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PYKOIIHUCY.
Jluceprarris Ha 3100yTTS HAYKOBOTO CTyNEHs JoKkTOopa (isocodii 3a cremianpHICTIO 152
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HamionanpHU# yHIBEpCUTET pajiioeIeKTpOoHIKH, XapKiB, 2021.

3micTt anoramii. uceprariiina po6oTa mpucBAYEHA YAOCKOHAJICHHIO METO/IIB
NapaMEeTPUYHOTO KOHTPOJIO SIKOCTI 3€pHOBUX KYyJIbTYp 3a PaxyHOK 3HUKCHHS
BUIIAJIKOBOTO  (DAKTOPHOTO BIUIMBY IPU BHU3HAYEHHI PE3yJIbTaTy BUMIPIOBAHHS
OJIMHUYHOTO MOKA3HUKA KOJIOPUMETPUYHOTO KOHTPOJIO (KOBTHU3HU 3€pHA MIIICHUII1), 1110
€ BQXJIMBUM HAyKOBUM 1 MPAKTUYHUM 3aBJIaHHSM. J[pyruM 3aBIaHHSM JTUCEpTaIliiHOT
po0OTH € CTBOPEHHS 3aC00Y KOJOPUMETPUYHOTO €KCIPEC-KOHTPOIO SKOCTI 3€pHOBUX
KYJBTYD.

MeTta aocaiazkeHHs] — YIOCKOHAJICHHS METOJIIB 1 CTBOPEHHS TEXHIYHOI'O 3aC00y
JUIS. KOJIOPUMETPUYHOTO EKCIPEC-KOHTPOIO SKOCTI 3€pHOBUX KYJBTYp, ITiIBHIECHHS
TOYHOCTI Ta BIPOT1IHOCTI OTPUMAHMX PE3YJIbTATIB 32 PaXyHOK BUKOPUCTAHHS METOJIIB
CTaTUCTUYHOIO aHaJi3y Pe3yJIbTaTiB BUMIPIOBAHb.

IIpakTH4yHa 3HAYYINICTH Pe3yJIbTATIB JOCHIIKEHHSA TIOJIATa€ y TOMY, LIO:

1. Po3pobiieHo MakeT npuiiany sl eKCIPec-KOHTPOIIO KOJIbOPY, 3aIIPOIIOHOBAHO
QITOPUTM PO3PAXyHKIB KOOPAMHAT KOJILOPY 1 OTPUMAHO iX y HU(GPOBOMY BHUIJISAL, a
TaKOX y BUTJISAI (parMEHTy KOJIbOPY Ha €KpaHi MOHITOpPA, IO JO3BOJISE IMBUIKO Ta 3
JIOCTaTHHO BHCOKOIO JOCTOBIPHICTIO OTPUMYBATH PE3yJbTaTH BUMIPIOBAHb KOJIbOPY
JOCTIKyBAaHUX CEPETOBHIIL

2. Y TOB «HBII AJIbTA» pe3ynbTaTél poOOTH BUKOPUCTOBYIOTHCS TP MiI00Pi
Hactpoiiok RGB-kamep ¢orocenaparopiB st COpTyBaHHS PI3HUX CUIBFOCHKYJIBTYP
(mmeHuns, SUMiHb, TpeUKa, COHSIIIHUK, cos Ta 1H.) (akT Big 20.12.2019 p.).

3. Ha xadenpi ¢izuku XHYPE pesynbratu po6oTu BIIpoBaIKEH1, B HABYAIBHHMA

nponuec, 1€ BUKOPHUCTOBYIOTLCA Hi,Z[ JyaC YUTaHHA J'ICKI.IifI, IMPOBCACHHA MPAKTUYIHHUX Ta



Ja00paTOpHUX POOIT MO TEOMETPUYHIM Ta XBUJIbOBIM ONTHINl 3a CIEIaTbHICTIO
«BUAaBHUYO-TIOIrpadiuna cnpasa» (akt Big 09.01.2019 p.).

