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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 xXumumn

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 - meToanydecknum CoBeToM Xummyeckoro dpakynbreta ot
11.04.2024 npoTtokon Ne 10-04

8. YueOHbIW roa: 2026 / 2027 CemecTp: 6



9. Llenu n 3agayum y4e6HOM AUCLUNIIUHDI:
Llenibrto oceoeHus y4ebHoU AucyurniuHbl S8semcs: U3ydeHne coBpeMeHHbIX NpeacTaBneHnin o
CTPOEHUW BelecTBa Ha CybaTOMHOM, aTOMHOM, MOJEKYNSAPHOM 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 OpraHu3auum MmaTepumn — OT AfieMeHTapHbIX YacTuL
00 MaKpPOCKOMNYECKUX TETT;

- MNPUIOXEHME 3aKOHOB KBAHTOBOW MEXaHWKM K MOJSIEKYNSPHbIM CUCTEMaM pasfindHOm
CTENeHM CNOXHOCTU; npuobpeTeHne HaBbIKOB WHTepnpeTauun BbIBOAOB KBaHTOBO-
MEXaHN4YEeCKOro pPacCMOTPEHUST 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 dpyHOameHTasbHbIX NOMIOXKEHUN YY4EHNA O CUMMETPUN MOSEKYIT,

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

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

10. MecTo yyebHOM AncUUNNUHBLI 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 MOSIEKYN

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 ucrnonb3oBaTb  ANA  pesynbTaToB
pesynbTaThbl 3KCMEPUMEHTOB, pacyeTa 9NEeKTPOHHOTO  CTPOEHUsI
KCMepuMeHTanbH HabnogeHnn, MOJTEKYNSAPHbIX CUCTEM  Pa3nmnyHOn
bIX N pacyeTHO- n3MepeHun, a CINOXHOCTW.
TEOPETUYECKNX Takke pesynbtatel | BnageTb  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 "
TEOPETUYECKNX COBCTBEHHbIX pac4yeTHo-
paboT ¢ TEOPETUYECKNX pes3ynbTatoB B




NCMNonb30BaHMEM packpbITUS cBsA3en mexay
TeopeTU4ecKnx 3NEKTPOHHbLIM CTpOEHneMm
OCHOB uccnegyembix  cucteM U KX
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
HanpaBneHHOCTH
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 NPUMEHSTL Npu
MeToabl ans pelueHnm sanau OLUEHKe peakUUOHHON CnocoBHOCTU
M3YYEeHUs| CBOWCTB XUMUYECKON BELLEeCTB.
BellecTs U HanpaBneHHOCTU YMeTb ucnonb3oBaTb CTaHOApTHOE
MPOLECCOB € UX OrllK- WNcnonbayet nporpaMMHoe  obecrieyeHne  Ans
yuacTvem cl3.2 cTaHgapTHoe peLueHuns KBAHTOBO-XMMM4ECKIX
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. O6bemM AncUUNNMHbI B 3a4eTHbIX eAMHMLUax/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 YUCTIE: nekymm 36 36
npakTu4eckme - -
nabopartopHble 36 36
CamocTosTensHas paborta 36 36
dopma NpomMeXyTOHHON artTecTaumm 36 36
Sk3ameH
Ntoro 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 MOJFEKYI»: TOMOMOrMYECKUN,
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. MpuHLUMNbI
knaccudpmkaumm.  PyHoameHTanbHble  cunbl B
npupoge. Bewectso Bo BceneHHon, ero Buapl.
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, MEeXbAAepHbIE PACCTOSHUS, YIbl
BHYTpEHHero BpaweHus. deHomeHornornyeckas
Modernb Mornekynbl. 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
cocTaBnsawLwmne. SHepPrus Anccoumaumn MOJSEKyr.
OHeprus cBa3n. KBaHTOBbIN aHanor XuMudecKkomn
cBasn. O6GocHOBaHME  BareHTHOro  LTpuXa.
KpaTHocTb cBsA3n. [lopsagok cBA3n. Teopema
lenbmaHa — ®delHMaHa W KPUTEPUIA MPOYHOCTU
cBA3n. BO3MOXHOCTb  KBaHTOBO-MeXaHU4eCcKou
OUEHKN 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  SOEPHOMN
KOHdUrypaumm Monekynbl. To4veyHble rpynnbi
cummeTpun Monekyn. Krnaccudpukaunsa TouyeudHbIX
rpynn. [llpeactaenenne rpynnbl.  PasnoxeHue
NPYBOAMMBIX NPEACTABIEHNA HA HENPUBOAUMBIE.
XapakTep npencraBneHusi. Tabnuvubl XapakTepoB
ToYeuHblX rpynn. Knaccudmkaumsi  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 monekyn. [Mpaeuna
NoOCTPOEHUS MONEeKyNAPHbIX opbGuTtanen,
Y0BMNETBOPSLINX TPeOOBaHNUAM CUMMETPUN.

15

OneKTpoHHOoe
CTPOEHME HEKOTOPbIX
MOJIEKyn

OcHoBHOe 1 BO30YXOEHHbIe COCTOSIHUSI MOJIEKYIbl
Bogopona. CesasbiBaolwMe U paspbixnsiowme
opbutanu. CyHmeTHble U TpUNNEeTHbIE COCTOSTHUS.
OneKTPOHHOE CTPOEHWe [OBYXaTOMHbIX MOSeKyn,
obpasoBaHHbIXx atomamu 1 u 11 nepuopos.
Knaccndwukauma opbutanem no  CUMMETPUM.
KoppensuumoHHele  guarpammbl MO ans
OBYXaTOMHbIX MOneKyI. Pacnpepenexve
3MNEeKTPOHHOW NIOTHOCTK B [ABYXaTOMHbIX
Mosnekynax, obpa3oBaHHbIX aToMamu BTOPOro
nepuopa. [lonsapHOCTb XMMWYECKOW CBSI3W U ee
XapaKTEPUCTUKN.

