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Abstract. This paper proposes a new design of a potato planter based on a scoop drum. In the study of
individual performance parameters of the drum, its kinematic parameters have been substantiated for the first
time. A feature of the proposed design is that the torque to the scoop drum is transmitted with a constant gear
ratio, and the planting step of the potatoes is adjusted by changing the diameter of a variable-diameter wheel. As
a result of calculations, the rotational frequency of the planting drum was established depending on the planting
step of the potatoes and the translational speed of the unit. A model was constructed based on which the rotation
angles of the drum cells were calculated under the condition of ejecting a single potato during its transportation
to the furrow opener. The obtained results form the basis for substantiating other structural elements of the potato
planter.
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1. INTRODUCTION

The technologies for growing agricultural crops involve many technological operations
with varying degrees of labor intensity, especially when manual labor is used. Potato production
is one of those areas where manual labor represents a significant share of the total workload.
This issue becomes particularly critical in cases of insufficient mechanization of technological
processes. This situation is typical mainly for small private farms. Moreover, household farms
produce the bulk of the gross potato harvest in Ukraine [1, 20]. Among the most labor-intensive
operations in potato production are planting and harvesting. While harvesting has been largely
mechanized, planting in small farms is still often carried out manually or semi-manually. To
address this shortcoming, there is a need to propose new designs for effective potato planting
machines that are simple to use yet technologically efficient.

2. REVIEW OF RECENT RESEARCH AND PUBLICATIONS

An analysis of the market for such machines shows that the industry produces a wide
range of brands and types of potato planters, which are quite technologically effective and each
has its advantages and disadvantages. However, the issue of the rational design of the potato
planting mechanism remains open for researchers and practitioners. The seed metering device is
one of the key components of the potato planting mechanism. In practice, many design solutions
for such devices can be observed [3—6, 8—10, 12—16, 24] — including elevator-type, cell-disk, cup-
disk, tube-finger, pin-disk, spoon-drum with cells, pneumatic types, and others. These devices
tend to show that simpler structural designs are usually less effective technologically, while the
more effective ones are, conversely, structurally complex and therefore more expensive.

Various solutions and justifications for potato planting mechanism designs can be found
in the works of researchers who have developed this topic in particular [2, 7, 11, 13, 21-23, 25].
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Therefore, after analyzing the existing solutions, we conclude that there is a need to
develop a new design for a drum-type potato planting mechanism within the framework of a
patented potato planting method [17].

Based on the newly developed design of a drum-type potato planting mechanism, the
objective is to justify the main parameters of its performance efficiency.

3. PRESENTATION OF THE MAIN MATERIAL.

The proposed conceptual solution for a method of potato planting, as outlined in works [17,
18], requires further development in the creation of an effective and simple seed metering device
for planting seed potatoes. Before discussing the planting mechanism itself, it is important to note
that the design of the potato planting machine is intended for use on small farms and must provide
for a variable planting step (spacing) of potatoes in the row. In this context, the issue has been
successfully addressed by using a variable-diameter wheel [19] (Fig. 1), which, depending on its
configuration, allows the machine to travel different distances per wheel revolution. Accordingly,
this enables the establishment of different planting steps for the crop.

Structurally, it is designed so that the minimum diameter of such a wheel will be
D,_. =540 mm. The diameter adjustment can be performed steplessly, though this somewhat
complicates the setup. Therefore, it has been decided that the most practical approach for

operational use is to implement discrete adjustment. This is achieved by moving spoke 1 and
fixing it in holes 2 of guide rails 3 (Fig. 1, b).

Figure 1. Variable-diameter wheel: minimum rim diameter — a; set increased rim diameter — b

Therefore, by performing such adjustments, the developed wheel design can achieve the
following diameters: D, =540 mm; D, =600 mm; D, = 660 mm; D, =720 mm.

These diameter ranges allow for the most commonly used potato planting steps to be
achieved based on the distance the machine travels per one wheel revolution.

Accordingly, we obtain the following travel distances per wheel revolution: L, =1.696 m;
L,=1885m; L, =2.073 m; L, =2.262 m.

Based on the minimum travel distance, we determine that the minimum planting step
should be approximately 0.2 m. This can be achieved if the planting mechanism, from a design
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standpoint, has fourteen cells for collecting seed potatoes and is connected to the drive axle of
the support-drive wheels with a transmission ratio of 1.8.

