
OS'hE.D.HHEHHbl ti 
HHCTHTYT 
.A.D.EPH biX 

HCCnE.D.OBAHHA 

.0.76••· 

J 

P7 • 4435 

OB AJib~A-PACll.A.nE CBEPXTSIIEJIIiX H.[.J;EP 



( 

P7 • 4435 

. 
} 

OB AJib4»A-PACfiME CBEPXTSIIEJIHX H~EP 

HanpaaneHo B .Rei> 



II 

I 

I 
II 

j 
.I 

)I 

It' 

.anSI OUeHKH BpeMeHH )KH3HH CBepXTSI)KenbiX Slllep OTHOCHTenbHO a 

pacnaaa MO)KHO BOCnOnb30BaTbCSI HMeiOilleACSI CHCTeMaTHKOA, 8 cny'lae 'l9T

HQ-'l9THbiX Slll9p, KOTOpbie paCCMaTpHBaiOTCSI B llaHHOA pa6oTe 1 nony:eMnHpH-

qecxaSI ~opMyna, onpeaenSIIOillaSI 3aBHCHMOCTb nepHOlla nonypacnaaa anSI Slll

pa C aTOMHbiM HOMepOM 

fog T /a ( ceK 
I 2 

z OT SHep:r;"HH a -pacnaaa Qa, 

-1/2 
.. (2,11329Z -48,9879)Q -(0,39Z+16,9543) 

a 

/1 I 
HMeeT BHll : 

(1) 

3Ha'leHHSI :eHeprHH a -pacnaaa MO)KHO nony'lHTb H3 pe3ynbTaToa pac'leTa 

Mace caepXTSI)KenbiX Slllep. B HaCTOSIIllee ap~MSI ellHHCTBeHHbiM MeTOllOM 

paC'leTa MaCC Slllep, fi03BOnSIIOillHM B npHHUHne nony'laTb llOCTaTO'lHO TO'lHbie 

pe3ynbT8Tbl 1 SIBnSieTCSI HCnOnb30BaHHe KanenbHOA ~OpMynbi llnSI MaCe Slll9P 

/2/ 
c o6ono'le'IHOA nonpaaxoA, nonyqaeMoA no MeTOllY CTpyTHHCKOl"O • Cor-

nacHo STOMY M9TOllY 1 060nO'le'lHaSI nonpaBKa K MaCCe Slllpa COCTOHT H3 

llBYX 'laCTeA - npOTOHHOA H aeATpOHHOA H Ka)KllaSI H3 HHX paccqHTbiBaeTCSI 

C nOMOillbiO COOTB9TCTBYIOilleA CXeMbl OllHO'laCTH'lHbiX ypOBHeA, 

EcTeCTBeHHO, 'ITO nonyqaeMbie :eTHM MeTOllOM aenH'lHHbi o6ono'le'lHbiX 

nonpaBOK 3aBHCSIT OT HCnOnb3yeMOA CX9Mbl OllHO'laCTH'lHbiX ypOBHeA H STO 

06CTOSITenbCTBO BeCbM8 CyllleCTBeHHO ocnO)KHSieT CHTyaUHIO C npellCKa3aHH

eM CBOACTB CBepXTSI)K9nbiX Slllep, TaK KaK napaMeTpbl OllHO'laCTH'lHOl"O no-
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TeHUHana JJ.n51 3TOH p6naCTI1 B HBCT051!ll88 Bp8M51 H8H3B8CTHbi, TO H8B03-

M0)KH0 rrony'IHTb H8/J.9)1(Hble OJJ.H03Ha'IHbie pe3yllbT8Tbl /].1151 Mace 11 6apbepOB 

/].9118HI151 3TI1X 51/J.ep. 

