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Nekuuna 15.

OcHoOBBI (PU3HKH MOJIEKY.I.

B nmaHHOM pasgene MblI pacCMOTPHUM INPUHIUIBI KBAHTOBOMEXAHMUYECKOTO OIMCAHMS
MOJIEKYJISIPHBIX CHUCTEM, OCHOBHBIE OCOOEHHOCTH AJIEKTPOHHOI'O CTPOEHUS MOJIEKYJ, 00Iue
HOJXO/bl K ONUCAaHWIO JIBUXKEHHUS SJEPHOU IMOJICUCTEMBI MOJIEKYJbI, a TaKXKe OCOOCHHOCTU
AJIEKTPOMATrHUTHBIX IIEPEX0I0B B MOJIEKYJIAX.

OO6pa3oBanue MoJeKyad — 3((HEeKT YMCTO KBAHTOBBIA, HEOOBSICHUMBIN C TOUKU 3pEHHUS
npeCTaBICHN Kilaccuueckor Gu3uku. [lpu 3TOM, Ha MepBBIN B3I, CYIIECTBOBAaHHE MOJIe-
KyJI OCTa€TCsl HEMOHATHBIM JIaXKe €CIIU Ka)KIbli aTOM B OTAEIbHOCTU pPaccMaTpUBaTh KBAaHTO-
BOMEXaHUYECKHU. J[eWCTBUTENIBHO, pACCMOTPUM BO3MOXKHOCTh OOpa30BaHUs MPOCTEUIEH MO-

JEKYJISIPHOU CUCTEMBI - H ] , COCTOAILEH U3 IBYX IMPOTOHOB M OJHOIO 3JIEKTpoHa. ByneM cum-
Y 2 Yy Y

TaTh, YTO Y HAC MUMEETCS aTOM BOJOpOJa B OCHOBHOM cocTosiHuM (1s ). Ilycth Ha paccTosHun
R ot atoma HaxoauTcsi MpOToH. [ Toro, 4ToObl 00pa3zoBaHnEe MOJIEKYIbI OBIJIO BO3MOXHO,
MEX]y aTOMOM BOJOPOJa ¥ MPOTOHOM (XOTs Obl B HEKOTOPOM JMana30He U3MEHEHUS BEIUYH-
Hbl R ) JOJDKHBI BOSHUKHYTH CUJIBI MIPUTsDKEHUS. 1 onpeiesieHns: CUIOBOTO TOJIsI paccuuTa-
€M DJIEKTPOCTaTUYECKUI MOTEHIMAJ, KOTOPBIHA CO3/1aeT aTOM BOJIOPOJIa B ITyCTOM MPOCTPAHCT-
Be. [Ipu 3ToM Oyaem mojaraTh, 4YTO 3JIEKTPOH CO3JA€T B MPOCTPAHCTBE PACIpPECIICHHYIO
IUIOTHOCTH 3apsijia
e

p(r) =~y ()| =~ —exp(-2r/a, ), (15.1)

0

rAc r - yOAaJICHHUC 3JICKTPOHA OT «CBOCTO» IIPOTOHA, 4, - 60p0BCKPII>i paauyc. Torna c y4ueToM

ceprueckoil CMMMETpHUH BOJIHOBOM (yHKIMU ls cocrosiHus ypaBHeHue llyaccona aiis anek-
TPOCTATUYECKOTO MOTEHIMAJIA, CO3/[aBa€MOr0 aTOM BOJIOPO/1a, 3alIUChIBAETCS B BUJIE

L o) = —an(esry+ o). |lofr)
(15.2)

rdr’
[IepBblli 4WieH B MpaBOM YacTH
(15.2) yuuthiBaeT HajgM4ue aTOM-
HOro sjapa. Pemienue ypaBHeHus
(15.2) ¢ yuerom (15.1) umeer BuI
(cm. puc.15.1)

(p(r):E 1+ exp(—2r/a,).

r a, y
va
(15.3) , , 0
Kak BumHO, SHeprust B3ammoneii- 0.0 0,5 1.0 15 2,0
CTBHUS IIPOTOHA C aTOMOM BOJOpPO- Puc.15.1. 3nekTpocTaTUdeckUiA noTeHUWan, cosgaBaemMbli
na ep(R) BO3pacTaeT IO Mepe aToMOM BOAOPOAA B NPOCTPaHCTBeE.

npuOIMKEHUsT IPOTOHA K aTOMY BOJIOPOJIA, TO €CTh B CHCTEME «aTOM BOJOpOJA — MPOTOH»
BO3HHMKAET OTTAJIKUBaHHUE MPU NMPHUOIMKEHUH IIPOTOHA Ha paccrosiHud R < a,. Kazanoce Obl,

1
9TO O3HAa4acT, 4TO 06pa30BaHHe MOJICKYJIbL ]‘12+ HEBO3MOXKHO . UTo KOHKPETHO HE OBLIO yurte-

' Ha camoM jiente Maioe NPUTSKEHHME B CHCTEME BCE-TAKM CYIIECTBYeT. I10/spH3alus HPOTOHOM JIEKTPOHHOM
000JI0YKH aTOMa MPHUBOAUT K MOSBICHHIO Y HETO HEOOJBIIOTO JUITOJLHOTO MOMEHTA, KOTOPBIH NPUBOANT K BO3-
HUKHOBEHHIO CIJI IPUTSDKEHUS. DTO Tak Ha3blBaeMble CHIbl Ban-nep-Baansca. OHM Manbl 1 He IPUBOIAT K 00pa-
30BaHUIO XUMHUYECKON CBSI3U MeX Ay aromaMu. bonee moapobHo — cm. [Ipunoxenne 8.
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HO B Hammx paccyxaeHusax? K oTBeTy Ha 3TOT BONPOC MbI BEPHEMCS MO3XKE, a MOKa NepenieM
K OOCYXXKICHHIO OOLIMX MPUHIIUIIOB KBAHTOBOMEXAHUYECKOTO OMUCAHUSI MOJIEKYJSPHBIX CHC-
TEM.

Aouabamuueckoe npubaudicerue.
[Tpu onmucaHuu OOUIMX MPHHIMIIOB MbI JUISL TIPOCTOTHI OTPAHUYMMCSI PACCMOTPEHHEM
TOJILKO JBYXaTOMBIX MOJICKYJI. 3alluIlIeM raMUIbTOHUAH TPOCTCHUINEH JIBYXaTOMHON MOJICKY-

JIIPHOM CHCTEMBI — MOJICKYJISIPHOTO HOHA Boopoaa H, (06o3HadeHus cM. Ha puc.15.2):
T 7 7 2
H=H,+T +T,+¢*/R.

A

3nece H, =T, +V, - 51eKTpOHHAs 4acTh raMWIBTOHMAHA, [, - KHHETUYECKAs DHEPrUs dJICK-

e .
TpOHA, V, = ——— —— - BSHeprus B3aUMOJCHCTBUA JJIEKTPOHA C IPOTOHAMH, ¥, U F, - yJaJe-

A A

HUE DJIEKTPOHA OT IEPBOrO0 M BTOPOr0 IPOTOHOB COOTBETCTBEHHO, I, I, - KMHETHYECKas
sHeprus saep, R = ‘Rl - Rz‘ - MeXbsiepHOe paccTosiHue. CTallMOHAPHBIE COCTOSIHHS CHUCTEMBbI

MOTYT OBITh ONpesieNieHbl U3 peleHus ypasHenus Lpenunrepa

H®(F,R,,R,))=E®(,R,R,)). (15.4)
JlanpHeliee paccMOTpeHHE HaM OyJneT yJao0HO
NPOBOJIUTh B CHCTEME KOOpPJMHAT, CBA3aHHOW ¢
LEHTpOM Macc MoJiekynbl. [IpeneOperas Maccoii
JIEKTPOHA m IO CPAaBHEHUIO C Maccou suapa M,
BBEJIEM KOOPAMHATY LIEHTPa Macc’

%i=(R +R )2
1 KOOPAWHATY OTHOCHUTCIIBHOI'O ABUKCHUS
R=R,-R.

—

Torma koopaunatel R, U R, KaXa0ro u3 siaep om-
PEACTIAIOTCA KaK
R =R-R/2,
R, =R+R/2.
HOJ’Iy‘II/IM BBIPAXKCHUC IJIA KUHETHUYECKOH OHEpPIrun

AIep B CUCTEME KOOPJIMHAT, CBA3AHHOW C LICHTPOM Macc. Y YUThIBas, 4TO
0 1 0 0 o 10 0

—_— ____I/I_

— = ——— —=——+—,
OR, 20R OR OR, 20% OR

(15.5)

Puc.15.2. MonekynspHeId MOH Bogopoaa.

a TAKXXE
¢ 1o o @ o _1o o &
OR> 40R* OR® OROR™ OR: 40R* OR® OROR’

OJIy4YuM
A oA h* 0> R &* h* o n* o°
T +T,=- L S —
4M OR* M OR*? 22M) 6R*  2u OR?

