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1. BBE.UEHHE 

Ha,cTOH<qaR pa6oTa nocBH<qeHa aonpocy TpaHcnopn•poBKH yrr&Tpaxo
JIOllH&Ix HeHTpoHOB (YXH) noHeHTpOHOBO,llaM. 06&1'1110 HCfiOJib3YJOT ,llBa no.u
XO,lla K 3TOH 3a,llaqe: JIH6o MO.UeJIHpyiOT pacnpocTpaHeHHe YXH Ha 3BM, 
3a.D;RBaH HH,lJ;liKRTpHCY OTpiDKeHHR HeifrpOHa OT CTeHKH, JIH6o pelllaJOT ypaBHC

HHe ,llH<j><j>y3HH npH 3a,llaHHOM K03<j><j>Hl(HeHTe .UH<j><j>y3HH. IlepBbiH cnoco6 
.uaeT norrHyJO HH<j>opM"-1(100 o pacnpe.uerreHHH HeifTpoHoB BHYTPH HeifTpoHo
ao,na, HO OH trpe3BhlllruiHO rpOM03,li;OK H ycTyiiaeT B 3TOM OTHOlllCHHH a.HanH

THtiCCKHM MeronaM. BTopoH crroco6 - orrHCaHHe pacnpocTpa.HeHHR YXH 
IIO He:H'rpOHOBO.UY C IIOMOIUhiO .)lHclJ$y3HOHHOrO ypaBHeHHR - He II03BOJllleT 

npaBHJI&Ho npeACTa.BHTh yrnoaoe pacnpeneneHHe Heihpoaos, KOTopoe aeo6-
xo.n;HMo ytJHTbiBaTF.o, HRrtpHMep, IlpH OIIHCaHHH .IlHcfxPY3HH ITO pa3BeTBJieH

HOMY HeifTpoHoao.uy111 (pHc. 1) . EcTecTBeHHO nollbiTaT&CR BH.llOH3MeHHTb 
,ll,Hcf>{jJy3HOHHhiH IIOAXO.U TaKHM o6pa30M, liT06bi OIIHCaTh RHH30Tponmo 

yrnoaoro pacnpe.uerreHHR HeifTpoHoB. B HacToRrqeif pa60Te npe.unpHHHMa
erca nepBbiJi war B 3TOM HanpaBJICHHH. 

B .UH<j><j>y3HoHHoif TeopHH npe.unorraraeTcR, ~o yrnoaoe pacnpe.uerre
HHe liRCTHU IIOlfrH H30TpOmtO, H II03TOMY ITOTOK liRCTHU Haiipa.BO rutH Hane-

80 (TO ecTb OT BXO,ll;HOrO OTBepcnrn: HeiiTpOHOBO)la K BbiXO,UHOMY H Hao6o

pOT) npe.n;CTaBnHeTCH Cne.n;yJOlllHM BblpiDK€HH€M: 

" J ~ Nv/4+ (D/2) dN(x )/dx, (1) 

r.n;e N - \lHCno HetfrpOHOB Ha e,llHiJHt.zy ,IJ;JIHHbi, V - CKOpOCTb HefrrpoHa, 

D - K03<j><j>HUHeHT ,llH<j><j>y3HH, a X - KOOp,lliD!aTa B,llOJJL OCH HeifTpoHOBO,lla. 
BTopoe cnaraeMoe a B&IpameHHH ( 1) , KOTopoe o6ycnoaneao aHH30TponHeH, 

BCIO.D;Y MeHbWe nepaoro H CpaBHHBaeTCH C HHM TORbKO y BbiXO)J.HOrO OTBepC

TIDI. 3TO 03HallaeT, liTO aHH30TpOnl-111 ll011TH BCIO.D;y Cna6a, O)J.HaKO HM€HHO 

e10 Onpe.n;enHeTCH aenwnma nonHoro .n;H<fJ<fJy3HOHHoro noToKa, paBHaJI pa3-

HOCTH .D;BYX llpOTHBOllORO)K}IO HanpaBJieHHbiX llOTOKOB (1). 
B npocToif .uH<I><I>Y3HOHHOH MO,lleJIH nponycKaHHe npHMoro H H30rHY

Toro HeifrpOHOBO.n;a O,lJ,HHaKOBO, a llOTOKH HeiiTpOHOB Ha BhiXO,Ue paBHbiX 

BeTBeif 2 H 3 pa3BeTBneHHOCO HeifTpOHOBO,lla (eM. pHC. 1) paBHbJ. 3TO npo
THBOpeqm pe3yJI&TaTaM 3KcnepHMeHTa/l/. Il03TOMy npOCTIIII .UH<j><j>y3HOH
HaH TeopWI He oTpaJKaeT pean&HhiX npoueccoa pacnpocTpaHeHHH YXH no 

HeifrpOHOBO,IJ;aM. 

Bro yqeTa aHH30TponHH pe3yn&TaT&I 3KcnepHMeHnt 11 y.uaeTCR orm
caTb TOJlbKO C IIOMOI.UbiO <fJeHoMeHOJIOrHllecKHX napaMeTpOB, KOTOpbl€ 

ll03BOJIHIOT pa3JIH11HLIM BeTBHM Hei:frpOHOBO,Ua npHITHCaTh pa3Hble K03<fJ<fJH-

© 06oeAHHeHHLni HHCTHTyr JUtepHbiX HCcneaOBaHHii )ly6H8, 1989 1 



, 2 Puc. 1. YnpoU4eHHaR cxe.Ma JKcnepwweHra 111: 

C n-
C- ucro•nuK YXH, D- iJeTeKTop, S - o6pa

S 3eij, 1 - Mazucrpa.a&H&rii HeilrpoHoeoO, 2, 3 -

3 

D 

,----~ eereu HeiirpoHoeoOa, n - neiirpoHbl, cT[JeAKa 

noK03bUJaer HanpaeneHue ux pacnpocrpOHeHUR.. 

11HeHThi AH<jl<jlyaHH, XOTJI ace .Yqacnm 
H3I'OTOBJieHbi H3 O,IUIOI'O H TOI'O me MaTe

pHana121 . Rcao, 'ITO TaKmi: no.u.xo.n. He 
MO)Ker CtiHTRTLC.fl YJl:OBJieTBOpHTeJibHhiM. 

B Aamwii pa60Te Mhi sse,~:~eM aHH3oTponmo JIBHbiM o6paaoM. )J.nH 3TO· 
ro paao6:r.eM JIHHeliHyro nnoTHOCTb Heiilpooos N ~ N 1 + N2 Ha ABe rpyiinbi 
N 1 2 : oAHa - c aeKTopa.MH cKopocTeH BHYTPH .u.syx npoTHBorrono)I(HbiX 
KOHycoB c YTJIOM pacTsopa 80 H c OCbiO BAOJlb ocH HeiilpoHOBOAa, a APY· 
raH - BHe 3THX KoHycoB. PacnpOCTPaHeHHe YXH no HeiilpoHOBOAY Tenepb 
6yAeT OnHCbiBaTbCJI He O,l:IHHM K03<jl<jlHfiHI!HTOM AH<jl<jly3HH, a MaTpHfieii 
2x2. MaTpHfia K03<1><!>HliHeHTOB AH<jl<jly3HH B~HCJIJieTCJI HCXOAJI H3 3aAaH· 
HOI'O BH,D;R HH.ItHKRTpHCbl OTpruKeHHR HeifrpoHa OT CTeHKH.. IlpH 3TOM llOJl

I'OHKa K :nrenepHIVIeHT8Jll:oHbiM ,1l;8HHbiM II03BOJIHer orrpe,neJIHTh XapaKrep 

0Tp8JICeHHR, a 3HR11HT) ITOJIYllHTL npe,n;CTa.BJieHHe 0 KatJ:ecTBe CTeHOK Hefupo

HOBO,IJ.a, liTO npe.u;CTaBJI.fleT co6oH I'JI8.BHyiO 38,ll;a1JY C TOlJKH 3peHHR KOHTpo

JIJI H npornoaHpOBaHHJI TpaHcnopTHpOBKH YXH. 

