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Abstract. This article outlines the main provisions of
the program, methodology, description of the object of
experimental studies and construction of a physical model
of the jib crane rotation mechanism.

A real QTZ 80 crane has been chosen for the study,
which differs from the laboratory installation (physical
model) of the jib crane rotation mechanism by structural,
power and energy parameters, for this reason, experimental
studies used physical modeling, which usually changes the
scale and leaves the physical nature of phenomena.
Therefore, similarity theory is used to determine the
characteristics of the physical model.

A physical model (laboratory unit) of the jib crane
rotation mechanism was designed to conduct experimental
studies on the similarity theory. This model is prepared for
experimental studies of the dynamics of the rotation
mechanism during the start-up process. To determine the
similarity criteria, equations of motion were used that
reflect the operation of the jib crane rotation mechanism,
namely the three-mass dynamic model of the rotation
mechanism, which is a system of three second-order
differential equations.

Using the obtained ratios of similarity criteria, the
numerical values of the similarity coefficients of the real
rotation mechanism of the jib crane and its physical model
are determined.

Based on the parameters obtained, a physical model
of a full-scale jib crane rotation mechanism was
constructed.

The results obtained in this study can be further used
to refine and improve existing engineering methods for
calculating the mechanisms of rotation of cranes, both at
the stages of their design/construction, and in real
operation.

Key words: rotation mechanism, experimental
studies, dynamic loads, oscillations, physical model,
similarity coefficients, jib crane.

Introduction
During the operation of the jib crane rotation

mechanism, load oscillations on the flexible suspension
occur, and significant dynamic loads can be observed in the

structure and drive [1]. To minimize these processes, the
process of start-up of the rotation mechanism of jib crane
was optimized [2-4].

Formulation of problem

Optimization made it possible to minimize unwanted
processes in the drive, metal structures and load
oscillations [5]. To confirm the studies, it is necessary to
conduct experimental studies on a physical model
(laboratory installation) of a jib crane with a rotation
mechanism. For this, it is necessary to develop a model of
the rotation mechanism. To create an experimental setup,
we apply the theory of similarity, based on which we
determine the coefficients of similarity to a real jib crane.

Analysis of recent research results

Physical modeling is widely used in experimental
studies. Physical modeling preserves the physical nature of
phenomena, but changes their scale.

In order for the processes that arise in the process of
loading and unloading operations in the metal structures
and mechanisms of jib cranes to be similar to the original,
the model must meet a number of requirements of the
theory of modeling [6-16], which follow from the main
theorems and provisions of the theory of similarity.

The basis of physical modeling is the theory of
similarity, which is based on dimensional analysis [17]. A
necessary and sufficient condition of similarity is the
equality of all the same criteria of similarity for two
physical phenomena. Dimensionless similarity criteria
must be equal. Under the condition of known equations
describing the physical process, the similarity criteria are
formed by reducing these equations to a dimensionless
criterion form [18]. Considerable attention is paid to the
construction of physical and mathematical models of
technical systems in the articles [17, 18, 19]. The general
theory of dimensions of physical quantities, the theory of
mechanical and physical similarity, as well as the theory of
modeling are given in the article [20]. The book [21]
contains the basics of theory and recommendations for
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practical applications of experimental studies on full-scale
objects, as well as on physical, analog, digital and
mathematical models. General principles of analysis of
physical similarity and its connection with the construction
of mathematical models are set out in the article [22].

The article [23] considers the construction of
interpolation models, the study of the Kkinetics and
mechanism of phenomena, and optimization of processes.

The article [24] provides information about science,
methods to justify the topic of theoretical and experimental
research, means and methods of measurements, analysis
and features of the processing of research results, methods
of implementation and calculation of economic efficiency.
The issues of planning and organization of scientific
studies are highlighted.

Purpose of research

The aim of the work is to determine the coefficients
of similarity of the model to the jib system with the
rotation mechanism of a real crane using the similarity
theory for further experimental study.

Research results

The obtained theoretical results in the articles [1-5]
require confirmation and experimental verification, so
there is a need for experimental studies of the dynamics of
the mechanism of rotation of the jib crane at different
control modes.

The purpose of experimental studies is to measure the
actual parameters and dependences of the kinematic,
dynamic and energy characteristics during the operation of
the mechanism of rotation of the jib crane, as well as the
oscillations of the load on a flexible suspension.

Since the use of a full-scale model of a real jib crane
for a number of certain reasons is difficult and practically
impossible, it is recommended to conduct experimental
studies on a physical model of a jib crane, which will
reproduce the rotation process of the crane. The QTZ-80
jib crane was chosen as a prototype [25]. The QTZ-80 jib
crane was chosen as the prototype [25]. Based on
similarity theory, the coefficients of the similarity of a real
jib crane are determined and its physical model is
constructed.

The experimental research program is divided into
several stages:

- building of a physical model of the jib crane rotation

mechanism and determination of similarity coefficients;

- construction of a physical model of a jib crane for
experimental studies;

- planning experiments to study the dynamics of the
jib crane rotation mechanism under various control modes
(manual and optimal)

- selection of measuring and recording equipment for
studying the dynamics of movement of the jib crane
rotation mechanism under various control modes;

- writing a program and selection of equipment that
provides the implementation of optimal modes of
movement when controlling the jib crane rotation
mechanism.

Physical modeling is the process of creating a material
model that has the same physical nature (the same physical
meaning) as the actual studied phenomenon, based on the
criteria of geometric, kinematic and dynamic modeling
[26].

The task of physical modeling is to determine the
characteristics of a full-scale object according to the
characteristics of the physical model. The peculiarity of
physical modeling is that to determine the characteristics
of a full-scale object, a mathematical description of the
processes is not required, it is enough just to have an idea
of the mechanism (physical nature) of the phenomena in
order to correctly calculate the parameters of a full-scale
object according to the test data of the physical model. In
physical modeling, the physical nature of the phenomena
occurring in a full-scale object and model is unchanged.
The physical modeling is based on the theory of similarity.
Separate types of physical similarity are: geometric
(similarity of similar geometric elements); kinematic
(similarity of the velocity fields for the two considered
motions); dynamic (similarity of systems of acting forces
or force fields of different physical nature — gravity,
pressure, etc.); mechanical (assumes the presence of
geometric, kinematic and dynamic similarity).

Physical modeling consists of two stages:

- theoretical reproduction on the model of the
investigated physical phenomenon or technical device
(including constructions and structures) similar to a full-
scale sample;

- construction of the models and performing the
necessary observations and measurements on them.

- the theory of modeling based on the theory of
similarity [26-28].

“Physical phenomena of one class are called similar,
when all characteristic quantities are similar, i.e. all vector
quantities are geometrically similar, and all scalar
quantities are correspondingly proportional.

Necessary and sufficient conditions of similarity:

phenomena that are similar in one sense or another
(complete, approximate, physical, mathematical, etc.),
have certain combinations of parameters, called similarity
criteria, and which are numerically identical for similar
phenomena;

any complete equation of a physical process, which is
written in a certain system of units, can be represented by
a functional dependence between the similarity criteria,
which are formed from the parameters that characterize the
process;

necessary and sufficient conditions for the similarity
of phenomena that are then compared are the
proportionality of the relevant parameters included in the
single-valuedness conditions of mathematical models of
these phenomena, as well as the equality of criteria for the
similarity of these phenomena"[29].

To conduct experimental studies, a physical model of
the jib crane rotation mechanism was constructed [30-31],
the 3D model of which is shown in Fig. 1 and the scheme
of the jib crane is shown in Fig. 2.

For the study, a real QTZ-80 crane was selected,
which differs from the laboratory installation (physical
model) of the jib crane rotation mechanism by its
structural, power and energy parameters, therefore,
physical modeling was used in experimental studies, which
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usually changes the scale and leaves the physical nature of
the phenomena. Therefore, the similarity theory is applied
to determine the characteristics of the physical model.

a)

. b)

Fig. 1. Scheme of the laboratory installation of the jib
crane: a) general view of the crane; b) the mechanism of
rotation of the jib crane.

Fig. 2. Jib crane: 1 — engine; 2 — elastic coupling;
3 — reducer; 4 — gear; 5 — slewing ring; 6 — rotary shaft;
7 — rotary part; 8 — frame.

A three-mass dynamic model of the jib crane rotation
mechanism was used (Fig. 3).

Z1

Fig. 3.7_E)_yr71;1mic model of the rotation mechanism.

In this model the following designations are accepted:
m — weight of load on a flexible suspension;lq, 17 —
moments of inertia of the drive mechanism and the rotary
part are reduced to the axis of rotation of the crane; Mg,
M1 — the driving moment on the motor shaft and the
moment of resistance forces are reduced to the axis of
rotation of the crane; g, @1, @2, —angular coordinates
of rotation of the rotor of the electric motor, rotary part of
the crane and load, which are taken as generalized
coordinates; C — the stiffness coefficient of the drive
mechanism, reduced to the axis of rotation of the crane; r
— derricking mechanism; | — length of a flexible
suspension of load; y —the angular coordinate of the
deviation of the traction rope from the vertical; g —free fall
acceleration.

Based on the dynamic model, a mathematical model
was compiled, which is a system of three second-order
differential equations:

2
d MnAu
lo%=n7n—6(cpo—<p1);
dt
2
d
1 y L _ (g —<p1)—mr2%((91—(p2)— M1 (D)
t
2
d
72 =Tlo1-02)
dt

The parameters in the system of equations are
designated by the following indices for a real crane "n", for
a physical model "m".

Expressing the parameters of a real system through
the corresponding parameters of its physical model and
similarity coefficients, it was obtained:

fon = vilom:lin = vilim;

Mnn = VM Mpm;M1n = vm Mim;

Mp = vmMm;ln = vimp;m = vim; (2
An =Vatm:Un = vuUm;nn = vyNm:Cn = vcmitn = vttm;

®0n = Ve®P0Om: PIn = VePlm:P2n = VeP2m-
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where V| ; V.0 VM VYA Vus Vi Ve VIVt Ve -
similarity coefficients; lgn; l1n; Mn 3 Mpn: M1n; Ap
; Uni Mni CnsoIns s tni eons @ins 920 -
parameters of the real crane; lgm: l1m: Mm; Mnpm:
Mim; Am: Um: Mm: Cm: M5 fm; tm: ®0m: ¢1m:
¢2m — parameters of the crane model.

Equation (1), taking into account expressions (2) for a
full-scale sample and a physical model of the rotation
mechanism, have the form:

2
d“e 1
|On—20'”=§Mnn7»nUnnn —¢n(®on —91n);
dt3
2
d%eom _1
|Om—2=§Mnm7thmﬂm - 3)
dt?
—Cm(e0m — 91m)-

2
d“o1n
> =cn(on — ¢1n) -

dt?

I1n

29 .
—Mpry I—((Pln - ¢2n)—M1n;
n

) 4
d“o1m
I1m > =cm(eom —91m) —
dt3
- mmrr% %(@m -¢2m)—M1m.
m
2
d“e
—22n=|g(<91n ~p2n);
d'[n n 5)
d2<p2m g
—ZZI—((le —02m)-
dtg,  Im

We divide the components of equations (3), (4) and
(5) for a real mechanism and a physical model and equate
them, as a result we get:

d2o0n
atf > MnnAnUnmin

lon

2 1 B
d"eom =Mpmimu
|Omi2 o nmAm mT™m

dt,
_ Cn(pon —¢1n) .
¢m(®om —®1m)
d o1
dt _ tn(eon —91n) _
d2pym  Cm(®om —¢1m)

I1n

I1m
dt3

29
Mnfn r(@ln -02n) M
n _Min .

29
MmIm T(le -¢2m)
m

M1m

2
d P2n g ( )
dt% ) In ®In —P2n ©)

> = .
d%e2m Ii (p1m —92m)
atg, "
After that, we express the parameters and
characteristics of the real rotation mechanism through the

parameters and characteristics of the physical model, using
for this the dependencies (2), which give:

- d2(voeom)
- rom/
d(tmvt)2 _YM MnamVvaimvulUmvnnim _
| d%e0m MpmAmUmnm
Om— %

dt3
_velm(Vep®om —Ve®im) |
¢m (®om —®1m)

- d2(vpo1m)
e’
d(tmvi)? _Veem (VoPom —VePim) _
| dzﬂ ¢m(®om —@1m)
Im 2
dt
2 1
vmmm (VIm) il (Vo®im —Ve®2m) M M1
= 2 1 = M )
Mmrm r(le - o2m) 1m
m
d2(v
oP2m)
2 o (VePim —VveP2m)
dtmve)™ _ vilm ° ® @)
2 1 '
d%9om I*(‘le ~o2m)
m

dt3
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In the resulting equations (7), we remove the
differentiation operations, since they do not affect, after
which we will have:

il Vo®0Om
I10m T2 9
tmvt VM MnmvaimvuUmvnnm
[ ©0m MnamAmUmnm
om T
tm

veem (Vo®om — Ve®im)
cm(®om —®1m)
Ve®Im

vilim 2 2 )
mvi  veem(Vo®om —VePim)
[, 1m ¢m (®0m —91m)
Im o
tm

1

Vlm

2
vmMm (V1m)

(Ve®1m —VeoP2m)
® ® _vmMim

Mim

21
Mmm I*((le -o2m)
m

Ve®2m

_ qu)((plm —92m) | @

1
I*(<P1m -o2m)
m

trznvtz
P2m

th

As a result of certain mathematical transformations
and reductions, we obtain the ratio between the similarity
coefficients [30]:

vV
L =VMVAVuVn =VcVes 9)
Vt
\20Y
Yo =VeVe =VmVIVes (10)
Vi

Vg v
P P

e_e (11)

Vt2 M

Analyzing expressions (9), (10) and (11), the
following dependences were obtained:

VA% VIiVe
2 :VmV}\'Van; 2 :VC;
Vit Vit
(12)
V| _ 1 2 _
—2—VmV|,—2— —)Vt =V|
Vi Vi

A system of four equations (12) was obtained with
eight unknown similarity coefficients. Therefore, the four
similarity coefficients are set arbitrarily, and the remaining
four coefficients are determined from the system of
equations (12). The numerical values of all eight similarity
coefficients are summarized in table 1.

Thus, the obtained ratios of the coefficients of
similarity of the rotation mechanism of the jib crane make
it possible, according to the parameters of a real crane, to
read the parameters of its physical model.

Table 1. The value of the similarity coefficients of the
hysical model of the jib crane

Value of the similarity
Parameter name .
coefficient
Jib length 10.6
Length of a flexible suspension 18.5
Weight of load 50
Time 4.3
Gear ratio 1.205
Efficiency 1.25
Mome_nt of the inertia of the 12052 668
rotation part of the crane
Moment of the inertia of the
. ; . 8.42
rotation mechanism drive

Based on the parameters obtained, a physical model
of the full-scale rotation mechanism of the QTZ 80 jib
crane was constructed (Fig. 4), the main parameters of
which are given in Table. 2.

Fig. 4. Physical model of the jib crane rotation
mechanism

Table 2. The main parameters of the physical model
of the mechanism of rotation of the jib crane

Unit of Parameter
Parameter name
measurement value
Jib length m 3.75
Length of a erX|bIe m 27
suspension
Weight of load kg 40
Gear ratio - 1124.9
Efficiency - 0.69
Moment of the inertia of )
the jib kg-m 408.27
Moment of the inertia of )
the drive kg'm 8503.5
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Conclusions

1. A physical model of the jib crane rotation
mechanism has been developed to conduct experimental
studies on similarity theory. To determine the similarity
criteria, the equations of motion dynamics were used,
which reflect the process of operation of the jib crane
rotation mechanism.

2. Using the similarity criteria, the numerical values
of the similarity coefficients of the real rotation mechanism
of the jib crane and its physical model are determined.
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KOHCTPYKIISl ®I3UYHOI MOJIEJII MEXAHI3MY
OBEPTAHHAA KPAHA, TTIPOI'PAMA TA OIINC
EKCITEPUMEHTAJIBHUX JOCJI/KEHD
B. C. Jloseiixin, FO. O. Pomacesuy, 1. O. Kaouxano
AHoTanis. Y wiit cTaTTi BUKIaIEHO OCHOBHI MOJOXKEHHS
IIPOTpaMH, METOUKY, ONUC 00’€KTa EeKCIIEPUMEHTAIBHUX
JOCITIDKEHb Ta TOOYAOBY (i3MYHOI Mogeni MeXaHi3My

oOepTaHHs CTPLIIOBOTO KpaHa.
Jns gocnimkeHas 0yio oOpaHo cipaxHiit kpaH QTZ 80,
SIKUA ~ BiAPI3HAETBCA Big J1a0OpPaTOpHOi  YCTaHOBKH
(dismyHOi Momem) MexaHi3My TIOBOPOTY CTPLIOBOTO
KpaHa 32  KOHCTPYKTHBHUMH, CHJIOBUMH  Ta
€HEePreTUYHIMHU rapaMeTpamu, TOMY B
EKCIIEPUMEHTAJIBHUX JOCIIKEHHSIX BHUKOPUCTOBYBAJIOCS
(i3nuHe MOZETIOBAaHHS, SIKE 3a3BUYall 3MiHIOE MacIuTaly i
3anumae (GisudHy npupody sABul. ToMy i BU3HAYCHHS
XapakTepuCcTHK  (i3UYHOI MOAENi BHKOPHCTOBYETHCS
TeOopist MOAIOHOCTI.

