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Ilpo6rreMa CTa6IIJII,HOCTII aTOMHhIX ofo,eKTOB HBIDieTCH Kap~IIHaJlhHOll a 

aTOMHOll II H~epHoii Teopmi. PerneHIIe ee CBH3bIBaeTCH C IIpaBIIJihHhlM ,OIIIICaHIIeM 

Ha6JIIO~aeMbIX 3KCnepIIMeHTaJihHO · HeperymrpHOCTeii B CBOllCTBax aTOMOB II Mep II 

nepIIo~wrnocTII B II3MeHeHIIII xm,rnqecKIIx caoiicTB. Bae~emie noHHTIIH 0601101./e'lnoii 
cmpyKmypbz aTOMHhIX II 'ii~epHhIX ofaeKToB OKa3aJIOCh HaJI6orree nrro~OTB0pHhIM. OHo 

no3B0~HJIO . Ha OCHOBe KBaHTOBO-MeXaHIIqeCKIIX npe~CTaBJieHIIii' .. o6'bHCHIITh 

IlepIIO~IfqecKyro CIICTeMy 3JieMeHTOB, a TaIOKe · cymecTBOBaHIIe Mazul/ec1<ux l/uce11 
HYKJIOHOB a H~p_e, npII KOTOphIX Ha6mo~aIOTCH cKaqKII B _nrraJ3HOM II3Me!ieHIIII TaKHX 

caoiicTB H~ep, KaK 3Hepnrn CBH3II Ha o~IIH HYKJIOH, 3HeprnH P- II a-pacn~a, ceqeHIIe 

3axaarn HeiirpoHOB II ~p. [I]. · 
. Or~eTJIM HaII6orree . BIDKHbie pe3yJihTaTbI TeOpIIII, c~ecTBeHHhie ~ 

nocrre~yromero II3JIO)K,CHIIH. , . . . 

· ,. OcHoay .,.KBaH-roao-MexaHIIqecKoro ·: nocTpoeHirn IlepIIO~IIqecKoii CII_CTeMhI 

XIIMII<ieCKIIX . . 3JieMeHTOB . COCTaBIDieT ' cnell;IIaJihHhlll . nOpMOK 3aIIOJII:leHIIH 
' ' ' . ,. ·'' 

3HeprefoqecKUX _ypoirneii B MHOro3JieKTpOHHhIX aTOMax, npII' KOTOpOM BhIIIOJI_HHeTCH 

nplIHll;IIn Ilayrrrr. CornacHo, 3TOMY npIIHll;IIny Ha ypOBHe, xapaKTepmyromeMCH 

~~a11;0Bbn:1ii _qIICJiaMII n (rnaBH~e KB~TOBO~ ,qJIC~O) II / (op6II~aJihHOe KBaHT~Boe 

qIIcrro ), MO)KeT Haxo~IIThCH He 6orree 2(2/+l) 3JieKrpOH0B. EcrrII Me~y 3anorrHeHHhIMII 

ypOBHHMII o6pmyeTCH ~OCTaToqHo 60JihIIIOll npocBeT (3~eCb ~onycKaeTCH 

onpe~eJieHHhlll npomaorr), TO ~erraeTCH yTBep~eHIIe, qTo B ~aHHOM MeCTe 

npoIIcxomn 3anorrHeHIIe aTOMHoii o6orroqKII. B Ta6rr. l np1rne~eHa 

nocrre~oBaTeJihHOCTh_ 3,lliIOJIHeHIIH 3JI~~pOHHhIX ypOBHeii, KOTOpaH crre~yeT KaK II3 

TeopenrqeCKIIX p:1cqeTOB, TaK II II3 3KcnepIIMeHTa. 

Ta611ulJa 1 
IloCJ1eoosameJ1b11ocmb 3/leKmponnbrx yposne~ 

.. 

ls 2s Ip 3s 2p 4s Id 3p 5s 2d 4p 6s If 3d Sp 7s. 
2 2; 6 2 6 2 10 ii' 2 10.: _6' 2 ····· 14 10 6 2 
2 4 10 12. 18 20. 30 36 38 48 54 56 70 80 86 88 

Bo BTopoii crpoKe. rn6rr.i, · no~ CIIMBOJiaMII ypoBHH, np1rne~eHa 

C0OTBeTCTBYIQmaH eMy KpaTHOCTh BhlpO~emrn, paBHaH 2(2/+ I). lfacna a rpeTbeii 

crpoKe IIOKa3hIBaIOT o6mee qm:~o 3aII~JIHeHHhIX COCTOHHIIll (T.e. qJIC~O 3JieKrp0HOB, 

HaxOMmlIXCH Ha ~aHHOM ypOBHe II H'a BCeX . 6onee' HII3IillX). BepTIIKaJihHhie JIIIHIIII 

pm~eIDIIOT i COBOKyrrHOCTII ypOBHeii ( o6orro<ieK), C00TBeTCTBYIQmIIe rpaHIIll;aM 

neplIO~OB IJep1I0~1IqecKOll CIICTeMhI, 3aKaJiq1IBaIOm1IxCsi: 6rraropo~HhIMII fa3aMII: He 

(Z=2), Ne (Z=IO); Ar (Z=18), Kr (Z=36), Xe (Z=54), Rn (Z=86), · 
Teopirn MepHhIX o6orroqeK crpOIITCH no aHaJIOrIIII c TeOplieii aT0Ma a 

npe~nOJIO)Kt:HIIII, ·q-ro "KroimhIB HYKJI0H ~i;II)KeTCH ~~B , .. HeKOTOpOM ccpep1IqecKJI 

CIIMMerpliqttOM II He 3aBIICIIMOM OT nonO)KeHJIH BCeX ~pyrnx HYKJIOHOB cpe~HeM none. 

KaK ir ~iur 3JieKrpOHOB B aT0Me, K~aH HYKJIOHHaH op61ITa xapaKTepmyercH 

KBaHTOBhlMII qJICJiaMII,; . CooiaeTCTByromIIe ypoBHII 3HeprnII nocrre~oBaTeJibH0 

3anoJIHHIOTCH HeiirpomlMII II npOTOHaMII He3aBIICIIMO. IlplI 3TOM npoTOHHble II 

HeiirpOHHhie ypOBHII C O~HIIMII II TeMII )Ke KBaHTOBhIMII qIICJiaMII B TOqHOCTII He 

C0Bn~aIOT, TaK KaK KYJIOHOBCKIIe CIIJihI, ~eiiCTByIOmIIe JIIIIIIh Ha npoT0HhI, C~BIIfaIOT 

ypOBHII , nocrre~HIIX B o6rraCTh 6o~ICOKHX w.epr1Iii. IlopMOK 3aIIOJIHeHIIH - . 
~ ~:n.et}iu~·:if,~i\ 1 .. «:Th1:f1 1· 
B ~1!11~1:n: m:c.liez.m:;1,agil . 
N (t.;t1lSJU•!CTSHI\ , 
~. ~ ~ -------- -



npOTOHHblX · ypOBHeii MO)KeT OTJUl'IaTl,Cj{ OT. nop.smKa 3anonHeHHH.' HeiiTPOHHblX 
ypOBHeii. C~ecTBeHH)'IO pon1, ttrpaeT . Bhl6op qiopMbl .. IlOTeHIJ;Hami. Ilo 3THM 
npH'IHHaM npOTOHHbie n HeiiTPOHHhle o6onotJKH B .smpax npe,!(CTaBileHbl B TeopHH 
HHhlMH IJHcnaMir, a HMeHHo: 2, 8, 20, 28, 50, 82, 126, Ha3hlBaeMLIX MGZU'lecKUMU. 