KoHuenuust rmbpuamnsaumm B MeTodax BaneHTHbIX
cBs3el " MOIEKYNAPHbIX opbuTtanen.
[enokanusoBaHHble (kaHOHM4YECKKE) 7
rnokanusoBaHHble opbuTanu. O6ocHoBaHme
BaneHtHoro  wTpuxa. OOHOSMEKTPOHHbIE U
KonnekTueBHbole cBonctBa Monekyn (M.Obtoap).
Monekynbl ¢ «aenunuTOM» SMEKTPOHOB.
KoopaunHaumoHHble coenHeHus. Teopus
KpucTtannuyeckoro nons. AHanus pacliennexus d-
YPOBHEN B MONAX  PasfiMyHOM  CUMMETPUM.
MapameTpbl pacwenneHusa. CunbHoe u cnaboe
none nuraHaoB. AHanmM3 3NMeKTPOHHbLIX CMEKTPOB U
MarHWTHbIX ~ CBOMCTB  Ha  OCHOBE  Teopuu
KpucTannumyeckoro nons. Teopusa nons nuraHgos.
pynnoBble opbuTtanu. KBaHTOBO-MexaHudeckasi
TpaKTOBKa XUMUYECKOW CBA3M B KOMMNIIEKCaX.
ConpsixeHHble T-3NEKTPOHHbIE CUCTEMBbI.
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, uHaekcbl Pykywn, 3Heprum
KaTUOHHOWM M aHNOHHOW Jeriokanu3auun.

KBaHTOBO XMMW4YECKOE OMMCaHWE 3rEMEHTapPHOro
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 W3MEHEHue npu nepexoge oT
pasgeneHHbIX aTOMOB K MOSEKyre.

Onepatop [amunbToHa AONA  aTOMHbIX WU
MOJEKYNAPHbIX cucTeM. MNocTpoeHne 3reKTPOHHON
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
NpMBOUMOrO NpeaCcTaBneHNs Ha HENPMBOAUMBIE.
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 | MOneKkyn 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 O3IMBO, Teopun MO
2.5 JIKAO, koHuenuuu  rmbpuamsaumm  aTOMHBbIX
opbuTanen

OnNeKTPOHHOE CTPOEHME KOMIMIIEKCOB MepexoaHblX
MeTarnnoB C HeopraHW4YeckMMu K OpraHM4YecKUMm
nuraHgamu.

OneKTpoHHOoe CTpOeHMe COnpsiKeHHbIX "
apomartumyeckux cuctem. [Mpumepbl pacyeToB MO
meTony Xwokkens. 3apsiabl Ha aTtomax, Mopsiaky
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 XMMWNYECKOrO 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 YKasaHuA ans 06yt|a|ou.||nxc;| no ocBoeHuo gucuuniinHbi
CoctaBneHue koHcnektoB. CamocTtosiTenbHoe n3yyvyeHme OTaeNIbHbIX TEeM. BbinonHeHne
AJOMallHUX 3agaHuni. [MogroTtoBka K na6opaTopr|M 3aHaTnam. lNogrotoBka K TeKyLLl,el7I n
I'IpOMe)KyTO‘-IHOIZ arTectauunn.

Mpwn peanusaumm ANCLMMMVHBI c ncnorb3oBaHMeM ONCTaHUNOHHbIX
obpa3soBaTtenbHbIX TEXHONOrmm NCnornb3aylTcA WHCTPYMEHTbI 3NEKTPOHHOM
MHopMaumoHHo-06pa3oBaTenbHo  cpeabl  BIY  «OnekTpoHHbIn  yHuBepcuteT BlY»
(https://edu.vsu.ru) nvnn “MOOK BIry” (https://mooc.vsu.ru), CepBuUChI

BugeokoHdepeHumn (BigBlueButton, Zoom, Discord wu pfgp.), 9nNekTpoHHas nouTa,
MeCCeHXXepbl N COoLCETU.»

15. NMepeyeHb OCHOBHOM U AOMNOSTHUTENIbHOW NUTEpPaTYpPbIl, 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.®. KBaHTOBas mexaHuka u kBaHToBast 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 : MuTennekt, 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 ectectso3HaHus / B.B. Nopb6ayes. — M.:
' Onukc 21 Bek: Mup 1 obpasosaHue, 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. Tatesckun. . — M.: Xumus, 1977. — 511 c.
Manynoe KO.I'. Ctpoenue monekyn / KO.I'. Manynoe. — Teepb: MN3a-Bo Teep. oc. YH-Ta,
10.
1995. - 199 c.
12 Bepcykep N.b. OnekTpoHHOE CTPOEHUE N CBOMCTBA KOOPAVUHALMOHHBIX COEOUHEHNN /
' WN.B. bepcykep. — J1.: Xnmmus, 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

3HaHun, 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-pecypchl - bubnunoTteka 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-memodudeckue pekomeHdayuu, nocobus, 3adayHUKU, Memoduyeckue yKasaHus ro
8bIMOTHEHUIO MPaKMUYeCKUX (KOHmMpOosibHbIX) pabom u dp.)

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 TeKywenW U MPOMEeXyTo4yHOW aTTectaumm C
NCnonb30BaHNEM PEKOMEHOYEMOKW NuTepaTypbl

Mpn peanunsauumn y4ebHON ANCUMNNANHBI UCMONb3YOTCS 3EMEHTbI 3NEKTPOHHOIO
oby4yeHMss 1 pasnuyHble  OUCTAHUMOHHble  obpasoBaTesnbHble  TEXHOMNOrunw,
nosponsowme obecneunmBaTtb OMOCpeOBaHHOE B3auMMOOEWCTBME (HAa pPacCTOAHUN)
npenogaesatenen n  obyyawwmxcs, BKMOYAA  UHCTPYMEHTbl  ONEKTPOHHON
WHdOpMaUMOHHO-00pa3oBatensHon cpeabl BIYY «3OnekTpoHHbI yHuBepcuteT BlY»
(https://edu.vsu.ru) n/nmnun “MOOK BI'Y” (https://mooc.vsu.ru), nposegeHme sebuHapos,
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 OCBOEHMST 00y4arowmmMmcs y4ebHoro martepumana
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 ycneBaeMocTu NoO AUCLMNINIMHE OCYLLUECTBMSIETCA C MOMOLbIO ClieAyroLmnx
OLIeHOYHbIX CPeAcTB:

20.11

ohwnNPE

© N

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

18.
19.

MepeyeHb NpakTUYECKUX 3aQaHUIA

KakoB thmsnyeckmi cmbICin KBagpaTa BOSTHOBOW (pyHKUMN?

[anTe onpegeneHne aToOMHOM U MOMEKYNSPHON opbuTanmu.

MpennoxuTe anroputMm nccnegoBaHns atTomMHon opbutanu.

Mcnonb3ysa npaBmno XyHaa, Hangnte Hanbornee yCTOMYMBLIA TEPM aToma.

B 3agave o6 H2+ courypupyeT BakHOoe OnNsi CTPOEHMS MOJSIEKYN MOHATUE MHTerpana
nepekpbiBaHus. KakoB ero reomeTpuyecknii CMbicn?

