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A H H o 'f"a u H Sl 

0CHOBbiBaSICb Ha aci:JcpeKTHBHOM raMHnbTOHHaHe, OOHC biBa l0Ul9M B38HMO

neAcTBHSI nap HyKnOHOB, paCCMOTpeHbi qeTBepHbie KOpp91ISIUHH HyKnOHOB, HM9lOIUHlt 

OnHHaKOBbie 9HeprHH. noKa3aH0 0 qTo ecnH B38HMOn eACTBHe Me>Kny napaMH .HMeeT 

xapaKTep npHTSI>KeHHSI, TO o6pa30BaHHe qeTBepHbiX KOppenSIUHA B nerKHX Sl.llpax 

HBnSieTCSI 9HepreTHqecKH BbironHbiMo C OOMOUlblO yqeTa napHbiX H qeTBepHbiX 

KOppenSIUHA 06'bSICH9Hbi HeKOTOpbie 3aKOHOM9pHOCTH B 9HeprHH CBSI3H nocnenHero 

HeATpOHa B nerKHX HnpaX. non yqe·H KpHTepHA 1 OOKa3biB8lOUlHA 1 npH KaKC»( H36b1TKe 

qHcna HeATpOHOB Han qHcnoM OpOTOHOB B cTa6HnbHbiX srnpax acnencTaue pa3.1lBB-

1T~ 

>K9HHSI OOB9pXHOCTeA ¢epMH nnSI aeATpOHOB H DpOTOHOB qaCTb BHeWHHX HeATpOHOB 

nepecTaeT yqacTBOBaTb B qeTB9pHbiX KOppenSIUHSIX 0 qTo BeneT K HCqe3HOBeHHlO SI~-

HbiX ~ -qacTHqHbiX CBOACTB Hnep. 
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Bae.oeaae 

V13BecTR01 'ITO B T51>KenbiX 51,opax H86niO.ll810TC51 nap&ble KOppen51UBH RyKnOHOB 

K8.K B npoToa·aoA, T8.K H B aeATpOHHOA o6onO'IK8.X. Y'leT napHbiX KOppen51uHA c no-
. /1/ 

MOWbiO MaTeM&TH'IecKBX M eTO.QOB1 p8.3BBTbiX B TeOpHH CBepxnpOBO.QBMOCTB 0 npH-

Ben K o6'hHCaeaBIO ps.oa caoA:Ta TH>Ken&Ix H.oep. O.oaax.o, ecna B TSI>Kenblx s.opa.x 

a3-3a 6onbwoA pa3RiiiUbi aenlil'lliiH aaepraA noaepxaocTeA cl>epMB .ons aeATpoaaoA 

H npOTOHHOI o6onoqeK He BMeeTC51 npOToa-aeiTpOR8biX napRbiX KOppen51IlHI 1 TO B 

nerJtliiX 51,opa.x npoTo8-aeATpOH8&Ie Jtoppensiualil MoryT BMeTb MecTo .oo Te~ nop, 

DOltS. DOBepXHOCTH ~epMH ,anSI aeATpOHOB H npOTOHOB He p83.0BH8yTCSe nosTOMy 
121 

npa accne.ooaa8HH aonpoca o na.pa&IX KOppensnxasx a nerKiiiX s.opax 8aps.oy c B 

n-n. B p- P B38.BMO.OeACTBBSIMB npHHRM&IIHCb BO B8HM8.8Re T8K>Ke n,-p 
/2/ 

B38.HMo.oeAcTBiil51. B noKaaaao, 'ITO y'leT OCT8T0'18biX B38HMO.oeftcTBHA npHBO-

.oaT 1t o6p830B88HIO caepxTelty'lero /s8epreTH'IeCKH 6onee Bblro.o8oro cocTOSIRHH, 

qeM COCTOSHRe nonROCTbiO BblpO>K.QeH80rO cl>epMa-ra38. B ueaTpanbHOM none/ COCTO-

aa&51 nerx.oro 5I.Op8 1 npH'IeM 98eprB51 OCHOBHOrO COCT0518R51 He 38BHCHT OT Toro, K8.K 

cnapHnHCb Me>K,oy co6oft HyKnOHbi: npoTOHbi C npoT088MH 1 8eATpOHbi C seftTpOH8.MH 

anlil npOTOHbi c seATpoaaMH. Y'leT.napabiX x.oppensuaA a nerKax g,opax no3aonan 

noH51Tb 1 aanpaMep, aex.oTop&Ie 3ax.oaoMep80CTH a saeprlii51X CB513Ji. O.o8a.Ko ps.o aa>K· 

HbiX CBOACTB nerK.HX 51,oep 8enb351 06'hSCHHTb 88 OCHOBe paCCMOTpeHHH TOnbKO 

napHbiX x.oppenguaA 8yx.noaoa. 

B nerlt~X g,opax aecbMa 'leTKO BbiCTyna.JOT 'leTBep8bie KOppenHUBR 8yKn080B 

THna c/.., -'laCTBUbl1 DpB'IeM npB n051BneRBB H36b1Tlt8. 'lliiCna 8eiTpOHOB RS.O 'IHCnOM 

npoTOHOB B CT86BnbRbiX 51.Qp8X BC'Ie3810T t:J.,. -qacTB'IHble CBOICTB8 9THX 51,oep. 

Y'leT 'leTaepabiX JtoppenHuaA, npoae.oeR8bll aa ocaoae ,J., -l!lacTB'IBOA Mo.oena 

. "" H.opa, no3BOnliln ofS'hHCHBTb ps.o B&>KBbiX caolcTB nerx.ax s.oep. O.ola~to, cl.... -qacTa'l-

8851 MO.Oenb gsnse:rcs rpy6()A, a o()nacTb npaMeaeaas ee aecbMa orpaHB'Ie8aoA. 

noaTOMY npe.QCT8Bn51eT liiRTepec BSC8HTb B03MO>KHOCTb o6pa30B8HH51 'leTBepRbiX 

x.oppensuaA ayx.noaoa, no TBny napRbiX JtOppensuaA B Ts>Ken&Ix s.opax, a paMJtax 

o6ono'le'I80A Mo.oena 51,opa, accne.ooaaTb caolcTBa nerx.ax .s.oep c Tax.cro TBna 

qeTBep8biMiil ltOppenHUBSIMB H nony'IHTb KpHTepHI HC'Ie3HOBeHBSl 9THX K.OppensuBI. 

