202292747 Al

(19) EBpa3unckoe 21 202292747 13 Al
naTeHTHOEe
Be4OMCTBO
(12) ONMMUCAHME U30BPETEHUSA K EBPASUICKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. HO01J 31/50 (2006.01)
2023.06.30
(22) [ata nonaum 3aaBku
2022.10.26
(54) KATOI[HI)IFI Y3EJ XPOHOT'PAONUYECKOI'O JIEKTPOHHO-OIITUYECKOI'O
IMPEOBPA3OBATEJIA
(31) 2021138190 (72) Waobperatens:
(32) 2021.12.22 Konograsios ITasen Uropesuu, Cnaxos
(33) RU Anexcanap BsiueciaaBouu, CokoJioB
(71) 3assurens: Aprem IOpbesuu (RU)
®OEJEPAJIBHOE )
TOCYJIAPCTBEHHOE (74) ;',S’f}f‘:;a;:g“; ®U)
YHUTAPHOE INIPEANIPUSITUE o
"BCEPOCCHUNCKHNI HAYYHO-
I/ICCJIEI[OBATEJILCKI/IFI
HHCTUTYT ABTOMATHUKHU NM.
H.JL. IYXOBA" (RU)
(57) Uso0perenne OTHOCHTCS K OONMACTH BaKyyMHOH SJEKTPOHHOH TEXHWKH, B YACTHOCTH K JJIEMEHTaM

KOHCTPYKIIMHU AJIEKTPOHHO-ONTHYECKUX [TPpeoOpa3oBareeii, HCIOoNb3yeMbIX Ul PETUCTPALH CUTHAJIOB
OBICTPONPOTEKAIOIINX MPOLECCOB. TEXHUUECKUM PE3YIBTAaTOM SBIACTCS YCTPAHEHHE OTPaHMUYCHUH AT
TPaHHMI] TTHAMHYECKOTO0 Tnarna3oHa xponorpaduyeckoro DOI1 3a cuer popmMupoBaHus B KaTOIHOM Kamepe
xpoHorpaduyeckoro JOII MIOCKOro JIEHTOYHOTO JIEKTPOHHOTO My4Ka OOJNBLION MHTEHCHBHOCTH 0e3
NepeBOpoTa M300pakeHusI U 0e3 MoTeph (OTONEKTPOHOB HA 3IEMEHTAX KaTOAHOTO Y37a, COXPaHSII
CTPYKTYpPYy OJIEKTPOHHOTO H300pakeHUsI Ha (hoTOKarome. YCTPAaHWTh HEIOCTATKH CYyNIECTBYIOIINX
ANIEKTPOHHO-ONTUYECKUX PEUICHUH M YIY4IINTh yKa3aHHble HapaMeTpbl xpoHorpaduyeckux JOII
BO3MOXKHO, TpUMeHAs B KarogHoil kamepe OOIl coBMecTHO ¢ (DOTOKATOIOM YCKOPSIOIIHE U
(hokycupyromume AMEKTPOALI OT 3IeKTpoHHOH Imymiku "Iupcea, koTopbie GopMHUPYIOT U3 POTOINEKTPOHOB
TUTOCKHH JICHTOUHBIH AJIEKTPOHHBIH My40K 0e3 nmepeBopoTa H300paKeHusl.
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Karoansiii y3en xpoHorpadpuaeckoro 31eKTpOHHO-ONTHUECKOTr0 peoOpazoBaTets

N3o0peTeHne OTHOCUTCA K O0JIACTH BAaKyYMHOW SJI€KTPOHHON TEXHHKH, B
YaCTHOCTH K 3JIeMEHTaM KOHCTPYKIUH AJIEKTPOHHO-ONTUYECKUX
npeoOpaszoBareei, HCITOJTh3y EMBIX TUTS peTHCTpanun CUTHAJIOB
OBICTPOMPOTEKAIOIIUX MTPOIIECCOB.

XpoHorpaduueckrue AIEKTPOHHO-omTHUYeCkHe Tmpeodpazosarenn (DOIT)
MPEAHA3HAUYCHBI I PETUCTPAIiK  OBICTPOIMPOTEKAIONMX IMPOIECCOB MyTEM
npeoOpa3oBaHus PacHpeeICHHON BO BPEMEHHM W TPOCTPAHCTBE MHTCHCHBHOCTH
UMITYJIbCHOTO CBETOBOTO CHUTHAJa (M300paKEHUS «INTPUXA») B PACIPEICIICHUE
WHTEHCUBHOCTH CBEUCHHS JIIOMHHOGOpA, TOTOMY OJHMM U3 OCHOBHBIX
TpeOOBaHMIA, TPEABABIAEMbIM K  XxpoHorpadmueckum JOIl,  saBasercs
o0ecrieueHue MUHUMAJIBHBIX TIOTEPh MH(POPMAIIUA W COXPAHEHUE MAaKCUMaTbHOU
YETKOCTH U300paKeHHUSI, UTO, B CBOIO OYEPE/b, TOCTUTACTCA TOJIBKO MPU OOJBIINX
3HAYEHUSX AUHAMUYECKOTO JMarna3zoHa W MpOCTpaHCTBEHHOTro paspemieHus DOII.
Paciivpenne AMHAMHUYECKOTO JMAla3oHa MO HIWKHEW TpPaHULE JOCTUraeTCs
YJIYUIIEHUEM COOTHOIICHHSI CUTHAJI-IIYM;, N0 BEPXHEW TpaHUIE — CHUXKEHUEM
BJIWSHUS  TIPOCTPAHCTBEHHOrO  OOBEMHOTrO  3apsiga Ha  (opmupoBaHHe
AJIEKTPOHHOTO TyYka. [IpruemM, mpocTpaHCTBEHHBIN OOBEMHBIN 3aps/] OKA3bIBACT
HanOoNpImMi A(pPEeKT Ha SIEKTPOHHBIM MYYOK B TOYKAX IEPECEUCHHS €ro
TPACKTOPHUHA M HA 3Tare YCKOPEHHUS (POTOATEKTPOHOB, TOJBKO YTO MOKHHYBIITUX
cdoTokaro.

Ha nanHBIi MOMEHT HW3BECTHBI CJACAYIONMHAE PEIICHUS, TO3BOJISIONINE C
paznuuHONW 3(PHEKTUBHOCTHIO  YCKOPATh (HOTOIEKTPOHBI, #  (HOPMHUPOBATH
CTPYKTYPY DJJIGKTPOHHOTO Ty4ka, TEM CaMbiM COXpaHAS HCCICAYEMYIO
WH()OPMAIINIO O CUTHAJIE.

N3Becten xponorpadmueckmii DOIl, B KkatogHOW KaMmepe KOTOPOTO

PACMOJIOKEH KATOAHBIA M YCKOPAIOIIANA SJIEKTPOABI. Y CKOPAIOIIMN SJIEKTPO]



MPEACTaBIIACT COOOM TJIACTHHY C MPSIMOYTOJBHBIM OTBEPCTHEM, HAa KOTOPOE
CMOHTHPOBAHA ceTKa. Mexay YCKOPAIOIIMM M KaTOTHBIM JICKTPOJAMHU CO31ACTCA
UMITYJIbCHOE TIOJIE, YCKOpstoiee U (hOPMHUPYIOINIEE IEKTPOHHBIN Mydok. [laTeHT
CIIIA Ne 5221836, MIIK HO1J 31/50, 22.06.1993.

Henocrarkamu Takoil KaTogHOW KaMmepbl SABJISIOTCA TMOTEPH YaCTH
AJICKTPOHOB TPHU TMPOXOXKICHUM CETKH, CMOHTHPOBAHHOM HA YCKOPSIOIIEM
AJIEKTPOJIE, YTO CHIDKACT TUHAMUYCCKHAN JMAa30H HA HWKHEW T'PAHUIIE 33 CUET
YXYIIICHUS] OTHOIICHUS «CHUTHAI-IIyM». Takke Majibie TraOapuTHBIE pa3Mephl
paboueii 30HBI M, COOTBETCTBEHHO, TabapUTHBIE pa3Mepbl anepTypsl AuadparMbl
YCKOPSIFOIIETO 3JIEKTPOoJa HE TO3BOJISIOT 00pabaTeiBaTh OOJBIIOE KOJIUYECTBO
uHdopmarmu. Kpome Toro, 3to pemieHue TpeOyeT HCMOIb30BAHUS CIIOKHOM
cucteMmbl ummyjabcHoro nwuranus OJOIl ¢  TmarenbHoW KanuOpOBKOW W
KAueCTBCHHBIM JKPAHWUPOBAHWEM, UYTO TPHUBOIUT K YBEIWUCHHUIO Ta0apHUTHHIX
pazmepos D011

B cymectByromiei TUHEHKE AIEKTPOHHO-ONTHYECKUX MpeoOpa3oBaTeneii ¢
nBoiHOM (Ommamerapuoi) dokycupoBkoit (cepust P800 photonis) [Streak-Tubes:

Photonis Brochure 16 p. // http://pdf.directindustry.com/pdf/photonis/streak-

tube/82199-327237 html]  dopmupyercs TMIOCKHI  JIGHTOUHBIH  TYYOK  C

nepeBopoToM u3oOpaxenus. [Ipobiema BIUAHUS MPOCTPAHCTBEHHOTO OOBEMHOTO
3apsiia Ha HaA4YaJbHOM »JTale MpoJeTa dJIECKTPOHOB pEIIAaeTCsl TPH  MOMOIIH
BBICOKOW pasHHIBl ToTeHIManoB (10 15kB) Ha ywacTtke karon — mepBbIi
ycKopsiromuii - 3nektpoa. DopMupoBaHME CTPYKTYPBI 3JEKTPOHHOTO MYy4YKa
BEITIOJTHACTCS TPHA ITOMOIIM CJIOKHOM (POKYyCHPYIOIIEH CHCTEMBI, B KOTOPOi
(hoKyCHMpOBKa JJIGKTPOHHOTO TIydkKa Ui YJIYYIICHHWS TMPOCTPAHCTBEHHOTO
pa3pellieHNus] OCYIIECTBSAETCS 3a CUET KBAJPYMOJbHOW JIMH3BI, a pazdpoc
AJIEKTPOHOB MO BPEMEHHU MPOJIETa KOMIICHCUPYETCS KJIACTEPOM, COCTOSAIINM W3
TPEX UMMEPCHUOHHBIX JIMH3, BBITIOJTHEHHBIX B BU/JIE MOJIBIX MAPAJUICIICTTUIIEI0B.
Takum o6pazom, mannas J0C ¢dopMHUpyeT TUIOCKHH JCHTOYHBIA MYYOK,
MMEIOIIMN 00JIACTh C MOBBIIMIEHHON TJIOTHOCTBIO 3JEKTPOHOB, O0YCIIOBJICHHYIO

MEPECEUYCHUEM TPACKTOPUM JJIEKTPOHOB, UYTO BMECTE C HAJIUYUEM B HEWU



KBAJPYIMOJbHON JIMH3bl OrPAaHUYMBACT BEPXHIOK TPAHUIy JAHUHAMUYECKOTO
nuana3oHa. B oOnacth mnepecedeHus TPaeKTOpUW M HA YyYacTKe [MpoJieTa
AJIEKTPOHOB  BHYTPH  KBAQJAPYMOJBHOW  JIMH3bI  MPOUCXOJUT  yBEIIUUCHHUE
MPOCTPAHCTBEHHOTO 0OBEMHOTO 3apA/a.

N3Becten kommakTHbIH XpoHorpaduueckuit JOI1 B cocTase perucrparopa ¢
MKII, pacnoyioxeHHOM HEMOCPEeACTBEHHO Tiepea porokarogoM, U paboTaromiei B
peXuMe  JIMH3bI, BBITATUBAIONIEH, yCWIMBAWOIIEH ©  "BHIIPAMIISIOMICH"
ANeKTpOoHHBIM mydok ¢ karoda. Ilarent CIIIA Ne 4310857, MIIK HO4N 5/30,
12.01.1982.

Karomnas xamepa mamHoro OOIl mosBojsier chopMUpOBaTh THIOCKHAN
HEPACXOSIIMICA MOTOK 3JIEKTPOHOB, OJHAKO €r0 WHTCHCHUBHOCTh OrpPaHUYEHA
y3kuM JguHamuueckuMm amanazoHoM MKII m3-3a cymecrBoBanms 3d¢dexra
HaceleHus. [Ipumenenne naxe cambix BbICOKOTeXHOJIOTHYHbIX MKII B cocraBe
KaToaHOU kKaMmepbl Takoro DOII mo3BosseT AOCTUTaTh JUHAMUUYECKOTO JUana3oHa
e Gosee 10°.

M3Becten  xpoHorpaduueckuit  O0Il ¢ TOBBITIEHHBIM  BPEMEHHBIM
pa3pelIeHUEM W OCECUMMETPUYHBIM  SJICKTPOHHBIM ~ IMYUYKOM, HMEIOIIUN
(hOKYCHPOBKY JOTOJTHATEIHHBIMHU 3JIEKTpoaamMu. KOHCTPYKITHs KaTOMHON KaMepshl
naaHoro OOIl mnpencraBimsger coboii mmockuii  (OTOKATOM W CHUCTEMY U3
IIATAHAPUYECKOTO YCKOPSIOIIETO JIEKTPOIa ¢ CETKOW Ha ameprype auadparMbl U
JIBYX IWJIAHAPUYCCKHX  (DOKYCHPYIOIIMX  AIekTpoaoB. IlareHt  SlnmoHum
Ne 5824328, MIIK HO1J 31/42,25.11.2015.

Henocrtatkamu  maHHOTO HW300pETEHUA  SBIAIOTCA HAIMUHME  CETKH,
CHWIKAIONIEH  KOJWYECTBO  SJICKTPOHOB, JOJETAIONIMX O 93KpaHa, uTo
OTPAaHWYMBACT JMHAMHUYECKUHA TUATNA30H MO HUXHEH TpaHUIle, HAIMUKUE 00JIaCTH
MEPECECYCHUA TPACKTOPUM DJICKTPOHOB B AKCUAJIbHO-CUMMETPUYHOU OITHKE, TNIE
MPOUCXOJUT HAKOIUIEHUE MPOCTPAHCTBEHHOIO0 OOBEMHOTO  3apsia, uTo
OTPAaHUYMBAET BEPXHIOKO TPAHUILY TUHAMUYecKoro auanazona JOI1.

Takum oOpazom, ocHoBHas mpobOyiema coBpemeHHbix DOII 3akmouaeTcs B

HEBO3MOXKHOCTH C(OPpMHUpPOBATh MHTCHCHUBHBIM TOTOK 3JICKTPOHOB B KaTOIHOMN



KaMepe M TPAHCIUPOBATh €r0 B CICAYIOIINE CUCTeMbl (POKYCHPOBKH O€3 MOTepH
CTPYKTYpbl Tyudka (COOTBETCTBEHHO, MPOCTPAHCTBEHHOTO U  BPEMEHHOTO
paspelleHns) U HAKOIJICHHUS IPOCTPAHCTBEHHOrO 00BeMHOTO 3apsga. OmgHako,
TAKO€ PEIICHUE CYIIECTBYET B APYrod 0O0JIACTH TEXHUKH. SJICKTPOHHBIE IMyIIKH
cuctemsl «[lupca» n ux momudukanuu («Mrosiepa» 1 T.1.), onucanHsie B [[Tupc
Jx.P., Teopuss u pacder 31eKTpPOHHBIX IydkoB, M.» CoBeTckoe pamuo», 1956,
217c], moryt hopMHpPOBATh HEPACXOAAIMMNECS TUIOCKHE JICHTOUHBIC JIEKTPOHHBIC
My4YKH BBICOKOM MHTCHCHBHOCTH 0€3 TepeceueHUs] TPACKTOPHUM AIEKTPOHOB. JlJia
(hopMHPOBAHUA TAKUX MYyYKOB MIPUMEHSIOTCS 3JIEKTPOHHBIC MYIIIKH, COCTOAIINE W3
chepudecKoro WM IIOCKOTO TEPMOAMHUCCHOHHOTO Karoja, MPUKATOTHOTO
(hoKyCHpYIOIIEro JIEKTPOAA C TEM K€ IMOTEHIIMAJIOM, YTO ¥ Ha KaToje, OOKOBBIX
(hoKyCHpPYIOIMUX 3IEKTPOIOB W aHoja, (opMa KOTOPOTO PACCUMTHIBACTCS TIO
cdopMe, COOTBETCTBYIONICH  OSKBUMOTCHIMAIGHONW JIMHAA  HAMPsSHKEHHOCTH
ANIEKTPUYECKOTO TOJIs, PACMOJIOKEHHONW HA PACCTOSIHUU, HA KOTOPOE yAAJICH aHOM
OT MTOBEPXHOCTH TEPMOIMHUCCHOHHOTO KaTOa.

JlanHOE peleHne HEBO3MOXKHO MCMOJb30BaTh B XpoHorpaduueckux JOII,
TaK KaKk TEPMOAMHUCCHOHHBIA KaTOJ, MPUMEHSAEMBIH B AJIEKTPOHHBIX IMYIIKaX HE
MOJKET BBITIOJHATh (PyHKIHIO (OTOKATOoNa — MPeoOpPa3OBhIBATh MOMAAOIICE HA
€r0 TIOBEPXHOCTh M300PAKEHUE CBETOBOTO IITPUXa» 3a CUET (POTOAIEKTPOHHOM
SMUCCHHM B OJIEKTPOHHOE M300pa)keHue, 3aps]l KOTOPOro MPOMOPIMOHANICH
WHTEHCUBHOCTH CBETA.

M3BecTeH  KaTOAHBIA  y3€d  BPEMSAAHAIU3UPYIOMIETO  3JICKTPOHHO-
ONTHYECKOTO IpeoOpa3oBaTes, CoASpKAIMK TIIOCKHH (DOTOKATOJ ¢ JIHHOW [ H
IMUPUHON /1, PACTIONOKCHHBIH Ha METALTHYECKON TOUIOKKE, YCKOPSIOIIHIMA
ANEKTPOJ, MEJKOCTPYKTYPHYIO CETKY, OTIMYAIONIUACSA ~ TeM,  9TO
MEJTKOCTPYKTYPHAsi CETKa BBIMOJHEHA IJIOCKOM W BBEACHA DIICKTPUUECKH
CBsA3aHHAs ¢ (POTOKATOJIOM W OKPY’KAOIIas €ro METa/NTMIeCKas KaToaHas Hacaka
B BHJIC MOJIOTO Teja BpalleHus, oOpa3yrolias KOTOPOro COCTaBJISIET C KAaTOAHOM
niockocThio yron 8 € [90°,150°], paauyc cocrasnser R € [0.81,21], BbicoTa

karoaHoi Hacanku H € [L/3,L], rae L — paccTosiHie MEKIy CETKOM M KaTOHOM.



