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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyanbHicTh TeMH. [HTeHCUBHI enekTpoHH1 nmydku (EII) ctanu edekTuBHUM
IHCTPYMEHTOM y MPOMHUCIOBUX TEXHOJIOTTYHUX YCTAaHOBKAX, MPU JIarHOCTHII MaTe-
pianiB Ta y HBU-npunanax, e BOHM BUKOHYIOTh (YHKIIIi IEPEHECEHHS Ta MepETBO-
peHHst eHeprii. [l orpumanHs iHGoOpMalii mpo mapaMmeTpu Ta MiKpocTpykTypy EIT
ICHYIOTh PI3HI METOJH, SIKI MOXKYTh OyTH 3rpynoBaHi 3a JIBOMa OCHOBHHMH Hamps-
MaMH: €KCIIEpUMEHTaIbHI 1 TeopeTHu4Hi. JloCBiA TpagulIMHUX E€KCIIEPUMEHTAIBHUX
nociipkersb EIl mokasye, 1mo eheKTUBHICTh 3aCTOCYBaHHS PI3HUX METOMIIB BHUMIPIO-
BaHHS NTApaMETPIB MyYKiB 6AraTto y YoMy 3aJeKUTh BiJl iX crerupigHUX 0COOTMBOC-
teil. Tak, Hanpukiaz, BioMo, o npu pociipkenni EIN 3 monepedynumu posmipamu
nopsiaka 0,1 MM 1 THTOMEMHE TOTYXKHOCTSIMH B JECATKH i coTHi KBT/cM® cTae mpo-
0JIeMaTHYHUM BHKOPHUCTAHHS OJHOTO 3 OCHOBHHMX METOMIB — METOXy niadparmu 3
MaJIUM BX1JTHUM OTBOPOM, a TaKOXX METOIY OTPHUMAaHHs 300paK€HHS CIiAy MydKa Ha
pi3HUX eKkpaHaX. ManoeeKTUBHUM € TaKOX METOJ aHaJli3y ONTHYHOTO BHIPOMIHIO-
BaHHS 3 00'eMy ITydKa, IO CIIPUYMUHSAETHCS B3AEMOJIEI0 €EKTPOHIB 3 MOJIEKYJIaMU
3aJIMIIKOBOrO ra3zy. ToMy OCTaHHIMHU poKaMmH Inpu aociimkeHHi Tonkux ElIl Bucokoi
OUTOMOT TIOTY>KHOCTI BHUKOPHCTOBYETHCS TEPEXiHE BUIPOMIHIOBAHHS ONTUYHOTO
JianazoHy, 10 BUHUKAE TMpHU MajiHHI €JIEKTPOHIB Ha MeTajeBy MoBepxHio. JlaHe
SBUIIIE NMOKJIaJIeHE B OCHOBY METO/Y BU3HAYEHHSI TEOMETPUUHUX PO3MIPIB, XapaKTepy
PO3MOITY 1 BEIMYWHHU MIUIBHOCTI CTPYMY Y MONIEPEYHOMY TIEPETHUHI CTPIUKOBUX 1 aK-
cianpbHO-cuMmeTpuyHuX EIl, sxi mmpoko BukopuctoBytoThes y HBUY-mpunamax O-
THUILY.

He 3Baxarouu Ha JOCSATHYTI YCIIXU B €KCIIEPUMEHTI, 3HAYHOTO MOIIUPEHHS JTi-
CTaJIM TAKOX CyYacHI YMCEIbHI METOJU PO3B’SI3aHHS PIBHSIHb PyXY €JIEKTPOHIB y 3a-
JAHUX 30BHILIHIX €JIEKTPUYHUX 1 MarHiTHUX IMOJISIX, SIK1 3 ypaxyBaHHSM IOJIsI POC-
TOPOBOTO 3apsiay 1 0araTboX IHIIUX (PaKTOPIB JI03BOJISIIOTH ONEPATUBHO PO3pPaxoBY-
BaTU TPAEKTOPIl TPAHUYHUX 1 BHYTPIIIHIX €JIEKTPOHIB, IPOCTEKYBATH OCHOBHI €TaIH
dopMyBaHHS TyyKa y MDKEJIEKTPOJAHOMY MPOCTOpi. BukopucToByBaHHS YnCeIbHUX
METO/I1B 03BOJIsA€ 3a0e3neunTH NoOyA0By anroputMmiB Ha EOM st BUpilIeHHS KOH-
KPETHHX 3a/1a4 eJIEKTPOHHOI ONTUKU 32 3HAYHO KOPOTIINH Yac, HK B €KCIIEPUMEHTI.
[IInpokoro BUKOpUCTaHHS HAOYJIM KIHIIEBO-PI3HUIICBI METOU JIJIsl PO3B’S3aHHSI PiB-
HsiHHA [lyaccoHa y TBOBUMIPHUX 1 TPUBUMIPHUX 00JIaCTSIX 3 PI3HUMU TUIIAMU T'PaHU-
YHUX YMOB, ITe€palliiiHi METOau, KOMOIHOBaHI METOJIM TOCJIIOBHOCTI CITOK Ta iTepa-
i y migobaacTsax. 3a yMOBH, 11O €IEKTPOIM MAIOTh JIOCUThH PIBHI MOBEPXHI, y Oara-
THOX BHUIIAJKaX PEKOPAHO BHUCOKY TOYHICTh OOUYMCIICHHS MOTEHIIIAJiB MOKHA OTPH-
MaTH 3BEICHHIM JU(PEPEHINIATBHOTO PIBHSIHHS 70 IHTETPAIBHUX PIBHSIHBb TEOPIii TMO-
TeHIamB. BiqoMo Takox, 10 BiJ TOYHOCTI PO3pPaxyHKY 1 BUOOPY KOHCTPYKIIIi elIeK-
TPOHHOI TapMaTH Oarato y 4oMmy 3anexarb ocHOBHI mpuiany — KKJI, moTyxHicTs,
JOBroBiuHICTh Ta 1H. [Ipu mpomy 1t anpobaiii moOyI0BaHUX aITOPUTMIB YHCETh-
HUX PO3pPaxyHKiB 0a)KaHO TaKOX MPOBEIEHHS MOJEIBHOIO 1 HATYPHOI'O €KCIIEPUMEH-
TiB. TOMy NUTaHHS PO3BUTKY TEOPETUYHUX 1 €KCIIEPUMEHTAJIbHUX METOMIB AOCIi-
JUKEHHS €JIEKTPOHHUX rapmart, siki ¢opmytoTs EIl pi3HUX THIIB, aKTyajdbHI JJIsl IIU-
POKOTO0 KoJa (paxiBIiB y raigy3i eJIeKTPOHIKH.
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3B's30k po00TH 3 HAYKOBUMH NpOrpamMamu, IJIaHaAMH, TemMamu. PoOota
BUKOHAHA y HAyKOBO-IOCHiaHIN nabopatopii «HoBi Texnomnorii y ¢isumi ta TexHiri
HBY» kadgeapu ¢i3uunoi enekTpoHikd CyMCBKOTO JIE€pkKaBHOI'O yHIBepcutery. Te-
MaTUKa poOOTH BIANOBIA€ HAYKOBMM NporpamaMm MiHICTEpCTBA OCBITHM 1 HAYKH
VYkpainu 3 GpyHAaMEHTAIbHUX JOCI1KeHb. OCHOBHI Pe3ybTaTH pOOOTH YBIMIUIM J10
3BiTIB 3 H/IP: nepxOromxeTHa Tema Ne 0103U000776 «XBUIbOB1 MIPOIIECH Y BIIKPHU-
TUX €JIEKTPOJUHAMIYHUX CUCTEMAaX MPU PyCl HEPEIATUBICTCHKUX E€JIEKTPOHIB Y3I0BXK
NePIOANYHUX METANOIIeIeKTPUIHUX CTPYKTYp» (2003 — 2005 pp.); aepxOromKeTHA
tema No 0106U001931 «®i3uka XBWJIBOBUX MPOLECIB Y BIAKPUTUX XBHUJIEBIIHO-
PE30HATOPHUX METAIOAIENIEKTPUYHUX CUCTEMAaxX 3 PO3MOJAUICHUMH JKEpeJaMu BU-
npomiaroBanHs (2006 — 2008 pp.); nepxoOromkerHa Tema Ne 0109U001378 «dizuka
¢dbopMyBaHHS MMOTOKIB 3aps/PKEHUX YACTUHOK B TIPWJIaJax JUisl IIarHOCTHKU MaTepia-
JiB aTOMHOI enepretuku» (2009 — 2011 pp.).

Mera i 3agaui pocaimkenns. Mera gucepraiiitHoi poOOTH MOJISATaE y poO3po-
OJIeHHI METOAMK aHaji3y 3arajbHuX (I3MYHUX 3aKOHOMIPHOCTEH mporeciB (hopmy-
BaHHA 1HTeHCMBHUX EIl y HeonHopianux crarnunux noisix HBY-npunagis O-tumy i

cuctem (EOC).

BianoBigHo 10 1bOro y po60Ti BUPINTYBAIKCS TaKl HAyKOBI 3aj1a4i:

® yJIOCKOHAJICHHS METOJUK BUMIPIOBaHb CTaTUYHMX Xapaktepuctuk EIl Ha ocHOBI
aHaIi3y TMEepPexiTHOTO BUIIPOMIHIOBAHHS E€JIEKTPOHIB 1 BUOIP YHMCEIbHUX METOJIB
Ut onucy (i3UKK MPOIECiB (POPMYBaHHS aKC1aIbHO-CUMETPUYHHUX 1 CTPIUKOBHUX
MyYKIB;

® TPAEKTOPHMUI aHaji3 1 BUBYEHHS MIKPOCTPYKTypH akcianbHux EIl y peanbHHX
EOC, mo BukopuctoBytotbcs B HBU-npunagax O-turmy;

® PO3pOOJICHHS AJITOPUTMIB ISl BU3HAUCHHS CTPYKTYPH HEOJHOPITHUX (PI3UIHHUX
MIOJTIB 1 TPAEKTOPHOTO aHaJI3y pyXy elekTpoHiB y aioguux EOC;

® PO3pOOJICHHS 3araJibHOi METOJWKH YHUCEITLHOTO MOJETIOBaHHS (BiI3MYHHUX TIOJIB 1
TpaekTopiil pyxy enekrpoHiB y EOC pi3zaux koH}iryparriii;

® EKCIEpUMEHTAJIbHE JOCTIIHKeHHs MiIKpocTpykTypu EIl 1 npoBeneHHs NOpIBHSIIb-
HOTO aHaji3y 3 pe3yJbTaTaMH YUCEIbHUX PO3PaxXyHKIB 3 METOI0 MEPEBIPKH aJleK-
BaTHOCTI pO3pOOJIEHUX JITOPUTMIB 1 METOJIUK.

06'exm Oocnioocenns — Ppizuka npouecciB popmysanus EIl y HeogHopigHMX
cratnuHux noysix HBY-npunanis O-turmy.

