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OpnHako B mporecce 00paOOTKM BO3HUKAIOT HEKOTOpbIE Ne(EKThI, IpU CIa00H TOYHOCTH
PHUCOBaHUS pe3yJIbTaThl MOTYT OBITh HeTOUHBIMU. Tem He MeHee Gwyddion nemoHCTpuUpy-
€T pe3yJbTaThl, OJIM3KKMe K 0ojee TOYHBIM MporpaMMmam JUlsl aHanu3a nosepxHocrei. [lo-
Jy4YeHHbIE JaHHBIE MOKA3bIBAIOT, YTO BOCCTAHOBJICHHBIH METAJI MHTEIPUPYETCS B CTPYK-
Typy SiO,-r100yi1, 00pa3zyss METaIMYecKyl0 O000JI0UKY C TpPaJUEHTOM KOHIIEHTPALUH.
MomudunupoBaHHbIE KCEPOTelId U MUKPOIIOPOIITKK 0071a1al0T 3 (EKTUBHBIM pacrpeie-
JIEHWEM JIOTIaHTOB M BBICOKOHM OJHOPOJIHOCTBIO KOHLIEHTpAIMM BOCCTAHOBJIEHHOIO MeTall-
1a. Meronbl 3051b-T€Ib CUHTE3a, BKJIKOYasl MCIIOJIb30BaHUE a3POCUIIOB, AKTUBHO MPUMEHSI-
IOTCSl B TPOU3BOJACTBE KEPAMHUUECKUX M ONTHYECKHX MaTEepHaJOB, YTO CIIOCOOCTBYET
YIIYYIIEHUIO TEMIEPATyphl CIEKaHUS M JOCTUKEHUIO MOHOJIIUTHOTO CTEKJIO00pa3HOIo CO-
cTosiHus. Pe3ynpTarsl 00paboTKM M300paKeHUH MOKa3bIBAIOT, YTO CPEAHUN pa3Mep HaHO-
yactul B nopomke SiO, : Cu® cocraBiser 17-35 HM, YTO COOTBETCTBYET JUTEPATypPHBIM
JTAaHHBIM.
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Ilpedcmasnenvt pe3yiomamsl pabomvl N0 AHATUZY BAPUAHMA INEKMPONUTNAHUS CUCTIEMb]
ynpagnenus oemexkmopom SPD npoexma NICA npu nomowu npeobpazosamensi CAEN VME-64,
USYUEHUIO KIHUEBbIX 0COOeHHOCmel op2anuzayuu noooonvix cucmem. Ilpogeden ananuz cmpyx-
MYpbl U CXEMOMEXHUKYU NPeodpazo8ames.

KuroueBble ciioBa: cucrema ynpasnenusa aerekropom, SPD, NICA, VME-64, cucrema nu-
TaHWsA, IEKTPOMarHUTHAs] COBMECTHMOCTD, dJHEpreTrIeckas 3P GeKTUBHOCTS.



242 Cexnus 4. PagnorexHuka, MeXaTpOHUKA, CPeICTBA ABTOMATH3AIMH

ANALYSIS OF STRUCTURES AND CIRCUIT DESIGN SOLUTIONS
OF THE VME-64 CAEN CONVERTER FOR THE POWER SUPPLY
OF THE NICA SPD DETECTOR CONTROL SYSTEM
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The results of the analysis of the power supply option of the SPD detector control system of
the NICA project using the CAEN VME-64 converter are presented, and the key design features of
such systems are studied. The structure and circuitry of the converter are analyzed.

Keywords: detector control system, SPD, NICA, VME-64, power supply system,
electromagnetic compatibility, energy efficiency.