Ha pnc; 1 H3 . [2,3] npHBe,!(eH npHMep 3KCnepttMeHTanbHOro onpe.neneHHH 
MartttJecKHx 11ucen. Ha HeM npe,ncTaBneHa 3aBHCHMOCTL napaMeTPa H3o6apHoii 
napa6oni.1 bA OT MaCCOBOro 'IHCila A. IlapaMeTP bA onpe.n;eiureTCH 1fa ynpomeHHOll 
3MilllpUtieCKOll <popMynhl .nmi Mace . . . 

M(A,I)=M(A,IA}-½bA(I-IA)2-3, (1) 
r.l(e M - Macca .smpa, A - MaccoBoe tJttcno, I = N-Z (paJHOCTh IJHcna HeiiTPOHOB H 
npoTOHOB), HHX<Hllll IIH,!(eKC A OTHOCIITCH K Ha1I6onee CTa6HilbHOMY H306apy, ◊.CT= 
-<>8 esCT= 12A 112

• Ecnn B pe3yn1, TaTe H3MepeHIIll .IJ;Byx BepxHIIX rpaHIIU f3-cneKTPa 
onpe,!(eIDilOTCH J)a3HOCTH: Mace . M(A,I1)-M(A;I2) II . M(A,h)-M(A,13), -· TO H3 
COOTHOIIIeHIIH (1) MO)KHO orrpe,!(eilHTh 3HatJemrn bA · 11 IA. Ecn11 Ham,teHbIIIWI H3 3TIIX 
-rpex Mace mi IlO,!('IIIHHeTCH OCHOBHOli 3aKOHOMepHOCTII~ a COOTBeTCTByeT 6onee 
CBH3aHHOll CIICTeMe, TO ee 3HatJeHIIe y)Ke He 6y.l(eT ne')l(aTh Ha napa6one, OTBetiaIDIIJ;eil: 
paCCMa-rpttBaeMOMY A. 1Jepe3 TJ)H TO'IKII, O'AHaim; MO)KHO npOBeCTII HOB)'IO riapa6ony. 
Ecmr COBMeCTIITh ee MIIHIIMYM c aHOMailbHO Manon Maccoii, TO IlOJIY'IHTCH napa6ona, 
xapaKiepH3)'IOIIJ;MCH 6on1,meii, tJeM o6LI'IHO, KPYTII3HOH· II cne,!(OBaTeilbHO 60ilblIIIIM 
3HatieH1IeM napaMe-rpa bA. 
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Puc.2 •. · 3KcrrepnMeHTanLHMe · KBa.l(pynoJI.LHLie MOMeHThl, xapaKTepmyiomne 
Hec<pepHtIHOCTb H,!(ep (113 [2]) 
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Pnc.3. CxeMa ypoBHeii .l(.irn rapMOHHtJeCKOro OCIJ;HililHTOpa, npHMOyroJibHOH 
HMhl 11 IlOTeHunana npoMemyTOtJHOH qiopMbI [2] 
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PHc.4. CxeMa ~epHbIX ypoaHeH npH HaJrnq1m CIIHH-op6HTaJibHOH CB5131f [l] 

,apyrnM IIpHMepoM 3KcnepHMeHTaJibHOfO onpe,neJieHH51 MarntJeCKHX tJHCeJI 
MO:lKeT CJIY:lKHTb H3MepeHHe KBa,npyrroJibHbIX MOMeHTOB 51.l(ep. Ha pHc.2 Bll.l(HO, 'ITO npH 

MarnqecKOM qllcJie npoTOHOB llJlll HeHTpOHOB ~pa Q •• =o, T.e. TaKHe ~pa 5IBAAIOTC51 
ccpepHqecKHMll. 

4 

MarHqecKHe qllcJia HaUIJill ofo,5ICHeHHe a ,n;Byx MO,ll;eJIHX. BHatJaJie 6bma 

pa3pa6ornHa 0,ll;HOlJaCTH'IHM MO,n;eJib [4], Ha OCHOBe KOTOpou 6bmH BbllJIICJieHbI 
MarnqecKHe qncna: 2, 8, 20, 40, 70, 112, 168 (cM. pnc.3). 

B o6onoqeqHoii Mo,n;entt[l], a Kompou ,6bma YtJTeHa CIIHH•op6HTaJibHM CBH3b, 

6bIJI IIOJiyqeH HHOH COCTaB MarrrqecKHX queen, 6onee COOTBeTCTBJlOllIHH 

3KCIIepHMeHTaJibHbIM ,n;aHHbIM, a HMeHHO: 2, 8, 20, 28, 50, 82, 126, 184 (CM. pHc.4). 

O6onoqeqHax Mo,n;eJib 6hma rrpmHaHa 6onee y,n;oanernopnTeJibHOH, xorn n oHa 

He ,n;aaana IIOJIHOro Ha6opa ,MarnqeCKHX tJHCeJI. 'HarrpHMep, OTCJTCTBJlOT o~eTJillBO 

IIp05IBJl5llOllIHeC51 B 3KCrrepHMeHTe qncJIO 14 (CM. pnc.l, 2) H qllCJIO 40 (CM. prrc.2). B TO 

:lKe apeMH 0,ll;HoqacTnqHM MO,ll;eJib rrpaBllJlbHO rrpe,n;CKa3bIBaJia qncJia 2, 8, 20, 40. 

qHCJia )Ke 70, 112 ll 168 He no,n;rnep:lK,n;aJIHCb HMeBIIIHMHC51 3KCIIepnMeHTaJibHbIMH 

,n;aHHbIMll. 

TeopHH 51,n;epHbIX o6oJioqeK ycrreIIIH0 pa3BllBaJiaCb B II0CJie.n;yrollIHe ro,n;bl. Ha 

0CH0Be M0,ll;eJIH )Kll,ll;KOH KaIIJIH c yqeT0M o6onoqeqHoH nonpaBKll 6bm npe,n;CKa3aH 

ocTpos crn6HJibHOCTH a6JIH3H Z=l 14 [5,6]. B pa6oTe [7] 6bmo npe,n;cKa3aH0 

MarnqecKoe qrrcno 162, qm 6bmo·no,n;rnep:lK,n;eHo 3KcnepnMeHTaJibH0 [8,9]. B pa6oTe 

[ 1 O] 6bma pa3pa6ornHa H0BM M0,n;em,, npe,n;CKa3bIBaIOllIM 0CTp0B cTa6HJibHOCTH a 

o6nacrn Zs::,110-114 n Ns::,160-165. Mo:lKHo cKaJaTb, qm 3TH pa6oTbI a KaKoii-To Mep,e 

no,n;rnepi,n;aIOT npe,n;CKa3aHH51 o,n;HoqaCTHqffOll M0,ll;eJIH 0TH0CHTeJII,H0 qHceJI 112 H 

168. K 3TOMY Ha,[{0 ,n;o6aBHTb, qTQ K 51,ll;paM C IIOBbIIIIeHHOH CTa6HJibHOCTblO 0TH0C5ITC5I 

TaK:lKe H,n;pa, HMeIOllille B CB0eM C0CTaBe c,n;aoeHHbie np0T0HHbie ll Heii:TpOHHbie 

o6onoqKII, HanprrMep 48Ca c Z=20 rr N=28, 
208Pb c Z=82 ll N=126. JfaaecTHM a 

TpaHcypaHOBOH o6naCTll o6onoqKa N=152 M0:lKeT-B 3T0M CMbICJie paccMUTpHBUTbC5I 

KaK 060.Jio'IKa, npe,n;crnaneHHM CJMMOH Marnqecrmx queen 82 rr 70 (tJHCJIO 70 

npe,n;CKa3bIBUeTC5I O,n;HoqaCTHqHoii: M0,ll;eJiblO ). 

