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nHccepTar(IDI nocB.HI11eHa ,neTam.HoMy paccMoTpeHm/1-5/ pacnanoa 

j'--e•r •j'--3e ll ,npyrmc aHaJlOrHtIHUX IlPOU8CCOB Ha OCHOBe e.ItHHUX 

Teopnfi cnaeloro H axeRTPOMarHHTHoro B3ill1MO,neficTBHW6/ B npe.nnono1Ke-· 

HHR CMeIIIHBaHIDI J18IlTOHOB. CMeIIIHBaHHe nenTOHOB ecTeCTBeHHUM oelpaaoM 

BO3IUIBaeT B COBpeMeHHUX RaJ1HClpOBOtIHUX TeOpllmc cnaeloro B3ill1MO,ItelicT-
. . 

BHJI, OCHOBaHHUX Ha KBaPK-nenTOHHOfi aaaxorHH, H TeCHO CBR3aHO C npn-

po,nott MexaHHaMa Xnrrca/71 CilOHTaHHoro HapymeHHR KanHClpOBO'iHOtt CHM~ 

MeTpHH. IlpoBePKa rnnoTeau o cMemnBaHHH nenToHOB npe,ncTaBMeT, cne

,noBaTem,Ho, HCRJlRJqHT8,U,Hml' llHTepec .ItM COBpeMeHHOfi TeOpHH. cnaeloro 

B3ill1MO,IteilcTBHJI. OcHOBime BUBO,Itll BUilOJlHeHHoro B .ItHCcep-rau,rn Hccne

,ItOBaHHJI COCTORT B cnenyIOl!leM: 

1) BepOJITHOCTH nponeccoB ~-e+;r ,14-.1e H ,np. MoryT ClUTb 

ClJIH3RliMH R ,ItOCTHrHyTUM B HaCTOJilllee BPeMR BepxHHM aucnepHMeHTalU,HUM 

rpaHHuaM, ecJIH cymecTBYIOT T.ffiKenue nenTOHU H HMeeT MeCTO CMeIDHBaHHe 

nx nonefi; 

2) rnnoTesa o CMemHBalIBH HefiTPHHO MOlKeT ClUTh npoBepeHa TOJll,KO 

B OllHTax no IlOHCRY OCUHJl]lRUHli HefiTpHHO (BepORTHOCTH npoueccOB 

ll ,np. B_ cnyqae CMelllHBaIDUI TOJll,KO HeliTPHHO Ha ,nec.f!TRH IlOPJI.nI<OB HHlKe 

3RCilepHMeHTUJll,HHX rpaHnu). 

nnccepTaUHJI COCTOHT H3 Bae,neHHR, tieTupex rJlaB, 3aKJll{)q8HllR H 

Tpex IlpllJl0lK8Hllil. 

Bo BBe,IteHHn ,naH KpaTKllH oelaop COBpeMeHHHX KaMClpoBOtIHHX Teopntt 

cnaeloro H aJieKTPOMarHHTHOro B3aHMO,nettCTBH~. OClcy1K.ItaeTCJI MexaHH3M 

Xnrrca/71 ll BO3HllRHOBeHHe CMeIIIHBaHHJI qiePMllOHOB B 3THX TeopnJIX. ne

TaJU.HO paCCMOTpeH MeXaHHaM rxamoy, MJIHOilOYJIOca ~ MaifaHH (TI1M) IlO-

CCnetlrme!.luL\! --~ 
onepnw ncrJJ~ooot1t1tJ 

Gl:'JE. Jtt;!(";; T 2:HA 



,n;aBJ1emrn: CJlB.6mc: a,n;pOHHllX HefiTpa1II,HIDC TOK OB C . .ll3MeHemteM CTpall

HOCT.ll/s, 9/ _ 

B nepBoli rllB.Be .n;HccepTarni..11 paccMoTpe~1/ npouecchl 

r-e+r (1) 

/--3 e (2) . 

Ha OCHOBe CTaH,n;apTHOll Teopru/6,8,10/ CJlB.6oro B38.RMO.n;eucTB.llR co 

cMermrna.H.lleM HefiTP.llHO. B 3T0ll Teop.11.11 JleBLle KOMilOHeHThl nonefi 'leTh!

pex nenToHoB ( J{ , V,,u. , e , /--'- ) :11 tteTh!pex KBapKOB ( {.L ; d , 
S , C ) 067,e.n;HHeHh! B cne.n;yIOmRe .n;y6neTh!: 

. e µ ·' (3) (v v)· (u c) 
e ,fl-- L clc. Sc L 

r.n;e 
c( = d. CD.50c + SSiit&c. 

Sc =-cls"n,&+ Sws0c 
(4) 

a ec- - yI'OJl Ka6lil.66o. I'.llilOTeaa O CMelfil!BaH.llll ·JleilTOBOB B CJlyttae CT8.H

,n;apTHOH Teop:11:11 ~opMyJ1.11pyeTcJI cne.n;y!OIU.llM o6paaw/11 •121: npe.n;nonara

eTcn, tJTO onepaToph! Ve z Vµ B (3) no attanor.1ui. c (4) npe,n;cTaBM:

IOT co6oli opToroHam,H!le KOM6.11HaUJil.ll 

))e = ~ cos0.+ i{ -5.in0 
(5) 

.i> ),<- = - Y; .s ~n. 0 f ))~ co.5 e 
r.n;e Ji. H ~ - onepa.TOPhl nonen HeiiTPHBO C OTJl.ll'llihlMH OT Hy·M t.!aC-

