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Pazpaborka cucrem yrpaBjieHus: TEXHOJIO-
PUYECKUMU TIPOIECCAMHU CBA3aHA C [IOCTPOEHUEM
MojieTr depe3 (hOPMATU3AIUIO BXOTHBIX Mapa-
METPOB ¥ TapaMeTPOB TEKYIIEro COCTOSTHUS ITO-
To Tporiecca. YIpaBJIeHHEe B PEAaJbHOM BpeMe-
HU B3aMMOCBA3aHHBIMU, TEPPUTOPUAJIBHO W aAJI-
TOPUTMUYECKHU PACHIPEJIETEHHBIMU TEXHOOT -
CKUMW CHCTEMAaMU C TAPALICTHEHBIME TTPOTTECCar-
MU IIPEJICTABIISIET JIOCTATOYHO CJOKHYIO 3a/a9y.
JlomoTHUTEIbHBIE TPYAHOCTH BO3HUKAIOT, KOT/IA
B KA4eCTBE MCIOJHUTEJIBLHBIX OPTaHOB TEXHOJIO-
TUYIECKOTO TIPOTIECCA MCIOMBb3YIOTCA B3ANMOCBSI-
3aHHbIE MEXATPOHHbBIE yCTPOUCTBA, 0Opa3yoIye
METAMPOHHDBIE CUCTNEMDL.

Mexarponubie KOMIOHEHTHI (mechatronic
components — MCS) MOXKHO ONpPEIEJUTh KaK
YCTPOMCTBA, B KOTOPBIX COYETAIOTCA  Y3JIbBI
TOYHOM MEXaHWKNW C 3JIEKTPOHHBIMU BBITHC-
JIATCJIbHBIMU W YIIPABJAIOIMMMUY  KOMITOHEH-
TamMu, WHTEPQENCHBIMU ¥ CHUJIOBBIMH MOJY-
agmu. Takoe coderaHne MPUBOAUT K PeasTH-
3allMd HOBBIX CBOWCTB 3TOr0 YCTPOWCTBA B
IJIAHE CO3JAHUS JIOTMOJHUTEIbHBIX (DYHKIIHO-
HaJIbHBIX BO3MOKHOCTei. [lpw sTOM BCe y3uibl
MEXaTPOHHbIX yCTpOﬁCTB IIOAYMHEHDbI PEIICHUTIO
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obTIelt I BCeX y37I0B 3aJa€u. 3a MOCJTeTHUE
necatuiierus noHstue MO 3HAUNTENBHO pac-
MIUPUJIOCH, a MEXaTPOHUKA CTaJld, MEXKJIUCIIU-
JIMHAPHOW OTPACIbio, B KOTOPYIO MOTYT BXO-
JIATH TaKUe JUCHUTLINHBI, KAK TEJeKOMMYHUKA-
1nst, pobOTOTEXHWKA, CHJIOBAs JEKTPOHUKA U
T.11.

Hawnbomee mmpoko MC mcmonb3yores B
TeX OTpacjsax, rie Tpedbyercs TOUYHOe I03U-
OUOHWPOBaHME MCIIOJITHUTEJIBHBIX MEXaHU3MOB,
OpicTpasi peakiius BBIYUCIUTENEN HA BHEIIHUE
n BHYTpEHHUEC CO6bITI/IH, IIOBLIIIICHHAA HaJe2K-
HOCTBb M OrpaHUYEHHbIE MACCOrabaPUTHbBIE MMapa-
METPBI 9TUX yCTPONCTB.

Ouenb YaCTO 3JIEKTPOHHO-YITPABJIAIOIINE
cocrapsstiomue MO naspisator embedded control
system, <wTO TpEATIOTAraeT HEKOTOPYIO 3aBep-
MIEHHOCTh U CAMOJOCTATOYHOCTb TAKUX CUCTEM,
n HaJIU49MEe B HUX IIPOTPAMMHOTO O6eCHequI/IH.
Coepemennbie M (s, ucroib3yeMble B pacipe-
AEJICHHBIX CHUCTEeMaX, MMEIOT BBICOKOIITPOMU3BOAM-
TeJIbHBIE BBIUUCJATEU, paboTafoliue B cpeje
OIEPALMOHHBIX CUCTEM C TOJJIEPXKKON OCHOBHBIX
KOMMYHUKAIMOHHBIX ITPOTOKOJIOB.