Jns npoBeNeHHS eKCIEPHMEHTAIBHHUX JOCHiIKEeHb

Teopii momiObHOCTI  po3pobieHO  (Qi3WYHY  MOZIETh
(;rabopaTopHMiA OJI0OK) MEXaHi3My OOepTaHHS CTPLIOBOTO
KpaHa. s MOJEIb MiATOTOBIICHA JUTSL

eKCIePUMEHTAIBHIX JOCHIKeHh JUHAMIKA MeXaHi3My
obepraHHs B mpoueci mycky. /i BU3HA4eHHS KpUTEpiiB
MOMIOHOCTI  BUKOPUCTAHO  PIBHSHHA — PyXy, IO
Bi10OpaxkarTh poOOTYy MeXaHi3My MOBOPOTY CTPIJIOBOTO
KpaHa, a caMe TPHUMacoBY JWHAMIYHY MOJIENb MEXaHI3My
o0epTaHHs, 10 € CHUCTEMOIO TPbOX JH(epeHIianbHIX
PIBHSIHB JIpyTOTO MOPSIIKY.

BukopucroByroun ~ OTpUMaHi  CHIBBiJHOIIEHHS
KpUTEpiiB MOMIOHOCTI, BH3HAYEHO YHCENbHI 3HAYEHHS
KOeQiIi€HTIB MOAIOHOCTI pealbHOrO MEXaHi3My TIOBOPOTY
CTpLIOBOrO KpaHa Ta Horo ¢izn4Hoi Mozei.

Ha ocHOBI oTpuMmaHUX mapamerpiB MHOOYIOBaHO
¢i3MyHy MOHEeNh HATYpPHOTO MeXaHi3My OOepTaHHS
CTPIIOBOTO KpaHa.

Pesynbratn, oTpuMaHi B JaHOMY JOCIiIKEHHI,
MOXyTh OyTH B TOJANBIIOMY BHKOPHUCTaHI JUIA
YTOYHEHHsI Ta BJOCKOHAJICHHS ICHYIOUMX IH)XKEHEPHHX
METOJIB PO3PaxyHKy MeEXaHIi3MiB 0OepTaHHs KpaHIB, K
Ha eramax IX IPOEKTYBaHHS/KOHCTPYIOBaHHS, Tak i B
peasbHiil excruTyaranii.

Krouosi cJI0Ba: MeXaHi3M obepTaHHS,
EKCIICPUMEHTAIbHI JIOCITIIKEHHSI, JUHAMIYHI
HaBaHTaXXCHHS, KOJINBAaHHS, ¢biznyna MOJICIIb,

koedilieHTH NoAIOHOCTI, CTPLIOBHUIT KpaH.

KOHCTPYKIMS ®HU3UMUYECKOU MOIEJIN
MEXAHU3MA BPAIIIEHW S KOHCOJIBHOT'O
KPAHA, TIPOTPAMMA 1 OITMCAHUE
SKCIEPUMEHTAJIbHBIX UCCJIEJOBAHUI
B. C. Jloseiikun, I0. A. Pomacesuu, . A. Kaovikano
AHHOTanus. B jaHHOI craTbe W3JI0KEHBI OCHOBHBIE
MIOJIOKEHHST TIPOTPaMMBbl, METOJMKA, ONHCaHHWE OOBEKTa
OKCIICPUMCHTAJIbHBIX l/lCCJ'le,HOBaHl/Iﬁ u MOCTPOCHUC
(u3MYecKoil MOAENIH MEXaHH3Ma IIOBOPOTa CTPEIOBOTO

KpaHa.

s uccnenoBanus Obul BeIOpaH peanbHblil kpan QTZ 80,
KOTOPBIM OTiM4YaeTcs OT JabopaTOpHOW YCTaHOBKU
(pusnyeckoit Mozenu) MexaHu3Ma IIOBOPOTa CTPEIOBOTO
KpaHa KOHCTPYKTUBHBIMHU, CHJIOBBIMH )5
SHEPreTUYECKUMHU IapaMeTpaMu, 10 3TOW INpUYMHE B
9KCIIEPUMEHTANBHBIX ~ HCCIEAOBAHUSX  IIPUMEHSIIOCH
(uzmyeckoe MOIETUPOBAaHUE, KOTOPOE OOBITHO U3MEHSET
MacmTad M OCTaBIAeT (PU3HUECKYIO NPHPOIY SBICHHI.
[TosToMy msi ompeneneHNsT XapaKTEPUCTHK (U3UICCKOH
MOJIETIN UCTIONB3YETCS TEOPHS TTOLO0HS.

Jnst mpoBeieHnsT SKCIEPUMEHTANIBHBIX MCCIIEA0BAHUN IO
Teopuu monodus Obima co3maHa (DU3MUYECKas MOJENb
(mabopaTopHass ~ yCTaHOBKa) MeEXaHHM3Ma  IOBOpPOTa
CTpENIOBOrO KpaHa. JlaHHas MoJenb MOATOTOBJIEHA IS
9KCIIEPUMEHTAIBHBIX HCCIIEJOBAaHNH JUHAMHKA
MeXaHM3Ma BpalleHHs B Iporecce mycka. J{is
OIIpEAEIEeHUsT KPUTEPUEB TIOM00MS  MCIOJIB30BAIHCH
YpaBHEHHMS JIBIDKCHUS, OTpakarolye paboTy MexaHH3Ma
IIOBOPOTA CTPEJIOBOTO KPaHa, a MMEHHO TPEXMaccoBast
JMHAMHUYecKast MOJIETb MeXaHHU3Ma
TIPEeACTaBIISIOIIAs coboi cucTtemy
i epeHnnaNbHbIX YpaBHEHUI BTOPOTO MOPSIIKA.

C moMOIIbIO MOYYCHHBIX COOTHOIIECHUH KPUTEPUEB
mogobusi  OMPEAEISIOTCS  YWCICHHBIE — 3HAYCHMSA
KOX(QPUIHEHTOB  mMOmo0Ws  peaslbHOTO  MEXaHHW3Ma
MIOBOPOTA CTPENIOBOrO KpaHa U €ro (pu3ndeckoil MOJIEIH.

Ha ocHOBe mOMy4eHHBIX MapaMeTpOB IOCTPOCHA
¢usmyeckass MOAETh HATYpPHOTO MEXaHH3Ma IOBOPOTa
CTPEJIOBOTO KpaHa.

Pe3ynbraThl, ONyYeHHBIE B JAHHOM HCCJIEIOBaHHH,
MOTYT OBITh B JaJIbHEHIIIEM UCIIOIB30BAHbI JJIsl YTOUHEHHUS
U COBEpIICHCTBOBAHMS CYIIECTBYIOIINX HHXEHEPHBIX
METOJIOB pacyeTa MEXaHW3MOB IIOBOPOTa KPaHOB, KaK Ha
9Tanax MX IPOEKTHPOBAHUS/CTPOUTENBCTBA, TaK U B
YCIOBUSIX PEabHON 3KCILTyaTalny.

MOBOPOTA,
Tpex

KnaioueBble  cjoBa:  MEXaHU3M  BpAILCHHMS,
SKCIIEPUMEHTANIbHbIE ~ WCCICIOBAaHMSA, JUHAMHYECKHE
Harpysku, KoneOaHus, ¢dusmueckas MO/IETb,

KOX(PHUIHIEHTHI TOI00Ws, CTPEIIOBOI KpaH.
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Abstract. The article presents the results of a study
of the non-metallic inclusions and secondary structure of
continuous casting steels It is estimate that main quantity
of non-metallic inclusions (=72%) it inputted in steel
during the deoxidization and the secondary oxidation,
therefore the casting processes need to be managed very
well to decrease the quantity of non-metallic inclusions in
liquid steel.

Reducing the secondary dendrite arms spacing for
the strip casting process, in comparison with the
conventional continuous casting process of thick slab, will
reduce the size of non-metallic inclusion and as result
could improve the mechanical properties of steel.

Content of the endogenous non-metallic inclusions in
stainless steel with Ti, in carbon steel and in electrical
steel grades decreases in ladle and tundish in 2.7-3.2
times in comparison with quantity of non-metallic
inclusions before pouring from furnace.

The increasing of the tundish width decreases in 20
times the quantity of nonmetallic inclusions by sizes from
70 to 80 um, and in 5-6 times by sizes 220-230 pm.
Increasing of the tundish height reduces of the oxygen
content in continuous casting of slab

It was development the dependence of the secondary
dendrite arm spacing with cooling rate.

Analysis shown, that the secondary dendrite arms
spacing for the strip casting process decreases from 5.91
to 8.31 times in comparison with the conventional
continuous casting process of thick slab of thickness
220 mm. Simultaneously non-metallic inclusions sizes to
decrease, too. Rapid solidification reduces the number of
large non-metallic inclusions: the inclusion number larger
than 1 um is decreased by a ratio of 5 in comparison with
the conventional slabs process.

It was estimated influence of main parameters on the
average grain sizes and the steel microstructure for the
strip and conventional casting processes.

The dependence of the grain size of carbon and low
alloying steels grades (C = 0.08-0.6%, Si = 0.4-0.6%,
Mn = 0.4-1.4%, P < 0.03%, S < 0.03%), (C = 0.04-0.6%,
Si = 0.11-0.3%, Mn = 0.3-1.12%, P = 0.01-0.035%, S =
0.005-0.035%, Nb = 0.013%, V = 0.001%) and high
chromium and stainless steels of type AISI 430 and 304
(C = 0.03-0.12%, Si = 0.83-1.0%, Mn = 0.8-1.0%, Cr =

=16.0-18.4%, Ni = 8.47%, N = 0.03%) from casting
speed range, final thickness of slab or sheet, reduction,
temperature range is estimated by a multi regression
analysis.

The grain size of steel obtained by the strip casting
process, in range 1300 to 1400 °C, is 2.3 time smaller than
for the slab casting processes with slab thickness from 50
to 220 mm.

Key words: steel, chemical composition, non-
metallic inclusions, secondary structure, continuous
casting of steels

Introduction

The use and production of sheet metal products are
constantly growing, the problem of increasing the
productivity of technology and equipment, improving the
quality of rolling, energy saving, environmental safety is
exacerbated [1].

Thin steel sheet is a type of metal that are most
popular and widely used in engineering, automotive,
construction, food and other industries [2].

One of the main directions of scientific and
technological progress in metallurgical production is the
direct production of thin sheet metal from molten steel
[3]. The technological process of direct production of thin
rolled products from the melt and its implementation is
one of the most promising in metallurgy in recent decades

[4].

Formulation of problem

Research,  development,  improvement and
implementation in production of technologies that can
significantly reduce production costs, production time and
significantly reduce harmful emissions into the
environment, namely the technology of continuous
casting of thin sheet, is currently very relevant [5].

World leaders in this field (USA, Japan, Australia,
Germany, Italy and others) have achieved significant
results in the development of technological schemes and
designs of casting machines and their implementation in
the metallurgical industry [6]. However, due to significant
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technological and technical difficulties, it is not possible
to establish a sustainable high-performance industrial
process with operational changes in the product range
today [7].

The main problem of direct production of high-
quality thin steel sheet is the presence of a large number
of interdependent technological parameters that affect the
size and distribution of non-metallic inclusions and the
secondary structure of the sheet [8].

The smallest differences in these parameters have a
negative effect on surface quality and homogeneity of the
rolled structure [9].

Low stability of the process does not allow to
establish the production of high-quality thin rolled steel,
the needs of which are constantly increasing [10].

The problem of steel sheet production in Ukraine has
not been solved, so it is relevant and aimed at meeting the
needs of mechanical engineering, automotive and other
industries [11].

Taking into account the needs and requirements of
the world consumer market of metal products, including
the industry of Ukraine [12], the production of thin steel
sheet will remain a promising technological process, the
problems of which must be solved [13].

Solving these problems requires further in-depth
study of the influence of chemical composition and
technological parameters of production on the size and
distribution of non-metallic inclusions and the secondary
structure of the sheet [14].

Analysis of recent research results

The main advantages of the technology in
comparison with traditional slab casting and subsequent
rolling are the following [4]:

- significant reduction of energy consumption (3-7

times);

- shorter length of the technological line (up to
50 m, in contrast to the traditional scheme of 150-
1000 m);

- the cycle of production of hire takes no more than
15 minutes; ecological purity (reduction of harmful gas
emissions by 70-90%);

- opportunity to successfully integrate as an
effective complement to the structural and technological
changes of enterprises with a full production cycle during
their modernization, which is relevant and necessary for
the industry of Ukraine.

The introduction of the technology of thin steel
casting-rolling in industrial production makes it possible
to eliminate many technical and economic problems that
existed in the traditional metallurgical production. The
new method ensures high profitability of obtaining rolled
metal from grades of steels and alloys that are difficult to
deform, the production of which by the traditional method
is difficult or impossible [4]. High rates of metal
crystallization contribute to the uniform distribution of
small non-metallic inclusions, obtaining a fine-grained
structure and inhibiting the sequestration of impurities,
which provides a new, higher level of quality and
mechanical properties of metal products [11].

Results of research

Non-metallic inclusions. Sources of non-metallic
inclusions in steel are lining of smelting furnace, lining of
chute of furnace, bottom-pouring refractories, lining of
ladle, slag from smelting furnace, metallic scrap, products
of secondary oxidation and products of deoxidization.
Approximately inclusion quantity is inputted in steels are
shown in Table 1.

Table 1. Sources of non-metallic inclusions in steels
and approximately quantity inputted inclusions (Nnmi).

Name of source of non-metallic inclusions | Nmi, %
Lining of smelting furnace 0.5
Lining of chute of furnace 0.5
Bottom-pouring refractories 1.0
Lining of ladle 3.0
Slag from smelting furnace 3.0
Metallic scrap 20.0
Products of secondary oxidation 32.0
Products of deoxidization 40.0
Sum 100.0

The data of Table 1 are the basis for calculating and
predicting of the thickness influence on the element
segregation in continuously cast steel slabs.

The above data show that the main quantity of non-
metallic inclusions (72%) it inputted during the
deoxidization and the secondary oxidation.

Content of the endogenous non-metallic inclusions in
stainless steel with Ti, carbon steel and electrical steel
grades, in furnace before pouring (1) in ladle (2) and
tundish (3) are as shown in Fig. 1.

2%

0.08 - 1. Stainless steel grades with Ti
—a 2. Carbon steel grades

0.06 3. Electrical steel grades

0.04

0.02

Fig. 1. Content of the endogenous non-metallic
inclusions in stainless steel with Ti, in carbon steel
grades and in electrical steel grade in furnace before
pouring (1), in ladle (2) and tundish (3).

Data of Fig. 1. show that content of the endogenous
non-metallic inclusions in stainless steel with Ti, in
carbon steel grades and in electrical steel grades decreases
in ladle and tundish in 2.7-3.2 times in comparison with
guantity of non-metallic inclusions before pouring from
furnace.

Influence of the tundish width on the quantity of
non-metallic inclusions is shown in Fig. 2.

The data from Fig. 2. show that the increasing of the
tundish width decreases in 20 times the quantity of
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nonmetallic inclusions by sizes from 70 to 80 um, and in
5-6 times by sizes 220-230 pm.

Increasing of the tundish height reduces of the
oxygen content in CC of slab (Fig. 3).
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b
Fig. 2. Influence of the tundish width on the quantity
of non-metallic inclusions [1]: a, b — tundish width is 1.08
and 0.8 m, accordingly.
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Fig. 3. Influence of the tundish height on the oxygen
content in CC of slab: 1 — start; 2 — middle; 3 — finish.

Influence of the slag thickness in tundish and the
tundish barriers on the quantity of non-metallic inclusions
is shown in Fig. 4.

The data from Fig. 4 show that by decreasing the
slag thickness and by using barriers in tundish the
quantity of non-metallic inclusions decreases too.

Independently from forming shape process of non-
metallic inclusions, they are concentrated between
dendrites arms and on the surface of boundary primary
grains.

