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AHHOTaIIA

[Ipu najuyauu cujbl aTOMHON YHU(DUKAIIMN Pe3Kas B3aUMOCBA3b SBPMUOHHOTO aHTUHEHTPH-
HO U HEUTpOHa JOJKHA 00paszoBaTh AHTUHEHTPUHHBIN BOJIOPOJ ajb-DPepranu, sSBJISIONIUNACT
OJIHUM U3 JIBYX aTOMOB, UMEIOIINX PelIaloliee 3HaYeHUe JJId CTPOUTEILCTBA BCEX OCTAJILHBIX.
Mpbr 0o6cy M T€OpHIo, B KOTOPOil KBAHTOBAHUE ATOMHOI OPOUTDHI OCYIIECTBIIATCS BOKPYT s/Ipa
B 3aBUCUMOCTH OT THUIA apomara. Takoil NPUHIUI KBAHTOBAHHON IIOCJIE/IOBATEILHOCTU OPOUT
pacieniger BO BHEIIHUX II0JIAX CIIEKTPaJIbHbIC JIMHUNA aTOMOB, IIOJATBEPZK/lasd HAJIA4INe Y HUX
cemeitnoit cTpykTypbl. TeM camMbIM OH TIpeJICKa3biBaeT cylnecTBOBaHue B mpupojse 63189 Bu-
JIOB U30TONOB 118 THIOB aTOMHBIX cUCTeM. MbI BBIBOJIMM OObEIMHEHHBIC YPaBHEHHS, KOTOPbLIE
CBA3BIBAIOT B aTOMAaX PAJIMYChl OO30HHBIX, JIEMTOHHBIX M AHTUHEHTPUHHBIX OPOUT, BKJIIOYAL
CKOPOCTHU, SHEPIUU U IIEPHUOJIbI BpallieHus uxX dactuil. HalijieHHble JIJIi HUX OIEHKH BhIPAXKaioT
B CJIydae KaxKJOro U3 IIATEePhIX BHAJOB YPAHOB U JIBYX THIOB BOJOPOJIOB HJIEW BHYTPHUATOM-
HO¥ CHJIbI, KBAHTOBAHHON JIENTOHHBIMU ceMeiicTBaMu. OHu 00beIMHAIOT BCe HEOOXOUMbIE JIJIsi
YCTORYMBOCTHU U IIOJIHOTBI aTOM& CBA3U B €UHOE I1eJI0e KaK POJIb I'PaBUTAIINN B @TOMHOM CTPOU-
tesibeTBe. [loaToMmy J1106ast U3 CTPYKTYPHBIX YaCTUIL UCHBITHIBAET B HEM CHJIbHOE U3MEHEHHE KaK
10 BPEMEHHU YKU3HU, TaK ¥ 110 CBOEMY COOCTBEHHOMY DPaJUyCy B 3aBUCUMOCTH OT THUIA OPOUTHI.

1. BBenenune

Kilaccnueckas mraneTapuast Mojie/Ib aToMa, Ipeyiozkentas Pesepdopaom [1], Moxker 6bITh
OCHOBaHa JIOTHYICCKH Ha OTCYTCTBUE B IPHPOJIC MECTa JIJIA aOCOIIOTHO HPSMOJIMHEHHOTO JIBIXKe-
mns. Takas HeklaccudecKkas CBsA3b, OTBETCTBEHHAS 3a IIEPUOITICCKOE BPAICHHIE JIEKTPOHOB
BOKDYT $JIpa, IOSBJISETCA B TOME KaK OJIHO M3 BeCbMa BAYKHBIX CJIC/ICTBUI IPHUIIINIIA MACCO-
3aps1JI0BOI JBOficTBEeHHOCTH [2].

B ero pamkax Kaxplii n3 snekrpudeckoro (E), caaboro (W), cusroro (S) n Apyrux npu-
POZK/ICHHBIX THUIOB 3aPsI0B CBHIETE/ILCTBYET B HOJIb3Y HAINYUS CBOETO PO/ HHEPTHON MACCHL.
DTH MACCHI 1 3apsi/Ibl JIEMEHTAPHOr0 06beKTa (§) 06pas3yoT npu BesnKoi yrndukanum cu |3
obbeunennsie Maccy nokog mY u zapsay eV Bkinouaromue Bee ero maccy u 3aps

ms =ml =mP +m¥ +md + .., (1)
es=e’ =ef reV 1S (2)

Omn oTpazKkaloT COCyNecTBOBanne Cuibl Tarorenns Hoiorona Fly, MexXK/Ty IByMs YaCTUIIAMA
n cuel Kynona F,, cpeqin 3TuX 00bEKTOB, KOTOPBbIE MOTI'YT OBITH BBIPAyKEHBI ¢ TOYKHU 3PEHUS
noboro u3 cymecrsytomux tunos (K = E, W, S, ...) neiictBuit
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e i, j = K, i # j, r obo3Ha"aeT paccTosinue MexK 1y obbekTamu, a (G y-KOHCTAHTA TITOTEHHS.
D10 B cBOIO Ouepe/b 03HauaeT |3], uro KaxKbiil u3 snekrpuueckoro FE | cnaboro FY | cuin-

Horo F5 v JIpyrux BO3MOXKHBIX TUIIOB CHJI BKJIIOUAET He TOJILKO CBOEro Pojia KyJIOHOBCKO# FX |
ss
HO TAaKKe I CBOCI'O Pojia HHIOTOHOBCKOI Fjif  wacTu

Fo = Iy, + Ie.,, (5)
Fi=Fy +F}. (6)

Kaxk ciresicTBue, mpu B3aMMOOTHOINEHHH CTPYKTYPHBIX KOMIIOHEHT €IHHOe T0Jie JefiCTBUs
obbeunennoit cuasl FU, pasHoit

FU=FE L FW L F5 4 (7)

CTAHOBUTCA €CTECTBEHHO UCKPUBJICHHBIM [3] rosieM. [losTomy JiBUKeHME 371EKTPOHOB B @TOMHOM
CUCTEMeE SABJISIETCsI CTPOr0 OPOUTABLHBIM. ¥ HUX IIPU 9TOM OPOUTAIBHO HMPOABITCS HEKOTOPBIE
CKpbITHIE cBA3U. VX npupoia onpeiesigeT Ha KBAHTOBO-MEXaHMYIECKOM YPOBHE TIOBE/IEHUE BHYT-
pPHATOMHBIX OObEKTOB BCEX THUIIOB.

OHako, KaK yTBEPXKJIEHO B KJIACCHIECKOHN 3JEKTPOINHAMEKE, B TOW opOnTe, B KaKO# OH
JABUZKETCA, HU OJMH U3 3JIEKTPOHOB, BPAIAIOIINXCA BOKPYI A/Pa, HE MOXKET OCTaBaTbCd CpPaB-
HHUTEJILHO Ha JI0JITOe BPeMs, He Tepsisi CBOIO HePIuio. B To ke BpeMs cama Ipupoia 00beInHIeT
BCE YaCTU OOBITHOIO BeIecTBa B eanHoe 1ejioe. OHa CBA3BIBAET IIPHU 9TOM KazKIbIil 9JIEKTPOH C
AJIPOM, IOATBEPZKIasd HAJIUYNE B HEH yCTONYMBOM aTOMHON CUCTEMBI.

B aromuoit mojiesin, ocHOBaHHOI Ha MOCTYJIaThl bBopa [4], OOBIYHO IIPEJIIoJIarajoch, 9To B
aToOMe CYIIECTBYIOT CTAIMOHAPHBIE OPOUTHI KBAHTOBAHHBIMK YIJIOBBIMU MOMEHTaMMU

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

a Tepexo/ibl OPOUTAIBHOTO JEKTPOHA ¢ BEPXHEro (HUKHEro) YPOBHS HA HUKHUN (BepXHIIA)
[POUCXOJAT B HEM 110 3aKOHAM HM3JIydeHus (Moraolenns) (poToHa ¢ Heprueil, BhICTYIAomed
KaK Pa3HOCTHb SHEPreTUIEeCKUX YPOBHEN.

JLnst oripejiesieHrst CKOPOCTH ¥ 3JIEKTPOHA U PAJIUYCa I ero OPOUTHI B ATOME BTOPLIM HauboJiee
BayKHBIM ypaBHEHHEM, 10 IIPEJJIOKEHUIO Bopa, siBjisieTcst paBeHCTBO
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B KOTOPOM /Z e-3apsijl aTOMHOIO siJipa.
Korga ono obbeunsiercs: ¢ (8), ero pereHus: CBA3bIBAIOT CTPYKTYPHBIE BEJUIUHBL U U T C
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n Zame
CoryrtacHO 3TUM pe3y/braTaM, BHYTPHATOMHBIE CHJIBI TP OOJIBIITUX MACC MMEIOT XapaKTep
IIPUTSZKEHUSI, 8 UX CBOMCTBO OTTAJIKUBAHUS IIPOSIBUTHCA TOJIBKO B 3aBUCUMOCTHU OT MaJIbIX MacCC
sJieKTpoHa. Takoil mopsiIoK, Ka3aaoch Obl, TOBOPUT O TOM, YTO aTOMHOE CTPOUTEJILCTBO HE B
JimHnE ¢ 3aKoHaMu COJIHEYIHON CUCTEMBI.
C apyroit croponbl, Kak ciaeayer u3 (8) u (9), pasBurue HA UX OCHOBE IMEPBOHAYAIBHOI

HJIaHeTapHOﬁ MO/Ie/In aTOMa HE€ HMeeT HHU KJIaCCUYIECKOI'0, HM KBaHTOBOI'O XapaKTeEpa. ()HO7



KOHEYHO, BBIpayKaeT Hjelo Bopa 00 aTroMax BOZOPOIONOJO0HOI IPUPOIEI M TEM CaMBIM JA€T
00bsICHEHNE YCTOWYNBOCTH CaMOIO IIPOCTOTO BemecTBa. s ciydast, KOrjja aTOMHAsA CHCTEMa
UCIIBITBIBACT CHOHTAHHOE M3MEHEHHUE II0 CBOEH COCTABHON CTPYKTYpE, HOCJIe/IHee CTaIKNBACTCS
¢ Ipo0JIeMOl, CBS3aHHOMN ¢ BBIBOJZAMU He OOHAPY’KEHHOII 0 CHX HOP CKPBLITON 3aKOHOMEPHOCTHI
€IMHO IIPUPOBI BCEX THUIIOB ATOMOB.

Muorue aBTOpPBI yTBEPAK/IAIOT, YTO IIPU JEUCTBUN BHEITHErO 3JIEKTPUIECKOr0 MU MarHUTHO-
'O TI0JI ATOMHBIE OPOUTHI NCIIBITHIBAIOT BHAYAJIE CUIIBHOE H3MEHEHHE 10 CBOUM SHEPIeTHIEeCKIM
YPOBHAM, & 3aTeM OHHU PACHICIJISIOTCA Ha Pa3IMdHble OPOUTAIbHBIE COCTOSHNS, HAOJIIOEMBbIe
KaK Pa3JIOZKeHHs CIIEKTPaJIbHBIX JMHAN. Ecam 3To Tak, To Mojenb aroma Bopa pacmiemisger
BO BHEIITHEM II0JIe CIIEKTPAJIbHBIE JIMHAN BOJIOPOJIA, MOCTYIUPYS, YTO OJUH U TOT K€ JIeKTPOH
MOZKET OJIHOBPEMEHHO OBITH B CaMBIX pa3HO0Opa3HbIX opouTax. Ho HuKTO He Buaen Ha opbure
BOJIOPO/Ia CAMOT'O 3JIEKTPOHA, a BJIUSHUE JIEKTPHUYECKOrO UM MArHUTHOT'O IIOJIA HA €rO CIEKTD
[POCTO O3HAYAET, 4TO HU ojuH u3 onbiroB [lltapka 5] nim 3eemana 6] Hukora He OcHOBaH Ha
HOCTYJIaThl KAaKUX-JIN00 (PEHOMEHOJIOTNIECKIX TEOPHIA.

Oxnoit u3 Hambojlee APKUX OCOOEHHOCTEHl aTOMHOII CHCTEMBI ABJIAETCA €€ HeHTPaJbHOCTD,
KOTOpasl BKJIIOYAET, YTO YCTONINBOCTD KazKJ0N OPONTHI BIIOJTHE COBMECTHMA C JIEITOHHOI yHH-
BepcaIbHOCTBIO [7-10], BeIpazkalontyio [11]| nmen He TOJBLKO COXpaHEHUs MM KBAHTOBAHUS 3a-
psijia, HO TakzKe W 3aKOHOB apomaTHoii cumMerpru [12,13]. Kak ciencrsue, 110600 9/eKTPOH
TOBOPUT O IIPUCYTCTBUH B aTOMe CBOEro poJia aHTHHeHTpuHO. OHU MOI'YT HOSTOMY 00pa3oBaTh
Ha opbure JieBble (IpaBble) JIEKTPOHHbIE OO30HBI, KarK/IbIil U3 KOTOPBIX O0bLEUHSET JIEBDIi
(IpaBblit) 9JEKTPOH U €ro IpaBoe (JIeBoe) aHTHHEHTPUHO.

Vx mpucyTcTBHe B CBOIO OUYepe/b UMeeT Pellalolee 3HaUeHue JjIs YCTaHOBJIEHUS B IPUPOJIE
UCTHHHON KaPTHHBI CIEKTPAIbHBIX JIMHUIT JII0OOr0 U3 COOTBETCTBYIONIUX TUIIOB &TOMOB U T€M
caMbIM ONHCBIBAET CHTYAIINIO, KOIJIa BOKPYT KarKJOIO U3 3JEKTPOHOB, JBUZKYIIUXCA BOKDPYT
s7pa, BpaIlaeTcs 110 CBOeil OpOUTe ero cOOCTBEHHOE aHTHHENTPHUHO.

pyroe BaxXHOe CJIeCTBHUE, BBITEKAIONIEe U3 IIPUHITUIIA MacCO-3apsA/I0BON JTBOICTBEHHOCTH,
3aKJII0YAETCA B TOM, UTO IlepecedeHne CHEKTPOB 3JIEKTPUYECKOro U ¢1aboro THUIIOB Mace 3JIe-
MEHTaPHBIX YaCTHIl COOTBETCTBYET B IIPUPO/IE CYIIECTBOBAHUIO JIEMYalIIero JIeTOHa U ero Hell-
rpuno. OHU JIOIYCKAIOT [PU 9TOM aPOMATHO CUMMETPUYHbIE PACIa/Ibl 3JeKTpoHa [14], Koropbie
He ObLIM U3BECTHBI JI0 CO3JaHHs II€PBOHAYAJIBLHON IIJIAHETAPHOI MOJIe/IN aTOMA.

91n PaKThl yKa3bIBAIOT, 9YTO MEZK1y aTOMHON CUCTEMOIT U CTapoil Teopueil ee IPUPOILL CyIIie-
CTBYET PslJl CTPYKTYPHBIX IPOTUBOPEYN, KOTOPBIE TPeOYIOT B IPHHIUIIE OTXOAUTH OT PAHHUX
IIpejicTaBIeHnt 00 aToMax, MCIOIb3ys UX CYIIECTBOBAHHUE, POXKIECHNE U B3aNMOIIDEBPAIlCHIE
KaK €/IMHCTBO 3aKOHOB CHMMETPHIl.

[TosTomy mamn 1esb B JlaHHoil paboTe COCTOMT B TOM, YTOOLI MOJHATH BOINPOC 00 MUCTHUH-
HO KBaHTOBO-MEXaHUIECKOI IIPUPOJIBI aTOMa, a IMEHHO O MacCO-3apsAJ/I0BOI CTPYKTYpE aToMa,
UMeIolell JIOTHYEeCKH II0C/IeI0BATEIbHYI0 MaTeMaTHIecKyo (DOPMYIMPOBKY U IHO3BOJISIONICH
CJIEZIOBATH JIOTUKY aTOMHOW CHCTEMBI, BKJIIOYasl JUHAMIYECKOE IIPOUCXOXKJICHUE ee CIIOHTaHHO-
IO CTPYKTYPHOI'O M3MEHEHUs. JTa HOBasg TEOPHUsd aToOMa OPOUT KBAHTOBAHHBIME JIEHTOHHBIMU
ceMeificTBaMU yCTaHABIUBACT UCTUHHYIO KADTHHY BCEX THIIOB aTOMOB U POJIb B UX (POPMUPOBa-
HUM MAacCChl, 3apsjia ¥ TeM CaMbIM PACKPbIBAET HEU3BECTHBIE JIO0 CHX 0P CaMble pA3HOOOPa3HbIE
CBOWCTBa aTOMHOI yHUDUKAIIHH.

2. Kpurepwuii macchl ajid aToMHOI yHUUKAIUT

[Tpunnun Macco-3aps0Boil JBoiicTBeHHOCTH [2| BBICTYIIAET B aToMe Kak Kpurepuil yHubu-
Kallu# €ro CTPYKTYPHBIX YaCTHIL Ha CKPBITOM KBAHTOBOM YPOBHE, YTO JICIITOHHAA YHUBEPCAJIb-



HOCTb O3Ha4aeT [11] HoCTOSHCTBO BeTMINHbI

E, W _
mgm, = const, (11)
COOTBETCTBYIOLIE B IPUPOJIE COBIAICHUIO SJIEKTPHIECKO 1 ¢1ab0il KOMIIOHEHT MACCHI OHOIO
U TOro 2Ke Jlerdaiimiero Jjierrrona [14]. Takum jenrorom (s = 1), cOrIacHO COOTHOIICHHIO

2 = mEml = mfm)¥ = const, (12)

MO2KET CJIy2KUTb d9BPMUOH (e), 0013 JTAIONTU I 3JIEKTPUIECKUMU MACCO# U 3aps oM
mF = 162.22857 eV, (13)
ef =1.602-107" C, (14)

€

ABJIATOITNUMUCA beH,ZLaMeHTa.HbHBIMI/I (bHSI/ILIeCKI/IMI/I ITapaMeTpaMun

mg =mP, ef =eF. (15)

OTH BBIBOJBL JIEITOHHOI yHUBEPCAJILHOCTH OTHOCATCS K JIOOOMY THILY YACTHIBI C 3apsIOM
sBpMuoHa. Ecii ofjHa U3 HUX sIBJISETCS XOPOIIO M3BECTHBINH HpoToH (p), To cymiecrByer [14]
OTHOIIEHNE MEXKJy MaCCAMU

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

Macca KaxkJ10if 9acTHIBI O0LEAUHSIET, KPOME TOI0, BCE 3aKOHBI CUMMETPUH B €MHOE IEJIOE.
Tem caMbIM OHA TOBOPHUT O cuTyanuu |[14], Korjga SBpMUOH uMeeT cBOe COOCTBEHHOE HEHTPHHO.
K 3roMy 3aK/II0UEHHI0 MOXKHO TaKzKe MepeifiTy JPyruM IyTeM UCXO/s U3 MAaCCO-3apsiIOBOil
JIBOICTBEHHOCTH [2], cOrTacHO KOTOPOIi, HefiTpuHHas yHUBEpCcaIbHOCTH [15] Bbipaxkaer (I = 1)
HOCTOSTHCTBO MHO?KHUTE/IST
E_W _
m,,m,, = const, (17)
HOJITBEPKIAIONIEE TOKIECTBEHHOCTD 3JIEKTPUIECKOIO U CJIADOTO THIIOB MACC OJIHOIO M TOI'O ZKe
neryaitinero neiirpuno [14]|. Takoe HEATPUHO, KAK YTBEPKJIEHO B

K)2 E_W E_W

<mV€ =m, m, =m,m, = const, (18)

COOTBETCTBYET B CIIEKTPAaX MacC SBPMHOHY. 3apsi/I [16] 1 Macca 3BPMUOHHOIO HEUTPUHO
mh < 7.2550823-107° eV, (19)

ey <2-107" ¢f (20)

OTHOCSTCS IIPU 3TOM K (DYHIAMEHTAJLHLIM KOHCTAHTAM, XapaKTEPHBIM TOJILKO JJIsd T€X YaCTHUIL,
y KOTOPBIX MaCCa U 3apsiJi He CPABHUMBI C MacCOil U 3apsOM SBPMHOHA.

OmHrM TakuM 06'bEKTOM, KaK BIIepBbIe OBbLIO OTMedeHO B pabore [17], MoxeT cIyKuTh Heii-
tpon. Ho, B oT/tmvne ot panHux npejcraBiennii 06 yHUPHUKAIINN 9JIEMEHTaPHBIX 00bEKTOB, UX
kytaccndukanus mo orHorrennto Kk C-onepanuu nosposisier [14] ycranoBuTh ere 0JfHO BechbMa
BasKHOE TOXKJIECTBO

K\2 __ E,_W _ E__W
(mue) - mulmul - mn mn ) (21)
yKasblBaoliee Ha paBeHCTBO [17]| 3apsisios Heiirpona (n) u HelTpuHO
€ny VeL,R) en;L = €opL- (22>



Takum obpazom, macca TpeOyeT XapaKTepH30BaTh Ha JAHHOM 3Talle JIIOOYIO YacTHILy dYe-
ThIpbMs (I = €, €, [i, T, ...) JEITOHHBIME apPOMATAMHU

+]- JJIA lZ) l]_{a VL, VIR,
Ll = —1 JJIA l}—;, lz_, DlR) DlL, (23)
0 JJid  OCTaJIbHbIX YaCTHII.

[IpucyrcTBue TOJILKO 3ieKTpoHa (€ ) Ha coorBercTBYyIOIIeil emy opbure (O, ) HECOBMECTHMO,
KaK YIIOMUHAJIOCh BBIIIE, C COXpPaHEHUEM IIOJIHOI'O JICITOHHOI'O YHuC/ia

Le+ L.+ L,+ L; = const (24)

u BCeX BUIOB JICIITOHHBIX apOMaTOB
L; = const, (25)

OTBETCTBECHHBLIM 3a O6pa30BaHI/Ie [18] B Helt QJIEKTPOHHOI'O CTPYyA U3 YE€TbIPEX TUIIOB JIEBBIX WJIN
IIPpaBbIX apOMaTHO CUMMETPUYIHBIX JICIITOHHDBIX CprfI

(L 2r), (g, 0iL)- (26)

[TosToMy € TOUKM 3pEHUsT €IMHCTBA ATOMHBIX CHCTEM ¥ 3aKOHOB CHMMeTpHii, Kaxjioe u3 (16)
u (21) g0/KHO OBITH MHTEPIPETHPOBAHO KaK yKa3aHHe Ha CYIECTBOBAHKE B ATOME JIEBBIX W
[PAaBbIX apOMATHO CUMMETPUYHBIX (L; = const) GO30HHBIX U apOMATHO AHTHCHMMMETDHYHBIX
(L; # const) JIENTOHHBIX W AHTHHEHATPUHHBIX OPOMT KBAHTOBAHHBIMU JICITOHHBIME CEMefiCTBa-
Mmu. [Ipyrumu ciioBamu, Ipupojia AaTOMHOM CHCTEMbI CO3/IaHa TaK, YTOObI JIIOOOMY THUILY JIEIITOH-
HOI'O apoMaTa COOTBETCTBYET CBOErO Pojia JieBoil (mpaBoii) opOUTHL.

Ojinako, KaK Mbl BHJIE/IN, SBPMUOHHOE CEMENHCTBO UMEET UPE3BbIMAilHO MEHBIIYIO 3JIEKTPU-
YeCKyIO0 MacCy U 4TO, CJIeOBATEJIbHO, JIEBbIE U IIpaBble 9BPMUOHHBIE CTPYU U3

(627 7763)7 (6}7%7 DEL) (27)

ABUZKYTCSL BOKDPYT spa 110 1epsoit jesoit (O ) u sropoit npasoii (Of ) opGuram.
Tperbst esag (O ) u gerepras npasag (O ) op6ursr B aToMe OTHOCATCS COOTBETCTBEHHO
€ €
K JIEBBIM ¥ IIPABBIM CTPYKTYPHBIM COCTOSIHHSIM 9JIEKTPOHHBIX OO30HOB

(ezvljeR)a (6;%7776L)' (28)

MiooHbl 1 X aHTHHEHTPUHO, (POPMUPYIOIIUE JIEBBIE U IIPABbIE MIOOHHBIE CTPYH

(MZ) DuR)a (M}}a DML)) (29)

SIBJIAIOTCS U3 IIATOMN JIEBO (Oﬁﬁﬂ) U IIeCTOil IIPaBoil (Ofﬂu) opbuT aToma.

Cpei XOpOIIIO U3BECTHBIX CEMEICTB JIEHTOHOB TOJBKO T-JIEHTOHBI 0018 1AI0T GOJIBIION JIeK-
TputecKoil Maccoil u nosromy cenpMmas aesas (O, ) m BoceMmas npasas (O ) opbursr coor-
BETCTBYIOT B ATOME T-JIEIITOHAM ¥ WX aHTHHEHTPUHO, & UMEHHO JIEBBIM W IPABBIM TayOHHbBIM
6o3onamM

(T[ju DTR>7 (Tlg7 DTL)' (30>
VaKe u3 mpebIIyIIero CHO, YTO CTPpYHHbIE OPOUTHI
L R L R L R L R
061767 061767 061757 061757 O;u?‘u O;u?‘u 07-177—7 07177—7 (31>
YAO0BJIETBOpAOIIUE HEPABEHCTBAM
mf<mf<m5<mf<mf, (32)



my, <m} < mfﬂ <mf <m?, (33)

Vr

[POSIBJISITHCS B 3aBUCHMOCTH OT MacC JIEHTOHHBIX GO30HOB.

