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1.BBeneHIIe 

Bee lI3DTDllbl aCT8TlIH8 srnm110TCSI p8JllID8KTlIBHb!MlI lI paCll8)l8IOTCSI C llD

BDnbHO Manb!M nepHD)lOM nonypacnaaa. HeliTpOHO)lecpnUHTHbie lI30TOllbl 8CT8Tll

H8 ClIHTeanpoBanlICb yJKe )l8BHO B peaKUlISIX C TSIJKenbIMlI lIOH8MlI/ 1,2,3,4,5,6/. 

B 6011bIIIlIHCTBe cnyqaeB 6bm nayqeH TOnbKO IIX a -pacnaa, B peaynbTaTe 

qero onpea~n.11nncb nepnoa nonypacnaaa aaHHoro naoTona n ::JHeprrr.11 a -nepe

xoaa, XoTSI H3DTDllbl 8CT8TlIH8 pacnaaa10TCSI npeHMyIIIeCTBeHHO nyTeM aneKTPDH

Horo 38XB8Ta, an.11 Tex ll3 HlIX, y KOTOpb!X M8CCOBOe 'IHCno A <" 208, He 6bmO 

naytJeHo raMMa-nanyqeHne, conpoBDlKJl810IIIee 9TOT npouecc, 

CaMbie nerKHe lI3DTOllbl nonOHlISI C B036ylK)leHHb!MlI ypoBHSIMH, D KDTOpb!X 

B H8CTDSIIIIee BpeMSI B nnTepaType lIMe!OTCSI CBe)leHHSI, - 9TO HetJEiTHbie H3DTO

llbl 
205 Po n 

207 Po , XaprpoB9 n MapTnH/7 I o6HapyJKnnn y sTnx naoTonoB 

lI30MepHbie CDCTOSIHlISI, B peaynbTaTe l!OlICKa lI30MepoB y HetJEiTHb!X lI3DTDllOB 

Po H8Mll 6bm Hali)leH HDBblli lI30Mep B SI)lpe 
203 Po / 14/. 

Eonee l!O)lp06HaSI HH!pOpM8UlISI lIMeeTCSI 06 ypoBHSIX SI)lep 6onee TSIJKenbIX 

H30T0l!OB nonoHnSI: 
208

•
209

•
210

•
211

•
212 Po / 8, 9, 10/, Oco6b1li lIHTepec npen

cTaBnSieT anSI TeopeTntJecKnx nccneaoBaHnli SIJlpo 
210

Po, y KDToporo aanonHe-

Ha HeliTpOHH8SI o6onotJKa N ·= 126) lI 'I'OnbKO )lBa npOTOHa H8XO)lSITCSI BbIIIIe 

aanonHeHHoli o6onotJKlI ( Z 82) / 18, 19, 20, 21/, Y tJEiTHb!X .11aep208 Po n 210 Po 

6bmll o6HapylKeHbl ypoBHlI O + , 2 + , 4 + t 8 + t KOTOpbie B03HHK8IOT 

B peay nbT8 Te pacmenneHn.11 MynbTHnneTa ( h9 ; 2 
) 

2 
0HH l!03BOnSIJOT o6~SIC-

207 
HHTb Bb!COKOneJKaIIIne lI30MepHbie COCTOSIHlISI C 5onbIIIlIM Cl!HHOM B SI)lpax Po. 

209p0 H211 Po /23,24/, 

3 



llenb10 aacToSimeii: pa6oTbI HBnSieTcSI nccnenoBaHne raMMa-nsnyqeHHH, 

conpoBo)KJla10mero K -saxBaT 6onee nerKnx nsoTonoB acTaTnaa, 'lTo6b1 nony

qnTb H0Bbie CBeneHHSI 0 CHCTeMaTHKe Bos6y)KJ:leHHbIX yp"oBHeii: Heii:TpoHoneqin

UHTHbIX H30T0nOB nonOHHSI • 

.. 
2. 3KcrrepHMeHT 

l130TOIIbl 202 At ll 203 At 6bmH nony'leHbl B peaKunrr85 Ref2 Ne,xn)207
-x At. 