KakoB hn3nyeckmm cMbICi KYFTIOHOBCKOrO 1 OOMEHHOro MHTEerpanos?

Kakve MO Ha3sbiBaloT CBA3bIBAIOLLUMU, PA3PbLIXISIOLWNMN N HECBA3bIBAIOLLIMMMU.
Monekyna H2+ cogoepxuT OOWH 3NeKTpoH, Morekyna H2 - gBa. MoxHO nu gns
noctpoeHms MO B TOM 1 gpyrom cry4yae ucnosib3oBaTb OAWH U TOT e 6asnc?

Kakas MO HasbiBaeTcd CUMMETPUYHOW, a a Kakas - aHTucummeTpuyHon. Kakoe
CBOWCTBO opbuTanen nexuT B OCHOBE Takon Knaccudmkauynmn?

MO monekynbl Bogopoga knaccudpmpytotest Ha 6 u ™ MO. Kakoe CBOWCTBO MOSOXEHO B
OCHOBY TaKoW Krnaccudukauumn?

Onupasicb Ha 9nEeKTPOHHYK KOH(Urypauuio ABYXaTOMHOW  MOMEKymbl CpaBHUTE
3Heprum guccoumaumm Monekyrnbl U e€ noHax.

Onupasicb Ha 3NEeKTPOHHY KOH(Urypauuo ABYXaTOMHOM MOMEKYrbl CPaBHUTE OSINHbI
CBSA3M B MOMEKyrne 1 e€ NOHax.

Onpegenute MOMeKynsipHble TepMbl MOMEKYMbl, €CNU W3BEeCTHa 3NEeKTPOHHas
KOHJUrypauusa Monekyrnbl.

Onupassice Ha Teoputo OO3lBO, npeackaxvte paBHOBECHYHD eoOMEeTPUYECKYHo
KOH(purypaumio Monekyrn.

CummeTpua monekyn. Teopembl B3anMogencTB1S 9NEMEHTOB CUMMETPUN

MeTogmka onpefeneHnsa To4eYHbIX rpynn CUMMETPUM MOMEKYI

MosicHuTe npuHumun obpasoBaHus rmbpuaHbix opbutanen (FAO)B metoge MO.
MosicHMTe NpMHUMN cocTaBneHus rpynnosbix opbutanen (FO) B metoae MO.

MMosicHMTEe NPMHUMN COCTaBNEHMS CUMMETPU30BaHHbIX opbuTanen.



20.

21.

22.

23.

24.

25.

26.

27.

No

10.

O6bACHUTE CMbICN TEPMUHOB LEenoKanM3oBaHHbIE U FIOKANM30BaHHbIE MOJSEKYNSAPHbIE
opbutanu B metoge MO.

CocTaBbTe BOSHOBblE (DYHKUMM ANsi MOMeKyn atuneHa u bytagueHa B npubnmkeHum
MeTo4a MONEKYNAPHbIX opbuTanen Xwokkens.

CocTtaBbTe, He pellasi -3neKTPOHHbIA XIOKKENEBCKUN LOEeTEPMUHAHT LNs MOMeKynbl
OyTaaveHa.

Onupasicb Ha npasuna Pykyu,onpegennte HanpasneHune 3NeKTPoUNbHON aTaku B
MOReKyre, ecnu n3BecTeH BuA BbicLen 3anonHeHHon MO.

Onupasicb Ha npaBuna Pykyu,onpepennte HanpasneHue SNeKTPodUbHON aTaku B
MoneKkyne, ecnv u3BecTeH Bug Huswen cesobogHon MO

Monb3yacb anarpammamu Ppocta, 06BACHUTE, KaKkne CTPYKTYPbl NATUYNEHHOrO KombLa
CnHn 6yayT 06nagatb apomMaTuyeckummn CBOMCTBaMM?

Onnpasicb Ha TEeOpUID KPUCTaNNMYECKOro Monsl, CPaBHUTE MarHUTHbIE MOMEHThI
OKTa3gpU4eCKUX KOMMMEKCOB, €CIN W3BECTHbl 3NEKTPOHHbLIE KOHMUrypaumm WOHOB
LleHTpanbHOro aToMa 1 Npupoaa nuraHaos.

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

20.1.2. KoHTponbHas pabota Ne 1
BuneT Ne1

MonekynsipHas opbutanb — 370: a) obnactb NPOCTPaAHCTBA, B KOTOPOMW 3NIEKTPOH
nposoaut 6onee 90% BpemeHun; 6) 0AHOSNEKTPOHHASA BOSTHOBAsA OyHKLUMSA, NofnyvYaemas
npu peweHun ypasBHeHun XapTpu-doka; B) obrnacTb MNPOCTpaHCTBA, B KOTOPOM
BEPOATHOCTb HaxoXOeHWs anekTpoHa paBHa 95%; r) nonHas anekTpoHHas BOSHOBas
YyHKUMSE MONEKYbI.

MO monekynbl Bogopoga umetoT Bua: Wi=c(e: + ¢2), ¥Yo=c(p1 - ¢2),. OOHy Wu3 HUX
Ha3blBalOT YETHOW, OPYrylo - HeYeTHoN. M3obpasunte ux n obbAcCHUTE, Kakoe CBOMCTBO
opbuTanen nexuT B OCHOBE TakoWn Knaccudukauum.

Cdhopmynumpynte OCHOBHLbIE ycrioBusi anst uHtepdepeHuumn AO ¢ obpasosaHnem MO.
O6paasytotca nn MO B cnyyae nepekpbiBaHus cnegyowmx AO: p; M p; ; dxz U S.
MpuBeantTe pPUCYHOK, MNOSACHAOWMA oTBeT. HasoBute aTM opbutanu, KCnonb3ys
OCHOBHbIE NPUHLUMNBLI Knaccudmkaumm MO.

Hanuwwute, Yemy paBeH vHTerpan nepekpbiBaHus. Pacnonoxure opbutann B nopsgke
YMeHbLUEHWs 3Ha4YeHUs NHTerpana nepekpbiBaHnsa. HasosuTte 3t opbutanu, ncnonb3ys
OCHOBHbIE NPUHUMNBLI Knaccudmkaumm MO.

L A

CocTtaBbTe NpobHY0 BONMHOBYH byHKUMO B npubnvmkennn JIKAO gns monekynbl CH,
NCcnonb3ys BaneHTHbIN 6asunc.

CocTtaBbTe ramunbTOHUaH anst Monekynsl BeC.

