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Coobuaercs o pe3yabratax IpUMEHEeHUsT (PIyOpeCIieHTHOIO dKpaHa U3 aTlOMOOKCUIHON KepaMUKU
Chromox st u3aMepeHus: pacrpeneeHus MIOTHOCTU TOKA B MOMEPEYHOM CEYeHUU UHTEHCUBHOTO
UMITYJIbCHOTO 3JIEKTPOHHOTO ITyYKa HU3KOI 3HEepTruu. bbUin uccaenoBaHbl CBOMCTBA 9KpaHa ¢ HarbLIe-
HueM 30510T1a pazHoil ToamuHbl: 30 u 300 HM. [ToxpeiTre TomuuHoKi 30 HM 06JIagaeT Xopoleil MpoBo-
JMMOCTBIO 1 TIPU 3TOM TOCTATOYHOM MPO3PaYHOCThIO (0KOJIO 5%) st U3IydeHUsT (IIyopecIieHITUH, YTO
TMO3BOJIIET BU3YaJIM3UPOBATh IBYMEPHYIO KaPTUHY paclpenesieHUus ToKa Iy4yKa ¢ XOPOLIUM MPOCTPaH-
CTBEHHBIM pa3pelieHrueM. OQHaKO TaKoe MOKPhITUE NEMOHCTPUPYET OTPAHUYEHHYIO YCTOMYUBOCTD K
BO3/IEHCTBHIO MTyuKa ¢ TOKOM He MeHee 1.5 A (Gosee 0.6 A/cm?), sHeprueii 15 k3B, umuTensHOCTIO 1 Mc.
[ToxpsiTre TommuuHoi 300 HM 001aKaeT 3HAYUTETBHO OOJIBIIEH YCTOMUYNBOCTHIO, HO HE TTPO3PAvYHO IS
U3ny4eHus: hayopecleHINU, MO3TOMY U300pakeHUe PEruCTPUPOBAIOCh Ha MTPOCBET MJIACTUHBI CLIWH-
TWIIATOpA. Takoil MoAXo MO3BOJISIET MOJIYYUTh U300paXkeHWe oThevarka myyka, OJHAKO ¢ HECKOJIBKO

XyamuM MMpoCTpaHCTBEHHBIM Pa3pCIICHUCM.
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1. BBEAEHUME

ITyyku 27eKTpOHOB ¢ ZHEprueil B aAuara3oHe
JIeCATKOB K3B HaxonmgT nmpuMeHeHue B PU3NIECKOM
MaTepHraJiOBeICHUM KaK MHCTPYMEHT MOACIMpPOBa-
HUSI UMITYJIbCHBIX TEIUIOBBIX HArPy30K Ha MOBEPX-
HocTh MatepuaiosB [1, 2]. B Hacrosiee BpeMms B
HNAD CO PAH um. I'U. Bynkepa co3maeTcst aKCIIe-
PUMEHTAJIbHBIN CTEHI JISI U3YYEHUs YCTaTOCTHOMN
CTOMKOCTU MEepPCHEeKTUBHBIX MaTepHalioB 00Ju-
LIOBKM AMBEPTOPA U IEPBOM CTEHKU TEPMOSIEP-
HBIX pEaKTOPOB C MAarHUTHBIM yIep:KaHUEM IO
BO3CHCTBHMEM OBICTPBIX TEILIOBBIX HArpy30K, BO3-
HUKAIOLIMX BCAEACTBUE HECTALIMOHAPHBIX TTPOLEeC-
COB B ropsiueit miaasme. o MMUTALIMU TEILJIOBOTO
ynapa IJIaHUPYeTCs MCI0Jb30BaTh MMITYJIbCHBIM
3JIEKTPOHHBIN IIYYOK C IJIOTHOCTBHIO MOIIHOCTHU
0.1—1 I'Bt/M? 1pyl ITUTETBHOCTH UMITYJIbCA OKOJIO
1 Mc u aHeprum 31ekTpoHoB 10—30 k3B, pabdoraro-
LM B YaCTOTHO-UMMYJIbCHOM pexxuMe [3]. MHbop-
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Malus O paclpeieeHUuu MIOTHOCTU MOUIHOCTHU
MyykKa Ha TOBEPXHOCTU MCCIECAYEMOU MUILIEHU
SIBJISIETCSI TIPUHLMITUAIBHO BAXKHOM B TaAKUX 3KCIIE-
pUMeHTax.

B cyiiectByoiieM MHOroo0pa3uu METOIOB U3MeE-
peHMs pacrpencacHus MIOTHOCTY ToKa (MIOTHOCTHU
MOIIIHOCTH) B TTAJAIOIIEM Ha MUIIIEHb 2JIEKTPOHHOM
My4yKe MOXHO BbIIEIUTH ABE OCHOBHBIE I'PYIIbI:
a) C JIOKaJIbHBIM HEMOCPEACTBEHHBIM U3MEPEHUEM
rmapaMeTpoB ITyuyka; 0) OCHOBaHHBIE Ha perucTpa-
LMY U3JIyYEHUS, BOSHUKAIOLIETO B PE3yJIbTaTe B3au-
MOJIEICTBUS DJIEKTPOHOB ITyYyKa C MUIIEHBIO.

