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1. Ko n HaumeHoBaHue cneuymanbHocTu: 04.05.01 dyHaameHTanbHas u
npuknagHasa Xxmumusi

2. NMpodunb noaroToBku / cneuymnanusaumua: PyHgameHTanbHas Xmmus B
npodeccuoHansHOM obpasoBaHmm

3. KBanudumkauma BbinyckHuka: Xumuk. [penogasartesib xumumn

4. ®dopma oO6y4eHus: oYHas

5. Kachenpa, oTBeyarowas 3a peanusauumio AUCLUNNUHBIL: Kadeapa ousndeckomn
XUMUMN

6. CoctaBuTenu nporpammbl: Coukas Hagexaa BacunbeBHa, K.X.H., AOLEHT

7. PekoMeHAoOBaHa: Hay4yHo - meToanyecknum CoBEeTOM XMMMYECKOro dakynbTeTa oT
19.04.2022 npoTtokon Ne 3

8. YuebHbIN roa: 2022 / 2023 CemecTp: 6



9. Llenu n 3agayum y4e6HOM AUCLUNIIUHDI:
Llenibrto oceoeHus yd4ebHoU AucyuniuHbl S8s5emcs: U3ydeHne cCoBpeMeHHbIX NpeacTaBneHnin o
CTPOEHUW BeLecTBa Ha Cy6aTOMHOM, aTOMHOM, MOJIEKYNSIPHOM YPOBHSIX , @ TakKe Ha YpOBHE
MaKpOCKONU4ecknx Ten (Monmmepsbl, Kpuctansbl).

3adayu y4yebHOU OUCUUMNIIUHSBI: .

- O3HaKoOMJIeHue C COBPEMEHHOM TOYKOM 3peHusi O BO3HMKHOBEHMM BceneHHom,
BellecTBa Bo BceneHHom;

- paccMOTpeHue pasnnyHbIX YPOBHEN OpraHMsaLmm Mmatepum — OT AfieMeHTapHbIX YacTuL
00 MaKpPOCKOMNYECKUX TETT;

- MNPUIOXEHME 3aKOHOB KBAHTOBOW MEXaHWKM K MOJSIEKYNSPHbIM CUCTEMaM pasfindHOm
CTENeHN CNOXHOCTU; npuobpeTeHMe HaBbIKOB WHTepnpeTauun BbIBOAOB KBAHTOBO-
MEXaHN4YEeCKOro pPacCMOTPEHUS XUMWUYECKMX OOBLEKTOB, 3HAKOMCTBO C KBAHTOBO-
MEeXaHN4YeCKONn TEeOpUEN XMMMUYECKOrOo CTPOEHUSI U KBAHTOBbLIMW aHaroramuv MNOHATUN
KNacCU4eckon TEeOopUN XUMUYECKOrO CTPOEHUS: XMMUYECKas CBS3b, BaneHTHOCTb,
KpPaTHOCTbL CBS3M 1 Op.;

- n3yyeHue dpyHOamMeHTasnbHbIX MOMOXKEHUN YYEHNA O CUMMETPUN MOSIEKYIT,

- packKpblTUe CBA3EN MexAdy 3MEKTPOHHbIM CTPOEHMEM XUMUYECKUX COEOMHEHUA U UX
hU3n4eCcKUMmn CBOMCTBaMMU;

- packKpblTUe CBA3EN MexOy 3MEKTPOHHbIM CTPOEHMEM XUMUYECKUX COEOMHEHUA U UX
peakunoHHON CNoCOBHOCTLIO.

10. MecTo y4yebHOM AMcuUNUHbI B cTpyKType OOI:

BapuatueHas yactb 6noka 1. ObaszaTenbHast gucumnnimHa.

YmeTb guddepeHumMpoBaTb U MHTErpupoBaTh aremMeHTapHble (OyHKUUK, 3HaTb crneuunarnbHble
MHTerpasbl, OCHOBbl KBAHTOBOW MEXaHWKW, KBAHTOBOW XUMWUW, MOJSIEKYNSAPHON (UINKN U
Knaccumyeckor TepMoauHaAMUKN, NPUMEHATb 3HAHUSA O CTPOEHUU MOMEKYI

11. MnaHnpyemblie pe3ynbTaTbl O0y4YeHMA MO AucuunnuMHe/Moaynio (3HaHuUA,
YMEHUA, HaBblKM), COOTHECEHHble C NNaHMpyeMbIMU pe3ynbTaTaMu OCBOEHMUS
obpasoBaTenbHOW nporpaMmmbl  (KOMNETEHUMAMM) UM UMHAMKATOpaMuM  MUX
AOCTUXKEHUS:

Kog HasBaHune Kog(bl) UHankaTop(bl) MnaHnpyemble pesynbTaTbl 00y4eHus
KOMMeTeHLMH
Ol1K- | CnocobeH OlK-1.1 | CuctemaTtnsmpyet 1 | 3HaTb dyHOaMeHTanbHble
1 aHanusmpoBarTb, aHanusmpyet MOJTIOXKEHNSA YYEHUS O CTPOEHMM U
WHTEpNpeTNpoBaThb pesynbTaThbl CUMMETPUN  MOJEKYN, yMeTb WX
n obobwatb XUMUYECKNX ucnonb3oBaTb  ANA  pe3ynbTaToB
pesynbTaThbl 3KCMEPNMEHTOB, pacyeTa 9NEeKTPOHHOTO  CTPOEHUsI
KCMepuMeHTanbH HabnogeHnn, MOJTEKYNAPHbIX CUCTEM  PasfnunyHom
bIX N pacyeTHO- n3MepeHun, a CINOXHOCTW.
TEOPETUYECKNX Takke pesynbtatel | BnageTtb  OCHOBHbIMM  HaBblKamu
paboT XMMmnyeckon pacyeToB CBOWCTB WHTepnpeTauumn BbIBOLOB KBAHTOBO-
HarnpaBfeHHOCTH BELLECTB U MEXaHNYeCcKoro onucaHus
MaTepuanos CTPOEHNS  XUMMWYECKMX  CUCTEM,
packpbiTUs  CBA3eM  Mexgy  ux
Orl1K-1.2 | MNpegnaraet 3NIEKTPOHHbIM CTPOEHMEM "
WHTEepnpeTaumo peakLuMOHHOWN CNOCOBHOCTLIO.
pes3ynbTaToB
CODCTBEHHbIX YmeTb hopMynumpoBaTb BbIBOAbI MO
3KCMEPUMEHTOB U pesynbTatam aHanusa
pacyeTHo- nutepaTypHbIX OaHHbIX n
TEOPETUYECKNX COBCTBEHHbIX pac4yeTHo-
paboT ¢ TEOPETUYECKNX pes3ynbTatoB B




NCMNonb30BaHMEM packpbITUS cBsA3en mexay
TeopeTU4ecKnx 3NEKTPOHHbLIM CTpOEHneMm
OCHOB uccnegyembix — cuctem M UX
TPaAWLMOHHBIX 1 peakLMOHHON CNOCOBHOCTLIO.
HOBbIX pa3genoB
XUMUK
OlK-1.3 | ®opmynupyet
3aKIYveHns n
BbIBOAbI MO
pesynbTatam
aHanusa
nuTepaTypHbIX
OaHHbIX,
COBCTBEHHbIX
3KCNepPUMEHTanNbHbI
X U pacyeTHo-
TEeopeTUYECKNX
paboT XMMmn4yeckon
HanpaBneHHOCTU
OrNK- | CnocobeH OlNK-3.1 | MNMpumeHseT 3HaTb OCHOBHblE TeopeTudeckue wu
3 NPUMEHSITb TeopeTuyeckme n nonyamnmpuyeckmne mozenw,
pacyeTHo- nonyamMnupuyeckne | onucbiaroLLme SMEKTPOHHOE
TeopeTunieckvie MoZenu npu CTPOEHME MOSEKYN U NPUMEHSITb NpK
MeToabl ans pelueHnm sanau OLUEHKe peakUUOHHON CnocoBHOCTU
M3YYEeHUs| CBOWCTB XUMUYECKOM BELLEeCTB.
BellecTs U HanpaBneHHOCTU YMeTb ucnonb3oBaTb CTaHOApTHOE
MPOLECCOB € UX OrllK- WNcnonbayet nporpaMMHoe  obecrieyeHne  Ans
yuacTvem cl3.2 cTaHgapTHoe peLueHuns KBAHTOBO-XMMM4ECKX
MCHONb30BAHMEM nporpaMmmHoe 33da4 W oOueHKke  peakUMOHHON
COBPEMEHHOI obecrieyeHe npu | CNOCOBHOCTN MOMEKyn
BbIMUCNUTENTBHON peleHn - sanad
XUMMNYECKOM
TEXHKA. HanpaBneHHOCTU

12. O6bem gucumnnmHbl B 3a4eTHbIX eAMHMUax/yac. — 4/144

12. O6bem AncUUNNUHBbI B 3a4eTHbIX eaAnHMLax/yacax B COOTBETCTBUU C

y4eOHbIM nnaHom — 4 / 144

dopma NnpoMexxyToyHOM aTTecTaumm IK3aMeH

13. Bugbl y4e6HOM paboThl:

TpyaoeMKkocTb (Hachl)

. B Tom No cemecTtpam
Bug y4ebHom paboThbl B uncne B
cero UHTEpakT1B 6 X X
How chopme
AyaouTopHbIE 3aHATUA 72 72
B TOM 4YuUCIIE: niekymm 36 36
npakTuyeckme - -

nabopartopHble 36 36

CamocTosTensHas paborta 36 36
dopma npoMexyTodHOM aTTecTauum

36 36
OK3aMeH

Utoro 144 144




13.1 CopgepxaHne AUCLMUMNIIUHLI:

n/n

HanmeHoBaHune
pasgena
ONCUMNIUHBI

CopepxaHue pasaena oucUUnnunHb

Peanunzauus
pasgena
OVUCUUNMWHBI C
NMOMOLLIbHO
OHNaWnH-Kypca,
JYMK

1. Nekuun

1.1

BeeneHue.
opraHusaLmm
mMaTtepuun.

