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.1 . B TO~ ~n~ HHOH Mepe Bce 3Kcnep~MeHT~ c ynbTpaxonoAH~M~ 
;-ieihpOHaMI-I IYXHI CBR3aHbI C TpaHcnopn1pOBKOH I-IX OT OAHoro o6"beKT a 
K APyrOMY . B ~aCTHOCTI1, TpaHcnopT~pOBKa YXH 113 OAHoro HaKon~ 
TenbHoro COCYAa InOBYWKI11 B APyroH ~epes COeA~HI1TenbH~~ HeHTpo
HOBOA RBnReTCR He06xOAH~M 3neMeHTOM B 3KcnepHMeHTax C YAep~aHI1
eM YXH Ha cynepTennoBbix HCTo4H~Kax/ll • B HccneAOBaH~RX nonRp~3a
~HOHHbIX xapaKTep~CTI1K 4>eppoMarH~THbix nneHOK MeToAoM TpeXKpaTHoro 
npOnycKaHI1R12I H T. A . 

TaK KaK 06b14HO cneKTp HcnonbsyeMbix YXH AocTaT04HO WI1POK. TO 
B npOl\ecce nepeTeKaHHR I'IX H3 cocYAa B COCYA Hal160nee 3Heprl14Hbie 
HeHTpOHbI IT04Hee . c 60nbWI1MH npOAonbHblMI1 KOMnOHeHTaMI1 CKOPOCTI11 

MHorOKpaTHO n06b1Ba~T B 3THX COCYAax. TeOpeTI14eCKI1H aHanl13 nepe
TeKaHI1R YXH c Y4eTOM HX B03BpaTHo-noc TynaTenbHoro ABI1~eHI1R HaH
60nee npOCTO ocy~ecTBHTb B cnY4ae HAeanbHO sepKanbHoro OTpa~eHHR 
OT CTeHOK. TaKaR I'IAeanH3al\HR He~aneKa OT COBpeMeHHoro YPOBHR 
TeXHonorHH H3rOTOBneHI1R aepKanbHblX HeHTpOHOBOAOB /3/ , TeM Gonee 
4TO B 3TOH 06nacTI1 Ha6nQAaeTCR HenpepblBHblH nporpecc. npl1 aHanl1Se 
npeAnOnaraeTCR. 4TO norn~eHHe B CTeHKax OTCYTCTByeT. Ha~anbHoe 
yrnoBoe pacnpeAeneHl1e HeHTpOHOB 1130TponHO, a I1X cneKTp onHCblBa
eTCR HAeanbHblM MaKCBennOBCKI1M pacnpeAeneHHeM: 

N (v ) dv 0: TT P (v2 - V 2 ) dv , 11/
1 X m x 1 

rAe v x .• KOMnOHeHTa CKopocnf BAOI1b OCH x pacnpOCTpaHeHHA nOTO

4" sKa YXH. vm - MaKCHMal1bHaR CKOPOCTb B cneKTpe, P = No I (TYm) 

nnOTHOCTb B 4>asoBoM npOCTpaHCTBe, No - nonHoe 411GnO YXH. 
OTMeTHM, 4TO 3aAa4a pacnpOCTpaHeHI1R YXH no Tpy6aM HMeeT 06

WI1PHy~ 6H6nl1orpa4>l1~ ICM., Hanpl1Mep,/41 I. B HacToR~eH pa60Te HC
nOI1bSOBanHCb pesynbTaTbi I1s / 6/. 

2 . PaCCMOTpl1M CI1Y4aH HeOrpaHI14eHHOro HeHTpoHoBoAa, BHYTPH KO
Toporo B nnOCKOCTI1 x = 0 nonepe4Horo Ce4eHI1H I1MeeTCR I1MnynbcHblH 
nnOCKI'IH HCT04HI1K YXH /pHc.la/. nYCTb B HeM B MOMeHT BpeMeHH 

t = 0 BOSHHKno No YXH, KOTopble 6YAYT BblTeKaTb B HeHTpoHoBOA. 
npl1 OTpa~eHI1I1 OT ~AeaI1bHO aepKaI1bHWX CTeHOK He~TpoHoBoAa npo
AonbHaR KOMnOHeHTa CKOPOCTH Vx He H3MeHReTcR, n03TOMY nOTOK 
He.:iTpoHoB pa3Aen~TcR Ha ABe paBHble H He3aBI1CHMble KOI~nOHeHTbI, BbI
TeKa~He B pa3Hble CTOpOH~ OT Hcto4HHKa. EcnH He.:iTpoHoBOA I1MeeT 
rpaH114HY~ CKOPOCTb v rp > Vro ,TO nnOTHOCTb HeHTpOHOB BHYTPH Tpy
6b1 6YAeT pasHa: ' . 

