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.[HceprarlHoHeH rpy,a:a npsAo6uBaae Ha o6pa:oaareJrHa n Hayqna crenex ,rn(oxrop.. e
npoSecnonaaxo HanpaBrIeHI.{e 5.3 KorrryNNKaur4ouHa H roMn}or}pHa rexHHKa no Nayqfia
cnetlHarHc}cr,,ABToMarH3HpaHI{ c},IcreM H :a o6pa6orxa Ha nu$opMauu, fi y npaB.reuae"

Anrop Ha Jllrccpraurounus rpya: Mar. HHlt(. Hnxep Anrauon flxon

Aarop Ha perren3uxra: npo$. r-p HHx. Aranac Benxon AraHacon, XTMy-coQun
'l'elvra Ha rnccprauxonHufl Tpyn: ,,fi3cflegnane Ha BbsMoxHocr[rre ra parpaoorBage Ha

apxurerfi'ypa ra o6pa6orlca ua uxSopruaufifl B HnItycrpuflTa or cJrenBatrIo rroxorexue..

l. Axryanuocr na parpa6ornsHrrff B rncepraquoHHns rpya npofnenr
Hacrorunxt AHceprauuoHeu Tpyn e cBlp3aH c H3KJrlorrureJ'rHo aKTyaJrHr{Te npodrexlu uo

nlIrI{Ta.IIH3auHfl H aBToMatI{3aI{Hg B opaHxepufiHoro 3eMeAeflHe B cborBercrBue c napa"u11rMara
xa HHAycrpztx 4.A.

Btnpexn H&nperbra B anToMalu3attlr{Ta B pa3JrfiLrHHTe orpacrlf rra ceJlcKoro cronaggrBo.
opallxepufiuoro llpou3ro,tlcrBo e nocraBeno npeg cep]ro3HH npegH3Br{Kare;rc'rBa vt

ueo6xo,quuocr or aAanraqns Kbr{ HoBHTe peaJruocrn. B ocuonara Ha arpo-rpaHc$opr"rauxxr:a
Jlexar MHoro c[eu]IaJIHu H KprTnrrr"rn Sanlopn, KoHTo HN{ar npflKo nrr,leficrBr.re B}pxy
exe/IHeBHHt HI,t xffiBor, a HMeHHo AeMorparlrcxara xpr.r3a. HaMaJrrrBarrtuTe np!{poAHH pecypsu.
K.[HMarl{qH}ITe npoMeHH H ol'poMHHTe KoJIHqecI'Ba xpaHHTer'rHr,r oTnryl}LlH.

B lnceprauuollus rpyj{ e parpa6o'rexa HHTerpHpaHa cxcreMa or opaHxepry}r, H3noJr3Baula
ilplrHuxnuTe Ha l4ruycrpnr 4.0. tlpet He, ce noBr4uaBa oileparnBnara e0errnsHocr,
KaqecrBoroo ycrofivnaocrr&, r,r oCuena xa ran$opuarlms Mexry opan)Kepr.lN.re. CNcreMara
onrHMH3Hpa B3elvl&Hero Ha peBlelr}tr, p83npe].IejreHHero rra pecypct{Te r{ fiaMarg8a!{ero r"re pHcr(a
B celcKocronancxnTe npaxTur$r. Ka'ro u:tno;r:na r-lutfpoBuTe 'rexuojroffiH il aBToMarn3aur{fra,
ilpe/lnoxeHara cltcreMa rlpeAxara o6euanautu trepcflerTxrsn 3a rloBr{uraBaHe Ha
npoH3BoxHTeJlnoc'rta. onasBane Ha pecypcnre N ycroftqHBocr ts opaHxepufruoro 3eMe1eJrr{e.

Pa:pa6or:enllTe B AHcepraIII{oHHIrfl TpyA anropuTM}r. MoAeJrr.r H perrreHug MorarJIa HaMepf,T
npuJroxeune B pa3nrqxn odaacrN r.r cercropH Ha errrpeMeHxara HlrAyclp!{r.

Z, Crenen Ha Iro3HaBaHe H& cbcroflilHero Ha npoO;reua u rropqecKa Hnlepnperaulrn
Ha nHTepaTypHrrfl MarepHa.{

B asa"qHru'rHux o6rop Ha rnceprarlnoHHHff 'rpy/l, .{oxropa}rrtr e pa3rxe.{aa trrupox
CneKTI,p OT TeMH. CBbp3AHH CbC CeI{3OpilHTe TeXI{OIOTHH, CHCTeMHTe 3a ynpaB.[eHHe, a]r&rtl.t3 ItA
JIAHHI{, KOI{yHHKaIHOH]II,I IIpOTOKOJTII U anrOpHTMH 3A OrrTHMr.r3au]rfii CBbp3aHH c
aBrt${arr,r3euusra Ha opaHxepnure. Ouenenu ca clrJrlrr.r're crpalrH H orpauxqeHl{r'ra Ha
c}Illecr8yBaulure peuenu, B $lHoxecrBo H3MepeHHr. Bapnpaun or TexHxqecKa e$uracHoc'r n
uauta6npyeMocl' ,uo penra6uJlHocr u y,uo6c"rao 3a [orpe6lre:u. Ha oorosa'ra Ha Kpr.rrnqeu
alrarH3 Ha r{HOXecrBo II4TepaTypHH HSTOTIH}.il{H Ca pA3KpHTu reHr:IeHUHHTe, MOAeJTHTe H HOBure
napanHrMH n 06lacrra, Karo ca otrpe{enenn npeAuMc'r'Bara H HeaocrarbuuTe Ha fiacrort{ffTe
I1 OrXxoALf 3a aBTOMa'rH 3alltttTa il A opaHxepHHTe.

