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[ocTaHoBKa mpobaeMn. Y CENeKIiiHIA MPaKTHIl 1
HACIHHUITBI T00ip 3 BUXIJHHX TOCIBIB ENITHUX COPTIB,
e(EeKTUBHICTh iACHTU(}IKAII] CTaHy MIICHUI 3aJIC)KHUThH
Bil 00’€KTHUBHOI OIIIHKA MOP(HOMETPHUYHHX O3HAK, SKi
OIIIHIOETHCS SIK €KCIIEPUMEHTAIBHO, TaK 1 BisyanbHO [2].
SIkmo omiHKa TmapameTpiB, SIKi BH3HAYAIOTHCS EKCIIEPH-
MEHTAJIbHO IPYHTYEThCS Ha amapaTHUX (00’ €KTHBHUIA)
crocobax, TO Bi3yaslbHa OLIHKAa Ha IMPAKTUYHUI IOCBIX
nabopanTa (cy6’extuBHMHN) [1].

CrorozHi B YKpaiHi iCHY€ JB1 TOUKH 30py Ha TEXHO-
JIOTII0 BU3HAYEHHs SIKOCTI TOBAapHOTO 3€pHA IMILICHHMII.
Binburicte 3aroTiBesIbHUKIB 1 BUPOOHHMYHHKIB BBaXKAIOTh,
0 BCi METOJM BM3HAUEHHS SKOCTI 3€pHA MOBHHHI OyTH
excrpecHIMH. HayKoBIIi K BBaXKAIOTh TaKHWH ITiIXiJ ITO-
MWJIKOBHM 1 TaKuM, IO HE BIATIOBIZA€ TOCBiITYy POOOTH y
IILOMY IUTaHi A€p>KaB 3 BUCOKOIO KYJIbTYPOIO BUPOOHHIIT-
Ba 3epHa (Kanama, Yropummna), i mpomoHyIOTh yIOCKOHA-
JIOBATH TEXHIYHE 3a0e3neueHHs JabopaTopiit [2].

JlabopaTopHi JOCTIDKEHHS 3EpPHOBOTO Martepiamy
CYNPOBOJIKYIOTBCSl 3HAYHUMH BUTpPATaMU Ipalli Ta 4acy.
BpaxoByroun Ce30HHICTh BUKOHaHHS TaKHX JOCIiIKEHb
YTPUMYBAaTH BEJIMKHH MITAT JJAOOPAHTIB CKJIAJHO, OCKIJIb-
K{ TIPU3BOAMTH 3HWKEHHS CEpPeNHBOI 3apoOiTHOI IUIATH.
ToMmy akTyanbHHUM HampsMOM pOOOTH € MiJBUINEHHS
e(eKTUBHOCTI POOOTH MEPCOHATY Ta 3MEHIIECHHS BUTPAT
Jacy Ha BUKOHAHHS JTOCII/DKEHb.

