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IIpoBeneH aHaaM3 MacCUBa SKCIIEPUMEHTAIbHBIX JaHHBIX 110 BBIBOAY B aTMOC(hEpy 3JIeKTPOHHbBIX ITy4-
KOB 0OOJIBIIIOTO CeYeHUS IMPU IToMOoIIU HUu3koaHepreTudeckux (80—300 k3B) a1eKTpOHHBIX YCKOpUTENEH,
OCHOBaHHBIX Ha Pa3JIMYHBIX TUIIAX SMUCCUU: HAa TEPMOIJICKTPOHHOI 3MUCCUU, HA B3PBIBHOM 3JIEKTPOH -
HOI1 BMUCCUM, HA OCHOBE Pa3JIMYHbIX Pa3psIIOB ¢ TUIA3MEHHBIM KaTOIOM M Ha OCHOBE BBHICOKOBOJIBT-
HOTo Tielouero paspsaa. PeTpocnekKTuBHO MmoKa3aH U KOJIMUYECTBEHHO OLieHEH “3(d@eKT 00nbIInX
Ionianeii”, 3aKI04alolIniicss B YMEHbIIEHUM MAaKCUMAJIbHOM IJIOTHOCTH TOKA 3JIEKTPOHHOTO ITyYKa,
BBIBEICHHOIO B aTMOCdepY, IpH YBEIMUYCHUH ILIOIIAAN CeYeHHUs ITyYKa, HO IIPU COXPAHEHUM YCIIOBUIA
CTaOMJIBHOM reHepaluu. AHAIU3 TOJYYeHHbBIX JaHHBIX ITOKa3bIBAET HAJIMYME TEXHOJOTUYECKOIO Orpa-
HUYEHUS 10 CPEIHEH MIOTHOCTU MOLIHOCTHU 3JI€KTPOHHBIX IIYYKOB OOJIBIIOTIO CEYSHHUsI, TEHePUPYEMBbIX
HU3KO3HEPTreTUYECKMMHU 3JIeKTPOHHBIMU YCKOPUTEISIMU, KOTOpOoe cocTapseT 10 40 Br/cM? u cBa3aHo
CO CTOMKOCTBIO TOHKMX (DOJIBI ISl BBIBOMA JIEKTPOHHBIX ITyYKOB U3 BaKyyma B aTMochepy.
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1. BBEAEHUE

PaznuuHble TEXHOJOIMU C MCIOJb30BaHUEM
3JIEKTPOHHBIX YCKOPUTEJIECH Havyalu MHTEHCUBHO
pa3pabarsiBaTbes ¢ 1950-X TOmOB, U ¢ TeX IOp CKO-
POCTb BHEAPEHUS DJIEKTPOHHBIX YCKOpUTeNei
B KauyecTBe MPOMBILIIEHHBIX WU J1a0OpPaTOPHBIX
MHCTPYMEHTOB HEYKJIOHHO Bo3pacTtaeT. Ha maHHBI
MOMEHT CUeT (DYHKIMOHMUPYIOIIUX JIEKTPOHHBIX
YCKOPUTENIEH MO BCEMy MUPY MAET Ha ThICIYU, U
OLIECHUTb MX TOYHOE 00lllee KOJUYECTBO HE Mpel-
CTaBJISIeTCSI BO3MOXHBIM. 1o pa3HBIM OLleHKaM
B TOJI TI0 BCEMY MUPY MOXET BBOAUTHCS B KCILITY-
aTaluio 10 HECKOJbKHUX COTE€H BJIEKTPOHHBIX YCKO-
puteneii. [lockonbky nabopaTOPHBIN WU TIPO-
MBIIUJICHHBIA 3JEKTPOHHBI YCKOPUTEIb MOXET
SKCIIyaTUPOBAThCI HECSATKM JIET, a reorpadus
HMCNOJIb30BaHUsI, Pa3HOOOPA3HOCTh KOHCTPYKIIUIA
W CHEKTP 3ada4 3TUX YCKOPUTEJIEU OXBAThbIBAIOT
MHOTHE CMEXHbIe 00J1aCTU (PU3UKU U TEXHOJIOTUHU,
3TO CO3JAaeT ONpPEAEICHHbIE TPYAHOCTU B KJIaCCU-
(bukamm yckopureneit 1 oTCIeXKMBaHUM JUHAMUKI
ux pa3Butus. KpoMme Toro, Ha COBpeMEHHOM YPOBHE

pPa3BUTHUS YCKOPUTEIBHOIO 000PYI0BaHUS 1 PhIHKA
panualMOHHBIX TEXHOJIOTUI CBEIEHUSI O TapaMe-
Tpax HOBBIX MOJIEJIEU YCKOpPUTENEH 4YacTO SIBJsI-
JOTCS 3aKPBITOM KOMMeEpUYecKoil MHPOpMaInuei.
CrnemoBaTeNnbHO, CUCTEMAaTHU3allks TAKOTo 00bema
¥ XapakTepa MHQOPMAIIUK SIBISIETCSI HETPUBUAb-
HoIi 3agaveit. JlaHHas paboTa MocBslleHa aHAIU3Y
JNaHHBIX MO UCTOPUU Pa3BUTUS U COBPEMEHHOMY
COCTOSIHMIO MCCJIEOBaHUI I HEOOIbIION 101
BJIEKTPOHHBIX YCKOpUTEJIeil, a MMEHHO, YCKOPHU-
TeJIell 2JIEKTPOHHBIX ITYYKOB OOJBIIOTO CEYCHMS
(ITbC) ¢ ux BLIBOOAOM B aTMocdepy Mpu MOMOILIHU
HU3KO3HEePreTUYECKUX YCKOpUTEeid 3JIeKTPOHOB.
ITpu 3Tom B 061ieM ciayvyae noa I[TBC nonpasyme-
BalOTCS 2JIEKTPOHHbBIE ITyYKU, B KOTOPHIX TEILIOBBIC
CKOPOCTU SMUTHPOBAHHBIX JIEKTPOHOB HE OKa3bI-
BaIOT CYIIECTBEHHOTIO BIIMSHUS Ha pacrpeneiieHne
TUIOTHOCTU TOKA MO cedyeHuto nyuyka [1]. OToenbHO
clieayeT OTMETUTh, UTO B 0030pe He paccMaTpuBa-
I0TCSI DJIEKTPOHHBIE ITYYKM, CKAHUPYEMBIE 10 00JIb-
IIO¥ TUJTOLIAIH.

PeTpocnekTuBHO paboTa oxBaThiBaeT BpPEMEH-
HOM ITPOMEXYTOK OT MOMEHTAa CO3IaHUs IEePBBIX
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HU3KO3HEPIeTUICCKUX YCKOPUTEICH 3JIEKTPOHHBIX
I1BC B Hauane 70-X TogoB 10 COBpEMEHHBIX 00pa3-
110B JIaOOPaTOPHOIO W MPOMBIIIIEHHOI'O 000PYI0-
BaHUs. 3HAYMTEIbHAS YacTh U3JIaraeMoro B paboTe
MaTepurajla OCHOBaHA Ha U3BECTHBIX MOHOTrpadusIx
U cbopHUKax ctaTeil [1—8], crieunaau3npoBaHHbBIX
AHAJIMTUYECKUX OTYETaX 110 3JIEKTPOHHBIM YCKO-
pUTEIsSIM U UX NPUMEHEHUIO I paauallMOHHbBIX
TeXHOJIOTUi1 [9—12], B TOM 4HrClie U3 CMEXHBIX Hayd-
HBIX oOmacteit [ 13—18], HO OTHOCSIIINXCS K BLIOpaH-
Holi TeMaTuke. KpoMe 3T0TO, 3HaUMTE/IbHAS YaCTh
MaTepuasoB B3sITa U3 Pe3yJbTaTOB MCCAeNOBaHUIA,
OITyOJIMKOBAHHBIX B OTEUECTBEHHBIX U 3apy0ex-
HBIX XypHajax, JoKJaaax U Tpyaax NpopUIbHbBIX
KOH(pepeHINi, MaTeHTHOM MH(MOPMAIIMU U TIPO-
YUX MaTepuanax Imo TeMaTnke 371eKTpoHHBIX [1BC,
BBIBEICHHBIX B aTMOC(]epy, a TAK:Ke OPUTMHAIbHBIX
paboT aBTOPOB HACTOSIIIETO 0630pa.

B pabore paccMOTpeHBI CYIIEeCTBYIOIINE K-
TPOHHbIE YCKOPUTEIU, pa3invalolirecs TUIaMU
SMUCCUM BJIEKTPOHOB: OCHOBAaHHBIE Ha TEPMO3-
JICKTPOHHOM SMMCCHUHM, HA B3PBIBHOU 3JIEKTPOHHON’
SMUCCHUHU, HA OCHOBE Pa3IMYHBIX Pa3psIoB C IJ1a3-
MEHHBIM KaTOIOM 1 Ha OCHOBE BHICOKOBOJILTHOI'O
tietomero paspsaa (BTP) wiu BTopuyHON MOH-
HO-3JIEKTPOHHOU sMuccuu. Takoe pasaeieHue
HE MCKJIIoUaeT Hajluune KOMOMHUPOBAHHBIX YCKO-
putelneii, B KOTOPBHIX OTACIbHBIC 3JIEMEHTHI WM
BCIIOMOTATEIbHbBIE Y3JIbI MOTYT OOeCIIeunBaTHCS
pa3psigaMu pasHBIX TUNOB. BBumy 00JBIIOTO 00B-
eMa HayYHO-TEeXHMYECKON M MaTeHTHON JuTepa-
TYpbI 110 JAHHOI TeMaTUKe B OOJIBILIMHCTBE Cy4aeB
aBTOPbI BHIHYKIEHBI OTPaHUYMBATHCS JIUIIb CChLI-
KO Ha COOTBETCTBYWOIIME MyOJMKALIMM C ITapa-
METpaMM YCKOpUTeIel 0e3 aHajln3a TeXHUISCKUX
JeTajeil, KpoMe OTHENIbHBIX CIyJaeB, Iie aKIeHTH-
pOBaHO BHMMaHME Ha YHUKAJIbHBIX 0COOEHHOCTSIX
KOHCTPYKIIMU YCKOpUTEIel MU Ha JOCTUKEHUU
PEKOPIHBIX 3HAUYCHUI 110 TEM WJIM MHBIM Iapame-
TpaMm (cedyeHMe ITydyKa, CPEIHSISI MOIITHOCTD, IIJI0T-
HOCTb TOKAQ U T. 11.).

B pabote ncnonb30BaHbl MapaMeTpbl U PEXKUMbI
BKCILTyaTalluM CACAYIOIINX YCKOPUTEEH 2JIEKTPOH -
Heix [1BC:

— 3JIEKTPOHHBIE YyCKOpUTeau MHCTUTYTa CUlb-
HOTOYHOM DBJIEKTPOHUKMU (YCKOPUTEIU CECPUU
“SINUS”, “IYDT”, “I'enuoH” u ap.) HA OCHOBE
B3PBIBHOW 3JeKTpOHHON »smuccum [19-34],
Ha OCHOBe IJIa3MeHHBIX KaToaa u aHoxa [35—50]
u Ha ocHoBe BTP [51-54];

— aaekTpoHHble yckoputenu HUMDDA um.
I.B. Edppemona [11, 55] Ha ocHOBe TepMOKaTO-
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noB [56—61], Ha OCHOBE B3PBIBHOM 3JIEKTPOHHOM
smuccun [62—64] (cepum “I'e3a”) m Ha OCHOBE
BTP (“Oszonarop”, “TYP-M”, “MIJITK-50”
uap.) [65—-72];

— B3JIEKTPOHHEBIE YCKOpuUTean MHCTUTYTa 3J1eK-
TpOo(PU3UKN HAa OCHOBE B3PBIBHOM 3JIEKTPOHHOMI
smuccuu [73, 74] u Ha OCHOBE TJTa3MEHHBIX KaTona
u aHona |75, 76];

— 2JIEKTPOHHbIE YCKOPUTEIU Pa3IUIHBIX (PUPM
Ha ocHoBe TepmokartonoB [77—89] (Energy Sci-
ences Incorporated cepun Electrocurtain, Selfshield,
EPZ n npouue yckoputenu kiaacca Electrocurtain,
HMCIIOJIb3yeMble CTOPOHHUMM OpPraHU3alUsIMU),
yckoputenau Broadbeam Equipment [90], yckopu-
ten HAM “Turan” u BOU nm. B.U Jlennuna [91—
95], ycxkopureau 'OU um A.A. Baswmiosa [96],
yckoputeau Advanced Electron Beams [97—103],
yckoputenu LEA Institute of Surface Modification
Advanced [104—106], ornasuHble mymku HITIT
“Uctox” [107];

— yckoputenu Systems, Science and Soft-
ware Ha OCHOBE B3PBIBHOW 3JIEKTPOHHOM 3MUC-
cuu [108, 109];

— YCKOPUTEJIM C TIJIa3MEeHHbIM KaTtoaoMm: oT Tech-
nion Israel Institute of Technology [110, 111]
1 MOCKOBCKOTO TroCyqapCTBEHHOI'O TeXHOJOrnye-
ckoro yauBepcutetra “CTAHKHWH” [112];

— yckoputenu Fraunhofer Institute for Organic
Electronics: e-ventus, WESENITZ, TORUS
u ap. [113—117];

— MpoYUe YCKOPUTEJIM Ha OCHOBE TEPMO-
katonoB [118—124], B3pBLIBHOI D>JIEKTPOHHON
samuccuun [125—129], ¢ mirasMeHHBIMM KaTOIOM
n adomoM [130—132] 1 yckKopuTennm Ha OCHOBE
BTP [133—142].

KoHeuyHO, He BCe CyIIeCTBYIOIIME YCKOPH-
Teau aJeKTpoHHBbIX [TBC HalIu cBoe oTpaxkeHue
B 0030pe B MOJIHOM 00beMe. ABTOPHI 3apaHee TPUHO-
CAT U3BMHEHMS KOJIeTaM, €CJIM UX YCKOPUTEIU WUIn
pe3yabTaThl UCCASIOBAaHUIA HE HAIIUIM B 3TOM 0030pe
IIOJDKHOTO, Ha MX B3WIsLA, oTpaxkeHUs. YacTth paboT
(0cobOeHHO HayaJbHOIro Mepruoaa) Ha HaCTOSIIUI
MOMEHT CJIOXKHO BKJIIOUMTH B aHAJIM3 U3-3a HU3KOTO
YPOBHST OLIU(POBKU WU UX OTCYTCTBUS B ITyOJIMY-
HoM noctyre. KpoMe Toro, rmouck padbot 1mo JaHHOM
TEeMe OCJIOXKHEH TeM (paKTOM, UTO Ha 3ape Pa3BUTHUSI
yckopurtesieil ITBC He ObL1O ycTOsIBIIEHCSI TEPMU-
HOJIOTHH, U B JIUTEPATYpPe MOKHO BCTPETUTH CAMbIE
pa3Hbie 0003HAYECHUSI 3TOTO TUIA YCKOPUTEIIE:
“Electron flood gun”, “Electron shower”, “E-Gun”,
“Electron acceleration tubes”, “Extended-dimension
beam”, “Electrocurtain”, “Broad beam”, “Large
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area electron accelerators” u T. 1., 4To, 6€3yCJIOBHO,
3aTpyaHseT ux nouck. Kpome toro, BHIOOP yCKOpH-
TeJIeil ISl aHalln3a ONpeAC/IsUICS, B TOM YHUCIE, U
MPUHAIJIEKHOCTBIO aBTOPOB K OIpeAe/ICHHOI Hayd-
HoM mKoJie. OmHaKo 0O0JbIIOe KOJIMYECTBO Mpoa-
HaJIM3MPOBAHHBIX NICTOYHUKOB I BPEMEHHOIT 0XBaT
MO3BOJISIIOT PACCUMTHIBATH HAa TO, UYTO ITapaMeTphl
yCKOpUTEJIei, KOTOpble M0 KaKMM-TO IPUUYMHAM
He TIomaju B 0030p, BCE PaBHO HAXOISTCS B paM-
Kax TeX Xe TeHIEHILWI U MOTYT IO3BOJIMThH JINIIb
YTOUHUTH T€ WJIM WHBbIE NMAna30Hbl ITapaMeTPOB,
HO KapAWHAaJIbHBIM 00pa3oM He MOTYT IOBIUSITH
Ha BBIBOIBI paboOThl. boJbII0ii BpeMeHHOIT MHTEP-
BaJl U KOJIMYECTBO padOT MOXHO CUMTATh PEIPe3eH-
TaTUBHBIMHU JJISI TOTO, YTOOBI OTPa3UTh KAUeCTBEH-
HBIe U3MEHEHUS B ITapaMeTpax YCKOpPUTEIeH WIIN
HaIlpaBJeHUSIX UCCIEeI0BaHU, KOTOPhIE TTO3BOJIMIN
CHCTEMAaTU3UPOBATh HAYYHbBIC PE3YJIBTATHI.