[Tatenr P® Ne 2374719, MIIK HO1J 31/50, 27.11.2009. JlaHHOE€ TEXHHYECKOE
PEIICHNE MPUHATO B KAUECTBE MPOTOTHUIIA.

HenmocratkaMu  MaHHOTO  KAaTOAHOTO  y3Jia  SBJISAIOTCS  OTPAHUUYCHHE
JMHAMUYECKOTO auanazoHa xpoHorpaduueckoro DOIl u HU3KOE 3HAYCHHE
orHotmeHus curnai-mym (OCIL).

[Ipenen nuHAMHUECKOTO JWana3oHa Ha BEPXHEH TIpaHulle OO0YCIOBJIEH
HaJIMYAEM TPOCTPAHCTBEHHOTO OOBEMHOTO 3apsna OOJBIION TUIOTHOCTH (10
3akony Yaitnma-JIearmMiopa) B 00JIacTH TIEPECEUCHUS TPACKTOPUH B aKCHAIIbHO-
cummerpuanoit ontuke OOIl, a mpemen HWKHEH TpaHUIBI JHHAMHYECKOTO
Mana3oHa OTPAaHWYCH HA BEIMYWHY, MPOTOPIUOHAIBHYIO KOI(PHUITUEHTY
MPO3PAYHOCTH CETKA Ha YCKOPSIOMIEM JJIEKTPOJE, KOTOpas CHUXKAET WX
KOJIMYECTBO B TMPOCTPAHCTBE TOCIE KATOTHOW KaMmMephl, a, CJIEAOBATEIbHO, H
CHI)KAETCS 3HAUCHHWE CUTHAJIA TIO OTHOIIEHWIO K YPOBHIO (DOHOBBIX IITYMOB
(OTHOIICHHE CHUTHAN-ITYM). /laHHOE TEXHUYECKOE PEIEHUE TPUHITO B KAUECTBE
MPOTOTHIA.

Texnnueckum  pe3ynbTaToM  M300pETEHUA  SABIACTCA  PACIIAPEHUE
JUHAMHAYECKOTO Auamna3ona xpoHorpaduueckoro J0I1 He MeHee ueM Ha MOPSI0K
u yBemmuenue OCIIl Ha BenmWuMHY, MPOMOPIMOHAJIBHYIO MPO3PAYHOCTH CETKH,
HCTIOJIb3YEMOU B MPOTOTHIIE.

DOT0 TpoucXoauT 3a cueT (OpPMHpPOBAHHMA B KAaTOJHOW  KaMmepe
xpoHorpaduueckoro D011 mMIOCKOro JEHTOUYHOrO AJICKTPOHHOTO IMydYKa OOJIBIION
WHTCHCHBHOCTH 0€3 IepeBOpoTa U300paXkeHus U 0e3 moTeph (POTOAIEKTPOHOB Ha
AJIEMEHTAX KaTOMHOTO Y3JIa, COXPaHAA CTPYKTYPY AICKTPOHHOTO W300paXeHUS Ha
cdoTokaroze.

Texanueckwii  pe3ynabTaT JOCTHTAeTCA TEM, YTO KAaTOAHBIA  y3em
XpOHOTPaUIECKOTO AMEKTPOHHO-OMITHUECKOTO MPe0Opa3oBaTeis,

coziepKammuii TUIOCKWH  (POTOKATOA € MPAMOYTOIBHBIM PabOYMM  TOJIEM
pasMepamMu a U b, pacmosIOKEHHBIM MAPAUICIIEHO COOTBETCTBYIOMMM ocsiM 0.X u

0Y B mmockoctn 0XY, NEpOeHAUKYIAPHO ONTHUYECKOH OCH 3JIEKTPOHHO-



ONTHYECKOro mpeodpazosarena (7, ueHTp pabodero mosia COBMAAAET ¢ HAYAJIOM
JEKApTOBOM cUCTeMBbI kKoopauHat 0XTZ,

METAUIMYECKYIO  KaTOAHYKO HACaJKy, OJJIEKTPUYECKH CBA3AHHYIO C
($hoTOKATOIOM, METAJUTMUECKHI YCKOPSIOMIUNA 3JIEKTPOJ, KOTOPHIA yJIajdeH Ha
paccrosiaue L oT (pOTOKATOIA U SJICKTPUUECKA Pa3BsA3aH OT HETO,

npu 3TOM (POTOKATOMA, HACAAKA W YCKOPSIOMHUN 3JIEKTPOAA PACTIONOKEHBI
COOCHO IO ONTHYECKOM ocu (7,

METAJJTMYECKAs KaTOJHAsi Hacajka MPEACTaBiseT coOOW MIACTHHY, OJHOMN
U3 CBOMX IMOBEPXHOCTEH MPHUIIETAIONIYIO K TJIOCKOCTH (DOTOKATOMA, TOJIIMHON A
MEXKTY YKA3aHHOW MOBEPXHOCTHIO M MAPAJUIEIIBHOU €, CO CKBO3HBIM BBIPE30OM MO
HaIpPaBJICHUIO ocu ()Z, MPOEKIMA KOTOpOro B miockoctu 0YZ npeactasiser codoit
TPamNeIuio, MEHbITIEE OCHOBAHUE KOTOPOW HAXOJIWUTCA B INIOCKOCTH (hOTOKATOJA H
UMEeT JUIMHY HE MeHee b, OOKOBBIE CTOPOHBI TPAINCIUH PACIOIOKEHBI

CUMMETPUYHO TUIOCKOCTU (XZ, mpu 3TOM yroj Mexay ockio (0Z u OOKOBBIMH

T
CTOpOHaMH HaxoAwWTcs B auamnaszone Oye(0. '5)’ MMPOEKIMA BBIPE3a HA MIOCKOCTH

0XZ npenctasnsieT co0oi PUrypy, CHAMMETPUUHYIO OTHOCUTENIBHO TIIoCKOCTH (Y Z,
MMEIOLIYIO JUIUHY 10 ocu X He MeHee a,

METALTUYCCKAN  YCKOPSIOMIMNA AJIEKTPOA HM30THYTOH (DOPMBI, TMPOCKIIHS
Ommkaiimeit K (oTokaroay MOBEPXHOCTH KOTOPOTO HA TUIOCKOCTh 0YZ mmeer

po(HITb, OMMCHIBACMBIN YPaBHEHHUEM KPHBOIA:
()3 = (22 + y*)s - cos(Earctgd),

YCKOPSAIOIINH 3JIEKTPOJ UMEET CKBO3HOHM BBIpE3 B (popMe MapajuieNenunena,
NPOEKIUH KOTOPOTO B IUIOCKOCTAX, MApaJuUIebHBIX MOBEPXHOCTH (POTOKATONA,
MPEACTABIAIOT COO0M MPAMOYIOJIBHUK, JJIUHBI CTOPOH KOTOPOrO COBHAAAIOT MO
pasMepaM U PacIoIOKEHUIO C IPOEKIUEN BbIPE3a KATOAHOW HACAAKU B INIOCKOCTU
¢doTokarona, a UEHTP NMPAMOYTOJbHUKA COBMAAAET C OChIO (), MpU 3TOM UIMHA
NPOEKLUMHU BbIpe3a Ha ock (Z He MeHee [, Ha KOTOPYIO, KaK W Ha TOJIIUHY A
KAaTOJHOM HAacaJKH 1Mo ocH (7, HaKJIaApIBAIOTCA CIAEAYIOINE YCIOBHS:

H<Lh<L,



rae [ 3aBUCUT OT HANPSKEHHOCTH E Ha yd4acTKe KaTOA-YCKOPSIONIMNA 3JIEKTPO, MO

dbopmyite:
eWe

L« —=£,
E

rae F —HanpsHpKEHHOCTh SJIEKTPUYECKOrO MO HA yYacTKE KaToJI-yCKOPSAIOLIUN
anekTpon, npuueMm E >> 50, [B/mm], W, — makcumanbHas HadajabHas SHEPTHS
AJIEKTPOHOB, TMOKHIAIOMUX (POTOKATOA, KOTOpask ONMPEAeAeTCS CBONCTBAMH €TO
MaTepHalia ¥ HaxoauTcs B quamasone W, € [0..5] snekrpon-BomsT, [3B],

€ — 3JIEeMEHTAPHBIN IeKTPUUYECKUi 3apan, KyJioH, [Ki].

CyIHOCTH TIpeAIaraeMoro n300peTeHNs MOSCHASTCS YEPTEKAMH.

Ha ¢wur. 1-3 cxemarmuno wu3zoOpakeHa KOHCTPYKIHS KAaTOAHOTO Y3IIa,
(hopMHPYIOIIETO TIOCKUH JICHTOYHBIH MyYOK 3JIEKTPOHOB, B PA3JIMUHBIX CCUCHUSX,
rae | — miockuit poToKaTo MPSIMOYTOJIBHEIM Pa0OUMM TIOJIEM pa3sMepaMu d | b,
2 — MeTajyInuecKasd KaTojHasd Hacaigka, 3 — METAUIMYECKUH YCKOPAIOUIUI
ANIEKTPOA, OCH CHMMETPUM KOTOPBIX COBIAJAIOT C OChIO KATOAHOTO y3Jia M
xponorpaduueckoro J0I1, B cocTaB KOTOPOTO BXOIUT JAHHBIN Y3€II.

