEMBI B 1-COCTOSIHUH;

b) - sHeprus cuctemsl, a npu >0 He UMEIOT GU3UYECKOTO CMBICIIA;

B) - nonnas sHeprus cucTemsl;

I') - nonHas sHeprus CUCTEMBIL;

JN) - mist IOOBIX 1 1 j.

Kputepun u MeToqMKa OLleHNBAHUS Pe3yJIbTATOB TECTUPOBAHUS '
OmuH TecToBsIi Boripoc (30 BOMpoCoB).
- 0,333 Gasnma BBICTABIISETCS CTYJAEHTY, €CJIU OTBET MPABUIIBHBIH;

- 0 6anyIoB BBICTABIIAETCS CTYACHTY, €CJIM OTBET HEMPABUIIbHBIM.

KoMmuiekT 3agaHuii 118 KOHTPOJIbHOH padoTsl Ne 1
110 qucuuIuinHe KBanrosasa xumMus

Bapuant 1
2

o . (Nr
1. Haiigure coOGCTBEHHOE 3HAUYEHKE OIIEPATOPA d—z,ecnn f(X)=15$|n(3Xj.
X
2. Pemmnte ypaBHeHHE CQEPUUYECKONW TapMOHUKH JUIA BOAOPOAONOI00HOr0 atoma N mpu
ycinoBud, urto 1=2, m=1.
3. Ompexenure paaualbHYO YacTh BOJHOBON (YHKIMH BOJOPOIONOJOOHOrO aroma s
ciydas n=3, I=2.

Bapuant 2
2

nrz
1. Haiigute coOCTBEHHOE 3HaYSHHE OllepaTopa v ecmn (X)) = SCOS[G Xj .
X

2. Pemmrte ypaBHeHHE CEpUUYECKON TapMOHHMKH IS BOJOpoaonono0Horo aroma N mpu
ycioBuH, uto 1=2, m=-1.

3. OmpenenuTe paJidabHYIO YacTh BOJHOBOW (DYHKIIMHM BOJOPOJOTIOJOOHOTO aroma Juis
ciyyas n=2, I=1.

- Kputepnu u MeToanka oeHUBAaHHUA Pe3yJIbTATOB KOHTPOJILHBIX padoT
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- 10 GamnoB BBICTAaBISIETCS CTYACHTY, €ClIM paboTa BBIOJIHEHA B TOJTHOM OOBEME U
H3JI0KCHA T'paMOTHBIM A3BIKOM B OHpeI[eHCHHOﬁ JIOTHYECKOU IIOCIICAOBATCIIbHOCT C TOYHBLIM
WCIOJIb30BAHMEM  CIICIUAIM3UPOBAHHONW  TEPMUHOJIOTHH, IIOKAa3aHO YBEPEHHOE BIAJICHHE
HOpPMaTUBHOM 0a30ii;

- 8-9 OaoB BBICTABISETCS CTYJCHTY, €CIM padoTa BBINOJIHEHA B IOJIHOM O0BEeMe, HO
MMEET OJIMH U3 HEJIOCTATKOB:

B pa60Te AOIMYHMICHBI OJIMH-ABA HEA0YCTA ITPU OCBCIICHNH OCHOBHOI'O COACPIKAHUA OTBETA,

HET OHpGZIGJIGHHOﬁ JIOTHYCCKOM noCiaCcaA0BaTCIbHOCTH, HECTOYHO HCIIOJIb3YCTCA
CIICHUAJIM3NPOBAHHAA TCPMUHOJIOT WA,

- 6-7 OannoB BBICTABIACTCS CTYACHTY, €CM paboTa BBHIMOJHEHA HEMOJHO, HE IOKa3aHO
oOliee NMOHMMaHUE BOIPOCA, MUMENNCh 3aTPyJHEHHUS WIM JONYIIEHbl OMMOKU B OINpeAeTIeHUN
MOHATHM, UCHOJB30BAaHUM TEPMHUHOJIOTHH, NpPHU 3HAHUM TEOPETHUYECKOr0 MaTepuana BbISBICHA
HeZ0cTaToYHasi COPMUPOBAHHOCTh OCHOBHBIX YMEHHM U HABBIKOB.

- 4-5 0amIoB BBICTABIISCTCS CTYICHTY, €CIIM CTYACHT BBHIMOJHWI KOHTPOJBHYIO padoOTy
MeHee yeM Ha 50 %.

- 1-3 Gasyuta BBICTABIISICTCS CTYNIEHTY, €CIIH CTY/ICHT BBITIOJIHWI KOHTPOJIBHYIO padOTy MEHee
yeMm Ha 70 %.
- 0 GayuTOB BBICTABISIETCSl CTYACHTY, €CITU . CTYIEHT BOOOIIe HE MPHCTYNal K BBITOIHEHHIO
KOHTPOJIBHON pabOTHI.

4.3.Peiimunz-nian OUCUUNIUHDL

PeiituHr—T1aH AMCHMIUIMHBI TIpeacTaBiieH B [Ipunoxxenun 2.
Kputepusmu onieHUBaHUS SIBISIIOTCS OallTbl, KOTOPbIE BHICTABIISIOTCS IIPETIOAaBaTEIeEM 3a

BU/IBI JICTEIILHOCTH (OLIEHOYHBIE CPECTBA) M0 UTOTaM U3yYEHUSI MOJyJeH AUCUUIIINHBI,
MIEPEYUCIICHHBIX B PEUTHHT-TJIaHe AUCLUIUIMHBI, TS 3K3aMeHa: TeKYIUH KOHTPOJIb — MAKCUMYM
40 6amtoB; pyOeKHBIH KOHTPOJb — MakcuMyM 30 GajuToB, MOOMIPUTEIbHBIE OauIbl — MakcuMyMm 10.

[TepeBon onerku u3 100-6amibHON B 4eThIpeX0aIbHYIO IPOU3BOAUTCS CIICIYIOIIMM 00pa3oM:
- otimyHO — oT 80 o 110 6amtoB (Birovas 10 mOOIIPHUTENBHBIX 0aIOB);
- xopoio — ot 60 10 79 6ayoB;
- YIOBJIETBOPHUTEIBLHO — OT 45 110 59 Gamios;
- HEYJIOBJIETBOPUTEIILHO — MeHee 45 OaloB.

Buowvl camocmoamenvnoit pabomot.