B omimume oT apyrux o030pOB IO TeMaTUKE
I1BC, xoTopslie comepKaT TaOIULLI MapamMeTpOB
U IIpUMEpPbl KOHKPETHBIX YCKOPUTEJEl, IIeNIbIO
JAHHOI padoTHI SIBSIETCS CO3daHue “KapThl Mapa-
METpOB”, KOTOpas B TEpPBYIO ouepenb MOMOTIa
OBl OPUEHTUPOBATLCS B 3TOM 3amade Kak pa3padboT-
YMKaM YCKOPUTEIei 3JIeKTPOHOB (ITOCKOJIBKY TaKast
paboTa u Takoit crmoco0 aHajIM3a B 3TOM HallpabJie-
HUM IIPOBOMSTCS BIEPBBIE), TAK U CHEIIUAINCTAM,
ucnoab3yomuM ayekTpoHHbie [TBC ais peteHus
(byHIaMeHTaIbHBIX 1 TIPUKJIAIHBIX 3a1a4 IJIs paau-
allMOHHBIX TeXHOJIOTUi. BBUOy TOro, 4ro MHOrmue
napamMeTpbl YCKOPUTEIEH MPUXOIUTCS OLIEHMBATh
M3 HECKOJbKUX pPa3HbIX MCTOYHUKOB M IaTEH-
TOB, TaKO BapWaHT IIpEICTaBICHUS Pe3yIbTaTOB
KaxeTcsl ONITUMaJIbHBIM. ECTh Bce OCHOBaHMSI TT01a-
raTh, 4YTO MpOBeleHHas paboTa MOMOXET OTBETUTh
Ha psII BOIIPOCOB O TEKYIIEM COCTOSIHUM YCKOPH-
Tenei anekTpoHHbIX [1BC, HanpaBieHUsIX pa3BU-
TUSI, HAJTMYUU KOHKYPEeHLIMHU (KaK BHYTPpEHHEM, Tak
¥ BHEIIHEN) M coelaTh IMPOTHO3 Ha OJMKANIIYIO
MEPCIIEKTUBY Pa3BUTUSI PA3TMUHBIX TUIIOB YCKOPH -
Teneit, reHepupyloiux 3aekTpoHHbie [1BC.

2. AHAJIN3 HU3KOOHEPTETUYECKHMX
YCKOPUTEJEN BJEKTPOHHBIX ITBC

2.1. Pabouuii duanaszon yckopsaoouux HAnpsiceHull

JI1060ii nabopaTOpHbIA WM MPOMBILIIEHHbIA
SJIEKTPOHHBIN YCKOPUTEb UMEET IIMPOKMIT Habop
nmapamMeTpoB, KOTOPbIE 3aBUCST OT THUIIA DJIEKTPOH-
HOTO 3MUTTEpa M OMPEACISIOT eTo (PYyHKIIMOHAIb-
HOCTb. M3-3a 6016111070 pa3HOOOpa3usl BHOMEHKIIA-
Type DJEeKTPOHHBIX YCKOPUTEJEeN ¢ KaTomaMu
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Ha OCHOBE Pa3jIMYHBIX THUIIOB SMUCCUU HEOOXOIUM
JITOPUTM UX CPAaBHEHHUS APYT ¢ Apyrom. B cBasu
C 3TUM B TIEPBYIO ouepelb TpeOyeTcsl ONnpeaeauTh
pabouuii nrana3oH mapaMeTpoB, BHYTPU KOTOPOTO
PacIIoIoKeHbl aHaJIM3UpyeMble aBTOPaMU YCKO-
putenn. Pa3syMHO OTTONKHYTBHCS OT MaKpoIrapame-
TPOB, KOTOpbIe YIOOHKI JJISI aHalK3a HE3aBUCUMO
OT THUIIA BMUTTEpa. DTO YCKOPSIOIee HAIIPSIKEHNE,
TUIOIIaAb MYyYKOB, BHIBOIUMBIX B aTMOC(hEpPY, TOK
3JIEKTPOHHOTO ITyYKa WU IJIOTHOCTh TOKA, MOIII-
HOCTb, JJIUTEJbHOCTh UMITYJbca, KOI(MPUILIUEHT
HEOTHOPOIHOCTH U T. II.

HuszkosHepreTuuecCKMMuU yCKOPUTEISIMU TIPU-
HSATO CYUTATh YCKOPUTEIU ¢ MaKCMMAaJIbHOI 3HEP-
rueil 3JeKTPOHOB ITy4YKa, BHIBEIEHHOIO B aTMOC-
depy, B nuanazone 100—300 x»B [10, 11]. Beidop
HUXHEW TrpaHUIbl 1uara3oHa OOYCJOBJEH TeM,
YTO BBIBOJI 2JIEKTPOHHOTO TTy4Ka B aTMochepy ocy-
ILIECTBJISIETCSI Yepe3 BBIIIYCKHOE (hOJIbIOBOE OKHO,
KOTOpOe paszzesisieT 00J1acTb HU3KOTO JaBJIEHMUS, Te
OCYIIECTBJISIOTCSI TeHepalus U TPaHCIIOPTUPOBKA
3JIEKTPOHHOTO MyYKa, ¥ MPOCTPAHCTBO 0oJiee BhICO-
KOTO NIaBjeHUsI, B KOTopoM 3JeKTpoHHBIN [1BC
B3aUMOJIEHICTBYET C OOBEKTOM OOJIydeHUs U yallle
BCEro OCYIIECTBIISIETCS U3MEPEHME ero ITapaMeTPOB.
I[Topor MUHMMAIBHON 3HEPTUU 3JECKTPOHOB IS
X IIPOXOXIEeHUS Yepe3 ToHKue (Goabru (13 oepui-
JINSI, ATIOMUHUST, TUTaHA, HEpXKaBerolIel CTau W
Pa3IMYHBIX CIJIABOB) JJISI OOJIBITMHCTBA aHAIU3M -
pyeMbIx paboT coctapisieT mpuMmepHo 80 kaB. I1pu
MEHBIIIEN SHEPTUU JIEKTPOHOB IIOTEPU B BBLIBOTHOMN
(onbre u aTMocdepe Aenal0T UCMTOIB30BAHUE DJIEK-
TPOHHOTO My4yKa HepeHTabeabHbIM. [l BepxHeil
rpaHULBl OMAalla30HAa dHEPTHU 3JEKTPOHOB HET
€IMHOTO MHEHMUSI OTHOCUTEILHO aMILUIUTYIBI YCKO-
psoniero HanpsikeHust. HanpuMep, yckopurenn
Ha OCHOBE B3pHIBOSMUCCUOHHBIX KATOIOB, KOTOPBIE
HCITOJIb3YIOT MMITYJICHI HAIIPSIKEHUS C aMIUTUTY 01
300 kB u 6onee, TpeOYIOT yCHMICHHOI pagnaiioH-
HOI1 3alIIMTHI, YTO MEPEBOAUT UX B MHOM Kjiacc 000-
pyIoBaHMs, KOTOPBIIA He OyIeT paccMaTpUBaThCS
B paMKax JaHHoli pab®oTel. B manHoMm aHanu3se
ABTOPHI OrPaHUYMJINCh SMIIMPUICCKUMU cOoOpa-
KEHUSIMU U yIOOCTBOM YHUMDUKALMU IJIST aHAJIU3a,
MO3TOMY B paboTe pacCMaTpPUBAIOTCS YCKOPUTEIN
anekTpoHHbIX [1BC, pabounii nuana3oH sHepruii
KOTOpBIX JexXuT B uHTepBasie 80—300 ka3B.

Tak:xe CTOUT OTMETUTh, YTO ITOMUMO IePEUKC-
JIEHHBIX DJIEKTPOHHBIX YCKOPUTEJIe Ha OCHOBE pa3-
JIMYHBIX TUIIOB O9MUCCHHM, B 3TOM TMAIIa30HE HATPSI-
JKEHWI NPUCYTCTBYIOT U IPYrye TUITbl YCKOPUTEEH
3JIEKTPOHHBIX ITyYKOB, HAIIpUMEp, KJIaccC JUHEMHBIX

Ne 2 2025
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3JIEKTPOHHBIX YCKOPUTEIEH, YCKOPUTENIU C Mar-
HUTHO-CBSI3aHHOMW CUCTEMOU MOCTOSTHHOTO TOKa,
YCKOPUTEIN Ha OCHOBE TpaHC(opMaTopa ¢ U30JIu-
pPOBaHHBIM MarHUTOMPOBOAOM U npyrue [9—11, 18,
143, 144]. HecMoOTps Ha TO, YTO 3TU YCKOPUTEIU
MOTYT (DYHKIIMOHUPOBATh MPU HATIPSIKEHUSIX HUXKE
300 kB 1 uMeTh OobIIKE TUTOLIAAU 00PaOOTKH (T. €.
OHM TIOIaaloT B UCCAENYEMbI 1Uana3oH), B paM-
Kax 3Tolf pabOTbl OHU paccMaTpUBaThCs HE OymyT,
MOCKOJbKY JJISI 3TOTO KJlacca 00OpymoBaHUS
B OCHOBHOM MCIIOJIb3YIOTCS CXEMBbI CO CKaHUPYIO-
IIMM 3JIEKTPOHHBIM ITyYKOM MaJIOH TUIOLIAIHN.

2.2. CeueHue nyukog, 8bl800UMbIX 8 ammocgepy

Ha puc. 1 npeacrtaBieHo pacripenejieHue IIo-
IIaa CEYeHUIT SJIEKTPOHHBIX ITYYKOB, BhIBEICHHbBIX
B aTMocdepy, IS aHAIM3UPYEMBIX YCKOPUTEICH
asiekTpoHHBIX ITBC. MakcuManbHOE ceueHUE dJ1eK-
TPOHHOTO ITyYKa, BEIBEAEHHOTO B aTMOcdepy, KOTO-
PHIii OICaH B IMTEpaType M BKIIIOYEH B HACTOSIIIINIA
0630p, coctasset okoso 10 M2 [1, 108, 129]. Munu-
MajbHOe ceyeHue aneKTpoHHoro [TbC — 310 ammnu-
pUYecKas BEIMYMHA, KOTOpasl CBsSI3aHa B TOM UMCIIE
M C MaKCHUMAaJIbHBIMH IIJIOTHOCTSIMM TOKa, O YeM
OyzneT cka3zaHo HIXe. B pabote aBTOpBI OrpaHUYU-
Juch anekTpoHHbIMU ITBC, ceyeHure KOTOphIX, MO UX
MHEHUIO, IIPUTOIHO JUIST pEeIleHMST TTPOU3BOIACTBEH-
HBIX 3a/a4y U cocTabisieT He MeHee 100 cm?. Takke
BaxKHO OTMETHUTh, UTO B pabOTe He aKILEHTUPYETCS
BHUMaHWE Ha (popMe CeUeHMs MydKa: B aHaIu3e
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HCITOJIb30BaIICh YCKOPUTENN, TEHEPUPYIOIIE TIpsI-
MOYTOJIBHBIE U JICHTOUYHBIE ITyYKU, ITYYKU KPYIJIOTO
CEYCHMSI U YCKOPUTEIU C paaualbHOIl reoMeTpueit
(KakK ¢ pamralbHO CXOOSIIMMUCS, TAK U C PaIHaIbHO
PacXoaAIIMMUCS DJIEKTPOHHBIMU ITyYKaMu).
HeoOxomguMo OTMETUTH, YTO aHAIM3 UCTOYHU-
KOB JIUTepaTyphl, OCOOEHHO cepuii 0030pHEIX PadOT
1 MOHOTrpaduii, MOKa3bIBAET, UYTO B HUX YACTO OITH -
CaHbl OHU U TE K€ YCTAHOBKH, MapaMeTphl KOTO-
PBIX IyOIUpYyIOTCS U3 paboThI B padboTy. B mpeacras-
JICHHOM 0030p€ aBTOPBI CTapaluCh MCIIOJb30BaTh
TOJIKO OPUTMHAJIbHOE COOOIIeHUE ¢ TTapaMeTpaMu
YCKOPUTEIIS, €CJIU K€ B TTOCICAYIOIIMX YO IMKALIMSX
nmpousBoauachk Moaudukanus oOOpPydOBaHUS,
WCTIOJIb30BAJIUCH IPYTHE PEXUMBI PAOOTBI YCKOPH-
TeJIsl WK pacIIUPSJICS CIEKTP 3a1a4 10 €ro UCIOJIb-
30BaHMIO, TO 3TO OTPaXaJIOCh Ha TpadMKax B BUIE
TPYHIIbI ITOCJAEIOBATEILHBIX TOUEK, KOrIa OIWH
U TOT XK€ YCKOPUTENIb UCIOB3YeTCs B LIMKJIE paboT
Ha MPOTSKEHUM IIPOMOJIKUTEILHOTO BPEMEHH.
Hanpumep, 3TO OTHOCUTCS K YCKOPUTENISIM CEpUM
Sinus [25, 2931, 34], yckopuremo AYDT [35—39],
yckoputenaMm cepuu Electrocutrain [77—79] u npy-
UM, JUISI KOTOPBIX Ha rpaduke Ha puc. 1 MOXHO
BUIETh HECKOJIBKO TOYEK C OAMHAKOBBIM CCUCHUEM
My4ykKa, ocae0BaTeIbHO PACIOJIOKEHHBIX Ha MPO-
TSDKEHUM HECKOJbKMX JieT. C OOHOM CTOPOHBI, ISt
aHajau3a 3TO CO3AaeT MPOTUBOpPEYre, MOCKOJIbKY
KOHCTPYKIIMOHHO YCTAHOBKU 4acTO HE MpeTepIie-
BaIOT CYIICCTBEHHBIX U3MEHEHWI, CIeIOBaTe/IbHO,

AL 2
¢ A
ubs oe 8
i * % ¢
A_A 4 A R4
o
oo °© " e
+ ¥ 0 .
" B B

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Ton nyonukauun

Puc. 1. XpOHOI[Ol"I/IfI pasBUTUA chOpMTeﬂeﬁ SJICKTPOHHBLIX ITYYKOB C TOYKU 3PpEHUA CEUCHUA BhIBEACHHOTO 3JICKTPOHHOI'O

My4yka B aTMochepy: ¢ — YCKOPUTEIM Ha OCHOBE TEPMOKATONIa, @ — YCKOPUTEIU HAa OCHOBE B3PBIBHOM 9MUCCUN, ® — YCKO-

PUTENN C TUTa3MEHHBIM KaTOIOM U aHOIOM, A — yCKOpUTesd Ha ocHoBe BTP.
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MOJIyYaroTCsT Iy OJIMPYIOIINE XapaKTePUCTUKH U YBE-
JIMYeHUE YACTOThl YHOMUHAHUSI KOHKPETHOTO YCKO-
putensas. OQHAKO ¢ TOYKM 3pEeHUS Pa3BUTHUS 000-
PYyIOBaHMS U TEXHOJIOTUII — 3TO MOXET T'OBOPUTH
0 TOM, YTO IPOM3BOAUTEN HAIILIM M 000CHOBAJIU
MPUYUHEI UCIIOIb30BAHUST YCKOPUTEIS ST APYTrOit
3a7auy WIM B IPYTUX peXMMax SKcIuTyataunu. Oue-
BUJIHO, YTO y TAKOTO YCKOPUTEJISI €CTh HAYyYHbIN WU
MPOU3BOACTBEHHBINA 3a1€], KOTOPBIA IMO3BOJISIET ETO
UCMOJIb30BaTh ¢ 3(P(HEKTUBHBIMU pEeXUMaMU 00JTy-
YeHHs B paMKax OJIM3KOro Auana3oHa IIapaMeTpoB.
TakuM oOpa3oM, €ciIud B JIMTepaType YCKOPUTEIh
MOSIBIISICS B HEM3MEHHOM BHUJIE, TO €T0 IMapaMeTphl
He HaHOCWJIMCh Ha rpaduk. Ecnu ke akcryataum-
OHHbIE ITapaMeTPhl B MyOIMKALIMY OTIMYAIOTCS WU
oInmcaHa Kakas-a100 Moau(uKalus YCKOPUTEIs,
TO MapaMeTphl IydKa ObUIM OTpakKeHBl Ha rpadu-
Kax. Takke BaXKHO OTMETUTh, UTO B pabOTax, IOCBSI-
IIEHHBIX 3JIEKTPOHHBIM ITydKaM OOJIBIIIOIO CEYEHUS,
HET eNrHOro ¢hopMara mpeacTaBieHusT Pe3yIbTaToB;
B OIIHUX CJIy4YasiX IIPUBOISTCS MAaKCUMAJIbHO TOCTUT-
HYTBIC TapaMeTphl, B IpyTuX — padoumii auara-
30H, B KOTOPOM IIPOBOAMIOCH OOJTy4eHE 0OBEKTOB.
B Hamem aHanm3e oTaaBagoCh IpearnoYTeHIe MaKCH-
MaJIbHBIM JJOCTUTHYTBIM 3HaueHMsIM. B jmro60oMm ciy-
yae 3T0 CYOBEKTUBHBIN BBIOOD, KOTOPbIT HE MOXKET
OBITH ITOJTHOCTHIO MCKJIIOUEH U3 aHAJIM3a.

