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\°Bbp\\ 1uwp}auuﬂ ra 3a npuj100oMBaHe
Ha oowyﬁam M HayuHa crenel "Jlokrop"
B IPO(ECHOHATHO HdﬂdekHllC 5.1 Mammnocrpoene
Hayuna cneumainoct "ABTOMaTH3HpaHn CHCTEMH
3a 00padoTKa Ha UHpOpMaLs 1 ynpasieHne"
ABTOp Ha JUcepTalusTa: : MarueTbp nuk. Yen TousiH
Tema Ha anceprawmsta: "IMpuiokeHne HAa HHTEHTEHTHH CeH30pH ¢ 5G
KOMYHHKAIHSA B HHAYCTpUsiTa"
Peuensent: npod. 1-p nik. Jlumursp Jamsnos

1. AKTyaJiHOCT Ha pa3spaboTBaHusl B 1HCEPTAUMOHHHSI TPYA NPod.iem.

[lpunoxenne na wmnrenanrentHun censopn ¢ 5G KOMyHMKalHs  11pH
0OpaboTka Ha uH(OPMALIMS 1 YIIPABJICHHE € H3KIOYHTEIHO aKTyalHO KaKTo B
Hay4CH, TaKa U B IPHJIOJKEH HAYMH HA pasrieskiaHe u uscieasane. OnpeieieHo
TakaBa pa3paboTKa ¢ HaBPEMEHHA, MO/IEPHA U 110JI€3HA 3a HayKaTa H 0cOOEHO 3a
MpakThkata. Ts nHamMupa CBOETO MACTO M B 00Jactra Ha HPHIOKHHTE
HHPOPMALMOHHK  cHCTeMH.  (YHKLIMOHMpAIA KAaTO KOMIIOHeHT B Kubep
cuctemure. PopmMyIMpaHM ca JABe Le/H HAa UCcepTaumusaTa KakTo clie/Ba

Llea 1: TlogoOpsiBane Ha KauyecTBOTO M CKOPOCTTa Ha ChOMpaHe Ha
HHAYCTpUaiHu JaHHu upes SG unTenurentu censopu (Enhance Industrial Data
Collection Quality and Speed via 5G Smart Sensors):

[leax 2. VaecnsBane Ha OesnpoGiemuara wuuTerpauus Ha  5G
MHTCJIMTCHTHU CCH30pH B ChllleCTBYBalM uHaycrpuainn cucremn (Facilitate
Seamless Integration of 5G Smart Sensors into Existing Industrial Systems).

10 3a110 cmatam. ye taka GopmyanpaHara uel Ha AMCEPTalHOHHUS TPY L
HabJIHO OTroBaps Ha paspadoTkara Ha JokTopata. [TokpHuBa M31410 ChIIHOCTTA
Ha M3BbpLICHATa padoTa 3a AHAIMTHYHO H3CIe/IBAHE W NpHIarane Ha HOBH
MCTO/IH 3a YChBbPUICHCTBAHE HA aBTOMATH3HPaHUTE HH(DOPMALIMOHHH CHCTEMHM.

[lpoyuen u ananusupan e npoGiema 3a pa3sBUTHE Ha CHCTEMHTE 3a
obpaboTka Ha uHpoOpMaLHs M yIpaBICHHE KATO €a M3ACHCHM METOMTE M
BB3MOKHOCTHTE 3a 10/100psiBaHe e(PEeKTHBHOCTTA MM 4Ype3 HOBH ChbBPEMEHHH
TEXHHYECKN H HHPOPMALIMOHHHN PELICHNS KAKBIUTO €A MHTEINTCHTHUTE CEH30PH
¢ 5G komynunkauus. Tosa 03HauaBa, 4e KAKTO TCOPETHUHUTE XapaKTEPUCTHKH Ha
TO3H MHMOPMALMOHEH I1POIeC, Taka M I0JX0/a 3a HErOBOTO H3C/E/ABAaHE U
YCBBBPUICHCTBAHE 1IC THPMAT MOCTOSHHH H3MEHCHMSI B HACOKA Ha HErOBOTO
METOI0JIONMYECKO W MPHIOKHO pazBuTHe. OT Tasu Ije/Ha ToYKa JIOKTOPaThT
ChbpKa PE3epBH B IMOBUIIABAHC HA TeopeTHYecKarta M IMpakTHYecKaTa My
C()EKTUBHOCT 110 OTHOLICHHE HA HEroBara MamabHOCT. a CbIIO TaKa M KaTto
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[TO/IXO/1 32 PCLIABAHC HAa KOHKPETHUTE 3a/1a4M OT TakbB Xapaktep. Olie nopeye.,
Y€ NpoOJEMBT € NPHIATAHETO M M3MOA3BAHETO HAa HOBH (GOPMH MOIXOAH M
MCTOZH KaKBHTO Ca MHTCIMICHTHH ceH30pu ¢ 5G KOMYHHUKalUs ¢ e/lHa Kpauka
HANpE/l W B NOBHIIABAHE HUBOTO MM Ha Vipasienue. B 1o cMHCHI.
Pa3padoTBAHETO M NPUIATAHETO UM € HE CaMO aKTYalHO. HO M [0JIE3HO 34
HayKaTa W NpaKkTHKara npe/uloKeHne u npuiokeHue.,