AHami3 octaHHix mociimkens i myOJikaunii. Pun-
KOBa BapTiCTh 3€pPHA 3aJICKUTH BiJl TOTO, A0 SKOTO THITY
(TOBapHOTO COPTY) HAJICKUTH MIIEHUI, i HOPMY€ETHCS HA
mifcTaBi 3epHa 6a3UCHOT SIKOCTI, KOTpe Y JaBHIHY BH3HA-
4ajocs 3a BI3yaJlbHUMHU XapaKTepHCTHKaMHU. Takui Mme-
TOJl BUKOPHCTOBY€EThcs y KaHnani, e 3epHO MIIEHHMI 3a
OUTBIINICTIO TMOKAa3HMKIB OLIHIOEThCS BizyanbHo [1, 2].
Kpim Toro y HopMaTuBHIA JOKyMEHTH YKpaiHH, SIKi BU-
3HAYalOTh TEXHIYHI YMOBH MIICHUIIl, SYMEHIO, KyKYpy 13U
4acTO BUKOPHCTOBYIOTH Take MOHATTS SIK “Komip”. IcHy-
rouniit ICTY 3epHOBUX KyJbTYp AJIS BU3HAYCHHS 3amaxy
Ta KOJbOPY 3€pHA CIHMPAETHCSA Ha JIIOACHKUH HIOX Ta 3ip
[1], mo HEe € 00’ekTMBHHUM. MeToaMKa BHU3HAYCHHS KO-
JBOPY 3€pHA Ma€ PsI HENOIIKIB: HE3BAXKAIOUM HA 1HIUBI-
JlyaJlbHE CTIIPHHHSTTS JIFOACBKHIM OKOM KOJIbOPIB BHpiIlIa-
JbHE PIICHHS MpUiiMae TIOJMHA; HE BUKIIOYEHA MOXKIIHU-
BICTb 3HeOapBJIEHHS CaMUX 3pa3KiB; BIUIMB Ha Pe3yJbTaT
aHaJIi3y OTOYYIOYOr0 OCBITJICHHS; METOMKA TPYAOMiCTKa
Ta TpuBana y 4aci [2, 4].

OKo JIIOJMHY, CKJIaJHa ONTHYHA CUCTEMa, CpuiiMae
CBITJIO B jiana3oHi J0oBXHH npubmm3Ho Bin 350 mo 780
HM. CBiTJO chipuiiMaeTbesi a00 Oe3mocepeIHbO Bif JKe-

pena, HaNpUKIIa, BiJl OCBITIIOBAJIBHUX NpHIaiB, abo sK
BiIOWUTHI BiJl TOBEPXOHH UM 00'€KTIB IMEPEIOMIICHUAN TIPH
MIPOXO/KEHHI KPi3b Mpo30opi 1 HamiBmpo3opi 06'ektu. Ko-
Jip - e XapaKTEePUCTHKA CIPUIHATTS OKOM eJIeKTpoMar-
HITHUX XBWJIb Pi3HOI JOBXXHWHH, OCKIJIBKM CaMme JOBKHHA
XBWJII BU3HAYAE TSI OKa BHAUMEM KOJIip. AMIUTITYa, 110
BH3HAYa€ CHEPril0 XBWII (IPOMOpLiHy KBagpaTy aMInli-
TYJH), BIAMOBIZa€ 3a ICKPaBICTh KOIbOPY. TakuMm 4nHOM,
caMme TMOHATTSI KOJIbOPY € OCOOJMBICTIO JIIOJCHKOTO "Oa-
4yeHHs!" HaBKOJIMIIIHBOTO cepeioBuia [5].

Mera cratTi. Ha ocHOBI ananizy 3Ha4ueHHS MOpQo-
METPUYHHX O3HAaK 3€PHOBOTO MaTepiaiy y J1abopaTOpHHUX
JIOCITI/PKEHHSX 3alpONOHYBaTH METOAUKY /IS IX aBTOMa-
TH30BaHO! OIIHKA Ha OHOBI Cy4YacHWX iH(OpMAaIiitHuX
TEXHOJIOTIH Ta amapaTHUX 3aco0iB.

OcHoBHi MaTepianu aocaimkeHnsi. Buxonsuu 3 Ha-
BEJICHOI'0 BHIIE MaTepialy, IPONOHYEMO JUII MacOBOTO
J000py 3€pHOBOTO MaTepialy 3a ImapamMeTpamMu, SKi OLli-
HIOIOTBCSl BI3yaJIbHO, BHKOPHCTOBYBAaTH iH(OpMaIliiHi
TEXHOJIOTIi Ha OCHOBI KOMIT'IOTEpY, CKaHEpy Ta MaTeMa-
TUYHOTO anapaTy po3mi3HaBaHHsI 00pa3iB. laHna mpormo-
3ULSL TPYHTYEThCS HAa OTPUMAHUX pPE3ylbTaTax poOOTH,
ska OyJa IpoBe/ieHa 3 METOI0 BU3HAYCHHS HAsiBHOCTI Ma-
paMeTpiB 3epHa, sKi BIUIMBAIOTh Ha HOTO KOJIIp.