B uenom, Ha momyyeHHom rpaduke (puc. 1)
Ha0JII0maeTcsl JOCTaATOYHO PaBHOMEPHOE pacIipese-
JIEHHE YCKOpUTEJIel KaK IT0 CeYEHUIO, TaK U C TOUKK
3pPEHMST XPOHOJIOTUH, YTO TOBOPUT O TOM, UTO HAIIIy
BBIOOPKY YCKOpUTEJIE MOXHO CUMTATh perpe3eH-
TaTUBHOM. bBoJipliag 4yacTh Iuiomageil ceyeHuit
3JICKTPOHHBIX ITyYKOB, BHIBOOMMBIX B aTMocCdepy,
cocpenoroueHa B uHTepsaie 10°—10* cm?. [Ipu atom
nMeeTcsT OOJIBIION IMTPOMEXYTOK MEXIY YCKOPUTE-
JIIMHM ¢ MAKCUMAaJIbHBIM CEYeHMEM ITyYKa, KOTOPhIC
MMEIOT paJuaJbHO PaCXOISIIYIOCS TreoMeTpuio |3,
108], 1 ocTaIbHBIMU YCKOPUTENSIMU, KOTOPhIE Ha Tpa-
(buke pacmpeneeHbl JOCTATOYHO PABHOMEPHO.

2.3. [luanazon napamempos no nAomHOCMuU
moka I[I6C

s Bcex yCKOpuUTesel 2JIeKTpOHOB (pyHIaMeH-
TaJIbHBIMU MapaMeTpaMHU SIBJISIIOTCSI TPU BEJIMUMHBL:
SHEPTus 2JIEKTPOHOB, TOK 3JEKTPOHHOIO ITy4Ka
U €ro ce4eHue, KOTOpbie OMPEeAeIsSIIOT CIIEKTP BO3-
MOXHBIX ITPUMEHEHUI YCKOPUTENIS U €ro IMPOu3-
BOIMUTEIBLHOCTh. ITOCKOIBKY BBIBOM 2JIEKTPOHHOTO
MyYKa B aTMOC(epy OOBIYHO OCYIIIECTBIISIETCS Yepe3
TOHKYIO METaJZINYECKYI0 (DOJIbIY, KOTOpasi 3aKphl-

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

BaeT nep@oprupoBaHHYIO OITOPHYIO PEIIETKY (C KpYy-
[JIBIMU WJIM IIEJIEBBIMU OTBEPCTUSIMU) BHIBOJHOIO
OKHa, 3TO HaKJaIblBaeT OrpaHMYCHUs Ha BeIU-
YMHBI CpeAHEH U UMIYJIbCHOM IIJIOTHOCTEN 3HEP-
TMU BJIEKTPOHHOTO ITydyKa. Pasmepsl oTBepcTuii
B OIIOPHOM pellleTKe BHIOMPAIOTCS, MCXOMIS U3 ABYX
MPOTUBOPEUYMBEIX YCJIOBUIl: OTBEPCTUS ITOJIKHBI
OBITb MMHMMAaJILHOI'O pa3Mmepa Ajs obecreyeHus
MaKCHUMaJbHON MHPOYHOCTU (DOJbTU, BBIIEPKU-
Balolleit Teperan JaBJIeHUH MeXAy aTMocepoid
1 BaKyyMOM, IIpU 3TOM OTBEPCTHS HOJLKHBI OBITh
KaK MOXHO 00Jbliie 1j1s obecrieyeHus] HanOobliei
TeOMETPUUECKOM MPO3paYHOCTH OIMOPHOI PEIIETKH
M MakCHMaJlbHOTO BBIBOJA TOKA 3JEKTPOHHOTO
nyyka B atMocdepy |66, 76, 145, 146]. Uem Gouibliie
MOIIIHOCTh BBIBOAMMOTO IIy4Ka, TeM OOJbIIas
TeIjI0Basi Harpy3Ka OyoeT MpUXOOUTHCS Ha LEHTP
OTBEPCTHIA, YTO MPUBEIET K CHIDKCHUIO MeXaHN4Ie-
CKOI MTPOYHOCTH (DOJILIU B ITOI 00JacTh, HAIIpU-
Mep, 3a cueT Aedopmalun QOJbIU BOIU3U pedep
pelLIeTKU WM IIPU IPEBHILIEHUU €€ TePMUIECKOI
croiikoct# [76]. nst ToHkux ¢doabr (15—50 Mkm)
U3 aTIOMUHMS, TUTaHAa WJIW Pa3JIUIHBIX CIIjia-
BOB IpeAeibHass MaKCHMMabHasl TNIOTHOCTh TOKAa
B UMITYJIbCHO-TICPUOANYECKOM PEKUME ITPU BOTHOM
OXJIAXJIEHUU OTIOPHOM PeIIeTKU MOXET IPeBbIIATh
10 A/cM? 17151 HAHO- U CYyOMUKPOCEKYHIHOTO JHa-
Na30HOB AjauTenbHOCTel. IIpoBeaeHHbI aHaIU3
MOKa3bIBaeT, YTO TAKOW IMOPSIOK IJIOTHOCTH TOKA
IIJISI DJIEKTPOHHBIX ITYYKOB, BHIBOOIMMBIX B aTMOC-
depy, MOXET TOCTUTATLCS JUIST UMITYJIbCHBIX ITYYKOB
MaJIOro CeUeHUsI, CXOMSIIIMXCS DJIEKTPOHHBIX ITyUYKOB
WJIM CUJIbHOTOYHBIX YCKOPUTEJIe Ha OCHOBE B3PbIB-
HOM 31eKTpoHHOIT aMuccum [38]. [To Mmakcumanb-
HOMY TOKY 3TH YCKOPUTEIN COOTBETCTBYIOT TOKAM,
BBIBOAMMBIM B aTMOc(epy Ha YpoBHE 1 KA U1 BbILIE.
HixHsist rpaHrIia Mo TIOTHOCTY TOKA OrpaHUYeHa
TOJIbKO 00111ei 3(h(PEeKTUBHOCTBIO U peHTAOEIHbHO-
CTbIO MCIIOJIb30BaHMSI KOHKPETHOI'O YCKOPUTEJIS.
Ha puc. 2 npuBeaeHo pacmpeneieHne yCKOpu-
teneit a3aekTpoHHbIX [IBC, BRIBOOUMBIX B aTMOC-
depy, B KoopamHAaTaX MaKCUMaJIbHOM INIOTHOCTHU
TOKa ¥ MAKCHMMAaJIbHOTO TOKa 3JIEKTPOHHOTO ITyYKa.
Taxxe Ha rpaduke mpuBeIeHbl TPAHULBI PAOOUNX
JIMaIia30HOB 10 3TUM ITapaMeTpaM ISl yCKOpUTeeit
C Pa3IMYHBIMU TUIIAMU 3MUCCUU. B Takux koopau-
HaTax BeCchb HAOOp aHAJM3UPYEMBIX YCKOpHUTEIei
pacIIoIoKeH B y3KOM MHTepBaje, OrpaHUYeHHOM
IBYMSI U3OJIMHUSIMU paBHOI TLIOIIAIM, KOTOpPBIE
ObLIM OIpenesieHbl paHee IPU aHaIM3€e IUIoIaau
ceueHus 37eKTpoHHBIX [1BC. OtnenbHbBIE yCKOPH-
TeJIU, KOTOPBIE PACIIONIOXKEHBI BHE 3TOr0 NMaIla3oHa,
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Puc. 2. Pacnipenesnenue yckoputeneii 1eKTpoHHbIX [IBC, BBIBOIMMBIX B aTMochepy, B KOOPIMHATAX IOTHOCTH TOKA

U MaKCHMAJIBHOTO TOKa: 4 — YCKOPUTEIN Ha OCHOBE TEPMOKATOIA, @ — YCKOPHUTEIU Ha OCHOBE B3PBIBHON SMUCCUM,

@ — YCKOPUTENH C [UIa3MEHHbBIM KAaTOIOM M AHOLOM, A — YCKOPUTENH Ha OCHOBe BTP, IITPUXOBbIE JIMHUN — M30IMHAK
¢ riowansimu 10% 1 10* cm?.

UMeEIOT ceyeHue MyyKa 4yTh MeHee 100 cM? WK 3Ha-
YUTENbHO 00JbllIee, KOTOPOE NJOCTUTAETCS UCIOJIb-
30BaHMEM KOHCTPYKIIMU YCKOPUTENS ¢ paguaibHO
pacxonsiimcs mydkom [109, 129].

M3BecTHO, 4TO IIpenes o MaKCMMAaJIbHON IIOT-
HoCTU ToKa 3jieKTpoHHOro I1BC B HenmpepbIBHOM
pEeXMME, OTPAaHUYEHHBIM TEPMHUYECKOU CTOMKO-
CTbIO MCMOJb3YEMbIX TOHKHUX (DOJIBI B 3aBUCUMOCTH
OT KOHCTPYKIIUM BBIBOIHBIX OKOH, cocTaBisieT 0.1—
0.2 MA/cM? [12]. Kak BUIHO Ha pHcC. 2, IMEHHO TOT
IHAaIa30H IJIOTHOCTEl TOKA COOTBETCTBYET IPaHUIIS
MEXOy YCKOPUTEISIMU Ha OCHOBE TEPMOKATOIOB
M Ha OCHOBE B3PBIBHOI1 3JIEKTPOHHOI smuccuu. 13
aTOro (pakTa cleayeT BaxKHbIIf BLIBOJ: HA HACTO-
SIIUA MOMEHT (a Ha caMOM JieJie yXKe B cepenuHe
80-X TOmOB) MWJIsT YCKOpUTENe Ha OCHOBE TepMOKa-
TOIOB JOCTUTHYTHI INIOTHOCTU TOKA IIJISI HETIPEPhIB-
HBIX 1 UMITYJIbCHBIX PEKMMOB FeHepallii, KOTOPhIC
OrpaHWYMBAIOT MIOTHOCTH ToKa [TBC, BEIBOIMMOTO
B aTMocdepy, TEPMUYECKON CTOMKOCTbIO TOHKUX
(osbpr, a He SMUCCUOHHBIMU CBOMCTBAMU KaToja.
HpyruMu c1oBaMM, MOIITHOCTb U ITPOU3BOAUTEb-
HOCTh 3TUX YCKOPUTEJICH OrpaHMYeHA HE SMHCCH-
OHHBIMM CBOIICTBAaMM Ir'eHepaTopa Imy4yKa, a IpyTuMu
y3JaMU YCKOPUTENsl, UJIU CBOHCTBAMU OOBEKTOB
00JlydeHus. DTO BaXKHBII BBIBOJ, MOCKOJIbKY OJHA
U3 OCOOCHHOCTEN pa3BUTUS JEKTPOHHBIX YCKOPH--
teneit 1 nonydeHus [1bC cocTout B TOM, UTO OHU
HavajJay pa3BUBAThCS MPAKTUIECKA OMHOBPEMEHHO

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

Ha OCHOBE 3MUTTEPOB pa3JUYHBIX TUIIOB, HO Ha
HACTOSIIUIA MOMEHT TMPOMBILIIEHHBIMU YCKOPU-
TeJISIMU IPEUMYIIECTBEHHO SIBJISIOTCS B OCHOB-
HOM YCKOpuUTeJlu Ha 0aze TepMokaTtomoB u BTP.
Ha puc. 2 BugHO, 4TO caMblii IIMPOKMUIA AUaIIa30H
MO MJIOTHOCTU TOKA U TTOJJTHOMY TOKY 3JI€KTPOHHOIO
My4yKa UMEIOT ycKopuTear Ha ocHoBe BTP. OTo cBs-
3aHO C T€M, UTO I 9TUX YCKOPUTENIei MoaydeHbl
YCTOMUYMBBIE PEXMMBI IKCILIyaTallMK KaK B HEIpe-
PBIBHOM, TaK M B MMITYJbCHO-TIEPUOAUYECKOM
pexume reHepaunu [1bC. Ynpasnenue Tokom I[1BC
B 9TUX YCKOPUTEJISIX OCYILECTBISETCS 3a CYET BTO-
PUYHBIX MPOLIECCOB. DTO MO3BOJISIET PEaTNU30BbI-
BaTh OoJiee HU3KME KOHLEHTpPALUU SMUCCUOHHOM
IUIa3Mbl ¥ MEHBIINE IJIOTHOCTU TOKA KaK B HEIMpe-
PBIBHOM peXuMe, TaK U B UMIYJIbCHO-TIIEPUOINYE-
CKOM peXMMe, KOTma TOKM 3JIEKTPOHHOTO ITydKa,
BBIBOAMMBIE B aTMOCdepy, IIPEBHIIIAIOT aHAJIOINY -
HbI€ IJI YCKOpUTENeid Ha OCHOBE TePMOKATOIOB.
HecMoTpst Ha TO, 4TO MPU UCIOJb30BAHUM MJ1a3-
MEHHBIX KaTOAOB HEeT (hU3MUYECKUX OrpaHUYCHUI
IUI DTOCTUKEHUST MEeHbIIel mioTHocTu Toka [1BC
(menee 107 A/cm?), 3TOT (haKT He HaIIET OTpaXe-
HUS B IUTepaType, YTO, BEpOSITHEE BCETO, CBSI3aHO
C HelleJ1eco00Pa3HOCTHIO UCTIOIb30BAHUS TIa3MEH-
HBIX KaTOAOB ISl pellieHus 3aaa4, rae 3P@eKTUBHO
ce0s 3apeKOMEHI0BAIM YCKOPUTEIU ¢ TEPMOKATO-
JamMu uiau Ha ocHoBe BTP, ynosieTBopsoline Tpe-
0OBaHMSAM NIPOM3BOACTBA KaK IO JTOCTUTAEMOMY
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3(pheKTy OT 2NEKTPOHHO-ITYUYKOBOTO OOJyYeHMUS,
TakK U IO CTaOWMJIBbHOCTU, MPOU3BOAUTEIHLHOCTU
U pecypcy.