B macrosmee
ychOﬁCTBa n MeXaTpOHHbIE CHCTEMblI BCE€ Ya-
e UCIOJB3YIOTCS KAaK OOBEKThl aBTOMATU3A-
OV PaCIpege/IeHHbIX TeXHOJIOTUYECKUX CUCTEM

BpeMs ~ MeXaTPOHHBIC
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(distributed process system — DPS). B pabore
[1] pacemorpenbr ocHoBHBIe TpebGoBanust K MCs
Kak K obbekram DPS. MCs noJoKHBI UMETh:

e unTepdeiic curnanos (coOLITHIA) U JAHHBIX
Jutst B3ammoeiicteus ¢ apyruvu MCs;

e unrepdeiic BBOJAA-BHIBOAA ITAPAMETPOB
YIIPaBJAAEMOT'O IIPOIECCa;

e Habop MAHHBIX JJIsI XpaHeHWs HHpoOpMa-
AU O COCTOSHUN 00'bEKTA, YIIPABICHUS;

® AJITOPUTM YIPABJCHUA 3TUM 00 BEKTOM.

OcobernocTu  pa3paboTKM  IIPOrPaMMHOrO
OﬁeCHe"IeHI/IH AJIdA  pacipeeJsieHHbIX CucremM
ynpaBJieHUs

Cucrema ympapjeHus, pa3paboTaHHas
Ha ocHoBaHmu crangapra [EC (International
Electrotechnical Commission) 61499, npencras-
asieT HaOOp YCTPOMCTB, B3AMMOMEHCTBYIOIIHX
MeXKy cOo00# MOCPEeACTBOM KOMMYHUKAITHOHHOMR
cern [2|. ApxurekTypa, OIpeIeeHHasT CTaHIap-
tom [EC 61499, cTpouTcs Ha OCHOBE OIIpejiesie-
auit JEC 61131-3 [3]. B ocHoBe apxXuTeKTypb
ucnoassyerca FB (Function Block) ¢ pacimmpen-
HbIMU uHTepdeiCHbIMU BO3MOXKHOCTsiMU. OHO
13 OCHOBHBIX paciupenuii FB — cobbiTuiinbiii
naTepdeiic, KOTOPBIH TO3BONIET SBHO OTpe-
OeJIUTH IOCJAeNOBATeILHOCTA BbimoaHenns FB.
Kaxngerit F'B MoxkeT comepKaThb HECKOJILKO WH-
KAIICYyJINPOBAHHBIX AJITOPUTMOB, K KOTOPBIM HET
OPSIMOTO JIOCTYTa, €O ¢TOPoHBI apyrux FB. Cu-
cTeMa, YIIPABJIEHUs] peain3yeT (PyHKIIUU, OIUCHI-
BaeMbIe C TIOMOIIBLIO TputoKennit (applications).
DTU TPUIOKEHUA MOTYT PACIPEIEIAThCs Cpe-
/1 HECKOJIbKUX yCTpoiicTs (devices), B kade-
CTBE KOTODPBIX MOTYT wucnojib3oparbca PLC,
programmable automation controller (PAC) [4] u
nudposble BoruucauTeu Ha miardopme [LJIVC.
Kaxkmoe ycTpoiicTBO COCTOMT W3 OMHOTO WJIN
HECKOJIbKUX pecypcoB. Pecypc — 910 dyHKIHO-
HaJIbHAA €JIUHUIA, KOTOPAsd UMEeT HE3aBUCUMOE
yhupaBJjeHne CBOMMU ONePANNAMM, BKJIIOYasl BbI-
nojiHeHne ajroputmoB. llpuioxkenne spisier-
Cd TPOTPAMMHON (PYHKITMOHAILHON eTuHUIeH,
OPeIHA3HAYECHHON Il pellleHud OIpe/IeJIEHHOR
3aJla9M B cucTeMe yrpasjeHus. [lpuioxenune

MNPEJCTABASIETCA B BUJE CETH CBA3AHHBIX MEXK-
ny coboit F'B, KOTOpbIe MOT'YT BBITIOJHATHCA HA
PA3JIMYHBIX PECYpCax M YCTPOMCTBAX CHUCTEMBI
yIpaBJICHUS.

FB IEC 61499 upesacrasasier coboit He3a-
BUCHUMYIO IIPOIDAMMHYIO €JIMHUILY, KOTOPAsd MO-
KeT OBITH pPean30BaHa, MPOTECTUPOBAHA U UC-
H0JIB30BaHa OTAeabHO oT apyrux FB [5]. Cran-
mapt IEC 61499 omupenensier Tpu Twuma 6J10-
koB: Basic Function Block, Service Interface
Function Block (uepes st FBs TpoucXomuT
B3aMMO/IEHCTBME MEXaTPOHHBIX yCTPOHCTB) un
Composite Function Block (comep:kut memb
FBs). B pa6ore [6] noguepkuBaercs, dTO
ApXUTEKTYPHO-OPUEHTUPOBAHHBIN TI0/IX0J] TIPH
NPOEKTUPOBAHUN CJIOXKHBIX MPOTPAMMHBIX CH-
CTeM B HACTOSINEE BPEMs dABJISETCH JOMUHUDY-
oM. Ha puc. 1 npencrasiaen mpumep 0600-
HeHHoit mardopmo-uesasucumoii mogenn IEC
61499 mpuIoXKeHud, COCTOSIIEr0 n3 TpexX PyHK-
[IMOHATBHBLIX OJI0KOB, 00beANHEHHBIX CETHIO, TI0
KOTOPOM NMUPKYJIUPYIOT TIOTOKU COOBITHIT U JaH-
BBIX. F'B MOTYT HaXOIUTHCH B OMPEIEIEHHBIX CO-
CTOSHUSAX, 33JJAHHBIX AJITOPUTMOM (DYHKITHOHU-
poBarms F'B. Tlepexos w3 OJHOTO COCTOSIHWS B
JIPYroe MOYKeT WHUIMUPOBATHCS COOBITHEM, I0-
crymaiomuM ot cocegaero FB.