YpoBHU

CogepxaHne MNOHATUA «CTPOEHWe BeLlecTBa» U
«CTPYKTYypa BewecTBa». PasnuyHble acnekTbl
TEPMUHA «CTPOEHWE MONEKYI»: TOMOMOrMYECKUi,
reoMeTpu4ecKkni, 3ANEKTPOHHbIV " ap.
YnopsigoYeHHbIE U HEeYNnopsiOYEHHbIE CTPYKTYpbI
KOHAEHCUpoBaHHbIX ¢ha3. Obwmn ob3op MeTonoB
3KCMEPUMEHTANBHOIO Y TEOPETUYECKOro U3y4YeHUs
cTpoeHusi BewecTB. DopMbl  CyLlECTBOBaHUS
MaTepMnm Ha pasHbiX YPOBHSAX OpraHu3auuu.
OnemeHTapHble yacTuupl. MpuHUMNbI
knaccudpmkaumm.  PyHoameHTanbHble  cunbl B
npupoge. BewectBo Bo BceneHHon, ero Buabl.
3Bontouunsa BellecTBa BO BceneHHon. Xummyeckoe
BELLEeCTBO.

https://edu.vsu.ru/
course/view.php?i
d=3995

1.2

OcHoBblI
Kraccudeckom

TEOPUN XUMMUYECKOIO
CTpOEHUs

OCHOBHbIE  MOMOXEHWS  KMacCU4eckon Teopuu
XUMUYECKOro CTpoeHusi. MornekynsipHble Moaenu
pasHOro  ypoBHA B  COBPEMEHHOW  Teopuu
Xumudeckoro ctpoeHus. CTpykTypHas dopmyna u
rpac monekynel. BenuuuHbl, onpeaenswowme
reoMeTpPUYEeCKyto KOHdMrypaumio MOIneKynbl:
BaneHTHbIE YIMbl, MEXbAAEPHbIE PAaCCTOAHMWS, YITbl
BHYTpEHHero BpaweHus. deHomeHornornyeckas
Modernb Mornekyrnbl. BaneHTHble u HeBaneHTHble
B3aMMOaencTBuS. Xumnyeckoe CTpOEHMeE.
Knaccuyeckas Teopusi BarneHTHOCTH

https://edu.vsu.ru/
course/view.php?i
d=3995

1.3

KBaHTOBO-
MexaHu4eckas
WHTepnpeTauus
OCHOBHbIX
npeacTaBneHnmn
TEOpUM XUMUYECKOro
CTPOEHMS MONEKYn

KBaHTOBass Teopus  XMMMWYECKOTO  CTPOEHMS.
B03MOXHOCTU KBaHTOBO-MeXaHW4eCcKoro annapara
B MCCNegoBaHWM  MOJSIEKYNAPHON  CTPYKTYPbI.
MonekynspHoe ypaBHeHne LWpeaunHrepa.
OneKkTpoHHbIe, KonebaTenbHble M BpallaTenbHble
COCTOSIHUS. AanabaTtnyeckoe npubnmkeHne.
MoTeHunanbHble  YHKUUMM  MOMEKyn U ee
cocTaBnswwmne. Heprus Amnccoumann MOMeKyn.
OHeprus cBa3n. KBaHTOBbIN aHanor XuMudecKkomn
cBasn. O6GocHOBaHME  BareHTHOro  LTpuXa.
KpaTHocTb cBsA3n. [lopsagok cBA3n. Teopema
lenbmaHa — ®delHMaHa W KPUTEPUIA MPOYHOCTU
cBA3n. BO3MOXHOCTb  KBaHTOBO-MeXaHU4eCcKou
OLEHKN  MONSAPHOCTW,  OMMNOMbHBIX  MOMEHTOB,
CWMOBBIX  MOCTOSHHBIX ~ MOMEKYN,  MarHWTHbIX
CBOWCTB M Ap.

https://edu.vsu.ru/
course/view.php?i
d=3995

1.4

YyeHne o cummeTpun
MOJTEKYI

OnemeHTbl M onepauuM CUMMETPUU  SOEPHOM
KOHdUrypaumm Monekynbl. To4veyHble rpynnbi
cummeTpun Monekyn. Krnaccudpukaunsa TouyeudHbIX
rpynn. [llpeactaenenne rpynnbl.  PasnoxeHue
NPYBOAMMBIX NPEACTABIEHNA HA HENPUBOAUMBIE.
XapakTep npencraBneHusi. Tabnuvubl XapakTepoB
ToYeyHblX rpynn. Knaccudumkaumsi  KBaHTOBbIX
COCTOSIHWI MOIeKyn no CUMMETPUN.
lMpeobpas3oBaHnsi CMMMETPUM FAMWUMbTOHMAHA U
Knaccudvkaums yYpoOBHEM 3SHEPrMM  KBaHTOBbIX
cucteM. CummeTpus 1 BblpoxaeHne. CuMmmeTpus
0asuncHbIX opbuTtanen

https://edu.vsu.ru/
course/view.php?i
d=3995




YnpolleHne BEKOBbIX ypaBHEHUI METOAOM Teopum
rpynn. FpynnoBble opGutanu mornekyn. [Mpaeuna
NoOCTPOEHUS MONEeKyNAPHbIX opbGuTtanen,
Y0BMNETBOPSLINX TPeOOBaHNUAM CUMMETPUN.

15

OneKTpoHHOoe
CTPOEHME HEKOTOPbIX
MOJIEKyn

OcHoOBHOE 1 BO30OYXXAEHHbIE COCTOSIHUS MOMEKy bl
Bogopoda. CassbiBallwne U paspbixnswoLine
opbutanu. CyHmeTHble U TpUNNEeTHbIE COCTOSTHUS.
ONEeKTPOHHOE CTPOEHWE [ABYXaTOMHbIX MOJEKyr,
obpasoBaHHbIXx atomamu 1 u 11 nepuopos.
Knaccndwukauma opbutanem no  CUMMETPUM.
KoppenauuoHHble  gunarpammbel MO ans
OBYXaTOMHbIX MOIneKyr. Pacnpepenexve
3NEKTPOHHOMN NIOTHOCTK B OBYXaTOMHBbIX
Morekynax, obpasoBaHHLIX aTomMamu BTOPOro
nepvoga. lMonspHOCTb XUMWYECKOM CBSI3U U ee
XapaKTepUCTUKN.

KoHuenuust rmbpuamnsaumm B MeTodax BaneHTHbIX
cBsizen " MOIEKYNSPHbIX opbuTtanen.
[enokanusoBaHHble (kaHOHU4eckue) 7
rnokanusoBaHHble opbuTanu. O6ocHoBaHue
BaneHTHoro  wTtpuxa.  OAHO3MEKTPOHHbIE U
KonnekTueBHbole cBonctBa Monekyn (M.Obtoap).
Monekynbl ¢ «aenunuTOM» SMEKTPOHOB.
KoopaunHaumoHHble coenHeHus. Teopus
Kpuctannuyeckoro nons. AHanus pacwennenuns d-
YPOBHEN B MONAX  PasfiMyHOM  CUMMETPUM.
MapameTpbl pacwenneHusa. CunbHoe u crnaboe
none nuraHaoB. AHanmM3 3NMeKTPOHHbLIX CMEKTPOB U
MarHWTHbIX ~ CBOMCTB  Ha  OCHOBE  Teopuu
KpucTannumyeckoro nons. Teopusa nons nuraHgos.
pynnoBble opbutanu. KBaHTOBO-MexaHudeckasi
TpaKTOBKa XUMUYECKOW CBA3M B KOMMNIIEKCaX.
ConpsixeHHble T-3NEKTPOHHbIE CUCTEMBI.
byTtagueH. BeHson. HebeH3ounaHble
apomaTtuyeckme coeguHeHusi. [pasuna 4n n 4n+2.
CoBpeMeHHble npeacTaBneHns 06 apoMaTUYHOCTM.
AHTMapOMaTUYHOCTb. AnbTepHaHTHbIE
yrneBsogopoabl.

https://edu.vsu.ru/
course/view.php?i
d=3995

1.6

CoxpaHeHune
opbuTanbHom
cMMMeTpun B
XUMUYECKUX
peakuusix

KauecTBeHHasi Teopusi peakuMOHHOW CNOCOBHOCTU
OpraHn4yeckux coeguHeHun. VIHgekcol peakunoHHOM
CNOCODOHOCTU: WMHOEKCbl CBOOOAHOW BaneHTHOCTH,
3apsgbl Ha atomax, uHgekcbl Dykyn, 3Heprum
KaTUOHHOWM M aHNOHHOW Jeriokanu3auun.

KBaHTOBO XMMW4YECKOE OMuUCaHWe SrEMEHTApPHOro
aKta Xumudeckux peakuuin. [yTb peakuum u
KoopauHata peakumm Ha noTeHumanbHom
NMOBEPXHOCTN. lMepexoagHoe COCTOSIHME.
CumMMeTpuUs peareHToB, NepexogHOro COCTOSIHUA U
npoaykToB  peakumn. KayecTBeHHbIM  aHanus
BO3MOXHbIX MEXaHM3MOB XMMUYECKUX peakuuni Ha
ocHOoBe  oOLlen CTPYKTYpbI noTeHunanbHon
NMOBEPXHOCTN. KoppensiunoHHble npaeuna
Byasopoa - XodmaHa npu aHanuse BO3MOXHbIX
MEXaHM3MOB  XMMMYECKMX  peakuun. Teopwus
rpaHuYHbIX opbutanen Oykyw.

https://edu.vsu.ru/
course/view.php?i
d=3995

2. lTabopaTopHble 3aHATUSA

2.3

KsaHTOBO-
MexaHunyeckas
NHTepnpeTauus
OCHOBHbIX
npencraBneHnmn
TEOPUN XUMMUYECKOIO

ONEeKTPOHHOE BOMTHOBOE ypaBHEHUE. ONeKTPOHHast
NIOTHOCTb U €e W3MEHEeHue npu nepexoge oOT
pasgeneHHbIX aTOMOB K MOSEKyre.

Onepatop [amunbToHa AONA  aTOMHbIX WU
MOJEKYNAPHbIX cucTteM. NMocTpoeHne aneKTPOHHOM
BOMHOBOW (PYHKUMW B BUAEe onpefenuvrens. Pacyet

https://edu.vsu.ru/
course/view.php?i
d=3995




CTPOEHUSA MOreKyn MOneKynspHOro MoHa Bogopoga no metogy MO

JIKAO.
Y4yeHune o cummeTpum | CummeTpus  Momnekyn. 3nemeHTel M onepauuum | https://edu.vsu.ru/
Monekyn cuMmMeTpun. ToyeyHble rpynnol CUMMETPUM | course/view.php?i
MOJITEeKyI. d=3995

HenpuBoanmble npeacTaBneHys Ha npuMepe rpynn
Cavu [3. XapakTepbl npeacTtaBneHui. PasnoxeHve
NpMBOSUMOrO NpeACTaBMNeHns Ha HENMPMBOOUMBIE.
2.4 Wcnonb3oBaHne  Tabnuy ~— xapaktepoB  Ans
NOCTPOEHNS CUMMETPU30BaHHbIX opbuTanen
Wcnonb3oBaHue Tabnuu xapakTepoB ANS peLleHus
Apyrux 3agad (anst otbopa opbuTtanen, UMerLmnx
HeHyneBoe MepeKkpbiBHWE, ANA BbiBOAA NpaBwn
otbopa nOns cnekTparnbHbIX MepexogoB, AN
pacyeTa Tepma MONeKyrbl).

