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J. B B e a. e H H e 

l13 OnbiTOB C 'pacceSJHHeM 6hiCTpbiX '18CTHU B H8CTOH1Uee BpeMH XOpOWO H3BeCT

H01 'ITO HyKnOH npe.a.cTaBnSJeT co6ol1 cno:m:HyiO CHCTeMy, B KOTOpOll sneKTpH'IeCKHti 

38pHJl H M8I'HHTHbil1 MOMeHT pacnpe.a.eneHbl B npocTp8HCTBeHHOti o6naCTH C p8JJ.HYCOM 

., ~· 10-13
cM, no" 3 "' c 8 ~ ·- - JJ.enCTBHeM sneKTpH'IeCKOI'O H M8I'HHTHOI'O nonen ~ H 

T8K8H CHCTeMa MO)f{eT .a.eepopMHpOB8TbCH H. npH06peCTH sneKTpH'IeCKHti 'H M8I'HHTHbll1 

.a.nnonbHbie MOMeHTbi 

H 

;(e = <:k.E 
';;(m: ~ B, 

Kos(p(pnuneHTbi ~c:l- H j3 npHHHTO H83biB8Tb sneKTpH'IecKol!: H Mai'HHTHOll nonH-

1 
pHsyeMOCTbiO HyKnOHOB 

B o6meM cnyqae BsaHMo.a.eticTBHe nro6oti npOTH:IKeHHoll CHCTeMbi c sneKTpo

MarHHTHhiM TIOneM xapaKTepH3yeTCH ee sneKTpH'IeCKHM 38pHJlOM1 sneKTpH'IeCKHM 

JJ.HnOnbHbiM MOMeHTOM 1 M8I'HIITHbl~ JJ.HnOnbHbiM MOMeHTOM H Tollo l1HJJ.YUHpOB8HHble 

JJ.HnOnbHbie MOMeHTbl a: H 1 ... nOpO:IKJl8IOT JJ.OnOnHHTenbHOe B38HMOJJ.etiCTBHeo 3TO 

B38HMOJJ.etiCTBHe 6y.a.eT npHBOJlHTb1 B '18CTHOCTH 1 K H3MeHeHHIO CeqeHHH KOMnTOHOB-

23 
CKOI'O pacceSJHHH Ha npOTOH8X ' • .£lpyi'HM HHTepeCHblM SCpCpeKTOM 1 . Bbi3B8HHblM nonSJ-

pllS8UIIeti, HBnHeTCH .a.ononHHTenbHoe pacceHHHe Ha oqeHb Manbie yrnbi Me.a.neHHhiX 

HetiTpoHoB, asaHMo.a.ellcTByiOlUHX c TH:m:enhiMH H.a.paMH. EcnH aenH'IHHa ol. .a.oCT_:!iTO'I-

6 4,5 
HO BenHK81 T8KOe pacceSJHHe MO:IKeT b!Tb H3MepeHO · Ha OnbiTe -

B npHHUime HyKnoH H npH C = 0 MO.:IKeT HMeTb OTnK'IHblii OT HynR aneKTpH-

7: qacKHti .a.HnOnbHhiti MOMeHT c-.... • O.a.HaKo aKcnepnMeHTanbHbie .Hccne.a.oBaHHH noKa-

6 
1 'ITO ecn11 T8KOti BpO:IKJJ.eHHbiti sanK JJ.HnOnbHblti MOMeHT H CylUeCTByeT1 TO OH 

-18 
O'leHb Man K no BenH'IHHe He npeBOCXOJlHT e•3 • 10 CM ( 3JJ.eCb H B93Jle .a.anee 

ef/f:tc. =1/137 ). HanK'IHe y HyiWOHa MOMeHTa o(~:f:O HMeno ·6bl O'leHb aa:>KHbie CpH3K

qecKH9 cneJJ.CTBHHi B '18CTHOCTH 1 B STOM cnyqae HapywanaCb 6hl HHB8pH8HTHOCTb 

no OTHOW9HHIO K OTpa:m:eHHIO BpeMeHH, 

Hccne.a.oaaHHIO sneKTpH'IecKoii H MarHHTHOit nonHpHsyeMocTell HyKnOHOB nocBR

meH uenhiit PHil sKcnepnMeHTanbHhiX .K TeopeTH'IeCKHx pa6oT (cM.nHTepaTypy) • .Llanee 

6y.a.yT no.a.po6Ho paccMoTpeHhi pesynbT8Tbi, nonyqeHHbie B STKX pa6oTax. 

8 H8CTOH1Uee BpeMH H8KOnHnOCb y:m:e MHOI'O TeopeTH'IeCKHX K SKCnepaMeHT8nb

.. HhiX .a.aHHhix, yKaSbiBaromax, 'ITO cjj -MesoH TaK:m:e HBnHeTCH. npoTH:m:eimott qacTnuell 

... 

o I 



,, 
\"\ 
'\ 

6 

C O'leHb CJlO:»<HOtl: CTpyKTypotl:. npa 9TOM reoMeTpll'lecKlle p83Mepb! 1i -Me30H81 

- 7,10 
no-BH.!lHMOMy 1 TOrO :>Ke 110pSI.!lK81 'ITO ll y HyKJ10H8 • noaTOMy MO:>KHO O:>KH.!l8Tb1 

'ITO <;ir -Me30H T8K :>Ke, K8K ll HYKJlOH 6y.neT IIOJ1SipH30B8TbCSI IIO.!l .netl:cTBlleM 9JleKTPC:

M8rHHTHOrO IIOJlSI. 8 paa.nene r Mbl IIO.!lp06HO OCT8HOBHMCSI H8 9TOM BOrrpoce. 

]!. Onpe.neneuae aneKTpHt~ecKotl: H MarHaTHotl: nonSipaayeMOCTll 

HyKnoHa as orrhiTOB c II -KaauTaMH 

TaK K8K nonSipuayeMoCTb Meaouuoro o6naKa a uyKnoue npuao.nnT K .nononua

TeJlbHOMy aaaaMo.netl:cTBH!O c noneM na.naiOUlHX ({ ... KB8HTOB 1 To1 cpaaHHBaSI c onbi

TOM, -TeopeTH'IeCK09 Ca'leHHe ynpyroro pacCeSIHHSI . ~ -KB8HTOB H8 HyKJ10H8X1 MO:>KHO 

onpe.neJlHTb B9J1H'IHHY nomtpuayeMOCTetl: oJ.... H .P • 
Cne.nyeT OTMeTHTb1 'ITO aKcnepnMeHTSJlbHoe uccne.noaauue ynpyroro pacceaHHSI 

(f- KB8HTOB H8 npOTOH8X H Heti:TpOH8X npe.!lCT8BJ1SieT 60JlbU1He Tpy.!lHOC.THe 3TO 

o6ycnoaneuo TeM, 'IT.O ceqeuue TaKoro pacceaHHSI oqeHb Mano u He npeaocxo.nnT 

-32 CM2 .. 
uecKOJlbKHX e.nuuuu 10 - • Bee aKcnep11MeHT8JlbHbie · peaynbTaTbi nonyt~eHbl 

CTep 

3.!leCb B Te'leHMe JliiUlb !IOCJle.!lHHX IISITW'"UleCTH neT. 

§ 2.1. Ceqeuue ynpyroro pacceaHIISI ~-KB8HTOB ua npoToHe 

Bh!pa:>Keuue .nna c'eqeunSI ynpyroro pacceSIHHSI MSirKnx d' -KB8HTOB ua npoTa

,:>KeHHOM npOTOHe C yqeTOM aneKTpll'leCKOtl: II M8rHIITHOtl: !IOJ1Sipll3yeMOCTetl: MO:>KHO 

nony'IIITb C !IOMOUlb!O npoCTb!X KJ18CCII'IeCKHX paccy:>K.!l9HHtl:e llna 9TOro 38M9TIIM 

npe:>K.ne BCero 1 'ITO pacCeSIHHe H8 TO'ie'i.HOtl: CIIIIHOp!IOtl: '18CTHU9 C IIOJlliblM MarHIIT

Hb!M. MOMeHT~M ( f -t ()e ) e ii /2-MC II M8CCOtl: M orrpe.nenSieTCSI xopOUlO 113-

. 11 12 
BeCTHb!M Bb!pa:>KeHHeM 1 : 

tAG";l&J::.!.. (£.):Lj f(t .. -cos2a'(1-z~(t-Co~e)\l(i-foso/(4+3~zeJ] +'i"F(e)~ + O(Y~ 
dSl. Z M l V ~ . ') j 1 ( 1) 

r.ne 

F (a) = ae { .l + f :le + 3 ~:z. + ~ ae?, .:.... 

-(~ +5ae+~~z.) Cos a.+ 
+(2 +~';)e.:.. ~z.-·t~;)G,szei 

~~: 
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Cam1 npoToHa -ae = 1,793 u Fl&) =42,88 34,63Case- ~.iZ (A--:.z.e ); 

e - yron paeeEHIHHSij )1::::: #f:./f\1 

Mbl 6y.aeM IIOnb30S8TbeSI eHeTeMOM e.aHHHU 1 I',lle 

J' -KsaHTa. 3aeeb u se3.ae .aanee 

ii=c =sc-= :L 
( J' - Maeea 'JI -Me3oH'a). B ¢opMyne ( 1) OT6poweHbl see qneHbi, eo.aep:lKawne 

eTeiieHH v 1 Sb!We '!eM· ST0p8SI 0 npu ,;)e. =Q nony'IHM XOpOWO H3SeeTHy10 tPOpMyny 

Kneii!Ia- HnwHHhi. 

B KaqeeTse nepsoii nonpasKH K ·. ¢opMyne ( 1) Mhi yqTeM paenpe.aeneHHSI aneKTpu-
. . 

qeeKoro 3apSI.aa .u MarHHTHoro MOMeHTa s· npoToHe. PaeeeSIHHe J" -KsaH:ros Ha Ta-

Koil IIpOTSI~GHHOM '18eTHUe onpe.aen~eTCSI HHTep¢epeHUHetl sonH 1 paeeeSIHHhiX ee OT-
. . 

/ .aenbHhiMH '18CTSIMH. Eenn -npeHe6pe'lb qneHaMH e 38SHeHMOC~hiO OT K 6onee ennhHOM 

'!eM KS8.llp8TH'IllaSI, TO IlpH Sbi'IHeneHHH HHTep¢epeHUHOHHOI'O a¢¢eKT8 Mbl MO:lKeM 

paeeMaTpnsaTh u;•oToH, KaK Tsep.aoe Teno. Y'ITGM TaK:lKe, 'ITO see 'lneHhi s ¢opMy

ne ( _1), 3asueSiwue oT a€. ; nponopuuoHanhHhi K1 j npu HHTep¢epeHuHH OHH .aa.ayT 

BKna.a "'-JC'f ,· KOTOpblM ~ HaWeM I1pH6nH:lKGHHH MO:lKHO' npeHe6pe'lbo CyMM8pHyiO 8MIInH

Ty .lly paeceSIHHOM SOnHhl MO:lKH0 1 T8KHM 06pa30M 1 · 3arrHe8Tb S SH,lle: 

A{e) = ~:' '\ Y~'<J e'"' d'~ ·A. (e), 
r.ae Ao {e)- 8MIInHTy.aa paeeeSIHHSI Ha TO'IG'IHOM t{aeTHUG, stz.J - nnOTHOeTb 

aneKTpH'IeeKOI'O. 38pSI.aa s npoToHe, a E er = s~~i): Eo e L'K'io{~(; 
- yepe,llHGIIHO~ I acj:JCpeKTHBHOe none,· .aeiteTSyiOIUee Htt IlpOTOH0 

e 'iC:.i: . 
Pa3naraSI s ·PSI.ll, nony'IHM .ann acp¢eKTHsHoro eeqeHHSI, y'IHTbisarowero 

' . 
aneKTpH'IGeKyiO IIpOTSI:lKGHHOeTb II~O~OH~1 Bbipa:lKeHHe: 

I A(e)l£"' ~"}:! [i-1-v,M'<.,~>} + 0 (;3), 
. ' . . . . 

r.ae 

/ Ao (e) l:r. 

- ee'!eHHe paeeeSIHHSI Ha TO'Ie'IHOM npoTOHe, onpe.aenSieMoe ¢opMynoit (I), a 

- epe,llHHM KS8.llp8TH'IHhJit aneKTpH'IeeKHM pa.anye IIpOTOHa. 

·' l l 

(3) 

i • ~ 
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C8'18HH8 pacCeSIHHSI a -KB8HTOB 'lepe3 llOTOK SHepi"HH 9118KTpOM8I"HIITHOI"O II01ISI s (B) 
11 rrnoTHOCTb aToll sHepruH H =: ( Ez. + fb'Z.) (811 = E z./Lr71 

cht{e) 

olS2.. 
:: 4 7i?;2. s ( 6)) 

BeKTOp nouTIIHra-YMOBa s {B) B cnyqae sneKTp11'18CKOI"O II M8I"HIITHOI"O 

12 
1l11II01IbHOI"O H31IY'l8HHH HM88T BH.!l : 

S (B)== -.!-:t [li(deiiJ-Je-t[t\j~JlJR(~~K)-d~-r~J: 1~ 1 ~~~ 1 s . l 
, . 

= 
4
'n1 ti! J >d.~ ~(J;ti.J'~ tl.,n)'-+Zj~ d. ... iii 

I 

r.ae ·· cle.::: ei" -r J.. E H ol;.. ::: J 7b 

- sneKTpll'leCKIIH H M8I"HIITHbiH .!lllll01111; lti:f ::::f. 

Y'lHThiB85! .a'anee .aee eoaMO:l:KHbiX HeaaBIICHMbiX nonSipii38UIIH sneKTpOM8I"HHTHOfi 

B011Hbl (cM.pHC.1) H 38M8'185! 1 qTO 

·~e:=:e:;_+J.E =E*(-1;. J...e~ Kz.) 
H .. .. 

~,., ==·.r B ;::. .;. f?>K:i. Y' I . 

aarrHweM $ (B) B ~H.ae · ; 

$ (e) = g~ z:t rL i l d ~ T d: ) (! + (o~~ 9) T. ~ de ' d~ G,s. {) ! . 
=~· (!fE.)t. Yt f[{- !l.J.H 1C2.)(~+Cos?.e)- 't~M vz.l'' ~ el +O(~eJ) 

8?rz.a. M' . 1 . e2. ez. ,... ~ S . 
(4) 

C~5HpaSI eMecTe Bbipa)KeHHSI ( 1), (2) H ( 4), rrony'IIIM ~oKOH'laTenbHYJO ¢opMyny 
' . '· . 

.anSI ceqeHHSI yrrpyroro pacceSIHHSI d( -KeaHTOB Ha rrpoToHe: 

0.6'(9) =dOc, (e-)_ le., I[~ {-c.~) -rJ..~ 1 (1+~'-e)-r f> 2e~ ~e! + o (Y 5
) (5) 

dSL cesz.. · Z 
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£ n. n 
' 

PIIc, 1 • .Uae He3aBIICIIMhiX: rronsp1138UHil aneKTpoMarHIITHoro nons 11 Harrpaa

neHIIH .lliiiiOJlbHhlX MOMeHTOBo 

KaK rroKa3anll oueHKII, a o6naCTII aHeprllfi HII)Ke rropora po)K.oeHIIH 7r -Me3o

HOB BKJl8.ll OT6poWeHHhiX B ( 5) tine HOB C 38BIICIIMOCTbiO OT 3Hepr'1111 6onee CIIJlbHOfi 0 

'leM - '}2. 1 He IIpeBOCXO.lliiT 3%-5% BeJlii'IIIHhl Ce'leHIIH of~ jcJ.f2., 
. 13 *) 

AHanorii'IHyio ciJopMyny He.oaaHo rrony'llln B,A,neTpyHbKHH , 11cxo.os Il3 o6we-

ro Bhipa)KeHHH .ons aMrrniiTY .obi pacceHHHH (/ -KaaH~oa Ha CIICTeMe co crruHoM 

1/2 14
•
15

, npu 3TOM aneKTpii'IeCK8H II M8I'HIITH8H IIOilHpll3yeMOCTII Bbip8)K810TCH qepe3 

orrepaTOpbl aneKTpll'leCKOI'O II M8I'HIITHOI'O .lliiiiOJlbHhiX MOMeHTOB: 

r.oe 

" a J 

l<.o I c1e It\'> 12 , 
cJ.. =ZL Eh- M <e> 

I< o l J"" \ n) \
2 

+ 
(7) 

£...., - 1'1 I 

J(. =j-z f(i")ct?li: I 

~ 
II j onepaTOphi aneKTPII'IecKoro aaps.oa II ·TOKa a HyKnoHe, CyMMIIpoaa

( 6) II (7) IIpOI13BO.lliiTCH IIO IIOJlHOH CIICTeMe cP113II'IeCKIIX COCTOHHIIil 
A 

Me3oH-HyKnOHHoro nons. KpoMe qneHoa, Gaaucswiix OT ,{.,. 1 B Bblp8)KeiJHe .llllH fo 
BXO.llHT T8K)Ke HeKOTOpbie .llPYI'IIe 'IJleHhi 0 He IIMeiOHli!e IipOCTOI'O cPII3U'IeCKOI'O CMhiCJl8, 

*) Mhl onaro.oapHhi B,A,neTpylibKuuy, 03HaKoMnaweMy Hac C pe3ynbT8T8MU 

13 
pa6oThi .oo ee orry6nuKoaaHHH. 
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13 
B pat5oTe B.A.neTpyHbKkHa cTporo noKaaaHo, 'ITO <tJopMyna (5) y'IHTbiB&eT 

.!ll<..2. nKH9#Hbl9 H KEIIiJlpSTH'IHbie no J( · 'lneHb! 0 HHK8KHX llPYI"K.X 'lneHOEI C T8KOA , 

3SBHCHMOCTbiO OT. K B cpOpMyne Jlml KOMnTOHOBCKOI"O paccestliHH HS HyKnOH9 6b!Tb 

. He MO>KeT. 

