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O HEKOTOPbBIX HANPABJIEHUSAX HAJIbHEHUIUEH
ABTOMATU3ALLUU BETATPOHOB

B. M. PA3UH, H. 5. MAKAPOB

(Hpeu,cran.neﬂa Hay4YHbIM CEeMHHapoMm q)aKy.aneTa aBTOMATHKH W BBIYHCJAUTENbHOM TEXHI/IKPI)

Illupokoe BHeapeHHe OETATPOHOB B MPOMBILIJIEHHOCTh NMOCTABUJ/IO PSij
HOBLIX 3a7a4 IO AaJibHeHIIeMy HX COBepIlIeHCTBOBAaHHIO, N0 pa3dpaboTke HO-
BBIX PEeKUMOB pabOTBHl YCKOpUTeJeJed H, B 4acTHOCTH, GoJiee MOJHOH aBTO-
MaTU3alUH IPOIECcCOB YCKOPEHHUS JeKTPOHOB.

OCHOBHBIM TIPOIL[ECCOM, KOTOPBIH B 3HAUMTEJNBHOH CTENeHH Omnpeessier
3¢ dekTuBHOCTL PabOThl 6eTaTpoHA — BEJHYHHY MOJYUEHHOTO TOKAa BBLICOKO-
3HEePreTHYeCKUX 3JEKTPOHOB M CBSI3aHHYIO C HUM UHTEHCHBHOCTb H3Jyue-
HUA — ABJSIeTCS NPOIleCc 3axBaTa 3JEKTPOHOB B YOKOpEHHUE.

Huxxe paccmarpuBaioTcsi HEKOTOPBIe BOMNPOCH JajibHEHIIEH aBTOMAaTH-
3allUU 3TOH YaCTU Mpolecca YCKOPEHHUs 2JieKTPOHOB.

OCHOBHBIM peryJupyioluM napaMeTpom sBjasercs (a3a HHAKEKLIHH, T. e.
MOMEHT IIOJlauM 3JEeKTDOHOB B KaMmepy OeTaTpoHa, a peryjupyeMblM mapa-
MEeTpPOM — HHTEHCUBHOCTh -ramMa-usnydenusi [1]. Ilo xapaxrepy paborsl
OetampoH InpejcraB/iseT COO0OH JIUCKPETHYI0O aBTOMATHUECKYIO CHCTEMY
C BpeMfA-UMNYJ/AbCHON ((a3o-uMNyJabCHOH) MOAYJ/SALMEH BXOAHOrO NapaMer-
pa. Ilpu yxkazanmom Beillle BbIOOpe BXOAHOI'O M BBIXOJHOI'O NapaMeTpoB
GeTaTpoH Befer ce0s Kak Ge3blHepIHHOHHBIH 00bEKT Pery/HpoBaHHs.

" OxHHM ¥M2 OCHOBHBIX PeXHUMOB PabOTbl YCKOPHTEJsS SIBJISETCS PeXUM
NoAJepKaHUs ¢ BbBICOKOH TOYHOCTBbIO MHTEHCHBHOCTU HSqueHHﬂ Ha onpefe-
JIEHHOM, 3aJlaHHOM YpOBHE.

Ananua paboTel MPHUMEHsIeMBIX Ha 6eTa*p0Hax cucTeM' CcTabHAU3alun
HHTEHCUBHOCTH ITOKa3bIBAeT, YTO OHU B HEKOTOPOH CTENeHH He YJOBJeTBOPH-
10T TpeGOBaHUAM IIPOU3BOJACTEA. TOUHOCTh MOAJAEePXKAaHHUSI NOCTOAHHOIO 3Ha-
yeHHs] HHTEHCHUBHOCTH Ha ypoBHe 0,7 or MakcuMyMma KoJebJercsi 0KoJo 2%.
ODTH mapaMeTpsl CACTEMBI CTAOUIU3ALUH He SIBJSIOTCS ONTHMAaJJbHBIMHU.