* Ml 371ech TIPEANIONAraeM, uTo MacChl saep aTOMOB, 00pasyroutux monekymy, pasust M, = M, = M . B ciy-

yae, eCIIM Macchl sep ABISIOTCS pasanunbvy, st R nveem R = (M R, +M,R, )/ (M ,+M, )
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rie W= M/2 - npuBeneHHas Macca MOJIEKYJbl. TakuM 06pa3oM, MbI TIOJIYYHIIH, YTO MOIHBIA
TraMWJIBTOHUAH MOJICKYJIbI TPEACTABUM B BUAC

2 2 2 2 2
AG R =|T +v ¢ R)-1- 0 e |- o
2udR> R ) 202M)oR’
3nech 7 - KOOpJMHATA 3JIEKTPOHA, OTCUUTHIBaEMasi OT LIEHTPa MacC MOJIEKYJIbI, IPH 3TOM
P =F+R/2, F,=F-R/2. (15.6)

[TonmyueHHOE BBIpaKEHHE O3HAYAET, UTO MOJHBIA TaMUIIBTOHUAH MOJIEKybl H (7, R,*R) MOXHO

MNpeaAcCTaBuTh B BUAC CYMMbI TaMUJIbTOHHAHOB JIBYX IIOJACHUCTEM, OAHA U3 KOTOPBIX OHPCACIIA-
€TCA COBOKYIHOCTBIO KOOPAWHAT, ONHMCBIBAIOIIWX OTHOCUTCIIBHOC IABMIKCHUC JJICKTPOHOB U

sIep B MOJIEKyJIe, a APYyras — KOOPAMHATON LEHTPA MAcC MONEKYJII R . 3HAUMT, BOTHOBAs
DYHKIIHS CTALHOHAPHOTO COCTOSHUS MOJIEKYIIAPHON crcteMbl @(7, R, R) MOXKeT ObITh mpes-
CTaBJIcHa B BUJIC TPOU3BECHHUS BOJHOBBIX (DYHKIIUH

O(F,R,R) =¥(7,R) - exp(iKR),
TJie BTOPOH COMHOXHTENh OMPEACIISeT BOIHOBYIO (DYHKIIHIO CBOOOIHOTO JIBM)KEHUSI MOJICKYJTBI
KaK L[eJIOr0 B IPOCTPAHCTBE, K - BOIHOBOH BEKTOP MOJCKYIBL Best HEQOPMALHS O BHYTPEH-
Heil CTPYKType MOJIEKYIIBI COepXKHuTCs B byHKumu ¥ (7, R), KOTOpast SBISETCs. COOCTBEHHOM

byHKIMEH raMIIIbTOHHAHA
2 2 2
AR =T +7V.(F R -1 542 +<. (15.7)
2U0R” R
Pemenue 3agaun Ha COOCTBEHHBIE 3HAYEHUS U COOCTBEHHbIE (DYHKIIMH raMHJIbTOHUAHA
(15.7) 0ObIuHO TIPOBOAAT B afuabaTHYECKOM MpuOmmKeHnd (mpubiamkenuu bopHa - Omnmen-
reiimepa’). CyTh 3TOr0 TPHOMIDKCHHS 3aKIIOUACTCS B CIEAyIOmeM. MoeKyna COCTOHT U3
JIBYX TOJACHCTEM — AJIEKTPOHHOM (JIETKOM) U siAepHOU (TsKenol). J|BUKeHUe 3JIEeKTPOHOB MPO-
UCXOJUT C CYUIECTBEHHO OOJIbIlIE CKOPOCTBIO, YeM JABMXeHUe sanep. [loatomy npubiamkeHHO
MOYKHO CUHMTATh, YTO JIBUKECHUE AJIEKTPOHOB MPOUCXOANUT MPHU HEMOABMKHBIX sipax. [Ipu pac-
CMOTpPEHUH SIIEPHOI MOACUCTEMBI MBI Oy/1eM HoJaraTh, 4YTO 3JIEKTPOHHAs MOJCHUCTEMA YCIIeBa-
€T MOJICTPOUTHCS MO MTHOBEHHOE TOJIOKEHUE sIIIEP.
Taxkum obpazom, B pamkax npuOmmkenns bopua — Onmenreiimepa BoJHOBasT (yHKITHS
MOJICKYJIIPHOM CUCTEMBI ITPEJICTABIISACTCS B BUJIE

(i, R)=y" (7 R0 (R), (15.8)

v (7,R) - anexTpoHHas BONMHOBas (YHKIMS MOJEKYIbI, 3aBHCAIIAA, B TOM YHCIE, OT sjep-

HO# KOOpAMHATHI, KaK oT mapamerpa, ¢ (R) - BomHOBas GyHKIHUSA AIEPHOM MOACHCTEMBI MO-

JICKYJIBL. HpI/I O9TOM BOJIHOBasi (bYHKL[I/I}I 3JI€KTp0HHOI71 MOACUCTCEMBI SABJIACTCA PCIICHUCM 3ajia-
9§ Ha COOCTBEHHBIE 3HAUCHMUS JJIs1 3JICKTPOHHOT'O raMHUJIbTOHMAaHa

(7 +v,. B . R) = E© (R (7, R). (15.9)
3neck E'“(R) - oHeprus >JeKTPOHHON MOACHCTEMBI MOJIEKYINbI, KOTOPAs TOXKE 3aBUCHT OT

MEXBSIJEPHOTO PACCTOSIHUS KakK OT mapametpa. Pemas (15.9) Mbl monmydaem momHBIA HAaOOp
AIIEKTPOHHBIX COCTOSIHUIA MOJIEKYJIbI, 3aBUCSIINX, B TOM YHCIIE, M OT PACCTOSHUS MEXIY sIpa-
MH.

Bynem Tenepb uckaTh cTallmOHApHBIC COCTOSIHMS ramuiibToHHaHa (15.7) B Buzae pasio-
kenus (15.8), rae anmeKTpoHHBIE BOJHOBBIE GYHKIIMU yA0BIETBOPSIOT (15.9). [Tomyunm:

3 R.Oppenheimer (1904-1967) — aMepuKaHCKHii (H3HMK — TEOPETHK.
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2

({10 G RRO Ry | T+ (0GR R))= By 6. (15.10)
3aech
2 2 2
ho
2p

N

2u OR?
- OMePaToOp KHHETUYECKOW SHEPTUU SACPHON MOACUCTEMBI.

Hawnbonee cymecTBeHHO ISl JaJIbHEHINIET0, YTO cilaraeMble, cojaepxaiiee auddepeH-
[IUPOBaHUE DJICKTPOHHOW BOJHOBOW (PYHKIIMHM TO SACPHOM KOOpAMHATE (MX HA3BIBAIOT HE-
aanabaTUICCKUMHK), MaJIbl 110 CPAaBHEHUIO C JIPYTUMHU YICHAMH, BXOJSAIIMMH B YpaBHCHHE
(15.10). Ms1 He OyaeM oCTaHABIMBATHCS HA JOKA3aTEIbCTBE ITOTO yTBepxc;[eHm4, OJHAKO, C
MaTEeMaTHYECKON TOYKH 3PCHHSI UMEHHO 3TO YTBEPXKICHHE MPEACTABIIICT COO0H OCHOBY ajua-
0aTHYECKOTO MPUOTIKEHUSI.

[Ipenebperas HeaguabaTHYecKUMU WieHaMH B ypaBHeHuu (15.10), pazaenum o6e yac-

i ypasuenus Ha ¢ (7, R)d" (R) . Torna nmeem

1
gy

~ = 1 (~ €
© (3 _ (V)
(A1,y (r,R))_E—W fy+ o R). (15.11)
VYuuteiBast, uto B cuiy (15.9) neBas gactp (15.11) ecTs sHEprusi AIEKTPOHHON MOJCUCTEMBI,
MOJTyYrM CIIEAYIOIIee YPaBHEHHUE ISl OMpPEIeICHHs] BOJHOBBIX (DYHKIIMA CTAIlHOHAPHBIX CO-

CTOSIHUM SIAEPHON OACUCTEMBI
2
T, +%+E<e>(R) oM (R) = E¢™(R). (15.12)

Kak BuzmHO, MBI momyunim «oObsrgHOe» ypaBHeHHe [lpeaunrepa ¢ 3pdekTuBHBIM MOTEHIINA-
JIOM B3aUMOJEHCTBHUS SIIEP B MOJIEKYJIE

2
V(eff)(R)z%+E(e)(R). (15.13)

O¢ddexkTuBHBIA MOTEHIMAT YUUTHI-
BaeT HE TOJBKO KYJIOHOBCKOE OT-
TAJIKUBaHWE MEXIY SApaMu, HO U
HAJIMYHUE AJIEKTPOHHOU TUIOTHOCTH
B CHCTEMe, KOTopasi 00ecreqnBaeT
NPUTSHKEHUE B CHCTEME, U MOXKET
NPUBECTH K CBS3BIBAHUIO aTOMOB B
MoJIeKyJly. [l 3TOro, O4eBUIHO,
HEO00XO0MMO, YTOOBI 3aBUCUMOCTD

V' (R) xapakTepn3oBangach KpH-

PR)

BOM C JIOKaJIbHBIM MHHUMYMOM 1
(cm. puc.15.3, kpuBas 1).

3aBucUMOCTh  I(PPEKTHB- R
HOMl DHEpPruM  B3aUMOJCHCTBUSA
S/Iep B MOJIEKYJIE OT MEXbsIIEPHO-
IO PpAacCTOSIHUS Ha3bIBAIOT JJICK-
TPOHHBIM TEPMOM MOJICKYJIBI. Ty

Puc.15.3. 3chchekTBHAA noTeHUWaNLHaA sHeprns
E3aVMOZEeNCTBUA S4EP B MONEKYNE B 3aBMCUMOCTH
0T MEXBASEPHOMD PacCTOSAHUSA.

* MosxHo 10Ka3aTh, YTO 3THU CJaraeéMbleé UMEIOT, 0 KpallHel Mepe, MOPSAIOK MaloCTH &Z 1/m/ M | rne non

KOPHEM CTOUT OTHOIICHHUE MaccC 3H6KTp0HHOI\/’I u HI[CpHOﬁ NOACHUCTEMBI.
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’Ke 3aBUCHMOCTb YaCTO Ha3bIBAIOT OTECHIMATBHON KPUBOiT (IOTEHIMATBHON TOBEPXHOCTBIO' ).

MoskeT Tak oKa3aTbesl, YTO NOTCHIUANbHAS KPHBAsk XapaKTEPU3yeTCsl OTCYTCTBUEM MH-
HUMYyMa 3Hepruu (Takoi ciydyail Takxke npuseneH Ha puc. 15.3). Torma, oueBuaHO, IpH Jito-
OOM pacCTOSTHIH MEKIY aTOMaMH CYIIECTBYIOT CHJIBI OTTAJIKUBAHUS, TO €CTh YCTOHYMBOE CBS-
3bIBAaHHE aTOMOB B MOJIEKYJTy HEBO3MOXHO. B 3TOM cilydae roBOpST, UTO IJIEKTPOHHBIA TEPM
MOJIEKYJIBI SIBIISICTCS PA3JICTHBIM.