CoctaBbTe cxeMbl MO 1 HanuwmMTe aNeKTPOHHbIE KOHGUrypauumn monekynsl B, n noHos
Bz+ n Bz_.

Onpegenute TepMmbl, CpaBHUTE 3HEpPrUM guccoumaumm U MarHUTHblE MOMEHTHI
BblLLEyKa3aHHbIX YacTuL.

CoctaBbTe cxemy MO n HanuwnTe 3MEKTPOHHYK KOHUrypaumio M TEPM OCHOBHOIO
cocTosiHUA mornekynsl BH.

CdhopmynumpyinTte NpMHUMN N303NEKTPOHHOCTU. VICNONb3ysi ero, HaNUWNTE 3NEKTPOHHYHO
KOHpurypaumio u TepmMm mMornekynspHoro noHa BeC.



N o g b

KoHTponbHas pab6oTta Ne 2
BuneT Ne1

Ons monekynbl Hz BO3MOXHbBI reoMeTpudeckme KoHurypaummn: nuHenHas .on 1 yrnosas
Cov. Onpegenute tnnbl cummeTpum MO, obpasoBaHHbIX M31S-AO, U COOTBETCTBYIOLLMX
ypoBHen aHeprun. Onpegennte SNEKTPOHHYK KOHurypauuio monekyn. CpaBHuTe
YCTONYMBOCTb U PEAKLMOHHYI0 CMOCOBHOCTL Mornekysn. MNpumuTte BO BHMMaHue, 4To E (Og)
<E (a1)

CoctaBbTe CMO gns monekynbl AlH:

Hante onpegenexuve JIMO, nanoxute anroputm Ux nonyvyeHns

CoctaBbTe cxemy MO ana monekynbl rpynnbl cummeTtpun [sn. MNocnegoBaTenbHOCTb
ypoBHen: 1a'i1<2a'1<le'<la",<3a'1<2e'... Hanmwute 3K monekynbl CHs,

Onpegenute MoOneKynsapHbiA TEPM MOJSIEKYMbl, OTBEYAKOLWUA Crneaylowen 3neKTPOHHOM
KoHurypauuu: rpynna Coy, ai’bi® byt

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

Onupascb Ha TKI1, paccumtante SCI1J1, oueHNTe MarHMTHblE CBOMCTBA U NpeacKkaxuTe
BO3MOXHbIE UCKaXKeHUsi reomeTpuyeckon KoHdurypauum ana  [Fe(H.0)e]**  (On),
[Ni(CN)4]*(Tq)

Tekylas aTTectaums NpoBOANTCS B COOTBETCTBUM C [onoxeHneM o TekyLlen aTTectaumm

obyyvaroLmxca Mo nporpaMmmam Bbicllero obpasoBaHus BopoHeXckoro rocygapCTBEHHOMO
yHMBepcuteTa. Tekyllass atTectaumsa npoBoamTcsa B hopMax YCTHOro onpoca (ppoHTanbHas
fbecena) M NUCbMEHHbIX PabOT (BbINOMHEHME MPAKTUKO-OPUEHTMPOBAHHbIX 3adaHuWi U ofHa
KOHTposnbHasi paboTta).

YpoBeHb
Kputepun oueHMBaHNsE KOMNETEHLNI cchopmmpoBaH LLikana oueHok
HOCTU
KOMMNeTeHLUN

MonHoe  cooTBeTCTBME  OTBeTa  OOy4alollerocs  BCEM
nepeyncrneHHbIM Kputepusim. [1pogeMOHCTPMPOBaHO 3HaHMe
dyHOaMeHTanbHbIX OCHOB CTPOEHUS M CUMMETPUM MOIIEKYT,
YMEHME WCMONb30BaTb 3aKOHbI KBAQHTOBOM MEXaHUKN K
OMUCAHWIO 3MNEKTPOHHOIO CTPOEHWUSI MOMEKYNSAPHbBIX CUCTEM
pasnUYHOM CrOXHOCTWN, BrafgeHMe OCHOBHbIMW HaBblKaMu
WMHTepnpeTaumm BbIBOJOB KBAaHTOBO-MeXaHW4YEeCKOro
onucaHnsa CTPOEHUS XUMUYECKMX CUCTEM, pPaCKpbITUS
CBSA3€EN MEeXAy X 3NEKTPOHHBbIM CTPOEHNEM U (DU3NYECKNMM
CBOWCTBaMM, peaKLMOHHOW CMOCOOHOCTLIO.

lNoebiweHHbIU
YPOBEHb

OmnuyHo

OTBET Ha  KOHTPOSbHO-U3MEPUTENbHBLIA ~ MaTepuan He
COOTBETCTBYET OOHOMY M3 MEPEYUCHEeHHbIX MokasaTenei, Ho
obyuvaroLLmiics gaeT NpaBUIlbHblE OTBETHI HA AOMNONHUTENbHbIE
BOMPOCHI

Ba3zoshbit
ypOB€eHb

Xopouwio

OTBET Ha  KOHTPOSbHO-U3MEPUTENbHBLIA  MaTepuan He
COOTBETCTBYET [BYM U3 MEPEeYUCIIEHHbIX MoKasaTenen,
obyyaloLLMiica OaeT HerosHble OTBETbl Ha AOMNONHUTENbHbIE
BOMPOCHI.

lNopoezoeniti
ypOB€eHb

Ydoenemeopu-
mesnbHO

OtBet Ha KOHTpOJ'IbHO-VI3MepVITeJ'IbeIl7I mMmaTtepuan HE
COOTBETCTBYET NepedvHncrieHHbIM nokasartendam. 06yqa+ou.|,v||7|c;|
OEMOHCTpupyet OTPbIBO4YHbIE, cbparmeHTaprle 3HaHUA
Teopun, gonyckaet rpy6b|e oLnGKm npu TPaKTOBKEe
NPaKTN4EeCKNX 3agad

Heydoenemeopu-
meribHO




20.2 MNMpomexyTo4Haa aTrectauma

HDOMe)KyTO‘-IHaFl arrTectauud no gucumniimHe ocywecTBnaeTcqa ¢ NOMOLbIO crenyrowmnx

OUEeHO4YHbIX CPpEeOCTB.

10.
11.

12.

13.

14.

15.
16.

17.
18.
19.

20.

21.
22.
23.

24,

25.

26.