Ha ¢wur. 4 npuBeneno pacmpeaesieHue MOTEHIMAIa BOJM3U JIEHTOUHOTO
AJIEKTPOHHOTO TydKa B BHJAEC CEMEHCTBA HKBUIIOTCHIMAIBLHBIX JIMHUA B
0e3pa3MEepHBIX KOOpPAWMHATAX I SJCKTPOHHOW MYIIKH ¢ TUIOCKOW CHCTeMOM
dhopMupoBaHUs 3ICKTPOHHOTO MMydka [XKurapes A.A., DNEeKTpOHHAs ONTHKA H
ANIEKTPOHHO-JTy4YeBbIe TpuOopkl, M., «Briciias mkona», 1972, 539¢].

Ha ¢wur. 5 nmpuBeneHsl HOPMHPOBAHHBIC TPAPUKHA 3aBUCUMOCTH TUIOTHOCTH
MIPOCTPAHCTBEHHOTO OOBEMHOTr0 3apsA/ia B KaTOJHON Kamepe OT KOOPJUHATHI MO
ontrueckod ocu misi DOC ¢ aKCHANTbHO-CHMMETPUYHBIM TyYKOM (KaTOJHAS
kamepa xponorpaduueckoro DO0I1 TIIO30-01 mpomssoacrea OI'YII «BHUHMA
um. H. JI. Jlyxosa») u mis 0C ¢ MI0CKUM JICHTOYHBIM ITyYKOM 0€3 TIepeBopoTa
n300pakeHrA (MMAaTEHTYEMBbI KaTOTHBIN Y3€IT).

Karoaneii y3en XpOHOTrpadHIeCKOTO 2011, PaCHOJI0KECHHBIN
MEPNEHIUKYJIAPHO ONTUYECKON OCH 3JIEKTPOHHO-ONTHYECKOTO TpeoOpazoBaTes —
0Z, u mepecekalonMidi €€ B Hauvalle ACKApTOBOHW cHUCTeMbl KoopauHat 0XTZ,
MPUBEJICH B TPEX OCHOBHBIX BHAaX Ha ¢wur. 1-3, rae ceueHwe miockocThio Y7
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COOTBETCTBYET BHAy Ha ¢ur.l, uiockocteio 0XZ Bumy Ha ur.2, a mpoekmus 1o
ocu (0Z na mnockocth 0XY mpuenena Ha ¢ur. 3. KarogHelii y3ea COAEPKHT
dotokaron 1, Hacaaky 2, aneKTpos 3, pachoyoKeHHbIE COOCHO Ha ocH (7.

[Tnockuii ¢dotokaton 1 ¢ TpAMOYTrojbHBIM PabOUYUM TMOJIEM pa3MepaMu
a ¥ b, PacmojOKEHHBIM MMapaUIeIbHO COOTBETCTBYIOmMMUM ocsim 0X m 0V B
m1ockocTu 0XY, mepneHauKyasspHo ocu (Z, mieHTp padoyero moJyisi COBMATAET ¢
HAYaJIOM JEKapTOBOM cucTemMbl kKoopauHaT 0XYZ (dur. 1). [Tomnoxkka doTokatona
I ™moxker OBbITh BBHINOJHEHA U3 JIOOOr0 Marepuana, MNPUMEHUMOTO IS
usrotoByiennss DOIl, U WMeTh MPOW3BOIBHBIC 3HAUCHWA BHUIETA W TaOapHUTHHIX
pa3MepoB, OrpaHUYeHHbIX radapuTHeiMu pasMmepamu JOIL. I[lpuuem, Hamuuue
MO/JIOKKH HE SBIIACTCA HEOOXOJUMBIM YCIOBHEM UTsl  (DYHKITMOHUPOBAHUS
KaTOMHOTO Y374, W, IS mpocToThl, Ha ¢ur. 1 —3 ona He oroOpaxkena. Ha
marepuan u ¢opmy ¢Qorokaroma l Takke HE HAKIAABIBACTCA HUKAKUX
OTPaHUYCHUM.

Meraninuueckass KaroJHas  Hacajlka 2  dAJIEKTPUUECKUM  CBSI3aHHAA €
cdoTokaromqom 1, kKoTopas mpeacTaBisieT co0O# TJIaCTHHY, OJHOM W3 CBOMX
MOBEPXHOCTEH mpuierammieii Kk miockoctu ¢otokarona 1 (coBmagaromei c
mwiockocteto  0XY), TommmHOW A MEXAy YKa3aHHOHW TMOBEPXHOCTBIO W
napajiyieIbHONW €#, CO CKBO3HBIM BBIPE30M IO HAMPAaBJICHUIO OcHu (Z, MpOeKIus
KOTOPOTO B IJIOCKOCTH (Y7 mpenctaBiiser coOO0# Tpamneiuio, MEHbIIIEe OCHOBAHHE
KOTOPOW HAaXOauTcs B TWIockocTh (potokarona 1 (0XY) u umeer niuHy HE MeHeEe D,
OOKOBBIE CTOPOHBI TPAMEIHMH PACHOJIONKEHB CHMMETPHUYHO TUTOCKOCTH (0XZ, mpwm

3TOM yTOJI MeXAy 0cbio ()Z 1 G0KOBBIMU cTOpoHaMU (¢ur. 1) MOXKET HAXOTUTHCS B

T
nuanasone g€ (0..5), a TPOEKUHS BbIpE3a Ha IJIOCKOCTh (XZ mpeacraBiser

coboii GUrypy, CHMMETPUYHYIO OTHOCHTEIIBHO TIJIOCKOCTH (Y7, HMEIOIIYIO JUTHHY
no ocu 0X we menee a (¢ur. 2). OrpaHnueHra Ha pa3Mep BHIPE3a B IUIOCKOCTH
cdotokarona 1 a u b, COOTBETCTBEHHO, OOYCIIOBJICHBI TEM, YTO B CIydae Pa3MepoOB
JAaHHOH amepTypsl MeHbIIHMX, YeM pabdodee mojne ¢orokatoma 1, He Bce
(hOTOZIIEKTPOHBI CMOTYT IMOKHHYTH €r0 MOBEPXHOCTh, UTO MPHUBEACT K CHHKCHHUIO
OCHI wu orpaHWYeHUIO HIKHEH TpaHUIBI JUHAMHUYECKOTO JWara3oHa, a,
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CJIeI0OBATENbHO, TEXHUYECKUI pe3ysbTarT He Oyner AocTUrHyT. Ha marepuan u
dbopmy Hacaaku 2, HE HAKIAJBIBACTCS OTPAHMUYCHWMN, 32 UCKIIIOUCHHUEM TE€X, UTO
YKa3aHbl BBILIIE.

Coenunenune Hacanku 2 ¢ gorokarogoM 1 MOXKET MPOU3BOAUTHCS JIHOOBIM
JOTYCTUMBIM 00pa3oM, HampuUMep, 4Yepe3 METAUIMUECKHA YIUIOTHUTENb, MpPH
MIOMOIIIM CBApPKH AJIEMEHTOB Hacaaku 2 ¢ ¢umanmem Qortokaroga 1 wnmm yepes
npunoi Mexxay gorokarogom 1 u Oamkaiiinei K HeMy MTOBEPXHOCTHIO HACAIKH 2.

Meranueckuii yCKOPAOMINGI 31eKTpo 3, yAAICHHBIH HA pacCcTOsiHUE L OT
cdoTokaTonma 1 u >rMEeKTpUUYECKH Pa3BA3AHHBIA OT HETO, UMEET U30THYTYIO (hopMmy,
CO CKBO3HBIM BHIpE30M B (hopMe Mapaieienuneaa, MPOSKIUA KOTOPOTO B
TJIOCKOCTAX, TMApPaUICIIbHBIX TOBEPXHOCTH (POTOKATOMA, MPEACTABISIIOT COOOM
npsAMOYTOJIbHUK ((ur. 3), MIHHBI CTOPOH KOTOPOTO COBMAAAIOT TO pa3MepaMm H
PaACTONIOKEHHIO C TIPOSKIIMEH BhIPE3a KaTOMHON HACAAKH B IJIOCKOCTH (pOTOKATOAA
(0XY), a meHTp MpAMOYTOJIbHUKA coBMaaaeT ¢ ocbto 07 (¢ur. 3). [lpu sTom mmmna
MPOEKIIMU BbIpe3a Ha och (Z He MeHee H. Dopma yCKOPAIOIIETO 3JICKTPOJa U €ro
rabapuTHbICE pPa3Mepbl B MPOCTPAHCTBE KATOAHOTO Yy3Jia HE BIHAKT Ha
dbopMHupOBaHUE SJEKTPUUYECKOTO TMOJIsA, OMPEACTAIONIeT0 CTPYKTYpYy TMydyka 3a
UCKITIOUCHHEM Oyvkaiimield k oTokatoay 2 MOBEPXHOCTH JIEKTpoAa 3, TOITOMY
OTIPEAEIISIETCS BU TOJIBKO 3TOM MOBEPXHOCTH: €€ MPOEKLUA Ha TUIOocKocTh 0YZ (B
TOM 4YHUCJI€ W Ha JMOOYI0 IUIOCKOCTh, MapaulesibHyIO TIuiockoctu 0Y7Z) umeer
PO HITh, OMMCHIBACMBINA YPaBHEHUEM KPHBOIA:

(L)Y3 = (22 +y2)s - cos(%arctg%). (1)

Ha d¢opmy ocrampHBIX MMOBEPXHOCTEH, HAXOAAIMMXCA BHE 0O0IacTH
(hopMHUpOBAHUS ICKTPOHHOTO MyYKa, HE HAKJIAABIBACTCA OTPAHUUCHUH.