© ~ema.dl HBCTHT}'T JJAepma; MCc:DeAOIIaad J1pG_. 1985 
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PHe. I. CXeMbI pacnonoll[eHWt RCTO'UUl

01 x Ka R B~TPOBOBOAa: a - nnoCXHA RC
TO'IHHlC YXH CPR % - 0; Cl - O(S1>eMo mm HCTO'DIHK; B - IUloClCHA HCTO'lHHS 

CPR % = 0 H OTP~e TOp~ npH 

x .. 0 H b. ; r - o61>eMHhIA HCTO'lHHKI tl x H OTpa.aaJOII~IU~ TOPIU>I CPR X c -& R b ; 
-0 o A _. ABa eoema C SBTBOPaMH DpRr; 

J: =-a J a , b-fa H b , CO~ 
He~ aeATPOHOBOAOM •I . 

o XI 
& & 

trp %2 
1I(&.t) _ - (y2

St m 121FtE-· tr), 
J X 

-0 Q & 
t rAe S - nnOll\aAb nonepe4Horo ce4e 

HI1R TPy6b1. a t;::, t mlo'" ... /v m . 
3aBiolcHMoCT b n (t) IoIMeeT MaKCHMYMI t I .. -r-r x 
npH t aKo ....[3... /v m' 


-0 o &·20 
 EcnH HCT04HHK YXH RWlReTCR 06,, II 
eMHblM C TOfWtl1HOI1 2a IpHc.16/, TO 

KonH4eCTBO HeHTpoHoB, npHXOA~HXCR Ha HHTepaan (vs • V S + dvs ) . 

BHYTPH HeHTpoHoaoAa paBHO InpH x · > a I: 
/31N(vx ..... t)dys .. "p(v!-~) .8(ll-v t)dV ' s x 

rAe ¢lYHK~HR 8 HMeeT aHA 

npH vxt -a~ x ~ ¥.zl +a. 

8 (:11:- v t) _ { 1 
 /41

x 0 npH x;svst-a. x >.,.vxt+a. 

B OTnH4He OT nnOCKoro HCT04HHKa B 3TOM cnY4ae a T04Ke x Ha
6n~AaeTcA cneKTp CKopocTeH, pasHblH B pa3Hble MOMeHTW BpeMeHH. AnA 
onpeAeneHHR BpeMeHHOH SasHCHMOCTH nnOTHOCTH HeHTpOHoa n(.... t) 
H cpeAHero SHa4eHHR YI:(x,t ) 8b1AenHM TPH BpeMeHHblX 06nacTH. 

al npH ts ~-I HeHTpOHbI 613 HCT04HHKa e~e He nOAownH 
m 

K T04Ke x H 0 (:I • t) .. o. 
61 np61 ....!..=..!.... ~ t ~....!...±..!... B T04Ke It HaXOAATCfI Hel1TpOHbI 

vm vm 1-a 
C npoAonbHblMH KOMnOHeHTaMH CKOPOCTH OT --r- AO vm • TorAa. 
HHTerpHPYfI 131 B YKasaHHblX nPeAenax. nonY411M cpeAHl1e no cneKTPY 
3Ha4eH61A nnOTHOCTH n(x,t) 11 nOTOKa f(x,t): 