WTtak, noaseneM HEKOTOpbIE UTOTH. [Ipu paccmompenuu cmpyKmypol MOJIEKYIbl 8 Pam-
Kax aouadbamuyecko2o npubaudceHus Heobxo0UMo CHA4aNa peuums 3a0a4y Ha cobOCmeenHbie
3HAueHUsl U coOCmeenHbie QYHKYUU Oa 2aMUILIMOHUAHA DIEKMPOHHOU NOOCUCTNEMbL MOJIEK)-
nwl. B kauecmese pewenus nonyuaromes Habop cob6CmeenHblx QYHKYU u cO6CMEEHHbIX 3HAYe-
HUll, napamempuyeckKu 3aeUCSUx Om paccmosnus mexcoy aopamu 6 monekyue. /lanee mul
ModicemM nOCmpoums HAOOp 371eKMPOHHLIX MePMO8 MOJEKYIbL (KAdCOOMY 2NeKMPOHHOMY CO-

CIMOAHUIO MONEKYIIbl cOOmeemcmayem Konkpemuwiii 6uo 3asucumocmu V' (R)) u npoananu-

3UPOBamMsb 3a0ayy 0 NPOCMPAHCMEEHHOM CMPOCHUU MOAEKYIbl U 0CODEHHOCAX OBUNCEHUS
s0ep 0711 Kaxcoo2o U3 mepmos.

PaccMotpumM Ternephb Gosiee oAPOOHO IEKTPOHHOE CTPOCHUE psijia TIPOCTSHIIIMX MOJIe-
KYJISIPHBIX CHCTEM.

Monexynsipuwlil uoH 6000pooa.

[TpuGIMKEHHYIO 3JCKTPOHHYIO BOJHOBYIO (DYHKIIMIO OCHOBHOTO COCTOSIHHSI MOJICKY-
JSIPHOTO MOHA BOJOPOZa OyJeM HCKaTh B BHIE CYNECPIO3UIMU JABYX HEBO3MYIICHHBIX (DyHK-
1mii BogopoxHoro atoma’ (0603HaUeHHS cM. Ha prc.15.4):

Y. R) = oy, (7) + By, (7). (15.14)
3/:[ec5 ’_;1 u 7_’:2 - YAQAJIICHUC J3JICKTPOHA OT KaXA0Ir0 U3 MPOTOHOB, KaXXAasd U3 3TUX BCIUYHUH BbI-

paxkaercsi uepe3 nepemennbie # u R . [lpubmmkenue (15.14), oueBUIHO, BBINOJHEHO IJIf
O0JIBIINX MEXbANECPHBIX paccTosHUM R >>a,. On-

HaKo, JJIs HAac B JaJbHEHIIEM CYIIECTBEHHO, YTO
Ipe/ICTaBICHNE BOJTHOBOW (DYHKIIMHU AIIEKTPOHA B MO-
Jexyse (MOJeKyIsIpHOW opOuTanu) B BUE JMHEHHOI
KOMOHWHAIIUA aTOMHBIX BOJIHOBBIX (DYHKIMH (aToOM-
HBIX OpOuTasiel) NPUBOIUT K MPaBUILHBIM pe3yJbTa-
TaM, XOTs Obl M Ha KaYeCTBEHHOM YpPOBHE, JUIA IIPO-
U3BOJIBHOIO COOTHOLIEHUS NTapaMeTpoB R U a, .

Puc.15.4. KoopanHaTel anekTpoHHOR Bcenencreue TOXKIECTBEHHOCTH SACPHBIX LEH-
~ +

W apepHoi noacneTem H, TPOB €CTECTBEHHO IIPEAIOJIOKUTh, YTO BEPOSITHOCTHU

O0OHAPYXKUTH IJIEKTPOH OKOJIO KaKJOTO M3 HUX PaBHBI

MEXIy COOOH, TO eCTh |0L|2 = |B|2. Orcioza sicHo, uto (ynkmus (7, R) mpeacTaBuMa B BHJC
CUMMETPUYHOH, UJT aHTUCUMMETPUYHON KOMOMHAIIHA aTOMHBIX (pyHKuHﬁ7

VEER) = CE (B, (R 2w, (7)), (15.15)
rae C*(R) - HOpMHPOBOYHAs KOHCTAHTA, OIpEeIseMas U3 yCIOBHs

> TepMHH «IIOTEHIHATbHAs OBEPXHOCTEY (potential surface) HCIOMB3yeTCs, MPEXK/IE BCETo, [T MHOTOATOMHBIX
MOJICKYJI, [UIsi KOTOPBIX 00CY)XHaeMasi 3aBUCUMOCTb olpenesisiercss GyHKIUeH OT COBOKYIHOCTH SIEPHBIX KOOp-
JIHMHAT M OIHMCHIBAETCS TOBEPXHOCTHIO B MHOTOMEPHOM IIPOCTPAHCTBE.

% J10 npHOTIKEHIE HHOT 1A HA3BIBAIOT PHOIMKEHHEM Pa3beINHEHHBIX aTOMOB.

7 3j1eCh KOOPMHATEI 7, U F, cBsi3aubl ¢ koopauHatamu ¥ u R coorHomenusmu (15.6)
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t,— 52 +/,> D + /.= D
H\y*(r,R)‘ d3r:<\|/*(r,R)‘\y*(r,R)>:1. (15.16)
Boruncnenue unrerpana (15.16) naer

(xR (v, )y, )+ (o B w o () £ 20w, ) w, (B))) =1,

OTKYJa HaXO0auM

N 1 1
CR)=F=FT7—77—=, (15.17)
V2 J1£S(R)
rae S(R) = <\|11S (171)|\|11S (7 )> - HHTETPaJ MIEPEKPBITUS. Y UUTHIBASI, YTO
vy, (F) =——exp(=7/a,).
na,
AJI1 UHTCTrpajia NEPCKPbITUA MOXKHO l'[OJ'Iy‘-II/ITI)8
2
S(R)—(l+£+l[£j Jexp(R/ao). (15.18)
a, 3\a,

B ciyvdac R >> a, BOJIHOBBLIC (I)YHKLII/II/I KaXXZ10ro U3 NCHTPOB JIOKAJIM30BAaHbI B PA3JIMYHBIX 00-

JIaCTAX NPOCTPaHCTBA, U MHTCIPAJI IICPCKPBITUA 06pamaeTc;1 B HOJIb. Kak MbI YBUOUM B JaJIb-
HGfIH.IGM, B CBA3aHHOM COCTOSIHHH MOJICKYJIbI R~ a, , U IIpUTSDKCHUE MCKAY AApaMU BO3HUKA-

€T UIMEHHO BCJIEJICTBUE MEPEKPHITHS AaTOMHBIX BOJTHOBBIX (DYHKIIUH.
Tenepb Mbl MOXKEM ONPEIETUTH FHEPTUIO FJIEKTPOHHOM MOJCUCTEMBI:

E©R) = (v* (7, R)|A,|v* 7, R)) =
2 ~ 62 62
@) (v, G 2w, GBI "=y, )2y, R).  (1519)
1 2
BBoast niist cokpareHus 3anucu 0003HaYCHUS
)=y, (7). [2)=v, ),

nepenuueM Belpaxkenue (15.19) B Bune

(e) — 1
ER) = 2(1 iS(R)){<1

~ 82 ~ €2 ~ €2 ~ 82
7= 1y o, = S22 (0, - 12) £ 217, -

+<2|—j—1|2>+<1|—i—2|1>i<1|—i—2|2>i<2|—i—2|1>}- (15.20)

Jlerko BUACTH, YTO ClilaraCMbIC B (I)I/Il“ypHBIX CKOOKax IOIMapHO paBHBI MCKIY co0oii.
HpI/IHI/IMaH BO BHUMAaHHE, YTO

2 2
([, —67|1> —E, u (1T, —67|2> = E,(112)=E,S(R),
1 1

rae E,, - SHEprus OCHOBHOI'O COCTOSIHUS aToMa Bo#opoaa, nepenuiueM (15.20) B Bune
V(R)XW(R)
1+ S(R)

EVR)=E, + , (15.21)

i€ BBEJICHBI CIICTyIONTHE 0003HAYCHUS

VR)=(1]=€ [ l)=~[lv, G ~-d’r

¥ Cwm., Hanpumep, A.C.JlaBbiios «KBanToBas MexaHuka», M.: Hayxka, (1978), §130.
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- KYJIOHOBCKAs SHEPTHsI B3aMMOJICHCTBUS PACIIPEICIIEHHOTO 3JIEKTPOHHOTO 3apsAaa C «Ty>KHUM»
INPOTOHOM (B JJAHHOM CIIydae, 3JEKTPOHA paclpeeICHHOTO OKOJO HEHTPa «OAMH» CO «BTO-
PBIM» IPOTOHOM),

WR) = (1]=¢*/r,2) = ~[wi vy, () —d’r

- TaK Ha3bIBAEMbI OOMEHHBIH MHTETpall, OOS3aHHBIA CBOUM TPOHMCXOXKICHHEM TOMY, YTO B
MOJICKYJIC €IMHCTBEHHBII AJICKTPOH OKa3bIBACTCS «pa3MasaH» cpasdy mo oboum neHtpam. s
JABHEHINETO CYIIECTBEHHO, YTO 00a MHTErpaia MPUHUMAIOT OTpUIaTelbHOe 3HadyeHue. O0a
HHTCIrpajia MOT'yT GI)ITI) BbBIYUCJICHBI a,Ha.TII/ITI/I‘-ICCKI/I9

2
e

V(R)==—|1- 1+ & exp(-2R/a,) |,

a,

2
e R
W(R)=—-—|1+— |exp(—R/a,).
a, a
. . . 1
Bripaskenue 11t 3PEKTHBHOM MOTEHIMAIBHON SHEPTHU B3aUMOIEHCTBUS €D B MOJIEKYJIE
3aIMIIEM TEIEPD B BUIE

0

N V(R)XW(R)

