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YqeHHH CeKpeTapn 
CneuHaJIH3HPOB8HHOrO COB6Ta tuc.< 
K8HAHA8T (J?H3HKO-M8T6MaTHqecKHX HBYK 3.M.11BAHliEHKO 

AKTYSJlnHOCTn. IlpH C03AaHHH HOBHX H MOAepHUSauuH 'A6HCTBYfillJ!UX YCKO
PHTeJieli 3SPRE6HHHX qaCTHU OOJlnWOe BHHMaHH6 Y'A6Jlfl6TCH npo6JieMe paspa-
60TKH CHCT6M aBTOM8TH3HPOB8HHOro ynpaBJI6HHfl ycKOpUT6JlnHHMH yCT8HOBKa

MH•C npHM6H6HH6M SBM. IlpH STOM C03AaBaeMH6 ynpaBJiflfilU(He CHCTeMH opueH

THPYDTCH Ha IlOBHW6HHe 3~6KTHBHOCTH pa6oTH YCKOPHTeJieli, COKp8U(6HHe. 

Bp6M6HH H8 IlOHCK H OilTHMHaauuD peJKHMOB HX pa60T~, ynyqmeHHe xapaKTe
PHCTHK nyqKOB sapRE6HHHX qscTHU. B HaCTOHU(ee Bp6Mfl BO BC6M MHpe npo

flBJlflDT HHTepec K yCKOpHT6JlflM TRX6JINX HOHOB. li!HTepec 3TOT CBH3aH C 
TeM, qTo HCilOJib30BaHH6 nyqKoB Tfl~6JIHX HOHOB 'A86T B03MOiKHOCTn pewaTn 

PRA B8XHHX npo6JieM, cpeAH KOTOPHX MOiKHO HaSBaTn: CHHT63 Tp8HCypaHOBHX 
SJI6M6HTOB, HOBH6 HanpaBJI6HHfl B HayqeHHH RApa H CBOilCTB SJI6M6HTapHHX 

qscTHU, MHOroqHCJI6HHHe npHKJI8;ztHH6 npHMeHeHHfl nyqKoB TflE6JIHX HOHOB B 

MST6PHSJIOB6A6HHH, 6UOJIOrHH, M6AHUHH6 HT.A, OnpeAeJieHHHe B03MOEHOCTH 
COSAaHHfl s(J?(J?eKTHBHHX CHCT6M ycKopeHHfl TRX6JIHX HOHOB o6ecneqHB86T KOJI

JI6KTHBHHH M6TOA ycKopeHHfl THE6JINX,HOHOB. B CBH3H C pa6oTaMH no C03Aa

HHD B Olli1M KOJIJI6KTHBHOro YCKOPHT6llli TflE6JIHX HOHOB 8KTyaJinHO BCTaeT 

Bonpoc HCCJI6AOBaHHfl H paapa60TKH CHCT6Mli aBTOMaTH3HpoBaHHOro ynpaBne

HHfl TaKHM ycKopHTeneM. 

UennD AHccepTauuoaHoli pa6oTu HBJIRe~cH uccneAOBaHHe H paapa60TKa 

cpeACTB H MeTOAOB 8BTOMaTH3HPOBaHHOro ynpaBJI6HHfl KOJIJI6KTHBHHM YCKOpH
Teneu TflE6J!NX HOHOB C npHM6H6HH6M 3BM H MHKpo-SBM. Pa6oTa BHilOJIHRJiaCn 

B OTAene HOBHX M6TOAOB ycKopeHHfl 00011 c 1977 no !985 rr, Ha npOTOTHile 

KOJIJIBKTHBHOrO ycKOpHT6Jlfl TflE6JIHX HOHOB {IlKYTli!) H Ha KOJIJI6KTHBHOM yc

KOpHTene Tflxenmc HOHOB {KYTli!-20). 

HsyqH8fl HOBH3HS pSOOTH 3SKJIDqseTCH B CJI6AYDIJ!6M: 
- PaapaOOTSHH, C03ASHH H HCCJI6AOBSHN CHCT6Mll HS JIHHHH C SBM CTS-

6HJIH38UHH BpeueHHOro nonoaeHHfl YCKOPflDU(HX HMilYJinCOB JIHHeillioro HHAyK
UHOHHOro ycKopnTena sneKTPOHOB Cli!RYH.Zl H HSMepeHHfl wopMH H nspsMeTpOB 
HMilYJinCOB HSHOC6KYHAHOH AJIHT6JlnHOCTH, xapSKTepH3YDIJ!HX_pezHM ero ps6o
Tll, 

- Ilp8AJIOZ6Hll snropHTMH, psapa00T8HH, C03ASHN H HCCJI6AOB8Hll CHCT8-
Mll HS JIHHHH C 3BM 'AJ!fl OOTIDIH38UHH pel!CHMS WOKyCHpOBKH nyqKa SJI6KTpOHOB 
B JlHH6HHOM HHAYKUHOHHOM ycKopHTene SJI6KTpOHOB CIDIYH.ll H OOTHMHSSUHH 
pezHM8 3SXBSTS sneKTpOHOB HS pSBHOB8CHYD opOHTY B SAreaSTOpe"IlKYTH.-

- Psaps60TSHS H HCCJI6AOBSHS YAJIHH6HHSfl B8TBD KAMAK, BKHDqSHHSfl B 

CTPYKTYPY cHcTewu ynpsBneHHH IlKYTI!! c npaueHeHHeM SBM. 
- Psaps60TSHS, C03ASH8 H HCCJI6AOBSHS CHCT8M8 CHHXPOHH3SUHH KOJI

