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Llenibro oceoeHus y4ebHoU OucyuniuHbl A6819€emcsi: U3ydeHne CoOBpeMEHHbIX NpeacTaBneHni o
CTPOEHUN BelecTBa Ha cybaTOMHOM, aTOMHOM, MOJSEKYNISPHOM YPOBHSX, @ Takke Ha ypOBHe
MaKkpocKkonuyeckmx Ten (nonMmepsbl, Kpuctansbl).

3adayu yuyebHoU OucyuUnuUHbI:

- O3HaKoOMJIeHue C COBPEMEHHOM TOYKOM 3peHusi O BO3HMKHOBEHMU BceneHHom,
BellecTBa Bo BceneHHom;

- paccMOTpeHue pasnnyHbIX YPOBHEN OpraHM3auum MmaTepumn — OT AfieMeHTapHbIX YacTuL
00 MaKpOCKOMNYECKUX TETT;

- MNPUIIOXEHME 3aKOHOB KBAHTOBOW MEXAHWKM K MOJSIeKynspHbIM cucTeMam pasfnyHOMn
CTEMEHN CMNOXHOCTU, NPUODPEeTEHNE HaBLIKOB WHTEpPnpeTauun BbIBOJOB KBAHTOBO-
MEXaHN4YEeCKOro pPacCMOTPEHUS XUMWUYECKMX OOBLEKTOB; 3HAKOMCTBO C KBaHTOBO-
MEeXaHN4YeCKon TEeOpUEN XMMMUYECKOrO CTPOEHUSI U KBAHTOBbLIMW aHaroramuv MNOHATUN
KNacCu4eckon TEeOpUN XUMUYECKOTO CTPOEHUS: XMMUYEcKasi CBSA3b, BaleHTHOCTb,
KpPaTHOCTb CBS3M 1 Op.;

- n3yyeHue dpyHOaMeHTanbHbIX NOMOXEHUN YYEHUA O CUMMETPUN MOSEKYTT;

- pacKpblTUe CBA3EN Mexay 3MEKTPOHHbIM CTPOEHUMEM XUMUYECKUX COEeOMHEHUNA U UX
hU3n4eCcKUMmn CBOMNCTBaMMU;

- pacKpbITUE CBSA3EN MeXAy 3MEKTPOHHbIM CTPOEHUMEM XUMUYECKUX COEAMHEHUA U UX
peakunoHHON CNOCOBHOCTLIO.

10. MecTo y4yebHOM AncuunnuHbl B cTpyKType OOI: oGssatenbHas yacTb. briok b1
[ns oCBOeHMs 39TOM YacTu uuKna CTygeHT [AofmkeH  umMeTb 6asoBble  3HaHUA
dyHOaMeHTanbHbIX pasgenoB  Uanknm u  xumun, (nNpexage Bcero  ¢ou3nyeckon,
HeopraHM4eckom, OpraHN4YeCcKowm, XMMUU, KBAHTOBOM MEXAHWUKM N KBAHTOBOW XMMWUW);
YMETb MNPUMEHATb OCHOBHbIE 3aKOHbl XUMUW, U3NKK, KBAHTOBOW MEXaHWKU MNpwu
00CyXOEeHMM  MOMyYEeHHbIX pe3ynbTatoB, B TOM 4Yucne C  NpUBMEYEHMEM
MHOPMAaLUMNOHHbIX 6a3 faHHbIX.

11. MnaHunpyemblie pe3ynbTaTbl OOy4YeHUs MO AucuunnuHe/moaynio (3HaHuUSA,
YMEHUA, HaBblKM), COOTHECEHHble C NNaHMpPYyeMbIMU pe3ynbTaTaMu OCBOEHMUS
obGpasoBaTenbHOW nporpaMmmbl  (KOMNETEHUMAMUM) UM UMHAMKATOpaMuM  UX
AOCTUXKEHUS:

Kog HasBaHune Kog(bl) UHankaTop(bl) MnaHnpyemble pesynbTaThl
KOMMNETEHLMN 0b6y4eHuns
Or1K- | CnocobeH OrlK-3.1 | MNpumensieT 3HaTb OCHOBHblE TeOpeTU4eckne u
3 NPUMEHSTb TeopeTnyeckme n nonyamnmpuyeckmne mMoZaenu,
pacueTHo- nonyamMnupuyeckne | onucbiaroLme 3EeKTPOHHOE
TEopETUYECKME MoZenu npu CTPOEHMe MOmeKyn 1 MpUMEHsATL
pelleHun 3agad npm OLieHKe peaKLMOHHOM
METOAL! AN . XUMUYECKOM CNocoBOHOCTM BELLECTB.
n3y4eHusi CBoMCTB HanpaBrneHHOCTY; YMeTb MCrnonb3oBaTb CTaHAapTHOE
BELLECTB U nporpammHoe obecrnedeHne ans
MPOLIECCOB C UX peLueHus KBaHTOBO-XMMUYECKMX
y4acTuem ¢ 3a0a4 W OuUEHKe peakuMOHHOW
UCTIONb30BAHNEM CMOCOBHOCTN MOMEKY
COBPEMEHHOM OlK-3.2 | Ucnonbayet
BbIYNCITUTENBHOM CTaHAapTHOE
nporpammHoe
TEXHUKU

obecrneyeHne npu
pelleHnn 3agad
XUMUNYECKOMN
HanpaBIIEHHOCTU
TPaAULMOHHBIX U
HOBbIX pa3aenoB




XUMUK
OrlK- | CnocobeH OrlK-4.1 | UcnonbayeT 3HaTb  OCHOBHblE  MOJIOXEHUS
4 nnaHnpoBsaTb Da30Bble 3HaHUS B MaTemaTnyeckomn Teopun rpynn,
paboTbl o6nacTu OCHOBHbIX  3aKOHOB  KBaHTOBOW
XUMUYECKON MATEMATUKM U MeXaHMKN, YMETb MX WUCMONb30BaTb
ans acyeTa 3NEKTPOHHOro
HanpaeneHHOCT!, UMK My p p
obpabatbiBatb 1 CTPOEHMST  MONEKYNAPHBIX CUCTEM
MHTEprpEeTUpOBaTL nnaxHuposaHuu pasnNYHON COXHOCTM.
NOMyYeHHbIe paboT xumnyecko | BnageTb OCHOBHLIMW  HaBbIKaMu
pesynbTaThl c HarnpaBneHHOCTH WHTepnpeTaummn BbIBOJOB
VICTIONb30BAHNEM KBAaHTOBO-MeXaHWU4YeCKoro
TEOPETUMECKIX OonucaHns CTPOEHUS XMMUYECKUX
SHAHMIA " CUCTEM, PacKpbITUS CBA3EN Mexay
MpAKTIMECKHIX OMK-4.2 | OBpabaTbizaeT X 3NMEKTPOHHbLIM 6CTpoeHI/IeM "
€aKLUMOHHOM CNoCOBHOCTLIO.
HaBbIKOB  peLleHust AaHHbIe c | Peaky
NCNosib30BaHUEM
Marematieckux  u CTAaHAAPTHbIX YMeTb hopMynupoBaTh BbIBOAbI
puanqeckix sanad CNocoGoR no pesynbTaTam aHanusa
annpoKcMaLMm nuTepaTypHbIX AaHHbIX 7
UUCTIEHHBIX COBCTBEHHbIX pacyeTHo-
XapaKTepucTyK TEOpPEeTUYEeCKUX pe3ynbTaToB B
packpbITUs cBA3en Mexay
OMNK-4.3 | VinTepnpeTupyeT 3NEKTPOHHbIM CTPOEHMEM
pesynbTaThl uccrieayemblx  CUCTEM UM UX
XUMUYECKUX pPeaKUMOHHOM CMOCOBHOCTLIO.
HabnogeHnn c
NCNosib30BaHNEM
P M3NYECKMX
3aKOHOB "
npeacraBneHumn
12. O0bem gucumnnmHbl B 3a4eTHbIX eanHMUax/yac. — 3/108
Popma NpoOMeXYyTOHHOM aTTecTalumn dK3aMeH.
13. TpyRoeMKOCTb No Buaam y4e6Homn paboTbl
TpyaoeMKkocTb (Yachbl)
. B Tom No cemectpam
Bug y4ebHon paboThl B uncne B
cero UHTEpakT1B 6 X X
How chopme
AyauTopHbIE 3aHATUSA 72 72
B TOM 4YuUCIIE: nekymm 36 36
npakTu4eckme - -
naboparopHble 36 36
CamocTosTenbHas paborta 36 36
dopma NpomMEXyTOYHON artTecTaumu
3a4yeT C oLEeHKoN
NTOIro 108 108
13.1 CopepxaHue AUCLMUNIIMUHbDI:
n/n Peanunsauyusa
asgena
HanmeHoBaHune ,D,VI(E)LLI/II"EI"J'IVIHbI c
pasgena CopepxaHue pasgena AUCUMNIMHbI FOMOLLbIO
OVCLUMMITIHBI o
OHNaMH-Kypca,
QYMK




1. Nlekuun

1.1

BeeneHune. YpoBHU
opraHusaLmm
mMaTtepuun.

CogepxaHne MNOHATUA «CTPOEHWE BeLLecTBa» U
«CTpYKTypa BellecTBa». PasnuuyHble acnekTbl
TEepMUHA «CTPOEHWE MOSMEKYN»: TOMOMNOrnMYeckui,
reomeTpu4eckui, ANEKTPOHHLIN " ap.
YnopsgodeHHble U HeynopsifoYeHHble CTPYKTYpbI
KOHAEHCMpPOBaHHbIX ha3. Obwmin o630p MeTooB
AKCNEPUMEHTANbHOIO N TEOPETUYECKOro U3yYeHUs
CTpoeHusa BeuwlectB. Popmbl  CyLLEeCTBOBaHUS
MaTepum Ha pasHblX YPOBHAX OpraHuM3aLumu.
3OnemeHTapHble YacTuubl. MpuHLUMNbI
knaccucduvkauun.  dPyHgameHTanbHble  CUnbl B
npupoge. Beuwectso Bo BceneHHon, ero suabl.
OBontouua BewecTsa Bo BceneHHoW. Xumunyeckoe
BELLECTBO.

https://edu.vsu.ru/
course/view.php?i
d=2217

1.2

OcHoBbI
Krnaccuieckom
Teopun
XUMNYECKOro
CTpOEHUs

OCHOBHLIE  MOMNOXEHUA  KIacCU4eckon Teopuun
XUMUYECKoro cTpoeHusi. MonekynsipHble Mogenu
pasHOro  YypoBHA B  COBpPEMEHHOMW  Teopuu
XUMUYECKoro cTpoeHus. CTpykTypHas dopmyna u
rpad Monekynol. BenuuuHbl, onpegensiowme
reomeTpUYecKyto KOHMrypawmio MOIeKynbl:
BaneHTHbIE YIMbl, MEXbALAEPHbIE PACCTOAHUS, YITbl
BHYTpEHHEro BpaweHusd. ®deHoMeHonornyeckas
MoAenb Monekynbl. BaneHTHble M HeBaneHTHble
B3aMMOAEeNCcTBUS. Xnumnyeckoe CTpO€EHNe.
Knaccuyeckasn Teopusi BaneHTHOCTH

https://edu.vsu.ru/
course/view.php?i
d=2217

1.3

KsaHTOBO-
MexaHuyeckas
NHTEpnpeTaums
OCHOBHbIX
npeacraBneHnmn
Teopum
XMMUYECKOro
CTPOEHUS MOJIEKyI

KBaHTOBas Teopua XNMUNYEeCKOro CTPOEHUA.
BO3MOXHOCTN KBaHTOBO-MEXaHWYECKOro annaparta
B UCCNeaoBaHUWM  MOJSEKYNSPHOM  CTPYKTYpbI.
MonekynspHoe ypaBHEeHue LWpeaunHrepa.
OneKkTpoHHbIe, KonebaTenbHble M BpallaTenbHble
COCTOSIHUS. Aanabartnyeckoe npubnmkeHne.
MoTeHunanbHble  QYHKUUMM  MOMEKyn U ee
cocTaBnsiloLmne. JHeprns guccoumaumm Morekyrl.
OHeprua cBa3n. KBaHTOBbIM aHanor XuMuMYecKom
cBasn. O6ocHoBaHME  BareHTHOro  WTpuXxa.
KpatHocTb cBssn. [lopsigok cBaA3n. Teopema
lenbmaHa — ®deHMaHa W KPUTEPUIA MPOYHOCTU
cBA3n.  BO3MOXHOCTb  KBaHTOBO-MeXaHU4ecKowm
OLEHKM  MNOMSIPHOCTW,  AWUMOMNbHLIX ~ MOMEHTOB,
CUINOBbIX  MOCTOSIHHbIX ~ MOSEKYN,  MarHUTHbIX
CBOWCTB W ap.

https://edu.vsu.ru/
course/view.php?i
d=2217

1.4

YyeHne o

CUMMETpUn
MOTeKyn

OnemeHTbl WM onepauuM CUMMETPUU  SOEPHOM
KOoHdUrypaumm Monekynbl. To4veyHble rpynnbi
cummeTpun Monekyn. Krnaccudukauna TouyeudHbIX
rpynn. [lpeactaenenne rpynnbl.  PasnoxeHue
NPVBOAMNMBIX NPEACTABEHNA HA HENMPUBOAUMBIE. .
XapakTep npencraeneHus. Tabnuvubl XxapakTepoB
ToyeuHblX rpynn. Knaccudukaums  KBaHTOBbIX
COCTOSIHWN MOIneKyn no CYMMETPUN.
lMpeobpa3oBaHnst CMMMETPUM FAMWUMBTOHMAHA U
Knaccudpuvkauus YpOBHEW SHEPrMM  KBAHTOBbIX
cuctem. CnmmeTpusa u BbipoxaeHue. CummeTpus
©asuncHbIX opbuTtanen

YnpouleHne BEKOBbIX YpaBHEHU METOAOM Teopun
rpynn. pynnoBble opbutanu monekyn. [Mpasuna
NOCTPOEHNS MOJTEKYNSAPHBIX opbuTtanen,
YOO0BMNETBOPSAOLLMX TPEOOBAHUAM CUMMETPUMN.

https://edu.vsu.ru/
course/view.php?i
d=2217

15

OneKTpoHHoe
CTpOEHMWe
HEKOTOPbIX
MOJeKyn

OcHoBHOE 1 BO3bOYXOEHHbIE COCTOSIHUS MOMEKyIbI
Bogopoda. CasAsbiBawwne U paspbixnswoline
opbutanu. CvHmMeTHblIe U TPUNIETHbIE COCTOSTHUSI.
ONEeKTPOHHOE CTPOEHME [ABYXaTOMHbIX MOJEKyT,
obpasoBaHHbIX atomamu 1 wn 11 nepuogos.

https://edu.vsu.ru/
courselview.php?i
d=2217




Knaccudwmkaumss  opbutanem no  CUMMMETPUN.
KoppensiumoHHele  guarpammbl MO ans
OBYyXaTOMHbIX MOreKyn. PacnpeneneHue
ANEKTPOHHON NAOTHOCTU B OBYyXaTOMHbIX
Moriekynax, o6bpa3oBaHHbIX aTtomMamu BTOPOro
nepuvoga. [lonapHOCTb XMMUYECKON CBA3M U ee

XapaKTEPUCTUKN.
KoHuenuusi rubpuaousauum B MeTofax BaneHTHbIX
cBa3el " MOIEKYNAPHbIX opbuTanen.
[enokannsoBaHHble (kaHOHM4YeCKKe) "
nokanusoBaHHble opbuTanu. O6ocHoBaHue
BareHTHOro Lwrpuxa.

KoopanHaumoHHble coeaVHEHMS. Teopus

Kpuctannuyeckoro nons. AHanus pacwenneHuns d-
YpOBHEN B  NONAX  Pas3fnMYHOA  CUMMETPUMN.
MapameTpbl pacwenneHns. CunbHoe u cnaboe
none nuraHaoB. AHanu3 3NEKTPOHHbIX CMEKTPOB U
MarHuUTHbIX  CBOWCTB Ha  OCHOBe  Teopuu
Kpuctannuyeckoro nong. Teopus nons nuraHaos.
lpynnoBble opbuTann. KeBaHTOBO-MexaHW4eckas
TPaKTOBKa XMMUYECKOWN CBA3M B KOMMNSIEKCAX.
ConpsikeHHble T-3N1EKTPOHHbIE CUCTEMBI.
BbyTtagueH. BeHson. HebeH3ounaHble
apomatuyeckme coeguHeHus. [pasuna 4n un 4n+2.
CoBpeMeHHble npefcraBneHna 06 apoMaTUYHOCTH.
AHTMapOMaTUYHOCTb. AnbTepHaHTHbIE
yrneeoaopoapl.

CoxpaHeHune KauecTBeHHas Teopus peakumoHHOM cnocobHocTu | https://edu.vsu.ru/
opbuTanbHom OpraH1Yecknx CoeAuHeHUN. MHOEKCbl peakUMoHHOW | course/view.php?i
CcUMMETPUN B | CNOCOBHOCTU: MHAEKCHbI CBOBOAHON BaNieHTHOCTW, | (=2217
XUMUYECKNX 3apsabl Ha atomax, uHaekcbl ®Dykywn, 3IHeprum
peakLmax KaTMOHHOW U aHNOHHOW JenoKanuaauuu.
KBaHTOBO XMMuyeckoe onucaHve 3fnemMeHTapHOro
aKkta Xumudeckux peakuun. [yTb peakuum u
KoopauHaTta peakuun Ha noTeHumnanbHom
1.6 NMOBEPXHOCTMW. lMepexogHoe COCTOSIHME.
CvMmeTpusa peareHToB, NepexogHOro COCTOAHMSA U
npoayktoB  peakumn. KayecTBeHHbI  aHanus
BO3MOXHbIX MEXaHM3MOB XMMMUYECKMX peakuuin Ha
OCHOBe  0OOwen  CTPyKTypbl  MOTEHLMaINbHOWN
NMOBEPXHOCTMW. KoppensumoHHble npasuna
Byasopoa - XodmaHa npu aHanuse BO3MOXHbIX
MEXaHM3MOB  XMMMYECKMX  peakumn. Teopwusa
rpaHnYHbIX opbuTtanen Pykyu.
2. llabopaTopHble 3aHATUSA
KBaHTOBO- OneKkTpoHHOEe BOMHOBOE ypaBHeHWe. OnekTpoHHas | https://edu.vsu.ru/
MexaHun4yeckas NrnoTHOCTb U ee WU3MeHeHue npu nepexoage OT Course/view‘php?i
WHTepnpeTauns pasgeneHHbIX aTOMOB K MOSIEKyIe.. d=2217
23 OCHOBHBbIX Onepatop [lamwunbToHa AN aTOMHbIX W
' npencraBneHnmn MOMEKYNsApHbIX cucTeM. ocTpoeHne 3nekTpoHHON
Teopumn BOMHOBOW (PyHKUMW B BUAe onpenenurens. Pacyet
XUMUYECKOTO MOJIEKYNSPHOIO MOHa Bogopoga no metogy MO
cTpoeHus monekyn | JIKAO.
Y4yeHune o0 | CummeTpusa mMornekyn. 3nemeHTbl K onepaumm | https://edu.vsu.ru/
CUMMETPUN cuMmmeTpun. TovedHble rpynnbl CUMMETPUM | course/view.php?i
MOJIEKYI MOIEKyI. d=2217
HenpvBogumble NnpeacTaBneHns Ha npuMmepe rpynn
2.4 Cavm [s. Xapaktepbl npeacTaBneHun. PasnoxeHve

npunBoaAMMOro npeacrtasiieHnd Ha HenpuBoanMbIeE.
Mcnonb3oBaHue Tabnuy XapakrepoB anda
NOCTPOEHNA CUMMETPU3OBAHHbIX op6|/|Tanel7|
VMcnonb3oBaHne Tabnuy XapakKTepoB AJid peweHnd




Opyrvx 3agad (gns otbopa opbutanen, nMeroLnx
HeHyrneBoe MepekpbiBHWE, ANA BbiBO4A NpaBun
otbopa nOns cnekTparnbHbIX MepexogoB, AN
pacyeTa TepMa MONEKyIbl).

OneKTpoHHOoEe MO pgByxaTOMHbIX TFOMO- W reTeposigepHbix | https://edu.vsu.ru/
CTpo€Hne MoJiekyn course/view.php?i
HEKOTOPbIX OIEKTPOHHOE CTPOEHME HEKOTOPbLIX MHOTOATOMHbIX | (=2217
Monekyn Morekyn: cxembl obpasoBaHust MO, 3mneKTpOHHbIE

KOHGoMrypawmu MOMeKyn. WHTepnpeTaums

CTPOEHMSA MOSEKY.
WHTepnpeTtauus reoMeTpun4ecKoro CTpOeHus
Morekyn Ha ocHose mogenu O3IBO, Teopun MO
2.5 JIKAO, koHuenuuu  rvbpuamsaumm  aTOMHbIX
opbutanen

ONEeKTPOHHOE CTPOEHME KOMIMIIEKCOB MNepexonHbIX
MeTannoB C HeopraHWYeCKUMU U OpraHUyYecKUMU
nvraHgamu.

OneKTpoHHoe CTpoeHune CONPSXXEeHHbIX "
apomatumyeckux cuctem. [lpumepbl pacyeToB Mo
mMeTody Xiokkend. 3apsagbl Ha aTtomax, Mnopsakv
cBsaAgen. [paHuyHbIe opbutanm.

CoxpaHeHwne KoppensaunoHHble guarpammbl U KoppensaumoHHble | https://edu.vsu.ru/

0p6|/|TaJ'IbHOI7I npasuna npu Ka4yeCTBEHHOM onuncaHnn Course/\/iew_php?i
2.6 | cummeTpun B | MEXaHN3MOB  XWMWYECKMX  peakuun (npasuna | 4=2217

XUMUYECKNX Byasopaa-XodmaHa O coxpaHeHun opbutanbHou

peakumax CYMMETPUN, TEOPUS rPaHUYHLIX opbuTtanen Pykym)

13.2 Pa3gensl gucumnnuHbl  BUAbI 3aHATUMN:

Bugbl 3aHsaTMI (4acoB)
Ne HanmeHoBaHue pasgena S
n/n OVCUMNITUHBI Jlekuymm | MpakTtnyeckune | JlabopaTopHbie ,amo;;%;;eaanaﬂ Bcero
1 BeeneHue. YpoBHU 2 0 6 8
opraHusaumm MaTepuu.
OcHoBbl Knaccmyeckom
2. | Teopun XMMWNYECKOrO 2 0 10 12
CTpPOEHMS
KBaHTOBO-MexaHu4eckas
WHTepnpeTaumss  OCHOBHbIX
3. | npencraeneHun Teopum 8 6 12 26
XUMUYECKOro CTpOeHMs
MOJIEKYN
4. YyeHune o] CcUMMeETPUN 8 10 16 34
MOJIEKYN
5 OneKTpoHHoe CTpOEHUne 12 12 16 40
HEKOTOPbIX MOMNEKy
CoxpaHeHune opbuTanbHom
6. | cuMMeTpUn B  XMMWUYECKUX 4 8 12 24
peakumsx
VToro 36 36 36 108

14. MeTogn4yeckue ykasaHusa Ans ooyyarowmxcsa no 0CBOEHUIO AUCLUMIIUHDbI
CoctaBrneHne KoHcnektoB. CamocTodATenbHoe Wu3yyYyeHwe OTAenbHbiX Tem. BbinonHeHue
AoMalHuX 3agaHun. NogrotoBka kK nabopaTopHbiM 3aHATMAM. [oarotoBka K TEKyLIEn u
NPOMEXYTOYHOW aTTecTauumu.

Mpwn peanusaumm ANCUNNIVHDI c NCNonb30BaHNEM ANCTaHLMOHHbIX
obpa3soBaTtenbHbIX TEXHOMNOTNM NCNonb3yTCH WHCTPYMEHTbI 3MNEKTPOHHOM
MHpopMaumoHHo-06pa3oBatenbHon  cpeabl  BIY  «OnekTpoHHbIn  yHuBepcuTteT BlY»
(https://edu.vsu.ru) o “MOOK BIry” (https://mooc.vsu.ru), cepBUchI

BuaeokoHdepeHuun (BigBlueButton, Zoom, Discord v gp.), 93nNeKkTpoHHast mMou4Ta,
MeCCeHaXXepbl U COLICETH.



https://info.vsu.ru/SRedirect/C0A90F88/edu.vsu.ru
https://info.vsu.ru/SRedirect/C0A90F88/mooc.vsu.ru

15. NepeyeHb OCHOBHOM U AONONTHUTENBHON NUTEPATYpPbl, PECYPCOB UHTEPHET,
HeobXoaUMbIX AN OCBOEHUA OUCLMUNIINHBI
a) OCHOBHas nuTepaTtypa:

Ne n/n NcTo4uHuk
1 CrtenaHoB H.®. KBaHTOBasi MmexaHuka u kBaHToBast xumus. Yactb 1. / H.®. CtenaHoB. —
) M.: NapgatenbctBo KOpanT, 2018. — 233 c.
> CrtenaHoB H.®. KBaHTOBasi MexaHuka u kBaHToBast xumus. Yactb 2. / H.®. CtenaHoB. —
M.: NagatenbctBo KOpanT, 2018. — 283 c.
3 EpmakoB A.N. KBaHToBasi MexaHuka un ksaHToBas xumusa / A..Epmakos - M. :

M3patenbctBo KOpanT, 2010. - 555 c.

0) gononHWTenbHas nuTeparypa:

Ne ri/n

UNecmoyHuk

4.

Mpnbos J1.A. dnemMeHTbl KBAHTOBOW TEOPUN CTPOEHUSA U CBONCTB Moneky:n / JLA.
'pnbos .— HJonronpygHein : Mutennekt, 2010 .— 310 c.

Ctpombepr A.l'. dusnyeckas xumms: y4eb ans sysos / A.I'. Ctpombepr, O.11.

4 CemuyeHko - M. : Bbicw. wk., 2009. - 526 c.
5 MuHknH B.N. Teopusa ctpoeHusa monekyn /B..MuHkuH, 5.A. Cumkun, P.M. MunHses. —
) PoctoB-H/[]: ®eHunkc, 1997. — 560 c.
6 CumkunH B.4. 3agaum no teopum ctpoerus monekyn / 6.4A. Cumkun, M.E. Kneukui,
) M.H. MyxoBueB. — PocTos-H/[; PeHunke, 1997. — 272 c.
7 Nopbayes B.B. KoHuenuun coBpemeHHOro ectectsosHaHms / B.B. Nopbayes. — M.:
' Onuke 21 Bek: Mup 1 obpasosaHnue, 2003. — 590 c.
KpacHos K.C. Monekynbl n xummnyeckas cesasb / K.C. KpacHos. — M.: Beicw. k., 1984 —
280 c.
9. TateBckuin B.M. CtpoeHnune monekyn / B.M. Tatesckuii. . — M.: Xumusa, 1977. — 511 c.
10 Manynos KO.I'. Ctpoenue monekyn / KO.I". Manynos. — Teepb: MN3g-8o Teep. oc. YH-Ta,
' 1995. — 199 c.
12 Bepcykep WN.b. OnekTpoHHOE CTPOEHUE N CBONCTBA KOOPAVHALMOHHBLIX COEOUHEHNN /
) WN.B. Bepcykep. — J1.: Xummns, 1986. — 286 c.
15 MNenTtuH KO.A. Punsmndyeckmne metoabl uccnegosanus B xumum / KO.A.lMNeHTuH, J1.B.
) Bunkos. — M.: Mup, ACT, 2003. — 683 c.
18 Koponbkos [1.B. OcHoBbl TeopeTuyeckon xmmum : YuebHoe nocobue / [1.B. Koponbkos,
) I".A. CkopoboratoB .— M. : Academia, 2004 .— 346 c.
19 BepgetT k. Xnmuyeckas ceasb./ k. bepaetT. — M.: Mup: BUUHOM. JlaGopaTopus

3HaHumn, 2008. — 245 c.

B) MHOPMALMOHHbIE 3NTEKTPOHHO-00pa3oBaTENbHbIE PECYPCHI:

Ne n/n McTouHKK

20. 3oHanbHas Hay4yHas bubnmnorteka www.lib.vsu.ru

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

22. MHTepHeT-pecypchl - bubnmoteka http://www.twirpx.com

23. [MopTan Hay4YHO-TexHN4Yeckon nHdopmaummn b Hedbtb n Mas 2007www.nglib.ru
24, NHTepHeT nopTtan obpasoBaTtenbHbIX pecypcos http://window.edu.ru

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

16. lMepeyeHb y4yeOHO-MeTOAMYECKOrO obecnevyeHuss ANA CaMOCTOATENIbHOM

pa60Tb| (y4ebHo-memoduyeckue pekomeHOayuu, rnocobus, 3adaqyHuKU, MemoOuYyecKue yKasaHus ro
8bIMOTHEHUIO MPaKMU4YecKUxX (KOHMPOosbHbIX) pabom u 0p.)

Ne n/n

McTouHmK

1

OkcnepMeHTarnbHble OCHOBbLI KBAHTOBOW MeXaHukK : y4eb. nocobme. CneumansHocTb 020101
(011000) - Xvmus / B.KO. KongpawuH [u gp.] .— Boponex : J1IOI BI'Y, 2005 .— 50 c.



http://www.lib.vsu.ru/
http://www.chemweb.com/
http://www.twirpx.com/
http://www.nglib.ru/
http://window.edu.ru/

17. Obpa3oBaTernbHble TEXHOJIOMUU, UCNONb3yeMble ANns peanu3ayum yyedbHomn
ANCLUNIUHBI, BKIOYaaA AUCTaHLMOHHbIe oOpa3oBaTesibHble TEXHOSOMUN:

Mpn peanusauumn y4ebHOM OUCUUNAMHBI UCMONb3YIOTCA 3NEMEHTbl 3NEKTPOHHOIo
obyyeHns K1 pasnuyHble  OUCTaHUMOHHble  obpasoBaTesibHble  TEXHOSOrMu,
nossonswwme obecrnevnBaTtb OMOCPeLOBaHHOE B3aMMOAEWCTBME (Ha PacCTOSHUM)
npenogasatenen 1 obyyawwmxcs,  BKMOYaAA  UHCTPYMEHTbl  3NEKTPOHHON
MHgOpMaUnoHHO-00pasoBatensHon cpeabl BIY «3OnekTpoHHbIM yHuBepcuteT BlY»
(https://edu.vsu.ru) n/nnun “MOOK BI'Y” (https://mooc.vsu.ru), nposegeHme sBebuHapos,
BMOeokoHdepeHUnn (B TOM 4ucre crnpumeHeHvem cepsucoB Zoom, Discord v gp.),
B3auMOENCTBME B COLCETHX, NOCPEACTBOM 3FIEKTPOHHOWN NOYThI, MECCEHKEPOB.

18. MaTepuanbHoO-TeXHU4YeCKoe obecneyeHme AUCUUNSIUHbI:

YuyebHMKM, y4ebHble nocobus, 3a4a4HUKK, MynbTU-Meana TEXHMKA.
19. OueHOuYHble cpeacTBa ANs NPOBeAEHUSA TeKylen U  MPOMEXYTOUYHOMN
aTTecTauumu

MopAOoK OLeHKN 0CBOEHMS oBy4Yatowmmmcs y4ebHoro matepuana
onpeaensieTcs coaepXXaHuem crneayrLmnx pasaenos AUCLUUNIHGI

HanmeHoBaHne WHankaTop(bl
mgn pasgena gucumninHbI K?_ml;?;)eH .D.O%TWWG'E'S'F') OueHouHele CpepcTBa
(mogyns) KOMNeTeHUnn
BeeneHue. YpoBHU
1. OPraHM3ALIN MATEpAN, OrnnK-3 OnK-4.1 MpakTnueckoe 3agaHune
OcHoBbI  KrTaccnyeckon
2. | Teopum  XmmMmuyeckoro OrK-3 82&2; MpakTuyeckoe 3agaHue
CTPOEHus )
KBaHTOBO-
MexaHu4eckas
NHTEpnpeTauus OrliK-4 Or1K-4.2
3. | OCHOBHbIX Orl1K-3 OrlK-3.1 KoHTponbHasa paboTta
npeacTaBneHnn Teopum
XUMUYECKOTO CTPOEHMUS
MOJIEKYN
4, YueHue o cumMMeTpuy OrliK-4 OrlK-1.1-4-3 MpakTnyeckoe 3agaHune
MOJIEKYN
5 OneKTpoHHOE CTpoeHue OrliK-4 OrK-4.1-4.2 KoHTporbHasi paGoTa
" | HEKOTOPbIX MOMEKYI OrlK-3 OllK-3.1
CoxpaHeHune
6. opBuTankHoii OrlK-4 OriK-4.2 MpakTnyeckoe 3agaHve
cMMMeTpun B
XUMUYECKMX peakLmsax
[MpomexyToyHasa aTTecTaums MepeyeHb BoNpocoB
dopma KOHTPOIS - aK3aMeH MpakTnyeckoe 3agaHue

Mpwn peanusauMn OUCUUNMUHBI C NPUMEHEHUEM OUCTaHLMOHHBIX OGpasoBaTenbHbIX
TEXHONMOMMIA OLieHKa 3a 3a4yeT/ak3aMeH MOXeT ObiTb BbiCTaBrneHa Mo pesynbratam
TeKyLlen aTTectauumn oby4datoLlerocs B ceMecTpe.

20 TunoBble OLEHOYHbIE cpeaAcTBa UM MeToAMYECKMe MaTepuanbl, onpegensiowue
npoueaypbl OLleHUBaHUA

20.1 TeKywMi KOHTPONb YyCNeBaeMoCTH


https://info.vsu.ru/SRedirect/C0A90F88/edu.vsu.ru
https://info.vsu.ru/SRedirect/C0A90F88/mooc.vsu.ru

KoHTponb ycneBaeMoCTu no gucuuvniimHe ocyuwectBisieTcA C NOMOLWbHO cleayrowmnx
OLEeHOYHbIX CpeaAcTB:

20.11
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10.

11.

12.

13.

14.

15

20

21.

22.

23.

24.

25.

26.

27.

MepeyeHb NpakTUYECKUX 3adaHUN

KakoB thmsnyeckmin cMmbICr kKBagpaTa BONHOBOW (PYHKLUNN?

[ante onpegeneHne aToMHON N MONEKyNsSpHOM opbutanu.

MpeanoxuTe anroput™m nccrnefoBaHnst aTOMHOM opbuTanu.

Wcnonb3ys npaeuno XyHaa, Hangute Hambonee yCToN4MBbIN TEpM aToMa.

B 3apaye 06 H2+ curypupyeT BaHOe ONfsi CTPOEHWA MONEKyn MOHATUE WMHTerpana
nepekpbiBaHus. KakoB ero reomeTpu4eckmnii cmblicn?

KakoB cpmamyecknii CMbICn KyNOHOBCKOTO 1 0OMEHHOro MHTerpanoB?

Kakne MO HasblBaloT CBA3bIBAOLWUMU, Pa3pbIXAFOLLMMN U HECBA3bIBAOLLMMU.
Monekyna H2+ copepXuT oguH 3nekTpoH, monekyna H2 - gsa. MoxHo nu ans
noctpoeHms MO B TOM 1 gpyrom criydyae ucnosnb3oBaTb OAUH U TOT Xe 6a3unc?

Kakas MO HasblBaeTcs CUMMMETPUYHOW, a a Kakas - aHTucummeTpudHon. Kakoe
CBOWCTBO opbuTanen NexuT B OCHOBE Takon Knaccudmkaunm?

MO monekynbl Bogopoga knaccudpupytotea Ha o u ™ MO. Kakoe CBONCTBO MOMOXEHO B
OCHOBY TakoW knaccmudmkaunm?

Onunpascb Ha 3NEKTPOHHYH KOHUIypaL Mo ABYXaTOMHOW MOIEKYSbl CPaBHUTE 3HEPTUN
auccoupnanmm MOosekyrnbl U €€ noHax.

Onnpascb Ha 3NEKTPOHHYI0 KOH(UIypauuio BYXaTOMHOW MOSEKY bl CPABHUTE OSIMHbI
CBSA3M B MOJIEKYSe U €€ NoHax.

Onpegenute MOMEKyNsipHble TEPMbl MOMEKynbl, €CNU W3BECTHa JNfEeKTPOHHas
KOHpurypaums Monekysbl.

Onupascb Ha Teoputo OJ3lBO, npeackaxute paBHOBECHYKD eOMeTPUYECKYHO
KOHoUrypaumio Monekyn.

. CummeTpusi Monekyrn. Teopembl B3auMOAENCTBUS 31IEMEHTOB CUMMETPUM
16.
17.
18.
19.

MeToavka onpegeneHns To4eYHbIX rpynn CUMMETPUN MOSIEKYI

MosicHnTe NpuHUMN o6pasoBaHus rMbpuaHbix opbutanen (FAO)B metoge MO.
MosicHnTe NpuHUMN cocTaeneHus rpynnoBbix opbutanen (FO) B metoge MO.
MosACHMTE NPUHLMN COCTaBMNEHNSI CUMMETPU30BAHHbIX OpbuTanen.

.O6bACHUTE CMbICN TEPMUHOB [eJioKaJin3oBaHHbIE U JIOKalmlM30BaHHbIE MOJIEKYINAPHbIE

opbutanu B metoge MO.

CocTaBbTe BOSHOBblE (PYHKUMM AN MOMEKyn 3aTuneHa u ByTagmeHa B nNpubnmkeHun
MeToAa MOSEeKYNnApHbIX opbutanen Xiokkens.

CocTtaBbTe, He pellas -3NeKTPOHHbIA XIOKKENEBCKUA OEeTEPMUMHAHT ANs MOSeKynbl
OyTtagueHa.

Onupascb Ha npasuna Pykyu,onpegenute HanpaBneHue 3neKTpoUIibHOM aTaku B
MOReKyIe, ecnn n3BecTeH BMA BbICLLEN 3anoriHeHHon MO.

Onupascb Ha npasuna Pykyu,onpegennute HanpaBneHue 3neKTpoUIibHOM ataku B
MOReKyIne, ecnu n3BecTeH Bua Hu3wen csobogHon MO

Monb3ysacb anarpammamu dpocta, 06BbACHUTE, Kakue CTPYKTYPbl NATUYIIEHHOMO KonbLa
CnwHn 6yayT obnagate apoMaTMyeckumMm CBONCTBaAMU?

Onupasicb Ha TeopuIO KPUCTaNIMYECKOro Morisl, CPaBHUTE MarHUTHbIE MOMEHTbI
OKTadgpU4eCKNX KOMMSIEKCOB, €CINN W3BECTHbl 9MEKTPOHHbIE KOHMUrypaumm WOHOB
LeHTpanbHOro atoMa 1 NnpMpoaa nuraHaos.

ChopmynupyinTe KpuTepmM CyLLLECTBOBAHMUS XMMUYECKOM YacTuLbl, KaK €4MHOro Lienoro.

20.1.2. KoHTponbHasa pabota Ne 1
BuneTt Ne1

MonekynsipHaa opbutanb — 3T0: a) obnacTb MPOCTPaHCTBA, B KOTOPOW 3rEKTPOH
nposoguT 6onee 90% BpemeHu; 6) 0o4HOINEKTPOHHAA BOMHOBAA (PyHKLMSA, nonydyaemas
npyu peweHnn ypaBHeHun XapTpu-doka; B) obnacTb MNPOCTPaHCTBA, B KOTOPOM
BEPOSTHOCTb HaXOXAEHUSA 3neKkTpoHa paBHa 95%; r) nonHasa 3NeKTpoHHAs BOSHOBas
YHKUMS MONEKYbI.



o

o1

No

MO monekynsl Bogopoga umerot Bua: Wi=c(e:1 + ¢2), ¥Y=c(p1 - ¢2),. OgHYy U3 HUX
Ha3blBalOT YETHOW, OPYryt - He4YeTHOoW. N306pasnTe ux n obbACHUTE, Kakoe CBONCTBO
opGuTanen nNexT B OCHOBE TaKoM Knaccudukaumm.

Cdhopmynumpyite ocHoBHble ycrosus ansa mHtepdepeHumn AO ¢ obpasoBaHnem MO.
O6pasytotcs nu MO B cnyyae nepekpbiBaHusa cnegytowmx AO: p; n pz ; dxz U S.
MpuBeanTe pUCYHOK, MOsICHAOWMIA oTBeT. HasoBuTe 3TM opbuTanu, wucnonb3ys
OCHOBHbIE NPUHUMNBLI knaccudpukaumm MO.

Hanuwwute, Yemy paBeH nHTerpan nepekpbiBaHus. Pacnonoxute opbutanu B nopsiake
YMEHbLUEHMSI 3HAYEHUA UHTerpana nepekpbiBaHnsa. HasosuTte 3t opbuTtanu, ncnonb3ys
OCHOBHbIE NPUHUMNGLI kKnaccudpumkaumm MO.

. ‘ : <@

CoctaBbTe NpobHy BOMHOBYIO byHKUMo B npubnmxkenun JIKAO gna monekynsl CH,
ncnonb3ys BaneHTHbIN 6asuc.

CocTaBbTe ramunbToHNaH ansa monekynel BeC.

CoctaBbTe cxeMbl MO 1 HanuwnTe 3NeKTPOHHbIE KOHUrypaumm monekynel B, 1 noHos
Bz+ n Bz_.

Onpegenute TepMbl, CpaBHUTE 3HEPrun auccounauum U MarHUTHblIE MOMEHTbI
BblLLIEYKa3aHHbIX 4acTuL,.

CocrtaBbTe cxemy MO ¥ Hanuwwmnte 3NEKTPOHHYIO KOHUrypaumioo u TepM OCHOBHOTMO
COCTOAHNA Monekynbl BH.

10. CcoopmynmnpynTe NPUHLMN U303NEKTPOHHOCTU. MIcnonb3ysi ero, HanMwmnTe 3NeKTPOHHYHO

KOHdoUrypaumio n TepMm MosnekynapHoro noHa BeC.

KoHTponbHasa pa6oTa Ne 2

Bunet Ne1

[na monekynbl Hs BO3MOXHbI reoMeTpuyeckne KoHgurypauum: nuHenHas .n 1 yrnosas
Cav. Onpegenute tvnbl cummeTtpun MO, obpasoBaHHbIX M31S-AO, N COOTBETCTBYIOLLMNX
ypoBHen 3Heprun. Onpegenute 3NEKTPOHHY KOHdurypaumio monekyn. CpasHute
YCTONYMBOCTb U PEAKLMOHHYI0 CMOCOBHOCTL Monekyn. MNpumuTe BO BHUMaHWe, 4To E (Og)
<E (a1)

CocTtaBbte CMO gnst monekynbl AlH;

Hante onpegenexne JIMO, n3noxurte anroputMm Nx Nosy4eHus

CoctaBbTe cxemy MO ana monekynbl rpynnel cummeTpun [sn. [NocnegoBaTenbHOCTb
ypoBHen: 1a'i<2a'i<le'<la",<3a'1<2e'... Hanmwute 3K monekynbl CHs,

Onpegenute MOMEKYNSIPHbIA TEPM MOJSEKYIbl, OTBEYalLWMIA Criegyowen 3NeKTPOHHOM
koHdpurypaumm: rpynna Coy, ai?bi® byt

CoctaBbTe cxemy MO pgna komnnekca rpynnbl cummeTpum [szn. Hanvwwmte 3K ans
KoMnnekcHoro noHa [ Cu(CN)z]*™ [Hgls]

Onupascb Ha TKI1, paccunTtante SCI1J1, oueHNTEe MarHMTHbIE CBOMCTBA W NpeacKkaxute
BO3MOXHbIE WCKaXXeHUsi reoMeTpuyeckon KoHdurypauum ans [Fe(H20)s]**  (On),
[Ni(CN)4]*(Ta)



TekyLias aTTecTaums NPOBOAUTCS B COOTBETCTBMU C NONOXeHMEM O TekyLlen aTTecTaumum
obyyarowmxcs no nporpamMmaM BbicLLero o6pa3oBaHusi BopoHexckoro rocyaapCTBEHHOMO
yHMBepcuTeTa. Tekyllas aTrectauus nposoamutcst B popmax yCTHoro onpoca (bpoHTanbHas
Gecena) M NUCbMEHHbIX PaboT (BbINONMHEHME MPaKTUKO-OPUEHTUPOBAHHbLIX 3ad4aHuin U aBe

KOHTPOJIbHbIE PaboThI).

Kpl/ITepl/Il/I OLEHNBaHNSI KOMMNETEHLNN

YpoBeHb
cchopmMupoBaH
HOCTH
KOMMNEeTEeHLINN

LLikana oueHok

MonHoe cooTBeTCcTBME OTBeTa  ObOydaiwollerocs  BCeEM
nepeyncrieHHblM KputepusaM. [1pooeMOHCTPMPOBaHO 3HaHue
dyHOaMeHTanbHbIX OCHOB CTPOEHWUSI U CUMMETPUM MOSIEKy,
YMEHME WCNOMb30BaTb 3aKOHbl  KBAHTOBOW MEXaHWKM K
OMNCaHWNIO 3NEKTPOHHOTO CTPOEHWUSI MOJNEKYNAPHbIX CUCTEM
PasnUYHON CrOXHOCTW, BnafgeHWe OCHOBHbIMW HaBblkamu
WHTEepnpeTauunu BbIBOJOB KBaHTOBO-MEeXaHU4YeCKoro
onncaHna CTpoeHna XUMUYeCKMxXx CUCTem, packpbITUA
cBs3en mexay nx SJNTEKTPOHHbLIM CTpoeHnem n
hU13N4eCKMMN CBONCTBaMMN, peakuMOHHOMN CNOCOBHOCTLIO.

lNosbiweHHbIU
yPOBEHb

Omnu4Ho

OTBeT Ha  KOHTPONbHO-U3MEPUTENbHBIN  MaTepuan He
COOTBETCTBYET OOHOMY M3 MepeyvucrieHHbIX nokasaTenemn, Ho
obyyvarowmnca gaet npaBunbHbIE OTBETHI HA JOMOMHUTENbHbIE
BOMpPOCHI

Ga3zosnbit
yPOBEHb

Xopowo

OTBET Ha  KOHTPOSIbHO-U3MEpPUTENbHLIA  MaTepuan  He
COOTBETCTBYET [ABYM U3 MEPEYMCIIEHHbIX MoKasaTenen,
0by4aloLmnincss 4aeT HenosHble OTBETbl HA AOMOMHUTENbHbIE
BOMPOCHI.

lMopozoeniti
ypOB8eHb

Ydoenemeopu-
mesnbHO

OTBET Ha  KOHTPOSIbHO-U3MEpPUTENbHLIA  MaTepuan  He
COOTBETCTBYET NepeyvmcneHHbiM nokasatenam. ObyvaroLuincs
OEMOHCTPUPYET  OTPbIBOYHbIE,  DparMeHTapHble  3HaHUS
Teopun, gonyckaet rpybble ownbkM Npu  TPaKTOBKE
npakTU4eckux 3agav

Heydosnemeopu-
mesnbHO

20.2 NpomexxyTo4HaA aTrectauma

MpomexyToyHas aTTecTaums nNo AUCUMUNIMHE OCYLLECTBMSETCS C MOMOLLbIO CreayoLwmnx

OLEHOYHbIX CPEACTB:

20.2.1 NepeyeHb BONPOCOB K 3K3aMeHY:

OnexTpoHHOE BOJHOBOE ypaBHeHue Illpenmnrepa ams atoMoB M Mousiekyn. Ormneparop
l'aMunbTOHa JUIS aTOMHBIX M MOJIEKYJIAPHBIX CHUCTEM (Ha HPOCTBIX IPUMEPAX).
[loBepXHOCTb 31€KTPOHHOM 3Hepruu. Kpurepuii ycTOMUMBOCTM XMMHUYECKMX YacTHIl B
KBaHTOBOM TEOPHH.

Metoa MoJekynsapHbIX opOuTtaneil. OCHOBHBIE TOJOXKEHUS. AHAJIOTHUS C TeopHen
MHOTORJIEKTPOHHOTO aTOMa.

Onucanue  MoJieKyasIpHbIX — opOutameit B Merone MO  JIKAO. Haubonee
pacripocTpaHeHHbIe TUIIBI 6a31coB. ba3ucHble aTOMHBIE OpOUTANIH.

Monekynsipubiii woH Bogopoxa Ho'. Tlpubmmxenne MO JIKAO: BbIOOp 0a3sHCHBIX
(GyHKLUH, TOCTPOEHUE BEKOBBIX YpaBHEHUH, HaxoxieHue sHepruit MO.

Mounekynsipubiit no Bogopoaa Hy'. Tlpubmmxerne MO JIKAO: unTterpabl
NIepeKpbIBaHUS, 0OOMEHHBIN M KYJTOHOBCKUH.

MounekynsapHusiii non Bojgopoja Ha*. TIpubmmkenne MO JIKAO: pacyer BOJIHOBBIX

byHKIII



7. Knaccudpukamus MO ABYXaTOMHBIX TOMOSACPHBIX MOJEKyl. OCHOBHBIC MPUHIIHIIBI
noctpoenus cxeMm MO. TepMbl.

8. Tereposimepubie aByxaromubie mMosiekyibl B Meroge MO JIKAO (ua mpumepe HF, LiH,
CO). OcHOBHBIEC TPUHIUIIBI KITaccUpUKauu. TepMbl.

9. CBs3b CBOWCTB JBYXaTOMHBIX MOJIEKYJ (SHEPIHs JUCCOIMALNN, MEXSIACPHOE PACCTOSHHUE
U T.J.) C UX 3JIEKTPOHHBIM CTPOEHUEM Ha IpuMepe dieMeHToB || nepuona.

10. DneMeHTHI U oTepalui CMMMETPHH. TeopeMbl B3aUMOICHCTBHS 2IIEMEHTOB CHMMETPHH.

11. Toueunsle rpynnsl cummeTpuun Mojekyia. Homenknarypa Illendnuca. Meroauka
OTpEJIENICHUs TPYII CUMMETPHUH.

12. TlocTpoeHre CUMMETPH30BaHHBIX MOJICKYIISIPHBIX opOuTaieii (Monekyina BeHby).

13. [ToHsATHE TEOMETpUYECKOW KOH(MUTYpaluu MOJEKYIbl. [ eoMeTpHuecKkne mapaMeTphl.
OcHOBHBIE HJE€M MeETOJa OTTAJIKUBAaHUS DJEKTPOHHBIX Map BAJIEHTHON 000JOYKH.
[Ipenckazanue paBHOBECHOU reOMETpUYECKOI KOH(DUTypaIiH.

14. TlonsiTue TEOMETPUUYECKONW KOH(PHUTypalluu MOJIEKYIbl. ['eoMeTprueckue mapameTphl.
[Ipenckazanue paBHOBeCHOU reomeTpuueckoil koHpurypamuu B meroge MO JIKAO.

15. Meton XtoKKest 1Sl OTIMCAaHUs CONPSHKEHHBIX OPraHUUECKUX COSAMHEHUN (3TUIIEH)

16. Merox XIOKKenst s ONMHCAHUS COMPSDKEHHBIX OPraHUYeCKUX COCITUHEHHH C
rerepoaromMoMm ((popMabIeTHI)

17. CompsixeHnHbie apomMaTuieckue coeauaerns. Meron dpocra.

18. ConpshkeHHBIE apoMaTHYECKHe COCTMHEHUS. APOMAaTHYHOCTh M aHTHAPOMAaTHIHOCTb.

19. [Tpumepsl TOTYIMITUPHUYECKUX PACUETOB CBOWCTB MOJIEKYJ: JJIEKTPOHHAs TUIOTHOCTB,
3apsif, MOPSIIOK CBSA3H, MHAECKC CBOOOIHOM BaJIEHTHOCTH.

20. [Ipumepsl MOTYSMIMPUYECKUX PACYCTOB CBOWCTB MOJICKYJ (OIlEHKAa TIOTCHIIMAJIOB
WOHU3AIUM, SHEPTUH MOJIEKYJIbI, SHEPIUHU JIOKAIU3AlUU U JENOKAIN3alUy, Ha IpUMEpPe
MOJIEKYJIbI aJUTHTIA).

21. ConpsbkeHHbIE MOHOLIMKIIMUECKHE coenuuenus. Metoa dpocra.

22. AnbTepHAHTHBIC YTIEBOIOPOIBI.

23. IlpuMepsl MOMYIMIUPUYECKUX PACUETOB CBOMCTB MOJIEKYN: 3JEKTPOHHAs IUIOTHOCTD,
3apsi, MOPSIIOK CBSA3H, MHACKC CBOOOIHOI BaJIEHTHOCTH.

24. PeakiiuoHHas COCOOHOCTh XUMUYECKHX coeAuHeHui. [Ipubmkenus n301uMpoBaHHHON U
pearupyromen MoJIeKyJbl.

25. KauecTBEeHHBIII aHaIM3 BO3MOXKHBIX MEXaHHW3MOB XHMHUYECKUX peakuui. HHaekchl
peaKmOHHON CIOCOOHOCTH.

26. KauecTBeHHBIII aHaNM3 BO3MOXKHBIX MEXAaHU3MOB XUMHUYECKUX peakuuil. Teopus
rpaHUYHBIX opOuTanei Oykyu.

OnucaHne TexHonornM NposeaeHns

MpomexyTouyHas aTTecTauusi NpPOBOAUTCS B COOTBETCTBUM C [lonoxkeHnem o
NPOMEXYTOYHON aTTecTaumm obyvarlmxcs Mo nporpaMmaM  Bbiclero o6pasoBaHus.
KoHTponbHoO-u3MepuTenbHble  MaTepuanbl  NPOMEXYTOYHOM  aTTecTauuMu  BKIOYAOT
TeopeTMyeckMe BOMPOCHl, MO3BOMSIOWMNE OLEHUTb YPOBEHb MNOMYYEHHbIX 3HAHUA U
npakTMyeckne 3agaHus, MNO3BOMSOLIME OLEHUTb CTeneHb CHOPMMPOBAHHOCTU YMEHWUA W
HaBblkoB. [lpyM OUEHMBAHUN WCMOSb3YTCA KONMMYEeCTBEHHas LKana oueHok. Kputepum
OLIEHNBaAHWS NPUBEAEHbI BbILLE.

Mpu peanusauun AUCUMMNIUHBI C MPUMEHEHWEM AMCTAHUMOHHBLIX ObpasoBaTerbHbIX
TEXHOMOMMIN OLIEHKa 3a 3a4eT/3ak3aMeH MOXeT OblTb BbiCTaBreHa Mo pesynbTaTtam TeKyLuen
aTTecTauumn oby4atoLerocs B cemecTpe.

20.2.2 NMepeyeHb 3agaHUN AN NnpoBepkn copMUpPOBaHHOCTU KOMMNETEeHLUNN:




OIIK-3 Cnioco6eH NnpuMeHSITh PacieTHO-TeOpPeTHYeCKre MeTOAbI /sl H3yYeHHs CBOMCTB
BeleCTB M MPOLECCOB € X YYACTHEM € HCII0JIb30BAHHEM COBPeMEHHOH BbIYMCIUTEIbHOM
TeXHUKH

1. MonekynsipHast OpOUTaNb — 3TO::
1. TlosHast a1eKTpOHHAs BOJTHOBAsI (PYHKIUS MOJIEKYIIbI;
2. O6nacTh MPOCTPAHCTBA, B KOTOPOU BEPOSITHOCTh HAXOXKACHUS dJIEKTpOHA paBHA 95%;
3. OgHOAeKTpOHHAs BOJIHOBas PYHKIUS, OJydaeMasi Py PELLIEHUN YPaBHEHUSI
[IpeauHrepa s MOJIEKYIIbL;
4. O6nacTh MPOCTPAHCTBA, B KOTOPOH AIEKTPOH MPOoBOaUT Ooiiee 90% BpeMeHH.
2. OnpesnenuTte, YeMy paBeH UHTErpaj MepeKpbIBaHUs OpOuTaNIeH .

i f
i 5
h \ I,

! - A

-

1 PaBen nymto
2 Bosnbiie vy
3.. Memnb1iie HyIs
4. PaseH equHuIe

3. Onpenenute, 4eMy paBeH HHTETPaJ MEPEKPHIBAHUS OPOUTAIICH .
1. Pagen nymto

2. Bosnbiie nymns

3.. Memnb1iie HyIs

4. PaseH equHule

4. Ompenenurte, 4eMy paBeH WHTErpai epeKpbIBaHUs OpOUTAIIEH .

1. Pagen nyimto

2. Bonbie vymns

3.. Menb1ie Hyns

4. PaseH equHule

5. MonexkynspHas opOutanb O (cUrma) — 3To

1. Op6I/ITaJ'IL, CUMMCTPUYHAsA OTHOCUTCIIbHO OCH, HpOXO,ZL}IH_[eﬁ Uepe3 JIMHHUIO CBA3HU
2. Op6I/ITaJ'IL, AHTUCUMMCTpUYIHAA OTHOCUTCIIBHO OCH, Hpoxom{meﬁ 4Uepe3 JIMHHUIO CBA3U
3. Op6I/ITaJ'IL, CUMMCETpUYIHAsE OTHOCUTEIIBHO ITJIOCKOCTH, HepHeHﬂHKYHHpHOﬁ OCH MOJICKYJIbI
4, Op6I/ITaJ'IL, AHTUCUMMETPHUYIHAA OTHOCUTCIIBHO IIJIOCKOCTH, npoxozvnueﬁ 4cpe3 JIMHUIO
CBA3HU

6. MonekynsapHas opoutans 7T (1) — 3TO
1. Opburanb, CHMMETpUYHAS OTHOCUTEJIBHO OCH, IPOXO/IAILEH Yepe3 JIMHUIO CBA3U
2. OpOuTanb, aHTUCUMMETPUYHAS! OTHOCUTENIBHO OCH, MPOXO/ISAIIEH Yyepe3 JIMHUIO CBSA3U
3. Opburanb, CMMMETpUYHAast OTHOCUTEIBHO Y3JI0BOM MJIOCKOCTH, MPOXOSIIEH yepe3 JIUHUIO
CBSI3U
OCH MOJIEKYJIbI
4. OpOuTanb, aHTUCUMMETPUYHASL OTHOCUTENFHO Y3JI0BOM TUNIOCKOCTH, TPOXOAsLIeH yepe3
JMHUIO CBSA3U



7. HazoBuTE MONEKYISIPHYIO OpOUTANb, UCIIOJB3YSl OCHOBHBIC MPUHIIHIEI Kiaccuduraru MO.

O

1. G (curma), cBsi3pIBaroIIast
2. O (curma), pa3pbIXJISIONIas
3. T (1m), CBSA3BIBAIOIIAS

4. T (n), pa3pbIXJstonias
8. HazoBuTe MONEKyISIpHYIO OpOUTAIIb, UCTIOIB3YS] OCHOBHBIEC MPUHITUIIBI Kiaaccudukaruu MO.

4O,

1. G (curma), cBsi3pIBaroIIast
2. O (curma), pa3phIXJISONIast
3. T (1m), cBSA3BIBAIOIIAs

4. T (1), pa3phIXJstonIas

9. HazoBuTe MOJIEKYISIPHYIO OpOUTANh, HCTIOIB3YSl OCHOBHBIC MPUHIIUIBI Kiaccudukaruu MO

i

1. G (curma), cBsi3pIBaroIIast
2. O (curma), pa3pbIXJstonias
3. T (1u), cBSA3bIBAIOIIAs

4. T (in), pa3phIXJISAIONIas

10. Ha3oBuTE MOJIEKYISIPHYIO OpOUTAIb, HCTIONIb3Ysl OCHOBHBIE MPUHIUITBI Kiaccuukanuu MO.

1. G (curma), cBsI3bIBarOIIast

2. O (curma), pa3pbIXJIsionias



3. T (m), CBSA3BIBAIOIIAS

4. T (nu), pa3pbIxXJstonias

11. OcHoBHBIE ycTIOBHS AJis1 00pa30BaHUs MOJICKYJISIPHBIX OpOUTaNIel U3 AaTOMHBIX::
1. AtromHBIE OpOUTATN TOJHKHBI UMETH OJIN3KHE 3HAYEHUSI SJHEPTUH, OTMHAKOBYIO
CHMMETPHIO OTHOCHTEIIBHO OCH MTEPEKPHIBAHUS
2. ArtomHbIe OpOUTANN IOJDKHBI UIMETH OJIM3KHE 3HAYEHUS SJHEPTUH, OTMHAKOBYIO
CHMMETPHIO OTHOCHTEIBHO IJIOCKOCTH, MEPIICHIUKYIIPHOW OCH MOJICKYITbI
3. AtomHBIE OpOUTAITN OJDKHBI IMETh CHIIBHO PA3NInYaloNIfecs 3HaYeHUsI SJHEPTUH,
OJIMHAKOBYIO CHMMETPHIO OTHOCUTEIIEHO OCH TIEPEKPHIBAHUS
4. AToMHBIE OPOUTAIIN IOJHKHBI HIMETh CHJIBHO Pa3IMYaroIInecs 3HaUSHHsI SHEPT U,
OJIMHAKOBYIO CHMMETPHIO OTHOCHUTEIEHO OCH TIEPEKPHIBAHUS

12. [Ipo6GHast BosiHOBast PyHKIIMS B BAJIGHTHOM Oa3uce JJisi MOJIEKYJIBI BOJopoaa B Metosie MO
JIKAO umeer Bu;

1. W= C1(1S)1 + C2(1S)2;

2. W= C1(1S)1 + C2(1S)2+ C3(2S)3 + Ca(2S)4;

3. W= C1(1S)1 + C2(1S)2+ C3(2S)1 + Ca(2S)2 + Cs(2pz)1t Ce(2pz)2t C7(2px)1+ Ca(2px)2+
Co(2py)1+ C1o(2py)2

4. W= C1(29)1 + C2(2S)2 + C3(2pz)1t Ca(2pz)2t Cs(2px)at Co(2px)2+ Cr(2py)1t Ca(2py)2

13. [Ipo6GHast BosiHOBasE PyHKIIHSI B MUHUMAJIBHOM 0a3uce JJ1 MOJIEKYJIBI BOJIOPOJa B METOIE
MO JIKAO umeer Bun;

1. W= C1(1S)1 + C2(1S)2;

2. W= C1(1S)1 + C2(1S)2+ C3(2S)3 + Ca(2S)a4;

3. W= C1(1S)1 + C2(1S)2+ C3(2S)1 + Ca(2S)2 + Cs(2pz)1t Ce(2pz)2t C7(2px)1+ Ca(2px)2+
Co(2py)1t C1o(2py)2

4. W= C1(29)1 + C2(2S)2 + C3(2pz)1+ Ca(2pz)2t Cs(2px)at Co(2px)2+ Cr(2py)1t Ca(2py)2

14. TIpoOHas BoHOBas QYHKIHMS B IPUOIMKEHNH XIOKKENs I MOJIEKYJIbI STHUIEHa MMEEeT BUJI:
1. W= C1(2px)1t C2(2px)2;
2. W= C1(19)1 + C2(1S)2;
3. W= C1(1S)1 + C2(1S)2+ C3(2S)1 + Ca(2S)2 + Cs(2pz)1t Ce(2pz)2t C7(2px)1+ Ca(2px)2+
Co(2py)1t Cio(2py)2
4, W= C1(1S)1 + Co(1S)o+ C3(2S)3 + Ca(2S)4

15. OcHoBHBIE MTpU3HAKKU 00pPa30BaHUS CBS3BIBAIOIICH MOJIEKYISIPHON OpOUTaIH:

1. VBenuueHue 3MeKTPOHHOM MJIOTHOCTU B MIPOCTPAHCTBE MEXKAY SIIPaMH, IOHWKEHHE
sHepruu MO OTHOCUTENHHO UCXOAHBIX ATOMHBIX OpOuTaen

2. YMeHbIIIeHHE MEKTPOHHON TUIOTHOCTH B IPOCTPAHCTBE MEXTY SPaMU, TOHIKEHUE
sHeprud MO OTHOCUTENBHO UCXOIHBIX ATOMHBIX OpOUTANIeH

3. YBenuueHue 3JIeKTPOHHOM IJIOTHOCTH B IPOCTPAHCTBE MEXAY SAPAMHU, MOBBILIEHUE
sHepruu MO OTHOCUTENHHO UCXOHBIX ATOMHBIX OpOUTaIen

4. YMeHbllIeHHE 3JIEKTPOHHOM INIOTHOCTH B MPOCTPAHCTBE MEXY SIAPAMU, MTOBBIIIIEHUE
sHepruu MO OTHOCUTENBHO UCXOIHBIX ATOMHBIX OpOUTaNIeH

16. OcHOBHBIE IPU3HAKK 0OPA30BaHUS Pa3phIXJISIONIEH MOJIEKYIIPHON opOuTaIu:
1. YBenuueHune 31eKTPOHHOM INIOTHOCTH B IPOCTPAHCTBE MEXKAY sIApaMH, IOHWKEHHE
sHeprud MO OTHOCUTENBHO HCXOJHBIX aTOMHBIX OpOUTanen
2. YMeHblIIEHHE MIEKTPOHHOMN IUIOTHOCTU B IPOCTPAHCTBE MEXKY SAAPAaMHU, TOHWKEHUE
sHeprud MO OTHOCUTENBHO HCXOJHBIX aTOMHBIX OpOUTanen



3. YBenuueHue 37IeKTPOHHOM IJIOTHOCTH B IIPOCTPAHCTBE MEXAY sIIpaMHU, TOBBIILIEHNE
sHeprud MO OTHOCUTEIBHO UCXOJHBIX aTOMHBIX OpOUTaIeH

4. YMeHbllIeHHE MIEKTPOHHOHN TUIOTHOCTH B IIPOCTPAHCTBE MEXKY SApaMU, OBBILIECHHUE
sHeprud MO OTHOCUTEBHO HCXOJHBIX aTOMHBIX OpOHUTaIeH

17. PaznuuaroTcs Jau M0 3HEPTUU CUTMa- U IU-CBSI3U?
1. HET, OIMHAKOBEI 110 SHEPTHH
2. &a, TU-CBSI3U IPOYHEE
3. 1a, curMa-CBSI3M IMPOYHEe

18. HTerpan nepekpbIBaHUs aTOMHBIX OpOUTaiel pu 00pa30BaHUU CBSA3BIBAIOLINX
MOJIEKYJISIPHBIX OpOHUTasiell paBeH

1. Hynto

2. enuHUIIE

3. 6ombIIe HYIS

4. MeHblIe HYIA
19. UnTerpan nepekpbIBaHUs aTOMHBIX OpOUTaiel mpu 00pa30BaHUU Pa3phIXJISIFOIINX
MOJIEKYJISIPHBIX OpOHUTaiell paBeH

1. nynro

2. eTUHAIIE

3. 6ombIIe HYS

4. MeHblIlIEe HYIS

20. Yucno o-cBszeit B Mosekyie strwiieHa CH,=CH2 paBHO
1. HeT G-cBs3el

2.1
3.5
4.3

Kmroun k Tecty OIIK-3

Bompocn | 1 2 3 4 5 6 7 8
Omersi | 3 2 1 3 1 4 1 2
Borpocet 9 10 11 12 13 14 15 16
OtBetbl | 4 3 1 1 1 1 1 4
Bompockr 17 18 19 20 21 22 23 24
OtBetsl 3 3 4 5

OIIK-4 Cnoco6eH miaHupoBaTh padoThl XHMHUYECKOH HANIPABJICHHOCTH, 00padaThIBaTh H
HHTEPNPETHPOBATH MOJY4YCHHBIEC Pe3yJIbTAThI C HCIOJIb30BAHMEM TEOPEeTHYECCKUX 3HAHUI
1 MPAKTHYECKHUX HABBIKOB PEIICHUS] MATEMATHYECKUX H (PU3HMYECKHX 32124

1..Beibepure BoIpaskeHue 1iis pacuera kpatHocTH cBsa3H (K) B 1ByxaromHo# Monekyne, rae N -

YHUCJIO 3JICKTPOHOB HA CBA3BIBAOIIUX MOJICKYJIIAPHBIX Op61/ITaJ'I$IX, n* - UHUCJIO JJICKTPOHOB HaA
PA3PBIXIIAOIIUX 0p61/ITaJ'I}IX




2} K:n—mc
2

3 K:n+n*
2

4, sz—n

2.Kak KoppenupyroT MeXIy COO0H BETMYMHBI KDATHOCTH CBS3U B JABYXaTOMHOU MOJIEKYJIE U

SHEPIrUM €€ NUCCOLUHALNN:
1.

eM OOoJIbIIe KpaTHOCTb CBA3H, TCM OoubIIIE OHEPIUA AUCCOoOMalii MOJICKYJIbI
2. Yewm Oomblie KpPaTHOCTB CBA3U, TEM MCHBIIC SHEPIUA JUCCOUALNN MOJICKYJIbI

3.

€T B3aUMOCBs3U

3.Kak KoppenupyroT Mex1y cOO0M BEIMUYNHBI KPATHOCTH CBSI3M B IBYXaTOMHOM MOJIEKYJIC U
MEXbsIIEPHOTO PACCTOSHUS (JIJTMHBI CBS3EH)
1.

eM 00JIbllIe KPaTHOCTh CBSI3U, TEM OOJIbIIIE MEXBSIIEPHOE PACCTOSTHUE
2. Yewm Ooblie KpaTHOCTH CBSI3H, TEM MEHBIIIE MEXBSIIEPHOE PACCTOSIHHAE

3.

€T B3aMMOCBs3U

4. TlpuBeneHbl AIEKTPOHHbBIE KOHPUTYypaIK BAJIEHTHOM 0007I0YKH MOJIEKYJIbI a30Ta U €T0

katnona: N2 *30%; N2*: m*30!. Paccunraiire KpaTHOCTH cBsA3U. CpaBHUTE UX SHEPTUU
JIMCCOTIHAITNH.

1. BHEpruUs AUCCOIUAIIMH MOJIEKYJIBI OOJIbIIE, YeM HOHA, TAaK KaK KPATHOCTb CBSI3U MOJICKYIIBI
(K=3) Gompmie kpatHOCTH cBsi3u noHa (K=2,5)

2. BHEPTHUs AUCCOLUAIIMH MOJICKYJIBI MEHBIIIE, YeM UOHA, TaK KaK KPaTHOCTb CBSI3U
Moekyinbl (K=3) OGombiie kpatHocTH cBsi3u noHa (K=2,5)

3.. BHeprus AMCCOLHUAIMHI MOJICKYJIbl MEHBIIIE, TAK KaK KPATHOCTB CBsI3U MOJIeKyibl (K=2,5)
MEHBIIIE KPaTHOCTH CBsi3u HoHa (K=3)

4. BHEepTUs AUCCOLUAIIMH HE 3aBHCHUT OT KPATHOCTH CBSI3U

5. HpI/IBeI[eHLI QJICKTPOHHBIC KOH(i)I/IpraI_II/II/I BaJIEHTHOI 000JIOUKHU MOJICKYJIBI a30Ta U €ro

annona: N2 1m*16?; N2@ 1n*1o?2n™ . Paccuuraiite kpatsoctn cBsisu. CpaBHUTE HX
SHEPTHUHU JUCCOIUAIUH.

1. 3HEprusi TUCCOIMAIINN MOJICKYIIbI OOJIbIIIE, YEM HOHA, TAK KAK KPATHOCTh CBSI3U MOJICKYJIbI
(K=3) Oomsbie kpaTHOCTH cBsi3u noHa (K=2,5)

2. SHEpPrus AUCCOIHMAIIMYA MOJIEKYIIbI MEHbIIIE, YeM HOHA, TaK KaK KPaTHOCTh CBSI3U
Mouekynbl (K=3) Gomnbine kpaTHOCTH cBsi3u noHa (K=2,5)

3.. SHeprus AUCCOIUAIIMN MOJEKYJIbl MEHBIIE, TaK KaK KpaTHOCTh CBsI3U MoJeKynbl (K=2,5)
MEHBIIIE KPaTHOCTH CBsi3M noHa (K=3)

4. sHeprus AUCCOIHMAIMY HE 3aBUCUT OT KPATHOCTH CBSI3U

6.HpI/IBC,Z[CHBI SJICKTPOHHBIC KOH(I)I/Il"ypaI_II/II/I BaJICHTHOM 000JI0YKHU MOJICKYJIBI a30Ta U €ro

katnona: N2 %30%; N2*: 1n*lot. Paccunraiite KpaTHOCTHU CBs3u. CpaBHUTE UX AITUHBI
CBsI3eH (MEXbsIIEPHBIC PACCTOSTHHS)

1. lnvHa cBsi3u B MOJIEKyJe OOJIbIIe, YeM B MOHE, TaK KaK KPaTHOCTh CBSI3U MOJIEKYJIbI
(K=3) Oonpmie kpaTHOCTH CBsi3M HoHA (K=2,5)



2. JlnuHa CBSA3M B MOJIEKYJIE MEHBIIIE, YeM B HOHE, TaK KaK KPATHOCTb CBSI3U MOJICKYIIBI
(K=3) Oombmie kpatHocTu cBsi3u noHa (K=2,5)

3.. JlnuHa cBs3U B MOJIEKYJIE MEHBIIE, TaK KaK KPaTHOCTh CBs3U MoJieKyibl (K=2,5)
MEHbLIE KPAaTHOCTU cBsi3U MoHa (K=3)

4. JlnvHa CBA3M HE 3aBUCUT OT KPaTHOCTH CBSI3U

7.. IIpuBeieHbl AIEKTPOHHBIE KOH(UTYpaLlMU BaJI€HTHON 000JOUKHU MOJIEKYIIBI a30Ta U €ro
annona: N2 1m*16?; N2& 1m*lo?2n™ . Paccunraiite kparsocT cBsisu. CpaBHHTE HX JIMHBI
CBsI3eH (MEXbsIIEPHbIE PACCTOSIHUS)

1. lnivHa cBsi3U B MOJIEKyJie O0JIbIle, YEM B HOHE, TaK KaK KPaTHOCTb CBSI3U MOJIEKYJIbI
(K=3) OGonpuie kpaTHOCTHU cBsi3H noHa (K=2,5)

2. JInuHa CBS3M B MOJIEKYJIE MEHBIIIE, YeM B HOHE, TaK KaK KPATHOCTb CBSI3U MOJICKYIIBI
(K=3) OGonsbuie kpatHOCTH cBsA3U HoHA (K=2,5)

3.. JlnuHa cBSI3U B MOJIEKYJIE MEHbIIIE, TaK KaK KpaTHOCTh CBs3U MoJieKyibl (K=2,5)
MEHbIIIe KPaTHOCTH CBsi3u HoHa (K=3)

4. JInuHa CBSA3M HE 3aBUCUT OT KPATHOCTH CBSI3U

8. . 3Has DIEKTPOHHYIO KOH(DHIYPALUIO BAJIEHTHON 060JI0UKH MOJIEKYIbI U HoHOB : . N2

I *
n*30%; N2™: 1n*26'; N2 1n*lo?2n™ onpenenure, kakue u3 yacTuL 061a1AI0T
MarimuTHbBIMHU CBOﬁCTBaMI/I:

1. N2, 2. N2*, 3. N2~

o . *
9. 3Hast SMEKTPOHHYIO KOHPHUIYpALIHIO BaIeHTHON 06omouku Monekynst O2: 162 1n* 2™
3AMUIIATE IEKTPOHHYIO KOH(DHUIYPALHIO HOHOB:

1.0,2 162 1% 27 0% 162 1t
2.0,2 16%1n*  0,"2 162 1n* 27
3.0,2 162 1n* 218 O,"2 162 1n* 27t

10. Onupasacb Ha npasuna Oykyw, onpesenute HanpasieHUe 3SNeKTPOPUNbHOW aTaku B
MOJEKy/e, eC/IU U3BECTHO, YTO BbICLIAA 3anosHeHHaa MO nmeet BuA;:

W= 0,8285¢; + 0,2398¢; — 0,5061¢3 — 0,2398¢.

1. mepBbIii aTOM yriiepoja, 2. BTOpoi aToM, 3.TpeTuil aToM, 4. 4ETBEPTHI aTOM.

11. Onwupasce Ha npasuia @DykyH, ONpeAeTUTe HampaBieHHE HYKICO(DUIbHOW aTaku B
MOJIEKYIIE, €Cli  W3BEeCTHO,  4YTo  Hu3mas  cBobogHas MO  umeeTr  BHI:

y=0,4886¢1—0,7511¢2+0,4440¢p3— 0,2398@,.:

1. mepBbIil aTOM yriaeposa, 2. BTOpoi atoM, 3.TpeTuil aToM, 4. 4YETBEPTHIN aTOM.

12. Kakue crpykrypsl naruwiensoro komsia CsHs, CsHs', CsHs™ 6ymyr o6nanats
apoOMaTU4YeCKMMHU CBOWCTBaMHM:

1. CsHs, Tak Kak IMeeT HeCTIapeHHbIN SJIEKTPOH,
+
2. CsHs', Tak kak MMeET YETHOE YHCIIO 2IEKTPOHOB Ha CBA3BIBAIOLINX OPOUTANIAX,

3. C5H5_ , TaK KaK HMCECT IOJHOCTBIO 3allOJJHCHHBIC CBA3BIBAIOIHC Op6I/ITaJ'II/I n
OTCYTCTBYIOT 3JICKTPOHBI Ha PA3PLIXJIAIOMINX 0p6I/ITaJ'I$IX.

13. Kaxue crpykrypsl Tpexunennoro xombia CsHsz, CsHz*, C3Hz™ 6ymyr o6nmagats
apoOMaTHYECKUMHU CBOMCTBAMM:

1. CSHS, TaK KaK UMECT HCCHapeHHBIﬁ 9JICKTPOH,



2. C3H3™, Tak Kak MMeeT 4ETHOE YHCIIO JIEKTPOHOB,

+
3. C3H3" , Tak kak WMeeT IOJHOCTHIO 3allOJHEHHBIE CBA3BIBAIOLIME OPOMTAIN |
OTCYTCTBYIOT 3JIEKTPOHBI Ha Pa3phIXJISIIOIINX OPOUTAIISX.

14. Kakue crpykryps mectuanensoro konsina CeHs, CeHs', CsHs™ 6ymyT 06manats
apOMaTHYECKMMHU CBOUCTBAMM:

1. CsHp, Tak kak uMeeT MOJHOCTHIO 3aIl0JIHEHHBIE CBA3BIBAONINE OPOUTAIM U
OTCYTCTBYIOT AJIEKTPOHBI HA Pa3phIXJISIIOIIUX OpOUTAIISX,
+
2. CeéHe", Tak Kax Bce 211eKTPOHBI Ha CBA3BIBAIOIIMX OPOUTAIISX,

3. CeHs , Tak xak uMeeT HanOOIBIIEE YUCIIO DIEKTPOHOB.

15. B npulnukeHnu U30JMPOBAHHON MOJIEKYJIbl KAK MOYKHO OTIIPEJENIUTh HalpaBJIeHUE
pasvKaIbHOM aTaK! B MOJIEKYJIE C CONPSKEHHBIMU T-CBSA3SIMU :
1. B TO moJIOKEeHUE, TJIec HAnOOIbIIee 3HAUeHNE MHICKCAa CBOOOJHOM BaJICHTHOCTH,
2. B TO MOJIOKEHUE, I'/Ie HaUMEHbIlIee 3HaYeHUE NHJeKca CBOOOHON BaJI€HTHOCTH,
3. HENb3s1 ONPEACIINTb.

16. B mpubnmxeHnu N30JIMPOBAHHOMN MOJIEKY/Ibl KAK MOYKHO OTIPEJENIUTh HalpaBlieHUE
ANEeKTPOUIBHON aTaKu B MOJIEKYJIE C CONPSKEHHBIMH TT-CBSI3AMU :

1. B TO moJsiokeHue, T7ie HauOoJIblIee 3HaYeHUe JIEKTPOHHOM MIOTHOCTH,

2. B TO MOJIOXKEHUE, T/I€ HAUMEHBIIIEE 3HAYCHNE MIEKTPOHHOM IIJIOTHOCTH,

3. HeJb3sl ONPENIETUTD

17. B npuOnmKeHHH HW30JUPOBAHHOM MOJIEKYJbl KaK MOJKHO OIPEACIUTh HaIpaBJICHHUE
HYKJICO(UITHHOM aTaku B MOJICKYJIE C COTIPSDKCHHBIMU TT-CBSI3SIMH :

1. B TO monoxeHue, rae HauOoIbIIIee 3HAUCHHUE YJICKTPOHHOM TIOTHOCTH,

2. B TO TIOJIOXKEHHUE, T/Ie HANMEHBIIIee 3HAYCHNE AIEKTPOHHOMN TJIOTHOCTH,

3. HeJb3sl ONPENIETUTD

18. Yem ommuarorcs MpoCTpaHCTBEHHBIE IPYHIIBI CAMMETPUH KPMCTAJJIOB OT TOYEUHBIX TPYIII
CUMMETPUU MOJICKYII:

1. HaTuMeM onepanrn TPaHCIAINH,
2. OTCYTCTBHUEM OII€palli TPAHCIIAINH,
3. HWYEM He OTIMYAIOTCS

19. YcraHoBUTE 37I€MEHTBI CAMMETPHH, XapakTepHbie i Mosiekyiibl POCIlz ( TpeyronbHas
MUPaMUIa) U ONPENEIIUTE TOYCYHYIO TPYIITY CHMMETPHUU:

O
|
CI/P\

Cl
1. Csv (E, Cg, 3 Gv)
2. Cav (E, Ca, 2 6y)
3. D3n (E, Cs, on3CoL Cg)
4. Can (E, Ca, on)

Cl



20. dns monekynsl metogoM MO JIKAO 65110 paccyuTaHO HECKOJIBKO 3HAYEHUHN 3JIEKTPOHHOMN
SHEPruM B aTOMHBIX euHUIaX (a.e.). Kakoe 13 HUX COOTBETCTBYET OCHOBHOMY COCTOSIHUIO

MOJICKYJIbI:
1.-13ae.; 2.-24ae 3.-0,8ae; 4.-2a.e.

Kuaroun k tecram OIIK-4

Borpocet 1 2 3 4 5 6 7 8
Otsetsr | 2 1 2 1 1 2,3
Bormpocet 9 10 11 12 13 14 15 16
OTBeTHI 1 1 2 3 3 1
Bompocsr 17 18 19 20 21 22 23 24
OTBeTHI 2 1 1 2
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