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B pa6orte [1] 6buIo MOKa3aHo, YTO B OGACTH TOMIMHH 2+3 2/cM? KOHT-
pOJib KayecTBa HM3JeJHil 1enecoo0pasHo BECTH C HCMOJb30BAHHEM MOHO-
3HepreTHYeCKOro nyuka ObICTPhIX 3JexTponoB. Mcenosb3oBanne MOHOIHepre-
THYECKOTO TyYKa 32JEeKTPOHOB Haubosee 1e71eco06pasHO Al KOHTPOJA
CJAOHCTLIX M3JeJuil, KOrja TpPOH3BOAMTCA KOHTPOJb CJOS JIErKOro Ma-
TepHana, SKPaHUPOBAHHOTO CJAOSIMH TsXKeNO0ro Martepnana. B ompenesen-
HOJ 06JAacTH OTHOIIEHHE MAacCCOBBIX TOJILMH TSIKEJOTO U JIETKOTO  CJ0€B
KOHTPOJIb PEHTTEHOBCKHM H3JyYeHHEM HEBO3MOMKEeH H3-334 CHJIbHOTO ocjiab-
JeHMS NyuKa TOPMO3HOTO H3JyUeHHs B CJOe H3 THXKEJIOro MaTepHasa.
B pa6ote [I] npuBefieH aHanu3 MOCTHXKHMOH UYyBCTBHUTEJIbHOCTH KOHTPOJs
MOHOIHEpPreTHYECKMM  3JEKTPOHHLIM NYYKOM Ha OCHOBE 3KCMePHMEeHTAJbHO
MOJIYUEHHOro pacipefie/eHHs NOTJOLIEHHON 3Heprin mydka B MaTepHaaax
C pa3JM4YHBIM XMMHYECKHM COCTaBOM M MOKa3aHO, 4YTO [Js KOHTPOJsA HaH-
foJee Heaecoo6pa3HO HCIONb30BATL JIHHEHHBIH y4YacTOK pacnpelesenus
TOTJIOEHHOH SHepTHH. B Hacrosweii paGoTe npuBened NPHOIHXEHHBIH
aHaJHU3 UyBCTBHTEJNBHOCTH COHHTHUJLISLHOHHHOIO METOAA KOHTPOJS MOHO-
SHepPTeTHUYEeCKHM [IyUYKOM 3JIEKTPOHOB H TPHBENEHbl 3IKCIEPHMEHTAJbHbIE
pe3yJabTaThl HCCIEA0BAHHS UYBCTBUTEJIbHOCTH.