- U3y4eHHE OCHOBHOM U JIOTIOJHUTENBHOM TUTEPATYPhl B LIESAX CAMOIMOATOTOBKHY;

- KOHCIIEKTUPOBaHHE MAaTEPHAJIOB HAYUHOH M y4eOHOI TUTEpaTyphl MO YKa3aHUIO MPENoIaBaTes;
- pelIeHre TECTOB M0 3a/IaHUI0 MPETNOIaBaATENS;

- MMOJrOTOBKA K 3aHATHUSM, IPOBOJUMBIM B HHTEPAKTUBHOU (hopMme;

- HanMcaHue pedepara o 3aJaHUIO MPENoIaBaTENs.

Dopmbl meKyuyezo KOHmponA.

- IpoBepKa J1ab0opaTOPHBIX paboOT

- YCTHBIN OTpOC Ha Ta0OPaTOPHBIX 3aHATHIX
-pelieHue TUIOBBIX 33734

(Dopma pyﬁleCHOZO KOHmpoJia —mecmupoeanue, NUCbMEHHAA KOHMpPOoJibHan paﬁoma.

(DOprl npomeofcymoqnoﬁ ammecmauuu no umozam 0Ce0eHuUA 0ucuumumbt — IK3AMEH.
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5. Y4eOHO-MeToaUYecKOe U MH(POPMALMOHHOE o0ecredeHne TN CHUTIIHHbI

5.1. IlepeyeHb OCHOBHOM U OTOJHUTEIbHON y4eOHOH JUTEepaTypbl, HEOOXOAMMOM 1151
OCBOCHMS JMCIUIIHHBI

OcHoBHas JUTEpaTYypA!

bapanoBckuii, B.1. KBanToBas MexaHMKa M KBaHTOBas XMUMHs [DIeKTpoHHBIH pecypc] / B.U.
bapanoBckuit. — DnexktpoH. gan. — Caunkrt-IletepOypr : Jlans, 2017. — 428 ¢. — Hoctym k
TEKCTY OJJIGKTPOHHOTO W3JaHUS BO3MOKEH uepe3 OIEeKTPOHHO-OUOIMOTEUHYI0 CHCTEMY
uznarenscra "Jlane":: https://e.lanbook.com/book/92941. — 3aru. ¢ skpaHa.

bapanosckuit B.I1. KBanToBasi MexaHuka U KBaHTOBasi XUMHS : y4eO. 1M0co0. JUisl CTy/A. BY3O0B,
00yu. no xumud. creu. / B. Y. bapanosckuit .— M. : Axkagemus, 2008 .— 383 c¢. — (Briciiee
npodeccuoHanbHoe oOpazoBanue) .— Pexum gocryma: http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+1160+default+2+1+F+1.2.840.10003.5.102+rus.

Maiiep U., N36panHble r1aBbl KBAaHTOBOM XMMHU: JI0Ka3aTeIbCTBA TEOPEM U BBIBOJA (hopmyi
[DnexTponHbIii pecype] : yueOHOe mocodue / Maitep U. ; mox pen. A. JI. Uyrpeesa ; mep. ¢

auri. M. b. Jlapxosckoro, A. M. TokmaueBa. — IiekTpoH. naH. — MockBa : M3naTenscTBO
"Jlaboparopust 3Hanuit", 2017. — 387 c. — JlocTynm K TEKCTy 3JEKTPOHHOTO W3JIaHUS
BO3MOXEH  uepe3  DJeKTPOHHO-OMOMMoTeuHyro  cucteMy  u3aarenbcrBa  "Jlanp'"::

https://e.lanbook.com/book/94102. — 3ari. ¢ skpaHa.

Hupenscon, B.I'. KBantoBasg xumuss. Monekyibl, MOJIEKYJIAPHbIE CHCTEMBI M TBEpJbIE Tela
[DnexTponHbIit pecypc] : yuebnoe nmocobue / B.I'. llupenscon. — DnekrpoH. gaH. — Mockaa :
WznarensctBo "JlabopaTopus 3Hanuit", 2017. — 522 c¢. — JlocTyn K TEKCTYy 3JEKTPOHHOTO
W3aHUS BO3MOXKEH Yepe3 OJIEKTPOHHO-OMOIMOTEYHYI0 CHUCTeMy wu3naTenbcTBa '"JlaHp'::
https://e.lanbook.com/book/94104. — 3arun. ¢ skpana. Kucenés B. B. / KBanroBast MmexaHuKa.
Kypc nexuuit / M.: MITHMO, 2009. - 560 c.

Hemunosuy, b.II. Maremarnuueckue OCHOBBbI KBAaHTOBOW MEXaHUKHU [DJIEKTPOHHBIN pecypce] :
yaebnoe nocodue / B.I1. JlemunoBuy. — Dnekrpon. gan. — Cankr-IlerepOypr : Jlanp, 2005. —

200 c. — JlocTym K TEKCTy OSJEKTPOHHOTO W3JIaHHs BO3MOXKEH Yepe3 JIEKTPOHHO-
oubnmoTeuHyro cucteMmy usgareiabcrBa "Jlane":: https://e.lanbook.com/book/604. — 3arm. ¢
JKpaHa.

Kpamennnun B.W. KBanToBas XxuMus U KBaHTOBas MEXaHWKa B MPUMEHEHUHM K 3aqadyaM
[DnexTponnsiii pecypc] / B.U. Kpamenunun ; E.I'. T'azenayp ; JI.B. Ky3pmuna .— Kemepono :
KemepoBckuii rocynapctBeHsslid 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>.

KBanTtoBoxuMHUYeCKOE MOJEIMPOBAHHE OPraHUYECKHX MOJIEKYT U peakinuil. Bwibop
NpUOIKeHUs. [DIeKTpOHHBIN pecypce]: yuebd. mocobue / M.B. Bakynuu [u np.]; bamkupckuit

rocynapctBeHHblii yHuBepcuter. — Yda: PUL[ baml'y, 2015. — DnexkTtpoH. Bepcus meu.
nyonukanuu. — J[OCTylm K TEKCTY SJIEKTPOHHOTO H3JaHMsI BO3MOXKEH 4Yepe3 DIIEKTPOHHO-
OMOIMOTEYHYIO CUCTEMY «DNeKTpOHHAas oubnmnoreka bamulV»: —

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

Jlono/JHUTeIbHAS JIUTEpPaTypa:

Xypcan C.JI. Metoauueckue yKazaHUs JJsl CEMUHAPCKUX U MPAKTUYECKUX 3aHATHH MO KypCy
"KBaHToBass MexaHuMKa M KBaHTOBas xumusa'(pasmen "KBantoBas Mmexanuka" : VYueOGHoe
nocobue / C.JI.Xypcan, Yu.-Hayd.komiuieke "Muterpanus” .— Ya : Peaktus, 2000 .— 43c. :
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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
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

wi. — O00s3.9xk3. — ISBN 5883330681 (becmui.). <URL: http://ecatalog.bashlib.ru/cgi-
bin/zgate.exe?present+3920+default+7+1+F+1.2.840.10003.5.102+rus>.

