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PRECISION SEPARATION PROCESS
OF SUNFLOWER SEEDS
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According to the requirements for the technological processes of
purification and separation of the seed mixture to obtain the sunflower seed
material of the parent components (varietal purity — 98,0-99,9%) for all parts
of the breeding and seed production process, a rational precision
technological scheme of the separation processes has been developed,
which includes automation of technical processes of separation means. In
order to increase the efficiency of the sunflower breeding and seed-growing
process, a device for automatic seed phenotyping has been added to the
developed technological line, which can significantly intensify and shorten
the breeding process and improve the design of the breeding program
through bioinformatic data analysis and seed sorting. Functional
dependencies are established and methods of automated control of
precision mechanized process of seed separation are developed on the
basis of coordination of its mode and technological parameters. Tape device
for automatic phenotyping of sunflower seed material according to its
morphological and marker features have been developed. The device are
configured for high accuracy of individual measurement of the geometric
dimensions of sunflower seeds with determination of their shape and color
and provide low complexity and high technological implementation of the
phenotyping process (determination, identification and separation) of seeds.

Key words: sunflower, seed material, separator, precision, phenotyping, geometric size,
bulk weight, aerodynamic properties, coloring, automation, algorithm.

Introduction

To breed new highly productive sunflower hybrids both stable and high
yielding, resistant to dominant diseases, parasitic weeds, insects, and stress conditions
is an extremely long and very expensive process. Therefore, classification of breeding
material according to inherited traits both saves time and releases resources for
decision-making activities whereas mechatronic sorting systems reduce the production
process costs.

At the same time, the results of challenging work performed by breeders,
biotechnologists, immunologists, seed professional growers can fail dismally at the
final steps when gaining the seed crossing combinations of elite lines due to improper
harvesting, handling, sorting and storage of the exclusive materials (Kirichenko et al
2007, Kutischieva et al 2015, Kirichenko et al 2015).

To overcome the challenge we have to follow an integrated approach:
harvesting the plant materials and minimizing possible losses and damages, handling,
sorting and calibrating e.g. the plant material processing in order to achieve the
breeder's requirements.

Certified seeds of high level crossing lines are impossible to gain without the
genetic purity of the breeding materials. The genetic purity depends on completeness
clearance of the equipment interacting with the input materials of genetic origin.
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Hence there are advanced requirements for the equipment application — we
have to change breeding materials. The correspondent machines are to be equipped
with a cost-effective automatic clearance service with a 99.99 % productive guaranty
(International Rules for Seed Testing, Chapter 3-4, i—4-6).

In order to obtain genetically homogeneous breeding materials of the parental
lines, we have to take into account all achene features and traits. The sunflower seeds
come in a wide range of linear dimensions, shape parameters, bulk density, geometric
mean diameter, surface area, and coloring. The physical and mechanical properties
such as achene length, width, thickness, shape, and bulk density have a big influence
on sunflower productivity (Petrenkova et al 2004; Leonova et al 2015; Atlas of
morphological characteristics of varieties of sunflower seeds of the annual Helianthus
annuus, 2011). Other traits, as well as the ones that were found out in the research on
the basis of the information technologies, can describe genetic differences, therefore
they require to be studied thoroughly.

Summarizing all the above mentioned, we can say that the development of the
precise technologies of plant material grading/sorting based on the set of the functional
traits of the sunflower breeding process is a prominent and prospective task.

The processing line applied in harvesting and handling of super elite sunflower
crossing (Fig. 1) includes the stage of collecting of sunflower grain heap out of group
insulators. If insulator area makes 0.5-1 ha we can apply mini harvesting machine,
whereas the area is less than 0.5 ha it is better to cut the material manually and apply
portable thresher. The handling and sorting processes of the plant materials by their
physical and mechanical properties, and morphological traits are carried out by
breeding sorters with the automatic control elements of the quality sorting process. At
the last stages of the processing the breeders perform phenotyping. The automatic
phenotyping device is to sort atypical seeds out of the general flow in order to increase
the genotype material homogeneity.