OneKkTpoHHoe MO pByxaTOMHbIX roMo- W reTeposaepHbix | https://edu.vsu.ru/
CTpOeHMne HEeKOTOPbIX | MOoneKkyn Courge/view_php?i
MOIeKyn OnNEeKTPOHHOE CTPOEHNE HEKOTOPbIX MHOMOATOMHbIX | =3995

Morekyn: cxembl obpasoBaHusi MO, 3MneKTpOHHbIe

KOHdurypauum MOIeKyn. WHTepnpeTtauus

CTPOEHMS MOEKY.
WHTepnpeTtauus reoMeTpU4ecKoro CTpOEHMS
Monekyn Ha ocHoBe mogenun OJ3IMBO, Teopun MO
2.5 JIKAO, koHuenuuu  rmbpuamsaumm  aTOMHBbIX
opbuTanen

OnNeKTPOHHOE CTPOEHME KOMIMIIEKCOB MepexoaHblX
MeTarnnoB C HeopraHW4YeckMMu K OpraHM4YecKUMm
nurasgamu.

OneKTpoHHOoe CTpOeHMe COnpsiKeHHbIX "
apomartumyeckux cuctem. [Mpumepbl pacyeToB MO
meTony Xwokkensi. 3apsiabl Ha aTtomax, Mnopsiakv
cBsasen. 'paHnyHble opbuTanu.

CoxpaHeHune KoppensauunoHHble gnarpammbl 1 koppensuunoHHsle | https://edu.vsu.ru/

opbuTanbHomn npaeuna npwm Ka4yeCTBEHHOM onucaHun | course/view.php?i
2.6 cumMMeTpum B | MEXAGHM3MOB ~ XMMWYECKMX peakuun (npaeuna | §=3995

XUMMUYECKNX ByaBopaoa-XodpmaHa O coxpaHeHun opbuTanbHon

peakumsax CUMMETPUN, TEOPUS rPaHNYHbIX opbutanen Pykym)

13.2 Pa3genbl gucumnnuHbl 1 BUAbI 3aHATUMN:

Bugbl 3aHsaTMI (4acoB)
Ne HanmeHoBaHue pa3gena S
CamocTosTensHas
n/n OVCUUNIIUHBI Jlekumm | MpakTtnyeckune | JlabopaTopHbie pabora Bcero
1 BeeneHue. YpoBHU 2 0 6 8
opraHusaumm MaTepuun.
OcHoBbl Knaccuyeckomn
2. | Teopun XMMWUYECKOrO 2 0 10 12
CTPOEHMS
KBaHTOBO-MexaHu4yeckas
MHTEepnpeTaunss OCHOBHbIX
3. | npeacraBneHnn Teopumn 6 6 12 24
XUMUYECKOTO CTpPOEHMS
MOJTEKYN
4. YyeHune o] CcUMMeETPUn 8 10 16 34
MOJTEKYN
5 OneKTpoHHoe CTpOEHUne 12 12 16 40
HEKOTOPbIX MOMNEKYN
CoxpaHeHune opbuTanbHom
6. | cMMMeTpuUM B XUMWUYECKUX 6 8 12 26
peakumsx
NToro 36 36 72 144




14. METOAM‘-IECKVIG YKazaHusa ans 06yt|a|ou.||nxc;| no ocBoeHuo gucuuniinHbi
CoctaBneHue koHcnektoB. CamocTtosiTenbHoe n3yyvyeHme OTaeNIbHbIX TEeM. BbinonHeHne
AJOMallHUX 3agaHuni. [MogroTtoBka K na60paTopr|M 3aHaTnam. lNogrotoBka K TeKyLLl,eVI n
I'IpOMe)KyTO‘-IHOIZ arTectauunn.

Mpwn peanusaumm ANCUMNIVHDI c NCnonb3oBaHMEM ONCTaHLMOHHbIX
obpa3soBaTtenbHbIX TEXHONOrmm NCnornb3aylTcA WHCTPYMEHTbI 3MNEKTPOHHOM
MHopMaumoHHo-00pa3oBaTenbHon  cpeabl  BIY  «OnekTpoHHbIn  yHuBepcuTeT BlY»
(https://edu.vsu.ru) unnn “MOOK BIry” (https://mooc.vsu.ru), CcepBUcChI

BugeokoHdepeHunn (BigBlueButton, Zoom, Discord u gp.), 9nekTpoHHas nouyTa,
MeCCeHXepbl U COLICETU.»

15. NMepeyeHb OCHOBHOM U AOMNOSIHUTENBLHON NUTEPATYPbI, PECYPCOB UHTEPHET,
Heob6XxoaUMbIX AN OCBOEHUA AUCLUUNTINHDI
a) OCHOBHas nuTepaTypa:

Ne n/n | cToYHUK
1 CrtenaHoB H.®. KBaHTOBas mexaHuka u kBaHToBasi xumus. Yactb 1. / H.®. CtenaHoB. —
' M.: NapatenbctBo KOpanT, 2018. — 233 c.
> CrtenaHoB H.®. KBaHTOBasi MexaHuka 1 kBaHToBasi xumus. Yactb 2. / H.®. CtenaHoB. —
M.: MsgatenbctBo KOpawt, 2018. — 283 c.
3 EpmakoB A.W. KBaHToBas mexaHuka n ksaHToBas xumus / A..Epmakos - M. :

NzpaTtenbctBo KOpawt, 2010. - 555 c.

0) gononHuTenbHas nuTeparypa:

Ne ni/n

emoyHuK

Mpnbos J1.A. DnemMeHThbl KBAHTOBOW TEOPUN CTPOEHUSA U CBONCTB Moneky:n / JLA.

4 'pnbos .— OonronpygHein : MHTennekt, 2010 .— 310 c.
4 Ctpombepr A.l'. dusnyeckas xmmms: y4eb gns sysos / A.l'. Ctpombepr, O.11.
) CemyeHko - M. : Bbicw. wk., 2009. - 526 c.
5 MuHkuH B.A. Teopusa ctpoeHus monekyn /B.M.MuHkuH, B.4. CumkuH, P.M. Munses. —
) PoctoB-H/[]: ®eHunkc, 1997. — 560 c.
6 CumkunH B.4. 3agaum no teopumn ctpoerust monekyn / 6.A. Cumkun, M.E. Kneukuni,
’ M.H. MyxoBueB. — PocToB-H/[: PeHunke, 1997. — 272 c.
7 Nop6ayes B.B. KoHuenuun coBpemeHHoro ectectsosHaHus / B.B. Nopb6ayes. — M.:
' Onukc 21 Bek: Mup 1 obpasosanue, 2003. — 590 c.
8 KpacHos K.C. Monekynbl n xummnyeckas cesasb / K.C. KpacHos. — M.: Beicw. LLk., 1984 —
' 280 c.
9. TateBckun B.M. Ctpoenne monekyn / B.M. Tatesckui. . — M.: Xumus, 1977. — 511 c.
Manynoe KO.I'. Ctpoenue monekyn / KO.I'. Manynos. — Teepb: N3a-Bo Teep. oc. YH-Ta,
10.
1995. - 199 c.
12 Bepcykep N.b. OnekTpoHHOE CTPOEHUE N CBOMCTBA KOOPAVUHALMOHHBIX COEOUHEHNN /
' WN.B. bepcykep. — J1.: Xnmmusa, 1986. — 286 c.
15 MeHTnH HO.A. dusnyeckne metoabl nccnegosanus B xumum / KO.A.lMNeHTUH, J1.B.
) Bunkos. — M.: Mup, ACT, 2003. — 683 c.
18 KoponbkoB [.B. OcHoBbl TeopeTudeckom xummm : YuebHoe nocodue / [1.B. Koponbkos,
’ I".A. CkopoboratoB .— M. : Academia, 2004 .— 346 c.
19 BepoetT k. Xnmuyeckas ceasb./ k. bepaetT. — M.: Mup: BUUHOM. JlaGopaTopus

3HaHuK, 2008. — 245 c.

B) MH(POPMALIMOHHbIE ANEKTPOHHO-06pa3oBaTeNbHbIE PECYPChI:

Ne n/n | AIcTOYHMK

20. 3oHanbHag HayvyHas 6ubnunoteka www.lib.vsu.ru

21. MHTepHeT nopTtan Ans XxMuMnkos http://www.chemweb.com

22. NHTepHeT-pecypchbl - bubnunoteka http://www.twirpx.com

23. MopTan Hay4HO-TexHUYeckon nHgopmaummn 36 Hedptb 1 Mas 2007 www.nglib.ru
24, NHTepHeT nopTtan obpasoBaTtenbHbIX pecypcos http://window.edu.ru



https://info.vsu.ru/SRedirect/C0A90F88/edu.vsu.ru
https://info.vsu.ru/SRedirect/C0A90F88/mooc.vsu.ru
http://www.lib.vsu.ru/
http://www.chemweb.com/
http://www.twirpx.com/
http://www.nglib.ru/
http://window.edu.ru/

| 25. | QYMK «CtpoeHue BelectBa 3 k» https://edu.vsu.ru/course/view.php?id=2217

B) MH(POPMALMOHHBIE ANEKTPOHHO-06pa3oBaTerbHbIE PECYPChI:

Ne n/n NCTOYHKK

19. 3oHanbHag HayvyHas 6ubnunoteka www.lib.vsu.ru

20. MHTepHeT nopTtan ans XxMMnkoB http://www.chemweb.com

21. NHTepHeT-pecypchbl - bubnunoteka http://www.twirpx.com

22. MopTan Hay4YHO-TexHn4Yeckon nHcopmaummn b Hedtb 1 Mas 2007 www.nglib.ru
23. NHTepHeT nopTtan obpasoBaTtenbHbIX pecypcoB http://window.edu.ru

25. QYMK «C1poeHue BelectBa 3 k» https://edu.vsu.ru/course/view.php?id=3995

16. lNepeyeHb y4yebHO-MeTOAMYECKOrOo obecne4vyeHUst ANA CaMOCTOATENIbHOWU

pPaboTbl (yuebHo-memoduyeckue pekomeHdayuu, nocobusi, 3a0ayHuKU, MemoduYecKue yKka3aHus ro
8bIMOTHEHUIO MPaKmMuU4YecKux (KOHmMposbHbIX) pabom u 0p.)