Ho nopsiyiok Takoit kak (31) cyImecTByeT TOJBKO JIJIs TeX ATOMOB, Y KOTOPBIX PO COCTOUT
U3 HYKJIOHOB ¢ paBHbIM (Z = N) 9iCJIOM OPOTOHOB U HEHTPOHOB. [TosTOMY, 4TOOBI BKIIOYUTD B
06Cy K/ IeHIe ATOMHbBIE CHCTeMbI ¢ HepaBHBIM (Z # N) uuciom neiirporos (N) u nporonos (Z),
MBI JIOJDKHBI BHAYAJIE BCIOMHUTH 3aKOH COXpaHeHus GapuoHHOro ducia [19], yreepxaromnmmuii,
9TO HYKJIOHBI (AHTUHYKJIOHBI) UMEIOT TIOJIOXKUTE/IbHbL (OTpUIaTesbablii) e uanaHblil [+1(—1)]

i i - +
Gapuonnbiit (B) saps. Torga BosMoxKHO, HapuMep, HeHTPOHBI (ny ) W AHTUIPOTOHBI (P 1)
obpasytor npu N = Z JjieBble U IIpaBble & IPOHHBIE CTPYN

(n.pr): (ngpL), (34)

OTBETCTBEHHBIE 338 D030HHYIO CTPYKTYPY OECCIIMHOBBIX djep 0€3 N30CIIHA, TaK K€ KaK 1 38 UX
6aproHHO cuMmMeTpudHyto (B = const) KapTuhy.

O 1HOBpeMEHHO, KaK Terepb XOPOIIO BUIHO, MEXK/Iy ATOMHO CHCTEMOI U siIepHOi MaTepueit
CYIIIECTBYET P& NPUPOKIEHHBIX CUMMETPHUil, €IUHCTBO KOTOPBIX BBIpAyKaeT B CJydae BCeX
TUIIOB aTOMOB HJIEI0 OJTHOT'O M TOT'O K€ €JIMHOTO IMPUHIIUIIA O TOM, 9TO

L, + B = const. (35)

DTa 00beIUHeHHAsT 3aKOHOMEPHOCTb B CBOIO OY€pPENb JAeT HIPABO OOPATUTLCA K CJIydalo,
korja Z > N. Ilpu TakoM BBIOOpE aTOMHOI'O jIpa BOKPYT HEro BPAIAeTCd 10 TEPBOi JIEBOI
(OL) u Bropoit npasoii (OF) opburam jieBbie 1 mpaBble SBPMUOHBL. DJIEKTPOHAM JICBOI U IpaBoil
KOMIIOHEHTBI COOTBETCTBYIOT TpeTha Jeag (OL) m werseprast mpasast (OF) op6urer. Ilaras
nesasg (OF) u mecras npasas (O/f) OPGUTHI STHX THIIOB ATOMOB OTHOCATCA HECOMHEHHO K JIEBBIM
u paBbiM MiooHam. VIx ceqbmag sesas (OF) u Bocbmast ipasast (OF) op6utnbt ocraiores ToJIBKO
JIST JIEBBIX W HIPABLIX T-JICITOHOB.

flcHo, oHaKO, 9TO JICHTOHHBIE OPOUTLI

of, OF oOf OF oy oF of OFf (36)

HOABJIAIOTCS B TOME KaK pasHocTh Mace (13) u
m? =0.51 MeV, m) =105.658 MeV, mZ =1776.99 MeV, (37)
my” =515-1072 eV, m; =249-107" eV, m) =1.48-107° eV, (38)

BBITEKAIONINX U3 JIabopaTopHbix (hakTos [14,20)].

Ecnu BoiOpars uucsio weiirpona N > Z, npu KOTOPOM CTPOUTE/ILCTBO aTOMHOM CHCTEMbI
He COBCeM B JIMHUHU ¢ ujesMu (35), To Jyist caydasi HETPUHHON yHUBEPCAJIbHOCTH, KOTJIa OHA
HIPUBOINT HAC K (22), cyMMapHbIil 3apsij

677,7 + 695 = O’ (39)

. - L
BCJICJICTBUE KOTOpOF% caM aToOM TpeOyeT BpAaIlleHud BOKPYT €ro djpa 10 MePBOi JIeBOi (ODE)
U BTOPO# IIpaBoii (Of,e) opOUTaM JIEBBIX U IPABBIX IBPMUOHHBIX AHTHHEHTPUHO. DJIEKTPOHHDBIE
AHTUHEATPUHO JIEBOUA U IIPABOIl KOMIIOHEHTBI ABJIAIOTCA U3 TPEThEil JIeBOU (Oée ) u geTBepTOit
paBoit (05‘; ) opbuT 06CYK/IAeMBIX THUIIOB aTOMOB. Y HHX IIATasi JIeBast (Oéﬂ) U 1Iecrast Ipa-

Bad (Ol% ) OpOUTHI COOTBETCTBYIOT JIEBBIM U IIPABBIM MIOOHHBIM aHTHHEHTpuHO. UTO Kacaercs
JIEBBIX W IIPABBIX TAyOHHBIX AaHTUHEHTPUHO, TO OHU JIBUXKYTCA BOKPYT AJIpa II0 CEAbMOI JIEBOHI



(Of ) u Bocomoit pasoit (Of) opGuram. Popmysmupys Gosiee KOHKPETHO, MOKHO IPEICTABATD
aHTHHeATpUHHEbIe OpOuTHl B paMkax [14,20] ciekrpa macc (19) u

my <25eV, mf <0.17MeV, m[] <182 MeV (40)
my, <2.1-107% eV, m) <3.096-10"" eV, m;) <2.89-107'° eV, (41)

CJICTYIONUM 0Opa30M:
L R L R L R L R
Or, 0y, On, Oy, Op, Op, Oy, Og. (42)

Bee tpu Buga opbutsr (31), (36) u (42) cymecTBYOT B T€X MOJIEKYJIaX, KOTOPbIE COCTOST
U3 aTOMOB, He 00JIaJAIONINX OJHUMU U TeMH ke opbutamu. Ho nx mopsaok 3aBHCUT OT Macc
[14,20] kax dHepPMUOHOB JIENTOHHBIX CEMEHCTB, TaK U CTPYKTYPHBIX YACTHUIL ATOMHBIX $J1ED

mp = 938.272 MeV, m} = 939.565 MeV, (43)

my’ =2.8049-107° eV, m, =5.6021-107"% eV. (44)

3aMeTnM, HaKOHEIl, YTO IIPE/IJIATAEMbII aTOM, KOTOPbBI 00bICHIET KBAHTOBAHUE OPOUTHI 511
pa B 3aBUCUMOCTHU OT THUIIA apOMaTa U HaJMYUe B IIPUPO/JIC KBAHTOBAHHON IIOC/ICI0BATCIBHOCTHA
JICIITOHHBIX CEMEHCTB, IIPU3HaB CYIIECTBOBAHUE B HAIlleM IIPOCTPAHCTBE-BPEMEHU aHTUIIPOTO-
HOB, HEHATPOHOB, JICITOHOB U aHTUHEHTPUHO, HE HUCKJIOYaeT TOI'O, YTO lL R> VIR,L, pg LU NLpR
SIBJIAIOTC U3 (DEePMHUOHOB, a ZE L VILR, PLp 4 nE, ;, OTHOCATCS K aHTH(hEPMUOHAM.

3. BO3OHHbIe, JICIITOHHbIE 1N aHTHHEﬁTpHHHbIe Op61/ITI)I aToOMa

Hpem;mymee pacCcyKaeHmue roBopuTb, 9YTo CaMa IIpUPO/Ia o6pa3yeT aTOMHbIE€ CUCTEMBI TakK,
4TOOBI K CJIy4dalo 0OECCIIMHOBBIX AJEP 0e3 m3ocnuHa COOTBETCTBYET CBOEI'O POIa Op6I/ITaJIbHOFO
HOpsA KA. KpaCI/IBbIM IPUMEDPOM ABJIACTCA IMOPAIOK Op6I/IT CJIEJIyIoIuX aTOMOB!

Hejy — O

€V

OF — N2, =1,2— Ny =1,1,

-6 L R
LZ?) — Oeﬂea 051767

Ocp. =+ N&,, =1,2, NJ, =3 — Ny, =1,1, Nep, =1,

10 L R L R
By — Oz, Og., O, O

eve)

Ops, — N&, = 1,2, N, =3,4,

sz’,u =5— N€D€ = 17 17 Neﬂe = 17 17 N,U«ﬂu = 17
6%2 - OGLDE’ 05767 Ofﬂe’ Oiw Oﬁ@m Olljf/u — NEofle = 1727 Neofle = 3747

Koy

Ng, =56—= Ng =11, Ng, =1,1, Ny, =1,1,

Nt —=o0L, ok, oL . oL oL  of 0., — N, =12 N =34,

EVe) €Ve? eve) eve) J 2zl j 2zl

NO — 5,67 Nﬂ?qu— - 7 — N€l75 — 1, 1’ Nelje — 1, 1’ NND/,L - 1, 1’ NTD-,— = 1’

HVp

16 L R L R L R L R o __
OS _>Oer7€7 06967 061767 06967 Ouf/ua O 071777 OTDT _>Ner7€ - 1727

oy



Ng, =34, N, =56, No, =78 Ny =11, Ny, =1,1,
Nl“jy‘ — 1’ 1, NTIjT — 1, 1’
=0k, ok, oL, of. ol O 05 =N =12 N =34,
Nﬁf/ :5a67 N;—)D :7_>NeD :2a27 Neﬂ :1a]-7 Nuf/ :1a]-7 NTD :]-7
m T € e m T
Neig — 05967 05’/67 051767 05767 0517“7 0517“7 Ofﬂﬂ OEDT — Neoﬂe = 1
Ng,. = 3,4, NZD;L =5,6, N7, =7,8= Ny, =2,2, Ne, =1,1,

]\/v;u’/H = ]-71a N’T'l77— = 15 ]-7

2

Y )

22 L R L R L R _ _
Na2 - 0L, OF, Ok, OF. O . OF . O, —NJ =12 NI =34

) Y

No, =56, N2 =7 Ny =22, Nu, =2,2, Ny, =11, Ny =1,
VN TVUr € e 1 T

Mg%é _>OL’7 OR’u OL’u OR’? O,L[LL ) OR* ) OL* ; ORf — N°% = 1,27
Ve Ve eve ele Dy Uy TUr TUr Ve
Ng, =3,4, N, =56, NJ, =7,8= No, =2,2, Nep, =2,2,
]\/v;u’/H :lala N’T'l77— :1a]-7
Al%g - 0576’ Oge’ Oi}’e’ 0575’ Oﬁf’u’ Ofﬂu’ OTDT — N€Ol7€ = 1’ 2’ Ngf/e = 374a

Ngf :5,6, NO— :7—)N€p :2,2, Nef/ :2,2, Nufj :2,2, NTE :]_,
VM TVUr € e 1 T

Siyy —» ok, of., ok, of, oL, Of . Ok, OF —N; =12,
€De €De eve eve oy Uiy TUr TUr €De
Ngﬁe = 3’4’ N;jf/u = 576a N:DT = 778 — Na?e = 2, 2, Ne,je = 2,2,

]\/v;u’/H = 272a N’T'l77— = 1a ]-7

Py —0L, of, oL, O, Oy, O, O — N =1,2, NJ, =34,
Ny, =5,6, NJ, =7—= No, =3,3, Nep =2,2, Nyp, =2,2, Ny =1,
M T € e I
5%62_>OL’7 OFE, OL’) OR’? O;IJ,I” OR*; OL*, ORf —)NO— :1,27
€Ve €V eve eve mn j7m TUr TUr €Ve
Ng, =34, Ny =5,6, N7, =7,8= Ne, =3,3, Nep, =2,2,
NH’D/A — 27 2, NTIjT — 1, 1’
Cﬂég — OL’) OR*) OL* > OR* ) Oﬁ* ) OR* s OLf R OR— — N% = 1,2,
978 €Ve ele ele Iz jozm TUr TV €Ve
NS, =3,4, N%, =56, N% =7,8— Ny, =4,4, Ny, =3,3,
NH’D/A — 27 2, NTIjT — 1, 1

Bemmumna Njj, onmceisaer 37ech mopsagok O030HHBIX oponT, Njp XapaKTepusyeT B KazK ol
U3 HUX KOJIMYIECTBO JIEITOHHBIX OO30HOB.



Bosee Toro, ecom okaxercs, uro Njp = 1 npu Nj, = 3,5,7, TO CIMHOBOE COCTOSIHUE BHYT-
PEHHUX YacTeil e MHCTBEHHOTO JICHITOHHOTO 6030Ha B JTI000I N3 3TUX KOHEUHLIX OO30HHBIX OPOUT
Oy, 3aBUCHT OT TOTI'O, OTHOCATCA JIM HYKJIOHBI IIOC/Ie/IHEl aJPOHHOI CTPy! B aTOMHOM dJpe K
JIEBBIM WJIU TIPABBIM (hepMHUOHAM.

Jpyrum xapakTepHBIM MOMEHTOM SIBJISIETCS PABHOE YUCJIO YACTHIL JIEBOI U IIPABOil ATOMHBIX
opOuT OJIHOTO U TOT'O K€ JIEIITOHHOTO ceMelicTBa. Takoe cooTBeTCTBUE BBIPAXKAET JIMHAMUIE-
CKOE IPOUCXOZKJICHUE B ATOME CIIOHTAHHOTO HapyIICHUS 3€PKAJILHON CUMMETPHH, TaK Ke KaK U
HETOXK/IECTBEHHOCTD [21] Mace, sHepruii u MMITYJIbCOB €ro JIEBBIX U MPaBBbIX OOBEKTOB.

Ho g aromoB, B sijipe KOTOpbIX /4 > N, 0030HHBIE OPOUTHI HE SIBJISIIOTCS €IMHCTBEHHBIMA.
OHu mMeroT ere u3 JeNTOHHBIX opouT. [IprmMepoM 3TOro MOXKeT CITyKUTh KarK bl HeCTAOMTh-
HbBIII M30TOI U3

Heg’ —+ O, Op, -+ N2 =1, Nj, =2— N.=1, Ng, =1,

Cy —» o, oOfF, o, 0L, Of, O, — N?=1,2, N?=3,
N:17€:4757 Neoﬂe:6_>N6:1717 Ne:17 N€l7€:17]‘7 Nef/ezl

)

"0, oL, 6 O, k6 oL, O& Oﬁf,#, of . 0L, OF — N?=1,

€V (3778 eve) [ 7
NG, =23, NS, =4,5, N, =6,7, N2, =89 N, =1,
Nepe — ]_, 1, Nepe — ]_, 1, Nufju — ]_, 1, N’T'l77— — 1, ]_,

€V (a7 eve) )

Neig - Of’ O€R7 067 OL OR 051757 OR O£Du7 0517/,1.7 OT177— — Neo - 17 2
N? =3, NS, =45, N, =67, N3 =89, N =10 N, = 1,1,

Ne:17 N€l75:17]‘7 NeDe:1717 N,LLI?,,L:]Wl? NTD.,—:17

rie Ny o3HavaeT HMOPAJIOK JIENTOHHBIX opOuT, [N; 0003HaYaeT KOJIMIECTBO UX JIEHITOHOB.

CaMm aToM BBIOMpAET IPU STOM CIIMHOBOE COCTOSHHUE €IMHCTBEHHON JaCTHUIILI CBOEH JIEIITOH-
Hoit opouThl O; Tak, YTOOBI K JIEBOMY WJIX IIPABOMY JICIITOHA COOTBETCTBYET B €r0 fJIpPe CBOEro
poJia MOoJIAPU30BAHHOIO aHTUIIPOTOHA.

Nmerorcst MHOTHE JIPYTHE ATOMBI, B KOTOPBIX JOJI2KHBI IIPOSIBUTHCST AaHTUHEHTPUHHBIE OPOUTHI,
ITOCKOJIbKY YHCJIO aHTUIIPOTOHOB U HEMTPOHOB B UX sjIpax yJIOBJIETBOPAET HEpaBeHCTBY N > 7,
HapPYIIAOIEMY B aTOMHOI CHCTEeMe COXpaHeHnEe CYMMAapPHOro GapUOHHOTO U JICITOHHOTO YHCEJI.
Hampumep, B aromax Takux Kak

Be} — 0y, OL, OF, OL . OF — N2 =1, N2 =2,3,

€V €V €Ve

(0]
NeDe

:4,5—)]\]96 :1, Nepe :1,]_, Nepe :1,]_,

Cll? — ODE’ 06176’ 061757 OeDe7 OeDev Ow?w O/u?;n OTDT — Nge = 17
o o o o
NEDE =2,3, NeDe =4,5, Nm’/u =6,7, NTDT =8 — Np. =1,
Nelje = 3737 NeDe = 37 37 Nu}ju = 27 2, N’leq— = 1’
40 L R L R L R I R I R
ATIS — 0175’ ODE’ ODe) Of/ea 05175’ 05175’ 06175’ Oef/e’ ONDM’ Oﬂf’u’
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Moy
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Neﬂe = 3737 N,U,Iju = 3737 NTD.,— = 272,

Mn3 — OL, OF oL, of o0,, o, of. oL o~k ok OoF.
O, = N =1,2, Ng, =34, Ny =5 N, =67, N3, =89,
N;jf,H =10,11, N7, =12 Ny, =1,1, N, =11, N;, =1,

N€l75 = 5757 Nef/e = 4747 Nl“ju = 3,3, NT,jT = 1,

Fej — 0L, OF o, of oL, ok, ok, of. o of. O,

Of, = N;. =12, Ny =34, Nj, =56, N, =178,
Nps, =9,10, N7, =11,12— N, =11, N, =11,
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L R L R L
Oeﬂe Y Oeﬂe ) Oef/e ) OeDe ) OMEH I

93 L R L R L R
Nb41_>017€7 01767 Of/eu 0967 Of/uu ODH7 0177—7

OF | O — N2 =12, Ng =34 Ng =56, No =7, N =809,
Ng, =10,11, Ng, =12,13, Ng, =14 N, =2,2, N; =2,2, N;, =11,

Nf/-,— = 17 ]\ft‘_lj6 == 878, Nepe - 8,87 N/J'D,u = 4,47 NTD-,— = 1’

L R L R
05967 05967 OeDe7 OeDe7

96 L R L R L R L R
MO42_>0177 Oﬂev 0967 Of/ev OD,N Ofxuu ODTu ODT7

Oﬁﬂu’ 05’7#7 07['/’77" OEDT - Nge = 1’ 27 nge = 37 4 Ngu = 57 67 NI%— = 77 87
Ng, =9,10, NG =11,12, N3, =13,14, N7, =15,16 — Ny, =2,2, N, =22,
NMDM = 5a 57 N’T'l77— = 4a 47

N,7H =1,1, N,,=1,1, Ny =6,6, N, =6,6,
L R L R L
O O O OeDeu Ouﬁuu

€Ve) €Ve) eve)

97 L R L R L R
TC43%OI77 Oﬂev 0967 Of/eu ODM7 Of/u7 0177—7

Ollj’ju’ OTDT - Nge = 1’2’ Ngg = 374 Ngy. - 5a67 Ngf = 7, NeODE = 879a
Ny, =10,11, Nj, =1213, N =14 = Np =22, N, =22, N, =11,
NDT - ]" fo’e = 9’9’ N€l7e = 8a87 NMDM = 4a47 NTDT = ].7

L R L R
OED6 ) OeDE ) Oeﬂe ) Oeﬂe )

102 L R L R L R L R
Ru44 _>Oz77 0177 01767 ODev OD‘N Oﬂuv ODTv 01777

Oﬁﬂu’ Ol}f’ju’ Opr, Ofl?q— - Nge = ]"2’ Nge = 3a4 Nz’?u = 5a67 Nz%- = 7a 87
NS, =9,10, No, =11,12, N3, =13,14, N, =15,16 = Ny, =2,2, Ny, =2,2,
NMDM = 5a 57 N’T'l77— = 4a47

Nl7H =22, N, =1,1, Ny =7,7, N, =6,6,
L R L R L
O O O Oe,je, OWH,

€V (7% eve?

103 L R L R L R
Rh45 _>ODE7 01767 01767 01767 OD‘“ OD;N 0177—7

Ol}jf’u’ OTDT - Nﬂoe =1,2, N;e = 374 Ngﬂ = 9,6, NDOT - 77 NEODE =38,9,
NG, =10,11, Nj, =12,13, N7, =14 = Np =22, N, =22, N, =22,
ND" - ]" NEDE = 9’9’ N€l7e = 9a97 NMDM = 4a47 NTDT = ].7

L R L R
06176 ) OeDE ’ Oef/e ) Oeﬂe )

106 L R L R L R L R
Pd46 _>Oz77 01767 01767 01767 OD‘“ 017“7 ODT, ODT,

OF — N2 =12, Nj =34 Ny =56, No =78,
—99

L R L
Olwu’ Oﬂf’u’ OTDT’
NS, =9,10, Ng, =11,12, N, =13,14, N7, =1516 = Ny = 2,2, Np, = 2,2,
NDH - 2,2, NDT == ]., 1, N5175 = 7, 7, NeDe = 6,6, NMDM = 5’5’ N’Tl77— = 5’5’
Agy® = O), OF, of, oF, op, of, o, of, ok, 6 oL, of, Of,
O, O, Om — Ny =12, N; =3,4 N; =56, Ny =178 N =09,10,
zm j22zm T Ve Ve vy Ur €Ve
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No, = 11,12, NS, =13,14, N2, =15 Ny, =2,2, Ny, =2,2, Ny, = 2,2,
NI/T = 17 17 Nef/e = 107 107 Nef/e = 9797 N;u?# = 4747 NTI/ - 17
oL of. oL 6 of

Cdy? — 0L, Of, op, oFf, ok, of, oL, oF oL,
Ob,. O . OL . O — N =12 N =34 N7 =56, Ny =18,
Dp Uy TUr TD De Ue Dy Ur
NG, =9,10, N%, =11,12, NS, =13,14, N2, =15,16 —+ N, =3,3, N, =2,2,

ND = 2a27NDT = 15 ]-7 Neﬁe = 75 77 NeDe = 6a67 Nuflu = 676a NTDT = 575a

Ing® — 0L, Of, of, of, ol of o,, o, of, ok, of,

Opor Ofy Orpp = N =1,2, N2 =34 NJ =56, No =7, NJ,_ =389,

NG, = 10,11, N9, =12,13, N2, =14 = N, =3,3, N, =3,3, N;, =2,2,

Np - ]_, Ngfje - ]_0, ]_0, Nef/e - 10, 10, Nufju - 4,4, NTET - ]_,

Sny® — O, OF, OF, oF op, of o o of,6 oL, o, Of,
Oﬁfm? 0517“7 051777 071'%177 — Nl% = 1727 Nge = 374 NDON = 5767 NST = 77 87

NS, =9,10, N3, =11,12, N2, =13,14, N2, =15,16 = N, = 3,3, N, =2,2,

ND = 2727 Nf/-,— = 2727 NEDE = 77 77 Nef/e = 77 77 N,u,f/u = 6767 NTDT = 5757

oL of oL oFf

SbéiléOga 0527 01%67 01{27 ng OSN 0177—7
Op, = Ng =1,2, Ng =34 Ng =56, No =7, N =89,

L R
O:U'D/,N OND‘” T
Ng, =10,11, Np, =12,13, N2, =14 — N, =3,3, N, =3,3, N, =3,3,
N, =1, Ny =11,11, N, =10,10, N, =4,4, N =1,
L R L R L
061767 061767 061757 061757 O,uf/;ﬂ

Tely - OL, OF, OL, Of oL 0of 0,
Op., OF., OF — Ny =12, Ny =34 N7 =56, N =7, N, =89,
Ng, =10,11, Ng, =12,13, N7, =14,15 — Ny = 4,4, N, =4,4, N, =3,3,
NDT — ]_, NEDS — 8,8, Nef,e — 7, 7, NMDM — 6,6, NT,jT — 5,5,
Lyt —=of, of, oL, of, of, o 0,, oL, o,k ok, OFf,
Opor Ofy Orpp = N =1,2, NJ =34 NJ =56, No =7, Ng,_ =38,9,
N, =10,11, N7, =12,13, N2, =14 = N, =44, N;, =44, N;, =2,2,
Nl?q— = 17 NeDE = 117 117 NeDe = 117 117 N,U,DH = 4747 NTD.,— = 17
L R L R L
06567 061767 06957 06957 Ouf/uu

131 L R L R L R
X€54 —>Ol757 01757 0957 Of/ev ODIN Of/uv 01777
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of., Ok, OF — Ny =12, Ny =34 Ny =56, N =7, N, =89,

NS, =10,11, N3, =12,13, N2, =14,15 > N, =4,4, N, =4,4, N, =3,3,
NpT - ]_, Neﬂe - 8, 8, Nef/e - 7, 7, NMEH - 6, 6, NT,jT - 6, 6,

133 L R L R L R L R
C(355 _>Oz767 01767 ODev 01767 ODW OD#, 01777 O O

L R
€V €V O O

eve ) eve )

Oll;’ju’ Ollj’ju’ OTDT—>N5621’2’ Nge:3’4 Ngu:5’6’ ng‘r:?’ Neoﬂezg’g’

Ng, =10,11, N2, =12,13, N =14— N, = 4,4, N, =4,4, N, =3,3,
Ny, = 1, NEf/e = 12,12, Neﬂe = 11,11, Nul’/u = 474a NTDT =1,

OL

Kop?

oL . OF
€V €V eve? eve?