Jl8KTBBHOro YCKOpHT8Jlfl TflZ8JIIDC HOHOB KYTH-20 c npHM8H8HH6M MHKP0-9BM, 
oOecneqxB8D~8fl: ynpsBn8HK8 KYTH-20, CBfl3b C U6HTP8JinHOH BBM CHCT8MH 

ynp8BJI8HHH CK-4, BO3MOXHOCTb xpSH8HHH H BOCIIpOR3B8,lt8llWI peZHMOB CHH-
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xpOHH38UIW KYTH-20; B03MOZHOCTb onTHMH38UH14 pez1414a 88XB8T8 aneKTpo
HOB Ha paBHOB6CHYD op6HTY B 8,l(reaaTope KYTH-20 H CTa6ll!JIK8~ BpeueH
HOro nonoJK6H14H YCKOPHD~HX 141mYllbCOB nHHeimoro HH.llYK~OHHOro ycKOpHT8-
m1 CMYH.ll-20, HMnynbCOB HHqineKTOpa H KOppeKTopa; B08140UOCTb n_apan-
1181lbHOrO ynpaBn8HHH K8H8118MH CHCT6Mfl CHHXPOHl488Ul4H onepaTopoM yCKOpH
Tenn, ynpaBnHID~HMH anropHTMa.MH, _peanH30B8HHUMl4 H8 CM-4, onTHMH814PYD
~en npoue.l(ypott B MHKpo-SBM. Ocy~eCTBIDI6TCH ,1(14BrHOCTHKa oml460K: Henpa
Bl41lbHOro_ o6pa~eHHH one pa To pa, o6MeHa coo6~eHHJUIH c CM-4, HeHcnpaBHOC
Te'tt Cl4CT6Mflo 

- C npl4M6H6HH6M M6TO,l(OB uenoq14cneHHOtt apHqiM6THKl4 peanl480B8H anro
PHTM perynHpoBaHl4H Bl4.ll8 'lJ(l)=/4 ~;ol Ha MHKpo-SBM c Ml4Kponpouecco
pou KP580HK80A B 88MKHYTOM KOHType perynl4pOB8Hl4H, npoBe,l(eHO HCC116,1(0-
B8Hl46 perynHTopa H8 aHanorOBOtt M0,1(61114 npouecca ynpaBn8Hl4H B8KYYMOM B 
KYTH-20 H 8KCnepl4M8HT81lbHO onpe.l(eneHO BpeMH Bflll011H6HHH anropl4TM8 pe
rynHpOB8Hl4H, qTo 'A86T OU8HKY lll4Hl4M81lbHOrO nepHO'AB 'Al4CKP8T1488UIDI TB 
T8KHX Cl4CTeMax. 

IlpBKTHqecKBH ueHHOCTb pa60TU. Paspa60T8HH8H Cl4CT8M8 Cl4BXPOHl438~14 
KYTH-20 HB11H6TCH O'AffOtt 143 OCHOBHIDC COCTBBHUX qacTett YCKOPHTenH, qiOpMl4-

pyo~ett BP6M6HHYD nporpBMMY ero pa60TH~ BH8'AP8Hl46 CHCT8M 8BTOM8THqe
CKOtt CT8614JIH88U1414 BpeMeHHOro nonoJKeHHH YCKOPHJJD114X HMnynbCOB 1114H8ffHIDC 
14H'AYKUHOHHHX yCKOpHTenett CMYHn 14 CHIYH.U-20 ycTpaHHnO anepl40'Al4qecKyD 
H8CT861411LHOCTb BpeM8HHOro nonozeHl4H 8Tl4X HMnynbCOB, OCB060'Al4110 onepa
TOpOB ·ycKOPHTenea OT TPY'A08MKOtt 14 'AllHT61lbHOtt npoue,eypH Cl4HXPOHl488U1414 
reHepaTOpOB YCKOPHDD114X 14MnynbCOB BpyqffyD. Paspa60TBHHH8 Cl4CT8MH OilTH
M1488UH14 o6ecneqHB8DT 8BTOl48Tl4314POB8HHYD H8CTpOffKy P8EHMOB pa60TH, npH 
8TOM cy~eCTB6HHO COKpa~aeTCH Bp6MH HBCTpottKH. Y'All~HeHBBH B8TBb KAMAK 
o6ecne'!luana o6weu HHqiopuauHett uew SBM IOOlTPA-1 14 noACHCTeMBMH 
CHCTeMH ynpaBneHHH IlKYTH. 

HccneAOB8BHHtt perynHTOP MOllEIT 6HTb HCll01lb30B8H B CHCTeKe ynpaBne-
. . 

HHH B8KYYMOK KYTH-20, 8 T8KE6 B paanl4qHJ,IX Cl4CT6M8X ynpaBneHHH T8XHO-
nor14qecKl4Ml4 npoueccaMH, nerKo peamrnyeu Ha ocHoBe Kl4Kpo-9Bll c orpaHH
qeHHHKH BHqHC11HT81lbHHMH B08MOZHOCTJUIH. 

PeaynLT8Tfl 'Al4CC8PT8UHOHHOH pa60TH uoryT 6HTb HCll011LSOB8HH npH 
COS,1(8HHl4 Cl4CT8K ynpBB118B14H 1114B8ffHUMH. HH'AYKUHOBHHMH YCKOpl4T811JUIH H 
xonneKTl4BHWH ycxopHT811JUll4 THX811IDC HOHOB. 

PeanH88Ul4H peaynbTBTOB pa60TH. 0CHOBHH8 peaynLT8TH pa60TH 6HnH 
HCil011L80B8HH_ npH C03'A8Hl414 Cl4CT8K ynpaB118B14H C npl4M8H8HH8K 9Bll H KBK
po-SBM npOTOTHil8 KO11118KTl4BHOrO yCKOpHT811H THX811HX 14OHOB 14 KO11118KTHB
HOrO YCKOPHT811H THE811HX HOBOB KYTH-20. SxcnnyaTBUHH Cl4CT8K noxaaana 

8qiqi8KTHBHOCTL npe,1(11OX8HHHX cpe,l(CTB H K8TO'AOB 8BTOM8TH8HpOB8HBOro yn

PBB118HHH. 
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Anpo6aUHH. PeaynLT8TU pa60TH ,l(OK1la,l(UB81ll4Cb Ha 6- ft BcecOIDSHOil 
KOHqiepeHUIW "ABTOMBTHSaUHH Hayqnux 14CCne,l(OB8H14.tl na OCHOBe npl'.IM8H6Hl-lH 
SBM" (HOBOCll.6ll.pCK, 1981 r.), XI H XII MeJK.11y11apO.l(HillC CHMnOSHYMBX no 
H.l(epHoa aneKTPOHHKe (r. EpaTHcnaBa, 1983 r. Hr. ny6Ha, 1985 r.), Ha 
4~ Mwr,eyHapO,ItHOM CHMnoauyue no npHM8H8HHID MIIKponpoueccopoB H MHKpo
KOMnbIDTepoB. (By~emT, 1985 r.), o6Cj'JIC,1(811HCL Ha C8MHHapax OT,l(ena 
HOBillC 148TO'AOB ycKopeHHH H 0Tp8JK8HH B ny6nHK8UHHX B JKypHane 11npH60pH 
H T6XHHK8 SKCnepHM6HT8 11 , B coo6~8HHHX owm. 