B ,n;aHHOH pa6oTe aampoM npe,n;Jio:lKeHa HOBM K0HIIeIIIIH5I npH pacCM0TpeHHH 

CTa6HJibHOCTll aT0MHbIX 061,eKTOB. OHa 0CH0BaHa Ha ,n;ayx H,ll;e5IX. 

1. IIH.1(HBHJzyaJihHOCTh aTOMHOro 061.eKTa, aTOl\Ia HJIH ero H.1(pa, 

opuruuaJihHO~Th ero CBOU:CTB, nposIBJIHIOmancn npn COUOCTaBJICIIHH C 

no;:i:o6nhlMII 061>eKTal\m, CCTh pe3yJihTaT Toro, qTo TO;K/J:CCTBCIIHhIC qacTHUhl, 

COCTaBJIBIOmue aTOMHhIU: 061.eKT, o6pa3yIOT xapaKTepHhIC Kouct,nrypaunu, 

Kam;:i:an nl KOTOphIX o6Jia;:i:aeT ~enoBTOpHMhIM na6opoM onpe;:i:eJICHHhIX cnou:cTn. 

,l(aHHYIO MbICJib BbICKa3aJI B.Baii:cKoncp B caoeii: CTaTbe "<l>H3HKa B XX cToneTHH " 

(11], H 0Ha cne,n;yeT ll3 KBaHT0BO-MeXaHllqecKHX npe,D;CTaBJieHHH 0 CTpJKType 

3HepreTHqeCKHX COCT05IHIIH lJUCTIIII (3JieKTpOHOB HJIH HYKJIOHOB), S0CTUBAAlOllIHX 

aTOMHblll 061,eKT KUK HeqTo uenoe. 

2. Ilpupo;:i:a ycTpoeua TaK, qTo npn co3;:i:a11uu ueKoero 061.eKTa, 

opuruuaJihHOro B CBOCM npOBBJICIIHII, oua ncer;:i:a CTpCMIITCB .1(OCTHqh 

MaKCHMaJihHOro PC3YJihTaTa MHHHMaJihHhll\lH cpe;:i:CTBaMH. 

3TH ,nae H.1(eH M0)KH0 061,e,n;HHllTb cne,n;yrollIHM YTBep:lK,n;eHHeM: ueqTo UCJIOC 

BBJIBCTCB CTa6UJihHhll\l, CCJIII OHO COCTaBJICHO 113 MaKCHMaJihHO BO3MO:amoro 

qucJia 3JICMCHTOB, Ka;K/J:hlU: 113 KOTOphIX OTJIIIqen 0.1(IIH OT ;:i:pyroro. Ilpe,n;naraeMblll 

HH:lKe no,n;xo,n;,no3BOJI5IeT Bblpa3llTh 3TO YTBep:lK,n;eHHe B HeKOM reoMeTprrqecK<;>M o6pa3e 
H a npoCTOH MaTeMaTHqecKOH cpopMe. IlpnMeHHTeJibHO K npo6neMe CTa6HJibHOCTII 
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aTOMHbIX 061,eICTOB 3TOT IIO,[(XO,n: II03BOJUieT BhI'lHCJU!Tb MaruqecKHe '-IHCJia O'-!eHb 
rrpocTbThi crroco6oM. 

B .KOM6HHaTOpHOH MaTeMaTUKe H3BeCTHbl ,n:Be TeopeMbl [12]: 

1) m npHl\lhlX, pacnoJIOiKeHHI,IX B 0.lUIOII IlJIOCKOCTII, 113 KOTOpbIX HillrnKne . 

.l).Be He napaJIJieJILHbl II HHKaKne TPII He npOXO.l).HT qepe1 O.LJ.HY TOqKY, 

.LJ.e~HT irJiocKoc;L na [ ~ m( m + l) + 1] qacTeii; 

2) M nJIOCKOCTeii, 111 KOTopLix HUKaKne .LJ.Be ue KOl\lDJiauapuLI, HHKaKne 

Tpll He npOXO.l).HT qepe3 O.LJ.HY npHI\1YIO H HHKaKne qeTLipe qepe3 O.LJ.HY 

' 1 
ToqKY, .l).eJIHT npocrpancTBo ua [

6 
( M 3 + 5M) + 1] qacTeii. 

Jlerno y6e,n:HThCSI, '-ITO no YCJIOBHSIM 3THX TeopeM lfelloe (IIJIOCKOCTb HJIH 
rrpocrpaHcTBO) ,n:enuicsi Ha · MaKCHMaJibHoe qucno qacTeii. rrpu 3a,n:aHHOM qucne 

pa3,n:emnomux cpaKTOpoB {IIplIMbIX u.im IIJIOCKOCTeii.). I1crroJib3YlI 3TH TeopeMbl, Mb! 
MOJKeM y,n:oBJiernopnTh rrepBoe rpe6oBamre narnero rro.n:xo,n:a. 1ho6h1 y,n:oBnernopuTb 
BTopoe rpe60BaHJie - HeO.l).HHaKOBOCTb qacTeii. MelK,n:y co6oii., BBe,n:eM CJie,n:y10mue 
orrpe.n:enenHJI. O6o3Ha'-!uM rrnocKocm, pa3,n:em110mHe rrpocTpancrno cornacno TeopeMe 

2), CHMBOJiaMH a, 13, y, A.,., 0.11:HH CTOpOHbl IIJIOCKOCTeii. o603Ha'-JHM 3HaKOM (+), a 
rrpoTHBOIIOJIOlKHbie CTOpOHbl - 3HaKOM (-). Tor.n:a Ka)K,n:yIO '-laCTb rrpocrpaHCTBa, 
orpaHJI'-!eHHYIO orrpe,n:eJieHHbThiH IIJIOCKOCTlIMH, MOlKHO xapaKT~pH30BaTb 
orrpe,n:eJieHHbThi Ha6opoM CHMB0JIOB a±, 13±, y±, A±... (HHlKe 6y,n:eT. rrpuBe,n:en 

, KOHKpeTHblll IIpHMep ). B TaKOM rrpe,n:CTaBJieHHII KalK,n:aSI <iaCTb pa3,n:eneHHOro 
rrpocTpaHCTBa 0Ka3bIBaeTClI HeIIOBTOpHMOH cpe,n:u OCTaJibHbIX. 

qT06b1 rrpu,n:aTb 3Toii. reoMerpH'-IecKoii. cxeMe HeKoe cpH3H'-!ecKoe co.n:epJKairne, 
BBe,n:eM cne.n:y10mee rrpe,n:cTaBJieHJie. OTOJK,n:ecrnn:M reoMerpn:qecKn:ii. o6pa3 .(TeopeMa · 
2) c cn:cTeMoii. '-lacrnu cne.n:YIQmn:M o6pa3oM: 

ll;enoe rrpocrpancrno Cn:cTeMa qacrn:u (moMHbiii. ofo,eKT, 
o60JIO'-!Ka) 

Pa3,n:emnomue IIJIOCKOCTH CBoiicrna cucTeMhI* 
o.n:na CTOpOHa IIJIOCKOCTH . CBOHCTBO CO 3HaKOM (+) 
rrpoTHBOIIOJIOlKHaSI CTOpOHa CBOHCTBO.CO 3HaKOM (-) . 

qacTb pa3,n:enennoro rrpocrpancrna 3Jle)AeHm CHCTeMbl, BKJIIO'-laIOIUllll ,n:Be 
'-laCTHl.{bl, H3 KOTOpb!X o,n:Ha HMeeT 
npaeoe BPamenue, a ,n:pyrasi - fleaoe 

* IIoHJITHe ceoucmeo cucme111bz 6y,n:eT rrosrcneno HHlKe. 

