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AHHOTaIIA

[Ipu HaMYIUU CUIBI ATOMHONM yHU(DUKAIME Pe3Kasd B3aUMOCBA3bL MEXKJIy aHTUHEHTPUHO U
HEHTPOHOM JIOJIZKHA 00Pa30BaTh aTOM AHTHHEHTPUHHOTO BOJOPO/A. DTO SIBJISIETCS OJHUM W3
JIByX aTOMOB, KOTOPbIE U3 PEIIAIONIEro 3HAYEHUs JIJIsT CTPOUTETHCTBA BCEX M3 OCTAJILHBIX. MBbI
o0Cy/IUM TEOpUIO, B KOTOPOl KBAHTOBAHUE ATOMHOW OPOUTHI BOKPYT s/Ipa OCYIIECTBIISIETCA B
3aBUCHUMOCTH OT THUIIA apomara. Takoil NMPUHIMII KBAHTOBAHHON IOCJIEIOBATEILHOCTH OPOUT
[IPUBOJIUT K PACHIEIJIEHUIO CIEKTPAIbHBIX JIMHUI aTOMOB BO BHEITHEM II0JI€, TIOJITBEPIK/lasd Ha-
JITYKE y HUX CEMEWHON CTPYKTYPhI. TeM caMbIM OH IPEJICKA3bIBACT CYIECTBOBAHUE B IIPUPOJIC
63189 Bu10B n30TONOB 118 TUIIOB ATOMHBIX CHCTEM. MbI BHIBOIUM OObLEIMHEHHbIE YPABHEHUS,
KOTOPBIE CBA3BIBAIOT MACChl B @TOME C PaJIMycaMu OO30HHBIX, JICITOHHBIX U aHTHHEATPUHHBIX
opOuT, BK/IOYasT CKOPOCTH, SHEPTUN ¥ TIePHUOIbl BpallieHns nx dactuil. OIeHKr, Hali/IeHHbIe Ta-
KM 00pa30M, BBIPpAXKAIOT I KayKJIOI0 U3 MATEPhIX BUJIOB YPAHOB M JIBYX TUIIOB BOJIOPOJIOB
UJIEI0 BHYTPUATOMHON CHJIbI, KBAHTOBAHHON JIENITOHHBIMU cemeficTBamMu. OHu 00be IMHsAIOT BCe
U3 CBsI3eil, HeOOXOMMBIX JIJIs YCTOWYIUBOCTH U TOJIHOTHI aTOMAa, B €JUHOE TIeJI0e KaK POJIb I'pa-
BUTAIIMN B @aTOMHOM cTpouTebcTBe. [loaTomy B aTroMe mponcxoauT n3MeHnenne Kak BO BpeEMeHU
JKU3HU, TaK U B pajuyce JI000# U3 CTPYKTYPHBIX YACTHUI] B 3aBUCUMOCTH OT TUIIA OPOUTHI.

KiroueBbie ciaoBa: Atom Anrureiirpuaaoro Bogopoma anb-@epranu; [Ipuamun Ksanrosan-
noit [TocnenoBarensaoctu Opout; Cemeiinas Ctpykrypa Aromos; Kpurepnit Maccsr myrst ATom-
noit Yuudukaruu; Bosonnsie, Jlenrronusie u Autuneiirpuaasie Opoutsr; 3akoHbl Bapnonnoi n
Apomarnoit Cummerpuii; Aurunarom Hefirpuaaoro Autusojopojia aib-Qeprann; 3akon Ksan-
toBanusi Opbutsr; ['paBuranus B AtomuoMm crpoutesberse; Ckpbitast Iunamuka AtomHOM
Duepruu.

1. BBeaenue

Kilaccnueckas mraneTapuast Mojie/Ib aToMa, Ipeyiozkentas Pesepdopaom [1], Moxker 6bITh
OCHOBaHa JIOTHYECKH HA OTCYTCTBHE B IIPUPOE aOCOIOTHO HPSIMOINHEHOr0 ABuKenus. Takast
HEKJIACCHYECKasd CBSA3b, OTBETCTBCHHAS 3 MEPHOANTIECKOE BPAIICHHE SJICKTPOHOB BOKPYT sijI-
pa, MOSBJAETCA B aTOME KaK OJHO U3 BEChbMa BAayKHDLIX CJIC/ICTBUIT IPHUIIMIIA MACCO-3aPsI0BOIl
nBoiictBenHOCTH [2].

B sroit pamke KazK bl u3 saekrpudeckoro (£), caaboro (W), cuisnoro (S) u apyrux npu-
POZK/ICHHDIX TUIIOB 3aPsI/I0B CBA3AH C HAJIMYHEM CBOETO POJIa NHEPTHOI Macchl. Macchl 1 3apsiibl
39JIEMEHTAPHOI0 00bEKTa, (§) JOJIKHBI ObITH PACCMOTPEHBI KaK 00pas3yloliue 00be [MHEHHYI0 Mac-
cy nokost mY u obbesunennblii 3aps) €Y, KOTopble BKJIOYAIOT BCe U3 MACC U 3apsaJioB 00beKTa
B BHJIaX
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pu BeJIMKON yHubMKanuu cui [3].

DTH CTPYKTYPHBIE BEJIMYUHBI OTPArKaIOT COCYIIECTBOBAHUE HHIOTOHOBCKOI CHJIBI TATOTEHUST
Fn,., MKy IByMs 9acTUIAME U KYJIOHOBCKO#1 CHJIbl o, MEXKIIy TeMu 2Ke 00beKTaMu, KOTOPbIE
MOT'YT OBITH BBIPAXKEHBI ¢ TOUKHU 3peHus J0boro u3 cymecrsytonmx tunos (K = E, W, S, ...)
JeicrBuii
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e i, j = K (i # j), r obo3HauaeT paccrosinue MexKjy oOobekTamu, a (G y-TpaBUTAIMOHHAST
KOHCTaHTA.
D10 B cBOIO Ouepe/ b 03HauaeT [3], uro KaxKbiil u3 snekrpuueckoro FE | cnaboro FY | cuin-

noro F SSS 7 JIPYTUX BO3MOXKHBIX THUIOB CUJI BKJIIOYACT HE TOJBKO CBOErO PO KyJIOHOBCKOM Fé{ .
YacTU, HO TAKXKe U CBOETO POJIa HHIOTOHOBCKO# F’ J{fi , Jactn

Fo = Fy, + FE (5)
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[Ipu na Iy B3aMMOOTHOIIEHU JIFOOO# TTaphI MOJI0OHBIX CHJI TI0JIe, COOTBETCTBYIOINIEE KaXK-
7I0if 13 KOMIIOHEHT 0ObeMHEeHHOH ciibl FU, KoTopas paBHA
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CTAHOBUTCS €CTECTBEHHO MCKpUBJIEHHBIM [3|. TloaToMy jiBUKEHUME 3JIEKTPOHOB, OCYIIECTBIIsIE
Moe B (hDOPMHUPOBAHUU ATOMHON CUCTEMBI, SIBJISETCA OPOUTAJBLHBIM B IIPUPOJIE TAKIUM KaK Iepu-
ojinvueckoe Bparienue 1ianeT BOKpyr CostHia. Y HUX, CJI€JI0BATENbHO, MPOABATCA HEKOTOPbIE
CKPBITBIE cBsI3U. VX 1npuposia orpejiesiseT moBejieHne CTPYKTYPHBIX 00bEKTOB HE TOJILKO ATOMA,
HO TakxkKe n CoTHETIHON crcTeMbl Ha (DYHIaAMEHTAJIHHOM JTUHAMUYIECKOM YPOBHE.

O 1HaKo, Kak OBIIO YTBEPKIEHO B KJIACCUIECKON 9JIeKTPOINHAMUKE, HU OJINH U3 3JIEKTPOHOB,
BPAIAIONIUXCS BOKPYT SJpa, HE MOXKET OCTaBaTbCsd Ha OpOWTE Ha JIOJIN0e BpEeMs, He Tepsd
CBOIO HePruio. B To ke BpeMs cama Ipupojia 00beUHIET BCe YaCTU OOBIYHOTO BEIECTBA KaK
equnoe neoe. OHa CBA3BIBACT MPU STOM KaK/IbIH SJIEKTPOH C sJIPOM, MOJITBEPXK/Iasl HAJIUIUE
YCTOMYUBON aTOMHOI CHUCTEMBI.

B aroMHOii MojieM, OCHOBaHHOl Ha nocTyaaThl Bopa [4], 06BIYHO MpeIoIaraaioch, 9To B
aToOMe CYIIECTBYIOT CTAIMOHAPHBIE OPOUTHI KBAHTOBAHHBIMU YIJIOBLIMU MOMEHTaMU

muv,r, =nh, n=1,2,3,.., (8)

a mepexo/ibl OPOUTAIBHOIO JIEKTPOHA MaCcCOil m ¢ BepxHero (HUKHEro) ypOBHsSI Ha HUKHUI
(BepXHWUIT) MPOUCXOJAT 10 3aKOHAM WU3JIydeHus (HorsomieHus) GpOTOHA € COOTBETCTBYIOIIENT
SHeprueil, paBHOI Pa3HOCTHIO MEXKJIy SHEPIETUIECKUMU YPOBHSIMMU.

JLnst oripejiesieHrst CKOPOCTH ¥ 3JIEKTPOHA U PAJIUYCa I ero OPOUTHI B ATOME BTOPLIM HauboJiee
BayKHBIM YpaBHEHHEM, KaK MPEJIOKEeHO BopoMm, siBJisieTcst paBeHCTBO
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B KOTOPOM /Z e-3apsijl aTOMHOIO siJipa.



Korga (9) oobenunsiercst ¢ (8) npu v, = v U r, = r, MOXKHO HaiflTW DeIeHNs, KOTOPbIe
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CorracHo 9TUM pe3ysIbTaTaM, IIPH OOILIINX 3HAYCHUAX MACCDHI 11 BHY TPUATOMHBIC CHJIBI IMe-
I0T CBOWCTBO HPUTSZKEHUS, TOrJa KaK OTTAJKABAHNC HPOSBUTHCA B 3aBHCHMOCTH OT MAJIOCTH
macc. Takoit HOpAJIOK, Ka3a10ch Obl, TOBOPHT O TOM, 9TO aTOMHOE CTPOUTEJILCTBO HE B JIMHUH
¢ 3akoHaMu COJIHEYHOIl CHCTEMBI.

C apyroit croponsl, Kak cieayer u3 (8) u (9), pasBuTHe Ha MX OCHOBE IHEPBOHAYAJILHOI
IUIAHETAapHON MOJIe/IN aToOMa He MMeeT HU KJIACCHIECKOro, Hil KBAHTOBOrO Xapakrepa. OHO, KO-
HEYHO, BbIParKaeT NJIel0, BhIpazkeHny1o Bopom 06 aromax BogOpO0IOI00HO  IPUPOILI B TAKIM
06pa3oM JaeT 06bICHEHHE YCTORINBOCTH CAMOT0 IIPOCTOrO BelecTsa. ljist citydast, Kora aToM-
Has CHCTEMa HCHBITHIBACT CIHOHTAHHOE M3MEHEHHE IO CBOECH COCTABHON CTPYKTYpE, IIOCJIEIHee
CTAJIKMBACTCS C IPOOIEMaMH, CBI3AHHBIME C BEIBOJAME He OOHAPYKEHHOM /10 CHX ITOP CKPBITO
3aKOHOMEPHOCTH €/IMHOIl IPHPOJIBI BCEX THIIOB ATOMOB.

Bosee roro, moz meficTBEEM BHEIIHErO 9JEKTPHYECKOIO I MAIHUTHOTO II0JIS ODOPOBCKHE
OpOUTHI BHAYAJIE UCILITHIBAIOT CHJIBHOE M3MEHEHNE 110 CBOUM SHEPreTHIECKUM YPOBHSIM, a 3a-
TEM PACIIEIIAIOTCS HA PA3JIMIHbIE COCTOSIHUS, HAOIIOAEMbIE KAK PA3/IOKEHHIE CIEKTPAIbHBIX
smunit. Takum o6pasoM, Jyis Mozesn atoMa Bopa Bo BHelHeM 1oJie Jjazke CleKTpasbHbIe JIH-
HUH BOJIOPOJIa PACIICIUISIIOTCS, HOCTY/IPYs T€M CaMbIM, YTO OJUH M TOT K€ SJIEKTPOH MOZKET
OJIHOBPEMEHHO BPAIAThCA BOKPYT €r0 s/Ipa [0 CaMbIM Pa3HOOOPA3HBIM OPOHTAM.

OCHOBBIBASICH Ha YIIOMSIHYTBIX 371€Ch SIBHBIX IIPOTHBOPEYINIl, MOXKHO JlyMaTh, 9TO B OTJININE
ot CoJIHEYHO CHCTEMBI, ATOMHOE CTPOUTEILCTBO OCHOBAHO B IPUPOJIE HA JIPOKATEIHLHOM [[BH-
kenun. Ecii MBI HCXOUM € OJIHOBPEMEHHOMN HeOIpeiesleHHOCTH pajuyca Ar u ckopoctu Awv,
To npeanosaras, 9ro (8) u (10) JOKIBI IPUBOJUTE K COOTHOIICHUIO

ArAv = E, (11)
m
MBI MOIVIM ObI BBOJIUTH IHOHSITHE 00 OPOUTAJISIX BMECTO 00 OpOUTAX.

Opburanb sBiasieTcs (GpyHKIHEH, 3aBUCsIeil 0T KoopanHaT 31ekTpoHa. C ee TOUYKM 3peHNUst
BHYTPUATOMHOE JIBUZKEHUE JIEKTPOHA HE MMeeT TPAeKTOpHio. TeM caMbIM OHa MO3BOJISIET CJIe-
JIOBATh MAKCUMAJIBHYIO BEPOSITHOCTH HAXOXK/IEHNUsT 3JIEKTPOHA B HEOIPEJIeJIeHHON 06/1acTh mpo-
cTpaHcTBa BOKPYT djpa. Ho, kak Oyer BuIHO U3 JaJIbHEHIIero, IBMKeHe 3JIeKTPOHA B aTOMe
CTAHOBUTCS JIPOZKATEIHLHBIM JIBUYKEHUEM OJ1arojiapst BHYTPUATOMHOMY IIEPEXOJIY MEXKJTY JIeBBIM
(rpaBBIM) U TIPABBIM (JIEBBIM ), COOTBETCTBYIOIIEMY B CHCTEME CIIOHTAHHOMY HAPYIICHUIO 3€p-
KaJibHO! cuMMerpun. KoHeYHO, HUKTO He HabJII0IAJ] CaMoro JieBoro (IpaBoro) 3JeKTpOHa Ha,
opbure aTromMa BOJOPOJiA, & BJUAHUE JIEKTPUUECKOIO WM MATHUTHOIO IIOJIS HA €ro CIEKTP
[POCTO O3HAYAET, YTO HU MITApPKOBCKOe [5|, Hu 3eeMaHOBCKOE [6] siBIIeHME He CBSI3aHO C BBIBOJIA~
MU KaKUX-Tu00 (PeHOMEHOJIOTUIEeCKUX TeOPHil, OCHOBAHHBIX HA OTCYTCTBUE POJIU I'PABUTAIINN B
ATOMHOM CTPOUTEIHCTBE.

[TonsTue 06 opdbuTax, oJfHAKO, HE TEPAET CMBICT B PUCYTCTBUN rpaButaiuu. [losTomy omno
6bLIO BIIEPBBIE BBEJIEHO B aToMHYT0 (busnky Pesepdopom [1| Kak BHyTpHATOMHAST CHIIA TPUTSI-
JKeHMsI, OTBETCTBEHHAas 32 00pa30BaHUe aTOMAa C 3JIEKTPOHOM, JEeMOHCTPUPYIONUM OPOUTATILHOE
JIBU2KEHUE BOKPYT €ero sjipa. Mbl He JIO/IKHBI CIIyThIBATH TepMuHbl. OpOuTa OTHOCUTHCA K Tpa-
€KTOPHUH, OIUCHIBAIOINIEH BHYTPUATOMHOE JBUXKeHUe 3jieKTpona. OpOUTajbHOE OTHOCUTHCA K
TOMY, 9TO HPUCYTCTBYET HA OPOUTE WJIU MPOABUTLCS Y 00bEKTa ITON OPOUTHI.



Opmoit w3 Hambostiee sIpKUX OCOOEHHOCTEH ATOMHBIX CHCTEM SIBJISETCS WX HeHTPaJbHOCTD,
ITOCPEJICTBOM Yero yCTONYMBOCTH KazKJIOH OpOUTHI BIIOJIHE COBMECTHMA C JICHTOHHON YHHUBEp-
casibHOoCThIO [7-10], Bhipaxkaionryio [11] uuen He TOJIBKO COXpaHeHWs UM KBAHTOBAHUS 3apsijia,
HO TaKzKe M 3aKOHOB apomaTHoit cummerpun [12,13]. CiieoBaresibuo, 060 9/IeKTPOH 3HAET O
[IPUCYTCTBUHU B aTOMe CBOEro poja aHTuHeiiTprHO. OHM MOrYT IO9TOMY 0Opa3oBaTh Ha OpOU-
Te JieBble (IIpaBbie) JIEKTPOHHbIE GO30HBI, KaXKJIblii 13 KOTOPLIX OObeMHSIET JIEBbIil (TIpaBblii)
9JICKTPOH U €ro Ipasoe (JIeBOe) aHTHHEHTPUHO.

Nx npucyTcrBre B CBOIO OYEpE/Ib UMEET pelniaoliee 3Ha9eHre i YCTaHOBIEHUs B IIPUPOJIE
HNCTUHHON KapTUHDbI CIIEKTPaJIbHBIX JIMHUMI JHO6OI‘O 13 COOTBETCTBYIOIUX THUIIOB aTOMOB U TEM
CaMbIM OIIMCBIBA€T CUTYaIlUIO, KOT/JJa BOKPYI' KazK/0I'0 3JIEKTPOHA, KOTOprfI JABUZKETCA BOKPYTD
sijipa, Ha OpOUTE ITOrO JIEIITOHA BPAIIAETCA U3 €r0 COOCTBEHHOIO aHTUHEHTPHUHO.

Jlpyroe BaxkHOE CJIeJICTBUE, BBITEKAIOIIEE U3 IMPUHITUIIA MACCO-3aPsAI0BOM JIBONCTBEHHOCTH,
3aKJ/II0YAETCI B TOM, UTO IIepPecedeHre CIIEKTPOB JIEKTPUIECKOTO U C/1ab0ro THUIIOB MacC dJie-
MEHTAPHBIX YaCTHUI[ COOTBETCTBYET B IIPUPOJIEC CYIIECTBOBAHUIO JIeI'YalIllero JIeITOHA U €ro Hell-
Tpuno. OHU JIOIYCKAIOT TIPU 9TOM apOMATHO CUMMETPUYHBIE PACIIA/IbI 3/IeKTpoHa [14], KoTopbie
He OBbLIM U3BECTHBI JI0 CO3JIaHus ITePBOHAYAJILHON IJIAHETAPHON MOJIEIN aToMa.

9T (PAKTHI YKA3BIBAIOT, YTO MEK/Iy ATOMHO CHCTEMOiT 1 cTapoil Teopueil ee TPUPOILI CyIIie-
CTBYET PsiJi CTPYKTYPHBIX ITPOTUBOPEUHil, KOTOPbIE TPEOYIOT B IPUHITUAIIE OTXOIUTH OT PAHHHUX
IpeJICTaB/IeHUil 00 aToMax, UCIOIb3yd UX CYIIECTBOBAHUE, POXKJECHUE U B3aUMOIIPEBPAIICHHE
KaK €JUHCTBO 3aKOHOB CUMMETDUM.

[TosToMy Ham 1eb B 9TOH paboTe COCTOUT B TOM, YTOOBI MOJHATH BOIPOC 00 MCTHHHO
KBaHTOBO-MEXaHUYECKOU IPUPOE aTOMa, & UMEHHO O MacCCO-3apAJl0BO CTPYKTYype aToMa, UMe-
IOIEel JIOTMYIECKH ITOCEI0BATEIbHYIO MATEMATUIECKYIO0 (DOPMYJIUPOBKY ¥ ITO3BOJISIONIEH HaM
CJIeJOBAaTh JIOTUKY aTOMHBIX CUCTEM, BKJIIO9ad JUHAMUYIECKOE IIPOUCXO02K/ICHUE X CIIOHTaHHOT'O
CTPYKTYPHOI'O USMEHEHUA. 9Ta HOBasd Teopud aToMa C Op6I/ITaMI/I KBaHTOBaHHBIMU JICIITOHHBIMNI
ceMelicTBaMu yCTaHaBJIMBAECT UCTUHHYIO KapTHUHY BCEX TUIIOB aTOMOB U POJIb B UX (bOpMI/IpOBa—
HUM MACCHI U 3apsjia U TEM CAMBIM PACKPBIBACT HEU3BECTHBIE JI0 CUX TIOP caMble PA3HOOOpAa3HbIE
CBOIICTBa aTOMHON YHU(DUKAIUN.

2. Kpurepwuii macchl ajid aTOMHOI yHUUKAIIT

[Tpunnun macco-3apsI0Boil JBoiicTBeHHOCTH [2| BBICTYTIAET B aTOMe Kak Kpurepuil yHubu-
Kallii ero CTPYKTYPHBIX YaCTUI] H& CKPBITOM KBAHTOBOM YPOBHE, YTO JICNITOHHAs yHUBEPCAJIb-
HOCTDH O3HauaeT [11] HoCTOAHCTBO BeJIMUUHbI

mEPm = const, (12)

COOTBETCTBYIOIIEH B mpupoje coBhajeHuio 14| smekrpudeckoil u craboit KOMIOHEHT MAcChl
OJIHOTO ¥ TOTO 2Ke Jierdaiimiero Jjentona. Takum jlenrronoM (§ = 1), COIIACHO COOTHOIIEHUTO

B2 = mEm = mPm," = const, (13)

(m
MOZKET CJIY?KUTH 9BPMUOH (€), 00JIaIAIONTHI JICKTPUICCKAME MACCOIl U 3apsiioM
mi = 162.22857 eV, (14)
e =1.602-107" C, (15)
KOTOPBIE SABJAIOTCA PyHIaMEeHTAILHBIMUA (DUBUICCKUMU ITapaMeTPaMM

me =mE, el =eb. (16)

€



DTH BLIBOIBI JCITOHHON YHUBEPCAJILHOCTH OTHOCATCH K JIIOOOMY THITy YaCTHILI C 3aPSIOM
9BPMHUOHA. Ec/m 0JlHA W3 HUX $IBJISIETCsI XOPOIIO M3BECTHBIN MPOTOH (p), TO cymiecTByer |14]
OTHOIIIEHNE MEXKJLy MacCaMu
K )2 E_W E_W (17)

(m)"=mym" =m,;m), .

Macca KazkJI0i 9acTUIhl 00bEIMHAET, KPOME TOTO, BCE 3aKOHbI CUMMETPUH B €IUHOE 1IEJI0E.
Tem caMbiM OHA TOBOpHT O curyarun [14], Korga sBpMUOH nMeeT cBoe cOGCTBEHHOE HEHTPUHO.

K sTOMy 3aK/II09EHUIO MOXKHO TaKyKe IIEPEHTH JPYIUM IIyTeM HCXOIS U3 MaCCO-3apsI0BOi
JIBOCTBEHHOCTH (2], cOrTacHO KOTOPOIi, HefiTpuHHas yHUBEpCaIbHOCTH [15] Bbipaxkaer (I = 1)
[OCTOSTHCTBO MHOYKHUTE/IsT

mlm) = const, (18)

HOJITBEPK TAIOIIee TOXK IECTBEHHOCTD [14| ayiekTpudeckoro u ¢jaboro THIOB MACC OJHOTO U TOTO
JKe Jierdaiiniero Hedtpuno. Takoe HEHTPUHO, KAK YTBEPKJICHO B

K)Q E_W E_W

(mVe =m, m, =m,m, = const, (19)

COOTBETCTBYET B CIIEKTPaX MacC SBPMHOHY. 3apsi/I [14,16] 1 Macca 3BPMUOHHOI'O HEUTPUHO
mi < 7.2550823-107° eV, (20)

el <2-107" ¢f (21)

OTHOCATCA IIPU 9TOM K (PyHIaAMEHTAIbHBIM KOHCTAHTAM, ABJISIOMUMUCA XapPaKTEPHBIMUA TOJTHKO
JIJIS T€X YaCTHUIl, y KOTOPBIX Macca U 3apsj] He CPABHUMBI C MACCOW U 3apsiJIOM SBPMHUOHA.

OnHrM TakuM 06'bEKTOM, KaK BIIepBbIe ObLIO OTMedeHO B pabore [17], MoxkeT cyKuTh Heii-
tpon. Ho, B oT/tmune ot panHux npejcraBiennii 06 yHUPHUKAIIUN JIEMEHTaPHBIX 00bEKTOB, UX
kytaccndukanus mo orHorrennto K C-onepanuu nosposisier [14] ycranoBuTh ere 0JfHO BechbMa
BayKHOE TOXKJIECTBO

K)Q E_W

=m,m, = mfmxv, (22)

KOTOpOe yKasbiBaeT paBeHCTBO [14,17| 3apsinos Heiirpona (n) u meiirpuno which indicates the
equality [14,17] of the neutron (n) and neutrino charges

€n- = €y, En+ = €. (23)

Takum obpazom, Macca TpedyeT XapaKTepr30BaTh Ha JAHHOM JTalle JIIOOYI0 YacTHUIly de-

TeipbMs ([ =€, e, i, T,...) JIEHTOHHBIME apOMaTAMU

_'_1 JJIA lZ7 l}_%u Vi, ViR,
Ll = —1 JJIA ZE, er’ DlRa DlLa (24)
0 s ocTaJIbHBIX YACTHII.

[IpucyrcrBue TOIBKO 971eKTpoHA €~ Ha opbute (), HECOBMECTHMO, KaK YIOMSHYTO BBIIIE, C
COXPaHEHHEM II0JTHOTO JIEITOHHOT'O YHCIa

Le+ Lo+ L, + L, = const (25)

U BCEX BUJIOB JICHTOHHBIX apOMAaTOB
L; = const, (26)

OTBETCTBEHHBIM 3a 06pa3oBanue [18| 9;1eKTPOHHOIO CTPYsI U3 YeThIPEX THUIIOB JIEBBIX UJIH IPABBIX
apoOMaTHO CUMMETPUYHBIX JICNTOHHBIX CTPYH

Uz 7ir), (Ig, 7). (27)



[TosroMy ¢ TOUKH 3peHHUsI €JMHCTBA ATOMHBIX CHCTEM U 3aKOHOB CHUMMeTpHil, Kaxoe (17)
u (22) 710/KHO OBITH MHTEPIPETHPOBAHO KaK yKa3aHHe Ha CYIECTBOBAHKE B ATOME JIEBBIX W
IPaBbIX APOMATHO CHMMETPUYHBIX GO30HHBIX M apOMaTHO AHTUCUMMETPUIHBbIX (L; # const)
JIEHTOHHBIX U aHTUHEHTPUHHBLIX OPOUT KBAHTOBAHHBIMU JIEHTOHHBIMU cemeiicTBamu. Ipyrumun
CJI0BaMU, IIPUPOJIa ATOMHON CHCTEMbI CO3/IaHa TaK, YTOOLI JTI0OOMY THILY JIEHTOHHOI'O apoMaTa
COOTBETCTBYET CBOErO POjia JIeBOii (IIpaBoii) OpOUTHI.

