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HecMOTpft Ha TO, 4TO C MOMeHTa OTKPblHift HeHTPHHO npOW/10 non-

BeKa, AO CHX nop HeT ftCH~X OTBeTOB Ha BOnpocw: 

- ecTb 111-1 y HeHTPHHO Macca? 
- CKOilbKO Cy~eCTByeT THnOB HeHTPHH07 
- CTa6HilbHa 1-1111-1 HeCTafiHilbHa 3Ta 3/leMeHTapHaft 4aCTH4a7 

Mbl npe,qnaraeM K nepe4HCI1eHHb!M swwe ,qo6aBHTb e~e o,qHH son poe: 
- eCTb 111-1 3apft,q y HeHTPHH07 . 

Ha1-16onee cTap~H sonpoc - 3TO sonpoc o Macce HeHTPHHO. 

H3BeCTH~ 3KCnepHMeHTallbH~e orpaHH4eHHft Ha MaKCHMallbHoe 3Ha4e

HHe Mace~ HeHTpHHO: 

/1 I 
m11 < 35 3B /1/ 

e- 121 
m,, < 0,57 M3B • 

H3 KO~M~I10rH4eCKHX ,qaHHbiX nony4aJOT BepXHIOIO rpaHH4Y Ha cyMMY 

Mace nerKHX HeHTpallbH~X nenTOHOB 

. /3/ I m i <.. 40 38 . · 

B ,qaHHOH cTaTbe sonpoCbl 11 ECTb 111-1 y HeihpHHO Macca 1-1 3tleKTpH-

4eCKHH 3apFt,q7 11
, 

11 CTa6HilbHO 111-1 HeHTPHH07 11 paccMaTpHBalOTCft He 

C TeopeTH4eCKHX n03H4HH, a C T04KH 3peHHft COBpeMeHHOrO 3KCne
PHMeHTallbHOrO CTaTyca $H3HKH 3/leMeHTapHwx 4aCTH4. OcHOBHOe 
CO,qepmaHHe 3aMeTKH COCTOHT B $OPMYI1HPOBaHHH Clle,qyJO~HX 3aKOHO
MepHOCTeA, KOTOp~e nO,I:ITBepm,qaJOTCft HMeJO~HMHCft ,qaHHWMH no 311e

MeHTapH~M 4aCTH4aM: 
I. 8 CB060,qHOM COCTOftHHH BCe HeHTpallbHble 4aCTH4bl C MaCCOH 

nOKOfl, OTI1H4HOH OT Hyllfl, HeCTa6HilbH~. 

ll. 8 CB060AHOM COCTOftHI-11-1 CTafiHilbH~e 4aCTH4W C MaCCOH noKOfl, 
He paBHOH HY/110 /npOTOHW, 3/leKTpOHW 1-1 HX aHTH4aCTH4W/, HMelOT 

311eKTPH4eCKHi1 3apft,q /y -KBaHT~, KOTOp~e COBpeMeHHaft $H3HKa 
OTHOCHT K CTafiHilbHWM 4aCTH4aM, HMelOT Macey nOKOR, paBHylO 

HYilJO/, 06cym,qaeMaft B HaCTOR~ee epeMR B paMKaX SU(5) CHMMeTpHH 
r~nOTe3a 0 HeCTafiHilbHOCTH npOTOHa He npOTHBOpe4HT 3aKOHOMep
H0CTH II. 