* 1+S(R)
[TosrydeHHBIE 2JIEKTPOHHBIE TEPMBI IPUBEAEHBI HA puc.15.5. Kak BUIHO, B COCTOSHUU HA KpH-
BOM, COOTBETCTBYIOIIEH CUMMETPHYHON BOJHOBOW (DYHKIMH, BO3HUKIIA IMOTCHIMAIbHAS sMa,
CBU/IETEJILCTBYIONIAs] O BO3MOXXHOCTH OOpa30BaHMsI CBA3aHHOI'O COCTOSTHHMSI MOJIEKYJIbl. AHa-

nau3 BelpaxkeHus (15.22) noxa-
Vefﬂ (R) 3bIBACT, 4YTO BO3HUKHOBCHHUE
MPUTSDKEHUS. MEXIY SApaMu B
cucteme OOYyCIIOBIEHO 00-
MEHHBIM wieHoM W (R), To

2
V(R = %+E1 (15.22)

€CTh CBSI3aHO C JeJIOKaIH3a-
LHE aTOMHOIO 3JJIEKTPOHA
Cpasy Mo JIByM SIIE€PHBIM IIEH-
tpam. HaoGopor, B ciydae
AJIEKTPOHHOTO COCTOSTHUS,
OIMMKCHIBAEMOTO AHTUCUMMET-
pUYHOM (YHKIIMEH, CBA3aHHOE
, , , , Ra, COCTOSIHME HE BO3HHKAaeT, a
0 2 4 6 8 AJICKTPOHHBIA TEPM SIBIISACTCS
pasneTHbIM. PacyeTsl 1ist CBsI-
3aHHOTO  COCTOSIHUSA  JAroT
3HAUEHUE JUISI PAaBHOBECHOTO MEXKBSJIEPHOTO PACCTOSHUSA (TIOJIOKCHHE MHUHHMYyMa Ha TOTEH-

nuanbHol kpuoit V) (R)) R™ = 2a,, v ryGuHy noTeHIManbHoi sMbl ~ 2.6 5B,

Puc.15.5. SnekTpoHHble TEpMbl MONEKYNAPHOro MOHa BOAOPOAA.

3amMeTuM, 4TO €CIHM MPEaNookKuTh, 9To S(R) =0, TO €CTh JIEKTPOH COCPEIOTOUYCH

OKOJIO OJJHOTO M3 IPOTOHOB (TOTa, KoHeuHo, W (R) =0) mns snektporHoro Tepma V) (R)
Toy4aeM

? MeTo/yKa BBIYHCIICHHS STHX HHTEIPANIOB TaKkxke obcyxmaercs B Monorpadun: A.C.J{aBbi1oB «KBaHTOBas Me-
xaHuKa», M.: Hayxka, (1978), §130.

12 3Ty SHepruio 4acTo MPUHATO OTCUHTHIBATH OT YPOBHS E,.
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V(L?ﬁ’)(R) :%+V(R) :% 1+£ exp(—zR/ao),

a

TO €CTb HOHyKHaCCI/I‘leCKI/Iﬁ pe3yiibTaT, C KOTOPOI0 Mbl HAYNHAJIN O6CY)KI[€HI/IG (1)I/ISI/IKI/I MOJIC-

KyJI.

Bo3HUKHOBEHME B CHCTEME NMPUTSKCHUSA WIM OTTAJIKUBAHUA B 3aBUCUMOCTH OT BUJIA
CUMMETPHHU 3JICKTPOHHBIX BOJHOBBIX (PYHKIHUH MOKHO MPOUJUTIOCTPUPOBATH C MOMOIIBIO Clie-

LA

Puc.156.6. CxemaTHUUHbIA BUA AreKTPOHHOW BONMHOBOW
BOYHKUWA B CUMMETPUHMHOM COCTOAHUN H;_

Puc.15.7. CxeMaTUYHLIA BUA 3NEKTPOHHOW BONMHOBOMH
dYHKLMW B aHTUCUMMET PUYHOM COCTOAHUM H2+.

OYIOIIUX KApTUHOK. PaccMoOTpuM CTpyKTYypy
AJIEKTPOHHBIX BOJHOBBIX (DYHKIHUH, OMHCHI-
BAIOIMX CUMMETPUYHOE U AHTHCHUMMETPHY-

HOE COCTOSIHHE MOJIeKYJbl H, . Jlns cummer-

PHYHOTO COCTOSIHUSI BUI (DYHKIIMH ' B 3aBH-

CUMOCTH OT MEXBAJAEPHOTO PACCTOSIHUS CXe-
MaTH4YEeCKU NpuBeneH Ha puc.15.6. Ha 6o0ib-
mux paccrosHusx (R >>a,) BOJIHOBBIE

(YHKIIMM HE TIEPEKPBIBAIOTCA, NMPH yMEHBIIIE-
HUM PACCTOSHUS HAOJIOJaeTcs MepeKphITHE
aTOMHBIX BOJHOBBIX (pyHKIWiA. [Ipu 3TOM OT-
pULATENBHBIA 3apsil OKa3bIBa€TCsS COCPEAOTO-
4eH B 00JIaCTH MEXKIY sipaMu, 4To U odecne-
YMBA€T BO3HUKHOBEHHME CBSI3aHHOI'O COCTOS-
HUS. AHaJIOTUYHO, Cllydail aHTUCUMMETPHY-

HOTO COCTOAHHA Yy  IIPEACTaBIEH Ha

puc.15.7. Ha paccrosguusx R >> a, MBI TaKxKe

MMEEM CYNEPHO3ULUIO ABYX HENEPEKPhIBAIO-
muxcst PyHKIHA, OJHAKO, B OTJIMYUE OT TIpe-
JBITYILEro ciydasi OAHA U3 3TUX (YHKIHH sB-
asercs orpuuarenbHoi. Ilockonbky pacmpe-
JIEJICHUE JJIEKTPOHHOM IUIOTHOCTH OIpEaes-
eTCsl KBaJpPaTOM MOJYJsI BOJTHOBOU (pyHKIHMH
Ha OOJBIIMX PACCTOSHUSIX DJIEKTPOHHBIE
IJIOTHOCTH B CUMMETPUYHOM M aHTHCUMMET-
PUYHOM COCTOSIHUSIX IPAKTHUYECKH COBIIAJa-
10T. OHaKo, npu R ~ a, CUTyauusi MEHIETCS.

AHTHCUMMETPUYHOE COCTOSIHUE XapaKTepH-
3yeTcsi HYJIEBBIM 3HAYEHHEM D3JIEKTPOHHOM
IUIOTHOCTH B TOYKE PAaBHOYJAICHHOH OT 000-
ux saep. B pesynbrate opmupyercs Takoe
pacrpezielieHue OTPULIATENILHOTO 3apsia, KO-
TOpOE€ HE MOXKET KOMIIEHCHPOBAaTh KYJIOHOB-
CKOE€ pacTaJIKUBaHUE SIJIEP, U BO3HUKAET pa3-
JIETHBIA MOJIEKYJIAPHBIA TEPM.

Eme Oonee HarmsimHO pacmpeserneHue
OTPULIATENILHOTO 3apsa B MOJIEKYJISIPHOM HO-
HE BOJIOPOJa B 3aBUCUMOCTH OT CHUMMETPHUHU
COCTOSTHUSI MOXHO BUJETh W3 JaHHBIX, Ipe.-
cTaBlieHHbIX Ha puc.15.8. Ha srtom pucyHnke
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M300paKeHbl TMHUU YPOBHS, COOTBETCTBYIOIINE PABHOM 3JI€KTPOHHON IJIOTHOCTH B COCTOSIHU-
ax Y Uy . CHMMETPUYHOE COCTOSIHUC XapaKTePU3yeTcs MPEUMYILIECTBCHHOM JTOKaIn3aIy-

en BHGKTpOHHOﬁ IJIOTHOCTHU MCEKAY ATOMHBIMHU SAJpaMH. B ClIy4ac€ aHTUCUMMCTPHUYIHOIO CO-
CTOAHUA PACCTOAHUC MCKIY «KICHTPaAMU TAKCCTH OTPULATCIBHBIX 3apsa0B, JTOKAJIMN30BaHHBIX
OKOJIO KaXJI0ro u3 IMPOTOHOB, OKaA3bIBACTCA OoubIiIe MCKDBAACPHOI'O PACCTOSAHUA. Kax

AT

Puc.15.8. PacnpegeneHue anekTPOHHOW MNANOTHOCTA B CUMMETPUYHOM
M @HTUCUMMETPUYHOM COCTOAHMAX MONEKYNAPHOMO MOHA BOLOPOAA.

CJIEJICTBUE, CAMMETPUYHAS BOJTHOBAs (PYHKIIHUS OMKCHIBACT CBSI3aHHOE COCTOSIHUE MOJIEKYJIbI, B
AHTUCUMMETPUYHOM COCTOSTHUHU CBSI3aHHOTO COCTOSIHHMSI HE BO3HUKAET.

Bepuemcs teneps k 00CyXIEHUIO BOMPOCA, C KOTOPOTO HAvalu U3ydyeHHe (HU3UKH MO-
nekyn. Kak u mouemy npu npuOamkeHun «u3 0€CKOHEYHOCTH» MPOTOHA K aTOMY BOJOPOJia B
CUCTEME BCe-TaKd BO3HUKAET MPUTSHKEHUE, HECMOTPSI Ha TO, YTO HEHTpaIbHBIA aTOM BOJOPOJIa
CO37Ia€T B IPOCTPAHCTBE KOPOT-
KOJICUCTBYIOIIUA  TIOJIOKUTEIIb-
HBIM MMOTEHIMAJ, KOTOPBI, Ka3a-
70Ch Obl, IPUBOJUT K BO3HUKHO-
BEHHMIO CWJI OTTajkuBaHus. Oka-
3bIBAETCSl JIeJI0 B SIBJICHUHM TYH-
HenupoBanus (cm.  puc.15.9).
[Ipu cOMMKeHNH MPOTOHOB MEX-
oy co0o#, DIIEKTPOH, KOTOPBIHA
MEePBOHAYAIILHO HAXOIUTCSI OKO-
JI0 OHOTO W3 HUX, OKA3bIBAETCS
CHOCOOEH MPOTYHHENIHUPOBATH B
JIPYTYIO MOTEHIMAIbHYIO siMy. B
pe3ynbTare 3JEKTPOHHAs IUIOT-
HOCTb OKaXXE€TCsl paclpeeieH-
e HOM cpa3y IO JBYM sI€pHBIM

[IEHTPaM, 4TO, KaK MbI BUJCIIU, U
MOXKET 00eCrneunuTh BOSHHUKHOBE-

HHE CUJI NIPUTSHKCHUS B CUCTEME.
Puc.15.9. OGpasoBaHue XUMUUYECKOW CBA3K Kak pesynbTat TakuM 00pa3soM, B KOHCYHOM

TYHHENWPOBAHWA SNEKTPOHA OT QAHOrO aTomMa K ARpYromy.