Ca.MH 1n, , m. z. .11 0 - yron cMem.11BaHRR ( B o6l!leM cnytJae He coBna

.n;al()lJl.llii c yrJlOM Ka.6.11660). QqeB.ll,n;Ho, 'ITO npe~OJlO&eBlle (5) npnBO,ll;.llT 

K HecoxpaHeHRIO MIOOBHOro aa.psma.: CTaHOBRTCR B03M0l!tlih!MR npouecchl (1), 

(2) H_)U). OcHOBHhle ,n;RarpaMMhl npouecca (1) npe,n;cTaBneHhl Ha pnc.1 

(yHRTapHM KaJl.lldpo:mm). AMnJ1.11Ty,n;a npouecca. (1) Bhl'lHCMeTcJI B n~pe-
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HO.IJMRpyeMoa TeopRR H Il03TOMY peaym,Ta.Thl pactteTa. He 38.BRCRT OT na.

paMeTpa. o6peaaHRR. Bee Bhl'lRCJleHRR npOBO,ll.HTCR B K8.Jl.ll6po:mrn T
1
XooqiTa

~eliBMaual13/ C RCil01ll,30BaBReM COXpa.HJlllllteii rpa.n;ReHTHyIO RBBaPRaHT~ 

BOCTI, pa3Mepnott pery JIJlP.1138.um/.14/. 0pTOI'O.Ha1II,HOCTI> cMemRBaBRR ( 5) 

npRBO,ll;.llT K CR1ll,HOtt B3a.llMHOtt KOMlleHcaURR BRJla,n;OB ,ll;.llarpaMM, OTJl.ll'la.IO

IJIHXCR J1RmI, BRPTY8.1ll,Hh!M He:faTpHHO (CM. p.11c.1), aHanorRtJHOH KOMneHca.

Ull.11 r:0111 BKJla,n;OB JtRarpa.MM, COOTBeTCi'BY!OlllRX a,n;pOHHh!M CJlB.6h!M LlQ" 0 , 

,1.S-# 0 npouecc~9/. OKoHttaTem,Hoe BhlpaxeHRe .llM aMilJUl.TY.llhl npo

uecca (1) B cnyttae cMemRBaBllJI HettTpnHo RM~eT BR.n;: 

T~-etJ= 8::12. S•n.8cOJ011zt?,!ar;11 m/-'-f1jc1.f<L{l-;s)u(f)t., <v. (6) 

3.n;eci, f, f' _ R g ( g ~fl' ) - RMny JlI,Chl MDC.Ha, aneKTpoHa R qioToHa., 

cooTBeTCTBeBHo R Mw - Macca. aa.pmteHHoro npoMe~yTotJHoro 6osoHa Teo

p.11.11 ( M.,, ~ 37,3 raB). tfa (6) cne.n;yeT, 'ITO OTBomeHRe BepORTHOcTR 

pa.cna.n;a ( 1 ) K BepORTHOCTR pacna.n;a _/,<-_. e + ;::,e + ~ pa.BHReTCR: 

13(/1-e+Y)= r_;~e:,J = ; <f-{/)ty_~":/ '51,1d)cos0 i_
2 

(?) v-- o · fi --.e,1/.,.~ ..,z ..11 . ~., I 
3TOT peaym,TaT nonyqeH Bnepme B pa60Tef1/ R 6un llO.llTBeplK,lteB B MHO

I'O'lRCJleBHh!X pa6oTax nocne~Hero BpeMed15/. PaBHRe pactteTuf11/ Bepo-
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RTHOCTH npouecca (1) B TeopHH co CMeJllliBaHReM HeilTpHHO ORa3aJIRCL 

HeBepHllMH (aMnJIHTYJJ.a He YJJ.OBJieTnop.ReT ycnoBHIO rpaMeHTHofi RHBapn: 

aHTHOCTll; IlOJiyqeHJillH ✓11/ pe3ynLTaT J).Jlll 8 (_µ~e0) B 2 .10
3 f;;,..r: 

1014 pa3 ( ! ) npeBOCXOJ).J,!T (7) ). w 
-

EcJIR yron cMemnBa.HRR 61l1130R R 1 / 'I (MaJ{CJ,!ManLHOe CMelllliBa-

HHe), TO B npennoJIOllteHHH, 4TO B03MOlltHU OCUHJIRRUHH, J,!3 JJ.aHHUX onu

TOB MO~O IlOJIY4llTL1121: 

/m/-Jn:/ ~ l(;B/ cs> 
Ilpl'I. TaROM orpaHH4eHl'l.l'I. Ha BeJIR'!HHY ;m,.?_ 11Zzal 

ua B(f...e-rp Ha necRTRH nop.R:ZIROB HHllte BepxHeii rpaHnUu 

B3RCil <j-'--,.e.-0 ) ( 2,2.10-8, (9) 

BepxHRR rprum-

nonyqeHHOil B on1;1Taxl16/. EcJIR yron cMellll'I.Ba.Hlffi Man ( .)c·n,!0 ~ . 10-2), 

TO 
1n,. ( 35 aB ·. 

-1rlz.( 0,65 MaB 
(10) 

(35 aB a 0,65 MaB - BepxHne rpaHllUH Mace 3JleRTPOHHOrol17/ H MIOOH

Hor/18/ HeiiTpHHO COOTBeTCTBeHHo). B 3TOM cny'!ae H3 (7) li (10) npn 

Mw = 60 raB nonyqaeM: 

B5,ll-e+0 ) < 3.10-26. 

