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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTHU

AKTyanabHicTh TeMu. JliHiitHI npuckoptoBaui ioHIB (JIIII), Ha 6a3i 00’ eMHUX
HUJIHIPUYHUX PE30HATOPIB 3 TpyOkamu npeldy, 1m0 crnodatky po3poOssiucs sk
IHCTPYMEHT I (yHAAMEHTAIbHUX JOCHKEeHb Y slepHid ¢ium Ta ¢Gizumi
€JI€MEHTAPHUX YaCTUHOK, MAlOTh BEJIUKHUMA MOMUT 1 y MPUKIAAHUX 3aCTOCYBAHHSIX —
MEIMIMHI, MaTePiaIO3HABCTBI Ta IHIIUX 00JACTIX HAPOHOTO TOCTIOAAPCTRA.

[Ipu cTBOpEeHHI TaKUX MPUCKOPIOBAYIB 10HIB, BaXJIMBO MI00 MK TpyOKamu
npeiidy Oynu BiICyTHI Oy/b SIK1 SIBUIIA, 10 JECTa0UII3yI0Th HapaMeTPU PE30HATOPA.
Ane mnpu 30ymkeHHi B HboMmMy BY momiB, 3 mnapajienbHHX TOpLIB TPYOOK,
aBTOMAaTUYHO BHWHUKA€ BTOpPUHHO-elekTpoHHA ewmicis (BEE) enexkTponiB, 1110
MHOXAaTbhCsI, IPUBOJISIYM JI0 BTOPUHHO—EJIIEKTPOHHUX pe3oHaHCHUX po3psiiB (BEPP)
(aHri. TepMm. — multipactor effect’).

B 3a3HaueHux ymMOBax iCHYBaHHS MYJIbTUIIAKTOPHUX SIBUI] MK MMapajeIbHUMHU
TOPISIMUA TPYOOK Apeiidy, MPUCKOPEHHS MYyYKiB 10HIB HeMOxUINBO. Skmo cnag BY
HampyT 1 MOJIB 3YMUHUTH OYyIb SKUM METOJAOM, TO €(EeKT 3HUKae. Aje CTpyMH
CJIEKTPOHIB Ta iX eHeprii JOC/iKYBaTHCh HE JOCTATHBO .

Ha crorogni € pocutrh Oarato migiOpaHUX EKCIMEPUMEHTAIBHO METO/IIB
MPUTHIYEHHSI MYJIbTUIAKTOPHUX po3psaaiB y Tpaguuiiaux JIIII. Ognak 1e He crnpuse
30utbmieHH0  edexktuBHocti JIIII 3 Tpaguumiinumu BY  renepatopamu  Ta
aBTOKOJMBAJIbHUMU CUCTEMaMHU.

AJNBTEpHATUBOIO BIJOMUM METOJaM MPUTHIYEHHS YMOB MHOKE€HHSI €JIEKTPOHIB
BEE Mix mnapanelbHUMHU €JNEKTPOJAaMH, € 3acTocyBaHHA BiacHux BY Hampyr,
BIATAIY>KEHUX 3 OCHOBHHX ejeMeHTIB BY cucremu — peszonartopa 1 ¢imgepa, 1o
CKJIaJIAl0ThCS. Y MOCTOBOMY MPUCTPOi Ta HAAXOASATH O BXOIY IMIJCHUIIOBAIBLHOIO
ka"any (IIK). besnepepBHe 30uiablIeHHs pe3yibTyrounx BY Hampyr y pe3oHaTopi,
3abe3reuye HalKpallll yMOBH JiJ1sl cTabui3alii a3umMmyTanbHo-cumeTpuuHux BY nomnis
MK TpyOkamu apeiidy. I1IK moxe OyTu 3’enHaHuM 1 OyJib IKUM OJTHUM MO3UTHUBHUM
3BOpoTHIM 3B’s13koM (I133) 3 pesonaropom abo digepom.

Panimme, Ha OCHOBI CHpPOIIEHOI CXeMH, OYyJIO 3ampOMOHOBAHO TEOPIIO
MexaHi3My BY po3psiay Mix napajieibHUMHU eJIeKTpoiaMu A1oaHoro npoMikky (1),
{30]IOBAHOTO Biff GYIb SKOI PE3OHATOPHOI CTPYKTYpH . OCHOBHHM IPHITYIICHHIM
Takoi Teopii Oyna eMIlipUuyHa MOXKJIUBICTh BTOPUHHO-EJIEKTPOHHA €MICIsl €JIEKTPOHIB
3 €JEeKTPOMAIB JIOAHOTO MPOMDKKY. OJHAaK B I[bOMY EKCIEPUMEHTI HEMOXKIIMBO
3a37ajeriib nependauntu 3anexHicTs kKoedimientiB BEE mapanenbHux enexktpoiis
JI1, Bix pi3HUX 3HAaYeHb 3MIHHKUX Hanpyr BU mxkepena.

3 BHUILIEBUKIIAJICHOTO BUXOIUTH, 110 po3poOka HoBUX BY cucteM 1 MeToMiB
crabumizamii 30ymxyBannx BY momiB y pe3oHatopHux ctpykrypax JIIII, Tta
KEpyBaHHS yMOBaMU NPUTHIYEHHS MHOXEHHS €JIEKTPOHIB MIX MapajelbHUMHU

" AnmpBapert JI. BepkieeBckuil npoToHHbIH uHEHHbINH yckopuTensb / JI. AnbBapen, I. Bpaasep,
JUx. @pank u ap. // [Ipobnemsl coBpemeHHON ¢usuku. 1956. Ne2. C. 99-137.

> boObuies B.U. Jluneiinbiit yckoputenp mnpotonoB M-2. IV. Cucrema BY nwranus /
B.U. bo6sines, 10./]. UBanoB, A.B. Mumenko u ap. / I[ITD. 1967. Ne5. C. 34-39.

> Hatch A.J. The Secondary Electron Resonance Mechanism of Low Pressure High Frequency
Gas Breakdown / A.J. Hatch, H.B. Williams // J. Appl. Phys. 1954. Vol. 25, Ne4. P. 417-423.



TopisMU TpyOOK npeldy, s TPUCKOPEHHS IHTEHCUBHUX IIY4YKIB 10HIB, €
aKTyaJbHOIO MPOOIEMOIO.

3B’830K po00TH 3 HAYKOBHMM NIPOrpaMamMu, INIaHAMH, TeMaMu. Pe3ynbrarty,
[0 CTAaHOBJIATh OCHOBY aucepraiii, orpumani B HHI[ X®TI B pamkax BHUKOHaHHS
MJIAHOBUX OFO/IPKETHUX HAYKOBO-JIOCHIITHUX POOIT 32 TAKUMHU MPOTPaMaMU:

1) Ilporpama, mo BukoHyBanach 3a [loctanoBorw biopo BigauieHHst saepHoi
¢3uku it enepretuku HAH VYkpainu Bin 7 xoBTHs 2010 poky B pamkax TeMu:
«Po3poOka Ta JOCHIIKEHHS METOJy 3a0e3MeyeHHs CTIMKOCTI pyXy IOHIB 3
MIPOCTOPOBO MOEAHAHUMHU 3MIHHO-(PA30BUM Ta MAarHiTHUM (DOKYCYBaHHSIM Yy JIHIMHUX
MPUCKOPIOBAYaX EJICKTPOSIACPHUX YCTaHOBOK», (mmdp temu II1-6-11) IMTEHMII
HHII X®TI, (2011-2015), Ne r/p — 0111U009560.

2) Ilporpama, mo BukoHyeThcs 3a lloctanoBoro bropo Binninenus siaepHoi
¢i3uku 1 enepretukn HAH VYkpainu Big 1 naunus 2015 poky B paMkax TeMU:
«Po3pobOka Ta nocnimkeHHss H-pe3oHaTopiB JiHIMHUX MPUCKOPIOBAYIB 10HIB s
pamiamiiHuX TeXHOJorid. JlochipkeHHS Ta 3aCTOCYBaHHS IapaMeTPUIHOTO
PEHTIE€HIBCHKOIO BHUIIPOMIHIOBAHHS PEISTUBICTCHKUX YACTUHOK Ta MIHIATIOPHUX
npuckoptoBauiBy (mupp temu I11-7-16) IMIEHMII HHI[ XTI, (2016-2020),
No r/p-0116U006491.

JlucepTaHT y 3a3Ha4€HUX pOOOTaX BUCTYIIAB BUKOHABIIEM.

Meta i 3apauvi gociimkenHsi. MeTorw aucepTaniiiHoi po0oTH, € ¢i3uyHe
oOrpyHTyBaHHs BuOOpy reHepatopHoi BU cuctemu nns peszonancHoro JIIII, ska 0
3abe3rneuyBaina crabinizamiio 30yI)KyBaHUX akcianbHO-cuMeTpuuHux BY momiB Mix
TpyOKamu Jipeiidy Ta MPUTHIYEHHS MYJIbTUIAKTOPHUX SIBUILI.

JI1st moCATHEHHS 1€l MeTH HE0OX1AHO OYyJIO BUPIIIIUTH HACTYIIHI 3a1a4i:

— po3pobutu Ta BuroroButu HOoBy BY cuctemy s JIIII, sika 6 3abe3neuyBana
craburizaiito akciaabHO-cuMeTpuuHux BY moniB Mk TpyOkamu apeidy, Tak 1
MPUTHIYEHHSI MHOKEHHS eiekTpoHiB BEE Mix ix Topisimu.

— MPOBECTU BUBYEHHS cOTBOpeHHs (opMm iMmynbciB BYU Hanpyr pesonatopa,
30y/KyBaHuX pisHUMH BY cucteMamu, npu MyJabTHUIIAKTOPHUX PO3psiAax y PI3HUX
Horo o0nacTsx.

— 3amporoHyBatH enekTpuuHy wmonaens JII, ne MoxyTb OyTH ypaxoBaHi
akTuBHI BUTpatu BY eHeprii, 1110 BUTpayaeTbcs Ha icHyBaHHs enekTpoHiB BEE.

— po3risanyTy 3anexHIicTh kKoedinieHTiB BEE (Kpgg) mapanenbHux enekTpoiB
JI1, Bin 3HaueHb €HEpriil eJIEeKTPOHIB, 110 MaJal0Th Ha HUX (Y CTaTyCl MEPBUHHUX),
nonepeiHbo xapaktepuszyroun ix koedimieHTn BEE (Kggg), sax Kggg > 1, Tak 1 Kggg < 1.

— pO3pOOUTH, BUTOTOBUTH, 3MOHTYBATH MPWIaIy Ta €IEMEHTH, HEOOX1THI JJIs
HOBOoi BY cucreMu, y3romkeHoi 3 XBHJIBOBHM OIIOPOM KoOaKciaibHOTO (igepy, 3
BxiiHUM ornopom JITII, Ta HacTpoiTH ii y pexkum crabumizaiii BY nomiiB, 30y1KyBaHUX Y
pe3oHaTopi.

00’ekTOM 0CTiIZKEHH € JIIHIMHUN TPUCKOPIoBay 10H1B Ha 0a31 H-pe3onaropa.

IIpeameToM aocirizkeHHs1 € MpOLECH cTaluIi3alli aKclalbHO-CUMETPUUHUX
BY noniB Mk TpyOkamu apeiidy, B yMOBax ICHYBaHHSI MYJIbTUIIAKTOPHUX SIBUL M1X
iX TopIsIMU, TabapUTH TKUX OUTBIIIE 3a30PIiB MiK HIUMHU.