B DOII metaimnueckuii yCKOPAIOIIMHA 3JEKTPO 3, JIEKTPUUYECKH Pa3BA3aH
¢ orokaronom 1 w KaTOMHOW HAcAAKOW 2, HANPUMED, YE€PE3 AUINICKTPUUECKYIO
npoctaBky. Ilpu »TOM [AMAIIEKTPUYECKAas TMPOCTaBKa JOJDKHA 00naaarh
COMPOTUBJICHUEM JOCTATOUHBIM [UJIsi MOAAYM HANPSKEHUA HEOOXOAUMOTro MAJid
pabouero pexuma nutanusa OJOIl. dopma U pa3zmepsl AUIICKTPUUECKOU
MPOCTAaBKKU MOTYT OBbITh JIFOOBIMH, MO3BOJAIOIIMMH PEATU30BATh KOHCTPYKIHUIO
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OO0Il u obGecneunth ero (QyHKIMOHMpPOBaHWE. B KauecTBe AMAIEKTPUUCCKON
MIPOCTABKH, HAMPUMEP, MOXKET HMCHOJIb30BATHCS METAUIOKEPAMUYECKUA KOPMYC
O0II BHYTpH KOTOPOTO pacHoJIOKEHbBI BCE AJIEMEHTBl KaTOJAHOTO y3Jia. B nanHHOM
cllydyae 5JEMEHTBHl KOpIyca M KaTOAHOIO y3Ja COEAMHAIOTCS MEXay coOoi,
Halnpumep, MPU MOMOIIM NaWKW WA KOMIPECCUOHHOW BAKYYMHOW CBApKH, WIIU
m00bIM ApyruM criocoOoMm. [Ipu 3ToM Ha MaTepuan IU3IEKTPUUECKON MPOCTABKH,
npumensemoit B m3rotoBiicHun OOIIl, HeT HHMKAKMX WHBIX OrPaHUYCHUH.
JInsnexkTprudeckas MpocTaBKa Juisl MPOCTOTH HE MoKa3aHa Ha ¢wur.1-3.

JIms  AOCTYOKEHWS TEXHWYECKOTO pe3yjibTara Ha TONIMUHY /A KaTOMHOHN
Hacaaku | u qnuHy H mpoeKkiMu BhIpe3a YCKOPSIIOUIEro 3JIeKTpojaa 3 Ha och 07 |
COOTBETCTBEHHO, HAJIOXKEHBI CIEAYIOIINE YCIOBUS:

H<Lh<L, 2)

rae L 3aBUCUT OT HANpsKEHHOCTH E Ha ywacTke KartoAa |-ycKopsArommi

anexTpoa 3, mo ¢popmyie:

eWe
L=, (3)

rae FE —HanpsKeHHOCTh SJIEKTPHUECKOrO MOJiI Ha yyacTke karon | -
yckopstoruii  snekrpon 3, mpuuem E > 50, [B/mm], W, — makcumanbHas
HavaJbHAs  JHEPTUA  AJICKTPOHOB, MOKUJAOMMX  (OTOKATON,  KOTOpas
OIPEICIIIETCS CBOMCTBAMHK €r0 MaTepuaia U Haxoaurces B auanasone W, € [0..5]
3JIEKTPOH-BOJIBT, [5B],
e — PJIEMEHTapHBIN AIeKTpuUeckuil 3apsan, KynoH, [Kn]. Hecobmoaenne nanHoro
yCJIOBUSL TIPUBENET K TOMY, YTO MOJjie K Ha ydacTke Karojd |- ycKopsiromui
anekTpoa 3 OyJAeT HEAOCTATOUYHBIM Ui (DOPMHUPOBAHUSA SJCKTPOHHOTO Ty4YKa H
yayuiieHusa TakuM napametpos DOl kak qaunamudeckuit aranazon u OCII.

Jliist 060CHOBaHUA BbIOPAHHOW KOHCTPYKI[MM KAaTOJHOTO Y3j1a PacCMOTPUM
nporiecc  (opMupoBaHUS TIJIOCKOTO JIGHTOYHOTO mydka 0Oe3 mepeBopoTa
n300pakeHus B JaHHOM oOiacTu xpoHorpaduueckoro JO0I1.

JlaMuHApHBIA SJEKTPOHHBIA TIOTOK j B KAaTOJHOM Yy3JI€ 3aBUCHT OT

Hanpsokerus U(z) B obnactu ¢otokaron 1 — yckopsAtommid 3aekTpoa 3:
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U@

j=a , (4)

z2

roe a=2,33-107%, Awmmnep/Bomsr">, [A/B*?], U(z) — noreHrman B

IJIOCKOCTU TapauieNibHOW  snekTpojgaM, Bonst [B], pacnonoxenHoit Ha
paccTostHuM z [MM] ot oTokarona 1.

Bo BBeaeHHO# nekapTOBOM CHCTEME KOOPJAWMHAT, TOJBKO COCTAaBJIAIOIIAS
HaNPSODKEHHOCTH Tojist E, He pasna HYnto, a COCTaBJISAIONIAE TIO HANPaBJICHHIO
JEKapTOBBIX KoopauHar E, u E, paBHB Hym0. B 3TOM ciydae BCE SJIEKTPOHBI
MOTOKA MMEIOT TOJIEKO OJHY KOMITOHEHTY CKOPOCTH E,, OTIimuHyI0 OT HyJs. [lpm
stoM E, (nanee E) BeiOupaercs TakuM o0pa3oM, 9ToObl 00ECTICUHTh TOCTAaTOYHOE
JUTSE YCKOPEeHUs (hOTOIICKTPOHOB 3HAUCHWE Pa3HMIIBI NMOTCHIHAIOB (AU) mexmy
KaToJOM | ¥ YCKOPSIIOIIIAM 3JIEKTPOIOM 3:

e W, <AU <U,,, &)

rae U, — Hanpsbkerue mpo0ost, BOJIbT, [B], KOTOpOe 3aBUCHT OT BEJIMYHHbI
JMAIIEKTPUYECKON TTPOHUIIAEMOCTH BRIOPAHHOTO MaTepuraa il U30JITOpa MEKIY
dotokaromqom 1 m yckopstorum sekTpogoM 3. Jlma obecnieueHUs JTydImmx
napametpoB JOII, B cocraB koToporo OyJeT BXOAWTb KATOJHBIA y3€ll,
PEKOMEHYETCAd BbIOMpATh MAKCUMAJIbHO BBICOKOE 3HAUEHUE UDJICKTPUUECKOU
NPOHUIIAEMOCTH, OJHAKO CTPOTHX OTrPAaHWYCHWH JaHHBIH  (akTop Ha
(hyHKIIMOHUPOBAHKME KAaTOIHOTO y3J1a HE HAKJIaAbIBACT.

MakcumanbHoe 3Hauenue W, ompenensierca paboToit BbhIxoAa Marepuasia
doTOoKaTOMAa W JUTMHOMW BOJIHBI, IMANAIONIETO HA €ro IOBEPXHOCTh CBETA, H
naxoautcs B quamnasone W, € [0..5] aB [Spicer W. E., Herrera-Gomez A., Modern
Theory and Applications of Photocathodes // SLAC-PUB-6306 SLAC/SSRL-0042
August 1993 (A/SSRL-M) Presented at SPIE's 1993 International Symposium on
Optics, Imaging and Instrumentation, San Diego, CA, July 11-16, 1993.]. B
KaTOJHOW Y3JI¢ TUIOCKHM JIAMHUHAPHBIA TOTOK 3JIEKTPOHOB OyneT cdopmupoBad
Py 3HAUEHWW HAMNPSHKEHHOCTH E MHOTO Oosbiieli COOCTBEHHBIX SHEPTHMA
dbotosnexrponoB W,. Takum obpazom, npu yciaosuu E >> 50, [B/mMm] ana moroka

QJICKTPOHOB, BBIJIICTCBIIIHNX IMOBCPXHOCTH CI)OTOKaTOI[a 1 ) IMOJIYUHUTBbCA
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chopMUpOBaATh CTPYKTYPY, HEOOXOAMMYIO U TPOJIeTa Yepe3 KaTOMHBIA Y3el
O0Il 6e3 moTepb Ha MOBEPXHOCTAX €ro SJEMEHTOB, TEM CaMbIM, CHHUMAad
OTPAHUYEHUS C Tpeaeiaa HWKHEH TpaHUlbl JUHAMWYECKOrO JaWana3oHa |
yBenuunBas 3HadeHue OCII. Takoke, mpu 3HAYEHUSIX HAMPAKEHHOCTH moJid E
MEHBIIIE 0003HAYEHHOTO HEBO3MOKHO 00eCeunTh paccachiBaHHE
MIPOCTPAHCTBEHHOTO OOBEMHOTO 3apsiia, YTO MPHUBOJIUT K HEBO3MOKHOCTH CHATHS
OTPAHUYCHHUS C BEPXHETO Tpejieia TMHAMAUEeCKOTo THana3oHa.

Jlitst hopMHUPOBaAHUS TAKOTO, HEPACXOASMIIETOCS MOTOKA AJICKTPOHOB B IOJIE

E , Ttaxke HeoOxomuMo, UToOBI TOJIE HA TpaHHWIlE IIydKa, CO3/1aBAEMOE

,
ANEKTPOAAMH,  YAOBJIETBOPSAJIO  CHEAYIOLIMM  YCIIOBHAM:  PAaCHpPEACIICHUE
MOTEHIMAJa BAOJb TPAHULBI Ty4Yka MAOJDKHO OINHUCBHIBATBCA HEMPEPBIBHOM
dbyaknuen, omnpemensiemoit 3akoHoMm  Yadnga-Jlenrmiopa; HOpManpHas K
MMOBEPXHOCTH MYy4YKa COCTABJISIONIASA HAMPSDKEHHOCTH MOJISI JOJDKHA PABHATHCA
HYJIFO BO BCEX TOYKAX MOBEPXHOCTH MYUKA.

