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3KCIHEPUMEHTAJIbHASI OTPABOTKA ITPOBOJKH SJIEKTPOHHOTI'O ITYYKA
BY HHXXEKTOPA JIJII PE3OHAHCHOI'O YCKOPHUTEJIA BETA-8
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np. Mupa, 37, Capos, Hmwkeropoznckas obnacts, 607188, Poccus
“HucturyT SAnepuoit ®usuxu um. I. U. Byakepa (M1 CO PAH)

B «PDAL-BHUUIZD» cosmaetcs pe3oHaHCHBIN yckopuTenb 3nekrpoHoB BETA-8 [1] ¢
LUIMPOKKMM AMAra3oHOM BBIXOJHOMN 3HEpPrHH 3JIeKTPOHHOro mydka oT 1 mo 8 MaB co cpenneit
MomHoCThI0 10 300 kBT. M3-32 BHICOKO#H MPOEKTHO# CpefHeil MOLIHOCTH ITy4ka, HE0OXOAUMO
MHHMMHU3HPOBATH WK MOJTHOCTBI0 HCKITIOYUTB MOTEPH 3JIEKTPOHOB Ha CTEHKAX PE30HATOPA U B
KaHaax TPaHCIOPTUPOBKH MyYKa.

BY umxextop [2], paspadorannsiii B LD CO PAH, u cuctema MarHuTHOM TpaHcmop-
TMPOBKM Iy4K2 BBICTYIIAIOT B KQ4eCTBE OCHOBHBIX 3JE€MEHTOB CHCTEMbI MHKEKLMH. B paboTe
TIPHBEIEHBI Pe3yNBTATHl YHCICHHBIX PacyeTOB JMHAMUKHU 3NIEKTPOHHBIX CTycTKOB. Jlis moa-
TBEpKIEHUS MPABUILHOCTH BBIOpPaHHOH QH3MKO-MATEMATHYECKOH MOJEIH, JIEKAIEH B OCHO-
Be YMCIEHHBIX pacyeToB, MpOBeleHbl HcmbiTaHuAd BY uHkekTOopa ¢ MyukoM. Hcmbitanus
TOKa3aJIi XOpoliiee COBMaJeHUE PACYETHBIX H M3MEPEHHBIX [1apaMETPOB.

BETA-8 resonance electron accelerator [1] with a broad range of electron beam output
energies 1-8 MeV with average power up to 300 kW is developed at «(RFNC-VNIIEF». Due to
a high rated average beam power it is necessary to minimize or completely eliminate electron
losses on resonator walls and in beam transport channels.

The RF injector [2] developed by INP SO RAS and the magnet beam transport system
serve as basic injection system’s elements. The paper presents results of numerical calculations
of electron bunch dynamics. To validate a selected physical and mathematical model underly-
ing the numerical calculations the RF injector with a beam has been tested. The tests have

proved a good coincidence of calculated and measured parameters.

Beenenue

[Mposoanumbie B «POAL-BHUHUO®» uccaeno-
BaHHUs MO BO3JACHCTBHIO MOTOKOB 3JIEKTPOHHOIO H
TOPMO3HOIO H3JIy4eHHH Ha (QU3MYECKHE CBOWCTBA
MaTepuaioB, CBOWM HTOTOM HMEKT MHOTOYHCIIEH-
Hble Pac4yeTHO-TEOPETHYECKHE H IKCMEPHUMEHTANb-

Hble JaHHble, TAe B KauyecTBe HCTOYHHKA
MOHH3UPYIOILETO H3MyYeHHS HCIIOJb30BaH JIMHEH-
HbIH  pE30HAHCHBI  YCKOpHMTENb  3JIEKTPOHOB

JIY-10-20 [3]. CoBOKYNHOCTb MOJYyYEHHbIX PE3Y/lb-
TaTOB Jlajla OCHOBAHHWE Ui W3y4YeHHA MpodieM, cBs-
3aHHBIX C HEOOXOJUMOCTbIO M  BO3MOXHOCTBIO
CO3/laHUs HOBOro 0OoJiee MOLIHOTO YCKOPHTENsS
3ekTpoHOB. HeopauHAapHOCTh 3alauH 3aKI04aercs

B TOM, YTO TpeOyeTcs MOoJyuyeHHe DIEKTPOHHOIO
My4Yka C LIHPOKUM OJHEPreTHYECKUM CIIEKTPOM, C
BO3MOJKHOCTBIO €r0 PeryJHpOBKH.

