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[Mocobue mpeaHa3Ha4eHO ISl CTYACHTOB (PH3MYECKHX W XMUMUYECKUX
(bakynpTeToB YHHBEPCUTETOB. OHO SBISETCS MPSIMBIM MPOJIOJDKEHUEM TTpe-
JBITYIIEH Y4acTH, B KOTOPOH H3JIarajiuCh OCHOBBI KBAaHTOBOW MEXaHUKH M
TEOPHs BOJIOPOIONOAO0HBIX aTOMOB. CChUTKM Ha ()OPMYITBI U3 TIEPBOI YacTH
JaHbl ¢ moMeTKo# |. Crircok muTepaTypsl OTHOCUTCS K 00CHM JacTsM Cpasy.

[TonpoOHO paccMOTPEHBI cXeMa MOCTPOCHUS W KIACCU(UKAIMS aTOM-
HBIX TEPMOB, JIEKTPOHHBIC KOH(PUTYpAIUU aTOMOB M MOHOB, TIPUHITUIIBI 3a-
TIOJTHEHHS OpOWTaNIeld DICKTPOHAMH. DJIEKTPOHHAS CTPYKTypa aToOMOB 00-
CYXJIaeTcs B CBS3U C TIOJIO)KEHUEM COOTBETCTBYIOIIMX XUMHUYECKHIX dJIEMEH-
ToB B [lepuoaudeckoii cucteMe ¥ UX XUMHUYECKUMHU CBOWCTBAMU.

Ocob6oe BHUMaHUE YACICHO OJHONICKTPOHHOMY MPUOIKCHHUIO, UMES B
BUJIy IIMPOKOE MPUMEHEHUE ITOTO S3bIKA JUIs OOBSICHEHUS M TIPE/ICKa3aHus
PEaKIMOHHON CIIOCOOHOCTHU 3JIEMEHTOB, a TAKXKE B CBSI3M C €TI0 MCIIOJIb30Ba-
HUEM B TEOPETHYCCKON XMMUU U TECOPUH CTPOCHUsS MOJICKyl. Bo Bcem m3-
JIOKCHUU YIIOp JIeNIaeTCs Ha KAueCTBEHHBIN aHAU3 BaXKHEHUIINX (aKTOB,
CBSI3aHHBIX CO CTPOCHUEM 3JIEKTPOHHBIX 000J0YEK aTOMOB M X MOHOB, M Ha
MMOHUMaHUE TOTO, KaK PEAIM3yIOTCS OCHOBHBIC MPUHIIMITEI KBAHTOBOW MeXa-
HUKHU B IPUMEHEHUU K MHOTO3JICKTPOHHBIM cucteMaMm. Besne, rie 3To yme-
CTHO, aBTOP CUUTAII HEOOXOTUMBIM KaK MOKHO OOJIbIIIe 00pamarbes K Jrc-
JICHHBIM 3HAUCHUSAM BOXXHEHUIINX BEIMYUH, TAKUX KaK JHEPTHUS U JHMHCHHBIC
pasMepbl. JTO TOJDKHO CIIOCOOCTBOBATH BBHIPAOATHIBAHHMIO TBEPIBIX IIPEI-
CTaBIICHHU O TIOPSAJKAX M COOTHOIIECHUH 3TUX XapaKTEPHUCTHK B PA3TUIHBIX
CITyJasix.

B nocnennem pazzaene nocodue Ha Oosiee BRICOKOM YPOBHE BO3BpAILACT
YUTATENs K TVIABHBIM XapaKTEPUCTUKAM aTOMHBIX YaCTHII, TIOHITHS O KOTO-
pBIX JaHBI B Havaje mepBoil yactu. Teneps OHU 0OCYXXIaroTCs OoJiee 1moj-
PpOOHO U B HEPA3PBIBHOH CBSI3U C MIEPUOAMUYSCKUM 3aKOHOM.

© Xumunueckuit pakyiasrer MI'Y, 2010.
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1. AToMHBIE TePMBI

Macca aToMHOro siapa Bcerga Ha 3 — 4 mopsiaka OoJbIlie CyMMapHOM
Macchl 3JeKTpoHOB. [lo3TOMYy B cHCTeMe OTCUeTa, CBSA3aHHOW C I[CHTPOM
WHEPLUU aToMa, SIPO MOXXHO CUUTATh HEMOJABIXKHBIM. Torma pedyb uieT
TOJIBKO O JIBIKEHHH 3JIEKTPOHOB B 1oJie sAapa. KoHeuHOCTh Macchl Aapa MmpH
HEOOXOUMOCTH MOXKET OBITh JIETKO YUYTCHA B KA4eCTBE MAaJIbIX TOIMPABOK K
ypoBHsiM dHeprum. Pasmepamu sympa (10 M) Takke MOXHO IpeHEOpeds
10 cpaBHeHHIo ¢ pasmepamu atoma (107" m). DieKkTpoHHas cHcTeMa aToMa
umeeT 3N, Kiaccuueckux creneHei cBo0oabl (Ne — YvCI0 27MEKTPOHOB), OT-
HOCSIIUXCS K JABMXKCHHUIO AJICKTPOHOB B MpocTpaHcTBe. C y4eToM CIUHA Y
Ka)KIO0TO 3JIEKTPOHA MMEETCs €Ille JIBe BO3MOXKHOCTH ISl OPUEHTAINH CITH-
HOBOT'O MOMEHTA B IIPOCTPAHCTBE.

[TomuepkHEM, YTO CTPOrO TOBOPUTH O COCTOSTHUSX OTICIBHBIX 3JIEKTPO-
HOB B aTOME HEeJb3s, MOCKOJBKY MEXAY HUMH HMEETCS B3aWMOJEHCTBHE.
DNEKTPOH B COCTaBE CHCTEMBI B3aUMOJEHCTBYIONINX JJIEKTPOHOB HE 00ia-
JTaeT COOCTBEHHBIM raMHIIbTOHHAHOM. COOTBETCTBEHHO y AJICKTPOHA OTCYT-
CTBYET BOJHOBasi (DYHKIIUS W ONpEACIICHHAs] SHEPIHsl, TaK YTO OIHCHIBATH
€ro COCTOSIHHE BO3MOKHO TOJBKO MaTpHIlel IIoTHOCTH. KBaHTOBEIE Urcha,
XapaKTePU3YIOINe WHANBUIYATbHBIC DICKTPOHBI (MX COCTOSHHS, OIMUCAH-
HBIC TOJIHBIM 00pa30M) UMEIOT CMBICH TOJIBKO B ClIydyae, KOTAa B3auMOJCH-
CTBHEM MEXIY DJIEKTPOHAMH MOXHO MOJHOCTHIO TpeHeOpeds. Pasymeercs,
9T0 OyJeT HEJIOMyCTHMO TpyOOl MOJENbI0, HENMPUTOMHOW JUIS (HU3HMKO-
XUMHYECKHUX TIPWIOKECHUN. B XoporieMm mpuOIMKeHUN BBECTH IMOHITHE O
CTAIMOHAPHBIX COCTOSHHUAX OTIEIBHOTO DJIEKTPOHA MOXKHO B PaMKaX METO-
na camocozanacosannozo noas (cokpamienno CCII, memoo Xapmpu), xorna
JIBUKCHHE BBIJICIICHHOTO JJIEKTPOHA PacCMaTPUBACTCS B YCPEOHEHHOM TIONE
OCTaJbHBIX 3NEKTPOHOB. OTOBOPUMCS, UYTO «XOpPOIIee MPUOIINKEHHIE» OTHO-
CUTCS TOJIBKO K yKa3aHHOU 1ienu. [Ipu pacyeTe sHEpPTUM 3JIEKTPOHHOU CHC-
TEMBI METOJT MOXET JJaTh BECbMa HETOYHBIC PE3yJIbTaTHI.

Onucanne COCTOSHHUI JHO00W KBaHTOBO-MEXaHUYECKOW CHCTEMEI, Xa-
pakTepu3yeMbIX BOJIHOBOW (DYHKIHEH, MPOM3BOAUTCA HAa OCHOBE ITOJIHOTO
Habopa OHOBPEMEHHO M3MEPUMBIX (PU3NYECKUX BEIMYUH, YUCIIO KOTOPHIX
paBHO umciy creneHeil cBo6oasl.' Kaxaas creneHb cBOGOIbI aHATOTHYHO
OJTHOMEPHOMY JIBHXKCHHIO B MPHUHIIUIIC aCCOIUUPYETCS C HEKOTOPHIM KBaH-

! I[J'IH CHUCTEM, OIIMChIBACMBIX ManPIIIeﬁ IIJIOTHOCTHU BO3MOJKCH TOJIBKO OI'paHU-
YEeHHBII Ha60p TaKUX BCJIIMYUH.
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TOBBIM YHCJIOM, OJHAKO JJI CJOKHBIX CHCTEM €My, Kak MpPaBUIIO, HEBO3-
MOXHO TpPHJATh MPO3pavHbIi (u3uyeckuii cMbici. [loaTomy KoOIMYECTBO
MIPU3HAKOB, 1O KOTOPBIM OCYINECTBIISECTCS KIACCHU(HKAIHS, OTPaHUYEHO.
Jns xnaccuduKauy COCTOSHUA ECTECTBEHHO HCIIONB30BATh COXPAHSIO-
IIUECS B TaHHOM CUCTEME BEIMYMHBI U UMEIOIIUE IS HEE KaK Yeso2o Ompe-
JIe/ICHHBIC 3HAYCHNMS . B IIepBYIO OdYepeIb pedb WIET O BETHIMHAX, KOTOPHIC
B KJIACCHYECKOW MEXaHWKE HA3BIBAIOT A0OUMUBHbIMU UHINEZPANaMU O8UdiCe-
HUsd, 1 COXpPAHEHHE KOTOPBIX AJSA U30AUPOSBAHHOU CUCTEMBI BBITEKACT W3
(hyHIaMEHTAIILHBIX CBOWCTB CUMMETPHUH NPOCTPAHCTBA W BpemeHu. llepe-
YUCIIUM 3TU BEJWYUHBL. DHEPTHsI, UMIYJIhC, MOMEHT UMIYJIbca — BCEro [
WHTETPAJIOB, YYHUTHIBAS BEKTOPHYIO IMPHPOAY MOCIEIHUX JBYX BEINYHH.
[TomHas sHEprUs CHCTEMBI COXpaHAETCS M0 MPUYUHE OTHOPOIHOCTH BpeMe-
Hu. [lonHpIH UMIynbC — Onaromapst OJJHOPOTHOCTH CBOOOJHOTO MPOCTpaH-
CTBa, a MOJHBIA MOMEHT UMITYJIbCA — BCIIEJCTBUE €r0 U30TpONuu. B KkBaHTO-
BOIl MexaHWKe K YKa3aHHBIM COXPAaHAIOIMMCS BEIHYWHAM T00aBiseTcs
YemHOCmb COCMOAHUA, COXPAHEHHE KOTOPOW SBISETCS CIEACTBHEM CHM-
METPHH TIPOCTPAHCTBA MO OTHOMICHHIO K 3¢PKATbHBIM OTPaKCHHIM.” B He-
PENATUBUCTCKOM CIIydae OTAEIHHO CTOSIT CBOWMCTBA, BBHITEKAIOIINE M3 CHM-
METpPHUH 10 OTHOIIIEHHUIO K TIepecTaHOBKAM TOXKIECTBEHHBIX dacTull. IIpume-
HUTEIBHO K aTOMY pe4b HJAET O noiHOM ero ciuHe. Emie pa3 noguepkHeM,
YTO B M30JIMPOBAHHOW CHCTEME YIIOMSHYTHIE BBIIIE 3aKOHBI COXPAHEHHUSI SIB-
JISIOTCS. TOYHBIMH.

B HeuzonuMpoBaHHBIX CHCTEMAaX COXPAHEHHME BCEX YKA3aHHBIX BEIMYUH
WIN HEKOTOPBIX M3 HUX 3aBUCUT OT CBOMCTB CUMMETPHUHM IOJIA, B KOTOPOE
cucrtema nomeleHa. B atoMe paccMaTpuBaeMoil cUCTEMON SIBISIETCSI COBO-
KYITHOCTb 3JIEKTPOHOB B mouie siapa. KymoHOBCKoe Mmone siipa He 3aBUCHUT OT
BPEMEHH, MO3TOMY COCTOSIHUS M30JIMPOBAHHOTO aToMa cTanuoHapHbl. Cta-
[IMOHAPHBIC COCTOSIHUSI BCETJa XapaKTEePU3YIOTCs OMpeaesieHHON (coxpa-
HSIOIIENCS) DHEPIUei, 1 ee MOXKHO BHIOPATh B KaYeCTBE OJHOMN U3 BEJIMYMH,
XapaKTepU3yIuX coctossHue aroma. Cepudeckass CHMMETPHUS TIOJS TIPH-
BOJIUT K TOMY, YTO KPOME 1O/IHOU IACKTPOHHOHN 3Hepruu E npu nemxeHnn

JJIEKTPOHOB COXPAHSETCS W HOJAHbIY OPOWTAIBHBI MOMEHT WMITynabca L
5IEKTPOHOB, TOYHEE, KBAAPaT (MM MOAYIb) ero Bemuuunbl L°. CoBMecTHO

% TToaepKHEM, UTO COXPAHEHHE (M3MUECKOH BEIMUHHB HE 00S3aTeIBHO 03HA-
YaeT €€ UBMEPUMOCTb BMECTE C IPYTUMU COXPAHSIOIIUMUCS BEIMYUHAMMU.

% B KJIaccHYecKOil MEXaHHUKE JAHHOE CBOWCTBO HE NMPHBOUT K HOBBIM 3aKOHAM
COXpaHEHHUS.



6

C MOMEHTOM COXpaHSeTCs MPOCKIS L, Ha MPOW3BOJILHO BHIICICHHYIO B
MPOCTPAHCTBE OCh Z, MPOXOJANIYI0 uepe3 sapo. bymem o0o3HauaTh abco-
JIOTHBIE BETMYMHBI MOMEHTA M €T0 Z-KOMITOHEeHTY OykBamu L u M| cooTBeT-
crBerHo”’. TOTa COCTOSHMS SMEKTPOHHOM OGONOYKH MOXKHO XapaKTEepPH30-
BaTh Tpems BenmuuuHamu:. E, L, M. [Ipu 3amanHoM momenTe L umcna M
nmpoOeraroT ciaexyromuid psag 3uadennid: M =-L, L+ 1, ..., 4. D11 co-
CTOSIHUSL 00JIQIAl0T OJMHAKOBOW DHEPrHEH, T.€. YPOBHH BBIPOXKICHBI (3a
CUeT AaHHOro (hakTopa) ¢ KpaTHOCThIO 2L + 1.

Ms1 yxe 3HaeM, 4TO B MOJie, O0JIaaroieM IIeHTPaTbHOH CHUMMETpHUEH,
COXpAHSETCsl YSTHOCTh COCTOSTHHS, IMO3TOMY KaXKJI0€ COCTOSIHHE aToMma Xa-
pakTepu3yeTrcsl elie CBOSH YETHOCTHhIO. UTO KacaeTcs MOJHOTO HUMITYJIhCa
3JIEKTPOHOB, TO OH, KaK W JUIS OTACIBHBIX AJICKTPOHOB, HE UMEET OIpelie-
JICHHOTO 3HAYCHHS W HE COXPAHSETCS, TaK YTO HE MOXXET UCIIOJIL30BATHCS
JUTSL KITACCU(UKAIINN ATOMHBIX COCTOSTHUA.

Kpome Toro, kak moka3eIBaeTCs B KBAHTOBOW MEXaHUKE, B CHCTEME TOX-
JICCTBCHHBIX YaCTHI[, UMEIOIINX CITHH HE BHINIC %2, KAXKIOMY YPOBHIO DHEp-
THH COOTBETCTBYET OTpENEICHHOE 3HAYCHHE TIOJIHOTO CIMHA CHCTEMBI S
3HAYUT, B IOTIOJTHCHUE K YK€ YIIOMSHYTHIM MPU3HAKAM CTAaI[MIOHAPHEIE CO-
CTOSIHUSL aToMa OyIyT XapaKTepU30BaThCS TOIHBIM CIIHHOM JJICKTPOHHOM
obomouku. ITpu 25+ 1 =1, 2, 3% =0, %, L)roBopsr o cunzremuom, 0y6-
JIeMHOM U MPUniemHom COCTOSTHIHA COOTBETCTBEHHO. B o0miem ciyvae ywc-
70 2S5+ 1 Ha3BIBAIOT MYIbMUNIEMHOCIbIO COCTOSHUS. AHAIOTUYHO OpOU-
TaJILHOMY MOMEHTY, COCTOSIHHSI C ONPECICHHBIM CITMHOBBIM MOMEHTOM S
BBIPOXJICHBI TI0 KBaHTOBBIM 4HCiIaM Mg mpoeknuu cnvHa S, Ha och Z, a

4 ITox cumBomamu L m M| moapazymeBaroTCsl 4ncia, OTBEYAIOIINE COOCTBEH-
HBIM 3HAYCHHUSIM JaHHBIX BeIUYnH. CaMu jke COOCTBEHHBIC 3HAUCHHS BBIPAKAIOTCS

yepe3 HUX CIEAYIOMHUM 00pa3oM: 2= hZL(L +], L,=aM . B ortnuuue ot kiac-
CUYECKOW MEXaHHMKH, B KOTOPOH BCE TpU KOMIIOHEHTHI BEKTOpa L HMMEIT TOYHBIE

3Ha4YCHUA, B KBAaHTOBOM MEXAHHMKE ATH BEIMYHMHBLI HE HU3MEpPHUMBbI OAHOBPEMCHHO.
910 03Ha4yacT, 4TO B COCTOAHUHN C OMPCACICHHBIM 3HAUYCHHUCM LZ (OZlHO nu3 cobCT-

BEHHEIX 3HAYCHUU oreparopa |7) OCTaJIbBHBIC KOMITOHCHTBI LX n Ly OIIPEACICHHOT'O

3HAYCHUA HE UMCIOT U MOYXHO TOBOPUTH TOJIBKO O CPCIHUX 3HAYCHUAX Ex n Ey .B

TO K€ BPEMsl, BEJTHYHHBI L2 U L, N3MepUMbI OJJTHOBPEMEHHO, T. €. COCTABJISIIOT YaCTh
MOJTHOTO Habopa (PU3MIECKIX BEIUYHH.

® Ecnu 651 criun JJIEKTPOHA OBUT paBeH, CKaxeM, 3/2,T0 TaKOTO OJHO3HAYHOTO
COOTBETCTBHS HE ObLUIO OBl
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KpaTHOCTh BBIpOXKIeHHS paBHA 2S5+ 1. Takum 00pa3oM, yuUTHIBasi BBIPOXK-
JeHue 1o 4uciay M, moiHas KpaTHOCTh BBIPOXKACHUS ypPOBHEH SHEpPTUU
aroMa (WIHM, Kak IPUHATO TOBOPHUTH, AMOMHO20 MiepMd) COCTABISET
(2L + 1)(S+1).

Takoe MoJ0KeHHEe UMEET MECTO, OJHAKO, TOJBKO MpPU MpeHEOpEeKEeHUN
pensTuBHCTCKUME dddextamu. B BoropogononodHOM aToMe MBI TOBOPHIIH
0 CHHMH-OPONTAIBHOM B3aUMOJICHCTBHU. B MHOTO3JIEKTPOHHBIX aTOMax MMe-
€T MECTO €Ile CHUH-CNUHO80e 63aumoleticmsue. Bce B3auMoIeicTBHs B
JNEKTPOHHOHN CHUCTEME MMEIOT AJIEKTPOMAarHUTHYIO PUPOIY, HO €CIIH B He-
PETSATUBUCTCKOM HPHOIVKEHUN OHU CBOZSATCS K KYJIOHOBCKUM CHJIAM MEK-
Iy JCKTPOHAMH U SOPOM U MEXIy OTAEIbHBIMH 3JIEKTPOHAMH, TO B Ooiiee
TOYHOM MPUOTMKEHUH YUYHUTHIBACTCS MarHUTHOE TOJIE, CO3/1aBaeMO€E CIIMHO-
BBIMH MOMEHTAaMH 3JIEKTPOHOB M JIBIDKCHHEM DJICKTPOHOB B MPOCTPAHCTBE.
Uepe3 3TO moye OCYIIECTBISCTCS IOMOTHUTEIBHOE BIHMSHHE SIICKTPOHOB
Ipyr Ha gapyra. JlpyruMu cioBaMu, B3aMMOJEHCTBHUE CTaHOBUTCS 3aBHCS-
UM OT B3aMMHOW OPHEHTALlMH CIHMHOB DJIEKTPOHOB, U KaK CJIECACTBHE OT
HOJTHOTO CITMHA aTOMa.

B ycnoBusax, xorma uMmeercss B3aWMOJECHCTBHE MAarHUTHBIX MOMEHTOB,
COXpaHEHHUE TI0 OTAEIBFHOCTH OpOUTaNbHOTrO MOMeHTa L u ciuna Snepecra-
€T OBITh TOYHBIM 3aKOHOM. TOYHOMY 3aKOHY COXpPaHEHHS, BHITEKAIOIIEMY U3
cepryeckoil CUMMETPHU TOJS AApa, JOJDKCH MOTUUHATHCS MOAHbIUL MO-
Menm >1eKTpoHHO# obomoukn J.° B k1accHueckoil MexaHHKe MOMEHT HM-
myibca O00JIaaeT CBOWCTBOM aIIUTUBHOCTH (HE3aBHCHMO OT HAJIMYMs
B3aUMOJIEHCTBUS MEKIY YaCTAMH CHCTEMBI). B KBaHTOBOM MEXaHMKE CKJIa-

JBIBAIOTCS COOTBETCTBYMoIIME omeparopel: J =L +S. U3 aroro cinemyer
NpAGUNIO CNOMNACEHUS MOMEHMOEG, COTTIACHO KOTOPOMY BO3MOXKHBIE 3HAYECHUS
KBaHTOBOTO yucya J nmpoberaror psa

J=L+S, L+S-1 .., [L-S. (1.1)

Ctporo roBopsi, KBaHTOBBIC uKcia L u S Takke Kak ¥ COOTBETCTBYIOILIHE UM
MOMEHTHI, TEPSIOT TOYHBIH cMbIcn. OgHaKO BBUAY CiabOCTH CITUH-
CITMHOBOTO W CIHUH-OPOWTAILHOTO B3aMMOJICHCTBHS 110 CPABHEHHUIO C KYJIO-

® Y106bI HCITONMB3yeMast TEPMHHOJIOTHS He TIPHBOIMIA K IyTAHMIIE, YKAIKEM, 4TO
BeMYMHEI L 1 SToXe MOJTHBIC MOMEHTBI, B TOM CMBICIIC, YTO OHH CKJIaIBIBAIOTCS U3
COOTBETCTBYIOIIMX MOMEHTOB OTICIBHBIX YacTull. BooOrie moj moiHoW (usnde-
CKOH BEJIMYMHOU MBI IOHUMAEM TY, KOTOpasi OTHOCUTCS K CUCTEME B LIEJIOM.
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HOBCKHMM BHOCHMBIE ITOTIPABKH UMEIOT XapaKTep 603MyujeHus. ITO TI03BOIIS-
eT TO-TIpeKHEMY HCTIONB30BaTh L 1 S B KauecTBe «XOpOIIMX» YHCE, T. €.
XapaKTepU30BaTh UMU COCTOSHHS DIICKTPOHHON CHCTeMBl. Bo3myienue xe
HPUBOAUT K YaCMu¥yHOMY CHATHIO BBIPDOXKICHUS ypOBHEH sHepruu. MiMeHHo,
YPOBEHb, MEPBOHAYAIBLHO BBIPOXKICHHBIN ¢ KpaTtHocThlo (2L + 1)(2S+ 1),
pacIIeIUIseTCs Ha P/l yPOBHEH, OTBEYAIOIINX PA3IMYHBIM 3HAYEHHAM YHCIIa
J. JlauHBIA (akT oTpakaeT TO OOCTOATEILCTBO, UTO PEIIATHBUCTCKHE IIO-
NpaBKU MPUBOJAT K 3aBUCUMOCTH SHEPTUHU aToMa HE TOJIBKO OT CITMHA U Op-
OWTaNbHOTO MOMEHTA B OTAEIBHOCTH, HO U OT UX B3aUMHOM opueHTanuu. C
momoIeio tpasmia (1.1) HeTpyaHo moacunTaTh, 9To ecau L > S To Komuue-
CTBO 00pa30BaBIIMXCSI YPOBHEH C pa3NUYHON dHepruer paBHO 2S+ 1, ecnu
L<S T10 2L + 1. Kaxnpili U3 3THX ypOBHEH OCTaeTCsl BBIPOXKACHHBIM C
KpaTHOCThIO 2] + 1 COOTBETCTBEHHO BO3MOXKHBIM 3Ha4eHUSIM uncen M; mpo-
ekruu J, moirHoro momenTta J Ha och Z: My ==J, =J+ 1, ... , 4. Jlerko ybe-
OUTHCS, YTO TOJIHOE YHUCIO COCTOSIHWH, MMEIOUIMXCS B JaHHOM Habope
ypoBHel mo-npeskHeMy paBHo (2L + 1)(25+ 1), Ho Terepb HE BCe OHU UMe-
10T OZIMHAKOBYIO SHEPTHIO. ['0BOPAT, YTO aTOMHBII TepM MPUOOPETAET MoH-
KVI0 CINPYKMYpY, a €€ HAINUNE Ha3bIBAIOT MYIbINUNLENHbIM PACUENICHUEM.

Jiis TepMOB ¢ pa3nuuHBIMU L pUHATHL Te ke 0003HaueHH, YTO U IS
COCTOSIHUM OIHOM YaCTHIBI ¢ OPOUTATBLHBEIM MOMEHTOM |, ¢ TO# mums pas-
HUILICH, YTO MCIOJIB3YIOTCS 3arjaBHbIC JATHHCKNE OYKBBI:

MyNIbTHIUIETHOCT YKa3bIBACTCS JIEBBIM BEPXHHM, a ITOJHBIH MOMEHT — Ipa-
BBIM HIDKHUM HHJIEKCOM, TaK YTO CUMBOJI T€PMa BBITJLSIIUT CJICAYIOLIHM 00-
pasom:
25+1
L.

Hanpumep, ecmu S= 1/2,L = 1, 1o cormacuo (1.1) BO3MOXHBI IBa 3HAYEHUS
HOJHOTO MOMeHTa, J = 3/2, 1/2.B cOOTBETCTBUH C STUM TOHKasi CTPYKTypa
COCTOHT M3 JABYX T€PMOB, JUIs KOTOPHIX IMeeM 0003HaYeHHE

2 2
P3/ 2 I:)1/2-

BoiposkaeHHOCTE (WITH, KaK 4acTO TOBOPSIT, CHAMUCTIUYECKULL 6eC) TIEPBOTO
ypoBHs paBHa 4, a BTOporo 2. Pa3HOCTh B SHEPTUHM MEXKIY KOMIIOHCHTaMHU
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TOHKOH CTPYKTYpHI (AEj) 0OBIYHO Maja 1Mo CPaBHEHMIO C Pa3HOCTBIO BHEP-
MU COCTOSIHHI C pa3IuIHbIMU 3HaueHusMu L wn S (em. pasgen 3).

PaccMoTpenHast Bhile cxema KiacCH(HUKAIMKU aTOMHBIX TEPMOB HE BCe-
raa npuMeHuMa. Kak MOXHO OBLIIO BUJIETh, OHA OCHOBaHA Ha TOM, YTO CIIU-
HOBBIC ¥ OpPOWTANbHBIE MOMEHTHI OTJEIBHBIX JJICKTPOHOB CKIIAJIBIBAIOTCS
COOTBETCTBCHHO B IIOJIHBIA CITUH U OPOHMTAIbHBIA MOMEHT BCEU CHUCTEMEI.
ITocnie 3TOTO 3TH ABE BEIMYHMHBI CKJIABIBAIOTCS B TIOJTHBI MOMEHT aTOMa.
OmHako Takoe IMOJIOXKEHUe, HazbkiBaeMoe ciaydaeM Paccena-Caynoepca win
LS+#munom cesa3u, BOZMOXKHO JHUIIB B TOM CIy4ae, KOTJia pa3HOCTh B SHEPTHH
MEXTy KOMIIOHEHTaMH TOHKOH cTpyKTypbl (AE;) Mana 1o cpaBHEHHIO C pa3-
HOCTBIO DHEPTUM COCTOSHHI € Pa3TUYHBIMU 3HaueHUsMU L vmu S, Jlpyrumu
CJIOBaMH, PEISATUBUCTCKUE TOIPABKU JIOJKHBI OBITH Majlbl OTHOCHUTEIIEHO
SHEPTUU DJIEKTPOHHOTO OTTAJIKUBAHUS, PUBOJIAIIETO K Pa3InIHIO B DHEP-
THH TEpPMOB C pa3HbiMu L mmu S

[IpoTHBOMONOXKHBIN CiTy4aii MMEET MECTO TOTJIa, KOTJa CBS3b <CITHH-
opOHTa» y OTJENBHBIX DIIEKTPOHOB chibHas. Torna B3auMojecTBIE ClIMHA
anekTpoHa (S) ¢ ero ke cod0cTBeHHBIM opOuTaabHbEIM MoMeHTOM (1) Besmko,
U TOPAMOK CJIOXKCHUS MOMEHTOB JPYTOil: cCHavana BeJHYUHBI S U | ckiaapl-
BAIOTCSI B MOJIHBI MOMEHT Ka)IOTO 3JICKTPOHA | U TOJBKO 3aTEM MOMEHTHI |
00BEIUHSIOTCS B TTOJIHBIH MOMEHT J Bcero aroma. Benmnauna J, Kak u paHee,
MOTYMHSICTCS TOYHOMY 3aKOHY COXPAHCHUsI, BBITEKAIOMIEMY U3 SKBUBAJICHT-
HOCTH BCEX HAIPaBIICHUH B MPOCTPAHCTBE, UCXOSIIUX U3 IEHTpa sapa. Uto
KacaeTcsl CliiHa S 1 opOUTaIbHOTO MOMEHTa L, To Teneph OHM HE coXpaHs-
IOTCSI B OTACIIBHOCTH Ja)ke MPHOIMKEHHO. JlaHHBINA cITydall HOCUT Ha3BaHUE
jl-cés3u. Mbl He OyJeM paccMaTpUBaTh 3/€Ch COOTBETCTBYIOIIUEN CIOCOO
KIaccu(UKAIMA aTOMHBIX YpoBHeW. OTMETHM JIMIIb JBa OOCTOSTENLCTBA.
Tum jj-cBS3M XapaKTepeH IUIS TSHKENBIX aTOMOB, B OCOOCHHOCTH IS DJICK-
TPOHOB, MPHHAMJICKAIIUX BHYTPECHHUM OOOJIOUKAM, T. €. HAXOMAIMIUXCS B
cpemHeM Oirbke K sapy. JJis JIeTKUX aToOMOB B OCHOBHOM UMEET MECTO CBS3b
Paccena-Caynmepca. IT0 CBA3aHO C TEM, YTO CHHH-OPOHUTAILHOE B3aWMO-
JieficTBUE OBICTPO pacTeT ¢ yBeaUueHUeM 3apsa Z siupa (pornopIHoHaIbHO
Z%), B TO BpeMs KaK CITHH-CIIHHOBOE B3aHMOJICHCTBHE MPAKTHYECKH OT HETO
He 3aBUcHT. OTCIOJIa SICHO TaKXKe, YTO B TSHKEIBIX aTOMaX BO3MOXEH CMe-
IIAHHBIW THII CBSI3H.
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2.JeKTpPOHHAs1 KOH(puUrypanus aTroma

Bce u3noxeHHOe HMKE MPUMEHHMO KakK K aToMaM, TaKk U K OJHOATOM-
HBIM aHHOHaM M KaTHOHaM C JIIOOBIMH 3apsIaMH.

YXKe TOBOPHIIOCH, YTO HAJMYWE AIEKTPOHHOTO OTTAJIIKMBAHUS B MHOTO-
3NIEKTPOHHBIX aTOMax MPUBOAMT, BOOOIIE TOBOPSI, K UCUE3HOBEHHIO TIOHATHUS
0 KBaHTOBBIX COCTOSHHUSAX OTHENIbHBIX AJIEKTPOHOB. Eciii 0 Takmx cOCTOSHU-
X MOKHO BC€ )K€ TOBOPHUTH B MPUOIIMKEHHOM CMBICJIE, TO OHU OTHCHIBAIOT-
CSl OIHOYACTUYHBIMU BOJIHOBBIMH (DYHKIMSIMH, 3aBHUCSIIUMH OT TpeX IpoO-
CTPAaHCTBEHHBIX NEPEMEHHBIX, HA3BIBAEMBIMH TAKXKE AMOMHbIMU OpOUmMa-
asimu. TIpU ydeTe criiHa 3JIEKTPOHOB BOJHOBask (QYHKIUS SJICKTPOHA MMEET
CIIMHOBYIO KOMITOHEHTY, U TOBOPST O chnuH-opoumanix. Meroq camocoria-
COBaHHOT'O TOJISl, ABJISIFOILUICA CIIOCOOOM YaCTUYHOIO Y4eTa 3JIEKTPOHHOTO
OTTAJKHBaHHS, MMO3BOJISICT COXPAHUTh (HO YK€ B MPHOIMKCHHOM CMBICIIE)
MOHATHE OpOWTAaJIeHt B CIOKHOM aroMe. B 3ToOM MeTone paccMaTpHBaroT
JBIDKEHHE DIIEKTPOHA B 3JEKTPHUUECKOM TIOJIE, CKIIAIBIBAIOLIEMCS M3 TOJIS
siIpa M TOJS OCTAJBHBIX 3JICKTPOHOB, YCPEAHEHHOTO MO MX KBAaHTOBOMY
JBIDKEHMIO.” BaXkHO, 9TO B JAHHON MpOIEAYpe MOMyUaomeecs: dhdexmus-
HOe TIOJe He 3aBUCHUT OT BPEMEHH M, KaKk 1 COOCTBEHHOE ToJIe sapa, obnaaa-
eT cepuueckoii cummerpueil. [loaToMy yrioBas yacTb BOJIHOBOH (pyHKIUH
JJIEKTPOHA MIMEET TOT K€ BHJ W XapaKTEepPH3yeTCs TEMH K€ KBAHTOBBIMHU
griciaamu (| 1 M), 9T0 U B BOZOPOIOIIOTOOHOM aTOME.

3aMeTHM, YTO aHaJOTMYHBIM 00pa30M BBOAMTCS MOHATHE MOJIEKYIISIPHON
opOHTaIM, KOTOPOE SIBIIAETCS YPE3BBIYAHO TOJIE3HBIM M YAOOHBIM B Kade-
CTBE SI3bIKA I ONMCAHUS XUMHYECKHUX CBOMCTB HE TOJIHKO aTOMOB, HO H
MOJIEKYII.