Material and methods

Theoretical research is based on methods of numerical modeling. The main
provisions of the theories of classical mechanics, gas dynamics, vibration, probability,
elasticity, models of discrete elements, multiphase interaction, Lagrangian multiphase
are used. The methods of differential and integral calculus were used.

Experimental studies were conducted using the mathematical method of
experiment planning, methods of field observations and expert evaluations. Processing
and analysis of the results of experimental studies were carried out using probability
theory, correlation and regression analysis.

Modeling and processing of research results were carried out using software
packages STAR-CCM + and Mathematica.

Results and discussion

Based on the obtained theoretical and experimental dependences (V — air
supply rate V, m/s, Q — seed supply, t/h, P — power consumption, kW, & — distribution
coefficient, %)

5= 547034 — 1,74862 Q + 3,25366 \V — 0,10025 \V2, @

=-0,364444 + 0,199111 V, )
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an adaptive aerodynamic separator was developed (Fig. 2). Its productivity is q= 114 £+

9 kg/h, and the quality of separation (partition coefficient) is 6 = 96.3 £ 2.6 % (Aliev et
al. 2018).
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1 — bunker; 2 — damper with stepper motor; 3 — separation chamber; 4 — cascade of
valves; 5 — the centrifugal fan with the electric drive; 6 — air flow velocity sensors;
7 — intakes of fractions; 8 — camera; 9 — control units; 10 — personal computer

Fig. 2. Structural and technological scheme (a) and General view (b) of the
experimental sample of the adaptive aerodynamic separator (Patent 136828)

Based on the obtained data of numerical simulations, it is established that with
the use of an automated cascade of valves it is possible to achieve equalization of the
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air flow velocity (= 0.2-0.4 m/s) in the separation chamber of the aerodynamic
separator. However, there is a loss of nominal speed by 5-15 %. It can be increased by
increasing the productivity of the air flow generator (for example, by increasing the
frequency of rotation of the fan blades), which leads to an increase in energy
consumption by 5-15 %. But given the priority of the quality of the technological
process of separation on the aerodynamic separator, these losses can be neglected.

Based on the obtained theoretical and experimental dependences (Q — seed
supply, kg/h, a — sieve angle, °, y — sieve frequency, s, q — productivity, kg/h; P —
power consumption, kW, 0 — total seed concentration in germination and passage, %)

— for punching screens:

q=—15592,57+0,527369Q + 177,915 a.— 35,583 y o+ 2113,22 y— 179,262y, (3)
0=109,431+0,008675 Q-0,001735 y Q2,687 o+ 0,433 y 0-30,9 y + 2,56 “)
P =-0,00351984 + 0,0000625 Q + 0,03125 v, ®)
— for bar sieves:

q=—7202,09+0,706424 Q-+ 171,881 01— 343762 yo+267095 y—229, 1 707, (©)
6=98,66-+0,00845Q—0,00169y Q—2311 0392y a—28 09y +2,33 ()
P=0,0803921+0,000106 Q-+00111 v, (8)

— for exact sieves:
= —72772+0642679Q+ 177,512 0—39,6273 y o+ 2721, 17— 232,098y, (9)
0=88203+0,01116 Q—0,0022y Q—2,17 a+0384y 0—26265 y+2322 v/, (10)
(11)

P =0,0913286 +0,0000793333 Q+0,0198333 v,

an adaptive vibrating screen separator based on the Cimbria Unigrain calibration
machine was developed (Fig. 3). Its productivity is q = 189 £ 13 kg/h, and the quality
of separation (total seed concentration) is 6 = 3.4 + 1.3 % (Shevchenko et al 2018).

As a result of research, appropriate software has been developed to determine
the fractional composition of seeds by photographic image, which is based on
converted images from full color to black and white using segmentation, further
processing based on morphological operations using Kenny boundary detector and
Huff transform to automatically determine the boundaries of each seeds, followed by
calculation of the length, width, area and perimeter of the seeds.

