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1. Borrpochi, cBJI3aHHhie c B03MO)KHOCThiO Ha6mo,neHHJI 
pa3peiiieHHhiX, T .e. HerrepeKpbiBaiO~HXCJI, ,nH4JpaK~HOHHhiX · 
MaKCHMYMOB, HMeiOT Ba)KHoe 3Ha'leHHe a CTPYKTYPHhiX 
,nH4JpaK~HOHHhiX 3KCIIepHMeHTaX H OC06eHHO B 3KCIIepHMeHTaX 
C MaKpOMOneKynJipHbiMH /6Honor:H'IeCKHMH/ KpHCTannaMH,· . 
lJTO CBJI3aHO C 6onhiiiHMH pa3MepaMH.3neMeHTapHOH ff'leHKH 
TaKHX KpHCTannOB H HH3KOH CTeiieHblO COBepiiieHCTBa HX 
cTpyKTYPhi. Bo3MO)KHOCTh · Ha6nro,neHH.H HerrepeKphmaro~HxcJI . . .. 

,nH4JpaK~HOHIIhiX MaKCHMYMOB 3aBHCHT KaK OT CBOHCTB ,nH-
4JpaKTOMeTpa, TaK H: OT rrapaMeTpOB HCCne_nyeMoro KpH
CTanna H xapaKTepH3yeTCJI ,nHcrrepc,eii' PjlCCeJIHHoro nyqKa, 
Ha3hiBaeMOH 06bi'IHO pa3peiiieHHeM l- 3 '- • . . · 

IlpH HCCne,noBaHHH ,nH4JpaK~HH Ha _MOHOKpHCTannax no 
MeTo,ny apeMeHH rrponeTa pa3pemeHHe. ecTecTBeHHhiM o6-
pa3oM pacrra,naeTcJI Ha apeMeHHoe H yrnoaoe, · CBJI3aHHhie 
COOTBeTCTBeHHO C BpeMeHHOH H yrnoBOH J\HcrrepCHHMH 
paccenHHoro rr·y·u(a. PaHee ,nnJI.MeTo,na apeMemi rrponeTa 
Hccne,noaanocb nHIIIh apeMeHHoe pa3peweHHe a cnyqae 
IIOnHKpHCTannH'IeCKHX o6pa3~0B ( 3 , 41• . 

B HaCTOJI~eii. pa6oTe aorrpochipa3pemeHHJI paccMoTpe- "• 
Hhl, HCXO,nJI H3 HanH'IHJI y ,nH4JpaK~HOHHOro MaKCHMyMa 
peanbHhiX KOHTYPOB, BpeMeHHOrO H yrnoaoro, CBJI3aHHhiX 
c HeH,neanhHOCThiO . .no4JpaKTOMeTpa H o6pa3~a. IIo,no6HhiH 
rro,nxo.n Hcrronh30BancJI· paHee ,nnH Bhi6opa OIITHManhHoro 
pe)f.31Ma ·cKaHHpoaaHHJI B MeTo,ne ,nayxoceaoro·crreKTpoMeT
pa /5/. PaccMoTpeHHe KOHTypa ,no4JpaK~oHHoro :MaKcBMyMa 
II03BOnJieT ·rrony'IBTb ,nOCTaTO'IHO CTpOrBe ycnOBBJl Herre
peKpbiDaHBH coce,nHBX oTpa*eHBH B, cne,noaaTenhHO, rrpa
BBnhHoro H3MepeHBJl· BHTerpanhHbiX BHTeHCBliHOCTeH, 'ITO 
B JIBnJieTCJI ~enhiO ,no4JpaK~OHHOro 3KCIIepBMeHTa: ··KpoMe 
Toro, IIPB aHanB3e ycnOBBH BpeMeHHOH 4JoKyCBpOBKB TaKOH 
IIO,nxo_n II03BOnJieT pa3_nenBTh BKna,nbl BO BpeMeHHyiO,nHCIIep:-
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CHID pacCe.IIHHOrO ny'!Ka OT M03aH'!HOCTH . o6pa3na H OT 
yrnoaoif pacxo.IJ;HMOCTH nepBH'!Horo ny'!Ka. 

2 . . lfHTerpanLHa.ll HHTeHCHBHOCTb .IJ;HrbpaKnHOHHOrO MaK:.. 
CHMyMa npH pacce.IIHHH H,IJ;eanbHO KOJinHMHpOBaHHOrO ny'!Ka 

