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Annomayus:KomnaHus S-engineering exodswjas 6 xonduHe SE Group International 3aHumaem audupyroujue no3uyuu 8
obracmu asmomamu3ayuu mexHOA02UUEeCKUX NpoYyecco8 3epHonepepabambiearoujeli ompacau 6KAUAsk 8 C8OU NpOeKmbl
UHHOBAYUOHHble — pa3pabomku. B wacmHocmu KOMNAHusi 3aHuMaemcsi paspabomkoll  UHHOBAYUOHHbIX — CUCMeM
asmomamuyeckoll onmumu3ayuu 3azpy3Ku NOMOUHO-MPAHCNOpMHbIX AuHuli (ACO3 IITJI) 3epHO8blx MepMUHANOS.
Pazpabampbieaemble cucmeMbl npeOHa3HauyeHbl 0/151 NO@bllleHusi npou3gooumenvHocmu IITJI, cHudiceHus yOenbHbIX 3ampam
a/1eKmpuueckoll S3Hepeuu Ha nepezpysKy, npedomepaljeHust agapuiiHbIx cunyayull, C8s3aHHbIX C 3a8an1aMu 3epHa 8 bawmakax
Hopull u Haosecogom OyHKepe gecog u3-3a nepeepysku IITJI, YkazaHHble 3a0auu pewaromcst cucmemoll 8 YCA08UsIX
¢opmupoearus nomoka 3epHa 0OHOBPeMEeHHO U3 HeCKO/MbKUX ucmouHukos. ACO3 peanuzyem mexHonozuu Leffol & Senumac
(L&S), 3anamenmoeanmbie SE Group International. TexHonoeuss LEFFOL: cnocob KoHmMpoAsi cmeneHu 3azpy3ku KoHeetiepa /
Method of Loading Efficiency Control. Texnonoeuss SENUMAC: cnocob agmomamuyeckoz2o ynpas/neHus 3a2py3Koli NOmouHo-
MpaHcnopmHbIX AUHUl cbinyuux mamepuanos / S-engineering Useful Model Method of Automatic Control of Process Shipping
line upload of granular materials.

Paspabomka makux cucmem @k/oudem HeCKOAbKO 3Mmanoe, OOHUM U3 KOMOpPbIX sieAsiemcsi 3man uccaedo8aHusi
¢yHkyuoHuposanusi IITJI, usyueHue ux C80LCMB KAK 00beKMO8 ynpaeneHus C Yeablo Od/bHeliliez0 OMpAaXceHust 3mux
ceoticmg 8 anzopummax ynpaeneHusi. Ocoboe GHUMAHUe yOeasemcst U3yueHUur0 NOOCUAOCHBIX 3a08UNCEK, MAK KaK UX
KOHCMPYKYUSl, pazmepbl, NPUHYUN YCMAHOBKU 3HAUUMEeNbHO 8AUSI0M HA NPOYyecc UcCmeueHust 3epHd.

B dauHoli cmambe paccmampusaemcs sKcnepumMeHmanbHoe NnojfyyeHue mamemamu4eckux mooesell ucmeueHus 3epHa U3
NoOCWIOCHBIX 3a0sudicek 05 OanbHeliwell ux peatuzayuu 8 aszopummax ynpagneHuss ACO3 ITTJI nepeepy3ku 3epHa Ha cyoa.

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 cj1oBa: Tieperpyska 3epHa, IIOTOYHO-TPAHCTIOPTHBIE JIMHUM, TIPOW3BOJUTENbHOCTb, 3HEPro3aTparhl,
ABTOMATH3MPOBAHHAsI CUCTEMA ONTUMH3ALUH 3arpy3KH.

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

ITocraHoBKa 3ajaum.

ACO3 IITJI meperpysku 3epHa [1-3], BHeZpeHHass Ha HECKOJbKUX 3epHOBBIX TeDMUHa/axX $SIB/SETCS WHHOBAL[MOHHOU
paspaboTkoii Komranuu S-engineering. Ee 1jesb — ¢popmMypoBaHye oToKa 3epHa 0JHOBPEMEHHO U3 HECKOJIbKMX HCTOYHHKOB,
TNoBBIIIeHHe npousBoauTenbHOCTH T1TJI, cHYb)KeHMe SHepro3arpaT Ha IeperpysKy, NpefloTBpallieHHe aBapHUHbIX CUTYaLH,
CBSI3aHHBIX C 3aBajlaMHd 3epHa B OalliMakax HOPUM M HaJiBeCOBOM OyHKepe BecoB u3-3a meperpy3ku I[1TJI. ACO3 peanusyer
texHosioruu Leffol & Senumac (L&S), 3anarenToBannbie SE Group International [4-5].