2 

n( .... t) =.Lo (1-..!....!.=:!.... [ 3 _(..!.::!.-.)211 1512 0 2 vt vt' m m 

1(It , t) '" .Loov 11- (x -a )2 ( 2 _(...!..=!.....2] I
2 xO v t y t ) • 161 

m In 

rAe DO - Ha4aJ1bHafl nIlOTHOCT b YXH B 61CT04HI1Ke, VxO = 0,375 vm 
cpeAHee 3Ha4eHI1e npoAonbHo~ CKOpOCTH AnR KOMnOHeHTY nOTOKa 
C Yx ~ a npH t = O. H3 151 11 161 HMeet~ Vs (x. t) = 1(x, t)/n(:II:,t) 

al npl1 t ~ xv+a . cneKTp Vs OrpaHI14eH 3Ha4eHHAMH xt-a 11 

m
Xt a • B 3TOM c nY4ae: 


n(X,t) = 1..0 {~_l..[(..!±!...)3 _(..!=!..)slI, 17102 vt 2 vt vt m m m 

i(x, t) "" 1..no Y ~12 _ [( :1:+& )2 _(~)2]1. 
2 

xo 
(vmt.r vmt vmt 181 

B 3T0l1 BpeMeHHoH o6nacTH 3a811CHMOCTb n OT t AocTHraeT MaKCHMY-

Ma npH taKe = "3x2 
+& 2/ v m • KOTopoe npl1 J:» a nepeXOAI1T 

B COOTBeTcTBy~ee Bblpa*eHHe Anfl nnOCKoro I1CT04HHKa. 

3. Tenepb nepeHAeM K paCCMOTpeHI1~ pacnpOCTpaHeHHR crYCTKa 
HeHTpoHoa B HeHTpoHoBoAax KOHe4H0l1 Anl1HbI, KOH~~ KOTOp~X 3aKp~T~ 

·3epKaJ1bHO OTpa*aIOUtHMH nIlOCKOCTflMH. I1eB~11 Tope~, npHMblKalOUtl1~ 
K I4CT04HI1KY, pa3Bopa4HBaeT KOMnOHeHTY nOTOKa He~TpoHoB C vI: SO 
B CTOPOHY HeI1TpOHOBOAa, "ITO Anfl nIlOCKOrO HCT04HI1Ka IpHc . 1BI npl4
BOAI1T npOCTO K YABoeHH~ nnOTHOCTH He~TpoHoB 12/. 

B cnY4ae 06"eMHoro HCT04HHKa IpHc.lrl BTopafl KOMnOHeHTa nORB
nfieTCR BHYTPH HeHTpoHoBoAa C 3aAep*KoH Ha 2a/vm ' n03TOMY HH
Terpl1pOBaHHe B~pa*eH61fI /31 C ee Y4eTOM AaeT a~pa*eHHfI, aHanorH4
H~e 15/-/8/. TonbKO B HIo1X BMeCTO x Aon*HO ¢ll1rYPl1pOBaTb x + 2a. 

npaBblH Tope4. pacnono*eHHblH npH J: = b , Ha4HHafi C MOMeHTa 
BpeMeHI-I t ..b /Y m / 8 cnY4ae nnOCKoro HCTo4HHKai OTpa*aeT He.:i
TPOHbI B 06paTHOM HanpaBneHHI1 . PacnpeAeneHHe nnOTHOCTI1 OTpameHHblX 
HeHTpOHOB nony4aeTcfI 113 Bblpa*eHHfI 121 C nOMO~b~ npe06pa30aaHI1R 
x -0 - J: + 2 b • B T04Ke Ha6nlOAeHI1f1 x oTpaIKeHHble HeHTpoH~ Ha4HYT 
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AaBaTb BKl1aA Ha411HaJl C MOMeHT8 t mw = -s+2h . ECIlI1 Tenepb 
Vm 

pacnpeAeneHI1R nnOTHOCTI1 OTpa*eHH~X HeHTpoHOB nOMe4aTb nOpRAKOB~
MI1 HOMepaMH OTpa*eHI1H OT neBoro (1) H npaBoro (J) TOP~08, TO: 

2rrpv
nlj (Sot) = m [1-( ~ )2], 

a. t 	 /9/ 

I+J 
rAe t ~tmlD.1J =[(-1) x + 2JhJ/vm. npl14eM IS J . 

AnR nonY4eHI1R nonHoH nnOTHOCTI1 HeHTpoHoB B TPy6e HaAo npocYM
MI1poBaT b /9/ no 1 H J C Y"IeTOM apeMeHH~X rpaHH4 AnR Ka)f(AOH co
cTaBnR~eH. Ha PHc.2 npHBeAeHw pe3ynbTaT~ TaKoro CYMMl1pOBaHI1R 
AnR HeCKOnbKI1X SHa"leHHH x /b B 3aBHCHMOCTH OT OTHocHTenbHoH 

1 v t-x
BpeMeHHoH KOOPAI1HaT~ r = '2 mb npH AOCTaT04HO 60nbwoM 

r KpHBwe, OC4I1nnHpYR, CXOARTCR K CTa4HOHapHOMY SHa4eHI1~ nnOT
HOCTH N0/ bS . 