O/tHako, KaK MbI BHJIE/IN, 9BPMUOHHOE CEMEHCTBO MMEeT UPE3BBbIYailHO MEHBIIYIO 3JIEKTPH-
YeCcKyl MacCy U 49TO, CJIeJOBATE/BHO, JIEBbIE U IIPaBble 3BPMUOHHbBIE CTPYHU

(EZ’ DGR)’ (61_%7 DEL) (28)

ABUZKYTCSL BOKDPYT s1pa 110 1epsoit jesoit (O, ) u sropoit npasoii (Of ) opGuram.
Tperna nesas (OL ) n uerseprast npasag (O ) op6uTHI OTHOCATCS COOTBETCTBEHHO K JIEBBIM
€ €
U IIPaBBIM CTPYKTYPHBIM COCTOSTHUAM 3JIEKTPOHHBIX OO30HOB

(ezv DGR>7 <€;%7 DGL)' (29>

MriooHbl U X aHTHHEHTPUHO, (POPMUPYIOIIUE JIEBbIE U IIPABbIE MIOOHHBIE CTPYH

(Mfa DuR)a (,u;% DML)) (30)

ABJIAIOTCs W3 nsAToit sesoit (O, ) u mecroit mpasoit (O, ) opout aToma.

Cpe/ii XOPOIIIO U3BECTHBIX CeMEHCTB JIEITOHOB TOJIBKO T-JIENITOHBI 00JIAII0T GOJIBIION H/1eK-
TpUHECKOit Maccoii u mosromy cenpMast sesad (O, ) u Bocobmas npasas (OF, ) opburs coot-
BETCTBYIOT B aTOME€ T-JIEITOHaM M UX aHTUHEUTPUHO, & MMEHHO JIEBBIM W IIpaBbIM TayOHHbBIM
6o30HAM

(TE7DTR)7 (T}gapTL)- (31)
VYxke u3 npeabrLaymero ACHoO, 4TO Cprf)IHbIG Op6I/ITbI
L R L R L R L R
061767 061767 061757 061757 O;u?‘u O;u?‘u 07-177—7 OTD-,—’ (32>
YAOBJICTBOPAIONINE HEPAaBEHCTBAM
mP <ml <ml <ml <m?, (33)
mf{ < mi < mfﬂ < mi < mf, (34)

[POSIBJISITHCS B 3aBUCHMOCTH OT MacC JIEHTOHHBIX GO30HOB.

Ho nopsijiok Takoit Kak (32) CyIecTByeT TOJBKO JIJIs TeX aTOMOB, Y KOTOPBIX PO COCTOUT
U3 HYKJIOHOB € paBHBIM (Z = N) 9HCJIOM HPOTOHOB U HEHTPOHOB. [TosTOMY, 4TOOBI BKITIOUHTD B
06Cy2K/IeHIe ATOMHBIE CHCTEMBI ¢ HepaBHBIM (Z # N) auciom nHeiirporos (V) u uporonos (Z),
MBI JIOJDKHBI BHAYAJIe BCIOMHUTH 3aKOH COXpaHeHus GapuoHHOro ducia [19], yreepxarommuii,
9TO HYKJIOHBI (AHTHHYKJIOHBI) UMEIOT TIOJIOXKHUTe/IbHbI (OTpUIaTesbHblii) e uHnaHblil [+1(—1)]
bapuonnblil (B) sapan. Torma BO3MOXKHO, HapuMep, Y9TO HEUTPOHBI (N7 p) W aHTHIPOTOHBI
(pk 1) obpazyior ipu N = Z JieBble U paBble aJPOHHBIE CTPYH

(nz.pk), (ng.pL), (35)

OTBETCTBEHHBIE 38 D030HHYIO CTPYKTYPY OECCIIMHOBBIX djep 0e3 N30CIIHA, TaK K€ KaK 1 38 UX
6apuonno cummMerpudnyio (B = const) kaprumny.



O 1THOBpeMEHHO, KaK JIETKO BHUJETh, MEXK/Iy aTOMHON CHUCTeMO M s/IepHOIl MaTepueil cyre-
CTBYET PAJ IPUPOXKACHHBIX CUMMETPUH, €IMHCTBO KOTOPBIX BhIparkKaeT JIJId BCEX TUIIOB aTOMOB
IJICIO OJHOTO U TOT'O K€ €JIMHOIO IPUHIUIIA, 9TO

L; + B = const. (36)

DTta 00beuHeHHAsd 3aKOHOMEPHOCTb B CBOIO OYEpENb JaeT IIPaBO OOPATHTLCA K CJIyUalo,
korma Z > N. Ilpm takoM BBIOOpE aTOMHOIO s/ipa JIEBble W IIPABBIE SBPMUOHBI BPAIAIOTCS
BOKDYT Hero 10 1epsoit jiesoit (OF) u sropoit npasoit (OF) opburam. Tperbst nesas (OL) u
werseprast pasas (OXF) opbUTHI COOTBETCTBYIOT JIEBBIM M MPABLIM 3JIeKTpOHaM. 1laTast eBast
(Of) m mecras mpasas (O)) OPGUTHI STHX THIIOB ATOMOB OTHOCATCSA HECOMHEHHO K JICBBIM 1
npasbiM MioonaM. Tosbko cebmast eas (OF) u Bocbmast npasas (OF) opbutst ocraiores st
JIEBBIX W IPABLIX T-JICITOHOB.

flcro, oHaKOo, 9TO JICHTOHHBIE OPOUTLI

of, OF of OF of o0f of 0OFf (37)

B aTOME MOABJIAIOTCH KakK pasHocTh Macc (14) u
m? = 0.51 MeV, m) =105.658 MeV, mZ =1776.99 MeV, (38)
my =515-107% eV, m) =249-10"" eV, m] =1.48-107" eV, (39)

BoiTeKaonux [14,20] u3 maboparopHbix GHaKkToB.

Ecim BoiOpars umcsio neiirpona N > Z, npu KOTOPOM CTPOUTE/IHCTBO ATOMHON CUCTEMBI
He coBceM B JimHUE ¢ ujesMu (36), To Korja HefiTpHHHAS YHUBEPCATHHOCTD TPUBOIUT K (23),
CYMMapHBIA 3apA/]

€nl n +enp, =0,

KOTODBIii paspeniaer JeBbIM U [IPAaBbIM 9BPMHOHHBIM aHTUHEHTPUHO BPANIAThCst BOKPYT sJIpa
1o nepeoit sesoit (O ) u ropoit npasoit (Off) op6uram. JIeBble 1 IpaBbIe JIEKTPOHHBIE AHTH-
HefiTpuIo sBIsIoTCH u3 Tperbeii sesoit (Of ) u werseproii npasoii (OF) opGut 06Cy K 1aeMbIx
Turos aromos. aras mesas (OF ) n mecras npasas (Of ) opouTBI COOTBETCTBYIOT JICBBIM 1
PaBbIM MIOOHHBIM aHTUHEHTPUHO. UTO KacaeTes JIEBbIX U PABbIX TAYOHHBIX aHTHHEATPUHO, TO
OHH JBHZKYTCsL BOKPYT siipa 110 ceapMoit sesoit (OF ) u Bocbmoit npasoit (OF ) opburanm. Dop-
MyJiupyst 60J1ee KOHKPETHO, MOXKHO IPEJICTABUTh aHTUHEHTpUuHHbIe opouThl B pamkax [14,20]
criektpa macc (19) n

ml <25eV, m] <0.17MeV, m! <182 MeV (40)

Vu
m,, <2.1-107%eV, m) <3.096-10"" eV, m;’ <2.89-107"% eV (41)
CJICITYIONUM 0Opa30M:

Oy, oy, oL, oF or, of, o, of. (42)

Bee tpu Buza opoutst (32), (37) n (42) cymecTByioT B MOJIEKY/IaX, COCTOAIINX U3 aTOMOB,
KOTOpBIE He 00JIaJIal0T OJHUMU U Temu ke opbutamu. Ho ux mopsijiok 3aBucut ot mace [14,20]
Kak (hPePMUOHOB JIENITOHHBIX CEMEfiCTB, TaK U CTPYKTYDPHBIX YaCTHI[ ATOMHBIX $1ED

mp = 938.272 MeV, m} = 939.565 MeV, (43)
my’ =2.8049-107° eV, m, =5.6021-107"% eV. (44)
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Haxomnemn, sameTnm, 4To0 IpejjiaracMas aToMHasd CTPYKTYPa, KOTopasd 00bACHAET KBAaHTOBA-
HEE OpOUTHI BOKPYT 4/Ipa B 3aBHCHMOCTH OT THIIA apoMaTa W HaJUYHe B IPUPOJE KBAHTOBAH-
HOIi I10C/IeI0BATEIbHOCTH JICIITOHHBIX CEMEHCTB, KOTOPBIC IIPU3HAIOT CyHIeCTBOBAHUE B HAIIeM
IIPOCTPAHCTBE-BPEMEHH aHTUIIPOTOHOB, HEHTPOHOB, JICITOHOB U aHTUHEATPUHO, HE UCKJIOYa-
er uiew, 4To Iy g, VRL, p}% [ M N p ABJISIOTCA U3 (DEPMUOHOB U 1TO lg Ls VILR, PLR 1 nE, L
OTHOCATCA K aHTHQEPMUOHAM.

3. Bo3ounnble, JilenTOHHBbIE U1 AHTUHENTPUHHBIE OPOUTHI aTOMAa

[Ipempiyinee paccyKjieHne rOBOPUTH, YTO CaMa MPUPoJa 0Opa3yeT aTOMHBIE CUCTEMBI TaK,
4TOOBI K CJIydalo OECCIMHOBBIX sijiep 0€3 M30CIMHA COOTBETCTBYET CBOEIO POJIa OPOUTAIHLHOIO
nopsijika. KpacuBbiM TPUMEPOM SBJISETCA MOPSIOK OPOUT CJICTIYIONINX aTOMOB:

Hey — O

€V

OF — N2, =1,2— N, =1,1,

Li§ - 0L, OF | O — NS, =1,2, N, =3— Ny =1,1, N, =1,

€Ve) €V

B —oL. Oof, oL, OF. O, — N3 =12, NS =34,

€V (3728 eve) eve)

N;%?H:‘!B_)Neﬁe:l’]‘? Nef/e:l,]_, Nufju :1,
Cg?— 0L, Of ., OL . Of oL . O — N =12 Ng =34,
E€Ve E€Ve ele ele vy vy, €Ve ele
Np, =56 = Ng, =1,1, Nep, =1,1, Ny, = 1,1,
Nyt = oL, o, ok, of. o}, O,k O — N =12 Ng =34,

N°, =56, N° =T7—Ng =1,1, Ny, =1,1, Ny =1,1, Ny =1,

MD;L EH

16 L R L R
08 _>Oel757 061757 OeDev OeDev

L R
Ok, O

Hip?

L R o __
07'177—7 OTD-,— — Nef/e - 1727

Ng, =34, Ny =5,6, NI, =7,8—= Ny =11, N, =1,1,

]\/v;u’/H - ]-7 15 N’T'l77— - 15 ]-7
R —=okL, o, ok, of. o, O 05 =N =12 N =34,
Nliﬁp — 5, 6, N’?DT — 7 — Nepe — 2, 2, Nef/e — 1, ]_, NMDH — 1, ]_, NTET = ]_,
Neig - OeLf/e? 05767 OeLﬂev Ogiev Oﬁﬂuv 0517“7 OTLﬂTv OEDT — N5, = 1,2,

Ng,. = 3,4, Nl(jf’u =5,6, N7, =7,8= Ny, =2,2, Ney, =1,1,
N :lala NTDT::[’]')

Koy

Naii - O, OfL, oL, oL, oL ., OF O — N3 =12 N, =34,

EVe) EVe) eve) eve) J j 2zl

NO’;L:5’6’ N:DT:7—)N€D€:2’2’ Neﬂe:2’2’ NM

1%

- 1a ]-7 NTDT = ]-7

zm

8



24 L R L R L R L R
Mg4 —OL, OF, OL, 6 OF, 6 oL, OF . O, OF — N3 =12,

NG, =3,4, Ny, =56, N3 =7,8= Ng, =2,2, Nep, =2,2,
fvpﬂu = 171a ]V}ET = 1a17

26 L R L R L R
Ali3 = Og,. Og,. O Og,, Oy O Or5, = NG, =1,2, N2, =34,

oy

N/j, :5,6, Nof :7—>N€p :2,27 Nelj :2,27 N!Uj :2,27 NTD :1
Yy TVUr € e ® T

)

28 L R L R L R L R o __
Si% 0L, OF, oL, Of oL  OF 0oL OF —N; =12

eve) E€Ve
NO

0. =34, No =56, N, =T,8— Ny =22, N, =2,2,
]Vpﬂu = 272a ]V}ET = 1a17

Py —of, of, oL, ok, o, O, O — N =12, NJ, =34,
N/.(L)f/ :5,6, Nof == 7—>N€p :3,37 Nelj :2,27 Nulj :2,27 NTD =1
yn TVUr € e 1 T

)

32 L R L R L R L R
S2 0L, OF, O, OF. OL  OF . O . OF =N =12,

NS, =3,4, N =5,6, NS =7,8— Nu, =3,3, Ny, =2,2,

]VPDH = 272a ]V}DT = 1a17

40 L R L R L R L R o __
CaQO — 051767 O OeDea 0O OMDM’ Ouﬂlﬁ OTDT7 OTDT - Nsl’/e - 1’ 2’

€V eve)
N?

o = 3,4, NZD# =5,6, N7, =7,8= Ny, =4,4, Ney, = 3,3,

NMDH - 2,2, N’T‘l77— - 1, ]_

Benmuuna Njj, 3/1ech onucelBaeT HOpsi/IOK OO30HHBIX OPOUT, Torja Kak N XapakTepusyer
KOJIMYECTBO JIEITOHHBIX OO30HOB B KaXKJIO# U3 HUX.

Bouee Toro, eciu Ny = 1 upn N, = 3,5,7, T0 cllMHOBOE COCTOsIHME BHYTDEHHHX vacTeil
eIMHCTBEHHOTI'O JIEHTOHHOIO 0030HA B JIIOOOH U3 3TUX KOHEIHLIX 0030HHBIX opouT Oy, 3aBUCHT
OT TOT'O, OTHOCATCS JIM HYKJIOHBI TIOCJIE/IHEH aJPOHHONI CTPYW B ATOMHOM sJIpe K JICBBIM WJIH
IpaBbIM (HDEPMUOHAM.

JIpyrum xapaKTepHbIM MOMEHTOM SIBJISETCS PABHOE YHCJIO YaCTHIL JICBOI U IIPpaBOil ATOMHBIX
OpOUT OJHOTO M TOIO 2Ke JIIITOHHOI'O cemeiicTBa. Takoe COOTBETCTBHUE BbIpAXKaeT IMHAMUTE-
CKO€ TIPOUCXOXKJIEHNE CIIOHTAHHOTO HAPYIIEHUs 3ePKaJbLHOI CUMMETPUN B aTOMe, TaK »Ke KaK 1
HETOXKJIECTBEHHOCTD [21] Mace, sHepruii 1 UMILyJIbCOB €ro JIEBBIX U MPABBIX OOHEKTOB.

Ho mist atomoB, B sijipe KOTOPBIX Z > N, 6030HHBIE OPOUTHI HE SBJIAIOTCS €IMHCTBEHHBIMU
opoutamu. OHM MMEIOT JIONOJHUTEIbHBIE JIENTOHHBIE OpOUTHI. [IpuMepoM 3TOro MoxKeT ciry-
KUTh KayKIbIM HeCTaOMILHBIN M30TOI 13

Hed— O, Oy —N2=1, N, =2 N.=1, N, =1

J

Cy —oF, OfF o, OL, OF, 6 O. — N’=1,2 N?=3,

€V



N? 4,5, N, =6 — N.=1,1, No=1, Ny =1,1, N =1,

F"—=0, 0L, ok, ok, ok, oy o, 0L, 6 OF —N =1,
NS, =2,3, N5, =45, Ny, =6,7, N2, =89— N, =1,
Ny =1,1, Ny =1,1, Ny, =11, N, =1,1,

n

OR

K2

L
OMDM !

N =3, NS =4,5 Ng =06,7, NﬁDMZS,Q, N7, =10 - N.=1,1,
Nezla Neﬁezla]-a Nef/e:lala Nu :]-71’ NTDT:]-7

17 L R L R L R
Ney, — 02, OF, O, O O Ocr Oy

€Ve) €Ve)

07-177, — Neo = ]_,2,

Vu
rjae Nlo O3HaYa€T HOPAJOK JICITOHHBIX Op6I/IT, a Nl 0b03Ha49aeT KOJ/JIMYECTBO UX JICIITOHOB.

ATOM, TaK1M o6pa30M, BbI6I/IpaeT CIIMHOBOE COCTOdAHUE G,HHHCTBGHHOIZ JaCTHUIIBI CBO€I Jiell-
TOHHOM Op6I/ITbI Ol TaK, 9TO0OBI K JIEBOMY WJIM IIpaBOMY JICIITOHa COOTBETCTBYET B €I'0 AJIpE
CBO€ro poja IOJAPU30BaHHOI'O aHTUITPOTOHA.

Nmerorest MHOTHTE JIPYyTHE TOMBI, B KOTOPBIX ITPOABATCA aHTUHEHTPUHHBIE OPOUTDI, ITOCKO/Ib-
Ky YHUCJIa aHTUIPOTOHOB M HEWTPOHOB B MX SAJpax YJIOBJIETBOPAIOT HepaBencrBy N > 7, Ha-
pYIIAIONIEMYy COXpaHEeHUuEe CyMMAapPHOro DAPMOHHOIO U JICIITOHHOTO YUC/Ia B ATOMHBIX CUCTEMAaX.
Hanpumep, B aTomax TaKux Kak

Be} = Oy, OL, OL . OL . OF — N =1, NI =23,

€Ve) €Ve) eve)

N£D€ = 4’5 - Nﬁe = 1a Neﬁe = 1a 17 NeDe = 1a 17

2 — 0, O, OfF, oL . OL,

L R
(3728 €V Ouf/u’ Ouﬁ,ﬁ

07-177, —>N;€ - ]_,
NO’ 2737 Neoﬂe:4757 N,ZD#:6777 N;—)D.,-ZS%NZ:L

€Ue

Nef/e = 3737 Nef/e = 3737 N,U,Iju = 2727 NTDT = 17

OR

MV

OL

My

L R
Oef/e ) OeDe I

Arly = OL, OF, oL, OF,6 of . B Of

OL , OF — N2 =1,2, N2 =3,4, NS =56, N =T,8,
NG, =9,10, N2, =11,12— N;, = 1,1, Np, =1,1,
Nf’je = 3,3, Neﬁe = 3,3, NM = 2,2, N’rl’/f =11,

n

K¥ —0,, OL, O, OL, 6 OF, Ok  OF 0., —Ng=1,

€V €V eve) eve) J el uy?
NS, =2,3, N5, =45, Nj, =67, N2, =8—N; =1,
Nelje — 3, 37 Nef/e = 3, 3, leju = 3, 3, NT,jT = 1,

L R L R
061757 061757 O;u?‘u O;u?“?

45 L R L R
5021%01767 01767 01767 ) @)

3728 €V 07—177_ — Ngs = 1’2’
N;e - 3’ NGOEe - 4’57 Neofle = 6’7’ Nl(jf/u = 8’97 N;')DT =10 — Nf/s = 1a ]-7
NDE = 1’ NfDe = 4’47 NeDe = 3a37 NM = 373a NTDT = ]-7

n
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Tiy, — OF, Of, ok, of, oL, oL oL,k ok, o . O,

Ve Ve Ve Ve €Ve EVe Ele ele vy j22zm
oL, ., OF — N =12, N =34, N =56, N =T1,8,
No, =910, N2, =11,12— N, =1,1, N, =11, Ng, =44,

NeDe = 3, 37 ij# = 2, 2’ NTD.,— = 2’ 27
R L R L R
OF, OL OR. O OFf

51 L R L R L
V23 - 01767 01767 01767 01757 Ol?w 051767 G728 eve)? eve)?
Or, = Ng, =1,2, Ng =34, N2 =5 N5 =6,7, NS =89,

Ny, =10,11, N7, =12—= N, =11, N =1,1, N, =1,

Nef/e = 4747 Nef/e = 4747 N,U,I?# = 3737 NTDT = 17

Cryy — 0L, Of, oL, of oL, 6 ok, 6 oL & OF, Oﬁﬂu, Ofﬂw o~ ,
Of, — N;. =12, Nj =34, N, =56, Nj, =18,
Ngﬂ :9’ 10’ N7(')DT = 11’12_> Nf/e = ]‘71’ NDe = 1’17 Nﬁﬂe :4’47

Neﬂe = 3737 N,U,Iju = 3737 NTD.,— = 272,
Mn3 — Ok, OF, oL, OF, 0,, OL,k6 OF, oL,k OF, 6 oL  OF.
O, = Nj =1,2, N =34, Ng =5 N3 =6,7, N3 =89,
Ny, =10,11, N7, =12—= N, =11, N; =11, Ny, =1,
Neﬂe = 5, 57 Nefle == 474, leju - 3,3, NT,jT = 1,
L R L R L R L
O O 061767 061767 O,uf/;ﬂ O,uf/;ﬂ OTD-,—’

(3728 (3728

Feyy — OL, OF oL OF,

Of, = Ng. =12, N; =3.4, NG, =506, N, =18,

Ny, =9,10, N2, =11,12— N; =1,1, N, =11,
N€952474a NeDe:4,4, NMDH:3,3, NTDT:2’2’

L R L R L R
OD;N 06567 06567 06957 OeDeu Ouf/ua OMDM’

Coy — OL, OF, OF, OF,
O, = N =1,2, Ng =34, N2 =5 N5 =67, NS =89,
No, =10,11, N2, =12 N, =1,1, N; =1,1, N, =1,
Ne. = 5,5, Nep, =4,4, Nup =44, Ny =1,

L R L R L R L
O O 061767 061767 O;,Lf/u7 Ouf/ua 071777

(378 €V

Nij%s — 0L, OF,
Of, — Ny =1,2, Nj, =34, N =56, N, =18,

Nﬂ?qu— = 97 10 — ND& - 1, 1’ N€l75 - 5, 57 Nelje - 4,47 NND/A — 3,3, NTIjT — 2
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Cu$y — OL, OF oL OoF o,, O, 6 Oof,6 oL O~

€V €V ele? ele?

OR

KV

L
Ouf/u’
O — N = 1,2, N2 =34, N2 =5, NS, =6,7, N, =809,

NZ’% = 10,11, NfDT =12 Ny, =1,1, Ny =11, ND# =1

Nelje = 5757 NeDe = 57 57 N[u}jp‘ - 47 4, N’leq— = 1’

Y

65 L R L R L R L R R
Zngy — Oy, Oy, Oy, Oy, O, O, O, O, O, O

KV

OL

Kop?
O, ., OF — Ng =12 N =34, N; =5 N =67 N =809,
N;j,7H = 10,11, NfﬂT =12,13 - N; =1,1, N; =1,1, Ny, =1,
N€l7€ = 575, Nef/e = 474, Nl“ju — 3,3, NTIjT = 3, 37

OL

oy

oL . Of

eve) eve)

69 L R L R L R L R
Ga?)l_)ODev Oﬂev 0967 Of/eu Oﬁ;ﬂ Of/uu 0177—7 O O

€Ve) €V

Of, . Om — Ny =12, Ny =34, Ny =56, No =T, NS =809,

No, = 10,11, NS, =12,13, N2, =14— Ny, = 1,1, Ny =1,1, Ny, = 1,1,
NDT = ]‘7 NEﬂe = 67 6’ Nef/e - 5’57 NMDIL — 4,4, NTET - ]_,

72 L R L R L R L R L R L R
Ges; = Oy, Oy, Oy, Oy, Oy, Oy, OF, Oy, O O O O

€V €V eve) eve)

oL, O , Ok, OL — N; =12, N =34, N7 =56 Ny =178,
zm jozm TUr TUr Ve Ve vy Ur

NG, =9,10, N&, =11,12, NS, =13,14, N2, =1516 - N, =11, N, =1,1,
Ny, =1,1, N, =1,1, Ny =55, N =44, Ny =44, N =33,

75 L R L R L R L R
A833_>OD€7 01767 Of/ea 0967 Of/uu Oﬁ;ﬂ 0177—7 O O

€Ve) €V

OL

oy

L R
Oef/e ’ Oef/e ’

Of,, O, — Ny =1,2, NJ =34 Ny =56, NJ =7, Nj, =389,

Neofxe = 107 117 Nﬁf/u = 127 137 N:DT =14 — ]\]',76 = 272, NDe = 1’ 17 ND = 17 17
NDT = ]‘7 NEDE = 67 6’ Nef/e - 6;67 NMDIL — 4,4, NTET - ]_,

79 L R L R L R L R
5634_>Oz767 01767 01767 01767 OD‘“ OD;N 0177—7 O O

(37 (a7

OL

My

oL Of

Op Ofy, OF — No =12, N =3,4 N) =56, NJ =7, N2, =8,9,
NS, =10,11, N3, =12,13, NI, =14,15 > N, =2,2, N, =2,2, N, =1,1,
Nlj_r = 1’ N€l75 = 5,5’ Nelje = 5,5’ N/‘LDH = 4,47 Nle_r = 373,
OL

HVp?

oL . Ok

eve) eve)

80 L R L R L R L R
BT35—)OD€, ODE’ ODea Of/e’ Opﬂa Of/ua @ O

Ve Ve

OR

Uy

O, — N =1,2, Ng =3,4 Ny =56, N =78 NS =9,10,
NG, =11,12, N%, =13 =N, =2,2, N, =2,2, N;, =1,1,
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N€D€ = 77 77 Nef/e = 6767 Nll«ﬂu = 4747 NTDT = 17

L R L R
Oeﬂea 051767 Oeﬂeu Oeﬂe7

84 L R L R L R L R
KT36_>0177 0177 Of/e7 ODev Of/w ODIN 01777 01777

Of Of . OL . OF — Ny =1,2, Ny =34 Ny =56, Ng =78,
NG, =9,10, NS, =11,12, Ng, =13,14, N2, =1516 = N, =2,2, N, =2,2,
Nlj == 1,17 Nf/-,— == 171, Nelje :6,6, NeDe :575, Nﬂp# :4,47 NTIjT :3,3,

L R L R L
051767 OeDg OeDeu OeDeu OMD,N

85 L R L R L R
Rb37_>097 Oﬂev 0967 Of/eu Oﬁ;ﬂ 017“7 0177—7

OF | Om — N2 =12, Ng =34 Ng =56, No =7, N =809,
N2 =10,11, N;j,7 = 12,13, NfﬂT =14 - N, =2,2, N;, =2,2, NVu —1,1,
NDT = ]‘7 NEﬂe = 77 7’ Nef/e - 7’ 77 NMDIL — 4,4, NTET - ]_,

L R L R L
051767 OeDg OeDeu OeDeu OMD,N

87 L R L R L R
ST?)S%ODv Oﬂev 0967 Of/eu ODM7 017“7 0177—7

op.. Ok, OF — Ny =12, N;, =34 Ny =56, NJ =7, N, =89,
NS, =10,11, N% =12,13, N% = 14,155 N, =2,2, Ny, =2,2, Ny, = 1,1,
NDT =1, Neﬂe = 6,0, Neﬂe =9,9, NMDM = 4,4, NTDT =4,4,

L R L R L
061767 061757 061757 061767 O;u?#’

89 L R L R L R
Y739 _>01767 01767 01767 Oyea 017#7 Opua 0177—7

Ol}f’ju’ OTDT - nge = 1’27 Nge = 3’4 Ngu = 5’67 Nl%— = 77 NeODE = 8,9,
NG, =10,11, N, =1213, Np, =14 N, =22, N, =22, Ny, =11,
NDT - ]" fo’e - 8’8’ N€l7e - 7a 77 NMD;» = 4a47 NTDT - ].7

L R L R L
OEDE’ 06176’ O€l7e’ Oef/e? Oyz’/ua

91 L R L R L R
ZT40—>OD7 0175’ 01767 01767 OD;N Oﬂuu 0177—7

oF . OL . OF —Ng =12 N =34 Ny =56 Ni =17 N =809,
NG, =10,11, N7, =12,13, Ng, =14,15 - N; =2,2, N; =2,2, N, =11,
Ny, =1, Ng, =6,6, N, =55 N, =55, N =44,

L R L R L
Oef/e’ Oef/e’ 061757 Oef/e’ O;u?“?