BaxxHo oTMETUTBH, YTO OOJBLIMHCTBO paccMa-
TPUBAEMBbIX YCKOPUTEIIECH MO3BOISIET TMOKO MEHSITh
ycioBus reHepauyu ITBC ais Toro, 4ToObl MakcH-
MU3UPOBaTh TOT UM WHOI MapaMeTp YCKOPUTES.
Ecnu roBoputh 0 1abopaTopHOM 000OPYIOBAHUM,
TO €CThb MHOTO IIPUMEPOB peaau3allud MUHU-
MaJIbHOIT HeogHOpOogHOCTH 3JeKTpoHHOTO [1BC
B aTMocdepe 3a cueT yMeHbleHUs 3 HEeKTUBHOCTU
BBIBOAA ITyTeM YMEHBIIIEHUsI Pa3MEPOB BBIBOTHOTO
(bonproBoro okHa, MCIOJb30BaHUS 00JIe€ TOJICTOM
(boabru, MEHbIIETO HAIPSKEHUST WIM YBEIUYEH-
HOTO JIpeiihoBOTO MPOCTPAHCTBA 10 0OBEKTA 00Ty~
yeHMs1. Peanmsanus peXuMoB TeHepaluy Iydka,
OTJIMYHBIX OT MaKCUMaJIbHBIX, OyAeT MPUBOIUTH
K CMEIIEHUIO TTapaMeTPOB YCKOPUTENEN Ha TIpe-
cTaBJieHHOM Tpaduke HUXe u Jesee. [Ipumepom
TaKOro MoJIXoaa MOTYT CIYyKUTh padoTsl [109, 129],
e J1sl yCKOPUTEJIsl Ha OCHOBE B3PBIBHOM 2JIEKTPOH -
HOI 3MUCCUM B paJualibHO PACXOMSIIEMCS ITy4Ke
OBLIM OJIy4eHBI ITapaMeTPhI INIOTHOCTU TOKA JIeK-
TPOHHOTIO TTy4YKa, KOTOPHIE PACTOJIOXEHBI TaJIEKO
OT OCHOBHOM TpynIibl ycKopuTeseid. B paMmkax aToii
paboThl aBTOpaMU MOAPOOHO HE aHAJIU3UPYIOTCS
YCKOPUTENHN MO KO3(PPUIINEHTY HEOTHOPOIHOCTHU
11 TUIOTHOCTH TOKA, TTOCKOJIBKY, BO-TIEPBBIX, YKe
B KOHIIe 70-X TOIOB YCKOPUTEISIMU pa3HBIX TUIIOB
OBbLIM TOCTUTHYTHI MOKa3aTeJau MO HEOMHOPOIHO-
CTU MyyYKa, OJIM3KUE K eMUHUIIaM MpoLeHTOoB |8, 10,
11], a BO-BTOpHBIX, €civ TpeOOBAHUS K OOJHOPOITHO-
CTHU CTOSIT Ha IIEPBOM MeCTe, TO, KaK OTMeYaloCh
BBIIIIE, CYIIECTBYIOT HAaeXKHBIC CIIOCOOBI YMEHBbIIIE-
HUs 3P PEeKTUBHON Momaau o6JydeHus WM MOIILL -
HOCTH My4YKa JJisl TOro, YTOObI peaan3oBaTth Tpedye-
MbIii TapameTp.

Taxcke Ha puc. 2 B BepxHeii yacTu rpacduka rnpu
TUIOTHOCTHU ToKa 1 A/cM? 1 BblILlIe BUIHO, YTO TOUKU
Ha rpaduke, KOTOpPbIE OIMCHIBAIOT ITapaMeTpPhl
YCKOpUTeNIell Ha OCHOBE B3PHIBHOM 3MUCCUU, CMe-
ATCs OMKe K HUXKHENW M30JMHUU M, COOTBET-
CTBEHHO, UMECIOT MEHbIIIee ceYeHUe TmydyKa. Takoi
XapakTep paclipele/ieHUs] CBsI3aH C TaK Ha3bIBae-
MBIM “2(¢@eKToM OOJBIION Tomann’, KOTOPhIA
3aK/II0YaeTCsl B TOM, YTO IPU YBEIWYCHUM ILIO-
agyd KaToma YCKOPUTENIST YCTOMYMBBIMU PEXKM-
MaMu OyIyT Te, B KOTOPBIX IJIOTHOCTh TOKa HITXKeE.
C pocToM IITOIIAan 2JIEKTPOHHOTO TyyKa peaan3a-
1YS CTAOMJIBHBIX U 3(P(HEKTUBHBIX PEKMMOB PaOOThHI
yckopurens 3aTtpyaHeHa. [Togpo6Hee 3ToT a3 dext
XOPOIIIO BUIEH Ha 3aBUCUMOCTSIX MaKCHMaJbHOTO

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

TOKa U MaKCHUMAaJIbHOM IIJIOTHOCTH TOKa 3JIEKTPO-
HOB OT CEUYEHHUsI MyuyKa, KOTOpbIe IMpeacTaBIeHbI
Ha puc. 3a, 6.

Hunst yckopuTeneil, OCHOBAaHHBIX Ha pPa3HBIX
MPUHINAIIAX SMUCCUM, TPUIMHA YMEHBIIIEHUSI TJIOT-
HOCTHU TOKA C POCTOM CEUCHMS ITyYKa MOXET UMETh
KaK CXOXY0, TaK 1 pa3Hylo npupony. OommumMu ¢ak-
TOpaMu, OrpaHUYMBAIOIIMMU ILIOTHOCTh TOKA ITyYyKa
C YBEJIMYEHUEM €T0 CeUEHUsI, SIBJISIIOTCS CJIOXKHOCTD
B 00€CIIeUeHUM 3JIEKTPUISCKON MPOUYHOCTU OCHOB-
HBIX Y3JIOB YCKOPUTEJISI M COXpaHEHHUE OMHOPOMIHO-
ctu ycaoBuit reHepauuu IIBC. DddekT ymeHsblle-
HUS BJIEKTPUUECKON TTPOYHOCTU MPU YBEIUUYEHUU
TUIOIIAAM 2JEKTPOAOB XOpolo usBecteH [ 147, 148],
HO JUISI YCKOPUTEJIS B LIEJIOM OH MMeeT 00jiee KOM-
IUIEKCHYIO TIPUPOLY, IIOCKOJIbKY OCHOBAH Ha COBO-
KyITHOCTU MHOTHX (haKTOPOB.

st TepMOKATONOB TaKMM OTPaHWUYMBAIOIIUM
(akTOpOM SBJISIETCS B TIEPBYIO OYepeab HEOTHOPOI-
HOCTb 3MHUCCUM U3-32 UCMOJIb30BAHUS MPOTSIKEH-
HBIX ONMHOYHBIX MJIM HaOOpa MHOIOB3JIEMEHTHBIX
KaTOIOB. YCKOPUTEISIM Ha OCHOBE pPa3psiIoB pas-
JINIHBIX TUTIOB CBOMCTBEHHBI HAIMYKE KOJIeOaHUIA
TOKA W HAIIPsSDKeHUSI, TIOABDKHOCTh SMUTHUPYIOLIEH
MJ1a3MEeHHOM ITOBEPXHOCTHU, APYTrUe JIOKaJIbHbIE
BO3MYIIEHUS TTapaMeTPOB SMUTHUPYIOIIEH TJ1a3MBbl.
Oco06eHHO CUIIbHO 3TU 3(P(DEKThl MPOSABISIOTCS
MpU JUINTEIBHOM 3KCIUTyaTalliy YCKOPUTEISI, KOTma
TakKKe HEOOHOPOIHOCTH MOTYT HaKaIlIMBaThCS.
Ha puc. 3a, 6 BUIHO, UTO MJIs1 BCEX YCKOpUTeeit
Ha OCHOBE B3pbIBHOI amuccuu, BTP 1 miazMeHHOro
KaTolla C POCTOM CEUYEHMSI MyYKa ero 3JeKTPOHHBIM
TOK WJIM OCTAeTCsl MOCTOSIHHBIM, WJIM CHUXKAETCS,
TOrJa Kak IUIOTHOCTh TOKA CHUXKAETCsS He3aBUCHUMO
oT Tuna yckopuress. CuiibHee BCero 3ToT 3¢ ekt
npogBiisieTcs a8 yckoputeneih Ha ocHoBe BTP
U TepMoKaTonoB. JIist yckoputesneilt Ha ocHoBe BTP
MpU YBEJIMYEHUU CEYEHMs ITyuyKa pe3Ko Bo3pacTaeT
BeposiTHOCTL nepexona BTP u3 HecamocTosiTeNb-
HOIi B CAaMOCTOSITEIbHYIO (POPMY TOPEHUSI C PE3KUM
POCTOM TOKa B YCKOPSIOIIEM IPOMEXYTKE, WHU-
LMUUPYIOIINM €ro 3JIEKTpuuecKuii mpoodoii. I[Ipu
U3MEHEHUM ceueHus mydka B npenenax 10°—10% cm?
IUIOTHOCTb TOKA YMEHbLLIAeTcsl Ha Tpu nopsinka (10'—
1072 A/cm?). Cutyanus ¢ yCKOPUTEISIMU HAa OCHOBE
TePMOKATOIOB HECKOJIBKO MHAsl — CO3IaHue Tep-
MOKATOIOB C OOJIBIION 3MUTHPYIOIIEH ITOBEPXHO-
CTBIO TEXHOJOTUYECKM 3aTPYOHEHO (B TOM UMCIIe
3a cueT oOecrneyeHusl MOIIHOM CUCTEMBbI JEKTPO-
MUTaHUsI TEPMOKATONIOB C raJiIbBAaHUUECKOM pa3Bsi3-
KOIi Ha IMOJIHOE YCKOpsItolliee HarpsikeHue). M3-3a
0COOeHHOCTEel paboThl ATOr0 AMUTTEPA U TTapame-
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Puc. 3. Pacnipenenenue yckopureneii aaekTpoHHbIX [1BC, BBIBoTMMBIX B aTMOChEPY, B KOOpAMHATAX CEYCHUS MTydKa U MaK-
CHMaJIbHOTO TOKa (a) U CeYeHUsI MydyKa M IJIOTHOCTHU TOKa (0): ¢ — YCKOpUTEIM Ha OCHOBE TEPMOKATO/Ia, ® — YCKOPUTEIN
Ha OCHOBE B3PBIBHOI 9MUCCUU, ® — YCKOPUTEIM C IJIa3MEHHBIM KaTOIOM M aHOIOM, A — YCKOpUTeIn Ha ocHoBe BTP.

TPOB 3MUCCHOHHBIX TOKOB, KOTOPbIE OTpaHUYEHBI
SMHUCCUOHHOI CIIOCOOHOCTHIO KaToda U OajeKu
OT 3HAYCHUM, OTpaHUYCHHBIX IIPOCTPAHCTBEHHBIM
3apsIoM, MaKCUMYM ITOJTHOTO TOKA ITy4YKa JOCTUTA-
eTCsl UIST YCKOPUTEJIEH ¢ CeYeHMEM ITydKa IMopsiaKa
10 cM? 1 osHBIM TOKOM Ha ypoBHe 10 A u Goree.
ODTU MapaMeTphl OJOCTUTAIOTCS MJISI YCKOpPUTEIei
Ha OCHOBE TEPMOKATOIOB C MHOTO3JIEMEHTHBIMU
samuttepamu [1, 120, 123]. I1pu sToM 1ipu yBeau-
YEeHUM CEUYCHMs My4YKa Ha IOPSA0K MaKCUMaJbHasl
IMTPUBOPBI U TEXHUKA SKCITEPUMEHTA

Ne 2 2

TUTOTHOCTb TOKA YMEHBIIAETCS aHATOTMYHO YCKOPH-
TeasiM Ha ocHose BTP 1o 1072 A/cm?.

YcKopuTen Ha OCHOBE B3PLIBHOI 3MUCCHU
JIEMOHCTPUPYIOT MOBEJIeHUE, aHATOTUYHOE TTOBe-
JIEHUIO YCKOPUTENeil ¢ TIaMeHHBIM KaTOILOM, —
C POCTOM CEUEHHMS MyyKa ero MaKCMMAaJbHbI TOK
NpakTUYeCKM He MEHSEeTCs, a MJIOTHOCTb TOKa
nanaet. I[Tpu 3ToM Ha TpaduKe BUIHO, YTO MUHU-
MadbHBIi TPajUEHT NEMOHCTPUPYIOT YCKOPU-
TeIM C MIa3MeHHBIM KatofnoM. s yckopuTeeil
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Ha OCHOBE€ B3pPBIBHOIW 3JIEKTPOHHOW BMUCCUU
B 00JacTH ceueHus Mmy4ykoB nopsaka 10°—10° cm?
a0COJIIOTHBIE 3HAYEHMSI IIOJIHBIX TOKOB IIPEBBIIIAIOT
aHAJIOTUUYHBIC IJI1 YCKOPUTENIEH ¢ ILUIa3MEHHBIM
KaToIOM, a Ha YpOBHE CEUYEHMS ITyYKOB ITOpSIIKA
10* cM? OHM MPAKTUYECKU COBIAAIOT.

Takum oO6pa3zoM, Hall aHANM3 MOKA3bIBAET, YTO
MaciuTabupoBaHue cuctem reHepanuu [1bC u yse-
JIMYEHNE CeYEHUs MYYKOB, BHIBOAMMBIX B aTMOC-
depy, adpdpexTrnBHEE BCETO OCYIIECTBISIOTCS TIPU
IMIOMOIIM HMCIIOJIb30BAaHUS dMUCCHU DJICKTPOHOB
M3 TJ1a3Mbl 0ObEMHBIX pa3psiI0B HU3KOTO TaBIESHUS.
Hunst oTuX yckoputenein “ap@ext 00abuIoi mio-
aau” posIBIISIETCsI Topaso ciabee, 4YeM sl yCKO-
puteneil Ha ocHoBe TepMoKaTtoaoB, BTP wiu gaxe
B3pPBIBHOI SMUCCHUH. YCKOPUTEIN HAa OCHOBE B3PhIB-
HOM 3MUCCHUM M3-3a PacIIPOCTpaHEHUS KaTOTHOMK
Maa3Mbl U CJIOXKHOCTU B oOecredyeHUU OJHOPO.I -
HOI 3MMCCHUM C OOJIBIIION TUIOIIAAN HE MOTYT OBITh
HCIIOJIb30BAaHbI B HEMPEPHIBHOM PEXUME, a UX I -
TeJibHasl 3KCIUIyaTallusl B UMITYJIbCHO-IEPUOIU-
YEeCKOM PEeXMMe COIpsiKeHa C Aerpamgallueii SMUC-
CHMOHHBIX CBOMCTB KaToda M ¢ TpeboOBaHUEM K MX
CPaBHUTEIBHO YaCTO 3aMeHe, YTO MOoApa3yMeBaeT
BBICOKYIO 1I€HY OOCTY>XKUBaHUSI YCKOPUTEJIEH 3TOro
TUTIA U MX CPABHUTEJIBHO C1aboe BHEIpEHUE B MPO-
MBIIIIEHHBIX TIPUMEHEHMSIX 110 CPABHEHUIO C YCKO-
PUTEJISIMU IPYTUX TUTIOB. DTOT BBIBOJ, KOPPEIUPYET
C pe3ylbTaTaMM aHalii3a Ouara3oHa IapaMeTpoB
YCKOpUTENEN MO TMJIOTHOCTU TOokKa (puc. 2), rae
C POCTOM TJIOTHOCTH TOKA YCKOPMTEIW Ha OCHOBE
B3PBIBHOW 3MMCCHMM CMEIIAIOTCS K W30JMHUU
C MEHBIIMMHU 3HAUCHUSIMU CEUSHMS ITyIKa.