CTpyKTypa H OO~eM 8HCC8pTaUHH. nHCCepT8UHOHll8H pa60T8 COCTOHT .143 
BB8'A8HHH, Tpex rnaB, 38KllIDqeHHH, C0,1(8pJKHT 122 CTp8HHUfl T8KCTa, 52 PH
CyHKB, 2 T861114UH .14 CllHCOK nHTepaTypu HS 81 H8HM8HOB8HHH. 

ny6nHK8UHH. no pesynLT8T8M BunonHeHHUX HCC118,l(OB8HHH H paspa60TOK 
ony6nHKOB8HO 10 neqaTHUX pa6oT, cnHCOK KOTopux npHBe,l(eH B KOHUe 8BTO
peqiepaTa. 

conEP!AHHE PAEOT~ 

Bo BB8,1(8HHH 060CHOB8H8 8KTY811LHOCTL T8MU, CWOPMYnHpOB8H8 uenL pa-
60TH, 8 TBKme nepeqHcneHU HaH6onee B8JKHHe peaynLT8Tfl, HX HOBH3H8 H 
ripaKTHqebKaH U8HHOCTL. 

B nepBott rnaBe p8CCM8TpHH8IDTCH aa,l(aq.14, oco6eHHOCTH CTpyKTYPH 
CHCTeM ynpaBn~HHH yCKOpHT811HMH C npHM8H8HH8M SBM, o6cyl!,1l8IDTCH Bonpocu 
o6ecneqeHHH Tpe6yeuon H8,1(8~HOCTH ynpaBnH~~HX CHCTeM. OTMeqaeTCH, qTo 
H8CMOTPH H8 pasnHQHe THnOB YCKOpHTenett, HX paaMepoB, BunonHH8MOH WHSH
qecKoff nporpaMMU, KOHKpeTHflX napKOB SBM, !lOJKHO Bfl,1(811HTL PH'A o6~HX 38-
Aaq, BoanaraeMUX H8 CHCT6MU ynp8B118HHH C npHM8H8HH8M SBM. B npaKTHKe 
C03,1(8HHH CHCT8M ynpaBneHHH YCKOpHT811HMH HMenH M8CTO U8HTP811.1430B8HHUe 
CTPYKTYPli H8 OCHOBe 0,l(HOtt SBM, U6HTp811H30B8HHlie CTpyKTypu C aBTOHOMHH
IIH.nO.l(CHCT6118MH, ,1(8U6HTP81114SOB8HHfle c~pyKTYPH, COCTOH~He HS C6TH SBM. 
B H8CTOH~ee BP8MH HaMeTHnBCb o6~aH T8H,1(8HUHH B nocTpOeHHH CHCT814 ynpa
B116HHH YCKOPHT6nHMH C npHMeHeHHell SBM, KOTOpaH COCTOHT B HCnonL30Ba
HHH 110,lzyllbHOro KOHCTPYKTHB8 KAMAK B.annapaTypHott Q8CTH, npHl48H8HHH 
SBll,nporpauMHo COBMeCTHMmc c CM-4 B KaqecTBe ueHTpanLHHx uawHH H B Hc
nonLSOBBHHH IIHKpo-SBM Ha HHJKH8M YPOBHe 'Alli! opraHH38UHH Henocpe,l(CTBeH
HOro B38HMO,l(ettcTBHH C annapaTypott .• Ha nepBOM STane . BH8;!1p6HHH CHCT6MU 
ynpaB~8HHH pewaDT S8'A8QH c6opa H OT06p8JK6HHH HHWOPMBUHH O napaMeTpax 
yCKOPHTenH H 14CnonLSOB8HHH STOtt HH~OpM8UHH ,l(JIH HBCTPOHKH peXHIIOB ero 
pa60TH. no 11epe H8KOil118HHH SH8HHtt 06 YCKOPHTene H paspaOOTKH anropHT
IIOB 8BTOM8THqecKoro ynp8B118HHH opraHHBYDTCH H P83BHB8DTCH 88MKHYTU8 
KOHTYPH perynHpOB8Hl4H C BKnDqeHHell B pa6oTy STHX KOHTYPOB SBM CHCT611fl 
ynpBB118HHH. 
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)lnH Toro qTOClbl BHe.n.pemie CllCTGMbl ynpaBIIGHllff yc1rnp11Te/JeM C npHMe-

118Hll8M SEN, ,1.1ei1CTBl'IT8/JI,HO npllB0,1.lli/10 K IlOBblWGHll!O aii)qleKTllBIIOCTll pa60Tbl 

ycKOPllTGIIH, He06XO,ll.liMO o6ecneql'JTI, ,ll.OCT8TOqHyJO H8,1.18lKHOCTI, C8MOi1 ynpaB-
,L 

/JH!Oil(Gii CllCTGMbl, 

BTopaH rnaBa noCBHI:(0H8 CUCTeMe ynpaBi!GHl'IH C npllMGH8Hl'l8M 3BM IOOI 
TPA-i npOTOTl'lil8 KOR/JGKTl'IBHOro yCKOpl'ITG/Jfl TfflKGJlliX l'IOHOB, 3TO ueHTpanl'l-

30B8HH8ff Cl'ICTeMa ynpaBJiellllH H8 OCP.OBe 0,1.IIIOH SBM. Ilpn paspa60TK6 no,1.1-

CIICTeM CIICTGMbl ynp8B/18Hl'lfl llKYTvl 8BTOPOM ,1.ll'ICCepT8Ul'll'I 6wr HCCJI8,ItOBaH 

l'I peweH pH,1.1 CTpYKTypHbIX, T6XHOROr11qeCKl'IX l'I qiyHKUl'IOH8]II,HblX npo6neM, 
CBH38HHblX C paspa60TKOi1 M6T0,1.IOB npl'IHffTl'lff peweHHH no 8BTOM8Tl'l3HPOB8H