V13y'le8BIO 9TiiiX BOnpOCOB DOCBSIWeHa R8.CT051W8Sl pa6oTa. 
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2. 31j:llj:leKTHBHbiA raMHnbTOHHaH B3aHMoaeAcTBHSI 

VfccneaOBaHHe B03MO)KH0CTH nosraneHHSI 'leTBepHbiX KOppensruBA HyKnOHOB B 

nerKHX Hapax npoaeaeM Ha OCHOBe o6ono'le'IHOA MoaenH Bapa, Y'I~TbiBaB OCTaTo'I

Hble nocne Bbl'leTa CaMOCOrnacoBaHHOrO nonB 1 B3aHMOaeACTBH51 HyKnOHOB, CoCTOSIHHe 

HyKnOHa B Bape 6yaeM xapaKTepH30BaTb Ha60pOM KBaHTOBbiX 'IHCen G' S , rae 

(J,: ± 1 xapaKTepHayeT 3HaK np·oeKUHH nonHo!'o MOMeHTa HyKnoaa Ha OCb CHM-

MeTpHH Hapa. 

HyxnoHbi, aaxoasrmaecg a srape a s -cOCTOSIHHH apyr OTHOCHTenbHO apyra, 

CHnbHO B3aHMOLleACTByiOT Me)Kay co6oA. 4aCTb_ HMeHHO. TaKQro THiia B3aHMoaeAcTB.HI 

HyKnOHOB B srape npHBOaHT K 05pa30BaHHIO KaK napHbiX• TaK H ~eTeepHb~ KOppensr

UHA ayxnoaoa. nosToMy raMHnbTOHRaH B3aHMoaeAcTBHSI B03bMeM B BHae, Y'IHTbiBaiO

meM TOnbKO B3aHMOaeACTBHSI HyKnOHOB C OaBHSKOBbiMH KBaHTOBblMH 'IHCnaMH -s 
npeanonO)KHMt 'ITO 'leTBepHble KOppenHUHH HyKnOHOB noHBnSIIOTCSI B p93ynbTaTe ... 

B3aHMOaeACTBHSI nap. B STOM cnyqae OCHOBHOA BKnaa B a4>!l:>eKTHBHbiA raMHnbTOHH

aH B38HMOaeACTBHSI nap BHOCSIT B3aHMOaeACTBHSI HyKnOHO.B C OaHHaKOBbiMH 1!1ReprHH

MH, HMeiOmue peaoaaacHbiA xapaxTep. CneayeT aaMeTHTb, 'ITO aame npeanono)Ke

aae 0 B03MP)KH0CTH HCcneaoBaHHSI 'leTBepHbiX KOppel:fSIUHA Ha OCHOBe y'leTa B3aHMO

aeACTBHSI nap HBnSieTCSI aocTaTO'IHO 060CHOBaHHbiM B TOM cny'lae, KOraa aHeprHSI 

CBH3H BHyTpH napbl MHOrO 6onbille SHeprHH CBSI3H Me)Kay napaMH. XOTSI 1 CTpOrO 

rOBOpS1 1 STO ycnOBHe ae BblnOnHHeTCSI 1 OaHaK01 M bl C'IHTaeM 1 'ITO OCHOBHbie CBoA-
. I . 

CTBa 'leTBepHbiX KOppenHUHA B nerKHX Hapax MOryT 6biTb nony'leHbl npH pa60Te 

C a!l:>4>eKTHBHbiM raMHnbTOHHaHOM 1 OnHCbiB8IOIUBM B3aHMOaeAcTBH9 nap. 3aM9THM, 

'ITO HCnonb30BaHBe s!j:>lj:leKTHBHOrO raM BnbTOHHaHa B38HMOa eACTBHSI nap SJBnSieTCH 

BbiHy)Ka9HHbiM 1 nOCKOnbKY npH pa6oTe C raMHnbTOHH8HOM B3aHMOa eACTBHSI HyKnOHOB 

aoaaaKaiOT aecbMa "6onhwHe TpyaaoCTH. 

B cnyqae cTporoA aaoTona'lecxoA uaeapaaaTHOCTH napbl MO)KHO nocTpoHTb 

pa3nH'IHbiMB nyTHMH: ana napy ol5pa3yiOT aeATpoH B npoToH e cocTOHHHH I (;' S I, 

una napy o6paayiOT aea npoToaa laeATpoaal a cocTosraax ( + S) , (- S) . no

CKOJibKY aanbille Mbl pacCMOTpHM cnyqaft HapyweHHSI CTporoA H30TOnB'IeCKOA HHBa

pH8,.1JTHOCTH, TO 15yaeM C'IHT8Tb c,, onepaTopOM napbl oaHHaKOBbiX HyKnOHOB B 

COCTOSIHHSIX (+s), (- s) 1 fJ: ± i t npB'I.eM .P = +l+COOTB9TCTByeT 

npOTOHHOA nape, a F = -1 - HeATpOHHOA nape. OnepaTOpbi ,J.f' I .s.r 

' 
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DO,ll'IHHHIOTCH cne.aytoWHM nepeCTSHOBO'IH biM COOTHOWeHHHM: 

g'ft- ~~~ + &sr Csy+: L &Sf 'sr = o I'll 

gf]>t- Csy - ~sf' ,_f = 0' g Sf esj'- ll,: &,f' a 0' 

ecnH HnH s f 5 I 

Mo.aem.HbiA raMHn&TOHHSH, onHCbiBSIOWHA B38HMo.aeAcTBHSI Me:>KD.Y napaMH• B 

cnyqae CTporoA H30TODH'IeCKOA HHB8pH8HTHOCTH 38DHW8M B BHD.8 

)./ ~ ~ { E ( 5) -l }{ & ;. ~s. t- g; _ g,_} + 

a .nee& 

" J r 'J ~ + e + ~ t 121 t ts' ~. 5 s.,. s- s~ s'+ , 

~~s' 
f ( $) - sHeprHH napbi B COCTOSIHHB S t A - napaMeTp, BrpaiOWBI 

ponb XBMH'IeCKOrO DOTeHuHana. 

131 
H cnon&3YH npBeM, npe.ano:>KeHHbiA B , aae.a eM sen oM oraTen&HbiA raMHn&-

TOHB8H 

u'· ~ { f ( s )-l}{ g :. &S+t- ~:- &5_} + 

t fs,J (s.s'){B""(s)&5~&5 ~+8(s'JCs: C,~-B{s)B(s'Jf
1 

s'+s' 
ct>yHJtUBH B ( 5) onpe.aen& B3 ycnoBBSI MHHHMyMa ( fwl 

1

/ Talt. 'IT06bl cpe.aHee 

aHa'leHBe ( rl''7 ·onepaTopa H no co6cTBeRROMY cocTOSIRHIO onepaTopa J.l' 
. I 

COBD8.ll 8110 C < f-.1 'J, B peaynbT8T8 nony'IBM 

141 

npoBe.aeM npeo6p83088RB8 
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5
• • { 1-i Q..~-a..,_} a.s. , Cs- = a.s- • )51 
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,38M9THM 1 'ITO B COCTOSIHHSIX C O.llHHBKOBbiMH .S + 
onepaTopbi Q.SJ 1 a, sp ae.nyT 

ce6st KaK ¢epMH-aMnJIHTY.llbi. BcnoMoraTeJibHbiA: raMHJibTOHHaH aanHw eM: a cne.nyJO-

weM BH.ne: 

1-/~f{E (s)-l}{ ~;T a,S+ +a,;_ a.s- }-
161 

4/11. 

