
c 

" . ", " : ' , , '. , ' h,' , ,~ , " . --"r~--
I ,; ~ .. 

" .., -" · ~ f.l" \ ., 
~ .. ~ 

" <"~ i 
, 22 xon ~ 

-
\ \ 

,
/ 

( 

I ' 
, 

\ " 
I,
 

.Penaxr op ~ .11.~a py6HHa . MaKeT p . ,U.<1JOMHHOH.
 
Ha60p Jl , M. Kaurexneo oaon , , O. B .1II e c'T aKoBo~.
 

Ilonnacaao B nesars 0 6 .03 .89 . 
et>0PMllT 60x90/16. O<l>ceTHaR nexars. Y'I"H3nJlHCTOB 1,43.

" 
! THpIDK 38 5 . 3aKa3 4 1725 . 

Ihna,TenbcKHH 'OTAen 06'benHHeHHorq HHCTHTyT,a anepasrx HccneltoDl1Hldl. 
JIy6HR MOCKOB,CKOH 06naCTH. 

I: 

~ 
. :j. 

. \ ', ~ 
1'1;

I:" , , 
" .1 ' 

~• t.~ 
.,/ ~ 

j r I 

'- " ,
" " \ 

\ 

" I;~ 
__ 

,~ J! -301
 
t 
;\1 

,;t"~1...", 

' ) ''I"f
/ ' 

\t
 
1 

1 { 

:~
 
t 
~'
 

" I 
, ,

COOOUlBHMR t 
"

~ 

, 

OO'bBJlMHBHHOro 
MHCT~TYT8 

RJl6PHbtX
 
MCCnBJlOB8HMM
 

Jl-Y ti Ha,
 
/ 

_P3-88-901 

r .3IIep, 11.3rrep 

cnOCOB OBHAPY)KEHIDI 
MAJIOYrJIOBOrO PACCERHIDI 
nOIDIPH30BAHHhIX TEIIJIOBbIX HEitrPOHOB. 

r 
MO.IlEJ1l'lPOBAHHE 3I<:CnEPHMEHTA 

',U' 1988 ; ,
 
"
 

t> -~l~'.- - - ~I 
:to- Y, I 

I · '" . ~ 



.'

il l i 

"" 
~ I'i 

1. BBE,UEHI1E
I. 

~ .
TIPH accnezroaaaaa KOH,n;eHcHpOBaHHbIX cpen C rrOMOI.IU»1O Manoyrno~l 

l 

aoro pacceaaaa HeHTpoHoB 6onbllloe aaaseaae HMeeT B03MO)KHOCTb OTnH
qHTb pacceaansre HeHTpoHbI OT nepacceaansrx. B cnysae nymca nenonapa
30BaHHbIX HeHTpoHoB yqHTbmalOTCH reoxrerpaxecxae napasrerpsr pacceanaa. 

..... ,UnH nysrca rronHpH30BaHHbIX HeHTpoHoB MO)KHO nononnarensao yxecrt, 
H3MeHeHHe opHeHTaI.J;HH CIIHHaHeHTpoHoB . 

.B patiore" I H3nO:>KeHO TeOpeTHqeCKOe 060CHOBaHHe o6Hapy:>KeHIDI 
MaJIoyrnoBoro pacceanaa. rronHpH30BaHHbIX HeHTpoHoB. OKa3anOCb, qTO 

nocne rrpOXOJK,D;eHHH rronHpH30BaHHOrO rrysxa xepea neonaopormoe MarHHT
Hoe none ofipaayrorca pasnaxasre cnercrpsr rrOJUIpH3a:I.J;HH B arccneparaearax 
C 06pa3I.J;OM H 6e3 Hero, r.e, B03HHKaeT H3MepHeMbIH cnexrp nenonapasanaa. 
Cnexrpansaoe pacrrpeneneaae nenorrapaaanaa npa ::nOM qYBCTBHTenbHO 

, ,	 3aBHCHT OT H3MeHeHHH HMrrynbca pacceaaasrx HeHTpOHOB, T.e. B cnyxae 

ynpyroro pacceanan - OTaana <!JYHK:I.J;HH paCCeHHlUI. 
BaJKHbIM mar-or-r aa rrYTH K rrpHrOTOBneHHIO cOOTBeTCTBylOII.UlX sxcne

pHMeHTOB HBnHeTcH Mo,n;enHpOBaHHe axcnepaseeara, 3TO ziaer B03MO)I(HOCTb 
rrOnO:>KHTb peansnsre MarHHTHbIe norra B OCHOBy BblqHCneHHH cnexrpa nerro
nHpH3aI.J;HH, onpenenars qYBCTBHTenbHOCTb MeTOna K H3MeHeHHIO arrrrapa
TypHbIX napaxrerpon H CBOHCTB pacceasarena, OI.J;eHHTb Tpe60BaHIDI K TOtIHO
CTH H3rOTOBneHHH ornensasrx 3neMeHTOB cnercrposrerpa H cpasaars reope
pasecrcae H rcnaaaarccrreparaerrrarrsnsre pesynsrarsr C nerrsro nOCTIDKeHHH 
HX ynoaneraoparensaoro COBrra,D;eHHH. KpOMe Toro, TaKOH rrpOMe)I()TTOtIHbW 
mar npa pa3BHTHH xrerona ofirreruaer paspafiorrcy rrporpaMMbI OI,(OHqaTenbHOH 

o6pa6oTKH H3MepeHHbIX ,n;aHHbIX. 
B naHHOM crrysae MOnenHpOBaHHe srccnepasreara CBH3aHO C tIHCneHHbIM 

pemeaaexr ypaBHeHHH ,n;BH:>KeH~H HeHTpOHHoro crraaa B nepexreaaora MarHHT
HOM rrorre, 

2. CXEMA 3KCTIEPMMEHTA 

,UnH npoaeztenaa axcnepassenra rro o6HapY)l(eHHIO ManoyrnoBoro 
pacceaaaa HeHTpoHoB neofixozrar-ro HMeTb B pacnopaaceaaa rryxorcnorrapa
30BaHHbIX renrroasrx He:(:npoHoB nocrarounoa HHTeHCHBHOCTH. TI03TOMY 

cnexrporaerp rronHpH30BaHHbIX HeHTpoHOB CTIH-1 aa O,D;HOM H3 KaHanOB 

r--~~ --~- .
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ofipaaua nyxorc HeHTpOHOB BCJIe,nCTBl1e ztaarpparwrapoaanaa npOXO,D;liT xepea 
p c F T A 0 Puc.I. CXeMa inccnepuuenra ua nyutce nons

neonaopoznroe nOJIe no nOQTI1 napaJIJIeJIbHbIM OCI1 TpaeKTopHHM. 113 113MepU308aHHblX HeUTpOH08. P - nonspusarop, 
peHHbIX crrexrpon BpeMeHI1 rrporrera 110 20 (,\) ,nJIH 060l1x n0311~H cnaa~ C - auafipaeua, F - cnutufinunnep, T - 06
dmarmepa BhIQI1CJIHeTCH cnexrpansnaa 3~BI1CI1MOCTb nOJIHpI13~1111 Po ( ,\ ) . 

@ Y paseu, B - ueoouopoonoe Ma2HUTHOe none, 
B 3KCnepl1MeHTe C 06Pa3~OM pacceaaasre HeHTpoHhI npOXO,lJ,HT xepeaA - aHMu3aTOp, D - OeTe-KTOp. 

neonaopormoe nOJIe no npyravr TpaeKTOpI1HM, ,nJIH KOTOpbIX I1HTerpaJI 

Puc.2. IIpuH14un npeOilOJICeHH020 cnoco6a I
u3MepeHUR. Paccesunue ueiirponu npoxo

, , 
»> 

_ _:::::1_'::::= 
--~;:s=eaRT uepes MaZHUTHOe none no TpaeKTO -->------

pURM, OIlR KOTOpblX nOIlYllalOTCR PfJ3IlUIl

uue suauenus unreepana no nyru OT ua I .. J B(z) 

npRJlCeHHOCTU. 