H3 3aKoHoMepHOCTeA I, ll cne,qyJOT BbiBOAbl: 
A/ ecnH Mbl npe,qnonaraeM, 4TO 3aPFtA HeATpHHO paeeH HynJO, 

a Macca noKOft HeHTPHHO OTI1H4Ha OT HYilR, TO HeHTPHHO - HeCTa-
6~11bHaft 4aCTH4a; 

o/ ecnH HeHTpHHO HMeeT Macey nOKOR, OTI1H4HYJO OT HYilft 1-1 
HeHTPHHO - CTafiHilbHaR 4aCTH~a, TO y HeHTpHHO AOilmeH 6~Tb OT/11-14-
HbiH OT HYilR 311eKTPH4eCKHH 3apft,q, 3apRmeHHble HeHTPHHO TaK me 
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MOryT pacnaAaTbCR. 0AHaKO COBpeMeHHaR $HSHKa B Ka4eCTBe eAHH
CTBeHHOro HOCHTenR SapRAa SHaeT TOnbKO Macey. TaKHM o6paSOM, 
nocne l..len04KH BOSMOJKHbiX pacnaAOB AOnJKHbl OCTaBaTbCR CTa6HnbHble 
sapRJKeHH~e HeATpHHO. 

B $HSHKe 3neMeHTapH~x 4aCTHI..I c TeopeTH4ecKoA H 3KcnepHMeH
TanbHOA T04eK SpeHHR HaHMeHee npOTHBOpe4HBOA cneAYeT C4HTaTb 
rHnOTeSy 0 TOM, 4TO H sapRA H Macca HeATpHHO paBH~ Hyn~. B 
KOCMOnOrHH B nocneAHee epeMR nORBHnHCb TeopeTH4eCKHe HCCneAO
BaHHR, OTAa~~He npeAn04TeHHR rHnOTeSe 0 cy~eCTBOBaHHH He6onb
WOA /< 30 38/ Mace~ y HeATPHHO. B 3TOM cny4ae YAaeTcR ny4we 
onHca~b CTPYKTYPY BceneHHoA. 

Aony~eHHR o TOM, 4TO Macca HeATPHHo He pasHa Hyn~ /eosMoJK
HOCTb A// HnH Macca H sapRA HeATpHHO He paBH~ Hyn~ /BOSMOJK
HOCTb 6// BeAYT K BeCbMa cepbeSH~M H Heo6~4H~M cneACTBHRM. 

PaccMoTpHM 3TH BOSMOJKHOCTH 6onee noApo6Ho. 
A/ HeATpHHO HMeeT Macey mv,HO He HMeeT 3neKTPH4ecKoro sapR

Aa. B 3TOM cny4ae HeHTPHHO, B COOTBeTCTBHH C SaKOHOMepHOCTb~ 
I, AOnJKHO pacnaAaTbCR Ha APYrHe 4aCTHI..I~. PacnaA 6yAeT npoHcxo
AHTb AO TeX nop, noKa He OCTaHyTCR TOnbKO 6esMaCCOB~e HeATpH
HO. EcnH e npo1..1ecce pacnaAa o6pasy~TCR sapRJKeHH~e 4aCTHI..Ibl, To 
OHH nocne BOSMOJKHOA l..len04KH pacnaAOB AOnJKH~ B KOHe4HOM HTOre 
npeKpaTHTb pacnaAaTbCR H OCTaTbCR CTa6HnbH~MH /CM. SaKOHOMep
HOCTb II/. HseecTHo, 4TO saKOH~ coxpaHeHHR cTpaHHOCTH HnH 
HSOTOnH4eCKOro CnHHa Hapywa~TCR nyTeM BKn~4eHHR BSaHMOAeACTBHA 
pacnaAHOro THna. MoJKHo npeAnonoJKHTb, 4TO saKoH coxpaHeHHR 
nenTOHHOrO 4HCna TOJKe HapywaeTCR sa C4eT BSaHMOAeACTBHH pacnaA
HOro THna. HCXOAR H3 3TOA rHnOTes~, MOJKHO sanHCaTb cneAY~~He 
peaKI..IHH/ 4/ 

Vl->v2+v3+v4, /2a/ 

11 1->y+vi, 
/26/ 

rAe v 1. 2.3.4 - HeATpHHO c pasnH4H~MH MaccaMH. MoJKeT oKasaTbCR, 
4TO v2 ,v3 ,v4 HMe~T Hynee~e Mace~; TOrAa pacnaA HeATpHHO v 1 
o6p~eaeTCR cpasy. 