· . 204 . 205 206 
Eonee TSI)Kenbie nsoTonbI ,,. At , , At , At , CHHTesnpoBanncb B peaKunn 

197 Au( 12 C, xn) 209-x At 

Mn~eHn · o6nyqan'ncb Ha BbmeneHH0M nyqKe TSI)Kenblx HOHOB UHKnoTpoHa 

1 Y-300. _3onoTaSI MHIIIeHb 6bma. nsroTOBneHa HS T0HKOii: cponbl'H ("' 2 MrlcM2), 

MnrneHb ns 185 Re ( 85%) ·npnroToBnHnacb nyTeM oca)KJleHHSI cnoSI ns 

MeTannnqeCK0I'O 'IIOpO~Ka Ha anIOMHHlieByIO <ponbry TOnIUHHOii: 1,35 Mr/cM2• . . . 
B STOM cnyqae TOnillliHa MnrneHli 6bma He 6onbllle 3 MrlcM2, 

MnrneHb · o6ecneqn~a nonHoe T0pM0)KeHHe Hnep· oTnaqn, Ho 6bma nocTa

TO'lH0 TOHKa nnH nccnenoBaHHH KpHBblX Bos6y)KneanH n nnH nony'leHnH noBonh

H0 'lllCTbIX ll30TOn0B acTaTHHa, 

MnrneHH He nonBepranncb XllMH'lecKotl o6pa6oTKe. O5ny'leHHbie o6pasUbI 

qepes 1,5 ~nH, nepeHocnnncb K neTeKTopy, l1sMepeanH y -cneKTpoB npoBo

nnnncb. Ha Ge(Li)- neTeKTope o6'heMoM 13 CM3, CneKTpbl sneKTPOH0B BHyT

peHHeii: KOHBepCHH H3MepSinHCb oxna)KnaeMbIM KpeMHHeBbIM neTeKTOpoM C pas-

202 A 20a A perneHneM 7 KsB. K co)KaneHmo, B cnyqae t n t npnMeHeHHe STo-

ro cqeTqnKa OKaaanocb HeB03MO)KHblM ns-sa 6onblll0I'O cpoHa OT nosnTpOHOB, 

o5ycnoBneHHbIX pacnanoM nponyKTOB 06ny'leHns:r amoMHHHeBoii: nonno)KKH TSI)Ke

nhIMH liOHaMH, 

B cnyqae 
204 At MarHHTHbIM f3 -cneKTpoMeTpoM, pa6oTaIOU1HM Henoc

penCTBeHHO Ha nyqKe TSI)KenbIX HOHOB/ 15, 16/ , 6bm H3Mepea sneKTpOHHblll cneKTp, 

llnH nccnenoBaHnH coBnaneHnii Me)Kny y -KBaHTaMH 6bm ncnonbsoBaH 

cneKTpOMeTp COBnaneHHH c paspernaIOUlHM BpeMeHeM 100 HCeK/25/, B KaqecTBe 

neTeKTopoB 6bmn npnMeHeHbI B aaannanpy10meM TpaKTe KpncTann Ge(Li) 

( 13 CM3) .ll B TpaKTe, rne Bb15npanncb "OKHa", KpHCTann Nal - 2,, X 2,,. 
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Onpeneneane MynbTnnonbHOCTett y -nepexonoB 6bmo npoBEineao Ha 

0CHOBaHlili aaannaa OTH01ll9Hlill a K / a L li cpaBHeHliSI llHTeHCliBH0CTeil nllHliH 

