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THOOPMAIIMHA CUCTEMA MOJIEJTFOBAHHS ITPOIIECY
PEECTPAILIII ONITUYHOI'O BUITPOMIHIOBAHHS
npodecop, aA.1.H. Ctpinkosa T.O., [Iaraiikina M.1.,
crynentka Jmutpyk C.C., cryaentka [lesunosa M.O.
XapKiBCbKHUI HallIOHAIBHUN YHIBEPCUTET PadioeIeKTPOHIKH,

Kadeapa MIKpOeJIeKTPOHIKH, €JIEKTPOHHUX MPUIaIiB Ta IPUCTPOIB
e-mail: tetiana.strilkova@nure.ua, mariia.piataikina@nure.ua,
softia.dmytruk@nure.ua, madina.pievtsova@nure.ua
Abstract. In this work, the development of an educational and research complex
for studying the energetic, spatio-temporal, stochastic, and statistical properties
of optical radiation is presented. The proposed information system for modeling
the process of optical radiation registration includes modules for physical
modeling, sensor registration, signal processing, and result visualization. The
system is intended for scientific research, engineering development, and
educational purposes, providing simulation, analysis, and optimization of

processes related to the detection and processing of optical signals.
Kurouosi ciioBa: potoaeTekTopy, OCBITHI I1T1, 1HXKEHEPHI pO3POOKH

AKTyalbHICTh pPo00TH. CHOTOJHI  ONTHUYHI Ta ONTHKO-EIEKTPOHHI
TEXHOJIOT1i 3aCTOCOBYIOTHCS MPAKTHUYHO Y BCIX 0OJACTAX JIFOACHKO1 AISUIBHOCTI,
MEUIMHI, HAHO- T4 MIKPOTEXHOJOTIAX. AKTUBHIN PO3BUTOK TaKUX TEXHOJIOT1i
00yMOBJTIO€ HEOOXIAHICTh MIATOTOBKU NMPOGeCIOHATBHIX HAYKOBUX Ta HAYKOBO-
MeJIaroT1YHUX KaapiB, sSIK1 CIIPOMO>KHI BUPIIIYBATH CUCTEMHI 1HHOBAIIIHI 3a1a41
HAyK{ Ta TPOMHUCIIOBOCTI B YMOBaX TEXHOJIOTIYHOTO MPOTpecy.

Ha cywacHOMy eTami pO3BHUTKY BHWINOI IIIKOJIM, B YMOBax IOCTIHHOTO
HapOILIyBaHHS HAYKOEMHOCTI Ta CTYIEHIO KOMII IOTepu3allii, BiJg MaiOyTHIX
(daxiBLIB BUMararoTb HE TUIBKM SIKOCTI NpoQeCcIiHUX 3HaHb, a TaKOX
PO3BUHEHOTO  CHCTEMHOTO,  CIIPOMOXXHOTO 7O  TPOTHO3YBAaHHS  Ta
BUTIEPEHKAIOYOTO TEXHOJIOTTYHHHA MPOTPEC THTEICKTYATbHOT'O MUCIICHHS.

ToMy po3poOka HOBITHIX 1HHOBAIIMHUX KOMIIJIEKCIB MO JOCHIIKEHHIO
METOJIIB MNPUHAOMY Ta TMEPETBOPEHHS ONTUYHUX CHUTHAIIB B MIKpO- Ta
HAHOCJICKTPOHHHUX TIPUJIaJaX JO3BOJUTH IIJABUINMTH SKICTh IIJATOTOBKH
JTUTUIOMOBAHUX (DaxXiBI[IB TEXHIYHUX CIICI[IAIbHOCTEH, TUHAMIYHO 3MIHIOBAaTH
3MICT TEXHIYHOI OCBITH, PO3pOOJISITH 1HHOBAIIMHI METOAWKH BUKIQJaHHS, a
TaKOX MIATPUMYBATH 3BOPOTHUN 3B'S30K 31 CTyJACHTAMH — CIIOKMBayaMH
OCBITHIX MOCIYT.