Co3naHue pe30HaHCHOTO YCKOPHTEI 3JIEKTPOHOB
BETA-8 obecrieuuT HeoOX0AUMBIE yCIOBHUA Ul MPO-
BeleHHs TaKHX HccnenoBaHui. [loMHMO BBEICOKOM
CpelHeH MOLIHOCTH, TeXHHYECKass HOBU3HA YCKOPHTE-
ns BETA-8 3akimrouaercss B BOZMOKHOCTH TE€HEPALMH
ILIMPOKOTO MEePECTPauBaeMOro CreKkTpa 3JeKTPOHOB B
JuanasoHe 3Heprui ot 1 no 8 MaB.

B Hactosue# pabore OCHOBHOE BHHMaHHe yje-
JIEHO CHUCTEME MHXKEKLHUH 3JIEKTPOHHOIO My4ka. Jie-
MEHTbl JTOM CHCTEMbl COCTOAT M3 HWHXEKTOpa
snektpoHoB ¢ BY reHepartopom [2] M TpakTa TpaHc-
MIOPTUPOBKH ITy4YKa K YCKOPHUTEIIO.
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Lenp paboTsl 3akiioyaercs B ONpEAcIeHHH pe-
JKUMOB paboThl BY mylikd Ha OCHOBE pacyeTHBIX M
9KCMEPUMEHTAIbHBIX HCCIENOBaHUN XapaKTEPHCTHK
3JIEKTPOHHBIX CrYCTKOB, I€HEPHPYEMbIX 3TOH MyIl-
KOM.

Yckopurear BETA-8

PesoHaHCHBIH yckopHuTens 31ekTpoHoB BETA-8
pa3paboTaH Ha OCHOBE KOAKCHAIbHOIO M0JIyBOIHOBO-
ro pesonaropa (tun konebauuit 7), wyacrora
100 MI'u). [IpuHUUN yCcKOpeHHs OCHOBaH Ha MHOTO-
KpPaTHOM TIPOXOXKIAEHHH 3JIEKTPOHHOTIO ITydKa dYepe3
YCKOPSIIOLIME 33a30pbl pE30HaTOpa B MEAUAaHHOH ILIOC-
KOCTH, IJie MOJHOCThIO OTCYTCTBYET MarHWTHasl KOM-
noHenta BY mnonst [4]. Bo3Bpar mydka B pe3oHATop
o0ecrne4rBalT NOBOPOTHBIE MAarHHTHI, KOTOpBIE pac-
TI0JIOXKEHbl CHapy»XH KopIyca pe3oHaropa. YCKOpH-
Telb pacCUWTaH Ha [OJy4YeHHE TpeX 3HaueHHH
cpenHeil 3Heprud 3nekTpoHoB: 1,5, 4,5 u 7,5 MaB, ¢
MakCUMaJIbHOM CcpedHed MOLIHOCTBIO Ny4yKa MO
300 kBr.

[Tocne yckopeHHs, B 3aBUCUMOCTH OT BBIXOIHOMH
9HEPrHH, MYYOK 3NE€KTPOHOB HAlpaBiIseTCs MO COOT-
BETCTBYIOLIEMY KaHaly TPaHCIOPTHPOBKH, KasKAbIH
M3 KOTOPBIX OCHAIIEH ITOBOPOTHBIMH MarHMUTaMH H
(hOKyCHpPYIOIIMMH MarHUTHBIMU JHH3aMH. Ha koned-
HOM Yy4YacTKe TPaHCIOPTHPOBKH MYyYKH C pa3HbIMU
SHEPrHAMM, C TOMOILBI0 BBIXOJHOIO [1OBOPOTHOTO
MarHuTa, CBOJSTCSA B OOIIMI KaHal BbIBOAA M HOCTAB-
Ns0TCS K 06myuaemoMy o6bekTy (puc. 1) [5].

[
o

Puc. 1. Cxema yckopeHwus.

¥ HanpaBlieHHe JIBH-

weHus nyyka; Cl — C5 — kaHaslbl YCKOpEHHsl B PE30HATOPE;

D1.1 -D1.4, D2.1 - D2.2, D3.1 — noBOpOTHbIE AMITOJIbHbBIE

maruuTel; S1.1. — conerounn; Q1.1, Q2.1 — Q2.8 — kBaapy-

nojbHble MarduTHble nuH3bE, VG1.1 — VG1.3 — BakyymHble
wubepsl

BY unxexTop

OCHOBHOH 4acCTbI0 HHXEKTOpA SBJISETCS CETOUHO-
ynpaeiseMas TepMokatonHas BY myika Ha ocHOBe
BBICOKOYACTOTHOIO 4YETBEPTHBOJHOBOTO KOAKCHAb-
Horo pesonaropa 100 MI'u. PezoHarop 3anuTan yepes
MHIYKTUBHBIA BBoJ BY MoIlHOCTH OT namnoBoro re-
HepaTtopa 16 kBT. B Tabnuue 1 npuBeneHbl OCHOBHBIE
xapakrepuctuki BY nnxkekropa.