2. Crened Ha No3HaBaHe CbCTOSIHMETO Ha NMpoG/eMa M TBOpUYeCKa
HHTEpNpeTalus HA JIHTEPATYPEH MaTepHAal

JAncepranonnusT Tpy e B 06eM o1 161 crpanuim. Kato BKIOYBA YBO/L
5 IJaBM 3a pewiaBaHe Ha (QOPMYJIMPAHHTE OCHOBHM 3a/aui. CHHCHK HA
OCHOBHHTC IPUHOCH, CIIMCBK Ha 1My OJIMKALMHUTE 110 JMCCPTALMITa U M310/13BaHa
suteparypa. Llutupanu ca o6wo 169 aureparypun u3tounnim. karo 158 ca Ha
JatiHuua M 0 Ha KHPWJIMLA. a OCTAHAIMTE ca WHTEepHeT ajpech. PaGorara
BKIOYBA 00110 34 durypu u 40 tabmuun. Homepata na durypure u tadnuunre
B aBTopedepara ChOTBETCTBAT HA TE3H B AMCEPTALNOHHMS TPY L.

JInteparyphara ocseomenoct Ha joktopanta e j06pa. Ilpuinoxena e
J00pa MoC/IeI0BATEIHOCT KAKTO 10 OTHOLIEHHE HAa CTPYKTypaTa., Taka u B
Hacoka Ha oOxBarta Ha uH(OPMALMOHHHMA MaTepHal B o0JacTTa Ha
asroMathsaiusiTa. Teopernyna HoBoCT j00pe ¢ popmy iHpana.

[petosKeHNAT cepTaltMonen Tpy L pasriesk/ia akTyaleH BbIPOC, KaTo
fpeiiara YCbBbPUICHCTBAHN CCH30PHH KOHCTPYKIIMH CbC caMOKaInOpHpaHe u
BB3MOKHOCTH 3a npejBaputena o0padoTka Ha JOKaJIHN JIaHHH. aIrOpUTMH 3a
ANHAMHYHO pasIpeIe/ieHUC Ha ClHeKThpa 3a epeKTHBHO H3noia3BaHe Ha 3G
MpeKaTta W HHTCTPUPAHN PAMKH 34 aHAIW3 HA TOJEeMH JIAaHHH 3a e(hEeKTHBHO
YNPABICHHC HA TCHCPUPAHUTE OT CEH30pH JaHHH. [IpakTHuecka 1npuaoKnMocT
ChII0 J100pe € hopmy ipana.

5G yMHMTE CEH30PH 3HAUNTEIHO N0100pABAT TOUHOCTTA Ha cbOHupane Ha
JlaHHK (rpenika HamaseHa J1o 3.1%) u ckopoctra Ha npejasane (350 Mbps) B
MHJLY CTPHAIHH CLUCHApUH,  HO  cpeular  Npe/AM3BHKATEICTBA  KATo
HECHBMCCTHMOCT Ha 1POTOKOAM (60%. o1 npeanpusTusiTa), BUCOKH Pa3xojiu
(40% ot Grokera Ha MCII 3a oGopyaBaHe) M agantauns KbM CJI0¥kKHA cpea
(otciadBane Ha curvata ¢ 30-50% npu Bucoka Temmeparypa). Kasyc B
ABTOMOOMJIHOTO NPOM3BOJACTBO OTYUMTA YBEJAMUCHHE HA MPOM3BOANTEIHOCTTA C
30-40% n HamassiBane Ha JOTHCTHYHHTE paszxoan ¢ 20-25%. NOTBbPIK/IaBANKH
PHIOKHMOCTTA Ha TEXHOJIOTHSTA.

JIOKTOpaThT B TO3M ¢M B, pei, MOCJIC0BATCIHOCT HA W3I0KCHHE M
CBIIHOCT HAIIBJIHO M34EPIIBA HIPCABAPHTEIHO 33/1a/1CHOTO YCIOBHE JIa OTIOBOPH
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Ha W3HCKBAHHWATA 3a [0JyyaBaHe Ha oOpasoBarejHata M HayyHa CTENeH
“A0KTOpT. OleHKaTa MM €, Y€ JIOKTOPAHTBLT J00pe 1103HABA ChCTOSHHETO Ha
npodieMa M aHAIMTHUHO M TBOPYECKH OLCHABA M MHTEPIPETHPA 0030pHO
uH(OpMauMoHHKs Matepuan. M31013Ba MoAXOASIUI TOCTAHOBKH BbB BCHUKH
cranu Ha padoTa - 0T aHaau3a 10 u3BoAMTe U GopMmynposkuTe. Hemo noseue
OT TO3M rojisiM 00eM HH(OPMALsA. TOH MHOTO CHOMYUIMBO € KOHKPETH3Hpall
npod/iema /10 H300p caMO Ha KOMIIOHCHTHTE CBbP3aHH C YChBLPIICHCTBAHE HA
aBTOMATH3HPAHUTE  MHPOPMALMOHHM  CHCTEMH M [0  KOHKPETHO  Ha
MHTEJIMICHTHH CeH30pH ¢ SG KOMYHUKAIHS.