MeToabpl mepBOil TPYIIbl UCIOJB3YIOT HabOP
(MaTpuIly) MUKPOKOJUTIEKTOPOB WU MUKPOKAJIO-
PUMETPOB, BBIMOJHAIOIIMX CUHXPOHHbBIE TOYEYHbIE
U3MEPEHUS TI0 CEYEHUIO TTydKa [4], WM UCTTONIb3YIOT
nonepevyHoe CKaHMpPOBAaHME MydyKa TOHKOW Mpo-
BOJIOUKOI1 1100 1IeaeBoi auagparmoit, 3a KOToO-
poit pacnonaraetcs Koyuiektop [5]. K oueBUAHBIM
HeIoCTaTKaM TaKUX METOIOB OTHOCSITCSI HEBBICOKOE
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MPOCTPAHCTBEHHOE pa3pelieHre U HEOOXOIUMOCTh
OOJIBIIIOTO YKCJIa KAHAJIOB PETUCTPALliM, a B CIy4dae
CKaHUPYIOLIUX TMarHOCTUK — OOJIBIIIOE KOJIMYECTBO

UMITYJIbCOB TTyYKa, HEOOXOAMMOE /IS BOCCTAHOBJIE-

HUS €IMHAYHOTO PO U,

MeTonpl BTOPOIi TPYHITHI ITO3BOJISIIOT ITOJy4aTh
n3o0paxeHue IMagaloliero Ha MUIIEHb IydKa C
MOMOIIBIO PEHTIeHOBCKOrO [6], mepexomHoro [7],
TEIUIOBOTO [8] M3Iy4eHUi, a TaKKe JIIOMUHECIICH -
LI MaTepuaia MUIIIEHU B BUIMMOM IMaria3oHe [9].
Tum perucTpupyeMoro M3JydeHUsl OIIpeneIsieTCs
napaMeTpaMu Iy4Ka ¥ TeXHUYECKMMU BO3MOXKHO-
CTSIMU 3KCITEpUMEHTa, OMHAKO IIPUMEHEHUE JTIOMU-
HECLIEHTHOTO 3KpaHa B KaueCTBE MUIIIEHU SIBJISICTCS,
MOXaayi, CaMbIM IPOCTHIM U JIETKO UHTEPIIPETUPY -
€MBbIM METOIOM, ITO3BOJISIIOIINM 33 OOMH MMITYIbC
MOJIYYUTh IBYMEPHYIO KapTUHY ITONEPEYHOro ceye-
HUS ITyYKa ¢ XOPOIIUM ITPOCTPAHCTBEHHBIM pa3pe-
IICHUEM.

H71s1 nMarHoCTUPOBaHUS ITydKa C IIPUBEACHHBIMU
BBIIIIE BeJIMIYMHAMU SHEPTUU YACTHLI, ININTSIBHOCTH
M TUIOTHOCTH MOIIHOCTHU JIOMUHECLIEHTHBII 3KpaH
JIOJKEH YIOBJIETBOPSITh PSIIY TPEOOBAHMIA:

— CHEKTp U3JTy4eHUsI IIOMUHO(OpA JOJKEH JIeXKATh
B CMEKTpaJbHO YYBCTBUTENbHOU obnactu [13C-
n KMOII-matpwir;

— BBICOKMI CBETOBOM OTKJIMK JIIOMUHOGOpA U €TO
JIMHEMHOCTH B IIUPOKOM TUHAMWYICCKOM JHMara-
30HE;

— JIOCTaTOYHO MaJjloe BpeMsl 3aTyxaHus (piyopec-
LICHIIMM ¥ OTCYTCTBHUE IJIUTEIBHOTO MOCIeCBeYEe-
HUS 711 UIBMEPEHUs TpoGUIIs ITyYKa B IMOCIEI0-
BaTE/IbHBIX UMITYJIbCAX;

— COBMECTHUMOCTb C YCIIOBUSIMU BEICOKOTO BaKyyma;

— YCTOMYMBOCTH K HArpeBY U TEIJIOBBIM yIapaM;

— MeXaHM4YecKas IIPOYHOCTb U BO3MOXHOCTh U3I0-
TOBJIEHUSI 9KPAaHOB JOCTATOUYHO OOJIBLIIOTO pa3-
Mepa IIpy pa3yMHOI CTOMMOCTH.

OnHuM 13 MaTepuaioB, B OCHOBHOM YIOBJIETBO-
PSIOIIUM 3TUM TpeOoBaHUIM, sABAseTcsd Chromox —
KopyHOoBast KepaMuka c 0.5-TIipo1ieHTHOI 100aBKOI
Cr,0, [10]. JanHblit TMI (1yOpECLIEHTHOrO 3KpaHa
IIMPOKO M3BECTEH KaK MHCTPYMEHT NMAaTHOCTUKU
MYYKOB B YCKOPUTEIbHBIX KoMILIeKcax. Kak mpa-
BUJIO, peUb UIET O PEIITUBUCTCKUX (OT HECKOJIb-
kux M»B 1o coteH [3B) myukax Ts>keJIbIX MIOHOB WU
3JIEKTPOHOB ¢ ToKamMu 10 0.1 MA U MOJHBIM 3apsi-
JIOM, TIPUXOOSIINM Ha MUIIEHb 3a UMITYJIbC ITy4Ka,
He 0osee HeckoyubKUX H* Ki [11—14]. TTockonbky
kepamuka Chromox sSBJsieTCsSI XOPOIIUM U30JIITO-
pOM, €€ UCMHOoJIb30BaHue JIJIsl JUArHOCTUKU ITyYKOB
9JIEKTPOHOB C dHEpPTHeil B Auana3oHe HeCKOIbKUX
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JIeCITKOB KB M cpaBHUTENIHBHO OOJIBIITUM IOJHBIM
3apsiioM B UMnysibee (nopsiaka 1072 Koin) crankusa-
eTcs ¢ MPo0JIeMOIi HAKOIICHHS 3apsiia Ha MUIIIEHHU,
YTO MOXET 3aMEeTHO MCKa3UTh PEeTUCTPUPYECMBIE
XapaKTepUCTUKU ITydKa.