TaKn:M o6pa30M, CBlI3HOe CTa6n:JibHOe lfellOe rrpe,n:cTaBJIJieTCH KaK CHCTeMa 
npamawmuxcsr· qacTHu. BocrrOJih3yeMCJI cpopMynoii. TeopeMbI 2) ,n:Jill, orrpe,n:enenn:51 
'IHCJia qacTH[( B TaKOH CIICTeMe. ITpu 3TOM OTO)K):{eCTBHM 0.11:HY qacTb pa3,n:enennoro 
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rrpocTpaHCTBa C BpameHHeM CHCTeMbl KaK uenoro (c .D:BYMSI CTeIIeHSIMH CB06o,n:bl). 
Tor.n:a, '-JHCJIO qacTHI.{ AB crn6HJibHOH CHCTeMe oripe,n:eJISJ:eTCSI H3 BblpalKeHHSI (2): 

,, .· 

A= 2)m(m + 1) + 2] = (n + 1)3 + 5(n + 1) 
. 0 ,, .) 

(2) 

Ono IIOJIY'-leHO YMHOlKeHn:eM cpopMyJibl BTOpoii. TeopeMbl Ha 2 (IIOCKOJibKY 
KalK.D:YIO '-laCTb pa3,n:eJieHHOro rrpocTpaHCTBa M_bl OTO)K,n:ecrn1mn: C .D:BYMH qacTn:l{aMn:) C 
nocne,n:yIOIUHM BhI'!eTOM 2 (rrocKOJihKY BpamenHe cn:ci-eMbI KaK uenoro liac B .n:annoM 

CJiyqae He HHTepecye-r). 3Ha'-!eHHe n+ 1 COOTBeTCTByeT '-IHCJIY nJIOCKOCTeii. M, 
pa3,n:eJIHIO!UllX npocTpaHCTBO, HJIH ( no HaIIIeMy onpe,n:eJieHHIO) '-lllCJIY CBOHCTB, 

npHcymHx CHCTeMe, TaK '-ITO rrpn n=O CHCTeMa npe,n:CTaBJieHa TOJibKO .11:BYMlI 
qaCTHl.{aMH, o6na,n:aIOmm,rn BCero 0.11:HHM CBOHCTBOM. 

O6paTHM BHHMaHHe Ha TO, '-ITO BeJIH'-IHHa A. HBJIHeTCll cyMMOH pll,n:a BeJIH'-IHH 

s=m(m+ 1 )+ 2 (KOJI.3 rn6n.2). B reoMeTpH'-IeCKOM o6pa3e BeJIH'-IIIHbl s 
COOTBeTCTBYIOT TeM qacrnM rrpocTpaHCTBa, KOTOpble npHMbIKaIOT K_ o,n:Hoi.\ ·u3 CTopoH 

.KaKOH-TO O,nHOH npOH3BOJibHO BhI6paHHOH nJIOCKOCTH. qHCJIO qacTHI.{ B TaK!IX 
:)Jlel\leH-rax Bbl'-IHCJIJieTClI no cpopMyJie TeopeMbl 1) YMHO)Kenn:eM mi 2. 

.• B rn6n.2; KOJI.2 rrpHBO.D:l!TCSI 3Ha'-lemrn A, Bbl'-lllCJieHHb!e no cpopMyJie (2) rrpn 

3Ha'-!eHirnx n: coorneTCT~YIOIUHX HaTypanbHOMY plI,n:y '-liicen. 

Maz11'1eC1<11e 'IIICJW, 6bl'lllCJIRe.Mble 110 <fJop.111yJ1aJ1t 
(2) dJIR A, (3) dJIR B, (4) dJIR C 

Ta6n.2 

n A s=m(m+1)+2 B p=(m-l)(m+2)+2 C q=(m-l)(m-2)+2 
=m(m+l) m;tcO 

I I 2 I 3 I 4 5 6 7 

0 2 2 0 0 2 -
1 6 4 2 2 4 2 
2 ·14 · 8 8 6 ' : : 6 2 

'•31:. · 28 14 20 12 '10 ·, 4 
.4 · 50. 22 40 20 18 8 
: 5 82 32 70 30 32 14 

····6 126 44 112 42 54 .: 22 

7 184 "' 58 168 56 86 32 

BII,n:lio; '-ITO plI,n: BeJIH'-IHH A B0
1

cnpou3so.n;IIT qacTb 113BecrnbIX 
3KCnepn:MeHTaJihHO MafII'-!eCKIIX '-IHCeJI, BKJIIO'lru! '-lllCJIO · 14: Ii qaCTH'-IHO COBna,n:aeT C 
npel(CKa3aiilil!Mli o6onoqeqnoii.. MO,UeJin. TI6l!B~l!eTCll HOBOe '-IIICJIO 6, HO OTCYTCTBYIOT 
qncna ' 8; 20, 40. qT06b1 rronyiin-ih u 3TH '-IHCJia, · pmoBheM .n:anbll1e Harn 
reoMeTpH'-IeCKIIH noi:lxo.n:. '. ' 

;' PaCCMOTptt~ I(OHKpeTHb!H ripnMep .11:JI~ n=3>.IeTblpe nJIOCK0CTH (o6o3Ha0IHM HX 

KaK d, 13, y, A) .n:enHT rrpoc-rpancrno cornacno TeopeMe 2)ua 15 '-laCTeii. n: o6pa3yIOT 
TeTpa3,n:p: _O603Ha'-JIIM ' : BHeWHHe rpaHll TeTpa3,n:pa ( C0OTBeTCTBeHHO, IIJIOCKOCTH) 
3HaKOM (+), • a BHYTpennn:e -, 3HaKoM H- : KmK,n:asi qaCTb npocTpancrna 
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OTO)KJ{eCTBmreTCH, cornaCHO orrpe,neneHHIO, C . 3JieMeHTOM CHCTeMbl, a Ka)K,lla5J 

IIJIOCKOCTb - . C HeKHM orrpe,neneHHbIM CBOHCTBOM. l1H,llHBH,llyaJihHOCTb Kai,noro 

3JieMeHTa XapaKTepHJyeTCH OIIpe,neneHHh!M Ha6opOM CBOHCTB (KOHqrnrypaIJHeii) B 

COOTBeTCTBHH C TeM, K KaKUM IIJIOCKOCTHM H C KaKOH CTOpOHbl IIJIOCKOCTH ,llaHHM 
qacTh rrpocrpaHCTBa,. OTO)KJ{eCTimieMM ·c orrpe,neneHHhlM 3JieMeHTOM, rrpHMbIKaeT. 

Ha30BCM TaKYIO KOHqrnrypaIJHIO cocmOJIHUeM. PacrrnrneM Bee B03M0)KHb!e COCTOHHHH 
TaK, KaK 3TO YKa3aHO_B KOJI.l ra6n3. 