OleHKy YyBCTBHTEJNbHOCTH CUHHTHJJISIHOHHOIO MeTOAa RedeKTOCKO-
MHH 3/J1EKTPOHHLIM IIyYKOM HauOoJee MPOCTO OCYHIECTBHTb B IPEANONOKE-
HUM, YTO MaTepHas AeTeKTopa (CLUMHTHIIATOP H CBETOBOA) IO 3(HeKTHBHO-
My aTOMHOMY HOMEpPY MaJjlo OTJHYaeTCH OT MaTepHana KOHTPOJIHPYeMOTO
u31ea4d, a 3CHAUPYIOUHUHA 3JeKTPOHHBIH IIyUOX sBJsETCS Y3KMM O CpaBHe-
HUIO C PafHyCOM [ETE€KTOPa, PACHO/I0XKeHHOro 3a KOHTPOJHPYEeMBIM H3MeJIH-
eM, ry 0,6R,, rie R, — 3KCTpanofupoBaHublil TPOOEr 2J1eKTPOHOB B MaTepHa-
Jie KOHTPOJAHupyeMOTO K3lenus. B 3ToM ciayyae IJd OUEHKH YyBCTBHTEJAbHO-
CTH MOXKHO BOCMOJIb30BATbCH U3BECTHBIMH JAHHBIMH MO AHUCCHNALNHN 3HEPTHH
MOHOIHEPreTHYECKOTO  3/JIEKTPOHHOr0 IyYKa B NOJY6GECKOHEUHOM OXHOPOIL-
HOM [OIJIOTHTeJe. B 3aBHCHMOCTH OT pasMepa 4yBCTBHTeJbHOH objactH
CHMHTHAIANMOHHOTO METEKTOpPa X B HaNpaBJeHHH NPOCBEYHBAHHUS, HAUAMDL-
HOIl HEPTHH 3JEeKTPOHHOro nyuka Fo ¥ MacCOROH TOJIIHMHBI KOHTPOJIHDPYEMO-
TO H3JeJHs X IOKAas3aHusg JAeTekropa OyAyT NPOMNOPUUOHANBHBL IHCPrHH
3JeKTPOHHOTO nmydka [} (X), ror/iolleHHOA Ha IMyOHHe X B MaTepHaJje H3je-
JIMF WJH NOJHOH SHEPrHH 3JEeKTPOHHOro myuka /(x) 3a KOHTPOJHMPYEMBIM
U3eaueM. DHEPTHsl 3JEKTPOHHOTO NyykKa, HOIVIoleHHass B UYBCTBUTEIbHOM
o6beMe NeTeKTopa, B caydae, Koraa Xc>Rocr, I'lle Roer — OCTATOUHBLL TIPO-
©er 3MEeKTPOHOB B MaTepHajJe CUHHTHAIATOPA, B 3aBHCHMOCTH OT TOJIIHHDLI
KOHTPOJHUPYEMOr0 M3/eHsl X MOMKeT OBITb IIpeICTaBJeHa B BUIE

I(x) =E (x)-n(%), (1)
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E (x) —cpennsis 3HepTHs 3JEKTPOHOB 3a KOHTPOJHDPYEMBIM H3IE/HEM,
n(x) —ocnabieHde INOTOKAa 3JEKTPOHOB B NydYKe KOHTPOJHDPYEMbIM
usneaueM. B ¢opmyae (1) BennuuHa [(x) HOpMHPOBAHA Ha ONHMH 3JEKTPOH,
fIOZAIOIWIHA Ha KOHTpoJaupyeMoe H3feane. CpelHsis 3HeprHs 3JEKTPOHOB
¢ HayasbHON 3Heprueil Ey 3a cioeM MartepHaJja TOJNMHHOH X C A0CTATOYHLIM
npHOaHKeHHeM MOXeT ObiTb 3alHCaHa B BHIeE

'é(;;):Eﬂ(l—g;). (2)
TMoxacrasnsist snauenue £ (x) B BhIpaxenue (1), uMmeem
1) =By (1= ) a0, 3)

3nech Ry — sKCTPanoJgupoBaHHb TNpPOGer 3/IeKTPOHOB ¢ HavasbHO
sHeprueil £y B MaTepHase KOHTPOJAHPYEMOTO H3/esHsl, BLIPAXKEHHOR B &/cH>,
DHEePruio, NOrJIOLeHHYIO Ha MIyOHHE X, MOXHO HalTh mo GopMmyJe

bm ==k 1 ) - L], (4)
dx dx R, R,

Has ocnaGienus unMcna 3JeKTPOHOB 1(X) MOHOIHEPLeTHUECKOTO 3JIeKT-
POHHOTO Nyuka GapbepaMHu Pa3JHYHOTO XMMHYECKOTO COCTaBa IPH PasJjny-
HBIX HAa4a/JbHBIX SHEPTHAX HMEeTCs Psifi IMIUPHUYECKHX (OPMYJI, OCHOBAH-
HBIX Ha 3KCIEPHMEHTAJbHEIX HCCAeLOBAHUAX W pacyeTax mo Mmeroxy Monre-
Kapac [2, 3, 4].