BaxHbiM mapamMeTpoM J1000ro yctpoiicTsa
SIBJISIETCSI €T0 PEHTAa0eJIbHOCTh, OMHAKO B paMKax
3TOI pabOThl YCKOPUTENHU MO MOJAOOHBIM Iapame-
TpaM (Hampumep, Mo BeJIUUYUHE CTOUMOCTU YCKO-
puTesisl HAa KWJIOBATT YIEJIbHOM MOIIHOCTU WM
JII000MY TTOAOOHOMY MapaMeTpy) He OLIEHUBAJINCh.
TeM He MeHee OmOCpenTOBaHHO 3TU JaHHBIE TaKXKe
HaXoIsSIT OTpaxXeHue Ha ITOJIydeHHBIX TpaduKax,
MOCKOJIbKY OHU OTMCHIBAIOT peajibHble YCTAHOBKMU.
Hanpumep, moBbIlIeHUE CUJIBI TOKA SKOHOMUYECKHU
ropasaio BbITOJHEE, YeM ITOBBIIIEHUE YCKOPSIIOIIETO
HamnpsKeHWsl, HECMOTPSI Ha TO YTO IOBBILIEHUE
HamnpsKeHUST OaeT MPsSIMOil MpUpocT 3P HEKTUB-
HOCTU M KO3} (UIINEHTAa BBHIBOAA 3JICKTPOHHOTO
nyyka B atrMocdepy. KanuTaabHble BIOXEHUS
B UICTOYHUKU MUTAHUS (OCOOEHHO KOPOTKOUMITYJIb-
CHBIE), CO3JaHNE JOMOJTHUTEIBHON paaualiMoOHHOMN
3allUThl, KOTOpas, KaK IIpaBUJIo, TpeOyeTcs s
YCKOpUTEJIEd Ha OCHOBE B3PLIBHOU 3MuCCUU (OIS

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

JTOCTVKEHHST OMHOPOIHOCTH SMUCCUU 3T YCKOPH-
TeJIM TATOTEIOT K 0oJiee BHICOKUM HAIPSIXKEHUSIM)
3HAYUTEILHO BBILIE, YeM JUISL YCKOPUTEIEH APYyTUX
TUIIOB. DKCTCHCUBHBIN MyTh YBEJIUUCHUS IPOU3-
BOIMTEILHOCTH, CBSI3aHHBIN C YBEIMYECHUEM Ceye-
HUS 2JIEKTPOHHBIX ITYYKOB, IPEINOYTUTENIbHEE, 1
110 3TOMY ITOKa3aTeJIl0 YCKOPUTEI Ha OCHOBE T1J1a3-
MEHHBIX KaTOJ0B M aHOIOB 00J1aJal0T OOJbIIMMU
MOTEHLIMAIbHBIMUA BO3MOXHOCTSIMU. DTU YCKOPU-
TEJIM BKJIIOYAIOT B ceOsl BCe MPEUMYIECTBA TEPMO-
KaTOIHBIX M B3PHIBOOMUCCUOHHBIX YCKOpPUTENIEH,
KOMOMHMPYST BO3MOXHOCTh SKCILTyaTallliM B HEIIPE-
PBIBHBIX pEeKMMax M BBICOKHE ITapaMeTphl 10 3JIeK-
TPOHHOMY TOKY, IO CEYEHUIO Iy4yKa, BHIBOAMMOTO
B aTMOocdepy, M I10 IJIOTHOCTU TOKa C HalMeHee
BBIpAXXEHHBIM 3D (PeKTOM TTaieHHS TUTIOTHOCTH TOKa
MpU YBEIMYCHUU CEUECHUS TeHEePUPYEMOTO BJIeK-
TPOHHOTO ITyJKa.

2.4. AHaau3 umnynbCHo-nepuooU4ecKUx
yekopumenetl anekmpounwix I15C

Ha wavambHOM 3Tarie pa3BUTUS YCKOPHUTEIEH
anekTpoHHbIX I[TBC, Korma oCHOBHBIMM 3ajadyaMu
JJIST 9TOrO HampaBJieHUsT ObLIM HaKauyka OOJIbLIMX
ra3oBbIX 00BEeMOB, MoAMMUKALUS pPa3TUIHbBIX
MaTepuaJioB, CTepUIN3alNI U CUHTE3 B pagual-
OHHO-XMMUYECKUX PEeaKIMIX, KIIOYEeBBIM (PaKTO-
pOM NI TEXHOJIOTUYECKOTO MPUMEHEHUS 3TOTO
TUIA YCKOpUTEJIiel ObLJIO JOCTUXKEHUE MaKCUMAaJlb-
Hoit MomHocTu mydyka. ITocTteneHHoe pa3BUTHE
U paclIMpeHUe CHeKTpa paauallMOHHBIX TeXHO-
JIOTUIi IPUBENIN K TOMY, YTO MOIIIHOCTh Iy4YKa JJIs
psina 3amad repecrana ObITh pelralonmM (aKTOPOM.
Oco6eHHO 3TO OTHOCUTCH K paboTaM ¢ OMoJIoruJe-
CKMMU 00BbEKTAMMU, 1JIsI KOTOPBIX TPEOYIOTCS CIIEL[U-
(prueckue “aenuKaTHbIE” PEeXUMBI OOTyYEHUS.

B pamkax aToro aHaamnza pacCMOTPEH He TOJIbKO
JOCTATOUYHO OOJBIION TIPOMEXYTOK BpEeMEHU
(6omee 50 ymeT), HO M pas3NUYHBIE KJIACCHI 000PY-
IOBAaHMS. KaK IIPOMBIIUICHHbIE (KOMMEPUYECKIE),
Tak U ucciienoBaTenbckue. M3-3a 60JIbIIOTO KOJU-
YyecTBa TEXHUUYECKMX HIOAHCOB 3TUX yCKOpUTeNeit,
pa3HbIX HAYYHBIX LIKOJ, KOTOPbIE JIEIJIM B OCHOBY
KOJIIEKTUBOB, 3aHUMAIOIINXCSI UX pa3pabOTKOIA,
IIST OTIMCAHUS XapaKTEPUCTUK TaKOro o000pymo-
BaHUS WCIIONB3YIOTCS pa3HBIe TTapaMeTphl, IS
KOTOPBIX 3a4acTyl0 CJOXHO IPOBOAUThL MpSIMbIC
cpaBHeHUs1. KpoMe Toro, kak oTMeuyanoch BHILIE,
4YacTh JAHHBIX O MapaMeTpax YCKOpUTeNei sSBJsI-
eTcsl KoMMepuecKoii mH¢popmMaleit, 1 3TU JaHHBIE
TMIPEAOCTABIIIIOTCS TOJIBKO IO 3aIIpOCy MM aBTOPLI
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MPEONOYNTAIOT YKAa3bIBaTh B KAUECTBE MapaMeTPOB
MPOU3BOAHBIE BEIMUMHBI (PaOOUyI0 103y U3TYyUEHUS
B OIHOM MMIIYJIbCE, CKOPOCTh 00pabOTKU B M/MUH
U T.74.). Jaleko He Bcerma u3 3TUX MapamMeTpoOB
MOXHO BOCCTAHOBUTH MJIM OLICHUTHh SKBUBAJICHT-
HYIO IUINTEJIBHOCTh MMITYJIbCa, TAK Xe, KaK 1 Cpel-
HIOIO MOIITHOCTb WJIN TIJIOTHOCTh MOIITHOCTH.

BaxxHo oTMETUTB, UTO B OO0ILIEM cllyyae YCKOpH-
TeJIU, paboTaloIIre C KOPOTKUMU IJIUTEIbHOCTSIMU
MMIyJIbca TOKa IMy4yKa (10 HAaHOCEKYHIHOIrO Aua-
ma3oHa), MOTYT OOCTUTaTh OOJIbIIEil IJIOTHOCTU
¥ aMIUIMTYObEI TIOJTHOTO TOKa, IIPU 3TOM OHM OCTa-
FOTCS B IIpeJeIIax TeX 3Ke ITapaMeTpoB, YTO U Ha puc. 2.

o 3Toro MoMeHTa aBTOpPbl HE pa3aelsiid YCKO-
pUTeNIN IO JIMTEIbHOCTU MMIIyJIbCca 3JeKTPOH-
HOTO My4YKa, OPUEHTHUPYSICh Ha MaKpomnapaMeTphl,
KOTOpBIE MaKCHMMaJIbHO OTKPHITHI IS aHanmn3a. Ha
pHUC. 4 IpenCcTaBICHO paclpenejieHe YCKOpUTesei
3JICKTPOHOB B KOOpAWHATaX IIOTHOCTH TOKA, Cpel-
HEl MOIIHOCTU U CPEAHEN TNIOTHOCTU MOIIIHOCTHU.
KonnuecTBo maHHBIX MO YCKOPUTENISIM, MpeacTaB-
JIECHHBIM Ha 3THX I'paduKax, MEHBIIIE, YeM Ha IIpeIbl-
IOYIINX, IIOCKOJIBKY U3 PACCMOTPEHUS ObLIN MCKIIIO-
YeHbl MOHOMMITYJIbCHBIC YCKOPHUTEIN 1 YCKOPUTEIH,
KOTOpBIE XOTb M MOTYT (DYHKIIMOHMPOBATh B HEIIpE-
PBIBHOM WJIM MMITYJIbCHO-TIEPUOAUYECKOM PEXUME,
HO BpeMsl UX HEIIpepbIBHOII pabOThl U3MEpPsSIETCs
CEeKYHIaMU WIX MUHYTaMHM, a UX SKCILTyaTalluOHHBIC
XapaKTepUCTUKN OPMEHTUPOBAHKI Ha CIIELIUAIbHEIC
MPUJIOKEHNSI M He IoApa3yMeBalOT MCIIOJIb30Ba-
HUS TSI pelIeHUs] TUTEIbHBIX TTPOU3BOICTBEHHBIX
3a7a4 Uil paaralliOHHBIX TEXHOJIOTUIA.

Ha puc. 4a nipencraBieHa 3aBUCUMOCTb Cpe/l-
HEM IJIOTHOCTH MOIIHOCTH 3JIEKTPOHHOTO ITydKa,
BBIBEICHHOTO B aTMoc@depy, OT INIOTHOCTH TOKa
3JIEKTPOHHOTO ITy4YKa. BOJBIIMHCTBO yCKOpHTE-
Jieit Ha ocHoBe TepMmokaTonoB U BTP pacrnonoxeHo
B MHTEpBaJIe IBYX U30JMHUM C TMara30HOM Harlpsi-
xkeHus 80—300 kB. DTu ycioBHsS COOTBETCTBYIOT
HEeNpepbIBHOMY pexXuMy reHepanuu. OcTajabHbIE
YCKOPUTEIN PacIloNioXKeHbI IpaBee. B o0meM ciy-
yae IJISI 3TUX YCKOPHUTENIel CIIpaBeIJIMBO, UTO
MEHBIIUM JJUTEIbHOCTSIM HMIIYJIbCa COOTBET-
CTBYIOT OOJIbIIIME MIOTHOCTY ToKa. Ha rpacuke mis
HECKOJIbKHX YCKOPUTEeIeil U UX PeKMMOB pabOThI
MMOKa3aHbl XapaKTepHbIE IIUTEIbHOCTUA MMITYJIb-
coB OT 4.5 Hc (ycKopuTejib Ha OCHOBE B3pPBIBHOM
smuccun SINUSI160 [30]) mo 1 Mkc (YyCKOpHUTETD
C TUTa3MEeHHBIM KaTonoM [75]). KoHeuHo, B KaxK1oM
KOHKPETHOM cJlyyae AJUTEbHOCTh MMIIYJIbCOB
M 4acToTa UX CJIEIOBAHUS MOXET ObITh CBOSI. YBE-
JIMYEeHNE YaCTOTHl TeHepalluy IpU COXpaHEHUU

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

IJIUTEIbHOCTU MMITYJbCa BeleT K YBEJIMYCHUIO
Koa( puleHTa 3anoJHEeHUS U, CAeA0BaTeNbHO, K
YBEJIUUCHUIO MOIIHOCTU. Ilo3TOMy MakcruMasbHas
IUIOTHOCTb TOKAa MOXKET OBITh MOJIyYeHa IIJIsl YCKO-
puUTesis ¢ He CaMOil MUHUMAIbHON JINTEIbHOCTBIO
WMIYJIbCa, OAHAKO B LIEJIOM IIJISI BCEX YCKOpUTEE
CBOMCTBEHHA UMEHHO TaKasi 3aKOHOMEPHOCTb.

AHanu3 3aBUCHMMOCTU CpeIHEl MOIIHOCTHU
OT IJIOTHOCTHU TOKa ITyYyKa MOKa3bIBaeT HECKOJIbKO
nHolt Bun (puc. 46). ITockonbKy TIpH omnpeneieHnr
MOIITHOCTH YCKOPUTEJISI BAXKHBI KOHKPETHOE CEUCHHE
My4YKa M ompenesiceHHasl IJIMTSIbHOCTh UMITYJIbCa,
Ha 3TOM TpaduKe Hellb3s1 HaHECTU U30JIUHNU, KakK
Ha AuarpaMMme IIJIOTHOCTU MOIIHOCTU Ha puc. 4a
niau puc. 4B. AHanu3 3Toro rpaduka moxKasbIBaeT,
YTO YCKOPUTEIN Ha OCHOBE TEPMOKATOIOB ITOJHO-
CTBIO 3aKpPHIBAIOT BECh IMAala30H paccMaTpuBae-
MBIX 3HaUYCHUI CpeIHUX MOILIHOCTe. MaKcuMaib-
HBIM 3HAYCHUSIM JIJISI TEPMOKATOIOB COOTBETCTBYIOT
MPOMBIIUIEHHbIE ycKopuTenu cepuu EPZ4 [79, 83]
n yckoputenu Broadbeam Equipment [90]. Kpome
TOTO, 110 XapaKTepy paclipeneieHUsT YCKOPUTENIeH
BUIHO, YTO YBEJIMYEHHUE IUIOTHOCTU ToKa (COKpa-
LeHUe JTUTEIbHOCTH UMIYJIbCa) COMPOBOXKIAETCS
YMEHbIIIEHUEM CpeIHEel MOIIHOCTU BHIBEIEHHOTO
3JIEKTPOHHOTO myuka. s Kaxka0ro KOHKPETHOTO
YCKOPUTEJS 1 TUIIA SMUCCUM IIPUYMHA YMEHbIIIE-
HUSI CpeIHEe MOIIIHOCTh MOXET OBITh CBOST: HAJTMUME
(poHTa UMITyJIbCA U CITala, B KOTOPHIX HAIIPSIKEHUE
OTJINYAETCSI OT MAaKCMMAaJIbHOTO, BIVSIHUE MHEPIIN-
OHHOCTM CUCTEMBI, T.€. YBEJUUYECHUS OTHOCUTEb-
HOI1 1OJIM BpEMEHU BbIXOJA YCKOPUTEISl Ha pabounii
PEXUM, HaJIMYME HEYCTOMYMBOCTEN MpPU yBEIMNYE-
HUM OTHOCUTEIbHO IIJIOTHOCTHU TOKA U T. II.

Ha puc. 4 B mpencraBlieHO pacIipeldelicHNUe
yCKOpUTeNieid B KOOpAMHATaxX CpelHel MOIIHOCTHU
U CpedHel TJIOTHOCTU MollHocTu. Ha pucyHke
BUHA XapaKTepHasi BepTUKaJbHas rpaHulia B pac-
MnpenejleHUu YCKOpPUTeNe B 00JacTU CpemHeit
IUIOTHOCTU MoIIHOCTU Topsinka (30—40) Br/cm?,
KOTOpas orpaHrM4yeHa MEXaHWYEeCKOM U TepMUYe-
CKOM cToKOoCTSIMU TOHKUX (posbr 111 BeiBoaa ITBC
n3 Bakyyma B atmocdepy. Ha puc. 4B BuaHO, 4TO
JIMIMPYIOIIME MO3ULIMU 110 IMoKa3aTesl0 MOIIIHOCTU
U IUIOTHOCTM MOIIHOCTHU 3aHSITHI YCKOPUTEISIMU
Ha OCHOBE TepMoKaTomoB. IMEHHO 3TO moixy4YeH-
HOE pacIpeenacHre 00bsICHSIET (haKT MM poYaitieit
HOMEHKJIATYphl YCKOPUTEJeil Ha OCHOBE TepMOKa-
TOIOB M X IOMWHUPOBaHME Ha PIHKE paguaioH -
HBIX TEXHOJIOTUI1; C HUMU TOJILKO B 00JIACTU CEYEHUS
nyuka nopsinka 10° cM? U HUKe MOTYT KOHKYPHPO-
BaTh yckopuTelun Ha ocHoBe BTP u yckopurenu
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Puc. 4. Pactipenenenue yckoputeneit anekrpoHHbIx [1BC, BeIBognMBIX B aTMOC(epy, B KOOPAMHATAX CPEMHE MIIOTHOCTH

OT MOIIIHOCTH (@), CpelHeil MOIIIHOCTH OT IJIOTHOCTH TOKa ITy4Ka (0) ¥ cpeaHell INIOTHOCTU MOIITHOCTH OT CpemHeit MOIII-

HOCTHU (B): ¢ — yCKOPUTEIM HA OCHOBE TEPMOKATOa, @ — YCKOPUTEIU HA OCHOBE B3PbIBHOU AMUCCUM, ® — YCKOPUTEIN

C TUJTa3MEHHBIM KaTOIOM U aHOIOM, A — ycKopUTelid Ha ocHoBe BTP, 1ITprxoBbie MpsiMble — NU30JIMHUYU ¢ MAKCUMATbHBIM
nanpsikenueM 80 KB u 300 kB ¢ miomanamu 102 u 104 cm?.
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¢ IUTa3MEHHBIM KaTOAOM, MpUYEM U Te, U IPyTrUe
YCKOPUTENIM Yallle UMEIOT paluaibHYI0 T€OMETPUIO
CO CXOISIIMMCS 3JIeKTPOHHBIM ITydykoM. Ha puc. 4B
TaKKe BUIHO, UTO YCKOPUTEIU, MapaMeTpbl KOTO-
PhIX OJIM3KU K MPEaeTbHOM IJIOTHOCTY MOIIHOCTU
U KOTOpPbIe UMEIOT CeUYeHMe BLIBEIEHHOIO B aTMOC-
depy 371eKTpoHHOro nyyka Bbie 10° cm?, mpen-
CTaBJICHBI TOJBKO YCKOPUTENISIMU Ha OCHOBE Tep-
MoKaTomoB. D10 ycKopuTenu cepuii Electrocurtain,
EPZ un Broadbeam Equipment [79, 83, 90]. B uenom
MOJIy4YeHHbIE paclpeaesieHuss Ha 3TUX Trpadukax
XOPOIIO WJUTIOCTPUPYIOT CIIEAYIOIINI (haKT: C TOUKU
3peHUsT peHTAa0ETbHOCTH YCKOPUTEIeH, YeM MEHbIIIe
JUTUTEIbHOCTh UMITYJIbCA, TEM BBIIIIC KaITUTaJIbHbIE
3aTpaTrhl Ha IPOU3BOACTBO U DKCIUIyaTallUIO YCKO-
PHUTENS, YTO OOBSICHSET PACIIPOCTPAHEHHOCTh YCKO-
puUTesieil Ha OCHOBE TEPMOKATOMOB, KOTOPHBIE DKC-
IUTyaTUPYIOTCS IPEUMYILECTBEHHO B HEMPEPHIBHOM
pexxume paboThlI.