Ta6n.3 
Cocmo1111UH 'lacmul{ a cucme11te, omoJ1CoecmBRRe.Atb1e c 011peoene1111b1J1tu 'laClllJlJltu 

11pocmpa11cmaa, pa1oene1111ozo 4-_JltR 11J1oc«oc11mJ1tu 110 yCJ10«11JU1t _meope.Atbt 2) 

8HYfP.TIOJlOCTL a'B"v· '},,: a•(3•y•'},,: 
rerpa3.11pa ' I 2 3 4 5 6 

A-cocmoRHUJl B-cocnwRHUJl C-cocmoRHUJl · 
qacrn a• p• ')..: a·p· '},,: a•p•')..: a·p-')..: 1, 

npocrpaHcTBa 
Y 4-x sepwHH B+ v• '},,: wv·')..: B+ v• ')..: wv·')..: B+ v• ').._+ wv·')..: 

a•v•')..: a·y· 11.· a• v• 11.• a·v· 11.· 
a• B+ v• a·wv· a• B+r' a·(3"y"' 

Y 4-x rpaHeil a· rrv· 11.· a·B•v•11.+ a·wv·11.· a· p• y•·11.• 
a· B•v· 11.· a•B·v•11.• a· B•v· 11.· 'a·wv·11.· 
a·wl11.· a• p•v·11.• .. a· wv· 11.· a• B•v· 11.+ 

' a· B·v· 11.• a•·B•v•11.·. a·,rv•11.+ a• B+Y+ 11.· 
Y 6-rn pe6ep a· B'v· 11.• a• (3"y+ 11.· a· B+ v· 11.• a·wy'11.·.·. 

a· rrv· /1.+ a· a•.y·.11.· a·rrv:11.• a· a· y· 11.· 
a•p-v·11.:':: a· B; v~ 11.· a•p·v·11.; a·-p• y• ')..: 
a·a·v·.11.· a· wv·x·· a• B+ v· 11.· a·wy•11.· 
a·B•v•11.· a• (3"y·11.•; a· B+ v• ')..: a• (3",v· 11.• 
a·rrv·11.· a·a·v·11.· a·wv·11.· a·a•v·11.· 

. TiocKOJibKY Mbl OTO)K,llCCTBUJlll C Ka)K,llbIM 3JieMeHTOM rrpocrpaHCTBa (KpoMe 

0,llHoro) 2 qacTHIJbI (c rreBhIM II rrpaBbIM BpaIIJeHHeM), TO Ka)K,noe COCTOHHHe (H3 

rrepeqncneHHhIX B KOJI. l) · MhI ,llOJI)KHhI rrpnrrncaTh . o.ilHorr H3 qaCTHIJ, :uMeIOIIJefr, '.' 

HarrpHMep, rrpaBOe BpaIIJeHIIe, a T_e )Ke COCTOHHHH, HO .c rrpOTHBOIIOJIO)KH()H qeTHOCTblO 

- BTOporr qacTHIJe, HMCIOIIJeH rreime BpaIIJeHHe (Korr.2). O6IIJe_e qncrro· COCTOHHHH. 

6y,neT paBHO JO. I{3 HHX COCTOHHHH ca· w y" A:) H (at p+ t A+) OTHCCCM K BpaIIJeHIIIO_ 

cncTeMhI KaK uenoro. OcraBrneecH qIIcno cocTOHHiiii paBHO 28 n paBHO qncrry' A npn 

n=3. BH,llHO, qTO BCH COBO~ynHOCTb COCTOHIIHH rrpe.zicTaBJIHeT KOM6HHaIJIIU BCex 

CBOHCTB B irerroBTOpHIOIIJHXCH coqeraHHHX_. , . . · · . . · · ' 

Ilo,no6Hble IIOCTpOenmi MO)KH0 npoBeCTU ,lllIH. JII06oro n: 1 IlpH 3TOM 

uenecoo6pa3H~ BBecm crre,nyIOIIJee orpaimq~H~e: , ~PII n >2 CJie~yeT P.ac~onaraTb 

IIJIOCKOCTH B IIpOCTpaHCTBe no ycJIOBHHM TeopeMbI 2) TaKHM o6pa30M, qTofihI OHH 

Kacannch noBepxHOCTH IIIapa. Tor,na B ueHrpe TaKoro rrocrpoeHHH 6y,ne'i HaxO,llHThCH 
3JieMeHT, KOTOphlli MO)KHO OTH0CIITb K BpaIIJeHIIIO CHCTeMbl KaK uerro'ro. . . . 

B _o6meM crryqae rrpH JII060M . 3HaqeHHH . n, KOTOpOMY COOTBeTCTBYeT 

IIOCJIC,llOBaTeJibHOCTb CBOHCTB a, p, y, A ... c qncJIOM 3THX. CBOHCTB, paBHbIM n+ 1, 
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MO)KHO IIOCTpOUTb KOM6HHaIJHU COCTOHHUH, rro,no6Hhle )'Ka'.3aHHhIM B KOJI.l, 2 Ta6n.3. 
qUCJIO TaKUX COCTOHHUH orrpe,nenHeTCH Bbipa)KeHUeM (2) ,wrn A. . . 

3a,na,nnMcil: BorrpocoM: MO)KHO mi: BbI,llCJIHTh H3 rrepeqncneHHhIX B Kon.I, 2 

Ta6JI.3 .. COCTOHHHH, HeKOTOpbie KOM6UHaIJHU, OTJIUqaIOIIJUeCH OIIpe,neJieHHhIM 
coqeraHneM cBoiicrn, n qTo 113 :noro MO)KeT Bhirrm? · 

BI,16epeM in Bce'rr COBOKyrrHOCTII COCTOHHHH, )'Ka'.3aHHblX B KOJI.l, 2Ta6n.3, 

COCTO~HUH, B KOTOpbIX 0,llHO CBOHCTBO, UMe!OIIJCC orrpe,neneHHhlli 3HaK (t UJIU -), 

coqeTaeTCH co BCeMH OCTaJihHb!MU CBOHCTBaM}I, HO UMeIOIIJHMU IIpOTUBOIIOJIO)KHbfil 
3HaK. 3TH COCTOHHHH YKa3aHbI B ra6n.4. 

+ a 
a-

a· 
a· 

Ta6.ri_4· 

B reoMeTpnqecKOM o6pa3e 3TH COC:TOH~UH COOTBeTCTBYIOT qacrnM 

rrpocTpaHcrna, orrnpaIOIIJHMCH Ha rpaHII Terpa3,npa (B 96IIJeM cnyqae, rrpII n >2, - Ha 

rpaHII ueHrpaJibHOH qmryphl, o6pa3oBaHHOH n+ 1 IIJIOCKOCTHMII). O6IIJee qIICJIO TaKHX 

cocTOHHIIrr paBHO 8, T.e. y,nBoeHHOMY qIIcrry cBorrcrn (rrrrocKocTerr). EcrrII BhNeCTh 

qncrro 3TIIx cocTOHHIIH II3 A=28 rrpII n=3, TO rronyqIIM coorneTCTBYIOII&! qrrcrro B=20. 

CoorneTCTBYIOIIJM COBOKYIIHOCTb OCTaBIIIIIXCH COCTOHHIIH rrpe,llCTaBJieHa B KOJI.3,4 
Ta6JIII1Jbl 3. 

,, ' ' ' - '' 

Tio,no6Hbie COBOKYIIHOCTU COCTOHHIIH 6y,nyr Ha6JI10,naTbCH npn JII060M n, a. 

3HaqeHII~. B, Bhl'IllCJIHeMhie II3 Bbipa)KeHIIH (3), o6pa3}'IOT BToporr pH,ll irnrnqecKIIX 
qncerr (Ko.ri:.4 ra6rr.2). ' 

• .. n (n + 1)3 + 5(n + 1) 
B = ~)(m - l)(m + 2)] ":' , . , 

3 
:, - 2(n + 1). (3) 

0 • 

O6paTHM BHHMaHIIe Ha To; qTo Bblpa)KeHIIe ,lllIH ,B eCTb C}'MMa·pH,lla 

BeniiqnH 'p={ni-l)(m+2)+2=m(m+l), o6pil.3yeMbIX no TOMY )Ke 3af~Ii:y,' 'ITO II 
r ' ,, 

BerrnqIIHhI s. . 
0

BII~HO, . qTQ IJH,ll tiIIcerr B B Toqir'ocm nO~TOpHeT nocJie,[(OB<ffelibHOCTb 
MarnqecKHX qIIcen, npe,ncKa3hIBaCMbIX 0,llHoqacTUqttOft 'irn,neJiblO: B lram:eM rio,nxo,ne 

3TH qrrcna' rrorryqeHhI IICKJIIOqeHIIeM II3 o6mero MaKCHMaJihHO B03MO)KHoro qncrra 

COCTOHHIIH . Tex COCTOHHHH, K0TOpbie xapaKTepII3YIOTCH HeKOTopoii; o6m~oCThlO ( CM. 
Ta6rr.4). Ho '3mM He 6bm0 HapYIIIeHO YCJIOBIIe HCIIOBTOpHMOCTII CBOi1CTB 3JieJ\feHTOB 
CIICTeMhl B OCTaBIIIeMCH aHCaM6ne COCTOHHHH (Kon.3,4 ra6n.3). . 