Based on the obtained theoretical and experimental dependences (Q — seed
supply, kg/h, a and p — deck angles, °, y — oscillation frequency, s™, V — air speed, m/s,
g — productivity, kg/h, & — distribution coefficient, %, P — power consumption, kW)
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1 — bunker; 2 — damper with stepper motor; 3 — sieve; 4 — sieve angle adjustment
system; 5 — unloading windows for the east and passage; 6 — electric vibrators;
7 — camera; 8 — control units; 9 — personal computer

Fig. 3. Structural and technological scheme (a) and General view (b) of the
experimental sample of the adaptive vibrating screen separator (Patent 120235)

=—294,326-9,7210-0.921938c7+ 56 36253 —2,0081 78+ 211,655V +3,64629aV —

—106318 B V—26,6666V2—202457y—0945367 b+ 12 Vy+0986169 %, (12)
=—1901,46+159,1130--60,37880+136,126B12,7299p%+0 46994Q+
+0,136598 0.Q +0,04875 8 Q—0,000329705 Q° — 208,153V +42,6091 o'V +0,185833 QV (13)

+74,1V + 370,19y — 7,06 7cny—13,7667By-51,654Viy-956714 v/,

P =1,19276—0,300625 o.—0,00630208 o*—0,0780208 —0,011093 B+
+0,000789236 Q +0,0000604167  Q—3,3463-107 Q*—00525V/ + (14)
+0060.V +0,000195833 Q V+0,0936667y—0,0101667 By,

an adaptive vibro-pneumatic separator based on a pneumatic vibrating table of the
PVA type was developed (Fig. 4). Its productivity is q = 131 £ 6 kg/h, and the quality
of separation (partition coefficient) is & = 95.5 = 1.5 %. The calibration of the unit for
measuring the bulk density of an adaptive vibro-pneumatic separator has been
developed and carried out. According to the calculated Pearson's criterion (x?), the
normality of the distribution of measurement errors is 2.13, which is more than the
tabular value of ¥* (0.95; 5) = 1.15 (Aliiev et al 2019).
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1 — deck; 2 — system of adjustment of angles of inclination of a deck; 3 — unloading
windows; 4 — the fan with the electric drive; 5 — crank mechanism with electric drive;
6 — seed supply unit; 7 — unit for measuring bulk density; 8 — strain gauges; 9 — valve;

10 — pushing electromagnet (solenoid); 11 — tension springs; 12 — infrared diode and

photodetector; 13 — control units; 14 — personal computer

Fig. 4. Structural and technological scheme (a) and General view (b) of the
experimental sample of the adaptive vibrating screen separator (Patent 122809)

Based on the obtained dependences (Q — seed supply, kg/h, y — oscillation
frequency of the vibrating tray, s, n — drum speed, rpm, q — productivity of the seed
supply unit, kg/h; P — power consumption, kW, t — the average time interval between
falling seeds, s, 6 — total seed concentration, %)

0= 803,784 1,50833n+0,21075 n*—1,70708 Q + 0,00256308 Q°— 3.92507 At —
00103333 n At+0,00420833 Q At—0,010408 A?— 530823 A+ 00347552 02— (15)
862992 y— 0248 ny+0,101167 Qyr+0257333 Aty + 367633 v/

q= 99,3576+ 1,67222n—0,167778 n’+0,652431 Q000716049 Q7+ 0,046875At +
+0,00666667 N At+0,04583332, —0,0125 n —0,00166667 Ath 37,775y + (16)
+032ny+0,145Qy+00283333 hy+224 v/

= —1698%+6,875n+026 1+ 1,06563 Q+ 154 y—0,52ny—00333333 Q. a7

improved photoelectron separator (Fig. 5), the productivity of which is q =38 + 3 kg/h,
and the quality of separation (total seed concentration) 8 = 1.2 + 0.1 % (Shevchenko et
al 2018).