137 L R L R L R L R
Bal¥ — Ok, OF, OL, OF oL, Of 0,, OL, O

ofr., OfL, Of — N, =1,2, N; =3,4 N} =5,6, N =7, NJ,_ =38,9,

NS, =10,11, Ng, =12,13, N&, =14,15— N, =4,4, N, =4,4, N, =44,
ND = 17 Nef/e = 8787 NeDe = 77 77 N,UI/H = 77 77 NTD-,— = 6767

of . oL B of

€Ve) €V eve) eve)

139 L R L R L R L
La¥¥® - Ok, OF, OL, OF OL,6 Of 6 0,, O

Uy

Opor Ofy Orp, = N =1,2, NJ =34 NJ =56, No =7, NJ,_ =389,

NS, =10,11, NS, =12,13, N%, =14 N, =4,4, N, =4,4, N, =44,
Nf/-,— == 1’ Nelje == 12, 12, Nelje = 12’ 12’ NH’D/A == 474, NTD-,— = 1

Suauenne Np XapaKTepusyeT MOPAJIOK aHTUHEATPUHHLIX opouT, Np, onucbiBaer B j06oit u3
HUX KOJITYECTBO aHTUHENTPHUHO.

CaMo g/Ip0 YKa3bIBaeT IIPU 9TOM, UTO CIIMPAJILHOCTb €JIMHCTBEHHON AHTUYACTHUIILI €I0 KO-
HEeYHOH aHTHHEHTpUHHON opOuTHl Op, 3aBUCHT OT TOI'O, KAKOBO CIIMHOBOE COCTOSHUE COOTBET-
CTBYIOIIEI'O € CBOEro IOCJIEHEI0 HEHTPOHA.

Yr00bI BBIPA3uTh UX UJIeio Hojiee ICHO, HAJIO OIPEJIEIUTh OPOUTATBLHYIO CTPYKTYPY TEX aTo-
MOB, y KOTOpBIX MaccoBoe (A = N + Z) uuciio orpanndeno canzy 140 u ceepxy 175 HyKIoHAME
C HEpaBHBIM YHCJIOM aHTUIIPOTOHOB U HEUTPOHOB. Takue aTOMHBIE CUCTEMbI MOTYT YCTAHOBUTD
MOPSIOK AHTUHEHTPUHHBIX OPOUT CJICIYIONIMM 00Pa30M:

oL . OFf

eve) eve)

140 L R L R L R L R L R
Cel® » OL, OF, OL, OF OL, OF, OL, OF O, 6 O

Ve Ve

Onr Of, OF, . OF_ — Ny =1,2, Ny =3,4 N} =56, Ny =18,
NEODE = 9,10, Ngﬂe = 11,12, Ngﬂﬂ =13, 14, NfDT =15,16 = N;, =4,4, Ny, = 3,3,
N,j“ — 3, 37 Nlj_r = 27 2, Neﬂg - 8, 8, Nef/e — 87 8, N/‘Du == 7, 77 NT,jT = 6, 67

141 L R L R L R L R
PT59 —>Ol757 01757 01767 ODea Ofxw OD;N 0177—7 O 0

L R
(378 (378 O O

Opor Ofy Orpp = N =1,2, NJ =34 N7 =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 NeDE = 137 137 NeDe = 127 127 N}Uju = 4747 NTD.,— = 17
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oL Of
€V €V eve) eve)

144 L R L R L R L R L R
NdGO _>Oz7€7 01767 01767 OD.—;’ OD#, 09#7 OﬁTa szfa O O

05*7 OR*a OL*; OR* _>N? :1727 Ny :374 Ny :5767 Ny :7787
Uy Uy, TUF TUr e e Uy Ur

Ng, =9,10, NG =11,12, N3, =13,14, N7, =15,16 — Ny, = 4,4, Ny, =3,3,
ND# = 3737 NDT = 2727 N€176 = 9797 Nef/e = 8787 N,uf/# = 77 77 NTDT = 6767

L R
OeDe ) Oef/e I

145 L R L R L R L R
Pm61 % 01767 ODe’ ODE’ ODE’ OD#’ OD/,L’ ODT? O O

(a7 €V

Oﬁfﬁﬂ 0517“7 07'177—_>N1£/)€:1727 Nge:374 NDON:5767 NDOT:77 N:17€:8797

NS, =10,11, NS, =12,13, N%,_ =14 — N, =4,4, N, =4,4, N, =33,
ND.,— = 17 NEDE = 137 137 NeDe = 137 137 N,U,I?# = 4747 NTD-,— = 17

L R
OeDe ) OeDe I

150 L R L R L R L R L R
Sm62 _>Oz7€7 01767 01767 OD.—;’ OD#, ODW OﬁTa Opfa O O

(a7 (3778

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

NG, =9,10, Nf, =11,12, Ng, =13,14, N2, =15,16 — N, =4,4, N, =33,
ND‘L = 3737 ND-,— = 3737 NEDE = 9797 Nefle = 8787 N,u,l?u = 77 77 NTDT = 77 77

L R
Oef/e ) Oef/e ’

152 L R L R L R L R L R
Eu63 —>Ol7€7 01767 Of/e7 ODev Ofxw ODW 01777 01777 O O

€Ve) €Ve)

Opor Ofv Orpp = No =1,2, N =34 Ny =56, N7 =7,8, N, =910,

NS, =11,12, NS, =13,14, N2, =15— N, =4,4, N, =4,4, N, =44,
NpT == ]_, 1, N’ff/e == ]_4, ]_4, Nef/e = ]_3, ]_3, NMDM == 4,4, NTET == ]_,

L R
Oef/e ’ Oeﬂe ’

157 L R L R L R L R
Gdg,' = Oy, O, O, Oy, Oy, Oy, O, O O

€V €Ve)

oL, O . 0L, OL — N =12 N =34 N7 =56, N =T,
17 i T T € e 1% T

Ng, =8,9, Ng, =10,11, N;ZDN =12,13, N7, =14,15—= N; =5,5, N; =5,5,
NDH — 4,4, NpT — ]_, NEf/g — 9,9, Nef/e — 8,8, NMDM — 8,8, NTDT — 7, 7,

L R
Oef/e ) Oeﬂe ’

159 L R L R L R L R
Tbogs — Oy, Oy, Oy, Oy, Oy, Oy, O, O O

€Ve) €Ve)

Opr O, Omp, = Ng =1,2, Np =3,4 Ny =56, NJ =7, NJ, =38,9,

Neoﬂe = 107 117 N;,Zflu = 127 137 N’T?DT — 14 — ND& = 57 57 Nf’e = 5’5’ NDH — 4’ 47
Ny, =1, No, =14,14, N, =14,14, N, =4,4, N, =1,

n

L R
06175 ) OeDe )

162 L R L R L R L R L R
Dy66 _>Oz767 01767 ODE’ 01767 ODH’ OD,N ODT’ ODT’ O O

(378 €V

oL, Of . Ok, Of — N; =12 Ny =34 N =56, 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; =4.4,
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ND#:3737 NDT:3737 N6176:9797 Nefle:9797 N,uf/#:8787 N7'177—27777

Hoy® = OF, Of, o, of, o}, of, 0, oL, ok, ok, OF,
Opr Of . Op, = 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,

ND.,— = 17 NeDE = 157 157 NeDe = 147 147 N,U,I?# = 4747 NTD-,— = 17

167 L R L R L R L R L R
Er68 _)ODE’ Oﬂea Of/e’ ODea Of/u’ OD,N 0177" 05176’ 05176’ Oef/e’ Oef/e’

Ofyy On, OF . OF — Ny =1,2, N =3,4 Np =56, Ny =T,
N5, =8,9, Ny, =10,11, Np, =12,13, Nf, =14,15—= N, =5,5, N =5,5,

Nfzu = 5757 NDT = 17 Nef/e = 107 107 Nef/e = 9797 N,U,I?# = 8787 NTDT = 77 77

Tugy — Oy, OF, Op, oF, o, of 0, of, of, ok, Ok,
Opr Of . Omp, = Ng =1,2, N =3,4 Ny =56, NJ =7, NJ, =389,
Ng, =10,11, Np, =12,13, N2, =14 — N, =55, N; =55, Ny, =5,5,

Nf/-,— - 1’ Nelje - 15, 15, Nelje — 15’ 15’ NH’D/A - 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 01777 06967 05176’ Oeﬂea Oeﬂea

Oﬁljll«’ 0517#7 ()71—117‘1'7 OEDT - Nge = 17 27 Nge = 374 Ng,u = 57 67 NST = 77
Ng, =8,9, Ng, =10,11, N9, =12,13, N’ =14,15— N, = 6,6, Ny, =5,5,

Nfzu = 5757 NDT = 17 Nef/e = 107 107 Nef/e = 9797 N,U,Iju = 8787 NTDT = 8787

175 L R L R L R L R L R
Lu?l _)ODE’ ODE’ ODea Of/e’ OD,N Of/u’ Oﬂra 051767 06967 OeDea OeDe’

O, O, O — Ny =1,2, Ny =34 Ny =56, Ny =7, NS =389,
zm jozm T Ve Ve vy Ur €Ve

o o o
Ng, = 10,11, Nw;“ =12,13, N7, =14 — N =6,6, Np =5,5, Ny, =5,5,
Nlj_r - 1’ Nelje - 16, 16, Nelje — 15’ 15’ NH’D/A - 474, NTD-,— — 1
Kaxk MbI BU UM, JII/I6O 6030HHI)I€7 JH/I6O aHTHHeﬁTpHHHbIe Op6I/ITI317 COOTBETCTBYIOIIUE B aTO-
MaxX MIOOHHOMY MW TayOHHOMY CeMefICTBaM, Ipu 1epexonae MexKay aTOMHBbIMKU CHUCTEeMaMHu HC-
HIbITBIBAIOT CUJIbHOE M3MEHCHHE I10 KOJIMYIECTBY HX OO'BEKTOB. STO CTaHOBUTCA BO3MOXKHBIM
Os1aro/iaps MPUHIUAIY KBAHTOBAHHON MOC/IEI0BATEILHOCTH OPOUT.

s nasibHeiero pacKpbITUs €10 0OCOOEHHOCTH, KeJIaTeTbHO IPEJICTaBATh 3/1eCh OPONTAIh-
HYIO CTPYKTYPY aTOMHBIX CHCTEM MacCOBOTO 4Umcaa OT 178 110 227 B IBHOM BU/JIE

178 L R L R L R L R L R L R
Hf72 _>OD€7 0967 Of/ev 0957 Of/uv OD,N 01777 ODTv 051757 05967 OeDev OeDev

oL, Of ., Ok, Of — N; =12 Ny =34 N =56, Ng =178,
vy vy, TU+ TU+ Ve Ve [Zm Ur

NG, =9,10, N, =11,12, Ng, =13,14, N2, =15,16 > N; =55, N; =55,
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Ny, =4,4, Ny =33, Ny =10,10, Ny =9,9, Nuy, = 9,9, Ny =88,

Tu%glﬁOé;u Oﬂniu Oé@ Oia Oé;ﬂ Oiu 0177—7 OeLD€7 05;67 05967 OeR;eu
Opr Of . Op, = No =1,2, N =3,4 Ny =56, NJ =7, NJ, =389,
NS, =10,11, N2, =12,13, N =14— N, =6,6, N, =6,6, N,, =55,

ND.,—:17 N6176:167]‘67 NeDe:167167 N,u,l?#:4747 NTD.,—:17
W71484_>Ol£/;7 0527 01%67 ODR;a O£H7 011’27 01%7 057
oL . Of

MV

oL o 0L OFf
v Of,, OF — Ny =1,2, Ny =34 NJ =56, Ng =78,
N5, =9,10, N, =11,12, Ng, =13,14, N7, =15,16 = N, = 5,5, Ny, = 5,5,

Nflu = 474a NDT = 474a Neﬁe = 107 107 NeDe = ]-Oa ]-Oa NMDN = 9a97 NTDT = 878a

186 L R L R L R L R
R€75 _>OD€7 Oﬂev 0967 Of/ev ODIN Ofxuu ODu ODv

Opr Of . O, — Ng =1,2, N =3,4 N) =56, Ny =1,8,

L R L R
06967 06967 06967 O

ele )

]\/veol’/6 = 9a ]-Oa
NG, =11,12, Ng, =13,14, N%, =15— N; =6,6, Ny, = 6,6,

N,j# — 575,
NDT - ]-7 1a Nfﬂe - ]-7, ]-7, Nef/e = ].6, ].6, NMDM - 4,4, NTDT == ]_,

190 L R L R L R L R L R L R
0876 - 01767 01767 ODea Oyea 017#7 Oyua OﬂTa OD ) 051767 06175’ Oef/eu Oef/eu
L R L R o __ o __ o __ o __
Oy, OF . O, OF — Ng =12 Nj =34 Ny =506, N =18,

Ng, =9,10, NG, =11,12, N3, =13,14, N7, =15,16 = Ny, = 5,5, Ny, =5,5,
]\/vf/H = 575a NDT = 474a Neﬁe = 1]-7 1]-7 NeDe = ]-Oa ]-Oa NMDN = 9a97 NTDT = 878a

192 L R L R L R L R L R L R
Iryz” = 05, Oy, Op, Oy, Oy, Oy, Oy, OF, O O O O

Opor Ofv Orpp = No =1,2, N =34 Ny =56, N7 =7,8, N, =910,
NG, =11,12, N, =13,14, N7, =15— Np =6,6, N; =6,6, Ny, = 6,6,

NpT == ]_, 1, N’ff/e = ]_7, ]_7, Nef/e = ]_7, ]_7, NMDM == 4,4, NTET == ]_,

PuP — O, OF, oL, of, ol oF, 0,, oL, ok, 6 oL,k OFf,

O, O, OL OF — N7 =12 N =34 N; =56, N =T,
vy jozm TUr TUr Ve Ve vy Ur

N5, =8,9, N5, =10,11, Ng, =12,13, N2, =14,15 - N, =7,7, N;, = 6,6,

]\/vf/H = 676a NDT = 1a Neflg = ]-1a ]-1a Nef/e = ]-Oa ]-Oa NMDN = 9a97 NTDT = 979a

197 L R L R L R L R L R
Au79 - 01767 01767 01767 01767 OD‘N Oﬁuv 01777 051767 051767 OeDev OeDev
L R
Ouf/ua Oufxua OTPT_)NL;JE =1,2, N;e:374 NDOM:5a67 NEOT:,?) N5017€:8a97
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Ng, =10,11, N? =12,13, N2, =14 > N, =7,7, N, =6,6, N,, = 6,6,
ND = 17 Neﬂe = 187 187 Neﬂe = 177 177 N,Lu?# = 4747 NTD-,— = 17

L R L R
O O O Oy

Hgl' = Oy O3 Oy Oy Oy 05y 05 Opf Og,, O,
O, Op . OF , OF — Ny =1,2, N) =3,4 N} =56, NJ =1,8,
=5,9,

MV
Ng. =9,10, Ng, =11,12, N =13,14, N7, =15,16 — Ny =6,6, Ny,
NDN = 5, 5, Nf/r = 4,4, Ngfje = ]_1, ]_1, Nef/e = 10, 10, Nufju == ]_0, ]_0, N7-l77_ = 9, 9,
oL, O&., oL,k Of

Ti — of, off, o}, o} ol of, ol of oL, of,
Opor Ofv Orpp = No =1,2, N =34 Ny =56, N7 =7,8, N, =910,
NG, =11,12, Np, =13,14, Nf, =15— Np, =7,7, Ny, =7,7, Np, =6,6,

=1,

NpT - ]_, 1, Ngfje - ]_8, ]_8, Nef/e - ]_8, ]_8, NMDM - 4,4, NTET
oL . oL oL O~

Ve’ €V

Py — O, OF, of, oOf, oL, OF, 0,
O, O, OL . OF —N; =12 N =34 N; =56, Ng =T,

Vy jzm TVUr TUr Ve Ve vy Ur
N5, =8,9, Ny, =10,11, Ng, =12,13, Nf, =14,15— N, =7,7, N; =17,7,

Ny, =77, Ny, =1, Ny =11,11, N =10,10, N5, = 10,10, N, = 10,10,
oL . OR oL OFf

€V €V

-209 L R L R L R
8283 _>Oz767 01767 01767 01767 OD‘“ OD;N 0177—7

Ofy Of . O — Np =1,2, Np =3,4 N; =56, Ny =7, N5, =89,
N, =10,11, N, =12,13, N7, =14 —= N;, =7,7, Np, =7,7, Ny, =T7,7,

"
Ny, =1, Ng =19,19, Ny, = 18,18, N;u?“ =44, Ny =1,
oL OfF ., oL & OF

€V €Ve)

209 L R L R L R
PO84 _>Oz767 01767 01767 01767 OD‘N 017#7 01777

Opi Of., OF,, OF — N =1,2, N7 =34 N =56, Ny =T,
NEOD = 8,9, Ngy = ]_0, ]_1, Nljﬁu = 12, 13, N;_)DT = ]_4’ 15 — NDE = 7’ 7’ Nl7e — 7’ 7’
Ney, = 11,11, Ny, = 10,10, N5 = 10,10,

ND/,L = 6a67 NDT - 1, Neae = 1]_, 1]_,

A = of, oF, ok, off, op, of o;, o} of,6 oL, ok, Of,
Opor Ofy Orp, = No =1,2, N =34 Ny =56, N7 =7,8, N, =910,
N, =5,5,

K

Ng, =11,12, Ny, =13,14, N7, =15— N;, =6,6, N, =5,5,
Nl7 = 4747 NeDE = 197 197 NeDe = 197 197 N,u,f/u = 4747 NTD.,— = 17

oL . OL O, 6 Of

222 L R L R L R L R
Rn86 —>Ol757 01757 0957 Of/ev ODIN Of/uu ODT7 01777
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L R
Ouﬂu’ Oﬂf/u’

NS, =9,10, NS, =11,12, NJ, =13,14, N%,_ =1516— N, =7,7, N, = 6,6,
Ny, =6,6, Ny =6,6, Ny =11,11, N, =11,11, N, =11,11, N, = 10,10,

0L, Of — Ny =12 Nj =34 Ng =56, N =178,

TUZ) T v

Y

L R
OeDe ) OeDe )

223 L R L R L R L,R L R
FT87 _)0176’ 01767 ODE’ 01767 Ol—,#, OD#, ODTa O O

€V €V

Opor Ofy Orp, = N =1,2, NJ =34 NJ =56, No =7, Nj,_ =38,9,

Ng, =10,11, Ng, =12,13, N2, =14— N, =8,8, N, =8,8, N, =88,
ND.,— = 17 NeDE = 207207 NeDe = 197 197 N,U,I?# = 4747 NTD-,— = 17

L R
OeDe ) OeDe )

226 L R L R L R L R L R
Ra’88 _>Oz767 01767 01767 ODev OD#, ODW OﬁTa OﬁTa O O

(a7 €V

O, Op . OF ., OF — Ny =1,2, N) =3,4 N} =56, NJ =1,8,

N&, =9,10, NG, =11,12, N2, =13,14, N2, =1516 = N, =7,7, N; =6,6,
ND = 6767 NDT = 6767 Nef/e = 127 127 Nef/e = 117 117 N,u = 117 117 NTD-,— = 107 107

Vp

oL = Of
(72 €D €U eve) eve)

At — ok, off, of, of, of, of, oLt of, of
Oﬁ’ju’ Olljﬂu’ OTDT - Nge = 1727 Nge = 374 Ngu = 5767 Ngf = 77 NeODE = 8797
Ng, =10,11, Ny, =12,13, N2, =14 N, =88, N, =88, N, =88,

NDT = ]'7 NEDE = 20;20; ]\/vef/e - 20,207 NM — 4,4, NTET == ]_

OHu MOKA3bIBAIOT, YTO KBAHTOBAHHAS ITOCJIEI0BATEILHOCTL OPOUT HE MEHSIETCs JlarKe IIpu
repexo/ie U3 OJIHOI JIEFKON aTOMHOIl CHCTEMBI B JPYTYIO O0Jiee TIKeIyIo.
L1711 TOJTHOTBI MBI IPEJICTABUM 3/IeCh CTPYKTYPHYIO KAPTHHY ATOMOB C aTOMHBIMI HOMEPaMMI
ot 90 10 103 B pacKpbLITOM BHUJIE
232 L R L R L R L R L R
Thy? — 0L, Of, oL, of ok of oL of ok, o

€Ve) €Ve)

n

oL . Ok

eve) eve)

L R
Ouﬂu’ Oﬂf’u’

NS, =9,10, NS, =11,12, NJ, =13,14, N%,_ =1516— N, =7,7, N, =77,
Ny, =6,6, Ny =6,6, Ny =12,12, N, =12,12, N, =11,11, N, = 10,10,

oL, Of — Ny =12, Ny =34 Ny =56, N =178,

TUZ) T 17

0h.. Of
€V €Ve) eve) eve)

Pa®' — O, OF OL, OF oL, OF, o,, OL, OF
Opor Ofy Orp, = N =1,2, NJ =34 NJ =56, No =7, Nj,_ =389,
NS, =10,11, NS, =12,13, N%, =14 — N, =8,8, N, =88, N, =88,

Nl?q— = 17 NcDE = 217217 NeDe = 207207 N,U,Iju = 4747 NTD.,— = 17
oL Of

€V (3728 eve) eve)

238 L R L R L R L R L R
U92 _>Oz767 01767 01767 01767 017“7 OD‘” ODT, OﬂTa O O

0} O, O, OF — Ny =1,2, Ny =34 N} =56, Ny =1,8,

NG, =9,10, N&, =11,12, Ng, =13,14, N2, =15,16 - N; =8,8, N; =7.7,
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N, =6,6, Ny =6,6, Ng, =13,13, Nep, =12,12, Ny, = 11,11, N5 = 10,10,

oL . Of
€Ve) €Ve) eve) eve)

237 L R L R L R L R
Np#T 5 OL, OF, Of, OF, Of, OF, 0,, O%, O

Opr Of . Op, = Ng =1,2, Np =3,4 N) =56, NJ =7, NS, =389,

Ny, = 10,11, N;jﬂH =12,13, N7, =14 — Ny, =9,9, N, =8,8, N, =8,8,
Nf/-,— - 1’ Nelje - 21,21, Nepe — 217217 NND/,L - 474, NTD-,— — 1’

L R
OeDe ) OeDe I

244 L R L R L R L R L R
Pu94 _>OD€7 Oﬂev 0967 Of/ea ODIN Of/ua ODTv ODT7 O O

€Ve) €Ve)

05*7 OR*a OL*; OR* _>N? :1727 Ny :374 Ny :5767 Ny :7787
Uy Uy, TUF TUF Ve e Uy Ur

NG, =9,10, N, =11,12, Ng, =13,14, N2, =15,16 - N; =8,8, N, =7.7,
Ny, =7,7, Np.=6,6, Ny =13,13, N, =12,12, N, =11,11, N,, = 11,11,

Vu

243 L R L R L R L R L R
Am% _>Oz7€7 01767 ODev Ofxea OD,N 017“7 ODT’ 06967 06967 06967 06967
L R

OM, OM, Orp, = Ny =1,2, Ny =3,4 N§#:5,6, Ny =17, N, =389,

NS, =10,11, NS, =12,13, N%,_ =14 — N, =9,9, N, =9,9, N, =88,

Np - ]_, N’ff/e - 22,22, Nef/e - 21,21, NMDH - 4,4, NTET - ]_,
Cmgg’ — OL, OF, OL, OF Oéﬂ, O,i, 0, OL, OF oL . OF, Oﬁﬂu,

or., OfL, Of — N =1,2, N; =3,4 N} =56, N =17, N3, =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,, = 11,11,
oL . OR

eve) eve)

247 L R L R L R L R
Bk97 _>Oz767 01767 01767 01767 OD;N 017“7 OD-,—; O O

O, O, O — Ny =12, Ny =34 N; =56, NJ =7, Nf =89,
zm jzm T Ve Ve vy Ur €Ve

N, = 10,11, Nﬁﬂu =12,13, N7, =14 — Ny =9,9, Ny, =9,9, N, =8,8,

Np - ]_, NEDE - 22,22, Nef/e - 22,22, NMDH - 4,4, NTET - ]_,
Cfos' = Oz, Opl Oy 05, O Oy Os, Og, Og. Og.. O, O,

Op., OF., OF — Nj =12, Ny =34 N7 =56, N =7, N, =89,

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,, = 12,12,

oL Of

eve ) eve )

254 L R L R L R L R L R
ESQQ _>Oz767 01767 01767 01767 017“7 OD‘” ODT, 01777 O O

€V €V

L R
OL,. Of .

Kop?

Ops, = Ng =1,2, Ng =34 Ny =56, Ny =1,8 N3 =9,10,
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N, =11,12, Ng, =13,14, N2, =15— N, =9,9, N, =9,9, N, =9,9,
Ny = 1,1, Ng =23,23, N =22,22, Ny =44, Ny =1,

OL

Ku?