The dependence of the secondary dendrite arm
spacing (An, um) with cooling rate (R, °C/s) is as follow:

A = 96 - R7042, (1)
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Fig. 4. Influence of the slag thickness and the
tundish barriers on the quantity of non-metallic
inclusions.

The secondary dendrite arm spacing (Aun, um) for
thick slab and strip casting processes, is as in following
Table 2.

Table 2. BiusHue mapameTpoB 3aTBepICBaHMS Ha

pasMepbl ACHAPHUTOB W PACCTOSAHUC MCEXKAY OCAMHU
JICHAPUTOB 2 MOpsAKa.
. Thick
Parameter Strip slab
Thickness, mm 1.2 1.8 220
Casting speed, m/min 131 59 2
Total solidification time,s | 0.116 | 0.258 1070
Average speed of 5.172 | 3.488 | 0.103
crystallization, mm/s
Average shell cooling rate 1853 826 12
in mould, °C/s
Average size of dendrites 0.6 - 1.0- 12.0-
(xP), mm 0.7 1.2 20.0
Secondary dendrite arms 4.07 5.72 33.81
spacing ( A, um)
100000 . .
10000 |- .
E 1000} .
2
w 100F -
=
L
S 1o §
Q
£
- 1F —
° Twin drum cast strip \
2 (T.(0)=53 ppm
£ -TF — _a — Hot rolled strip 7]
E A (T.(0)=48 ppm
Z U 1 1
-1 1 10 100

Inclusion size (um)
Fig. 5. Size distribution of non-metallic inclusions.
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The data of Table 2 show that the secondary dendrite
arms spacing for the strip casting process decreases from
5.91 to 8.31 times in comparison with the conventional
continuous casting process of thick slab of thickness
220 mm. This means that for the strip casting process the
sizes of non-metallic inclusions will be decreased from
5.91 to 8.31 times, too. Rapid solidification reduces the
number of large non-metallic inclusions: the inclusion
number larger than 1 pum is decreased by a ratio of 5 in
comparison with the conventional slabs process, as
presented in Fig. 5.

Experimental data show that the reduction of size of
non-metallic inclusions improves the properties of steel,
for example the critical cracks (Fig. 6).

15k
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= X «
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0 | | |
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Fig. 6. Influence of the size of manganese (MnS)
sulfides (Ig D) on critical crack length (Ig L).
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Fig. 7. Influence of carbon content on position of
brittleness fields.

The data from Fig. 6 show that in case of decreasing
the size of non-metallic inclusion in range from 5.91 to
8.31 times it is possible to increase the crack resistance in
range from 1.87 to 2.64 times.

Secondary structure. During solidification the steel
has a few temperature intervals of brittleness, where
plastic properties are drooped:

1. High temperature brittleness from solidus
temperature (ts) to 1200 — 1340 °C (as result of impurities
accumulation and elements segregation on grain
boundaries);

2. Medium temperature brittleness — from 1150 till
950 °C (as result of sulfides accumulation on grain
boundaries, with Mn/S > 60 the brittleness is absented);

Low temperature brittleness — from 850 till
700 °C (as result AIN precipitation on grain
boundaries). The influence of carbon content on brittleness
fields is shown on Fig. 7.

In these intervals, as consequence of element
segregation on the austenite grain boundary, increases the
probability of crack appearance.

The element segregation to the austenite grain
boundary depended strongly on the grain size of structure.

In Fig. 8 is shown the grain sizes evolution of the
steel grade St 14 (C < 0.08, Mn < 0.40, P < 0.03,
S < 0.03) relatively for conditions of casting, pressing,
rolling and coiling.

Pressing
(1200-1300°C)

Colling
(650°C)

Rolling
(1000°C)

Casting
-8

IS

Grain size G

o0

S
IS T T T T T S I B

Fig. 8. Grain size evolution for a strip of thickness
of 12 mm.

In research was shown the austenite and ferrite grain
characteristics as a function of the amount of hot
deformation (Fig. 9).
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Fig. 9. Austenite and ferrite grain characteristics as a

function of the amount of hot deformation.
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Secondary Rolling
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Fig. 10. The grain size of steel S355, featuring two
initial-pass temperatures for in — line rolling.

Modeling of the grain size of steel grade S355,
featuring two initial-pass temperatures for in — line
rolling, is shown in Fig. 10.

In according with results of research the
microstructure of electric steel grade, produced by strip
casting is shown in Fig. 11.

i e s SEESTESS Bt

”*1/

Fig. 11. Microstructure of a strip transversal section
of electric steel grade in temperature range from 1000 (a)
to 800 (b) and 600 (c) °C.

Table 3. Influence of main parameters on the average grain sizes for the strip and conventional casting processes.

N Chemical | Sizes | Speed | Superhe | Reduct | Hot Rolli | Temper | Grain size, Sour
compositi | of slab of at, °C ion at | reducti | ng a-ture, | um (y phase, ce
on, or castin pressin | on at °C o phase)
%wt. thickne 0, 0, rolling Surf. | Cent.
ssof | m/min %/tC |,
strip, %It,°C
mm
1 Low - C| 226- (35 -|50-60 |- 30/- - 100 | 300
= 0.04% 31 |45 m | ®
(Si=0.15—
0.30; as-cast 13
Mn=0.50—
0.80;
P<0.01;S
<0.005;
Al<0.005;
N<0.01)
(AlSI
1005)
2 Peritectic | 2.8 - | 65 45 -60 - 100 | 400 (y)
- 3.0 0
C=0.1%
3 Medium - | 3.0 40 70 - 80 200
C M |
=0.45%
6.1 | C<0.007, Force, - *t 1000* o phase
Si=4.5, kN of - 06 12
P<0.01, 0.1- 360 30 coil '
6.2 | Ni<0.07, 0.3 30 800* 147 | 81.6
6.3 | Ti<0.02, 600* 14.6 | 40.2
6.4 | Co<0.02, 300 400* 146 | 9.1
6.5 | Al<0.01. ascast | 11.5 | 8.6
electric
steel
7.1 C<0.08, |50 — Casting — to 1200 — 1300 °C 1000-2828
7.2 Mn < 4 125 [ - ] | 250 — 354
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7.3
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Mn=
03 -
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035,
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035,)
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15 mm — 10 mm at 1200 °C

15 mm — 10 mmat 1200 °C — 9 mm at 1150 °C - 27
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CcC =13
0.03;

9.2

Si=0. '350.9
83;

9.3

Mn=

0.80; 3515

9.4

Cr =
Ni =
8.47,
N =
0.03
(AISI
304)

100

As — cast — hot coil

28 —-34

Cold rolling (Z-mill) 70% — annealing (cal) 1150 °C, | 24 - 27
1.6 min — skin pass—0.3 %

Cold rolling (tandem mill) 50% — annealing (cal) | 1316
1150 °C, 1.6 min

Cold rolling (tandem mill) 50% — annealing (cal) | 12.5-18
1150 °C, 1.6 min — Cold rolling (tandem mill) 40%
— annealing (cal) 1150 °C, 1.6 min
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C <| (50—
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Si < (50-
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Mn <
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15

11
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(C=0.14-0.20,

13 ton
ingot

As — cast

1400 | 647

1300 | 493
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Si=0.4-0.60, 1200 | 147
Mn=10-14)

12| St3 As — cast 1300 | 250 18
(C=0.14-0.22, 1250 | 32
Si=0.12-0.30,
Mn = 0.4 — 0.65)

13| (C=0.95-.05,Si=0.17- As — cast 1200 | 250
0.37,Mn=0.2-0.4, 1100 |94
Cr=1.3-1.65)
ShKh 15

14| C=0.38, Si=0.21, After rolling at 930 °C, with reduction of | 20 100 - 200 4,
Mn=0.53, P=0.02, thickness on 45 %, 17
$=0.009, Cr=0.28

15| St17GS 30 — | Speed of | Finish rolling at | 20 Surf. | Cent. | 18
(C=014-020,Si=04-|74 crystallization ~ 2.6 | 850 °C 48 63
0.60, Mn=1.0-1.4) 30 — | mm/s. 20 32 48

2.0

Technological parameters of the above structure,
presented in Fig. 11, are as follow:

1.Chemical composition (% wt): C < 0.007,
Si = 45, P < 0.01, Ni < 0.07, Ti < 0.02, Co < 0.02,
Al <0.01.

2.Superheat — 30 °C.

3.Roll diameter — from 300 to 400 mm.

4.Roll length — 150 mm.

5. Casting speed — 6 m/s.

6. Cast strip thickness — from 0.1 to 0.3 mm.

7.Separation force per unit length of the roll ranged
from 0.2 to 2.0 KN/mm.

8.Strip tension between the twin—roll and caster and
the coiler ranged from 11 to 44 N/mm?2,

Dependence of the average grain sizes of strip with
the strip coiling temperature is shown in Fig. 12.
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Temperature of coiled strip, °C
Fig. 12. Dependence of the average grain sizes of
strip with the strip cooling temperature.

Table 4. Microstructure description.

N of position Description of Source
in tabl. 3 microstructure
1 Mainly acicular ferrite 13
2 Ferrite + Pearlite
3 Fully pearlitic

In Table 3 and Table 4 are presented respectively the
influence of main parameters on the average grain sizes

and the steel microstructure for the strip and conventional
casting processes.

Dependence of the grain size (D¢, um) of carbon
and low alloying steels grades (C = 0.08 - 0.6%, Si = 0.4
—0.6%, Mn = 0.4 — 1.4%, P < 0.03%, S < 0.03%) for the
conventional continuous casting process with following
conditions:

- casting speed range (Vcast) from 2 to 10 m/min;

- final thickness of slab or sheet (8sin ) - 2.0 +
135 mm;

- reduction (Reym ) - 0 + 93.3 %;

- measured temperature rang of grain size (tgs ) -
25 +1250°C

is estimated by a multi regression analysis with the
following relation:
Dece = 36657 —889.6 + Veu — 946.8 - 85 — 276 -
Rgum - 4.268 - tgg + 0.3647 -ty - 8y + 2.125 -
8?in: (2)

Coefficient of multi correlation R = 0.999.
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Fig. 13. Influence of temperature on grain sizes of
steel manufactured by conventional continuous casting

(CCC) and strip casting (SC).

Grain size, mcm

Depended of the grain size (Dsy, pm) of carbon and
low alloying steels grades (C = 0.04 - 0.6%, Si =0.11 —
0.3%, Mn = 0.3 - 1.12%, P = 0.01 — 0.035%, S = 0.005 -
0.035%, Nb = 0.013%, V = 0.001%) for the strip casting
process with following conditions:

- casting speed range (Vcast) from 40 to 65 m/min;

- final thickness of slab or sheet (8:n ) - 1.68 +
12 mm;

- reduction (Rsum ) - 0 + 86 %;
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- measured temperature rang of grain size (tg ) - 25
+ 1400 °C is estimated by a multi regression analysis with
the following relation:

Dgtr = 10.6 + 0.6806 - tgs - 0.005961 - Ry, -

tés, R = 0.985, 3)

Depended of the grain size (Dssr, pm) of high
chromium and stainless steels of type AISI 430 and 304
(C =0.03 - 0.12%, Si = 0.83 — 1.0%, Mn = 0.8 — 1.0%,
Cr = 16.0 — 18.4%, Ni = 8.47%, N = 0.03%) for the strip
casting process with following conditions:

- casting speed range (Vcast) from 3.7 to 100 m/min;

- final thickness of slab or sheet (&sin ) - 0.9 + 5 mm;

- reduction (Rem) - 0 + 94.5 %j;

- measured temperature range of grain size — room
temperature is estimated by a multi regression analysis
with the following relation:

Dgtrst = 20.6 — 0.02008 * Vouqp - 0.1208 * Rgym +

4336 - 85, R=0.908, )
39
/-
34 /./ /./
£
E 29 ¥
(9]
2 2 2 ¢
5 /
O 19 / - eTs ot
14 1
05 15 25 35 45

Thickness of sheet, mm

Fig. 14. Influence of the steel manufacture route on
the grain size of the carbon and high alloying steels at
room temperature.

In accordance with the data of Table 3, the influence
of temperature and thickness on the grain sizes of steel
manufactured respectively by conventional continuous
casting (CCC) and strip casting (SC) are presented
respectively in Figures 13 and 14.

The data of Fig. 13 show that at temperature 1300—
1400 °C the grain size of strip decreases nearly 2.30 times
respect to the conventional casting.

Influence of the steel manufacture route on the grain
size of the carbon and high alloying steel grades, at room
temperature, is shown in Fig. 14.

Conclusions

1. It is estimate that main quantity of non-metallic
inclusions (=72%) it inputted in steel during the
deoxidization and the secondary oxidation, therefore the
casting processes need to be managed very well to
decrease the quantity of nonmetallic inclusions in liquid
steel.

2. Reducing the secondary dendrite arms spacing for
the strip casting process, in comparison with the
conventional continuous casting process of thick slab, will
reduce the size of non-metallic inclusion and as result
could improve the mechanical properties of steel.

3. Content of the endogenous non-metallic inclusions
in stainless steel with Ti, in carbon steel and in electrical
steel grades decreases in ladle and tundish in 2.7-3.2
times in comparison with quantity of non-metallic
inclusions before pouring from furnace.

4. The increasing of the tundish width decreases in
20 times the quantity of nonmetallic inclusions by sizes
from 70 to 80 um, and in 5- 6 times by sizes 220-230 pum.

5. Increasing of the tundish height reduces of the
oxygen content in CC of slab.

6. It was development the dependence of the
secondary dendrite arm spacing with cooling rate.

7. Analysis shown, that the secondary dendrite arms
spacing for the strip casting process decreases from 5.91
to 8.31 times in comparison with the conventional
continuous casting process of thick slab of thickness 220
mm. Simultaneously non-metallic inclusions sizes to
decrease, too. Rapid solidification reduces the number of
large non-metallic inclusions: the inclusion number larger
than 1 pum is decreased by a ratio of 5 in comparison with
the conventional slabs process.

8. It was estimated influence of main parameters on
the average grain sizes and the steel microstructure for the
strip and conventional casting processes.

9. The dependence of the grain size of carbon and
low alloying steels grades (C = 0.08 - 0.6%, Si = 0.4 —
0.6%, Mn = 04 — 1.4%, P < 0.03%, S < 0.03%),
(C =0.04 - 0.6%, Si =0.11 — 0.3%, Mn = 0.3 — 1.12%,
P = 0.01 — 0.035%, S = 0.005 - 0.035%, Nb = 0.013%,
V = 0.001%) and high chromium and stainless steels of
type AISI 430 and 304 (C = 0.03 - 0.12%, Si = 0.83 -
1.0%, Mn = 0.8 — 1.0%, Cr = 16.0 — 18.4%, Ni = 8.47%,
N = 0.03%), from casting speed range, final thickness of
slab or sheet, reduction, temperature range is estimated
by a multi regression analysis.

10. The grain size of steel obtained by the strip
casting process, in range 1300 to 1400 °c, is 2.3 time
smaller than for the slab casting processes with slab
thickness from 50 to 220 mm. For the strip casting
process the grain size decreases compared to the
conventional continuous casting process, as consequence
it is possible to increase of the element content in steel for
the strip casting process.
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HEMETAJIJIMYECKUE BKJIFOYEHUA U
BTOPMYHAS CTPYKTYPA HEITPEPBIBHO JIMTBIX
CTAJIEN
E. I Apmanounany

AHHOTanusi. B crathe mpenctaBieHBI pe3yNbTAThI
WCCIICOBAaHUA  HEMCTAJUIMYECKUX  BKIIOUYCHHH W
BTOPUYHOU CTPYKTYpPBI CTaJIed HENPEPBIBHOW Pa3JIMBKU.
IToxcuuTaso, YTO OCHOBHOE KOJIMYECTBO
HEMeTaJNINUYeCKuX BKIO4eHui (72%) BHOCHTCSA B cTailb
BO BpeMS pACKUCICHHS UM BTOPUYHOTO OKHCIICHHUS,
II03TOMY HEOOXOJMMO IleJICHANpaBIeHHOE YIIpaBlIeHUE
IporieccaMi  JIMThS, Ui YMEHBLICHHS KOJHUYECTBA
HEMETaJUIMYECKUX BKIIIOUCHUH B CTAJIH.

YMEHBIICHHE PACCTOSHUS MEXIY ACHIPUTHBIMU
BETBSIMH BTOPOTO MOPS/IKa, B CiIydae MpoIecca pPas3iIuBKU
JICHTBl, TIO0 CPAaBHEHMIO C TPaJUIMOHHBIM IPOLECCOM
HETIPEPHIBHOM pA3JIMBKU TOJICTHIX CISI00B NPHUBOAUT K
YMEHBIICHUIO pa3Mepa HEMETAIIMIECKUX BKIIOUCHHH H,
KaK pe3yibpTaT, YIy4IICHHIO MEXaHHYEeCKHX CBOICTB
CTaJu.