9. EpmakoB, A. W. KBaHToBass MeXaHHMKa M KBAaHTOBas XUMHUs : y4eOd. mMocoO. IS CTyA. BY30B,
00yu. o crier. BITO 020101.65 "Xumus" / A. U. EpmakoB .— M. : IOpaiit, 2010 .— 555 c. —
(OcnoBwel 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. nonsckuii, 3.B. Atomuas ¢usuka. Tom 2. OCHOBBI KBAaHTOBOH MEXaHUKH U CTPOCHHE
IEKTPOHHOW 000JI0YKK aToMa [DNeKTpoHHBIA pecypc] : yuebnuk / D.B. Illmonsckuit. —
OnektpoH. naH. — Cankr-IlerepOypr : Jlawp, 2010. — 448 c. — JlocTynm K TEKCTy
AJIEKTPOHHOTO M3JaHMsI BO3MOXKEH 4epe3 DJIEKTPOHHO-OMOIMOTEYHYI0 CHUCTEMY H3/1aTelbCTBA
"Jlanb":: https://e.lanbook.com/book/443. — 3aru. ¢ skpaHa.

11. CrenanoB H.®d. «KBaHTOBasi XWMHUsi W KBaHTOBas MexaHuKa» : yudeO. mocobue / H. .
Crenanos, B. U. Ilyneme .— M. : MI'Y, 1991 .— 384 c. : un. — 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. 3agaum Mo KBaHTOBOW TeOpHH [ DIIEKTPOHHBIN pecypc]: MEeTOANYECKHEe YKa3aHHsI K IPOBEICHHIO
MPaKTUYECKUX 3aHATUH 1O KBaHTOBOW Teopun: Y.2 / bamkupckuil rocynapcTBeHHBIN
yHuBepcuteT; coct. P.M. BaxutoB. — VYda: PUL| baml'VY, 2017. — DnexTpoH. BepcHs med.

nyonukanuu. — J{oCTym K TEKCTYy SJEKTPOHHOTO HW3/JaHMs BO3MOXEH 4epe3 DIJIEKTPOHHO-
ONOTNOTEYHYIO CUCTEMY «INEeKTpOHHAS OoubmmoTeKa baml"V»:. —
<URL:https://elib.bashedu.ru/dl/local/VVahitov sost Zadachi po kvantovoj

teorii mu Ch2 mu 2017.pdf>.

5.2. IlepeueHnb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOU ceTH «AHTEepHET» N
NPOrpaMMHOI0 ofecrie4eHus1, He0OXOAUMBbIX /IJISl OCBOEHUS TUCHUIIUHBI, BKJIIOYas
npodeccuoHaJbHbIe 0a3bl JAHHBIX U HH(POPMAIMOHHBIE CIIPABOYHbIE CHCTEMbI

YHuBepcurer obecriedyeH HEOOXOAUMBIM KOMIUIEKTOM JIMIEH3UOHHOTO MPOrPaMMHOTO
obecrieueHus TMCIUTLIIH (MOTyJIeH).
1. DnexTponnas oubmuoreunas cucrema «9b baml 'V - https://elib.bashedu.ru/
2. DnekTpoHHas OuOIMOTEYHass cUcTeMa «YHHBEpCUTETCKass OulnuoTeka OHJIAWH» -
https://biblioclub.ru/
3. DnekTpoHHas OMOIMOTEeYHas cucTeMa u3aareabcTBa «Jlanpy - https://e.lanbook.com/
4. DnexTpoHHbIH Katanor bubnuoreku baml'y - http://www.bashlib.ru/catalogi/
5. YuuBepcanbHas baspl manneix EastView (IocTynm K 3JIEKTPOHHBIM Hay4dyHBIM JKypHaiam) -
https://dlib.eastview.com/browse
6. Hayunast snekrponHast oubsiaunoreka - elibrary.ru (moctym k 37eKTpOHHBIM HaydHBIM KypHaIaM)
- https://elibrary.ru/projects/subscription/rus_titles_open.asp
7. Windows 8 Russian. Windows Professional 8 Russian Upgrade. JTorosop Ne 104 ot 17.06.2013
r. Jlunensuu 6eccpounbie
8. Microsoft Office Standard 2013 Russian. oroBop Ne 114 ot 12.11.2014 r. Jlunensuu
OeccpouHbIe
9. Kaspersky Endpoint Security ams O6usneca - Cranmaptsiid. JloroBop Ne31806820398 ot
17.09.2018 r. Cpoxk aevictBus aunenzun jno 25.09.2019
10. Linux OpenSUSE 12.3 (x84 _64) GNU General Public License.
11. Cucrema niearpanuzoBanHoro rectupoBanus baml'y (Moodle). YauBepcanbHas oOmecTBeHHas
nmuuensus GNU.
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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. MaTepHaHLHO-TeXHI/I‘leCKaﬂ 6333, H606XOL[I/IM3H AJIsT OCYIIECTBJICHUSA 06pa30B3TeJ’ILHOF0

npouecca nmo IMCIuIinue

HaumenoBanue Bup 3ansTuii HanmenoBanue
CHeHaTN3UPOBAHHBIX 000pyI0BaHNUS,
ayIUTOpUH, KaOMHETOB, [IPOrPaMMHOI0O
nabopaTopuii obecrieueHus
1. y4yeGHasi ayauTopusi ISt Aynutopust Ne 405 1. Windows 8 Russian.
NpoOBe/IeHUs 3ausiTuil | YueOHass  mebOenb,  ydeOHoO-HarmsigHele  mocobmsi, | Windows Professional 8
JIEKIHOHHOT'0 JIOCKa,HOYTOYK,MYJIbTHMETHA-TIPOEKTOP Mitsubishi Russian Upgrade.
Tana:aymuropuss  Ne 405 | XD3200U, skpan c anektporpuBogoM 300%*400cm Horoop Ne 104 or
(xumpak kopmyc), ayautopus | SpectraClassic. 17.06.2013 r. JluneHsuu
Ne31l  (xumdax  Kopmyc), AynutopusaNe 311 OeccpodvHbIe
aymutopusiNe 310 (xumdax | YueGHas meOenb, yaeOHO-HATIAAHbIE MTOCOOUS, T0CKa, 2. Microsoft  Office
kopmyc), aymuropusi Ne 305 | HOyTOyk,mpoektop Mitsubishi XD 600U, skpan c¢ | Standard 2013 Russian.
(xumdak kopyc). anekTporpuBoaoM Projecta 183*240cm Mattewhite. HoroBop Ne 114 or
Aynutopus Ne 310 12.11.2014 r. JIluuensuu
2.yueOHbIe ayauTopum s | YueOHast MeOenb, yaeOHO-HAIISIHbIE TT0CO0Us, TO0CKa, OeccpodvHbIe