L R
OeDe ) OeDe )

257 L R L R L R L R
Fmi — 0L, OF, ok, OF oL, OF 0,, OL. O

€V (3728

o, OfL, Of, — N =1,2, N; =34 N} =5,6, N =17, Nj,_=38,9,

Ng, =10,11, N2, =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
Mdigy — Oy, Op, Op, Oy, Oy, Oy, Oy, O, O, O, O O

eve ) eve)

Opor Ofv Orp, = No =1,2, N =34 Ny =56, N7 =7,8, N, =910,

NS, =11,12, Ng, =13,14, N5, =15— N, =9,9, N, =9,9, N, =9.9,
NpT == ]_, 1, NEDS == 23,23, Nef/e == 23,23, NMDN == 4,4, NTET == ]_,

OL

KV

L R
Oef/e ) Oeﬂe ’

255 L R L R L R L R
N0102_>OD€> 01767 Of/e’ ana Of/u’ Oyjﬂa 01777 O O

E€Ve) €Ve)

op., Ok, OF — Ny =12, Ny =34 Ny =56, N =7, N, =89,

NS, =10,11, NS, =12,13, N2, =14,15— N, =9,9, N, =88, N,, =88,
Ny, =1, Ny =13,13, N, =13,13, Ny, = 13,13, N, = 12,12,
oL . OF

€V €V eve) eve)

Lrs — oL, OF, oL, OF, Oéﬂ7 Oli’ O,., OL . OF
oL, , O . O — Ny =1,2, Ny =34 N; =56, Ny =7, NS, =389,
vy vy, T Ve Ve [Zm Ur €Ve
Ng, =10,11, Np, =12,13, Ng, =14 = N, =9,9, Np, =8,8, Nj, =388,

Nlj_r - 1’ Nelje - 24, 24, Nelje — 237237 NH’D/A - 474, Nle_r — 1

Takum oOpa3oM, cJie/lyeT, 9TO MEXKJIy aTOMHBLIMU OPOMTAME ¥ JICHTOHHBIMU CEeMelCTBaMU

CYIIECTBYET PsJl CTPYKTYPHBIX CBSI3€ii, B KOTOPBIX MPOSIBUTHCS POJIb MACCHI. DTO HE YKA3bIBAET,
KOHEYHO, CYIIECTBOBaHUE B IIPUPOJIE 1IepPeXo/ia U3 OJIHOIO aToMa B JAPYIoil BHE 3aBUCUMOCTU OT

TOIO, KaKOIl TUII MaCChl UMEET JJId HEIr'o BazKHBIC CJICIACTBUA.

4. llpupoa BeJIMKOTO CUHTE3a SA]1eP

Ecyin 9BpMHOH (aHTHIBPMEOH) B3aUMOJIEHCTBYET € AHTHUIIPOTOHOM (IIPOTOHOM), TO TOSIB-

JIGHUE CHJIbI aTOMHON yHU(MUKAINA MOXKET B COOTBETCTBUM C 3aKOHAMU CHUMMETPHH IIpEBpa-
TUTH €ro B opbuTasbHblil (epmuoH. B aroMm citydae oxkugaercs, 9T0 BOIOPOJ (aHTUBOIOPOJ)
HZ(HZ), nvetoruit oy u Ty ke opouty OF mmm OF, o6pasyerca B nmpuposie wepes mepsoro

JICIITOHHOT'O (aHTI/IJIeHTOHHOFO) CHHTE3a

- n 1 4+ - 1
€ortPrr = Hi, €pp+prp— Hi
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Koneuno, 1aunpii mepexo/| He MPOTHBOPEUNT yCJIOBHAM (32), KOTOpPbIe, Ka3aJI0Cch Obl, TOBO-
PSAT O TOM, 9TO CPEIN MHOYKECTBA ATOMHBIX CHCTEM MOKHO HAWTH aTOMbI ¢JHHCTBCHHON 9JI€K-
TPOHHOM HJIM MIOOHHON 0pOUTHI. DTO, OJHAKO, He B jinHuK ¢ npupogoii. Ha camom gese nBuxe-
HUEe BPMUOHA BOKDYT si/ipa BOJopoaa Hi 1o cBoeil opbuTe OCYIECTBIAETCS B MCKPUBJIEHHOM
IOJIe KaK Pe3y/IbTaT B3aUMOOTHOIIEHHs BHYTPHATOMHLIX ciil. OHI MMEIOT IIPH yHUBEPCAIbLHOM
Macce 9BPMUOHA XapaKTep IPUTSKeHU:A. B 3aBHCUMOCTH OT APYroil Macchl MPOSBUIOCH OBl UX
CBOICTBO OTTAJIKMBAHMSI.

Ho mmerorcs pasmmaus [14] B ciabbix Maccax

mY >m) >m} >m) >ml, (46)
my >my > mz >my >m) (47)

JIOIyCKAIOIIUe CyIIECTBOBAHUE Psijia BHYTPUATOMHBIX CJIaObIX IepexojioB. [Ipumepom g Hux
MOT'YT CJIY2KHTH €CTECTBEHHO O0bLEIMHEHHBIE TTPOIECCHI

€or+Phr = Verr T b + (Tog Vrri) + (T, VrLR), (48)

EI—S,L +Prr — Ver +Np g+ (TL_J%a VL) + (T};La VrLR)- (49)

S,ZLGCB BaKHBIM OOCTOATE/ILCTBOM ABJIACTCH TO, 9TO paclia/ibl

€L,R 7 TLRVrRLVeL,Ry €RL 7 TRLVTLRVeR,L; (50)
- - - - + + o+
Pr,r =" " RTL,RVrR.L, Pryr — MRLTRLVTL.R (51)
HMEIOT MeCTO TpU 0O6pa30BaHUK apOMATHO CHMMETPHIHBIX TayOHHBIX 0030HOB (30) n
+ +
(TR ) VTL)? (TL ) VTR) (52)

KaK 9PE3BBbIYAITHO OBbICTPBIE CJIadble JIENITOHHBIE CUHTE3bI.

Cesi3u tunos (48) u (49) BbIparkaloT ele OJ[HY M3 BeCbMa BarKHBIX 3aKOHOMEPHOCTEH, 4TO
IpY HAJMYUN B3aMMOJICHCTBHSI SBPMUOHHOTO aHTHHEHTPUHO (HEHTPUHO) ¢ HEHTPOHOM (aHTH-
HEHTPOHOM) TIOSIBJICHHE CHJIBI aTOMHOM yHUPUKAINE JIOJIZKHO 00pa30BaTh aHTHHEHTPUHHBI
(HEHTPUHHBIA) BOIOPOJL, (AHTUBOIOPOJL), COOTBETCTBYIOIIUIT B IPUPOJIE COXPAHEHUIO CYMMAapHO-
ro GapUOHHOIO U JIEITOHHOTO YHCeJI. DTa CHCTEeMa MOXKeT ObITh Ha3BaHa ATOMOM (aHTHATOMOM )
anmb-Oepranm. J11s ero 0603HaUeHN YMECTHO UCHOTb30BaTh cuMBO Fnir(F'n4 ), KoTopsrit qaer
BO3MOYKHOCTH CUMBOJIMYECKH 3allUCaTh [EPBbIil AaHTHHEHTPUHHBIN (HEATPUHHBI) cuHTe3

DER,L+nZ7R—>Fn%, VeLvR+nE7L—>Fn%. (53)
Ha mepssrit B3mis (48) n (49) ¢BA3LIBAIOT HPOIECCHI
Fnl — Hy, Fnl— H} (54)

¢ cnabbiM masyderneM. C Ipyroit CTOPOHBI, siBHbIE 3HAYEHHMS MacC MOKA3BIBAIOT, 9TO

E E E E

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

my > my,, my >my (56)

a ciepoBaresbuo, Fnl(Fn}) me MOxker pacnagaThCs MOCPEJICTBOM CJIaObIX B3auMOJEHCTBHIA.
Oxgnaxo ero pacraji 4epes 3JIEKTPHYECKUE MACChl He 3allPEIeH, OCKOJIbKY B

Fn; — H{ + (Vep.r, Verr), Fny — H{ + (VeL.r, Ver) (57)
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HPOSIBUTBCS PEINAONIas POJIb KyJIOHOBCKUX IIEPEXOI0B
- —— + + - =
Np.r — PL.RER,LVeL, Ry MR —7 PRLEL RVeR,L) (58)
00pas3yIomux apoMaTHO CUMMETPUYHbIC HeHTPpUHHBIE JTU(EPMUOHDBI
(VeLuljeR)u (VeRuljeL)- (59>

Anrunefirpunnasiit Bojopo F n% MOZKET II09TOMY B3aUMOJIEHCTBOBATL HE TOJIBKO C Hll, HO
TaKzKe U ¢ JAPYrUMU ero u30TolaMu

Fnl+H! - H? Fn!+H? = H}, Fn!+ H} — H}, (60)
Fnl +H! - H, Fnl4+ H) — HS Fnl+HS - H. (61)

[Topsizok opOUT 9TUX THUIIOB BOIOPOJIOB BeJleT cebsi Kak

Fni— 0, = N, =1— N, =1,
Hf =0, N°=1-— N, =1,
H} = O, = N3, =1— Ny, =1,
H} = 0y, Og — N =1, N, =2 N, =1, Ny =1,
H! - 0L, OF Os — N5 =12, N, =3— N, =1,1, Ny =1,

H} = Of, Of, Oy, Og — Ng =1,2, Nj =3,
NL%017€:4—>N176:1717 Nf/ :17 N€l75217

H} - OL, OF, OL, OF O — N =12 N2 =34,
NéODe = 5 — NDe = 1, 1’ Npe — 1’ 1, N€l75 == 1,

H]{ -0}, Of, O;, Of, Oy, Og — N =1,2, NJ =34, N7 =

NSDSZG_)NDEZ:[’]W Nﬂe :171) Nf/u:l’ NEﬂezl.

[MosiBnenne antuneiirpunnoit opoutel Oy, y H}, Kazanoch 6bl, 00bACHAET HAJIUUUE Y Heii-
TPHHO BO3MOXKHOCTH 0OPa30BaTh HE TOJBKO mapaHeiiTpuao (59), HO TaK:Ke U JUHEHATPHHO

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

B 1o ke Bpemsi caMO wu3JyueHHe HEHTPUHHON CTPyu mpu B3aumogeidcrsun F ni(Fn}) c
H}(H}) MoxkeT GbITH 06YCIOBJICHO TIOC/EI0BATEILHBIME PACIIaaMy, TPOMCXOAANIUMI Ha Op-
OuTe IBPMUOHHOTO OO30HA TI0 CXEMaM

€L, R 7 €1, RVeR,LVeL,R, €Rr1 7 €R VeL,RVeR,L; (63)
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€r,R 7 €L,RVeR,LVeL,R, €R [ ~7 €R VeL,RVeR,L- (64)

HepBbIe N3 HUX ABJIAIOTCA peByJIbTaTaMI/I C.Ha6bIX MaCC7 OTBETCTBEHHBIX 3a
€L,R — WL RVuR.LVEL.R, €RL — MR LVuL,RVeR,L; (65)

€L,R 7 TLRVrRLVeL,R; €R — TR LVrL,RVeR,L- (66)

Pacnazpr (64) 1010000 KazKI0My U3 IIE€PEXO/I0B
T € Rl b — ek 7 (67)
Hr.r = €L RVeR,LVuL,Ry, KR 1 —" €RLVeL,RVuR,L;

TL,R — €L,RVeRLVrL.Rs TR 7 €RLVeL,RVIRL (68)

JIOJIZKHBL MJITH 32 CYeT 3JICKTPUICCKUX MacC.

Ho, kak yrBepxeno B (63), HSHTPUHO Vef, p U AHTUHEHTPUHO Ueg , HA TOM YPOBHE, Ha KAKOM
ObLIN CBsI3aHBI, HE CYIIECTBYIOT B (62) cpaBHUTEIHHO Ha JOJINOe BPEMs, He BOCCTAHABIINBAS
ApPOMATHYIO CUMMETPHIO u3syderns. OHU MOTYT MPH STOM MH/MBUYaJbHO TepexoauTh 21| u3
0BBIYHOTO JIEBOTO (IIPABOr0) MPOCTPAHCTBA B 3€pKaJIbHOE IMPaBoe (JeBOe) MO CXeMaM

Vi, = ViR +75, ViR — ViL + VR, (69)

ViR — Vi, + YR, Vi — ViR +7- (70)

1o coorBercrByer B (61) ToMy hakTy, 4TO TIEPEXOT
F’I’I,% + Hf — Hf + (VeL,R7 DeR,L) + (7R77L> (71>

OCYIIECTBJIACTCA B HAIlleM IIPOCTPAHCTBE-BPEMEHH C U3JlydeHHeM (bOTOHHOH CTPyH, KOTOpas
cest3biBaer [12| ase sieBble (npaBbie) HOTOHBI B MHJMBH/IYAJbHBIX [(OTOHAX

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

IIOATBEP2K 1ad, ITO CbOTOpO}K,ZLeHI/Ie HeﬁTpI/IHHbIX IIap MOXKeT MHTEHCHUBHO IIPOUCXOJUTH B aTOM-
HO#l cucTeMe 0 OOLIYHLIM CIOCODOOM

YR = ViR + ViR, Y — ViL + VL. (73)

Nrak, BUAHO, 9TO K POXKIEHUIO JIFOOOIO U3 IPOMEZKYTOUHBIX OO30HOB YR U 7 MOLYT IIPHBO-
JIUTH TOJILKO Te HEHTPUHO, KaxKJI0€ U3 KOTOPBIX BO3HUKAJIO OT PACIIaja TOrO JKe THUIA KaJIuO-
posounoro 6o3ona. Eciii Takoe HEHTPUHO U3 JIEHTOHHBIX CEMEHCTB, TO OHO TPeOyeT BBIACHUTD
uzen Jjioboro u3 (73) ¢ TOUKH 3peHHsT 3aKOHHOCTH COXPAHEHUs YITIOBOro MoMmeHta. st sToro
MBI JIOJZKHBI BHAYAJIC BCIOMHHUTL DaHHHE SKCIEPUMEHTHI [22-24| o cnmpasbHOCTH HefTpHHO,
AHAJII3 KOTOPBIX TOBOPHUT 00 OTCyTCTBHN [25] ¥ J1eBBIX (IpaBbixX) (hePMHOHOB ATOMHO CHCTEMBI
CBOETO POJIa B3AMMOJIEHCTBUS € HPABBIME (JIeBBIMI) (DOTOHAME H3-3a CIOHTAHHOIO HapyIIe-
HUS 3epKaJIbHOl cuMmMeTpun [21]. B3amen onn B3anMOAEHCTBYIOT CO BCEMHE JICBBIME (IIPABLIMH)
KaJInOPOBOYHBIMU OO30HAMI.

B raxom ciaydae u3 (65) u (66) MbI IPUXOJUM K HPUHIUIY COOTBETCTBUS, YTO KBAHTOBAH-
Hasl II0CJIEI0BATE/IbHOCTh OPOUT IMOSIB/IAETCA B 3aBUCHMOCTH OT CHUJIBI ATOMHOI yHU(bUKAIUHL.
[osromy mammaue Of u OF y HY moprsepiaer CymecTBOBaHEE HOBLIX THIIOB BOLOPOJIOB,
00pa30BaHHBIX B II€PEXOIAX

Fni+ H] — HY, Fnj +H? - H), Fnl+ H) — H° (74)
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Nx opOuThl UMEIOT CJIe/IyIONNe MOPSTKH:
HY = O}, Of, Oy, Of, O, O, Oy — N, =1,2, N =34,
N170H25’67 N:D€:7—>Np€:1,]_, NDe :]_,1, Nf/ :]_,1, NEl7€:]-7

9 L R L R L
H =05, O;, 05, O, O

Uy

Oi, 0177—7 06175 — NDOE - 1,27

NDOe = 3,4, ]\/vgH = 5,6, NDOT = 7, nge =8 = Nf/e = ]_’1’ N17 — 1’ ]_’
Nlj :1,17 Nlj :1’ Nﬁpezl

)

HY - 0L, OF 0L, OF 0oL, OF, OL, OF, O —Ni=12
Nge:3747 Ng#:5767 NST:7787 N596:9—>N176:1,17
NDe = ]'7 1’ Nflu - ]-, 1, NpT — ]_, 1, NEf/e = ]_

CocraBHast CTPYKTypa BCeX THIIOB BOopojios H% maccosoro wncna ot 1 10 10 mpesckasbi-
BAET €I1le OJIHY €CTECTBEHHO 00bEIMHEHHYI0 3aKOHOMEPHOCTh, YTO KaXKJIOMY THILY JIEITOHHOI'O
ceMeficTBa COOTBETCTBYET JiBa Bu/la n30TonoB (N > Z) ¢ aHTHHERTPUHHBIMU OPOUTAME OJTHOTO
u Toro xe aroma (N = Z) 6030HHBIX OPOWT.

OjHaKO B IIPOM3BOJIBHOM CJIydae aTOMHOII CHCTeMBI X% /000l U3 9TUX M30TONOB MOYKET
HPOSABUTHLCA B CKPBITO OObEMHEHHBIX [IPOIECCax

Fnl+ X5 — X3+ . (75)

Yro kacaercst n30Tonos (Z > N) ¢ JlenTOHHBIMU OPOUTAME OJTHON U TOii YK€ ATOMHON CHCTe-
Mbl (N = Z) 6030HHBIX OPOUT, TO OHU SIBJISIFOTCS CJIEJICTBUSIME BEJIMKOTO CUHTE3a sIjIep

Fnl+ X3 = X571+ ... (76)
K Takum poreccaM OTHOCATCA NEPEXObI
Fnj+ Hey — Hel, Fnj+ Hey — Hey, Fnj+ Fy® — Fy7, (77)

BTOPOII U3 KOTOPBIX 00pa3yeT HOBBIN THI W30TOIIA TEJIUA.

He yauBuresnbHo nosromy, uro ecan (60), (61) u (74) cymecTByioT, T0, HAIPUMED, HEATPIH-
HBITT anTHBOIOPO F'ni mocienosarensio BzamvoseiicTByer ¢ Kaskabim w3 Hi0) ..., H? 1o Tex
nop, noka H? me crocoben obpasosath Hi 110 3akonaM uzayuenus hoToHHON cTpyu. Koneu-
o, posb F'nl u Fnl B (75) u (76) ocramach ckperroit, a mepexonsr X4 <+ X4 Beerma 6pum
HPUHATHI KAK PACIaIbl.

5. CkpbiTast AMHAMHUKA CIIOHTAHHOI'O U3JIyY€HUsI AaTOMHOW CHUCTEMBI
— (Tt
Mpr Buinm, 9To pacnal ny, g(ng ;) He MOXKET OCYIIeCTBIAThCA B (57) 10 cxeme

- -+ + + - o
Np.r — PL.RER,LVeL,Ry MR L ~7 PRLEL RVeR,L; (78)

XOTs 9TO HE 3alPeleH0 MaccaMi KYJIOHOBCKON MpHUPOJIbl. Kro oTcyTcTBHE y sijipa aToMa aJib-
@epranu BbIpazkaeT HJCIO O TOM, YTO apoMaT OpOUTATHOTO HEHTPUHO BBICTYIIAET Ha OpOUTE
KaK KpHUTEPUil JIJId CBOErO PoJia MOJIbI pacliajia COOTBETCTBYIOIIEro eMy Heiirpona. JIpyrumun
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CJIOBaMH, PAcIaJl Takoii Kak (78) cyIiecTByeT TOJIBKO B siipax, UMEOIUX OPOUTH ¢ HETPUHO
QJIEKTPOHHOI'O ceMencTBa. HOSTOIVIy B COOTBETCTBHUU C BbIBOJaMM 3aKOHa KBAaHTOBaHUA Op6I/I—
TBI, MBI JIOJIZKHBI IIPU3HATL, 9TO (-pacuaibl F'n m Fnj MOTYT CHOHTAHHO IIPOMCXOIUTL 0e3
9BPMHOHA, TAK K€ KaK u 6e3 HEUTPUHO 110 OJHUM U TEM K€ €JIMHCTBEHHBIM IIyTeM

Fnj — Hej + (Vep.ry VerL)- (79)

F’I’L;’ — Heg + (V€L7R, DeR,L)~ (80)

Kymnonosckue maccer, orsercrBernbie 3a (58), (79) u (80), mpe/icKasbIBaOT POXK/IEHIE XOPO-
1110 M3BECTHON (-4aCTUIBI B pacmaje F'nj no cxeme

F’I’Lg — IJG;l + (V€L7R, DeR,L)~ (81)

B npucyrcrBun opbuT ¢ 3JeKTPOHHBIME HEHTPUHO KyJIOHOBCKEE repexo/nl (64) u (78) mpe-
obpazytor F'n u FnS B cieyionue nzoTomsl rems:

an — HG; + (Ver,r, Ver,.) + (VeL R, VeR,L) (82)

FnS — HeS+ (Vep.ps Vers) + (Ver.rs VeroL)- (83)

_ TIpu nocaeposarensuom nponcxoxaennn (58), (65), (67), (69) u (70) antusogopoust Fnj u
Fn§ ucnpIThIBAIOT CHILHOE CTPYKTYPHOE U3MEHEHUE

Fn; — He% + (Vur s Vur,r) + (Ver,rs Ver,r) + (YR 71 (84)

8 8 _ _ -

Fns — He; + (VMLJ{, VMR,L) + (VeL,R, VeR,L) + (YR 1) (85)

OpbuTanbHbIil aHam3 aTOMHLIX cucteM Fng m F'ni’ mokaswBaer, 9To mpn HoC/IeI0BATE b
HBIX pacmagax (58), (66) u (68)-(70) oHM CBOASTCS K JAPYIHM M30TOIIAM TeJIHs

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

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

Panee 6b110 yroMsHyTo, 9ro remit Hej obaagaer 1ByMsa 6030HHBIME OPOUTAMH, HepBas U3
KOTOPBIX B ero uzorore Hej jo/pKHa IIpeBpalaThes B JISNTOHHYI0. Bee JApyrue u30Tombl re/ius
UMEIOT OPOUTHI B CJIEIYIONIEM OPSJIKE:

Hel —OF OF - N°=1,2— N, =1,1,

Hes — Oy,, OL, OF — N2 =1, N, =23 N, =1, Ny =11,

€V

HeS — 0L, OfF, O

€V

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

Hel — OL, OF, 0,, O

€V

OfF — N2 =1,2, N2 =3,
NS, =4,5—= Ny, =1,1, Nj,=1, Ny, =1,1,

Hey — 0L, Of, oL, Of, oL, 6 Of — N2 =1,2, N2 =34,

(3728

Nfﬂe:576_>Nl7€:1717 Nf/ :1717 N617€:1717
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€V

Hey — Ok, OF, oL, OF, 0,, OL, OF — N2 =12, N2 =34,
Ng#:5, N:D€:6,7—>Np€:1,]_, NDe :]_,1, Nf/ :]_, Neﬂezla]-a

He%o—)Oi, Oga Oé/e’ Oia Ol%u OSL’ OeLDE’ 0575_)]\]906:1’2’ NDO€:3,4,
Ngﬂzg),@’ NS, =7,8= Ny, =1,1, N;,=1,1, Ny, =11, Ny =11

CpaBHEBasi UX CTPYKTYPBI, JIETKO HAOJ/IOATh OJIHO M3 BeCbMa BAXKHBIX CJIEJCTBHUI WJIEU
3aKOHA KBAHTOBAHUSA OPOUTBHI, KOTOPOE TOBOPUT O CyllecTBoBanuum y H 6‘21 ele JIBYX CaMBbIX
TSI2KEJIbIX U30TOIIOB:

1 1 11 1 11 12
Fni + Hey — Hey', Fnj+ Hey' — He)?. (88)
KBanrosannaga I10CJIe 10BATEJIbHOCTD Op6I/IT BBICTYIIa€T B HUX KaK

11 L R L R L R
Hel' — OL, OF, O, OF O, O}

Uy

Urs OGLDe’ OGR;e — nge = 1’27
N =3,4, N2 =56, NJ =7, N5, =89 N, =11,
Nﬂezl’l’ Nf’u:]"l’ Nﬁr:]-a Nsﬂe:]-ala

Hei' - OF, Of, Op, Of, O, O, Of, Of, O, 0f — N, =12,
Ng =3,4, Ng =56, N =18, N% =910 N, =1,1,
Nﬂezl’l’ Nf’u:l’]" Nﬁrzlala N51762171~

OcobeHHOCTHIO 9TOH KAPTUHBI SBJISETCA TOT MPUHIIAIL, YTO BHE 3aBUCUMOCTH OT TOI'O, CyIIle-
CTBYET WJIU HE CYIIECTBYET JIPYrOe CEeMeNCTBO JIENTOHOB, KOJMYECTBO aHTUHEATPUHHBIX OPOUT,
COOTBETCTBYIOITIEE B ATOME OJTHOMY U TOMY K€ apoMaTy, PaBHO JIBYM.

Taxum obpasoM, ecsim opOUTaIbHASA CTPYKTYPa ATOMHBIX CUCTEM HE COBCEM B JIMHUU C HJIC-
SIMI 3aKOHA KBAHTOBAHUsT OPOUTHI, TO OHA OTPaskaeT HAJIMYINE Y HUX He OOHAPYKEHHBIX JI0 CHX
IIOP HEKOTOPBIX CKPBITHIX N30TOIOB.

Haxkomnerr, 110 KacaeTcst CIIOHTAHHOTO Y-U3/Iy9YeHUs aTOMa, TO €ro JTMHAMAIECKOe TPOMCXOXK-
JIeHUe B OCHOBHOM CBS3aHO C [3-pPacrajioM HEHTPOHA WU AHTUIPOTOHA, MOTOMY YTO B HEM
[IPOSIBATCH HEOOXOUMbIE Jijisi 00pa3oBanus (POTOHOB AHTUYACTHUIILI BHYTPUATOMHBIX YaCTHUIL.
Hanpuwmep, npu mepexojiax

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

TaK JKe KaK U TP JIPYTUX Y-U3TyIeHHIX ¢ ATOMHBIMI CHCTEMAaMU.