BnH51HHe rrapaMeTpOB OJJ.HO'IaCTH'IHoro rroTeHUHana Ha pe3yllhTaTbi pac

/3,4/ 
qeTa 6aphepOB Ll8li8HH51 paCCMaTpHBanOCb B pa6oTaX • 3Ha'leHH51 Bbl-

COTbl 6apbepa LI8118HH51, IlOIIY'IB8Mbie C pa311H'IHb!MH CXeMaMH OLIHO'IBCTH'I

Hb!X ypOBHeH, OTIIH'18IOTC51 Ha H8Ci:OnhKO MaB, 'ITO aenaeT HeB03MO)KHbiM 

B HaCT051IU88 Bp8M51 CKOllbKO-HH6YLib HBLie)KHOe rrpeLICK838HHe rrepHOLIOB CilOH-

TaHHOrO aeneHH51o 

3HeprH51 a - pacrraaa Qa orrpeaen51eTC51 pa3HOCThiO Mace LIBYX 51Liep, 

OTIIH'IaiOIUHXC51 IIO Z H ITO N Bcero Ha LIB8 et:~HHHUbi. 0 03TOMY MO)KHO l 

6bJnO 6b! Halle51TbC51 0 'ITO 3Ha'leHH51 Qa 6yayT IlOlly'laTbC51 6nH3KHMH 0 LIB-

)Ke ecnH BeliH'IHHbl MBCC 51LI8p 3HB'IHT8llbHO H3MeH51TC51 IlpH rrepexoae OT 

OLIHOH CXeMbl ypOBHeH K apyroti. 0aHaKO paC'IeTbi, pe3yllhT8Tbl KOTOpb!X 

IlpHBeL{eHbl HH)Ke, IlOKa3blB8IOT 0 q:ro 3TO He TaK. 

Do orrpeaeneHHIO, 3HeprH51 a -pacrraaa paBHa: 

Q a= M(Z ,N)- M(Z-2,N-2) -Ma , 

rae M ( Z, N)·- Mace a 51Lipa c Z rrpoTOHBMH H N HeHTpOHaMH, a M -a 

Mace a a -'laCTHUhi. Y'IHTbiBB51, 'ITO 

M(Z,N) =Mk (Z,N)+8M(Z,N), 

rae Mk - Karrenbaoe 3HB'IeHHe MaCChi, a 8 M - o6onoqeqaa51 rrorrpaBKa, H 

0603HB'IBSI 

M (Z N) -M (Z-2 N-2)-M = Q (Z N) 
k ' k ' a k ' 

8M( Z ,N)- 8M(Z-2,N-2) = 8 Q(Z ,N), 

rrony'IHM 
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Q (Z,N)=Q (Z,N)+8Q(Z,N), a k 

rAe Q k - KanenhHaSI aaeprHSI a -pacnaaa, a 8 Q -o6ono'le'1Hasr nonpaa-

Ka K Hell:. 

TaK KaK 060IIO'Ie'IHaSI nonpaBKa K MaCCe COCTOHT H3 npOTOHHOi!: H 

x) 
Hei!:TpOHHOi!: 'laCTei!: : 

llM(Z,N) .. 8M (Z) +8M (N), 
P n 

To H o6ono'le'IHaSI nonpaBKa K 9HeprHH a -pacnalla TaK)Ke pasHa cyMMe 

-npOTOHHOi!: H Hei!:TpOHHOi!: nonpaBOK 

llQ(Z,N),.lJQ (Z)+8Q (N), 
P n 

rae 8Q (Z) .. 8M (Z)- 8M (Z-2) 
p p p H 8 Q n ( N) • 8 M n ( N)- 8 M n ( N -2). 

ITpoTOHHaSI H Hei!:TpOHHaSI nonpaBKH K Macce nponopuHoHallbHbi nnoTHOCTH 
- /2/ 

HyKIIOHHblX COCTOSIHHi!: B611H3H 9Hepl"HH <llepMH H n09TOMy SIBIISI!OTCSI 

OCUHIIIIHpyiOIUHMH ciJyHKUHSIMH Z H N COOTBeTCTBeHHO. 8 OKpeCTHOCTH 

Mal"H'I9CKHX 'IHCell 9TH nonpaBKH OTpHuaTellbHhl H LIIISI Mal"H~9CKHX 'IHCell 
I 

Z=Z H N .. N HX a6coniOTHaSI aenH'IHHa HMeeT MaKCHManbHoe 
Mar. Mar. 

3Ha'leHHe. 

CneaoBaTenhHO, B HeKoTopoi!: oKpecTHOCTH Z 
Mar. 

npH Z<Z 
- Mar. 

npoToHHaSI o6ono'le'IHaSI norrpaBKa K Macce 8MP(Z) y6biB89T C pOCTOM 

Z ( paCTeT ee a6COIIIOTHaSI BeliH'IHHa), a npH Z > Z OHa B03paCTa-
Mal". 

eT. 009TOMY npH Z .$ Z Mal". npOTOHHaSI o60IIO'Ie'IHaSI nonpaBKa K 9H9pl"HH 

a -pacnaaa llQ (Z) oTpHuaTenbHa, a npH Z > Z - noliO)KHTellbHa. 
P Mar. 