TPOBeIeHHUsI 3aHATHH
CEeMUHAPCKOro THIA:
aymutopust Ne 004 (xumdak
kopryc), aymutopust Ne 005
(xumdak kopmyc).

3. yueOHas ayauTopus IJs
NpOBeJlCHUs] TPYNNOBBIX M
WUHIUBUIY ATBHBIX
KOHCYJIbTalMIi: aynuropus Ne
405 (xumdak KOpIYC),
ayautopusiNe311 (xumcak
kopmryc), aymuropusiNe 310
(xumak koprmyc), ayauTopHs
Ne 305 (xumdak xopmyc),
aymutopust Ne 001 (xumdax
kopiryc),ayauropust  Ne 002
(xumak  KopIyc),ayauTOpHs
Ne 006 (xuMdak
kopiryc),ayauropust  Ne 007
(xumak  KopIyc),ayauTopHs
Ne 008(xumdak koprmyc)

4. y4yeOHas ayauTOpUsl AJIsA
TeKyllero  KOHTpOJIs M|
MPOMEKYTOYHOM

arrecTanuu: aymuropust Ne
405 (xumdak KOpIYyC),
aymuropusiNe3 11 (xumpax
kopiryc), aymuropusaNe 310
(xumpak KOpmyc), ayauTOPHUS
Ne 305 (xmmdak xKopiryc),
aymuropuss Ne 001 (xmmdak
koprryc),ayauropust  Ne 002
(xuMmpak KopITyC),ayIUTOPHS
Ne 006 (xumdax
kopmyc),aynutopust  Ne 007
(xumpak  KopIryc),ayauTOpHS
Ne  008(xumcak  Kopmyc),
aymutopust Ne 004 (xumdax
kopmyc), aymutopust Ne 005
(xumak kopyc).

HOYTOYK,MYJIbTUMEUA-TIPOSKTOP Mitsubishi

EW230ST, skpan Hactennblii ClassicNorma 244%183.
Aynutopus Ne 305

Y4ebHast MeOenb, yaeOHO-HATIISIIHBIC TTOCOOUS, A0CKa,

HOYTOYK,MYJIbTUMEUA-TIPOSKTOP Mitsubishi

EW230ST, skpan Hactennblii ClassicNorma 244%183.

Aynutopus Ne 004
VYueOHasi mebenb, ydeOHO-HAIISAHbIE TOCOOMs, JIOCKa,
KOMMYTaTop HP  V1410-24G, MIepCOHATBHBIN

kommbiorep Lenovo ThinkCentre A70z Intel Pentium E
5800, 320 Gb, 19" - 15 T, mkad Hacrenusiii TLK6U.
Aynurtopus Ne 005
VYueOHasi mebenb, ydeOHO-HAIISAHbIE TOCOOMs, JIOCKa,
kommnbiorep DEPONeos 470 MDi5_3450/4GDDR/T500
G/DVD+R u monutop ViewSonic 21.5 - 13 mwr, mkad
TLK TWP-065442-G-GY, mkad wmoHTaxHbIi NT
PRACTIC 2MP47-610B/SSt450/ SKS1/SSt750,59560,
00 T.316-14, mkad Hacrennsrii TLK6U.
Aynutopus Ne 001
YueOHast Mebemb, yueOHO-HATISITHBIE TIOCOOMS, JOCKa
Aynutopust Ne 002
YueOHast MeOemh, yaeOHO-HATISITHBIE TIOCOOMS, JOCKa
Aynurtopus Ne 006
YueOHast MeOemh, yaeOHO-HATISITHBIE TIOCOOMS, JOCKa
Aynurtopus Ne 007
YueOHast MeOemh, yaeOHO-HATISITHBIE TIOCOOMS, JOCKa
Aynutopus Ne 008
YueOHast MeOemh, yaeOHO-HATISITHBIE TIOCOOMS, JOCKa
Yuransnsiid 320 Ne 1
Hayunerit u yaeOnblii Qona, HaydHas nepuomuka, 11K
(MOHOOTIOK) - 3 T, HeorpaHwdeHHHIH gocTyn kK ObC u
B/1; KOIH4YECTBO IIOCaI0YHBIX MECT — /6.
YuraabHbli 320 Ne2
Hayunerit n yaeOnblii QoHa, HaydHas nepuomuka, [1K
(MOHOOTIOK), TOIKITFOYEHHBIX K cetn HTepHeT, — § mT.,
HeorpanmueHHbIH foctyn Kk OBC u BJl; xommvectBo
mocao9HbIX MecT — 50.
YuranbHblid 3a1 Ne §
Hayanstit n y4ueOHbIi (oHn, HaydHas mepuoanka, 1K
(MoHOOJIOK) - 3 mT, HeorpaHn4eHHBIH goctyn kK ObC u
B/1; xonmuuecTBO MOCaI0YHBIX MeCcT — 27.
YwuranbHblii 321 Ne 6
Hayunsiii u y4ueOHbIii ¢onn, naydnas nepuoamka, 1K

3. Kaspersky Endpoint
Security mns OusHeca -

CranpapTaeid.  J{oroBop
Ne31806820398 oT
17.09.2018 r.  Cpok

NCHUCTBHUS JHUIEH3UU 10
25.09.2019

4. Cucrema
LEHTPATN30BAHHOTO
TectupoBaHuss  bamlV
(Moodle).
YHuBepcanbHas
0o01ecTBEHHAs JIULICH3UA
GNU

5. LinuxOpenSUSE 12.3
(x84_64)
GNUGeneralPublicLicen
se
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S. MOMeLIeHUS st
CaMOCTOSITeTIbHOM
padoTbI:unTanbHbId 3a1 Nel
(TnaBHBIN KOpITyC),
yuTanbHeI 321 Ne2 (¢pm3mar
KOpITyc-y4eOHOe),

YUTAJIbHBIN 3ai No5
(TyMaHUTapHBIH KOpITyC),
YUTAJIbHBIN 3ai No6
(yueOHbIit KOpITyC),
YUTAJIbHBIN 3ai No7
(TyMaHUTapHBIH KOpITyC),

naboparopust Ne 418 (xumbax
KOpIyC)

6. momenieHne NI XpaHeHUs
" NpopHIAKTHYECKOT 0
o0c/Ty’KMBAHMS y4eOHOr o
obopyaoBanusi: 1aboparopus
Ne 416 (xumcaxk koprryc).