" Ecim paccMaTpuBaTh OTACNBHEIA SMEKTPOH B UCIMUHHOM TIOIE OCTATBHBIX
(mBMXKyIIMXCS) 3IEKTPOHOB, TO OYyAET HEBO3MOXHO HE TOJBKO PEIINTH Ul HETO
MOJTHYIO MEXaHHUYECKYIO 3a7a4y, HO Jaxke 3amucath GpyHKIuo [aMiIbTOHa, TaKk KaK
CHJIOBOE TIOJIE JUIS ATOTO DJICKTPOHA 3a1aTh HENb3sl (MBI HE 3HAEM, Kak BEAyT cebs
OCTaJIbHbIE 3JIEKTPOHBI).
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OcTtaBasich CPepuyecKl CHMMETPHYHBIM, A(P(EKTUBHOE IOJIe, OTHAKO,
yke He OyIeT KyJOHOBCKHM. 3apsiioBasi INIOTHOCTb, CO3/laBagMasi dJICKTPO-
HaMH, 00JIa/IaeT PKPAHUPYIONIMM JCHCTBHEM, ITO3TOMY TIOJIe TIPH YIaJICHUU
OT siipa crajgaet ObicTpee, e 1o 3akony 1/, Kak crnenctBue, coCTOSHHUS ©
Pa3NUYHBIMK 3HAYCHHUSAMHU | UMEIOT Pa3IMyHyI0 SHEPTHUIO, T. €. MOJHOCTHIO
UcYe3aeT cIyuatiHoe BRIPOXKICHUE, YTO TI0Ka3aHo Ha puc. 2.1.9Ty nuarpam-

My 00s3aTeNbHO HAJI0 CPaBHUTH

4E C QHAJIOTHYHOM THarpaMMOi st
.......... _mﬂ aroma Bomopoxa (puc. I-4.7).
= 2 ............... ) KenartenbHo TaKKe MPOBECTH
e 3p COMOCTABJIEHHE  CO  CXEMOW
3s YPOBHEIl SHEPruu >JICKTPOHA B
— BOJIOPOJIONIOJJOOHOM ~ aToMe €

2P y4€TOM  TOHKOM  CTPYKTYpBI
— (puc. 1-4.11). Cnenyer cka3arts,
2s 4TO CMEIICHHS SHEPruu OpOHTa-
Jeil 0 CPaBHEHHIO C BOIOPOIO-

nO00HBIMH aTOMaMH Ha He-

CKOJIBKO TOPSIJIKOB OOJIBIIE, YeM

— MHTEPBAJIbl TOHKOH CTPYKTYDHI,
1s MIOCKOJIbKY ~ OOYCJIOBJICHBI ~ HE

Puc. 2.1, CPaBHUTEJIBHO CIIAOBIM crH-

OpOWTAJIbHBIM  B3aUMOJICHCTBH-

€M, a HaMHOTO 00Jiee CHIIBHBIM KYJIOHOBCKHM OTTaJKMBAHUEM JJIEKTPOHOB.

Ha ¢oHe 3THX M3MEHEHH DEJSATHBUCTCKUE MOMPABKH COBEPIICHHO HE3a-
METHBI U HET HUKAKOT'O CMBICIIA UX YUUTHIBATS.

B MHOT03JIEKTPOHHOM aTOME TJIaBHOE KBAHTOBOE YHCIIO N TEPSET CBOMA
TOYHBINA CMBICT |, TJIABHOE, YK€ HE ONMpPEAessieT OAHO3HAYHO SHEPTHIO DIIEK-
TpoHa. TeM He MeHee, MPUHATO MCIOIb30BaTh €ro Ul HyMEpaIli COCTOs-
HUM (IpH 3aJaHHOM 3HaUeHwH |) B opsiake Bo3pacTanus sHeprum: N =1 + 1,
| +2, ... 10 aHaJOTHH C BOAOPOAOMOAOOHBIMU aTroMamu. OIHAKO €Ciid B
aToMax C OJHHM 3JIEKTPOHOM COCTOSIHHE ¢ OOJIBIIMM N Bcerga oOamaet
OOJBIIEH SHEPTHEH U HE 3aBUCHUT OT |, B CJIOKHBIX aToMax TOPSIIOK BO3pac-
TaHWs YPOBHEH SHEPIHH MOXKET HAPYIIAThCS.

TToHsITHE O COCTOSHHUU OTAEIBHOTO BJICKTPOHA B aTOME TTO3BOJISIET TOBO-
PHTh O 3aceieHuy COCTOSHHN SJIEKTPOHAMH, T. €. O PaclpeAeIeHHH 3JIeK-
TPOHOB TI0 COCTOSHHSAM C Pa3IMYHBIMU YUCIaMu | 1 N, KOTOpOe Ha3bIBACTCSI
2/leKmpOHHOU KoHpueypayueti. TlepedrciieHne COCTOSIHUIM BCEX AIICKTPOHOB
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B COBOKYITHOCTH C yKa3zaHHWEeM 3HaueHui umcen L, S J gaer mosHoe ommca-
HHE COCTOSHMS aToMma®. DopMyna I 0603HAYCHHS COCTOSHUS HMEET BUI
AT oW P WY s I
BAOT, CKOJIBKO JJIEKTPOHOB 3aHMMAIOT COCTOSIHHSI C OJMHAKOBBIMH 3HAUE-
ausmu |, N. Tak, st OCHOBHOTO (HH3IIETO IT0 YHEPTHUH) COCTOSIHIS aToMa SC
(arommbiit Homep 21) sanmcrisaem 1s”2s*2p°3s?3p°3d*4s® “D,,. Opbura-

, TJI€ N; — rJIaBHBIC KBAHTOBBIC YHUCJIA. Yucma k, YKa3bl-

JIM 3amucaHbl B MOPSIKE YBEIMUYCHUS WX JHEPrMU. B AaHHOM ciydae OH
COBIAJAeT C MOCIIENOBATEIBHOCTHIO YPOBHEW BOIOPOJONOAOOHOTO aTroma.
BuaHo, omHaKko, 4TO 3amOHEHHE OpOUTaliell y JaHHOTO 3JIEeMEHTa HE COOT-
BETCTBYET 3TOMY MOPSJIKY: 2 3JICKTPOHA Ha 4S-0pOUTan TOKHBI OBUTH ObI
3aHUMaTth cBoOomHbIe 3d-opOurtanu. [IpuunHa, Mo KOTOpoW Haubojiee HU3-
Kasl SHEPTHUs BCETO aToMa SCOCTHraeTCs UMEHHO MPH HANIMCAaHHON KOH(DU-
rypaimus, 0yzer paccMoTpeHa B paszeine 4. I[locinennuii cuMBoa B Gopmysie
cocTosiHus paciudpoBbiBactes kak S=1/2,L =2, J = 3/2. Cniun atoma %2
BO3HHKAET 3a CYCT HECMApPCHHOTO 3JIEKTPOHA, 3aHMUMaroiiero d-opouTasb.
Kak BuayM, CIMHOBBI MOMEHT aToMa OPHEHTHPOBAH OTHOCHTEIBHO OpOH-
TaJILHOTO TAKUM 00pPa30M, YTO OHU YACTHYHO KOMIICHCHUDPYIOT APYT IPyTa,
MO3TOMY PE3yJIbTHPYIOUIHA MOMEHT J MEHBIIIE, YeM OPOUTATHLHBIH.

DJIeKTPOHBI, UMEIOIIME OJMHAKOBBIC Maphl KBAHTOBBIX uucen | u N, Ha-
3BIBAIOTCS IKGUBALEHMHbIMY. DT BO3MOXKHOCTD CYLIECTBYET Oyiaronaps To-
My, 9TO DJICKTPOH MOXKET 007aaaTh pa3NUYHbIMU 3HAYCHUAMH TPOCKINI
opburansHoro (M) u couHOBOro MoMeHTa (IMs) Ha och Z. ITOCKOIBKY YHCIIO
m npuaumaeT 2| + 1 3HaueHHe, a BO3MOXKHBIC MTPOCKIIUK CIIMHA OTPaHHYH-
BAIOTCS OBYMS 3HaueHHsAMH (£1/2), To MakCHMalbHOE YHCIO SKBHBAJIECHT-
HBIX 2JIeKTpoHOB |-THna paBHo 2(2 + 1). Cornacho npunimmy [Maymu (cm. |-
3.7) B KaXIOM M3 3THX COCTOSIHUN MOMET HaXOJHWThCS HE Ooyiee OHOTO
anekTpoHa. Ecim 3aHATHI Bce cocTosHUS, TO 00Opasyercs, Kak TOBOPAT,
samrnymas obonouxa. Hiwke Ha npumepe O-37EKTPOHOB MOKa3aH OJMH U3
BO3MOXKHBIX CIIOCOO0B M300paskeHHS 3aMKHYTOW 00OJI0UKH:

[vo[ro[ro s 1]

B 3aMKHYTBIX S-, P-, d- u f-o6omoukax comepxurcsa 2, 6, 10u 14 snek-
TPOHOB COOTBETCTBEHHO. OYEBU/IHO, YTO MOJHBIN OpOUTaIbHBIA MOMEHT (L)

8 CTpOFO TOBOPs, COCTOAHUA MOTYT €IS OTINYATHCA YUCIaMU MJ, OIHAKO OpHU-
CHTalusA IIOJJHOI'O MOMCHTA B CB060,HHOM MMPOCTPAHCTBE HE HMMCCT 3HAYCHUA IJIA
BHYTPCHHUX cBoiicTB aToma. B YaCTHOCTH, OHA HE BJIMACT HA €r0 SHCPTUIO.
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U nosHbIA cnuH (S) 3aMKHYTOH O0OJIOUKH paBeH HYN0. BaKHO OTMETHTH
TaKXKe, YTO HOJHAs BOTHOBas (PYHKIUS TaKOH O0OJOYKH cghepuuecku cum-
MempuyHa, Kak ¥ BOOOIIe BOITHOBAsI GYHKITHS JTIO00TO COCTOSIHUS C PAaBHBIM
HyJr0 MoMeHnToM, L = 0. [TomuepkHeM, 4TO peub HIACT O MOYHOLU MHOTOYAC-
TUYHOH BOJHOBOH (PYHKIIMH, a HE 00sI3aTEIILHO TOM, KOTOPYIO MOXKHO COCTa-
BUTb M3 BCEX BO3MOKHBIX 3KBHBAJICHTHBIX OpOUTAJICH.

CyllecTByeT TEPMHHOJIOTHS, COIJIACHO KOTOPOW 3JCKTPOH C IJIABHBIM
KBaHTOBBIM yuciioM N = 1, 2, 3, 4, .. npuHaANEKUT COOTBETCTBeHHO K-, L-,
M-, N-, ... obomnouke. O0OIOYKH, O KOTOPHIX TOBOPHJIOCH BHIIIE, BXOJST B
COCTaB ITHX, Ooyiee OOIMMPHBEIX, 000J0Yek. HeTpymaHO MOACYHUTATH YHCIIO
3JIEKTPOHOB, KOTOPOE MOTYT BMECTHUTh yKa3aHHbIe 000s0uku (00mias dop-
Myna 2n°):

K: n=1 =0 2 2
L: n=2 1=0,1 2+6 8
M: n=3 =0,1,2 2+6+10 18
N: n=4 1=0,1,2,3 2+6+10+14 32

B paznene 1 Obuto yKazaHO, YTO COCTOSIHHS aTOMa Kak I[eJIOTO 00JIaaroT
OTpeieIeHHON YEeTHOCTHIO. 3aMeHa KYJIOHOBCKOTO TIONS siipa Ha CaMOCO-
TJTacOBaHHOE IOJIe B METoAe XapTpH AaeT BO3MOXHOCTh paccMaTpHBaTh
9JEKTPOHBI KaK HE3aBUCHMBIE COCTAaBHBIC YAacCTH 3JICKTPOHHON CHCTEMBI.
BomHoBass (pyHKIMS TakoW CHCTEMBI IPEICTaBIsICT COO0OW TPOM3BEACHHE
BOJTHOBBIX (DYHKITUH OTHENBHBIX yacTed. OTCIoa BBITEKACT MPABUIO CAO-
Jrcenusn wemnocmetl, T. €. HopMyIna, ¢ MOMOIIBI0 KOTOPOU BBIYHCIAETCS YeT-

HOCTh CUCTEMBI, €Ci ee yactu 1, 2, ... ,c1abo B3aUMOJICHCTBYIOIIHE IPYT C
JIPYTOM, XapaKTEPHU3YIOTCS ONPEACIICHHON YeTHOCTHIO:
P=PPR,.... (2.1)

DTO MpaBUIO JOBOJBHO OYEBHIHO. Hanmpumep, Koraa HMEIOTCs IBE HE3aBH-
CHMbIE YaCTH, MOJIHAsE BOJHOBAs (YHKIMs OYyJeT YETHOM, €CIIU COCTOSHHS
00€enx JacTeil IMEIT OJMHAKOBYIO Y€THOCTh. HanpoTus, eciiu oHu obJiaia-
10T Pa3IMYHON YETHOCTHIO, TO BOJHOBAS (DYHKITHSI CHCTEMBI B II€JIOM OyIeT
HeyeTHOH. YeTHOCTh COCTOSIHHEM OTAENBHBIX BJICKTPOHOB OINpPEIEISIETCS
thopmyoii (I-4.12),u3 KoTOPOIi HETOCPEACTBEHHO CIIEAYET
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P= (_1) |1+|2+---_ (22)

To ecTp YETHOCTh COCTOSHHSI aTOMa 3aBHCHT OT AleeOpauyecKkol CymMmbl
OpOUTAIEHBIX MOMEHTOB BJIEKTPOHOB, KOTOpasi B OOIIEM CiIydae He paBHa
MOJTHOMY OpOMTaIbHOMY MOMEHTY aroma L. B wactHocTH, BomHOBast QyHK-
Ul 3aMKHYTOH 000JIOUKH BCerAa dYeTHa. To ke CrpaBeInBO sl 000I0UKH
Jr000r0 THUITA, COJCPIKAIICH YeTHOE YUCIIO (IKBUBAJICHTHBIX) 3JICKTPOHOB.
Ecnu B aTrome Bce 000JI0YKH 3aMKHYTBIE, TO OH UMEET HYJIEBbIE 3Haue-
HUSI OpOUTAIFHOTO, CIIMHOBOTO M COOTBETCTBEHHO MOJHOTO MOMEHTA, T. €.
CHMBOJI ero TepMma ecTh 'S . TakoBo, HAIpPHMEpP, OCHOBHOE COCTOSIHUE aTo-

MOB OJIarOpPOAHBIX Ta30B U OJHO3APSAIHBIX HOHOB IIEIOYHBIX MeTaioB. [1o-
CKOJIBKY IIOJIHOCTBIO 3alOJHCHHBIC OO0OJOYKM HE BIMAIOT Ha XapakTep
ATOMHBIX TEPMOB, TO B 3aIMCH DJICKTPOHHOW KOH(UTYPALUU JTaHHBIC DJICK-
TPOHBI OOBIYHO HE TMEPEUHCIIIOT. BMECTO 3TOro yKas3pIBAalOT XMMHYECKHUIT
CHUMBOJI OJIATOPOAHOTO Ta3a, SIEKTPOHHAS CHCTEMa KOTOPOTO COOTBETCTBYET
COBOKYITHOCTH 3aMKHYTBIX 000JIOYEK paccMaTpuBaeMoro aroma. /s atoma
ScC, B KOTOPOM 3aMKHYThIE 000JIOUKH MICHTHYHBI aTOMy aprona (Ar), kpat-

Koe 0003HaUYCHNE OCHOBHOTO COCTOSIHUS Oy1eT umethb Buj [Ar]3d4s® 2D3/2.

B ciiygae HemosrHOTO 3armoiMHEeHHS 000JI0YEK MpPH 3aJaHHON 3JIEKTPOH-
HOW KOH(UTYpaly UMeeTcs Lelblid Habop TEpPMOB, OTJIMYAIOLIUXCS 3HAYE-
HUSIMHA KBaHTOBBIX uncell L wim § u Bo3zHHKaeT Bompoc o0 omnpeaeieHuu
BO3MOYKHBIX COCTOSIHHU (TOHKYIO CTPYKTYpPY MYJbTHIUIETHBIX YPOBHEH BO
BHMMaHHE TIOKa HE NMPHHUMaeM). DTa 3aJadya pemiaeTcs MyTeM OTBICKaHHS
BO3MOXKHBIX MPOEKIMHA YKa3aHHBIX MOMEHTOB, UMesl B BUAY, YTO MaKCH-
MaJlbHas U3 HUX JIaeT 3HAYCHHE MOMEHTA. Ecin 2IeKTpoHbI #e SKBUBAJICHT-
HBIE, TO Pe3yJbTaT MOJY4aeTCsl HEMOCPEICTBCHHO W3 TPaBUIIA CIIOKEHUS
momenToB (1.1). PaccMoTpuM [y puMepa KOHQHUIYPALMIO H3 08YX TAKHX
JJIEKTPOHOB. Y HEHTpabHBIX aTOMOB XHMHYECKUX DJIEMEHTOB B OCHOBHOM
COCTOSIHUM TaKHe CIy4dad, MPaBJia, OTCYTCTBYIOT, HO Y ATOMHBIX HOHOB OHH
BcTpeyarotes. Ilycts 510 Gymer non SC ¢ kongurypamumeii [Ar]3d4s. Ilo-
ckoinbky |1 = 2,1, = 0, BO3MOXHO TOJBKO OHO 3HaueHue L = 2 1Ba 3HaUe-
HEsE TTONHOTO crmHa S= 1, S= 0, Tak 4to mMerotcs Tepmsl D u D, T. e.
OJIMH TPUIUICTHBIH M OJUH CHHIJICTHBIM TepM. Bo3bMeM erie cimydaid, Koraa
00a 3JeKTpoHa 3aHUMAIOT P-COCTOSHHS C PA3IMYHBIM TJIABHBIM KBaHTOBBIM

% Jlnst cucteMmsl, cocTosimeit U3 JIBYX C1a00 B3aMMOJCHCTBYIONINX YacTed ¢ MO-
MeHTamu L; 1 L, 3T0 mpaBwmIio rmacut: | = L+L,, L+L,-1 .., \Ll - Lz\
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qucioM, Harmpumep, 2p3p. [lonHblid OpOHUTATBHBIE MOMEHT MOXKET UMETh
3rauenus L = 2, 1, 0,2 momusiii cive S= 1, 0.KoMOUHUpYs 3TH BO3MOXKHO-
ctu, moygaem tepms D, 'D, °P, 'P, S, 'S

Korna mMeroTcst 5KBHBaJCHTHBIE 3JICKTPOHBI, TO IPU KOMOWHHPOBAHUH
COCTOSIHMIT HeoOXoauMo yuuThiBaTh npuHImn [laymu. IIponenypa Haxox-
JICHHUSI TEPMOB JIOBOJILHO TPOMO3JIKA TIPH OOJIBIIOM YHCIIE JIIEKTPOHOB. MBI
nojpoOHO pazbepeM JBa MpUMEpa, OrPaHHYMBIINCE CITy4asiMH, KOT/Ia BCE
YYacTBYIOIINE JJICKTPOHBI MPUHAJICKAT 00OJI0YKE OIHOTO THIA: TPH P-
aneKTpoHa (KoHduryparus p°) u gsa d->aekTpona (koHpurypamus o).

Ha nepBoMm 3Tame 3ammchIBAlOT BCE BO3MOXHBIC COCTOSHHS (MUKpoco-
CMOsIHUSL) CHCTEMBI DJICKTPOHOB, COBMECTHMBIC ¢ MpUHIMIOM [laymu. DTo
HanOoJiee MoJAPOOHOE OMUCAHKUE C MEPEYUCICHUEM BCEX BO3MOXKHBIX KBaH-
TOBBIX YHCEN KaXKIOro 3JIeKTpoHa. B mpexnenax p-obomouku (I = 1) y smek-
TPOHA BO3MOXKHBI CIIEyIoIHe mapbl yucen m u M (1, ¥%2), (0, ¥2), €1, %),
(1, -%2), (0,-Y%%), (-1, —%2). Tpu ameKTpoHa HAZO PACIIOJIOKHUTH B TPEX U3
YKa3aHHBIX 6 COCTOSHHI BCEMH JIOMYCTUMBIMH criocobamu. JIerko momacuu-
TaTh, YTO 3THX crocoboB 20. BooOine, npu Hanuuuu N cocTosHUi u K < n
9KBUBAJICHTHBIX 3JIEKTPOHOB YHCJIO CIIOCOO0B onpeersieTcs: popMyon

n!
kl(n-K)!' (23)

OMHOBPEMEHHO JIJTs1 BHITUCAHHBIX COCTOSHHN CIIEAyeT HAUTH (IMPOCTHIM
CJIOKEHHEM) TMPOCKIMH TOJHOTO OPOUTATHLHOrO MOMEHTa M| ¥ TMOJIHOTO
cimaa Mg, Uit koHGuryparmu p° Bce 310 mpomenaso B Tabir. 2.1, tae kpe-
CTHKOM 00O03HAUYCHBI DIIEKTPOHBI, a CTPEIKAMU — BO3MOXKHBIC COUCTAHUS
OpHUCHTAIMH X CHHHOB. XOTsI COCTOSHUSI C OTPHUIIATEILHBIMEI 3HAYCHUSIMHU
M, u Ms MOXHO He paccMaTpuBaTh (MIOCKOJBKY OHM HE BHOCSAT HHUYETO HO-
BOT'0), JIJIsI IOJIHOTHI KAPTHUHBI BBIMUCAHBI Bce 20 MUKPOCOCTOSIHUIA.

Ha BTOpOM 3Tare u3 cCOCTOSHUN ¢ HanOOJIbIIeH aOCOMOTHON BETHIHMHON
M_ BEIOMpArOT OJHO COCTOSIHHE C MAaKCHMaJlbHBIM 3HaueHHEeM MOyis Ms.

Jltst p° 910 Gymer |M I_| =2, M S‘ =1/2. Orcrona cienyer, 9To UIMEETCs TEpM

’D. O Brmouaer B cebs (2L + 1)(25+ 1) = 52 = 10 MHKPOCOCTOSHHIA,
cpeu KOTOPBIX ecTh Takke 6 cocrosamii ¢ My =41, Ou Ms=21/2. 3t 10
MHUKPOCOCTOSTHUN ¢ YKa3aHHBIMM KOMOHWHAIIMSIMA KBAHTOBBIX YHCEN HAJO
BBIUECTD U3 UX 0011ero uncia 20.
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Tabmuma 2.1.
Yuco co- m M Ms
crosmmii | +1 0 -1 Sl Do Lorer Lo Trvn Lune uar [ any
2 XX X +2 +1/2 -1/2
2 XX X +1 +1/2 -1/2
2 X XX +1 +1/2 -1/2
8 x x 0 | +32 | +12] +12] +12| -12 ] -12 | -1/12 | -3/2
2 XX -1 +1/2 -1/2
2 X XX -1 +1/2 -1/2
2 x XX -2 +1/2 -1/2
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Tabmmna 2.2.

SR S R
<| |o| |o|o|o|lolo| |ololo| |o
u)
s—ol+o o oo
2l |o| |o|o|lo|olo| |o|olo| |o
D e e I I
< |+ I Fi PSP pr 4+ |+ +
A I I I Al ||| s
b= I e B B R e
o x X X x| %
T X X X X x
x
clo x| x X x| x
b, x| ¥ x x x
N X x X x| x
S
S E
mm141444441444141
£5
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Tabmuua 2.3.
Kondurypanms Tepmbr
p’ p5 2P
1 1
S D
2 4
p 1 p 3P
5 2P 2D
p 4S
d, d® D
1 1 1
S D G
o, o P 3
& p 2Dx2 2F G 24
’ 4 4
P F
lax2 Dx2 o= 1Gx2 4
d*, d® 3px2 D 3Ex2 G *H
°D
’S P ’Dx3 2Fx2 G2 ’H A
d5 4P 4D 4F 4G

¢s
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Janee u3 ocTaBIIErocs Habopa MHMKPOCOCTOSHMHA € MaKCHMAJbHBIM
|M L| CHOBA BBIOMPAIOT OJIHO COCTOSHHME C MAKCHMAJIbHBIM |M S| . O10 Oyner

1 u 1/2 cOOTBETCTBEHHO, TaK YTO JOJKCH UMETHCS TEPM 2P, BKJIIOUAIOIIHI
3%2 = 6 MUKPOCOCTOsIHHM, B ToM uuciie 2 coctosaust M = 0 u Mg=+1/2.
Hx Taxxe Hamo BEUECTH U3 001ero gucia 20. Ocrarores 4 COCTOSIHUSA, BCE C
M, = 0, mpuuem Mg ==%3/2, #1/2. Onu cootBercTByIOT TepMy 'S Ha sToM
BCE MHKDPOCOCTOSIHHS McUepIaHbl. TakuMm o0pa3oM, st KOHGHUIYpaluu p3
BO3MOJKHO 110 OJHOMY TepMy Tima -D, °P u ‘S,

B ciygae kou¢urypamum d® wumeercs yxe 45 MukpococTosHHA

(tadn. 2.2). Hanmnuue 3Ha4eHUS |M |-|max =4 TOBOPHUT O TOM, YTO CYIIECTBY-

et TepM ¢ L = 4, 1. e. G-tepM. [TockojIbKy yKa3aHHOE 3HAUEHHUE COBMECTUMO
TonbKo ¢ S= 0,K0raa 06a IEKTPOHA craperbl, TO TO CHHIIICTHBI TepM G,

BKUTIONAIOMH 9 MEKpococTOsHui. B ocTaBumixcs coctosmmsax (M | - =3,

‘Ms\male ¥ MbI TOJy9aeM TPUIUIETHBIH TepM F (21 MHKpPOCOCTOSHHE).

[Ipomomxas mpoueaypy A0 UCUEpIAHUSI OCTaNBHBIX 15 cocTosiHMiA, momyyva-
eM ere ciexyommii psx TepMoB; P, 'D, 'S Taxum o6pasom, KoH(HTYpa-
mus o pacmennsercs Ha 5 pasnmuHbIX TepMoB. B Tab. 2.3 npuBeeHs! pe-
3yJIBTaThl MOAOOHBIX PacyeTOB AJSl Pa3IMYHBIX KOH(QUTypaluid W3 SKBHBA-
JEHTHBIX P- u d-35ekTpoHoB. Kak BUANM, OJMH U TOT )K€ TUIT TEpPMa MOXKET
BCTPEYAThCS IS JAaHHOW KOH(HIYpalMu HECKONBKO pa3. OOpaTuM Takxe
BHUMAHHE Ha TO, 4TO HaGOpP TEpPMOB OAMHAKOB 1st Koudurypammit d i d™,
T. €. U TaKuX, U3 KOTOPBIX OJJHA UMEET CTOJILKO 3JIEKTPOHOB, CKOJIBKO HE-
JOCTaeT y APYyroi ajst oOpa3oBaHUs 3aMKHYTOH 000JI0YKH. DTOT (HaKT JIETKO
OOBSCHHUTH B PAMKaX ObIPOYHO2O0 (POPMANIU3MA, PACCMATPUBAS OTCYTCTBYIO-
U AIIEKTPOH KAK ObIPKY, ONMCHIBAEMYIO TEMH K€ KBAHTOBBIMHU YHCIIAMH.

3. DHeprusi aTOMHBIX TEPMOB

DHeprus CHCTEMBI JJIEKTPOHOB aTOMa B IEPBYIO OYEPEIh 3aBUCHUT OT
ANIEKTPOHHOI KoHUrypanuu. [Ipu mepexoje 0JTHOTO UM HECKOJILKUX dJIeK-
TPOHOB C OJHHX OpOWTANCH HA APYrue YHEPTUS MOXKET U3MEHSATHCS HA He-
CKOJIBKO WJIM JIAXKE Ha JICCATKH DJIEKTPOH-BOJBT. DTy Pa3HOCTh OOBIYHO Ha-
3BIBAIOT 3Hepaueli npomMomuposanus. J1as Bo30yKAeHHUs IEKTPOHOB, HAXO-
JUIIAXCS B TITyOOKO JIeKanux 000JI09Kax, MOXKET MOTPEOOBATLCS PHEPIHS B
HECKOJIBKO COTEH JIEKTPOH-BOJBT, KOT/Ia peYb UAECT O TOCTATOYHO TSDKEIBIX
aTomax (c OOJBIINM 3apsiIoM siapa). Eciu pu 9TOM 6 meuenue Hekomopo2o
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épemMeHU He TPOUCXOIUT MOHHU3AIUS aTOMA, TO AJIEKTPOH MONagacT Ha OHY
U3 opOuTanel, MpuHAISKAIUX BHEITHAM 000104KkaM (HE BAKHO, Ha KAKYIO
WMEHHO, TaK KaK YHEPTHH BHEITHUX JIEKTPOHOB Ha MOPSAIAKU OOIBIIIE DHEP-
MU BHYTPSHHHX JICKTPOHOB, IBHXKYIIMXCS B OCHOBHOM BOMH3H sizpa). Op-
OuTank, 3aHTAas HICKTPOHOM paHee, 00pa3yeT, Kak TOBOPST, ObIPKY.

CremaHHas BBIIIE OTOBOPKA, Kacalomasicsi MOHM3ALMM, HE CIlydaifHa.
[TockonbKy B pe3yibTaTe OMHUCAHHOTO MEPeXo/ia SHEPTUsl aTOMa BO3PACTaeT
Ha BenmuunHy (ckaxxem, 3005B), 3aBeIOMO MPEBBIMIAONIYIO TIEPBYIO dHEP-
TUI0 MOHU3AIUH, T. €. MUHIUMAIBHYIO DHEPTHI0, HEOOXOIUMYIO I yaale-
HUSI OJTHOTO 3JIEKTPOHA, TO BO3OYKICHHBIN aToM (haKTHUECKH OKa3bIBACTCS
HEYCTOWYUBBIM. DTO SICHO M3 TOTO, YTO YPOBHU 3HEPTUH, JICKAIIHUE BBIIIC
mpeJieia MOHU3AIMK, MPUHAJICKAT CIUIOIIHOMY CIEKTPY, T.€. COOTBETCT-
BYIOT HHOUHUTHOMY JIBIDKEHHIO. 3HAYHUT PAHO WM MO3JTHO JIOJDKHA aBTOMa-
TUYECKH MMPOU3ONTH MOHHU3AINA aTOMa, T. €. <BBIOPOC» OJHOTO M3 DJIEKTPO-
HOB. OiHaKO Oyaromapsi OTHOCUTEIBLHOM CIA00CTH B3aMMOJCHCTBHS MEXTY
SIIEKTPOHAMHU 6pemsi dcushu T Takoro (KeazucmayuoHapHo2o) COCTOSIHUS
MOJKET JOCTATOYHO OOJBIINUM, YTOOBI MOXHO OBIJIO TOBOPUTH O TUCKPETHBIX
YPOBHSIX 3HEPTWH, HA3bIBAEMBIX PEHMEeHO8CKUMU MePMAMU. ITOT YPOBEHB,
OJTHAKO, MPUOOPETAET HEKOTOPYIO KOHEUHYIO IMpuHy A/T. Bpems xusHu
OTIpeIeTISICTCS] BEPOATHOCTHIO BCEBO3MOXKHBIX IIPOIIECCOB, BEAYIIHX K 00-
paTHOMY 3alOJHEHUIO OOpa3oBaBIIelcs IbIpKH. [lepexombl, COMPOBOXK-
JTAIOIINecs W3IYyYCHHEM, JUTMHA BOJIHBI KOTOPOTO B COOTBETCTBUHU C OOJIb-
IO JHEPTHeH Tepexona OKa3hIBaeTCS B PEHITEHOBCKOW 00JIaCTH, Xapak-
TEPHBI IS TSHKETBIX aTOMOB. B JeTkux aromax mpeo0IiaJaroniyo poib Mo-
TYyT WrpaTh OE3W3NIydaTeNbHBIC TEPEXOMbl, MPU KOTOPHIX BBHICBOOOXKIAIO-
Iasicst IPY 3aIOTHEHUH ABIPKU DHEPTHS MepeaeTcsl APYroMy BHYTPEHHEMY
3EKTPOHY, MOKUAAIIEMY aToM. B pe3ynpTaTe mporecc COMpOBOXKIAETCS
noHm3anuen atoma. B 3toT coctout aghghexm Oonce. lllupuna ypoBHs, pac-
MaJaroIIerocs mo NpUYMHE OXKe-mporiecca, MoxeT gocturath 1 — 103B. Orto
KOHEYHO OYCHH OOJIbINAs BEIIMYMHA B CPABHCHUM C XapaKTCPHBIMU DHEp-
TUSIMH BHEITHUX JIEKTPOHOB, HO OTHOCHUTENBHO Maslasi, €CJIi CPAaBHUBATH C
SHEPTHUSMH JJIEKTPOHOB BHYTPEHHHUX.

Jnst pU3MKO-XMMHUYECKUX TMPOIECCOB BAXKHBI TJIABHBIM 00pa3oM 3JICK-
TPOHBI BHEMIHUX 000104YeK. OCOOEHHO CHIILHO HA 3JICKTPOHHYIO JHEPTHIO
BIIMSIFOT MIEPEXO/IbI, CBSI3aHHBIE C M3MEHEHHEM TJIAaBHOTO KBAHTOBOTO YHCTIA.
Heckonbko MeHbIIE TUMHYHBIE SHEPTUH MEPEXOJ0B THMAa NS— NP — Nd,
MIPH KOTOPBIX MEHSETCS TOJIBKO OpOUTAIhbHOE KBAHTOBOE YHCIO. Paccmor-
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puM Ui mpuMmepa mepexoAsl B atome Na, cBi3aHHBIE ¢ U3MEHEHHUEM CO-
CTOSIHUSI €IUHCTBEHHOTO BHELIHETO 3JIEKTpOHa. B OCHOBHOM COCTOSHUHU
aToMa OH 3aHMMaeT 3S-opOuTaib. PasHOCTE SHEpruit s nepexonaa 3 — 4s
cocraBisieT npuMmepHo 3.153B. Jlns mepexoma 3s— 3p — 3d oma paBHa
2.05u 1.553B cootBetcTBeHHO. [10CKONBKY 3JEKTPOH OIUH, TO BCE TEPMBI,
OTBEUaroNie AaHHBIM KoH(urypanusam, ayonerasie. B o6o3HaueHnsx tep-
MOB YKa3aHHbIC IIEPEXOIbI HAIO 3aIICHBATH B Bije 3°S— P — 3FD. 06-
paTHbiii mepexon S« 3P oTBeuaeT 3a XapaKTEPHBIH JKENTHI CBET Ha-
TpueBoii namnbl. C y4eToM TOHKOH CTPYKTYpBI 3TOT IEPEX0J] B OCHOBHOE
COCTOSIHME aTOMa ClIeyeT 3aluchiBaTh B Oojee TMOApoOHOM BHIE
3°Sy;p « FPupan B HeHCTBUTEIBHOCTH OKENTAS JTHHHS» HATPHS SBIISCTCS
ny6mnerom ¢ Guskumu amuHAaMu BonH (5890u 5895 A).

B arome Na, kak m BooOme y BceX MIETOYHBIX METAJIOB, BHEIIHUH
JNIEKTPOH OTHOCHUTENBHO C1a0d0 CBA3aH C ATOMHBIM OCTOBOM C 3aMKHYTOM
obomnoukoii Ne, cribHO 3KpaHupylomei sapo. B arome He u npyrux Omaro-
POIHBIX Ta30B, A€ YK€ UMEETCsl 3aMKHYTasi 000J109Ka, H3MEHEHHSI SHEPTHH
ropasno Gomsme. Tax, mepexon 157 — 1S2S HMeeT SHEPTHIO, OIM3KYI0 K
20.55B. Henp3s HE ymOMsSHYTh, YTO 3TO 3HAYEHHWE OTHOCHTCS K CIIy4aro,
KOTJa B HAYaJIbHOM 1 KOHEYHOM COCTOSIHUM CIIMHBI JIEKTPOHOB OPHEHTHPO-
BaHbI IPOTHBOIOJIOXKHO, T.€. TOJHBIA CIIMH paBeH Hynto (00a TepMa CHHI-

netusie, °9):
2s 25| V|
1s|ﬂ|:| > 1s[q]

Ecnm sxe mpu coXpaHeHWH MPEKHEH dIEKTPOHHON KOH(MHUTyparnuu Bo30yX-
3
JICHHOE COCTOsIHUE TputuieTHoe (7S,

2s 2s| A
1s|ﬂ|:| > 19}

TO PHEprust yMeHnIaercs n10 19.773B, 1.e. Ha Beauuuny 0.735B, BnosHe
CPaBHUMYIO C JHeprueil mepexofa MEXAYy pasHbiMu KOHPUTYpAIUSIMHU B
aToMax MIEIOYHBIX METAIOB. XOTsS MBI HECKOJBKO 3a0eraeM BIepes, BCe
K€ YMECTHO 37IeCh 00pPAaTHUTh BHUMAHUE Ha IOBOJHHO CHIIBHYIO 3aBUCHMOCTb
9HEPTUH TEPMOB OT MOJHOTO CHHA aToma. [l mepexona 1525 — 1s2p (6e3
W3MEHCHUS TJIaBHBIX KBAHTOBBIX YHCEN)
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2p 2p
< B ﬁ:IIZD
1s[ 4 1s[A

9Heprus cocTapisieT npudamsurensHo 0.73B.