OcHOBHBIM AecTabuaU3UpPYIOMUM (aKTOPOM (BHEUIHHM BO3MYLLAIOMIUM
BO3JeHCTBHEM) SIBJsIeTCA KoseOaHHe MUTAlOUlero Hampsikenus [2], mesxHauu-
TeJbHble U3MEeHEeHUs] KOTOPOro NPHUBOJAAT K Pe3KOMY H3MEHEHHIO ONTHMalib-
HbIX YCJIOBHH 3aXBata 3JIEKTPOHOB B ycKopeHue. B aTux ycnoBusix Haubosee
5((PeKTUBHBIMU MOTYT ObITb KOMOMHMPOBAHHBle CHCTEMBI, HCMOJb3YIIOILHE
B KauecTBe paboueil MHPOpPMaLUU OJHOBPEMEHHO KAaK CHUTHAJbl OTKJIOHEHUH
peryJaupyeMoil BeJWUMHE!l, TAK U CHUTHAJbl BO3MYIAWOIIUX Bo3aeicTBuid. Ta-
KHe CHCTeMBl Pery/iupoBanus AJas OGeTaTPOHOB MOTYT OBITh pa3pa60TaHbI 1o
OJHOMY W3 MPHUHIHIOB, PACCMOTPEHHBIX B [2].

3a cuer NOBBILIEHHOrO KojJuuecTBa paboueit uHdopmMaluu B KOMOHUHU-
POBAHHBIX CUCTeMaxX CTaOUIM3aLUU NPU COOTBETCTBYIOLIUX ycnommx noJsy-
yaetcsi 6oJiee BbICOKAsk TOYHOCTb ynpasJseHus [3].
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B npouecce pa6otnl ot 6eTaTpoHa yacto TpeOyeTcs MmoJydyaTb H MaKCH-
MaJbHyI0O HHTEHCMBHOCTb Hu3jydenuss. HaubGosnee sddekTrBHO 3TO MOKHO
OCYILIeCTBHTb aBTGMaTHYeCKMM nyTeM. B KauecTse peryaupyioulero mnapa-
MeTpa Takxke BbiOMpaercss (232 HHKeKUHH. 3aBUCHMOCTb HHTEHCHBHOCTH
u3JyyeHus 6eraTpoHa oT (pa3bl HHKEKIUH UMeeT Pe3KO BbhIpazKeHHBbIH 3KCTpe-
MaJIbHBbIA XapakTep M B npolecce pabOThl U3MEHSIETCS M0 CJAYyYafiHOMY 3aKOHY.

B 3tux yc/a0BHAX 3azaya JOCTHXKEHHS] MAaKCHMAaJbHOH NPOM3BOAMTEJIb-
HOCTH YCKOPHTEJSI MOKeT OBITh pelleHa ¢ MOMOIIbI0 CaMOHACTPaUuBaIOLUXCSA
cucTeM aBToMaTtuueckoro perynauposanus (CIOP).

Heo6x01uMOCTb OCYyILIeCTB/IEHHSI peXMMa 3KCTPeMasbHOro0 peryJupoBa-
HUS BBITEKAeT U3 CaMOro xapaxrepa paboTbl oObekTa. MHTEeHCHUBHOCTD H3J1Y-
YyeHHUs] 3aBHCHT OT MHOTHX IapaMmeTpoB [2], KOTOpBle HelmpepbIBHO IOJABepra-
10TCA BHEIUHHM BC3J€HCTBHUAM, HUMEIOILHM COBEpIIeHHO HeperyJspHbIH -
Xxapakrep uaMeHeHus Bo BpeMend. Obecnedenne HeOOXOAKMOH MOMEX0yCTOH-
YHBOCTH CHCTEMbl PeryJHpOBaHHS SIBJSETCS OCHOBHBIM (aKTOpOM, OIpeje-
JIAIOLLUM ObICTPOACHCTBHE U 3(P(DEKTHBHOCTb CHCTEMBI.