BSaHMOAeAcTBHR 0 OTBeTCTBeHH~e Sa pacnaA~ /2a, 26/, MOryT 
6b1Tb B~6paH~ B 06bi4HOH $OpMe, H MaTpH4H~e 3neMeHTbl MOryT 
6~Tb sanHCaH~, COOTBeTCTBeHHO, B BHAe: 

2 

M = ::flv1 Ya (1 + y 5 )v2 ][v3 y {3(1 + y 5 )v 4 ], 

M = g2 ;:;2 aa{3vl F aW 
y2 

/3a/ 

/36/ 
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rAe g 1 H g 2 - KOHCTaHT~ BSaHMOAeAcTBHA, OTBeTCTBeHH~e sa 
A~ /2a, 26/. EcnH TaKHe pacnaAbl cy~eCTBY~T, TO KOHCTaHT~ 
H g2 MOryT 6b1Tb onpeAeneH~ HS 3KCnepHMeHTanbH~X AaHH~X *, 

pacna

gl 

AeAcTBHTenbHo, HSMepRR OTHoweHHe 

v + n ... e- + p 
/4/ 

vp.+O->p. +P 

MOJKHO CAenaTb HeKOTOpble BbiBOA~ OTHOCHTenbHO KOHCTaHTbl CBRSH 
g 1,ecnH, HanpHMep, hpeAnonoJKHTb, 4TO Macca vp. 6onbwe Mace~ 
~·ECnH OTHOWeHHe /4/ 6yAeT OTnH4HO OT HynR, TO nORBneHHe 
3neKTpOHOB MOJKHO 06DRCHHTb nH60 nonHOCTb~, nH60 4aCTH4HO 
noReneHHeM ev e ny4Ke vp.,~anpHMep, ecneACTBHe pacnaAa vp.. 

nocKOnbKy H~He HSBeCTHbiH cneKTp 3neMeHTapHbiX 4aCTHLI AHC
KpeTeH, TO ecTeCTBeHHO npeAnOnOJKHTb, 4TO cneKTP Mace HeATpanb
HbiX HeATPHHO TaKJKe AOnJKeH 6b1Tb AHCKpeTH~M. 

B paMKax paccMaTpHeaeMbiX nonoJKeHHA 1 I H 2/ H rHnoTes~ o 
cy~eCTBOBaHHH HeATpHHH~X pacnaAOB no-HOBOMY cneAyeT paccMaT
PHBaTb npo1..1ecc OCI..IHnnRI..IHA HeATpHHHbiX ny4Koe 111. Oci..IHnnRI..IHH eos
MOJKH~ npH ycnOBHH 0 4TO HeHTPHHO HMe~T paSH~e MaCCbl. 0rpaHH4HM
CR cny4aeM cy~eCTBOBaHHR ABYX HeATpHHO I' H v H npeAnOnOJKHM 

It e 
AnR onpeAeneHHOCTH, 4TO mv >mv (m 11 f, 0, m,, =0). 

B 3TOM cny4ae BOSMOJKHbl p~cnaAbf: It e 

/5a/ Jl ~v +v +1/ p. e e e 
HnH 

f.' -+ 
It Fe+Y· /56/ 

HHTeHCHBHOCTb M~OHH~x HeATpHHO I,, 6es y4eTa OCI..IHnnRI..IHA sa 
~ ~ 

epeMR t=~,rAe 
Vv 

AeHHR, a VI! -

R - pacCTORHHe OT HCT04HHKa 1!/L AO MeCTa Ha6n~-

CKOpOCTb ny4Ka 

-I' ..!L 
F ,yMeHbWHTCR AO eenH4HH~ 

It 

I (R) = I (0) • e IJ p vi! , 
IJP, VP, 

/6/ 

rAe l!! - nonHaR WHPHHa pacnaAa ~ .nonyCTHM 0 4TO HSMeHeHHe 
HHTeHC~HOCTH ny4Ka CTa6HnbH~X HeHTPHHO vp. Hs-sa OCI..IHnnRI..IHA 
cneAyeT saKOHY 1 51 : 