Tabnuua 1

OcHoBHble xapakTeprctiku BU nHxexTopa

ITapametp 3HayeHue
Cpennuit Toxk BY unxekTopa, MA > 40
OHeprus 3J1eKTpPOHOB, kK3B 50-100
JNUTENBHOCTD CTYCTKOB, HC 0,5-2
MomnHocts BY renepatopa, kBT <16
Homnyctumblil pabounii Bakyym, [Ta ©o10¢

Cxemartuueckoe H3zobpaxkenune peszonatopa BY
WHJKEKTOpa MPeCTaBIeHO Ha puC. 2.

T T

Puc. 2. Cxemaruynoe usobpaxeHue pezonaropa BY mym-

KH. | — Kopnyc pe3oHaTopa;2 — HMIHHAPHYECKHH JIEKTPOL;

3 — TepMoOKaTOIHbIH y3en; 4 — dokycHpyIOLWHUH 30eKTpoL;

5 — ToplLeBas CTEHKAa Pe30HAaTopa C aHOAHBIM OTBEPCTHEM;

6 — ycTpOHCTBO ONepaTHBHOW MepecTpOHKH YacTOThI pe3o-

HaTopa; 7 — YCTPOMCTBO TNpeABapHUTENIbHONW HACTPONKH
4acTOThl pe3oHaTopa

Yucnennoe MOJEJIHPOBAHHE MyYKa
f

Jlns nporHO3MpPOBaHMSI THHAMUYECKHX apameT-
pOB 3JIEKTPOHHOTO MydYka Ha 3Tanax ero GopMupoBa-
HMSl, YCKOpPEHHs M  TPaHCMOPTHPOBKM, Obuia
HEo0XO0IUMOCTh B CO3MIaHHe PH3UKO-MaTeMaTHYEeCKOH
MOJIEJIM pPaccMaTPHBAaEMOr0 HCTOYHHMKA 3JIEKTPOHOB
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JUTA TIOHUMaHHUs (QU3UYECKHX MPHUHIMIIOB YCKOPEHHsA
BBHICOKOMHTEHCHBHBIX ITy4KOB 3JIEKTPOHOB.

B cBoro ouepenb, Mif OMNpeleleHHs OCHOBHBIX
Y3J10B M3 HOCTHYECKOro 000pyI0BaHHS CO31aBaeMO-
ro creHaa anas ucneitaHud BY HHXEKTOpa € My4YKOM,
ornpeeeHus MOJIOKEHHs ITUX y3/I0B B POCTPAHCTBE
OTHOCHMTENIbHO KaHajla TPaHCIOPTUPOBKHM IydKa, C
MOMOLIBIO MPOTPaMM TPEXMEPHOro 3JIEKTPOJHHAMH-
yeckoro MojenupoBanus, k npumepy, ASTRA (A
Space Charge Tracking Algorithm) [6], co3nana kom-
MblOTEpHas Mofenb OyAyllero KaHajla JIHarHOCTUKH
My4Ka, YYHTBIBAIOLIAs peaslbHble pa3sMepsl U (QH3HUe-
CKHE CBOMCTBA MPOTrHO3HUPYEMBIX 3JIEMEHTOB.

Pacuern! guHaMuky nyyxka BY unkexTopa

B npotiecce MoaenupoBaHus MPUHUMAETCA, YTO C
MOBEPXHOCTH KAaTOZA MOCTOSHHO U PaBHOMEPHO 3MH-
THPYIOTCA Makpo4acTHLbI ¢ Heprueit k7 = 0,2 3B. B
3aBUCUMOCTH OT BEJHYHHBl M 3HAKa 3JIEKTPUYECKOIO
MoJIst HAJ KaTOJOM, SBISIOLIMMCS CYNepro3HLHMei no-
JIel, co34aBaeMbIX MOTEHIHAIOM CEeTKH H MOTEHLHA-
JIOM aHOfa, a TakKe IOoJIeH MNpPOCTPaHCTBEHHOTO
3apsijia y>ke SMUTHPOBAHHBIX YacTHII, BHOBb SMHUTHPO-
BaHHbIE YACTULBI THOO YCKOPSIOTCS B 3TOM IOJIE W
MPOJIETAIOT B PE30HATOP, YACTUYHO OCEeNas Ha CETKeE,
1160 BO3BpALAIOTCSA Ha KaTOA M OOJbllIE HE y4acTBY-
0T B JaJIbHEHLIEeH THHAMHKE.