CUCTC, UMCHHO SBJICHUC TYHHC-
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JMOBaHUS 00yCIIaBIMBAET BO3MOXKHOCTh CBSI3bIBAHUSI aTOMOB B MOJIEKYJIbI, TO €CTh 00Opa3oBa-
HUE MOJIEKYJI 3TO YUCTO KBAHTOBBIN 3(hPeKT, KOTOPHIl HE MOXKET OBITH MOHAT BHE PAMOK KBaH-
TOBOW TEOPHUH.

Monexyna 60odopoda. Teopusa [ aiimnepa- Jlonooua.

PaccmoTpum Teneps Oojiee CIOXKHYIO 3aady — 0Opa3oBaHHE MOJEKYJBI M3 JBYX HEi-
TpaJbHBIX aTOMOB BOJZOpoAa. JTa 3ajaya Obula pemeHa B 1927 roxy B.Fa117ITJIe:p0M11 u
®.Jlougonom '

[TycTth uMeeTcst IpOTOH «A» U MPOTOH «BY», pacCTOsIHUE MEXIy HUMHU — R. BBenem Te-
nepb KOOPJIMHATHI AJIEKTPOHOB TaK, Kak mokazaHo Ha puc.15.10. IIpu 3Tom MBI yciioBHO OyieM
MpeIoaraTh, 4To MMEKTPOH «1» MPUHAATIEKUT MPOTOHY «A», SJEKTPOH «2» - IPOTOHY «B».
Torna raMuIIbTOHHAH JIEKTPOHHOM MOJICUCTEMBI MOJIEKYJIBI BOIOPO/IA 3AIHUILIETCS B BUE:

H=H,+H,+U, (15.23) :

rae
2 2

A N e A ~ e
H, =T -—, Hy=T,-—

I I
- TaMUJIBbTOHHUAHBI aTOMOB BOI[OpO,I[a C I_[eHTpa—
MH B TOUKAX «A» U «B» COOTBETCTBEHHO,

o=¢ _¢ _¢ a B

u Puc.15.10. Monekyna sogopoga.
- QHEPrus B3aUMOJECUCTBUS DIIEKTPOHOB MEXKIY

COo0O0I4, a TaK)Ke DHEPIUs B3aUMOAEHCTBUS KaxkK-
JI0TO U3 JIEKTPOHOB C «UYKUM» IIPOTOHOM (2JIEKTPOHA «1» ¢ MPOTOHOM «B» 2IEKTPOHA «2» €
IPOTOHOM «A»). B mpubmmwxenun r,, = a,, ry, =a,, R >>a, (Takoe npudIMKEHHE COOTBET-

CTBYET JIBYM YIQJICHHBIM JPYT OT Jpyra aromMmaM Bozopoja) BenuunHa U MOXET paccMmaTpu-
BaThCs Kak BO3MYIIeHHE. B kauecTBe HyJeBOTro MpUONIMKEHUS Mbl OyJIeM paccMaTpuBaTh ra-
MuwibTOHUaH H , + H,, npenctaBistonuii co60ii raMuiIbTOHUAH JBYX HEB3aUMOJACHUCTBYIO-

IIUX aTOMOB BOJOpoja. B 3TOM cilyyae ¢ y4eToM NpHHIMIIA TOXIECTBEHHOCTH BOJIHOBAS
(GYHKLHUS CHCTEMBI MOXET OBITh BHIOpaHa B BUJIE:

+ 1 My, (2),,, (M) 1

V==,V TV Y e, (15.24)
\/2{ e e }\/1+S

- 1 @y,,(2) (2),,, D 1

V==V Vs VY , (15.25)
«/2{ e ! B} 1-S

rae

1 1
vy =—3€Xp(—rAl/a0), vy = 3 exp(=rin /)
ma, na,

- BOJIHOBBIC CI)YHKI_II/II/I ls cocTrostHMA aToMa BOOOpOaa, S - HUHTCErpal NCPECKPLITUS, BBIPAKCHHUC
AJIs1 KOTOPOI'O0 MOXKET OBITh 3aIMCaHO B BUIC

S = (P w0 = (w0 Y [w?) = (v i) -

" W.Heitler (1904-1981) — pu3mK - TeOpeTHK.
2 F.London (1900-1954) — pu3HK - TEOPETHK.
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1 1 o
JIerko BUAETH, YTO () () €CTb HC 4YTO HMHOC, KaK HHTCIrpaJl NCPpCKpbITUA, KOTOPbIM MBI
5 5 b

BBIYHCIISUTN [IPU U3YYCHUH dJICKTPOHHOH moacuctembl H, (cM. Bepaxkenue (15.18)).

Takum 00pa3oM, MPOCTPAHCTBEHHYIO 3JIEKTPOHHYIO BOJIHOBYIO (DYHKIIMIO MOJICKYJIbI
BOJIOPOJIa MOXHO MPEJICTaBUTh B BUJE CUMMETPUYHOMN WM aHTUCUMMETPUYHON OTHOCUTEIHHO
MEPECTAaHOBKU AJIEKTPOHOB MECTAMU KOMOWMHAIIMU OJTHODJIEKTPOHHBIX (DYHKIUH BOJOPOIHOTO
atoma. [lockonbKy mojiHas BOJHOBas (YHKIMS AJIEKTPOHHOW IMOACHCTEMBI MOJIEKYJbl €CTh
MPOU3BEICHUE MTPOCTPAHCTBEHHON M CIIMHOBOW BOJHOBBIX (DYHKIMN, MbI TIOHUMAaEM, YTO CHM-
METPUYHOU MpocTpaHCTBeHHON (QyHKIMH (15.24) COOTBETCTBYET aHTUCUMMETPUYHAST CIIMHO-
Bass QyHKIHS (TO €CTh TAKOE COCTOSHHE SIBISETCS CHUHIJIETHBIM), M, HA000POT, aHTUCUMMET-
puyHOM mpocTpancTBeHHOW (PyHKIMHU (15.25) COOTBETCTBYET CUMMETpUYHAs CITMHOBAs BOJI-
HOBass (DyHKIMS (3TO O3HAYAET, YTO COCTOSIHHE SIBISICTCS TPUIUIETHBIM). [l sHeprum HeBO3-
MYILIEHHOTO COCTOSIHUSI CUCTEMbI, OUYEBUAHO, IMEEM

EV=EY+E? =2Ry.
Beluucnum Tenepp MmoOnpaBKy K JHEPrMUM HEBO3MYLICHHOW JABYXaTOMHOM CHCTEMBI,

00yCIIOBJICHHBIE JIeHCTBUEM onepaTopa U:

2 2
Wy @ 1Oy D€ _¢ € dt,dt
> (1+S ”WA Vs EVa Vs Ny, T 2,

TAC UHTCIrpal 6epeTc;1 MO0 COBOKYITHOCTH KOOPpAUHAT IIEPBOI'0 U BTOPOI'O 3JICKTPOHOB. Bpruuc-
JCHUC OacT:

ag* ={v*

ags -V REWR) (15.26)
1+ S(R)

3n1ech
V(R) = ”‘\p“)‘ ‘\u(z)‘ Udr dr,

- «06BILIH3.7[» KYJIOHOBCKasl SHCPIrusa B3aI/IMOIleI>'ICTBH9[ OJICKTPOHOB C «YYXHUM» IPOTOHOM U
JPYT ¢ APYTOM,

wR) = [[wiPv vy Udr dr,
- OOMEHHBIH HWHTErpaj, KOTOPHIA BO3HHUKAET
BCJICACTBUC YyUCTa CBOWCTB CUMMCTPUHU BOJIHO-
BOU (I)yHKI_[I/H/I OTHOCHUTCJIIBHO IICPCCTAHOBKHU

SJICKTPOHOB MCCTaMHU. 13

| VR Ry

2L B cootrBerctBum ¢ (15.13) BbIpakeHue
st 3(GPEeKTUBHONW TOTEHIMAIBHONW JHEPTUHU
B3aMMOJICHCTBUS sIIEP B MOJICKYJIe UMEET BH/T
Lr penry= S SROEVR)
R 1£S(R)
(15.27)

B Beipaxenun (15.27) Taxxke yacto yaoOHO 3a
HYJIEBOW YPOBEHBb DHEPTUH BHIOPATh BEIMYHHY
2Ry, COOTBETCTBYIOIIYIO SHEPruM JBYX yHAa-

Puc.15.11. 3nekTpoHHbIE TEPMbI JEHHBIX JpPYyr OT Apyra aromMoB Bopopoza. Ilo-
MOMeKynbl BOAOPOAA. nydennble 3aBucumoctd V'Y (R) mpuBenens:
Ha puc.15.11. O6a cnaraemeix V' (R) u W(R)

