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PaKynTeT No TeneKoMyHMKauumm
KaTtegpa ,,TexHonormm 1 MEHUAXKMBHT Ha KOMYHUKaLMOHHU
cxemu“

Mar. MHX. KatepuHa MetoaneBa KoctoBa

PaspaboTBaHe Ha MeToAu U cpeacTBa 3a eNIeKTPOHHO
oby4eHue No aBToMaTu3aumsa Ha NPOEKTUPaHETO C

n3nosfid3saHe Ha U3KYyCTBEeH UHTENEeKT

ABTOPE®EPAT

Ha gucepTaums 3a npuaobreBaHe Ha obpasoBaTenHa U Hay4Ha CTeneH
"OOKTOP"

O6nacT: 5. TexHMn4Yeckn Hayku
[MpodecnoHanHo Hanpasnexnue: ,5.3 KoMyHMKaUMOHHA N KOMMNIOTbPHA
TEXHMKA"

HayyHa cneumnanHocT: ,ABTOMaTMU3auuns Ha NHXEHEPHUS TPy U CUCTEMU
3a aBTOMaTU3MpaHO NPOeKTUpaHe”

HayueH pbkoBoaguTen: gou. a-p nHXx. Nana MapmnHoBa

Codoms, 2026 .



dunceptaunoHHUAT Tpya e 06CbaeH N HAaCOY€eH 3a 3awmTa oT KategpeHus
CbBET Ha KaTeapa ,, T €eXHONOrMm  MEHWIKMBbHT Ha KOMYHUKALMOHHN CXeMMU®
KbMm PakynTeT no TenekoMyHukauum Ha TY-Coduma Ha peaoBHO 3acedaHue,
nposegeHo 19.05.2026 r.

[MybnuyHaTa 3awmta Ha OUCEpPTaUMOHHMS Tpyd Lie Ce CbCTOM Ha
23.07.2026. ot 15:00 yaca B KoHdepeHTHaTa 3ana Ha bUL, Ha TexHun4yecku
yHuBepcuteT — Codmsa Ha OTKPUTO 3acedaHMe Ha HayyHOTO Kypwu
onpegeneHo cbe 3anoseq No: OXK-5.3-46 ot 22.05.2026 r. Ha PekTopa Ha
TY-Cocus B cbCTaB:

1. gou. a-p vHx. bosiHka MapuHoBa HukonoBa — npegcenaren
2. pou. a-p nHx. Poctucnas lNaenos PyceB — Hay4yeH cekpeTap
3. gou. a-p uHXx. BaneHTnH AHrenos MyTkoB

4. pou. Oo-p vHx. AopuaHa HangeHosa bopogxuesa

5. npod. aTH uHx. daHnena iBaHoBa bopucosa
PeueHseHTH:
1. gou. a-p nHX. bosiHka Hukonosa
2. npod. aH uHx. aHnena bopucosa

MaTepnanute no 3awmraTta ca Ha pasnosioKeHne Ha MHTepecyBalnTe
ce B KaHUenapusaTa Ha PakynTeT no TenekoMyHukaumm Ha TY-Codous, 610k
1, kabunHeT N2 1306.

[ncepTaHTbT € peaoBeH AOOKTOpPaHT KbM Kateapa ,TexHonorum u
MEHWIKMBHT Ha  KOMYHUKAUMOHHM  cxemMn“ kKbM  dakynteT no
TenekoMmyHukaumum Ha TY-Codus. N3cnegsaHmsaTa no guceprauMoOHHaTa
pa3paboTka ca HanpaBeHU OT aBTOPA, KaTo HSAKOW OT TAX ca NOAKPENeHn oT
Hay4yHOMn3cneaoBaTernCku NPOeKTH.

ABTop: mar. nHx. KatepmHa Metoauesa KoctoBa

3arnaBue: Pa3spaboTBaHe Ha MeETOAM U CPeACTBA 3a ENIEKTPOHHO O0y4eHne
No aBTOMaTM3auuMsi Ha MNPOEKTMPaAHETO C M3MON3BaHe Ha W3KYCTBEH
NHTENeKT

Tupax: 20 6pos
OTtnevaraHo B UMK Ha TexHu4yecku yHuBepcutet — Cocus
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|. OBLLA XAPAKTEPUCTUKA HA OUCEPTAUNOHHUA TPY[

AKTyanHocT Ha npob6nema

CbBpPEMEHHOTO MPOEKTUpaHe Ha EeneKTPOHHM YCTPOWCTBa Ce XapakTepusvpa C
HapacTBallla CrOXHOCT, OOycroBeHa OT yBenuyeHaTa MNIbTHOCT Ha KOMMOHEHTUTE,
BUCOKUTE U3NCKBaAHNS KbM CKOPOCTTa Ha CUrHanuTe n Heo6xoanumMocTTa OT ONTUMU3aLms
Ha ekcnroaTauuoHHUTE XapakTepUCTUKU. Te3n akTopu BOAST 00 3HAYMTENHO
YCNOXHsIBaHe Ha MpouecuTe Ha aBToMaTusupaHo npoektupaHe (All) n yBenuyasat
BpeMeTo 3a pa3paboTka, KaKTo 1 BEPOSTHOCTTa OT AONyckaHe Ha rpeLuKu.

B TO3M KOHTEKCT BHeLpsiBAHETO Ha METOAN U CPeACcTBa Ha U3KYCTBEHUSI UHTENEKT
(MN) B cuctemuTe 3a aBTOMaTU3MPAHO MPOEKTMPaHe ce YTBbpXaaBa KaTo edpekTUBEH
noaxon 3a MnoBuLLABaHE CTeneHTa Ha aBToMaTtM3auus, oNTUMM3auus Ha MPOEKTHUTE
peleHnsa n cbkpallaBaHe Ha BpeMeTo 3a pa3paboTka. Hapen ¢ ToBa, pa3BUTMETO Ha
reHepaTMBHUTE e3ukoBM Mogenu, kato ChatGPT, cb3gaBa HOBM Bb3MOXHOCTU 3a
nognomMaraHe KakTo Ha MHXeHepHaTa npakTuka, Taka u Ha oby4yeHneTo B obnactra Ha
Arll.

Bbnpekn HannumeTo Ha MOLLHM COPTYEPHN MHCTPYMEHTU, 0bydYeHneTo n pabortarta
C TAX OCTaBaT NPeAn3BUKATENCTBO KaKTO 3a CTyAEHTUTE, Taka 1 3a NpodeCNOHANNCTUTE.
Jinncata Ha WHTErpuMpaHu WHTENUIEHTHU OOBy4YnTenHU cpegu, HegocTaTbyHaTa
WHTEPaKTMBHOCT W CIMOXHOCTTA Ha cCblecTByBawmute nnartgopmm obycnasBaT
HeobxoammocTTa OT paspaboTBaHe Ha HOBM METOAM M CpPeacTBa 3a €eneKTPOHHO
oby4yeHune, 6asmpaHn Ha nskycteeH nHtenekt (MA).

ToBa onpenens akTyanHoOCTTa Ha HacTOSIWMUS AMCEePTaUMOHEH TPy, HAaCOYEH KbM
paspaboTBaHe Ha WHOBATMBHM Noaxoau 3a WHTerpupaHe Ha MW B npouecute Ha
oby4eHune 1 aBToMaTM3NPaHO NPOEKTUPaHE.

LUlen Ha aAnceptaumoHHunA TpyAa, OCHOBHU 3agayun U mMetoam 3a
n3cnenBaHe

OcHoBHaTa Lien Ha agucepTauuoHHUS Tpya e pa3paboTBaHeTO Ha MEeTOAMN U CpeacTBa
3a EeneKTPOHHO oby4yeHue Mo aBToMaTM3auus Ha MpoeKTMpaHeTo, 6asnpaHu Ha
M3MOM3BaHETO Ha W3KYCTBEH WHTENEKT, C LUen noBulwaBaHe edgeKTUBHOCTTa Ha
0by4YeHMeTo 1 noanomaraHe Ha NpoLecuTe Ha NpoeKTUpaHe.

3a nocturaHe Ha noctaBeHaTa Len ca hopMynnpaHn crneaHMTe OCHOBHU 3afauu:

e AHanua3 Ha cCbllecTByBalnMTEe MeTOAM U CpeacTBa 3a aBTOMATU3MPAHO
NPOEKTMPaHe U EeNeKTPOHHO ObyyeHWe, KakTO W ponsiTa Ha W3KYCTBEHUS
WHTENEKT B TAX;

e l3cnegBaHe u cuctemaTmsanpaHe Ha mMaTemMaTU4eCKM METOAM U MeToau Ha
N3KYCTBEHWNS MHTENEKT, NPUNOXUMMK NPU aBTOMaTU3NPAHOTO NPOEKTUPAHE;

e [ledwmHnpaHe Ha KpUTEPUN N MOAENN 32 aBTOMATUYEH U36OP Ha UHCTPYMEHTU
3a npoekTmnpaHe B nnatgopmarta Online-CADCOM,;

e Cb3gaBaHe u paswmpsBaHe Ha 6a3a cbC 3HaHUA 3a nognomaraHe Ha nsbopa
Ha UHCTPYMEHTU 1 pa3paboTBaHe Ha €NEKTPOHHO CbObPXKaHUE;

e PaspaborBaHe Ha MeTOAMKM 3a W3MOM3BaHE Ha reHepaTVBHU €3UKOBU
mogenu, kato ChatGPT, B 06y4yeHMeTo N0 aBTOMaTU3MpPaHO NPOEKTUPAHE;

e [lpoBexgaHe Ha wu3cnegBaHMs WM aHanM3 Ha edekTMBHOCTTa Ha
npeasioXeHnTe MeToAM;



N3cnepgBaHe Ha BB3NPUATMATA W Harnacute Ha CTYAEHTUTE KbM
nanonssaHeTo Ha ChatGPT B akagemuyHa cpega.

B anceptaunoHHNA Tpyad ca M3norn3saHun creaHnTe MeTtoan 3a n3crenBaHe:

MeTOAN 3a MHOrokputepuaneH aHanus3 Ha peweHusata (MCDA), Teopusa Ha
nonesHocTTa npu MmHoxectBo atpubytn (MAUT), maTpuua Ha peleHunaTta
(Decision Matrix) n PROMETHEE;

KputepuanHo-6asupaH buHapeH maTpudeH METOA 3a CpaBHUTENEH aHann3 Ha
n3cneaBaHn MHCTPYMEHTH;

MaTtemaTuyecku MeTo[ 3a NnonbriBaHe Ha XxapakTepusauMoOHHN NacnopTu;
MaTemMaTuyeckn metoam 3a obpaboTka, aHanM3 1 BU3yanusaumsi Ha aHKeTHU
AaHHW;

MeTOON 3a W3KYCTBEHUS MWHTENeKT W3nosid3BaHuM B rnporpamMuTte 3a
aBTOMaTU3NPAHO NPOEKTUPaHe.

HayuyHa HoOBoOCT

Hay4HaTa HOBOCT Ha AucepTauMoHHUS Tpya ce u3passea B CNeaHOTO:

MpeanoxeH e KOMNNEKCEH NOAXO0A 3a UHTErpUpaHe Ha U3KYCTBEH UHTENEKT B
€MNEeKTPOHHOTO 0ByyYeHMe No aBTOMaTU3NPAHO NPOEKTUPAHE;

PaspaboTeHn ca HOBM METOOMKWN, BKIHOYUTENHO U C N3MON3BaHE Ha M3KYCTBEH
WHTENeKT, 3a aBToMaTuMyeH noabop, xapaktepusvpaHe M nonbfiBaHe Ha
€MNEKTPOHHOTO CbAbpXXaHMEe 3a pasfnyHu TUMNOBE E€NEMEHTU U CXEMU KbM
EkcnepTtHus mogyn Ha Online-CADCOM,;

[loGaBeHO e eneKkTPOHHO CbabpXKaHue 3a N3bop Ha MHCTPYMEHTU 3a noabop
N NPOEKTMPAHE Ha HOBM TUMNOBE E€EMEHTU U CXEMU C LIEN paslMpeHne Ha
BasaTta cbC 3HaHMs kbM EkcnepTHMA Mogyn ¢ MHOrOKpuTepuanHu MeToam Ha
nnatgopmaTta Online-CADCOM 3a nognomaraHe Ha aBTOMaTU3NPaHOTO
NPOEKTUPaHE;

PaspaboTeHun ca Ha HOBM MeToaMKM 3a nanonssaHe Ha N, kato ChatGPT, 3a
nognomarailo cpeacTtso B 0by4yeHMeTO MO aBTOMAaTM3MPaHO MPOEKTUPaHe U
WHXXEeHepHaTa NpPaKTUKa;

M3BbplleHa e Banngaums Ha pa3paboTeHnTe MeTO4MKM, Ypes pearnHo y4ebHo
nabopaTopHO ynpaKHEHWs!, Ka3yCu U aHann3 Ha eMNUPUYHN OaHHMU;
N3cnepBaHn ca Harnacute, Bb3npuaTuatTa n snnaHneTo Ha ChatGPT Bbpxy

0by4YeHNEeTOo Ha CTYAEHTU, Pa3BMTUETO Ha YMEHUS 1 NOAroTOBKaTa 3a nasapa
Ha Tpyaa Ha CTyaeHTuTe, Ype3 cbOupaHe 1 aHanm3 Ha CTaTUCTUYECKU JaHHU.

HpaKTquCKa NnPpUNOXMUMOCT

MpakTuyeckata MNPUMOXKUMOCT Ha pesyntatute OT AMCepTauuoOHHUS Tpya ce
n3passiBa B:

PaswunpsiBaHe 1 ycbBbpLUEHCTBaHE Ha PYHKUMOHANTHOCTUTE Ha nnaTtgopmaTa
Online-CADCOM;

Cb3gaBaHe Ha peanHo npunoxmmu 6asm CbC 3HaAHMA 3a K30Op Ha
WHCTPYMEHTN 3a NPOEeKTUpaHe Ha eNeKTPOHHN KOMMOHEHTU U CXeMU;
Cb3ganeHo e nabopaTopHO ynpaxkHeHWE, KOETO € U3MbIIHEHO B paMKUTe Ha
Kypca ,KoMMoTbpHO NpoekTMpaHe B KOMyHUKaLmMmTe;

MognomaraHe Ha CcTyaeHTM U wuHxeHepn ¢ ChatGPT npu paborta c
WHCTPYMEHTN 3a aBTOMaTM3NPAHO NPOEKTUPaHE;

HamansiBaHe Ha BpeMeTO 3a NpoeKkTupaHe 1 NoBuLlaBaHe Ha Ka4yeCcTBOTO Ha
NPOEKTHUTE peLUeHns, Ype3 YCKOpsiIBAHE Ha paHHUTE MPOEKTHU peLUeHus,

4



nognomaraHe npu OTCTpaHsiBaHe Ha npobnemy M aBTomMaTU3MpaHe Ha
BPEMEEMKMN 3a[auu;

e BHegpsiBaHe Ha pa3paboTeHUTe MeToAMKM B 0OpasoBaTeNHM U UHXEHEPHM
NpPaKTUKW.

Anpobauus

OcHOBHUTE pe3ynTaTn OT AMCEPTAUMOHHMSA Tpyd ca anpobupaHun ypes yvactve B
MeXOYHapOoOHU Hay4HU KOHepeHUUN 1 Ny6nukyBaHe B peLEH3NpaHn Hay4yHu n3gaHus,
NHOEeKcupaHun B MexxagyHapogHu 6asm aaHHu kato IEEE Xplore n Scopus. Peanuaunpanute
n3crnegBaHus ca nMpoBeAEHW B pPaMKUTE Ha YeTUMpW, YCMNELWHO NPUKIIYMIn
Hay4YHoM3cnegoBaTesicku NpoekTa - eauH prHaHcMpaH oT poHy ,Hay4yHu nscneasaHus”,
€OVH Hay4YHou3cnegoBaTernckm MPOEKT B MOMOLY, Ha [OKTOpaHTM B TexXHU4Yecku
yHuBepcuTeT - Coumsa n aBa ¢ MexagyHapoaHo yyactue. PaspaboTteHo e nabopaTopHo
ynpaxHeHne, KoeTo € anpobupaHo B Yy4yebHma npouec BbLB Dakynteta no
TenekoMmyHukaummn npu TexHmyeckn yHusepcuteT - Codus.

MyG6nukauunn

Mo AaucepTauuoHHMA TpyA ca HanpaBeHu 7 nybnukaumm Ha MexayHapoaHu
KOH(pepeHumn, oT KouTo 6 ca pedepupaHm B Scopus. EgHa oT nybnukauuute e
CaMOCTOATeNHa, a oCTaHanuTe ca B CbaBTOPCTBO. [lybnukaummTe ca npeacTaBeHn Ha
MeXOYHapOoOHU KOHd)epeHUMn U B HayyYHW crnvcaHus, nHaekcupanu B IEEE Xplore n
Scopus.

CTpykTypa n o6emMm Ha gucepTaLMOHHUSA TpyA

AuncepTaunoHHUAT Tpya e B o6em oT 206 cTpaHuuM, BKIIOYBALL, YBOA, LWECT rnasu,
3aknoyeHne, obubnuorpadusa, cnmcbun ¢ nybnukaumm un uutmpaHuna. OTOenHo e
pa3paboTeHo npunoxeHne B obem oT 95 cTpaHuuM, CbObpXKawo OnucaHue Ha
pa3paboTeHOTO flabopaTopHO YyNpaXHEeHWe, XapakTepu3auuMOHHM nacrnopTM Ha
eneMeHTMTe B cCb3gageHaTa 0asa 3HaHuMa M ko 3a obpaboTka Ha AaHHUTE OT
HanpaBeHOTO CTAaTMUCTUYECKO wu3cnegBaHe. Lutupanm ca obwo 135 nutepaTtypHu
N3TOYHMKA. [JucepTaumoHHUAT Tpya BKtoYBa obwo 73 cdurypu un 51 Tabnuun.

Il. CbAbPXAHUE HA OUCEPTALUOHHUA TPY[

NMABA 1. AHanutu4yeH o0030p Ha MNPUNOXEHWeTO Ha W3KYCTBEH

MHTEeJNeKT 3a eJIeKTPOHHO o6yquMe no aBTOMaTU3INpPaHO NpoeKTnpaHe.

B nbpBa rnaea e M3BbpLUEeH 3aabnbovyeH aHanuTu4yeH ob63op Ha NPUNOXKEHNETO Ha
N3KYCTBEHUS WHTENEKT B aBTOMATM3MPaHOTO npoektupaHe (All) u eneKkTpOHHOTO
oby4yeHune. PasrnegaHu ca cCbBpeMEHHM Noaxoan 3a nHterpupane Ha I B pasnuyHute
eTanu Ha MpoekTMpaHe — OT CXEMHO MpOeKTMpaHe U cumynaumsa A0 TOMOMOrn4YHO
odopmneHne un Bepudukaums. AHanm3bT obxBawa LWMPOK CNEKTbpP OT MEeToAM,
BKMIOYUTENHO MAaLLUMHHO OByyYeHue, HEBPOHHU MPEXW, E€BOSIIOLMOHHM anroputMm wu
xnbpuann nogxoawn. MNpunoxenneto Ha UM B All - AHanoroBu cxemu, RF cxemu n
neyaTtHn nnaTkn - € CUCTEMaTU3MpaHO MO YeTUpWU HanpasBreHust kaTto obxBalia
NPOEKTHUTE 3ajaun OT noBedeH4YeckaTa, CTPyKTypHata M TononorumyHata obnacr,
cboTBeTHUTEe UM nogxoon (MawwHHO O6yyYeHue, HEBPOHHW MpEXMU, MHOrouenesa
onTummaaums, xmbpngHn metoam), matematmndeckute metoam (ANN, BNN, GA, SPEA2,
NSGA-Il, MOEA/D, bawnecosa ontumusaums, RelLU wn perpecnoHHn wmetoamn) wu
KOHKpeTHUTEe MHCTpymeHTn 3a All (SPICE cumynaTtop, Continuity, CELUS, JITX, Circuit
Tree, Circuit Mind, Zuken).

lMpencrtaBeH e cpaBHUTENEH aHanu3 Ha Bogewm nnatdopMn 3a aBTOMaTU3NPaHO
npoektnpaHe, BknountenHo Siemens EDA, Cadence OrCAD X, Flux.ai, Quilter.ai,
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DeepPCB.ai n Zuken CR-8000. AHanuanpaHu ca TexHuTe (PyHKLUNOHANHOCTU, CTEMNEH Ha
aBTomaTumsaums n nHterpauust Ha . Nnatdopmute ca cpaBHeEHU NO TpU nokasarens -
dokyc Ha UN dyHKumoHanHocTuTe, obxBaTt Ha aBToMaTM3aumMdaTa U JNIMLEH3NOHEH
mogen. CpaBHUTENHUAT aHanu3 nokasea, 4Ye nnatopmMuTe NoKpMBaT Lennsa NpoeKkTeH
LUMKBA OT CXEMHO NPOEKTMPaHe 40 Bepudmnkaums n ontTummsaumsi Ha ooopmneHmeTo. Te
KOMOMHMpAT nogxoau OT €eCTeCTBEH €3MK W MalMHHO obyyeHume C oby4veHne ¢
yTBbpXaeHne (reinforcement learning). JlMueHsnoHHMAT Mopen Bapupa  OT
KoprnopaTuBHu nnateHn peweHus (Siemens, Cadence, Zuken, Quilter) no meceuyeH
aboHameHT goctbn (Flux.ai, DeepPCB.ai).