With this configuration, the following potato planting steps can be achieved:
[,=0218 m; /[ ,=0.242 m; [, =0.267 m; /,, =0.291 m.

These planting steps make it possible to cultivate both seed potatoes, which require
smaller spacing, and table potatoes, which are planted with larger spacing.

The speed of the potato planting unit will range from 3 to 4 km/h. For preliminary
calculations, we will assume a speed of 3.6 km/h (1 m/s).

Based on this, the angular velocity of the potato planting mechanism will be:

[

1

0, ==, (1)

where 3,, —is the forward speed of the potato planter;

r,, —1s radius of the variable-diameter wheel rim (7, =0.5D,);

i, —1s gear ratio from the support-drive wheel shaft to the drive shaft of the planting mechanism.
Hence, the rotational speed of the drum of the potato planting device will be:

309,
n=———,
l T rki ’ in (2)

Taking into account the specified wheel diameters, we will have the corresponding
rotational speeds of the planting drum, »,: n, =19.649 rpm; n, =17.684 rpm; n, =16.076 rpm;
n, =14.737 rpm.

The change in the rotational speed of the drum of the potato planting apparatus can be
modeled for the entire range of the unit's translational speeds (4,, = 0.6...1.7m/s) and wheel

diameter variations ( D, = 0.54...0.72 m), Fig. 2.

Drum rotational speed. rpm

Figure 2. Graph showing the dependence of the planting drum rotation frequency on the unit’s translational
speed and wheel diameter
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According to the analysis of dependence (2) and the graphical representation (Fig. 2),
it is evident that the kinematic connection through a constant transmission ratio
between the rotation frequency of the wheel shaft and the planting drum eliminates
variations in planting step due to deviations of the unit's forward speed from the set value.
In this potato planter design, the planting step depends solely on the selected wheel
diameter.

The obtained approximate rotation frequencies of the potato planting mechanism
serve as the basis for investigating the drum's ability to capture and transport the seed
potatoes.

W N

n

Figure 3. General view of the planting drum — a;
schematic action on the potato — b

The seed metering drum (Fig. 1a) is the main working component of the planting
mechanism. It consists of a rear disk (1), a rim (2), a limiting disk (3), a hub (4), and seed
metering cells (5).

With this drum design, filling of the seed metering cells (5) with seed potatoes is
ensured, as the cells are arranged radially and are confined between the rear (1) and limiting (3)
disks (see Fig. 3a). These cells pass under a shallow layer of potatoes supplied from the hopper
(the hopper is not shown in Fig. 3a). One of the criteria for effective operation of the seed
metering drum is that each cell (5) should deliver a single potato towards the seed tube and
furrow opener.

Let us consider a specific case in which two potatoes of approximately the same size
enter a single cell of the planting mechanism and remain there together at a certain rotation
angle of the drum. Suppose the «extra» potato (potato 2) is held in the cell due to a jamming
moment created by the friction force f , which arises from the weight of the potato and the

inertial force during contact with the cell and the first potato (potato 1), which acts as a
support. Potato 1 is expected to remain in the cell and be delivered to the seed tube and
furrow opener.

Then the moment equation with respect to point O, will be ZM 0, =0.

In expanded form, we will write it as follows
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~Gyy-a+ P, b+ F,-c=0, (3)

where G, —is the weight force of the potato 2;
a —1s the moment arm of the force G, with respect to point O, ;
P, —1is the inertial force that arises from the rotation of the planting drum and acts at the center

of mass of potato 2;
b — is the lever arm of the inertial force;
F,—1is the frictional force that arises when the potato is wedged by its weight in the cell of the

153
planting mechanism;

¢ —is the lever arm of the frictional force F, .

Another possible case is that potato 2 slips off potato 1.
This will be possible when the component of the weight force of potato 2 is greater than

the friction force F, and the component of the inertial force.