B Haimeit pabote coo011at0TCs1 pe3yabTaThl UCCIIe-
JIOBaHMST BO3MOXHOCTHU ITpuMeHeHus 9kpaHa Chro-
MOX ¢ MeTaJUIMYEeCKUM HamblJIEHUEeM ISl TUarHo-
CTUKH DJIEKTPOHHOTO Mmy4Ka ¢ aHeprueit 10—20 kaB,
TOKOM 110 2 A M JJIUTENTbHOCTBIO OKOJI0 1 Mc, Tipen-
Ha3HAYEHHOTO IJIsI U3YYeHUsI CTOMKOCTU pa3iInd-
HBIX MaTEPUAJIOB K OBICTPHIM TEIIJIOBBIM HaTpy3KaM.

2. [IOCTAHOBKA B5KCITEPUMEHTA

CxeMa perucTpalyy pacipeaeaeHus TOKa dJ1eK-
TPOHHOTO Iy4yKa MpeacraBieHa Ha puc. 1. ITydok
reHepupyeTcs ITyIIKO ¢ TePMOKATOIOM Ha OCHOBE
rekcabopuja jJaHTaHa, pa3pabOTaHHOM U U3rOTOB-
snenHoit B U D CO PAH um. I'U. Bynkepa. B onu-
ChIBaEMBIX DKCIIEPMMEHTAX KATOI UMEJ KOJIbIEBYIO
(opMy ¢ BHEIIHUM AUAMETPOM 16 MM M BHYTpPEH-
HUM — 8§ MM. BBICOKOBOJIETHBIIT MOIY/ISITOP MO3BO-
T GOpMUPOBATh UMMYJIBCH ITy4Ka ¢ TOKOM OO0
10 A nipu yckopsiomeM HanpsikeHuu no 20 kB

() Boictpas kamepa
SDU-285

~

Jliomunodopublit 9kpan [Tyuox
Chromox AF995R MEKTPOHOB

Puc. 1. a — Cxema perucrpaiuu pacipeneieHus TOKa

3JIEKTPOHHOTO Iy4YKa C IIOMOILbIO (IYyOPECLEHTHOM Ke-

pamuku Chromox. 6 — BakyyMHast moaBu:KKa ¢ 3aKpern-
JIEHHBIM (DJTYyOPECLIEHTHBIM 9KPaHOM.

2025



58 KYPKYYEKOB u ap.

U IJIUTEIBLHOCTBIO UMITyJbca OT 20 MKC Y BBIIIE C
yactoToit moBropeHus g0 100 I'u. ITydyoxk popmupo-
BaJICSI X TPAHCIIOPTUPOBAJICS HA MUILIEHb B OCEBOM
pacxoasieMcs MarHUTHOM TroJie BemunHoi 80 mTn
Ha Katoze 1 0Koj0 34 mTn Ha muinenu. IlonpoOHoe
onurcaHue 9KCIEePUMEHTaIbLHOTO CTeH 1A, YCTPONCTBA
MYLIKKU U CUCTEM MTUTAHUS MOKHO HaliTH B padorTe [3].

®nyopecueHTHBIM 3kpaH Mapku Chromox
AF995R [10] mpousBoacta Advantech UK Ltd. 6611
3aKperuieH Ha BAKYYMHOM MOIBIKKE MO yIIIoM 45°
K OCH ITyYKa Ha pacCTOSHUU 0KoJj1o 20 CM OT KaToza.
DKpaH NpeAacTaBisl COO0M MIACTUHY U3 KEPpaAMUKU
ToamuHou 1 MM 1 nuameTpom 80 MM. JJaHHBIN TUTT
JIIOMUHOMOpa XOPOIIO U3Yy4YeH U MMeeT OOIIUp-
HYIO UCTOPHIO TIPUMEHEHUS] B IUarHOCTUKE ITYIKOB
yactul. [110THOCTh KepaMuKku paBHa 3.85 r/cm?
npu pazmepe 3epeH 10—15 mxkm. CriekTp JIOMUHEC-
LIEHIIUY COCTOWT M3 JIMHUM ¢ TUHOU BOJHBI 691 HM
u 694 HM co BpeMeHeM criaga (GiyopecieHInu
3.4 mMc u 6.7 mc coorBercTBeHHO. Kepamuka Chro-
moX COBMECTHMa C BBICOKUM BaKyyMOM, XOPOIIIO
MEPEHOCUT TEIIOBBbIE HArpy3KH, 00JagaeT BBICO-
KMM BbIXoIOM ¢GoToHOB (5 - 10* poToHoB/M3B) n
JIMHEAHOCTBIO OTKJIMKA.