Metoau  pmocaimxenns.  [Ipy  po3p’si3aHHI  3a3HAYEHHUX  3aBJIaHb
BUKOPUCTOBYBAIKCS BIZJOM1 aHAJIITHYHI Ta €KCTICPUMEHTAIIbHI METOAH (PI3UKHU MyUYKiB



3apsIKEHUX YaCTUHOK, (PI3MKU TpUIafiB, €EMEHTIB 1 CUCTEeM, (PI3UKU Ta TEXHIKU
BHUCOKHUX 1 HQJIBUCOKHX 4acTOT. JJis1 TEOPETUYHOTO TOCTIIKEHHS 3HAYE€Hb €JIEKTPUUHUX
enepriit enektponiB BEE, mo emitytors y BU-HBY nonsix 3 onnoro enextpona I,
MPOXOAATH Pi3HI Pi3HUIIl TOTEHIIIATIB Ta MaAal0Th (Y CTaTycl IEPBUHHUX) HA IPYTHil
€JIEKTPOJ, MOMNEePeHbO 30y Kyrouu OUIbLIE E€JIEKTPOHIB HIK YHUCIO MaJaroyuMX,
BUKOPHUCTOBYBAJIUCS ampoOOBaHI METOAM TEOPETUYHUX OCHOB PAJIOTEXHIKH Ta
€JIEKTPOHHO1 ONTHKH, IO 3aCHOBaHI Ha pO3B’si3aHHI AUQEpPEHLIATBHUX PIBHSHb
2-r0 MOPAJKY PYXy €JeKTpoHiB y ¢popmi HeToHa.

HaykoBa HOBHU3HA 0/lep:KaHUX Pe3yJIbTATIB:

1. Ynepie po3pobinena BYU cuctema s ctabutizaiii akciaabHO-CUMETPUYHHIX
MOJIIB MK TpyOkamu Apeidy manoradapuTHOTO JIIHIMHOTO MPUCKOpPIOBava JEUTPOHIB
(MJIIIA-3), y sikiit podota notyxHoro 11K peryntoerscst Hanpyramu 2-0X HE3alIeKHUX
MO3UTUBHUX 3BOPOTHUX 3B’ s13KiB (I133), 1110 Biaramy»xeHi i3 pe3oHaropa ta (iaepa.

2. Ymepiie 3ampoONOHOBAHO  C€KCIEPUMEHTAILHUM  METOJ  JOCIIIKCHHS
KOHKYpeHIIli cTabirizoBaHux BY konuBaHb Ta yMOB PO3BUTKY MYJIbTHUIIAKTOPHUX
ssuin y JIITI, 30ymkxyBanoro HoBoto BY cuctemoro. Ha ocHOBI aHasi3y BUKPUBICHUX
imnynbsciB BU nanpyr JIIII Ta 3aranbHUX BTOPUHHO-EIEKTPOHHUX CTPYMIB, WIO
PEECTPYIOTHCA HAa BUXO/I1 3 HBOT'O, METOJI JOTIOMIT 3PO3yMITH, 110 Y HbOMY ICHYIOTh
me ¥ napasutHi BE po3psnu Ha mepudepii, 1o yHeMOXJIUBIIOE 3pocTanHs BU
HaIpyT 1 MOJ1B 3 HAUMEHIIINX 3HAYEHb.

3. OTpuMana noJanblIdidi PO3BUTOK MOJEIb JIOJHOTO MPOMIXKKY, ITYHTOBAHOTO
aKTUBHUM ONIOPOM BTOPUHHO-eeKTpoHHOI (BE) MmynbTunakiii, y ckjiai JaMmnoBoro
TpioZa 1 OKpEeMOro pe3oHaHCHOro KoHTypy. Jis takoi BU cuctemu 3 101aTKOBO
icHytounm oriopom BE MynbpTunakiii, BU3Ha4eHI:

— 3arasibHl BUpa3u st BY Hanpyr 1 moniB, 30y/)KyBaHUX y KOHTYpPl Ta MIXK
napajienbHuMu enektpogamu JI1, 1 1 KpyroBoi 4aCTOTH KOJIMBAHb;

— BUpa3u BIJHOCHUX 3HaueHb eHepriil enekTpoHiB BEE, mo npoxoasTts pizHi
pizHii BY notenuianiB y miBnepiogax ¢a3z (0-180°), Ta nmepeMillyroThCsa 3 OJHOTO
€JIeKTPO/a AIOJIHOTO MPOMDKKY Ha JIPYyTHil, mpH iX 3araJbHOMY HAapOCTaHH1 abo
CHaJlaHHI Y PE30HAHCHOMY KOHTYPI.

4. Ynepiiie BCTAHOBJICHO, 1110 YMOBH MHOKEHHSI MIXK TTapajieIbHUMU €JIEKTPOIaMHU
€JIEKTPOHIB BTOPUHHO-EJIEKTPOHHOI €MICii 3a MeXaMu iX HaWMEHIIUX EHEPrii,
BiacyTHI. [Ipu npomy nokazano, y ckiaai BU imMnynbCcy 3arajibHOTO €I1€KTPOHHOIO
ctpymy, mo Buxonuth 3 JIII Ta peectpyerbcs mmninapom Dapanes, mpuUCyTHI
enexktponu BEE, sk 3 HallMeHIIMMH, TaK 13 OUTBIIMMHU 3HAYEHHSIMU €HEPT1il.

IIpakTH4yHe 3HAYEHHS OJEP:KAHMX Pe3yJabTaTiB: Pe3ylnbraT HaBeleHHX B
aucepTalli eKCIIepUMEHTAIBHUX NOCTIKEHb cTadlmi3arii 30 ykyBanux BY nanpyr 1
nomiB 'y JIII, nnga epexTUBHOrO NPUCKOPEHHS IYYKIB 10HIB, MAarOTh 3arajbHUN
XapakTep 1 MOXYThb OyTH BHKOPHUCTaHI MpU Po3poOIll HOBITHIX MPUCKOPIOBAYIB
3apSIKEHUX YACTUHOK, HJig BUPIMICHHS (yHIaMEHTAIbHUX MpoosieM (i3uku
BHCOKHX €HEpriii, CTBOPEHHSI KOMITAKTHHUX 1 3Ha4HO OpocTimuXx 1 aemesux JITT qs
MIPOMUCIIOBOCTI, METULIMHY, MAaTEPIaJI03HABCTBA, a TAKOX BJOCKOHAJIEHHS 1CHYIOYOT
BY TexHiku A1 HAPOAHOTO TOCIOIapCTBA.

Bukopucranus noBoi BYU cucremu, ne 11K 3’eqnanuii 2-ma Hesanexxuumu 1133
3 BJJACHUMHU CTPYKTypaMH (pe30HATOPOM 1 (iJiepoM), 103BOJISIE TOBHICTIO PO3B’s3aTH
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npobiemy craburizanii 30y/)KyBaHUX akcialibHO-cuMeTpuuHux BY moniB Mix
Tpyouactumu enekrpogamu JIIII. Tlpu uboMy BigMoOBa BiJl BIIOMHUX METOJIIB
MPUTHIYEHHSI MYJbTUIIAKTOPHUX PO3PSAIIB, JO3BOJISE 30UIBIINTA Maike Ha TOPSIOK
3HAQYE€HHS MMPUCKOPEHUX CTPYMIB IMYUYKiB TPOTOHIB 200 NEUTPOHIB.

Oco0ucTuii BHECOK 3100yBava MpeJICTaBICHO B YCIX OMYOI1KOBAaHUX poOOTax
[1-21], 3rigHO 3 MOCTaBIEHMMM HAyKOBHUM KEPIBHMKOM 3aJlauaMH, a came: aHalli3
JTITepaTypHUX JlaHWX; MIATOTOBKAa Ta MPOBEACHHS EKCIEPUMEHTIB; MPOBEACHHS
YUCJIOBUX PO3paxyHKiB; po3poOka pizHux BY oOnagHaHb Ta €JIEMEHTIB; CHUIBHO 3
CIIBaBTOpPaMU MPOBEJCHHS aHaII3y OTPUMAaHUX Pe3yJbTaTiB; MIATOTOBKA pPE3yJIbTaTIB
70 IPYKY, HAalMCaHHS CTaTel Ta Te3 JOMOBIJCH HAa MDKHAPOJHI CEMIHApU Ta Hapaau
3a TEMOIO JUCepTaIlii.

VY poborax [1, 11] —3m00yBau 6paB yuacTs y po3poo6iii HoBoi BU cuctemu ajis
MajorabapuTHOro JiHiiiHOro npuckoproBaya ioHiB MJIITJI-3, sixa cTabunizye akcialibHO-
cumerpruydi BY nonst Mk TpyOkamu npeiidy. ¥V poborti [2] — 3100yBau 3anporioHyBaB
cnoci0 mpurHideHHs yMoB MHOxeHHs enekTpoHiB BEE y JIIII. V pobGoti [3] —
rOTyBaB OOJIaJHAHHS Ui TOCHIIKEHHSI BIUIMBY MYJIbTUIIAKTOPHUX SIBUI Ha CTIMKICTb
crabutizoBanux BY wanpyr 1 momiB H-pesonaropa. B pobGorax [4, 17, 7, 20],
3100yBay mpuiiMaB Oe3nocepeHio ydacTh y BuOopy mognenu [II, myHTOBaHOrO
onnopom BE mynbrunakiii Ry, y ckiani Bimomoi BU cuctemu nammnoBoro Tpiona i
OJIMHOKOTO PE30HAHCHOTO KOHTYPY. [ Takoi cuctemMu, 3 mapaieibHO MiAKIIOUYEHUM
onopoM Ry, Oynu Bu3HaueHi 3aranbHi Bupasu BU-HBY nanpyr 1 mosiB Ta KpyroBoi
4acTOTH KOJIMBaHb. 3700yBau TEOPETUUYHO PO3TIsiHYB eHeprii enekTpoHiB BEE, o
MHOXAaTbCsSI MDK MapalieIbHUMU eleKTpojiamu, y miBnepionax ¢ga3 BYU momis. Y
poboti [5, 18] — roryBaB 1 OpaB ywacTb y HOCHIPKEHHI METOJY KEpyBaHHS
MynbTUNIakTOpHUMHU siBUIamu y JIIII, y pi3Hux pexkxumax po6otu HoBoi BY cucremu.
VY pobori [6, 19] — 3100yBau 6paB yuacts y po3poOui BYU cucremu, ais 30y KeHHS
BY nanpyr 1 nojiiB y 2-0X pe30HaTOPHOMY MPUCKOPIOBayl, 110 cTBOproeThest y HHIJ
X®DTI. Y pobori [8, 21] — OpaB yuacts y gocaimkeHHi po3sutky BE pospsais y JIIII,
30yKxyBaHoro HoBoro BY cucremoro, mpu BUHMKHEHH] Ha niepudepii pezonatopa BU
pO3psiy, IPOBOKYIOUM MYJBTUIIAKTOPHI SBUIA MK TOPLSAMH TpyOok. Y pobOoTax
[9, 10] — 3mo0yBau OpaB ywacTb y poO3poOIll HOBUX KOHCTPYKII €JIIeMEHTIB
perymtoBanHs napametpis JIIII, ne BiacyTHs iX mapanenbHICTh 3 MOBEPXHIMHU OyAb
AKUX WOTO €NEeKTPOIIB Ta UUIIHIPUIHUX CTIHOK. Y poOoTi [11] 3100yBau ananizyBan
Meroqu BY mnpurniuenHss mnapazutHux BE pospsais y JIII, ta odopmienHi
aBTOPCHKOTO CBITUEHHSA — MateHty. Y po6orti [12, 14] — 3m00yBau OpaB ydacTh y
JOCIIIJIPKEHHSIX BIUIMBIB MYJIbTUIAKTOPHUX SIBUII MPU PI3HUX HANpPYyrax pe3oHaTopa,
30y/UKYBAaHOTO SIK CTaHJAAPTHUM TeHepaTopoM, Tak 1 HoBoro BY cucrtemoro. Y
poborax [13, 15, 16] 3m00yBau OpaB y4acTb y JOCIKEHHAX BIUIUBY MYJbTUIIAKTOPHUX
aBull Ha noyatky BY TpeHnyBaHHs pe3oHatopa, y pexumi podotu 11K 3 Oyap sikum
oxauMm I133, Tak 1 HoBoro BU cucremoro.