3. COBPEMEHHOE COCTOAHUE
UCCIEJIOBAHUN

I[TockoNbKY UCTOPUM Pa3BUTUS YCKOPUTE-
neit ¢ anekrpoHHeiMu IIBC mocssimeHo gocra-
TOYHO OOJBIIOE KOJUYECTBO 0030pOB U MOHOTpA-
duit [1—6, 8—12], HET HEOOXOAUMOCTH MOAPOOHO
OCTaHABJIMBATHCS HAa 3TOM BOMNpOCE, 0003HAYNM
TOJbKO OOHapyXeHHbIe TEHAEHIIMU B KOHCTPYU-
poBaHuu yckoputeneir anekTpoHHbix IIBC. Ilo
pes3yabTaTaM aHaju3a padoT OblLla MOCTpOEHA Clie-
JyIOIIask XpOHOJIOTHUS ISl YCKOPUTEJIeH 3JIeKTPOH-
aeIX [1BC (puc. 5).

OTTankuBasch OT MPOBEICHHOrO aHanam3a
Mo TuIowaau ooaydyeHus (puc. 1), oT MakCUMaJllb-
HOro TOKa M MakKCHMaJbHOW MJIOTHOCTH TOKa
(puc. 3), He0OXOAMMO OTMETUTh, YTO MaKCUMAaJlb-
Hble (pU3MYeCcKre MOoKa3aTelu IO PsIAY BBIXOIHBIX
mapaMeTpOB YCKOPUTEIeH HE3aBUCUMO OT MX THUIIA
SMUCCHUU OBLIN JOCTUTHYTHI K cepenrHe 80-X romoB.
Poct rutomanu o6nyuenus o 1 M? u 6onee, 10CTU-
XeHUe CPelHUX IIoTHOCTel Toka 0.1 MA/cMm? (rTpu
cpenHeil miotHoct MomHocTH 30—40 Br/cm?)
B HETIPEPBIBHBIX PEXMMax 00JIydeHUSI U UCITOJIb30-
BaHUE pa3IMYHBIX TEOMETPHU 1 (hOPM 30H 00IyUe-
HUSI IPUBEIN K (DOPMUPOBAHHUIO OTAETILHOTO PHIHKA
2JIEKTPOHHBIX yckopuTeneit. Eciu Ha 3ape pa3Bu-
THS OTOTO HAIIpaBJIEHUsI MHOTHE aBTOPbI OTMEYalIH,
YTO YETKOE pasrpaHMYeHMe 00IacTeil IpUMeHEHUs
n napametpoB I[IBC, obecrneunBaemMbIX ¢ TTOMO-
IIbI0O TEPMOKATOIOB, Ta30pa3psAHBIX 3MUTTEPOB
M KaTOOOB Ha OCHOBE B3PBIBHOI B3IIEKTPOHHOM

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

SMUCCHUU, 3aTPYTHEHO B CBSI3U C ITPOIOJIKAIOIINMCS
WHTEHCHUBHBIM Pa3BUTUEM TEXHUKU (HOpMUpOBa-
Hus [1bC u HenpepbIBHBIM COBEPIIEHCTBOBAHUEM
napaMeTpoB COOTBETCTBYIOIIMX 3JIEKTPOHHBIX
yckoputeneit [3, 5, 8], To ceiiuac o4eBUIHO, UTO
SBOJIIOLIMSI YCKOPUTENIEel, OCHOBAHHBIX Ha pa3HOM
SMUCCUOHHOI MPUPOJE, MOIILIA MO PA3HBIM ITYTSIM.
Ha puc. 5a, 6 MOXXHO 3aMETUTh, YTO €CJIM MMPOBE-
CTU OTMOAIOIIYIO MO BEPXHUM WM HIDKHUM 3Haye-
HUSIM Ha rpaduKax Wid IPOBECTU JUHUM CPETHETO
TpeHIa, TO IJIsI YCKOpPUTeIeil Ha OCHOBE TepMOKa-
Toa0B U BTP oHu OynyT HampaBieHbl BHU3, a IS
YCKOpHTEJIC Ha OCHOBE B3PBIBHOI 3MUCCHUU U C
IUIa3ME@HHBIM KaTOIOM OYyAyT HallpaBJIeHbl FOpHU-
30HTAJIbHO WJIM BBEPX C HEOOJIBIIIUM YIJIOM.

H71s co3maHust 3TOTO pacIpeaeIeHNs 10 YCKOPH -
TeasIM 21eKTpoHHbIX ITBC Ha 0CHOBE TepMOKATOAOB
B IIEPBYIO OYepedb UCIIOIb30BaIUCh PpaOOThI, OITH -
CBHIBAIOIIIME UCTOPUIO UX PA3BUTHSI B CBSI3U C IOSIB-
JeHueM B Hayvajie 70-X TomoB MHTEpeca K co3la-
HUIO IIAPOKOANEPTYPHBIX YCKOPUTEIECH BHEIIHEN
MOHM3AallMM HA OCHOBE ITYYKOB OBICTPBIX JIEKTPO-
HOB. MIHTepec K TaKUM YCKOPUTEIISIM ObLT CBSI3aH, C
OIHOII CTOPOHEBI, C OTKPBITUEM DJIEKTPOMOHM3A-
LIMOHHOTO CIIoco0a HaKauyKM ra30BhIX JIA3€pOB U, C
JIpYroii CTOPOHBI, C MOTPEOHOCTIMU TPOU3BOI-
CTBa 3KOHOMMWYHBIM 1 TEXHOJOTMYHBIM CIIOCOOOM
OTBEPXKICHUS TOHKUX ITOJMMEPHBIX ITOKPBITUIA:
3alIUTHBIX, TeKOPATUBHBIX, KJICEBBIX 1 MHOXECTBA
Ipyrux. B xauecTBe WILTIOCTpaLlMA Pa3BUTUSI 3TOTO
KJ1acca YCKOPUTENIeil MOXHO IPUBECTU YCKOPUTEITN
cepum Electrocurtain [77—79], KoTophble yXe K cepe-
nuHe 80-X romoB BBHIIIA Ha CpeIHUE JIMHEHBIE
IUIOTHOCTH TOKA Ha ypoBHe 5.5 MA/cM. Pazpabot-
YUKUA 3TOM CepPUM YCKOpPUTEell MCIIONb3YIOT I
OIMCAHUSI CBOUX YCKOPUTEINIel ImapaMeTp JIMHEM-
HOM IIJIOTHOCTH TOKa (ITOCKOJBKY OOJBIIMHCTBO
YCKOPUTEJIEH UMEIOT JIEHTOUYHBIM TUIT BHIBOIHOTO
OKHA), U JaHHas BeJINYMHA JTUHEHMHOMN MIOTHOCTHU
TOKAa COOTBETCTBYET CPEAHUM ILUIOTHOCTSIM MOIIIHO-
¢t Ha ypoBHe 30—40 Br/cm?.

®opMupoBaHMe pPBIHKA IIPOMBINIJIEHHBIX
DJICKTPOHHBIX YCKOPUTEJEH M COCpemoToYeHUE
B HECKOJIbKMX KOMIaHUsIX 00JIbllIei YacT 000pya0-
BaHUsI 1711 IPOMBIILICHHBIX IPUMEHEHUI ITPUBEIU
K TOMY, 4TO, HauMHag ¢ KoH1a 80-X rogoB, nHPOP-
Malus O IIUPOKOAIEPTYPHBIX YCKOPUTEIISIX 2JIEK-
TPOHOB Ha OCHOBE TEPMOKATOAOB CTaJIa ITOSIBIISIThCS
B HAay4YHOM mevyatu ropasno pexe. JaHHBINA (akT
HaXOJWJI OTPakeHNe B pa3HbIX MOHOIpaUsIX U aHa-
JINTUYECKUX 0030pax, Hanmpumep, B padotax [10, 11].
daxTIecKn MOXHO TOBOPUTH O TOM, 4TO cepa
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Puc. 5. XpoHosorus pa3BuTus yckoputeneii ieKTpoHHbIX [1BC ¢ Touku 3peHrst MAaKCUMaJTbHOM TUIOTHOCTH TOKa 3JIeK-

TPOHHOTO My4YKa, BRIBEAEHHOTO B aTMOChepy, IJIsT ycKopuTeseit Ha ocHoBe TepMoKkatonoB u BTP (a), u mis yckoputeneit

Ha OCHOBE B3PBIBHOI1 SMUCCUU U YCKOPUTENEH C TJIa3MEHHbIM KaTtonoM (0): ¢ — YCKOpUTEJIM Ha OCHOBE TepMoOKaTona,

®m — YCKOPUTEJIU HA OCHOBE B3PbIBHOI SMUCCHUU, ® — YCKOPUTEH C TUIA3MEHHBIM KaTOAOM W aHOIOM, A — YCKOPUTEIN
Ha ocHoBe BTP.

CO3/1aHUs M UCTIOJb30BaHUS YCKOPUTEIEH 2JIeK-
tpoHHBbIX [1BC pazgenunack Ha IBE YaCTH: UCCIIEI0-
BaTeJIbCKO-1a00paTOPHBIE Y MPOMBIIILJICHHBIE YCKO-
purenu. Takoe AelleHUe He 00sI3aTeIbHO O3HAYAET,
YTO MPOU3BOMIUTEIIN IIPOMBIIIICHHBIX YCKOPUTENIEH
He BeOyT COOCTBEHHBIX HAyYHBIX MCCIECIOBaHUMA

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

WJIM HE VICTIOJIb3YIOT B HUX JAHHBIX APYTUX HAYYHBIX
rpymnil. Peyb umer o ToM, YTO HEMHOTOUMCIEHHBIE
HOBbIE HayuyHbIC MyOJMKAIIMM 3TOr0 Kjacca YCKO-
pUTeJIel CTaIM CBSI3aHBI B OCHOBHOM HE C MCCIIEI0-
BaHMEM HOBBIX (DM3MYCCKUX SIBIICHUI ST Pa3BUTHUS
Hay4YHOTO HAIIpaBJICHMSsI, a C TOTOBBIMU PEIICHUSIMH

Ne 2 2025
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IIJIsT YCOBEPIIEHCTBOBAHMSI Pa0OTHI, MOBBLIIIICHMS
VIPaBJASIEMOCTHA BBIXOAHBIMU ITapaMeTpaMu WU
JIMKBUIAIIUU CJIA0BIX MECT 00OPYIOBaHUSI, BBISIB-
JICHHBIX B XOZ€ JJIMTEIHbHOM 3KCIUIyaTallui OTIE/Ib-
HbIMU ToJIb30BateasiMu [60, 70, 119].

AHaJIoruyHas cuTyalus HabaogaeTcs sl yCKo-
puteneit Ha ocHoBe BTP. BBuay cnama HaydHOTO
MHTepeca K 3a/1adyaM 3JIeKTPOMOHU3AILIMOHHOIO CIIO-
co0a HaKauKM1 0ObEMHBIX I'a30BbIX JIa3€POB Pa3BUTHUE
yckoputeneit Ha ocHoBe BTP Takske HampaBiieHO
Ha CHIDKEHHME CpelHel INIOTHOCTU TOKa, KOTOpOe
MO3BOJISIET 00ECIeUnTh MPOAOTKUTETbHOE BpeMs
Oecrniepe0OifHOI HeNpepbIBHON paboOThl U Tpedy-
eMoe paclipenejieHue A103bl 1 MOIIHOCTU 00Jyye-
Hus. Yckoputenu Ha ocHoBe BTP B aTOM cMmbIcie
KOHKYPUPYIOT ¢ YCKOPUTEISIMA HAa OCHOBE TEPMO-
karomoB. Ilpu Bcex Mx HegocTaTkax OHU 00JIagaloT
BO3MOXHOCTBIO MOBBIIICHUS ITPOU3BOIUTEIBHOCTH
He 3a CYeT DKCTCHCHUBHBIX Mep (IJIsI TepMOKATOI -
HBIX YCKOPUTEJIEH B IUTepaType MHOTO COOOILIEHUIA
00 OTHOBPEMEHHOM MCIIOJb30BAaHUM HECKOJbKUX
OIMHAKOBBIX YCKOPUTEEH MJIs TMOBBIIICHUS MOIII-
HOCTH U IIPOM3BOIUTEIBHOCTH), a 32 CUET UX PEH-
TabeTbHOCTH, 3aKJTI0YaIONIEicd B OOIbIIE SHepre-
TUYecKoit 3¢(h(EeKTUBHOCTH, a TaKXKe 3a cUeT Oosee
“pmelreBoro Bakyyma” (T.e. 00JierdyeHHO HaCOCHOM
TPYIIIbl C BO3MOXHOCTBIO PaOOTHI YCKOPUTEIS
B 00yracTi (popBaKYyMHOTO TMAarna30oHa JaBJICHUIA).