HOMY ynpaB/16Hl'IJO ]IHH6HHLIM l'IH,1.IYKUl'IOHHblM yCKOPHTeneM aneKTPOHOB CJl!JIYH)l 

l'I IIKYTl1 C BK/JJOqeHli6M SBM B 38MKIIYTLI8 KOH TY Phi pe ry1rnpOB8HHH, 

BalKl!blM YCIIOBlleM, B/Jl'lfl!Oil\l'IM Ha ·J(aqeCTBO·YCKOpelll'lff 3/16KTPOHOB B /11'1-

HellHLIX l'IH,1.IYKUl'IOl!HblX ycKOpHT8/JHX, HB/Jff8TCH Cl'IHXpOHHOCTI, cpa68TblB8Hl'lff 

MOAJ/JHTOPOB BO BPGM6Hl'I, KOTopaH onp8A6/Jfl6T A/Jl'IT8]II,HOCTI, ycKopeHHOro 

nyq1rn qacTHU, ero aHepreTl'lqecK11e xapaKTepl'ICTl'IKl'I ll KTI)l yc1rnpl'IT6/JH, 

MaKCi1M8/II,HOe s11aqeHl'le KOTOpbIX MOlKHO nonyql'JTI, TO/JI,KO npa Cl'IIIXpOIIHOli 

paooTe Bcex reHepaTopoB YCKOpH!Oil\6rO Hanplliit6Hl'lfl, B ,1.lllCC6PT8Ul'll'I npl'IB0-

,1.lllTCH Olll'JC8Hl'le annapaTypu, anropl'ITMOB ll nporpaMM paapa60T8HHOi1 Cl'ICTe

Mbl CT86ll/JU38Ul'll'I BpeMeHHOro nO/!OlK6Hl'lff YCKOPH!Oil\~X l'IMilY/JoCOB YCKOPHT6/Jfl 

Cl1JIYH.Zl, EnoK-CXeMa 113M6Pl'ITe/JI,HOii 11 UCilO/JHl1T8/JI,HOi1 qaCTII Cl'ICT6Mbl npll

B6,ll.6H8 Ha p11c. I. BpeMeHHOe Il0/JOJK61!1'1e 30 ycKOpff!Oil\l'IX l'IMilY/JoCOB ll3Mepa-

6TCH OnoKaMli 6BUTI l'I peryn11pyeTCH 6nOK8Mll HaHOC6KYH,1.IHOH'38,ll.6plKKll KJI002. 

SBM ocy.J(eCTB/!HeT 8BTOMaT11qecKy10 CllHXPOHl138UllJO l'I CTa611n11aaul'lro BpeMeH

Horo nono;K6Hllff a'CKOpff!Oil(llX l'IMnynoCOB, ToqHoCTI, CTa61'J/Jll38Ul'll'I ,,.. I HC •. 

CT86ll/Jll38Ul'IH ocyll(eCTB/JH6TCff no 30 ynpaB/Jff!Oil\l'IM K8H8/18M, no 3T8/JOHHLIM 

3HaqeHl'lffM, 

B ,1.lllCCepT8Ul'lli KOHCT8Tl'lpyeTCff, q~o cyll(eCTByeT PH.zl TPY.z1HOCT6i1 ,ll./Jff 

nonyqeHl'IH pa60TOCilOC06HOli IlO/JHOli M0,1.16/11'1, CBH3blB8IDil\6H BblX0,1.lllbl6 napa

MeTpbl YCKOPl'IT6/JH C OCIIOBHLIMll ynpaB/JHIOil\llMl'I nepeMeHHblMll, npe,1.1naraeTCff 

,1.1/JH onTl'IMli38Ulll'I pelKllMOB pa60Tbl TIKYTl11'1CnO/JI,30B8TI, 3KCnepliM611T8/JI,Hbl8 

M8T0,1.lbl, onHCblB8IOTCH paspa60T8HHbl6 CllCT6Mbl, anropllTMbl 11 nporpaMMbl ,1.1/Jfl 

onTllMll38Ullll pelKllM8 tpOKYCllpOBKl'I nyqKa 3/16KTPOHOB B YCKOpllT6/Je Cl1JIYH.Z! 

li OilTliMll3aUl!ll pelKl'IM8 3aXB8T8 3/18KTPOHOB 118 p8BIIOB6CHYJO op6llTY B a.n.re-

38TOpe TIKYTl1. OnTHMll38UllH pelKHMa qlOKYCHPOBKll 6una OCYi116CTB/181!8 npll 

nOMOil\ll anropllTM8 CKOpeliwero cnycKa C MOHOTOHHO y6LIB8l0il\llM waroM, npli 

3TOM B81Illqll11a wara IlOliCKa li3M8HR/18CI, no 38KOHY 

C (.,!__ (-1)"•1 &t1 
d.1t - u ' 

h ''I 
r,1.1e n - HOMep UIIK/Ja OilTllMl'ISaUllli, PerynllpOB8/18CI, Ben11quHa WOKyCl'lpyJO-

il(ero IlO/JH B IJIJ.THilepexo,ll.HblX KaMepax yCKOpllT8/JH Cl1JIYH)l. 0IlTliMli38UliH 
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pellrnMa 38XB8T8 OCYl!l8CTB1Ifl118C:b M8TOAOM CKopeiilllero cnycKa C {j)l-!KCHpOBau
HLIM lllaroM. B peayn:&TaTe npoBeAeHuoro 3KCnepHM8HT81ILHOro HCC118AOBaHHfl 

6um1 onpeAeneHLI napaMeTpll npOL\8AYP OilTHMHSal\lrn. Ha pHC. 2 npHBeAeHa 
61IOK-CXeMa CHCT8Mll OilTHMHSal\Hll pelKHMa saxBaTa aneKTPOHOB Ha paBHOBec