Let us consider the limiting case where potato 2 is in equilibrium.
By projecting the acting forces onto the X-axis, the equilibrium equation in vector form
will be:

amx +1_)mx + lex =0, (4)

Moreover, these two equations (3) and (4) can be considered independently of each

other.
First, let us consider the condition for potato 2 to slip off potato 1 based on equation (4).
Let us rewrite equation (4) in expanded form:

GK2'Sirl(¢)b_al)+1)in.Sinal+El =0. )
The condition for potato 2 to slip off potato 1 will be

Gy, -sin((pb _al)2 F,

in

-sina1+Ft]=0, (6)

Let us determine the value of the component G,, at which this condition will be

satisfied. First, we will write out the expressions included in inequality (6).
The inertial force acting on potato 2 will be:

P, Zsz'w;rw (7)

mn

where m,, —is the mass of potato 2;
w, —1s angular velocity of the planting drum;
r, — 1s the distance from the center of rotation of the planting drum to the center of mass of

potato 2.
The friction force F, will be determined according to the following relation:

F'tl =h N, (8)
where f, —1is the coefficient of friction that arises at the contact points between potatoes 1 and 2;
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N, —is normal force that arises at the contact points between potatoes 1 and 2.
The expression for N, can be written by projecting the acting forces onto
the Y-axis, i.e.

Nl _GK2 -cos((ob _al)_PIn “cosa, =0, (9)
where
N, zmm(gcos((pb—al)+a)§ro~cosal). (10)

Having obtained the main expressions that are part of condition (6), we will analyze the
possibility of potato 2 slipping as the parameters change.
Let us rewrite condition (6) in expanded form:

My, 'Sin((/’b _051)Z sza)bzro sing, + f, sz(g COS((pb —a1)+a)§r0 'Cosal)' (1T)

As we can see, the left and right sides of this expression include the mass
of potato 2, which can be canceled out. Therefore, the fulfillment of the condition
will depend only on the geometric and frictional parameters of the studied
objects.

The geometric parameters will be expressed by the angle ¢«,, which
relates the geometric dimensions of the potato and the curvature of the planting drum
cell.

It follows that the retention or, conversely, slippage of potato 2 from potato 1 will
depend on their frictional properties, the angular velocity of the drum, and the combination
of the geometric dimensions of the potato with the geometric parameters of the cell, which
are characterized by the angle ¢, .

If under the given conditions jamming of the potato occurs in the cell of the planting
drum, then it is worth analyzing the drum rotation angle ¢,, which would allow potato 2

to eventually fall out, so that only one potato (potato 1) is transported to the planting
furrow.

Thus, after simplification in expression (11), we obtain the final form of the condition
for the slippage of potato 2:

g-sin(gob —al)z a),fro -sin o, + f, (g cos((pb —a,)+ a)fro -cosal), (12)

For fixed values of angle «,, we will determine the range of values of angle ¢, for
which this condition will be satisfied.

We will vary angle ¢, from 0 to 2?” , and the angular velocity of the drum w, will

be adjusted according to the selected rotation frequencies corresponding to the planting
pitch: @,, =2.057 s'; ®,,=1.852 s"; ®,,=1.683 s7'; w,, =1.543 s7".

Under these conditions, and by analyzing separately the left-hand side of
inequality (12) (Fig. 4 a), its right-hand side (Fig. 4 b), and establishing the difference
between them (Fig. 4 c¢), we can determine the range of angle values ¢, for which

condition (12) will be satisfied.
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Figure 4. Graphs of the conditions for single potato
ejection from the scoop drum cell

Thus, from the graphical dependencies (Fig. 4c), it is evident that the slippage
of potato 2 is possible within the range of rotational angles of the planting drum
relative to the vertical axis in the following limits: at the lowest rotation speed — ¢, =97.4°

; and at the highest rotation speed — ¢, =100.8°. It is worth noting that the presented
rotation angle is determined for the specifically considered cell filled with seed,
and under conditions defined by the angle ¢,and friction coefficient f.

For other conditions, the initial data should be refined, but the same method can
be applied.

Determining the range of angles at which the «extra» potato falls out is necessary
for the next stage of research, namely establishing the position of the lower drum stop that

forms the channel through which the potato is transported to the discharge zone into the
seed tube.

Now, let us return to condition (3). If potato 2 rolls over potato 1 and remains held in
place due to a jamming moment that arises from the friction force F, .

This case is valid only when the coefficient of friction f, between the potatoes reaches
its maximum value.
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This case is valid when the coefficient of friction between the potatoes has its maximum
value. Let us rewrite condition (3) in expanded form:

—my,ga+ma,rb+ f, Nye=0, (13)

where f, —is the coefficient of friction between potato 2 and the material of the cell of the

planting mechanism;
N, —is the normal force arising from the pressure of potato 2 against the wall of the cell of the

planting drum.
The condition for potato 2 to fall out while rolling over potato 1 will be:

m,,ga > maw;r,b+ f, N,c. (14)

The complexity in solving this inequality lies in the fact that potatoes have surfaces
with non-ideal geometric shapes, which are theoretically difficult to describe. Moreover, each
potato has a unique shape.