AHanorH4HwM 06pasoM npOBOARTCR BW4HcneHHR nnOTHOCTH HeHTpoHoB 
BHYTPH HeHTpoHoBoAa AnR 06beMHoro I1CTO"lHHKa /pHc.lr/. 

21 Ii PHc.2. 3aBHCHMOCTb OTHOCHTenhHO~ 
IIJIOTBOCTH YXH p=n(x,r)/(No IbS)p 
OT r AJUI cxam! Ha pac. JB IJpH SHa
qeHHHX I/b: J - 0,3; 2 - 0.5; 3 
0,7. 

4. npaKTH4ecKHH HHTepec npeACTaB
nReT onpeAeneHHe cpeAHeH nnOTHOCTI1 
H cneKTpa CKopOCTeH B np04ecce nepe
TeKaHHR HeHTpoHoB HS COCYAa B COCYA. 

I i ii ii' 11o ' ii ' I 13 IS ' , i npoBeAeM aHal1HS 3Toro n~04ecca Ha 
• 	 ~ npHMepe HAeanHSHpOBaHHOH cxeMw, 

KorAa COCYA~ npeACTaBnA~T C060H OAH
HaKOBwe Y4aCTKH HeHTpoHoBoAa, B~AenReMwe saTBOpaMI1 npH x =-a • a. 
b - 2a 11 b /pHC. lA/. nYCTb AJlR onpeAeneHHOCTH B neBwH COCYA 

npOH3BOAHTCA HaKa"lKa YXH OT KaKoro-HH6YAb HCT04HHKa. 3aTeM HeH
TPOHW BwnYCKa~TCA B HeHTpoHoBOA H npOHCXOAHT aanonHeHHe npaBoro 
COCYAa . 3aKpwBaR STOT COCYA B pa3Hwe MOMeHTW BpeMeHH. MO*HO 3a
xeaTHTb B Hero HeHTpOHW C pa3HWM CneKTpOM CKopOCTeH /MeTOA Bpe
MeHHOH OTce4KH/ H C ~a3HOH npHMeCb~ HeHTpOHOB, HcnWTaaWHX MHoro
KpaTHoe OTpa*eHHe OT BHeWHHX TOP40B COCYAOB. 

AnR onpeAeneHHR cpeAHHX 3Ha4eHHH nnOTHOCTH HeHTpOHOS H npo
Ao n bHOH KOMnOH eHTW CKOPOCTH lee a6con~THoro 3 Ha4eHHA/ no 0 6beMY 
npa SOH noa YWKI1 Ha AO ycpeAHHTb COOTBeTCTaY~~He a~pa~eHI1A Tl1na 
IS/ -/el no I1 HTepaany b - 2 a ::; I !> b . Ha nep aOM 3 Tane aHa nH3a 

4 

~I ~n<" 

a n,) 

. . n,2 

2~ 
6 n2.1,2 

w~n,n 
~.,. 

n1.3., nU •2 , 5.' X 

g ~ -2a & 
r, l' 

PHc.3. KaqeCTBeHHoe IJpeACTaaneHHe npOCTPanCTBeHHoro 
pacnpeAeneHHH YXH B nOBymxe AnA cxe~ Ha pHc.lA 
B nepBbIX DATH BpeMeHHbIX HHTepBanax. 