IIpeomem Oocnioscenns — CTpiukoBl 1 akcianbHO-cuMmeTpuuHi EIl mpunanis
M1JTIMETPOBOTO Jl1ara30Hy JOBKHUH XBUJIb.

BianoBigHo 10 moCTaBiIeHUX 3a7ad BUKOPHUCTOBYBAIHMCS TaKl Memoou O0Cii-
0J/CeHb: TEOPeTHYHI — METOJ 3apsA0BOi IMUIBHOCTI (METOJI IHTETPAIIbHUX PIBHSHB);
napakciajgbHe HaOJIMKEHHS, HAOJIMKEHHS ENINTUYHUX I1HTErpaliiB; HESBHUN OJIHO-
KpOKOBUI anroputm EBepxapTa; ekcnepuMeHTadIbHUH MeTo aiarHoctuku EIl Bu-
COKOI MUTOMOI ITOTY>KHOCTI Ha OCHOBI aHaJ13y NEPEX1THOIO BUIIPOMIHIOBAHHS.

HaykoBa HOBH3HA o/lepkaHMX pe3yJbTaTiB. Y aucepTaliiiHiii poOoTi po3-
poOJIeH] yHIBEpCallbHI METOIUKH TEOPETHYHUX Ta €KCIIEPUMEHTATbHUX JOCIIIKEHb
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¢izuku dopmyBanus EIl y neomnopimuux cratmunux mnonsx HBUY-mpumanis, ta

OTpUMaH1 Taki HOBI PE3yJIbTATHU:

® MPOBEJICHI  EKCIEPUMEHTAIbHI  JOCHIXKEHHS  MIKPOCTPYKTYp  aKcCiajabHO-
cuMeTpuuHHX 1 cTpiukoBux EIl Ha 0CHOBI aHaIi3y nepexigHOro BUIPOMIHIOBAHHS;

® [IPOBEJCHO MOPIBHSIHHS Ta BCTAHOBJIEHE 33/10BUIbHE Y3TO/UKEHHS PE3YJIbTATIB €KC-
NEPUMEHTY 3 pe3yJIbTaTaMU YHCEIbHUX PO3PAXYHKIB MIKPOCTPYKTYp AJIS aKCiaib-
HO-cuMmeTpuuHux EII;

e ymeplle NpOBEICHUN TPAEKTOPHUHM aHallI3 akcianbHO-cuMmeTpuuHux EIl 3 Bukopu-
CTaHHSM HIBUKICHOTO anropuTMy EBepxapTa i BCTAHOBJIEHA MOMIJIHBICTH KOMITCH-
callii BINIMBY MPOCTOPOBOTO 3apsly LUISIXOM IiJBUIICHHS MPUCKOPIOIOYOT HATPY-
I'l, IO J103BOJIsi€ ChOPMYBATU KPOCOBEP IMy4yKa 3a APYTUM aHOJOM €JIEKTPOHHOI
rapMmary;

e yIiepIle MPoBEICHO MOPIBHSJIBHUM aHali3 (Pi3UUYHUX MpolieciB (opMyBaHHS aKcia-
apHO-cuMeTpuyHOoro EIl y Tpu 1 ABOENEKTpOIHUX TapMaTax, B pe3yJbTaTl aHaJi3y
CTPYMOOCAQ/I’)KEHHS BCTAHOBJIEHA BU3HAYHA POJIb TONOMIKHOTO aHoAa pH (Hopmy-
BaHHI IHTEHCUBHUX IyYKiB;

e yImeplle MpoaHalli3oBaHa TOMOJOTis (OPMYBaHHS MyYyKa B MDKEJIEKTPOJHHUX IPO-
MDKKaX Ha OCHOB1 pPO3pOOJICHUX aJITOPUTMIB YUCEIBLHOI'O PO3PAXyHKY IOJIB 1 Tpa-
€KTOPIM pyXy €JIEKTPOHIB Yy TpuBUMIpHHUX KOoHPirypauisix EOC 1 BcTaHOBIIEHO, 1110
BU3HAYAJIbHUN BIIMB Ha (QopMyBaHHSA (HOPMH 1 MIKPOCTPYKTYPH Iy4YKa BUSBIISE
T10JIe aHOJTHOT JIIH3U: CTUCHEHHSI Ta PO3TATHEHHS IydkKa 10 (GOpPMHU CTPIUKU BIIOY-
BAETHCS caM€ B aHOIHIN IIIINHI;

e s 3ana4 TpuBuMipHux mozeneit EOC oTpumana po3BUTOK TeOpis PO3PaxyHKY
doxycyrounx ¢i3MUHUX TOJIB Yy HAOIMKEHHI METOY 3apsiI0oBOI LIUIBHOCTI; MPHU
[[bOMY BCTaHOBJICHO, IO 111 MOJIET1 MOXKYTh OyTH BUKOPUCTaH1 ISl pO3PaXyHKY SIK
CJIEKTPOCTATUYHUX TaK MArHITOCTATHYHUX IOJIB, IO MiATBEPKEHO pe3yJbTaTa-
MU EKCIIEPUMEHTY.

IIpakTyHe 3HAYEHHS OJeP:KAHUX pe3yJbTaTiB. Y poOOTI pO3BUHEHI METO-
UKW PO3paxyHKY MOJIB, TPAEKTOPHOIO aHali3y €JIEKTPOHIB 1 BU3HAYEHHS LIIJIbHOCTI
cTtpyMy 3a aiametpoM EIl nis noBiabHOI KOH(Irypalii akcialbHO-CUMETPUYHUX €J1e-
KTPOHHO-ONTHUYHUX CUCTeM. [li MeToauku MOXKyTh OyTH BHKOPHUCTaHI ISl TaKUX
NPAKTUYHUX LUIEH SK PO3PAXYHOK CTPYKTYpH (DI3UYHHMX IOTIB Ta aHAJI3y TPAEKTO-
piii pyXy €JEKTPOHIB MpPH 3aJaHUX MOTEHIIAJIaX E€JICKTPOAIB, MiI0Ip ONTUMAaIbHUX
BEJIMYMH TMOTEHINaNIB (POKYCYIOUUX EIEKTPOMAIB, 32 YMOBU OTPHUMAHHS MaKCHMallb-
HOT'O CTPYMYy ITy4Ka Ha BUXOJ1 €JIEKTPOHHOI rapMaTH, aHali3 BIUIMBY TEIJIOBOTO PO3-
KHJTy €JIEKTPOHIB Ha iX TPAaeKTOPIi pyXy.

HInsxoM eKCHepUMEHTAIBHUX JOCTIIKEHb 1 MOPIBHAHHS 3 YACEIbHUM Tpa€K-
TOPHUM aHaJi30M MOKa3aHa JOLUIbHICTh BHUKOPUCTAHHS METOAY NEPEXiJHOTO BH-
IpOMiHIOBaHHS pu aiarHocTull EIl 3 xapakTepHUM po3MipoM MEPETUHY MyyKa Io-
psanka 0,1 MM 1 TUTOMOIO MOTYKHICTIO BiJl OJJMHUIIb Br/cM® 10 COTEHb KBT/CMZ, 10
MOKe OyTH BUKOPHUCTaHE IpPHU MOTOKOBOMY KOHTpoJi xapakrepuctuk EIl pizHoro
podiIt0, SIK1 3aCTOCOBYIOTHCS Y TEHEPATOPaX CePEHBOI MOTYKHOCTI MUTIMETPOBOTO
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Jlana3oHy, TEXHOJOrYHUX YCTaHOBKax 1 Jisi (pI3MYHUX JociikeHb. Hanmani npak-
TUYHI PEKOMEHJAI1 3 BUOOpY THUIIIB MpUKMaviB BUIPOMIHIOBAHHS, SIKI BU3HAYAIOTh-
Csl BAMOTaMHU CTOCOBHO /10 TOYHOCTI aHAJII3y MIKPOCTPYKTYPH €JIEKTPOHHOTO MyYKa 1
IIBUIKOCT1 OTpUMaHHS 1H(popMariii.

Pe3ynbraTu nucepraniiiHoi poOOTH BUKOPUCTOBYIOTHCA Y CHEIlaIbHUX Kypcax
JUISL CTYJICHTIB 1 MariCTpaHTiB 3a (paxOBUM CHPSIMyBaHHAIM «MiKpo- Ta HAHOEJIEKTPO-
Hika» y CyMCBKOMY JIep’KaBHOMY YHIBEPCHUTETI, a TaKOXX OyJIM BUKOPHUCTaHI ITiJT 4ac
BUKOHAHHA TocmaoroBipuux tem Ne 0106U001025 (2005 p.) ta Ne 0106U001026
(2005 p.) 3 IT11® HAH VYxkpainu.

Ocobuctuii BHecok 3100yBaya. OcoOMCTHI BHECOK AMCEpPTAHTA MOJIATAE y
CaMOCTITHOMY aHalli31 JITEpaTypHUX JPKEpeN, 10 CTOCYIOThCS IUCEPTAIIHHOTO J10-
CJIPKEHHS, (OpMYIIIOBaHHI METH 1 3a/1a4 JOCIIKEHHS, BUOOPI TEOPETUYHHX Ta €KC-
NEPUMEHTAIBHUX METO/1B, 0OTOBOPEHHI OTPUMAHMX PE3YJIbTATIB PA30M 13 HAYKOBUM
KEepIBHUKOM. ABTOPOM OCOOMCTO MPOBOJMINCS PO3POOICHHS Ta KOMIT I0TepHA peati-
3allisl YUCEIbHUX AJITOPUTMIB MiJ Yac aHaji3y aKClaJbHUX Ta CTPIYKOBHX EJIEKTPO-
HHUX TOTOKIB, @ TaKOX €KCIIEPUMEHTAJIbHI1 JOCIKEHHS aKClaJbHUX EJIEKTPOHHUX
NOTOKIB Ta aBTOMartu3allisi oOpoOKH pe3ynbTaTiB. Y po3poOJI€HHI METOJUK PO3pPaAXy-
HKY (pi3uyHuX nosiB Opanu yyacts c.H.c. [lTonomaproB O.I'. Ta m.H.c. Marunin J.B.
(ITId® HAH VYkpainu). ExcriepuMeHTanbH1 JOCTIIKEHHS CTPYKTYPH CTPIYKOBUX €Jie-
KTPOHHUX TMOTOKIB MPOBOJMJIMCS 3a JOINOMOTHM Ta KOHCYJIbTalii c.H.c. binoyco-
Ba €.B. Ta Kopxa B.I'. (IPE HAH VYkpainu). ABTop OpaB akTHBHY y4acTb B OTpH-
MaHHI Ta aHaNi31 pe3yJbTaTiB, MO OMyOJiKOBaH1 y crartax [1, 2], ocoOucTo aBTOp
nigrorysas crarti [3-7] Ta 11 te3 gqomnosinei [8-18].