1 R I (R) =-I (0) .[ 1 + cos2rr·-l. /7/ 
VIL 2 !Jp. L 

rAe L - OCI..IHnnRI..IHOHHaR AnHHa. 
C y4eTOM pacnaAa /b/ nony4HM /npH (R<<L): 

*B pa6oTe c.neTKOea IR$, T. 25, 641, 1977/ paCC4HT~BaeTCR 
BpeMR JKHSHH HeATpanbHOrO HeCTa6HnbHOrO HeATPHHO B paMKaX npeA
nonoJKeHHA coepeMeHHOA TeopHH. 
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1 VII Vv R 

I (R) =-I (O)·e r [1+cos2tr-]. 
vll 2 vll L 

/8/ 

EcnH o6naCTb, B KOTOPO~ pom,qa~TC~ He~TpHHO, BenHKa /HnH cpae
HHMa/ c eenH4HHO~ L, TO nocne ycpe,qHeHH~ no 3TO~ o6nacTH 
H npH MaKCHManbHOM yrne CMeWHBaHH~ 6y,qeM HMeTb: 

1 -I' . .lL 
I (R) =- T (0) e vll Vv • /8/ 
vll 2'Vp. 

npH L<<R 3aKOH H3MeHeHH~ HHTeHCHBHOCTH ny4Ka M~OHH~X He~TPHHO 
6y,qeT 6onee cnomH~M, TaK KaK 3KcnoHeH~HanbH~~ pacna,q 3Toro 
ny4Ka ,qonmeH BKn~4aTbC~ 3aHOBO Kam,q~~ pa3, KaK TOnbKO. BCile,q
CTBHe OC~Hnn~~H~ ero HHTeHCHBHOCTb 6y,qeT na,qaTb AO Hyn~, 
a 3aTeM Ha4HeT nocTeneHHO yeenH4HBaTbc~. 

HTaK, e paMKax paccMaTpHeaeM~x 3aKoHoMepHocTe~ 1/ H 2/ 
H rHnOTe3~ 0 pacna,qax He~TPHHO HHTepnpeTa~H~ 3KCnepHMeHTOB 
no nOHCKy OC~Hnn~~H~ OKa3~BaeTC~ BeCbMa HeO,qH03Ha4HO~, no
CKOnbKY Mem,qy Iv (0) H lv (R) B03MOmHbl pa3nH4Hble COOTHOWeHHR ~ 

ll ll . 
H3 paccMoTpeHH~ cne,qyeT, 4TO eonpoc o Macce He~TPHHO, eo3-

MomHwx ero pacna,qax H oc~Hnn~~H~x ,qon~eH pewaTbC~ c noMO~b~ 
TaKO~ paccTaHOBKH ,qeTeKTOpOB B npOCTpaHCTBe, KOTOpa~ MOrna 6bl 
OTnH4HTb OC~Hnn~TOpHOe noee,qeHHe He~TpHHHOrO ny4Ka OT 3KCnOHeH
~HanbHOrO pacna,qa /HanpHMep, c noMO~b~ Tpex ,qeTeKTopoe: Ha4anb
Horo /Heno,qBHmHoro/, pacnonomeHHoro y HCT04HHKa M~OHHbiX He~TpH
HO, KOHe4Horo /no,qBHmHoro HnH Heno,qBHmHoro/, pacnonomeHHoro 
Ha 3Ha4HTenbHOM paCCTO~HHH OT Ha4anbHOrO, H TpeTbero, nepe,qBHm
HOro, pacnonomeHHOrO Mem,qy nepBWM H KOHe4H~M ,qeTeKTOpOM/. 