. HeiiTpOHOB Ha H,IJ;eallLHOM KpHCTanne B KHHeMaTH'feCKOM 
)6 I 

npu6niDKeHHH ' ; 

v .... 2 . 
lo=(217)3 -21F<ro)l <P(ko) 

v 2k 2 . 2 (} c 0 sm 0 

/1/ 

r,IJ;e V - o6'beM KpHCTaniia, ·y c-·o6'beM 3JleMeHTapHOH .11'-leHKH 
KPHCTanna; F(;." 0 ) - CTPYKTYPHLiii rbaKTop ... oTpa)KeHit.ll, on
pe,IJ;en.lleMLiii BeKTOpOM o6paTHOH peweTKH r O , k 0- MO.IJ;YJIL 
aonHoaoro aeKTopa HeiiTpoHa, 2(}0 - yron pacce.IIHH.II, <P ( ko)
nnoTHSCTL noToKa HeiiTpoHoB Ha o6pa3en. IIapaMeTpLI k o , 
(} 0 H r 0 CB.II3aHLI rbopMynoii}ip3~ra- BynLrb~ 2 k 0 sin(} =:,277r 0 
H iJeKTopnLIM paaeHcTiioM k 0 -k 0• "' 211r 0 , r.IJ;e ko u 
ko - BOJIHOBLie BeKTOpbl HeiiTpOHa, .IJ;O H nocne pacce.IIHH.II, 
.IJ;HrbpaKnHOHHLIH MaKCHMYM npH 3TOM HMeeT H·yneBLie Bpe
MeHHYIO H"yrnoByiO WHpHHbl. 

H .IJ;eHCTBHTellbHOCTH HCTO'-IHHK HeiiTpOHOB HMeeT KOHeq
Hble JIHHeHHLie pa3Mepbl, a KpHCTann COCTOHT H3 M03aH'!HLIX 
6nOKOB. IlpH 3TOM 3Ha'!eHHe HHTerpanLHOH HHTeHCHBHOCTH 
B KHHeMaTH''feCKOM npH6JIH)KeHHH He H3MeHHTC.II, HO yrJIOBOH 
H apeMeHHoii KOHTYPLI J:iurbpaKrUJOHHo.ro MaKcHMyMa:~epec .... Ta ~ 
HYT 6LITL o -o6pa3HLIMH, H a 3TOM cnyqae· no.IJ; k • k'o , 

. 0 ' 
r 0 H (} O cne,IJ;yeT nOHHMa Tb COOTBeTCTBYIOJnHe : cpeJlHHe 
XapaKTepHCTHKHo . 

. Ha puc. 1 npe,IJ;CTaaneHa ynporneHHa.ll cxeMa .IJ;HrbpaKUHOH- .· 
Horo 3KCnepHMeHTa no MeTO.IJ;Y apeMeHH nponeTa. B Ha .... qanL
HLiii MoMeHT apeM:eHH HeiiTpoH c aonHOBLIM aeKTopoM k BLI
neTaeT H3 3aMe.IJ;JIHT~JI.II, pacceHBaeTC.II Ha M03aH'fliOM 
6noKe c opneHTanHeii r H nona,IJ;aeT B .IJ;eTeKTop, . .IJ;BHra.IICL .... . . . . . 
no ""HanpaBneHHIO k'. ·II pH 3TOM no -npe)KHeMy BblllOJIH.IIIOTC.II 
yciiOBH.II: 

.... -+ 

2k sine = 217 r' k' k 217 T ' I k 'I = I k I . /2/ 

4 

.. 

~ 
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Puc. 1. CxeMa .IJ;HrbpaKTOMeTpa no apeMeHH nponeTa;· 1. - · 
HCTO'-IHHK nynLcHpyrornero ny'!Ka. HeiiTpoHoa; 2 - M'oHo
I_iPHCTannuqecKHii o6pa3en; 3 - .IJ;eTeKTop. · BeKTopa. k 0 H 
1(.0.- cpe.IJ;HHe HanpaaneHH.II pacnpocTpaHeHH.II nepBH'fHLIX 
H pacce.IIHHLIX H~HTpOHOB, 10 . - Cpe.IJ;H.II.II OpHeHTanH.II M03a
H'-IHLIX 6JIOKOB .KpHCTaJina. 

,ll;n.11 He o'!eHL 6onLwHx yrno:B pacce.IIHH.II * aepTHKan&HaJI: 
paCXO.IJ;HMOCTb nepBH'fHOro nyqKa cnaoo . CKa3biBaeTC.II Ha . 
H3MeHeHHH yrJia pacce.IIHH.II/no3TOMY B nepBOM npH6JIH>K_eHHH 
.IJ;ocTaTO'fHO pac·cMoTpeT& npoeKu;Hro a~iiTpoHHLix nyTeii na 
ropH30HTaJibHyiOnJIOCKOCTb. 

Bae.IJ;eM pacnpe.IJ;eneHH.II: P ( y1 ) - nnoTHOCTL aepo.IITHo
CTH nona.IJ;aHH.II HeiiTpoua Ha o6pa~en no.IJ; yrnoM, y

1 
K Ha- . 

npaBJieHHIO k O . H W (·y ) - nnOTHOCTb 'fHCJia M03aH'fHbiX 
2 . 

