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Annomayus: Komnanus S-engineering exodsiyas e xonduve SE Group International 3aHumaem audupyowjue nosuyuu 8
obsnacmu asmomamu3ayuu MmexHoA02UHeCKUX Npoyecco8 3epHonepepabambieéarowjell ompaciu ekMouds 6 C80U NpOoeKmbl
UHHOBAYUOHHble —pa3pabomku. B uacmHocmu KOMNAHus 3aHumaemcs paspabomkoll  UHHOBAUUOHHBIX — cucmem
asmomamuyeckoll ONMUMU3AYUU 3d2Py3KU NOMOUYHO-MPAHCNOpmHbIX AuHuli (ACO3 TITJI) 3epHO8bix MepMUHA/O08.
Paspabambieaemble cucmembl npeOHasHaueHbl 05 nosbiwleHus npousgodumenbHocmu ITTJI, cHudceHust yOenbHbIx 3ampam
3/eKmpuueckoll 3Hepeuu Ha nepezpysKy, npedomepawjeHus dedpuliHbiX cumyayuli, C8s13aHHbIX C 3a8a/naMU 3epHa 8 bawmakax
Hopuil u Haosecogom bOyHKepe 8ecoe u3-3a nepeepysku ITTJI, YkasauHble 3adauu pewaromcsi cucmemoll 8 YCA08UsiX
¢opmuposaHusi nomoka 3epHa 0OHOBPEMEHHO U3 HeCKOAbKUX ucmouHukog. ACO3 peanusyem mexHonoeuu Leffol & Senumac
(L&S), 3anamenmoeanubie SE Group International. Texnonoeus LEFFOL: cnocob KoHmMpo/s cmeneHu 3azpy3ku KoHeetiepa /
Method of Loading Efficiency Control. Texnonoeus SENUMAC: cnocob asmomamuyecko2o ynpasneHus 3az2py3koil nomouHo-
MpAaHCcNOpmMHbIX AUHULL chinyyux mamepuanos / S-engineering Useful Model Method of Automatic Control of Process Shipping
line upload of granular materials.

Pazpabomka makux cucmem 8KkAOUadem HeCKOJAbKO 3manos, OOHUM U3 KOMOpbIX fGAsemcs 3man Uccae008aHus
¢yHxyuoHupogaHus IITJI, uzyueHue ux cgolicme KAk 00®eKmMoe ynpaeneHus C yeablo OdnbHelilie20 OmpaxjceHuss 3mux
cgolicme 8 aneopummax ynpagienus. Ocoboe eHUMAHUe ydensemcsi U3YUeHUI) NOOCUAOCHBIX 3a08UdiCeK, MAK KAk UX
KOHCMPYKYUS1, pasmepbl, NPUHYUN YCMAHOBKU 3HAYLMeAbHO &1UsIOM HA Npoyecc ucmeueHus 3epHd.

B OaHHoli cmambe paccmampusaemcsi SKCnepuMeHmManbHoe nojsydeHue mMamemamuueckux mooenell ucmeueHust 3epHa u3
NOOCUAOCHBIX 3ad8UdiceK 045 danbHelilell ux peausayuu e aseopummax ynpagieruss ACO3 IITJI nepeepy3ku 3epHa Ha cyod.

Abstract: S-engineering company, which is part of the holding company SE Group International, occupies a leading
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position in the field of automation of technological processes in the grain processing industry, including innovative
developments in its projects. In particular, the company is engaged in the development of innovative automated loading
optimization system of the flow-transport lines (ALOS FTL) of grain terminals. The developed systems are designed to
improve the performance of FTL, reduce the unit cost of electrical energy for overload, prevent accidents associated with
grain blockages in the elevator shoes and overhang hopper of the scales due to FTL overload. These problems are solved by
the system in the conditions of the formation of grain flow simultaneously from several sources. ALOS implements Leffol &
Senumac (L&S) technology, patented by SE Group International. LEFFOL technology: method of controlling the degree of
loading of the conveyor / Method of Loading Efficiency Control. SENUMAC technology: a way to automatically control of
process shipping line upload of granular materials / S-engineering Useful Model Method of Automatic Control of Process
Shipping line upload of granular materials.