Anpobanisi pe3yabtatiB aucepramii. OCHOBHI pe3ylbTaTH IUCEPTALIMHOT
poboTH Oynu mMOpencTaBi€HI 1 OTPUMAIM MO3UTUBHUM BIATYK HAa MIDKHAPOJIHUX
KoH(pepeHIIisix Ta ceminapax: XII Bcecoro3HOM ceMuHape MO JIMHEHHBIM YCKOPUTEISIM
3apspkeHHbIX dacTul, @TU MADSII CCCP u XI'Y umenu A.M. I'opbkoro, T. XapbKOB,
1991 r. [14]; TpuHaguaTOM COBEIIAHMU MO YCKOPHUTENSIM 3apSHKCHHUX YaCTHII,



r. dyona, 1992 r. [15]; XIV coBemanuu mno JUHEHUHBIM YCKOPUTESM 3apsKEHHUX
yactull. T. [IporBuno, 1994 r. [16]; XIX MexayHapOoIHBII CEMUHAP MO YCKOPUTEISIM
3apsLKeHHBIX yacTull, . Anymta, 2005 1. [17]; VI kondepennum no Gpusnke BHICOKUX
sHepruil, sipepHoit ¢pusnke u ycxkopurensim, XOTHU u UOBD u A, r. Xapkos, 2008 r.
[18]; XXI MexayHapoAHbIH CEMHHApP MO YCKOPHUTENSM 3apsiKECHHBIX YacCTHII,
r. Anymra, Xapekos, 2009 r. [19]; XXIII MexayHapOoaHblil CEMUHAP MO YCKOPUTEISIM
3apsKEHHBIX YacTull, T. Anymra, Xapekos, 2013 r. [20, 21].

Iyoaikamii. 3a Temow aucepraiiifiHoi poOOTH oOmyOnikoBaHO &8 cTaTed y
crierianizoBaHux (paxoBUX HAYKOBUX BHUJIAHHAX YKpainu [1-8], 1110 3a10BOJBHSIOTH
Bumoram JIAK MOH Vkpainu no nyOmikaifiif, Ha SIKMX IPYHTY€TbCS JTUCEpTallis,
2 aBropcekux cBigontsa [9, 10], 1 marenti [11], 2 crarTi [7, 8], onmyOnikoBaHi B
CIeIiaTi30BaHUX  HAYKOBUX BHJAHHAX, SKI  BKIOYEHI O MIKHApPOIHUX
HaykoMeTpuuHHuX 0a3 Scopus, 10 momoBijei Ta T€3 HA MDKHAPOJHUX CEMiHApax Ta
Hapanax [12-21].

Crpykrypa aucepramii. Jlucepranis cKiIafaeTbecsl 31 BCTYIY, IT'SITH PO3JILIIB
OCHOBHOTO TEKCTy 3 26 MamioHKaMH Ta | TaOiMiler0, BUCHOBKIB Ta MEpENiKy
BUKOPUCTAHUX JiTepaTypHux kepen 3 106 naliMenyBanb Ta goaatky. OO0’em
aucepTanii ckiagae 138 CTOPIHOK, 3 HUX CIHMCOK BUKOPUCTAHUX JIKepen 3aiMae
11 cropiHoK, 3 CTOpiIHKHU 3aiiMa€e JOAATOK.

OCHOBHUMH 3MICT JUCEPTAIII

Y Beryni 00TpYHTOBAHO aKTyallbHICTh TEMH JMCEpTallii, MOKa3aHO 3B’SI30K
JaHO1 poOOTH 3 HAYKOBUMHU MpOorpamMaMu, IJIaHaMH, TEMaMH, BUBHAUYEH1 METa 1 3a/1a4l
pobotu. HaBeneHi OCHOBHI HAyKOB1 pe3yibTaTH, MOKa3aHa HAayKOBa HOBHM3HA 1
MOMJIUBICTh 1X TMPAKTUYHOIO 3acCTOCyBaHHS. BigoOpakeHO OCOOHCTHII BHECOK
3100yBaya B OIyOJIIKOBAaHUX, Pa30M 31 CITIBABTOPAMH, HAYKOBHUX Mpalsix,Ta anpoOailio
pPE3yJbTaTIB, OMUCAHO CTPYKTYPY Ta OOCAT THUCEpTaliitHOT poOOTH.

Hepumit  po3gin  «30ymxkenHss BY Hanpyr 1 mouaiB y JIiHIHHHX
NPUCKOPIOBAaYaX iOHIB Ta MeTOAM NPHUIHIYeHHA MHO:KeHHs1 eeKTpPpoHiB BEE
MiK MapaJjieJIbHUMH TOPUSAME TPYOOK Apeiipy» € orisgom JTepaTypHUX JaHUX 3
OCHOBHUX TPOIECIB BHUKPHUBICHHS pPOOOTH PE30HAHCHOTO MPUCKOpPIOBaYa 3
MYJIbTUIAKTOPHUMH 3110HOCTSIMU €JEKTpOJiB, npu miakiodeHHi BY mxkepena, 3
ypaxyBaHHSIM SKUX c(hOpMOBaHO 3arajibH1 BUMoru 10 BY cuctemu 31 crabunizaii€ero
30ymxyBanux BY nomnis, y JITII 3 kopucHUMH TOPUSMH TPYOOK.

Ha ocHOBi mpoBeaeHOro aHaii3dy 3alnpoNOHOBAHO Psijl CHELiaibHUX 3aBJaHb,
o0 MOXYTh OyTH BUKOPUCTAaHI MpHU €KcIulyaTaiii npuckoptroBaua MIIIIIA-3. 3
ypaxyBaHHSIM BUMOT, TMOB’A3aHUX 31 3MEHIIECHHSIM aKTUBHUX BUTpAT y PE30HATOPI,
OoOyMOBJIEHHMX yMOBaMH ICHYBaHHS MHOXeHUX enekTpoHiB BEE wmix Topisimu
TpyOOK nperidy, 6yno Bubpano BU cucteMy, Ae miCHIIOBAIBHUN KaHAN 3’€IHAHUIN
2-Ma HE3AJIe)KHUMH ITO3UTUBHUMH 3BOPOTHUMU 3B’SI3KAMH " 3 H-pesonaropowm JIIII ta
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Jlo6308 JI.JI. BeicokouactotHblit aBToreneparop / JI.J1. JIo63o8, FO.I1. Mazanos, H.I" Ilynuxka //
ITarent SU Nel1700783 Al. BU Ne47. 1991. C. 239.



¢dinepom. Takoxk BUBYEHI BIIOMI EKCIEPUMEHTAIbHI METOAM MPUTHIYEHHS
MYJIBTUIIAKTOPHUX SIBUII MK TopusmMu Tpyook apendy y JIII 1 3po6iaeHo BUCHOBOK
10 YC1 BOHH MaJIO €(PEKTUBHI.

Marepianu 1poro po3auty omyomiaikoBati y [9, 10].

Apyruii po3ain «BmiMB MYJbTHNAKTOPHUX MHpoueciB i po3psiaiB Ha
napaMetrpu pe3oHaHcHoro JIIID» MicTUTh omuc: €KCHEPUMEHTAIBHOIO CTEHAY Ha
06a31 H-pezonatopa mpuckoproBaua MJIIIJ[-3 1 miarHOCTHYHOTO OOJIATHAHHS, SKE
OyJ10, BUTOTOBJICHO T4 BUKOPUCTAHO MPU BUKOHAHHI JUCEPTAI[IMHOI pOOOTH.

2
ﬁ:
i
&
L
Puc. 1. biok-cxema HoBoi BY cucrtemu JIIII 3 Puc. 2. Imnynecu Hanpyr
2-Ma He3aJe)KHUMH IMO3UTUBHUMU 3BOPOTHUMHU  YacCTOTHOTO 3MimryBaya Uysy,
3B’SI3KaMHM 3 PE30HATOPOM 1 iIepoM Ta miciast ~11 xBunun BY tpenyBaHHs

KOHTPOJIbHO-BUMIipIOBanbHOMO anapatypoto  JIIII, y pexumi 1K 3 oguum 1133P

Ha puc.1 npencraBieHo ekciepuMeHTalbHUN CTeH npuckoproada MJIII/-3
3 HOBOIO BU cucremoro. B ocnoBi BU cucremu € I1K, 3’egnanmii 2-ma He3ane:)KHUMUA
133, 1o mpairoroTh Ha pe3oHaTop P mpuckoproBaya 3 BUCOKUMHM €JIEKTPOAMHAMIYHUMU
napaMmerpamu: pobouoro yactororw =~ 100 MI'1, BracHow noopotaictio Oy =~ 5000,
TUMy KonuBaHb — 1. EneMmentu Hesanexuux [133, 4 1 8§ BcTaHOBIIEH]I Y BAKyyMHOMY
pe30HATOp1 1 y MOBITPAHOMY KoakcianbHOMY ¢inepi 18. BU mocToBe obnagHanHs 9,
3abe3mneuye mijcymoByBaHHsa Hanpyr 2-x [133 Ta nepenauy ix na Bxin [1K.

Ha puc. 2(a-6) mokazaHo BIUIMB MYJbTHUINAKTOPHUX PO3PSIIB Ha CTIAKICTb
napametpis MIJIII/I-3, 30ymkyBanoro 11K 3 onnum 1133 3 pesonatopom (I133P). V
IbOMY PpEXHMI, NpU BHUHUKHEHHI BKa3aHUX po3psAniB, iMmyiabcu BY Hampyr
pe3oHaTopa HE MOXYTb OYTH 3apeecTpoBaHl, OCKUIbKM 30IraloThCsi 3 JIHIEIO
po3ropTaHHs mpoMmeHsi ocuuiorpada. OaHak BHUIAUICHHS HYJIbOBUX «OUTTIB» Ha
novarky (26) ta y nopanbliui yactuHi (26) immyibcy BY Hampyru 4acTOTHOTO
3minryBaya Uysyy, JO3BOJUIIO BUMIPSATH 3HAYEHHS 2-X 4acToT f; = 98,226 MI'1 ta
f> = 98,196 MI', npu pe3onancHiit yactoti JIIII fpgz = 98,146 MI'. T.4., cTtano



3po3yminio, 1mo pe3oHancHa yacrorta JIIII, 30ymxyBanoro IIK, 3’egnanoro I133 3
PE30HATOPOM, 3aJIEKUTh Bl IHTEHCUBHOCTI CTpyMiB enekTpoHiB BEE.