20.2.1 NepeyeHb BONPOCOB K 3K3aMeHY:

3neKkTpoHHOe BomnHoBoe ypaBHeHwve LLpenuHrepa ans atoMoB 1 monekyn. Onepatop MaMunbToHa
AN aTOMHbIX M MOJIEKYNSIPHBIX CUCTEM (Ha NPOCTLIX NpuMepax). MoBepXHOCTb 3NEeKTPOHHOM
aHeprum. Kputepuii yCTOMYMBOCTU XMMMUYECKUX YaCTUL, B KBAHTOBOI TEOPUN.

MeToa monekynsipHbix opbutanein. OCHOBHbIE MONOXeHWS. AHanorusi ¢ Teopuen
MHOFO3MEKTPOHHOrO aToMa.

Onwucanune MonekynsapHbix opoutanen B metoge MO JIKAO. Hanbonee pacnpoctpaHeHHbIe TUMbl
6a3ncoB. basucHble aTOMHbIE opbuTanu.

MonekynapHbii noH Bogopoaa Ho*. Mpubnmwkernmne MO JIKAO: BbiGop 6a3ncHbIX (yHKLNIA,
NOCTPOEHME BEKOBbLIX YpaBHEHUI, HaxoxaeHne aHeprun MO.

MonekynapHbIi noH Bogopoaa Ho*. Mpubnmxenne MO JIKAO: nHTerpansl nepekpbiBaHus,
OBMEHHbIN N KYFTOHOBCKUIA.

MonekynsapHbii MoH Bogopoaa Ha*. Mpubnukenne MO JIKAO: pacyeT BONHOBbIX pyHKLUNIA

Knaccudukauns MO gByxaTOMHbIX roMmosgepHbIX Moriekyn. OCHOBHbIE MPUHLMIMbLI MOCTPOEHUS CXEM
MO. Tepmsil.

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

CBs13b CBOWCTB ABYXaTOMHbIX MOSEKYI (SHEepr1s anccoumnauum, MexsgepHoe pacctoaHme nT.4.) ¢
NX 3NEKTPOHHBLIM CTPOEHNEM Ha nprMepe anemeHToB Il neproaa.

OneMeHTbI 1 onepauuM cummeTpun. TeopemMbl B3auMOAENCTBUS SNIEMEHTOB CUMMETPUMN.

ToueuHble rpynnbl cummMmeTpumn monekyn. Homenknatypa LeHdnuca. Metogumka onpeaenexus
rpynn cUMMeTPUN.

[MocTpoeHne cMMMEeTPU30BaHHbIX MOSEKYNSIPHbIX opbutanen (monekyna BeH,).

[MoHsTMe reomeTpryeckon koHUrypauum mornekynbl. Feometpmnyeckne napameTpbl. OCHOBHbIE naen
MeToAa OTTaNKMBaHUA 3IEKTPOHHLIX Nap BaneHTHon obonoyku. MNpenckasaHne paBHOBECHOM
reomMeTpu4ecKon KoHUrypauum.

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

MeTtoga Xtokkensi 4nst ONUCaHUs COMPSPKEHHbIX OPraHUYECKNX COEAMHEHWUN (3TUMEH)

MeToa XtoKKenst Anst onMcaHns CONPsKEHHbIX OPraHUYECKUX COEANHEHUI C reTEPOaTOMOM
(dbopmanbaerva)

ConpsikeHHble apomaTtuyeckne coeguHeHnsi. Metog dpocTa.

ConpsikeHHble apomMaTUyeckme coeanHeHns. ApOMaTUYHOCTb M aHTMapOMaTUYHOCTb.

MpyMepbl NONY3MNUPUYECKMX PacyeToB CBOWCTB MOJIEKYIT: TIeKTPOHHAs MIOTHOCTb, 3apsad, NopsSaoK
CBSI3U, UHOEKC CBOGOAHON BariEHTHOCTU.

MpyMepbl NOMY3MNUPUYECKUX PacyeToB CBOWCTB MOJIEKYI (OLieHKa NOTEHLMAroB MOHU3aLMK,
SHEpPrn MOorneKyIbl, 3HepruM Nokanmaaummn 1 Aenokanusaunm, Ha npumepe Mosekyrbl annuna).

ConpsikeHHble MOHOUMKNn4Yeckue coegmHenunsa. Metog dpocra.

AnbTepHaHTHbIE YrNeBO4OPOAbI.

Mpumepbl NONY3MMMPUYECKMX pacHETOB CBOMCTB MOJSEKYI: SNIEKTPOHHASA MITOTHOCTb, 3apsd, NOpsSAoK
CBS13U, UHOEKC CBOOOAHON BaNeHTHOCTH.

PeakumoHHasi cnocoOHOCTb XMMUYECKNX COeaANHEHUN. [pnbnmkeHnst N30NTMPOBaHHHON K
pearvpytoLLlen MOSEKynbl.

KayecTBEHHLIN aHann3 BO3MOXHbIX MEXaHNU3MOB XMMUYECKUX peakunin. IHOekCbl peakuMoHHON
CcrnocobHocCTH.

KauecTBEHHbIN aHann3 BO3MOXHbIX MEXAHU3MOB XMMUYECKNX peakuui. Teopusi rpaHNYHbIX
opbutanen ®Oykyn.



OnucaHne TexHonormm nposegeHuns

HDOMe)KyTO‘-IHaFI artrecrauna npoBoaguTcA B  COOTBETCTBUM C lMonoxeHnem o
npomemyTquoﬁ aTtTectaunmn o6yqa|ou_u/|xc;| no nporpamMmmaMm BbiCLLUEero o6pasoBava.
KOHTpOJ'IbHO-I/I3MepI/ITeJ'IbeIe MaTtepuarnbl npomemyTquon arrecraummn BKIMHO4atoT
TeopeTndeckne BOMpPOChbl, no3pondwwine OueHUTb YPOBEHb MOJTyYEHHbIX 3HaHUN 1
npakTn4yeckme 3aaaHnda, no3Bondrvwne OoueHUTb CTeneHb CCbOpMI/IpOBaHHOCTVI yMeHVIVI n
HaBbIKOB. I'IpM oueHunBaHUM UCNONb3YHOTCA KOJNMYeCTBEeHHad LWKana OLUEeHOK. KpI/ITepI/II/I
oueHnBaHUA NnpmBeaeHbl Bbille.

I'Ip|/| peann3auun guncuunniimHbl C nNpuMeHeHnem [OUCTaHLUMOHHbIX 06paSOBaTeJ'IbeIX
TEXHOMOMN OLeHKa 3a 3a4eT/3K3aMeH MOXeT ObiTb BbiCTaBfeHa Mo pe3ynbTatam TeKyLLl,eIZ
arrecrtauunmn o6y'-|a+ou.|,eroc;| B cemMecCTpe.

