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A H H O T a U H Sl 

¢H3H'laCKHa H.naH H MaTaMaTH'laCKHa MaTO.Qbl, pasBRTbl9 B TeopHH CBepx-

npoBO,nHMOCTH npHM9He~bl K HSy'laHHIO cBoRcTB narKHX st.nap. Ha ocHoBe 

060110'1a'IHOR Mo.zianH st.npa, noKasaao, 'ITO y'leT oc-x:aTO'IHblX B38HMO.neRCTBHR npo

TOHOB H ~eJ.tTpOHOB, Haxo.nsttUHXCSl B611H3H 9H9pl'HH -~OBapXHOCTH <t>apMH, npHBO.QHT 

K nostBnaHHIO cBepxTeKy'IHX COCTOSIHHit. ,DaHHbI9 06 SHaprHSIX CBSl3H nocne.n·Haro 

HaitTpOHa B o6nacTH 22 ~ A ~ 32 CJ:rn.naTaJlbCTBYIOT O HaJlH'IHH napHblX /P-:P /' 

/ n...; 11, f H. / ri-P / KOppenstuHit C o.nHH8KOBblMH KB8HTOBblMH 'IHC118MH S , h'f/ 1 

CBSl38HHblX co csepxTaKy't8CTblO narKHX st.nap. 
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npHMeHeHHe cpH3Hti:eCKHX H.nefi H M8TeM8THti:eCKHX MeTO.llOB, pa3BHTb!X B Teo-

/1/ 
pHH CBepxnpOBO.llHMOCTH I K TeOpHH TSDKeJib!X R.llep OKa3aJIOCb BeCbMa lllIO.llOTBop-

HblM, OcTaTO'IHbie B3aHMO.lleficTBHR npOTOHOB H HefiTpOHOB, HaXO.llRIUHXCR BO BHew

Hefi O0OJIOti:Ke ne!"KHX R.nep, TdK:lKe MOl"YT npHBeCTH K 0OllbWOfi ponH napHb!X Kop

penRuHfi H llORBJieHHIO dBepxTeKyti:e!"O COCTORHHR, T.e, 9Hep!"eTH~ecKH 6onee Bhll"O.ll

HOI"O COCTORHHR, ti:eM COCTORHHe llOJIHOCTb!O BblpO)K,lleHHOI"O "cpepMH-!"aaa. B CBR3H 

C 9THM npe.ncTaBnReT HHTepec paCCMOTpeHHe B03MO:lKHOCTH llORBneHHR CBepxTeKyti:e!"o 

COCTORHHR ne!"KOl"O R.npa H Hccne.noBaHHe e!"O OCH0BHb!X CBOfiCTB. vfayti:eHHIO 

9THX B0llp0C0B H llOCBRIUeHa HaCTOSIIUaSI pa6oTa, 

OcHOBhlB8RCb Ha o6onoti:eti:HOH MO.nenH R.npa, Hccne.nyeM HeKoTopwe CBOHCTBa 

ne!"KHX R,llep c aTOMHblM BeCOM A, ne:lKl!IUHM B HHTepBane 16 <. A< 40, !".Ile eme 

M0:lKH0 DOllb30BaTbCR l"HD0Teaott H30TODHti:eCKOH HHBapHaHTHOCTH. Cti:HTaeM, 'ITO 

npOT0Hbl H Heil:TpOHbI, o6paayromne aaMKHyTyro· o6onoti:KY z = ~ I N"" 9 ' coa.na-

lOT ueHTpanbHo-cHMMeTpH'IHOe none, KOT0poe HeCKOJibKO HCKa:lKaeTcR HYKJIOHaMH, 

HaXO,ll.RIUHMHC.R BHe 9TOil: o6onoti:KH, noaTOMY Hawe paCCMOTpeHHe Henocpe.ncTBeH

HO OTH0CHTC.R K X0T.R Obi cna6o .necpopMHpOBaHHb!M .R.ll0aM /aTO O!"paHHti:eHHe 1 no

BH.llHMOMY, HMeeT 'II'ICT0 MeT0,llHti:eCKHH xapaKTep/ 1 T.e. K Si.llp_aM, ne)KaIUHM B HH-