HaykoBa HOBHM3HA 0Jiep:KAHUX Pe3yJIbTATIB MOJSITa€ B TOMY, I10:

— OTpUMaB MOJAJBIIMA PO3BUTOK METOJ 1H(OpPMAIIITHOTO aHalli3y CHUCTEMH
MOKA3HUKIB KOJOPUMETPUIHOTO KOHTPOIIO SKOCTI 3€pHOBUX KYJIBTYp, IO JO3BOJIUB
dbopMyBaTH CHCTEMY IIOKa3HUKIB B yMOBaxX HEBHU3HAUCHOCTI BIITBOPEHHS PIBHIB
napameTpiB, 1110 KOHTPOIIOIOTHCS;

— BBEACHO TMOHATTS KOJOpUMETpU4yHOI  (yHKIII, SK y3araapbHIOIOUYOi
XapaKTEPUCTUKU  IHTEHCHUBHOCTI  BUIPOMIHIOBAHHA  BIJOMTOrO 1  PO3CISTHOTO
BUIIPOMIHIOBaHHS JIOCHI)KYBaHUX 00’ €KTIB, MOKa3aHa MOMJIUBICTh BUKOPUCTAHHS
pPO3pOOIEHUX aHATITHYHUX METOIB MPU JAOCTIIHPKEHHI ONTUYHOTO BUIIPOMIHIOBAHHS K
B YaCOBIH TakK 1 B YaCTOTHIN 00J1aCTIX;

— OTpUMaHl MaTeMaTU4HI MOJENl MEepPeXpecHUX KiIacu(ikaiiil, 10 BpaXxOBYIOTb
e(heKTH 0IHOYACHOI B3a€MO/I1i TPhOX (PaKTOPIB (TeMmepaTypH, BOJIOTOCTI, OCBITIEHOCTI)
Ha PE3yJIbTaT BUMIPIOBAHHA OJMHUYHOTO TMOKa3HUKAa KOJOPUMETPUYHOTO KOHTPOIIIO
(>KOBTHM3HA 3€pHa MIICHMII), BU3HAYEHI PIBHSAHHS [JIs OLIIHIOBaHHS JOCTOBIPHOCTI
CTAaTUCTUYHMX  BUCHOBKIB  mpo  1HGOpMAIIHY  3HAYUMICTh  TOKa3HHKIB
KOJIOPUMETPUIHOTO KOHTPOJTIO;

— 3amporOHOBaHl AHAIITUYHI CIHIBBIIHOIIEHHS, IO JAalOTh 3MOTY OI[IHUTHU
KUIBKICTh 1H(pOpMAIIii JJII KOKHOTO 3 TTOKA3HHUKIB KOJOPUMETPUYHOTO KOHTPOJIO MPHU
(akTOpHOMY BIUIMBI Ha JIIHIAHY (DYHKIIIIO0 IEPETBOPEHHS LIMX MOKA3HHUKIB.

Y Berymi aucepraumii  OOIpYyHTOBAHO AaKTyalbHICTh TEMHU JOCTIIHKCHHS,
chOpMyTLOBAaHO METY, 3aBlaHHSA, OO0 €KT, TPEIMET, PO3KPUTO HAYKOBY HOBH3HY,
MPaKTUYHY 3HAYYIIICTh OJICP)KAaHUX PE3YJIbTATiB, BA3HAYEHO OCOOMCTHIA BHECOK aBTOPA,
HABEJICHO JaHl CTOCOBHO ampoOarlii Ta BIPOBA/KEHHS B MPAKTHKY PpE3yJbTaTiB
JTOCIIDKEHHS, TPEICTABJICH] €Tanmu JOCTIHDKEHHS, HaJaHO KUIBKICTh MyOJikaiii 3a
TEMOIO pOOOTH.

