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·. /I 13/ 
CUHHTHililHUHOHHble ,IJ,eTeKTOpbI - o6ecne,'IHBalOT a 

HaCTOHll\ee npeMH HaHBbICIIIYIO TO'IHOCTb nony11eHHH H Hau

. 6onhmy10 cKopoCTb Ha6opa apeMeHHoii HHl}>opMaUHH npu pe -

rHCTpaUHH HOHH3Hpyl0ll\HX H3nyqemiu • .tiocTHrHyTbie BeJIH-

'IHHbl BpeMeHHOro pa3pemeHHH 6nH3KH K 0, l HCeK, a 

6bICTpO,IJ,e'iicTBHH - K 100 MI'11. . 
PemaIOll\HH BKna,IJ, B o6ecneqeHHe npe,IJ,enhHblX apeMeHHbIX 

· xapaKTepecTHK · BHOCHT l}>oTo3neinpoHHhlii yMHO)KHTenb. Ko-

31}>1}>eueeHT yceneHHH l}>oTOYMHO)KHTenH - K, paBHbIH cpe,IJ,Heii 

BenH'IUHe OTHOIIIeHHH KOilH'leCTBa 3IleKTJ>OHOB, ,!J.OCTHrIIIHX 

aHo,IJ,a, K KOilH'leCTBy 3IleKTpOHOB, BbineTeBIIIHX C l}>oTOKaTO,IJ,8., 

o6hl'IHO MeHhme npoe3ae,IJ,eHHH. aenH'IHH Ko3cl><l>uueeHTOB BTo -

PH'IHOH 3MHCCHH ,IJ,nH Ka)K,IJ,Oro H3. ,IJ,HHO,!J.OB, IlOCKOilbKY He Bee 

Bhl6HThie 3neKTPOHbI nona.D.aIOT Jia cne,IJ,y10muii .IJ.HHO.IJ.. 3cl><l>eKT 
' > ' . ' 

nponeTa MO)KeT cny)KHTb HCTO'IHHKOM IlOHBneHHH npe,IJ,HM-

nynbCOB nepe,IJ, OCHOBHhIM CHrHanoM C BblXO,IJ,a <l>3Y. Hanpu

Mep, HeKOTOpbie l}>oT03neKTPOHbl, npoH,IJ,H MHMO nepaoro 

.D.HHO.D.a, MoryT nonacTh cpa3y Ha BTopoii .D.HHO.IJ.. CornacHo 

,IJ,aHHhIM pa60Tbl /l4/' ,IJ,OilH nponeTHhIX 3neKTPOHOB ,!J.IlH 

l}>oTOYMHO)KHTenH <1>3Y- 30 COCTaBnHeT - '!,00/o a IIIHPOKOM 

,IJ,HaOa3OHe HanpH)KeHJiii DHTaHHH, npH'leM onepe)KeHHe HM

nynhCOB COCTaBnHeT - '6 HCeK, a HX aMDJIHTY,IJ,a /IS/ MO)KeT 

,noxo,IJ,HTb .IJ.O 30o/o OT ocHOBHoro HMnynhca. Hariuque npe,IJ,

HMnynhCOB o6Hapy)KeHO TaK)Ke H B <1>3Y- 36 116< )J.nH BpeMeH

HblX <1>3Y' B . uenHx CHH)KeHHH ,!J.HCnepCHH 3neKTPOHOB no 

CKOpOCTHM, ,!J.HHO.IJ.HYIO CHCTeMy cneueanbHO KOHCTPYHPYIOT 

TaKHM o6pa30M, 'IT06bl HaH6onee 6bICTPbie 3neKTPOHbl He 

nona,IJ,ane Ha pa6011uii y11acToK .IJ.HHO,IJ,a ;i77 . • 
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B qJOTOYMHO>KHTeJie MoryT IlOHBJIHTbC.R HMilYJibCbl TaIOKe 

H nocJie OCHOBHoro CHrHaJia. HaJin1-1He IlOCJICHMilYJibCOB 

CB.a3aHO C HOHHOH H OilTH'ICCKOH o6paTHblMH CBH3HMH. 

B o6JiaCTH BblXO,!UlblX ,IlHHO,IlOB a cl>3Y npu IlOBhlWeHHblX Ha

np.a)KeHHHX IlHTaHHH npOHCXO,IlHT CHJlbHa.a HOHH3aUHH H B03-

6y)K,IleHHe MOJieKyJI OCTaTO'IHOro ra3a, a TaIOKe 3JlCKTPOHHa» 