PasrnegaHu ca Bb3MOXHOCTUTE Ha reHepaTUBHUTE e3UKOBM Moaenu, kato ChatGPT,
3a nognomMmaraHe Ha MHXeHepHaTa AeNHOCT u obyyeHueTo. NokasaHo e, ye ChatGPT
MOXe fa nognomara npouecuTe Ha gedrHUpaHe Ha U3nckBaHus, n36op Ha KOMMOHEHTMH,
MHTepnpeTaums Ha pesynTtatu U Cb3gaBaHe Ha OoKymeHTaums. PonaTta Ha ChatGPT B
pasnuYHMTE eTtany Ha aBTOMaTU3MPaHOTO MPOEKTMpaHe € OnucaHa KaTo AonbrBaly,
WHCTPYMEHT, obxBallall ceeM Kr4voBU eTana OT AedPUHUPAHETO Ha M3UCKBAHWUA U
CXEeMHOTO NpoeKTUpaHe 00 AOKyMeHTauusaTa n obydeHneTo. YctaHoBeHo e 4ye ChatGPT
He 3amecTBa cneunanusnpaHma codtyep 3a All, a ro gonbriBa 4Ypes3 reHepupaHe Ha
cneumdukaunmn, aHanuM3 Ha AaHHW, WHTeprpeTauus Ha rpelikn M aBTOMaTU3NPaHO
Cb3[aBaHe Ha JOKYMeHTauus.

N3BbpLUEH e aHanM3 Ha cpeacTBaTta 3a efleKTPOHHO 00y4eHne No aBTomMaTuanpaHo
NpoeKkTupaHe M ca MAeHTUdUUMPaHM OCHOBHMTE npobnemMu — CTpbMHa KpuBa Ha
oby4yeHune, nunca Ha UHTYUTUBHA OOKYMEHTaUMsl, He4OCTaTbyHO sicHa obpaTHa Bpb3ka
Npw rpeLuUKkn, TPYAHOCT Npu CBbpP3BaHe Ha TEOPUS M MpaKTMKa M orpaHMyeH OOCTbN A0
npernogaBaTeny UMM acUCTEHTW.

MpenctaBeHa e nnatdopmara Online-CADCOM kaTo cpeacTBO 3a nognomaraHe Ha
NpoekTupaHeTo n obyyeHneTo. OnucaHa e HenHaTa apxXuTekTypa n yHKLNMOHANHOCT,
KaTo TS € unctpmpaHa Ha durypa 1.

Cb3gaBaHe Ha \
CbAbpXaHue

Hmrepdetic mo Y monena ua ‘ " TIpoextant

P
/
)

Jasmen-Taticku |
Tasen 1 | IMasen 2 Exextponro
CBAbpPKAHHE 32
HHCTPYMCHTH 3a
o THmoBe CX€MH ¥ CHCTEMH ABTOMATH3HPAKO
TIPOEKTHPaHEe
o Tloxrumose
o BpB3KE KbM OHIAHE
HHCTPYMEHTH
MaremaTHUECKH Macnopra 4:
METOJH 3a Ba3sa cbe 3HaHHA ©
B3€MAaHC Ha KPHT?PEH H ONLHH
pemerHe —p | Excrepren MOAYN 38 ABTOMATHYCH 4 | 3au30cp Ha
EBGO]) Ha HECTPYMEHTH HHCTPYMEHTH OT
PAa3HYHH THIOBE
11360p H NpenopbKH 3a Sl ~ S
TOIXOJAIH IIpoeKTHpaHE Ha ( Pemasane
HHCTPYMEHTH cxema/cHcTeMa ‘\\ Ha 3a7adH

Queypa 1. Apxumekmypa Ha obna4yHo basupaHama rinamagopma Online-CADCOM.

B kpas Ha rnaBaTa ca chopMynupaHu M3BOAM, B KOUTO ca 0BOGLLEHN OCHOBHUTE
HeJOCTaTbLUM Ha CblUeCcTByBalWWUTE pelleHnst U e obocHoBaHa HeobxogumocTTa OT
pa3paboTBaHe Ha HOBM METOAM U CpeacTBa 3a eNleKTPOHHO 00y4eHne C M3nos3BaHe Ha
N3KyCTBEH UHTENEKT. Ha Ta3n ocHoBa e hopMynupaHa LenTa Ha OQucepTaunMoHHNUs Tpya
1 ca nedUHUPaHN OCHOBHUTE 3afayun.
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NMABA 2. MatemaTn4yeckmn MeToau U cpeacTBa 3a B3eMaHe Ha pelleHus
U cTtatuctmyecka obpabortka. Metoau 3a UA n metoam 3a msbop u

NPoeKTUpaHe Ha efieMeHTU N CXeMMU.

BbB BTOpa rnmaea ca NpeAcTaBeHy MaTeMaTuyecky MeTOAM U cpeacTBa 3a B3eMaHe
Ha peLleHusi, cTaTucTuyecka obpaboTka Ha AaHHU U METOAM Ha U3KYCTBEHWUS UHTENEKT,
MPUINOXUMK B aBTOMATU3MPaHOTO NPOEKTUPAHE.

MoapobHo ca pasrnefaHn MeToaM 3a MHOrOKpuUTepuaneH aHanms, BKIYMTENTHO
Teopusa Ha noniesHocTTa npu mHoxectso atpmbytn (MAUT) n metoabT PROMETHEE.
MpeacTaBeHn ca TEXHUTE MaTeEMaTMYECKN MOLENU U hopmanm3aumnmn Ypes CboTBETHUTE
3aBMCUMOCTW.

MHoroaTpnbyTHa None3HoCTHa YHKUNS:

k
(1) F(a]) = Zwi ul-j,j = 1,2, e,
i=1

3a Bceku Kputepuii ce Mma npeaBua pyHKLUS Ha NpeanovnTaHusTa:
(2) Py(a, b) = Hj[d;(a, b)]

KbAETO pasnukaTa Mexzay antepHaTuBuTe e:
(3) d;(a,b) = f;(@) - f;(b)

ArpervpaHuvaT MHOEKC Ha npeanovnTaHve ce geduHupa Karo:

k
(4) n(a,b) = z w; Pi(a, b)
=1

Tasun yHKUMA n3passBa CTeneHTa, 40 KOATO anTepHaTMBa a € npegnovntada npeg
anTepHaTuea b, 1 ce n3nonsea 3a u3ymcnsisaHe Ha notoun B metoga PROMETHEE.

PaspaboTteH e kputepunHo-6asvpaH GuHapeH mMaTpudeH MeTon 3a CpaBHUTENEH
aHanM3 Ha WHCTPYMEHTMTE 3a aBTOMaTuM3MpaHO MNpoeKkTMpaHe, NpeacTaBeH uypes
MaTpU4Ha CTPyKTypa:

¢(T,C)  o(T2,C) .. ¢(Tn, Ch)
(S)M: d)(Tl'CZ) d)(TZ'CZ) ¢(Tn'C2) E{O,l}mxn,

S(T0Cr) T3 Cr) o (T Co)

MpeonoxeHn ca MaTemMaTM4yeckm METOAM 3a Cb3haBaHe W MoMbfiBaHe Ha
XapaKTepu3aumoHHN MacrnopTu Ha WHCTpymeHTuTe. [lpouecbT Ha nonbrBaHe Ha
nacnopTa 3a KOHKpeTeH MHCTPYMEHT t Ce ONMCcBa KaTo AeTepMUHMpaHa pyHKUUS:

6) P(t) = (f1 (D), f2(£), ..., o (1)),

M3nonseaHun ca meToam 3a ctatucTnyecka obpaboTka n BU3yanuaaums Ha aHKETHU
AaHHW, UNOCTPUPaHN Ype3 rpadnkm.

OCHOBHUAT MeTOA 3a NbpBUYEH aHannM3 € N34NcridaBaHeTo Ha abConTHM YecToTw,
D,GC*)I/IHI/IpaHI/I KaTo:

(7) f; = Bpown oTroBOpPY B KaTeropus i

B ponbnHeHMe ca W3YUCNIEHU OTHOCUTENHM YecToTU (B MPOLEHTU), KOUTO
npeacTasnsBaT OCHOBaTa Ha BCUYKM rpadvyHM BU3yanun3aumu:
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f.
(8) p; = Nl x 100

3a 0606LaBaHe Ha HarnacuTe e 3nona3eBaHa cpegHata apuTMeTUYHa CTOMHOCT:

N
1
@i=3> %
i=1

Tosn nokasaten e MNPUNOXeH npun opanHarnHUTE CKalu.

CpaBHUTENMHUAT aHanNn3 Mexzay pasfuyHu rpynu e peanusmpaH 4pes rpynupaHe Ha
AaHHWUTEe Mo AemorpaddCky XapakTepUCTUKU. 3a KONMMYECTBEHO CpaBHEHME Mexay
pPasnUYHKU rpynu e n3nona3BaHa NPoLEHTHa pasnmka Ha OTHOCUTESTHN YECTOTH:

(10) Ap = ps — b5

PasrnegaHu ca metoguTe Ha N3KYCTBEHUS MHTENEKT, U3NOM3BaHW B CUCTEMUTE 3a
aBTOMaTU3NPAHO MNPOEKTMpaHe, BKMIOYUTENHO MawnHHO obydeHne, banecosa
ONTMMMU3aLMs, €BOSTIOLUMOHHN anropuTMnM U MHorouernesa onTMMmM3auusi, reHepaTtuBeH
MA wn ronemmn esvkoBn wmMoaenn. AHanuavMpaHa e TaxHaTa npUNoXMMOCT npu
MoAenupaHe, onTMMmusaums 1 aBToMmatmsaunsa Ha npouecu, KaTo ce nogyeptasa pondra
MM 3a nMoBULWIABaAHE Ha eqEeKTMBHOCTTAa W TOYHOCTTA Ha aBTOMATU3NPAHOTO
npoeKkTupaHe.

PasrnegaHn ca OCHOBHW TUMOBE ENEKTPOHHU KOMMOHEHTU M CXEMWU — MaCUBHU
enemMeHTn (pesncTopu, KoHAeHsaTopu u 606uHM), TpaHcdopmaTopu, CBETOANOAHU
MaTpuULUM U KNIOYOBWU 3axpaHBaHus. AHanuaupaHa € cneuyudukata Ha CbOTBETHUS
KOMMOHEHT WM cxema M HeobxogumocTTa OT W3Non3BaHe Ha crneunannanpaHn
WHCTPYMEHTM 3a aBTOMATM3MpaHO NpoekTupaHe. [llogyepTaBa ce 3HA4YEHMETO Ha
npaBuUHUSA N360pP Ha MHCTPYMEHT KaTo KIYOoB (PakTop 3a Ka4eCTBOTO U e(peKTUBHOCTTA
Ha npoLeca aBTOMaTM3MpaHO NPOEKTUPAHE.

NMABA 3. decdumHupaHe Ha KpuTepuum 3a aBTOMaTU4YeH U3060Op Ha
MHCTPYMEHTU 3a noaGop U HOBU TUMNOBE KOMMOHEHTU, CXeMU U
yctpouctea B Online-CADCOM.

B TpeTta rmaBa e pa3paboTeH noaxon 3a aBToMaTuanpaH n3bop Ha MHCTPYMEHTH 3a
aBTOMATU3NPaAHO NpoekTMpaHe, 6asnpaH Ha KpUTEpMUTE 3a OLEHKa U M3rpaxkgaHe Ha
6as3a oT 3HaHuA B pamkuTe Ha nnatdopmaTta Online-CADCOM. OCHOBHUAT aKUEHT e
NnocTaBeH BbpXY Cb3daBaHETO Ha CTPYKTypupaHa cpefa, KOATo Nno3BonsiBa 06eKTUBHO
CPaBHEHWE Ha Pa3NMYHN MHCTPYMEHTU 1 NOAMNOMara npoLueca Ha B3eMaHe Ha peLUeHus
KakTo B 0Oy4eHNEeTO Ha CTyaeHTUTe, Taka U B MHXXEeHepHaTa npakTuka.

MpoyuyBaHuATa ca 6asvpaHu Ha HeobxoouMOCTTa OT cucTemMaTu3vMpaHe Ha
pasHoOoOpa3neTo OT HanWyHWM OHMalH M 3apeauMn MHCTPYMEHTU 3a aBTOMaTU3MpaHo
NpoeKkTUpaHe, KOMTO cCe pasnuyaBaT 3HAYMTENHO MO (PYHKLMOHANHOCT, CTEMeH Ha
aBTOMaTM3aUMss U OOCTbMHOCT. 3a uUenta ca M3OpPOeHW KpuUTepum M onumMum Ha
WHCTPYMEHTUTE 3a OLEeHKa, KOUTO OOXBallaT KaKTO TEXHWYECKM XapaKTepUCTUKU Ha
WHCTPYMEHTUTE, Taka W TAXHaTa MpUNOXMMOCT U yaobCcTBO Npu u3nonasaHe. Teau
KpUTEPUN ca CTPYKTypupaHu B TabrnuyeH BuA, KaTO 3a BCEKM OT TAX ca onpenerneHu
CbOTBETHU TErnoBu koeduLNEHTHN, OTpasaBaLLM TAXHaTa 3HA4YMMOCT.

Ha 6Gasata Ha nogbpaHuTe KpuUTEpMM W ONUUN € W3BBLPLUEHO W3CneaBaHe W
Knacudukaums Ha CbLUECTBYBaALLUTE WHCTPYMEHTU 3a aBTOMATU3NPAHO NPOEKTMPaHe.
AHann3bT BKIKOYBA WMHCTPYMEHTM 3a paboTa C MNacuBHM enemMeHTn (pesncrTopw,
KoHAeH3aTopu, 606uHK), TpaHCOPMAaTOPK, KIHOYOBWU 3axpaHBaHUS U CBETOLMOAHMU
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maTpuumn. Pesyntatute OT CpaBHUTENHWS aHanuM3 ca npeacrtaBeHn B 0606LieHm
Tabnuumn, Tabnuua 1, 2 n 3, KOUTO NO3BONSABAT BU3yasriHO M aHANUTUYHO CpaBHEHME
MeXay OTAESNTHUTE peLUeHus.

Tabnuua 1. Knacugukayuss Ha uHcmpymeHmume 3a u3bop u npoekmupaHe Ha
e3ucmopu no 3adb/IKUMeEsIHU Kpumepuu.

Kputepun

Oonuun

UHcTpymeHTH

Ternosu
KoeumneHT

OnpepensiHe
Ha CTOMHOCTTA
Ha
pesucTopa/Tun
OHNawvH
WHCTPYMEHT

Kankynatop 3a
pes3ncTop C UBETEH KoA

Bcuukn 6e3 MAEMS

Kankynatop 3a SMD
pesuncTop

Hobby-hour, DigiKey,
M4EMS, Kiloohm,
Modellingelectronics,
Calculator.net, All About
Circuits,
Resistor.cherryjourney,
Mouser, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

Kankynartop 3a LED
CepVeH pe3ncTop

Hobby-hour, DigiKey,
M4EMS, Kiloohm,
Modellingelectronics,
Calculator.net, All About
Circuits,
Resistor.cherryjourney,
Mouser

Kankynatop 3a
CTaHOapTHW CTOMHOCTH
(SRV)

Pad2Pad

Kankynartop 3a
napanenHy pesncTopu

DigiKey, AllAboutCircuits,
OmniCalculator,
CircuitDigest

Kankynartop 3a
nocriegoBartenHu
pesucTopum

DigiKey, AllAboutCircuits,
OmniCalculator,
CircuitDigest

KankynaTtop 3a
nNpoBOAMM PE3NCTOP

Calculator.net

Tabnuua 2. Knacugukayusi Ha UHcmpymeHmume 3a u3bop u npoe
e3ucmopu no He3adbJ/HKUMeEsTHU Kpumepuu ¢ meanosu koegpuyueHm 0.5.

KmupaHe Ha

EEpower

. TernoBu
Kputepun Onuuu UHCcTpyMeHTH KoeULMEHT
Bpoii NeHTi Hpbby-hour, Dig_iKey, M4EMS,

(cToiHocT R Kiloohm, Modellingelectronics,
LM ’ 3 neHtn (CCR, Cglcqlator.net, All About
Tonepa’Hc CTOMHOCT R ¢ 2 Clrcylts, _
TemnepaT’ypeH UMdpu U MHOXMUTE, Res!stor.Cherryjourney, Mouser, 0,5
KOEDULNEHT TOonepaHc no Res!stor—calculator,
4ECTOTA Ha ’ nogpasbupaHe 20%) | Resistorcolorcodecalc,
Translatorscafe, Dannyg,
oTKa3s)




4 nentn (CCR,
cTomHocT Rc 2
LMcpn 1 MHOXUTEN,
CTOMHOCT Ha
TonepaHca)

Bcnuku 6e3: MAEMS, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

5 neHtn (CCR,
cTonHocT R ¢ 3
UMdPU N MHOXMTEN,
CTOWHOCT Ha
TonepaHca)

Bcunukn 6e3: MAEMS,
Modellingelectronics, Dannyg,
EEpower, Thinkcalculator,
Pad2Pad, Csgnetwork

6 neHtn (CCR,
cTonHocT R ¢ 2
uMcpn 1 MHOXMTEN,
CTOMHOCT Ha
TonepaHca u
TemneparypeH
KoeduumeHT B
ppm/K)

EEWEB, Hobby-hour, DigiKey,
M4EMS, Kiloohm,
Modellingelectronics,
Calculator.net, All About
Circuits, Resistor.cherryjourney,
Mouser, Resistor-calculator,
Resistorcolorcodecalc,
Translatorscafe, Dannyg,
CircuitDigest, Utmel, Denethor

7 neHTn / BOEHeH
ctaHgapt (CCR,
JOMbIHUTENHAa
neHTa ¢ YectoTa Ha
oTka3 B % 3a 1000
yaca)

SMD kopa

3-undpeH SMD

Hobby-hour, DigiKey, MAEMS,
Kiloohm, Mouser,
Translatorscafe, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

4-uncppeH SMD

Hobby-hour, DigiKey, MAEMS,
Kiloohm, Mouser,
Translatorscafe, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

EIA-96 SMD

Hobby-hour, DigiKey, MAEMS,
Kiloohm, Mouser, Utmel,
EEpower, Thinkcalculator,
Pad2Pad, Csgnetwork

Tabnuua 3. Knacugukayusi Ha uHcmpymeHmume 3a u3bop u npoekmupaHe Ha
e3ucmopu no He3adbJ/HKUMESTHU Kpumepuu ¢ meanosu koegpuyueHm 0,33.

Kputepun Onuumn UHCcTpymeHTHn Ternosm
KoedpuLUMNeHT
DigiKey, Resistor.cherryjourney,
+0,05 no +10 | Resistor-calculator,
Resistorcolorcodecalc
TonepaHc Hobby-hour, Kiloohm, All About
(CCRP), % *0,05 o £20 Circuits, Denethor 0,33
10,25 o +20 | EEpower
+1 go £10 Modellingelectronics
+0,01 po +20 | Calculator.net
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+0,1 no 10 Mouser
10,5 no +20 Thinkcalculator, Pad2Pad, Csgnetwork
15 o £20 Dannyg
MpoaykToB [MpoaykToB DigiKey, Modellingelectronics, Mouser,
Kkatanor Kkatanor Utmel
Llena Llena DigiKey, Modellingelectronics, Mouser
EEWEB, DigiKey, Calculator.net, All
OBpartHa OBpartHa About Circuits, Traqsla’gor§cafe,
BpB3Ka Bpb3ka Dannyg, Mouser, Clrcw.tDlgest, Utmel,
Denethor, EEpower, Thinkcalculator,
Pad2Pad, Csgnetwork
Pecpeperiym | Pedbepeiim U;)rgte)ly-hour, DigiKey, All About Circuits,
HomuHanHa HomuHanHa OmniCalculator, EEpower,
MOLLHOCT MOLLHOCT CircuitDigest
N3uncneHve N3uncneHuve
Ha rpeLuka Ha rpeLuka Pad2Pad
(SRV) (SRV)
NntocTpauuu Wntoctpauumn | Benyku
Teopus Teopus Bcuykn

CobllecTBeH eneMeHT Ha npeanoxeHarta MeToAuKa e uarpaxgaHeTo Ha 6asa oT
3HaHUSA, B KOSTO BCEKM MHCTPYMEHT € OMUCaH Ypes ,XxapakTtepusaumnoHeH nacnopt. Toan
nacnopT npeacTtasnsiBa CTPYKTYpUpPaHO OMuMCaHWe Ha OCHOBHUTE XapaKTepUCTUKM Ha
WHCTPYMEHTA, BKNIOYUTENHO HEroBuTe (PyHKUMOHANHOCTU, OrpaHNYeHns, napameTpu u
obnacTtu Ha npunoxeHue. o TO3M Ha4YMH ce ocurypsiea yHUuLMpaHo npeacraBsHe Ha
MHpopmauuaTa, KOeTo yrnecHsiBa U3crneaBaHeToO Ha CbOTBETHUS OHMaWH UNKU 3apegum
NMHCTPYMeHT. [NMpnmep 3a TakbB NacnopT e npeactaseH B Tabnuua 4.

Tabnuya 4. Xapakmepu3ayuoHeH nacropm Ha KaJKyJamop 3a pe3ucmopu.
EEWEB

http://www.eeweb.com/toolbox/6-

Link:

band-resistor-calculator

Type of online CAD tool

Free online calculator

Panel/Category

Panel 2/Elements

Application area

Subcategory Resistors

Functions

calculation

Level of abstraction covered

Transistor/Analog design

Connections Input/Output

prototyping

Verification tool

Internal or third-party validation

Equivalence

Qualitative features

User-friendly interface
Interactive color bands
Real-time feedback
Tolerance and coefficient display
No 3D

No animation

Quantitative features

Supports:
4-Band
5-Band
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Color code decoding and resistance

PCB design tools, analog filter design,

Other resistor color code calculators




6-Band

Outputs:

Resistance

Tolerance

Temperature coefficient
B pamkuTe Ha [naBa 3 ca pasrnegaHn oTAenHN KaTeropumn enekTPoHHN KOMMOHEHTHU

N CXEMMU, KaTo 3a BCEKM OT TAX ca N3bpOeHU KpUTepun n onuumn Ha MHCTpymeHTuTe 3a All

N ca Cb3OadeHn CbOTBETHU KaTeropmm B 6asarta 3HaHus.