B y -cneKTpe n COOTBeTCTBYIOillHX nnHliH B cneKTpe sneKTpOHOB BHyTpeHHeH 
• 

KOHBepcnn/_26/, 

llnH onpeneneHHSI MaCCOBOI'O qncria o6pasyeMbIX li30TOIIOB 6hmli li3Me

peHbl cpyHKUHH B036y)KJleHUSI Ha6monaeMbIX raMMa-nHHHii: ( pnc, 11, 12). B cny

qae 204 At H 205 At nony'leHHbie KpHBbie HBXOllSITCSI B cornacnn C pesynb

TaTaMH pa6oThI ToMaca/3/. <PyHKUHSI Bos6y)KJleanH • nnH nepexonoB ns pacna

na 202 At ( T 1/ 2 = 3 MHH) coBnanaeT c TeM, qTo nonyqaeTcSI nnH nepe

xonoB B noqepHHX nponyKTax ( 
202Bi ) 3To II0JlTBep)KJlaeT npaBHnbHOCTb 

onpeneneHHSI MaCCOBOI'O qncna KaK A = 202. K CO)KaneHHIO, HCIIOnbsyeMblll 

HaMH M9T0ll HeIIpHM~HHM K cna6bIM nepexonaM, H II08TOMY nneHTH!pllllHPOBaH

Hoe HaMH qncno y -nepexonoB He5onbrnoe, 

llpyrnM cnoco6oM nneHTHqJHKaunn s:rBns:reTcH onpeneneHne nepnona nony-

pacnana y -nnHHH, HanpnMep,B cnyqae 202 At n 204 At , nepnon nonypacna-

na KOTOpbIX Kopoqe, qeM 6onee TSI)Kenb1X cocenHnx Hllep. 

TiocTpOeHHbie HaMH CX9Mbl ypoBHeii: s:rnep nonoHHSI nocTpoeHbl Ha OCHOBa

Hllll 6anaHca HHTeHCHBHOCTeil H pesynhTaTOB H3MepeHHH y-y COBnaneHHH, 

206 
3. Pacrran ~t 

206 At 6bm nonyqeH B peaKUHH 197 Au( 12 C,3n) 206 At .\ He5onhrnoe ceqe

Hne STOH peaKUHH li3-3a 5nH30CTH KynoHOBCKoro 5apbepa aaTpynHHno ll3Me

peHne, HO, C npyrofi CTOpOHbI, TaKHM o6pasoM nony"IeHHbie llCTO"IHHKH 6bmH 

llOBOnbHO 'lHCTb!Mll no CBoeMy ll30TOnHOMY COCTaBy, 

OnpeneneHHbiii: HaMn nepnon nonypacnana T 1/ 2 = 33±_2 MHH. coBnanaeT 

C nepHOAOM nonypacnana, H3B9CTHbIM H3 npellbIAYlllHX pa5oT/ 1, 24/ no a -pac

nany 206 At • C TaKnM )Ke nepnonoM pacnana10TcSI Bee nepe-qncneHHbie 

B Ta6n, 1 y -nliHlill, 

Ha OCHOBaHnH ll3MepeHH0I'O KpeMHIIeBbIM n_eTeKTOpOM cneKTpa sneKTpo

HOB BHyTpeHHeii: K0HBepcnn ( pnc. 3) 6hmll onpeneneHbl MynbTllIIOnbHOCTll Cllnb

Heii:mnx nnHnii:, Bee OHM oKasanncb E2 -nepexonaMn. l1sMepeHnH y-y coBna-
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JleHHH (pHc. 1,2) noKaaanH, 'ITO 3 OCHOBHb!X nepeXoJla, T,e, 396, 476, 699K3B, 

06paay10T KaCKaJl, CornacHe OTHOCHTenbHhlX HHTeHCHBHOCTei!: nepeXOJlOB B npH

MOM cneKTp·e H cneKTpax coBnaJleHHH no3BOmieT ycTaHOBHTb, 'ITO nocneJloBa

TenbHOCTb ypOBHei!: TaKaSI, KaK noKa3aHO Ha pn:c, -13. 3Ta cxeMa O'leHb noxo

:1Ka Ha cxeMbI ypoBHei!: 208 Po n: 210 Po • Ha ocHoBaHHH aToro cxoJlCTBa MbI 

C'JHTaeM, 'ITO npHIJOJla 3THX ypOBHei!: TaKaSI :1Ke, KaK B SIJlpax 
208 Po n:

210 Po, 

T,e. Mb! n:MeeM Jleno C nepexoJlaMH Me:lKJly ypoBHSIMH ~ ➔ 4 + ' 4 + ➔ 2 + H 2 +➔ 0 + 

pacmenneHHoro llBYXKBa3H'laCTH'IHOro MynbTHnneTa. BepoSITHO, 'ITO n:a-aa Ma

noi!: aHeprHH He Ha6n10Jlanocb nepexolla 8 + ➔ 6 + 

4. Pacrra.n 204 At 

204 At 6bm nony'leH a peaKUHH 197 Au (12 C, 5n) 204 At • 

ITepHOJl nonypacnaJla 3TOro H30Tona, H3MepeHHb!H H8MH, COC'l'aBnSieT 

T 1/2 = 9,5±.1,0 MHH. 3To 3Ha'l0HH0 H8XOJlHTCSI B cornacnn C H3BeCTHb!M 

no a -pacnally/ 1, 2,4/, ITpeJlsapnTenbHbI0 Jl8HHb1e o pacnaJle
204 At ➔204 Po 

npHB0JleHbl H8MH B pa6oTe/ 13/. 

B y -cneKTpe ( pn:c. 4,5) no KpHBb!M !3036Y:1KJleHHSI H nepHOJly nonypac

naJla HaMH aai!:JleHbI 10 nepexoJloB, npHHaJlne:1Kamn:x pacnaJly 
204 At • 3aeprn:n: 

3THX nepeXOJlOB, HX OTHOCHTenbHbJe HHT0HCHBHOCTH H MynbTHnonbHOCTH noKa-

38Hbl ·B. Ta6n. 2. 

~ HaMepeHHSI y -y coBna]leHHH noKaaann:, 'ITO ne peXOJlbJ 426, 516, 682 K8B 

06paay10T KacKaJl. 

Y'IHTbJBaSI HX HHTeHCHBHOCTH, Mb! nocTponmr cxeMy yposHeii, KOTOpaSI 

noKa3aHa aa pnc. 13. 0cTanbHb!0 nepeXOJlbl nn6o cnHIIIKOM cna6bI, 'IT06bJ 

HX MO:lKHO 6binO o6Hapy:1KHTb B cneKTpe COBfjaJl.9HHfi, nn6o _cneJlyJOT Ha ypOBHH 

C 601IbllIHM speMeHeM :1KH3HH. Mo:1KeT 6b!Tb noSTOMy He aa6n10Jla0TCSI cosna

Jl0HHH JlOBOnbHO CHnbHOro nepexo]la 609 K3B C OJlHHM H3 nepeXOJlOB OCHOBHO

ro KaCKaJla. 3To OJlHO H3 CBHJleTenbCTB cymeCTBOBaHHSI B 204Po ypoBHSI 8 + 

KaK caMoro BhlCOKOro ypOBHSI JlByx'laCTH'IHOrO MynbTHnneTa C JlOBOnbHO 6onb

lIIHM BpeMeHeM :1KH3HH. 
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5. Pacrran 202 At . 