-fs.J ( s, s') { B " ( s) a-s'- ll-5•• + 8 ( s') <. a.;_ + 

s;s' t B * ( .S) B (s')} . 

3; OcHOBHoe cocToSJHHe 

J.1CCJI9.ll0B8HH9 B03MO>KHOCTH UOSIBJI9HHSI '19TBepHbiX KOppeJISIUHA: npoBe,lleM: C 
/4/ ... 

noMOWbiO aapHanHOHHoro npHHUHna, npe.nno>KeHHoro H .H. Boroni060BbiM ·, pa6oTaSJ 

c acnoMoraTeJibHbiM H 1 
a BH.ne /6/. CoaepiiiHM npeo6paao BaHHe "'' 

Q,S+ =Us [ 1-2 l>s] ts+ + 1JS ;5s~ 
(l,s_=Usf's--lJs [i-2. Vs]~:~, 171 

+ A. !t 
rne )) s = J!' s- Jls- , US + 1J" -= f . HoBble onepaTopbi KaaaHnap }'; r}~ 
y.noaneTaopstiOT nepecTaHOBO'IHbiM cooTHoweHHSIM /1 I. OnpenenHM eoaoe aaKyyMHoe 

. Ll I 
COCTOSIHBe fo·\jl lf: 0 H liaA:.neM Cpe.nHee 3H8":19HH9 rJ no ~TOMY COCTOSIHHIO 

( M ' ) .a Q ~ { £ ( S) - A} L'$ ~ l:, J ( S, S} U 5 lJS Us' Vj ', 
s s,s ~ 

/8/ 

S#S' 
' J.1a YCJIOBHH MHHHMyMa < J..l > noJiy'IHM ypaBH9HHe 

t. «, 
ul- Vs " , )f.. 

~ ~ J ( S, S ) Us' vs' • 0. 
· A ffl/ 

HM9IOWee TaKOn >Ke BH.ll, K8K H ypaBH9HH9 B 1 Y'lHTbiB8IOW99 

{ E ( s)-Jl } U5 ~ + /9/ 

n apeble Koppenst-

UHHo 

J.13 /8/ H /9/ BH.llH0 1 'ITO o6pa30B8HH9 '19TB9pHbiX KOpp9JISIIlHil SIBJI.S19TCSI SH9p

r eTH'l9CKH BblrO.llHbiM npH ycJIOBHH 1 'ITO StPtP9KTHBH08 B3811MOJJ.9ilC.T.BH.e. Me>K.llY napa-

' 



, 
- 7 -

MH SIB11HeTCSI B3aHMO.OeftCTBHeM npHTSI}KeHHH. 3aMeTHM, 'ITO 'leTbJpe HYK1lOHa, HaxQ

llSIWH9CSI OTHOCHT91l&HO .opyr .opyra B s -cOCTOSIHBH H 06paayiOUlHe · 'leTBepKy 1 CBSI

aaHbl Me}K.oy co6oA T01l&KO no yr1lOBbiM nepeM9HH.biM H He CBSI3aHb1 1 B OT1lH'IHe 

OT t:L -'laCTH'IHOA MO.oenH
1 

no pa.oHa1l&HbiM nepeMeHHbiM. 

Kax acHMnToTH'Iecxoe peweHHe /9/ npa J- 0, Tax a pewet~ae npa aaMe

He CYMM bl HHTerpa1lOM H '"tlpH noCTOSIHHbiX BO BHewHeft 060110'1Ke J H n1lOTHOCTH 

161 
COCTOSIHHA J 1 npHBOllSIT K BbiBOllY t 'ITO SHeprHH OCHOBHOl"O COCTOSIHHSI 1 r.oe 

Bee HYK110Hbl CBSI3aHbl B 'leTB9pKH 1 1Je}KHT HH}Ke SHeprHH COCTOSIHHSI 1 l"lle Bee HyK-

110Hbl CBst3aHbl B napbl. nepaoe B036y}K.£l9HH09 COCTOSIHHe 1 CBst3aHHOe C pa3pb1BOM 

_'leTB9pKH 1 .0Tll9119HO OT OCHOBHOl"O COCTOSIHHSI 9HepreTH'IeCKOft Ulen&I01 a HMeHHO: 

/10/ 

r.oe 

G ( s) = v' ( E { s)- .A} !l +f; C5 = ~ J ( S, s ') Us ~. 

Cne.oyeT aaMeTHT&, 'ITO ypaBHeH&e /9/ MO}K9T 61>JT& nony'leHo He Ton&xo, 

KaX H31lO}K9HO BbiW9 C noMOUl&IO Bap&aUHOHHOl"O npHHUHna, a TaK}Ke MeTOllOM pac

/7/ 
lJl 9fi119HHSI KOppenHUBA1 np 9ll1lO}KeHH&JM H .H. Boronro6oBbiM Ha OCHOBe raMH1l&-

TOHHaHa H 

4. 3HeprHH CBSI3H nOC1l9llH9l"' H9ATpOHa B 119l"KIIX st.opax 

~8CCMOTpHM B1lHSIHH9 napHbiX H 'leTB9pHbJX KOppenHUHA HyK1lOHOB Ha ~11H'IHHY 

alleprHH CBSI3H nocnez:xHel"' HeATpOHa B 1lel"KHX H.opax. 3Ta B91lH'IHHa 1 HeCOMHeHHO, 

Sf B11SieTCSf t5onee 'IYBCT BIT91Jti!HOA K Kopp91lSIUHSIM HyK1lOHOB 1 '19M cp 9.0HSISI 9H eprHH 

C BSI3H 1 npHXOllHUlastCSI Ha OllHH HYH11'0H. 