§ 2.2. nonstpHayeMOCTb npoToHa 

Onpe.llenaHHGJ: ~neKTpK'IlacKolt H MarHKTHolt nonstpHayeMocTea H3 cpopMynbi Jlnst 

. scpcpeKTKB!l.OfoO ,Ce'I{SHHSI (6) npeJl'bstBnsteT BeChM8 >KeCTKHe Tpe60BI!lHHSI K COOTBeT

CTBYIOlllHM .9KcliepHMeH'i'anbHbiM Jl8HHh!Mo C 0/lHOfi CTOp0Hhl 1 SHeprHst pacceHBSIOlllHX-

Cst K -ItriaH.TOB . .zion:mHa 6biTh JlOCTaTO'IHO 'Manofi, uHaqe cpopMynbl cTaHOB'iiTC.H He-

TO'IHbiMH ( . . C · .z:ipyroft C~Op0Hb1 1 npH M8nhiX SHeprHHX Tpe6yeTCH 3Ha•mTenbHOe ·nOBbiWe

HH9 TO"!H09-TH li3M9pE:mH'lt1 T8.K K8.K qneHbl C cJ.. H I' nponopuxmHanhHhi )).2. 

Y:'IHThiB8SI TO'IHOt;Tb K3BeCTHbiX B H8CTOSilllee BpeMSI 9KCnepHMQHT8.nbHhiX Jl8.HHbiX1 

HaH6onee·. y Jl06Ho JlnSI onpeJ;J.eneHHSI c/... 11 . ,· ~ . j?> HcnonbaosaTb o6nacTb- s.HeprHl!: a 

HecKonhKo. ·J;J.ecfiTKOB Mas 

B Ta6itaue r npH89JleHbi .H3BeCTHbie 8 H8CTOS!lll913 BpeMst 9KCnepHM9HTanbHble 
. ·. . ·. . .· ·: r-:-

Jl8HHbie Jln.H o6n/il.C'I'K aHepr!{lt, ·He npeahiWaiOllliiX nopor cpoToo6paaoaa!ll!st Jl -Meao-
. . 

HOBo B Tex ciiy'laSI.l{1 KOI"Jla· yxa3aHiibie 8 STOll: Ta6nRUe .9KCnepHM9HT8nbHbi9 Jl8Hllbi9 
) 

SIBnSIIOTCSI ycpeJlH9HHbiMH no WHpOKOMy -SHepi"9TH'IeCKOMy HHTepaany1 'HapSIJlY CO· CpeJ;J.-

Hea aHeprRefi np_RBe.lleHa T8K>Ke aenH'IHHa aToro HHTepaana. B Ta6nHue· He npHB9JleHbl 
' .· •' . .· 

Te. Bhin8Jl810WHe H3 o6maro XOJl~ _l(pHBbiX 9KCnepHM9HTMbHbi9 TO'IKH 1 OTHOCHT9nbHO 

KOTOpb!X B OpHI"HHWlbHbiX pa6oTak ··fl<838H01 '1'1'0 OTKnOH9HH9 Elbi3B8HO CHCT9M8TH'1eCKOti 

OWH6K~fi npH H3Mej:)eHH.HX (atmA::ciKaa Ce'le~HSI B ~THX cny'I8SIX1 K8K npaBifn01 B HeCKon&

KO pa3 npeBbiWaeT 3Ha:<iaHHH~ ~O,;Opbl9 MO>KHO O.>KHJlaTb no· cpop¥yne (5 ). l.JaCTb 

a~cnepHMeaTanhHbiX JlaHHb!X JipHBe.lleHa Ha pi!:~.- 2. ( Ca"!aHHe np11 fJ'= 0 

nonyqeHO. H3 ,JlKCnapCHOHHhiX COOTHOW9HHfii CMt .qanee). 

Ce'ieHHSI KOMilTOHOBCKOrO paCC9SIHHSI npH 6onbWHX SHepr,HHX. MO>KHO HaltTH 8 pa-
21 22 . .. 

6oTax ' . , I'Jle npHBa.lleHa no.llpo6HaH 6H6nHorpacpHst. 

KaK BHJlHo,, 6bnhwaSI "!acTh axcnepHMeH'ranbHbiX JltlHHbiX COJl9p;lKKT 6onhWH9 
. 3 20 

OWH6KHo Ha116onee TO'IHhiMH SIBnSIIOTCSI Jl8HHbie 1 
• 0J;J.H8K0 1 K8K OTMe'I9HO B 

22 23 20 
pa6oTax • , B o6nacTH 6onhwHx yrnoa peaynhT8Thi pa6oThi 1 no-BHJlHMOM)' 1 

..:·--~. . . . .. ··--~~------·- ........ ._. --~-~-

,j 
' 

1 
I 
·I 

j 
.l 

, I 
I 

l 
I 
! 
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TAL Ji IfJ·IJ A I. 

CetJei-me. ynpyroro paccemm.n / -KBaHTon Ha npoToHax 

(nadopaTOpHaB CKCT8M~ KOOp~HHaT). 

3Heprna Yron pacceBHIIB 
.. oL<t(9) 1032.. c.A12. 

( -KBaHTOD e (rpa,ll.ychl) 
clSL q:&.p 

~:. M~s 

I ,6 Ho !24 I ,L+5...:tO,c5 

5lf 11 90 I ,1+ ..± O,J5 

54·~ 90 I, 04 .:t O,I5 

55..± s't- I35 I 6 +0.~ 
' -0.5" 

60 19 70 I , 06 .:t 0 , 08 
(20 + 85) 

. 60 3 75 I,I2 .:t 0,08 
(40 + 70) 

60 19 90 I, 08 .± 0,04 
(20 + 85) 

60 3 I ,r"o .± o,os 90 
(40 + 70) 

6o 19 I20 I ,18 .:t 0,05' 
(20 +. 85) 

o 60 a I20 I ,34 .t 0,08 
(4fl t 70) 

60 3 · I35 · I , 56 .:t 0 , 08 
(1!0 + 70) 

60 
19 

!50 I,47 .:t 0,06 
(20 + 85) 

60 3 !50 r ,93 .:t o,m 
(40 + 70) 

64 2 0 90 I, 0 .:t 0 ,I 
(40 + 90) 

64 18 90 I , 06 .:t 0 , I 8 

64 ~ 0 

(40+90) 
I20 I ,25 .:t O,I 

64 2. 0 ISO I ,38 .± O,I 
. ( 40 .;. 90) 

65 11 ·90 I ;!5 .± 0,35 

65 It !35 !,5 .:t 0,45 
(60 + 76) 

' I 
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K 9 d.~{O)/dSl-
76 ,, 90 I ,o6 .:t O,I4 
76 ,.,. 90 I ,2 .:t 0,25 

80'~ 45 2,9 .:t 0,8 

80 /1- - I35 I ,6 .:t 0,4 
(75 + 90) 

~ IB 50 I ,52 .:t 0,37 
j 86 ,, I 4 + 01' 90 

"87 + 6 ''~-
' -o,'lS 

45 .I,4 .± 0,55 -. 
90 II 50 I,3l .± 0,32 

90 18 90 I,06,:tO,I4 

92 .± 6 J) I35 I 75 + O,'iS 
' - 0,'3 

96 .± 5 l1- 45 I ,55 ± 0,65 

96 l"f 90 I 35 + o,3 
, - 0,2.'5" 

ICE l& 90 I ,04 .± O,I3 

I0418 . 50 I ,:32 .±. 0 ,3I 

I05 .± 611- I35 2 I-+o;2~ 
1 -o,5 

I 06 .t. 5 1=1 45 0,68 .± 0,45 

I07 ·~ 90. I I -rO,'l.S" 
' - c,~ 

II3 13 90 I ,03 .± O;I2 

II5 .t. 5 l1 45 0 64 + o,b 
' - o,c, . 

II5 18 50 I ,I7 .:t 0,36 

II9 .± 6 t=i- I35 I ,32 .:t 0,4 

. I20 2.2. I35 I,76 .± 0,23 

I25 .± 5 l1- 45 I,45 .:t I,34 

I25 J& 50 0 52 f" 019 
' ~O,?>S· 

I26 18 90 0 '97 .± 0 ,2 8 

I27 ~1- 90 I, 08 .:t 0 ;? 5 

I29 l1· I35 Is-t-~>,9 

(I25 + I35) ' -1,~ 

I35 ta 90 0 52 + Ot9 
' -o!~5 

I39 ~2.; I35 1,45 .± I,34 



/ 

2 

'', 1 

1,5 

o.s L--._;_..3.:.....D--6_,_o--::-:-.:--g..__o~:-'-""'7"7-:-=-:-:---, 8::::..-=o · · 

-·! ~:·, ', 

><,·,'.' 
::+ 

, PHc. 2. PaccenHHe cY ·-:-KaaHTOB, n~u. ::n~epruH · K ""60 Mas. KpHBhie 1 if 2 · 
Bbi'IHCJ19Hbl COOTB9TCTBeHHO npH. 3Ha.f'eHHSIX ... oJ..;.· =0 H :7 ,5; 'iBO 'BC9X. cnyqagx 

/flJ' =0~ CeqeHHe' npH ayneaoM .yrne J:ibJ'lHCJJel!o c. noMol!l~IO. LIHcnepcHo~mciro' 
COOTHOW9HHSI ( 9). 3118'19HIISI (). cr I o( J2.. YK838Hbl B e:C.Hnnixax' w-32cM2 • 

. ~ J J • I . .. ' ~·: ;~ . ' ' , ·';"• / 

.- .. ," ·,1 

noLlp06H09 06Cy)I{Ll911H9 SKCnepH-
. . ... ".· .· '",' •'' 

l'. 

VIa <Pop~yJJbl (5) BHLIHO, qTQ 'pacceSII!He K .:.KBiiHTOB Ha yron e = tr /:L 
He 38BHCHT ·~T ~~rHHT~Ott n6n~puayeMdCTH ~-:· ~· noaTOMy' im cpaBH911HSI d!aKCn~
pHM~'~T~~:HbiMH Ll8HHblMH ~pH 'e: n/~::. M<))I{IIQ Henoq)eLICTB9HHO Ollp9Ll9JlHTb 

.. • . '·:.r•. ·.:.•· .,,,. ·" .··· 3 , 
B9JlH'lHHY SJ19KTpM'l9CKOii liOJJS!pH3Y9MOCTif a B' pa66Te T8KHM. o6pa30M' nony-

'19110 3118'1911119 
,J: 

/ 
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z M:z.. .. M3 

A = <."I.e. >-T + cl-e;=- ( 1' -t. 5,8). 

Ecmi B cooTseTCTBlill c aKcnepHMeuTanbHbiMH .naHHbiMH rpynnhi XoqHllTS.llTepa 

nonorKIITb 
~ . -13 

<-e~) = (0.8±.,0104) ·10 .· cM 1 

TO 
. -43 3 

cJ.... =(7 15±_412)010 CM, 

3 ·18-20 
Ecnn yqecTb T8K>Ke .naHHbi9 pa6oT ' • TO cpe.nuee 3H8'l911H9 

A = ( 20 _!:. 9 ) 

II) COOTB9TCTBei!H01 . -43 3 
ol ... (10±.,6)•10 eM. 

3ua'l9HIIH aneKTpll'l9C~Olt nonspH3Y9.MOCTH cJ.:. ·, onpe.neneHHbl9 no 9KCnepuMeH

T8nbllbiM .!18HHbiM s6im311 .. (}: 7i'/:J... SIBnniOTCH 1 no;..,BH.z:iHMOMY ~ HSH60nee TO'lHb!MH 1 

T8K K8K II3Mepe1IIISI pa~nll'lllb!X 8BTOpOB B 9TOlt o6naCTH 1181160nee 6nH3KII .npyr K 

.npyry. Cpe.llllll9 3H8'l9HIISI cJ.._ .• onpe.neneHHbi9 npH apyrHX yrna~ e I UM910T 3118-

, 'lHTenbHO 6onbwHlt- pa36poc no senHlfuue, 

Ha puc, 2 .nnSI cpaaicleuu!l'- yKa38Hbi TeopeTII'leCKHe KpHBbie, Bbi'lHCneuuhie np11 

pa3nii'lHhiX npeanono>KeuuSix o senH'lUHe cJ... , • 

Cne.nyeT noa'lepKUYTh, .'ITO yKa3aUHbie BbiWe owu6Kn A c)... cooTBeTCTByro:r 

9KCll9pllM9HT8nbllbiM OWil6KaM B 3H8'l9HHSIX C9'l9HHI\ ~ i-1 D(~ ' II H9 BKniO'l810T 

OWU60K
1 

CBSI38HllbiX C •me HaMil Q(l)~ t KOT0pbi9 6binH OT6pOW9Hbl B. c}JopMyne ( 5 ), 

CaMu 'no ce6e aTH qneHbi Manht H ue snHSIIOT cywecTseuuo Ha senH'lllHY ceqeu!llti 

O.llH8K0
1

no Cp8BH911HIO C BKn8.llOM OT aneKTpH'l9CKOlt nonspll3Y9MOCTH OHU CMOryT 

COCT8BnSITb ~aMeTHYIO senuqHHy. noaTOMY yK838Hilbl9 Bb!W9 3H8'l9HHH A cJ.._ 38Hil

>K9Hbl, CTporo rosops
1 

sonpoc o6 aKcnepHMeHTanbliOM 3Ha'leHHH. nonHpH3yeMOCTH. 
- ' . . 

npoTOH8 OCTSeTCSI. ewe OTKpb!TbiMo 4To6bl nonHOCTbiO llCKzliO'lHTb BnHSIHHe qneHOB 

0 ()l~),cneayeT BblilOnH!lTb ll3M9p~HHSI KOMnTOIIOBCKOrO paCC9SIHIISI. npu aueprllSIX 

X -KsauT'os, ue npeBbiWSIOWHX 10-20 Mas. Y'liiThiBSSI BbiCOKHe Tpe6osaHHSI K 

TO'lHOCTH TaKHX ll3Mepeuult, TPY auo o·>KH.ll8Tb1 'lT06hi a· 6nu>Kaltwne · ro.llhi y .nanoch 

BblilOnHIITb 9TY nporpaMMYo 

\ 
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3Ha'l8HllSI Mai'HllTHOif ITOnRpll3Y8MOCTll ~- onpe.nenSIIOTCSI ll3 9KCnepHM8HTanb

·HblX .naHHbiX Ta6nHUbi I o'leHb HeTO'lHo; M?lliHO nnwh yTaeplli.naTh, 'ITO_ . 

1~1 << cJ..., 

TaK K3K nemi'lHHa J o'leHb Mana, TO ee onpe.neneHne 113 cpaaHeHI!R c aKcne..; 

pliMeHTanbHbiMII .naHHbiMH ewe 6onee qyacTBHTenhHO K aenH'lHHe qneHoa, nponopuKo
~ . 

H~nbllb!X Bh!CWHM CT8ll81ISIM 9H8pi'llll 0' -KaaHTOB ( "" ")) II T • .n.) t '18M 9TO 

IIM88T M8CTO .nnR aneKTpH'l8CKOH nonRp113Y8MOCTH~ 
. ' . '; 

_Y-j3 H3B8CT!lbiX B HaCTOSIW88 BpeMSI 9KCnep!!M8HTanbHbiX .naHHhiX H8nh3SI C .nocTo-

BepiiOCTbiO onpe.nemiTb C8'181ll!SI KOMITTOIIOBCKOI'O pacceSJ.HllSI .Ha yron fJ = 0. 0.nHaKO 

. . 
9TO C8'18Hll8. MOlliHO B_h!pa3l!Tb C ITOMOLUblO .nliCnepCHOHHOI'O COOTHOW8Hl!SI '18p83 9KCne-

r.:-' 24,25 
pnMeHTanbHbJC 3HQ'leHl!R. ceqeHl!R l}loiopolli.neHHR Jl -MesoHOB. B pa6oTax 

ITOKa3aHO, 'ITO C0'18HH8 KOMITTOHOBCKOI'O paCC8SIHHSI Ha npOTOH8 npH HyneBOM yrne 

paCC8SIHHSI MOlliHO 31liTHCaTb B BHD.e: 

c;(u ( 0) = (.£) 2 11- (.:il:L). 2. r O'p (lJ') + ~ c_ 'J') d Jl' l2. .+ 
a J2. M l .1 'Ire 

0 
yrz. - y2. J 

r.ne ap 11 ()c.. - nonHbie ce'leHHR · l}loTopolli.neHH~i 'if -Me30HOB Ha npOTOHe ·r -
KBaHTaMH

1 
ITO:IIIpH30BaHHhiMH COOTB8TCTBeH!IO napannenbHO II aH'i'llnapannenbHO CITHHY 

. npoToHa. 

nocne.nHHH qneH :a (8) npoucxo.nHT oT MHHMOH qacTH a~mnHTy.nhi ynpyroro . . 
~- p . ·pacceSJ.HlHI0 npH ManbiX 9H8pi'KHX, KOI'.na H8T Heynpyi'l!X npoueccoa·, STOT 'lneH 

I 

npeHe6pelliHMO Man ll C TO'lHOCTbiO .no qneHOB nopSI.nKa ".2.. Bbipalli8HH8 (8) MOlliHO 

sanHcaTb B BH·.ne: 

. . . 'oo 

otcr'(o) :: (_£)l._Lf-:2_ ()JM )
2

( <r;, (Y'!__ vlY + )l.z. de'~} + 0 (}I!>)_.. (9) 
v{S2.. . M "[ ~l.'lrf ~ Y' 2 -V~ . 4 J _ _ I 

.. 