TaRllM ci6paaoM, B cnyqae cMelllliBaHH.R TORLRO HeilTPHHO Bepo.RTHOCTL pac

nanaj-L-c',;J' XOTR B npam~1me J,! OTJIJll'!Ha OT HyJIR, HO He,lJ,OCTynHa ,nJIR 

H3MepeHJll.il cymecTBYIOIIU™H MeTO,I(aMli. ,, 

B nepBoil rnaBe ,nnccepTaUHll npnBO,n.RTCR TaJ{llte peayJILTaTH pacqe-

Ta BepORTHOCTH pacna.na_fL-3e B cTaHJJ.apTHOfi Teopl'I.H co CMe!lll1:saHReM 

HefiTpHHO. nJlJI OTHOilleHJll..fl BepO.RTHOCTH pacria,na j-l--.:Je R BepO.fITHOCTH 

pacna,na /£:-<P' e.,. ~.,. ~ nonyqeHo BHpruKeHHe: 

/30 .,, ~-_r(.u...,.3eJ 3 c,(;:_(·1n:-1n:- /) 11; .- 0 1,? .... Jf:: _·-,..--.:.__- =·- - ----':.__~m-SLfl C0.5 
. {(µ.-e+J+v.) 16};-z 112 m,z . , e 7-<- 1 w z 

(11) 
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Bepxrum rparuma OTHomeHM B 0-3e) RaJ{ B cnyqae (8), Tai< n B 

cnyqae (10) Ha MHOrO IlOp.R,nROB Hl'l.llte COOTBeTCTBYIO!llefi 3Rcnepl'I.MeHTanL

HOH BepxHefi rpaHnw/191:. 

BaRcnsu,-3e ) < 1,9. 10-9• (12) 

3ToT pesynnTaT nerno MOlltHO 6uno npe,nBB.iteTL Ha ocHOBaHl'l.l'I. pesynnTaTa 

pacqeTa Bepo.A:THOCTl'I. pacna.na_p-e+J • !1HTepecHUM, 0,I(HaRO, .RBJl.fleTC.fl 

TO, 4TO B RaJll!6poB04HhlX TeOpH.fIX C paspemeHHHM pacna,nOM }"-...,..e+<f l'I. 

"ecTeCTBeHHUM" MeXaHliSMOM no,naBJieH.H.fl HeCm.lMeTpl'l.4HhlX Hei1TpanLHhlX nen

TOHHUX TOROB (nenTOHHliii MeXaHliSM rnM) BepORTHOCTlrl pacna,nonµ-ei 

R j--l-3e MoryT 6uTL o.nnoro n_op.fIJU(a: nanpHMep, B cnyqae orpa1111qeHJ11.il 

(10) npR f1w= 60 raB -

rtp-3e) ~ 2, 7• 
r_rp-~e+o) 

STOT pesynnTaT RBJl.f!eTC.fl Heo,m,naHHblM H, RaR. 6y,neT Bl'l.,nHO HS nannHefi

mero, BeCLMa BalltHUM. 

!1TaR, ecJllrl orpaHl'l.41rITLC.fl cTaHnapTHOH Teop1r1efi co cMellll'I.BaHHeM 

JienTOHOB (cMelllliBaHReM HefiTPRHO), npe,ncRa3HBaeMue BepO.A:THOCTH npo:... 

ueccoB (1) H (2) HaCTOJll,RO MaJU:l, 4TO 3TH nponeccu npaJ{TH4eCRli He-

Ha6J1D,naeMu. OcHOBHOH BllBO,n, ROTOPUH.MOllteT 6UTL cnenaH HS HSJlOllteHHUX 

B nepBOH rnaBe pesynLTaTOB, COCTOl'I.T B TOM, 4TO 3Rcnep!rIMeHTU no no

HCRY ocunJIRRUHfi HefiTpllllo yHHRaJILHu B CMHcne B03MOlltHOCTH npoiiePRH 

I'RilOTe31i O CMemHBalllIB HefiTpl'I.HO. Kai< lrISBeCTH/201, OilUTli C HefiTPHHO; 

nonyqemrnx OT peaRTOPOB, Me30HHUX cpa6pHR ll ycHOPHTeJiefi, Il03BOJl.fIT 

nponepHTL rHnoTeay o cMellll'I.BaHHH HeilTpHno, ecJIR /rn;'·-1n:/~10-2 (aB)2 ; 

ecM 1612 ( aB)2f, / rn,Z- m; I~ 10-2( aB)2 , To BOSMOlltlillil MeTo,n npoBep

RH 3TOH. rIIDOT831i - 3RcnepHMeHTU C HenTpHHO OT CoJ1Hna. 

B nepBOil rnaBe o6cyllt,lJ,aeTCJI Bonpoc () B03MOlKHOM BJllUIHll./1/ He

CTa6HJlLHOCTl'I. 6onee T.Rlltenoro HeHTPl'I.HO Ha pe3yJ1LTaTU OCUHJIRRUHOHHllX 

3KCnepHM8HTOB. B odcyllt,naeMOH cxeMe co CM8IllHBa.HlieM nenTplrIHO paccMOT-
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peH pacna,n ~..,.¾+J' (npe.nnonaraeTc.a:, tJTO ?n1->ln1 ). lbmrpaMMII 

sToro pacna.na npli!Be.neHII Ha pHc.2 (yHRTapHruI RaJIB6poBKa). nM Bep0:;: 

}r 
w ,,, ',w 

e.p., lo 
~ e.J,'-

~--, 
~ PHc.2. Yz ' '- 'W JI, 

.f!TIIOCTH pacna,na J,}--;. J{ + a IlOJly'leHO B!IpallteHRe: 

- G~ms 9o(. ~mz . z(t ,mz)3{, -l) r( .V. ~.VrrYl=-_-.i1. -- -...:!::.Stll.0CtJS81 /- - 1 /+ _m, 
z 01 l28r3 /6.J- . M.i I _ m; 1n.J . (13) 

.lfa (8), (10) H (13) CJle.nyeT, 'ITO BPeMH l!Ul3HR HeiiTpRHO )l.L B Cli!CTeMe 

noKoR npeB1ImaeT npe.11,nonaraeM11ii BOspacT BceJ1eHHoii (nopJmI<a 1010 neT). 