Anpobauis pe3yabTaTiB auceprainii. OCHOBHI HAyKOBI 1 MPAaKTHUYHI PE3yJib-
TaTU JHUCEPTaIiiiHO1 poOOTH JomoBigamucs i ooroBoproBanmcs Ha 13-i, 15-i — 18-i
Mixnaponuux koHdepeHuisix «CBU-TexHHKa U TEIEKOMMYHHKAIIMOHHBIE TEXHOJIO-
run» (Mm.CeBacrononp, 2003, 2005 —2008 pp.); XapKiBCKiii HaHOTEXHOJIOT14HIM
Acamb61ei-2007 (Xapki, 2007 p.); MixknapogHux KOH(QEPEHIIisIX CTYICHTIB Ta MOJIO-
JIUX BUEHHUX 3 TEOPETUUYHOI Ta ekcriepuMeHTainbHol (i3uku «k EBPUKA» (JIsBiB, 2006,
2008 pp.); The Six International Kharkov Symposium on Physics and Engineering of
Microwaves, Millimeter, and SubMillimeter Waves «MSMW 2007» (Xapkis,
2007 p.); xoHdepenuii Monogux BYeHUX Ta acmipaHTiB «IED-2007» (Yxropon,
2007 p.); HayKOBO-TEXHIYHUX KOH(EPEHIIISIX CIIBPOOITHUKIB, BUKJIAIa4iB Ta CTYyICH-
TiB Cym1Y (Cymu, 2003 —2008 pp.).

IMyoaikauii. OcHOBHI pe3ynbTaTH AUcepTailii omyOiikoBaHI y 22 HayKOBHX
nparsix, OCHOBHUMH 3 SIKHX € 18 poOiT, cepen HuX: 7 crartedl y cueriani3oBaHuX Ky-
pHaNax, 5 3 AKuX — y (haxoBUX HAYKOBHX >KypHaIax (hi3MKO-MaTEMATUYHOTO MPOodi-
10 Ta 2 — y $axoBOMy HAyKOBOMY >KypHaJIl TEXHIYHOTO MPOQLII0, M0 BXOIATH 10
nepeniky BAK Vkpainu, 1 B 11 Te3ax monoBigei ta npausx Mi>KHAPOJAHUX HAYKOBHUX
KoH(epeHiii, GopyMiB, CAMIIO31yMiB.

Crpykrypa Ta obcar aucepramii. /[ucepraiiisi ckiiaiaeTbes 31 BCTYILY, I'SITH
pPO3/UTiB, BUCHOBKIB, CIMCKY BHUKOPUCTAaHUX JUKEpes. 3arajbHUil oOcsar poOoTH —
130 c., 41 pucynok, 4 tabnuii. CHuUCOK BUKOPHUCTaHUX Jpkepen Hamuye 130
HaliMEHYBaHb.
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OCHOBHUM 3MICT POBOTH

VY BeTymi BUKJIAIAa€ThCA aKTyallbHICTh TEMU 1 OOTPYHTOBY€ETHCSI HEOOXIAHICTh
BUKOHAHHS JAMCEpTaliifHOi poOOoTH, cHopMysibOBaHI MeTa 1 OCHOBHI 3ajayl JIOCIHi-
JDKeHb, BU3HAYCHI HAYKOBAa HOBM3HA 1 IPAKTHYHE 3HAUYEHHS OTPUMAHUX pe3yJIbTaTiB,
3B'I30K pOoOOTH 3 HAYKOBUMU IIpOrpamMamu 1 TeMaMu, HaBeJIeH1 BIJIOMOCTI 3 anpo0ariii
pe3ynbTaTiB pOOOTH, OCHOBHUX IMyOIIiKalllid, a TAKOXK 100 CTPYKTYpPHU JUCEPTALIii.

VY nepmomy po3aiii «@opMyBaHHS NYYKIB 3apSIKEHUX YACTHHOK B €JIeK-
TPOHHO-ONITUYHUX cUCTeMax npuwiaaiB O-tumy (JliTepaTypHHM# OIJISAN)» PO3IJIs-
HyT1 6a30B1 NpUHIUIHN (HOPMYBaHHS aKCiadIbHO-CUMETPUYHUX Ta cTpiukoBux EII, mio
MIMPOKO BUKOpPHUCTOBYIOThCS B HBY mpuiagax O-Tuily, onmucaHi XapaKTepUCTUKH
EIl, mo BU3HAYaOTh BUXIJHI MMapaMeTpu Takux npuiaaiB. [IpoananizoBaHi ocobiu-
BOCTI KOHCTPYKIIIH Ta peKUMIB pOOOTH €JIEKTPOHHUX TapMart I1iJl YaC BUKOPUCTAHHSI
iX y mpuiagax MUIIMETPOBOTrO Jiana3oHy XBwWiib. [lokazaHo, 110 3aJI€KHO Bif MpH-
3HAUEHHS 1 KJacy npuiaay ado npuctporo BusHavaroThesa Qynkiii EIN B vux. Hanpu-
KJIaJ, 111 9ac CTBOpEeHHs miacwitoBadiB 1 reHepatopie HBY EII nepeTBoproe eHepriro
30BHIIIHIX JKEPEIT )KUBJICHHS B €HEPTiI0 BUCOKOYACTOTHUX KOJHMBaHb. TOMYy JUIsl Ta-
KUX MPUJIAAIB MOTPIOHI IHTEHCUBHI MPOTSHKHI MyYKH €JIEKTPOHIB, 1[0 MAIOTh MO BCIi
JOBXXHMHI PI3KO OKPECIIEHY MOBEPXHIO 1 HEOOXiAHY reomeTpudny Qopmy. Y posaim
PO3TJISHYTI TAKOK CXEMHU KJIIACHYHHUX €JIEKTPOHHUX rapmar, a came — rapmatu Ilipca
ta TpeHneBoi B mopiBHSAHHI 3 TapMaToo Mimiepa Ta MpUHIUIHN X MOoAMQIKAIii 3 BU-
KOPUCTaHHSM KEPYIOUUX €JIEKTPO/IIB.

Y apyromy po3aiji «Metoau Ta 3agadi A0CTiAKeHb» BHKJIAJCHI OCHOBHI
IiX0, Ha 0a31 sIKUX Yy poOOTI BUPIIIYIOTHCS 3a7ja4l YUCEITbHOTO MOJICIIIOBAaHHS eJIe-
KTPOCTATHYHUX Ta MArHiTHUX IOJIIB, @ TAKOXK METOJIB NMOOYJAOBH TPAEKTOPIA PyXy
3apsAKEHUX YaCTMHOK B HUX. IIpoaHainizoBaHi OCHOBHI €KCHEPHUMEHTAIbHI METOAU
BHUMIPIOBaHHS NTapaMeTPiB MYUKIB 3apsAHKEHUX YACTUHOK, SIKI PO3IUICH]I HAa HENPsMI
(MeTo MmepexiIHOro BUIIPOMIHIOBAHHS, CBITIHHS 3aJIMIIKOBHUX Ta3iB Ta 1H.) 1 IpsaMl
(30HIOB1 METOU Ta PI3HOBUAMU METOAIB Aladparm). Takox mpoaHanizoBaHi TEOPETH-
9yHi MeToau Bu3HaueHHS napamerpiB EIl, mo BHKOPHUCTOBYIOTHCSA ISl OTPHUMAaHHS
1H(pOopMaLli PO CTPYKTYPY €IEKTPUUYHUX MOJIB Ta PO3B’SI3aHHS PIBHSIHb PYXY €JIEKT-
poHiB. TeopeTuyHi METOM PO3AUICHI HA aHAJTITUYHI Ta yucenabHl. B pe3ynbrari npo-
BeJICHA 3arajibHa kiacudikaiiis meto1iB gociimxensb EIT (puc. 1).

VY xox1 aHanizy HeAOJIKIB Ta IEpeBar METOIB JAOCIKEHb TPOBEIACHUN BUOIP
YUCEJIBLHOT0 METOJY 3apsiOBOI IIIIBHOCTI ISl PO3paxyHKy (pI3UYHUX IOJIB, OJTHO-
KPOKOBOT'O IIBHJIKICHOTO MeTOAy EBepxaprta amsi po3B’si3aHHSA TPAEKTOPHUX PIBHSHb
PYXy €NIEKTPOHIB Ta METOJI IEPEXiTHOTO BUMPOMIHIOBAHHS JJIsI €KCTIEPUMEHTATLHOTO
JOCIIKEHHS MIKpOCTPpYKTYpH 1HTeHcuBHUX Ell. Bu3naueni 3agadi JOCIHIIKEHHS.

VY Ttperbomy po3aijii «Moael0BaHHS MOJIIB TAa MYYKiB 3apAAKEeHUX YACTHU-
HOK B aKCiaJIbHO-CHMETPHYHMX CHCTeMAax» BUKJIAJEHI 3arajibHi MPUHLUIHA TO0Y-
JIOBHM Ta PO3PAXyHKY MOJENIEeH aKkCiallbHO-CUMETPUYHUX CUCTEM, IO 3HAUIUIN HIUPO-
ke Bukopuctands B JIBX Ta kimicTpoHax. Y MOpiBHSHHI 13 3arajJbHUM TPUBHUMIPHUM
BUIIAJIKOM MOJICTIOBAHHS aKClaJlbHUX CUCTEM OUIBbII MPOCTE 3aBISKH MOKIUBOCTI



30HOA

—>  Memoo kinyesux . OJIHOKPOKOBI:
eneMenmie Pynee-Kymma,
Meroau E
. ; gepxapma,
| Uncenbhi > Memoé Kinyeeux | uncenbHOrO Byniua ma
PpisHUYDb .
METOIU pO3B SI3aHHS [Umeppa
Y PIBHSIHDB PYXY :
Memod 3apsdosoi —>  baratokpokosi:
winvHocmi Adamca-
Anari . (inmezpanvHuil Anari . Mynomona, memoo
> AHaJiTHYHI Memod) > AHaJliTHYHI Hymeposa (Poxca-
'
METO/IU PO3B'A3KH Tyosina)
Metoau po3paxyHKy CTaTHYHUX Mertoau po3B's3aHHs pPiBHSHb
eNeKTPUYHKX Ta MArHITHUX MOJIIB PYXY €JIEKTPOHIB
( TeopeTtnuni )
OCHOBHI METO/I1
JOCJIKEHHA EIT
v
( ExcnepumenTabHi )
[Ipsmi meTou Henpsmi metosi
Memoo yuninopa Pa- .
| bes poskmananss | v p Kow- | | Memoo ceiminnn 2azy,
paoes, Hepo3pi3HO20 _
EII | TaKT- pryopecyitosanvroo
KoJieKmopa . .
HI eKpana; 6mMopuHHol emicii;
Memod pospizro2o DEHM2CHIBCbKO20
> 3 ogHOYacHUM Konekmopa, 6URPOMIHIOGaNHA
PO3KJIaJAHHAM eNeKmpoMAazHIMHO20
EIl aHam3y, Cxpeyenux Memoo cunxpomponnozo,
noue > He. bo 2aNbMI8HO20, NEPexioOHO20
Memoo pyxomozo .. BUNPOMIHIOBAHHS,
= 3 MoC1iIOBHUM KOIeKmopa 3 Manum TaKT eneKmpoCmamuyHuL,
PO3KIIIaHHAM OMBOPOM, WITUHHO20 i MACHIMO-iHOYKY itiHULl,
EIl eKpana, 8iopyroyoco DE30HAMOPHI, 30HOYIOUUX

nyyKie

Puc. 1. Cxema xnacudikariii MmeToiB nociipkens napamerpis EIT
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nepeBeeHHS 3a7a4l B MEpUAlaHHy IUIOLIMHY, TOOTO 3BEIEHHIO 0 JBOMIpHOi. Tomy
TPETIA PO3ALT MPUCBSIYCHUN BIAMPALIOBAHHIO METOAUK 1 aJTOPUTMIB OOYMCIICHHS
akcianbHUX rapmart Ta EIl.