\ 

-. 
I 
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l'!le o;. = :i (err -t- ~G.) 
- llOilHOe C9'!9HI{9 <}JOTOp0)K!l9HIHI H91lOilS!pll30;_ 

B8HHb!MII J' - KB8HT8Mll, 

Cpaau'naan aTo Bbipameune c <}JopMynofi (5) rrp11 )I~ 0 
• rrony'IIIM 

o() 

B - 1 J 0"'7r( Y) / z. > ~ z. d.....+ J - :l1Tz.M o ~ c;()J -~ Ze 3M ( 10) 

3Ta <}JopMyna BnepBbie 6hrna rrony'leHa A.M.Ean!lHHbiM u IIO!lpo6uo paccMaTpnaanach 2 3 . . 
a pa6oTax ' 

no 8KCrrepHM9HT81lhllb!M !l8Hllb!M !lll.H C9'i9HHS! 

cneuo suaqeuue. !lHCrrepcnouu?ro HHTerpana: 

23 q;,. ( Y} B pa6oTax • Bbi'lll-

&>Q 

. _L_ ( (J-;r (Y} ot V 
J.w~M J y.a 

0 . 

-43 3 
"'11• lQ CM t 

OTCIO!l8 d..+ f.> -43 . 3 
=7,7•10 CM • 

Ha cpaauenn.H aTofi <}JopMynhi c onpe!leneHHhiMH BhiLUe auaqeuu.HMH cl.. 
cn·e!lyeT, 'iTO 

CHOB8 

I ~·1 <.< 4. 
3a<}JnKcapoaaa auaqenHe cyMMhi non.HpnayeMocTefi d...+ j-> • M9TO!lOM !Ian-

M9HhlU!fX KB8Llp8TOB MO)Kuo Bbl'!IICilHTh 31I8'i9HHR 

OlllfCbiB810lU!19 8KCU9plfMGHT81lh!Ib!9 !l8Hf!b!9 
olHJ' 

dcr{O) I clJ2.. 
o6pasoM nony'leuo: 

,-43 3 oJ._ = ( 5, 7 .:!:, 2,2) • 10 CM 

~ -43 3 r = (2 .:!:, 2) • 10 CM • 

H81fnY'!lUHM 00p830M 

3 • B pa6oTe T8KHM 

Cne.ayeT OTMeTHT,b1 'iTO B aTu snaqe»HSI ue BKnroqeuhi ornn6Ku A J.... u: A f-' , 
o6yCilOBil9HHbl9 ·aKcnepiJM9HT8/lh!IhiMif 0lUKOK8Mll B lfCIIOilh::JOB8HHb!X 31I8'!9HIISIX Ceqe

Hiffi <JT (Y) • noaTOMy YK838HIIbie OH8'i9Hil'SI no.JinpJl3Y9MOCTel! He Bnonue LlOCToaep!Ibli 

B 'l8CTIIOCTll 0 ue· HCKliiO'J9110 0 'iTO M8I'IJllTH8fi llOilS!pHayeMOCTh f 0Tplfl.l8T91lh118o 

. § .2,3, non.HpuayeMOCTb 119fiTPOH8 

TaK KaK npRMbie aKcnepnMeHTallhllbre !lalfllbie o paccennllu J' -KsauToa ua 

ll9fiTpOIIax He Ho389CTIIbi 1 TO LlllSI IIO/ly'!el!ll.H .CBe!leunfi 06 81l9KTpH.'l9CKOfi H M8r'HHTI!Ofi 

-1 

L/ 

-~ ... -', 

r 
--[ 

I 
I 

l 



17 

llOm!pl13YeMOCTSIX HefiTpOH8 He06XOLlKMO p8CCM8TpHB8Tb B38HMOLlefiCTBHe '! -KB8HT · ' 

18 
c HeilTpOHOM 1 .caSJ38HHhiM B S!Llpe 'aeltTepKSJ, B HeaaBHHX H3MepeHHSJX nony•teHo 

O'leHb 60JibWOe ceqeHHe'KOMllTOHOBCKOrO pacceSJHHSI H8 LlefiTpOHe: llpH6JIH3HTeJibHO 

cr;c:J. !::::: 1, b d'¥r , . nonTblKH 06'bSJCHHTb 9KCnepHMeHT8JlbHbJe Ll8HHbie B p8MK8X 

2· 18 
HMnynbCHoro npH6JIK)KeHHSJ K ycnexy He npl!BenH ' . ( CM,pKc. 3). B npHHUHL 

MO)KHO npeanoJIO)KIITb, 'ITO 6onbwag aenH'IHHa GKot o6ycnoaneHa oqeHb 6onhwofi 

aneKTpH'IeCKOfi llOJIS!pH3yeMOCTbiO HefiTpOHa: ol t\ "'> "'7 cJ_ f , noLlTBep)KLleHJie <ITO

MY MO)KHO 6binO 6b! BHLleTb B 60JibWOfi BeJIH'IHHe aneKTpH'IeCKOfi llOJIS!pH3yeMOCTH Llefi-

_1 26 . _, -• 
roHa or-.J B pa6oTe LlJISJ co."' nony'leHo 3Ha'!eHHe 

cl -' i\ - 6, / .. JQ-4-o.c .... ; cl ..... o...o(+YQ( , I , J 

2· 26 
;.., OaHaKo aHaJIH31 BhLiOJIHeHHbiil B pa6oTax ' . , noKasan, 'ITO nplf B3al!MOLieilcTBHII 

l K -KaaHTOB c aeilToHa~m cymecTBeHHyro ponb HrpaeT cpoTo~acmenneHHe aeilToHa, 

C y'leTOM 9TOrO. 3cpcpeKT8 llOJIS!pH3yeMOCTb d.ct MO)KHO npeLlCT8BIITb B BilLie CyMMbl 
....... 
) Tpex qneHoa: .., 

rae '!epes cl.a;s o6osHa'!eH BKnaa, o6ycnoaneHHhiil cpoTopacwenneHHeM, OueHKH 

noKa3biBaiOT, 'ITO B np~aenax <~K~nepHMeHTanbHhiX ow116oK d.-ctis !::: c).., .,I • · Hy)KHhi 

O'!eHb TO'!Hble Ll8HHbJe 0 BeJIH'IHHe c:J...o( 1 'IT06bi Ha cpoHe 60JibWOrO 3HaqeHHSI d.,. oHS 

BbiLleJIHTb BKnaa ( cJ... P +d...,.) .• B HacToSJwee BpeMSJ TO'IHOCTb aKcnepnMGHTanbHhiX 

Ll8HHbiX T8KOB8 0 'ITO ·ae yaaeTCSI nony~IHTb K8KHe-nn6o LlOCTOBepHbie 38KJIIO'IeHII!I 0 

BeJII!'IHHe llOJIS!pH3yeMOCTII aefiTpOHa d._". •· 

Eonhwon BKnaa cpoTopacuienneHHSJ yKa3biBaeT Ha HenpHMeHHMOCTb HMnynbCHoro 

npn6nl!*eHHSJ KaK B cnyqae Heynpyrnx, TaK H B cnyqae ynpyrnx npoueccoa asanMo

LieficTBHSJ K -KaaHTOB c aeilTOHOM, LlnSI aHanHsa aKcnepnMeHTaJibHbiX Ll<\JlHbiX HEw6xo

Lll!Mhi 6onee TO'IHbie MeTOLlbl• ViHTepeCHbie B03MO)KHOCTH B 9TOM OTHOI.Uemm !IpeLlCTaB-

xx) 
JISIIDT MeTOLlbl 0 OCHOB8HHbie Ha LliiCllepCHOHHblX COOTHOWeHHSIX 

*') 
3To 3H8'!eHHe 

ynpyroro pacceSJHIISJ 

LleHHSI IJi" -Me30HOB, 

llOJiy'leHO 113 paCCMOTpeUHSI LlHCnepCHOHHOr'O COOTHOWeHIISI LlJISI 

t -KB8HTOB Ha aefiTOHe B o6naCTH 9Hepr11fi HH)Ke nopora po)K

AHaJIOr'II'IHbie pac'!eTbi LlJISJ cnyqag asanMOLleilcTBHSJ d' -Kaan

Toa c npoToHaMI! npnaeaeHbi Bhiwe. 

xx·) Mbi _6naroaapHbi JI.Vi.nannaycy sa noapo6Hoe o6cy*LleHne 9THX aonpocoa, 
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do .-
d.Q 

1.. ~ 
. --

--·--· ' ----::_ ___ :.:::::....._._ -- I 

2 rl·rd~~~ ~if!!! 
151 • 

i ·rp 

05 I . 

: L . 
8
iJ-·. --·wo 

40 60 1QD 14D kMev· 

Pnc. 3 •. 
' 1~ 

PacceHHHe ~ -KaaHTOB Ha. npoToHe H Ha ~eAToHe • Yron pacceHHHH 

e.= 00°. 3awTpl!XOBtlHH8H o6naCTb COOTBSTCTByeT aKCITefJHMeHT8nbHbiM 

OlllH6K8M 0 nyHKTllpOM yK838HO reopeTH'leCKOe Ce'leHHe r-ot pacceHHl!H 1 

Bhi'li!CneiiHOe a IIMnynbCHOM np1!6nH>KeHHIIo 

. . i . _, I .I -32 2 
3Ha'leHHH "'() rAJZ_ yKa38Hhi a e.aHHnuax 10 eM • 
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2· 3 
8 pa6oTax ' OTMe'Ieno, 'ITO aneKTpii'IecKast rronstpu3yeMOCTh nei1Tpona MO:>KeT 

6b!Tb 118 ( 20- 30 )% 6onbLUe 8JWKTpH'I8CKOll IIOmip'n3yeMOCTH IIpOTOHa, T8K K8K B AHC

nepCUOIIHOM HHTerpane B ( 10) 3Ha'IHTenbHLril BKna.a· n;aeT oKonorroporoBast o6nacTh, 

rne ce'!eHUe npouecca d -r tz. -') !if- + p 6onhwe' ceqenun rrpouecca 

o+P ~ ji-t- + n. 

111. Orrpe.aenenue BflJIII'IHHbi aneKTPH'IeCKoil rronnpH3yeMOCTH 

HeHTPOHa !13 Ollb!TOB C paccemmeM .Me,aneHHbiX · HeilTpOHOB 

Bnuml!Hil aneKTpH'IeCKOil rronnpH3yeMOCTH .aonmno CKa3aTbCH TaKme rrpH pacceSIHHU 

ueilTpoHa na n.apax. KpoMe n.aepHbiX cun B 8TOM cnyqae n_a neilTpon ABHCTByeT Kyno.;.. 

uoacKoe none E c-:; "2 e. /7:. :t , KOTopoe .aocTuraeT 3H8'IUTenhHOH BenuquHbi .anSI 

Manbrx Z. 11 6onbu ax ~ ( ? - aTOMHLiil HOMep H.apa). B neo.anopo.anoM KynoHoB-

CKOM none na unayuupoBannLril .anrronhHbril MOMenT neilTpona . o{ =: J... E 6y.aeT 

neilCTBoBaTh cnna 

-· F 

4· 5 
KOTOpan Bb!30BeT AOIIOlllli!Tenhi!Oe pacceHHHe IIJ'IK8 neilTpOHOB 1 

vl3 npOCTbiX Kll8CCI!'IeCKI!X coo6pamennil HCH01 'ITO Me.aneHHbie HeilTpOHbl 6y LlYT 

paCC8l!B8TbCl! CHllbHee, "18M. 6LICTpb!e 1 TUK K8K B UepBOM Cnyqae. HeHTpOH 6onhWee 

npeMg IIpOBOLlHT B o6naCTH ,aeilCTBI!H KOpOTKOAelicTBJIOW:eil ane'KTpnqecKoil cunbr F . 
vb ananu3a onbiTOB c r - KB8!1T8MH H H3 TeopeTI!'IeCKHX pacqeTOB' ( CM, § 4

1
2) 

cnenyeT, 'ITO. aneKTpuqecKan rronnpu3yeMOCTh rrpoToHa BO BCHKOM cnyqae He rrpeBocxo-
. -42 3 

WIT HeCKOllhKIIX 8AIIHI!U 10 CM • TaKyiO me· BenH'II1HY ABIOT TeopeTH'IeCKI!e OUeHKH 

n AHH aneKTpnqecKoil non.Hpn3yeMOCTH HeilTpona. Ecnn 8TO -ra·K, To B rrpe.aenax TO'I-: 

liOCTl! COnpeMeH!Ib!X 8KCllepHM8HTOB O'IeHb Mano H8Ae:>KAbl orr'pe.aemtTb BenH'IHHY ~ 

us om,rTon c paccennneM HeilTponoB. O.anarw H3 OIILITOB rro BsauMo.aeilcTBHIO rrpoTo-

l!OB If 118HTp0110B C 8neKTp0118MH J)!<8 H3B8CTHO, 'ITO 8~CrrepHM8HT8nhHb!e pe3ynbT8Tbl 

J:lllll H8HTp0118 pC3KO OTJllf'I8IOTCH OT TeopeTU'ICCKIIX OUeHOK1 IionyqeHHb!X Ha OCHOBe 

1!3)}8CTllb!X 88pHai!TOB M83011;lb!X TCOpHH ( CM, l!a11plfl\1Cp
1 

0630p J) • 



:dO 

8 11pKH!!HI1e1 He HCKniO'IeH0 1 'ITO aneKTj:mqecKBH 110JlHpH3yeMOCTb y HetlTpOH8 OKa-

)KGTCH JJaMIIOro 6onbwe, qeM y rrpoToHa, B aTOM cnyqae H3 orrbrToa c pacceSIHHeM 

MG!l.JlGHHb!X HeJ\TpOHOB MO)I{I!O H8,lleSITbCSI OUeHHTb II0JlSipH3yeMOCTb ol." 
*) 

§ 3.1. CeqeHHe yrrpyroro pacceSIHHH Hei!TpoHoa Ha Marrhre yrrrhr 

PacceHune HeilTpoHoa, o6ycnosrreHHOe rrorrSipH3yeMOCTbJO <:}.._ ( .uanee Mhi 6y .a eM "' . 

H83h!B8Tb T8KOe pacces:mHe "rronSipU38UIIO~HhiM" )1 6y.lleT H8H60JlbllrHM 1 eCJlH IIapaMeTp 

CTOJlKHOBGHHSI j> orpaHU'IeH YCJlOBHSIMH .· 
R<s<..a., 

r.ue /?.. - pal:lHyc. SI.npa, · Q. - pa.nuyc :;!IIeKTpOHHoil o6orrO'IKH aToMa. B aTOM crryqae 

r8MHiibTOHH8W ij38HMO,lletlCTBIIH -HetlTpOHa._c SI.llPOM_,I!~f3e'J:. Bll.ll: 

H ("t): u {"l) +~~~~{~-).to= [~vj- ~ ... il.ez ~., e (R-?:.) ( 11) 

3.necb rrepBb!tl 'IIIeH o6yCII0BIIeH 'IHCTO SI,llepHblMK CHII8Mil 1 BTopoil 'IJleH OIIRCh!B8eT 

B38IIMO,lletlCTBHe M8l'HHTHOl'O MpMeHT8 Hei!Tp0H8 a€fM a= C KyJlOHOBCKHM IIOJleM 

n.npa ( TBK HaabraaeMoe *wBHHrepoacKoe pacceSIHHe"); M - Macca nei!TpoHa ;e(P.~t) 

- cJlYHKUIISI1 38BI!CstlU8SI OT pacrrpe.neneHHSI 38PSI.ll8 BHyTpH SI,llpa, 

npe.UIIOJ18l'8SI ,llJlSI IIpOCTOThl 1 'ITO st.nepHhlll IIOTeHUH8Jl u • He 38BRCliT OT CIIHJI8 

!{ ac~~t) =o; 1 COOTBeTCTBeHHO IIPH '2 < R H -z.. ?R . rrorry'IHM B 6opHOBCKOM 

IIpH6III!)I{eHKH crre.nyJOLUee Bb!p8)1{eHHe ,llJlSI . .llHcJlcJlepeHUH8JlbHOrO ce'leHHSI yrrpyroro pac-
. . . ·.·····. .. .. - . •. . 5 . 