A device for automatic phenotyping of seeds has been developed
(Patent 120231, Fig. 6). It maintains the accuracy of individual measurement of
geometric dimensions of sunflower seeds, determining their shape and color and
provide low complexity and high manufacturability of the procedure of phenotyping
(identification, identification and separation) of seeds as a breeding material, its
morphological and marker characteristics. As a result of experimental verification of
the developed devices for automatic phenotyping of sunflower seeds, it was found that
the productivity of the matrix device was 1 kg/h, and the belt — 5 kg/h (Aliiev 2020).
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b

1 — bunker; 2 — damper with stepper motor; 3 — drum with radial blades with electric
drive; 4 — vibrating tray with vibrating motor; 5 — seed registration unit;
6 — illuminator; 7 — recording and controlling photodetectors; 8 — seed output unit;
9 — gas nozzles; 10 — compressor with air receiver; 11 — intakes of liquid and illiquid
seeds; 12 — control units

Fig. 5. Structural and technological scheme (a) and General view (b) of the
experimental sample of the advanced photoelectric separator (Patent 136829)

1 — frame; 2 — belt conveyor; 3 —tape; 4 — electric motor; 5 — seed supply tray;
6 — rubber shock absorbers; 7 — adjustable damper; 8 — vibrating motor;
9, 10 —infrared LEDs; 11, 12 — photodetectors; 13 — camera; 14 — RGB LEDs;
15 — pipe made of opaque material; 16 — receiving tray; 17 — strain gauge;
18 — amplifier; 19 — control unit; 20 — personal computer

Fig. 6. Structural and technological scheme (a) and General view (b) of a model of
a tape device for automatic seed phenotyping
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Conclusions

According to the requirements for the technological processes of purification
and separation of the seed mixture to obtain the sunflower seed material of the parent
components (varietal purity — 98,0-99,9 %) for all parts of the breeding and seed
production process, a rational precision technological scheme of the separation
processes has been developed, which includes automation of technical processes of
separation means. In order to increase the efficiency of the sunflower breeding and
seed-growing process, a device for automatic seed phenotyping has been added to the
developed technological line, which can significantly intensify and shorten the
breeding process and improve the design of the breeding program through
bioinformatic data analysis and seed sorting.

Functional dependencies are established and methods of automated control of
precision mechanized process of seed separation are developed on the basis of
coordination of its mode and technological parameters.

Tape device for automatic phenotyping of sunflower seed material according to
its morphological and marker features have been developed. The device are configured
for high accuracy of individual measurement of the geometric dimensions of sunflower
seeds with determination of their shape and color and provide low complexity and high
technological implementation of the phenotyping process (determination, identification
and separation) of seeds.

References

Aliiev E, Gavrilchenko A, Tesliuk H, Tolstenko A, Koshul’ko V (2019)
Improvement of the sunflower seed separation process efficiency on the vibrating
surface. Acta Periodica Technologica, APTEFF, 50: 12-22

Aliev EB, Yaropud VM, Dudin VYT, Pryshliak VM, Pryshliak NV, Ivlev VV
(2018) Research on sunflower seeds separation by airflow. INMATEH — Agricultural
Engineering. Vol. 56, No. 3: 119-128

Aliiev EB (2018) Patent for utility model of Ukraine 136828, IPC B07B 4/02
(2006.01). Adaptive aerodynamic separator. Applicant: Institute of Oilseed Crops of
the National Academy of Agrarian Sciences of Ukraine, Ne u201902090. Application
03/01/2019 Publ. 10.09.2019, bul. Ne 17

Aliiev EB (2019). Patent of Ukraine for invention 120235, IPC (2006) B0O7B
1/00, BO7B 1/40 (2006.01), BO7B 1/42 (2006.01), GO5B 13/00, GO5B 15/00. Adaptive
vibrating screen separator. Applicant: Institute of Oilseed Crops of the National
Academy of Agrarian Sciences of Ukraine, 201 a201811084. Application 10/25/2019
Publ. 10/25/2019, bldg. Ne 20