Ha nepuiomy erari cTBoproBaiacs TeOMETpUYHA MOJEIb JTOCHIIKYBaHOT rap-
MaTH y BUIJISA1 HAOOPY €eMEHTapHUX JUISHOK, 110 BKPUBAKOTh MOBEPXHI €JIEKTPO-
TIB 13 33JaHUMU TOTeHIlianaMu. HacTymHuil Kpok — po3paxyHOK CTPYKTYPH €JIEeKT-
PUYHOTO TOJII B MIKEIEKTPOJAHOMY IPOCTOPI 3a JOMOMOIOI0 METOAY 3apsioBOl
HIUTBHOCTI (puc.2a), MIC/s 4Oro CTa€ MOXJIMBUM MPOBEJICHHS TPAEKTOPHOTO aHAIII3Y
PYXY €JIEKTPOHIB.

7, MM
2 / 3 i 4 al
) )
//” (| B £ ¥ A NN\ R
I/ >—|
O O A N R S _E 0] AN oo Ot O T T ST Ta TR T,
B B
I e e N N
‘ (kT : : .
| 1 RS \ R S
| | |
\ | N\ L4
' "0 2 4 6 8 z,MM
Puc. 2. Ilpuknag cTpykTypH enekTpuuHux mnoiis (a) ta oosigni EII (0) B Tpu-
€JEeKTPOJHIA aKcialbHIA TapMarTi NOpU ONTUMAJbHUX TNOTeHLianax: 1 — KaroA

U, =0 B; 2 — pokycyrounii enexrpog U, =0 B; 3 — nepumii anog U, =180 B Ta
4 — npyruit anon U ,, =4000 B

s HepenstuBictebkux EIl 3 ypaxyBaHHSIM CHIJI IPOCTOPOBOTO 3apsiAy OTpPHU-
MaHe OCHOBHE TPA€KTOPHE PIBHSIHHS Ma€ BUTIIS:
d’r 1+ I-r
dz> 2-AU \27-R*-¢,-V
1€ 7 Ta z — akclaJbHI KOOpJAUHATH elleKTpoHa; AU — mpoiiieHa eIeKTPOHOM PI3HU-
15 OTeHIianiB; /[ — cTpyM myuka; R — paJilyc mydka B JaHOMY MEpeTuHI; V' — IBU-
IKICTb €1eKTpoHa; E (r,z) Ta E_(r,z) — nonepe4Ha Ta M03J0BKHSI KOMIIOHEHTH elle-

—-E (r,z)+r'E_(r,2) |,

KTPUYHOTO TOJIS BIAMOBIAHO. TpaekTOpHE PIBHSAHHS PO3B’SI3YETHCS YUCEIBHUM Me-
tonoM EBepxapra. Ha KiHIIEBOMY eTalll aHaJII3y€eThCS TPAEKTOPIS ISl BU3HAUEHHS
CTPYMOOCAIPKEHHS Ta MIKPOCTPYKTYpH y 3aianux nepetuHax EIT.

Tak, npukiag po6oTH po3pobIeHUX ANTOPUTMIB IPEICTaBICHUN Ha puc.20, e
HaBesieH1 KoHpiryparii rapmatu ta 00BinH1 EIL.

KpiMm Toro, mocmiiKyBaiaucsl akclajibHl JABOEJIEKTPOAHI rapMmaTH, SKi MOXYTh
OyTH KOHCTPYKTHBHO peaji3oBaHi IUISIXOM CIIPOILICHHS TPUEIEKTPOIHOI rapMatu. Y
pe3ybTaTi KOMIUIEKCY TOCHTIKeHb aKClalbHO-CUMETPUYHUX rapMaT BCTAaHOBJICHO:
- CTYMIHb BILIUBY NPOCTOPOBOTO 3apsiay Ha npouecu popmyBanHs Ell;
- MIpU CTPYMOOCAKEHHS Ha JIJISHKYU €JIEKTPOAIB JUIsl IBOX THUIIIB rapmat Mpu pi3-

HUX 3HAUYEHHSX CTPYMY IydKa JJIsi ONTUMaIbHUX pexkuMiB podotu EOC.
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AHani3 BUXIJHHX MapaMmeTpiB Ta crpymoocamkenns EIl cBiiuuTh mpo MOBHY
nepeBary tpuenektponnoi EOC. V¥V xoxi cepiif po3paxyHKIiB BCTaHOBJICHUHN BILIUB
IIPOCTOPOBOTO 3apsiAy Ha PO3Mip Mydyka y KpocoBepl Ta Horo 3cyB (puc.3) BITHOCHO
30BHIIIHBOI MEX1 JPYroro aHoJa IpH PI3HUX MPUCKOPIOIOUKX MOTEHIIaIax.

r, MM a 1, Mm 0
Crpym, MA: 2 Crpym, MA: ]
0,30{% DG : —— 1
301 ——o-- 20 ——om 2
-‘ ERG AN B
—=*— 5 0 \3\ N ; —=a— 5
0,20 ——= 6 T\ AXNG -
’ Evanl BT N -
o/ e 7
A 8 -1 AP D NN 8
9 i% f?-V\V\\\ e A 9
0.10 -~ 10 " \?\\\\i\?\ ——10
= 3 Re
0,00 i : . - \ . .
2 3 4 5 Un, kB 2 3 4 5 Uas, kB

Puc. 3. 3anexHicTh pajaiyca mydka y KpocoBepi (a) Ta 3cyB kpocoBepa (0) Bif
MOTEHIIATy APYroro aHojaa

VY yerBepTomy po3aiji «Moae0BaHHS MOJIB Ta MY4YKIB 3apsi/I"KeHUX Yac-
THHOK Y Ji0IHUX €JIEKTPOHHO-ONTHYHUX CHCTEMAaX» BUKOPUCTAHUM JOCBiJl MOJe-
JIOBAHHS aKClaJIbHUX CHCTEM IIISAXOM ajanTallii METOAMK, aJrOPUTMIB Ta IpOrpam
JUIsl OOUYMCIIEHHS] TPUBUMIPHOI MOJIEN1 10/IHOT rapmaTu Ta ctpiukoBoro EIl, mo Bu-
kopuctoByeTbess B HBU-npumanax tuny JI3X, I'/IB.

Ha nepuiomy erani mpoBOJUTHCS CTBOPEHHSI MPOCTOPOBOI T€OMETPUYHOI MO-
nem rapmatd. [Ipu 11poMy MOBEpXHI €JIEKTPOJIIB 3aMIHIOIOTHCSI CUCTEMOIO CITOK 3
TPUKYTHOIO KOMIPKOIO 3 BU3HAUYEHHSAM YCIX BY3JiB Ta iX 3B’sA3KiB. Jlami, MUIIXOM BH-
KOPHUCTAHHS aJIallTOBAHOIO JI0 TPUBUMIPHOTO MPOCTOPY METOY 3apsiI0BOI IIUIHLHOCTI
OOYHUCITIOETHCS MIITBHICTD 3apSAiB €IEMEHTAPHUX TPUKYTHHKIB, 1110 JTO3BOJISIE TIPOBE-
CTH PO3PaxyHOK CTPYKTYpH MOJIAI B MDKEIEKTPOJHOMY MPOCTOpi rapmaTtu. Tak, Ha
puc.4a mpecTaBiieHa Taka CTPYKTypa Y BUTIIAL po3noiuTy noteHmiany Ha oci EOC,
7ie MOXKHA BUIUIMTH 0cOONMBI AUIAHKM: BHYTpimHii npoctip EOC (0-1 mm) xapak-
TEPU3YETHCSI PIBHOMIPHUM 3pOCTAHHSIM TMOTeHIlany 1 (mocTiiiHa HampyKeHICTh),
KWW TIPUCKOPIOE enekTpoHu a0 eneprii 3500 eB; namni, B mpuanoauiii obnacti (1,0-
1,2 MM) 3'SIBASIETHCS HEOTHOPIAHICTH MO 2, 00yMOBieHa €()EeKTOM aHOJHOI JIH3H;
Ha JUISHIN 2 eJEKTPOHH JIOAATKOBO OTpUMYIOTH eHepriio y 500 eB, micnsg yoro y
nponiTHOMY KaHaui anoxaa (1,2-2,0 Mmm) apeiidyroTh B €KBIMOTEHIIAIbHOMY IIPOCTOPI
3 3a mexi EOC; 3aanoana 001acTh 4a XxapakTepHU3yeThCsl HEBEJIMKUM CIIaJIOM MOTEH-
Iiajly Ha OCl CHCTEMH, IO TOSCHIOETHCS «IIPOHMKHEHHSAM)» KaTOIHOTO IMOTCHITIATY
yepe3 NPOTITHUI KaHal aHOa.

JlioHa eNeKTpOHHA rapMaTa 3HAaXOJIUThCA y B aKClaJIbHOMY IOJI1 eJIeKTpoMar-
HiTHOI Qokycyrouoi cuctemu (M®PC). CtpykTypa MarHiTHOTO MOJIsA, IO OOYMCIICHA
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TaK0>X METOJIOM 3apsA0BOI HIUIBHOCTI, MPeACTaBleHa Ha puc.40 y BUTIISAL PO3MOALTY
IHIYKINT Y30BX OCI Ta MOPIBHAHHS 3 €KCIEPUMEHTAIbHUMHU BUMIPIOBAHHIMU: CY-
IIJTbHA JIIHIS — pO3paxoBaHa 1HAYKIlISA;, MyHKTUPHA JIHIA — IHIYKIIis, 1[0 BUMIpSHA
ekcrepuMeHTanbHo. JloOpa Kopensuis pe3yibTaTiB CBIAYUTh PO MOXKIIMBICTh BHKO-
pUCTaHHS OOpaHOTO METOAY JUIsl OOYMCIICHHS MarHiTHUX TOJIB. Y poOOTI TaKOX
npoBeaeHni po3paxyHok M®PC Ha 0a3i MOCTIHHUX caMapii-KOOaJThbTOBHX MArHITIB,
1110 BUKOPUCTOBYIOThCS B nakeroBanux ['/IB.