202 
At 5bm rrony'IeH B peaKUHH 185 Re(22 Ne, Sn) 202 At B y -crreKTpe 

( pnc. -8), HSMepeHHOM rrocne ' K -saxBaTa. B si.npe 202At , MhI o6Hapy-

)KHnH 4 rrepexona c T 1; 2= 3,_0:!:.0,5 MHH. OrrpeneneHHhifi HaMH rrepnon rrony

pacrra.na COBrranaeT C U3B0CTHbIM ns rrpenhillYillllX pa6oT T 1/2 "'.' 3 MllH • 

.ilaHHhie 06 8HeprHSIX H HHT0HCHBHOCTSIX Ha6monaeMbIX HaMH rrepe-

XO)lOB IIOMeIUeHbI B Ta6n. 3. l1s-sa He-6onbllIOH HHT0HCHBHOCTll n He-

6onbUioro rrepnona rronypacrrana He 6h!no BOSMO)KHOCTH HSMepnTb crreKTphI 

COB!Ia)l0HHH H CII0KTpbl 8neKTPOHOB BHyTpeHHefi KOHBepCHH, MO)KHO rrpenrrona

raTb, 'ITO MbI Ha6monaeM aHanorH'IHhIH cnyqafi KacKana E2 rrepexonoB Me)Kny 

ypOBHSIMH 6 + , 4 +, 2+ , 0 + )lByx'IaCTH'IHOI'O MynbTHIIneTa, KaK y 60-

nee TSI)KenbIX 'IeTHbIX sinep Po 

6. P acrran 20 3 At 
203 

At 6bm CHHTesnpoBaH B peaKKHI; 185 Re( 22 Ne, 4n) 203 At 203 At rro naa-

HbIM, rrony'IeHHhIM rrpn nsy'IeHHH ero a -pacrrana, HMeeT rrepnon rronypacrra

na T1 /2 = 7,4 MllH/3/. B saperHCTpnpoBaHHOM HE!MH y -crreKTpe 6bma 

o6Hapy)KeHa TOnbKO O)lHa OTHOCllTenbHO CHnbHaSI nHHHSI C E y = 640.:!:.l K8B 

c TaKHM )Ke rrepnonoM rronypacrrana. 3Heprnsi 8Toro rrepexona O'I0Hb 6nHSKa 

K 8H0pI'HH H30MepHoro M4 -rrepexona 
203 Po , ll3B0CTHOro !IO Harriett rrpe)lbl

nymefi pa6oTe/ l 4/. ManoBepoSITHbIM Ka)K0TCSI, 'ITO rrpn K -saxBaTe 203 At 
. 203 p 

sacensieTcSI ypoBeHb 13/2+ B sinpe O · 'lJT06h1 rrony'IHTb cBeneHnsi 

o rrpnpone y -rrepexona, HafineHHoro B pacrrane. nsoTorra 203At , 6bm HS-

MepeH CII0KTp aneKTpOHOB. BHYTP0HHefi KOHBepCHH, ToT qiaKT, 'ITO Mb! Ha qio

HOBOM crreKTpe He Ha6monann K -nllHHH 8TOI'O rrepexona, CBHneTenbCTByeT 

0 TOM, 'ITO ero MYnbTHIIOnbHOCTb Hll3KaSI. Y'IHTbIBaSI IIHT0HCHBHOCTb y ...;.rre

pexona II 8qiqieKTHBHOCTb f3 -crreKTpoMeTpa, B cnyqae M4 -rrepexona Mb! non)K

HhI 6bmH 6b1 o6Hapy)KHTb COOTB0TCTBYIOIUHe nHHHH BHYTP0HHefi KOHBepcnn. 

ITo paC'IeTaM KncnIIHrepa II CopeHceHa/22/ H !IO CHCTeMaTHKe ypOBHefi Q)KII-

,8 

• 829 : 886 : 426 
Ey . . . . . 
ly : 5:t:I : 6±I :66;t5 . . . 

. . : ;68:t5 :ly+le: : 
: . . . 
: MYJII>T. : 

. : E2 . . · 

443 • Ey 

-
'r : 62+7 ; 

Ta6miua 2 

TTepexonh1 B20' Po 

: 489 : 5I6 : 588 : 609 682 :?62 842 
• ! : . . . : : : . . 
: 5+I :95+9 i 9+1 . - . - ;21±2 IOO :5:tI 9±2 . . . . . 

: 
: :96:t9: :22±2: 100 

. : . 
; : E2 • : r.n . 82 . 

Ta6nuua 3 

Tlepexonb1 B 
202 Po 

472 : ::>7I ; 675 

: 90±9 . IUO . 
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naeTCSI, qTo ypoBeHb 13/2+ c yMeHbllieHneM qncna HefiTpOHOB orrycKaeTCSI 

Hll)Ke qJOHOHHoro COCTOSIHHSI 9/2-. 3KcrrepHMeHTanbHb!H peaynbTaT HaxonHncsr 6bJ 
. . 

_B cornac1I1I c aTHMII rrpencTaBneHIISIMII, ecnH 6b1 B K-aaxBaTe aacensrncsr ypoBeHb 

9/2- II pacrranancsr Y -rrepexonoM Ha OCHOBHoe cocToHH!Ie 5/2-. 