Therefore, the evaluation of inequality (14) will be carried out approximately,
using experimental data. Let us consider a specific case in which two conditionally
identical potatoes, each approximately 80 g and elliptically shaped, enter the same cell as
shown in Fig. 3 b.

In this case, the lever arms a, b, and ¢ are determined at the point O, of contact

between potatoes 1 and 2. Under such conditions, the normal force V,, which creates the

friction force F,,,

2 from rolling (over potato 1), remains unknown.

We will approach this local problem in an approximate manner by reasoning «from the
opposite».

That is, under these conditions, we will determine the torques generated by the weight
and inertial force of potato 2 and add the torque from friction, then impose the condition for
inequality (14) to be satisfied.

For such a local estimate, we will select one of the drum rotation angles within the
sector where the «extra» potato may fall from the cell, and track the magnitude of the
friction torque, estimating it through the normal force N, .

and consequently the torque from this friction force that prevents potato

Based on the previously determined parameters, we construct a graphical
dependency (Fig. 4 d) under the condition of the possibility for potato 2 to roll off, with the
torque (G, -a ) created by the weight of potato 2 opposed by the torques from the inertial

force (£, ) and friction force (£, -c).

From the analysis of the graph in Fig. 4d, it is evident that the «extra» potato may
fall out until the normal force N, exceeds approximately 0.3 times the weight of potato 2. If

the normal force N, becomes greater than this calculated value, then potato 2 will not freely

fall out by rolling over potato 1. Instead, it will become jammed and continue to move
within the cell together with potato 1 until it collides with the lower stop of the drum, which
forms a guiding channel that allows only one potato to pass, limited by the height of the
seed metering drum’s cell. In the case of critical jamming of two small potatoes in the cell
and their compacted entry into the guiding channel, they will no longer fall into the seed
tube and furrow opener under their own weight. Therefore, the design of the seed metering
drum includes a passive ejector. Its role is to forcibly push potatoes out of the drum’s cells.
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The ejector is mounted on the hopper housing and passes through slots in the plates that
form the profile of the planting drum’s cell.
4. CONCLUSIONS

Based on the newly developed design of the drum-type potato planting mechanism, a
number of its parameters were substantiated.

A structural-kinematic relationship was established between the length of the rim of the
variable-diameter wheel and the planting step of the potato planter. According to the adopted
design of the support-drive wheel, the rim diameter D, will be ensured in the following sizes:

D, =540 mm; D, =600 mm; D, =660 mm; D, =720 m. With the seed metering unit
designed to have fourteen cells and with a fixed transmission ratio i, =1.8 from the wheels to
the metering mechanism, the following potato planting steps were obtained: /,: /,, =0.218 m;
l,,=0242 m; [, =0.267 m; [, =0.291 m.

The forward speed of the unit ranges from 3 to 4 km/h, and for this calculation, a speed
of 3.6 km/h (1 m/s) was used. Based on this, the rotation frequencies of the planting drum,
corresponding to the planting steps, were determined as: n,: n, =19.649 rpm; n, =17.684 rpm;

n, =16.076 rpm; n, =14.737 rpm.
When analyzing the conditions for a single potato to be delivered by the planting

mechanism’s cells, it was determined that for the “extra” potato to slip out, the drum’s
rotation angle ¢, relative to the vertical axis for the analyzed cell should be: at the lowest

rotation speed — ¢, =97.4°; at the highest —¢, =100.8°.

Considering the case where the second potato rolls over the first and is held in place due

to a jamming moment created by frictional force F,,, it was found that ejection is possible up

to the point where the normal force N, increases to approximately 0.3 times the weight of the

second potato. Otherwise, both potatoes will move together until the «extra» potato strikes the
drum’s lower stop, which forms a guiding channel.

Thus, the obtained kinematic and structural parameters of the planting drum allow for
the selection of a rational kinematic operating mode for the mechanism and ensure a high-
quality potato planting process.