U, kB B, Tn
1 v v v v v v 0385 TT7 TT7 T T
1 a I G-
T o
0 0,80 P\ -
1 / : \ ] I 4 N
2 3 I ! -
-1 [ . 0,75 F— /-
-2 N 0,70 F X / N
i / N . T N
I A ]
-3 0,65 F SN .
j ] T o N
-4 = : : : : ' 0,60 F———+———————————
0 1 2 3 4 5 z, MM 0 20 40 60 z, MM

Puc. 4. Po3noninu enekTpuyHOro MOTeHIany (a) Ta 1HAYKIi Mar"iTHoro mois (0)
y3J0BXK 0C1 (DOKYCYIOUUX CHCTEM

OTpuMaH1 TPa€eKTOPHI PIBHSAHHA IJI1 HEPEISATUBICTCHKUX EJIEKTPOHIB MaOTh

BUTJISIT
g e
m
x{(l+x'2+ y'z)% (Ex —x'EZ)/‘/zq;nAU —(1+x'2)By +y'(x'Bx +BZ)},
y"=£Q/mm/2q'AUJ[l+x'2+ y'z]% x
m
x{(1+x'2+ y'2)% (Ey —y'Ez)/‘ /2q-AU —(1+y'2)Bx +x'(y'By +Bz)},
m

Je X Ta y — MOMEpeyHi KOOPAMHATA CUCTEMHU; ¢ Ta m — 3apsJl Ta Maca €JIeKTPOHa;

B_, B, Ta B, — KOMIIOHEHTH IHyKLIii MATHITHOTO TIOJISL.

VY pesynbTaTi MPOBENCHHS TPAEKTOPHOTO aHaJi3y BCTAHOBIICHO BHPIIIAIbHUN
BILJTUB CTPYKTYPH TOJI aHOAHOI IIIJTMHU Ha (POPMYBAHHS MIKPOCTPYKTYpPU CTPIUKO-
Boro EII (puc.5).
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[ToTpiOHO Bim3HAUMTH, IO BUKOPUCTAHHS IMIBUIKICHOTO alroputMy EBepxapra
JUTSI YUCENHHOTO PO3B’S3aHHS TPAEKTOPHUX PIBHSHB A03BOIMIO MojemoBatu Ell 3

KinpkocTi yacTuHOK 10* —10° 1IT./mMepeTHH npy He3HAUHUX 3aTPATax MALIMHHOTO Ya-
Cy (110 IEeCATKIB XBUJIMH).

0,20
0,15
0,10

0,20
0,15
0,10

§0,05 § 0,05
Zoo S
-0,05 -0,05
-0,10 -0,10
-0,15 -0,15
-0,20 -0,20
-0,3 -0,2 -0,1 00 01 02 03 -3 -02 -04 00 01 02 03
X, MM X, MM

Puc. 5. Mikpoctpykrypa EIl y nonepeunux neperunax: a) 0,2 MM BijJ Katoaa —
novaTtok ¢opMyBaHHA Mydka; 0) 1,4 MM BiJ KaToja — My4OK MPU MPOXOKEHHI aHO-
JTHOT IMIUTUHA

VY n'stomy po3aini «Pe3yabTaTH eKCepUMEHTY Ta NOPIBHIHHS 3 YHCEJIb-
HUM MOJIeJTI0BAHHSM) 3alPOTIOHOBAHI CTPYKTYPHI CXEMHU JOCTIIKCHHS XapaKTepH-
ctuk EIl o mepexigHOMy BHUIIPOMIHIOBAHHIO JIJIsl CTPIYKOBUX (pHrc.6a) Ta aKClalbHUX
(puc.60) myuKiB.

6 7 8 8 M 3

Puc. 6. CTpyKTypHi CXeMHU peecTparlii MepexiTHOr0 BUIPOMIHIOBAHHS CTpPId-
KOBOTO (a) 1 akcianbHO-cuMeTpuyHoro (0) myukiB: 1 — EIl, 2 — enekrpoHHa rapmara;
3 — HepyxoMa MillieHb; 4 — pyxoMa MillleHb; 5 — IPUCTPiN peecTpalii (mpuiiMad) BU-
IPOMiHIOBaHHS; 6, 7 8 — peecTpaliisi CTpyMiB

BuOip tuny npuiiMaya BUIPOMIHIOBAHHSI BU3HAYA€THCSI BUMOTaMU, IO CTaB-
JSATHCS 10 TOYHOCTI aHajizy MikpocTpykTypu EIl, mBumgkocti 00poOku pe3ysbTaTiB
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Ta HAaOYHOCTI OTpUMaHHA 1HGopmarlii. ¥ m’aTomMy po3auli MpOBEIECHUN aHall3 Hak-
OUTBII MOIIMPEHUX THUIMIB MpUMaviB BUIPOMIHIOBaHHA: (OTOKaMepa, BileoKamepa
Ta udposa dorokamepa (Tadi. 1). BctanHoBieHo, 110 MakcUMalibHa TOYHICTh aHal-
3y 300paxenHs EIl mocsraeTscs npu BUKOpHUCTaHHI (DOTOKaMEpPH, MPOTE Yac 0Opo0-
K1 iHpOpMaIlil 3a paXyHOK MPOSIBY Ta CKaHyBaHHS TUTIBKU JOCATAE KUIBKOX TOMIMH.
Bineoxamepa Moxe 3abe3meunTd BHUCOKY OINEPATUBHICTh OTPUMaHHA iH(opmariii,
HATIPUKJIAA, JJI Bi3yaJIbHOTO KOHTPOJIO SKOCTI BUCOKOIHTEHCUBHUX IyUYKIB MPH TIO-
TOKOBOMY BUPOOHUITBI €eKTpOHHUX rapmar. L{udpona x kamepa, 1110 Mae cepeiHii
PIBEHBb PO3JIUIBHOCTI Ta BUCOKY OINEPAaTUBHICTh 00p0oOKH 1H(opMaIlii, Moxke OyTH pe-
KOMEHJIOBaHA TPU MPOBEJACHHI HAYKOBO-OCIIIHUX POOIT MpHU po3pOoOICHHI HOBHUX
tumis EOC.

Taomung 1
3aranbpHl XapaKTEepPUCTUKHU PUIMadiB ONITUYHOTO BUIIPOMIHIOBAHHS
. ugposa poto-
Tun xkamepu dorokamepa Bineoxamepa Huposa ¢
Kamepa
. : I133 (CCD) KMOH (CMOS)
Tun npuiiMaua doTorTiBKa
MaTpHIISL MaTpHIISL
Tum 00’ ekTHBa MIKpOIIJIaHa MIKpOILJIaHa MP-E65 1/2.8
P P P P 1-5x Macro
301IbIICHHS 5x 5x 5x
EdextuBHa KiJib-
KiCTb TOUOK B Tie- 10*-10° 10'-10 10*-10°
petuni EIT*
Yac oO0poOkM 1H- | JEKUIbKa ro- y pEAIbHOMY .
: JIEKUTbKA XBHJINH
dbopmairii TTUH yaci
* - epexTHBHA KUTBKICTh TOYOK BU3HAYAETHCS MMPUHOIO iepeTuHy EIT
BIJTHOCHO PO3MOAUIBHOI 3[aTHOCTI MpUiiMaya

3a molaHUMH Ha pUC.6 cxemamu po3po0sIeH] Ta peaizoBaHi eKCIIEPUMEHTaNb-
Hi YCTaHOBKHU ISl peecTpallii MepexiIHOTO BUIIPOMIHIOBAHHS, 110 BUHUKAE MPH Ma-
JIHHI €JICKTPOHIB Ha METajeBy MillleHb. Po3poOsieHuil airopuT™M Ta peaidizoBaHa
KOMIT FOTE€pHa TMporpaMa Jjisd aHali3y 1HTEHCUBHOCTI MEPEXiTHOTO0 BUIIPOMIHIOBAHHS
Ta O0YHCIICHHS HIUTBHOCTI CTpyMy B nonepeunux neperunax EIL. Ilpuxman miarnoc-
TUKWA Ta pe3yjbTaTiB 0OpoOKHM ciifiB cBiTiHHA akcianpHux EIl mpencraBneHuit Ha
puc.7.

[Ticnst oTpUMaHHS €KCHEPUMEHTAIBHUX JaHUX MPO PO3MOALI HIUIBHOCTI CTPY-
My B mepeTuHi akciaapHoro EIl B gucepTarttiifHiii poGOTI MpoBeaeHUHN 1X MOPIBHSIb-
HUW aHaji3 pe3yjbTaTaMU YHCEIBHOTO PO3PAXYHKY PO3MOAUTY HIIIBHOCTI CTPyMY.
BcranoBnena moOpa Kopessilisi pe3ysibTariB, M0 MIATBEPIKYE KOPEKTHICTH BUOOPY
METO/IIB IOCTIIKEHb Ta aJIeKBATHICTh MOOYJOBAHUX MOJIENIEH peaIbHUM CUCTEMaM.



X, MM
1 1 L

03 0.0 0.3 0,6
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-0,6
0,6
0,4
0,21
0,0F

-0,2r

0,4}
I I X’|MM. 06—t Xl’ .NH.VI.
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Puc. 7. 3aranbauii BUTIIS YCTAaHOBKU JJI JiarHOCTUKH akcianpHuX EIN, cimin cBiTiH-
Hs (TIepexigHe BUMPOMIHIOBAHHS) JIBOX mepeTuHiB (a), (1) 1 Tonosorist EIT y Burmsiai
eKcriepuMeHTalbHuX (0), (1) Ta TeOpeTHYHUX (B), (€) SKBINIIILHUX JTIHIN

BUCHOBKH

VY nuceprariitHiit poOOTI OTpUMaHi KOMIUIEKCHI METOIUKH (TCOPETUYHI Ta EKC-
nepuMeHTaNIbHI) JociikeHHs: (pi3uku GopmyBanHs EIl y BUCOKOYACTOTHUX Npuia-
nax O-TUIy MUJIIMETPOBOTO JA1ala30Hy XBWJIb, 110 € BaXJIMBOIO HAYKOBOKO 337aucto
IIPU CTBOPEHH1 BUCOKOE(HEKTHUBHUX JKEPEI EICKTPOMArHITHUX KoiuBaHb. [Ipu 1160-
My aBTOPOM 3aIllpOIIOHOBAaHA HU3Ka OPUTIHAJIBHUX 1 HOBUX PIIlIEHb K y TUIaHI peai-
3allil YUCETBbHOTO MOJIENIIOBAHHS, TaK 1 IpH 00poOIll eKCIIEpUMEHTAIbHUX pe3yibTa-
TIB.

1. [IpoananizoBani ocHoBHI miaxoau 10 hopmysanHs EIl Ta ix xapakrepuctu-
KM, 1[0 BU3HAYAIOTh napameTpu enektponaux HBY npunaais O-tumy.