3. CoworBercTBHe Ha M30paHaTa MeTOAMKA HA H3CJeJBAHe ¢
NOCTAaBEHATA LeJl M 32/1a4H HA IMCePTALHOHHHSI TPY

Metojinkara 3a u3cleiBaHe KaTo HHCTPYMEHT Ha paspaboTkata e
CHOJIY 4IHBO M30paHa M 1oJAX0/s111a 3a TakbB B e/ W 3a1a4uu. Ta oTroBaps Ha
H3HCKBAHMATA 3a TaKaBa JICHHOCT, CBbp3aHa € M3I10.13BAHCTO HA aHaJIMTHYHA
uHpopMaLMs U MaTeMaTHYCCKH (GOPMYJIMPOBKH ¢ NpakTHuecka HacoueHoct. C
HEs CC JlaBa OTroBOp Ha I0OCTaBEHATa 1€ KAakTo ¢ H30opa Ha 3aj1auuTe 3a
pelllaBaHe, Taka M ¢ TAXHATa CJI0KHOCT. 00XBaTr M I0C/ICJA0BATCIHOCT Ha
paspaborBane. MHOro j00pe ca M3CIAC/ABAHN M aHAIN3HPaHH 0COOCHOCTHTE Ha
CbBPECMCHHHUTE YCJIOBHS, B T. Y. CTANNTE 3a IPAKTHUCCKO M TEOPETUUHO PA3ZBUTHC
Ha MHGOpPMALMOHHKTE cHeTeMu. Pasiiiesana e cucreMuaTa u opraHi3allioHHaTa
MM Bpb3Ka € aBTOMATH3AIMOHHUTE HHBA HaA [POLECHTE 3a YIpaB/CHHE.
M3cneBanm ca OCHOBHUTE €TalM, B KOUTO B3HUKBAT SMAart-KOHUEMIIMH BO/ICIIH
710 Obp30 YCHBBLPIICHCTBAHE Ha ChBPEMEHHH HHPOPMALMOHHH cHCTeMH. . B
Joructukara 5G  CEH30pPUTE OCHIYPSIBAT MPOCICIABAHE B PEalHO BpeMe U
OonTHMH3alUMs  Ha wmapupyTute. [lpornosupannrte 10j00peHust BKJIIOYBAT:
YBCIMYCHHE Ha 1pou3BojcTBeHata eekTuBHOCT ¢ 30%—40%. namansBane Ha
Aedektute ¢ 20%-30%. cbKpawaBane Ha BPEMETO 3a jlocTaBka ¢ 25% 35% u
HamMaIgBaHe Ha CHEPruiHOTO norpediaenne ¢ 15%-20%. Upes cumynaimoHHm
CKCIIEPUMCHTH M pCajiHM Kasycu ce norebpixiaaBa edexkruBHoctra Ha SG
MHTC/IMICHTHUTC CCH30PH 3a MOBHIIABAHEC HA MPOU3BOICTBCHATA CPCKTUBHOCT.
ONTHMHM3HpAHC Ha pasnpe/Ie/iCHUETO Ha  pecypeuTe H - nojo0OpsiBaHe Ha
KayeCTBOTO HA IPOJIYKTUTE.

[To To3M naumH ycnemwHo ca GopMyJIHpaHH W OCHOBHHMTE 3a/auyM.
ChAbpPKalIM  ChUIHOCTTA Ha JlokTopata. JloOpe ca M35CHEHH TCOPETHKO-
MCTOMOJOrHYECKHTE acleKTH Ha [0/JX0Ja 3a peuiaBaHe Ha  npodema.
BKIIOYHTEIIHO  HCOOXOAMMOCT OT TbPCCHE Ha HOBH (GOpMH M HAuMHM 34
BK/IIOUBAHC HA MOJICPHHU pCLICHHUA B TO3M npottec. Teopernyeckn ¢ 000CHOBAH
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H300pbT  Ha MOAXOJA M CHOJYWIHBO ca  (GOpPMYJIMpPaHH  YCIOBHATA W
Bb3MOKHOCTHTE 3a anpodupaHe M IpuiaraHe Ha M0/JX0/ja B IMpaKTHKaTa.
[pasuiHo € Gopmy paHa Mocae10BATEHOCTTA Ha Peain3aluaTa Ha N0X0/1a i
H3HCKBAHUATA 110 OTHOIICHHE HA YCIOBUATA 3a HETOBOTO NPHIOKEHHE ¢
ovakBaHuTe edekT. OcobeHo j1o0pe ca onpeaeicHn rpaHuinTe Ha oOXBara u
Bb3MOKHOCTHTE 32 OIICHSIBAHC HA MPAKTHYECKATa MY HPHIOKHMOCT. Hanpasen e
M ONHUT 3a OLCHKA HA TeopeTHyecKarta M IpaKTHYecKaTa MPHIOKHMOCT Ha
paspabotenuss npodiem upe3 anpodupaHe Ha nojaxoa. Croayuiusu  u
[IPUEMIIMBH €A OLICHKHUTC M JI0KA3aTe/ICTBATA KAKTO 1O OT/JCJHH IJIaBH. Taka H
KaTo LAJOCTHO NPE/ICTABAHE.