' Mo~HO npe~nonaraTb; '.'ITO PH.ll MarnqeCKUX queen 'B, KaJ<"II p~ A,' HMeeT 

npaBO Iia ·rrpII3HaHHe: 3TO IIO,llTBep)KJ{aeTcH' B 0THOIIIeHHII qncen 70, 112, 168, o 
K0TOpbIX pe% rrma Bbrrne:· Ilo-BH,llIIMOMY, C J)H,I(OM B CBH3hIBaIOTCH HeKOTOJ)bIC eIIJe He 
BhIHBJieHHhie c:Borrcrna. 51,llep. · B Kaqecrne nmoTe3hI 'M0)KHO BhICKa'.3aTb'· cne,llYIOmee 

qacTHOe npe,nrrOJIO)KeHHe. MO)KHO 6bmO 6bI O)KU,llaTb, qro '.51,llpa co C,llBOeHHbIMII 
o6onoqKaMII 

10
He (Z=2 H N=8) II 

28
0 (Z=8 II N=20) 6y,nyr cTa6IIJihHhiMn nnn 
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0TH0CHTeJihH0 CTa6HJibHhIMH. Ho 3KCIIepHMeHTaJihH0 6bIJIO II0Ka:mHo, qTQ 3TH Mpa He 
o6na,nruoT H,LlepHOll CTa6HJihHOCThIO [13,14]. He HCKJIIQqeHo, ~f> rrpnq1rna 
Hecrn6HJihHOCTll 3THX H,Llep 3aKJIIOqaeTC.H B 0,!(HOBpeMeHHOll rrpnHa,nJie)I(HQCTH HX z H 

N K p.H,ny qnceJI B. EhmO 6hI HHTerceCH0 rrpoBepUTh 3KCrrepuMeHi'aJihHO, 6y,neT Jill 

co6nro,naThC.!I 3T0 rrpaBHJI0 B cnyqae 0ca (Z=20 H N=40), 
110zr (Z=40 H N=70), 

182
Yb 

(Z~70 n N=l 12), 280112. ··(Z=112 II N=168). Ecnn 6b1 3T0 ;ieiicTBHTeJihHO 

no,nTBep,nHJIOCb, TO rrpo.HBHJiaCh 6hI HeKa.H qJH3HKa COCTO.!!Hllll, 0TBeTCTBeHHhlX 3a p.H,n 
B; . 

C,nenaeM eIIIe o,nHy BhI6opKy H3 A-cocTO.HHHii ,nn.H n=3, KaK 3TO yKmaHo B 

rn6n.5. 
Ta6n.5 

-a 
-a 

+ -a a 
+ a 
+ a 

a+ ... ')...+. a -
a+ + .• 'J...- a -

+ a 
& l~+'R-~+A.· I a· 

Bb16paHHble C0CT0.!IHII.!I (Kon.I Ta6n.5) 0TJIHqaIQTC.!I TeM, qTQ 1) Bee OHII 

co.nep)l(aT CBOllCTBO a, 2) B. Ka)l(,!(0M 'COCTO.!IHHII HMeeTC.!I 110 KpaiiHeii. Mepe rrapa 

cBoiicTB, HMeIOIIIHX 3HaK (+).''B reoMeTpnqecKOM o6pme 3TO cooTBeTcTByeT TeM 

qaCT.!IM rrp0CTPaHCTBa, K0T0pbie rrpHMhIKaIOT K ITJIOCK0CTH a. l!HCJIO IIX paBH0 qncny 

0Tpe3KOB rrp.!!MhIX, o6pmyeMhIX rrepeceqeHHeM rrnOCK0CTII a C rrnocK0CT.HMH f3, y, A, H 

paBHO 9 (B 06IIIeM cnyqae· n2
). O6Jtiee qHCJI0 COCTO.!!Hllll (BMeCTe C aHTIIIIO.l(aMH 110 

2 ' . 
BpaIIIeHHIO) paBHO 2n ' T.e. 18. Bhm.H,3TO qncno H3 A=28, COOTBeTCTByIOIIIee n=3, 

_Mb! rronyqHM qncno C:;10 rrpH n=3 . . CooTBeTCTBYIOIUIIe 3TOll ",nec.H~e"co~TO.HHII.!I 

rrepeqncn:em,i B Kon.5,6 ni6n.3. · · · · ,. · 

Ilpo,nenaB TO )Ke caMoe ,nn.H ,npyrnx, n, cornacHo qiopMyne (4), MhI nonyqHM p.H.n 

BennqnH C, yKmaH~hIX ~- _Kon_.6 Ta6n2: 
'/ 

.C, = i)(m-l)(m-2)+2] ~ (n+1)3+5(n+,1) 
0 . ' ·:' 3 .• ' 

2n 2
• (4) ·. 

. Bn,nHo, ~o Bbipa)l(eHI!e (4) ,nn.H _C ,naeT qifcnorrpoToiioB B i.np:;ix, aTOMOB 

6rraropo,nHh~ rmOB, KpoMe cnyqaeB c n. ~ 1, 2; 5, KOT0pbie TPe6yroT -~T,neJihHOro 

paccMOTPeHH.H. 3TOT y,nnBmeJihHhiii pe3yJihTaT 03Haqaer, ~o .B rrpe,nenax. · Ka)K,!(Oii 

rrp~TOHHO'ii o6onoqKH An cyIIIeCTByIOT ~o~qinrypaJIHll COCTO.!IHHH, {H~eTCTBeHilbIX ,3a 
XHMHqecKyro HH,!(IIBII,nyanhH0CTh aT0MH0r0 061,eKTa. 1IIICJIO 3TllX COCTO.!IHIIH 

' 2 A
0
-C

0
=2n paBH0 qncny B 3JieMeHTOB B cooTBeTCTBYIOIIIHX nepno,nax 
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Ilepno,nnqecKOii CHCTeMbi ll qncny 3neKTp0H0B B CO0TBeTCTBYIOIIIHX cnO.HX (CM. 
rn6n.6). 

0 • Ta6n.6 
Pac11peoeJ1e11ue :JJleKmpouo« 110 CJ10J111t B 11111ozo:1J1eKmpo1111btX anio,uax 

n (rnaettoe l 2 3 4 
KBaHT0B0e 'IHCJJO) 

. 
CJJOII K- L- cnoi1 M- cnoii N- cnoii 

cnoii 

/ ( op611TaJJbHoe 0 0 l 0 l 2 0 l 2 3 

KBaHTOB0e 'IIICJJO) 

O6oJJO'IKH ls 2s 2p 3s 3p 3d 4s 4p 4d 4[ 
lllfCJJo 3JJeKTP0H0B B 2 2 6 2 6 10 2 6 10 -14 
CJJoe .. 