AHanorH'IHO H aei!:TpOHHaSI nonpaBKa 8 Q n(N)<O rrpH N,:;;N Mar. H 8Qn(N)>0 

x) 
060IIO'Ie'IHbie nonpaBKH K MaCCe SIBIISIIOTCSI TBK)Ke {jlyHKUHSIMH aeciJOpMa-

UHH Slt:~pa. H 0 TaK KaK paCCMaTpHBa9Mbie CBepXTSJ)Kellbie Mpa Jl0li)I(Hbl 6biTb 

c{jlepH'IeCKHMH, TO Mbl OI"paHH'IHBaeMCSI HyneBOH ae{jlopMauHetl:. 
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Hc.1.3Ha'leHHSI KanenbHOA aHeprHH a -pacnat:ta Qk H o6ono'le'lHhiX 
nonpaBOK K HeA 8Q . t:tnSI 'l9THQ-'19THb!X S~J:tep, COt:tep:lKalllHX 184 HeA-
TpoHa. CnnomHoA nHHHeA uao6pa:lKeHhi 3Ha'leHHSI 8Q , nony'leHHhie 
co cxeMoA PocTa, mTpuxoBaHHOA - cxeMoA HeMHpOBCKoro H L{enyp

HOBa, WTpHX-nyHKTHpHOA - CXeMoA HHnbCCOHa. 

6 

' N > N • Cnet:toBaTenbHo, npH Z ~ Z H N ~ N o6ono'le'lHhie act»-
Mar. Mar. Mar. 

cJ!eKTbl yMeHbWaJOT 3HeprHJO a -pacnat:ta Qa H TeM CaMb!M 'TopM03SIT' 

a -pacnat:t, a npH Z > Z H N > N o6ono'le'1Hbte acJMI!eKThi yBenH'IH-
. Mar. Mar. 

BaJOT Qa H 'ycKOpSIIOT' a -pacnat:t. 

nnSI paC'leTa KanenbHOA 3HeprHH a -pacnaga Q k(Z,N) 6hin HCnOnb-

30BaH BapHaHT nonyaMnHpH'IeCKOA MaCCOBOA <j>opMynhi 1 npet:tnO:lKeHHbiA 

MaAepcoM H CsSITeUKHM 
/5/ 

2 

M,~<(Z,N),MnN+MPZ -a 1 [ 1-k( .::.:.:._ ) ) A + 
A 

+a [ 1-k( 
2 

TiapaMeTpbi a 
I 

N-Z 

A 

a2 

2 2/3 
A 

c 
3 

(2) 

z2 z2 u 
+ cs 7/8+ c, -;:---;:rN 

t H k not:t6Hpa10TCSI H3 ycnOBHSI HaH-

ny'llllero CornaCHSI paCC'IHTaHHb!X 3Ha'leHHA Mace S~J:tep C 3KCnepHM9HTan~

Hb!MH. EcTeCTBeHHv, 'ITO nony'laJOillHeCSI npH aTOM senH'IHHhi napaMeTpos 

B9CbMa cymeCTB9HHO 3aBHCSIT OT MeTOt:ta Bbl'IHCneHHSI o6onO'I9'1HbiX nonpa-
/6/ 

BOK K MaccaM S~J:tep. MaAepc H CsSITeUKHA npHBOt:tSIT cnet:tyJOmHe aHa'le-

HHSI napaMeTpOB, BXOJ:ISIIllHX B KanenbHYIO <j>opMyny t:tnSI Mace: a I "'15,494M3B0 

a 2 "' 17,944 M<~B; k "' 1 17826; C 8 "' 0, 7053 M3Bo 3TH Ben!;i'IH!lbl 6btnH 
·' 

nony'leHhl C o6onO'I9'1HblMH nonpaBKaMH, paCC'IHTaHHblMH no rpy6oil: <j>eHO-

• j M9HOnOrH'l9CKOA <j>op.Myne. nnSI nony'leHHSI J:tOCTaTO'IHO TO'IHb!X 3Ha'leHHA 