PaccMOTPHM B03MOmHOCTb 6/: 
He~TpHHO - CTa6HnbHa~ 4aCTH~a H HMeeT 3neKTpH4eCKH~ 3ap~,q. 

3Ta B03MOmHOCTb eecbMa Heo6~4Ha. MomHo paccMaTpHBaTb pa3nH4-
Hble eapHaHTbl: 

1/ 3aKoH coxpaHeHH~ 3neKTpH4ecKoro 3ap~,qa HapywaeTc~ e npo
~ecce pacna,qa. 

2/ 3neKTPH4eCKH~ 3ap~,q He~TpOHa B CB~3aHHOM COCTO~HHH B 
~,qpe He paBeH 3neKTpH4eCKOMY 3ap~,qy He~TPOHa B CB060AHOM co
CTO~HHH. 

3/ 3aKOH coxpaHeHH~ 3neKTPH4ecKoro 3ap~,qa ewnonH~eTc~ cTpo-
ro eo ecex ~eneHH~X H B 3TOM cny4ae nH6o a/ e pacna,qe 
n ... p + e + v 3aP~A npoToHa T04HO paeeH no a6con~THO~ eenH4HHe 
3ap~,qy 3neKTPOHa H ~ YHOCHT T04HW~ 3ap~,q He~TPOHa, nH60 
6/ B pacna,qe n ... p + e + v 3ap~,q He~TPOHa paeeH Hyn~ H 3ap~,q 
~ paBeH pa3HOCTH 3ap~,qOB npOTOHa H '3neKTpOHa, nH60 B/ B pacna

,qe n ... p + e + il 3apRA He~TpoHa He paeeH HYn~ H 3ap~,q npoTOHa He 
paeeH no a6con~THO~ eenH4HHe 3ap~,qy 3neKTpoHa, a v yHOCHT 3a
p~,q, paBHW~ pa3HOCTH 3ap~AOB He~TpOHa, npOTOHa H 3neKTpOHa. 

n~6o~ H3 eapHaHTOB a/-a/ MomeT peanH30BaT~C~ B npHpo,qe, 
H60 11 

••• 3aKOHW coxpaHeHH~ 3neKTpH4eCKOrO, 3neKTPOHHOrO, M~OH-

4 

,,j 

'·} ,, 

i 

'k 

(~ 
r) 

l 

Horo H 6apHOHHOrO 3ap~,qOB He n03BOn~~T 3aKn~4HTb, 4TO 3aP~Abl 

3neKTPOHa H npOTOHa OAHHaKOB~ no a6con~THOH aenH4HHe, HO 
npOTHBOnOJlOmHbl no 3HaKy, 3JleKTPH4eCKHe 3ap~,qbl 3JleKTPOHa H 
M~OHa OAJ.1HaKOBbl, a 3ap~A He~TpOHa B T04HOCTH paBeH Hyn~11 16/. 

HHme 6y,qeM paccMaTpHBaTb TOnbKO OAHH BapHaHT: 3aKOH coxpa
HeHH~ 3JleKTPH4eCKOrO 3ap~,qa BblnOJlH~eTC~ CTpOrO H 3ap~,q He~Tpo
Ha e T04HOCTH paBeH HYn~. B 3TOM cny4ae npHXOAHM K anonHe on
pe,qeneHHWM 3aKJ1~4eHH~M. 

OnbiTHWe ,qaHHble /eM., HanpHMep 16 •71 I yKa3biBaiOT Ha TO, 4TO 
pa3HOCTb 3IleKTPH4eCKHX 3ap~AOB npOTOHa H 3neKTpOHa no HX 
a6CDJ1~THO~ BenH4HHe ~ 10-19 BeJ1H4HHW 3JleKTPH4eCKOro 3ap~,qa 
3neKTpoHa. Tor,qa H3 cxeMbl pacna,qa He~TpoHa n -• p+ e+ v cne,qy
eT, 4TO 3ap~,q He~TPHHO Man H HMeeT eenH4HHY -10-19e /B npe,q
nonomeHHH, 4TO 3ap~,q He~TpoHa paeeH Hyn~/. 