The development of such systems includes several stages, one of which is the stage of studying the functioning of FTL, the
study of their properties as control objects with a view to further reflect these properties in control algorithms. Particular
attention is paid to the study of the silo gates, as their design, size, installation principle significantly affect the process of the
outflow of grain.

The article deals with the experimental obtaining of mathematical models of the outflow of grain from the silo gates for
their further implementation in the control algorithms of the ALOS FTL for loading grain onto ships.

KnroueBble c0Ba: Tieperpy3ka 3epHa, IIOTOYHO-TPAHCIIOPTHBIE JIMHWH, IIPOM3BOJAUTENIBHOCTb, 3HEpro3aTparhl,
aBTOMATH3MPOBAHHAs CUCTEMA ONTUMU3ALMH 3arpy3KH.

Keywords: grain reloading, flow-transport lines, productivity, energy consumption, automated loading optimization
system.

ITocraHoBKa 3apaym.

ACO3 IITJI neperpy3ku 3epHa [1-3], BHeJipeHHasi Ha HECKOJbKUX 3epHOBBIX TepPMHHa/laX SB/SeTCS WHHOBAL[MOHHOU
paspaboTkoii komraHuu S-engineering. Ee 11e16 — opMupoBaHye 0TOKa 3epHa OJHOBPEMEHHO U3 HECKOJIbKUX HCTOYHHKOB,
TNoBbIlIeHNe npousBoguTenbHocTH ITTJI, cHKeHMe HeprosaTpar Ha Meperpysky, NnpefoTBpalljeHre aBapUiHbIX CUTYalui,
CBSI3aHHBIX C 3aBajlaMd 3epHa B DalliMakax HOPUM U HaJBecOBOM OyHKepe BecoB u3-3a neperpy3ku II1TJI. ACO3 peanusyet
texHosorun Leffol & Senumac (L&S), 3anarenroBannsie SE Group International [4-5].

DyHkmy, peanusyemsle ACO3.

1. ABTOMaTHUeCKMM pacyeT CTeNeHW OTKPHITUS 3a/IBWKEK I10 3aJaHHOMY COOTHOLIEHWIO pacxXoJOB 3epHa U3 3aJaHHBIX
CUJIOCOB B ero OOIIIHi TOTOK Ha OTTPY3KY.

2. ABTOMaTHuecKas cTabunn3aliysi pOM3BOAUTENLHOCTH 0011lero noToka 3epHa (3arpysku ITTJT).

3. ABTOMaTHUeCKOe TpeJoTBpallieHre aBapuitHbIX ocTaHOoBOB IITJI u3-3a pa3sBuUTHs 3aBajoB 3epHa B HalliMakax HOPUH U
HajBecoBOM OyHKepe BecOB (IIpM OrpaHHYeHUM IIPOM3BOJAUTENLHOCTH BECOB YCTAHOB/IEHHBIM IIOJIOXKEHHEM 3a/IBHKKH
Mo/IBeCOBOro OyHKepa).

4. ABTOMaTHUeCKUI BBIBOJ, MPOM3BOANUTeNLHOCTH [TTJI Ha MakCMMa/IbHO AOCTHKUMYIO B TEKYILMX YCJIOBUSX BeJIMUUHY.

5. ApTomaruueckoe ObICTpoe (TOC/ie KOMaH/bl OIepaTopa, BBI3BAHHOW HEOOXOJVMOCTBIO WU3MEHUTHh PEXHMM 3arpy3Ku
CyJHa) u3MeHeHHe npousBoauTesnsHOCTH ITTJI fo ofHOTO M3 [BYX 3a[aHHBIX CHW)KEHHBIX YDOBHEW U BO3BpaT B DeXUM ee
ONTHMU3aLUU.