6oM6ap,AHpOBKa KOHCTPYKTHBHblX MaTepuaJIOB qJOTOYMHO)KH

TCJIH, Bbl3bIBaIO~a» HHOr,Aa BX JIIOMHHecueHUHIO. Bo3HHKaIO

~e npH 3TOM HOHbl H KBaHTbl CBeTa MoryT nona,IlaTb na 

qJOTOKaTO,Il H nepable ,AHHO,Ilbl cl>3Y, Bbl3b1Ba» 3MHCCHIO 3JICKT

pOHOB. 3a,Ilep*Ka IlOCJICHMilYJibCOB OilTH'ICCKOH o6paTHOH 

CBH3H paBHa apeMeHH npoJieTa 3JICKTPOHOB no ,AHHO,AHOH 

CHCTeM~ u orpaHH'leHa BCJIH'IHHOH -- 50 HCeK, Ja,Ilep)KKa 

IlOCJICHMilYJibCOB HOHHOH o6paTHOH CDH3H M())KeT COCTaBJIHTb 

0,1 + 1 MKCeKIIB/ _ ff6oJie·e. )J;C>JIH IlOCJieHMnynhCOB och.i11HO 

H~BeJIHKa H COCTaaii.aeT ~ 7 510 /l4,l8,l9/. .· 

XapaK111epuc111UKU <P.3Y. B ma6A. 1 npHB,e,AeHbl"OCHOBHhle 

napaMeTpbl HCKOTOpbIX OTe11eCTBCHHblX H 3apy6e)KHblX qJOTO

YMHO)ICHTeneii:. cl>OTOYMHO)ICHTCJIH HBJIHIOTCH .. reuepa TOpaMH 

HMilYilbCOB . TOKa. :«l>OpMa ii ,IlJI~ITeJibHOCTb. HMilYJibCOB TOKa 

npu 6ecKOHC'IHO KOPOTKOH CBeTOBOH BCIIblWKe o6ycJIOBJieHa 
p.a,AoM qiaKTopoa. · . · · · · 

)];BH)KCHHIO_ 3JICKTpH11ecKor9 3ap.a,Ila- K ·Nepa ( N cp9 ~ 'IHCJIO 

qJOT03JICKTpOHOB} IlO,Il ,AeHCTBHCM paJHOCTH n9TeHUHaJIOB 

MC)K,Ily nocne,AHHM ,AHHOJJ;OM H aHO,IlOM - u n-a B TO'IKe X C 

Hanp.a)KeHHOCTbIO noJI» E (x) co cKopocThIO V(x) cooTBeT-

CTayeT aeJIH'IHHa TO Ka /IO/: ·· · 

2 
1 K•N,i., •e -m 

I (t)= 'Pa . e 

d2 
u -t, . n-a /1/ 

r,Ile e H_ m e - ._Jap.a,ll H Macca 3JieKTpoHa, d - paccTOHHHe 

MC)K,Ily ,llHHO,IlOM H aHO,IlOM. )J;JIH_TeJibHOCTb HMilYJibCa TOKa 

paaHa apeMCHH npoxo)K)J;eHHH 3JICKTpOHOB . OT ,IlHHop;a .IlO 

aHo,Ila:. 

t
1 =~-/2/m 0 e 0 U 
l:I e n-a /2/ 

B coapeMeHHblX BpeMeHHblX cl>oTOYMHO)KHTeJI.ax OTHOrue-
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HHe d/v'U .n-a HaCTOJibKO Mano, 'iTO BeJIH'IHHa t~ coc

Tanm1eT - 0,3 HCeK 1211 H He OKa3&IBaeT cymeCTBeHHOro 

BJIHJIHHH Ha ,nJIHTeJI&HOCTb HMnyn&ca TOKa <1>3Y. 