YucneHHble pacyeTsl OUHAMMKU IydyKa B I0JIE
yckopsiromero 3asopa BY mylKd NpOBOAMIIHMCH €
y4eTOM  AEHCTBUS  MMILYJIBCHBIX  OTIMPAIOLIMX
HanpspKeHWd, nomaBaeMblX Ha karod. Mmmynbecer
[pUXOIAT B MOMEHT pocta BU HampsskeHud Ha 3a30-
pe, B unrepane ¢a3 (31-55) rpanycos, MpH aMIUIH-
Tyne HampsbkeHds Ha 3azope 100 kB, npu cpennem
Toke nyuka 40 MA. Ha puc. 3 u 4 npuBeaeHsl Xapak-
TEPUCTHKH CTYCTKOB, MOJIyYEHHBIE B PE3YJIbTaTe MO-
JeTMPOBAHHA. :

CornacHo MpoOBeJEHHBIM pacyeTaM, MpH Qase
MH)KEKLMKM 55° YCKOpEeHHbIH My4oK HMeeT HauOosb-
mee 3xayeHue 3Hepruu B 100 x3B. OpHako MOXHO
[IPOM3BECTH MPOJOJIBHOE CXKAaTHE CTYCTKOB, €CIM BbI-
Opatb a3y WHXKEKUMH HUKe. JI7I9 TaKoro cxKatua Ho-
CTAaTOYHO CABUHYTH (pa3y IMHCCHH CTYCTKOB C KaroJa
B BY mymke ¢ 55° no 31° (puc. 36 u 46). IIpu atom
9HEPTUs CTYCTKOB MEHSETCS HE3HAUMTENIbHO: CO
100 k3B 10 96 k3B. Ewe Gonbuie capurate Gasy Obl-
70 Obl HEXeNnaTeslbHO, M3-32 HACTYMAaIOLIEro OrpaHu-
YeHHs 3apsiia B CTyCTKaXx.

[IporHosupyercs, yto nocie yckopenus B BY
Myuike, 3apsi B CrycTke OyAeT COXpaHATbCA Ha
yposHe 0,4 HKJ1, 4TO COOTBETCTBYET 3HAYEHHUIO CpE-
Hero Toka B 40 MA (puc. 3B u 4B).

PacueTHas auarpamma sMUTTaHca (puc. 3r u 4r)
Ha Bbixoze u3 BY myiku B 000UX CiTyyasX yCKOPEHHS
COOTBETCTBYET pacxoisllieMycs My4Ky, T.K. AUarpam-
Ma MPEUMYLIECTBEHHO 3aHMMAET NEPBBIH W TPETHH
KBaJpaHTbl KOOPAHUHATHOH IUIOCKOCTH, YTO MOKET
NPHUBECTH B JaIbHEHIIEM K HEIIPUEMIIEMBLIM pa3Mepam
my4ka B MpoOLEcce ero TPaHCIIOPTHPOBKH Ha 3a/laHHOE
PacCTOSTHHE.

v, MM
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Puc. 3. PacyerHble OUHAMHYECKHE ApaMeTphbl My4yKka Ha
Bpixoge u3 BU mymku (basa urmkexuuu 55°): (a) — morne-
peunblii npoduis cryctka; (6) — npomosbHbI mpoduis
crycrka;, (B) — TMPONONBHOE pacrpeneNeHre JHHEHHON
TUIOTHOCTH 3apsaa; (I) — AMarpaMMa 3MUTTaHCa
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MM
20

i
-20-10 Q 10

=
T
N

A

1. HKi'm

Az, MM
(B) (r)

V. MM

Puc. 4. PacyeTHble AMHAMHYECKHUE MApaMeTphbl MyuKa Ha
Beixoze M3 BY nywku (haza umxekunu 31°): (a) — norne-
peuHbiii mpoduns cryctka; (6) — MpoaonbHeId Npoduis
cryctka; (B) — TMpOOONbHOE pacrnpeleneHue JIMHEHHOM
JIOTHOCTH 3apsiAa; (T) — iMarpamMma 3MUTTaHca
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Ilocne onNTHMHM3ALMM PEXHMOB, pacyeTaMH YcCTa-
HOBJIEHO, YTO MaKCUMaJIbHasi SHEPrHsi U MHHHUMAIIBHBIN
3HepreTHyeckui pasbpoc mnpu Hanpsbkennd 100 kB,
obecneunBatotcs B Gase 55°. IIpu MeHblINX hasax Hauu-
HaeT NposBIATECA 3(PEKT NMpPONOIBHON TPYIIHMPOBKM
cryctkoB. Tak npu dase 31°, crycTtku ykopayuBaroTcs B
1,4 pa3a 1o CpaBHEHHIO C PEXKHMOM MaKCHMyMa SHEPTHH
cpasy Ha Beixoae M3 BY myikw (Tabm. 2).