paCCMOTpHM BpeMeHHY~ 06nacTb OT MOMeHTa nORBneHHR B nOBYWKe nep

awx HeHTpOHOB t 1 '" b -3a AO nORBneHHA ABalKAW OTpa*eHHWX OT 
Vm 

oOOHX TOP40B HeHTpOHOB, T.e. t ~ 3t-a _ npH t S 'I B nOBYW
Ke HeT HeHTpOHOB. npl1 t > t 1 B nOaytfllKY BXOART HeHTpOHW KOMno
HeHTW nOTOKa C ~ 0 C paCnpeAeneHHeM nllOTHOCTH /5/, KOTopoeVz 

npH t 1 .$ t ~ '2 = b- a HaAo npOI1HTerpl1pOBaTb s npeAenaxvm 
(b-2a , v t + a) /pl1c.3a/. Pe3ynbTaT ycpeAHeHHR CneAY1OU4HH: 

m 

- 1 v 	 t 
n 1(t) = '2 DO ..::-=- Al ( 1-B l(a-C,) 1. 	 110/ 

t 1 	 1 tj.1.. BrAe AI '" (1 - -), I =T (l +-t-)' C I co t[ 1+ ( -p-)2 1.4 t 

i - HOMep BpeMeHHoro I1HTepBana. 


npH t 2s ts ts b+ a B nOBYWKe nOMI1MO HeHTpoHoB, onHC~-
Vm 

BaeM~X pacnpe Ae neHHeM /5/ C nnOTHOCTb~ 0 2 2(I,t) , nORBnA~TCR : 
a / HeHTpOH~ KOMnOHeHTW C Vx ~ O. OTpa*eHH~e OT neBoro Top~a 11 
onHC~BaeMbie /5/ C 3aMeHOH x ... x + 2&; nnOTHOCTb 3TOH COCTaanR
Kl1IeH o603Ha4HM 4epes ° 2 ,1.1 (x, t ) ; 6/ Hei:1TpoH~ KOMnOHeHT~ C 
Vx ~ 0, OTpa*eHH~e OT npaBoro TOP4a H onHCWBaeMWe /51 C 3aMeHoi:1 
x ... - x + 2b lo603Ha4eHHe O2 ,1.2 /; B/ HeHTpOH~ KOMnOHeHTW C 
v z ~ O. Onl1CblBaeMwe pacnpeAeneHl1eM /71, c nnOTHOCTb~ °2'S • Ka
4eCTseHHoe npeACTaBneHl1e 3TI1X COCTaanA~I1X B BI1Ae pacnpeAeneHI1H 

no x AaHO Ha pHc.36. COCTaBnRl'.lIIIl1e ° 2 ,1.1 11 02.1.1 Aa~T OAI1Ha
KOBWH BKIlaA B KonH4eCTBO Hei:1TpoHoB B nOBYWKe, TaK KaK OHH 06yc
nosneHW paBHblMI1 KOMnOHeHTaMI1 nOTOKa, BXOAA~I1MI1 B nOBYWKY OAHO
apeMeHHO, HO KaK 6w C pa3Hwx CTOpOH. ~~ Toro 4T06~ pa3nl14aTb 
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TaKl-1e cosnaAalOOll-1e COCTaSllRlOOIl-1e. 6b111 SSeAeH TpeTI1i:1 I-1HAeKC. He
CllO~Hble, HO rpOM03AKI1 e Bbl41-1ClleHI-1R Aa~T AJ1R CpeAHeH nnOTHOCTI-1 
scex COCTaallRlOO(l-1X eo STOPOM BpeMeHHOM I1HTepaalle: 

- - 1 v t 
D2,1,1 (t)"'02,1.2 (t) = 200~AJI-B2(3-02)], /11/ 

~ 2(t)= 12 ooA213-~ R [02-{1- v 1£ )( vm t -2a f ° ) 1. 
, a'1! mB vt 1 /12/a 2 m 

- ( 1 vmt v t -2a 2
0 t) c - -0 -A 11-B (3_(!II ) D ]1
28 /13/• 20a 81 vt 2' 

m 

rAe 01 = 21[1+ ( vmt , 'fl. CpeAHFlR nllOTHOCTb Bcex HeHTpo
vmt -2a 

HOS B 1l0sywKe paSHa CYMMe /11/-/13/. 
BbipaIKeHI1R /10/ 11 /11/ I1MelOT OAI-1H3KOSYIO CTPYKTYPY, a OTlll-141-1e 

I-1X 3aKJ1104aeTCR B CABl-1re 0611acTI-1 npl-1MeHI1MOCTI1 Ha 2& / v m ' 4TO 
MaTeMaTI14eCKI1 Bblpa~aeTCR S yselll-14eHI111 I-1HAeKCa i Ha eAI-1HI-14Y· 