Ne n/n NcTouHmK

1 OKcnepuMeHTarnbHble OCHOBbI KBAHTOBOW MexaHUWKkK : y4eb. nocobue. CneumansHoctb 020101
(011000) - Xvmus / B.KO. KoHgpawiuH [u ap.] .— BopoHex : 1OIN BI'Y, 2005 .— 50 c.

17. Obpa3oBaTefibHble TEXHOJIOrMU, UCNONb3yeMble ANA peanu3auum y4yeoHomn
AUCLUUNIINHDbI, BKNKOYas nporpaMmmMmHoe obecnevyeHue U MHopMaLUOHHO-
cnpaBoOYHble CUCTEMbI (MPU HEOBXoAUMOCTH)

lMpoBegeHne BBOAHOM K 0O630pHbIX NEKuuW, pewleHne 3agad Mo OCHOBHbLIM
pasgenam kypca. [logrotoBka K TeKywenh U MPpOMEXyTOYHOM aTTectaumm C
NCnonb30BaHNEM PEKOMEHOYEMOKW NuTepaTypbl

Mpn peanunsauumn y4ebHON ANCUMNNANHBI UCMONb3YOTCS 3EMEHTbI 3NEKTPOHHOIO
oby4yeHMss 1 pasnuyHble  OUCTAHUMOHHble  obpasoBaTesnbHble  TEXHOMNOrunw,
nosponaowme obecneunmBaTtb OMOCpeOBaHHOE B3auMMOOEWCTBME (Ha pPacCTOAHUMN)
npenogaesatenen n  obyyawwmxcs, BKMOYAA  UHCTPYMEHTbl  ONEKTPOHHON
WHdOpMaUMOHHO-00pa3oBatensHon cpeabl BIYY «3OnekTpoHHbI yHuBepcuteT BlY»
(https://edu.vsu.ru) n/nnun “MOOK BI'Y” (https://mooc.vsu.ru), nposegeHme BebuHapos,
BNnaeokoHdepeHunn (B TOM 4vucrne cnpumeHeHnem cepsucoB Zoom, Discord u gp.),
B3aUMOAENCTBME B COLICETSX, NMOCPEACTBOM 3IEKTPOHHOM MNOYThI, MECCEHKEPOB.

18. MaTepunanbHO-TeXHUYECKOE obecneyvyeHMe AUCLUNIIUHDI:

Y4yebHukun, yuebHble nocobus, 3agadHnkn, MynbTU-MeamMa TEXHUKA.

19. OueHouYHble cpeacTBa ANs NPOBEAEHUMA TeKylWwen U MNPOMEXYyTOYHOM
aTtrecTtauum

[MopsiaoK OLEHKN 0CBOEHMsT 0Oy4arowmmMmcs y4ebHoro matepmana
onpenensieTcsi coaep)xaHnem crieayrLmnx pasnenos ANCUUNINHDI:

HaunmeHoBaHune Muankatop(bl
l.rl\},%, pasfena AMCLMMMMHI K?_?ﬂg?;?” JJ.CIJJ('ZTMWGEISIF') OueHouHbIe cpencTsa
(mogyns) KoMneTeHumnm
1. Baeneve. YPOBHM Or1K-3 OrnK-3.1 MpakTuyeckoe 3agaHve
opraHusaLmm MaTepumn.
5 OcHOBbI  Knaccu4eckomn OlK-1 OrllK-1.1-1.3 n
* | Teopumn XUMUYECKOro OlK-3.2 paKkThieckoe safanne



http://www.lib.vsu.ru/
http://www.chemweb.com/
http://www.twirpx.com/
http://www.nglib.ru/
http://window.edu.ru/
https://info.vsu.ru/SRedirect/C0A90F88/edu.vsu.ru
https://info.vsu.ru/SRedirect/C0A90F88/mooc.vsu.ru

HaumeHoBaHne UHankaTop(bl
nN/('.; pasgena gucumniuHbl K?_:‘ﬁg?;?” ,u,é%mmeﬁlgﬂ) OueHouHble cpeacTtea
(moayns) KOoMMeTeHunn
CTpOeHus
KBaHTOBO-
MexaHu4eckas
WHTepnpeTaums OrliK-1 OrlK-1.3
3. | OCHOBHBbIX OrlK-3 OrK-3.1 KoHTponbHas pabota
npeacTaBneHun Teopun
XMUMUYECKOTO CTPOEHMUS
MOJEeKynN
YyeHne o cummeTpum
4, MOmeKy OrK-1 OrikK-1.1-1-3 MpakTnyeckoe 3agaHune
5 ONEKTPOHHOEe CTpoeHue OnkK-1 OlK-1.1-1.2 K 6
" | HeKoTOpbIX MOMekyn OrK-3 OlnK-3.1 OHTpOIbHas paboTa
CoxpaHeHune
opbuTtansHon
6. CUMMETPIM B OrlK-3 OrK-3.1 MpakTuyeckoe 3agaHve
XUMUYECKUX peakLmsx
MpomexyToyHasa aTTecTaums MepeyeHb BONPOCOB
dhopma KOHTPOrS - 9K3ameH MpakTnyeckoe 3agaHue

20 TunoBble OLEHOYHbIE cpeacTBa M MeToAMYECKMe MaTepuanbl, onpegensrowme
npoueaypbl OLleHUMBaHUA

20.1 TeKywuin KOHTPOSb YCNeBaemMocTn
KoHTponb ycneBaeMoCTM MO AUCLMUMNIIMHE OCYLUECTBMAETCA C MOMOLWbIO CreAyrowmx
OLIeHOYHbIX CPeAcTB:

20.11

ohwnNPE

© N

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

MepeyeHb NpakTUYECKUX 3aQaHUIA

KakoB thmanyeckmin cmbiCin KBagpaTa BOSTHOBOW (pyHKUMN?

[anTe onpegeneHne aToOMHOM U MOMEKYNSPHON opbuTanmu.

MpennoxuTe anroputMm nccnegoBaHns atTomMHon opbutanu.

Mcnonbaysa npaBuno XyHaa, Hangnte Hanbornee yCTOMYMBLIA TEPM aToma.

B 3agave o6 H2+ cdurypupyeT BakHOe Onsl CTPOEHUS MOJIEKYN MOHATME UHTerpana
nepekpbiBaHusl. KakoB ero reomeTpuyecknii cmblicn?

KakoB hn3nyeckmm cMbICi KYFTIOHOBCKOrO 1 OOMEHHOro MHTerpanos?

Kakve MO Ha3sbiBaloT CBA3bIBAIOLLUMU, PA3PbLIXIISIOLWNMN N HECBA3bIBAIOLLIMMMU.
Monekyna H2+ cogoepXuT oguH 3nekTpoH, monekyna H2 - pgea. MoxHo nu ans
noctpoeHms MO B TOM 1 gpyrom criydyae ucnosib3oBaTb OAUH U TOT Xe 6a3unc?

Kakas MO HasbiBaeTcss CMMMETPUYHOW, a a Kakas - aHTUcMMmeTpudHon. Kakoe
CBOWCTBO opbuTanen nexuT B OCHOBE Takon Knaccudmkauynmn?

MO monekynbl Bogopoga knaccudpupytotest Ha o u 1 MO. Kakoe CBOMCTBO NOSIOXEHO B
OCHOBY TaKoW Krnaccudukauumn?

Onupasicb Ha 9NEeKTPOHHYI KOH(PUrypaLumio ABYXaTOMHON MOJIEKyIbl CPaBHUTE SHEPTUn
anccoumaumn Mornekyrnbl U €€ NoHax.

Onupasicb Ha aNeKTPOHHYO KOH(Urypaumio ByXaTOMHON MOJIEKYSbl CPaBHUTE ANWHbI
CBSA3M B MOMEKyrne 1 e€ NOHax.

Onpegenute MONeKynsapHble TepMbl MOMEKymnbl, €CnM W3BEeCTHa 3NEeKTPOHHasA
KOHJUrypauusa Monekyrnbl.

Onnpascb Ha Teoputo OO3lMBO, npenckaxute paBHOBECHYH TE€OMETPUYECKYHO
KOH(purypaumio Monekyrn.

CummeTpua monekyn. Teopembl B3anMogencTB1S NEMEHTOB CUMMETPUN

MeTogmka onpefeneHnsa To4eYHbIX rpynn CUMMETPUM MOMEKYI

MosicHuTe npmHuun obpasoBaHus rMbpunaHbix opbutanen (FCAO)B metoge MO.
MosicHuTe NpuMHUMN cocTaBneHus rpynnoBbix opbutanen (FO) B metoge MO.

MMosicHMTEe NPMHUMN COCTaBNEHMS CUMMETPU30BaHHbIX opbuTanen.




20.

21.

22.

23.

24.

25.

26.

27.

No

10.

OBbACHUTE CMbICN TEPMUHOB AENOKANM30BaHHbIE U NTOKaNM30BaHHbIE MOMEKYNsipHble
opbutanu B metoge MO.

CocTtaBbTe BOMHOBblIE (OYHKUMM AN MOSMEKyn aTuneHa v GyTagveHa B NpubnnmkeHum
MeTo4a MONEKYNAPHbIX opbuTanen Xwokkens.

CocTtaBbTe, He pellas -9NeKTPOHHbIN XIOKKENEBCKUA OETEPMUHAHT AN MOMEKyIbl
OyTaaveHa.

Onupasicb Ha npaBuna Pykyu,onpeaennute HanpaBneHue anekTpoUIbHOM aTtaku B
MOReKyre, ecnu n3BecTeH BuA BbicLen 3anonHeHHon MO.

Onupasicb Ha npasuna Pykyu,onpegennute HanpaBneHue 3nekTpounbHON aTaku B
MoneKkyne, ecnv u3BecTeH Bug Huswen cesobogHon MO

Monb3yacb anarpammamm Ppocta, 06BbACHUTE, KaKnMe CTPYKTYpPbl NATUYNEHHOMO KonbLa
CnHn 6yayT 06nagatb apomMaTuyeckummn CBOMCTBaMM?

Onnpasicb Ha TeOpUID KPUCTAmNNMYecKoro nMonsl, CpaBHUTE MarHUTHbIE MOMEHThI
OKTa3gpU4eCKUX KOMMMEKCOB, €CIN W3BECTHbl 3NEKTPOHHbLIE KOHMUrypaumm WOHOB
LleHTpanbHOro aToma 1 npupoaa nuraHaos.

CdhopmynupyinTe KpuTEPMM CyLLLECTBOBAHMUSA XMMUYECKOM YacTuLbl, KaK €4MHOro LIenoro.