2. P A3EHEHHE HEfiTPOHOB 
HA JlBE rPYffilhl 

Ba~eM, Ka.K YKa3aHO BO BBeAe:EUm, llOJIHpHyiO OCb B,IJ;OJib OCH Hefrrpo· 

HOBO,Il;a H yron 60 ITO OTHOIDeHIDO K Hei%, KOTOpblli Onpe,D;eJI.ReT pa36HeHHe 

HeiilpoHoB Ha ABe rpyiinbi. YrnoBoe pacnpe,~:~eneHHe HeiilpOHoB npeAcTaBHM 
B BH,ZJ;e 

r11e ® ·<I>YHKilHJI pasHa eAHHHile npH BblllOJIHeHHH ycnoBHJI, yKaaaHHoro B 
ee apryMeHTe, H Hymo B rrpOTHBHoM cnyqae. HopMu:poao1JHa.R BeJIHCIHHa 

201 pasHa cyMMapHoMy TenecHoMy yrny BHYIPH ABYX KoeycoB c yrnoM 
paCTBOpa 8 O : 

Oo 
0 1 ~ r dO~ 21T(l-cos0

0
), (3a) 

0 

a 2{}2- flOJIHOMY TeJiecHOMY yrny BHe KOHYCOB: 

2 



rr/2 
!12 ~ ( d!1 ~ 2rrcos0

0
• 

eo 

llonHaJI JIHH€i1:HaR fUIOTHOCTh paBHa 

(36) 

( 4) 

3arunueM JIHHeiiHyro ruroTHOCT& YXH a BH.Ue .usyMepHoro aeKTopa

cTon6ua 

(5) 

Bse.ueM TaK>Ke CTaH.UapTH&Iii BeKTop-cTpoKy tbo = (1,1), Tor.ua nOJIHaR 

rmoTHOCTh N ~ N1 + N2 npe.UCTaanaercR B BH.Ue N =i/10t/l, r.ne yMHOIK€HHe 

np0113BO)lHTCR nO 06bitiHbiM npaBIDiaM MaTplfliHOH anre6phl. <1JopManH3M 

.UByMepHbiX B€KTOpOB npHBO.lliiT K MaTeManNeCKOMy annapaTy, KOT0pbli1 

paHee 6&m Pa3BHT JVIR Hccne.uosruurn: JUIQJ¢ly3HH YXH s MarHHTHbiX Heffi'po-
;gr 

HOBO)J.aX 

fioTOK BHYTPH HeifrpoHOBOJI.a 3anHC&maercR s BH.Ue J '""-5(ct/dx)t/;, 

CL(e D - MaTp!Uja K03<iJ<!JHUHeHTa AH<P<!JY3HH: 

YpaBHeHH€ .UHcf>QJy3HH CJleJJ.yeT H3 COOTHOllleHIDI 

divJ , -W</1. 

'ij - BpeMR :>KH3HH HeKrpOHOB B rpynne 

speMR IKH3HH HeifrpoHa a rpynne i, 
.no nepexo.ua a rpyrmy i , r 11 

(6) 

(7) 

(8) 

(9) 

a r Oi - co6cr~eHHoe apeMR )fU:13HH HeiiTpoHa B rpynne i, o6ycnoBJieHHoe 

noTepR:MH B HeHTpOHOBO,Ue. 

3 



flO)J.CTCUH:IB B COOTHOllleHHe (7) BblproKeHHe ,ll,JIH IIOTOKa, B CJIYllae 

noCTO.fiHHhiX MaTpHI.l: D H W rronyt~HM ypasaeHHe 

(10) 
A2 A-lA 
k = D W. (11) 

3. P ACID'OCTP AHEHI:IE YXH 
flO HEP A3 BETBJIEHHOMY HEill'POHOBO.[(Y 

PaccMoTpHM rrony6ecKoHeliHhiH aefrrpoHOBOA (x 2: 0). IlrroTHOCTb 
YXH BHyTpH Hero YAOBJieTBoplleT ypaBHeHHJO (10), peweHHe KOToporo 
paBHO 

.f. (x) 
ln (12) 

r,D,e BeKI'Op t{!in ( 0) HaxO,D,HTC.fl H3 rpaHHliHbiX YCJlOBHH, TO eCTb H3 Tpe60BaHHi1 

HenpepbiBHOCTH IIJIOTHOCTH H IIOTOKa Ha BXO,ll,HOM OTBepCTHH. C¢>epMynH

pyeM ""· 
flnoTHOCTb HefrrpOHOB, II3,1l;afOI.I..UIX Ha BXO.IJ;Hoe OTBepCTI:Ie HeifrpoHOBO

,n;a caapy)KH, o6o3aaliHM t~epro r/10 • Ila.u.aroUJ.He aa axon ae:Hrpoaosona aeftr

poHhi llaCTHliHO OTpaJKalOTC.fi. IJnOTHOCTb OTpa)KeHHbiX HeifrpOHOB ¢ t H IIJlOT

HOCTb npome.uwHx BHYTPb 1/1 in ( 0) npe.u;cTasHM cooTBeTCTBffiHO B BH.I:J;e 

a) ~ r (13) 

BenHliHHbl ; H t .RBJl.fllOTC.fi MaTpHI.J;a.MH OTpiDKeHIDI H nponyCKaHIDI BXO)J,

HOfO OTBepCTIDI. CyMMapHbi:fi IIOTOK IIa,UafOIJ..U:IX H OTpiDKeHHbiX HeifrpOHOB 
paseH 

(14) 

~ ~ 

.Pout = <frofi'l(O< 0 < 17/2) + .P, @(17/2 < 8 < 17), 

Q' = V; (Mbl IlpHMeM IIOKa, liTO HeifrpOHhl MOHOXpOMa.THliHbi), a a - )lHai'O

HaJI&Ha.fl MaTpHua C 3JleMeHTaMH 

a) a 11 = fcos8@(0,;8,;80 )d0/0 1 = (1 + cos8 0)/2, 

6) a 22 = (cos8@(80 ,;8,;rr/2)d0/0 2 = cos80 /2. 