ropa3,IJ;O 6onee . cy~eCTBeHHOe B03,IJ;eHCTBHe OKa3bIBaeT 

cTaTHCTH'leCKHii xapaKi-ep pa3MHo:>KeHHJI H ,nBH:>KeHHJI 3JieKT

poHOB n clioToyMHO:>KHTene 1221. ,D;m1 He6on&mux BbIXO.IJ;HbIX 

curHanon <1>3Y JIBJIJieTcJI JIHHeiiHoii cucTeMoiL Hcnon&3YJI 

3_TO, ,IJ;JIJI HCCJie,noBaHHJI xapaKTepHCTBK clioTO)'.MHO:>KHTeneii 

_qacTO npHMeUJIIOT CBeTOBCilbIWKH KOHe'IHOH ,IJ;JIHTeJILHOCTH, 

HO CTOJih MaJIOH aMilJIHTy,nbl, 'ITO ,IJ;JIJI Ka:>K,IJ;0H CBeTOBOH 

BCilbIWKH nponcxo,nHT Bbl6HBaHHe ue 6onee o,nHoro clioTo-

3JieKTpoHa. O,nH03JieKTPOHHble BMilYJibCbl HMeIOT KOHe'IHYIO 

WHPHHY 3a C'leT BpeMeHHOro pa36poca_ npH ,IJ;BH)KeHHH 3JieKT

POHOB B ,IJ;HHO,IJ;HOH CHCTeMe •. 3TOT pa_36poc o6ycJIOBJieH 

pa3JIH'IHeM MecT, yrnoB BbIJieTa H Ha'laJibHbIX cKopocTeii 

BTOPH'IHbIX 3JleKTPOHOB; O,nH03JieKTPOHHble HMilYJibCbl HMe -

IOT MHHHMaJibHYIO ,IJ;JIHTeJibHOCTb. EcJIH B HeKOTOpoii TO'IKe 

$OTO Ka TO,na npOH30WJIO Bbl6HBaHHe MHOrHX clioT03JieKTPOHOB, 

TO 3a C'leT pa36poca B yrnax BbIJieTa H B Ha'laJibHbIX CKO

POCTJIX OHH ,naIOT .nonoJIHHTeJibHOe pacmupeHHe HMilYJibCa 

<1>3Y. ,D;nJI CHH:>KeHHJI BpeMeHHoro pa36poca COBepmeHCTDY-

10:r $0Kycnpy10mue CBOHCTBa Ka TO,n110ro y3na H ,IJ;HHO,IJ;OB 

Bbl60pOM cneUHaJibHOH reoMeTpHH H yBeJIH'IHBaIOT rpa,nHeHT 

IlOTeHnuana · Y 3MHTTHf~~HX . nonepXHOCTeii BBe,neHHeM 

YCKOPJIIO[UHX ceTOK /
23

- / /puc. 1/. B ma6A. 2npune,neHbl 

. ,naHHble no BpeMeHHbIM pa36pocaM 3JieKTPOHOB B HeKOTOpbIX 

clioTOYMHO:>KHTeJIJIX. 

Cy~eCTBeHHOe BJIHJIHHe Ha 3a,nep:>KKY BblXO,IJ;HOro HM -

IlYJibCa 0Ka3bIBaeT MeCTO po)l{AeHHJI $OT03JieKTpOH8. Ha $OTO -

KaTo,ne. 3a,nep:>KKa MHHHMaJibHa npH Bbl6HBaHHH clioT03JieKT

poila n neHTpe H B03pacTaeT Ha 0,3 HceK ,nn.a <I>3Y-30/33/ 

H <ll3Y- 36 / 21 / . IlPH Bbl6HBaHHH clioT03JieKTpoHa Ha KpaIO 

clioToKa To,na. ,D;nJI clioToyMHO:>KHTeJIJI <1>3Y-63 c Toii :>Ke, 'ITO H 

y <ll3Y-3_O, ,IJ;HHO,IJ;HOH c'HcTeMoii, HOC 60JibWHM ,IJ;HaM(!TpOM 

clioToKaTo,na, npupameHHe 3a,nep:>KKH paBHO 1 uceK / 34 ,35; , 

a- y Manora6apHTHoro <ll3Y-87 OHO cocTaBJIJieT ncero 

0,05 HCeK 1261. EcJIH clioTOKaTo,n ocnemaeTCJI He B. TO'IKe, 

a no Bceii nnoma.nu clioToi<aTo,na, yKa3aHHblii 3cliclieKT ripuno

AHT lC ,IJ;OilOJIHHTeJibHOMY pacWHpeHHIO BbIXO.IJ;iIOrO HMilYJibCa • 

. TaK, B clioToyMHO:>KHTene XP 1020 npu 3acn~TKe TO'le'IHoro 
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r1acTKa <POTOKaTo,na 4'poHThl HMilYJihCOB paBHhl 1,45 HCeK, 

a npn OCB,ell\eHHH BCero <POTOKaTo,na - 1, 75 HCeK 121 1. KaK 

IlOKa3aHO B pa6oTe 1361 , yqeT HeJIHHeHHOCTH B 3aBHCHMoc

TH 3a,nep>KKH OT paCCTOJIHHH OT :ue11Tpa <POTOKaTo,na ,nJIH 

MaKCHMaJibHhlX npHpameHHH 3a,nep:>KeK - 0,35; 
0,55; 1,3 11ceK - ,naeT uennqnHhl cpe,nHe1rna,npaTnqHoro 

OTKJIOHeHHJI ,nnH :3Toro KOMilOHeHT~: 0,11; 0,19; 
0,45 HCeK, COOTBeTCTBeHHO, B cnyqae ocnemeHHJI nceii 

nnoma,nH <l>oToKaTo,na • 
3a,nep»<Ka cnruana C <POTO Ka TO,na 3aBHCHT TaK»<e OT 

,IJ,JIHHhl BOJlllhl na,naromero CBeTa /
37

-
4
o/. CymeCTBOBaHHe 

no.no6uoro 34><l>eKTa Bhl3BaHO 3aBHCHMOCThlO OT,\ uaqanh

HhlX CKOpOCTeii <POT03JieKTPOHOB. H3MepeHHJI, npone,neHHble 

n pa6oTe 14o1, IlOKa3aJIH, qTo <1>3Y-33 H <1>3Y-36, npe,nHa3-

HaqeHHhie ,nn.n npeMeHHbIX H3MepeHHH, He JIBJIJIIOTCJI B 3TOM 

OTHOWeHHH HaHnyqwnMH. 3a,nep»<Ka B HHX COKpamaeTCJI Ha 

0,2 7 0,4 11ceK npn nepexo,ne OT cneTOBhlX cnruanon c 

,\ 
1 

= 418 HM K cneTOBLIM cnrHanaM c A2 = 513 HM. IlpH 

·mHpOKOM cneKTpanhHOM COCTaBe CBeTOBCllblWeK 3TOT :14><l>eKT 

,nacT cnoii nKna.n B pacwHpe1me HMnynhca <ti3Y. 
<I>opMa HMilYJILCa TOKa <POTOYMHO:>KHTem1 npn 6eCKOHeqHo 