Bb3 ocHOBa Ha KpuTepumuTe M ONUMUTE HA WUHCTPYMEHTUTE C pasfnnyHu TerroBu
KoeuuneHTn 1 nacnopTute, ANHAMUYHUAT ekcriepteH moayn B Online-CADCOM moxe
Aa nsbepe Ham-noaxogsamMTe MHCTPYMEHTU 3a fafdeHa cneundumkauma. B saBucmmoct
OT 3ajageHuTe OT noTpebuTensa WM3MCKBaHUA cucTeMata MU3BbpLIBA OLEHKa Ha
HaNU4yHUTE MHCTPYMEHTU U Npeanara Han-noaxXoAsALOTO peLleHne.

OueHkaTa ce n3BbpLIBa Ype3 MaTpuua 3a B3emaHe Ha pelleHus (Decision Matrix —
DM) un mogena Ha wMHoroatpubytHata nonesHoct (MAUT), kouTo onpeaensat
KOMOMHMpaHa CTOMHOCT, OTpa3ssiBalia obuaTta nonesHoCT Ha BCsKa anTepHaTuBa, KaTo
OoTYUTa pasnUYHUTE aTpubyTN.

MAUT cTtaHgapTm3npa CTOMHOCTUTE Ha NpeAcTaBAHETO Ha anTepHaTuBUTe Taka, ye
Aa oTpassBaT npegnodntaHusTa Ha B3emawms peweHue. [lpouecbT BKMA4Ba
AeuHUpaHe Ha yHKUMA Ha MOMe3HOCT 3a BCEKU KkpuTepurn u onuus. Obwata
Nones3HoCT Ha JajeHa anTtepHaTMBa Ce WM34ucnsiBa Kato cyma OT MOSie3HOCTUTE Ha
BCUYKN KPUTEPUU U OMNUUK, KaTO TErfioTo Ha BCEKU KpUTEpPUM UNK onuus onpegens
HeroBaTa 3Ha4YMMOCT.

Ternosute koeduumeHTn ce Bkmousat B MAUT mogena 3a knacupaHe Ha
anTepHaTusuTe.

MaTpuuata 3a B3eMaHe Ha pelleHusi npeacTaBnsiBa Tabnuua, cbXxpaHsiBaHa B
fasaTa CbC 3HaHUS, KOSITO CbAbpXa WMHGOpPMauus 3a anTepHaTuBuTe. Bceku pepn
npeacTaBnsiBa eHa anTepHaTMBa, a KONIOHUTE CbAbpPXXaT CTOMHOCTUTE Ha pasfuyHUTe
KpuTepun. To3n noaxoa paumoHanuampa npoLeca Ha B3eMaHe Ha peLleHust U ocurypsiea
CTPYKTYpPUpPaH 1 KONMYecTBEH MeTo 3a M300op Ha Hal-NOAXOASLUNSA MHCTPYMEHT.

basupanku ce Ha KpuTepumnTe C pasnnyHN TErnoBn KoeuUUMEHTU 1 nacnopTuTe 3a
10-Te WHCTpyMEHTa 3a npoeKkTUpaHe Ha CBeTOAMOOHU MaTpuun, AUHAMUYHUAT
ekcnepteH moayn B Online-CADCOM moxe na nsbepe Han-nogxoasawmTe MHCTPYMEHTH
3a gageHa cneumukaums.

ABTOMAaTUYHUAT N360P HA MHCTPYMEHT € uncTpmupaH ¢ npumep. Cneundurkaumara
Ha cBeToAmMogHaTa MaTpuua v XxenatenHuTe KpUTepun 3a MHCTPYMEHTA ca:
o bpon ceeToamnoam;
o [lapanenHa koHdurypauus;
o OO6paTtHa Bpb3Ka;
e Pepaktop Ha LED matpuum;
o [lpoaykToB kaTasnor;
e LleHa;
e Teopus.

OueHaBaHeTo Ha MHcTpymeHTuTe nanonssa MAUT (Multi Attribute Utility Theory).

OueHeHa e cnocobHOCTTa Ha BCUYKM pasrnexnaHn MHCTPYMEHTU 3a NPOEKTMpPaHe Ha
cBeToaMogHa mMaTtpuua, KOUTO OTroBapAT Ha 3adadeHuTe OT noTpedutens Kputepuu.
Pesyntatute ca npeacrasexHn B Tabnuua 5.
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Tabnuuya 5. OyeHka Ha Kpumepuume 3a UHCMpyMeHmume 3a npoeKkmupaHe Ha
ceemoduodHa mampuuya e Online-CADCOM.

UHCcTpyMeHTH,
yAoBrneTBOpA
Bawm
3a4bIKUTENH
uTe KpuTepum
M onuum

EVERYCIRCUIT
AMPLIFIEDPARTS
LEDZ.COM
TRANSLATORSCAFE
DIGIKEY
ALLABOUTCIRCUITS
HEBEILTD
OHMS LAW
CALCULATOR
Weight Coefficient

OnunoHanHu
Kputepum

3axpaHBaLlo
HanpexeHune
Bpon
ceeToanoam
MapanenHa
KOHoMrypaums
Ob6patHa
Bpb3Ka
PepakTop Ha
LED matpuum
MpopykToB

—
—
—
—
—
—
—
—
—

RN
RN
RN
RN
o
RN
RN
o

0.5

1111110 1 033

1,0 0/ 00|00 O |0.33

111, 0101 0 0.33
KaTanor
Llena 111, 0101 0 0.33
Teopusa 1171 1, 1,0]1]0 0 0.33
L NN W N O o ™
F(Ok) © M M g 0 < 9 M -
N N  N| ™ | | «—| O

Bcnukn ctomHocTM B nmbpBMs ped Ha Tabnuua 5 3a 3agbikutenHarta onuus
»~3axpaHBaLlLo HanpexeHue“ ca 1% KoeTo nokasea, Ye BCUYKM U3creaBaHn MHCTPYMEHTU
MoraT da npoekTMpaTt cBeToauogHa maTpuua. BCUYKM MHCTPYMEHTM OTroBapsAT Ha
3a4bIDKUTENHNUS  KPUTEPUA, CregoBaTenHo Ton Moxe fa ©Obae nponycHaTt npwu
n34yncneHmneTo Ha yHkumata 3a nonesHocT. Online-CADCOM knacupa MHCTPYMEHTUTE
kaTto peanuaupa metoabT MAUT 1 Ha 6a3aTa Ha pe3ynTtaTtuTe 3a OyHKUMUSA Ha NONEe3HOCT
F(Ok), kakTo cneasa:

e EVERYCIRCUIT — 2.65 (PaHr 1);
AMPLIFIEDPARTS n LEDZ.COM - 2.32 (PaHr 2 1 PaHr 3);
TRANSLATORSCAFE — 1.33 (PaHr 3);
DIGIKEY — 1.32 (PaHr 5);
ALLABOUTCIRCUITS — 1.16 (PaHr 6);
HEBEILTD — 1.00 (PaHr 7);
OHMS LAW CALCULATOR - 0.33 (PaHr 8).

KakTo e nokasaHo Ha durypa 2, xapakTepuCTUKNTE U BPb3KUTE KbM UHCTPYMEHTUTE
ca BkmodeHn B Online-CADCOM U1 NpoeKkTaHTbT MOXe [OUPEKTHO Aa cTapTupa
npenopbYaHUTE.
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Queypa 2. Hacmpotiku 3a u3bop Ha uHcmpymeHm & Online-CADCOM.

durypa 2 n durypa 3 unoctpmpaTt aBToMaTu4HUSA n3bop 1 KnacmpaHe Ha UHCTPYMEHT
3a NpoeKkTupaHe Ha CBeTOAMOAHN MaTpuum. durypa 2 nokassa HaCTPOMKUTE 3a 3bop Ha
WHCTPYMEHT, pgokato ®durypa 3 nokasBa MOMy4eHOTO uMHANHO KnacupaHe Ha
WHCTPYMEHTUTE.

Evaluation Results

TRANSLATORSCAFE o©
¥ EVERYCIRCUN @ ‘ =
View Tool Passport
View Tock Passprrt
ENCat———— DIGIKEY
e
ALLABOUTCIRCUITS m
¥ Leozcom [ View Toot Paspon
[ s ot gt
— HESEILTD [ 1,000 ]
View ool Paspart
OHMS LAW CALCULATOR [ 030 ]

| View ook Passport ‘

Queypa 3. Peaynmamu 3a asmomamuyHusi u3bop u KnacupaHe Ha UHCmpyMeHmume 8
nnamgpopmama Online-CADCOM.

Pesyntatute Ha durypa 3 HanbnAHO cbBNagaT ¢ pesyntatute B Tabnuua 5.

PaspaboTeHnaT noaxon ocurypsisa He camMo aBToMaTu3auust Ha npoueca Ha usbop,
HO W1 NoBuLLIaBa HeroBaTa 0OEKTUBHOCT U NMOBTOPSIEMOCT. ToBa € 0CO6EHO BaXKHO KaKTo
npu oby4YeHNeTo Ha CTYAEHTU, Taka U NpU NpakTUyeckaTa MHXEHepHa AENHOCT, KbAEeTo
n360pBbT HA HENOAXOASLL MHCTPYMEHT MOXE Aa AoBee A0 3HaYnTenHu 3arybu Ha Bpeme
N pecypcu.

HoBata @yHKUMOHANHOCT € BHegpeHa B y4vebHaTa aucumnnunHa ,KoMnoTbpHO
noanomaraHo NpoeKTUpaHe B KOMyHMKauuuTe“ B 4eTBbPTM KypC OT GakanaBbpckaTta
cteneH BbB dakynteTa No TenekomyHukaumm Ha TexHudeckn yHusepcuteT - Codoms.
[BageceT cTygeHTn 6sxa opraHvM3vpaHu B MNeT rpynu no Yetmpyma u paspaboTmxa
pas3nuyHm SMPS npoekTun KaTto KypcoBa paboTa, nsnonssarikm HoBata yHKLMOHANHOCT
B Online-CADCOM. lNMpoektuTte 6sixa NnpeacrtaBeHn n ogobpeHn OT KOMUCUS OT EKCNEPTH
no SMPS npoektupare B TY-Codusa. Camnte cTygeHTM npegocraBmxa obpaTHa Bpb3ka,
NoOTBbPXKAABaLLa, Ye HoBaTa (PYHKLMOHANHOCT MM € NnomMorHana ga pewart no-6bp3o
NPOEKTUTE CMW.
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NMABA 4. Cb3gaBaHe Ha HOBO CcbAbpXaHMe B ba3ata cbC 3HaHUA U

ExcnepTtHua moayn Ha Online-CADCOM.

B 4yeTBbpTa rnaBa e npeactaBeHO pas3WMpPEHMETO Ha MYHKUMOHANHOCTTa Ha
nnatgopmata Online-CADCOM u4pe3 cb3gaBaHe Ha HOBO CbAabpXaHue B basaTa cbeC
3HaHUA © paspaboTBaHe Ha MeToAMKa 3a cuctematusvpaHe W MpeacTaBsHe Ha
NHpopmauuATa 3a MHCTPYMEHTUTE 3a aBTOMaTU3MpPaHO NPOEKTMPaHe.

Pa3paboTeHa e MeToauKa 3a cb3daBaHe 1 NoNbJfiBaHe Ha CpaBHUTENHU Tabnuum 3a
OHNaMH WHCTPYMEHTW 3a aBToMaTtuaMpaHo npoekTupaHe. MeTtoaukata peduHupa
nocrnegoBaTenHocTTa OT [AeWCTBMS Npu cbbupaHe, aHanmM3 WU CTPYKTypupaHe Ha
MHOpMaLmsiTa 3a MHCTPYMEHTUTE, KaKTO M HayMHa 3a OueHKa No npeaBapUTeNHO
noabpaHu kputepun 1 onumn. TS obxBalla cnegHuTe eTanu:

Ctbnka 1: NoaroroBka 3a nscnegBaHe Ha MHCTPYMEHTMN.

[eduHupa ce yHUdUUMpPaH CNUCHK OT KPUTEPUM 3a OLIEHKa, KOWTO € MPUIOXUM No
WOEHTUYEH HaYMH KbM BCUYKM M3CneaBaHW WMHCTPYMEHTM OT CbOTBETHUS Knac.
YcTaHoBsIBA ce pen Ha MpoBepka, KOWTO Ce chnasBa MocnedoBaTenHO 3a BCEKU
MHCTPYMeHT. LlenTta e ocurypsiBaHe Ha CpaBHMMOCT Ha pe3yntaTute U efiMMUHUPaHe Ha
rpeLLKn B npoueca Ha uscrneaBaHe Ha AafeH MHCTPYMEHTa.

Ctbnka 2: N'bpBOHa4YaneH npernes Ha MHCTPYMEHTA.

3a BCeku u3cneaBaH MHCTPYMEHT ce M3BbpLlUBa NogpobeH npernen Ha HanuyHuTe
dYHKUMOHANHOCTN M noTpebutenckn HacTtponkn. Llenta e pga ce nonydn obuwa
npegcraBa 3a apxuTektypata u obxsata Ha MHCTpPyYMeHTa npean ga ce NpucTbnn KbM
LeneHacoyeHa nposepka Mo BCEKU eOuH OT OTAESTHUTE KPUTEPUN.

Ctbnka 3: LleneHaco4yeHa npoBepKa NO KpUTEepUM.

Bcekn kputepuii OT YyHUMUMPAHUS CNUCbK Cce MpoBepsiBa WHAMBUAYASHO.
MpoBepkaTa ce M3BbLPLUBA Ype3 aHanM3 Ha PYHKLMOHANHOCTUTE Ha MHCTPYMeHTa, 6e3
OOMbIHUTENHA NPOMSIHA Ha CbOTBETHATa (PYHKLMOHANHOCT.

Ctbnka 4: KogupaHe Ha pesynrtarture.

Pesyntatute OT npoBepkata ce koaupaT 4Ype3 ABOMYHA CxemMa WM ce nonbrsat
[AVPEKTHO B CpaBHUTENHaTa Tabnuua, KakTo cneasa:

,®" - KDUTEPUSAT € Hann4eH B UHCTPYMEHTA;
o - KOUTEPUAT OTCHCTBA B MHCTPYMEHTA;
Ctbnka 5: 3anuc Ha napaMmeTpU4yHU CTOMHOCTM.

Mpw KpuTEpPUM, KOUTO HEe MoraT ga 6baaT agekBaTHO onpeaeneHn yYpes GuHapHa
CTOMHOCT, HabniogaBaHuTe YHKUMOHANHOCTM ce onuceat. He ce npwunara
AOMbIHUTENHA MHTepNpeTauns N Hopmanusaums.

Crtbnka 6: NonbnBaHe Ha cpaBHUTENHaTa Tabnuua.

Pesyntatute oT cTbnkn 4 n 5 ce cuctemaTuaupar B yHUMUMPAHA CpaBHUTENHA
Tabnuua, Tabnuua 6, KoATo obxBalla BCUYKM U3cCnenBaHU UHCTPYMEHTU U KpUTEPUW.
TabnuuaTa ce n3nona3ea Kato OCHOBEH MHCTPYMEHT 3a CpaBHUTENHA U CTaTUCTMYECKa
obpaboTka Ha AaHHuTE.
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Tabnuuya 6. YHuchuyupaHa cmpykmypa Ha mabnuya 3a uscredeaHe Ha OHnalH
uHcmpymeHmu 3a All.

Kputepun WHcTpymenT | WHcTpymenT | NHCTpymMeHT NHCTpyMeHT
1 2 n n+1

Kputepun 1 ° - | ° °

Kputepum m - - | - -

Kpurepun ° o ... ° °

m+1

B cvoTBeTcTBME C pa3paboTeHaTta MeToauka e n3BbplueH noabop 1 knacudukaums
Ha 3HaunTeneH OpoM OHMaMH W 3apeguMuM  WHCTPYMEHTW 3a aBTOMaTU3NPaHO
npoekTnpaHe. AHanM3bT oO6xBalla pasnUYHU KaTEeropum €erneKkTPOHHU KOMMOHEHTH,
BKIMIOUMTENHO PE3NCTOpU, KOHAeH3aTopu, O606uHK, TpaHchopmaTopn, KIHYOBM
3axpaHBaHUSA 1 CBETOAMOAHN MaTpuun. 3a BCsKa KaTeropus ca Cb3gageHn CpaBHUTENTHN
Tabnuun, KOUTO NPEACTaBAT OCHOBHUTE XapakTePUCTUKM Ha WHCTPYMEHTUTE WU
Nno3BoNnsiBaT TAXHOTO CbMOCTABAHE MO MHOXECTBO KpuTepun. Npumep 3a cpaBHUTENHA
Tabnuua e nokasaH B Tabnuua 7.

Tabnuua 7. CpaeHumenHa mabnuya Ha OHnalH UHCMPyMeHmu 3a aHanu3 u
U34UCJIEHUSs1 Ha pe3ucmopu.

o L
HCTPYMEHTU » 2 =
(&) — o ©
' > o @
o U)_o - T
9% 3= 358 | 2
. 9 g £ 2 s 29 0 S x
= o o O o o > =
o 073....8 383 it 51_2-50
mIFeEE5355995g2 (2873832
Kputepun m9¥2°°3%-9w-9-92==350xN=
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w o 2 & = O o =l 0o O o o & © = 5 o o & © 0
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EIAAO6SMD |- |e|oe|oe|e|-|-|-|-|@|-|-|-|-|-|@|-|0|0|0|e
ol o o o o o
- Qo | §oS2AN2dEY2AoY RIS S
) HH +|‘_ﬁ+I+|+I+|+|+|+|c_?{+|+|+|+|‘}_{‘_}{<}_{
forepare | 92 8 2382222828888 88 s
(%) 383 |3 <398 =g oo NeYY
| H o] O o Q| o o o +H o o o o
9 F F F peed =1 I e R H oA o o\ A H
|_|p0,IJ,yKTOB__.__.___._____._____
KaTanor
Llena -|-|e -|eo] - -|e| - - - -l -1-1-
O6paTHa
[ J - [ J - - [ BN J - [ J - - e o o | e o o o o o
Bpb3Ka
PecpepeHu,m_.. 0 U N O N A P A N A O
N/M3TOYHNLN
OcobeHO BHMMaHWE € OTAeneHO Ha pas3wupeHnMeTo Ha basata cbC 3HaHuA B
nnatcgopmaTta Online-CADCOM ypes cb3gaBaHe Ha CTaHOapTu3npaHu

XapaKTepPUCTMYHM MacrnopTh 3a BCEKU MHCTPYMEHT. Tesu

nacropTn BKIKOYBAT KaKToO

KONMYEeCTBEHW, Taka M KayeCcTBEHM MapameTpu, KOUTO onuceBaT QyHKUMOHaNHUTe
Bb3MOXXHOCTW, OrpaHMyeHnsTa 1 obnactute Ha npunoXeHne Ha UHCTpyMeHTuTe. Ypes
BbBEXJaHeTo Ha yHuduumpaH doopmMmart 3a npeacraBsHe Ha uHdopmaumata, Tabnuua 8,
ce noctura no-necHa ob6bpaboTka Ha p[JaHHUTE UM Ce Cb3daBaT YyCcroBus 3a
aBTOMaTU3NpPaHoO cpaBHEHME N N3Bop.

Tabnuua 8. YHuUsepcasieH xapakmepu3ayUuoHeH nacrnopm Ha UHCMpPYMeHM.

Mme Ha MHCTpyMeHTa

VMKoHa Ha pa3rnexgaHna NHCTPYMEHT

YHucpuumpaH nokartop
Ha pecypcu

URL

Tun CAD UHCTPYMEHT

OnnanH / OcnanH / MHcTanaumMoHeH UHCTPYMEHT

MaHen / KaTeropus

[MoBegeH4YecKko npoekTnpaHe / Pn3n4ecko NpoekTupaHe

O6nacTt Ha O6nact Ha npunoxeHuwe (Hamp. cuUNoBa enekTPOHMUKa,
NpUIoXeHune obpaboTka Ha curHanm)

OCHOBHU OyHKUMWM (Hanp. aHanua, CUHTE3, NPOEeKTUpaHe,
DyHKLMM (byHKUMM (Hanp P P

Bepudmkaums)

MokpuTo HUBO Ha
abcTpakums

HuBo Ha abcTpakums B mogena Ha danuen - ancku

CBbp3aHoOCT; BXOA,
n3sxon

Mopgpbxka Ha cumynaumm (da/He; cbBMecTuM codoTyep),
naxogHu popmatu (Hanp. CSV, SPICE, XML)

MUHCcTpymeHT 3a
Bepucpmnkaumsn

CodTtyep unu cuctema, v3nonseaHa 3a BanuaupaHe u
TecTBaHe Ha TOYHOCTTa, Npou3BOAUTENHOCTTA W
YHKUMOHANHOCTTAa Ha MPOEKT uYpe3 CUMynupaHe Ha
noBedeHMeTo My npeou peanu3aums (Hanp. PSpice,
LTSpice)

EkBuBaneHTHoOCT unu
noKpuTMe Ha obnactra
Ha NpunoXxeHue

Mspka 3a ToBa JOKOSTKO MHCTPYMEHTBHT CbOTBETCTBA Ha UMK
MOXe [a 3amMecTBa ApYrM CXOOHW WHCTPYMEHTU, KaTto
ocurypsiBa CbBMECTUMOCT M NPUAOKUMOCT NpU pasnnyHn
metogornormm 3a npoektupaHe (Hanp. Webench Filter
Designer cnpsamo Analog Filter Wizard)

KauyecTBeHM
XapaKTepUCTUKN

MoTpebutenckn nHTepdenc (Hanp. rpadunyeH / TeKCTOBO-
0asupaH), nekota Ha wu3non3BaHe (Hanp. nogxoasiy 3a
Ha4yMHaeLLm, paswmpeHn QyHKUMN), BU3yarneH naxog (Hanp.
anarpamu, rpadoukm, NHTEePaKTUBHMN cumynaumm),
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WHTEPaKTMBHOCT (Hanp. cumynaumss B peariHo BpeMme,
noeTtarnHu ykasaHus)

HannyHn npoekTHW onumn (Hanp. IUMHENHW, UMMYSCHM,
pe3oHaHCHW), Tunose OUNTPU (aKo e NPUIIOXKUMO) (Harnp.
HUCKOYECTOTEH,  BMCOKOYECTOTEH),  MU3YMCNEeHna  3a

KonnuyectBeHu
3axpaHBawy OnokoBe (Hanp. edgeKkTMBHOCT, cnag Ha
XapaKTepUCTUKN
HanpexeHue, perynupaHe npwm HaToBapBaHe),
Bb3MOXHOCTU 3a aHanu3 (Hanp. AC/DC ananus, npexoneH
OTKJIVK)

B pamkute Ha naBa 4 e pa3paboTEHO M MHTErpupaHo pasWMpPEHO ENEKTPOHHO
CbAbpXaHMe 3a 6 KNO4YOBU KaTeropum enekTpoHHW KOMMOHEHTW M MNoACUCTEMU B
nnatgopmata Online-CADCOM. Llenta Ha ToBa paswmpeHne e pa ce ocurypm
cuctemaTusnpaHa, CTPyKTypypaHa W CbhnocTaBuMa WHGOpMauMs 3a HanuyHuTe
6esnnaTHM OHMaWH WHCTPYMEHTW, noanomaraliy npOEeKTUPaHETO Ha OCHOBHMU
€NEeKTPOHHN eNeMEHTU N CUCTEMN.