4. OueHKa Ha eCTECTBOTO M IOCTOBEPHOCTTA HA MaTepHAaJIa

MatepuaibT, BbPXY KOHTO € H3rpajieH JI0OKToparta € JI0CToBepeH, dasupail
Ce Ha ChbBPEMEHHH 11PoOIeMH 0T MHMOPMAIIMOHHATA [IPAKTHKA. 1IPH 00paboTKa
Ha MHpopmauus u ynpasicune. Toa ca aktyaanu npod/ieMu, KOUTO H3HCKBAT
HCNPEKbCHATO Ha0IOACHHE, aHallM3 W peliecHHe., W KOWTO 3a B Objeue ¢
Pa3BUTHETO W MPHIIOKCHUETO Ha HOBH MH(POPMALMOHHHM TEXHOIOTHH W KHOEep-
CHCTEMHTE 111€ MPHL00MBAT BCE MO-T0JIsIMa 3HAYUMOCT.

S. IlpHHOCH HA IHCEPTALMOHHHSAT TPYA

[Tpuemam Beuuky 6 npuHocu. Te ca HAyuHO NPHIOKHH H NPHIOKHH U CC
CBCAJIAT /10 JIOKA3BaHE C HOBM CPEIACTBA HA CbLIECTBCHH HOBH CTPaHH B
ChLICCTBY BAIlK HAY4YHH 11podsieMu U Teopuu. OT TAX 3 ¢a ¢ HAYyYHO PHJIOKEH
XapakTep U 3 ¢ HPHIIOKEH.

S.1. Hay4yHo npH/10’KHH NPHHOCH.

1. Upes usaa0cTeH aHaius Ha TEXHOJIOTHYHHTE TCHACHLMH, BKIIOYUTETHO
pa3BuTHETO Ha uH(pacTpykTypara Ha 5SG MpeKHTE. MHHHATIOpH3AlMATA Ha
ceHzopute M 00padoTKaTa Ha JIAaHHHM C M3KYCTBCH HMHTEICKT, € MPOCKTHpaHa
HH'I‘&:‘l‘p‘clIlHOIIHﬂ pamMka. 683“]‘)3“3 Ha CraviaapTH3npanH un'rep(bei’lcu "
MexkMHeH copryep (middleware).

2. B oOaactra Ha wMHAyCTpMaiHaTa [pakTHMKa c¢a  [PE/LIOKCHHU
MPAKTHYCCKH TOJXOJAM M PCIUeHUst 3a BHeApsiBaHe Ha S5G YMHH CEH30pH B
MHJlyCTpHaAIHATA cepa. KaTo ¢ NOTBLPACHO BIAMAHHCTO Ha SG CCH30pHTE BLPXY
YBCIMYABAHCTO Ha MPOU3BOJACTBEHATa CPEKTUBHOCT., OINTHMH3ALMATA Ha
pasnpe/ICICHUETO  Ha  PecypeHTe M MOBHIIABAHECTO HA  KAYCCTBOTO  HA
MPOJYKTHTE.

3. OnpejeiieHa € TeopeTHYHaTa OCHOBA 3a MpHJIOKeHHETo Ha 3G yMHH
CCH30pH B MHAyCTpusATa. YUpe3 saababovaBaHe HAa TEXHHUCCKHTC MPHUHIIUITH,
MPUIOKCHUATA U MOJCIUTE Ha MHTErpauns Ha 5G CeH30pH ¢ MH/LY CTPHAIIHH



CHCTEMM €€  pasKpuUBaT OCHOBHMTE TPHHIMIM W KIIOYOBH (aktopu B
CHOMPAHETO. 1pelaBaHeTo M 00padoTKaTa Ha WHLY CTPHAIIHN JAHHH.

5.2. [IpnaokHM npuHOCH

I. Ilpesiosken ¢ nojaxo 3a pasnojaraHe Ha CEH30PH BBPXY pasinuHu
KOMIIOHCHTH Ha [POM3BOJCTBCHHUS TIPOLEC. KATO ONEPATUBHUTE JIaHHH 3a
000py/IBAHETO — HAISraHe. CKOPOCT Ha IIAHLOBALLMTE MallMHU M BbPTSLLI
MOMEHT Ha MHCTPYMEHTHTC B MOHTa)KHATa 30Ha — c¢ cbOMpar v npejaBaT B
peaino Bpeme upes SG.

2. Jlebunupanu ca npernopbki 3a BHEAPSABAHE M ONEPATHBHH HACOKH 34
eheKTHBHOTO M3n0/3BaHe Ha SG yMHI CCH30PH B HHLY CTPHAIHHI TIPENPHATHSA.
KaTo ca Mpe/loCTaBeHH  SCHM  YKasaHusi 3a M300p Ha CEH30pH  CHOpE
CHEUMPUYHHTE U3UCKBAHHUS HA PA3JIMUYHI HHLY CTPHAJIHHI CLIEHAPHH,

3. TIpe/u10KeHo € MHTEINTCHTHO TIJIAHUPAHE Ype3 1POCIIeIIBAHE B PEATHO
BpEME Ha IOFHCTHYHUTE MapupyTH ¢ nomoinra Ha 5G yMHHM CEH30pH. KOETO
HalbJIHO  JIEMOHCTPHpPA  €(PEKTHBHOCTTA W OIPOMHHS  [OTEHIMAl  Ha
MPUIOKCHUETO UM B MHy CTpHAIHaTa cepa.