(MoHOOIIOK) - 6 mT, HEeorpaHW4YeHHBIH Hoctyn K ObC u
B/1; xonmmuecTBo mocanoyHbix Mect — 30.

Yuranbublii 3a1 Ne 7
Hayunstit u y4ueOHbIi (onn, HaydHas nepuoamka, [1K
(MOHOOJIOK) - 5 mIT, HeorpaHn4eHHBIH goctyn Kk ObC u
B/1; xonmmuecTBO mocao4HbIX MecT — 18.

JlaGopaTopus Ne 418
YueOnast Mmebenb, hakcUMWIBHBIM amnmapar Panasonic
KX-FL423RUB — 2 mmr., sH-metp pH-150MU (c roc.
noBepkoi), aBrorpanchopmarop TDGC2-0.5K(0,5kBT;
2A,220/0-250B),3604, 99p T.207/2-15, Bech "Ohaus"
PA64C (651, 0,1mr) c¢ moBepkoii, Becei VIC-1500d1
(1500r. 100MI, BuemH.kanmubOpoBka) ACCULAB,
noHomep M-160MMU ¢  moBepkoi,  KOMILIEKC
BonbTamniepomerpuueckui  CTA,  koMmIblOTep B
komiutektre DEPO Neos 4601\tO/mMonuTop 20" Samsung
BX2035/knaB./MbIb, KOMObIOTEp NepcoHambHbI Nol
1.210-14/3, maruuTHas Meraika 6e3 Harpesa Tolopino
— 2mr, MarHMTHas MellajJKka C HarpeBoM |
HaHokepamuu.noBepx hG-MAG HS, wmerp-pH pH-
150MU (c roc.moBepkoit), monutop 19" LG L1919S BF
Black (LCD<TFT,8ms, 1280%1024,250K]I/M.1
400:1,4:3 D-Sub), nepcoHaIbHbBII KOMITBIOTEP B COCTaBE
c/6mox/Core J7-4770 (3.4)/H87/SYGA/HDD 500Gb,
monutop JKK"20"Bencl.kmaBuat ypa+wpliib, OpUHTEDP
Canoni-SENSYSMF3010, pH-metrp pH-150MU ¢
roc.nmoBepkoit, cucremueii Onok IIK (775), wkad
cymmwiphbiin LOIPLF-25/350-GS1, (310X 310x310 mm
O/BEHTWIIATOPA.HEPXK.CTANb  LU(PPOBOH  KOHTpOJIEP),
KOJIMYECTBO MocafouHbIX MecT — 10.

JlaGopaTopus Ne 416
ATOMHO-a0COpPOIMOHHBIA  CIIEKTPOGOTOMETP MOJEIb
AA-7000, ¢upmbr "Hlumamzy"”, Snonus, OamioH c
renmueM Mapku A — 2 T, Bentwisitop BEHTC 100
BKMiy/*1/,  ra3oBblii ~ XpOMaTO-Macc-CIIEKTPOMETP
momens GCMS-QP 2010PIUS, kommbroTep B COCTaBe:
CHUCTEMHBI OJIOK, MOHHUTOp, KJIaBHaTypa, MBIIIb,
kouguionep QUATTROCUMA  QV/QN-F12WA,
HOYTOYK FujitsuLifebooKF530 IntelCorei3-
330M/4Gh/500Gh/ DVD-
RW/BT/15.6"/Win7HB+0ffice, TIepPCOHATBHBIN
komnpioTep B Komiuiekte HP AiO 20"CQ 100 eu
(MoHOOMOK), snekrporumatka Irit  IR-8200,1500BT
mraMmerp KoHdopxu 185mmM.
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[Tpunoxxenne Ne 1

MUWHOBPHAYKU POCCHUN
®I'bOY BO «bAIIKNPCKNUY I'OCY JAPCTBEHHBIM YHUBEPCUTET»
XUMHNYECKUU ®AKVYIIBTET

COJIEP)KAHUE PABOYEN ITPOIr'PAMMBbBI
nucuurmuHabl KBantoBast xumust Ha 8 cemectp
ouHas (popma oOyueHus

Buja pa6orsl O0beM THCUMILTHHBI
Oo6mas Tpynoemkocts auctuiuinabl (3ET / vacos) 3/108
Y4eOHBIX 4aCOB Ha KOHTAKTHYIO pabOTy € MPENo/1aBaTesieM: 77,2
JIEKIIUHA 32
MIPAKTUYECKUX/ CEMHUHAPCKUX -
71a00PaTOPHBIX 44

Jpyrux (rpymnmnoBasi, ”HIUBUyallbHAsi KOHCYJIbTAUS U MHbIE BUbI
y4eOHOMU JIeATEeTLHOCTH, MPEAYCMaTPUBAIOIINE pa00Ty 00YJIAIOITUXCS C

npenojasateneM) (PKP) 1,2
Y4eOHBIX 4acOB Ha CaMOCTOSITEIbHYIO paboTy oOyuatomuxcs (CP) 5
Y4eOHBIX 4YacOB Ha IOJTOTOBKY K

sK3ameny/3auety/ auddepernuporannomy 3adery (KoHTpons) 25,8

®dopma(bl) KOHTPOJIS:
DK3aMeH B 8 cemecTpe
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®opma TeKylero