Vcrionb30BaHHBIE BBIIIE YHUCJICHHBIE 3HAYCHMS SHEPIMU OCHOBAHBI HA
9KCHEPUMEHTANBHBIX CHEKTPOCKOMUYECKUX JaHHBIX. JHEPrHMHd AaTOMHBIX
TEPMOB HE MOTYT OBITh BEIYUCICHBI TOUYHO, MOCKOJIBKY ypaBHeHHe Llpenun-
repa JuIs aToMa, CofiepyKallero 6ojee OIHOro AeKTpoHa (T. e. yxe mist He),
HE MOXeET OBITh PEeIICHO B aHATUTHYECKOM BHJIE. COOTBETCTBYIOIIMI ra-
MWJIBTOHHUAH UMEET BHU]L

4 :ZN: |3|.°+12N:e_2 . iz, (3.1)
= 24 i

rac Hio — IaMHJIbTOHHAH BOZ[OpO)_'[OHO)_'[06HOFO aToMa AJIs1 KaXJoro M3 N

3IEKTPOHOB. BTOpoe ciiaraemMoe ecTh MOTeHNHaIbHAs YHEPTHsl OTTaIKHBa-
HUSL MEXKY DJIEKTPOHAMU. PeSITUBHCTCKUE MOTPABKH, B TOM YHUCIIE CITHUH-
opOUTaNIbHOE U CIIMH-CIIMHOBOE B3aWMOJCHCTBHE B JAHHOM raMUJIBTOHUAHE
He yuuThiBatoTcs. [IpubimkeHHOe pelieHre 3aa4i MOXKHO IOJYYUTh, UC-
MOJIB3YS TEOPUIO BO3MYIIIEHUH MTEPBOTO MOPAIKA.

MeToa caMocOoTIacOBaHHOT'O TOJIsl YUUTHIBAET B OCHOBHOM SKpaHHUPOBa-
HUE TOJIS S7pa dJIEKTPOHAMH, JBIDKEHHE KOTOPBIX yCPEAHAETCS U B OOJb-
IIOH CTENEeHHW HE YYHTHIBAeT DJIEKTPOHHOE OTTamkuBaHue. Ecnmu Obl oTTai-
KHMBaHMsI HE OBLIO BOBCE, TO BCE TEPMBI, OTBEYAIOIIUE OIPEACICHHOMN dIIeK-
TPOHHOW KOH(HUTYpalyu aToMa, UMeld Obl OJIMHAKOBYIO 3Hepruto. Hampu-
Mep, Tpu KoHdHrypamuy d° KpaTHOCTb BBIPOXK/ICHHS YPOBHS ObLIa ObI PaBHA
45. B n1efCTBUTEIIFHOCTH 3TOT YPOBEHb paCIIEIUIETCS HAa HECKOJIBKO KOM-
MOHEHT, COOTBETCTBYIOIUX PA3IMYHBIM THUIAM TEPMOB. DTO JIETKO IMOHSTH,
€CJIM IMETh B BUJY, YTO MEXIICKTPOHHOE OTTAIKHUBAHHUE TPUBOIUT K TOMY,
YTO B KaXKAbIii MOMEHT BPEMEHH DJJEKTPOHBI Ha OTIENBHBIX OPOUTAIIAX
CTPEMSATCS HaXOJIUThCS KaK MOXKHO JANbBIIE JIPYT OT JApyra. DTO sBICHUE,
BIIHSIIOIIEE HA SHEPTHIO B CTOPOHY €€ MOHMKEHHsI, HA3bIBAIOT AJIEKTPOHHOM
Koppensiipei. Hackolbko BENUK BKJIAJ, B SHEPrui0, BHOCUMBINA TaHHBIM
(hakTOpOM, MOKHO CYAMTH IO CIEAYIOIIUM JaHHBIM: Pa3HOCTh MEXAY TOY-
HO# sHepruedl u sHeprueid, nomyuenno metonom CCII (koppersyuonnas
onepeust) nis atomoB Li u He coctarnser —1.23u —1.145B.
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XOTSl OTHOCHTENBHBIC DHEPIUU TEPMOB HEIIETKO NpeNCcKa3aTh, B OTHO-
HMICHUU OCHOBHO20 COCMOsIHUsL CYIIECTBYET 3aKOHOMEPHOCTh, ONUCHIBaEMast
SMIIUPUYECKH YCTAHOBJICHHBIMU npagunamu XyHoa:

@) Tlpu 3amaHHOM DIIEKTPOHHONW KOH(HUTypalnd HauMEHBIIEH dHepruei
o0JlaiaeT TepM ¢ HAHOOJBIINM 3HAYCHUEM IIOJHOTO CIIMHA S T. €. ¢ Hau-
0O0JBIICH MYJTBTHILIETHOCTIO.

0) VI3 TepMOB ¢ OIMHAKOBO# MYJIbTHIUIETHOCTHIO HAMHU3IIUM SIBIISICTCS
TEpM ¢ HauOOJIBLIMM 3HAYEHHEM MOJTHOTO OPOUTAILHOTO MOMEHTa L.

Tak, OCHOBHBIM TepMOM Jisi KoHurypamun d° okasbiBaeTcst TepM F.
OOBsICHEHHE ITHX TPABUI 3aKJIIOYAECTCS B TOM, YTO NPH MaKCHUMAIBHBIX
3HAUCHMAX SH L dIeKTpOHBI B cpeTHEM HaXOJSTCS Aajiblie Ipyr OT JApyra,
YTO CIOCOOCTBYET CHIKCHHUIO 3JICKTPOCTATUYECKON SHEPTUU OTTAIKUBAHUS.
Bhimne Ha mpuMepe atomMa HEe MBI BUIENH, 9TO TPHILICTHBIA TepM 2°S Ie)uT
npumepHo Ha 0.75B Hmke cuHrIeTHOro tepma 2°S. TpeGoBaHHE MAaKCH-
MaJIbHOCTH CIIMHA JUISi CUCTEMBI U3 JIBYX DJICKTPOHOB MOYKHO OOOCHOBATh
crenyroumM o0pa3oM. Bo3MOKHBI JIHIIE [Ba BapHaHTa B3aMMHOW OpUCHTa-
LUK CIUHOB, garonux audo S= 1, mu6o S= 0. B nepBoMm ciryuyae Koopau-
HaTHasi KOMIIOHEHTAa BOJHOBOM (QyHKkuuu ¢(I},i,) AOIKHA OBITH AHTHCHM-

METPUYHOM, MO3TOMY OHA JOJDKHA 00palaThCs B HyJb IpH T, =1,. ITO 03-

HAYaeT, YTO BEPOATHOCTh HAXOXKIACHHS DJICKTPOHOB BOJIU3U JIPYT Apyra ma-
Ja, 9TO TIPUBOJMT K MEHBINCH YHEPTHUH OTTAIKUBAHHS M TIOHIKECHHIO YPOB-
Hs TepMa. COBEPIICHHO aHAJIOTUYHBIC COOOPaKEHUS TIPUMEHUMBI K CUCTEME
13 OOJIBIIIETO YMCITa FJICKTPOHOB. YeM BBIIIEC TIOJHBIN CIIUH, TEM IO OO0JIbIIIe-
MY YHCITy KOOPJWHAT BOJITHOBAsI (QYHKIUSI aHTHCHMMETPUYHA.

OnpenenuTs OCHOBHON TEpM TaHHOW KOH(HUTypamuu 0e3 HaXOKICHUS
MOJTHOTO Habopa TepMOB JTOBOJBHO Jerko. [IpomenaeM 3To CHOBa s CITy-
qast d°. O6a HIeKTPOHA JOIKHBI HMETh OIHHAKOBYIO IPOSKIHIO criuHa (+1/2
i —1/2), 9To0BI, COrmacHo MepBOMy MpaBUITy, 00ECIICUYUTh MAaKCUMAIIbHOE
3Ha4YeHue ToyHoro cruHa S= 1. /lanee, pasMmelnieHne 3IEKTPOHOB IO CO-
CTOSIHUSIM JIOJDKHO OBITh TaKUM, YTOOBI 00ECTIeYNTh MaKCHMAaJIbHO BO3MOXK-
HYI0 TIPOCKIUIO TOJIHOTO OpOWTaIbHOrO MOMeHTa. 3HaueHue L = 4 Heco-
BMECTUMO ¢ TpeboBaHWeM S= 1, Tak Kak MPH 3TOM DJIEKTPOHBI OKA3aJIUCh
OBl CIApEHHBIMH, TIO3TOMY MaKCHMaJbHO BO3MOXKHOE 3HadYeHue Oyaer L = 3.
Hwuxe npuBeieHa COOTBETCTBYIOINAS CXEMA.

1 1
m=| 2 1]1]0]|-1}|-2
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Takum 00pa3oM, MPUXOAUM K YK€ M3BECTHOMY HaM Pe3yJIbTaTy. OCHOBHBIM
sABIsETCS TEpM F.

Ha puc. 2.2 nokasaHa KaueCTBCHHas KapTHHA DACIICIICHHUS YpPOBHEH
SHEPruM Ui KOHUrypanuu u3 18yx d-37eKTpOHOB BHE 3aMKHYTHIX 000J10-
4yek. PasHOCTH SHEPruil MeXy TepMaMH B THIIUYHBIX CIy4YasX MCHBIIE, YeM
MEXJy Pa3THYHBIMH KOH(PUTYpalusMH, HO, BOOOIIE TOBOPS, CPaBHUMBI C
nocineqHuMU. Ha cxeme yka3aH TOPSJOK STHX pa3HOCTEel B OOpaTHBIX CaH-
tumerpax (15B = 8065.5cm Y). Ecin peds HeT 0 BHELIHHX 3IEKTPOHAX, TO
MOYKHO CKa3aTh TaK)Ke, YTO OHHW, KaK U SHEPTHU MPOMOTHUPOBAHUS, CPABHU-
MBI C DHEPTHSAMH XHMHUYCCKUX CBSA3CH M XMUMUYCCKUX peakiuid. [Tepexombr
MEXJy TepMaMH OMPENICISIOT, B YaCTHOCTH, XapaKTep ONTUYECKHX CIICK-
TPOB KOMIUIEKCHBIX COCTUHCHUI C KATHOHAMH IMEPEXOHBIX METAJIOB B Ka-
4ecTBe KOMITIEKCOOOPa3yomero HoHa'.

IepeiineM Temeph K PacCMOTPEHHIO TOHKOW CTPYKTYpbl TepMmoB. Kak
BHIHO M3 PHCYHKa, 0€3 e ydeTa ypOBEHb -F, HATIPHMEp, OCTACTCS BBIPOIK-
JICHHBIM ¢ KpaTHOCThi0 21. PensruBucrckue 3¢(eKThl NpUBOAIT K Aalb-
HeHIeMy paclienyICHHI0 YPpOBHEH dHepruu. BearuuHa 3TOro paciieruieHust
00BIYHO Ha 2 TIOpSAJKA MEHbBIE TOW, KoTopass 00ycIOBJIEeHAa 3IEKTPOHHBIM
OTTAJIKUBaHUEM, OJIHAKO OHO MOXKET UTPATh 3HAYUTENHHYIO POJIb B MarHHT-
HBIX CBOMCTBAX COCAMHCHUI MEPEXOIHBIX METAIIOB.

CriuH-opOHTAIEHOE W CIUH-CIIMHOBOE B3aWMOJICHCTBUE OIUCHIBACTCS
JIByMsI HOBBIMHU OTICPATOPHBIMHU WICHAMH, JTOOABISIEMbIMU K HEPEISTUBUCT-
CKOMY TaMHJIbTOHMaHy atoma (3.1):

Her = H + ASL + B(SL)?, (3.2)

rae A u B — HeKOTOpble KOHCTAaHTHI, 3aBUCSIIUE OT XapakTepa Hepaclien-
nenHoro TepMa. [lepBblil [oOaBIsieMblil WieH JTMHEHHBIN, a BTOPO KBaapa-
TUYHBIA TIO OmepaTropy moiaHoro cnuHa. OTMeTnM, 4To 3¢(EeKTH, BO3HU-
Karouye 6yaroaps 9TuM 100aBKaM, UMEIOT OJMHAKOBBIN (BTOPOIt) MOPsII0K
10 mapameTpy V/C — OTHOLICHUIO CKOPOCTHU JIEKTPOHOB K CKOPOCTH CBETA.

10 IIpu >TOM HaO YYUTHIBATh pacllelUICHHe YPOBHEH MO/ AESHCTBUEM MOJIS JIU-
TraHJoB.
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'S 1

AE, ¢ ~10*cm™
d”> 45
OnexTpoHHas
KOH(HUTYpaLus
3
F 21
2
Tepm 1
= o .E, ~lov’®
Tomkas cTpykTypa Pacmennemne B > _ %
10 TepMa MarHuTHOM I0JIe
n!@0-n)! (2s+1n(2L +1 2J +1 1

Puc. 2.2.
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HOCKOJ’II:;Ky HaC UHTCPECYIOT JIMIIb OTHOCUTCIIBHOC PACIIOJIOKCHUC KOM-
IMOHCHTOB MYJIbTUIIJICTA, TO B KAa4YCCTBC KOHCUHOI'O PE3yJIbTaTa BBLIMMUIIICM

TOJIBKO T€ BKJIAAbI B BHCpFI/IIO aroMma, KOTOpBIe 3aBUCAT OT ITOJIHOI'O MOMCHTA
J:

Erer :E+§J(J +1)+%J2(J +1)2. (3.3)

Bosmorkuslie 3Hauenuns J onpenenstorcs psagom (1.1).

BaXHBIM OTIHYHMEM JBYX BHJIOB B3aMMOJIEHCTBHSA SIBJISETCA TO 00CTOS-
TENBCTBO, YTO CIHH-OPOUTAIBLHOE B3aUMOJEHCTBHE PACTET C YBEINYECHHEM
3apsia sipa (72, B TO BpeMs KaK CIIMH-CIIMHOBOE B3aHMOJEHCTBHE OT HEro
NpPaKTHYECKH HE 3aBUCHUT. 1103TOMy BTOpasi MoONpaBKa WUIPaeT CYIIECTBEH-
HYIO pOJIb Ul JIETKAX DJIEMEHTOB, B TSDKEJBIX K€ aToMax Mpeobiamaer
CNIUH-OPOUTAIbHOE B3auMOjeiicTBHE. ByaeM cuMrtarh, 4TO HMMEET MECTO
BTOpO# Clly4aii, TOr/a JJIsi HHTEPBAJIOB MEXIY COCCTHUMH KOMIIOHEHTAMH
TOHKO# CTPYKTYphl (MyJIBTHIUIETA) UMEET MECTO npasuiio Jlanode, Ciemyio-
mee u3 popmysr (3.3):

AE, = AJ. (3.4)

Kak Bunum, pacctosiHie MeXIy ypOBHSAMH DHEPTHH, XapaKTepU3YIOLUTIMUCS
yucnamu J u J — 1, pacter nponopuuoHaIbHO KBaHTOBOMY unciy J. Kon-
craHTa A BO3pacTaeT C yBEIMYCHHEM aTOMHOTO HOMepa M Yy TSDKEIBIX Me-
TaJUIOB, OCOOEGHHO JAHTAHHUJIOB, HHTEPBAJIbI TOHKON CTPYKTYPHI CTAHOBSATCS
CPaBHUMBIMH C MHTEpBaJaMu MEXAy TepMamu. B sTom cimydae cxema Pac-
cena-Caynpuepca, pasymeercs, He paboraeT. ClieayeT OTMETHTD, YTO paciie-
IUVICHAE TepMa Ha YPOBHHU C PA3IMYHBIMU 3HAUYCHHUSAMH J YIOBIICTBOPSET
npasuLy YeHmpa msxicecmu.

> AE,; =0. (3.5)

L+S
=L-S

J

HamoMHM Takske, 9TO YPOBHH SHEPTHH, BOSHHKAIONIUE M3 PACIISIIIAIONIE-
rocs Tepma, ocrarotcs (2] + 1)KkpaTHO BBIPOKIACHHBIMH. DTO OCTATOYHOE
BBIPOXKICHIE MOXKET OBITH CHSATO TOJIHKO BHEITHUM TT0JIeM. MarauTHoe 1oJie
CHUMAET BBIPOXKJICHUE IMOJHOCTHIO, KaK MOKa3aHo Ha puc. 2.2. B ogHopoa-
HOM D3JICKTPUYECKOM T0JIe ABYKPATHO BBIPOKICHHBIMHU OCTAIOTCS YPOBHHU C
KBaHTOBBIMH 4HCIaMHu £M .
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B npenwigymemM paccMOTpeHMH HE TPUHUMAINICS BO BHMMaHHE COOCT-
BEHHBIN CITUH | aTOMHOTO sapa. [IpH OTIUYHOM OT HYJIS SIACPHOM CITHHE Y
aTOMHBIX YPOBHEW DHEPIMH BO3HHKACT ceepxmonkas cmpykmypa (Ha pu-
CYHKE HE MMOKa3aHa), 00yCIOBICHHAS BIMSHHEM MAarHUTHOTO TIOJIS siIpa Ha
3JeKTpOoHbl. OuepeHOe YTOUYHEHUE TaMIIIBTOHUAHA TPUBOJIUT K TOMY, YTO
CTPOTO COXPAHSIONIEHCS BEIMYMHOM CTAHOBHTCS TOJNHBINA (C yUETOM CIIMHA
s7pa) MOMEHT aroMa, KBaHTOBOE YHCJIO KOTOpOro o00o3HaumM uepe3 F.
MaruuTtHO noje, TOpoXKIaeMoe HYKJIOHAMU B SIAPE, OUCHb MaJlo. JTO CBs3a-
HO C TE€M, YTO Macca MPOTOHA MPUMEPHO Ha 3 MOPSIIKa OOJIBIIIE MACChI DJICK-
TPOHA, COOTBETCTBEHHO Y€MY MarHeToH bopa €/2m.c BO CTONBKO e pa3

GoubLe sIePHOrO MarHeToHa €fi/2m,c. IloaToMy MHTEpBalIbI CBEPXTOHKOH

CTPYKTYPBI MaJIbl Ja)Ke 10 CPAaBHEHUIO C MHTEPBAJIaMH TOHKOW CTPYKTYpPHI,
U CIEQyeT TOBOPUTH O PACIICIUICHUH KaXKI0M M3 KOMIIOHEHT MOCIeAHEH B
OTJIENBHOCTH. J[pyriuMu CIOBaMH, TIOJTHBIA MOMEHT DJIEKTPOHHOUW 000JIOUKH
(HO HEe OpOUTANBHBIN U HE CITMHOBBIH MOMEHTBI) JOJDKEH CKIIAIbIBATHCS CO
CITUHOBBIM MOMEHTOM COTJIAaCHO OOIIeMY IPaBUITY

F=J+i, J+i-1 .., [3-i|. (3.6)

Kaxnaplit ypoBeHb C 3alaHHBIM 4nciioM J pacmiervisieTcs Ha 2i + 1 (eciu
i <J)mmm 2+ 1 (ecam i > J) komnoHeHT. XapaKTepHasi BEJIMYNHA PACILET-
nenns cocrapiser 0.05— 0.5cm . Bee KOMIOHEHTBI CBEPXTOHKOM CTPYKTY-
PBI BBIPOXKACHBI C KpaTHOCThIO 2F + 1, mpuyeM BBIPOKICHHE MOXET OBITh
CHATO TOJIKO BHEUTHUMH IIPHYHHAMH.

4. JJeKTPOHHOE CTPOeHUe U MEPHOANYHOCTH CBOWCTB 3JIeMEHTOB

OO0mwmii BUA U CTPYKTYypa MEPUOANICCKON CUCTEMBI dJIeMEHTOB MeHe-
JieeBa paccCMOTpeHa B mocoOuu «OCHOBHBIC MPEACTABICHIS 0 XUMHM». Tao-
muria Oblla cO3[@aHa 3a/0JIT0 IO BO3HUKHOBEHHS COBPEMEHHOW TEOpPUH
aTOMHOM CTPYKTYpbl M OBLIa OCHOBaHAa Ha COMOCTABJIIEHHH XHMHUYECKUX
CBOWCTB 3JIeMEHTOB. B mepByro odepenp /s KiacCU(pHUKAIMU DIIEMEHTOB T10
rpynmnaM ObLIO0 M30pPaHO CXOJCTBO MX BAJICHTHOCTH. [IpW 3TOM BEISBISCTCS
OTYETIIMBAs 3aKOHOMEPHOCTb, 3aKITIOYAIOIIAACS B MEPUOJUYHOCTH (TTOBTO-
PEHUM) OCHOBHBIX XMMHYECKHX YEPT y SJIEMEHTOB IUIaBHBIX moArpymi. B
JTAHHOM pasjielie 3Ta U APYTue 3aKOHOMEPHOCTU 00CYKIAFOTCSI C TOYKH 3pe-
HUS AJIICKTPOHHOTO CTPOCHHSI aTOMHBIX 00OJIOYEK W MPHUHIIUIIOB UX 3arod-
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HEHUS DIICKTPOHAMH, JaBaeMOM KBAaHTOBOM MexaHUKOH. OCHOBHYIO POJIb
urpaet npunyun uckmovenus ([laynu), 3anpemaronmii Hanu4ue Ooyiee YeM
OJTHOTO JIEKTPOHA C OJWHAKOBBIM HaOOpOM UeThIpeX KBaHTOBLIX uncel (N, I,
m u my).

XapaKkTepUCTHKH CTAIlMOHAPHBIX COCTOSHUI aTOMOB OMPEICISIOT MHO-
rHe UX MaKpOCKOIHMYECKHE CBOWCTBA, HAIPUMEP, CIIOCOOHOCTh BCTYMATh B
XUMHUYECKUE PeakInu. B 00bsICHEHNN EPUOIUIHOCTH XMMHUYCCKUX CBOMCTB
MIEPBOOYEPETHOC 3HAUCHUE UMEET CXOJICTBO DIICKTPOHHOTO CTPOCHUS BHEIII-
HHX 000JI0YEK.

C caMoro Hadaja HaJO OTJaBaTb ce0€ OTYET, YTO CJIOXKHOCTH, CBSI3aH-
HBIC C MHOTO3JICKTPOHHON CHUCTEMOH, TpeOYIOT BBEICHUS YIPOINCHUH, He-
CMOTPSI Ha TO, YTO DHEPTHUIO CHCTEMBI DJICKTPOHOB B MOJiE AApa MOXHO (B
NPUHIMIIE) PACCUNUTATh C JIF00OH JKEITAeMO CTENEeHBI0 TOYHOCTH, pellast
ypaBHenue lllpeaunrepa 4ucaeHHBIMU MeTOAaMu. J[jist IeTKMX aTOMOB, Ha-
npuUMep Tenus, ObUTA MOJyYCHBI YHCIICHHBIC PEIICHHUS, MaBIIHe COOCTBEH-
HbIC 3HAYCHMSI SHEPTUH C OTHOCUTEIIbHOM MmorpemHocteio 10 ® 1 BbIIE. [pu
MOJIHOM 3nekTpoHHOH 3Heprun He [BOsB abcosroTHas MOrpeniHocTh Co-
craBimsier mpumepro 107%5B mwmm (1072 kJxMons *, 9TO HECOMOCTABHMO
MEHBIIIE THITHIHOI SHEPrUH XUMIdeckoii casi3i 400k [xMioms .

BaxHbIM IPEUMYIISCTBOM YIPOIICHHOTO IMOAX0Ja SBJISCTCS BO3MOXK-
HOCTH BBIJIEJINTH KAYECTBEHHBIE ACIIEKTLI TOTO MJIM MHOTO SIBJIEHMS C IOCIIE-
JIYIOIICH 3KCTPAMoOJISIMed K APYruM sABiIeHUsIM. Tak, yxe mpocThie coodpa-
JKEHHS TIO3BOJISAIOT MOHATH, HoueMy MeTaiisl Ag, Cuu AU COBCEM HE MOXO-
U Ha 1menounsie Metayutel Li, Na, K, Rbu Cs,X0Ts u Te u Apyrue UMeroT
cTabunbHBIE cOCTOsIHMS OKucieHus +1. OTBET COCTOUT B CleayroIeM. Y
atomoB moarpymmsl Li w moarpymmer Cu Bo BHemiHel (BajeHTHOH) S
000JI04KEe UMEETCS 110 OAHOMY 3JeKTpoHY. HOo B mepBOM cilydae ocTalbHbIC
3NIEKTPOHBI COCTABIISFOT KOMITAKTHBIN M MPOYHBIN «OCTOBY, MOCTPOCHHBIN 13
3aMKHYTOM 000JIOYKH OJaropoJHOTO rasa, B TO BpeMs Kak BO BTOPOM CIIy-
Yae 10/ BHEIITHUM DIIEKTPOHOM HAXOIUTCSA 3aMKHyTas 0-060i104Ka, Topasmno
bonee «prixias» u aehopMUpyeMasi, erde oOTaarIas eKTpoHbl. Hannuu-
€M 3aTOJHSIONICHCA W TIy0oKo jexamiei f-000J0YKH y 3IeMEHTOB psaa
Ce—-Lu xopomo OOBSICHACTCS XHUMHUYECKOE CXOJCTBO PEIKO3EMEITbHBIX
JJIEMEHTOB (JTAHTAHUIOB).

Haunem ¢ paccMoTpeHust haxmuueckux SACKTPOHHBIX KOH(HUrypaiuii
3JIEMEHTOB, BO3HUKAIOIINX C YBEIUICHHEM aTOMHOTO HOMEpa B Pa3IMYHBIX
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nepuoaax Tabnunbl MeHaeneena. [logpasyMeBaroTCs aTOMbI, HAXOISAIIHECS
B CBOUX HOPMAJBHBIX (OCHOBHBIX) COCTOSHHSX. [Ipy 3TOM 3JEKTPOHBI pac-
MOJIATal0TCS Ha OPOUTANIAX TaKKM 00pa3oM, ITOOBI SHEPTHsI 000JIOUYKN OblIa
MHUHUMAIbHOU (T. H. aypbay-npunyun).

4.1. Onemenmor 1 — 3nepuodos

B arome Bomopona eJIMHCTBEHHBIH DIEKTPOH 3aHUMAET HHU3IIYIO MO
sHeprun 1s-opourans (N =1, | = 0). MarautHoe kBaHTOBOE umcio M =0,
TaK Kak B JaHHOM 00OJIOYKE NMPYrHX 3HAYCHWH HE cymiecTByeT. CIIMHOBOE
MarHMTHOE KBAHTOBOE YHCIIO MMy MOXET MPUHUMATh 3HaueHus +1/2, cooT-
BETCTBYIOIIUE JIBYM BO3MOXKHBIM OPHUEHTAIMSIM CITHHA, IPUYEM BBIOOD MPO-
W3BOJICH W HE BIWSET Ha BHYTPCHHIOI JHEPTHIO aToMa. B jaHHOM cityuae
SHEPTHS AIEKTPOHA XOPOIIO U3BECTHA M COCTaBIsIeT OKpyriieHHO —13.603B
OTHOCHUTENIFHO SJpa W JIEKTPOHA, Pa3HECEHHBIX JPYr OT Jpyra Ha Oecko-
HeuHoe paccTosiHie. CIIeKTPOCKOMMYECKUIT CHMBOM aTOMHOTO TepMma °Sy . B
aTome Tenus (Z = 2) BTOpOi 3JEKTPOH CaJUTCS Ha Ty JK€ OpOWTANIb U TeM
CaMbIM 3aMbIKaeT ee. B cooTBeTcTBUY ¢ mpHHIMIIOM [laynu gucna M JoK-
HBl UMETh MPOTHBOMOIOXKHBIC 3HAKH, TaK 4TO MONHBIH cnuH S= 0. Dnek-
TPOHEI, KaK TOBOPSAT, CnapeHsl, a CUMBOI TepMa Sy, Cormacuo dopmyite (I-
4.28) B none He" sueprus snexrpona (6mopas >Heprus moHuMsauuu ) mo
Monyito B 4 pasa OoJibllie, YeM B aTOME BOAOPOJa, u cocTaBisieT —54.513B.
Hekotopoe HECOOTBETCTBHE CBS3aHO C NMPHOJMKEHHBIM XapaKTepoM yKa-
3aHHOU (OPMYIBI, HE YYHTHIBAIONICH KOHEYHBIE MAaccy M pasMmep sjpa, a
TaKXe PeSTUBUCTCKHE YPPEKTHI.

MoXHO M 9TO-THO0 CKa3aTh 00 DHEPTHHM KaXKIOTO DJIEKTpOHA B HEWM-
TpasbHOM atroMe He?CTporo MoxHO TOBOPUTH 00 SHEPIHH BCEH 000I0UYKH,
T.e. cpasy ABYX DJIEKTPOHOB. B OpOHTATBHOM MPHOIIKEHHH ', KOTOPHIM
MBI 37I€Ch TIOJIb3yEeMCS, SHEPTUU 000UX 3JICKTPOHOB, 3aHMMAIONUX OJHY H
Ty K€ OpOWTaNb, CICIyeT CUATATh OJAMHAKOBBIMHU. [loiTHAas PHeprus paBHA
—79.103B. DOnementom He 3aBepiaercs He TONBKO 3amojHEHHE 1S
o6omoukH, HO U Beel K-06010uku (c. 13), mosromy renmii — 61aropogHbit
ra3. Ero xumMudeckast ”HSpTHOCTh OTIPENEISACTCS OTPOMHOM BEIMYUHON nep-
601 PHEprun MoHm3anuu |, = 24.5%HB.

" Hanomunwm, 9T0 BHE 9TOr0 MPHUOIIKEHHS TOBOPUTH 00 SHEpruu (M COCTOs-
HHH) OTIEIBHOTO DJICKTPOHA BOOOIIIE HEIB3S.
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Tabmmna 4.1.
1 2
H He
1s 1¢°
3 4 5 6 7 8 9 10
Li Be B C N o) F Ne
[He]2s' | 2¢° 25°2p | 25°2p” | 25°2p% | 28°2p* | 252p° | 25°2p°
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
[Ne]3s' | 3¢ 3s%3p | 3s%3p® | 3°3p® | 353p* | 35%3p° | 35%3p°

Hauwunast ¢ nutust, 3anonsercst L-o6omouka (N = 2), coaepkaiias S- u p-
opoutanu. Eciu B aTome Bomopoaa (B HEPEIATHBUCTCKOM MPHOIMIKCHUH)
OHHU MMEIOT OJTMHAKOBYIO SHEPTHUIO (BBIPOXKICHBI), TO B JIFOOOM aTOME C YHC-
JIOM 3JIEKTPOHOB, O0mbmuM 1 9T0 He Tak, npudeM Eqs < E,p, Kak nokazaHo Ha
puc. 2.1.B nannom cayuae Eys < Ep,. I'1aBHO#M npuunHOi sABIs€TCA paziny-
Hasl CTENICHb 9KPAHUPOBAHUs TIONS SIIPa <«TEUEBBIM OCTOBOM» € KOH(pHUTY-
pauueii 1. OGe opOuTamu 2S 1 2P 4aCTHYHO IPOHHKAIOT B 0OIACTE, OITH3-
KYIO K JIpy, HO B TIEPBOM Cllydac NMPOHUKHOBEHHUE OoJiee 3HAYMUTENbHOE. B
3TOM MOXXHO YOCIHWTHCSI TIPH CpaBHEHHUH TpaduKoB (GYHKIUNA pagdaibHOTO
pacrpee/icHUsl B aTOME BOAOpOJa, Moka3aHHbIX Ha puc. |-4.9a 6. BuaHo,
YTO XOTS TJIaBHBIA MAaKCUMYM pacHpe/elieHUs s 2S-0pOuTaiy pacrolio-
JKEH HECKOJIbKO OJIKe K SIpy, YeM eOUuHCMEeHHbill MaKCHUMyM 2p-
opOHTaIH, HAIMYKME Y 2S-0pOuTaan 0osiee riIyOOKO JISKAIIEr0o MaKCHUMyMa
03HAYaeT BO3JICHCTBHE HA DJIEKTPOH B ATOW 00JaCTH cl1a00 SKpaHUPOBAHHO-
ro nonsi. B pesynprare 2S-35IeKTPOH HCIBITHIBACT BIUSIHHE 3(@eKmusHo
OoJIbIIIero 3apsaa sapa, YeM 2P-3JIEKTPOH, TaK YTO 3HEPIus 2S-opOuTaiu
OKa3bIBacTCS OTHOCHUTEIIBHO HWXKE. TeM He MeHee, abCONIOTHOE 3KPaHUPO-
BaHUE 2S-3JICKTPOHA BeChbMa 3HAYUTEIHHO. OO 3TOM MOXKHO CYJIUTh 110 DHEP-
run woHm3anuu |, = 5.323B (cp. ¢ remuem). DhGheKTUBHBIN 3apsi, B IOJE
KOTOPOTO JIBHIKETCS 3JCKTPOH, cocTaBisieT Bcero 1.28 npu 3apsae sapa 3.
Bonee moapoOHO 00 3KpaHUPOBAHUY ¥ IPOHUKHOBEHUH OY/IET paccKa3aHo B
pasnene 5. Dnexrponnas koHpurypauus Li, Takum oGpasom, me 15°2p, a
15°2s. B aToMe Geprintms mMeeTcs 4 SIeKTpOHA U BO3HHKAET KOHMUIypaLst
15°25”. Bee 91eKTPOHBI CIIAPEHbI, TTOITOMY aTOM He ITapaMarHHTeH.
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IIpu mepexone k OOpy MATBHIA DJICKTPOH YK€ JOMDKCH 3aHATh 2p-
opbuTank, uToOBl He Hapyriaics npuniun [laymu. [Janee uager yriaepon, y
KOTOpPOro 6 3JIEKTPOHOB, 2 M3 KOTOPBIX HaxomATcs Ha 2p-opOutansax. Co-
[JIACHO TMEPBOMY MpaBwiy XyHIa STH JJICKTPOHBI JOJDKHBI UMETh Mapa-
JICTTLHBIC IPOSKIMH CIIMHA, YTO MOXKHO PEaTn30BaTh TPEMS CITOCOOAMU:

2p 2p R
2s \1/ 2s[N] AL 2|V

Is{iN WA 1s[V] , HOHE 1s|V

TospKo TEpBBIC JBa BapuaHTa YOBJICTBOPSAIOT BTOPOMY MpaBHiIy XyHJA.
[Mon suelikaMu, H300paKAIOIIUME P-COCTOSIHUS, TIOKa3aHbl BO3MOYKHBIC 3HA-
YCHUST TPOCKIUU OPOUTANBHOTO MOMEHTa, T. €. uucen M npu | = 1. Cym-
MapHBI OPOUTANBHBIN MOMEHT L ompezensercss MaKCUMaIbHO BO3MOXHOM
CyMMOH 3THX uyucel. B mepBbIX AByX cirydasx monydaercs L = 1, a Ha mpa-
Boit cxeme — L = 0, yro He pomyckaeTcs mpaBuioM. MBI yKe 3HaeM, 4ToO Ta-
KAM 00pa3oM yCTaHABIIMBACTCS XapakTep aToMHOro Tepma. [lonmb3ysch cBe-
JCHUAMH U3 paszieNia 3, HeTPY/IHO ONPEeIHTb, YTO 3TO GyHeT TepM P

B arome a3oTa TpH BHEUTHUX DJIEKTPOHA 3aHUMAIOT BCE 3 BBIPOIKIACHHBIX
pP-ypoBHS, MMesi TapajielbHble MPOCKIMK ChuHA. [IONHBIA CUH aTtoma
S=3/2, a opOuranbHbIi MOMeHT paBeH O, II0ITOMY OCHOBHOH TepM “Syp.
Hanee oT kucnopona 10 HEOHa MPOUCXOTUT IMOCTETIEHHOE 3arloJHEHHE P-
0601104KH 10 6 diIeKkTpoHOB, iprdeM Ha Ne (Cremyrommuii mocie renus Ga-
TOPOIHBIH Ta3) 3aBepiiaeTcs GOpMHUPOBAHKE BCel 3aMKHYTOH L-060510uKH,
BMematomeid 8 anexTpoHoB. CoOBepIICHHO aHAJOTMYHO 3amofHsercs M-
obonouka (N = 3) B TpeTheM MEPUOE B PSTY DIEMEHTOB OT IIEIOYHOTO Me-
tamura Na go 6maropoaHoro raza Ar. Ho Ha 3TOT pas 1mo 3aBepIIeHUH Iepro-
Jla OHa OCTAaeTCs HE 10 KOHIIA 3alI0JTHEHHOH.