7. Pacrran 205 At 

c ncrronb3oBaHHe¥ 

IICTOqHHKOB, rronyqeHHhIX rrp!I Bh1neneH1III Ha Macc-cerrapaTope 205 At Ha rrpo-

BrrepBbJe f3 -pacrran 205 At / 11/ 
6bm nccnenoBaH 

nyKTOB neneHHSI ypaHa, OnHaKo rrepHon rronypacrrana 6bm B aToM cnyqae cnmn

KOM K0pOTKIIM, qT06bJ rrpoBeCTII rronpo6HbJe HccnenoBaHIISI, ABTOpbl Ha6monan!I 

TOnbKO rrepe_xon 718 KaB, C npyrofi CTOpOHbI, ll3BeCTHbl nBa y -rrepexona 

c aHeprnSIMII 160 n 707 KaB (naMepeHHb1e Nal -neTeKTopoM) c HaoMepHoro 

ypOBHSI 205 Po ( 650 MKCeK) /7 /. 205 At B H81lIIIX ycnOBIISIX 6bm CIIHTe3!IpOBaH 

B peaKUHII 
197 

Au( 12 
C,4n) 205 At . ITonyqeHHbJe llCTOqHHKH Bcerna conep)KanH 

rrpnMecn 
20

.
4 At n 

206 At . ITepnon rronypacrrana rrocnenHero rroxo)K Ha rrepnon 

rronypacrrana 205 At , TaK qTo nneHTn¢nKaUHSI y -nnHnn rro rrepnony rrony-

pacrrana 6bma HeB03MO)KHa, AHanH3 Y -CIIeKTpa IIpOBOnHnCSI IIO Kp!IBb!M B03-

6y)KneHHSI, y -rrepexonh1, OTHOCSillIHecSI K pacrrany 205 At ➔ 205 Po , rrepeqnc

neHbI B Ta6n, 4. Cpenn STHX rrepexonoB HeT naoMepHoro rrepexona 160 KaB, 

'4'To6b1 y6ennTbCSI, qTo Ha6monaeMbIH B pacrrane :&u<> At rrepexon 707 KaB 

n Ha6monaeMbIH B pacrrane 
205 At ri:epexon 718 KaB .,.. onHo n To )Ke, Mhr 

Boa6y~ann H30Mep 
205 

Po B peaKUHH 192 Os( 18 0,5n) 205 Po. B H3MepeHHOM 

Ge(Li) -neTeKT0pOM crreKTpe rrpHCyTCTBOBana nlIHIISI ~718 KaB,. pacrrana101ll8SICSI 

C T1;2 "' 1 MCeK, qTo COOTBeTCTByeT rrpennaraeMOH aBTopaMH pa60Tbl/7/ 
205 n 

cxeMe pacrrana naoMepa ro 

ITpoBeneHHbJe H3MepeHHSI y-y COBITaneHHH ( PHC, 9) IIOKa3bIBalOT, qTo 

TOnbKO rrepexon 311 KSB COBrranaeT c CHnbHhlM rrepexonoM 718 KSB, HaMepe

Hlle COBrraneHHH C npy'rnMn mIHHSIMH H3-3a He6onbllIDH HX HHTeHCIIBHOCTII 

6bmo HeB03M0)KH0, MynhTHIIOnhHOCTH rrepexonoB 6bmH orrpeneneHbl C IIOMOlllblO 

CIIeKTpa aneKTp0HOB BHyTpeHHefi KOHBepcnn, H3MepeHH0ro Si -neTeKT0pOM 

(pnc. 10). ITpenaapnTenbHaSI cxeMa ypoBHefi 205 Po rroKaaaaa: Ha pnc, 14. 
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I 

. . . . 
I 

. SI! . 
y . ___ •c . . . . 

ly :15+2 . -.. . 
ly + I e ; 22:t2 

• MYJII>T• MI 

Ta6nnua 4 

ITepexonh1 B 
205 Po 

~ 

•· . 
• 362 449. 630 : 667 . 