Aliiev EB (2018) Patent for utility model of Ukraine 136829, IPC (2006)
BO7B 13/18, (2006.01) BO7B 4/00. Photoelectric separator. Applicant: Institute of
Oilseed Crops of the National Academy of Agrarian Sciences of Ukraine, Ne
u201902091. Application 03/01/2019 Publ. 10.09.2019, bul. Ne 17

Aliiev EB (2020) Automatic Phenotyping Test of Sunflower Seeds. Helia.
2020. Volume 43. Issue 72: 51-66. DOI: 10.1515/helia-2019-0019

Aliiev EB (2019) Patent of Ukraine for invention 120231, IPC (2006) A01C
1/00, GO1B 11/00, G01B 11/02 (2006.01), GO1N 21/25 (2006.01), GO6T 7/00. Method
of automatic phenotyping of seeds and device for its implementation. Applicant:
Institute of Oilseed Crops of the National Academy of Agrarian Sciences of Ukraine,
201 a201808708. Application 10/25/2019 Publ. 10/25/2019, bldg. Ne 20.

© E.B. Aliiev

124



HaykoBo-TexHiuHUH 610sieTeHb IHCTUTYTY oniiiHUX KyabTyp HAAH, Ne 30, 2021:117-126

Atlas of morphological characteristics of varieties of sunflower seeds of the
annual Helianthus annuus (2011). Kyiv: Alefa, Ukrayins'kyy instytut ekspertyzy sortiv
Roslyn, 2011: 87

International Rules for Seed Testing, Chapter 3-4, i—4-6 (40). Published by The
International Seed Testing Association (ISTA) Ziirichstr. 50, CH-8303 Bassersdorf,
Switzerland. 2021 ISSN 2310-3655. DOI: https://doi.org/10.15258/istarules.2021.03.

Kirichenko VV, Petrakova VP, Krivosheeva OV, Ryabchun VK, Markova T K
(2007) Identification of morphological characteristics of sunflower (Helianthus annuus
L). Kharkiv: The Plant Production Institute nd. a. V. Ya. Yuryev of NAAS Publ.: 78

Kutischieva NM, Odinets Sl, Shudria LI, Sereda VO, Shugurova NO,
Pogorelchuk ZI, Krasnokutska YuV, Levchenko VI, Bondarenko AV (2015) Catalog
of the updated collection of pollen fertility restoration lines (Helianthus annuus L.).
Zaporizhzhya: Institute of Oilseed Crops NAAS Publ.: 36

Kirichenko VV, Syvenko V, Savenko OA, Makliak KM, Leonova NM et al.
(2015) Catalog of sunflower pollen fertility restoration lines (Helianthus annuus L.).
Kharkiv: The Plant Production Institute nd. a. V. Ya. Yuryev of NAAS Publ.: 33

Leonova NM, Kyrychenko VV, Syvenko AA (2015) Heterosis effect
appearance and crossing ability of the confectionery sunflower species. Maslianichnye
kul'tury: nauchno-tehnichesky buleten' Vserossiiskoi 19-naucno-issledovatelskogo
instituta maslianichnyh kul'tur. Oil crops: scientific and tecnical bullentin of V.S.
Pustovoit All-Russian Research Institute of Qil crops, 1 (161): 16-21

Petrenkova VP, Krivosheeva OV, Leonova NM (2004) Creation of the
sinflower crossing lines with high protein content for confectionery breeding industry.
Sucasni technologies selektsiinogo protsesu sil'skogospodars'kyh kultur [Technical and
technological aspects of development and testing of new machinery and technologies
for agriculture in Ukraine. The collection of abstracts of the scientific symposium ].
The Plant Production Institute nd. a. V. Ya. Yuryev of NAAS Publ.,Kharkiv: 138-139