HeTpyaHo BHAETH, YTO 0 CHX TOP, T. €. 10 aToma aprona (Z = 18)op-
OWTaIu pacroyiarajuch Mo SHepruu B mopsake 1S, 2s, 2p, 3s, 3p, T. e. co-
OIfoIaeTCs TOT JK€ TOPAJOK, YTO ¥ B aTOME BOJOpOoJa: OONbIEMy YUCTy N
oTBeuaeT Ooiblnas dHeprus. MHade roBoOps, 3alONHEHUE Pa3IUYHBIX CO-
CTOSTHUH TIPOMCXOJHUT OYEHb 3aKOHOMEPHO: 3aIlONHSIOTCS CHaJana S-, a 1o-
TOM [P-COCTOSIHUS KaXKJIOTO TNIABHOT'O KBAHTOBOTO yHclia. Takke 3aKOHOMEp-
HBl U DJICKTPOHHBIC KOH(QUTYpAIMU UOHO8 STHX DJCMEHTOB. KXl HOH
MMeeT KOH(UrypaLuio Ipeablayiero aroma. Tak, uon Mg* o6nanaer kou-
durypanueii aroma Na, non Mg®* — xorduryparueit Ne. Te xe 3akoHOMEp-
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HOCTH UMEIOT MECTO BOOOIIE ISl BCEX AIEMEHTOB TJIaBHBIX IMOATPYIIIL, T. €.
3JIEMEHTOB S- ¥ P-0JIOKOB EPUOJMYECKON CHCTEMBI.

IToBTOpHM, uTO hopMupoBarre M-06010ukn y Al OTHIOAL HE 3aBEpIIIe-
HO, TaK KaK OHa MOXeET cojiepxath 18 3JeKTpOHOB, a TIOKa UMEETCs TOJIBKO
8. Ocranbabie 10 251eKTPOHOB MOTIIH OBl B JajibHEiimeM 3auaTh d-0007104Ky,
BIIEPBBIC MosBsironnytocs npu N = 3. Tak Obw10 OBbI, €ciid OBl JajbHEHIIICE
3aI0JTHEHNE TIPOUCXOIMIIO B TTOCIIEIOBATEIBHOCTH, KOTOPAs UMEETCs y Op-
ourtaneii B BomopomonogooHoM atome. Torma M-o0omouka 3aMKHYIach Obl
npu Z =28, 1.e. y Hukemns (Ni). ObGmagan Obl 3TOT IJIEMEHT CBOWCTBAMH
OyraropoaHOTO rasa, cKkazaTh TPYIHO. Bo BCAKOM citydae, CIeAyIOMHUNA TaKOH
ra3 kpunToH (Kr, Z = 36),kak u BooOIIe Bce MHEPTHBIC T'a3bl TsDKEIee Teus,
MMEIOT BHEIIHIOW 3allOJHEHHYI OOOIOUKy ¢ KoHpurypaumueii nsp’, a
3aMKHyThIe (-000104KH (€CIM OHM €CTh) JIEKAT B TIIyOHHE.

4.2. Onemenmot 4 nepuooa

YeTBepThIil MEPUOJ, KaK U CIAEAYET, HAUNHACTCS C IIEJIOYHOTO MeTallia
- kamus (K, Z=19)u B otimume 0T 2-0r0 U 3-€ro MeproaoB, coaepkuT 18
anemenToB (Ha 10 Gosblie). 31ech BIEPBbIEC MOSABISIOTCSA DICKTPOHBI C
TJIaBHBIM KBAHTOBBIM YKCIIOM N = 41 0-3JICKTPOHBI.

Tabnuua 4.2.
S-3IeMEeHTHI 4-0T0 TIeproaa
19 20
K Ca
[Ar]4st 4s

Korma yuciio 35eKTpoHOB B aTOME CTAHOBHUTCS OOJBIINM, 3 (EKThI 3KpaHU-
POBaHUsI ¥ B3aMOIIPOHUKHOBEHUS OpOUTAJIEH MOTYT MPUBOAUTH K COJMKE-
HUIO YPOBHEH SHEPTHM COCTOSHUN C Pa3TUYHBIMH TJIaBHBIMH KBAaHTOBBIMH
yucnamu. B 4-0M nieproie 3To SBJIEHUE 0COOCHHO CHIILHO BBIPAYKEHO Y DIIe-
merToB kamus (K) u kamsims (Ca). s aux 4S-opOuTainu Jexar Huoice TI0
sHepruu, yem 3d-opOuranu. ITostomy B atome K ouepemHOM 3IIEKTPOH IMO-
nanaeT He B 3d-, a B 4S-cocTosHue, aHATOTHUHOE 3S-cocTOosHMIO ¥y Na. D10 u
00BSICHAET TOT (DaKT, UTO BIEMEHT ¢ HOMepoM 19 cTaHOBUTCS MIEIOYHBIM
MeTaiioM. Y snementa Ca 4-000j104Ka 3aMKHYTa, YTO M ONPEACISCT €ro
MIPUHAJUICKHOCTH K IIEI0YHO3EMETHHBIM METaJlIaM.
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Hauunas ¢ atoma ckanaus (SC)aneprust 3d-opOuralieil CHOBa CTAaHOBHT-
csl HIKE, 4eM y 4S-opOuTaneil W NMpOMCXOIUT 3amoiiHeHUE O-CoCTOSHMIA
(Tabm. 4.3).3aMeTHM, UTO MIPH DTOM S-3JIEKTPOHBI, KOTOPHIE TIOABJISIOTCS Y
K u Ca,ne nepexoosam ua d-opoburanu. ITo MOKa3BIBAET, YTO MPUOIMKEHIE
HE3aBUCHMBIX JICKTPOHOB (B CaMOCOTJIACOBAaHHOM TOJIE), B KOTOPOM CHIIO-
BOC TIOJIC JUTS KAXKJOTO JJIEKTPOHA SBISETCS CPEPHUUSCKH CHMMETPUYHBIM,
JIANIeKo He JocTaTouHo. HeoOxoauM ropasio 6ojee TOYHBIA yUeT 3JeKTPOH-
HOTO OTTaJKHBaHUS. B NEHCTBUTENHLHOCTH 3JEKTPOHBI CTPEMSITCA Haxo-
JOUTHCS KaK MOXKHO Jalibllie APYT OT Apyra, a BOBCe HE 0Opa3oBHIBATH Ce-
pudeckoe o0y1ako. OO 3TOM SBIICHHH TOBOPSAT KaK 91eKMPOHHOU KOppeis-
yuu, ¥ OHa MOXET BHOCHTb 3HAUYUTEIbHBIN BKIIa B SHEPTHIO 000JIOUKH.

Hpyroii xapakTepHONl 4epTod psAa MEPEXOAHBIX DJIEMEHTOB SBIAETCS
«KOHKYpeHIus» Mexay d- u S-cocrostHusamu. Tak, y aroma xpoma (Cr) Bme-
cro koHburypamun 30d*4s?, kotopast HOIDKHA ObUIA BOSHHKHYTH TIPH IIPO-
JOJDKEHUM TpeIblAyInel 3aKOHOMEpPHOCTH, oOpaszyercsi KOH(Urypauus
3d°4s' ¢ nanonosuny 3anonmenHoit d-o6omouxoit. [Mocie nuxens (Ni) ¢ 840
d-smextponamu cienyer arom meau (Cu) ¢ noanocmeio 3amonuneHHo# d-
obonoukoii (¢ 1040 snekrponamu). Ocobasi yCTOWYNBOCTh aTOMOB C HArlo-
JIOBUHY 3aIl0JIHEHHBIMH BHEITHUMH 000JI0YKaMU UMEET T€ K€ MPUYUHBI, UTO
u 1-oe npaBuino XyHzaa — MpU NapauieNbHbIX MPOSKIHUAX CIIMHA TOJI0XKEHUS
SIIEKTPOHOB (3JIEKTPOHHBIX 00JIAKOB) B MPOCTPAHCTBE CKOPPEIUPOBAHBI TaK,
YTO CpeJlHee PacCTOSHUE MEKIY HUMH MakcuMalbHO. Kak criejctBue sHep-
TSI OTTAIKMBAHUS YMEHBIIAETCS U MOHIKAET ITOJIHYIO YJHEPTUIO aTOMa.

Takoe e OTCYTCTBHE 3aKOHOMEPHOCTH HaOII0aeTCsl B OTHOIICHUH UO-
HO8 — DIIEKTPOHHBIC KOHPUT'YPAIlUK HOHOB HE COBIAJIAIOT ¢ KOHUTypanueit
npeBLIynnX atoMoB. Hanpumep, kondurypanus noxa sanamus V' 3d*, a
ne 3d°4s%, kak y turana (Ti), T. €. OpH yJaNCHUH OHOTO U3 MATH BHEIIHUX
JJIEKTPOHOB M3 HEUTpanbHOro aroma V ocTaBivecs 4 3JIEKTpOHA Bce IMora-
narotT Ha d-000J104Ky, ¥ HH OJUH M3 HUX HE YACPKHUBACTCS Ha S-000JI0UKE.
OTta 0cOOCHHOCTh MMEET OOLIHIA XapaKTep: Bce KaTHOHBI IEPEXOTHBIX dJie-
MEHTOB MMeIOT KoH(urypammio d-o6omouxu Buma d¥. 3xecs ocobenno Ha-
TUISJIHO BUJIHO, UTO JIaXKE OMHOCUMENbHOe PACIIONOKEHHE OTPEIeIIECHHBIX
opOuTaneil o SHEPTUU 3aBUCHT HE TOJBKO OT YMCIIA DIIEKTPOHOB B 000JI0Y-
Ke, HO U OT 3apsja sapa.
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Tabmuua 4.3.
d-aieMeHTHI (TIepexo/IHbIe METaJlTbI) 4-0T0 Mepruoa
21 22 23 24 25 26 27 28 29 30
Sc Ti \Y Cr Mn Fe Co Ni Cu Zn
[Ar]3d'4s’ | 3dP4s” | 348 | 3dP4s' | 3d4s” | 3d4s8” | 3d'48 | 3P4 | 3d'%s' | 3d'%¢
Tab6muua 4.5.
f-onemMeHTHI (TaHTaHHUBI)
58 59 60 61 62 63 64
Ce Pr Nd Pm Sm Eu Gd
[Xe]4f'5d'6s° 41365 4f'6s° 4f°65° 4f%6s° 4f'65° 4f'5d'6s”
Tabmuua 4.5 [pogoinkeHue).
f-onemMeHTHI (TaHTaHHUBI)
65 66 67 68 69 70 71
Tb Dy Ho Er Tm Yb Lu
4% 4f'%s? 41657 465" 465’ 4f*%6<? 4f*5d'65°
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B npusenenHOM mpuMepe atoM Ti 1 MoH V' UMEIOT 0IMHAKOBOE YUCIIO
3NIEKTPOHOB (KakK TOBOPST, u3091ekmporible dacTuiel). Ho 3apsn sypa Ba-
HaJWsI Ha €MHUITYy OOJNBINE U 3TO CKa3bIBACTCA Ha MOPSIKE 3allOJHEHHS Op-
ouraneii. O4eBUIHO, YTO C YBEJIWYCHHEM 3apsijia siApa NpPU COXPaHEHHUH
YHca 3JCKTPOHOB TOHIDKEHHE dHepruu O-opOuTanieil oka3bIBacTCs 3HAYM-
TeTbHEH, 9eM S-0pOuTaIeH U MOCNIeTHNE TIEPECTAI0T KOHKYPHUPOBATh.

Hano cka3zats, 9T0 A XUMHH JEKTPOHHOE CTPOSHHE KaTHOHOB MeETall-
noB 0-070ka Ba)kHee, YeM KOH(UTypalMd HEWTPaldbHBIX aTOMOB. JTH Ka-
tHonbl (Hampumep, F€', FE€', CP) BcTpedarotcst B pacTBOpax M HOHHBIX
KPUCTAJUTAX W WTPAIOT OTPOMHYIO POJIb B XMMHYECKHX PEaKIusix. DJeK-
TpoHHas KOH(pUTryparusi d-000JI0UKK ITUX U MHOTHUX JPYTUX KATHOHOB WT-
paeT OMpeAeNAIoIIyI0 POjb B BOMPOCAX YCTOMYMBOCTU M CTPOCHHUSA KOM-
naekchvix (KOOpOUHAYUOHHBIX COSAMHCHUIT), TP M3YYCHUH PEaKIHii, KaTa-
JTU3UPYEMBIX 3TUMH COEAMHEHUSIMHU.

B xopoTkoM BapuaHTEe MEPUOAUYECCKON CUCTEMBI EPEXOIHbIC METAIIIbI
MOMEIIAIOTCS B TOOOYHBIC MOArPYIIBI (CM. mocodue «OCHOBHBIC MPECTAaB-
JICHUsI 0 XUMUK»). Psi d-351eMeHToB 4-0r0 nepro/ia 3aKaHIUBACTCS MEJIBIO C
MOJHOCTBIO 3aMOJHEHHON 0-000104KOi. Y OCTaTBHBIX AIIEMEHTOB MEPUOIA
3Ta 000JI0YKa MPOJIOKAET OCTABAThCS 3aMKHYTOH, Kak M 4S-0005109Ka, HO
nosiBIsIIOTCA 4p-3nexTpoHsl. Korma mx umcno y Kr mocturaer mectu, 3ta
000J109Ka TaKXKe 3aMBIKaeTCsl.

[IpumepHO Tak e MPOUCXOAUT 3aMOTHEHHUE O0OJOYEK AIEKTPOHAMU B
5-oMm niepuosie. [MaBHOE OTIIMYKE COCTOUT B TOM, 4uTO cpean 10-Tu mepexon-
HBIX 3JIEMEHTOB 4-0r0 nepuojaa Toibko jaBa nementa (Cr u Cu) uMeroT Ha
BHEIHeW S-o0osouke mo 1 anektpony. B 5-oM mepuwope takast curyanus
BcTpeuaeTcs 6 pas, T. €. y OOJIBIIMHCTBA AIIEMEHTOB.

Tabmmma 4.4.
p-aeMeHTsl 4-0T0 Ieproaa
31 32 33 34 35 36
Ga Ge As Se Br Kr
3d™%4s%4p" | 3d'%4s’4p? | 3d™4s?4p® | 3d'%4s’ap* | 3d™°4s’4p® | 3d'C4siap®

4.3.llecmoti nepuod. Jlanmarnuosi.

JIaHHBIN [IEPHOJ] HHTEPECEH TEM, YTO B MPUHAUICIKAIIAX €My dJIEMEHTAX
nosiBystioTest f-amexTponsl (Tabi. 4.5). Bepeeie 3T0 UMEET MECTO y IEPHUS
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(Ce). lIpenmecTByronmii eMy sneMeHT JaHTaH (La) umeer koHuUrypanuio
[Xe]5d'6S°. IMockonbky emMkocTh f-060m0uky paBHa 14, TO YHCIO YEMEHTOB
B JIaHHOM mepuoae Ha 14 OoJjibliie, YyeM B IpeabiaymeM — 32 3JIeMEHTa.
31eck MBI PaCCMOTPUM TOJBKO T€ JIEMEHTHI, B KOTOPBIX HAET IOCIeI0Ba-
TenpHOE 3anonHeHue f-cocrosHmii. Kak u y 0-371€MEHTOB, OHO MPOUCXOAUT
HE BIOJIHE PETYJISIPHBIM 00pa3oM, HO Ha 3TOT pa3 XapaKTEePHU3yeTcs KOHKY-
pennueit mexmay 4f-, 5d- u 6s-cocTosHMsAMI. d-DIEKTPOHBI MOTYT IEpeMe-
mathes Ha f-opburans ¢ obpasopanuem konpuryparmii f' u 4, o6namaro-
IUX MeHbLIEH >Heprueil. HampuMmep, OCHOBHBIM COCTOSHHEM aToMa Tajio-
muanst (Gd) sisiercs [Xe]4f'5d'68%, a ne [Xe]4f°5d%65%

XWMHYECKHE CBOICTBA aTOMOB, B YaCTHOCTH BAaJICHTHOCTh M THITHYHbIC
CTENCHU OKHCIICHHS, KOTOPbIE OHU MOTYT HMETh B COCTaBE COCJMHCHUS, 3a-
BHCST TJIaBHBIM 00pa30oM OT BHEIIHUX 00JIaCTEH 2JIEKTPOHHBIX 000jouek. B
9TOM CBSI3UM OYEHb CYLIECTBEHHA 0COOeHHOCTh d- 1 f-cocTosiHMA, cocTosIast
B TOM, YTO B HUX DJICKTPOH HaXOJHUTCS B OCHOBHOM 3HAYUTEIBHO OJIIKE K
Sapy, 4eM B S- U P-coctostHusX. [Toaromy npu 3anonnennu 4f-cocrostHuii B
pany snementoB Ce— LU no0GaBisieMble dIEKTPOHBI ClIa00 CKa3bIBAIOTCS Ha
XMMHYECKHX CBOWCTBAX, T. €. BCE OHM XUMHYECKH MOMOOHBI APYT ApPYyry M
anemeHTy La. IMeHHO 1o 3TOl mpu4MHE JaHHAs TPYNIa JIEMEHTOB HOCHUT
Ha3BaHUE JaHmanuobl (W peOKo3eMenbHble 21eMeHmbl) U BBIICIIIOTCS B
OTZENBHYIO COBOKYITHOCTh B MEPHOANYECKOI Tabnuie. B HEeKOTOpBIX Bapu-
aHTax TabmmIpl La Taxke momeniaeTcs B ATOT psI B KaueCTBE DJIEMEHTA,
KOTOpBIil ero HaunHaeT. AHanoruuHo 14 snemenTtoB psna Topus (Th) Hasbl-
BAIOT aKTWHHIAMH, a TPEIIICCTBYIONIMHA UM JJIEMEHT akTuHHH (AC) Toxe
MO>KHO TIOMECTHTh B Ha4aJo psa.

Teneps MOXHO JaTh MOJHBIN TEPEYCHb OPOUTAICH HelUmpaibHbIX amo-
MO8 B TOM MOPSIJIKE, B KOTOPOM OHH (haKTUUECKH 3aTIOJTHSIFOTCS:

1s<2<2P<I<P<4s<AU<dp<bs<dd<H<6s
<4f<Bd<@Gp<7s<6dl5f...

B 3axmodenne cuenmaeM ere OJHO 3amedanue. B kmaccudukarmum aie-
MEHTOB TI0 MPUHAIICKHOCTH K d- u f-G10KaM MOXKET MPUMEHSTHCS (hU3UYe-
CKUI M XUMHUYCCKHHA MOIX0M. PacCMOTpUM CHOBa DS MIEPEXOIHBIX METall-
n0B 4-oro nepuona (tabm. 4.3).IIpu dpusuueckom moaxoge smeMenTsl CU 1
ZnN cirefoBano Obl HCKIIOUNTE U3 0-6JI0Ka U TIEPEMECTHTE B Pa3psl TIIaBHBIX
MOJITPYIIM, TOCKOJBKY B HUX d-000510YKa yKe MOJTHOCTHIO 3amonHeHa. Tou-
HO Taxke anemenTsl urTepouit (YD) u morermit (LU) MOXXHO cuMTaTh MpH-
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HaJuIeKaIMu psay tiatuasl (Pt) m 3omota (AU) Ha TOM OCHOBaHHMH, YTO Yy
BCEX Y HHX MMEETCs 3aMKHyTas obomouka f*. OnHako mepuomuueckas cuc-
TeMa MeHzeneeBa B JIIOOOM €€ BapUaHTE MOCTPOCHA MO XUMHUYECKOMY
HPHHIIMITY, HA OCHOBE XMMHYECKOTO CXOJCTBA 3JeMeHTOB. C XMMHUECKOU
TOYKH 3pEHHS COBEPILCHHO HE ONpaBIaHO MOMENIATh B OJHY TPYIITY C Iie-
JIOYHBIMH METAJUIAMH MeJlb, cepeOpo MM 30J0TO, HECMOTPSI Ha TO, YTO Y
HUX BHEIHsIs 0007104Ka (S) HMEET OHY U Ty e KOH(MHTYPALHIO.

5. [IpubauskeHue He3aBUCUMBIX J1eKTPOHOB

Teopust 00BIYHO CTPOUTCS MyTEM MOCISIOBATEIBHBIX YTOUHCHUH, HAYM-
Has CO CXEMaTHM4eCKHMX Mojenei. Tak, Ha HayalbHOM CTaIWHd IS OICHKH
9JIEKTPOHHOIN DHEPTrUM aToMa MPHHUMACTCS, YTO KAXKBIA SJIEKTPOH HCIIBI-
TBIBACT TOJBKO HEKOTOPOe 3P PEeKTUBHOE MPHUTHKECHUE K saApy. Takue npea-
CTaBJICHUS IO3BOJIAIOT OOBSICHUTH PSIJI CBOMCTB, HAPUMEP OOOJIOUYCUHYIO
CTPYKTYPY aTOMOB W HX pa3Mep. 3aTeM sl MOyIeHHs 0ojee moapoOHbIX
CBEJICHUM 00 YHEPTETHUECKUX YPOBHAX UCIONB3YIOT BCe OoJice peamrcTrye-
CKHE BBIPOKCHHUS IS DHEPIUH B3auMOJCHCTBHUs. Eciu cumtarh, 4TO DIeK-
TPOHBI ABHXKYTCS TOJBKO IMOJ JACHCTBUEM KYJOHOBCKOTO MPHUTSHKEHUS K SII-
py (F =-eZIr%, To ux dHepreTHYecKHe ypOBHH (C OJMHAKOBBIM HAGOPOM
JUIS BCEX DIIEKTPOHOB) 3aBHUCAT TOJBKO OT TJIABHOI'O KBAHTOBOTO YHCia N.
CpenHee pacCTOSIHUE DIICKTPOHA OT SIIPa 3aBUCUT B OCHOBHOM OT N U OBICT-
po yBemmuuBaercs ¢ pocrom N (mepsas popmyna B 1-(4.33)). [Ipu caenan-
HOM IIPEINOJOKEHUH 3JIEKTPOHBI 00pa3yr0T 000JI0UKH B HOPSAKE YBEIHYE-
HUSL N C 9HCIIOM COCTOSHHI N7, a ¢ YUYETOM CIIMHOBBIX COCTOSIHUI — 2. Tlo-
J00Hast 000JI0UeYHAsT CTPYKTYpa MpHuBesia Obl K TOMY, YTO B N-OM TOPHU30H-
TaJbHOM Ly (eproje) MepruoIUUECKON CHCTEMBI HaXOAMIOCH OBl BCEraa
2n? 3eMeHTOB (2, 8, 18, 32, 50, 72, ...B ACHCTBUTEILHOCTH MEPUOTHYEC-
CKas CHCTeMa BBITJISIUT Heckoabko unHade (2, 8, 8, 18, 18, 3210 00bsc-
HACTCS OTJIMYMEM CPEIHEH CHUJIBI IPUTSKCHHS OT KYJIOHOBCKOH.

5.1. Dkpanuposannsiii u yeHmpoobeNCHbLL NOMEHYUATL.

[oTeHnManbHas SHEPIUs KAKIOTO JJICKTPOHA B aToMme (KOTopas 3aru-
CBIBACTCS TOYHO TaK e, KaKk B KIACCHUCCKONW MEXaHUKE), HAXOIAIICroCs B
OTIpeIeTICHHON TOYKE MPOCTPAHCTBA, B KKIBIH MOMEHT BPEMEHH 3aBHCHT
OT TMOJIOKEHUS BCEX APYTUX DIEKTPOHOB B 3TOT MOMEHT:
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UGy ) = -3 2 zz| T (5.1)

=1 i

Tem He MeHee, B NMPHOIMKEHUHN HE3aBHCHMBIX JJIEKTPOHOB TPUHHMAETCH,
YTO MOTEHIMAIBHAS YHEPTHsl 3JICKTPOHA 3aBUCHT TOJBKO OT €r0 PacCTOSHUS
I OT smpa, Kak OyATO pacmupeereHre IUIOTHOCTH BceX OCTaIbHBIX N — 1
3NEKTPOHOB cghepuyecky cuMmempuyno U HE 3aBUCUT OT MOJIOKEHHUS pac-
CMaTpPUBAaEMOT0 JIEKTPOHA. B 3THMX ycnoBHsX cuia, NEHCTBYIOMIAS HA 3JICK-
TPOH Ha PACCTOSHHU [ OT sifIpa, ompesensercs 3akoHoM Kyliona, B KOTOpoM
3apsn sapa Z MOJDKEeH OBITh 3aMEHEH Ha 3apsll, CKJIAIbIBAIOMUNCA U3 Z |
OTPUIIATEIFHOTO 3apsijia TOM YacTH 3JIEKTPOHHOW IUIOTHOCTH, KOTOpas Ha-
XOIATCA B mpeaenax cdepsl paauyca I (puc. 5.1). Ilpu aTOM pe3yabTHPYIO-
Wi 3apsan Z,gp MOKHO CUMTATh COCPEIOTOUEHHBIM Ha sIpe, a HIIEKTPOHHAsS
TUTOTHOCTH 32 TpejesiaMu cepbl He OKa3bIBaeT HUKAKOTO BIMSHUS Ha pac-
cMmaTtpuBaeMbiii 37eKkTpoH. ITycts P(F) — IUIOTHOCTH 3apsija, co3naBaeMast
BCEMH OCTAIbHBIMU 2JIEKTpOHaMHU. TOrIa Crjia MPUTSHKSHHUS paBHA

2

F(r)=-2 —j4nr'2p(r')dr’ (:—- (5.2)

2

HOTCHI_II/IaJ'IBHyIO OHCPTHUIO JJICKTPOHA HaﬁZ[CM HUHTCTPUPOBAHUCM CHJIBI B
npeneiax oT © gor, HpI/I6eFHyB IIPpHU 3TOM K MHTCTPUPOBAHUIO IO YACTAM:

U(r)=- j4nr'2p(r )dr’ £ e j4nr p(r')dr’ . (5.3)

WnTterpan, crosiuii BHyTpH CKOOOK, Ha3bIBACTCSI KOHCTNAHMOU 6HYMpEHHe-
20 skpanuposanus (0). CaMu ke CKOOKH MPEACTaBISIOT co00ii 3ddeKTrs-
HbIH 3apsn aapa Z,y,. BennunHa O onuchIBaeT BIMSHUE JIEKTPOHOB BHYTPU
cdepsl (KoTopoe CBOAUTCS K YMEHBIICHUIO 3()(MEKTUBHOTO 3apsia siapa) u
oOpamraercst B HyJb pu I — 0,a Ipu I — 00 CTPEMHUTCS K 3apsIOBOMY YHC-
7Ty aTOMHOTO «ocToBa» Z — 1, Tak 4TO Z,44 CTpEMUTCA K enuHuie. Paccros-
HHE Ig, P KOTOPOM KOHCTaHTa O JIOCTUTAET 3HAYCHHS, OJIM3KOTo K Tpeje-
Ty Ha OECKOHEYHOCTH, MOKHO MHTEPIPETUPOBATh Kak paauyc atoMa. Oka-
3BIBAETCS, YTO U1 BCEX aTOMOB JTOT pamuyc cocrapiseT okonmo 1 A. Tlo-
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crienHuid wieH B npaBoi yactu (5.3) mpeacTaBiseT MOTSHUUAIBHYIO SHEp-
THIO 6HEUIHE20 IKPAHUPOBAHUSL.

Tabmuna 5.1.5ddexruBHbIe 3apsans! Z,yg, saep (pacaer merogom CCII)

H He
4 1 2
1s 1.00 1.69

Li Be B C N O F Ne
Z 3 4 5 6 7 8 9 10

1s 2.69 3.68 4.68 5.67 6.66 7.66 8.65 9.64
2s 1.28 1.91 2.58 3.22 3.85 4.49 5.13 5.76
2p - - 2.42 3.14 3.83 4.45 5.1 5.76
Na Mg Al Si P S Cl Ar
Z 11 12 13 14 15 16 17 18
1s 10.63| 11.61| 12.59| 13.57| 14.54| 15.52| 16.52| 17.51
2s 6.57 7.39 8.21 9.02 9.82 10.6311.43| 12.23
2p 6.80 7.83 8.96 9.94 10.9611.98| 12.99| 14.01
3s 2.51 3.31 412 4.90 5.64 6.3Y 7.7 7.76

3p - - 4.07 4.29 4.89 5.48 6.12 6.7

(o))

DjeKkTpoHHas IJIOTHOCTH 3apsima P(r) u morteHimansHas sHeprus U(r)
MOYET OBbITh HaliZieHa MeToIoM camocoriacoBanHoro moist Xaptpu (CCII).
B stom Metozme 3amatorcs mpoOHON (yHkumeidr Ug(r) u 4uciaeHHO peras
KBaHTOBO-MEXaHHYECKYIO 3a/1a4y, BBIYMCIISIIOT CyMMapHYIO TIOTHOCTE Py(r)
u HoBbIi moTeHIman U;(r) corimacHo ypaBHenuto (5.3). Ecnu Bei6op Ug(r)
OBLT ymaueH, TO HAWICHHBIA IMOTEHITHAT COTJIACYETCS C HUM. B TIpoTHBHOM
cllydae Mpoueaypy MOBTOPSIOT IO TeX IOp, MOKa He OyIeT MOIydeHO yIO0B-
JeTBOpHUTENbHOE cornacue. CTporo roBopsi, IIOTHOCTH P(I) 3aBHCHUT OT CO-
CTOSIHUS DJIEKTPOHA, SKPaHHPOBAHUE KOTOPOro paccMarpuBaercs. OmHAKO
Ha MPaKTHKE YaCTO UCIHOJB3YIOT CpeaHIo (QyHKIMIO P(r) Mo BceM COCTos-
HusiM. Ha puc. 5.1 moka3ano npoHUKHOBeHHE BHemIHel 3S-0pOuTany aToma
Na B »IeKTPOHHBIH OCTOB, OTBEYAIOUIMH MpedplaymieMy d3i1eMenty Ne.
OHeprust opOMTaNM 3aBUCHT HE TOJBKO OT PACIpPEICICHUS HICKTPOHHOU
IUIOTHOCTH B OCTOBE, HO M OT IIPOCTPAHCTBEHHBIX CBOMCTB CaMOil OpOHTAIIH:
OYEBHUJIHO, YTO CHJIA MOJIS BOJIM3H si/ipa MEHEE MCKa)KeHA SKPAaHUPOBAHHEM H
OoJpIlIe TOXOKa Ha KyJIOHOBCKYIO. [I09TOMY, €ciu IIIOTHOCTh BEPOSITHOCTH
BOJIHOBO# (DYHKIIMH DJICKTPOHA 3HAYMTENIFHA Ha MAJIbIX PACCTOSHUSX, TO 3TO
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CHJIbHEE CKa)XETCSI Ha DHEPrWU OpOHMTANIM, YeM JUIs CIydasi, KOrJaa BeposiT-
HOCTb IIPOHUKHOBCHUS DIICKTPOHA K APy HEOObIas. ITO HATJISAHO BUIHO
n3 maHHbIX Ta0m. 5.1, rme

npuBeneHbl  3(h(heKTUBHEBIC

o OMEeKTPOH 3apsiIBl SIIEp JIETKUX JJIEMEH-
TOB JIISl PA3MUYHBIX THIIOB

opburaneii. Tak, B arome

yriepona (C) mpu moiHOM

3apsze aapa 6 oH «BOCHpH-

HUMAeTCS»  2S-0pOHUTAJIbIO

[Ne] kak 3.22,a 2p-opOurtanpio —
kak 3.14, MOCKOJIbKY BOJTHO-
Bbie (DYHKIIMU P-THUTNIA MEHEe
TTyOOKO TPOHHKAIOT BIUIYOh
aToma, 4yeM (pyHKIUH S-TUTA.
CpaBHenue 3¢ QEKTHBHBIX H
r/a, UCTUHHBIX 3aps0B IMOKa3bl-
BaeT, YTO IOJie siApa JIocTa-
TOYHO CHJIBHO IKPaHUPYETCS

4Tr’R?

Puc. 5.1.

3aMKHYTOM 0007109KOH 1S.
Bri6paB skpanupoBanHbiii noteHnuan U(r), MOXHO 3anucath ypaBHEHHUE
Hlpenunrepa (1-4.13) 1uist mr000r0 HE3aBUCUMOTO AJICKTPOHA B aTOME B BUJIE

—2

2 2 |

(2 20y Ly 1T
2m, a2 ror

S W=Ey: (5.4)
Kaxxmoii BOJHOBOM (DYHKIMH SJIEKTPOHA CJCAYeT NPHUIMCATh KBAHTOBBIC
gucna Ny, |, m, a Takke Ms. Ho kak mbl 3Haem, B npubmmkennn CCIIT mo
aHAJIOTHH C BOJAOPOJONOAO0OHBIM aTOMOM TOJIB3YIOTCA TIIaBHBIM KBAHTOBBIM
YHUCIIOM N BMECTO PaiiaibHOTO YHCHA Ny, XOTSA 3TO U HE COBCEM 3aKOHHO, HO
JIOITYCTHMO BBUY TOTO, YTO B3aWMOJICHCTBUE JICKTPOHOB HOCHUT XapakKTep
BO3MYIICHUS MO OTHOIICHUIO K B3aUMOJICHCTBUIO 3JICKTPOHOB C spoM. Ta-
KAM 00pa3oM, MoJHOe 00O3Ha4YeHHEe BONHOBOM (yHKunu (0e3 BpeMeHH) B
ceprdeckux koopauHatax nmeer Bux Y. (r,0,0) =R, (1) Y, (6,0) X,

rac R — paauanbHas, a X — COMHOBAsA 4acTH BOJIHOBOH (I)yHKLII/II/I Yro kaca-
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€TCsl COOCTBCHHBIX 3HAUCHHUN SHEPTUHU (IHEPTETHUCCKUX YPOBHEH), KOTOPbIC
MOJy4aloTCs perieHrueM ypaBHeHus (5.4), To B TaHHOM MPHONMKCHUU OHU
3aBHCAT TOJIBKO OT uncenn Nu |, .e. E= Em.12 Ksagpar opOutanpHOTO MO-
MEHTa JIEKTPOHA, CTOSIINHA B HIEHTPOOSKHOU 3Hepr1/n/113 (BTOpOE crmaraemoe

-2
B KBaJIpaTHBIX CKOOKax) paBeH M =h2 (1 +1) . 3aBUCUMOCTb JHEPrHH OT

opOuTaNBEHOTO YKcia | B HEKOTOPBIX CIydasX OKa3bIBACTCS YyBCTBUTEIBHOMN
¢byukimeit aroMHOro Homepa (Z), 9To Kak Mbl YBUAUM HHXKE, MOXKET 00BsIC-
HUTbH PsiJ] BAKHBIX YEPT MEPUOTNICCKON CUCTEMEBI 3JICMEHTOB.

