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In modern conditions, with insufficient resource supply for agriculture, the most popular in fodder
production is resource-saving technologies that increase production of highly nutritious feed at a low cost of
labor and money. In field fodder production, resource conservation can be achieved through the wider use of
new approaches and crops in the harvesting - perennial leguminous grasses for harvesting hay, which have
high environmental sustainability and competitive ability. The most important task of intensifying livestock
in the winter is the harvesting of hay (haylage) from crops with a high content of protein and protein
(carotene). As a result of the study of the size-mass characteristics of the most valuable feed-rich crop, rich
in protein and amino acids, which is important when developing methods for preparing fodder from
perennial leguminous herbs - alfalfa. Knowing the properties of alfalfa will allow to really reach the design
and technological parameters. The linear dimensions of alfalfa are given to enable the design of mower
conditioners with vertical placement of conditioner rollers (sizes of working bodies, their setting and
operating modes).

According to the long-term results of the study of the size-mass characteristics of alfalfa, the features
of varying the marked features and their correlation are established. Research data after mathematical
processing made it possible to identify the correlation between the length of the stalk of alfalfa and its
stability, which is an important indicator in the design of working bodies and the establishment of
appropriate operating modes of mower conditioners with a vertical conditioner.

Key words: alfalfa, size and mass characteristics, feed production, profitability, harvesting
technology, mower conditioner.

F. 2. Fig. 7. Table. 4. Ref. 20.

1. Introduction

At the present stage of development of the economy of Ukraine, it is important to increase the
efficiency of use and reduce the energy intensity of existing technological equipment by its modernization.
But at the same time, in the development of methods and means for mowing with the simultaneous treatment
of grasses in domestic spaces stagnation the following is observed — traditional approaches have almost
exhausted their capabilities, and new ideas are still far from widespread adoption in production. The
development of machines to implement methods that would enable the production high quality hay is of
particular importance in these conditions.

2. Analysis of recent research and publications

Among the fodder herbs, alfalfa is a cheap and rich source of high-grade protein in amino acid
composition [1, 2, 3]. No wonder the ancient Arabic name of alfalfa al-alpha, which means the first, the best
[4, 5].

The alfalfa leaves contain xanthophylls, vitamins, trace elements, non-nitrogenous extractives
(glucose, fructose, sucrose, starch - about 10 - 12%) [6, 7, 8, 9]. Of the 50 different species (36 species in the
CIS), alfalfa has four production values: alfalfa blue sowing, alfalfa yellow sickle, blue and hybrid (medium)
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[10]. The sown area of alfalfa in the CIS reaches 8 - 9 million hectares, of which 1800,000 hectares in
Ukraine, 48% in the structure of perennial grasses.

The best is considered to be hay with well-leafed alfalfa, which allows to balance carbohydrate feeds
in protein content. However, for a number of advantages inherent in this culture, it should be noted that in
the drying process there is an uneven moisture content of its components. Leaves give moisture more
intensively than stems [11, 12, 13].

To eliminate this drawback, according to Pavlov D.V. “One of the effective technical means that can
significantly accelerate the shedding of grasses and thereby improve the quality of hay is mower-
conditioners” [14]. To date, foreign manufacturers (in Ukraine there is no production of mower-conditioners)
use the horizontal arrangement of rollers, but with such a complete set, the acceleration of grass drying is
only 10-13% [15, P.97] compared with the usual method without rolling, and the use of vertical flattening
rollers will allow to increase the degree of drying by 41-61% [16, P.46].

There are technical solutions in the implementation of the mower-conditioner with the vertical
placement of the rollers [17, 18]. When applied, the treatment is subjected to the entire stem in length (to
reduce the impact of the roll), or the root part (to preserve the leaves).

According to research by Kondratyuk D. and Komakha V. it is necessary to treat only the upper half
of the stem length, which will accelerate the branching [19]. The strength of the radial part of the alfalfa
stalk, in the period of harvesting it for hay, is greater than the strength of the stalk of the upper part 1.5 times
[20]. However, none of the known designs of mowers-conditioners so far does not allow the cultivation of
the upper half of the plants.