Ce.HHHSI IIy'IK8 HeiiOJlSipH30B8HHb!X HeiiTpOHOB H8 SI.llpe 1 : 

cA o- ( e > :: I fh (e) }
1 + t: (e) + f r (e) · Re fn (e) + ~ f ; {f)), ( 12) 

r .ne :f \.\ {e) - 8MIIJlUTy .ll8 Sl.llepnoro pacceSI~HSI . I 

~). 
CooTaeTCTByJOume aKcrrepuMeHTBJlbllbre H TeopeTH'Iecime HCCne.noaaHHSI 6hrnn 

H8'18Tbl lU9CTb neT H838A. B TO apeMSI (.1955) 6h!JlH cosceM HeSICHbl cJl113H'IecKHe 

I1pH'IIIHh! 1 IIOqeMy y Hei1Tp0H8 :3Jl9KTpH.qeCKHii p8.llHYC < C::le) ~ 0 • 3TO pe3KO IIpo

THBOpe'IRIIO BCeM TeopeTI!'I9CKHM paC'IeTaM, .llnSI. 06'bSICJI9HRSI Bhl.llBHl'8IIHCh p83IIH'IHble 

l'IfiiOTe3'hr 1 HeKOTOpbie H3 JIHX IIO,llBe'praiiH COMHeHHJO C8Mbre OCHOBHb!e 110Jl0)1{9HirSI ·co

speMeHHOii TeOpHH ( rru.npo6Hee CM, 0630pb! 1 ;27 ). 3KCIIepi!MeHT8JlbHOe 06Hapy)l{eHKe 

BeJlH'IHHhl d.h -::f:: 0 SIBIISIJlOCb 6hi IlpSIMb!M ·.noK838TeJlbCTBOM CylUeCTBOBaHHSI 06Jl8KOB 

38pSI)I{eHHb!X .. '18CTHU B'HeiiTpOHe, T,e, aneKTpi!'Iecimfi CTpyKTyph! Hei1Tp0H8, 3TO 6b!Jl8 

0.llH8 H3 OCHOBHh!X Ilp!!'IHH1 HHHUHHp088BlUHX TeopeTK'IeCKKe K :3KCpepHMeHT8IIbHbie 

KCCJl.e,llOB8HKSI pacceSIHHSI HetlTpOHO~ Ha M8Jlb!e yrnhle 

t~.r--~· Ub -·'•·• •-- ·•--• •• ••••·-"·•· --• ·•-~··«-~•••----.. -·--•••.A 
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( 13) 

H 

( 14) 

- aMnnuTy.ahi WBHHrepoacKoro u nonSJpuaaunoHHoro pacceHHHH; 1(=: V8TM ·Sih ~ 
T - aHeprng Het!TpoHa a Maa, 

Lla)Ke npu Gonoiunx aHa•!eHHSJX d. -to-40
cM3 paccegaue, o6ycnoaneaaoe 

h 

llOJISip1!3y8MOCTb!O H9HTpOH8J!?8MO no ce5e O'leHb M8JIO ( ,f~ I'V c:}_ :21'\ )
1 

H MO)KI!O: Ha-

.aeHTbCH Ha5mo.aaTb 81'0 JIHWb 5naro.aapg HHTepcpepeHUHH C Sl.!l9pHblM pacceHHH9M 

(cM;puc,4), flpu aTOM ncinHpnaaunoaaoe paccegaue, TaK me KaK n wanarepoacKoe, 

npOHBJI.IIeTCH llpH p8CCeSIJIHH 119HTpOH8 H8 M8Jibl9 yrJibl• Llng 9Heprun Hei!TpOHOB !lOpSI.!l

Ka HeCKOJibKHX Maa nau5onee y.ao5HbiM .!lJIH n~Mepeantl OK83biBaeTcg HHTepaan yrnoa 

'"' 0 <~<10°, 5 
.., o r.ae R.aepaoe pacc~smne ewe O'!_eHb cna o aaancuT OT yrna, a WBHH-

5 
reponcKoe pacceHHHe y)Ke HeaHa'!HTeJibHO • flpu nepexo.ae K O'!el!h MaJibiM 911eprHHM 

wmwrepoocKoe paccesmue cTaHOBHTCSJ HecywecTBeHHbiM .aame np11 O'leHh ManniX yr

.rwx e. 

BnepBhie OllhJTbi rio ynpyroMy- pacceSJHIIIO HetiTpoHoa Ha oqeHh MaJibie yrnbi 5binH 
- 4• 28-30 

DblllOIIHeHLI IO.A.AneKcaa.aponbiM ' • B KaqecTae UCTO'IHI!Ka aeH'rpoaon a sTux 

onblTax l!CHOJioaoaancH aTOMHbiti peaKTop. XoTSJ ny'!oK Hei!Tpoaoa ua peaKTopa HMeeT 

WllpOJ\l!H 3HepreT!l'I8CKI!H Cll8KTp; HCllOJib30B8Hll8M llOpOI'OBOI'O .!l9T9KTOpa ~b!ll9JISIJI8Cb 
aosonouo yaKaH auepreTH'IecKaH o5nacTh co cpe.auell 9Heprnell HellTpoHoa T~ 2 Maa 

(eM, -puc, 5), 

Ha p11c. 6 rrpuae.aeHbc COOTBeTCTBYIOWHe 9KcnepHMeHTaJibHbie aHa'!eHng ce'!eHnti_ 

pacceSIHHSI H8tiTpOIIOB 118 ptl3JIH'IIlbiX HJlpax, Vf3 npuae.aeHHbiX Ha 3TOM pucy}iKe TO'I9K 

Bbi'lTeHa aemiqaua WB>iHrepoacKoro pacceHHIHI , KaK BH.aHo, O.JIH THJK8JibiX fs
:t 

HJlep 'fl.( ( ?: = 94) H L1 Z = 92) Ha5mo.aaeTCH CllJibl!biH pOCT Ce'!ei!HH B 05JJ8CTH 
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'· ~ 0 o:; ,i (1'~ - ceqeHHH H.llepHOI'O, WBHHrepOBCKOI'O H ITOnHpH38UHOHHOI'O 
-' 238 pacceHHHH Ha H.llpe U ; 
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; U I J U z I U l , \J - COOTBe:CTByiOI..UHe Ce'IeHHH pacCeSIHHH Ha HJ,lpe ·y
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, , 
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CeqeHHSI .llBHbl B ei:IHHHuax 10 .. CM /cTep; 3naqeHHH,yrna C7' yxaaaHbl 
B rpa.llycax. 

tv• 
tv_' 

/ 

-------~--~-"-----.. ----"·'·-· ·"'-··--~-------------- ~--------



:a 
== <II 
(') 
<II 
:< 
>. 

<b 
<II 
r:: 
t.. 

·>. 
, t~:' 

= 
== (]) 
:>" 
<II 
== (') 

c. 
(]) 
f-o 
0 ...... 

I 
::: 
0 
' 

:::> 

>< 
<II 
t::t 
:S:' 
:r: 
= t! 
I]) 

:0 

:a 
= 0 
:t 
~· 
= = >< D 
~ <II 
) 0 
) >. 

t! 
<II c. 
t.. 

l1l 

3 L 

2 

i 

0 

23 

--....__ 

•. ,.1.. ----·-·· •. -

1 2 3 4 5 ~r 

i~,ev I 

Pile. 5. 3cprpeKTIIBHbltl SHepreTI!'!eCKIIH crreKTp HeiiTpOHOB,, cpHKC11pOB8BUJIIXC~ -" 
.r:teTGKTOpOM B 0Ilb!T8X AneKC8H.r:tpOB8 ( OTHOCI!TellhHb!e 9.!1HHHUE.d ~ 

_..~. 

yrnoa e.~ 11°. PacqeTbl no cpO!JMYlle (12) B,rrpe.nrronomeHiiH, '{TO .llllSI SI.r:tepHoro 

pacceSIHIISI crrpaae.nmiao rrpii6n~;~eH11e Taep.non ccpepi:.I, .naioT 

' 28-30 
Hlle .llllSI 81leKTpl!'ieCKOH ll01lSip1!3yeMOCTI! H'efiTpOH8 

O'ieHh 6onhwoe aHaqe-

, -43 olh"' (800!_350) •10 CM. 

) 

BoaMomHo, 'iTO CT01lh 6biC'rpoe aoapacTaHMe ce'ieHI!SI a o6nacTH MB1lbiX yr-. 

llOB Ilpll pacceSI!IIIII IIU TSimellbiX SIApax Bbi3B8HO KBKHMII-TO .npyf'HMII scpcj:JeKT8MH
1 

He CBSI38HHbiMII C 31leKTpi!"'eCKOH ll01lSipll3yeMOCTh!O c(" • Cpe.r:tH scpcpeKTOB
1 

KOTO

pbie, B rrpi!HUI!rre, MOf'llH 6b! ·, HMHTI!p0B8Th 31leKTpi!"'eCKyiO IT01lSIPII3yeMOCTh HefiTpoua, 

H811001lee B8}l·Jib!Mll rrpe.r:tCTilBllSIIOTCSI Clle.r:tyiOUJHe: , 
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Pnp, a, ¥f'll0!'10a pttcmpeAeneune ynpyro paccemUfhiX HYKllOUOB, " 

iJ!H~ §~gJl§plfMQHTIHl~tii>IQ TO'IKii ncnpannetthl. HO flOlllf 'liHIY CO'lOillfSI UIBIIUJ'a

flR!HJ.~gpg flEI!J.!;;ijfitJHHr . KFIHDI;liQ 1,3, a, 4, 6, 6 OTHOCSITCSI COOTBOTCTBOHIJO K !Pw I u ,51\ 
. I 

'J(, 1 "" r tl ~ • OfiAtiHAThl KflHPhiN 4 H 6 yMtlHI:JI.Ueur:.J n 1,6 11 2 paoa, 3naqe.;. · I .. . -21 2 
III!H a cr ~ Jl AAHhl fl €lAHIHIJ.IAN I 0 CM lcTep, Paonn'IHbJO Olitl'IKII OTJlllliOIOT 

ptmynaTil'l'hl pnilnn•Jnhl~ (H~flnlt naMepaunA, 

rfyHKTIIpOM OTMO'IJOUll SKCTpanOnfUUUJ fU.l,apHOI"O paCCOSIUIISI, 
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l, Bnnnune 9nexTpouuofi o5onoqxn aToMon; 

HLipa; 
2,BaanMoneficTnne c 9nexTpnqecxnM xna.opynonhHbiM n, MarlinTHbiM MOMeHTaMn 

3, Bnnsune nonnpnaaunn naxyyMa n none n.opa; 

4, HenocTaToquo TOqHbifi yqeT n.oepuoro paccenHHH u ero HHTepcpepeauHu c 

UOnHp1!38UIIOHI!biM H WBHHrepOBCKHM paccenHHeM; 

5, Bnunuue B03MO.>KHofi nonnpnaauuu · nepnnqaoro nyqxa He.liTpoaon u.:3 peaxTopa, 

PaccMoTpHM 9TH 9cpcpeKTbi, 

l, llnH xaqecTneuuofi. ouea~~r nnusmnn 9nexTpoaaoil: o5onoqxu MO.>KHo nocnonh-
31 30B8TbC!i COOTHOWeHHeM Heonpe.oeneHHOCTH 

LJ:acTHU81 HCUbiT8BW8SI • B38HMO.Oe.li-I 

CTBI!e a o5nacTR ·c nuaeil:HbiMH paaMepaM~r 'l: , nonyqaeT Heonpe.oe~eaaocTh n 

IIMnynhCe A p N "ll/7! . 1 . qTQ B CBOIO Qqepe,ob UpHBO.LlHT K Heonpe.oeneHHOCTH B Ha-

npaaneu~rn paccenHHH, xapaxTep~rayeMo.lt yrnoM e 
j; 

tv-pz ( 15) 

B cnyqae paccestHIISI HeltTpOHOB c 9Hepruelt T = 2 Man Ha s.ope ypaaa B38KMO.Oel1-

CTB!IHM C 9neKTpOHHOJ1 o5onoqxoJt COOTBeTCTBYIOT p8CCTOSIHHSI 't ~ 6•1 0 CM (a= 6•1 0 Cl',{--11 . 11 

pan11yc K-65onoqxu aToM a ypaaa )~ Yfa cooTaoweanst ( 15) cne.oyeT
1 

qTo pacceHHHe 

a 9TOM cnyqae 5yi:teT npoucxo.oiiTh aa oqeab Manbie yrnbi c;;r ~ I , Tor.oa xax aao-1'!'1 0. 

ManbHoe paccenuue B on~ITax Anexcaa.opona aa6n10.oanocb n o5nacTn aaaquTenhHO 

5onbWI!x yrnon (eM, puc, 6). K TaKoMy .>Ke Bhino.oy npuno.oHT H 5onee ToqHbie 
32 33 

pacqeTbi, BbmonHeHHhie n p.a5oTax • ,, r.oe no.opo5ao paccMoTpeHbi paannqHbie 

9cpcpeKTbi1 B03MO.>KHbie. npn B38HMO.Oeil:CTBHH Heil:TpOHOB C SneKTpOHHOil: o5onoqxoJ1 
8TOMa: 

a) nnunaue. anexTpuqecxoro nonH o5onoqxu .aa wnnareponcxoe paccesiHue, 

5) ynpyroe pacceHuue HeltTpouon, nonHpuayiDIUnx snexTpOHHy!O o5onoqxy noneM 
I 

caoero LIBI!.>KyiUerocn MBrHHTHoro' MOMeHTa, 

a) llHTepcpepeuunst c H.oepHbiM paccenuneM ynpyroro pacceHHHH
1 

o5ycnonneaaoro · 
·- 1 /. 

KOpOTKOLieJ!cTBYIOIUHM B38HMO.Oe.J!cTBUeM HeliTpOHa C sneKTpOHOM
1 

r) 'ueynpyroe pacceHHne aeliTpoaon c nouuaauneil: aToMon •. 

Ba::e 9TH 9q,cpeKTbi, oxaabiBaiOTCH ae.oocTaToqHbiMH ~nn o5'bHCHeHHSI aHoManb

Horo paccenuun HefiTPOIIOB n onbiTax IO.A.Anexcaa.opona, 

.. 
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•. 

2. Hawn: BbJqn:cneHHSI: noKasann:,. qTo 3TO pacceSIHn:e· uenb3SI TaKme o6'bSICHHTb 
." . . . - . . ' ·. •' ., __ . . - !. - . . . . . ' 

B3811MOLl9llCTBHeM Hell.TpOHa C aneKTpn:tieCKHM KB8LlpynonbHbJM 11 M8I"HI1THbJM MOMeu-
x) . . . 

T8MI1 S1Llp8 

3. To/me C8MOe MOmHO CK838Tb 0 B38HMOLlellCTBHH Hel1Tp0H8 C nOT9HUHanoM, 

' ~ " npon:cxoLlSIWIIM oT nongpn:sauun: aaKyyMa B none SILlpa • BnHSIHn:e acpcpeKTOB 2 ,. ' It 

11 3 HesHaqHTenhHo • .. 
4. 4T06bJ OUeHUTb BKnaLl acpcpeKTOB 1 CBSI38HHhiX C 6onee TQqHblM yqeTOM SILlepuo·.

I"O pacceSIHHSI 1 Ha aneKTpOHHOll M8WHHe 6hma paccqJlT8H8 OnTHqecKaSI MOLlenh S!Llpa 

C LllicpcpysHOll I"p8HHUell '11 Cni1H-op6HT8nhHbiMll Clin8Mll 0 npH .9TOM OKasanOCb1 qTO 
. 0 . . ' 

B o6nacTH YJ;'nOB e < 10 pesynhT8Tbl pacqeTOB oqeHh cna6o 38BI1CHT OT BbJ6opa . 

. ~OHKpeTHOll cpopMbi SILlepHOI"O ITOTeHUHaria, H Ha 9TOM. nyTH Henb3SI 06'bSICHHTh BOSpa_. 

cTaHHe ceqeHHSI a o6nacTn:- MancJX yr:noa. TeopeTHqecKoe ceqeHue ·so acex cnyqagx 

c xopowell ·ToqHOCTh!O onHCbJBaeTCSI nHHellHoll cpyHKU11ell ecr, 9 , KaK aTo H npeLl-
., ' . .· 28-30 

·nonaranoch npH o6pa6o'l'Ke aKcnepHMeHTanhHhJX Ll8HHhiX_ B pa6oTax • 4HcneH-

HhJe pacqeTbl T8Kme nOKasann:, qTO LlnSI aMnnHTYLl WBHHrepOBCKOI"O 11 ITOT9HUH8nh

HOI"O pacceSiltHSI' C XOpowell TOqHOCTh!O MOmHO 11CnOnbsOB8Tb HX_ 60pHOBCKH9 BbJpa

meHHH ( 13) ·, ( 14) j KOHKpeTHblll Bbi6op tPYHKUlJH f) ( ll.- 'l.) BHyTpll S!Llpa OK83hJBa

eTCSI HecywecTB9HHbiM. Bee ·nonpaBKll M9HSiloT nHWh Ty qacT~ ceqeHHH cCa-( "'.sz... 
. ~- " . /' • . X X ) 

KOTOpaSI SIBriSieTCSI nHH9nHOn no ~· o 

TaKHe me pesynhTaThi 6hmH nonyqeHhr' H8MI1 npH TOqHOM · peweHHH ypaaHeHHSI 

llJpeLlHHrepa B npeLtrtonomeHHH 1 lJTO SILleilHhill noTeHUHan -MOmiiO· OnHC8Tb TBepLtOll. 
· · .xxx) · 
ccpepon • 

31 5. B pa6oTe noLtpo6Ho n:ccneLtoBau cnyqall pacceSIHHSI nonSipHsoaaHHoro 

nyqKa IlellTpoHo~ n noKasaHo, qTo LtnSI o6'bSICHeHHSI Ha6moilaeMoro Ha onhiTe aospacTa ... . . ' ' ' ' 

HHSI ceqeHnSI npH ManbiX 'yrnax ueo6XOLlHMO npeLtnonomnTh He MeHee, qeM 60%-Hy!O ,. . . . . 
cTeneHh nonSipHsauHH nepauqHoro nyqKa. TaKaS! nonSipHsaunSI HeaepOHTHa LlnSI nyqKa 

HellTpOHOB H3 peaKT~pa. 

x) 
3To BbiBOLl nonyqeH 

34 
TaKme YI.n.CTaxaHOBhiM, • 

0. 

) 31 36 . 
xx 3TH BhiBOLlhi nonyqeHbi TaKme a _pa6oTax ' • Mhi 6naroLtapHhi B.C.CTa-

auucKoMy, npeLlOCT8BHBWeMy HaM Ll8HHhie 06 onTHqecKHX napaMeTpaX SI.Zlep, KO~ 

TOpbie qacTJiqHQ 6binH 11CIIOnh30B8Hbl npH H8WHX pacqeTaX. 

xxx) AHanorl1qHhJll pacq.eT, 110 6es yqeTa nonSipHsaUHOHHoro. pacceSIHHSI ( d.t\ = 0 )) 
Bh!IIOnHeH B pa6oTe 37. -

....... 
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TaKnM _o6paaoM, sorrpoc o rrpnttnue auoManbHoro nose.nemur .nucpcpepermlralibHOrv 

ce,qeHIISI pacCeSIHIISI Heil:TpOHOB Ha TSI.IKEl1lbiX SI.Upax OCTaGTCSI B HaCTOSilUGG BpeMH OT-

• KpbiThrM." HaM rrpe.ncTaBnSieTcSI ManosepoSITHhiM, ttT06hr aTa anoMan!ISI 6bma o6ycnosne- . 