Shevchenko 1, Aliiev E (2018). Study of the process of calibration of
confectionery sunflower seeds. Food Science and Technology. Volume 12, Issue 4:
135-142

Shevchenko 1A, Aliiev EB (2021) Patent of Ukraine for invention 122809, IPC
(2006), BO3B 4/02 (2006.01), BO7B 4/00, BO7B 13/18 (2006.01). Adaptive vibro-
pneumatic separator. Applicant: Institute of Oilseed Crops of the National Academy of
Agrarian Sciences of Ukraine, Ne a201807029. Application 06/22/2018 Publ.
06.01.2021, bul. Ne 1

MPEIM3IMHUM MPOIEC CEIMAPAIIII HACIHHEBOI'O
MATEPIAJIY COHSIIIHUKY

E. B. AxieB

Inemumym onitinux kynemyp Hayionanvnoi axademii azpaprux nayx Yrpainu

3a BMMoOramm OO TEXHONOriYHMX TMPOLECiB OYMUILEHHA Ta po3A[iNneHHsA
HaciHHEBOI CyMilli AN OTPMMAaHHA HaCiHHEBOro Martepiany COHSILUHUKY
6aTbKiBCbKMX KOMMOHEHTIB (copToBa YnctoTa — 98,0-99,9 %) ansA Bcix naHok
cenekuifnHo-HaciHHMLbKOro npouecy po3pob6reHa pauioHanbHa npeuusiiHa
TexHosnoriyHa cxema niHii npoueciB cenapauii, Aka BKNO4Yae aBTomaTu3auito
TexHiYyHMX 3acobiB. [OAnA nigBuwWeHHA edeKTUMBHOCTI  cenekuifHo-
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HaCiHHULbKOro NpoLecy COHSILHUKY LWOAO PO3PO6NeHOoI TeXHONOrMYHOI NiHil
AOOAHO nNpUCTPiIN ANA aBTOMaTU4YHOro eHOTUNYBaHHA HACiHHA, WO
[O3BONAE 3HAa4YHO iHTeHCUiKyBaTM Ta CKOPOTUTU CeneKkuilnHMi npouec Ta
NONINWMTU  NPOEKTYBaHHA MNporpamMuM  cxpellyBaHHA 3a  paxyHoOK
GioiHdbopmaTMBHOro aHanisy gaHux i copTyBaHHA HaciHHA. BctaHoBneHo
cdyHKUiOHanbHi 3anexHocTi i po3pobneHo cnocobu aBTOMaTM30BaHOro
KepyBaHHA npeuunsiiHOro mexaHi3oBaHOro npouecy cenapadwii HaciHHEBOro
MaTepiany Ha OCHOBi  y3rofKeHHsi MOro PeXUMHUX i TeXHOMOriYHUX
napameTpiB. Po3pob6neHO CTpiYKOBMA nNpPUCTPiIN ANA aBTOMaTUM4YHOro
cdeHOTMNYBaHHA HaciHHeEBOroO maTepiany  COHSLWHMKY  3a noro
mopdonoriyuHumMmn i mapkepHumu o3sHakamu. lNpucTpin HanawToBaHUM Ha
BMWCOKY TOYHIiCTb iHAMBiAyanbHOro BUMIpIOBaHHA reOMeTPUYHUX PO3MipiB
HaciHHA COHSAIWIHUKY i3 BMU3HayYeHHAM ix dopmu | 3abapBneHHA Ta
3abe3neyvyyloTb HU3bKY TPYAOMICTKICTb i BUCOKY TEXHOJOTNIYHICTL peanisauii
npoueaypu ceHoTUNyBaHHA (BU3HayeHHs, iAeHTUdikauii i cenapauii)
HaciHHA.

Knwouesi cnoea: CoOHSAIIHNK, HACIHHEBMH Martepial, cemaparop, Npeuu3iiHICTb,
(eHOTUITYBaHHSA, TEOMETPUIHUI pO3Mip, 00'eMHa Bara, aepOJAWHAMIYHI BIACTHBOCTI,
3a0apBJICHHS, aBTOMATH3allisl, aITOPUTM.