ITpoBenenublii 115 GeraTtpona Ha 30 M3B aMIJIUTYAHBIH CTATHCTHYECKHI
aHaJi3 MMMOYJAbCOB C Aatudka usayuyeduss (PIY) nokaspiBaeT H3MeHEHHE
MHTEHCUBHOCTH OT LUKJ/Ia K LUKV 0KoJio 149 or cpeaHeil BeJUUUHBI aMIIJIH-
TYZAbl HMIIYJIBCOB.

CayuaiiHbli Xapakrep Takux QJyKTyaldid Mmo3BoJsieT pacCMaTPUBATb HX
KakK MoMexy, IOCTyMAloUlylo HapsiAy ¢ IMOJIe3HbIM curiajom Ha Bxox CIP.

B stux ycacBusax 6ojice 3pheKTHBHOE peryJupoBaHHe, KaK U B pekHMe
crabuian3alums HHTEHCUBHOCTH, MOTYT obecrneuuTb KoMmOnHHpoBaHHble CIP,
II03BOJISIIOIME HAWIYYIIUM 00pa3oM NOOHTbCS HE3aBHCHUMOCTH peryJHpye-
MO BeJHYUHBI OT BHEIIHUX yCJoBHil [3].

Ha puc. | npusenena ¢QyHKUHOHA/NbHAsE CXeMa OJHOIO M3 BO3MOXKHbBIX
BapuaHToB KomOuHupopanHoifi COP HHTEHCHBHOCTH H3JyueHHs1 OeTaTpoHa.
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Puc. 1. ®yHKuHMOHANbHAs CXeMa KOMOHHHDOBAHHON

CHCTEMBI 3CTPEMAJIbBHOTO PEeryJMpPOBAaHHSI HHTEHCHB-
HOCTH H3JydeHHs GeTaTpoHa.

| — o6bekT peryaupoBaHus — GeTaTpoH; 2 — aart-

yuK H3Mepenus — PAY; 3 — kmo4u; 4 — KOMaHAHOE

yCTPOHCTBO; 5 — cXeMa moOHCKa; 6 — cxema ciexe-

HHs; 7 —TreHepaTop NHJI000PA3HOTO HaIpSIKEHHS;

8 — dbynkumoHanbHBI TpeoGpasoBaTenb; 9 — par-

44 YHK H3MepeHHs Bo3MmyuleHus; 10— ympasisioniee

YyCTPOHCTBO KOMIeHcaluH; | — MHTEHCHBHOCTL H3-
Jydenus; @ — $asa HHKEKLHH.
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Puc. 2. CtpykrypHas cxema.
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Komananoe yctpoiicTBO 4 3amycKaeT reHepaTop HUJACOOPAa3HOTo Hampsi-
;KeHusi 7. CUTHAJI, TPONOPUHOHAJNEHBIH BeJHUMHE HHTEHCUBHCCTH U3JyUeHus /,
noJgydyeHHo# ¢ natunka PIAY 2, uepes k10U 3 NOCTYNAeT HA CXeMY MOHCKA O.
Maxcumanbnoe 3uauedie / QuKCHpPyeTcs CHellHalbHBIM «3aMOMHHAIOLAM>
yeTpoiictBOM. B pexuMme ciekeHus mocse Inepexofa uepe3 MaKCHUMyM Te-
Kyllee 3HaueHHe / cpaBHUBaeTcs C ee 3KCTpeMaJ/ibHbIM 3HaueHHeM, M, KOorja
pasHoctb,d =1/ ,x — /- JlOCTHraeT ONpexeNeHHOr0 3HAYEHUS — O max , NPO-
HCXOJHUT peeepc HalpaBJeHUsl H3MeHeHHd /| W 3amoMHHAHHe CHUMaercs,
B npanbneiimmem mpouecc nosropsercs. Jdatuumk 9 u ynpasssiioiee ycTpoii-
ctBo 10 yepe3 ¢QyHKUHOHAIBHBIH TNpeoOpazoBaTe]b 8 NO3BOJAIOT OCYIile-
CTBUTb 3((HEKTHBHYIO KOMIIEHCALHIO H3MEeHEeHUs] BHELIHere Bo3aeHCcTBUs. -