<~HepruA a -pacnat:ta, a TeM 6onee Mace cBepXTSI:lKenhiX Ht:tep, Heo6xot:tHMO 

aaHOBO onpet:tenHTb <~TH napaMeTpht, ucnonbayg o6ono'le'lHhre nonpaBKH, no

ny'laeMhie no MeTot:ty CTpyTHHCKoro. TaKaSI pa6oTa npoBOt:tHTCSI B HaCTOSI

mee BpeMSI. Ot:tHaKo t:tnSI npet:tBapuTenbHOA oueHKH aHeprHH a -pacnat:ta 

CBepXTSI:lKenbiX Slt:tep H t:tnSI Bb!SICH9HHSI BOnpoca 0 BnHSIHHH napaMeTpOB Ot:l-

HO'IaCTH'IHOI"O noTeHUHana Ha pe3ynbTaThl paC'leTa BenH'IHH Q 
a MO:lKHO 

BOCnonb30BaTbCSI 3Ha'I9HHSIMH napaMeTpOB 1 npHBet:teHHblMH BbiWe, 'ITO H 6hi

no ct:tenaHo B t:taHHoA pa6oTe. 

3Ha'leHHSI KanenbHOA aHeprHH a -pacnat:ta t:tnSI Slt:tep c N "' 184 H 

paanH'IHblMH Z npet:tCTasneHbl Ha puc. 1. nnSI Yt:t06CTBa Ha rpa<j>HKe H306-
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PHc,2. 3Ha'ieHHSI aaeprHH a -pacrraaa anSI qeTHo-'ieTHbiX Siaep, coaep)f{a
IIlHX 184 aeiiTpoaa. CrrnoliiHaSI nHHHSI rronyqeaa c0 cxeMoii PocTa, 
liiTpHXOBaHHaSI - cxeMoA HeMHpOBCKoro H qerrypaoaa, liiTpHx-rryHK
THpHaSI - cxeMoii HHnbcCoHa. To'iKaMH H306pa*eHbi aaaqeHHSI Q , 
rrony'ieHHbie a pa6oTe /10/, a 

8 

~~ 

I 

I 
I 
I 

I . 1, 
\._ 

pa*eHa aaaHCHMOCTb OT Z aenH'iHHbi Q k - 6 MaB. BenH'iHHa Q k rrpaK-

TH'ieCKH nHHeiiHO pacTeT C pOCTOM Z 1 IIpH'ieM y)f{e anSI Z = 116 

Qk > 10 M9B 1 'iTO COOTBeTCTByeT BpeMeHaM )f{H3HH 1 MeHbliiHM 0,1 CeK, Ooa

TOMY 9TH Siapa 6yayT )f{HTb aoCT8TO'iHO aonro, TOnbKO ecnH o6onO'ie'iH8SI 

rrorrpaaKa K aaeprHH a -pacrraaa oQ 6yaeT anSI HHX oTpHUaTenbaoii H 

6onbliiOii no a6comoTHOii aenH'iHHe. 

OpH pac'ieTax o6ono'ie'iHbiX rrorrpaaoK 6hinH HcrronbaoaaHbi ypoBHH rro-
17/ 

TeHuHana Byaca-CaKcoaa c rrapaMeTpaMH, rrpeanaraeMbiMH PocTOM H 
/8/ 

HeMHpOBCKHM H qerrypHOBbiM , a TBK*e cxeMbi HHnbccoaa c rrapaMeT-

paMH 11 H K, paBHbiMH: 

anSI IIpOTOHOB 11 

ami HeiiTpOHOB 11 

0,70, K = 00,0517, 

0,23, K = 0,0633, 

298 
3aaqeHHSI rrapaMeTpoa rroTeHuHana Byaca-CaKcoaa anSI Siapa 114 rrpHae-· 

aeHbi a Taon~~:ue 1, 

Ta6naua 1 

a 

10-13cM 

'o .\ Vo 

M3B 

r .o 

10-13cM lQ-13cM 

1.PocT 0,7 1,275 17,8 60,5 0,932 

2, HeMH-

pOBCKHil 

H '-lerryp-

HOB 0,63 1,24 35 61,2 1,24 

a 
-13 

10 CM 

0,7 

0,63 

'o .\ vo 

M3B lQ-13cM 

1,347 31,5 40,6 

1,24 35 45,4 

'•o 
lQ-13cM 

1,28 

1,24 

PeaynbTaTbi pacqeTa otSonoqe'iHbiX rrorrpaaoK K aaepi'HH a -pacrraaa 

anSI Siaep, coaep*a!IlHX 184 aeATpoaa, rrpHaeaeHbi aa p11:c. 1, C rroMO!Ilb!O rro