CocTosiHUIO ¢ paauanbHOW (QyHKImel R, oTBewaer cpemaHee 3HAUYCHHE
paccTosHUS JEKTPOHA OT SIpa

ry = [rR3(r)dr (5.5)
0
KOTOPOMY MOKHO MPUITHCATh CPETHIOI0 KOHCTAHTY SKPaHUPOBAHHMS
g, = jp(r)4m2dr ; (5.6)
0
3 eKTUBHEIN 3apsy sapa

(Zogy) =2 r_nfp(r)4nr 2dr (5.7)

u 3(1)(1)6KTI/IBHYIO NMOTCHUHUAJIBHYIO SHCPTIHUIO BHCITHETO SKPAaHUPOBAHUA

12 HamomumM, 9TO B BOZOPOIOTIOTO0HBIX aTOMAX SHEPIHS SIEKTPOHA SIBISETCS
(dbyHKIMEH 0HOTO Yuca N.

'3 Mb1 monb3yemcest yeTosiBuIeiicss TepMuHONOTHEH. JIaHHYIO BEIHUHHY HE Clie-
JyeT CMEIINBaTh C IICHTPOOEKHOH HSHEeprueci, BO3HUKAIOIICH B HEUHEePYUATbHbIX
CHCTEMaX OTCYETa B CBSI3H C MOsIBICHUEM ((DUKTUBHBIX) Cuil UHepyuu, OMHON U3 KO-
TOPBIX SABISICTCS yenmpobedichas cuna. Hama 3agaya paccMaTpuBaeTcs B uHepyu-
AbHOU CUCTEME, TJIC TaKHE CHJIBI OTCYTCTBYIOT. YKaXKEM TaKKE, UTO «HACTOSIIASI»
HEHTPOOCIKHAS SHEPTH, XOTS U BBIPAKACTCSA TOH Ke (POpPMYIIOi, UMeeT IPOTHUBOIIO-
JIOKHBIA 3HAK. Bkiam meHTpoOekHOW sHepruu B d(PQPEeKTUBHOE TOJIe IBMKCHUS
3JICKTPOHA B aTOME UMEET Xapaktep «ommankusanus». Cum. Tawke 1-4.2.
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) =e2Tp(r)4Ttrdr : (5.8)

U

BHEII

Tl

Bce 310 maeT BO3MOKHOCTH BEIPAa3UTh SHEPTHIO AJICKTPOHA B popme coOCT-
BEHHBIX 3HAYCHHUU BOJOPOIONOIO00HOTO aToMa, HO C IapaMeTpPOM JIKpaHH-
POBAHHOTO IMOTCHIAAIAL
z2 e
E, =-eom® Ly (5.9)
2n°n

OTcrofa BUTHO, YTO POJIb BHEITHEH 3HEPTUU DKPAHUPOBAHUS 3aKII0YACTCS B
YCTaHOBJICHUU Kbl SHEPTETHUECKUX YPOBHEH, MOCKOJIBKY HYJIEBOH ypo-
BEHb DTOH INKaJbl JIOJDKEH COOTBETCTBOBATH 3HAYCHHUIO IMOTEHIMATHHOM
SHEPTUU MPH [ = 00,

O003HaYUM YHCIIO DIIEKTPOHOB B KaKIOH 000m04YKe (IKBHBAJICHTHBIE
3MeKTPOHBI) Yepe3 Ny, Toraa moHas SIEKTPOHHAS SHEPT s aToMa, Oyaydn B
paccMaTpuBaeMOM MPUOIMIKEHIH CYMMOW SHEPTHH OT/IENLHBIX AJIEKTPOHOB,
BBIPA3UTCS (hOPMYJIIOM

E=> N,E, - (5.10)
nl

MBI 3HaeM, YTO COCTOSIHHS OT/EIBHBIX JIEKTPOHOB B SKPAHUPOBAHHOM I10-
TeHnuansaoM mojie U(r) uaeHTuuimpyeTcs HabopoM KBaHTOBBIX uncel (N,
|, m, my). CienoBarenbHO, B MPUOIIKCHUN HE3aBUCHMBIX DJICKTPOHOB CTa-
UOHAPHOE COCTOSHHME aToMa B IIEJIOM JIOJDKHO OMHCHIBATHCS N-KpaTHBIM
yuCIIOM Takux HabopoB. CornacHo nmpuHnumny [laymu cpeam HUX HE MOXKET
OBITH COBIMAAAOIUX HAOOPOB. Hampumep, 0aHO U3 BO30YKISHHBIX COCTOS-
Huii atroma 6epunus (Be, 4smmekTpoHa) XapaKTepu3yeTcst YeTHIPEXKPATHEIM
mabopom (1, 0, 0, ¥%) (1, 0, 0%%) (2, 0, 0, ¥2) (2, 1, 1, ¥Iak cnenyer u3
tdopmyinsr (5.10), 5Heprus Bcero aroma 3aBHCHT TOJIBKO OT yucia Np U He
3aBUCHT OT BBIOOpA 3HA4YeHWH M u My B N-kpatHOM Habope. MHave roBops,
BCC COCTOSIHHS aTOMa, XapaKTEPHU3YIOUIUeCs OJHON M TOH K€ DIICKTPOHHOM
KOHUrypanuei, B 3TOM HPHOIMKEHUH 6blpodicoenst. Crocod momacyera
KPaTHOCTH BEIPOXKJICHHsSI OBUT pacCMOTpeH B pasgene 2. Kak Mbl yke 3HaeMm,
0oJiee TOYHBINA y4YET B3aMMOJICHCTBHI YaCTHUI] B aTOME MPHUBOJUT K YacTHUY-
HOMY PACHICTUICHUIO BRIPOXKJICHHBIX YPOBHEH IMOTHOW SHEPTHH.
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5.2. Mooenv Hezasucumbix 31eKmpoHO8 U NePUOOUECKULL 3AKOH.

[TpubnmxeHne HE3aBUCUMBIX 3JICKTPOHOB MO3BOJISICT OOBSICHUTH OCHOB-
HBIE 0COOEHHOCTH MIEPUOANIECKON CUCTEMBI 3JIEMEHTOB.

1) XapakrepHoii 4epTOii SJIEKTPOHHBIX KOH(PHUTypamuii OCHOBHOTO CO-
CTOSIHUSI aTOMOB, PUHAISKAIUX K OJHOW TPYIIE, ABISICTCS OJUHAKOBOC
YUCJIO AJIEKTPOHOB B CaMOW BHEITHEH 000JI0UKe. Y BCEX TaKWX 000JI0YEK
OJTHO M TO K€ KBaHTOBOE YMCIIO |. DTHM OOBSICHSIETCS CXOACTBO CHEKTPO-
CKOITMYCCKUX M XUMHUYECKUX CBOMCTB AJIEMEHTOB T'PYIIITHI.

2) B psany snemenToB (mepuojie) ¢ BO3PACTAIOIIUM YHCIIOM 3JICKTPOHOB
B TOM ke 000JI0YKe HaOIII0JaeTCs IOCTENEHHOE YBETUYEeHNE YHEPTHH HOHU-
3amuu. ITO 00YCIOBICHO BO3pAaCTaHHEM NPUTSHKCHUS K SAPY, B PE3yJIbTaTe
YEeTO KKIBIA OJHOAIEKTPOHHBIN YHEPTETUICCKHA YPOBEHb E, moHrkaeTcs
¢ pocroMm Z. C HagaJioM 3aIllOJTHCHHSI HOBOH 00O0JIOUKH DHEPTUS MOHU3AIINN
PE3KO TajaeT.

ATOMBI XUMUYECKH WHEPTHBIX 3JICMCHTOB BBIJCIISAIOTCS TEM, YTO BHEIII-
HUE BO3/CHCTBUS HE JTOJKHBI 3aMETHO CKAa3bIBaThCsl HA OCHOBHOM COCTOSI-
HAW aToMa. ITO TOBOPHUT O TOM, YTO OHO JOJDKHO OBITH He8blpOIICOEHHbIM,
T. €. COOTBETCTBYIOINAsl JJICKTPOHHAS KOH(UTYyparus JOJDKHA COJEPkKATh
TOJIEKO 3aMKHYThIe 000si0uku. Kpome TOro, Takoi aToM HE JOJKEH UMETh
COCTOSIHMA C HU3KOW DHEpPruel BO30YXKICHHWA, T.€. YPOBHEH, JIEXKaIX
03K0 K ocHOBHOMY. O0a 3TH yCIIOBHS YIOBJIETBOPSIOTCS B aTOMax OJiaro-
POIHBIX Ta30B, KOH(MUTYpalus OCHOBHOTO COCTOSIHUS KOTOPBIX COCTOUT
TOJIBKO W3 TIOJHOCTBHIO 3aIlOJIHEHHBIX 000J04YeK. XOTS y MIeT0YHO3eMelb-
Hbix anmementoB (Mg, Ca, Sr, Ba)gBasronuxcss XUMHYSCKA aKTHBHBIMH Me-
TaJJaMd, BCe OOOJIOYKU TOXKE 3aMKHYTHI (KOH(UTYpaIs BHEIIHHUX JJICK-
TpoHOB NS’), sHeprus mepexona NS — NSP' y HAX Maja W COCTABISIET BCETO
JIUIIB HECKOJILKO 3JICKTPOH-BOJIBT. TeM caMbIM HapyIIaeTCs BTOPOE YCIOBHUE
WHEPTHOCTH.

HekoTtoprie BaykHBIE OCOOEHHOCTH CTPOEHUS NMEPHUOINIECKON CHCTEMBI,
B YaCTHOCTHU CYIIECTBOBAHUE MEPEXOJHBIX M PEIKO3EMENIbHBIX 3JIEMEHTOB,
MOXHO OOBSCHUTH PE3KON 3aBUCHMOCTBIO OJTHORJICKTPOHHBIX COOCTBEHHBIX
3HAYEHUH PHEPTUH OT aTOMHOro HoMepa. JlJIT HEeKOTOPBIX TaKWX aTOMOB
JIeI0 00CTOMT Tak, uTo dHepruu En ¢ pasnuyHbiMu mapaMu WHIAEKCOB N, |
(nanpumep, Ess u Egy) MpUOTU3UTETBHO OMUHAKOBBI, T. €. YPOBHU npubiu-
JCEHHO 8blpOdcOeHbl. KBaHTOBas MEeXaHHMKa IPENICKAa3bIBAET, YTO YPOBHH C
OJIM3KUMH DHEPTHSAMH, TOYHEE COCTOSHHS, OTBEYAIOIINE STHM YPOBHSIM,
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HUMECIOT CKJIOHHOCTh K <TICPEMEIIMBAHUIO», OHU KaK Obl «B3aUMOICHCTBY-
10T». B pe3yibpraTe MOXKeT pa3sMbIBAThCS caMa HjIesl SJICKTPOHHOU KOH(UTY-
palK OCHOBHOTO COCTOSIHUSL. JIJIst IydIIero MOHUMAHUS CKa3aHHOTO CIIe/y-
€T PacCMOTPETh MOTEHIHATbHBIC (YHKIIMH pPaJdajbHOTO JBUKECHHS DIICK-
TPOHOB B CJIOKHBIX aTOMaX.

Haunem, omHako, co ciydas BOIOpPOAONOa00HBIX aromoB. Ha puc. 5.2
n300pakeHbl KprBbIe YQPEKTUBHON MOTCHITMAIBHON SHEPTHH, KOTOpas CTO-
UT B KBaJIpaTHBIX CKOOKax B ypaBHenuu llIpenunrepa (5.4) mis paananbHO#
COCTaBJISIOIIEH IBIDKCHUS, IPH TPeX 3HaueHusAX opoutanpHoro yucia | (0, 1
u 2). Beibop 3apsima sapa Z = 21 coorBercTByeT CKaHauio (SC),T.e. peys
uaer 06 nmoxe SC. IIpy HATHYMM TOIBKO OIHOTO DIEKTPOHA SHEPTHS
U,4p(r) mpencraBneHa KymoHOBCKUM Uy, (r) = —-ZE&Ir u IeHTPOBEKHBIM
A (1 + 1)/2ms? Brimagamu. Bropoii w3 HuX, oTIHUHEIA OT Hysst mpu | Z 0,
HUMEET XapaKkTep OTTAIKUBAHUS, KOTOPOE MPOTUBOACHCTBYET KYJIOHOBCKOMY

nputskennio.™ B cumy
obpaTHOW  KBaapaTwd-
T hoit saBucumoctH LICH-
2  TpoGEKHOr0 MOTEHIHA-
ma or pammyca (CIL/r?)
OTTaJKUBaHUE OCOOECHHO
CHJIbHO Ha PaCCTOSIHUH,
OJMHM3KOM K sIIpy, HE TI0-
3BOJISISL DIICKTPOHY MPO-
HUKHYTh B 3Ty 00JIacTh
npoctpancTea. Ha pac-
CTOSHUH, OOJIBIIIEM, YeM
I(I + 1)/Z 6opoBckux pamuycoB (8g) mpeobiasaeT cuiaa npuTsDKeHus. B pe-
3yJbTaTe MOJTYyYaeTCsl KPUBAsi C OJHUM MHHUMYMOM (IIOTEHIMANIbHAS sIMa),
KOTOpasi U ONpEJENACT BU PaIHalbHON YacTH BOJHOBBIX (yHKIwid R(r) u
YPOBHHU SHEprHH 3MeKTpoHa.” B muTepBame ot O 10 Fmin KpUBas OBICTPO,

Puc. 5.2.

1“ B oramune 0T KylIOHOBCKOTO MOTEHIHANA, IEHTPOOESKHBII IIOTCHIHAN HE 3a-
BHCHT OT 3apsizia spa.

15 Crour oT™eTHTB, UTO GIAaronaps GONBIIOMY 3apSAY SApa U MOIHOMY OTCYT-
CTBHIO DKPAaHMPOBAHUS MHHUMYM IMOTEHIUAIBHON KPUBOH pACIONONKEH HAMHOTO
OJIrKe K SIAPY | SBIISIETCS TOpas3ao Oosee TIyOOKHM, YeM B aTOME BOJIOPO/IA.
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HOYTH BEPTUKAIIHO, CMA/IACT, a 3aTeM HAYWHACT MMOJAHMMATHCS, ACHMIITOTH-
YECKH MPHOIIKASACH K HYIIO.

OOpaTiM BHHMAaHHWE, YTO JUISI S U P-COCTOSHHUN 3TH KPHBBIE B CBOCH
BO3pACTAOIICH YaCTH MPOXOIAT OUCHb OJU3KO APYT K APYry. DTO 03HAYALT,
YTO B 9TUX COCTOSIHHSX JJIEKTPOH B CPESAHEM HAXOAUTCS MPUMEPHO Ha OfIU-
HaKOBBIX PACCTOSHUSX OT siipa. Kpusast ske uist d-cocTOsHUIA pacroiaraeTest
3HAYUTENIBHO JICBEE; OrPaHUYMBAEMas CIO KIACCUYECKU OOCMYNHAs 00IacTh
paaHaNbHOTO BIDKCHHS 3aKaHUMBACTCSI CYIIECTBEHHO OJIKE K SAPY MpPU
TOI K€ MOJHOW SHEPruH >JIeKTpoHAa. MHBIMH ciioBamH, B O-COCTOSHHMSIX
SIIEKTPOH B OCHOBHOM HAXOJHTCS 3aMETHO OJIMKe K SIIPY, YeM B S- WK P-
COCTOSIHMAX. B emie Gonblleil CTENEHH 3TO BBIPAKCHO Yy KPUBBIX st f-
COCTOSTHHH, HE MMOKa3aHHBIX HA PUCYHKaX.

Oyuxmun R(r), RY(r), a taxke GYHKIMH pagHaibHOTO PacIpeieiCHHs
P(r) = 4r°R¥(r), ONNCHIBAIOIIME IUIOTHOCTh BEPOSTHOCTH HAXOMKICHHS
SIIEKTPOHA Ha OTMPEICICHHOM PACCTOSHHUU OT sijpa, MoKa3aHbl Ha pHc. 5.3,
5.4u 5.5.B enunctBeHHOM citydae, koraa | = 0 (S-cocTosHUS) MUHUMYM Y
¢ynknun U, OTCYTCTBYET, YTO IPUBOAUT K OTIMYHOMY OT HyJIsI 3HAUCHHUIO
R(0). Ha xpuBsix P(r) ommcannas Beitite 0COGEHHOCTH (-COCTOSTHHMIA TIPOSIB-
JSIETCS B TOM, YTO TJIaBHBIC MAKCHUMYMBbI ISl S- M P-COCTOSIHUI pacrosioxe-
HbI 3HAYUTEIBHO AaNblle OT simpa, yeM s d-coctostHust. B Bomopomomno-
JOOHOM aToMe BCE 3TH 00CTOSTEIHLCTBA HE MPUBOIAT K PA3IMYUIO B SHEPIU-
X S, p-, d- u f-opburaneii: Mpl 3HaEM, YTO COOTBETCTBYIOIINE MM YPOBHHU
R() BBIPOXK/ICHBI, T.€. HMe-
0T OJMHAKOBYIO JHEp-
ruto. OgHaKO B MHOTO-
9NMEKTPOHHBIX  JIOCTa-
TOYHO MsdCENbIX ATO-
Max (¢ OONBIIMM 3apsi-

oM Z) OHH HMEKT

/ / HPUHIUIHATBHOE  3Ha-
YeHHe, MPUBOAS K ObI-

cTpoit 3aBUCUMOCTH
sHepruu  d-COCTOSIHUIA
OT uncna Z , KaK CJei-
CTBHE, K HW3MCHCHHUIO
HOpSIZIKA 3AMOHEHHUsI COCTOSTHUMN deKkTpoHaMu. ClieyeT Ipy 3TOM UMETh B
BH/IY, YTO 3aMCHA KYJIOHOBCKOTO IOJIS siipa Ha SKPAHHUPOBAHHOE IMOJIE W3-

30

20

10

‘_--- (.
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MEHSIET BHJ pPaJHajbHBIX BOJHOBBIX (YHKIHH, HO KAYeCTBEHHO 3aBHCH-
MOCTB OCTaeTcsi 00JIee WM MEHee HeM3MEHHOM. UTo jke KacaeTcsi MOTEHIH-
aJBLHOW KPUBOH, TO 37€Ch MOTYT IIPOU30UTH KaUeCTBEHHBIC M3MECHEHHUS. DTO
CBSI3aHO C 3aBHCHMOCTBIO 3 (eKTHBHOTO 3apsaa aapa Zypg OT PACCTOSHUA I
Yke TOBOPUIIOCH, UYTO B HEUTPATILHOM aTOME CO MHOTHMH 3JIEKTPOHAMH
JUTS. BBIOPAHHOTO DIICKTPOHA Ha OOJBIIOM paccTOSHUU 3D (HEKTUBHBIIN 3apsiy
npubamkeHHo pased 1 (0=Z - 1). B gaHHOM cilydae 3TO pacCTOSIHHE TIO-
panka | (1 + 1) GopoBCcKuX paguycoB, T. €. B Z pa3 6oJIbliIe, YeM B BOIOPOIO-
nogo6HoM arome. [t 3d-35eKTpoHa 3TO COOTBETCTBYET =68y MOKHO CKa-
2 3aTh, YTO HA TAKHX pac-
F?:Ogr) CTOSIHUSIX 9KPaHUPO-
«— S BaHHEIIA MOTEHIIHA
ol b MOYTH TaKoOW ke, KaK y
B L, P aromMa BOJOpOHa, TakK

: YTO TpeodiamaeT Npu-
ori| TsokeHre. Ha MeHbImmx
1 paccTosHUAX OT S7pa,
nopsinka 2 — 3 0OopoB-

CKHX PaauyCOB, KOH-

‘ " cranra BHYTPEHHETO
1214 @)  3KpaHUPOBAHUS Io-
mpeXHeMy Onm3ka K

Z-1 u mnpeobmagaer

(mpu | > 1) 1ieHTpOOEKHEBIN TTOTEHITHAT, T. €. OTTAJKHBAHUE, TIOCKOJIBKY OH
OBICTPO pacTeT ¢ yMeHbIeHueM I. [Ipu ganpHelIeM mpuOIMKEHHH K SIpy
SKpaHUPOBAHHE OBICTPO OCIa0EBaeT M CHOBA MPEOOJIAacT MPUTKEHUE K
sapy. Takum 00pa3oM, pe3yNbTUPYIONUH TOTCHIMAT XapaKTePU3yeTcs
08YyMsL MUHUMYMAaMu, 4YTO TIPOWUTIOCTpUpOBaHO Ha puc. 5.6 mms 3d-
3JIEKTpOHA B aToMax Ar u SC.DTOT BbIOOD 3JIEMEHTOB ¢ OJU3KMMH aTOMHBI-
MU HOMEpPaMHU OOYCJIOBJICH T€M, YTO I HUX HEOOJBIIIOE H3MCHEHUE aTOM-
HOT'O HOMEpa UTpaeT BAXHYIO POJib. JJIEKTPOH, COCTOSIHUE KOTOPOT'O OTBE-
YaeT OpOUTAIBHBIM KBAHTOBBIM YHCIaM | = 2, MOXeT HaXOAUThCS B JTHOOOM
3 9THX Briaani.'® BHEIIHSS BrajMHa HErTybOKa, TAK YTO HAXO/SIIMACS B

% Ymeercs B BHJLY, YTO AJICKTPOHHAS IIIOTHOCTH B OCHOBHOM COCPEIOTOYCHA B
KITACCUYECKH JOCTYITHON 00JIACTH, OTPaHMYEHHOW HUCTIAIAoIeH BETBBIO IMOTCHIIH-
aJbHOM KPUBOM CJieBa M BOCXOJAIIEH YacThio — cripaBa. HamoMHuM, 4TO KBaHTOBast
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Hel JIeKTPoH 00amacT (CpeHUMHM) TIOTCHITHATBHON M KHHETUIECKOM dHep-
rueii nopsaka 13B. JIpyrumu ciioBaMu, SHEPTHUs CBS3U TAKOTO AJICKTPOHA Ha
MOPSAZIOK MEHBIIIE, YeM y IJIEKTPOHOB B OCHOBHOM coCTOfHUH. [loaTomy co-
CTOSIHHE aTOMa, XapaKTepU3yIoIeecss BHICOKOW IUTOTHOCTHIO AJIEKTPOHOB B
o0iacTH BHEIIHEH BHAaAWHBI, OYIET 8030ydicOeHHbIM cocmosanuem. BHyT-
pPEHHSISI BIIQJMHA BCETJa CPAaBHHUTEIHHO y3Ka M TIIyOOKa. DJIEKTPOH MOXKET
HaXOAWTHCA B HEH, €CII MPUTSDKEHUE K SAPY AOCTATOYHO BEIHKO IS TOTO,
4yTOOBI BO BIIAJMHE CYIIECTBOBAJ, MO KpailHEH Mepe, OJUH dHEPreTHYCCKUI
YPOBEHb.

Ecnu BOmm3m HekoTOphIX Z Kak TiyOWHA BHYTPEHHEH BHAJWHBI, TaK U
BbICOTa Oapbepa MEXAy MHUHHMYyMaMH OYCHb PE3KO 3aBHCAT OT aTOMHOTO
HOMeEpa, TO OBICTPBIC U3MEHEHUS PE3yJLTUPYIOIIECTO TTOTSHIINANIA TIPH TIepe-
XO0JIe OT OJHOTO 3JEMEHTa K APYroMy HPHUBOAST K OBICTPHIM HW3MEHEHUSIM
OJTHODJICKTPOHHBIX JHEPreTHdecKux ypoBHed. Ha pwuc. 5.7 BuaHO peskoe
YMCHBIIICHUE  DHEPTUH
ypoBHs 3d mpu u3MeHe-
v Z or 20 no 25. C
MOMOIIIBIO PE3YNIETATOB,
MOKAa3aHHBIX Ha PUCYH-
K€, MOJKHO HHTEPIPETH-
pOBaTh HEKOTOPHIE Xa-
paKTepHbIE W3MEHCHUS
CBOICTB 3JIEMEHTOB IIPHU
JIBUKEHUH TIO TIEPHUOJTHU-
yeckol cucteme. B ua-
CTHOCTH,  TIPUHAJICHK-
HOCTH Ar x Omaropo-
HBIM (MHEPTHBIM) ra3aMm
CTaHOBUTCSl TIOHATHOW BBHJYy Hamuuus nipu Z = 18 mmpokoit sHepreThye-
CKoOii e (IIoKa3aHa ABYCTOPOHHEN CTPENIKOM) MEXKIY YPOBHEM OCHOBHOTO
cocrosiHus Eg, u 6mmkaiimmm ypoBHeM Egs. IIpu Z = 18yposens Esq pacmo-
JIOKEH BCE €IlIe BHIIIE, 4eM Ejs. DTO MpOMCXOoAUT MOTOMY, YTO BHYTPECHHSS
BITaJIMHA, ITOKa3aHHas 1y Ar Ha puc. 5.7,Hem0ocTaTouHO TIIyOOKa Il TOTO,
yTOOBI B HEW yJepKaics 3JEKTPOH C OpOUTAIbHBIM KBAaHTOBBIM YHCIIOM

MEXaHUKa HE 3alperiacT MPOHUKHOBCHHE YACTHII M B KIACCUHECKU HEOOCHYNHYIO
001aCTh.
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| = 2; mosToMy MakcUMyM TIOTHOCTH 30-3JIEKTPOHOB JISKUT B HETITyOOKO#
BHewrHe# Brnaauue. /s SC £ = 21) BHYTpeHHsIs BIIaAMHA TOPa3ao rryoke u
Oapbep MeXIy BHAAWHAMHU HiDKe. M mefcTBUTENBHO, B 3TOM Cilydae BO
BHYTPEHHEH BIaJHHE MOKET HaXOJUTHCS AIEKTPOH, O YeM TOBOPUT MPUCYT-
crBue 3d-37eKTpOHAa B KOH(UTYpaluy OCHOBHOTO COCTOSIHHSI aTOMa CKaH-
T¥sl, KOTOPBIH CTAHOBUTCA YK€ NEPEeXOJHBIM 37IeMeHToM. Ha pucynke Bun-
HO pe3Koe noHmkenne yposus 3d mpu Z > 20.

_ 2
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Takum 00pazoM, 3aMeHa KYJOHOBCKOTO IIOJIS Sijpa Ha CaMOCOTJIACOBaH-
HOE TI0JIC B MPHUOJIMKEHUN HE3aBUCUMBIX 3JICKTPOHOB, Oyay4d BeChMa IMpH-
OyrkeHHON (DOpMOIT yueTa MEXKIJICKTPOHHOIO OTTAJKHUBAaHUSA, MPUBOIUT K
pe3yiibTaTtaM, ¢ TMOMOIIBK) KOTOPHIX MOXKHO OOBSCHHUTh MHOTHUE BaXKHBIC
OCOOCHHOCTH TEPUOJUYECKON CUCTEMBl M XMMHUYECKHE CBOWCTBA DJICMCH-
TOB. BMecTe ¢ TeM 3Ta Teopus HEe B COCTOSHUM OOBSICHUTH, HAIIPUMED, OCO-
OyI0 YCTOMYHMBOCTH HAITOJIOBHHY 3aIlOJIHCHHBIX 3JIEKTPOHHBIX 00OJIOUYEK, a
TaKXe JTaeT OUCHb HETOYHbIC 3HAUCHUS MOJHOU sHepruu aroma. OnHa u3
TJIABHBIX TMIPHYUH 3aKJIFOYACTCS B TOM, YTO C(pepHUIecKoe Mojie COBEPIICHHO
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HC YYHUTBIBACT CTPEMIICHUC DJICKTPOHOB HAXOJUTHCA KAK MOXHO JAJIbIIC
APYT OT Apyra, IPOUCTCKAIOIICC U3 HAJINYUSA Y HUX MOJYICJIOTO CIIMHA.

6. 3¢ dexThl, 00ycT0BIEHHBIE MPUHIMIIOM HEPA3THYUMOCTH
6.1. Cnun u npocmpancmeennas Koppensayus 3J1eKmpoHo8.

3amymaeMcs HaJl BOPOCOM, IMOYEeMY KOHICHCUPOBAHHOE BEIIECTBO CO-
NPOTUBJISIETCS BHEIIHEMY JIABJICHUIO, T. €. UMEET CXKHUMAaeMOCTh, KOTOpas
ocTaeTcss KOHEYHOH Jlake TPU CTPEMIICHUU K HYJIO a0CONIOTHOW TeMIiepa-
Typbl. OJTHA U3 TPUYUH 3aKITIOYACTCSA B CYIICCTBOBAHHUHM COOTHOIICHUS He-
OTIPEICIICHHOCTH, KOTOPOE MPUBOIUT K TOMY, UYTO OTPAHUYCHHUC JBUKCHUS
YacTUI B TPOCTPAHCTBE ONPEAEICHHBIM O00BEMOM BBI3BIBAET COOTBETCT-
BYIOIIEE YBEIIMUCHUE CPEIHETO UMITYJIhCA YACTHII, & 3HAUUT M UX KHHETHYC-
cKoif sHeprun. Tak, OMMHOYHAS YACTHUIIA, TIOMEIICHHAS B TPEXMEPHYIO <«I10-
TCHIIMAJBHYIO SIMYy» C OCCKOHEYHO BBICOKHMH CTeHKamu (00beMm, orpaHu-
YEeHHBIH HEMPOHHUIIAEMON JUTS YaCTUIIbI TIOBEPXHOCTHIO), HE MOYKET MOKOUTh-
Cs1 U OKa3bIBACT HA TPAHUYHYIO MOBEPXHOCTh HEKOTOPOE CPEIHEES JaBIICHNE.
Mgl 3HaeM, YTO YKa3aHHBIH KBAHTOBBIH 3(P(EKT 0OBACHIET YCTOHUHBOCTH
JJIEKTPOHOB B aTOME M €ro KoHeunslii pasmep (cm. I-1.1). OmHako cooTHO-
HICHUS] HEOTIPEACIIEHHOCTH HE JOCTATOYHO JJISl TOTO, YTOOBI MOHATH, MOYEMY
JNIEKTPOHHBIC O0OJIOUKH ATOMOB <«COMPOTUBIISIFOTCSA» B3aMMHOMY MPOHHUK-
HOBeHUI0. boree Toro, TaHHOE CBOHCTBO MPHUCYIIE HE TOJIBKO aToMaM, HO U
9JIEKTPOHAM B COCTAaBE aToMa: B MPOTHBHOM CIIydae MpH JBWKCHHHU TIO TIe-
PHOMUYECKON CHCTEME DIICMEHTOB YBEIMYMBAIOIIMNACS 3apsil Sapa <«CTATH-
BaJ OBI JIEKTPOHBI AaTOMOB, HECMOTPS HA SKpaHUPOBaHKE, BO BCE MECHBIIUI
00BbeM, YTO MPOTUBOPEUHT (hakTaM. DTO HAIJIAAHO BHAHO u3 Tabid. 6.1,rae
TIPUBEICHBI METATINYECKHE PAJUyCh HEKOTOPBIX aTOMOB S U P-OIIOKOB,
PacCTOJIOKEHHBIC B IEPUOAMYCCKON CUCTEME MPUMEPHO MO JuaroHanu. Tot
(akT, HanmpuUMep, YTO aTOM JIUTHS UMEET CTOJIb OOJBIION pajnyc Mo Cpas-

Y 3ra BenMuMHA COOTBETCTBYET MOJNOBHHE KPATYAMIIEro MEXKBSICPHOTO pac-
CTOSIHUSI B KPHCTAJUTHUECKOH pellieTke MeTalla, XapaKTepu3yIolieiicss KOOpIHHAIH-
OHHBIM 4YuCIOM 12 (KaKIblii aTOM OKpY:KeH 1240 APYrHMH ONMKaHIIAMH aToMa-
MH).



Henuto ¢ aroMoM renust (0.029uM) CBUICTENBCTBYET O TOM, UYTO OJUH U3 €T0
18
3IIEKTPOHOB HAXOAUTCS B 8030)01COeHHOM COCTOSTHUU ¢ N > 17

Tabmuia 6.1.
DreMeHT Li Mg Ga Sn Bi
Z 3 12 31 50 83
I vier, HM 0.155 0.160 0.139 0.158 0.182

[IpoTuBOACHCTBHE B3aMMONPOHUKHOBEHHUIO CBS3aHO C JPYTHUM CBOWCT-
BOM 3JIGKTPOHOB — IOJYMHEHHEM MX npuHnumy [laymm, BeITekaromeMmy B
KOHEYHOM WTOT€ W3 NPUHIMIA HEPA3TUUYUMOCTH YacTHL. SIBIIEHHE COCTOUT
B TOM, YTO DJIEKTPOH, ABHXEHHE KOTOPOT'O OTPAaHMUYCHO ONpEAEIICHHONW 00-
JAaCTBIO MPOCTPAHCTBA, KaK OBl CTPEMHUTCS «BBIAABUTH» M3 3TOH 00IacTH
JPYTOil JIEKTPOH, MPOEKIHUS CIIHHA KOTOPOTO MMEET TO K€ CaMoe Harpas-
nenue. [IpyruMu clioBaMu, €CIH DIIEKTPOHBI € <«dIapaJiIeIbHBIMI» CITUHAMHU
BBIHY)KJICHBI HAXOJUTHCS B OJJHOM 00JAaCTH NMPOCTPAHCTBA, TO MX KHHETHYE-
CKasi PHEprus Bo3pacraeT. B 3ToM cMbIciIe B3aHMOIPOHHKHOBEHHE BBI3BIBA-
eT Ty € PEeaKlHio, YTO U OrpaHUYCHUE IBWKCHUS OAMHOYHOTO BJIEKTPOHA
ompeJieieHHON 00nacTeio mpocTpaHcTBa. IloguepkHeM, 4TO peds UueT oo
s¢dekre, NPUUINHON KOTOPOTO HE ABISIETCS B3aMMHOE JJIEKTPOCTaTHUECKOE
OTTAJIKUBAaHUE JJIEKTPOHOB, XOTA OHO M MMeeT MecTo. [lepen manpHEHIINM
YTEHUEM CIIEAYET 3aHOBO mpopadoraTs pasznen |-3.7.

6.2. Bonnosvie pyHryun 08yX mMOANCOECMBEHHBIX IEKMPOHOS.

PaccMOTpUM KBaHTOBO-MEXaHHYECKYIO CHUCTEMY W3 JBYX O3JICKTPOHOB,
npudyeM OyZeM CHadaia MpearnoiaraTth, 4TO MX CUIO80€ B3aUMOJICHCTBHUE
MOJTHOCTBIO OTCYTCTBYET, T. €. B 3TOM OTHOIIICHUH DIICKTPOHBI HE3aBHCHUMBI.
O603Ha4MM CITMHOBYIO 9acCTh BOJIHOBOM (DyHKIMH CHCTEMEI Yepes X(0;,0,),
a KOOPJIMHATHYIO 4acTh —uepe3 ¢(f;,T,) . DIEKTPOHBI C UX IOIYLENbIM CIIU-
HOM (S = %2) momuuHsroTCs cTatuctuke depmu, MoITOMY TOJTHAS BOJTHOBAS
bynkuus cucremsr (€ ,&,) =X(0,,0,)$(7;,I,) AOIKHA OBITH HENPEMEHHO

anmucummempudrna OTHOCUTCIBHO NCPCCTAHOBKU YaCTHUII. (DYHKI_II/II/I (I) I1o-

18 g MPUOIKEHNN HE3aBUCHUMBIX DJIEKTPOHOB MOYKHO TTOMEINATh JIEKTPOH B
BO30YXKIEHHOE COCTOSIHUE (B JaHHOM Clly4dae 2S), XOTS aTOM B II€JIOM HaXOIHUTCS B
OCHOBHOM COCTOSTHHH.
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Ty4artoTcsl peiieHreM ypaBHeHus lllpenunrepa, HO B JEHCTBUTEIHHOCTU U3
9TOro Habopa ()YHKIMH KBaHTOBBIE COCTOSIHHSI OCYLIECTBIISIFOTCS TOJIBKO
TEMH, KOTOpbIE OTBEYAIOT yKa3aHHOMY BbIlIe TpeOoBaHuio. Kaxiomy ypos-
HIO 3HEPruM COOTBETCTBYET OAHO OIPEAETICHHOE 3HAau€HHE IIOJHOIO CIMHA
cucteMbl: S=0 (cuHrIIeTHOE coCcTOsiHME) WM S= 1 (rpUIUIeTHOE COCTOS-
HHE). AHAJIN3 CBOWCTB CIMHOBOW BOJIHOBOW (DYHKIMM X TOKa3bIBAa€T, 4TO
IIPU TIEPECTAHOBKE YACTHIL CO CIIHHOM S OHa yMHOXaercst Ha (—1)°° B Ha-
mem ciydae Ha (—1)"°. C npyroit cropomsl, monHas (QyHKIHEs ) JOIDKHA
yMHOXaTbes Ha (—1)%, T. e. Ha +1 py menoM S 1 Ha —1 Tpu MmoNyIeIoM, B
HameMm ciydae Ha —1. Otcioga cliefyer, YTO CUMMETpHs KOOPAMHATHOMN
BOJIHOBOM (D)YHKLIMH 110 OTHOLICHHUIO K I1€PECTAHOBKE YaCTUL] OIPEAEIIETCS
MHOKHTENeM (—1)°, 3aBHCAIIIM TOIBKO OT HOTHOTO cruHa. TakuM 06pasoM,
KOOpAMHATHAs (DYHKIMS CHCTEMBI IBYX JIEKTPOHOB CHUMMETPHYHA MPH YET-
HOM TIOJTHOM CIIMHE M aHTUCHMMETPHYHA TIPH HEUETHOM 3HAUYCHHUU 3TOH Be-
nuuuHbl. Bee aTH pesysbTarsl cBeeHsl B Tabi. 6.2,rae snaukamu (+) u (—)
MOMEYEHBl CUMMETPHUYHbIE U aHTUCUMMETPUYHBIE (PYHKIIMA COOTBETCTBEH-
HO.