NPEIU3UOHHBIN ITPOIECC CENNAPAIIMA CEMEHHOT'O
MATEPHUAJIA IIOACOJTHEYHHUKA

9. B. Annes

Hucmumym macauunvix kynomyp HayuonanoHou akaoemuu azpapHulx Hayk YkpauHul

Mo TpeboBaHWAM K TEXHONOrMYECKUM MnpoLeccamMm OYUCTKM M paspaeneHus
CEMEHHOW CMecKu AN MNoryv4eHUsi CeMeHHOro maTepuana noACOSIHeYHUKa
poAuTeNnbCKUX KOMMNOHEeHTOB (copToBas 4yuctota — 98,0-99,9 %) ana Bcex
3BeHbEB ceneKLUMOHHO-CEMEHOBOAYECKOIo npotecca paspaboTtaHa
pauvoHanbHas NMpeLu3MoHHasi TeXHonornyeckasa cxema JIMHMWA MPOLIECCOB
cenapauum, KoTopasa BKJ/lOYaeT aBTOMaTU3aLMI0 TeXHUYECKUX cpeacTts. [Ans
noBbIWeHUA 3thheKTUBHOCTM CeNneKLMOHHO-CEMEHOBOAYECKOro npoLecca
NoAcOSyIHEYHMKa B Ppa3paboTaHHOW TEXHOJNIOTMYEeCKOM JIMHMM [ob6aBrieHo
YCTPOMCTBO ANA aBTOMaTU4ecKoro (PeHOTUNMUPOBAHUA CEMSH, 4TO
nossonseT 3Ha4YUTENbHO MHTEHCU(ULMPOBATbL U COKPaTUTb CeNeKLMOHHbIN
npouecc M yny4qwuTb NPOEKTMPOBaHME NPOrpaMmbl CKpeluMBaHUs 3a cueT
6uomnHcdopmMaTUBHOro aHanu3a AaHHbIX U1 COPTUPOBKM CEMSIH. YCTaHOBIEHbI
dyHKUMOHanNbHbIEe 3aBMCMMOCTH " pa3paboTaHbl cnocobbl
aBToOMaTU3UpoOBaHHOro ynpaBrieHUaA nNpeun3noHHOro MexaHu3npoBaHHOro
npouecca cenapauuM CeMEHHOro mMaTepuaria Ha OCHOBE COrflacoBaHusi ero
PEeXMMHbIX W TEXHONOrnvyeckux napameTpoB. Pa3pabotaHo neHTo4YHOe
yCTpOMCTBO  AnA aBTOMaTuyeckoro ¢peHOTMNMpPOBaHUS CeMeHHoro
MaTepuana mnoOACONHEYHWKa MO ero MopdoNnorM4eckumMm u MapKepHbIM
npu3Hakam. YcTpoucTso HacTpoeHo Ha BbICOKYIO TOYHOCTb
MHAMBUAYaNbHOMO  U3MEPEHUsI  FeOMETPUYECKUX  pa3MepoB  CeMsH
noacornHeYHUKa ¢ onpegeneHveM ux (Popmbl M OKpacku u obecneuuBaeT
HU3KYH TPYAOEMKOCTb n BbICOKYHO TEeXHOJIOTMYHOCTb peanunsauun
npoueaypbl c¢eHOTUNUpPOBaHUSA (onpepenexue, naeHTUdUKaumn n
cenapauumn) ceMsiH.

Knrouegwle cnoea: ofCcOIHEYHNK, CEMEHHONW MaTepuall, cenapaTop, NPeU3nOHHOCTb,
(eHoTHNpOBaHUE, TEOMETPUUECKUI pa3Mep, OObEMHBIH BeC, a’pOJWHAMUYECKUE
CBOMCTBa, OKpacka, aBTOMAaTH3AIIHSI, aITOPUTM.
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