ny'!:eHHbiX aaa'!:eHHA KarrenbHOA aaepi'HH a -pacrraaa Q k H otSono'!:e'!:HbiX 

rrorrpaaoK K aeA o Q 6hinH aaiiaeHbi aaeprHH a -pacrraaa Qa ( pHc, 2). 
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3HaSI BeJIH'IHHhl Qa C UOMOIIlbiO !flopMyJlhl ( 1 ) MOlKHO onpeaeJIHTb nepHQ-

.llhi nonypacnaaa ceepxTsrJKeJihiX Mep. HaAaeHHbie TaKHM o6paaoM 3Ha'leHHSI 

aecsrTH'IHoro norapH!f!Ma nepHoaa 

CTaBJieHhl Ha pHC. 3. 

a -pacnaaa, BhipalKeHHoro B cex, npea-

OpHeeaeHHhie aaHHhie noxaahiBaiOT, 'ITO peaynbTaThi pac'leTa o6ono-

'le'IHhiX non pas ox 8 Q H, cneaoeaTeJibHO, 3HeprHA a -pacnaaa Qa H 

nepHO.llOB nonypacnaaa cymecTBeHHO H3MeHSIIOTCsr npR nepexoae OT O.llHOA 

CXeMbl O,llHO'IaCTH'IHhiX ypOBHeit K apyroit, .Llnsr HeKOTOpbiX Sl,llep 3Ha'leHHSI 

nepHO.llOB nonypacnaaa, nony'laeMhie c pa3HhiMH cxeMaMH yposHeA, oTJIH'Ia

IOTCsr Ha 6-8 nopsraxos. Oco6eHHO peaxo Bhi.llensriOTCsr peaynbTaThi, nony'leH

Hhie co cxeMoA PocTa ansr sraep c Z ;:: 114. 06ono'le'1Hasr nonpaexa K aHep

rHH a -pacnaaa 8Q(Z,N) B :3TOM CJiy'lae, 6yay'IH OTpHUaTeJibHOit, COXpa-

HSieT 60JibWYIO BeJIH'IHHY ( 6oJibWe 1,5 M:3B) BUJIOTb .llO Z 120, 'ITO npH-

BO.llHT K aaa'IHTeJibHOMY yeenH'IeHHIO nepHO.llOB nonypacnaaa. Cesraaao aTo 

c TeM, 'ITO B npoTOHHOA cxeMe O.llHO'IacTH'IHhiX yposaea noTeHuHana By.n

ca-Caxcoaa c napaMeTpaMH PocTa Mai'H'IeCKHM 'IHCJIOM npoTOHOB SIBJISieTCSI 

Z = 120, a B .llBYX .npyrHX CJiy'laSIX Z , = 114 x), 06hi'IHO Ma-
Mar. Mar. 

I'H'IHOCTb CBSI3biBaiOT C HaJIH'IHeM llleJIH B O.llHO'IaCTH'IHOM cneKTpe. 11HCJ10 

npOTOH2~ Z (HJIH HeitTpOHOB N ) C'IHTaeTcsr MarH'IeCKHM, ecnH npH 

:3TOM 3Ha'leHHH Z ( HJIH N ) 3anOJIHSieTCSI ypOBeHb, OT KOTOpOI'O CJle,llyiO-

mHA oT.neneH aocTaTo'IHO 60JlbWHM npoMeJKyTKoM. OpH aTOM MOJI'IaJIHBO o6-

XO.llHTcsr BOUpOC 0 TOM, KaKOit npOMelKyTOK MOlKHO C'IHTaTb ".nocTaTO'IHO 

6oJibWHM". llnsr sr.nep c Z:S,82 H N:S,126 3.1leCb HHKaKoit npo6neMhl HeT, 

T,K, Mai'H'IeCKHe 'IHCJia O'leHb 'leTKO npOSIBHJlHCb B :3KCnepHMeHTaJibHhiX .llaH