OynHkmy, peanusyemsie ACO3.

1. ABTOMaTHYeCKHIl pacueT CTeleHW OTKPBITHs 3a/IB)KEK I10 3a/JaHHOMY COOTHOILIEHHIO PACXO/I0B 3epHa M3 3aflaHHbIX
CHJIOCOB B ero O0LHi TIOTOK Ha OTTPY3KY.

2. ABTOMaTHuecKasi cTabunr3aliysi IpOM3BOAUTEIbHOCTH 0011Iero NoToKa 3epHa (3arpy3ku I1TJT).

3. ABTOMaTHuUeCKOe TpefoTBpallieHre aBapuiiHbIx ocTaHoBoB I1TJI u3-3a pa3BUTHS 3aBajoB 3epHa B OalliMakax HOPUI U
HaJBeCcOBOM OyHKepe BecOB (NP OrpaHWUEHHM TIPOM3BOJUTENBHOCTH BECOB YCTAHOBJIEHHBIM IIOJIOXKEHHEM 3a/iBHIKKU
noZiBecoBoro OyHKepa).

4. ABTOMaTHUeCKHil BbIBOZ, Tpon3BouTesibHOCTH [1TJ] Ha MakCMMasbHO AOCTIPKUMYIO B TEKYILMX YC/IOBUSIX BEJTUUMHY.

5. Aptomarmueckoe ObICTpoe (TOC/ie KOMaH/bl OIepaTopa, BbI3BAHHOW HEOOXOMMOCTBIO M3MEHHUTb DPEeXMM 3arpy3Ku
CyZHa) u3MeHeHue npousBoguTesnsHOCTH TITJI 0 0gHOTO M3 [BYX 3a/|JaHHBIX CHWKEHHBIX YPOBHEH M BO3BDAT B PEXKUM ee
OTITUMH3aLHH.

Hns peanusaiuu 3G dekTuBHOrO yripaBiaeHus B anroputMax ACO3 B ¢dopMme MaTeMaTeueCKUX MOjeell OTpaKaroTCs
0Cc0o0EHHOCTH TIpoLlecca Teperpys3KHd 3epHa Kak oOBbeKTa yrpaBieHHs. B 4acTHOCTH, peanv3yrOTCsl MaTeMaTU4deCcKHe MO7iesn
Tpoliecca UCTeueHHs 3epHa 13 TMO/ICU/IOCHBIX 3a/iBIDKeK. XapaKTep HCTeUeHHsl 3epHa Orpe/iesisieTcsl ero BUJ0M, MeXaHU4eCKon
KOHCTPYKLIMel BBIYCKHOTO YCTPOMCTBA, pacIo/ioykKeHHeM 3aJBIKEK C PyUHbIM U OT JiBUratesis IepeMelljeHHeM Iubepa U
psZoM pyrux (aKTOPOB MHIAMBUAYAIBHBIX AJIS KKZOr0 31eBaTtopa. B Takux ycioBUsix Haubosee KOHCTPYKTUBHBIM SIBIISIETCS
KOMOWHMPOBaHHBIN WM Cyrybo 3KCIiepruMeHTalIbHbI MeTOZbl TIO/ydeHHs MaTeMaTHueCKOH MOJey IpoLiecca WCTeueHHst
3epHa.

MeToabl U MaTepHuasbl HCC/IeJOBAaHUM

[ mosy4yeHWss MaTeMaTHMUeCKMX MOJeslel Tpolecca HWCTeYeHUsl 3epHa W3 TOJCUIOCHBIX 3aBIWKeK Ha 3jeBaTope
«HoBoTtex-TepmuHam» (r.Ogecca) ObuIM  TNpOBefieHbI PsJ, AKTUBHBIX OSKCIIEDUMEHTOB IO IIOJMYYEHHIO PaCXOJHBIX
XapakTepucTUK 3aBWwkeK. Ha puc.l B KadecTBe IpuMepa TpefCTaBleH BHJ, OKHa C JdarpaMMaMu HW3MeHeHUs
npoussozuTenbHOoCcTH IITJI OTrpy3ku 3epHa B CyZ[HO U CTeleHW OTKPBITUS TOJCUIOCHOW 3aJBWKKU TIPU TPOBeZleHUH
aKTMBHOI'O 3KCIIepUMeHTa M0 CHATHIO JUHaMUUeCKHUX XapaKTepUCTHK M PaCXOAHOW XapaKTepUCTUKU MOJCUIOCHON 3a/IBIKKH.
A B Tabmume Nel cBezieHBI 3KCIlepUMeHTA/IbHBIE JaHHBIE, TOMy4YeHHbIe TP ONpeJe/ieHHH PacXOJHOM XapaKTepUCTHKA
TIO/ICUJIOCHOM 3aABIKKY cuitoca "C3-3" sseBaTopa "HoBoTex-TepmMuHan'" /s 3epHa parica.
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Puc. 1 — Buj okHa c AarpaMMamMu U3MeHeHMs Npou3BoguTebHocTH 1 (T/9) ITTJI oTrpy3KHu 3epHa B Cy/{HO M CTelleH!
OTKPBITHS MO/CH/IOCHOMH 3a/iBIDKKH 2 (%) NPH NPOBeeHNH aKTHBHOI'0 SKCIIePHMEHTa [0 CHATHI0 PacX0{HOH
XapaKTepUCTUKH MO/ CUTIOCHOM 3aiBHIKKHU