20.1.2. KoHTponbHas pabota Ne 1
BuneT Ne1

MonekynsapHasa opbutanb — 3T0: a) 0bnacTb NPOCTPAHCTBA, B KOTOPOW 3/IEKTPOH MPOBOAUT
6onee 90% BpemeHU; 6) OAHOINEKTPOHHAA BOIHOBAA QYHKUMA, MOSyYaemas Mpu pelueHun
ypaBHeHuit XapTpu-Poka; B) 0b6nacTb NPOCTPAHCTBA, B KOTOPOM BEPOATHOCTb HAXOMKAEHWSA
3/1eKTPOHa paBHa 95%; r) No/IHas 3N1eKTPOHHAA BOIHOBasA GYHKLUMA MOJIEKYbI.

MO monekynbl Bogopoga umeroT Bua: (1=c((1 + (2), (2=c((1 - (2),. OaHY W3 HMUX Ha3biBalOT
YEeTHOM, APYryto - HEYETHON. M306pasnTe Nx N 06BACHUTE, KaKoe CBOMCTBO OpbUTanen nexuT B
OCHOBE TaKoM KnaccudumKaLlmu.

Cdopmynupyitte ocHoOBHble ycnoBua pns uHTepdepeHuum AO ¢ obpasosaHnem MO.
O6pasytotca am MO B cnydae nepekpbiBaHus cnegyowmx AO: pz u pz ; dxz u s. Mpuseaunte
PUCYHOK, NOACHAOWMI oTBeT. HasoBuTe 3TM opbuTanM, UCNONb3yA OCHOBHblE MNPUHUMNMBI
Knaccuoumkaumm MO.

HanuwuTte, 4Yyemy paBeH WHTerpan nepekpbiBaHMA. Pacnonoxute opbutanm B nopagke
YMEHbLUEHUA 3HAYeHUA WHTerpana nepekpbiBaHusa. HasosuTe 3T opbuTanu, Mcnonbsys
OCHOBHble NPUHUMMBLI Knaccubumkaumm MO.

aRl6ECEAR

CocTtaBbTe NpobGHY0 BONMHOBYHO (byHKUMO B npubnvxkeHun JIKAO gna monekynbl CH,
ncnonb3ys BaneHTHbIN 6asunc.

CocTtaBbTe ramunbTOHUaH anst Monekynsl BeC.

CoctaBbTe cxeMbl MO 1 HanuwnTe 3NEKTPOHHbIE KOHpUrypaumm monekynel B, n noHos
Bz+ n Bz_.

Onpegenute TepMmbl, CPaBHUTE 3JHEPrMn Auccoumauum U MarHUTHbIE MOMEHTDI
BblLLEYKa3aHHbIX YacTuLl.

CoctaBbTe cxemy MO un HanuwuTe SMEKTPOHHYK KOHMUrypaumio U TepM OCHOBHOIO
COCTOSAHUA Mornekynbl BH.

CchopmynumpyinTte NpMHLUMN M303MEKTPOHHOCTU. MICNONb3ys €ro, HanuwunTe 3neKTPOHHYI0
KOHpurypaumio u TepmMm mMorsekynspHoro noHa BeC.

KoHTponbHas pab6oTta Ne 2

Bunet Ne1



N o 0 Rrobd

Ons monekynbl Hz BO3MOXHbI reoMeTpuyeckme KoHurypaummn: nuHenHas .n 1 yrnosag
Cov. Onpegenute tnnbl cummeTtpum MO, obpasoBaHHbIX 131S-AO, U COOTBETCTBYHOLLMX
ypoBHen sHeprun. Onpegennte 3MEKTPOHHYK KOHurypauuio monekyn. CpaBHuUTe
YCTONYMBOCTb U PEAKLMOHHYI0 CMOCOBHOCTL Mornekyn. MNpumuTte BO BHMMaHue, 4To E (Og)
<E (a1)

CoctaBbTe CMO ans monekynbl AlH:

Hante onpegenexue JIMO, n3noxurte anroputm Ux Nosy4yeHus

CoctaBbTe cxemy MO ana monekynbl rpynnbl cummeTtpum [sn. MNocnegoBaTenbHOCTb
ypoBHen: 1a'1<2a'1<le'<la",<3a'1<2e'... Hanmwute 3K monekynbl CHs,

Onpegenute MonekynsapHblA TEPM MOJSIEKYMbl, OTBEYAOWUA Creaylowen 3neKTPOHHON
KoHdurypauuu: rpynna Coy, ai’bi® byt

CoctaBbTe cxemy MO ana komnnekca rpynnbl cummetpum [Osn. Hanvwute 9K gns
KOMMnekcHoro noHa [ Cu(CN)s]? [Hgls]

Onupasicb Ha TKI1, paccuutante OCI1J1, oueHMTE MarHUTHbIE CBOMCTBA U NpeacKaXuTe
BO3MOXHbIE MCKaXeHUsi reomeTpudeckon koHdurypaumm ans [Fe(H20)s]**  (On),
[Ni(CN)4]*(Tq)

TeKyLLl,aFI atrTectauma npoBoanTCA B COOTBETCTBUU C MonoxeHnem o TGKyLLI,GI;I artrectaumm

obyyvaroLwmxca no nporpaMmmam Bbiclwero obpasoBaHus BopoHexcKoro rocygapCTBEHHOMO
yHuBepcuTeTa. Tekywasa artrectaums nposoguTca B dpopmax YCTHOro onpoca (ppoHTanbHas
Bbecega) M NUCbMEHHbIX paboT (BbIMOMHEHME MNPAKTUKO-OPUEHTUPOBAHHLIX 3adaHui U oaHa
KOHTposnbHasi paboTta).

YpoBeHb
Kputepun oueHMBaHNsE KOMNETEHLNN cchopmmpoBaH LLikana oueHok
HOCTU
KOMMNeTeHLUN

MonHoe  cooTBeTCTBME  OTBeTa  OOyvalollerocs  BCEM
nepeyncrneHHbIM Kputepusim. [1pogeMOHCTPMPOBaHO 3HaHMe
dyHOaMeHTanbHbIX OCHOB CTPOEHUS M CUMMETPUM MOIIEKYT,
YMEHME WCMNOSb30BaTh 3aKOHbI KBAHTOBOW MEXaHUKU K
OMMUCaHMIO 3NEKTPOHHOIO CTPOEHMSI MOJSIEKYNAPHBIX CUCTEM
pasnUYHOM CIOXHOCTW, BINageHNWe OCHOBHbIMUW HaBblKaMu
MHTepnpeTaumm BbiBOJOB KBaHTOBO-MeXaHU4ecKoro
onucaHnsa CTPOEHUS XUMUYECKMX CUCTEM, pPaCKpbITUS
CBSA3€EN MEXAY UX 3NTEKTPOHHbIM CTPOEHUEM U PU3NYECKUMU
CBOWCTBaMM, PeaKLMOHHOW CMOCOOHOCTLIO.

lNoebiweHHbIU
YPOBEHb

OmnuyHo

OTBET Ha  KOHTPOSbHO-U3MEPUTENbHBLI ~ MaTepuan He
COOTBETCTBYET OOHOMY M3 MEPEYUCHEHHbIX MokasaTenen, Ho
obyvarloLmiics gaeT npaBUIibHbIE OTBETbI Ha AOMNONHUTENbHbIE
BOMPOCHI

Ba3zosnbit
ypOB€eHb

Xopouwio

OTBeT Ha  KOHTPONbHO-U3MEPUTENbHLIA  MaTepuan He
COOTBETCTBYET [BYM U3 MEpeyvUCrieHHbIX MNokasaTene,
obyyaloLLMiic OaeT HerosiHble OTBETbl Ha AOMONHUTENbHbIE
BOMPOCHI.

lNopoezoeniti
ypOB€eHb

Ydoenemeopu-
mesnbHO

OTBET Ha  KOHTPOSbHO-U3MEPUTENbHLI ~ MaTepuan  He
COOTBETCTBYET NepeYncrieHHbIM nokasatensam. Obyyatowmiics
AEMOHCTPUPYET  OTPbIBOYHbIE, (PparMeHTapHble  3HaHWs
Teopuun, gonyckaeT rpybble OWWOKM Npu  TPaKTOBKE
NpaKTMYecknx 3agay

Heydoenemeopu-
meribHO

20.2 MNMpomexyToyHana aTrectauma
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10.
11.

12.

13.

14.

15.
16.

17.
18.
19.

20.

21.
22.
23.

24,

25.

26.

20.2.1 NMepeyeHb BONPOCOB K 3K3aMeHY:

3neKkTpoHHOoe BonHoBoe ypaBHeHwve LLpenuHrepa ans atomos 1 monekyn. Onepatop MaMunbToHa
AN aTOMHbIX M MOJIEKYNSIPHBIX CUCTEM (Ha NPOCThIX NpuMepax). MoBepXHOCTb 3MEKTPOHHOM
3Heprum. Kputepuii yCTOMYMBOCTU XMMMUYECKUX YaCTUL, B KBAHTOBOI TEOPUN.

MeToa monekynsipHbix opbutanein. OCHOBHbIE MONOXeHUS. AHanorusi ¢ Teopuen
MHOrO3MEKTPOHHOro aToMa.

Onwucanune monekynsapHbix opbutanen B metoge MO JIKAO. Hanbonee pacnpocTpaHeHHble TUMbl
6a3ncoB. basucHble aTOMHbIe opbuTanu.

MonekynapHbii noH Bogopoaa Ho*. Mpubnmwkernmne MO JIKAO: BbiGop 6a3ncHbIX QyHKLNIA,
NOCTPOEHME BEKOBbLIX YpaBHEHUIN, HaxoxaeHne aHeprun MO.

MonekynapHbIi noH Bogopoaa H.*. Mpubnumxenne MO JIKAO: nHTerpansl nepekpbiBaHns,
OOMEHHBIN 1 KyNOHOBCKUNA.

MonekynapHbIi noH Bogopoaa Ho*. Mpubnmxkenne MO JIKAO: pacyeT BONHOBbBIX (hyHKLMNA

Knaccudukauus MO gByxaTOMHbIX roMosigepHbIX Moriekyn. OCHOBHbIE MPUHLMMLI MOCTPOEHUS
cxem MO. Tepmbl.

[eTeposigepHble aByxaToMHble Monekyrnbl B metoge MO JIKAO (Ha npumepe HF, LiH, CO).
OcCHOBHble NpUHLUMNbI Knaccudukaumm. TepMmbl.

CBs13b CBOWCTB ABYXaTOMHbIX MOSIEKY (SHEPrns Anccoumnaunmn, MexsagepHoe pacctosHme n T.4.) ¢
NX 3NEKTPOHHBIM CTPOEHNEM Ha NpuMepe anemeHToB |l nepuoaa.

OnemeHTbl 1 onepaunm CMMMeTpun. TeOpeMbI B3aVIMO,D,eIZCTBI/IF| 3NNeMEeHTOB CUMMETPUN.