VY nepromy po3aiii qucepraimiitHoi poootu « Cy4acHuUii cTaH MeTOiB Ta 3ac00iB
KoJiopumMetpii. Bubip HanpsiMKy gociilskeHb» TMPOAaHAII30BAaHO HAYKOB1 TIpalll

BITUM3HSIHUX 1 3apyO1’KHUX aBTOPIB 3 MUTaHb MPOOJIEMU AOCTIHKEHHS, 110 JO3BOJIAIIO



BU3HAYUTH OCHOBHI HaIlpsSIMA HAyKOBOTO MOUIYKY IIOAO0 MPOOJEMHU YJIOCKOHAJICHHS
METO/IIB 1 CTBOPEHHSI TEXHIYHOTO 3acO0y ISl KOJIOPUMETPUYHOTO E€KCIPEC-KOHTPOIIO
SKOCTI 3€pHOBUX KyJIbTyp. BH3HAUE€HO Ba)IIMBICTh 3aCTOCYBaHHS KOJIOPHUMETPUYHOTO
METO/Yy E€KCIIPEC-KOHTPOJIIO JIJIsi OLIIHIOBAHHS SIKOCTI 3€pHA MILIEHUIIl, HEBU3HAUYCHICTh
XapaKTePUCTHK SKOI BIUTMBAE Ha TOYHICTh OTPUMAaHHS BUMIpIOBAJIbHOI 1HGOpMaIlii, Ta
METO/IB 0araTOMipHOTO CTaTUCTHYHOTO aHaIi3y JUIsl BUSHAYCHHS HACKIJIBKU 1CTOTHUN
BIUIUB TOTO a00 1HIIOTro (haKTOpy Ha PO3CIIOBaHHS Pe3yJIbTaTiB CIOCTEPEIKEHb BUX1IHOI
BEJIUYMHH.

Y npyromy posaim «Po3podka Ta BUKOPHCTAHHSI MaTeMaTHYHUX MojeJiei
JIHIHUX cucTeM I O0YA0BH JATYUKIB KOJIbOPY» OMUCAHI METOJU Ta 3aCO0U, K1
BUKOPHUCTOBYBAJIUCH BIJMOBIIHO JI0 MOCTABJICHOI METH 1 3aB/IaHb, @ TAKOX O0’€KTY Ta
npeaMeTy JOCHKEHHS. PO3riasiHyTo MOXIIMBICTH 3aCTOCYBAHHS MaTEeMaTHUHUX
MoOJeNIeld JIHIMHUX CUCTEeM IJs MNOOyJOBH JAaTYMKIB KOJIbOPY Ta C(HOPMYJIbOBaHI
OPUHIMON CUHTE3Y MPHUCTPOIB ABTOMATHYHOI KJacuikalii KOJIPHUX BIATIHKIB.
JloBeleHO MOXJIMBICTb BUKOPHUCTAHHS MOHSTTS KOJOPUMETPUYHOI (QYHKIII B
MPUKIATHUX JOCIIIKEHHSX.

VY tperbomMy posznini «Po3podka numdpoBux nmpucTpoiB AJisi BUPilIEeHHS 32124
ONTHYHOI0 KOHTPOJIIO» IIPEACTABICHO PE3yJNbTaTH aHalli3y ICHYIOUMX BaplaHTIB
noOy0BY HIU(PPOBUX NATYUKIB 1 HU(PPOBUX MPUCTPOIB JJIs1 BUPIILICHHS 3a7a4 ONITHYHOTO
KOHTPOJIIO Ta BaplaHTU iX BAOCKOHaleHHA. HaBeneHo ommc po3poOiieHHX aBTOPOM
KOPUCHUX MOJENEeH, 1[0 3axXUIIeH] MaTeHTaMu YKpaiHu $KI BPaxOBYIOTh HEIOJIKH
MPOTOTHUIIB, a TAKOXK yCYBaloTh iX. OTpUMaHO aHATITHYHE CHIBBIIHOIICHHS, 32 SKUM
MOKHa OJHO3HAUYHO BHM3HAUYUTU CTYIIHb NPOHUKHOCTI ONTUYHOIO CEPEeJOBHUIIA Yy
BUIAJIKY 3a0apBIEHHS CBITJIIOBOTO MOTOKY.