Ha puc. 3(a-e) HaBeneHi ocuuiaorpaMu, IO XapaKTEPU3YIOTh BUKPUBIICHHS
imnynsciB BU Hampyr pesonatopa Upps Ta BU Hanpyr mapgatounx xBuib Unag Y
¢binepi, npu mnapazutHux pospsgax y JIII, 30ymkysanoro IIK 3 ognum I133 3
binepom (I133D), siki TakOXK 3anexkaTh BijJl IHTEHCUBHOCTI CTpyMiB enekTpoHiB BEE.
OpnouacHi 3puBu Ha BY immynscax Upps 1 Upay, Ha HpoTsA3l iX TPUBAIOCTI
J03BOJISIIOTH YTBEPAXKYBATH, 1110 1 1ieit meton BY 30ymxenns JII1I, He € cTifikuM.

o e e e A
T Puc. 3. Bukpusnenns immnynscis BU manpyr
I - pe3oHaTopa 1 magaroyux XBWIb ¢iaepa, e
- ;i ; THIHHUA TPUCKOPIOBAY 10HIB 30YIKY€ETHCS
R p— I1K 3 1133 3 dpinepom, Ha nouatky BYU
S gt S S et e TpeHyBaHHs TPYOOK Jipeidy, 3a0pyTHEHUX
i ki e arMoc(epHUMH Ta3aMu

Ha puc. 4(a-2¢) HaBeneH1 ociuiorpaMu 3puBiB IMIOYJbCIiB cTiikux BY Hanpyr
Upgs 1 3aranbaux ctpymiB BEE Igpg 3 TOpIIiB nepeocTaHHIX 3a30piB MK TpyOKaMu
npeitdpy npuckoproBaua MIJIIJ-3, 30ymxyBanoro HoBoro BY cucremoro (IIK 3
[133P+1133®). Ile BinOyBaeThcsi B yMOBax He 3aBepiieHoro BU TpeHyBaHHS TOPIIIB
TpyOOoK npeiidy 1 inmux nosepxons JIIII, konu BEE BnactuBocti ix matepiany, K 1
6y Ib-SIKOTO CIEKTPOHHOTO eMiTepa’, Ie He CTAIN BIACHHMH.

f—h | a
‘ \i(:j:dg Puc. 4 (a-r) OcuunorpaMu 3puBiB

- }f’“ HOpMabHUX QopM immynbciB BU
= : 5 Harpyr peszoHatopa Upgs (BepxHi) i
' - Rt ctpymiB BEE /Iggg (HUXHI) 3
IS ‘h { - napajieibHUX TOPIIB NEPEAOCTAaHHIX
; A i 3a30piB MK TpyOKamu npeidy
- S IPUCKOpPIOBaya 10HiIB, 30y )KyBaHOTO
- = HOBOIO BU cucTeMo10, Ha 3aBepIuabHiii
, s ctaaii BY TpenyBaHHS.
- =

1 Tt

Ha puc. 4(6) mu yb6auaemo, mo npu cnaai imnyiascy BU Hanpyru pesonatopa
70 HallMEHIIUX 3HauyeHb, eaekTpoHu BEE Mix mapanenbHUMM €eKTpOoJiaMH, MaloTh
YMOBH 1HTEHCUBHOIO MHO€HHs1. Lle miaTBep/rkye, 1o MHOKeHHS enekTpoHiB BEE 3
napajieIbHUX €JEKTPOJIB PE30HAHCHOTO MPHUCKOpPIOBaya, MPU HAPOCTAHHI Ta CHaIy
BY nanpyr 1 nomiB, 371HCHIOETHCA NMPHU 1X HAUMEHIINX 3HAYEHHSX.

AitHOyn M.P. BTopu4HO-31EKTpOHHbIE YMHOXHUTEIH OTKPBITOTO THIA M UX MPUMEHEHUE /
M.P. AiinGyn, b.B. ITonenoB. — M.: «Queprouznar», 1967. — 138 c.



Ha puc. 5 (BepxHs mapa) HaBelleHiI IMIyJibcu cTabutizoBanux BY nHanpyr
pe3onaropa Upgs, 30yxyBaHoro HoBoo BU cuctemoro 1 mOBHUX CTPyMiB /[ggg, 110
peectpytoTbesa Ha Buxoi JITII nudposum ocrunorpadoM BUCOKOT Uy TIUBOCTI.

Tek Ju MPos: 202008 SAVE/REC
Sond Puc. 5. Imnynscu HOpMansHuX popm BU

Harnpyr pe3oHaropa Upgs (HMXKHI1) 1 TOBHUX
ctpymiB BEE /Iggg (BepxHi).

o BepxHi: [ggg — IMITYJIbC TOBHOTO CTPYMy BEE;
| e Iviy s — MYJIBTUIIAKTOPHI CTPYMHU €JIEKTPOHIB
AU S s 2w HalMEHIINX eHeprii; Lv — BE ctpymn
Tek Ju M Pos: 202.0,u5 SAVE/REC :
_ gy smiteHHs (dUpgs/dt).
HwuxHi: — iMOynbc HOBHOTO CTPYyMY [pgg Ta
PRINT .
) CTPYMH 3MIILEHHS [3Mmpy, 11O IPOXOIATE YEpeE3

Select
Folder

QIIOMIHIEBY MILIEHb, TOBILIUHU 5 MK.
i MynbTUIAKTOPHI CTPYMU I\iy 1T, HA GPOHTAX
Save A . . . .
—— exvs 7 2100 iMysibey Upgs, MOTTMHYTI Y MILIEHI.

5-0c1-06 1352 <T0Hz

[Tpu iboMy y ckiIa1 TOBHOTO IMIYJIbCY /pgg, IPUCYTHI TaKl YaACTKOBI CTPYMU:

— MmysnbTunakTopHi ctpymu BEE Iyyjpt, 110 BUHHKAIOTh IPU KOPOTKOYACHOMY
MHOEHHI Ta 3MEHIIICHHS €JIEKTPOHIB HAMEHIIUX €HEpriid, Ha MOYaTKy MepeHbOTO
Ta y KiHIll 3aJIHbOr0 QPpoHTiB iMiyabcy BY nanpyru Upgs;

—BE crpymu 3MimeHHS I3y, IO YTBOPIOIOTBCS Ha MPOTSA31 NOBHHUX
nepeHbOro Ta 3aAHL0ro ppouTiB iMNynbcy BU Hanpyru Upgs;

— BE cTpymu enekTpoHIB OUIBLIMX €HEPriid, M0 BUHHUKAIOTH BIAMOBIAHO 10
iMnysbciB MakcumanbHux BY nanpyr Upgs.

Yitki popmu BE cTpymiB Ha NOBHOMY IMMyNbCy Ipgg, MPU HAMMEHIIUX
Harpyrax Upgs, Ta Ha WOr0 MOBHUX 3HAYEHHSX (BEPXH1), COPUSIIM BUKOPUCTAHHIO
MeTony Bumipy eHepriii enexktponiB BEE, 3a momomororo metaneBux MilIeHId, sKi
BcTaHoBmoBauch Ha Buxoai 3 JIIII, momepeny L®. Ha puc.5 (HuxkHi), npu
crabutizamii iMnynbciB BU Hanpyr pezonatopa Upgs, TOKa3aHO 3MIHEHHS 3HAYEHb
noBHUX cTpyMiB BEE Iggg, 1110 NPOXOJATh Kpi3b aJtOMIHIEBY MIIIEHb, a €JICKTPOHU
HaMEHIINX eHepriii Iyyjpr, MOBHICTIO MOTJMHYTI B MIII€HI, TOBIIMHU SMKM.
Bignosizno Ha 20% 3MEHIIMINCH 1 CTPYMU 3MIIIEHHS 3y Ta IOBHUX CTPYMIB Ipgg
€JICKTPOHIB BEIMKUX eHeprid. ToOTo, 0JHOYACHO BUMIPSIHI IMITYJIbCH CTAO1II30BaHUX
BY wnanpyr Upgz 1 moBHUX cTpyMiB eiekTpoHiB BEE [Iggg, BU3HAuawTh, 10
MHOXEHHS €JIEKTPOHIB HAUMEHIIINX €HEPriid, MK TOPISIMUA TPYOOK, IPUITUHEHO.

Marepianu uporo po3auly omnyoiikoBaHi B poborax [3, 12—-13, 15-16].

Y TperboMy po3aini «MyJbTHIAKTOPHI mpoumecH i Ppo3psiam Mix
eJIEKTPOIaMHU NMPUCKOPIOBAJIBLHUX 3a30piB Ta Ha nepudepii JIIID» npeacrasneni
pe3yabTaT Tpyooro BUKpUBIEHHS poOoTH npuckoproBaua MJITIJI-3, 30ymxyBaHOrO
HOBOI0O BY cucremMoro, mpu ILITYy4YHOMY BUHUKHEHHI Ha mnepudepli pe3zoHaTopa
Mapa3uTHOTO PO3PsAY, IO M MPOBOKYE MYJIBTUIIAKTOPHI MPOIECH 1 PO3PSIAU B yCiX
MPUCKOPIOBAIBHUX 33a30paX.

Ha puc. 6 npeacraBneni BUkpuBieHHs iMnyibciB BU nHanpyr pezonaropa Upgs
1 ctpymiB enekTpoHiB BEE Iggp, mo Buxonsts 3 JIII, 30ymkyBanoro HoBoro BY
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CHUCTEMOI0 1 HOpPMajJbHO TMPAILIOIOUYOro Ha MPOTA31 JOBrOTPUBANIONO Hacy, OyIo
BUSIBJICHO Ha 4eproBoi poOo4oi 3minu iloro BYU TpenyBaHHs.

TS T E R S 3 , i P 00 ca SN N I T Ll

Puc. 6. Buxpusnenns imnynscis BU
Harpyr Upgs (HUKH1) 1 HOBHUX CTPYMIB
BEE Iggg (BepxHi) y 12-x ocumiiorpamax

napasutHux BE nponecis y By3bkiil

i Ha nepudepii JIII, mo
MPOBOKYIOTH po3BUTOK BE po3psiiB mMixk
TOPLISIMHU MEPLIOTO 3a30py HAMMEHILO]
nosxuHu, Ta BE nporeciB B 3a30pax
oinbIoi noBxkuuu (11:54-12:08)

LT Eal
A8 <l

[Tpu npoMy y mepiimx NprUCKOPIOBAILHUX 3a30pax Ta Ha nepudepii pezoHaTopa,
CIIOCTEPIraJIoch, Kpi3b OIJISANOBI BiKHA, CBITIO Big 000x po3psaniB. LlikaBo Oymo
3HATH, a K MPHU LIbOMY BUKPUBIIOIOTHCS iMmylbcu BY Hanpyr pezonaropa Upgps Ta
peanpHux cTtpyMiB BEE [/lggg. 3 MeTol0 BUBYEHHS 110 BiAOyBa€eThCs, Oyiu
3apeectpoBaHo 12 (puc. 6) mapuux imnynbciB BYU nHanpyr Upgs 1 MOBHUX CTPYMIB
BEE Iggg, Ha npotsasi 15 xsunun BY TpenyBanns (11:54-12:08). Ha mouatky BU
TpenyBanHs (ocu. 1-4, 11:54-11:57), npu maitxke cranoi podotu HoBoi BU cucremu
MPUCKOpIOBaya, BUKpUBIEHHS iMmynbciB BU nampyr Upgs 1 noBHux ctpyMiB BEE
Igpg Oynu 30BCiM He3HAYHI. AJle HACTYIHI BUKpUBJIEHHS iMITylbciB BU Hanpyr Upgs 1
noBHuX cTpyMiB BEE Iggg € nmocuts rpyommu (ocm. 5-8, 11:58—12:03). Tobro,
HAsIBHICTh MYJBTUIIAKTOPHUX CIUIECKIB Iyyjpr, HA MOYATKY iMIybCiB BU Hanpyr Upgs
(oct. 6, 7), ykazye Ha Te, IO iX MHOXKCHHS 1 NMPUTHIYCHHS BIIOYBAE€ThCS Maike
HopMabHO. [Ipu noganeiomy cnaai BU Hanpyr, 00yMOBiIEHOMY IMOBIpHUM PO3BUTKOM
po3psiny Ha nepudepii, BiizHadaeTbes 30utbieHHs ctpymiB BEE, mo Buxonsts 3 JIIII.