3R8pl"HSI OCHOBHOl"O COCTOSIHHSI 1 l"ll9 Bee HyK110Hbl C'I9TBepeHbl 1 onpe.oensteTCSI 

aen&'IHHOA ( J./ 1) , aaeprast oclioaaoro cocTostHRH st.opa, r .oe xpoMe 'leTaepH~>rx 
HMeeTcSI o.oHa napa, &MeeT ea.o < fos N 

1/Js + )' . .llnst Haxo}K.oeHHst sHeprae 

CBSI3H napbl B H.Ope C119llY8T Bbi'IHC11HT& pa3HOCT& 
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B otreH& rpy6oM npH6nH*eHHH, paccMoTpeHHOM nt 
paHee a , rne HHTerpHpoBaaHe 

3aMe&eHO CYMMHpoaa&HeM H J 
HbiMH ao aceA o6onotrxe, nooytrHM 

H nnOTHOCTb COCTOHHHA .P C'l:fHTaiDTCH nOCTOHH-

I 

<ft L1 J3 + '- I 
rf / - J.l =-s S Na i.4o+l ( ~: ~11-o 

I + . I 

.a-t n.. 
2_r 

: e -t1 

el--1 

... ~ 

O.+!l- g, no e •t f. 

£/'l.o-.!2 +/ 

2-_p 
1111 

~n..+.!l -.t < fos f./ {3s > N= 2, n..-1- ( H ~=.tn.o=- n + &.. ~.P . eo.-! 2.f 
rne G = -y J . .a. - trHcno ypoaaeA, N - trHcno nap. CxonHbiA aHn 

HMeiOT QJOpM ynbi, ytrRTbiBa IDIUHe napHbie KOppenHUHH HyKnOHOB 0 a 

II + 3 
n, o(,+s :>. < 1 r ) .n +;: -vo 

V=~l>of-1- l"fo J)=:fl.>'o ==--( J.,tS 

..&. 
e•+f 
e!-i 

" <
I ~ J.,-f. .Q+--)J 

D\f+S o +s )~·tYo-1.- < f.lo)J1=Wo·- ____.! 

.... 
e•-t-i 

+ i. e ,.._ i 

HMeHHO: 

~.+f-2.n 
'If 

1 

1.12/ 

Yc,-f+!/,!2. 
l!f~ 

VIa /11 I aHnao, trTO no6aaneaHe onaoA napbr K cHcTeMe, rne ace ayKnOHbi CBsr

aaabr a treTeepxH, Mano H3MeaseT saeprHID H1 aao·6opoT, nnH ynaneaHH napbr Ra 

COCTOHHRH 1 rne Bee HyKnOHbi CaSI3aHbi a treTaepKRe T.e. Ha pa3pbia treTaepKR, Tpe-

6yeTCH aaTpaTRTb aaatrRTen&ayiO saeprRID. AaanorRtrao, no6aaneaRe onaoro. ayK

noHa K C~CTeMe, COCTOHIUeA H3 treTHOro trRcna HYIUIOHQB ') -. !2_ V0 , He aeJleT 

K cyruecTaeaaoMy H3MeaeHRID saeprHR H, aao6opoT, nrrsr ynaneHHSI onaoro ayxnoaa 

Ra SI.llpa, f.lle xpoMe treTaep&biX xoppemruHA RMeeTcH erue onaa napa, aeo6xonRMO 

3aTpaTRTb 3HatrHTen&HyiD SHeprHIO, CBH3aHHYIO C pa3pbiaOM napbi. 

Ha ocaoeaaRH ytreTa napabix H treTBepabrx KoppenHuHA, npoRnniDcTpHpoeaaabix 

B /11 I J!: /12/, MO)KHO Bee nerKHe Sinpa a o6nacTH 16 < II< If o paanenRTb 

no oTaoweaRro saeprRH CBH3H nocnenHero aeATpoaa Ha TpR o6oco6neaabre rpynnbr: 

1/ nocne,llHHA HelrpOH He npHHRMaeT ytraCTRH HR a napHbiX 1 HR a treTaepHbiX Kop

penHUHHX1 2/ KpOMe HyKnOHOB, CaH3aHHbiX a treTaepKH 1 HMeeTCF onaa napa, npH

treM TaKoA napoA MO)KeT 6biTb KaK (ft-.- n) 1 TaK R ( I'J. -p) napa, 3/ ace 

aeATpOHbi cas3aHbi a treTaepxH. 3aeprHSI CBH3H nocnenaero aeATpoaa a Sl.llpe, 
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OTHeceHHOM K nepaoA rpynne 1 onpenenSieTcSI TonbKO ero CBSI3biO c ueHTpanbHbJM 

noneM. 3HeprHSI CBS13H nocnenHero HeiiTpoHa so sTopoA rpynne Bnep onpenenBeTcSI, 

rpy6o rOBOpSI, K8K aenHqHHOA CBSI3H napbl 1 TBK H SHeprHeA CBSI3H Heii:TpOH8 C ueH

Tp8n!:>HbiM noneM. K TpeTbeA rpynne Mbi OTHecnH o(, -qacTH'IHOro THna Sl.llpa, 

SHeprHSI CBSI3H nocnenHero HeATpOHa B KOTOpbiX COCTOHT H3 Tpex qacTeA: H3 aHep-

rHH, Heo6xonHMoA nnSI paapbiBa 'l:eTaepKH Ha nae napbl, nanee H3 aHeprHH CBS13H 

rrapbl H1 H8KOH91l1 H3 SHeprHI!' CBSI3H HeiiTpOH8 C ueHTpanbHbiM noneM. 

/8/ 
EcnH o6paTHMCSI K naHHbiM no aHeprHH cssraHH nocnenHero HeATpoHa a 

nerKHX Sl.llp8X 1 TO YBH.llHM 1 qTO B Sl.llp8X 1 OTHeceBHbiX K nepBOA rpynne, T8KHX 1 K8K 

AI at M z.s fVf u S . u S. lt S ~~ S !IS" 
40/yetf I /2,. ~ I! ' IJ. q'J 15 1 IY £15 t t'/ It/~ /6 f!'l. t 16 If 

11 
lh. 11

1
1.. K Y!l. 1 Ca.. VS aHeprHSI CBSI3H nocn en Hero HeATpoHa nopBnKa 
;J 19 u to .t.& u. . u t.' 