He wuckioueno, ojHako, 4To cama NpHUPOJa HE B CUJIe 00pa30BaTh KaKyIO-JIMOO aTOMHYIO
CUCTEMY, BOKPYT' KOTOPOU IpogBUIach Obl abcosoTHad mycrora. JIpyrumu cjioBamu, MbI HeE
MOXKEM HAaNTH OJHU W Te YKe ATOMbBI BHE 3aBUCHMOCTH OT CTPYKTYPBI CPEJIbI, B KOTOPOIl OHU
IBUKYTCA. Ecau, HanmpuMep, Kakas-JimO0 W3 ATOMHBIX CHCTEM, NMEIOIUX CTPYHHbIE OPOUTHI,
B3aMMOJICHCTBYET ¢ HEHTPUHHBIM aHTUBOJIOPOJIOM ajib-Pepranu, To mocse auii mogo6uo B (76)
OyeT mpeobpa3zoBaTh OJIHY U3 ee DO30HHBIX OPOUT B JIEHTOHHYIO. DTO OCYIIECTBIATHCI B IIPH-
pO/ie B COOTBETCTBUU C 3aKOHAMU U3JIyU€HUs WHIUBUIYAIbHBIX TU(POTOHOB.

6. Enqunas cnekrpaJsibHasi CTPyYKTypa aTOMOB
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MaxkcumasibHOEe KOJTMYIECTBO BCEX THUIIOB @TOMHBIX OPOUT PaBHO OJIHOMY U TOMY YK€ YIBO-
eHHoMy 4HcJIy apoMaros. Ho m3 Hux JienToHHble OPOUTHI MOABJIAIOTCA B aTOME ¢ OO30HHBIMU
opOuTamMu TOJILKO, €CJIM AHTHIIPOTOHBI €ro sjipa B M30bITKe. B IPOTUBOIOJIOKHOCTD 3TOMY,
AHTUHEHTPUHHBIE OPOUTHI JOJIZKHBI MPOSIBUTHCS B HMPUCYTCTBUU B sJIpe OPOUTAJIbHBIX CTPYil
n30BITOYHBIX HEHTPoHOB. B 06omx aromax GeccrimuoBoe sijipo 6€3 m30ciuHa 00s3aTeIbHO TPH-
CYTCTBYET.

Y100l BEIpa3UTh U0 H0JIee ICHO, HAJI0 OOPATUTHCA K IIPUBEJIECHHBIM BBIIIE H30TONAM BO-
JI0pojia, HoTomy uTo H? sBjsieTcs nX KOpHEM, BBICTYIAIONeM KaK cTebesb BOJIOPOIHOIO ceMeii-
CTBa ATOMHBIX cucTeM. [[0/100HBIM ITyTeM MOXKHO IIPOAHAIN3UPOBATEH NU30TOIILI rejiusd. B qanHoM
cTydae U3 HAIMX PAHO PA3BUTHIX Mbl HailieMm, 4To Hej 10/12KeH OBITh IIPUHAT KaK KOPeHb Beex
ero uzoronos. Ou obpasyer pu ITOM cTedesib reJIMeBOro ceMeificTBa aTOMOB.

BouJtee Toro, ecimm B3amMoieiicTBre HENTPUHHOTO aHTUBOJIOPO/IA atb-Peprann ¢ KaxKIoil u3
UMEIOIIUXCS ATOMHBIX CUCTEM OO30HHBIX U AHTHHEHTPUHHBIX OPOUT He 3aIPEIeH0 KAKIMUI-JIT00
3aKOHAMU COXPaHEHUs JI0 TeX II0P, ITOKa OHA He TepsieT CBOIO MOCJIEHIO aHTUHERTPUHHYIO Op-
ouTy u BCe ee OO30HHBIE OPOUTHI He OyJIyT MPEBPAIIATHCH B JIEIITOHHBIE, TO BOSHUKAET BIEYAT-
JIeHUe, UTO caMa IPUPOJa XapaKTepu3yeT KazKJI0oTO aToMa KOPHeM, KOTOPbIit obpa3yeT crebesn
ero cemeiicrsa. Tem caMbIM OHA TIOJIYEPKUBACT, UTO KAKOBBI ObI HM ObLIN aTOMHbBIE CEeMECTBA,
KOPEHb JIIOOOTO M3 aTOMOB OO30HHBIX U JIEITOHHBIX OPOUT HCIIBITHIBAJI BIIOJHE CKPBITOE B3au-
MOJICHCTBHE C AHTUHEHTPUHHBIM BOJOpOoM ayib-Pepranu. [Ipu Takmx obcTosTebeTrBax MHO-
YKECTBO aTOMHBIX KopHeit X 27 sBJifercs CKPBITO 00beJIMHEHHON CHCTEeMOI aTOMOB.

Yuudukaiys 3TOro TUIA PEJJIATAET CBI3b

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

1 4TO, cileJioBaTebHo, F'nd urpaer posib oJ[HOTO U3 JBYX aTOMOB, (DOPMUPYIONIUX KOpeHb X 22
cTebJId KarXKJI0T0 U3 CYIIECTBYIONIUX TUIIOB ATOMHBIX CEMECTB

Fny + X7 = XZ. (92)

UTaK, Mbl JOJIZKHBI IIPU3HATE, YTO B IIPOU3BOJILHOM CiIyuae aToMa X4 uncia uzoronos (1)
nerrronnoit (N}') n anruneiirpunnoii (N} ) opbur ero kopus X737 pambl

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

Takoil IPUHITUIT TOKA3BIBAET, YTO ITOTHOE YUCJIO [V flull M30TOIOB, KOTOPBIC 00Pa3yIoT OJHO U

TO K€ ATOMHOE CEMEHCTBO, TECHO CBS3aHO C KOJMYCCTBOM JICITOHHBIX apOMaTOB
I AT I
Ny =N, + Ny, (94)

Eciu bl BoiGupaeM H? u3 o6beIMHEHHON cHCTeMbl aTOMHBIX KopHeit X27, To ero cemeii-
CTBO COCTOWT U3 JIECATHA aTOMOB. ['ejimeBoe ceMeiicTBO BK/IIOUAET BOCEMHA/IIATD BUJIOB aTOMHBIX
cucteM. [losroMy oHu MOryT CHMBOJIMYECKU OBITH 3alUCAHDI KAK

H{ - N/ =1, NL,=8—= Nj, =9— H],...H",

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

910 O6”be,ZLI/IHeHHOG IIpeJcTaBJICHUE B CBOIO O9€PEIb YKa3bIBa€T Ha CYIIECTBOBAHUE B IIPUPOIE
TeX THUIIOB I'€JIigd, MaCCOBO€ YUCJIO KOTOPLIX JIC2KUT B IIpeJejax OT 2 10 19 HYKJIOHOB d/Ipa.
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Moo rakxke Haiitn u3 (90)-(94), aro
Li§ — N/ =3, N} =24— Nf, =27 Li, ..., Li5’,
Be§ — N} =4, N} =32— N, =36 Bej, ..., Be}',
B - N/ =5, N} =40 — N{,, =45— B, ..., B;’,
Cg® = N/ =6, N =48— Nf, =54—Cg,....C,
N* — N/ =17, N} =56— Nf, =63— NJ,. N*
Og® = N/ =8, N} =64— Nj, =72— 0§,...,08
Fy® - N/ =9, NL =72 Nj, =81—F), .. F>
Nejg — N/ =10, N} =80 — N, =90 — Nejg, ..., Nejy,
Naii — N/ =11, N; =88 — Nf,; =99 — Nay, ..., Naj}’,
Mgy = N =12, Nl =96 — N}, = 108 = Mgi3, ..., Mg;?°,
AR — N} =13, Nj =104 — N, = 117 — Alj3, ..., Al
Siy — N/ =14, N} =112 — N, =126 — Sijj, ..., Sijj',
PY — N/ =15, N} =120 — N, =135 = P}, ..., P°,
Sty = N/ =16, N} =128 — N, =144, — S{¢, ..., Sig°,
Cli; = N/ =17, N} =136 — N, =153 — Cljj,...,Cl;3",
Arly — N/ =18, N} =144 — N, =162 — Ar{§, ..., Arjg’,
Ki§ — N/ =19, N} =152 = N, =171 = Kjj, ..., K|*,
Casy — N/ =20, N} =160 — N}, =180 — Ca3), ..., Cay'.

TeOpI/IH ATOMHBIX CUCTEM, OIITMChIBaIOIIa.d ceMelcTBa 3TUX TUIIOB, IIPpEACKA3bIBACT KOJINICCTBO
M30TOIIOB Y KOPHEN aTOMOB € aTOMHBIMH HOMepaMu OT 21 10 57 Kak cjeiylolee:

Scl2 — N =21, NI =168 NI, =189 = Sc2i, ..., Sck,
Tigy — N/ =22, NI =176 — N}, =198 — Ti%, ..., Tiy,
Vag — N/ =23, Nj =184 = N, =207 = V37, .., V",
Cri$ — N/ =24, NL =192 = NI, =216 — C"r24, e
Mn3) — N/ =25, N} =200 = Nj,; =225 = Mn3], ..., Mn3°,
Fey — N/ =26, NJ =208 — Nj,; =234 — Feig, .., Fes,
Cot — N/ = 27, NI =216 — Nf u =243 — Coat, ..., Coss*,
Nigg — N} =28, Nj =224 — Nj,; = 252 = Nijg, ..., Nigg’,
Cugy — N} =29, NI =232 — Nj, =261 — Cujy, ..., Cuzy’,
ZnSy — N/ =30, Nj =240 — Ny, =270 = Zni), ..., Zn3,
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Ga$? — N/ =31,
Gely — N} = 32,
As$S — N} =33,
SeSt — N} = 34,
Brig — N/ = 35,
Kris — N/ = 36,
Rby; — N/ =37,
Srig — Ni = 38,

Yo — N/ = 39,

Zriy) — N/ = 40,
Nbj? — N} =41,
MoSy — N} =42,
T3S — N} = 43,
Rufy — N} = 44,
RRJY — N/ =45,
Pd; — N/ = 46,
Aglr — N} =47,
Cdjs — N} =48,
In®s — N/ = 49,
Sni® — N = 50,
SbiY? — N/ =51,
Teid* — N/ =52,
I3Y — N/ =53,
Xef® — N/ =54,
Csi® — N} =55,
Baig? — N =56,
Laz* — N} =57,

1\/IeXaHI/13M7 OTBETCTBEHHBII 34 3TOT IIOPAJOK, oIIpeaesideT CeMeI/IHyIO CTPYKTYDPY aTOMHBIX

NI =248 — Nj, =279 — Gaij, ...
Ni =256 — Ni,, =288 — Ge3, ...
Nj =264 — Ni,,, =297 — As33, ...,
Nj =272 = Ni,; =306 — Seij, ...
Ni =280 = Ni,, =315 — Bri, ...

N} =288 — Nful, =324 — Krio, ..
=333 — Rb3L, ...
Nf =304 — Ny, = 342 — Sri, .

NI =320 = Ny
N} =328 — Nj, =369 — Nbj, .
NI =336 — Nj,,; =378 — Mojs,.
N} =344 — Ni, =387 — Tcj3,.
Ni =352 — N{,, =396 — Rujj,.
Nj =360 — Nf,;, =405 — Rhg, .
Nj =368 = Ni,, =414 — Pdyg, .
Nj =376 — N, =423 — Agy1, ..
NI =384 — Nj, =432 — Cdj, ...
Ni =392 — Nf, =441 — Inj), ..
N} =400 — Ni,; =450 — Sn, .
NI =408 = Ni
N} =416 — Nf,; =468 — Tezs, ..

NI =424 — N, =477 — I3, ..
NI =432 — N, =486 — Xelj, .
Nj =440 — Ni,, =495 — Cs2:,.
Nj =448 — Ni,,; = 504 — Bag, .

KOpHell MaccoBoro ducya ot 116 go 142 B Buje

Ceitd — N} =58,

Prig® — N} =59,

Nj =464 — Ni,, =522 — Cey, .

Nl =472 — Nj, =531 — Prig, .

31

=360 — 2739, ...

280
) Ga’31 )

289
,Gesy”,

298
Assse,

307
,Sesy’,

316
, Bris”,

325
5 Krsg?,

334
, Rb57,

343
oy ST,

NI =312 = Nf, =351 = Y, .,

352
Y39 ’

, 2ot
L, N3O,
M oigg,
L Tess,
o Ru)"
. RRG,
., Pd3,

gz

433
Cd48 )

442
I LT

., Sngt,
=459 — Sb31, ...,

469
S Tes,

460
SbSl ’

478
153 )

487
'7X€54 )
496
. Usss0,
505
., Bagg®,

NI =456 — NI, =513 = LaZl, ..., L3t

523
., Cexs?,

532
o Preg”,



Ndgt® — N = 60,

Pmg? — N/ =61,

Smé§4 — NlI — 62,

Eugy® — N/ = 63,
Gdgi® — N/ = 64,
Tbey’ — N = 65,
Dygg” — N} = 66,
Hog' — N/ =67,
Ergd — N/ =68,
Tugy® — N/ = 69,
Ybi? — N =170,
Lui? — N} =171,

H 33— N/ =172,

Turs® — N} =173,
W® — N/ =74,
Rel® — N/ =175,
Ost? — N} =176,
Ir?* — N} =17,
P3¢ — N/ =78,
Auld® — N} =19,

Hggy" — N = 80,

Tig%? — N/ =381,
PbSt — N/ = 82,
Bigs® — N/ = 83,
Pois® — N =84,
Aty — N =85,

Rngl? — N/ = 86,

Frylt — N/ =87,

Ragl® — N} =88,

Acgt® — N} =89,

NI =480 — Nj,; = 540 — Nd, ...

Ni =488 — Nj, =549 — Pmg;, ...,
NI =496 — Nj,; =558 = Sms, ...,
N} =504 — Nj, =567 — Eugs, ...,
Ni =512 — Nf,, =576 — Gdgy, ...

N =520 = Nf,,; =585 — Tby, ...

Nj =528 = N, =594 — Dy, ...,
N} =536 — Nj,,; =603 — Hogr, ...,
Ni =544 — N{,, =612 — Erf, ..,
NI =552 = N, =621 — Tud, ...,
Ni =560 — Nf,; =630 — Ybi, ...,
N =568 = N, =639 — Luiy, ...,

NL =576 — N, =648 — Hf1}, ...

N. =584 — Ni, =657 — Tuls, ...,
2 =592 = N, =666 — Wi/, ..

N} =600 — Nf,; =675 — Rel, ...,
Nj =608 = Nf,,; =684 — Osl, ...
Nl =616 — Nj,,; =693 — I, ...

Ni =624 — Nf, =702 — Pt ..,
NI =632 — Ni, =711 — Aulj, ..,
Ni =640 — Nj,; =720 — Hgg, ...,
NI =648 — N, =729 — TIg, ...

N} =656 — Nj,,;, =738 — Pbg, ...

NJ =664 — N{,, = 747 — Big, ..,
Nl =672 — N}, =756 — Pog, ...,
NJ =680 = Nf,, =765 — Atg, ...,
N} =688 = Nj, =774 — Rng, ...,
Nj =696 — Ni,, =783 — Frgl, ..,
NL =704 — N, =792 — Rag, ...,
Nj =712 = N, =801 — Acg, ...,

32

 Ndgg',
P,
Smgs’,
B,
Dy§§’5,
Ho'
B
T2,

640
Lul;™.

Takag moce10BaTe/IbHOCTD UMEET MECTO JIayKe TPU aTOMHONW yHU(DUKAIIAN

JH f75°,
Tuls,
Wiy
ResTo
NoX:J

694
[ T,

Py,
A,
Hgg',
T,

P,
By

Po,
T

RnZ®,
F rg§4,
Ral3,

802
Acgg”.



Onn TpebYIOT [T TOJTHOTHI MPEJACTABUTD 37€Ch KOJIMIECTBO M30TOIOB Y CAMBIX TSIZKEJIBIX
BUJIOB ATOMHBIX KOPHEN

Thyy’ — N/ =90, Nj =720 — N}, =810 — Thy, ..., Thi',

Pay — N/ =91, Nl =728 N, =819 = Pall, ..., Pa§®,

7
Ut — N} =92, NL =736 — Nb, =828 = U2, .., US®,

Npgy® — N =93, N} =744 — N}, =837 — Npj, ..., Npgs',

Pu188 N NlI = 947 NII =752 = Nfull = 846 — Pu947 ey Pu§377

Amgd® — N/ =95, N} =760 — Nf,,; =855 — Amgg, ..., Amg2’

Cmgg> — N/ =96, Ni =768 — Nj,,;, =864 — Cmig, ...

Bkg* — N/ =97, N} =776 — N{,;, = 873 — Bkgs, ..., Bky.

Cfos® — N/ =98, N} =784 — N{,, =882 Cfs,....Cf5’

Esg® — N/ =99, N} =792 — N{,, =891 — Esy, ..., Esgy’,

Fmigy — N/ =100, Nj =800 — N}, =900 — Fmy, ..., Fmi,
Mdigi — N} =101, N} =808 — Nf,; =909 — Mdygy, ..., Mdg
Nofpy = N/ =102, N} =816 — N{,; = 918 = Nojgs, ..., Nojy
Lriss — N/ =103, Nj =824 — Ny, =927 — Lrig3, ..., Lr{53.

BI/I,HHO, 9TO II10CJIe10BaTEe/JIbHOCTD IIOJIHBIX BE/JIMYMH HN30TOIIOB

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

obpazyeTr apudMeTUIECKYIO IIPOIPECCUI0, COOTBETCTBYIOILYIO B CUCTEME KOPHE aTOMOB CBOEMY
POy TOC/IEI0BATETHLHOCTH aTOMHBIX HOMEPOB

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

Koneuno, cymma mepsbix 103 4ieHoB He nekodaer B caydae (95) nammaue B mpupose 48204
Bu10B u3orornoB 103 Tumos aromoB. Ho n3 Hux Tosibko 3000 BuIbI U3 MHOXKECTBA OTKPBHITHIX
ATOMHBIX U30TOINOB CKPBITOH CTPYKTYPbI [26,27].

7. ATOMBI BO BHELIHUX IIOJIAX

CytiecTByeT psji CTPYKTYPHBIX CBsI3€i, B KOTOPBIX IPOSBUTHCHA POJIb €JIMHON CeMeiHoit
CTPYKTYPBI aTOMOB. SIpKuM npumMepoM siBjsiercs packpbitue [rapkowm [5] dbakra paciiemienuii
CHEKTPaJIbHBIX JIMHUNA BOAOPOA U I'eJIud B 3JICKTPUYECKOM II0JIC.

Y100BI pemuTh BOIPOC O TOM, IOYEMY IJIEKTPUUIECKOE II0JI€ PACIIEILIAeT KarXKIyI0 CIIeK-
TPpaJIbHYIO JIMHUIO aTOMHOW CHUCTEMbl Ha PpAJ APYTUX JIUHUNA, MEXKJIY KOTOPLIMU CYIIECTBYET
3aKOHOMEPHAA IOC/IeI0BATEILHOCTD, HAJI0 0OpaTUTbCS K KBAHTAM ITOIO ITOJIA, & UMEHHO K
doToHAM IJTEKTPUIECKON TTPUPOIBI, TOTOMY UTO OHHU JIEHCTBYIOT Ha ee cTpyKTypy. OmgHAKO B
OTJINYME OT PAHO M3BECTHBLIX, BJUAHHUE WX IO/ HA aTOM OCYIIECTBJIATHCA B onbiTax [IlTapka
KaK yKaszaHue B MO0JIb3y KECTKUX CBA3€il aTOMHOI cUCTeMbl 1 (DOTOHHON CPEJIbI.
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B To ke BpeMs camMoO B3aMMOOTHOIIIECHUE 3TUX JIBYX BUJIOB OOHEKTOB COOTBETCTBYET B IIO-
Jle U3JIyYeHUs COCYIIECCTBOBAHUIO (POTOPOXKICHUN KaK HEHTPUHHON, TaK W HEHUTPOHHON Tap.
[TosTomy ¢ ero To4uku 3peHus CiejlyeT OKUIATh, YTO KaxK ioe u3 (poropaciieriennit

YR = Ver T Ver, YV — VerL +VeL (97)

T'OBOPUT O JUHAMUYIECKOM IIPOUCXO2KICHUU B JIPYI'OM MeCT€E€ O/IHOI'O M TOI'O 2Ke€ 9JICKTPUIECKOI'O
1I0JIA CBOETO po/jia (bOTOpaCHleHHGHHH nus

YR = np+nk, ¥, —ng +nj. (98)

DT Mepexo/ibl BMECTe ¢ COXPAaHEHHEM CyMMapHOr0 GapMOHHOTO M JIEIITOHHOTO HYHCE/T IIpe-
obpasytor ¢oronHoe mose B aromuoe. Ero kBanTbl (53), a MMEHHO HEHTPHUHHBIE BOIOPOJIBI
aab-Oeprann F n} ul n% UMEIOT BaKHbIE CJICJCTBUS JId YHUMPUKAIIUUT aTOMOB.

MHO2KeCcTBO 1epexo/I0B

Fni + X2% — X7 (99)
Fni + X2t - XZ, (100)

[IPOUCXOJIANINX B A@TOMHOM I10Jie, 00pa3yeT MPU 3TOM U30TOIHOE CEMEHCTBO UCCJIeyeMOr0 aTo-
Ma, KoTopoe 66110 miaenTudunuposano [lItapkoM Kak paciierienne ero CleKTpaabHbIX JTUHUI.

Yro KacaeTcs MOJTHOTHI HAOJIIOAEMOI KAPTUHBI, TO OHA MOYKET MPOABUTHCH B 3aBUCUMOCTU
OT MOIIIHOCTH IIPUOOPOB, UCIIOIB3YEMbIX it ee obHapyxkennsa. OIHAKO, JIOTHOCTD JIMHUAN 11pU
3aMeHe BOJIOPOJIa Ha IeJiuii, Kak yeraHoBjeHo B omnbitax [lItapka [5], ucnbiTbiBaer cTpyKTypHOE
U3MeHeHre. DTOT XOPOIIIO U3BECTHBIN (haKT 00bsCHSIET, IOUeMy BBIBOJIbI, BhITeKaromue u3 (92),
(99) u (100), mOATBEPKAAIOT CYIIECTBOBAHUE €IMHOI CIIEKTPAIBHON CTPYKTYPhl ATOMOB.

Pacmernienre crieKTpabHbIX JIMHUI aTOMHONW CUCTEMbI HAOJIIO/IAETCH TAKXKe U BO BHEIIHEM
mMarauTHOM 1oJie. Ho, Kak BiiepBbie 66110 00HAPYKeHO 3eeMaHoM |6, OHO He ABJIAETCS OOBITHBIM
BHYTPUATOMHBIM II€PEX0OJIOM.

Ha nepsbrit B31/I)1 MAarHuTHOE T0JI€ JIEHCTBYET HAa ATOMBI TE€M K€ MEXaHU3MOM, KOTOPDIil
OTBETCTBEH 33 BJIUSHUE JIEKTPUIECKOTO I0JI HA UX CTPYKTYPY. DTO, OJHAKO, UMEJIO Obl MECTO
TOJIBKO B CJIydae IMOJTHEUIIero OTCyTCTBUS (DyHIaMEHTAIbHON CUMMETPHH MKy SJIEKTpIde-
CTBOM M MarHUTU3UMOM. [loaToMy He HapyIIas cTpyKTYPHBIX 3aKOHOMEPHOCTE MOJIell 371eKTPO-
MarHUTHONH MaTCPUN, MBI IPUHUMACM €€ UACU O TOM, 9TO KaxKJad JaCTHUIa C JICKTPUICCKIMUI
Maccoii U 3apsi/IoM TOBODHUT B TI0JIb3Y [28] cBOEro pojia MOHOYACTHIIBI ¢ MAHUTHBIMU MAacCOii
u 3apgajoM. B jmannoit curyaruu Jiio00it MOHO(OTOH MOYKET CJIYKUTH KaK OJIMH U3 KBAaHTOB
MarHUTHOI'O I1OJIA.

EjuncrBo 3aK0OHOB cCUMMETPHUH 3JIEMEHTAPHBIX MOHOYACTHIL PACIIEILISIET OJIHO MOHO(OTOH-
HOE COCTOSIHIE Ha MOHOHEUTPUHHBIE 1aphl. JIpyroe MonodoTonnoe cocTosgHue 0JJHOr0 U TOT'O 2Ke
MAarHATHOTO TIOJIS PACIIENIIeTCs Ha MOHOHEHTPOHHBIE Taphl. TeM caMbIM OHO ITpeodpas3yeT Mo-
HOMOTOHHOE TI0JIE B MOHOATOMHOE TaK, YTOOBI KBAHTHI JAHHOTO TI0JId, & MMEHHO MOHOBOJIOPOJIBI
aib-Pepranu F n} uF n} CBA3BIBAIOT OJIHY Iapy MOHOHEUTPUHO C APYIOi I1apOii MOHOHEHTPOHOB
KaK CJIeJCTBUE BEJIMKOI'O CUHTE3a MOHOSIED.

Ecnu Teneps aToMm B3anMOIENRCTBYeT ¢ MAarHUTHBIM TI0JIEM, TO OH IIpEBpAIaeTcsd BHAJaJe B
MOHOA&TOM, & 3aTeM IIOCJIE/IHAN, Ha HOBOM 3Talle, CTAJIKUBACTCA ¢ KBAHTAMU 3TOrO IOJIH.

MHOKeCcTBO CTOJIKHOBEHUN, OCYIIECTB/ISIEMbIX B MOHOATOMHOM I10J1€, 00pa3yeT Mpu ITUX 00-
CTOSITEJILCTBAX MOHOU30TOITHOE CEMENCTBO, KOTOpPOe OBbLIO MJIEHTUMUIINPOBAHO 3eeMaHOM KakK
pacienieHue ClIeKTPaJIbHLIX JUHAN aToMa B MarHUTHOM IIOJIE.