References

1. Babii A., Holovetskyi I., Boiko V. (2024) Analysis of the behavior of potato bearing layer particles on the
oscillating plane of the potato plant ploughshare. Scientific Journal of TNTU, vol. 116, no. 4, pp. 78—89.
https://doi.org/10.33108/visnyk tntu2024.04.078

2. Bulgakov V., Nikolaenko S., Adamchuk V. Z. and Olt J. (2018) Theory of impact interaction between potato
bodies and rebounding conveyor. Agronomy Research. 16 (1). pp. 52—63. http://dx.doi.org/10.15159/ar.18.037

3. Cai H., Hu B., Chen Y., Luo X., Wang J., Mao Z., Yuan C. (2022) Study of Patterns of Movement of
Groups of Seed Potatoes in Conical Seed Box Based on the Dem-Model of the Process. Processes, 10, 363.
https://doi.org/10.3390/pr10020363

4. ChenK., Yin X.,, Ma W,, JinC., Liao Y. Contact Parameter Calibration for Discrete Element Potato
Minituber Seed Simulation. Agriculture 2024, 14, 2298. https://doi.org/10.3390/agriculture14122298

5. Huan ZHANG, Shengchun QI, Ranbing YANG, Zhiguo PAN, Xinyu GUO, Weijing WANG, Sha LIU,
Zhen LIU, Jie MU, Binxuan GENG (2024) Design and experimentation of a potato planter missed and
repeated planting detection system based on yolov7-tiny model. INMATEH — Agricultural Engineering,
vol. 72, no. 1, pp. 106—116. https://doi.org/10.35633/inmateh-72-10

6. LiJ, SunW., Wang H., WanglJ., Simionescu P. A. (2024) An Integrated Potato-Planting
Machine with Full-Film Mulching and Ridged Row Soil Covering. Agriculture, 14, 860.
https://doi.org/10.3390/agriculture 14060860

7. LyuJinging, Yang Xiaohan, Feng Xue, et al. (2020) Design and experiment of sowing depth control device
of potato planter. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the
CSAE), 36 (12): 13-21. (In Chinese with English abstract). Doi: 10.11975/j.issn.1002-6819.2020.12.002.

ISSN 2522-4433. Bicnux THTY, Ne 2 (118), 2025 https.//doi.org/10.33108/visnyk_tntu2025.02 .......coocovveoeeeeeeeeeereerecerene, 125


http://dx.doi.org/10.15159/ar.18.037
https://doi.org/10.3390/agriculture14122298
https://doi.org/10.35633/inmateh-72-10
https://doi.org/10.3390/agriculture14060860

Study of the performance efficiency parameters of a potato planting machine

8. NiuK, Fang X. F,LiuY. C,Lii C. X, Yuan Y. W. (2017) Optimized design and performance evaluation of
an electric cup-chain potato metering device. Int J Agric & Biol Eng, 10 (2): 36-43.

9. Sun W.; Liu X. L.; Zhang H. (2017) Design of potato fertilization, sowing, ridge and full film mulching,
seed row mulching. Trans. CSAE, 20, 14-22.

10. Wang G. P., Sun W., Chen L. D., Zhang H., Liu X. L, Li H. L., et al. (2020) Realization of an integrated
seeding and compensating potato planter based on one-way clutch. Int J Agric & Biol Eng,; 13(3): 79-87.
https://doi.org/10.25165/].ijabe.20201303.5450

11.Wang G P, Yang X P, Sun W, Liu Y, Wang C J, Zhang H,, et al. (2024) Potato seed-metering monitoring
and improved miss-seeding catching-up compensation control system using spatial capacitance sensor. Int
J Agric & Biol Eng,;17 (4): 255-264. https://doi.org/10.25165/j.ijabe.20241704.8475

12. Xing W., Zhang H., Sun W., LiH.,, Liu X,, Li H., ChenY., LuY. (2024) Performance Study of a
Chain—Spoon Seed Potato Discharger Based on DEM-MBD Coupling. Agriculture, 14, 1520.
https://doi.org/10.3390/agriculture14091520

13.Zhang H., Zhao W. Y., Sun W., Wang G. P., Liu X. L., Feng B., et al. (2022) Potato planter test bed based
on capacitive precision seed-monitoring and miss-seeding compensation system. Int J Agric & Biol Eng,
15 (6): 104—112. https://doi.org/10.25165/.ijabe.20221506.6785

14.Zheng Z., FuZ., Wang C., Huang Y., HeJ. (2021) Design and Experimental Research on Soil
Covering Device with Linkage and Differential Adjustment of Potato Planter. Agriculture, 11, 665.
https://doi.org/10.3390/agriculture1 1070665