Copnepxanue 9HJIOTEHHBIX HEMETaJUTHUECKIX
BKJIFOUEHHI B HEPIKABEIOIIEH cTamu ¢ Ti, B yrJIEpOIUCTOM
CTaJI ¥ B ANEKTPOTEXHUUECKUX MapKax CTaIN CHIDKAeTCs
B KOBIIE U Pa3jiMBOYHOM ycTpoiictBe B 2,7 - 3,2 pasza mno
CPaBHEHUIO c KOJINYECTBOM HEMETaJUTMYECKUX
BKJIFOUCHHH TTepej1 Pas3inBKOM U3 Ieyn.

[Ipn yBenM4YeHUH IUPUHBI TPOMEKYTOYHOTO KOBIIIA
KOJINYECTBO HEMETAJUIMUECKHUX BKIIIOYEHHH pazMepoM OT
70 no 80 MM ymensiaercst B 20 pas, a pazmepom 220 -
230 MKM - B 5-6 pa3. YBeIHUEHHE BBICOTHI Pa3InBOYHOIO
KOBIIIa CHIDKAET COAEp)KaHHE KHUCIOPOAa B HEIPEPHIBHO
JIUTOM cIisioe.

B craree ycTaHOBIIEHa 3aBHCHMOCTH PACCTOSIHUS
MEXAYy BTOPHUYHBIMU BETBSIMH JIEHIPUTOB OT CKOPOCTH
OXJTaXKICHUSI.

AHanu3 1okasaj, 4TO pPacCTOSHHE MEXIy BETBSIMU
BTOPOTO TMOpsJKa JICHAPUTOB B IIPOLECCE Pa3IMBKU
neHThl ymensbiaercs B 5,91 - 8,31 pasa no cpaBHEHHIO ¢
TPAIMLMOHHBIM TIPOLIECCOM  HENPEPBIBHOH  Pa3IMBKH
TOJICTBIX CI100B TOMIMHON 220 MM.

OXHOBpPEMEHHO  YMEHBIAIOTCS W pa3Mephl
HEMETAJNTMYECKUX BKIIOYEHUU. bricTpoe 3arBepneBanue
CHIDKAeT KOJNHMYECTBO  KPYIHBIX  HEMETaJUIYECKUX
BKITIOYCHHUH: KOJIMYECTBO BKIIOYCHUH pazMepom Ooimee 1
MKM yMEHBIIAeTCI B 5 pa3 1O CpaBHEHHIO C
TPaIUIIMOHHBIM MIPOIIECCOM W3TOTOBIICHHUS CIIIO0B.

VYCTaHOBIIEHO BIMSHUE OCHOBHBIX TEXHOJOTHYECKUX
rapaMeTpoB MpoLecca HENPEPHIBHOTO JIUThSI HAa CPEIHHUN
pa3Mep 3epHa U MHUKPOCTPYKTYPY CTaJil IJIsl JICHTOYHOTO
U TPAAMIHOHHOTO TPOLIECCOB JIUTHS.

B pesynpraTe MHOKECTBEHHOTO PErpecCHOHHOIO
aHaJM3a YCTAaHOBJICHa 3aBHCHUMOCTh pa3Mepa 3epHa
VTIACPOOUCTHIX W HHU3KOJICTHPOBAHHBIX MAapoK CTalei,
coxepxamux, C = 0,08 - 0,6%, Si =0,4 - 0,6%, Mn=0,4
- 1,4%, P <0,03%, S <0,03%, a Taxxxe C = 0,04 - 0,6%, Si
=0,11-0,3%, Mn=0,3 - 1,12%, P = 0,01 - 0,035%, S =
0,005 - 0,035%, Nb = 0,013%, V = 0,001% wu
BBICOKOXPOMICTHIX M HepkaBeromux craixeid tuma AlSI
430 u 304 (C =0,03-0,12%, Si = 0,83 - 1,0%, Mn =0,8 -
1,0%, Cr = 16,0 - 18,4%, Ni = 8,47%, N = 0,03%) ot
CKOPOCTH JIMThA, KOHEYHON TOJINIWUHBI ITOJIOCHI UJIM JIMCTA,
BEITMYMHBI 00>KaTUs U TeMIIEPaTypPHI.

Pasmep 3epHa cramy, NONY4eHHOHM B IIpoLecce
pa3nmBKH TONOCH, B auama3one ot 1300 mo 1400 °C, B
2,3 pasza MeHbIIIE, YeM TSI POIIECCOB PA3IIBKHU CIISTO0B C
TonmuHou ot 50 no 220 MM.

KiaioueBble cioBa: cramb, XUMHYECKHH COCTaB,
HEMCETAUTMYECKUE BKIIOUCHUS, BTOPUYHAS CTPYKTYpA,
HETIPEPBIBHOE JTUTHE CTAJICH

HEMETAJIEBI BKJIIOYEHHS I BTOPMHHA
CTPVKTYPA BE3IIEPEPBHO JIMTUX CTAJIEN
€. I Apmanoinany

AHoTanigs. Y cTarTi npeacTaBieHi
JOCTIDKCHHS HEMETANIYHAX BKIIOYCHb 1 BTOPHHHOI
CTPYKTYpPH  CTallel 0e3mepepBHOTO  PO3JIMBAHHS.
[ligpaxoBaHoO, MO OCHOBHA KUNBKICTh HEMETAJTIYHUX
BKIIOYeHb  (72%) BHOCHTBCS B CTalnb Mg dYac
PO3KHUCIICHHS i BTOPHHHOTO OKHCJICHHS, TOMY HEO0OXiIHO
[UTECTIPSMOBAaHE YIIPABIIHHSA TPONECAMU JIATTS, IS
3MEHIIEHHS KIJILKOCTI HEMETAIEBUX BKIIOUYEHb B CTAII.

3MEHIIICHHST BIZICTaHI MK JCHAPUTHUMH TUIKAMHU
JIPYTOTO TOPSIKY, B pa3i MPOIECY PO3JIUBAHHS CTPIUKH, B
MOPIBHSHHI 3 TPaJMIUIHUM TponecoM Oe3rnepepBHOIO
PO3JIMBAHHSA TOBCTUX CJISIOIB MPU3BOAUTH JO 3MCHIIICHHS
pO3Mipy HEMETaliYHHX BKIIOYEHb 1, SK pe3yibTarT,
MOJIIIIIEHHIO MEXaHIYHUX BIACTUBOCTEN CTAIIH.

3MICT €HJOT€HHHMX HEMETalleBUX BKJIIOYCHbL B
HeipkaBitouoi crami 3 Ti, B ByrmeneBoi cram 1 B
CJIIEKTPOTEXHIYHUX MapKaX CTAIN 3HWXKYETHCS B KOBIII 1
poznuBHOMY TIpucTpoi B 2,7 - 3,2 pa3u B NOpIBHSHHI 3
KUTBKICTIO HEMETAJICBUX BKJIIOUYCHD MEPE]] PO3TMBAHHIM 3
reui.

I[Ipu 30inpmIeHHI IUPUHA OPOMIKHOTO KOBIILY
KUTbKICTh HEMETAIIYHUX BKIIOUYEHb po3MmipoM Big 70 mo
80 MkM 3meHInyetbes B 20 pasiB, a po3mipom 220-230
MKM — B 5-6 pa3ziB. 30iIbIIeHHS BHCOTH PO3JIMBHOTO
KOBIIIA 3HW)KYE BMICT KHCHIO B O€3MEpEepBHO JUTHM
cIs101B.

V crarri BCTaHOBJIEHO 3aJIEKHICTH BiACTaHI MiX
BTOPUHHAMH  TiIKaMW  JEHIPHUTIB  Big  IIBHIKOCTI
OXOJIOIKEHHS.

pe3ynpTaTH
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AHaJi3 oKa3as, 10 BiJICTaHb MK TUIKAMH JPYTOTo
TIOPSIKY JNEHIPHUTIB B TMPOIECI PO3IUBAHHSA CTPIYKH
3MeHIIyeTecsi B 5,91-8,31 pasm B TmOpiBHAHHI 3
TPAmUIIfHAM TpOIecOM Oe3MepepBHOTO  PO3NHUBAHHS
TOBCTHX Cist0iB  ToBmMHOKO 220 MM. OpHOYacHO
3MEHIIYIOTBCS 1 PO3MIPH HEMETaJIYHHUX BKIIOYCHb.
IlIBuake 3aTBepIiHHS 3HUKYE KUIBKICTh  BEITUKHX
HEMETaJeBUX  BKIIOYEHb.  Hampukmag, — KiJIbKICTh
BKJIIOUYCHb PO3MIPOM MOHaJ | MKM 3MEHIIYEThCS B 5
pasiB y TOpIBHAHHI 3 TPaAMIIHHUM IIPOLECOM
BHUTOTOBJICHHS CJIA0IB.

BcTaHOBIEHO BIUIMB  OCHOBHHMX — TEXHOJIOTTYHHX
mmapaMeTpiB Tporecy Oe3nepepBHOTO JHUTTS HA CEperHii
po3Mip 3epHa i MIKPOCTPYKTYPY CTaji JUIA CTPIIKOBOTO i
TPaTUIIIHHOTO MPOIIECIB JTHUTTS.

B pesymbraTi MHOXXHHHOTO pPETPECiifHOTO aHalizy
BCTaHOBJICHO 3aJIeKHICTh PO3MIpy 3€pHa BYIJICHEBUX 1
HU3BKOJIETOBAaHUX MapoK cTajei, mo mictars, C = 0,08 -
0,6%, Si = 0,4 - 0,6%, Mn = 0,4 - 1,4%, P <0,03%, S
<0,03%, a takox C = 0,04 - 0,6%, Si = 0,11 - 0,3%, Mn =
0,3-1,12%, P =0,01 - 0,035%, S = 0,005 - 0,035%, Nb =
0,013%, V = 0,001% 1 BHCOKO XPOMHCTHX i
HeipxkaBitounx craied tumy AISI 430 i 304 (C = 0,03 -
0,12%, Si = 0, 83 - 1,0%, Mn = 0,8 - 1,0%, Cr = 16,0 -
18,4%, Ni = 8,47%, N = 0,03%) Bix MBHIKOCTI JUTTS,
KIiHIICBOT TOBIIMHU CMYTH a0 JIKCTa, BEIMYMHU OOTUCKY
i TeMIepaTypHu.

Po3mip 3epHa cramm, oTpuMaHoi B Ipoleci
po3NuBaHHA cMyTH, B mianma3oHi Bix 1300 mo 1400 °C, B
2,3 pa3u MeHIle, HiX I TIPOLIECIB PO3JIUBAHHS CIISIOIB 3
TOBIIKHO Bif 50 710 220 MM.

KarouoBi ciaoBa: cranb, XIMIYHMH ~ CKJaj,
HEMeTaleBi BKJIFOYEHHS], BTOpPUHHA CTPYKTYpa,
Oe3repepBHE JTUTTS CTAICH.

Ye. G. Aftandiliants ORCID 0000-0001-5864-9855.
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Anoranmia. Ilokazano, mo U1 JOCIHIKEHHS
KIHeTHKH EKCIUTyaTallifHOTO IOIIKO/KCHHS MaTepialiB
Ta CeJNEMCHTIB KOHCTPYKIiH HEOOXiZHO po3po0isaTi
cydacHi 3aco01 i METOAM IiarHOCTYBaHHS TOIIKOIKEHHS,
IO BHHHUKAaE y J1a0OpaTOpHUX 3pa3kaXx Ta eJeMEeHTax
KOHCTPYKIIHA. Y naHiii poOOTi,3 METOH  BU3HAUCHHS
nedopmaniiHoro CTaHy MOBEPXHEBOTO apy
KOHCTPYKLIHHOTO  Marepiaiy,Ha TPHKIaAi  3paskiB
AyCTCHITHOI cTalli, OyJI0 BUKOPUCTAHO METO] ONTHYHOIO
BUMIPIOBaHHS MIKpOIDIACTUYHOI  aedopMariiid, sKui
0a3yeTbcs Ha KOPEJAMIHHOMY 3B'SI3KYy €HEprii MpOMiHHS
KOTEPEeHTHOTO JDKEpena CBiTia, BiIOWTOrO IOBEPXHEIO
METaJICBOT'0 MOMIKPUCTANA, 1 aMILTITYIH MiKpPOIUTACTHYHOT
nedopmaniit 3neopMoBaHOl MOBEpXHi. 3TIAHO 3 NAaHUM
METOJIOM JIOCIIIIKYBaHy JIOKJIBHY 30HY MOBEPXHI 3pa3ka
Marepialy Ha TEBHHUX eTalax  HaBaHTaXXYBaHHS
ONPOMIHIOIOTh ~KOI'€PEHTHUM TIPOMIHHSAM CBiTIA 3
JIOBYKMHOIO XBUJI, SIKa BIAMOBIiZa€ MaciuTady JioKaizamii
MIKpOIJIACTUYHUX JeopMaliiii MoBepxHi 3paska. 3a
JIOTIOMOTOI0 ONTHYHOI CHUCTeMH (OPMYIOTH 300pasKeHHS
CHEKJIMO/AYJILOBAHOTO  MPOMIHHSIIO Ma€ MapameTpu
penbedy nmedopmoBaHOi TOBepxHi. Sk Mipa TIHOWHHU
neGopMamifHOTO penbe]y BHKOPHCTAHO IHTETpalbHE
3HAYCHHSA  [apaMeTpy  IHTEHCHUBHOCTI  SICKPaBOCTi
300pakeHHS Yy BUIISII BiHOIIECHHS KUTBKOCTI CBITIHX
MKCEeNIiB JIO 3arajibHOi KiITBKOCTI MIKCEINB 300paKeHHS
cnekjorpamMu. Y pe3ynbTaTi aHalmizy CTaTHCTUYHHUX
napaMmeTpiB  CHEKJIOTpaMM,  LI0  KOPENIOTh 3
XapaKTePUCTUKAMH CTaHy MIKpPOIJIACTHYHOTO
neGopMyBaHHS TOBEPXHI 3pa3KiB ayCTEHITHOI CTaji, OyIo
BH3HAYEHO XapaKTePHCTHYHI IapaMeTpud  PO3CiSHOI
MTOIIKO/KEHOCTI CTPYKTYPH JTUCKPETHHX Jedopmarii
MOBEPXHI ~ METaJeBOro mojikpucrasa. Ha  ocHOBI
OTPUMaHUX EKCIEPUMEHTAJIbHUX JaHuX Yy poOorTi
BUSIBJICHO  3aKOHOMIPHOCTI  BIUIMBY  CTaTW4HOTO 1
IUKJIYHOTO  aedopMyBaHHS Ha (QOpPMYy pPO3HOALILY
JMCKPETHUX  BIIACTUBOCTEH TMOBEpXHi. 30Kpema, B
pe3ynbTaTi  aHami3y =~ CTATHCTHYHHUX  XapaKTEPUCTHK
KOPeJLIMIHHUX JiarpaM OTPHMAaHO JiHIHHY 3aJeXHICTH
napaMmeTpiB  pO3MOAUTY  AWCKPETHUX  BIACTHBOCTEH
penbedy nmedhopMoBaHOI IMOBEPXHI  BiA  YHWHHHUKA
HABaHTAXXEHOCTI.

Kuarouosi cJ0Ba: MOIIKOKEHICTD
METaJIOKOHCTPYKIii,  IedopMamiiHuil  MiKpopembed
MIOBEPXHI, KOTEPEHTHO-ONTHYHE CKaHyBaHHS,

MIKpOIUTaCTHYHE Ie(OPMYBaHHS TOBEPXHI.

ITocTanoBKka npo0aemMu

YrponoBx exciulyaraiii TpakTOpiB Ta  IHIIOI
MOOLTBHOI CUTBCHKOTOCHONAPCHKOI TEXHIKH JeTali Ta
€JIEMEHTH  KOHCTPYKLiMl  3a3HAIOTh  ITOIIKOKCHHS.
[MomkomKeHIiCTh  IHTETpaNbHO  BimOOpaXka€  CTYHIiHB
3HIDKEHHS MeXaHIYHUX Ta eKCIITyaTaIifHuX
XapaKTEepPUCTHK KOHCTPYKLIHHOro Mmarepiaiy, 3 SKOTO
BUTOTOBJICHO  JIeTalb. |HTEHCHBHICTh HAKOITMYCHHS
MOMIKO/DKEHHsST  34e0UIbIIOr0  BU3HAYAIOTH  YMOBHU
eKCIUTyaTalil TeXHIKH (CHJIOBE HaBaHTAXXEHHS Y By3Jax,
KOpO3iMHMI BIUIMB JIOBKULIS, TEMIEPaTypHi PEXUMHU
pobotu metaneit Tomo) [1, 2].