Ha TOllbKO ll!IW b aneK Tp!IttGCKOli II01ISip1I3yGMOCTb!O Heil:TpoHa. 

5 B pa6oTe no.nttepK!IBanoch, 'ITO np11 yMeHbWeHIIII aneprn11 pacce!IBaJOWIIXCSI 

. HGHTpOHOB semi'I!IHa IIOTeHUII81lbHOI'O pacceSIHIISI .UOli.IKHa B03pacTaTb; IIOaTOMy OT!b!Thl 
· · xl . 

rrp11 Manhrx aneprHSIX 6onee npe.nnottTHTenbHhi .• He.tlasHo · rpynnoil: aMepHKaucKnx 

cPII311KOB 6hi1III. Bb!IIOllHeHbl COOTBeTCTBYIOW!Ie 113MepeHHSI B 06naCTII aHepi'!Ill 

T = (0 i· 300) Mas 3.
8

-
40 

• Momuo noKaaaTh TeopeTHqecKH 
39 

, 'ITO s cnyttae, Kor.na 

al. ... = o. ane_preT!ItteCK8SI 38BIICIIMOCTb Ce'leHIISI paccestHIISl 6y.neT 1llf!IellHOll.. nepso-

· HaqarrbHhie uaMepeHIIst yKS3hiBanu Ha peaKoe OTKnonenlfe .nHcpcpepeuuuanbHOro ce'leH!Ist 
. 38; 40 

OT nuueil:n.ocTII rrpu Manhrx yrnax · • O.nnaKo 6onee TWaTenhHbie uaMepeHII~ 

9TIIX 8BTOpOB HOKC1381111 1 'ITO aHOMaliHSl He CTOllb Be1l!l~8 If B npe.nenax 9KCIIepHMeH

Ta1lbH.biX .. OW!I60K :C'8 MO)KHO 06'bS!CHIITb1 ecn11 Bellii'I!IHa 91leKTp!ltteCKOll ii01lSip113yeMOCTII 

Hell.Tpona pasHa 
39 

0 
3To anatteHne aaMeTHO OT1lH'IaeTcSI oT senutt!IHhi ol."'-

1 
nonytteHuoil: 113 OIIhiTOB c 6onee 

- " 28-30 
6biCTpb1MII HeHTpouaMII 

Ecnu aneKTputtecKaSI nonSipHayeMOCTb y neil:TpoHa .neil:cTsuTenbHo oKameTCSI 

3Ha'IUTG1lbHO 601lbWGH 1 'IGM y rrpOTOH8 1 TO 9TO 6y.neT HMGTb O'IGHb B8)KH0e 3HatteHHG 

.lll!Sl H8 WHX II~e.UCT8B1leH!Ill 0 CTpyKType HyKl!OHOB 0 noaTOMy npe.UCTaBl!SIGT 60l!bWOll 

IIHTepec'· npO.U01l)KHTb .QI!b_I_T_bl IIO pacceSIHIIIO Heil:TpOHOB C T.eM 1 'IT06h! B03MO)KHO 6onee 

Tottno ouenHTb sepxnHil: npe.ne~ ~e~~tt~Hhi d...;_~ 

iY', TeopeTHttecKue pacqeThi aneKTputtecKoil: 11 MarHHTnoil:. nonSifll-IaYeMOCTH 

.....!!YJS.llOHOB 

B nacTollwee speMSI neT cTporoil: TeopHu, KOTopaSI 6hi noasonSina paccttHThiB8Tb 

9cPcPGKTb! 1 CBSI381!llble C BHyTpeHUeil: CTpyKTypoil: HYKl!OHOB• CyweCTBYJOWHe MGTO.Ubl 

.0:810T B03MO)KHOCTH paCC'IHTbiBaTb llHW b npoueCCbi 1 IIpOHCXO.O:SIWHe B nepHcpeputteCKHX 

x) · • U 238 · 
nng CpasHeHHSI yKa)KeM, 'ITO IIpH pacceSIHHH Heil:TpOHOB SI.O:pOM na 

yron ·e ;, 30 · OTIIO!lleHUe 0'7roTGI!U/ CJnomiOe paBHO ITpH61lH3HTel!bHO, 7% II 60%, B 
ee;n11 aueprug neil:Tpouos pasna cooTseTcTsermo 4 Mas u 0,1 Mas. (o(."=- 2• to-40cM

3
) 



28 

o6nacTax HyKJIOHOB. LITO )1{9 KacaeTca BHyTpeHHIIX 06JiaCTeli HyKnOH!;>B
1 

TO 3aecb Mbi 

M0)!{9M aenaTb niiWb 9KCTp8IIOJiaUII11 1 3.8KOHHOCTb ·KOTOpbiX aaneKO He BCei'aa O'IeBIIa':"' 

Ha, 11n11 IICIIOnh30BBTb Moaen11. B 9TIIX cny'Iaax niiWh COI'nac11e' C OIIbiTOM MO)!{eT 

cny>KIITb OIIp!1BaaHII9M ana II CII Onh3 OB8H!Ia IIp116JIII)!{eHnfi. 

flpH paccMoTpeHIIII acpcpeKToa, CBa3BHHbiX c rrep11cpep11el1 HyKnonoa, KOI'aa OCHoa-

Hy!O pOJih V.I'pll!OT B_HpTyllJihljbie M930Hbl C MBJibiMII HMIIynhC8MM
1 

MO)!{HO 0:fi(MaaTb
1 

'ITo y'IeT oTaaqn nyKnonoa 6yaeT ne O'IeHb cywecTBeHHbiM. CooTaeTCTByJO wne pacqe

Tbi, BbliiOJIHel!Hbie B PllMKax Teopnu C cpHKCHpc:>BaHHbiM IIYKJIOHOM
1 

aefiCTBHTeJibHO aa-
. . . I 

mt pe3yJihTllTbi, 6mi3KHe K, 9Kcrr·epiiMeHTanhHbiM (rroapo6Hee eM. o63op· ). TaK KaK 

IIOJiapH3Y8MOCTb Cl!CTeMb! OIIpeaensieTCH TpeTbeli CTeiieHh!O ee I'eOMeTpH'IeCKHX pa3-
. 3 ' ' . . 

Mepoa: c)... tv.~ ( aTo cneayeT, HarrpuMep, 1!3 rrpocTbiX coo6pa)!{eHnfi pa3MepHOCTII; 

CM. § 4.1) 1 
TO MO)!{HO 0)!{lfaaTb1 'ITO II B 9TOM cnyqae OCHOBHOfi BKnaa 6y ayT aaaaTb 

60JihWl!e paCCTOaHHSl · 'l:; II IIpene6p~)!{eHI!e OTaaqefi
1 

a TBK)!{e apyi'IIMH· 9cpcpeKTBMU
1 

caa3anHhiMu c BHyTpenHHMH o6nacTHMH nyKnonoa, He BHeceT cywecT'BeHHhiX owM6oK. 

Yfa 9TIIX )!{e coo6pa)!{eHHfi MO)!{HO rrpearronai'aTh, _'ITO y'IeT aTnx acpcpeKTOB ·Me11ee 

CKll3biBlleTCa Ha BeJIII'IIIHe IIOnSipH3yeMOCTII 1 'IeM Ha CpeaHHX KBaapaTII'IHbiX paanycax 

HYKJIOHOB. OanaKo ana 9JieKTplf'I9CKoli IIOJIHp113yeMOCTII HefiTpOHa ClfTYBUIIH MO)!{eT. .. 
0Kll38ThCH CyWeCTBeHHO lfHOfi 1 T8K me, KBK 9TO lfMeeT MeCTO ana 9JieKTp!I'IeCKOI'O . . 

pai:myca. · 0'IeHb Mana a aenn'IHHa aneKTpnqecKoi'o paa11yca HefiTpoua, • o6napy)!{eHHag 

B OIIb!T~X IIO B3811MOaeficTBIIIO HefiTpOHOB H 
9JieKTpOHOB 1 HBIIJI8Cb IIOJIHOfi H90)!{H-

aaHHOCTb!O anSI TeopeTHKOB. nocneayiOUXIIli llli8JIII3 IIOK83an, 'ITO aneKTPif_'I9CKUe 

CBOficTBa HeliTpoHa 'orrpeaeJIHIOTCa B OCHOBHOM MHOI'OMe30HHbiMII COCTOSIHIIHMH
1 

nOKBJIII-
. . . 1 \ 

30B8llllb1MH 80 BHyTpeFIHHX o6nacTaX ( TaK H83biB8eMag "o6naCTb Kepna" · ) • floaTOMy 

lie IICKJIIO'I9.H01 'ITO BeJIII~IIHbi 9JleKTpH'IeCKOfi IIOJIHplfayeMOCTH y HefiTpOHa II y IIpOTOHa 

_ 6y ayT 3HaimTenhHO paanii'IBTbCH. PacqeTbi a nep!IcpepH'IecKofi o6nacTH 6y ayT orrpe-
1 

aeJIHTb .a 9TOM cnyqae TOJibKO JIHWb 'IllCTb IIOJIHpHayeMOCTH d-11\ •. 

flepefiaeM Terrepb K paCCMOTpeHHIO TeopeTM'IeCKIIX pe3yJihTllTOB
1 

IIOJiy'IeHHbiX 

. pll3JIH'Illb!Ml! MOTOallMII• 

§ 4.1. HeKoTop&xe_ouenKH 

flpeaCTllBJieH!Ie 0 IIOpaaKe BeJIIftiUHbi 9JI9KTpl!<I9CKOfi .II. M8I'HHTHOfi IIOJIHpHayeMOCTlt 

\ Me30HHOI'O 06JiaKa_a IIYKJIOHe MO)!{HO IIpOCTO IIOJiy'IIITb
1 

eCJIH BOCIIOJih3088ThCH ypaaHe-

liiiaMH KnaCCII'I9CKOfi ( HeKBllHTOB8HHOli) Me30HHoli Te0p1111
1 

a T8K)!{e C IIOMOUlh!O · P83HOI'() 

/ 

~\l . 
!~~~ ·~·-- . -~ '\ ... 
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5 . 
po.lla n,onyKnacciPiecKnx MO.lleneii ( CM,, HanpnMep, ) , Bo Bcex cnyqagx .llJll'l aneKTpu-. 

qeCKOH IIOIISlp113yeMOCTII IIOIIyqaeTCSl OUeHK8 

16 

= 0,08 '- IIOCTOSIHH8Sl B381!MO.lleHCTBI!Sl Me30HOB C HYKIIOHBMII i 
-13 - 1,41 • 10 _eM ,... xapaKTepHbiH pa3Mep Me30HHoro o6naKa · B HyKno-

,llnSI MBI'HIITHOlt IIOIISlpH3yeMOCTII jJ 
.. *) 

.llB8 IIOpSI.llK8 MeHbW8Sl 1 'leM .llliSl ol o 

nortyqaeTCH oueHKa npH6IIH3HTenbHO Ha 

· Hw>KIIIOIO oueHKy" BeiiH'IIIHbi cJ.. MO)!{HO nony'IIITh, ecn11 aocnonh30B8TbCH 

COOTHOWeHI!eM ( 8), TaK KBK K8)!{.ll0e 113 cnaraeMb!X B ( 8) ,ll8eT IIOliO)!{!ITeiibHbiH 

BKIIB.ll, To·
1 

y.LJ.epM1IB8Sl IIIIWb nepBbiH OTIIII'IHb!H OT HyiiH qneH, IIOIIy'IHM 

r.lle 0"-,r(w) 

(18) 

Jt -Me30HOB H8 IIpOTOHe 

'JI-Me30H8, 

VlcnOIIb3YSl 9KCUepKMeliT8IIbHbie 
3 

3H8'1eHIISl cr:_fr (w) B paooTe nonyqeHbl OUCHKII:. 
. I I 

. -43 3 
c:J..p )> 4•10 CM i 

-43 . 3 
c/....._ 7 5' 10 CM , 

KaK · BII.llH01 oueHKa .LJ.IIH d.p. oKa3biBaeTCH o'leHb oiiii3KOfi K 3Ha~~HifSIM, Heno-

cpencTBeHHO nonyqeHHbiM 113. onbiToB c ({ -KBBHTaMif (eM, § 2,2), BenH'IHHa ·c:J.. ~ 
IIpll 9TOM BCero IIIIWb H8 'leTsepTb npeBOCXO.ll.IIT SeiiH'IIIHY ~ P o 

EnH3KHe oueHKII nonyqeHbi TBK)!{e B 6onee no3.LJ.Hefi paooTe 
41 

,£) . . . . ~ Q.2. 2. 
HanoMlllfM, 'ITO B aToMe d-"' Q. ; ~ ...., ~ 0.. , C... ~') ~ 1 r.LJ.e 

<A- p83Mep 8TOM8 i e1 ft\1c1 ..::.<. ().. KII8CCli'ieCKIIfi p8.ll.IIYC aneKTpOHa, B H)CK-

IIOHe (e.'{'ft\t1.)(C!v f'J 0)0( , no ,upyi'HM OUeHK8M (~fd_) ,_(s/M)'--:::'o,02.,, 
H~lti\Ot4 
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JlorronuuTenbHbie •meHbi 8 rpopMyne ( 7) 38Tpy.aHHIOT aHanorH'IHbie oueHKH .anH 

MarHHTHOfi rrongpJ.t:3yeMOCTH . fi 
42 . 

B pa5oTe <Pon.aH OTMeTHn 1 'ITO" cyruecT808aHHe aHoManhHoro MarHHTHoro 

MOMOIITa .)elo\ y HefiTpOHa C8MO ITO ce5e yMe rip!iBO.OHT K OTpHUaTenhHOfi .0058BKe 

K aneKTpH'IeCKOfi riOnHpH3yeMOCTl! HefiTpOHa • 

2. l. 
A _J e ae i-l. -43 3 

0'..,_ :: -. -.... =-0 62 '}0 CM 
r" . ~M'?> I 

npu none8b!X, pacqeTaX 3T8 .a"o5aBK8 8BTOM8Tli'lt!CK!i BKniOqaeTCH B _c::(f\ j CyM

MapHOe· 3Ha'!eHI!e d.. k rrpu 3TOM OKa3~;saeTCH nono:>!mTenhHbiM (cM,.aanee). 

§ 4,2, Teopug c cPrrKcrrposaHHhiM HyKnoHOM 

-3neKTpuqecKan u MarHHTHaH nonflpHayeMocTu Me3oimoro o5naKa npuao.aHT· K 

.aononHuTenhHOMy H3Menemno :illieprim ny!mona a aneKTpuqecKoM none 
. E a/ · 

A H :::.- i of E I cl c - s d 8 I ol,.,. -
. 0 0 

( 17) 
cJ.- :t j3 . 2. 

-- E ·- - fb 2. 2 . . 

Yi3MeHemie 'snepruu AH 'MoMHO Bhipa3HTh1 .c .apyrofi CTOpOHhi, qepea s,-
M8'rpuuy 1 On!fCb!88IO!l.lyiO B381IMO.aefiCTBHe aneKTpOMarHwrHoro non:st C cjJ!f3H'IeCKHM 

HyKnOHOM: 
!,(0 

$:::: -.2'ifib(o)·AH ( 18). 

__ <;- MaTpuuy 5y.aeM .aanee Bbi'II!CnHTh 8 npe.anonoMeHHu, 'ITO 6T.aaqefi HyKno-

Ha MOMHO npene5pe'lho r 8MlinbTOHIIOH, OnHCbiB810Il.IHli 
·!;, 

r-:
B38liMO.aelicTBI!e HyKnoua, Jl -

Me30HHOrO -H · sneKTpOMarHIITHOro nonefi 1 8 3TOM cnyqae MOMHO 38nliC8Th B Dli.ae: 

· H:: V.1t11-f~j c;<~~ ~( i) 1:,. a- ( t7 + ie A) ':fA + 

+eJd~t: :jA14 {~~ 'f1-'1,~:z) +~ p/<s;!:--;ifj«'fACfi~B, 
. ; . - •·. - ... .!.- • r . -. - . -

( 19), 

r.ae_' ~~ = 'f). (i) · ·.;..: Me3oHuoe none; A}o
1
E A}A{:Z)- sneKrpOMarHliTHhiii noTeH-

~ ( r) !{ A (i) - cjJopM-cjJaKTOpblj Oni!Cbi8810Jl.IUe pacnpe.aeneH~e HCTO'IHH":·· uaan; 

KOB Meaouuoro nong H pacnpe.aeneuae .aupaK08CKoro MaruuTuoro MOMenTa 8 uyKnoue; 

I 

i ......___ 
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j O - H8II8p8HOpM1IpOB811H8SI IIOCTOSI~HH8SI M830H-nyKnOHHOI'O B381IMO.LlefiCTBIIH0 3Ha'IKII : 

OTnii'l810T. HOpManbHbl8 IIpOII3B8,ll8HIISI~ no IIOBTOpHbiM ·IIH.Ll8KC8M rrpe.ononaraeTCSI CyM

MIIpOB8HII80 nocne,llHIIfi 'ln8H . B ( 19) OIIIICbiB88T B381IMO.ilefiCTBII8 M8I'HIITHOI'O IIOnSI C 

cPIIKCIIpoaaHHbiM nyKnonoM. BGaiiMo.oefiCTBIIeM 

noKa npene6peraTb. 