[nst peanusanmy 3¢QekTuBHOro ympasieHust B aaroputmMax ACO3 B ¢opMme MaTeMaTeueCKUMX Mojesiell OTpaXkaroTCsi
ocobeHHOCTH Tpoljecca Neperpysky 3epHa Kak 00beKTa yrpasseHHs. B uacTHOCTH, peanu3ylOTCs MaTeMaTHuecKue MOJeNu
TIpoliecca UCTeueHH s 3epHa 13 TMO/ICH/IOCHBIX 3a/IBIDKEK. XapaKTep HCTeueHus! 3epHa OIpe/ie/isieTCsl ero BUI0M, MeXxaHUueCcKoM
KOHCTPYKLIMel BBIMYCKHOTO YCTPOMCTBA, pacIoyioyKeHUeM 3aJBIDKeK C PYUHBIM U OT JIBUrartesisi TiepeMelljeHHeM Iubepa
PAZOM APYTHUX (GaKTOPOB MHAWBHAYATBHBIX [JIs1 K&XKIOTO 371eBaTopa. B TakuX yc/ioBUsx Hanbosiee KOHCTPYKTUBHBIM SIBJISIETCS
KOMOWHMPOBAHHBIA WK Cyry00 3KCIIepUMeHTabHBIM MeTOZbI TIOyYeHHsT MaTeMaTHueCKOHW MOJenu Tporecca MCTeYeHUs
3epHa.

MeToabl U MaTepuasbl UCC/IeOBaHUM

[ns monyyeHWsi MareMaTW4eCKUX Mojeneli Tpoliecca WCTeueHHsl 3epHa U3 TMOJCWIOCHBIX 3a/BIDKEK Ha 3jeBarope
«HoBotex-TepmuHan» (r.Ogecca) ObUTM TIPOBeIEHBI Psfl  AKTUBHBIX SKCIIEDUMEHTOB 110 TIO/IyUEHUIO PacXO/HbIX
XapakTepyuCTUK 3a7Bwkek. Ha puc.l B KadecTBe TipMMepa IIpefCTaBleH BHJ OKHa C JWarpaMMaM{d H3MeHeHUs
npousBoguTesibHOCTU [ITJI OTrpy3ku 3epHa B CY[ZHO U CTelleHW OTKPBLITUSI TOJACHIOCHOM 3aJBWKKWA TIpU TPOBeJeHUU
AaKTUBHOT'O KCTIEPUMEHTA 110 CHATUI0 JUHAMUYEeCKHUX XapaKTePUCTUK M PaCXOJHOW XapaKTePUCTHUKHU TTO[CHTIOCHOU 3a/[BIKKH.
A B Tabmuiie Nel cBefieHBI 3KCIIEPUMEHTA/IbHBIE JIaHHbIE, TO/yYeHHbIe MPHU OMpeJe/eHHd pPACXOAHON XapaKTepUCTUKH
TO/ICUJIOCHOM 3aIBW>KKM cujioca "C3-3" sneBaropa "HoBoTex-TepMuHan" f/isl 3epHa parica.
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Puc. 1 — Buj okHa ¢ AuarpaMMaMy U3MeHeHHs NPOou3BoANTeIbHOCTH 1 (T/u) ITTJI oTrpy3KH 3epHa B CYyAHO U CTeMeHH
OTKPBITHS MOACH/IOCHOH 3aABIWKKH 2 (%) NpH NpoBejeHHH aKTHBHOT'0 SKCIIEPUMEHTA 110 CHATHIO PacX0/HOI
XapaKTepUCTHUKH MOACUI0CHOM 3aBIDKKHU

Taommna 1 — IkcnepuMeHTaIbHbIE JaHHBIE, [T0JIyYeHHBbIE ITPU ONpeAe/IeHMH PacXoAHOH XapaKTepUCTHKH
TMOACH/IOCHO# 3aBIKKHU ciitoca "C3-3" 1eBaTopa "HoBoTex-TepMuHa" /sl 3epHa parnca

Ne 3KcrIepumeHTa CrereHb OTKPBITHS ITIpousBOAUTEIBHOCTD IIpousBoAUTEILHOCTD
TTOZICUJIOCHOM IITJI (pacueTHas), ITTJI (rroka3anus
3a/IBWKKU, % /9 OyHKepHBIX BECOB),