CaeueHue sKpaHa peructpupoBaynoch I[13C-ka-
mepoit SDU-285 [15]. Kamepa ocHallleHa MaTpuLIeii
SONY ICX285AL ¢ pazpemenuem 1392 X 1040 nuk-
cesneit pasmepoM 6.45 X 6.45 mxm>. Bpemst akcrosn-
LIUK B 9KCIIEPUMEHTAX COCTABJISIIO S MC.

3. PESVJIBTATBI 5KCITEPUMEHTA

Ha puc. 2 mpuBeneHbl CHUMKU CBEYEHMST SKpaHa
Chromox ¢ 4uCTO MOBEPXHOCTHIO MPU PaA3INY-
HOM BeJIMYMHE BeAylIero MarHuTHoro noJist. [1ydok

MMeEJT TOK 0KOJIO | A MpH YCKOPSIIOIIEM HANPSIKEHU U
10 kB n pnuteabHocTn ummynbca 1 mc. Ha cHum-
KaxX BUIHO CUJIbHOE MCKaXXeHME KOJIbLIEBOU (hopMbI
Iy4YKa 1 €ro pacruibiBaHue, 00YCIOBIEHHOE HAaKOTI-
JieHueM 3apsaa Ha muiieHu. [Ipu cpaBHUTENBHO
HU3KUX BEIMUYMHAX YCKOPSIOIIETOo HaIMpsKeHUs
(menee 10 kB) Ha ocumiorpaMmax Toka HaoJrona-
JIOCh Jaxe 3arupaHue ToKa SMUCCUM TTYLIKHU.

3.1. Dxpan Chromox ¢ HanblieHUueMm 3010ma
moauunoil 30 um

Hns yctpaHeHus 3G ¢EKTOB, CBSI3aHHBIX C
HaKOIJIEHMEM 3apsija Ha MOBEPXHOCTU, MOXKHO
HUCII0JIb30BaTh METAJUIMYECKYIO CETKY, ILIOTHO
MpuUJeramlIyio K ¢GJayopeciueHTHOMY 3KpaHy, 00
HambUICHHYIO Ha €ro MOoBepXHOCTh. OgHAKO M30-
OpaxeHMe CeTKHM HEeM30eXHO HaJOXUTCS Ha MU30-
OpakeHMe MydyKa M YXYALIUT Ka4yecTBO IMojydae-
MBIX JaHHBIX [16]. DTOro MOXHO M306eXaTh, €CIU
HaHECTU Ha JIIOMUHOMOP TOHKYIO METaINYECKYIO
IUIEHKY, KOTopas OyaeT oOecIieunMBaTh XOPOIIYIO
MPOBOAUMOCTh IOBEPXHOCTH, 00Jamasi BMECTE C
3TUM IOCTaTOYHOI ITPO3PAYHOCTBIO IS M3IyICHHUS
moMuHodopa. IlneHka moKpbITUS AOJKHA OBITh
OAHOPOJHOM U CTOMKOM K XMMUUYECKOMY B3anMMO-
JNEMCTBUIO C MAaTEPUAaIOM 3KpaHa.

B xauecTBe Marepualia TaKOTO HOKPHITUS OBLIO
BBIOPAHO 30JI0TO, ITOCKOJIbKY 3TOT METaJUT 00J1amaeT
XOpollIeil MPOBOAUMOCTBIO U SIBIISIETCSI OMHUM M3
CaMBbIX XUMWYECKWA UHEPTHBIX. TOJIIMHA MOKPHITUS
BbIOMpanach, UCXOIsl U3 3aBUCHUMOCTHU yAEIbHOM
MPOBOAMMOCTHU MJIEHKMU 30JI0Ta OT €€ TOJIIMHBI.
Tak, pu TommumHe okono 20 HM yaenbHast IIPOBO-

Puc. 2. CHuMKu cBeueHUst aKkpaHa Chromox noj neiicTBUEM Iy4yKa 3JeKTPOHOB MPU Pa3IMYHON BeJIMYMHE BEAYIIETO
MarHuTHOTO ITOJISI.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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JUMOCTB TTOKPBITUSI JOCTUTACT MaKCMMyMa 1 Jajee
MpakTU4Yecku He udmensiercs [17].