BousbmuacTBO paboT, CBA3aHHBIX C pa3pa-
OOTKOM IIPOEKTOB aBTOMATUZANNY HA, OCHOBAHUT
TEC 61499, mocar wccaesoBaTe/bCKUi Xapak-
Tep. HecMoTpst Ha siBHBIE TPEUMYTIECTBA CTAH-
napra (pacCMOTpeHHBIE DaHee) TPU MPOEKTH-
POBAaHUM PACIPEJETEHHBIX CUCTEM YIIPAaBJIEHUSI,
IITUPOKOTO BHEJAPEHUS B TPOMBINLIEHHOCT TIO-
Ka He mpom3oruio. B pabore [6] oTmedeHsr mpo-
O71eMBI CTAHIAPTA, MEINIAIONNe TOJTHOIEHHO ero
WCIIOJIB30BATh: CEMAaHTHUYECKHE MpPOOJIeMbI, OT-
CYTCTBHE 9eTKUX TPOPabOTaHHBIX METOI0JI0TUNI
[POEKTUPOBAHUs, OTPAHUYEHNS HA UCIIOJIb30Ba-
HUE PA3JINYHBIX MOJIE/IeH BbIIOJIHEHUS U JIPYTHE.
Tax>ke oTMevdaeTcss OTCYTCTBUE WHTEIPUPOBAH-
HBIX METOMOJIOTHIl MPOEKTUPOBAHUSI, ODJIErIat-
[IHe TTPOEKTUPOBAHWE HA OCHOBE KOMITOHEHTOB
Ha TPOTSKEHUH BCETO IHUKJIA TPOEKTHPOBAHUS
CUCTEM ABTOMATH3AIIH.
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C yCTPOHCTBAMHU YIIPABJIEHUS B PACIPEJIEJEHHOI cucreme yrnpasienus [6]

Koonepauﬂﬂ MeXaTpPOHHbIX KOMIIOHEHTOB pac-
Hpe,[[eJIeHHOﬁ TEeXHOJIOTHYECKOM CUCTEMBI C HC-
IIOJIb30BaHNEM CETEBBIX TE€XHOJIOTMA

Konnennust Internet of Things (IoT) [7],
vazBannaa Industrial loT, nobaBwia uHTeJ-
JIEKTYAJIbHbIC BO3MO2KHOCTHU TIPOU3BOJCTBEHHO-
My 0DOPYIOBAHUIO, TIPOIECCAM W YIPABICHUIO
¥ yCIENIHO BHEJIPSETCS B IMPOU3BOACTBO. ¥ da-
crue Beaymmnx Hardware/Software dupwm, Taknx
kak Intel, Bosch Si, ABB u apyrux, obecnedn-
BaeT yCIeNHY0 naTerpanuio kommouerTos [loT
B MIPOMBINUTEHHYIO aBroMaTu3anuio [8]. ures-
JIEKTYAJIbHbIC TPOU3BOACTBECHHBIC DEIICHUA 3TUX
KOMITAHUH WCTOMB3YIOT TMOAKIIOYEHHDbIE TATIH-
KN mu ychOﬁCTBa JJId TIOBBIMMIEHUA ITPOU3BOIN-
TeJILHOCTH MAIMHBI W IeJ0BEKA B PEKUME pe-
AJIbHOT'O BPpEMEHHU U IIepeaadn JaHHBIX B O6J'[aKO