OTclOAa RCHO, \.ITO B TpeTbeM speMeHHOM I1HTep aalle t 8 <.. t < t = b + 3a 
- - 4 vm 

TaKoi:1 CTPYKTypOi:1 AOll~HO 0611aAaTb BbipaIKeHl1e AJ1R cpeAHeH nnOTHOC
TH 0S,1 (t) Hei:1TpoHos KOMnOHeHTbI C v l( ::;; 0, OTpaIKeHHblx CHa4alla 
OT lleaoro, a 3aTeM OT npaaoro TOPLla M onl1C~aaeMbiX B~palKeHl1eM 
/5/ C noclleAOaaTeJ1bHoi:1 3aMeHO~ x -.x + 2a ... -x+ 2b +2a /pHc.311/. 
np~Mble a~4I-1CneHI1F1 3TO nOATaep~aIOT. B Clle AYIOOIHX ASYX BpeMeHH~X 

b +5a ( 3b - aI1HTepBanax (t4 • t 5 = ) '" t £>' t 8 '" COCTasllRlOII\l1X 
vm Vm 

TaKO~ CTPYKTYP~ YlKe He 6YAeT. OHI1 CHosa AaAYT SKnaA S nnOTHOCTb 
HeHTpoHoB a 1l0eywKe B 6-8 I1HTepBallax 11 T·A· 

B03apa~aRcb CHoaa K TpeTbeMY MHTepsany, S~nI1WeM cpeAHl-1e 
nllOTHOCTI1 OCTanbH~X COCTaBllRlOII\l-1X /0603Ha4eHI-1R AaHbI Ha pl1c.3a/: 

- .l.. vmt o (t)=<n (t) = DOAg!3---B [0 
8,2,1 8,2,2 2 a 8 S 

/1 4/ 

_ (1 __1~) ( v rut - a. rt>
!m!.R v t ) 2]1, 

& 8 m 

6 

- ( ) 1 ·v t V t-2a(t) ° 3,3.1 ""OS,3.2 t -2no~A411-B2[3-( ~ t f °311 • / 15/
m 

084 (t) = .l..2 0 0 <.1..2 -!'-t -~ (S2 R2 -81 R I»)' /16/ 
, vm (2t) 

rAe 81 = t 1 + : R I = t ~ + t ,2+ 1 3aKOHOMepHOCTb, Hai:1
m _ - _ 

AeHHaFl npl-1 06cy~eHI-1I-1 BbipalKeHI-1i'! AllFl ' _0 2•1 1-1 08,1,_ Ha611~0 1 
AaeTCR TaKlKe S nOClleAOBaTellbHOCTFlX 02.2 • 0 8,2 • • •• 1-1 02.3 
OS,S ' •.• , T.e. COCTaBllR~l1e TaKoi:1 CTPYKTYPbI 8HOCRT BKll3A B 
nnOTHOCTb Hei:1TpoHoa B 1l0aywKe a 2-4, 7-9, .. • I1HTepaallax. 

HoabiM MOMeHTOM B TpeTbeM I-1HTepBalle RBllFleTCR B03HI-1KHOBeHI-1e 
COCTasllFllOOlei:1 Us 4 ,AeHcTBYlOOIei:1 BO Bcex nOClleAYlOOIl1X I1HTepBallax 
C TeMI1 lKe nocTORHHblMI1 S 11 R . H3 pl-1c.3r BI1AHO , 4TO B 4eTBepTOM 
I1HTepsalle nORSllFlIOTCFI COCTaBllRlOOIl1e ii 4.5.1 11 ii4,5,2 TaKoi'! IKe 
CTPYKTYPbl, pasHbie APyr APyry, B KOTOPblX I1HAeKcbI nOCTORHHblX S 
1-1 R YBelll1411BalOTcFI Ha eAI1HI-1L1Y no cpaBHeHl-11O C 0S, 4 ' _ H3KOHeLl. 
B nRTOM I-1HTepBane /PI1C. 3A/ B03HI-1KaeT COCTaallRlOOIaR n 5,6 , B BbI
palKeHl-111 AJ1R KOTOPOi:1 I-1HAeKCbI S S 1-1 R YBeJ11-14I-1BaIOTCR eIlIe H3 eAI-1