~JIOKOB, OpHeHTHpOB~HHLIX no.IJ;· yrnoM y 
2 

K ~anpaaneHHIO 
r O .IlJIOTHOCTb BepO.IITHOCTH p~rHCTpanHH .IJ;eTeKTOpOM HeiiT
POJ;Ia c aonHoBLIM BeKTopoM k' ecTL 

:G R - p ( y 1 ) • w ( y 2 ) ' /3/ 

npH'feM H3 ycnOBHH /2/ C y'!eTOM MaJIOCTH yrnoB . Y { H 
y 2 cne.IJ;yeT: · 

. * tg () 0 «2/¢ z
1 

r;-JJ;e. ¢ - aepTiiKanLHa.ll pacxo.IJ;HMOCTb 
nepBH'!Horony'!Ka 7/. · 
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,, yl +·y = 2y ' 2 
/4/ 

\ -y = 2e- tg8
0 

-> ~ k-k 
0 

r,ll;e ·Y .., yron Me:>K,ll;Y BeKTopa'MH k': H k' ' g = ------r-0 0 
-> 

OTHOCHTellbHOe OTKnOHeHHe MO,ll;ynH BeKTOpa k OT cpe,ll;Hero 

3Ha'ieHHH. * • ,lJ;nH . paCCM.aTpHBaeMOH CXeMbl, · B nepBOM 

npH6nH:>KeHHH, g = Ak/k= At/t' r,ll;e t - nonHoe BpeMH npone

Ta, At - · OTKnoHeHHe BpeMeHH nponeTa oT cpe,ll;Hero 3Ha'ie

HHH. Pa3pewaH CHCTeMy /4/ OTHOCHTe.ilbHO y 1 H Y2 o,ll;.iiH 

·G nony'IHM: s 

'G8 ( y, g) - P ( y + 2g tg 8 0 ) W ( y + g tg 8 0 ).. /5/ 

Ilpu HHTerpupoBaHHH G s (y,g) no BCeM y H · g ,ll;On:>KHO 

nony'iHTbCH npaBHnbHOe 3Ha'ieHHe HHTerpanbHOH HHTeHCHB

HOCTH Io ,ll;nH npoH3BO.ilbHbiX clJYHKUHii P(y
1
)u W(y 2).Y'iHT~I

BaH 3TOT clJaKT, HeTpy,ll;HO OKOH'iaTe.ilbHO YCTaHOBHTb, 'ITO 

'iHC.iiO. HeiiTpOHOB, perHCTpHpyeMbiX ,ll;eTeKTOpOM B e,ll;HHHUY 

BpeMeHH .B HHTepBane yrnoB d y · H: B HHTepBane · BpeMeHH 
nponeTa (lg,. eCTb 

di 8 (y,e-) =Io P(y+2gtg8 0 ) W(y+e-tg8 0 ) dydg, .. /
6

/ 

, .. · 3 y, .... 2 !l>(k 0 ) 
r,ll;e I 0 =I 0 ·tg8

0
=(2rr) -_-2 1F(7

0 ) I 2 . ,. 
· V c . · k 0 sm 200 

npH'ieM pacnpe,ll;eneHHJI p ( y ·. ) .H W ( }' ) HOpMHpOBaHbl Ha 
e,ll;HHHUY. . . 1 2 . 

lfHTerpupyH I 
8
,(y,g) no BCeM y H~H no BCeM g, nony'IHM 

COOTBeTCTBeHHO Bi)eMEmHOH HnH yrnOBOH KOHTypbl ,ll;HclJpaKUH

OHHOrO MaKCHMyMa: 
00 00 

I( e-> = J I ( y , ~) d y , I( y) 
s 

-·oo 
f I ( y, g) dg. 

-oo s /7/ 

* ·3HaKH Bcex yrnoB 3,ll;ecb H B ,ll;anLHeiiweM Bbi6paHbi 
nO.iiO:>KHTellbHbiMH B HanpaBneHHH npOTHB 'iaCOBOH CTpenKH. 

6 

.. 
''il 

_,. 

• 

Y'ieT BKna,ll;OB B /7 I OT cnyqaiiHbiX nepeMeHHbiX,He Koppenll

pyrol.Qux c .g H y, npoBO,ll;HTCH Bbi'iHcmiHHeM CBepToK cooT;, 

BeTCTBYIO~HX ·pacnpe,ll;enEHIHH c c I( g) H I(y) ~- HanpHMep, 

HeO,ll;HOBpeMeHHOCTb' BbilleTa HeiiTpOHOB H3 3aMe,ll;.iiHTenH 

y'iHTbiBaeTcH, ecnu nepeiiTH ?T ·I( g) K 
00 

I' ( e-> f I( g- () Q ( 0 d' ' ., '/8/ 
-oo 

r,ll;e Q(()- nnOTHOCTb BepOHTHOCTH BbmeTa HeiiTpOHa H3 

3aMe,ll;nHTe.iiH C OTK.iiOHeHHeM . ( OT cpe,ll;Hero MOMeHTa 

BbmeTa, Bblpa:>KeHHbiM B e,ll;HHHUax nonHo~~ BpeMeHH nponeTa. 