Cucrema ympasnenusi aerekropom SPD (Spin Physics Detector) yckopuremnbHOTO
koMriekca NICA (Nuclotron based Ion Collider Facility) BeimonasieT c6op, peructpaluio
U 00pabOTKy CUTHAJIOB C MEPBUYHBIX JAaTYMKOB, a TAK)KE yMPABICHHE UCIOTHUTEIbHBIMU
mexanuzmamu. I1o cBoell cTpyKType OHa MpencTaBiseT COOOH JIMHEHHYI0 MaKpOCHCTEMY
YIPABJICHUS C MOCIIEIOBATEIBHBIM BKIIOUCHHEM:

— MIEPBUYHBIX HM3MEPHUTEIBHBIX MPeoOpa3oBaTeNIeii, CXeM aHaJoro-IudpoBoi 0opa-
OOTKH U PETUCTPAILIMU CUTHATIOB (M3MEPHUTENBHBIN TPAKT);

— KOHTPOJIJIEpOB, (hopMupoBaTesneil, akTyaTopoB (YNpaBISIOUIMNA TPaKT), a TaKxke
UHTEPEHCHBIX CHCTEM.

Ha cymmapHoe notpebiieHue cucTeMsbl OIpeessoliee BIUsHIE OKa3blBaeT HE00X0-
JTUMOCTH 00CTY>KHMBaHHUs OONBIIOTO KoJdruecTBa kaHamos. [Ipeamnomnaraercs peanuzarus 70
KaHAJIOB, KOTOpble OyIyT paboTaTh B MapajuieIbHOM PEXHME, MOTpeOIIsis, M0 IpeaBapu-
TEJTBHBIM pacueraM, oT 1,6 10 2 kBT KaxbIil.

JlaHHBI (paKT, COBMECTHO C BBICOKOW IJIOTHOCTBHIO MOHTaXKa, MMPUBOIANT K HEOOXOIMMO-
CTU ONTHUMU3AIMN CHCTEMBI JIEKTPONUTaHUS 10 Kod(puiienTy nonezHoro neiicteust. CTpyk-
TypHasi CXeMa, OTKCHIBAIOIIAs cUcTeMy 3rekTponutanust SPD, nokazana Ha puc. 1.
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Puc. 1. CtpykTypHas cxema CUCTeMBI anekTponuTanus SPD
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ITpu pa3paboTke ycCTpOHCTBa 3JEKTPOMUTAHUS CUCTEMBl OAHUM U3 ONPEAEISIONINX
(dakTopoB sBiIAETCS MPOPadOTKAa BOIPOCOB IEKTPOMArHUTHOM coBMecTUMocTu. Hanmnuue
JIEKTPOMArHUTHBIX MTOMEX OKa3bIBaeT HETaTUBHOE BIMSHUE HAa KOPPEKTHYIO paboTy 3iie-
MEHTOB CHCTEMBI (aHAJIOroBast JEKTPOHUKA, BKJIIOUAsl BHICOKOUYBCTBUTENIbHbIE TaTUYMKU U
a”anoro-udpossie npeodpazoBatenu — ALIl). IIpu 3ToM perieHne naHHON MPOOIEMBI
HEBO3MO>KHO 0€3 TPOBEICHMSI SKCIIEPUMEHTAIBHBIX U3MepeHuit [ 1, 2].

Jis pa3paboTKU MCTOYHUKA MHUTAHUS ObUTM MPOAHAIW3UPOBAaHBl TEXHUYECKHE pe-
HIEHUs OT pa3IMYHbIX Npou3BoJuUTENeH, Bkitodas npeodpaszoBatenib CAEN VME-64,
CTPYKTypHas CXeMa KOTOPOro IoKa3aHa Ha puc. 2.

CeTeBoe HampsHKEHHE TIOCTYTIAET HA BXOJ BBIIPSMHUTENS M perylsitopa Kodhduim-
€HTa MOIITHOCTH (pUC. 3), KOTOPBIH JIUKBUIUPYET HEIMHEHHbIE HCKAaXEHUs TOTPEOIIeMOro
U3 CETH TOKA, a TAaKXKe COJEPKUT (QMIBTP KOHIYKTHBHBIX TIOMEX. BXOMIHOW BBIIPSMHUTEN
HEo0XO0IUM JUIs TMOBBIIIEHNUS M CTa0WIn3auuy HanpsbkeHus Ha ypoBHe 400 B. Tak kak oH
HE UMEET TraJIbBaHUYECKOM Pa3BsI3KU C JIEKTPUIECKOHN CEThIO, TO 3Ty (DYHKIIMIO BBITOIHS-
IOT HOCJEAYIONUe KaHalbl peodpa3zoBaTess HANPsDKEHUS! CO CTaOMIM3UPOBAHHBIMU BbI-
XOJHBIMU MTapaMeTpaMHu.