XpOHOJIOTUSI pa3BUTHUS BTUX YCKOPUTEEH
(puc. 5a) moka3bIBaeT, YTO HOBBIM COBPEMEHHBIM
YCKOPHUTEISIM CBOMCTBEHHO MOHMXEHUE IJIOTHO-
CTU ToKa (M MOHUKEHNE DHEPTUH DJIEKTPOHOB), UTO
KOppenupyeT ¢ TpeboBaHMEM obecrieueHus Ooiee
CTaOMJILHOM U TIPOIOJIXKUTENBHOU padOThl, a YBEIU-
YeHHe TIPOU3BOIUTEIBHOCTH, KOTOPOE MOXKET OBITh
peaqn30BaHO Yepe3 YBEJIMYEHHWE CEYEeHUE MydkKa,
MPUBOAUT K OMMCAHHOMY BbIIIEe “3(h(deKTy 60JIb-
o mjolanu” M, cJIefoBaTeJbHO, OMNATHb Xe, K
yMeHbIIeH1Io TmoTHOoCTH ToKa ITBC.

st yckopuTeneit Ha OCHOBE B3PbIBHOM 9MUCCUU,
HauMHAasl OT IIePBBIX IOIBITOK UCITOIb30BaHUSI B3PHIB-
HOI 3JI€KTPOHHOM 3MUCCHUHU I CO3MaHUSI YCKO-
puTeNneil 3JeKTPOHOB ¢ OOMBIIMM CEUEHUEM TTyYKa,
KOTOpbIe ObUIM MpeanpuHaThl B 1968 romy [19], u
JI0 COBPEMEHHBIX 00pa3lioB YCTAHOBOK MJISI CTEPU-
mm3auun [25, 31], 3T yCKOPUTEIU TI0 TTapaMeTpy
IUIOTHOCTU TOKA OCTAIOTCS IPAKTUYECKU B paM-
Kax omgHoro auamna3soHa (puc. 56). CTOUT OTMETUTD,
YTO TOJILKO YCKOPUTEIM 3TOr'0 TUIIA MaKCHMAaJIbHO
OJIM3KM WM B TIOJHOI Mepe SIBJSIIOTCSI YCKOPUTE-
JIIMU, K KOTOPBIM MPUMEHUM TEpMUH “CUJIBHO-
TouHble”. TakxKe yCKOPUTEIN ITOTO THUIIA UMEIOT
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MaKCHUMaJIbHbIe 3HAYEeHUS KaK MO IUIOTHOCTU TOKa
1 MOJHOMY TOKY 3JIEKTPOHHOIO Iy4yKa, BbIBEICH-
HOTO BaTMocdepy, TaK 1 IO CeYeHUIO ITydKa (puc. 3).
B Hamem aHanu3e MaKCMMAaJIbHBII TOK 2JIEKTPOH-
HOTrO MyuykKa, IOJYYeHHBIII YCKOPUTEISIMU 3TOTrO
THIIa, cocTaBisul nopsaka 100 KA, MIOTHOCTh TOKa
10 100 A/cM? 1 ceueHMe BBIBEIEHHOTO B aTMOCchepy
3JIEKTPOHHOTO MyuyKa 10 11 M? (CTOUT OTMETHTB, YTO
3TM MaKCHUMaJbHbIE MapaMeTphbl ObLIU TOCTUTHYThI
npu HanpskeHnax Beime 300 kB, mosToMy 4yacThb
3THUX pe3yJIbTaTOB ObLJIa MCKJIIOUeHA U3 IIPEICcTaB-
JICHHBIX BbIIIIe IpapUKOB, a peajbHBIIA paccMaTpu-
BaeMbIil IMaIa30H TOKOB 3HAYUTEJIbHO MEHBIIE
n He npesbimaeT 10 KA). Yckoputean Ha OCHOBE
B3PBIBHOI 3MUCCUU MPOYHO 3aHUMAIOT JUAUPY-
IOIIKE TTO3UIINHY IT0 MTHOBEHHBIM MaKCHUMAaJbHBIM
napaMeTpam, 3TO, HAIlpUMeEp, YCKOPUTEIHN CepUun
SINUS [25, 29-31, 34].

Kazanoch ObI, BBICOKOE 3HAYEHUE TOKA IMyYKa,
KOTOpO€ BCeTna Moa4epKruBagoCh KOMMEPUYECKUMU
U IIPOMBIIIJIEHHBIMU TPEOOBAaHUSIMU, TOJKHO OBLIO
cleslaTh YCTAHOBKM 3TOTO THUIIA Hamboyiee KOMMEp-
YecKM ycrnelmHbIMU. TOK ITydyKa HaIpsIMyIo CBsI3aH
C MPOU3BOAUTEIILHOCTHIO TEXHOJOTUYECKOM yCcTa-
HOBKH, OH OIIpEHeIsieT B UTOTe ¢ PEHTA0EIbHOCTb.
Ho noMuMo Bcex HOCTOMHCTB 3TOro KJjacca yCKo-
puTeleil, oHM 001analoT U HeIoCTaTKaMu, KOTOPhIe
CBOMCTBEHHBI CHJIBHOTOYHBIM 3JIEKTPOHHBIM ITy4-
KaM (orpaHuyeHue Toka cOOCTBEHHbIM OObEMHBIM
3apsIiIoM, 9KpaHUPOBKA, HEYCTOMYMBOCTH, BIMSTHHAE
(poHTa U criama UMITYJIbCa HAIIPSIKEHMS UIST MaJIbIX
JUTATEIbHOCTE UMITyJIbca U T. 11.).

AHanu3 MoKa3blBaeT, UTO B HAyYHO-TEXHU-
YECKOM M IMAaTeHTHOM JIUTEpaType IMPaKTUIECCKU
OTCYTCTBYIOT paOOTHI, B KOTOPBIX OBl MCCJICIOBAJICS
pecypc 3TOTO TUIIa YCKOPUTeJIe Ha OOJIBIIMX pabo-
yux BpeMeHax. MiMeeTcs B BUIy, YTO MCCJIeqOBa-
HUS pecypca OTAeJbHbIX KOMIIOHEHTOB MJIM Y3JI0B
yckopuTenieit (CToiKocTr (oabr, pecypca KaTona,
crabunpHocTu redHepauuu [19, 20, 30, 43, 60, 61,
119, 122]) mpencraBiaeHbl HOCTaTOYHO LIMPOKO,
HO MCCJIEIOBAaHUS PECYPCOUCITBITAHUI YCKOPUTEIS
B LIEJIOM IIPEICTABJICHBI IO OOJIBIICH YACTH TOJIBKO
M3y4eHHMEeM YCKOpHUTENIei Ha OCHOBE TE€PMOKAaTO-
I0B U Ha ocHoBe BTP, uto Takxke moaTBepxkaaet
X BOBJICYEHHOCTD B Pa3IMYHbIC TEXHOJIOTUIECKIE
MPOLIECChl. DTU YCKOPUTENIU SBIISIIOTCS JIUASCPaMU
M0 JUIMTEILHOCTU HEIPEePBIBHOM 3KCILTyaTalllu.
Taxk, HampuMep, HOMUHAJIbHBIA CPOK CIIYKOBI
OIIHOI 13 ycTaHOBOK cepun BroadBeam cocraBnser
He meHee 10000 yacoB, B TeueHUE KOTOPHIX YCKO-
puUTeab HENPEPBIBHO MpopabdoTan O0ojiee MSITU JIeT
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C TeMU e KaTOIHBIMK COOPKaMM, KOTOPKIE IIOCTaB-
Jsimuch BMecTe ¢ cuctemoit [90]. B To ke Bpems
MPUMEPOB MOAOOHBIX PECYPCHBIX UCIIBITAHUN JJIsT
YCKOpPUTENE Ha OCHOBE B3PBIBHOW 3MUCCUU WU
IUIa3MEHHOTI'0 KaToJa HaliTU He yIajloCh.

[TocnemHumit TMII yCKOpUTeIeil — YCKOPUTEIN
¢ TUIa3MEHHBIM KaTOAOM — 3TO, Ha Halll B3IV,
camMoe MPOTUBOPEUMBOE, HO B TO XK€ BPEMSI caMOe
NMepClIeKTUBHOE HaIlpaBIeHHUE Pa3BUTUS 3TOTO
KJacca yckoputeieii. Bo-TmepBpiXx, KakK BUIHO
Ha puc. 50, 3TO eNIMHCTBEHHBINM TUIl YCKOPUTEJICH,
JJ1S1 KOTOPOTO HabJIIomaeTcsl CylleCTBEHHbBIN poOCT
napaMeTpoB IUIOTHOCTU TOKa. MOXHO CKa3aTh,
YTO 3TU YCKOPUTEIU BIUTAJIM B Ce0sT KaK CUJIbHBIE,
TaK U cJiabble CTOPOHBI BCEX PACCMOTPEHHBIX BbIIIIE
yckoputeneit. 1o ImIOTHOCTU TOKa YCKOPUTEIUN
C IUIa3MEHHBIM KaTOIOM CPaBHUMBI C YCKOPUTE-
JIIMM Ha OCHOBE B3PBIBHOM SMUCCHU, OHM TTOABEP-
>KeHbl HAUMEHbILIEH cTereHu BAusHUSA “addekra
0O0JIbIIION TIOIAAN” U MOTYT 00JianaTh elle 00Jb-
et 3¢ OEeKTUBHOCTBIO, UeM YCKOPUTENIN HAa OCHOBE
BTP. OgHako 3TUM yCKOPUTEISIM CBOMCTBEHHBI
1 BCE MUHYCHI IIEPECUMCICHHBIX BBIIIE YCTPOMCTB.
OnuyH U3 TIaBHBIX HEIOCTATKOB — HECTAOMIBLHOCTh
reHepauuu. Jist ucciaenoBaTeIbCKUX 3a1a4 OTAe)b-
Hble OTKa3bl 00OpyJOBaHUS WJIM cpabaTbiBaHUeE
3alIUTHI M OBICTPOE BOCCTAaHOBJIEHME B padboymii
peXUM He HPEeACTAaBISIIOT CEPhE3HON MPOOJIEeMEI,
HO IUISI TEXHOJIOTMYECKMX 3a/1ad HapyLIeHHUE JIeK-
TPUYECKOI IMPOYHOCTH, HECTAOMIBHOCTH pas-
psiia — 3TO Bcerga Opak B mpoliecce o0JydeHus,
YTO CIEP>KMBAET BBIXOJ YCKOPUTEJIEH TaKOTOo TUIla
Ha IPOMBIIUIEHHBIM YPOBEHb paalallMOHHbBIX TEX-
HoJioruii. I1pu 3TOM npoBeneHHbII aHAJIM3 MOKAa3bI-
BaeT, YTO pa3HOOOpa3re 3TUX YCTAHOBOK, UX IIPH-
MEHEeHHME B pa3jMYHBIX IIPAKTHYSCKMX 3adadax
OCTAIOTCS CTUMYJIOM K MX Pa3sBUTHUIO, OJraromapsi
MMEIOIIMMCS K HacTOSIIEMy MOMEHTY HaydYHOMY
U MHXEHEpPHOMY 3ajejiaM, JEeMOHCTPUPYIOIIUM
MEePCIIEKTUBHOCTh TAKUX YCKOPUTEJICH 2JIEKTPOHOB.
bnaromapst ropa3mo MeHBIIEMY 3HEPromnoTrpeodse-
HUIO 1 OoJblIeil 3HepreTUuuecKoit 3(PeKTUBHOCTU
(Kak 10 reHepaluyd SMUCCHOHHONM IJIa3MBblI, TakK
U 110 BbiBoAy asieKTpoHHOro I1bC B atmocdepy) atu
YCKOPUTEIM OCTAIOTCS MEPCHEKTUBHBIMU U MOTYT
OBbITh CIIPOEKTUPOBAHBI ropa3ao 0oJjiee KOMITaKT-
HBIMM W IIPUTOOHBIMHU IUISI MHTEIpallii KakK B Tpa-
IWILIMOHHBIC 3aJauil paguallMOHHBIX TEXHOJIOTUM,
TaK U B HOBBIX HallpaBJICHUSIX.

ITonBonst utor, MoXXHO Ipy0O onucaTh MOJTYYMB-
IIIYIOCSI XPOHOJIOTHIO IIPOCTHIMU CJIOBAMU: JIJIsI YCKO-
puTeseii Ha ocHoBe TepMoKaTonoB 1 BTP npeumyiie-

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

CTBEHHO HAOJIIOMAETCST 3BOJIIOLNS TTPOMBIIIICHHBIX
YCKOPUTEJIEH, a IUIST YCKOPUTEJIE Ha OCHOBE B3pbIB-
HOI1 BMUCCUU U TUIa3MEHHBIX KaTOIOB — 3BOJIIOLIUS
J1abOpaTOPHBIX M UCCIIEAOBATEILCKIX YCKOPUTEIICH.
B xauecTBe elire oqHOTro apryMeHTa MOXKHO IIPUBECTHU
pacnpenesieHue aHATU3UPYEMBIX YCKOPUTENEN 2JeK-
TpoHHbIX [TBC no ncnonbyeMoMy MakKCUMaIbHOMY
ycKopsiolieMy HamnpsikeHuto (puc. 6). [TpoBeneH-
HBII aHaJIM3 MOKa3bIBaeT, YTO HabOp paccMaTpuBa-
€MBIX YCKOPUTEJIE MMeeT HeCKOJIbKO BhIIEICHHBIX
YPOBHEII MaKCHUMAaJbHOTO HANpPsKEHUSI C IIaroM
50 kB 1 MakCUMyMOM, COOTBETCTBYIOLLIMM HaIpsi-
xxenuto 200 kB. Ha atoMm ¢akTe ciienyeT 3a0CcTpUTh
BHUMaHME, IMOCKOJbKY OH KOPPEJIUPYET MEXIY
YCKOPUTEISIMU, UMEIOIIMU Pa3HYIO SMUCCUOHHYIO
MIPUPOLY, IIPX TOM, YTO OOIIIee KOJIMIECTBO MCITOJIb-
3yeMBbIX YCKOPUTEJICI 1 PEKMMOB UX paOOTHI 1715 pa3-
HBIX TUIIOB YCKOpHUTeEeit cortoctaBuMo. J1JIst ycKopu-
Teseil Ha ocHOBe TepMokaTonoB U BTP obOparaioT
Ha ce0s1 BHUMaHUe 00JIbIlIoe KOJIMYECTBO COODIIIe-
HU ¢ IPOMEXYTOUYHBIMU 3HAUCHUSIMU MaKCUMaJlb-
HOTO HAIIPSKEHUST MEXKAY IMMKAMU, YTO CBUICTEIb-
CTBYET O IIMPOKOM 1 pa3HOOOPAa3HOM IPAKTUIECKOM
NpUMEHEHUN WMEHHO 3TUX THUIIOB YCKOpHTEJIei
¥ (KaK NpUYMHE MCITOJb30BaHMsI) KauyeCTBEHHOM
OINTUMM3ALIMKU PEXUMOB PabOTHl MO KOHKPETHbIE
3amaun. Ha mpousBoncTBe, rae KiIo4eBbIMU (PaKTO-
paMu pabOThl YCKOPUTENSI SIBISIIOTCSI CTAOUIBHOCTD
napamMeTpoB, IIPOU3BOAUTEIIBHOCTD U JJINTEJILHOCTh
HEeNpepbIBHOM padOThl, MaKCUMaJbHbEIE pabodyne
HAaIIpSDKEHUST He 00s13aHbI OBITh KpaTHBIMU KaKMM-TO
ornpenesieHHbIM BeJuurHaMm. C Ipyroil CTOpOHHI,
OIlMCaHue IapaMeTPOB Ja00paTOPHOIO U MCCIIEN0-
BaTeJIbCKOT0 0O0PYIOBaHMS TSATOTEET K ITyOJIMKAIIN
MaKCHUMAaJIbHO ITOCTUKMMBIX 3HAYCHUI, aMIIATyIa
KOTOPBIX OKPYIVISIETCS OO KPaTHBIX BEIUYWH IIPU
TOM, YTO 3TU YCKOPUTEIN Yallle BCEro 3KCILTyaTUpy-
I0TCSI HE B IPEeAEIbHbIX PEXUMaX.

Eciu nogpo6HO paccMmaTpuBaTh MpPEUMYILE-
CTBa, Ha KOTOPBIX aKIEHTHPYIOT BHUMaHUE pa3-
paboOTUMKM YCKOPUTEIE Ha OCHOBE B3PHIBHOM
SMHUCCUM U TUIA3MEHHBIX KaTOmOB (IIPOCTOTAa KOH-
CTPYKLIUU, YIOOCTBO OOCHY:KMBAHUS, LIUPOKUMIA
IMana3oH MepecTpoKy MmapaMeTpoB, OTCYTCTBUE
MHEPIMOHHOCTU 3aIllycKa, HeBOCHPUUMUYUBOCTh
K IIPOPBIBY aTMOC(EPHI — B CPaBHEHUH C YCKOPUTE -
JIIMM Ha OCHOBE TEPMOKATOIOB, — DHEPreTu4ecKas
3(pHEeKTUBHOCTh U TIPOYME), TO HEOOXOAUMO MPO-
BECTU YETKOE pa3fejeHUEe MEXITY 9TUM IPEeUuMyIIe-
CTBaMM Kak 151 1TabopaTOpHOro 000pynoBaHus, TakK
U JJIS1 IPOMBIIIIEHHOTO. BOJIBIIMHCTBO 13 BHIIIIE -
MEePEYNCICHHBIX TOCTOMHCTB SIBISIOTCS TaKMMU
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Puc. 6. Pacnipenenernnre MakCMMaJIbHBIX 9HEPTUI DJIEKTPOHOB /IS aHAJIM3UPYEMbIX YCKOPUTENIEH U UX PEKUMOB padOThI:
(a) — ycKopuTeM Ha OCHOBE TepMOKarto/a, (0) — YCKOPUTENIM Ha OCHOBE B3PBIBHOM 9MUCCUU, (B) — YCKOPUTENH C TIIa3-
MEHHBIM KaTOJIOM M aHOIOM, (T) — ycKopuTenu Ha ocHoBe BTP.