~:=2n2 2=2-1 2 8=2-22 18=2-32 
32=2-42 

MO)l(HO rrpe,nrronaraTh, qTQ ,naHHh!H pe3ynhTaT .HBn.HeTC.!I nIIIIIh 
MaTe1rnnIqeCKIIM !pOKyCOM. IlO.HBnem1e "mIIIIHIIX" queen 4 II 6 ,naeT oeHoBaHne .nmI 
TaKIIX COMHeHHH. Ho He IICKJIIoqeH0, 'ITO no KaKHM-T0 rrpnqHHal\l, npoiICTeKaIOIIIIII\I ll3 

oeo6oii npttpo,nbl nerKIIX .H,nep, IIpiI Z=4 II Z=6 He o6Hapy)KHBaeTC.!I eBOHCTB 
6naropo,nuhIX rmOB. lJrn KacaeTe.H rroHBneHHH B pH,ny queen C q!Iena 32 (Ge) BMeern 
36 (Kr), TO MO)l(H0 npe.nnon0)l(!ITh, qrn no KaKIIM-T0 rrp11q1rnaM npupo.ne 6onee yro,nHa 
cyMMa 18+ 18=36, qeM qIJcno 32. HeeMoTp.H Ha 3TII rnnorernqecKIIe npe,nnono)l(eHIIH, 

Bee )Ke M0)l(H0 yTBep)l(,naTb, qT0 Bblpa)l(eHIIe (4) rrpaBIIJihH0 npe,neKa3hIBaeT Z • 
6naropo,nHblX rmoB. Ilo Kpai1ueii Mepe, B HaIIIeM no,nxo,ne IICKnroqeHO np0ll3B0nhHoe 

rrepeMeIIIeHIIe o6onoqeK c 6onbIIIIIM · n Bnepe,nu o6onoqeK e MeHhIIIIIM n, KaK 3T0 
rrpIIHHT0 rrpII nocrpoeHIIII o6onoqeK B aToMax T.H)l(enee Bo,nopo,na B KBaHT0Bo­

MexaHIIqeeKOM npe,ncrnBnemrn IlepHo,nIIqecKoii CIIcteMhI. 
OTMeTIIM eIIIe ,nBa qiaKrn, 3HaH11e K0TOphIx npe,ncrnBn.HeT H!fTepec. 

1. P.H.ri Bemmrn q=(m-l)(m-2)+2 B KOn.7 rn6n.2, HaqllHa.H c n=2, COBna,naeT c 

p.H,n0M BenIIqIJH s=m(m+ 1)+2. 3ro o3HaqaeT,. •uo qiopMIIpoBa1rne C­
o6onoqeK ITO TIIIIY A-o6onoqeK HaqIIHaeTC51, Kor.na e11cTeMa y)l(e IIMeeT B CB0eM 

COCTaBe 3 eBOHCTBa: a, [3 II y. 
2. CTporo BhIIIOnH.HeTC51 COOTHouieHHe A0 -C0 =B0 -B0 .2. 

vlTaK, 0IIIICaHHhIH no,nxo.n II03B0n5IeT np0CThIM o6pa30M BbJqncnHTh 
MarnqecKIIe qncna 11yKn0H0B (rrpoTOHOB Hnll ueiiTpOHOB) B 51,npax, a TaK)l(e (HO C 

/>.~e_HbIIIeii CTerreHbIO .nocTOBepHOCTH) aT0MHhie H0Mepa 6naropo,nHhIX ra30B. 
Ha 3T0M 0CH0BaHHH M0)l(H0 c,nenaTh BhIBO,n, •no y:riep)l(_neHI1e "ne•no u.eJioe 

. 11BJIHeTCH CTa6nm,HhIM, ecJIII OHO COCTaBJieno 113 MaKCIIMam,110 B03MO;KHOro 

•mCJia 3JieMeHTOB, Ka~blll 113 KOTOpbIX OTJlll'Iell 0~1111 OT ,AP)TOro" 51Bn.HeTC51 
~paBIInhHhlM. , 1eoMeTpII•1ecKIIH o6pm, IICX0,!(5IIIIIIH H3 3T0fO yrnep)l(_nemrn, 
0TO)K,!(eCTBJl51eTC.!I C CHCTeMOH spar.umoI.UIIXCll qacTIIII, C0CTaBnHIOIIIHX HeqTo uenoe, 
Ha3hIBaeMoe o6o.'IO<i1'mi. Mm1mo npe,nnono)l(IJTh, •1To ManIqecKoe qIJcno ecTh qucno 
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CTerreHefi CB06o,nbI B TaKOll crn6rmbHOH Cl1CTeMe. BHyTpeHH.SI.SI 3Hepr11.SI o60JIO'IKl1, 

pacrrpe,nerreHHa.SI no BpamaTeJibHhIM cTerreH.SIM CBo6o,nhl, rrpe,ncTaBrr.sieTC.SI KaK cyMMa 

BpamaTeJibHb!X 3Heprnfi, COCTaBJI.SIIOIII11X o60JIO'IKY HYKJIOHOB, ITJIIOC BpamaTeJibHa.SI 

3Hepr11.si Cl1CTeMbl B uerroM. ~/Iii 

y .lllIBJI.SleT,__ 1ITO H3JIO)l(eHHbie pe3yJibTaTbl rronyqeHbl H3 CaMbIX o6mnx 

coo6pa)l(eHHH 6e3 paCCMOTpeHH.SI <pH3H'!eCKl1X rrpH'IHH. 

B rrepByIO oqepem, B03HHKaeT Borrpoc: KaKOB <pH311'!eCKl111 CMb!CJI BeJil1'1HHbl n? 
Bbirne Mb! orrpe,nemrnn 3TY Berr11'!HHY KaK HeKoe c'heu11cp11qecKoe ceoiicmeo cncTeMhI. 

A6cTpaKTHhIH rro,nxo.n K rrpo6rreMe, rrpnMeH.sieMbIH B Hacrn.simen pa6oTe, Boo6me 

roBop.si, He Tpe6yeT 3HaHl1.!f Toro, KaK11e )Ke KOHKpeTHb!e <pH311'!eCKl1e BeJIH'IHHbl 

rrpe.ncrnB~JJ.SIIOT TO, '!TO Mbl Ha3Ba.Jil1 ceoiicmema1, Mmirno rrpe,nrrOJIO)l(l1Tb, 'ITO 3a 

BeJIH'IHHOH ll He CTOHT HHKaKoe <pH311'!eCKOe IlOH.SITHe II '!TO rrpocTO MOfYT 

cymecTBOBaTb Cl1CTeMbl 113 MH0fl1X Bpama.IOIIIHXC.SI TeJI, KOTOpb!e 06pa1y10T 

CTa611JibHYIO KOH<p11rypaIIHIO rrp11 orrpe.nerreHHOM qncne COCTaBJI.SIIOIII11X TaKYIO 

Cl1CTeMy TeJI. Eorree Toro, MO)l(HO rrpe,nrrOJI0)1(11Tb, '!TO B03HHKHOBeHne orrpe,nerreHHOro 

ceoiicmea cucme.Hbl CB.SI3aHO C orrpe,neJieHHb!M 'IHCJIOM CO0TaBJI.SIIOIIIHX Cl1CTeMy 

Bpama10m11xc.si Terr. 
MO)l(HO 6hIJIO 6b! rrpe,nrroJIO)l(HTb, '!TO I10H.SITl1e ceoiicmeo Bb!pa)KaeTC.SI nn"rn1, 

. e - . 
orrpe.nerreHHblM .lll1CKpeTH~IM 'IHCJIOM HeKHX :JJ1e;we11map11blX ceoucme, KaK 3TO rrp11H.SITO 

B KBaHTOBO-MexaHH'!eCKHX rrpe,ncTaBJieHl1.SIX rrpn orrpe,nerreHl111 COCTO.SIHl1.SI qaCT11IIbl B 

aTOMe HJIH H,npe, COf.!IaCHO KOTOpbIM Ha 0.llHOM 3HepreTl1'!eCKOM ypoBHe En MO)KeT 