AHaJnuTHYECKHII pacueT CUCTEM SKCTPEMAJbHOTO PeryJupoOBaHUs, 0CO-
6eHHO C y4eTOM BJIHMSIHHSI NOMEX, NpeAcTaB/ser 3HAUHTENbHble TPYIHOCTH.
Onnako HCroJb30BaHHe JJI51 PACUeTOB BBIUHCAUTENBHBIX VCTPOHCTB MO3BOJA-
€T CPaBHHUTE/JIbHO IIOJIHO H B KOPOTKHE CPOKH HCCJAeL0BATb 3aJa4u ONTHMU3A-
IIUM [IapaMeTPOB CHCTeMbl y2Ke Ha NMEepBOM CTajud NMPOeKTHpoBaHuus {4].

Ha puc. 2 npeacraBriena CTPpyKTypHasi cxeMa MOJENTH OJHOTO H3 BO3-
MOXKHBIX BapHaHTOB 3KCTPEMAJbHOTO PEryJHpOBAHHUS HHTEHCHUBHOCTH, pas-
paGoTaHHas Ha OCHOBe aHAJOroBOH 3JeKTpoHHOH Mojaean MH-7.

Ycepennennasi xapakTepucTuka oObeKTa, KOTOpasi OTparkaer ero JuHa-
MHUYecKHe CBOHCTBA B MOjeJH, NpeAcTaBjeHa OTAeJbHbBIMH JHUHEHHBIMH OT-
pe3kamu. IlorpemnocTs annpokcumanuu He npeebimaer 5%, B o061acTH Mak-
cuMyma — He GoJgee 19

CpaBHuBaeMble KaHaJbl MOAENUPYIOTCS NBYMsI (DYHKIMOHAJbHBIMH YCH-
auatensaMu 4 u 12. DuexTpuyeckue MMIYJbChl B JaHHOH CXeMe MOJyYaroTcs
¢ noMmolnblo pene Py, Ha BeIXOJe ycuaurteas 17, ynpasiaseMoro HanpsiKeHH-
eM 100 6 yepes KOHTAKT 1 «2y» Mozaesu.

JletekTop cpaBHeHHd coBnanaer mno (GopMe ¢ peasbHbIM JETEKTOPOM, HO
HMeeT NOCTOsAHHBIe 3apfAna U paspana emkocreit C; u Co, COTJIACOBAHHEBIC
¢ MacmrTaboM BpeMeHH. : :

PasHocTHOe HampsizKeHHe C BbIXOJA JETEKTOpa HHTETPUPYETCS YCHIHTE-
JeM 5, KOTOPLIH HemocpeACTBeHHO MOJEJMPYET HUHTErpaTop Peryasitopa.

Yennutean 9, 11, 2 u 3 Heo6XOAUMBI JJI51 OCYILleCTBJIEHUSI 06PATHOI CBSI-
34 Ha peryJupyeMblil 0ObeKT.

Ha Bxon pemaromero ycuautenss 9, Hapsigy ¢ HOJe3HbIM CHTHAJOM
C YCHJHTe/]sI O, NOCTyNaeT TaKxKe HalpsiKeHHe NOMeX ¢ TeHepaTopa HOpD-
MaJIbHOTO LIyMa. .

IIpumenenne onucaHHOHN 3JIEKTPOHHOH MOJENH TO3BOJSET HCCJei0BaTh
IPH HAJHYHUU CIYYAHHBIX OMEeX BJ/HSHHE OTHAeJbHBIX MapaMeTPOB peryJsito-
pa Ha BpeMsl MOHMCKA, a TakKe Ha TOYHOCTb MOAJAEPIKAHHS MAKCHUMAaJbHOH
HHTEHCHBHOCTHU H3JyueHHus1 6eTaTpoHa.
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