I1MnYJIbCHOrO peaxropa I1BP-2 CJIy:>Kl1T OCHOBaHlieM, 11 ero TeXHl1qeCKl1e 

napasrerpsr liCnOJIb3YlOTCH npa MOp;eJIlipOBaHlili TaKI1X 3KCnepI1MeHTC)B. 

Ha pnc.L. aaofipaaceaa cxer-ia 3KCnepl1MeHTa 06HapYiKeHHH MaJIoyrJIOBOrO 

paCCeHHI1H HeHTpoHoB. Ha cnexrpor-rerpe CIIH-I MOiKHO npencraanrs reo

MeTpillO pacceanaa B p;ByMepHoH dioprae, TaK KaK mnpaaa nynrca B x-narrpas
JIeHHli Mana (2-10- 3 M). Illapana nyxxa B Z-HanpaBJIeHI1I1 YCTaHaBJII1BaeTCH 

na nsrxone nOJIHpl13aTOpa P cnovroutsso ,nHacPparMbI C. Bercrop rronapasauaa 
npaxroro nyuxa aanpaanea B -rz-aarrpaaneaaa: S = s~z. Cnandinanrrep F 
n03BOJIHeT nOBOpaQI1BaTb CIlliH na yron 1(, 11 B axcnepasrenrax noneper-reaao 

li3MepHIOTcH cnexrpsi aperaena nponera P;JIH 060l1x n0311~I1H cPJIlinnepa. 

qYBcTBliTeJIbHOCTb asr-repeaaa 3cPcPeKTa ,nenOJIHpli3a~1111 TeM 60JIbIlle, qeM 
MeHbille paCCTOHHl1e MeiK,D;y p;l1acPparMoH C li 06Pa3~OM T 11 QelVI fiorn.nre 
paCCTOHHl1e MeiK,D;y 06pa3~oM T li Marnl1THbIM nOJIeM B. 

qT06bI B036y,nHTb npeneccmo cnaaa B neonaoponnor-r MarHHTHOM 
nOJIe 

-t
B, KOTOpaH aaaacena 6bl OT yrna pacceanaa e, MarHI1THOe nOJIe ,nOJI

iKHO liMeTb cnenyrourae CBoHcTBa: • 

B 6JIliiKaHilleH oxpecrnocra OT y, Z-nJIOCKOCTli nexrop nOJIH ,nOJIiKeH J,
I 

liMeTb x-nanpaanenae, 
nanpaaceanocrs nOJIH p;OJI)KHa cl1MMeTpl1QHO yr-reasura'rsca onpenenemn.rr-r 
06pa30M C pacCToHHHeM Z OT OnTI11IeCKOH oca cnexrpor-rerpa, 
B rpaHWIHbIX 30Hax nOJIH nano otiecneaars aeannafiaraxecrcoe rtoaeneaae 
crraaa C nOMOrn;b1O 6bICTporo li3MeHeHHH HanpH)I<eHHOCTH n.OJUI B y-aanpan

JIeHHli paCnpOCTpaHeHHH rry-nca. 
BCJIe,nCTBHe 3TliX Tpe60BaHliH pacrrpezrerrenae nOJI1I MO)J<HO orracsraars KaK 
~ ~ 

B = B, u(y)'v(ztf:\, npaser-r v(z) = I - Z/Zr H onHCbIBnOT J1Hue'b-lOe CHI1)KeHl1e 

HanpHiKeHHOCTH nOJIH B Z-HanpaBJIeHHH C nOJIYlllHp"JIO~ ZplI l<:pHBOH v(z). 
Ha pac.z asofipaacen npHHUHn .neHCTDHfl MOTOJ~n of)nnpynceHliH MaJIO

yrJIOBOrO paCCeHHI1H nOJIHpH30BaHl-lbIX not-tTp0J10n. 13 arecnepasreare 6e3 

no nyTI1 OT HanpHiKeHHOCTI1 HBJIHeTCH npyrara. 113MepHIOTcH cnercrpsr aper-re

HI1 rrporrera I I, 2 (,\ ) ,nJIH ofienx n0311~I1H cPJIl1nnepa, rcoropsre OTJII1QalOTCH 
OT 113MepeHHhlx cnercrpon B 3KCnepl1MeHTe 6e3 ofipaaua, TaKI1M 06pa30M 113 

HI1X MO)KHO Bhllll1CJII1Tb cnercrparn.nyro 3aBI1CI1MOCTb nOJIHp113a~11 P ( ,\) , 
KOTopaH OTJII1QaeTCH OT P 0('\) . Pa3HI1~a 060l1x crtercrpon nOJIHpI13a~l1l1, 

HOpMl1pOBaHHaH na nOJIHp113a~111O Poo (,\) npar-ror-o rryxxa (B 3KCnepl1MeHTe 

6e3 ofipasua 11 6e3 nOJIH) , ofipaayer cnercrpansnoe pacnpeneneane zienonapa
_3a~1111 D('\) . 

110 J1 t.J1 

2.105 2.105 

'. 
1,0 

1·/'
5105 o.s ~: -,10 ,

~ t : .!• 

.",.--\"-";-.j1/ 

,,,,., ...........
a '----' 
6 ft.A 4' 6 !I.A 

120 t.I 2 
2.105 

1,0I:. :.. 
105 

105~:' o.s• 

.. ' ;:~ 
'. : ~ • -f ".;\\: ..~o: ~ 0 

2 4 6 iI.A 2 4 6 A.A 6 A.A 
Po P o 
1,0 1.0 ~ 1,0f. 
0,5 .' :.-- r ; o.s : t' O'5~";:

••• .." • Itt. • • ," . i .. :', . . . !\. : ' '\ 0 :. : ~ I: .....0 · . · .,; \ 0:: :.: :...; \i '" \ . .. \: 
-0,"5 .; " -0.5 .0( \: 

2 

PUC. 3. IIoR81leHue 3ifjifjeKTa oenonnpusauuu: 11 ,2 U 

110 , 20 - "usstepeunue" cnetcrpm epeueuu nponera, 
M1 2 - pasuocn, - "U3MepeHHblX"11 2 110 20 

cne~TpOG, Po u P -' CneKTPMbll~lepocnpeoeneuus no

IlJlpU3a14UU, D - cnextpansnoe pacnpeoeneuue oenonnpu
sauuu. 
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,UnH TOrO lIT06bI HarnH,IJ.HO nOHCHI1Tb npaauan .n;eHCTBI1H, nano I1CnOnb

30BaTb peayrrsrar MO.n;enl1pOBaHl1H 3KCnep11MeHTa, KOTOpbIH nonyxea zirra 
ar-mnaryzna nona B 0:= 7,5 '10-3 Trr, C norryuurpaaoii z FH = 2 '10'-2 M 

11 .n;nI1HOH nona B y-nanpaaneaan, panaoii 2 ·10 -2 M, 11 C 111I1PilllOH ny-nca 
B Z -HanpaBneHI1I1 na asrxone nonapnsaropa, paaaoii 10-2 M. 