AHann:lr,r pasxpllra, qe s o6rac'rra Ha aBToMarlr:3xpanure opauNepnfiHx cacreil{H ce
nplrnarar MHoxecrBo rexxo;roruqnn HHoBaqHr.r, cBbp3anil c noAo6pqBanelo Ha MouHTopHHra Ha
KynrypHTe, KoHTpora Ha KJIHMaTa r{ ynpaBfleHr{ero Ha pecypcnre B opaHxepuEHa cpena.
IilHonpeuuenuo c 'rona npo,{t;lxanar r:la cbrrlecrByBar npeAuSB}rKareJrcrBa n npo6-renrn.
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cBbp3aBrl c oleparHBuara clB:ltec'rr{Mocr. y*3Br4l,tocru B o6irac'rra Ha Kn6epcqrypuocrra !r
xeo6xoru*rocr or craflAap"H3l.Ipaxl.l rtporoxo:lu u uutept]eficx. OcseH ToBa pruryl{uxra B

creneHTa Ha npl{eM8fle H TexfiororuqHara roroBHocr npe.{craBjrrBaT flper{Ka 3a rrrHpoKoro
BHeAp, BaI{e fi B}3 npr.teMalre Ha aBTOMaTH 3rrpaH }l opauxeputi}r n peureH }rr.

3a orxpunaHe Ha npo6neuure u Qoprr,tyJrnpaHe Ha qeirHTe AorcropaHTbr e Harlpanurr
KpHTHrreH aHaJIH3 H& pa?rxr{Hure (ner) HHBa Ha aBToj\{arrl3auNr, $oprnrxpaq}r nxpaMxAara Ha
&BToMarH3a[Hfl 3 e.&Ho npe.unpt{srxe !r,TH }tgAycrpl{r, KaKro n rta5opa o'r 3aAaqu n Aefinoc.ru u
IT NNdpac?pyKTypa. cBbp3anlr c BcxKo e,[Ho or re3n HuBa. Arralusupau]r ca flpeAflMcrBara ],i

HeAocrarl;[I{Te Ha uafi-nony.trpH}ITe HHJ(yc'rpnanHH KoMyHuttaqfiorHx nporot(oJlH, Koltro Morar
ra ce orKpnrr B notITH BcHt{xH cHCTeMH! c orxer Ha n:6npaHe Ha nafi-noAxognlut{Te 3a
aBToMarH3HpaHHTe opanxepufiHr4 cHCTeMH. Pa:rleAauH ca pa3flHKlr're MexAy o6.raquur:e (cloud)
u xpafiuur:e (rpaxu.tNu edge) - 6a:upaHlrre perueH,.r, 3a ue-rrule Ha H3l'paxAaueto MoAep]rH,
KOMyXl.rKHpauH c H a&ToM&TH3r,rpAHrd OpaHxepHl.r.

Ot altatNrll.tHr{, o6:op B nbpBara rura*a Ha Ar'rceprarln}lra e BHAHo. qe AoKropaHTb'r
orJl}IttHo no3HaBa npo6.reuure s o6nac"rra Ha aBToMerH3aqnflTa ua opaH)KepHH pr AeMo[rcrpHpa
Bb3MO)I{HOCTT.T 3A TBOpqecKa HHTepnpeTar In, Ha n3nox3BaHil, MATepH aJr.

3. Crorretcrtrue fla n:dpaHala rueroAnra ui H3t.[eABaHe, c nocrarena'ra rlerr fi
saIaqH HA AHCep'raUHoHHHrr TpyA

lde,rra Ha Ar{cepraumouu}rfl 'rpy.rl cB}p3aua c parpaborxara r{a o6o6rqen .ur:afis n
apxHTeKlpa Ha TeopeTHqHo oooeNosasa cHcTeMa oT B3ar.rMocBlp3aHH l(oMyHHr(HpelrlH
CIpaHx{epfiI{. 3a.qa ce rocrl4rne rleJITa ce pa3mexAar ]r aga-nr.r3npar c]uecrBygaluuTe B &roMel{'ra
aBToMarlI3Hp&HH npoJlylcru 3a opauxepNfixo ilpon3nollc'rno, H3rro-t:BaHH B arpapnara
I'tHAyc'rpH, H ce orlperleJlrr Bb3MoxHu nojiooper{Ht. IlpegcraneHa e i.r3ufl.;ro HoBa MeTo.{oror}t,
:a cr,6upaHe. ctxpaHeHue H o6pa6ornane Ha Hu$oplrauufl, Ha 6a:ara Ha e{uHHa cucreMa or
cEbp3aHH H KoMyr{r{KHparrIH opeHxepH}r.

flptl cllurma Ha ynpanJlelru*To Ha opauxeplrflTa e ttpsxox(eno MoflenHo nps4cra3Beuo
ynpaBfleuxe {Modcl Preelictive Control) 3a orrrruiilrHo peryflr{par{e Ha Mnr(poKJr}rMara B

opaHxepurra. ocrryprlraulo npaBunuo yrrpaB,'rcune Ha eneprufiunre H BojIr{HTe nororlH 3til

HallotBal{e, H3KycrBeHo ocBerJIeHHe, o6orarRnaue c CO2, H3cyuaBaHe, BeHTHIaUHT{ H

OTonr'IeHHe u Apyrl'l IIpOM0[la][BH B cpeAara. Cr:AaleHH ca cbuo raKa r{ oSuiu MojIenH 3a
ynpaBi.'IeHHe H eMyJraUus Ha THnuqHI. rIapfllIKoBI4 eueprufiHN cr{cTe!\,{}r. I4:nol:naH}r ca MeroAH
fiarNpaHu raa e.qHHeH Au:aftu ,{& Teope'rfiqxo o6ocuosaua apxnlexrypa 3a cnbp3a}ru opax}reprrH,
c risil KoMynuxaux.rr H tr3rlaxAaue ua lrpeBaurHBHH Nrepxu. C qe;r ilpeAorBpar.fiBage ]ra
HHUll.&eI{TH ca }l3nOn3BaHH MeroAr-r'r"e Ha orleHKa Ha pr.tcKa H Ha flporHocrHr{I{Hff aHaJ'tH3 !t
rlpeBaHrHBHara noA.{pbxKa (Predictive Analysis & Preventive Maintenance). flpuloxeHu ca
MHoxecrBo Me'roAlr 3a ouellxa ua xn6epcnrypfioc'na Ha cHcreMHTe. Ilplr parpabo.rxara na
apxl4reKTypara Ha cucreMara ca flp!{noxexfi }rreparHBHHTe Mero.{oirorNN Agile, Kaizen H np. C
uen ilpoytlBaxe Ea y,q.onJlerropenocT ra u HaITracHTe ua 6rAeulr{Te floJr3Bare;rx Ha cacreMara e
E3nor3gan KarrecrBelrnx Merojl tDoxyc rpyna (Focus group), xoff.ro e trrHpoKo n3nofl3Ban B

MapKeTHHra.