/2/ 
TepBane 22 k A f:: 32. PaCCMOTpHM OCTaTO'IHb!e B3aHMO.neficTBH.R npOTOH0B H 

aefiTpOHOB, HaXO.llSIIUHXCSI BO BHeWHefi o6onoti:Ke. HaH6onee cymecTB9HHblM OTJIHti:H

eM 9TI'IX B3aHMO.neficTBHfi B ne!"KHX .11.npax no cpaBHeHHIO C T.R:lK9llb!MH R.llpaMH RB

nReTc.R HanHti:He HefiTpoH-npoTOHHhIX BaaHMo.neficTBHfi Hap.11.ny c ;· P-P I H / '1,-11,/ 

B3aHM0.llefiCTBH~MI'I, CocTOSIHHe HYKJIOHa 6y.neM xapaKTepH30BaTb Ha6opOM KBaHTO-

BblX ti:Hcen s ' KBaHTOBbIM 'IHCJIOM ltt, -a6conIOTHOfi aenl'I'IHHOH MOMeHT8 Ha O~b 

CI'IMMeTpHH R.npa ti:HcnoM JJ =-;!:. i /aaaKOM aTofi npoeKUHHI np:ati:eM, B cnyti:ae L-S 
CBSl3H _? xapaKTep:aayeT TaK~{e aanpaBneH!'Ie cn!'IHa, 

raMI'IllbTOHHaH 0CTaTOti:HblX B3aHMO.lleficTBHH HYKJI(!HOB B0lIH3H 9Hep!"HII noaepx-: 
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ii. ·. "J (fl s Jl 
1 

.e ')/ , I f . f I) + /I L,. Ji, :J, 1 h 1 J, f,m,J:tJ11.-:i;Ja, Jn,.t;.f, J-W, · " 
- -

>, { a-f,wi- (s,)~~.fJ.~.i (5.t)+evy~m~ (j)a1:m,: (j,')-1- /1/ 

··+ gf,fn,-(1,)+ ~fg,'ht,J, (81i)+tfiJW~ (j~) x 

, (,: .. ; ( s,') + t0t, "", (5, ;+ t J, ,.,,. {&,,Y C1:, .. ~ (5;). a,.!.',.,; (5 ,')} 

r sI 3ae_Ch CYMMHpOBaHFte B9.ll9TCSI no -8 t 3 1. • 1:i, 
~ 

,SL • • no nono*H-

In- m.,i Hjr~' 
k1,, f : I -

H no , f' -"' ± i" TenhHbIM 3Ha '19HHSIM • • • • '"'~ . - I 

npH'l9M 1 , 

·· I -· 1- I · I f f 
f, »f-, +j11, Jn,J. ~ '1 m,:l +j>J, MJ., If, n,z,,, 'f j, m, 

Q_, fK-f { 1) 1 f,1;n1, f (5) .:_ onepaTOpbI nornOIU9HHSI npOTOHa H HefiTpOHa, .A, -napa

M9Tp1 HrpaIOIUHil ponb XHMH'19CKOI"O' nOT9HUHana, KOTOpbiii oi:xpe,uenSieTCSI H3 ycno-. 

BHSI " 

n- : [~ f °Y'"' r~J+ a-1 hl, (1) + i.fln, (8)+ C1 m (5)} 
j 111,,() ' ' 

' 'J 

/2/ 

CoeeplllHM nHHeilHOe K6HOHH'l9CKOe npeo6paaoBaHHe 

a,1Hf, (~)= Um- {f )i ltl;f +J U-ni (1) c{, ~f-t- i·n.,,, (!)/-' Ht,-y + i1 4!,,, {s)p~f _ 

~jU!t ( S).,. U,~ (~) /3 h1,-f t _j lf ni, (s) (' +Hhf + i f'I, 111 {S) J., 111,,--J T 

+ if_ l<T_~ ( 5) J., +IW.f 

/3/ 

npH'l9M Jl9ilCTBHT9JlhHbI9 <pyHKUHH u/14 t 1l"111r-- , /1, fly 1 ~ CBSI36HbI cne,uyIO

IUHM COOTHOlll9HH9M 

U,m, { 1) ~ 1T11i {1 )a,+ rlow { 5):1.t Wiu, (J)fi. i 
141 
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OrrpenenHM H0B0e B8KYYMH0e C0CT0SIHHe 