dopma u3ydeHus: MaTepuasoB: JICKIUH, OcHoBHast u KOHTPOJIA
NPaKTUYCCKUEC 3aHATUSA, CCMUHAPCKUE 3aHITHS, AOIOJIHUTC/IbHAA 3aganus 1o YCIICBACMOCTHU
No Tema i cozeprarme 1a00paTopHBIE padOThI, CAMOCTOSTEIIbHAS JUTEeparypa, CaMOCTOSITEIIbHOM (KOJIIOKBUYMBI,
/o paboTa U TpyJOEMKOCTH (B Hacax) pexoMeHayemas pabote KOHTPOJIbHbBIE
CTylleHTaM (HoMepa CTYJICHTOB paboTHI,
JIK IIP/CEM TP CPC U3 CIHCKA) KOMITBIOTEPHBIE
TECTHI U T.I1.)
2 3 4 5 6 7 8 9
IMpeamer KBAaHTOBOM
MexaHuKku. OCHOBHbBbIe
JTaNbI pa3ButTus
KBAaHTOBOM TCOPHH. Ha60paT0pHBIe
[IpenMeT KBaHTOBOM MEXaHUKHU paboTHI,
MOJICKYJIAPHBIX CUCTEM U n 5 KOHTPOJIbHBIE
KBAHTOBOU XUMHUU. OCHOBHBIE 2 popaboTaTk paGoTHI
3TaIlBl Pa3BUTHS KBAHTOBOM a a ) [1-5, 9-11] JICKIHIO, PCK. ’

p HTeDaT TECTUPOBAHUE,
teopud. [ maBHbIE TEHICHLH B patypy pedepar, YCTHBII
Pa3BUTHUH KBAHTOBON XMMHHU OIPOC TUIOBbIE
KaK OCHOBHOI'O 3aJ1a4u
TEOPETUYECKOTO (hyHIaMEHTA
COBPEMEHHON XMMUUYECKOM
HAYKH.

2. OcHoOBHBIE TMOHSITHS
KBAaHTOBOM ME€XaHMKH. Ha60paT0prIe
MareMaTuyueckuil anmapar paboThI,
KBAHTOBOU MEXaHUKHU. KOHTPOJIbHbBIE
DOPMHUTOBBI ONIEPATOPHI, KX 2 5 1 [TpopaboTars paGoTEI
_ .5, 0- _
cOOCTBEHHBIE PYHKIIUHU U [1-5, 9-11] JICKLHIO, peK ,
YHKIT TECTUPOBAHUE,
COOCTBEHHBIC 3HAUCHMUSI. JUTEPATYPY

Beipoxnenue. Matpuunoe
IIPEACTABIICHUE ONIEPAaTOPOB.
PaznoxeHne 1o coOOCTBEHHBIM

pedepar, ycTHbII
OIPOC THIIOBHIE
3a7a4u

28




(GYHKIUSM 3pPMHUTOBA
oneparopa. KoMmmyrannoHHsie
COOTHOILICHUS.

CooTHoteHust
HEOMPEIETICHHOCTEM.
DU3NYECKUI CMBICT U
MPOCTEUIIINE OLIEHKH Ha UX
OCHOBE.

IMocTynaTel KBAHTOBOM

MeXaHHUKH.
OcCHOBHBIE TIOCTYJIATHI
KBAHTOBOI MEXaHUKH.
KBaHTOBBIE COCTOSIHUA U
BOJIHOBbIE ()YHKIIUU; OCHOBHBIE
CBOMCTBA BOJTHOBBIX ()YHKITUH.
OmnepaTopbl GU3HUECKUX
BEJIMYWH (HAOJI01aeMBbIX);
CpelHHE 3HAYCHUS U
JHCTepcuu HaOII01aeMBbIX.
[1noTHOCTH BEPOATHOCTH
pacrpeieneHus 4acTull B
MIPOCTPAHCTBE.
OmnepaTopbl KOOpAUHAT,
HMITYJIbCOB, MOMEHTOB
HMITYJIbCA, KHHETUYECKOU U
MOTEHIMAJIbHOU HEPTUH.
Onepatop ['amunbTOHA
(raMUTIbTOHUAH).
DBOJIIOIMS COCTOSIHUM U
ypaBHenue lpeaunrepa.
CraunoHapHoe ypaBHEHUE
[Ipeaunrepa. JIUCKpETHBIN U
HETMPEPBIBHBIN CIIEKTPBHI.

[1-5, 9-11]

[TpopaboTaTh
JICKIIMH, PEK.

JUTEpaTypy

nabopaTopHbBIC

paboTHI,
KOHTPOJIbHBIE

paboTHI,

TECTHPOBAHUE,

pedepar, yCcTHBIH

OIIPOC THITOBBIE

3aaun
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YpaBHEHHE HENPEPBIBHOCTH.

Hexoropble  npumepbl

peleHunst YPaBHEeHHUA

HIpeaunrepa.
[Ipocreitmme npumMepsl
IIPUMEHEHHUsI KBAaHTOBOM
MexaHuku. OJTHOMEpHBIE

3aJlauM: CIIEKTP, KAYeCTBEHHbIE nabopaTtopHbie
0COOEHHOCTH BOJTHOBBIX paboTsI,
¢dbyHkuuil. 3agaun o o 6 KOHTPOJIbHBIE
oo | e o
MOTEHIIUAJILHOM SIIIHKE, ’ ’ TECTUPOBaHUE,
MOTEHLIMATIFHOM Oapbepe U PEK. JITCpatypy pedepar, ycTHBII
TFapMOHUYECKOM OCLIMIUIATOPE. OIPOC THIIOBBIE
Teopus MoMeHTa uMIyIbCa. 3aauu
OCHOBHEBIE CIIE€ICTBUA
KOMMYTallMOHHBIX
COOTHOILEHUH /11 KOMIIOHEHT
MOMeEHTa uMmItyibca. [lpaBuna
CJI0’KEHUS] MOMEHTOB
umnyinbca. JKecTkuil poratop.
Pemenue YPaBHEHUSA
IIpexunrepa nist aroma
BOJ0pOAA (n nabopaTtopHbie
BO/10POI0NI000HBIX paboThI,
aTOMOB). ATOMHBIE KOHTPOJIbHBIE
opOuTaJn. [popadorars paboTsl,
3agaua 006 aTomMe BOJIOPOJa. [1-12] JICKITHH, PEK. TECTUPOBAHUE,
Pa3nenenue nepeMeHHbIX. TCEPATYPY

Bonopono-nonoOHbIe
opburanu, rpaduyeckoe
MpEJCTaBICHUE UX
pajMalIbHBIX U YIIIOBBIX

pedepar, ycTHbII
OIIPOC THIIOBHIE
3a7a4u
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yacTteil. Beipoxkaenue
OJHOXJIEKTPOHHBIX COCTOSHHI
KAaK CJIEICTBHE CUMMETPUHU
LIEHTPAJIbHOT'O MOJIS.