3. ,D;nH onpe,ll;eneH:HH ycnoBHii Ha6nro,ll;eHHH pa3peweHHbiX 

,ll;HclJpaKUHOHHbiX .MaKCHMYMOB HeOUXO,ll;HMO 3a,ll;aTbCH KOHK

peTHbiM BH,ll;OM pacnpe,ll;eneHiiii P(.y
1
), W(y

2
)u Q((} .Pac

npe,ll;eneHHe OpHeHTaUHH M03aH'iHbiX 6nOKOB B KpHCTanne 

06W'IHO npHHHMaeTCH /8/ rayCCOBbiM: 

2 
l ·Y 2 W ( y ) = exp ( - ) , 

2 ..;2rr TJ 2TJ 2 · /9/ 

r,ll;e TJ - M03aH'iHOCTb KpHCTanna. 

P ( y 1 ) ,ll;nH 'n.ixocKoro o6pa.3ua H nnocKoro 3aMe,ll;nHTenH 

HMeeTBH,ll; 

l I. f:3o - Y1 ,ll;.iiH 

f:3o- fJ1 · ,ll;nH 
0 ,ll;.iiH 

p ( yl) 
l 

Po + (:31-

IY1 1-'5.. (:31' 
f:3I < 1-r 1 I s. f:3 o, 
I r1 I> "f:3o • 

/10/. 

s1 - s2 s 1 + 5 2 . u 

3,!1;eCb P(= ~ 'f:3o = 2L ' sl H 52 - .iiHHeHHbie pa3-
r r · 

Mepw 3aMe,ll;nuTen.a H o6pa3ua cooTBeTCTBeHHO, L r- pac

CTOJIHHe 3aMe,ll;nHTenb-:o6pa3eu; npe,ll;nonaraeTcs, 'ITO Lr»S 1 
H L r » S 2 • KoHKpeTHbiB BH.Ii pacnpe,ll;eneHHJI P ( y 

1
) cna6o · 

CKa3b1BaeTCJI Ha KOHetiHbiX pe3y.ilbTaTaX, n03TOMY Y,ll;06HO 

3aMeHHTb /10/ Ha rayCCOBY clJYHKUHIO 

. '2 
. . ·y 1 

exp (- --) 
2y2 

0 

P(yi) = .j2rr Y
0 

l 

/11/ 

7 



B ~aiit.HeiimeM:. 6y~eM ·c.ffii-aTL S 2 « S 1 /KaK npaBuno, 
pa3Mepi.J:. 6uonorH'IeCKHX o6pa3D;OB Y~OBneTBOpJIIOT 3TOMY 
ycn(>Bit:ro/, B 3TOM cnyqae Haunyqmee cornacue pe 3ynLTaToB 
BLI'IHClleHHB C 3aBHCHMOCTJIMH /10/ H /1 i/ ~OCTHraeTC~ 
npu y0 = {30 !..,[3 /eM. npuno)KeHue u·puc. 2/. 

Ilpu TaKHX npe~nono)KeHHJIX ciJyHKD;HH 1(0 uJ (y) JIBnJiroT
CJI rayCCOBLIMH /B 'leM HeTpy~HO y6e~HTLCJI, BLI'IHCnJIJI 
HHTerpanLI/7 I I 

I(~) 

I(y) 

Io exp (-

J21r D~ 

I . 0 . -== exp (
y2rr D 

., y 

C AHCnepCHSIMH 

2 2 2 
D~= (y 0 +.,) /tg e 

~2 
-) 
2D~ 

2 y 
-)., 

2Dy 

D=y2+42 y 0 ., 

/12/ 

/13/ 

/14/ 

Pacnpe~eneHue BpeMeHH BLmeTa HeiiTpoHoB H3 3aMe~nuTenJI . . 

B nepBOM npii6nH)KeHHH /~OCTaT_O'IHOM ~ng npOH3BO~HMLIX 
HH)Ke one:HoK/ TaK)Ke Mo)irno C'IHTlLTL rayccoBLIM, 

1 
Q(') exp (-

2D
1 y2 rr D

1 

/15/ 

r~e Dt - ~ucnepcHJI Bpe:Meau BLineTa, BLipa)KeHHaJI B e~HHH
nax nonaoro BpeMeHH nponeTa. TaK KaK cBepTKa ~Byx 

· rayccoBLIX pa'cnpe;ienEmHii e CTL.: caoBa ray.ccoBo pacnpe~e ',. 
neHHe c .ziucnepc:U:eii,_pa:BH:oii cyMMe ·~Hcnepcuii CBopa'IHBae
MLIX pacnpe~e.neHHB, TO yq({T Q {(J npHBO~HT K . 

I' ( ~) 

r~e D~ 

8 

Io 

y 2rrDg 

De+ Dt. 

~ 
) exp (- 2D' 

~ 
/16/ 

:1 
j. 
i. 

i 

·t 
~J 

( 

'1·if? 
'· . J. 