Ilist nosyuenuss BhipaxeHus D(X) Ha ee NPAMOJHHEHHOM YydacTke
(x=0,6+0,9 R,) caenyer yuecTb, UTO 3KCTPaNOJHPOBaHHble npoderd, omnpe-
jleJleHHble 10 TIPAMOJIMHeNHbIM yuactkaM 1(x) u D(x), npakTuuecku cosmna-
aaoT. 3navenue Npous3BOAHON dn/dx HA JHHENHOM YyuacTKe 7 (X) MOXKHO
BBIpa3uTh uepe3 R

dn(x) _ _m(x) 1 (5)
dx Ry y_*~
R,
OTtcona nsist auHeiHol yactu D(x) uMeem
E
D(x) = —2?072(16), (6)

3HaK «MHHYC» VYKa3blBaeT Ha TO, 4YTO NMPOHCXOAHT YMeHbIIEHHe 3SHepruu
3JIeKTPOHHOTO MyuKa.

U3 Boipaxkenuit (3) u (6) MOXKHO OLEHHTb UYBCTBHUTENLHOCTb CIHHTH.I-
JS{THOHHOTO MeToa Ae(PEeKTOCKONHH OBICTPHIMH 3JEeKTPOHAMH B CJaydasy,
Korpa x¢ KRocr ¥ X >Rocr. Hita cnydas X Rocr, Iudepenupys Bupaxe-
He (6) N0 X ¥ Nepexoist K KOHEUHEIM NPHPALIEHHAM, NOJYYHAM C y4eToM (5)

AD 1 Ax
—. (7)

D, % x

R,

roe -FE(SD—OTHO‘CI/ITeJIbHOG H3MeHeHHe [MOIVIOUIeHHOH 3JHepruu, obyc-
JIOBJIEHHOE OTHOCHTEJNbHBIM HM3MCHEHHEM  TOJNIUIHHBI  KOHTPOJHPYEMOTO

Ax
H3femnss —= 6x. MuHUMaJbHO BLIAABJASEMOe OTHOCHTEJIbHOE U3MeHeHHe

X
TOJLIHHBI KOHTPOJU’IpyeMOFO H3OeJUst paBHO
By — & ( 1— -"_) 3D, (8)
R,
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8Dn — noporoBas 4yBCTBHTENbHOCTh Ie(EKTOCKONA, paBHAsi OTHOCH-
TEJIbHOMY H3MEHEHHIO BBLIXONHOTO CHTHAJA 34 CYeT CyMMapHOrO JIeHCTBHSA
BCeX necTa0HIHSHPYIOIUX (aKTOPOB,

£ = 3 — k03p(PHENEHT HaLeKHOCTH,

x = (0,6+0,9)R, —usMeHndercsa B mpelenax JauHeiiHoro y4yactka D (x).

Jast cyuast CUHHTHIISITOPA ¢ MOJMHBIM — [OIVIOUeHHeM (X¢>> Rocr) 4yB-
CTBHTEJNBHOCTD KOHTpPOJsi, ¢ YyueroM Beipaxenusa mig d//dx s Buge (6),
paBHa:

o = 822 (1= o ©)
2x\ R,

rie 6/n— moporosasi YyBCTBUTEJNbHOCTh JedeKTOCKONa AJsl paccMaTpHBae-
Moro cayyasi. Y13 cpaBHeHHsI YyBCTBHTEJBHOCTH KOHTPOJS B Cjydae, KOrjia
Xc & Rocr, H B cayuae, KOraa X¢>Roer, CleLyeT, HYTO CUHHTHAATOP C [0J-

X
HLIM [OIVIOIMIeHHeM 3JeKTPOHOB ofecreunBaer B — GOJbIIYI0O YYBCTBHU-
3
TENbHOCTh.

