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The study of separation of seed material in the
pneumatic separator-sorter of the column type

The possibility and efficiency of the separation of the grain mixture depends on the degree of
overlapping of the distribution range of the rate of motion of seeds of the main crop and the particles of
impurities. The objective of the research is to create a small seed separator-sorter on the basis of efficient
working elements that meet modern technical and technological requirements and tasks of primary seed
production.

The task of the research is to identify principal advantages and disadvantages of existing technologies,
equipment and processing equipment for cleaning grain mixtures of plant seeds in order to substantiate
promising technical solutions of the working elements of the separator-sorter of seed material.

While cleaning seed material, the main requirement is to remove the quarantine weed seeds completely.
So, the seeds of coriander of the first reproduction should have a varietal purity of not less than 99.7%. As a
criterion for the efficiency of separation of the studied grain mixture, the probability of the yield of the purified
coriander was used with the separation of the veil at the level of 0.999.

Experimental data of distribution of coriander seeds and cuscuta capsules were grouped according to the
number of processing of the original sample of the grain mixture. On the basis of the obtained data, the values of
mathematical expectation values and the standard deviation of the velocity of motion of the components of grain
mixture were calculated. The validity of approximation of the distribution of velocity of the motion was
confirmed by a normal law.

It has been established that as the number of repeated processings of grain mixture with air flow
increases, the separation efficiency increases and reaches its maximum after five processings. Additional
processing of particles with motion velocities similar to the air flow velocity is provided by inter-channel
perforated partitions, where the part of the separated mixture is removed from one channel to another, half of the
removed mixtures goes from the next channel to the previous one, and the number of channels in the separator
which is under development equals three.
cleaning grain mixtures, fraction, air velocity, air flow, vertical air channels, supporting grid, coriander,
cuscuta
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HccnenoBanue pa3aejeHuss CEMEHHOro mMartrepuaja B IMHEBMATHYECKOM cenmapartope-

COPTHPOBIIUKE KOJTOHHOTO TUIIA

Bo3moxxHOCTE W 3()()EeKTUBHOCTH pa3felcHUs 3CPHOBOM CMECH 3aBHCHT OT CTCIICHU MEPEKPBITUSL
JMara3oHa paclpefeNiCHUs CKOPOCTH BHUTaHHUS CEMsIH OCHOBHOW KyJBTyphl U Joyieli mpumeceid. Llenbro
UCCIICIOBAaHHUI SBJSICTCSA CO3[aHHE MAallorabaphTHOTO CEerapaTopa-COPTUPOBIIMKA CEMEHHOTO MaTepHhalia Ha
ocHOBe 3((EeKTUBHBIX PAabOYUX OPraHOB, OTBEYAIOIIMX COBPEMEHHBIM TEXHHYECKUM M TEXHOJOIMYECKUM
TpeOOBaHMSIM M 33JayaM MEPBUYHOTO CEMEHOBOJCTBA. 3ajaueil STHX HCCIIEIOBAHUN SBISICTCS BBIIBICHUE
NPUHLIUIHANBHBIX PEUMYIIECTB M HEJIOCTATKOB CYNIECTBYIOIIUX TEXHOJIOTHI, TEXHUKH U TEXHOJIOTHYECKOTO
000opy/IoBaHuUsl JJIsl OYMCTKH 3EPHOBBIX CMeCeil CeMsH PacTeHHil C 11elbl0 OOOCHOBAaHUS TEPCIEKTHBHBIX
TEXHHUYECKUX PELICHHH pabOuMX OPraHOB CenapaTopa-CoOpTUPOBILUKA CEMEHHOTO MaTepuala.
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[Ipu ouncTKE CEMEHHOr0 Marepuala TJIaBHBIM TPEOOBAHUEM SIBISIETCS] IPAKTUYECKH MOJHOE Y/AalCHHE
CeMsiH KapaHTHHHOTO COpHska. Tak, ceMeHa KOpHaHIpa MepBOW PENnpOIYKLUHH [O0DKHO HUMETh COPTOBYIO
qucTOTy He HIke 99,7%. B xadectBe kpurepus 3h(HEeKTHBHOCTH pa3lesieHUs] 36pPHOBON CMECH HCIIOJBb30BaHA
BEPOSITHOCTh BBIXOJIa OYMILEHHOIO KOPHUAHIpPA MPH YCIOBHH, YTO OTAEICHHE IMOBHJIMKH TOJAJEPKUBACTCS HA
ypoBae 0,999.