Puc. 2. Cooi-BeTCTBHe yrnoBLIX KOHTypoB ~udJpaKnuoaaoro"' '· 
l.HlKCHMyMa, paCC'IHTaHHLIX C HCllOnL30BaHHeMpacnpe~ene.:.. 
HHii /10/ H /11/ ~m1 Toqeqaoro o6pa3u;a. 1 - pacnpe~ene-· 
aue /3'/ c {30 ;., .=· 2; 2 - pacnpe~eneaue j2 I c y0~f30 /y'3; 
3 . - OTHOCHTenLHaJI pa3HOCTL /3' I H /2 , I. KpHBLie 1 H .2 · 
B npoH3BonLHLix e~uimnax·, KPHBaJI 3 - B. 'fa. CoBiia~eaue 
KpHBLIX 1 H 2 eJ.tie nyqme ~ng MeHLWHX 3Ha'leHHB {3 0 iTJ. . . 

B . MeTo~e ; BpeMeliH nponeTa npaBHnLHoe H3M'eHeaue 
HHTerpanLHOH liHTCHGHBHOCTH. ~HciJpaKD;HOHHOrO MaKCHMy~a 
B03M0)KHO, ecnH COCe~HHe OTpa)KCHHJI. He nepeKpLIBiliOTC.H 
XOT.H 6LI O~HOB H3 KOop~HaT - BpeMeHHOB HnH yrnOBOB. 

9·· ' 
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IIocKonLKY 99,70/o nnomaAH noA rayccoaoii KpHaoH: ne:>KHT 
B npeAenax 6y'"IT, TO B Ka'leCTBe ycnOBHH HenepeKpbiBaHHH 
lc TO'lHOCTblO AO 0,30/ol ABYX OTpa:>KeHHH MO:>KHO. Bb16paTL: 

6v'Dg .:s l!!e H 6y'D <I!! , y- y 1171 

rAe /!!~ H I!!Y- apeMeuuoe H yrnoaoe paccTo~HHH Me:>KAY 
neuTpaMH OTpa:>KeHHH. Beml'HIHbl I!! eu I!! .y 3aBHCHT OT BeK
TOpa -; , xapaKTepH3yromero nono:>Keuue oTpa:>KeHHH B npo
cTpaucTae o6paTHOH peweTKH, H ,OT CHMMeTpHH KpHCTan-
llH'le cKoii peweTKH. . 

B Ka'leCTBe npuMepa npuno)Keuux cooTuoweuuH: /17 I 
K peanLHOMY cny'lalO pacCMOTpHM pa3llH'1HLie nopHAKH 
OTpa:>KeHHH OT rrnOCKOCTH 11,0,01 KpHCTanna Ky6H'leCKOH 

. . ~ -r2 
CHMMeTpHH. B 3TOM cnyqae AllH ABYX OTpa:>KeHHH. /!it;=--;--, 

-> -> n 1 
T ( T 2 · -> · hi ki t i l 2 2 f 2) 1/2 

"y-·2arccos(-) rne T = (-,-,-) T. =-(h • +k .+ 1· u- rr ,....., ·a a a.•1·a 11 ' 
1 2 

i = l ,2; ( h 'k 'n - MBnnepoBCKHe HHAeKCbl OTpa:>KeHHH, a -
pa3Mep. :meMeHTapuoH: xqeiiKH. Heo6xoAHMO paccMoTpeTL 
ycnOBBH HenepeKpbiBaHHH OTpa:>KeHHH ( n,O ,0) C OTpa:>KeHHH
MH (n + 1,0·,0) H ( n,l,Q) • 0'1eBHAUO, 'ITO pa3AellHTb OTpa
:>KeHHH (n;O,O) H (n+l,O,O) :Mo:>KHo TOnLKO no f,, T.K. AHH 

HHX l!iy = 0 .B TO :JKe BpeMH OTpa:>KeHHH (~,0,0) H (n,l,O) 
npome pa3llB'laTb no yrny pacCeHHHH, T.K. pa3HBUa B e AHH 

3TOH napbl OTpa:>KeHHH HMeeTCH llHWb BO.BTOpOM nopHAKe 
(l!!t;"" l/2n 2). ,ll;nH (n,O,O) H (n+l,O,O) ACl/(n+l), a AllJI 
(n,O,O) H( n,l,O) /!iy = 2/n ,n03TOMY AllH npaBHllbHOrO H3-
MepeHHH BHTeHCHBHOCTH OTpa:>KeHBH ( n,O ,0) He06XOAUMO 
HMCTL 

l 2 2' l 2 2 
y + 47] <-· -(-) 
0 .:-36 it • 

D +(y2+7]2) /tg280 S. 36(n+ 1)2 t 0 H 

1181 
Benuqaua D t B 118/ 3aBHCHT oT nonuoro apeMeHH nponeTa 
H, cm!AOBaTenLHO, OT n, paCXOAHMOCTb {3

0 
nepBH'lHOrO 

ny'lKa B cnyqae npHMeHeHHH HeHTpOHOBOAa Me:>KAY 3aMeA
llHTeneM H o6pa3UOM TaK:>Ke CTaHOBHTCH $yHKUHeH n .• :HTaK, 