Ha mpaxTHke 3JeKTDOHHBIH NYYOK CONPOBOXKAAETCS TOPMO3HBIM H3/Y-
UeHHEM, KOTOPOe IeHePHPYeTCs B JeMeHTaX KOHCTPYKIIHM UCTOYHHKA MOHO-
IHEPTeTHYECKHX 3JIEKTPOHOB, KOJJIMMHPYIOIEM YCTPOHCTBE H B KOHTPOJIH-
pyeMmoM u3jenud. TopMo3HOe H3JydeHHe, CONPOBOKJAOLlee 3JEKTPOHHBII
IIYYOK, PETHCTPHPYeTCA NeTeKTOpPOM KaK (OH, KOTOPHIE HCHBIThiBaeT (PJIYK-
TyauuH, CBs3aHHble C (QJAYKTyalHSMH MHTEHCHBHOCTH 3/IeKTPOHOTO Hy4Ka,
YTQ NPHBOAHMT K YMEHbIUEHHIO YyBCTBHTENbHOCTH KOHTPOJAS. UYBCTBUTE/b-
HOCTH OJHOKAHANBHOH cXeMbl JedeKkTocKona ¢ yueroM ¢oHa paBHa

=t (1 —’-‘—) (1 + N2,
Ra \ Ra
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N — OTHOIIEeHHe COCTaBJAIONIEeH CHIHAja JeTextopa, OO0yCJ/JA0BJICHHON
MOCTOSIHHOH KOMIIOHEeHTOH (OHA, K COCTaBJSAIOUEH CHTHAJa JeTekropa, 06y-
CJOBAEHHOH 3JIEKTPOHAMH, NPOIIEAIIHMHE KOHTPOJUpyeMOe H3IeqHe,

81’y BKaiouaeT B ceOs (PUIYKTyallHd CHTHAJa JIeTeKTopa 3a cuerT (oHa.
Tax xax Ha mpakTUKe OCHOBHOW BKJajJ B TOPMO3HOE H3JyyeHHe BHOCUT TOD-
MO3HOE H3JyuYeHHe, TeHepHpyeMoe B IJICMEHTAX KOHMCTPYKLMH HCTOUHHKA
MOHO3HCPreTHUECKHX 3JEKTPOHOB, TO BKJIAL TOPMO3HOIO H3JNY4YeHHS B CHT-
HaJl IAETEKTODA MOXKHO YMEHbUIHTb, IIPHMeHssi (POKYCHPOBKY 3J€KTPOHHOIO
IIly4Ka Ha BXOLE B KONJIMMHUPYIOLlee YCTPOHCTBO M HCIOAb3YsA AONOJHHTENb-
HY!O 3aILUTY OJOKa AETeKTOpa OT PACCesHHOTr0 TOPMO3HOIO H3JyUeHHs.

I deKTUBHOCTb PETUCTPALHMH TOPMO3HOTO H3JY4YeHHs CLUHTHIJISAILHOH-
HbiM JEeTeKTOPOM BO3pacTaeT C yBeJHUeHHeM pas3MepOB CUHMHTHAJIATOPA.
ITosroMy nJsi yMeHbIlleHHst BKJaala TOPMO3HOrO H3Jydeldsi B CHTHAJ JeTek-
TOPa HAUYaJbHYIO SHEPTHIO JEKTPOHHOro myuxka £, Hy:KHO BHIOMpPATL TaKHM
o6pa3oM, 4ToObl TOJMIIHHA H3Aeauss Oblia GJMXKe K 3KCTPANOJHPOBAHHOMY
npobery 3JeKTpOHOB Rs. IIpH 3TOM HyIKHO y4HTbIBATb, YTO [10 Mepe NprOaH-
JKeHHSl BeJHYHHBI R, K pasMepy H3JeJHs YBeJHYHBAIOTCA CTaTHCTHYECKAsd
NOrpewiHoCcTb H3MEPEHHst U MOTPEMIHOCTh 324 CUeT QJAYKTYalHH HadaJbHON
IHePTHH 3JeKTpoHOB Ej.