93 L R L R L R
Nb41_>01767 01767 01767 01767 OD‘“ OD;” 0177—7

Oy, Om — Ny =12, Nj =34 Ny =56, No =7, N5, =8,9,

NS, =10,11, Ng, =12,13, N2, =14— N; =2,2, Np, =2,2, N, =1,1,

ND" - ]" NEDE = 8’8’ N€l7e = 8a87 NMDM = 4a47 NTDT = ].7

Moy — Of, Of, op, of, op, of, o, ol o, of, of, Of,

O, O , Ok, OL — N; =12 N7 =34 NJ =56, Ny =178,
zm jzm TUr TUr Ve Ve vy Ur
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N%, =9,10, N, =11,12, N%, =13,14, N& =15,16 Ny, =2,2, Ny, =2,2,
Np# = 17 17 Nf/q— = 17 17 NeDE = 676, Nef/e = 6,6, Nﬂf’u = 5,5, NTIZ— = 4,47

97 L R L R L R L R
TC43 _>Oz767 01767 01757 01767 Oﬂuv OD#, 01777 O O

(3778 €V

OL

My

oL . Of

Of, . Owm — Ng =12, Ny =3,4 Ny =56, Ny =7, N5, =389,
Ng, =10,11, N, =12,13, N7, =14 = Np, =2,2, N;, =2,2, Ny, = 1,1,

NDT = ]‘7 NEﬂe = 97 9’ Nef/e - 8’87 NMDIL — 4,4, NTET - ]_,

102 L R L R L R L R L R
Ru44 _>Oz7€7 01767 ODE’ OD.—;’ OD#, OD;L? OﬁTa ODTa O O

L R
€V €V O O

Onr Of, OF, . OF_ — Ny =1,2, N; =3,4 N} =56, N =18,
NS, =9,10, Ng, =11,12, Np, =13,14, Nf, =15,16 = N;, = 2,2, Np, = 2,2,

NEH — 2,2, NpT — ]_, 1, Ngfje — 7, 7, Nepe — 6,6, NMDM — 5,5, N7-l77_ — 4,4,

103 L R L R L R L R
Rhy5" — Oy, Oy, Oy, Oy, Oy, Oy, Oy, O O

€V €Ve)

OL

Kl

oL . OfF
0517“7 07'177—_>N90€:1727 Nge:374 ngu:5767 NDOT:77 N5017€:8797
NS, =10,11, NJ, =12,13, N3 =14 N, =22, N, =22, N,, =2,2,
NDT:17 N617629797 NeDe:9797 N,uf/u:4747 NTD.,—:L

Pdy’ — 0L, Of, oL, of, of, op, oL, of o, O~

L R
€V (3728 O O

of,., OF., OF —Np =12, N =34 Ny =56, Ny =71,8,
NS, =9,10, NG, =11,12, Ny, =13,14, Ng, =15,16 = Ny, = 2,2, N, = 2,2,

Nlj = 2, 27 Nlj_r — 1’ 1, Nclje - 77 7, Nef/e — 6767 N/‘LDM — 5, 57 Nq—le — 5, 57

OL

MV

108 L R L R L R L R L R
Agir = Oy, 05, Oy, Og, Oy, Oy, Oy, O, O O

L R
(3778 €V O O

OL, . O O, — N =12 Ng =34 N =56 N2 =18 N =910,
NS, =11,12, N3, =13,14, N2, =15 N, =2,2, N, =22, N, =2,2,
NDT = 1a ]-7 Nd?e = 107 107 NeDe - 979a Nﬂf’u - 4,4, NTDT = 1,

Cdy® — O, off, oy, of, ok, o}, o, of of, Of

L R
Ve’ €V O O

Oy, O, OF — N =12, N, =34 NJ =56, Ny =718,
NG, =9,10, Ng, =11,12, N7, =13,14, N7, =1516 = N; = 3,3, N, =2,2,

Nlj - 2727N177— - 1, 1’ N6175 - 7, 77 Nelje - 6,67 NH’D/A - 6767 Nle_r — 575,

OL

Hlp?

115 L R L R L R L R
[n49 _>OD€7 0967 ODea Of/e7 Oﬂuu Ofxw 017.,—7 O O

L R
€V €V O O

eve) eve)
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Or Ofy, Orp, = N =1,2, N =3,4 NJ =56, NJ =7, NS, =389,
Ng, =10,11, Ng, =12,13, N2, =14 — N, =3,3, N, =3,3, N, =22,

ND.,— = 17 NeDE = 107 107 NeDe = 107 107 N,Lu?# = 4747 NTD-,— = 17

118 L R L R L R L R L R L R
Sn50 _)0176’ Oz’/e’ 01757 ODE’ OD;L? OD#’ ODT’ 01777 061767 061767 OeDea OeDea

O, Of., O, Of — N =12 N =34 N} =56, NJ =1,8,
NS, =9,10, Ng, =11,12, Np, =13,14, Nf, =15,16 = N; = 3,3, Np, = 2,2,

ND :2727 Nf/q—:2727 N6176:7777 NeDe:7777 N,u,f/u:6767 N7'177—25757

Sbéil — Oé@ 0527 Ol%g? 05;7 O£H7 Ogﬂ 0177—7 05967 05;67 051767 05;67
Opr Of Op, = Ng =1,2, Np =3,4 Ny =56, NJ =7, NJ, =389,
Ng, =10,11, N9, =12,13, N =14— N, =3,3, N, =3,3, N,, =3,3,

Np == ]_, N’ff/e == ]_1, ]_1, Nef/e = 10, 10, NMDH == 4,4, NTET == ]_,

127 L R L R L R L R L R L
T652 — 01767 01767 ODE’ 01767 ODH’ OD;L? 0177’ OeDE’ OeDE’ OeDe’ OeDe’ O,uﬁua

Op., OF., OF —Nj =12, Ny =34 N7 =56, N, =7, N, =89,
Ng, =10,11, Ng, =12,13, N7, =14,15 = N;, = 4,4, Np =4,4, N, =3,3,

ND :17 N€l75:8787 NeDe:7777 N,u,f/u:6767 NTDT:5757

5" = oL, of, oL, of of, o, 0,, oL, ok, 6 oL, OF,
Opr Of, Omp, = Ng =1,2, Np =3,4 Ny =56, NJ =7, Nj, =38,9,
NG, =10,11, N, =12,13, N7, =14 = Np =4,4, Ny, =4,4, N;, =2,2,

NpT - ]_, NEDE - ]_1, ]_1, Nef/e - 1]_, 1]_, NMDH - 4,4, NTET - ]_,
Xeidt = OF, of, o, of, o, of o, oL, ok, 6 ol oL, o,

Op., OF., OF — Nj =12, Ny =34 N7 =506, N =7, N, =89,
Ng, =10,11, Ny, =12,13, N7, =14,15 = Ny, = 4,4, Ny, =4,4, Ny, =3,3,

Nf/.,—:17 Nel76:8787 NeDe:7777 N,u,f/u:6767 NT177—26767

133 L R L R L R L R L R
C(355 _>Oz767 01767 01767 01767 OD,N OD‘N Of/rv 061757 061757 Oeﬁev Oeﬁev

Opr O O, = Ng =1,2, N) =3,4 Ny =56, NJ =7, NS, =389,

NS, =10,11, NS, =12,13, N%,_ =14 — N, =4,4, N, =4,4, N, =3,3,
ND - ]_, NEDE - ]_2, ]_2, Nef/e - 1]_, 1]_, NMDH - 4,4, NTDT - ]_,

137 L R L R L R L R L R L
Ba56 _>Oz757 0175’ ODea Of/e’ OD,U ODH’ Oﬁra 06967 06967 OeDea OeDea Ouf/u’
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of., Ok, OF — Ny =12, Ny =34 Ny =56, N =7, N, =89,

Ngf/e = 107 117 Nﬁf/# = 127 137 N;')D‘,— = 147 15 — Nﬁe = 4747 Nﬂe = 4747 Nf/# = 4747
NpT — ]_, Neﬂe — 8,8, Nef/e — 7, 7, NMEH — 7, 7, NT,jT — 6,6,

139 L R L R L R L R L R
LCL57 —>Ol7€7 01767 01757 01767 09#7 OD‘N 01777 061767 061767 OeDev OeDea
L R

0,50 Oups Ompp = Ny =1,2, Ny =34 N} =56, NJ =7, Nj, =89,

Ng, =10,11, N2, =12,13, N =14— N, = 4,4, N, =4,4, N, =4,4,
Ny, = 1, NEf/e = 12,12, Neﬂe =12,12, Nul’/u = 474a NTDT = 1.

Yucnennple sHauennsa Ny XapaKTepU3YIOT NOPSJIOK aHTUHEHTPUHHBIX OpOUT, a Nj OMHUChI-
BaeT KOJIMYECTBO AHTUHEHTPUHO B JIIOOOW U3 HUX.

Anpo, TakuMm 00pa3oM, YKa3bIBAET, YTO CIUPAJILHOCTD €JIMHCTBEHHOW aHTUYACTHUIILI KOHEY-
HOIl aHTUHEHTPUHHONI OPOUTHI O,;l 3aBUCUAT OT CHOAHOBOI'O COCTOAHUA CBOETO MOCJACIHETrO HEH-
TpOHA.

Y100b! BEIPA3UTH UX UJIEI0 OOJIee SICHO, HAJIO OIPEJIE/IUTL OPOUTAILHYIO CTPYKTYPY TeX aTo-
MOB, ¥ KOTOPBIX MaccoBoe (A = N + Z) gucyio orpanndero causy 140 u cBepxy 175 HyKJIOHAME
C HEpaBHBIM YHMCJIOM aHTUIIPOTOHOB U HEUTPOHOB. TaKne aTOMHBIE CUCTEMBI MOTYT YCTAHOBUTD
HOPSJIOK AaHTUHEATPUHHBIX OPOUT B CJIEYIOIIEM 0Opa30M:

140 L R L R L R L R L R
cYe58 _>Oz767 01767 01767 ODev OD#, ODW OﬁTa OﬁTa O O

L R
€V (a7 O O

eve) eve)

oL, O , Ok, OF — N; =12 Ny =34 N =506, Ng =178,
vy uvy, TU+ TU+ Ve Ve [Zm Ur

No, =9,10, NS, =11,12, N3, =13,14, N7 =15,16 = Ny, = 4,4, Ny, =3,3,
Nf/u - 3’37 NDT = 272’ NEf/e = 878a Neﬂe = 878a Nu = 75 77 N’T'l77— - 6a67

Y

oL . OF
€V €V eve) eve?

141 L R L R L R L R
Prigt - Ok, OF, OL, OF, oL, OF, 0,. 0L, O

Opr O Op, = Ng =1,2, N =3,4 Ny =56, NJ =7, NS, =389,

NS, =10,11, NS, =12,13, N%,_ =14 — N, =4,4, N, =4,4, N, =33,
NpT — ]_, N’ff/e — ]_3, ]_3, Nef/e — 12, 12, NM — 4,4, NTET — ]_,

n

L R
OeDe ) OeDe )

144 L R L R L R L R L R
Ndit — 0L, OF, oL, OF, oL, OF 0L, OF O, O

Ve €V

Onr Of OF, ., OF, — Ny =1,2, N; =3,4 N} =56, Ny =18,

Ng, =9,10, NG, =11,12, N3, =13,14, N7, =15,16 — Ny, = 4,4, Ny, =3,3,
Nﬂu = 3737 NDT = 2727 NED& = 9797 Nef/e = 8787 N,u = 77 77 NTDT = 6767

Vp

L R
OeDe ) OeDe )

145 L R L R L R L R
PmGl _>OD€7 Oﬂev 0967 Of/eu Oﬁp’ Of/uu OD.,—u O O

Opor Ofy Orp, = N =1,2, NJ =34 NJ =56, No =7, NJ,_ =38,9,
NS, =10,11, Np, =12,13, Ng, =14 = N, =4,4, Np, =4,4, N, =3,3,

Nl?q— = 17 NEDg = 137 137 NeDe = 137 137 N,U,Iju = 4747 NTD.,— = 17
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150 L R L R L R L R L R L R
Sm62 _>Oz7€7 01767 01767 01757 OD‘N Oﬁuv 01777 01777 051767 051767 OeDev OeDev

Of Of . OL . OF — Ny =1,2, Ny =34 Ny =56, Ng =78,
N5, =9,10, N, =11,12, N, =13,14, N7, =15,16 = N;, = 4,4, Ny, = 3,3,

Nﬂu:3737 NDr:3737 N€17629797 N617528787 NuD#:7777 NTDT:7777

152 L R L R L R L R L R L R
Eu63 _>Oz767 01767 01767 Oz’/ev OD‘N Oﬂuv ODTv ODTv Oeﬂev 051767 OeDev OeDev

Ofyi Op . O — Ny =1,2, Ny =3,4 N =56, NJ =1,8 NS =910,

NG, =11,12, NS, =13,14, N2, =15 N, =4,4, N, =44, N, =44,
ND.,— = 17 17 NeDE = 147 147 NeDe = 137 137 N,uf/u = 4747 NTD-,— = 17

157 L R L R L R L R L R
Gdi — Ok, OF oL, OfF oL, Of o,, O, O%, 6 oL, OFf,
OL

Opi Of, OF,, OF — N =1,2, N7 =34 N =56, Ny =T,
NS, =8,9, Ng =10,11, Ng, =12,13, N2, =14,15—= N, =5,5, Ny, =5,5,

ND#:4747 NDT:17 N6176:9797 Neﬂe:8787 N,u,f/u:8787 NTDT:7777

ThY Ok, OF, oL, OF, oL, Of, 0,, oL, Ok, ok, OF.
Oss Ofy Omp = N =1,2, Ny =3,4 N7 =56, NJ =7, N, =89,
NS, =10,11, Ny, =12,13, N7, =14 = N; =5,5, Ny =5,5, Ny, =4,4,

N, =1, Ng, =14,14, N, =14,14, N, =44, N, =1,

n
162 L R L R L R L R L R L R
Dy66 — ODE ’ 0176 ’ Of/e ) Oﬂe ) ODH ) ODM ) ODT ) Oﬁ, ) 05176 ) 05176 ) OeDe ) Oepe )

O Of . OF ., OF — Ny =1,2, N) =3,4 NJ =56, NJ =1,8,
NS, =9,10, NS, =11,12, Ny, =13,14, Nf, =15,16 = Ny = 5,5, Ny, = 4,4,

NDH — 3, 3, N,jT — 3,3, NEDE — 9,9, Ne,je — 9,9, NMDM — 8, 8, N7-l77, — 7, 7,

Hoy® = OF, Of, o, of, o}, of, 0, oL, o, ok, OF,
Opr Of, Orp, = Ng =1,2, N =3,4 Ny =56, NJ =7, NS, =389,
Ng, =10,11, Np, =12,13, Nf, =14 — N, =5,5, Np, =5,5, N, =5,5,

N, =1, Na =1515, N, =14,14, N,y =4,4, N, =1,

n
167 L R L R L R L R L R
Er68 — ODE ) ODE ) ODE ) Oz’/e ) ODH ) Oz’/u ’ 0177 ) OeDE ) OeDE ) OeDe ) OeDe )

oL, O Ok OF —N;=12 N =34 N; =56, Ny =T,
IZm vy, TUr TU+ Ve Ve [Zm Ur

NS, =8,9, NS, =10,11, Ng, =12,13, N2, =14,15—> N, =55, Ny =5,5,
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NDM = 5757 NDT = 17 Nef/e = 107 107 Nef/e = 9797 N,Lu?# = 8787 NTDT = 77 77

Tug — Oy, OF, Oy, oF, o, of 0, of, of,6 ok, ok,
Opr O Omp, = Ng =1,2, N =3,4 Ny =56, NJ =7, NS, =389,
Ng, =10,11, Np, =12,13, N2, =14 — N, =55, N; =55, Ny, = 5,5,

Nf/-,— — 1’ Nelje — 15, 15, Nepe = 15’ 15’ NND/,L — 474, NTD-,— = 1’

173 L R L R L R L R L R
Yb?O _>Oz7€7 01767 Of/e’ ODea Of/u’ OD,N 0177'7 06967 05176’ Oeﬂea Oeﬂea

Ofyr On, OF . OF — Ny =1,2, N =3,4 N; =56, Ny =1,
N5, =8,9, Ng, =10,11, Ng, =12,13, Nf, =14,15—= N, =6,6, N, =5,5,

Nfzu = 5757 NDT = 17 Nef/e = 107 107 Nef/e = 9797 N,U,I?# = 8787 NTDT = 8787

Luy®> = OF, OF, o, off op, of o0, oL, of, of, Of,
Opr O O, = No =1,2, Np =3,4 Ny =56, NJ =7, NS, =389,
Ng, =10,11, Np, =12,13, N2, =14 — N, =6,6, N, =55, Ny, =5,5,

Nf/-,— — 1’ Nelje — 16, 16, Nelje = 15’ 15’ NH’D/A — 474, NTD-,— = 1

Kak mbr Buum, 160 6030HHbIE, JTHO0 aHTUHEATPUHHBIE OPOUTDHI, COOTBETCTBYIOIINE B aTO-
MaX MIOOHHOMY M TayOHHOMY CeMeCTBaM, UCIBITHIBAIOT CUJIbHOE U3MEHEHHE 110 KOJIUIECTBY UX
00'bEKTOB IIPU [IEPEXO0JIE MEXKTY ATOMHBIMUA CUCTEMaMU. DTO CTAHOBUTCS BO3ZMOYKHBIM OJ1aro/1a-
psI IPUHIIAITY KBAHTOBAHHON ITOC/I€I0BATEILHOCTH OPOUT.

Yro0bI Jlajiee pacKpbITh 3TY OCOOEHHOCTD, KeJIATE/IbHO IPEJICTABUTH 3/1eCh OPOUTAIBLHYIO
CTPYKTYPY @TOMHBIX CHCTEM C MacCOBBIMHU YncjiaMu oT 178 mo 227 B aBHOM BHUE

178 L R L R L R L R L R L R
Hf72 _>OD€7 0967 Of/ev 0967 Of/uv OD,N 01777 ODTv 05175’ 05967 OeDev OeDev

Oy O, OF , OF — N =1,2, Nj =3,4 N} =5,6, N =18,
NS, =9,10, Ng, =11,12, Np, =13,14, Nf, =15,16 = Ny = 5,5, Np, = 5,5,

Nfzu = 4747 NDT = 3737 Nef/e = 107 107 Nef/e = 9797 N,U,Iju = 9797 NTD-,— = 8787

Tu%gl — Oé;v ODR; 0567 Oiu Oé;ﬂ Oiu 0177—7 OeLD€7 05;67 05957 OeR;eu
Opr O O, = Ng =1,2, Np =34 Ny =56, NJ =7, NS, =389,
Ng, =10,11, N, =12,13, N7, =14 = Np =6,6, N; =6,6, Ny, =5,5,

Nlj_r - 1’ Nelje - 16, 16, Nelje — 16’ 16’ NH’D/A - 474, Nle_r — 1’

184 L R L R L R L R L R L R
W74 —>Ol757 01757 Of/e7 ODev Of/uv OD,N 01777 01777 Oeﬁeu 051757 Oeﬂeu Oeﬂev

oL, Of , Ok, Of — N; =12 Ny =34 N =506, Ng =178,
vy uvy, TU+ TU+ Ve Ve [Zm Ur

NG, =9,10, N, =11,12, Ng, =13,14, N2, =15,16 > N; =55, N; =55,

18



ND = 4747 Nf/-,— = 4747 Nef/e = 107 107 Nef/e = 107 107 N,uf/# = 9797 NTD-,— = 8787

186 L R L R L R L R L R L R
R€75 — ODE ) ODE ) ODe ) Of/e ) ODH ) Of/u ) ODT ) OD ) OeDE ) OeDE ) OeDe ) O
ok Of

L Of O — NS =12, NJ =34 N2 =56, N =18, N =9,10,
vy j17m T Ve Ve vy Ur €Ve

NS, =11,12, Ng, =13,14, N&, =15— N, =6,6, N, =6,6, N, =55,
Ny, = 1,1, Ng =17,17, Ny = 16,16, Ny =4,4, Ny =1,

190 L R L R L R L R L R L R
0876 — ODE ) 0967 Of/e ) ODe ) Of/u ) OD,N ODT ) OD ) Oa’/e ) OeDg OeDe ) O
OL

eve)
Ky

of., Of, OF — Ny =12, Ny =34 NJ =56, Np =718,
N5, =9,10, N, =11,12, Ng, =13,14, N7, =15,16 = N, = 5,5, Ny, = 5,5,

NEH = 5,5, NpT = 4,4, Nepe == 1]_, 1]_, Nepe = ]_0, ]_0, NMDH == 9,9, NTET == 8,8,

192 L R L R L R L R L
[T77 —>Ol7€7 01767 Of/e7 ODev Of/w OD,N 01777 0177 O

- o oL  oR
Opr O . Oy — No =1,2, N) =3,4 Ny =56, Ny =17,8, N, =9,10,
Ng, =11,12, Ny, =13,14, Ng, =15— N, = 6,6, Ny, =6,6, Nj, =6,6,

NpT == ]_, 1, Ngfje == ]_7, ]_7, Nef/e == ]_7, ]_7, NMDM == 4,4, NTET == ]_,

195 L R L R L R L R L R
Pt78 _>Oz767 01767 01767 01757 OD‘N Oﬁuv 01777 061767 051767 OeDev O

O On., OF ., OF — N7 =12, NJ =3,4 Ny =56, N =7,
NS, =89, Ng, =10,11, N, =12,13, N2, =14,15— N, =7,7, Nj, = 6,6,

Ny, =6,6, N, =1, Ny =11,11, N, =10,10, Nz, =9,9, N,y =9,9,

Auzg” = OF, Off, of, off, o, of, o,, oL, oL,k o, OF,
Opr Ofy Orpp = N =1,2, NJ =34 NJ =56, No =7, Nj, =38,9,
Ng, =10,11, N, =12,13, N7, =14 = Np =7,7, Ny =6,6, N, = 6,6,

Np == ]_, N’ff/e == ]_8, ]_8, Nef/e = 17, 17, NMDH == 4,4, NTET = ]_,
Hgy’ = Of, Of, oy, of, op, o, o, of ok, of, o, Of

Opr Of, OF, . OF_ — Ny =1,2, N; =3,4 N} =56, Ny =18,
NS, =9,10, NG, =11,12, Ny, =13,14, Ng, =15,16 = N; = 6,6, Ny, = 5,5,

NDN = 5, 5, NDT = 4,4, N6175 = ]_1, ]_1, Nef/e = 10, 10, NMDH = ]_0, ]_0, N7-l77, = 9, 9,

T — ok, of, o}, of, of, of, op, of of, of, ok, oOf,
O, O, Om — Ny =12, N; =3,4 N; =56, Nj =17,8 N =09,10,
zm j2zm T Ve Ve vy Ur €Ve
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N, =11,12, Ng, =13,14, N2, =15— N, =77, N, =77, N; =66,
Ny = 1,1, Ng =18,18, N,y = 18,18, N,y = 4,4, Ny =1,

oL . Of
(3778 €V eve) eve)

207 L R L R L R L R
Pbg2 % ODE’ ODe’ ODE’ ODE’ OD#’ OD/,L’ ODT? O O

Oﬁ,;, Ofﬁ, OL . OF — N° =1,2, N° =34 N° =5,6, N° =71,
©n i T T € e 12 T

NS, =89, Ng, =10,11, Ng, =12,13, N2, =14,15— N, =7,7, Np, =7,7,
Ny, =77, Ny, =1, Ng =11,11, Ng, =10,10, Ny, =10,10, N5 = 10,10,
oL . Of

eve) eve)

-209 L R L R L R L R
Bi%Y — Ok, OF, OL, OF, oL, OF. 0,, OL, O

Opor Ofy Orp, = N =1,2, NJ =34 NJ =56, No =7, NJ,_ =38,9,
NG, =10,11, N7, =12,13, N7, =14 = Ny =7,7, Ny, =77, Ny, =7,7,
Np == ]_, N’ff/e == ]_9, ]_9, Nef/e == 18, 18, NMDH == 4,4, NTET == ]_,

oL . OF

eve) ele?