JocimxeHHs KiHETHKH eKCILTyaTaliifHOro
MOIIKO/DKEHHsSI MaTepialliB Ta eJEeMEHTIB KOHCTPYKIIiH
BaXIUBI I PO3POONICHHS METOIIB  IIiABHIICHHS
HaJiMHOCTI ~ MOOUTBHOI  TEeXHIKHM,  MPOTHO3YBaHHS
3QIMIIKOBOTO  PECypCy  €JEeMEHTIB  KOHCTpPYKIIiH,
BCTAHOBJICHHSI PH3MKY HACTaHHS aBapiiHUX CHTYaIlid.
Jas BUKOHAHHS TaKUX JOCITIKEHb Ha
METaJIOKOHCTPYKIIAX HEOOXiTHO po3poliaTu 3acobm i
METOJIY JIIarHOCTYBaHHS MOLIKO/PKEHHS y J1a00paTOPHUX
3pa3kax Ta eleMeHTaxX KOHCTPYKIii, nae Oymo ©O
BPaxOBaHO EKCIUTyaTalliifHi YUHHUKH.

AHAaJI3 0CTaHHIX JOCTi:KEeHb

o0 KOHTPOJIIOBATH MTOIITKO[KCHICTh
KOHCTPYKLIHHOTO Marepially, HEOOXiJHO BiJICTEXyBaTh
KIHETHKY TOIIKOJDKEHHS Ha PI3HUX CTPYKTYPHUX PIBHSIX,
10 MOXHa 3a0e3NEeYUTH 3aCTOCYBaHHSAM CTPYKTYPHO-
IyTIMBUX MeTomiB mocimimkenns [3]. Omguak HuHi He
MOTO/PKEHO €IMHOI MPUITHATHOI KOHIEIII] 00 aHai3y
3aKOHOMIpHOCTEil ~ (OpMyBaHHS Ta  HAKOIUYEHHS
MOMIKO/DKEHHSI Y 3pa3kaXx METaJIOKOHCTPYKIiH, 10
YCKIIQHIOE BUOIp KPHUTEPIiB A OIiHEHHS TPaHUIHOTO
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HAKONMYCHHS IIOLIKO/UKEHHSA Ta IHTEHCHBHOCTI TaKOIro
HakonuyeHns [4].

OcTtaHHIM qacoMm 3aCTOCOBYIOTH
MDKIUCIIMIDTIHADHANA  TiOXiM, IO JO3BOJISE OIHCATH
KIHETHKY TIOIIKOKEHHSI KOHCTPYKIIIHHOTO MaTepiary 3
MO3MII MEXaHIKH Ta 3 BpaXyBaHHAM (i3UYHUX aCIIEKTIiB
MIOLIKO/KEHHS MaTepially Ha pi3HUX MacIITaOHHX PiBHIX
[5-7]. Tak, po3BUBArOTHCS HOBI MiAXOAM (CHHEPreTHYHHIA
miaxin, ¢pakragbHa rapaMeTpu3allis, BeWBieT-aHalli3 Ta
iH.), IO JO3BOJSIIOTH KOMIUIEKCHO  JOCIIJKYyBaTh
nedopmarniiiiny NMOBEAIHKY KOHCTPYKLIHHHMX MartepialiB
3a CTATMYHOTO Ta IIMKJIIYHOTO HAaBaHTaKyBaHHSI.

YucaeHHUMH OOCHIIKEHHIMHA HHHI TIOKa3aHoO, IO
3MiHEHHS (hi3UKO-MeXaHITHIX BIIACTUBOCTEH
TIOJIIKPHCTATIYHOTO MaTepiary 3a OUKIIYHOTO
HaBaHTA)XYBaHHS XapaKTEPU3YEThCSA CTAIIMHICTIO, IO
BIAMOBiZa€ TEBHUM CTPYKTYpHHM piBHsM [8]. s
MIPECTaBIICHHS 3aKOHOMIPHOCTEH BUABIICHOI CTAIIfHOCTI
HAKOMMYCHHS TMOINKO/KCHHS Ha PI3HHUX JOCIIHKCHUX
CTPYKTYPHHUX PIBHIB 3alpOIIOHOBAHO CTATHCTHYHI MOJIEINI
[9, 10].

Bcranosneno, 110 KiHEeTHYHI CTATUCTHYHI
XapaKTepPUCTUKU  3aKOHOMIpDHOCTEH  HaKONMYYyBaHHS
MIOIIKOKCHHS Y KOHCTPYKLIHHOMY MaTepiai BHACIHIIOK
LUKIIYHOT'O HAaBaHTA)XyBaHHS KOPEIIOKTh 3
nmapaMeTpamH, SKi XapaKTepH3ylOTb CTaH CTPYKTYpH,
30kpeMa MikpocTpykTypu [11]. BenuuwHa BusBIEHOI
KOpeJIii CYTTEBO 3aJCKUTh BiJ] UYTJIUBOCTI METOIY

KOHTPOJIIO ~ TOIIKO/DKEHOCTI ~ Marepially 3a  yMOB
LOUKIIYHOTO  eopMyBaHHs.  30KpeMma, UyTJIMBICTB
METONy  OLIHEHHS  KIHETUKHM  MIKPOIUIACTUYHOTO

neGopMyBaHHS MaTepialy 3a BTOMHU J03BOJISE OLIHIOBATH
3MiHM (Di3MKO-MEXaHIYHMX BJIACTMBOCTEH BiJIOBIAHOTO
CTPYKTYpHOTO piBHsI (MiKpo-, Me30-, Makpo-) [12].
KineTnka XapakTepUCTHYHOIO IapameTpa BiAINOBijgae
€BOJIIOIII CTPYKTYpH KOHCTPYKIIHHOTO MaTepialy Ha
KO)KHOMY  CTPYKTYpHOMY  piBHi, a  IHTerpajpHa
XapaKTepUCTUKA  IOIIKO/KCHHS  BHSBISIE  BEIIHKY
JUCKPETHICTh CTaMiH MOMIKOIKYBAHOCTI.

JI1st BU3HAUEHHS €BOJIIOIIMHOT ITOCIIIOBHOCTI 3MiHU
Tonorpadil CTpyKTypH HOBEPXHEBOTO Iapy MaTepiany 3a
MUKTIYHOTO HABAaHTAXYBaHHS, 3 METOK KIIBKICHOTO
OLIHEHHS! KIHETUKW  IOIIKOJUKEHHS, pPEKOMEHAYIOTh
BUKOPHCTOBYBAaTH  XapaKTEPUCTHKH, SIKi  BUOIPKOBO
YyTJIMBI 10 3MIHEHHS (i3MKO-MEXaHIYHHMX BJIACTUBOCTEU
KOHCTpYKIIifiHOTO Matepiany [13, 14].

[Ilo0 nocmimuTH BIUIMB IIOYaTKOBOI CTPYKTYPHOI

HEOJTHOPITHOCTI MaTepiary Ta IHTCHCUBHOCTI
HAKOMMYCHHS  TMOWIKO/pKeHHS  (HedekTiB)  pi3HOro
MacmrTabHOrO  piBHA HAa  yYMOBH IIEpeXoay  BiX
JUCHEPCHOTO 10  MAaKpOCKOIIYHOTO  pyHHYBaHH,

e(eKTUBHIUMH € MeToAu KinbKicHOi dpakrorpadii [15].
BoHM 103BOJISAIOTH BpaxyBaTH TII€BHI CTaaii IIbOTO
MEPEeX0Ay — 3apPOKEHHS 1 PO3BUTOK TPILIMH KPUTHIHOTO
po3Mipy, 1O MoOKe OYyTH BHKOPHUCTAHO IS OI[IHCHHS
pecypcy METaJOKOHCTPYKIiH 3a YMOB 0araTonukKIOBOi
BToMH [16].

AHamiz  Mopdornorii  MOBEpXOHb  PyHHYBaHHS
Marepialry Ha OCHOBI IPOCTOPOBO-YacCOBHMX iHBapiaHTIB
OyJl0 3amporoHoBaHO y poOoTi [17] Ha OCHOBI aHamizy
penbedy TOBEpXHI pyHHYBaHHS, IO CBIIYHTH PO
BJIACTHBOCTI camoadiHHOCTi, $Ki BiIOOpaKarOTbCS B
IHBapiaHTHUX  XapaKTepUCTHKaX peibedy IMOBEPXHi

(ImopcTKoCTi) Ha IMUPOKOMY CHEKTPi MPOCTOPOBHX
MacmrTabiB, 1 #AKi, y CBOIO Hepry, BiIoOpakaroTh
KOpPEJLILiHHY TMOBENIHKY Ne(eKTiB pi3HUX MacImTaOHUX
piBHIB.

ToMy akTyalnbHUM € pO3pOOJCHHS HOBHUX METOJIB
IOCIIIKEHHS HAKOIIMYEHHS eKCILTyaTalifHoTO
TMOIIKO/DKEHHSI B €IEMEHTaX KOHCTPYKIIH, 110 J03BOJIATh
OLIHIOBATM TPaHWYHI  PIBHI NUTOMOI  IIUIBHOCTI
MIKpOIIACTHYHUX  Aedopmaliif, MmO  3yMOBIIOIOThH
YTBOPEHHS ~ MakpoJe(eKTiB  KPUTHYHOTO  PO3MIpY.
Metonom KIJIbKICHOTO OLIIHEHHS MiKpo- i
ME30CTPYKTYPHHUX 3MiH MIOBEPXHEBOTO mapy
METaJIOKOHCTPYKLii € onTugHmid wmeronx [18], mo
JIO3BOJISIE  BUMIPIOBATH HE TUTBKHA  XapaKTEPUCTHKH
Mop¢ororii CTPYKTYypH IIOBepXHi, ajlleé W aMIUTTyIy
MIKpOIUTACTHYHUX JAehopMariiif, mo BilirparoTh BaXIIUBY
POJb y TOMIKOIKEHHI CTPYKTYpH METalliB Ta CIUIABIB 3a
HeCTaIlioHapHOTO HaBaHTaKyBaHHs [19, 20].

Meta gociaKeHn

Mera  #OCHiKEHHA —  JOCIHIAUTH  METOLOM
OITUYHOTO CKaHyBaHHS; MOBEPXHI Marepiany
3aKOHOMIPHOCTI HAKOMHYCHHS MOLIKOKCHHS BHACIIIOK
BTOMHOTO 1 CTATHYHO HABAHTAKYBaHHS.

Pe3yabTaTh nocaigxeHb

Y  paHiii  poOOTI  KIHETMKY  HAKOIUYCHHS
neopmaniiHux  AeeKTiB y  METaJOKOHCTPYKIi
OLIIHIOBAJIM Ha OCHOBI aHaJ3y IUCKPETHUX NapaMeTpiB
Mikpopensedy HOBEPXHEBOIO MHIapy, IO KOPEIIOITh 3
PO3CISTHUM MOLIKOJPKeHHSIM. OCKUIBKH 3MIHH penbedy
MOBEPXHI ~ Marepialy  TOB'SI3aHI 3  BEIHMYUHOIO
HOIIKOKEHHS, TO CTYHiHb MOIIKO/DKSHHS OLIHIOBAIH 32
pe3ynbTaTaMHd BUMIPIOBAHHS XapaKTEPUCTHK pesbedy
31e(hopMOBaHOT HOBEPXHI BHACIIIOK HABAHTAXKYBaHHS.

o6 KOHTPOJIIOBATH 3MiHH MIKpOpenbeD
MOBEPXHEBOTO [Iapy Marepialy, BHKOPHCTAHO MeETOJ
BUMIpIOBaHHS  AM(Y3HOTO  PO3CIIOBaHHS  JIa3epHOTO
NpOMEHI0,  BigOMTOrOo  Big  penbedy  MOBEPXHI,
copMOBaHOTO BHACJIiJIOK MIKpOIIJIACTHYHUX
nepopmamid. Y maHOMy — METOAI  peati3oBaHO
KOpEINSIIMHUA ~ 3B'I30K  IHTEHCHBHOCTI  IPOMIHHS

KOTE€PEHTHOTO [DKepena CBiTia, BiIOWUTOro IOBEPXHEIO

3pa3Ka METATOKOHCTPYKIIii, i BEMMYMHN MiKPOILTACTHIHOT

nedopmaniit 3neopmoBaHoi moBepxHi (puc. 1).
[pouenypa pospobieHoro meromy HactymHa [21,

22].  [HocnmipkyBaHy  JIOKalbHY  30HY  MOBEpXHi
METaIOKOHCTPYKIIii OTIPOMIHIOIOTh KOTE€PECHTHIM
CBITJIOBUM TPOMIHHAM 3 JOBXHHOIO XBWJIi, sIKa
BiMOBiAae wmacmTaby JoKami3amii MiKpOTUIACTUIHHUX

nedopmamniii TOBEPXHi, Ta OTPUMYIOTH CHEKJIOTpaMy
MPOMiHHS, BiIOMTOTO Bil c(hOPMOBAHOTO MiKpopenbeDy
moBepxHi.  Jlist  OIiHEHHS  IHTEHCHBHOCTI  3MiHH
nedopManiiHoro penbedy BHKOPUCTOBYIOTH TapameTp,
KM OOYHMCIIOIOTH SIK BIJHOIIEHHS KIJIBKOCTI IIEBHHX
THIIB CBITIMX IIKCENIB 10 3arajbHOI KiJIBKOCTI IKCEB
300paskeHHs CrieKICcTpyKTypH [23].

3  ¢opmyBaHHsM  nedopmamiiHOTO  penbedy
MIOBEPXHI PIBEHb SICKPABOCTI 300pa’KeHHS CHEKJIOrpaMu
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MOHOTOHHO 3MIHIOETECS B Aiana3oHi mkanu Bixg 0 mo 255
«rpamamiii  ciporo». Jlms  30UTBIIEHHS  YYTIUBOCTI
BHKOPUCTAHO OiHApHY MOy CIEKJIOTPaMH, IO 301IbIIye
MMUTOME 3HAYCHHS KOXXHOTO Tikcens. Ha cmexTpi mkamm

1/

SICKPABOCTEH 3HMKEHHS BIII3EPKATIOBAIBHOT 3aTHOCTI
MOBEPXHI  Marepialy BimoOpakaeTbCs  30UIBIICHHIM
KUTBKOCTI «TEMHHUX» TIKCETiB.

Puc. 1. Cxema peamizamii

METOJly ONTHYHOTO KOHTPOJIO MikpoaedopmaliiiHoro penbedy MNOBEpXHI

METAIOKOHCTPYKIii: | — 3pa3ok MeTaJoKOHCTPYKLil; 2 — chopMoBaHUil MikpomehopMamiiHUN pernbed MOBEpXHI,
3 — mpuCTpiit IS OPOMiHEHHS MOBEPXHI 1 OTPUMAHHS BiIOMTOTO MPOMIHHSA; 4 — IKEpeslo KOTePeHTHOTO CBITIIOBOTO
BHIIPOMIHIOBAHHS; 5 — CIPSIMOBaHWIA MOTIK KOTEPEHTHOTO CBITNIA; 6 — KOJNIMAaTOPHHUX JiH3a; 7 — CBITIOBOJOKOHHUMN
Kabenmp, IO CHIPSMOBYE IO CHCTEMH JIiH3 BigOWTEe BiA JOKaIbHOI 30HH AedopmariiiHoro penpedy TpPOMIHHS;
8 — cmcrema miH3, MO Qokycye BimOute mpomiHHA; 9 — mpuitmaneHA QoTomiogra Matpunsg; 10 — orpmmana

CHEKIICTPYKTYpa.

Fig. 1. The scheme of realization of a method of optical control of a microdeformation relief of a surface of a
metalwork: 1 — a sample of a metalwork; 2 — formed microdeformation relief of the surface, 3 — device for irradiating
the surface and obtaining a reflected beam; 4 — source of coherent light radiation; 5 — directional flow of coherent light;
6 — collimator lens; 7 — fiber optic cable that directs to the lens system reflected from the local zone of the deformation
relief of the beam; 8 — lens system that focuses the reflected beam; 9 — receiving photodiode matrix; 10 — obtained

speckle structure.