MeTo10 1aHOI HayKOBOI po0OTH € CTBOPEHHSI HaBYAJIBHOTO KOMILJIEKCY
JUISI BUBYCHHS CHEPreTUYHHMX, IPOCTOPOBO-YACOBUX, CTOXACTHYHHX Ta
CTAaTUCTUYHHUX BJIACTUBOCTEH ONTHYHOTO BUTIPOMIHIOBAHHSI.

Indopmaniiina cucreMa MOJeTIOBAHHA NMPOLECY PeecTPalii ONTHYHOTO
BHIIPOMIiHIOBAHHSI — II¢ TIPOTrpaMHO-arapaTHUH KOMILJIEKC, MPU3HAYCHUN IS
iMiTallii, aHajgizy Ta ONTUMI3allli MPOIECIB BHUSABJICHHS, 300py, OOpOOKH Ta
30epiraHHs JaHUX, OTPUMAHUX B PpeE3yJbTaTi peecTpalii ONTHYHOTO
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BUTIPOMIHIOBaHHS (HANpUKJIAA, CBITJIA, JIA3EPHOTO CHUTHATY, 1H(PPadepBOHOTO
BUIIPOMIHIOBaHHS TOII0). B OCHOBI pO3pOOKH CHCTEMH € TEOpeTHYHI M
eKCIIEPUMEHTaIbHI METOAM JOCTIKEHb, a caMe: MPHU MEePeTBOPEHHI CUTHAJIB B
MIKpOEIEKTPOHHUX CHCTEMax Ta BHBYCHHI CTaTHCTUYHHX XapaKTEPUCTHK
BUKOPHCTAHO OCHOBHI TTOJIOKEHHS XBUIILOBOT Ta KOPITYCKYJISIPHOT TE€OPii CBITA,
Teopii MMOBIPHOCTEH, CTAaTUCTUYHOI Teopii IIOTOKIB, Teopii moOyI0BU
MIKPOEJIEKTPOHHHUX CHUCTEM.

OCHOBHUMHU KOMITIOHEHTAMHU CUCTEMHU € MOAYJIb (PI3MYHOTO MOJIETIOBAHHS,
SAKAW CIYXXHTh JJIs IMITaIlli JpKepesl ONTHYHOTO BHUIIPOMIHIOBAHHS (CIEKTP,
IHTEHCHBHICTh, HAIIPSIMOK); BpaxyBaHHS CEPeJIOBHINA MOIMpPeHHs (aTMocdepa,
MIePENIKOIM, PO3CitOBaHHSA). MOyJIb CEHCOpPHOI peecTpallii HeoOXiIHE It
MozentoBaHHsl podotu (doroaerektopiB, CCD/CMOS wmatpuilh; BU3HAYEHHS
napameTpiB YyTIMBOCTI, IIyMiB, AUHAMIYHOrO Alana3oHy. Monayiab 00poOku
CUTHAJIIB BUKOHY€ (yHKLII (QuibTpanii, HopMani3ailii, IepeTBOPEHHsI CUTHaIYy;
BU3HAYCHHS XapaKTEPUCTUK BUIIPOMIHIOBAHHS (IHTEHCHUBHICTh). Moayib
BI3yasi3amii Ta aHali3y BHUKOPUCTOBYEThCS I TNOOyAOBH rpadikis,
TICTOrPAMHOTO Ta CTATUCTUYHOTO aHaI3y PE3yJbTaTIB MOJICIIOBAHHS.

Indopmariitna cuctemMa MOJETIOBaHHSI MPOLECY peecTpallii ONTUYHOTO
BUIIPOMIHIOBaHHS B HAYKOBHX JIOCIIPKEHHIX BUKOPUCTOBYETHCS ISl BUBYCHHS
XapaKTEePUCTUK ONTHUYHOIO BUIIPOMIHIOBAHHS B PI3HUX YMOBaX, B 1HXKEHEPHUX
po3po0Kax AJis TECTyBaHHS ONTUYHUX ceHCopiB, kamep, CCD/CMOS maTpuilb;
OCBITHI 1UJII — HaBYaHHS CTYACHTIB MPUHIHUIAM peecTpaiii Ta 0OpoOKH
ONTUYHOTO CUTHAIY.