[Tosmyyenure pesysrrati B AMCEPTALIMOHHIS TPY,/L MOTAT Jia Ce M3I0.13BaT B
pe/auia OpraHu3alMu M CTOMAHCKH CTPYKTYPH. KaKTO M 3a o0y4yeHHEe Ha
CTYJACHTHUTE 110 HHKEHEPHUTE U HKOHOMHUYCCKUTE CHCIHATHOCTH.

XapakTep Ha [IPHHOCHTE.

[IpunocuTe ca ¢ HayyHO NPUIOKEH M TPHIOKCH Xapaktep. Te ca or
TAKOBa €CTECTBO. Y€ OCBECH TEOPETHYHATA UM 10JC3HOCT MOTaT Jla C¢ M3M0.13BaT
M B mpakTHkaTta. Tsxnara npuiokumoct OescriopHo iie Obje nojesna v 3a
CTY/ICHTHUTE W CHCUHAIMCTHTE, 3aHUMAaBAlLH €€ € TC3H NPodIeMH.

3HAYMMOCT HA MPHHOCHTE

[Ipunocure ca 3HaunMi KakTo 3a Haykarta. Taka W 3a npaktukara. Te wie
JIONPUHECAT 3@ pasiuupsiBaHe Ha 103HAHMATA B 00J1acTTa HA MPHJI0KEHHUETO Ha
YCbBBPUICHCTBAHH  aBTOMATH3HPAHU  CHCTCMH W 11le  000ratsit HayyHUTE
usciaeaBanus B rtasu  oOgact. llle jonpuHecar W 3a  U3SICHSABAHETO M
(GopMUpaHETO Ha M3MCKBAHMS 3a Ch3/JaBAHE HA YCJIOBHs 3a MOBHILABaHE Ha
MCTOJIMYECKHTE TMO3HAHUs 110 TO3M npodJjeM. ToBa HECbMHEHO € M rojisiMala
TCOPETUKO-IIPAKTHYECKA [10JIE3HOCT Ha JIOKTOpaTa. a CKCHEePUMEHTAIHUTE
pesyaraTi jokKaspaTr 1o OescrnopeH HauuH e(eKTHBHOCTTA OT ObJCHIOTO MY
PUIIOKEHHE B IIpaKTHKATA.

6. Ouenka 3a cTemeHTa HAa JIHYHO Y4YyacTHe Ha /HCEPTAHTA B
NPHHOCHTE



MosiTa oUeHKa e, e JANCePTALMOHHUSAT TPY/1 U IPHHOCHTE €A JHYHO J1C10
Ha JIOKTOpaHTa ¢ MOMOIITA Ha HEIOBHMS HAYUCH PbKOBOJMTEN. METOAMUECKHST
HHCTPYMCHTAPHYM € CKCHCPUMCHTHPAH M PE3VJITATHTC €A TMOJOKHTEIHH.
Wscnensann ca cronancku Gupmu. CmaTam. ue Te ca J0CTaTbYHM 33 TaKbB BHJL
M3CIIC/IBAHE U 1IC 000raraT 3HAHUSATA OT NMPHIOKEHHETO HA Ta3k METO/1010IHs B
TbPCCHETO HA €PEKTUBHU PEUICHUS.

7. Ilpeuenka Ha nySIHKALHHTE 110 AHCEPTAUHOHHHS TPY

OCHOBHM  TIOCTHKEHHS M pe3yJaTaTH OT JHCEPTALMOHHMSA TPy ca
nyOJNKYBaH! B 3 CTaTHUH. B T. 4. OpOii CTATHH B peleH3upani crnucauns — 1. u
Opoii camMoCTosITC/ NN TPY/10Be — 2, JIOKIBaHH Ha CJACAHNUTE KOH(EPEHLIMH 1
CEMUHAPH:

CIIUCBK HA NYBJIUKALMUTE

1. Chen Tongyang, The Application of 5G Technology in the Industrial
Internet, Asromatusanus na Jluckpernoro Ipoussoactso bpoii 6 10m 2024 r. .
U3narencto na TY-Codust ISSN: 2682-9584. p.p 116-118

2. Chen Tongyang. Real-time Data Processing of Electromechanical
Sensors in Intelligent Manufacturing Systems, SCIENTIFIC ATLAS. 2025, NO
12, ISSN 2738-7518 p. p. 25-35

3. Chen Tongyang. Integration of Intelligent Sensors with 5G for
Enhanced Condition Monitoring in Smart Manufacturing, SCIENTIFIC ATLAS.
2025. ISSN 2738-7518 (noj neuar)

Ot wanpasenute o0o Tpu 1yOIMKalMK [IPEUCHABAM, Y€ BCHUKHTE Ca
CBbp3aHU ¢ JokToparta. Ilpuemam, ye BeHukHTe ca OT npodieMarHkara Ha
JIOKTOpaTta

8. U3nosi3BaHe Ha pe3y/ITaTHTE OT AHCEPTAUHOHHHUSI TPy B HAYYHATA
H COIIHAJIHATA NPAKTHKA

PC')}'.’I'I‘L!'I‘H'I'C OT CKCIIEpHMCHTa ca TMOJIOKHTC/IHN M1 Morar Ja 61).1111'[‘
M3I10JI3BaHH B NpakTHKarta. 3acera HiMa opUIMAIHO NPHJIOKEHH JOKYMEHTH 3a
M3I0/I3BAHC HA pe3y/TaTUTE B IIPAKTHKaTa, HO C¢ 3HaAe, 4e¢ Te e Obaar
MPEJOCTABEHHN 3a M3I1013BAHC OT CTONAHCKH (UPMH. KOHTO ¢a 3aHHTCPECOBAHH
OT PCLICHHETO Ha TO3K npodiiem. 3a B Obele. TpsadBa jia ce J0yChbBbPLICHCTBA
METOJI0JIOTHSATa 33 [PAKTHYECKATA [IPUJIOKHUMOCT Ha [PEUIOKCHHITA 3
M3M0J3BaHE U HA HOBH PEUICHMUS. .