Kakum 00pa3oM CBOMCTBa CHMMETPHH BOJHOBBIX ()YHKIMIA CKa3bIBAIOT-
CSl Ha DHEPreTHYEeCKOM creKTpe cucteMsl? [lycTs, HampuMmep, HaC MHTEpe-
cyloT TpurieTHsle coctostHus (S=1). [lng nux ¢(f;,f,) aHTUCUMMETPUYHA,

3TO O3HAYaeT, 4To (QYHKIMSA UMeeT y3rbr (0OparmaeTcss B Hylb IpPH T, =T,).
Tab6nuua 6.2. [anee, eciu y BOIHOBOM (DYHKIIUM CYLICCTBY-

X(0,,0,) | ®(F,F,) | T y3em B Touke [ =T, TO TecHOe cOnmmxenue

S=0 (_) (+) ABYX JJICKTPOHOB MCHEC BCPOSATHO, YCM IIpU

S=1 +) ) pacCIOJIOKCHUHM y371a B KaKOH-IMOO Ipyro

To4Ke. [TOCKOJBKY BJICKTPOHBI OTTAJIKHBAOT-
Cs1, YBEITUUCHHE CPEIHETO PACCTOSHUS MEXIY HUMU BEACT K YMCHBIICHUIO
CpeHel MOTEHIMANBHONW SHEPTUU. ITOT 3PPEKT OTCYTCTBYET JUIsS CUHTJICT-
HeIX cocrosHnii (S= 0), MOCKONBKY KOOpAWHATHAS BOJHOBAsS (QYHKIIHS
JIOJDKHA OBITh CHMMETPUYHOM M y3el B YKa3aHHON TOYKE OTCYTCTBYET (Criu-
HOBasi XapaKTEPUCTHUKA COCTOSIHUS HE TPETSITCTBYET COMIKCHHIO JICKTPO-
HOB). MBI BUZIUM TaKuM 00pa3oM, 4TO, ICHCTBUTEIBHO, JICKTPOHBI C mapal-
JICTIbHBIMU CIIMHAMHU <«CTPEMSTCSA» HaXOAUThCS Jaliblilie apyr oT apyra. Ot-
CIOZIa MOXKHO 3aKJIOYUTh, YTO DHEPTUS TPHUIUICTHOTO YPOBHS HECKOJBKO
MEHBIIIE SHEPTUU COOTBETCTBYIOIIETO CHHIJIETHOTO YpPOBHS. JIpyrumu cjo-
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BaMHM, HIMEET MECTO 3aBHCHMOCTh BO3MOXKHBIX 3HAUCHUH YHEPIHU CHCTEMBI
OT €€ TIOJIHOTO CIIMHA, IPUYEM 3Ta 3aBUCHMOCTb JIUIIh OMOCPETOBAHHO CBSI-
3aHa C CHJIOBBIM B3aMMOJCHCTBHEM 3JeKTpoHOB. Kak Mbl 3Haem (dacth |,
c. 45),9T0T crennpUIECKHii, YMCTO KBAHTOBLIN 3()(HEKT HA3BIBACTCS 0OMEH-
Hulm g3aumoodeticmeuem. OHO He SBISIETCS CIEACTBHEM HaUYUS KaKOrO-TO
0Cc000T0 CHIIOBOTO TTOJIS.

[pexncraBineHue MONHON BOMHOBOM (pyHKUIMH ) B BHIE TPOW3BEICHHUS
CTIIMHOBOW M KOOPIMHATHOW YacTedl § M X BO3MOXKHO B HEPEISATHBHCTCKOM
npuoIKeHNH. [Ipy HE3aBUCUMBIX AJIEKTPOHAX KaXJIbIH U3 3THX COMHOXH-
TeJIeH B CBOIO OUepe/lb pachasiacTcs Ha MPOM3BE/ICHHE BOJIHOBBIX (DYHKIIMH
OTIENBHBIX DIEKTpoHOB. Jlns i-oro snekTpona umeeM Y, =¢, (F)X;(0,) -

JluckpeTHas CIIMHOBAs MEpEMEHHAs MPUHUMAET J1BA BO3MOXKHBIX 3HAUCHUS
0 = +%. [lpunsarel o6o3HaueHus X(+%2) = a, «cnuH BBepx» (1), X(—%2) =P,
«crinH BHU3» (1 ). B 9THX 0003Ha4YeHMSX JIBE COCTABIISIONIHE TTOJTHON BOJIHO-
BOH (QYHKUMH OJMHOYHOrO OSIEKTpoHa uMeET Bui Y, =@, (F)a(i) u

P, =¢,()B@1). Ilo anamoruu ¢ OIHODIEKTPOHHBIMH KOOPIMHATHBIMH

GYHKIMAME, BOJHOBbIC (DYHKI[MM 3JIEKTPOHA C YYCTOM CIIHHA HA3BIBAIOT
cnun-opoumanamu. Ecau 1Ba SIEKTpOHA, OTIMYAOTCS TOJBKO CIMHOBOM
KOMITIOHEHTOH BOJIHOBOM (pyHKIMHU (O ¥ [3), TO OHM HA3BIBAIOTCS CRAPEHHbI-
Mu. DTO ONPEICTICHHE COOTBETCTBYET OOBIYHOMY MPECTABICHUIO O CIIapeH-
HBIX 3JeKTpoHaX. CHCTeMa, COCTOSIIIAs TOJNBKO M3 CHAPEHHBIX 3JIEKTPOHOB,
SIBJISICTCSL CHCTEMOM € 3aMKHYTBIMH 000JIOUKaAMH.

IMonHast BoiHOBas (DYHKIHS CHCTEMBI JIO/DKHA OBITH COCTaBIICHA W3
CIUH-OpOUTaIell TaKMM 00pa3oM, 4TOOBI OHa ObliIa AHTHCUMMETPHYHOM OT-
HOCHTEIILHO MEPECTAHOBKH JICKTPOHOB, YTO obecreunBaercst popmysoit (I-
3.21).B HOBBIX 0003HAUCHHUAX UMEEM

w:J%M4m¢xamam@r¢xﬁmxnmma@ﬂ-<6D

B 6osee koMmakTHOM (M HATTIAAHOM) BHJE JTAHHOC BBIPAKCHHE MOXHO Tie-
penucarh ¢ MOMOIIBI0 JIETEPMHUHAHTA, Ha3bIBaeMOro onpedenumenem Cna-
mepa.

10, (Ma@®  ¢,(R)a(2) (6.2)

VI 20,0080 0,(5)8@)
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B stux ¢opmynax mpocTpaHCTBEHHbIE KOOPAMHATHI H CITUHOBBIC NIEpPEMEH-
HBIE TIPUITMCAHBI OTACIBHBIM JIEKTPOHAM, KAK OYOmo OHU pa3nuniuMmsl. He-
TPYJIHO BHIETH, YTO Takas Gpopma, IpeiCTaBiIsfomas coooi TMHEHHYI0 KOM-
OuHaryio mpousBescHUA Buxa ), ;, yAOBICTBOPSCT TPEOOBAHHUIO AHTH-

CHMMETPUYHOCTH TIPH IEPECTAHOBKE 3JIEKTPOHOB. I3 BHIa BOJIHOBBIX
¢ynkmii (6.1) mmum (6.2) sicHO Tarke, 4TO pacCMaTPUBAIOTCS YETHIPE CITHH-
opbutama §,0, ¢,B, ¢,0 u ¢,B, KOTOpbIE 3aCENAOTCA JBYMS DIECKTPOHA-

MH, HO B CHJIY HEPa3IMIMMOCTH DJIEKTPOHBI, YCIOBHO MPOHYMEPOBAaHHEIC
gucnamu 1 u 2, kak OBl 3aHUMAIOT OJHOBPEMEHHO MO 1Ba COCTOSHHMS, OJHA-
KO Tak, 4ToObl 00a PIEKTPOHA HE HAXOAWINCh HA OJHOW M TOH e CIHH-
opbutanu. DT0 U ecTh BhIpakeHHe npuHIMMa [laynu Ha si3pIke MpUOIMKe-
HHSI HE3aBHCHMBIX DJIEKTPOHOB: J[Ba JJICKTPOHA (B ONpPEAENICHHOI cHcTeMe,
HalpuMep B aToMe) HHUKOTAa He MOryT o0lajaTh OJAMHAKOBBIM HAaOOpOM
KBAaHTOBBIX YHMCEIl.
B kadecTBe KOHKPETHOTO MPHMeEpa ABYX3JIEKTPOHHON CHCTEMBI BO3bMEM
aTOM TeNHs U COCTaBUM JUIs HETO
2s — —+ <+ —+ —+ +H BonmoBsle dyHKIME BceX KBaHTO-
BBIX COCTOSIHHM, B KOTOPBIX JJICK-
s H 4+ 4+ 4= + — TPOHBI 3aHMMAIOT TOJBKO OpOHTa-
6 8 2 9 e mu 1S u 2S. Bo3aMoxHBIC pacrpe-
JeNICHUS IBYX DJICKTPOHOB MEXIY
TUMH OpOHMTAJIIMH TIOKa3aHBl Ha
Puc. 6.1 puc. 6.1.B ciyyae e nuMeer MecTo
JBYX3JICKTPOHHOE BO30YxeHue. B coorBercTBuM ¢ 00mmm Bugom (6.1) mmu
(6.2) mummem

[

—
OCHOBHOE BO3BYKAEHHbIE

1[6.0a®) ¢.@a@)|_ 1 a® a@ . .
- 1 (Y15 1s -+ 0 2 — oy,
Vo= Glo 0B 6,80 v2 PPy g X
16,000 ¢, @a@)|_ 1 0.0 6.
—_ 1 |P1s 1s -~ aMa(2) 1s 6Oy,
Ve 2,000 6, 0@ 209" 0 6,07 " X
1[0 0BO) 6.(BE@)|_ 1 0.0 6. .
= | 1s =~ BMBR((2) " 13— p Oy )
VoS 20,080 6,.@8@ 2" P @ ¢, * ¥
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_1[0.0BO) 0, @B,
VT 200,000 6, ¥X

_ 1 10,Da@ ¢, — O™,
Vo= 20w o.8@ ¢ X

10,00 6, @a@)|_ 1
V= Rlo. 080 6.0 vz =WP=0

Oynaknmu Y, 1 P, IMEIOT CUMMETPUYHYIO TIPOCTPAHCTBEHHYIO M aHTUCHM-
METPUYHYIO CIIMHOBYIO YaCTh M ONMHUCHIBAIOT CHHIJIETHBIC cocTosiHus (S= 0).
OcranbHbie (QYHKIMK, HA00OPOT, XapPaKTEPHU3YIOTCS aHTUCHMMETPHYHON
MPOCTPAHCTBEHHOW M CHMMETPHYHOW CIIMHOBOW YaCTSIMH, YTO OTBEYACT
TPUTUIETHBIM cocTosHUSIM (S= 1). dynkiuu Y, u Y, OnpeaeasioT TOXISCT-
BEHHBIE COCTOSHHS, MTOATOMY IOJTHAS BOJHOBAsI (QYHKIUS SIBJISCTCS WX JIU-
HEHHOI KOMOMHAITMEH, HalpuMep

= Wy

0 0) 6.2
020 6.,

Takum o0pa3oM, AT PACCMOTPEHHBIX COCTOSHUI MOXHO HAIUcaTh 4e-
TBIPE Pa3NINIHbIC ChuHOGble HYHKINU, TPH U3 KOTOPBIX CHMMETPUYHBI OTHO-
CUTENIbHO TIEPECTAHOBKH 3JIEKTPOHOB M OTBEYAIOT TPUIUIETHBIM aTOMHBIM
TEepMaM, a OJJHa aHTUCHMMETPHYHA U OIUCHIBACT CUHTJICTHBIC TSPMBI.

Y=y, +y, :jé[a(l)s(z) +a @B

a@a(?)
BBRQ) CuMMeTpHYHbIe S=1
1 TpHILIETHBIE TEPMBI S
ﬁ[d DR +a(2BA)]
1 AHTHCHMMETPUYHBIE S=0
2 [a®B(2) ~a(2)RM)] } CHHIJIETHBIE TEPMEI s



55

B o0mieM ciy4yae COBOKYITHOCTH CITMHOBBIX BOJHOBBIX (DYHKITHH, OTHOCS-
HIUXCS K COCTOSIHUSAM C OMPEACICHHOW MYJIbTHIICTHOCTRIO (MMEIOIIHM OII-
peneNeHHbIi MOMHBIN criuH S), m3o0paxaeT 2S+ 1 CIMHOBBIX COCTOSHMI,
KOTOpbIE OTIUYAIOTCS JPYT OT JAPYra MPOSKIUSIMH S, TIOJIHOTO CIIMHA Ha He-
KOTOPYIO OCh B TpocTpaHCTBe. [Ipu mpeHeOperkeHnU CIUH-OpOUTATBEHBIM
B3aMMO/JICWICTBUEM BCE ATH COCTOSHHSI MMEIOT OIMHAKOBYIO JHEPTHIO, T. €.
00pa3yroT BBIPOXKACHHBIH YpOBeHb. B Hamem ciydae A TPHUILIETHBIX CO-
CTOSTHUH MPOEKIMH S, MOTYT uMeTh 3Hadenus: —1, 0, +1./laHHbIle cocTOSHUS
00s3aTeTbHO TIPUHAJIEKAT TPYKABI BBIPOXKACHHOMY YPOBHIO SHEPTHH, I10-
CKOJIbKY MBI pacCMaTpUBaId TOJbKO TaKHE TEPMbI aTOMa rejus, IS KOTo-
PBIX TOJHBIA MOMeHT ummynbca L = 0. J[isi CHHIVIETHBIX COCTOSIHUN BO3-
MOJKHO, Pa3yMeeTCs, TOJIbKO OJHO 3HadeHue S, = 0.

6.3.Opmo- u napaeenuii.

OmnbITHBIC aHHBIC 10 CIIEKTPaM MCITYCKaHUs TeNUsl CBHICTEIBCTBYIOT O
HAJIMYMK y 3TOTO 3JIEMEHTA JBYX PAa3lNYHBIX HAOOPOB aTOMHBIX TEPMOB.
Heno obcTouT Tak, Kak OyATO TeNMEBBIA ra3 sBISETCS CMECHIO IBYX Be-
IIECTB; B CBOE BPEMs ITU «BEIICCTBa» ObLIM Ha3BaHbI napaceiuem u opmo-
eenuem. B IeHCTBUTENBHOCTH 3TO HE pa3HbIC BELIECTBA U JJaKe HE pa3HbIC
(OpMBI OZHOTO BEIIECTBA, a JABE COBOKYMHOCTH aTOMOB, XapaKTEepPH3YyIO-
IIUXCS COCTOSHHUSAMH C Pa3IMYHOW MYJIbTUIUICTHOCTBIO, T. €. Pa3iIUYHbIM
HOJIHBIM CIIMHOM S ATOMBI Maparesiusi HaXOAATCS B CHHIJIETHBIX COCTOSIHH-
ax (S=0),a aToMBI OpTOTEINS — B TPUILIETHBIX cocTosuusax (S= 1). Onru-
YecKHe MEpPeXOibl MEKIY COCTOSHHSAMH Pa3IHuHOrO THIIA' ', COIPOBOX-
JIAIOLIMECs UCITyCKaHHEM HJIM TIOTJIOIICHHEM CBETOBBIX KBAaHTOB, COMpSDKE-
HBI C <«TIEPEBOPAYNBAHUEM>» CIIMHA ICKTPOHA U MOATOMY KpaiiHe MaloBepo-
aTHbI. COOTBETCTBYIOIINE JIMHUK B CHEKTPEe MMEIOT OYeHb MANlyl0 MHTCH-
CHUBHOCTB. Bce 3T0 nienaeT BO3MOKHBIM JJOCTaTOYHO UIUTENFHOE COCYIIEeCT-
BOBaHHE B OTHOM COCYZE aTOMOB OpTO- U maparenusi. OCHOBHOE COCTOSIHUE
atroma He c sneprueit —24.65B (oTHOCHTENFHO CBOOOIHBIX AJIEKTPOHOB M
s7ipa) OTHOCHUTCS K MapareineBoMy HabOpy SHEPreTHUeCKUX YpOBHEH U Jie-
xuT npuMepHo Ha 203B Hmke mrodoro npyroro ypoBHs. C 5TOH TOUKH 3pe-
HUsI OPTOTENUi MOXHO Ha3BaTb Memacmabuivnotli GopMOH; ee TpeBpalie-
HHe B napareiuii (crabuiabHyto GopMy) IPOUCXOJUT MOYTH UCKITIOUUTEIBHO

19 Taxne TMEPEXOAbI HA3BIBAIOT MHmepKOM6uHaL{MOHHblMM.
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OJyiarojapsi CTOJIKHOBEHHUSIM aTOMOB Ta3a MKy co00# 1 CO CTEHKaMU COCY-
na. ONTHYECKUI CIEeKTp mapareiiusi He 00JIajaeT TOHKOW CTPYKTYpoit (cM.
. 7-8), 4TO TOBOPHUT O MPOTHUBOMOIOMKHBIX MPOEKIUIX CITHHOB 3JICKTPOHOB
(S=0). HanpotuB, a1 OPTOTENHsI XapakTepPHA TOHKAs CTPYKTypa U 3TO CO-
riacyercs C TapajuiellbHbIM HAalpaBICHWEM MPOEKIWH CHUHA 3JIEKTPOHOB

(S=1).

[Taparennii ; Oprorenuit
Cunenem i Tpunnem
1
257 *'s ' ‘b Y i’ P °D °F
LT T T T e T T == T == == —=="24603B
— — — — | — — — —
24 _  _ _ _ i_ o o
[}
l3s 2P 3D ! #p 3D
23+ g =
] !
22— !
!
T 21P I
i O e
| zs ,
1
- 3
04 107758 —————22 |
X | |
14 ;
i I
) !
o] s i

Puc. 6.2.Hekotopsle sHepreTniecKue ypoBHH napa- u oproresus. CTpenka yka-
3bIBACT MOHU3AIMOHHBIN Mpene.

Ha puc. 6.2u300paxkeHa cxema HEKOTOPBIX YpOBHelH sHeprun aroma He.
VYPpOBHHU paCIONIOKEHB! OTACTHHBIMH KOJOHKAMH, NPHUYEM KaxIas cepus,
COCTaBIIAIOIIAs KOJIOHKY, CXOIHUTCSI K HOHH3ALMOHHOMY Tipezeny. [Tomaepk-
HEM, YTO 3TO He OpOWTaNbHBIC SHEPTUH, a YHEPTHUH aToMa B LIEJIOM, T. €.
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aATOMHBIC TEPMbI, B CHMBOJIaX KOTOPBIX HCITOJL30BAHBI HE CTPOYHBIC, & 3a-
ryaBHble OYKBbI. [T0Ka3aHbI TONBKO T€ BO30YXICHHBIC COCTOSHHUS, KOTOPHIE,
TOBOPS SI3BIKOM OPOWTANBLHOTO MPHONMKEHUS, BO3HHKAIOT TPH TEpexojie
(MTpOMOTHPOBAaHKMK) OJJHOTO 3JIEKTPOHA M3 COCTOsiHMS 1S B Oojiee BhICOKHE
OJTHOZJIEKTPOHHBIE cOCTOSIHUA NS, NP, Nd, ... (N > 1).TlosTomy auarpamMma u
HAITOMUHAET CUCTEMY ypOBHEH dHEpruu opOuTanel Ha pucyHkax |-4.7 wiu
2.1. HanpuMep, CHHINICTHBI TepM 2'S OTBedaeT dIIEKTPOHHOI KOH(HTYpa-
mun 15'(1)2s'(4), a Tpurmierssii Tepm 2°P — xonduryparmm 1s(1)2p'(1).
IIpu ABYXAIEKTPOHHOM BO30YKICHUHU TEPMBI OOOMX THIIOB MOTJIH OBI BO3-
HUKHYTb, CKOXKEM, U3 KOH(HUryparmn 2p°, HO Takhe ypOBHHM HA CXEMe He
oTpakeHbl. TOHKas CTPYKTypa SHEPreTUYEeCKOro CIEeKTpa OPTOBOJIOPOA HE
mokaszaHa. B JeHCTBUTEIIEHOCTH, ¢ YIETOM CIIUH-OPOUTAIEHOTO B3aUMOJICH-
CTBHS, B TPUIUICTHON CHCTEME TEPMOB S-YPOBHH OJUHOYHBIC, OCTAILHBIC
YPOBHHU TPOHHBIE, HO B MaciuiTabe pUCYHKa pacuieruieHue Obuto Obl Hesa-
METHO. B cuHIIIeTHO# cucTeme, Kak yxke ObLIO CKa3aHO, BCE YPOBHHU OJIU-
HOYHBIC. YKa3aHHBIC KPATHOCTH BBIPOXKICHHS YPOBHEH MOTYT OBITH Haiine-
HBI U3 MPABUJI, U3JI0KEHHBIX B pasaene 1 (c. 8).

PasnienbHble CHCTEMBI CHHIVICTHBIX W TPUIUICTHBIX YPOBHEH TOXO0XKH
JPyT Ha JIpyTa ¢ TeM UCKIIIOYCHUEM, YTO Y OPTOTENUS «IBOWHUK>» HHU3IIIETO
napa-ypoBHs OTCYTCTByeT. [IpUunHa 3aKIIOYaeTCs B TOM, YTO y OPTOTCIIHS
HET BOJIHOBOUW ()YHKIIMH, HE UMEIOIIEH Y37I0B, U 3HAYUT, HET HU3KOJIEKAIIIe-
IO OCHOBHOTO cOCTOsiHHSA. Kpome TOro, B NMpaBOd YacTH JUArpaMMbl Bce
YPOBHH HMMEIOT HECKOJBKO MEHBIIYI0 SHEpPruio, 4eM COOTBETCTBYIOILHE
YPOBHH CJI€BA, YTO SIBJISIETCS CIEJCTBUEM CYIIECTBOBAHMSI OOMEHHOTO B3aH-
MozeicTBus (c. 52-53).

Jlerko BHIETh, YTO OMUCAHUE PACCMOTPEHHBIX BBIIIEC BO30YKICHHBIX CO-
CTOSTHUH aToMa TeJHs MOXKHO IpPEJCTaBUTh ceOe B BUIEC KOMOWHAIMH OT-
JeNBLHOro dNekTpoHa u nona He'. Jleiictutensuo, non He' (B ocHoBHOM 1S-
COCTOSIHMM) HEBEJIUK, a JJICKTPOHHAsS IUIOTHOCTh B HEM UMEET C(epUueCKH
CUMMETPUYHOE pacrpejiesieHe, Kak 1 JUIsl OCHOBHOTO COCTOSIHUSI aTOMa BO-
nopoza. IosToMy BHEIIHUIA DNEKTPOH HNPUTATMBAETCS K HEHTpy uoHa He'
Tak, KaKk eclid OBl OTOT MOH OBLT SAPOM atoma Bojopoaa. [Ipurskenue cra-
HOBHUTCSI CHJIbHEE, YeM B aTOME BOJIOPOJIa, KOTJIa 3JIEKTPOH MOJIXOJUT OIn3-
KO K 1eHTpy (ymeHbiaercs 3 ekt sxpanupoBanusi). OTcrona caeayer, 4rto
COCTOSIHUSI ¢ OJIMHAKOBBIMUA KBAaHTOBBIMHU YHCIIaMHU N U pasHbiMU | 0b6mamaroT
HECKOJIBKO Pa3IMYHBIMH 3HEPTHSIMHU, KaK U B aTOMax MICIOYHBIX METAJUIOB.
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Ecnu noanocmoero npenedpeds 3MEKTPUISCKUM OTTAIKHBAHUEM JJICKTPOHOB,
TO HAOOPBI YPOBHEH Mapa- U OPTOTENUs OTIMYAIUCH OBl TOJBKO OTCYTCTBH-
€M Yy TOCJEHEr0 HHU3KOJEKAIIEro OCHOBHOTO YPOBHS, 3alpelleHHOTO
npuHImnoM [aymu. 3To nmokaspIBaeT, 4To ISl CYIIECTBOBAaHHS OOMEHHOTO
B3aMMOJICHCTBHUS, KOTOPOE BIUSCT HA SHEPTUIO0 TSPMOB, HEOOXOIUMO HaIU-
YKe CHUIIOBOTO B3aMMOJICHCTBHSI.

YUT0oOB! JIydllle TIOHAThH, KaK U3 CBOMCTB CUMMETPUHU BOJHOBBIX (DYHKIIMH
BO3HUKAIOT OOMEHHBIC MTOTIPABKK K 3HEPTUU YPOBHEH, U BBISACHUTH (hH3HUe-
CKHU CMBICTT OOMEHHOTO B3aMMOJCHCTBHS, PACCMOTPUM IMPOIEAYPY BBIYHUC-
JICHHsI SHEPTUU aTOMHBIX COCTOSIHUI Ha MPOCTOM TpHUMe-
pe TepmoB 2'Su 2°S atoma resust. DTH TePMBI OTBEUAIOT
NEKTPOHHON KoH(Hrypanuy 1S'2S" npy BCEBO3MOKHBIX
HE 3ampelieHHbIX npuHImnoM [layny B3aMMHBIX OpHEH-
TaIMsIX CIHHOB DIIEKTPOHOB (Ciydam 6 —0 Ha puc. 6.1).
Jyis 00oMX 37EKTPOHOB OpOHMTAIBHOE KBAHTOBOE YHCIIO
| =0, Tak YTO SHEPTUHU OTACTBHBIX IIECKTPOHOB B CaMO-
cormacoBanHoM mosre U(r), koropoe OyreM cumMTaTh HY-

Puc. 6.3 JICBBIM TPUOJIMKCHUEM, MOXKHO 0003Ha4UMTh Kak Ejg m
Ez. DHeprus Bcero aroma B 3TOM NPHUOIMKECHUHU, OJIMHAKOBAS IS 00OMX
TEPMOB, TIPE/ICTaBJICHA B BUJIC

E=E,+E,- (6.3)

DIEKTPOCTATUUECKOE B3aUMOACHCTBUE AIEKTPOHOB, 3aBUCSIIEE OT UX paau-
YC-BEKTOPOB [; U T,, 1 HE yYUTBIBAEMOE CAMOCOIJIACOBAHHBIM IOIEM, OyeM
paccMarpuBath Kak sosmywenue V(I},r,). DTOT BKIaJ B IOTEHLUHUAILHYIO

SHEPTUIO0 CHCTEMBI SIBISIETCSA OJHOBPEMEHHO OIEPaTOpOM BO3MYIIEHUS.
DHEpTuio BO3MYIICHHSI HAXOAST MO OOIIEeMY IMPaBHITy, BBIYUCIISAS CPEIHHUC
3HAUEHHUSI ONlepaTopa B UHTEPECYIOUIUX COCTOSTHUSIX

V(7.1) = [ K MU, )dRd, = [V, 1) didr, * (6.4)

HpI/I 9TOM HCIIOJB3YCMBIC IIPHU BBIYUCIICHUUN UHTCTPAjia BOJHOBBIC (bYHKI_II/II/I
COOTBCTCTBYIOT He603myu4eHH01J CUCTEMC.

2 Nuddepenmumanss dr, mpenacTaBiAIOT cOOOH KOMIAKTHOE BBIPaKEHHE M-

(hepeHIATBHBIX TPOU3BEACHUN BHIA d)g dyi d; , T. €. DJIEMEHTELI 00bEMA.
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B HCPCIATUBUCTCKOM HpI/I6J'II/I)KeHI/II/I 0e3 yucTa CHI/IH-Op6I/ITaHBHOFO
BBaHMOILCfICTBHH orneparop I'amunsTOHA JJI1 aToOMa He nmeet BU

2 2
H=-t (02 +02) - 2¢? EINE N L (6.5)
2m, 1 N ‘rz_rl‘

Cucrema 0003Ha4YeHHUH TOKa3aHa Ha puc. 6.3. Bropoit wieH mpeacraBiser
c000# MOTEHINATBHYIO SHEPTUIO MPUTSKEHHS DJIEKTPOHOB K SIIAPY € 3apsi-
JI0M Z = 2, a TOCAEIHAN YiIeH — MOTECHIHAIbHYIO SHEPIHIO OTTAKHBAHUS
95IeKTpOHOB. Kak ObIIO yCIIOBICHO BBIIIE, OTIEPATOP BO3MYILEHHUS SIBIISETCS
pasHocThio Mexkay mpusToit U(ry) + U(ro) n dakTrdeckoi moTeHIHATBHOM
SHEPrHel CUCTEMBI AIIEKTPOHOB. DaKTHUECKasi SHEPTUsl paBHA CyMMeE JHEp-
U MIPUTSOKEHUS K SAPY M B3AUMHOTO OTTAIKUBAHUS, TIO3TOMY

1 1 e’

- 2

V(R 1) =26 =+ |+ ——~[U(r) +U ()]  (6:6)
rl 2 ‘ 2 1‘

3aMeTuM, YTO MOYKHO U HE BBOJUTH CAMOCOIJIACOBAHHOE II0JIE, TOTrIa U(I’i)

CBCACTCA K YHUCTO KynOHOBCKOﬁ OHCPruu MpUTSAXKCHUA U NICPBOC U IMOCIICA-

Hee ciaraemble B (6.5) B3auMHO yHMuUTOXKATCS. BOo3mylnarommii wieH Oyner

MIPOCTO PaBEH e/ Fi2, TOE I, = |F2 - F1| . A5 mammeit uenu 3To He UMEET MPUH-

UIHATEHOTO 3HAYEHUS.

JIyis BRIYMCIICHUS SHEPTUU BO3MYyIeHUs 110 Gopmyie (6.4) creayer uc-
MOJIL30BaTh HE TIOJTHBIC BOJHOBBIC ()YHKIIMHM aTOMa, a TOJIBKO WX MPOCTPaH-
CTBEHHbIC KOMITOHCHTHI (0€3 CHHMHOBBIX COMHOXHTENeH). COrllacHO H3JI0-
JKEHHOMY B pasjene 5.3 st mapa- U OpTOCOCTOSHUM OHU JOJKHEI OBITH
CUMMETPUYHBIMHU M aHTUCHMMETPUYHBIMU COOTBETCTBEHHO:

O =J15[¢15(m¢25(r;) 00 (0]|

; (6.7)
oo :ﬁ[%(rlm(rz)—¢1s<r2)¢25(r1)]

3HaKH IUTIOC MIH MHUHYC ONpPEIEISIOTCS, KaK Mbl 3HaeM, MHOxuTeneM (—1)°.
[Moxncrasnss BonHOBBIE QyHKIMH (6.7)B uHTErpan (6.4), moxyuum cpasy Juis
000mWX cirydaeB
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V(5) = jV(n,rz)%\¢1s(ﬁ>¢ZS(r2) + (=001, (7,),(F)| dFdr, - (6.8)

IIpn pasznokeHnn KBaapaTa MOIYJS IMOJX 3HAKOM HWHTErpajia BO3HUKHYT
BKJIJIbl B DHEPTHIO BO3MYIICHHUS JABYX THUITOB, KOTOPHIC MBI O0O3HAYUM dYe-
pe3 J u K. JIBa KBaIpaTWYHBIX YiICHA B PA3IOKCHUU IAOT OJIMHAKOBBIN
BKJIAJ] © BMECTE COCTABIISIIOT BEIUUNHY

3= [0 o) drer 6.9)

DTOT WHTETpall OOBIYHO HA3BIBAIOT K)JIOHOBCKUM unmezpaiom. OH TIpen-
CTaBJISIET CO0O0M cpeaHee 3HAUYCHHUE KYJIOHOBCKOW DHEPTUHU B3aUMOICHCTBUS
ANIEKTPOHOB, HaXOIAMIMXCA Ha opOuTaax 1S m 2S, 6e3 yuera KOppelsun
JBIDKCHUS DJIEKTPOHOB, O0YCIIOBICHHOW CHMMETPHUEH BOJTHOBBIX (DYHKITHIA.
JIBa mepeKpecTHBIX WICHA TAKXKE JAIOT PaBHBIC BKJIAJbl, & HX COBMECTHBIN
BKJIaJl COCTABIISIET

(-D°K = (-D° Re{]j [0, 05 ()0 (v, . (6.20)

rae Reobo3HadaeT BEMIECTBEHHYIO YacTh KOMIUIGKCHOTO BBEIPOKECHHS. DTOT
WHTETPaJl Ha3bIBAIOT 0OMeHHbIM, & TOOABKY K SHEPTHH, UM O0YyCIOBICHHYIO,
— obmennoil snepeueti. OHa SBISAETCS YaCThIO KYJTOHOBCKOW DHEPTHH B3ad-
MOJICHCTBUS, BO3HUKAIONICH U3-32 0CO0O0M KOPPEINSALMU B JBWKCHUU DJICK-
TPOHOB, 0OYCIIOBJICHHON COOTBETCTBYIONIECH cuMMeTpreii (TT0 OTHOIICHHUIO K
HePECTAHOBKE MPOCTPAHCTBEHHBIX KOOPMHAT, @ HE CAMUX YaCTHII) KOOP/IH-
HATHBIX BOJIHOBBIX (QyHKIWH. YacTo 0OMEHHBINM MHTErpajl CBS3BIBAIOT C OII-
pelleNeHHOM 4acTOTOMH,”" ¢ KOTOpOi 06a AMEKTPOHA KOOI OOMEHHBAIOTCS
CBOUMU COCTOSTHHUSIMHU. B JIeWCTBUTENBHOCTH HUKAKOTO PEANBHOTO npoyecca
He npoucxoaut. M3 Beipaxenust (6.10) BUAHO, YTO CYIIECTBOBAHHE BO3MY-
IICHUS B BUJC 3JICKTPOCTATUYECCKOTO OTTAIKHUBAHHS AJICKTPOHOB SIBISICTCS
HEOOXOJMMBIM YCIIOBHEM, YTOOBI OOMEHHAs JHEprus He oOpariaiach B
HYJb, YTO YK€ YIOMHHAJOCh paHee. Ho mepBompuunHa ee TOSBICHUS 3a-
KITIOYAeTCS B HEPA3IUIMMOCTH JJICKTPOHOB.