'3 O6a nnTerpana, KyIOHOBCKHII 1 OOMEHHBIH, MOT'YT ObITh BBIYHCIICHBI AHATHTHUECK.
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SBJISIFOTCSL OTpULIATEIbHBIMU. [10ATOMY Ha KpPUBOM, COOTBETCTBYIOIIEH CUMMETPUYHON OTHO-
CUTEIIbHO TIEPECTAaHOBKHU 3JIEKTPOHOB MECTaMH MPOCTPAHCTBEHHOW (YHKIUU (B 3TOM Cllydae
CIUHBI AJIEKTPOHOB aHTUMNAPAJUICTbHBI, U MOJHBIA cuH S =0 ), BO3HUKAET MOTEHIMAIbHAS
sMa, CBUJIETEJICTBYIOLIAs] O BO3MOKHOCTH CBSI3aHHOTO COCTOSTHUSI MOJIEKYJIbl. AHTUCUMMET-
PUYHOHN MPOCTPAHCTBEHHON BOTHOBOHM (DyHKIMU (B 3TOM CIy4ae MOJIHBIA CIUH ABYX AJIEKTPO-
HOB S =1) COOTBETCTBYET Pa3ETHBIA TEPM: aTOMbI BOJIOPOJA OTTAIKUBAIOTCS IPYT OT JIpyra.
MBI nOAy4YnIN BaXKHBIN pE3yJIbTAT: XUMUYECKasl CBA3b, PUBOJAIAS K CBA3BIBAHUIO aTOMOB B
MOJICKYIJTy, BO3HUKAET B PE3yJbTaTe CIIAPUBAHUS DJIEKTPOHOB - OOPA30BAHUIO SJICKTPOHHBIX
nap, ¢ MOJHBIM CIIMHOM pPaBHBIM HYIIO. Takas CBA3b Ha3bIBA€TCS KOBAJIEHTHOM (FOMEOMNOIsip-
HOiT). C pu3nvecKol TOUKH 3PCHHSI TIPUTSKEHIE MKy aTOMaMH BO3HUKAET B PE3YJIbTATE TO-
r0, YTO B CUHIJIETHOM COCTOSIHUU 3JIEKTPOHBI HAXOSATCS MPEUMYIIIECTBEHHO B 00JIACTH MEXKIY
ATOMHBIMHU SIZIPAMH, B PE3YJITATE KYJIOHOBCKOE OTTAJIKUBAHUE SIAACP C U30BITKOM KOMIIEHCUPY-
€TCsl MPUTSHKEHUEM siIep K PacloyIOKEHHOW MEXIy HMMH 3JIEKTPOHHOW IUJIOTHOCTU. B Tpu-
rwieTHoM coctostHuu (S =1) npunnun [laynu npensarcTByeT HaXOKISHHUIO AJIEKTPOHOB B OJ-
HOM 00JacTH MPOCTpaHCTBA. B pe3ynbrare MEXIy aTOMHBIMH SIpaMH BO3HUKAET MHUHHUMYM
3JIEKTPOHHOU TUIOTHOCTH, a, CJIEAOBATENIbHO, CHJIbI OTTAIKMBAaHUS. MUHUMYM Ha MOTEHIUANb-
HOM KpHUBOW, COOTBETCTBYIOIIEH CHUHIVIETHOMY TEPMY, B paMKaX pacCMaTpUBAEMOW TEOpUU
nocturaerca uid 3HadeHus R, = 0.88 A. dakTH4yecKH, 9Ta BEIMYMHA ONPEIEISCT paBHOBEC-

HOE PACCTOSTHHE MEXIY SIpamMH B MOJIEKyJie. DKCIIEPUMEHTaIbHO U3MEPEHHOE 3HAUCHUE PaB-
HOBECHOTO MEXbs/ICPHOrO PACCTOSIHUSL B MOJIEKYJIe BOJIOpo/a paBHo R, =~ 0.74 A, u Ha Ka-

YECTBEHHOM YPOBHE XOPOIIO COTJIacyeTcsl ¢ mpeackazanuem teopui [ aittiepa — Jlonaona.

Hacwiwenue xumuueckux cesseti. Barenmuocme.

[ToBTOpUM emie pa3: Hanmuume B 00004Ke aTOMa 3JIEKTPOHOB C HECKOMIIECHCHPOBAH-
HBIMU CIIMHAMU MPUBOJUT K BO3MO>KHOCTH CIIAPUBAHUS AJIEKTPOHOB, 00JaJaI0MINUX MPOTHBO-
MOJIO’KHO HANPaBIEHHBIMU CIIMHAMU U MPUHAANEKAIUX PA3IUNIHBIM aTOMaM, YTO TMPUBOINT K
BO3HUKHOBEHHUIO CHUJI MPUTSHKEHUS MEXKIy aTOMaMU U BO3HMKHOBEHHIO XHMHUYECKOM CBSI3U.
Tenepp Ierko MOHATH XOPOIIIO U3BECTHOE U3 Kypca XUMHUU CBOMCTBO HACHIIIECHUS XUMHUYECKHIX
CBSI3€: eclii B O0Opa30BaBIIICHUCS] MOJIEKYJIE «CBOOOIHBIX» (HECIApEHHBIX) AJIEKTPOHOB YKE
HET, TO JaJibHEHIIee MPUCOSAUHEHNE aTOMOB K Hel yxke HeBO3MOXkHO. [1o 3Toif mpuuuHe ¢
OUYEBHUIHOCTBIO HEBO3MOXKHO 00pa3zoBaHue MoJeKkyn H,, HeH u T.o.

CrocobHOCTh aTOMa 00pa30BBIBATH OMPEICICHHOES KOJTMYECTBO XUMUUYECKHX CBS3EH C
JIPYTUMH aTOMaMH{ Ha3bIBAlOT BATEHTHOCTHIO. OYEBUIHO, BaJICHTHOCTh OMPEICICHHOTO XHUMHU-
YECKOr0 3JIEMEHTa OIpPEAENseTCs] YUCIOM HECIapeHHbIX AJIEKTPOHOB Ha BHEIIHEH 000J0uKe
aroMa U paBHa 2§ - yIBOEHHOMY CIIMHY aTOMa.

OcTaHoBUMCS TeNEPh HAa HECKOJIBKUX MPUMEpaX, WILTIOCTPUPYIOIINX CKa3aHHOE.

PaccmorpuMm HEBO30YKIEHHBI aTOM a30Ta. DIIEKTPOHHAs KOH(HUTYparus B 3TOM CIIy-

yae ecTh 1s°2s5°2p° . B cootBercTBuE ¢ npaBunamu XyHaa (cM. JI_11) ocHOBHOI Tepm aToMa
- *S, To ecTb NOJIHBI CITHH aToMa S = 3/ 2, a BaJIGHTHOCTh paBHa 3. JIelCTBUTEIIBHO, XUMHU-
yeckoe coenuHenue NH, (amMMMak) MOATBEPXKIAET CAETAHHBIN BBIBOA. ATOM a30Ta yCTaHaB-
JIMBAET TPH CBSI3U C TPEMS aTOMaMHU BOAOPOJA, TO €CTh SIBIISETCS TPEXBAJIECHTHBIM.

B kauecTBe cienyromero npumepa onpeseIuM BaJeHTHOCTh aToMa KUCIopoJa (dJIeK-
TponHas koHurypamus 1s’2s>2p*). Mbl Bugenu, 4to 1o npasmwiaM XyHAa OCHOBHOH TepM
ectb “P, 1o ecTh S =1, a BajeHTHOCTH paBHa 2. CHpaBeIMBOCTh CAETAHHOTO 3aKII0YEHHUS
MOTBEPKIAETCsl, HAIIPUMED, CYIECTBOBAHUEM MOJIEKYJbl /1,0 .
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Paccmotpum, Hakorer, atoMm yriaepoaa. Kazamnock Obl, IO 3JIEKTPOHHON KOH(PUTYpaIuu
1s°2s°2p* onpenenseM ocHOBHOH TepM P, To ecTh S =1, Ha OCHOBAHHH Yero JENaeM Bbl-
BOJI O JIByXBaJEHTHOCTH aToMma yriepoja. JleHCTBUTENbHO, B pAe XUMUUYECKUX COCIUHEHUN
YIJIEPOJ BBICTYIIAET KaK JIBYXBAJICHTHBIN 3JIEMEHT. B kadecTBe IpuMmepa MOKHO yKa3aTb MO-
nexyy okucH yraepoaa CO (B 3TOM ciiy4yae peub O JBOMHOM CBSI3U MEXAy aTOMaMH YTJepo-
na u kucaopoaa). OQHaKo, 3HAYUTEIBHO Yallle YIepo]l BHICTYNAeT KaK YeThIPEXBaJICHTHBIN
aneMeHT. [IpocTeiimum npuMepoM XMMHUYECKOTO COETUHEHNUS, B KOTOPOM BaJICHTHOCTh aToMa
yriaepoja paBHa 4, sBnseTcsa Mosekyna mertana CH,. Jlpyroii He MeHee M3BECTHBINA MpUMEp

3T0 ABYOKHUCh yriepoga CO,. B 3Toil Mosnekyie atom yriepoaa oOpa3yeT /1B JBOWHBIE CBSA3H

¢ aToMaMHM Kuciopoja. YTo Mbl He y4iIM M B 4eM NpUuYuHa Hamel omuoku? Oka3bplBaeTcs, yr-
5

JepOoJI BCTYIIAeT B XUMUYECKUE PEAKLIUU U3 BO30YXKAEHHOIO COCTOSIHUA S, , TPUHAJIEKALIETO

koH¢uryparmu 1s*2s'2p’ . CHuHBI BceX YeThIpeX 3JIEKTPOHOB OKa3hIBAIOTCS HECTIAPEHHBIMH,
U BAJEHTHOCTb yTJepoJia B STOM COCTOSHUU paBHa 4. DHeprusi Bo30YXICHHS COCTOSIHHUS
(25s'2p*)°S, u3 ocHoBHOTO cocTosuus (2s°2p”)°P, paHa 4.19 5B. Jlns Toro uTo6s 06paso-

BaHUE MOJIEKYJIbI ObLIIO, TEM HE MEHEE, SHEPreTUUYECKH BHITOJIHBIM, HEOOXOAUMO, YTOOBI SHEP-
T'Hsi, XUMHUYECKOU CBA3H, BBIACTIAIOIAACA IIPHU IMPUCOCANHCHUN JOIIOJIHUTCIIBHBIX aTOMOB, ITPC-
BbIIIIaJia PHEPIHI0, 3aTpauynBaeMylo Ha BO30Yy>KJIEHHUSI aToMa YIjiepojia B KBUHTETHOE COCTOSI-
nue °S,. B ciyuae mosekynsl metana CH, sueprus cessu C — H cocraiseT = 4.5 5B, mo-
9TOMY SHEPTHA, KOTOPAaA BBIACIACTCA IIPU NPHUCOCIUHCHHUU JOIMOJHUTCIIBHBIX aTOMOB BOAOPO-
J1a, CYIIECTBEHHO MPEBBIIIAET YHEPTHIO, 3aTPAUMBAEMYI0 Ha BO30Y KICHHE aToMa yTiepoa.