s 6osee riiyookoro anasimsa. Pazsurue loT u
1o T maJyio TOTIOK MOSABJIEHUIO HOBOTO HAIPABJIe-
HUA, KOTOPOE C IIOMOIIBIO CETEBBIX TEXHOJIOI'UHA
Kootepupyer paboTy poboToB miam PoOOTU3UPO-
BAHHBIX YCTPOUCTB. DTO HAIMpABJIEHUE, HA3BAH-
noe Internet of Robotic Things (IoRT), wanere-
HO HA PeaJU3aINI0 pODBOTOTEXHUIECKUX TEXHO-
JIOTHi TyTeM pacimupenns QyHKIMOHAILHOCTH
yerpoiicts loT'u IloT. B pabore 9] mpeacrasite-
Ha xkoutentus loRT, B KOTOpoil mogaepKuBaeTCs
OTpoMHAsT TEOKOCTD IIpH pa3paboTKe W BHEIpPe-
HUW HOBBIX TPUIOKEHWN s ceTeBoil poboTo-
TEXHUKU IPU JOCTUKEHUU TEJU IIPEJIOCTaBIIe-
HUS PDaCHPEAC/ICHHbIX BbIYUC/IMTE/IbHBIX DECYD-
COB B Ka4eCTBE OCHOBHON yTwaWTHI. B 31X Ce-
reBbIX 0O0beanuennsx (IIoT and IoRT) vepmun
internet MOKHO TPAKTOBATH Kak OOhLeIMHEHWE
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YCTPOHCTB Yepe3 KOMIBIOTEPHBIE CETH, KOTOPBIE
UCIIOJIB3YIOT MPOTOKOJIBI IIOOAJIbHBIX U JIOKATb-
HBIX CeTeil Ipu B3auMOAECHCTBUU APYT C APYIOM.
Kpowme Toro, yuacTHUKaMH CeTeBbIX 00beJIUHE-
HUI KUCIIOJIB3YETCHd OIPOMHOE MHOIooOpasue MH-
TepdefiCOB U NPOTOKOJIOB IPU IIOJyYEHUH WH-
dopMaIuu OT CeHCOPOB U MpU Mepeatie yipas-
JIIOMAX CUTHAJIOB K akrTyaropam (actuators).
I'maBooe ormmmame yerpoitcts [oRT ot IoT 3a-
KJII049aeTCd B TOM, YTO HIEPBbLIC MOTYT BOS,ZLefI—
CTBOBATH HA OKPYKAIIIYI0 (DUINIECKYIO CPELY,
a MHOTIA Jarke N3MEHSIThH ee.

I/IHTeJIJIeKTyaJII/ICiaI_[I/ISI MeXaTPOHHBIX MOﬂyJIeI';I

B pabore [10] mamo momarme Intelligent
Mechatronic Component (IMC) u cdhopmynupo-
BaHBI yCJIOBUS ACIOJb30BAHUA TAKUX KOMIIOHEH-
toB B DPS, pazpaborannoii #a ocHoauuu [EC
61499. JIroboit IMC moxkeT coaepXKaTh CJAemyio-
e SJIEMEHTHL:

® SBJIATHCS MEXaTPOHHBIM yCTPOHCTBOM, T.€.
MPEeJICTABISATE (hU3UUecKoe (PYHKITMOHATb-
HOE YCTPOMCTBO C AATYMKAMU, WCIIOJIHU-
TeJIbHBIMU MEXaHU3MaMU 1 €K TPOHHBIMH
CXeMaMu;

® BCTPOEHHOe  YCTPOMCTBO  yHUpaBJIEHUs,
[IPEJICTABJISTONIEE COOON BbIYMC/IUTE/NbHOE
YCTPOHCTBO, NMEIOITIEE B CBOEM COCTaBE MH-
Tepdefickl K IaTInKaM, UCITOJTHUTEIbHBIM
OPUBOAM W KOMMYHUKAIIMOHHBIM CETIM
Jutst B3aumo/eitcteus K apyrumu [MC,

e IIpOrpaMMHOe 0DECIIeUeHne ¢ MOIIEePKKOHN
JAHHBIX W JJOTUKHW VITPABIEHUS JIJI peasin-
3aIuu (DYHKIHHA aBTOMATH3IAINA CTAHIAD-
ra, IEC 61499.

B rexmonmormueckux cucreMax Cpegu pac-
[pEJIEIEHHBIX TOJICUCTEM MOI'YT ObITH HE TOJIb-
KO MEXaTpPOHHBIE KOMIIOHEHTHI, HO U, HATPUMED,
CaMOIIOCTATOUHBIE JIEKTPOTEXHUIECKUE YCTPOH-
CTBa CO BCTPOEHHBIM MHTEIEKTOM, T.€. yCTPOUi-
CTBa, B COCTaBe KOTOPBIX HeT Mexauuku. I[los
CaMOIOCTATOIHOCTHIO OyIeM IIOHHMATDL CIOCOD-
HOCTbH YCTpOfICTB pemarb CaMOCTOATEJIBHO YaCTh
paclupee/IeHHOM TeXHOJIOMMYeCKO! 3a1a4u, BO3-
JIOYKEHHOM Ha HUX, HO KOTOPBIM HEOOXOmmuMo 06-