KOPOTKOH cneTOBOH BCilhlWKe, o6ycnonneHIIaJI CTaTHCTnqe

CKHM pa36pOCOM 3JieKTpOHOB, C ,IJ,OCTaToqHO xopOWHM npH-

6nm1CenneM / 4 l/ onncblnaeTcH q>yHK:UHeii raycca: 

II K N " I ( t) =- · cps • e 

v"7r . a cpsy 

t -t 
• exp [ 3 2 ] ' 

acpsy 
/3/ 

r,IJ,e t 
3 

- _npeMeHHaa 3a,IJ,ep»<Ka <1>3Y, aqi9 y - nonHaH 

apeMeHHaJI ,nHcnepCHJI <POTOYMHO:>KHTem1, panHaJI reoMeTpH

qe CKOH cyMMe pa36pocoB, BHOCHMhIX <POTOKaTO,IJ,OM ll ,IJ,H

HO,nHOH CHCTeMoii. Ha npaKTHKe HCilOJlh3YlOT H ,npyrHe BH,nhl 

npH6JIH»<eHHH ; 3 o ,42 - 441 . ,lJ;JIHTeJibHOCTh <PPOHTOB HMilYJih-

COB <1>3Y, cornacno /3/,: tqi = 1,2 Uqi9y 'a,nJIHTeJihlIOCTh 

HMilYJlhCa na ypOBHe 0,1: t u= 3a cpsy • 

Cne,nyIOIUHM 4laKTOPOM, cnoco6HhlM BHeCTH orpanHqeHHJI 

Ha ,nJIHTeJihHOCTh <l>POHTOB HMilYJihCOB ua BhlXO,ne <1>3Y, HBJIJl

eTC.ll HHep:UHOHHOCTh aHO,nHoro BhIBO,IJ,a, KOTOphlii, o6na,naa 

napa3HTHhlMH HH,IJ,YKTHBHOCThlO H eMKOCThlO, .RBmleTCH 
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:uenLro, HHTerpnpylOll\CH BLIXO,IJ;Hoii cnrHaJI. ,D,m1 <l>3Y- 36, 

HanpHMep, 
1211 • c66CTBCHHOC BPCMJI HapacTaHHJl CHrHaJia 

c aH0,IJ;H0ro BLIB0,IJ;a C0CTaBJIJICT 1,8 HCeK. Hannt.ine aH0,IJ;Horo 

K0HTypa M0>KCT npHBCCTH TaK>Ke K napa3HTHLIM BLIC0K0-

qacT0THLIM 3a TyXalOll\HM I<OJie6aHHJIM /HJIH ,IJ;a>Ke TCHe-

pa:UHH 1451 I C nepH0,IJ;0M 5 7 8 HCeK H HatfaJILHOH aMmrn

TY,IJ;OH ,IJ;0 3Oo/o OT BCJIH'IHHLI CHrHaJia. ,l],JIH pacwnpeHHJl no

JI0CLI nponycKaHHJl qacT0T BLIXO,IJ;HOH CHCTCMLI <l>3Y npnMe

HJllOT KOaKcBaJILHLIH BLIB0,IJ; C aHo,IJ;a <l>oTOYMHO>KHTCJIJl, pac

C'IHTaHHLIH Ha 00,IJ;KJIIO'ICHHC Ka6eJIJl C onpe,IJ;eJICHHLIM B0JI

H0BLIM conp0THBJICHHCM, npH'ICM 0CYll\CCTBJIJICTCJl CMK0CT

HaJl CBJl3L :UHJIHH,D;pa K0aKCHaJILHoro BLIB0,IJ;a C Il0CJIC,IJ;HHM 

,IJ;HH0,IJ;0M 121 ,301 . Ilepexo,IJ; B <l>3Y._36 Ha KOaKcHaJILHLiii 

pa3'LCM D03B0JIHJI YJIY'IWHTL ,IJ;JIHTCJILH0CTL nepe,IJ;Hero 4>poH

Ta c 2,2 ,IJ;0 1,3 HCeK. 
IlpH . 6oJILWHX BX0,IJ;HMX CBCT0BCilLIWKax B6JIH3H Il0CJie,IJ;