H:6panure MeroAHa 3a H3rbpruBafie Ha HayqflHTe H3cneAnaulr{ H cHMyrauflH c}orBerc.rBa
HanbJrHo Ha [ocraBeHl{Te IICJII{ I'i 3ar[aqH B Al'Iccpral{Ho}rHl{,fl TpyA.

4, XapaxrepncmKlr Ha jlueepraunourrHn rpyit
IlpegeraneHHrrrtuceprallftoueu rpya e c o6eu 191 c'rparrnuH. B Hero HMa sxrlo.{eun 23

ra6ruqN, 87 {rNrypra H I I rpa$sxu. Cnuc}x:r,r Ha H3[o:r3tsar{ara lurepatypa nrurrcura 92
Jll{'reparyptlu H3TotlHHuu, or noNto 23 unrepne'r-6a3npaHu. Bcnqrnre H3'roqHXUH ca Ha
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BHrurI{trcK}I e3HK I'I caMo l8 ca or rpe,{H l0 roanxpr. Octauaml.re ca B nepnoAa 21l4-?0yjr", Karo
noBeqero or rflx ca or rrocJreAHHTe 5 rolnxn.

Crpyrrypara Ha rxucepraunonulrs rpyn BNJrlor{Ra o6eKT" qen H 3a"rlaqg H MeroAa Ha
AHcepTaUfiOHHHt TpyA' Bane.qellue, r{eTLIpn TJIaBI{, Cguc't K c IIpHHocLt. cIIHcbK c ny$lrxaUuUfe
Ha [HCepTaHTa r{ cnHc1>K Ha nor3Bar{a.ra n}rTepaTypa.

B nr,pna r.[aaa e ffpe,ucraBen Kpr{Tr{qex anaJrr.r3 H& HfiBara Ha agtoMaru3arrufl (Field Level,
control Level, supervisory Level, Planning Level, Management):a rr3rpffi(,qaHe Ha cbBpeMeHnfi
HHAyCTpT{aJIHH CHCTeMH, Pagr:reAagu ca [pe,It].tMcrBara H HeAocrar6uHTe Ha nafi-
pa3npocTpaHeHHre HH,{ycTpHanHH npC}TC,Korn. H3no3Ba}reTo Ha o6ra.{Hr.r H rpaftuN
H3r{Hc.rIHTeJrHH Tex}roJrorrru r,r rN6epcurypHc}crra 3a H3rpaxqtaue Ha ct,BpeMeHHI,r pa3rtpersneHa
(N fiepapxuxuu) amoxtaru3l,Ipauu clrc'reMn: Kax?o e HanpaBeg H aHaJrH3 sa uaft-uorepgr.rre
peureHHs n of.nacrra ua opanxepufixrre cHcreMH Karo xl{ApononllKara! &xBarroH111ara,
aeponoHllKara $r coJlap}rH?e efi cTeMh.

Btr aropa maaa e rlpeArloxeg IroB Mo{en 3a onrnMu3aur.Irra Ha Knacnqecxr{Te cHcreMH 3a
aBToMarH3aIIHr, H3IIo.rl3Bat{H n (napuuxoBl{Te exeprnfir:u cucreuu) opa}rxepxHTe, qpe3

rpHrlaraHerCI Ha yct,BbptxelrcrBsHH crparerHH, KaTo Model Predictive Control (MpC). 3a
nonlrilJaBalre Ha npot{3gonxTe;rnocrla Ha c}tcreMara. 6e: la ce H&uarar t}u:nxecxg rrpoMeuH B

cluecrByBarqara uu$pacrpyxTypa, e H3uoJr3BaH& o6o6utena c.rparerfiri 3a npe,{cKa3naul
KoHTpofl. B rflasara e HaflpaBeuo eMnupnrrHoro Bartu,rlt{paxe Ha a.rrropr.tlbMa Ha MPC s c.[oxHa.ra
u {I'tH&MHqua cpeAa Ha opanxepr.rrra Ha o3HoBaTa Ha cHMyJraqHH Bbpxy, pa:pa6oreu
nporol'HrreH crex.rt. HMHTHpatu uaua6a Ha c'ra]rraprrra raproBcKa pacre)r(Ha KaMepa.
CnuynauaxTe norBbpxraBar e$exrurHocrra Ha npe,{Jroxenara crparerr.rff, Karo AeMoucrp}rpar
ueffgnre nperllMcrra no orHomeuue Ha ror{Hocr H ycrofi'lunocr B spaBHe}IHe c
KoHBeHqI{oHiLrlH}I're MPC rr,rerojlororxll. tlpe: trpoex'rnpaue Ha Me'rolIH 3a ynpaniteHxe, Kouro
rltHHxMr{3t{par r{efieBa r}yururx. rroAr{H}refla Ha orpanHqer{H, 3a orrpellejre}l BpeMeBH xopH3oHT,
MPC npeAJrat'a cHcreMarHqeH n H3rrpeBapBau rloitxofl rc,sM ynpaB;reHne.ro Ha Knr{Mara B

opaHxepHHTe.