ToueuHble rpynnbl cummeTpumn Mmonekyn. Homerknatypa LeHdnuca. MeToanka onpegeneHus
rpynn cuMMeTpun.

[MocTpoeHne cMMMETPU30BaHHbIX MOSEKYNSIPHbIX opbutanen (monekyna BeH,).

[MoHsTMe reomeTpryeckon koHUrypauum monekynbl. FeomeTpuyeckne napameTpbl. OCHOBHbIE
noen Metofa OTTanknBaHUS SrEKTPOHHbIX Nap BaneHTHon obonoyku. MNpeackasaHme paBHOBECHOM
reomMeTpUYecKon KoHUrypauum.

[MoHsTHe reomeTpryeckon KoHUrypauum monekynbl. FeomeTpuyeckne napameTpsbl. [NpegckasaHune
paBHOBECHOW reoMeTpuyeckon koHdurypauum B metoge MO JIKAO.

MeTtoa Xtokkensi 4nst ONUCaHUs COMPSPKEHHbIX OPraHUYECKNX COEOMHEHWUN (ITUMEH)

MeToa XioKKenst aAnst onMcaHns CONPsKEHHbIX OPraHUYEeCKUX COEANHEHUI C reTEPOaTOMOM
(dbopmanbgerng)

ConpsixeHHble apomaTtuyeckue coegmHerus. Metog ®pocra.

ConpsikeHHble apomaTuyeckme coeguHeHns. ApoMaTUYHOCTb M aHTMapOMaTUYHOCTb.

MpyMepbl NOMY3MNUPUYECKMX PacveTOB CBOWCTB MOJIEKYI: 3fIeKTPOHHAs NMIOTHOCTb, 3apsas,
MopsAOK CBSA3N, MHOEKC CBOOOAHOW BarieHTHOCTU.

MpyMepbl NONY3MNUPUYECKMX PacyeToOB CBOWCTB MOJEKyI (OLeHKa NoTEHUMAroB MOHU3aLUMN,
SHEpPrn MorneKyIbl, 3HepruM Nokanmaaumm 1 Aenokanusaunm, Ha npumepe Mosekyrbl annuna).

ConpsikeHHble MOHOUMKNn4Yeckne coegmHenunsa. Metog dpocra.
AnbTepHaHTHbIE YTNEBOLOPOAbI.

MpyMepbl NONMY3aMNUPUYECKMX Pac4eTOB CBOWCTB MOJIEKYIT: ANIEKTPOHHAs MIOTHOCTb, 3apsa,
MopsAoOK CBSA3N, MHOAEKC CBOOOAHOW BarleHTHOCTU.

PeakumoHHas cnocoOHOCTb XMMUYECKNX cOeaANHEHUN. MpnbnmkeHns N3onMpoBaHHHON U
pearvpyoLen MoneKynbl.

KayecTBEHHLIN aHann3 BO3MOXHbIX MEXaHNU3MOB XMMUYECKUX peakunn. MIHOeKkChbl peakLMoHHON
CcrnocobHoCTH.

KayecTBEHHbIN aHann3 BO3MOXHbIX MEXaHNU3MOB XMMUYECKUX peakunin. Teopust rpaHnYHbIX
opbutanen ®dykyn.

OnuncaHne TexHomnorMm npoesegeHmnsa



HDOMe)KyTO‘-IHaFI artrecrtaumna npoBoaguTcA B  COOTBETCTBUM C MonoxeHnem o
npomemyTquoﬁ aTtTecrtaunmn o6yqa|ou_u/|xc;| no nporpamMmmaMm BbiCLLUEero o6pasoBava.
KOHTpOJ'IbHO-I/I3MepI/ITeJ'IbeIe MaTtepuarnbl npomemyTquon artrecrauummn BKIMHO4aroT
TeopeTndeckne BOMNpPOChbl, nNo3Bondwwne OueHNUTb YpPOBEHb MNOJTYYEHHbIX 3HaHUN 1
npakTn4eckme 3aaaHnd, no3BponArvwne OueHUTb CTeNneHb CdJOpMI/IpOBaHHOCTVI yMeHVIf/'I n
HaBbIKOB. I'IpM oueHunBaHUM UCNONb3YHOTCA KOJTMYECTBEHHAA LWKana OLUeHOK. KpI/lTepI/II/I
oueHnBaHUA NnpmBeaeHbl Bbille.

I'Ip|/| peann3auun guncuuniimHbl C nNpuMeHeHnem [OUCTaHLUMOHHbIX 06paSOBaTeJ'IbeIX
TEXHOMOIMIN OLEeHKa 3a 3a4eT/3k3aMeH MOXeT ObiTb BbICTaBIEHa Mo pesynbTatam TeKyLLl,eIZ
artrectauunmn o6yt-|a+ou.|.eroc;| B cemMecCTpe.

20.2.2 NepeyeHb 3agaHun Ana npoBepkn choOpMUPOBAHHOCTU KOMMNETEHLINN:

ONK-1_Cnocob6eH aHanu3upoBaTb, MHTepNpeTupoBaTb U 0606wWaTh pe3ynbTaTthbl
3KCNEepPUMEHTalIbHbIX U Pac4YeTHO-TeOPeTUYECKUX PaboT XMMUYECKOMN HanpaBEHHOCTU:

1. MonekynspHas opbutane — 310::
1. MonHas anekTpoHHasa BONHOBaA (PYHKLMSA MOMEKYNb;
2. Obnactb NPOCTpaHCTBa, B KOTOPOW BEPOSAITHOCTb HAaxXOXAEHWUSs 9NeKTpOHa paBHa
95%;
3. OpHOoaneKkTpoHHas BONHOBasi (PyHKUMs, Mornydaemasi npu peLlueHuUM ypaBHEHUS
LWpeanHrepa aons Monekynbi;
4. O6nacTtb NpOCTpaHCTBa, B KOTOPOM aneKTpoH nposoauT 6ornee 90% BpeMeHM.
2. Onpefenute, YeMy paBeH UHTErpasn nepekpbiBaHWs opouTanen .
I | i

., b r

-

PaBeH Hynto
bonbLe Hyns
MeHbLUe Hyna
PaBeH eguHuue

i A\

w

. OnpegenuTe, 4YeMy paBeH UHTerpan nepekpbiBaHNsa opbuTtanen .
1. PaBeH Hyno

bonbLie Hyns

MeHbLue Hyna

PaBeH eguHuue

~own

. Onpepenute, YeMy paBeH MHTerpan nepekpbiBaHUA opbutanen .

PaBeH Hynto

BonbLe Hyns

MeHbLle Hyns

PaBeH eanHuue

. MonekynsapHas opbutane o (curma) — 3To

1. OpbuTtanb, CUMMETPUYHAA OTHOCMTENBHO OCU, NPOXOASALLEN Yepes NIMHUIO CBA3M

2. Opbutanb, aHTUCMMMETPUYHAs OTHOCUTENBHO OCU, MPOXOASLLEN Yepes NNHUIO CBA3U

aRrLONEA



3. Opbutanb, cUMMETPUYHAA OTHOCUTENBHO MIIOCKOCTK, MNepneHAMKynNsapHON ocu
MOneKy-bl
4. OpbuTanb, aHTUCUMMETPUYHAsE OTHOCUTENBbHO NIIOCKOCTW, NPOXOASALLEN Yepe3 NUHUI0
CBA3U
6. MonekynsapHas opbutans T (MnM) — 370
1. OpbuTtanb, CUMMETPUYHAst OTHOCUTENBHO OCU, NPOXOASLLEN Yepes NINHUIO CBSA3N
2. Opbutanb, aHTUCMMMETPUYHAsS OTHOCUTENbBHO OCU, MPOXOASALLEN Yepe3 NUHUIO CBA3N
3. OpbuTtanb, cuMMeTpU4Hass OTHOCUTENBHO Y3NOBOM MMOCKOCTW, MpoxoAsilen yepes
NVHUIO CBA3N
OCY MOMeKyrbl
4. OpbuTanb, aHTUCMMMETPUYHAsi OTHOCUTENbHO Y3MOBOW MIOCKOCTU, MpOXoAasLien
Yyepes MMHUIO CBS3M

7. HasoBute MONEKYNAPHYIO Op6VITaJ'Ib, Mcnosnb3ysa OCHOBHbIE NMPUHLUMUMbI KJ'IaCCVI(*)VIKaLI,I/II/I

O

1. 0 (curma), ceasbiBatoLwas

2. 0 (curma), paspbixnswoLwas

3. 1 (nun), cea3biBaoLas

4. 1 (nn), paspbixnsoLas

. HazoBute monekynsapHyto opbutanb, UCNOMb3yss OCHOBHbIE MPUHLMMLI Knaccudgukaumm

O

1. 0 (curma), cBasbiBaroLLas
2. 0 (curma), paspbixnswoLwas
3. 1 (nNn), ceAa3biBalOLWas

4. 1 (nwn), paspbixnaowas

9. HazoBuTe MonekynspHyto opbutanb, UCMOMb3ysi OCHOBHbIE MPUHLMMBLI Knaccudukaumm

A

MO

(curma), ceasbiBatowas
(curma), paspbixnsaoLwlas
nu), ceA3blBaoLLas

1.0
2.0
3.1 (

4. 1 (Nn), paspbixnsoLas



10. HazoBute MONEKYINAPHYHO Op6VITaJ'Ib, Mcnosnb3yA OCHOBHbIE NMPUHLUAMNbI KJ'IaCCVI(*)VIKaU,VIVI

1. 0 (curma), ceasbiBaoLWwas
2. 0 (curma), paspbixnswoLwas
3. 1 (nun), cea3biBaoLas

4. 1 (Nn), paspbixngoLwas

11. OcHoOBHbIE yCcnoBusa Ansi o06pasoBaHNsA MONEKyNapHbIX opbuTtanen 3 aToMHbIX::
1. ATOMHble opbuTanu AOMKHbI MMeTb ONU3KMe 3HaYeHWUs SHeprun, OAMHAKOBYHO
CUMMETPMIO OTHOCUTENTbHO OCU NEPEKPbIBAHMS
2. ATOMHble opbuTann AOOMKHbI UMETb OnM3Kkue 3Ha4YeHUs SHEPrMu, OAMHAKOBYIO
CUMMETPUIO OTHOCUTENBHO MIIOCKOCTW, NEPNEHONKYISIPHON OCU MOSEKYbI
3. ATOMHble opbuTanu AOMKHbI UMETb CUMNBbHO pasnUuYaloLLMecs 3HAYEHUsI 3Hepruu,
OAMHAKOBYO CUMMETPUIO OTHOCUTESTbHO OCU NEPEKPbIBAHNSA
4. ATOoMHble opbuTanu AOMKHbI MMETb CUIIbHO pasfnuyalolLMecs 3HaYeHUs SHeprum,
OAMHAKOBYO CUMMETPUIO OTHOCUTESTbHO OCU NEpPEKPbIBAHNSA