@OyHKIMOHAIBHO KaHallbl IpeoOpa3oBaTeNeil BBINOJIHEHbI MO0 CXEME OJHOTaKTHOIO
«TIPSIMOXOJIOBOTOY» TIpeo0pa3oBatelisi ¢ MpsIMbIM BKIFOYeHHeM frona. Yacrora [IIMM momyss-
M, ucnonblyemasi B mpeodpaszosarene CAEN, naxomgurcst B mpeaenax 40—60 xI'i. Yacrora
OrpaHUYEHa CBOMCTBAMH UCIIOIb3YEMbIX KOMIOHEHTOB U TOMOJIOTHYECKUMH PELLIEHUSIMU.

B cereBoMm Bbimpsimutene (puc. 3) cereBoe HaNpspDKEHUE MOCTYNaeT Ha (GUIbTP KOH-
JTYKTUBHBIX TIOMEX, MOCTYMAIOIUX B 3JIEKTPUYECKYIO CE€Th, C TUIIOBON YaCTOTHOM Xapak-
TEPUCTUKOMN, KOTOPBIN CHM)KAET UX YPOBEHb U BO3/IECHCTBUE HA UyBCTBUTEIBHBIE 3JIEMEHTBI
SPD. B npeoGpa3zoBatesnie CAEN ucnonab30BaH 4eThIpEX3BEHHBIN (QUIBTP, TOITOMY B TH-
IIOBOM €r0 MCIIOJHEHHUH CIEAYET 0XKHMAaTh NojasicHus nomex Ha ypoBHe 80-90 nb. Jlns
peanu3aiuy BBIIPSIMUTENS HCIHOJB3YyeTcs MocToBasi cxema. CepBHUCHBIM HCTOYHHMK He-
0O0JIBIION MOIIHOCTH C TaJlbBaHUYECKOH Pa3Bs3KOIl OT ceTH MpeaHa3HaueH Ui MUTaHMS
CXEMBbI YIPABIEHUS U CXEMBI CBSI3U C YIPaBJIAOMKUM O10koM. CXeMa ynpaBiieHUs BBIIOJI-
HEHa C NMPUMEHEHHEeM THUIOBOro peuieHus Ha mMukpocxeme UC2823 (ananor 1156EY3).
JIOTIOTHUTENBHO B CXEME YIPABIEHUS! OCYILECTBIISIETCS KOHTPOJIb TEMIIEPATYpPhl TEIIOOT-
BOJ1a, 3HAYCHHE COMPOTHUBIICHUS TEPMOPE3UCTOPA MOCTYyNAET B YIIPABISAIOMIUN OJIOK.

BbIxogHOH €MKOCTHBIM (UIbTp NpeAHa3Hau€H JUIs CIIIaXUBaHUS ITyJIbCAallUd BbI-
XOJHOTO HaNpsKEHUs, Pealn30BaHHBIM BKIIOUEHUEM YeTbIpex KoHAeHcatopoB 470 mMxd
napajuiesbHO.