,[lpyrHe MeTOAW H3MepeHH~ 3ap~,qa He~TPHHO q(v) ,qa~T CJle,qy~~He 
O~eHKH /6': 

a/ H3 ,qaHHWX no pacce~HH~ peaKTOPHWX HeHTPHHO Ha 3JleKTPOHaX 
/B npe,qnonomeHHH OTCYTCTBH~ He~TpaJlbHWX TOKOB/ 

q(l'e):::: a.to-10 e, 

6/ H3 acTpO¢H3H4eCKHX ,qaHHWX 

q(z'e) < 2·10-1\ 

q(z/ ) < 7·10-12e 
e 

/,qn~ m v = 0/, 

/,qn~ mz; =1 M3B/. 

,[In~ M~OHHOro He~TpHHO /6/ H3 ,qaHHbiX no pom,qeHH~ 1T -Me30HOB: 
Q(l' /1) < 3 • 10-5 e /B npe,qnonomeHHH OTCYTCTBH~ He~TpanbHbiX TOKOB/. 

0TMeTHM 3,qecb me, 4TO a6con~THOe 3Ha4eHHe 3ap~,qa e H3Mepe
HO C T04HOCTb~ - 1 o-7 e . 

npH 3Ha4eHHH 3ap~,qa Hej;jTpHHO - 1 o-lOe H npHee,qeHHbiX o~eHKaX 
Mace 3neKTpOHHOrO He~TPHHO /eM. ¢opMyJ1y /1// OTHOWeHHe jL 

m 
/e e,qHHH~ax ~ Ail~ 3neKTpoH'oe/ paBHO 

-10 m 
~"' !... 10-6 • 191 
35 eV m 

Hcxo,q~ H3 3TO~ o~eHKH, MOmHo onpe,qenHTb eenH4HHY noTepb 3Hep
rHH ny4Ka He~TPHHO, HanpHMep, Ha TOPM03HOe H3ny4eHHe B pa3-
J1H4HWX ee~ecTeax. EcnH A11~ cpe,qHHX noTepb Ha pa,qHa~HOHHoe H3ny-
4eHHe 3JleKTPOHOB HCnOJ1b30BaTb $OpMynbl /14.9/, /14.10/ H 
I 17.2/ 181 , TO OTHOWeHHe R pa,qHa~HOHHbiX noTepb 3neKTPOHHoro 
He~TPHHO K noTep~M 3JleKTPOHa, ABHmy~HMHCH C OAHHaKOBWMH CKOpoc
T~MH, 6y,qeT paBHO: 

R =(~}2 (q(v) )4 

mv 
no,qCTaHaBnHBa~ 

R- 1o-30• 

e 

B /10/ 3Ha4eHH~ /1/ H /9/, HaXOAHM 

/10/ 

/11/ 
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0THOWeHHe 1111 CHnbHO MeHReTCR B 3aBHCHMOCTH OT npHHRTOrO 3Ha-
4eHHR 3neKTPH4ecKoro aapRAa HeHTPHHO. TaK, ecnH BMecTo eenH4H
Hbl 1 Q-10 e npHHRTb 3Ha4eHHe 1 0 -? e, TO OTHOWeHHe R B03paCTaeT 
AO 1 o-18• EcnH BMeCTO eenH4HHbl 1 o-lO npHHRTb eenH4HHY to-t 9 e' 
TO OTHOWeHHe R yMeHbWHTCfl AO 1 0-66 

EcnH BMeCTO OTAenbHOrO HeHTPHHO HCnonb30BaTb ny40K HeHTpH
HO C nnOTHOCTb~ totO HeHTPHHO, TO TaKOH ny40K AnR q(v) = 
=10-tO e 6yAeT HMeTb noTepH -10-20 OT nOTepb OAHOrO 3neKTpO
Ha. 