MEHWBATHCA WHpOPMAIeil ¢ IPYTUMHA YIACTHI-
KaMu 4Yepe3 hopMupOBaHUE COOBITHI WM CO-
obriennii. YCJIOBHO TakHe yCTPOWCTBA MOXKHO
Ha3BaTh (DYHKIMOHAJIBHBIMU CETEBBIMU KOMIIO-
nenramu (PCK). K garnomy Kjaccy ycrpoicTs
Oy71eM OTHOCUTH yCTPOWCTBA, KOTODPBIE HWMEIOT
BO3MOXKHOCTE MOJyYaTh u 00pabaThiBATH WH-
dopmanmio (HaTMIMe BBIYUCIUTESA ¢ CETEBBLIMI
nopramn), amarsoctuposarhk cocrosaue PCK
(¢ BO3MOXKHOCTBIO TPOTHO3MPOBAHUS OTKA30B),
umerorne (bU3HIECKyR TpUPOLy (JEKTPOHUKA
U /MM MeXaHWKa) U CIIOCOOHBIE BO3JEHCTBOBATH
Ha OKPY2KAINIYI0 (PUINIECKYIO CPETY.

B paGore [11] npeacrasiera MeToAuKa CO-
spanus nporortuna Intelligent Power Electronic
Converter (1iPEC) ¢ BO3MOXKHOCTBIO Y/IaI€HHO-
ro yupaBjeHUs U CETEBOIO B3aMMOJEHCTBUA C
apyrumu yerpoiicrsamu DPS. B paspaboran-
voM mipororune (PEC cuioBoit Momysb peasin-
3yeT (YHKIINIO MOIIHOTO TEHEPATOpPa HAIpS-
JKeHWsT WHPPAHUZKAX TACTOT. DTOT TEHEPATOP
MO2KET WHCIIOJIB30BATHLCs s NUTaHus 060pyI0-
BaHWs (IIHE303JIEMEHTOB) DU YJIBTPA3BYKOBOMN
OYMCTKE JeTajiell WIu JJjid pelleHus: reodusu-
yeckux 3a7a4 (oumcrka ckBaxkwuH). [Ipumep mc-
[0JTk30BaHust yeTpoiicTs Tuna (P FEC MOXKHO Hall-
T B pabore [12]. B sroit pabore npepcraBieHo
PeIleHne TEXHOJIOTMIECKOi 3a/1a49u 110 (hopMUpPO-
BAHWIO PABHOMEPHOIO BO3MEHCTBUS YIBTPA3BY-
KOBBIX KOJE€DAHWI B »KUIKOH cpege Ha obpaba-
ThIBaeMOe u3zeue. s perenns 3aavum mpe;i-
JTaTaeTCs NCTIOTB30BATD TETYI0 MATPHUILY PacITpe-
JIeJIEHHBIX YIBTPAa3BYKOBBIX IIpeobpasoBaTeliei,
Pa3MeIEeHHbBIX OMPEAeIeHHBIM 00pa3oM. YIpas-
JISTOIIINE CUTHAJIB, TIOCTYIAIOIIUE Ha IPeodpas3o-
BaTesn, GOPMUPYIOTCS TAKUM 00PA30M, TTO BO3-
HUKAIOT 00JIaCTH C HU3KUM W BBICOKUM JIABJIEHU-
€M yIbTPa3ByKOBOTO MOJIs, 9TO BBI3BIBACT BO3-
HUKHOBEHUE HAIIPABJIEHHBIX ITOTOKOB U CIOCOD-
crByer oumcrke umagenuit. K dopmuposaresisiv
YIPABJISIONINX CUTHAIOB TTPEIbIBIISTIOTCS YKECT-
Kue TpebDOBaHUS IO BPEMEHU DEAKIIHH.

[IpuBemenwwIil MpUMep MOKA3BIBAET HEOH-
XOJIMMOCTDb cO37aHusi Kak B cocraBe MCs, Tak
W B COCTaBe ApyTwx ydactuwkos DPS yuusep-
CAJILHOTO BCTPOEHHOI'O MOJIYJIsi YIIPABJIEHUS, KO-
TOPBIH MOT OBl 00€CIIeINBATL PEIeHne CAeIY0-
[IUX OCHOBHBIX 33J1a4:
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® KOMMYHUKAIIMOHHAs 33/a4a I[J100aJbHOM
ceTy;

e KOMMYHUKAIMOHHAas 3a/]ad9a JIOKaJIbHOM
CeTH;

e 33jla¥a YIOPABJEHUS M9 peaJTu3aliun
BCTPOEHHOTO aJITOPUTMA;

e 331a4a 0O6pabOTKN MH(MOPMAIMH C CEHCO-
poB.