@OyHKIMOHANBHAS CXeMa OJIHOT0 KaHalla cTabuin3aTopa HalpsHKeHUs MpUBeeHa Ha
puc. 4. BxogHo#t emkocTHbIA GuiabTp 470 MK®D MOIKIIOUYEH K BBIXOJHON LIMHE BBHIIPSIMU-
tenda ¢ HanpsbkeHueMm 400 B. [Ipu BKITIOUEHUHM YEThIpEX KaHAJIOB MapajlIebHO CO3JaeTCs
CyMMapHasi ¢ BBIIpsIMHUTENIEM eMKOCTh (uinbTpa 4000 Mk®D, HeoOXoanMas it KOMIIEHCa-
MY TPOBAJIOB U CKAYKOB HAIPsHKEHUW B muTaromie cetu. OmHaKo Takoe 3Ha4YeHHE Oy-
(bepHoii eMKOCTH TpeOyeT NPUHATHS Mep 10 YCTPAHEHUIO UMIYJIbCHBIX TOKOB. Takue me-
pornipusats B cucteme siektponuTanuss CAEN He BBINIOJTHEHBI UM, COOTBETCTBEHHO, 3TO
0OCTOSATENICTBO MPOBOAUT K 3aMEHAM BXOJHBIX BBINPSMHUTEIBHBIX MOCTOB (OBUIO BBISIB-
JIEHO IO pe3ysibTaTaM ocMoTpa). CepBUCHBIM UCTOUHUK raJIbBAaHUYECKU Pa3BA3aH C CETHIO
400 B. BbixogHO€ HampsKEHUE 3TOTO MCTOYHUKA TaJIbBAHUYECKU CBS3AHO C BBIXOJHBIM
CTa0WIN3UPOBaHHBIM 3,3 B, 4TO CyIIeCTBEHHO yNpPOLIAET CXEMY AUArHOCTHKH M YIIpaBie-
HUS TipeoOpaszoBaTeneM. YIpaBieHHE CUIOBBIMU KIIOYaMU HHBEPTOpA PEaTn30BaHO yepes
UMITYJIbCHBIA TpaHCc(OpMaTop ymnpaBlIeHUs, TEM caMbIM oOecrieueHa rajJbBaHUUYEeCKas pas-
BsI3Ka MEXJy CXEMOH yMNpaBJiCHHS M BBIXOJHOW Lenbio. BeixoaHoil (GuiabTp mynbcaruii
COCTOUT M3 NMapauIeNbHO BKIIIOUEHHBIX 3JIEKTPOJUTHUECKUX KOHJIEHCATOPOB OOLIeH em-
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kocTh 48000 Mx®. Takas eMKOCTh TOTpeOoBaIach sl 0OecreueHus] YPOBHS ITyJIbCAIUN BbI-
XOJIHOTO HampspkeHus Ha ypoBHe 5 MB. IloMMMO €MKOCTH BBIXOJHOW (PUIBTP COAEPKHUT
GbuIbTp crH()A3HOM COCTABIISIONICH TTOMEX B BHJIE (PeppUTOBOTO KOJIblia U3 MaTepuaia T38.
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Puc. 2. CtpyxrypHas cxema cuctemsl annekTponutanus VME-64 CAEN
(xaHas, BBIZICIEHHBIH TYHKTUPHOHN JIMHUEH, yKa3bIBaeT HAa BO3MOKHOCTh
HapaluBaHK TOMOJTHUATEIHHBIX CTAOUITN3aTOPOB)

Cxema ynpaBlieHUSI UHBEPTOPOM COAEPKUT 4-KaHaIbHbIN 12-pa3psaHblii aHAIOro-
1 poBoi mpeodpazoBaTeNb, OJAUH KaHall KOTOPOTO MCIOJIB30BAaH ISl YNPAaBICHUS BbI-
XOHBIM HaIpsOKEHHEM (aJIropuTM yIpaBiIeHUs HeW3BecTeH). Becbma BeposSTHO, YTO cXe-
Ma YTIpaBJICHUS U 00paOOTKH JaHHBIX (PHC. 2) KOPPEKTUPYET 3HAUCHUS BHIXOHOTO HAIIPS-
KEHUsI CTAOMIM3aTOPOB C IIEIbI0 KOMIICHCAIMU MOTeph HANPSDKEHUS HAa COCTUMHUTEIBHBIX
npoBofax. Takxke ynpaBlieHHE BBIXOJHBIM HAIMPSHXKEHUEM MOXKET HCIIONB30BaThCs sl (hop-
MHUPOBAHMS aJTOPUTMOB IUIABHOTO 3aIllyCKa M alrOpUTMa IOCIEIOBATEIbHOIO BKIIIOUECHHS
(3TO 1Ba OYEHDb BaXKHBIX MOMEHTA B PEaIM3allii CUCTEM MUTAHMUS).