3. Formulation of the problem
For the purpose of the scientific approach during the design of the mower-conditioner, which would
allow processing of the upper half of the plant, it is necessary to study the size-mass characteristics of the
crops, in our case alfalfa, as the most valuable forage, namely - linear dimensions. Knowledge of these
properties will allow to really reach the structural and technological parameters.

4. Key research results

Natural alfalfa stalks of blue sowing in the amount of 102 samples were used for the studies, which
were taken during full budding — the beginning of flowering. Due to the loss of humidity alfalfa was
harvested just before the experiment.

The length of the stem was determined using a metric ruler with an error of 1 mm, as shown in Fig.
1, and the diameter using a caliper with an accuracy of 0.05 mm. Stem diameter measurements were
performed in 3 places along the length: directly at the point of the cut, in the middle part and at the apex - at
the place of the last branching.

a) b)
Fig. 1. Investigation of the dimensional characteristics of alfalfa:
a) length measurement; b) stem diameter measurements

To determine the center of gravity, the plant was first weighed to the nearest 0.01 g, after which the
plant was enclosed with a middle part on a conical part of the pyramid. Moving the plant in one direction or
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another achieved its balanced position. The distance from the point of equilibrium to the cut-off section is the
height of the center of gravity of the plant (see Fig. 2).
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Fig. 2. Scheme of determining the center of gravity of the plant

Flattening of the upper half requires that the flattening section be placed at a certain height relative to
the surface of the field. Generalized statistical indicators of the measurements of length over three years are
summarized in Table 1.

Table 1.
Summarizing the length of alfalfa in the context of 3 years
Generalizing values of Generalizing values of
Value: alfalfa length in 2017, alfalfa length in 2018, Generalizing values of alfal
centimeters centimeters length in 2019, centimeter
minimum 479 35,0 40,6
middle 64,8 49,4 60,6
maximum 81,8 63,8 80,5

After processing the obtained data, a histogram of the distribution of alfalfa plants was constructed,
which makes it possible to determine the height of the flattening section relative to the field surface (see Fig.
3). As we can see, the length of alfalfa for three years varies significantly: fluctuates over a considerable
period of three years:

- in 2018 it was within 50 cm;

- in 2017 and 2019 it was about 70 cm.

This difference was due to the climatic conditions in the spring.
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Fig. 3. Histogram of the distribution of alfalfa in height over 3 years
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Climatic conditions significantly affect the length of alfalfa, as evidenced by its fluctuations in a
significant range from 35 to 82 cm.

When measuring the length, it was noted that alfalfa stems have different diameters. The average
value of three measurements determined the diameter of the stem. The obtained stem diameter values
allowed us to divide them into three groups (thin, medium, rough). To identify the most dominant group, the
obtained data were processed and presented in Table 2. Based on this, the distribution of the diameters of
alfalfa stem diameters within three years was constructed (see Fig. 4).
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Fig. 4. Distribution of diameter limits of alfalfa stems

Table 2
Quantitative indicators of groups of diameters of alfalfa stems
Grous of diameters of alfalfa The number of stems that fall within the
P stems Limits appropriate limits
2017 2018 2019

Thin 06-14 28 36 13
Medium 15-23 67 54 51
Rough 2,4 3,6 7 12 38
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An analysis of the distribution of the boundaries of the diameters of the stems over three years
allows us to conclude that the most prevalent in 3 years were the stems with an average diameter of 1.5 mm