10 

B o6meM cnyqae YCllOBHH 118/ HBnJIIOTCH · ypaBHCHHHMH 
OTHOCBTCllbHO> n, peweHHe KOTOpbiX n03BOllHCT BbiJ:tenHTb 
B o6paTHOM npOCTpaHCTBe o6naCTb paapeweHHbiX_ OTpa:lKeHHHo 

4. IIpH peweHBH CHCTCMbl ypaBHeHHH 141 OTHOCHTCllbHO 
y
1 

H y 
2 

npeAnonaranOCL, 'ITO /!ikjk = /!! t/t=e H He. 3aBHCHT 
B nepBOM nOpHA~e OT. y 1 _H y 2·.3TO Bepuo, ecnH nnOCKOCTb 
3aMeAllHTCllH nepneHAUKYnHpHa OCH nepBH'lHOrO nyqKa H 

.nnOCKOCTb ACTCKTOpa neprrCHAUKYllHpHa OCH pacce>HHHOrO 
nyqKa. B npOTHBHOM Cnyqae OTHOCHTCllbHOe H3MCHeHHC 
nonuo8 nponeTuoH: 6a3LI L=L +L ecTL 

I!!L 
L 

· r c 

L L 
:: ·- y _r_ tg a + y _c tg a · , 

1. L r L c 1191 

lo603Ha'leHHH CM. Ha pHC. 31, a TaK KaK k- t/L, TO 
L\ k/k ~ At/t-I!!L/L a ypaaueHHn I 41 nepexoAHT a 

·y + y = 2y .· ' .. 
I 2 .. . 

L L 
Y - y = 2~ tg e + 2y _r tg a tgO- 2y ~tga tg 00 , 

I · -0 · , I L r o L c 
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rAe no -npe:>KHeMy e ~ At)t·. IIOBTOPHJI paccy:>K,IJ;eHHH npe
ALIAymero iiyuKni., .AnH. ape:Meuuoii AHcnepcuu pacceHuuoro 

Lr 

Puc. 3. CxeMa c~oKycHpoaauuoro AB$paKTOMCTpa no ape
MeHH nponeTa. 0 1 , Os u Oc- neuTpLI 3aMe.nnuTenH, 'o6pa3na · 
H .II.CTCKTOpa COOTBeTCTBCHHO. 

II . 



··"T. 

ny'IKa /yrJIOBaH ,Il;HCnepCHH, O'leBH,Il;HO, He H3MeHHTCH/ 
nony'IHM cne.n;yroll{ee BLipa:>KeHHe: 

D' 
~ 

L 2 2 
(l - 2 ~ tg a tg 0

0 
) • 1J + (l 

L c 

tg200 

L tga +Lrtgar -, () )2y2 
c c. tg 0 0 

L +Dt 

/21/ 

lf3 /21/ CJie,n;yeT, 'ITO npH BLinOJIHeHHH yCJIOBHH * 

L~ L r . (J 1 
2 - tg a tg () = 1 H 2 - tg a tg = L c o L r o /22/ 

yrJIOBaH paCXO,Il;HMOCTL nepBH'IHOrO nyqKa H M03aH'IHOCTL 
. , o6pa3ua He .n;a10T BKna.n;a B De H BpeM_:HHoe pa3peweHHe 

6y,n;eT 3aBHCeTL JIHWL OT OTHOCHTeJILHOH WHpHHLI nepBH'I
HOrO HMnyiJLCa HeHTpOHOB. 3TO npHBO,Il;HT K 3Ha'IHTeJILHOMY 
yny'IWeHHIO :BpeMeHHoro pa3peweHHH, oco6eHHO B cnyqae 
MaJILIX H cpe,n;HHx · yrnoB pacce HHHH. B ,n;H<IJpaKUHOHHOM 
3Kcm!pHMeHTe napaMeTpLI a r H L r <IJHKCHpoBaHLI, H ,D;JIJI 
CTpororo BLinOJIHeHHJI YCJIOBHH /22/ He06XO,Il;HMO no.n;6HpaTL 
a c H Lc B 3aBHCHMoCTH oT yrna paccesHHs. H3- 3a o6LI'IHoro 
ycnoBHH L ;L « 1 /HHa'le JIHHeHHLie pa3'MepLI .zieTeKTopa c r 
CTaHOBHTCH qepecqyp 6oJILWHMH/ CTporo .- y,n;OBJICTBOpHTL 
/22/ B WHpOKOM ,D;Hana30HC yrJIOB pacceHHHH .HeB03MO:>KHO. 
O.n;HaKo 3TO >Ke ycnoBHe (L c /L r «l) no3BOJIHeT npH no.n;
xo.n;HII{eM BLI6ope yrna HaKnoHa 3aMe.n;JIHTens c.n;enaTL 
BKJia.n; cnaraeMoro c y 2 B D ~ ManLIM no'ITH .n;ns Be ex 
yrJIOB pacceHHHH. 0 