12. MNpobHas BonHoBas yHKUMS B BaneHTHOM Basnce ans Mosekynbl Bogopoga B MeTode
MO JIKAO umeeT BUA;
1. W= C1(1S)1 + Cx(1S)2;
2. Y= 01(15)1 + C2(18)2+ C3(25)3 + C4(28)4;
3. W= Cy(1S)1 + Cx(1S)2+ C3(2S)1 + Ca(2S)2 + Cs(2p2)1t Ces(2p2)2+ Co(2px)1t Cs(2px)2+
Co(2py)1+ Ci10(2py)2
4. W= Cy(28)1 + C2(2S)2 + Cs(2p2)1+ Ca(2pz)2t Cs(2px)1t Ce(2px)2t C7(2py)1t Ca(2py)2

13. MNpo6GHas BonHoBas OYHKUMST B MMHMMAaNbHOM Gasuce Ofsi MOSeKynbl BOAopoda B
meToae MO JIKAO nmeet BuAa;
1. W= C1(1S)1 + Cx(1S)2;
2. W= C1(1S)1 + Cx(1S)2+ C3(2S)s + Ca(2S)4;
3. W= Cy1(1S)1 + Co(1S).+ C3(2S)1 + Ca(2S)2 + Cs(2p2)1+ Cs(2p2)2+ Cr(2px)1t Cs(2px)2+
Co(2py)1t C1o(2py)2
4. W= Cy(28)1 + C2(2S)2 + Cs(2p2)1t Ca(2p2)2* Cs(2px)1t Ce(2px)2t+ C7(2py)it Ca(2py)2

14. MNpobHas BonHoBas yHKUUSA B NPpUBIIKEHMM XIOKKENS ANS MOMEKY bl 3TUreHa umeet
BUA:
1. W= Ci(2px)1t+ Ca(2px)2;
2. W= C41(1S)1 + C(1S);;
3. Y= Cl(ls)l + Cz(lS)2+ 03(28)1 + C4(28)2 + C5(2pz)1+ C6(2p2)2+ C7(2px)1+ Cg(sz)2+
Co(2py)1t+ Cao(2py)2
4. Y= Cl(ls)l + Cz(lS)2+ 03(28)3 + C4(28)4

15. OcHOBHble Npun3Hakn 06pasoBaHNs CBA3bIBAKOLLEN MOSEKYIIAPHOM opbuTanu:
1. YBenuyeHne aneKkTpoOHHOW MMOTHOCTUM B NPOCTPAHCTBE MeXay aapamu, NOoHmXeHue
aHeprum MO oTHOCUTENBHO NCXOAHbIX aTOMHbIX opbuTanen
2. YMeHblUeHNe 3MneKTPOHHOW NITIOTHOCTU B NPOCTPAHCTBE MeXAY sapamMu, NOHWKeHUe
aHeprum MO oTHOCUTENBHO NCXOLHbIX aTOMHbIX opbuTanen
3. YBenuyeHue aneKkTpoOHHOW MNOTHOCTU B MPOCTPAHCTBE MexXay sapamu, rnosbilleHue
aHeprum MO oTHOCUTENBHO NCXOAHbIX aTOMHbIX opbuTanen



4. YMeHbLUeHNE SJ'IeKTDOHHOVI NAOTHOCTU B MPOCTpaHCTBE MeXay AapamMiu, noBbllLUeHUe
QHEPInn MO oTHOCUTENBbHO UCXOAHBIX aTOMHbIX op6|/|Tane|?1

16. OcCHOBHble Npun3Hakn 06pas3oBaHMs paspbIXSOLLEn MONEKYNAPHOM opbuTtanu:

1. YBenumyeHue aneKkTpOHHOM NSIOTHOCTU B NPOCTPaAHCTBE MeXay sapamu, NOHMKeHue
aHeprum MO OTHOCUTENBHO NCXOLHbIX aTOMHbIX opbuTanen

2. YMeHblUeHMEe 3NEKTPOHHON MAOTHOCTU B NPOCTPAHCTBE MexXdy SapamMu, MOHMXeHue
aHeprum MO OTHOCUTENBHO NCXOOHbIX aTOMHbLIX OpbuTanen

3. YBenunyeHue 3neKkTpOHHOM MSIOTHOCTM B MPOCTPAHCTBE MexXay sapamu, MoBbiLUeHWEe
aHeprum MO OTHOCUTENBHO MCXOLHbIX aTOMHbIX opbuTanen

4. YMeHblLUEeHNe 3NeKTPOHHOW MMOTHOCTU B NPOCTPAHCTBE MeXay sapamu, MoBbiLIEHUE
aHeprum MO OTHOCUTENBHO NCXOOHbIX aTOMHbLIX OpbuTanen

17. PasnuyalroTtca nv no 3Heprum curma- u nu-cesasn?
1. HeT, oQMHAaKOBbLI MO 3HEPrum

2. [a, Nn-cBs3n Npo4vHee

3. Oa, curma-cBasn npovHee

18. WHTerpan nepekpbiBaHMA aToOMHbIX opbuTtanen npu obpasoBaHWM CBSA3bIBAKOLLNX
MOneKynspHbIX opbuTtanen paseH
1. HynO
2. eQuHULEe
3. bonbLle Hyns
4. MeHblLLe Hyns
19. WHTerpan nepekpbiBaHMS aTOMHbIX opbutanen npu obpasoBaHUM paspbIXASHOLLUX
MoneKynsipHbIX opbutanen paseH
1. HynO
2. eQuHULEe
3. 6onbLlle Hyns
4. MeHbLle Hyns

20. Yucno o-cBssen B monekyne atuneHa CH,=CH, pasHo
1. HeT o-cBs3en
2.1
3.5
4.3

Kntoum k Tecty OlMK-1

Bonpockl 1 2 3 4 5 6 7 8
OTBeThbl 3 2 1 3 1 4 1 2
Bonpocbl 9 10 11 12 13 14 15 16
OTBeThbl 4 3 1 1 1 1 1 4
Bonpocbl 17 18 19 20 21 22 23 24
OTBeThbl 3 3 4 5




MNepeyeHb 3amaHMM pna npoBepku ccopmupoBaHHOCTM KomneTeHuun: OIK-3
Cnocob6eH NpUMeHATb pacyeTHO-TeopeTUYeCKne MeToabl ANA U3YYEeHUss CBOWUCTB
BelWecTB M MNpPoOLEecCoOB C MUX Yy4yacTUEM C UCNONb30BaHWEM COBPEMEHHOW
BbIYUCITUTENIbHON TEXHUKMU.

1..BbibepuTte BblpaxkeHue onsa pacdeTta kpaTtHocTu cBasun (K) B AByxaTOMHOWM Monekyne, rae
N - YACIO 3NEKTPOHOB Ha CBA3bIBAOLLMX MOMEKYNAPHbLIX OpOuTansax, N* - YACNO 3NEeKTPOHOB Ha
paspbIXnaoLWwmnx opbutansax

1. K=n-n*
2 _n—n=
3 _ ?‘E‘I"?‘Ei*
4 _ ns‘—n

2.Kak koppenvpytoT mexay coboi BENMUYUHBI KpaTHOCTU CBA3KU B ABYXaTOMHON MOMeKyrne u
3Heprun eé amccoumnaummn:;

1. Yem Bonblue KpaTHOCTb CBA3W, TEM DObLUE 3HEPTUS OUCCOLMALIMM MOSIEKY b

2.  Yewm Gonblue KpaTHOCTb CBA3M, TEM MEHbLUE SHEPIUS ANCCOoLMaLMN MONEKYNbI

3. Hert B3anmocssaau

3.Kak koppenupyloT Mexay coboin BennyuHbl KpaTHOCTU CBSI3M B BYXaTOMHOW MOsiekyne u
MEXbAAEPHOro pacCToAHNS (ANMHbI CBA3EN)

1. Yem Bonblue KpaTHOCTb CBA3U, TEM BOMbLUE MEXbAOEPHOE pacCTOsiHUE

2. Yewm Bonblue KpaTHOCTb CBA3KU, TEM MEHbLLE MeXbAOaepHOe pacCTosHMEe

3. Hert B3anmocBaan

4. MpunBeaeHbl aNeKTPOHHbIE KOHUrypauumn BaneHTHOM 060104KM MONEKynbl a3oTa u ero
katmoHa: N2 7w*36% N.;": m*36'. Paccuutante kpaTHOCTU CBsian. CpaBHUTE WX SHEPrum
anccoumaumm.

1. QHeprua guccounaumm Monekyrnbl Gorblue, YeM WOHa, TaK Kak KpaTHOCTb CBSA3N
mMonekynbl (K=3) 6onblue kpaTHOCTK CBA3M MoHa (K=2,5)

2. 9Heprus guccoumaumm MOeKyrnbl MeHblUe, YeM MOHa, TaK Kak KpaTHOCTb CBA3M
monekynbl (K=3) Gonblue kpaTHOCTK CBs3M MoHa (K=2,5)

3.. 9Heprus guccoumauum Morekyribl MeHblle, Tak Kak KpaTHOCTb CBA3W MOJSeKyIbl
(K=2,5) meHbLue kpaTHOCTHK cBA3M noHa (K=3)

4. aHeprnsa guccounaunm He 3aBUCUT OT KPaTHOCTU CBA3U

5. MNMpuBeaeHbl aNeKTPOHHLIE KOHUTYpaunn BarneHTHON 06004k MOMNEKYIbI a30Ta U ero
annoHa: N; 1n*le? N2: 1n*lc?2n™. Paccuutaiite KpaTHOCTU CBSI3W. CpaBHUTE MX BHEpPruu
anccoumaumm.