B Haeit paboTe ToJIIIMHA ITOKPHITHSI COCTaBUIa
okouo 30 HM. 1719 TaKo#t TIJIeHKH 30J10Ta IPOITyCKa-
HUE CBeTa ¢ JUIMHOM BOIHBI 693—695 HM cocTaBIIsieT
BEJIMYMHY 0K0J10 5% [18], uTO 0GecrieunBaeT n1o0cTa-
TOYHYIO SIPKOCTh JUISI PETUCTPALIU M300paKeHMSI.
HanbineHue 30j0Ta MPpOBOAUIOCH TEPMOBAKYYM-
HBIM CIIOCOOOM, TOJIIIMHA IUIEHKU M3MEpsiach
C IMOMOIIbI0 KPEMHMEBOM ILTACTUHBI-CBUIETES,
KOTOpasl pacliojarajach psiioM C HaIlbUISIEMbIM
SKpaHOM. 3aMeTUM, YTO IIPU TOJIINHE HAIbUICHUS
0ko0J10 30 HM M 3asIBJICHHOU MPOU3BOAUTENEM 3ep-
HUCTOCTU KepaMHUKU 10—15 MKM CIIOXXHO CYIMTh
O HEIPEPHIBHOCTU METaUIMYECKOrO IOKPBITHUS
Ha MMOBEPXHOCTU. /I KOHTPOJISI MPOBOAUMOCTU
COIIPOTHUBJICHNE HAIIBIJICHHOM TICHKU U3MEPSIOCh
mynsTuMeTpoMm Flukel5B+. BenunuuHa conpoTuB-
JIEHUST MeXAY 3a3eMJICHHBIM JepxKaTejieM 3KpaHa
U TIPOU3BOJIBHOM TOYKOM Ha MOKPHITUU HE MPEBBI-
mrana 30 OM.

CHUMOK CBE€YECHHS IydyKa Ha 3KpaHE C 30J10-
ThIM HanbuieHUeM 30 HM npuBenceH Ha puc. 3. Tok
SMUCCUHU 3AeCh ObLT paBeH 1 A mpu yckopsioeMm
HanpsikeHuun 12 kB u aauTenbHOCTU MMIyabca
0.4 Mc. B ornmuumne oT OMBITOB ¢ KepaMUKOIi 0e3
HaIbUIEHUs, OTIEYaTOK IIyuKa uMeeT (popMy YeT-
KOTO KoJiblla 0e3 ucKaxkeHuit. BHelHuii nuamerp
OTIIeYaTKa COCTaBJIsIeT 24 MM, UTO COOTBETCTBYET
pacyeTHOMY pacIIUPEHUIO TyYKa B PacXoasIeMcs
BeAylIeM MarHUTHOM Trojie. Kak MOXHO yBHUIETb,
Hapsiay ¢ OTIIEYaTKOM ITyyKa Ha CHUMKE MPUCYT-
CTBYEeT HEOOHOPOIHBII (poH. OH 00yCIOBIEeH KaK
MOJCBETKOM 3KpaHa M3TyYeHUEM ropsuero KaToma,

Puc. 3. M3o0paxkeHue oTmevyarka mydyka Ha 3KpaHe
Chromox ¢ 30J10TbIM HambLIEHUEM TOTIIMHOM 30 HM.
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TaK M HaJINIMEM PACCESTHHBIX 3JIEKTPOHOB, BO3HMU -
KaloIIMX MPU OTPAXKEHUU YACTU 3JEKTPOHOB ITyyKa
OT MaTepuraJjia 3KpaHa.

Kax 13BecTHO 13 MHOTOUMCJICHHBIX JIMTEpaTyp-
HBIX UCTOYHUKOB (CM., Harpumep, [19]), mist yria
nageHus: 45° Kod3(pOUUUEHT OTpakKeHUs IO TOKY
BJIEKTPOHOB ¢ 3Heprueit okosno 10 k3B oT aroMuHU-
€BOi1 MUIIIEHU cocTaBisieT BeanmunuHy 15—20%. [Mpu
HaJIMYUM BEAYIIEr0 MarHUTHOTO I10JISI OTPaXKeHHbIE
BJICKTPOHBI BO3BpalllalOTCsS Ha3ad Ha IIYIIKY, LIe
YacTh U3 HUX OTpaxKaeTcss 00paTHO MOTECHIIMAIOM
KaTona, a OCTaJbHbIe YACTUYHO OTPaKaIOTCsI BHEIII -
HUMHA 3JIeMEHTaMM KOHCTPYKUMHU MYIIKU (HepxXa-
Belolllasl CTajlb), B UTOTe 3TU ABaXIbl OTPaxkKeHHbIE
3JIEKTPOHBI BHOBb BO3BPAIllalOTCSI HA MUILIEHbD.

Hst IpsSIMOTO COTMOCTaBICHUS SIPKOCTH OTIIE-
YyaTKa MydyKa ¢ BEJIMYMHON IUIOTHOCTU TOKA, IIPH-
XOISIIEeCs Ha COOTBETCTBYIOIINIT y9aCTOK M30-
OpaxXeHUs, 3aBUCHMMOCTb CBETOBOTO OTKJIMKa
JIIoMUHOGOpa OT KOJUYECTBA YACTULL 10JIKHA ObITh
nmHeltHo. [TogpoOHoOe uccnemoBaHue pasIMIHBIX
JIIOMUHECIIEHTHBIX 9KpaHoB, mpoBeneHHoe B GSI
(LLeHTp MO M3YyYEHUIO TSXKEJIbIX MIOHOB UMEHU T eb-
mroJbua, Japmiarant, lepmanus) [20], moka3biBaeT,
yTo (payopecuieHTHBIN 3KpaH Chromox o06amaet
Xopolleit TMHeNHOCThI0 oTKIMKa. OgHaKO JaHHAas
XapaKTepUCTUKa U3Mepsiach Ha MydykKax MOHOB C
sHeprueii 295 MaB/a.e.M. B OTCYyTCTBUE MeTaJJINIEC-
CKOTO ITOKPHITHSI TTIOBEPXHOCTH.