T/4
1 50 100 108
2 60 185 175
3 70 345 344
4 80 550 584
5 85 705 716
6 90 910 950
7 92 1000 1050

Wpentndukanus Mofenell BbimosHsulack B rporpamme «Curve Fitting Tool» cucremer MATLAB. Ilpu npoBefeHuun
WAeHTU(UKALMKY MoJesiell yunuTbIBanach (Gu3ndecKast CyIIHOCTh MPOLiecca UCTeueHHUs 3epHa, HeoOX0ouMasi TOUHOCTh MOZ e/
Y ee TIPOCTOTA AJsI AanbHeduied peanusauuu B anroput™Max ACO3 ITTJI. TlostomMy B KauecTBe CTPYKTYPbI MOJeNH Obil
BbIOpaH TIOMIMHOMOM BTOpOro Topsifka. Ha puc.2 mpencraeieHbl Pe3ynbTaTel HOeHTUOWKAUH MOJEId PacXOLHOU
XapaKTepUCTUKY MOJCUIOCHON 3a/BIKKU B niporpamme «Curve Fitting Tool». B cTpyKkType Mofie/u OTCYTCTBYIOT (PU3UUECKU
He 000CHOBaHHBIe Ieperu6bl GyHKIMKM. ['paduK MOJenH JOCTaTOYHO TOYHO COOTBETCTBYET SKCIEePHUMEHTATBHBIM [JAHHBIM,
YTO TOATBEP)KAAETCs] IOJMyYeHHBIMM 3HAUeHHUSIMH UMC/IOBBIX KO3((HULIMEHTOB, ONpeensoliX TOUYHOCTb COOTBETCTBHS
MO/Ie/I! SKCIIepPUMEHTa/IbHBIM JaHHBIM.

Pe3ynbTaThl HCCIeJ0BAaHUM.

[MonyueHHast MOZieTb OTPaKaeT 3HAUMTeIbHYIO0 HeTMHeHOCTh PaCXOZHOW XapaKTePUCTHKY TO/CHIOCHOM 3aJjBIKKH. YUeT
3TON HeMHENWHOCTU TIO3BOJIUT TPABWIHHO (POPMHPOBATh PACXOA 3epPHA M3 KaKAOM 3a[BIDKKUA TPU (POPMUPOBaHWU TIOTOKA
3epHa U3 HeCKOJIBKHAX CHUT0COB OJHOBPeMeHHO. [lOMOo/IHUTe/NbHO, TIo/TyueHHas: MOZie/lb OTpakaeT 3HauWTe/bHOe M3MeHeHHe
Ko3bduryenTa Inepefaud B KaHajle YIpaBAeHUs  Ha pasHbIX IIPOU3BOJUTENBHOCTAX. IIpM H3MeHeHUM 3aJaHHOU
npousBoauTenbHOCTH € 200T/4 1o 950 T/u KO3 duIeHT nepenaun OyZeT MeHSITbCsl PUMEPHO B 5 pa3. Takue 3HaUUTebHbIE
M3MeHeHUsl CBOMCTB KaHasa yIipaB/ieHusl JO/DKHbI OBbITh OTPaKeHbI B a/ICOPUTMax yIIpaB/ieHus] 1 00ecrieunTh BbICOKUHN 3amac
YCTOMUHMBOCTH CUCTEMBI.
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Puc. 2 — Pe3ynbTaThl HAEHTH(UKALIMH MOJIe/IH PACX0/JHOH XapaKTePUCTHKHM MO/[CHIOCHOH 3a/IBYDKKH B
nporpamme «Curve Fitting Tool» cuncremsl MATLAB Ha ocHOBe 3KCIIEpUMEHTA/IBHBIX JAHHBIX, MOTyYeHHbBIX IIPH
OTrpy3Ke parnca Ha cyjHo u3 cuioca "C3-3" sneBaropa "HoBorex-repmunan”

BbiBOjBI.
B pesynbTaTe MpoOBefeHHBIX MCC/Ae/J0OBaHMI TOMydyeHa MO/ie/b HMCTeueHUsl 3epHa parca U3 TOJCHUIOCHBIX 3a/IBHKeK