B pacnopenenennoit TeXHOJIOTHYUeCKOH CH-
creMe yuacTHuku, nazsanabsie Hamu OCK, mo-
I'YT UCIIOJIb30BATHCS KAK CAMOCTOSTE/IbHBIE TeX-
HOJIOTUYECKUE IIOJACUCTEMbI, a MOT'YyT 06’]38,[(1/1-
HAThCH B KjaacTepsl u3 Heckoabkux PCK no ana-
noruu ¢ Composite Function Block (IEC 61499).
Ucxomst m3 3TOTO, B3aMMOIAEHCTBUE OTIETHHBIX
OCK MOXKET OCYIIECTB/IITHCSA MO0 HECKOJIbKUM
KOMMYHUKAITUOHHBIM CETAM — I‘J'[O6a.)'[bHOﬁ n
JiokaseHO#. mobanbHasg ceTh JIOCTYIIHA BCEM
yHIaCTHUKAM OOMEHa, a JOKAJbHAA CeTh TOCTYII-
Ha TOJIBKO ycTpoiicTBaM kJactepa. [lpu obmene
0 JIOKATHHON CeTH T00aBIAECTCS TOTIOTHUTE -
HOe TpeboBaHue — JIeTePMUHUPOBAHHOCTD IIepe-
JTaBAeMBIX COOBITHI M COODIEHMIA.

Bzaumoneiicreue ycrpoiicts DPS neob-
XOIAUMO JIIsT KOOPIAMHAIMK WX PabOThI, BKJIIO-
Jag CHHXPOHW3AIWIO TPV Peau3amnui pactpe-
JefeHHOro ajgropurma. B pabote [11] obocHo-
BBIBAETCS WCITOIb30BaHNE TUOPUIAHON KOHDHU-
Typalliy BBIYUCJIUTEIBHO-YIPABISIONIEH 9acTu
ycrpoiicte tuma OPCK. B cocraBe ycrpoiicTs
MOXKeT OBbITh HECKOJIBKO PA3HOPOIHBIX BBHITHC-
JUTemel, TOCTPOEHHBIX HA OCHOBAHWW PA3INT-
HBIX MOJIeJIell BBIYUCIEHH. DTO MOI'YT OBITH BbI-
YUCTUTEN, PeATN30BAHHbIE HA MPOIECCOPaX C
ARM-apxurexktypoit nu ma mwrardgopme ILJINC.
COBMeCTHoe UCIIOJIb30BaHUEC JIBYX Pa3HbIX BbI-
qucauTeNel JaeT Hambosee rubkue QyHKIIO-
HaJIbHBIE BO3MOXKHOCTH.

Ba}KHbIMI/I npenMynieCTBaMm UCIIOJIHE30Ba-
unst A RM-xoutpostepos 8 ®CK gaBistoTcs BbI-
COKas MPOU3BONTETHLHOCTE W HU3KOE TOTpebTe-
HUE SHEPTUNA. DTO JAET BOZMOXKHOCTD MOCTPOUTH
yHuBepcanbHblil embedded compuler wak st
CTAIIMOHAPHBIX TEXHOJOTHYECKUX CUCTEM, TaK U
71T MOOMJIBHBIX.

A RM-KOHTPOJLIEPHI,
OCK, pemarnT cieayroIime 3aJadn: KOMMYHHU-
KalMoHHBI 06Men 110 ryiobanbHoii ceru (LAN),
3arpy3ka KOH(QUIypallWii BBIYUC/IUTENEH, BbI-
[IOJIHEHWE BCTPOEHHOI'O aJIIOPUTMA, pPeasin3a-
nusi obJIAYHBIX TEXHOJIOruil, BuUIe000paboTKa
06BEKTOB JJIsT MaIMUHHOrO 3peruss u T.a. Ce-
TeBBIE KOHTPOJIEPHI TI00ATLHON CeTH MOIKHBI
nojiepKuBaTh Tporokossl T'CP/IP, KoTopbie,
KaK TMpPaBUJIO, TPUCYTCTBYIOT B COBPEMEHHbIX
embedded computers.

Jlnsa permeHmns 3a7a9W  B3AMMOEHCTBHUS
mexgy OCK u yerpoiicTBamu Kjacrepa UI€o-
JIOTHUS CIYIafiHOTO MOCTYITa K CETU HE TMOIXONT,
T.K. HEBO3MOXKHO OOECIIEUYUTDb JIeTEPMUHUDOBAH-
HOCTH pocraBku coobmenwuii. [losromy Heobxo-
JnumMa ObicTpas JIOKaJbHAs CeTh, KOTOpas He 3a-
HuMasia Obl PecypChbl MUKPOKOHTPOJLIEPA U all-

HCTIOB3YEMbIE B

napartHo (HampuMmep, Ha OCHOBE MOJETN KOHEY-
HBIX ABTOMATOB) OCYIIECTB/ISIA CETEBOH 0OMEH.
Kpowme Toro, mj1st TOCTOBEPHOCTH TTEPEIABAEMBIX
JIAHHBIX W JIJId TOBBIMIEHUsT OOIeil Ha1eyKHO-
CTH CHCTEM HeOOXOIMMO HUCIOJb30BATH HA, CHUT-
HaJIbHOM YPOBHE IIpHU Tiepejiade coObITuil u coob-
MeHUH CHeIuaIbHYI0 KOAUPOBKY. KoHTposIIeps:
Takoil ceru yjo6HO peajm30BaTh Ha aTdopme
[JIncC.