9. ABTopedepar

ABTopedepaTrbT € M3roTBeH ChIVIACHO H3HCKBAHMATA Ha 3aKoHA 3a
Pa3sBUTHC Ha akajgeMu4Hus cberas B Pb n [lpaBninnka 3a npuiiokeHuero my B




TY-Codus 3a nomyuasane na obpasosareinarta M HayuHa CTCHCH .JIOKTOP™.
Chtbpika BCHUKH MI0OCTAHOBKH M M3HCKBAHUS HA 3aKOHA W NPABHIIHHKA.

10. Muenue u He1e:kKH

KbM Taka npejctaBeHust OKTOpPAT HMaM  CJACAHUTE HECHIIECTBEHH
3a0€I1EKKH:

1. Mma Bee ole J10nycHaTH TEXHHUUYCCKH TPEIIKH, ¢ OTCTPAHABAHETO Ha
KOUTO JIOKTOPATHT CamMo 1IE CHEUE/IN.

2. He cbm 3abenssan ja ce M3M03BaT YyK/AH T10JIX0/IH. ONPE/Ie/IeHHs,
3aUMCTBAH MaTepHall M JIpY M ¢ KOUTO J1a Ob1aT OCHOPBaHN HAYYHHUTE IIPUHOCH

3. B caeaBammTe rojimHu j1a ce npo/b/kin padoTtarta B TasH HacoKa KaTo
CC HAUPABAT JIONBJAHUTEIHN H3C/IE/ABAHUS Jla ce J10pa3padoTsaT U NPe/1oKaT U
HOBH PCIICHUS.

Cwmstam, 4e HarpabeHuTe 3a0€/IC/KKH HE HamaasBaT CTOHHOCTTa Ha
JIOKTOpaTa. a HalPaBCHUTE MPENOPbHKH 111e ObIAT M0JI€3HN KAKTO 3a JT0KTOpanTa.
Taka v 3a Ob/ICHIOTO IIPAKTHYECKO H3I10JI3BAHE HA IIPHHOCHTE HA JOKTOpaTa.

11. 3akioyenue

OKOHYATETHOTO MH 3aKJIIOYCHHE € MOJOKHTCIHO U IIPHCMaM JIOKTopaTa
3 3aBbPILICH KATO MYy JlaBaM MHOro JoOpa oucHka. C HEro JIOKTOPaHTBT
yOe/nTeIHO 10Ka3Ba, ue npuTekasBa JA00pH 3HAHMSA W W3M0J13Ba ChBPEMEHHM
M3CJIC/IOBATC/ICKH  METO/IM B HAYYHOTO M3C/IC/BAHC M HAYUYHHS aHaIu3.
Jlucepranmsra e 100pe CTpyKTYypHupaHa, 0TroBapsiila Ha BCHUKH H3UCKBaHUS Ha
.3aKoHa 3a pasBUTHE HAa aKaJeMUuYHMS cheTaB B PenyGiuka bbiarapus™ u
<IlpaBuiinuka 3a npuaoOuBaHe Ha HAyUHM CTEIICHH M 3a€MaHE Ha aKajeMHYHM
JUIbIKHOCTH B Texunueckus yuusepeutet - Codusi—.

B 3akuoueHHe npeasiaraM Ha 4JeHOBeT€ HA HAYYHOTO KYpH /aa
NpUCBLAAT HA mar. HHK. Yen Tousin. oOpa3oBaTe/iHATA W HAy4yHA CTeneH
“lokTop* no npogecunonasno nanpaspiaenne 5.1 MalIMHHO HHKEHEPCTBO.
Hayuna cneumannoct “ABTOMATH3HPAHM CHCTEMH 3a 00padoTka Ha
HHpopmauus 1 ynpasJjienue”,

PeLCHBEHT: oovoeee e,

/mpoh. a-p urk. Jlumursp Jlamsinos/
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1. Relevance of the problem developed in the dissertation.

Application of smart sensors with 5G communication in information
processing and management is extremely relevant both in scientific and applied
ways of consideration and research. Such a development is certainly timely.
modern and useful for science and especially for practice. It also finds its place
in the field of applied information systems. functioning as a component in Cyber
systems. Two goals of the dissertation are formulated as follows

Goal 1: Improve the quality and speed of industrial data collection via 5G
smart sensors (Enhance Industrial Data Collection Quality and Speed via 5G
Smart Sensors):

Goal 2: Facilitate the seamless integration of 5G smart sensors into
existing industrial systems (Facilitate Seamless Integration of 5G Smart Sensors
into Existing Industrial Systems).