OKCIIepUMEHTAIbHBIC aHHBIC WCCIICOBAHUS pPACIPEICIICHUS IUIOJOB KOpHaHApa W KOPOOOUYeK
MOBHJIMKU OBUIM CIPYNITUPOBAHBI B 3aBUCHMOCTHA OT KOJHUYECTBA 00pabOTOK HCXOTHOrO o0Opasiia 3epHOBOM
cMecn. Ha OCHOBEe MONYYCHHBIX JaHHBIX OBUIM pPACCUMTAHBI 3HAYCHUS MAaTEMATHYCCKOTO OXHIAHHUS U
CTaHJAPTHOTO OTKJIOHCHHS CKOPOCTH BHTaHHS KOMIIOHCHTOB 3EPHOBOW CMECH, a TaKKe IOATBEPKICHA
JIOMYCTUMOCTb alMPOKCHUMAIIMN PACIIPEACICHHUsI CKOPOCTH BUTAHHSI HOPMAITLHOMY 3aKOHY.

VYCTaHOBJIEHO, YTO MO MEpe YBEIMYEHHS KOJIMYECTBA MOBTOPHBIX O00PabOTOK 3epHOBON cMecu
BO3/IyLIHBIM MOTOKOM 3((GEKTUBHOCTh pa3/ielieHUss PACTeT W MPH MATH MOBTOPAX JAOCTUTAET MAaKCHMyMa.
JononHutenbHble 00pabOTKK YacTUI] CO CKOPOCTSMH BHMTAaHUS, ONM3KUMH K CKOPOCTH BO3YIIHOTO IOTOKA
00ecIeunBaOTCsl MEXKKAHAIBHBIX MEePPOPUPOBAHHBIMK TEPETOPOJKAMH, TIE 4YacTh pa3leNsieMoil cMmecH,
nepeOpachIBaeTCsl ¢ OJHOrO KaHalla B JPYrod, IOJIOBUHA W3 TEPeOpOCOK CO CIEAYIOIIero KaHala B
MPEIBIAYIICH, a KOJIMYECTBO KAHAJIOB B CEMapaTope, 4To pa3padaThiBaeTCs, IPUHATA PABHON TPEM.

O4YMCTKA 3epPHOBOI cMecH, paKiusi, CKOPOCTh BO3IYIIHOIO MOTOKA, CKOPOCTh BUTaHUsI, BEPTUKAJIbHbIE
NHEBMATHYECKHE KAHAJBI, M0/UIeP3KUBAIOINAS CETKA, KOPUAH/P, MOBUIMKA

Problem statement. High quality of cleaning seed material is one of the important
conditions that makes selection and seed production successful. Up to the present most
breeders have used small pneumatic separators and sorting tables to clean seed material [1,2].
These machines were designed mainly in the second half of the last century and do not have
the necessary accuracy of separation of grain mixtures. At the same time, a large number of
working elements has been developed for the separation of grain mixtures of plant seeds.
They were made as inventions and can be used to create more effective prototypes of seed
cleaning machinery.

Pneumatic systems of air-and-screen seed cleaning machines and laboratory
pneumatic separators are made in most cases with vertical air channels [3-5]. These separators
are characterized by a short-term process of the interaction of seed material with air flow
resulting low efficiency due to incomplete allocation of particles of the light fraction. It is
possible to explain the process of incomplete allocation by analyzing the diagram of air
velocity in the separator channel (Fig. 1).