[Ipumep yHuporeHHol CTPYKTYPbl BBIUNC-
Jmrenss OCK, umeromero B CBoeM cocrase 1o/l-
JIePKKy 0OMeHa 10 JIOKAJILHOW 1 r100a IbHOI ce-
TIM, TPUBeNeH Ha puc. 2. B cocraBe BBIMUMCIN-
TeJad HaXOgATCA:

o ARM-KOHTPOJLIED JJs TPOBOJHOTO U Hec-
IIPOBOJIHOT'O CETEBOr0 OOMEHA C JIPYIUMU
y4acTHUKAMU 1vI00a/IbHOM CeTH, a TaK>Ke
JUUTsl KOHUIYPUPOBAHUS BBIYUCTUTEIH;

® KOHTPOJLJIED JOKAJBHOU ceTn Ha TaaTdop-
mve TIJINC s merepMUHHPOBAHHOTO 00-
mena ¢ npyrumu PCK knacrepa gepes DS-
link, mia ympaBjeHus: CHJIOBBIMU MOIYJIsi-
MU U JHACHOCTHPOBAHHUS UX COCTOSIHUS B
pealbHOM BPEeMeHM;

e 1peobpa3oBaTes  ypPOBHEH  CHT'HAJIOB

IIJINC B yposuu LVDS (DS-links).

Ha sxox IIJINC ®CK BCTpOEHHOIO BBI-
GUCIUTE/IS TOCTYIAIOT COOBITHA, KOTOPhIE HEOD-
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Puc. 2. Ynpomennas crpykrypa serauncautens ®CK

xoaumo nepenatst apyruvm PCK kmacrepa. Ha
puc. 2 He MOKA3aHA CETEBAd MOIIEPIKKA HUKHE-
r'0 YPOBHSI — YPOBHS CEHCOPOB. Takum obpasom,
MOXKHO C/IeJIaTh BBIBOJ, UTO i ITOJHOIEHHOMA
paboThl B coCcTaBe PACIpeeeHHON TeXHOJIOIU-
4yeckoil cucreMbl KaxKablii FNC po/zkeH uMerhb
KaK MHHAMYM TPH YPOBHSI CETEBOH MOITEPIKKHI.

3akJiroueHne

NMuaTenmekTyaan3anid MEXaTPOHHBIX
YCTPONCTB IO3BOJISIET PACIIUPUTH (DYHKIHAO-
HAJBHOCTh TEXHOJOTUYECKNX cucreM. HWHTEN-
JIEKT MeXaTPOHHBIX KOMIIOHEHTOB OOECIIeYnBa-
€TCA BO3POCIIE BBIYUCIUTEIBHONW MTPON3BOIN-
TEeJIbHOCTBIO VIPABJILAIINX KOHTPOJLJIEPOB, H0-
MTOJTHUTEIBLHOM CITOCODHOCTRIO MO BHA000paboT-
K€ B peaJIbHOM BPEMEHU U BBLICOKOW CEHCOPHOM
IYBCTBUTEJIbHOCTBHIO. MHOI‘I/Ie AJITOPUTMUICCKHE
3aJ1a4¥, KOTOpPbIE paHbIIIe PelIaJuCh C [IPUBJIE-
YCHHUECM LMEeHTPAJIU30BAHHOT'O BBIYUCJIATE]IA, TEe-

mepb MOTYT OBITH PEIIeHBl HA YPOBHE CAMOTO
MeXaTPOHHOTO KOMIIOHEHTA. Bo3pocmuii nHTes-
siekT MCs BBIIBUHYJI OBLIIIIEHHBIE TPeOOBAHUSA
IO OPraHU3aIAN TPOEKTUPOBAHUA PacIpeeeH-
HBIX CHCTEM YIIPABJEHHUS, YCJAOKHHUI DPEIICHUEC
330291 B3aUMOIEeHCTBUA PAaCIpPeeeHHbIX TeX-
HOJIOTWIECKUX ToAcucTeM. JloCcTaTovHo mosaroe
BHejpenue crabaapTa THC 61499 mokazano BCio
CJIOXKHOCTDL pelllaeMOoi 3aJa4u.