15.Zheng Z., Zhao H., Liu Z., He J., Liu W. (2021) Research Progress and Development of Mechanized Potato
Planters: A Review. Agriculture, 11, 521. https://doi.org/10.3390/agriculture1 1060521

16.Zhou B., Li Y., Zhang C., Cao L., Li C., Xie S., Niu Q. (2022) Potato Planter and Planting Technology: A
Review of Recent Developments. Agriculture, 12, 1600. https://doi.org/10.3390/agriculture12101600

17.Babiy A. V., Blaschak B. O., Valyashek V. B. Method of planting potato seeds during planting. Utility
model patent 158112, Ukraine. MPK A01C 23/02 (2006.01). No. u2024 01975; appl. 15.04.2024; publ.
01.01.2025, Bull.1. [in Ukrainian].

18. Blaschak B. O., Babiy A. V. Justification of individual design and technological parameters of a potato
planting machine. Central Ukrainian Scientific Bulletin. Technical Sciences, vol. 1, iss. 10 (41), pp. 192—
199. [in Ukrainian]. https://doi.org/10.32515/2664-262X.2024.10(41).1.192-199

19. Blashchak B. O., Babiy A. V., Zhuk N. V., Babiy V. A. Wheel of variable diameter. Current problems of
modern technologies: collection of abstracts of reports of the 13th International Scientific and Practical
Conference of Young Scientists and Students, (Ternopil, December 11-12, 2024). Ministry of Education
and Science of Ukraine, TNTU. [in Ukrainian].

20. Golovetsky 1. V., Babiy A. V. (2023) Design features and efficiency of mini potato diggers. Central
Ukrainian Scientific Bulletin. Technical Sciences, iss. 8 (39), part II, pp. 134-143. [in Ukrainian].
https://doi.org/10.32515/2664-262X.2023.8(39).2.134-143

21.Didukh V. F. Tarasyuk V. V, Tarasyuk D. V. (2020) Research on passive type potato planting apparatus.
Collection of scientific articles “Agricultural machines”, issue Lutsk, no. 44, pp. 41-45. [in Ukrainian].

22.Didukh V. F., Tarasyuk D. V., Lyashuk V. M., Tarasyuk V. V., Fomych M. I. Potato planting machine
with simultaneous application of organic and mineral fertilizers. Patent for KM No. 143095, MPK
(2020.01) AO1S 7/06(2006.01) A01S 15/00, publ. 10.07.2020, bull. No. 13. [in Ukrainian].

23.Myzyuk A. 1. (2022) Mathematical substantiation of the interaction of a tuber with a spoon conveyor of a
potato planter. Bulletin of the Khmelnytsky National University, no. 4, (311), pp. 164—167. [in Ukrainian].
https://doi.org/10.31891/2307-5732-2022-311-4-164-167

24. Tomchuk V. V. (2017) Potato planter for sprouted tubers. Industrial hydraulics and pneumatics.
Mechanization of agricultural production, no. 4 (58), pp. 54-57. [in Ukrainian].

25.Shymko A. V., Bundza O. Z., Martyniuk V. L. (2023). Damage to potato tubers during transportation.
Agricultural Machinery, 49, 46-52. [in Ukrainian].

VIIK 631.332.7

JOCJIITAKEHHSA MIAPAMETPIB POBOTO3JATHOCTI
KAPTOIVIEITIOCAAKOBOI'O AITAPATY

Amnpapii ba6iit; bornan biamak
TepHoninbcokuul HAYIOHATLHUU MeXHIYHUU YHIgepcumem imeni leana 1lynros,
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Andrii Babii, Bohdan Blashchak