Bapuanuonnslii MeTox.
[TpubamxeHHbIe METOIbI

pelieHus KBaHTOBO- nabopaTopHbIe
MEXaHUYEeCKUX 3a1a4. Teopus paboTHI,
BO3MYIIEHUN JIJI5 MpopaGoTats KOHTPOJIbHBIE
CTallMOHAPHBIX COCTOSIHUH B [1-5, 9-11] JICKITHIO, PEK. padoTHI,
OTCYTCTBUE U NMPHU HATHIUH HTEpATYDY TECTUPOBAHKE,
BBIPOXK/JIEHUS. BaprnanmoHHbIi pedepat, ycTHBII
MIPUHIIATI KBAHTOBOW MEXaHUKH OTIPOC THUTIOBBIC
Y BapUaIMOHHBINA METO/I. 3a1auu
Meton Putia.

KBanToOBBI€C unCIIa.
Moekyia B MOCTOSTHHBIX
ANEKTPUYECKOM U MAarHUTHOM
moJisiX. JIMmoIbHBIN
AIEKTPUYECKUNA U MarHUTHBIN
MOMEHTBI CUCTEMBI YaCTHII. 1a6OpATOpPHBIE
CHsITHE BBIPOXKIACHUS TI0T paBOTEL
BIIUSTHUEM TIOCTOSTHHOTO KOHTPOJIBEEIE
ANEKTPUYECKOTO WU IpopaGorats paboThI
MarguTHOTO 101 (3PPEKThI [1-5, 9-11] JICKIHIO, PCK. TeCTI/IpOBaI-,II/Ie,
HlTtapka u 3eemana.) IuTEpaTypy

CnuH 31eMEeHTapHBIX YaCTUIl U
CBSI3aHHBIN C HUM MarHUTHBIN
MOMeHT. OnepaTopsl ClIMHA U
KOMMYTAallHOHHbIE
cooTHomeHus. CouH-
OopOHUTAILHOE B3aUMO/ICHCTBUE
U €r0 NPOSIBIICHUS.

pedepar, ycTHbII
OIPOC THIIOBHIE
3a7a4u
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MHOFO3J’ICKTpOHHI)Ie

aATOMBI. CaoiicTBa
MHOT'03J1€eKTPOHHBIX
aTOMOB.

VYpasuenue lllpenunrepa s
aTOMOB U MOJIEKYJI.
Paszpenenne anekTpoHHOTO U
SIICPHOTO JBUKCHUM.
AnmnabaTryeckoe
npuOIKeHne. DIEKTPOHHOE
BOJIHOBOE YpaBHEHHE.
DJIEKTPOHHAs INIOTHOCTh U €€
W3MEHEHUS [IPU NIEPEXO0IE OT
pa3/ieIeHHBIX aTOMOB K
MOJIEKYJIE.

[TocTpoenue mpuOIMKEHHBIX
pELIEHUH AIEKTPOHHOTO
BOJIHOBOI'O YpaBHEHHUsI Ha
OCHOBE BapUaIlMOHHOIO
npuHUuna. OgHOSIEKTPOHHOE
npuomkenne. OrpaHMYeHHBIN
Y HEOTPaHUYEHHBIN METOIbI
Xaptpu-®oka
(camocoriacoBaHHOTO MOJIS,
CCII). Aerepmunant Cratepa.
IlonsTHE O 3aKPBITHIX U
OTKPBITBIX 000JI0OUKAX.
YpaBHEHMUS], ONPEAEIAIONINE
opb6uranu. OpburanbHele
SHEPrUU U UX CBS3b C NIOJHOU
JJIEKTPOHHOU DHEPTUEH.
Teopema Kynmanca n
(OTODIIEKTPOHHBIE CIIEKTPBI.

[1-5, 9-11]

[TpopaboTaTh
JICKIIHIO, PEK.

JTUTEpaTypy

nabopaTopHbIC

paboTHI,
KOHTPOJIbHBIE

paboTHI,

TECTHPOBAHUE,

pedepat, ycTHBII
OIIPOC THITOBBIE
3aaun
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[Ipenensr npUMEHUMOCTH
Meroga Xaprpu-dPoxa.
DNEKTPOHHOE CTPOEHUE
aTOMOB. DJIEKTPOHHbBIE
KOH(UTYpaluy U TEPMbI
aToMoB. Cl10XeHIEe MOMEHTOB
qu1st atoMoB. [IpaBuna XyHaa.
DNEeKTPOHHOE CTPOEHUE
aTOMOB U IepUOANYECKas
cucrema semeHToB [ 1.
MeneneeBa.

Teopus XUMHYECKOH

cBszu.  Meron MO

JIKAO. basucHble

Ha0opbI aTOMHBIX

opOurTaJeii.
[IpencraBnenue
MOJIEKYJISIPHBIX OpOuTanei
(MO) B BuIIE TMHEHHOM
KOMOHMHAIMH aTOMHBIX
opoutaneit (JIKAO). Hanbonee
pacnpocTpaHeHHbIE TUIIBI
0a31CcoOB aTOMHBIX OpOUTAJICH:
opOHUTaNU CIEHTEPOBCKOTO U
rayccoBa Tuma. MUHUMabHbIE
Y BaJICHTHO-paCIIETICHHbIE
6a3ucHble HAOOPHI.
[TonsipuzannoHHbIE U
middysnsie pyHkunu. Meton
CCII MO JIKAO.

[1-5, 9-12]

[Ipopa-6oTtath
JICKIIHIO, PEK.
JUTEpaTypy

nabopaTopHbBIC

paboTHI,
KOHTPOJIbHBIE

paboTHI,

TECTHPOBAHUE,

pedepar, yCcTHBIH

OIIPOC THITOBBIE

3aaun

10

IoBepxHocTh
NMOTEHIHAJLHOH
JHEPruMm.