Tabsmma 1 — IkcnepuMeHTaIbHbIE JAHHBIE, 10/TyYeHHbIE PU ONpeAe/IeHHH PaCcX0AHOH XapaKTePUCTHKH
TO/ICH/IOCHOM 33 JBIDKKHU cuytoca "C3-3" aseBaTopa "HoBoTex-TepMuHan" /ijisl 3epHa parnca

Ne 3KCIIeprMeHTa CrerneHb OTKPBITUS [IpousBoaUTEILHOCTD [IpousBoauTe/ILHOCTD
TIOZICHJIOCHOM [ITJI (pacuetHas), ITTJI (rroka3anus
3a/IBWKKH, % /U 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

Wpentudukanys mofeneil BbinonHsnack B rporpamme «Curve Fitting Tool» cucremer MATLAB. Tlpu npoBeneHuu
uzieHTU(UKaLY MOoZenel yuuThiBaiach pU3nUecKasi CyI{HOCTh TIpoLiecca UCTeueHHs 3epHa, HeoOXouMasi TOUHOCTb MOZet
Y ee TIPOCTOTA A/ AanbHedmield peammsanuu B aaroputMax ACO3 IITJL. TToatoMy B KauecTBe CTPYKTYPblI MOJeNH Obil
BbIOpaH TIOJIMHOMOM BTOpOro Topsifka. Ha puc.2 mpencraeieHbl Pe3ynbraTel HAeHTHOWKALMH MOJEId PacXOJHOM
XapaKTePUCTHKY TI0/ICH/IOCHOM 3a/iBMKKM B Tiporpamme «Curve Fitting Tool». B cTpykType Mogienu oTCyTCTBYIOT (hHU3HUECKH
He 00OCHOBaHHbIe MepernObl QYHKLWK. ['paduK MOZENU 0CTaTOUHO TOUHO COOTBETCTBYET SKCIIEPHUMEHTAIbHBIM JJaHHBIM,
YTO TIOJTBEP)KIAETCSl MOMyYeHHbIMH 3HAYEeHUsSMU UMCIOBBIX KO3((ULIMEHTOB, ONpee/soliiX TOUYHOCTb COOTBETCTBUS
MO/Ie/TM IKCIIePUMEHTA/IbHBIM JIaHHBIM.

Pe3ybTaThl HCC/I€/J0BAaHUH.

[TonmyueHHasi MoJie/ib OTpaXkaeT 3HAUUTE/IbHYI0 HeJTMHEeHHOCTb PACXOJHON XapaKTePUCTUKH TIOACUIOCHOMN 3aIBIKKU. YUeT
5TOW HeIMHEMHOCTH TO3BOJIUT MPaBWIBLHO ()OPMUPOBATH PACXO/ 3epHA M3 KaXKJOM 3a/IBWXKKUA MPU (OPMUPOBAHUM TOTOKA
3epHa M3 HECKObKHX CHIOCOB OJHOBPeMeHHO. [loro/HNUTe/IbHO, To/TyueHHass MO/le/lb OTPaXkaeT 3HAuuTebHOe HM3MeHeHHe
Ko3bdureHTa Trepeaud B KaHajie YIOpaBlAeHHS ~ HAa Pa3HbIX TIPOW3BOJUTENBHOCTSX. [Ipy W3MeHeHWM 3afaHHOU
rpousBoAuTebHOCTH € 200T/u 10 950 T/u KO3 duUIMeHT nepesaun OyeT MeHsIThCs IPUMEPHO B 5 pa3. Takue 3HaUUTe/TbHbIE
W3MEHEHUsI CBOMCTB KaHasla YIPaB/IeHUs [O/DKHBI ObITh OTPa’KeHbI B alrOPUTMAax YIpaB/IeHUs U 00eCrieunTh BbICOKUE 3arac
YCTOWYUBOCTH CUCTEMBI.
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Puc. 2 — Pe3ynbTaThl HAeHTH(UKALMY MOJE/IH PACX0/JHOH XapaKTePUCTUKHU MOACH/I0CHOH 3a/IBI)KKH B
nporpamme «Curve Fitting Tool» cictemMst MATLAB Ha 0cHOBe 3KCIIePUMEHTA/IBHBIX /JaHHBIX, O/TyYeHHBIX NPH
OTTpy3Ke parca Ha cyjHo u3 cuoca "C3-3" aneBaropa "Hosorex-repmunan”

BbiBOjBI.