Pe3tome. Bupowgysanus kapmonii Mae CKIaOHUll MeXHOI02TYHUL npoyec GUPOOHUYMEA, SKULL CHOBHEHU
6EUKOI0 NUMOMOIO YacmKolo pyunoi npayi. Ocobaugo ye € supasjiceHum npu nocaoyi Kapmonii y HeGeruKux
eocnooapcmsax. Ilpuuunoro € Hedocmamuili pigeHb MexaHizayii MmexHONOo2iuHux onepayil, Wo CHOHYKAE
00CNIOHUKIE NPOO0BICYBAMU NOWYK HOBUX MA ePeKmuUeHUX KOHCMPYKYil Kapmonienocaokosux MAuluH.
OcHOBHUM — HANPAMKOM — MAKUX  OO0CHiOXHCeHb € NOWYK PpAayioHAnbHOI ma NpoCmoi  KOHCMPYKYIi
Kapmonienocaokogozo anapamy, a came, euuepnyiouozo anapamy. Tomy 6 pobomi 3anponoHo8aHO HO8Y
KOHCMPYKYII0 6uuepnylouo20 anapamy 6apabanno2o muny, aKui 6yoe 6 cucmemi Kapmonienocaoko8oi MauuHu,
Wo npayioc 3a 3anameHmo8anum cnocooom nocadxu kapmonii. Ocodaugicmio 3anponoHo8anoi KOHCMpyKyii
sUUEepPNyOu020 6apabany € me, w0 U020 GUYEPNYIOUI KOMIDKU PO3MIUeHI padiaibHO ma O0OMedCeHi 080Ma
ouckamu. Komipku npoxo0ams nio Hegeruxum wapom Kapmonui, uo 00360JA€ iM 2apanmosano 3an08HI08AMUCs
HACIHHAM. Alle pa3om 3 muM 6UHUKAE NpodIeMa GUHOCY OOUHOUHOI KAPMONAUHU 00 HACIHENnPO8OOA i COUHUKA.
Tomy ons maxoeo anapama 6y10 06IPYHMOBAHO 1020 KIHeMAMUYHI napamempu, wo 3a0e3nevyioms 3a0aHutl Kpox
nocaoku, aAkuil Ouckpemno 3minioemvca ma cmanogums 0,218 m, 0,242 m, 0,267 m, 0,291 m. Taxuui Kpox
3a0e3neuyemvpCs npu CMaiomy nepeoamodyHomy yucai 1.8 yacmom obepmants 6ana OnOPHO-NPUBOOHUX KOJIC I
6ana nocadkosux anapamie ma 3a paxyHox cneyianbHo pospobienozo Koaeca 3sminnozo diavmempa. Posensoaiouu
YMOBU BUHOCY OOUHOYHOI KAPMONIUHU KOMIPKAMU NOCAOKOB020 anapamy, 6CMAHOGIEHO, W0 3a YMOBU
3ICKOB3YBAHHA «3AUI60L» KAPMONIUHU 3 «OCHOBHOI», WO BUHOCUMbBCA KOMIPKOW, Kym nosopomy bapabaua
BIOHOCHO 8epMUKANLHOI OCI 0114 pPO321A0Y8AHOI KOMIDKU NOBUHEH CKIA0amu Npu HAUMEeHWill 4acmomi
obepmanns — 97,4°; npu maxcumanvniii wacmomi —100,8°. Ilpu po3znadi ymosu, konu «3aiiéa» xapmonauna 6yoe
00KOYY8aAMUCA NO «OCHOBHIIY MA BMPUMYBATNUCS 34 PAXYHOK MOMEHINY 3AKIUHIOBAHHS, AKUL 6UHUKAE 610 CUNU
mepms, BCMAHOBNEHO, WO iT BUNAOAHHA MOXHCTIUSE OO MediCi 301TbUIEHHS HOPMATLHOT CUNU HA CINIHKY KOMIDKU, AKA
cknadae npubauzno 0,3 eaeu «3aueoiy xapmoniunu. B iHutomy eunaoxy o6udei KapmoniuHu pyxamumymocs
PAazom, 00 MOMeHmMY CRIBYOAPAHHA «3ali60I» KAPMONIUHU 3 HUMCHIM oOMedcysauem bapabana, wjo ymeopioe
Hanpaeiaoyui Kauan. Takum YuHOM, OMPUMAHI 3HAYEHHS KIHeMAMUYHUX Ma KOHCMPYKMUGHUX NApamempie
nocaoko8o2o bapabana 003601A10Mb NIOIOpaAMU payioHANbHULL KIHEMAMUYHUL pexcum pobomu 0aH020 anapamy
ma 3a6e3nevumu AKICHUL npoyec nocaoku KapmonJi.

Kniouoei cnosa: nacinms, xapmonis, nocadka, Kapmoniecaodicaikd, Kapmonienocaokosuii anapam,
suuepnyroyuti 6apabas, cOWHUK, HACIHENPosio, KiHeMamuuHi napamempu, Kojieco, cunia iHepyii, cuia mepms,
Koe@hiyicum mepms, mpaHcnopmyanHsi.
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