B rpeta rraBa ca H3cJre,{BaHLt Bb3i\{oxnoc?r{Te 3a H3rpax.{aHe rra e.m{HHa cucreMa 3a
cr,6upane, o6pa6ornaxe u axanx3upane lra an$opruaunr c uen no.[o6prnane Ha
rpol'l3BoJll{'re;II{ocTTa H rlpoAyr{'r'Hr}rocrr& }ra arpapnu npeAnpnxrtrr. l{anpanenN ca
ueneHacoqeHr.t r.r3creI8aHHfl. 34 na ce H3fpaJIH eIHHHa apxlrTerffypa 3a cr6xpaue 11

oIITHMr,t3HpaHa o6pa6o.ma Ha nn@opuaulrt. jlaBalla Bb3MoxHocr Ha KoMrraHlrn H

npor{3BoAcrBeHH rrpe,[npHrrr,rs B cBeroBeH Mar[a6 aa nocrr"trflar no_rorrrMa taBKaBocr r.r

noBl'luleHa npo&yKTLIBHocr c flo-Kparr(H cpoxoBe Ha H3n]rHeHfle H no-HHcKa ce6ecrofinocr Ha
xpafiuax npoly!ff.

fipe&noxena e apxurerTypa or Mpe)fia or $anilrocB'bp3aHn op&Hxep]rx. BcfiKa or KoHTo e
o6opynraHa c ycl,BbprrrencrBaHn cncreMH ra na6lrc,qeHHe. KoHTpon H npeBexunr. 06.qaqNNre
CHCTeMH Hrpar{T BaxHa poJL B apxuTer$ypara, Karo ocr4rypsBar rbBKaBH N uauadupyeMn
B'b3MoxHocrll 3a cbxpaHenHe H I{3rIHcleHHs. t{pe: BKJrK)qBanero Ha qacrl{H, ny6lruxu.
xn6p*r.u,nH n uyltno6launu cperu oneparopure Ha opa$x(epr.rn Morar Jra Hsnon3Bar
npeJIr.rMCTBaTA Ha BCeKr{ M0lxeJL

B uemtpra ulana ca npeAJto:,Kelrn Torlo;Iorlrgra, apx!.{rer'lypar& }r ar'rropuTh{r.rre Ha
o6e.qHuenara ctfcreua 3a aBTouars3aunr ria opaHxepufinu cHcu'reMu,BKJrloBarrIa KoMnoHeHT 3a
cr,6upalle It aHzuIH3 Ha AaHHH; cr{creMa 3a rrogrroMaraHe B3ehraHero Ha pelxeggg, Korro
o6pa6oraa ct6paHure AauHH, H3B'bpuBa aH&:rH3 H reHepHpa npefiopbr(H H petuenrlr Br,3 ocHoBa
l{a llpeABapu'rexno 3ajlaAenn npanl"rna. &rrropr4TMu H npr.topuTer}r H rrorpeCurelcrcx uH'rep{:e*c.
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I'trpu urpaxaaue'ro lia cltcreMar& ca H3noJr3ru]l RAMS u FME.A a]riurx3nre. RAMS
aHiuII.t3bT rapaHTHpa! qe chcTeM&Ta ule Mox(e Aa ll3ul,JrH,lrla cBOr{Te $yuruuoxarrHocr}r r}

clc'rorHile Ha Br,rcoxa HaAexq$ocr (Reliability), nocroxlrna Hultr{Hocr (Availability), recrra

rogpaxra (Maintenance) H npe.(Bapxrerrno Eerluuuparra 6egonacHocr (Safbty). FMEA
auar'rr.{3rr (Iailure Mode and Et'fects Analysis) e u{c'reMar[qeH rroAxojl 3a HAeHru0uuNpaxe x

npe.lorBpaT,IBaHe Ha ilo'reHuxaJlHH rroBpe;[H I AlilleH npouec, llpoAyKT H;lH CHcTeMa' [pe.il,H re

Aa ca B!3ut{KHaJrr4, 3a aua.nH:a, pa:pa6orxara H lto,L{pl,xxara Ha cucleMa:Ia ca H3IloJl3BaHI'I orqe

s $urnec Mojlenbr Kanaaa, paHxln:e ocI,rHoBHTenx (Early adopters), KaKTo r.r PDCA, DMAIC,

Lean, KAIZEN u Pucr u SWOT altaqn3ure.

5. flpnuocu B Auceprnrtuonrlltfl TpyA

llpnerrlar"r Bcr.rr{K}.t 3affaeuu or ilr{cep'ralrra npHHocH, KoHTo roli e t}opmylnpa, Ka'ro

HayqHH, HayqHo-npHJloxut{ H rlpu;lo?r(Hrr. I"lpuaocu're c}orBercrBar Ha nocraBenI.{Te B

/xscepTauH, IIetfi H Ha nocTHrHaTI.ITe pe3yJITaTH.

Hayuuure npnnoclr cff eBLp3aHH ci
- ?lr.lepnareleH aaailr{3 H&TexHoJrorHHTe Ba anToMarn3awtrra B arpapgoro npoH3Bo.{crBo,

KaTG CeH3Opt{, sAI[BH}KBArrlt MeXAHr.rSM}.r, CI{CTSMH 3a ynpaBitellfie E l(oMyH]',IKaIIHO]tHl{

ffpo'roKonfi.
- Pa:pa$orBaHe Ha o6rqu MoAe.,rH 3a aBToMarlr3arytf, l.t ynpaBxet{He ila aB'roMarH3I{paHI'l

clpauxepnfi HIr cHcreMH.

- llpeg,,roxeHne Ha MPC crparerus ja nnaHupalre Ha euepruiiuara cncreMa npH

opaHxepHI-r.

- l,lgeurg$r{{}rpage Ba fitAeuu Hacoxu 3a HayqHE H3cJleLBa}IHfl! cBbp3aHH c

yc.l,Bbpr.ueHcTBar{H &lrropr{TMlr 3a o[TnMrr3HpaH pacTex fla pacTeHH{Ta u pa3npeAeneuHe }ra

pecypcfire.
Hay.rno - npHJIoxtHHTe npxltocl{ ca:

- Auann: Ha rrpe;lH3nuxareircrBara B Hsrpaxilal{e't'o Ha &BToMa'I'H3HpaHa opaHxepufiua

cHTeMa, qpe3 HAeHTxQr.rur,rpaue Ha croxllocrra Ha yupaBxeHuero Ha cncteMara! BK,rlaqxTeiltto

pa3 [o3HaBaHe Ha IrerLIHeft socrra B /Iu HaMH qHI{Te cucreM H.