Tamm o6pasoM, ecJIB B npttpo.11,e HMeK>T MecTo OCUHJlJl.lIUHR HeiiTpHHo, He

cTa6HJ1I,HOCT.b 60J1ee T.f!llteJloro HeiiTpRHO He 6yJ:teT BJIBRT.b Ha pesyJl.bTaT!l 

OCUli!JlJUIUI-IOHill1X 3RcnepHMeHTOB, npoB0.11,RMb!X Ha 3eMJle" C HCKYCCTBeHH11MR 

HCTO'll!HR/lMli neiiTplilHO li!Jlli C HeiiTp.11HO OT Comm;a. 

llTOPM rnaBa .11,.11ccepTaUlilli nocBmlleHa paccM~TpeHRi/2 •3/ npoueccoB 

(1) lil (2) B KaJIB6pOBO'lHOii TeopUR, RBJlJIIO!llei1cH !)aCWlilpeHReM cTan.11,apT

HOii Teopm1 R co.11,ep1K81Ileii .11,0DOJlllllTeJU,HO TRllteJllle JlenTOH!l R npaB!le TORR._ 

Xopomo USBeCTHO, 'ITO I1MeJ01IU1.eCH SRcnepHMeHTa/lI,H!le .11,aHH!le yKaS!lBaKIT 

Ha neo6XO.D,ID~OCT.b pacm.11peHH.FI CTaH.11,apTHOfl TeopUR: B e+-e- -CTOJlKHOBe

HURX OTKPH✓21/ THllte~ii sapmKeHHlli1 nenToH; na6J1I0.11,aeM!le 11 :f -aHoMa

JlM'~/22/ B npouecce *t i{"'l .,.+ ... , poc✓23/ c sHeprueii OTHomeHH.FI 
0-( Jl,,.,!-1,1--,,a~.,. •• ) /24/ D 0-(e'-,. e_·-a.J'/'01161) 
-,-.-~·---'·~~ li IlOBe.11,eHRe BeJIBtJli!HII IL=----:,---_.:.; _ _.., 
G"(ij.,_+ lv--M.Cr-••) cr(e-.- e·~_,u+~-) 

TaKllte yKaS!lBUKIT Ha He06XO,IUiMOCT.b pacmHpeHRR CTaH.D,apTHOii Teop1u~. B 

.11,.11ccepTa:!lli!lil B Ka'leCTBe npli!Mepa BOSMOlltHOro pacmHpeHH.FI pacCMaTp.aBaeT

CR SU (2) x U (1) RaJllil6poBo'lHM Teopim, B KOTopoii HapR.D,y c .ny6J1eTa

Mlil (3) cTaH.D,apTHOii ;eopli!H HMeK>TCH TaKllte .D,y6JleT✓25 , 261: 

(
Iv~ Nµ. ), (ll C) _ (14 ) 

e /A- R. t' z_; R. 
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3.11,ecr, 
Al I . l"l I 

tve :.N, cos0 + IV~ Si.Ila 

~ == - A', .sin0
1 
+ IV~ C{)j 0 ' 

t = t cos 'f + z .s,"ti <f 

'i I = - b .s,:n. <(J + 'l:. cos 'f ' 

(15) 

(16) 

r.11,e N, , ~ - noJ1H THllteJJHX HciiTpaJl.bHHX J1enTOHOB c MaccaMR M, , M2 
( 111,i_ >., Mi<. , M" - Macca Ramia), i , Z - noJUI THllteJlllX KBapROB c 

sapH,naMJil (-1/3 ), a e' lil 'f - yr1111. CMeWHBaIDIR. 

TaKHM o6pasoM, pacCMaTpli!BaeTcH cxeMa c npaB!lM sap.a:~eHH!lM TO

KOM. Ha cy~ec~BOBaHRe TaKOro TOKa nonyqeH!l yRasaHJilH,B HeiiTpRHH!lX 

3Rcnepli!MeHT8.X. A.npoHH!lH 'lJleH B 3TOM TORe-Il03BOJl.f!e✓26/ o6~RCHJilTT, 

yRasaHH!le B!lme II if -aHOM8JIBJO" R pocT OTHomeHH.FI IlOJlHh!X ce'leHHii 

npoueccoB iJ._ + tV~;t +1-... n ~ + ,,y .... _µ-+... • . 

B TeoplilR c .ny611eTaMlil (3) R (14) li CMemHBaHJileM 11enTOHOB (5) 

R (15) B aMilJlRTy.11,ll npo~eccOB (1) H (2), KpOMe .11,.11arpaMM c BRpTyam,

H11MR HeHTpliHO (cM., Hanplil,lep, puc.1), .11,aIOT BRJJa.n .D,RarpaMM!I c BlilP

Tya/lI,Hl.Mlil 11enTOHaMH #, R ~ • Bo BTOPOii rmBe npHBO.ll)ITCR pesyJl.bTa

T!l pac'leTa Bepo.a:THOCTeR npoueccoB ( 1) II: (2) c yqeTOM 3TOrO BRJla,na. 

OTHomeHJile BepOHTHOCTH pacna,na? ~e + ! R BepORTHOCTR pacna,na 

I'-- e + "iie ~ ~ B 3TOM CJlY'lae HMeeT Blil.11,: 

. 3 ol ( M ~- 11. 2. • 1 1 ) ~ B (f'--e1-o):=. 32 T . H? , J,,z,0cos[) /. (17) 

w M- ~ .11.t? 
ilpn no11y1JeHHH 3Toro Bllpal!telilIB 11CilO/ll,30BaJ10Cb npR::5JIBllteHRe , (<. ,.,w 
( i =1,2). O'ieBlil.11,Ho, 'ITO 8(_;J.-+e 1"} M~CR.\la~Ho npH [)'~ .Ir/I/ • Orpa

HH'lRMCR paccMOTpeHJileM STOro CJlY'lM. Hs (9) H (18) nonyqaeM 

../J M/-M,~ij/1 w < 1,4.10-1 • Ilpn M,.,,i= 60 raB Haxo.D,lilM 0--~-/-:-M,-,/~( 
(8,5 raB. 0Tcil.na TaRllte c11e.nyeT, 'ITO / ~ - M,/< 8,5 rsB. IIpnBe.11,eM 

Tenepi sHaqemm BeJllil'lli!Hll B(j<-~e+J) npa sHaqeHR.a:x/;/-M,~/' ,paBHh!X 

1 rsB, 2 rsB, 3 rsB n 4 raB. Hs (18) noeyqaeM cooTBeTcTBeHHo: 

0- 12 6 7 10-11 3 4 10-10 1 1 10-9 4,2.1 ; , • ; , • ; , • 
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llTrut, ecJlll. cymecTBYJOT HellTpam,n11e nenToH11 c Maccoll nopR,I1,Ra 

HeCKOJlI>KilX raB n eCJlll. nMeeT MeCTO CMelllll.BaHne, BepORTHOCTb pacna.zta ,,. 
}-l-e+rf MOJlWT 611Tb 6Jlll.3KO!l K ::mcnepHMeHTMDHOi! rpaHR[(e (9). 

Bo BTopoil rnaBe np1rno,IU1TCR TaRJKe BHpa,KeHRe .D:nR Bft-e<]'J B cxe-

M/27/ C n, sapRJR:eHHllMR nenTOHaMII (e,_;-<-, L1, ... ), fl, HellTPRHO 

n n HellTpanbHllMR TRlKeJllilMII nenTOHaMR. JienTOHHlle ~6neT11 B 3TOll Teo

pnn nMeJOT Bn.n: 

( 

~ J~ l{, ... ) p. A;..· /\1t, .. ·) 

It .fl l, · · . ~, e ~ l, ... R. 
3,necb >{, ::. 2: On• V.• •Al::~. o:-N.~ (e= e, LL L ) 

• c;: L L. C L ~, ' ,,- - ' '' ... 
r,ne O • 011 

- opTOrOHaJlI>Hll~•IMaTpRI:(11. J)i. ~ N,: - IlOnR HellTpnHO 

n TRJR:enoro HefiTpam,Horo nenrona,c.MaccaMn 1'11., n Mi cooTBCTCTBeHHO 

( 1n; << 1·; i,J=',··•,fl ). 0THOJile.HHe Eiy--->e.,.J) B 3TOM c.nyqae paB-

HO: 
/). j CX (~al I l.j ')~ 
0 0--e.,.J}-=-32 J; f:-, &,~,M.:/Mw . 

BuqncneHHe aMilJlll.Ty.lJ:11 n BepoRTHOCTR riporteccaj--l-3e .D:OBOJlI,HO 

Tpy,noeMKO R npnBO,!UlT°K rpOM03.I(RllM B11pa1KeHRRM. IlpnBe,neM pesyJlI>TaT 

,nnR OTHomeHHR B {Jl-3e) ., ocTaBnRR MIIlD qnen11, .naJO!llRe ocnoBHoi! 

BKna.zt: 

f3 (1-t--,.3e) =- L -¥:- Ml- M, v/1. _:!:!. stn.0'cos()'l '1St.1t C'~· ij;n C'.,+J < 18) 
l.( ~ 1. tJ M' · z. 1, · ttri + 1; . ,lfi 

'I 6'1 F AA,? AA< I Si./1.tf}, . n~, n, iv 

. • . 'l.£'1 3 AA · e' 1r A,t,l. 2 
. 1-IanpnMep, npn .Si...r~ o·w = 8 , 1·1w =60 raB. -= lj , 111 >>-M,-. 11 snaqe-

HnRX Mi. , paBHllX 2 raB, 3TaB, 4 raB .D:nR E3(f<--se) ns (18) no.ny- . 

qaeM COOTBeTCTBCHHO: 1.5.10-10; 5,8.10-10; 1,2.10-9• CoOTBeTCTBYIO

mM aKcnepnMeHTam,HaR BepxHRR rpamw;a ,naeTcR (12). 

TaKV,M odpasou,Ha OCHOBamm pesyin,TaTOa,nonyqeHHllX B paMKaX KOH

KpeTHOll cxeM11,BO BTOpon rnaae .nenaeTCH odmnn BllBO.D: 0 TOM,qTo aepOHT

HOCTH pacna,noBr'-..,.e+J n;<--3e Mory~ 61,1Tb 6Jlll.sKnMn K cymecTBY!OfllllM 

aKcnepnMeHTaMHllM BepXHID,1 rpannuaM, ecnn cymecTBYJOT TRJKeJll,Je nenTo-
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I 

I 

1' 
(,I 

' 

1) 

tJ ,. 

Hl1 C MaccaMR nopR,nKa H6CROJ1I>KIDC raB n B raMRJlI,TOHRaHe cna6oro B3aR~ 

MonellcTBWI nMeeT MecTo cMemnooHRe nx nonen. 3Tn pacna,IUI (Trut xe, 

KaR H JU)yrne np6rtecc11. awunpyeMue_ nefiTpaMHHMn uecRMMeTpnqHblMH 

nenTOHHi.MR TORaMR) nonxHll nsyqaTbCR naJKe Ha ypOBHe, 6Jlll.3KOM R no

CTRrHyTOMy B HaCTOIJmee BpeMR. Ilpn Bf_f➔e+o) • B (fl-#" :3e) ~ 10-11 • 

BepORTHOCTR nporteccOB ,f'---e .... 0 R ;<- 3e MoryT 6UTb H3MepeHl1. Ha 

ycTaHOBKe APEC/28/. . . . . · 
· r<f.l·"3e) 

B MO~eJlll., OCHOBaHHoll Ha ~6neTax (3) R. (14), OTHomeHner'4 J 
➔e-w, 

nopJW{a 1 npa 11, « Mw ( l=1 ;2). B npyrruc cxeMax c paspemennw.i 

pacna~OM jl-e+j' (cM.,Hanpm.1ep, pa6orul15 •29/:l 3TO OTHOIIleHRe MO&CT 

MeHRTDC.fI OT,.., 10 .no~ sf: , ·B saBRCnMOCTR OT cxeM11. KpaTKRii o6sop 
Jr . 

3TRX MO~enell IlPRBe,neH BO BTOpott rnaBe .nnccepTar:um. CpaBHCHne OTHO-
r(µ~Je) ~ 

meHnR (I,, ) .D:nR pa3Jlll4Hl1X MO,neneH IlpRBO.D:HT K BHBO.lJ:Y O TO!!, v--~ey_ ·. . . 
qTo B cnyqae 06aapyxem1a ·pacna,na f'- e\r_nsuepemie aepoaTHOCTn pac-

na.na /A ... ~edy,neT_ BalltHllM 11 H606XO.D:I1M11M ruarou Ha nyTII. K Dl,I/ICHeHnro np11-
PO.D:11 HecoxpaHeHRR MDOHHoro sapR,na. 

·B nepBl:lX .D:BYX rnaBax .nnccepTartnR o6cylK,naJOTCR B OCH~BHOM.BOilPO

CH, CBR3aHHl,!e C B03MOllU!Oi! cTpyKTypon R3BeCTHl1X qneHOB cna6oro sapR

lKeHHoro nenTOHHOro TORa (cMelllll.BaHne HCilTpHHO) .ll. cymecTBOBaHlieM HO

BllX qneHOB B 3TOM TOKe ( npaB11e TOKn R TRlKeJll,Je HefiTpam,H11e nenToHu). 

rnaoo Ill nocBRmeHaf 4/ BonpocaM cTpyKTYPll cna611x Hef1Tpam,nux nenTOHHo

ro n a~poHHoro TOKOB. 

Hs HM6!0mRXCR B HaCTOIJmee BpeMR"~aHHllX.MOlKHO cnenaTb BllBO~ 

0 TOM,qTO B CJia011n H6llTpan1,Hull TOK BXOAHT HCllTp11HHUll,aneKTPOHHUll 11 

a,!tpOHHl16 qneHU 11 qTO a,ltJ)OHHlll! HCilTpaJII>HUll TOK co,nepllt11T KaK BCKTOp

HYD, TaK 11 a1tcnan1,Hyn qacT11.Cna6oe asa11uo,nenciB11e Mellt,l(y sapm1CeHHllMH 

nenTOHaMH ~ a,npOHaMH HenadelltHO B03HHKa6T B e,nHHllX TeOpHHX cnadoro H 

3JleKTJ)OMarHHTHOro B3aHMO,nettcTBlltt.3TO asanuo,nellcTBRe B odmeM cnyqae 

He .D:OJllltHO coxpaHHTl> _ 'l6THOCTI, B COOTB6TCTBHH C ;taHHllMH O ( V, A) CTPYK

Type cnadoro a,!tpOHHOro HeilTpani,aoro TOKa.0,nHaKO.IlOJlyt16HHll6 nepBllC 
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pe3ym.TaTu OilllTOB no noHCKY P-HeqeTHUX aippeKTOB B aTOMHl:lX nepexo

,II.rul301 JU!)l(e BeJ111q1rn, BU'lUcneHHHX Ha OCHOBe CTaH,napTHOU Teoplill 11 ,,. 
C yqeTOM Cl1CTeMaTl1'leCKl1X om11ciOK, yKa31maIOT Ha OTCYTCTBl1e TaKRlC a<p-

qieKTOB. JTll OilllTU BUilOJ1Hem1 C T.fliKeJlUM11 aTOMaMR - aTOMaMl1 Bl1CMyTa 

c209 B~ ). n TPeToeiI r.naBe .zmccepTan.a.a noKa3aHo, '!TO B Teop11.a, oc

H0Bam1oil Ha ,nycineTax (3) 11 (14), P-HeqeTHUe scixPeKTu B TID1teJ1Ux aTo

Max C11JlbHO no,naBJleHU. B 3TOll Teoplill cnaciuii HeliTpaJII,Hlltt TOK 3apm,eH

HblX nenTOHOB 11MeeT Bl1,I\: 

d·'=-[ lt{Ve+O.,is)l, (19) 
.,c l,e.f' O~ 0 

r.1:1e Vt= - J + 2si.n 10w , ile= O, T.e • .fIBJl.fleTc.fI 'lRCTUM BeKTOpOM. Heii-

Tpam,H11ii a,1:1pOHHll¥. TOK, nocTpoeHHUlt li3 KBapKOBHX noneii, ,naeTC.fI Bupa-

:iceHlleM 
:tr; 

Jc11. =<lu,d,~~(~ tarJs)9. (20) 

Jr; I It •'El 3.necr, u.-= - 3.SL/2.(7 ... , au=O, 
11 T .,n. JlJl.fI Tmrenux aTOMOB. c209 B ~ 

1, I -?. < · ;/J:1 , 
VcJ =--z + 3J'-n.<.:!1,v1Cl.d=-J 
133 Cs 11 ,np.) OCHOBHOlt BKJia,I\ 

B P-He 1IeTHble :3<yfleKTbl .naeT, KaK 113BeCTHO, npo11sBe1:1eH.ae aKc11am.Hott 

qacTR sneKTPOHHOro HeilTpaJlbHOI'O TOKa Ha BeKTOPHYIO qacTI, a,npoHHOI'O 

HeilTpaJ!bHoro ToKa 11,cne.nonaTeJ!bHo, B yKasaHHoii Teop1111 3TOT qneH 

OTCYTCTByeT. B 3TO?. r.naBe IlOKa3aHO Tam1te, qTO OilblTll no rnyciOKOHeyn

pyroMy pacce.fIHl1!0 noJl.flpl130BaHHHX nenTOHOB HYKJ!OHaMll no3BOJl.fIT npoBe-

P11TI, STY Teop1110. + 

' CeqeHlle rJiyciOKOHeynpyror~ pacce.f!Hll.fl nenTOHOB e- (l=e:µ) C npo-

)\OJ!bHOii llOJl.fIPR3aJU1~il A. Ha HellOJl.fIP1130BaHHl:lX HyKJIOHax 11MeeT BR,n: 

/~) (di(J- ) /. . 
I Jy;- \dr{c.bJ e!: =- chi/di) o (/,-lA:r ). 

3,necr, f'd ;:u ) - ceqeH.ae pacce.fIHl1.fI HenoJl.flp11sonaHHUx qacTRit, a 

A ~ uiJ Jo ,1 t t 
± - P-HeqeTHM ac11MMeTp11.fI npouecca (.. + )I-,.{! +... ( Y , ~.? -

auepr11.fl (B n.c.) Ii KBa,npaT HMnym.ca, nepe,naHHux a,npoHaM). tcJ!R Heii

TpaJ1oH11tt TOK 3apmKeH11ux nenTOHOB - BeKTOP (cM. (19) ), TO~ KaK no-

Ka3ano B TpeTr,e£! rnaBe, A+"'A- • nanee B )\liCCepTaURR Ha OCHOBe 
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OciCylK,llaeMOli TeOp.lill Bll'll1CJilleTC.fI acllMiJeTpll.fI )\Jill CJ!Y'lM t-r pacceH

Hll.fI B KBapK-napTOHHOM np11::5Jllll!teHl111. Tipn 3TOM yq.iTunaJ!C.fI TOJlI,KO BK.na.n 

BaJleHTHl:lX KBaPKOB .Ii )\Jl.fl ac11MMeTp.1ili noJiyqeHO BblpalKeHl1e 

A= £~L Hzz {-l-ti!JLt/8) 3j{,?-:J) . c/.(x} , 
fz lid Mj+?,i1 w [I+ {I-JJ1} .1/U.l(}-rd(x) 

(21) 

. /viz. 
r,ne 2e = fatZ w ~ , l1z - Macca HeilTpam.Horo npoMe1r.yTO'lHOro cio-

co~ •e., 
sona Teop~1 ( M

2 
'?J?4 ,6 rsB), u M, cl. (..<l- q;yHKURH pacnpe,neneHlliI ll -

Ii d -1rnapROB B npoToHe, X-= 2i: , :J = 't , /1 - Macca npoxona, 

E - aHepr.a.fI Haqam.noro JienTOHa B JI.c. IIonyqeHo TaKMe Bupar.:eH11e ,nJl.fI 

acRMMeTplill Ot np11 q'JRKc.apoBaHHOM ·snaqerum i~ (no nepeMeHHoil )) 

BunoJ1HeHo RHTerp.apoBaHlle) ,nJl.fI cnyqan: pacce.fIHl1.fI nenToHOB Ha smpax 

C 0,IUl:EaKOBllM 'll1CJ10M npOTOHOB ll Hel1TpOHOB: 

3 G Iii! · Mi? . .z · · 
Ol = 10 rz lid.. cR 11;:iz {--It i:Ji.n 0w). (22) 

Pesym,TaTH (21) .Ii (22) CBll,neTeJII,CTBYIOT O TOM, '!TO npe,ncK83blBaeMM 

Ha OC~iOBe MO,neJlll c ,ny6JieTaMl1 (3) R (14) P-HeqeTHa.fI ac.llMM~TPl1.fI B 

rnycioROHeynpyrOM JienTOH-8.ll.POHHOM pacce.fIHl1H Toro Me nop.AJU{a, 'lTO 11 

B cnyqae CTa.R.IiapTiiol1 Teop.a11. B n.naH.apyeMOM UEPH-JJ,y6Ha-MIOHXeH--CaKna 

ancnepR1,1eHTe.no rnyOoKoHe~pyrouy pacceaHYiD MDOHOB Ha npoTOHax/JI/ 

ciy.nyT ,nocTnrHyTu. ~z- 500 (raB)2• Ilpll_ TaKnx snaqeH11mc ~.z axa acmi..;. 

MeTpWI cocTaBJl.fleT HeCKOJlI,KO npoI(eHTOB. 

BaJKHPH npoBepKol1 pacCMaTpRBaeMOil TeOpR11 .fIBJUieTC.fI TaK~e rrpo

aepKa npeAcKasuaaeuoro paaeHCTBa nonHuX ~ Al1rfxj'1epem.i11anr,Hux) 

ceqeHRl1 npoueccoB ynpyroro paccesrHWI lJ,.. H ~ Ha anenTpoHe: 

(21) 
o;,;.,._e = ~e · 

CymecTeylll!Uie ~aHHHe He nosBOJl.fIIOT c.nenaTb onpe,neneHHOe 3aKJllO'leH11e o 

cnpaBe.nJlllBOCTR paBeHCTBa (21). B qHCTO JieUTOHHHx,npoueccax 
e++e- _,1-i- ... +J-l.;. · 

e++e- ..... e+ + e-
e - + e- ...,,. e- + e. -
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P-HeqeTHUe aqqieKTU .D;OJllltHU OTCYTCTBOBaTb. B 6y.IzylJIIDC 3KCnepli!MeHTax 

Ha 3JleKTPOH-ll03HTpOHHl:lX HaKOllHTenbHl:lX KOnhua,x 3TO npe.n;cKasaHHe Teo

PHH MOHteT 6uTb npoEepeHo. 

B 'leTB_epToii rJJaBe .nnccepTan;m .113 .nrurnwc o nrnp,me pacna.n.a /(-"9'
B MO,D;eM, OCHOBaHHOH Ha·,ey6JleTax (3) .11 {14), llOJJy'leHo OI'paHH'leHHe 

Ha Macey C-1rnaPKa: 

?nc ~4 raB. (23) 

-ItaK xopomo H3BecTHil32/, B cTaHJ:1apTHOH Teop.1m .112 ,n;alilillX o · pacna,ne 

I("'? lj,t , He MOllteT 6uT& nonyqeHo orpaHR'leHHe Ha Macey C-KBapKa 

nyqmee, 'leM 1n.., ~ 10 raB. IlpH BU-1lll.CJ1emm aMllJIRTy,n;u paci:Ia.n.a Kt..-i??
B 3TOH rJJaBe aqxpeKTU CHnbHl:lX roalilMo.n;eHCTBHa y'lHTUBanHCb Ha OCHOBe 

KBaHTOBOH xpol.lO,D;HHaMm<H. 1'13 H3JlOliteHHl:lX B rnaBe IY pac'leTOB cne.nyeT 

TaKlKe, qTo ,n;aHHue o mr1p1rne pacna.na I(- lj,l- ae no3BOJIJilOT no;zyqaT& 

orpaHli'IeHHII Ha Maccu TJI>KeJIUX HetlTpanbHl:lX nenTOHOB ~ H t½ 
B IlpRJlOllteHaIIX A,E H B .nnccepTaI.{.IIH .neTanbHO paccMaTpHBllllTCII 

Bee pac'leTu, conpoBOllt,ll;aBnrne no;zyqeHHe pesynhTaToB, o6cy~,n;aeMux B 

rna:aax I, II Hill COOTBeTCTBeHHO •. 

Cwoµ.1yJ1HpyeM KpaTKO OCHOBHUe pe3ynbTaTU .D;HCCepTaWUI. 

1. Ha ocHoBe Kann6poBoqHoa·TeopHH co cMemHBaHneM HeiiTPHHo Bnep

BHe BuqHcJleHU BepOiITIIOCTR pacna.n.oB _.,,u~e+ 0 H l'--3e 
2. IloKa3aHo, 'ITO ecJ1H cymecTBYIOT TmteJ1Ue nenToHu c MaccaMH no

PII;nta H8CKOnbKHX I'aB, OTHOCHT8nbl!Ue. BepOIITliCCTR 3THX pacna,noB MOIYT 

cocTaBll.fIT& 10-9 - 10-11 , T.e. MoryT 6uT& 6J1HsKHMH K cymecTBYIO!llID,1 

3KcnepHMeHTanbHHM BepXlli!M rpaHHD;aM. 

3. IloKasaao, 'ITO B minn6pOBO'lHOH Teopm! c npaBHM.11 TOKaMH, THJKe

JlHM.11 HeHTpanbHUMH JlellTOHaMH H CM~llll!BallileM_ JlellTOHOB (CM.(3} .II (14)) 

BepOIITHOCTH pa_cna,n;OB )l...-B+J H )l--3e O,D;Horo nopIIJU{a. 

· 4. Ha OCHOBe 3TOH TeopHH yKa3aH B03MOlltHUH MexaHH3M no,n;aBJleH.IIJI 

P-He'leTHHX 3qql8KTOB B TmteJll:lX aTOMax. IIoKa3aHo, 'ITO 3TOT MeXaHHSM 
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MOlKeT 6uT& npoBepeH B onHTax no rny6mrnHeynpyroMy paccewmo npo

AOnhHO nonapH30BBHHliX 3apaxeHHUX nenroHOB HyKnOHBllH. P-HB'leIHa.Jl 

acmtJ,WTPM B aTHX nponeccax n yKa3amwi'J Teop.11.11 Toro w.e nop.fl,l(Ra 

( 10-4 i: ) , 'ITO l1 B cTaH_rr,apTHOH Te~pHl1 cna:5oro B3a!l.M~I\e¥.CTBHR. 

5. B 3TOH Teop.11.11 BH'lliCJleHa BepOIITIJOCTb pacna,n;a /(.L ~ ~,U 

IlOJJy'leHO orpaHH'leHRe Ha Macey C-KnapKa (?n,~ 4 I'sB). 

Pe3ynhTaTu, BOme,n;nrne B ,n;.11ccepTanrno, onydJIBKOBaHH B pa6oTax 

/ 1-5/. OHH ,D;OKJla,Jl,UBaJlliCb Ha ceM.l!Hapax JiaoopaTOpR.11 TeopeTl-!'leCKOM 

ql.1131-!K.I! H JiaoopaTOP.IIH II,D;epHUX npo6JleM 0!1.f!vl. · 
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