Figure 1 — Diagram of the air velocity in the separator channel

So we can observe that near the inner walls of the air channel the air velocity is almost
zero. The velocity increases as the distance from the walls increases. At certain distance S
from the walls of the channel, the air velocity reaches V., — the average velocity value. In the
middle part of the channel the air velocity exceeds the value of V.

The air velocity diagram shows that in the middle part of the channel particles with
higher acceleration rates than the average rate of the air flow can be carried by the air flow. At
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the walls of the channel the air stream is not able to carry even particles with a speed of
propulsion, which have much less than the average air flow rate.

It is natural to assume that in order to increase the completeness of the allocation of
light particles that affected the walls of the channel it would be desirable to immediately
subject them to a repeated influence of air flow in the same channel.

Analysis of recent research and publications. As a result of the review of
professional literature most intensive work has been done on the improvement of machines
with vertical air channels [6-10]. In order to reduce the effect of decreasing the air flow rate
near the walls, it is suggested that the walls of the air channel be lined with triangular
deflectors [5]. The advantage of the separator is the return of the light particles that affected
the walls to the airflow with almost minimum loss of height after encountering the wall. This
property of the separator can be supplemented by the application of the supporting grid in the
channel.

The well-known pneumatic seed clearing column OPS-2 is equipped with a supporting
grid [4]. Part of the seeds with the velocity closed to the velocity of air flow in the upper part
of the air channel touches the walls of the channel and falls along the walls before the
collision with the grid. If the seeds fall along the back wall of the channel then it continues to
flow through the pipe to the receiver of purified fraction. The seeds falling along the front
wall of the channel fall on the top side of the grid and continue to be re-cleaned. The grid of
the separator provides not only the alignment of air velocities through the intersection of the
channel but also returns the part of the seeds of the light fraction to re-cleaning.

In work [11], in order to ensure a multiple cleaning by means of screening of particles
sliding along the wall, there are angled deflecting shelves at the distance of 10 cm.

A number of laboratory and small cleaning machines for selection and seeding have
separating vertical chambers of column type including PSKM which is a pneumatic sorting
column for small-seeds, a pneumatic zigzag-type separator, a laboratory aspiration fan LVA-
1A, and an aspiration column AK-1 do not have grids and perforated partitions [1].

The pneumatic separator with perforated partitions meets the requirements of the
multiple processing of seeds with the velocity which is similar to the velocity of air flow [12].
The separator consists of a hopper with a dispensing device and a pneumatic channel with
perforated partitions. The lower part of the pneumatic channel is closed with the angled grid.
The pipe is connected to the settling chamber which is equipped with a reflective shield,
located in front of the air flow regulator, the fan and the gate shutter. The fabric receiver is
attached to the gate shutter. The same receiver is fixed on the inclined plane of the grid.

This multichannel aspiration separator with perforated partitions and supporting grid
was selected for earlier study of a hard-to-mix grain mixture as an analogue of a small-sized
column separator-sorter designed to perform selection and seed production [13, 14]. The
possibility and efficiency of the separation of the grain mixture depends on the degree of
overlapping of the distribution range of the rate of motion of seeds of the main crop and the
particles of impurities.

Objective. The objective of the research is to create a small seed separator-sorter on
the basis of efficient working elements that meet modern technical and technological
requirements and tasks of primary seed production.

The task of the research is to identify principal advantages and disadvantages of
existing technologies, equipment and processing equipment for cleaning grain mixtures of
plant seeds in order to substantiate promising technical solutions of the working elements of
the separator-sorter of seed material.