B kauecTBe ele ogHOr0o mpuMepa, MOATBEPKIAIOIIETO CIPABEAJIMBOCTh HAIIMX KBaH-
TOBOMEXaHMYECKHX MPEACTABICHUI O CTPOCHUU MOJIEKYJI, UMEIOIIET0, B TOM YKcie, OOJbIION
HpaKTI/ILIGCKI/Iﬁ HHTCPEC, YIIOMSAHCM TAKXKE O CYHICCTBOBAHMHU TaK HA3bIBACMBIX 3KCHMCPHBIX
MOJIeKyJIM. N3 cka3zaHHOTO BBINIE OYEBUHO, YTO MOJIEKYJIbl MHEPTHHIX Ta3oB He, Ne, Ar,
Kr, Xe He moryT oOpa30BbIBaTh XUMHUYECKUX COCTUHEHUN. [[eCTBUTENBbHO, BCE DIEKTPOH-
HBbIC HOI[O6OJIO‘-IKI/I 9THUX JJICMCHTOB SABJIAIOTCA 3aMKHYTBIMHU, U HCCIIAPCHHBIX 3JICKTPOHOB B
HUX HeT. OHAKO, 3TO YTBEPKIACHUE SBIIAECTCS CHPABEAJIUBBIM JIUIIb JIJII OCHOBHOI'O COCTOS-
ausg. Ecnu atom HHCPTHOI'O Ira3a MEpeBCCTH B BO36Y)KI[€HHOC COCTOSAAHHEC, TO Y HETO MOSABUTCA
3pasy JIBa HECMIAPEHHBIX JIEKTPOHA, MO3TOMY TaKOM aToM YK€ MOXET 00pa3oBbIBATH XUMUYE-
ckue coenuHeHus. J[ns ompeneneHHOCTH PacCMOTPUM aToM KceHOoHa Xe. B ocHOBHOM co-

crosaun (5p°)'S, oH NeHCTBUTENLHO XMMHYECKH P )
uHepTeH. OpHaKo, B BO3OYKICHHBIX COCTOSTHHSX
KoH(DHTYypanuu S5p°6s aToM Xe UMeeT 1Ba HeCMa-

PEHHBIX DJIEKTPOHA M MOXKET BBICTYMAaTh JHOO Kak
OJTHOBAJICHTHBIH, INOO KaK JBYXBAJICHTHBIN XHUMHU-
YECKUIl 3JIEMEHT, TO €CTh 00pa30BBIBATH MOJEKY-
JIbI, KOTOPBIE MOTYT CYIIECTBOBAThH JIUIIbL B AJICK-
TPOHHOM BO30YKJIEHHOM COCTOSIHUU. Takue mole-

* *
KyJIbl XOPOIIO U3BECTHBI (Hanpumep, XelF' , XeF, ,

* *
XeO , Xe,) u Ha3bIBAIOTCS DKCUMEPHBIMU MOJIE-

KyJlamu. Kak MBI yXe OTMEYaau, UX BAKHEHIIUM
CBOMCTBOM SIBJISIETCS TO, UTO €CJIM KaXKIbIM U3 aTo-
MOB HaXOJUTCSI B OCHOBHOM COCTOSIHMH, 00Opa3oBa-

R

Puc.15.12. TepmMbl IKCUMEPHOR MONEKYNEI.

' Skenmep - ot anrmiickoro «excited dimer - BO3GY KICHHbIH TUMED.
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HHE XUMHYECKOHN CBSI3H SBJISIETCSI HEBO3MOXKHBIM, TO €CTh OCHOBHOM AJIEKTPOHHBIN T€pPM MOJIe-
KYJIBI SIBJISICTCSI PA3JICTHBIM. THITMYHBINA BUJ DJIEKTPOHHBIX TEPMOB SKCUMEPHON BYXaTOMHON
MOJIEKYJIbl MpeAcTaBiIeH Ha puc.15.12. DxcuMepHble MOJEKYJIbl IMPEACTABIAIOT B HACTOSILEE
BpeMsi OOJBIION MHTEpeC B Jia3epHOW (H3HKE, MMOCKOIBKY OTHOCHTEIBHO JIETKO IO3BOJISIOT
JOCTUYb NHBEPCHOM HACEIEHHOCTH Ha Mepexo/ie U3 BO30YKAEHHOTO COCTOSHHS B OCHOBHOE.

Memoo nunenunou komdbunayuu amomuwvix_opoumaneu (JIKAQO). Kosarenmuas noasp-
HAsL U UOHHASL CBS3U.

JleranmpHOE pacCMOTpPEHHE 00pa30BaHUs XUMHUYECKHX CBS3CH B MOJIEKYJIaX — MPEAMET
KBaHTOBOM xumuu. OJMH U3 OCHOBHBIX MOAXO0JI0OB, KOTOPBIM MPHU 3TOM HCIONB3YETCs, 3TO TMO-
CTPOCHHUE AJIEKTPOHHOW BOJHOBOW (PYHKIIMU B MOJIEKYJE (MOJIKYJISIPHON OpOWTanu) B BUE
JUHEHHONH KOMOMHAIIMKM aTOMHBIX BOJIHOBBIX (DyHKIMI (aTOMHBIX opoutaieif). OTcioaa Ha3Ba-
aue meronaa — JIKAO.

PaccmoTpuM Kkakyro-ImO0 JBYXaTOMHYIO MOJICKYJy, HalpHMep, MOJICKYJy BOJIOPOIa
H,. Torna BonHYyI0 (QYHKIHUIO KaKIOTO M3 3JIEKTPOHOB B MOJIEKYJIE MBI IIPEIICTABUM B Clle-

JYIOIIEM BUJIE

v~ +yy,

() ~yP +yy

3nech «1» U «2» 03HaYAIOT KOOPJMHATHI IEPBOIO U BTOPOI'O 3JIEKTPOHA, & QYHKIUU Y , U Y,

0003HaYalOT BOJIHOBBIE (DYHKIIMHM aTOMHBIX AJIEKTPOHOB, IIEHTPUPOBAHHBIE OKOJIO SiAEp «A» U

«B». Torna asst MOJIEKYJIIpHON OpOUTaIN UMEEM:

w(1,2) = y(Dy2) ~ vy +uPwy +y Py s uPy (15.28)

B nosydeHHOM BbIpaK€HUU NIEPBBIE J1BA CIIAra€MbIX OMMUCBHIBAIOT CUTYALUIO, KOTAA 3JIEKTPOHBI
HAXOJATCS BOMU3U PA3NUYHBIX SAEp, TPEThE ClaraeMoe COOTBETCTBYET CHTYyalluM, KOrja oba
JIEKTPOHA HAXOJATCSI OKOJIO LIEHTpa «A4», a 4eTBepToe — KOrja 00a 3JIEKTpOHA HaXOIATCS
OKOJIO IIEHTpa «B». Y 100HO BBECTH MOATOHOYHBIE TApAMETPhI
w(L2) ~ aly Py +y Py )+ By Py + 8y (15.29)

B ciaywae o =1, B=3=1 umeeM CUMMETPHU30BaHHYI0 KOMOMHALIMIO aTOMHBIX OpOHWTasei,
KOTOpasi COOTBETCTBYET Moenu [ aiitiepa — JIonnona. OiHakO BO3MOXHO IIOCTPOEHHUE U APY-
THX MOJIEKYJSIpHBIX opOuTtaneir. Hanmpumep, mpu =1, oo =3 =0 Mbl noxy4aeM cirydaii, Ko-

rzia 00a 3J1eKTpOHa JOKaJIM30BaHbl OKOJIO LIeHTpa «A4». AHanornyHo npu d=1, a =3 =0 oba

3JIEKTPOHA JIOKAJIN30BaHbl OKOJIO IIEHTpa «B». B Takol cuTyanun MosieKysa CyluiecTByeT B BH-
JIeé COBOKYITHOCTH JIByX MOHOB — OTPUIIATENILHO U MOJIOXKUTEIBHO 3apsKEHHOT0, TO €CTh pea-
JU3yeTcsl MOHHBIA TUI CBA3M. B KadecTBe MpPOMEKYyTOYHOrO cliyyass MOXKET pealli30BaThCs
TaK)K€ KOBAJICHTHAs MOJISIPHASI CBA3b, KOT/IA JIEKTPOHHAS IUIOTHOCTh PACIpEENiCHa MO JIBYM
AJIEPHBIM LIEHTPaM, HO CMEIlIeHa K OJHOMY M3 HuX. M3 oOmmx cooOpaskeHu# SCHO, 4TO AJIs
TOMOSIJIEPHBIX MOJIEKYJI (MOJIEKYJI, COCTOSIIIUX U3 JIBYX OJMHAKOBBIX aTOMOB), Harpumep, H,,

0,, N,, F,, Oyaer BO3HUKATh KOBAJICHTHAs CBsI3b. VIOHHBIN THII CBSI3U XapaKTEpeH AJs aTo-

MOB, OJIMH W3 KOTOPBIX UMEET CPAaBHUTEILHO HEOOJNBIION MOTEHIIMAT HOHU3ALUU (Halpumep,
aTOM MIENIOYHOTO METajia), a APYrou - OONBIION MOTEHIIMAT HOHHU3AIUH ISl CBOETO OTpPHIIA-
TEJIBHOIO MOHA (rayioreHbl). TUMUYHBIA NpUMEp COEIMHEHUS C MOHHOM CBSI3bI0 — MOJIEKYJIa
NaCl , koTopasi B CBSI3aHHOM COCTOSIHHH CyIecTByeT B Buae Na' + CI™ . B xauectBe nmpumepa
MOJIEKYJIBI C KOBaJIEHTHOM MOJIAPHOM CBs3BIO yKakeM Ha MmoJiekyny HC/, B KOTopo# mpouc-
XOJIUT YACTUYHOE CMEILIEHUE IEKTPOHHOM MJIOTHOCTU OT aTOMa BOJOPOJA K aTOMY XJIOpa.