Hampukinui BY tpenyBanus (ocu. 9-12, 12:04-12:08), cnoctepiratorbes
ciadki cripodu HapocTaHHs iMnyJibeiB BU Hanpyr Upgs. [Ipu 11poMy MynbTHIIAKTOPHI
CTpyMH Iyiyjipr, Ha IMITYJIBCI MOBHOTO CTPYMY Ipgg 30BCIM BiACYTHI. A TpOTSIroM
3anHboro (¢ponty BY imnynbcy Upgs, YTBOPIOIOTHCS 3HAUHI CTPYMH €JIEKTPOHIB
BEE, 1m0 MHOXaTbCH.

Takum ynHOM, MHOXEHHs enekTpoHiB BEE y By3bkill miunau Ha nepudepii
H-pe3onaTtopa, Ta MK TOPISIMU TPYOOK, MOXKYTh BBa)KaTHCS 1ICHTUYHUMU SIBUILIAMH,
o norpedye NpUUHATTS Mip 3 JIKBIAyBaHHS Napa3uTHOI MIUIMHU Ha nepudepii
npuckoproBaibHoro H-pesonaropa.

Marepianu uporo po3auly omnyoiaikoBaHi B poborax [8, 21].
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Y derBeproMy po3aili «BTOPHMHHO-eJIEKTPOHHA €MicCisl eJIEKTPOHIB 3
€JICKTPOAIB, HA SIKi MAJalTh €JeKTPOHU PI3HUX eHeprii, 3700yTHX y MOJAX
nocTtiiiHux a6o BY qkepesn» po3risiiatoTbesl pi3HI 3HAYEHHSI €HEPriid €JeKTPOHIB,
10 MONEPEAHBO 3100YBAIOTHCS Y MOBUIBHO 3MIHHUX €JIEKTPUYHUX MOISAX MEPBUHHOT
€JIEKTPOHHO1 rapMatu abo y 3minHux BY nossix.

Sk Bimomo® (puc. 7) ocHOBHOW0 xapaktepucTtukoro BEE 3 wmimeni, mo
3HAXOAUTHCS IMIJ 1€ EJEeKTPUYHOro IOTEHLIaly, Ha SKy MaJalTh IEPBUHHI
eJeKTpOHU 3 eHeprisiMmu W, e 3anexHicth 1 koedimienta BEE & Bim ix eHepriid.
[loBibHA 3MiHA e€Hepriid enexkTpoHiB Bin W, no W,, nomnepenHbO BHU3HAYAE il
koedinient BEE (0), sixk 6(W) > 1. Ilpu eneprisix enektpoHiB W < W, 1 W > W,,
koediuieHT BEE 11i€i % MilieHi nonepenHbo BU3HAYA€ThCs, sIK O( W) < 1.

Ha puc. 8, ans TeopeTHYHOro po3MsiAy 3HAUY€Hb MOTEHIIMHUX EHeprii
enextpoHiB BEE y onnopinnux BY enextpuunux nossx, npeacrasieHa mojaens JI1,
y ckiany Bimomoi BY cucteMu OAMHOKOTO PE30HAHCHOTO KOHTYpY 1 Tpioga. Tyt
KOHTYp 3 JIMHaMI4HOIO A00poTHICTIO O >> 1 € mkepenom BY nampyr, 30yaKyBaHUX
y OPK, ytBoproroun Mix enektpogamu JIII emxocti Cyx enexkTpuuHi mons E,
HapOCTAIOUMX 3 HAMMEHIINX 3HaY€Hb 32 3aKOHAMH €KCIIOHEHTH.

- 2
8 I
11 | Ru Ci
. Y |
| | =] we
| | -
: ! : L
0 W W, Woon 1:
. 2
Puc. 7. 3anexnicts koedirientra BEE Puc. 8. BU cucrema o1uHOKOTO
MiIIeH1 O, 10 3HAXOAUTHCS T J1€F0 pe3oHancHoro KoHTypy (Lk, Ck, Rg) 3
MOTEHIIIATY HE3aJIEKHOTO MOCTIIHOTO TpioaoMm (S, Rj) i€ eNeKTPOIU EMKOCTI
JUKEpena, Ha SIKy MONEePEeAHbO NMaal0Th Cx, po3TaIlloBaHUX Ha BIJCTaHI d, €
€JIEKTPOHHM 3 PI3HUMHU eHeprisiMu W, 1o emitepamu enekTpoHiB BEE,
3MIHIOIOTHCS 3 HAMMEHIINX 3HAYEHb, BuTpavatoun BY eHeprito, ik akTUBHUM
MOTEHII1aJIJaMU TEPBUHHOI €JIEKTPOHHO1 onopoM BE mynbrunmaxiiii Ry, 1o
rapmMaTi MITKJIIOYAETHCSA IO KOHTYPY

[Ipu 1poMy 3MiHHI 3HAUEHHSI €HEPriid €JIEKTPOHIB, 110 E€MITYIOTh 3 OJIHOTO
enexktpoaa Il 3 Oirom (a3 miBmepiony, Ta MaJar0YuX Ha JPYTUUA €JIEKTPOJ,
TIOTIEPEIHRO 3a0e3MeUyI0Th 30y/PKEHUN CTaH MOTO eJIeKTPOHAM, YHUCIIO SKUX OUIbIIe
HDK Majaroyux. Y d4aci, MOpoTSAroM Oe3nepepBHUX MIBOEPIOAIB, 3 KOXKHOIO 3
enextpoaiB JI1, yTBoproeTbcsl mapanienbHe MIAKIIOUYEHHS JO0 HOTO 3MIHHOIO OMOpPY
BE mynbprunakiii Ry. [Ipu ubomy Bupaxkenus ais Hapoctatounx BU-HBY nanpyr

 Bpoumreitn .M., ®paiiman 5.C. Bropuunas snekrponHas smuccus // M.

N3narensctBO «Hayka». 1969. 407 c.
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Uk(f) Ta xpyroBoi yactotu konuBanb @ y OPK, 3 nmomaTkoBo MiAKIIOUYEHUM
AKTUBHHM OIIOPOM Ry;’, MOXyTh GYTH 3amucaHi sK,

;b{[{n.@%@_l}t
Ux®=U, e % 5 R -sin( ot +9), (1)
1 Rep Rep .|
l-— | K - K ——EP_TEP 4 , 2
O 0 4Q§|: I 33 Rn RM :| ()

3 popmynu (1) BUIUIMBaE, IO BUPAXKEHHS Yy KBaJIpaTHUX IYXKKAaX MHOMXKHHUKA
€KCIIOHEHTH MOJKE XapaKTepHu3yBaTH sk HapocTaHHs BY Hampyr y KOHTYpI, Tak 1 iX
cnafa. [Ipu npomy nmapamerpu BuxigHux Hanpyr BY cuctemu, npukinanennx no 11,
MOBHICTIO 3aJie’KaTh BiJ 3MIHHUX 3Ha4€Hb Ry 1 XapaKTEepPUCTUK EJIIEMEHTIB, W10
BU3HAYAIOTh AUHAMIYHY JOOPOTHICTH KOHTYPY sIK O = Q¢ / (1 + Rgp / Ryy).

3 dopmynu (2) myig 4YACTOTH TaKOX OUYEBUAHO, IO JUISI PE30HATOPHUX
CTPYKTYp 3 BUCOKMMU 3HAUYCHHSIMU TUHAMIYHOI AJO0OpOTHOCTI O, nipu Ry < oo, 3MiHA
YaCTOTH BJIACHUX KOJMBAaHb, HE3HAYHA.

Eneprii enextponiB BEE, npu B3aemonii 3 BU-HBY enexrpuunumu noasiMu
CYBODO 3aJ1aHOT TPHBAIOCT] MIBIEPIOAIB, 110 HAPOCTAIOTH 32 3aKOHAMH CKCIIOHCHTH
BU3HAYMMO 3a JIONIOMOIOI0 PIBHSIHHSL PyXY €JNEKTPOHIB B EIEKTPUYHHUX MOJAX, Y
dhopmi HototoHa’, K

2
m g—; e-Ee™ -sin(ot+¢), (3)
dt

7€ X BIIJIYYETbCA BIJ €JIEKTPOAa, 3 SKOro eMiTyloTh enekTpoHu BEE,
MPOXOAATh PI3HI 3HAYEHHS PI3HUIL MOTEHIANIB Ta Nagal0Th Ha JAPYyrui, a
koeinieHT oF /20 1 O0=0,/[K,-K,—Rgp /R, —Rgp / Ry —1], 1pnm
K. K,y /Rgp — 1/R; — 1/Rgp > 1/Ry; Eyp — moYaTKoOBa HaIpyKEHICTh HAPOCTAIOUOTo
nosst Mk ekTpogamu 11, mo 3MiHIOETBCS Y Yaci; ¢ — moyaTkoBa (asza.

[aterpytoun piBHsiHHA (3) mBiui'’, Wit DOBXUHK NUIAXYy TEepeMillleHHs
enextpoHiB BEE onepxyemo,

e E ot - . e E )
x=—-—HL o™ gin(wfr+@—2y)—sin(o—2y); + ———E—sin(o—-v)-t (4
m(aﬁmz){ (ot +0=2y)—sin(0—2y)| oo (0-7v)t (4)

ne y = arctgw/o,; — KyT, oOymoBineHuid BuHukHeHHs M BEE. Jlns cTpykryp 3
BHCOKOIO T0OpOTHICTIO (Q) >> 1), vy — 90°. Bupakarouu nMpoxoKEHHS €IEeKTPOHAMHU

7 Mecsues ILII. Kypc pammorexunku / ILIT. Mecsmes, H.C. Jiummn. — M.: YUITEJTU3.
1960. — 242 c.

¥ Hatch A.J. The Secondary Electron Resonance Mechanism of Low-Pressure High Frequency
Gas Breakdown / A.J. Hatch and H.B. Williams. // J. Appl. Phys. 1954. Vol. 25. P. 417.

?  Kenbman B.M. OnexkrpoHHas ontuka (n3ganue Bropoe) / B.M. Keneman, C.5. SABop. M.-JL.:
«M3narensctBo Akanemun Hayk CCCPy». 1963. —362 c.