Hyro op6HTY B aAresaTope ITKYTM. YnpaBneHHe OCYl!leCTBllfleTCfl: HSMeHeHHeM 

'B81!H'lliHLI q_JOKYCHPYIDl!lero nonfl B nepeXOAHLIX KaMepax nepBLIX Tpex CeKUHn 

CMJIYH,lla' HSMeHeHlrnM BpeMeHHLIX nonoJKeHHii HMnyn:&COB llHlKeKTOpa' KOppeK

Topa ll I-~ ceKUHH CHJIYH,lla. Ha pHc: 3 npHBeAeHa THnHquaH KpHBaH HSMe

H8HHfl B811HqHHLI, nponopl\HOHan:&HOii imcny aneKTpOHOB ua paBHOBeCHOii op-

6RTe B npouecce onTllMHSaUHH. PaspaooTaHHUe CHCT8MLI CTaOHlIHSal\llH ll on

THMH381\HH p8lKHMOB pa60T!l cymecTB8HHO COKPal!laIDT TPYAOeMKOCT:b H Bp8Mfl, 

aaTp81lHB88MOe Ha HaCTPOHKY pe~HMOB. 
,llnfl nonyqeHHfl HHq:opM81\HH O napaMeTpax uauoceKYHAHLIX HMnyn:&COB, 

xapaKTep11syromHx pelKHMll pa60TL1 ycKOPHTenH CHJIYH.ll, paspaooTaHa cacTeMa 

H3MepeHHfl q,C>pM!l H napaMeTpOB HMnyn:&COB. TaKHMH HMnyn:&CaMH flBllflIDTCfl 

HMnyn:&cu, nonyqaeuue cyMMHPOBaHHeM ycKOPHIDl!lHX HMnyn:&coB KalKAOii HS 

IIJITR C6KL\Hn yCKOPHT61Ifl H HMnyn:&cu, nponOpl\HOH81ILHhle TOKY nyqKa B ne

peXOAHLIX KaMepax YCKOPHTenfl, WOPMHPY6Mll8 noHCaMH PorOBCKOro. llo qiopMe 
HMilYlILCOB cyMMapuoro CHrHana MOlKHO CYAHT:b O CHHXPOHHOCTH cpa6aTL1B8Hllfl 
MO~YlIHTOpOB BO Bp8M8HH, 06 aueprllH ycKopeuuoro nyqKa aneKTpOHOH, no 
qiopMe HMnyn:&COB TOKa nyqKa MOlKHO npocneAHT:b npoXOlKA8HHe nyqKa no 

TpaKTY ycKOPHT81Ifli 3TB HHq,OpMal\Hfl Hcnon:&30Banac:& npH OilTHMHSaUHH pe
lKHM8 q_JOKYCHpOBKll nyqKa aneKTPOHOB B CHJIYH,lle • HsMepeHHe_ qiopMll HMnyn:&_
COB OCYl!l8CTBllflllOCL B 3KBHBaneHTHOM MBClllTade BpeMeHH. Paspelll8IDl!l88 Bpe
Mfl CHCT8MLI HSMepeHHfl ~ 5 HC, MaKCHMa1I:&H8fl AlIHTell:&HOCT:b HSM8pl'l8MLIX HM
nyn:&COB -127 HC. IlP8AYCMOTpeua BOSMOlKHOCT:b HSMepeHHfl AlIHT811:bHOCTH H 
8Mn1!HTYALI H8HOC8KYHAHLIX HMnyn:&COB B .pean:&HOM BpeMeHH. ,llanee npHBOAHT
Cfl onHC8HH6 annapaTypu, nporpaMMHOro oCiecneqeHHfl H xapaKT8pH_CTHK CHC

T6M!l. 

,llllfl opr8HHS81\HH CBHSH annapaTypu, pasue~eHHOii B61IHSH Y~KOPHT81lfl C 

SBM' p_acnonolKel!HOn HS paCCTOflHHH ,..100 M, 6una paspa6oTaHa' HCC118AOB8-

H8 H BKnroqeua B CTPYKTYPY CHCTeM!l ynpaB118HHfl YAlIHHeHHafl B8TBL KAMAK. 
B rnaBe npeACT8B1!6Hll npHHL\HilH811:bHll8 CX8Mll, norHK8 pa60TLI H XB_(laKTepH
CTHKH lIHHHH CBHSH. 

B TpeT:&en rnaBe HS118r8IDTCH Bonpocu, CBH38HHLle C COSABHHeM CHCT8MI,t 

ynpaBneHHH KYTH-20. CTPYKTypuaH cxeMa cHcTeMu ynpanneHHH KYTH-20 np11-
B8AeHa H8 PHC. 4. 3TO 1\8HTP81IH30B8HH8fl HepapxHqeCK8fl CTPYKTypa C 8BTO
HOMH!lMH IlOACHCT8M8MH. 0AHon HS ee OCHOBHLIX qacTen flBllfleTCfl CHCTeM8 
CHHXpOHHS81\HH KYTH-20, npeAH8SHaqeHH8fl Allfl q:opMHPOB8Hllfl BpeMeHHOn npo
rpawwu pa60T!l YCKOPHT81lfl. 
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B pa6oTe cqiop1~yJrnpoBaHbl Tpe6oBaHJU{' K CHCTeMe mrnxpOHH3al{HH. B Ka
qecTBe ynpaBJIHIOIJ(ero 3JieMeHTa B CHCTeMe c1rnxpoHH3al{llH llCflOJII,3yeTCH 

lll'!Kpo-8.lm KMOOI* ll J.(OHTpOJIJiep KpeliTa KK06, opneHTllpOBaHHble Ha xpaHeHlle 
ynpaBJIHIOIJ(llX. nporpaMM B noCTOHHHOll naMHTll, qTo CHHJKaeT CTOllMOCTI, CllC

TeMu H flOBblillaeT ee Ha.lle~HOCTb. Paapa6oTaHHOe aBTOpOM ,1.lllCCepTaIU!ll npo-

rpaMMHOe oCiecneqenne Bh!IlOJIIIHeT CJie,1.lylOIJ(lle ilJYHKIU!ll: . • 
- opra11uaal{llfl ,1.lllaJiora onepaTopa yCKOpllTeJIH C CllCTeMoiil ynpaBJieHHH; 
- aanncr, B ClJIOKH KAMAK Heo6X0,1.ll1MOH llHq,OpMal{llll ,1.lJIH ynpaBJISHllH Bpe-

M8HHhlMl1 KaHaJiaMll 11 pellCllMOM pa60Thl YCKOPl1T8JIH; 

- opraHl13al{llH CBH3ll C I{6HTpaJII,HQll 8BM CM-4 Cl1CT6Mhl ynpaBJI6HHH 
KY1'l1-20, o6ecneqnBaJOIJ(ett 3TOll 8BM ,1.lOCTyn K annapaType KAMAK Cl1CT8Mbl 
CllHXpOHl13al{lll1; 