MopnentoBanHsi  iHPOpPMAIIMHOI  CHCTEMH  pEecTpallii  ONTUYHOTO
BUIIPOMIHIOBaHHS. B ymoBax poO3BHTKYy MIKpO- Ta HAaHOCHUCTEMHOI TEXHIKH
BUHHUKA€E MOTpeda B MPOCTUX, JOCTYMHUX Ta (PYHKIIOHAIBHO 3aBEpUICHUX
KOMIUIEKCAaX JJis BHUBYEHHS IPOIIECIB PEECTpallii, MEPETBOPECHHS 1 aHa3y
ONTUYHUX curHaiiB. CaMe AJid UbOTO PO3pOOJEHO HABYAIBHO-AOCTIAHUIBKHIA
Kommeke Peectpanii Ontuynux Curnanis (KPOC). KPOC noeanye B co0i
KOMIIOHEHTH JDKEpena BHUIPOMIHIOBaHHS, (oTolpHiiMaua, aHAJIOTOBUX Ta
nU(pPOBUX CXEeM OOpOOKM CHUTHaNIB, IO J03BOJIIE HAOYHO AOCIHIIKYBaTH
OCHOBHI 3aKOHOMIPHOCTI TIEPETBOPEHHSI ONTUYHOI €HEprii B EIEKTPUUHY.
Kowmrineke opieHTOBaHUMI Ha 1HTErpaIliio 3 MPOrpaMHUMH 3aco0aMu aHali3y Ta
MoetoBaHHs, 30kpema Mathcad ta Python a Takox 3actocyBaHHS XMapHHX
TEXHOJIOTIM y MOCHIDKEHHSX MIKpO- Ta HAHOTEXHOJIOTiHM [1-4], 30kpema st
MOJICTIOBaHHS B3a€MO/Iii ONITUYHOTO BUIIPOMIHIOBAHHS 3 HAITiBIIPOBITHUKOBUMH
dboTocTpykTypamu [5-6], 1m0 3a0e3nmeuyroTh THYYKICTh, MacIITa0OBaHICTH 1
JOCTYMHICTb PECYpCiB, JO3BOJISIIOUM OOpOOJIATH BENUKI O0CATH JaHUX,
MPOBOJIUTH CUMYJIALIT, aHaNI3yBaTH €KCIIEPUMEHTH Ta CTBOPIOBATH BipTyalbHI
naboparopii 6e3 mopororo obnagHaHHs. CucteMa 3a0e3nedye BHUMIPHOBAHHS
IHTEHCUBHOCTI Ta MPOCTOPOBOTO PO3MOJALUTY BHUIIPOMIHIOBAaHHS 3 BHCOKOIO
PO3JIUIBHOIO 3/IaTHICTIO.

PoGoTa cnipsiMoBaHa Ha TOOYIOBY CTPYKTYPHOI Ta (PYyHKIIIOHAJIBHOI CXEeM
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KOMITJIEKCY, OOTPYHTYBaHHS BHOOPY KOMITOHEHTHO1 0a3u, aHaI3 CTOXaCTUIHUX
XapaKTePUCTHK CUTHATIB 1 IIyMiB, @ TAKOX MOJICIIOBAaHHS BUXITHOTO CUTHAITY
npuiiMaya mpy pi3HUX YMOBAaX BUIIPOMIHIOBAHHS.

Po3podka crpykrypHoi Ta ¢pynknionaabnoi cxemn KPOC. CtBopeHHs
HABYAJILHOTO KOMIUIEKCY KOMIUIEKC peecTpartii ontuunux curHamiB (KPOC)
CKJIAJA€ThCSl 3 TaKUX OCHOBHUX €JIEMEHTIB: ONTHUYHE JDKEpPENo; ONTHYHE
cepenoBuille (BOJIOKHO abo TMOBITps); (oTomnpuiiMadi — B 3aJIEKHOCTI Bij
GI3UYHUX  SBUIN, SKI BHU3HAYAIOTh TMPUHIMN [Aii, NOpUMadl ONTHYHOTO
BUINPOMIHIOBaHHS BUKOPUCTOBYIOTHCSA JI€KUIbKA TPYyI; KOMI'IOTEpHA CUCTEMa

06po6xku (I1K 3 mporpamHuM 3a6€311€UCHHSM).