Main material. It is assumed that the velocity of motion of the seeds corresponds to
the velocity of ascending air flow in which the seeds are kept up in a weighed state.
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Under ideal conditions (the ascending air flow has a uniform velocity across all
sections of the channel, the particle has the shape of a ball, collision of particles among
themselves and the walls of the channel are absent) the velocity of the seeds is determined by

the expression:
yo |2me ’ (1)
kpF

where V'is the speed of seeds motion; m is the mass of the particle; gis the
acceleration of force of weight; k is the coefficient of air resistance; p is the air density; F is

the midlength section [14].
After replacing the mass of the particle by the product of its volume and density, the
formula for the velocity of motion of spherical particles will be the following

p- 280 @)
kpF

where y is the particle density; @ is the volume of the particle.
The ratio of the velocities of motion of spherical particles of the same diameter,
differing in density is:

ool G)
8 12

Where V;, v; are the velocity of motion and the density of the first particle; V>, y, are

the velocity and density of the second particle.

Expression (3) shows that in the spherical particles of the same size the ratio of the
velocities of motion was proportional to the value of the square root relative to their density.
If such particles have different densities, then they will necessarily have different velocities.
The separation of such particles by the air stream on the fraction will be accompanied by the
sorting of particles by density.

The design solutions of pneumatic separators are extremely diverse. An assessment
criterion is required to identify the optimal separator solutions. Such a criterion could be the
completeness of the allocation of any fraction of the seeds. However, for analytical study, this
criterion was not suitable since its value can only be determined experimentally.

As a necessary criterion we choose the condition that ensures maximum separation of
seeds into the fraction. To substantiate this condition we consider a fragment of the theory of
seed sieving on a grid separator, proposed by .M. Grynchuk [16].

Seeds of a passing grain-size class are transported to the beginning of the sieve. When
the seeds pass over a number of holes the probability of seeds sieving is estimated by the
value of "k". When the seeds pass through the first series of holes, the relative amount of them
will go under the sieve equal to the probability of "k", and the amount of seeds remaining on
the sieve will be proportional to "1-k". In the passage of the second row of holes the amount
of seeds under the sieve will be proportional to k (1-k), etc. For several series of the holes the
equation of completeness of seed allocation will take the form:

Py=1-(1-k)", 4

where the index "n" is the serial number of the series of holes in the sieve.
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Passage of seeds over a series of holes is essentially the test of the permeability of the
seeds into the holes. From expression (4) we see that the completeness of seeds allocation
increases as the number of tests increases. Accordingly, the separator with a large number of
tests provides a higher complete separation of passing seeds.

Formulated by the analogy with the above-mentioned criterion of the efficiency of the
grid separator, the desired criterion for assessing the effectiveness of the pneumatic separators
should be proportional to the number of tests (processings) carried out by a separator with the
velocity of seeds motion closed to the air flow velocity.

The efficiency of pneumatic separators depends on the degree of overlapping of the
distributions of motion velocity of the components of grain mixtures. There is no standard
method to determine experimentally the velocity of seeds motion, as well as standardized
pneumatic classifiers. In practice, the velocity of seeds motion is taken by the rate of the air
flow which ensures the removal of grain into a selecting device [17-19].

While cleaning seed material, the main requirement is to remove the quarantine weed
seeds completely. So, the seeds of coriander of the first reproduction should have a varietal
purity of not less than 99.7% [20, 21]. As a criterion for the efficiency of separation of the
studied grain mixture, the probability of the yield of the purified coriander was used with the
separation of the veil at the level of 0.999.

Fig. 2 shows the dependencies of the distribution of the velocity coriander seeds and
the capsules of cuscuta motions, calculated on the basis of the data obtained after a single
processing of the sample of the source material.