/5/ 

pewaSI /5/ t rrony'IHM B0nH0BYIO q:>yHKUHIO H0B0I'0 B8KYY!':4~0I'_0 C0CT0SIHHSI B cnenyIO-
. " . ' ~-

meM eune: 

/6/ 

I',lle Cvrltt, (5) 4-1
0 

.,,_ Q . • KaHOHH'IeCKOe rrpeo6pa30B8Hil'.e /3/ BbI6paHO T8KHM o6pa-

30M1 'IT06bI 6bmo yqTeH0 ( ~-P) B"38HMOnefi:cTBHe, T.e. 'IT06bI 

( 41 x a,,f~ ef.,,. 41) =- < a,Jk1, Bf nv > f O 

ilanee, aefi:cTeysi, ·KaK e 
131 , Hafi:aeM cpenHee 3HatieHHe orrepaTopa sHeprHH 

H ITO H0B0MY B8KYYMHOMY C0CT0SIHHIO, orrpenenll'.M ul# (SJ • '/Fn,, (5) ' w,., (5) 
11'.3 ycnoBll'.SI Mll'.Hll'.MyMa rf e pesynhTaTe rrony'Ill'.M! 

'/ , ') C m' ( S') ::. 0 C (~) + ½ ~ J( s s ht, - ~, - m, 111 , 
111, 

1
11,n,' I • I -V~rs:,n,'J~+tCm!(J'}~ /7/ 

; 
,. /8/ 

Ilpll'.tieM C1n, { S) = Fm-' J (1, SI~ -m-; - m-: hi-)(unt ( 5) 7f 111' (5')- Yr1t1' (!~kfhfr(S~ 

~ ( 8, m) ~ -v'~ { 5, m-) ;t,+ .ie 111- (SJ:t: ,.( s, m-) = E ( S, 1n, )-A. 
U~+n,:. =- ii {t+ .l. (s,m)) V~-t-W"a.-=¼ .(1- § 0,ni-))· 

•rY "Y 7 2, · t (-5 / nt,) ' J ff1, /n !l, t {1,111,) 
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PaCCMOTpllM npn6nn:>KeHne 

J: U?ffU ) f z_ UJM1; /9/ 

T.e. J ll nnoTHOCTb ypOBHett ff IlOCTO.HHHbI B saepreTli'leCKOM llHTepaane 

EF-&f:.E b.EF+Ll 
/4/ 

• YpaBHeHllSI /7 / n /2/ peWllM TeM :>Ke nyTeM, KSK a 

n nony<rnM 

t 1/G 
C == 

t 

,/ ( 4D - Yl/)·J;v 
1 

e1/G -1. i ,ff f /10/ 

~F -J -: 
i.0.-Jtv - Q.,f 

i 
e i/c - i /11 / 

r,a;e b- -::.~ J I rf,, ,- 'IHCnO HyKnOHOB 1 a ..(l - 'IXC.1!0 ypoaaett HS BHelliHBil 

o6ono'IKe .H,a;pa. 3aMeTllM 1 'ITO C"" Co /fi , C ~ C0 , r,a;e Co , l 0 cooTBeT-

/4/ 
CTBYIOT cny'la IO OTCyTCTBll.H /11,,- p B38llM0,0 eilCTBll.H • 

TaKllM o6pa30M, ecnn paCCMaTpllBSeMa.H MO.oenb nerKOt'O .H,a;pa Bepaa, TO oc

TSTO'IHbie /nocne BbI'leTa caMocornacoBaHHoro non.H!(n-P) , {P-P) n ( 11,-J,f,} 
B38llMO.a;eilcTBll.H npnBO,O.HT K o6pa30B8HllIO caepxTeKy'lero COCTO.HHll.H .H,a;pa. Cneny

eT 38MeTllTb, 'ITO SHeprn.H OCHOBHOI'O COCTO.HHll.H 'leTHOt'O Hap~ He 38BllCllT OT Toro, 

KaK cnapnnncb Me:>K,a;y co6ott HyKnOHbI: npoTOHbI c npoTOHSMll, HeilTpOHbI c Heil:Tpo

HSMll ~nn llMeIOTC.H TSK:>Ke cnapnBaHH.H npOTOHOB C ae~TpOH8Mll. 