PesyneraT BUKOHaHOT poboTH [2, 4]:

1) po3pobieHa MeTOaMKAa OTPUMaHHS TpadidHUX 30-
OpakeHb Ta MaTEeMaTHYHUH anapaT [Uid iX 00poOKwy;

2) po3po0iieHo mporpamHe 3a0e3nedeHHs, KOTpe pe-
amizye HaCTymHI (QYHKIi: BIIKpUTTS rpadidanx ¢aiinis;
onepkaHHA mapameTpiB 300paxenHs 3a RGB komipHOIO
MoOJe0 Ta 24-x po3psnHii ineHTHdikamii KoJIbopiB
(BXigHI 300pakeHHs, OTPUMaHI 32 JIONMOMOTOK ONTHYHO-
TOo CKaHepy, 30epiratoTbcsi y rpadivHomy ¢aiiii 6e3 ctuc-
HEeHHS, 10 He 3MIHIOE JaHHi); MoOyaoBa BiJIOBIIHUX
rpadikiB s konbopiB RGB-mozeni; 3ammc paHux y
¢aiin popmary Microsoft Excel.

[NepmmM KpOKOM 3pOOMMO aKIEHT Ha TOMY, IO IS
aHaNizy KOJbOpY 3epHa BHKopHcTaHO RGB Monenp ko-
TBOPIB, KA BIAPI3HAETHCS MPOCTOTOO OTPUMAHHS BHXIiJI-
HUX JaHHUX 3pYYHHX JUIA ITOJAJBLIOTO aHai3y.

Ha ocHoBi ¢i3n4HNX mpencTaBieHb poOOTH TOACH-
KOT0 OKa, Y KOMIT'IOTEepHil rpadiui npuiiHaTa Tak 3BaHa
aJIMTHBHA KOJIIpHA MOJIEIb, 110 BUKOPHCTOBYE TPU IEp-
BUHHHUX CKJIQJIOBHX Koyibopy. LI Monens mpumyckae, mo
Oyab-sIKMH KOJIp MOXHA PO3MIIAJATH SIK 3BAKCHY CyMy
TPbOX OCHOBHHX KOJbOpiB. [IpoimocTpyBary ii MokHa Ha
NIPUKIIaZl BUCBITIIEHHS CIIEHH 3a JIOTIOMOT'OI0 TPHOX MpO-
KEKTOPIB Pi3HOro KOibopy. KoxkeH MpoKeKTop KepyeTh-



Csl HE3aJIKHO, 1 HUISIXOM 3MIHHM TOTYXXHOCTI KOXKHOTO 3
HUX MOXKHA BIZITBOPUTHU MPAKTUYHO BCi KOJIBOPH.

Oyukuis C(4) xapakTepu3ye CIEKTpalbHEe PO3KJa-
JIAaHHS CBITJIOBOT'O BUIIPOMIHIOBAHHS BiJ JCSIKOTO JKEpe-
J1a, TOOTO PO3MOiJI IHTCHCUBHOCTI MO JOBKHAHAX XBUJIb,
TpH TUIHM cUrHaNiB R, G, B (4epBOHUM, 3eJCHUH, CUHI),
MOTY)KHICTh SIKUX BU3HAYAETHCS IHTETPAILHUMH CITiBBiJI-
HOUIEHHSMH [5]:

R=[C(M)-Sp(1)dr,

G=[C(1)-Sg(M)dr,
B=[C())-Sy(1)dr,

(1

ne Sg, Sg, Sp — GYHKIIT 9yTIMBOCTI BiIMOBITHIX TH-
ITiB KOJOOYOK.