HI-1L1Y· 
Ha 3TOM nepablH 3Tan ~OpMl1pOSaHI-1R pacnpeAeJ1eHI1R Hei'!TpoHos 

a 1l0sYWKe 3aKaH411saeTCFI. OH CBFl3aH C nepsbiM oTpaIKeHl-1eM OT npa
Boro TOPLla 1l0BYWKI-1. Ha BTOPOM 3Tane, sKll104alOOleM sTopoe OTpaIKe
Hl1e, Ha ~oHe nOCTORHHO Aei:1cTsYIOOII-1X cocTaMRIOU\I1X ii S.4 ' n4,5 11 
056 ' S TOH IKe noclleAoaaTellbHOCTl-1, 4TO 11 Ha nepBOM 3Tane, no
FlBnRIOTCR cocTaSllRlOOIl1e TaKoH lKe CTPYKTYPbl,KaK /11/-/13/,/16/, 
I-1HAeKCaLlI1F1 S KOTOPblX KOppelll1pOSaHa C HOMepOM speMeHHoro I1HTep
salla. 

TaKaFl nepl10AI14HOCTb S ~OpMl1pOaaHI1I1 p3cnpeAelleHI1R Hei:1TpoHoB 
B 1l0BYWKe n03BOlll111a Hanl1CaTb KOMnaKTHbli:1 allrOpl1TM Bbl411ClleHI-1R 
cpeAHei:1 nnOTHOCTI-1 11 cpeAHero a6COllIOTHoro 3Ha4eHI1R npOAO.llbHOH 
CKOPOCTI1 S llOBYWKe KaK ~YHKLlI1I1 BpeMeHI1. 

rpa~1-14eCKOe npeACTaSlleHl1e pe3YllbTaTOB Bbl41-1ClleHI1H net) 11 
vl( (t) YA06HO CAellaTb, SBeAR no aHallOrl-111 C PI1C. 2 OTHOCI-1TellbHOe 

v t -(b-3a) I..l..speHR r = 2 m Ha PI1C. '1 npl1SeAeHbI 3aSHCI1MOCTI1 
b+8 

nCr) /0 AllR ABYX 3Ha4eHI1H a /Kpl1Sble 1 11 2/. Kpl1Bble npOXOART° b 
- v J v4epe3 MaKCI1MallbHble 3H34eHI-1R 0 mal( = 16/(...:..m.. -:.m... W ) npH t 

a a mu 
I ~ 

= 4"'" .:;u- W , rAe W c ~2R2 -SsRs + Sol R ol + 85 R 6 • 11 npl1 6011b

WI1X r S~XOART Ha ypoae Hb , COOTBeTCTSYIOOII-1~ OTHOWe Hl11O 06"eMOS 
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PHc.4. 3aBHCHHOCTb OTROCHTen»BoA 

DOJIHoil nn:OTHOCTH YXH p = nCr) /np.p' 
/xpHB~e 1 H 2/ R nnOTHOCTH npH

MecHbtX HeATPOHOB =p' [ n (,.)
8 _ 

0,251 

0, 5 ,.."""'-'-'--'--.-.-rT"T"T"TT'"T""T""r-r-r-T"1 

h· ......... 1:4 °6.1 

i. 

I " 

(r)]1 °0 /KPHBble 3 a 

4/ OT" 11.TUI cxeMbi sa PRC. 1 A npH 
alb = 0,125 H 0,25 COOTBcTCT-

BetUlO. 

1,0. , 
o 	

l' 
2 

VI( 

Pac.5. 3aBHCHMOCTb Cpe).l,HerO 9Ha


qeHHH np011.OnbHOH CKOPOCTH YXH 

I~ I B JIOBymxe AJlH cxeMbi Ha 
 •
pHC. 111. OT BpeMetUI HaKonn:eHHH r 

npH SHaQetUlllX & Ib : 1 - 0,125; 02,· , I '2 
2 - 0,25. • 0 '( 

2&
nOBYWK~ ~ eceH TPy6b1 • MaKcHMyM ecerAa npHxOAHTCA Ha nA

b+& 
TblH BpeMeHHoH ~HTepBan. a BKnaA HeHTpoHoB , n06b1BaBW~X B nOBYWKe 
H BTOP~4HO B03BpaTHBW~XCA B Hee nocne OTpa~eHHA OT neBoro TOP4a, 
B nonHoe 4Hcno HeHTpoHoB B nOBYWKe Ha4HHaeTCA C weCToro HHTepBa
na. TaKHM o6pasoM, ecn~ saTBOp nOBYWKH saKpblTb e npOMe*YTKe Me*
AY tmAs ~ te ' TO B HeH 6YAeT 3aXBa4eHO MaKCHManbHoe Kon~4eCTBO 
HeHTpOHOB 6es npHMeCH HeHTpoHoB, HcnblTaBWHX MHorOKpaTHoe OTpa*e
HHe OT TOPUOB IKpHBble 3 H 4 Ha pHc.4/. 