to 2.3 mm.
Table 3
The influence of the length of alfalfa on the diameter of its stem
. Number of stems:
Years Length interval - -
thin medium rough
45 - 55 12 4 -
55 - 65 14 21 -
2017 65 - 75 2 21 3
75 -85 - 21 4
35-45 2 20 1
45 - 55 34 22 1
2018 55 - 65 - 12 10
65 -75 - - -
75 -85 - - -
35-45 3 - -
45 - 55 6 2 0
2019 55 - 65 4 20 3
65 - 75 - 25 29
75 - 85 4 6
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Having examined the length of alfalfa and the diameter, we determine whether there is a relationship
between them. Having received the minimum and maximum values of the length of alfalfa (for example, for
2017 they are within the limits of 45 ... 85 cm), divided into intervals that are multiples of 10 (see Table 3),
and calculated the number of stems of the corresponding groups belonging to the created limits. The obtained
values are expressed graphically in the form of a histogram, to determine whether the diameter depends on
length.

Analyzing the histogram (Fig. 5), with a length of alfalfa from 45 cm to 65 cm, a significant amount
of thin stems is observed. Moreover, their number decreases toward increasing the length. Alfalfa with
medium diameter stems are present almost within all length intervals. However, with an increase in height,
there is a tendency of their decrease, with the exception of 2017. Rough stems in alfalfa are already found at
a length of 65 cm, but their number at this length is relatively small, which also increases with the increase

in length, with the exception of 2019. Therefore, from the above analysis of the correlation of length and
diameter, we can conclude that the higher the alfalfa, the rougher it stems.
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Fig. 5. Investigation of the effect of length on diameter for 3 years

Since the beveled alfalfa is transported to the rolling zone, it is therefore necessary to determine the
center of gravity and its relation to the length. The center of gravity Lcg. is the distance from the equilibrium
point of the plant to the cut-off section. The center of gravity L.,. is located at a distance of 23.6 ... 49 cm
from the basal part and crosses half the total length of alfalfa, which was 40.6 ... 80.5 when determining the
center of gravity (see Table 4).

The general indicators of the measurements made in 2019 are summarized in Table. 4.

Table 4
Generalized indicators of alfalfa production in 2019 to determine sustainability
The diameter of the
Length, cm root part of the stem, Weight, gr Weight center, cm

mm

Indicators
min | max | medium| min | max | medium| min | max | medium| min | max | medium.

Value 40,6 | 80,5 | 60,6,1 | 0,6 | 3,2 2,1 1,04 | 6,3 31 23,6 | 49,0 | 39,2

It was established that between the center of gravity Lcgq, cm and length Lp, cm for alfalfa with a
correlation coefficient r = 0.6908, there is a dependence of the form:

Lcg = 0.5763Lp. + 1.0236. (1)

Dependence (1) was established according to the research data and is shown in Fig. 6, which shows
that the center of gravity increases linearly with increasing length.

The position of alfalfa in space is characterized by such a parameter as the stability of the stem. The
stability of the alfalfa stem G is the ratio of the height of the center of its weight L.q to the diameter of the
base Dbase.

Research data after mathematical processing made it possible to identify the relationship between the
length Lp. and plant resistance G (see Fig. 7). Here, the most likely turned out to be a power dependence
with a fairly high correlation coefficient of 0.9194:

G =22.0735L, 1680t (2
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5. Conclusion

According to the analysis of literary sources, alfalfa was taken to be the object of study as a highly
profitable forage crop.

The study of the size-mass characteristics of alfalfa, carried out for three years, allows us to clearly
determine the range of changes in linear dimensions and identify their correlation.

The data obtained during the research can be used in the design of mower conditioners with vertical
placement of rollers.

Since climatic conditions significantly affect the linear dimensions, it becomes necessary to use a
hydraulic circuit to control the flattening section relative to the field surface, depending on the length of the
plants.
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JOCAIIKEHHS MEXAHIKO-TEXHOJIOTTYHUX BJACTUBOCTENA KOPMOBUX KYJIBTYP
JJIs1 BUBHAYEHHS TAPAMETPIB POBOYHUX OPI'AHIB KOCAPOK-IIJIFOIIHNJIOK I
OIITUMAJIbHUX PEXKUMIB iX POBOTH