Tabnuua 2

PacueTHble XapaKTepUCTHKH CTYCTKOB Ha BLIXOJE M3
BY mymku (210 MM ot kaTona)

[TapameTpsl 3HayeHus
®aza BY amuccun crycrkos, rpan 55 31
Cpennsist aHeprus, k3B ~ 100 96,1
JiuHa crycTkoB (rms), MM 47,6 34,6
DHepreTHyeckui paszbpoc (rms), k9B 1,74 4,25
OMHUTTaHC (rms), T MM-Mpa 10,7 10,3

Pac4yeTsl THHAMHKH ny4Ka B KaHaJie THAIrHOCTHKH

B npuvHATOM Ha CEronHSIIHMN AEHb KOHCTPYK-
THMBHOM BapHaHTe KaHalla WHXKEKLUHH B YCKOPHTEIb,
paccTosgHUe, Ha KOTOPOe HeOOXOAUMO TPaHCIIOPTHPO-
BaTh ny4ok or BY mymku no BXxoma B pe3oHATOp
yckoputens, cocrasnder nopsaka 1400 mm. [lo atoi
NpUYMHE NJIMHA TPakTa TPAaHCIIOPTHPOBKH My4Ka OT
BY unxekTopa 10 NOTJIOTHUTENS 3JIEKTPOHOB, B CIIydae
CTeHJa i JHarHOCTHKM ITy4yKa, COM3MEpHMMa M CO-
crasisger 1460 MM (puc. 5), 4ToObI y)ke NpH MpoBejie-
HHM TECTOBBIX MCMBITAHUSX ObLIa BO3MOXHOCTB
otpaboTaTh pexxuMbl paboTsl BU myukw.

%60

Puc. 5. Cxematnyeckoe u300paxkeHHe CHCTEMBI IHArHO-
cTuky nmyyka: 1 — BY mymika; 2 — nepBeiii coneHoun; 3 —
BTOPOM CONEHOMA; 4 — NOMJIOTUTENb 3NEKTPOHOB

MonennpoBaHiHe NpoBOAKM MMyuka B KaHajie CH-
CTEMbl JUAarHOCTHUKH (pHC. 5) NPOBOJMIIOCH Il SHEP-
rud vmxkekuud 100 kB ans aByx 3HaueHuit a3
vHxkekuHH (31° 1 55°). Mcxons u3 paHee MpoBeneHHbIX
pacyeTos, My4oK OyAEeT pacLIMpATHCS BO BpEMsl TpaHC-
MIOPTHPOBKH [0 KaHaly, B COOTBETCTBHH C JHarpaMMoi

dMHUTTaHca Ha Bbixoze M3 BY mymku (puc. 3r u 4r).
[TosroMy, nns nomnepeyHoit HOKYCHPOBKH MMyyka B Ka-
Hajle TPaHCTIOPTHPOBKH, HEOOXOIMMO BO3JEHCTBOBATH
BHEIIHEH BO3MYILAOIEH CHIIOHN, YpaBHOBEIIMBAOILEH
CHITy KYJIOHOBCKOTO pacTalKMBaHHMs. DTO MOXHO OCy-
IIECTBUTh TYTEM HCIMOJIB30BaHUA  (OKYCHPYIOLIMX
MarHUTHBIX II01€H, TeXHHYECKH CO3JAHHBIX C MOMO-
UIBKO CHCTEMBI COJIEHOMIOB (CM. pHC. 5).

[Tocne mpoBeneHus aHanwM3a W yyeTa BCEX OTOBO-
peHHbIX paHee (AKTOB, pacyeTl IWHAMUKH Ty4Ka B
KaHaJle [HarHOCTHKM BKJIIOYAIOT TPAHCIIOPTHPOBKY
my4ka 4epes 1ojd OByX (OKYCHPYIOIIMX COJNIEHOMIOB
(mos. 2, 3) no Mumenu (1o3. 5). BeiGop Takoro Bapuan-
Ta OCHOBaH Ha TOM, YTO B paMKaX HacTosiuedl paboThl
OH SIBJIETCS JOCTATOYHBIM JJIsl BBIMOJHEHHS TOCTaB-
JICHHBIX LEJIeH, 3aKII0YalOUIMXCs B ONpENeIeHHH pe-
»MMOB pabotel BY myrku.