OTpuMaHa y BUTIAI CIEKIOTpaMH  JTHUCKpETHA
CTPYKTYpa  pembedy  KOpelmroe 31 OIIBHICTIO
neGopMalifHuX JOeQeKTiB HAKOMWYCHOTO PO3CISTHOTO
momkopkeHas.  O0car  iHopmariiiHoi  BHOIpkH B
aHaJi30BaHId JOKaNbHIM 30HI miomeo 200x200 MxM
cranoButs 4-10° mikcenis (1kc.).

Y  pasi  3actocyBaHHS  (POTOHIONHOT  MAaTpHIl
po3mipom 19201080 mKc. 3a JOBXHHU  XBWJII
KOTepEeHTHOTO0 BuIpoMiHioBaHHI 4 = 0,450 wMKwMm,

BHOKPEMiBHICTh METOAY CTaHOBHTH 0,2 MKM/IIKC.
Y poboTi OTpUMaHO KOPEJSIMiNHI 3ale,HOCTI
JUCKPETHUX  PO3MOJUTIB  CHEKIiB  Bi  CTyNeHs

MIOIIKO/KCHHS MOBEPXHI 3a BOX BHMIIB AedopMyBaHHS
3pa3KiB METAJIOKOHCTPYKIii — MOHOTOHHOTO pO3TATY 1
LIUKIIYHOTO  po3rsiry-ctucky.  1llo6  anamizyBatu
CTaTUCTUYHI TMapaMeTpH pPO3MOAUTY Mikpoaehopmarini
MOBEpXHi, OYyJlO0 pO3po0JIEHO KOMII'IOTEPHY Hporpamy
r(poBOro 0OPOOIISIHHS CIICKIIOTPaM.

JocnimxenHs HaKOIMYCHHS TIOIIKO/KESHHS
NPOBOJMJIM HA MOJNIPOBAHHUX IUIOCKHX 3pa3kaxX KOPCETHOT
¢opmu ToBmMHOI 3 MM 3 aycreHiTHOI crtaimi X18H10T
(mexa minHOCTI 65 = 628 MIla, yMOBHA MeKa TUTHHHOCTI
o0z = 314 Mlla, mexxa Bromu o1 = 230 MIla; moxyns
Onra E =2,4 - 105 MIla [24-25]). Ha BunipoGyBabHiii

MaIrHi «Amslery i3 CHIIO30YIKyBadeM
€JIEKTPOMArHiTHOTO THUITy OyJio BHIIPOOYBaHO y M'SIKOMY
PEeXMMi HaBaHTa)KyBaHHS JBI TPYIH 3pa3KiB: 32 PO3TATY
o HampyxeHHs o = 580 MIla Ta cumeTpu4yHOrO
OJTHOPIZIHOTO PO3TATY-CTUCKY Ha 0araToLMKIOBIA 0a3i
LUKJIIYHOTO HaBaHTA)XKyBaHHSI.

Koediuient HaBanTakeHocTi K BH3HAuallu: JUIst
LIUKJIIYHOTO  HaBaHTaxyBaHHs  (Ky) y  BUrsimi
Bigaomenust Ky, = N,/Ns, ne N, — moro4yna KilbKicTh
IUKTIB  HAaBaHTAXYBAHHA 3a  HANpPYXEHHI  MeExXi
OaratonukioBoi BToMH; Ns; — 0a3oBa KiIbKICTh IMKIIB,
JUIl CTaTMYHOTO HaBaHTaxyBaHHS (K.,) BH3Hauam Yy
BUMIAAI BiTHOWEHHS Ko = Gruonl Onp, 1€ Gruon — HOMIHATIBHE
HAaIpy>XeHHS; 0y, — HAIPYKESHHS MEXI IPYKHOCTI.

Pesynberatu BUMIpIOBaHHS 00po0sm,
3aCTOCOBYIOUH BiJIOMi METOJM MaTEeMATHYHOI CTATUCTUKU
— pO3paxoByBaJM CEpeqHE 3HAYEHHS, TOXHOKY OKPEMOTO
BUMIPIOBaHHS, CEpPEeIHBOKBAIPATHYHUN  BIIXWI Ta
CepeHbOKBAIPATUIHY TMOXHOKY 3a  KoedimieHToM
Criogenra t,n). Koeodimient CriogeHta BU3HAYamW Ui
MPUIAHATOTO 3HAYEHHS IOBipdoi iimMoBipHOCTI P = 0,95 i
KistbKocTi BuMiptoBans N = 100 3a TaOAMYHIMH TaHUMH.
Moro 3HaueHHs CTaHOBHTH tm = 1,646. Pesympratn
JIOCJIIZKEHb SICKPABOCTI CHEKJIOrpaM JBOX IpyI 3pa3KiB
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3a MUKJIYHOIO 1 CTATHYHOTO HABAaHTa)KyBaHHS OTPHMaHO
y ¢opMi TicTorpaM  aMmIUlITyxX  SCKpaBOCTI  Ta
MPEACTaBICHO Ha pHUC. 2 Y BUTILAI HOPMOBAHHX
KOPEeJLIMIHHUX Jiarpam, Mo BingoOpakatoTs MUPPOBI pau
aAMIUTITYZ CHEKTPIB SICKPABOCTI 300pakeHb CIIEKIOTPaM
neGopMOBaHOI TOBEPXHi. AMIUTITYTy CIIEKTpa SICKPaBOCTi
| 300pakeHHs CrIEKIOrpaMy MOBEPXHI 3pa3ka BH3HAYAIN
3a IIKaIoo scKkpaBocTi GpoTtomioanoi matpuui (I = 0-255).
BukoHaHa ampoxcuMais Jgiarpam JiHIHHUME (GYHKIISIMA
3 koedinientoM kopensanii 6inem R? = 0,91 nokasye
BUCOKHI1 PiBEHb 3B'I3KY UL 000X IPYH 3pa3KiB.

IMTapametpn  QyHKmii  aMmIuTiTyAn  SICKpPaBOCTI
CIIEKJIOTpaMHu XapaKTepHU3yIOThCS JUCKPETHUM
pPO3MOAINIOM i3 CepefHIM 3HAYEHHSM, MPOIIOPIiHHIM
aMIUTITYOl ~ CepemHbOKBAOPAaTHYHOTO  BIAXWIY  BiX
IUIOIIMHN CHMETpii penbedy TOBEpXHI AUCKPETHUX
nedopmariii.

Cucrema  fgiarpaMm  XapakTepH3ye  IOCIIJOBHE
3HW)KEHHS MTapaMeTpiB aMIUTITY/ SICKPaBOCTi 300payKeHHS
CHEKJIorpaM 3i 301IbLICHHSIM HaBaHTaXXEHOCTI y Jiana3oHi
BiJ IuKIiyHOrO (miarpamu 1-3) mo craTuaHOTO (Aiarpamu
4-6) HaBaHTa)XyBaHHsI 3pa3KiB.

250

N

f 6

y=2,3569x + 10,875
R*=0,9832

150 y=2,3274x + 47,947
K R2=0,9164
100

/

y=1,4059x - 8,7703

RZ=10,9759
50 :
y=12,2647x - 19,657
R*=0,9673
100 80 60 40 20 0
1. MKcem

Puc. 2. Kopensuiiiai giarpaMu aycTeHITHOT cTalli y pa3i HMKIIYHOTO HABaHTA)KYBaHHS 3a HanpyxkeHHs o, = 200

MIla i KiIbKOCTI IMKJIiB HaBaHTaKyBaHHA Biamosigao Ni = 3-10* muxiis (miarpama 1), N2 = 4-10* mukiis (miarpama 2) i
N3 = 5-10* mukimis (miarpama 3); y pasi CTaTUMHOTO HaBaHTa)KyBAHHS 3a HANpY:KeHHS ¢ = 56 MIla (miarpama 4), o =
170 MIla (miarpama 5) i o = 280 MIla (miarpama 6).

Fig. 2. Correlation diagrams of austenitic steel in the case of cyclic loading at stress o, = 200 MPa and the number
of loading cycles, respectively, N; = 3 - 10* cycles (diagram 1), N2 = 4 - 10 cycles (diagram 2) and N, = 5 - 10* cycles
(diagram 3)); in the case of static loading at stresses o = 56 MPa (diagram 4), ¢ = 170 MPa (diagram 5) and ¢ = 280
MPa (diagram 6).

Tadauusa 1. CtaTucTUYHI XapaKTePUCTHKH Pe3yIbTaTiB BUMIPIOBAHHS IIapaMeTPiB CHEKJIOrpaMm.
Table 1. Statistical characteristics of the results of measuring the parameters of speclograms.

Howmep BuOGipku 1 2 3 4 5 6
Ma“"“ﬁg:}‘;‘oﬂ?ﬂﬂwa 255 247 222 238 232 145
CepenHe 3HaYeHHS 165,48 129,9 115,97 94,71 75,4 62,23
CranmapTHa HOXHUOKa 7,05321 6,895988 5,815991 6,680173 6,355797 4,129002
CraHmapTHHH Bi XA 70,5321 68,95988 58,15991 66,80173 63,55797 41,29002
Mepniana 180 142 108 93 60 60
Acumerpis -0,79428 -0,20172 -0,0393 0,434038 1,008117 0,354511
Excuec -0,13281 -0,86963 -0,60828 -0,64768 0,510642 -0,763
Koeiuient Bapiamii 42,62273 53,0869 50,15082 70,53292 84,2944 66,35067
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3HKCHHIO KyTa HaxWiy [giarpaM Ha pHc. 2

BiANOBimae 30UTBIIEHHS HABaHTAXEHOCTI 3pa3KiB i
3MEHIIIEHHS KITBKOCTI INKCENiB TMEBHOI AaMILIITYIH
SICKpAaBOCTi, IO Big3HAUYEHO 3HIKCHHSAM 3HAYCHBb

OCHOBHHUX CTaTUCTUYHHUX XapaKTEPUCTUK (MakcHMasbHa
aMILTITYa SICKPaBOCTI, CEPEIHBOKBAIPATUYHE 3HAYCHHS
BHUOIpKH, CTaHJApTHA TOMWIIKA, MEIiaHa, CTaHIApTHHN
BIXWJ) OMUCOBOI  CTATUCTHKH, TPEACTABJICHOI Y
Tabumui 1.

3a pe3ynapTaTaMH BHKOHAHHX JOCIHIDKEHb OYyIIO
OIIIHEHO 3aKOHOMIPHOCTI  HAKONHMYCHHS  PO3CISHOrO
MIOIITKO/KCHHS y BUMPOOYBaHUX 3pa3zkax. Y TaOn. 2 s

JIBOX BUIIB HABAaHTA)KyBaHHS HAaBEJEHO y3arallbHEHI JaHi
3MiHEHHS AaMIUIITYOH SICKPaBOCTI y  JOCIHiIKECHOMY
qiarma3oHi TONIKO/DKEHHS, NOOYyIOBaHI 3a TOYKaMHU
KOpeJSIMIHHUX [iarpaM Ha pHC. 2, IO BigNOBiZAarOTH
kinpkocTi mikceniB 80 mkc. 1 40 mkc. Ha ocHoBI mmx

JaHux OyJl0 KUIBKICHO OI[IHGHO BIUIMB YWHHHKA
HABaHTaXXCHOCTI HA PO3MOJUT TUCKPETHHUX BIIACTHBOCTCH
ne(pOpMOBaHOi  MOBEPXHI 32 XapaKTepUCTHKAMU

3aJIE)KHOCTI LIUIBHOCTI J1eOPMAIifHOrO MOUIKOKEHHS
(po3cisiHOTO TOIIKOJDKEHHS) OBEPXHI ayCTEHITHOI cTaii
Bijl MapaMeTpiB HaBaHTAXKEHOCTI.

Tabauus 2. 3MiHEHHS aMIDTITYyIN SICKPABOCTI K XapaKTePHCTHKA MOMIKOIKYBAHOCTI ayCTEHITHOL CTalIi.
Table 2. Changes in brightness amplitude as a characteristic of austenitic steel damage.

[{ukitivHe HAaBaHTAKyBaHHS CraruvHe HaBaHTAXXyBaHHS
KoeditienT HaBanTakeHOCTI, K 0,1 0,2 0,3 0.4
AMIUTITY 1A ICKPABOCTI, 180 nxc.. 230 200 170 110
AMIUTITY 1A ICKPABOCTI, 140 nc. 150 100 80 40
BceraHoBieHO, IO HE3AIEXKHO  Bil  BHAY  METAIOKOHCTPYKIH  CITBCHKOTOCIIOAAPCHKAX — MAIIHH.
HABaHTAXXYBaHHS OBEPXHEBA IIUIbHICTh AedopMariiiinux  KOHCTpylOBaHHS,  BHPOOHHIITBO Ta  EKCIUTyaTallis

JedeKxTiB PO3CISIHOTO TMOIIKO/PKEHHS HAKOMUYYETHCSA Y
Marepiani [0 TEBHOTO CTaHy MOIIKO/KCHHS, sKE
XapaKTePU3y€eThCS  MOTOYHMM  CTAaHOM  MapaMeTpiB
UIJILHOCTI €JICMEHTIB 300pa)KCHHS CIICKJIOTPAMHU.
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METO/Jl BECKOHTAKTHOI'O U3SMEPEHIA
AMIUINTY Abl JE®@OPMAIINN HAKOITJIEHHOI'O
OKCIUITYATALIMOHHOI'O ITOBPEXJIEHM A
METAJUIOKOHCTPYKIIMN
I'. I'. I[Tucapenxo, A. B. Botinanosuu, A. H. Matino,

C. I'. Ilucapenxo

AnHoTanus. Iloxa3aHo, uYTro A7 UCCIEIOBAHUS
KHHETHKH IKCILTYyaTallHOHHOTO MOBPEKACHUS MaTepUaloB
U DIIEMEHTOB KOHCTPYKLHMH HEO0OXOJMMO pa3padaThIBaTh
COBpPEMEHHBIE  CpPEICTBA W  METOAbl  JAWArHOCTHKH
MOBPEX/ICHNUS, BOSHUKAIOLIETO B JJA0OpaTOpHBIX 0Opasnax
W DJIEMEHTaxX  KOHCTpyKuud. [nsg  onpenenenus
ne(OopMaMOHHOTO  COCTOSIHUSI TTOBEPXHOCTHOTO  CJIOS
KOHCTPYKIIMOHHOTO MaTepHaja (ayCTEHHTHOW CTaild) B
JlaHHOW paboTe OBLT WCMONB30BAaH METOJNl ONTHYECKOTO
N3MEpPEHHS MHUKPOIUIACTHYECKHUX nedopmaruii,
OCHOBAaHHBbIM Ha KOPPESLIMOHHOM CBSI3M  3HEPIUU
U3ITY4YEeHUSI KOT€PEHTHOIO0 UCTOYHHMKA CBETa, OTPAXKEHHOTO
MOBEPXHOCTBK0  METAJUIMYECKOTO  IOJUKPUCTANIA, U
AMIUTUTYAbI MHUKPOIUTACTHYECKON nedopmaruii
nedopMHupoOBaHHBIH TMOBEpXHOCTH. B cooTBeTcTBHH C
JAaHHBIM ~METOAOM HCCIEOYeMYyIO JIOKAIBHYIO 30HY
MOBEPXHOCTH 00pa3Iia MaTepuaia Ha
OIpeIeNeHHBIX
KOTEPEHTHBIM

sTanax Harpy>XeHus o0uy4aror
CBETOM C JUTHHOM BOJIHEI,
COOTBETCTBYIOIICH Macmrady JIOKAITU3aIIH
MHUKPOIUIACTHYECKON neopmanuu TTOBEPXHOCTH
obpasma. C MOMOINBI0 CBETOBOJOKOHHOTO Kalems
CHCTEMBI (hOKyCHPOBOYHBIX JUH3 TOJyYaroT
CHEKJIIOTpaMMy  Jy4el, OTpakeHHBIX OT penbeda
moBepxHOCTH. Kak cTeneHbp MHTEHCHBHOCTH W3MEHEHUS
nehopManMoOHHOTO pelbeda HCIMOJIb30BaH MapaMmeTrp B
BUJI€ OTHOIICHUS KOJIMYECTBA CBETIIBIX HUKceJel K
ooreMy KOJIMYECTBY MUKCenei HU300pasKeHHUsI
CIeKJIOTpaMMbI. B pesynbrare aHamm3a CTaTHCTHYECKUX
MapaMeTpOB  CHCKJIOTPAMMBI,  KOPPEIHPYIOMIUX  C
XapaKTepUCTUKAMU MHUKPOIUIACTHYECKOTO
Je(OPMHUPOBAHUS TTOBEPXHOCTU OOPA3IOB ayCTCHUTHOM
cTamy, OBUIM OIpEICICHBl XapaKTepHBIC ITapaMeTphI
paccessHHOH IMOBPEXKICHHOCTH CTPYKTYPBI JUCKPETHBIX
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nedopmariii TTOBEPXHOCTH METaJUTNIECKOTO
MTOJTUKPHCTAILIA. Ha OCHOBE ITOJTyYeHHBIX
9KCICPUMEHTAIBHBIX JaHHBIX B pabOTe BBISIBJICHBI
3aKOHOMEPHOCTH BJIMSHUS CTATHYECKOTO U ITHKINIECKOTO
nedopmupoBanus Ha GOpMy pacrpeneieHus] JUCKPETHBIX
CBOWMCTB MOBEpXHOCTH. B uacTHOCTHM, B pe3yJbrare
aHam3a CTaTUCTHYECKUX XapaKTePUCTUK
KOPPEIAIMOHHBIX  JWarpaMM  IOJYYSHO JIMHCHHYIO
3aBHCUMOCTh MMapaMETPOB PACIPEACICHUS JUCKPETHBIX
CBOMCTB penbeda nehOpMHUPOBAHHONH MOBEPXHOCTH OT
(akTOpa HATPYKEHHOCTH.