Pucynok 1. [Ipoekt komIekcy
peecTparllii ONTUYHUX CUTHAJIIB.
®opMmyBaHHs curHainy — [lommpenHs
B cepenosuiil — [lepeTBopeHHs
doToHiB y ctpym — I[Iporpamua
oOpoOka Ta aHali3 CurHaisy —
Bizyanizauis / 30epexeHHs

MogaenoBaHHs mnpouecy peecTpanii ONTHYHOr0O BHUIIPOMiHIOBAHHS.
MonentoBaHHsI IPOBOAUTHCS 7Sl OLIIHKY BIUIMBY UIYMiB (BHYTPIIIHIX 1 30BHIIIHIX)
Ha BHXIIHUM cUTHaN cucteMu. JlJii 1IbOro BUKOPHCTOBYIOTh YHUCEJIbHI BHUOIPKU
3HaUY€Hb CUTHANY MPHU PI3HUX YMOBaX OCBITJIEHHS, Ta PO3pPaxOBYIOTh BIATOBIIHI
CTOXaCTUYHI  XapaKTEepUCTUKU. THUIOBMA  MIAX1A: TMEPETBOPEHHS  EHeprii
BUIIPOMIHIOBAaHHS Y KUIBKICTh (POTOHIB; MEPETBOPEHHS (DOTOHIB Yy E€JIEKTPOHH 3a
JIOTIOMOTOI0 ~ KOe(illi€eHTa KBAaHTOBOI €(DEKTUBHOCTI; TOPIBHSHHS  KUIBKOCTI
CUTHAJIOBUX EJIEKTPOHIB 13 KIJIBKICTIO EJIEKTPOHIB, CIPUYUHEHUX IIyMOM.
Pe3ynprat MopenroBaHHA TOMAIOTHCS y BHUIIAAL TaOmuipb Ta rpadikiB, IO
MOKa3yIOTh PO3UILHICTh CUTHAY 1 IITyMY 3a PI3HUX BIJICTAHEH Ta OCBITIEHOCTI.

MogpentoBaHHs npouecy opMyBaHHS chrHany B KPOC
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Pucynox 2. MogaentoBanns nporiecy popmyBanus curgairy B KPOC
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BucHoBku. B cydyacHMX yMmoOBax pO3BUTKY BHILIOI OCBITH CTBOPEHHS
HAaBYAJIbHUX KOMIUIEKCIB, SIKI JO3BOJISIIOTh CHCTEMHO BHBYATH MPOLECU
dbopmyBaHHS, MPUAMaHHS Ta OOPOOJICHHS CHUTHATIB B €JICKTPOHHUX CHCTEMax
Ia€  MOXJMBICTH (OpMyBaTH y CTYIOEHTIB TmpodeciiiHi 3HAHHI Ta
1HTEJIEKTyaIbHEe MUCIICHHS. 3acToCyBaHHS Cy4aCHUX KOMIT FOTEPHUX
TEXHOJIOT1i J1a€ MOXJIMBICTH OOpoOJISITH OoTpuMaHy iHdopmalliro. Po3pobiieHi
METOJIUKH TpUUMaHHSA Ta OOPOOJEHHS CHUTHAJIB CIPHUSAIOTh YKPIIJICHHIO
MDKJIUCHHUIUTIHAPHUX 3B’ S3KIB ((PI3UKH, BUIOI MaTeMaTHUKH, ONTOCICKTPOHIKH,
MaTtepianio3HaBcTBa). B pe3ynbrari BUKOPUCTaHHS PO3POOJIEHOTO0 KOMILIEKCY
peecTpallii ONTUYHUX CHUTHAJIB, BUBYECHHS Ta PO3pPaxXyHKIB iX CTATUCTUYHUX
XapaKTEPUCTUK JI03BOJISIE€ CTyIeHTaM (POpMYyBaTH 3HAHHS 100 TUIAHYBaHHS Ta
MIPOBEJICHHS €KCTIEPUMEHTAIBHUX Ta TEOPETUIHUX JTOCIIIKCHb.
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