2L B kBaHTOBO} (hH3HKE THOGOrO BHIA SHEPTHIO BCETIa MOXKHO (POPMAIBHO CBSI-
3aTh C 4aCTOTOW OJjaromaps yHuBepcanbHOU Gopmyre E = 7w,
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Taxum 00pazoM, CpeaHsisi SHEPTHsl BO3MYIICHUS paBHA
V(i) =J+(-)°K. (6.11)

C y4eToM 3THX MONPABOK K YHEPTUH HyJIeBOro npuodmmkeHus (6.3) nonHbie

sHepruu cunrnetHoro (2'S) u tpumnernoro (2°S) Tepmos atoma He ects
Enapa = E10+E20+‘] +K
E,.=EotEyp+tJ—-K

opTo

(6.12)

Kak BuayM, paziwuuie B DHEPTHIX Tapa- U OPTOCOCTOSHUM coctaBiseT 2K,
T. €. YIBOCHHYIO BEIMYMHY OOMEHHOW 3Hepruu. J[o 3Toro pesynbrara, mo-
JTy4eHHoro BriepBble ['eitsenOeprom B 1926r., pasnuuue Mexay napa- u op-
TOYPOBHSIMH TIPEJICTABISUIOCH COBEPIICHHO 3araJl0YHbIM. J[eHCTBHTENBHO,
oOMeHHast SJHEPTHsi 00YCIIOBIICHA CYTIEPIIO3HIIUEH BBIPOIKICHHBIX COCTOSHUI
— SIBIICHUEM, HE MMCIOLIMM aHayora B Kiaccuueckoit pusuke. ToT dakr, uto
yKa3aHHasl CyNEepHO3UIHs PUBOIUT K CTAMOHAPHOMY COCTOSIHUIO C MCHB-
1Ieii sHepruei (OPTOCOCTOSHMIO B HAIIIEM CIIydYae), UrpaeT OOJIBIIYIO PONIb B
XHMUH, TJI€ 3TO SIBJICHUE MOYUYHIIO Ha3BaHUE PE30HAHCHOU CIAOUIUZAYUL.
[poananu3upyeM Teneps MPUYMHY BO3HHKHOBEHHS OOMEHHOH dHEPrHU
C TOYKH 3PEHUSI INIOTHOCTH BEPOSTHOCTH PACIIONIOKEHHUS DIIEKTPOHOB, OIpe-
JleNiseMoi, KaKk Mbl 3HaeM, KBaJpaToM MOJYJsl KOOPJAMHATHOW BOJHOBOM
¢ynkimu. Eciin Obl 21IeKTPOHBI OBLUTH HE3aBHCUMBI 80 6CEX OMHOUEHUSX, TO
BOJIHOBasi (DYHKIMSI CUCTEMBI MIPEICTABIsIa Obl COOOHM TPOU3BEICHHUE OTHO-
ANEKTPOHHBIX QyHKIMH BUIa (162 [IIOTHOCTD BEpOSTHOCTH SBIISIIACH OBI
NPOU3BEJICHHEM TUIOTHOCTEH BEPOATHOCTH MEPBOTO M BTOPOTO 3JIEKTPOHA

‘¢1s‘2‘¢23‘2
Pa3IMIUMOCTb JJICKTPOHOB, ABJIAKOTCA cynepnosnuneﬁ HpOI/I3Be,Z[eHI/Iﬁ
¢'15(I)25, KOTOPBIC MCPECXOAAT APYT B Apyra mnpu NEpeCTaHOBKE MTOJIOKECHUH
OJICKTPOHOB. 9T0 IMPUBOAUT K TAKOMY PACHPCACIICHUIO BepOHTHOCTeﬁ I10JI0-
KCHHA [OBYX OJICKTPOHOB, KOTOPOC Oosiee He SBISETCS IIPOU3BEACHUEM
IUIOTHOCTEH OTACIBbHBIX DJICKTPOHOB!

O ) = D1 ) (026 (B +[01s (5[ 026 (7)) £ . (6.13)
[0 (R0 56 (LG5 ()0 (F)] £ [0 (1) 055 ()L 12 (1) b0 (F)]

. «IpaBuibHbIe» BOJIHOBbIC (QyHKIUH (6.7), yuuThIBaMOINIHE He-
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MHoxuTeNs Y5 OmyleH; 3HaKu onpeersiores MEOXuTeneM (—1)°. Keagpa-
TUYHBIC YICHBI OMUCHIBAIOT HEKOPPEIUPOBAHHBIC TUIOTHOCTH BEPOSTHOCTH
OJTHOTO DJIEKTPOHA B COCTOSHHM {15 M APYroro B cOCTOSHHMH (s Taxyio
TUIOTHOCTBH CJIEIOBAJIO OBl 0XKUAATh, €CIIH OBl SIEKTPOHBI OBLTH paziuuumsbl 1
He3aBUCHUMBI. J[Ba MEPEeKpPEeCTHBIX YI€HA OMUCHIBAIOT UHMEPPDEPEHYUOHHDIIL
3 dexT, 00yCIOBICHHBIA TOXKIECTBEHHOCTHIO DJICKTPOHOB.

Bkiiag B IUIOTHOCTH BEPOSITHOCTH OT JIBYX NMEPEKPECTHBIX WICHOB, BXO-
X B popmydty (6.13),M0KHO Ha3BaTh 0OMEHHOU NIOMHOCHbIO, TaK KaK
OH O0YCIIOBJICH CYINEPIIO3UIMEH JABYX HE3aBUCHMBIX JJIEKTPOHHBIX COCTOS-
HU, Pa3UYaIONIUXCS TOJNBKO MEPECTAHOBKON D3JEKTPOHOB. 3HAK 3TOTO

BKJIaJla 3aBUCUT OT 3HaKa

oor "2¢'123 BEJIMYMHBI (—1)3, 410 TIpH-
T, BOJHT K Pa3IUuUI0 CPe/IHE-

r0  PacCTOSHUS  MEXIY
k JJICKTPOHAMH B OpPTO- H
napacocTosHusx. Jlns Ha-
TJISSTHOTO YSICHCHHS CTPYK-
TYypel WICHOB OOMEHHOM
2 IUIOTHOCTH  MOXHO  IIpH-
02t 002 HSTb, YTO KaXXIblii COMHO-

Puc. 6.4 JKUTCIIb BHANIA ¢1s(ri)¢§s(ri)

MIPEJICTABISIET COO0 HEKYIO YacTh PacCIpe/leIeHNs INIOTHOCTHA BEPOSITHOCTH
OJTHOTO HE3aBHCUMOTO 3JIEKTPOHA, KOTOPYIO MOXKHO Ha3BaTh uHmepgepen-
yuonnot nromuocmoto. OHa NOSBUIIACE OBl B TOM CiIydae, eciu Obl BOJTHO-
Basi QYHKITHS DJICKTPOHA ObLIa Cyneprno3uinuei GyHKuit ¢ 1 §og

‘q)ls + ¢25‘2 = (q)ls + ¢25)(¢1Ds + ¢Es) = ‘q)ls‘z + ¢1$¢Es + ¢J?s¢2$ + ‘¢25‘2' (614)

Ha puc. 6.4 nuzo0paxen rpapuk uHTEpPEpEeHIIMOHHOM TIOTHOCTH P(I) ISt
panuaabHOW COCTABISIFOLICH BOJHOBBIX (DYHKLMIA mpu cyneprno3uiuu 1S u
2s cocrostauit. B sToMm ciydae dyakmmn Ryo(r) u Rog(r) BemecrBennsr. Ot-
METUM, YTO IMOJOOHO BCeM HMHTEP(EpEHIMOHHBIM YICHAM, MPOM3BEACHHE

¢, (705, (F) mpeacrapmsier BKiag B IUIOTHOCTH BEPOSTHOCTH, KOTOPBIi

04r

02r f

00RE

MOXKET OBITh MOJIOKUTCIIbHBIM, OTPULATCIIBHBIM 1 Oa’XKC KOMIIJICKCHBIM.
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6.4. Umoezu u 0600weHue Ha MHO203IeKMPOHHbLE AMOMbL.

B npubnmxeHnn HE3aBUCHMBIX 3JCKTPOHOB KOPPETSAIMHA MEXKIY I0JIO-
JKEHUSIMH DJIEKTPOHOB HE YYUTHIBAIOTCA, TaK KaK TMOTEHIMAJIbHAs SHEPTHs
KaKIOTO JJIEKTPOHA CUMUTACTCA HE3aBHCSIIEH OT MOJOXKEHHS APYTHX dJeK-
TpoHOB. biarogaps TakoMy yNpoIeHHIO Kaxaas 3JICKTPOHHAs KOHQUrypa-
IIUSl aTOMa XapaKTepU3yeTCs eIMHCTBEHHBIM SHEPTreTHUECKUM YPOBHEM IPH
MHO>KECTBE Pa3IMYHbIX COCTOSIHUN, XapakTepru3yeMbix N-KpaTHeIM HaOOpOM
KBaHTOBBIX YHCEN OTIEIBHBIX 3JCKTPOHOB. DTOT PE3YyJbTaT SBISETCS Ipa-
BUJIBHBIM TOJBKO IS KOHQUryparuil ¢ 3aMKHYTHIMH O0OJOYKaMH, KOT/a
ATOMHBIN TEPM U JOJDKEH ObITh HEBBIPOXKICHHBIM (MMEETCSI BCETO OJIHO CO-
CTOsHKE). B 9acTHUYHO 3amOJHEHHBIX O0O0JIOUKAX B3aMMOJCHCTBHE MEXTY
9JEKTPOHAMH MNPUBOIUT K KOPPEIALMU UX MOJIOkKEeHHM. BxioueHue sTux
KOppeNnannuii UMeeT CIEICTBHEM YaCTUYHOE CHATHE BBIPOXKICHUS YPOBHEM.
BmecTto eaMHCTBEHHOTO BBIPOXKJIEHHOTO YPOBHS TOSBISETCS HECKOJIBKO
YpOBHEH, KOTOpBIC Yallle BCETO PACIIOJIOKEHBI JOBOJBHO ONHM3KO IPYyr K
JIPYTY: paccTOsSHUS MeX Iy HuMH mopsinka 1 3B wim eme menbme. [lostomy
OHHM JIETKO BO30Y)KIAIOTCS, YaCTO B pPE3yJbTaTe TEIUIOBOTO JIBIKEHHS aTo-
MOB WJIM TIOTJIOIICHUS BUJAUMOTO WM WHPPAKPACHOTO U3ITYUYCHUS, €CITH CO-
OTBETCTBYIOIIHI NIEPEXO0]] pa3pellieH IpaBuIaMu 0Toopa.

EctecTBeHHO, YTO HajMuMe HU3KOJEKAIINX YPOBHEH MPHBOIUT K BO3-
pacTaHUIO XUMHUIECKON PEaKIIMOHHON CITIOCOOHOCTH aTOMOB. B XMMUYeCcKOM
KUHETHKE 3TO SIBIICHUE HA3BIBAIOT akmuseayuell peazenma. B dacTHOCTH, B
(hoToXUMUH TSI YCKOPSHHUS WIIH HHUITMAPOBAHMS PEAKIMi HCIOIb3YIOT 00-
Jy4eHHe CBETOM. MHOTHE ONTHYECKHE TEePEeXOAbl MEXy HH3KOJIEKAITUMHI
YPOBHSIMH 3alpellieHbl IPaBUIaMH 0TOOpa, TaK YTO BO3OYKIEHHBIE COCTOS-
HUSl METacTaOMIIbHBI OTHOCHUTENIBPHO HCITyCKaHUS cBeTa. [loaToMy BO30YX-
JICHHBIE aTOM, TEepeIIeANi Ha OANH U3 TAKUX YPOBHEH, MOXKET JJINTEIbHOE
BpEMsSI COXPAHSTh DHEPIHIO BO3OYKIeHHs. Tak, MeTacTabHIBbHOCTh "S- H
'D,-cocrostHuit aToMa KHCIOpOa MPUBOAMT K TOMY, YTO aTOMbI, HAXOJS-
HIMeCs] B BEPXHUX CIOSAX aTMOc(epbl, MOTYT YacaMH XpPaHWUTh DHEPTHIO, TI0-
ny4deHHyio umu oT CojHIa.

BrIpokIeHHOCTh COCTOSHUM aToMa C YaCTUYHO 3aMOJHEHHBIMU 000J10Y-
KaMH{ SBIISIETCSI OTIIPABHOM TOYKOM MJISi BBIUMCIICHHUS O0Jee TOYHBIX coOCT-
BEHHBIX COCTOSIHM W COOCTBEHHBIX 3HauUeHUI 3Heprur. HoBble crannoHap-
HbIC COCTOSIHUS CTPOSTCS KaK CYNEPIO3ULUU COCTOSHUM, BBIPOKICHHBIX B
HYJICBOM TPUOJIMKEHUH, YTO TMPUBOAMUT K JIOTIOHHUTEIBHBIM KOPPEISIIHIM
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HPOCTPAHCTBEHHBIX M CIIMHOBBIX KOOPIHMHAT DJICKTPOHOB, IOMHMO TEX, KO-
TOpble O0YyCIIOBIICHBI MPHHIMIOM [laymu. DHeprus COCTOSIHUI, OTBEYaro-
HIMX TAKUM CYTIEPIIO3UIINSM, 3aBUCUT OT KO3((PHIIMEHTOB B CYIIEPIIO3UIINH,
1 MO’KET BhIe Wik Hike sHeprun (5.10), HaiinenHo# B HyIeBOM MpuOIIH-
eHud. B o0mieMm ciyyae HauMeHblee COOCTBEHHOE 3HAUCHHE U3 YTOYHEH-
HOTO Habopa oKa3bIBaeTcs Hudice UcxogHoro. [Tpumepom Takoro 3¢dekra
SIBISICTCS TIOHIDKCHHE SHEPIUH TEPMOB °S, PHHAICKAIINX OPTOTEITHIO, T
CPABHEHMIO C AHAIOTMYHBIME TepPMaMH S maparenus. [Ipy IpPOUHX PaBHEIX
YCJIOBHSX, Y€M BBIIIE KPATHOCTh BBIPOXKICHUS COCTOSHHN HYJICBOTO MpH-
ONVKEHMsI, TEM BBIIIE CTETICHh KOPPEJIAIUK, 00yCIOBICHHAS HX CYIEpIIO3HU-
IMeH, U TeM HWKE DHEPIHs, COOTBETCTBYIOLIas MUHUMAJIBHOMY COOCTBECH-
HOMY 3HAa4YCHHIO.

B HysneBoM mpuOIMkeHUH cocTtossHUue atoMa ¢ N aJekTpoHamu orpe/ie-
nsiercst N-KpaTHBIM HA0OpPOM COBOKYITHOCTEH YeThIpeX KBAHTOBBIX YHCEI
(mabopom N «vmkpococTosHUIT»). Kaxknomy TakoMy HaOOpy COOTBETCTBYET
Habop N mosHbIX (T. €. ¢ y4eTOM CIIMHOBOW IIEPEMEHHOM) OJJHOICKTPOHHBIX
BOJTHOBBIX QyHKIHU Yi(Es). MHamekc K HymMepyeT MUKPOCOCTOSIHUS, UHICKC a
— anekTpoHbl. I3 3T0or0 Habopa CTpOUTCs BOJIHOBast (DYHKIHS aTomMa B BUJIC
nerepmunanTa Ciaarepa (I-3.23). B pasnoxkeHnu AeTepMHUHAHTa HACUMTHIBA-
ercss N! 4ieHOB; MOATOMY Tepel HUM JIOJDKEH CTOSTH HOPMHPOBOYHBIH
muOXkuTeNb 1/+/N!, 4TO6BI PH MHTErPUPOBAHMH IOTHOCTH BEPOSTHOCTH
noay4uts 1.

KBagpat Momynsi pasiokeHus JCTEPMHUHAHTa OMHCHIBAET KOPPEIUPO-
BaHHOE pacIpe/ielicHHe JICKTPOHHOW IIIOTHOCTH, aHAIOTUYHOE pacrpejie-
aenuro (6.13)B cimydae ABYX 2JIEKTPOHOB. 371€Ch MBI CHOBA BCTPEYAEMCs C
HOJIMHOMOM, COCTOSIIIIMM M3 KBaJPaTOB MOJYJICH OJHOAJICKTPOHHBIX (PYHK-
IUA U TEePEeKPECTHBIX 4eHOB. IIepBbIii TUI claraeMbIX MPEACTaBIISIET HeE-
KOPPEIUPOBAaHHYIO TUIOTHOCTh BEPOSITHOCTH, KOTZA B KaXXIOM OJIHOAJICK-
TPOHHOM COCTOSIHUM HaXOJHTCS 10 31eKTPpOHY. COBOKYIHOCTB ATUX YJICHOB
NPEACTABISET IUIOTHOCTE P(I), BXOAIIY0 B BbIpakeHue (5.3) i sKpaHu-
POBaHHOTO TOTeHIHMaNa. llepekpecTHbIC WICHBI NAIOT OOMEHHYIO NJIom-
HOocmb, 00YCIOBICHHYIO TOXJIECTBEHHOCTBHIO 3NeKTpoHOB. [Ipu ompenerne-
HHUU SKPaHHPOBAHHOTO MOTEHIMAIA 3TOH INIOTHOCTRIO NpeHeOperaroT. Kop-
pensIus TMOJIOKECHUH U CITMHOB YaCTHII, COJEpPIKAIIascs B BOJHOBOH (yHK-
1y THNa aerepmuHanTa CiadTepa, Ha3bIBACTCS 0OMEeHHOU Koppensyuetl.
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VY TOYHEHHBIC 3HAYEHHS SHEPTUH aToMa (pacIIeIUICHHBIC YPOBHH) HaXo0-
JSIT IPUOJIMKEHHBIM peliieHreM ypaBHenus IlIpenunrepa ¢ onepaTropoM mo-
TeHnuanbHoi sHeprun (5.1) 1 COOTBETCTBYIOMIETO €if omepaTropa BO3MYyIIle-
HUS

2

Lo ~ N Ze
V([ Ty Ty ) = =) —

T

DR
< =1| -
B kotopoM U(r|) — 9KpaHMpPOBaHHBIIl MOTEHIHAN JUISl KaXKIOTO DJIEKTPOHA.
D10 BBIpAKEHHUE ABJIsIeTCS 00001IeHeM hopmyisl (6.6) 11 aToMa remus.
[lockonbKy TaMUJIBTOHHAH CHCTEMBI JJICKTPOHOB B H30JMPOBAHHOM
aTOME UHEapuaHmeHr OTHOCUTEIILHO IIOBOPOTOB CUCTEMbI KOOPJIMHAT BOKPYT
aapa’’, TO aToM 00/1aJaeT CTALMOHAPHBIMU COCTOSIHHSMH, SBJISFOIIMMHUCS
COOCTBEHHBIMH (YHKIHMSMHU KBaJpaTa MOJHOIO MOMEHTa HMITYJbCa DIIEK-

| Zu(r) (6.15)

-2 .
TPOHOB ‘J‘ 3 i oxHOI U3 ero KOMIIOHEHT J,.2* DieKTpocTaTHdecKas SHep-

rust BoamyineHus (6.15)He 3aBuCHT, pa3syMeeTcs, OT STHX BEIUYHH, HO OHA
HE 3aBHCHUT Tak)K€ OT B3aWMHOW OPHEHTAIMH OpPOWTAIBHBIX M CIHUHOBBIX
MOMeHTOB. [1o3TOMy COOCTBEHHBIE COCTOSIHUS V MOTYT OBITH TaKke coOCT-

—|2
BCHHBIMU COCTOSHUAMH KBaJApaTa IMOJHOr0 CIMHOBOIO MOMCHTA ‘S‘

|2
KBaJpaTa NOJHOTro 0p6I/ITaJ'IBHOF0 MOMCHTa ‘L‘ . naue roBOps, COCTOAHUA

aToMa IMO-TIPEKHEMY, KaK M B HYJIEBOM MPUOIIKESHUH, HICHTUQUIIUPYIOTCS
KBaHTOBBIMU yuciamu L, § J u M;. Cpennsist ke SHEprus BO3MYIICHUS VLS,
a BMECTE C HEeW U SHEPTUH TEPMOB E| s, 3aBHCAT TOJIBKO OT KBAHTOBBIX YHCEIN
L u S Yucnom S onpenensroTrcss 0OMEHHbIE KOPPEISALUUA U TEM CaMbIM —
3HAK YWICHOB OOMEHHOMN 3HEPTUU B BBIPAKCHUU IS \7|_S

3navenus E s 00b4HO (U1 OCHOBHOTO COCTOSIHMS BCET/IA) MOAUHHSIIOT-
s IepBOMY npaBwiTy XyH/a, COTJIaCHO KOTOPOMY SHEPTHUS TepMa TeM HHXKE,
yeM OoJibie 3HaueHne S YacTHBIN ciTydaii 3TOro IpaBuiia 00OHApYKUBASTCS
B CIIEKTPE T'eJIHs, TJC¢ KaXIblii OPTOYPOBEHD JIC)KHUT HIDKE HapaypOBHS C TEM

2 310 CIpaBeNTUBO JJIsl TaMHJIBTOHHAHA, 3alUCAHHOTO C JIIO0OH CTENeHBIO
TOYHOCTH.

23 KpanToBbIC Uncna J.

24 kBanTOBBIE UKCIa M 3
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xe uncnom L. Eme onHo mposineHue npaBmia XyHIa UMEET MECTO B KOH-
(GuUrypanusx ¢ HaIloJIOBUHY 3allOJHEHHBIMU 000J0YKaMH. 3/1€Ch CYIIECTBY-
€T OJTHO COCTOSIHUE C HAWHU3IICH dHEePrueil, Korjaa Bce OPUEHTAINU CIIHHOB
napaiensHsl, T. €. S= ¥2(4 + 1) = + You L = 0.Tlono0keHus 3JEKTPOHOB B
9TOM COCTOSIHUM CKOPPEIMPOBAHBI TaK, YTO CPEIHEE PACCTOSHUE MEXKITY
HUMH MaKCHMaJIbHO. Tak, OCHOBHOE COCTOSIHHE aToMa a30Ta uMeeT KOH(DU-
ryparuio BHemHeil o6onoukn 2p°, S=3/2 1 upespbyaiiHo ycroitunBo. Oco-
0ast yCTOIYMBOCTH aTOMOB C HAIIOJIOBUHY 3aIIOJIHCHHBIMH BHEITHUMH 000-
JOYKaMH OYCBHIIHA M3 PACCMOTPEHUs XOJa dHepruil moHmsauuu (puc. 8.1).
OTMeTHM, 4TO pacrpeielieHue JIeKTPOHHON TUIOTHOCTH B HAIOJOBUHY 3a-
HOJIHEHHOW 000JI04Ke SBISETCS CHEPUUECKH CHUMMETPUYHBIM, KaK M IS
3aMKHYTOH 000JIOYKH U BOOOILE TSI BCEX COCTOSIHUI KBAaHTOBOI CHCTEMBI C
PaBHBIM HYJIIO TTOJIHBIM OPOUTAIBHBIM MOMEHTOM UMITYJIbCa L.

Crenyronum Mo BaXHOCTH 3P HEKTOM BClie 32 0OMEHHOM KOppelsiuei
SIBJSIETCST B3aMMHAsi OPHEHTAIMs OPOMTAIBHBIX MOMEHTOB JIICKTPOHOB,
BIIMSIOIIAs Ha 3HayeHue yncna L. Takoi 3¢ ¢peKT 4acTo moaYuHSAeTCS BTO-
poMy TipaBwiTy XyHJ2, COTNIACHO KOTOPOMY TPH JIaHHOM 3HAYCHUU S 3HEp-
rus E s Menbuie npu 6onbiem L. Bee onmcannbie 3G eKThI, MPUBOAIINE K
Pa3NUYMI0 B SHEPTHSX aTOMHBIX TEPMOB C Pa3HBIMHU 3HaueHWSIMHU L wiu S
COOTBETCTBYIOT CXEME paclleIUIeHUsI BO BTOPOM KOJIOHKE YpPOBHEW Ha
puc. 2.2.

Eme pa3 momuepkHeM, 4TO yIMOMSHYTbIC BbIIIe 3P(EKTH HE 3aJI0KCHBI
IpsMBIM 00pa3oM B dHepruu Bosmytenus (6.15),a mponcrekaror n3-3a pas-
JTUYUST B CPEIAHEH DHEPruHl OTTAIKWUBAHHS DJIEKTPOHOB, OOYCIIOBJICHHOTO
CBOMCTBAaMM CHMMETPUU BOJHOBBIX (DYHKIIHIA, KOTOPBIC MCIOIB3YIOTCS JUIS
BBIYMCIICHUS TIOMTPABOK K dHEpruu. JIjis yuera HanbHEHINEro CHATHS BHIPOK-
JICHUSI U PaCIEIUICHUs] YPOBHEH, MPUBOJISIIETO K TOHKOW CTPYKTYpE aToM-
HBIX TEPMOB, HEOOXOIUMO BBeCTH B BbIpakeHHe (6.15) momomHHUTENBHBIN
YJICH, ONMCHIBAIOLIMN CIHH-OPOHUTAIBHOE B3aMMOJCUCTBHE. DTOT ekt
(m1st OMHOTO M3 TEPMOB) OTPAXKEH B TPETHEH KOIIOHKE YPOBHEH Ha puc. 2.2.
B srom cinyuae (B pamkax LS-cBsasu Paccema-Caynumepca) sHEPTHS YPOBHS
OyzeT yke 3aBHUCETh OT 4ncia J npu ooduraxosvix 3HadeHmsx L umun S py-
THUMH CJIOBaMH, MOSIBIISIETCS 3aBHCUMOCTD SHEPTHH aTOMa OT 83AUMHOL OPHU-
EHTAIUH TIOJIHOTO OPOUTANEHOTO U CIHHOBOI'O MOMEHTOB. Bo3MOskHbIE 3HA-
YeHust J ONpeersroTCs MpaBmiIoM ciokerns (1.1).
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I/ICHyCKaHI/IC WJIK TOTJIOMICHUC U3JIYUYCHUSA OOBIYHO HE pa3spyuracTt CBA3U
CIIMHOB 2JICKTPOHOB. HOBTOMy Pa3pCHICHHBIC MIECPEXOABI MPOUCXOAAT MCKAY

6s'6p"

6.70>B

—— lPl

5465B
4893B

COCTOSIHUSIMA C  OJMHAKOBBIM
3HaueHHeM S. BeposTHOCTh HH-
TEpPKOMOWHAIIMOHHOTO Tepexoa
OOBIYHO Ha TOPSIIKM MEHbIIE,
YeM pa3peIICHHOTO IPaBWIAMH
orbopa. Habopsl ypoBHel ¢ pa3-

JUYHOH MYJBTUIUIETHOCTBIO Kak
OBI 000COOISIFOTCS IPYT OT IPYTa,
y YTO MBI BHJIEIH Ha MPHMEPE Op-
TO- W maparenusa. B cmekTpax
/ JJIEMEHTOB C OOJNBIIMMH 3HAYE-
HUSMHA Z 3TO paszindue ociabeBa-
i eT, Tak Kak mnpuOmmxenue LS
CBSI3U CTAHOBUTCSI MEHEE YJOBJIE-
TBOPHUTEIBHEIM. B KkadecTBe mpu-
Mepa pacCMOTPUM YPOBHH PTYTH
(Hg). Konduryparms ocHOBHOTO
cocrosirmst atoma [Xe]4f**5d'%6s%.
BanenTHast 0607104Ka nMeeT KoHdurypario 65”. TIOMIMO OCHOBHOTO yPOB-
Hs BO3bMEM BO30YK/ICHHBIE COCTOSHMS ¢ KoHpurypauueii 65'6p* (puc. 6.5).
Takux ypoBHei detbipe; y Bcex L = 1. Tpu U3 HEX 00pa3zyroT TPHUILIET C
S=1uJ=0,1, 2,a ux HEPTUU OTIMYAIOTCSI OT OCHOBHOT'O COCTOSIHHS CO-
OTBETCTBEHHO Ha 4.67, 4.8 5.463B. UerBepThiil ypOBEHD SBISETCS CHHI-
netoM ¢ S= 0,a ero sHeprus Ha 6.703B BbIIIe SHEPrUE OCHOBHOT'O COCTOS-
HUSI 1 — B COOTBETCTBHH C TIEPBBIM MPABUIOM XYHJIa — BBIIIE, YEM DHEPTHUS
TPUILIETHOTO TepMa. PTyTh — Tspkensbiid anement (Z = 80), mosTtomMy HHTEp-
KOMOMHAILIMOHHAS CIIeKTpanbHas TuHus ¢ A = 2537 A xoropas ucmyckaercst
TIPU TIEPEX0/ie MEXK/Iy COCTOSHHUAMU P; M 'Sy IOCTATOUHO HHTEHCHBHA, HO
Bce ke mpumepHo B 30 pa3 crnabee MOJHOCTHIO pa3pelIeHHOW JMHHUU C
A = 1850 A, ucnyckaemoii npu nepexoze 'P; — 'S, Ilepexossl B 0CHOBHOE
COCTOSIHME C TPHUIUICTHBIX ypOBHEU 3Po 51 3P2 He HaOII0HaloTCsl B ONTHYE-
CKOM CIIEKTpe, TaK KaK TaKue IMepexo/Ibl 3alpenicHbl paBuiiaMu 0TOOpa 110
yuciy J.

/" ) 46798

Puc. 6.5.HekoTopbie TEPMBI K ONITHYECKUE
MIEPEeX0abl B aTOME PTYTH.
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7. Paguycshl, JHePrud HOHU3AILUHU U CPOICTBO K JIEKTPOHY AaTOMOB

B paznene |-1 Obutn 1aHBI OCHOBHEIC OIIPENICIICHUS U MPEICTABICHUS 00
9THX XapaKTepHUCTHKaX, HEOOXOAWMBIX TIPHU OOCYXKIECHUH XUMHYECKHUX
CBOMCTB 2JIEeMEHTOB. JlaHHBIC CBOHCTBA CAaMBIM HETIOCPEICTBEHHBIM 00pa3oM
CBSI3aHBI C MPOLECCAMU MPHUHATUS U OTIAa4YU AJIEKTPOHOB aTOMaMH M MOHA-
MU, UTO SBIISETCS BaXHEUIINM (HPaKTOPOM JUISl PEaKIIMOHHOW CHOCOOHOCTH.
MosxkHo 6€3 OONBIIOro MpeyBeIHMYeHUs] YTBEPXKIATh, UYTO IEPEUHCICHHBIC
napamMeTphbl OMPENCSIOT XapaKTep XUMUYECKON CBSI3U B MHAMBUAYaTbHBIX
MOJICKYJIaX W TBEPABIX COCAMHECHMSIX, UX T[COMETPUUYECKOE CTPOCHUE U
CTPYKTypHBIE 0COOCHHOCTH. Tak ke KaK M AJIEKTPOHHOE CTPOCHHE aTOMOB,
pa3Mephbl U MOHU3ALMOHHBIE XapaKTEPUCTUKU UCIBITHIBAIOT NEPUOIUICCKUE
HU3MCHEHHS C U3MEHEHUEM aTOMHOT'O HOMEpA dJIEMEHTA.

7.1. Amommsie paouycsi

B xuMudeckux COeAMHEHHUSX pa3Mephl aTOMOB M MOHOB TPOSBIISIOTCS,
MPEkKIE BCETO, B MEKBIICPHBIX PACCTOSHUSAX B MOJICKYJIaX U MOHHBIX WIIH
METAJTMYECKUX KPUCTAIUIAX, a TaKXkKe 00yCIaBIMBAIOT CTEIICHh MAKCHMAJITh-
HOTO CONIKEHHSI MOJIEKYJI MEXIYy COOOH B MOJEKYJSPHBIX KPUCTAJIAX |
KuakocTsax. CyImEeCTBEHHO, YTO MEKATOMHBIE PACCTOSHHS 3aBUCST HE TOJIb-
KO OT COpPTa aTOMOB, HO M OT TOTO, CBSI3aHBI JIM TaHHBIC ATOMBI XHMHUYECKOM
CBA3bI0 WK HeT. Tak, B xuakoM (uiam TBepaoM) azote pacctosHue N—-N B
monexymnax N (1.098 A)odens 3aMeTHO oTIHaeTCS OT PACCTOSHHS MAKCH-
MaJIbHOTO COMIKEHHS] MEXIy aTOMaMH, MPHHAISKAIUMA Pa3HbIM MoJie-
kynam (3 A). B nepBoM ciyuae HONOBHHY YKa3aHHOTO PACCTOSHUS Ha3bIBa-
I0T KOBQIEHMHbIM paouycom aToMa a3oTa, a BO BTOPOM — paduycom Baw-
Oep-Baanvca. bonee Toro, KOBaJICHTHBIN paguyc 3aBUCUT OT KPaTHOCTH CBsI-
3W TaHHOTO aTOMa: KPaTHBIC CBS3HM KOpPOUE, YeM OJIMHApHbIe. B maHHOM City-
yae B Moyiekyse N, umeercs TpoitHasl CBs3b, MOITOMY MEXbSIJAEPHOE pac-
CTOSIHME TaK Majio ([OYTH PaBHO YIBOCHHOMY OOPOBCKOMY paanycy). ATo-
MBI OJIaTOPOIHBIX Ta30B, TAKKE KaK TeJNil, HEOH U aproH, KOTOpble HUKOT/Aa
HE BCTYIAIOT B XUMHUYECKYIO CBS3b, XapaKTEPU3YIOTCS TOJIBKO BaHJICPBaallh-
COBBIMU pafuycamu. bonee aeTaabHO pa3IUYHBIC THUIBI PAJIMYyCOB U CIIOCO-
OBl MX ompezeneHus] OyAyT pacCCMOTPEHBI B pa3/ieNiax, IMOCBAIICHHBIX XUMU-
YECKHUM CBSI35M. 311€Ch KE PeUb MMOUIET O C80O0OHBIX aTOMAaX.

Ctporoe ompejelieHue paauyca CBOOOJHOTO aToMa MM WOHA OTCYTCT-
ByeT. CyIlecTBYeT MOHATHE OpOUMAIbHO20 paduyca, KOTOPBIA TPeACTaBIs-
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eT co00if pacCUUTaHHOE KBAHTOBO-MEXaHUYECKHUM CIIOCOOOM PacCTOSIHUE OT
siipa, COOTBETCTBYIOIIEE TJIABHOMY MaKCUMyMYy (YHKIUH PaIdaibHOTO
pactpeneieHus] dIESKTPOHHOW MAOTHOCTH P(I) UIsi OCHOBHOTO COCTOSHHS
atoma. BriepBble Takuwe pacyeThl ObUTH BBIOJHEHBI B paboTe Yobepa u
Kpomepa, rie oHu omnpeneniv MOJOKEHUs] MaKCUMAJIbHOW AJIEKTPOHHOMN
TUIOTHOCTU OpOWTAJCH, MPUHAUICKAIIMX BHEIIHUM O0O0JIOYKaM, IS BCEX
aneMeHTOB Tabnuiel MeHnneneeBa. PaccrosHue oT sijapa HanOomee yaalieH-
HOTO MaKCHMyMa MOYXHO CUMTATh 32 OPOMTAIBbHBIA pamnyc atoma. Kak Ml
3HaeM, B BOJOPOJIOTIOAO0HOM aTOME GHelHUe MAKCUMYMBI ISl COCTOSHUIMA
ns np, nd, nf pacmosnoxeHs! B Opsiike yObIBAHUS OPOUTATLHOTO KBAHTOBO-
ro uucna |, T.e. wis SopOUTATd MaKCUMyM HAXOIHUTCSI BCErIa JAlbIlie OT
A1pa, 4eM A P-opOuTaId ¢ TeM JKe YHCIOM N, a IJs Hee — Jaliblle, YeM
s d-opbutanu U T.1. B MHOTORJIEKTPOHHOM aToOMe 3Ta 3aKOHOMEPHOCTh
MOKET HapyIIaThCA.
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Puc. 7.1.