' Ha pH C. 4 npe.n;cTaBneHLI i<pHBLie n ~( ()) /MaKCHMaJILHo
ro pa3peweHHoro. no BpeMeHH nponeTa nops.n;Ka oTpa:lKeHHH 
oT nnocKOCTH ( 1,0 ,0) I B 3aBHC!fMOgTH oi yrna E1prra 
.n;ns .3Ha'leHHH napaMeTpoB a=3CI' A·;jj;:J? ,y0=0,5°, Lr = 
= 19 M , ar =25°; BpeMeHHas nonyw~~HHa nepBH'IHOro HM
nynLca HCHTpOHOB - 104 MKCeK. KpJiBi!,jJ 1 COOTB~TCTByeT 
MHHHMH3aUHH Dg no .n;ByM napaMeTpaM (~~:~~H · L c , T.e. 

-- · . I 4/ 
*3TH ycnoBHJI BnepBLie ycTaHoBHJI A.Xonac HecKo-nL-

·Ko ,n;pyrHM .MeTO,Il;OM. 

.12 

n 
30 

20 

I fO 

0 

~---""" 

~ 

/ v i 
' 

rl 1/ 
I 

I ' 

v.; I , v 
:/ 

v L(f 
-v 

~v l 
• 

ao ItO 60 

1. 

J ~ 
IY 

.· . 

.8o.e· 
PHc. 4. BpeMeHHoe pa3peweHHe .B. 3aBHCHMOCTH oT yrna 
Ep3rra. 06'LHCHeHHH B TeKCTe. 

nonHoMy co6nro.n;eHHIO ycnoBHH <~JoicycHpOBKH. KpHBas .2. 
nocTpoeHa ,Il;JIH <IJHKCHpoBaHHoro paCCTOHHHH ··o6pa3eU- .n;e
TeKTop Lc = 1 M, . npH 3TOM HapywaeTCH TO'IHas <IJoKycH
poBKa 3aMe,D;JIHTeJIH; HO, KaK BH,Il;HO H3 pHCYHKa, yxy,n;weHHe 
pa3peweHHH He3Ha'IHTeJILHoe. KpHBas . 3 nocTj>OeHa .n;ns 

a =a :o-0°. 
c r 

5. ,lJ;JIH 6HOJIOrH'IeCKHX KpHCTannoB M038.H'IHOCTL 06LI'IHO 
He ·MeHLWe l 0

• KaK cne.n;yeT H3 /18/, 'IHcno pa3peweHHLIX 
no yrny nopH,D;KOB OTpa:>KeHHH OT. nJIOCKOCTH. ( 1,0 ,0) .zins 
· 1J = 1° He npeBLIWaeT 10. 3TO 3Ha'IHTeJILHO MeHLWe 'IHCna 
nOpH,D;KOB, pa3peweHHLIX no BpeMeHH, H ,Il;JIH CJIO:>KHLI~ 

KpHCTaJIJIOB .. MO:>KCT OKa3aTLCH He,D;OCTaTO'IHbiM ,n;nH nony
'leHHH neofixo.n;HMOH CTPYKTYPHOB HH<IJopMaumi. Ha.n;e>KHLIM 
cpe.n.cTnoM npcoAOJieHH.a 3Toii TPY.Il.HOCTH MO>KeT HBHTLCH 
perncTpauun yrnonoro pacnpe.n.eneHHH pac~eHHHoro ny'IKa, 
'ITO D03BOJIHT C HOMOU\LIO CTan.n.apTHLIX MaTeMaTH'ICCKHX 
npHe.MOB BbJJJ.CnHTL npaBHJibHOe 3Ha'ICHHe HHTerpanLHOH 
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HHTeHCHBHOCTH HCCJ1eAyeMoro OTpa>KeHHH. fiOA06HylO pe
rHCTpaiUUO MO>KHO OC~e CTBHTb J1H60 CKaHHpOBaHHeM AeTeK
TOpa no yrny, J1H60 npHMeHeHHeM n03H~HOHHOrO C'leT'-IHKa. 
0AHaKo perHcTpa~H yrnoaoro pacnpeAeneHHH pacceHHHoro 
nyqKa CBHJaHa nH6o c noTepHMH apeMeHH, KaK a cnyqae 
CKaHHpoaaHHH no yrny, mi6o C He06XOAHj,iOCTblO HMeTb 
3Ha'IHTeJ1bHYIO naMHTb perHCTpHpyiOI~eii annapaTypbl B CJ1Y'" 
qae HCnOJ1b30BaHHH n03H~HOHHOrO C'leTqHKa. 1ionee npOCTbiM 
cpencTBOM ynyqmeHHH yrnoaoro paJpemeHHH HBnHeTCH no
cTaHoaKa AOllOJ1HHTeJ1bHOro KOJ1J1HMaTopa Me>KAY o6pa3~0M 
H AeTeKTopoM. TaK KaK yrnoaaH AHcnepCHH He JaBHCHT OT 
yrna pacceRHHH H BeJ1H'IHHhlBOJ1HOBOrO BeKTOpa HeHTpOHa, 
TO npH HCnOJ1b30BaHHH KOJ1J1HMaTopa Me>KAY o6pa3~0M H 
AeTeKTOpOM Ha mo60M yrne pacceRHHR H. AJ1R BCeX nopHAKOB 
OTpa>KeHHR 6yAeT perHCTpHpOBaTbCR OAHHaKOBaR qacTb 
HHTerpanLHOH HHTeHCHBHOCTH 