Ha pnc.S 11306pIDKeHhI crrercrpsr 6e3 ofipasua 110 20 ( 'A ) 11 C ofipaauovr 
11, 2 ('A) . Ha npason cropoae nOKa3aHhI crrexrpsr O~KnOHeHI1H ~I 1,2 ('A) = 
= I 1.2 ('A) - 110, 20 ('A), BHI13Y cnexrpsr nOnHpl13a~1111 Po ('A) 11 P( 'A) 
a raxace np0l13BO,IJ.Hhrn cnercrp .n;enonHpI13a~1111 D( 'A) • 

B 3KCnepl1MeHTe 6e3 ofipaaua nyxorc HeHTpOHOB npOXOJ];l1T lIepe3 uea
rpansayro ofinacrs MarHI1THorO nona, KOTOpaH xapaxrepasyerca 60nblllHM 

3HalleHI1eM HanpH:lKeHHOCTI1 11 ManeHbKI1M rpMl1eHTOM rrorra. B 3TOM cnysae 
rrpawroii nynorc HeHTpOHoB ztenorrapaayerca OTHOCI1TenbHO r-rano. TaKI1M 

06pa30M, B cnexrpe I 10 ('A) B03HI1KalOT BhIpIDKeHHhIe MaKcl1MYMhI npa 
nrmaax aorm, )J,nH KOTOphIX 11I1CnO 060pOTOB cmraa uenoe (ljI = 2 rri ,i == 

= 1, 2, ... ). Ilono:IKeHI1H TaKI1X MaKcl1MyMoB Haxo.n;HTCH B cnercrpe I 20( 'A) 
na MeCTax, rne B cnercrpe I 10 ('A) I1MelOTCH MI1HI1ManbHhIe 3HalleHI1H. 

B 3KCnepl1MeHTe C 06Pa3~OM aepacceaansre HeHTpoHhI OCTalOTCH B uea
rpansnoa ofinacrn nona, B TO BpeMH KaK neirrpoasr.pacceaaasre na ManhIe 

yrnsr, npoxonar xepea 06naCTH MeHbllleH HanpH:lKeHHOCTI1 11 60nblllero rpa

zmenra norra. HeHTpOHhI C .n;nl1HaMI1 aorm, xo ropsre COOTBeTcTBylOT neBhIM 

CKnOHaM nI1KOB, I1MelOT yrorr npeueccna B naanasoae 2rr(i - 1.-) < ljI < 217i . 
4 - -

TaK KaK anaseaae nnrcrpana no nyTI1 OT HanpH:lKeHHOCTH IlpI1 pacceaaaa 

yvreasruaerca, raroxe yr-reasuiaerca yron ljI, 11 n03TOMY Z - KOMnOHeHTa 

crnora. Perncrpapyer-raa I1HTeHCI1BHOCTb I 1( 'A) , KOTOpaH nponopuaonansaa 

Z - KOMnOHeHTe cnnaa, nanaer no CpaBHeH1110 C I 10('A) . HeHTpoHhI C nrrnna

MI1 aorra, rcoropsre cooraercrayior npaasnvt CKnOHaM nI1KOB, I1MelOT yrorr 

npeneccaa B nnarraaoae 217 i < ljI < 217( i + 1..) . ,UnH HHX 113-3a YMeHbIlleHI1H 
- - 4 . 

yrna ljI YBenl1l1l1BaeTcH I1HTeHCI1BHOCTb I 1( 'A) no cpaBHeHHIO C 110( 'A) • 
Aaanorauno 'MO)I(HO 06nHCHI1Tb pa3HI1~y Me)l(J];y cnexrpasra 120 ('A) 11 

12( 'A ) • Manoyrrroaoe pacceanae npl1BOJ];l1T K TOMy, liTO B cnexrpax 

1 , 2 ('A) . YMeHbillalOTcH MaKcl1MYMhI no CpaBHeH1110 C crrercrpavra 110, 20 ('A),1
a MI1HI1MYMhI YBenl1l1I1BaIOTCH. 

Cnexrpansnsre pacrrpenenenna nOnHp113a~HM BhIllI1CnHIOTCH no onpene

neHI1IO: 

1 ('A) - 1 ( 'A )I 10 ( 'A ) - I 20 ('A) 1 2 (1)P ('A)Po ('A) 
I 10 ( 'A ) + 120 ('A) 1 ( 1.. ) +1 2 ( 1.. )1 

3<p<peKT .n;enOnHpI13a~1111 xapaxrepasyercx Pa3HHUeH 060RX cnercrpos nona

pI13a~I1H, HOpMRpoBaHHoH na nOJIRpH3aUHIO nparaoro nyxxa P00 ( 'A ) : 

4

(2)D( 'A) = [ P( 'A) - Po (1..)]/ P00 ('A). 

CneKTpaJIbHOe pacnpeneneaae nenorrapasanaa D( 'A ) npHHI1MaeT MaKCI1

MaJIbHhIe 3HalleHI1H no MO.n;yrno npn Tex 'A, rzre cnexrpsr 110 , 20 ('A) I1MelOT 

axcrperaansasre snaxeaaa. 

3. MO,UEJIHPOBAHHE 3KCIlEPHMEHTA 

QTo6hI nonyxars aepnsre pesyrrsrarsr Mo.n;enHpOBaHIDI arccnepasreara, 
xoropste xoponro connanana 6bI C pesyrrsraraxra .n;eHCTBlITenbHOrO axcrrepa
MeHTa, HaJ];O 6bmo yCTaHOBHTb HeCKonbKO <pH3HlIeCKHX H reOMeTpHlIeCKHX 

napavrerpoa zma Ka)l(J];OrO npOXO)l(J];eHHH HeMTpOHa lIepe3 HeOAHOpO,nHoe 

MarHHTHoe none, YllHTbIBaH npn 3TOM onpenenearrsre xpaeasre ycnOBHH 
H 06naCTH HX.H3MeHeHHM. 

C uensro 3KOHOMHllHoro HcnOnb30BaHIDI 3BM .n;nH Mo.n;enHpOBaHHH 

arccnepaxrenra npHMeHHnCH MeTO.n; Motrre-Kapno. B 3a.u;aHHbIX naanasoaax 
cnYllaMHhIM 06pa30M C onpenenenaoa BepOHTHOCTblO BbI6HPaJIHCb cneny
IOI.IJ;He napaxrerpsr axcnepaxrerrra: 

zinana aormsr HeMTpOHa 'A B naanasoae Amin ~ A~ 'A max C BepOHT


HO(''TblO p 1 ('A) , KOTopaH COOTBeTcTByeT MaKCBeJInOBcKoMy pacnpene


neHHIO peaKTOpHbIX HeMTpOHOB;
 

roxrca asrxona HeMTpOHa H3 rrorrapasaropa z . Ilpa .n;aHHOM reOMeTpHH
 

nysrca na cnexrpor-rerpe CIlH-1 MO:IKHO npeaetipeus x-rcoopnaaaroit
 

3TOM TOllKH, Z -KOOp.n;HHaTa BbI6HpaeTCH B naanasoae -Zma» ~ Z ~+zm8X
 

C BepOHTHOC~blO P2 (z , 'A) ;
 
aneprypnsni yron ¢ npaxroro rrysrca. HeCMOTpH aa xopomyro xonna


MaIJ;HIO. rrpar-roro nyxxa scerzra B03HHKaeT KaKaR-TO aneprypa aroro
 

nyxxa. 'Yron nsmera HeMTpOHa H3 nnOCKOCTH .n;Ha<pparMhI aa asrxone
 

nonapasaropa BhI6HpaeTCH B naanasoae - ¢max ~ ¢ ~ + ¢ min C Be


pOHTHOCTblO p3 (z , 'A) ;
 
Mo.n;ynb nexropa pacceanaa K, KOTOphIM CBH3aH C yrJIOM pacceaaaa
 

8 no <popMYJIe I..K = 2.,,8, BbI6HpaeTCH B anne paaaor-repaoro pac


rrpeneneaaa B naanasoae -K ~ K :$ + K
 
max max 

B3aHMo.n;eMcTBHe HeMTpoHa C 06pa3IJ;OM (1 • C nOMOI.IJ;b1O cnytIaMHhIM 

06pa30M BhI6paHHhIX naparaerpoa 'A , Z , ¢ ,K O.n;H03HatIHO onpene

rrena TOtIKa B03MO)l(l{OrO B3aHMo.n;eMcTBIDI C 06pa3IJ;OM. CaM <paKT 

B3aHMo.n;eMCTBHH, T.e. rparcr ynpyroro pacceaaaa .aa yrorr ~,onpe

nerraerca C BepOHTHOCTblO S( K) <pyHKIJ;HH pacceaaaa (P4 ('A )) 
Ilocne cnysaaaoro BhI60pa ncex H33BaHHhIX naparaerpon MO)l(l{O onpe

.n;eJIHTb TOtIKy nanenaa neirrpoaa C 3THMH napasrerpaxra aa IIJIOCKOCTb ne
rercropa. TonbKO B cnytIae na.n;eHIHI HeMTpOHa Ha tIYBCTBHTeJIbHYIO nOBepx

5 



HOCTb nerercropa OH peracrpapyerca B cnercrpe BpeMeHH nponera. Torrta 
C noxrounao IIpOrpaMMbI SPIRO /2/ BbItlHCnHeTCH ,n;BH)KeHHe CIIHHa HeH

TpOHa B HeO,n;HOpO,n;HOM MarnHTHOM none H onpenerraerca OTHOCHTenbHaH 

BenHqHHa Z - KOMnOHeHTbI cnaaa nocne npOXO)K,lJ;eHHH HeHTpOHa nepea 
ace none. TIPH 3TOM neonaoponaoe MarHHTHoe none B qaCTHqHbIX rraanaaoaax 
onHCbIBaeTCH pa3HbIMH aHanHTHqeCKHMH cPyHKIJ;HHMH, xoropsre B uenor-r 
naror xopomyro annpOKCHM8.UHIO peansnoro nona. )J:nH Toro qT06bI no
crarayrs MaKCHManbHoro 3<p<peKTa nenonapasauaa, CBOHCTBa vrarmrraorc 
nona norracasr ynoaneraopars cnenyronrar-r Tpe60BaHHHM: 

H3 nOCTaHOBIqI <pH3JiqeCK0I1 aanasa He06xo.u.HMO BbIHCHHTb, nrra KaKOH 

cpenaea nnaasr BOJtHhI X H nrra rcaxoro cpenaero H3MeHeHHH MO.u.ynH 

nexropa pacceaaaa 8.K »cenarerrsaa 6hIna 6bI orrraraansaaa qyBCTBH
TenbHOCTb axcnepawreara. TIo <popMyne (32) H3 pa60TbI/1/ 3THM 

onpenerraerca OTHOIlleHHe aMnnHTy,n;bI K norrymapaae nona K = BO/z FH 
C yuerowr paspemaromea cnoc06HoCTH cnexrpowrerpa, onpenerraeraoa 

npononaorrerrsnocrsro peaxropnsrx acnsnnerc, MO)KHO norryxars MaKCH

ManbHO B03MO)I(HOe qHCnO paapemaerasrx OCQHnnHUHH B cnercrpax 

BpeMeHH nponera Nmax' Ilpn pacurapennn YM MarHHTHoro rrorra 
B y-nanpaaneaaa Hy)I(HaH ar-mnaryna nona COCTannHeT 

a N
·B max 

O -A---' (3)
YM max 

rne YM B M, A B.A H a = 2,16 '10-5 . Torna nonysaerca orrramax 
ManbHaH nonymapaaa nona Z FIt = BO/ X 
rpaaaxasre 30HbI norra npeneccaa nonxorst ofiecneaaaarr, aeanaaba
THqeCKOe noneneaae HeHTpOHHoro cnaaa TaK)Ke nna car-roa 60nbIlloH 
HcnOnb30BaHHOH AnHHbI aonasr. Korna 3TO ycnonae napyuiaerca B 3Ha

qHTenbHoH xrepe, T.e. xorna CllHH H3-3a apamarouieroca MarHIITHOrO 

nona BhIXO,n;HT H3 TInOCKOCTH nonHpH3aQHH, Tor,n;a 3<p<peKT ztenonapa

3aUHH TO)Ke YMeHbIllaeTCH B COOTBeTCTBYlOmeH Mepe. Heanaafiarasraocn, 
npoxo~eHHH HeiiTpoHoB qepe3 none HBnHeTCH rnaBHoH np06neMOH 

peanH38.UHH MeTo,n;a. Il03ToMy 3TO Tpe60BaHHe fiorree nonpofirro 06

cy)K,lJ;aeTCH B cnenyromea rnase. 
B cnysae rrymca IIIHpOKoro ,n;HaIIa30Ha ,n;nHH BOJIH MO)KHO nponornrrs 

nsa HJIH HeCKonbKO H3MepeHHH C pa3nHQHbIMH aMIInHTY,n;aMH H 'B0 1 B02 
qT06bI ofiecnesars xopouryro qYBCTBHTenbHOCTb MeTo,n;a BO acer-r ,n;Hana30He 

,n;nHH nona. 
Ha pac.d H306pa)KeHbI zrsa cnexrpa ,n;enonHpH38.UHI;I, xoropsre norryseasr 

IIpH pa3HbIX axmnarynax 'nona B 01 = 8'10-3 Trr H B02 = 1,6'10-2 Trr, 

npauesr nee zrpyrae ycnonaa O,n;HHa:KOBhI. B crrysae B0 1 peanasyerca 60nee 

PUC. 4. Hsscenenue cneKTpMbHOZO pacnpe

oenenun OenOAJlpU3aijUU D( A. ) 8 sa

8UCUMOCTU OTaunnuryou nOAJl: 1 - Bo = 

8'10-3 TA, 2 - Bo = 1,6'10-2 TA. 

BbICOKaH' qyBcTBHTenbHocTb B ofinac
TH ManbIX H Cpe,D;HHx nnan nona, HO 
qHCnO OCUHJInHUHH B cnercrpe npn 
3TOM YMeHbIIIaeTcH. 3TO oficrorrrens -0.2 

CTBO He HBnHeTCH He,n;OCTaTKOM, no -0.3 

TOMY. qTO zma 06pa60TKH MO)KHO -0.4 

acnonssoaart, peaynsrarr.r acex H3
MepeHHH. 

4. HEA)J:I1AEATl1l1HOCTb IlOJIH 

)J:BH)KeHHe neirrponnoro emma s' B MarHHTHOM none 
~ 

B onacsma
eTCH ypaBHeHHeM /3/ 

~ ~ ~ 

S = 7][sxB]. ( 4) 

B crryxae nOCTOHHHoro MarHHTHoro nona B= const ,n;H<p<pepeHUHpOBaHHe 

cPopMynbI (4) rrpaaoaar K ypaBHeHHIO JIHHeHHOro rapMOHHqeCKOrO OCUHn
rraropa: 

2sJ. = -wLsJ. (5) 

nna neprrennarcyrrapnon : K norno KOMnOHeHTbI cnaaa sJ. . B 3TOM 

cnysae Mo,n;ynb nercropa cnaaa Hero npoercuaa na nanpaanenae nona CO

XpaHHIOTCH. Bcnencrnae aroro CTIHH HCnbITbIBaeT napvroponcxyto npeuec
CHID aoxpyr narrpaaneana norrn C nOCTOHHHOH qaCTOTOH W L = 1] B . B cny

~ ~ 

xae npoasaonsaoro nepexrenaoro nona B = B(t) aHanHTHqeCKOe peIIIeHHe 

ypaBHeHHH (5) He y,n;aCTCH, He06xo,n;HMO 6y,n;eT acnonsaoaars QHCneHHbIH 
HTep8.UHOHHbIH MeTO,n; nna BbIqJiCneHHH ,n;BH)KeHHH emma /2/ . KpOMe Toro, 

rtna ouemca aeanaafiaravecxor-o nOBe,n;eHHH cnana Henb3H 1 KaK 06bP.1H0..HC
norrsaoaars ycrronne k = wLlwB «1, rne - qaCTOTa npameaaa nona,wB 
TaK KaK 3TO aaauenae B ,n;aHHOM cnysae H3-3a aepannor-repnor-o npameaaa 
.norra H3MeHHeTCH B. IIIHpOKOM nnanaaone. Oznrarco ,n;eHcTBHe H3MeHeHHH 

norra co aper-renevr B na ,n;BH)KeHHe crraaa MO)KHO 06cYJKJl:aTb KaqeCTBeHHO 
nocne ,n;HcPwepeHUHpoBaHHH ypaBHeHHH (4): 
~. ~ ~ ~ ~ 
s = 7][sxB] + 1][sxB]. (6) 

}I..A 
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TIepBbIH qneH B npanori qaCTH 3TOrO ypasneaaa 1;3 cl1yqae nOCTOHHHOrO 

nona (S == 0) BbI3bIBaeT rrapr-ropoacxyro npeue~CHIO C ~OCTOHHHOH qaCTO

TOH wL . OH npe.rr.CTaB~HeT C060H ycxopenae, acerna nanpaaneanoe aHTH
napannerrsno K CIIHHy 8 ,KOTopoe He MOIKeT BbI3BaTb H3MeHeHHe qaCTOTbI 

WL . 
BTOpOH qneH ypannenaa (6) BbI3bIBaeT .rr.ononHHTeJIbHge ycxopeaae 

crraaa, acerna aanpaaneanoe rrepneanaxynapao K cmmy 8 ,KOTopoe 
MOIKeT BbI3BaTb H3MeHeHHe qaCTOTbI W L . TIPH ManeHbKOH CKOpOCTH H3Me

• 2 
HeHHH nona, T.e. xorna TJ B « W L ' MOiKHO rrpeaefipexs BTOPbIM qJ!eHOM. 
Torna npoexuaa cnana na nanpaarreaae nona COXpaHHeTCH,H BeKTOp 8 MO fi}
IKeT crrenonart, aa H3MeHeHHeM nanpaarrenaa nona - azraafiarnnecxoe no

• 2 
aenenae. TIPH 60nbIllOH CKOpOCTH H3MeHeHHH rrorra, T.e. xorna TJ B » W L ' ~ 
BTOPOH qneH rrpeofinanaer nan rrepesn-r. 3TO 3HaqHT, qTO cnan He MOIKeT 
cnenoaars aa H3MeHeHHeM narrpaanenaa nona - neanaafiarauecrcoe rtoae
nenae. 

Ha 60nbillOM paCCTOHHHH OT MarHHTa no o6e ero CTOpOHbI rrocroaaaoe 
nanpaarraromee none B z npeofinanaer nan rrorrevr B x(t ) ,B cepenane 
MarHHTa, Ha060poT, B (t ) - nan noneM B z . TI03TOMY HeHTpoHbIx 
.rr.Ba~bI ztorrson.r npoxonars xepes apaniaromeeca MarHHTHoe none. CHTy
aUHIO na axone nOJIH MOIKHO onacars cnenyiouraxr 06pa30M: 
- Panaoneacrayronryro nona MOiKHO rrpencraaars B anne cynepnosanaa 

zmyx KOMnOHeHT 7 

~ ~ ~ 

B == B (t ) ex + Bz e z. (7)x 

H CKOpOCTb H3MeHeHHH nona cocraanaer 

B = B (t); . (8)x x 

- ,Uo axona B none CIIHH C rroxroursro nanpaanaromero norra Bz .rr.ep)IGITCH 
B Z-nanpaanenaa, H BHyTpH nona Bx(t ) crtan .rr.OJIIKeH acnorraars 
rrpeueccaro BY, Z-nnOCKOCTH 

~ -+ ~
 

8 - 8 e y + 8 z e z • (9)
y l'
TIoCJIe rro.rr.CTaHOBKH ypasnenaa (4) B (6) ypaaneaae .rr.BHIKeHHH cnnaa 

npHHHMaeT BH.rr. 

.. 
~ 2 ~-+ ~ ~ ~ 

8 =:: TJ [[8xB]xB] + TJ[8xB]. (10) 

Ilocne noncraaoaxa ypasneaaa (7), (8) H (9) B (10) ypaanenae B KOM

nonearax crreztyrouiee: 

'.. 2 
8 x =:: TJ B xBz 8 z ' 

8 =_TJ2(B 2 + B2 ) s + TJB 8 , (11)y x z y x z 

8 ==-TJ8 8 - TJ2B2x 8 z• z x Y 

EbICTp6e H3MeHeHHe npeueccaoaaoro nona (r.e. 60nbilloe aaaxeaae Bx 
YBen~HBaeT KOMnOHeHTY yCKopeHHH B Y. Z -ruIOCKOCTH no cpasaeaaro 
C ·S·x . TI03TOMY BbIXO.rr. crrana H3 3TOH ruIOCKOCTH H3-3a aanaxarr norra 

B 3aTpY)J,HHeT'CH. OqeBH)J,HO, qTO aanpaanmornee none Bz cosnaer KOM-z •• 
nOHeHTy 8x yCKopeHHH B x -nanpaaneaaa, KOTOpaH npaaonar K BbIXO,ny 
crrana H3 Y. Z -nnOCKOCTH. 113-3a sroro HCxO)J,HaH nonHpH3aUHH Po nyxxa 

ywrensuiaerca. TI03TOMY Heo6XO.rr.HMO, qT06bI aanpaanaromee none B npaz 
HHMano vrarreasrcoe aaaseaae HnH KOMneHCHpOBanOCb B rpaaasasrx 30Hax 
norra B ' TIPH 3TOM ycnonaa B ypaanenaa (11) nonyxaerca ·8~ "" 0,x
 
H cyMMa xsanparoa OCTanbHbIX KOMnOHeHT COCTaBnHeT
 

.8.2 = (TJ4 B~ + TJ 2 Bi)8 2 • (12) 

113 ypasneaaa (12) OIIHTb crrenyer aeanaafiaraxecxoe noaeneaae CIlHHa 
B cnysae, xorna BbIIlonHHeTCH ycrroaae 

• 2 2 2
I TJ Bx I » TJ Bx = wL • (13) 

,UorryCTHM, qTO ycnonae (13) xopomo BbIIlOIDIHeTCH, xorna ITJB \ npex 
nsnnaer cuE na nopanorc, Torna H3 BbIpIDKeHHH (13) MO)KHO norryxars 

neofixonavryro KpyTH3Hy <ppoHTa nona ~B/!!iy B narrpaaneaaa pacnpo
CTpaHeHHH Y nyxxa B 06nacTH apantarouieroca nona B B aane ycnOBHH 

2,10-6 ~B e ~ 1, 
~ !!iy 

o 
npauewr aano noncraaars B B 'I'rr, Y B M H ABA. 

Ha pHC.5 H~06pIDKeHbI pesynsrarsr BbItlHCneHHH .rr.BH)KeHHH 
nayx paanaxasrx cnyxaea apanraroureroca nona. B nepaoxr 
aepxaea qaCTH pacymca) nonycxaerca OTHOCHTenbHO CHnbHOe 

1,4'10 -3 Tn, B 06nacTH apanraronteroca nona (a) ~ == 

(14) 

cmma )J,JIH 
cnysae (na 
none 62:1= 
0,7. Ilocne 

npOXO)K,lJ;eHHH BXO)J,HOH 30HbI norra (6) B03HHKaeT KOMnoHeHTa CIlHHa 
8x > 0, TaK KaK none B apatuanocs H3 Z- B x-aarrpaaneaaa. qHcno 
OCUHnnHU~H Kol\iInOHeHT CIIHHa no sroro MeCTa Y H3-3a ManeHbKOro 3Ha
qeHHH aarerparra no rrYTH eute HeBenHKO. Ilocne rrpOXO)K,lJ;eHHH BblXO)J,HOH 
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o A. A TanH, H n03TOMY ar-r
2 Ay.mm 

a B nmrryzisr Sz yMeHbIIIH6 
rracs. 3TO oaaasaer sac

TH~YIO nenonapaaauaro npaxroro nysrca H acrrencraae aroro y stenstuea
ayro qYBCTBHTenbHOCTb H3MepeHHH. 

Bo BTOpOM crrysae (na HH)l(HeH qaCTH pHCYHKa) acnorrsayerca yMeHb
ureanoe none Bz = 5'10-4 Trr, B 06nacTH apamaromeroca norm (a) 

~ = 2,7. Ilocne npoxoxcaeaaa BXO,u.HOH 30HhI nona (6) aostraxaer yxrens

meaaaa KOMnOHeHTa sx' qHcnO OCUHnJIHUHH MeHbIlle, qeM B nepaovr 
cnysae H3-3a MeHbIllero 3HaqeHHH anrerparra no nyra. Ilocrre npOXO)K):(eHHH 

BhIXO,u.HOH 30HhI nona (B) xacno OCUHnJIHUHH raxoe »ce, KaK B nepaosr 

crryxae, HO H3-3a ManeHbKHX avmmrryn Sx rryxosc rorrsrco aesaasarensao 

ztenonapaayerca. 
Heanaaoarasecxoe noaeneaae cmrn:a HeHTpOHa ofiecnexeao, ecrm narzie 

He B03HHKaeT apamaromeeca none C ~ < 1. 

5. PE3YJIbTAThI MOllEJIl1POBAHI1.H 3KCITEPI1MEHTA 

/1/
ITPH xacrreaaor-r BhItlHcneHHH reoperasecxax cnercrpoa no pafiore 

acnonssosanca MeTO,u. MOHTe- Kaprro nrra pemenaa KpaTHhIX aarerpanos. . ,
Y,u.oBneTBopHTenbHaH TO~OCTb npa 3TOM ,u.OCTHraeTCH, xorna nonsmre

rpansnsre BhlpIDKeHHH B aane rrpoasaeneaaa qeThlpex cPyHKUoo 5 '10 3 paa 
onpe,u.eJIHIOTCH nrra CJlyqaHHO BhI6paHHoro nafiopa napasserpoa z, ¢ ,K 

H ycpennarorca. Hneansaoe none npeUeCCHH He BhI3hIBaeT HHKaKHX 3arpar, 
TaK KaK nrra raxoro nona B03MO)I(H0 aHanHTHqeCKOe pemeaae ypaBHeHHH 

.n;BH)I(eHHH cmrn:a. llnH 06pa30BaHHH TeOpeTHqeCKOrO cnexrpa BpeMeHH 

nponera, KOTOphIH COCTOHT H3 100 KaHanOB (100 3KBH,u.HCTaHTHhIX 3HaqeHHH 
MHHhI BOJlHhI A), He06xo.n;HMO BhItlHCJlHTb 2.10 6 cPyHKUHH g(z) , 

h(cf» ,S(K) H 'COSt/!(A,K) 

ITPH qHCJleHHOM pemeana Mo,u.enHpOBaHHhIX cnexrpon B .n;aHHOH pa

60Te MeTO.n; MOHTe-KapJlo HCrrOJIb30BaH .n;nH Mo,u.enHpOBaHHH axcrreparaenra. 

llnH Ka)K):(OrO neirrpona KBa3H3KcnepHMeHTa onpenerraerca CJIyqafuIhIH 

Ha60p napar-rerpon z, ¢ , K , A ,ycpe,ll;HeHHH no acer-r HeHTpoHaM rryxxa 
He npOHcxo,u.HT. PeanbHoe MarHHTHOe nOJIe Tpe6yeT qHCJleHHOrO peIlleHHH 

ypaBHeHHH ,u.BH)I(eHHH emma C nOMOIUbIO arepauaoaaoro MeTo,u.a nna onpe

zrerrenaa ero KOHeqHOrO COCTOHHHH nOCJIe npOXO)l(,u.eHHH uepes nOJIe. Y.n;OB

JleTBOpHTeJIbHaH TOqHOCTb npa 3TOM ,u.OCTHraeTCH, xorrta xaxcnoe npOXO)K):(e

HHe HeHTpOHa pasnenaerca na 10 3 HTepaUHoHHhIX uraron, rrpasewr B KIDKAOM 
mare BhlqHCJlHeTCH 6 cPyHKUHH. KaK H npn ,u.eHcTBHTenbHoM axcneparaenre, 
CTaTHCTHqeCKaH oIIIH6Ka B Ka)l()l.OM xanane COCTaBJlHeT yT. llJIH 06pa30Ba

HHH Mo,u.eJlHpOBaHHOrO crrexrpa BpeMeHH nponera C TOqHOCTblO 3%, KOTOphIH 
COCTOHT H3 100 KaHanOB, rpefiyerca BhIqHCJleHHe 6 '108 cPYHKUID1 S H B. 

XOTH B 060HX crrysaax He BhNHcnHlOTCH o,u.HHaKOBhIe cPyHKUHH, npax
THKa noKa3hIBaeT, qTO Mo.n;eJIHpOBaHHhIH crretcrp Hy)l(,ll;aeTCH BO BpeMeHH 

csera, xoropoe npeasnuaer BpeMH csera nrra TeOpeTHqeCKOrO cnexrpa no 
MeHbIlleH Mepe na O,u.HH nopanorc (15 MHHyT nna TeOpeTHqeCKOrO, H 6 qaCOB

nrra Mo,u.enHpOBaHHOrO cnexrpa BpeMeHH nearpansnoro npoueccopa 3BM 
CDC-6500) . 

113 aroro npOTHBonOCTaBneHHH OqeBH.n;HO, qTO npn Mo.n;eJIHpOBaHHH 

axcrrepaxreara He06xo,u.HM KOMnpOMHCC Me~y nOTpe6HOCTHMH H sarpara

MH. IT03TOMY, qT06hI norcaaars nOHBJIeHHe 3cPcPeKTa .n;enOJlHpH3aUHH Hero 
3aBHCHMOCTb OT rnaaasrx napar-ierpoa axcneparaenra npa peansnsix ycrro
BHHX, npHHHJIH nexoropsre MephI, rcoropi.re n03BOnHJIH CHH3HTb BpeMH csera 

6e3 norepa rrpasnononofian: 
- ITo CpaBHeHHlO C 3KcnepHMeHToM YBenHqHBanOCb MaKpOCKOrrHqeCKOe 

ceseaae paccennaa na nopanox, qT06hI 3cPcPeKT zrenorrapaaanaa 6hIcTpee 

ornenarica OT dioaa CTaTHCTHqeCKHX cPJlyKTyaUHH.llnH norrysenaa D( A) , 
onacsrsatomea peanbHhIH 3KcnepHMeHT, paCCqHTaHHhIe peayrrsrarsr He06

XO,ll;HMO COOTBeTCTBeHHO YMCHbIIIHTb. 
• u min 

- He HCnOJIb30BanOCb 3KpaHHpOBaHHe uerrrpansaoa qaCTH rryxxa (r.e. zD = 

= 0), TaK qTO peayrn.rarsr Mo.n;enHpoBaHHH nonyseasr 6e3 3cPcPeKTa ycane
HHH (V = 1). 

- HHTepnonHUHH H3MepeHHhIx .n;aHHhIX xovmencapoaaanoro B rpaaasasrx 
30Hax MarHHTHOrO nOJlH npeueCCHH He npOBo.n;HnOCb, HO HCnOJIb30BanaCb 
annpOKCHMaUHH npOCThIMH aHaJIHTHqeCKHMH cPyHKUHHMH. . 

Cnasana HHTepeCfIO 6hInO 6hI norcaaars caxrhIM npOCThIM crrocofiovr, 
qTO 3cPcPeKT ztenorrapaaauaa ,u.eHcTBHTenbHo B03HHKaeT npa peansnsrx ycrro
BHHX axcnepar-renra C ManoyrJlOBhIM pacceaaaer-r HeHTpOHOB. IT03TOMY nrm 
cPYHKIJ;HH P2 (z ,A) , p 3 (z ,A) H P4( A) HCnOJIb30BanHCb paaaor-repnsre 
pacnpenenenaa. ITpOBO,u.HJlOCb Mo.n;enHpOBaHHe axcnepawrenra C 3HaqeHIDlMH 

P4 = 0; 0,25; 0,5 H 1,0. ITOJIyqeHHhIe pesynsrarsr H306pIDKeHhI na pac.B, 
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PUC. 6. Saeucunocts oenonspusauuu IX,\) 
OT 8CPOJlTHOCTU paccennun P4' 1l0P

uupoeana ua p 4 = O. a - p 4 = 0; 

6 - P4 = 0,25; 8 - P 4 = 0,5; 

2 - P4 = 1,0. 

HCnOJIb30BaHO MarHI1THOe nOJIe 

C aMnJII1TY)J,OH 7,5'10-3 TJI, C )J,JII1 , 
HOH 2 '10-2 M 11 C nOJIyllIl1pHHoH 

2.10 -2 M npa 1lII1pl1He nyxrca 10-2 M. B aepxaen lIaCTI1 pac.f CXeMaTI1

lIeCKI1 11306pa)KeHhI paaaowepnsre pacnpezterreaaa p 2 11 P3 ,npl1l1eM anep .. 
TypHhIH yron ¢ 11 yrorr paCCeHHI1H ,e CJIYllaHHhlM 06pa30M Bh~6paHhI 

113 nnanaaoaa -5 '10-...4 ~ ¢ ~ +5 '10-...4 pan 11 COOTBeTCTBeHHO -5 '10-3 <;;. 

:5 () :5 +5 '10-3 pan. 
B HI1)KHeH lIaCTI1 pac.B 11306pa)KeHhI norryueansre cnercrpsi nenorrapa

sauaa. BI1,nHO, liTO aMnJIl1Ty)J,hI OCUMJIJIHll,1111 3aMeTHO pacryr C YBeJIl1l1~Hl1eM 

MaKpOCKOnl1l1eCKOrO cexeaaa pacceaaaa 11 liTO 3<p<peKT nenorrapasanaa 
lIeTKO BbIXO,nI1T 113 <pOHa CTaTI1CTl1l1eCKI1X <pJIYKTyall,I1H TaK)I(e B crryuae r-ra
JIeHbKOH BepOHTHOCTI1 pacceanaa (pac, 66) . 

B 3KCnepl1MeHTe OnTI1MaJIbHhIH 3<p<peKT )J,enOJIHpI13all,1111 npn )J,aHHOH 

aMnJII1Ty)J,e nOJIH MO)l(HO peaJII130BaTb TOJIbKO C nOMOIUbIO COOTBeTcTByIOlll,e

ro rpanaenra HeO)J,HopO,nHOro nOJIH B Z -aarrpaarremra. TaK KaK rpanaear 
3aBI1CI1T OT <pOPMhI nOJIIOCHhIX HaKOHellHI1KOB MarHI1Ta 11 I1X nenpepsranoe 
113MeHeHI1e npaKTl1l1eCKI1 HeB03MO)KHO, I1CCJIe)J,OBaJIOCb BJII1HHl1e rpaztaeara 
na ,n;enOJIHpI13all,I1IO ,n;JIH pa3HhIX nOJIyllIl1pHH nOJIH. HCnOJIb30BaJII1Ch CJIe)J,y

tomae napaMeTfhI: aMIIJII1Ty)J,a no

JIH =: 7.5'10-. TJI, )J,JII1Ha nOJIHD(AI 
B y - HanpaBJIeHl111 = 2 .10-2 

M 

11 urapaaa nyxxa = 5 '10-3 M. 

Ha pac.? 11306pa)KeHhI pesyrrs

TaThI cxera B BI1)J,e CneKTpaJIhHhIX0.6 
pacnpe,n;eJIeHI1H aMnJII1TY)J, ,n;enOJIHpl1

3aUMI1, HOpMl1pOB3.HHhIX aa nOJIy

1lII1pl1HY 5'10-2' M.0.4 
BI1,lJ;HO, liTO ,n;enOJIHpI13aIJ;IDI pac

TeT C ywrensureaaexr rrorrymapaasr 

0.2 

PUC. 7. Saeucuuocn; oenonspusauuu D("\) 

OT OJlUHbl 80JlHbl ,.\ OM pasnux nOJlY

2 4 6 A, A tuupuu Z FH HeOOHopOOH020 nons. 
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PUC. 8. Pasnocts !J.D("\) MeJICoy 

cnetctpastu oenonnpusauuu OJlR tpex. 
pasnuuumx fPYHKijUU paccenuun 8( K) . 

l~ 

nOJIH. C YBeJIl1l1eHl1eM ,n;JII1HhI BOJI

HhI OHa pacrer 113-3a YBeJIl1l1eHI1H 

yrrra npeIJ;eCCI1I1 !J.tjI, O,nHaKO, 

teo rna ,n;OCTl1rHyTo !J.tjI =. TT, OHa 

,n;OJI)KHa YMeHbllIaTbCH. IIpl1 nOJIy

1lII1pHHe 3 ·10 -2 M I1MeeTCH OnTl1

MaJIbHaH lIYBcTBI1TeJIbHOCTh BO 

acevr zraanaaone )J,JII1H BOJIH. 

Penrarourasr jcparepaera npa
MeHeHl1H crtocofia o6Hapy)KeHIDI 

MaJIoyrJIOBOrO paCCeHHI1H nOJIHpH

30BaHHhIX HeHTpOHOB HBJIHeTCH 

ero lIYBcTBI1TeJIhHOCTb ·K 113vrene
HI1IO napasrerpoa <PYHKIJ;1111 pac

ceHHIDI (r.e, K 113MeHeHI1lO CBOHCTB paCCeI1BaTeJIH). Pasnasm,re paccenaa
TeRl1 )J,OJI)KHhI npaaonars K Pa3JII1lIHhIM cnexrpaxr nenonapasauaa. 

Ha pac.B ,n;JIH rrpasrepa norcaaaaa pasaana Me)K)J,y cn~KTpaMI1 )J,enOJIH

pl13all,1111 Tex rpex Pa3JIl1l1HhIX <pyHKll,I1H pacceaana 8(K) ,KOTOphIe npen
CTaBJIeHhI B npasovr BepxHe!"1 yrny , B 3aBI1CI1MOCTI1 OT ,n;JIHHhI BOJIHhI. B CJIy

xae <PYHKll,I1H 8 1 11 82 )J,OJIH pacceaaasrx HeHTpoHoB IIOllTl1 o,n;HHaKOBa 

11 COCTaBJIHeT 30%, B cnyaae- <pyHKll,I1H 83 OHa arrsoe 60JIhllIe. Cnnonmaa 
KpHBaH IIpe,n;CTaBJIHer pasaauy D3( x)  D 2 ( x) cnexrpon ,n;eIIOJIHPH3auHH, 

nOJIYlleHHhIX C <PYHKll,I1HMH 83 H 8 2 , IIyHKTHpHaH KpHBaH npencraanaer 

paannuy 111(,.\) - D2 ( "\) cIIeKTpoB )J,enOJIHpH3all,HH, xoropsre nOJIYlleHhI 

C ,n;ByMH He Oll~Hh Pa3JIHlIHhIMI1 <PYHKll,HHMH 8 
1 

11 8 
2 

• 3TH rcpaasre HMeIOT 

BhIpa)KeHHYIO CTpyKTYPY OCUMJIJIHll,HH. 

B cnyxae D3 - D2 B03HHKaIOT 60JIhllII1e 3HalleHHH aMnJIHTy)J, 113-3a 

60JIhlIIeH BepOHTHoCTH pacceanaa npa <PYHKll,HI1 83. Ho H B crryqae D1- D2 
3HalleHHH aMIIJIHTY,n; ropasno 60JIhlIIe, lIeM CTaTHCTHlIeCKaH ourafirca MO)J,e

JIl1pOBaHIU.t, TaK liTO OHH MoryT 6hITb IIpHIIHCaHhI TOJIbKO OTHOCHTeJIbHO 

MaJIeHbKOH paannue Me)K)J,y 06eHMH <PYHKll,I1HMH pacceanna 81 H 8 2 . 

Korzia B peaJIbHOM 3KCIIepl1MeHTe )J,onOJIHI1TeJIbHO HCIIOJIb3yeTcH 3KpaHHpO

BaHHe ll,eHTpaJIbHOH lIaCTH npar-roro nyxxa, rorzra 3Ta pa3HI1IJ;a, erne 60JIee 

YBeJIHlIHBaeTcH. 
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BHHX UCllhITaHUH asrasrsaer u3MepHeMylO zrenonapaaaumo nysrca, 3aBUCHI.IJ;ylO 

01' CBOHCTB pacceaaarena. 

Iloztofirro MeTop;y neirrponnor-o cnan-axa, UHP;UBU)J;yaJIhHhIH HeHTpoH 

HBJIHeTCH HOCUTeJIeM UR<pOpMa.IJ;UU, B P;aHHOM crrysae 06 U3MeHeHUU uMnyJIh 11 

ca npn ynpyror-r B3auMop;eHcTBuu C 06Pa3~OM (ana, zrpyrnvra CJIOBaMU, 

o .rpaercropaa nOCJIe pacceaaaa) , KOTOpaH He ycpe)J;HHeTCH no acer-ry nyxxy, 
HO npHMhIM 06pa30M nepeHOCUTCH na pe3YJIhTaT u3MepeHuH. Ilocne Toro ~ 
KaK B OP;HOM axcnepar-renre 6e3 ofipasna C nOMOI.IJ;hlO u3MepeHuH cnexrpoa 

aper-rena nponera )J;JlH 060ux nOJIO)l(eHUH dmarmepa 6hma onpeneneaa UC-

XOP;HaH nOJIHpU3a~UH Po(A) ,B zrpyror-r arccnepar-reare C 06pa3~()M onpe-

p;eJIHeTCH nOJIHpU3alUiH P( A) . 113 Pa3HU~hI 060ux cnexrpoa nOJIHpU3a~uu 

norryxaerca cnexrpansaoe pacnpenenenae zrerronapasanaa D( A) ,KoTopoe 

B onpeneneaaoa CTeneHU3aBUCUT 01' napavrerpon <PYHK~UU pacceanaa S(K) . 
Ilpa 06pa60TKe Q3MepeHHhIx P;aHHhIX neofixozravro peunrrs ofiparnyro 

sanaxy: KaK onpenernrn, naparaerpsr <PYHKlUiu pacceanaa U3 cnexrpa zte
nOJIHpU3alUiu aa OCHOBe MOp;eJIhHOrO npep;CTaBJIeHIDI 0 CBOHCTBax pacceana

TeRH. ,uJIH raxoro cnocofia peKOMeH)J;yeTCH nporpavoaa TeOpeTUqeCKOrO
/1/

BhWUCJIeHHH U3 pa60ThI , KOTOpaH HaMHOrO 6hICTpee no cpaaaenaro 

C rrporpawnvroii MOp;eJIUpOBaHHH. I1cnoJIh~YH 3KcnepUMeHTaJIhHO onpenenen

nsre <PYHKlUiU g(z) , h(¢) ,Bs(8) U D(A) , ee MO)I(HO pacurapars 

K UTepaTl1:BHOH nporpaxoxe nonromca. Ho aonpocsr 06pa60TKU aar-repeaasrx 

p;aHHhIX B P;aHHOH pafiore 60JIee nonpofiao He paccsrarpaaarorca. 
3aKJIlOqUTeJIbHO eI.IJ;e O)J;HO aarnarnroe cpasneaae. IlOJIHhIH yrOJI npe

ueccna HeHTpOHHoro emma t/! nOCJIe npoxcacaeaaa MarHUTHoro nOJIH npo
nopnaonanea anrerparry no nyra 01' HanpH)I(eHHOCTu B s U p;JIHHe BOJIHhI 

A : t/! "'" BsA . 
B MeTop;e HeHTpoHHoro crrarr-sxa UCnOJIh3YlOT onnoponaoe nOJIe, TaK 

qTO B s nOCTOHHHO P;JIH pacceaansrx HeHTpoHoB. Ozmaxo npa pacceanaa 

p;JIURa BOJIHhI U3MeHHeTCH aa 6.A, 6JIarOp;apH qeMy B03HUKaeT U3MeHeHue 

yrrra npeueccaa aa tit/! . B p;aHHOM cnyxae npa yrrpyror-r pacceaaaa p;JIMHa 
BOJIHhI A He MeHHeTCH P;JIH pacceaaasrx HeHTpOHOB. Ho U3-3a U3MeHeHHH 

uMnyJIbCa HeHTpoHa npa pacceanaa U3MeHHeTCH anrerpan no rryra BCJIep;

CTBue npOXO)l()J;eHHH nyuxa xepes HeOp;HOpO)J;HOe nOJIe aa 6.Bs' 6JIarOp;apH 
qeMy B03HUKaeT U3MeHeHue yrna npeueccaa aa tit/!. 

B 3TOM, B KOH~e KOH~OB, npnxnaa roro, qTO'HeOp;HOpO)J;HOe MarHUTIlOe 

nOJIe He npHBOp;UT K XaOTUqHOMY pacnpezieneaaio cnUHOBhIX COCTOHHHH, 

K nOJIHOH zrenonapasanaa, HO BhI3hIBaeT onpeneneanoe U3MeHeHue nOJIH- PYKOIlliCh nocryrnrrra B U3p;aTeJIhCKUH OTp;eJI 
PU3a.IJ;UU. 28 AeKa6pH 1988 rona. 
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