2. IIpoknacugikoBani METONI E€KCHEPUMEHTAIBHOIO 1 TEOPETUYHOTO HOCHi-
mxeHHs napamertpis EIN, Ha mijgcraBi aHamizy sKOi JUisl po3paxyHKy (I3MYHHMX TOJIIB
y cuctemax (popMyBaHHS MYy4YKiB BUOpaHUN METOJ 3apsSA0BOI IIUILHOCTI (METO 1H-
TErpajbHUX PIBHSHB), a JIJISI TPAEKTOPHOTO aHaJi3y — OJHOKPOKOBUM MeTo] EBepxa-
pTa, eKCIEPUMEHTAIbHI JOCTIKEHHS 0a3yI0ThCs Ha BUKOPUCTAHHI METOAY Mepexi-
HOT'O BUITPOMIHIOBAHHSI MPU MAJIHHI €JIEKTPOHIB HA METAJIEBY MIILICHb.

3. Ha mizncraBi BIacTMBOCTEH akclaldbHOI CUMETPIi OMMCaHa MaTEMaTHYHA MO-
nenb nociimkyBanoi EOC. 3anponoHoBaHa cxeMa Mnepexoy B MEpHIiaHHY TIIOMUHY
1 IUISIXOM BHUKOPUCTAaHHS METOAY 3apsiioBOI HIUIBHOCTI MOOYJOBaHI MaTeMaTH4HI
MOJIEN JIJIsl YUCEIBHOTO aHaji3y €JEKTPUYHUX MOJIIB 1 TPAEKTOPIN PyXy 3apsaIKEHUX
gacToKk MeToaoM EBepxapTa B akciadbHO-CUMETPUYHHX CHCTEMax 3 BiTHOCHOIO IIO-
xnokoro ¢ <0,001. Ha konkpetHiit reometpii npaktuuaux EOC nokazana nmpanesa-
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THICTh 3alIPOMIOHOBAHUX AJITOPUTMIB YHMCEIBHOTO PaxyHKY, BH3HAUYCHI ONTHMAJIbHI
1HTepBaNu poOOYMX PEKUMIB Ha €NEKTPOJaxX rapMard Ta MOKa3aHo, 10 TPAHUYHO
JOIYCTUMI 3HAYEHHS CTPYMIB 3aJI€3KaTh Bl MPUCKOPIOIOYOr0 MOTEHIIANY 1 JIEKATh B
iHTepBaii [ =10—-20 MA.

4. IToOGynoBaHi YUCENbHI aNTOPUTMU JIJIS aHATI3Y €JEKTPUYHUX TOTIB 1 TPAEK-
TOpIN pyXy MydYKiB 3apsPKEHUX YACTHHOK y JOBUIBHUX TPUBUMIPpHUX cucTemax. Ha
KOHKpeTHii reometpii giomgnoi EOC, sika 3Halinia mimpoke 3acTOCyBaHHS B TpHJIa-
nax MCM niana3oHy XBWIIb, [MOKa3aHa Mpale3AaTHICTh 3alPOINIOHOBAHUX AJITOPHUT-
MiB. 3a JOMOMOTOI0 3alpONOHOBAHOTO METOJY CITKOBOTO YJIOBJIIOBadYa YaCTUHOK
nmpoaHaiizoBaHa 3MiHa MikpocTpykTypu EIl min yac mpoXompkKeHHs TUISHKA KaToJ-
aHo/[ 1 TIOKa3aHo, 1[0 OCHOBHUM elleMeHTOM, 110 ¢opmye cTpiukoBuii EIl Ha Bxoxi B
npocTip GOKYyCyBaHHS € AaHOJHA IIIJIMHA.

5. Ha mifcTaBi METOAMKY BU3HAYECHHS aKCIaJbHUX EJIEKTPUYHUX TOJIB 3ampo-
MOHOBAHUI METOJ] pO3paxyHKy akciaabHO-cuMmeTpuyHoi M®C 1 mokaszaHa 3a/10BUIbHA
KOPETSAIis PO3PaXyHKOBUX 1 €KCIEPUMEHTAIbHUX PE3YyJIbTaTiB BU3HAYCHHS 1HIYKIIT
Mar”iTHOrO MOJIsl IPU MPAaBUJIBHOMY 33JJaBaHHI MAarHITHUX MOTEHIIIAIIB.

6. Y3arajpHeHl CTPYKTYpHI CXeMH peecTpallli mepexiJHoOro BUIIPOMIHIOBAHHS
€JICKTPOHIB HAa METAJICBUX MIIICHSAX TMPH JI1arHOCTHUIIl aKClaJbHO-CUMETPUYHUX 1
CTPIUYKOBHUX MYYKiB. 3alpOMOHOBAHI 1 peani3oBaHl eKCIEPUMEHTAIbHI EJIEKTPOBAKY-
YMH1 YCTaHOBKH.

7 Po3po0ieHa mporpama AJig YACEIbHOTO aHaji3y 300paXeHHs CIIAy CBIYEHHS
EIl. InsxoM MOpiBHSJIBHOTO aHali3y MOKa3aHa KOPEeJAllis pe3yJbTaTiB YUCEIbHOTO
MO/JIETIOBAHHS 1 eKCIEPUMEHTY JUIsl akclaibHO-cuMeTpuuHux ElL

CIIUCOK ONNYBJIIKOBAHUX IPAIlb 3A TEMOIO JTUCEPTAIIIL

1. Bopo6nes I'.C. YcTaHoBKa Jyisi U3BMEPEHUS CTATUYECKUX XapPAKTEPUCTHK BHICO-
KOMHTCHCUBHBIX  AJEeKTpoHHBIX myukoB/ [.C. BopoOneB, A.A. /Ipo3aeHko,
J.A. Haropusiii // [Tpubopst u Texauka skcnepumerTa.— 2009.— Nel. — C. 115-118.
3006y8au b6pas yuamov y peanizayii ycmaHo80K 015 0ia2HOCMUKU eleKMPOHHUX NO-
MOKI8 Ma y NPo8e0eHHI eKCNePUMEHMAIbHUX O0CTIONCEHb, NPOBEOeHHI aHANi3y Npu-
cmpois peecmpayii nepexioHoeo GUNPOMIHIOBAHHS MA KOMN tomepHil 06pobyi pe-
3YN6MAMi8 eKCNepUMEeHNL).

2. Bopo6res I'.C. Cuctema peructpaiuu MepexoJHOT0 HU3IYyUCHHS ONTUYECKOTO
Jvara3zoHa JJIsi U3MEPEHHs CTATHUYECKUX MAapaMeTPOB ANEKTPOHHBIX IMyukoB B CBY
npubopax / [Bopoowes I'.C., JApo3nenko A.A., Haropusriii JI.A., Psibanko A.A.]//
N3B. By30B. Paguoanexktponuka.— 2008. — No7(51). — C. 22-29.

3006y8auem nposedene uuceibHe MOOENOBAHHSA AKCIANbHO2O eleKMPOHHO20 NYUKd,
Ppo3pobaena npocpama 0 aHANi3)y Nepexiono20 GUNPOMIHIOBAHHS, BUHUKAIOU020 NPU
NAOIHHI eIleKMPOHI8 HA Memajle8y NOBEPXHIO, NPOAHANIZ08AHA KOPElAYis pe3ylbma-
mie ekcnepumMeHnmy i YucenbHo20 MOOEeaI0O8AHHS.
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3. Bopobbes I'.C. UnucneHHblii aHaIN3 CTATUYECKUX XAPAKTEPUCTUK aKCHUAIBHO-
CUMMETPUYHBIX JJIEKTPOHHBIX MydykoB B mnpubopax CBY/ TI.C. BopoObes,
A.A. [Ipo3nenko, A.I'. [lonomapeB // U3B. By3oB. Paamosnexkrponuka.— 2006. —
Ne6(49). — C. 11-16.

3006ysauem pospobrena memoouka meopemuyHo20 aHalisy napamempis eiekmpo-
HHUX NYYKI8, NpOGedeHe YucelbHe MOOeN08AHH, HANUCAHULL MeKCH CIMammi.

4. Jlpo3neHko A.A. YwucneHHoe MojaenupoBaHue (OPMUPOBAHUS JIEHTOYHOTO
3JIEKTPOHHOI'O My4YKa B HEOJHOPOJHOM ToJie AMOAHOU mymiku / A.A. JIpo3aenko //
Bicuuk Cymcrkoro aepskaBHoro yHiBepcutery. Cepis: dizuka, MaremaTuka, MeXaHi-
ka. —2008. — Nel. —c. 115-123.

Cmamms noguicmio niocomoeiieHa 3000y8ayem.

5. Bopo6bes I'.C. UucnenHoe MOJENMPOBAHUE TBUKEHUS JIEKTPOHOB B AJIEKTPH-
YECKOM TI0JIe¢ aKCUAIbHO-CUMMETPHUUHBIX 3JIEKTPOHHO-ONTHYECKUX cucteM / [Bo-
pooneB I'.C., [Tonomapes A.I'., lpo3aenko A.A., Komisik U.B.] // Bicauk Cymckoro
nepxaBHoro yHiBepcutery. Cepis: @Dizuka, maremaruka, Mexanika.— 2003.—
Nel0(56). — C. 135-144.

3006ysauem Oynu po3pobieHi mamemMamuiyHa MoOeib Ols YUCETbHO20 PO3PAXYHKY
AKCianbHO-CUMEMPUYHOI eIeKMPOHHOI 2apmMamu, MemoouKka 0O04YUCIeHHs aKCIanbHUX
eNeKMPUYHUX NOJII8 MemMOO0OM 3apsi0080i WiNbHOCMI, HANUCAHUL MeKCm CIammi.

6. BopoObeB I'.C. MeToabl THarHOCTUKK M pacyeTa CTaTUYECKUX XapaKTEPUCTHUK
WHTEHCHUBHBIX HEPENSITUBUCTCKUX 3JEKTpOHHBIX MmyuykoB (O0630p)/ I'.C. BopoObes,
A.A. [Ipo3nenko, K. A. [Tymkapes, U.B. bapcyk // KomnpeccopHoe u sHepreTuue-
ckoe MamnHoctpoenue. — 2007. — Ne3(9). — C. 79-91.

3006ysauem nposedeni nowtyK imepamypHux 0dcepen ma ix amauniz, NPoaHaniz08aHi
eKCNepPUMEHMAIbHI Memoou OIAeHOCMUKY IHMEHCUBHUX eleKMPOHHUX NYYKi8, HaNnu-
CaHuul mexcm cmammi.

7. Bopobnes I'.C., Apo3nenko A.A., [Tonomapes A.T'., [Tymxkapes K.A. Ilepcrek-
TUBBI TMPUMEHCHHS TEPEXOTHOTO M3IYUYCHHUS B JUATHOCTUKE BBICOKOMHTEHCHUBHBIX
AIIEKTPOHHBIX Ty4ykoB // KommpeccopHoe M 3HEpPreTuYecKoe MAaIllMHOCTPOCHHE. —
2005. — Ne2(2). - C. 93 —-97.

3006ysauem 6y8 nposedeHUll YuUCeIbHUL AHAI3 PO3NOOLTY WINbHOCMI CIMPYMY 8 aK-
CIAIbHOMY eleKMPOHHOMY NYUYKY, NOPIGHANbHUL AHANI3 13 pe3yIbmamamu eKcnepu-
MEHMANbHUX 00CNIONHCEHb, HANUCAHULL MEKCH CIMammi.