- HrrpaxAaHe r{a nilau 3a npneMane Ha cbBpeMeHHI,r rexuorortal{ 3a ynpaBflenlle.

- Hxenrn$nqxpaHe Ha orpaHxr{eur.rrlTa r{a cxcrcMara, Karo xeo6xo,{uuocrra or
excnepuMeHTaJilro Barr{Ar{pau$, H3ftoffiBafiKu nory3araopeua opanxepx, H orp&Hutle]rara

npoJlbjrxr,rrejrlr ocr.

' Ilxlocren HailpeAbx r o6;racrra Ha opanxepnitHure cfigreMx - llpegocraBtHe Ha Mo.(e:"ll{,

AeMoHc"rpxpane Ha no,1po6uH rrpoqe.iiypu 3a npunoxnMocrra fla clparerHH're 3a aBToMarI{3aIrHrI.

- Aaar:rlrpaue Ha HreparnBHu Merogonorun (Agile, Kaizen) - Hrepatuouo paspa6orBaHe,

HenperbcHaro yclBlpueHcrBaxe n e$exrunHo petuasane Ha npo6leuu.
llplrnoxnure npuxocn ca:

- PanpaSorBanc Ha cncreMa 3a onpe4enxrre na H[rBoro Ha aBToMarH3aUHs, Koilro no3BoJIflBa

Ha onepaTop$re Ha opaHxepHH A8 orleHflT HacTorluloTo filtBo Ha aBToMaTlI3allfis, Ia oflpeAensT

0nTHMAJIHOTO HIIBO H,[a nonyqar npenop]l(H 3a npeoAonflBaHe Ha pa3JlHKaTa.

- Ilpe.{,noxeuue Ha c[creMat $orycrpaHa Bbpxy cl3AaBaxero Ha Mpexa or
aBTOr{aTH3rrpaHn opaHxepuu, KoHTo Aa I(oMyHlIKHpaT noMexAy cll.

- Peruanaxe Ha nparffHtecxnre npeAn3Br.rKareJrc'[Ba npu ilp]Inarauero na aBToMarH3a[Hf, H

Ilpr.tiroxeHue Ha MPC cltcreMa IIpH arroMalu3ar.Ins - l&tenrur]luuupalle lt npaKTHqecKl peueHHJ{

HA npe,[H3BHKaTeJIC'rB&Ta np]r flpH.flafaHeTO Ha aBTOMaTH3I.tpaH KOHTpOJI' BIU1]OYUT0r'IHO
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cboopaxeltwfl ia peaxux,t B pea{ilo BpeMer H36op ila rrlrar{}opMa H orpauuqexnr Ha xapAyepggTe
(,fict'eMr.I H e3[ur.rTe ?a nporpab{HpeHe.

' Hacr:ru 3a kHTel'pat*(ltrl ltlr HHoBaTHBuu rexxoJrornu - Ilpenopr,rcu 3a oneparopnTe Ha
opallxepflll 3a npHeblalle fia ycbBbpureHc'[EaH]r rexnojrorilt,l 3a ynpaB.rreHr{e.

- Pa:pa6orxa ila MoAex 3a excnepl{Mer{Ta a rec.roBe.

6. oqexx* 3a c'relleul'a Ha ":IEqHo'ro yqacl'He lrx AuceprauTa a npHHocHTe,
Cuutall, t{e }lanpaBeHHTe H3cJIe[Ba]rHfl, c,Myna{uH }r noxyqeHHTe pe3ynrarH H npr{}roc, B

ilHcepraul'loHHHfl'rpy/r Ha H:rxep ArrraHos .flxon ca irr.rr{Ho HeroBo geno. Tclna $e norBbpx(AaBa H
or ny6lxrauruTe My, KoMeI{THpaHH & crreABaularara rorrxa.

7, Ilpeqerma na ny6aunaqufi're no Axcepraunorurrrff TpyA
OcuonnHre pffiyi'ITttrn or Aucepraurlolruurrpy,q ca ilpexeTaaelin e 5 nayuHH ny6lnraqxu.

r{erupu or rrx ca roxna.{r{ B Mex("qyn&poJl}r1{ Eayqna rontlrepenqrdr,r. orneqaraur.r B nbJrer{ TeKcr,
a eAI'Ia e ny6rruxa:1nfl e orlleqar&ffa B roJIHrrn{HKa Ha TY-Cor}na. Brs rcuqxa ny6.unxar{xl1Te H

AOKnzulHre AoK',l'OpaH'r'b'r e II]pBn c]aBTop c p]KoBoAHTeJrHre Ha IHceprauHflTa cN. EAHa O'r
l":ocoqeHHTe no-l'ope qerHpu ny6.nnrauul4 e npeAcraBeua Ha rcoH$epenulrfl, peQeprpaHa s IEEE
Xplore (Scopus)' Epol'r H xaparrepa Ha t:peAc'raBeHure ny6lurauun 

-cborBercTBa 
Ha

cSulonpueruTe H3HcKBalru, 3a pa3npocrpaHeHue Ha pe3y.rrrarx or HayqHraTe H3crre,{Bagr,rs.
HayrorrlerpHqHHTe noKa3arerH Ha.{BHUraBar rByrparr{o, u3HcKyeMHTe 3a nH 5.3,