B caywae ucnosnb3oBaHHst CUHHTHJJISIIIUOHHOTO JEeTEKTOpa HeCTabulb-
HOCTb BBIXOJHOFO CHIHAJa PETHCTPHPYIOILErc YCTPOHCTBA CKJIAIbLIBAGTCH H3
HecTaOHJABHOCTH 3a cueT (QUIYKTyalHid HAYAJBLHOA 3SHEPTHH 3JIEKTPOHHOTO
Nnyuyka, HecTaGHJIbHOCTH MHTEHCHUBHOCTU HCTOYHHKA 3JIEKTPOHOB, HecTabHJb-
HOCTH TPOCTPAHCTBEHHOI'0 NMOJIOXKEHUS 3JIeKTPOHHOIO NMYyYKa, CTAaTHCTHUECKOM
NOrPEUIHOCTH U3MEPEHHS 3a CYeT CTAaTHCTHUECKOTro XapakTepa B3auMoOgeil-
CTBHS 3JEKTPOHOB € BELIECTBOM, HECTaOHABHOCTH KO3 (PHUUHEHTA YCHJICHHS
JeTeKTOPa, OCHOBHOH BKJAJ B KOTOPYIO BHOCHT HECTaOMJIBHOCTb KO3 PHLHU-
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enTa ycuiaeHus QOTOYMHOXHTEAS! H HeCTaOHABHOCTL (HOHA TOPMO3HOIO M3JY-
yenns. HecTaGHIBLHOCTH BBIXOJHOrO CHrHasa, 06yCJOB/IeHHBEe HecTaOHAbHO-
CTbl0 HAYaJbHON JHEpPrHH, HeCTaOHNHHOCTbIO HMHTEHCHBHOCTH HCTOYHHKA
3/IeKTPOHOB U (POHOM TOPMO3HOIO M3JYYEHHS MOXKHO YMEHLILIHTb B HECKOJb-
KO pa3 TNpHMeHcHHeM JH(p@epeHin-
aJbHON CXeMBbl U3MEpDEeHHH B CHJY Jie-
TepMHHHPOBAHHOTO XapakTepa 3THX 20
HecraBuJabHOCTel. Boipaxenne RJIs ‘
4yBCTBUTENBHOCTH KOHTpoasi B (¢op- 15
Me (9) ocraercsi cnpaBeIJUBLIM H 114
cayuasi, Korja HcnoJan3yercd Audde-
peHuHa/J bHas cxeMa H3MepeHHi, ecyH
nox O/, MOHUMATEH OTHOLIEHHE (QAYK- \
Tyauuil Ha BBIXOAE AUPGepeHlHaNb- AX
HOH CXeMbl K BeJHYHHE CHrHaJ/ja Ha N,
BXojJe JAH(pdepeHIHaJbHOH  CXeMBL. 1/}
UyBCTBHTENBHOCTL KOHTPOJS, BbIUHC- as g6 g7z g8 a9 1y
Jexnas no gopmyae (9), npeacrasJe- £
Ha Ha pHuc. | naa caydas, Xorma X/ K3
8/n == 0,02. 13 xapaxTepa 3aBUCHMO- Puc. 1. 3
CTH DITIO, S0 Bimn VNGHSNASTOR ybutrs et i e

J IIIHHBI OT OT
npd x—R,. Tak Kaxk NDpU BbIUHCIEHHH  HOWweHHS TOJLIMHE H3JEIHA X K SMeKT-
YYBCTBHUTEABHOCTH He  YUYHTBHIBAJIOCL  POMOJHPOBAHHOMY MpoGery SJeKTpOHOB
yBeanuenne O/n npu x—>R, 3a cuer Rs npu 87, =0,02
yBeJnueHHs BKaaxa ¢oHa, CTATUCTEH-
Yecxol MOrpellHOCTH H BAMSIHHA HecTaGHIBHOCTH 3Hepruu £y, To B peadib-
HOM c/Aydyae NpH X -— R, 4yBCTBHUTEJbHOCTHL BO3PacTaeT 10 HEKOTOPOTO Impe-
nena, onpejensseMoro cCyMMapHOH HecTaOMJbHOCTBIO 3a CuUeT YKas3aHHBIX
($axKTOpOB.