209 L R L R L R L R
P084 _>Ol7€7 01767 Of/ea ana Of/u) Opua 0177—7 O O

€V €Ve)

L R
ONDM ’ Oﬂf’u ’

NS, =89, N&, =10,11, N3, =12,13, N% =1415—= N, =77, N, =7,7,
Ny, =6,6, Ny, =1, Ny =11,11, N =11,11, N5, = 10,10, N, = 10,10,

OL., OL — Ny =12, Ny =34 N7 =56, N =T,

TU7) Ur 17

A3 — oL, oF, o, of of, of ol of oL,k ok, 6 ok, O,
oL, O . O — Ny =12, Ny =34 Ny =56, Ny =17,8, NI =09,10,
vy Juzm T Ve Ve [Zm Ur €Ve

NS, =11,12, NS, =13,14, NZ,_ =15 N, =6,6, N, =55, N, =5,5,
Ny = 4,4, Ng =19,19, Ny =19,19, Ny = 4,4, Ny =1,

L R
OeDe ) OeDe I

222 L R L R L R L R L R
RnSG _>Oz767 01767 01767 01767 Oﬁuv OD‘” ODT, OﬂTa O O

€V (a7

oL, O , Ok, O — N; =12, Ng =34 NJ =56, Ny =178,
zm jzm TUr TUr Ve Ve vy Ur

NG, =9,10, N, =11,12, Ng, =13,14, N2, =15,16 - N; =7,7, N; =66,
Ny, =6,6, Ny =6,6, Ny =11,11, N, =11,11, N, =11,11, N, = 10,10,

Vp

L R
Oeﬂe ’ OeDe ’

223 L R L R L R L R
Fr87 _>Ol757 01757 Of/ea ana Of/u) Opﬂa 0177—7 O O

Opor Ofy Orpp = N =1,2, NJ =34 N; =56, No =7, Ng,_ =389,
NS, =10,11, N7, =12,13, N7, =14 — N; =8,8, N; =8,8, N, =88,
Nlj_r - 1’ Nﬂje - 20, 20, Nelje - 19’ 19’ NND/A - 474, Nle_r - 1’
oL ., OfF

eve) eve)

226 L R L R L R L R L R
R0’88 —>Ol757 01757 Of/ev 0957 Of/uu ODW 01777 01777 O O

€Ve) €Ve)
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Oﬁfm? 0517“7 051777 07}'%177 — Nl% = 1727 Nge = 374 NDOH = 5767 NST = 77 87
NZ;E =9, 10, NF‘Z’DE =11,12, Nﬁfm = 13,14, NfDT =15,16 - N;, =7,7, N =6,6,
N, =6,6, N =6,6, Ny, =12,12, N, =11,11, Ny, =11,11, N, = 10,10,
AT —» oL, of, ok, of ok, 6 ok o, ok, of,6 ok,k OF.
Opor Ofy Orp, = N =1,2, NJ =34 N7 =56, Ny =7, Nj, =38,9,
N:ﬂe =10, 11, Nﬁﬂu = 12,13, NfﬂT =14 — N;, =8,8, N;, =38,8, Ny, =8,8,
Ny, =1, Neg, =20,20, Ngy, =20,20, Ny, =4,4, Ny =1
DTO MOKA3BIBAET, UYTO KBAHTOBAHHAS IOCJIEI0BATE/THHOCTH OPOUT HE MEHSIeTCS JayKe MPHU
epexo/e U3 OJHON JIErKOW aTOMHOII CUCTEMBI B JAPYIYIO, TAXKEJICHIIYIO.
JLy1s1 TOJTHOTHI MBI IIPEJICTABUM 3/IECh CTPYKTYPHYIO KAPTHHY aTOMOB C aTOMHBIMU HOMEPAMUI
oT 90 ;10 103 B packpbITOM BHJIE
Thyy — Of, off, o}, of, of, of, oL, of, of, of, ok, of,
Ol Op . OF , OF — Ny =1,2, N) =3,4 N} =5,6, NI =1,8,
Nfﬂe = 9,10, Ngﬂe = 11,12, Ngﬂu = 13,14, NfDT =15,16 = N;, =7,7, Ny, =17,7,
N, =6,6, Ny =6,6, Ng, =12,12, Nep, = 12,12, Ny, = 11,11, N5 = 10,10,
Pagiﬂ — Oé@ 0527 Ol%g? 05;7 O£H7 Ogﬂ 0177—7 05967 05’/67 051767 05767
Opr O Op, = Ng =1,2, N) =3,4 Ny =56, NJ =7, NS, =389,
Ng, =10,11, Nﬁﬂu =12,13, N7, =14 —= Ny =8,8, N =8§,8, N;, = 38,8,
NpT == ]_, N’ff/e = 21, 21, Nef/e = 20,20, NMDH = 4,4, NTET = ]_,

238 L R L R L R L R L R L R
U92 _)0176’ ODE’ ODea Of/e’ OD,N Of/u’ ODT’ 01777 06967 06967 Oeﬂea OeDea

L R L R o __
oL, ,Of = OL ., OF =Ny =12

Ny, =3,4 Nj =5,6, Ny =T7,8,
NS, =9,10, NS, =11,12, N2, = 13,14,

N7(')177— :15,16—>N176 :8,87 Npe :777,
N, =6,6, N, =6,6, Ny =13,13, N, =12,12, N, = 11,11,

N, = 10,10,
237 L R L R L R L R L R
Np93 — ODE’ ODE’ ODea Of/e’ OD,N ODH’ Oﬂra 05175’ 051757 OeDe’ Oef/e’

Opr Ofy Orpp = N =1,2, NJ =34 NJ =56, No =7, Ng,_ =389,

NS, =10,11, N3, =12,13, NI, =14— N, =9,9, N, =8,8, N, =8.8,
Nlj_r - 1’ Nﬂje - 21,21, Nelje — 217217 NH’D/A - 474, Nle_r — 1’
pPugy — O, Of, of, of, oL, of ol of, ok, of, ok, Of

Ol Op . OF , OF — Ny =1,2, N) =3,4 N =56, NJ =71,8,
NS, =9,10, Ng, =11,12, Np, =13,14, Nf, =15,16 = Ny = 8,8, Ny, = 7,7,

21



Np# — 77 7, Nﬂq— = 6,67 N€l7€ = 137 137 Nef/e — 12, 12, N/J'D,u = 11’ 11’ NTD-,— — 11, 11,
Amggg - Olﬁ’ 027 Oi’ Oi? Oé,ﬂ Oi? 0177—7 OeLD€7 05;67 05967 OeR;@
059#7 0517#7 07'177— _>]\]’1(7)6 :1727 N1(7)6:374 Ng#:5767 Ng.,.277 N50176:8797
Ng, = 10,11, N;‘jﬂu =12,13, N7, =14 — Ny =9,9, Ny, =9,9, N, =88,
Nf/-,— - 1’ Nelje - 22, 22, Nepe — 217217 NND/,L - 474, NTD-,— — 1’

247 L R L R L R L R L R L
Cm% —>Ol7€7 01767 0967 Of/ev OD,N Of/uv 01777 OeDg OeDg 06967 06967 Oﬂf/u’

R L
O OTDT ’

My

NG, =10,11, Ng, =12,13, N2, =14,15— N, =10,10, N, =9,9, N; =88,
Ny =1, Ng =13,13, Ny =12,12, N, = 12,12, N,, = 11,11,

Of — Ny =1,2, Ny =3,4 Ny =56, Ny =7, N3, =89,

Bk§$7 - Oi? 027 Oi? OIIZ’ Oé;ﬂ Ogﬂ 0177—7 05[;767 05767 Ofﬂeu 05767
Opr O, Oy, — No =1,2, Np =3,4 Ny =56, NJ =7, NS, =389,
NS, =10,11, N3, =12,13, NI, =14— N, =9,9, N, =9,9, N, =88,
Np - ]_, N’ff/e - 22, 22, Nef/e - 22,22, NMDH - 4,4, NTET - ]_,

Cfss' =05, OF, O, Of, Oy, Of, Oy, Of, Of. O, Of., O,

or., OfL, Of — N =1,2, N; =34 N} =5,6, N =17, NJ,_ =38,9,

NS, =10,11, NS, =12,13, NZ, =14,15— N, =10,10, N, =9,9, N, =88,
Ny =1, Ng =13,13, Ny =12,12, N, = 12,12, N,, = 12,12,

254 L R L R L R L R L R L R
ESQQ _>Oz77 01767 01767 01767 Oﬁuv OD‘N 01777 01777 Oeﬁev Oeﬁev OeDev OeDev

[ Uy OTDT_>N§E =1,2, N;e :3a4 NDOM = 5,0, N;T :7a87 Neoyje =9, 10,
N, = 11,12, N7, =13,14, N2, =15 N, =9,9, Ny, =9,9, Ny, = 9,0,
N;jT == ]., 1, ]\/va*,6 - 23, 23, Nef,e - 22, 22, NMDM = 4,4’ NTDT = ]_’

oL . o~

257 L R L R L R L R L R L
Fm100_>01767 01767 01767 01767 Oﬁuv OD‘N Of/rv 061757 061757 OeDev OeDev O;u?w

Op., OF., OF —Nj =12, Ny =34 N7 =506, N, =7, N, =89,

NS, =10,11, NS, =12,13, N2, =14,15— N, =10,10, N, =9,9, N, =9,9,
Ny =1, Ng =13,13, Ny =13,13, N, = 12,12, N,, = 12,12,

258 L R L R L R L R L R L R
Md101 _>Oz767 01767 Oz’/ev 01767 Oz’/uv OD‘N 01777 01777 061767 061757 Oeﬁev Oeﬁev

Opor Ofy Orpp = No =1,2, N =34 Ny =56, Ny =7,8, N =910,

Kop?
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o
NeDe

=11,12, NJ, =13,14, N% =15 N, =9,9, N;, =9,9, N, =9,9,
Ny, =1,1, N, =23,23, Nu, =23,23, N =44, Ny =1,

YV

255 L R L R L R L R L R L
No%3 — Ok, OF, Ok, OF, oL, OF, o, ok, Of,k oL, o, of

3728 €U eve)

oy, Of, OF — Ny =12, Ny =34 Ny =56, Ng =7, NS =89,
Ng, =10,11, Np, =12,13, N, =14,15 = N, =9,9, N;, =8,8, Nj, =8,8,

ND = 17 NeDE = 137 137 NeDe = 137 137 N,UI/H = 137 137 NTDT = 127 127

256 L R L R L R L R L R
L’I“103 _)ODE’ Oﬂea ODe’ Of/e? ODH’ Of/u? Uz 05176’ 05176’ Oef/e’ Oef/e’

Opor Ofy Orp, = N =1,2, NJ =34 N7 =56, No =7, NJ, =38,9,
Ng, =10,11, Np, =12,13, Ng, =14 = N, =9,9, Np, =8,8, Nj, =388,
NpT == ]_, N’ff/e == 24, 24, Nef/e = 23,23, NM == 4,4, NTET = ]_

Takum oOpazoM, cieiyer, UTO MEXKIy ATOMHBIME OpOUTaMU U JIEIITOHHBIMU ceMeificTBaMu
CYIIECTBYET PsAJi CTPYKTYPHBIX CBsI3€li, B KOTOPBIX MPOSIBUTHCS POJIb MACCHI. DTO, KOHEIHO, He
yKa3bIBaeT CYIIECTBOBaHUE B IIPUPOJE llepexo/ia U3 OJHOI0 aToMa B JIPDYT'Oil BHE 3aBUCUMOCTHU
OT TOTI'0, KaKOIl THII MacChl UMeeT BazKHbIE CJICJICTBUS JJIsd HEro.

zm

4. Ilpuposa BeJMKOTO CUHTE3A sJIEP

Korjia 9BpMuOH (aHTHSBPMHOH) B3aMMOJIEHCTBYET C AHTUIIPOTOHOM (IIPOTOHOM), TO CHJIA
ATOMHON yHU(DUKAIINT MOYKET B COOTBETCTBUN C 3aKOHAMW CHIMMETPUN IPEBPATHUTH €r0 B OpOM-
TambHbIH bepyuon. B 3ToM cydae oxmuaeTcs, 9o Bogopos (antusogopon) Hi (HZ) ¢ oot
1 Toit ke opbutel OF umm OF Gyner dopmupoBan yepes BeJUKOro JIEITOHHOTO (aHTUJIENTOH-
HOTO) CHHTE3a

eLrtPhr = Hi, ehy+ppe— Hi. (45)

Koneuno, Takue mepexojibl He MOI'YT HPOTHBOPEUHT YCI0BHAM (33), KOTOpBIE, Ka3a10Ch Obl,
roBOPAT, YTO CPeIU MHOXKECTBa aTOMHBIX CHUCTEM MOXKHO HaWTH aTOMbl €AUHCTBEHHON 3JIEK-
TPOHHO WM MIOOHHON OPOUTBI. DTO, OJJHAKO, HE B JTUHUU ¢ Tpupoioii. Kpome Toro, neukenne
3BPMHUOHA BOKPYT dJpa BOAOPOJA H11 [0 €ro opowWTe MPOUCXOIUT B MCKPHUBJIEHHOM I10JIE KaK
Pe3y/IbTAT B3AUMOOTHOIIEHUS BHYTPUATOMHBIX crjl. OHU MMEIOT XapaKTep HMPUTSKeHUs IpU
YHUBEPCAJILHON Macce 3BpMUOHA. B 3aBUCHUMOCTH OT JPYroil MacChl MPOsIBUJIOCH ObI UX CBOi-
CTBO OTTAJIKUBAHUSI.

Ho umertorcs pazimuust [14] B ciabbix Maccax

mY >m! > mE/ >my >m), (46)
mz>m2]>mz>mz‘:>mnw, (47)

JIOIyCKAIOIIUE CyIIECTBOBAHUE Psijia BHYTPUATOMHBIX CJIaObIX IepexojioB. [Ipumepom g Hux
MOT'YT CJIY2KHTH €CTECTBEHHO OObeIMHEHHBIE TTPOIECCHI

€rr+Phr = Veor +1h + (To gy Vrrr) + (T L VrLR), (48)
egL +prr = VerL +0p g+ (To gy VrrL) + (Tg,L, ViL.R)- (49)
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SILer BasKHBIM OOCTOSTEJILCTBOM SIBJISCTCS TO, 9TO paclia/Jbl

€r,R " TL,RVrR,LVeL,Ry €R1 —7 TR LVrL,RVeR,L> (50)
- - - = + + .+
Pr.r = "Np RTL.RVTR.L, PrrL —* MRLTRLVTLR (51)
HMEIOT MeCTO TpU 0O6pa30BaHUK apOMATHO CHMMETPHIHBIX TayOHHBIX 0030HOB (31) n
+ +
(TR’VTL)a (TLayTR) (52)

KaK IPe3BBIYAilHO OBICTPBIE CIa0ble JIENTOHHBIE CHHTE3HI.

Cesasu (48) u (49) BbIpaykaroT erre OJHY BeCbMa BayKHYI0 3aKOHOMEPHOCTH, UTO €CJIH IBP-
MHOHHOE aHTUHEHTPUHO (HEHTPUHO) B3AUMOJIEHICTBYET ¢ HEHTPOHOM (aHTHHEHTPOHOM ), TO CHJIA
ATOMHOI yHUDUKAIMHI JIOJIZKHO 00pa30BaTh aTOM (aHTHATOM ) AaHTHHEATPUHHOTO (HEHTPUHHOTO)
BOJIOPOJIa (AHTHBOIOPOJIA ), COOTBETCTBYIOMIHI COXPAHEHUIO B IIPUPOJIE CYMMAapPHOTO 6apUOHHOIO
U JIEHITOHHOTO YUCE. DTOT aToM (aHTHATOM) MOXKET ObITh Ha3BaH UMeHeM aib-Pepranu, cpeji-
HEBEKOBOI'O CPE/IHEA3NaTCKOro yaeHoro. MBI BBesileM, KpoMe TOro, CHMBOJI Fnﬁ (F’nf@) JJIA €ro
0603HaYeH s, TIO3BOJIAIONIEIO HAM 3alliCATh BEJUKUI aHTUHEHTPUHHBIN (HEeHTPUHHDI) CHHTE3

Ver +np g — Fnji, V6L7R+TLE7L — Fni. (53)
Ha nepsbiit B3mIsi; cTpyKTYpHBIe ipeBpariennsi(48) u (49) cBs3bIBAIOT IPOIECCHI
Fni — H}, Fni — H; (54)

cO caabbIM N3JIydY€HHUEM. C ,prFOﬁ CTOPOHBI, ABHBIC 3HAYCHUA MaCC IIOKa3bIBalOT, ITO

E E E E

my >m,, m, >m;), (55)
W woW W

my >my,, my >m,, (56)

a ciejoBarebio, Fnl (Fn}) He MoxeT pacnajaThes MOCPEJICTBOM CIabbIX B3aUMOJIEHCTBHIA.
Oxnaxo ero pacraji 4epes 3JIEKTPHYECKUE MACChl He 3allPEIeH, OCKOJIbKY B

Fny — H| + (Ver.r, Verz), Fny — H| + (Verr, Ver1) (57)
IPOSABUTBCA PEMIAIONIAdA POJIb KYJIOHOBCKIX IEPEXOJIOB
npr— pZ,REJ}E,LVeLRa ”J}E,L — pE,LEZ,RDERLv (58)
obpasyoImx apoMaTHO CUMMETPUYHbIE HEHTPUHHBIE JTU(DEPMUOHBI
(Ver» Ver), (Ver, Per)- (59)

AnTuHeTpUHHBIT BOOpO, F n% MOZKET II03TOMY B3aMMOJEHCTBOBATHL HE TOJIBKO C Hll, HO
TaKzKe U C ero JAPyruMu U30TOIIaMU

Fnl+ H! — H?, Fnl+ H? - H?, Fnl+ H} - HI, (60)
Fn}+H} — H}, Fnj+ H} — HY, Fnj+ H} — H]. (61)

HOpH,HOK Op6I/IT 9TUX THUIIOB aTOMOB BOIOPO/IOB Be€JET cebsd KaK KBaHTOBAHHAS I1ocJjie 10Ba-
TEJIbHOCTD
1 o __ —
Fny — Oy, — Ny =1— Ny, =1,
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H -0, N°=1-— N, =1,
H? = O, = N2, =1— Ny, =1,
H} = Oy, Op — Ng =1, N, =2— N, =1, Ny =1,
H{ = 0L, Of, Ou — N2 =1,2, N, =3— N, =1,1, Ng =1,

H?—)Oi, Og, Ope, OeD€_>N1(7)6:1727 Nge:?)’
NO 4 — ND€ — 1’ 1’ Nf/ == 1’ N617€ = 1,

€Ue

HY —» 0L, Of, O, Of, O — N =1,2, N2 =34,
NO 5_>Nl7€:1717 Nlj :1’1, Neﬂezlu

€Ve

7 L R L R o __ o __ o _
H] - OL, OF, 0L, OF 0,, Os — Ny =12 NJ =34, N =5
o
NU?E:G_)NDe:l’]‘? NDe :]_,1, Nf,uzl, Neﬂezl'
[Tosisnenne anruneiTpunnoit opoursl Oy, y H}, Kazajoch 6bl, 00bACHAET BO3ZMOKHOCTD Y
HEeHTPUHO 06pa30BaTh HE TOJILKO HMapaHedTpuHo (59), HO TaKKe U JIUHEHTPHHO

(Ver Ver); (Ver, Ver)- (62)

B To ke BpeMs m3sydenue HefiTpUHHO cTpyn npu B3ammomeiicrsuun Fnl (Fnl) ¢ H (HY)
MOKET OLITH OOYCJIOBJIEHO IOC/IE0BATEILHBIMU PACIIAIaMU, IIPOUCKOASIIIME Ha 0pOuTe 3Bp-
MUOHHOTO 6030HA II0 CXEMaM

€r,R 7 €L, RVeR,LVeL,R, €R [ —7 €R VeL,RVeR,L, (63)

€L,R " €L RVeRLVeL,R; €R —7 €R LVeL,RVeR,L- (64)

[TepBble U3 HUX ABIAIOTCA Pe3yJbTaTaMy CIa0bIX MacC, OTBETCTBEHHDIX 32
€L.R = ML RVMRLVL.R: €hy = Wi pVuL RVeR L, (65)
EZ,R — TIZRD’T}:LLVEL,R’ EE,L — T]}L7LVTL,RDGR,L~ (66)
Pacnazpr (64) mo100H0 KazKI0My U3 IIE€PEXO/I0B
HL.R = €L RVeRLVuLR: i — €h Vel RUuR,L, (67)

Tr,R — €L, RVeR,LVrL,R, TR ~7 €R VeL,RVrR,L (68)

JOJIZKHBI UATHU 33 CUET JIEKTPUICCKAX MAaCC.
Ho, kak yrBepx/eHo B pactiaiax (63), HEATPHUIO Ve, g 1 AHTHHEHTPUHO U, 1, A TOM yPOBHE,
Ha KaKOM ObLIN CBSI3aHbI, He MOXKET CYIeCTBOBaTh B audepmuonax (62) Ha 10Jroe Bpems, He
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BOCCTAHABJINBAs APOMATHYIO CUMMeTpHIo u3stydenns. OHU MOIYT, TaKUM 0Opa30M, WH/IHBH/LY-
aIbHO 1epexoauTh [21] u3 o6braHoro JeBoro (IpaBoro) MPOCTPANCTBA B 3¢pPKasbHOE IPABOE
(J1eBOE) HPOCTPAHCTBO IO CXEMaM

Vi, > ViR +75, ViR — ViL t+ VR, (69)

ViR — Vi, + YR, Vi — ViR +7p- (70)

D10 coorBeTcTBYET B nepexoax (61) Tomy dakty, aro
F'I’L% + Hf — Hf + (VeL,R7 DeR,L) + (7R77L) (71>

OCYIIIECTBJIAETCA B HAIIeM IIPOCTPAHCTBE-BPEMEHHU C M3JIydeHHeM (POTOHHOU CTPYH, KOTOpasd
cesi3biBaer 17| ape sieBble (npaBbie) HOTOHBI B MHJMBH/YAJbHBIX [(OTOHAX

(v, Vr)s (YR, VL) (72)

HOATBEPKIast, YTO POTOPOXKIEHNE HEHTPUHHBIX [Iap B ATOMHON CUCTEME MOMKET HPOUCXOUTH
110 OOBIYHBIMU CIIOCODaMU
YR = ViR + Vir, Y — VL + VL. (73)
Wrak, BUIHO, 9TO TOJBKO Te HEHTPUHO, KazKJI0e M3 KOTOPBIX BO3HUKAET OT paclajla g WU
[, MOI'YT IIPUBOJUTEL K POXKJIEHUIO TOIO K€ THIla KaJaubpoBodHoro 603oHa. Ecim takoe Heil-
TPUHO U3 JICMITOHHBIX CeMECTB, TO OHO TpebyeT BLIACHUTDH ujen Jjioboro doropoxpenus (73)
C TOYKHU 3PeHUst 3aKOHHOCTH COXPAHEHUsI yIJIOBOrO MoMeHTa. JIjist 3T0r0 MbI JIOJIZKHBI BHAYAJIE
BCIIOMHUTD PAHHUE SKCIIEPUMEHTHI [22-24] 0 crimpasibHOCTH HEATPUHO, AHAJIIN3 KOTOPBIX TOBOPHT
06 orcyrcreun [25] y seBbIxX (IpaBbix) GEPMIOHOB ATOMHON CHCTEMBI CBOEIO POJIA B3ANMOJIEH-
CTBUs ¢ IpaBbIMU (JIeBBIME) (GOTOHAMMU M3-3a CIIOHTAHHOT'O HAPYIIEHUS 3ePKAJIbHON CHMMEeTpUH
[21]. B3amen onu B3anMOJICHCTBYIOT CO BCEMHE JIEBBIME (IIPABBIMHI) KAJIHOPOBOTHBIME OO30HAMI.
B rakom ciydae u3 pacnagos (65) u (66) MbI IPUXOAUM K HPHHIMIY COOTBETCTBHUS, UTO
KBaHTOBaHHAsI [IOCJIEJI0BATEIbHOCTH OPOUT TOABJISIETCS B 3aBUCUMOCTH OT CUJIbI ATOMHOM YHU-
dbuxanun. osromy pammaue OF u OF y HY noxrsepxiaer cyuiecrsoBamue HOBBIX THIOB
ATOMOB BOJIOPOJIOB, OOPA30BAHHBIX B IEPEXO0JIAX

Fni +H] - HY, Fnj+ H?— H), Fni+ H} — H;°. (74)
Wx opObuUTHI UMEIOT CJIe/IyIONIIe TOPSIKHU:
HY - O}, Of, O;, Of, O, O, Oy — N, =1,2, N =3,4,
Ny =56, N5, =7— N =11, Ny, =11, N, =11, Ng, =1,

9 L R L R L R
Hl - ODE ) ODG’ ODe ) Of/e’ OD;L’ Oﬂu’ ODT ? 05176 — Nge = 1’ 27

NDOe :3’47 Ngu :576a NDOT :77 NEOf,e :8_)N17€ :].,1, Nf, :1,]_,
NEH — 1, ]_, Np — ]_, Ngfje — ]_,

HY 0L, OF OL, OF OL, OF, OL, OF O —Ng =12
Ng =34, N2 =56, N2 =78 N5, =9 N, =11,
Nlj - 1’ 1, Nljy‘ — 1’ 1, Nf/-,— — 1’ 1, Nelje - 1
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CocTaBHbIE CTPYKTYPhI BCeX U30TOTIOB BoJ0posios H maccosoro umcia ot 1 10 10 mpejicka-
3BIBAIOT €Ie OJIHY €CTECTBEHHO OOBLEIUHEHHYIO 3aKOHOMEPHOCTD, YTO KarKJIOMY THITY JICIITOH-
HOI'O CeMeicTBa cOOTBeTCTBYeT JiBa Buja (N > Z) M30TONOB C aHTHHEHATPUHHBIMUA OPOUTAMU Y
oHOrO 1 TOro ke aroma (N = Z) 6030HHBIX OPOUT.

OjHako B ciIydae MPOM3BOJIBHON aTOMHOMN cHCTeMbl X7 JII060H W3 9THX M30TONOB MOYKET
[POSIBUTHCS B CKPBITO O0bEIUHEHHBIX MTPOIECCax

Fnl+ X3 — X5+ .. (75)

Yro Kacaercs u30TonoB (Z > N) ¢ JIenTOHHBIMUA OPOMTAMU OJHOW U TOii YK€ aTOMHON CH-
CTEMbI (N = Z) ¢ 6030HHBIMHI Op6I/ITaMI/I, TO OHHM [ABJIAIOTCA CJICACTBUAMM BCJIMKHNX CHUHTE30B
AAEp

7,1 A A-1

K Takum nporeccaM OTHOCATCA IIEPEXO/IbI
Fni+ He; — Hey, Fnj+ Hey — Hes, Fnj+ Fy® — Fy', (77)

BTOPOI U3 KOTOPBIX 0Opa3yeT HOBBIA THUII M30TOIA I'e/IH.

He yuBuresbHO 0o9TOMY, 9TO ecjin cTpyKTypHble pesparietust (60), (61) u (74) cymecrsy-
10T, TO, HAIpHMepP, HeHTPHHHLIH aHTHBOIOPO, F'ni MoxKeT moc/enoBaTeIbHO B3anMOIeHicTBO-
BaTh ¢ KaxkapiM u3 H{°) ..., H? 1o Tex nop, noka H? ne crocoben obpazosath H| 10 3aKoHaM
w3tydenns dbotornoi crpyn. Koneuno, pom Fnl u Fnl B cunresax (75) u (76) ocrasammch
JI0 HACTOSIIIEr0 BPEMEHH CKPBITBIMHE, 4 BCE aTOMHBIE B3aMMOIpEBpaleHns Buga X4 <> Xp !
BCeryia ObLIN MPUHATHI KAK PACIIAIBL.

5. CKpbITasd JMHAMUKA CIIOHTAHHOI'O U3JIy4YeHUsl U3 aTOMHOI CHUCTeMBbI
Mer Bumum, aro pacnan ny, g (njg 1) HE MOKET OCYIIECTBIIATLCA B Hepexosax (57) 1mo cxemam

- -+ + + - -
Ny r — PrL,RER,LVeL,Ry MR 7 PRLEL RVeR,L; (78)

XOTsI 9TO HE 3allPEeIeH0 MaccaMu KYJIOHOBCKON mpupoibl. OTCyTCTBHE TaKUX PACIaIOB Y aTo-
MOB ajib-Pepranu mpejjaraeT, 9To apoMaT OpOUTATHOIO HEHTPUHO BBHICTYIIAET HA OPOUTE KaK
KPUTEPUIL JIJIsT CBOETO POJia MOJbI paciajia HefiTpoHa B djpe. Ipyrumu cjioBamu, pacnaj B BU-
qe u3 (78) cymiecTByer TOJBKO B si/[paX € OPOMTAMU, COJEPIKAIIUME HEHTPUHO 3JIEKTPOHHOIO
cemeiicrBa. [loaToMy B COOTBETCTBUM C BBIBOJAMH 3aKOHA KBAHTOBAHUS OPOUTDLI, MbI JIOJIZK-
HBI IPU3HATE, 9T0 3 pacmaipl Fn2 u Fnd MOryT CIOHTAHHO IIPOMCXOIUTL 6e3 IBPMHOHA HII
HEHTPHUHO I10 OJTHUM U TEM Ke IIyTeM

F’I’L% — HG% + (V€L7R, DeR,L)a (79)
F’I’L;’ — Heg + (V€L7R, DeR,L)~ (80)

Kynonosckue Macchl, oTBeTcTBeHHbIC 3a Iporecchl (58), (79) u (80), mpecKaspIBaOT POK-
JIeHUe XOPOIIIo U3BECTHON (v YacTHIbl B paciiaje Fnj 1o cxeme

an — He;l + (VeL,Ra DeR,L)- (81)

B npucyrcrBun opbuT ¢ 3JeKTPOHHBIME HEHTPUHO KyJIOHOBCKUE repexo/nl (64) u (78) mpe-
obpasyior F'n3 u FnS B cieayiomniue u30TOMbI reJust:

an — HeS + (Ver.r, Ver..) + (VeL R, VeRr,L), (82)
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Fn§ — HeS + (Ver.r, Ver,1.) + (Ver,r VeRr,L)- (83)

[Ipu mocieioBaTeIbHOM IIPOMCXOZK/ICHUN BHYTPHATOMHBIX Tipespamennit (58), (65), (67),
(69) u (70) anruBosopojsl F'nd u Fni ucubITBIBAIOT CUIbHBIE CTPYKTYPHbIC U3MEHEHHsT

FTL; — HeS + (Vur,rs Vur,) + (Ver,rs Ver,r) + (YR V1) (84)

Fnl — Hel + (Vur, ks Vur,r) + (Ver,rs Ver,n) + (YR: 71)- (85)

OpbuTanbHblil aHam3 aToMHLIX cucteM Fng m F'ni’ mokaseBaer, 9To mpu moc/e0BaTe b
HBIX pacmagax (58), (66) u (68)-(70) oHM CBOASTCS K JAPYIHM M30TOIIAM TeJIHs

an — He% + (Vror, UVrr) + (Ver s Ver,n) + (YR 71), (86)

Fnéo — Heéo + (VrL.r, VrrL) + (Ver. Ry Verr) + (YR, V1) (87)

Panee 6b110 yroMsHyTo, 9to resmit Hej obaagaer 1ByMsa 6G030HHBIME OPOUTAMH, HepBas U3
KOTOPBIX B ero uzororne Hej jo/pKHa IIpeBpalaThes B JISNTOHHYI0. Bee JApyrue u30Tombl re/ims
UMEIOT OPOUTHI CJIEIYIONIEro MOPSIIKA:

Hei — OF OF - N°=1,2—- N, =1,1,

Heg — Of/e, OL

€V

Oge - nge = ]‘7 NeODE = 273 — ]\/vf/6 - ]-, Nglje = ].,1,

HeS 0L, OF, O

€V

OF — N2 =1,2, N =3,4— N, =1,1, Ny =11,

Hel — OL, OF, 0,, O

(3728

OfF — N2 =1,2, Ng =3,
N%, =4,5—= N, =1,1, N;, =1, N =1,1,

Hey — 0L, Of, oL, Of, Of

€V

OF — N =1,2, Ng =34,
N517€:5,6—>ND€:1,]_, ND :lala Neﬂezla]-a

9 L R L R L
H62_)ODE’ Oz’/e’ 01757 Oﬂea OD,N O

(3728

Of, = N;, =12, Nj =34,
ng :5, NEODE :6,7—>Nlje :1,17 Npe :1’1, Nlj :1’ N€l75 :1,17

10 L R L R L R L
Hel® — 0L, OF, OL, OF, 0L, OF 0O

€V

OF — N2 =1,2, NZ =34,
Ng =56, N, =78 N;,=1,1, Ny =11, N, =11, Ny, =1,1.