7t- M830HOB Mex<ny co6ofi 6y.oeM 

Bbipa)KeH~e ( 19) y .ooaneTBopSieT ycnoBIISIM Kami6poao;,mofi HHB8p1IaHTIIOCTII mrwb 

B Cnyqae TO'l8'1HOI'O IICTO'IHIIK8 ~ (i.) ::::. b {i}. 3TO 06CTOSITenbCTBO SIBnSI8TCSI xapaK-

. . . 4344 . 
TepHhiM .ong Teopiifi · c nenoKanbHhiM B381IMo.oeficTBHeM · • • 'O.o'naKo, ecnii orpauii-

'IIITbCII p8CCM0Tp8HII8M IIpOU8CCOB 0 npOT8K8lOllliiX B ll8p1IcpepH'I8CK~X o6naCTSIX t:, > a._ 

( ~ -::::! 1/ M - xapaKTepHhifi paGMep IICTcl'IHHKa), To Kaim6poBO'IH~. HeiiHBapuaHTHbie 

' ' ·. ··14 . 
.'.:!QOUBKH B ( 19) .Ll8IOT · M8nbifi BKna.o II liM II MO:>IU!O npe:i80fl8'1b o Ka~m6pOBO'IHO 

H81lHB8p!I8HTHbJe 'lneHbl B8)1(Hbi niiWb B o6nacTSIX 'Z ~ (l 
0 

r.oe CYW8CTB8HHYIO pon.u 

1II'p8IOT Me30Hbl 6onbWIIX anepriifi "':3--M ; B . aTOM cnyqae y~e 'nenb3SI npene6pecaTb 

OT,!laqefi HyKnOil. TI TeOpiiSI CT8HOBIITCH B006We He. ITpiiMeHIIMOfi. 
·--.., 

B nepncpepii'IecKnx· o6n~cTSix Kanii6poBO'IHO HeiiHB.apiraiiTHbie qnen&r rrpiiBHOCSIT 

own6Ky Toro )1(8 !]OpSI.aKa, 'ITO n rrpene6pe)l(eHIIe oT.oaqefi nyKnona. 

HIIII 

4To6&I o6ner'IIITb npnMeneniie • .oiiarpaMi-mofi 

a npe.orrocne.oneM '!neue raMIInbTOHIIaua'(19) 

TeXHIIKII 0 IIO.LlbiHTerpanbHbie Bblp8)1(e

Y.Ll06HO 38IIIIC8Tb B penSITIIBIICTCKII 

I!HB8p118HTHOfi cpOpMe 

Mb!M i- ~A~ ~~ 1 
L. ~A Afi (.{)L l 
~ z 'j' J>. 5 

• · Mo)I(HO · noKaGaTb, 

, cpopManbHO .oononHIIB. ero·cnarae

'ITO IIpii Bbl'IIICneHIIII s -MaTpiiUbl 

BKna.a 9TOI'O cnaraeMOI'O 8BTOM8TII'leCKII KOMIIeHCIIpyeTCSI HeKOTOpb!M CIIHrynSipHbiM 

Bbipallie!IIIeM, B03HIIK8IOWIIM rrpii cpopManb!IOM · orrep1Ip0B8HIIH C npOII3Be,ll~HIISIMII ~-
u • • • • 45 46 

cPYHKUIIII ( IIO.!lp06Hee. CM•Jl.aiipiiMep, • , ) • 

npii Bbi'IIICneHIIII. nonSipiiGyeMocie'li ol- H J3 . B nepBOM !feiiC'le38IOWeM IIp1I6nii

)1(8HI!II no aenii'IIIHe aneKTpii"''ecKoro Gapg.oa c.,e.oyeT Y'IIITbiBaTb
1 

aoo6we roaopg, 

ace .!liiarpaMM&r, II3o6p.a)l(eHHbie na p~c. 7. *) (3awTpiixoaa~n&Ie 'laCTII aTIIX .onarpaM~ 
y'IIIThiB810T MeGOHHbie norrpaBKH). O.onaKo B TeopiiH c tPHKCHpoaann&IM nyKnonoM H3 

acex 9TIIX .OIIarpa~M 6y.oyT .oaaaTb. BKna.o niiWb .onarp'aMM A, B ·n C. lliiarpaMMhi 

TIIIIB ll II E. He .aaiOT BKn~.oa B .nonSip1I3yeMOCTII oJ. H . p. 0 Ta:_ K8K COOTBeTCTByiO

WII8 M8Tpii'lHbl8 aneM8HTbl CO.Ll8p:>1<8T. H8'leTH08 'IIICl!O MaTpHU a- H HX Henb3.H 

·~) . 

OueHKII II npe.oaapnTenbHbie peGynhTaTbi Bhi'Incnemrfi 6&rnii orry6nnKoaau&r 

6 .1, 47, 48 
a pa oTax 
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¢eifM8HOBCKlle .llllarpaMMbl 1 COOTBeTCTBYIOUllle 9JleKTpll'leCKOH. ll M8I'HllTHOH 

nomipn3yeMoCT.IIM HyKnoHa. - HyKnoH; ---- ·- r,..:.Me3ou j. (\/\/'1/\/-
9JleKTpOM8I'HllTHOe none! 
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npe.ncTaBHTh n BHJle (17), ( 18) • .LluarpaMMbi Tim a F G- II H 
)!(e He yqiiTbiB8Thj B J10K8JlbHOH TeOpiiii COOTB8TCTBYIOI.l.{l!e liM M8Tplf'Illb18 9J18M8HTbl 

o5pawaioTcH B uynh, ecnu Bhi6paTb Kanu6poaKy Ao(o) = 0~ B Teop1111 c cpopM-cpaKTo-

poM .[.ll!81'p8MMbl TIUI8 F= 1 G- 1 J-1 Jl810T BKJ18Jl TOI'O )1(8 IIOpH,llK8 1 'ITO I! Jlpyrue 

K811115pOBOqHQ Hei!HB8pll8tlTHbl8 'IJ18Hblo 

BbJql!cJII!M cuaqana aneKTpH<recKyiO rronHpHsyeMOCTb uyKnou·a. 

§ 4.3. 3neKTpll'l8CK8H IIOJIHpll3Y8MOCTb B TeOpllii C cf'HKCllpOBaJillbiM HYKJIOIIOM 

3aMeTuM, rrpe)I(Jle acero, . 'ITO· sawTpH::oaaunbie q·acTH B JlHarpaMMax A II B 

cooTneTCTByiOT MaTpH<rHoMy sneMeHTy {I(~ J $ J K",) yrrpyroro pacceHHIHI anpTy-

81lbHOI'O R.- . ( 2. -~ ) Jt. -Mesoua na HyKnoue J<io -Jc:i 'f-1. • B Teopn!i c ¢uKcHpoaanHhiM 

HyKI!OIIOM 9TOT M8Tpli'Illb!H 9J18M8HT. J18f'KO CBOJlliTCH K MaTpii'IHOMy 9JI8M8HTy yrrpy-

roro pacceHnnr. Jleanbnoro · r:il -Mesoua ua HYKJIOHe, eCJIII y<reCTb, qTO B rrpe,ll-

CT8Bil8HIIH llMIIyiibC C>B 'IBCTb raMHJlbTOHll8H8 ( 19) 1 OIIllCb!B810ll.\8SI M830H-HyKJIOHHOe 

ssanMo.neiicTaue , ·mmeiiiio saancnT oT J< 11 VK (sJlecb H aesJle Jlanee 

Vk=Js>(iJei~?. ~3z. . ): 

K"l K.t. VIC, \{..z. 
r. P~. Vr, Vrz. 

IC~ - K~-+ { (0 ( ,. I 
p~ - p~ ==1. I io , 

(20) 

npn 9TOM 0 KOH8'IH0 1 cymeCTB8HH0 1 'ITO B3811MOJ18HCTBH8 
r.--Jt :""M830HOB B ( 1 9) 

He BKJIIOqeHOj B IlpOTIIBHOM CJiyqae 38BH.CllMOCTb raMl!JlbTOHIIBHa OT IIMIIYiibCa 

IIM88T 6orree CJlO)I(!IbiH BIIJl ll COOTHOW8H1!8 ( 20) 1 

' ' 49 50 
HHeTCli ( IIO,llp06Hee CM. 

1 
) • 

B006ll.\e rOBOpH 1 He BbiiiOJI-

" r.--
MaTpll'IHblll sneMeHT ynpyroro pacceSIHHH peanbuoro Jt -Meaoua ua· uyKrroue 

. 50-52 
no.npo6uo llCCJie,llOBBJICH MHOrHMH 8BTOp8Mll ( CM. H8IIp!!Mep, ) II IIM88T BHJl: 

( 21) 



,' lf'lf~ ~
,k~;:l: 

:11 :r 

!liJ~r . 

~
:• .. 

,·l 

! "~ 
\::L__ 
~~, ... 

. f-2. 
A{~o) = ~0-iE. 

34 

., -r-ol? { 4a;, +'to;~ +a;~ 
+ 3'1/ ~~' v;- 2 41? + 1<;,- iE 

1 J ~ ~- 2 a;'?>~+ a-;3 . 
B{K"o)·=61i d? .,z(cvz-/C.-i£\ J 

0 _ r? 1 o 

:f.'l. 
C (K"o) =· -Ko+iE 

J (o...ol? [ 'ta;,'*"~o;~ +<i"!>; 

-r.?J(,1fl w1 Vy{ cv
1 

- JC
0

- iE. 

+ jCJ33 1 
cvf -K'o ..:.;c j J 

(22) 

(23) 

. 9 <i'!!> l 
-t- tv~ f"J('"0 -ie ~ (24) 

3.oech ~. := Ucj -( ~)----.:. non~oe ~e~~~~~e 5i- N . B3BHMo.oeiicTBHH B cocTOHHKK 
J . . - . . ·z. . ~ _, 

CO CITHHOM '/2. H H30TOIT!f'l8CKHM CITHHOM jf~ ; f.v? ::1. -f" 1 j a.~ - X8p8K-

T8pllb!ll p83Mep cpOpM-cpa_KTOpa, 

Y'IHTb!BBH ,Bb!pll:>KeHHH (20)- (24), MBTpH'IIibJe sneMeHTbi
1 

COOTBeTCTBY!OlUHe 

.llHarpaMMhi A H B, .MO)l(HO aanHCBTh B BH.lle: 

ez ( 't. . -~ ~ _.:: . __ (P.,+fo)'{~fo-+f(o)S"(fo-~<o)S(~~:o-?o)b{Cfo-Po) . 

'5. =. -( .. T,. 1& r. "' K r v. ~ AJ r- ~>A .c~-· >r ·:_.,;.if J ( r!-"'~ ••• J c Y!-"'; • ,. J . . ~r~.s~ 25 > 

;l. . ·. 

S~= (;!~Alf·r~)i<pV.Vp Afr-'iJA.CFY _ ~( "~-r.J:;; ( ?.J r 1k'o) '. (26) . l' I 

• r.oe A 0 - ct:>.ypbe- KOMnoueuTa sneKTpH'IecKoro noTe HuH ana, B STHX Bhipa)l(eHHHX 

y)l(e BbinOnHeHo CyMMHpOBBHHe ITO CITHHBM. H H30TOITH'IeCKHM. CITHHBM, ITOSTOMy 

r(K'~) := A(K'o)+2B(Ic:"o);-C(K"o) = 
== 8r,ri.:Vs(K"o) ... ·-:_ Jct ol! (l,,+'to;l+'f<rn 

. s II 0 v,. J<:Z -41%. + iE 
0 't 

(27) 

= g.,' 1:z. sc~o >~--=--; Io... o(v!. -_ 0:-t: +2 cr-
0 t K 0 -w 1 

I 

... 
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4- + 
r.lle (j-;: ()- (q) - rronnoe ceqenae B38HMO.Qei1cTBHH 

+ ' ' 
1i--Me30HOB C IIpOTO-

HOM, 
2) 

JlnH cnyqag O.QHOpO.QHOI'O 9Jl8KTpll'l8CKOI'O IIOJl~ 

A (i<J =-t. (:z. nJ3 E \7~< £ (R J. 
23) 

rlo.llCT8BIIB 9TO Bb!p8:rK8HII8 B ( 25) H ( 26) 0 rrony'!HM IIOCJle lfHTerpHpOBliHHll H 

npeo6pa3osanHi1: ~ 

'(28) 

KH 

(29) 

i) 

+ .tro "'y.. w~ + :f.O·w~) --r 2.. V~z. ( t cvK + wr)] 
' } 

I'.ll8 

y~ = o{ vI( I ol K . 
'-:ITO KacaeTCH .QH8I'p8MMbl C, TO B o6weM cnyqae Mbl H~ yMee~ _paCC'lHTb!B8Tb 

,llH8I'p8MMbl T8KOI'O THIIa, BKJ18.Q 9TOH .QH8I'p8MMbl Mbl M02K8M Bbl'lHCJlHTb JlHWb 
' I. 

B BH.ll8 pSI.Qa IIO C·TerreHH~ IIOCTOSIHHOll f = 0,08: 

(30) ... ' 
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j: j 
I ', ~' \. 

I )-, \ 
I ~. ' \· 

I ~ \ - \ 

l ~~ 
I '"' \ •"'"' \ .,. \ . \ 

< .... , ' ' 

' ~' l . 
I ''J... \ 

I 
I . I '\, 

I I ' > 

J' t.... , 
I. '"' \ .. 

I ............... \ . , ... \ .. ,,.. . 'h. 

Piic, 8, <Pei!MaaoacK!Ie ·.z:marpaMMbi MaTpll'IHbiX sneMeHTOB S. . - HyKnoa; 
c. 

-- -..:.- ~ 5I -Mesoa; /'\/\/\.IV\ sneKTpOMBI"HHTHoe none, 

Ami Bbl'IIlc.r:ea!ISI nepaoro 'Ineaa sToro pasno>KeHHSI aeoGxo.oHMo y'IHTbiBaTh 

BKna.o acex ( 'l"ononorH'IecKH pasnH'IHbrx) .ouarpaMM, usoGpa>KeHHbiX aa ·puc. 8, CooT-
/ 

B9TCTBYIOI.UHA M8TpH'IHbiH sneMeHT _paBeH:· . 

5 2-C. e'" 5 'f { 'ft, ) {'_ · (P ·c-( c=T (.2.1i)u Jo(l1eep9 V.c'leVpVy&'(JC"o+Y.,-.,-p.,)S" lo-Po)o. ?o-Ko)·x 

1 x----
k"o+p.,- i£ < JC~- w~ +i£) ( e! :..w:-ti£) (r!-w~ +it){,!-w;-t i£ J 

( e.,+9o) (?.,+k"o) Ao(l- pJA .. lf~iC) 
X (31) 

>< L s:·~ s;'z ·[ "~ CZ"s-'C:'"'"J.. ~e. &'-if a=:f ;r.;c . tis-'r,tt.t'ro. Cf.y o=:e a:r;; if.i< ' 
o( ~.t' If s"" ( e c ~ i E ) ( "'0 - ( f ) . -t ( l<'o ~ ,· £ ) ( ? 0 - ,· E ) + 

_.__ ____ --~ 

/ 

a.. 
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J 
(8 3TOM Bb!p8)!{eH!UI CyMMHpOB8HHSI rr.o. CITHHY H H30TOnH''leCKOMY CllHHY ewe ne Bbi

ilOJII!ellbi). 

Bhrpa)!{eHHe· ( 31) TO)!{necTnenno o6pawaeTcSI B Iiynh, TaK KaK CHMMeTplr'!Hhte 

'!8CTil llHTerpaJIOB MeHSI!OT 3H8K npll 38MeHe nepeMeHHh!X UHTerpHpOB8HifSI: 

jl(~eerct)V"VeVpV~Ao{e-f)A .. (q-K)<f€ ?.~ ~r,cr..z ~ 

:: ! ... (-O'.e i-f?-~~;< --r z r·? a:.e Cf.K:) ~ o ; 
c y- ~ie) ~ (f-t-e i ;;~-rJ 

} 

(K.-tif) I 

c (-<r:~a=:t< a:e a=:r *?- e-"K·if:c; (j.r) == o · 
) ... ) 

(if~:t"K) 

TaKJIM o6pa3oM,, c TO'lHOCTbiO .ao 'UWHOB nopHnKa f 'f sneKTPH'!ecKaSI nonHpH-

3yeMOCTb nyKJIOH8 
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LlnH KOHKpeTHoro Bl!.Oa VA:: STo BhipmKeHI!e o5hi'!Ho 3Ha'!l!TenhHo ynpomaeTeH 
48 · , t:- -~ez./Za! . 

(eM., nanpl!Mep, ). Eena 'Bbi5p8Tb VIC :::::. v k: == e ' He 38BH-

eHll{8H OT eeqeHl!H (!'± '!8eTb Bblp8~9Hl!H. (32) MO)!(eT 5b!Tb Bblp8)KeHa qepe.a 

· m { ) z JQ. -~z., T,a5ynl!pOB8HHblH l!HTerpan 0Wll50K '±' Q = ff, . e ~ )C : 
0 

e:"[1-<P(-kJ)(t5-~ ~ ~c.)-ct~tv.t?J-:z. 
'I cJ..... = ez..:fz f 

. 0 18 z -~~) i 
(33) 

noene sToro'3Ha'!eHl!e c;J._Q 
I 

nerKO Bhl'll!enHeTeH. 

no.o '!8pKH8M 1 _ '!TO B paeeM8Tpl!B88MOH TeOpl!ll IIOnSipll3Y8MOeTb IIpOTOHa ll: Hei!

TpOHa OK83biB88TeSI 0.01fH8KOBOH; 
I 

()._:::: ~J> = cl ..... 

Ha pile. 9 npl!ae.oeHhi pe3ynhT8Thi .'ll!eneHHhiX pae'!eToB nonnoi! aenl!'!l!H.hi c;l..._ 
• . A J - I cJ... *) . 

n oT.oenhHO Me30HHOi! nonpaBKl! ~"" - a-. ~ 0 .onSI eny'!aea · rayeeoaa ' . . ' (;. . . ~ 2./ .l. . )• cpop~-cpaKTOpa v/(.::: v" II IOKaBeKo~o cpopM-cp8KTOp~ VK.=. VIC =a {a:. -r IC2. • 

KaK Bll.OHo, aenl!'!l!Ha d... ena5o 'lyBeTBl!TenhHa K yE.enl!'!eHl!IO napaMeTpa o5pe-. . 