- Bh!IlOJIHeHne npoue.l(yphl OilTl1Mli3al{l1H pellCHMa pa60Tbl YCKOPliTeJIH no 
aMilJillTY,1.le ClirHana, nponOpl{liOHaJibHOti KOJiaqecTBy 3JI6KTPOIIOB I aaxBaqeHHblX 
Ha paB110Becny10 opCiliTY B a,].lreaaTope KYTvl-20; 

- CTa6llJili3al{llH BpeMeHHOro flOJIOJlCellllH yCKOpH!Oll(liX llMilYJibCOB yCKOpH
TeJIH Cl1J!YH.ll-20, llMilYJibCOB HmfJJieKTOpa li KoppeKTOpa Ha JIHHHH C MliKpo-
8Blii KliiOOI, 8BM C1i-4 H M11Kpo-8BM "aneKTPOHH~a-60

1l 
- opraHHaaunH MYJibTHnporpa11MHoro peu11a pa60Tbl MHKpo-8BM KMOOI, 

o6ecneqeHo napaJIJI8JlbH08 ynpaBJI8Hll8 KaHaJiaMH CHHXpOHH3aTopa onepaTopOM 

YCKOpllTSJIH, OilT 11Mll311PYIOIJ(eli npOI{8,1.lypon B KMOOI. ll ynpaBJIH!Oll(HMH aJirOpHT-
11a1111, peaJIU30BaHl!blMH Ha CM-4; 

- COKpall(8Hl1e Bp8M8HH npOCTOH HaJIHqHeM nporpaMMHblX B03MOllCHOCT8il, 
npe,7.lOTBpall(aIOIJ(HX peaKI{HIO Ha OWH00~118 ynpaBJIHIOIJ(li8 KOMaH.llbl, Ha6opoM 
T8CTOBblX nporpaMM ,1.lJIH Clh!CTpOli 'AllarHOCTliKH H8Hcnp8BHOCTeli T8XHHqecKHX 
cpe,].lCTB, 06ecneqen11eM aan11CH HHq,OpMal{liH B annapaTypy KAMAK ll OClM8H8 

llH!pOpMau11eli MSlK.llY KMOOI ll CM-4 B HHTSpBaJI BpeMeHli BHS IUIKJia yc1rnpeirnH. 

B HaCTOHIJ(ee BpeMH CllCTSMa CHHXPOHH3al{llll BKJIIOqaeT 56 ynpaBJIHIOIJ(llX 
KaHaJIOB. MllHHMaJILHhlli war H3M8H8Hllfl BSJillqHHbl 38'A8Pl!llil'I B KaHaJie ! HC, 
MaKCHMaJibHhlll ,1.lllanaaoH peryJIHPOBBHl'IH 65535 MKC. 

CBH3I, c 8BM Clii-4 Cl1CT8Mhl ynpaBJI8HHH KYTl1-20 peaJill30B8Ha noc pe,].lCT
BOM ,1.lBYX ClJIOKOB flOCJIS.llOBaTeJILHOll Mel!lliBpKaCHOti CBH3H. 00ll(Hll CT8p~ 

TOBhlll HMnynr,c, llOCTynaroainli HB BX0,1.lbl BCex 6JIOKOB 38.zlSPlKeK, qepea paaMHO
lKHTSJIH llMflyJILCOB Cl1HXPOHH30Bal! KaK CHHyCOH.llOli, flHTaIOll(Sll C6TKl'I ~ 50~, 

TaK n HMnynr,caMH o6ll(ero KBapueBoro reHepaTopa qacToToli I MI'lt. Cneunanr,
Hhlli ClJIOK pellCHMa fl03BOJIHeT Bb16paTb 3 p8llCHMa paOOTbl yCKOpHTSJIH: 0.llHHQq

Hhltl pelKHM, peJKHM cepna-nayaa, Henpep11BHblH pelU1M. MaKCl'IMaJibHaa qacTOTB 

BblXO.zlHhlX HMflYJibCOB - 50 ~- OnepaTop ynpaBJIH8T BpeM8HHOli nporpaMMOH 

pa60TU YCKOPHTSJIH IlO.llaqeli .llllP6KTl'IB. IIporpaMMHOe o6ecneqemrn l'IHT8pnpe

THpyeT KOM8Hl,lbl onepaTopa H Bb13blB88T o6p8ll(8HHe K COOTB8TCTBY!Oll(l'IM npo

rp8MM8M HCUOJIHSHHH .llBHHOH .llHP8KTHBU. B COCTBB .llHPeKTHB CHCT8Mbl CHHXpo

.!EcMO!)OB B.T. H .IU). OIDill, PI0-82-48!, ,lly6Ha, 1979. 
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Hl1381{11ll BKJIKJqeHa ,zinpeKTHB8 onTl1Ml1381{11H pelltHM8 38XB8T8 aJieKTpOHOB na 

paBHOBeCHYIO op6HTY B 8,1.lreaaTope KYTl1-20 MSTO.llOM CKOpeli~ero cnycKa C 

!pl1KCl1POB8HHhlM lll8rOM. HaqaJILHUH pel!tllM B116HpaeTCH no.llaqeli ,1.l11peKTl1Bhl 
qTeHHH pelKl1M8 yCKOpHTSJIH C ,1.l11CK8 8BM CM-4 11Jil1' npe.zlB8pl1T6JlbHOil H8CTpoU

KOli YCKOpHTSJIH. B npOI{S,1.lYPY OilTl1Mll3al{l1ll MoryT OblTI, BKlIIO'leHbl .llO IO ]l!0-

6.ux K8H8lIOB mrnxpoH:iJ3aTopa. HoMepa K8H8lIOB H paa11ep11 ruaroB UOHCK8 no 

KB~~OMY K8HBJIY 38,1.l8IOTCH onepaTOpOM yCKOpllTSlIH B npouecce ,1.lHarrora. ilpo
uecc OilT11Ml138IU!H uomeT OblTI, OCT8HOBJ18H, np11 3TOM BOCCT8H8Blil1Ba8TCH no