/7-8/ Mas. B Bnpax, oTHeceHHbiX KO BTopoA rpynne,10 Ne.,~., 1 tl No.,,~, J I(,JJ/9 1v , 
/lea? 5. JO PJ' 5 JY e Js A Jl u 

1 .. 1'1 1y , L' ,
15 

fL , 
1

o , C ,11 ,18 ~~, K .. nsa BHeWHHX aeATpoHa cegaaHbi 
CJ IY I v 16 o 11 If -.11 / 2 / 

a napy H nng paapb!Ba ee Hy.>KHa nononHHTenbHaSI aaeprHSI , 'ITO nonTsep.>KnaeT-

CSI aenH'IHHOA sHeprHH ceS13H nocnenHero HeATpoHa, paaHoit /11-12/ Mas. H3-3a 

fi!UJHOI KOppenSIUHH BHeWHHX HeATpOHa H n poTOH8 0 H8XO.llSIIllHXCSI e COCTOSIHHSIX C 
- - "/ !t. .II e a6 p JO ct iY J( ~~ 
O.llHH8KOBOA aHeprHeA 1 B SlnpaXJf o/YCvU 1 I! :IT 13 J1s IS ) I'/. II >if 1g 

-eenH'IHHa aaeprHH ceS13H nocnenaero aeATpoHa TaK.>Ke nopBnKa /11-12'/ Mae. Cne

nyeT 38MeTHTb 1 'IT0 1 ecnH BHeWHHe npOTOH H HeATpOH H8XO.llSITCSI e paanH'IHbiX 

xeaHTOebiX COCTOSIHBSIX 1 TO Me.>Kny HHMH HeT KOppenSiuHH H aaeprHSI CeSI3H nocnen-
A/ 1.v 11 e , !J~ -""' .. 6 K YD 

aero HeATpOHa e T8KHX Sl.llpaxl K8K .U .trCV/.3 ) l!l _ 15 JiSpl'f.. I tJ'-'f,tg Jtl tt,t 

nopHnKa 17-8/ Mas. 

B 

5 u. ,, ,, 
~ - '18CTH'IHOrO THna 

56 I((J ',,11,/f J.t.()(4,2.0 

:lO M .t.V f. • 2.1 
Hnpax, TaKHX KaK 10 Ne 10 , lt. 31o.. , IV"'" It( ' 

, BCe HyKnOHbi C O.llHH8KOBbiMH 'IHCnaMH S 

CBSI38Hbi a 'l:eTaepKH, aaeprHSI CBS13H nocnenHero aeATpoaa e aTH;x: Hnpax nopBnKa 

/15-17/ Mae. Pa3HHua a aHEfif)rHSIX CBSI3H nocnenaero aeATpoaa a Hnpax, oTaeceH

HbiX K TpeTbeA H eTOpoA rpynnaM, rpy6o onpenenHeT aaeprHIO aeo6xonHMyiO nng 

pa3pblea 'l:eTeepKH Ha nee napbi. 3To naeT B03MO.>KHOCTb 1 Hcnonb3YSI /11 I , o'l:eHb 

rpy6o OueHHTb BenH'I HHY (-J) , KOTOpyiO HaAneM paeHoA 1 Mas, aHepre-

TH'IeCKYIO menb 2 e 1 CeSI38HHyiO C p·aapbieOM 'l:eTBepKB H8 napbi 1 e aTOM cny

'lae HaAneM pasaoA /4-6/ Mas. 

BbiwenpHeeneHHble naHHble nonTBep.>Kn aiOT aanB'I:Be a nerKBx Hnpax napHbiX 

H 'l:eTBepHbiX KOppenSiuHA HyKnOHOe e COCTOSIHHSIX C O.llHHBKOBbiMH KB8.HTOBbiMB 
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qacnaMH S • CnenyeT 3aMeTHT&1 'lTC? CHn&Bble Koppenauaa ayKnoaoa c pa3naq

Hb1MB 3H8'18HBBMB npoeKUBI MOM8HT8 H8 OC& CBMM8TpHB B.llp8 B O.LlBR8KOBbiMH npo

'IBMB KB8HTOBbiMB 'IBCnaMB1 DO~BB.IlBMOMy1 OTCyTCTByiOTe STO DO.LlTB9p>K,ll89TCSI no

B9.1l9RB8M HyKnOBOB 8 TSIX<enbiX Sl.llp8X1 rne ae· DpoSIBnSIIOTCSI SIBHbl9 38KQHOMepHOCTH 1 

CBSI38BHb19 C lf:BCnOM DpOTOHOB /aeiTpOBOB/ Ha BH8WH91 o6onOif:K9 Kp8THbiM '19Ti>Ip9Me 

Cne.uyeT 3aMeTBT&, >iTo cTaTHCTH'Ie~al MeTon...paccMoTpeaaH, npHHBT&IA aaMa, 

a onpen en eaaol CTeneaa· yCp9.1lRSI9T CBOICTBa Sl.ll8p 1 OTHOCSIWH9CB K O.LlROI B TOI 

>Ke rpynne a oTaoweaaa eaepraa CBB3H nocnenaero aeATpoaa. O.uaaKo1 y'leT KBaa

TOBbiX xapaKT9pRCTRK BR8WHBX HyKnO.HOB .Ll88T B03MO>KHOCT& onpe.uenBT& HHJ;J.HBH

.LlYan&HOCT& B.Ll8p. 0oeTOMy Dp9.1lCT8BnBeT<;:B BOOMO:>KHhiM Bhi'IHCneHHe SHeprHH CBH-

38 nocn ell.H8r.O JleiTpOHa .llnfl K8>K.IlOrO KOHKpeTHOrO SI.Llp8 B paMKllX .ll8RHOI CX8Mbl 

C y'I8TOM .llODOnBRT&n&H biX cPaKTOpOBo 

5. Ycnoaae ac'le3aoaeaas 'leTBepablx KoppenHual 

~· 

PaccMOTpBM noaeneaae 'I~Taepablx Koppenaual a cny~ae nosaneaas H36biTKa 

'IBCna HeiTpOROB Ba.ll 'IRCnOM DpOTOHOB. 3aMeTRM 1 'ITO 1')9nB'IHH8 sqxpeKTBBHOrO 

B38RMO.Il 8ICTBBSI M8>_K.IlY D8p8MR J / ( S I S 1) B &TOM cny'lae .llOn>KHa 6biT& MHOrO 

M8H&W9 B'9llR'IRHbl J ( S, Sf) B /2/1 OTBOCSIIll9ICB K cny~UiiO CTpa-ol B30TODB'Ie

CKOI BBB8pBa~TBOCTHo STO CBB3aRO C TeM, 'ITO OCROBHOI BKna.u B ScPcP9KTHBHOe 

B3SBMO.Il 9ICTBII9 M9>K.Ily napaMB naeT p830BaHCR09 B3aRMO.Il 9ICTBR9 RyKnOHOB C • 

O.llRB8KOBbiMB 888prBBMB 1 DpR DOBBn9BBB B36b1TK8 lf:BCna aeiTpOROB Ha.ll 'IBCnOM 

DpOTOHOB HOT p830BaRC CBn&RO pa3M08TCSI 1 "'ITO DOB9.1l9T K pe3XOMy ocna6ne&HIO 

B3aRMO.Il elcTBBB M8>K.IlY napaMRo 

¥fccnenoaaaae aonp~ca o noaeneaae 'I&Taepa~KoppenHual npa noaaneaaa 

H3!5.biTKa 'IRena H81TpOHOB B8.1l 'IRCnOM npoTOHOB Dp088.1l8M C OOMOILt&IO M9TO.Ila 

onepe>KaiOillRX H 3ana3.1lbiB8IOillRX cPYBKURI rpaaa, p83pa6oTaRHOro H .H. Boroni06o-
. /9/ . 