38Hl!SI ct • Yi3Me!I8Hl!e ol l!3-38 pa3nH'!HOf'O. Bhi6opa. Bll.08 cpopM-cp8KTOpa He. 

npeBbiW8eT 10% • .lJ.ng 3H8'!eHl!SI - . a. = 5,6, KOTopoe o5bi'!Ho l!enonh3yeicSI .onn o6'b-

HeHeHl!H pa3nHqHbiX 8KenepHM8HT8nhHhiX .08HHhlX B TeOpl!ll e cpaKel!pOB8HHhiM HyKno-

( . ' . =- . -I"' -14 ) 
HOM . eOOTB8TCTBYIOllll!H p83Mep l!CTO'!Hl!Ka :/1 -Me30HHOI'O nonH a.- 2,5•10 CM, 

nong'pn3yeMoeTh 

. -43 3 
d._ = 13,0 • 10 eM 

-43 3 
A 0..=2,7 • 1jJ CM 

.onSI cnyqan rayceosa cpopM-~aKTopa; H 

'. -43 3 cJ.... = 11,8 • 10 • CM 

20% d.. 

-43 3 Ac::J.. =2,6. 10 eM ~ 20% cJ... 

.Om! enyqag IOK8BeKOI'O cp0pM-cp8KTopa. 

*) 
3Ha'!eHHH M830HHhiX nonpaaoK 4 0... H A f.> (cM • .oanee) Bhi'!Hcneubi no cpe.o-

Hl!M sKenepHMenTanhHhiM ,3Ha'leHl!HM 0": ± l!3 o63opa 8 Ha sneKTpOHHOi! C'!eTHoi! 

MawnHe M-20 no ·rrporpaMMe, eocTaaneHHoi! YI.KyxTl!Hoi!. 
- // 

.... 
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-------------------------------- ------------- ·-- ==--- -------:..-:..-----=y 

ol ~~. --~--~5--~--~6--~ ~ 7 a 
Puc. 9. 3neKTpuqecKa51 non5IpH3YcMOCTh HyKnoHa. 

nyHKTHpOM YK838Hbl Me30HHble nonpaBKif A cJ... = cJ.. - d-. · ., ' -u ~l 

'-- rayCCOB -,y - IOK8BGIUlH q1opM-rj,l{lKTOp. 3ua•WIIIHI J.._ H ,Pod- J.l,8HLI B 0J.ll!Hifll8X 10 C:>-1 ; 

3Ha'leHH51 napaMeTpa 
n:l ""'-' ... 

' 
B e.nunuuax r-..WCChl 31 Me30HU. i 

(.(: 

CD 
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3Tu 3Ha'leHHR xopowo cornacyiOTCR c aKcnepnMeHTanbHhiMH .ll8HHhiMH, nony'leHHhi" 

MH H3 OUbiTOB C 5- KB8HT8MH, H C pe3ynbT8T8MH A.M.Ean.llHH8 (cM.BbiWe). np11 

BCex pa3yMHbiX 3H8'1eHIIRX napaMeTpa o6pe38HIIR a_ aneKTpll'leCK8R nonRp113yeMOCTb 
u • •• 28-30 

uenTpoHa oKa3biBaeTcR so MHoro pa3 MeHbwe 3Ha'leHKR, nony'leHHOro B pa6oTax 

H3 OUbiTOB C Me.llneHHblMH ueiiTpOH8MHo 

§ 4.4. MaruuTuaR nonRpn3yeMOCTb B Teopnu c cPKKCnposaHHhiM uyKnOHOM 

Y'IHThiBaR CHOBa Bbipa)!{eHMR (20) ":' (24), BKna.ll .llnarpaMM A n B MO)!{HO 3ann-

C8Tb B BH.lle: 

SA~(~' ~ol"(t<p~) iC·p VI< v;. O> +<i)·A (i>-q) ( if+tc). A { f-1') )< 

)( 
0 ~Po -~o) ~(1<'.,~-qo) -~{_9o- !o) . r{ K.,) 

rt ·e2. { 'ft, - -;l~ = -{:t1i)9 JrA lKP'f)Erv"vP A (r-<i). A ( r-R) 

~ 
S ( K'.,- Po) ~ ( ?o) 

(K!-~~+ iE).( p~ -w;-t- i £) 
r (!'o) 

)< 

' 

(34) 

(35) 

r.lle A - ct>ypbe-KOMllOHeHTa BeKTOpuoro noTeHunana, a r(k-o) onpe.llenReTCR <}:lopMy

noii (27). 

B cnyqae O.llHOpO.llHOro MaruuTuoro nonR 

A(~) = t(l11)~ [B. VKh"(K') 1 
M8TpH'IHbie. aneMeHTbl ( 34) II ( 35). UpliBO.llRTCR K BH.lly: 

~A ==. 
SA 

i'ii"b"(o) &~ 

l 



t '.ii' S"(o) B:t = 

r.ue d..c, onpe.uenHeTcH Bbipa)KeHneM ( 29) • 

41 

oLa 
2.. 

.:::: 

.LJ.nH Bbi'IJICJleHHH s ~rpaHH'IHMCH CHOB8 JlHlllb .llHarpaMM8MH Ha pHC
0 

6_, 

(37) 

c ' 
npeHe5peraH BCeMH 'IJieHaMn nopH.uKa :f H Bbillle. Tor.ua rrocne cyMMHpoaaHHH 

IIO H30TOIIH'leCKOMy CIIHHY 

Sc: ==- ; 4 ~~:4 S(o)Jo({~eep~} VKVeVpV~(&p)·A(f=p)(if+iZJ·A(f~i<) ~ 
S' (eo) (;'{Cfo) 

z&iC.cP-p Cf.i<:·B <f.p·B 
{.leo- ir) (Po -<'E) 

. (38) 

J 

nocne rrpeo5pa30B8HHil .llJlH CJIY'l8H O.llHOpO.llHOro M8rHHTHOro IIOJIH 9TO Bb!pa)KeHHe 

MO)KHQ IIepeiiHC8Tb B BH.lle: 



.. -......... 

12 

[
<?.ie <?.pc?.j>-B" <T.p <?.iC if.fE.(i; ~p-'B 

)C. (lt:o-i£)2.· T (p
0

-iE:J2. 
;G ~;c <r:f if.K- 8 if".j>·8 

( Ko -i~) (Po- if..) J . 

Co6npnSI nee 'iJieHhi, nony'iHM JJ:nSI MLlrUHTHoil: nonSipH3yeMOCTif HyKnona 

OKOH'i8Tenbll08 DhlpG)!((eJH!0; 

f' :::: ~A + ~B + f.>c ~ 
.Q . 

:Lez.:fz.) (K )v[ 2.vz. ,.2.] .:: ---.:.....- • t/.IC t;" ~ (tv 7. -it) - V 
~"iT IC t..J'f K I< 

0 • I( . 

Q.. 

ez. J dP <i+ + cr-+-- - "" $'&"7Tl vz. w 
o r f 

(39) 

O(l [ vz 
y.(dK K't II: a.(gt../;+7t.J'ttv+'ft.J.~lv'L+lv2 4l-32w1 - (40) J lcJ~ {W +tv ).z. 4.1~ (t.JIC +4/p) IC I( f . K p K , K . 

0 I( I( I' 

-58tv~4Jp-lr04JK4J~-10£V;) ~2 v~2.(l.wK+4Jp)] + 
B z..f \1 JC>Q i<"pv · vt. V2 

+- !- d(~p)--. · " r (3cvv + 6 wl tv + 'r wz lv 2 -t-6 w wJ r 3eu ")+ 
.it~ :rr'- ,.,. ·;· .~! w; {41"+41p)?>. ..: · I( ? . J( r K r r 

·, ' . 
+ Q(e 2:f') -r O(e"fz.) . 

.lJ.ng 'i8CTHOro C.QY'i8SI v" = VK.t; • 0Cl!OBH8SI 'i8CTb 8TOI'O Bb!pameHHSI, He 

BKn!O'i8101l..l8SI Me30,lfHbiX nonpaBOK 1 · If MeeT OCo6eHHO IIpOCTOil: BH,a: 

·a.=:;'{ f e~'[1-f>{~)j(~+ ~';_ :~! + ~.)-~(;z~~ .. :.)1 . 
r J (41 > 

'H nerKO Bbl'iHCnSieTCSI, 

Hu puc. 10 upanl~Ll(~IIf,J 3HaqclfaH uomroil MIII'IIHTI!oil rroJwpu3yUMOCTII J?' 11 

OT.aenbHO~HaqeunSI. Me30HHOil: ~onpai3Kl1 Af-':::: S>- f.>o AJIH C.IIY'I!I'~I) VK = v'ICt; 

n VK.::: VKY. *). KaK nn.aHo, nem{'iHHa· j-> OKa3bmaeTcSI o•Ienb qyncTnuTenb-

uoil: K H3MeiWHHIO napaMeTpa o6pe3aunSI · Q. • Yl3Meneune .J-> rrpu nepexo.ae K 

JJ:pyroMy nnJJ:y cpopw-tl>aKTopa .cocT.annHe_T oKono 150%. 

*) CM. cHocKy na cTp, 38, 



. . 

.LJ.nH. 3H8'19HJ.IH 

r 
ecnH VI( ::: VI( 

•• ~. t 

.43 

=5,6 

. -43 . 3 
=-0,38• 10 CM ; 

. -43. 3 . 
AJ3 =-0,11•10 CM ::: 30%J 

-43 3 j> =-0,60•10 CM :, 

-43 3 
A~ =-0,25 •10 CM ~ 40% i3 

O.llJ.Ili8KOBbl AnH npOTOH8 J.1 H9fiTpOH8 0 

KaK BH.llliO, MarliHTliBH nonHpH3yeMOCTh liyKnOlia OTpHuaTenhHB H no. a6comoTliofi 

BenH'lHHe HBMHoro M9Hhlll9 ero aneKTpMqeCKOfi nonHpH3yeMOCTH 0 OTO lie npOTHBOpeqJ.IT 

pe3ynbTBT8M 1 ITO!IJ'l9lilib!M H3 8li8nM38 9KCnepHM9liT8nhlib!X Ll8liHb!X (eM. § 2,2) •. 9TpH

UBTenbHh!fi 3H8K .f-' YK83h!B89T1 'ITO nepBb!fi. qneli B c}lopMyne ( 7) 1 3~BHCHlUMfi OT of,. 1 . 

,l!Bn119TCH lie OCHOBHbiM. Cne.z:1yeT 1 O.llH8K0 1 OTM9THTh1 'ITO M8nbi9 3li8'19HJ.IH nony'l810T

CH B pe3ynhT8Te. KOMITeHC8UMJ.I BKnB . .llOB JlH8rp8MM A, 8 J.l C, K8)KJlhlfi im KOTOpb!X 

B OTAenhHOCTH B HeCKOnhKO p83 npeBOCXO.llKT cyMM8pHOe 3li8'19liHe fo : • noaTOMy 

B03MO)KH0 1 'ITO UpHBeAeHHbl9. liB 

, eT T8K)!(9 O'lellb 6onhUIOfi BKnBJl 

pHc. 10 aHa'leHIIH lie oqeHh TO'llihi. Ha aTo 
. . ) . 

MeaoulihiX nonpaaoK A.f'/J!'>> A,J;.{cJ..}t. 

YK83h!B8-

.. 
§ 4.5 •. Y'leT OTAB'IH 11 Jr-'Ji ·aaaiiMOAeficTBHH 

8 nocneAIIee BpeMH J.IIITeiiCHBHO paapa68Tb!B810TCH MeTO.llhl pacqeTa1 OCIIOB811lih!9 

H8 llBOfiHb!X JliiCUepCHOIIIIh!X COOTliOUieliHHX. OTJ.I M9TO.llhl IT03BOnHIOT1 B Up1111UHIT9 1 

BB6CTII nonpaBKII li8 OTJlB'ly llyKnOIIOB1 a TBK)K9 yqec~h 'jj-'ij B38J.IMO.ll9fiCTBH90 KOTo

poe, no-BH.lliiMOMy1 HrpaeT B8)KliYIO ponh B CTpyKType HyKnOHOB. 8 cnyqae aneKTpH

'16CKOfi 11 MarHIIT~_Iofi nonsrpHayeMOCTH a To MO*HO cAenaTh, ecnH. paccMOTpeTh · aMnnH

Tylly KOMITTOII":"a<}l<}leKTa 11a liyKnolle. EcnH orpaliH'lHThCH paccMoTpeiiHeM nHUih TBK~x 

npOU9CCOB 1 KOr.ll8 B npoMe)KyTO'lllb!X COCTOHliiiHX npOHCXO.llKT 06Mell nHUih MIIHHM8nhlllhrM 

'II!CnOM 11 -Me30li0B 118 HyKnOHe 1 TO aTy 8MITnHTYllY MO)Kli0 Bhlp83HTh qepea 8MITnll-

l!.) 
B <}lopMyne (2) 113 npeABBpHTenhlioro 

BM9CTO Bb!p8)K9HIIH ( 'J.._tc-2./0.1) (~- r'/Q.2.) 
. 48 

C0061U9HIIH HMP.9TCH OIT9'18TK8: 

B aTofi <}lopMyne AOn)KHO 6hiTh 

Pl:z. tc-z..(o..t.) ( 1.1/'). - pz/a.z. ) . . 
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PHc. 10. MarHHTHaSI nonSipHayeMOCTb HyKnoHa. 

nyHKTHpOM YK838Hbl- Me30HHbie nonpaBKH .A y, = f-'-flo 
c;.- rayccoB, y - IOK8BCKHA <flopM-<!JaKTOp. 3Hll'IeHH~ ~ H A~ J].aHbl B enHHHU8X 

3Ha<J:eHHSI napaMeTpa ct - B e.QHHHU8X Ji" -Me30Ha. 
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3 
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II ynpyroro !i-f/ pacceRHHH1 KOTOpbie 5 CBOIO O'lepe,ob MOryT 6biTb Bbipa:»>eHbl 

qepea aMnnHTY.Ohi aTHX :»>e npoueccoa H aMnnHTy.oy tp-1i pacceRHHH. 0KoH'laTenbHo 

nonyqaeTCSI cno:»>HBH CHCTeMa aauennHIOI.UHXCH HHTerpanbHbiX ypaaHeHHil. PeweHHe 

3TOH CHCTeMbl npeLlCTaBnHeT O'leHb 6onbWHe TPY.OHOCTH- ,oa:»>e 5 TOM c.Jiyqae, eCnH 

.Llnll 118KOTOpblX 8M!InHTy .0 HCIIOnb30B8Tb HX ::IKC!IepHMeHTanbHbie 3H8'leHHHo 

KaKHX-nH60 KOHKpeTHblX peaynbT8TOB Ha STOM nyTH ewe He nonyqeHo. 

,' ' 53 
B pa6oTe · oT.oaqa HyKnOHOB y'lHTblBanacb ·a paMKax penHTHBHCTCKoit TeopHH 

B03MYW811Hil. Hey,ooBrieTDOpHTenbHOCTb ::ITOit TeOpHH. B npnMeHeHHII K paC'leTaM Me30H"" 

Hb!X n::iaHMO.UefiCTBHil o6cy:»>,oanaCb BO MHOrHX pa60T8Xo HaM He HCHO, Ha K8KOM 

OCHOB8HHH MO:»>!IO npe,ononaraTb1 'ITO ,ong IIOnHpH3yeMOCTII HyKnOHOB CIITY.8UHH 6y,oeT 

*) 
IIHOfi • 

§ '1.6. nonHpHayeMOCTb ofuaKa K-Me30HOB 5 HYKnOHe 

Eonbwag senH'lliHa ce'!eHHfi K-:-MeaoHOB c HyKnOHaMH H tji -Me30H8MH
8 

yKa-

·. ' 13 
3bmaeT Ha 3H8'lHTenbHYIO ponb K-MeaoHOB B cTpyKType rny60KHX ( "'t/WIICC=0,4•10- ¢M) 

cnoeB HyKnOH8o T 8K K8K nonHpH3yeMOCTII ~ H ~ CBSI38Hbi 1 no-BH.OHMOMy 1 B OCHOB

HOM C nepHcpepH'leCKllMH o6naCTHMH HyKnoli"a (eo BCHKOM cny'!ae ,onnnpOTOHOB) I TO 

~!O)!<HO o:»>u,oaTb1 'iTO BKna.o aneKTPH'leCKoil H MarHHTHOit nonHpHayeMOCTeit K-MeaoH

uoro ~6naKa 6y.oeT HesenHK. nopH,ooK aenH'lHHbi aToro BKna.oa MO:»>HO oueHHTb ·c 

nOMOil.lbiO C006pa:»>eHHH 1 II0.006Hb!X TeM, 'ITO HCIIOnb30BanHCb B § 41 1 .OnH r.ny'IBSI 

'j/ -Me30HOB: 

ez :f! ( j; )~ :( j.J<):~. ( J1.) '!> c).. 
ole") r-' 1\Z "iC ~ r- T ;;; (v} ' 

r.ae f If fr.. - IIOCTOHHHbiO CBH3ll 'Ji~/f/ If IC-/V B38HMO,oefiCTBHHi .r 
Macchi JJ- H K -Meaonos. · VIa ananHsa aKcnepHMeHTan bHbiX .oaHHbiX no 

B3811MO.UeficTBHHM cne,oyeT1 'ITO 

(42) 

H 1"1K

K-:-/V 

. ) .. 53 . 
* 8 pa6oTe nony'leHO 3H8'leHHe cJ... p .( 0 t 'ITO Tpy ,OHO IIOHSITb C TO'IKH 

3peHHF H8WHX npe,OCT8BneHHH 0 CTpyKType HyKnOHOB H Ka:»>eTCH npOTHBOpe'l8lUIIM 

113B'ecTHbiM BKC!IepHMeHTanbHbiM .oaHHbiM 0 aenH'lHHe otp • B03MO)KHO, OTPHU8Tenb

uoe 3Ha'leHHe olp , csgaaHo c 1-eM, 'iTO s pa6oTe 53 Hcnonb3onanocb onpe.oeneHue 

cl.. , BKniOqarowee He TOnbKO acptpeKT aneKTpH'leCKOft nonRpH3yeMOCTH HyKnoHa, HO'H 

'IIICTO .KHHeMBTH'leCKHe acpcpeKTbl .OBH:»>eHHSl HyKnOH8 0 !IpO!IOpUHOHanbHbie KBa,opaTy 

sneKTPH'lecKoro nonSI € 2.. 