VY derBepTOMy pO3aiTl «AHAJi3 BIVIMBY HEBM3HAYE€HOCTi pe3y/bTaTiB
BUMIPIOBAaHb HA BIPOriIHICTL KOJOPMMETPUYHOIO0 KOHTPOJIKO» IPEICTABICHO
OOTpyHTYBaHHsI Ta OIIIHIOBaHHS JIOCTOBIPHOCTI CTAaTUCTUYHUX BHUCHOBKIB IIPO
1H(}OopMaIliiHy 3HAYUMICTh MMOKA3HUKIB KOJIOPUMETPUYHOTO KOHTPOJIIO, IO BITUBAIOTH
Ha pe3yJbTaT KOHTPOIIO JJisg 3a0e3NedyeHHsT MaKCUMaJbHO BHCOKOI BIPOTIIHOCTI

OTPUMAHOTO Pe3yJIbTaTy. byJio MpOBeNeHO aHai3 Ta 3aPOTIOHOBAaHA CIIPOIIEHA MOJIEITb



nepexpecHux Kiacudikaiiid, mo BpaxoBye e(peKTH OJHOYACHOI B3aEMOJIl TPhOX
dbakTopiB (TemmepaTypH, BOJIOTOCTI, OCBITJIICHOCTI) Ha pPe3yJbTaT BHUMIPIOBaHHS
OJIMHUYHOTO TOKAa3HUKA KOJOPUMETPUYHOTO KOHTPOJIO (PKOBTHM3HA 3€pHA TIIICHMIII);
MPOBEJIEHO 11 JochimkeHHs. BuzHaueHi oOMEXEeHHS Ha KUIbKICTh PIBHIB OCHOBHOI'O
napamMeTpa KOHTPOIO Ta (PaKTopiB, MO BIUIMBAIOTH HA PE3yJbTAT KOJOPUMETPUIHOTO
KOHTPOJIIO TIpH 3aJaHiii METPOJIOTIYHIM HEBHU3HAUEHOCTI TMapaMeTpa KOHTPOIIO.
OTpumaHi pIBHSHHA [IJIsl OIL[IHIOBAHHS JOCTOBIPHOCTI CTaTMCTMYHUX BHUCHOBKIB PO
iHbOpMaIliiHy 3HAYUMICTh MOKA3HUKIB KOJOPUMETPUYHOTO KOHTPOJIO JIJIsl CIIPOIIEHOT
Mojeni nepexpecHoi knacudikamii. OTpuMaHi aHANITHYHI CIIBBITHOIICHHS, 1O JTAIOTh
3MOTy OLIHUTH KUIBKICTh 1H(OpMaIli I KOKHOTO 3 MOKA3HUKIB KOJOPUMETPUUHOTO
KOHTPOJII0O Mpu (PaKTOPHOMY BIUIMBI Ha JIHIMHY (QYHKIII0O NEPETBOPEHHS LHUX
MOKa3HUKIB. PO3rIsHYTI OCHOBHI TIOJIOXKEHHS JIMCKPUMIHAHTHOTO aHaJi3y Ta
3alPONOHOBAHO MOJEII JUIsl OLIHIOBAHHS KUIBKOCTI i1H(popMalii mo HWMOBIPHOCTSIM
MOMMJIOK [EPIIOro Ta APYTroro poay Bija mapaMeTpy KOHTPOJIIO; PEACTABICHI PIBHIHHS,
IO JIO3BOJISIIOTh PAHXKUPYBATH TMOKA3HUKHU 32 3MEHIIEHHSM iX YyTJIMBOCTI JI0 3MIHU
PIBHIB MapaMeTpa KOJIOPUMETPUYHOTO KOHTPOJIIO.

Y  maromy po3nii «OuiHIOBaHHSI CTAHAAPTHUX HEBU3HAYEHOCTeH
pe3yJbTaTiB BUMipIOBaHb OTPUMAHUX 32 IONIOMOT 010 €JIEKTPOHHOI'0 KOJIOPUMETPY»
NPEJCTaBICHO pPe3yJbTaTH TMPOBEACHOTO JOCHIIDKCHHS pE3yNbTaTiB  HATYPHUX
BUMIPIOBAHb BHXIJIHOI HAIlPyrd 31 CXEM KaHajiB Ye€pBOHOTO, CHHBOTO Ta 3€JIECHOTO
(GOTOIOAIB  €JIEKTPOHHOIO KOJOPUMETPY 3aJIeKHO BiJ SCKPaBOCTI CBITJIOBOIO
BUMIPOMIHIOBaHHS y XOJIl SIKOTO OyJI0O TPOBEACHO pO3PaXyHKH CTaHAAPTHUX
HEBM3HAYCHOCTEW 1Mo THmaM A Ta B, a TakoX cyMapHOi CTaHIapTHOI HEBU3HAYEHOCTI.
[Toka3aHo, 110 OTpUMaHI 3HAYEHHS HEBU3HAYEHOCTI IUIKOM 3aJ0BOJIBHSIIOTH YMOBaM
TEXHIYHOTO 3aBJaHHS Ha JOCII1HKCHHS.