CpaBHHBaH ux, JIErkKo Ha6JIIO,ZLaTb clIe O/JJHO BE€CbMa BazKHO€ CJICACTBHE 3aKOHa KBaHTOBaHUWA
Op6I/ITI)I, KOTOpPOE IoBOpPUT O CyIIEeCTBOBaAHUU Yy IJG;L ABYX TAXKEJIEHIINX U30TOIOB:

Fni + He) — Hey', Fnj+ Hey' — He)?. (88)
KBanToBaHHas M0CJIE0BATEIBHOCTD CTPYKTYPHBIX OPOUT BBICTYIIACT B HUX KaK

11 L R L R L R L
H€2 _>ODE7 01767 01767 01767 OD‘“ OD;N 0177—7 O

€V

Og, = N;, =12,
Ny =3,4, Ny =5,6, N =7, N3, =89— Ny, =11,
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ND :1717 ND :1717 Nf/ :17 N6176:1717

e

12 L R L R L R L R L R _
H€2 —>O’76’ 0176’ 0176’ 0175’ O’ju’ OD#’ 0177—7 0177—7 O O€D€—>NI§6_1727

No =34, NJ =56, No =78 N =9,10— N, =1,1,
NDe:]'?l? Nf/H:la]-) NDT:]-,l, Ngl*/e:].,l.

OcobeHHOCTHIO 9TOH KAPTUHBI ABJISIETCA TOT MIPUHITAI, ITO BHE 3aBUCUMOCTH OT TOT'O, CyIIle-
CTBYET JIU JIPYToe CeMEHCTBO JICITOHOB, KOJIMYECTBO aHTHHEHTPUHHBIX OPOUT B aTOME, COOTBET-
CTBYIOIIEE OJTHOMY W TOMY 7K€ apOMAaTy, PABHO JIBYM.

Takum obpazoMm, ecyim opOUTAJIbHAA CTPYKTYPa HEKOTOPOH aTOMHOW CUCTEMBI HE COBCEM
COBMECTMa C 3aKOHOM KBaHTOBaHUA Op6I/ITbI7 TO OHa OTpPazKaeT HaJIM4Iue y Hel HEKOTOPLIX HE
O0OHAPYZKEHHBIX JIO CUX MOP CKPBITHIX U30TOIOB.

Hakomner, uTo kacaercsi CIOHTAHHOIO < U3JIyYeHHUs U3 aTOMa, TO €ro JUHAMHYECKOE IIPO-
UCXOXKJIEHUEe B OCHOBHOM CBsi3aHO ¢ [ pacrajoM HefTpOHa WM aHTUIIPOTOHA, IIOTOMY HTO B
v U3JIyYE€HUU JIOJIZKHBI [IPOSIBUTHCS aHTUYACTHUII BHYTPHATOMHBIX YACTHUI] HEOOXOUMBbIE JIJIs
obpazoBanus GHoToHOB. [[puMepbl BKIIOYAIOT 1TepeXo/Ibl

H? =3y, H? = 3y,r+ Fni, (89)

TaK 2K€ KaK 1 7y U3JIy9IeHrd U3 APYIrux aTOMHBIX CUCTEM.

Ocraercst ciaydaii, 0JHAKO, 9TO MPUPOJIa HE BBIHYKIEHA 00pa30BaTh KaKy-Tu00 aTOMHYO
CUCTEMY, BOKPYI' KOTOPOUW IpOosiBIIACh Obl abcosoTHasA Iycrora. JIpyrumu cjaoBamMu, Mbl He
MOKEM HafTH OJHU W Te »Ke aTOMbI BHE 3aBHCUMOCTU OT CTPYKTYPbI CPEJbl, B KOTOPOI OHHI
IBUKYyTCsd. Ecu, Hanpumep, Kakas-aub0 aTOMHasl CUCTEMa CO CTPYWHBIMU OpOUTAMU B3au-
MOJICHCTBYET C aHTHATOMOM HEHTPUHHOIO aHTHUBOIOPOJa aJib-Pepranu, To oaHa U3 OO30HHBIX
opbut mocsenei mo06Ho curTesaM (76) Gyaer npeobpa3oBaHa B JENTOHHYIO. DTO OCYIIECTB-
JIATBCA B IIPUPOAE B COOTBETCTBUU C 3aKOHAMM U3JIyHYCHUA NHIUBU/IYAJIbHBIX ,ZLI/I(bOTOHOB.

6. Enunas cneKkTpaJsibHas CTPYKTypa aTOMOB

MaKCI/IMaHbHOQ KOJIMYECTBO BCEX TUIIOB aTOMHBIX Op6I/IT PaBHO yABOEHHOMY OJHOMY U TOMY
ke uncay apoMaroB. OHAKO, JIETOHHBIE OPOUTHI MOABJISIOTCS B aTOMe ¢ ODO30HHBIMU OpPOM-
TaMM TOJIBKO, €CJIM aHTHUIIPOTOHBLI €TI0 dA/Jpa B I/I36bITKe. B IIPOTUBOIIOJIOZ?KHOCTDb 9TOMY, aHTHU-
HEHTPUHHBIE OPOUTHI JOJIKHBI POABUTHCA B dJIpe ¢ OPOUTAIBLHBIME CTPYSIMHU B IPUCYTCTBUN
U30BITOYHBIX HEHTPOHOB. B 000MX TUIIOB aTOMOB OECCIIMHOBOE /IO 0€3 N30CIIHA 00A3aTE/IHHO
[IPUCY TCTBYET.

Y100bl BBIpA3UTh UEI0 00jiee sICHO, HAJIO0 OOPATUTHCA K OOCYKJIEHHBIM BBIIIE H30TOIIAM
BOJIOPOJIA, TOTOMY 4TO H? BBICTYIIaeT Kak KOpeHb BOJIOPOJHOIO ceMefiCTBa aTOMHBIX CHCTEM.
HO,ZLO6HBIM IIyTeM MOZKHO aHaJIM3UPOBATh M30TOIILI I'€JInI. B 9TOM CJiy4da€ U3 HallUX IIPEIAbLIY-
X aHaJIM30B MbI Han/IZLeM7 9T0 H@% JOJIZKECH 6bITB IPUHAT KaK KOPEHb BCEX M30TOIIOB I'€JInsd.
Taxum obpazoMm, or obpazyer crebe/ib reJIMeBOro ceMeificTBa aTOMOB.

Boiee Toro, eciim B3anmoeiicTBre aroMa HEHTPUHHOTO aHTHBOIOPOIa aib-Pepranu ¢ KarxK-
,ZLOIU/I N3 NMEIOIUXCA aTOMHBIX CUCTEM C 6OSOHHBIMI/I n aHTHHefITpHHHBIMH Op6I/ITaMI/I He 3allpe-
[IEHO KAKUMU-JIN00 3aKOHAMH COXPaHEHHUs JO TeX II0p, IOKa ee MOCJeIHssS aHTUHEeHTPUHHAS
opbuTa He TepdeTcsd U Bce DO30HHBIE OPOUTHI HE MPEBPAINAIOTCA B JIEITOHHBIE, TO BO3HUKAET
BIEYAT/ICHHE, YTO caMa IIPUPOIa XapaKTepu3yeT KarKI0ro aToMa eIUHCTBEHHBIM KOpHEM, dop-
MUPYIOIIM cTebesb ero cemeiictBa. Tem caMbIM OHA MOJIEPKUBAECT, UYTO KAKOBBI ObI HU OBLIN
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aTOMHbBIe ceMeiicTBa, KOPeHb JII000T0 U3 aTOMOB ¢ DO30HHBIMU U JIEIITOHHBIMU OPOUTAMU UCIIBI-
TBHIBAJI BIIOJIHE CKPBITOE B3aUMOJIEICTBHE C aTOMOM aHTUHEHATPUHHOIO BOAOPO/Ia aJib-PepraHu.
[Ipu Taxux 06CTOATEILCTBAX MHOYKECTBO aTOMHBIX KopHel X 27 06pasyeT CKPLITO 00beIMHeH-
HYIO CHCTEMY aTOMOB.

YHubUKaIms 3Toro TUIA IpeJjiaraeT CBA3M

Fni+ Hel= Hey, Fni+ Lis = LiS, (90)
Fnj+ Bej = Bell, Fnl+ B =B, .. (91)

1 4TO, clleJloBaTe b0, F'nd urpaer po/b oHOrO U3 JBYX aTOMOB, (DOPMUPYIONUX KOpeHb X 22
cTebJIs KayKJI0ro U3 CYIIECTBYIOIIUX TUIIOB aTOMHBIX CEMeiCcTB

FnN + X7 = X% (92)

Takum 06pasoM, MBI JIOJIZKHBI TIPU3HATD, YTO B MPOM3BOJILHOM CiIydae aToMa Xj HHCIA
uzoronos I ero xopus X377 nenronnsix (N/) u anruneiirpunnbix (N] ) opouT paBHbI

I I 2L; nna Z =N =1,
Ne=2, No=% oz wm Z=N>1. (93)

Taxkoii IIPUHIOUII fACHO ITOKa3bIBA€T, 9TO IIOJITHOE YHCJIO N‘;Ull HN30TOIIOB, KOTOPLIE o6pa3y10T
OJHO 1 TO 2K€ aTOMHO€ CGM@VICTBO, TECHO CBA3aHO C KOJIMYECTBOM JICIITOHHBIX apOMaTOB

NJ{uu =N/ + NDIZ' (94)

Eciu Mbl BoiGupaem H} u3 o0belMHEHHON cUCTeMbl aTOMHBIX KopHeit X227, To ero cemeii-
CTBO COCTOHT U3 JIeCATH aTOMOB. l'ejiueBoe ceMelicTBO BK/IIOYaeT BOCEMHA/IIATH BUJIOB @TOMHBIX
cucreM. [losromy stu cemeiicTBa MOryT OBITH CHMBOIMYECKN 3aIMCAHBl KaK

H{ = N/ =1, N, =8— Nf,, =9— Hj,...,H]",

Hey — N/ =2, NI =16 — Nj, =18 — He, ..., Hey’.

D710 0ObEANHEHHOE TIPEJICTABJICHIE B CBOIO OUYepE/(b YKA3bIBAET CYIIECTBOBAHNE B IPUPOJIE
M30TOIIOB T'eJIHs, Y€l MacCOBBIE THCIIA JIEXKAT B IIpejiesiax oT 2 710 19 HyKJIOHOB B sijpe.
Moxkuo rakxke Haiitu u3 (90)-(94), uaro

Li§ — N} =3, N} =24— Nj, =27— Lij, .., Li5",
Bej — N/ =4, N} =32— N{, =36 Bej, ..., Bej,
By’ = N/ =5, N} =40— Nj, =45— B}, ...
Cg> = N/ =6, N =48 — Nf, =54—C¢,...C,
N}* — N/ =17, N} =56— Nf, =63— N7, ...
O0s® — N/ =8, N} =64— Nf, =72 0§, ...02,
Fy® = N/ =9, NJ =72— Nf,, =81—Fj, ..
Nejg — N/ =10, N} =80 — Nf,; =90 — Nejyg, ..., Nejy,

Nail — N/ =11, N} =88 — N{,, =99 — Najj, ..., Na;}°,
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Mg — N} =12,
Al?S — N =13,
Si23 — Nf = 14,

P — N =15,
532 N/ =16,
CB: — N/ =17,

Arfl — Nf =18,
K% — N} =19,
Cayy — N/ = 20,

NL =96 — Nj, =108 = Mg, ...,
Ni =104 — Nif,, =117 — Al}3, ...,

Nj =112 = Ni, = 126 — Sij, ...
NI =120 — N, =135 — Py, ..,
NI =128 = Ni,, =144, — S{¢, ...,

Nj =136 — N, =153 = Clif, ...,
N =144 — N, =162 — Arf5, ..,
N} =152 = Nf, =171 — Kig, ..,
N1 =160 — N{,; =180 — Ca3, ...

Mgiy”,
P11536,
Si”
ArlSS,
K,

CalSl

Teopmﬂ aTOMHBIX CHUCTEM, OIIMCbhbIBalollasd 3TU CeMeI/ICTBa7 IIpEeACKa3bIBa€T, 9TO KOJIMYECTBa
HM30TOIIOB, BO3HUKaIOIIUX M3 KOpHeﬁ aTOMOB C aTOMHBIMH HOME€paMMu OT 21 a0 57 CJIeJIyIomue:

Scyi — Nf =21,
Tigy — N = 22,
Vo — N} =23,
Crys — N} = 24,
Mn32 — N/ =25,
Fej2 — N = 26,
Coys — N} =27,
Nisy — N/ = 28,
Cuss — N} =29,
ZnS) — N/ = 30,
Ga$? — N/ =31,
GeSy — N/ = 32,
Asy — N/ =33,
SeSt — N} = 34,
Bril — N/ = 35,
Kris — N/ = 36,
Rby; — N/ =37,
Srig — Ni = 38,
Vg — N/ = 39,
Zriy — N = 40,

NI =168 — N}, =189 — Sc31, .

Nj =176 — Ni,, = 198 — Ti3;, .

Nj =184 — N, =207 — V37, ..,
Nj =192 = Ni, =216 — Craj, ..,

Nj =200 = Ni, =225 — Mn3,.
Ad__208_+AQM,_234—>F%%,
NI =216 — N}, = 243 — Cojt, .
N} =224 — Ni, =252 — Nij, .
N} =232 = Ni, =261 — Cujy, .
N1 =240 — Nj,; =270 — Zn3), .
NI =248 — Nj, =279 — Gai;,.
NI =256 — Nj,,; =288 — Ges, .
Nj =264 — N, =297 — As3s, .
Nj =272 = Ni,; =306 — Sej, .
Ni =280 — Ni,,;, =315 — Bri,.
Ni =288 = N, =324 — Kri,.
N} =296 — Nj,, = 333 — Rb37, .
N} =304 — Ni,, =342 — Sri,.
Nl =312 = N
N} =320 = Ni,; =360 = Zryg, .
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=351 = Y ..,

361
ATy

190
o Seql,

199
oy L9y,

208
V23 )

217
Cry',

oy M52,
. Fesd,
., Cos3?,
-, Ni33?,
.y Cudd?,
2t
., Ga3l?,
., Ge3s?,
. As3,
. Sen’,
., Briz®,
o K13e?,
., Rb3,

343
oy ST3E7,

352
Y39 ’



Nb§2 — N} =41,
Moy — N/ =42,
T3S — Nl = 43,
Rufy — N} = 44,
RRJY — N/ =45,
Pd2 — N} = 46,
Agls — N] =47,
Cdys — N/ =48,
Injs — N/ = 49,
Snis® — N = 50,
SbiY? — N/ =51,
Teid* — N/ =52,
I3 — N/ =53,
Xef® — N/ =54,
Csi® — N} = 55,
Bal? — N =56,
Laz* — N} =57,

MeXaHI/ISM, OTBETCTBEHHLINA 3a& 3TOT IIOPAJJIOK, OIIpEeIe/IdeT ceMelHbIe CTPYKTYPbI COOTBET-

NI =328 — Nj,; =369 — Nbj, ...,

N} =336 — N, =378 = Moj3, .
Ni =344 — Ni,, =387 — Tcj3,.
Nj =352 — N, =396 — Rujj, .
Nj =360 — Nf,;, =405 — Rhy}, ..
Nj =368 = Ni,, =414 — Pdy, ...
Ni =376 — Nj, =423 — Agy7, ..
NI =384 — Nj, =432 — Cdj, ...
N =392 — Nf, =441 — Inj), ..
NI =400 = Nf,
Nl =408 — Nj,, =459 — Sby}, .
NL =416 — Nf,,; =468 — Tegs, ..

NI =424 — N, =477 — I3, ..
Nj =432 — N, =486 — Xey, .
Nj =440 — Ni,; =495 — Cs2z,.
Nj =448 — Ni,; = 504 — Bag, .

= 450 — Snip, ...

370
Nb41 )

379

Moy,
388
T'eys”,
397

o Ruyy’,

406

415

424
. Ag47 )

433
,Cdyg”,
442
I Ty s

451
,Snsg,

460
aey Sb51 3

469
. T652 9

478
[53 ’

487
L Xeg,
496
. Usss0,
505
., Bagg®,

Nj =456 — Ni, =513 = Lai, ...,

514
Laz;".

CTBYIOIIIHE aTOMHBIM KOPHAM € MacCOBBIMH ducjiaMu or 116 10 142 B BUIE

Ceitd — N} =58,
Prig® — N} =59,
Ndg® — N/ = 60,
Pmg? — N} =61,
Smgat — N = 62,
Eug® — N/ = 63,
Gdi2® — N/ = 64,
Tbes’ — N = 65,
Dysd? — N/ = 66,
Hog' — N/ =67,
Erg’ — N =68,
Tugy® — N/ = 69,

Nj =464 — Ni,, =522 — Cey, ...,

Nl =472 — N, =531 — Prij, ...,
N =480 — Nj,; = 540 — Nd, ...
NI =488 — Ni, =549 — Pm{;, ...
Nj =496 — Ni,; = 558 — Smg3, ...,
Ni =504 = Ni, =567 — Eud, ...
NJ =512 — N{,; =576 — Gdgy, ...
Ni =520 = N{,; =585 — Tbh(;, ...

Ni =528 = Nj, =594 — Dygg, ...

=544 — NI, =

32

612 — Erds, ...,
=552 — Nfu” =621 — Tuly, ...

523
Cezs”,

532
Priy”,

541
5 Nd60 3

Y ng?07
SmiP,
Nod

586

595
9 Dy66 9

N} =536 — Nj,,; =603 — Hogr, ...,

604
Hog:™,

613
Ereg”,

622
, Tugg”,



Ybr’ = N/ =70, NL =560 — N, =630 — Ybl, .., Y3,
Lujy> = N/ =71, N} =568 — Ni,; =639 — Luly, ..., Lud{’.
Takasg cTpyKTypHas IOCJIEI0BATEILHOCTL UMEET MECTO JIaxKe MIPU aTOMHO# yHUMDUKAITII
Hfi* — Nl =712, N} =576 — Nf,, =648 — Hf5, ... Hf%",
Tuys® — N/ =73, N} =584 — Nj, =657 — Tul3, ..., Tu$§8,
Wi = N/ =74, N} =592 — Nj, =666 — Wi/, .. Wy
Rel® — N/ =175, N =600 — Nj,;, =675 — Rel2, ..., Ref’,
Os3> — N/ =176, N} =608 — Nf,; =684 — Osi ..., 05,
Irp?* — N/ =77, N} =616 — Nf,;, =693 — Irll .. Ir3*,
Pt — N/ =178, Nl =624 — N{,, =702 — Pt, ..., Ptly’,
Aups® — Nl =79, Nj =632 = Niy =711 — Auy, ..., Auly®,
Hgs! — N/ =80, N} =640 — Nj,;, =720 —» Hgy), ..., Hgd",
TI? — N/ =81, N} =648 — Nyj,,; =729 — Tlg}, ..., TIF",
PbiSt — N/ =82, Nj =656 — Nj,; =738 — Pb3, ..., Pb%’,
Bi® — N/ =83, N} =664 — N{,, = 747 — Big,, ..., Bi{3",
Poi® — N} =84, N} =672 — N{,, =756 = Poy, ..., Poly’,
Atgl® — N} =85, N} =680 — Ni,, =765 — Atg, ..., At’,
Rnil® — N/ =86, N} =688 — N{,, =774 — Rng, ..., Rni{’,
Frg* — N/ =87, N} =696 — N{,, =783 — Fril, .., Fr’,
Rag® — N/ =88, N} =704 — N{,, =792 — Rags, ..., Ral’,
Acy® — N/ =89, Ni =712 — Nj,; =801 — Acfy, ..., Acgy’.

st moJTHOTHI HEOOXO/IUMO TaKyKe IPEJICTaBUTH KOJTMYECTBA U30TOIOB TAXKEJIEHINNX aTOM-
HBIX KOpHel

Thiy’ — N/ =90, Nj =720 — Nj,; =810 — Thy, ..., Thi',

Pagy* — N} =91, Nj =728 — Ny, =819 — Pagy, .., Pagy",
Ugy' — Ni =92, Nj =736 = Nj,,; =828 = Ugg, ..., Ugs”,
Npgy’ — Nj =93, N; =744 — N{,; =837 — Npgg, ..., Npgg',
Pul$ - N/ =94, NI =752 - NI, =846 — Puli, .. Pul¥’,
Ami — NI =95, NI =760 — N, = 855 — Am, ..., AmS%,
Cmgg’ — N =96, N, =768 — Ny, =864 — Cmgg, ..., Cmig’,
Bkg;' — N/ =97, Nj =776 — Ny, = 873 — By, ..., Bkg;
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Cfos® — N/ =98, N} =784 — N{,, =882 Cfes,....,C 5,
Esg® — N/ =99, N} =792 — N{,, =891 — Esy, ..., Esgy’,

Fmigy — N/ =100, Nj =800 — Nj,; =900 — Fmyq, ..., Fmig,

v

Mdii — N/ =101, N} =808 — N{,; =909 — Mdygy, ..., Mdyy,

v

Nojpy = N} =102, N} =816 — Nj,; =918 = Nojgs, ..., Nolps,

v
206 I __ I _ 1 _ 103 928
Lr3% — NP =103, NL =824 — NI, =927 — Lri$3, .., LriZS.
BI/IILHO, 9TO II0CJICJOBATC/JIBbHOCTD ITOJIHBIX YUCEJI N30TOIIOB

9, 18, 27, .., 927, .. (95)

obpaszyer apudMETUIECKyI0 IIPOIPECCUI0 B CUCTEME KOPHEHl aToMOB, KOTOPas COOTBETCTBYET
CBOEMY PO/ly KBAHTOBAHHOI I10CJI€/I0BATE/IbHOCTH aTOMHBIX HOMEPOB

1, 2, 3,..., 103, ... (96)

Koneuno, cymma nepsbix 103 4ieHOB He MCKJIIOUaeT B ciydae nporpeccun (95) Hajaudue B
npupoje 48204 BugoB mzoromnoB 103 Tumos aromon. Oxnako, n3 HEX ToabKO 3000 aTomHbIe
BUJIbI U3 MHOXKECTBA OTKPBITBIX M30TOMHBIX CTPYKTYD [26,27].

7. ATOMBI BO BHEIIHUX IIOJISIX

CytecTByeT psiji CTPYKTYPHBIX CBsI3€l, B KOTOPBIX MPOSBUTHLCSA POJIb €JIMHON CeMeiHOi
CTPYKTYPBI aToMOB. fpkuM npumepom siisercs packpbite [rapkom [5] paciiernennst criek-
TPaJIbHBIX JIMHUHI BOJOPOJA U I'eJiUd B JIEKTPUIECKOM II0JIE.

YT00BI pemuTh BOIIPOC O TOM, MOYEMY JTEKTPUUECKOE IOJIe PACIIEIIseT KarXKIyio CIeK-
TPaJIbHYIO JIMHUAIO aTOMHON CUCTEMBbI Ha PdAJ, JAPYIUX JUHAN, MEXKJYy KOTOPLIMU CYIIECTBYET
3aKOHOMEPHAsl IMOCJIe/I0BATEILHOCTD, HAJI0 OOPATUTHCH K KBAHTAM TOr'O I0JIs, & UMEHHO K (o-
TOHAM 3JIEKTPUYECKON MPUPOJIbI, IOTOMY UTO OHU JIEHCTBYIOT Ha ee cTPYKTypy. OJHAKO B OT-
JIMYre OT PaHO U3BECTHBIX 0CODEHHOCTEH KAJIMOPOBOYHBIX O030HOB, BIUSHUE UX TIOJIsI HA aTOM
ocymiecTBIATbCd B omnbiTe lllTapka Kak ykaszaHume B IIOJIb3Y YKECTKOM CBS3U MEK/Ly ATOMHOI
cucTeMoit n pOTOHHOI CcpeIoii.

B To ke BpeMs B3aMMOOTHOIIEHUE ITUX JIBYX BUJIOB OOBEKTOB COOTBETCTBYET B IIOJIE U3JTY-
YeHUs COCYIIECTBOBAHUIO (POTOPOXKJICHUI KaK HEHTPUHHONW, TaK U HeiTponHoit map. [losromy
C €ro TOYKH 3PEHUs CJIe/lyeT OXKUIATh, 9YTO KaxK10e (hOTOPACIIENIeHIe U3

YR = Ver T Ver, YV — VeL +VeL (97)

T'OBOPUT O JUHAMUYIECKOM IIPOUCXO2KICHUU B JIPYI'OM MeCT€ O/IHOI'O M TOI'O 2K€ 9JICKTPUIECKOI'O
1I0JIZ CBOETO po/Jia (bOTOpaCHleHHGHHH nus

YR = ng+nk, Y, —np+nj. (98)

DTH Hepexo/bl BMECTe ¢ COXpaHeHHeM CyMMAapHOI'0 GAPMOHHOIO U JICITOHHOIO YHCEN IIpe-
obpasyoT ¢doToHHOe HOJIE B aroMuoe moje. Ero ksantol Fnl m Fnl, a nMenno Bomopon n
AHTHUBOJIOPO aJIb—@epFaHI/I NMCEIOT BazKHbIC€ CJICIACTBUA IJIA yHI/ICbI/IKaHI/H/I aTOMOB.

MHO>XKecTBO epexoI0B

Fn} + X7 — X2 (99)
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Fnl+ X7t = X7, (100)
[IPOUCXOJIANINX B ATOMHOM I10J1€, 00pa3yeT N30TOIHOE CEMEIICTBO UCCIIE/lyeMOr0 aTOMa, KOTOPOe
obu10 uyentudunupoano [lTapkoM Kak paciersienne ero CreKTpajbHbIX JTUHUI.

Yro KacaeTcs MoJIHOTHI HAD/IIOIAeMO KAPTUHBI, TO OHA MOXKET IPOABUTHCA B 3aBUCUMOCTH
OT MOIIHOCTU HPUOOPOB, UCHOJIB3YEeMbIX jid Ha0sonenusd. OHaKko, IOTHOCTD JIMHUN, Kak
ycranosseHo B omnbire 5] [llTapka, HCHBITBIBAET CTPYKTYPHOE M3MEHEHHE TIPH 3aMeHe BOJI0pOJIa
Ha rejuii. ITor dakrT obbscHseT, modeMy B3anMmogeiicTeus (92), (99) u (100) moarBep:KIa0T
CYIIECTBOBAHUE €JINHON CHEKTPAILHON CTPYKTYPbI ATOMOB.