Pesynbratel MonenupoBanust nposoaku 100 k3B
My4yKa Yepe3 KaHal MAarHWTHOH TPaHCIOPTHPOBKH
NpUBENEHB! Ha puc. 6 U 7.
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Puc. 6. PacyerHble NHHaMUYECKHe MapaMeTphl Myyka Ha
paccrosiuum 1460mMM ot katona (dasa urxekuuu 55°): (a) —
nonepeyHsi npodune crycrka; (6) — MpOJOJBHBIA Mpo-
¢unb crycrka; (8) — IpOHONIBHOE pacnpeneneHue JIMHEHO

[UIOTHOCTH 3apsna, (F) — AMarpaMma 3MHUTTaHca

[Tocne onTHMM3aLMK PEKHUMOB, Ha PACCTOSHHU
1460 mm pacyeTHas $a3oBas MPOTSHKEHHOCTh CIyCTKA
Ans 100 k3B myuka cokpamiaercs B 2,5 pasa B ciyyae
HHKeKIMKH B ¢ase 31° mo cpaBHeHHio ¢ dazoil 55°
OJHAKO HEMHOIO YBEIHYMBAETCS JHEPreTHYeCKUi
pasbpoc (okoso 6%). B cBsi3u ¢ 3THM, ycKOpeHHe npH
daze umxekuun 31° BBINIAAMT MEPCHEKTHBHEE, T.K.
NPY  HECKOJIbKO OONbLIMX 3HAYEHUSIX MOTNEepPEeYHOro
pasMepa ny4ka W 3HepreTM4eckoro pasbpoca, uem B
clly4ae MHXKEKUHMH 55°, MpoaonbHble pa3Mepbl CrycTKa
3HAYHTENIBHO COKPALAIOTCS, YTO MOXET CTaTh KJlHoye-
BBIM (DaKTOPOM NpH YCKOPEHHM Iy4ka B pPe3oHaTope
yckoputens. XapakTepUCTHKH My4YKOB CBENEHbl B
Tabn. 3.
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Puc. 7. PacueTHble AMHAMHUYECKME [apaMeTpbl IMy4yka Ha
paccrosuud 1460 MM oT katoza (haza urxexuuu 31°): (a) —
nornepeyHslii mpoduns crycrka; (6) — NpoAoibHbIH Mpo-
¢uib cryctka; (B) — MPOAOJIbHOE pacrpeeieHHe TMHERHON
IJIOTHOCTH 3apsaa; (r) — AMarpaMma IMUTTaHCa

TaGnuua 3

PacueTHble XapaKTepUCTHKH CTyCTKOB
Ha pacctosHuu 1460 MM oT kartona

[Tapametp 3HaueHue

®aza BY 3Muccuu crycTkos, rpai 55 31
OHeprus, k3B 100 96,1
JliiHa crycTkoB (rms), MM 52,89 19,30
[TonepeuHsle pa3Mepsl Myydka (rms) 7,27/ 8,67/
Gy U Gy, MM 7,25 8,66
OHepreTuueckuii pasbpoc, k3B 1,9 2,03
OMHUTTAHC (rms), T-MM-Mpaj 10,0 11,5

Creng ansa ucnsiTanusi BU nnxkexTopa
¢ MYYKOM

JInst mpoBeNeHUs IKCTIEPUMEHTOB C MyYKOM, OT-
Jafiki JIaMIIOBOTO T€HepaTopa, CUCTEMBbl YIpaBIeHHs
u cicrembl nmutaHus BY redeparopa, HacTpoHKH amn-
napatypbl Obll CO3JaH CTEHA C JHArHOCTHYECKUM
o6opynoBanuem (puc. 8). BY MoLIHOCTL 3aKayuBaeT-
¢ B MHKekTOp JamrnossiM BY rexepatopom 16 kBT,
coenuHeHHbIM ¢ BY mylkod koakcHanbHbIM (uae-
poMm. B ynaeHHOM OT CTeHIa MOMEILEHHH HAXOAATCS
CTOHKA BbICOKOBOJITHOTO [HTaHWSA TreHepaTopa H
CTOHKA YyNpaBieHHs TeHEepaTopoM MU MOAYJIATOPOM
CETOYHO-KaTOMHOIO y37a. : '