HhiX 0 pa3JlH'IHhiX CBOitCTBaX Sl.llep H OT 060JIO'Ie'IHOit MO.lleJIH Tpe6oBaJIOCb 

TOJibKO Ka'leCTBeHHOe o6'bsrcaeaee cymecTBYIOIIlHX MarH'IeCKHX 'IHcen. H o ansr 

CBepXTSilKeJlhiX Mep .llO CHX nop HeT HHKaKHX :3KCnepHMeHTaJibHhiX ,llaHHhiX 

H U0:3TOMY BbiCKa3hiBaHHSI 0 CBOHCTBaX :3THX Sl,llep, OCHOBaHHhie Ha HaJIH'IHH 

X) MarH'IeCKHM 'IHCJIOM HeitTpOHOB BO BCeX paCCMOTpeHHhiX CJiy'laSIX SIBJISI

eTCSI N = 184. 
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PHc.3. 3Ha'leaesr fogT 1i 2 ( ceK) ansr sraep c 184 aeiiTpoaaMH. Cnnowaasr nH-

HHSI nony'leHa co cxeMoA PocTa, wTpexoeaaaasr - c~eMoA HeMHpoe

CKoro H 11enypaoea, WTpHx-nyHKTHpaasr - cxeMoA HHnbccoaa. To'I-

KaMH H306palKeHbl 3Ha'leHHSI fog T f;2 , COOTBeTCTBYJIDUHe :3HeprHH 

a -pacnaaa, paeaoA KaneJibHoA aaepree Q k • 
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Pac.4, OpoToHHbie ypoBHH noTeHuuana By.!lca-CaKCOH~ llnSI Slllpa 114 c 

rrapaMeTpaMu PocTa (a) H HeMupoacKoro H 'YerrypHOBa (6), 

12 

"llocTaToqHo 6onbwoA" unu Hao6opoT "HeaocTaToqHo 6onbwoA' wenu B oa

HoqacTuqHoM cneKTpe MO*HO paccMaTpHBaTb TonbKO KaK rrpaaaonoao6Hhie 

paccy*aeHHSI, 

Opu ucnonbaoaaHHH MeToaa CTpyTHHCKoro noao6HaSI npo6neMa He 

B03HHKaeT. Bee BenuquHbi, onpeaenSIIOWHe cTa6unbHOCTb Slaep (MaCChi, 6apb

epbi aeneHH Sl) 1 BbiqHCnSIIOTCSI C IIOMOillbiO OIIpeaeneHHO:i!: CTaHaapTHOil: npoue

aypbi H HeT Heo6xoaHMOCTH IIpHBneKaTb IIOHSITHe MaruqHOCTH anSI BbiSICHe

HHSI BOIIpOCa 0 CTa6HnbHOCTH .CBepXTSI*enbiX Slaep, Bonee TOI'0 1 C IIOMOillbiO 

aToro MeToaa MarHqecKHe qHcna nonyqaiOT ecTeCTBeHHhie o6'hSICHeHHSI, B 

OKpeCTHOCTH MaruqeCKHX queen npOTOHOB H Heil:TpOHOB COOTBeTCTBYIOillHe 

o6onoqeqHbie IIOIIpaBKH K Macce 0 MP ( Z) H OM n ( N) OTpHilaTenbHbl H HX 

a6coniOTHaSI BenuquHa MaKCHManbHa npu Z ,z H N ,N 
Mar, Mar. 

3HaK H BenuquHa o6onoqeqHbiX IIOIIpaBOK OIIpeaenSIIOTCSI IInOTHOCTbiO 

OaHoqaCTHqHbiX COCTOSIHH:i!: B6nH3H 9Hepi'HH tl>epMH, ManaSI IInOTHOCTb oaHo

qaCTHqHbiX COCTOSIHH:i!:, Heo6xoaHMaSI anSI Ma!'HqHOCTH 1 MO*eT 6biTb o6ycnoB

neHa He TOnbKO IllenbiO B oaHoqaCTHqHOM CIIeKTpe 1 HO H HanHqHeM ypOBHeil: 