[TpyHLUMIIMATBHEIE OTIMYUS TTApaMeTPOB ITyJYKa
W HaJIWdue MeTaJJIMYeCKOro IMOKPBITUS 3KpaHa
JIeJ1aloT HeOOXONMMOI MPOBEPKY JUHEHHOCTHU CBe-
TOBOI'O OTKJIMKA B MPEACTaBISIEMBIX 9KCIIEPUMEH -
Tax. st 3TOro sKpaH C 30JIOTBIM HaIlbLUICHHUEM
00IyJascs 3JIEKTPOHHBIM ITYYKOM IIPU Pa3IMIHBIX
3HAYEHMSIX SHEPIUU YaCTHUI, TOKA U IJIUTEIBHOCTH
nMnyiabca. HacTpoiiku KaMephbl OCTaBaJlCh HEU3-
MEHHBIMU Ha MPOTSKEHUM BCEM AKCIEPUMEHTAb-
Holi cepun. [loaydeHHbIe pe3yabTaThl IPUBEIECHBI
Ha puc. 4.

ITo ocu abcuumcc OTIOXKEHO KOJMYSCTBO 3JICK-
TPOHOB B IMy4Ke 3a UMIYJIbC. [10 ocu opauHaT o110~
’)KeHa MHTerpaJbHasl SIPKOCTh OTIIeYaTKa IydKa.
NHTterpupoBaHue NpoBOAUIOCH MO MPSIMOYIOJIb-
HOIi 00JilacTU, 3aHSTOU oTmeyaTKoM Ityuka. Pas-
Mepbl U IIOJOXeHHE 00JacCTU MHTETPUPOBAHUS
ObLIY ITOCTOSITHHBIMU TTPU 00pabOTKe BCEX CHUMKOB.
DKcIepUMeHTaJIbHbIE 3aBUCUMOCTHU, ITOJIyYeHHbBIE
MPY pa3INYHBIX 3HAUCHMSIX YCKOPSIIOIIETO HaIlpsi-
JKEeHMS, OTJIOXKeHbI Ha Tpaduke. LLITpruXoBBIMU TIps-
MbIMU ITOKa3aHbl JIMHEWHbIe (PYHKIMU, BIIMCAH-
HBIE B COOTBETCTBYIOIIME 3aBUCUMOCTH METOIOM
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Puc. 4. 3aBucumoctb HHTeraJTBHOﬁ APKOCTHU OTIIEYATKOB ITy4YKa OT KOJIMYECTBA SJICKTPOHOB ITy4YKa.

HaMMEHBIINX KBaApaToB. HeHyneBbie BeIMUYMHBI
SIDKOCTH IIPY HYJIEBBIX 3HAYEHMSIX TOKAa 00YCIIOB-
JIEHBI TIOJCBETKOIM 3KpaHa W3JIydeHUEM Topsyero
KaTojia MyIIKU (COOTBETCTBYIOIINI YPOBEHDb ITOKA-
3aH Ha rpaduKe KpaCHBIM KPECTUKOM) M HATMYUEM
(boHa OT paccessHHBIX 2JIEKTPOHOB. TeM He MeHee
CBETOBOM OTKJIMK 3aBUCHUT OT KOJIMYECTBA IJIEKTPO-
HOB I1Y4YKa JIMHEWHO.

OTMeTUM, YTO B CEPUM SKCIIEPUMEHTOB IO ITPO-
BEpKe JMHEHHOCTU CBETOBOrO OTKJIMKA (iayopec-
LIEHTHBIN 3KpaH ObLI MOABEPTHYT CYMMapHOMY
BozneiicTBUIO 0K00 500 MMITy/IbCOB Iy4YKa, TOK B
KOTOpPbIX He npeBbilal 0.9 A mpu 3HEPTUU BJIEKTPO-
HOB 15 k3B u gnurenbHOCTH uMIyabca 10 1 mc. Ha
MOBEPXHOCTU 3KpaHa ObUIM 3aMe4YeHbl peIKUEe CIIy-
yay Mpo0OoeB, HO B UTOTe CEPUM YXYAIIEHUS Kade-
CTBa M300paxkeHus He HabOmonanock. [1pu yBenmue-
HUM TOKa my4yka A0 1.5 A 1 BbIlIe YaCTOTA U IPKOCTh

TMOBEPXHOCTHBIX Pa3psIOB 3HAYMTEIILHO BBIPOCITU
(puc. 5a). Cnenbl pa3psiAoB HOCUIU HEOOpaTUMBbIH
XapakTep: MPOSBUBIINCH, OHU OCTaBaJIMCh BUIHBI U
Ha TIOCIeAYIOLINX CHUMKaX KaK CBETJIbIe JIOMaHbIe
muann. [1o Mepe HakoIJIeHUsS 3THUX CJIETOB Kade-
CTBO M300pakeHNST 3aMETHO YXYIIIMIIOCH, IIpUMeEp
TaKOro CHUMKa TpuBeIeH Ha puc. 50. Jlerpaganus
KayecTBa OTIHevYaTKa CONpPOBOXKIAIACh MOSIBJIEHUEM
CUJIbHBIX IIYMOB Ha OCLMJIOTpaMMax ToKa IMydkKa
M YaCTUYHBIM 3alMpaHueM TOKa dYMUCCUU, KaK 3TO
HaOJIomaI0Ch B cydae KepaMUKu 0e3 MeTautnue-
CKOTO TIOKPBITHS.