3a BCAka OT pasrnexgaHuTe KaTeropum ca Cb3gageHn U NOMbIIHEHU
XapakTepu3aumoHHn nacnopt Ha oHnanH CAD MHCTpYMEHTU, cnegsanku yHnduumpaH
LWabsioH.

Ha durypa 4 e wunocTpupaHO €eneKkTpoHHOTO CbAbpXaHwe 3a KaTeropudaTta
pe3ncTopu, Kato ca nokasaHu HannyHuTe 21 NHCTPYMEHTMW.
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Queypa 4. unmepgbelic Ha npozpamama Online-CADCOM 3a ecu4ku 8b8€0€HU
oHnauH CAD uHcmpymeHmu 3a pe3ucmopu.

B pesyntat Ha wusBbplieHata paspabotka nnatdopmarta Online-CADCOM ce
npeBpblla B MHTErpupaHa cpega, KosTO cbyeTaBa 6asa OT 3HaHWA, OBy4UTENHO
CbAbpXXaHNE N MEXaHU3MM 3a aBTOMaTM3MpaH n3bop Ha MHCTPYMeHTU. ToBa nNo3BonsBa
He caMo nognomaraHe Ha npoueca Ha NpoekTUpaHe, HO U Cb3daBaHe Ha ycrnoBus 3a
edekTMBHO 00y4eHne B obracTta Ha aBTOMaTU3NPaHOTO NPOEKTUPAHE.

B 3akntoyenHne B nnatcopmata Online-CADCOM e BHegpeHO €eneKTPOHHO
CcbabpxaHue 3a nogbop Ha 06wo 69 nHcTpymeHTn 3a All. Bemykn xapaktepusaumoHHm
nacnoptu ca npeactaBeHn B AHekC 2. Ype3 BbBEXAAHETO Ha CTPYKTypupaHuTe
XapaKTepu3aLMOHHN NacnopTn ca UHTErPUPaHMU:

* 41 nacuBHM enemMeHTn - 21 3a peauctopu, 11 3a koHaeH3aTopu n 9 3a 6006MHY;

* 10 3a TpaHCcdopmaTopy;

» 8 3a Kn4oBN 3axpaHBaHus;
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* 10 3a cBeTOAMOAHN MaTpULMN.

C Te3n nopobpeHna Online-CADCOM npogbmkaBa ga ce pasBuMBa KaTto
mMawabupyema, OpueHTMpaHa KbM MoTpebutensa cuctema, noanomMarawia Kakto
o0y4yeHuneTo, Taka 1 NpakTukaTa B NPOEKTUPAHETO Ha €NIEKTPOHHN CUCTEMMN.

NMABA 5. UHoBaTMBHM MeTOAMU 32 U3NOfI3BaHe Ha U3KYCTBEH UHTENeKT
3a noAanomaraHe erieKTPOHHOTO oOOy4YeHue U aBTOMaTU3MPaAHOTO

npoeKTnpaHe.

B neTa rmaBa ca pa3paboTeHu n ekcnepuMeHTanHo nacnegsaHu UHOBaTUBHU METOAN
3a M3MNon3BaHe Ha U3KYCTBEH UHTENEKT, U NOo-CneynanHo reHepaTUBHU €3MKOBU Moaenu
kato ChatGPT, 3a nognomaraHe Ha €enekTPoOHHOTO ObyyYeHue B aBTOMATU3UPAHOTO
npoekTnpaHe. OCHOBHUAT aKkLEHT e NocTaBeH Bbpxy UHTerpupaHeto Ha ChatGPT kaTto
WHTENUreHTeH aCUCTEHT B nNpoueca Ha obyyeHne Ha CTyLEeHTU U NHXEeHepHaTa AenHOCT,
C uen nosuwaBaHe Ha e(eKTMBHOCTTa, HamansiBaHe Ha BPeMETO 3a U3MbJIHEHME Ha
3agauun n nogobpsasaHe Ha pa3bupaHeTo Ha CNOXHU TEXHUYECKN KOHLIEMLUMW.

MpeponoxeH e ABydas3oB moaen 3a manon3saHe Ha ChatGPT B obydeHueTo no
aBTOMaTU3NpaHO NpoekTupaHe. B nbpBata asa (pasa Ha obyyeHme Ha ChatGPT)
MoAenbT Ce Wu3nons3ea 3a noanomaraHe npu paspabotBaHe Ha nabopaTopHM
YMpaXKHEHWS, BKITHOYUTENHO bopMynMpaHe Ha 3agayvv, ObACHEeHMEe Ha TeopeTUYHU
3aBMCUMOCTU W MOArOTOBKAa Ha MHCTPYKUUKM 3a paboTa. BbB BTOpaTa hasa (pasa Ha
npunoxexHune Ha ChatGPT B nomowy Ha ctygeHTute) ChatGPT ce nanonsea Kato akTUBEH
aCUCTEHT NpU N3MNbITHEHNE Ha 3agaunTe, KaTo nognomMara CTyAeHTUTE Npu pellaBaHe Ha
KOHKPETHU Npobnemu, MHTepnpeTaumsi Ha pe3ynTaTi U OTCTPaHSABaHE Ha rPeLLKM.

HanpaBeHo e uacnenBaHe Ha Bb3MoxHocTuTe Ha ChatGPT 3a nognomaraHe n/unu
NbnHO paspaboTBaHe Ha peanHo nabopaTopHO ynpaXHeHWe NO aBTOMaTU3MPaHO
npoekTnpaHe Ha Tema: ,M1acnegBaHe Ha HUCKOYECTOTEH punTbp Ha Yebuwes ¢ PSpice”.
OcobeHo BHMMaHWe e oTaeneHo Ha HadnHa no komto ChatGPT nognomara npoueca Ha
pa3bupaHe Ha 3agadaTa, opmynMpaHe Ha pelleHnst U NPoOBEpPKa Ha peaynTaTtuTe.

Ha durypa 5 e npeacrtaBeH pe3yntaTbT OT YECTOTHUSA aHanm3 Ha HUCKOYECTOTEH
GunTbp Ha Yebuwes, peanuampaH ¢ onepaumoHHn ycuneatenu uA741, nony4veH ypes
cumynaums B cpepata  OrCAD/PSpice. [lokasaHM ca OCHOBHWUTE  4YeCTOTHU
XapaKTepUCTUKN Ha u3cnefBaHata cxema — aMninTygHO-4eCTOTHa XapaKTepucTuka
(AYX), dasoBo-4ecToTHa xapakTepuctuka (PYX) n rpynoso Bpeme 3a 3akbcHeHune (MB3),
N34MCNEHN 3a Lganata cxema v 3a OTAenHUTe KackagHu 3BeHa.
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Guaypa 5. Pesynmam om PSpice 3a AYX, ®YX u B3,
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Ha ®durypa 6, durypa 7, durypa 8 n durypa 9 ca npeacraBeHn pesyntatute oT
aHanMTU4YHO-YMCEH aHanns3, n3sbpLleH ¢ nomowita Ha ChatGPT B HeroBusa nHtepdeic,
npwv KOUTO aMMiNTyAHO-YeCcTOTHaTa XapakTepucTuka e norydeHa ypes nsBexgaHe Ha
npegasatenHata QyHKUMS U YUCNEHO N3YMCIIEHME Ha YCUIBAHETO B YeCcTOTHaTa obnacr.
padmkaTta wunocTpupa noBedeHWETO Ha unTbpa B JleHTaTa Ha npornyckaHe,
npexogHaTa obnacT 1 NeHTaTa Ha 3aabpXXaHe, KakTo 1 BIMAHNETO Ha OTAENHUTE 3BEHa
BbpXy obLiaTa xapakrepucTtumka.

Plot 1: ACH (times)

MV (out)MIV(in))
MV (out1))M{V(in))
— M{V(out))M{V(outl))

Gain [times]

10t 102 10° 107 10°
Frequency [Hz]

Queypa 6. Pesaynmam om ChatGPT 3a A4YX e nbmu.

Plot 2: ACH (dB)
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0 —— DB(V{out) - DB(V(out1))
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Queypa 7. Peaynmam om ChatGPT 3a A4YX e deyubernu.

Plot 3: Phase
200 P(V(out)) - P(V(in)}
P(V(out1)) - P(V(in))

—— PiViout)) - P{¥(outl)}

100
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L
[=]
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—300
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Queypa 8. Peaynmam om ChatGPT 3a ®4X.
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Plot 4: Group Delay
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Queypa 9. Peaynmam om ChatGPT 3a B3.

CobnoctaBsiHeTo Ha pesyntatute oT OrCAD/PSpice n ot ChatGPT nokasea gobpo
KayeCTBEHO CbBMnageHne Ha opmaTa Ha YECTOTHUTE XapaKTepUCTUKK, NO3MUMATA Ha
rpaHMyHaTa YecToTa N HanNM4MeTo Ha XapakTepHuTe 3a ounTbp Ha Yebues oTCckoUM B
neHTaTta Ha nponyckaHe. HabnogaBaHUTe KONMMYECTBEHN Pasfnmku ce AbikKaT OCHOBHO
Ha W3NON3BaHETO Ha maeanuanpaH Moaesn npu aHanutudHmna aHanud ¢ ChatGPT u Ha
BKIMOYBAHETO Ha pPeanuCTUYHMU MOLENM Ha OnepauuoHHUTE ycurneaTenu n napasmTHU
edektn B PSpice cumynauuaTa.

3a Bcska OT 3agaunte B nabopaToOpHOTO YynpaXHeHMe e U3BbLbPLUEH CpaBHUTENEH
aHanu3 Ha pesynTtaTuTe npu usnonssaHe n 6e3 nanonssaHe Ha ChatGPT, Tabnuua 9.

Tabnuua 9. CpasHumeJsieH aHasu3 Ha pe3ysmamume.

NapameTsp OrCAD/PSpice | ChatGPT | OT*noHenme /
KOMeHTap

YcuneaHe B nnockatravact A | 2.9138 = 2.95 =1.2%
YcuneaHe npu (f_{rpp}) 2.0397 =~ 2.06 =1.0%
[opHa rpaHn4yHa YyecTtoTa

981.779 ~ 981 <01 %
(f {rpp}) [HZ] °
MontocHa yectora 1 [Hz] 65.513 ~65.5 Slfce_‘rizxfnaw”
YcuneaHe npu nontocHa 29374 ~2.04 <02%
yecTtoTa 1
lMontocHa yecToTa 2 [HZ] 409.492 = 409 <0.2%
YcunsaHe npu nosnitocHa 33714 ~3.39 ~05%
yecTtoTa 2
MontocHa yecToTa 3 [HZ] 629.970 = 643 =21 %
YcuneaHe npu nontocHa 39951 ~ 3.1 <05 %
yectoTa 3
lMontocHa yecToTa 4 [HZ] 815.764 ~ 816 <0.1%
YcuneaHe npu nontocHa 34107 ~ 339 ~06%
yecrtoTta 4
CtpbmHocT S [dB/dec] —79.243 ~-79.3 <0.1%

OT npefncraBeHus cpaBHUTENEH aHann3 ce Habnigasa MHOro 4OOpo cbBnageHue
mMexay pesyntatute, nonydeHn ypesa cumynaums B OrCAD/PSpice n nsyucneHute ¢
nomowita Ha ChatGPT. OTknoHeHuaTa Mexay ABaTta noaxoAda ca Mankm U BbB BCUYKM
pasrnegaHu napaMmeTpu He HaaBMLWaBaT HAKOSKO NPOLIEHTa, KaTo B MOBEYETO Cryvaum ca
noa 1%.

M3non3eaHeTo Ha ChatGPT kato nomoLieH WHCTPYMEHT 3HauyuMTenHO Hamanssa
BPEMETO 3a M3NbISIHEHME Ha NabopaTopHOTO YynpaxHeHue, 6e3 ga koMmnpomeTmpa
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Ka4yecTBOTO Ha aHanu3a, KoraTto Ce M3rnon3Ba CbBMECTHO CbC CMMyraLMOHHA cpeaa,
nokasaHo B Tabnuua 10. M3non3saHeTo camo Ha ChatGPT Boan 0o Haun-kpaTko Bpeme,
HO He MOXe [a 3aMecTu HeobxoguMmocTTa OT npakTtudecka pabota B OrCAD/PSpice,
KoeTo nogyeptaBa ponsaTta Ha ChatGPT kato gonbneawo, a He 3aMecTBaLlo CPeacTBO
B 0Oy4eHMeTo No aBTOMaTU3NPaHO NPOEKTUPaHe.

Tabnuya 10. O606wasawa mabnuya - cpagéHeHUe Ha epeMeHama.

NMoaxon MpubnuaunTtenHo XapakTtepucTuka
Bpeme
Camo OrCAD/PSpice =~ 135 MUH [MbneH cMmynaunoHeH
aHanus
OrCAD/PSpice + ChatGPT | = 60-80 muH OnTtnmaneH y4ebeH noaxoq
Camo ChatGPT = 15-30 MuH [MpenBapuTeneH, aHanUTN4eH

M3BbpLueH e aHanu3 Ha B3anmogencTemeTo mexay notpebutena n ChatGPT, kato
ca naeHTuuUMpaHm OCHOBHUTE NOM3u U orpaHndeHus. NMpu kKoMOGMHMPaHO M3nons3BaHe
Ha OrCAD/PSpice n ChatGPT, cumynauuoHHaTa cpefa CnyXu 3a noflydaBaHe Ha
yncneHn u rpadcduyHm pesynrtatu, gokato ChatGPT ce u3nonsesa kaTto MHTENUreHTEH
MOMOLLEH MHCTPYMEHT 3a aHaluUTU4YHO TbilKyBaHe, MpoBepka W CTPYKTypupaHe Ha
pesynraTuTe.

B xoga Ha ynpaxHeHneTo ChatGPT nognomara nsnbiHeHNeTo No cnegHnTe HaumHu:

e AHanNUTU4HO OBGSAACHEHMe Ha 3ajauuTe - NpeoCcTaBs SACHO ThiIKyBaHe Ha BCsKa
nogsagava ot nabopaTopHOTO yNpaXKHEHWE, BKNHOYUTENHO LieNTa Ha aHanusa u
OYakBaHWUTe pesynTaTy;

e [logkpena npu HacTpoWKa Ha cuMmynauuuTe - yKkassa NpaBUiHUA TUN aHanms
(AC, Noise, DC Operating Point), HeobxoaummnTe HaCTPONKN Ha CUMYNaLMOHHUS
npodun 1 NoAXoAdALWNTE n3pasun 3a Bu3yanuasauumsi Ha pesyntaTture;

e [lpoBepka M MHTepnNpeTauusa Ha pe3ynTaTuTe - Nomara nNpyu pasynTaHeTO Ha
AYX, wymosute rpadpmkn n SNR, kato obBACHsIBa BNUAHMETO HA YE€CTOTHUS
WHTEepBar, KypcopuTe 1 NnapameTpuTe Ha KOMMNOHEHTUTE;

e YucneHa Bepucpmkauma - U3BLPLLUBA HE3ABUCMMU aHANMUTUYHU WUIYUCTIEHUSA
(ycvnBaHe, rpaHuM4yHa 4ecToTa, CTPBMHOCT, MOLLHOCT), KOWUTO CryXaT KaTo
CpaBHUTENHA NpPOBEpKa Ha CUMyNaLMOHHUTE pe3ynTaTu;

e CTpyKTypMupaHe Ha uHdopmauumsaTa - nognomara oopMsiHETO Ha peaynTaTuTe
B TabnuyeH n TeKCToB BMA, Noaxoasiim 3a nabopaTopeH OT4YeT;

e dopmynupaHe Ha M3BOAM - acuUCTMpa MNPU CbCTAaBSHETO Ha TEXHUYECKM WU
MEeTOA0SIOrMYHM U3BOAM Ha BasaTa Ha NonyyYeHuTe JaHHW.

bnarogapeHne Ha Tasu ¢hopma Ha B3auMogenucTBue, BpeMeTO Heobxogumo 3a
aHanus3 u MHTepnpeTaums Ha pesyntatuTe e 3Ha4YMTEeNHO CbKpaTeHo, KaTo ce nsbsireart
TUMUYHW TPELLKN NPY ThIIKyBaHE Ha LLUYMOB aHanm3 1 YeCTOTHU XapakTEePUCTUKN.

B 1031 koHTekcT ChatGPT He 3amectBa cumynaumoHHata cpega OrCAD/PSpice, a
PYHKUMOHMPA KaTO WHTENUIreHTeH acuUCTeHT, KOMTO noanomara obyvyaemuTe npu
aHanuaa, npoBepkaTa u pa3bupaHeTo Ha NonyYyeHuTe pesynrtaTu.

B rnaBaTa e paspaboTeHa MeToauka 3a u3criegBaHe Ha OHNawH MHCTPYMEHTU C
nomowta Ha ChatGPT. PaspaboTteHa € HOBa MeToaAMKa 3a M3crnedBaHe Ha OHMaWH
WHCTPYMEHTM 3a aBTOMAaTU3UPaHO MPOEKTMpaHe C Lien CUCTEMaTUYHOTO M OBEKTUBHO
CTPYKTYpupaHe Ha WHdopMaumuaTa 3a CblUuecTByBaluyM codTyepHu cpeacTea.
MeToaukata He BKIOYBA OLEHsIBaHE, ONTUMMU3ALUA UNN B3eMaHe Ha pelleHusi, a ce
doKycrpa N3usano BbpXy YCTaHOBSIBAHE HA HANMMYMETO UM OTCbCTBMETO Ha onpeaeneHn
PYHKLUMOHANHN XapakTEPUCTUKN HA UHCTPYMEHTUTE.
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MeTogukaTta ce CbCTOM OT TPU SACHO pasrpaHNYeHn eTana.
1. NpeHTndomumpaHe n noadbop Ha OHNamH UHCTPYMEHTMU.

MbpBMAT eTan BKAYBa naeHTUdULMpaHe n nogbop Ha OHNanH u/unun 3apexgaemm
WHCTPYMEHTW, peneBaHTHM 3a pasrnexnaHus Knac npoekTHW 3agadun. lNMogbopbT ce
M3BBbPLUBA YpE3 LieNeHaco4YeHO TbpceHe B Ny6NUYHO AOCTBMHM U3TOYHULM U BKNOYBA
CaMO MHCTPYMEHTU, KOUTO NpeaoCTaBAT pearnHa nHXeHepHa (OyHKUMOHanHoCT. Ha Toaun
eTan He ce U3BbpLLUBa aHanNn3 Ha Ka4eCTBOTO UIKM CpaBHUTENHA OLeHKa, a ce hopmumpa
€NHCTBEHO MHOXECTBOTO OT MHCTPYMEHTU, NpeaMeT Ha uscreaBaHe.

2. AHanu3 Ha PyHKLUOHaNH1UTEe Bb3MOXHOCTU U AiePpUHMPaHe Ha KPpUTEpPUMN.

BTopust eTtan e HacoyeH KbM aHanmM3 Ha (YHKUMOHANHWUTE Bb3MOXHOCTU Ha
noabpaHMTe WHCTPYMEHTM C uUen pgeduHMpaHe Ha KpuTepuu, ONUCBalLM Tesn
Bb3MOXHOCTU. Kputepunte ce copmynupaT kaTo OMHApHM Mpu3HauW, KOUTO ca
MPUNOXMMM 32 BCUYKN MHCTPYMEHTU OT U3CNEABAHOTO MHOXECTBO.

Ha 1031 eTan:

e KpUTEPUUTE Ca ONUCATESHU, @ HE OLEHBYHU;

e He ce BbBexaaT TernoBn KOeqUUNEHTN;

e He ce geduHMpa OTHOCUTENHA BAXXHOCT MeXay Kputepuure.

3. NMonbnBaHe Ha AoBouYHa (byneBa) Tabnuua.

TpeTuaT eTan npeacTaBnsiBa OCHOBHUA pe3ynTaTt Ha MeToada M BKNoYBa NonbriBaHe
Ha ABOMYHa Tabnuua, B KOATO pefoBeTe CbOTBETCTBAT HA U3crneBaHUTE MHCTPYMEHTH,
a KonoHuTte — Ha gecmHnpanute kputepun. CTOMHOCT ,e“ 03Ha4YaBa Hann4vne Ha gageHa
YHKUMOHANHOCT, a CTOWMHOCT ,-“ HeWHOTo oTcbecTBMe. [lonyyeHata Tabnvua 6
npeacraenaBa dopmManuampaHa 6asa 3HaHUSA U CNYXW KaTo BXO4 3a nocrensalim
€KCNepTHN U aBToMaTU3MpaHn meToam 3a nsbop.