B cyyacnux ymoeax npu nHedocmamHwbOMy pecypcHOMY 3abe3neyeHHi CilbCbK0o20 20Cno0apcmed
Hatbinbw 3ampebdy8aHuMu 8 KOPMOBUPOOHUYUMBE € pecypcosdepicaioui mexHonoeii, wo 3abe3neuyoms
30iMbUEHHS BUPOOHUYMBA BUCOKONOJNCUBHUX KOPMIE8 NpU Heselukux 3ampamax npayi i xowmis. Y
NOTLOBOMY KOPMOBUPOOHUYMBT PecypCo30epedcentss MONICHA O0CAeMU 34 PAXYHOK Oinbll WUPOKO2O
BUKOPUCMANHS 8 3A20MIGNT HOBUX NIOX00i8 I Kyibmyp — bazamopiunux 600606ux mpas 0/ 3a20Mieni Cila,
o 80100i10Mb BUCOKOIO eKOJ02IYHOI0 CIMIUKICMIO I KOHKYPEHMHOIO 30AMHICMIO.

Haztisaxciusivum 3a60anusim inmencuikayii meapuHHuymea 6 3umMosuil nepioo € 3a20mieisi CiHa
(cinadicy) 3 Kyabmyp 3 UCOKUM émicmom Oinka ma npomeiny (kapomuny). B pesyiomami nposedeno
00CNIOAHCEHHS POSMIPHO-MACOBUX XAPAKMEPUCTHUK HAUOINbW YIHHOI 8 KOPMOBOMY GIOHOWEHHT KVAbMYpPU,
bazamoi Ha OiNOK Ma AMIHOKUCIOMU, WO € BANCTUBUM NPU PO3POOYI NPpUTIOMi6 3a20Mi6Ni KopMie 3 60606ux
bacamopiunux mpas, - JaOYepHU. 3HAHHA GIACMUBOCHEl JTIOYEepHU O00360JUNMb PealbHO GUUMU Ha
KOHCMPYKMUGHI ma mexuoaoeiuni napamempu. Hagedeni ninitini poamipu moyepuu Ha0aioms MOAICIUGICb
NPOEKMYBAHHA KOCAPOK-NIIOWULOK 3 8ePIMUKAIbHUM POSMIUJEHHAM NIOWUILHUX 8AbYIE (PO3Mipu pobouux
Opeanis, ix HANA200NHCEHHS MA PedicUMU poOOmMuU).

3a 6acamopiunumu pesyromamamy OOCHIONHCEHHS POIMIPHO-MACOBUX XAPAKMEPUCIMUK TIHOYEPHU
6CMAHOBNEHO 0COOIUBOCTNI BAPTIOBAHMS GIOMIYEHUX O3HaK i ix 63aemo3e’azox. [Hami oocniodcenv nicia
MamemMamuuro2o 06podIimKy 3a0e3neyuny MONICIUGICMb GUABTIEHHS 38 3KV 008JICUHU cmebna ToyepHU 00 it
CMItKOCMI, WO € BaXdCIUBUM HNOKAZHUKOM NpU NPOEKMYBAHHI pOOOYUX Op2aHié Md 6CMAHOBIEHHS
BIONOBIOHUX PENCUMIB POOOMU KOCAPOK-NIIOWUTIOK 3 GEPMUKATbHUM NIIOWUTLHUM ANaApamoMm.

Knwuosi  cnoea:  noyepna,  po3MIPHO-MACO8I  XapaKmMepucmuxy,  KOpMOSUPOOHUYMEO,
penmadenvbHicmsb, MexHOA02is 3a20Mii, KOCAPKA-NIOUUIKA.