HHX ,IJ;HH0,IJ;0B 3apH,D; "pa3MHO>Kal011\Cro" HMDYJILCa CTaH0BHTCJl 

BCCLMa 3Ha'IHTCJILHLIM / 10 9 7 101 O :JJICKTpOHOB/ H C03,IJ;a

BaJl C06CTBCHHOC :JJICKTpH'ICCK0C Il0JIC 'laCTH'IH0 3KpaHHpyeT 

00.JIC ,IJ;HH0,IJ;0B. OcJia6JieHHC YCK0pHlOll\Cr0 Il0JIJl DpHB0,IJ;HT 

K 3aMe,IJ;JICHHIO ,IJ;BH>KCHHJI npocTpaHCTBCHHoro crycTKa 

3.JICKTpOHOB. IlOCKOJILKY :JJICKTP0HLI B crycTKe pacnpe,IJ;eJICHLI 

nepaBH0Mepno, Ha HX MaJiylO naqaJILHYIO qacT·L ,IJ;CHCTBHC 

:JT0r0 34><l>eKTa CJia.6ee, He>KCJIH Ha 0CH0BHYlO Macey cryCTKa, 

'IT0 JICrK0 D0HJITL, CCJIH yqecTL, 'IT0 BPCMJI ,IJ;BH>KCHHJI ¥C>K,IJ;Y 

C0CC,IJ;HHMH ,IJ;HH0,IJ;aMH MCHLWC, 'ICM BpeMennaH ,IJ;JIHHa crycT

Ka. B CHJIY 3T0ro npoHCX0,IJ;HT npocTpaHCTBCHHaJl nepe

rpynnHp0BKa 3apJ1,D;a, BLipa>KalOll\aHCJl B 3aTHrHBaHHH 3a,IJ;

neii qacTH HMilYJILCa T0Ka. B pa6oTe 1461 ycTaH0BJICH0, 

'ITo B <l>3Y: 36, npn nocToHnnoM BLIXO.D;HOM cnrHaJie, nepe,IJ; -

HHH <i>POHT npaKTH'ICCKH ne H3MCHJICTCJI, ,IJ;JIHTCJILH0CTL >Ke 

HMDYJILCa CHJILH0 B03pacTaeT npu CHH>KCHHH HanpH>KCHHJl 

DHTaHHJl, 'IT0 D0Ka3aHo Ha puc. 2. l13MepeHHH npH D0CT0HH

H0M HanpH>KCHHH DHTaHHJl TaK>Ke CBH,IJ;CTCJILCTBYIOT 06 Y,IJ;JIH-

HCHHH HMDYJILCa npu pocTe BX0,IJ;HLIX CHrHaJI0B - puc. 3 l 4i ~ 
34>4>eKT npocTpaHCTBCHH0ro 3apH,D;a BLI3LIBaeT napywe

HHe nponop:uuonaJILH0CTH Me>K.D;Y aMnJIHTy.D;oii HMDYJILca 

<l>3Y H ero 3apJ1,IJ;0M B CHJIY H3MCHCHHJI <t>opMLI HMDYJILCa 

H npHB0,IJ;HT K C,IJ;BHry Ha3a,IJ; ero :uenTpa TH>KecTH. Cne,IJ;o

BaTeJILno, ,IJ;JIH nonyqeHHH TO'IHOH Bpe'MeHHOH npHBH3KH He-
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UMnyAbCa /Ha ypoeHe 0,1/ ¢0111oyMHOJICU1/leAJ1 56 DVP-0,3 
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o6xo.IJ;HMO HCilOJib30BaTh JIHWb nepe,D;HHH <l>poHT HMilYJihCa 

<1>3Y. 

3<l><l>eKTHBllhlM cnoco6oM 6oph6bl C 3ani:rHBaH11eM HM· 

nynLca J1BJIJ1eTCJ1 yBeJIHqeHHe nepena.IJ;OB HanpuKeHHJI Me)l(.IJ;Y 

nocne,IJ;HHMH ,IJ;HHO,IJ;aMH H aHO,IJ;OM <1>3Y. ,ll;JIJI 3THX ueneii 

npnMeHJIIOT' B qacTHOCTH, HMilYJibCHOe IlHTanne <l>oTOYMHO,ICH· 

Teneii / 4B/. ,ll;JIHTeJibHOCTb <i>POHTOB HMilYJibCa TOKa <1>3Y- 30 

IlpH HanpJl:>KeHHH IlHTaHHJI B HMilYJihCe -10 KB -COKpamaeTCJI 

AO 1,5 HCeK H Ha IlOpJl,D;OK B03pacTaeT K03<l><l>HUHeHT ycune

HHJI. 