Pacmernienre criekTpabHbIX JIMHUI aTOMHONW CUCTEMbI HAOJIIO/IAETCH TAKXKe U BO BHEIIHEM
marauTHOM mojie. Ho, Kak Brepsbie ObLIO OOHApYKeHO 3eeMaHoMm [6], 310 paciierienne He
SIBJII€TCS OOBIYMHBIM BHYTPUATOMHBIM II€PEXO/IOM.

Ha mepBbrit B3IVIs) MarauTHOE T0JIE€ JEHCTBYET Ha aTOMBI Y€pe3 OJIHOIO M TOrO YKe MeXa-
HU3Ma, KOTOPBI OTBETCTBEH 38 BJIMSHUE JIEKTPUIECKOTO IOJIA HA MX CTPYKTYPY. DTO, OJiHA-
KO, UM€JI0 ObI MECTO TOJILKO B CJIydae MOJHEHIIero OTCyTCTBHA (DYHIaMEHTAILHON CUMMETPUN
MEKJTy JIEKTPUIECTBOM M MaruuTu3uMoM. [losTomy He Hapyinas CTPyKTYPHBIX 3aKOHOMEDHO-
cTedt oJieit JIEKTPOMATrHUTHOM MATEPUN, MbI IPUHIMAEM, 9TO KazK/1asd YaCTUIA JIEKTPUICCKUX
Maccoii 1 3aps/ia TOBOPUT B T10JIb3Y [28] cBoero pojia MOHOYACTHUIIBI ¢ MATHUTHBIME MACCO# 1 3a-
psoM. B aroit curyaruu 11000t MOHO(OTOH MOYKET CJIY?KUTh KaK OJMH U3 KBAHTOB MArHUTHOI'O
TIOJIS.

EjuncrBo 3aK0OHOB cCUMMETPHUU 3JIEMEHTAPHBIX MOHOYACTHIL PACIIEILISIET OJIHO MOHO(OTOH-
HOE COCTOsIHUE Ha MOHOHEHTpHUHHOI 1mape. JIpyroe MoHOGOTOHHOE COCTOSTHUE OHOTO U TOTO ¥Ke
MarHUTHOIO II0JIs PACIIEIIgeTcs Ha MOHOHEHTpoHHOI mape. Takum obpaszom, MOHOMOTOHHOE
1oJie IpeobpasyeTcst B MOHOATOMHOE TI0JIe TaK, 9TOOBI ero MOHOKBaHTHl F'ni m Fnl, a mvenno
MOHOBO/IOPO/IbI U AHTHUMOHOBOJIOPOIBI asib-Pepranu CBA3bIBAIOT OJHY 1apy MOHOHEHTPUHO C
JAPYroi 1apoii MOHOHEUTPOHOB KaK CJIEJICTBUE BEJIMKOI'O CUHTE3a MOHOAIECP.

Eciu Tenepn atom B3anMosielicTByeT ¢ MArHUTHBIM TI0JIEM, TO OH IIPEBPAIAETCA BHAYAJE B
MOHOATOM, & 3aTeM IIOCJIe/IHU, HA HOBOM dTalle, CTAJIKUBAETCS C KBAHTAMU 3TOTO TOJIS.

B s1ux obcrosiTesibcTBaX MHOXKECTBO CTOJIKHOBEHU, OCYIIECTBISEMbIX B MOHOATOMHOM I10-
Jie, obpasyeT MOHOM3OTOITHOE CEeMeHCTBO, KOTOpOe ObLIO HMJIeHTU(MUINPOBAHO 3€eMaHOM KakK
pacIierieHue CIeKTPaIbHbIX JHHUNH aTOMa B MATHUTHOM IIOJIC.

W3 srux 3amevanuit gCHO, ITO PA3/IMYne BO BPEMEHAX KU3HU M30TOIOB BLICTYIIACT B 00OMX
OIIBITAX KAK KPUTEPHIl JJI MOJIHOTHI CIEKTPAIbHON KAPTUHBL.

8. OpburanbHbie Macca, 3apsi/J U MOJIHOTAa KBAHTOBOI MPUPOJBI ATOMOB

Ob6pairnasich cHoBa K (7), MBI 3aMedaeM, 9T0 ATOMHas CHCTeMa TpebyeT CJIe/I0BATh JIOTUKY Ha
KBAHTOBO-MEXaHUYIECKOM yPOBHE KazKJIO KOMIIOHEHTBI 3TOI €CTECTBEHHO O0HLETUHEHHOMN CHJIBI
¢ TOYKHU 3PEHUs B3aMMOJIEHCTBYIONNX 00bEKTOB BHYTPUATOMHOrO ToBejeHnsi. OHa BbIOMpaeT
ITPY 9TOM BEJIMYMHBI HHIOTOHOBCKOI M KYJIOHOBCKOU CHUJIbI MEXKJIY SIJIPOM U €TI0 CITyTHUKOM TakK,
YTOOBI B CKPBITO OObEJIMHEHHOM BHJIE UX sIBHBbIE 3HAYCHUS Oy/IyT paBHBI

memy 1 esq
Fy,=Gy—5—, Fo,=—"—75. (101)
T, dmey 1y,
3nech | =€, e, |, T WIK v}, TOrJIa KAK § 0003HAYAET aTOMHOE SIJIPO.
Eciin MBI Bcioib3yeM IJIAHKOBCKUE MACCy U 3apsil
1/2
he
_ _ 1/2
My = Gn , ey = (dmephc) ™~ (102)
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npu Kotopbix (101) cBogarcs K

he mgmy he egey
FNsl ) ) 5 chl — —2 ) (103)
pl Tis e10l Tis
To a1a Fe, > Fy,,, Korjga
F,
sl Csl
= (104)
Nsl
ABJISIETCA OTHOINEHUEM CPEJIN IapaMeTpPoB
m2l €s€]
el = et (105)
msmy e,

B CKprTOﬁ KJIACCUYECKOI JAUMHaAMUKE, MOXKHO CBA3aTb Ha PaCKPbBITOM KBaHTOBOM OCHOBE€ BHYT-
puaToOMHbBbIE CUJIbI

he /moN\ 2 he /€22
P, = (20) Fo, = 5 (2 (106)
mpl Tis epl s
U OTHOIIICHUE
m 2 e? 2
sl pl sl
Cm— mo 6— (107)

sl pl

C Op6I/ITaJIbeIMI/I Maccoi u 3apda10M

m = (bmemu)'?, €l = (Oesen)'”. (108)

Hasmuue 6espasmepnbix MHOKATeNeH bl u bfl y nux osnadaer cymiecTBoBanue B cHCTEME

JI000T0 MY, U €2, Ha KBaHTOBO-MEXaHHIeCKOM ypoBHe. OHI OIPEIesIAioT CKOPOCTb Uy, PAJUYC
Tls, HOJIHYIO OpOUTAIBHYIO SHEPruio [, W TaKuM 00pa3oM HpaMo Iepuoj, 1j; BpalleHHd Ha-
crunpl [ BOKPYT sjipa § B 3aBHCHMOCTH OT MAaCCO-3apsI0BOil CTPYKTYpHI [25| 00beanHentoi
KaJIIOPOBOYHON MHBAPHAHTHOCTH [3]| BHyTPHATOMHOM €MHON CHIIBL.

ITosTomy ecim B3aumosieiicTBue MezK 1y | 1 s OCyIIECTB/ISETCA B @TOMaX KaK CJIe/ICTBUE HbIO-
TOHOBCKUX CHJI, TO 3aKOHHOCTb COXPAaHEHHU:A YIVIOBOIO MOMEHTa, /I @TOMHBIX ODOUT KBaHTO-
BaHHBIMH JICHITOHHBIMI 8POMaTaMU CJIelyeT U3 TOro (pakTa, ITo

binml vlf'r’g = kgh, (109)

rjae bfrlm XapaKTepusyer Op6I/ITaJIbHy10 MacCCy, OTBETCTBEHHYIO 3a CTPOUTEJ/IbLCTBE aTOMa B IIPU-
CYTCTBUU CHUJIbI TATI'OTCHUA HbIOTOHa, a k?é\l[ OIIMCBhbIBa€T KBAHTOBAHHYIO ITIOCJICIOBATECJIbHOCTL €€
Op6I/IT paanycoB TZ]X 1 CO CKOPOCTAMU ’Ul]! X 9aCTHII.

Yrobbl nccJe10BaThb JaJiee, Ha/l0 CJIeJ0BaThb JIOTUKY TPETHEIr'o 3aKOHaA Kenﬂepa, IIOTOMY 4YTO
OH BbIpazzKa€T B IIEJIOM HI€EI0 O TOM, 9TO

Ny2 .N G
('f’zsN> I (110)
Ty Ty 4r
Yunduranus (110) ¢ orHomeHIEM
N2 th
m“'N) =, (111)
Ty 2mby,my
BorTekaomumM u3 (109) u
2 N
Ty = s (112)
Uls
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npeajiaraeT CBA3b

N sl
T b3 mgmy
T~ e )
a cJIe/IoBaTeIbHO, nojcTanoBka (113) B
N N
Tls Uls
= 5 114
Iy " or e
ucnoss3ys (102), (108) u (109) mo3Bossier 3aKIOYATD, 9TO
2
1 [mg
N sl
Uy = T c, 115
l ké\lf My ( )
2
Myt h
= (Y P 116
= e (116

o) bl myc’

Yro KacaeTca IIOJIHOI Op6I/ITaﬂbHOI7I QHEPI'UuMr, TO OHa COCTOUT U3 KMHETUYECKON U IIOTCHII-
AJILHOI YacTeil, COOTBETCTBYIONINX B IIPUPOJIE CAMBIM PA3HOOOPA3HBIM CBONCTBAM OJHOW U TO
2Ke 9aCTHIbI. I‘IO7 B OoTJIn4UUE OT KJIaCCUYECKUX Hpe,ZLCTaBJIeHI/H';I 06 Op6I/ITaJH)HbIX JABU2KEHUAX,
obcysKjaeMas Teopust ATOMHON CTPYKTYPbl CBA3BIBAET HBIOTOHOBCKYIO sHepruio Ef ¢ maccoit

o N
mg; 1 PaJlycoM 7, IOATBEPZKIasi, YTO

1 /m%\? he

l
EN == (117)
ls N
2 \my ) T4
B sTom onpesiesiennn BaXKHBIM OOCTOATEILCTBOM SIBJIAETCA 00beIMHEHHAs CBA3b
1 bt mym
N __ sl N\2 mn'! sl
Els - _bmnml(vls ) - GN N ) (118)
2 Tis
B KOTOPOM
N\2,.N
(vj4 )*1rs = Gnms. (119)

CyHJ,eCTByeT, O/IHaKO, BO3MO2KHOCTb, YTO B IIpDUCYTCTBUU K}UIOHOBCKOﬁ CUJIbI ME2KIY ln S,
KBaHTOBaHHad IIOCJ/ICJOBATCIHbHOCTD l{}g ATOMHBIX Op6I/IT pPaanycoB Tg n CO CKOPOCTAMUI Ulg nx
JaCTUI[ OTBETCTBEHHaA 3a COXpaHEHHE YyI'JIOBOI'O MOMEHTa

bt mpuSre = kSh, (120)

BKJIIOYAIOIIEro Ge3pasMepHyio sesmdauny be . opbuTaabHOil Macchl, BOSHUKAIONIEH 3 KyJIOHOB-
CKOI'O CTPOUTEILCTBA. TakuM 00pa3oM, Ha KBAHTOBO-MEXaHIMIECKOM OCHOBE, 3Ta (POPMYJINPOBKA
IIPeJICKa3bIBAET JIPYI'oe PACKpbITOE YpaBHEHUE

CH2 sl
bsl ml(vls) _ ]' b hesel — 0 (121)

rl(j; 47eg (7“12)2

O6bemunss (121) ¢ (120), nmes B Buay (102) u (108), MozkHO HaWTH, ITO

1 [e®
C sl
v, =—=|—1 ¢ 122
l kscl’ sz ( )
en\. R
!
r¢ = (k9)? ei B e (123)
sl



O tHOBpeMEHHO, KaK JIeTKO BHJIETh, KYJIOHOBCKasi OpOUTAIbHAS SHEPIUs paBHA

2

1(ey\" h
B = (2] X (124)
2 \ep) T3
Kak ciejcreue yandukanuu (102), (108) u (121) ¢
1 blege
EC — _bsl C\2 ch®stl 125
s 2 mcml<vls> 47'('60 TZCS’ ( )

KOTOPOE OObEIMHACT €€ KHHETUIECKYIO U MOTEHIIHMAILHYI0 KOMIIOHEHTHI.

OtHako, 9TOOBI TIOCTPOUTH d)yHKLu/H/I Uss, T1s, 11s 1 Ejg HAJI0 yCTAHOBUTH UCTUHHYIO KAPTUHY
CTPYKTYPHBIX BEJIMYNH Z)Sl bsh u kg 10 3aKOHAM BHYTPUATOMHON CUMMETDUU, U3ydasd Ha €e
OCHOBE B3aMMOOTHOINICHNE KazKJION IMapbl COOTBETCTBYIONINAX TUIIOB ATOMHBIX CHCTEM.

9. ATOMBI C AApaMu, COCTOAIMNMMU U3 U3 HEﬁTPOHOB nJIN aHTUIIPOTOHOB

Mezk 1y aromubivu cuctemamu Fnl (Fnf) u XZ (XZ) cymectsyior cBsa3u u3-3a KOTOPbIX B
HBIOTOHOBCKOM CJIydae, JIJIsl €JIMHCTBEHHOTO HEHTPOHA (AHTHHEHTPOHA) U AHTUIPOTOHA (IIPOTO-
na) u3 (115), (116) u (119) MBI HPUXOIUM K CJIEIYIONIEMY B3aUMOCOOTHOIIEHUIO MEXK/Ty OpOu-
TAJbHBIMA MACCAMU JIBYX THIIOB &TOMOB C AHTHHEATPUHHBIM (HEATPHUHHBIM) 1 AHTHJICIITOHHBIM
(senrToHEBIM) Oop6uTAMM:

o 2 o\ 2
mnf/l mp . mpl my, (126)
niy - 1] .
My bmnmul My blrjnnml

Baech my, (mg;) o3HavaeT OPOMTAIBHYIO MACCY ATOMHOH CHCTEMbl, B KOTOPOIl OTCYTCTBYIOT
AHTUIIPOTOHDBI (HefTPOHBI) U3 sjpa, a b (P! ) obosHadaer Ge3pasMepHylo BEJUYUHY STOLl
MaCCHBI.

Ha mnepsoriit B3rs ypauenne (126) camo mo cebsi He ONpejieisieT CTPYKTypy OpOuTalib-
HBIX MacC aToMoB obomx Tunos. Tem e menee dyurmun (mg, /my)? u (m9/mpy)® ceasansr
C HEKOTOPBIMY WH/IMBUIYAJIbHBIMU ITepEMEHHBIMU. TaKue IepeMeHHble BKIIIOYAIOT, HAIPUMED,
CTPYKTYDHbIE BEJIMUIHMHBI, JIJI1 KOTOPBIX apoMaTHas CHMMeTpusi ypaBHenus (126) ycranapin-
BaeT PaBEHCTBO, CJIEIyIOIIee N3 ero OAPMOHHON cMMMeTpHH. MBI MOXKEM MTOITOMY 3aKJIFOUYHUTh,
YTO

2
o
May, \ My ng, _ Mpl [T
T ni ) mn ~ ’ (127)
mpl bmnmyl mf/l mn
o\ 2
mpl mp l My [My
— ) = U=y (128)
My bgmml my my
B ux npucyrcrBun 6apuonnasi cuMmMeTpusi ypasaerus (126) yrBepxkiaer, 4To
MMy = M Myp. (129)

Ioncrasmss (127) u (128) B (115) upu s = p (n) u l = (), yuursiBas, 910 v), 7 U, Mbl
OPUXOIUM K TOMY (HaKTy, 9To
1 mp 1 mn

7g
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C TouKNM 3peHus KakJ0il aToMHOil cucreMsl u3 ny, u pl nepaserctso (130) mo/mkHO MMETDH
KaK apOMaTHYIO, Tak 1 Gapuonmyio cummerpuio. st ux coxpanenus (1/k}, ) u (1/k))) cneny-
er BeIOpaTh Tak, 4TOOBI GapHOHHAS CHMMeTpuUsi 00padyeT B ciydae HeToxaecTBennocru (130)
HEepaBeHCTBO, BbITEKAIONIee U3 €ro apoMaTHOl cuMMeTpur. Takue cBA3M ONUCHIBAIOT CUTYAIHIO,
B KOTOPOIl JiBa paBEHCTBa CTAHOBATCA PEHICHUSMU OJHOI'O U TOIO ¥Ke HepaBeHCTBa, aHaJIOrnd-
HBIT TOMY, Kak pasencrso (110), Boipazkaroriee ujeio Tperbero sakona [29-32| Kemnepa, Bbi-
HOJTHAETCA JJIsl BCEX HepaBeHCTB Merkjy ItaHeTaMu CoJIHEYHOH CHCTEMBbI. DTO BBICTYNAET B
aroMax ny; n pl KaKk KpUTepHil JjId KBAaHTOBAHHOI IIOC/ICIOBATEILHOCTH OPOUTEI

7 )
nvy mf/l ml

NN T (131)
[Tosromy obbenuusis (131) ¢ yeaosuem (130), MOXKHO CHOBa HAWTH, YTO
MpMy, 7 MMy (132)

Ypasuenns (127) u nepsoe u3 (131) Bmecre ¢ (115)-(117) mpu s = n (I = ;) 1mO3BOIAIOT
HaM YCTAHOBHUTD CJICJYIOIIE Y€THIPE BHYTPUATOMHbIE HHIOTOHOBCKUE CBSI3M:

o, =1 [T (133)
Mpy | My,
2
N M, h
No_ () 0 134
Tuln le mpc7 ( )
1my 3/2
By, = —§m : <@> E}, (135)
Mpr \My,
E} = my,c. (136)

Cpasnusas (128) n Bropoe u3 (131) ¢ (115)-(117), mves B Bumy aroma s = p (I = 1), MmoxHO
TaK’Ke CJeIaTh 3aK/II0UeHIe, 9TO
N my my

v, = — ] —c¢, 137
Ip my \| m, ( )
2

N mp h
Sy 138
T (ml> mpc’ (138)
EN = _lm fma Y EN (139)

Ip 2my \ my, Lo

EYN = mct (140)

Jpyrasi BOSMOXKHOCTH COCTOUT B TOM, 4TO mojcranoBka (127) u (128) B ornomennu (107)
npu s = p (n) u l =1 () npeobpasyer nepaseHcTBO VW # Pl B

2

2 —
e’ b*im; e’ bPt m
nvy mn’ V| pl mn '
/) IR LA B (141)
epl my Epl my,

rae €pp, (egl) XapaKTepu3yeT OpOUTAJILHBIN 3apsj aToMa C SJPOM, COCTOANIUM U3 HEHATPOHOB

(IPOTOHOB), BKJIIOYAs €ro H6e3pasMepHY0 BeJMINHY.
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Yr0o6bI BLIICHUTD 9TH IJIEH, KeJIATEILHO CBA3aTh, OCHOBBIBASICH HA apOMATHOI 1 OapUOHHOM
cummMerpurit, ynximun (€5, / ept)’ (en,/ ept)? ¢ MHUBUILYATBHBIME EePEMEHHBIMH

ef 2 62
nyy My nry My pl 142
nl/l ) ch — Inp___ ( )

epl b bmnmyl €n€,/l
o\ 2 2

S L (143)

— gpl > Ych T gpl :

e10l bﬁmnml bﬁmnml 6106l

Ot nepemennbie BMecte ¢ (127) n (128) npencka3bIBaioT JBe ABHbIC 3HAYCHNS] OTHOIICHUST
(107) B 3aBUCHMOCTH OT THUIIA SPA

_ m m
= Pl — P 144
e (144)
Vx HepaBeHCTBO ellle pa3 MPUBOIAT HAC K
2 2
m? £ m2, (145)

HOJITBEPK/Iast, 9TO paBeHCTBO (122) BbIpazkaer B cjiydae KyJIOHOBCKOI CHJIBI MEXKJLy | U S UJIEI0
C C
HEPABEHCTBA Uy, 7# U, CBA3AHHYIO CO HETOXKIECTBEHHOCTHIO

1 m, 1 _my

7g

-C nVl
knul b bp nml

B To 2Ke Bpemsi pasimume B CKOPOCTSAX Upy, U Ujp SBJISETCS OOIIMM M HE 3aBHCHT OT TOTO,
SIBJISIFOTCSI JT BHY TPHATOMHBIE CUJIbI HbIOTOHOBCKUMU HJIH KYJIOHOBCKUME B Tipupoje. [losromy
He IPOTUBOPEYNB 3aKOHAM apoMaTHoil u Gapronnoil cuvmMerpuit, dyuknnn rakue Kak (1/k,z,)
u (1/ky) 3amensiior dynknnonasnbusle ces3u (130) u (146) ¢ oguum u Tem ke ycrosuem (132),
BOBHHUKAIOIIEe U3 HeTOXkKAecTBeHHOCTH (146) B cayvasx, Korjia

(146)

c _ My my
kg, = mpl, kS = o (147)
He uckinodeno, ojHako, 4To
P l
ko, = ik, kS =ikl (148)
_ m2 2
Gt = o = (149)
MypMy, MypMy,
O6bemunss (142) u nepsoie u3 (144), (147) n
Dt = o by Uine = il (150)

¢ (122)-(124) mpu s = n (I = 1), MBI HAXOUM CJIEIYIONIIE YCTHIPE BHYTPUATOMHBIC KYJIOHOB-
CKHE CBS3M:

Upc;n _ Mn mpizlnc’ (151)
My, mpl
_\2 p
Ton = (ﬂ) —, (152)
My /) myc
1 n n
BS,=—3 ;’;‘ mﬂ’;T EC, (153)
vy pl



ES = myc. (154)

[punnmas B (122)-(124) atom ¢ s = p (I = 1), ucrnonb3ys (143) u Bropsie u3 (144), (147) u
(150), MBI IPUXOUM K PABEHCTBAM

c _ My [Mply

= 155
Ulp my mgl ¢, ( )
2
h
ro — <ﬂ> — (156)
my ) mpc
1 /my\% [m,m
Ej =—2 (—”) EES 157
P 2 \my mZ P (157)
ESY = m,c®. (158)
Cpasuenne (151) u (155) ¢ (133) u (137) noka3biBaer, 9TO
vﬁ(’;n =" vé:fn, vlg = cﬁlvlg, (159)
mn )’ mp\ 2
= (Be) = (2 (160)
mpy, my

Eciu i1t onpeJie/IeHHOCTH Mbl PacCMOTpUM cTpyKTypHble dynknuu (134), (138), (152) u
(156), To JlerKO HAOIIONATD PABIINIUST

¢ _ ny N C _ pl. N
foln =G, TDm? Tlp - Cf Tlp’ (161>

nuy le 4 [ ml !
() - () 1
My, my

KOTOpBIE MOKasbiBaloT, 910 (151), (152), (155) u (156) cramnoBsaTces onpe/ie/eHHbIME Oarogapst
ornorenuio (107), BeIpazKaoILyo e IIAHKOBCKAX Macchl U 3apsiyia. [losromy, aTober pac-
KpbITh ¢Bs3u (115) n (116) u ucrosb30BaTh UX BKJIA/IBI B KOJINIECTBEHHOM aHAJN3€ ATOMHBIX
cHCTeM, HaJI0 BBIACHUTD IIPUPOJLY IIJIAHKOBCKOI YaCTUIIbI, KOTOpas OTBETCTBEHHA 3a I'apPMOHUIO
MeZKJ1y KYJIOHOBCKOH U HBIOTOHOBCKOIl KOMIIOHEHTaMHU KazKJOIl CTPYKTYPHOIl 4acTu BHYTpU-
ATOMHOI 00bETMHEHHON CHJIbI.

Takum 06pa30M, Mbl MOYKEM OKHJIATh U3 IPUPO/IBI CAMOTO aToMa, uTo vy , iy u EfY j1o/mKHbl

ObITH COBMECTUMEI C vg, rg, Eg U 9TO, CJCJTOBATEIBHO, U, s U Fjs PABHBI CJIETYIONTUM:

s = Uiy + U (163)
Tis = Th + rl(j;, (164)
E,=EY + Ef. (165)

311ech, 0HaKO, MBI OyJIeM MCIOJb30BATH BKJIAIbI
_ ,,C _,.C _ C
Us = Ug, Tis =T Eis=FEp. (166)

DroT IIOJIXO/ HE NCKJIIOYa€T, OJJHOBPEMEHHO, CJIEYIOIINE OTHOIIECHMA:

mp=mp +m), mg=mZ+m’ (167)

s

ee=ef +e, es=ef+el. (168)
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IIpu BeIOOpE unca N, meitrponos u ducita Ny, anrunneiirpuno (151)-(153) ob6obmaior ypas-
Henusi (166) Ha cirydail Bcex TUIIOB aTOMOB C sI/[paMU, KOTOPBIE HE COJIEPKAT aHTUIIPOTOHOB.
9TOo JaeT IpaBO OIPEAETUTb HA UX OCHOBE (DYHKIUH Vgp, Tom, Lpn U Ey, B o0ImeM Bule Kak
CJIeJIyIOTIIHE:

i = o (N [ Moy, (169)
Zi NDl mpl
My, \ 2 (Nyl>2 B
vn — ~r s 170
"7 <mn) N,/ Npymyc (170)
T = 2 (mv ) (Nw)?’ i T )
e \m N, N, N,mymy, Nymyc’
2
1 N3N3m,m,
2] pl
E, = mnCQ. (173)

B npucyrcrsun quncia N, aHTHIPOTOHOB 1 4nc/a V) JICITOHOB cocTaBHas CTPyKTypa (155)-
(157) BbIpazkaeT MJEH BCEX aTOMOB C sipaMu 0€3 HEHTPOHOB. DTH WJCH IPeoOPa3yIoT Uy, Ty,
T, n By, n3 (166) B

my N) N, N,mpm,,
_ )M 174
m= i () o (174
2 2
my Nl h
_ () (N 175
rlp (mp> (Np> Notc’ 1)
g (e (NN my (176)
e \m, N, N,N,mym,, Nym,c’
1 /my\2 /N,\? | N3N3m,m
B o= - _p) (_p) _pn P 177
Ip 9 (ml Nl mIQ)l P ( )
E, = m,c*. (178)

ﬂﬂﬂ KOJIMYECTBEHHOI'O aHaJIn3a aTOMHbBIX CHCTEM, 2KeJIaTCJIbHO HCIIOJIb30BaThb YypaHOBOE Ce-
MeﬁCTBO, KOPEHb KOTOPOI'0 MO2KET OBITH CUMBOJIMYECKH IpeCTaBJICH KaK

Frgy + Uy — Ugs?, (179)

rie Fnds paccmarpuBaercss Kak atoM aib-Depranu ypanoporo cemeiictsa. Ero opGurtajibHas
CTPYKTYypPa UMeeT BU/I

92 L R L R L R L R
Fn92 — ODE’ ODG’ ODe’ Of/e’ OV}L Of/u’ ODT’ ODT - nge = ]" 2’ NDOe = 37 47

Ny =56, No. =17,8— N, =13,13, N, =12,12, N,, =11,11, N, =10,10.