ClI6.zlHHli,JiyqrnHli peayJibT8T HBCTPOHKH pellCHM8. P88lIH30B8HO OT06pameH11e 
npouecca OUTHMH3al{HH na T8JI8Bl13HOHHOM MOHHTOpe, np11 3TOM OT06pal!ta8TCH 

H3M6H8HH8 B8lIHqHH11,IlPOilOPIU!OH8JlbHOH KOJIHqecTBY 3JI8KTpOHOB na p8BHOB8C
HOH op6HT8, HJil1 H3M8H8HH8 npe~B8PHT8JII,HO 3a,1.l8HHOi1 ynpaBlIHIOll(eti nepeMeH

HOli B npouecce OilTHMH3al{llll. 0T00pa.it8Hl1e H3MeHeHHH paam-!'lHblX ynpaBrrHio
IIIHX nepeM8HH!,IX B npouecce OilT~.MH38I{Hl1 Il03BOJIH8T OI{6!111Tb 3H8ql1MOCTb ne

peMeHHblX H HX BlIHHHlle H8 CT80HJII,HOCTb peiit11M8 pa60TU yCKOPl1T8lIH. OnTll

Mll38I{HR ocy111ecTBJIH8TCH no I{11KliaM. B pe3ylILT8Te cep1111 npOOHblX ruaroB on
pe,].l8JIH8TCH HanpaBrren11e B03p8CTaHHH WYHKI{llll OTKJIHKB, B narneM crryqae 3TO 

814flJIHTy~a c11r11arra C <1>8Y. Ilocrre 3Toro ocy~eCTBlIHSTCH 0,1.lHOBpeMeHHaR KOp

peKI{HH Bcex ynpaBlIRlOill11X nepeM8HH11X B 3TOM H8Ilp8BlI8HHl1. KoppeKI{llH npo

~OJilKa8TCR ,1.lO ;rex nop, IlOKB B03pacTaeT Ko·rrnqeCTBO 3JI8KTpOHOB na paBHOBeC

HOH op6nTe, 38T8M HaqHHaeTCR CJI8,1.lYIOI1111ll UHKlI OilTHMl13al{HH. 

Ilpll CT80HlIH38I{HH BpeMeHHO~O norromeHl1H yCKOpHIOIJ(llX 11MilYJILCOB (~lIH
TeRLHOCTb "-"30 HC) Jll1H6HHOro HH~YKUllOHHOro yCKOpl1T8lIR,Cl1nYH,ll-20, HM
nyrrr,coB HHwrreKTOpa H KoppeKTopa ynpBBJieHHe MOM8HT8MH aanyCKOB reHepa

TOpOB ycKOPHIOIJ(ero H8IlpHllC8HHH ocy111eCTBJIH8TCH nocpe~CTBOM Cl1CT8Mbl CHH

xpoHH381{11H. AnropHTM CT861'1Jil13al{HH BblilOJIIIH6TCR Ha Rl1Hl111 MHKpo-8BM 
"3JreKTpomma-60" ,8BM CIA-4, MHKpo-8BM Klu OOI. C noMOi!ILIO Ml1Kpo-8BM "3JreK

T poHHKB-60" ocyU1e CTBlIH8TCR H3MepeHH8 BP8M8HHoro norromeHHR HMilYlibCOB. 
AnropHTM peryrrHpOBBHHR peBJIH30B8H Ha SBM·CM-4. Ilpll aanycKe npOI{S.llYPbl 
CT80HJil'l38I{llll Bbl3b1B88TCR onpe.zl6Jl8HHblH HaOop 3T8JIOHH11X 3Haqennu, 38.ll8-
8TCH 'lHClIO H3M8peHHll H HOMepa ynpaBJIH!Oll(HX KaHalIOB. ErroK-CX8M8 arrropHT

MB CT80HJIH38I{Hll npnBe,1.leHB H8 PHC. 5. Ilpll Berr11q11He OTKlIOHSHHH TeKy111ero 
BpeMeHHOrO IlOJIOlKeHHH yCKOPHfilll(8ro HMnynr,ca OT 3T8JIOHHOro 3H8q8HHR HB 
B8JlllqHHy /DEJJrA/ >5 HC, B8JIHqHH8 38,1.leplKKll B K8H8Jie npHCB8HB88TCH HO

B08 3HaqeHH8 DELAY•DELAY+DEJJrA•sign(DELTA), ecJil'I /DEJJrA/ < 5 HC, 
B8JIHqHHe 38,1.l8piitKH B K8H8Jl8 npHCB8HB88TCR anaqeHl18 DELAY•DELAY+ 

+aign(DELTA). Ilpn /DELTA/< 5 HC onpe,1.l8JIR8TCH Hanp8BJI8Hl18 TpeOyeuoro 

H3M8H8HHR BenHqHHbl 38,1.l8piitKH B K8HaJie H peannayeTCR npn0Jil'liit8Hl18 K 3T8-

JIOHHOMY 3HaqeHl1fil C maroM, paBHblM I HC. 8TOT anropHTM,npe.llJIOiit6HHblH BB

TOpOM ,1.lHCC8pT8I{HH,o6ecneqnJI Tpe6yeMyIO TOqttOCTI, CT8611lIH38I{HH H yCTOH'lH
BOCTI, paOOTbl aaMKHYTOtl CllCTeMU peryJIHPOBaHHR. YcToi1qHBOCTI, Cl1CT8Mbl 
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yxy.ztwaeTCH npH pa6oTe B6nHaH aTa
noHHilX 3H8llCHH!i H3-38 llnHHHHH H8 
wopMy HaMepHeM!lX HMnynoCOB nyllK8 
aneKTPOHOB. Ha 6noK-CXeMe•'8nro
PHTM8 OTMelleao, K8KHe npoue.ztypil 
BilllOllHHCT K8~,l(HH npoueccop, npH
HHM8IOU(HH Yll8CTHe B CT86HHH38UHH. 
Pa60T8 nporpaMM CT86HllH38UHH Bpe
Meaaoro nonoEeHHH YCKOpHIOU(HX HM
nynoCOB YCKOpHTena Cl1JIYH~-20, HM
nynoCOB HHWllBKTOp8 H KOppeKTOpa, 
OUTHW138UHH peEHM8 pa60Til KYTM-20 
opraHH30B8H8 no npepHB8HHIO H .ztO
nycKaeT OAHOBpeMeHHOe ynpaBneHHe 
K8H8ll8MH CHHXPOHH38TOpa onepaTo
poM ycKOpHTenH, npH 8TOM HOMepa 
K8H8llOB He AOllEHH COBn8A8To. 