sneBaropa "HoBortex-tepmunan” (r. Ogecca). Mogenb MoxkeT ObITH OTMacIiTabMpoBaHa M TIPUMEHSITHCS K APYTMM BHZAaM
3epHa. YUeT CBOUMCTB Mojiesiu B anroputMax yrpasieHuss ACO3 TTTJI oTrpy3Kku 3epHa MO3BOUT 00eCreunTh ObICTPBIN BBHIBOJ
ITTJI Ha 3aaHHY0 NIPOU3BOUTENBHOCTb, BEICOKYHO TOUHOCTb IPOLIEHTHOTO BBOZA 3epHA IPU ero OTrpy3Ke M3 HeCKOJbKUX
CHJIOCOB OJJHOBPEMEHHO, CTabH/IBHYIO M YCTOWUMBYIO PabOTy CHCTEMBI B Pa3/IMUHBIX PEKUMAaX.
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AnHomayus:IIpoyecc ynpaeneHus CuHxpoHu3ayueli eeHepamopog s643emcsi 0OHUM U3 Haubosee CAO0HCHbIX NPOYeccos 8
Cy008bIX 3/eKmpo3Hepeemu4ecKUx ycmaxoekax. Paspabomke memodoe abcmpakmHoeo U CMPYKNypHO20 CUHMe3a
ycmpoticme asmomamuyeckoll CUHXPOHU3AYUU ¢ NpUMeHeHUeM nociedHux 00CmuceHuli 31eKmpoHHOU NpoMbiuLieHHOCMU, d
makoice CuHme3y aa20pummuuecko2o obecneueHust 0151 NPOPAMMUPYeMbIX cucmem yoensiemcsi HeOOCMAMmMouHO 8HUMAHUsL. B
pabome npeodnoiceHo Mamemamuyeckoe U ajg20pummuyeckoe onucaHue npoyecca agmomamuyeckoli CUHXpoHU3ayuu ou3sesb-
2eHepamopoe 8 cy0oeoll 31eKkmpo3HepeemuUeckoll ycmaHosKe. BbiOesneHbl mpu 8uda Kpumepueg onmumaibHOCMuU ynpasneHus
npoyeccom CUHXpOHU3Ayuu npu OemepMUHUPOBAHHOU U cmoxacmuueckoli nocmavoske 3adauu. OnpedeneHbl PuCKU
OMK/AOHeHUs hakmuueckoli mpaekmopuu CUHXPOHU3UPYemM020 00vekma om osxcudaemoli. IloayueHa o606WeHHass cmpyKmypa
ynpaeseHus NpoyeccoOM CUHXPOHU3AYUU U a120pumm (PyHKYUOHUPOBAHUSI CUCMeMbl YNpaeneHus 3MmuM Nnpoyeccom.
OnpedeneHa cmpykmypHas cxemd KaHand no020HKU 4acmombl CUHXPOHU3UPYeMOz20 Ou3e/lb-2eHepamopd, d makice OnucaHbl
nepedamoutble yHKYuu Kaxco0ozo ee 38eHd. OnpedeneHbl Mamemamuueckue 8bIPaXdCeHUsl BDeMeHU OHCUOAHUS HACTYNAeHUs
MOMEHMA CUHXPOHU3MA, d MAKdce napamempos, onpedeasiowjux 3a0epicKy 6peMeHU cpabambleaHust 2eHepamopHO20
asmomama. Iloayuena duazpamma, uafocmpupylowds cnocob onpedeneHuss napamempog CuHxpoHusayuu. Haeasionoe
onucadue npoyecca npu nomowu an20pummos, oudepaMm U mamemamudeckux eblpadceHull nozeoaum 6e3 mpyoa
peanusoeamb  NpeoaodCeHHblll cnocob 8 COBPeMEHHbIX Ccucmemax aemomamuyecKo20 ynpaeneHus  CyOO8bIMU
3/1eKmpo3Hep2emuuecKuUMU yCmaHo8Kamu.

Abstract: Generators synchronization control process is one of the most complicate processes of the ship’s electrical power
plant. Automatic synchronization control devices development abstract and structure synthesis methods, programmable
synchronization systems algorithms receives little attention. Diesel-generator automatic synchronization process mathematical
and algorithmic description is proposed in the paper. It is selected three optimization criterions on synchronization process
control in deterministic and stochastic task formulation. Synchronization object actual trajectory deviation from expected
trajectory risks were defined. Synchronization control process generalized structure and such process control system
algorithm were received. Synchronizing diesel-generator speed control channel structure diagram and it’s all transfer
functions were defined. Synchronism moment expectation time and generator’s circuit breaker closing time delay
mathematical expressions were defined. Synchronization parameters defining diagram is presented in paper. Synchronization
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