TOJIBKO IIJISI Y3KOTO CIIEKTpa JIaAOOPaTOPHBIX 1 UCCIIE-
JoBaTeIbCKUX 3aga4. KoMMmepueckrue yCKOpUTENH,
Kak MpaBujIo, 3KCITyaTUPYIOTCS B MOHOPEXMMAX,
KOTOpbI€ HE MpenycMaTpUBalOT YaCTOr0 U3MEHEHMUS
yCa0BUii TeHepalnuu. KpoMe Toro, 00bIYHO YCKO-
pUTENIN SKCIIyaTUPYIOTCS B YCIOBMSX, HdaJeKUX
OT IIPENeIIbHBIX, O YeM CBUACTEIbCTBYIOT JTaHHEIC
MO MPOAOJIKUTEBHOCTA PAOOThI MPOMBIIIEHHBIX
YCKOpUTEJIeli Ha OCHOBE TEPMOKATOAOB (B ATUX
cyJasix pedb UAET O ThicS4aX YacOB HEeNpPepPbIBHOM
paboThl). MHOTHE TPOU3BOIUTENN TTPEIOCTABIISIOT
MOXM3HEHHYIO TapaHTUIO Ha PEMOHT M 00CIyXK1Ba-
HIE CBOUX YCKOPUTEICH.

C TOYKM 3peHMs] IHEePreTUYeCcKon 3¢ PeKTUB-
HOCTU HEOOXOAUMO MPUHMMATh BO BHUMaHUE, YTO
MPOU3BOAUTEIbHOCTh COBPEMEHHBIX YCKOPUTEIEH
U TIprOaBIeHHAsI CTOMMOCTh K KOHEUHOMY IPOIYKTY
JIETKO KOMIIEHCHPYIOT OOJIBbIINE 3aTPaThl MOILIHO-
CTU Ha HarpeB KaTomOB, YeM, HaIlpuMep, ST YCKO-
puTeneil Ha OCHOBE Pa3psa0B HU3KOTO JaBJICHMUS.
VYyer 3aTpaT MOIIIHOCTH Ha HarpeB HaKaJIMBaeMOIO
KaTojia 1 MOC/enyIolyo HEOOXOMUMOCTb OXJIaXIe-
HUS Y3JI0B YCKOPUTES SIBJISIETCS KPUTUYIHBIM, €CJIN
peYb UIEeT O KOMIIAKTHBIX YCKOPUTEISIX, IISI KOTO-
pPBIX 3 GHEKTUBHOCTD SIBISCTCS OOHUM U3 KITIOUE-
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BbIX napamMeTpoB. UMeHHO noaTomy Ha ocHoBe BTP
CYLIECTBYIOT (YCJIOBHO KOMITAKTHbIE) MOOWJILHBIC
yckoputenu s ooayueHus [113—117]. 1o cpenneit
MOIIITHOCTY OHM H€ YCTYIalT, a MHOIJA U MPeBOC-
XOISIT YCKOPUTEIM Ha OCHOBE TEPMOKATOIOB, TaKKe
OHU 00JIafal0T YHUKAJbHBIMHU IIPEUMYIIECTBAMU
3a cyeT OoJiee IIMPOKOro AUalla30oHa BO3MOXKXHOM
NepecTpPOiiKU MapaMeTpOB U 0oJiee TMOKMX BO3MOXK-
HOCTell ynpaBiaeHus 10301l ob6ayyeHus. UMeHHO
3TU YCKOPUTEIU Ha pUC. 4B KOHKYPUPYIOT C YCKOPU-
TeJISIMU Ha OCHOBE T€PMOKATOAO0B BOJIM3U 00JIaCTU
MaKCHUMyMa CpeIHeil INIOTHOCTA MOIITHOCTHU. YCKO-
putenu Ha ocHoBe BTP oG1agatoT 6osblieit apdpex-
TUBHOCTBIO C TOYKM 3PEHHUSI 3aTpaT MOILIHOCTHU
Ha co3laHue U ToaaepXKaHue BCIIOMOTaTeIbHOTO
paspsiia 1 SMUCCUOHHOM MJIa3Mbl ¢ UCKJIIOYEHUEM
HEeOOXOAMMOCTH 3aBOAUTH BBICOKYI0 MOIIHOCTH
(mecsaTku KBT) Ha BBICOKOBOJIBTHYIO CTOPOHY JIJISI
o0ecIeYeHNsI SMUCCHU 3JICKTPOHOB C TEPMOKATO/IA.

4. BBIBO/bI

Kak cnenmyer u3 aHanuM3a W IIPUBEIEHHBIX
B paboTe rpaduKoB, HaIU4YME pa3HbIX TPOU3BOIU-
TeJell 3JeKTpOoHHBIX yekopureneil ¢ I1BC, a Takke
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00beM pa3paboTaHHBIX U BBEIEHHBIX B 9KCILTyaTa-
1IMI0 YCKOPUTENIei MpUBEIr K TOMY, YTO K HACTOSI -
1IeMy MOMEHTY OXBaueH IIMPOKUIA A1Mara3oH BO3-
MOXHBIX TTapaMeTpOB 00pPabOTKM U OOJYyUEeHUS.
Ha n1o6oM u3 npeactaBieHHBIX BblllIe TpaUKOB
MOXHO BBIOpaTh MPOU3BOJIbHbIE apaMeTphbl 00JTy-
yeHMUs, 1151 OOJBIIMHCTBA U3 KOTOPBIX JIETKO HANTU
HECKOJILKO TUIIOB YCKOPUTEJIEl, YIOBIETBOPSIIOIINX
TakoMy TpeboBaHMI0. Eciiu He paccMaTpuBaTh Mpo-
1IECChl YHUKAIBHOIO BBOIA HEPIUM B BEIIECTBO
(HampuMep, OOMHOYHBIE MMITYJILCHI TOKa ITy4Ka
TUTraBaTTHOM MOILIHOCTH), TO HECMOTPS Ha TO, UTO
YCKOPUTEINU pa3inyaroTcs Mo TUITY HUCITOJb3ye-
MOTO KaToJia, UX 1eJIeCO00pa3HO CpaBHUBATh Yepe3
CTpeMJIEHHE YCTOMUMBO 00OeCIeYrnBaTh TeHepalluio
My4Ka CO CPEAHEN MOIITHOCTBIO, YIOBICTBOPSIOIICIA
TpeOOBaHUSIM IIPOMBIILICHHOCTUA. B 3TOM ciydae
YCKOPUTEIU IOJKHBI 0OecrneurnBaTh YCTOWUMBbIE
rnapaMeTphbl ITyYykKa He TOJIbKO 0 CpeHe it MOLIIHOCTH,
HO U C TOYKM 3pE€HUS] MUHUMAaJIbHO HEOTHOPOIHO-
CTHM IUIOTHOCTH D3JIEKTPOHHOI'O TOKA Ha MMIIEHM,
IIpU 3TOM HEOOXOOMM BBICOKMM pecypc 3MUCCH-
OHHOTO 3JIEKTPOJa U BCEIl BIIEKTPOIHOMN CHUCTEMBI
B LeaoM. IIpuBeneHue pexuMoB reHepaluu pas-
JIMYHBIX TUIIOB yCKOpUTEIei# MMEHHO K CpemaHeil
MOIIHOCTH ITyyKa O0OYCJIOBJI€HO, Ha Hall B3I,
MpexXIe BCero TeM, UTO K HAaCTOSIIIIEMY MOMEHTY HET
OIHO3HAYHOTO IMIOHUMAaHUS O TpeOyeMOli CKOPOCTHU
BBOJIA 03Bl (CKOPOCTHU BBOIA SHEPTHH) B BEIIIECTBO
IUIST AOCTUXKEHMsI HY>KHOro addekra. BepositHee
BCEro, MOHMMAaHME 3TOTO Mpoliecca OyIeT Cleayo-
IIIMM BUTKOM 3BOJIIOLIMU JJIsI 3TOrO KJjiacca o0opy-
JIOBAHMSI.

ITpoBeneHHBIN aHAMN3 1 TOCTPOEHHBIC “KapThl”
10 pa3HBIM MapaMeTpaM II0Ka3bIBaIOT, YTO CTPEeMIIC-
HUe obecrieyeHus] MAaKCUMaJIbHBIX YACIbHBIX Mapa-
METPOB ITy4yKa (HaIpuMmep, TaKUX KaK IJIOTHOCTh
TOKa ITyyKa WJIU MOBBILIEHUE SHEPTUU JIEKTPOHOB)
He SBISIETCS MPUOPUTETHON 3amadeit. Drta mpo-
OyeMa yke BBIIIA U3 HAYIHOTO AUCKYCCHOHHOTIO
MOJISI B TIJIOCKOCTh TEXHOJIOTUM U IPaKTUIECKOTO
NpUMEHEeHUs, U OCHOBHOI yrop aefaeTcs Ha obe-
creuyeHue CTabUIbHOCTU U MPOU3BOAUTEILHOCTH.
ITocnenHee nMpuBOAUT K HEOOXOAMMOCTH yBeIUYE-
HUSI CEUeHMS ITydKa WJIM U3MEHEHMS ero MPOCTpaH-
CTBEHHOI KOH(UTYpallMy Jaxe MpU YCIOBUU CHU-
JKeHMS TUIOTHOCTU TOKa ITydKa WJIA €ro SHEeprumu,
HO MPU POCTE CpeaHEeN MOIIHOCTH ITyYKa Jisl 00e-
CMEYEHUS] CKOPOCTU TEXHOJOTMYECKOTOo Mpoliecca.
B pesynabrate Mbl HaxomuMcsl B CUTyallMd, KOTAa
OIPOMHBIN KOMILJIEKC IPOBEIEHHBIX paHee UCClie-
JIOBaHUI B 00JIaCTU pa3pabOTKU 000pya0BaHUS sl
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paIrallMOHHBIX TEXHOJOTMIA OTICIbHBIMU YaCTSIMU
repeles B CTaaro UCKIIIOUUTEIbHO TUCTPUObIOIIUU
000pyIOBaHUS U MOHOIIOJMY OTIEJbHBIX ITPOU3-
Bonuteneii. [1lpu mocraBKax mo BceMy MUPY COTEH
3JIEKTPOHHBIX ycKopuTeaeid B ron [10, 11] B my6auy-
HOM HayYHOM I10JIe TTPAKTUYEeCKU OTCYTCTBYIOT JaH-
HBIE 0 MHOTUX TEXHUYECKMX COCTABIISTFOIIMNX 3TUX
yckoputeneit. Umeercs nHdopMauus TOJIbKO 00 Ux
MPaKTUYECKOM MPUMEHEHUM B CMEXHBIX 00JIaCTsIX,
HE CBSI3aHHBIX C AJEKTPOTEXHUKOMN M MHKEHEPHBIMH
HayKaM#. XpOHOJIOTUSI U XapaKTep Pa3BUTUSI YCKO-
puTteneit Ha ocHoBe TepmokaroaoB U BTP, kotopbie
MPUBEJIN K TIOHVKEHUIO TJIOTHOCTU TOKA U aMTILIM -
TYIbl YCKOPSIIOLIETo HalPsKEH s, OMHO3HAYHO YKa-
3bIBaeT Ha HaJIM4We HarpaBJIeHUI, KOTOPbIe MOHO-
MOJIM3UPOBAHBI HECKOJBKMMHU MPOU3BOAUTEISIMU.
ITpoBeneHHas B 0630pe paboTa MOXKET IMO3BOJIUTh
MPOBECTU OLIEHKY MMapaMeTpOB YCKOpUTEJIEi, Mpo-
W3BOIUTEIN KOTOPBIX IMPUBOIIT JIUIIb YacTh ITapa-
METpOB cBoero obopynoBaHus. [Ipobiema BeiOOpa
MeXAy YHUBEpPCaJTbHBIM MHOTONPOMUILHBEIM 000-
pynoBaHWEeM U TIpuOopaMu, KOTophie 3(PhHEeKTUBHBI
TOJIbKO B KaKOM-TO OIpPaHMYEHHOM IHMalla3oHe
napamMeTpoB, MOXET pellaThbCs Pa3INYHBIMU CIIO-
cobaMu ¥ IIpU ITOMOIIM YCKOPUTEIei, OCHOBAHHBIX
Ha pa3HbIX MPUHIMIAX dMUCCUU. OCOOEHHO 3TO
aKTyaJJbHO OTHOCUTEIbHO YCKOPUTEJIeH 1 IIPOr3BO-
JUTENCH, M1 KOTOPBIX MO TEKYIIECH HAYYHO-TEXHU-
YeCKOU JIMTepaType He BCeTma MOXKHO OIIPEIS/IUTh,
MPUCTYIINJI I KOHKPETHBIN KOJUIEKTUB K ITPOMBIIII -
JIEHHOMY OCBOEHHIO OMTMCHIBAEMOI MOJIEIMN YCKOPH -
tess1. Icrosb3ysl moydeHHbIe KapThl, MOKHO TPO-
BECTHU OLIEHKY 3TUX YCKOPUTEJICH U cleaaTh BEIBOIbI
00 2 PEeKTUBHOCTA M YPOBHE KOHKYPEHIIMHN KOH-
KPETHOro 00OpymOBaHUS IJISI COOTBETCTBYIOLIMX
TUIIOB YCKOPWTEJIEd WM BBISIBUTH ITapaMETPhI,
KOTOPbIE BBIICISAT 000pyIOBaHME KaK YHUKAIBLHOE.
C yyeToM TOro, 4to K HacTOSIIEMY MOMEHTY
MMEIOTCS NePCIIeKTUBHBIC YCKOPUTEIU C TIIa3MEeH-
HBIMU WM B3PBIBOOMUCCUOHHBIMU KaTOHAMU, C
TOYKM 3pEHUs Iepexoma OT JIabopaTopHOTo 000-
pyIOBaHUS K IIPOMBIIIJICHHOMY, MOXHO CHEIAaTh
BBIBOJ, YTO TEXHOJIOTMYECKUM OapbepoM IJIsI psiia
YCTAHOBOK SIBJISIETCS Yallle BCEI0 He TeXHUYecKasl
3agada, KOTopasi MOXeT ObITh pellieHa U3BECTHBIMU
crrocobamMu (CHSAITHMEM BBICOKOM TETIJIOBOI Harpy3Ku
yepe3 KOHTYPBI OXJIaXIEeHUS, YBEINUYCHUEM DJIeK-
TPUUECKO MPOYHOCTU 3a30pOB U Kabeneit, Tpe-
HHUPOBKOI, 00pabOTKOI MOBEpXHOCTEH, 3ame-
HOI 2JIeMEHTHOI 0a3bl Ha OoJiee JOPOrOCTOSIIYIO
" T.1.), a GpyHIaMeHTaIbHbIE TIPOOIEeMBbI TIa3MeH -
HOIl BMUCCUOHHOM 3JIEKTPOHUKU U (PU3UKU Ta30-
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BOTO pa3psifia, KOTOpbIe Ha HACTOSIIIMIT MOMEHT BCe
ellle He pellieHbl 1 MPOI0JIKAIOT OCTaBaThCs CTUMY-
JIOM JUISI pa3BUTHUS 3TOrO Kjlacca oO0OpynoBaHUs, B
TO BpeMs KaK YCKOPUTEIN Ha OCHOBE TEPMOKATO-
OB IIPOAOJIKAIOT IO-TIpEeXXHEeMY 0oJjiee aKTUBHO
HCTIOJIb30BAThCS B TPOMBIILIEHHOCTH, 1axke HECMO-
TPSI HA UMEIOLIMEeCs Y HUX HEMOCTaTKU.

BJIIATOOAPHOCTH

ABTOpHI BeIpazkatoT 6naromapHoctsh C.JI. Koco-
TOpPOBY 3a MOJIe3HbIe KOMMEHTAapUM, TUCKYCCUU
M 3aMeyaHMsl, BbICKa3aHHbIE B Mpoliecce MOATo-
TOBKM 0030pa.

OUHAHCHUPOBAHUE PABOThI

Pabora BhiNOIHEHA B paMKaxX roCcy1apCTBEHHOTO
3amaHusi MUHUCTepCTBA HAYKW W BBICIIIETO 00pa3o-
BaHus1 Poccuiickoii @enepaunu (tema Noe FWRM-
2021-007).
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