Fig. 2 shows that the distribution of cuscuta overlaps more than one third of the
distribution of coriander. This means that in the process of separation cuscuta the losses of the
main culture will be substantial. The probability of yielding coriander seeds was calculated as
the ratio of the fractions mass to the total weight of seeds that were under experiment. The
probability of the output of the cuscuta capsules in the fraction was calculated in a similar
way but the calculations took into account not the mass, but the number of cuscuta capsules.
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Figure 2 — Dependence of distribution of velocity of motion of coriander seeds and cuscuta capsules upon the
velocity of the air flow

Experimental data of distribution of coriander seeds and cuscuta capsules were
grouped according to the number of processing of the original sample of the grain mixture.
On the basis of the obtained data, the values of mathematical expectation values and the
standard deviation of the velocity of motion of the components of grain mixture were
calculated. The validity of approximation of the distribution of velocity of the motion was
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confirmed by a normal law. Fig. 3 shows the influence of the number of processing of grain
mixture on the values of the parameters of the distribution of coriander and cuscuta.
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1, 2 are mathematical expectations of the velocity of motion of coriander seeds and cuscuta capsules
correspondently; 3, 4 are the standard deviations of the velocity of coriander seeds and cuscuta capsules
correspondently.

Figure 3 — The influence of the number of processing of grain mixture and the velocity of the air flow on the
parameters of distribution of coriander seeds and cuscuta capsules.

If we increase in the number of processing of grain mixture, the values of all
distribution parameters are reduced. As a criterion for the separation efficiency of grain
mixture, the probability of the output of the cleaned coriander is used under the condition that
the probability of separation of cusucuta is carried out at a constant maximum level. That is
99.9% of cusucuta capsules are removed into the lighter fraction.

The original material was the mixture of coriander and cuscuta chaff. Coriander was
collected by hand. Cuscuta was gathered on weed plants in neglected gardens. Both cultures
were threshed manually. After threshing the chaff was dried to a moisture content of 13%.
Twelve samples of the original material were prepared for the research. Each sample was a
carefully mixed mixture of 94g of coriander chaff and 6g of cuscuta chaff. The studies were
carried out at the feed speed of 80g-min™'. After establishing a stable operating mode of the
separator, a hopper was filled the sample of the original material and the vibration feeder was
switched on. At the end of the distribution process the vibration feeder was switched off, the
material from the receiver of the light fraction was gathered into a pre-prepared and signed
envelope, and the heavy fraction from the receiver was removed into the receiving hopper.
Subsequently, the process of separation was repeated at the set velocity of the air flow. The
envelopes had the information with the date of the experiment, the velocity of air flow and the
serial number of the processed sample. After 20 processings the heavy fraction (residues) was
put into the envelope.

Distribution of the received fractions included the selection of whole seeds of
coriander and cuscuta capsules. Coriander seeds were weighed on laboratory scales to a
tolerance of Smg and cuscuta capsules were counted.

In order to simulate the operation of a multi-channel separator of coriander seeds of
light fraction which was received after first three processings of the original material were
gathered and recorded in the table as the mass of the combined fraction obtained on a three
channel separator. Similarly, we received the masses of the combined fractions obtained at the
5™ 7™ 10", 15™ and 20™ processings of the original material.
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The shifting of the distribution of the components of grain mixture and the efficiency
criterion of their separation (the probability of the yield of the cleaned coriander when 99.9%
of cuscuta is removed to the waste) according to the calculations of indicators shows (Fig. 4)
that as the number of processings increases, the value of the criterion increases to the
maximum value for n = 5, and then decreases.
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Figure 4 — The influence of the number of processings of grain mixture on the probability
of yield of coriander into the cleaned fraction

However, even after 20 processings, the value of the criterion is higher than after one
processing.

It was established that in the range of numbers of processings under research, the
distribution of the velocity of motion of the components of grain mixture corresponds to the
normal law. The acceptability of describing the distribution of the velocity of motion of the
components of the grain mixture by the function of the distribution of the standard random
variable was verified using the Kolmogorov criterion [21]. The criterion was calculated to
estimate the probability of approximating the distribution of experimental data by the integral
function of a normal law, that is the discrepancy between theoretical and experimental
distribution functions both of the coriander seeds and of cuscuta capsules is insignificant.