TaKHM o6pa30M, ecnH OTAenbHbiH 3neKTpOH c 3HeprHeH 5 r3B 
TepReT B Be~eCTBe Ha H3ny4eHHe 3HeprH~ B 1 r3B, TO ny40K HeHT
pHHO C 3HeprHeH 5 r3B nnOTHOCTb~ 10 10 HeHTPHHO noTepReT B 
TOM IKe ee~eCTBe 3HeprH~ .. 1 o-11 38 I AnR R- 1 o-ao I. 0AHaKO, 
ecnH OTAenbHbiH 3neKTPOH eepORTHee ecero HCnyCTHT OAHH-ABa 
>KeCTKHX y-KeaHTa, TO ny40K HeHTPHHO HCnyCTHT MHOrO 04eHb 
MRrKHX }' -KBaHTOB. 

Bo ecex cny4aRx 3neKTpoMarHHTHOe H3ny4eHHe HeATpHHO oKa-
3b1BaeTcR HH4TOIKHO ManbiM no cpaBHeHH~ C H3ny4eHHeM 3neKTPOHOB 
H APYrHx H3BeCTHbiX 3neMeHTapHblx 4aCTH~. ~nHHbl eonH TaKoro 
H3ny4eHHR 04eHb eenHKH, H CaMO H3ny4eHHe HOCHT xapaKTep KBa3H
CTa6HnbHOrO 3neKTPOMarHHTHOrO nonR, 3anonHR~~ero KOCMH4eCKOe 
npocTpaHcTeo. TaKHM o6paaoM, ecnH e HaweA ranaKTHKe cy~ecTeyeT 
TaKoe n04TH nOCTORHHOe none, TO no nonHOMY nOTOKY HeHTpHHO, 
npoweAWHX 4epea ranaKTHKY aa ece epeMR ee cy~ecTeoeaHHR, 
MOIKHO nonbiTaTbCR o~eHHTb cpeAHee 3Ha4eHHe 3aPRAa HeHTpHHO, 

HMeeTcR APYraR HHTepecHaR eoaMo>KHOCTb Ha6n~AaTb aapRA HeAT
PHHO e 3KcnepHMeHTe cneAY~~ero THna. B o6ono4KY noMe~aeTcR 
paAHOaKTHBHOe Be~eCTBO, RApa KOTOporo HCnbiTbiBa~T ~ pacnaA: 

.R * _. .R + e- + ;; • 

06ono4Ka norno~aeT ece H3ny4eHHe, KPOMe aapR>KeHHbiX v, KOTOpble 
YHOCRT 4epea 3TY o6ono4KY 3neKTPH4eCKHA aapRA. TaKHM o6paaoM, 
BHyTpH o6on04KH AOn>KeH HaKannHBaTbCR 3neKTpH4eCKHH aapRA, 
npOTHBOnono>KHbiH no 3HaKy a a pRAY P. 3apRA, HaKonneHHbiH BHYTPH 
o6on04KH, MO>KeT 6b1Tb H3MepeH pa3HbiMH MeTOAaMHo 

BamHOCTb nocTaHoBKH 3KcnepHMeHTOB no noHcKy 3aPRAa HeAT
PHHO 04eBHAHa - ycTaHOBneHHe ~aKTa cy~eCTBOBaHHR aapRAa npH
BeAeT K KopeHHOH nOMKe HaWHX MHpOB033peHHH Ha npHPOAY MHKpo
MHpa, Ha npHpOAY MHOrHX RBneHHH, npoTeKa~~HX Ha 3eMne H B 
KOCMOCe, Ha CY~HOCTb 3neKTpH4eCTBa, 

B 3aKn~4eHHe Mbl npHHOCHM 6naroAapHOCTb C.M.6HneHbKOMY H 
A.~.nHcapeey aa none3Hble o6cymAeHHR. 
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