PaSBI/ITI/Ie MEXaTPOHHBIX KOMIIOHECHTOB KaK
CETEBbBIX yCTpOfICTB €T B HAIPpABJIECHUW YHU-
dbuKauu BCTPOCHHBIX BBIYUCIUTEICH MO TIpE/I-
JIara€MBbIM BbIYUCJIUTEIbHBIM W KOMMYHUKAITU-
OHHBIM cepBHCaM. BHeIpSIOTCS CTaHIapThl TPO-
€KTUPOBAHUS PACIPEIEIICHHBIX CHCTEM yIIpaBJIe-
HHUs, KOTOPBIE ONPEICASIOT UICOJOTHIO B3aUMO-
JefCTBUA PaCIPESeIeHHOr0 aJrOpuTMa TEeXHO-
JIOTIYIECKO 3a1a49M.
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ABSTRACTS

Nepochatykh S.M., Patsyuk M.A. Events
simulation from the p(2C,'"B)p,pn
reaction taking into account two-nucleon
short range correlations in the carbon
nucleus to study the BMQ@N setup
response to the final state protons

The BM@N experiment (Baryonic Matter
at Nuclotron) is one of the pert at the
NICA Megascience project. The BM@N physical
program involves the study of two-nucleon Short
Range Correlations (SRC) in the carbon nucleus.
The object to study SRC is proton-neutron
pair knockout reaction, p(*2C,'°B)p,pn, from
the carbon nucleus. Events simulation from this
reaction allows to obtain a view on the angular
correlations of protons hitting in the detecting
system, and on the contribution from different
typer that can also involve secondary particles.

Keywords: SRC, similation, angular
correlations.

Kudatbergenova FE., Seitkali A., Rodin
A. M., Krupa L. Optimization of the
solid-state separation system of volatile
products of complete fusion reactions with
heavy ions

The stability of the separation efficiency
of the MASHA setup was studied under high
current conditions and long-term experiments.
The system of solid-state separation of volatile
products of fusion reactions was optimized,
a new design of a “solid-state hot catcher”
based on thin layers of graphene and carbon
nanotubes was designed and tested. The
experiments showed the possibility of using
these materials at a heavy ion beam intensity
~ 0.5 part -pA. For constant monitoring of
the installation separation efficiency during the
experiment, 16-strip silicon detector was placed
in the intermediate focal plane. The control
system was debugged in an experiment for
simultaneously measure two complete fusion
reactions: 4 Ar + "Er in the intermediate
focal plane and °Ar + 15Er in the main focal
plane of the mass spectrometer.

Keywords: mass-spectrometer MASHA,

ISOL method, complete nuclear fusion reaction,
“hot catcher”.

Khrapunova FE.M., Lasareva G.A.,
Zhmylev P.Yu. Orchids of Dubna

An annotated list of the orchid city
of Dubna is given. For each species, brief
information is given on its distribution, biology,
ecology, the state of populations is described,
and recommendations for protection are given.

Keywords: Orchids, protected species,

Moscow region, Dubna.

Dao Anh Quan, Uwvajgsov S.U.,
Chernoverskaya V.V. Development of a
method for thermal diagnostics of radio-
electronic devices using an artificial neural
network

The current level of development of science
and technology allows us to speak about the high
quality and stable operation of electronic devices
used in the manufacturing industry, which,
in turn, ensures compliance with technological
requirements and reduce production costs.

Keywords: diagnostics, thermal model,
latent defect, thermogram, radio-electronic
equipment, thermal model.

Zang Wang Thanh, Uvajsov S.U.,
Chernoverskaya V.V. Development of a
method for optimal placement of elements
on the switching field of the printing unit
in order to provide the specified thermal
modes of radio electronic means

Currently technical design is one of the
most important stages of development and
production of electronic tools that are widely
used in the electronics industry. At the stage of
design studies in the framework of solving the
problem of improving the quality and reliability
of electronic devices manufactured in the form
of printed circuit assemblies (PU), receive
a constructive implementation and the main
performance characteristics of future products.

Keywords: optimization, thermal regime,
placement of elements, printing unit, reliability
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of electronic means.

Pham Le Quoc Khanh, Uvajsov S.U.,
Chernoverskaya V.V. Development of a
method of shock diagnostics for detection
of defects of electronic means

The article considers the method of
shock diagnostics of electronic means defects
by generating test shock effects. The existing
problems of diagnostics of electronic means
constructions are analyzed and the relevance
of the research is proved. An experimental
installation is presented and a study is
conducted on a specific object.

Keywords: diagnostics of defects, shock
impact, electronic means, mechanical defects,
artificial neural network.

Kokovin V.A. Intellectualization of
mechatronic modules

The paper discusses the interaction of
mechatronic devices in real time through events
and messages. The approach to the development
of a distributed control system for mechatronic
devices based on the IEC 61499 standard is
analyzed. The analysis of the use of IoT, IoRT
in industrial automation is given, the advantages
and features of using these network components
are considered. The concept of a Functional
Network Component and the requirements for
it are given.

Keywords: mechatronic devices,
distributed control systems, programmable logic
integrated circuits, distributed algorithm.