Bcero B 3T0if cepun 5KCIeprMEeHTOB 3KpaH IO/ -
Beprcsl BO3AeHCTBUIO 0KOJIO 50 UMITYIbCOB Iy4yKa
¢ TokoM 1.4—2 A, npu yCKOPSIOIIEM HaMpPsLKeHUU
13—15 kB u nnutensHocTH 10 1 Mc. [Tocne u3Bneue-
HUS 9KpaHa M3 BaKyyMHOI KaMepbl KOHTPOJIbHBIE
N3MEPEHUST COTIPOTUBIICHUS 30JI0TOTO TTOKPBITHS

(6)

Puc. 5. a — TIpumep cCHUMKA pa3psijia BO3HUKAIOLIETO Ha TTOBEPXHOCTHU (DIIyopeclieHTHOro akpaHa. 6 — M3o0paxkeHue
OTIeYaTKa Iy4Ka U MHOXECTBEHHBIX CJIEIOB OT Pa3psiIoB ITOCJIE HECKOJIbKUX IECITKOB UMITYJILCOB.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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nokasanu ero poct B 10°—10° pa3, mpuuem HanboJee
CUJIBHO MPOBOAMMOCTD YXYIIIUIACh Ha Tiepudepun
HaIlbUICHMS B 00JIACTSX, HE MOABEPraBIIMXCS TIPsi-
MOMY BO3ICIICTBUIO My4Ka.

3.2. Dxpan Chromox ¢ HanbvlieHuem 3010ma
moawuroii 300 um

HecroiikocTh HanbLI€HUS TOAMHOM 30 HM ITpU-
Bejla K pEeIIeHUIO ITOBBICUTh CTOMKOCTD ITOKPBITHS
3a CUeT YBEJIMYEHUS ero TONIMWHBEL. HaHeceHHOE
paHee HallblIeHUe ObLJIO COLLTM(OBAHO aOPa3UBOM,
3aTreM ObLI HAMBLJIEH CJI0M 30J10Ta TOJIIMHON OKOJIO
300 aM. Takoe TTOKpBITHE IBISIETCS B 3HAUUTEIIHHOMN
CTEIIEHM MPO3PAaYHbIM KaK IJISI 3JICKTPOHOB ITyYKa,
TaK ¥ IJIsI COMYTCTBYIOIIETO TOPMO3HOTIO M3IIyde-
Hus. Tak, B IpUOIMKEHUN HENIPEPBIBHOTO 3aMe]l-
JIeHUs MpoOer 3JeKTPOHOB ¢ 3Heprueit 15 k3B no
MOJIHOIT OCTAHOBKH B 30JI0T€ COCTaBJISIET IIPUMEPHO
750 um [21], a K0P DUIIMEHT TPOITyCKAHUS IS
(oToHOB ¢ sHeprueii 5 k3B npebimaer 0.6 [22].

XOTsI 30J10TO€ IMOKPBHITAE TAKOW TOJIIIMHEI HE
Mpo3pavyHo IS CIeKTpa (GhJayopecueHIIun, XOpo-
1ast mpo3pavyHocTh Kepamuku Chromox ajs co0-
CTBEHHOTO M3JIyUeHMs Ha JUIMHE BOJHBI 693 HM
(x03hdunneHT ocnabnreHus pased 8§ cm~ ' [10])
MMO3BOJISIET PETUCTPUPOBATH (JIyOpeCleHIINIO Ha
MIPOCBET IUIACTUHBI AKpaHa. BHeIIHMIT Bua sKpaHa
C HaIlbIJICHMEM M CXeMa PEruCcTpalyy ITOKa3aHbl Ha
puc. 6. ConpoTuBieHe TTOKPHITHS HE MPEBBIIIAIO
npuMepHo 0.6 OM MexIy JIFOOBIMH IBYMSI TOYKaMU
Ha TTOBEPXHOCTH.

Ha puc. 7 mpuBeneH nmpuMep CHUMKA OTIedaTKa
My4Ka, ITOJIy4eHHOTO B TaKOM KOH(MUTYpaIluu 3KC-
nepuMeHTa. Kak MOXHO YBUIETh, KOHTPACTHOCTh

(a)
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Puc. 7. M300paxkeHne cBeYeHUs OTIIeyaTKa Imy4yka Ha
oOpaTHOI cTopoHe (iyopeclieHTHOro skpaHa Chromox
C 30JI0ThIM HambuIeHUEeM ToIMHOI 300 HM.