abiM· • c.s. Ts6naKo1u.JM • 

"" 

npaB8.1l8M B8XOTOpble 0'6IllR8 cPOpMynbl1 KOTOpbiMB 6y .ll8M non&3088T&CB npR 

Bbi'IRCneHBBXo c;l)y&KUBB rpaaa DpH T8MD8paType, p8BBOI ayniO, R ypaBR9HRSI .llnH HRX 

38DRW IN B Cn9.1lYIOill9M BR.Il9: 
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~ (+--i')~« A {t) 8 (t') J;'l .:·-i fJ (t,-t')< [11 (t), B{t'J]), 

G~ (f-t.)=<< II (f) B (t ')-,~-==- i 6 { t '--~; )< [ ll (t), f>(t)]/,
1131 

·~ it <<If {t)B (t') >>~ 5 (t-i')< [II (t) B(t')]>+ 

-r << { /1 {t) H- HI/ (t)} B (t') ~' 

r.lle -fl {t), B (f '}- onepaTopbi B relaes6eproscxoM npe.llcTasneHHH. flepel.lleM 

K <J)ypbe-o6pasy cbYHKUHH rpHHa • ( I\ 
~ -LE t-t/. 

<< 11 ( t) B (t') )J' = J « II f e, ;;7E e OlE 
--.o 

H. K ee CD9KTpMbHOMY Dp9.llCTaBneHHIO /s cnyqae CT8THCTHKH ¢lepMH/ 

« II (t) 13 (t') "?''{ = 2 ~ }~ (w) ·;_ww , 
-Oo 

I'.ll9 

i I {E)=<< fl I 5 7/E-i€- << {/I B //E+it-. /14/ 

CneKTpanbH09 npe.llCTasneHHe KOppenauHOHHbiX cPYHKUHA: 'lepea cPYHKUHIO r (E) 

8blpa>KaeTca Tax: . _ _ i ~ { i--£ ') 
.z A ( 1:) B ( i ') ~ .. f I ( w) e . d w 

0 /15/ 

"' ., i w ( 1:- t ') 
< 8 ( t ') II ( l) ) : j T ( w) e- J w. /15'/ 

_Oo 

HaxO>K.ll9HBe ycnoBHa acqeasosesaa '19TB.9PJibiX xoppenauaA npoBe..ll EM 1 acnonb-; 

3YSI BbiW e~pBB9..ll9HHbi9 cPOpMynbl 1 C BCD OM oraTenbHbiM I'8MBnbTOHB8HOM /6/, 38DB

C8HHblM B BH..ll9 

: 
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1-l'~ f { ~P (s)a..; .. a..s+ + 'f; .... (s) a.:_ a..s-}-
- E J' ( s,s')fB *(s)a.s~ ~,'. + 6 (sja{+a,;_ +B{sJB(s)},, 

s' 11a1 

'%P(s)=E (s)-J..p;, ~*=Ejs)-.A~~-, .Apf=.l~. 

.Qnsr cpyHKUBI rp11H8 nony'IHM en 9.LlYIOWB9 ypaBH9HHSI: 

i ~. << '1.-Sj' ( l:)j a..:, (-t. ')"~, •• ! (t-i )+~H "=.p(~«~. W/afJtJ)l+ 

+ o;,, _
1 
~Js) << ~- (t) fa;_ (e) »~~ .• 1 ¥, J~ s,s) &( s') « a;(t)/o[. M »r 

S'IS 

t ~.-t ~ J( s,s') 8 (s')« a.; .. ( i) fa.:_ (t) "7/ 
S#S' · 

i -ir« a.; (t)/o.:J' (t')11·-~,H 'tf:.p(s) « q,;. {t) Ja..;Jt J >>

. -8',,-t Tis"' (s)<< o,;_ ( +.) jCL~ (1: j >/ + 

+ o;,+t f J' (s. s') B • (s') <<. a.s_(t)ja:_{t) »-
s'1s 

- ~,-1 6 J'(s~s') 8 * (s')<< Ovs+ {i) / ~:+ ( i ') >/. 
S'#=S 

. nepeA.neM It q,yp&e -o6pa3aM no Bp9M9HH 1 BB9.Ll9M HOBYIO cpyHKilBIO 

C
5 

: ~ J I (51 S) 8 ( S 
1

) 1 

s'+s 

/17/y. 

-'6£-· 

/17' I 

/18/ 

~------~---------------------------

' 

~:~' .. 
1 

! 

1 
' 1 

j 

'J 
'! 
j 

\ 
l 
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1 
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upoae.o eM pB.o npeo6paaoaaHHA e, aocnonbaoaaawecb I 141, nony'IHM 

r.oe 

<< ~ •• / ct{,_ )) <-ie- « a_s+ /a.;+ '7/' e+io = i I 1- {E)= 

=i- {[1- ~~~ ] tr(E +1+t'(sJ)r[u- .!~{:} }' 
.... 

~ a (E-r-e I (s))}) 

« ~s-/q,;_ ~-ie-<<~-/ cv; >>em· iL {E)· 

" ~ {[1- :.~~]$ (E-f+l(s))+ [1 + ~~~j} 0 (E-j-E'(sJ)}, 

t'(s) = /c:+ tJ(sJl, f =f { ~ ... (s}- ~r {s) }, 

w ( s) - f2 ( ~ ,.. (s) t- ~ P ( s)). 

1191 

119' I 

1201 

.., 
BocnonbayeMcB I 15 I H 115' I, 'I T06bi nony'IHTb Bbipa}f{eHHe .onB BonHoaoA <PYHKilHH 

'leTB8pKH 1 a TaK}f{e .OnSI nnOTHOCTH KaK HeATpOHHbiX1 Tall: H npOTOHHbiX nap, a HM9HHO: 

- . E (t:-t') <~;T (t)j~:_ (t)'?= f olE e _, I{E)= 
0 

~ T t~(sJ j j E e-iE(t-t'tr(Ej-l' (s))-8{Efrt'(sJ) }, 1211 

0 
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. . .. -iE (t-i) 
< a.

5
_ ( t) j a.:- ( t ') ;. = j t/E e L (E) = · 

, 
1 ;- -iE(t-i')j w(s) I 

= T J E e 1 [1- l'(s)J §'(EJ+l (sJ)+ 1221 

~ A 

w (s} · · 
+ [1 + •''•' ] 8' {Ej- c' (s) J}, 

.. . ( ') , -LE i--1. < a-,. (i)j a,;T (t )>= J cl Ee . . It (E)= 
0 

1 j.. -i E {i-i){· . . 4) (s) 1 
=y JEe [1- t'(s)Jo(Et-f+£ (s1+ 
. 0 

... 