8. Hlnc;rsstHe Ha peryJrrarlrre o.r Ancep'raqlronnuf, Tpyrx B Hsyquara H cor(H&Jlrrara
npaKTHKa.

Pe:ynrarnre or;IHceprallnffTa fioaqepraBar ryaNcttloprnruparunfl ttorenuHaJr Ha
npeAnoxeHHTe crparerHH 3a MPC B [poH3BollcrBoro lra opauxepufiuN rryrrrypg.
HxoHotrlrqecKuTe npetrHMcrBa H floBurrraBauero Ha e$extuBHocfl'a Hararar Aa ce flpe;1op]qa
BHe.[pf,BaHero Ha ra3[, HoBa rexnoJlorfix, oco6eno Karo ce r.rMa npeIBHA npeo6aa"11a3au-(ara
3aBHCHMOCT OT eCTeCTBeHara BeflTHJTaUH' H plqHo'ro oBJIaX{HflBAHe B HACTOTUIT{Te cxcreMu 3&
yIIpaBJIeHne Ha opal{xep!{I{re. Ilperuroxen}Ire crparernn Ha MPC ocur}praar HaAexnga
aJITepHATHBai KaTo aBTOMATI{3,lpAT lIpOUeCa HA ynpaBIeHHe K HaM&,"t{BaT pucKOBere, CBbp3ag[r C
pbt{IIH?e HaMecH. MPC crparerxl{Te Moxe /ra Hameprrr npn.llor(enxe B pairsqp}r HHAycrpH}r.

9. Ouexra H& ars.rope$epara Ha AHcepraunflra
fl-peAcraneHHt'r or lorTopanTa aarope$epar e s o6ei\.{ or 30 crpaHuug H aaegBarHo

OTPA3,|BA UEJITA HA TNCCPTAIIH'TA, PCUIABAHHTC 3ATAqH H NOCTHTHATHTE PC3YJITATH, KAKTO
rlptl]locl'ITe Ha "[o]ffopaura. O$op]Itl{ero ila aBTopesepara orr'ogapfl ua H3HcKBar{Hrra H
npenoplr(r{re na TY - Co$ux.

10. [Ipenopbxtr H Kptrrrrrran :a6etexxN
Hsuau oco6enn :la6e,texxu KbM &Ircepraur{c}HH}r, rpyl. Tcfi e o$opner BxgMare.r1]ro H

cTaparerflo c Bllcoxo HHBO HA rlpe/IcraBrlte Ha HavqHHTe H3C.rreaBaHHr{ H cBHAeTercrBa 3a
lo6poro rro3n arlaue Ha nperMe'r.Hara o6lacr..

ll. Saxnmqeulte
Kpafiuara i\tH ouenxa orr{oc}to cbAbpx{aaHe.r.o H rrpxt{ocxTe Ha AxceprarluorrHu{ ryy.{ Ha

Mar, HHx. Hirrep Arranou .f,xos e ruo.:roxuTejrHa. l]ucep.raur.roHHnrr rpyjr orroBap,{ Ha
HsHcKBallHflTa lla 3arosa 3a pa3BHTHe Ha aKarervrut{HH, cbclaB ua Peny6;rsra ErrrrapHr, Ha
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llpanuxxrxa 3& HerosoTo npujlilxenxe r{ Ha XlpanNxxxxr} 3a yenosur'lra x pega :ra npNgo6xnane
fie $ayqnr.i crerirxx a Texxuqecxn:{ yr{l{Bepi}HTer - e*SNx.

I'*peN:loxcHs'ro Mu "{asa {:}cfio*at{He Aa npenopbr.l&u }t& Ys{ilfiaex$ro }lay'lHo ?{rypr4 fla
npl{c?,il!{ H& },rar. nux. I'lnNep A;tr:anon Xxar o6pn:*BaTeiua.?a }"r flayqna crcfier{ ,,gor'rop" fio
npo$eerilualuo FIafiptluil*t{Ne 5.1 i{*uyr"ruxafiiroH]]i] ]., KoMntorT]p]ra rex,rHKa no sayr{r:trt
cfleullfi.tllocr,-AN'rnnt&Ti.t3t{pau}{ sucrexr.r :a o6pa6c;Ki} r{a nu$npuaq}{, fi yflparjreu}re"

17.04"20?4 r

rp. Co$nx inpa*.;r-p xrrx. A.

...."/...."....

Araaacei*)

*

Pe:{ex:rsr:..,.. "...,..



REVIEW

on a dissertation for obtaining an educational and scientific degree
"Doctor" in professional field

5.3. "Communication and computer technology", scientific specialry
"Automated information processing and management systems".

Author of the dissertation
Ilker Altanov Yakhov, M.Sc.

Dissertation title
Exploring the possibilities of developing an architecture for data processing

in the industry of next generation

Reviewer; Prof. [r. Eng. Atanas Velkov Atanassov, UCTM - Scfia

l. Relevanee of the problem eleveloped ir the dis*ertstion in scientific and appliert
science terms. Degree and levels of relevanee of the problem and specifie tasks
developetl in the dissertation.

'l-he current dissertation work is related to the extremely topical issues of digitization
and automation in greenhouse agriculture in accordance with the Industry 4.0 paradigm.

Despite progress in automation in various branches of agriculture, greenhouse

production is faced with serious challenges and the need to adapt to new realities. At the heart
ol the agro-transf'ormation lie many special ancl critical lactors that have a direct impact on our
daily Iives. namely the demographic crisis. dwindling natural resourses, climate change and
huge amounts of lbod waste.

In the dissertation, an integrated systern of greenhouses using the principles of lndustry
4.0 was developed. It increases operational efficiency, quality, sustainability, and the exchange
of information between greenhouses. The system optimizes decision-making, resource
allocation and risk reduction in agricultural practices. Ily using digital technologies and
automation, the proposed system otfers promising prospects fbr increasing productivity.
resource conservation and sustainabil ity in greenhouse agriculture.

Algoritluts, nrodels and solutions developed in the dissertation work can lind
application in various fields and sectors of nrodern industry.