Conclusions. The analysis of design of aspiration separators with column-type
chambers which have a high degree of separation of grain mixtures was carried out. The
analogue of the developed breeding and seed separator for grain mixtures which are difficult
to separate was disclosed and analytical and technological research has been carried out. It has
been established that as the number of repeated processings of grain mixture with air flow
increases, the separation efficiency increases and reaches its maximum after five processings.
Additional processing of particles with motion velocities similar to the air flow velocity is
provided by inter-channel perforated partitions, where the part of the separated mixture is
removed from one channel to another, half of the removed mixtures goes from the next
channel to the previous one, and the number of channels in the separator which is under
development equals three.
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JocaimzkeHHs: moally HACiHHEBOro0 MarTepiaJy B IIHeBMATHYHOMY cemapartopi-

COPTYBAJILHUKY KOJIOHHOT'0 THILY

MosknuBicTh 1 €(peKTUBHICTh MOy 3€PHOBOI CYMIIli 3aJIeKUTh Bifl CTYICHS IEPEKPUTTS AialazoHy
PO3MOAITY IIBHIKOCTI BHTAaHHS HACiHHS OCHOBHOI KyJBTYpH 1 YacTOK IOMIIIOK. MeTO0 AOCHiIKeHb €
CTBOPEHHS MAaJIoTabapUTHOTO cemapaTopa-COpTyBAIbHUKA HACIHHEBOTO MaTepially Ha OCHOBI e(eKTHBHHX
poOOYNX OpraHiB, IO BiAMOBITAIOTh CyYaCHUM TEXHIYHUM 1 TEXHOJOTIYHMM BHMOTAaM i1 3aBJaHHAM IIEPBHHHOTO
HACIHHMUTBA. 3aBJAaHHSAM LMX JOCTIDKEHb € BHSBJICHHS IPHHIMIIOBUX II€peBar 1 HEAOJIKIB 1CHYIOYHX
TEXHOJIOTIH, TEXHIKH 1 TEXHOJOTIYHOIO YCTAaTKYBaHHS IUIsl OYHMIICHHS 3CPHOBHX CYMIIllCH HACIHHS POCIHH 3
METOI0 OOIpPYHTYBaHHsS IEPCHEKTUBHMX TEXHIYHUX pIlIeHb poOOYMX OpraHiB cenaparopa-copTyBalbHHKa
HACIHHEBOTO MaTepiaiy.

[Ipy oumIeHHI HACIHHEBOTO MaTepiajy TOJOBHOIO BUMOTOIO € IMPAaKTUYHO MOBHE BHJAJICHHS HACIHHSA
KapaHTHHHOTO Oyp’sitHy. Tak, HaciHHs KopiaHIpy IepIioi pemnpoayKIii MOBHMHHO MaTH COPTOBY YHCTOTY He
HiwKae 99,7%. Sk kputepil eQeKTHBHOCTI IOALTY 3E€pHOBOI CyMIIi, IO JOCHTIIKyBalach, BHKOPHUCTAaHA
BipOT1IHICTh BUXOY OUYHIIEHOTO KOPIaHIPY 32 YMOB, IO BiIIJICHHS OBUTHII MIATPUMY€EThCS Ha piBHI 0,999.

ExcnepumeHTanbHi JaHi JOCTIKEHHS PO3MOAUTY IUIONIB KOpiaHAPY i KOPOOOYOK MOBHTHIN Oyiu
3TPYNOBaHi 3aJIE)KHO BiJl KITBKOCTI 00p0OOK BHXITHOTO 3pa3Ka 3epHOBOI cyMirri. Ha oCHOBI OTpUMaHMX HaHUX
Oynmu po3paxoBaHi 3HAUYEHHS MATEMAaTHYHOTO OYIKyBaHHS 1 CTaHIAPTHOTO BiAXWJICHHS HIBHIKOCTI BHUTAHHS
KOMITOHEHTIB 3€PHOBOI CyMillli, @ TaKOX MiATBEpPKEHa JONMYCTUMICTh anpoKcUMalii po3noAlITy LIBHIKOCTI
BUTAaHHA HOpMAJIbHUM 3aKOHOM.