-·· 
/21'/ 

[ w{sJ } · (. , } 
+ i + l, r s l &' . E + f- E. (s)) . 

npoBe.a eN BHT9rp&p088HB9 1 B 80CUOn.D30B8BWBCb 4JopMynaMB 

o+ p+ + + . ~+ /J + < t» &+ bs- >~-(a..,+ ""s- /' < Sf b,f > = <a...s! ~~ > 
+ + < a-,1 ct.sf > =- i- < ~sf ct-sr >, 

nony'IBM 

p + {·-I · Cs < ""'" ( 7 ~ ·. T l'(S) 

' 0 
npB_. /f />t'(s) 

npB /r /< l_/ (s) 
/23/ 

' 
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- 15,... 

< gs~ ~s- )-= 
1.. { i- IJ {s} J npa 
·~ l'{s) It I" l' (sJ 

0 npH I r I> E.) (sJ) t > o /24/ 

i npa / f / '7 l. 
1 

( s), I< 0 

..!. { i- W(s) l 
~ ~'(s) 

npa I I I< e I r~J 

( ~: ... ~S+ >= i npH /t/>e'{s);, t>O 124'1 

0 
npa I t/ > ~ '(s)' f < o. 

"" 3aMeTHM 1 'ITO B cnyqae 1 KOI'.ll8 'IBCnO HeATpOHOB 6on&W9 'IRena npoTOROB t < 0 ) 

cpyaxaas Cs Y.llOBneTeopseT cne.llyiOweMy ypaeaeaaiO: 

c + _!_ ~ J '(s .. s ') c s I 
S i_ I I -.,--;: ~..====-===·-

. $, S ;=s . v c S~ + ,.,) ($I) <l 

=-0 
" 

/25/ 

TaKBM o6pa30M1 ycnoeae RC'Ie3RoBeaas 'leTeepa~x xopp~nsaaA aony'IBM a BR.lle: 

I 
'f 'i, (s) /28/ 

ana 

/28'/ 
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T.e. HC'Ie3HOBeHHe 'leTBepHbiX. Jt0pp81I51UHA H8'1RH8eTC51 TOr.lla 1 KOr.lla pa3HOC'l'b 

SHeprRA aeATpOHHOA R DpOTOHHOA DOBepXHOCT eA cl>epMH CT8HOBBTC51 6onbllle menH 

B CDeltTpe B03tiy2K.lleHHbiX COCT051HRA1 JtOTOp851 CB5138H8 C p83pbiBOM 'leTBepKH H8 

D8pbi. Yfcuonb3y51 rpy6y10 OUeHJty BenR'IRHbi menR1 M02KHO BaATH MRHBM8nb&Oe 3H8-

'IeHRe /ll\- ;.., 1 triLfL t DpH KOTOpOM H8'1HH8IOT pa3pywaTbCSI 'l8TBepHbie KOppenHUBR, 

Llnsr oueHJtR /A 11.- A p J tnin. M02KHO ucnonb30)&Tb ypaeaeaue /25/1 B peaynbTaTe 

uonyqBM j A,.__ A P / ntin. - {-J 1) !l . 0"6e oueHKR .ll&IOT 

/.A.Il- A, /milt -2 '5 Mil, /27 I 

r.lle 2 - !PaKTOp OCna6neHHSI B38RMO.lleAcTBRSI M e2K.llY D8p8MR, 

PaccMoTpHM KaJtBM uyTeM upoBcXO.llBT paapyweaue 'leTeepa&Ix KoppensruuA 

DpR yeenR'IeRBB /A..~~.-1 pI • nycTb .A..,..-lp• ~l1 (5., ).) • TOr.lla 

Kor.lla 

If (So)-
Jln.+.A,., 

2, 

jl, -l,J</.A.n-.A.pj tr~in. 

I e /c s~ -~- c ;._,.~)..p J '" .... 
/28/ 

,;;= 

1 TO Bee aeATpOHH&Ie D8pb11 lle>KamBe B&IWe 

E' r: - eaeprBB DOBepXHOCTB cl>epMB .llnSI DpoTOHHOA o6onO'IKB 1 y'laCTByiOT B o6pa-

/.A n.- J., I> I .A n -A., I mc'll. 30B8HBB 'leT8epHbiX ltOppenSIUBA, .llMee, DpB 

8HeWBBe aeATpoHB&Ie D8pb1 Depec:TaiOT y'I8CTBOB8Tb B 06pa30B8HBH 'leTBep&biX KOp-

p ensru• A. B upe.ll ellbHOM cny'la e .A 1\- .A ' >' C s 
0 

B f(So}~J.p 
' a. . 

"'.e. ace aeATpOHH&Ie uap&I1 ne2Kamae B&Iwe E: , ae npBHHMaiOT y'lacTasr B o6pa-

30B4BBB 'leTBepHbiX KOpp81151UBA 1 HO OCT8n&Bble aeATpOHbi B DpOTOHbi DpO.llOn2K8IOT 

6&1Tb CBSI38BHhl)dll B 'leTBepKB. 

TaKBM o6paaoM, upa uosreneaaa aa6&ITKa 'IRena seATposoe Ha.ll 'IBcnoM upoTo--BOB 'leTeepHble JtoppenSIUBB ocna6nSIIOTCSI 1 BHewsBe HeATpOHbi uepecTaiOT Y'I8CTBO-

B8Tb 8 o6pa30B8HBB 'leTeep&biX ltOppenHUBA a, TeM C&Mbl M,Bc'le38IOT SIBH&Ie o(.. 

'18CTB'I a>ro BB.ll8 CBOACTB8 Sl.llep. 

Cne.llyeT aaMeTBTb 1 'ITO B cTa6BnbHhiX Sl.llpax B o6n acTa 30 < A < 40 aa-aa 

B03HBJtWeA p83HOCTB 8 9HeprHSIX DOBepXHOCTB $epMB .lln51 DpOTOHOB B HeATpOHOB 

DOSIBnSieTCSI TeH,ll8HUBSI It yeenB'I8BBIO 'IRena &eATpOHOB DO OTHOWeHRIO It 'IBCny DpoTO

HOB. 0.llH8Jt01 'leTBepBb18 JtOppenSIUBB HyJtnOBOB DpOTBBO.ll8ACTByiOT 9TOA T8H.ll8RUBRe 

npu A ). 40, DO-BB.llBMOMy, BenB'I.dHa I).,,._ - .ll pI .llOCTBr4.1lT ltpBTB'IeCJtoro 

• 
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3Ha'leHH.R ·/Att - Ap} ndn. , Tor.c:xa aaewHHe HeATpOHbi nepecTaiOT y'lacTBoaaTb a 

'19T8epHbiX KOpp9JI.RUH.RX 1 .ll8 H C8MH KOppen.RUHH OCJI86JI.RIOTC.R 1 'ITO npHBO.c:tHT K HC'Ie3-· 

HOB9HHIO npOTHBO.c:teACTBH.R npOTHB yaeJIH'I9HH.R 'IHCJia HeATpOHOBo nosTOMy 8 CT86Hnb

HbiX .R.c:tpax c A )' 40 '!:Reno aeATpOHOB 6onbwe 'IRena npoTOHoe. 