2. Degree of knowledge of the state of the prohlem and creatiye interpretntion
sf the literafure material.

In the analy"tical review ollhe disserlation, the Ph.D. stuclent has considered a wide range
of topics related 1<r sensor technr:logies, control systerils, data analysis, conrmunication
protocols and optirnizalion algoritlrms related to greenhouse automation. 'fhe strengths and
limitations <lf existing solutions are assessed along multiple dimensions ranging from techrrical
efliciency and scalability to cost-effectivefless and user-tiiendliness. On the basis of a critical
analysis of numerous literary sources. the trends. models and nern, paradigms in the field are

revealed. and the advantages and disadvantages of the current approaches to the automation of
greenhouses are determined.
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The analysis reveals that many technological innovations are being implemented in the
field of automated greenhouse systems related to the improvement of crop *"nitori,rg, climate
control and resource management in a greenhouse environment. At the same time, challenges
and issues related to interoperability" cybemecuriry vulnerabilities and the need for standardized
prr:tocols and interfaces persist. In addition, diflerenees in arJoption rates and technological
readiness represent an obstacle to the widespread implernentation and adoptior:r of automated
greenhouse solutions.

To discover the problems and fbrnulate the goals. the Ph.D. student has made a critical
analysis of the differer:t (five) levels of automation forming the pyralnid of automation in an
entelprise or industry, as well as the set ol'tasks and activities an<j Il' infrastructure related to
each of these levels . The advantages and disadvantages ol' the most popular industrial
cammunication protocols, which can be found in almost all systems, are analyzed with a view
to selecting the most suitable nnes tbr automated greenhouse systems. The elifferences between
cloud and edge-based solutions for the purposes of building moclem, communicating automated
greenhouses are examined.

From the analytical overview in the first chapter of the dissertation, it is clear that the
Ph.D' student knows the problems in the field of greenhouse automation very well and
demclnstrates possibilities for creative interpretation of the material used..

3. Corresponderce of the chosen research methodologr with the set goal and tasks of
the dissefiation work

The purpose of the dissertation related to the development of a general design and
architecture of a theoretically grounded system of interconnected communicating greenhouses.
In order to achieve the goal. the currently existing automated greenhouse procluction products
used in the agricultural industry are exarnined and analyzed and possible improvements are
determined. A completely new methodology fur coliecting, storing and processing infonnation
is presented, based on a unilied systern of connected and communicating greenhouses.

In the synthesis of greenhouse management, Model Predictive Control was applied f'or
optimal regulation of the microclintate in the greenhouse, ensuring proper management of
energy and water f'lows for irrigation. artificial lighting, CO2 enrichment, drying, ventilarion
and heating and other variables. in the middle. Ceneral models fbr &e control and emulation ot'
typical greenhouse energy systems have also been created. Methods based on a unified design
of a theoretically grounded architecture tbr connected greenhouses were used, in order to
communicate and build preventive measures. In order to prevent accidents, the methods of risk
assessment and predictive analysis and preventive maintenance were used. Numerous methods
have been applied to assess the cyber security of systems. In the development of the system
architecture, iterative methodologies Agile, Kaizen, etc. rvere appliecl. ln order to study the
satisfaction and attitudes ol-the firture users of the system. the qualitative nrethod F'ocus group
(Focus group), which is widely used in nrarketing, was used.

The chosen rnethods for carrying out scientitic research and simulations fully
correspond to the goals and tasks set irr the dissertation work.

4. A brief annlytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertstiotr are based.

The presented dissertation ha; a volume of 191 pages. It includes 23 tables, 87 tigures
and ll graphs. The listslf u$ed literature includes 92 literary sources, of which 23 are lnternet-
based. All sources are in English and only 18 are from l0 years ago. The rest are in the perio6
2A14-2023. and mosr of them are frcm the last 5 years.
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'fhe structure of the dissertation includes the object, pur?ose and tasks and methods of
the dissertation, an i*troduction, four chapters, a list of contributions, a list of the dissertation's
publications and a list of refurencss.

In the first chapter, a critical analysis of the levels of automation (Field Level, Control
Level, Supervisory Level. Planning Level. Management) fur building modern industrial
systems is presented. The advantages and disadvantages of the most common industrial
protocols, the use of cloud and edgc co,mputing technologies and cybersecurity for building
modern distributed {and hierarchical) automated systems, as wsll as analysis of the most
advanced solutions in the field of greenhouse systems such as hydroponics, aquaponics,
aeroponics and solar systems.

In the second chapter, a new model is proposed fbr the optimization of classical
automation systems used in (greenhouse energy systems) greenhouses by applying advanced

strategies such as Model Predictive Control (MPC). A generalized predictive control strategy
was used to increase system performance without requiring physical changes to the existing
infiastructure. -fhe 

chapter empirically validates the MPC algorithm in the complex and

dynamic greenhouse environment based on simulations on a developed prototype bench

mimicking the scale o1' a standard commercial grorvth chamber. Simulalions confirm the

eifectiveness of the proposed strategy, demonstrating its advantages in terms of accuracy and

robustness compared to conventional MPC methodologies. By designing control methods that

minimize an objective function subject to time horizon constraints, MPC oftbrs a systematic
and anticipator,v approach to greenhouse climate management.

In the third chapter, the possibilities of building a unified system ftrr collecting,
processing and analyzing information in order to improve the productivity and productivity of
agricultural enterprises are explored. Focused research has been done to build a unified
architecture for gathering and optimizing information processing, enabling companies and

manufacturing faeilities worldwide to achieve greater fiexibility end increased productivity with
shofier lead times and lower cost, o1'l.he frnal product.

An architecture ol a network of interconnected greenhouses, eaeh equipped with
advanced monitoring, control and prevention systems, is proposed. Cloud systems play an

important role in the architecture, providing llexible and scalable storage and computing
capabilities. By incorporating private, public, hybrid and multi-cloud environments, greenhouse

operators can take advantage of each model.
In the fourth chapter, the topolclgy, architecture and algorithms of the unified system for

the automation of greenhouse system$ are proposed, including a component for data collection
and analysis; a decision support system that processes collected data, pertbrms analysis and

generates recommendations and solutions based on predefined rules. algorithms and priorities
and a user interface.

RAMS and FMEA analyzes are useful in s.v-stem construction. RAMS analysis
guarantees that the system will be able to per{brm its functions in a state of high reliability,
constant availability, easy maintenance and predefined safety. FMEA analysis (Failure Mode
and Effects Analysis) is a systematic approach to identily and prevent potential failures in a
process, product or systenl beft)re they occur. The Kanava business model, early adoptsrs, as

well as PDCA, DMAIC, Loan, KAIZEN and Risk and SWOTanalyzes rvere also used for the

analysis, development and maintenance ol'the Bystem.