M3BbpLUEH e CpaBHUTENEH aHann3 Mexay TpaauLnoHHUA Noaxoa 3a nscnegsaHe Ha
WHCTPYMEHTN W noaxoga, nognomorHat oT ChatGPT, Tabnuuya 11. Pesyntatute
nokasBaT 3HaAYMTENHO CbKkpalwaBaHe Ha BpemeTo 3a cbbupaHe m obpaboTka Ha
MHOpMaUUs, KakTo N NogobpsiBaHe Ha CTPYKTypaTa U Ka4eCTBOTO Ha aHanmsa.

Ta6bnuuya 11. CpasHeHue Ha epeMemo 3a Pb4YHO U MOGNOMO2Hamo u3csnedsaHe C
ChatGPT.

ETan oT meToAMKaTa PbuHO NoanomorHarto uscnepnsaHe
A uscnepBaHe c ChatGPT

OpVIeHTI/IpaHe n gocten Ao 5-10 MUHYTK 1-2 MUHYTU

WMHCTPYMEHTa

3anosHaBaHe ¢ 15-30 MUHYTH 5-10 MUHYTK

dyHKUMOHanNHocTuTE

glgc))sepka Ha kpuTepun (20-30 40—60 MUHYTI 5-10 MUHYTH

[NonbnBaHe Ha ABOMYHaTA 5-10 MUHYTH 2—3 MUHYTH

Tabnuua

O6uwo Bpeme 3a 1 MHCTpyMeHT | 60-120 muHyTn | 10—-20 MUHYTH

O6wo Bpeme 3a 10 10-20 pabothn | ,_, paboTHM Yaca

MHCTPYMEHTa Haca

HJonbnHuTtenHo e paspaboTeHa MeToAMKa 3a aBTOMATU3MPAHO MOMbfBaHe Ha
XapakTepuctmyHm nacnopt ¢ nomowta Ha ChatGPT. Metogukata nosBonsBa
reHepupaHe Ha CTpyKTypupaHa uHdopmaums 3a UHCTPYMEHTUTE Bb3 OCHOBA Ha Hann4Hu
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AaHHW N 3agafeHun kputepun. ToBa BogM A0 3HAYMTENHO yCKOpsSIBaHE Ha npoueca Ha
cb3faBaHe Ha 6a3a oT 3HaHus. [NpouechT Ha Cb3aaBaHe Ha nacrnopTuTe ¢ NOMOLLUTa Ha
ChatGPT ce peanusnpa 4pes criegHuTe nocrnegoBaTenHn eTanu:

1. ®PopmanunsnpaHe Ha BxogHaTa uHdopmauums.

Kato Bxoa kbMm ChatGPT ce u3nonasar:

e aBTOpCKaTa Tabnuua 3a uacrnegBaHe Ha OHManH UHCTPYMEHTH;

e MpeaBapuUTenHO AePUHUPaHN KaTeropum n NnaHenwu;

e MNPUMEPEH NOMbIIHEH NACMOPT, U3MON3BaH KaTo pedepeHTeH Moaen.

2. NeHepupaHe Ha cbabpxaHue 4ype3 ChatGPT.

ChatGPT ce n3snonssa 3a:

e TeHepupaHe Ha TEKCTOBO CbAbpXKaHWe 3a BCAKO Norie OT NacnopTa;
e ajanTMpaHe Ha TePMMHONOrMATa CNPSIMO TUMNA KOMMOHEHT;

e OCUrypsiBaHe Ha edMHEH CTWUI N TEXHUYECKa NocrneaoBaTenHoCT.

3. CTpyKTypupaHe 1 eKCrnopTupaHe.

"eHepupaHOTO CbabpXaHUe ce CTPYKTypupa B:

e Tabnuum cbC cTaHgapTU3NpaH opmar;

o Word gokymeHTu (.docx), nogxoasawm 3a ANPEKTHO N3MN0N3BaHe;
e nacnoptu ¢ gobaBeHM NOroTUNU U XMNEPBPB3KMU.

4. KoHTpon u pegakumsa ot aBTopa.

ABTOPBT N3BBLPLUBA:

npoBepKa Ha KOPEKTHOCTTA;

CTWUNOBAa U TEPMUHOSONMYHA pedakuns;

domHanHa cenekuma n Knacudvkauus Ha nacrnopTuTe;
pBbYHO BbBexaaHe B nnatgopmara Online-CADCOM.

PesyntaTtuTe OT NnpunaraHeTo Ha Ta3n MeToavKa ca NPeACTaBeHN Ypes CpaBHUTENEH
aHanu3 Ha BpeMeTo 3a Cb3gaBaHe Ha NacnopTu NpU PbYeH 1 aBTOMAaTMU3NPaH NOAXOA.

B Tabnuua 12 e gemoHcTpupaHa ycrnewHa wuHTerpaumst Ha ChatGPT B HayyHO-
nacnegosaTesnicka OenHoOCT, npu Koato Al ce manonsBa He KaTto 3amMecTuTen, a KaTto
WHTENUreHTEeH MOMOLLHMK Ha u3cregoBaTtens. ToBa gonpuHacd 3a noBulIaBaHe Ha
edeKTMBHOCTTa, MawabnpyemocTTa M KayecTBOTO Ha pe3ynTtatute B paMKuTe Ha
ancepTaunoHHus Tpya. Hamanenueto Ha BpemeTo e mexay 70% v 85%.

Tabnuuya 12. O606weHuUe Ha pesynmamume.

Metop Bpeme 3a 1 nacnopt | Bpeme 3a 50 nacnopra
Pb4yHO 3045 MuH 25-37 yaca
C ChatGPT | 5-10 muH 4-8 vyaca

B pamknte Ha rnmaBata ca aHanuMsupaHum U OrpaHUYeHusiTa U PUCKOBETE NpU
N3Non3BaHe Ha reHepaTUMBHU €3UKOBU Moaenu. Te BKNYBAT Bb3MOXHOCTTa 3a
reHepypaHe Ha HeTOYHa WNM HenbSiHa MHOpMauus, 3aBUCUMMOCT OT MpaBuUiHa
dopmynmnpoBka Ha BbMNpoCUTE M HeobxogumocTTa OT nogpobHa npoBepka Ha
pesyntatute. Bbnpekn ToBa, npun npaBunHo nanonssaHe, ChatGPT ce yTBbpxaaBa kaTo
MOLLEH MHCTPYMEHT 3a noAanomaraHe Ha 0by4eHNeTo U MHXEHepHaTa npakTuka.

B 3aknioyeHne moxe ga ce otbenexu, Ye npeanokeHuTe B Tasn rnaea metoam
AEeMOHCTpMpaT 3HauuTeneH MoTeHuman 3a WHTerpuMpaHe Ha W3KYCTBEH WHTENeKT B
npouecute Ha obyyeHue U npoekTupaHe. Te OonpuvHacAT 3a Cb3daBaHETO Ha Mo-
WHTEpPaKTUBHA, edeKTVBHA W ajanTuBHa obyuynTenHa cpepa, KOATO OTroBaps Ha
CbBPEMEHHUTE M3UCKBAHMSA B obrnacTTa Ha aBToMaTu3nMpaHoTo npoektupaHe. ChatGPT
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cnegBa ga ce pasrnexga He KaTto 3aMeCcTutesl Ha YOBeLWKUA eKCnepTt, a KaTto
WHTENUIreHTEH aCUCTEHT, CNOCODEH Aa NoBMLIN NnpoAyKTUBHOCTTA, HO HE 1 Aa rapaHTupa
BanuaHocTTa 6e3 YyoBellka Hameca.

MABA 6. U3cneaBaHe Ha Bb3npuaTtuaTa Ha ChatGPT B TY-Codus.

B wecta rmaBa e npeacraBeHo yvactue B rnobanHo uscrnensaHe, HaCOYeHO KbM
aHanu3 Ha Bb3NpUATUSATA Ha CTYAEHTU WU npenojasaTeny OTHOCHO W3MOM3BaHeTo Ha
reHepaTMBHM €3MKOBW Mogenu, u no-cneumanHo ChatGPT, B o06yyeHneto u
WHXeHepHaTa npakTtuka. Npu ctapTupaHe Ha nscnenBaHeTo 3a uanonssaHeTo Ha A B
enekTpoHHOTO obyyeHne no All, Bce owe e HAMano AcHa npeactaBa 3a Harnacute u
oYakBaHuATa Ha CTyaeHTUTe B Bbbnrapusa n B 4acTHOCT TexXHUYecku yHUBEpCUTET —
Codpms no To3um Bbnpoc. OcHoBHAaTa Len Ha n3creaBaHeTo € Aa ce OLUeHU CTeneHTa Ha
n3nonasaHe, Bb3npuemaHuTe nonsu, orpaHNYeHnsTa U BIIMSAHUETO Ha Te3N TEXHOMOru
BbpPXY y4ebHUs npouec 1 pasBUTMETO Ha NPOdECUOHANHN YMEHWS.

MbpBaTa BbfHa Ha rrnobanHo m3crnenBaHe NpPoBeAeHO B MHTepBana 9 OKTOMBpPU
2023 r. — 29 deBpyapn 2024 r., BkntoyBawo Hag 23 000 cTyaeHTM OT BUCLUETO
obpasoBaHne B 109 gbpxasu (BknouuTenHo bwbnrapus), nokasea, ye ChatGPT ce
n3nonsea NpeguMHo 3a reHepupaHe Ha uaeun, obobLiaBaHe Ha TEKCTOBE M OOCTbN A0
nHopmauus. CTyaeHTUTe ro HamupaTt 3a OcobeHO MnoneseH Npu OnpocTABaHe Ha
CNoXeH maTepuan v noBuwaBaHe Ha e(PeKTMBHOCTTa Ha 0byyeHneTo. Bbnpekn Bcnyku
nona3u, octaBaT OCHOBHUTE ONaceHUs!, KOUTO Ca CBbP3aHN C akageMmnyHaTa noYTEHOCT U
npekomepHata 3asucumocTt oT M. Obwmnte cnyyamn Ha ynotpeba coyaT KbM noTeHumana
Ha ChatGPT ga nopobpsiBa gurMtanHaTta rpamMOTHOCT, 4OCTbMA A0 LUMPOK KPbr OT
3HaHWSA U akageMUYHUTE pesynTaTu.

B pamkute Ha BTopaTta BbfiHa Ha rnobanHoTo CTygeHTCKo npoyysaHe 3a ChatGPT,
npoBeneHo mexay oktomepu 2024 r. n oeBpyapu 2025 r., ca cbbpann 22 963 oTroBopa
oT cTyaeHTn oT 120 gbpxasu 1 Teputopun. MNpoyysaHeTo obxBalla HAKOMKO acnekTa,
cBbp3aHm ¢ ChatGPT: coumogemorpadCku XapakTEPUCTUKK, HAYMH Ha W3MNON3BaHe,
Bb3MOXHOCTU, peryrnaumm M eTUYHW BBNPOCU, YAOBNETBOPEHOCT U Harnacu, y4yebHu
3aTpyAHEHUS U pe3ynTaTu, pa3BuUTUE Ha YMEHUS, Nasapa Ha Tpyaa U HECbOTBETCTBUETO
MeXay YMEeHUs U MU3UCKBaHWA, eMouun, ydebHa n nmyHa uHdopmauusi, Kakto Wt
Bb3npuemaHe Ha ChatGPT. lNpoyyBaHETO € HACOYEHO KbM CTYAEHTU B akpeanTupaHu
BMCLUM yumnumLa.

MbpBata cekuua (Cekuma 1) BknwuBa coumogemorpadCckm BBMPOCU, YUATO
OCHOBHa (pyHKUMS € Oa onpeaendaTt npoduna Ha y4acTHULUMTE U A OCUTYPAT KOHTEKCT
3a BCMYKM crnedpalum aHanuau. BbnpocoT 3a rpaxagaHcteoTo Q1, durypa 10, namepsa
HaUMOHanHMA npousxo Ha yvacTHULMTE W MO3BOMABa [a Ce OUeHM CcTeneHTa Ha
pasnpegeneHne no AbpxasBu. AHANU3bT MOKasBa SICHO M3Pas3eHO MeXOyHapOAHO
pa3Hoobpasue, KoeTo NOTBbPXAaBa rnobanHusa xapakrep Ha nscnegsaHeTo. bvnrapus
3aeMa OTHOCUTENHO ManbK Aan cbC camo 260 6pos aHketn unm 1.3% OT BCUYKM
aHKeTUpaHwu.
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Q1l: lbp>xaBa Ha NPOM3X0[ Ha PecnoHOEeHTHTe

Lan (%)

o B N W oA W oo

Nepxasa — nan (%)

B Ecuador — 6.4%
Romania — 6.1%
Turkey — 5.6%
ltaly — 5.2%

m Egypt — 4.3%
India — 4.2%

| Mexico — 4.0%
Poland — 3.3%

= Croatia — 2.9%
Spain — 2.7%

B Morocco — 2.5%
Ukraine — 2.5%
Tunisia — 2.5%
Tanzania — 2.5%

B China — 2.3%

The Philippines — 2.2%
Switzerland — 2.2%
Nigeria — 2.1%

= Germany — 2.1%
Slovenia — 2.0%

B Malaysia — 1.8%
Bangladesh — 1.7%
Palestinian State* — 1.4%
Greece — 1.3%

B Saudi Arabla — 1.3%
Bulgaria — 1.3%

m Colombia — 1.2%
Ghana — 1.1%

= jordan — 1.0%
Bosnia & Herzegovina — 1.0%

B Zambia — 1.0%
Indonesia — 0.9%
Japan — 0.9%
Macedonia — 0.9%

m Zimbabwe — 0.8%
Chile — 0.8%
Gambia — 0.6%
Estonia — 0.6%

™ Israel — 0.5%

Brazil — 0.5%

= Finland — 0.5%

Albania — 0.5%

Oman — 0.5%

Pakistan — 0.5%

Cape Verde — 0.4%
Austria — 0.4%
Guatemala — 0.4%
United Kingdom — 0.4%
France — 0.4%
Lithuania — 0.4%
United States of America — 0.4%
Luxembourg — 0.3%
Georgia — 0.3%
Hungary — 0.3%

Serbia — 0.3%

Czech Republic — 0.3%
Peru — 0.3%

South Africa — 0.3%
Other: — 0.3%

Namibia — 0.3%
Argentina — 0.3%
Belgium — 0.3%
Portugal — 0.2%
Dominican Republic — 0.2%
Latvia — 0.2%
Mauritania — 0.2%
Kazakhstan — 0.2%
Cyprus — 0.2%

Sri Lanka — 0.2%
Angola — 0.2%

Iran — 0.2%

The Netherlands — 0.1%
Irag — 0.1%

Nepal — 0.1%
Russia — 0.1%

Syria — 0.1%
Singapore — 0.1%
Mozambigque — 0.1%
Lesotho — 0.1%
Paraguay — 0.1%
Kasovo — 0.1%
Canada — 0.1%
Andorra — 0.1%

@ueaypa 10. PasnpedeneHue no epaxdaHcmeo.

Btopata cekuus (Cekuus 2) uenu ga nokaxe peanHoTo nsnonssaHe Ha ChatGPT un
apyrm mHCTpyMeHTM ¢ WM. B Hes ca wuscnegBaHu 4ectotaTta, WMHTEH3MBHOCTTA U
KOHTEeKCTa Ha ynoTpeba, KoeTo NO3BONSABa Aa Ce HanpaBu pasrpaHUyeHne mexay

HepeOoBHO M3nosi3BaHe N CUCTEMHO U3noJi3BaHe.

BbunpocbT Q13, durypa 11, onpenensa nsnon3saHuTe pasnnyHyM 4aTtboToBe U SICHO
nokassa OMUHMpPALWOTO MsCcTo Ha ChatGPT cnpsimo antepHaTuBHM nnatgopmu. ToBa
nogyepTaBa pokyca Ha uscnegsaHeto Bbpxy ChatGPT kaTo BoaeLy MHCTPYMEHT.

W3non3saHe Ha LLM no abpxasu (MapkupaHa bbnrapus)

Exsanop
PyMbHUA
Typuns o
Wranus
ErvneT -
Mekcmko
MHauns 4
Monwa
XbpBaTus
WenaHuns
YkpaiiHa §
TaH3aHnA
TyHuc
Mapoko -
KuTaii
DUANNUHY
Lseiuapuns -
Hurepus q

[epMaHuns 4

Queypa 11. Texxecm Ha u3non3eaHemo Ha omoenHume nnamegopmu 3a N, cped

8CUYKU aHKemupaHu.

Pasnpegenenneto ot durypa 11 acHO mHAMKupa, Yye Gbnrapckute CTyaeHTn ca B
Kpak C HOBWUTE TexHonorum m uanonssat nnatdopmu 3a NN B egHakBa TeXeCT C
TEXHONMOrMYHO pas3BuTUTEe Obpxasu. BneyatneHue npasu pakta, 4Ye B AsumaTckute
AbpXxaBu, B 4acTtHocT Kutan, TeHgeHumute 3a uanonssaHe Ha MW He cbBnagaT C
OoCTaHanute AbpxaBwu. ToBa Han-BEpPOATHO e pes3yntaT OT MNonuTukaTa Ha ObpXaBHO
HMBO 3a YCUIIEHO pa3BUTUTE Ha cobcTBeHu nnatdopmu 3a MM 1M HesaBUCMMOCT OT

TEXHOJIOTMYHO pa3BUTUTE ObpPXKaBW.
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BbnpocuTte B cnegpawmTe cekumm ca popmMynmpaHm Kato TBbpAEHUS, OLeHABaHM No
JlnkbpToBa ckana. 3a pasnuka oT BbNPOCUTE, N3NCKBALLM €QHO3Ha4YeH OTroBop “aa/He”,
BbNpocuTe ¢ JInkbpToBa ckana AaBaT Bb3MOXHOCT Aa 6bae cbbpaHa no-npeunsHa u no-
nu4yHa nHdopmaums OT CTYAEHTUTE, @ UMEHHO - PasfnUYHN CTEMEHN HA OTHOLUEHUE ”
MHEHWe, Ha cbrnacve wunuM Hecbrnacme ¢ (OpMynMpaHuMs BbBNPOC, M3MNON3BanKu
CMMETPUYHA cKana, KOSATO peructpupa pasfnnuyHOTO MHEHME Ha aHKEeTMpPaHUTE KbM
Bbnpoca. JiukbpToBaTa ckana npeanonara pascrtosiHuaTa Mexay OTAENHUTE Bb3MOXHMU
CTENEHN Ha OTroBopuTe Aa ca efHakeu, T.e. banaHcupaHu. N3BegeHn ca noapobHU
rpadovikm 3a TpUTE HaMU-NO3NTUBHO KracupaHu BbMpoca.

Tperata cekuua (Cekumsa 3) pasmexga Kak CTygeHTuTe  Bbanpuemar
Bb3MOXHOCTUTE Ha ChatGPT, kato @OKycbT € BbpXy (QyHKUMOHANHUTE W
negarormyeckmTe xapakTepucTUKM Ha MHCTPYMEHTA.

Bbnpoc Q19 obxeawa cnocobHocTTa Ha ChatGPT pa pasbupa u reHepupa YoBeLLKu
e3unk, Ja npegocTtaBs n obpaboTBa MHOpMaUUs, KaKTO M ga nognomara pasfndHu
dopmn Ha obyyeHue (TpaguMUMOHHO, OHMAWH U CMeceHo). Mo TO3nM HayuMH BBLNPOCHT
n3mepBa KakTO TEXHUYECKUTE, Taka N Negarorn4ecknte n3MepeHns Ha Bb3npmemMaHnTe
BBb3MOXHOCTMW.

Q19

[lo KakBa cTeneH CTe CbrNacHU CbC CneaHUTe TBbLPAEHUA, CBbP3aHU CbC
cnocobHocTuTe Ha ChatGPT?

(HanbnHo HecbrnaceH / HecbrnaceH / HeytpaneH / CbrnaceH / HanbnHo cbrnaceH)

ChatGPT moxe pa...

o Q19a pasbupa ykasaHus, 4ageHN Ha YOBELLKN E3WK.

« Q19b oTroBaps Ha YOBELLKM €3UK.

e Q19c BOAM NpusITEH pa3roBop.

e Q19d npepocraBs MHpopmaLmsa ePeKTUBHO.

o Q19e npenocrtaBs HagexaHa NHpopmMaums.

o Q19f 0606waBa obwMpHa MHpopMaLUS.

e Q19g onpocTsBa crnoxHa nHdopmMaums.

e Q19h nognomara TpagMUMOHHOTO 0ByYeHune (B KnacHa ctas).

« Q19i nognomara oHnanH oby4eHneTo (Ypes3 AurutanHu TEXHOMNOMu).

e Q19j nognomara cmeceHoTO (XMBpMAHO) 06yYeHne (koMmbuHaunsa oT TpPagULNOHHO
N OHNanH oby4yeHwne).

AHanu3bT Ha pesyntatute 3a Q19, durypa 12 n 13, ACHO Noka3Ba MO3UTUBHOTO
Bb3NpusaTMEe KbM e3ukoBuTe crnocobHoctn Ha ChatGPT. Han-Bucoku oueHkn ce
HabnogasaT npu obobwaBaHeTo Ha ronssM obem OT WMHopmMauusa, pPeaoBHOTO
OTroBapsiHe M OMpPOCTABAHETO Ha CroXHa MHdopmauus. ToBa 00SICHSBA LUMPOKOTO
N3NON3BaHe Ha WMHCTPYMEHTA 3a akageMU4yHO nmncaHe, o6o0LieHMs 1 NOAroToBKa 3a
n3nuTn, nokaszaHo B Cekumsi 2. [lo-ymepeHUTe OUEHKM 3a HagexgHocTTa Ha
npegocTaBeHata nHgopmaums npn Q19e un 3a pondara Ha ChatGPT B TpagMumMoHHOTO
obydeHne Q19h, nokasBaTt HanMUUMETO Ha KPUTMYHO M HanaHCUpaHO OTHOLUEHWE Ha
CTYOQEHTUTE, KOUTO SICHO pa3no3HaBaT OrpaHMYeHusTa Ha MHCTpyMeHTa ¢ UN nu
HeobXoaMMOCTTa OT YOBELLKN KOHTPOI.
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Q19: CpeaHX CTOWHOCTH No noa-sbnpock (TY-Codua)
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CTeneH Ha cbriacue

Queypa 13. PasnpederneHue rno yecmoma Ha usrosnieaHe Ha N 3a 0a obobwasa
obwupHa uHgopmayusi 3a cmydeHmume 8 TY-Cocgpus.