W3 sTux 3amedaHuil SICHO, YTO pa3/IMdre BO BpeMeHaX »KU3HU M30TOIOB BBICTYIIaeT B 0O0OMX
OIIBITaX KaK KPUTCPUN HJIA IIOJHOTHI CICKTPAJIbHON KapTUHEI.
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8. OpbouTtanbHbIe Macca, 3apsiJi U IIOJHOTAa KBAHTOBOI ITPUPOJALI aTOMOB

O6pamasick cHoBa K (7), MbI 3aMedaeM, 9TO caMa IIPUPOJIA ATOMHON CHCTEMbI TpeOyeT Ha
KBaHTOBO-MEXaHUIEeCKOM YPOBHE CJI€/IOBATD JIOTHKY KazK 10 KOMIIOHEHTHI BHY TPHATOMHO 00b-
€JIMHEHHON CUJIbI ¢ TOYKHU 3PEHUs B3AMMOJEHCTBYIONUX OOBHEKTOB OPOUTAIBLHOIO TOBEIECHUS.
Ona BBIOMpAET MPU 9TOM BEJTUINHBI HBIOTOHOBCKON M KYJIOHOBCKOM CHJIBI MEXKTIy SIAPOM U €Tr0
CIIyTHUKOM TaK, 9TOOBI B CKPBITO OOLEIMHEHHOM BUJIC UX SBHbIE 3HAUCHUS OBLIU PABHBI

msml 1 esq
— GN y FCsl - 4— 5 - (101)
ls Teo Tis
3nech | =€, e, |, T WK v}, S 0003HAYAET ATOMHOE SIJIPO.
Ecyin MBI Bcrionib3yeM IJIAHKOBCKUE MACCy U 3apsil
1/2
_ (fe. / — (4meghc)V/? (102)
mp; = G y Epl = \2TEQNC )
N
npu Kotopsix (101) cBogarcs k
he memy he eqey
FN — 2 —8 5 FCsl = —2 82 5 (103)
mpl Tls epl Tis
To Jna Fe, > Fy,,, Korja
F
sl Csl
m= T (104)
Nsl
SIBJISIETCSI B CKPBITON KJIACCUYIECKOM JUHAMUKE OTHOIIEHUEM CPEIU IapaMeTpOB
m2
s Coot Tl (105)
m 2 )
€n MMy
MOXKHO CBSA3aTh Ha PACKPBITOM KBaAaHTOBOM OCHOBE BHYTPHUATOMHBIE CHJIBI
he (mo)\2 he (€22
- sl sl
FNsl - 2 ( ) ) FCSZ 9 < > (106)
mpl Tls €pl Tls
1 OTHOIIIEHNE
e\ (my\”
sl sl pl
Cp, = | — — (107)
€pl Mg
¢ OpOUTAILHBIME MACCOM U 3aPsi/IOM
o __ (psl 1/2 e sl 1/2
mg = (bmmsml) y Eg = (b hCs€ ) : (108)

Hasmame y nux GespasMepHbIx MHOKHUTesel b u bl osmagaer cymiecTBoBanme B cucreme
JII00OM M3 BeJIMYUH MY, U €2, Ha KBAaHTOBO-MeXaHH4eCKOM yposHe. OHH OIIPEIesISIOT IPH STOM
CKOPOCTB Vs, PAJINYC T}, TOJHYIO OPOUTAIBHYIO SHEPIHUIO Fjy M TaKUM 00Pa30M MPSIMO HEPHOJT
Bparenus ;s 9acTuIbl [ BOKPYT S/pa S B 3aBUCUMOCTHU OT IIPUPOJbI CTPYKTYPHBIX KOMIIOHEHT
BHYTPUATOMHON €IUHOI CHUJIBL.

[TosTomy eciin B3aumoieficTBIE MEXKJTY | U S OCYIIECTBIISETCS B ATOMAaX KaK CJIEJICTBUE HBIO-
TOHOBCKUX CHJI, TO 3aKOHHOCTH COXPAHEHUs YIVIOBOI'O MOMEHTa JIJIsi ATOMHBIX OPOUT KBaHTO-
BAHHBIMU JICITOHHBIMUA apoMaTaMU CJIeJlyeT U3 TOTo (pakTa, 9To

bt g rl = kN, (109)
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e bl xapakTepusyeT opOHTATLHYIO Maccy, OTBETCTBEHHYIO 32 CTPOMTEILCTBE aToMa B IIPH-

CYTCTBUU CUJIbI TATOTECHUA I‘IbIOTOHa7 a ]{Zé\lf OIIMCBIBA€T KBaAHTOBAHHYIO IIOCJ/ICAOBATEC/IBHOCTDL €€
Op6I/IT C pajinycaMu ’I"l]g 1 CKOPOCTAMU ’Ul]SV X 49aCTHII.
Yrobbl uccJje10BaThb JaJiee, Ha/l0 CJIeJ0BaThb JIOTUKY TPETHEIr'o 3aKOHa Kenﬂepa, IIOTOMY 4YTO

OH BbIpaz2Ka€T B IIEJIOM HI€EI0 O TOM, 9TO

(ris )* iy _ G (110)
Y T A
Yuunduranus (110) ¢ orHomeHIEM
()" _ ki (111)
Crlg 27T ml
BeITekaonumM u3 (109) n
2mrfy
T == 5" (112)
Uis
[peJIAaraeT CBA3b
N sl
T b, msmy
> =GN 113
7}8 N 27Tk' h ) ( )
a cJIeloBaTesIbHO, mojcTanoBKa (113) B
N N
Tls Uls
= £ 114
Ty 2 )
upu ucnoab3osannu (102), (108) n (109) mo3BossieT 3aK/IIOYATE, YTO
2
I (m?
N sl
Uy = c, 115
l ké\lf mpl ( )
2
Moyt h
= (k P 116
= O () e (116)

sl

Yro Kacaercs IIOJIHOMN Op6I/ITaJIbHOI7I 9HEPI'uM, TO OHa COCTOUT U3 KUHETUYECKON 1 IIOTEHII -
aJIbHOM qaCTeﬁ, COOTBETCTBYIOIIKUX B IIPUPOAE CaMbIM pa3H006pa3HbIM CBOIiCTBaM O,ZLHOI71 n TOI
K€ 9aCTUIbI. HO, B OTJIMYME OT KJIaCCHMYECKUX Hpe,HCTaJBJIeHI/H;'I 06 Op6I/ITaJIbeIX JABHU2KEHUAX,
obcyxkiaemMasd Teopus aTOMHOM CTPYKTYPBI CBA3LIBAET HHIOTOHOBCKYIO SHEPIHUIO El];f € Maccoit

o N
my 1 paagnyCcoM 7., IIOATBEPXKIad, ITO

2
1 (m?° he

EN=_Z =) —. 117

s 2\my ) (117)

B ee OolrpeJicJiecHn BazKHbIM 00CTOATE/ILCTBOM SABJIACTCA CBA3D

bsl s
BY = Shhm(u))? — Oy e, (118)
Ts
B KOTOPOM
(v)?r = Gyms. (119)
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Cy1ecTByeT, 0JHAKO, BO3MOXKHOCTH, 9TO MPHU HAJUIUH KYJOHOBCKOH cuiibl MexKiy | u s,
KBAHTOBaHHAS TIOCIIEIOBATEIBHOCTL kS aTOMHBIX opouT pajmycos 1 m ckopocreit v oTBeT-

CTBEHHA 33 COXPAHEHHUE YIJIOBOI'O MOMEHTA
bt myuSre = kSh, (120)

BKJIIOYAIONIEro Ge3pasMepHylo Bejnuauny b opOuTaiabHOil Macchl, BO3HUKAIONIEH IpU ee Ky-
JIOHOBCKOU I1epecTpoiike. TemM caMbIM OHa IIPEJICKA3bIBAET Ha KBAHTOBO-MEXaHUYECKOM OCHOBE
elTe OJTHO JIPYTOe PACKPBITOE YpaBHEHUE

my(vS)? 1 blege
bet — =0. 121
ré 4reg (re)? (121)

O6bemunss (121) ¢ (120), nmes B Buay (102) u (108), MozkHO Ha#TH, ITO
e (122)

e h
o= ?

sl

(123)

bSl e

O,ZLHOBpeMeHHO, KaK JIE'KO BU/IETH, KYJIOHOBCKad Op6I/ITaJIbHaH QHEPI'ud, paBHasd

1 [(e3\ R
ES=—z(2t) =, (124)
2 \ep) T2
sBiisiercs caescrBreM ynudukarmun (102), (108) u (121) ¢
1 blege
EC — _bsl C\2 “chts*ti 125
ls 2 mcml(vls) 47'('60 TlC ( )

S

KOTOPOE O0bEIMHACT €€ KHHETUIECKYIO U MOTEHIINAILHYI0 KOMIIOHEHTHI.

Ojinako, 9ToObI MOCTPOUTH (DYHKIUH Vg, Ty, 115 U Fjs HAJI0 YCTAHOBUTH UCTUHHYIO KAPTUHY
CTPYKTYPHBIX Bejuuun b, b u ky 10 3akoHaM BHYTPHATOMHON CHMMETDHH, U3ydas Ha ee
OCHOBE B3alMOOTHOIIEHNE KazKJIOi Iapbl COOTBETCTBYIONUX TUIIOB ATOMHBIX CUCTEM.

9. ATOMBI C AApaMn n3 HeﬁTpOHOB nJIA aHTUIIPOTOHOB

Mesk 1y atomubivu cucremamu Fni (Fnl) u XZ(X%) cymecrsyior Te cpssu, Gmarogaps
KOTOPBIM B HBIOTOHOBCKOM CJIydae IPHU €MHCTBEHHOM HefTpoHe (aHTHHEHATPOHE) W aHTUIIPO-
tore (mporone) u3 (115), (116) u (119) MBI IPUXOAUM K CJIEIYIONIEMY B3aHMOCOOTHONICHHIO
OpOUTAIBHBIX MACC JABYX THIIOB ATOMOB C AHTHHEHTPUHHBIM (HEHTPUHIBIM) ¥ AHTHICITOHHBIM
(7enrronHbIM) OpOHTAMM:

o 2 o 2
mnDl mp _ mpl mn (126)
ny - 1] .
My bm}lmul mpi bian my

Bnech my,;, (m;;) 03HATaET OPOUTATBLHYTO MACCY ATOMHOIT CHCTEMBI, B sI/Ipe KOTOPOfi OTCYyTCTBYeT
anTuUIpoToH (HeiTpon), a b (b ) obosHawaeT ee Ge3pasMepHyIO BETMINHY.

Ha mepBbriii B3mIsi1 0J1HO U TO 2Ke ypaBHenue (126) camo 10 cebst He onpeJieisger CTPYKTY-
Py OpPOMTAJILHBIX MACC ATOMOB ODOMX THIIOB. DTO, OJHAKO, HE UCKJIOYACT TOTO, 9TO (DyHKINN
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o 2 o 2
(mnl—/l/mpl> n (mpl/mpl) CBdA3aHbl ¢ HEKOTOPBLIMU I/IH,[LI/IBI/IILyaJ.HbHBIMI/I IIepeMEHHbIMMU. TaKI/IMI/I
[IEPEMEHHBIMU MOT'YT OBbITh, HAIPUMEP, U3 Te€X CTPYKTYPHBLIX BEJIUYUH, IIPU KOTOPBIX apOMaT-
Hasg cuMMeTpusi ypaBHenus (126) ycraHaBJIMBaeT PaBEHCTBO, CJEMyOINee U3 €ro OapUOHHOIL
CUMMETPUU. Mpbr MmozKeM IIO9TOMY 3aKJIIOYUTb, 9TO

2
o
mﬁl’l _ mp nv; __ mpl mp (127>
- bnf/l ) mn ~ ’
mypi mnTMy, my, my
o\ 2
My ) _ M Lo Mt [T 128
i) g, = T T (128)
Myl binnmy my \ my
B ux npucyrcrBun 6apruonHasi cuMmMeTpusi ypaBaerust (126) yrBepKaer, 4To
MMy = My M. (129)

[oncrasiss (127) u (128) B (115) upu s = p(n), | = I(¥,) u yaursBas, 910 véyn =+ vlg, MBI
IPUXOANM K TOMY (baKTy, 9TO

1 mp 1 m,
niy, Ymn

(130)

[
[ b];mml

C TouKM 3peHus Kaxkjo# aTOMHON cucreMbl u3 ni, u pl nepasernctso (130) 10/KHO UMETH
apoOMaTHYIO, TaK K€ KakK M OApUOHHYIO CUMMETPHIO. IIpM MX COXpaHEHHHU CJIelyeT BLIOPATh
(1/k);,) m (1/k)) max, arobbr 6apuonnas cummerpusi oGpasyer B ciydae (130) nepasencrso,
BBITEKAIONIEE U3 €r0 apoOMaTHON cuMMeTpuu. Takwe CBA3M ONUCHLIBAIOT CUTYAIUIO, KOTJa JBa
PaBEHCTBa CTAHOBATCA PENICHUSIMU OJIHOTO W TOTO YK€ HEPABEHCTBA aHAJOTHIHO TOMY, KaK pa-
BercTBo (110), BRIpazKarolee uueo TpeThero 3akona Kerutepa [29-32|, Bbimosasiercs iist Beex
HepaBeHceTB Mexk Ly mraneramu CoHedHoil cncreMbl. DTO BBICTYNAeT B aToMax niy n pl Kak

KpI/ITepI/Iﬁ JJIA KBaHTOBaHHON I10CJIEJ0BATEC/IbHOCTHU Op6I/ITbI

R (131)

)

mgy, my
[Tosromy obbenuusist (131) ¢ (130), MOXKHO cHOBa HANTH, 9TO
MyMp, 7 Mpmy. (132)

Ypasuernne (127) u nepsoe n3 (131) Bmecre ¢ (115)-(117) upu s = n(l = ;) mo3BosIAIOT
YCTAHOBHUTB Y€ThIPe U3 BHYTPUATOMHBIX HbIOTOHOBCKUX CBsi3eil

U = —fol %c, (133)
pl n
2
2\ R
P i (134)
my, mpC
1my 3/2
B}, = —§—m : (@) Ey, (135)
Mpr \My,
EN =my,c. (136)

Cpasnusasg (128) u Bropoe n3 (131) ¢ (115)-(117), mmes B Bugy atoma s = p(l = [), MOXKHO
TaK’Ke CJeIaTh 3aK/II0UeHIe, 9TO

vy = M %c, (137)

mpl mp
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2 p
ry = (@) — (138)

my/) mpc
3/2
1 n
EY = -2 (D) gy (139)
2mpy \'my,
EYN = mc®. (140)

Jpyrast BOSMOXKHOCTH COCTOUT B TOM, 4TO IojcranoBka (127) u (128) B orHomenun (107)
npu s = p(n) u | = I() upeobpaszyer ¢t # P! 5 nepasencTro
2
e b"”l LMy e\ bt om,
| Zmnh —pl mn l’ (141)
Epl my Epl my,

O . o
e ey, (ey;) XapakTepusyer OpOMTATLHBIN 3aps]i aTOMa C AJPOM U3 HEfTPOHOB (IPOTOHOB),
BKJIIOUas ero 6e3pasMepHyIo BeJIMInHy.
J11s1 BBIACHEHNS UX MJIEHU, YKEJIATEeJILHO CBA3aTh Ha OCHOBE apOMATHON 1 6apUOHHOI cuMMeT-
& o 2 o 2
puit bynkmm (e, /ep)” n (e9;/ep)? ¢ MHAMBIIYaTBbHBIMA TIepeMeHHBIME

e° 2 62
nuy my anl . My pl (142>
bnul ) ch bnul
€pl mnTy, eneul
o\ 2 2
@ _ My l My epl (1 43)
— ypl > Yeh T gpl :
Epl bzr)nnml bzr)nnml Ep€l

Dtu mepemenubie BMecte ¢ (127) u (128) mpecKas3bIBaIOT JBe SBHBIC 3HAYUCHHS OTHOIICHUS
(107) B 3aBUCHMOCTH OT THUIIA ATOMHOI'O $IJIpa,

_ My,
I (144)
mp My,
Nx cTpyKTypa 1pu 3TOM elle pa3 IMPUBOJIUAT HAC K
m2 # m?, (145)

HOJITBEPK/Iast, 9TO paBeHCTBO (122) BhIpakaer B ciiydae KyJIOHOBCKOI CHJIBI MEXKIY | U S WJIeH
HepaBeHCTBaA VCm #* vlg KaK CJe/lyIolas HeTOXKJIECTBEHHOCTD:

1 My, 1 _my

7g

kg}/l bnl/l bp nml (146>

B To ke BpeMms caMo pasyidue B CKOPOCTAX Uy, N Uy ABASETCA OOMIUM M HE 3aBHCHT OT
TOrO, IMEIOT JI BHY TPHATOMHBIE CHJIbI HBIOTOHOBCKYIO WJIH KYJIOHOBCKYTO puposy. [Tosromy He
BCTyIas B IPOTUBOPEUHE C 3aKOHAMU apOMAaTHOI 1 GapHOHHON cuMMeTpuii, yHKIMN TaKue KaK
(1/kys,) un (1/ky) 3amensor (130) u (146) na oxmo u To ke HepaseHcTso (132), Bo3HHKalOIIee

3 (146) B cayvasx, Korja

C My, my
ks, = m’ kpl = (147)
He uckmtodeno, ognako, 910
c N !
knul - Ck lknm? Cp kpl? (148)
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2

2 2
L/ S . L Wy (149)
mymy, mymy,
O6bemunss (142) u nepsoie u3 (144), (147) n
D = o Uy Ve = bl (150)

¢ (122)-(124) ipu s = n(l = v;), MBI HAXOUM YETBIPE U3 BHYTPUATOMHBIX KYJIOHOBCKHUX CBsi3€ii

ol = [Tl (151)
mg, mpl
N\ 2 h
Tom = (ﬂ) —, (152)
My / My
1/m 2 m,m
b= () e (153)
mpl mpl
E¢ = m,c* (154)

IIpunmvas B (122)-(124) aromuyio cucremy s = p(l = [), ncnonssys (143) u Bropsie u3
(144), (147) u (150), MBI IPUXOTUM K PABEHCTBAM

o my [mymy

= P 155
Y = m2, & (155)
2
h
ro — <ﬂ> , (156)
m,) mpc

1 /my\? [mym
Ej =—< (—”) EEY 157
tp 2 my 12;1 P ( )
ES =m,c”. (158)

Cpasuenne (151) u (155) ¢ (133) u (137) roBoput 0 TOM, 9TO

vgn = Cnyl Ulqn? vlp Cplvlp ) (159)

2 2
i — (m"> o= <@> , (160)
mpy, my

Eciin 1151 onipeie/ieHHOCTH MbI paccMOTpuM cTpyKTypHble dyukmun (134), (138), (152) u
(156), To Jilerko HABJIIOIATD PA3IUIUST

C nvy N [
Tom = Cr T oms rlp cp'rlp, (161)

ni My, 4 [ my !
= ( ) , =1—], (162)
My, my

KOTOpBIE HOKasbIBaioT, 9To (151), (152), (155) u (156) cranoBsaTcst oupeieleHHbIME OIarogapst
orHorenno (107), BeIpazKaroILyo UIeH [IAHKOBCKUX Macchl U 3apsiia. [losromy, aTober pac-
KpbITh (115), (116) u ucrnoap30BaTh UX BKJIAJIbI IIPU KOJXYECTBEHHOM AHAJIN3€ ATOMHBIX CUCTEM,
HAJI0 BBISICHUTH HPUPOJLY IJIAHKOBCKOI YaCTHUIIBI, OTBETCTBEHHO 3a MapMOHUIO KYJIOHOBCKOI'O
U HBIOTOHOBCKOI'O THUIIOB CHJL.
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Takum obpazom, MbI MO}KeM OXKUJATh U3 cCaMOU MPUPOAbI aTOMa, 4TO vl]SV ,

OBITH COBMECTUMEI C vg, rls, EC 1 9TO, CJIeJ0BaTEIbHO, U, Ty U Fjs paBHBI

_ . N C
Us = Yis + Us
N C
Tis = Tis + Tlss
N C
ElS — ElS + ElS .
Ho 3/1eCb MBI 6y,ZL€M HCIIOJIB30BaTh TOJIBKO OJHU M TE K€ BKJIQ/JIbl, & ITMEHHO
_ ,C _,.C _ C
Us = Ugy Tis = Tigs Els - Els-
910 He HCKJII0O49aeT, OAHOBPEMEHHO, TOr'O, 4TO
w w

E E
my=m; +m; , mg=mg +m,

E w E w
e=e€ +e€ , es=¢€; +e,

N N
rjy U B} momKHab

(163)

(164)
(165)

(166)

(167)
(168)

IIpu BoiGope uncia neitrponos N, u anruneiitpuno Ny, ypasuenns (151)-(153) o6obrmaior
(166) Ha ciyvail Bcex THIIOB ATOMOB C /[PAMU, HE MMEIOIMMI AHTUIIPOTOHBL. JTO JIAET IIPABO
OIPEJIENIUTD Ha UX OCHOBE OYHKIUH Upyn, Ty, Lpn 1 Eyyn B 00IIEM BHJIE CJICYIOMIIM 06pa3oM:

Upn = — |

I
Ny,

My, (Nn> N, N,mpm,,

mgl
() (%) =
Tom = T ’
! My, N,/ Npymyc
—_— 2 (my) <Nyl)3 m2 7
e N, N,N,m,m, Nym,c’

m
1 C NN
Dln N 2 mg, NDZ m2 "

pl

7]

= My’

(169)

(170)

(171)

(172)

(173)

B npucyrcrBun yucia aHTUIIPOTOHOB Np u JjienitoHOB [V, cocraBHasi crpykTypa (155)-(157)
BbIpazKaeT UJEU BCEX aTOMOB ¢ djpaMu Oe3 HeHTPOHOB. DTH UIEU IIPeoOPasyIoT Uy, Tip, Ll U

E;, u3 (166) B
o = Mo (N) N,N,m,m,,
lp — Nl

2 )
mpl

my 2 Nl 2 h
=] |
lp my Np Nymyc’
27
n= () ()
P

1 N, N3N3m,m
B, = _—— (2 _r Zpn PR
lp ( > <N> m2 P

2
may h

Y
N, N,m,my, N,m,c

(174)

(175)

(176)

(177)



2
E, = myc. (178)
JIJIst KOJIMUeCTBEHHOIO aHaJM3a aTOMHBIX CHCTEM, YKeJIaTesIbHO HCII0JIb30BaTh YPAHOBOE Ce-
MeFiCTBO, KOPEHb ¢TebJIg KOTOPOI0 MOXKET CUMBOJMIECKH OBITH IPEJICTABIECH KAK

Fngs + Ugy — Ugs?, (179)

e F'ngs MO/DKHO ObITH IPUHATO Kak aToM afab-Depranm us3 ypanosoro cemeiicrsa. Ero op6u-
TaJbHasd CTPYKTYpPa UMeeT BU/I

Fng — Oy, OF, Or, OF, O, OF, OF, Of - N7 =12, N; =34,
Ny =5,6, NJ =78 Np =13,13, Ny, =12,12, Np, =11,11, N; = 10,10.

AHTHHEHTPUHHBIE OPOUTHI ¢ Y€ THBIMHE ITOPSTTKAM N = 2,4,6,8 cocToAT U3 MPABBIX TaCTHIL,.
Ho Bompoc 00 orpannvieHnsX X MacChl BCe YK€ OCTAeTCA OTKPBITHIM.

[TosTomy mHa mamHOM STale MbI OyJIeM HCXOAUTh u3 Toro dakTta, 1ro (19), (40), (41), (43) u
(44) moryT 6BITH IPU3HAHBI KAK MACChI JIEBBIX (hepMuoHOB. B aToM ciryuae (169) st ckopocreii
AHTUHEHTPUHO HA OPOUTE HEYETHOTO (Ngl = 1,3,5,7) nopsi/ika IMpUBOJUT K

Vg < 9.7198227 - 10* m/s,
Vg < 6.1115698 m /s,
Vp,n < 9.8046575 - 107° m/s,
Uy < 1.0074016 - 107% m/s.
[Tomo6HBIM TyTeM MOKHO TOJyIuTh U3 (170) ux pajmychl
oo < 1.0886828 - 10™*° m,
Toun < 2.7536738 - 107%" m,
o < 1.0699246 - 10" m,
7o < 1.0134743 - 1072 m.
[Tpu sTux 3HaveHnsx nepuoasl (171) uMmeror orpaHuvdeHst
Tyon < 7.0375728 - 1070 s,
Ty < 2.8309981 - 10737 s,
Tyn < 6.8564710 - 10 s,
T, < 6.3210611 - 10717 .
Mo2KHO TakzKe OIEHUTDH abCOTIOTHBIE SHeprus u3 (172), uro
Ey.n < 6.4208393 - 10%° eV,
Eyon < 2.5385204 - 10" eV,
Ej,n < 6.5334108 - 10° eV,
E; ., < 6.8973205-1072 eV.