10" Npaitt I'b. TaGmuIel HHTErpanoB U Apyrue Maremarmdeckue Gopmyist / [B. JlBaiit. — M.:
«Hayka»,1973. — 88 c.
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pI3H1 pi3HUILl NOTEeHI1aliB MK enekTtpoaamu [II, yepe3 3nauenus nanpyr Uyy, K
Uwm = d'Eyy 1 BUXOASYM 13 TPAHUYHUX YMOB JUIsl YCIX eleKTpoHiB (mpu ¢ = 0, ix
koopauHatu x =0, a ipu ¢ = T/2, iX koopauHaTH X = d) Ta BIJOMHUX CIiBBITHOILIEHHSIX
i napameTpiB AC, y KiHII MIBIEPIOAY Yepe3 AuHaMIuHy 100poTHICTh O (ot = 1/20;
/oy, = 2Q; v = arctgw/o,, = arctg2Q), nus d oiepKyeEMo

T
. ) 1+e¢ ) ) 5
sm(arctg Q—(p)+ﬁsm( arctg Q—(p) . (5
1+ —
20

[To3nauaroum crmiBBiHOIIEHHS Yy (irypHux ayxkax sk G(o, Q), olepKyemMo
aHAJTITUYHE BUPAXKEHHS, LI0 3B’sI3y€ OCHOBHI mapameTpu enekTpoHiB BEE, ski
nepeMIIyOThCs 3 oJHoro enekrpoaa Il na npyruii, y miBnepiogax BY namnpyr

U, G(9,0) m(wd)’. (6)

Ockuibku OpoMiKOK d Mixk enexktpogamu [II € nilicHOIO BETWYUHOIO, a
aKTHBHI BUTPAaTH B KOJMBaJbHOMY KOHTYpPl XapaKTEepU3YIOThCS JIUHAMIYHOIO
nobpotHicTio O > 0, To 3a0e3MeUYeHHs] OTPUMAHOI PIBHOCTI MOXJIUBO TOJ1, KOJU
BupaxkeHHst G(¢, Q) > 0, TOOTO € MOTyJIEM CBOTO 3HAUEHHS.

Cnig 3a3HaunTH, MO BeIWYMHH eUy, € 3Ha4YCHHSMM IOTCHIIIWHUX EHEprii
MPUCKOPEHUX EJIEKTPOHIB, IO MPOXOSATh 3MIHHI PI3HUII MOTEHI[1aIB B MOTOYHUX
¢dazax ¢ miBnepioaiB BU nanpyr (Wnor = eUyy).

Tomy mo mnapamerp Il ®d mae po3MipHICTH MIBUIKOCTI, YCEpEIHEHOI

3a MiBIEPIof (wdz TO TYT JOPEYHO BBECTH B PO3IIAL 3HAYCHHSA

n——
1/2-T
2 . . . cee
Wxm = m(wd)’/2, 10 XapakTepusye MiHIMaJIbHE 3HAYEHHSI KIHETUYHOI €HEeprii s
BCIX €JIEKTPOHIB, IO AOJAIOTh OAHY 1 Ty X BIACTaHb d MK enekTpomamu JIII.

eU

HH

2
m(md) /2
3QJIKHICTh BIJHOCHUX TMOTEHI[IMHUX EHEPriil eNeKTpPOoHIB BiA (a3 ¢ MOTOYHOIO
MIBIIEPIOAY Yacy 1 JUHAMIYHOI TOOPOTHOCTI KOHTYDY,

(6(0.0))"| (7

Ha puc. 9 npencrasneni rpadiuni 3anexHocTi G1(¢), SKi BimoOpaxaroTh
3HAQYEeHHS! MOTEHIIMHUX €HEPrid MPUCKOPEHUX EJNEKTPOHIB, IO MEpPeAaloThCcs MpH
MaJlHHI €JIEKTPOHAM JPYroro elekTpoay, npotarom ¢a3 miBnepiogy ¢ (0—180°). B
YMOBaxX JUHAMIYHOI 10OPOTHOCTI KOHTYpY O >> 1, 11e MOoXke OyTH 3alHCaHO SIK,

VYBoJsAUM TaKOX Yy PO3MIISA iX BIAHOLIEHHS, K O] = , OHEPKYEMO

o, 2

(8)

c,(¢) ‘éﬂ /2-cos@+sin (p)_1 .
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A
| Puc. 9. I'padiumi 3a1€XHOCTI BiTHOCHHX
/ \ 3Ha4Y€Hb MOTEHI[IMHUX €HEeprii
: \ enexktponiB BEE Bix da3 (0-180°)
. / % HiBIEPiOy HATIPYT, IO HAPOCTAIOTH y
E foz E.fj{; =gl P moma) OPK, nomnepeaHp0 BU3HAYAIOYH
uﬂ . : i koedimieatnn BEE enextponis 11,
‘325 555 51225 (pﬂ Tip Q>> 1
029 20 40 B0 B0 100 120 140 160 180

Mana BiIMIHHICTh BIJHOCHUX 3HAa4€Hb MOTEHIIMHUX €HEPriid eIeKTPOHIB Yy
miama3oHi 0,536 < 67 < 0,636, 103BOJIsIE BBAXKATH 1X MaibKe OJHAKOBUMH. | He3aneKHO
B1JI TOTO, 0 SKUX 3HAYEHb 30UIBIIYIOTHCS iX €HEprii, y Io4aTkoBOMY 1HTepBail ¢a3
¢ (0-65°), xoedimientu BEE enekTpoaiB, Ha SKUM BOHU MaJal0Th, BU3HAYAIOTHCS 5K
Kggg >1, a B 3amumkoBux ¢azax ¢ (65°—-180°), sk Kggg < 1.

Posrnsin morenuiiinux enepriid enexktpoHiB BEE mpu ixuiit B3aemonii 3 BY
MOJISIMU, IO CHAJAl0Th, IMEHTHUYHO PO3MJISSHyTOMY BuUle BUnaaky. [lpu 1mpomy
PIBHSIHHS PyXY €JIEKTPOHIB TaKOXK MOke OyTu 3anucano y ¢opmi HeroToHa, sik

2
m % e-E e %" -sin(of+¢) 9)
ne koediuient cnany o= ©/20,a O=0,/(1+ Rgp / Ryy) — nunamiuna
TOOPOTHICTh KOHTYPY 3 MYJIbTUIIAKTOPHUMU BIACTUBOCTAMH €JIEKTPOIIB €MKOCTI Cy
(IT). Yci iHmi napaMeTpu aHaJOT1uHI BBEICHUM PaHIIIe TO3HAYCHHSIM.

[aTerpyroun Takoxx piBHsAHHS (8) ABIYl, 3 OOJIKOM 3raJlaHUX PaHIIIE TPAHUYHUX
yMOB 151 BCiX eaeKTpoHiB (ipu ¢ = 0, x = 0 1mpu ¢ = T/2, x = d), 10 1 BUIUNIMBAIOTh
3 CIIBBIIHOIICHHAMM IS ciaiatounx Hanpyr Ucy = d E¢py, 1 mTapaMeTpiB pe30HAHCHOTO
KOHTYpY, OOYMOBJEHHUX JHUHAMIYHOIO H0OpoTHIcTIO QO (ot = w/2Q; w/a. = 20;
vy = arctgw/o, = arctg2Q ta ipu Q > 10 3 7 — 90°), ay1st d onepxyemo,

T

20
sin(arctg2Q+(p)—He—lsin(ZarcthQ+(p). (10)
1+ —

20

[To3Havaroum BUpakeHHs y PIypHHUX TyXKax BeIU4nHOO D(@,0), y3s1TO1 1O
MOJYJIt0, Il TOTEHI[INHUX EHEprid eJNEeKTPOHIB, IO 3100yBalOThCS B MOMEHT
KOKHOI a3u ¢ 1 (pIKCOBAaHMX 3HAYEHHSX AUHAMIYHOI JTOOPOTHOCTI PE30HAHCHOTO

KOHTYPY (O, OZIEpKY€EMO,
Uy, [i@(0,.0 m(wd)’. (11)

VYBoasuM B pO3TJs] BIAHOIICHHS 3a3HAUYEHMX EHEPrid ENEeKTPOHIB Gy, fK
eU,,

—5—,3 (10), TakoXx SIK 1 B HAPOCTAIOUUX MOJISAX, OJEPKYEMO 3aTIEHKHOCTI
m(wd)™ /2

62:
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BIJIHOCHMX TOTEHIIMHUX €HEepriil enekTpoHiB BiAg (a3 miBmepiogy wyacy W
TO0OPOTHOCTI PE30HAHCHOTO KOHTYpPY (O,

o, 2f@(e.0)7 (12)
[Ipu quHamMiuHiil 1OOGpOTHOCTI KOHTYPY O >> 1, 11e MoXke OyTH 3amucaHo Sk,
S, () ‘@/2 -COS (P + sin(p)_l‘. (13)

I3 puc. 10 Buxoauth, mo eaekTpoHu 3 eHeprismu (0,536—0,636), mo maaarTh
Ha enektpoau JIl, monepenaro Bu3HavatoTh iX koedimieHTH BEE, sk Kggg > 1.

1.4
G2
1.2
1_
0.8 /

0.636 ]

06" At
0538 — T

0.4+

Puc. 10. I'padiuni 3a51€5kHOCTI BITHOCHUX
3Ha4Y€Hb MOTEHI[IMHUX €HEeprii
enextpoHiB BEE Bin a3 nmiBnepioniB
i BY-HBUY nanpyr i nosis, 10 cMajatTh y

\ OPK, nonepeanbo XxapakTepu3yrouu
koedinientu BEE enextpoais I, mpu
i 3HAYEHHSX ITUHAMIYHO1 JOOPOTHOCTI
1325 165 1225 P KoHTYpYy O >> 1

02020 40 B0 B0 100 120 140 160 180

3a Mexxamu Jiana3oHy 3a3HaueHux eHeprid Kggp < 1. OnHak, Ha BIAMIHY Bij
BE mporneciB, 1m0 BHUTpadarOTh EHEPril0 KOHTYpY IMpu HapoctanHi BY-HBY
konuBaHb, BE mponecu mpu iX crajgaHHi, HE BUHUKAIOTh MEHIIE HI)XHBO1 T'PaHUIIl
eHeprii eneKTpoHiB o, (¢) = 0,536.

Marepianu 1poro po3auy omny0iaikoBaHi B poborax [4, 7, 17, 20].

Y wm’atomy posnuti «KepyBaHHfI MYJbTHINAKTOPHBIMH MNpoLecaMM i
po3psinamu y pe3oHancHomy npuckopoBadi MJITI/I-3» npencraBieH1 ociuiorpaMu
imnyneciB BY Hanpyr pezonatopa Upgs, BUKPUBIEHUX MYJIbTUIIAKTOPHUMU MPOLIECAMHU
1 po3psaiaMu MK TpyOkamu Japeidy.

Ha puc. 12 (a-3) noka3zano ctyninuacte peryitoBanHsa BYU nanpyr pesonaropa
Upgs JIII, mpu HOMiHanbHOMY 3HaueHH1 (a3 1 Hampyr [133 3 pe3zonartopom, Ta
HOMIHAJIbHUX 3HAYEHHAX (a3 1 3MIHHUX Hampyrax Ha eneMenti [133, yctanHoBiaeHOMY
y dinepi Ursze, Bix vy 10 Ursze = 0,25 Uniszp.

[T tttallll L~ 1o
=N ~—t J— Puc. 12. Imnynscu BY nanpyr
1l = pe3oHaropa QpEg, BUKpuBIeHnX BE
o .~ “_31_[ IPOIECAMH 1 PO3PSIIAMH Y TIEPIINAX
— 3azopax JIIII, mpu 3mini kyTa () neti
AL ~§_ e 1133 y xoaxcianeromy (inepi, BinHOCHO
e . \ CHMJIOBUX MATHITHUX JIHIN:
-1 =1 H w = s a-3 — Upgs, IPU KyTax Bijl
el — y=20° 110 y=90°
> 11
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31 30ubmIeHHsAM Hanpyru Ha neril [133®, npurHiueHHs yMOB MHOKEHHS
enekTpoHiB BEE mponoBxyerbes, 0 W BUIUIMBAE 3 HAMOBHEHHSM IMITysibciB BY
Hanpyr Upgs (a-orc). Tlpu ammumityni Hampyru Ha netimi [133®, oOGymoieHoi
criBBigHOMIEHHIM Unsze = 0,25 Urssp (W = 90°), ymoBU MHOXEHHSI enekTpoHiB BEE
Maif’ke MOBHICTIO MOJaBJieHI, (3) a opMHU MepelHbOro Ta 3aaHboro (ppoutie BY
IMITyJIbCY pe30HaTOpa Upps 3MIHIOIOTHCS 32 3aKOHAMH €KCITIOHEHTH.