N3 Beipaxkenns (4) MOKHO MOMYYUTh (PYHKITUIO pacTpeeieHus MOTSHITAA

BAOJIb I'DAHHUIIBI ITYYKA.

U(z) = s 2= a2, (6)

a2/3
rac A = ﬁ -j2/3 = 5,69-103 -j2/3, Bonst/mm*” [B/mm™*?]

CoBMecTHM HaAYajl0 KOOPJAWHAT C TPAHMIECH MydKa B MCXOJHOW TUTOCKOCTH
(z = 0) u mHanpaBuM ock OY NEPHEHANKYIAPHO K IMHUPOKOH CTOpPOHE myuka. J[is
HaXOXKJACHUS PaCIpeNeICHUs MOTSHITMANIA BHE AJIEKTPOHHOTO MyYKa HEOOXOIMUMO

pelnTh  JBYMEPHOE ypaBHeHWe Jlammaca ¢ TrpaHWYHBIMH  YCJIOBHSIMH

4 ou ouU
U(z)yeg=A"2z/3, u=— =0.B cuny toro, ut0 — = 0 (HanmpsvkeHue Ha

rpaHMIle MydYKa SIBJSETCS KOHCTAHTOH) W3BeCTHO, TO i onpeaencuus U(y, z)
MOKHO BOCIIOJIb30BAThCS TEM, UTO JIH00ast (PYHKIMS KOMIDIEKCHOTO TEPEMEHHOTO,
a TaKKe e¢ [CHCTBUTECIIbHAS W MHHMAs YacTH YIOBJIETBOPSIOT YPaBHEHHIO
Jlammaca, 06e3 pemeHust gaHHOro ypaeHenws. Ilpenctasus U(y,z) B BHIe

JEHCTBUTEIHHOM YacTH (DYHKIIUH KOMILIEKCHOTO TepeMeHHoro (Z + iy) moiydum:
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. 1 . .
U(y,z) = Re[f(z+iy)] = [f(z+iy) + f(z—iy)] (7
Beenennas Ttakum obpasom ¢yakims (7) yAOBIETBOPSET YpPaBHEHUIO

Jlannaca W yKa3aHHBIM T'PaHUYHBIM YCIOBHAM. COrjacHO NMEPBOMY TPAHUUYHOMY

YCIOBHIO Tt 00jacTv BHE niyuka (Y > a/2):

U(y,z) = Re lA (z + L'y)4/3] = Re [A (2% + y2)2/3 - eige] =

= A-(22+y)s5 - cos(%@), (8)
rae 6 = arctg% (ur. 1).

VpaBhenue (8) ommMCHIBAacT pacrpeiaeieHne MOTeHIuana BHe mydka (y >
a/2) , obecneumBalomee CyMIECTBOBAHUE JIEHTOUHOTO mydka. OO603HaUMM

MOTEHINAJT yCKOpsromero aektpoaa 3 (anoma) U, , mouHy myuka [ Mexmy
z

T Torna,

y
karogoM | u aHogoM 3 W BBeaeM O€3pa3MEpPHbIE KOOPAUHATHI TH
UCTIONIb3ys ypaBHEHHE (7), MOKHO TOJIYYWTh PACIpPECICHUE TOTCHIIMAIA BHE

< . U
IIydKa B BHAC CCMCHUCTBA ODKBHIIOTCHIHAIbHBIX JTHHHHU U_ = const B MJIIOCKOCTH
a

Y0Z (¢wur. 4), onpenensioree BUJ MOBEPXHOCTH MPOESKIIUHA U30THYTOTO AJIEKTPOIA

3 B 9T0i#1 miockoctu (dur. 1).

U
HqueM BCC OKBUITIOTCHIIMAJIbHBIC INMHHUU U_ > 0 moaxoaiT K rpaHuIC Imy4dka
a

1OJ TPSMBIM YIiaoM. TOJBKO SKBHIIOTEHIMAIbHAS JIMHHS, COOTBETCTBYIOIIAS
karony 1 (U =0), sBOsgercs IUIOCKOCTBIO, OOpasymoolieii ¢ I[MOBEPXHOCHIO

cdorokarona 1 yroi 6:
A-y'/3 - cos(5 00). ©)
OTKYyJla CIIeAyeT, uTo Oy = %ﬂ = 67,5°.

3n
[TonyuenHoe B pacyeTe 3HaueHUE Oy = — TO3BOJISIET JAOCTUTHYTh
8

MaKCUMAJIbHO BO3MOXHbI€ XapakTepuctuku JOI1.

IIpyn wHOM reoMeTpuu KaTOAHOW HACaAKHU 2, HampuMep, B Ciydae, €Cu
T
CTOPOHBI BBIpE3a OPTOTOHAJBHBI MOBepXxHOCTH (doTokatoma ( By = > ) B

ANIEKTPUYECKOM TOJIe Ha ydacTke Kkarod | —oanektpony 3 oOpasyercs
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MOTCHIIMAJIbHAS 5IMa, BEIWMYMHA KOTOPOW MPOMOPIMOHANBHA /A, B KOTOPOWM
MPOUCXOMUT CKOTUICHHE SJICKTPOHOB M YBEIWYEHHE MPOCTPAHCTBEHHOTO
00BeMHOTO 3apsna. TeM He MeHee, B TaKOW T€OMETPUU MOXHO KOMIIEHCHUPOBATH
MPOCTPAHCTBEHHBIN 0OBEMHBIN 3apsj 32 CUET YBEIMUCHHS PA3HUILIBI TOTEHIIUATIOB
AU , 4TO HaJIO)KUT COOTBETCTBYIOIIME HSJIEKTPOTEXHUUECKHUE OTPAHWYECHUS HA
pexum dyakimonupoBanus DOII, HO MO3BOMUT AOOUTHCSA PACIIMPECHUS TPAHMII
JUHAMUYECKOTO JHara3oHa. B ciydae cTOpOHBI BhIpe3a HAcCaAKHd 2 WMEIOT yToJ
HakKJIOHa cTpemsmmiicss K 0° KOHCTPYKIMA KaTOAHOTO Yy3Jia IO CYHIECTBY
npuOMKACTCA K KOHCTPYKIIMH IITOCKOTO KOHJIEHCATOpPa, B KOTOPOM, Kak
ITOKa3aHO B [Streak-Tubes: Photonis Brochure 16 p. /l

http://pdf.directindustry.com/pdf/photonis/streak-tube/82199-327237 html] Taxxe

MOXHO  J0OUTbCS  pACIIUPEHHMS  JAUHAMUYECKOr0  JAWana3oHa, 3a  CUeT
JIOTIONTHUTENTBHBIX (DOKYCHPYIONMUX cUCTeM U yBenamueHus AU. [Ipu 3Tom Tak kak
Ha anepType »3MekTpoaa 3 oTcyTcTByeT cerka, ynydiienue OCI u HukHEH
IPAHUIBl JUHAMHYECKOTO AMANA30HA JOCTUTAETCA B MPUBEACHHOM KOHCTPYKIMHU
KaTOJHOTO y3J1a B JIIOOOM Cllydae.

Takum oO0Opa3oM, KaTOAHBIA y3€ll MO3BOJIAECT PACIIUPATh JWHAMUYECKHM
muanazodH DOIl u yBenwuuBare OCII mpu yrnax HakiioHa 6, CTOPOH BhIpe3a

HAcaJKu 2 [ IUpUHBI W300pakenus b (B miockoctu (0Y7Z) B nmamazoHe

TT o
8,€(0. .;), UMes TIPH 3TOM MaKCUMaTbHBINA 3 dEKT TSl Y2106 HaKJIOHA OJTU3KUX K

3 o
3HAUEHUIO 8 = e Jlns BBICOTHI M300paxkeHus a (B TuiockocT (.XZ) orpaHudeHUi

Ha YTJI6l HAKJIOHA ¥ ()OPMY CTOPOH BBIpE3a HET.

Bmecre ¢ ykaszanHo# ¢opmoii BeIpe3a B Hacajgke 2 g (OPMHPOBAHHS
MJIOCKOTO HEPACXOAIIErOCs 3JICKTPOHHOTO Myuka 0€3 MepeBopoTa M300paXKEHUS B
nojie E Takke HEoOXoaumo, 4YTOOB TPOQWIb MPOSKIHMHA OMKaWIIed K
cdoTokaroxy 1 TOBEPXHOCTH YCKOPSIOIIETO AIEKTpoAa 3 Ha IUIOCKOCTh (0YZ
(¢ur. 1) mosTopsin popmy sxBHUNIOTEHITMATBHOW TIoBepxHOCTH U = U,. [lpn sTOM
ypasHenue (1), omuceiBaromiee GopMy AAaHHOW MPOEKIUHU, TPH (PUKCHPOBAHHOM

paccTostHun L Mexay HOoToKaToIoM 1 U YCKOPSIOIIAM 3IEKTPOIOM 3, MOXKET ObITh
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NoJyueHo W3 ypaBHeHu# (6) u (8), myTeM 3aMeHbl KOOPAMHATHI Z HA OMTHUYECKOM
ocu nipubopa Ha L [DKurapes A.A., DJIEKTPOHHAsS ONTUKA U JICKTPOHHO-TYUEBbIC
npubopsl, M., «Beicias mkomna», 1972, 539¢]:

()43 = (22 + y2)°/3 - Cos(garctgg). (10)

Takas ¢opma snexTpona 3 sSBIIETCA UACATUIUPOBAHHOM, W KaTOHBIA y3ell
MOXeT (PYyHKITHOHMPOBATH C YUYETOM JOMYCKOB W TIOCAJOK TMPH H3TOTOBJICHHUH.
Opnnako, BenWuWHA OTKIOHEHHWS AL OT yka3aHHOW B (dopmynax BeIUUHHBI L
MPUBEJIET K MPOMOPIMOHATILHOMY CHUKEHUIO TTapaMeTpoB mpudopa.