8.  BopoOber I'.C. Pacdet cTpyKTyphl JIEKTPUUYECKOrO MO U TPACKTOPHBIN aHa-
JU3 DJEKTPOHHOTO IMydYka B aKCHAJIbHO-CUMMETPUYHON 3JIEKTPOHHO-ONTHYECKOM
cucreme / I'.C. BopoObeB, A.I'. [Tonomapes, A.A. JIpo3aenko // 13-s1 MexayHapo-
Hast Kpeimckas xkondepenius "CBYU-TexHUKa U TeIEKOMMYHUKAITMOHHBIE TEXHOJIO-
run" (KpetMuKo'2003). — CeBactonosib: Bebep, 2003. — C. 294-295.

3006y8auem npo8OOUNUCH DO3PAXYHKU eNeKMPOCMAMUYHUX NOJIE Mad NPOBEOeHHS.
MPAEKMOPHO20 AHANIZY, NIO20MOGIEHO MEKCM me3.
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9. Bopobses I'.C. K Bompocy onTuMu3aium pexuMoB pabOThl TPEXDIESKTPOTHOU
nymku JIBB / I'.C. BopoOseB, A.I'. [lonomapes, A.A. JIpo3nenko, FO.A. KpyTsko //
15-1 Mexnynapoanas Kpeimckas koHpepenius “CBY-TexHuka U TeIEKOMMYHUKa-
nnonHble TexHosorun” (KpeiMuKo'2005). — Ceacromnonb: Bebep, 2005. — C. 212-
213.

3006ysauem nobyoosana uucervHa mooeib mpuerekmpoonoi capmamu JIBX, nioeo-
MOBIeHO MeKCm mes3.

10. Apo3penko O.0. 3acrtocyBaHHs MeToay EBepxapra B 3agadax MOJICTFOBAHHSA
pyxy enektpoHiB / O.0. JIpo3aenko / MixxHapoaHa koHdepeHIlisl CTyASHTIB 1 MOJIO-
JIUX HAYKOBIIIB 3 TEOPETUYHOI Ta ekcrnepuMeHTtanbHoi (izuku (EBPUKA-2006). —
JIsBiB: JIHY im. IBana ®@panka, 2006. — B. 6.

Texcm me3 i 00n08i0b nNid2comosneHi NoGHicmI0 3000)8aUeM.

11. Jpo3aenko A.A. TeopeTHUYECKHI aHAIN3 aKCHAIbHBIX CHUCTEM (DOPMUPOBAHMS
ANIEKTPOHHBIX TYy4YKoB / A.A. /Ipo3aenko // 16-1 Mexnynapoanas Kpeimckas koH-
bepenrms “CBU-texHuka 151 TEJICKOMMYHUKAIlOHHbBIE TEXHOJIOTUN
(KpptMuKo'2006). — CeBactonoib: Bebep, 2006. — C. 305-306.

Texcm me3 i 00n06i0b Ni020Mo8GIeHl NOGHICIMIO 3000)8aYEM.

12. Bopo6seB I'.C. IlepexonHoe u3iIydeHUE B JUATHOCTHUKE BBICOKOMHTEHCHBHBIX
anekTpoHHbIX ydkoB / [.C. BopoObeB, A.A. JIpo3nenko, A.T'. [lonomapes // Xapsb-
KOBCKasg HaHOoTexHoyiornueckas Accambies-2007.- Xapokos: HHI «XDTHWy», UIIII
«Kontpact», 2007.— T1.— C. 219-223.

3006ysauem po3pobaeni memoouka i cxemu nPo8edeH s eKCNePUMEeHMAlbHUX O0Cli-
00iCeHb, NPOBEOEHUN YUCENbHULI AHAN3 MIKPOCMPYKMYPU e1eKMPOHHO20 NYUKd, Nio-
20MOBIIEHO MeKCm mes3.

13. Jlpo3aenko A.A. ABTOMarth3anusl UCCIEAOBAHUN MapamMeTpOB U MHUKPOCTPYK-
TypBbI JEKTPOHHBIX Ny4KkoB / A.A. JIpo3aenko // Kondepeniiist Moo IUX BUCHHUX Ta
acmipanTiB IED-2007.— Yxropon: IE® HAH VYkpainu, 2007.— C. 123.

3006ysauem niocomosneni mesu i 3pobjeHa 00n08iob Ha KOHpepeHyii.

14. Drozdenko A.A. 3-D modeling of electron beam sources/ A.A. Drozdenko,
D.V. Magilin // The Sixth International Kharkov Symposium on Physics and Engi-
neering of Microwaves, Millimeter and SubMillimeter Waves (MSMW'07). —
Kharkov: IRE NASU, 2007. — P.580-582.

3006ysauem possunyma memoouxa nodyo0osu mpusuMipHux mooeuell cucmem @op-
MYBAHHS eJIeKMPOHHUX NOMOKIB, Ni020MOBIeHO MEeKCM me3 AHINICbKOI MOBOI.

15. Bopo6neB I'.C. BriusHue yckopsIOIIero HampsbKeHUs Ha pa3Mep U TMOJI0KEHHE
KpOCCOBEPA aKCHUAIbHO-CUMMETPUYHOTO 3jekTpoHHoro myuka/ [.C. BopoObes,
A.A. [Ipo3nenxo, N.B. bapcyk // 17-1 Mexnynapoanass KpeiMckas koHbepeHIHs
“CBY-TexHuka u TeriekoMmmyHHuKanmoHHbie Texnonorun” (KpeitMuKo'2007). — Cesa-
cronoJib: Bebep, 2007. — C. 143-144.

3006ysauem nposederuli YucerbHUll AHANI3 MPUETEKMPOOHOI capmamu, ni02omosie-
HO meKCcm mes.
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16. JIpo3nenko A.A. MeTonnka MOJEIUPOBAHUS 3JIEKTPOHHOTO MyYKa B HEJIMHEH-
HBIX dJIeKTpocTatnueckux moisx / A.A. JIpo3nenko, N.B. bapcyk // XII MexayHa-
pPOIHBIA MoJIOACKHBIH (opyM «PammosnekTpoHuka u Mononexb B XXI Bekey. —
XapskoB: XHYP3, 2008. — C. 310.

3006ysauem po3sunyma memoouxKa Mooento8anHs e1eKmpoHHO20 NYYKA 8 MPUEUMID-
HOMY npocmopi O0i0OHOI eapmamu 3 Ypaxy8aHHAM HENIHIUHUX eleKmpOoCmamudHux
noJlie, Ni020Moe6aeHO MeKCm mes.

17. Bapcyk [.B. EkcnepumeHnTtanbHe AOCHIPKEHHS MIKPOCTPYKTYPH IHTEHCHBHUX
enexktponHux noTokis / I.B. bapcyk, O.0. JIpo3aenko // MixxHapoiHa KoH(pepeHIIis
CTYJICHTIB 1 MOJIOJIMX HAYKOBIIIB 3 TEOPETUYHOI Ta eKkcriepuMenTanbHoi ¢izuku (EB-
PUKA-2008). — JIsBiB: JIHY im. IBana ®panka, 2008. — C. E-25.

3006y8auem npogedeHo asmMomMamu3ayiro eKCnepUMeHmMaibHUx O00CHI0HNCeHb MIKpO-
CMPYKMYpU IHMEHCUBHUX eIeKMPOHHUX NOMOKI8, NI020MOBIEHO MEKCM mes3.

18. Bopobnes I'.C. K Bompocy MoaenupoBaHusi IEHTOYHOTO 3JIEKTPOHHOTO IydKa /
I'.C. BopoGreB, A.A. [Ipo3aenxo, U.B. bapcyk // 18-1 Mexnaynapoanas KpsiMckast
koHpepeniusa  “CBU-texHuMKa W TEJIEKOMMYHHUKAIMOHHBIE  TEXHOJOTUH
(KppiMuKo'2008), CeBacromnons: Bebep. —2008. — C. 171-172.

3006ysauem nposedena nobyoosa yucenvbHoi mooeni 0i0OHOI eapmamu ma peanizo-
8aHA KOMN TOMepHa npo2pama, ni020moeieHo meKcm mes.

AHOTAIIA

JApo3nenko O.0. @izuka iHTEHCUBHUX €JIEKTPOHHUX MYYKiB Yy BUCOKOYAC-
TOTHUX npuiaxax O-rtumy. — Pykonuc.

Hucepramiss Ha 3000yTTS HAYKOBOrO  CTyNeHs KaHaugaTta  (pi3ukKo-
MaTeMaTUYHUX Hayk 3a crnerianbHicTio 01.04.01 — dizuka npunasis, €JIEMEHTIB 1 CHU-
cteM. — CyMcbKuit aepkaBauil yHiepcuret, Cymu, 2009.

Jluceprailisi MPUCBSIYCHA PO3POOJICHHIO KOMIUIEKCHUX METOIUK JOCIIHKCHHS
¢i3uku (HopMyBaHHS IHTEHCUBHUX €IEKTpOoHHUX mydkiB y HBY-npunagax O-tumy.
[IpoBenenunii anai3 1 BUOIp METOAIB AOCIIIKEHb: METOJI 3apsiI0BOI IILILHOCTI 1 Me-
ton EBepxapra — a1 mpoBeIeHHS] TEOPETUYHUX JOCIHIKEHb (YMCEIbHUX PO3paxyH-
KiB), METO/I MEPEX1THOTO BUIPOMIHIOBAHHS — ISl €KCIIEPUMEHTAIBHOTO JOCI1HKEeH-
HSl MIKPOCTPYKTYPH €JIEKTPOHHUX ITyUKiB.

Po3pobnena maTemaTHuHa MOJENb aKClalbHO-CUMETPUYHOI €JIEeKTPOHHO-
ONTUYHOT CUCTEMH 1 BU3HAYCHI ONTUMAJIbHI CTPYKTYPH C€JICKTPUYHUX IOJIB IS Pi3-
HUX MPUCKOPIOIOYMX TOTeHIamB. [IpoBeneHnit TpaeKTOPHUN aHaATI3 PyXy €JIeKTpO-
HIB, Y XO/I1 SIKOTO BCTAaHOBJICHUI CTyMiHb BILUTUBY MIPOCTOPOBOTO 3apsAay Ha po3Mip 1
MOJIOKEHHSI KPOCOBEPA MyYKa 3aJIEKHO B1Jl TPUCKOPIOIOYOT HAIIPYTH, IPOaHAII30BaH1
MPOIECH CTPYMOOCAKCHHSI Ha €JIEKTPOIax JIBOX PI3HUX KOHCTPYKIIiH rapmar.