TpuBMMipHa NpUpoOJia CIPUUHSATTS KOJIBOPY A03BO-
Jsie BijoOpakaTtu HOro B MPSIMOKYTHIM CHCTEMi KOOPJIH-
Hat. Bynb-skuil Konip MOXXHa 300pa3uTH y BUINIAII BEK-
TOpa, KOMIOHEHTaMH SIKOTO € BiJIHOCHA YacTKa YE€PBOHO-
0, 3€JICHOTO 1 CHHBOTO KOJILOPiB, OOYHCIIEHI 32 Gopmy-
Jamu [5]:

_ R _ G b B )
R+G+B’ R+G+B’ R+G+B’

KomnipHi Mozeni, BUKOPHCTOBYBaHI B KOMIT'IOTEp-
Hiif rpadini, - 3aci0 omucy KOJBOPIB Y BU3HAUCHOMY Jia-
ma3oHi [5].

VY moneni RGB xonip MoxHa npeacTaBUTH y BUI
BEKTOpa y TPUBHMIpHIH CHCTEMI KOOPIHMHAT 3 MOYaTKOM
Bimriky B kpami (0,0,0) — vopHHii Komip. MakcumanbHe
3HAYCHHS KOXKHOT 3 KOMITIOHEHTIB BEKTOpa MpPHHMEMO 3a
1. Tomi Bextop (1,1,1) BignoBigae Ginomy KodbOpy. Yci
KOJIIpHI BEKTOPH, TAKUM YMHOM, YKIIaJIeH] ycepeanHi Ko-
nipHOTO KYOY (pHC. 1, a) [2].
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Pucynox 1 — Komnipanit xy6 mozeneit RGB i CMY

[Hma mozens 3MimaHHS KOJBOPIB - CyOCTpakTHBHA
KoJipHa Mozens, ud Mojaens CMY, Mo BUKOPHUCTOBYE B
SIKOCTI TMEpPBHUHHUX CKIamoBux koisopu Cyan, Magenta,
Yellow (OnakuTHHHA, TypIypHUil, dKOBTHH), IO € J0AaT-
koBuMHu 10 Red, Green, Blue. V 11iit Mozeni BiATIHKH KO-
JIbOPY BUXOIATh HUIAXOM "BHpaxyBaHHA" 3 IaJar04doro
CBiTJIa XBHJIb BU3HAaYeHOI MOBXKHMHHM. Lleii miaxim Mae mo-
TpeOy y MOSCHEHHI. Y Wil CUCTeMi KOOpPAHMHAT BEKTOP
(0,0,0) BignoBimae Oimomy komeopy, a Bektop (1,1,1) —
YOPHOMY.

3B's130k Mix 3HaueHHsAMH (R,G,B) i (C,M,Y) s To-
r'0 CaMoro KoJIbOpY BHpakaeThes Gpopmyioro [5]:
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IIpuBeaeHi MOIEII OXOILUTIOIOTh HE MOBHUM [Iiama3oH
BUJIIMOTO KOJIBOPY, aJI¢ Ha JAHOMY €Talli BUBYCHHS Ha-
SIBHOCTI B3a€MO3B’S3KYy IapaMeTpiB 3epHa Ta KOJIbOPY
3epHOBOT0O MaTepiaity OO IOCTaTHBO.