I' = JY3 I( y) dy ,_c lo· 
-Y3 

2 
-----
y2rrDY 

rAe Y3 - ·MaKCHManLHhlii yron 
npH KOTOpOM HeHTpOH npOHAeT 
napaMeTp g=y

3
hi1Jy' nony'IHM 

I'( g) = 11)· ¢(g) , rne 

2 
y y ) d. '• f 3 exp (- 2ny } /23/ 

0 

0ThJ10HeHHR OT OCH ny'IKa, 
qepe3 KonnHMaTop. BBOAR 

2 g 2 •.. . 
<fl(g) = --=:J exp (-x /2) dx- HHTerpan aepoRTHOCTeii. 

..j2rr 0 

qHCflO pa3pemeHHhiX no yrny llOPHAKOB OTpa>KeHHR AJ1R 
0 _5 g ~ 3 pacTeT,KaK 6/ ( g + 3).HanpHMep, AflR g == l 'IHCJ10 
pa3peweHHbiX nopRAKOB yaenH'IHBaeTCR a 1,5 paJa, HHTeH
CHBHOCTb llpH 3TOM yMeHbWaeTCR BCero Ha 31,7'1o. 

AaTop npHJHaTeneH H.M.tl>pa'HKy, IO.M.OcTaHeBH"IY H 
B.K.HrHaTOBH'IY Ja none3Hhle AHCKYCCHH. 

14 

""" 

IIpuAoJICeHue 

PacnpeAeneHHe HeiiTpoHOB no yrnaMnonanaaHg·Ha o6-
pa3e~ a cnyqae TO'Ie'IHoro o6pa3~a:·· 

l l . 
-·l P(y 1) = 2{3

0 
0 

AJ111 I yl I ~ f3 0 ' 

. AJ1H I yl I > f3 0 • 

/1;/ 

C'IHTaH pacnpeAeneHHe W (.y 0 ) rayccoBLIM, HaiiAeM, HanpH
Mep, yriloaoii KOHTYP AHciJpaKtiHOHHoro MaKCHMyMa. lloA
cTaBnRH /1 '/ H /9/ B /7/, JanHWeM: 

00 

J(y) =I~ f P(y+ 2e-tg0
0

) W(y+e-tg0
0

) de-

I'. 
0 

-oo 

2{3
0 

y2rr 1J 
f. 

-y+f3o 
2 tg 00 

-y-fb 
2tg00 

. 2. 

(·y+ e- tgOO) ] de-' 
exp [ - 2TJ " 

npeAenw HHTerpHpoaaHHJI nony'leHhl HJ ycnoaHH I y+ 2.; tgO 0 I ::f30 • 

CAenaeM JaMeHy nepeMeHHoii z = 
·r+e- tg Bo 

...;211 

I . Y + f3o f3 -y 0 . 0 
J (y) = --[ erf( ) + er£( ) ], 

4{30 2y2TJ 2-.ft 11 

rAe erf ( x') 
2 - X . f 2 . 

_, exp(-z ) d 

/2'/ . 
$ 

vrr 
0 

. z • 
00 . 

,l(HcnepcHR pacripeAe.rieHHR /2'/ D J = f .y
2J '(.y) dy=4TJ2 "~ {3 0

2
/3. 

.....,., 
tl>yH~:uuJ< llllla /'l '! uecKo.TJLKO ue)·.no6ua .zin.R o~eHoK; 6onee 
npHt'MJII'Ml>(" Bh1Jt'II!(CHH(' DOJ1yqaeTCR, CCJ1H npe)J.DOJ10>KHTh 
rayn:nnn·uil BHJr · pacnp(·.n<·neHHJI P (r1 ) .B 3TOM cnyqae 
BMel To /2 'I HMeeM · 
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I( y) /3' I 

_J ~ D 4 2 + 2 . 6 C ,li;HCnepcHeH I = 1J Y 0 • BLI Hpa.H B Katie CTBe KpHTepHH 
HaHnyqwero coana.neiiHH pacnpe~eneHuii_j2'/ H /3 '/ coana
,IJ;eHHe HX ,II;HCnepCHH, nonytJHM Yo ={30/V3•PHC. 2 HJIJIIOCTpH
pyeT.COBna,IJ;eHHe pacnpe,IJ;eneHHH J(y) H l(y) c·y0=f3 0N~ 
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