[1-6]

[TpopaboraTh
JIEKIHIO, PeK.

nabopaTopHbIe
paboThI,
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DNeKTpOHHBIE, KOJIeOaTeIbHBIC
1 BpalllaTeIbHbIE COCTOSIHUS
MoJeKyll. [IoBepxHOCTb
ITOTEHIMAJIbHON SHEPrun
(IIIT3). Ponb npeacraBiaeHuit o
[I1D B coBpemeHHOI
CTPYKTYPHOUM TEOPUU XHUMUH.
PaBHOBecHas koHUrypauus u
KOH(OpMAaLUK MOJIEKYIL.
Craumnonapusie Touku 1113,
ux aHanus. [Ipocreimue
npumepsl [I113. JIByxaTomHas
MoueKyna. OnrTumusanus
IrE€OMETPUYECKUX
XapaKTEPUCTHK MOJICKYJIBI.
[MI1D u xumuyeckas peakuus,
KOOpJMHATA peaKlnu.

JUTEpaTypy

KOHTPOJIbHBIC
paboTHI,
TECTUPOBAHUE,
pedepar, ycTHBIH
OIPOC THITOBBIC
3a/1a9u

11

Yuer 3JIEKTPOHHOM

KOppeJIsiliuH.
KoppennpoBanHoe OBUKECHHE
JIEKTPOHOB. Y4eT SHEPruu
IEKTPOHHOU KOPPEIISILMH.
[TonsTe o meroze
KOH(UTypaliMOHHOTO
B3auMoieicTBusA. OCHOBHBIE
MIOHATHS METO/1a TEOPUU
BO3MYIIEHUN, TEOPUS
Memnepa-Ilnecce.
CpaBHuTenbHas
XapaKTepUCTHKA METOJI0B
KOH(UTypaliMOHHOTO
B3aUMO/JIEHCTBUS U TEOPUU
BO3MYILICHUN.

[1-5, 9-11]

ITpopaboTaTh
JIEKITUIO, PEK.

JUTEpaTypy

nabopaTopHbBIC
paboTHI,

KOHTPOJIbHBIC
paboTHI,

TECTHPOBAHUE,

pedepar, ycTHbII

OIIPOC TUIIOBBIE

3a1aun
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12 IMosysmMnupuyecKkue

METOIBL. 1abopaTopHbIE
[ToTy3MIUPUYECKUE METOIBI pPaBoTHI,
KBaHTOBOM XUMHHU. MeTompl, KOHTPOJIbHBIE
UCIIOJIB3YIOLIHE HYJIEBOE ITpopaboTats paboTEL,
muddepeHinanbaoe [1-5, 9-11] JICKIIIIO, PEK. TECTHPOBAHME,
nepekpsiBanne. BozmoxHOCTH jmtTepatpy pedepar, yeTHBI
¥ OTPAHUYEHUS TPUMEHEHHSI OTIPOC THITOBHIE
TOJYDMIIMPUYECKUX METOJIOB 3a71a4H
KBAHTOBOW XUMHHU.

13 CoBpemMeHHOE

nporpaMmHoe

o0ecrneyenne KBaHTOBO-

XHMHYECKHX PacyeToB.
Yuer cuMMeTpuH sIACpPHOM
KOH(UTYpAIHH TIPH
PacCMOTPEHUU AJIEKTPOHHOM
3a/aur. DIEMEHTHI U OTIepaLiii
cummerpun. TouedyHbIe JadopaTopHbIe
IPYIIIBI CHMMETPUH. padoTI,
Hawubosee pactipocTpaHeHHbIE TIpopaboTaTs KOHTPOJIPHBIC
[POTrPaMMHbBIE KOMILIEKCHI [1-5, 9-11] NEKIIHIO, PeK. paborbi,
(AMPAC, MOPAC, JuTepaTypy TECTHPOBAHHME,

GAMESS). Iloaroroska
ucxoaHoro (aitna. Kirouebie
CJIOBA KaK CIIOCO0 yrpaBiIeHUs
pacuerom. CocTaBiaeHHUE
Z-matpulisl. bazucHele aTOMBI.
OmnpeneneHne Ha4yaJIbHOTO
NpUOIIHKEHUS
reOMETPHUYECKUX apaMEeTPOB
MOJIEKYJIbl. YUET CUMMETPUH
IIPU 33JJaHUH HAYaJIbHOTO

pedepar, yCTHBIH
OIIPOC THITOBBIE
3a1aun
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npuOIMKeHus. Z-MaTpuia

crwiis MOPAC u GAUSSIAN.

OcHOBHBIE PE3YIbTATHI
KBaHTOBOXUMHUYECKUX
pacdeToB. Busyanuzanus
PE3yJIbTaTOB pacyera.

Bcero uacos
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[Tpunoxxenue Ne 2
PeliTUHI — IJIaH JHCHUTIIITHHBI

b51.0.31 KBanToBas xumus
HanpasieHue/cnenuanbHocTh 04.05.01. dyHnameHTanbHas U MPUKITATHAS XUMUS

Kypc 4, cemectp 8

Bunpr yueOHOU AeATEIEHOCTH bann 3a konkpernoe | Uwucno 3apanuit 3a Basuist
CTYJICHTOB 3a/laHne ceMecTp
MunumanbHbiil | MakcumanbHbIN
Monynsb 1
Texymuii KOHTPOIb
1. JlaGoparopHbie pabOTHI 2,50 6 0 15,00
2. YcrHbIH onpoc 0,50 3 0 1,50
3. Tumnossle 3a1aun 1,00 5 0 5,00
Py0eskHbII KOHTPOJIbL
1. Tect Ne 1 (o mpakTHKe) 10,00 1 0 10,00
Monyns 2
Tekymii KOHTPOJIb
1. JlaGoparopHbie paOoOTHI 2,50 5 0 12,50
4. YcrHbli ompoc 0,50 2 0 1,00
5. Pedepar 5,00 1 0 5,00
Py6esxHbIi KOHTPOJIb
1. Tect Ne 2 (110 mpakTHKe) 10,00 1 0 10,00
2.Konrponbhas padbora 10,00 1 0 10,00
IHocemaemocTs
1. IToceleHue NEKIUOHHBIX 3aHATHI 0 -6,00
2. [Nocenienune NpakKTUIECKUX (CEMHHAPCKHX, Ta00PaTOPHBIX) 3aHATHIA 0 -10,00
Hroro 100
MoompuTeabHbIe 6ALIbI
VYuyacTtue B oMMIMagax 1,00 0 1,00
VYuactue B KOHGEPEHIUIX 2,00 0 2,00
[TyOnukanus Te3UCoB 3,00 0 3,00
[Ty6nukanus crareit 4,00 0 4,00
Hroro 10

HTOroBbIii KOHTPOJIb

DK3aMmeH 0,00 30,00