Ha puc. 7.1 mokazaHo W3MEHEHUE OPOUTANBHBIX PAJNYyCOB y aTOMOB
3IIEMEHTOB 2-0r0 mepuoia (KpuBas ¢ KBaJApPaTHBIMU 3HAa4YKaMu). [1aBHbII
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XOJI 3TOW 3aBHCUMOCTH OTpa)KaeT IMOCTENEHHOE CXKAaTHE DJICKTPOHHOU 000-
JOYKM B IIEJIOM M3-3a YBEJIWYEHHS 3apsna sapa. B mpenenax maHHoro re-
prona BHEITHHE OOOJIOYKH AaTOMOB XapaKTepU3YIOTCS OOIMUM TJIaBHBIM
KBaHTOBBIM 4rcloM N = 2."paduk ¢ TpeyroibHLIMA CHMBOJIAMH COOTBETCT-
BYET PacCTOSHHSAM OT siJjpa CaMoro BHeIIHero (1 Haubojee BRICOKOT0) MaK-
CHMyMa PaIHaIbHOTO PACTIPEACICHHUS ISl COCTOSHUS 257> TPH NOJIHOM OM-
cymcmeuy dKpaHUPOBAHUS JTaHHOW OPOWTANM OCTAJbHBIMU DSJIEKTPOHAMH.
Ota KpuBas NpHUBEIEHA A1 TOTO YTOOBI MPOJEMOHCTPUPOBATH «B YHUCTOM
BUJIC» BIMSHUE 3apsija sapa Ha pa3Mep aroma. [10CKoIbKy MakCUMyM pajiu-
aJbHON IIOTHOCTH 2S-OpOHMTald PACIOJOXKEH Janblie OT sapa, dem 2p-
opOuTanu, TO OTIIOKCHHBIC HA OCH OPAMHAT PACCTOSHHS MOXKHO YCIOBHO
CUUTATh PAJIMYCOM aToMa MpPU yKa3aHHOM BBIIIE TUTIOTETHYECKOM YCIOBHUH.
Teopetnuecku, B Oe3pa3sMEepHbIX eIUHHUIAX ZI/8y MOT0KEHUE MOCIEIHETO
MaKcUMyMa Ha KpHBO# Pao(I') COOTBETCTBYET OKPYIJICHHO YnCly 6, OTKyaa
BUJTHO, YTO B CIUHUIIAX JUTMHBI PACCTOSHHE YMEHBIIACTCS OOPATHO MPOIIOP-
IIMOHAJIBHO 3apsinoBoMy uuciay Z. HakoHel, Ha TpeTbell KpHBOi (C KpyTJIbI-
MH CHMBOJIAMH) MTOKa3aHbl PACCTOSHUS 10 JaHHOTO MaKCHMyMa MpH yueTe
SKPaHUPOBAHUS IyTeM 3aMeHbl Z Ha Z,y, B34Thle 3 Tabdn. 5.1. bnarogaps
3 deKTy 3KpaHUPOBaHHS 3Ta KPHBAs LIEIUKOM JISKUT CYIIECTBCHHO BBIIIE,
YeM B €ro OTCyTcTBHe. Pazymeercsi, opOHTaIbHBIE pajluyChl MPH BCEH yc-
JIOBHOCTH HamOollee TOYHO OTPaXKarOT pealbHble pa3Mepbl aToMOB. Takoe
K€ IUIABHOE yMEHBIIEHHE C POCTOM MOPSIKOBOIO HOMEpa 3JIEMEHTa B IIe-
pHO/Ie UMEET MECTO U JIJIsl KOBAJICHTHBIX PaIyCcOB aTOMOB (Cp. ¢ puc. 7.3).
Uro0bl TIOKa3aTh TCHICHIIMIO M3MEHEHUSI aTOMHBIX PaJMycoB B Ipejie-
Jax OJHOW TPYIIIBI AIIEMEHTOB, HA PUC. 7.2 IPUBEICHBI aHAJOTUYHBIC I'pa-
(GUKH U1 aTOMOB LIEJIOYHBIX METAJIOB M BOJOPOAA, C TOW JIMIIb Pa3HULEH,
9YTO BMECTO PE3yJbTaTOB, MOIYYAIOUIUXCS C HCIONIB30BAHUEM Z,4p B3STHI
peaybHBIC METAJUIMYECKUE Paauychl. B naHHOM cilyyae pacTeT He TOJBKO
3aps] sapa, HO U TIIaBHOE KBAHTOBOE YMCIIO N, XapaKTepHU3yollee BaJCHT-
HYI0 000J0YKY. YKa3zaHHbIC ()aKTOPHI BIHUSIOT Ha PajHyc MPOTHUBOIOJIOK-
HBIM 00pa3oM. B 4ncTO KyT0HOBCKOM MoJie mepBbiii haktop (Z) mpeBanupy-
€T, TaK 4TO MPH OTCYTCTBHU SKPAHHPOBAHUS Pa3Mepbl aTOMa YMCHBIIAIUCH
ObI, XOTSl U MEJUICHHO, BHH3 IO TPyIIe, OOpaTHO B JEHCTBUTEILHOCTH Ha-
OrogaeMoMy X0y, DTO TMOKa3bIBaeT OCOOCHHO OOJIBIIYIO POJIb SKPAHUPO-
BaHMS B aroMax IICIOYHBIX METaJUIoB. B camoMm Jene, eIUHCTBEHHBIH

%5 Buz 9TOr0 pacmpeencHus cMoTpute Ha prc. 4.94.
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BHEIIHHUN 3JICKTPOH JABIKETCS B TOJIC SIJIpa, CHILHO SKPAaHUPOBAHHOM 3aMK-
HYTOM 000JyI0uKOl OnaropomHoro raza. Hucmanmarommii Xoj 3aBHCHMOCTH

3aMETHO HapyIIaeTcs TOJNBKO IMPH IEepPexoje OT BOAOpOAAa K JUTHIO, UTO

OOBICHAETCS TEM, YTO aTOMHBIA OCTOB Li COCTOMT BCEro JHIIb U3 ABYX

3NEKTPOHOB. TeopeTHyecKre MOIOKEHUS TOCIeTHUX MAKCUMYMOB (DyHKITHIA

Pro(r), ¢ moMoIme0 KOTOPHIX MOCTPOEHA TMITOTETHUECKas KpuBas (C Tpe-

YTOJIBHBEIME CHMBOJIAMH), B equHHIEAX Zr/ay marorcs uncinamu 1, 6, 14, 25,
40u 59 mpu n = 1 — 6.3apsaas! xe sAep pacTyT cieaytomum obpasom: 1, 3,
11, 19, 37u 55. HetpyaHo BueTh, uto mocie Li 3Tu U3MEHEHUsI TpaKTHye-

CKHM KOMIICHCHPYIOT JApyT Apyra. UTo jke KacaeTcsl peallbHbIX PaaryCcoB, TO

HAOJIOJaeTCS CUIIBHBIA POCT YBEITHYCHUEM HOMEpa Mepuoaa. JTa TeHIICH-

IIUsl XapaKTepHa JIIS BCEX TIIaBHBIX MOATPYII MIEPUOIMYECKON CUCTEMBL.

Merammdaeckuit ; ‘/
44 / ‘ /
| % ! bp6I/ITaJ'IbHLIPI
w : : 3

{Pamuyc ns-opOutanu
6¢3 yuera SKpaHUPOBAHHS |

Pagnyc, a,

Puc. 7.2.

OO0mmas KapTHHA pacupeneiIeHus] OpOUTATBLHBIX PAINyCOB B IIEPUOINYC-
cKol Tabnuile mokasaHa Ha puc. 7.3.Ha rpadukax naHbl OTAe/IbHbBIC KPUBBIC
JUTSL HEKOTOPBIX BHEIIHUX opOuTaineil. XapakTepUCTUKON paguyca TOro Wil
WHOTO JJICKTPOHHOIO 00JIaka yCJIOBHO CYMTACTCS TOJOKEHUE MaKCUMyMa
paIuanbHON AJIEKTPOHHOM TIOTHOCTH. DTH 00JIaka PacrojoKeHbl B aTOMax
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Kak OBl CIIOSMH, XapaKTepH3yeMbIMH TJIABHBIM KBAaHTOBBIM YHCIIAM
1,2, 3, ....B nepBoM cioe UMEIOTCSI TOJBKO S-3JIEKTPOHBI, B JalbHEHIIIEM
HOSIBIISIIOTCS P-, O- 1 f-31eKkTpOoHBI. 3HAUCHUS PalyCOB, OTBEYAOIINE OTHO-
My U TOMY k€ KBaHTOBOMY YHCIy N, IOBOJBHO OMM3KH ApYT K apyry. Cre-
NEHb ATOTO CONMKEHUs camas BhICOKas y 25 u 2p-opOuTainei, Tak Kak Ha-
XO/AIINecs Ha HUX 2JIEKTPOHBI HEJAIEKH OT sIpa, M ero CHIBHOE IoJIe HHU-
BEJIUPYET BIMSHHE IIEHTPOOEKHOrO TOTEHIHAla, BO3HHUKAIOUIETO B [-
cocrostausx. Kpussie 3s, 3p u 3d yxe 3aMEeTHO OTOABUHYTHI APYT OT Jpyra.
Eme Gonpimii pa3dpoc uMeeT MecTo Mexny pasmepamu 4s-, 4p-, 4d- u 4f-
061akoB. OH 00YCITOBJICH pa3IMYHUeM B IIEHTPOOEIKHBIX IMOTEHITHAIAX, KOTO-
poe Gnarogapsi BO3pOCIIEMY PACCTOSIHUIO OT LEHTPa U KPAaHUPOBAHHUIO WI-
paet Gosiee BBIpaKEHHYIO POJIb B KOHKYPEHLIMH € TIOJIEM SIIpa.

Cs —e—3§
2,54 .
Rb ——p
i K .
® o
Ba
o 204 A —o—f
T Sr 'o. Eu
g Na '\‘ .\.o
4 ®e,
3 I IRV Z3heNb Ga "/
o 154 @ % ,Cr \‘\ Ru. |  Hf
> . . ”\ n W T
g Mgt A V\mn Ga. ¢ Y @
_ -‘ \ \ ....PY\ .
2 ® \ \sb ™ B
= 0,\. " X La@ re \ Bi
3 LBe AlS Nis Y S Gd Y
= 104 \ ¥ LY %o "y
S\o P "\ Y . Ba Lu e
= I \:\ S .\ov\v " * !‘" * RN
I L ¢ N I
= C R r(l’v' 'n ...I u
2 os ) P SC e @D e ot
7 Ve Mn A .l. VVvvy n
© @ ‘g,, Ne Ya, ZN v'"'ﬂwx e(v;e Tb vve RN
He %v s@ 2t ey Lu
1% e, S @"'Im Kr ey
e C Yvvy Ar
"--..Ne
04—
0 10 20 30 40 50 60 70 80 90

TlopsiikoBelii HOMEp 31eMeHTa, Z

Puc. 7.3.



73

[pu yBenuyYeHUH SAEPHOTO 3apsia BHYTPH CEPHHU JIMHUH, OTBEUYArOLIeH
OIIPE/ICJICHHOMY TJIaBHOMY KBaHTOBOMY YHCIY, 3aMeyaeTcsl TCHACHIUS K
HIePECEUCHHIO KPHUBBIX, BEAyIIas K CMEHE WX mopsiaka. JIMHUs S-3IIeKTPOHOB
HAYMHACT OTBEYATh y)KE HE HAMMCHBIINM, & HAUOOJBIINM pajnycaMm, a Jiu-
Hus d HA00OPOT, HAMMEHBIIUM paanycaM. Takoe sBICHUE OOBICHICTCS TEM,
9TO S-opOWTanmbHBIC OOJIaka clladee COKMMAIOTCS B paaualbHOM HaIlpaBlie-
HUM TIPH HapacTaHWU SIIEPHOTO 3apsaa. To JKe MOXHO CcKaszaTb O P-
opOuTansix no cpapHeHuio ¢ d- u o d-opOuTAIIX MO CpaBHEHHIO C f-.

Ha puc. 7.4noka3ansl (B MCHEe MPECTaBUTEILHOM BapHaHTE) aTOMHBIC
parycChl, MOJTYYCHHBIC HA OCHOBE CTPYKTYPHBIX JAHHBIX JUIsl OOJBIIOTO Ha-
Oopa BeIIECTB, T. €. JaHHBIX O MEXBSICPHBIX PACCTOSHHUSAX B KpUCTAJLIAX
WY WHIUBHIYAJIBHBIX MOJIEKYyJax. J[Is METaluloB JaHbl METaJUIMYECKHe
PaIMyChl; ISl OCTAIBHBIX JIEMEHTOB — KOBAJICHTHBIC PaJNyChl, COOTBETCT-
BYIOIINE OOUHAPHbIM XAMUYECKUM CBSI3IM. JIJisi GJIaropojHbIX Tra3oB JaH-
HBIC OTCYTCTBYIOT, TaK KaK OHU XapaKTepH3YIOTCs BaH/ICPBaAIbCOBBIMH pa-
JIMyCcaMH, KOTOpPbIE HEKOPPEKTHO CPaBHUBATH C PAJINyCaMu aTOMOB B COCTa-
Be coenuHenus. Ha rpaduke oTYeTIMBO BUIAHBI 3aKOHOMEPHOCTH, PAaCCMOT-
PCHHBIC BBINIEC B JBYX YAaCTHBIX CIIydasx M OOIIEM BUAC ISl OpPOMUTAIBHBIX
panuycoB. ATOMHBIC paJiyChl YBEIHYHBAIOTCS BHYTPU TPYIIIIBI IPH JIBHKE-
HUM CBepxy BHH3, Hampumep, B psaay Li-Na-K-Rb-Cs umun F-CI-Br-l, u
YMEHBIIAIOTCS TS DJICMEHTOB S- U P-0JIOKOB TIPH IBH)KCHHUH CJICBa HAIIPABO
no nepuoxy, Hanpumep, B psagy Na-Mg-Al-Si-P-S-Cl. Ognako ouyeBuaHBI
HEKOTOPBIC OTIMYHsI, KaCAIOUIHECs TJIaBHBIM 00pa30M MOBEICHUS PaJINyCOB
y mepexomusix 3aeMenToB (d-6;10ka). Kak MOXHO 3aMETHTH, BO BCEX TPeEX
pslax MepexogHbIX METALIOB PaHychl CHadana yObIBAIOT, a 3aTeM Ha4H-
HAIOT pacTd, o0pa3ys Ha KPUBBIX JOKAJIbHbIE MHHUMYMBIL. MIMEIOTCS Takxke
pasnuuus B aOCOJIOTHBIX BEIMYMUHAX OPOUTAIBHBIX W KOBAJICHTHBIX (WITH
MeTannuyeckux) paauycos. Tax, y Naonu pasusr 1.71u 1.91 Acoorsercr-
Benno, y Cl — 0.72u 0.99 A,y Fe- 1.23u 1.26 A.Bce >t akrsl, Heco-
MHEHHO, CBSI3aHBI C TEM, YTO B METAJUIaX M KOBAJCHTHBIX COCIMHCHHUSX
SNIEKTPOHBI (MM WX 4YacTh), NpPUHAIJICKANIME BAJICHTHBIM 000J0YKaM,
0000IIECTBISIOTCS, T. €. CTAHOBSITCS TPHHAIICKAIIAMHE MOJICKYJIC HIIH KPH-
CTaJLTy B LIEJIOM. DTO HE MOXKET HE CKa3aThCsl Ha (hOpMe IEKTPOHHBIX 00J1a-
KOB, KOTOpBIE MEPECTAIOT ObITh MOXOKUMH HA aTOMHBIC OpOUTAIHN M UX Ha-
3bIBAIOT MOJICKYJIIPHBIMH OPOUTAIISIMH.

VYOMSHYTBIC BBIIIE MUHHMYMBI CMEIIAIOTCS BBEPX IMPU MEPEXOie OT
HIEPBOTO KO BTOPOMY psily O-MeTaJUIOB, YTO COOTBETCTBYET OOIICH TEH/ICH-
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MM YBEIWYCHHUS pa3Mepa aTOMOB C POCTOM Homepa mepuoaa. Eciu Ovl 3Ta
TEHIEHIMS MPONOJDKajdach W AJS TPEThEro psAa MEPeXOAHBIX METaJIOB
(mecroii mepro Tabnuiel MeHmeneesa), To 0KUIaeMBIE PAINyChl ObLTH ObI
3aMETHO OOJIbIIIE TeX, KOTOphIe UMEIOTCS Ha caMoM Jele. PaccMoTpum st
npumepa snemertsl Cr, Mo u W, TOUKM KOTOpBIX COeAMHEHHBI Ha puc. 7.4
MTyHKTAPHOU JTUHHUCH. DTH METAJIIBI IPUHAICKAT OJHOW U TOW Ke 1m000d-
HOW noArpymnme. Eciau mpu nepexoie oT XpoMa K MOJUOICHY Pajiiyc yBEIH-
uppaetcs oT 1.29710 1.40 A, To s cnenyromero snementa (Bonbppama) He
HabmoaeTca noutn HuKakoro pocta (1.41 A). M s1o mecmoTps Ha To, uTO

atom W (Z=74) comepkur Ha 32 diekTpoHa Ooibie, 4eM aroM MO
(Z2=42).
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O dexT yMeHbIICHHS PaJIyCOB TSDKENBIX MEPEXOIHBIX METAJIOB IPO-
TUB 0XXKMJAEMbIX Ha OCHOBAHUM IIPOCTOH SKCTPANOJISLUY BEJIMYUH Ha3blBa-
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eTCcs JAHMAHUOHVIM cocamuem. B Ha3BaHMM OTpa)KeHa MpPUYMHA JAaHHOTO
s¢dekra. B omimune oT mepBoro u BTOpOro psgaoB 0-METaIoB, B TPETbeM
psAIy WMeeTCs pa3phiB, oOpa3oBaHHBIM 1440 MaHTAaHWAAMH. 32 JIAHTAHOM
(La) ¢ momepom 57 cpasy crnenyer rapuwmii (Hf) ¢ Homepom 72. B nanranu-
JIax MPOMCXOIUT 3aTloJIHeHUE AeKTpoHaMu 4f-o6omouku. Ho kak Mbl 3HaeM,
SIIEKTPOHBI B f-COCTOSHUSAX TPOU3BOIST OTHOCUTEIBHO Cl1aboe IKPaHHPYIO-
niee JielcTBUE, B pe3ysibTare 4ero 00OJOYKH MEepeXOJHBIX METAJIOB, Clie-
IOYIOUIMX 32 JJaHTaHUAaMH, 3 GEeKTHBHEE CTATHBAIOTCS K SAPY MO 1eHCTBU-
€M YBEJIMYMBAIOLIETOCS 3apsfa, Jelias aToMbl Oojiee KOMIakTHBIMU. OOpa-
THM BHHMAaHHE, YTO TOT k€ AP PEKT AEMOHCTPUPYIOT OpOUTATHHBIC PAIHYCHI
NEePEXOAHBIX METAIOB. J[Js1 paCCMOTPEHHBIX BBILIE 3JEMEHTOB, 3TH BEJU-
YHHBI, COOTBETCTBYIOIIUE pasMepaM 4S-, 55 u 6S-opOuraineid, cocTaBisioOT
1.453 A (Cr), 1.520 A (Mo} 1.360 A (W).Kaxk Buzamo, y Boishpama Ha-
OmmojIaeTcs Jlake MaJieHne OpOUTAIBHOTO pajauyca, MpUuYeM BechbMa CHIIb-
HOE.

AHAIIOTHYHBIN, XOTS U MEHee BbIpakeHHBIH 2 ekt nmeer MectTo u'y p-
2JIEMEHTOB, clenyronmx 3a d-6ioxkom. Tak, y atomoB ramms (Ga)s 4-om
nepuoze TabIHIBI panuyc yemuunBaercs Beero Ha 0.1 Amo cpasmenmio ¢
amomunueM (Al) — snementom toi xe 1341 rpynmsl. B To ke Bpewms, y ca-
MOT'O aTIOMUHHSI POCT pajnyca MO OTHOIICHHIO MPEIBIAYIIEMY JJIEMEHTY
rpymmst 6opy (B) cocraBmser 0.55 A.91o o6bschsiercs npucyTcTBHEeM B 4-
OM TMepHO/C MEPEXOAHBIX METANIOB SC—ZN ¢ 3amojHsmomieics d-
000I10uKOH, 3a KoTophiMU cienyer Ga. Taxxke kak u f-, d-37eKTpoHbI Xapak-
TepU3yIoTCs Oonee cnabbMU SKPAaHUPYIOLIMMHU CBOHCTBAMH 110 CPaBHEHUIO
C DJIEKTPOHAMH C MEHBIIIUM OPOUTATBEHBIM KBAHTOBBIM YHCIIOM |.

CrenyeT mOAYepKHYTh, YTO PACCMOTPEHHbBIE U3MEHEHHUS! pa3MEpOB aTo-
MOB XOpOILIO KOPPETHPYIOT C W3MEHEHWEM MHOTHX XUMHUYECKHX CBOWCTB.
Ipu sToM pasnuuus seero B 0.05 A, kaxymuecs HecylecTBEHHBIMHU, MOTYT
UMETh TIYOOKHE MOCIEICTBUS ISl CTPYKTYPhI BEIIECTB U MX PEAKIIMOHHOM
CHOCOOHOCTH. ATOMHBIE M MOHHBIE PaJUyChl TOMOTAIOT XUMHKaM Bblpada-
TBIBAaTh HArJIAJHBIE TEOMETPUUECKUE TPEICTABICHHUS O CTPOSHHH COCTUHE-
HUI U JIeNaTh JTOTHYECKHIE 3aKITFOUCHMS.

[Ipu nonmzanum aToma ero JUHEHHBIN pa3mep uzmensercs. Koraa obpa-
3YIOTCSI KATHOHBI, TO PaJlyC BCET/Ia YMEHBIIAETCs, KOT/1a aHHOHBI — BCET/1a
yBenuuuBaercs. OJTHAKO CTENEHb 3TUX U3MEHEHUH CHIIBHO 3aBUCHT OT TOTO,
YTO MPOUCXOAUT B KAUECTBEHHOM CMBICIIC ¢ BHEIIHEH (BaJCHTHOM) 000104-
KoOii mocie nonusauun. Ecim, Hanpumep, HOHN3UpoBaTh atoM Kanbiwus (Ca)
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¢ oOpa3oBaHuMeM oHO3apanHOro katuoHa Ca, To yMeHbILIEHHE pajauyca
OyJIeT HaMHOTO MEHEe 3HAYUTENLHO, YeM MpPH JBYKPATHOW HMOHH3AIMH C
o0Opa3oBaHHEM ca". [IpuurHa B TOM, YTO BO BTOPOM CiIy4ae IMOJHOCTBHIO
JTUKBUANPYETCS BHEITHsISA 4S-000709Ka, a ocTaeTcs Hanbojiee KOMITAaKTHASI
3aMKHYTasi BHYTPSHHSIS SJICKTpOHHas 00osouka. [Ipu oOpa3oBaHnu aHHOHA
F x cemu anmekTpoHaM yxe CyHIeCTBYIOIICH 2P-000JI09KY TO0ABISETCS eIle
OJIVH, DKBUBAJCHTHBIA OCTAJIBHBIM, W 000JIOYKA CTAHOBHUTCS 3aMKHYTOM.
Pasmep 060m0ukn 0OBIYHO CTa00 3aBUCUT OT YHCJIA DKBHBAJICHTHBIX DJICK-
TPOHOB B HEH, €CJIM IIPU U3MEHEHUH 3TOI0 4Kcia 000J0YKa He HCYe3aeT BO-
BCe WIHM He o0pa3yercs HoBas 00osouka. [103ToOMy MOKHO OXHJIaTh OYCHb
HEOONBIIOTO YBETUYCHUS panuyca F 1mo cpaBHEHHIO ¢ HEWTpaTbHBIM aTo-
MoM F.

Tabmuma 7.1.
Ka- Ar, A Ammo- Ar, A
THUO- HHO

r0p6 . rfp6 puer rrpm HEI r0p6 . r_op6 [roB _, pKpreT
HBbI
Li* -1.40 -0.81 F +0.01 +0.69
Na" -1.43 -0.75 cr +0.01 +0.68
K* -1.60 -0.75 Bf +0.02 +0.82
Rb" -1.56 -0.77 r +0.07 +0.73
Cs -1.60 -0.84 g +0.01 +0.76
Be”* -0.90 -0.85 g +0.02 +0.80
Mg -1.00 -0.71 Sé +0.01 +0.94
ca’ -1.15 -0.64 Té +0.01 +0.84
Sa -1.15 -0.71
Ba’* -1.19 -0.49

B xuMuu B KaTteropuu OJHOATOMHBIX 3apsDKCHHBIX YacTHI[ Haubomee
BaYKHBIMU SIBJISIIOTCS KATHOHBI M aHHUOHBI C 3JICKTPOHHBIMH 00O0JIOYKAMH
0JIarOpPOTHBIX Ta30B, HAIPUMED Na', B&*, CI', O*. KarHoHbl B OCHOBHOM
00pa3yroTcs U3 aTOMOB 3JICMEHTOB, PACIIOJIOKEHHBIX B JICBOM KParo MEPHO-
JIUYECKOU CUCTEMBI (IIEIOUHBIE U MIEIOYHO3EMENIbHBIC METAILIBI), & AHHOHBI
— W3 DJIEMEHTOB MPABOTO Kpasi TaOJHIbI (XaJbKOTCHBI M rayioreHsl). Takue
HMOHBI Yallle BCEr0 BCTPEYAIOTCS B PACTBOPaX SJIEKTPOJUTOB MU SBISIOTCS
y3JaMH PEIIeTKH B KPHCTa/NIaXx MOHHBIX COeIMHEHWH. B cBoOOIHOM CoO-
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CTOSHHE MHOTO3apsIHbIC aHUOHbL, Takue kKak O, HeCTAOHMIBHBI, TAK KaK
00JIaIal0T OTPHULATENFHBIM CPOJICTBOM K 3JIEKTPOHY. 3aMETHM, YTO Jaxe
HEKOTOpBIE OAHO3apsAHbIE ATOMHBIE aHUOHBI HEYCTOMYMBEI B BaKyyMe, Ha-
npumep N, Mg, Ca, Mn’, Zn', Hg'.

B 1abn. 7.1 npuBeneHsl U3MEHEHUs] OPOUTAIBHBIX PAANYCOB MPH IEpe-
XO/ie OT HEeWTPAIBHOTO aTOMa K aHWOHY WJIM KaTHOHY JJIsl HEKOTOPBIX pac-
HPOCTPAaHEHHBIX MOHOB. [l cCpaBHEHMs IOKa3aHbl Pa3HOCTH, IOIy4YEeHHbIE
U3 JaHHBIX [0 METAJUIMYECKUM HJIM KOBAJIEHTHBIM paguycaM aTOMOB U pa-
JInycaM MOHOB B KpucTaiuiax. OOpamaer Ha ceOs BHUMaHUE pe3Koe HECOOT-
BETCTBHE PE3YJIbTATOB JUII CBOOOTHBIX YAaCTHI, OCOOCHHO aHHMOHOB, C pe-
3yJIbTaTaMH Ul YacTHL B COCTaBE COCAWHEHHH. JTO TOBOPUT O TOM, YTO
PaBHOBECHBIE MEXBSACPHBIC PACCTOSHHUS B BEILECTBAX YCTAHABIMBAIOTCA
IO/ BIMSHHUEM U JIpYyTUX (aKTOPOB, a HE MPOCTO B COOTBETCTBHU C pa3zMe-
paMu 3IIEKTPOHHBIX 000I0YeK MHAMBUAYaIbHBIX YacTHL. Cpean 3Tux (ak-
TOPOB MOKHO Ha3BaTb MEPEKPHIBAHHUE JIEKTPOHHBIX 00JaKOB U TO 00CTOS-
TENILCTBO, YTO aTOMBI U MOHBI HE SIBIISIOTCS a0COIIOTHO KECTKUMH, BCIIEICT-
BHE YEro IOBEPraroTCsl B3aNMHOM NOMIApHU3aIy OMKaHIINMU COCEIIMH.

7.2. Duepeuu uonuzayuu

TouHoe ompeneneHue 3TOro MOHATUS AaHo B pasgene |-1.2 Ilepswie
sHepruu uoHm3amu (I;) aTOMOB CHIIBHO KOPPENUPYIOT CO 3HAYCHHUSIMH
ATOMHBIX PaJuyCOB, YTO SICHO BHIHO W3 COMOCTABJICHUs NaHHBIX Ha puc. 7.4
u 7.5. AToMBI caMmbIX OOJBIIMX Pa3MEpPOB OOBIYHO MMEIOT CaMyl0 HU3KYIO
SHEPTHIO MOHM3AIMN U HA000poT. OOBSICHEHHE ITOMY OYEBHUIHO: JICKTPO-
HBI BHEIIHUX 00OJIOYEK, pasMepaMH KOTOPHIX B OCHOBHOM OIIPEAENSIOTCS
paanychl, B MaJIEHBKUX aTOMaX HCIBITHIBAIOT 00Jiee CUIIBHOE DIEKTPOCTATH-
4ecKoe MPHUTSHKEHHE K A1py, yeM B Ooipmmx atomax. Hambomee sipko yka-
3aHHAsl 3aKOHOMEPHOCTbH HPOSBIIACTCS AJIS MIEJIOYHBIX METAJIOB B CpaBHE-
HUM C TajloreHaMH WK OnaropoAHbIMU razami. OTYETIMBO BUIEH TaKKe
3¢ EeKT MOTHOTO 3aceTICHHUs OTACIBHBIX MIEKTPOHHBIX 000JIOUEK, IPUBOIS-
Uil K HeOOIBIINM, HO 3aMETHBIM aHOMaMsAM. Tak, mpu nepexozae ot Nak
Mg 3nauenue |; Bozpacraer cpasy Ha 2.535B B cBs3u ¢ 00pa3oBaHHEM 3aMK-
HyTOl obomouknm 3%°. YV cuemyromero siementa (Al) BosHukaer 3p-
9NIEKTPOH, B CPEIHEM JBIDKYIIUICS Tajbllle OT sIpa, ¥ SHEPTUs HOHU3AIHH
BHOBb yMeHbImaercss Ha 1.535B. AHamornuynas aHoMaius HaOromaeTcs B
pamax smementoB Cu— Zn— Gawunmu Ag — Cd— In, y xoTophix 3aMkHyTa d-



78

0007104Ka, a BHEIIHHE 000JI0UYKH HMEIOT TIOCIIE0BATENbHOCTh S — & — S
OddekT 3aMKHYTOH 000JI0UKH OCOOCHHO CHJIBHO BBIPAXKEH Y 0JIarOpOIHBIX
ra3oB. Hanpumep, y Ne |; 6onee uem Ha 4 5B Bblie, 4eM y CIEAYIOIIETO 32
HUM F, HecMOTpsl Ha OuYeHb HE3HAUYUTENHHOE YMEHBIICHHE OpPOUTAIBLHOTO
panuyca. Henb3st He OTMETHTH MOBBIIIEHHOE 3HAYCHUE YHEPTHU HOHU3ALUH
Y aTOMOB C HAIOIOBHHY 3aMONHEHHOI 060/104KOil, HapuMep a30Ta (2p°) 110
cpaBHenuio ¢ kucnoponoM (2p*). Pasnocts suepruit mpu nepexozne ot N x O
cocraBisier —0.93B. 3xeck 3pdekT moHMKEHUSI yCUIHMBAETCA TEM, YTO B
aToMe KHCIIOpOJa /1Ba JIEKTPOHA 3aHMMAIOT OJHY M Ty Xe Z2P-opOuTanb H
UCIIBITHIBAs] CHIIBHOE OTTAJIKUBAHUE, YBEIIMUMBAIOT SHEPTHIO aToMa. B 1o xe
Bpems uoH O, Takke Kak 1 aroM N, 0671a1aeT HAMOJIOBUHY 3aIlOJTHEHHOMN -
00omnouKoH, crabunusupyromeid katnoH. B pesymbrate pasHocts | =
E(O") — E(O) oka3sbiBaeTcsi HECKOJIBKO MEHbILEH, YeM MOXKHO ObLIO OXKH-
JaTh.
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Puc. 7.5.3aBucuMocCThb HepBOﬁ OHCPIruu HOHU3alUU OT ATOMHOT'O HOMEpPA 3JICMCHTA.
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7.3.Cpoocmeo K 31exmpony

OTa BakKHEWIIasi BEJIWYMHA B HACTOSIIECEC BPeMsI W3BECTHA JUIsl MHOTHX
aTOMOB C JOCTAaTOYHOH TOYHOCTHIO. BOOOIIIE TOYHOCTh SKCIIEPUMEHTATBHO-
ro OIpECICHUs CPOACTBA K FICKTPOHY HAMHOTO HIIKE, YeM SHEPruil HOHU-
3alid, KOTOpPBIE OOBIYHO M3MEPSIOT CIIEKTPOCKOMUYCCKHMMU METOAAMH, a
CPOJCTBO K DJICKTPOHY — MEHEE TOYHBIMH, 4aCTO KOCBCHHBIMH METOJaMHU.
CoBpeMEHHbIE PACUCTHBIC METOIbI KBAHTOBOH XMMHH IO3BOJISIOT BO MHO-
TUX CIyYasiX MOJy4aTh JIsl aTOMOB HAJIC)KHBIC JAHHBIE C TOYHOCTHIO, IOCTHU-
ratorieid 0.0013B. Jlns TspkenapIx aTOMOB OTPEITHOCTh HECKOJIBKO BHIIIIE.
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Puc. 7.6.CpoacTBO K 3JIEKTPOHY aTOMOB HEKOTOPBIX 3JIEMEHTOB.

CrabmiIpHOCTD OTPUIATENHFHBIX MOHOB OTPaHMYEHA, TaK KaK AJIEKTPOH
BHE HEUTPAIhbHOTO aTOMa MPUTITUBAETCS K HEMY JIMIIb CITa0BIMU TOJIIPU3a-
UMOHHBIMU cusaMu. [103ToOMy He CyIIeCTBYET YCTOMYMBOTO AaHUOHA C OJTHUM
3JIEKTPOHOM B caMOil BHEIIHEW oOotouke. Ho ecim M30BITOUHBIN 3JIEKTPOH
HAXOAWTCS B YaCTUYHO 3ANOJHEHHOH 00OJOYKE ¥ MMO3TOMY TOABEpKEH 00-
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Jiee CHIILHOMY IMPUTSDKEHHUIO spa, TO OTPHUIlATEIbHBIE MOHBI OOBIYHO CTa-
OMIIBHEL.

T"ajoreHsl MIMEIOT CaMO€E BBICOKOE CPOJICTBO K 3IeKTpony (puc. 7.6),1mo-
CKOJIbKY TPH JI00aBJICHUH OTHOTO JICKTPOHA OHH MPHOOPETAIOT 3aBEPIICH-
HYIO DJIEKTPOHHYIO KOH(puUrypanuio GiaropoaHoro rasa. Il{enoynsie MeTai-
JIbI, aHUOHBI KOTOPBIX CJ1a00 YACPKUBAIOT JBa BHEIIHUX JIEKTPOHA, UMEIOT
HH3KOE, HO BCE JKE MONOKUTEIBHOE CPOACTBO. UTO KacaeTcs GepHiLIms . i
IIEJIOYHO3EMENbHBIX METAUIOB, TO UX CPOJCTBO K DJICKTPOHY OJIU3KO K HY-
J10, ipudeM it Be u Mg umeror MecTo HeOOIIbIIINE OTPUIATENIbHBIE 3HAYE-
HUS, JUTS OOJiee TSHKENBIX JIEMEHTOB U3 JIAHHOW MOATPYIIIBI — HEOOJBIIOe
HOJIOKUTENbHOE. Briaropoiaeie ras3sl OTIMYAIOTCS TOBOJBHO 3HAYMTEIIHHBIM
OTPHUIATEIBHBIM CPOACTBOM. TToCaeqHue Cilydan KaK pas ABIAIOTCS MPUME-
pPaMU HEYCTOWYHMBBIX AaHHOHOB C OJTHMM 3JICKTPOHOM BO BHEIIIHEH 000JI0UKE.
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