HaXO.llHTbC.SI HeCKOJibKO TO)l(.lleCTBeHHb!X 'laCTl1U, HO Ka)l(,na.SI H3 HUX OTJIH'laeTC.SI OT 

,npyr11x KBaHTOBhIMl1 qncJiaMH BeJI11'!11H M 1, M 1, 11 M,,. Ho rrpn HarneM rro,nxo,ne 3TO 

11CKJIIO'leHo: B rrpOTHBHOM crryqae B,O,nHOM 3JieMeHTe Cl1CTeMbl MOfJil1 6hI CO'!eTaTbC.SI 

O,nHl1 11 Te )Ke CBOHCTBa, OTJIH'la.IOIII11eC.SI TOJibKO KOJIH'!eCTBeHHO. HarrpnMep, ecrr11 Mbl 

rrpnMeM, 'ITO CBOHCTBO a eCTb crroco6HOCTb qacT11II, BXO.ll.SIIIIHX B CHCTeMy, 

HaXO.lll1TbCH B COCTO.SIHl1H C 3Hepr11efi E,, a CBOHCTBO ~ - C 3Hepr11efi E2, TO cornaCHO 

HarneMy IIO.llX0.llY BCer,na HaH,neTC.SI 0.lll1H 3JieMeHT II, COOTBeTCTBeHHO, '!aCTiIIIhI, 

KOTopbie 6y.nYT o6rra,naTb n 3Heprneil: E, 11 3Heprneil: E2, 'ITO HCKJIIO'!eHo. B 3TOM 
COCTOl1T KOpeHHOe OTJI11'!He Harnero rro,nxo,na OT KBaHTOBO-MeXaHH'!eCKOfO. Ho 

IIOCKOJibKY Harn rro,nxo.n TO)l(e ,naeT rrpaBl1JlbHblll KOHe'!Hblll pe3yJibTaT, TO Heo6xo,nHMO 

rrpe.nrrorro)l(HTh, '!TO rroHHT11e ceoiicmeo He eCTb HeKa.SI Kl1HeMaTH'!eCKa.SI 

xapaKTep11cTnKa, a He'!To ,npyroe. 
B TO )Ke BpeM.SI Heo6xo,n11MO OTMeTHTb .SIBHYIO po,ncTBeHHOCTb Hamero 

reoMeTP11qecKoro 11 KBaHTOBO-MexaH11'1ecKoro rro,nxo,noB . • 
O,nHl1M 113 <pyH,naMeHTa.JibHbIX I10JIO)l(eH11ll KBaHTOBOll <pl1311Kl1 .SIBJIHeTC.!f 

rrpmHaH11e <paKTa, 'ITO aTOMHblll 061>eKT rrpe,ncTaBJI.SieT co6oil: COBOKYITHOCTb 

OCII11JIJI.SITOpOB, 11MeIOIIIHX :mepr1111, KpaTHbie BeJIH'll1He hm. Harn rro,nxo.n He TOJibKO 

He rrpOTl1BOpeq11T 3TOMY I10JIO)l(eHl1IO, HO 11 IIO.llTBep)l(.llaeT ero. BpameHne qaCTHIIbI 

MO)l(eT 6hITb rrpe,ncTaBJieHO KaK aHanOr rrepno,nuqeCKOfO .llBH)l(eHH.SI. BHenrnee 

. B03,neil:CTBl1e B03MymaeT BpameH11e qacTHilbI, II OHa CTPeMl1TCH K B03BpaTy B 11cxo,nHoe 

C0°CTO.SIHl1e. XapaKTep .neB036y)l(.lleHII.!f ,nOJI)l(eH 6bITb Kcrne6aTeJibHbIM y)l(e B CHJIY Toro, 

'!TO qacrnua rrpo,nOJI)l(aeT BpamaTbC.!f. Borrpoc COCTOIIT B TOM, IlO'!eMy ,neB036y)l(.lleHl1e 

ocymec·rnrr.sieTC.SI .lll1CKpeTHbIM o6pa30M? CB.SI3aHO Jil1 3TO C BpameH11eM caMOH qaCT11IIbl 

12 

11Jil1_C TeM, '!TO qacT11IIa Haxo,nIITCH B KOJIJieKTIIBe, 'IIICJIO qaCTIIII B KOTOpOM HBJI.SleTCH 
KpaTHbIM caMo rro ce6e? · 

MbI y)l(e cpaBHl1Ba.JIII pe3yJihTaTbl Ramero . rio.nxo.na C pe3yJibTaTaMII 

0.llHO'!aCTII'-lHOll II o6orro-iJ:eqHOll MO,ne.rieil:. MO)l(HO, IIO-Bll.llllMOMY, YTBep)KJJ;aTb, 'ITO 

KOM6IIHan'ip11Ka 3TIIX Mo,neneil: 11 Hamero rro.nxo.na rrp·II ITOCTPOeHIIII o6orroqeK -IIMeeT 

0.llHY rrp11po,ny, 11 3TO crre,nyeT 113 TPe6oBaHIIH.HeIIOBTOpIIMOCTH B C0'!eTaHHHX CBOHCTB 

qacrnu, 06pa.1YIQm11x cm611rroHYIO CIICTeMy. IIp11HIIIIIIIIa.JibHoe ornir~e cocToHT _ B 

TOM, 'ITO KBaHTOBO-MexaHII'!eCKIIll rro.nxo.n orpa.HII'!HBaeT '111CJIO B03MO)l(HI,IX CBOHCTB 

TOJibKO Kl1HeMaTII'!eCKIIMII xapaKTepIICTIIKaMII, TOr,na KaK Ham rro.nxo.n TaKIIX 

orpaHII'!eH11il: He IIMeeT. IImrnTIIe ceoiicmeo He orrpe,neneHo B HarneM crryqae Ka.K 

KOHKperna.si xapaKTepIICTHKa, a BBe,neHO Ka.K HeKoe a6cTPaKTHOe IIOHHTIIe, HO 3TO eme 

He 03HaqaeT, '!TO,OHO He IIMeeT (p113II'!eCKOro co,nep)l(a.Hl1.!f. 3TOT Borrpoc eme TPe6yeT 

CBOero rrpOHCHeHl1.!f. 

He IICKJIIO'!eHo, 'ITO II3JIO)l(eHHblil: B ,naHHoil: pa6oTe rro.nxo.n MO)KeT IIOCJIY)l(IITb 

C03,naHIIIO HOBOH KOHIIeIIII11II CTa611JibHOCTII aTOMHbIX 061>eKTOB, KOTOpa.si I103BOJIIIT 

BHeCTII HOBbie rrpe,nCTaBJieHH.!f Q rrp11po,ne H,nepHbIX HBJieHIIll. Bo3M0)1(H0, 'ITO 3Ta 

KOHIIeITIIIIH MO)l(eT 6bITb Bbipa)l(eHa B 11HOM <popMa.IIII3Me, BbICTpOeHHOM Ha OCHOBe 

MaTeMaT11'1eCKOll TeOpIIII rpyrrrr. He IICKJIIO'!eHO, 'ITO <popMaJIII3M rpyIIIIbI II03BOJIIIT 

BbIHBIITb CHMMeTpHH BbIC0KOfO rropH,nKa, orrpe,neJI.SIIOIIIHe MarnqecKne '!HCJia. 3To 

rrpe,nMeT 6y,nymero nccne,noBaHHH. 

ABTOp Bb!pa)l(aeT rny6oKyIO 6naro,napHOCTb <l>.A.fapeeBy 3a 060,npHIOIIIee 

BHIIMa.HIIe, rrpoHBJieHHhIH HHTepec n KpIITIIKY ,naHHoil: pa6oTbI, IO.I..J;.Ora.HecHHY n 

E.H.IIycTbIJihHHKY 3a rrorre3Hbie 3aMe'!a.HIIH. 
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