C ManbiM j , 8THM H 06'bSICHSieTCSI TOT <fJaKT, qTo B IIpOTOHHO:i!: CXeMe ypoB-

He:i!: noTeHuuana Byaca-CaKCOHa c napaMeTpaMH PocTa MaruqecKHM qucnoM 
t 

SIBnSieTCSI z 120, a He Z = 114, HeCMOTpSI Ha TO, qTo Illenb. BO BTOpOM 

cnyqae 6onbme, qeM B nepBOM ( CM, puc. 4), CymecTBeHHbiM o6CTOSITenbCT-

BOM aaecb SIBnSieTCSI TO, qTo ypoBeHb 1 i 11/2 OTaeneH OT ypOBHSI 2f5/2 

IIpOMe*YTKOM 6onbWHM 3 M9B H BHyTpH 9TOI'O IIpOMe*YTKa eCTb BCero 2 

ypOBHSI - 3 p 3/2 H 3 p 1/2 1 Ha KOTOpbiX MOI'yT IIOMeCTHTbCSI TOnbKO 6 

npoTOHOB, TaKoe pacnpeaeneHue ypoBHeA B npoToHHo:i!: cxeMe PocTa SIBnSI

eTCSI TaK*e npuquHoil: Toro, qTo npoTOHHaSI o6onoqeqHaSI nonpaBKa K Macce 

o MP (Z) MeaneHHO paCTeT IIpH Z > 120 H II09TOMY IIpOTOHHaSI o6onoqeq-

HaSI IIOIIpaBKa K 9HeprHH 

0 QP (122) = 0,1 M9Bj 

OQP (128) = 1,3 M9B, 

a -pacnaaa oQ ( Z) 
p 

0 QP (124) = 0,2 M9B 0 
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Mana npu 120 < Z < 128: 

OQ (126) = 0,5 M9Bj 
p 



BnsroaspH ToMy, 'ITO a cny'l:se cxeMbl PoeTs npoTOHHaH o6ono'l:e'l-

HSH nonpsBKS K Mscce MHHHMSnbHa npH Z 120 H Meaneano pacTeT npH 

Z < 128, 3H&'IeHHH fogTa/ anH H.Qep c Z > 114, nony'l:eHHble co cxeMoA 
I 2 -

PoeTs, oKa3biBSIOTCH. cymecTsesso 6onbwe, '!:eM B asyx apyrHX cny'ISHX {pHc,8). 

CymecTsytoT na KSKHe-nH6o coo6ps>KeHHH, no3spnHtolllHe oT.ctSTb 

npe.QDO'IT9HH9 O.QHOA H3 pSCCMOTpeHHbiX CXeM O.QfJO'ISCTH'IfJbiX yposseA? 

QqeBH.QHO, HB O.QHH H3 CyllleCTBYIOillHX fJS60pOB nspSMeTpOB O.QHO'ISCTH'IHOrO 

noTeHuHsns se cosnaaseT c 'BCTHHHhlM' ss6opoM anH o6nacTH csepxTH>Ke

nbiX H.ctep. O.ctHaKo cymecTsyeT oaHo ot5cTOHTenbCTBO, KOTopoe no3~onHeT 

C'IHTSTb 3HS'IeHHH nspaMeTpos, saA.cteHHble PocToM, 6onee npasaonoao6Hbl-

MH, 
208 209 . 

113 aaHHbiX, nony'leHHbiX npH H3y'leHHH peaKUHH Pb (a, t ) 81 , 
/9/ ~9 

ycTSHOBneHO , 'ITO .ctnH H.ctpa Bi CDHH-op6HTanbHOe pacmenneHHe 

2f7/2- 2f 5/2 passo 1,9 .nnH o6nacTH csepxTH>KenbiX H.Qep sTa senH-
298 

'IHHa aon>KHa 6biTb MefJbwe. 11 B npoToasoA cxeMe PocTa anH H.Qpa 114 

npOMe>KyTOK 2£7/2 -2f5/2 aeAcTBHTenbso pases 1,6 Mss. B cny'lae >Ke 

cxeM HHnbccosa H HeMHposcKoro H 'l.{enypsosa on 6onbwe 2 Mss {eM, 

pHc.4). 