C TeopeTruecKoi TOYKH 3pEHUS 3a7a49ei KBAaHTOBON XMUMHH SIBJISIETCSI PACUYeT BOTHOBOM
(GYHKIIUM 3JIEKTPOHOB B MOJIEKYJIE, TO €CTh BBIUMCIICHHE MapamMeTpoB o, 3, O, HAMIYyYIIUM
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00pa3oM OMUCHIBAIOIINX PACHpPEETICHNUE AIEKTPOHHON TUIOTHOCTH, U ONpEesIeHue THUIa CBA-

15
3u. OOBIYHO 3Ta 3a/lada peuIiacTcda BapualiluOHHbIM METOIOM .

dnemenmul cmepeoxumui.

PaccmoTpenHbie HaMu 001IMEe IPUHIIUIIBI OTTMCAHUS MOJIEKYJ TIO3BOJIIOT XOTS ObI M Ha
Ka4eCTBEHHOM YpPOBHE IOHATh CTPYKTYPY MHOTHX MOJIeKyJ. OOBIYHO 3JIEKTPOHHBIE OpOUTAIN
PUCYIOT KaK JMHHM YPOBHS YIJIOBOI'O PAcCIpeneeHUs] IEKTPOHHON IUIOTHOCTH. B kadecTse

IpUMEpa §- U p -3IIEKTPOHHBIE OpOUTAIN

® 00

npuBeneHbl Ha puc.15.13. Torma obmas
CTPYKTypa IBYXaTOMHOW MOJIEKYJbI, XH-
MHUECKasi CBA3b B KOTOpOH 00yCIIOBIIEHA
CIIapHBaHUEM JBYX §- Sp - WIH JIBYX D -

3JIEKTPOHOB TIpeJcTaBlieHa Ha puc.l15.14.

s - opOuTAD p - opbuTan

Puc.15.13. BrneKkTpoHHbIE S- 1 p- opbutani.
CTHOCTH,

Bce MMPUBCACHHBIC CIIy4Yau ABJIAIOTCS IMPU-
MCpaMH G - CBA3U U PCAJIM3YIOTCH, B Ya-

B Mosekynax H,, HCI, CI,.

[Ipu nepekprITUUHN p - IEKTPOHHBIX OpOHUTAIeH MOKET BOSHUKATh U APYTOM THII CBA3H — TaK

Ha3bIBaeMasi T - CBsA3b (cM. puc.15.15). Takoil Tun cBsI3U BO3HUKAET, HAIIPUMED, B MOJIEKYJIE

OcH30J1a U B APYrux apoMaTudCCKUX yrijiicBogopoaax.

P P

Puc.15.14. Cxema obpazoBaHia ©— CBA3W B MCMNSKynax.

MMEET BUJ, MPEACTaBICHHBIM Ha puc.15.16. Monekyna oka-
3bIBACTCSl HENTMHEHHOW, MpUYeM, Ka3aloch Obl, YroJl MEXIy
HaIpaBJICHUSIMU Ha aTOMBbl BOJOpOJA JOJIKEH COCTaBIATh
90°. Ha camom Jene 3TOT yroJl paBeH 105°. [Ipuunna 3TOTO
3akirouaercs B caeayromeM. KoBanentnas cBsizb O — H  siB-
JIAETCS MOJISIPHOM, IEHTP JIEKTPOHHOM MJIOTHOCTU CMEIIEH K
aToMy Kuciopoja. B pesynpTaTe Ha aTomMax BOAOpOAa BO3-
HUKAET HEKOTOPBIN MOJIOKUTEIIbHBIN 3apsil, TPUBOIAIINANA K
pacTajKkMBaHUIO aTOMOB BOJOpOJAA APYT OT Jpyra W yBeJH-
YEHHUIO yTJIa MKy HAMPABICHUAMU CBS3€EH 10 105°.

B kauectBe cienyromuiero nmpumepa pacCMOTPUM MO-
neKylly ammuaka NH,. AToM a30Ta MMeEeT TpH HECIapEH-

15 OcHOBHas HICA BapUallMOHHOIO0 METOAA 3aKJIH0YaCTCd B MUHUMMU3ALINN d)yHKI_lI/IOHaJ'Ia OHEPIrun <\|]

HEKOTOPOM KJ1acce MPOOHBIX (PyHKITHIA.

OcTraHoBuUMCS Temeph Ha
BOIIPOCE O IMPOCTPAHCTBEHHOM
CTPOEHUU MPOCTEHUIINX MHOTIO-
aTOMHBIX MOJIeKyJ. PaccMoT-
pUM, IPEXIE BCETO, MOJIEKYIY
Boabl H,0. B 310il Moiekyne
JIBa HECIIAPEHHBIX p -3JIEKTPOHA
aToMa KHCJIopoJia 00pa3yroT Ko-
BAJICHTHBIE TOJISIPHBIE CBSI3H C
S -3JIIEKTPOHAMH aTOMOB BOJO-
pona. B pesynpraTe mpocrtpas-
CTBEHHAsI CTPYKTypa MOJIEKYJIbI

Puc.15.15. Cxema obpasosaHWsA
T — CBA3W.

A

H

\u> Ha
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HBIX p - JIEKTPOHA, KXKIBIH M3 KOTOPBIX 00pa3yeT G -CBS3b C aTOMOM BOJIOpojaa. MoJekyia
uMeeT GopMy TPEeyTroJIbHON MUPAMUIBI, B BEPIIMHE KOTOPOTO PACTIONOXKEH aTOM a30Ta.
Heckonbko Oosee cioxkHas CUTyalds UMEET MeCTO AJs MosieKynbl MetaHa CH . Mel
y>1<e FOBOpI/IJII/I, YTO B XUMHUYCCKUEC peaKHI/II/I aToM yrnepoaa BCTyrIaeT, KakK HpaBI/IJ'[O, 13 KBHUH-
TETHOTO COCTOSIHUSA, NpUHAJIEKANero kondurypamun 2s2p° . T1oaToMy Ha HepBEIil B3I

Ka)xxeTcst, 4To ojHa U3 cBsazeid C — H B MOJeKyJie METaHa JOJDKHA OBITh BBIJIEJICHA U XapaKTe-
pHU30BaThCS JAJIMHON U SHEPTueil CBsI3M, OTIMYHBIMU OT TpeX Apyrux. OJHaKo, MHOTOUYHUCIICH-
HbI€ IKCIEPUMEHTAJIbHbIE JIaH-
HbIE TO03BOJIAIOT YTBEPXKIATh,
YTO B MOJIEKyJie MeTaHa BCe
YEeThIpe XUMUYECKUX CBSI3U IK-
BUBAJICHTHBI. DTOT (haKT MOX-
HO TIOHATH Ha OCHOBE MpPEATo-
JIO)KEHUSI O TUOpUIU3ALMH Op-
Ooutaneii. B pamkax »sToro
NPEIONIOKEHUSI BMECTO BOJI-
HOBBIX (pyHKIMH 25 U 2p co-
CTOSIHUM aToMa yriepoaa B
paccMOTpeHHe BBOJASTCS CO-
CTOSIHUS, KOTOPBIE SIBIISIOTCS
CyNEpIo3UIMEn S- U p-
COCTOSIHMI:
V=, 43y,

Takast opOuTanp Ha3bIBaeTCs
rUOpUAHOM, a Tpolecc ee 00-
pa3oBaHMS Ha3bIBAaeTCA Sp° -

Puc.15.16. Monekyna Boabl.

ruOpuau3anuen. ' mopunuzaus IeKTpOHHBIX OpOHTajIell aToMa yriepo/a Mmo3BoJisieT 00bsic-
HUTbH CBOMCTBA MOJIEKYJIbI METaHA U MHOTHX JIPYTMX OPraHUYECKUX COEAMHEHUI.

3agaun.

15.1. Omnpenenuts 3JIEKTPOCTATUYECKUN TTOTSHIMAI, CO3aBa€MbIii aTOMOM BOJIOpOa, HAX0-
JSIIEMCSl B OCHOBHOM COCTOSTHHH, B ITyCTOM IPOCTPAHCTBE.

15.2. DnexkTpoH HaxoauTcs B moTeHnMaie (chepuyeckas cucrema koopaunar) V =V (r,0).

Hamnucatp oOmiee BbipaxeHue Al BOTHOBOHM (DYHKIIMU COCTOSIHUSI C TOYHO OMPE/eIICH-
HBIM 3HAYEHHEM IPOCKIIMM MOMEHTA KOJIMUECTBA ABUKEHUS HA OCh CHMMETPUU CHUCTE-
MBI. MOXKET JIH TaKO€ COCTOSHHE OBITh CTAaILHO-
HapHbIM?

15.3. IIpocreiimias MOAENb 3JIEKTPOHHON IMOACUCTEMBI
MOJIEKYJIBI: AJIEKTPOH HAXOAUTCS B JIBYSIMHOM IIO-
TEHIMaJe, MpeACTaBIeHHOM Ha pucyHke. CuunTas,
aro 2mV,a® [h> >>1 w 2mV,b* /h* >> 1, onpe-
JIETTUTh YPOBHH SHEPTUHM W BOJHOBBIC (DYHKITUH
JBYX HIKHUX CTallMOHAPHBIX cOCTOsHUU. Hapwu-
CcOBaTh TpauK 3aBUCHUMOCTU DJIECKTPOHHOU JHEpP-
TUU OT PACCTOSHUS MEXAY LIEHTPAMU MOTEHLIU-
AIBHBIX IM R=a+b.

o