... . . 
• 5+2: 6+2 - . -

~ . . 

. 

. 
• 18+2: 31+2 - . -

• 718 
• . 

IOO 

. . 

. . . • . . . . . 
6+2 .: 7+2 - . - : 19±2 81±2 : IOO 

. . . . 

;1H+E2: MI 
.. . 

MI : MI+E2 . 
• . 

. 

. . 
E2 : 

8. O6cylli~8HHe peaynhTBT0B H3MepeHHH 

rose, . . . . . 
9±2 

. . . . . . . 

B HaCTOSillle_e BpeMSI erne cpaBHHTenbHO Mano crreKTpOCK0IJHqecKHX: naH

HbIX II TeopeTnqeCKHX pacqeT0B nnSI B036y)KneHHb!X ypoBHefi HefiTpoHqne<pH

UHTHblX Sinep B o6nacTH Z > 82 n N < 126. IToaToMy TpynHo onHoaHaqHo 

O0'bSICHHTb rronyqeHHbJe H8MH peaynbTaTbl H3MepeHHfi. no CHX rrop 0bmH noB0nhHO 

xoporno HccnenoBaHbI cxeMbI ypoBHefi 
208 Po n 210 Po /8,21/, OcHOBHhIM pe

aynhTaToM aTHX nccnenoBaHHfi SIBnSieTcSI o6Hapy*eHne rronoc ypoBHefi rrono-

)KHTenbHOfi qeTHOCTH: 0 + , 2_ + , 4 + , 6+ , s+ • ITepexonbJ Me)Kny. 

aTHMH yp0BHSIMH - caMbJe CHnbHbJe, 

PacqeTbl cxeMbl ypoBHefi 210 Po rrpoBeneHbl B HeCKOnbKHX pa6o-

Taxl 18, 19, 20, 21 / Ha ocHoBe o6onoqeqHofi MonenH, Hayqag 209 Bi , aBTOpb1
1171 

rronyqnnH rrocnenoBaTenbHOCTb IIp0TOHHbIX ypoBHefi: 9/2- , 7/2 - n 13/2 -

Mb1 ncxonnnn na rrpenrrono*eHIISI, qTo HH3KOBoa6y*neHHbie ypoB.HH 
210 Po CBSI

aaHbI co BCeMH. B03MO)KHbIMH rrapHbIMH KOMOHHaUHSIMH STHX rrpoTOHHb!X co9-

2 
TOSIHHH, Torna, cynSI no KOH<pHrypaUHH ( h 9/2 ) ,- MO)KHO aaKmoqHTb, qTo 

caMbJe HII3KHe yp0BHH, ypoBHH co CIIHHOM 0, 2, 4, 6, 8, - rronO)KHTenbHOH 

qeTH0CTH, Bb!pO)KneHHe ~OCTOSIHHH CHHMaeTCSI IIpH yqeTe IIp0T0H-IIpOT0HHOr0 

B3aHMonefiCTBIISI, Xo<p<poM/21/, KHMOM H· PacMycceHoM/20/, a TaK)Ke raHa

C0M H np,/ 19/ yq!ITbJBanHCb pa3Hb!e CHnbI, Bee 9TH pacqeTbl na10T noBonbHO 
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. B 20a n 
xopornee cornac11e c aKcrrepIIMeHTOM. cny>Jae ro aKcrrep11MeHTam,Hb1e 

naHHbie, a T8K)Ke IlpII5nII3IITenbHbie pac'JeTbI/8/ IIOK83bIB8IOT Ka'JeCTBeHHO Ta

KYIO )Ke CIITyau1110. Ha OCHOB8HIIII SITOH CIICTeMaTIIKII ypOBHefi Mhl pernIInH 

rrpe/UlO)KIITb. cxeMbl ypOBHeu 'JeTHbIX II30TOIIOB 'rronOHIISJ ( CM. pIIC. 13). ITepe