Therefore. I believe that the thus formulated goal of the dissertation work
fully corresponds to the development of the doctoral thesis. It fully covers the
essence of the work done for analytical research and application of new methods
for improving automated information systems.

The problem of developing information processing and management
systems has been studied and analyzed. clarifying the methods and opportunities
for improving their efficiency through new modern technical and information
solutions such as intelligent sensors with 5G communication. This means that
both the theoretical characteristics of this information process and the approach
to its research and improvement will undergo constant changes in the direction of
its methodological and applied development. From this point of view. the
doctorate contains reservations in increasing its theoretical and practical
efficiency in terms of its scale. and also as an approach to solving specific tasks
of this nature. Moreover. the problem of implementing and using new forms of
approaches and methods such as intelligent sensors with 5G communication is



one step forward and in increasing their level of management. In this sense. their
development and application is not only relevant, but also useful for science and
practice proposal and application.

2. Degree of knowledge of the state of the problem and creative
interpretation of literary material

The dissertation is 161 pages long and includes an introduction. 5 chapters
to solve the formulated main problems. a list of main contributions, a list of
publications on the dissertation and used literature. A total of 169 literary sources
are cited, of which 158 are in Latin and 0 in Cyrillic. and the rest are Internet
addresses. The work includes a total of 34 figures and 40 tables. The numbers of
the figures and tables in the abstract correspond to those in the dissertation.

The doctoral student's literary awareness is good. Good consistency has
been applied both in terms of structure and in terms of the scope of the
information material in the field of automation. Theoretical novelty is well
formulated.

The proposed dissertation addresses a topical issue by proposing advanced
sensor designs with self-calibration and local data preprocessing capabilities,
dynamic spectrum allocation algorithms for efficient use of the 5G network. and
integrated big data analytics frameworks for effective management of sensor-
generated data. Practical applicability is also well formulated.

5G smart sensors significantly improve data collection accuracy (error
reduced to 3.1%) and transmission speed (350 Mbps) in industrial scenarios. but
face challenges such as protocol incompatibility (60% of enterprises). high costs
(40% of SME equipment budgets). and adaptation to complex environments
(signal attenuation by 30-50% at high temperature). A case study in automotive
manufacturing reports a 30-40% increase in productivity and a 20-25%
reduction in logistics costs. confirming the applicability of the technology.

The doctoral thesis in this form. order. sequence of presentation and
essence completely exhausts the previously set condition to meet the
requirements for obtaining the educational and scientific degree "doctor". My
assessment is that the doctoral student knows the state of the problem well and
analytically and creatively evaluates and interprets the information material in an
overview. He uses appropriate statements in all stages of work - from analysis to
conclusions and formulations. What is more. from this large volume of
information. he has very successfully specified the problem to the selection of
only the components related to the improvement of automated information
systems and. in particular, of intelligent sensors with 3G communication.

o



3. Compliance of the chosen research methodology with the set goal
and objectives of the dissertation work

The research methodology as a development tool is successfully chosen
and suitable for this type of goal and tasks. It meets the requirements for such an
activity, related to the use of analytical information and mathematical
formulations with a practical focus. It provides an answer to the set goal both
with the choice of tasks to be solved and with their complexity. scope and
sequence of development. The features of modern conditions have been very
well studied and analyzed. including the stages of practical and theoretical
development of information systems. Their systemic and organizational
relationship with the automation levels of management processes has been
examined. The main stages in which smart concepts arise lcading to rapid
improvement of modern information systems have been studied. . In logistics.
3G sensors provide real-time tracking and optimization of routes. The predicted
improvements include: an increase in production efficiency by 30%-40%. a
reduction in defects by 20%-30%. a reduction in delivery time by 25%-35%.
and a reduction in energy consumption by 15%-20%. Simulation experiments
and real-life cases confirm the effectiveness of 5G smart sensors in increasing
production efficiency. optimizing resource allocation. and improving product
quality.

In this way. the main tasks that constitute the essence of the PhD thesis
have been successfully formulated. The theoretical and methodological aspects
of the approach to solving the problem have been well clarified. including the
need to search for new forms and ways to include modern solutions in this
process. The choice of the approach is theoretically justified. and the conditions
and opportunities for testing and applying the approach in practice have been
successfully formulated. The sequence of implementation of the approach and
the requirements regarding the conditions for its application with the expected
effects have been correctly formulated. The boundaries of the scope and the
possibilities for assessing its practical applicability are particularly well defined.
An attempt has also been made to assess the theoretical and practical
applicability of the developed problem by testing the approach. The assessments
and evidence are feasible and acceptable both in individual chapters and as an
overall presentation.

4. Assessment of the nature and credibility of the material

The material on which the PhD is built is reliable. based on contemporary
problems in information practice. in information processing and management.



These are current problems that require continuous monitoring. analysis and
solution. and which in the future, with the development and application of new
information technologies and cyber-systems. will gain increasing importance.

5. Contributions of the dissertation work

[ accept all 6 contributions. They are scientifically applied and applied and
are reduced to proving by new means significant new aspects in existing
scientific problems and theories. Of these. 3 are of a scientifically applied nature
and 3 are of an applied nature.