TMockoabKy M3MeHeHHe XAPAKTEPHUCTHK 3J€KTPOHHOrO NyykKa NpH H3Me-
HeHHMH TOJUIMHBl NOTJIOTHTENS, BLIPAXEHHOH B e/cm?, cnaGo 3aBHCHT OT
(G (}eKTHBHOTO aTOMHOrO0 HOMepa MaTepHasa MOIVIOTUTENs, TO B chayudae
KOHTPOJISL CJAOHUCTHIX MAaTepPHJOB, KOIAa KOHTPOJHpYeMBId CJIOH MarepHasa
¢ veboJbLIUHM ATOMHBLIM HOMEDPOM 3KPAHHPOBAH MAaTepHajoM C OOJbIIHM
ATOMHBIM HOMEPOM, UVBCTBHTEJNBHOCTb KOHTPOAs OyIeT MNPaKTHUECKH
ONpefessiThCs OTHOCHTENBbHOA HePABHOMEDPHOCTBIO TOJIIHHBLI THKeJ0aTOM-
HOTO ¢J105 &X'y

s~
<D

bx men Yy

[

0% min = KEOX,, (]1)
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K — OTHOILEHHe MAacCOBOIf TOJIIHHBEI CNOA ¢ OOJbIIMM AaTOMHBIM HOMe-
POM X MACCOBOH TOJILHHE CJOA C MaJblM aTOMHBIM HOMEpOM,

£ — k03 PUUHEHT HaJeXHOCTH.

UyBCTBUTENBHOCTL KOHTPOJST JIETKOATOMHOrO MaTepHaJa, 5KpaHUpOBaH-
HOTO CJOSIMM THXEJ0aTOMHOTO MaTepHaJja, MOXHO CYILECTBCHHO IIOBBHICHTD,
eCc/M B CHTHAJ Ha BHIXOA¢ CUUHTH/IAANHOHHOIO Ae(eKTOCKOolla BBECTH KOp-
PEKUHIO HA H3MeHeHHe TOJMLIMKbL TAXKEeJ0AaTOMHBIX CJI0€B, U3Mepsas UX OJHHM
113 M3BECTHBIX METOLOB KOHTpPOJs, HallpUMEP, 3JI€KTPOMATHHUTHBHIM.

JKCepHMeHTaJbHOe MCCae/[0BAHHE UYBCTBHTENbHOCTH CUHHTHJLIALHK-
OHHOTO MeTOLa KOHTPOJIsE OBICTPBIMH 3JIEKTPOHAMHM OBLIO OCYILECTBJEHO IIPH
HCNIOJIb30BAHHH MPAKTHYECKH MOHOYHEPreTHYeCKOro 3JEKTPOHHOro IydkKa
¢ sHeprueil 3+6 Mag u nuddepeHIHANbHON cXeMbl H3MepeHHH Ha ofpa3uax
¢ MaccoBol ToamuHOR 1,5+2 efem?. TlomyueHa UYBCTBUTENBHOCTH KOHTPOJIS
0,3% oT cyMMapHOil MacCOBOH TOJIIMHB KOHTPOJHpyeMoro ofpasla NpH
nomnepeyHbIX pa3Mepax HMHTATOPOB Ae(deKTOB, PaBHBIX AHAMETPy 30HAHPY-
IOLIETO 3JIEKTPOHHOTO MydKa M JHHEHHOH CKOPOCTH KOHTpoast 0,25M/MUH.
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B cayuyae ciaoHcThIX 06pasLOB 3KCHEPUMEHTANbHO NMOATBEpAKICHA CHpasel-
JUBOCTb BhlpaxKeHHs (II) AJs 4yBCTBHUTEJNLHOCTH KOHTPOJIS.

B 3akmioueHHe cjaedyeT OTMETHTb, YTO NpPHBEJAEHHBIC Bblllle (OPMYJIHI
A7l OLIGHKH YyBCTBHTEJIBHOCTH CUHHTHJISIHOHHOIO METOAA KOHTPOJS Iyd-
KOM MOHO3HEPreTHYeCKHX 3JeKTPOHOB NDHMEHHMBl TaKxKe IJs caydas moJy-
NPOBOJAHHKOBLIX €TEKTOPOB 3JIEKTPOHOB.
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