YeTtBbpTaTta cekumusa (Cekumua 4) aHanvsmpa yaoBNeTBOPEHOCTTa U HarnacuTe Ha
ctrygeHtnte kbm ChatGPT. Ypes Te3nm BbNpocu ce wuscnensa Bb3NPUATUETO 3a
nonesHocT, yaobcTBo U KOHTpor Ha N, koeTo e KNio4voBO 3a oueHKaTa Ha npuemMaHe u
nsnonasaHe Ha VI B oGpa3oBaTenHus npouec.

M3mepeHn ca pasnnyHmn acnekTn Ha yAOBAeTBOPEHOCTTa, BKNIOYUTENHO MNOME3HOCT,
SICHOTA Ha nHdopmMaumsTa, yaobCcTBo Ha B3anMoLENCTBME U yceLlaHe 3a KOHTpos. Ypes
Te3n BBbNPOCU Ce macrenBa He camo (PyHKLMOHAnHaTa OueHKa, HO U eMOLVOHANHOTO
oTHoweHue kbM ChatGPT.

AHanu3bT noka3Ba BMCOKa CTeneH Ha YyAOBMeTBOPEHOCT M npeobragasallo
nonoxuTenHun Harnacn. OcobeHo BaXXHO € SICHO N3pa3eHOoTO MONOXUTENHO ycellaHe 3a
B3aMMOOENCTBNE N KOHTPOS BbPXY M3MOM3BAHETO HA UHCTPYMEHTUTE, KOETO € KITH0YOB
dakTop 3a YCTOMYMBO WM OTFOBOPHO MpunaraHe Ha TexHonoruaTta. CpaBHeHuaTa C
npenogaBaTenu M KOMerm He nokasBaT CTPEMEX KbM 3aMeCTBaHe Ha YOBELUKOTO
B3aMMOAENCTBME, a MNO-CKOPO noavepraBat pasnuyHute ponu, komto ChatGPT wn
npenogaBaTenuTe U3nbrHgaBaT B y4ebHus npouec.

MNeTtaTa cekumus (Cekumsa 5) e cokycupaHa Bbpxy Bb3gencTemeTo Ha ChatGPT c
y4ebHus npouec n akageMmyHuTe pedyntatu. BbnpocuTe B Ta3n cekums nNpaBaT Bpb3ka
MeXay W3Non3BaHeTO Ha WHCTPYMEHTUTE U KOHKPETHW obpasoBaTenHn edeKkTu, KaTo
AOCTBbN A0 3HaHWUS, e(PeKTMBHOCT Ha yYeHe 1 Ka4yeCTBO Ha 3HaHuATa.

N3mepeHun ca ecbektnte Ha ChatGPT Bbpxy AoCTbNa A0 3HaHUSA, e(PeKTMBHOCTTA Ha
yyeHe, Ka4yecTBOTO Ha 3afaHusiTa, MOTMBaUMATa, NIMYHOTO U akageMUYHOTO pa3BUTUE.
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Upes Te3n BbMNPOCK Ce npasu Bpb3ka Mexay uanonssaHeto Ha ChatGPT un peanHute
obpasoBaTenHu pesynrtaTu.

Pesyntatute nokasear, Yye ctygeHtTuTe Bb3anpuemat ChatGPT kaTto MHCTPYMEHT 3a
ONTUMM3aLMA Ha TEXHUTE 3HaHWS M Ha y4ebHua npouec. Hanm-cunHu edpektn ce
HabniogasaT npu nogobpsiBaHe Ha TeKylMTe 3HaHUS, ePEeKTMBHOCTTa Ha y4veHe U
n3NUTHUTE oueHKn. [lo-ymepeHaTa oueHka Ha oTroBopa 3a nogobpsiBaHe Ha
MOTUBaUMATA MoKasBa, Ye Te3n achnekTU Ha JIUMYHOCTTa 3aBUCAT OT MO-LUIMPOK
neaarormyeckn n NMMYHOCTEH KOHTEKCT U He MoraT Aa 6baat 06siCHEHM eMHCTBEHO Ype3
N3noni3BaHeTo Ha TexHonorun ¢ .

LlWecTraTa cekuna (Cekuua 6) pasrnexga ponsata Ha ChatGPT B pasButneto Ha
PasnNUYHM rpynu yMeHUs1, BKITKOUYNTENHO KOMYHUKAUMOHHW, OUrMTanHN, aHanuTuyYHn n ap.

N3mepeHo e BbanpuaTneTo 3a BnmsHMeTo Ha ChatGPT BbpXy KOMyHUKALMOHHUTE,
aurutanHute, aHanutnaHute u U-cebpsaHnte ymeHus. Tesn BbNpoCcK No3Bonaeart ga
Ce OLEeHN He caMO HernocpeacTBeHUAT obpasoBaTerieH eqekT, HO U ObIITOCPOYHUAT
noteHuman 3a nanona3saHe Ha N.

AHanuabT nokasea, Ye ChatGPT nognomara Han-CuiHO pa3BUTUETO HA MUCMEHUTE,
nporpaMHUTE U aHanNUTUYHUTE YMEHUS, KaKTO U rpaMOTHOCTTa 3a u3nonssaHe Ha L.
[Mo-orpaHnyeHO Bb3AENCTBME ce HabnogaBa BbpXy MEXAYIMYHOCTHUTE WU CTPOro
TEXHUYECKUTE YMEHUs, KOeTO noaveprtaBa HeobxoaumocTTa OT KOMOGWHMpaHe Ha
NMHCTPYMeHTN 3a M ¢ TpaaMumMOHHN negarormyeckn MetToam n npakTtniyecko odyveHume.

Ceamarta cekumsa (Cekumsa 7) cebp3Ba obpasoBatenHute edektn Ha ChatGPT c
nasapa Ha Tpyda. Bbnpocute B Ta3un cekumnsa nscnensat BnnaHneto Ha ChatGPT Bbpxy
3a€eToCTTa, TpaHchopmMaumsaTa Ha Tpyaa C HECbOTBETCTBMETO HA YMEHUATA.

M3mepeHo e Kak CTyaeHTuTe Bbanpuemat BnnaHneTo Ha ChatGPT Bbpxy 3aeTocTTa,
Npon3BOAMTENHOCTTA, TpaHcopMaLmsaTa Ha Tpyda U CnoCoBHOCTTa Ha MHCTPYMEHTA C
N pna nogobpsiBa 3anbfiBaHETO Ha NUNCU B YyMEHUATA.

Pesyntatute nokaseat, 4e ctygeHtute Bb3npuemat ChatGPT kato daktop 3a
TpaHcopmaums, a He 3a paspyllaBaHe Ha nasapa Ha Tpyaa. N3KyCTBEHUAT MHTenekT
ce pasrnexga Kato MOMOLLHO CpeACcTBO 3a ajantauusi KbM HOBUTE W3UCKBAHUS U
nogobpsBaHe Ha yMeHUATa, HO HE U KaTo CaMOCTOATENHO pelleHne 3a npobnemuTe Ha
TpygoBaTta 3aeTocCT.
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HAYYHO-NPUNOXHU U NPUINTOXXHU NMPUHOCH

B AncepTauMoHHUA TPYA ca NOJyYeHU cregHUTe HayYHU NPUHOCH:

1. PaspaboteHa e meToguka 3a aBToMatuyeH noabop, XxapakrepusupaHe w
nonbfBaHe Ha €NEKTPOHHOTO CbAbpXaHME 3a PasfnyHM TUMOBE ENIEMEHTU N CXEMU KbM
EkcneptHua moayn Ha Online-CADCOM.

2. PaspaboteHa e metoauka ¢ umsnona3saHe Ha ChatGPT 3a nognomaraHe Ha
CTyAeHTUTE B NnabopaTopHUTE ynpaXHEHWA NO aBTOMaTM3auusi Ha MPOEKTUPAHETO B
KOMYHUKauuuTe B 2 dhasun — obyuntenHa n npunoxHa.

B AncepTauMoHHUA TPpyAa Ca nony4vYeHu cneaHUTe HAy4YHO-NPUITOXHU NMPUHOCKU!

3. deduHnpaHu ca Kputepum C pasnuyHn TernoBuM KoeduuneHTn 3a aBToMaTUYeH
n3bop 4pes MHOrokpuTepmanHu MeTOAM Ha OHMavH WHCTPYMEHTU 3a nogdop u
NPpOEKTUpaHe Ha nNacuMBHU enemMeHTn (pes3ncTopu, KoHaeHsaTtopu u  6o6UHK),
TpaHcopMaTopu, KIOYOBU 3axpaHBaHUSA U CBETOANOOHN MaTpULLM.

4. N3bpweH e o6CToeH aHanu3 1 cuctemaTusaumss Ha MpUNOXeHUEeTO Ha
WU3KYCTBEHUS WHTENEKT B CUCTEMUTE 3a aBTOMATU3UPAHO MNPOEKTMpaHe B
TenekoMmyHukaummnte (CAD/EDA) n B enektpoHHoTO 06y4eHune. OT4yeTeHa e TeHaeHunsTa
3a 3acuieHn MHBECTMUMM Ha BOAELMTe KOMMNaHWW B Hay4yHUTE u3creaBaHus B Taswu
obnact, kato e oTyeTeHa cnabata MHAPOPMUPAHOCT 3a Harracute Ha CTyAEeHTUTE U
nuncata Ha Jobpu peLleHns 3a peasiHoTO U3MOoM3BaHe Ha U3KYCTBEHUSA UHTESEKT.

5. Mpwunararkn HoOBUTE METOANKM € pa3paboTeHo 1 NoNbIHEHO B cuctemata Online-
CADCOM, enekTpoHHO CbAabpxaHuMe 3a 69 OHNMaMH WMHCTPYMEHTM 3a nogdop wu
NPpOEKTUpaHe Ha eneMeHTM U CXeMu — pe3ncTopu, KoHaeHsaTtopu, 606UHNK,
TpaHcopmaTopu, KIYOBM 3axpaHBaHUS U CBETOANOOHN MaTPULM.

6. PaspaboteHnTe MeToam 1 CpeacTBa 3a enekTPOHHO 0ByyYeHne No aBToMmaTusauus
Ha nNpPoOeKTUpaHeTO C Wu3non3BaHe Ha W3KycTBeH WHTenekr, kato ChatGPT, 3a
noanomaraHe Ha CTygeHTUTe B flabopaTopHUTE YNpaXKHEHUS ca BanuaupaHu n oLeHeHu
KaTo yckopeHue U edeKTUBHOCT Ha OOy4uMTenHus npouec, orpaHnyvyeHuss U obpartHa
Bpb3Ka.

7. PeanusanpaHo e emMnuMpuyHO u3cnedBaHe Ha Harnacute, Bb3npuatuaTa u
BnNusiHneTo Ha ChatGPT Bbpxy ob6y4yeHMeTo Ha CTygeHTUTE B TEXHUYECKM YHUBEPCUTET
- Cothmsa B pamkmTe Ha rnobanHoTo nscnensaxe ,Students’ Perception of ChatGP T, kaTo
ca MpuUNoXeHun cTaTuctnyecka obpaboTka u JlukbpTOoBM ckanu. PaspaboTteHu ca
nporpamu 3a obpaboTka u BU3yanusauusi Ha nNpeacTtaBeHUTe pesynTtatuTte, KOUTO ca
npeacTaBeHn U aHanuampaHu. Ha 6asata Ha TeXHUA aHanu3 ca HanpaBeHUTE U3BOAM,
KOUTO Ca B OCHOBaTa Ha pa3paboTeHuUTe HOBM METOOUKW 3a npuriaraHe Ha WU3KyCTBEH
WHTENEKT B 00y4eHNEeTO N0 aBTOMaTU3NpPaHO NPOEKTUPaHe.

B AncepTauMoOHHUA TPYA ca NOJyYeHU cregHUTe NPUITOXKHU NMPUHOCH:

8. Pewenn ca 3agaum 3a aBTOMatudeH K3BOp Ha OHMaWH MHCTPYMEHTU OT
paswwnpeHaTa basa cbc 3HaHua Ha nnatdgopmaTta Online-CADCOM. Pesyntatute ca
BanuaMpaHMm C oOueHKa OT ekcnepTu B obnactta u e paspaboTeHO 3agaHue 3a
nabopaTtopHO ynpaxHeHne npobupaHo B Yy4yebHuA npouec. [lpeacraBeHn ca
BM3yanun3auumn Ha eNeKTpoHHOTO CbabpXkaHue u pabotara Ha EkcnepTHus mogyin.
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|. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the Problem.

Modern electronic device design is characterized by increasing complexity, driven by
higher component density, demanding signal speed requirements, and the need to
optimize operational characteristics. These factors significantly complicate computer-
aided design (CAD) processes, increase development time, and raise the likelihood of
errors.

In this context, the integration of methods and tools of artificial intelligence (Al) into
CAD systems has established itself as an effective approach for increasing the degree of
automation, optimizing design decisions, and reducing development time. In addition, the
development of generative language models such as ChatGPT creates new opportunities
for supporting both engineering practice and education in the field of CAD.

Despite the availability of powerful software tools, learning to work with them remains
challenging for both students and professionals. The lack of integrated intelligent learning
environments, insufficient interactivity, and the complexity of existing platforms
necessitate the development of new Al-based e-learning methods and tools.

This defines the relevance of the present dissertation, aimed at developing innovative
approaches for integrating Al into the processes of education and automated design.

Aim, Main Tasks, and Research Methods.

The primary aim of the dissertation is to develop methods and tools for e-learning in
electronic design automation based on the use of artificial intelligence, with the goal of
improving learning effectiveness and supporting design processes.

To achieve this aim, the following main tasks have been formulated:

e Analysis of existing methods and tools for automated design and e-learning,
and the role of Al in them;

¢ Investigation and systematization of mathematical and Al methods applicable
in automated design;

e Definition of criteria and models for automatic tool selection in the Online-
CADCOM platform;

e Creation and expansion of a knowledge base to support tool selection and
development of e-content;

e Development of methodologies for using generative language models such as
ChatGPT in education in automated design;

e Conducting research and analyzing the effectiveness of the proposed
methods;

e Investigation of students’ perceptions and attitudes toward using ChatGPT in
an academic environment.

The following research methods are used in the dissertation:

e Multi-criteria decision analysis (MCDA) methods, including Multi-Attribute
Utility Theory (MAUT), Decision Matrix, and PROMETHEE;

e Criteria-based binary matrix method for comparative analysis of investigated
tools;

e Mathematical method for completing characterization passports;

e Mathematical methods for processing, analyzing, and visualizing survey data;

¢ Al methods used in automated design programs;

3



Scientific Novelty.

The scientific novelty of the dissertation is expressed in the following:

A comprehensive approach for integrating Al into e-learning for automated
design is proposed;

New methodologies, including those using Al, have been developed for the
automatic selection, characterization, and population of e-content for different
types of elements and circuits in the Expert Module of Online-CADCOM,;
E-content for tool selection for new types of elements and circuits has been
added to expand the Knowledge Base of the Expert Module in Online-
CADCOM, using multi-criteria methods to support automated design;

New methodologies have been developed for using Al, such as ChatGPT, as
a supporting tool in CAD education and engineering practice;

Validation of the developed methodologies has been carried out through real
laboratory exercises, case studies, and empirical data analysis;

Students’ attitudes, perceptions, and the impact of ChatGPT on their learning,
skill development, and preparation for the labor market have been investigated
through collection and statistical analysis of data.

Practical Applicability.

The practical applicability of the dissertation results is expressed in:

Expansion and enhancement of the Online-CADCOM platform’s functionalities;
Creation of practically applicable knowledge bases for the selection of tools for
designing electronic components and circuits;

A laboratory exercise has been created, carried out within the course
“Computer-Aided Design in Communications”;

Supporting students and engineers with ChatGPT when working with
automated design tools;

Reduction of design time and improvement of design quality by accelerating
early design decisions, supporting troubleshooting, and automating time-
consuming tasks;

Implementation of the developed methodologies in educational and
engineering practices.

Approbation.

The main results of the dissertation have been approbated through participation in
international scientific conferences and publication in peer-reviewed journals indexed in
databases such as IEEE Xplore and Scopus. The research was conducted within four
successfully completed scientific research projects — one funded by the Scientific
Research Fund, one doctoral support project at TU-Sofia, and two with international
participation. A laboratory exercise has been developed and approbated in the
educational process at the Faculty of Telecommunications of TU-Sofia.

Publications.

Seven publications at international conferences have been produced as part of the
dissertation, of which six are indexed in Scopus. One publication is sole-authored; the
rest are co-authored. The publications are presented at international conferences and in
scientific journals indexed in IEEE Xplore and Scopus.



Structure and Volume of the Dissertation.

The dissertation consists of 206 pages, including an introduction, six chapters, a
conclusion, a bibliography, and lists of publications and citations. A separate appendix of
95 pages has been prepared, containing a description of the developed laboratory
exercise, characterization passports of elements in the created knowledge base, and
code for processing data from the statistical study. A total of 135 references are cited.
The dissertation includes a total of 73 figures and 51 tables.

Il. CONTENTS OF THE DISSERTATION

CHAPTER 1. Analytical Review of the Application of Artificial

Intelligence for E-Learning in Automated Design.

In Chapter 1, an in-depth analytical review of the application of Al in automated design
(AD) and e-learning is presented. Contemporary approaches to integrating Al at various
design stages — from schematic design and simulation to layout and verification — are
examined. The analysis covers a broad spectrum of methods, including machine learning,
neural networks, evolutionary algorithms, and hybrid approaches. The application of Al
in AD — for analog circuits, RF circuits, and PCBs — is systematized along four directions,
covering design tasks from behavioral, structural, and topological domains, the
corresponding Al approaches (machine learning, neural networks, multi-objective
optimization, hybrid methods), mathematical methods (ANN, BNN, GA, SPEA2, NSGA-
I, MOEA/D, Bayesian optimization, ReLU, and regression methods) and the specific AD
tools (SPICE simulator, Continuity, CELUS, JITX, Circuit Tree, Circuit Mind, Zuken).

A comparative analysis of leading automated design platforms is presented, including
Siemens EDA, Cadence OrCAD X, Flux.ai, Quilter.ai, DeepPCB.ai, and Zuken CR-8000.
Their functionalities, degree of automation, and Al integration are analyzed. The platforms
are compared on three indicators: Al functionality focus, scope of automation, and
licensing model. The comparative analysis shows that the platforms cover the entire
design cycle, from schematic design to layout verification and optimization. They combine
natural language and machine learning approaches with reinforcement reinforcement
learning). The licensing model varies from corporate paid solutions (Siemens, Cadence,
Zuken, Quilter) to monthly subscription access (Flux.ai, DeepPCB.ai).

The capabilities of generative language models, such as ChatGPT, for supporting
engineering work and education are examined. It is shown that ChatGPT can support the
processes of requirements definition, component selection, results interpretation, and
documentation creation. The role of ChatGPT in various stages of automated design is
described as a complementary tool covering seven key stages, from requirements
definition and schematic design to documentation and training. It is established that
ChatGPT does not replace specialized AD software but complements it through
specification generation, data analysis, error interpretation, and automated
documentation creation.

An analysis of e-learning tools for automated design is performed, and the main
problems are identified — steep learning curve, lack of intuitive documentation, insufficient
error feedback, difficulty in connecting theory and practice, and limited access to
instructors or assistants.

The Online-CADCOM platform is presented as a tool for supporting design and
education. Its architecture and functionality are described, illustrated in Figure 1.
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Figure 2. Architecture of the cloud-based Online-CADCOM platform.

At the end of the chapter, conclusions are formulated summarizing the main
shortcomings of existing solutions and justifying the need to develop new Al-based e-
learning methods and tools. On this basis, the aim of the dissertation is formulated and
the main tasks are defined.

CHAPTER 2. Mathematical Methods and Tools for Decision-Making and
Statistical Processing. Al Methods and Methods for Component and
Circuit Selection and Design.

Chapter 2 presents mathematical methods and tools for decision-making, statistical
data processing, and Al methods applicable in automated design.

Multi-criteria analysis methods are examined in detail, including Multi-Attribute Utility
Theory (MAUT) and the PROMETHEE method. Their mathematical models and
formalizations are presented through the corresponding relationships.

Multi-attribute utility function:

k
(1) F(a]) = Zwi ul-j,j = 1,2, W, n
i=1

For each criterion, a preference function is considered:
(2) Pi(a,b) = Hj[d;(a, b)]
where the difference between alternatives is:

(3) dj(a, b) = fj(a) - f;(b)

The aggregated preference index is defined as:

k
(4) m(a, b) = Z w; P;(a, b)
=1

This function expresses the degree to which alternative ais preferred over alternative
b, and is used to calculate flows in the PROMETHEE method.



A criteria-based binary matrix method for comparative analysis of automated design
tools is developed, represented as a matrix structure:

¢(T,C)  ¢(T2,C) .. d(Tn Cr)
(S)M: d)(Tl'CZ) d)(TZICZ) (p(Tn'CZ) E{O’l}mxn’

S(T0Cr) T5Cr) o (T Con)

Mathematical methods for creating and populating characterization passports of tools
are proposed. The process of populating the passport for a specific tool tis described as
a deterministic function:

(6) P(t) = (f1(t), f2(£), ..., fu (D)),

Methods for statistical processing and visualization of survey data are used, illustrated
through graphs.