·B Ta6nHue 2 npHseaeHbi 3Ha'leHHH fog T 1/ 2 anH pH.cta csepXTH>KenbiX 

H.Qep, nony'leHHble co cxeMoA PocTa, 113 STHX .ctsHHbiX BH.ctHo, 'ITO speMH 

Ta6nHua 2 

3aa'l:eHHH fog T 1; 2 { ceK), nony'leHHbie co cxeMoA PoeT a 

z 108 110 112 114 116 118 120 122 124 126 N 

178 12 8 6,6 5,6 1 -1,7 -8,7 -6,8 -8,4 -10,5 

180 14,1 9,5 7,9 7,7 1,8 -1,2 -2,9 -6,2 -7,8 -10 

182 17,4 12,1 10,8 10 3,2 0 -1,8 -5,5 -6,9 -9,2 

184 22,0 15,1 13 12,7 5,1 2 0 -4 -5,8 -8,2 
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IIIIIIIIIIIIlllll_._,.,, •• _ • .,, ••. _ 

>KH3HH H.Qep C Z > 114 6y.cteT onpeaenSIThCH a -pacna.QOM, KOTOpbiH B9Cb

Ma CyWeCTB9HHO COKpawaeT pa3Mepbl OonaCTH CBepXTSI>KenbiX H.Qep CO CTO-

pOHbl 6onhWHX 3Ha'l:eHHH Z • CTonh ohiCTpoe yMeHhWeHHe nepaoaoa 

nonypacnaaa c pocToM Z Bhi3BaHo ohiCTpbiM pocToM aenH'IHHbi KanenbHoit 

SHeprHH a -pacnaaa Q k • Ha pac, 3 TO'IKSMH aao6pa>KeHhi 3Ha'leHHH 

fog T //2 , COOTBeTCTBYIOillHe SHeprHH a -pacna.Qa Q = Q , KaK y>Ke 
a k 

yKa3biBanoch Bbiwe, npH pac'leTe 3Ha'leHHH KarrenbHOH SHeprHH a -pac-

na.Qa 6hWH HCIIOnh30BaHbl aaneKO He OIITHManhHhie 3HS'IeHHSI napaMeTpOB, 

BXOllSIWHX B rronysMrrapaqecKyto ¢opMyny anSI Mace Haep. EcTeCTBeHHo, 

'ITO IlpH HCIIOnb30BaHHH 6onee TO'IHbiX 3Ha'leHHH rrapaMeTpOB pe3ynhTaTbl 

pac'leTa senH'IHHhi Q k H3MeHSITCH, O.QHaKO, TPYllHO O>KH.QaTh, 'ITO STO 

H3MeHeHHe rrpeBhiCHT 0,5 MSB, 

nony'leHHSie 3Ha'leHHSI nepaoaoa a -pacrraaa rroaTaep>KaatoT caenaH-

" /4/ 6 Hb!H paHee BhiBOll 0 TOM, 'ITO IIpOHHKHOBeHHe B 0 naCTb CBepXTSI>KenbiX 

SI.Qep MOMeT Ob!Th OCyiUeCTBneHO C IIOMOIUblO peaKUHH, B KOTOpb!X CHHTe3H-

pytoTCSI Hapa c Z 120-126 H N , 6na3KHMH K 184, HarrpaMep: 

238 u 6S 
Zn -> 122302 +4n + 

242 68 ... 124306 Pu + Zn + 4n 

238 u 74 
+ Ge ... 124 308 + 4n 

244 Pu 
+ 

ffi 
Zn -> 124308 +4n 

248 Cm 
+ 66 Zn ... 126310 + 4n 

242 Pu 
+ 

74 Zn ... 126312 
+ 4n. 

.H.ctpa, rrony'lalOIUHeCSI B STHX peaKUHHX, HMelOT Manoe BpeMSI MH3HH OTHO-

CHTenbHO 
a 

a -pacrraaa. OaHaKo rro Mepe HcrrycKaHHSI a -'laCTHU 3Ha'!eHHSI 

Tt/z 6biCTpo B03pac TaiOT, rrpH'IeM aaMe rrocne HcrrycKaHHH llByx-Tpex 

a -'laCTHU Hapa Bee eme 6yayT o6naaaTb aocTaTO'IHo 6onhiiiHM 6aphepoM 
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/3/ 
aeneHHB • EcTeCTBeHHO, ~To 9TO o6cTOBTenbcTBO MO*eT aaTpyaHHTb 

HA(j!HTH<lJHKaUHIO rrony~aeMbiX CBepXTB*enbiX Baep, 
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