TioTOK BHYTPH aeihpoaoso.na paseH 

4 
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J1CKOMbie rpaHifliHbie YCJIOBIDl OIIpe,UeJIRIOTCR .UByMH COOTHOllleHRHMH: 

6) J out ~ J in (O) • 

l13 Hmr cne.uyroT .uaa ypaBHeHIDI: 

a) 1 + ? ~ t, 
A AA 

D k t, (17) 

KOTOpbie HMeiOT pemeHHe 

"' "' -1 
a) t ~ 2 ( 1 + q ) , 

A A -1 
6) r~(1-q)(l+q), (18) 

rne 

q 
..... -1 "' .... 

(av) Dk. (19) 

B ,uanhaef:J:meM 3HaliOK , Bb:IAeJIRIOJ.I.Uif:J: MaTpWIHbie aenHliHHbi, Mbi ,unH 

npOCTOTbl 6y.n.eM OnyCKaTb. 

Orpa)KeHHe R H rrponycKaa:ne T HeHrpoaoao.n;a KOHe\ffioH )J.JIHHhi L 

6biJIH nonylieHbl B pa60Te 131 . 0AHaKO Mbl IIOJIYliHM HX eme pa3 HBCKOJihKO 

HHbiM 11, aa aam B3rnR.n;, 6onee npoCThiM crroco6oM. 

llpe;n:cTaBHM ce6e, liTO paccMaTpHsaeMbi:H HaMH nony6ecKoHet.JHhi:H: 

HefupOHOBO)J. COCTaBJieH H3 0Tpe3Ka .Umllibl L H OCTaBllletfcJI liaCTH, KOTO

pa.R TaJ<:)Ke HBJIReTcH nony6ecKoHeliHoH. Bse.u.eM s MecTe CThiKOBKH .n;syx 

yKa3aHHbiX llacTeH 6ecKoHeqao y3Jcyro soo6proKaeMyiO saeyyMayro IUeJih. 

Pa3o6oeM HeftTpOHbl B 3Toif m;eJIH 1/1.8 Ha)J.Bet.IaCTH: t/f = $-_ + t{J , r)J.e CTpeJIOll-
sss +--r 

Ka yKa3hiBaer aanpasneaue ,u,siDKeHRH aeHrpoaos B menu. Hcao, liTO 1/18 =rlf/8
· 

)lnH ;p MO)K}IO cocTaBHTh caMocornacosru-moe ypaBHeHHe: 
s 

H3 KOToporo cne.uyer, t.ITO 

~ -1 ~ 

</J
8 

~ (1 - Rr) T,P 0 • (20) 

C .u.pyroH CTopOHhl, RCHO, qTQ 

(21) 

0TCIO,IJ;a CJie.uyer, liTO nJIOTHOCTb HefrrpoHOB, JieTRIUHX HarrpaBo, y6biBaeT 

no 3aKoHy exp( -qL ), rne 
5 



113 (20) 11 (21) cne.uyer ypasHeHHe 

T ~ (1- Rr) exp(-qL). 

(22) 

(23) 

Bropoe ypasHeHHe .unH orrpe.uerreHIDI R 11 T nonyqaercH H3 otJesH,IJ.Horo 
COOTHOWeHHR: 

.... ..... .__ 1 -+ 
r.p0 , R</1

0 
+ T.P, ~[R+ Tr(1+ r)- exp(-kL)(1+r)].p 0 , 

on<y.ua cne.n.yer 

r = R+Trexp(-qL). (24) 

3TH JJ;Ba ypaBHeHIDI HMeiQT peweHHe: 

a) R ~ [r-exp(-qL)rexp(-qL)lf1-rexp(-qL)rexp(-qL)]-1, 

6) T ~ (1-r 2 )exp(-qL)[I-rexp(-qL)rexp(-qL)l-1 • 
(25) 

C IIOMOI..UblO 0603HatJeHH.H e 
6onee KOMIIaKTHOM BH,lle: 

exp ( -qL) <j>opMyJibl (25) 3aiTHCb!BaJOTCH B 

(26) 

TaKHM o6pa30M, 3a.o;a1.1a o6 orpaJKeHHH 11 nponycKaHHH npRMoro HeifrpoHo
ao.ua .z:r,JumoH L peweHa. 

PaccMoTpHM renepb HeifrpoHoao.uHyiO uellb. EcnH HeHrpoHoson co
crasneH 113 ABYX 3BeHLeB, o6na.n;3.101U,HX KIDK)l.oe caoHM nponycKaHHeM Ti 

H oTpaJKeHHeM Ri' To nponyCKaHHe aceH QenH nerqe acero BbilJHCJIHTb, rrpe.n.
nonoiKHB, lfTO Me:>Key 3BeHLRMH HMeercR aoo6proKaeMa.R 6ecKoHetffio Y3KaR 

'41 T lll;e.Jib . aKaR IUeJlb ¢>H311llecKH HHKaK He MOIKeT H3MeHHTb npouecc 

pacnpOCTpaHeHIDI HeftrpOH"OB, HO II03BOJ1HeT 3a6biTb o6 ypaBHeHHFIX nmf><f>y-

3HH, KOTOphte Moryr 6hiTb pa3HbiMH B pa3HblX 3BeHbRX, H C IIOMOI.I.J;blO pe

eyppeHTHblX COOTHOllleHHfi Bblpa311Tb nponyCKa.HHe H OTpiDKeHHe BCeii uerm 

tiepe3 y)l(e BbilJHCJieHHhie R H T OT,!l;eJThHbiX 3Beu:LeB. 

-+ llycTb ruJOTHOCTh B 3ToH: menH paBHa 1#5 = ;$9 + V/5 . ()qesH.llHo, tiTO ,!l;JIR 

1/1
5 

MO)f(HO aHarrorwiHo (20) 3anHCaTb BbipiDKeune 

;, ~(1 -R1R 2)-1 T1; 0 , 

rrocne qero cpa3y nonyllaeM 

~ ~ 

a) T12</Jo = T2 .P,, (27) 

6 



nocne.noaaTeJibHO npHMCHJIJI 3TH <PoPMYJlbl, MO:IKHO paCC'liiiTaTb R 11 T ,ll;JlJI 

CKOJib yrO,ll;HO ,ll;JlHHHOfJ: u;enH. 3Ta I.J;Cilb MQ)KeT BKJliO'llaT& B ce6JI ,D;Hacppar· 

Mbl, Helh'pOHOBO,D;bl p3.3HbiX ,ll;Ha.MeTpOB H p83HbiX KallecTB, HO He ,ll;QJl)KHa 

co.n;ep)KaT& noaopoTOB, nocKon&Ky Ka)l()l;&IH nosopoT npe.ucTaBnHeT co6oH .uo· 

nonHHTeJI&Hoe conpornsneHHe, pacCliHT&maT& KOTopoe eme Hy)KHO aayliHT&· 

CJI. qT06bi C,lleJlaTh liar B 3TOM HarrpasneHHH, paCCMOTpHM pa3BeTBJieHHbie 

HelfrpOHOBO,Ubl. 