AnTuneiitpunnbie opouThl YeTHble nopsaku Ng = 2,4,6,8 cojep:KaT IpaBble YaCTUIIBI.
O/1ako, BOIpoc 00 OIpaHUYeHUSX HA UX MACCHI OCTAETCS OTKPLITHIM.
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[Tosromy mHa JaHHOM 9Tame MbI OyaeM HCXOoAUTH U3 Toro (dakra, aro (20), (40), (41), (43)
u (44) mMoryT 6BITH PACCMOTPEHBI KAaK MAcChl JIeBBIX (epMuoHoB. B s1om ciyuae (169) mis
cKopocTeil anTHHEHTPUHO Ha opbuTax Hedernoro (Ng =1,3,5,7) nopajika IPUBOJUT K

Vpn < 9.7198227 - 10* m/s,
Upyn < 6.1115698 m/s,
Vpn < 9.8046575 - 107° m/s,
Up.n < 1.0074016 - 107 m/s.
[TomobubBIM TTyTEM MOYKHO MOJIYUUTH U3 (170) UX PaycChbl
Toom < 1.0886828 - 10~*° m,
Ton < 2.7536738 - 10737 m,
o < 1.0699246 - 10" m,
"o < 1.0134743 - 1072 m.
[Ipu 3TuX 3HAYEHUSX TEPUO/IBI (171) HMEIOT OrpaHuYeHUd
Tyon < 7.0375728 - 10770 s,
Ty < 2.8309981 - 10737 s,
Ty,n < 6.8564710 - 10 s,
T, < 6.3210611 - 10717 .
MozkHo TakxKe orneHuTh abcosroTHee sueprun (172), aro
Ey.n < 6.4208393 - 10%° eV,
Eyn < 2.5385204 - 10 eV,
E;,n < 6.5334108 - 10* eV,
Ej, ., < 6.8973205-107% eV,
y‘{I/ITbIBaH HaJIM4ue y U322 Op6I/ITaJIbHOI7'I II10CJIEJ0BATE/IbHOCTHU TaKOU Kak
Uss — OF, OF, OF OF 0L OF OF OF 5 N’=12 N?=34,
NS =5,6, N?=7,8— N.=13,13, N.=12,12, N,=11,11, N, =10,10,
1Tt cKopocreii (174) B ciydae JIeBBIX JIEMTOHOB MBI HANIEM, 9UTO
Vep = 4.3408534 - 1072 m /s,
Vep = 2.9858953 - 107° m/s,
v,p = 1.5753578 - 10~ m/s,
v, = 1.0303643 - 107° m/s.

[Tpu maccax (14), (38), (39), (43) u (44), HerpyaHo mosyauTh u3 (175) ciaemyrommume paycs!
JAenToHHBIX opbut Hedernoro (NP =1,3,5,7) nopska:

Tep = 54509174 - 1072 m,
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Tep = 1.1520482 - 107%° m,
7p = 4.1386757 - 107%* m,
Trp = 9.6747152 - 107% m.

YmecTHO TakKe 3aMeHuTh (176) TOUHBIME II€PHOIAME
T., = 7.8899517 - 107" s,

T., = 2.4242419 - 102! s,
T, = 1.6506768 - 10~ s,
T,p = 7.8524520 - 10~ .

Tem 2Ke TyTeM MOXKHO BUJETh, 9TO abCcoroTHBIe sHeprust (177) paBHbI
E., = 1.2788721-10°% eV,

E., = 60.5098452 eV,
E,, = 1.6843615-107% eV,
E,, = 7.2054072-107% eV,

OTU pe3yJIbTAThI SICHO IMOKA3BIBAIOT, 9TO KarKJasd M3 HAIIUX (POPMYJI COJAEPKAT BCE U3 CBS-
3eil, HeOOXOIUMBIX JIJIsi YCTOMYINBOCTH U OJIHOTHI aToMa. HekoTophle U3 HUX yTBEP:KIAI0T, ITO
U3MEHEHHE B pajiiyce JI000H M3 CTPYKTYPHBIX YACTHI[ B aTOMe IPOUCXOJUT B 3aBUCUMOCTH
OT THIa OPOUTHI. DTO HE O3HAYAET, KOHEUHO, UYTO BPEMEHA KU3HU JaCTHI] Ha OpOUTaxX djep
JIOJIZKHBI OCTaBaTbCAd HEU3MEHHBIMHU. TeM caMbIM, TPOABUTHLCA POJIb I'DABUTAIMA B aTOMHOM
CTPOUTEJILCTRE.

10. Bo30oHBI 1 aHTUHEHTPUHO B aTOMAaX C SJPaMU OECCIIUHOBON CTPYKTYPBI

Ecin mbr BeIGupaem atoMm pnly, ¢ SapoM pn ¢ paBHBIM KOJIHYIECTBOM HEHTPOHOB M AHTHIIPO-
TOHOB, IIPH KOTOPOM BOKDYT KasKJIOT'0 JICHTOHa | Ha opOmTe JICHITOHHO{ cTpyH [, Bpamaercs n3
ero coOCTBEHHOTO aHTHHEHTPUHO Iy, TO s ciaydas s = lpn u | = ), korga (119) BeicTymaer
KaK DPaBEHCTBO

(Ué:[lpn)2r1]7\l[lpn - Gle, (180)

Mbl yeraHoBuM Ha ocHoBe (115) u (116) apyryio BecbMa XapaKTEpPHYIO CBSI3b MEXKJLy [EePEMEH-
HBIMU aTOMHOH pnly; cucTeMbl U ee OPOUTAILHBIM JICIITOHHBIM (7] aTOMOM:

2 2

o o
Mz Mpn [ Mpnip, my (181)
D pn - il )
My m%) mg, Mpi b}rann lmlpl
r7le Ha3JI0 MMeTh B BHJLY, UTO
Mg, = My + My, Mpp = My + My, (182)

D pn nlo; e o
u b (bhrP) obosnataeT 6e3pasmMepHyio BeJ MMy OpOUTAIbHON Macesl my, . (m
B KOTOPOM JreniToH [ (6030H pn) ABJIAETTCS SAPOM.
o N N o D pn
JLONONHUTENBHBLE UHIEKC PV Y Vb Toyipns Mispn A D" OTIIIIAET UX OT COOTBETCTBYIOIIUX
BEJINYUH B 2TOMaX C AJPaMU ¢ H30BITOYHBIMU HEHTPOHAMH UJIM aHTHIPOTOHAMH.

]
oniz,) ATOMA,
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B coorsercrBum ¢ (181), MbI 3aK/HO9aEM, UTO

2

o
mlﬂlpn _ Mpn loypn __ Mpt [Mpn (183)
5% ) mn )
mp ) b m, My, \| My
o 2
mpnlﬂl my nlo; __ mpl my (184)
m bp"l”l e s\ my,
pl mn mlul oy pn
Ux yuudukanus ¢ (181) ybexpaer Hac 3/1eCh B TOM, 9TO
myMpn = NMYyMpp, (185)

KaK JIJId apOMaTHOM, TaK U Jijid OAPUOHHONH CUMMETPUH.
Ecim mbr caspiBaeM (183) u (184) ¢ (115) upu s = pn (Ipn) u | = Iy, (1), T0 HETOXKIC-
CTBEHHOCTb CKOpOCTelt vglpn # v/,}fl pn. OYJIET UMETH PYHKIMOHATBLHYIO CTPYKTYPY

1 m my

pn 7&
N U pn N nly,
klulpn b ’ mg, pnlul bp 'm

(186)

Pazmi4ne B BeJIMIMHAX CO CKOPOCTAMH V. Jipn U vlmm ABJIIETCA CJIEICTBUEM KBAHTOBAHHO TTO-
ciiestoBaTesibHOCTH opouThI. Takasi cuMMeTpHsi COOTBETCTBYeT B HepaBeHcTBax (186), a nmeHHO

B aToMax [ u pnly, ToMy dakTy, 9TO B HUX

loyjpn — ) pnlo; —
mf/l mlﬂl

N = RN, = (187)

[TosTOoMy HE yIUBUTENBHO, YTO CTPYKTYpHasi KapTuHa 000omx TUIOB cBsseil (186)) u (187)
PEICKA3LIBACT aPOMATHO CUMMETPHIHOE HEPABEHCTBO

Mpn Mz, 7 MMy, (188)

JIUTs COXPAHEHUs JIEIITOHHOTO W OAPUOHHOTO “HCEJI.
Taxum obpazom, comectHo ¢ (183) u nepseiM u3 (187) pasencrsa (115)-(117) onpenesnsior
upu s = lpn (I = ;) ciemyiomue BHYTPUCTPYHHbIE HHIOTOHOBCKHE CBSI3H:

N My, [Mpn
vf/ n ¢, 189
1lp My my ( )
2
h
Tl]’/\l/vlpn = ﬂ ) (190>
ml—,l mpnc
1 > o 3/2
BN, = — le (m—p) EY. (191)
My \ Yy

Ucnonszys (115)-(117) mua s = pn (I = ly;), npunnmas (184) u Bropoe u3 (187), Mbr
HPUXOJMM K BBIBOJIAM O TOM, UTO

N mlf/l my
A - 192
Yizypn g \| M G, ( )
2
n h
Tl]glpn = Ty (193>

)
mlpl m;c
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3/2

1 mip my
EN = o= EXN 194
D pn 2 My Mo Loy ( )
Efy = myc . (195)

Hpyroe Baxuoe ciegcrsue (183) u (184) zakiouaercss B ToM, uto ornorrerne (107) mpn
s=pn (Ipn) u | = Iy (1) 3amensier HepaBeHcTBO CVP™ £ P g

D pn o nlp
b v epnlDl bp lmul

G , (196)

n €pl my

elDlpn
e

pl

7 o o .o - —

B KOTOPOM OpOHTa/IbHbI 3apa ef, . (€5,;) aToMHoll cuctembt [y, (pnly;) BrmodaeT 6e3pas-
MEPHYIO BEJTHIHHY.

3/1ech YMECTHO OTMETHTD, YTO apoMaTHas cuMMeTpus ipu ycaosun (196) BrosHe coBMecTH-

Ma, ¢ uiesmu Gapuornoil cummerpuir. Taxoit npunmum onpeaenser (ef, . /ep)® 1 (€5, /ep)” B

obIIIeM BUIIE
2 2

o
Clipn my lopn _ my Epl
lulpn ’ b = U pn ) (197)
epl b 7 bmn myl eleﬂl
€0 2 e
pnlo; Mpn bpnlDl o Mpn pl 198
e bpanl > Ych bpanl e e ( )
pl myy, EpnCly

Bumecre ¢ srumvu Beipazkennsamu (183) u (184) obpasyior iBe obbeunennsle csa3n u3 (107)
B 3aBHCHMOCTH OT THIIA $/Ipa

Mpn (199)

loyjpn __ nlo; __
oo — T i
Mpn my

m

Taxue cBsI3U HOATBEPKIAIOT, UTO IPUPOA HE UCKII0IAET KaK apOMaTHYIO, TaK 1 OAPUOHHYIO
CHUMMETPHUIO TOTO HEPaBEHCTBA, KOTOpoe cieiyer u3 orHomenus (107) jist cOOTBETCTBYOMINX
ABYX THUIIOB aTOMOB.

B stux obcrosirenbeTBax (byHKIMOHATBHAS CBsA3b (196) CcTAHOBUTCS apOMATHO CUMMETPHY-
HBIM HEepaBE€HCTBOM

(200)

m; # m?
a HeTOXK JCCTBCHHOCTD vglpn # vl%pn B CKOPOCTsX (122) mpu KyJIOHOBCKOM CTPOUTEIbCTBE ATOM-

HBIX cucteM [, u pnly; BejeT cebst Kak

1 my 1 Mpn

lulpn #

nll/l
klulpn mgy, pnlul bp

(201)

Oaxo, neemorpst Ha 910, (1/kippn) # (1/kpnip,) npuBongar nac n3 nepasencts (186) u (201)
K OJHOIT 1 TOit ke HeroxgecTBennoctn (188), Bosnukaromeit n3 mepasencrsa (201) TorbKO B
TOM CJIydae, KOrJa

mgy myp
ky = Loge = 2% 202
o pn Mo ) pnly; m ( )

Ho 31eCh MBI JOJI?KHBI IIPU3HATDL, 9TO
_Ipypng N C _ pnlyp N

klﬂlpn = Cg klﬁmn? kpnlf/l - CZ kpnlf/l? (203>

2 2

157 mg 17 my
Ckl/lpn — vy 7 Czn 14 — 14 (204>

MpnMy MpnMMy



Crenyst crpykrypsl (197), Bkitodas nepsbie u3 (199), (202) u

logpn __ loppnploipn nly; __ _pnloppnlp
bmc =Cp b bgw = Cn b, (205)

mn mn

MoxkHO Hajitu u3 (122)-(124), aro upu s = lpn (I = ;) BHyTpUCTPYiiHbIE KYJIOHOBCKHUE CBSI3U
Ha opOuTax aromMa pnly; UMEIT BUJIbI

C o my MpnMy
Uﬂllpn - m—z’/l m}gﬂ ¢, (206)
N2 p
Tgl n (mVl) ) (207>
vp my /) Mppc
go, L (mu © [ EC 208
olpn — _5 Mo m2l I ( )
14 D
Ef = mc®. (209)

Permenne (198) Bmecre co Bropsivu u3 (199), (202) u (205) npu ucnosns3osamun (122)-(124)
st aroma § = pn (I = [7;) 103B0JIET BBIBOIUTH €IIe YeThIPE yPaBHEHU:

c Mpn  [MpnTY

Upypn = s, mlz)l Cy (210)
2
Tioon = (:;i) milc (211)
BG =3 (m> T (212)
mlf/l mpl
ES, = mypnc®. (213)

Buyrpucrpyiinsie crpykrypusie dyukmun (206) n (210) me cosmagator ¢ (189) u (192), a
CJIeJIOBATE/IBHO, CPEJIM HUX UMEIOTCsl OTHOIIEHHsI

vl%pn = cflp"vglpn, vlglpn = cﬁ"wl vljgzpn, (214)
m )’ My \
o — (—l> L — <ﬂ> . (215)
mg, miy,
Ecmn cpasmuts (190), (193), (207) u (211), To MOXKHO BHIETH, ITO
'r’glpn = ciﬂlp"rglpn, rl%pn = cff"wlrl]glpn, (216)
mp, \ 4 iy \
e = (—”) , i = <ﬂ> . (217)
my Mpn

B ycranossennn (206), (207), (210) u (211) mbt ncnosszosanu orrorrenne (107), moromy aro
B HEM IPOSIBUTHCA JTUHAMUYECKUE aCHEKThI IIJIAHKOBCKON YacCTHIIbI, OTBETCTBEHHON 3a rapMo-
HUIO MEXK/JIy KYJIOHOBCKOIl M HBIOTOHOBCKOH YacTsIMU JIIOOOH CTPYKTYPHON KOMIIOHEHTBI BHYT-
pPHATOMHOIT euHOl cuiibl. UTo Kacaercs: ee poJid, MO3BOJISIIONIEl HaM PacKpbITh cBs3u (115),
(116) u BRJIFOYUTH B 0OCYZKJI€HNE WX BKJIAJIbI, TO OHA TPeOyeT CrennaabHOrO MPeICTaBICHNUSL.
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OHako ToT (haKT, 9TO caMO CyNIECTBOBAHNE ATOMHO} CUCTEMBI HI B KOeii Mepe He HCKJII0odaeT
rapMOHMIO CUJI Pa3/IMIHON IPUPOJIbL, CBUAETE/ILCTBYET O POJIA IPABUTAIIUU B €€ CTPOUTE/ILCTBE.
Oynknun (115)-(117) momkabl 109TOMY OBITH CcpaBHEMBEL ¢ (122)-(124) npn ynudukanum cui
B equnoe renoe. Ho 3/1ech MBI MOXKeM HCIOJIB30BaTh, HAIpUMeEp, BKIa/ bl (166), npusnas, 4aro
mo6oe u3 (163)-(165) Morio 661 YyTOIHUTH KOOPIUHATHI BHYTPUATOMHBIX TaCTHII.

Yuciio KaK aHTUHEHTPUHO, TaK U JIEIITOHOB B [, He oTJINYaeTcd OT eAuHUIBL. Takoe paBeH-
CTBO, OJTHAKO, IMeeT MEeCTO BHE 3aBHCHMOCTH OT ODO30HHOI CTPYKTYPBI aTOMHOI cucTeMbl pnlu,
a UMEHHO OT TOr'O, 4YTO B Hel

N, =N,, Np = Ni. (218)
Takum o6paszom, (206)-(208) mpu N, > 1 npusogar mac u3 (166) k ciegyommm:

my MpnMYy

Dllpn — — 5 219
Up,lp ms, m?;l ¢ ( )
2
My, h
vlpn — y 220
Tl ( my ) MpnC (220)
2 -\ | m% R
Toin = (m l> LT (221)
B = L(m\ [ (222)
vilpn — 9 my, m}%l s
By =mc®, my, = Ny(m, +m,). (223)

YunteiBasi, aro B npucyrcrsun (218) ypasnenns (210)-(212) obobrmator (166) mis Bcex
THUIIOB ATOMHBIX CHCTEM € GECCIMHOBBIMU SPAMHE, IIOJIYIaeM

Mpn, MpnMMy

Dpn = , 224
Ul P Nlljlmlljl m?;l ( )
2
I Nig;mg, h (225)
vipn mpn mlC’
3

7. = 2 (N My h (226)

tpn = 7 Mpn, MMy MyC’

1 m 2 My M,

Ejpypn = —= P Uy 227
e 2 (lemlw> mf,l " (227)
Epn = mp,c®. (228)

Y10o0b!I 1MOKA3aTh UX CTPYKTYPHBIE OCOOEHHOCTH, MOYKHO HCIIOJIb30BATH YPAHOBOI'O KOPHS
US* xax npumep:

184 L R L R L R L
U92 _)061767 Oeﬂev OeDev OeDev O;u?w O,uz?w 07-1777

Of — NS, =1,2,

NS, =3,4, N% =56, N% =T,8 Ny, =13,13, Ny, = 12,12,

Ny, = 11,11, N, = 10,10.
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Panee 6b110 ynomsmyTo, aro (20), (40), (41), (43) u (44) npeacTaBiIsioT MacChl JICBLIX dep-
MHOHOB. DTO HO3BOJIACT BLIOPATH TOILKO T€ OO30HHBIE OPOUTHI, Y KOTOPBIX HET IPABBIC 9aCTH-

npl. /I1s Takoil cBA3M MBI JOJKHBI BHAYasle YCTAHOBUTH BHYTPUCTPYIHYIO KApTUHY ITPABBIX
AHTUHEHTPUHO.

Ux ckopoctu npejickaspiBaiorcs B (219) kak
Vpepn < 4.1108353 - 107" m/s,
Vpoepn < 1.4912703 - 107° m//s,
Vppppn < 6.5203866 - 107° m/s,
Vg rpn < 4.2007081 - 107 m/s.
Pamuycer (220) sexkar B mpejenax
Toeepn < 2.2845487 - 107! m,
Toeepn < 2.7340753 - 1072° m,
Toupn < 2.9570621 - 107>* m,
Torpn < 1.1982383 - 107 m.
Kaxkgomy Tuiy anTHHERATpHHO cooTBeTcTBYeT B (221) cBOero poja meproja
Tyoepn < 2-4690803 - 107%* s,
Tyoepn < 1.1519508 - 102 5,
Ty, pupn < 2.8494889 - 1071 s,
Tyrpn < 1.7922582 - 1071 5.
Abcomornble Besmaunb! SHepruit (222) AaioT ONeHKH
Epepn < 49738413 - 1077 eV,
Epoepn < 2.5976213 - 107 eV,
By pn < 14281760 - 107° eV,
Eyrpn < 1.2154597-107° eV.

Uwnmes (167), (182), (224) u ciiejrysi IpUBEIEHHO# BbIIle OPOUTAIBHOI CTPYKTYPBI YPAHOBOI'O
kopus U8, myist ckopocteit JIEBbIX JIGITOHHBIX CTPyil [, HAXOMUM

Veppn = 75299171 -107% m/s,

Vepopn = 2.0555165 - 107" m/s,
Vuspn = 1.5569310 - 107° m/s,
Vrppn = 4.1404189 - 1077 m/s.

OcHoBbIBasiCh Ha (225), MOXKHO TaKKe OIEHUT PAJIIyChI:
Tepepn = 3.6255062 - 1072° m,
Tepepn = 4.8652716 - 107 m,
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Py = 8.4802819 - 10720 m,
Tropn = 1.1991140 - 107'% m.

[Ipu rakux obcTosiTeIbCTBaX Meprobl (226) cBogaTCs K
Teopn = 3.0252295 - 1071 s,

Topopn = 1.4871883 - 1071 5,

Ty = 34223212107 s,

Tropn = 1.8196843 - 1077 s.

Abcomornble 3navenus suepruii (227) cTaHOBATCA PABHBIMU
Eppn = 8.8858837 - 10* eV,

E.ppn = 1.6685178 eV,
Eyup,pn = 1.3314219- 107 eV,
Erppn = 2.2960163 - 107° eV.

O,ZLHa OCO6€HHOCTI3 9THUX PE3YJIbTATOB ABJIAECTCA TO, 9YTO
Vg, lpn < Uigypns  Tolpn < Tlopn (229)

TDllpn < Eﬂlpnu EDllpn < ElDlpn (230>

COBMECTHUMBI C TeMH, KOTOpbIe Mexk 1y oobekTamu B COTHETHON crucTeme.

11. JlenTroHbI, BpamalOMIUXCd BOKPYT sJipa C U30BITOYHBIM HEMTPOHOM WJIM AHTU-
POTOHOM

Jlst opOuTaIbHOTO JIBUKEHUST JINITOHHBIX CTPYil () S/IpO pn ¢ HYJIEBBIM CIIMHOM ¥ U30CIIH-
HOM HE SBJISETCA €JMHCTBEHHBIM BHYTPUATOMHBIM OOBEKTOM ¢ 0030HHBIMEU opOuTamu. Takue
OpPOUTBHI MOTYT IPOSABUTHCS JIAZKE B aTOME C SJIPOM pnn WK pnp, & UMEHHO C siJIpOM C H30bI-
TOYHBIMU HEHTPOHAMU WJIM aHTHIIPOTOHAME. B mepBoM ciIydae u3 HAIIero PaHOro aHaJNu3a MbI
HaiiJleM MHOXKECTBO aTOMOB pnnliyi;, BOKPYT sep KOTOPBIX JBUKYTCsS HE TOJILKO JIEIITOHHBIE
cTpyu [V;, HO TaKKe U aHTUHEHTPUHO ; U3 JIEIITOHHBIX ceMeiicT. Zlipo aroma pnplyl njis BTo-
poro ciaydasi JOJ2KHO UMETh CTPYWHBIE, TaK »Ke KaK U JINTOHHbIe OpOuThI. Jpyrumu cioBaMu,
Cpei ero OpoOUTAIBLHBIX YaCTUIl MOYKHO HAafTH Kak OO30HBI [V, TAK W JICHTOHDI [, KayK/IbIi U3
KOTOPBIX BpalllaeTCsd BOKPYT HEro I10 CBOei coOCTBEHHOI opOuTe.

B oboux aromax, Kak Mbl MOXKEM OXKHJIATh U3 IMPOBEJEHHOIO B IPEJILIIYIIEM Iaparpade
0o0Cy K JIeHnsl, KBAHTOBAHHYIO TIOC/IE/I0BATE/IbHOCTD OPOUTDI [V/; HE MOYXKET U3MEHUTHCH, TaK 9TO
CYIIIECTBYET CBsI3b MEXKJLy ATOMHBIMHU cucteMamu pnnlpy; w pnplyyl, a ornorrenue (107) s
pnny, u pnpl He coBmajaer, BeaeAcTBHE KOTOporo (119) BhINOJIHSIETCS BHE 3aBUCHMOCTH OT
BEeJIMYIUHBI IIepeMeHHbIX. [[09ToMy, YTOOBI UCIIOIB30BATD 3TH ACHEKTHI B CTPOUTE/IHLCTBE BHYT-
PHATOMHBIX CTPYKTYPHBIX (DYHKIUN Uys, Tys, 11s U Ejs qist s = pnp (pnn) u l = 1 (1), vajgo
00paTUThCs K 3aMeHaM

Nomy = Mppn,  Npmy — Mppp, (231)
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[OTOMY 9TO OHH MOTYT 0000muTh pannne ypasuenns (126)-(178) na ciydaii nccsretyeMpIx TH-
IIOB siJIep C HEHyJIeBbIM ciiHoM. st Takoro Beibopa 00bekToB (151)-(153) onpeensior cTpyk-

Typy (169)-(173) Kax cieyromniast:

Mpnn MpnpMpnn c

2 9
Ng,mg, me,

2
[ Nymy, h
TDlpnn -

)
Mpnn MpnpC

Ugypnn =

TDlpnn =

c Mpnn

s <Nyl My, ) 3 mzl h

- )
MpnpMpnn MpnpC

2
E o 1 mpnn mpnpmpnnE
vipnn — T & P} pnn
2 \ Nyymy, ms,

E

B 10 ke Bpems BoiOpanHbie 3aMenbl (231) samensitor (174)-(178) na

Mpnp [ MpnpMpnn

Vipnp = 2 )
Nymy my,
2
N, 1my h
Tlpnp = )
mpnp mpnnc
3 2
21 [ Nymy my, h
Epnp = )
C mpnp mpnpmpnn mpnnc

2
E 1 (mzmp ) MpnpMpnn E
1 = —— - - S N
pnp 2 \Nymy m]%l P
Eo v = My
prp = MpnpC- .

238

pnn = mpnn02, Mpnn = Mpn + (A = 2N, my,, My = My, + (A — 2N,)my,.

(232)

(233)

(234)

(235)

(236)

(237)

(238)

(239)

(240)

(241)

Bossparmasics k opouranbaoit crpykrype Usy® aroMa, NpUBEJIEHHON B TpeTheM maparpade,
MBI 3aMedaeM, 9To coBMectHo ¢ Maccamu (20), (40), (41), (43) u (44) pemenue (232) npejcka-

3bIBa€T CKOPOCTHU IIPABbBIX aHTI/IHeI?'ITpI/IHOZ
Vg prn < 1.0564742 - 10° m /s,
Vpoprm < 7-0078241- 107" m/s,
Vppnn < 1.2023227 - 107° m/s,
Vpopnn < 1.1230487 - 107° m/s.
Pajmycsr (233) ux opOUTHI IMEIOT OrPAHUICHST
Toopnn < 2.3826388 - 10747 m,
Toepnn < 54151396 - 107 m,
Topnn < 1.8396445 - 107 m,
Topnn < 2.1085254 - 102 m.,
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B stux opburax nepuojpl (234) BeayT cebst Kak
Typnn < 14170303 - 10~ s,

Tyoprn < 4.8551911- 104 s,
Ty, pnn < 9.6137473 - 1070 s,
T pnn < 1.1796688 - 1071 .

Abcomornsle sueprun u3 (235) MOXKIO CBECTH K
Eppnn < 7.5816144 - 10%% eV,

Eyopnn < 3.3358787 - 10 eV,
sapnn < 9.8194238 - 10* eV,
By pnn < 8.5672427 eV,
Cpasuenue tux 3Hadennii ¢ onenkamu (169)-(172) qya F'nds aToma n3 ypaHOBOro ceMeicTBa
errie pa3 yOexK/1aeT HAC O CYIIECTBOBAHUU HEPABEHCTB:

'foln < 'folpnna Tﬁln > TDlpnna (242>

Tf/m > TDlpnna EDln < Ef/lpnn- (243)

Takoii BBIBOJ MOYXKHO CJI€JIATH, UCCJIE/Yys] OPOUTAIBHYIO CTPYKTYPY ypaHa

Uy’ = O, OF, 07, OF, Oy, Of 0r, Of, Og., O

L R
(a7 €V O O

of.,, OF., OF — N?=1,2, N=34 N;=56 NZ=718,
N5, =9,10, N, =11,12, N, =13,14, Ng, =15,16 — N, = 8,8,
N,=7,7 N,=6,6, N,=6,6, N =6,6,
Nep, =5,5, N, =4,4, Ny =44,
KOTOpad nMeeT KakK JICIITOHHbIC, TaK U CprfIHbIe Op6I/ITbI.