Marepianu 1poro po3aury omy0iaikoBaHi B poborax [5, 18].

BUCHOBKH

VY nawucepraiiiiHiii poOOTI pPO3B’SI3aHO BAXKIIMBE HAYKOBE 3aBAaHHA 31
30ymkeHHs craburizoBanux BY 1 momi y JIIII Ta oTpuMaHHS IHTEHCHUBHUX Iy4YKIB
10HIB y JIIHIHHOMY OpPHUCKOpIOBaui NpoToHiB abo aeitponis MJIII/I-3. IIpu npomy
aBTOMAaTUYHO 3a0€3MeUYyIOThCS YMOBU MPUTHIYCHHS MApa3UTHOTO MHOMXEHHS
€JIEKTPOHIB B oHOpIAHUX BY monsix Mixk napanelbHUMU TOPISIMUA TPYOOK Apeildy y
H-pe3oHatopi 3 BUCOKUMH €JIEKTPOIUHAMIYHUM XapaKTePUCTHUKAMH.

3okpema, BHUKOHAaHO (i3uyHEe OOrpyHTYyBaHHS BuUOOpY reHepaTtopHoi BY
CUCTEMH [Jii MPUCKOPEHHS MYYKIB 3apsKEHUX YaCTUHOK Yy CTaOLII30BaHUX
akcianbHO-cuMmeTpuuHux BY momsax mix TpyOkamu npeidy, momepedHi po3Mipu
KOPUCHUX TOPIIIB AKUX OUIbIIE TOBKUHU 3a30PIB MK HUMH.

OCHOBHI pe3yibTaTd Ta BUCHOBKH, 110 OTPUMAHO Yy AUCEpTaliiiHill poOOTIi,
MOJISITAIOTh Y HACTYITHOMY.

1. Ymepme po3po6iena BY cuctema, ams crabimizarii akciaabHO-CUMETPUYHUX
BY noniB Mk TpyOkamu apeidy JIHIHHOTO MPUCKOPIOBava 10HIB, Yy SIKIA pEXUM
rerepailii nigcumoBaibHoro kaHany (IIK) perymtoerscst Hanmpyramu 2-X He3aleKHUX
No3UTUBHUX 3BOpoTHUX 3B’s3kiB  ([133), mio Bigramyxeni 3 pe3oHaTopa, Ta
KoakcianbHoro (iaepa. Hampyru 3a3nauenux 133 ckiagaioTeCsi y MOCTOBOMY
npuctporo Ta Haaxonath Ha BxiJ I[IK. besynmuHHe 3pocTaHHs, 3 camMOro mo4arky 3a
3aKOHAMHU €KCIOHEHTH, pe3ynbTytounx BY momiB y pesonancHomy JIIII, npurHiuyioTh
yMOBH MHOkeHHsI eniekTpoHiB BEE Mk napanensHumMu TopisiMu Tpyook apendy.

2. Ymepiie 3ampoONOHOBAHO  C€KCIEPUMEHTAILHUM  METOJ  JOCIIIKEHHS
KOHKYpeHIIli cTabinizoBaHux BY konuBaHb Ta yMOB PO3BUTKY MYJIbTHUIIAKTOPHUX
ABUI Yy MajorabapuTHoMy JIHIKHOMY MpucKoproBaul gedtpoHis  MJIIT/I-3,
30y KyBaHoro HoBoto BY cucrtemoro. MeTosa 103BOJUB:

— Ha OCHOBI aHaNi3y BUKpPUBJIEHUX IMITYyIbCiB BY Hampyr Ta mMoBHHX CTpyMiB
BEE, mo Buxomsare 3 mnepenoctaHHboro 3aszopy JIIII, crBepmxyBaru, mo y
pPE30HATOP1 ICHYIOTH, 11l i mapa3utHi BE po3psau Ha lioro nepudepii;

—pa3oM 3 MPOBOKYIOUUMHU MYJIbTHUNAKTOPHUMHU SIBUIAMH, MK TOPUSAMH
TpyOOK Jpelidy, BOHM YHEMOXKIUBIIOIOTH 3pocTaHHs BY Hampyr 1 momiB 3
HAalMEHIIINX 3HAYCHb.

3. OTpumana noJajablIvid PO3BUTOK MOJIENb I0JHOTO MPOMIKKY, ITYHTOBAHOTO
aKTUBHUM OINOPOM BTOPUHHO-€IEKTpoHHOI BE MynbTumakiii, y ckiaJi JaMIIOBOTO
TpioJia 1 OKPEMOro pe30HaHCHOTO KOHTYypy. [ns Takoi BY cuctemu 3 101aTKOBO
ICHYIOUYMM aKTUBHUM OMOPOM BTOPHUHHO-EJIEKTPOHHOI MYJIbTUIIAKI11, BA3BHAYECHI:

—3aranbHi Bupasu BY Hanpyr i1 moniB, 30y/UKyBaHUX B KOHTYpl, Ta MIXK
€JIEKTPOIaMU J10JIHOTO MPOMDKKY 1 KpYTOBOi YaCTOTH KOJIMBAHb;
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— BHpa3u BIJTHOCHUX 3HAYE€Hb EHEPrid EJIEKTPOHIB BTOPUHHO-EIEKTPOHHOT
eMicii, 10 eMITyI0Th 3 ogHoro enektpoxa Il 1 Ta magaroTh HA ApYyruil, IpU PI3HUX
pi3zuuisix BY moTeHmianiB koxkHoro 3 miBnepioniB ¢as (0—180°), Hapocrarounx abo
CHAJAr0YMX y KOHTYPI.

— noOy0BaH1 rpadiyHi 3aJI€KHOCTI BIIHOCHUX 3HAYE€Hb MOTEHI[IMHUX €HEeprii
enexktpoHiB BEE Binm ¢a3 okpemoro miBmepiofgy KOJIMBaHb; MOKa3aHO, IO Y
novyaTkoBux 1HTepBanax ¢a3z (0—65°) miBmepioniB, BIJHOCHI 3HAYEHHS CEHEPTii
€JIEKTPOHIB, MaJal0unX Ha MpoTHiIexkHUl enektpoa I, MaioTh HaliMeHIl Ta Maiixe
onHakoBi 3HaueHHs (0,536-0,636). A y 3amumkoBux ¢dazax (65-180°) mux
MIBIIEPI0IIB, BIIHOCHI €HEPrii eIEKTPOHIB 301IbIITYIOTECA Oe3mepepBHO (> 0,636).

4. Ynepiie BCTaHOBJIEHO, 1[0 YMOBM MHOXEHHS MK MapajelbHUMHU
€JIEKTPOIAMH EJICKTPOHIB, 32 MEXaMHU iX HAaMEHIIIUX eHeprii, BiacyTHi. [Ipu mpomy
nokaszaHo, 1o y ckiaal BU imnynbscy 3aransHoro ctpymy BEE, mo Buxoauts 3 JIIII
Ta peectpyerbes muiainapom dapanest, npuCyTHI:

— MYJIbTUIIAKTOPHI CTPYMHU €JEKTPOHIB 3 HAWMEHIIUMH EHEpPrisiMH, 10
O0OyMOBJIEHO KOPOTKOYACHUM MHOKEHHSIM Ta 3MEHIIEHHSIM IX 4YHCla, HA TOYaTKy
MepeHbOro Ta Maike y KiHIll 3aAHOTO (DpoHTIB iMITybcy BU Hanpyru pe3oHnatopa;

— CTPYMH 3MIIIEHHS 3 OUIBIIMMH EHEPrisIMU EJIEKTPOHIB, 110 OOYMOBIIEHO
KPYTICTIO MEPEIHBOTO Ta 3aAHHOT0 (GPOHTIB iMnysbcy BU Hanpyru pe3onaropa;

—3BUYallHI CTPYMH €JICKTPOHIB 3 BUCOKMMH EHEPrisiMH, 110 OOYMOBIIEHO
MaKCHMaJbHUMU 3HaueHHsIMH BY Hanpyru pe3onaropa.

[Tpu ubomy xoedimientu BEE enextpoais 11, monepeHpo xapakTepusyroThes B
novyatkoBux iHTepBanax a3 (0-65°), sk Kggg > 1, a B iHTepBaii 3anumkoBux ¢as
(65—1800), SAK KBEE< 1.

T.4. noBeneHo, o mHoxeHHs enekrpoHiB BEE 3 enexktponis Il 3 kopucHumu
napajieJbHUMU TOpUsSMH, B 1HTepBail a3 (0—65°), npu 30ymkenHi miBnepiogis BU
HaIpyT y PE30HAHCHOMY KOHTYpPI1 € peaJibHUM (PI3UUHUM SIBUILIEM.

B ocraTouHoMy mijicyMKy BUpillIeHa Ba)KJIMBA HAYKOBA 3ajadya — MPUCKOPECHHS
IHTEHCUBHUX MYYKiB 10HIB y pe3oHaHcHoMY JIIII, 3a0e3neuyerbest cTabLI130BaHUMHU
akciaibHO-cuMeTpuuHUMU BY monsiMu y 3a30pax NpHUCKOPHOBAIBHOTO pPe30HATOpa 3
BUCOKMMH €JIEKTPOJMHAMIYHUMH XapakTepucTtukamu. [Ipu 1mpoMy BigMoOBa Bif
Manioe(heKTUBHUX METO/I1B IPUTHIYEHHS YMOB MHOKEeHHs enekTpoHiB BEE, no3Bossie
30UTBIINTH 3HAYEHHS CTPYMIB IHTEHCUBHUX MYUYKIB 10HIB OUIBII HIK Ha MOPSIIOK.

Pe3ynbratu, 3100yTi B AUCEpTaliiiHIi poOOTI, Jat0Th MOKJIMBICTh MPOEKTYBATH
Ta BUroToBIATH epekTuBHI BY cuctemu, nis crabunizanii 30yKyBannx BY Hanpyr 1
TOJIIB, 1110 TPUCKOPIOIOTH 3aPsIKEH1 YACTUHKH, IIPU PO3POOII1 JIIHIHHUX TPUCKOPIOBAUIB
10HIB A1 siIepHO-(QI3MYHUX ~ JIOCHIIKEHb, BHUPIINICHHS BaXJIMBUX  3aBJaHb
€JICKTPOSIIEPHOTO BUPOOHMIITBA €HEPrii Ta TpaHCMyTalli siAepHUX BiaxonaiB. [lpu
npboMy y peszonatopax JIIII, MOXIMBO 3acTOCYBaHHS TPAAUIIMHUX TEXHOJOTH
BUTOTOBJICHHSI KOPHCHUX IOJHUX TMPOMDKKIB 3 TMapajeJbHUMH TOBEPXHIMHU
€JIEKTPO/IB, IO € iX OCHOBHUMHU €JIEMEHTAMH.
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AHOTANIA

Jlo63oB JI.JI. Crabinizauis 30ypkyBanux BY noniB y H-pezonaTtopi J1iHIHHOTO
MPUCKOPIOBAYl 10HIB B YMOBaX MYJIbTUIIAKTOPHUX SIBUILL. — PyKomnuc.