CoKp8U(CHHe BpeMeHH npOCTOH YCKOPHTena no BHHe CHCTCMH CHHXPOHH38-
UHH o6ecneqHB8CTCH MO~lloHOH KOHCTPYKUHen CHCTCMH H H8HHQHCM onpeAe
neHHilX nporp8MMHUX CpeACTB .ztHarHOCTHKH. Ilporp8MMHOe oOecneqeHHe ocy
U(CCTBllHBT AH8rHOCTHKy cne~IOU(HX 0Wld60K onepaTopa': HeCyll(eCTBYIOU(8H AH
peKTHB8, 38A8HHe BC/IHllldHhl ynpaBnHIOU(BH 'nepeMeHHOH BHe ,l(OllYPTHMOro AH8-
naaoHa. 0wH6KH, 06Hapy~eHHUe npH OOMeHe C006U(eHHHMld C CM-4, HHAHUHpy
lOTCH BH,!l8ll8H coo6~eHldli EXX; XX - HOMep OWHOKH, no Ta6nHue OWH60K MO~
HO onpeACllHTo, B lleM 38Klll0ll88TCH OWH6Ka,H npHHHTo MepH Kee ycTpaH~
HHIO. MHAHUHPYfilTCH OWH6KH BUnOnHeHHH WYHKUHH KAMAK (OTCyTCTBlde CHrHa
llOB )( Id Q ) • Paapa60T8HH nporp8MMU, npoBepHIOU(He HCnpaBHOCTo OnOKOB 
KAMAK cucTeMu cuHxpoHHaauHH - perncTpoB K.rl0l5, KOHTponnepa KK04, Ono
KOB 38A8Pllt8K KJI30I H 1H.lll3. HcnOJU.ayvrcJI TeCT-npoue~pH, OTHOCSJDt118CJI 
K KOM6HH8TOpHOMY THny. IlpoBepKa perHCTpOB OnOKOB_KAMAK ocy~eCTBnHeTCH 
aanHColO H llT8HHeM KOH'IpOnoHOH KOM6HH8UHH B BHAe nepeMell(8IOU(HXCH CAHHHU 
H Hynen. HOK8HH38UHH HeHcnpaBHOCTH OCyll(eCTBllHBTCH BUA8llei1 AH8rHOCTH
ll8CKOro C006U(eHHH C HOMepoM OWH6KH, 3H8ll8HHHMH aanHC8HHOH H CllHT8H-' 
HOH KOM6HH8UHH, 8 T81{Ee HOMepoM HCHCnp8BHoro K8Hana CHCTCMH CHHXPOHH-
38UHH. B rnaBe ill npHBOAHTCH OllHC8HHe paapa60T8HHOH annapaTypH, npo
rpauu, anropHTMOB CT86HnH88Ulild H onTHMld38UHH, n~OUCAYP TCCTHPOB8HHH. 

Ha MOAenH pea~oHoro npouecca (ynpaBneHHe BaKyyMOM B KYTH-20) Oun 
,HccneAOB8H perynHTOp C _MHKpo-SBM KMOOl B 88MKHYTOM KOHType perynHpo
B8HHH,npH 8TOM npoAenaHa cneAYIOll!8fl pa6oTa: 
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a) npOH8BeAeH 8H8nH3 H CHHTea 88MKHYTOH CHCTBMU perJnHpOB8HHH C 
MHKpo-8BM B KOHType perynHpOB8HHH; 

6) peanH30B8H C npHMeHeHH6M MeTOAOB uenoqucneHHOH apH~MeTHKH an-
ropHTM perynHpOB8HHfl BH.zt8 2)(ir) = ...!.._ 'l:-"' H 8KCnepHMeHT8Jlo-

f-,J,, ~ 

HO onpeAeJieHO BP6Mfl ero BUllOJIHeHHH, llTO .ztaeT oueHKY MHHHM8lloHOro ne
PHOA8 AHCKpeTHB8UHH TB CHCTeuax c MHKponponeccopoM KP580ill<BOA B 
KOHType perynHpOB8HHH. 

B 88KJIIOllCHHH H3JIOllteHH peayJioT8TH pa60TU. 

OCHOBH~E PESYfilTAT~ PAEOT~ 

I. Paapa60T8H8, C08A8H8 H HCCJI6AOB8H8 CHCT6M8 H8 JIHHldH C 8BM 
1001 TPA-i CT86HnH88UldH BP6U6HHOro llOJIOlKCHHfl yCKOpHIOU(HX HMnyJioCOB 

YCKOpHT8JIH CMHY~. 
2. IlpeAJIOllt6HH H 8KCll6pHM8HT8JloHO HCCJI6AOB8HH anropldTMil OllTHMH88-

UHH pei1rnua WOKYCHpOBKH nyllK8 aneKTPOHOB B mrnettHOM HH.ztYKUHOHHOM YCKO
PHT6Jl6 3Jl6KTPOHOB CWIY~, OllTHMH38UHH p8lltHM8 88XB8T8 aneKTpOHOB H8 
P8BHOB6CHYD op6HTY B 8AreaaTope ITKYTM. IlpH STOM paapa60T8HH, C08,!l8HH 
H HCCJI6AOB8HH COOTB8TCTBYIOU(H6 CHCT6MU H8 JIHHHH C 8BM 1001 TPA-i. 

3. Paapa60T8H8, C03A8H8 H HCCJICAOB8H8 CHOT8M8 H8MepeHHfl WOPMH H 
napaMeTpOB HMllYJioCOB H8HOC6KYH.ztHOH AJIHTeJioHOCTH, xapaKT6PH8YIOll!HX pe
EHMH pa6oTH ycxopnrenH CMHYH~. 

4. Paapa60T8H8, C08,!l8H8 H HCCJIC,l(OB8H8 Y.ztJIHHBHH8fl B6Tllo KAMAK, 
BKJIIOlleaaaH B CTPYKTYPY CHCT61W ynpaB;nealiH.IlKYTM. 

5. Paapa60T8H8, C08,!l8H8 H HCCJI6,l(OB8H8 CHCT6M8 CHHXPOHH88UHH 
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