4. PA3BETBJIEHHb!E HEI1TPOHOBO.Ubl 

PaccMoTpHM CHCTeMy, noKa3aHHYID Ha p11c. 1. B .uan&HefuueM .UJIJI KpaT

KOCTH HetfrpOHOBO,llHaJI CHCTeMa C ,n;ereKTOpOM 11 o6pa3UOM, paCIIOJIO)KeHHbi

MH TaK, KaK llOKa3aHO Ha pHCYHKe, 6y,uer Ha3biBaTbCJI reoMeTpHeti 1. CHCTe

Ma )Ke c .u,ereKTopoM H o6pa:1u;oM, nepecTaaneHHhiMH MecTaMH, - reoMerpH

eH 2. B paccMaTpHsaeMoH CHCTeMe 3BeH&JI 1 H 2 napaJineJihHbi, a 3BeHo 3 
nepneH.UHKynRpHo HM. M&r orpaHHlU1MCJI Ton&KO TaKoH KoH<PHrypauHeH, 

ITOCKOJlhKY HMeHHO OHa HaC IDiTepecyer B CBJI3H C 3KCITepHMeHTOMJ'l/ , HO 

HHKaK:HX npHHu;HnHaJI&HbiX TPY.UHOCTeH .UJUI paccMoTpeHilll pa3BeTBJieHHH 

C ,upyrHMH yrJIOBbiMH xapaKTepHCTH.KaMH. H. C 60JiblllHM liHCJIQM JIYI.Ieii: HeT. 

3To 6y.uer BI1JlHO 113 nocne,uyiOIUHX paccy)K,!J,eHHH. 

Ey,ueM CliHTaT&, liTO aenH.tiHHbi R H T ,un.R OT.UeJibH&IX 3BeH&es H3BecT

Hhi. M&rcneHHo pactUieHHM JIYliH, aae,u.R a coe,uHHRIDI.llYID HX aeprnHHy ao

o6paJ~<aeM&rH BaKyyMH&IH npOMC)f(}'TOK. Q6o3HaliH.M 06'bCMHyiD IUlOTHOCTb 

HeftrpOHOB B u;eHTpe npoMe)f(}'TKa llepe3 nv . 3aMeTHM, liTO KOMITOHeHTbl 

fUIOTHOCTH. nv xapaKTepH3YlOT yrJIOBOe pacnpe.ueJieHH.e OTHOCHTeJibHO OCH 

3BeHbeB 1 11 2, HO He 3BeHa 3. YfJlOBOe pacnpe,lleJleHHe OTHOCIITeJihHO OCH 

3Bel-la 3 nonyllaercJI nyTeM npRMoro nepecllera K .upyroH CHCTeMe KoopnHRaT. 

Il.rroTHOCTb n MO)K}JO llpe,ucTaBHTh TpoRKHM o6pa30M. B6nH3H 3BeHa 
v ~ 

2 BeJIH.liHHY n MO)f(}IO pa36HTh Ha ,use 'lJaCTH: n = n
2 

+ tf
2 

, f.Ue CTpeJIKa 
v y v v 

yKa3&IBaer Ha o6mee HanpasneHHe .u,siDKeHIDI HempoHa a cTopoHy 3Beaa 2 
~ ~ I' .. s 

HJIH OT Hero. ()qeBJ.i,[lHO, 'lJTO ll2y= ~02v , lj/2 = n2V 2' f,lle S2- fUI01U3)J.b 

nonepeqaoro celleHllil 3seHa 2, no3TOMY 

(28) 

AHanorWIHbiM o6pa30M nonylffi.eM 11 .usa ,upyr:HX cooTHorneamt: 

(29) 

3.U.ecb S l , S3 - rtJIOlUa,UH nonepetmbiX celleHHH 3BeHbeB 1 H 3 COOTBeTCTBeH· 

no, a f], , 1/J +- ;umeHH:&re rmoTHOCTH YXH, na.uaroiUHx Ha BXOA 3seHa 1 11 3 
COOTBetCTBe~IHO, BblliHCJieHHbiC B CHCTeMe arcqera C OCbiO B,[lOJlb 3BeHbeB 

1 H 2. MaTpHUa {3 nepeBO.U,HT yrnoBOC pacnpe,neJieHMe OTHOCIITeJibHO OCH 
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3BeHa 1 B yrJIOBOe pacnpe,ne.neHHe OTHOCHTeJihHO 3BeHa 3. lloKa)KeM, KaK 

' 3TO ,IJ;eJIRei'CR. Yrnosoe pacnpe,rr;eJieHHe, COOTBeTCTBYIOll{ee n 3 v, OTHOCHTeJlhHO 

OCH OCHOBHOrO HefrrpOHOBO,ll;a 1 (B ,ll;aHHOM cnyqae H OTHOCHTeJihHO OCH 

3BeHa 2) llO a.I-IaJIOrHH C npe,rr;cTaBJieHHeM (2) MO)KHO 3aiTHCRTh B BH,ll;e 

n
3
' en) =[rt' eco .,_ e .,;_e VTT-8

0 
,;es;") 1n

1 
+ 

v 31 0 
(30) 

+n;2eCe0 ;:.o;:."-eo)IU
2
Je Cl¢i ::;"/2). 

r,rr;e n 3 i ( i = 1, 2) - .n;se KOMllOHeHThi .n;syMepHoro seKTopa n; , xapaK

TepH3YIDIIUfe IDIOTHOCTH ,D,BYX rpynrr. 3a.MeTHM, qyo B 3HaMeHaTeJIHX Q:>op

MYJthl (30) OTCYTCTByer <j>aKTop 2. 3TO CBH3aHO C TeM, qTQ ITO Hanpaanemoo 
K 3BeHy 3 pacnpOCTpaHRIOTCH He BCe HefrrpOHbl H3 ,D;aHHOiJ rpyiiiihi, a TOJib

KO ITOJIOBHHa, a3HMyTanhHhlii yroJI ¢ CKOpOCTH KOTOphiX OrpaHWJeH HH

TepBaJIOM I ¢I :::. "12, ecnH HanpaBneHae ¢ = 0 Bhi6paTh Bnonb 3BeHa 3. 
Yrnosoe pacnpe.n;eneHHe c rronHpHoH OChiO s.n;on& ocH 3BeHa 3 (rronHp

HbiH yron 0
3

) rrpe.n;cTasnHerCH a aaanorlNHoM BH.D;e 

(31) 

B 3TOH CHCTeMe IDIOTHOCTH rpyrrn xapaKTepH3YIOTCH BeJilJllmlaMH n'i 
(i=l,2). 

MaTpH:u.a f3 csH3hiBaer n3~ c rf
1 

: n; = t\j n3-~,j • MaTpHtiHhie 3JieMeHThi 

onpe,n;enHIOTCH cnenYIOIIIHM o6pa30M: 

a) {3
11 

= 2 (dU®(o 5 e
3 
~ e

0 
vo::; e::; e

0 
A 1¢1 ::;"/2)/U1 , 

6 ) {321 = 1 - {311, 

B) f312 =2(ctneco.:so3_se0 ve0 _se::;"/2A 1¢1 ::;"/2)/n2 • 

r) {322=l-f3w 

npaqeM yron e3 onpenenHercH qepe3 e 
COS 0

3 
= Sin 8 COS¢ . llpHMOe BbJqHCJieHHe 

BO,D;HT K Bbipa)KeHHHM 

H ¢ C llOMOillbiO COOTHOIIIeHIDI 

HHTerpanoB npH eo > 1T I 4 npH· 

a) {311 =4(-2cos8
0

arccosl'+ arccos,l)/01, 

6) jl=Ctge0 , 

B) f3t 2= 4[cose
0

(2arccosl'- "/2) + arcsinlL!n 2• 

r) {311 =0, 

8 

(32) 

(32') 



,[LrrH onpe,ll;e.rJ:eHIDI BCeX tfrt He06XO,ll;HMO ern;e O,ll;HO ypaaHeHHe, H 3TO 

ypaBHeHHe CJie,D;YeT 113 HenpephiBHOCTH llOTOKa 

MaTpHQa a onpe,llerreHa B (15), a MaTpHQa I! 
Hhle 3JieMeHThl paBHhl 

a) 1!11 ~ 2(dn cose3 eco .s e::; e0 A I¢ I .s 17!2) /!.11 

~ 2(60 - sin60 cos60 ) /!.11 , 

(33) 

,ll;HaroHaJihHa,H ee MaTpmi-

6) llz 2 ~2(d!lcose3e(e0 ::;e::;1712AI¢1 s 1712)1!12 

~ 2(17/2 -lb + sin6
0
cos60) /!1 2. 

PeweHHe cHcTeMhi ypaaHeHm1: 

-1 -1 
a) </J1 ~Al M (1 -Q2-Q3)T1</J01' 

(29), (33) npH paBHbiX Si HMeeT BHII 

-1 -1 
6) </J2,3 ~A2,3M (1 +QI) T1</JOI' 

II) A1,2 = 1 + R 1•2• (34) 

-1 
3) B3 =a (8-tlaRs/3). 

llpHlleM BepXHHe 3HatJKH y 1/J. , KOTOpbi€ paHee 6hmH BBe,UeHbl ,ll;JIH HarJIH,ll;-
1 " 

HOCTH, 3,ll;OCh OrryiiJ;eHhl. 3HaJI IDIOTHOCTH H€HTpOHOB, na,n;aiOIUHX Ha BXO,ll; 

3BeHh€B 2 H 3 H3 pa3BeTBJI€HIDI, Jlei'KO HaXO,ll;HM: llOTOKH HeifrpOHOB Ha 

1\eTeKTop: Jd = aT 3 tl</J 
3
- B reoMeTpHH 1 " Jd = aT 2 </J 2 - B reoMeTpHH 2. 

3aMeTHM, tiTO llOBOpOT HefupOHOBO.Ua MO)KHO TpaKTOBaTh KaK pa3BeTBJI€HHe, 

pacctiHThiBa.H, aanpHMep, o6rn;ee nponycKaHHe T13 3BeHheB 1 11 3 npH R
2

= 1. 
.IJ;o CHX ITOp CIIeKTp HelfrpOHOB Ilp€.UllOJiaraJICR MOHOXpoMaTWieCKHM. 

llpH IlpOH3BOJihHOM cne~pe ·<l(v) lla,IJ;alOII.J;HX He:tfrpOHOB CKOpOCTh cqera 

.uereKTopa pasHa 

J = (<ll(v) Jd (v) vdv/2. (35) 

3Ta <lJopMyrra 6y,ll;eT CJIY)KIITh OCHOBOH ,ll;JIH CpaBHeHIDI TeOpHH C 3KcnepH

MeHTOM. 

5. OITPE,UEJIEHHE !lAP AMETPOB 
,UH<I><I>Y3MOHHOfl MO,UEJIH 

Orrpe,ll;eJIHM reneph MaTpHI.\Y W noreph. llmi 3Toro paccMoTpHM 6a

rraac HeifrpOHOB Me)K)ly ,ll;BYMH 6JIH3KHMH nonepetiHhlMH C€ti€HIDlMH: 
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Sn(x + dx, n) v cosOz ~s n(x, n) v cos ez - rvdx (dif>, (cos e, n(x, !1) (w(~ !1') d!1'
(36) 

- (1 -I') (cosO' n(x, !1') w(!1' ~ !1) dO']. 
r 

3,n:ecb (JZ H (Jr - IIOJIHpHbie yrJibl COOTBeTCTBeHHO B CHCTeMe KOOp.[(HHaT C 

IIOJIRpHOtf OChlO B.UOJlb OCH HeifrpOHOBO,I:W. X H B,n:OJih HOpMaJIH 0 K IIOBepx

HOCTH CTeHKH B TOlJKe OTpiDKeHIDI C WUJHH,ZJ;plfl:leCKO:H KOOp)J.lfHaTo:fi r • 
Yron cbr - a:JHMYfaJihHhiii yron :noH Koop,r:untaTbi r s UHJIHH.UpWiecKoH 
CHCTeMe C OCbiO B,llOJib X. Cnesa 8 (36) YKa3aH ITOTOK Heih"pOHOB C HanpaB

JieHHeM ,lJ;BI.f)f(eHWI (2 qepe3 nonepetrnoe CetreHHe Heih'pOHOBO,ll;a IUIOI.Ua.IJ.biO 

S , pacnono)l{eHHoe a TOliKe x + dx . Cnpasa rrepsoe cnaraeMoe orsellaeT 
TaKoMy :>Ke noToKy qepe3 celJeHHe a TOliKe x, nepsoe cnaraeMoe s KBM
paraoH CK06Ke - IIOTOKY, KOTOphiH nepeceKaeT KOJibUO CTeHKH ]J;JIHHOii 

dx, pacnono)f(eHaoe Me)f(,ny ABYMR ceqeHWIMH, H pacce~maercH so scex 
HaiipaBJieHIDIX f2', a BTOpoe cnaraeMoe B KBa.rtpaTHOii CK06Ke - IIOTOKY 

Ha TO )f(e KOJlbUO CTeHKI1, KOTO,Phli.:f 113 ,npyrHX HarrpaBJieHI1i.:f {}' pacceHaaer
CR B HanpasneHHH fl . 

i1H.li;HKaTpHCY OTpa)f(eHIDI npHMeM paBHOi.:f 

w , (1 - gA) ~( n - n') + gcAA' cos e •. (37) 

r.n.e 8 - yroJI na,n,eHI1R OTHOCHTeJibHO HOpMaJIH n, MHO:>KHTeJIH A - rrp0113-n , 
BOJibHbie 4>YHKll11H yrnos 0 na.uaromero Ha CTeHKY HeiiTpoHa, npHlfeM A -
TaKaR )f(e £t>yHKUHR, HO OT yrJIOB 0' OTpiDKeHHOrO HeifrpoHa. MHO)f(HTeJib 

g xapaKTepH3yeT aepoRTHOCTb He3epK3..11&Horo arpa)f(eHHR 11 6y.n;er a .n;an&

HeHrneM Ha3hlBaTbCR QJaKTopOM UHQJQJy3HOCTI1, a MHO)f(IITeJib C orrpe,neJIReT

C.II YCJIOBI1eM HOpMHpOBKH, KOTOpoe .D;JIR BbipiDKeHHH (37) rrpHBO.Z:VfTCR 

K BH.LIY 

c (A(!1) d!1 ~ 1. 

HH.nnKaTpHca (37) coaMecTHMa c ycnoBHeM ,uer3..11&Horo paaHoaecHR
151

. 
Ko3¢>¢>HUHeHT nOTepb npe,IICTaBHM ~ BH,Lie ~ ~ 2 ~cos e. (v /vllm). TJ1: 

Vlim - rpaHHtUia.FI 3He~rJ.iR CTeHOK HeHrpOHOBO.Ua, a TJ - npHBe.z:I.eHHhiH 
K03c:P¢mUHeHT OOTepb/ I , TO ecTb OTHOWeHHe MHHMOH: tJaCTH aMJUUfTYllhi 

paCCeJIHHH 1111ep cpeJ1bl K AeiicTBHTeJibHOH. fu (36) cnenyer 

-dj(x,!1) /dx ~ ( dif>, cosO, i(gA +~-giLA) n(x, !1) -
(38) 

-cgA(1 -I') (n(x, W) A(!1') cos0'd!1' I/,. 
n 

llpomiTerpHpyeM (38) no d!1, rorna, nocKOJI&Ky cos e ~sinO cos( if> -if>,). r z z 
ITOJIYlfeHHOe BblpiDKeHHe MQ)I(HO, OpOHl:ITerpHpOBaB rrpe,nsapHTeJihHO 00 d<fl , 

z 
ITpHBecTH K BIV{Y 
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-dJ(x)ldx~2(dUcose {(gA+~<-gi'A)n(x,U)
n 

- c gA(1- I') (n(x, U')A(U') cose~ dU'I • 
(39) 

PaccMoTpHM crryqaii A~ cos"'en, c~(m + 2)12". IToAcTaBHM s (39) rmoT
HocTh n.,., U): 

(40) 
n(x, n) ~ N1E>(O .5 e. ::; e0 v" - e

0 
::; e. ::; ") 12U1 + N2 e(e

0 
:::e. ;<; "- e

0
) 12U2, 

TOr)ja (39) MOlKHO npHBecTH K BHI1Y dJidx ~-WN, r11e MaTpHqHhie 3JieMeHTbl 
MaTpHUbl W paBHbl 

w 11 ~ [ ryu2,1 + gu rn+1,l g ryu rn+2,1- cmg(u rn+1,1- ryUm+2,1) um+1,1 I I n1 ' 

W22 ~ [ ryu2,2 + gum+1,2- gryum+2,2- cnP(um+l,i!' ryum+2) '\n.-1.2] /U2 • 

W ~[ -c g(u -ryu )u ]IU, 
12 m m+-1,1 ml-2,1 m+1,2 2 

W21 - [ -c rng (u m+1,2- ryU m+2,2)um+1,l]IU1 

11 aseueHbi o6o3HalleHllil 

u = (coske dU , 
k,i n i 

(41) 

(42) 

npl¥leM HI-ITerpHpoaaHHe no dU
1 

npoH3BO.llHTCH B npe.nenax TenecHbiX yrnoa 
rpynrr Q,. 3TH o603HalleHHH MQ)KHO eme 6onee ycoaepWeHCTBOBaTb: 

l 

u =2"a l(k+1), u =2"(1-a )l(k+1). 
k.1 k k ,2 k 

(43) 

flpH 3TOM MaTpHua W npno6pe-rae-r BHI1 

W 11 ~lrya2 13 +g[a 
11(m+2) -rya l(m+3)](1-a )I/U1, 

m+ m+2 m+l 

W ~-g[a /(m+2)-rya l(m+3)](1-a )/U, 
12 m+l rn+2 m+l 2 

W =- g [ (1 -a ) /(m + 2) - ry(1 -a ) l(m+ 3) 1 a IU , 
21 m+l m+2 m+l 1 

(44) 

W22 =iry(1-a2)13+g[(1-am+1)/(m+2) -ry(1-a )l(m+3)1a 1/U, 
m+2 m+l 1 

r11e 
k 2 

1 
2 k/2 

a ~ [ (k + 1)12 1(2k -1) !!2" 1 ( (1 -X ) dx , XO =COS 0
0

, 
k X 

0 
qacTHhie 3HatJeHHR: a .UJIR k"" 1, 2, 3, 4 YI<a3aHhi HIDKe: 

k 
2 

a = 2 ( e - sine cos e ) I" , a ~ (1 - cos 0 ) (2 + cos e ) 12, 
10 0 0 2 0 0 

(45) 
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a3 ~(4/3rr)[3e0/2 -sin(28o) -(1/8) sin(48oll. 

[ 
3 5 

a
4 
~ (1518) (1 -cos e

0
) - 2 (1 -cos e0 ) /3 + (1 -cos e

0
) /5 J. 

Haii,ueM Tenepb MaTPHIJY K03<jl<jlHI\HEHTa nn<jl<jlysnn. CocTaBHM ypasHe

Hiie ,UJIR Ofi'beMHoH IUlOTHOCTH HeftTpoHOB n {X, p, 0) B TOtrKe C KO~,ll;IiHaTa· 

MH Xp B I..J;IDU1HJJ.pWieCKOfi CHCTeMe KOOp,D,llHaT HeifrpOHOBO,U.a: 

n(x, p, 0) ~ fnw(x -XI (p, 0),0') cose,;w(fl'' 0) dO' /cos en~ 

~ <n(x - xlp, 0) - xlp, 0), p, 0) + gAc fnw(x - x
1 
(p, 0), 0') oos9~A(O') dO' ~ 

~ (1- ~) 1(1- gA) ln(x, p, 0)- [ x1(p, 0) + Xz(p, 0) ln'(x, p, 0) l+ (46) 

+ gAc ([ nw( x, 0') -XI (p, 0) n'Jx, 0') ] A' cos 8~ d 0' } , 

me BBeAeHo o6osHaqeHHe: ' ~ ( 1 - iJ.) (1 - gA) • 
TIOCKOJibKY 

\ (p, 0) + x
1 

(p, -0) ~x/p, 0) +x
2
(p, 0) ~x0(p, 0) ~ 

~ 2ctge v1- (p/;")2 sin2¢-, 
z z 

TO H3 ( 46) CJie,[{yeT 

n (x, p, 0) ~ Ill (1 - <) II - x
0 
(p, 0) 'n' ( x, p, 0) + 

+ (1 - ~) gAc ([ nw(x, 0') - x1 (p, 0) nJ:x, 0') l A' cos e~ d 0' }. 

BbitiHCJIHM noT OK qepe:3 3a,n;aHHoe cet~eHHe: 

J " (cos 8 ® (0 < e < rr /2) [ n (x , p, 0) - n (x , p, - 0) ] d 0 dS. 
z - -

TiocKOJibKY 

(4 7) 

(48) 

(49) 

TO, ITO,[{CTaBHB (48) B (49), ,[{JIR A~ cos"lJ
0 

ITOJiyqHM ITOTOKH J
1

,2 pa3HblX 

rpyrm B BH..lle 

J 1 ~-N;fdSd0 1(1-~)[2(1-Ag) +CgAurn+l.~]x 0cosez/(1-<)201 -

-N2 ( dSd(\ (1 - ~) cgAuro+l •2x0 cos 8 z /(1 - <) 2 0 2, 

J2 ~-N,;fdSd02 (1-~)[2(1 -Ag) +cgAurn+l, 2]x 0cos8z/(1-<)202 - (50) 

- N' ( dSdO ( 1 - ~) egA u x cos 8 I ( 1 - <) 2 0 1 . 12 1 2 m+l,l 0 z 



Bae;::~;eM o603HatleHHe: 

i,m =fdScos£8 x cosO dl1 /(1-<), i=l, 2. 
r.. ,i n 0 z 1 m 

Tor.n;a CHCTeMY ypaBHeHHif: MO)KHO llpHBecTH K BH,Uy 

J = -DdN /dx, 

r11e 

m m 
DH =g(l-am+l) (jm,l -~jm+l,l )1202, 

0 21 =gam+ I ( j :.2- ~j :.I ,2 ) J 2l11' 

D22=[i~,2 -~i7,2 -gj:,2(1+am+l)l2+~gj:+1,2]/!l,z. 
llOCKOJibKY 

cosO =SinO .,j1-(p/r)2 sin2 ¢, n z z 

(51) 

(52) 

(53) 

TO BeJIH'IHHbl j MO>KHO llp<l/ICTaBHTb B B!111e (54) 
0 . -----m 0 2 f-1 2 2 f-1 i, =4rr(d0cos0sin 0 (d¢(1!1-psin¢) pdp/[~+gf(¢,p)], l. ,i z z z z z z 

llocrr<l/IHHH HHTerparr nyTeM 3aM€Hbi nepeMeHHbiX y = v 1 - p2sin2 ¢z npn
aonvncJI K BH.UY 

rr/2 I 
l=4.f (d¢/sin2

¢) r e m-1 m-li 
x dx/[~+gsin 0 x (1-~sinO x)l. z z 0 cos¢ 

lliMeHHB IIOpH,UOK HHTerpHpOBaHHR, IIOJiyqHM 

--2 e m-1 m-1 l=4((x/.,j1-x )xdx/[~+gsin 0 x (1-~sinOx)]. z z (55) 

llO/ICTaBHB (55) B (54) H C/leJiaB 3aMeHy nepeMeHHhiX y = sin0z , norryqHM 
OKOHlJaTeJibHOe BblpiDKeHHe 

m f-1 ---2 f+l m-; m-1 
j =16rr(y dy.,jl-y(x dx/[~+gy x (1-~yx)], (56) f.i i 
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r,ue mnerpnpoarunt:e dy i pacnpOCTpaHHeTCJI Ha COOTBeTCTBYIOlUHfr KOHYC 

yrnoa, H BO H36e)f(3.HHe paCXO)l.HMOCTefi HHTer_E!;,:POBaHHe rrp11 MaJibiX 8 cne

,nyer npOBO)J,HTh TOJibKO .no 3HatleHIDI. y = v r a I v = 0,1, o6ycnoaneHHoro 

rpasHTaWieH ( G - ycKope>me cso6onHoro naneHHH). OpH KOHKperHhiX 

3HatieHIDIX f H. m illiTerpaJibl MQ)f(}{O B3.HTb B HBHOM BH,IJ.e. flpH ttl= 0 HMeeM 

0 3 0 3 
j ~2rr a /g, j 2 ~2rr (t -a

00
), a00~2(00 -sin00cos00 )1tr, 0,1: 00 0, 

j 0 ~64rra 10 /9g, j0 ~64rr(t -a )/9g. 
l,ll 1,2 10 

6. COOOCT ABJ1EHI1E C 3KCOEP11MEHTOM 

B 3KcnepHMeHTe, nonpo6HaR cxeMa KoToporo rrpencraaneaa Ha pHc. 2, 

H3MepflJiaCb CKOpOCTh ClJeTa .UeTeKTopa, YCTBHOBJieHHOrO Ha KOHI..J;C 3BeHa 

3 (wn-r 2) npH H3MeHeHHH norrromeHilll o6pa3ua, ycra.Hoanmmoro Ha KOHu;e 

3BeHa 2 (mm: 3). Man-rcTpaJibH&IH. Heifipoaoao.u 6bm cocTaaneH H3 arnen&· 

HblX npHMOJIHHefu.lbiX 0Tpe3KOB Tpy6 pa3JIHtJHbiX .UHa.MetpOB H CO.Uep)KaJI 

tJeThipe pe3KHX noaopoTa: onHH Ha 90° H TPH- Ha 60°. B OTJI.CJILHhiX cny

lla.RX s MarHCTpanbHOM HeiiTpoHosoAe He.uaneKo oT pa3BeTBJieJUUI noMell.Ul

nacb .UH.a<lJparMa li3 MeAH C fUIOll\a.)l;bfO OTBepCTJ.UI S d. 0Tpe3KH HetfrpOHOBO-

14 
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Puc. 2. Cxe.Ma 3KCnepu.MeHr/ 11 . 06o-

3HalleHWl re xe, 'lTO u Ha puc. I. P03-

Mepbl YKa3aHbl Ha pucyHKe. 



Puc. 3. 3aeucUMocro o6pamoii cKopocru 

cr.tera OereKropa (1/J) or nno114aOu nolJZO

TUTeJZR (nO.rlU'JTUJleHa)/l/: 1, J- 6 200-

MerpUU 1; 2, 4 - B leoMerpuu 2. Tor.tKu

'JKcnepUMeHTtl!lbHble OaHI-tbte, HOpMupoeaH

H.bte Ha e0UH.Uf.lY npu HyfleBoii MOU4aiJU 

nolflOTUre.!lJl, Kpuebte - reoperur.tecKuii 

pac•er: 1, 2- npu napaMerpax 'I= 0,035, 
g = 0,8, m= 1; 3, 4 - npu napa.MeTpax 
., = w-2, g=0,12, m= 0 . 

.nos rrocne pa3BeTBJieHHH 6hiJIH Hese

JIHKH. 3TO Heo6XO,ll;HMO OTMeTHTb, 

IIOCKOJibKY OpHMeHeHHe ,n:mf>¢>Y3HOH-

HOfO TIO.IJ;XO.D;a K KOpOTKHM Heifrpo-

3 

M 

HOBO.U8M .UO HeKOTopoH: CTeneHH np06JieM8THtiHO. .Il.ereKTOpOM CJIY)f(l1JI 

npOIIOpUHOHaJibHbiH: ClJeTlfHK C aJIIOMHHHeBbiM OKHOM rutoiua,u&IO 130 CM 2. 

06pa"1eu npe.ucraBJIRJI co6oii Me.UHyiO .u11a¢>parMY, Hano*eHHyro Ha nonH3TH

neHOB&IH JlHCK, TillOlllaLlb KOTOpOfO COCTaBJlHlla Sp, 314 CM 2 • TipH TIJ10IU8-

.UH oTsepcriDI ,nHa$parM&I, pasHoH S, sepoRTHOCTh nornomeHIDI HeiiTpoHa 

o6pa3UOM pasHa M = S/SP. 
Ha p11c. 3 npe.ncTasneH&I HOpMHpOBaHH&re Ha e.umnuzy npH M"" 0 3aBH

CHMOCTH .r-1 (M) nnR .usyx reoMeTpHH o6pa3Ua 11 neTeKTopa. Ha6nronaeMoe 

pa3JIHlfHe B CKOpOCTRX Cl.leTa B .UBYX reoMeTpHRX o6ycJIOBJieHO a.HI130Tp0-

m1ei1 yrnosoro pacnpe.n;e.rreHIDI YXH a TOlfKe p33aersneHKR. 

Tip11 cpaBHeJUIH TeOpHH C 3KCnepHMeHTOM B pacqere npHHHM8Jl8Cb 

11H/lHKaTpHca OTpa)l(eHIDI BH.Ua (37) c A(!J) =cos"'e . napaMeTp eo nona

rancH paBHbiM rr/4. Boo6I..Ue )f(e B8pbHpOB81-Hie f3o B npenenax rr/6 ,S 8
0 

:::_n/3 

cna6o BllHReT Ha pe3ynLTaThi pac1.1e-ra. CneKTp YXH rronaranCR MaKcae.rrnosc

KHM C rp8HHU8MH 3,37 M/C (rpa.HHlfHaJI CKOpOCTb M8rHHesoro KOHBepTO

pa) H 5,67 M/C (rpaHH<!HaFI CKOpOCTh Me)lHOrO HeifrpOHOBO!la). 

Hal1Jiy~.Iwee cornacHe pac~.Iera c 3KcnepHMeHTOM no 3aBHCHMOCTRM 

r 1(M) (KpliBhie 1 H 2 Ha pHC. 3), a TaJ<)I(e no nponycJ<aHIDO H OTHOllleHIDO 

semNIDI J(Q) B llBYX reoMeTpilliX llOCTHranOCb npli napaMeTpax 'I= 0,035, 

g== 0,8 11 m = 1. HecKOllbKO Y.U11BJIRer 38BbiWeHHoe 3HalJeHue 11, KOTopoe 

B COBOlcymtOCTH C napaMeTpOM m"" 1 ace )f(e He npHBO.lUIT K Cl1JibHOMy 

yMeH&WeHI1lO npoiiyCKa.HIDI. 

qyBCTBI1TeJlbHOCTb p8ClleTOB K napaMeTpy m ,UeMOHCTpHpyetCH KpHBbi

MH 3 11 4 H8 pHC. 3. 3.uec& ffi= 0, H OIIHC8Tb 3KCIIefHMeHTaJibHbie .D;8HHbie 

He y.uaercR na)Ke npu HaiUiyt~uiHX 3HaqeHHRX rt= 10- H g"" 0,12. TaKHM o6-

pa30M, .UByxrpyniiOBaJI MO.Ue.Jib ll03BOJ1ReT IDBJleKaTb H3 3KCnepHMeHTOB 

He TOJlbKO ycpe,UHeHHbie napaMeTpbi .UH<f>QJy3HOfO OTpiDKeHHR, HO H CY.UHTb 

o ¢>opMe HH.U11KaTpHC&I oTpiDKeHHR YXH OT creHoK HeKrpoHoao.n;a. 

Ha pHc. 4 npwse~:teHa JaBHCHMOCTh .r1 (M) c nonyqeHHhiMH paHee 

napaMeTpaMH 11= 0,035, g= 0,8 H ffi= lllJU! cnyqaH, 'I<or)la B MarHCTpanbHOM 

HeiiTpoHoso.ue Ha paccTO.RHHH 21 eM OT pa3BetBJieHIDI ycra.HaBJIHaanacb 
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3 t 
1 

0,5 M 
1 

Puc. 4. 3aBucuMOCTb o6paTHoi1 cKopo~ 

cru C'lera OereKropa or Mow,adu n02ilO

rurerui npu HClflUltUU 6 MQCUCTpCL!lbltOM 

neiirpmweode OuarjjpazMbt, noKa:Jawwi1 

Ha puc. 2. 06o3Ha~teHWl re xe, liTO u 

Ha puc. 3. 

HOB0/1 11 K 60JJbllleMy (Ha 30%) 

1.25 

0 

" ::f 

Puc. 5. 06panum cKopocrb c!fem iJaeK

ropa 6 3QBUCUMOCTU OT (JilUH.bl e 36CH.Q J 

(puc. 2) npu HylleBoii flflow,aOu nouro

rureJifl. TollKU - 3KCnepUMeHTCl/lbHbie 

OaHHbte, KpuBaR - reoperu11ecKuii pac

~ter npu napaMerpax 77 = 0,035, g =0,8, 
m~ 1, 

M€.t{Ha.H ,IJ.HaQJparMa C WIOI..I.J,a,IlblO 

oTaepcnrn 20 CM 2. XoTH KatrecT

seHHO paCqeT npaBHJihHO OT06paJKa

eT XO.U 3aBHCMMOCTH, HO KOJIWI€CT

BeHHOrO cornaciDI Her. Ha.JimHe 

,UHaQJparMbl IIpl:IBOUIIT K 6om.rne
MY OTTOJ<Y YXH OT TOliKH pa3seT

sneHHH B MarHCTpaJihHhlti Heifrpo-

lla;::J;eHlliO nponycKaHHR, lleM 3TO cne.r:r.yer 

113 pacqera. 
Ha p11c. 5 npHBe)1eHa 3aBHCHMOCTh J -! (0,1) oT !1JIHHbi f 3BeHa 3 

np11 Tex :>Ke napa.MeTpax TJ = 0,035, g= 0,8 H m=l. Cornacne pact.~eTa c 3Kcne

PHMeHTaJibHhiMH AaHHbiMH y,noane-raopHTenbHOe. 

3KCTiepHM€HTaJlbHbie WlHHbie, KOTOpble HCTIOJib3YlOTCH B HaCTORIJJ;eii 

pa60Te .UJIH npoaepKll B03MO:>KHOCTetf .D,Byxrpynnoaoft TeOpHH AH<lJ<lJy3HH, 

6bmll nonyqenbi .n;nH HHhiX u;eneH, He CBH3aHHhiX c npoaep:Kol1 .D,aHHoii 

TeOpHH, H TI03TOMY HX KOJIHti€CTBO H KalleCTBO He.D,OCTaTOliHO 6naronpHRT

HO .D,JIH Ta:Koii npoaepKH. TeM He MeHee proynhTaThi cpaBHeHIDI H~JIHIOTCH 

A0CTaTOliHO 06Ha.Ae:>KHBalOIUHMH. 0HH IIO:Ka3biBalOT, liTO MO)J;eJlb .UByxrpyn

IIOBOft AH<lJ<lJy3HH Il03BOJIHeT C TIOMOIJ..U:.IO He60Jibill0f0 lJHCJia e,n;HHbiX ,UJIH 

3aJlaHHOH HeihpoHoBo.n;aoH cHcTeMbi napaMeTpoB o:imcaTb AHQ>Q>y3Hl0 YXH 

a pa3nHt1HbiX yqacTKax p8.3BerBJieHHoro HeftTpOHOBOAa 11 no 3KcnepnMeH

TanbHbiM )J;aHHbiM onpeAeJlHTb He TOJibKO llHTerpanbHbi€ xapaKTepHCTHKH 
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OTpiDKeHIDI HeifrpOHOB OT CTeHKH, HO B onpe;u,eneHHOif CTeneHH H3Bnellb H 
<!JopMy HH)J;HKaTpHChi OTpa>KeHlliL 0AHaKO 1\JIR 3Toro Tpe6yeTCR TipOB€CTH 
;rr,ononHHTeJibH&Ie H3MepeHIDI. 
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