Oyuxrms (237) Bmecte ¢ (14), (38), (39), (43) u (44) oupeenser CKOPOCTH JICIITOHOB Ha
opburax wederroro (NP = 1,3,5,7) nopsika

OL

oy

Vepnp = 1.4090116 - 107" m/s,
Vepnp = 1.0224542 - 107* m /s,
Vupnp = 5.7690824 - 107" m /s,
Vrpmp = 34302491 - 107% m//s.
B mannom cirydae u3 (238) Mbl HAXOJUM pPaJILYChI
Tepnp = 7-3134310 - 107%* m,
Tepnp = 1.3888731 - 107% m,
Tppnp = 4.3625140 - 107 m,
Trpnp = 1.2339540 - 107" m.
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[Tepuospr (239), Takum 06pa3oM, UMEOT 3HAYECHUS
Tepnp = 1.3045071 - 10721 5,
Tepnp = 8.5349025 - 107% 5,
Typnp = 4.7512727- 1071 5,
Typnp = 2.2602329 - 1072 5.
Cornacno (240), abCOTIOTHBIE SHEPIUU PABHBI
Eepnp = 1.3479720 - 10° eV,
Eopnp = 7.0980572 - 10% eV,
Epnp = 2.2597751 - 1072 eV,
Eypnp = 79891959 - 107° eV.

DTH BEJMUYMHBI U Te ONEHKHU, KoTopbie cieayiorT us (174)-(177) mist usorona Uy ypana us3
ero ceMeficTBa, YI0BICTBOPSIOT YCIOBHSIM

Uip < Upnps  Tip > Tlpnp; (244)

Tep > Tlpnpa Elp < Elzmp- (245)

[Tomo6Ho oTHOmEeHuUsIM (242) u (243), oHE MPOCTO OTparkaroT TOT (aKT, YTO KarxKJIoe U3
CYIIECTBYIONIUX THIIOB sAJIep 0Opa3yeT CBOEro pojia aTOMHON CHCTEMBI.

12. JleniToHHBIE CTPYU B aTOMaxX C sgJApamMu C U30BITOYHBIMU HENTPOHAMU

CorytacHO TIpeIbIIYIIeMy aHaJM3y, 00Ias KapTHHA ATOMHBIX CHCTEM CYIIECTBEHHO 3aBUCHT
OT M30TOMMIECKON CTPYKTYPBI dIpa.
Y100bI BEIpA3UTh 3Ty U0 OOJIee sICHO, HEOOXOIUMO HCIIOJIb30BATh 3aMEHY

Mipn, —> Mpnn (246)

B (180)-(227) muist cucrem u3 pnnly, u [, TUIIOB KaK €JMHCTBO 3aKOHOB apOMATHOM 1 6APHOHHOI
cummeTpuil. dro npocro 3amenser (219)-(222) ¢

my Mpnn Ty

vlpnn — —_ y 247
Upylp ms, m;%l C ( )
mg, 2 h

vlpnn — 5 248

"oy < my > MpnnC (248)

o, - (mw)?’ M b (249)
vepnn c \my Mprn M Mppn €

1 /m 2 Mpnn M
Eotom = —= | — g 250
llp 2 (ml/l> 12;1 : ( )

Yuder BoiOpanuoro mpeobpasosanus (246) maet manc s nepexoga us (224)-(227) B

o Mpnn MpnnYy
Uigypnn = P} ¢, (251>
Nlljl mlljl mpl
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Nigymuz, \° |
Tigpnn = ( LAl l) (252)

)
Mpnn, myc
2T Nl,jlmlpl 3 m?;l h
ﬂﬂlpnn = ) (253)
c Mpnn, M MY MYC
1 m S Crw—r
pnn pnn!lt]
Elﬂlpnn = 35 N ) Epnn- (254)
2 lﬂlmlﬁl mpl

[To3TOMY €cJi UCXOUTD U3 OPOUTATLHON CTPYKTYPbI ypaHoBoro uzorona Uzs® 1 TOrja mpo-

U3BOJIUTH ABHbIE BBIYMC/IEHUsI, MOXKHO YCTAHOBUTH KOJIUYECTBEHHbIE OIPDAHUYEHUsT HA BHYTPH-
crpyiinbie dyuximn (247)-(250) 11 aHTUHEATPUHO U3 JIEBBIX CTPYI.
Ckopoctnu (247) BBICTYIAIOT B HAX KAk

Vg, epnn < 4.6756670 - 1077 m/s,
Vppepnn < 1.6961719 - 107° m/s,
Vg puprn < 7.4162924 - 107° m/s,
Vg, rpnn < 4.7778884 - 107% m/s.
JIrobomy THITy CKOPOCTH COOTBETCTBYeT B (248) cBOErO pojia pajmyca
Toeepnn < 1.7659297 - 107! m,
Toeepnn < 2.1134086 - 107 m,
Topppnn < 2.2857749 - 107** m,
Torpnn < 9.2622443 - 107 m.
ITepuoner (249) orpatuiensl BeTMIHHAME
Tyeecpnn < 1.6780106 - 107 ** s,
Tyoeprn < T.8287687 - 10 % s,
Ty upmn < 19365400 - 1071 s,
T rrpnn < 1.2180359 - 107 s.
Anamms abcomoTHbIX sHepruii (250) mpesmoaraer, 9To
By, cpnn < 5.6572506 - 1077 eV,
Epoepnn < 5.9090728 - 107* eV,
By ypnn < 16244084 - 1072 eV,
Eyorpn < 2.7649296 - 1072 V.

184
Kak nx cpaBuenme ¢ orneHkamu BbITekaomumn u3 (219)-(222) g ypanosoro xopmst Ugy®,
[IOJIyJaeTcs TOJIBKO YacTh OOIIel KapTHHBL:

Ug,ipn < Ugipnn,  Tolpn > T'5ylpnn;s (255)

Tf’llpn > Tf/zlpnnv Eﬂllpn < Eﬂllpnn- (256)
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Yro xacaercst mosegenns 7 B Ugy® arome, To cxopocru (251) mnst medernoro (Np, =
9,11,13,15) nopsijika OpOUT JIENTOHHBIX CTPYil MMEIOT 3HAYECHUS

Vepepnn = 1.1079768 - 107° m /s,

Vepyprn = 3.0245549 - 1077 m /s,
Vuzprn = 2.2909197 - 107° m/s,
Vrp,pnn = 6.0923491 - 1072 m/s.

Mo2KHO Tak»Ke OIEeHUTh paychl (252), 4To
Tepepnn = 2.1662803 - 1072° m,
Tepepnn = 2.9070540 - 1072 m,
Pyipnn = 5.0670629 - 107> m,
Troopnn = 7.1648398 - 1071 m.

K takuMm CKOpOCTSIM U paJimycaM OTHOCATCS mepuojibl (253), KOTopbie paBHbBI
Tevepnn = 1.2284679 - 107 s,
Tesoprn = 6.0390899 - 10717 s,
Ty = 1.3897167 - 107 s,
Ty prn = 7.3892705 - 1071 s.

OHH, KOHEYHO, ABJISIOTCS CJEJICTBUSIMU SHEPruii (254) co cieyonmMn abCoTIOTHBIME 3Ha~
YEHUAMU:

Eeppnn = 2.1882407 - 10° eV,
Eepopnn = 4.1088979 eV,

E i, pnn = 1.6393821 - 1072 eV,

Eropnn = 2.8270889 - 107° eV.

Ecin Teriepb MbI CpaBHUBAEM STH BEJHYUHBI ¢ TEMU, KOTOPbIe CIeAyIoT u3 (224)-(227) mis
ypanoBoro Kopus Ujs?, KOTOpBIil He UMeeT HU CIUH, HU U30CIUH, TO Mbl BUUM, YTO

Ugppn < Upgpnns  Tigpn = Tiopnn, (257)
Tispn > Tigpnn,  Eiopn < Eigpnn- (258)
Kaxk B ornomennsgx (229) u (230), orieHku, HalijleHHBIE 3/1€Ch, IPUBOJAT K HEPABEHCTBAM
Ugipnn < Ubpnn, Tolpnn < Tigpnn, (259)
Toipnn < Ligpnns  Eipnn < Eigpnn, (260)

KOTOpbI€ HE 3aBUCAT OT CIIMHOBOM WJIM M30CIUHOBOM CTPYKTYPBI aTOMHOI'O d1pa.

13. OpbuTtanbHbIEe CTPYW aTOMOB C SIJIpAMU C U30BITOYHBIMU AHTUIPOTOHAMU

OcobeHno BakKHO OTMETHTD, YTO XOTs HepaBeHCTBa Takume Kak (229), (230), (259) u (260)
cymiecTByIOT Mezk ity 3emieit, JIyroit u CostmiieM, BO3MOKHOCTD UX CYIIECCTBOBAHUSA Y ATOMOB HE
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MPEIATCTBYET O0IIeil KAPTUHE TAKUX CUCTEM IPOABIATD TaKyKe ABHYIO 3aBUCUMOCTH OT CIIUHA
1 u3ocnuHa sijiep. dTobbl PeruTh 3TOT BOIPOC C TOYKH 3PEHUA M30BITOYHOTO AHTUIIPOTOHA,
HAJI0 BBIOpATh 3aMeHy

Mpn, —> Mpnp (261)

9TO0BI YCTAHOBUTH MIPUPOJY cucrteM pnply; u v, tunos, ob6obmias (180)-(227) Ha cirydaii Takux
aromoB. Koneuno, (219)-(222) 31ech UMEIOT CJIEYIONLYIO CTPYKTYPY:

my mpnpml

Upylpnp = p— m?, c, (262)
14 D
2
my, h
vlpnp — y 263
"oty ( my ) MpnpC (263)

2 o\ 3 m?2 I
TDllpnp = i <m l> i ) (264>
c \my Mpnp M M€

2
1/m )
Eﬂzlzmp = _5 <—l> . g lEl' (265)

My, mey

DTH BHYTPUCTPYHHDIE CBSA3H OCYIIECTBIISIIOTCS B aTOMax pnply, THIOB, /It KOTOPBIX YCIOBHE
(261) obobmaer crpykTypHble Gynkimn (224)-(227), npeobpadys uX B CJACIYIONINE BB

Mpnp Mpnp™Th

Dpnp = , 266
Uiz prp Nioy s, m]%l ¢ (266)
2
Tlopnp = ( to, T l) ; (267>
Mpnp | MYC

3
7, = 27 [ Nem My h (268)
twipnp c Mpnp Mpnptmy MyC’

2
1 m My
By = —= Prp PP - 269

tonpnp 2 (Nll,lml,,l> m2 7 (269)

Mg 6ysem Tereps cienath Ha ocHOBe (262)-(269) siBHBIE BBIUNCJICHUS, OTHOCAIINIICA K BHYT-

PUATOMHBIM JIEBBIM 00bEKTaM B ypanoBoM u3otore U, opbuTaibuas CTpyKTypa KOTOPOro Jia-

Ha B OJMHHAAIATOM Haparpade. 1o Tpebyer ci1eg0BaTh JIOTUKY HPUPOJBI JEITOHHBIX CTPYii
[, ma opburax nevernwrx (N, =9,11,13,15) nopsok. U3 (262), MOXKHO onpe/Ie/uTh BepxHue
[peJiesibl Ha BHYTPUCTPYHBIE CKOPOCTH MPABBIX aHTUHEHTPUHO

Vpoepmp < 34548620 - 10~" m/s,

Vpepnp < 1.2533056 - 107° m/s,

Vg pprp < 54799170 - 107° m/s,

Vg rpmp < 3.5303936 - 1075 m/s.
C momorrpio (263) Mbl HalijeM paJUyChl UX OpOUT

TDGEpnp < 3.2344404 - 10*31 m,
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Toeepnp < 3.8708755 - 1072 m,
Toppnp < 4.1865780 - 107%* m,
Torpnp < 1.6964535 - 10722 m.
BuyTpuctpyiitble mepuojipl, Kak HaiijeHbl u3 (264), uMeoT mpeesb
Tyecpnp < 5.8823155 - 10724 5,
Treepnp < 1.9405822 - 10722 5,
T pmp < 4.8002635 - 10710 s,
Ty rpmp < 3.0192473 - 107 5.
Mozxno Buzets usz Eq. (265), 4TO abCOJIIOTHBIE SHEPTHS YJIOBJIETBOPSIOT
Epocpnp < 2.0900783 - 1077 eV,
Epoepnp < 4.3662286 - 107 eV,
By pmp < 1.2002794 - 107 eV,
Eorpnp < 2.0430134 - 1077 V.
Tenepb B3IIAHUM Ha BepXHHE NpeJe/ibl, noayuenubie B (219)-(222) g UlS?, koropbie cos-
MECTHO C IIPpeAbLAYINIUMHU IIOKa3bIBalOT, 9YTO

Ug,ipn < Uglpnps  Tolpn > T'lpnp) (270)

follpn > Tf/llpnpa EDllpn < Ef/llpnp- (271)

Kax B ypanosom kopte Ugs? n ero nzorone Uxs®, Kazxplil JenToHHBIH 60300 [, B Ugs’ cam

JIOJIZKEH OTJINYATLC OT Apyrux 3uadenusmu (266)-(269), coryiacHo KOTOPBIM, Ujppnp COBLAIAET
CO CKOPOCTSIMU U3

Veppnp = 1.9369311 - 107° m/s,

Vesoprp = 2-9284250 - 1077 m/s,
Vupnp = 2.5415811 - 107° m/s,
Vrppnp = 6.1444950 - 1072 m/s.

JList 9TUX CKOPOCTEl, aHaJIN3 PaInyCcoB "5, pnp YKA3BIBAET, ITO
Tepepnp = 1.5480391 - 107%° m,
Tepepnp = 1.6309793 - 107* m,
Pyipnp = 2.2477208 - 1070 m,
Troopmp = 3.8457223 - 1071 m.

OCHOBbIBaHCb Ha 3TU CKOPOCTHU U PaJUyCbl MO2KHO OLCHUTDL IIE€PUObI Tlplpnp n HafITI/I, q9TO
Teoepnp = 5.0216634 - 1072 s,
Tesopnp = 3.6326857 - 10712 s,

Ty, pmp = 5.5567169 - 107 s,
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Ty pmp = 3.9325259 - 10710 5.

K aum Mbl JOJI2KHBI TOJIBKO ,HO6aBI/ITb, qTO a6COJIIOTHbIe QHEPIrud ElDlpnp PaBHDbI
_ 5
Eeppmp = 1.2353478 - 10° eV,

Eeoopmp = 2.8461499 eV,
Eyuppmp = 14909240 - 107° eV,
Erppnp = 2.1248556 - 1077 eV.
YMeCTHO TaKKe CPaBHUTDH 9THU OIEHKU C TeMU, HaiijieHHbIMEU B (224)-(227) st U91§4 C OJTHUM
U TE€M K€ BBIOOPOM MacCChl YaCTHI[. DTO MTO3BOJISIET YCTAHOBUTD CJIEAYIONINE HEPABEHCTBA!
lelpn < 'UlDlpnpa 'rlz’/lpn > Tlf/lpnpa (272>
Eﬂlpn > Eﬂlpnpa ElDlpn < Elf/lpnp- (273)
Ux cymecrBoBanue mo06H0 oTHoMeHusiM (270) u (271) Gyer cBUIeTeIbCTBOBATD B MOJIb3Y
pOJi U30BITOYHBIX AHTUIIPOTOHOB, a
Vg lpnp < Uipypnps  Tolpnp < Tl pnp» (274)

Tﬂzlpnp < Tlﬂzpnpv El’/zlpnp < Ell’/zpnp (275>

BBITIOJIHAIOTCA BHE 3aBUCUMOCTU OT CIIMHA WJIX M30CIIMHa aTOMHOI'O dA1pa.

14. 3aKOoH KBAaHTOBAaHUS OPOUTHI

Brarogapsi KBaHTOBOW MPUPOJBI ATOMHBIX CHCTEM JIIOOOMY THUILY JIeBOW (IpaBoii) OpOUTHI
HEYETHOrO (YeTHOr0) MOPsIJIKa COOTBETCTBYET CBOETO POJia PAJyca. DTOT HPUHIUIT BbIpazKaer
B cayuae F'ngs €0 aHTUHEHTPUHHBIX OPOUT HEYETHOrO MOPSAJIKA, ITO

Toen < TDen < Tﬂun < Torn- (276>

DTO COOTBETCTBUE HE MEHSIETCH JIayKe JIJIs ATOMHBIX CHCTEM C si/I[PAMU CJIeJIAHHBIMUA U3 aHTH-
nporonos. [Ipumepom siByigtercst ypanosbiit uzororn Ugs, B KOTOPOM Pa/IHyChl JIENTOHHBIX OPOUT
HEYETHOTO MOPsAIKa 00pa3yoT KBAHTOBAHHYIO ITOCJIE/I0BATETLHOCTD

Tep < Tep < Tpp < Trp- (277)

Eciu Tereph Mbl BeommHaeM, 9To obpasoanne Ujs? wepes zammogeiicrsust (179) mMexty

Fnd3 u Ugs He 3anpeIneno 3akonamMu yHUpUKAIIT, TO ¢ TOUKU 3PEHHsT KazKJIOT0 U3 HUX CJIE/LyeT
OXKIJIATH, YTO OOLEMHEHHASA 3aKOHOMEPHOCTh

Teﬂepn < TeDepn < T;u?#pn < TTD.,—pn (278>

Oyaer npogsuThea y Ugs* B npucyTCTBUM ero 6030HHBIX OPOUT HEIETHOTO TOPSAIKA.

Ha nepsblil B3rvig)| pasjindue B Maccax 1m; U my, HapyllaeT B clydae aToMa U92§’8 PUHITATL
KBaHTOBAaHHON 11ocie1oBaTeIbHOCTH opouT. C IpyToit CTOPOHBI, HAI OPONTAIBHBIN aHAIN3 110~

Ka3bIBaeT, 9TO

Tﬁepnn < ’rf/epnn < Tﬂﬂpnn < rl’/fpnna Tsl’/epnn < Tef/epnn < ruflupnn < TTﬂTpnn- (279)
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Haxkowerr, uro Kacaercss ypanoBoro m3orona U3 To MbI yiKe BUIETH, UTO
) 92 » 9

Tepnp < Tepnp < Tupnp < Trpnps  Tevepnp < Tevepnp < Tpvupnp < Trirpnp- (280)

[TosTomy ymecTHO elrie pa3 MMOJIYEPKHYTH, YTO HHU OJiHA M3 OPOUTAILHBIX YaCTHUI[ B ATOM-
HOIl cucTeMe He IMPOTUBOPEYMTH 3aKoHaM cuMMmeTpuu. JIpyrumu cjioBamMu, aToM cO3/IaH Tak,
ITOOBI KaXKJIOMY THITY OPOUTBI COOTBETCTBYET CBOEI'O POJia BEJIMYMHBI PAJINyca JIEHCTBUS BHYT-
puaTomuoit euHol cuiibl. [Ipu 9Tux curyanuii cuia aroMHoO#M yHUMDUKAIMT CTAHOBUTCS CKPBITO
KBaHTOBaHHO. TakuM 0Opa3oM, KBaHTOBaHUE OPOUTHI HE MOXKET OCYIIECTBIATHLCA BOKPYT /-
pa HE3aBUCUMO OT CeMeiHO cTpYKTYPhI JienrToHoB. Ha 910l ocHoBe caMa npupojia KBaHTOBa/Ia
BHYTPUATOMHYIO OObEIMHEHHYIO CUJTY, JEHCTBYIONLYIO MEXKLY SJPOM U €r0 OPOUTAIHLHBIMU 00b-
€KTaMU, B 3aBUCUMOCTHU OT THUIIA apoMaTa.

15. 3ak/rouenue

BuyTrpuaToMHOii 0cOOEHHOCTDHIO JIBYX TUIIOB CUMMETPHIl, 8 IMEHHO apOMaTHOW 1 6apUOHHOI
CUMMETPUII SIBJISIETCA UX OJHOBPEMEHHOE HapYIIeHUe, UX COCYIEeCTBOBAHNE WX U TO U JIPYTOE.
B mepBom ciydae arom mMeer sijipo, COCTOsIIee U3 HEHTPOHOB WM AHTUIIPOTOHOB. ATOMHBIE
CUCTEMBI C sI[DAMU OJIHOTO U TOI'O K€ KOJIMYEeCTBA HEMTPOHOB M AHTUIIPOTOHOB OTHOCATCS KO
BTOpOMY ciydaio. [Ipumepom TpeTbero ciydas siBIS€TCs aTOM C SJAPOM C U3DBITOYHBIM Heli-
TPOHOM WMJIX AHTUIIPOTOHOM.

Barknas xapakrepucruka oOIeil KapTUHBI 9TUX ATOMHBIX CHCTEM COCTOUT B TOM, UTO X
CTPOUTEILCTBO OCHOBAHO BHauaje Ha CyllecTBoBaHUe B mpupoge Fni u H] mnpu coxpanennn
CYyMMapHOTO OAPUOHHOIO U JICHTOHHOTO YHces. TakuM oOpa3oM, ecjIiu Cujia aTOMHON YHUMpUKA-
UM CBA3BIBACT APOMATHYIO U OAPUOHHYIO CUMMETPUN KaK CJICJICTBUE HERTPAJIHLHOCTH aTOMA, TO
obpaszoBanre KBAaHTOBAHHON IIOC/IEI0BATE/ILHOCTA OPOUT BOKPYT s/Ipa JIOJIZKHO ObITH PaccMOT-
peHo Kak OpOUTAJIbHOE KBAHTOBAHUE HE TOJBKO CHUJIbI, HO TaKyKe U KarKJOi MacChl U 3apsi/ia.

ViKe U3 3TUX CBs3eil CHO, YTO KBAHTOBAHUE OPOUTHI JIIOOON aTOMHOM CHCTEMbI 00 beIMHAET
BCe 3aKOHBI BHYTPUATOMHON CUMMETPUM B €JIMHOE 1eJI0e. DTO OTPazkaeT PeHIalonlyio posb F'nl
u H! B crpouTenbcTBe KazKjoro U3 OCTAIbHBIX BUJIOB aTOMOB. [I09TOMY BaKHO BBISCHHUTD,
KaKOB PaJMyC UX €JIUHCTBEHHON OpOUTHI, BKJIIOYasi CKOPOCTH, aDCOIOTHYIO SHEPTUIO U MIEPUOJT
BpaIlleHNs ee COOTBETCTBYOMIEel JacTuiibl. JIj1st 3T0ro mpek e Bcero Ha 0 yIoOMsIHY Th BEJIMIUHBI
dbyuxiwmit (169)-(172), koropeie umetor ipu N,, = N, cirejiytomiue mpeiesib:

Vpn < 1.4928839 - 10% m/s,
Toon < 5.0162382 - 10~** m,
Tyon < 2.1112126 - 107% s,
By, < 1.5147019 - 10" eV.
Honaras B (174)-(177), uro N, = N, HAXOAUM Il UX SBHBIX 3HAUCHUIT

Vep = 6.6671897 - 107° m/s,
Tep = 2.5115763 - 1072 m,
T., = 2.3669191 - 10~** s,

E., = 3.0169111 - 10* eV.

99



DTu HaiieHHbe TPeOYIOT HAOMHNTE npucyTersre B (169)-(172) u (232)-(235) maccs! n quc-
J1a TIPOTOHOB 1 npucytcTsre B (174)-(177) n (237)-(240) maccnl u 4nc/ia aHTHHEHTPOHOB, OMICHI-
BaIoIIEro ToT hbaKT, 9TO BCE CTPYKTYPHBIE BEIMYUHBI BOOOIIE I/ aTOMHBIX cucteM Fna (Fn4y)
1 XZ(X%) oTBeTCTBEHHbI 3a WX MEePHOMYECKIe B3aUMOIIPEBPAIeHHsI, B KOTOPBIX CHOBA MPO-
SBATCH KAK COBMECTUMOCTH (PyHKIMOHAJBHBIX cBs3eit (126), (130), (141), (146), (181),(186),
(196) u (201) ¢ 3akoHAME CHUMMETpPHil, TAK ¥ HECOBMECTUMOCTD ITUX CBSI3€i C HepexoaMn

Fnf & Fny, X5 < X5, (281)

Mg Tereppb 3aMedaeM, YTO XOPOIIO U3BECTHBIE JabopaTopHble JaHHbE 33| moaTBEepXK Iat0T
cylecTBoBaHue emie 15 HOBBIX BHJIOB aTOMOB, paciiupsioriue nociegpoBarenbuoct (95) u (96)
Ha

9, 18, 27, .., 927, .., 1062, ..., (282)

1, 2, 3,.., 103, .., 118, ... (283)

Torma BO3MOXKHO, IIPEJICKAa3aTh U3 CyMMBbI IIepBbix 118 wieHnoB nporpeccun (282) Hajmwue B
npupoze 63189 BujioB n3oTonoB 118 TUIIOB aTOMHBIX CUCTEM.

Cpe/u 3Tux 00bEKTOB ypaHoBoe ceMeficTBo BKodaeT 828 Tunos atoMos. 13 uux UZy° mono6-
HO BCEM JIDYTUM YPAHOBBIM U30TOIAM € U30BITOYHBIMEI HEHTPOHAMHU 00Pa3yeTcs depe3 aTOMHYIO
YHUDUKAIATO

Fny + Ugy® — UgsC. (284)
Ero paciial OCYIIECTBJIAETCA 110 IIPDUHITUILY, ITO
Uss® — Kri + Bazg' + Fnj. (285)

MMeHHO 31eCb MbI BII€pPBbIC JOJI2KHbBI MCIIOJIB30BaTh IHEPIHUi0 aTOMHOI'O IIPOUCXOXKICHUA,
IIo9EepKUBag, 9TO OHa BBICTYIIaCT BHadaJI€ KaK I/I3OTpOHHbII71 IIOTOK OJHHNX M TEX 2KE aHTHUHEN-
TPUHHBIX BOJOPOJOB F'ni us pacnaga Fni atoma mmtuesoro cemeiicTsa

Fnj — Fny + Fn} + Fnj, (286)
a 3aTeM KaK aHHBOTpOHHbIﬁ IIOTOK JIBYX THUIIOB 00'LEKTOB U3 paciajia
Fny = U g+ np p- (287)

[Tocie epexofia (285) 9T0 CTAHOBUTCSI MOIIHBIM OPY/IHEM JJIsl HOBBIX M3MepeHuil fiarogapst
[TOJTHOM SHEPruu aHTHHEHTPUHO, 3aBUCAINCH OT CUJIbI ATOMHOM yHUDUKAIME, KOTOpasd (hopMu-
posajia aroM Fnl, B KoTopoM caMo anTHHEHTPHHO OLLIO Ha OpGUTE BOKPYT sIpa.

Eciu, nHecMOTpst HA 3TU CBA3U, CIOHTAHHbIE CTPYKTYDHbIE M3MeHeHUs ypana Ugs® mociie-
JioBaTeIbHO 00pa30Baj U TOT U JPYIOil TUIl HOTOKA, TO 3TO IPOCTO O3HAYAET, YTO KaXKJIOe
AHTUHEHTPUHO cTapaeTcsd I0Ka3aTh HaAM HEYTO HEIPOCTOe, YTO HUYTO He INPEHdTCTBYeT BO3-
MOXKHOCTB y HAJIETAIONIEr0 aCTPOHOMHUYECKOTO 00bHEKTa TAKOH SHEPIruu, KoTopas ObLIa CTPOro
CKDBITa Ha ero MepBOHAYAILHON (Terepb MOTepsiHHOM) opouTe

Takum oOpa3oM, onucanHble IpeXkie opouTaaIbHbe aHTHHEHTPUHO OTPaXKAIOT TY YacTh 00-
meit KapTuHbl BeeseHHOI, B KOTOPO# TIpeIcKa3biBaeTcs, 910 obpa3oBanne COTHETHBIX CUCTEM
OCHOBAHO Ha CTPOUTE/IHLCTBE ATOMHBIX CUCTEM, HE HA0OOPOT.

[Tomobust u pazaudus B MPUPOJIE STUX JBYX BHUJOB OJIHOIO M TOrO YKe 00beKTa Oy/IyT u3-
JIOZKEHBI B HAINUX JaJibHeiimux paborax. OjHako 3jech Mbl yzKe yrnoMmunasu, uro Cosinednas
cucrema OblLjIa BHAYAJIE ATOMHOII.

Crucok JIuteparypbl
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