I 
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5-; I f'" ,..... { o, ~ _,_ o, c;) 
54 55 

( CM. H8llplrMep, 
1 

) 1 ll03TOMy 

cl c I<) /, cL Crr) "-J 11)/o .. 
npeHe5pemnMO Mano.ii OK83b!B89TCSI T8K:lli:e. H M8I'HHTH8SI .. ll0ilSipH3yeMOCTb f>(IC.) • 

-'1:· 3neKTpH'I9CK8SI If M8I'HirTH8SI ll011SipH3y9MOCTb 
r.:-- . 
'c.JJ -Me30H8 

no.ll06HO HYKilOHy fJr ":'M930H. OKpymeH o6naKOM BHpTy8ilbHb!X H9ltTp8ilbHblX . ' . . ' 

H 38pSI)!(9HHbiX ,'18CTUU lr .ll0Jl)!(9~ ll03TOMy 06Jl8.118Tb 3119KTpH'I9CKOJt H M8I'HHTHOJt 

il011Siplr3Y9MOCTSIMH djj. If Jr, • 

(43) 

B HacTom:Uee apeMSI nonHOCTbiO oTcyTcTayroT K8KHe-nu5o SKcnepnMeHTanbHbie 

.ll8HHbl9 o6 ST!rx nonSipu3yeMOCTSIX. HeKOTOpbie 38KiliO'!eHnH o6 sTnx aenu-

'lnHax. Momao nony'IHTb nnwb TeopeTn'!ecKnM nyTeM. Pacc~oTpHM .llilSI SToro ynpyro? 

p8CC9SIH~e a~;B8HTOB H8 ~-Me30He. 

Ecnn npeae6pe'!b .BKil8.llOM B!rpTyanbHbiX npoueccoa, B KOTOpbiX Y"'BCTBYIOT '18CTH;.. 

Ubi 6onee TSimenbxe, 'ISM ~ -Me3oH, T.P aMnnHTY.llY' ynpyroro j-11 pacceSIHHSI p 
C llOMOUlblO '.llBOllHbiX .llHCnepc·aOHHbiX· COOTHOW9HHlt H yCilOBHSI YHIIT8pHOCTH MO)!(HO 

' . . 

Bbip83HTb '!epe3 aMnnuTy .llbi ynpyroro TJ~'jj" pacceSIHHSI H cpoTopom.neaug !if -Me3o-

Hfl Ha .11-~e3oHe (cM.puc. 11 h Mbi He 6y.neM ocTaHaanuaaTbCSI aa STHX pac"leTax ~ 
11 npHBe.neM numb pe3yilbTaT Bbi'incneHHSI P. 

,1; = ~ ·(..L·ee• -.!.e:;<',e!iC). +p 1t(S,-i)(S
2
-i)e:iC• etiC 

'I' r, 2 t . z. . , 

P,-=le2
'(;"'1f + [.2 s,t + ( s,-1)~] I,(s,) tf.is2..t+(S.-f)l.) rzcs.) + t Illt); . 

2 e~rc:-li · 

~ 2. = (S,-• )(Sz-•J - r, ( s,) -. r 2. ( s~ J , 

(44) 

(45) 

(46) 

j 



"U/ 
I I 
I I 

fl,, . 
+ 

/ 

:n~a:, (!) 

= 0 

"' (!) 

" + co .= 
"" ~ / ',Q/ (!) ,,/ -& 
-& 
"(1) 

I I = I I . 0 

ft, "" I t:: 

" /',,, 0 

~ . -' -+ + 0 

== a. 

>~/ jTQ-
', ' ' 

II II 
' ' / ' / ,. 

;n:~ 
' 
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I>() 

I, (s,) ~r,~) -~(~) __ . dS 
'f 

P,I\S\ ' - (47) 1; ~ 
I 

. ~ 2. . I (t) __ 1 ( . oly ( E ( t) -lbos .. zl -is;s l 
.} -'Jf6' :clt(?Z+J.)-t]{~z-ti) z 0S ' e ~~~OS +ifsl7Je ');h~sJ (48) 

3Ll8Cb S,=1+.'l.K ~ Sz= i-2K' ;t=-2tcK'(1-C"s9)jK'==K/Ct..,..K(l-Coss)]; 
- _,- -, 
K "I< I p " r - B8KTOpbl 8Heprnrr -rrMnynhca d- KB8HTOB H 'Jl- M830HOB. COOTBeT-

- -· CTBeHHO LlO If nocne pacceSIHHHj e If e - 8LlHHif 1Uibl8 BeKTOpbl nonHpH38UHH d"-
KB8HTOB; e - yron pacceSIHHH J' -KB8HTa; cr(S)- nOJlHOe Ce'i8HHe cpOTOpO)!(Lle

HHH J' +'ii ~ 'JI + J1 ; ~os · u ~zs - cpaabi ynpyroro lJT-11 pacceHHHH B S -
cocTo~mm c rraoTonRqecKuM cnrruoM T=O H T=2; F.,s: H F;;r.s- aMnnrrTyLlhi 

npouecc a 0 + ~ ~ 1f + 1i B S -cocTOHHl!H npii T=O H T=2, KOTOpbie MO)!(HO 

BoipaarrTb 'iepes ceqeHRe ()" rr cpaabi b0 s n bz s j 
. _, 
~ = y-z ) -Vi: "' '(;'7f ::: i .I 

0 

COOTB8TCTB8HHO LlllH pacceHHifH Ha 38pSJ)!(eHHOM H HefiTp811bHOM 
'Jl-Mesouax • 

ace BellH'iliHbl OTHOCHTCH K JlaoopaTOpHOH CHCTeMe KOOPLlHHaT. no!lpOOHOCTH
1 

K8CaiO

WH8Cil Bbl'ilfCJleHHH Bblp8)!(8HHH ( 44) - ( 48), MO)!(HO H8HTH B paooTe BB • 8 8TOH )!(e 

paooTe npRBeLleHbi cooTuoweHuH, CBHGhiBaiOwRe aMnnHTYLlhi Fos rr F
25 

c ceqeuReM 

() u cpa3aMH bos rr b'2S • 

CeqeuHe ynpyroro K- !IT± pacceHHHH1 ycpe!lHeHHOe no II011HpH38UHHM ).:::..lj2. 

~':::t;z 
pacceuaaiOwerocg Q -KB8HT8 H I1pOCJMMHpOB8HHOe no n011HpH38UHHM 

*) K -KaaHTa,. paauo pacceHHHoro 

cAo-'(9J ::: ~ L_ I c~ \ :l = 
c;(J2. z ~-~· r 

1 .!.. 2 - -, 2. 1 I * - -· - -, -, - f 2 --, z._,_ t (49) ;: -:;-L [ lt I P.l { el e ,\') -J Re ( ~ rh ) e~· e)., e,\·K eA. -K +t-z It I (~rc)(e ... J(>J= 
~ 1;~ ~ .~) . 

*) 
npH 8TOM HanpaaneHHS! LlBYX He38BHCHMbiX e!lHHH'IHbiX 

Ulflf y LlOOHO BbiopaTb B Blf!le: e, l. e.z. ; e: .L e~ ; e, II e: BeKTOpOB n011HpHGa-
- -, r ez e2 ::: r....os &, 
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=i{f I P, J 2 (1+(osz9)+~ ~e (!, <P:)K IC'(os9 Si"a6+ ;z f ~lJ 21<lK,.t~tt ~B J 
. , 

r.ne 

0T6pacbiaaH a 9TOM BbipaX<eHHH ace •meHbl c saalfCHMOCTbJO oT K 6onee 

ClfnbHOA 1 '19M Kaa.npaTH'IHliH 1 nony'IHM OKOH'I8TenbHO JlnH 38pSIX<9HHbiX tJr -Me30Hoa: 

v . 1 

tAo- c 0 ' :: ~ 1 ( -t -t-Cost 9 J [ ~ -2 ~ T 3 ) -t 
d~ ~ z . 

+ 4 f. ~ e ( 2 r, + 2 I2 +I~) J + o ( "3
), 

(50) 

r.ne .neACTBifTenbHbl9 senlf'IIIHbl r, . Iz. 
(48) npH s, "'1 H t =0. 

H ~ onpe.nenHJOTCSI ~OpMynaMH (47)-

C .npyroA CTOpOHbl no.no6HO TOMy, KliK 9TO 6binO c.nenaHO B § 2,1, C9'19HH9 

t'CO"(&) / dJ2. .nns sapHX<9HHbiX ':iT -MesoHoa MOX<HO abipaslfTb c nOMOlllbJO 

npOC't'biX KnaCCH'I9CKHX paccyX<Jl9HHti '19p93 9neKTplf'19CKYIO H M8I'HliTHyJO nonHpKsye
+ 

MOCTH ']f- -MesoHa. c:J.._-t H B~.,. : 
II J-11.., 

- cpe,llHIIA Kaa.npaTH'IHbiA sneKTpli'19CKifA pa.nHyC 

CpaaHeHHe BbipaX<eHHA (50) H (S1 ) onpe.nenHeT nonHpKsyeMOCTH o(Ji~ H J3":t: 
e&. < z. ~'3ft == I 3 - T c::e ):7i± 

I (52) 

*) B cnyqae B3 liHMOJl9itCTaliH r -KBliHTOB c HyKnOHliMil KnaCCli'I9CKOe paCCMOTpe-

Hile Jl89T TOnbKO nlfWb 'lliCTb 'ln9HOB 1 nponOpUHOHlinbHbiX 1(2. i .npyryJO '18CTb )laeT 

cpopMyna KneAHa-HnwllHbl ( CM. §. 2.1 ) . npu B38HMO,IleAcTaliH If -KaliHTOa c r, -Me-

30HOM J{naCCif'I9CK09 ptiCCMOTpeHHe Jlli9T ace qneHbl 1 nponopUliOHlinbHbl9 /C2. • 
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~ ... .:...-
-)--.fl' -" -{ZI, ~Z-I:z. +. T3·) (53) 

.[lJISI Bhl'iiiCJieHHSI "'HCJieHHhiX 3Ha"'eHHH 9THX IIOJIS!pH3yeMOCTeii: H906XO,lllfMO 3H8Tb 

ceqeHHe 'a-(5) If cpaGbl bos If b;s .. CeqeHHe cpoTOpO)K,lleHHSI o+'Tt ~ w + ']/ 

B IIpHHUHIIe MO)KHO orrpe,aeJIHTb lf3 8ii8JIH38 IIepHcpepH"'eCKHX B38HMO.z::ieii:CTBHH r -
KBaHTOB c HyKJIOHOM 0 + N~ N + 'JT + tJf ( CM.pHc.12), ecJIH HCIIOJihaosaTb 

6 " 6 · TT li · 57 9KCTp8IIOJI.I!UifOHHYIO rrpoue,aypy
1 

IIO,llO HyiO TOH 1 'ITO hiJI8 1Ip9,llJIO)KeHa -,y If oy • 

O.aHa.Ko TaKoii: aHaJIH3 s Hacro.11mee speMSI
1 
eme He BhiiiOJIHeH • HeHaseCTHa rroKa 

ell!e If 8MIIJIHTy ,a a :F-TJ pacceSIHIIS1 0 XOT.II. B 9TOM._ HanpaBJieHRH Be,ayTCSI HIIT9HCHB-

Hble TeopeTH"!eCKHe H 9KCIIepaMeHT8JibHbie HCCJie,llOB8HHSI0 nosTOMy lf3 COOTHO!fieHHH 

(52) H (53) Mhl MO)KeM IIOJIY"'lfTb B H8CTOSILL{ee BpeMSI Jllfll.{b HeKOTOpbie K8"!eCTBeH-

Hbl9 38KJIIO"'eHlfS!o 

I 

I 
I 

I 

, 
,. ,. ,. 

' ' ... 

, 

..... ... 

Pac~ 12 •• Po)K,aeHae 'J/ -Me30HOB IIpll rrepacpepH"!eCKOM B38lfMO,aeii:CTBiflf 

O - KB8HT8 C HYKJIOHOM 0 

TaK K8K 9JieKTpli"'9CK8SI IIOJIS!pli3Y9MOCTh He MO)KeT 6b!Tb .OTpHU8T9JibHOH
0 

TO 

H3 (52) cne,ayeT, 'ITO I?,/0. BenH"'HHhi I
1

a :t2 T8K)Ke IIOJIO)KlfT9JihHhi, KaK STO 

JI9I'KO Blf,lleTb lf3 cpopMyJihl . ( 47} IIpll S~ ":' 10 nosTOMy M8I'HHTH8SI IIOJIS!pll3yeMOCTb 
'' . -. 

~ / . ~ 
'jj- -Me30HOB'• . f-'n±·'- 0. (Ha KJI8CCH"!eCKOM .113b!Ke_ MO)KHO CK838Tb

0 
-'ITO Jl -Me30II-

-,alf8M8I'II9TRK} • 

IlL.''- ·--~-- 1 
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--:t 
Pa3mPIIible oueHKH yKa3biB8IOT, qTo ::meKTpHqecKHii pa.LJ.Hyc Jf ""MesoHa 

8-11 
np,HMepHo Toro >Ke nopSI.LJ.Ka, ,qTo 11 sneKTpll:qecKHii pa.LJ.Hyc npoToHa •. nosToMy 

113 cooTHoweHHSI (52) Mo>KHO 3aKJIJOqHTb 1 .qTo. 7f-7/· pacceSIHHe a 5 -coCTOSIHHI{~ 
.LlOCTHraeT 3H8qHT8JlbHOH B8Jll{qi{Hbl, 3TO BbiBO.Ll COrJiacyeTCSI C pe3yJlbT8T8MH 1 nony-

58 . 
qeHHblMH B pa6oTe 113 8H8Jlll38 9KCnepHM8HT8JlbHbiX ,ll8HHbiX no ~ -pacna.LJ.SM, 

B cnyqae pacceSIHIHI f -KaaHTOB Ha 'Ji 0 
-Me30Hax aMnJIHTy.LJ.a ~ He co-

.LJ.ep>KHT qJieHOB 1 nponopUHOH8JlbHbiX J< ; ceqemie B STOM CJiyqae SIBJISieTCSI 6HJIHHeiiHOfi 

J<:., : 

J.1cnOJlb3YSI coo6pa>KeHHSI 0 npHBe,lleHHbie B § 2.1, MO>KHO nonytiHTb cpeHoMeHOJIOrH

qecKyiO cpopMy'hy .LlJISI sToro ceqeHH SI: 

J.1.3 cpasHeHHSI Bbipa>KeHHii (54) H (55) nonyqHM .LJ.JISI sneKTpHqecKofi H MarHHT-

HOH nonSipH3yeMOCTeit 

{?, = F 7ro 

:Jf 0 
-Me30Ha: 

oL.Jf"' ==-I~ ' 
(2I,+.Zil+I~ ), 

(58) 

(57) 

npu STOM 3H8KH B peweHHH KE18.Llp8THOro ypaaHeHIISI .LlJlSI d..;;o II jl;; ~ Elbi6paHbl' 

T8KHM o6pa30M 1 . qT06bi Elblp8>K8HHSI .LlJlSI. ilOJIS!pH3yeMOCTeit 38pSI>KeHHbiX II HeitTpaJibHbiX 

~ -Me30HOB. HMeJIH O,llHH8KOEibiH EIH.Ll ( H8UOMHHM 1 qTc. ! 
3 

HMeeT p83JlHqHbie 3HaqeHHSI 

.LlJlSI :38pSI>K8HHbiX H. HeitTp8JlbHbiX JJ-Me30HOB H (i:! )jj' 0 .:._ 0 113 C006pa>KeHHH . 

38pS!,llOBOit CHMMeTpHH) • 

TaKHM o6pa3oM, H3 coaMeCTHoro paccMoTpeHIISI SKcnepHMeHTaJibHbiX 11 TeopeTH-

qecKHX .Ll8HHblX MO >KHO nonyqHTb .uenbifi pSI.Ll KOJIHqeCTBeHHbiX II KaqeCTEieHHbiX 38KJIIO

qeHHit .06 SJleKTpHqecKHX II MarHHTHbiX ilOJIS!pH3yeMOCTSIX HyKJIOHOB II 7f -Me3oHOBo 
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OaHaKo MHOrHe aonpocbi ocTaiOTCS!: erue HeHCHbiMH H Tpe6yiOT aanbHeltruero 

TeopeTHqecKoro H aKcnepHMeHianhHoro H3yqeHHH, B nepsy10 oqepeab 3.llecb cneayeT 

OTMeTHTb He06XO.llHMOCTb .llBnbHeitruero SKCnepaMeHTanbHOI'O Hccne.[lOBBHHH aneKTpH-

qeCKOH If MBI'HHTHOH nonHpH3yeMOCTeJi npOTOH8, QqeHb B8)KHO T8K)Ke TeopeTHqecKOe 

HCCne.[lOB~HHe BnHHHHH OT)laqH H !71-!1/ - B38HMO.lleliCTBHH, 

B 3BKniOqeHHe ~hl ~qHTBeM CBOHM npHHTHhlM aonroM no6naroaapHTb n.H.BnoxHH

ueaa 3a o6cy*.lleHHe,· Mbi 6naroaapHbi TBK)Ke A,M'. BanaHHy 3a coaeTbi H ueHHhie . 
KpnTHqecKae 3aMeqaHHH a npouecce Haruea pa6oTbi, · 
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