[pu umdporiit 06poOIi 300paXkeHHs] BUKOPHCTOBY-
€TBCSl MOTO TPEICTAaBICHHS B IaM’sSTi Y BHII MaTpHLi
MKCEIiB f(m 1s m;), O<m1<M1 —1, O<m2<<M2—l (Ml, M2
— po3Mipu BXigHOro 300pakeHHs). O6poOKa 300pakeHHs
B 3araJbHOMY BHIIQJKy IIOJSira€ y BHKOHAHHI NEBHOTO
MIEPETBOPEHHS 3a3HAYCHO! MATPHIIi, y Pe3yibTaTi SKOTO
(opMyeThCst HaOip 11 YUCIOBUX XapaKTEPUCTUK UM HOBE,
obpobnene, 300paxeHHs — g(ny, ny), 0<n;<N;-1,
0<n,<N; — 1 (N, N, — po3mipu BHXIIHOTO 300paKeHH).
[TepeTBOpeHHS MOXKE CTOCYBAaTHCS 3HAYEHb UM €JICMEHTIB
ixHIX KoopauHAT (iHAEKCIB), BUKOHYBATHCSl Haj MaTpH-
LEI0 B [IUIOMY, IPYIIOI0 €JIEMEHTIB Y HaJl KOXXHUM OKpe-
Mo [5].

Binmosimao mo RGB-mozeni MaeMo AUCKpETHUHN P
PO3IOJUTY JaHUX, SIKUA 00’€JHaHUI IEBHUMHU O3HAaKaMHU
y equne 1ite [5]. Y npomy 3B’s3Ky BUHHKA€ HEOOX1THICTh
3aCTOCYBaHHS JACSKHX OIKMCYBAaHWX MAapaMeTpiB CTaThC-
THYHOI CYKYITHOCT] — CTATUCTUYHUX XapaKTEPUCTHK.

Kpim xomipHHIX XapaKTEpHUCTHK 36pHOBOTO MaTepialy
HEOOXiTHO BpaxoByBaTd ioro ¢opmoro (puc.2), mo po-
OuTh 3amady aHamizy mudpoBoro 300pakeHHs Habararto
ckianHimmM. BoaHouac, pu peaizaliil alropuTMiB pos-
Mi3HABaHHS 00pa3iB BHHUKAE MOXKIIUBICTH CYTTEBO PO3-
HIMPUTH NIEPeIiKk KOHTPOJIbOBAHUX ITapaMeTpiB Ta MOKa3-
HHKIB.
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PucyHoxk 2 — Haiibinbin nommpeHi popMu 3epHOBOTO
MaTepiary

VY mpoueci po3poOku cucremu Kiacudikauii HeoO-
X1JTHO BUPIIIMTH HACTYMHI 3anaui [3]:

- TeHepallis 03HaK, SKi JJOCTaTHO ONHUCYIOTh 00’ €KT;

- CeJICKIIIOHYBaHHS O3HAaK, SKi € HahOimbIn iH(Op-
MaTuBHI 151 KI1acupikaTopy;



- moOyaoBa Kinacu]ikaTopy — BH3HAYEHHS MPaBUIIa
3a SIKUM BEKTOP O3HaK Oy/Jie BIIHECEHO J0 MEBHOTO KJacy;
- MeTOoJ KiIbKICHOT OliHKM iH(opMauiiiHol cuctemMu
y KOHTEKCTI BipHOCTI 200 MOMUIJIKOBOCTI 0OpaHOTO Kiacy.

Mogens 3aBaanHs Kiacudikaiii noysratume y [3]:

Q) - MHOXMHA 00’ €KTIB pO3ITi3HABAHHSI;

:we() - 00’exT po3mizHaBaHHs (00pa3);

g(®):Q—->MM{1, 2, ... m} — iHaUKaTOpHA (YHKIIIs,
sIKa HEeBiJIOMa criocTepirady Ta po30uBae npoctip o0pasis
Q Ha m KIaciB, siKi He mepetuHaoThes, Q', QF, ..., Q™

X- mpocrip crocrepekeHb (IPOCTip 03HAK);

x(®):Q—X — QyHKUis, sKa CTaBUTh Y BiJIOBIIHICTH
KO)KHOMY 00’€KTy ® TOYKY X(®) y mpocTopi o3Hak. Be-
Top X(®) — 00pa3 00’eKTa, KU CIpUiIMae CIOCTEepirady.
VY mpoctopi 03HaK BH3HAYCHA MHOXHHA TOYOK, SIKi HE
nepetuHatoteesi, K;cX, i=1, 2, ..., m i BiJNOBIIaOTh
o0OpaszaM OJTHOTO KJ1acy.

g(x): X > M - BupimanbHe NpaBuio OLIHKK g(w)
Ha OCHOBI X(®), TOOTO g(x) = g”(x(a))) .