B pesysnbTare mpoBe/ileHHBIX MCC/IefOBAHUM IIOy4yeHa MOJe/b MCTeueHWsl 3epHa parca W3 MOJCUIOCHBIX 3a/IBIDKEK
sneBaropa "HoBortex-repmunan” (r. Ogecca). Mogienb MoXKeT ObITh OTMAciiTabMpoBaHa M MPUMEHSATHCS K APYTUM BHAM
3epHa. YueT CBOUMCTB Mo/iesiu B anroputmax yrnpaenenuss ACO3 TTTJI oTrpy3ku 3epHa Mo3BOJIUT 06eCrieunTb ObICTPBIN BBIBOJ
ITTJI Ha 3a/laHHYIO TIPOU3BOJUTE/IBHOCTD, BEICOKYI0 TOUHOCTb IIPOLIEHTHOIO BBOJA 3€PHA IIPU ero OTrPy3Ke U3 HeCKOJIbKHUX
CHJIOCOB OJJHOBPEMEHHO, CTabH/IBHYIO U YCTOWUMBYIO Pab0Ty CUCTEMBI B Pa3/IMYHBIX PEXKIMaX.
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AnHomayusi:IIpoyecc ynpasneHus CUHXpoHU3ayuell 2eHepamopos A681semcsi 00HUM U3 Haubosee CAONHCHBIX NPOYeccos 8
Cy008bIX 3/eKmpo3Hepeemu4ecKux ycmaHoekax. Paspabomke memodoe abcmpakmHo2o U CMPYyKmypHO20 CuHme3d
ycmpolicme asmomamuueckoll CUHXpOHU3ayuu C NpUMeHeHUeM NOcAeOHUX 00CMUMiCeHUll 91eKMpPOHHOLU NPOMbIWIEHHOCMU, d
makaice CUHmMesy a120pummuUYecKozo obecneueHus 015 NpoepaMMupyeMbix cucmem yoensiemcss HeOOCMAMOUHO 8HUMAHUs. B
pabome npednoxceHo MameMamuyeckoe U an20pummuyecKoe onucaHue npoyecca agmomamuyueckoli CUHXpOHU3ayuu ou3esb-
2eHepamopoe 8 cy0oeoll 31eKmposHepzemuyeckoll ycmaHoeke. BbloeaeHbl mpu 8uda Kpumepueg onmuManbHOCMU ynpasneHus
npoyeccom CUHXPOHU3Ayuu npu OemepMUHUPOBAHHOU U cmoxacmuueckoli nocmavoske 3adauu. OnpedeneHbl puCKU
OmK/I0OHeHUsl (hakmuyeckoli mpaekmopuu CUHXpOHU3Upyemoz20 obsekma om oxcudaemoli. IlonyueHa obobwjeHHas cmpykmypa
ynpaeneHust npoyeccom CUHXPOHU3AQYUU U a120pumm (yHKYUOHUPOBAHUS CUCMeMbl yNpaeneHus 3muM NpoyeccoMm.
OnpedesneHa cmpykmypHasi cXemd KaHaad NOO2OHKU 4aCmonibl CUHXPOHU3UPYeMO20 Ou3e/lb-2eHepamopd, a makx#ce OnucaHbl
nepedamouHble pyHKYUU Kaxc0o20 ee 38eHd. OnpedesneHbl MamemMamuyeckue 8bIpaXCeHUsi BpeMeHU OHCUOAHUS HACTYNAeHUst
MOMeHmd CUHXPOHU3Md, d mAKdice napamempos, onpedesiioujux 3a0epiicKy epemeHU cpabambl8aHusi 2eHepamopHO20
asmomama. ITlonyueHa Ouaepamma, uamoCmpupyrowas cnocob onpedeneHusi napamempos cuHxpoHuzayuu. HaensioHoe
onucadue npoyecca npu nomowju an2opummos, OudepaMM U mamemamuueckux eblpadceHull nosgoaum 6e3 mpyoa
peanu3oeamps  NpeofioNCeHHbIU  cnocob 8 COoB8peMEeHHbIX Ccucmemax demMoMamu4eckoeo ynpagneHus  CyO0O8bIMU
9/1eKmpo3Hep2emuuecKuUMU yCmaHoeKamul.

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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