The primary analysis method is the calculation of absolute frequencies, defined as:
(7) f; = number of responses in a category i

In addition, relative frequencies (in percentages) are calculated, forming the basis of
all graphical visualizations:

l

(8) pi =7 X 100

The arithmetic mean is used to summarize attitudes:

N
9 '—12
()x_N_ Xi
=1

This indicator is applied to ordinal scales.

Comparative analysis between different groups is realized by grouping data by
demographic characteristics. The relative frequencies difference is used for quantitative
comparison between groups:

(10) Ap = ps — b8

The Al methods used in automated design systems are examined, including machine
learning, Bayesian optimization, evolutionary algorithms, multi-objective optimization,
generative Al, and large language models. Their applicability in modeling, optimization,
and process automation is analyzed, emphasizing their role in improving the efficiency
and accuracy of automated design.

Basic types of electronic components and circuits are examined — passive elements
(resistors, capacitors, and inductors), transformers, LED arrays, and switching power
supplies. The specifics of each component or circuit and the need for specialized
automated design tools are analyzed. The importance of selecting the right tool as a key
factor for the quality and efficiency of the automated design process is emphasized.

CHAPTER 3. Defining Criteria for Automatic Tool Selection for New
Types of Components, Circuits, and Devices in Online-CADCOM.
Chapter 3 develops an approach for automated selection of CAD tools based on
evaluation criteria and knowledge base construction within the Online-CADCOM platform.
The main focus is on creating a structured environment that enables objective comparison



of various tools and supports the decision-making process in both student education and
engineering practice.

The research is based on the need to systematize the variety of available online and
downloadable CAD tools, which differ significantly in functionality, degree of automation,
and accessibility. Criteria and tool evaluation options have been listed, covering both
technical characteristics and usability. These criteria are structured in tabular form with
assigned weight coefficients reflecting their significance.

Based on the selected criteria and options, a study and classification of existing CAD
tools was performed. The analysis includes tools for passive elements (resistors,
capacitors, inductors), transformers, switching power supplies, and LED arrays. The
results are presented in summary, Tables 1, 2, and 3, enabling visual and analytical
comparison.

Table 1. Classification of tools for resistor selection and design by mandatory
criteria.

Weight

Criterion Options Tools Coefficient

Color code resistor All except MAEMS
calculator

Hobby-hour, DigiKey,
M4EMS, Kiloohm,
Modellingelectronics,
Calculator.net, All About
SMD resistor calculator | Circuits,
Resistor.cherryjourney,
Mouser, EEpower,

Thinkcalculator, Pad2Pad,

Csgnetwork
Determining Hobby-hour, DigiKey,
the resistor M4EMS, Kiloohm,

Modellingelectronics,
Calculator.net, All About

value / online

LED series resistor
tool type

calculator o
Circuits,
Resistor.cherryjourney,
Mouser

Standard resistance

value calculator (SRV) Pad2Pad

Parallel resistor DigiKey, AllAboutCircuits,

calculator OmniCalculator, CircuitDigest

DigiKey, AllAboutCircuits,

Series resistor calculator OmniCalculator, CircuitDigest

Wirewound resistor

Calculator.net
calculator

Table 2. Classification of tools for resistor selection and design by optional criteria
with weight coefficient 0.5.

- . Weight
Criterion Options Tools =
P Coefficient

Number of Hobby-hour, DigiKey, MAEMS,
bands (R 3 bands_ (CCR.’ R Kiloohm, Modellingelectronics,

. value with 2 digits 0,5
value, digits, . Calculator.net, All About

and multiplier, o

tolerance, Circuits,
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temperature
coefficient,
failure rate)

default tolerance
20%)

Resistor.Cherryjourney, Mouser,
Resistor-calculator,
Resistorcolorcodecalc,
Translatorscafe, Dannyg,
EEpower

4 bands (CCR, R
value with 2 digits
and multiplier,
tolerance value)

All except: MAEMS, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

5 bands (CCR, R
value with 3 digits
and multiplier,
tolerance value)

All except: MAEMS,
Modellingelectronics, Dannyg,
EEpower, Thinkcalculator,
Pad2Pad, Csgnetwork

6 bands (CCR, R
value with 2 digits
and multiplier,
tolerance value and
temperature
coefficient in ppm/K)

EEWEB, Hobby-hour, DigiKey,
M4EMS, Kiloohm,
Modellingelectronics,
Calculator.net, All About
Circuits, Resistor.cherryjourney,
Mouser, Resistor-calculator,
Resistorcolorcodecalc,
Translatorscafe, Dannyg,
CircuitDigest, Utmel, Denethor

7 bands / military
standard (CCR,
additional band with
failure rate % per
1000 hours)

SMD code

3-digit SMD

Hobby-hour, DigiKey, MAEMS,
Kiloohm, Mouser,
Translatorscafe, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

4-digit SMD

Hobby-hour, DigiKey, MAEMS,
Kiloohm, Mouser,
Translatorscafe, EEpower,
Thinkcalculator, Pad2Pad,
Csgnetwork

EIA-96 SMD

Hobby-hour, DigiKey, MAEMS,
Kiloohm, Mouser, Utmel,
EEpower, Thinkcalculator,
Pad2Pad, Csgnetwork

Table 3. Classification of tools for resistor selection and design by optional criteria
with weight coefficient 0.33.

- . Weight
Criterion Options Tools Coefficient
DigiKey, Resistor.cherryjourney,
+0.05to +10 | Resistor-calculator,
Tolerance Resistorcolorcodecalc 033
(CCR), % Hobby-hour, Kiloohm, All About ’
+0.05 to +20 o
Circuits, Denethor
+0.25 to £20 | EEpower
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+1 to +10

Modellingelectronics

1+0.01 to £20 | Calculator.net
+0.1 to +10 Mouser
0.5 to +20 Thinkcalculator, Pad2Pad, Csgnetwork
15 to £20 Dannyg
Product Product DigiKey, Modellingelectronics, Mouser,
catalog catalog Utmel
Price Price DigiKey, Modellingelectronics, Mouser
EEWEB, DigiKey, Calculator.net, All
About Circuits, Translatorscafe,
Feedback Feedback Dannyg, Mouser, CircuitDigest, Utmel,
Denethor, EEpower, Thinkcalculator,
Pad2Pad, Csgnetwork
References References Hobby-hour, DigiKey, All About Circuits,

Utmel

Rated power

Rated power

OmniCalculator, EEpower,

CircuitDigest
Error Error
calculation calculation Pad2Pad
(SRV) (SRV)
lllustrations [llustrations All
Theory Theory All

An essential element of the proposed methodology is the construction of a knowledge
base in which each tool is described through a “characterization passport”. This passport
is a structured description of the main characteristics of the tool, including its
functionalities, limitations, parameters, and application areas. This ensures a uniform
representation of information that facilitates research into the relevant online or
downloadable tool. An example is shown in tabular form in Table 4.

Table 4. Characterization passport for a resistor calculator tool.
EEWEB

http://www.eeweb.com/toolbox/6-

Link: .
band-resistor-calculator

Type of online CAD tool Free online calculator

Panel/Category Panel 2/Elements

Application area Subcategory Resistors

Color code decoding and resistance
calculation

Transistor/Analog design

PCB design tools, analog filter design,
prototyping

Internal or third-party validation

Other resistor color code calculators
User-friendly interface

Interactive color bands

Real-time feedback

Tolerance and coefficient display

No 3D

No animation

Supports:

4-Band

10

Functions

Level of abstraction covered

Connections Input/Output

Verification tool
Equivalence

Qualitative features

Quantitative features




5-Band

6-Band

Outputs:

Resistance

Tolerance

Temperature coefficient
Within Chapter 3, individual categories of electronic components and circuits are

examined, and for each, criteria and options for AD tools are listed and corresponding

categories in the knowledge base are created.

Based on the criteria, options with different weight coefficients, and the passports, the
dynamic expert module in Online-CADCOM can select the most suitable tools for a given
specification. Depending on user requirements, the system evaluates available tools and
proposes the most appropriate solution.

The evaluation is performed using a Decision Matrix (DM) and the Multi-Attribute
Utility Theory (MAUT) model, which determines a combined value reflecting the overall
utility of each alternative, accounting for different attributes.

MAUT standardizes the performance values of alternatives to reflect the decision-
maker’s preferences. The process involves defining a utility function for each criterion and
option. The total utility of an alternative is calculated as the sum of utilities across all
criteria and options, where the weight of each criterion or option determines its
significance.

The weight coefficients are incorporated in the MAUT model for ranking the
alternatives.

The Decision Matrix is a table stored in the knowledge base, containing information
about the alternatives. Each row represents one alternative, and the columns contain the
values of the various criteria. This approach streamlines the decision-making process and
provides a structured, quantitative method for selecting the most appropriate tool.

Based on criteria with various weight coefficients and passports for 10 LED matrix
design tools, the dynamic expert module in Online-CADCOM can select the most suitable
tools for a given specification.

The automatic tool selection is illustrated with an example. The LED matrix
specification and desirable tool criteria are:
Number of LEDs;
Parallel configuration;
Feedback;
LED matrix editor;
Product catalog;
Price;
Theory.

The evaluation of tools uses MAUT (Multi Attribute Utility Theory).

The capability of all considered LED matrix design tools satisfying the user-defined
criteria has been evaluated. The results are presented in Table 5.
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Table 5. Evaluation of criteria for LED matrix design tools in Online-CADCOM.

Tools L n -
satisfying = E "g" '::, x| 5
mandatory |2 Z| = ¢ ©O'na| 20 ©
criteriaand | @ a9k fl % H Sk §

options oW N FE=2ETDwns 8
'S WA o QuwIIsy =
Optional ~ a - 2 2 T O I D
- - 0
criteria w < é :|' =
- <
Supplyvoltage | 1|1 111 1|1 1 1.0
Number of
LEDs 1 11,1011 0 0.5
Parallel 17111 0/0/ 1 0 |05
configuration
Feedback 11111111110 1 0.33
LED matrix 1/0/0/0/0/0 0 o0 |033
editor
Product 1 11010 1 0 033
catalog
Price 1111110101 0 0.33
Theory 111 1,0/ 1]|0 0 0.33
n N N (2] N ({e] o ™
F(Ok) © M M 0 0= oM -
N N N - - - - o

All values in the first row of Table 5 for the mandatory option “Supply voltage” are “1”,
indicating that all investigated tools can design an LED matrix. All tools satisfy the
mandatory criterion, therefore it can be omitted when calculating the utility function.
Online-CADCOM ranks the tools using the MAUT method based on the utility function
F(OKk) as follows:

« EVERYCIRCUIT - 2.65 (Rank 1);
AMPLIFIEDPARTS and LEDZ.COM - 2.32 (Ranks 2 and 3);
TRANSLATORSCAFE — 1.33 (Rank 3);
DIGIKEY - 1.32 (Rank 5);
ALLABOUTCIRCUITS - 1.16 (Rank 6);
HEBEILTD - 1.00 (Rank 7);
OHMS LAW CALCULATOR - 0.33 (Rank 8).

As shown in Figure 2, the tool characteristics and links are included in Online-
CADCOM and the designer can directly launch the recommended.

12



Figure 2. Tool selection settings in Online-CADCOM.

Figures 2 and 3 illustrate the automatic selection and ranking of LED matrix design
tools. Figure 2 shows the tool selection settings, while Figure 3 shows the final tool
ranking result.

Evaluation Results

TRANSLATORSCAFE @
¥ EvERYCIRCUN o —
View Tool Rassport
View Todk Prsport
DIGIKEY «©
¥ AMPLIFEDPARTS @ | View Toot passpes
[ —
ALLABOUTCIRCUITS [ 1160 ]
¥ Lepzcom | View Toot Passport
[ Vi oot Passpos
HESEILTD [ 1,000 ]
View Toct Passpart
OHMS LAW CALCULATOR [ 030 }

(e o Pper |

Figure 3. Results of automatic tool selection and ranking in Online-CADCOM.
The results in Figure 3 fully match those in Table 5.

The developed approach ensures not only automation of the selection process but
also enhances its objectivity and repeatability. This is particularly important both in
student education and in engineering practice, where selecting an inappropriate tool can
lead to significant waste of time and resources.

The new functionality has been implemented in the academic course “Computer-
Aided Design in Communications” in the fourth year of the bachelor's program at the
Faculty of Telecommunications of TU-Sofia. Twenty students were organized into five
groups of four and developed various SMPS projects as coursework using the new
functionality in Online-CADCOM. The projects were presented and approved by a panel
of SMPS design experts at TU-Sofia. The students themselves provided feedback,
confirming that the new functionality helped them complete their projects more quickly.

CHAPTER 4. Creating New Content in the Knowledge Base and Expert

Module of Online-CADCOM.

Chapter 4 presents the expansion of the Online-CADCOM platform’s functionality
through the creation of new knowledge base content and the development of a
methodology for systematizing and presenting information about CAD tools.
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A methodology for creating and populating comparative tables for online CAD tools
has been developed. The methodology defines the sequence of actions for collecting,
analyzing, and structuring information about tools, as well as the method for evaluating
them by pre-selected criteria and options. It encompasses the following stages:

Step 1: Preparation for tool investigation.

A unified list of evaluation criteria is defined, applicable in an identical manner to all
investigated tools of the relevant class. An inspection order is established and followed
sequentially for each tool. The goal is to ensure comparability of results and eliminate
errors in the tool investigation process.

Step 2: Initial review of the tool.

For each investigated tool, a detailed review of available functionalities and user
settings is performed. The goal is to obtain a general understanding of the architecture
and scope of the tool before proceeding with targeted inspection against each individual
criterion.

Step 3: Targeted inspection against criteria.

Each criterion from the unified list is checked individually through analysis of the tool’s
functionalities, without additional modification of the respective functionality.

Step 4: Coding of results.

Results are coded using a binary scheme and entered directly into the comparative
table, as follows:

“ ”»

e” — criterion is present in the tool;
“~” — criterion is absent in the tool;
Step 5: Recording of parametric values.

For criteria that cannot be adequately described by a binary value, the observed
functionalities are recorded. No additional interpretation or normalization is applied.

Step 6: Completing the comparative table.

Results from Steps 4 and 5 are systematized in a unified comparative table, Table 6,
covering all investigated tools and criteria. The table serves as the main instrument for
comparative and statistical data processing.

Table 6. Unified structure of a table for investigating online CAD tools.

Criteria Tool 1 | Tool 2 | Tooln | ..... Tool n+1
Criterion 1 ° - o | ... °
Criterion m - - - ] -
Criterion m+1 ° ° o |.... °

In accordance with the developed methodology, a significant number of online and
downloadable CAD tools were selected and classified. The analysis covers various
categories of electronic components, including resistors, capacitors, inductors,
transformers, switching power supplies, and LED arrays. Comparative tables have been
created for each category. An example is shown in Table 7.
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Table 7. Comparative table of online tools for resistor analysis and calculation.

Tools

Criteria

EEWEB

Hobby-hour
DigiKey
M4EMS

Kiloohm

Modellingelectronics

Calculator.net

All about circuits

Resistor.cherryjourne

Mouser

Resistor-calculator

Resistorcolorcodecalc

Translatorscafe

Dannyg

Circuitdigest

Utmel

Denethor

Eepower

Thinkcalculator
Rad2pad

Csgnetwork

Color code
resistor
calculator

SMD
resistor
code
calculator

LED series
resistor
calculator

3 bands

4 bands

5 bands

6 bands

3-digit
SMD

4-digit
SMD

EIA-96
SMD

Tolerance
(%)

+0.05 to +10

+0.05 to +20
+0.05 to +10

+0.05 to +20

+1to +10
1+0.01 to £20

1+0.05to £10

+0.05 to +20
+0.1to £10

1+0.05to0 £10

1+0.05to0 £10

+0.05to0 £10

+5 to +20
+0.05to +10

1+0.05to0 £10

+0.05to0 £20
+0.25t0 £20
+0.5to0 +20
+0.5to0 £20
+0.5to0 20

Product
catalog

Price

Feedback

Reference
s/sources

Special attention is given to expanding the
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knowledge base

in Online-CADCOM
through standardized characteristic passports for each tool. These passports include both
quantitative and qualitative parameters describing the functional capabilities, limitations,
and application areas of the tools. By introducing a unified format (Table 8) for presenting
information, easier data processing is achieved and conditions for automated comparison
and selection are created.



Table 8. Universal characterization passport.

Tool Name Icon of the tool under review
Uniform Resource URL
Locator

Type of CAD tool Online / Offline / Installation tool
Panel / Category Behavioral design / Physical design

Application area Application area (e.g. power electronics, signal processing)
Functions Main functions (e.g. analysis, synthesis, design, verification)
Level of abstraction Level of abstraction in the Daniel Gajski model

covered

Connectivity; input, | Simulation support (Yes/No; compatible software), output
output formats (e.g. CSV, SPICE, XML)

Software or system used for validating and testing the
accuracy, performance, and functionality of a design by
simulating its behavior prior to implementation (e.g. PSpice,
LTSpice)

Measure of how well the tool matches or can replace other
similar tools, ensuring compatibility and applicability across
different design methodologies (e.g. Webench Filter Designer

Verification tool

Equivalence or
application area

coverage vs. Analog Filter Wizard)

User interface (e.g. graphical / text-based), ease of use (e.g.
Qualitative beginner-friendly, advanced features), visual output (e.g.
characteristics diagrams, graphs, interactive simulations), interactivity (e.g.

real-time simulation, step-by-step guidance)

Available design options (e.g. linear, switched-mode,
resonant), filter types if applicable (e.g. low-pass, high-pass),
power supply calculations (e.g. efficiency, voltage drop, load
regulation), analysis capabilities (e.g. AC/DC analysis,
transient response)

Within Chapter 4, expanded e-content for 6 key categories of electronic components
and subsystems has been developed and integrated into Online-CADCOM. The goal is
to provide systematized, structured, and comparable information about available free
online tools supporting the design of basic electronic elements and systems.

Quantitative
characteristics

For each of the examined categories, characterization passports of online CAD tools
have been created and populated following a unified template.

Figure 4 illustrates the e-content for the resistor category, showing the available 21
tools.
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Figure 4. Interface of Online-CADCOM showing all entered online CAD tools for
resistors.

As aresult of the development, Online-CADCOM becomes an integrated environment
combining a knowledge base, training content, and mechanisms for automated tool
selection. This enables not only support of the design process but also conditions for
effective education in automated design.

In conclusion, e-content for the selection of a total of 69 AD tools has been
implemented in Online-CADCOM. All characterization passports are presented in Annex
2. Through the introduction of structured characterization passports, the following have
been integrated:

* 41 passive elements — 21 for resistors, 11 for capacitors, and 9 for inductors;

* 10 for transformers;

» 8 for switching power supplies;

* 10 for LED arrays.

With these improvements, Online-CADCOM continues to develop as a scalable, user-
oriented system supporting both education and practice in the design of electronic
systems.

CHAPTER 5. Innovative Methods for Using Artificial Intelligence to

Support E-Learning and Automated Design.

Chapter 5 develops and experimentally investigates innovative methods for using Al,
and specifically generative language models such as ChatGPT, to support e-learning in
automated design. The main focus is on integrating ChatGPT as an intelligent assistant
in the student learning process and engineering practice, with the goal of improving
efficiency, reducing task completion time, and enhancing understanding of complex
technical concepts.

A two-phase model for using ChatGPT in CAD education is proposed. In the first
phase (ChatGPT training phase), the model is used to assist in developing laboratory
exercises, including task formulation, explanation of theoretical relationships, and
preparation of work instructions. In the second phase (ChatGPT application phase for
student support), ChatGPT is used as an active assistant during task execution, helping
students solve specific problems, interpret results, and troubleshoot errors.

A study was conducted on ChatGPT’s capabilities to support and/or fully develop a
real laboratory exercise in automated design on the topic: “Investigation of a Chebyshev
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Low-Pass Filter with PSpice”. Special attention is given to how ChatGPT supports the
process of understanding the task, formulating solutions, and verifying results.

Figure 5 presents the result of the frequency analysis of a Chebyshev low-pass filter
realized with pA741 operational amplifiers, obtained through simulation in
OrCAD/PSpice. The main frequency characteristics of the investigated circuit are shown
— amplitude-frequency response (AFR), phase-frequency response (PFR), and group
delay (GD), calculated for the entire circuit and for the individual cascaded stages.
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Figure 5. PSpice resultlfor AFR, PFR, and GD.

Figures 6, 7, 8, and 9 present the result of the analytical-numerical analysis performed
using ChatGPT in its interface, where the amplitude-frequency response was obtained
by deriving the transfer function and numerically calculating the gain in the frequency
domain. The graph illustrates the filter behavior in the passband, transition band, and
stopband, as well as the influence of individual stages on the overall characteristic.

Plot 1: ACH (times)

MV (out)/MV(in))
M{V(eutl))/M{V(in)}
— M{V(out))/M(V{outl))

10! 102 10% 10° 10°
Frequency [Hz]

Figure 6. ChatGPT result for AFR in linear scale.
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Plot 2: ACH (dB)
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—— DB(Viout)) - DB(V(outl})
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Figure 7. ChatGPT result for AFR in decibels.

Plot 3: Phase
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Figure 8. ChatGPT result for PFR.
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Plot 4: Group Delay
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Figure 9. ChatGPT result for GD.

The comparison of results from OrCAD/PSpice and ChatGPT shows good qualitative
agreement in the shape of the frequency characteristics, the position of the cutoff
frequency, and the presence of Chebyshev ripple in the passband. Observed quantitative
differences are primarily due to the use of an idealized model in the ChatGPT analytical
analysis and the inclusion of realistic operational amplifier models and parasitic effects in
the PSpice simulation.

A comparative analysis of results with and without ChatGPT was performed for each
task in the laboratory exercise, Table 9.