Kirouesnle cJ10Ba: MOBPEXKJEHHOCTh
METaITIOKOHCTPYKINH, Ie(OPMalMOHHBI MHUKpopenbed
MIOBEPXHOCTH, KOTE€PEHTHO-ONTHYECKOE CKAaHWPOBAaHUE,
MHKPOIUTACTUIECKOE IEPOPMHUPOBAHNE TOBEPXHOCTH.

METHOD OF NON-CONTACT MEASUREMENT
OF THE DEFORMATION AMPLITUDE
OF ACCUMULATED OPERATIONAL DAMAGE
TO METAL STRUCTURE
G. G. Pisarenko, A. V. Voinalovych, A. N. Maylo,
S. G. Pisarenko

Abstract. It is shown that in order to study the
kinetics of operational damage to materials and structural
elements, it is necessary to develop modern means and
methods for diagnosing damage that occurs in laboratory
samples and structural elements. To determine the
deformation state of the surface layer of a structural
material (austenitic steel), in this work, we used the
method of optical measurement of microplastic
deformations, based on the correlation relationship
between the radiation energy of a coherent light source
reflected by the surface of a metal polycrystal and the
amplitude of microplastic deformations of a deformed
surface. In accordance with this method, the investigated
local area of the surface of the material sample at certain
stages of loading is irradiated with coherent light with a
wavelength corresponding to the scale of localization of
microplastic deformation of the sample surface. Using a
fiber optic cable and a focusing lens system, a
specklogram of rays reflected from the surface relief is
obtained. The parameter in the form of the ratio of the
number of light pixels to the total number of pixels in the
specklogram image is used as the degree of intensity of
the deformation relief change. As a result of the analysis
of the statistical parameters of the specklogram, which
correlate with the characteristics of the microplastic
deformation of the surface of the austenitic steel samples,
the characteristic parameters of the scattered damage of
the structure of discrete deformations of the surface of the
metal polycrystal were determined. On the basis of the
obtained experimental data, the work revealed the
regularities of the influence of static and cyclic
deformation on the shape of the distribution of discrete
surface properties. In particular, as a result of the analysis
of the statistical characteristics of the correlation
diagrams, a linear dependence of the parameters of the
distribution of discrete properties of the relief of the
deformed surface on the loading factor was obtained.

Key words: damage of metal structures,
deformation microrelief of the surface, coherent
optical scanning, microplastic deformation of the
surface.
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bi6n. 5, puc. 2, maé6n. 0.

AHOTamig. Y cTaTTi pO3MIITHYTO KOHCTPYIOBAHHS
MIOBEPXHI 00EpTaHH:, SIKE 3BOANUTHCS 10 3HAXOPKEHHS il
MepuiaHa 3a 3aJaHUMH yMOBaMH. TakMMH yMOBaMH €
XapakTep pyXy YaCTHHKH 110 BHYTPINIHIA MOBEpXHI NpH il
o0epTaHHI HABKOJIO BEPTHKAIBHOI 0ci. AOCOMIOTHHI pyX
YaCTHHKU YTBOPIOETHbCS BiJ| CIIBBIJHOILIEHHS 00EpTaib-
HOTO pyXy IOBEPXHi 1 BiJHOCHOTO pyXy (KOB3aHHsI) 4yac-
TUHKH TI0 MOBepxHi. KiacMYHUMM NpUKIaJamMyd TaKoro
PYXY € pyX YaCTHHKH BCEpEIUHI BEPTHKAIBHOIO KOHYCa,
KM 00EpTAETHCS 31 CTAOI0 KYTOBOKO LIBHJKICTIO Ha-
BKOJIO CBO€EI OCi, a TaKOXX JaCTKOBUH BHIAJOK, KOIH KYT
HaXWIy TBIpHUX KOHYyCa JOPIBHIOE HYJIO i BiH IEPETBO-
pIOEThCST HAa TOPU3OHTaNbHUI nuck. KpuBy mepumiana
MOXKHa 33JaTH SBHUM PiBHAHHSIM a0o0 X MapaMeTpHUYHH-
MU pIBHSHHAMHU Y (QYHKIIT He3aJIe)kHOT 3MIiHHOI. Y cTaTTi
PO3MIISTHYTO BUIIAJOK, KOJM MEpH/iaH IMOBEPXHI 00epTaH-
HS 33/1a€ThCSl TIAPAMETPUYHUMU DIBHSAHHAMH Yy (GYHKIIT
yacy. lle nmo3Bonsie cknactu audepeHuianbHe pPiBHSIHHS
PYXy YacTHHKH, B SIKOMY BCI 3aJIe)KHOCTI € (YHKIIsIMU
gacy. Lli 3a1e)KHOCTI MOTPIOHO PO3IIYKATH 31 CKJIAJICHOTO
I epeHIiaNbHOTO PIBHSAHHS PYXy YaCTHHKH.

Konu yacTuHKa 1onajiae Ha MOBEPXHIO, BOHA MOYH-
Ha€ Mo Hilf KOB3aTH, ONMHCYIOYH KPUBOJIHIHHY TPaeKTO-
pito. I3 ypaxyBaHHSIM 00€pTaIbHOTO PyXy NMOBEPXHI 3Ha-
XOIHUTHCS a0CONMIOTHA TpaekTopis. Ilepmra moximha il
JIOBXKMHH TI0 Yacy Ja€ aOCOJIIOTHY LIBHIKICTB, a Apyra —
aOCoJTIOTHE TIPUCKOPEHHS, Y BUPA3 SKOTO 3aKJIaJleHi HeBi-
JnoMi QYHKIIT, o0 omHCyrOTh Mepunial. Judepenmiaapae
PIBHSHHS pyXy CKJIaJIeHO B MPOEKIIAX HA TPH OCi AeKap-
TOBOi CHCTEMH KOOPAWHAT. Y CHCTEMY i3 TPhOX PiBHSIHB
BXOJSITh YOTHPH HEBiZIOMi (YHKIIi: ABa PIBHAHHSA, IO
3a/1al0Th MEPHJIiaH, 3aJIe)KHICTh KyTOBOI IMBHIKOCTI KOB-
3aHHS YaCTMHKM 1 peakiis moBepxHi. II[o6 po3B’s3aru
PIBHSHHS, KUIBKICTh HEBITOMHMX (YHKIIH MOTpiOHO CKO-
POTHTH JI0 TPHOX. [ IIbOTO OAHY 3AJICKHICTH 33/1a€EMO.
Takuii migxig OPU3BOAUTH 10 OTPUMAaHHS YacCTKOBHX
BUIAJKIB, OAMH 13 AKUX — PyX YaCTHMHKU IO TOPU3OHTa-
JBHOMY JHCKY, 110 00EpTAETHCS HABKOJO BEPTHUKAIBHOT
oci. Po3rmisiHyTO KOHKpeTHMH mpuKiaz i1 1moOynoBaHO
KpUBY MepHIiaHa B pe3ybTaTi YHCEIbHOTO PO3B’SI3aHHSA
pIBHSHBb 3a yYMOBH, IO YaCTHHKA BCEPEIHHI ITOBEPXHI
MiAHIMAETHCSA BTOPY 13 CTANOIO0 33/1aHOIO MIBHIKICTIO.

KorouoBi cioBa: moBepxHs obGepTaHHS, MepHIiaH,
KyTOBa MIBHAKICTb, YAacTHHKA, KOB3aHHS, TPAEKTOPIs,
muQepeHIiaabHi PiBHSIHHS.

ITocTanoBKa npo0aemMu

KoB3aHHSI TEXHOJIOTIYHOTO Martepiany 10 PyXOMHX
MOBEPXHAX MA€E MICIIC B Pi3HOrO POy amaparax i MmpHCT-
posix. OKpeMUM BHIIaJIKOM TaKOT'O PyXy € o0epTaJbHUH, a
PYXOMOIO TIOBEPXHEIO € MOBEpXHs o0epTaHHs. JlocTaTHBO
J00pe BUBYEHO PyX YaCTHHOK BCEPEIUHI BEPTHKAIHHOTO
KOHyCa, II0 00epTaeThCsl HABKOJIO BEPTUKAIBHOI OCI, a
TAKOX PyX YACTUHOK HA TOPU3OHTAIBLHOMY IHCKY, SIKHI
MOYHA PO3IJISIATH, K YaCTKOBUI BHIAOK KOHyca. Xa-
pakTep pyXy YaCTHHKH 110 MOBEPXHi 3aJeIKUTh Bij hopmu
Mepuniana. Hanpuknaza, npu pocratHiil KyToBiit IBHIKO-
cTi 00epTaHHs KOHyCa BOHA IiJHIMAETHCS MO HOTO MOBe-
pxHi HeoOMexeHo. Iy IHIIMX MOBEPXOHb BOHA MOXKE
“3aMMIHYTH” Ha MEBHIN BUCOTI. Y CTATTI PO3IIISAAETHCS
MOXIIMBICTh BIUIMBY Ha XapakTep pYyXy YacTHHKU II0
NOBepXHi popMoro il MepuiaHa.

AHaJIi3 0CTAHHIX J0CJHiIKEeHb

Bararo HaykoBHX cTareil IpUCBIYEHO PyXy Marepia-
JbHOI YacTHHKHM MO moBepxHi. TexHooridauii marepiai
CKJIQIa€ThCSl 3 CYKYIHOCTI OKPEMHX YaCTHHOK, a TOMY
HOTO pyX € CKIaJHIMINM Yy HOPIBHSIHHI 3 PYXOM OKpeMoi
gacTUHKH [1], 60 y TakoMy BHIAAKy BHHHKAIOTH CHIIN
iHepuii Bix obepTaHHA, sIKi MaoTh OyTH BpaxoBaHi. Ta-
KAM YHHOM, PyX TEXHOJOTIYHOTO Marepialy He MOXe
OyTH 3aMiHEHO pyXoM OKpeMoi yacTHHKH. [IpoTe, 3amex-
HOCTI pyXy OKpEeMOl YacTHHKH MOXYTb OYTH IE€BHOIO
MIpOI0 IepeHeceHi Ha MaTepian abo Xk J03BOJSIOTH BH-
SIBUTH HAITPSM TIOJIBIINX JOCIIKEHb.

Cunijf BiI3HAYWTH, IO JOCTIJUKEHHS PYXY YaCTHHKH
[0 MOBEPXHI y MOEIHAHHI 3 IHITUMH JOCTIKCHHSAMHU €
MEPEeAYMOBOIO Ui MOJAETIOBAHHS PO3MOIUTY PITUH Tix
gac mporecy iHepuiitHoro ¢insTpyBaHHS [2], B3aemomii
MK /1e(OpPMOBAaHMMH €JIEMEHTaMH Ta IIOTOKOM Ta3-
piauHa [3], iHEpHiHOTO PO3AIICHHS Ta30AUCHEPCIHUX
MOTOKIB y KPUBOJIHIHAX KaHajaX KOMIIPECOPHOTO 00-
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JagHaHHA [4] 1 HABITh YIS TEXHOJOTIYHOTO 3a0€3TeUeHHS
BUTOTOBIICHHSI CKIaJHHUX JeTalleil y MamMHOOYayBaHHI
[5].

Buxoas4n 3 BHINECKA3aHOTO, YIS JOCHIDKCHHS 3a-
KOHOMIpHOCTEH pyXy MarepiajbHOI YaCTHHKH IO MOBEp-
XHi 3 3aJaHAMH KOHCTPYKTHBHUMH IapamMeTpaMu, HeoO-
XIIHO MaTH aHATITHYHI 3aJICKHOCTI, SKi OMUCYIOTh IIeH

pyX.
Merta gociigkeHn
Po3poburn aHamiTHYHUI omHC MepHIiaHa MOBEPXH,
10 00epTaETHCS HABKOJIO BEPTHUKAIBHOL OCi, 33 JESIKIMHA
BHMOTaMH JI0 XapaKTepy pyXy YaCTUHKH TI0 HiM.
Pe3yabTaTn gocaigxeHb

[TapameTpuuHi piBHSHHS TOBEpXHI OOepTaHHS Ma-
I0Th HACTYITHHI BUTIIS:

X=pcosa;
Y=psina, (1)
Z =z,

Iie p — BiACTaHb B oci 00epTaHHS 10 TOYKH HA MEpHIia-
Hi (puc. 1);

Z — BHCOTA BiJl MOYATKy KOOPJAWHAT 0 TOYKH Ha Me-
pumiani (puc. 1);

0 — KyT, 10 3a[a€ TMOJIOXKEHHs TOYKMA Ha MOBEPXHI
oOepTaHHS.

Zt P

-

N
i
/ j
\..0 .'ﬁ‘ T X

Puc. 1. Mepunian nmoBepxHi o0epTaHHs 3 HOPMAJLIIO
10 HbOI'O B TOLIL[i po3TamryBaHHA YaCTUHKH.

Fig. 1. The meridian of the surface of rotation with
the normal to it at the point of the location of the particle.

3MiHHI p 1 Z 3agar0Th QopMy MepuaiaHa, TOOTO Ire-
peOyBaroTh MiXK COOOK0 y TICBHIM 3aJIE)KHOCTI: y SBHIM
z=z(p) ab0 y BUIJIAAI MApaMeTPUYHHUX piBHIHb Z=Z(t) i
p=p(t), ne t — nmeBHa He3aiexkHa 3MiHHA. J[JIs1 HAIIOroO
BUIIAJKy 32 TaKy 3MiHHY JOIJILHO B3STH 4ac, OCKLIbKU
JUTSL CKIIQZIaHHS PyXy YaCTHHKHU TMOTPiOHO MaTh BUpasw ii
IIBUJIKOCTI 1 IPUCKOpPEHHS, sIKi € (pyHKIisiMu gacy. [licns
pOro piBHAHHSA moBepxHI (1) 3amexaTmMe Bix IBOX
3MiHHHUX: 9acy tiKyTa a.

SanexxHoctsiMu z=2(t) i p=p(t) 3aJa€TbCSI KPHBA Me-
pumiana. SIKmo i KyT o 3pOOHTH 3aJeKHHM Bif 4acy t,
T00TO 0=ai(t), TO BCi Tpw piBHsHHA (1) OyayTh QyHKIISIMA
onHiel 3MiHHOI — dYacy t, To0TOo Ha moBepxHi (1) Oyxme
OIMCaHa MPOCTOPOBa KPHBA, SIKy MU BBKaTUMEMO Tpae-
KTOpPi€I0 KOB3aHHS YaCTHHKH. Y TakoMy BHIIQJIKy IHapa-
METpUYHI DIBHSHHS TOBEPXHI i KpWBOi Ha Hill OyIyTh
ineaTnaHUMU. [1]00 iX Bigpi3HATH, AJIT TOBEPXOHb MPUH-
MEMO MO3HAYEHHS PIBHSHb MPOMHUCHUMU JITEPaMH, a IUist
JHIA — CTPOYHHUMHU.

O6epranus moBepxHi (1) OyaemMo po3riIsgaTH 1Mo Bi-
JHOIICHHIO IO J[BOX CHCTEM KOOPIAHMHAT: HEPYXOMOi
OXYZ i pyxomoi Oxyz, sika Oyme obepraTHcs pazoMm i3
MOBEpXHEI0. SIKI0 MU X04eMo, 00 YacTHHKA B 00epTa-
JHFHOMY pyci KOB3aja 110 IOBEPXHI B JOJATHOMY HaImpsM-
Ky (IIPOTH TOAWHHHUKOBOI CTPINKH), TO CaMy IMOBEPXHIO
OyneMo 00epTaT i3 KyTOBOIO IIBUIAKICTIO @ B MPOTHIIC-
JKHOMY HamlpsIMKY (3a TOAMHHMKOBOIO CTPLIKOIO). 3a vac t
BOHAa TOBEPHETHCS Ha KyT H=—w-f. 3actocyemo Bimomi
(bopMyIIH MOBOPOTY OJHIET CUCTEMH KOOPJHHAT BiJJHOCHO
1HIIOT:

X =pcosacosl— psinasinb;
Y=pcosasin@+ psinacosO; 2)
Z=z.