Ba)l(HhlM BpeMeHHblM napaMeTpOM <1>3Y JIBJI.lleTCJI 3a

,IJ;ep)KKa pacnpocTpaHeHHJI cHrHana, npe,IJ;cTaBnJ11omaJ1 BpeMJI 

,IJ;BH)l(eHHJI 3JieKTpOHOB OT <l>oToKaTo,IJ;a ,IJ;O aHO,IJ;a. 3a,D;ep)l(Ka 

o6paTHO nponopuHoHaJibHa KOpHIO KBa,IJ;paTHOMY H3 HanpJl)l(e

HHJI IlHTaHHJI <i>oTOYMHO:>KHTeneii. )];JIJI <1>3Y-3O H <1>3Y-36 

K03<l><l>uuHeHTbl nponopUHOHaJibHOCTH paBHbl ,cooTBeTCTBeHHO, 

2,1· 10-6 B 112 CeK H 1,7 • 10-6 B l/2 ceK /49~ qTo co

rnacyeTCJI TaK)l(e C ,IJ;aHHbIMH pa60Tbl / 46/. 3a,IJ;ep)l(Ka B <1>3Y 

3Ha"lfHTeJihHO 6onhwe AJIHTeJibHO;CTH HMnynLca, no3TOMY 

Tpe6yeTCJI BhICOKaJI ToquoCTb IlO,IJ;,IJ;ep)l(aHHJI HanpJl)KeHHJI IlH· 

TaHHJI ,IJ;JIJI ,IJ;OCTH)l(eHHJI CTa6HJibHOCTH BpeMeHHOro IlOJIO)l(e

HHH HMilYJihCa: 

6. t 3 / t 3 = - 6. u qiay / 2 u ctl9Y /4/ 

,ll;JIJI oueHKH H3MeHeHHJI 3a,D;epmKH <1>3Y MO)l(llO cqnTaTb, 

"<ITO OHa COKpamaeTCJI ua 1 HCeK npH IlOBbIWeHHil Hanp.»:)l(eHHJI 

IlHTaHHJI Ha 100 B. 
BpeMeHHoe pa3peweHue 4>3Y. BpeMeHHoe nono:>KeHHe 

HMilYJibCa <1>3Y HMeeT HeKOTOPYIO Heonpe,D;eJieHHOCTb, CBJI· 

3aHHYIO co CTaTHCTH"lJeCKHM xapaKTepoM npouecca yCHJieHHJI. 

Ha puc. 4a noKa3aH nepe.IJ;HHii 4>poHT HMnynLca <l>oT03JieKT· 

POHOB. PeaKUHH ,!J;HHO,!J;HOH CHCTeMbl Ha cnara10mHe ero 

yqaCTKH npeHe6pe)l(HMO KOPOTKOH ,IJ;JIHTeJihHOCTH0603Ha"lJeHbl 

Ha puc. 46 IlYHKTHPHhlMH,-;- TpOHHhlMH WTpHx-nyHI<THpHhlMH 

JIHHHJIMH, aMilJIHTYAHhlH pa36poc HX o6paTHO nponopuHoHaJieH 

aMilJIHTy,IJ;e /30,50/. BecbMa xapaKTepHhlM ,IJ;JIJI pe3yJihTH· 

PYIO~HX CYMMapHbIX aHO,IJ;HbIX CHrHaJIOB, 3aKJIIOqeHHhlX Me)l(

AY CilJIOWHbIMH JIHHHJIMH Ha puc. 46, JIBJIJleTC.H HaJIH"lfHe 

MHHHMyMa BpeMeHHoro pa36poca npH HeKoTopoii <i>HKCHpo-
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BaHllOH '-laCTH aMnnHTYAhl, B TO BpeM.11 KaK,.zi;n.11 KOPOTKOro 
HMnynLca 4ioT03neKTpouoB uannyqmee BpeMeHuoe pa3pewe
HBe nonyqaeTc.11 npH uyneBoM nopore /cM. o.zi;uy H3 nyuK
THPHhIX nap KpBBbIX/. O6pa30BaHHe MHHHMyM'a BLI3BaHO 
BKna.zi;oM B ueonpe.zi;eneuuocTL cpaBHHTenL110 nonoro:ii ua
qanLuoii '-laCTB BMnynLca 4ioT03neKTPOHOB. 

IlpB yMeHLll1eHBB aMIInBTYAhl CBeTOBCJiblll1KH aMIInHTy.zi;
Ha.11 .zi;ucnepcua uaqanLHoii qacTH BLixoiiuoro BMnynLca 6y.zi;eT 
B03pacTaTL 6blcTpee, '-leM y BepmBHhl, cne.zi;oBaTenLHo, npn 
o61l,\eM yxy.zi;meHBB BpeMeHHOro pa3pemeHH.II MBHBMYM ero 
c.zi;euraeTc.11 B cTopouy 6onLmero oTHOCBTenLuoro nopora 
-h . Ilpu yMeHLll1eHBB .zi;nuTenLHOCTB nepe.zi;uero 4JpoHTa 
BMnynLca 4JoTo3neKTPOHOB /coKpanteHHH BX BpeMeHHoro 
pa36poca/ apeMenuoe pa3pemenHe ynyqmaeTc.11, a MHHBMYM 
ero CMell,\aeTCJI B CTOpony MeHLll1BX h. Ha'-IBHaJI C BenB'-IBHbl 
OTHOll1eHH.II BpeMeHHOH .zi;ucnepcue 4JoT03neKTpOHOB K Bpe-