BcranoBineHo, 110 B Mipy 30UIbIIEHHSI KUIBKOCTI MOBTOPHUX OOpPOOOK 3€pHOBOI CyMillll MOBITPSHUM
MOTOKOM e(eKTHBHICTh HOALTY 3pOCTaE i MpU II'SATHOX MOBTOPAX oOcsrac MakcuMymy. JlomaTkoBi oOpoOKu
YacTOK 31 MIBUJAKOCTSIMU BUTAHHSA, OJM3BKMMH IO LIBHJKOCTI TOBITPSHOTO TIOTOKY 3a0€3MeuyrOThCS
MDKKaHaJIbHAMH 11ep(OpPOBaHUMH ITIEPETOPOJIKAMH, A€ YaCTHHA CyMilli, IO PO3AIISAEThCS, NEPEKUIAEThCS 3
OJTHOTO KaHAITy B iHIIWH, TIOJIOBHHA 3 MEPEKUJAHb 3 HACTYITHOTO KaHANy B MOIEPEHii, a KUIbKICTh KaHaJiB B
Cemaparopi, o PO3pPOOIIAEThCA MPUHHATA PIBHOIO TPHOM.

OYMIIEHHSI 3epHOBOI cymim, ¢pakuig, mMBHAKICTE NOBITPSHOIO NOTOKY, IBHAKICTL BHUTAHHS,
BEPTHKAJIbHI MHEBMATHYHI KaHA/IM, MIATPUMYI04a CiTka, KOpiaHIp, HOBUTHLS

Received 04.12.17

VJIK 6.31

B.W. Py6ués, npod., 1-p TexH. Hayk, U.B. Kynuk, nnx.
benoyeprosckuii nayuonanvrolli acpapuuiil ynusepcumem, 2. benas Llepkosv, Ykpauna
E-mail: virken@yandex.ru

OOO0CHOBaHHE TEPPUTOPUU UHKECHEPHOU
UHPPACTPYKTYPHI CETbCKOXO35IUCTBEHHOTO
MPOM3BOJICTBA JIJII OCTABKU TEXHUKH €€ TMTOTPEOUTESAM

IIpencraBneno 000CHOBaHME MPOU3BOJCTBEHHBIX IUIOMAEH MPEAIPUATHS MATEPHATIBHO-TEXHUIECKOTO
obecrieueHnsi, Kak OOBEKTa WHXCHEPHOW MH(QPACTPYKTYPhl CEIBCKOXO3SHCTBEHHBIX MPEANPUATHH 110
MPOU3BOJICTBY CEIbCKOXO3SMCTBEHHOM NpoayKinu. Pa3paboTaHbl alNropuT™ U MeTOIMKa pacyéra HeoOX0IUMO
TUIOLIAH JJIsl JeATENIbHOCTH MPEANPHATHS MaTepualibHO-TEXHUYECKOro o0ecreyeHus. BrInoHeHHbIe pacyEThl
MO3BOJISIIOT 00ecTeunTh peau3anuio 3akoHa Ykpaunsl "IIpo 3emieycrpiil” py 3eMieyCcTporHCTBE IPEIPHUTHI
MH)KEHEPHON HH(PPACTPYKTYPBI
CeIbCKOXO035IICTBEHHAsl TEeXHHUKAa, TEPPUTOPHHA, IUIOIIAAb, HHKeHepHasa HHGpacTpyKTypa, pacuér,
CeJIbCKOXO035/iCTBEHHOE IPON3BOACTBO, MOCTABKA
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