Vunreisas nammane y Ugy OpOUTATBLHOI MOCIEI0BATEILHOCTH TAKOM Kak

Uss — OF, OF, OF OF 0O O OF OF 5 N’=12 N=34,
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N°=5,6, N°=T7,8—= N, =13,13, N, =12,12, N, =11,11, N, = 10,10,

1Tt cKopocreii (174) B citydae 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 nagmaun (13), (37), (38), (43) u (44), HeTpy/1HO HosTyauTh u3 (175) ciemyiomnue paycs!
JAenTOHHBIX opbut Hedernoro (NP =1,3,5,7) nopska:

Tep = 5.4509174 - 107%° m,

Tep = 1.1520482 - 1072° m,
T = 4.1386757 - 107 m,
Trp = 9.6747152 - 107* m.

YmecTHO TakKe 3aMeHNTh (176) TOYHBIME MepHogaMu
T., = 7.8899517 - 107! s,

T., = 2.4242419 - 10! s,
T,, = 1.6506768 - 107" s,
T,, = 7.8524520 - 107" s.

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,, =17.2054072-107°% eV.

Ot PEIYJILTATHI 4CHO IIOKAa3bIBAIOT, 9YTO KazK/lad U3 HAIINUX (bOpMyJI COLEP2KUT BCE HeO6XO,ILI/I—
MBbIC JIJIA yCTOfI‘IHBOCTH 1 IIOJIHOTBI aTOMa CBA3M. HeKOTOpre N3 HUX YTBEP2KJIaIOT, 9TO Jobas
U3 CTPYKTYPHBIX 9aCTHUI] UCIIBITbIBAECT B HEM CHUJIbHOEC U3MEHEHHE II0 CBOEMY CO6CTB€HHOMy pa-
ANYCY B 3aBUCUMOCTHU OT THUIIA Op6I/ITbI. 910 HE O3HaYa€T, KOHCYHO, 9TO BpeMA KU3HU YaCTHI]

Ha 0p6I/ITaX daaep JO0JI2KHO OCTaBaTbCAd HEUSMECHHDBIM. Tem CaMbIM, IIPOABUTHCA POJIb I'PaBUTaIIIN
B aTOMHOM CTPOUTEJILCTBE.

10. Bo30oHBI 1 aHTUHEHTPUHO B aTOMAaX C sJIpaMu OECCIUHOBOI CTPYKTYPBI

Ecyin Mmbl BeIOUpaem aToM pnliy; ¢ SapoM pn, UMEIOIIUM PaBHOE KOJIMYECTBO HEUTPOHOB U aH-
TUIIPOTOHOB, IIPU KOTOPOM BOKPYT KaxKJIOT'O JIeNIToHa [ Ha OpOUTe JICNTOHHOM CTpyH [ JIBUKET-
st ero cOOCTBEHHOE aHTUHEHTPHUHO V), TO Jiist ciiydas s = [pn u | = v, xorja (119) BeicTynaer
KaK PaBEHCTBO

(Uglpn)zrlj’/\lflpn = Glea (180)
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MBI yCTAHOBUM 371ech Ha ocHoBe (115) u (116) Merk 1y mepeMeHHBIME aTOMHOf CHCTeMBbI pnly, i

ee opOUTAIBLHOIO JIEITOHHOI'O aToMa [ elie OJIHY BeChbMa XapaKTEPHYIO CBA3b

0 2 0 2
My on Mpn Mgtz m;
[z T - nli,
Myl bmn My, My b lmlw

riae Ha/JO0 UMETb B BUJ/Y, 9TO

myy, = My + My, Mpp = My + Mp,

D pn nlo; e o o
a by (bhn ') obozHadaeT 6e3pasMepHyIo BeTUUHHY OPOUTATLHOM Macchl my, . (m

B KOTOpOM JienToH [ (6030H pn) CT&HOBI/ITCH SIJTPOM.
N o

oo/ THUTETbHBII UHIIEKC pn Y vyllpn, Totpns Mispn

B aTOMaX C SJPOM M30OBITOUYHLIMUA HEHTPOHAMA MJIM AHTUIIPOTOHAMMU.

B coorsercrBum ¢ BeiBogamu (181), MBI 3aK/IIOMaEM, 9TO

2

o
M5 pn Mpn 1o _ Ml [Mpn
4% ) mn )
Myl ~m My, \ My
0 2
Mg, my nl, __ Myl my
Tonlor mn .
My bpn i’ ml,,l Myp, \l Mpn

Ux ynuduranus ¢ (181) ybexgaeT HAC 371€Ch B TOM, UTO
myMmpn = MYyMpp,

1pu 060UX CUMMETPHUAX apOMATHOTO U DAPUOHHOI'O THUIIOB.

(181)

(182)

aToma,

n b%lnpn OTJINHacT UX OT TEX 2KE€ BCJINYNH

(183)

(184)

(185)

Ecin ceasars (183) u (184) ¢ (115) mpu s = pn(lpn) u | = lv,(1;), TO HETOXKICCTBEHHOCTD

o N N
CKOPOCTEH Uy, 7# Vi OYJIET UMETh CTPYKTYDY

1 m my

pn
blul pn # N bpnl 1z

pnlul

klulpn

N N
Paznmane B ckopocTax vy, U Ui,

(186)

ABJIAETCA CJICCTBUEM KBAHTOBaHHON II0CJ/IC10BATE/Ib-

HocTu opbuthl. Takas cummerpusi coorBercryer B (186), a umenuo B [, u pnly, Tomy dakxry,

9TO B HUX

N o _ "N Mpn
loyjpn — ’ pnlo; — .
my, myp,

[TosroMy He yIMBHUTENLHO, UTO CTPYKTYpPHasi KapTuHa oboux Turos cBszeir (186)) u

Hpe,HCKaSI)IBaeT apOMaTHO CI/IIVIMeTpI/I‘IHOG HepaBeHCTBO
Mpn My, 7 MMy,

[IpU COXPAHEHUU JIENTOHHOI'O U OAPUOHHOTO YUCET.

(187)

(187)

(188)

Taxum obpazom, coBmectHo ¢ (183) u nepseiM 3 (187) pasencrsa (115)-(117) onpenesnsior

upu s = Ipn(l = ;) cieyioniue BHYTPUCTPYHHBIE HBIOTOHOBCKUE CBSI3H:

N o mf/l mpn
vf/llpn - ¢,
mpi my
2
TDllpn -

)
My, ) MpnC
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1 1Z n 3/2
EY, = —-ln (mp ) BN (191)
2mpl my

Ucnonwzys (115)-(117) ausa atoma s = pn(l = ly;), npuanmas (184) u Bropoe u3 (187), Mol
IPUXOJUM K BBIBOJIAM O TOM, 9TO

N mlf/l my
A - 192
Yizypn g \| M G, ( )
2
N Mpn h
Voo -— 193
7”lulpn Mig, mlc’ ( )
3/2
Ly
By = (L) gy (194)
2 my \ Mpp,
Ef = myy,c”. (195)

Jpyroe Baxmoe ciecTBue, BoiTeKarommee u3 (183) u (184), 3akmodaercsa B TOM, ITO OTHO-
menne (107) npu s = pn(lpn) u | = I () 3amenser HepaBeHCTBO CP™ £ PP g

D pn o nlp
b lp epnlDl bp lmul

e , (196)

pl Mpn €pl my

elDlpn
e

B KOTOPOM OPOHUTATIBHBIN 3apa ef, . (€95 )
JaeT ero 6e3pasMepHyIO BEJTNYNHY.
3/1ech YMECTHO OTMETUTh, 9TO apomaTHas cumMerpus B (196) BrosiHe coBMecTUMA € HIesIME
o o o 2 o 2
Gapuomnnoit cummerpun. Taxoit mpuaIII onpenensaet (ef, . /ep)” 1 (€95 /ep)” B obuIeM BUIE

aToMmoit cucremst (7, (pnlyy) ¢ aapom [(pn) BKIIO-

o 2 2
Clypn \ T logpn MU pl 197
— Jlypn ) ch 7 4lppn 0 ( )
Epl mn 7, bmin my, €€y,
o 2 2
epnlDl Mpn bpnlf/l o Mpn eplf/l (198)
nlv, > Ych nly, o
Epl bp mn Ty, bp mn Ty, EpnCly,

Bumecre ¢ unmu (183) u (184) obpasyior jse obbenunennsie cBs3u u3 (107) B 3aBucHMOCTH

Clle — Cp lVl — ( I 99)

m ? m

Mpn my

U TE€M CAMBIM TOJITBEPKIAIOT TOT (PaKT, IYTO IPUPOJIA He UCKII0UACT HU apOMaTHYIO, HU Oapu-
OHHYIO CUMMEeTPHIO HepaBeHCTBa orTHOIeHust (107) Jyist IByX COOTBETCTBYIONIMX THIIOB ATOMOB.
B srux obcrogrensersax (196) craHOBUTCS apOMATHO CHMMETPUYIHBIM HEPABEHCTBOM

m £ m?, (200)

a HeTOXK JCCTBCHHOCTD vglpn # vl%pn B CKOPOCTsX (122) mpu KyJIOHOBCKOM CTPOUTEIbCTBE ATOM-
HBIX cucteM [, u pnly; BejeT cebst Kak

1 my Mpp,
blulpn 7& C b}’lel (201)

klulpn pnlul
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Omaxo, neemorpst Ha 910, (1/Kipypn) # (1/kpniz,) npuBogar nac u3 (186) u (201) xk oxmHoMy
u ToMy ke HepaseHCTBY (188), BosHukatomemy u3 (201) TOJIBKO B TOM CjIydae, KOrjia

mg,

myp
ke = kS = —2. 202
lo;pn Mpn ) pnly; m ( )
Ho 3/1ech Mbl JOJIKHBI IPU3HATD, YTO
C _ lmpny N C _ pnlog g N
lelpn =cC lelpVN kpnlDl - CZ kpnlz?ﬂ (203>
2 2
_ m2 _ me#.
l l
Ckulpn _ Z 7 Czn . ly ) (204>
Mpn 1Y Mpn MMy
Cienya crpykrypsl (197), Bkirouas mnepsbie u3 (199), (202) u
yp ) P )
logpn __ loppnploipn nly; __ _pnloppnlp
bmc =Cn bmn ’ bgw =Cn bgzn ) (205)

MOKHO Hajitn upu s = Ipn(l = p;) n3 (122)-(124), aro BHyTpUCTPYiiHble KYJIOHOBCKHE CBA3U B
aToMax pnliy; UMeIT BUJ

c mp My,
. 206
vlpn My, m}%l C, ( )

Mo\ 2
C 4 h
S , 207
rullpn < . > onC ( )
pe = LM 2 Mpn!T e (208)
vilpn 2 \'my, m2 Lo
Ef = mc* (209)

Pemrernme (198) Bmecte co Bropoivu u3 (199), (202) u (205) npu ncnons3oBanun (122)-(124)
Jutst atoma s = pn(l = [7;) TO3BOJISET BBIBOAUTS €IIe YeThIPE JIPYTHE yPABHEHMUSI:

C o Mpn  [MppYy

o 210
vll/lpn mlf/l mIQ)l C, ( )
2

5 h
pC o (Mm) T (211)

P Mpn ) MyC

1 /m 2 My, 1T
EC — _— (X pn 7l pC 212
orp 2 (mlul> m}%l - (212)
ES, = mync®. (213)

Buyrpucrpyiinsie dyuxipm (206) n (210) me comectnmsl ¢ (189), (192) u uro, ciemosa-
TEJILHO, CPEJIH HUX UMEIOTCA CTPYKTYPHBIE OTHOIICHUS

C _ lpypn, N C __ pnly;, N
vf/llpn = Gy vf/ll? vlf/lpn =Gy vlf/mn? (214)

2 2
Ci}Dlpn _ (ml> , cgnlﬂl — (%) . (215)

mg, miy,
Ecmn cpasmuts (190), (193), (207) u (211), To MOXKHO BHIETH, UTO

C _ Jlypn, N C __ pnly;, N
TDllpn =C TDﬂpn? TlDlpn - Cﬁ’) le?;pn’ (216>
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4
cf?”m = <%>4, cff"wl = (T ) (217)
my Mpn

B ycranosnennu (206), (207), (210) u (211) mbr ncnosnssosanu ornomienue (107), moro-
My 9TO B HEM IPOSBUTHCS JAUHAMIYCCKHE ACIICKTHI IIJIAHKOBCKOl YaCTHUIBI, OTBETCTBEHHON 32
FapMOHHIO BCEX THUIIOB CHJI KYJOHOBCKOJl M HBIOTOHOBCKON HPHPOABL. UTO KacaeTcs ee poJid,
o3BoJIsoNel packpoiTh (115), (116) u BR/IIOYATH B 06Cy K I€HNE UX BKJIAILI, TO OHa Tpebyer
CIEIUAIBHOIO IIPE/ICTABJICHUS.

O1Haxo ToT (haKT, YTO CyIIIECTBOBAHIE CAMOIl ATOMHOI CHCTEMbI HU B KOeif Mepe He UCKJII0Ya-
€T BHYTPUATOMHYIO TAaDMOHUIO CHJI PA3JIMYHON IPUPOJIBL, CBUAETEILCTBYET O PO I'PABUTAIINH
B ee crpourenberBe. Oynknnu (115)-(117) mosmkHbI 109TOMY OLITH cpaBHUMBI ¢ (122)-(124) npn
yunduxanun B eaunoe 1eaoe. Ho 31ech MbI MOXKeM HCIIOJIB30BATD, HALPUMED, OJHH U Te XKe
BrJyap! (166), mpusnas, aro moboe n3 (163)-(165) Morso OBl yABOUTH UX.

Yuesro Kak aHTHHEHTPUHO, TaK W JICHTOHOB B [V He OTJIMYAeTCA OT eanHnibl. Takoe pasen-
CTBO, OJTHAKO, NMEET MECTO BHE 3aBUCHMOCTH OT OO30HHON CTPYKTYPBI ATOMHOIT CHCTEMBI pnliy,
a UMEHHO OT TOr'O, 4YTO B Hel

Ny =N,, N, = N (218)
Takum obpaszom, (206-(208) upu N, > 1 npusogar mac u3 (166) x

my MpnMy

Uplpn = —— TQZC7 (219>
14 D
2

my, h
1% n - bl 220
"oy ( my ) MpnC (220)

2 A3 | m? 7
TDllpn = _7T (m l) i—u (221>
1 /m 2 My, M,

Epipn = —= | — | [—2E 222
1lp 9 my, mIQ)l 2 ( )
Ey=mc®, my, = Ny(m, +m,). (223)

YunreiBas, aro npucyrcrsue (218) B (210)-(212) obobmaer (166) jist Becex THUIIOB ATOMHBIX
cucreM ¢ OECCIMHOBBIMU sIZIPAMHE, U3 HUX IOJIydaeM

m Moy, 1Y
Uipn = ~5 T, (224)
le/lmlf/l mp[
NlDlmlDl 2 h
Tlopn = 5 (225)
Mpn myc
27T le/lmlf/l 3 mgl h
Eﬂlpn = 5 (226)
c Mpn My My My C
1 m > mgam
1
Eippn = —= P LAy ) (227)
vipn 2 N 2 pny
ll/lmll/l mpl
Epn = Mpnc®. (228)
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Yr0o0bI TI0Ka3aTh UX CTPYKTYPHBIE OCOOCHHOCTH, MOXKHO UCIIOJIb30BATD yPaH
Ut — 0L OfF oL  OfF Oﬁ, , o oL OF - N° =1,2,
€V €V eve ele vy, ju7n TUT TV €V
Ng, = 3,4, Nﬁﬂu =5,6, N7, =7,8= Ny, =13,13, Ny, = 12,12,
Nup, = 11,11, N5 =10, 10.

Panee ynommmasnocs, aro (19), (40), (41), (43) u (44) maccs! J1eBbIX (DEPMUOHOB. DTO M03-
BOJIIET BBIOPATH TOJIBKO T€ 0030HHDLIE OPOUTHI, Y KOTOPBIX HET IpaBble YacTHIlbl. [ Takoii

CBSI3U MBI JIOJIZKHBI BHAYAJIE YCTAHOBUTH BHYTPUCTPYHIHYIO KAPTHHY HPABLIX AHTHHEHTPHHO.
Ix cropocTs mpejickasbiBaercs B (219) kak

Vpepn < 41108353 - 1077 m /s,
Vpoepn < 1.4912703 - 107% m /s,
Vppppn. < 6.5203866 - 107° m /s,
Vporpn < 4.2007081 - 107° m/s.
Pammycsr (220) ekaT Ipu 9TOM B IIpeesax
Toepn < 2.2845487 - 107! m,
Toepn < 2.7340753 - 107 m,
Toppn < 2.9570621 - 1072* m,
Torpn < 1.1982383 - 1072 m.
Kaxkgomy Tury aHTHHEHATPHHO cooTBeTCTBYeT B (221) cBoero poja mnepuoja
Tyoepn < 2.4690803 - 107%* s,
Tyoepn < 1.1519508 - 1072 s,
Ty, ppn < 2.8494889 - 1071 s,
Tyorpn < 1.7922582 - 107 s.
ABcomoTHBIE BeTMUUHbBI SHEPruil (222) 1af0T ONeHKY
Eepn < 49738413 - 1077 eV,
Epepn < 2.5976213 - 107 eV,
By pn < 14281760 - 107° eV,
Eyrpn < 1.2154597 - 107° eV.

Nwmes (167), (224) u cietyst NpuBe/IeHHOI BbIIle OPOUTAILHON CTPYKTYPBI ypana Ugs®, s
CKOPOCTeIi JICBLIX JICHTOHHBIX CTPYil [, ¢ Maccoit u3 (182), maxoaum

Veppn = 75299171 -107% m/s,

Vepopn = 2.0555165 - 107" m/s,
Vupn = 1.5569310 - 107° m /s,
Vrpopn = 4.1404189 - 1077 m/s.
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OcnoBbiBasich Ha (225), MOKHO TaKKe OICHUTH UX PaJILyChl
Tepepn = 3.6255062 - 1072° m,
Tepepn = 4.8652716 - 10722 m,
Tpapn = 8.4802819 - 107 m,
Trppn = 1.1991140 - 107" m.

[Tpu Takux 06CTOATENBLCTBAX MEPHOJB! (226) CBOAATCS K TOMY, UTO
Teopn = 3.0252295 - 1071 s,
Toopn = 1.4871883 - 1071 5,
Tyumpn = 3.4223212- 10 s,
Tropn = 1.8196843 - 107 s.

Abcommornble 3nadenns suepruii (227) cTaHOBATCH PaBHBIMU
Eppn = 8.8858837 - 10* eV,

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

O,ZLHO 13 MHOXKECTBa OCOOCHHOCTEH 3TUX PEe3yJIbTaTOB dBJideTcd TO, 9YTO
Ug,lpn < Uigypn,  Tolpn < Tlzpns (229>

TDllpn < Eﬂlpnu EDllpn < ElDlpn (230>

COBMECTHUMBI C TEMHU, KOTOPbIC CYIIECTBYIOT ME2KIY obbexkTamu COJIHEYHON CHUCTEMBI.

11. JlerrtoHbI BOKPYT sApa M30BITOYHOTO HEWTPOHA WJIM AHTUPOTOHA

Jlnst opOuTaIbHOTO JIBUKEHUST JIENITOHHBIX [, CTPYH S/IpO pn ¢ HYJIEBBIM CIIMHOM ¥ U30CIIH-
HOM He SIBJISIETCS €JIMHCTBEHHBIM BHYTPHUATOMHBIM OOBEKTOM, UMEIOIUM OO30HHBIE OPOUTHI.
OHM MOT'YT IPOSIBUTHCSI B @TOME JlazkKe [P HAJMIUN Y Hero sijipa pnn Wik pnp, a UMEHHO sg1pa
¢ U30BITOYHBIMEI HEATPOHAMU UM aHTUIIPOTOHAMHK. B mIepBoM cilydae 13 HAIIUX PAHO PA3BUTHIX
MBI HaiiJieM MHOXKECTBO aTOMOB pnnliv;, BOKPYT sijipa KOTOPBIX JIBUXKYTCSA HE TOJBKO JIEIITOH-
Hble [y CTPpYHU, HO TaKKe M aHTHHEHTPUHO U, U3 CeMeicTB JIeNTOHOB. fnpo aTtoma pnplyl mis
BTOPOT'O CJIydasi JIOJ?KHO UMeTh CTPYHHBIE, TaK YKe KaK U JIENTOHHBbIe opouThl. Ipyrumn ciroBa-
MU, CPEJIU €ro OPOUTAILHBIX YaCTUIl MOXKHO HAUTH KaK O030HBI [V, TaK U JICITOHBI [, KayKJIbIii
13 KOTOPBIX BpaIllaeTcs 110 CBoeil opoure.

B obomx aromax, Kak MbI MOXKEM OXKWJIaTh U3 YIOMSHYTBIX B IMPEIbLIYIIEM mHaparpade
00CTOSATENIBCTB, [V, He MOXKET U3MEHHTbh KBAHTOBAHHYIO IIOCJIEIOBATE/ILHOCTDH CBOEl OpOUTHI,
TaK YTO CYIIECTBYET CBA3b MEXK/Iy AaTOMHBIMU cucreMamu pnnly,y, u pnplyl, a orHommenue (107)
JUist pnny; u pnpl He coBnajaer, biarogapst kKoropomy (119) BbiosHSICTCS BHE 3aBUCHMOCTH OT
BEJIMYIUHBI ITIepeMeHHbBIX. [[oaTOMYy, YTOOBI HCIIOIB30BATH UX B CTPOUTE/IHCTBE BHYTPUATOMHBIX
dbyukuuit v, ri5, Tjs 1 Ejs npu s = pnp(pnn) u | = (1), Ha10 06paTUThCS K 3aMeHaM

Nnmn — Mpnn, Npmp — Mpnp, (231>
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[OTOMY 9TO OHH MOTYT 0000muTh pannne ypasuenns (126)-(178) na ciydaii nccsretyeMpIx TH-
OB s1JIep ¢ HeHyJieBbIM ciiHOM. [Ipu TakoMm Bbibope 06bekToB (151)-(153) omnpesesaior crpyk-

Typy (169)-(172) kax cieyromniast:

Mpnn MpnpMpnn c

Ugypnn = P) )
N, 7 My, mpl
2
[ Nymy, h
TDlpnn - )
Mpnn MpnpC

TDlpnn =

s <Nyl My, ) 3 mzl h

)
C Mpnn MpnpMpnn MpnpC

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

E
B 1o ke Bpemsa (231) 3amenstor (174)-(177) na

Mpnp [ MpnpMpnn

Uipnp =
PP Nomy, m2 ’

(Nlml>2 h
Tlpnp =

)
Mpnp MpnnC

2_7T Nlml 3 m?)l h
m

)
c pMpnn MpnnC

Tlpnp = m
pnp

2
E 1 (mzmp ) MpnpMpnn E
1 = —— | — 7 F 77
pnp 2 \Nymy mgl P

i 2
Eppp = Mypppc”.

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

(232)

(233)

(234)

(235)

(236)

(237)

(238)

(239)

(240)

(241)

Bosspalasich K opbuTaabHoil cTpyKType atoMa UZs®, npuBejieHHoll B TpeTheM naparpade,
MBI 3aMedaeM, 4To coBmectno ¢ (19), (40), (41), (43) u (44) pemenme (232) mnpe/cKa3bIBaeT

BEJINYNHDBI CKOpOCTGfI IIpaBbIX aHTI/IHeP'ITpI/IHO
Vg prn < 1.0564742 - 10° m /s,
Vpoprm < 7-0078241 - 107" m/s,
Vgpnn < 1.2023227 - 107° m/s,
Vpopmn < 1.1230487 - 107° m/s.
Pajmycsr (233) ux opOUTHI IMEIOT OIPAHUICHST
Toopnn < 2.3826388 - 10747 m,
Toepnn < 54151396 - 107 m,
Topnn < 1.8396445 - 107 m,
Topnn < 2.1085254 - 1072 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,
Ux cpasrenne ¢ onenkamu (169)-(172) qys atoma F'ngs n3 ypaHoBOro cemeiicTsa eme pas
y6exK1aeT Hac B CyHIeCTBOBAHUI HEPABEHCTB

'foln < 'folpnna Tﬁln > TDlpnna (242>

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

Takoii BBIBOJ| MOYXKHO CJI€JIATH, UCCJIE/Yysl OPOUTAILHYIO CTPYKTYPY ypaHa

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

L R
€V €V O O

Olljﬂu’ OfDT’ 071'%177 - NGO = 1727 Ng = 374 Nli = 5767 N: = 77 87
N, = 9,10, N, =11,12, N2, =13,14, N7, =15,16— N, = 8,8,
N, =177, N,=6.6, N, =6,6, N, = 6,6,

Neﬂe = 5757 NIU,D# = 4747 NTD.,— = 474,

OL

oy

UMEIOIIEro KaK JIETOHHbBIE, TaK M CTPYHHbIC OPOUTHI.

Oyuxrms (237) smecte ¢ (13), (37), (38), (43) u (44) oupenenser CKOPOCTH JIENITOHOB B UX
opburax weuerroro (NP = 1,3,5,7) nopska

Vepnp = 1.4090116 - 107" m/s,
Vepmp = 1.0224542 - 107* m /s,
Vupnp = 5.7690824 - 107" m /s,
Vrpmp = 34302491 - 107% m/s.
B mannom cirydae u3 (238) Mbl IPUXOMM K Pajidycam
Tepnp = 7-3134310 - 107%* m,
Tepnp = 1.3888731-107% m,
Tpnp = 4.3625140 - 107 m,
Trpnp = 1.2339540 - 107" m.
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[Teprospr (239) MMerOT P TOM 3HAYEHIST
Tepnp = 1.3045071 - 107! 5
Topnp = 8.5349025 - 10*23 s
Typnp = 4.7512727- 10710 5
Typnp = 2.2602329 - 1072 5
Abcommorable sueprus, Haijgennbie u3 (240), paBHbI
Eepnp = 1.3479720 - 10° eV,
Eopnp = 7.0980572 - 10% eV,
Epnp = 2.2597751 - 1072 eV,
Eypnp = 79891959 - 107° eV.