BucHoBKM TMOKa3aiy, WO TPOBEACHO YAOCKOHAJIECHHS OJHOTO 3 METOIIB
MapaMETPUYHOTO KOHTPOJIO SKOCTI 3CPHOBHUX KYJBTYpP 3a paxyHOK 3HWKCHHS
BUITAJIKOBOTO  (DAKTOPHOTO BIUIMBY TPH BU3HAUEHHI PE3yJIbTaTy BUMIPIOBAHHS
OJIMHUYHOTO TMOKa3HUKA KOJOPUMETPUYHOIO KOHTPOIHO (PKOBTH3HU 3€pHA TMIIEHUIII).

3anponoHoBaHWl MeToA 1H(OPMAIIHHOTO aHali3y JJ03BOJIUB (OPMYBATH CHUCTEMY



MOKAa3HUKIB B yMOBaX HEBU3HAYEHOCTI BIATBOPEHHS pIBHIB IapaMeTpiB, IO

KOHTPOJIIOIOTECS, & CTBOPEHUH 3aci0 KOJIOPHUMETPUYHOTO EKCIPEC-KOHTPOIIO SIKOCTI

3€pHOBUX KYJBTYP J1a€ MOXKIIUBICTh €()EKTUBHO BHPINTYBATH TIOCTABJICHI 3aBIaHHS.
KirouoBi cjioBa: HEeBU3HAYCHICTh BHMIPIOBaHb, KOJOPUMETPHUYHUN KOHTPOJIb,

JTUCTIEPCIHUY aHaTi3, MOJIeb BITUBY, IIOXUOKA.
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SUMMARY
Efimenko Sergey Andreevich. Colorimetric method and means for express quality
control of cereals. - Qualifying scientific work on the rights of the manuscript.
The dissertation on competition of a scientific degree of the doctor of philosophy on a
specialty 152 "Metrology and information-measuring technics”. - Kharkiv National
University of Radio Electronics, Kharkiv, 2021.

Annotation content. The dissertation is devoted to the improvement of methods
of parametric quality control of grain crops by reducing the random factor influence in
determining the measurement result of a single indicator of colorimetric control
(yellowness of wheat grain), which is an important scientific and practical task. The
second task of the dissertation is to create a means of colorimetric rapid quality control
of cereals.

The purpose of the study is to improve the methods and create a technical tool for
colorimetric rapid quality control of cereals, increase the accuracy and reliability of the
results through the use of methods of statistical analysis of measurement results.

The practical significance of the research results is that:

1. The model of the device for express color control is developed, the algorithm of
calculations of color coordinates is offered and received them in digital form, and also in
the form of a color fragment on the monitor screen that allows to receive results of

measurements of color of investigated environments quickly and with high reliability.



2. In LLC "NVP ALTA" the results of work are used in the selection of settings of RGB-
cameras of photoseparators for sorting of various crops (wheat, barley, buckwheat,
sunflower, soybean, etc.) (act of 20.12.2019).

3. At the Department of Physics KNURE results are implemented in the educational
process, where they are used during lectures, practical and laboratory work on geometric
and wave optics in the specialty "publishing and printing™ (act of 09.01.2019).