[Mpunycrumo x;=x(®;), j=1, 2, ..., N — mocrynHa
criocrepirady iHpopmais npo ¢yHKIii g(®) Ta x(m), ane
cami mi ¢yskuii He Bimomi. Toxi (g;, x;), j=1, 2, ..., N —
MHOJKMHA TIPEIIEICHTIB. 3a/1aya po3Mi3HABAHHS IOJIATAE Y
noOyIOBI TaKOTo pPIlIeHHS g(x), o0 pO3Mi3HABAHHS
MIPOXOIUIIO 3 MiHIMAJIBHOO KIJIbKICTIO TOMMUIIOK (puc. 3).
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Pucynok 3 — I'pad po3B’si3yBaHHS 33/1a4 PO3Mi3HABAHHS

3BUYaliHUI BUMAZOK — BBAXKATH MPOCTIp O3HAK €BK-
nigoBuM, To6To X=R". fKicTh HpaBHI PO3B’A3KY BHUMi-
PIOETHCSI YACTOTOIO TIOSIBH ITPAaBIIIBHUX pillleHb. 3a3BUYai
HOTO OLIHIOIOTH, Y3rO/KYI0UN MHOXKHHY 00 €KTiB (2 Jie-
SIKOI0 HMOBipHICHOIO Miporo. Tofi 3amady po3mizHaBaHHA

MOYKHA 3aIMCcaTh y BUIIISAI min P{g (x (a))) *g (a))} .

BpaxoByroun, 10 po3poOka anropuTMiB po3Ii3Ha-
BaHHs, 010J1I0TEKM 00’€KTIB 3 O3HAKAMM € CKJIAIHOIO Ta
IHTENEKTyalbHO EMHOIO 33J1a4€i0, TO BBAKAEMO, IO IS
NPUCKOPEHHS BITPOBAHKEHHS ii Y BUPOOHHUIITBO JIOIIEHO
BUKOPHMCTATH CyYacCHi I[HTEpPHET-TEXHOJOTIT 3a KJI€HT-
CEPBEPHOIO apXiTEeKTypoto (puc. 4).
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Pucynok 4 — CTpykTypa BiJJIaJICHOTO CEPBICY aHATI3y
1 (ppoBOro 300paskeHHs 3ePHOBUX.

BucHoBok. IlepeBara 3acTocyBaHHS TUIIOBUX 3aKO-
HIB PO3MOAUTY CKJIAAA€ThCS B TXHIM BUBUCHOCTI 1 MOYKITH-
BOCTI OJICPKaHHS CAMOCTIMHMX, HE3MIIICHUX 1 BIIHOCHO
BUCOKO e()eKTHBHUX OLIHOK mapameTpiB. OJHaK po3riis-
HYTI BUILE THIOBI 3aKOHM PO3MOJTY HE MAlOTh HEOOXif-
HY DPI3HOMaHITHICTB ()OpPM, TOMY IXHE 3aCTOCYBaHHS HE
Jla€ HEOOXiTHOI CIITBHOCTI MPEICTABICHHS BHITAKOBHX
BEJIMYHH, IO 3yCTPIYarOThCS PH TOCIIHKCHHI CUCTEM.
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Abstract

USE OF MODERN INFORMATION
TECHNOLOGIES FOR ANALYSIS OF
MORPHOMETRIC CHARACTERS GRAIN
MATERIAL

V. Diordiev, A. Kashkarov

Proposed hardware method of analysis of the grain
of the material based on the use the mathematical appa-
ratus of pattern recognition and the modern Internet
technologies.