20.2.2 NepeyeHb 3agaHun Ana npoBepkn choOpMUPOBAHHOCTU KOMMNETEHLINN:

ONK-1_Cnocob6eH aHanu3unpoBaTb, MHTepNpeTupoBaTb U 0606wWaTh pe3ynbTaTthbl
3KCNEepPUMEHTallbHbIX U Pac4YeTHO-TeOpPeTUYECKMX PaboT XMMUYECKON HanpaBNEeHHOCTH:

1. MonekynsapHas opbutane — 310::
1. MonHas anekTpoHHasa BONHOBAsA (PYHKLMSA MOMEKYb;
2. Obnactb NPOCTpaHCTBa, B KOTOPOW BEPOSITHOCTb HAaxXOXAEHWUs 9NeKTpPOHa paBHa
95%;
3. OgHoanekTpoHHas BOSIHOBas (PyHKUMSA, MofyvyaemMas npu peLlleHUun ypaBHEHWUS
LWpeanHrepa ans Monekyneol;
4. Ob6nacTtb NpOCTpaHCTBa, B KOTOPOM aNeKTpoH nposoauT 6oree 90% BpemeHw.
2. Onpegenute, Yemy paBeH UHTerpasn nepekpbiBaHns opouTanen .
[ | §

, b e

-

PaBeH Hynto
bonbLe Hyns
MeHbLUe Hyna
PaBeH eguHuue

PONE

w

. Onpegenute, YeMy paBeH UHTerpan nepekpbiBaHNsa opbuTtanen .
1. PaBeH Hyno

bonbLie Hyns

MeHbLUe HynA

PaBeH eguHuue

W

. Onpepenute, YeMy paBeH MHTerpan nepekpbiBaHUA opbutanen .
PaBeH Hynto

BonbLe Hyns

MeHbLle Hyng

PaBeH eguHuue

. MonekynsapHas opbutane o (curma) — 3To

N



1. OpbuTanb, cCMMMETPUYHAsA OTHOCUTENBHO OCK, NPOXOASLLEN Yepe3 JIMHUIO CBS3U
2. Opbutanb, aHTUCUMMETPUYHAsS OTHOCUTENBHO OCU, MPOXOAsLLEN Yepes NMNHNIO CBA3MN
3. Opbutanb, CMMMETpUYHAA OTHOCUTENbHO MMIOCKOCTW, MNEepPneHanKyNsapHOM Ocu
MONeKyIbl
4. Opbutanb, aHTUCMMMETPUYHASA OTHOCUTESBHO MITIOCKOCTM, NPOXOASLLEN Yepesd NTUHUIO
CBA3N
6. MonekynsapHas opbutans T (NnM) — 370
1. OpbuTtanb, cMMMeTpPUYHasA OTHOCUTENBHO OCK, MPOXOASLLEN YEePEe3 NUHUIO CBSA3N
2. OpbuTans, aHTUCUMMETPUYHAS OTHOCUTENBHO OCU, MPOXOASsILLIEN Yepes3 NMNHNIO CBA3N
3. OpbuTtanb, cMMMeTpMYHasi OTHOCUTENBHO Y3NOBOW MIIOCKOCTM, MPOXOASLIEN 4Yepes
NUHNIO CBA3U
OCW MOreKyrbl
4. Opbutanb, aHTUCUMMETPUYHAA OTHOCUTENBHO Y3MOBOW MAIOCKOCTU, MPOXOoAsLUen
Yepes NUHUKD CBA3N

7. HasoBute MONEKYNAPHYIO Op6VITaJ'Ib, Mcnosnb3ysa OCHOBHbIE MPUHLUUNbI KJ'IaCCI/ICbVIKaLI,VIVI

MO &8-8
1. 0 (curma), ceasbiBaoLan
2. 0 (curma), paspbixnswoLwas
3. 1 (nun), ceasbiBaoLas
4. 1 (nwn), paspbixnaowas
8. HasoBuTte mMonekynspHyto opbutanb, UCMOMb3ysi OCHOBHbIE MPUHLIMNbLI Knaccudukaumm

MO.

1. 0 (curma), cBasbiBaroLLast
2. 0 (curma), paspbixnsioLwas
3. 1 (nNn), ceAa3biBalOLWas

4. 1 (nwn), paspbixnaowas

9. HazoBuTe MonekynspHyto opbutanb, UCMOMb3ysi OCHOBHbIE MPUHLMMBLI Knaccudukaumm

MO

(curma), ceasbiBatowas
(curma), paspbixnsaoLwlas
(nn), ceasbiBaoLas

(

1.0
2.0
3.1
4. 1 (Nn), paspbixnsoLas



10. HazoBute MONEKYINAPHYIO 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. OcHoBHble ycnosust ansa obpasoBaHNsa MONEKYNAPHbIX opbuTtanen n3 aToMHbIX::
1. ATOMHble opbuTanu AOMKHbI MMeTb ONU3KMe 3HaYeHWUs SHeprun, OAMHAKOBYHO
CUMMETPUIO OTHOCUTENBHO OCU NEepeKpPbIBaHUA
2. ATOMHble opbuTann OO0MKHbI UMETb OnM3kue 3HAYeHUs SHEPruu, OAMHAKOBYHO
CUMMETPUIO OTHOCUTESNBHO MIIOCKOCTU, NEPNEHANKYNAPHON OCU MONEKYIbI
3. ATOMHble opbuTanu AOMKHbI UMETb CUMNBbHO pasnUuYaloLLMecs 3HAYEHUsI 3Hepruu,
OAMHAKOBYO CUMMETPUIO OTHOCUTESTbHO OCU NEPEKPbIBAHNSA
4. AToMHble opbuTanu AOMKHbI MMETb CWUMBbHO pasfnuyatrolmMecs 3HaYeHUs 3Hepruu,
OAMHAKOBYD CUMMETPUIO OTHOCUTENBHO OCU NepeKpbIiBaHUS

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 OyHKUMS B MWHMMAaNbHOM 0asuce Ans MOMEKynbl Bogopoda 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. MNpo6Hasa BonHoBas PYHKUMS B NPUONMKEHNN XIOKKENS ON1S MOMNEKy bl 3TUNeHa nMeeT
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 aneKkTpoHHOW MMOTHOCTUM B NPOCTPAHCTBE MeXay AapamMu, NoHWXKeHue
aHeprum MO oTHOCUTENBHO NCXOOHbLIX aTOMHbIX opbuTanen
2. YMeHblUeHNe 3MneKTPOHHOW NITIOTHOCTU B NPOCTPAHCTBE MeXAY sapamMu, NOHWKeHUe
aHeprum MO oTHOCUTENBHO NCXOLHbIX aTOMHbIX opbuTanen
3. YBenuyeHue aneKkTpoOHHOW MNOTHOCTU B MPOCTPAHCTBE MeXay S4pamu, MoBbileHue
aHeprum MO OoTHOCUTENBHO NCXOAHbLIX aTOMHbIX opbuTanen