The scientific novelty of the obtained results is that:

- the method of information analysis of the system of indicators of colorimetric quality
control of grain crops was further developed, which allowed to form a system of
indicators in the conditions of uncertainty of reproduction of the levels of controlled
parameters;

- introduced the concept of colorimetric function as a generalizing characteristic of the
intensity of radiation of reflected and scattered radiation of the studied objects, the
possibility of using the developed analytical methods in the study of optical radiation in
both time and frequency domains;

- obtained mathematical models of cross-classifications that take into account the effects
of simultaneous interaction of three factors (temperature, humidity, light) on the
measurement of a single indicator of colorimetric control (yellowness of wheat grain),
defined equations to assess the reliability of statistical conclusions about information
significance of colorimetric control;

- proposed analytical relationships that allow to estimate the amount of information for
each of the indicators of colorimetric control with a factor influence on the linear
transformation function of these indicators.

In the introduction to the dissertation the relevance of the research topic is
substantiated, the purpose, tasks, object, subject are formulated, scientific novelty,

practical significance of the obtained results is revealed, the personal contribution of the



author is determined, data on approbation and implementation of research results are
given. publications on the topic of work.

In the first section of the dissertation "The current state of methods and means of
colorimetry. Choice of research direction” analyzes the scientific works of domestic
and foreign authors on the research problem, which allowed to determine the main
directions of scientific research on the problem of improving methods and creating a
technical tool for colorimetric rapid quality control of cereals. The importance of using
the colorimetric method of express control to assess the quality of wheat grain, the
uncertainty of the characteristics of which affects the accuracy of measurement
information, and methods of multidimensional statistical analysis to determine how
significant the influence of a factor on the scattering of observations.

The second section "Development and use of mathematical models of linear systems
for the construction of color sensors" describes the methods and tools used in
accordance with the purpose and objectives, as well as the object and subject of research.
The possibility of application of mathematical models of linear systems for construction
of color sensors is considered and the principles of synthesis of devices of automatic
classification of color shades are formulated. The possibility of using the concept of
colorimetric function in applied research is proved.

The third section "Development of digital devices for solving optical control
problems” presents the results of the analysis of existing options for the construction of
digital sensors and digital devices for solving optical control problems and options for
their improvement. The description of the useful models developed by the author which
are protected by patents of Ukraine which consider shortcomings of prototypes, and also
eliminate them is resulted. An analytical relation is obtained, according to which it is
possible to unambiguously determine the degree of permeability of the optical medium

in the case of light flux coloring.



The fourth section "Analysis of the impact of uncertainty of measurement results on
the probability of colorimetric control® presents a rationale and assessment of
statistical conclusions about the information value of colorimetric control indicators that
affect the control result to ensure the highest probability of the result. An analysis was
performed and a simplified model of cross-classifications was proposed, which takes into
account the effects of simultaneous interaction of three factors (temperature, humidity,
light) on the result of measuring a single indicator of colorimetric control (yellowness of
wheat grain); her research was conducted. Restrictions on the number of levels of the
main (control parameter) and factors influencing the result of colorimetric control at a
given metrological uncertainty of the control parameter are determined. Equations are
obtained to assess the reliability of statistical conclusions about the information
significance of colorimetric control indicators for a simplified model of cross-
classification. Analytical relations are obtained, which allow to estimate the amount of
information for each of the indicators of colorimetric control at the factor influence on
the linear transformation function of these indicators. The main provisions of discriminant
analysis are considered and models for estimating the amount of information on the
probabilities of errors of the first and second kind from the control parameter are
proposed; the equations allowing to rank indicators on decrease in their sensitivity to
change of levels of parameter of colorimetric control are presented.

The fifth section "Estimation of standard uncertainties of measurement results
obtained using an electronic colorimeter' presents the results of a study of the results
of field measurements of output voltage from the circuit diagrams of red, blue and green
photodiodes of an electronic colorimeter depending on the brightness of light. by types A
and B, as well as the total standard uncertainty. It is shown that the obtained values of

uncertainty fully satisfy the conditions of the technical task for the study.



The conclusions showed that one of the methods of parametric quality control of cereals
was improved by reducing the random factor influence in determining the measurement
result of a single indicator of colorimetric control (yellowness of wheat grain). The
proposed method of information analysis allowed to form a system of indicators in the
conditions of uncertainty of reproduction of levels of the controlled parameters, and the
created means of colorimetric express control of quality of grain crops gives the chance
to solve the set tasks effectively.

Keywords: measurement uncertainty, colorimetric control, analysis of variance, impact

model, error.