[ToOGynoBaH1 4KMCeNbHI AITOPUTMHU JJIs aHATI3y (I3UYHUX TOJIB 1 TPAEKTOPIH
PYXy EJEKTPOHIB Yy TpUBUMIpHUX (hoKycyrouux cuctemax. [IpoBegeHi po3paxyHoOK i
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aHaI3 CTPYKTYPH €JIEKTPUYHOTO 1 MarHiTHOTO TMOJMIB JII0HOI CUCTEMHU. Y XO1 Tpae-
KTOPHOTO aHaii3y 1 O0YHCIECHHS MIKPOCTPYKTYPU CTPIYKOBOTO €JIEKTPOHHOTO My4Ka
BHU3HAYEHA TOMOJIOTiS Ioro (pOpMyBaHHS y BHYTPIIIHBOMY HPOCTOPI J10JAHOI rapMaTH
Ta MOKa3aHa BU3HayaJlbHa POJIb aHOJHOT LIIJIMHU Y Tpoiieci GopMyBaHHS CTPIYKOBO-
ro myykKa.

3anpomnoHoBaHa 3arajibHa METOAMKA €KCIIEPUMEHTAIBHOTO JAOCTIIKEHHS MiK-
POCTPYKTYpH IHTEHCUBHHX EJICKTPOHHUX IYyYKIB 332 TIEPEXiTHUM BUIIPOMIHIOBAHHSIM.
Po3pobiiena nporpama uisi YHCEIBbHOTO aHaji3y 300paKeHHsI CHiy CBITIHHS €JIEKT-
POHHOTO Iy4YKa, 1 MIJIAXOM MOPIBHUIBHOTO aHaJi3y PO3MOJAUIIB IIIIBHOCTI CTPYyMY Y
IOMEPEYHUX MEPEeTHHAX aKClalbHO-CUMETPUUYHOrO ITydKa MOKa3aHa KOpeJslis pe-
3yJIbTATIB YUCEIBHOTO MOJICIIOBAHHS 1 €KCTICPUMEHTY.

KirouoBi cioBa: enekTpoHHUI NydoK, (Pi3UYHI MOJs, €JIEKTPOHHO-ONTUYHA
cucTeMa, MarHiTHa oKycyrooua CUCTeMa, MEePEeXiIHe BUITPOMIHIOBAHHS, MIKPOCTPYK-
Typa Iy4Ka.

AHHOTAIUA

JApo3nenko A.A. @PU3MKa MHTEHCUBHBIX JJICKTPOHHBIX MIYYKOB B BHICOKO-
4acTOTHBIX npudopax O-tumna. — Pykonuce.

Juccepranisi Ha COMCKAaHHME YYEHOW CTEMEeHM KaHaujaTa (PU3UKo-
MareMaTu4eckux Hayk 1o crnenuanbHocTu 01.04.01 — pusuka npubopoB, 1EMEHTOB
u cucteM. — Cymckuii rocygapcTBeHHbIN yHUBepcuteT, Cymsi, 2009.

JuccepTaiiys nocBseHa pa3paboTKe KOMIUIEKCHBIX (TEOPETUYECKUX U DKCIIe-
PUMEHTAJIBHBIX) METOJIMK MCCIe0BaHNU GU3UKH (POPMUPOBAHUS MHTCHCUBHBIX 3Jie-
KTpoHHBIX My4ukoB B CBYU-npubopax O-tumna. [Ipoananu3zupoBaHbl OCHOBHBIE OAXO-
76l GOPMUPOBAHUS AJIEKTPOHHBIX IyYKOB M COCTaBJeHa cXeMma KiacCU(pUKAIMKU Me-
TOZOB DKCIIEPUMEHTAIIBHBIX U TEOPETUUECKUX UCCIIENOBAHUN [IapaMETPOB DIIEKTPOH-
HbIX My4ykoB. [IpoBeneHbl aHaIU3 U BBIOOP METOAOB MCCIEIOBAHUNA: METOJ 3apsio-
BOM MJIOTHOCTH (MHTETPAJIbHBIN METOM) — ISl BBIYMCICHUS (PU3NYECKUX TOJIeH, Me-
TOA DBEpXapTa — I PELICHUS TPACKTOPHBIX YPaBHEHUM, METO/ IIEPEXOAHOTO U3ILY-
YEHUs — JUI1 DKCIIEPUMEHTAJIBHOIO HCCIEA0BAHUS MUKPOCTPYKTYPBI 3JIEKTPOHHBIX
IIy4YKOB.

Pa3paborana maTremaTuyeckas MOJEIb aKCHAIbHO-CUMMETPUYHOM 3JIEKTPOH-
HO-ONTUYECKOH cuctemsl, npuMensemoir B CBU-npubopax tuna JIBB, u onpenene-
Hbl ONTUMAJIbHBIE CTPYKTYPBI 3JEKTPUUECKUX IMOJEH ISl PA3IMUHBIX YCKOPSIOLIUX
HanpspkeHu. [IpoBeieH TpaeKTOpHBIA aHAIN3 JBUKEHHUS JJIEKTPOHOB, B X0OJI€ KOTO-
POTO YCTaHOBJIEHA CTENEHD BIWSHUS MPOCTPAHCTBEHHOIO 3apsA/ia Ha pasMep U IOJO-
KEHHE KPOCCOBEpa IyUyKa B 3aBUCMMOCTH OT YCKOPSIOIIETO HANPSKEHUS, IPOAHAIIN-
3UPOBaHbl MPOLECCH TOKOOCEAAHNS Ha AJIEKTPOAAX IMyLIEK IBYX Pa3JIMYHBIX KOHCT-
PYKLHI 3JIEKTPOHHO-ONITUYECKUX CUCTEM.
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[TocTpoeHBI YHCICHHBIE AITOPUTMBI JUIS aHaIH3a (U3UISCKHUX TTOJIEH U TpacK-
TOpUM JBIKCHUS SJIEKTPOHOB B TPEXMEPHBIX (HOKyCHPYIOMHX cucTteMax. Ha koH-
KPETHOM T€OMETPUU AUOAHOM 3JIEKTPOHHO-ONTHYECKON CUCTEMbI, HAXOJAIICUCS B
aKCHaJIbHOM MarHUTHOM II0JI€, TIOKa3aHa paboTOCIIOCOOHOCTh MPEAJIOKEHHBIX aJro-
putMOB. [IpoBeeHBI pacueT W aHadWu3 CTPYKTYPBI JICKTPUYECKOTO IOJS JUOJHOU
CHCTEMBbI M BBIUMCJIICHHE aKCHUAJbHOIO MAarHUTHOIO II0JII Ha OCHOBAaHUH METOJMKU
ONPENCICHNS] AaKCHAIBHBIX JJIEKTpOocTaTHYecKux mnojen. [lokazana ypoBieTBopu-
TeJIbHAsE KOPPEISALHS PACUECTHBIX M AKCIEPUMEHTAIBHBIX PE3YJbTAaTOB ONPEACICHUS
VHAYKIIMA MarHuTHOTO MoJis. B X0/ie TpaeKTOPHOro aHAIM3a U BBIYUCIIEHUS MUKPO-
CTPYKTYPBI JICHTOUYHOT'O AJICKTPOHHOTO MyYKa OIpejiecHa TOIMOJIoTHs ero (opMupo-
BAHUS BO BHYTPEHHEM IPOCTPAHCTBE IHUOJHOW IIYIIKH, MOKAa3aHa OMpPEACISIoas
POJIb aHOAHOM LIENIH Ha Mpoliecchbl ((OPMUPOBAHUS IEGHTOUHOTO MyYKa.

[Ipennoxxena oOmIas METOMMKA SKCIEPUMEHTAIBHOTO HMCCIICAOBAHUS MHUKPO-
CTPYKTYPbl HHTCHCHUBHBIX 3JICKTPOHHBIX MYYKOB IO MEPEXOJIHOMY H3IIYUYCHHUIO, BO3-
HUKAIOIIEMY MpPU MaJCHUU BJIEKTPOHOB HA METAJUIMYECKYI0 MUIlleHb. OmnucaHbl
CTPYKTYPHBIE CXEMbI PETUCTPALIMM MEPEXOJHOIO U3JIYUYEHHS] U KOHCTPYKIMU pealin-
30BaHHBIX JKCIEPUMEHTAIBHBIX 3JIEKTPOBAKYyMHBIX YCTaHOBOK. Pa3paborana mpo-
rpamMMa Jijisg YMCJICHHOTO aHaIn3a U300paKeHUs clie/la CBEUSHUsI AJICKTPOHHOTO MTyY-
Ka, U IyTEM CPAaBHUTEJIBLHOTO aHAIM3a PAaClpeAeICHUN TNIOTHOCTEW TOKA B MOMEpeU-
HBIX CEYEHHUSIX aKCHAIbHO-CUMMETPUYHOIO My4YKa IMOKa3aHa KOPPESLUS pe3ysbTa-
TOB YHCJIEHHOT'O MOJEIUPOBAHUS U SKCIIEPUMEHTA.

KarwuyeBble cjioBa: 3JICKTPOHHBIM IMYyYOK, (PU3HMYECKUE IO, DIEKTPOHHO-
ONTHUYECKAs CHCTEMa, MarHuTHas (DOKYCHPYIOIIas CUCTEMA, TIEPEX0IHOS U3ITyUCHHE,
MHKPOCTPYKTYpa ITyUKa.

ABSTRACT

Drozdenko A.A. Physics of intensive electron beams in the high-frequency
O-type devices. — Manuscript.

Thesis for a Doctor of Philosophy degree (PhD) of physics and mathematics sciences
of 01.04.01 speciality — physics of devices, elements and systems. — Sumy State Uni-
versity, Sumy, 2009.

The thesis is devoted to the development of theoretical and experimental re-
search of physics of forming of intensive electron beams in O-type microwave de-
vices. The analysis and choice of methods of researches has been conducted: method
of charge closeness and method of Everhart — for theoretical researches (numeral
computation), method of transient radiation — for experimental research of electron
beam microstructure.

The mathematical model of axially symmetrical electron-optical system has
been developed and the optimum structures of the electric fields for different acceler-
ating potentials have been defined. The trajectory analysis of electron movements has
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been carried out, during which the degree of influence of spatial charge on the size
and position of beam crossover depending on accelerating potential has been deter-
mined, the settling electrons on the electrodes of two different cannon constructions
have been analyzed.

Numerical algorithms for the analysis of the physical fields and path of motion
of electrons in the three-dimensional focusing systems have been made. The calcula-
tion and analysis of structure of the electric and magnetic fields of the diode system
have been conducted. During the trajectory analysis and calculation of microstructure
of ribbon electron beam the topology of its forming in the internal space of diode gun
has been defined. The important influence of anodal slit on the processes of forming
of ribbon-type beam has been shown.

The general method of experimental research of microstructure of the intensive
electron beams according to the transient radiation has been suggested. The program
for the numerical analysis of image of the electron beam luminescence has been de-
veloped and, by the comparative analysis of current density distributing in cross sec-
tions of the axially symmetrical beam, correlation of results of numeral calculation
and experiment research has been shown.

Keywords: electron beam, physical fields, electron-optical system, magnetic
focusing system, transient radiation, beam microstructure.
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