DTH BeJIMUMHBI U T€ OIEHKH, KOTOpbIe ciaenyior u3 (174)-(177) wis ypara U2 us ero cemeii-
) 92
CTB&, yILOBJIeTBOpHIOT YCIIOBI/ISIM

Uip < Upnps  Tip > Tlpnp) (244)

Tep > Tlpnpa Elp < Elzmp- (245)

Omnm orpazkaror momobno ornomenusaM (242) un (243) mmenno Tor akT, ITO KaxKIoe n3
CYIIECTBYIOIIUX THIIOB si1ep 00pa3yeT CBOEro POja aTOMHO CHCTEMBL.

12. JlennToHHBIE CTPYU B aTOMaX C HEUTPOHOU3OBITOUYHBIMHU SIAPAMU

Obmmast KapTrHa ATOMHON CHCTEMBI, COTJIACHO MPEIBIAYIINM PACCYKICHUAM, CyIIEeCTBEHHO
MEHAETCH B 3aBUCAMOCTH OT U30TOIMYECKON CTPYKTYPBI A1Pa.
Y100bI BEIpA3UTh €€ ujieto 0oJiee siCHO, HAJIO0 UCIIOJIb30BAThH 3aMEHY

Mipn, —> Mpnn (246)

B (180)-(227) st cucrem pnnly, n v, Kak €IMHCTBO 3aKOHOB apOMATHOI 1 6ApUOHHON CHMMET-
puit. 1o Kak pas u 3amensier (219)-(222) c

my Mpnn Ty

vlpnn — —_ y 247
Up,lp ms, m;%l c ( )
mpl 2 h
vlpnn — 5 248
"oy < my > MpnnC (248)
2 S\ 3 m? h

Tmlpnn - _7T (m l) 7]“77 (249)

c \ my Mprn MU Mo C

m nnm
Esipnn = (m ) P ) 'E (250)
1% p

Yuaer (246) naer mamc st nepexoa u3 (224)-(227)

Mpnn mpnnml

(251)

Ulppnn =
Nll/l mli/l pl



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 €C/iM MBI UCXOJIUM U3 OPOUTAIBLHON CTPYKTYPBI ypana UgsS, TO TIPOU3BO/Is SABHbIE

BBIUHC/ICHHS], MOXKHO YCTAHOBUTH KOJIMIECTBEHHBIE OIPAHUYEHNUS Ha BHYTPUCTPYHHBIE DYHKITHNA
(247)-(250) m1st AHTHHEHTPUHO U3 JIEBBIX CTPYIl.
Ckopoctnu (247) BBICTyIAIOT B HAX KaK

Vg, epmn < 4.6756670 - 1077 m/s,
Vppepnn < 1.6961719 - 107° m//s,
Vg pprn < 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,
Toppnn < 2.2857749 - 107! m,
Torpnn < 9.2622443 - 107 m.
[Teprospr (249) orpaHuveHbl IPH 9TOM BEJTMIHHAMK
Tyecpnn < 1.6780106 - 107! s,
Tyoepnn < T.8287687 - 10 % s,
Ty upmn < 19365400 - 1071 s,
T rrpnn < 1.2180359 - 1071 s.
Anamms abcomoTHbIX sHepruit u3 (250) mpe/mosaraet, ITo
By, cpnn < 5.6572506 - 1077 eV,
Epoepnn < 5.9090728 - 107* eV,
Epypnn < 16244084 - 1072 eV,
Eyorpn < 2.7649296 - 1072 V.

[Ipu ux cpaBHEHUU ¢ OlEHKaMu BbITekaiomumu us (219)-(222) s ypana Ugs? nomyuaercs
TOJILKO Ta 9acTh €ro o0Ieil KapTUHBI, B KOTOPOil

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

Tf’llpn > Tf/zlpnnv Eﬂllpn < Eﬂllpnn- (256)
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Yro kacaercs moBejenust [y, B atome Ugs®, To BeqmuuHbI ckopocteit (251) g HedeTHoro

(N, = 9,11,13, 15) caydasi mopsizika OpOUT JIENTOHHBIX CTPYH UMEIOT 3HAYEHMUSI

Vepeprn = 1.1079768 - 107° m /s,
Vepyprn = 3.0245549 - 1077 m /s,
Vuzprn = 2.2909197 - 107° m/s,
Vrppnn = 6.0923491 - 1077 m/s.

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

K #um orHOCsiTCst iepuogibl (253), paBHble
Tevepnn = 1.2284679 - 1071 s,
Tesoprn = 6.0390899 - 1071 s,
Tyumpnn = 1.3897167 - 107 s,
Ty prn = 7.3892705 - 1071 s.

Onu ABJIAIOTCA CJICCTBUAMA SHepruil (254) ¢ abCOMOTHBIMEI 3HAYCHISIMI
Eepopnn = 2.1882407 - 10° eV,
Eepopnn = 4.1088979 eV,
By pnn = 1.6393821 - 107° eV,
E o pnn = 2.8270889 - 107° V.

Eciu Tenieps MBI X CpaBHHBAEM € T€MH, KOTODBIE cirenytor u3 (224)-(227) mia ypamna

184
U92 )
He nMermero Hu CIiiH, HM M30CIIMH, TO Mbl BUAUM, 9TO

Upn < Uppnn, Tevepn = Tlppnn; (257)
Tispn > Tigpnn,  Eiopn < Eigpnn- (258>
Tak ke Kak u B (229) u (230), HafiicHHBIC ONEHKH 3/eCh 00PA3yIOT HEPABEHCTBA
Ugipnn < Ubpnn, Tolpnn < Tigpnn, (259)
T5ipnn < Tiypnns  Eojipnn < Eigpnn, (260)

HE3aBUCAIIEC OT CIIMHOBOM U M30CHUHOBOU CTPYKTYPBI AJpa.

13. ATOMBI C AaHTUIIPOTOHOU3OBITOYHBIMU sIIPAMU OPOUTATIBHBIX CTPY
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OcobeHno BakKHO OTMETHTD, YTO XOTs HepaBeHCTBa Takue Kak (229), (230), (259) u (260)
cymecTByoT Mex ity 3emieit, JIynoit u CosmiieM, nux Hajgudue y aTOMHOI CHCTEMBI HE UCKJIIO-
YaeT ABHYIO 3aBHUCUMOCTH €€ O0Iell KADTUHBI OT CIIUHA M M30CIUHA f/1pa. dTOObI PEIIUTh ITOT
BOIIPOC € TOYKH 3PEHMs U30BITOYHOI'O aHTUIIPOTOHA, HAJI0 BHIOPATH 3aMeHy

Mypn, —> My (261)

JIJIsT yCTAHOBJIEHUST IPUPOJIBL cucteM pnply, u vy, 06o6mas (180)-(227) Ha ux cayuait. Konedano,
(219)-(222) uMerOT IpU ITOM CJICIYIOIIYIO CTPYKTYPY:

my m my
Upylpnp = p"—’; c, (262)
mgy, mpl
2
My, h
Tolpnp = ( ) —, (263)
my /) MpnpC

2 5\ m? h
TDllpnp = _7T <m l> i—a (264)
c \my \| M, Mo

2

1/m MypnpM

Emlpnp = _5 (ml ) %El- (265)
1% D

DTu BHYTPUCTPYITHbIE CBSI3H OCYIIECTBIISIIOTCS B aToMe pnplyy, 1jist Kotoporo (261) obobiaer
crpyKrypuble dyHKnuu (224)-(227), nupuBojs ux K BUILY

m Mo T
Uigpnp = e png ¢, (266)
le/lmlf/l mp[

2
e _ Nlﬁlmlﬂl h (267)
vienp Mpnp myc’
3

7, = 20 (N My h (268)

LG P . MpnpMy My C’

1 m 2 Meprp 1L

Eiprony = —— pnp g 269

oy pnp 9 (lelmly) m;%l pnp ( )

Mgt 6yem Tereps cienarth Ha octoBe (262)-(269) sBHble BBIUNCICHAS, OTHOCSIIANCA K JIEBBIM

BHYTPUATOMHBIM OObEKTaM ypaHa U91§>0, UMEIOIIEro OpOUTAIbHYIO CTPYKTYPY, IPUBEJICHHYIO B

ofMHHEAIIATOM Haparpade. DTo Tpebyer cjieoBaTh JOTUKY MPUPOJbI JIENTOHHBIX CTPYil (7
na opburax medernoro (Nj, = 9,11,13,15) nopsaaxka. Moxmo onpegemmts u3 (262) epxnue
IPEJIEIbI JJIsi BHYTPUCTPYHHBIX CKOPOCTEH MPaBBbIX aHTHHEHTPUHO

Vpoecpmp < 34548620 - 107" m/s,
Vpepnp < 1.2533056 - 107° m/s,
Vg ppmp < 5-4799170 - 107° m /s,
Vporpmp < 3.5303936 - 107° m/s.

C momorrpio (263) MbI HalijeM paJnyChl UX OPOUT

TDeepnp < 32344404 . 10*31 m,
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Toeepnp < 3.8708755 - 1072 m,
T ppmp < 4.1865780 - 107! m,
Torpnp < 1.6964535 - 10722 m.
BuyTpuctpyiiabie mepuojpl (264) uMeroT mpeesst
Tyecpnp < 5.8823155 - 10724 s,
Tyoepnp < 1.9405822 - 10722 s,
T upmp < 4.8002635 - 10710 s,
Tyrpmp < 3.0192473 - 107 5.
MoxkHo BuzieTh u3 (265) abCoToTHBIE SHEPTUsT
Epocpnp < 2.0900783 - 1077 eV,
Epoepnp < 4.3662286 - 10~ eV,
By pmp < 1.2002794 - 107 eV,
Eorpnp < 2.0430134 - 107° eV.
Barianum reneps na Bepxuue npegesbt (219)-(222), nonyuennbie g Ugs?, KoTopble coB-
MECTHO C IIPpEAblAYITUMU ITOKAa3bIBAaXOT, 9TO
Ugipn < Uglpnps  Tolpn = Tolpnp; (270)
Topn > Toipnp,  Eoipn < Epjipnp- (271)
Tak ke kak u B ypanax Ugs? u UZs®

5 o358 kaskIplil JtenTonublilt 6ozon (7, B Uls? caM JoJken

OTJIMYATHCS OT APYTuX 3HadeHusAMn (266)-(269), u3 KOTOPBIX Ujp,pnp COBIAIAIOT CO CKOPOCTAMHE
Vepepnp = 1.9369311 - 107° m/s,
Verapmp = 2.9284250 - 1077 m /s,
Vupmp = 2.5415811 - 107° m /s,
Vrppnp = 6.1444950 - 1072 m/s.
B sTux CKOPOCT4AX aHaJIu3 paJnyCoB Tlplpnp upearoJiaracT, 9To
Teoepmp = 1.5480391 - 1072° m,
Tepepnp = 1.6309793 - 10722 m,
Pyipnp = 2.2477208 - 1070 m,
Troopmp = 3.8457223 - 1071 m.

Mo2KHO OIEHUTH Ha WX OCHOBE ITEPHUO/IbI Tlp”mp U HaTU, 94TO
Teopnp = 5.0216634 - 107 s,
Tesopnp = 3.6326857 - 10712 s,
Ty pmp = 5.5567169 - 107 s,
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Trirpmp = 3.9325259 - 10717 s.
K HuM MBI 10/KHBL 1060aBUTH aOCOTIOTHBIE SHEPIUs Ell—,lpnp, PpaBHBIE
Eeppnp = 1.2353478 - 10° eV,
Eopopnp = 2.8461499 eV,
Eyuppmp = 14909240 - 107° eV,
Erppnp = 2.1248556 - 1077 eV.
184

YMeCTHO TaKKe CPABHUTH IIPEALLIyInue ¢ onenkamu (224)-(227), naitnenusivn 1y Ugy® npu
OJIHOM 1 TOM K€ BBIOOPE MACCHI YaCTUIL. DTO MMO3BOJIAECT YCTAHOBUTD CJIC/ILYIONIIE HEPABEHCTBA:

Uigpn < Upypnps  Tevepn > Tl pnp> (272)
Eﬂlpn > Eﬂlpnpa ElDlpn < Elf/lpnp- (273)

Ux cymecrBoBanue 100600 oTHOMeHusiM (270) u (271) Gyer cBUIeTeIbCTBOBATD B MOJIb3Y
posin n3OLITOUHBIX AHTHIIPOTOHOB, &

Unlpnp < Upnps  Tilpnp < Tizpnp, (274)

Tf/zlpnp < Tlf/zzmpa Eﬂzlzmp < Elﬂzzmp (275)

BBITIOJIHAIOTCA BHE 3aBUCUMOCTHU OT TOI'O, KaKOB CIIMH WJIX U3O0CIIMH dpa.

14. 3aKOoH KBAaHTOBAaHUS OPOUTHI

Braromapsa KBaHTOBOI ITPUPO/IBI ATOMHOM CUCTEMBI JIIOOOMY THUILY JIE€BO#T (HpaBoﬁ) JICTTTOHHON
OpOUTBI HEYETHOrO (YETHOrO) MOpsJIKa COOTBETCTBYET CBOETO POJa PAJUyca. DTOT IIPUHIAI
BbIpakaeT B ciiydae F' ngg 1JIeI0 AaHTUHEHTPUHHBIX OPOUT HEYETHOI'O MOPSAIKA O TOM, UTO

Tﬂen < Tﬂen < rl’/un < TDTn- (276)

Takoe cooTBeTCTBHE HE MEHAETCH JIazKe IPU HAJUYUKN Y aTOMHBIX CHCTEM $JIpa U3 aHTHUIIPO-
ToHOB. [TpUMepOM /It HUX MOYKeT CJIyKUTh ypaH Ujs, B KOTOPOM PajIdyChl JIEHTOHHBIX OPOUT
HEYETHOTO MOPAIKA 00pa3yloT KBAHTOBAHHYIO ITOCJIE/I0BATETLHOCTD

Tep < Tep < Tpp < Trp. (277)

Ecyiim Tenepb MbI BcriomMuHaeMm, 4TO oOpas3oBaHue []91284 npu B3auMogeiicteun (179) mexity

an% n U9922 HE 3allpelieHo 3aKOHaM! yHH(i)HKaHHH, TO C TOYKH 3peHUA KazKJI0I'0 U3 HUX CJIEAYET
02K JaTh, 9TO O6’I)€,HHH€HH&H 3aKOHOMEPHOCTD

’reﬂepn < Tef/epn < ’ruflupn < TTDTpn (278)

HPOABUTLCA B IIPDUCYTCTBUU B U91284 6030HHI)IX Op6I/IT HEYIETHOI'O IIOPAJIKA.
Ha IIepPBBLIN B3IJIA a3/Jim4yue B Maccax m; 1 my, Ha II1aceT B CJIy4dae U238 KBaHTOBAaHHVYIO
l I 92
oC/Ie10BaTeIbHOCTD opouT. C JIpyroif CTOPOHBI, HAIIl OPOUTAJIbHBIN aHAJIN3 TOKA3BIBAET, UTO

Tﬂepnn < TDepnn < TD#pnn < TDTpnnv Teﬂepnn < TeDepnn < T;J,D#pnn < TTDTpnn- (279>

Haxowerr, uro Kacaercs ypana U3 1o MbI yiKe BUIEH, UTO
) 92 » I

Tepnp < Tepnp < Tupnp < T'rpnps  Tevepnp < Tevepnp < Tpvupnp < Trirpnp- (280)
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[TosToMy ymecTHO elrie pa3 MOAYECPKHYTh, YTO HU OJIHA U3 OPOUTAJILHBIX YACTHI] B ATOMHOM
CUCTEME He ITPOTUBOPEUYUTD 3aKOHAM CUMMETpur. J[pyrumMu cjoBamMu, aToM CO3JIaH TaK, YTOOBI
KasKJIOMY THUILY JIEITOHHOW OPOUTHI COOTBETCTBYET CBOEI'O POJIa BEJIMYUHBI Pajuyca JIeficTBUs
BHYTPHATOMHO# eunoit cuibl. [Ipu sTux curyaruit cuyia aTroMHOl yHU(DUKAIIMA CTAHOBUTCS
opburabHo KBanToBannoil. Takum oOpa3zoMm, KBAHTOBAHME OPOUTHI HE MOYKET OCYIIECTB/ISATHCH
BOKDPYT fJIpa BHE 3aBUCHUMOCTHU OT CEMEMHON CTPYKTYpPHI jJenToHoB. Ha 3Toit ocHoBe cama mpu-
po/ia KBAaHTOBaJIA BHYTPUATOMHYIO OObEIMHECHHYIO CUJTy B3aUMOJICHCTBUA MEXKILY AJIPOM H €ro
opOUTAJILHBIM (PEPMUOHOM B 3aBHCHMOCTHU OT THUIIA apOMATA.

15. 3akirouenue

BuyrpuaTroMHOii 0COOEHHOCTBIO JIBYX THUIIOB CUMMETPHUII apOMaTHON 1 OApHMOHHON TTPUPOJIBI
SIBJIIETCSI OJHOBPEMEHHOE HapyIIeHne WJIH COCYIeCTBOBAHME, WX U TO U JAPYyroe. ATOMBI Tep-
BOI'O cJIydas UMEIOT siJIpO, COCTOLINee U3 HEHTPOHOB WM aHTHIIPOTOHOB. KO BTOpOMY CJydaro
OTHOCATCA aTOMHBIE CUCTEMBI C siJIpAMU OJIHOI'O U TOT'O K€ KOJIMYECTBa HEHTPOHOB U AHTUIIPO-
ToHOB. [IpuMepom 171 TpeThero ciryuas MOYXKET CJIYZKUTH ATOMbBI ¢ HEHTPOHOU3OBITOUHBIMU UJIN
AHTUITPOTOHOM3OBITOYHBIMY SIJIPAMHU.

Baxknas oOrasi KapTuHa 9TUX aTOMHBIX CHCTEM COCTOUT B TOM, YTO UX CTPOUTEIHCTBO OC-
HOBaHO BHauaJjle Ha CyllecTBOBaHWe B mpupoje Fni u H{ 1npu coxpaHeHuu cymMMapHOro Oa-
PUOHHOTO U JIEITOHHOT'O YHces. TakuMm oOpas3oM, ecjiu Chia aTOMHOM YHUDUKAIIMN CBA3bIBACT
apoOMaTHYIO U OAPUOHHYIO CUMMETPHUHU KaK CJICJCTBUE HEHTPAJIHLHOCTH aToOMa, TO 0Opa30BaHue
KBAHTOBAHHON II0CJIE/IOBATEILHOCTA OPOUT BOKPYT dAJIpa JOJIKHO OBITH PACCMOTPEHO KakK Op-
OuTaIbHOE KBAHTOBAHUE HE TOJIBKO CUJIbI, HO TaK:Ke M KaXKJIOW M3 MacChl U 3apsJia.

ViKe U3 3TUX CBs3eil CHO, YTO KBAHTOBAHUE OPOUTHI JIIOOON aTOMHOM CHCTEMbI 00beIMHAET
BCe 3aKOHBI BHYTPUATOMHON CUMMETPHUU B €JIMHOE 11eJI0€. TeM caMbIM OHO OTPazKaeT PENTAIOILY IO
poiab Fnl u H] B cTpouTe/beTBe KazKJOro M3 OCTAJbHBIX BHUJIOB aTOMOB. I1103TOMY BasKHO
BBISICHUTH, KAKOB PAJIMYC MX €JIUHCTBEHHON OPOUTHI, BKJIIOUYAS CKOPOCTb, SHEPIMIO U IIEPUO/L
BpalleHusi ee 4acTuilpl. [{jis moro mpexje Bcero Hajo ynoMmsHyTh O BesmauHax (169)-(172),
KOTOpble nMeroT npu V,, = N cile/lyIoniye mpeJesb:

Vg < 1.4928839 - 10% m/s,

Toom < 5.0162382 - 10742 m,
Tyon < 21112126 - 10743 s,
Eyn < 1.5147019 - 10" eV.

[omarasg B (174)-(177), uro N, = N, HAXOUM Il UX SBHBIX 3HAYCHMUIT
Vep = 6.6671897 - 107> m/s,

Tep = 2.5115763 - 107 m,
T., = 2.3669191 - 10~%* s,
E., = 3.0169111 - 10* eV.

D10 06CTOATENLCTBO TpebyeT HamoMHUTH npucyTersre B (169)-(172) u (232)-(235) maccs
U 9HcIa IpOTOHOB, a B (174)-(177) u (237)-(240) Macchl u 9ucIa aHTHHEHTPOHOB, OIMCHIBAIO-
mero Tot (akT, 9TO BCe CTPYKTYPHBIE BEJIUUNHBI, UMEIOIHe OOIIHOCTD JJIsi ATOMHBIX CHCTEM
Fni(Fny) n X£(X4), OTBeTCTBEHHBI 3a NX TIePHOAYeCKIe B3aNMOIPEBPAIICHNs, B KOTOPHIX
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CHOBa TIposiBsITCs coBMectumocTh (126), (130), (141), (146), (181),(186), (196) u (201) ¢ umesivu
3aKOHOB CUMMETPHUHU U HECOBMECTHMOCTH C HUME KazKJIOr0 U3

Fnf & Fny, X5 < X5, (281)

MpbI Terepb 3aMedaeM, YTO XOPOIIO U3BECTHbIE JIabopaTOpHbIE JAHHBE [33] HOATBEPKIAIOT
CyIIeCcTBOBaHME erre 15 HOBBIX BHJIOB aTOMOB, pactmmpsionie (95) u (96) na

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

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

Torma BO3MOXKHO, HAIIPUMED, CyMMa mepBbix 118 wienoB mporpeccun (282) mpeckasbiBaer
Haymmuane B rmpupojie 63189 turmop nzoronos 118 BUI0B aTOMHBIX CHCTEM.

Cpejit 3TUX 0GBEKTOB yPAHOBOE CEeMeiiCTBO BKIOYaeT 738 THIOB aTtoMoB. U3 uux Ug® mo-
JIOOHO BCEM JIDYTUM HEHTPOHOM3OLITOUHLIM ypaHaMm 0Opa3yeTcs depe3 aTOMHYIO YHUMUKAIUIO

Fny + Ugy® — UgsC. (284)
Ero paciial OCYIIECTBJIAETCA 110 IIPDUHIIUILY, ITO
Usy" — Kriyg + Bagg' + Fn. (285)

Nmenno 37ech Mbl BIEPBBIE JOJZKHBI UCIIOJIB30BaTh SHEPIUIO ATOMHOI'O ITPOUCXOXKJIECHUSI,
MMOIEPKUBas, 9TO OHA, BBICTyTAsd BHavYase KaK M30TPOITHBIN IMOTOK OJHUX W TeX Ke aHTUHEe-
TPUHHBIX BOJOPOJOB F'ni n3 pacmaja atoma F'n3 JmTHEBOro cemeiicTsa

Fnj — Fny + Fn} + Fnj, (286)
a 3aTeM KaK aHI/ISOTpOHHbeI IIOTOK JIBYX THUIIOB O6’beKTOB 3 pacliajia
Fny = U g+ np g, (287)

craHoBUTCs B (285) MOIIHBIM OPY/IHEM Jjisi HOBBIX U3MepeHuii 6/1aroapsi moJHON SHEPTUu aH-
TUHEATPUHO, 3aBUCAIIEH OT CHJIbI YHUPUKAIMKA TOH »Ke aTOMHOI CHCTEMBI, Ijie OHO ObLIO OpOM-
TaJIbHBIM (PEPMUOHOM.

EcJiu, HecMoTpst Ha 9T CBA3HU, CIOHTAHHOE CTPYKTypHOe u3MeHenue ypana Uzyo 1ociiesio-
BaTe/IbHO 00pa30BaJjIO JIHOOOr0 U3 000UX THUIIOB IIOTOKOB, TO TO IIPOCTO O3HAYAET, 9TO KarKI0e
aHTHHeﬁTpHHO CTapaeTCd IIOKa3aThb HaM HEYTO HEIIPOCTOe, YTO HHUKTO HE€ B CHJI€ MCKJIIOYUTDL
HaJIMIHe y HAJETAIONEro aCTPOHOMUYIECKOTO OOBEeKTa TaKOH dHeprum, KoTropas ObLIa CTPOro
CKPBITa TOJILKO B €r0 IIePBOHAYAJILHOlN TOTEPAHHON opbuTe.

Takum 06pa3oM, OpOUTAJIbHBIE IIPEKIe AaHTHHEATPUHO BBIPAXKAIOT Ty YaCTh OOIIEll KapTUHbI
BceestenHoii, B KOTOPOIi IIpeICKa3bIBaeTCs OIPeIeIeHHO, YT0 oOpasoBanue CoOJTHEYHON CHCTEMbI
B II€JIOM OCHOBaHO Ha CTPOUTEIHLCTBE ATOMHOM, HO He HA0OOPOT.

[Tomobue u pasymyne B IPUPOIE ITUX JABYX BUIOB OJHOIO M TOIO K€ 00beKTa Oy/ILyT M3J10-
ZKE€HBbI B HaIlIUX IL&JIBHGIU/IH_H/IX pa6OTaX. HO 34€Chb Mbl y2K€ YIIOMUHAJIN, 9TO COJIHe“IHaﬂ CucCreMa
ObLi1a BHaYaJe aTOMHas.
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