Yfccne.c:tyeM BOnpoc 0 '19TBepHbiX KOppeJI.RUH.RX paCCMOTp9HHOf'O THna B cpe.c:tHHX 

H T.R2Kenblx .R.c:tpax. HeATpOHbi, HMeiOruHe aHeprero 6onbwyiO, '!:eM Ep 
F , He y'lacT-

ayiOT e 'leTeepHbiX Koppen.RuHslx, a cnapeabi Me2K.c:xy co6oA. Hao6opoT, npoTOHbi He 

TOJibKO CnapeHbi M92K.llY C060A 1 HO TaK2K9 y'laCTByiOT B o6p830BaHRH '19TBepHbiX KOp

pen.RUHA COBMeCTHO C HeATpOHaMH 1 HM9IOIUHMH 0LtHHaKOBbi9 C npOTOH8MH sHeprHHo 

3HeprHIO .R.c:tpa 3anRweM B cne.c:xyiOrueM ee.c:xe 

/29/ 

..... 

¢1yHKilRR OJIOTHOCTR H BOJIHOBbie cpyHKUHH nap onpe.c:xen.RIOTC.R /23/, /24/1 /24'/ 

npR t ./. 0 1 a T8K2K9 yp&BH9HReM 

=- 0. 

EcnR .c:tn.R B036y2K.ll9HRSI aeATpOHa B cnyqae 'l:eTHOI o6onO'IKH Hy2KHO p830pBaTb 
~ 

napy, T() .llJISI O.llR0'18CTR'IHOf'O B036y2K.ll9HH.R npOTOH8 He06XO.llRMO pa30pB8T& He 

/25'1 

TOJI&KO napHyiO KOppen.RUHI01 HO R '19TB9pHyJO Koppen.RURIO .llByX npOTOHOB H .llBYX 

HeATpOHOB C O.ll.RH8KOBbiMH SHeprHRMHo 0TCIO.ll8 cne.c:xyeT, 'ITO aaeprHH O.llH0'18CTHq

H0f'O B036y2K.ll9HR.R .llJI.R npOTOHOB .llOJI2KH8 6biT& HeCKOJI&KO 6on&we COOTB9TCTByiO

lU91 BeJIR'I~Hbi .llll.R HeiTpOHOBo .OaHHbii BbiBO.ll cornacyeTCSI C OU9HKbl STOf'O 

/10/ 
OTHOW6d.RSI p&BHOf'O /1,5 :!;_ 0,3/ t nony'leHHOf'O B H3 .ll9cp6KTOB M8CCo 

Cne.llyeT 3&MeTRT&, 'ITO acpcpeKT 'l:eTeepHbiX Koppen.srueA e cn.o2KHbiX HApax 

. ilO'IoelKHeHHWA HHCTMTfi ~· 
t ~~epHWI ICc.lelOBaHJfll i 

SH6nH~TEKA 
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He .ll01l:lKeH 6biTb 6on&WHM 1 BO-nepBbiX 1 Ha-aa yMeH&WeHHSI J1(5
1 
s) acneacTaae 

p83.llBBr8HHSI UOBepXHOCTeft <l>epMH'.llnSI HeATpOHOB H npOTOHOB1 BO-BTOpbiXt &3-38 

Eft>') Ap T A"- . 
TOro, 'ITO OCHOBHOft BK118.ll B /25'/ .ll810T 'lneHbl ( ~ ~ 1., 

a /29/ axoaHT Cs , anH KoTo·pbix · E ( S) << .A P +.A H.. , nosToMy cyme-
I fl, 

CTBeHHyJO pon& HrpaJOT B38HMO.lleACTBHSI J (S1 SJ C CH1lbHO OT1lH'I810UlHMHCSI 

5 / 1 KOTOpbie MOJ'rT 6biTb MeH&We BenH'IHHbl C f(S,S) 
. s 

.ltB8HTOBbiMH 'IHC1l8MH 5 
s 5nH3KHMB 3H8'1eHBSIMH KB8HTOBbiX 'IBcen 

6. 3 a K n 10 'I e H a e 

Vf CXO.llSI H3 H81lB'lHSI CBn&BbiX B38HMO.ll8ftCTBHft HYK1lOHOB1 H8XO.llSIIllBXCSI B 5 
COCTOSIHHH O.llBH OTHOCBTen&HO .llpyroro, Mbi p8CCMOTP!!1lB B38RMO.lleftCTBH8 HyKnOHHbiX 

nap, KOTOpbie UpHBO.llSIT K o6p830B8HBJO 'leTBepHbiX KOppenSIUHA HYK1l0HOB B TOM"'cny-

'lae, ecna aaaaMoaeAcTBBH Me:lKay .napaMB HMe.JOT xapaKTep npHTH:lKeHHH. B pea .f11&,__ 
TaTe, HQKOTOpbie 38KOHOM8pBOCTH B o6n S:::TH 1lE!f'KHX Sl.ll8p 1 UOHSITbie C TO'IltB ape

HHSI d., -q:aCTB'IHPA MO.ll81lH Sl.llp8 1 061>SICHeHbl B p8MK8X o6onO'le'IHOI MO.llenB nyTeM 

y'leTa qeTBepH.biX KOppenSIUHA. Paapa60T8HHbift. M8T~8TH'I8CKBA annapaT H OCBOBHbi9 

peayn&T8Tbi U03B01lBIOT UpOB8CTB JtOKltp9THbi8 pac'leTbl B1JHSIHHSI 'leTB8pHbiX KOppeng

UHA H8 Te H11H HBbie CBOftCTB8 nerKHX Sl.llep. 

B aaKnJO'{eaae Bbipa:lKaJO rny6oKyJO 6naroaapaocT& H .H. Boronto6oay aa nocTo

SIHHbiA HHTepec Jt pa6oTe a aec&Ma ueaabie. aaMe'laaaH, a TaK:lKe B.C • .U:lKenenoay 

aa aaTepecabie o6cy:lKaeaasr. 

PyxoUHCh nocTynana a aaaaTen&cKaA oTaen 10 aeJta6pH 1959 roaa. 
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