XOllbI C ypOBHefi 8 + Ha 6 + H~ o5Hapy)KeHbI, BepoSITHO, 113-38 He5onbllIOH 

aHeprHH. HecKOnbKO HaiineHHbIX HaMH rrepexonoB He BKnJO'IeHbl B cxeMy. TaK 

KaK IlpII /3 -pacrrane 3acenS110TCSI YPOBHII c 5onbllIIIM CIIHHOM, MO)KHO rrpen

rronaraTb, 'ITO y 'JeTHbIX H30TOIIOB acTaTIIHa OCHOBHoe COCTOSIHIIe IIMeeT 5onb

llIOH CIIIIH. 3To B COOTBeTCTBIIH C rrpaBHnOM ·HopnraiiMa. Eonee cno)KH8SI CHTy-

8UHSI B cnyqae He'IeTHbIX H30TOIIOB rronoHHSI. CrrHHbl OCHOBHbIX. COCTOHHHH H3-

BeCTHbI/ 12/ H OTBe'JalOT rrpe/lCK838HHSIM o5onoqe'IHOH Monenn. KaK BHllHO H3 

pnc. 14, BO Bcex 8THX Hnpax IIpHCYTCTByJOT ypoBHH 9/2 !. iI 13/2 + , aHeprnn 

KOTOpbIX yMeHbllI8IOTCH rrnaBHO C yMeHbllieHHeM 'IHcna HeiiTpOHOB, TaKoe rro-

BeneHne ypOBHeH B 38BHCHMOCTH OT 'IHCna HeHTpOHOB xoporno OIIHCbIBaeTCSI 

MonenbID co crrapHB8HHeM H KBanpyrronbHO-KBanpyrronbHhlM B38HMO)leHCTBH

eM/ 22, 14/,. B H/lpax 
207 Po ', 209 Po H 211 Po cymecTBYIDT H30MepHbie 

COCTOHHHH C 5onbllIHM CIIIIHOM, TTeKep/ 23, 24/ IIHTeprrpeTIIpyeT IIX K8K Tpex

'I8CTII'IHbie COCTOSIHIIH, IIcrronb3YSI l1BYX'I8CTII'IHYIO CTpyKTypy YPOBHeH coce/l-

. HIIX 'IeTHbIX II30TOIIOB Po • C IIOMOlllblO SITOI'O MeTO)la MO)KHO o5'bSICHIITb 

· 207 n 209 p 
cymecTBOBBHIIe H30MepoB B ro II O I a T8K)Ke Bb!COKOB035y)KJ:18HHOI'O 

I'HIIOT0TII'IeCKOI'O II3oMepa B 
208 Po . 1 y'IIITbIB8SI HanII'IIIe ypoBHSI 8 + B 'JeT-

2 
Hb!X H30TOII8X rronoHIISI, B 8THX Slllpax /lB8 rrpoToHa ( h 9/2) l18IOT M8KCHManb-

HO B03MO)KHblH BKna)l B CIIIIH ll30MepHoro YPOBHSI 8. 

CrrnH He'IeTHOI'O HeHTpoHa CKn8/lbIB80TCSI co CIIHHOM aTOH rrapbl, 

B pe3ynbT8Te' qero Mb! rronyqaeM M8KCHManbHb1H CilIIH B cnrrnSIX 
209 Po ( 17/2 -) • 

207 203 _ . 
Po ( 19/2 - ) n Po ( 21/2 ). ITocnenm1ii cnyqaii oco5eHHO 

HHTepeceH, TBK KBK no CIIX rrop HeSICHO-: cymecTByeT n1116.I nnn He cymecTBy

eT/ 5/ BTOpoe II30MepHoe COCTOSIHHe ( T1;2 = 29 MIIH) B 
203 Po I pacrranaJO-

meecSI rryTeM ncrrycKaHIISI a -'IaCTIIU, Harn11 pe3ynbTBTb1 rro nccnenoBaHIIJO 

ypOBHeii 202 Po /l8IOT IIOBOll nnH IIOIICKa SITOI'O II30Mepa. 

MbI 1IpII3H8TenbHbl aKaneMIIKY r.H.<PnepoBy 38 IIOll/l8p)KKy II 5onbllIOe 

BHIIMaHIIe K pa5oTe. 
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