[Tpu 3TOM paccTosiHUE MPOJIeTa FIEKTPOHOB B MPOCTPAHCTBE YCKOPSIOIIETO
J7eKTpoaa 3 ompeaessaeTcs IMHOM BbIpe3a [ M BIMSIET HA JAJbHEHIITYIO
(hOKyCHPOBKY 3JI€KTPOHHOTO IMydKa. [Ipw 3TOM deM MoibIne 3JICKTPOHHBINA MyUOK
HaXOJATCS B TOTEHIIMAJbHOM sMe, 0Opa30oBaHHOM BHYTPHU JJIEKTpoJa 3, TEM
CJIO’)KHEE COXPaHUTh €ro CTPYKTYpy, TaK Kak HaJIAYWe MPOCTPAHCTBEHHO
00BbEMHOTO 3apsja HEW30€KHO MPUBOJIUT K PA3JIETy 3IEKTPOHOB APYr OT Jpyra.
CrnenoBarenbHo, Ay obecneueHuss Hawnyumx napamerpos JOIl 3nauenune H
CIEAyeT BHIOMPaTh MUHUMAJIBHO BO3MOXKHBIM 1 kaxaoit 0C DOII. Tlpu H
CpaBHUMOW C L, BeIWYMHA TOTEHUMAJIBHOW SIMBI BHYTPH SJeKTpoja 3 Oyner
JOCTUTATh 3HAUEHHWH, HE MO3BOJISIOMMX CHOPMUPOBATH AJIEKTPOHHBIH TMYYOK,
cinenosatenbHo, yayumenus OCHI u pacmupeHusi TpaHUIl JTAHAMHUYECKOTO
quana3oHa JOCTHUTHYTh He yaacTes. Takum  oOpa3oM, Ui JIOCTHIXKEHUS
TEXHUYECKOTO pe3yJjibTaTa HeoOXoauMo oOecrneuuTh 3HaueHue H we Oonvute L .
AHaJIOTHYHOE OTPAaHWYEHWE BBOJIUTCS W JUTSl TOJIIHWHBI /2 HACAaKH 2, OHA JOJDKHA
ObiTb He Oombiie L . Ilpu HapylieHUM BBEACHHOTO OrPAaHWYEHHUS, BEJIMUMHA
MOTEHIUAJILHON MBI OyJET JHOCTAaTOYHOM, /It TOTO, YTOObI YBEIUUEHUE BEPXHEN
IPaHUIIBl TMHAMUYECKOTO AUANA30HA ObIJI0 HEBO3MOKHO.

YerpoiictBo paboraer cieayrommm obpasom: ¢otokaTon 1, mpeodpasyer
ONITHYECKOE U3ITYUYCHHUE B OTOK (POTOTEKTPOHOB, BBIXO KOTOPBIX C TTOBEPXHOCTH
cdorTokaroma 1 mpomcxomuT B mpeaenax padoueit oOgacTH pasMepaMyd HE MEHEE
a x b. IlonyueHHslii MOTOK (POTOAIEKTPOHOB (HOPMUPYETCA B JICHTOUHBIHA IMYyUOK

MOJT BO3JICUCTBHUEM QJICKTPUYCCKOT'O ITOJIA E, O6pa?>OBaHHI>IM B COOTBCTCTBHHU C
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yKa3aHHOW TE€OMETpPHEH KaTOMHOW Hacaakw 2 W YCKOPSIONMETo 3JieKTpoaa 3 Ha
paccTosHUH [, OT TOBEPXHOCTH ¢oTokaTona 1, mpu pa3HUIlE MOTCHIMAIOB HA
JTAHHOM Y4YaCTKE€ COOTBETCTBEHHO paBHOU, AU. Ilpuuem, eciim AU Haxomutcsa B
TaKOM JWANa30HEe, MPU KOTOPOM JJiA HAMpPSHKEHHOCTH TIOJISI HA Yy4yacTKe
dotokaTon 1 - yckopsroIuii eKTpo 3 BEITIONHAETCS yciioBue E = 6 kB/MM, TO
yCKOpeHHE (POTOAIEKTPOHOB OYyJIET AOCTUTaTh ONTHMAJBHBIX 3HAUYCHHH, TEM
CaMBbIM, HAWTYYIIAM obpazoM  ycTpaHss  TpoOiieMy — HAKOTUICHHS
MIPOCTPAHCTBEHHOrO 3apsaa B 3Tod obmactu DOC 1o BpEeMEHHM W CHHUMas
OTpaHWYEHUE MO BEPXHEH rpaHulle auHamuueckoro auamnazona JOIIl. Takxxe,
yKa3aHHas TEOMETPHUS HAKIIAJKH 2 W YCKOPSIOMIETO AJCKTPoJaa 3 TPHUBOIUT K
PaBHOMEPHOMY PACIPEACIICHHAIO TPACKTOPHM AJICKTPOHOB B TJIOCKOM JICHTOUHOM
AJICKTPOHHOM TIydke. TakoW JIEHTOUHBIM Ty4OK TapaHTHPYET PaBHOMEPHOE
pacnpeneneHue 00bEMHOTO 3apsA/ia AJICKTPOHOB B MPOCTPAHCTBE U MUHUMAJILHEIC
BpeMEHHBIE aleppanny, BO3HUKAIOIIME B MPOJIETHOM MPOCTPAHCTBE KATOTHOM
KaMephl 32 CYET U30XPOHHOCTH TPACKTOPHiA 3IeKTpoHOB. Hanbonbimas mioTHOCTh
MPOCTPAHCTBEHHOTO 3apsifa, OUYEBHUJHO, HAXOAWUTCS B OOJACTH TEPECCUCHUS
TPaeKTOpUii W B 30HEe, Onwkaiiiied k moBepxHOCTH (orokaroaa 1, Tak Kak
AJIEKTPOHBI HE UMEIOT BHAUAJIE MPOJieTa OOJIBIIIOTO YCKOPEHHUS U COCPEAOTOUCHBI B
omHoW Touke mpocTpancTBa ODOC B KOPOTKHMHA TMPOMEKYTOK BPEMEHH.
MopaenupoBanue  pabotel  XpoHorpaduueckoro  OOIl,  HCHONB3YIOMIEro
pa3paboTaHHBIN KaTOMHBIM y3€l, B NPOrpaMME pacuera METOJOM KOHEUHBIX

anemenToB Comsol Multiphysics [http://www.comsol.ru] B cpaBHeHHUH ¢ pabOTOM

W3BECTHOTO CEpHUITHOTO 20I1 TI1O30-01

[http://www .vniia.ru/production/electrovacuumnie-pribory/rirktrovakuumnye-

pribory.php] moxasano, 94To MIOTHOCTh OOBEMHOTO 3apsija Ha HAYAJIbHOM 3Tare
MPoJIeTa SJIEKTPOHOB B KATOJHOW KaMepe C IIOCKAM JICHTOYHBIM 3JIEKTPOHHBIM
MydKOM MHHHAMYM Ha TIOPAJIOK MEHBINE, YeM B TMPUOOpPEe ¢ aKCHAJIbHO-
CUMMETPUYHONW ONTHUKOW, TPH OJWHAKOBOM pexuMe padoThl MpHOOPOB.
3aBUCUMOCTh ~ HOPMHUPOBAHHOTO  3HAUEHWS  MHTETPAJIbHOW  TUIOTHOCTH

MPOCTPAHCTBEHHOI0 O0BEMHOr0 3apsiaa OT KOOPAWMHATHI MO ONTHYECKOW OCH AJiA
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OO0Il ¢ nenTouHbiM mMy4YkoM, chOpPMHUpPOBAaHHBIM B KatomHoMm y3ne u OOl
TTIO30-01 B cTanmapTHOM pekuMe MUTaHWA TpuBeAcHbI Ha ¢ur. 5. Kak cnenyer
u3 rpadukoB Ha (Ur. 5 UHTETpaANbHASA MIIOTHOCTh OOBEMHOTO MPOCTPAHCTBEHHOTO
3apsAa 3JEKTPOHOB B KATOJHOM Y3JI€ € IUIOCKAM JICHTOYHBIM TYYKOM MEHbIIIE
JAHHOTO 3HAYEHHWs B 3JIEKTpOHHO-omTHueckoi cucreme (D0OC) ¢ akcualibHO-
cummerpuanoii ontukoi (TI1I030-01) He meHee yem Ha nopsAaoK. Takum oOpazom,
perieHa mpobiieMa ¢ OrpaHMYEHUEM BEPXHEH IPAHUIIBI JUHAMHUYECCKOTO JUana3oHa
xpoHorpaduueckoro DOIl ¢ karogHOW Kamepoi, B KOTOpoi chopmupoBaH
TUTOCKHH JICHTOUHBIA My4OK 0€3 mepeBopoTa H300paKeHUs, MO3BOJIAA YBEITUNIUTh
JAHHBIA TIapaMeTp HE MEHEe YeM Ha TOPAMOK, B 3aBHCHMOCTH OT PEXHMOB
nutanua 011