HMucepraniss Ha 3400yTTS HAyKOBOrO CTyHeHs KaHauaata  (Pi3UKO-
MateMaTH4HUX Hayk 3a ¢axom 01.04.01 — Pi3uka npunajais, e1EMEHTIB 1 CUCTEM. —
XapkiBcbkuid HarionanbHui VHiBepCHTeT Pa,Z[iOGJIeKTpOHiKI/I Xapkis, 2019.

v I[I/IcepTaIJ;II/IHH/I poOoTI HpI/IBeI[eHl HOBI PIIIEHHSI Ba)KJIMBO1 HayKOBOI 3aayl —
30y/okeHHss  cTiikux BY Hanpyr 1 momB y MaiiorabapuTHOMY JIIHIHHOMY
npuckoproBaul neitponiB MJIII/I-3 3 TpyOkamu papeiidy, nomepeuHi radbapurtu
TOPIIIB SKUX OLIIbIIIE, HIXK IOBKUHA 3a30P1B MK HUMH.

Po3po6iieHo, BUTOTOBJIEHO Ta HacTpoeHO HOBY BU aBTOKONIMBaNbHY CUCTEMY
(AC) mns mpuckoproBaua MIJII/-3, ne mincwmoBanbHuil kanan (IIK) 3’ennanuii
JBOMa HE3aJIeKHUMH TO3UTUBHUMHM 3BOPOTHMMH 3B’SI3KaMH 3  Hampyramu
pe3onaropa (I133P) ta nagatounx xsuib digepa (I133D).

Otpumano ontumanbHe croiBBigHomeHHs BY wnampyr I[133P 1 TI33®, sk
Unsze > 0,25 Unssp, 11 30ypkeHHs cTtabirizoBanux BU Hanpyr pe3oHaTopa Ta MoJIiB
y 3a3opax MDK TpyOkamu aApeiidy. BuBYeHI yMOBM BHUHHMKHEHHS Mapa3UTHUX
MYJIBTUTIAKTOPHUX SBUI y MPHUCKOpIoBadi, mpu 30ymkenHi [IK Oynb-skum oxHAM
[133. A6o numu aBoma (I133P+1133®) npu 1Himialli ABUIL, 1110 HE € TAPA3UTHUMHU.
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JIist po3riay noTeHuiiHuX eneprii enekTponiB BEE, 3anponoHoBano Mojenb
JI1, mryHTOBaHOTO aKTUBHUM OMOPOM BTOPUHHO-EJIIEKTPOHHOT MYJBTUIAKIIIT Ry, IO
3MIHIOETBCS ¥ Yacl, y ckiai Bigomoi AC oaunokoro pe3oHancHoro kKoutypy (OPK) 1
nammnoBoro Tpiona. Jms takoi AC 3 mOJaTKOBUM OMOpoM R\ BU3HAYEHI 3arajibHI
Bupasu jiist BU Hanpyr 1 moJiiB Ta KpyroBoi 4aCTOTH KOJIMBAHb.

KuiouoBi cioBa: niHIiHUNA NPUCKOPIOBAY 10HIB, MIiJACHIIOBAIILHUI KaHAl 3
JIBOMa HE3aJIC)KHUMH MO3UTUBHUMH 3BOPOTHUMH 3B’ SI3KaMHU, J1OJAHUHN mpomixok, BU
HaIpyTH 1 MOJIs1, BTOPUHHO-EIEKTPOHHA €MICisl, MyJIbTUIIAKTOPHI SIBUIIIA.

AHHOTALMSA

Jlo63oB JI.JI. Crabwmmzamus Bo30OyxmaeMbix BY momeir B H-pesonatope
JMHEWHOTO YCKOPUTEIIS MOHOB B YCIIOBUSIX MYJIbTUIIAKTOPHBIX SABICHUN. — PyKOMHUCH.

JluccepTanys Ha COMCKaHUE YYEHOM CTETIeHU KaHuaaTa PU3nKo-MaTeMaTHIECKUX
Hayk no crneuuanbHocT 01.04.01 — Qusuka npubGOpoB, IEMEHTOB U CUCTEM. —
XapbkoBckuil Harmmonanensiil Y HuBepcuteT Pagnosnektponuku, Xapbkos, 2019.

B nuccepranuonHoit paboTe NMpUBEACHBI HOBBIC PEUICHHS BAXKHOW HAY4YHOM
3amaun o crabwimzauuu BY moneit B MamorabGapuTHOM YCKOpUTENE ACHTPOHOB
MIIYI-3 ¢ TpyOkamu apeiida, radaputbl TOPLIOB KOTOPBIX OOJbIIE, YEM 3a30pbl
MEXKly HUMHU.

Pazpaborana, noBas BY cucrema mns yckopurens MIIY]I-3, B kotopoit
MOIIHBIN  ycunuTenbHbii  kaHan (YK) oxBaueH JAByMsT — HE3aBUCHMBIMHU
MOJIOKUTENbHBIMU  00paTHeIMU cBs3aMH  (IIOC) ¢ HampsbkeHMsiMA  pe3oHaTopa
(ITOCP) u naparomux BoaH koakcuaiabHoro guaepa (IIOCD).

[Tonyyeno ontumanbHOe cooTHomeHue HampspkeHuit [IOCP u IHOCO, kak
Unoco = 0,25 Unocp, A1t Bo30ykaeHus1 ctadbminbHbix BYU monelt Mexay TpyOkamu
npeiida. M3ydeHsl ycnoBUsS YMHOKEHUS YUCIa 3JIEKTPOHOB BTOPUYHO-3JIEKTPOHHOM
smuccun (BO3) mexny tpyokamu npeiida JIYU, Bo3Oyxk1aeMoM B pekume padOThI
YK ¢ ognon n3 ykaszanHeix [IOC. Mnum nogaBneHue yCIOBUM WX YMHOXEHUS B
pexume pabotsl YK ¢ [IOCP+IIOCO.

C mnomomip0 BHOBB co3/aHHOM BY cucTeMbl NpOBEACHBI HCCIEA0BAHUS
BIIMSHUS MYJIbTUIIAKTOPHBIX MPOLIECCOB U Pa3ps/IoB Ha CTAOMIIBHOCTh YCTAHOBJICHUS
BY noneit B H-pezonatope JIYU, B030yxXmaemMbix B pa3HbIX peXKUMAaXx.
OKCIEPUMEHTAIBHO TMOKa3aHO, YTO MYJIBTUIIAKTOPHBIMU SIBICHUSMH B PE30HATOPHBIX
cTpykrypax JIYM MOXHO ymnpaBisiTh MyTeM pPEryadpoBaHUsl aMIUIATY] U ¢a3 B
kaxpaou u3 neneu [10C.

N3yuenbl uckaxkeHus wumnyiabcoB BYU HanpsokeHudd U 0OIIMX BTOPUYHO-
ANEKTPOHHBIX TOKOB MPU MYJbTUIAKTOPHBIX MpOIECCaX M pa3psgax Ha OCH
YCKOPUTENS, MPOBOIUPYEMBIX Mapa3sUTHBIMU pa3psjamMud Ha ero mnepudepuu.
Pa3paboTranHasi MeTOAMKA HCCIEIOBAaHUN PE30HAHCHBIX XapakTepuctuk JIYU,
OCHOBAaHa HAa OJHOBPEMEHHOM PErUCTpallMd HE TOJIBKO €ro HOPMAJIBHBIX WU
MCKa)XEHHBIX UMIyIbcoB BY HampsikeHuld pe3oHaTopa, HO M 0oOmHUX TOKOB B,
IUuarHocTupyembix nuiauHapom dapanes.

JIns omnpenesnieHUss NOTEHUHAIBHBIX SHEPrUi 3JIEKTpoHOB BOD, mpemioxena
MozeNb TuogHoro npomexyrtka (II), myHTUpyeMOro akTUBHBIM CONMPOTHBICHUEM
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BE mynerumakuuu Ry, B cocTaBe OJMHOYHOTO pe3oHaHcHoro koHtypa (OPK) u
nammnoBoro tpuonaa. [ns takoit BU cucremsl, onpeneneHbl oOLMe BBIPAKEHUS IS
BY nanpsixeHuil 1 KpyroBoi 4acTOThI KOJIEOAHUIA.

[TonyyeHbl OTHOCHUTENIbHBIE BEJIMYHUHBI MOTEHIUAIBHBIX YHEPTHUM 3JEKTPOHOB
BEE, npomenmmx passHble pa3HocTh BY mnoTeHUuManoB, HapacTalOLIUX WIU
cnagaromux B OPK. Ilpu aumnamuueckux no0poTHOCTAX () >> 1 pPEe30HAHCHOTO
KOHTYypa, NOCTpOEHbl TIpaduyeckue 3aBUcUMOCTU KodpduuuentoB BII (Kgy»y)
anextpoaos JII B teuenue a3z (0-180°) nonynepuona

[lokazaHo, 4TO NpPU OTHOCUTEIHHO HAMMEHBIIUX MOTEHIHAIBHBIX YHEPTUSIX
(0,536-0,636) snexkrpoHoB, nagaromux Ha 3nekTpoasl I, ux kospdunuents: BOI,
B HauasibHOU yactu a3 (0—-65°), mpeaBaputenbHo onpeaenstorces, kak Kgyy > 1. [Ipu
OTHOCHUTEJIbHO OOJBIINX MNOTEHUUANbHBIX JHeprusix (> 0,636) >1eKTpOHOB,
najaromux Ha 35ekTpobl 3toro I, ux koadduimentsr BO3 B wactu ¢az (65-180°),
onpenesstoTes, kKak Kgysy < 1.

KiuroueBble cii0Ba: JTUHEWHBIN YCKOPUTEb MOHOB, YCWJIMTEIbHBIA KaHAN C
JIByMSI HE3aBUCUMbBIMU TIOJIOKUTEIIBHBIMU OOPATHBIMU CBSI3IMU, TUOAHBIN TTPOMEXKYTOK,
BUY nanpsikeHus 1 1osisi, BTOPUYHO-3IEKTPOHHAS] SMUCCHUS], MYJIBTUIIAKTOPHBIC SIBJICHUSL.

ABSTRACT

Lobzov L.D. Stabilization of excited HF fields in the H-resonator of the ion
linear accelerator under conditions of multipactor phenomenons. — Manuscript.

Thesis for the degree of Candidate of Physics and Mathematics Science by
speciality 01.04.01 — physics of devices, elements and systems — Kharkiv National
University Radioelektroniks, Kharkiv, 2019.

The dissertation paper presents new solutions to the important scientific
problem of stabilizing HF fields in the deutron compact linear accelerator CLAD-3
with drift tubes, the transverse dimensions of the ends of which are larger than of the
gaps between them.

A new REF self-oscillation system (SOS) for the accelerator CLAD-3, has been
development, manufactured and set up in which a powerful amplifier channel is
connection by two independent positive feedbacks from resonator voltages (PFBR)
and incidence waves of a coaxial feeder (PFBF).

A optimization ratio of the voltage PFBR and PFBF, as Upggr > 0,25 Upggg,
was obtained for the excitation of stable RF voltages and fields between the drift
tubes. We studied the conditions for multiplying the number of electrons the SEE in
the ILA with drift tubes, excited by the AS with one of these PFB, or their decrease in
the mode of operation of the SOS with PFBR + PFBF.

For determination of the potential energies of electrons of secondary electron
emission (SEE), a model of diode gap (DG), shunted by the active resistance of SE
multipacting Ry, 1s proposed, as part of the known SOS — a single resonant contour
with a lamp triode. For such RF system with active resistance Ry, the expressions for
the RF voltages and the circular frequency of oscillations.

Key words: ion linear accelerator, amplifier channel with two independent
positive feedback, diode gap, RF voltages and fields, SEE, multipactor phenomenons.
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