Puc. 8. Cxemarmyeckoe H300paXkeHHE JUArHOCTHYECKOH
yactu crenga: | — BY umxektop; 2 — coseHouasl, obecre-
yyBaOLHe MUHAMYM 3MHUTTaHca mMydka. Mumykuus mar-
HWTHOTO TMOJIS HAa OCH COJEHOMIOB pEryJupyercs B
npenenax ot 0 mo 15 MTu; 3 — BbICOKOBaKyyMHBIH KOep;
4 — pe3uCTHBHBIE JaTUHKH TOKA, CBS3aHHbIE KOAKCHAJILHBIM
kabeneM C BBICOKOYACTOTHBIM ocuuiutorpagoM. C ux mo-
MOILILIO BO3MOXKHO ONMpPEAENiTh ATUTEIbHOCTh CTYCTKOB H
MMKOBBIM TOK CTYCTKOB J[aT4MK COCTOUT U3 16 0AMHAKOBBIX
50 Om pe3ucTopoB, BKIKOUYEHHBIX MapaiiebHO BOKPYTH30-
nsTopa; 5 —mornoTuTens myuka (ummuHap ®apages); 6 —
MarHuTOpa3psaaHble HaCOChI

[Tomumo npoBeneHus ucnbiTanuit BU umxexTopa
C My4KOM, SKCIIEPUMEHTBI, IPOBOJUMBIE Ha CTEHZE C
JIMArHOCTHYECKHM 00O0pYZ0BaHUEM, TOMOIYT OMNpeJe-
JIMTh aeKBaTHOCTh pa3pabOTaHHOM M MPHUHATOH ¢u-
3HMKO-MaTeMaTHYeCKOH MOJEeNH, KOTopas Jierja B
OCHOBY MPOBEIEHHBIX pacueTOB, MNPOTHO3HUPYIOILEH
NOBeNeHHe My4yKka U ero AMHaMUYECKHe NapaMeTphl B
TOM YHCJIE ¥ Ha 3Talle ero TPaHCIIOPTHPOBKHU B KaHalle
JMarHOCTHKH.

Pe3ysnbTaThl HCOBITAHUH

[Tocrne onTHMHU3alMU MPOBEIEHHBIX PacyeToB IO
TPaHCHOPTHPOBKE My4Ka B KaHAJe IHArHOCTHKH, ObI-
JIH MPeUIOKEHbI paboyne MapaMeTpbl OCHOBHBIX 3JIe-
MEHTOB KaHajla JUarHOCTHKH, KOTOpbIE MO3BONAT Oe3
MoTeps TPAHCMOPTHPOBATh MMY4YOK K MOMJIOTHTENIO
3J1eKTpOHOB. Tak BENHYMHY HHIYKUMH MAarHUTHOIO
MMoJIsi HA OCH TEPBOTO COJEHOMAA HEOOXOAMMO YycTa-
HoBHUTh B mpenenax (0—4) mTn, a Broporo — ot 10 1o
12 MTh.

Co31aB Takylo Cynepro3HLHio (GOKYCHPYIOLLEro
MardHMTHOrO MOJIS, yIaloCh OCYILECTBUTb TPAHCMOP-
THPOBKY Myu4Ka 6e3 noteps. [Ipu oTxoae 0T 3a1aHHOrO
pexuma paboThl, HabIIOAAIOCh pacceMBaHHE TOKAa Ha
BHYTPEHHEH CTEHKE KaHasa.
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B skcnepuMeHTe ¢ MOMOLIBIO ABYX NpPOCTpaH-
CTBEHHO-PAa3JEJIEHHBIX PE3UCTUBHBIX IAaTYHUKOB TOKA
M3MEPEHBl JHEPIMH, UIMTEIBHOCTb M TMHKOBBIA TOK
CT'YCTKOB.

[
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Puc. 9. M300paxeHne CUTHANIOB C JAaTYMKOB IS pa3HbIX
da3 omuccuu: (a) — 55°, (6) — 31°. Paspemenue
ropusoHTansHoi ocu 0,5 Heek/KeTKy

dopMa MMITYJIbCOB C NaTYHKOB TOKA MEHSETCS B
3aBUCHMOCTH OT (pa3bl IMHCCHH C CETOYHO-KATOTHOTO
y3na. B ciyuae, koraa HMIyJibChbl HMEIOT OJJMHAKOBYIO
amnautyny (puc. 9a), 3T0 COOTBeTCTBYeT paboueii
¢aze 55° ¢ MakcHMyMOM yckopenHs. Koraa e BTo-
POH HUMITyJIbC BBILIE U KOpOYE MEPBOTO, 3TO O3HAYAET,
4TO NposBisercs 3PPeKT NpPOAOIBHON IPYNITHPOBKH
CTYCTKOB, Torzaa ¢asza MeHsblue paboueii (puc. 96).