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

16. OCHOBHble Npun3Hakn 06pa3oBaHns pas3pbiXALLEN MOSEKYNAPHOM opbuTanm:

1. YBenumyeHue aneKkTpOHHOM MAOTHOCTU B MPOCTPAHCTBE MEXAY sapamu, NOHWXeHue
aHeprum MO OTHOCUTENBHO NCXOLHbIX aTOMHbIX opbuTanen

2. YMeHblUeHMEe 3NEKTPOHHON MAOTHOCTU B NPOCTPAHCTBE MexXdy SapamMu, MOHMXeHue
aHeprum MO OTHOCUTENBHO NCXOLHbIX aTOMHbIX opbuTanen

3. YBenuyeHue a3nNeKTpOHHOW MNIIOTHOCTM B MPOCTPAHCTBE MeXay sapamu, MoBbileHue
aHeprum MO OTHOCUTENBHO MCXOLHbIX aTOMHbIX opbuTanen

4. YMeHblLUEeHNe 3NeKTPOHHOW MMOTHOCTU B NPOCTPAHCTBE MeXay sapamu, MoBbiLIEHUE
aHeprum MO OTHOCUTENBHO MCXOLHbIX aTOMHbIX opbuTanen

17. PasnuyaroTtca nv no 3Heprum cmrma- u nu-ceasn?
1. HeT, OAMHAKOBbLI NO 3HEPINM

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. Yucrno o-cBs3en 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
BbIYUCITUTESNIbHON TEXHUKM.

1..BbiGepuTte BbipaxkeHne ons pacyeTta kpaTtHocTu ceasm (K) B AByxaTOMHOWM Monekyne, rae
N - YNCIO INEKTPOHOB Ha CBA3bIBAOLLMX MOSNEKYNAPHbLIX OpbuTansax, N* - YACNO NEeKTPOHOB Ha
paspbIXnaoLWwmnx opbutansax

1. K=n-n*
2 K - n-—nx
3 K - Tl+27'l*
4, K= nen

2
2.Kak koppenupytoT mexay cobol BENUYMHBI KPaTHOCTU CBSI3WN B ABYXaTOMHOW MONeKyne u

3Heprun eé amccoumnaummn:;
1. Yewm Gonblue KpaTHOCTb CBA3W, TEM BONbLUE 3HEPrNA anccoumaun MONeKysbl
2. Yem Bosnblue KPaTHOCTb CBA3WN, TEM MEHbLLE 3HEePrus guccoumaumm Mosiekynbl
3. Het B3anmocBsasun

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

1. Yewm Bonblue KpaTHOCTb CBA3M, TeM BOnbLUE MEXbsAEpPHOE paccTosHNE

2. Yewm 6onblue KpaTHOCTb CBA3W, TEM MEHbLLE MEXbAAEPHOEe pacCToAHNE

3. Het B3anmocBsaan

4. MNMpunBeaeHbl aNeKTPOHHbIE KOHUrypauumn BaneHTHOM 060104KM MONEKynbl a3oTa u ero
katmoHa: N2 7*30% N n*3c’. Paccuutaiite kpaTHOCTM cBa3u. CpaBHUTE UX 3HEPruu
anccoumaumm.

1. BHeprusa guccoumaumm Monekynbl Gonblue, YeM WOHa, TaK KaK KpaTHOCTb CBSA3U
mMonekynbl (K=3) 6onblue kpaTHOCTK CBA3M MoHa (K=2,5)

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

3.. 9Heprus guccoumauum Morekyrbl MeHblle, Tak Kak KPaTHOCTb CBA3U MOSEKyIbl
(K=2,5) meHbLue kpaTHOCTHK cBA3M noHa (K=3)

4. aHeprnsa guccounaunm He 3aBUCUT OT KPaTHOCTU CBA3U

5. MNMpuBeaeHbl aNeKTPOHHLIE KOHUTYpaumMn BaneHTHON 060N0YKM MOMEKYIbI a30Ta U ero
annoHa: N, 1n*1lo?% Nyt 1n*le?2n™. Paccuutante KpaTHOCTU CBS3W. CpaBHUTE MX 3HEPruu
anccoumaumm.

1. QHeprusa auccoumnaumm 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 KakK KpaTHOCTb CBA3MN
mMonekynbl (K=3) Gonblue kpaTHOCTK CBs3n MoHa (K=2,5)

3.. 9Heprusa guccoumauum MOMeKyrbl MeHblUe, Tak Kak KpaTHOCTb CBSA3WM MOSEKYIbl
(K=2,5) meHbLue kKpaTHOCTM cBA3N MoHa (K=3)

4. aHeprnsa guccounaunm He 3aBUCUT OT KPaTHOCTU CBA3M

6.MNpuBeaeHbl SNEKTPOHHbIE KOHUIypauun BaneHTHOM O0OONOYKM MOJSIEKYSbl a3oTa U ero

katnoHa: N, m*30% N,": 1n*lo'. PaccuuTaiite KpatHOCTM CBA3U. CpaBHUTE UX [ANVHbLI CBA3EN
(MexbagepHble pacCcTosiHUSA)

1. OnvHa cBa3n B Monekyne 6onblue, 4eM B MOHE, TaK Kak KpaTHOCTb CBA3WM MOMEKynbl
(K=3) 6onbLue kpaTHOCTU cBA3K MoHa (K=2,5)

2. inuHa cBA3M B MOMeKyrne MeHbluUe, YeM B MOHE, TaK Kak KpaTHOCTb CBA3W MOMEKYIbl
(K=3) 6onbLue kpaTHOCTU cBA3K MoHa (K=2,5)

3.. [OnuHa cBsi3n B Mornekyne MeHblle, Tak Kak KpaTHOCTb CBSA3U Mornekynbl (K=2,5)
MeHbLLUEe KpaTHOCTK CBS3UN noHa (K=3)