5. Scicntific and/or applied science contributions of the dissertation.
I accept all the contributions stated by the dissertation student, which he has fcrrmulated

as scientific, scientillc-applied and applied. The contributions correspond to the goals set in the
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dissertation and the results achieved.

The scientifie contributions are:
- Comprehensive analysis of technologies lbr automatioll in agricultural production"

such as sensors, actuators, control systems and communication protocols.
- Development of general rnodels for automation and management af automated

greenhouse systems.

- Proposal of MPC strategy fbr greenhouse energy system planning.
- IdentiSing future research directions related to advanced algorithms for optimized

plant growth and resource allocation"
The scientifie and applied contributions are:
- Analysis of the challenges in the construction ot'an automated greenhouse system, by

identiffing the complexity of the system management, including the recognition of non-
linearity in dynamic systems.

- Building a plan fur adopting modern maRagement teclurologies.
- Identification of the lirnitations of the system, such as the need for experimental

validation using a semi-closed gr:eenhouse and the limited duration,
- Overall progress in the field of greenhouse systems - Provide models, demonstrate

detailed procedures for the applicability of automation strategies.
- Adaptation of iterative methodologies (Agile, Kaizen) - Itcrative development,

continuous in:provement and el'fective problem solving.
Applied contributions are:
- Development of a system to determine the level of automation that allows greenhouse

operators to assess the current level of automation, determine the optimal level and receive
recommendations to bridge the gap.

- Proposal of a system l'ocused on creating a network of automated greenhouses that
communicate rvith each other.

- Solving practical challenges in implementing automation and applying an MPC system

in automation - ldentifring and practical solutions to challenges in implementing automated
control, including real-time response considerations, platfbmr selection, and limitations of
hardware systems and programming languages.

- Ouidelines for the integration of innovative technologies - Recommendations fbr
greenhouse operators to adopt advanced management technologies.

- Model deveiopment for experiments and tests.

6. Evaluation of the degree of personal participation of the candidate in the
contributions

I believe that the researches, simulations and the obtained results and contributions in the
dissertation work of llker Altanov Yakhov are his personal work. "t'his is also confirmed by his
publications, comnlented on in the next point.

7. CIvaluation of the publications on the dissertation: number, nsture of the editions in
which they were published. Rsflection in science - uso and eitation by other authors,
in other Inboratonies, countries, stc.

The main results of the dissertation work are presented in 5 scientific publications. Four
of them are reports in international scientific contbrences, printed in full text, and one is a
publicalion printed in the-lU-$ofla yearbook. ln all publications and reporls, the Ph.D. student
is co-first author with their thesis supervisors. One of the above fbur publications was presented
at a conference refereed in IEEE Xplore (Scopus). The number and nature of the publications
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I

pre$ented corrosponds to the generelly accepted reqlrirements {i:r the dissemination of researeh
results. Sqientifrc indieat*rs twie* exeeed those required for pf 5.3,

&. Urt of the re*ults tf tke dissentation in scientifle ani! rocial praetiee. Existener of
*chicved elireet sc*R*rnic ef;fset, ctc, tr)o**mants on whi*h the staternent is h*sed.

J"he results of the thesis highlight the transtbrmative p*tential of thry proposed MFe sfiategi*s
in grernhouse crop producti*n. The eeont:;nic benefits anrl eftieieney gain$ warrant
re*ommending the implerncnt*ti*r: *f this new techn*l*gy, rspecially given the prrvailing
reliane* ofi netur&l ventilatiq:rn and rnnnual hurxiclilication in cun'ent greenhause manegemenl
systerns. The prr.rposcd MPC strategies prnvide a reliable alternative by automaling the
managemsnt process *nd redueing the risks associated with manual intervenlions. MPC
strategies may find application in many industries.

Asses*msnt of *he etrnpliance nf tlr* Aut*reforat with the rcquircments f*r its
preparrttlllnl tt$ rvsll xs the ad*quaey nf re{Ieetir*g the main pointr ancl cnntributionn
of the diss*rta{inn.

The Aut*reterat prese nted by the doct*ral student is it) pagrs }ong and adequalely rellects
the purp*se *f the disser"tati*n, the tasks to be solvetl and the r*sults achier.ed, as well as th*
cr:ntributions of tlre eloctoral studcnt.'fl"re *'nrnrat olthr: at:to*r$,;rfal merts the requirements and
reeon'lmenda{iorrs of 'llJ - Sofia.

10" trXoter, npinions snal rec*mmenil*tions

I have nn particular obje*tions ta the dissertation work. it is carefully and painstakingly
designed with a high level of prese*tation al'seientific research and evidene* *f good knowleelge
ofthe subiect area.

I t. Cnnclusinr ryith a elc*r p*sitivc or neg*tiv* &s$*sfmcnr of the dis*ertrti*n"
h$, finai assessnlcnl o{ the c*ntent and contributi*ns *f the M.Sc. Eng. Ilker r\ltanov

Yahcv is positive. T'lie dissertation n:sets the requiremenls of the Law on the ilevel*pment olthe
Acad*r:r":i* $taff *f thc Republic *f Bulgaria, the Regulatinns tbr its Application and th*
Regulati*ns lbr the Conditions anel Procedurcs lor Acquiring "!cienti{'ic l)*grees at t}:e Technical
Univ*rsity - $*11a.

The above gives me re*s$n t$ recofflmend to the Llonorable Seientifie Jury to award M.Se.
Hng. Ilkcr Altanov Yahov the edueational a*rl scienti*ic degrre "Doctor" in Prafessional Fir:trd 5.3
"Communication anel computer enginoering" and scientiflc specialty 1Aulornated systems lbr
inl*nnalian pr*eessing anel n:anagernent".

t7.*4.2A24 Iteviewer:

$olia /Prof. Dr. Eng. Atan/as Atanassovl
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