1. QHeprusa auccounaumm Monekynbl Gonblue, YeM MOHa, TaK Kak KpaTHOCTb CBA3W
mMonekynbl (K=3) Gonblue kpaTHOCTK CBs3n MoHa (K=2,5)

2. 9Heprns guccoumaumm MOJeKyrbl MeHblUe, YeM MOHa, TaK KaK KpaTHOCTb CBA3N
mMonekynbl (K=3) Gonblue kpaTHOCTK CBs3n MoHa (K=2,5)

3.. 9Heprua guccoumauum MOMEKyrbl MeHblUe, TakK Kak KpaTHOCTb CBSA3UM MOSEKYIbl
(K=2,5) meHbLue kKpaTHOCTM cBA3N MoHa (K=3)

4. aHeprnsa guccounauum He 3aBUCUT OT KPaTHOCTU CBA3M

6.MNpuBeaeHbl aNEKTPOHHbIE KOHUIypauum BareHTHOM O0OO0MOYKM MOSEKYrbl a3oTa U ero
katnoHa: N, m*30% N.": 1n*lc'. Paccuutainte kpaTHOCTU cBsian. CpaBHUTE WX ASIMHBLI CBA3EN
(MexbagepHble pacCcTosiHUSA)
1. AnunHa cBa3n B Monekyne 6onblue, Yem B MOHE, TaK Kak KpaTHOCTb CBSI3U MOSEKY bl
(K=3) 6onbLue kpaTHOCTU cBA3K MoHa (K=2,5)
2. [InvHa cBA3WN B MOSEKYre MeHbLUE, YeM B MOHE, TaK Kak KpaTHOCTb CBSI3M MOMEKY bl
(K=3) 6onbLue kpaTHOCTU cBA3K MoHa (K=2,5)



3.. OnuHa cBA3M B MONeKyrne MeHblle, Tak Kak KpaTHOCTb CBA3U Monekynbl (K=2,5)
MeHbLLE KpaTHOCTU cBA3n noHa (K=3)
4. [InvHa cBA3K He 3aBUCUT OT KPaTHOCTU CBA3U

7.. MpuBeaeHbl aNeKTPOHHbIE KOHUrypauuy BaneHTHOM 06004k MOMEKyrbl a3oTa U ero
anvoHa: N2 1xn*le? Ny: 1n*lo®2n™. Paccuutante kpaTHOCTW cBsisn. CpaBHUTE WX AMUHBI
cBAsen (MexbangepHble PacCToAHMS)

1. OnuHa cBa3n B Monekyne 6onblue, 4eM B MOHE, TaK Kak KpaTHOCTb CBA3WN MOSEKY bl
(K=3) 6onbLue kpaTHOCTU cBA3M MoHa (K=2,5)

2. [invHa cBA3WN B MOSEKyre MeHbLUE, YeM B MOHE, TaK Kak KpaTHOCTb CBSI3M MOSEKY bl
(K=3) 6onbLue kpaTHOCTU cBA3K MoHa (K=2,5)

3.. [OnuHa cBA3M B MONeEKyrne MeHblue, Tak Kak KpaTHOCTb CBA3M Monekynbl (K=2,5)
MeHbLLE KpaTHOCTK cBA3M noHa (K=3)

4. InnHa cBSA3M He 3aBUCUT OT KPaTHOCTU CBA3U

8. . BHada aneKTPOHHYI KOHGUrypaumio BarneHTHOM O0BO0NOYKM Monekyrbl U MOHOB : : Nz
*36% N2 1n*26h; N 1n*lo’2n™ © onpepenuTe, kakve u3 vactul, obnagalT MarHUTHLIMU
CBOWCTBaMMU:

1. Np, 2. N2+, 3. Ny~

9. 3Hasa 9NeKTPOHHYI KOHUIrypaumio BaneHTHon o6onoyku Monekynsl Oz 1c? 1n* 2m™
3anuLunTe 3NeKTPOHHYI0 KOHMUrypaLmio NOHOB:
1.0,2 162 1n* 27 O, 162 1n?
2.0,? 16°1n* 0, 1c0? 1n* 27
3.0,? 16%1n* 2n® 0,*2. 16? 1n* 27

10. Onupascb Ha npasuna Pykyn, onpedenute HanpaereHne anekTpodunbHON aTakm B
MOJieKyre, eCnu U3BeCTHO, YTO BbicLuas 3anonHeHHas MO umeeT Bua:

Y= 0,8285¢: + 0,2398¢2 — 0,5061¢3 — 0,2398@4.

1. NepBLIN aTOM yrnepoaa, 2. BTOpon atom, 3.TpeTunin atom, 4. 4eTBEPTLIN aTOM.

11. Onupasicb Ha npasuna Pykyu, onpeaennTe HanpasreHUe HyKNneodusibHOW aTaku B
MorneKkyne,  ecnu N3BECTHO, 41O HM3Was cBobogHas MO nveet  BUA:
y=0,4886¢1—0,7511¢,+0,4440¢3— 0,2398@..:

1. nepBbI aTOM yrnepoaa, 2. BTOpon atoMm, 3.TpeTunin atom, 4. 4eTBEPTLIN aTOM.

12. Kakue cTpykTypbl nATMYNEHHoro kombua CsHs, CsHs', CsHs~ 6yayt oGnapatb
apomMaTU4eCKMMM CBONCTBAMMU:
1. CsHs, Tak kKak UMeeT HecnapeHHbIN 3NEKTPOH,
2. CsHs', Tak Kak MMeeT YeTHOE YMCNOo ANEKTPOHOB Ha CBSA3bIBAOLLMX opbuTansx,
3. CsHs™ , Tak Kak MMeeT MOSHOCTbLIO 3arnofiHEHHbIE CBA3biBalOWMe opbutann wm
OTCYTCTBYIOT 3NIEKTPOHbI Ha paspbIXAsoLWmMx opbutansx.

13. Kakue cTpykTypbl TpexdneHHoro konbua CsHs, CsHs*, CsHs™ 6ymyt oGnapatb
apomMaTU4eCKMMM CBONCTBAMM:
1. C;3Hs, TaK kak MMeeT HecnapeHHbI 3NIEKTPOH,
2. CsHs™, Tak kak MMeeT YeTHOE YNCIO ANEKTPOHOB,
3. C3Hs" , Tak kak MMeeT MOMHOCTbIO 3arofiHEHHblE CBsi3biBalOLMe opbutanu u
OTCYTCTBYIOT 3NIEKTPOHbI HA paspbIXAsoLWmMx opbutansx.

14. Kakve cTpykTypbl wectuuneHHoro konbua CsHs, CeHs', CeHs~ OyayT obnagatb
apoMaTn4eCKMMIN CBONCTBaAMU:
1. CsHs, Tak Kak MMEET MNONHOCTLIO 3anOSfIHEHHbIE CBA3bIBAKLLME OpOUTaANM U
OTCYTCTBYIOT 3MIEKTPOHbI Ha paspbIXnsoLWwmx opbutansx,
2. CHe", Tak kak Bce aneKkTpoHbl Ha CBA3bIBAKOLMX opbuTansx,
3. C¢Hs ™, Tak Kak nmeeT HanborbLLEE YNCIIO 3ITEKTPOHOB.



15. B I'IpI/l6J'II/1)KeHVIVI VI3OJ'IVIpOBaHHOIZ MONEeKyJibl KaKk MOXHO onpenefnntb HanpaslieHune
paD,I/IKaJ'IbHOVI aTakn B MOJieKyrie C CONnpAXeHHbIMU T-CBA3AMU
1. B TO Nonoxexwue, rae Hanbonbllee 3HayYeHne MHOEKCa CBO6O[J,HOI7I BaNeHTHOCTH,
2. B TO MNOJIOXEHWe, rae HaUMeHbLLIEE 3HAaYeHNe MHAEKCa CBO6O,EI,HOI7I BaNEeHTHOCTH,
3. Henb34 onpegennTb.

16. B I'IpI/l6J'II/1)KeHI/IVI VI3OJ'IVIpOBaHHOIZ MONeKyJibl Kak MOXHO onpenenntb HanpaslieHune
SJ'IeKTpOd)MJ'IbHOVI aTakn B MONeKyne C CcConpAaAXeHHbIMU T-CBA3AMMU
1. B TO Nonoxexwue, rae Hanbornbllee 3Ha4YeHne SJ'IeKTpOHHOIZ NNOTHOCTH,
2. B TO MNOJIOXEHWNe, rae HauMeHbLLee 3HavYeHne 3J'IeKTpOHHOI7I NMNOTHOCTMU,
3. Henb34 onpegennTb

17. B npnbnmxeHMn M30nMpoBaHHOW MOSEKYMbl KaK MOXHO onpenenutb HanpasneHue
HYKNEeOoMUIbHON aTakn B MOSIEKYe C CONPSPKEHHbIMU T-CBA3AMMN :
1. B TO NONoXeHune, rae HanbonbLUee 3Ha4YeHne SNEKTPOHHOM NMOTHOCTH,
2. B TO MOSIOXeHWe, rae HanMeHbLLee 3Ha4YeHNE SNEKTPOHHOW MNNOTHOCTY,
3. HenNb3s onpeaennuTb
18. Yem oTnmyaloTcs NPOCTPAHCTBEHHbIE TPYMNMbl CUMMETPUN KPUCTANOB OT TOYEYHbIX
rpynn CUMMETPUM MOSIEKYT:
1. HaNU4Mem onepauumn TPAHCALUNM;
2. OTCyTCTBMEM ONepaumm TpaHCnauuy;
3. HM4YeM He oTnn4yatoTcs

19. YcraHoBWTE afeMEHTbl CUMMMETPUKW, XapakTepHble and wmonekynol POCI; (
TpeyrosfbHas nMpamuga) v onpeaenuTe TOHYEYHY rpynny CUMMETPUN:
(‘)‘
/P\
Cl ‘ Cl
Cl

1 Cav (E, Cs 3 O'V)

2 Cov (E, C, 2 O'V)

3. Dsn (E, C3, Oh 3C2J- C3)
4 C2h (E, Cz, O'h)

20. Ona wmonekynbl metogom MO JIKAO 6bino paccuMTtaHO HECKONbKO 3HaueHui
9NEKTPOHHOM 3HEeprMn B aTOMHbIX eauHuuax (a.e.). Kakoe M3 HMX COOTBETCTBYET OCHOBHOMY
COCTOSIHUIO MOSEKYIbI:

1.-1,3a.e; 2.-24ae, 3.-0,8a.e; 4.-2a.e.

Knrouwm k Tecty OlNK-3

Bonpocsl 1 2 3 4 5 6 7 8
OTBETHI 2 1 2 1 1 2 2 2,3
Bonpocsl 9 10 11 12 13 14 15 16
OTBETHI 1 1 2 3 3 1 1 1
Bonpocbl 17 18 19 20 21 22 23 24
OTBETHI 2 1 1 2




	10. Место учебной дисциплины в структуре ООП:
	Вариативная часть блока 1. Обязательная дисциплина.
	Уметь дифференцировать и интегрировать элементарные функции, знать специальные интегралы, основы квантовой механики, квантовой химии, молекулярной физики и классической термодинамики, применять знания о строении молекул
	11. Планируемые результаты обучения по дисциплине/модулю (знания, умения, навыки), соотнесенные с планируемыми результатами освоения образовательной программы (компетенциями) и индикаторами их достижения:

