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PacqQr pacnpeueneHHH DOTOKa Tenl!OBNX HeATpOHOB OT KOHBepTopa 

MHKpOTpOHB B rpa¢HTOBOM 3BMe)ll!HTene C BOJlAHNM OTpamareneM 

BhJ'IucneHo pacnpeneneHHe rennoBLJX HeiirpoHoB or HcroqnHKa ¢oro

HeiirpoHoB MHKpOTpOHa B rpa¢HTOBOM 3BMe)ll!HTene, npOH3B8J18HO CpBBH8HHe 

BLrqucneHHOrO DOTOKB C nony'IeHHb!M 3KCnep!IMeHTBl!bHO, PaCC'IHTBH DOTOK 

TeDl!OBblX HeATpOHOB OT HCTQqHIIKB ¢oTOHeii TpOHOB MHKpoTpOHa B rpaqJHTOBOM 

3aMeannrene c BOJlAHbiM orpa)l<aTeneM, Cnenan pacqer noroKa rennouJ,IX 

HeiiTpOHOB B BOilHIIOM 3BMe)ll!HTene, 

Pa6ora Bhmonnena B lla6oparopHH AuepHbiX peaKuHi• Oll 51·1. 

flpcnpHHT 06bCAHHCHHOro HHCTHTyTa ~nepHWX HCCACAOB8HH~ 

~y6Ha 1976 

C 1977 06-.eouHeHHI>IU uHc•u•y• JtoepHI>IX uccAeooaaHuu)!y6Ha 

.. 
B )J.auuoii pa6oTe paccMaTpuoaeTCH oonpoc o6 ucnonh-

3ooauuu OTpa)l(a TCJIH B )J.OllOJlHCHHC K rpa<iJHTOBOMY 3a

MC)J.J1HTCJ110 )J.JlH llOBbllllCHHH llOTOKa TCllJlOBbiX HCHTpOHOB. 

IlOTOK HCHTpOHOB, nonyqaeMhiH B TaKOH cpe)J.e, MO)I(HO 

npuMeHHTh )J.JIH u.eneii aKTHBau.uouuoro auanu3a. Pac'-leT 

pacnpe)J.CJ1CHHH llOTOKa )J.JlH pa3HbiX KOH<iJHrypaLJ.HH 3aMC)J.J1H

TCJ1H H OTpa)l(aTCJlH ll03BOJ1HCT Bbi6paTb OllTHMaJlbHbiH Ba

puaHT o6ny1.feHHH. TaKaH 3a.D.a'-la MO)I(CT 6biTb pellleHa c 

llOMOlLJ.biO KHHCTH'-ICCKOrO ypaBHCHHH HJIH ypaBHCHHH .D.H<iJ<iJy-

3HH Ha 3BM. 

PCWCHHC KHHCTH'-ICCKOrO ypaBHCHHH Tpe6yeT 3Ha'-IH

TCJlbHOrO MalllHHHOrO BpCMCHH, ll03TOMY 6biJ1 Bbi6paH 

MCTO)J. .D.H<P<iJY3HH C HCllOJ1b30BaHHCM '-ICTblpCX 3HepreTH'-IC

CKHX rpynn, '-ITO, XOTH H HBJIHCTCH llpH6J1H)I(CHHbiM pelllCHHCM, 

uo )J.JIH npaKTH'-ICCKHX pacl.feToB ononue .D.OCTaTO'-IHO. B Ka

'-ICCTBe OTpa)l(aTCJlH B paC'-ICTC npHHHMaJiaCh BO)J.a. 

Pe3ynLTaThl Bhl'-IHcneHHH noToKa Tennoowx ueiiTpouoo 

B rpa<iJHTOBOM 3aMC)J.J1HTCJ1C cpaBHHBaJIHCb C 3KCnepHMCH

TaJ1bHbiMH .D.aHHhiMH /I I. 
B pa6oTe TaK)I(e pacc'-IHThiBancH noTOK TennoBhiX ueii

Tpouoo B BO)J.HHOM 3aMC)J.J1HTCJ1C )J.JlH CpaBHCHHH C 3KCnepH

MCHTOM /2/. 

I. TEOPH.Jl 

IlpC)I()J.C BCero CJ1C)J.YCT paCC'-IHTa Tb pacnpe)J.CJlCHHC 

llOTOKa 6bJCTpbiX HCHTpOHOB OT KOHBCpTopa MHKpOTpOHa. 

3TH ueiiTpOHhi B03HHKaiOT B pe3yJILTaTe nepooro CTOJIKHo

oeHHH HCHTpOHOB OT KOHBCpTopa C aTOMaMH CpC)J.hl HOT

HOCHTCH K nepBOH 3HepreTH'-ICCKOH rpynne. Bo BHHMaHHC 
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IIpHHHMaeTCH TOT c}JaKT, 'ITO 06'beM HeHTpOHHOrO KOHBepTopa 

HMeeT KOHe'IHhie pa3Mepbi, T .e. He paBeH HYJHO. 

Bhi'IHCJieHHH Be.IJ:yTCH B cc}JepH'IeCKOH reoMeTpHH Me TO

.D:OM peweHHH .IJ:HcPcPY3HOHHhiX ypaBHeHHH. 

1. Bbl<tUcAeJtue pacnpeoeAeltUJI 6bJcmpblX 
1tei1mpo1to6 

llpe~rronaraeTCH, 'ITO HCTO'IHHK HeHTpOHOB MOH03Hep

reTH'IeH, O~HOpo~eH H cc}JepH'IeCKOH c}JopMbl. 

llpHMeHHeTCH cPYHKI.I,HH OCJia6JieHHH e~HHH'IHOrO TO

'le'IHOrO HCTO'IHHKa B c}JopMe /3/ 
1 -l,. ·p 

G(l
5
p) = ----·e /1.1/ 

4rr p 2 

r~e ls - MaKpOCKOIIH'IeCKOe Ce'leHHe pacCeHHHH B 3aMe~
JIHIOll.l,eH cpe.IJ:e; p - paCCTOHHHe Me)f(~y TO'IKOH pO)f(~eHHH 
HeHTpOHa H TO'IKOH ero CTOJIKHOBeHHH. 

KpoMe Toro, rrpHHHMaeTcH, 'ITO 3MHCCHOHHaH IIJIOT

HOCTh 8 = 1 lt/CM ·~·C H OCJia6JieHHe IIOTOKa HeHTpOHOB 

IIpOHCXO.IJ:HT TOJihKO BHe KOHBepTopa. 3TOT pac'leT 6biJI 

IIOJIHOCThiO rrpoH3Be~eH a pa6oTe I 41.3.IJ.eCb rrpuao~HTCH TO Jib

KO KOHe'IHhiH pe3yJihTaT: 

1!2[(1 x-L <l>(x) = -- -- --- + --- + U-x+ L)) exp (-l (x- L)) -
2 l l2 l s 8x s s s 

V x 2
-L 2 

- ( ---y-- + ~) exp(l, yx2-L2 )] 
s l s s 

+(x2-L2)2l 
s 

X 

l (x -Ll 
s 

X [ f 
-z 

e 2 2 ? ---dz-(x -L )l-
z 2 s 

l (x-Ll 
s -z 

f ~4 dz]l, 
__ z 

lsyx2-L2 lsyx2-L 2 

/1.2/ 
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... 

r~e <l>(x) - IIOTOK 6hiCTphiX HeHTpOHOB B TO 'IKe C KOOp~HHa

TOH X ; L - pa~uyc HeHTPOHHoro KOHBepTopa; l 5 - MaKpo

CKOIIH'IecKoe Ce'leHHe pacceHHHH B 3aMe~JIHIOll.l,eH cpe~e. 

2. Pac<tem nomoKa menA06blX Jtei1mpo1t06 
OAR 06YX npocmpaltcm6eltltblX o6Aacmei1: 

3QM eOAUmeA b, ompaJICame/1 b 

Pa36HBKa crreKTpa HeHTPOHOB Ha 4 3HepreTH'IecKHX 

HHTepBaJia o6yCJIOBJIHBaeT pellieHHe BOCbMH ~Hc}Jc}JepeHI.J,HaJib
HhiX ypaBHeHHH BTOporo IIOpH~Ka C 16 ~OIIOJIHHTCJibHbiMH 
ycJIOBHHMH. )l,JIH Ka)f(~OH 3HepreTH'ICCKOH rpyiillbl Heo6xo~H

MO BhiiiOJIHHT b 4 YCJIOBHH: 

1 I HenpephiBHOCTb rroroKa Ha rpaHuue Me)f(~Y o6nacT H-

MH; 

2/ HCIIpephiBHOCTb IIJIOTHOCTH IIOTOKa Ha rpaHHUC; 

3/ o6pall.l,eHHe TOKa B HYJib Ha 3KCTpaiiOJIHpOBaHHOH 

rpaHHUe BHewHeii o6nacru; 

4/ BhiiiOJIHeHHC YCJIOBHH HCTO'IHHKa. 

PewaeTcH 8 ypaaHeHHH ~uc}l¢y3HH /4- ~nH 3aMe~JIHTenH, 
4 - ~JIH OTpa)f(aTeJIH/ rryTeM pa3JIO)f(CHHH rpyiiiiOBhlX IIOTOKOB 

B pH.IJ:bl <l>ypbC. 

a 
D \<11 -(2. + l )<ll -+ 2. . <11 = 0 

i c i c i c i c i c i -1, c i- 1 ' c , 

a 

I) i R i\ <I> i R - (l i R + l i H )<l>i H t l i - 1 , H . <11 i - l, R 0, 

i = 2, 3, 4; 

~JIH nepao:H rpyrrrrhi /6hiCTphie HeifTpOHhi/ 

a 

D1c~<l>1c-<l1c+ lic)<I>Ic+ S = 0, 
/2.1/ 

a 

DIR~<I>lR- (llR +ll~<l> IR = O' 
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r)l.e ;\, - on epa Top Jlanrraca; ¢ iC , cp iR - rpynnoBbie noTOKH 

a JaMe.LJ.JIHTerre H oTpa)l(aTerre; S - pacnpe)l.erreuue 6biCTpbiX 

ueiiTpouoa; D;c , D iH - K03tpq>nu;neHTbi .LJ.Hti>ti>YJHH a JaMe.LJ.rrH

Terre H oTpa)l(aTerre; L;c, L iR - MaKpocKonuqecKHe ce'!eHHH 
~a '\ a 

3aMe)l.JieHHH B 3aMe)l.JIHTeJie H OTpa)l(a Terre; ~ i C , "'- i !1 

MaKpOCKOllH'lCCKHe Ce'leHHH llOrJIOIQeHHH B 3aMe)l.JIHTeJie 

H oTpa)l(aTerre. 

ilOCJie)l.OBaTeJibHOCTb paC'!eTOB )l.JIH 

i -oil rpynnbi 

B JaMe.LJ.JIHTerre paJrraraeTcH rpynnoaoil noToK <11iC a 

CJie)l.yiOIQHH PH.D.: 

<ll i C = }.; B _:_in A n x 
n n ----

X 
/2.2/ 

r)l.e An - noKa HeH3BeCTHbie K03ti>ti>nuneHTbi. 

Peweuue ypaaneHHH .LJ.Hti>ti>YJHH npe.LJ.norraraeM a TOM )l(e 

BH)l.e: 

<I>. sin A . 
Hl,C eeLS- nx n n - -

X 
/2.3/ 

Ecrru JaMeHHTb pH.LJ.bi H pewHTb ypaaueuue .LJ.Hti>ti>YJHH a )l.aH

HOH o6rracTH, nonyqaeTCH Bbipa)l(eHHe .LJ.JIH Ko34>«t>nu:ueuToB 

sn 
B . }.; ·c· n 1 . 

------r--------:;--a---
D · 1 c· A +}.; · 1 c· +}.; · I C' 1+ , . n 1--\ , . 1+ , . 

sn /2.4/ 

B oTpa)l(aTerre paJnaraeTCH rpynnoaoil llOTOK B PH.D. 

<l>ypbe: 

<lli R 

sin~77 

~ 2R~(x+ R ) 
~B'-- ex ex 
n n ---~- ' 

/2.5/ 
X 

r)l.e Rex- 3KCTpanonupoaauuan .LJ.JIHHa. Peweuue npe)l.rrara

eTCH B BH)l.C 
. nrr 

sm --( <ll 2R X + R ) 
i+l R=CLS'- ex ex , n n -- ----X -~ -, 

r)l.e C- llOCTOHHHaH CBH3H 060HX peWeHHH. 

6 

/2.6/ 

'· 

... 

B peJyJibTaTe peweHHH ypaaueHHH .LJ.Hti>ti>YJHH a oTpa

)l(aTerre llOJiyqaeTCH OTHOWeHHe )l.JIH K03ti>ti>HU:HeHTOB S ;1 : 

S' 
n 

D.+l R 
I ' 

B' .}.; 
n i, R 

(~ 2 
2R -) 

ex 

/2.7/ 
a 

+ L. +L 
1+l,H i+l,R 

ilOCTOHHHaH C onpe)l.eJIHeTCH H3 ycJIOBHH HenpephlBHOCTH 

llOTOKOB Ha rpaHHUe Me)l()l.y CJIOHMH. )l.JIH Hee norryqaeTCH 

BbJpa)l(eHHe 

}.;S sin.\ R 
n n 

C= /2.8/ 
}.;S' sin~-(R + H 

n 2R ex ex 

r)l.e H - pa.LJ.HYC 3aMe)l.J1HTeJ1.fl. lloCTOHHHbJe An HaXO)l.HTCH 

H3 yCJIOBHH HenpepblBHOCTH llJIOTHOCTeH llOTOKOB Ha rpaHHUe 

MC)I(.LJ.Y CJIOHMH: 

D. I H Ql. ·I I' (R)~ D. I C"<ll. · I <.(R) ' 
1-i , I-1 , t I-I , · I\- , . 

/2.9/ 

r)l.e TO'lKOH Ha)l. <Jl o603Ha'lCHbl llpOH3BO)l.HbiC KOOp)l.HHaTbl. 

113 Bbl'lHCJICHHH BbiTCKaeT CJIC.LJ.YIOIQCC ypaBHCHHe: 

}.;S HA cos(.\ R) 
n n n - 1 

IS sin(.\ R) 
n n /2.10/ 

nrr nrr 
IS~R~cos 2R -<R+Re) 

Di+l,R ex ex 
---( -1}. 

D . I c "" , . n77 ( ) 1+ , ~s sm-- R+R 
n 2Rex ex 
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Ecnu Bbipa3HTb rrpaByiO "'aCTb ypaBHeHHH /2.10/ qepe3 A, 
TO nonyqaeTCH TpaHcueH~eHTHoe ypaBHeHue ~JIH peweHHH 
HCKOMblX KO 34JilJHUHeHTOB An : 

..\nR 
tg..\ nR = i\-:;:-T • /2.11/ 

IlOCJie~OBa TeJibHbie Bbi"'HCJieHHH ~JIH Ka)I(~OH rpynnbi B KO

He"'HOM HTore ~aiOT pacnpe~eJieHue noToKa TennoBbiX HeH:

TpOHOB B 3aMe~JIHTeJie u oTpa)l(aTeJie. 3a~aqa 6biJia peweHa 

Ha 3BM CDC- 6400. B nporpaMMe 6biJIH ucnoJib30BaHbi 
"'eTbipe no~nporpaMMbi H3 6u6nuoTeKH CFRN: 

1/ nporpaMMa SIMPS, BbilJHCJIHIOIUaH onpe~eJieHHbiH HH-
Terpan MeTo~oM CuMncoHa; 

2/ nporpaMMa TRICOF, Bbi"'HCJIHIOJUaH Ko34J4JuuueHTbi 
pa3JIO)I(eHHH B pH~ <llyphe; 

3/ nporpaMMa TRISUM, c noMOJUbiO KOTopoH: Bi.IlJHCJIH
eTcH cyMMa pH~a <llypbe; 

4/ npurpaMMa KOR, c noMOJUbiO KoTopoH: 6hiJIH HaH:~eHbi 
KOpHH TpaHCUeH~eHTHOrO ypaBHeHHH. 

3. IlonpaBKa 1w no2/IOUieHue 6 t~eHmpe 
3aMeO/lume/IJl 

B pa6oTax /l · s/ 3KCnepuMeHTaJibHO Ha6JIIO~aeTcH He

KOTOpOe na~eHHe nJIOTHOCTH nOTO:KOB HeHTpOHOB B 06JiaCT HX, 

6JIH3KHX K KOHBepTopy HeHTpOHOB, HO "'eTKOrO OfibHCHeHHH 

3Toro HBJieHHH He AaHo. B AaHHOH pa6oTe nyTeM paclJeTa 

noKa3aHO, "'TO 3TOT 34J4JeKT OfibHCHHeTCH 3aXBaTOM HeHTpo

HOB KOHCTPYKUHOHHhlMH MaTepHaJiaMH 3KCnepHMeHTaJibHOH 

YCTaHOBKH /KOHBepTOp HeHTpOHOB, BbiBOAHOH KaHaJI 3JieKT
pOHOB, TOpM03HaH MHilleHb H T .A./. 

Ilpo6JieMa pewaeTcH npu ucnoJib30BaHHH Teopuu B03-

MymeuuH: / 3
/ . B03MyiUeHHbiH nOTOK npeACTaBJIHeTCH B 

BHAe 

~b(r) = ¢
0 

(r) + 8¢ = ¢
0 

(r) + ~ anFn (r), /3.1/ 

rAe cp 0 (r) - HeB03MYIUeHHhiH nOTOK; och- KoppeKUHH no-

TOKa; Fn (r)- 6a3HCHbie IPYHKUHH, no KOTOpbiM pa3naraeTCH 
KOppeKUHH 8cp . 

8 

1 
1 

.} 

l 

F (r) = 
n 

ll17 
sin--(r + R 

2R ex ex 

r 
/3.2/ 

IlOCKOJibKY 6a3HC ilJYHKUHH 

ilJHUHeHTOB pa3JIO)I(eHHH an 

co6oM cneAYIOJUaH 4JopMyna: 

Fn opTorouaneu, AJIH Ko34J
nonyqaeTCH H3BeCTHhiM cno-

f F (r) 8¢ (r)dr 
v n /3.3/ an 
JF~(r)dr 
v 

11HTerpupoBaHHe npOH3BOAHTCH no OfibeMy, B KOTOpOM 

npoucxOAHT H3Meueuue ce"'eHHH 3axaaTa. B pe3yJibTaTe 

npHXOAHM K KOHelJHOMY Bbipa)l(eHHIO AJIH K03<lxlJHUHeHTOB: 

fF (r)8~ ·¢
0

<r)dr 
v n a /3.4/ an ---------------------- ' 

2 
[D<___!l_::_) + ~o1 JF 2 

(r)dr 
2R a v n 

ex 

rAe 2. ~ - nepBoHa'laJibHoe ceqeuue 3axaaTa; o~ a - H3Me

HeHHe Ce"'eHHH 3aXBaTa. IlOACTaBHM HaHAeHHhle 3Ha"'eHHH 

K034JilJHUHeHTOB B Bbipa)l(eHHe /3.1/ H nOJIY"'HM B03MyiUeHHbiH 

HeHTpOHHbiH nOTOK. 

II. KOHKPETHhiE PACilEThl 

1. HcxoOHble OaHHble 

Becb HHTepBaJI 3HepruH: 6biJI pa3AeJieH ua "'eThipe rpynnhi 

CJieAYIOJUHM o6pa30M: 

1. 2 M:JB - 3 1<3B, 
2. 3 1<3B - 5 :JB, 
3. 5 :JB- 0,025 :JB, 
4. 0,025 :JB. 
B Ka"'eCTBe aepxHero npeAeJia 3HepreTH"'ecKoro cneKTpa 

ueH:TpouoB B3HTa 3HepruJI 2 M:JB /cpeAHee 3Ha'leuue 3Hep
ruu crreKTpa AeJieHHH/. H3 c6opuuKa ueH:TpOHHhlX ceqe-
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! 
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N.~ 

~ (3 

ED ED t'- ED 
~ E tO 

C') (I') (I') (I') 

\S ~ ~ ~ ~ 

H H H H 

0 ~ lO ?§ A 
::1 t'- ~ {.) ~ tO 

H 0 0 0 

H .. •:..: § t'- lO § ... ~ ~ 
"" 

{.) 

0 0 0 0 

<.? 

~ 
lO H 

H co ~ ()) •., 8 b H 

...:: N 
0 0 0 0 0 

0 0 0 0 

H 

•:;:; co ~ ta ta 
~ 

<D 
{.) . ~ ~ ~ 

0 • . 
H H H 

l'lliUAdj H t::: s ~ 

que~ 11 ut1 ew t:i E Bt108 

til) 
(I') 

~ ~ ~ . . 
N H H 

0 0 j ~ (1: . 
H 0 0 

~ (1: ~ 
8 8 H 

0 

0 0 0 

~ ~ ~ . . . 
0 0 0 

lO 

~ ~ co 
N . . 
0 0 0 

H t::: s 

~HqJBdj 

~ . 
H 

0 
(1: . 
0 

~ . 
0 

§ . 
0 
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0 

I 

~ 
~ 

HHH I 6 • 7 I 6biJIH Bbi6paHbi ,IJ,JIH cpe,IJ,HHX 3Hepru:H yKa3aHHbiX 

rpynn ceqeHH.ll ,l],JI.ll rpacl>HTa H BO,l],bl H 3a TeM Bblt{HCJIHJIHCb 

CJie,IJ,ylOJ.UHe BeJIHt{HHbl: MaKpOCKOTIHt{eCKOe ceqeHHe pacceg

HH.ll L S> MaKpOCKOTIHt{eCKOe ceqeHHe 3aXBaTa La ' K034>-

4>Hu;HeHT .n.H4>4>Y3HH D, MaKpocKonHqecKoe ceqeHHe 3aMe.n.-

D· 
'<' ' I 

JieHH.ll .:.. zp, B03paCT HeHTpOHOB r ''' ~ ---- , ,lJ,JIHHa 
1 ~ zp 

-; 

3KCTpanoJIHUHH d . Bee BeJIHt{HHbi npe.n.cTaBJieHbi B Ta6nHu;e. 
f'X 

2. Pac~em nomoKa menA08biX HeiimpoHoe 
OAR zpa¢umoeou cpeobl 

BwwenpHBe.n.eHHhlH MeTo.n. 6wn cHaqana npHMeHeH ,IJ,JIH 

Bhl'IHCJieHHH TIOTOKa B O,lJ,HOH OfiJiaCTH /6e3 OTpa•aTeJIH/, 

r 1<1>'/c.•'·• I 

-lJ -zo -tl 0 10 to 11 
r [ CAl 

PHc. 1. Pacnpe.n.eneHHe noToKa TeTIJIOBbiX HeHTPOHOB B rpa
cl>HTe, R = 30 eM; x - 6e3 yqeTa norJIOIIJ;eHHH B u;eHTpanb

HOH o6nacTH; 0 - c yqeToM nornomeHHH. 
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B 4aCTHOCTH, AnR cny4aR C~epH4CCKOrO 3aMCAnUTCnR U3 

rpa~uTa paAHYCOM R =30 CM I puc. 1/. Ha JTOM pucyHKe 

noKa3aHbi ABe KpHBhie. BepxHRR Bhi4HcneHa 6e 3 yqeTa 

nornomeHHR B UCHTpanbHOH o6naCTH, a HU*HRR • C no· 

npaBKOH Ha 3TO RBnCHHC. lJ.eHTpanbHaR o6naCTh 6hma Bhi· 

6paHa OAHOpOAHOH C paAUYCOM 10 CM H C TaKUMH ycpeAHCH· 

HhlMH ~H3H4CCKUMH CBOHCTBaMH, KOTOpblC COOTBCTCTBYIOT 

ACHCTBHTCnbHOH CHCTCMC 3aMCAnCHHR. llOTOK paCC4HTW· 

aancH AnH KOHBCpTopa U3 6epunnuH paAHYCOM L =2 CM 
c JMHCCHOHHoii nnoTHOCThiO HCHTpoHOB S =1 H/CM :? c. 

3. CpaeHeHue 8bi'IUCAeHH020 nomoKa 
C U3MepeHHbiM 

Bw4ucneHHoe pacnpeAeneHue noToKa Tennoawx HCHT

pouoa a rpa~uTe cpaBHHBanocb c pe3ynbTaTaMu H3Mepe-

7- Jo• 
11 : ; .. ·., 

-JJ - 25 - 20 - fi -10 -5 0 5 11 'fi 20 2S . ]) 
r IrA] 

Puc. 2. CpaaHeHue Bhi4HcneHHoro noToKa c u3MepeHHWM: 
0- U3MepeHHWH llOTOK, x - Bhl4UCneHHhiH llOTOK. 
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Huii, npoBeAeHHhiX B pa6oTe /I/. ,lJ;nR JToro HY*Ho 6bmo 

nepec4uTaTb nony4eHHhie pe3ynhTaThi AnR peanhHOro cny-

4aR /6epunnueaoro KOHBCpTopa paAUYCOM L = 4 CM U Bhl" 

XOAOM HCHTpOHOB S =2 ·10 9 H/c/ /I/ , TO CCTh YMHO· 

*UTh ux Ha KOJ~uuueHT K =10 8 . ,lJ;anee cneAOBano 

paCC4UTaTh llOTOK TennOBWX HCHTpOHOB Ha OCHOBe 3KCne

puMCHTanbHhiX AaHHhiX. CpaaHeHue npuBeAeHo Ha puc. 2. 

4. Pac1.1em nomoKa menA08biX HeiimpoHoe 
OAR oeyx o6Aacmeii 

liwn Bhl4HCneH llOTOK TennOBhiX HCHTpOHOB B rpa~HTO· 

BOM 3aMCAnHTene C BOAflHbiM OTpa*aTeneM CO cneAyiO· 

muMu pa3MepaMu cpeA: 

v:> 
/ 

-~0 ·30 ·20 ·10 0 10 20 30 I~ 
,. f r.u 

Puc. 3. PacnpeAeneHue noToKa Tennoawx HeiiTpoHoa: x -
a rpa«lJuTe, R = 30 CM, c BOARHbiM oTpa*aTeneM, T = 10 cM; 
• - a rpa~uTe, R = 40 cM. 0 - B rpa~uTe, R = 30 CM. 
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Puc. 4. PacnpeJ].eneHHe noToKa TennoBbiX HeHTpoHoB: ' 
B rpaqmTe, H = 40 eM, c BOJ].JIHbiM oTpa)l<aTeneM, T =10 eM; 
•- B rpa$uTe, H = 50 eM; 0 - B rpa$HTe, H = 40 eM. 

rpa$HT, R = 30 eM; BOJ].a , T 
rpa$HT, H = 40 eM; Bo~a. T 

10 CM; 

10 CM. 

TomuuHa BO.Il.J!Horo oTpa)l(aTen.R Bbi6Hpanacb c y'leToM 
ycnoBH.R 6ecKoHe'IHOro oTpa)l(aTenJI. TaKHM oTpa)l(aTeneM 
.RBn.ReTC.R cpeJ].a c pa3MepaMH 6onbUie, 'I eM TPH .IJ.nHHbi .Il.H$
$y3HH. ).J,nJI BOJ].bi L 0 =2,88 eM '1'. )l.n.R Ka)I(J].Oro cny'laJI 
llpOH3BOJ].HllOCb cpaBHCHHC C pacnpeJ].eneHHCM llOTOKa TOllbKO 
B rpa$HTOBWX 6noKax .Il.BYX pa3MepoB. Pe3ynbTaTW noKa-

3aHbi Ha puc. 3,4. 

5. BooJIHoil 3aMeoAumeAb 

HaKoHeu, 6wn C.IJ.enaH pac'leT pacnpeJ].eneHH.R noToKa 
TCllllOBWX Heii:TpOHOB B BOJ]..RHOM 3aMeJ].nHTene paJ].HyCa 

R=30 CM. 
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cp 
[ u I c..U2·r 

-~u - 'tO - 30 - zu -11 0 11 20 ]) 'f) 50 
r· I r.• I 

Puc. 5. PacnpeJ].eneHHe noToKa TennoBbiX Heii:TpoHoB: x -
B BOJ].e, R = 40 eM; 0- B rpa$nTe, R = 40 eM. 

Ha puc. 5 npeJ].CTaaneHbi pe3ynbTaTw B cpaaHeHHH 
c J].aHHbiMH J].n.R rpa$HTOBoro 3aMeJ].nnTen.R. Pac'leTHbie 
J].aHHbiC llOJ].TBCp)I(J].aiOTC.R 3KCnepHMCHTOM, pe3ynhTaTbl KO
TOpOrO ony6nHKOBaHhl B pa60Te / 2/. 

6. PacnpeoeAeHue nomoKa HaomenA08biX Heilmponoe 

B J].aHHoil pa6oTe TaK)I(e BW'IHCnHnoch pacnpeJ].eneHHe 
noToKa HaJ].Tennoawx HeiiTpOHOB. 0Ka3wBaeTc.R, 'ITO no
BhiUieHHe llOTOKa, Bhi3BaHHOe HCllOllh30BaHHCM BOJ]..RHOrO 
oTpa)l(aTen.R, O'ICHh Mano. 
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Ill. OECY)J(,4EHHE PE3YJJbTATOB H BbiBOAbl 

1. Ha puc. 1,3,4,5 npuBe)J.eHLI pe3yJILTaTbi pac'leTa 

pacnpe)J,eJieHHH llOTOKa TellJIOBbiX ueihpOHOB B rpaclJHTe, 

B BO)J,e H B rpacPHTe C BO)J,HHbiM OTpa)KaTeJieM. fiOKa3aHO, 

'ITO HaH6onee 3cPcPeKTHBHOH HBJIHeTCH CHCTeMa /B npe)J.eJiaX 

llOCTaBJieHHOH B pa6oTe 3a)J,a'IH/, COCTOHillaH H3 rpaclJHTa 

c oTpa)Ka TeJieM. 

2. 113 pac'leTHbiX .D.aHHbiX cne)J.yeT, 'ITO ocna6neuue 

llOTOKa HeHTpOHOB B U.eHTpe 3aMe)J,JIHTeJIH 06'bHCHHeTCH 

norJIOilleHHeM HeHTpOHOB KOHCTPYKU.HOHHMMH MaTepHaJiaMH 

/KOHBepTOp, BbiBO)J,HOH KaHaJI H T • .IJ../. 

3. Pe3yJILTaTLI pacqeTa xoporno cornacyiOTCH c 3Kc

nepHMeuTaJILHbiMH )J,aHHbiMH B npe)J.eJiaX TO'IHOCTH H3Me

peHHH. 

TaKHM o6pa30M, npe)J.naraeMbiH npocToH: MeTO.D. pac

qeTa pacnpe)J.eJieHHH llOTOKOB HeHTpOHOB B pa3JIH'IHbiX Cpe

)J,aX MO)KeT CJIY)KHTb )J,JIH OpHeHTaU.HH npH llO)J,rOTOBKe 3KC

nepHMeHTOB C HCllOJib30BaHHeM cPOTOHeHTpOHOB MHKpo

TpOHa. 

ABTOP rny6oKo npH3HaTeneu '-l.lliHMaue 3a nocTaHOBKY 

3a)J,a'IH H pyKOBO)J,CTBO pa60TOH, r .H.<I>nepoBy 3a llO)J,

)J,ep)KKY H llOCTOHHHbiH HHTepec K pa6oTe, B.Ji.BbiponaeBy 

3a o6cy)K)J.euue pe3yJILTaToB, a TaK)Ke T. B. 6a3apKHHOH 

3a noMOillb B no)J,rOTOBKe pyKonucu K ne'laTH. 
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