MeHHOH .zi;ncnepcHB BTOpHifHhIX 3neKTponoB adi la BS ;-0,3/30,50/ 
MHHHMyMa BO BpeMeHHOM pa3pemeHHB ne ua.5mo.zi;aeTCJI, T .e. 
naunyqmee BpeMennoe pa3pemenue cooTBeTCTByeT h = 0 
Ka'leCTBeHHLIB xo.zi; 3THX 3aBHCBMOCTeH unmocTpHpyeTCJI 
puc. 5 .zi;n.11 cny'laH a qis = a138 . Ha aenH'IHHY BpeMenuoii He -
onpe.zi;eneHHOCTH OKa3hIBaeT TaK>Ke HeKOTopoe BnH.IIHHe .zi;nu
TenLHOCTL 3a.zi;uero 4JponTa HMnynLca ~OT03neKTpOHOB 
/puc. 4a/, '-ITO oTpa)Keno ua puc. Sa. 

Ha puc. 6a npuee.zi;euLI 3aBHCHMOCTH apeMeuiwro pa3pe
meuu.11 OT aenH'IHHhl nopora, CHJITLie 3KcnepuMeHTanLHo .zi;nH 

cpaBHHTenLHO KOPOTKHX CBeTOBCilblWeK C 4JoToyMHO:>KHTeneM 
. 151 I -

XP 1020 ' ' , a na puc. 66 npuae.zi;enbl pactieTnble .zi;an-
Hhle / 5o,32/ .zi;nH 3Toro 4loTOYMHO)KHTenJ1, nonytieHHLie MeTo-
.zi;oM MOHTe- Kapno. Xo.zi; KPHBLIX IlOJJ;TBep)K)J;aeT OilHCaHHble 
Bblll1e 3aBHCHMOCTH. 

Ilpn '-IBCne 4JoT03neKTPOHOB B HMnynLce, MeHLll1eM '-leM 
20 + 30 / 3o/, ua6mo.zi;aeTCH .zi;ononunTenLHblii BKna.zi; B yxy.zi;we
une apeMeuuoro pa3pemenBH 4l3Y 3a C'-leT cTaTHCTH'lecKoro 
pa36poca qncna Bbl6HBaeMhIX 4loT03neKTpou01l52- 56(0TKno
ueuae OT 3aKona o t Mllir 1/ vfNqi-;- .zi;ocTHraeT aenH'-IHH 
50+ lOO<fo .zi;na N qis =10 + 5. 

3azpy30'IHble /11ac11101i1Hble/ xapaK111epUC111UKU 4>3Y. 3Kc

nepuMeHTbl, npoae.zi;eHHble C il>oTOYMHO:>KHTenHMH .'5i- 6 l ·,'. 

14 

8t Si 
Cl) 

8-·v·. /J~i' 
X ,,, ~ 

~ / \ ,/ i 
\ ,,... ., ' ,, ,, ·., ,_.,,, ,,,.,,,. 

\ . ., ' ,, ,, 

-,Ll··,,. :i \ / ,Q 

' / ::i: 
' ..... .:.. _,, ,,,.,,,." Qi 

..... _ - - .,,,,,. , ~ ,,,------ ~ 

Cl) 

,J-

, __ _ 

0,2 o,4 a6 o.s 1,0 h a2 · o,4 0.6 o,8 1.0 h. 
Puc. 5. I'pa(,UKU 3QBUCUMOC111U pa3pewa10111ezo epeMeHU 
4>3Y 0111 eeAU'IUHbl 0111HOCU111eAbllOZO nopoza OUCKpUMUllUIJUU: 
a/ OAJI pa3AU'lll0ZO .'IUCAa gJ011103AeK111pOllOB, 6/ OAJI pa3AU'l
llblX eeAu11u11 epeMe1111ou oucnepcuu (,011103Ae1<111po11oe. 

J't' 
HCeK 

0,L, 

~3 

0,2 

i /If"?. 1, 6 HCeK. 

J'!, ---
HCeK I 6"cpJ= qs,. Hee .I< }I.N '<p3. =20, 
0·" Ill I . J · tu = 1,2 HCel( 

'0, 3 I 1/4 0.3Hce,c I ·. · 

0,2 1 1 1 ,,. x 1 1 tu ... 0 

0,1 17 I I I I o,, 

· 0,2 0,1, 0,6 0,8 1,0 h ' 0,2 0,4 ~6 o,a l,O h. 
Puc. 6. 3aBUCUMOC111b pa3pewa10111ezo epeMellU gJOT!IOYMHO
XUT!leAJI XP1020 /a B8 = 0,8 HCeK/ 0111 01111lOCU111eAbllOZO 
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noKa3anu, qTo OHH CnOC06Hhl pa6oTaTb C 60ilbWHMH qacTo

TaMH nOBTOpeHH.R HMilYilbCOB 6e3 CYllleCTBeHHoro H3MeHeHHH 

aMnJIHTY.IJ;hl BhIXO.IJ;HOro CHrHana. IlpH 6onbWHX HMnynbCHhIX 

3arpy3Kax nOC!OHHHaH COCTaBn.RIOi.Ila.R TOKa aHo.n;a H nocne.n;