4. ,El,nlea CBA3N HE 3aBUCUT OT KPaTHOCTU CBA3U

7.. MpuBeaeHbl aNeKTPOHHbIE KOHUrypauuy BaneHTHOM 06004k MOMEKy bl a3oTa U ero
anvoHa: N2 1m*1c? Nt 1n*le?2n™. PaccuuTaiite kpaTHOCTU CBS3W. CpaBHUTE WX AMVHbI
cBAsen (MexbagepHble pacCTOAHUS)

1. OnuHa cBa3n B Monekyne 6onblue, 4eM B MOHE, TaK Kak KpaTHOCTb CBA3WN MOSEKY bl
(K=3) 6onbLue kpaTHOCTU cBA3K MoHa (K=2,5)

2. [InvHa cBA3N B MOSEKYre MeHbLUE, YeM B MOHE, TakK Kak KpaTHOCTb CBSI3M MOSEKY bl
(K=3) 6onbLue kpaTHOCTU cBA3M 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 aneKTPOHHYK KOHGUrypaumio BaneHTHOM OBONOYKM MOSeKynbl U MOHOB : : Nz
*36% N2 1n*20'; N 1n*le?2n™: onpepenuTe, kakme m3 yacTvu o6nagaloT MarHUTHLIMU
CBOWCTBaMMU:

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

9. 3Hast 3NEKTPOHHYIO KOHMUrypaumio BaneHTHoW oBornoukn monekynsl O, 1o? 1n* 2m™

3anuLnTe 3NeKTPOHHYI KOHGUIypaLmio NOHOB:
1.0,2 1c? 1n* 27 0,2 16°% 1n*
2.0,? 16°1n* 0, 1c0? 1n* 27
3.0,? 16%1n* 2n® 0,*2. 16?2 1n* 27

10. Onupascb Ha npasuna Pykyn, onpenenute HanpaeneHne anekTpoUIIbHOM aTakm B
MOJieKyre, eCnm 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.TpeTuin atom, 4. 4eTBEPTbIA aTOM.

11. Onupasicb Ha npasuna Pykyu, onpedennuTe HanpaBreHne HyKneounbHOW aTakm B
Mornekyne,  ecnu N3BECTHO, 41O HM3Wwas 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. Kakne cTpykTypbl nstuuneHHoro konbua CsHs, CsHs', CsHs~ Gyayt oGnapgatb
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 MOSHOCTbKO 3arofiHEHHble CBA3blBalOWMe opbutanu u
OTCYTCTBYIOT 3NIEKTPOHbI Ha paspbIXNsoLWmx opbutansx.

13. Kakue cTpykTypbl TpexuneHHoro kombua CsHs, CsHs*, CsHs™ Oyayt oGnapatb
apomMaTU4eCKUMM CBONCTBAMMU:
1. C;3Hs;, Tak kak MMeeT HecnapeHHbI 3NEKTPOH,
2. C3Hs™, Tak kKak MMeeT YeTHOE YNUCIIO ANEKTPOHOB,
3. C3Hs" , Tak kak MMeeT MOMHOCTbIO 3arofiHeHHblE CBsI3blBalOLIME opbuTanu u
OTCYTCTBYIOT 3NIEKTPOHbI HA paspbIXAsoLWmMx opbutansx.

14. Kakue cTpykTypbl WectnuneHHoro kombua CeHs, CsHs', CeHe~ OyayT obnapatb
apomMaTU4eCKMMM CBONCTBAMMU:
1. C¢Hs, Tak kak MMeeT MNONMHOCTbI 3amMoSyIHEHHbIE CBs3blBaKOLWME opbutTann u
OTCYTCTBYIOT 3MIEKTPOHbI Ha paspbIXNaLWwmx opbutansx,
2. CeHe", Tak kak Bce aneKkTpoHbl Ha CBA3bIBAKOLNX opbuTansx,
3. C¢Hs ™, Tak Kak MeeT HanbornbLLEE YNCIIO 3ITEKTPOHOB.



15. B I'IpI/l6J'II/1)KeHVIVI VI3OJ'IVIpOBaHHOIZ MONEeKyJibl KaKk MOXHO onpenefnntb HanpaslieHune
paD,I/IKaJ'IbHOVI aTakn B MOJ1eKyrle C CONnpAXXeHHbIMU TT-CBA3AMU
1. B TO Nonoxexwue, rae Hanbonbllee 3HayYeHne MHOEKCa CBO6O[J,HOI7I BaNeHTHOCTH,
2. B TO MOJIOXEHWe, rae HanMeHbLlee 3Ha4YeHne NHOEKCa CBO6O[J,HOI7I BaNeHTHOCTH,
3. Henb34 onpeaennTb.

16. B I'IpI/l6J'II/1)KeHI/IVI VI3OJ'IVIpOBaHHOIZ MONeKyJibl Kak MOXHO onpenenntb HanpaslieHune
SJ'IeKTpOd)MJ'IbHOVI aTakn B MONeKyne C cConpAXeHHbIMU T-CBA3AMMU
1. B TO Nonoxexwue, rae Hanbonbllee 3HayYeHne 3J'IeKTpOHHOI7I NNOTHOCTMU,
2. B TO NONOXeHWe, rae HanMeHbllee 3HadYeHne SJ'IeKTDOHHOIZ NNOTHOCTHU,
3. Henb34 onpegennTb

17. B npnbnmxeHMn vM30nMpoBaHHOM MOSEKYMbl KaK MOXHO onpenenutb HanpasneHue
HYKNeOoMUIbHON aTakn B MOSIEKYE C CONPSPKEHHBIMU TT-CBA3AMMN :
1. B TO NONoXeHune, rae Hambornbllee 3Ha4YeHne ANEKTPOHHOW MNOTHOCTY,
2. B TO MONIOXeHWe, rae HanMeHbLULee 3Ha4YeHNE SNEKTPOHHOM MNOTHOCTY,
3. HenNb3s onpeaennuTb
18. Yem oTnmyaloTcss NPOCTPAHCTBEHHbIE TPYNMbl CUMMETPUN KPUCTANIOB OT TOYEYHbIX
rpynn CUMMETPUM MOSIEKYT:
1. HaNU4Mem onepauun TPAHCALUNM;
2. OTCYTCTBMEM ONepaumm TpaHCnAuuK;
3. HM4YeM He oTnn4yatoTcs

19. YcrtaHoBWUTE aNEeMEHTbl CUMMETPUM, XapakTepHble ans monekynol POCIs (
TpeyrosfbHas nupamuga) v onpeaenuTe TOYEeYHYH rpynny CUMMETPUK:
(‘)‘
Cl ‘ Cl
Cl

1. Cs(E,Cs 30y

2. Cux(E, Cz 20y

3. Dan (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.

Knouwm 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:

