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SJIEMEHTH MEX]Y aTOMHBIMH opGuTtansmy., OOBIYHO NPHHU-
Maercsl, YTO MaTPUYHbIE JIEMEHTH FraMUAbTOHNaHa H (r) mexay
aTOMHBIMM opOuTtaiamu 06pamaioTcsl B HYJb, €cld TOJbKO
IBa y3Ja { ¥ t' He COBHAJAIOT WAH He ABJAOTCH OauxKaii-
IIHMH COCeNAMH JPYr Jpyra B MoJekyne. Yacro penaercs
JIOTIOJIHUTENbHOE TPELNOJIOKEHNE O TOM, YTO JAWArOHaJbHBIE
5JIEMEHTBl B TOYHOCTH COBIAJAIOT C OZHOUYACTHYHBEIMH SHEP-
THSIMH CBOGOJIHOTO aToMa, Tak KaK aTOMHEIE OpOMTalH XOPOUIO
JIOKAJIM30BaHbl BOKPYT OJHOTO sifpa, a raMu/ibtoHHaH M (r)
JOJIJKEH annpOKCHMHPOBATb CYMMY aTOMHBIX [OTEHIMAJOB.
Ilpyu Takux BBIYHC/JIEHHAX SHEPTHH HYKHO OBIThb OCTOPOXKHBIM,
TIOCKOALKY aTOMHBIE OpOMTAl¥ Ha PasHBIX y3jax He OpPToro-
HaJlbHBl ApYr HOpyry. B mpocrefiiiem npuGIH:KEHHH MOXKHO
CUUTATh MX B3aMMHO-OPTOT'OHAJIbHBIMH, YTO COOTBETCTBYET
eIUHHYHOI wmaTpuue S*,

§ 2.ENIPUMEPL

Ins moscHeHHs Meroja pacuyeTa, H3JOKEeHHOrO B MPeBI-
Adyiem naparpacde, npusefeM Jpa npumepa. IlepBeifl u3 HHX —
runoreTHueckass Mosnekynaa H, ¢ Tpemss aromamm Bozopona
B BEpIIMHAX DaBHOCTOPOHHEro "
TpeyroabHuKa, a BTOPOH —

MOJIeKYJla BOJABI, KOTOpas Cly- c
XHJja npumMepoM H B 1. 6.

Monekyna Hg

Monekyna H, usoGpaxeHa
Ha puc. 13.1, rue Tpu ee aToMa
o6o3Hauensl 6ykBamu a, b u c.
Ipymmoit  cummerpuu  Takoi
MOJIEKYJIbl sIBJIslerCst rpymua  #
Ds,,, HO, IOCKOJIbKY MBI HCIIOJIb-
3yeM IIpH pacuyere JIMIIb aTOM- Puc. 13.1.
Hple S-COCTOSIHHSI, HMEIOLIHe
CHMMETPHIO 110 OTHOLUEHHIO K OTPaXKEHUIO B IVIOCKOCTH, MO XKHO
UCKJIOYHTb ONEPalyi0 OTPaKeHHs B TOPU3OHTAIBHOH ILJIO-
CKOCTH M paccMarpuBaTh npocto rpynmy D,. CooTBeTcTBYyio-
UHe XapakKTephl, a Takyke XapakTepsl 1Jsi TpeXx ls-opburaned,
BLIUHCJIEHHBIE 10 HM3JI0XKEHHBIM BBILE NPaBUIaM, MPUBEAEHBI
B tada. 13.1.
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Tabauya 13.1

D, E 2C, 3C,

Ay 1 1 1

A, 1 1 —1

E 2 —1

%19 3 0 1 =46GL

PaccMaTpuBaemoe IPUBOAMMOE NPEACTaBJECHHE COCTOUT H3
cunraera A, u gy6nera E. Takum oGpasoMm, BMECTO Tpex
BOJIHOBBIX (DYHKUMEH @y (@), ¢y (D) H 9y (C) MOKHO NOCTPOHTD
OJHYy JuHeHdHyo KoMOMuauuio P4s), mnpeobpasyouyncs 1o
npencraBaesuio A,, ¥ napy oyukuui P& u P, npeobpa-
3yIOLMXCA IO npeacTasiaenuio E. Mcenonsays npoeximio (13.3),
HaXOIUM

YD o€ {y (@) + @5 (b) + 914 ()}
YE o€ {29, (8) — @1, (0) — 915 (0} (13.6)
lp(zE) o« {(Pls (b)_q)ls (C)}

B sToM mpocToM HpHMEpe HEMPHBOAMMBIE NIPELCTABJIEHHS BO3-
HHK&I0T TOJBKO 1O OJHOMY pasy, Tak YTO HeT HeoO6XOAuMOo-
CTH B BapHAllUOHHOM BHIUHCAEHUM, U cocrosaHus (13.6)
ABJISIOTCA HAHJYYIIUMH OLHOSJEKTPOHHBIMUH MOJIEKYJISAPHBIMU
opburansaMu. DHEPru¥ 3THX COCTOSIHHE B mpocTefillieM IpH-
6/MKeHUH JAIOTCS BHIPAXKEHUAMHU

E(A,):% (3e,,F61) =g;,+2M,
. 1
E(lE)= E(zE) =-§- (2813_2A‘) =818——7\"

rue e,,—>3Heprus ls-opbutanu cBOGOAHOrO atoMa BOAOPOJIA,
a A—HHTErpaa MepeKpPhITH:

o

b=\ o5 (@) H(r) g, (0) dr.

OcHoBHO# BKJIaZ B 3TOT MHTErpaJ JaeT vyacTh B3auMojeli-
CTBHSI MeXJY 3JEKTPOHOM B COCTOSIHHU @ (@) ¥ sAApoM b u
Hao6opor (¢ 3ameHoH a_—¥b). IlockoabKy 3710 B3auMojeh-
CTBHe 06YCIOBJIEHO CUJIAMM NPUTH XKEHU 51, BEJUYHHA A JOJMKHA
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ObITb OTPHLATENIBHOH, ¥, C/IeJOBATENbHO, MOJHOCTHIO CHMMeT-
puuHO€ cocTosiHHe P41 Gyner HauHusWHM 1o 3xepruu. Ilo-
3TOMY €CJIH NIOMECTHTb TPH 3JeKTPoHa B cocTostHue (13.6) B co-
OTBETCTBUH ¢ mpHHUHUNOM 3anpera [laymaH, To B OCHOBHOM CoO-
CTOSITHHH MOJIeKyJibl Hy Oy Iy T ZiBa 3M1€KTPOHA ¢ TPOTHBOMIOJIOXK-
HBIMH CIIMHAMH Ha Hau HU3LLEH 110 SHEPTHH oputany Y40 u oun
3JIEKTPOH — B OJIHOM H3 ABYX BHIPOXKJEHHHIX cocTosHHi P(E),
[lonHast BosHOBast (PyHKUMsSI OCHOBHOTO COCTOSIHHSI GyjeT
OpeACTaBaAThCs JerepmuHantoM Cnstepa, NOCTPOCHHLIM H3
yKas’aHHeIX Tpex (yHkHu#. IJockosabKy npu 3TOM Kaxioe
U3 CJlaraeMuiX B Das3jIOKCHHH JETepMHHAHTA NPEAcTaB/IsAeTCs
B BuJe npoussefeHus ¢ cummerpueii A, Q A, Q E=E, Bca
BosIHOBast ¢yHKmus sBAAercst E-OpOUTaNbHBIM Jy6GneToM,
NpHYEM BHIPOKJEHHE BO3HHKAeT Gj1arofaps ABYM BO3SMOMKHBIM
COCTOAHHMAM TPETHEr0 3JEKTPOHA.

Monekyna H,0

Mounexkyna Boasl, usoGpaxenHas Ha puc. 13.2, oGnanaer
rpynnoii cummerpun C,,. O6a aroma BOAOpPOJa HMEIOT II0
OJIHOMY 3JIEKTPOHY, @ aTOM KHCJIOPOJa—BOCEMb 3JEKTPOHOB

¥

Pue. 13.2.

B OCHOBHOM COCTOSIHUH ¢ KoHGHUrypanueii 1s22s? 2p*. Mu1 Oy em
HCIOJIb30BAaTh B KauecTBe AaTOMHHIX opburtaneii ls-opbutanu
Ha sjipax BOJOpoja, OOO3HauaeMele ueped @, (a) B @y, (D),
U 2p-op6uTajsu Ha SApe KHUCJAOpPOoAa, 0003HauaeMble uepes
Papxr Papys Papz- ATOMHBIE 15- 1 25-0pOUTATH KHCIOPOJA COOT-
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BETCTBYIOT GoJiee CHJIbHO CBSI3aHHBLIM COCTOSIHHSIM; NO3TOMY
MbE OTOpachiBaeM WX B npoctefimleM NpubauxkeHud. CreneHb
CBA3H 2p-opOHTAMH KHCJAOpoZa H ls-op6utann Bojopoja
IIPUMEPHO OJHHAKOBa, MOSTOMY CJEeAyeT YYUTHBATh 00e 3TH
¢yuruun. Xapakrtepn! rpymnsl C,, AaHsl B Tabma. 13.2; Tam

Tabauya 13.2

Cop E Cy Gy a,
A 1 1 1 1
A, 1 1 —1 —1
By 1 —1 1 —1
By 1 —1 —1 1

(1) 2 0 2 0 =A,p B
¥(2P) 3 —1 1 1 = AP BDB,

e NPHUBEIEHB! XapakTepbi JJisf MPOCTPAHCTB, IOPOKIAEMBIX
aTOMHBLIMH OpOHTansMH (O,—OTpPaxKeHHe B IIOCKOCTH MOJIe-
KYJbl, @ Oy-—OTpaxeHHe B INepHNeHJUKY/IAPHOH IIOCKOCTH,
cozepKaled ochb y).

Tax kak Bce HenpuBOAMMbIE INPEICTABJEHHS SIBJSIOTCS
OJHOMEPHBIMH, HETDYJHO 3amucaTh CHMMETPH30BaHHble 0op6u-

TaJau B CJACAYIOLIEM BHJAE:

(P(él) X (¢ (@) + s ()},
By
(P(ls 'ec {(Pls (@) —@ys (b)}’
Ay 1 2
(ng )= (Pzpw (9(21; )= Papxs (p(zb; )= Papz-

INockosbky uMerorcst aBe op6utanu tMna A,, ciepyer pomyc-
THTb BO3MOXKHOCTb HX cMelmuBaHuA. Ecv 0603HaYuTh 5HEP-
THH CBOOOJHOrO aroMa, COOTBETCTBYIOUIME COCTOSIHHAIM @
H Qa,, Y€Pe3 & H &,, TO B pPe3ysbTaTeé CMELIMBaHHA BO3-
HMKHYT J[Ba 3HepreTHYecKuX ypoBHs THma A, (puc. 13.3).
AHaJOrHyHO NPOM30HIET CMelMBaHWE ABYX opbuTamed Tuna
B,, pesyJabTar KOTOpPOTO TOXKe [I0Ka3aH Ha puc. 13.3. Moxuo

YTBEPXKIATb KaueCTBEHHO, YTO, MOCKOJIBKY YIOJ XHMHUeCKoH
cBsAsu npesoiaer 90°, nepexpuitve dyskumuit . GF n @Y

Gyner GoJblie COOTBETCTBYIOLIErO NMEPEKPBITHA PYHKIIHK qpl(;q"
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H @35, TlosToMy JBa ypoBHS B -THNa paciuenstcsi CHJbHEE,

yem jJBa ypoBus A,-tuma (Kak M 1mokasaHo Ha puc. 13.3).
B npocrefimem npuGaukeHHH YPOBHIO B, COOTBETCTBYET
SHEprus &,, csobopHoro aroma. CxeMa OJXHOYACTHUHBIX SHEp-

FeTHYECKUX ypOBHeHl, IpeicTaBJIeH- B,
Hasg Ha puc. 13.3, coraacyercq c
SKCIIEPHMEHTOM.

UTo6bl NMOCTPOHTH  BOJHOBYIO A

GYHKUHIO MOJIEKYJAH BOABI, HYKHO £
Teneph MOMECTHTb 3JIEKTPOHBI Ha
TOJIyYEHHBIE MOJIEKYAsipHBIE OPOH-
Taan u obpasoBaTb H3 HHX JLeTep- 8,
munant Ciastepa. PasvecTuTh Hyk- €2

Ay
HO IIECTh 3JEKTPOHOB, JBa H3 KO-
TOpPHIX NpHHaAexanuy ls-opburta-
JISIM aTOMOB BOJOPOZA, a uUeThlpe — 5

2p-opbutanaM KHucaopoja (HamoM- Puc. 13.3.

HHUM, 4TO 3JIEKTPOHHAA KOHQHUTYpa-

Iys aroMa Kucaopozia rtakosa: 1s?2s?2p*). Takum o6pasom,
IV OIHCAHHWS OCHOBHOTO COCTOSIHHSI MOJIEKYJIEI CJIEAYeT I0-
MECTHTb [0 JBa 3JEKTpoHa (CO CIHHAMH BBEPX U BHU3)
Ha KaxJIbii ¥3 Tpex HUXKHHX ypoBHel B,, A, u A,
(puc. 13.3).

§ 3. NPABUWJIA OTBOPA AJsi 3JEKTPOHHBIX BO3BY)XAEHWH
B MOJIEKYJIAX

OnTHyeckoe noryoleHHe MOXKET IPOU30HTH NIPU NEpeXoje
MOJIEKYJIBl 13 OCHOBHOTO B BO30OYXKJEHHOE cocTosiHMe. B Ka-
YecTBe INPOCTEHIIHX BO30YXKIEHHBIX COCTOSTHHE MOXHO pac-
CMaTpuBaTh OJHOYACTHUHBlE BO30YXKAEHUA U3 3aHATOH MoJe-
KYJIsipHOH op6uTtanu Ha 60Jiee BLICOKYIO 110 SHEPTHY HE3aHSITY IO
opbutanb. IlopsAllox BeNUYWHBI COOTBETCTBYIOUIMX SHEPTHEH
TOT Xe, YTO H B CJyuyae aTOMHBIX [EPEXOJOB, I[103TOMY
NOTJIOIIEHYEe BO3MOKHO B BUAMMOH, HH(paxpacHOH U yjabTpa-
¢duoseroBoli 06/1acTAX AEKTPOMarHUTHOrO criekTpa. Ipasyaa
or6opa, ompejensiOlIHe BO3MOXKHEIE Mepexojibl, MOTYT GHITh
NOJIyyeHb! TeM e NyTeM, 4TO M JJIs ypoBHEH aroMma B KpH-
cTa/uinyeckoM mosie (r1. 9, § 9, n. B). B cayuae Mosexyset
BOJB! BBHJY HA/IHuHUA JBYX 5JEKTPOHOB HA KaXKAOH opOUTaIU
OCHOBHOE COCTOsIHMe o00JafaeT cuMMerpueil A;, n0oxo6HOH
CHMMeTDPHH 3anosiHeHHOA 000/M04KH. B0o30yHIEHHBE COCTOS-