5.1. Scientifically applied contributions.

1. Through a comprehensive analysis of technological trends. including
the development of 5G network infrastructure. sensor miniaturization. and
artificial intelligence data processing. an integration framework based on
standardized interfaces and middleware is designed.

2. In the field of industrial practice. practical approaches and solutions for
the implementation of SG smart sensors in the industrial field are proposed. and
the impact of 5G sensors on increasing production efficiency, optimizing
resource allocation, and improving product quality is confirmed.

3. The theoretical basis for the application of 5G smart sensors in industry
is determined. By deepening the technical principles. applications, and
integration models of SG sensors with industrial systems. the basic principles
and key factors in the collection, transmission, and processing of industrial data
are revealed.

5.2. Applied contributions

. An approach is proposed for deploying sensors on various components
of the production process. with operational data on the equipment — pressure,
speed of punching machines and torque of tools in the assembly area — collected
and transmitted in real time via 5G.

2. Implementation recommendations and operational guidelines for the
effective use of 5G smart sensors in industrial enterprises are defined. providing
clear guidelines for selecting sensors according to the specific requirements of
different industrial scenarios.

3. Intelligent planning through real-time tracking of logistics routes using
5G smart sensors is proposed. which fully demonstrates the effectiveness and
huge potential of their application in the industrial sphere.



The results obtained in the dissertation can be used in a number of
organizations and business structures, as well as for training students in
engineering and economics.

Nature of the contributions.

The contributions are of a scientifically applied and applied nature. They
are of such a nature that. in addition to their theoretical usefulness. they can also
be used in practice. Their applicability will undoubtedly be useful for students
and specialists dealing with these problems.

Significance of the contributions

The contributions are significant both for science and practice. They will
contribute to expanding knowledge in the field of application of advanced
automated systems and will enrich scientific research in this arca. They will also
contribute to the clarification and formation of requirements for creating
conditions for increasing methodological knowledge on this problem. This is
undoubtedly the great theoretical and practical usefulness of the doctorate. and
the experimental results prove in an indisputable way the effectiveness of its
future application in practice.

6. Assessment of the degree of personal participation of the
dissertation candidate in the contributions

My assessment is that the dissertation work and contributions are the
personal work of the doctoral student with the help of his scientific supervisor.
The methodological tools have been experimented with and the results are
positive. Business companies have been studied. I believe that they are sufficient
for this type of research and will enrich the knowledge from the application of
this methodology in the search for effective solutions.

7. Assessment of dissertation publications

Main achievements and results of the dissertation work have been
published in 3 articles. including number of articles in peer-reviewed journals —
I. and number of independent works — 2. reported at the following conferences
and seminars:

LIST OF PUBLICATIONS

1. Chen Tongyang. The Application of 5G Technology in the Industrial
[nternet. Automation of Discrete Manufacturing Issue 6 July 2024, Publishing
House of TU-Sofia ISSN: 2682-9584. p.p 116-118

2. Chen Tongyang, Real-time Data Processing of Electromechanical
Sensors in Intelligent Manufacturing Systems. SCIENTIFIC ATLAS. 2025. NO
12, ISSN 2738-7518 p. p. 25-35
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3. Chen Tongyang, Integration of Intelligent Sensors with 5G for
Enhanced Condition Monitoring in Smart Manufacturing. SCIENTIFIC ATLAS.
2025, ISSN 2738-7518 (in press)

Of the three publications made. | estimate that all of them are related to the
doctoral thesis. I assume that all of them are from the issues of the doctoral thesis

8. Using the results of the dissertation in scientific and social practice

The results of the experiment are positive and can be used in practice. So
far, there are no official documents attached for the use of the results in practice.
but it is known that they will be made available for use by business companies
that are interested in solving this problem. In the future. the methodology for the
practical applicability of the proposals for use and new solutions should be
further improved.

9. Abstract

The abstract has been prepared in accordance with the requirements of the
Law on the Development of Academic Staff in the Republic of Bulgaria and the
Regulations for its application at TU-Sofia for obtaining the educational and
scientific degree "doctor". It contains all the provisions and requirements of the
law and the regulations.

10. Opinion and notes

I have the following minor remarks regarding the doctorate presented in
this way:

1. There are still technical errors that the doctorate will only benefit from
if they are eliminated.

2. I have not noticed the use of foreign approaches, definitions. borrowed
material, and others that would challenge the scientific contributions.

3. In the coming years. work in this direction should be continued by
conducting additional research, developing and proposing new solutions.

[ believe that the remarks made do not diminish the value of the doctorate.
and the recommendations made will be useful both for the doctoral student and
for the future practical use of the contributions of the doctorate.

11. Conclusion

In my opinion. the dissertation is well-structured, meeting all the
requirements of the "Act on the Development of the Academic Staff in the
Republic of Bulgaria" and the "Regulations for the Acquisition of Scientific
Degrees and Holding Academic Positions at the Technical University - Sofia".
All necessary documents have also been submitted.



My final conclusion is positive and I accept the doctorate as completed
by giving it a very good grade. In conclusion, I propose to the members of
the scientific jury to award Mag. Eng. Chen Tongyan. the educational and
scientific degree “Doctor™ in professional field 5.1 Mechanical Engineering.
Scientific specialty *“Automated information processing and control
systems”.

Reviewer: .....ocooviiiienion...

/Prof. Dr. Eng. Dimitar Damyanov/