Ha npencraBieHHBIX OCLHUIIOTpaMMax HMMITYJib-
COB BUJHO, YTO JUIMTEIBHOCTH MMIYJBCOB COCTAaBJIs-
10T mnopsaka | Hc. U3 . aMmiuTyabl nomydeHHbIX
MMITyJIbCOB M 4acTOThl MOCBHUIA HMITYJIbCOB, ObLI
OMpefieJieH  CPeOHHMH  TOK, KOTOpPBIH  JOCTHTal
400 MxA. Tlpu yBenuyeHMH TOKa Iy4yka BaKyyM
yXyIIlIaeTcsl, YTO [AeNaeT OMacHbIM AajibHelllee yBe-
JMYEHHE TOKa, T.K. KaToa BY nymku oueHb 4yyBCTBH-
Tened k Bakyymy [2]. TloaTomy nns npoBeneHus
JanbHeHMX paboT Mo yBeNMYEeHHIO Toka nmyyka BU
MHXXEKTOpa, HeoOXOAMMO MPOU3BECTH MpOLEAYpY OT-

JKUTa KaHajla JHarHOCTHKH IMydyKa C LEJbIo ero 06e3-

raXxMBaHHus4.

3akiroyeHHne

[IpoBeneHbl YUCIEHHBIE PACYEThl TMHAMUKH JJIEK-
TPOHHBIX CrycTKoB BY HHXKeKkTOpa ¢ yyeToM 06beMHO-
ro 3apsna g sHeprui umxkekuuu 100 kaB. ITokasano,
YTO [IapaMeTpbl CIYCTKOB Ha BBIXOIE W3 KaHala HH-
XKEKIMH COTJIACYIOTCS C IPOEKTHBIMH TpeboBaHuaMHu. C
MOMOLBIO CO3[aHHsl CHCTEMBl MarHMTHOH TpaHcrop-
THPOBKH MOXXHO OOECNEYMTh YCIOBHS, NPH KOTOPBIX
pasMmepsl y4Ka He NPEBBICAT anepTypy KaHajia HHKeK-
MM, TEM CaMbIM HCKJIFOYAETCs pacCeMBaHHE ITydyka Ha
TMEPBBIX 3Tanax ero TpaHCIOPTHPOBKH.

JInsd monTBEpXKIEHHS BO3MOXKHOCTH (YHKLIMOHH-
pOBaHMs BBIOPaHHOH B pe3yJbTaTe PacyeToB CHCTEMBI
MarHWTHOW TPaHCTIOPTHPOBKH, ObLT CKOHCTPYHMPOBAH M
cobpaH CTeHJl ¢ IMarHOCTHYECKMM 00OpYI0BaHHEM s
ucnpitanus BY mymxu ¢ myukom. [poBenenHble mc-
MBITAHHUSA TIOATBEPANIN NPABUIBHOCTh IOHUMAHHs (H-
3MYECKHMX MTPUHLHIIOB YCKOPEHHS BHICOKOMHTEHCHBHBIX
IIyYKOB 3JIEKTPOHOB: (DH3HKO-MAaTeMaTHYECKHE MOJe-
JI, KOTOpbIE JIETIM B OCHOBY IPOBEJICHHBIX PacyeTos,
a[IeKBATHO OMNMCBHIBAIOT JMHAMHYECKHE MapaMeTphl
Iy4yka Ha 3Tanax €ro (GOpMHUpPOBAHHA, YCKOPEHHS H
TPaHCHOPTHPOBKH.

[Tocne npoBeneHHs aHamM3a 3KCIEPUMEHTOB,
ClleslaH BBIBOJ O XOPOIIEM COBIAJE€HHH PacyeTHBHIX M
M3MEPEHHBIX TUHAMHYECKHX MapaMeTpoB IMyyKa:

® pacueTHas M H3MEpEHHas UIHTENbHOCTh HM-
IMyJBbCOB COCTABIISAET OKOJIO | HC; _

® 1IpU pa3HbIX Pa3zax HHKEKLHH UMEeTCs pasinuue
B BeluuMHe dHepruu cryctkoB (100 kaB mns 55° u
96,1 k3B s 33°), yto HabIIOAETCS B IKCTIEPUMEHTE;

¢ Cpeznuil TOK B KCIIEPHMEHTE MOJNy4YeH B UHTEp-
Basie (4-400) MKA, KOTOpPbIH peryJupyercs B 3aBUCHMO-
CTH OT YaCTOThl IIOBTOPEHHUS MMITYJbCOB B JMAIa30HE
(0,01-100) MI', yTo mpenckasbIBaeTCs pacyETaMH.

Cnemyromum sTanoM B paboTe N0 JaHHOMY
HanpaBJIEHUIO SBJIAETCA pacyeT MapaMeTpoB 3JIeK-
TPOHHOIO ITy4Ka IOCJie HECKOJBKHX MpPOXOIO0B B pe-
30HATOpE YCKOPHTENS, 4YTO TMO3BOJMUT YTOYHHTH
peskumbl paboTel BU HHxekTOpa.
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