Table 9. Comparative analysis of results.

Parameter OrCAD/PSpice | ChatGPT | Deviation / Comment
Gain in flat section A 2.9138 = 2.95 =1.2%
Gain at (f_{rpp}) 2.0397 = 2.06 =1.0%
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Upper cutoff frequency < o
(_{rpp}) [H] 981.779 981 <01 %
Pole frequency 1 [Hz] 65.513 ~655 | //eakly expressed
extremum

Gain at pole frequency 1 2.9374 =2.94 <0.2%
Pole frequency 2 [Hz] 409.492 = 409 <0.2%
Gain at pole frequency 2 3.3714 = 3.39 = 0.5 %
Pole frequency 3 [HZ] 629.970 = 643 =21 %
Gain at pole frequency 3 3.2251 = 3.21 <0.5%
Pole frequency 4 [Hz] 815.764 =~ 816 <01 %
Gain at pole frequency 4 3.4107 = 3.39 = 0.6 %
Roll-off S [dB/dec] —79.243 =~ —-79.3 <01 %

The presented comparative analysis shows very good agreement between the results
obtained through simulation in OrCAD/PSpice and those calculated using ChatGPT. The
deviations between the two approaches are small and in all examined parameters do not
exceed a few percent, being under 1% in most cases.

The use of ChatGPT as a supporting tool significantly reduces task completion time
without compromising analysis quality when used together with a simulation environment,
Table 10. Using only ChatGPT leads to the shortest time, but cannot replace the need for
practical work in OrCAD/PSpice, which underscores the role of ChatGPT as a
complementary rather than a replacement tool in CAD education.

Table 10. Summary table — times comparison.

Approach Approximate time Characteristic
OrCAD/PSpice only =~ 135 min Full simulation analysis
OrCAD/PSpice + ChatGPT | = 60-80 min Optimal learning approach
ChatGPT only =~ 15-30 min Preliminary, analytical

An analysis of the interaction between the user and ChatGPT was performed,
identifying the main benefits and limitations. When OrCAD/PSpice and ChatGPT are used
in combination, the simulation environment provides numerical and graphical results,
while ChatGPT serves as an intelligent supporting tool for analytical interpretation,
verification, and structuring of results.

During the exercise, ChatGPT supports execution in the following ways:

e Analytical explanation of tasks — provides clear interpretation of each subtask,
including analysis objectives and expected results;

e Support with simulation setup — indicates the correct analysis type (AC, Noise,
DC Operating Point), required simulation profile settings, and appropriate result
visualization expressions;

e Verification and interpretation of results — assists in reading frequency
responses, noise graphs, and SNR, explaining the influence of frequency intervals,
cursors, and component parameters;

e Numerical verification — performs independent analytical calculations (gain,
cutoff frequency, roll-off, power) serving as a cross-check of simulation results;

e Structuring information — assists in formatting results in tabular and text form
suitable for a lab report or dissertation;

e Formulating conclusions — assists in composing technical and methodological
conclusions based on obtained data.
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Thanks to this form of interaction, the time required for analysis and interpretation of
results is significantly reduced, avoiding typical errors in interpreting noise analysis and
frequency characteristics.

In this context, ChatGPT does not replace the OrCAD/PSpice simulation environment,
but functions as an intelligent assistant that supports the learner in analyzing, verifying,
and understanding the obtained results.

In the chapter, a methodology for investigating online tools using ChatGPT was
developed. A new methodology for investigating online CAD tools has been developed
with the goal of systematically and objectively structuring information about existing
software tools. The methodology does not include evaluation, optimization, or decision-
making, but focuses entirely on establishing the presence or absence of certain functional
characteristics of the tools.

The methodology consists of three clearly defined stages.
1. Identification and selection of online tools.

The first stage involves identifying and selecting online and/or downloadable tools
relevant to the examined class of design tasks. Selection is performed through targeted
search in publicly available sources and includes only tools providing real engineering
functionality. At this stage no quality analysis or comparative evaluation is performed;
only the set of tools to be investigated is established.

2. Analysis of functional capabilities and definition of criteria.

The second stage focuses on analyzing the functional capabilities of the selected
tools in order to define criteria describing those capabilities. The criteria are formulated
as binary attributes applicable to all tools in the investigated set.

At this stage:

the criteria are descriptive, not evaluative;

no weight coefficients are introduced;

no relative importance between criteria is defined.

3. Completing a binary (Boolean) table.

The third stage represents the main result of the method and involves completing a
binary table in which rows correspond to the investigated tools and columns to the defined
criteria. A value “o” indicates the presence of a functionality, and “-” indicates its absence.
The resulting Table 6 represents a formalized knowledge base and serves as input for
subsequent expert or automated selection methods.

A comparative analysis was performed between the traditional tool investigation
approach and the ChatGPT-assisted approach, Table 11. The results show a significant
reduction in information gathering and processing time, as well as improvement in the
structure and quality of the analysis.

Table 11. Comparison of time for manual and ChatGPT-assisted tool investigation.

Manual ChatGPT-assisted
Methodology stage . N . N
investigation investigation
Orientation and tool access 5-10 minutes 1-2 minutes
Familiarization with 15-30 minutes 5-10 minutes
functionalities
Criteria verification (2030 | 400 minutes 5-10 minutes
criteria)
Completing the binary table 5-10 minutes 2-3 minutes
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Total time for 1 tool 60-120 minutes 10—20 minutes
10-20 working
hours

A methodology for automated population of characteristic passports using ChatGPT
has also been developed. The methodology enables the generation of structured
information about tools based on available data and defined criteria. This leads to
significant acceleration of the knowledge base creation process. The process of creating
passports using ChatGPT is realized through the following sequential stages:

Total time for 10 tools 2—-4 working hours

1. Formalization of input information.

The following are used as input to ChatGPT:

« the author’s table for investigating online tools;

o pre-defined categories and panels;

e a completed example passport, used as a reference model.

2. Content generation using ChatGPT.

ChatGPT is used for:

e generating text content for each field of the passport;
« adapting the terminology to the component type;

e ensuring a uniform style and technical consistency.

3. Structuring and export.

The generated content is structured in:

« tables with a standardized format;

o Word documents (.docx), suitable for direct inclusion in the dissertation;
e passports with added logos and hyperlinks.

4. Review and editing by the author.

The author performs:

« verification of correctness;

« stylistic and terminological editing;

« final selection and classification of passports;

e manual entry into the Online-CADCOM platform.

The results of applying this methodology are presented through a comparative
analysis of the time for creating passports using the manual and automated approach.

Table 12 demonstrates successful integration of ChatGPT in scientific research
activity, where Al is used not as a replacement but as an intelligent assistant to the
researcher. This contributes to improving the efficiency, scalability, and quality of results
within the dissertation. Time reduction is between 70% and 85%.

Table 12. Summary of results.

Method Time for 1 passport | Time for 50 passports
Manual 30—45 min 25-37 hours
With ChatGPT | 5-10 min 4-8 hours

The chapter also analyzes the limitations and risks of using generative language
models. They include the possibility of generating inaccurate or incomplete information,
dependence on correct question formulation, and the need for thorough verification of
results. Despite this, when used correctly, ChatGPT proves to be a powerful tool for
supporting education and engineering practice.

In conclusion, the methods proposed in this chapter demonstrate significant potential
for integrating artificial intelligence into education and design processes. They contribute
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to creating a more interactive, efficient, and adaptive learning environment that meets the
modern requirements of automated design. ChatGPT should be seen not as a
replacement for a human expert, but as an intelligent assistant capable of increasing
productivity, though unable to guarantee validity without human intervention.

CHAPTER 6. Investigation of ChatGPT Perceptions at TU-Sofia.

Chapter 6 presents participation in a global study aimed at analyzing students’ and
teachers’ perceptions of the use of generative language models, and specifically
ChatGPT, in education and engineering practice. When the study on Al use in e-learning
for CAD was initiated, there was no clear picture of the attitudes and expectations of
students in Bulgaria, and specifically at TU-Sofia, on this topic. The main objective of the
study is to assess the degree of use, perceived benefits, limitations, and the impact of
these technologies on the learning process and professional skill development.

The first wave of the global study, conducted between 9 October 2023 and 29
February 2024, involving over 23,000 higher education students from 109 countries
(including Bulgaria), shows that ChatGPT is primarily used for idea generation, text
summarization, and information access. Students find it particularly useful for simplifying
complex material and improving learning efficiency. Main concerns remain related to
academic integrity and excessive dependence on Al. General usage patterns point to
ChatGPT’s potential to improve digital literacy, access to a wide range of knowledge, and
academic outcomes.

In the second wave of the Global Student Survey on ChatGPT, conducted between
October 2024 and February 2025, 22,963 responses were collected from students in 120
countries and territories. The survey covers several aspects related to ChatGPT:
sociodemographic characteristics, usage patterns, capabilities, regulations and ethical
issues, satisfaction and attitudes, learning difficulties and outcomes, skill development,
the labor market and skills mismatch, emotions, academic and personal information, as
well as perceptions of ChatGPT. The survey is directed at students in accredited higher
education institutions

Section 1 includes sociodemographic questions whose main function is to determine
the participant profile and provide context for all subsequent analyses. Question Qf1,
Figure 10, measures the national origin of participants and allows assessing the
distribution by country. The analysis shows clearly expressed international diversity,
confirming the global character of the study. Bulgaria accounts for a relatively small share
with only 260 responses, or 1.3% of all respondents.
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Figure 10. Distribution by citizenship.

Section 2 aims to show the actual use of ChatGPT and other Al tools. It investigates
the frequency, intensity, and context of use, enabling a distinction between irregular and

systematic use.

Question Q13, Figure 11, identifies the chatbots used and clearly shows the dominant
position of ChatGPT compared to alternative platforms. This underscores the study’s

focus on ChatGPT as the leading tool.
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Figure 11. Weight of usage of individual Al platforms among all respondents.

The distribution in Figure 11 clearly indicates that Bulgarian students are keeping
pace with new technologies and use Al platforms to the same extent as technologically
advanced countries. Notably, in Asian countries, particularly China, Al usage trends differ
from other countries. This is most likely the result of state-level policies for the intensive
development of own Al platforms and independence from technologically advanced

countries.
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The questions in subsequent sections are formulated as statements rated on a Likert
scale. Unlike yes/no questions, Likert scale questions allow more precise information to
be gathered, covering different degrees of agreement or disagreement, using a
symmetric scale. The Likert scale assumes equal distances between possible response
levels, i.e. balanced. Detailed graphs are presented for the three most positively ranked
questions.

Section 3 examines how students perceive the capabilities of ChatGPT, with the
focus on the functional and pedagogical characteristics of the tool.

Question Q19 covers the ability of ChatGPT to understand and generate human
language, to provide and process information, and to support various forms of learning
(traditional, online, and hybrid). In this way the question measures both the technical and
pedagogical dimensions of perceived capabilities.

Q19

To what extent do you agree with the following statements related to the
capabilities of ChatGPT?
(Strongly disagree / Disagree / Neutral / Agree / Strongly agree)
ChatGPT can...
« Q19a understand instructions given in human language.
Q19b respond in human language.
Q19c carry on a pleasant conversation.
Q19d provide information effectively.
Q19e provide reliable information.
Q19f summarize extensive information.
Q19g simplify complex information.
Q19h support traditional learning (in the classroom).
Q19i support online learning (through digital technologies).
e Q19 support blended (hybrid) learning (combination of traditional and online
learning).

The analysis of Q19 results (Figures 12 and 13) clearly shows positive perceptions of
ChatGPT’s language capabilities. The highest ratings are observed for summarizing large
volumes of information, providing consistent responses, and simplifying complex
information. This explains the widespread use of the tool for academic writing,
summarization, and exam preparation shown in Section 2. More moderate ratings for
reliability of information (Q19e) and ChatGPT’s role in traditional classroom learning
(Q19h) indicate a critical and balanced attitude of students who clearly recognize the
limitations of the Al tool and the need for human oversight.
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Figure 12. Distribution of Al usage frequency for Q19 tasks among TU-Sofia students.
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Figure 13. Distribution of Al usage frequency for summarizing extensive information
among TU-Sofia students.

Section 4 analyzes student satisfaction and attitudes toward ChatGPT. These
questions investigate the perception of usefulness, comfort, and control of Al, which is
key for assessing the acceptance and use of Al in the educational process.

Various aspects of satisfaction are measured, including usefulness, clarity of
information, ease of interaction, and sense of control. These questions investigate not
only the functional evaluation but also the emotional relationship with ChatGPT.

The analysis shows a high degree of satisfaction and predominantly positive attitudes.
Particularly important is the clearly expressed positive sense of interaction and control
over tool use, a key factor for sustainable and responsible application of the technology.
Comparisons with teachers and peers do not show a desire to replace human interaction,
but rather emphasize the different roles of ChatGPT and teachers in the educational
process.

Section 5 focuses on the impact of ChatGPT on the learning process and academic
outcomes. The questions in this section link tool use to specific educational effects, such
as access to knowledge, learning efficiency, and quality of knowledge.

The effects of ChatGPT on access to knowledge, learning efficiency, quality of
assignments, motivation, and personal and academic development are measured. These
questions establish a link between ChatGPT use and real educational outcomes.

The results show that students perceive ChatGPT as a tool for optimizing their
knowledge and the learning process. The strongest effects are observed in improving
current knowledge, learning efficiency, and grades. The more moderate assessment
regarding motivation improvement indicates that these personal aspects depend on a
broader pedagogical and personal context and cannot be explained solely through Al
technology use.

Section 6 examines the role of ChatGPT in the development of various skill groups,
including communication, digital, analytical, and others.

The perception of ChatGPT’s influence on communication, digital, analytical, and Al-
related skills is measured. These questions allow assessing not only the immediate
educational effect but also the long-term potential for Al use.

The analysis shows that ChatGPT most strongly supports the development of written,
programming, and analytical skills, as well as Al literacy. More limited impact is observed
on interpersonal and strictly technical skills, underscoring the need to combine Al tools
with traditional pedagogical methods and practical training.
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Section 7 links the educational effects of ChatGPT to the labor market. The questions
in this section investigate the influence of ChatGPT on employment, transformation of
labor, and skills mismatch.

It is measured how students perceive the influence of ChatGPT on employment,
productivity, transformation of labor, and the ability of the Al tool to address skills gaps.

The results show that students perceive ChatGPT as a transformative rather than a
disruptive factor for the labor market. Al is seen as a supporting tool for adapting to new
requirements and improving skills, but not as an autonomous solution to employment
problems.
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SCIENTIFIC, SCIENTIFIC-APPLIED, AND APPLIED CONTRIBUTIONS

The following scientific contributions have been obtained in the dissertation:

1. A methodology has been developed for automatic selection, characterization, and
population of e-content for different types of elements and circuits in the Expert Module
of Online-CADCOM.

2. A methodology has been developed using ChatGPT to support students in
laboratory exercises in design automation in communications in 2 phases — training and
applied.

The following scientific-applied contributions have been obtained in the
dissertation:

3. Criteria with different weight coefficients have been defined for the automatic
selection of online tools for passive element (resistors, capacitors, inductors),
transformers, switching power supplies, and LED arrays using multi-criteria methods.

4. A comprehensive analysis and systematization of Al application in CAD/EDA
systems in telecommunications and in e-learning has been performed. It is accounted the
trend of increased investment by leading companies in research in this field, while noting
the weak awareness of student attitudes and the lack of good solutions for the real use
of Al

5. Applying the new methodologies, e-content for 69 online tools for the selection and
design of elements and circuits — resistors, capacitors and inductors, transformers,
switching power supplies, and LED arrays — has been developed and populated in Online-
CADCOM.

6. The developed methods and tools for e-learning in CAD using Al (ChatGPT) for
student support in laboratory exercises have been validated and evaluated for
acceleration and effectiveness of the learning process, limitations, and feedback.

7. An empirical study of the attitudes, perceptions, and impact of ChatGPT on student
learning at TU-Sofia has been conducted within the global “Students’ Perception of
ChatGPT” study, applying statistical processing and Likert scales. Programs for
processing and visualizing the results have been developed, presented, and analyzed.
Based on their analysis, conclusions were drawn that form the basis for the new
methodologies for applying Al in CAD education.

The following applied contributions have been obtained in the dissertation:

8. Tasks for automatic selection of online tools from the expanded Knowledge Base
of the Online-CADCOM platform have been solved. The results have been validated by
domain experts, and a laboratory exercise assignment has been developed and
approbated in the educational process. Visualizations of the e-content and the operation
of the Expert Module are presented.
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SUMMARY
Title: Development of Methods and Tools for E-Learning in Electronic Design
Automation Using Artificial Intelligence

Author: Katerina Metodieva Kostova, M.Sc. Eng.

This dissertation addresses the development of methods and tools for e-learning in
the field of Electronic Design Automation (EDA) through the integration of artificial
intelligence (Al). The increasing complexity of modern electronic systems and the growing
demand for efficient design processes require advanced approaches not only in
engineering practice but also in engineering education.

The research focuses on the application of Al techniques, including machine learning
methods and generative language models such as ChatGPT, to support both automated
design and the learning process. A comprehensive analysis of existing EDA tools and e-
learning environments is conducted, identifying key challenges such as high system
complexity, steep learning curves, fragmented documentation, and lack of intelligent user
support.

A structured approach for automated tool selection is proposed, based on multi-
criteria decision-making methods. A knowledge-based framework is developed and
implemented within the Online-CADCOM platform, where design tools are described
using standardized characteristic passports. This enables objective comparison,
classification, and automated selection of appropriate tools according to user-defined
requirements.

The dissertation further introduces innovative methodologies for integrating ChatGPT
into engineering education and design processes. A two-phase model is proposed, where
the language model is used both for the preparation of learning content and for real-time
assistance during task execution. Experimental validation demonstrates that the use of
ChatGPT significantly reduces task completion time and improves the overall efficiency
of the learning and design process.

Additional methodologies are developed for automated analysis of design tools and
generation of structured knowledge, including the automated creation of characteristic
passports using ChatGPT. These approaches contribute to faster knowledge acquisition
and improved organization of technical information.

An empirical study is conducted to evaluate students’ perceptions of ChatGPT in an
academic environment. The results indicate a high level of acceptance and perceived
usefulness, particularly in understanding complex concepts, supporting problem-solving,
and improving productivity. At the same time, the study highlights the need for critical
evaluation of Al-generated content and awareness of potential limitations.

In conclusion, the developed e-learning content for the selection of a total of 69 EDA
tools has been successfully implemented within the Online-CADCOM platform. All
characteristic passports are presented in Annex 2. Through the introduction of structured
characteristic passports, the following tool categories have been integrated: 41 tools for
passive elements (21 for resistors, 11 for capacitors, and 9 for inductors), 10 tools for
transformer design, 8 tools for power supply design, and 10 tools for LED matrix design.

The results of the dissertation demonstrate that the integration of artificial intelligence
into EDA and e-learning environments leads to improved efficiency, enhanced user
support, and more adaptive and interactive learning processes. The proposed methods
and tools contribute to the development of intelligent educational systems and support
the advancement of modern engineering practices.

30




  ( 1 )   F (   a  j ) =   ∑  i = 1  k    w  i     u  i j , j = 1 , 2 , … , n


    ( 2 )   P  j ( a , b ) =   H  j [   d  j ( a , b ) ]


    ( 3 )   d  j ( a , b ) =   f  j ( a ) −   f  j ( b )


  ( 4 )   𝜋 ( a , b ) =   ∑  j = 1  k    w  j     P  j ( a , b )


  a


  b


  ( 5 )   𝐌 =  [    𝜙 (   T 1 ,   C 1 )  𝜙 (   T 2 ,   C 1 )  …  𝜙 (   T  n ,   C 1 )   𝜙 (   T 1 ,   C 2 )  𝜙 (   T 2 ,   C 2 )  …  𝜙 (   T  n ,   C 2 )   ⋮  ⋮  ⋱  ⋮   𝜙 (   T 1 ,   C  m )  𝜙 (   T 2 ,   C  m )  …  𝜙 (   T  n ,   C  m ) ] ∈ { 0 , 1  }  m × n ,


  t


  ( 6 )   P ( t ) = (   f 1 ( t ) ,   f 2 ( t ) , … ,   f  n ( t ) )


  ( 7 )     f  i = брой отговори в категория  i


  ( 8 )     p  i =     f  i  N × 100


  ( 9 )     x ˉ =  1  N   ∑  i = 1  N    x  i


  ( 10 )   Δ p =   p  A −   p  B


  f _ { г р р }


  f _ { г р р }


  ( 1 )   F (   a  j ) =   ∑  i = 1  k    w  i     u  i j , j = 1 , 2 , … , n


    ( 2 )   P  j ( a , b ) =   H  j [   d  j ( a , b ) ]


    ( 3 )   d  j ( a , b ) =   f  j ( a ) −   f  j ( b )


  ( 4 )   𝜋 ( a , b ) =   ∑  j = 1  k    w  j     P  j ( a , b )


  a


  b


  ( 5 )   𝐌 =  [    𝜙 (   T 1 ,   C 1 )  𝜙 (   T 2 ,   C 1 )  …  𝜙 (   T  n ,   C 1 )   𝜙 (   T 1 ,   C 2 )  𝜙 (   T 2 ,   C 2 )  …  𝜙 (   T  n ,   C 2 )   ⋮  ⋮  ⋱  ⋮   𝜙 (   T 1 ,   C  m )  𝜙 (   T 2 ,   C  m )  …  𝜙 (   T  n ,   C  m ) ] ∈ { 0 , 1  }  m × n ,


  t


  ( 6 )   P ( t ) = (   f 1 ( t ) ,   f 2 ( t ) , … ,   f  n ( t ) )


  ( 7 )     f  i = number of responses in a category  i


  ( 8 )     p  i =     f  i  N × 100


  ( 9 )     x ˉ =  1  N   ∑  i = 1  N    x  i


  ( 10 )   Δ p =   p  A −   p  B


  f _ { г р р }


  f _ { г р р }