TToBbIaronmi EMKocTHO#
KOH/IyKTUBHBIX BoinpsmMuTens
crabunuszarop bunbTp

PEN J

Cxema
yIpaBIeHus
CTabUIN3aTOpOM

CepBHCHBIIT
HMCTOYHUHK

VYrpasnenue
JlnarHoctuka [«

Puc. 3. ®DyHKIIMOHANBHAS CXeMa BBIPSIMHUTEIS C PETYJISTOPOM
ko3 pumEeHTa MOIITHOCTH
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Heo6xonumMo OTMETHTb, YTO CTPYKTYpa, MOKa3aHHAs Ha pUC. 2, COAEPKUT 3HAUU-
TEJTHbHOE KOJIMYECTBO Y3JI0B C BHICOKOBOJIBTHRIMH (He MeHee 600 B) cumoBsiMH momTympo-
BOJIHUKOBBIMU IPUOOPAaMHU, KOTOPblE MMEIOT 3HAYMTEIbHO OOJBIIYIO SHEPTHIO MEPEKIIO-
yeHHss u Ooyiee BBICOKYIO CTOMMOCTH (B 1Ba W 0Oojee pa3) B COMOCTAaBICHUH
C HU3KOBOJBTHBIMH. J[MHaMHueckue motepu (MOTEpU Ha MEPEKIIOYEHHE) OrPaHUYMBAIOT
pabouyro 4acToTy mpeoOpa3oBaTelisi W yBEIMYUBAIOT OOBEMBI TEIUIOOTBOJSIINX KOHCT-
pykuuii. TunoBsIMHM yacTOTaMM MpeodpazoBartesei paccMaTpuBaeMON MOILTHOCTH SIBJISIIOT-
cs 60-120 xl'u. M3BecTHO, 4TO OOBEM pEAKTUBHBIX KOMIIOHEHTOB, NPUMEHSEMBIX B
¢ubTpax mynbcaluii, 00paTHO MPONOPLUUOHANEH KBaapaTy yacToTsl padotsl ILIMM. Cre-
JIOBaTENbHO, CTPYKTypa, MOKa3aHHAs Ha pUC. 2, MOXKET ObITh Ipu3HaHa Hed(eKTUBHOM
10 HHEPTETUYECKUM M SKOHOMUYECKHUM COOOPAKEHUSM.

EMKOCTHO# 400 B HuBepTop ¢ 33B BrIX0HOM

unetp TpanchopmMaTopom dunstp

Bx -400 470 Mxd W BBITIPAMHTEND Ty bCcarmii

CepBHCHBIH
HCTOYHHHK

Ynpasienue —
JlnarsocTuka

Puc. 4. dyHKIIMOHATBEHAS CXeMa OJHOTO KaHala CTa0MIM3aTopa HapsoKCHUS

B texunyeckom pemennn VME-64 mpousBoautenss CAEN onun oOmuit Guibtp
KOHAYKTUBHBIX ITOMEX, BBIIPSIMUTENb U PETYIATOP KO3 (PULIMEeHTa MOITHOCTH UCIOJIb3Y-
IOTCS JIIs1 TIOJKJTIOUEHHs! TPYIIIBI TalbBAHMUECKU Pa3Bsi3aHHBIX MpeoOpazoBareneit. Kax-
JIBIA U3 9TUX TIpeoOpa3oBareseit mpeodpasyeT Beicokoe HanpsbkeHue (okoio 400 B) B kon-
KPETHOE HAINpsIKEHUE HU3KOIO0 YPOBHS U MMEET OTHCJIbHBIM KaHal HacTPOMKH U
JTUarHOCTHKHU.

Taxum o0Opa3om, IpoBeeHHBIN aHan3 npeodpazoBatens VME-64 moka3siBaeT, 4To
I BO3MOKHOCTH MCIIOJIb30BaHUA B CUCTEME ympamieHus aetekropoM SPD mpoekrta
NICA ero oTnenbHbI€ y3IIbl HYKIAI0TCA B (yHKIIMOHAJILHOM COBEPILICHCTBOBAHHH.
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