MOJy4aeMbIX CHUMKOB 3aMETHO YJIy4IIUIach, YTO
CBSI3aHO C MCYE3HOBEHUEM Mapa3sUTHON MOJACBETKU
OT TOPSTYETO KAaToma 3JICKTPOHHOM MYIIKU, a TaKXKe
0oJbllIeii Mpo3pavyHOCThio IacTUuHB Chromox
TOJIIIMHOM 1 MM [1Ji1 COGCTBEHHOTO U3JIy4eHUS MO
CPaBHEHUIO C 30JI0THIM HallbLIEHUEM TOJIIMHON
0ko0J10 30 HM (K02 (PUIIMEeHTHI TPOMYCKaHWs paBHbI
COOTBETCTBEHHO 45% 1 okono 5%). Bmecte ¢ atum
KOHEYHasl TOJIIIMHA IJIaCTUHBI KEPAMUKU ITPUBOIUT
K HEKOTOPOMY Pa3MBbITUIO U300paXKeHUs U, CIEH0-
BaTeJIbHO, CHUKEHMIO IIPOCTPAHCTBEHHOTO pa3pe-
IICHUST TMATHOCTUKMU.

DKpaH ObLI M3BJICYEH U3 BAKyyMHOIN Kamephl
nocnue npumepHo 100 MMITyTbCOB MydKa ¢ DHEP-
rueit 15 k3B, TokoMm 1.6 A u maurenbHocThIO 1 MC.

(6)

Brictpas kamepa
SDU-285

Jliomunogopbiii HKpan
Chromox AF995R

Puc. 6. a — BHewmnuii Bua payopecueHTHoro akpaHa Chromox ¢ HanblieHueM 3o00Ta TojamunHoi 300 HM. 6 — Cxema
perucTpaiuy pacipeaeIeHus: ToKa MydKa 110 U3JIyYeHUIO POLIeAIIeMy CKBO3b IIACTUHY CLIMHTWLISATOPA.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne |
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KoHTposibHBIE U3MEPEHUSI CONTPOTUBIEHUS MTOKa-
3aJIM, YTO COMPOTHUBJIEHUE MOKPBITUS HE U3MEHM-
JIOCh T10 CPAaBHEHUIO C TIEPBOHAYAIBLHBIM, 10 00JIy-
YEHUSI ITyYKOM.

4. SAKITIOYEHUNE

1. ITokazaHo, 4To (hayopecleHTHBI 3KpaH U3
AJTIOMOOKCUIHOI KepaMuk Chromox ¢ MeTajiinJe-
CKMM HaIlbUICHHEM Ha SKpaHe MOXET OBITh YCIIEIITHO
MPUMEHEH IJIsSI IMaTHOCTUKHM pacIIpeAe/IeHUS TIIOT-
HOCTH TOKa B ITOTIEPEYHOM CEYECHUU MMITYJIbCHOTO
3JIEKTPOHHOTrO nyuka ¢ sHeprueii 10—20 k3B, mior-
HOCTBIO TOKA Ha MUIIIeH! | A/cM? U JUTUTENBHOCTBIO
okono 1 mc. Kepammnka Chromox ycToifunBa K Tep-
MoyznapaM, IIPOU3BOANMBIM ITYYKOM.

2. IToxkpbITHE U3 30J10Ta TOJIIUHOMN 0K0J10 30 HM,
HamnbIJICHHOE TEPMOBAKYYMHBIM METOHOM, MMeEeT
JIOCTATOYHYIO NMPO3pavyHOCTh (0K0JIO 5%) K (payo-
PECLIEHTHOMY M3JIyYEeHUIO KepaMUKU U ITO3BOJISIET
MoJy4aTh CHUMKM C BBICOKMM IIPOCTPAHCTBEH-
HBIM pa3pelleHrueM, OTHAKO MMeeT OIpaHUIYCHHYIO
YCTOMYMBOCTh K BO3IeiicTBMIO ITyuka. [1okpbITHe
TepsieT CBOM ITPOBOISIIIME CBOMCTBA MTOC/IE HECKOJIb-
KMX JECATKOB UMITYJbCOB IMy4yKa ¢ 3HEPTUeil 0KOJI0
15 xoB, Tokom Gonee 1.5 A (TNIOTHOCTH TOKAa Ha
MuIIeHH okosio 1 A/cM?) u anutensHocThio 1 M.

3. PaccMoTpeHa cxema M3MepeHHUS C 30JI0-
ThIM MOKpbITUEeM OKoyio 300 HM U perucrpauuein
n3obpaxeHus1 “Ha mpocBeT” (QIAyOopecleHTHOTO
akpaHa. HanbuieHue Takoil TOJIIMHBI 0Ka3ajloCh
3HAYUTEJIbHO 00Jiee YCTOMUMBBIM K BO3AEICTBUIO
MMy4YKa ¥ HEe CHM3MJIO CBOMX IIPOBOMSIINX KAYeCTB
nociie nmpumepHo 100 MMIyIbCOB MydyKa C DHEP-
rueii 15 k3B, TokoMm 1.6 A 1 1UTeabLHOCTRIO 1 MC.
Takas cxema U3MepeHUs 1aeT OOJIBIIYIO IPKOCTb U
KOHTPACTHOCTb N300pakeHns U cBOOOAHA OT mapa-
3UTHO# 3aCBETKU CO CTOPOHBI KaToja MYIIKU, HO
paccessHue CBeTa B MaTepHasie KpaHa IIPUBOIUT K
HEKOTOPOMY CHIKEHMIO IIPOCTPAHCTBEHHOTO pa3-
pelIeHNsT TUAaTHOCTUKHU.
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