@. 2. Puc. 7. Taon. 4. Jlim.20
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HCCJEIOBAHUE MEXAHUKO-TEXHOJIOTMYECKHUX CBOMCTB KOPMOBbBIX
KYJbTYP JJIsd ONPEAEJEHUS TAPAMETPOB PABOUYUX OPI'AHOB KOCUJIOK-
IJTIOHIUJIO0K U OIITUMAJIBHBIX PEXKUMOB X PABOTbI

B cospemennvix ycnogusx npu HeO0OCMAMOUHOM PeCypCHOM o0becneuenul CelbCKo20 X03AUCmed
Haubonee B0CMpPeDOBAHHLIMU 6 KOPMONPOU3800CmEe SGNAemcsl pecypcocbepezaioujue mexHoI02UU,
obecneuusaioujue ysenuyeHue NPouU3B00CMEa GblCOKONUMAMETbHBIX KOPMO8 NpU HeDONbUUX 3ampamax
mpyoa u cpedcms. B nonegom Kopmonpouzgoocmee pecypcocoOepedrtcenuss MOXCHO 00Cmuyb 3a cuem 6ofee
WUPOKO20 UCNOTL30BAHUSL 8 3020MOBKE HOBbIX NOOX0008 U KYAbMYP — MHO2O0LEmHUX 60008bIX mpas 0Jis
3a20MOBKU CeHa, 00IA0AIOUWUX BbICOKOU IKON02UYECKOU YCMOUYUBOCTNBIO U KOHKYPEHMHOU CHOCOOHOCMbIO.

Baoicnetiuerl 3a0aueti unmencu@urayuy Hcus0MHOB00CMEA 8 3UMHULL NEPUOO SGTAEMCI 3420MOBKA
ceHa (ceHadica) uz Kynbmyp € 6bICOKUM cooepoiicanuem Oeixa u npomeuna (kxapomuna). B pezyismame
npoGedeHUss UCCIe008aHUSL  PA3MEPHO-MACCOBLIX  XAPAKMEPUCTHUK — Haubolee YeHHOU 6 KOpMOGOM
OMHOUeHUU KYTbmypbl, 602amotl OeikoM U AMUHOKUCIOMbL, YMO SGISAEeMCs BAJICHLIM HpU pa3padomke
npuemo8 3a20MoGKU KOPMOE U3 060008bIX MHOSONEMHUX MPAas - JOYepHbl. 3HAHUE CEOUCME TIOYEPHDL
NO360UM PEANbHO BbIUMU HA KOHCMPYKMUGHblE U MexHoao2udeckue napamvempul. [lpueedenvl aunetinvle
pazmepwl 1oyepHbl NPEeOOCMAGIAION 603MONCHOCIb HPOEKMUPOBAHUSL KOCULOK-NIIOWULOK C GePMUKATbHBIM
pazmewyeruem nIOWUIbHbIX 8ANbY08 (PAZMEPbL PAOOYUX 0P2AHO8, UX HACMPOUKA U PeNCUMbL PAbOmbl).

Ilo muoconemuum pezyavbmamam UCCAE008AHUS PASMEPHO-MACCOBLIX XAPAKMEPUCMUK TIOYEPHDL
VCMAHOBNIEHbL  0COOEHHOCMU  8APLUPOBANUS  OMMEYEHHbIX HNPUSHAKO8 U UX 63aumocesnsv. [lannvle
UCCe008aHULl NOCTIe MAMEMAMUYECK020 00pabomKu 0becneyunu 603MONCHOCTb GbISAGIEHUSL C8A3U OJIUHDBL
cmebns TOYepHul K ee YCMOUYUBOCMU, 4MO SAGISAEeMCs 8AXiCHbIM NoKazamenem Hpu NpoeKmuposaHuu
paobouux opearHo8 U YCMAHOGAEHUS COOMBEMCMEYIOWUX PEeNCUMO8 pabombl  KOCULOK-NIIOWUIOK C
BEPMUKATILHBIM NTOWUTLHBIM ARNAPATNOM.

Knwouesvie cnosa: noyepna, pazmMepHO-MACCO8ble  XAPAKMEPUCMUKY, KOPMONPOU3E00CHEO,
PEHMAbENbHOCMYb, MEXHOL02UsL 3A20MOBKU, KOCUIKA-NTIOWUIKA.
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