I7epaoe B036y:>K,a;eHHOe COCTO.HHlle B nerKHX 'leTHO-'leTHbIX .H,a;pax, a TSK:>Ke 

B ae'leTHo-He'leTHbIX .H,a;pax, B KoTopbIX Z -=. N , Kor,a;a nocne,a;Hne aettTpoH H 

npOTOH OilllCbIBaIOTC.H 0,UHHSKOBhIMll KBSHTOBbIMH 'IHCnaMHs OT,neneHO OT OCHOBHOI'O 

6ocTO.HHH.H SHepreTn'leCKOil: uenbIO nop.HnKa ti I a IlOBe,a;eHne . OUHO'ISCTH'IHhlX 

B036y:>K,a;eHHhIX ypOBHeil B STHX .H,a;pax aon:>KHO 6bITb CXO,OHbIM B TOA CTenean, B 

KSKOH BepHa ~30TOilll'lecKa.H HHBSpHaHTHOCTb. 0,a;HaKo, ,a;n.H 06~.HCHeHH.H 8HepreTn

'leCKHX ypoBHeil H SHeprnn CB.H3ll HyKnOHOB ft paCCMSTpllBSeMOil o6naCTH 

22 f A !:. 32 cneayeT Y'lllTbIB8Tb, Hap.H,a;y C napHbIMll Koppen.HUll.HMll, TaK:>Ke 'leT-

BepHbie KOppen.HUHll HYKnOHOB THna o{. -'laC,THUbI, KOTOpbie no-BHUHMOMY t nrpaIOT 

BeCbMS Ba:>KHYIO pOnb H HeCKOnbKO MSCKHpyIOT scpcpeKT napHbIX KOppen.HUHA, 
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/2/ 
PacCMOTpHM naHHbie no :,rneprHH CBSl3H mocnenHero Hei!:TpOHa B nerKHX 

t6 {I' IJ ,..,. p 3/ 
stnpax. 8H eprHst cBSI3H nocnenHero Hei!:TpoHa B ,.vl/,q ,v I t! "- IV , ,s 1, · , r .ll e 

Bee HefiTpOHhI cnapeHhI, nopSinKa · 11 M aB. B stnpax .lln a.r .lJAn. S.-i- ,f.9 
r ti, .. qi'!J ' ti,"'J IS" 'IV IS" 

rne nocnenHHA Hei!:TpoH He cnapeH,aHeprHst cBSiaH cocTaBnsteT 7 MaB.,llanee Hei!:TpoH-
. .l.i ,A/,,z, Jo 

npoTOHHhte cnapHBaHHSI B .N.
1 

, :,,-i, , P.- npHBO.llSIT K aneprHSIM CBSI3M nocnenHero 
I/ I /J It, /.(" /.[" · · 

He8TpOHa nopSI.llK8 11 M 9B, a B He'!eTHO-He'!eTHbIX Sinpax, rn~riocnenHMe npOTOH 

M HeilTpOH. OilHCbIB8IOTCSI p8311H'IHhlMH KBanTOBbIMM 'IHC118MH H Il09TOMY napHOH Kop

penSIUHH M8:>K.llY HMMM HeT, aHeprmI CBSl3H nocne_nHero ·Hei!:TpQH8 T8K:>Ke nopSI.llKa 

7 MaB, 

TaKHM o6paaoM .ll8HHhle 06 9HeprHSIX CBSl3H nocnenHero Hei!:TpOHa B nerKMX 

SI.llpax nonTBep:>Kna10T Hawe npennono:>KeHHe o HanH'I;IH / n,-P I, I P-P I H 

/ rt,- 11, / napHbIX KoppenSIUMA C 0.llHH8KOBbIMH KB8HTCBbIMH 

npHBO.llRlllHX K_ CBepxTeKy'IeMy COCTOSIHHIO nerKHX SI.llep. 

H ht,, 

B aaK1110qeHHe Bhipa:>KaeM rny60Ky10 6naronapHOCTb H .H. Boro111060By aa 

B eCbMa HHTepecH ble o6cy:>KneHHSI. 

PyKOilHCb nocTynHna B H3.ll8Te11bCKHA OTnen 7 OKTS16pSI 1959 rona. 
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