KaKoB npH 3TOM cneKTp saXBa4eHHbiX HeHTpoHoB7 Ha pHc.5 nOKasa
Ha 3Bon~UHA cpeAHero a6con~THoro SHa4eHHA Vs (t) HeHTpoHoB, Ha
XOAA~HXCA B nOBYWKe, B npouecce ee HanonHeHHA . XOTA cneKTp CTa 
HOBHTCA MaKCBennOBCKHM 4epes AOCTaT04HO 60nbwoe BpeMA IKPHBble Ha 
pHc.5 BblXOART Ha YPOBeHb Iv so ' = 0 , 375 vm npH T > 2/, OAHaKO 
y*e npH t = te ! r = 1 Ha pHc.5! OH 6nHsoK K TaKOBOMY. a ecnH 
AonYCTHTb npHMeCb MHorOKpaTHO OTpa~eHHblX HeHTpoHoB 11.0 2%, TO 
cneKTp npH COOTBeTCTBY~HX t npaKTH4eCKH 6YAeT MaKCBennOBCKHM . 
AnbTepHa THBOH RBnReTCA BeeAeHHe HeKOTopOH CTeneHH AH~~Y3HOCTH 
npH OTpa~eHHH OT CTeHOK nOBYWKH . 3TO TeM 60nee He06xOA~MO, ecnH 
npo BoAATCA cneKTpoMeTpH4ecKHe HccneAoBaHHA MHoroKpaTHoro nponyc 
Ka HHR 4epes OAHH H TOT ~e o6pa se4 MeTOAoM BpeMeHHoH OTce4KH. AnA 
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Toro 4To6b1 B Ka*AOM nocneAY~eM nponYCKaHHH C 06pa340M Bsa~MO
AeHCTBOBanH HeHTpOHbI TaKoro *e cneKTpa. B nOBywKe Aon*Ha npo
H30HTH paHAOMH3a4~A HX HanpaaneHHH. 

5. AnA Y4eTa AH¢$ysHoro pacceAHHA H norn~eHHA, a TaK*e AnA 
paC4eTOB nepeTeKaHHA YXH npH pasnH4HblX reOMeTpH4eCKHX KOH~~ry
pa4HAX COCYAOB H HeHTpOHOBOAa 6b1na cosAaHa nporpaMMa paC4eTOB 
no MeTOAY MOHTe-Kapno, B KOTOPOH CTapTOBbie 3Ha4eHHA HanpaBneHHA 
BbineTa/8 H ¢ I, MeCTa BbineTa IpaAHYC r H KooPA~HaTa x I H 
CKOpOCTH v Bbl6HpanHCb ~S paBHOMepHoro pacnpeAeneHHA no cos () 
¢ • r2 ,X H v 3 COOTBeTCTBeHHO. AnA sepKanbHoro OTpaIKeHHR 6es 
Y4eTa norno~eHHR 06a MeTOAa paC4eTOB n(t) H Vs (t) AaflH COB
naAa~~He pesynbTaTbi InpH KonH4eCTBe pasbirpaHHbiX HeHTpOHOB 
~ 32000/. 

B saKfl~4eHHe OTMeTHM, 4TO aHaflHTH4eCKHH nOAXoA K saAa4e 
nepeTeKaHHR HeHTpoHoB HS cocYAa 8 COCYA, Aa~e npH Aon~eHHoH 
HAeanHsaUHH, OKasanCR none3HblM AnA BbiACHeHHA OCH08HbiX xapaKTe
PHCTHK 3Toro npouecca, Ka4eCTBeHHO coxpaHA~HXCR H AJIA npaKTH
4eCKHX cnY4aee. 
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