HHX .IJ;HHO.IJ;OB CTaHOBHTCH 3HaqHTenbHOH, no3TOMY .n;na 3a.zi;a

HHH noTeHu;HanOB nocne.n;HHX .IJ;HHO.IJ;OB Heo6xo.n;HMO npHMeH.RTb 

HCTOqHHKH Hanp.JDKeHHH C ManbIM BHyTpeHHHM conpOTHBneHH

eM.B pa6oTel61 /nonyqeHbl pe3yJibTaTbl H3MepeHHH BpeMeH

HOro .n;peii:<l>a BhIXO.IJ;HhIX HMnyJibCOB- <1>3Y npH 6onbWHX ,3a

rpy3Kax / puc. '7 ,8/. OT HCTOqHHKOB C MaJihIM BHyTpeHHHM 

conpoTHBneHHeM <i>HKCHpoaanHcb noTeHu;Hanhl qeTbipex noc

ne,n;HHX .IJ;HHO.IJ;OB. Ilo MHeHHIO aaTOpOB, npuqHHOH H3MeHeHHH 

3a.zi;ep)KKH HBn.ReTCH C.IJ;BHr noTeHIJ;HaJI0B He 3a6noKHpOBaHHbIX 

.IJ;HHO.IJ;OB, noCKOilbKY npH CHH)KeHHH Hanp.R)KeHHH nHTaHHH 

113MeHeHHe 3a.zi;ep)KKH COKpaID;aeTC.R. 

filyMbl g;3y_ IlpH HOpMaJibHOH TeMnepaType H OTCYTCT

BHH 3acBeTKH <i>oToKaTo.n;a Ha aHo.n;e qlOTOYMHO)KHTena npu

cyTCTBYtff .n;ocTaToqHo 6onbruoe qucno cnyqaii:Ho pacnpe.n;e

neHHhIX HMnynbCOB. Hx noaaneHHe MO)KeT 6b1Tb Bbl3BaHO 

pa3JIHqHbIMH npuquHaMH 162 1. O6blqHo HaH6onee cyID;ecT

BeHHblH BKna.n; .n;aeT TepM03neKTPOHHa.R 3MHCCHH C <l>oTo

KaTO.IJ;a, HMeeTCH TaK)Ke HeKOTOPkIH BKna.n; TepM03neKTpoH

HOH 3MHCCHH C nepBoro .IJ;HHO.IJ;a 
1 141

- Hccne.n;oaaHHe wyMo

BbIX CBOHCTB <1>3Y ae.n;yT C noMOID;bIO O.IJ;H03neKTPOHHOH 

MeTO.IJ;HKH 
114

•
62

- 651_. AMnJIHTY.IJ;HOe pacnpe.n;eneHHe TepM0-

3JieKTPOHHblX HMn}'IlbCOB C <i>oTOKaTO.IJ;a COOTBeTCTByeT 3a

KOHY IlyaccoHa, a Ha cqeTHOH xapaKTepHCTHKe WYMOBhIX 

HMnynbCOB HMeeTCH "nnaTo" no Hanp.R)KeHHIO IlHTaHHH. HH

TeHCHBHOCTb TepM03neKTPOHHblX HMnyJibCOB HeTpy,n;HO oue

HHTb, HCXO.IJ;H H3 nacnopTHhIX .n;aHHhIX no aenHqHHe TeMHOBoro 

TOKa ·1 '• T . 

NT=IT/K.e. /5/ 

BpeMeHHhle <l>oToyMHO)KHTenH HMeIOT cpaBHHTenbHO 6onbWHe 

BeJIHqffHbl TeMHOBblX TOKOB IT ::: 1 MK A, qTo COOTBeTCT-

ayeT NT-= 6· io 4 
ceK-I 

Ilpn nOBbIWeHHbIX Hanp.R)KeHHHX nHTamia MO)KeT npoucx_o

.IJ;HTb aBT03neKTpOHHa.R 3MHCCHH C OCTPhIX Kpaea 3neKTPO.IJ;OB. 
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Puc. 8. H3MeHeHue -3aoepJicKU g;3y 56DVP lia np017IJIJICeHUU 
UMny11bca ny'IKci yc1wpume11.11 'npu- cpeoHei1 uHmeHcueHocmu 
5 • 106 'IQCIIIUlJ/CeK - 0/IJI pa3/lU'IHblX HC1.npJ1J1CeHUJI numa
HUJI. /61/' 
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3TOT 34>4>eKT cna6ee BhlpWKeH B <l>oTOYMHO)KHTen.11x C T0P0H· 
AanbHOH reoMeTpHeii AHH0A0B - THIIa <1>3Y-3O, He HMelOIIUIX 
0CTphIX rpaHeii 166/. B03MO)KeH TaK)Ke BKnaA pa3p.llAHLIX 
,rnneHHH B 0CTaT0'IH0M ra3e, C0Aep)KaU\eMCJI B Kon6e <1>3Y. 
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