OTCyTCTBHE CETKH HA YCKOPSIOMIEM 3JIEKTPOAC 3, W AJEKTPUUECKOE TOJIE,
npuBeAcHHOe Ha  (ur.4, TMO3BOJAIOT  MOJIYYUTh  KOJUYECTBO  IOTEPH
(hOTOZIIEKTPOHOB B TaKOH KaTOAHOM Kamepe Onu3koe K Hymo. OUeBUIHO, UTO TPH
OTCYTCTBUU CETKU HA YCKOPSIOIIEM 3JIEKTpojie 3 ontrueckas npoxoaumMocTts 20C
(OTHOIIIEHHE KOJIMYECTBA JICKTPOHOB, JOJETEBIINX 0 KOHIA KAaTOJHOW KaMEpHl,
MO0 OTHOIIECHUIO K KOJUYECTBY BbLIETEBIIMX C ¢oTokaroma 1) OyAeT coCTaBiATh
100%, B TO BpeMsi Kak HAJIMUWE CETKH C JIIOOBIM YPOBHEM IPO3PAYHOCTH OyJeT
NPUBOJUTH K TPOMOPIUOHAIFHOMY KOA(D(GHUIIMEHTY MPO3PAaYHOCTH CHIXKCHHIO
JAaHHOTO mapamMerpa. Takum oOpa3oM, CHTHAJI B CHCTEME C JICHTOUHBIM ITyYKOM
0e3 mepeBopoTa M300pakeHHsT OyJeT COXpaHATh 3HAUCHHE, PABHOE 3HAUCHHMIO Ha
cdoToKaTONE, W MpPH PaBHOM 3HAUeHWE (DOHOBOTO IIyMa MapameTp OTHOIICHHE
CUTHAJI-IIIYM Y TaKoro mpubopa jydlle, ueM y npoTotuna u 'y aHajorudasix JO0I1
c cetkoit B mx DOC. CnenmosarenpHo, D011 ¢ kaTomueM y3510M, (popMUpyrommum
MJIOCKWWA JIEHTOYHBIM Tydyok 0O€3 TmepeBopoTa M300pakKeHUs, HE HMEET
OTPAHWYCHHA, CBSI3aHHBIX C TMMOTEPSIMHA AMIUTATYABI CUTHANA, /TSI HUKHEH TPAaHUIIBI
JUHAMUYECKOTO Arana3oHa.

OTcyTcTBHE  TIEpeCeUCHHMs  TPACKTOPUA B JICHTOUYHOM  MyYKE,
chopMHpPOBAHHOM B TaKOW KATOAHOW Kamepe, TapaHTUPYeT MHUHUMAaJbHBIC

JUCTOPCUM K300pPAKEHHMS HA BBIXOJE W3 KATOJHOW KaMepbl, YCTPaHAS, TaKUM
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oOpa3oMm, OrpaHMYEHHWA HA  TPEACTbHBIE  3HAUYCHHWS  BPEMEHHOTO U
npoctpancTBeHHOTO paspemieHus JOI1. JlenTounsrii mydok, chopMHUPOBAHHBIN B
KAaTOJHOW KaMepe TaKOTro THUIA, HE PACXOIUTCA MO BbIcOTe M300paxeHus (b) u
MHOTOKPATHO C)KMMAETCSl MO HAIpaBJICHUIO Pa3BEPTKH (a), B pe3yJbTaTe 4Yero
ONTUYECKOE YBEJIIMUEHUE HJIEKTPOHHO-ONTUYECKOW CHUCTEMBI MpPUOOpa C TaKou
KaTOAHON KamMepoil He MOXKeT OBbITh OOJIbIIE €AWMHHUIIBI JUIi BCEX HAIpaBJICHUM
AJIEKTPOHHOTO TyUKa.

Takum oOpazom, mgocTHTAeTCsA 3asABICHHBIM TEXHWUYECKWH pE3ysbTar, a
MMEHHO PaCIIMPEHHE JUHAMHYECKOIr0 AuamnasoHa XpoHorpaduueckoro DOII He
MEHEe 4eM Ha TOPSAIOK Mo cpaBHEHHMIO ¢ mportotunoM W ysenwuenme OCII Ha
BCJUYMHY, TMPOTIOPIUOHAIBHYIO TIPO3PAYHOCTH  CETKH, WCMOJB3yEeMOH B
MPOTOTHIIE.
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dopmya n300peTeHUA

Karoansiii y3en XpoHOoTpaduueckoro ANEKTPOHHO-ONTHYECKOTO
npeoOpa3oBarens,

COJIEp KAl TUTOCKUH (POTOKATOM ¢ TPAMOYTOJBHBIM PAbOUMM  TTOJIEM
pasMepaMu @ U b, pacmoJIOKEHHBIM TAPaIEIbHO COOTBETCTBYIOMIMM OcsiM 0X u
0Y B mmockocth 0XY, NEpONeHIUKYIAPHO ONTHUECKOH OCH 3JIEKTPOHHO-
ONTHYECKOro mpeodpazosarenia (7, neHTp pabouero mosig COBMAAACT C HAYaJIOM
JIEKapTOBOM CUCTEMbI KoopauHat 0XTZ,

METAULIMYECKYIO KATOJHYIO HACAAKy, JJICKTPUYECKH CBA3AHHYIO C
(hOTOKATOIOM, METAJUTMUCCKHUI YCKOPSIOMMHA AJIEKTPOJ, KOTOPHIA ymajieH Ha
pacctostare L 0T (POTOKATO/Ia M ANEKTPUUSCKH Pa3BsA3aH OT HETO,

npu 3ToM (POTOKATOJ, HACATKA M YCKOPSAIOMIMK AJIEKTPOJa PACTIOIOKEHEI
COOCHO MO ONTHYECKOM ocHu (07,

OTJHYAKIIHNACH TEM, UTO

METAJIMYECKas: KaToJHAs HAcaJka MPEACTaBJISET COOOW MIIACTHHY, OJHOMN
U3 CBOMX IMOBEPXHOCTEH MPHUIIETAIONIYIO K MIIOCKOCTH (POTOKATOAA, TOJIIUHON A
MEXIY YKA3aHHOMW MOBEPXHOCTHIO W MAPAJIICIIbHON €1, CO CKBO3HBIM BBIPE30OM IO
HaIpaBJICHUIO OCH ()7, MPOEKIMsA KOTOPOro B miiockoct Y Z npeacrasisier coOoi
TPaNeIyio, MEHbIIEE OCHOBAHUE KOTOPOM HAXOJMWUTCA B INIOCKOCTH (POTOKATOIA M
UMEeT JUIMHY He MeHee b, OOKOBBIE CTOPOHBI TPAINCIHH PACIOJOKEHBI

CUMMETPUUHO TUIOCKOCTH (XZ, mpu 3TOM yroj Mexay ocbio (0Z u OOKOBBIMH
T
CTOpOHaMH HaxoawTcs B nuarnaszone 0,e(0. '5)’ MPOEKIMS BhIPE3a HA TUIOCKOCTh

0XZ npencrapiser cobol GUrypy, CAMMETPHYHYIO OTHOCHUTEIIBHO IIOCKOCTH (Y7,
UMEIONIYIO JUIUHY 10 ocu (X HEe MeHee a,

METAJUTMUECKAN  YCKOPAIOMIMA 3JIEKTPOA HM30THYTOH (OPMBI, MPOESKIHS
Ommxaiiied Kk (oToKaToay MOBEPXHOCTH KOTOPOTO HA IWIOCKOCTh OYZ mmeer

npo(wITb, OTTMCHIBAEMBIA YpaBHEHUEM KPHUBOIA:

(L) = (22 +y») 3 - cosGarctgd),



YCKOPSIOIIUH 3JIEKTPO UMEET CKBO3HOH BBIPE3 B (DopMe mapaiesienumnena,
MPOEKIIMU KOTOPOTO B IUIOCKOCTSX, MApajyICIbHBIX TMOBEPXHOCTH (POTOKATOMA,
MPEACTABIAIOT COOOW MPSIMOYTOJIBHUK, JJWHBI CTOPOH KOTOPOrO0 COBHAJAKOT MO
pa3Mepam U PacrosoKEHHIO ¢ MPOEKIMEN BbIpe3a KaTOJAHON HACAAKH B MJIOCKOCTH
¢doTokarona, a MEHTP NMPAMOYTOJbHUKA COBMANAET ¢ OChIO ()Z, TIpHU 3TOM JIMHA
MPOSKIMK BhIpe3a Ha och () He MeHee H, Ha KOTOPYIO, KaK W Ha TOJIIHHY A
KaTOJHOW HAcaJKu 1o ocu ()Z, HAKJIAAbIBAIOTCS CICAYIONINE YCIIOBHS:

H<Lh<L,

rae [ 3aBUCUT OT HAMNpsHKEHHOCTH E Ha ydacTKe KaTo[A-yCKOPAIOIIUI

ANEKTPO, 1o popmyie:

eWe

L« —=,
E

rae [/ —HanpsHKEHHOCTh JJICKTPUUYECKOTO TIOJsA HA YYaCTKE KarToj-
yCKOpsroIuii  anekrtpon, npuduem E >> 50 | [B/mMm], W, — wMakcumanbpHas
HavyaJlbHAsl ~ DHEPTUS  AJICKTPOHOB,  MOKMJAIOMUX  (OTOKATONM,  KOTOpas
OIPEeAESETCS CBOMCTBAMHU €r0 MaTepHaia U Haxoaurtces B amamazone W, € [0..5]
ANEKTPOH-BOJIBT, [3B],

€ — SJIEMEHTAPHbIN JICKTPUUECKUN 3apan, KyyoH, [Ki].
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