[icnsa crporens i3 ypaxyBaHHAM 6G=—w-t piBHIHHA
(2) HaOyBaIOTh BUTIIALY:
X= pcos(a)t —a);
Y=—psin (a)t - a),' (3)
Z=z.

SAxmo o y piBHIHHEAX (3) € HE3aJIeKHOI0 3MIHHOIO, TO
BOHH OIHCYIOTH IOBEPXHIO, SIKIIO X a=a(t), TO 11e OyIyTh
PIBHSHHA a0CONIOTHOI TpPaeKTOpil pyXy YacTHHKH i B
TaKOMY BHIIAJAKY Jitepu “X”, “Y”, “Z” motpiObHO 3aMmi-
HUTH Ha CTPOYHI.

PiBHSHHS pyXy 4YacTHHKH OyZEeMO CKIaJgaTH y BH-
rasgi mw=F, I w — BEKTOp abCOMOTHOTO TIPHCKOPCH-
HS, F — Pe3sylbTYIOuHil BEKTOP TIPUKIAJEHNX JIO YACTHH-
KH CHJI. YCi BEKTOpH OyJeMO BH3HAYaTH B MPOCKINSIX Ha
oci HepyXoMoi CHCTeMH KoopJuHat. Bekropamu npukia-
JCHUX JI0 YaCTHHKY CHII €: CHJIa Baru mg (M — maca yac-
TUHKH, g=9,8] M/c?> — NPUCKOPEHHS BUIBHOIO MajiHHSA),
peakiis moBepxHi R, Ta cuna tepts fN (f — xoedimient
TepTs1). BekTop Barm M@ 4acTHHKH CIPSIMOBAHUM BHH3
napaienpHo oci OZ, oTxe HANpsIMHUN OJAWHUYHUI BEK-
TOp 3aITUIIETHCS:

mg : {0; 0; -1 4)

Bektop cunmu TepTs CHpSAMOBAaHWH 1O TOTUYHINA IO
TpaekTopii KOB3aHHA, TOOTO O TPAa€EKTOPil BiIHOCHOTO
PYXy B CTOpOHY, NPOTHIEXKHY HIBUAKOCTI BiJHOCHOTO
pyxy. Ilpoekuii mBUAKOCTI BIHOCHOTO PyXy 3HaiIeMO
nudepeHiiroBaHHsIM piBHsHB (1) 32 yMOBH, 1110 BOHH BCi €
GbyHKIisIMU yacy t:

x.=p'cosa—a psina;
v.=p'sina+a pcosa; (5)
z.=z.

Ockinbku B Hac Oyze 1ie 1 abcooTHA MBUAKICTD, TO
JUTSL TOTO, TI00 X pO3pI3HATH, MU BBEJH iHACKC “7” — s
BigHOCHOI 1 “a” — 11 a0COIOTHOI IIBUKOCTEN.

I'eomeTpuuna cyma ckinanoBux (4) 1acTh BEJIUUUHY
MIBUAKOCTI KOB3aHHS YAaCTHHKH MO C()EPUUHOMY JTUCKY Y
BIZTHOCHOMY pYyci:

v, = \/x'r2 +y;2 +z;2 = \/,0'2 +atp?+z?. (6)

OnuHMYHUIT BEKTOP AOTUYHOI JIO TPAEKTOPii BijHOC-
HOTO PYyXy B Mpoekuisx Ha oci cuctemu OXYZ oxepxumo
JIeHHAM npoekuiit (5) Ha BenuuuHy Bektopa (6). Bpa-
XOBYIOUH Te, IO CHiia TepTs f*N CIpsiMOBaHA B IPOTHJIE-
JKHY CTOPOHY BEKTOPY BIJIHOCHOT IIBHJAKOCTI, 3aIMIIEMO
OIMHUYHUHA HANPSIMHAN BEKTOP Aii CHIIM TepTs i3 MPOTH-
JIOKHUM 3HAKOM:
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p'cosa—a' psina

Jpa+aap2+52

p'sina+a' pcosa
S 7

Jpa+a@p2+jz (7

’
z

Jpa+aap2+j
Cuna peakuii moBepxHi R cpsiMoBaHa B370BX HOP-
Mam N mo mosepxHi. et BekTop po3TamoBaHdil B IUIO-
mHI MepuaiaHa (puc.l) 1 nepneHIuKyIapHAR 10 TOTHY-
HOi B moTouHii Toumi. [ToTpiOHO mpochinkyBaTH, 1100
fforo HampsM 306iraBcs i3 HampsiMoM 1il peakuii R mosep-
XHi, TOOTO HOTO TOPU30HTAIBHA MPOEKIis TOBHHHA OYyTH
crpsiMOBaHa B CTOpOHY oci obepranHs (puc. 1). [Tpoekuii
OJIMHUYHOIO BeKTOpa Mepuaiana B miomuHi ZOX (puc. 1)
3alMMIIYThCA:

f-N:

2

’ ’
z
N ——F— —r2 ! (8)
\/p’z +2? \/p’z +2

BpaxoByoun KyT MOBOpOTY IUIOIIMHHM MeEpHaiaHa
HaBkoyo oci OZ, omuamyHmi BekTop (8) 3amumemMo B
MIPOEKINisIX Ha OCi MPOCTOPOBOi cucteMu koopauaat OX-
YZ. Bin 1 Oyae HanmpsMHUM BEKTOPOM il CHIHM peakii
MOBEPXHi Ha YACTHHKY:

!

R z'cosa  zZ'sina P

\/p/z +Z’2 \/p/Z +Z’2 ’ \/p!z +Z’2
3HaliieMO BEKTOp w aOCOIIOTHOTO NPUCKOPEHHS B
MPOEKIisAX Ha oci cucteMu koopauHat OXYZ. Jlns mporo
moTpiOHO nBivi mpoaudepeHmitoBaTi piBHAHHS (3) abco-
JIOTHOTO PyXy 4YacTUHKW. Ilepimie nudepeHuiroBaHHS
piBHsAHB (3) mae mpoekmii abCOMOTHOI MIBHUAKOCTI PyXy
YAaCTHHKH:
x, = p' cos(ot — ) - plo—a')sin(ot —a);
v =—p' sin(ot —a)- plo—a')cos(wt —a);

9)

(10)
z, =z
JudepenniroBanasaM Bupa3iB (9) 3HAXOIUMO MPOEK-
il BeKTOpa abCOJIIOTHOTO TMPHCKOPEHHS Ha OCi HEpPyXO-
MOi CHCTEMH KOOPJIMHAT:
X! =(a"p-2p'(w—a'))sin(wt —a)+
+lo"— plo—a')? cos(a)t - 0();
o, =(a'p=2p'(0-a'))cos(ot - a)-
- (p" —pl(o-a')? )sin(a)t —a)
zp =z".
OnuHWYHI HapsAMHI BekTopu Aii cuu Tepts N (7),
i peakuii R moBepxHi (9) 3HaiineHi A HEPYyXOMOI TOBEp-
xHi. OCKIJIbKH OBEPXHS IOBEPTAETHCS HAa KYT =—w"t, TO
BKa3aHi BEKTOPH TEX MOTPiOHO MOBEPHYTH HA IEH KYT,
100 BOHU BiAMOBIAIH pO3TalTyBaHHIO YacTHHKH. [10BO-
pPOT 3mIMCHIOEMO AaHAJOTIYHO, AK 1 IOBOPOT IIOBEPXHI
3rigHo Gopmyn (2). Ilicis MOBOPOTY MpOEKIlii BKa3aHUX
BEKTOPIB 3aIUIIyTHCS:

- OJMHUYHOIO HANpPSIMHOTO BEKTOpa Aii CHIM Tep-
T fN:

(11

3 p' cos(at —a)+a’ psin(ot—a)

Jpa+aap2+£2 '
p'sin(ot—a)-a' peos(ot—a)

fN: :
’ 12
Jpa+aap2+52 (12)
ZV
Jpﬂ+aap2+52
- OIWHHYHOTO HAINPSIMHOTO BEKTOpA [Iii CHJIM pea-
ki R:

z'cos(wt —a) z'sin(wt — ) ye
- ; ; - (13)
\/p/Z +Z’2 \/p/Z +Z,2 \/p/2 +Z,2

BekropHe piBHSHHA mw=F B IPOEKILIiAX Ha OCl He-
pyxomoi cuctemu koopauHat OXYZ 3anummierses i3 ypa-
XYBaHHSIM OJMHUYHOTO BeKTopa (4) HampsMmy nii cuiu
Baru Mg, oguHU4yHOro Bekropa (12) Hanpsmy aii cuim
Tepts N 1 oguHUYHOTO Bektopa (13) Hampsmy aii cunm
peakuii R HACTYITHUM YHHOM:

! = —N z'cos(a)t—a)_

/p,z 42
B p’cos(wt—a)+a'psin(a)t—a)_
N 2

R:

Jpa+aap2+5
A

z sin\ot —a

#4_

myq =N
p/2+z!2
+pr sm(a)t—a)—a pcos(a)t—a); (14)
Jpa+aap2+52
mz,, :—mg+NL—
pr2+212

Z!

ﬁVJpa+aap2+52'

[MincraBumo y (14) BHpa3m abCONIOTHOTO MPUCKO-
perns (11) i oTpuMaeMo cucTeMy TPbOX IU(EpEHITIaTh-
HHUX pPIBHSHP i3 YOTHPMAa HEBIZOMUMH 3aJISKHOCTIMU:
a=a(t), p=p(t), z=2(t) i R=R(t). 1106 ii po3s’s3aTu, OaHY
3aJeKHICTh MOTPIOHO 3agatu. [locTaBUMO yMOBY, 11100
HMIBUAKICTh MiIHOMY YacTUHKM Bropy B Hampsimi oci OZ
Oysa cranoro i piBHOW V;. Tomi z'=V5, z""=0. IlincraBumo
i 3Ha4eHHs y (14) i po3B’spkeMO CHCTEMY BiJHOCHO o,
p"iR:

”—Zpkw—aj— Afga’

o =Li— h
p PV, — AV,
V.V, + Afp'
P =plo-af - g Lt UE, (15)
er_fAVz
__ mdgl,
p’Vr_fAVZ,

ne V, :\/p'2 +a?p? +V22,A:\/p’2 +V22.

Cucrema (15) GpakTHUHO € CHCTEMOIO JIBOX INEPIINX
PIBHSHBP BiTHOCHO HEBIIOMHX 3aJIeKHOCTEH oa=oa(?) i
p=p(t), a 3amexuictb R=R() 3HaxoauTbCA miciA
po3B’sa3aHHA Hi€ei cucteMu. OTpUMaHy CHCTEMY MOTpiOHO
pO3B’s3yBaTH 4YHUCEIbHUMH MeTomamH. OCKUTbKH z'=V7,
TO z=V,t. 151 3aexHICTh pa3oM i3 3HAHACHOIO 3alieKHiC-
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TIO p=p(?) omucye MepuIiaH MoBepxHi obOepramHs. Ha
pHC. 2 YUCETLHUMHU METOJIaMHU OYJI0 MOOY0BAHO MEPHIi-
aH U1 IBOX 3HAYEHb V;.

ZM
051
0 L | L i i
-1 0 1 2 3
Puc. 2. Mepugianu moBepxHi oOepTaHHS TpHU

w=20c"}, f=0,3, po=0,1 m i pi3HUX WBHIKOCTAX V3.
Fig. 2. The meridians of the surface of rotation at
®=20s", f=0,3, p,=0,1 m and different speeds V..

MepuziaH MOYMHAETHCS HE 3 MOYATKY KOOPAMHAT,
OCKiTbKH OyJI0 3amaHe MOYaTKoBe 3HAueHHA po=0,1 m.
Otpumana moBepxHs oOepTaHHS OJMU3bKAa 10 KOHIYHOI,
MPUYOMY O Mipi 3MEHIIEHHS MIBUIKOCTI V; MepuiiaH
HaOIMKAETBCSL 10 MPSAMOI JIiHIT, a cama MOBEpPXHI — JI0
wiomuuy. Ie i 3po3ymino, amke npu V,~0 KoHyC meperT-
BOPIOETHCSI Ha IUIOIIMHY 1 YaCTHHKA KOB3a€ 10 TOPHU30H-
TanbHOMY IUCKY. [Ipm Oyab-sKiil KyTOBiff OIBHIKOCTI @
ftoro obepTaHHs mixiioMy YacTHHKH He Oyne, Tooto V,=0.
Sxmo y piBasHHES (15) minctasutu V,~0, To MH OTpUMae-
MO HACTYIHHUI pe3yybTarT:

’ ’

a”:2£(a)—a')—fg;;
p ’p2a12+p!2
Py (e oy — 16
,pza'2+p’2 (16)

R=mg.

PiBusiHs (16) To4HO 30iraroThes 13 AudepeHIiaib-
HUMH DIBHSHHSIMH PYXY YaCTHHKH IO FOPU30HTAILHOMY
JICKY, IO 00epTAETHCS HaBKOJIO BEPTHKAIBHOIL OCI, 1 SKi
HaBeseHi B MoHorpadii [1] Ha cTop. 246 (dopmynu (44) i
(45)).

PosristHeMo 1m1e oauH 4acTKOBUM BuUIIagok. Hexaii
a"=0, a'=w. lle o3Haydae, MO YaCTUHKA MPH KOB3aHHI MO
MOBEPXHI 00epTaeThCsl HABKOJIO 11 OC1 31 CTANOI0 KYTOBOIO
LIBUJIKICTIO, PIBHOIO KYTOBIii HIBUAKOCTI OOEpTaHHs IO-
BepxHi. KyTOBi MBHIKOCTI CHpSMOBaHI B MPOTHIIEKHI
CTOPOHH, OTXe B a0CONIOTHOMY pyci 0OepTaHHA YaCTHH-
ku BiacytHe. [ligcraBumo i ymoBu B (11) 1 (14) 1 micns
po3B’sizyBaHHSI OTpuUMaeMo: p''=0, ToOTO p=p,—CONSt,
z"=—g, R=0. Lle o3Hadae, m0 MOBEpPXHEIO OOCPTaHHA €
BEPTUKAIbHUHN mutiHAp. [IpHCKOpEHHsT YaCTUHKH CcTaie i
JOpIBHIOE —(, OTXKE BOHA mepeOyBae y CTaHI BIIBHOTO
nagiaasA BHU3. Peaknis R=0, Tomy KyTOBa MIBHIKICTH @
oOepTaHHs HWIIHIPA HE BIUIMBAE HA MAiHHI YaCTHHKH.

BucHoBku

1. AHanmiTHYHAN OMUC CKIIQAHOTO PyXy YaCTHHKH IO
MOBEPXHi, KA 00epPTAEThCS HABKOJIO BEPTHKAIBHOI OCI,
3BOJIUTHCS J10 3HAXO/PKEHHS TPAEKTOPIi 1T KOB3aHHS.

2. Y crarTi nokasana crpo0a po3B’s3aHHS 0OepHe-
HOI 3aja4i: 3HalTH TaKy Gopmy Mepuniana, mob MoBepx-
HS1 00epTaHHs NOTPIOHMM YMHOM BIUIMBAJla Ha XapakTep
KOB3aHHS YacTHHKU. [3 BHBexeHHMX IuepeHmianbHIX
PIBHSHB pyXy YacTHHKHM OTPHUMAHO YacTKOBI BiJIOMi pe-
3yJIBTATH.
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KOHCTPYUPOBAHUE MEPUJJUAHA
JJIA 3AJAHHOT'O ABMXXEHU A YACTUYKU
1O ITIOBEPXHOCTU, KOTOPASI BPAIITAETCS
BOKPYT BEPTUKAJIbHON OCU
T. H. Boauna, C. @. Ilununaka, B. H. babka,

A. B. Hecguoomumn

AHHOTanusi. B crartee paccMOTpeHO KOHCTPYHpO-
BaHWE IIOBEPXHOCTH BpAIICHUS, KOTOPOE CBOAWUTCA K
HaXOXJCHUIO €€ MEpHIUaHa II0 3aJaHHBIM YCIOBHSIM.
TakoBBIMH yCIIOBUSIMHU SIBIITIOTCS XapakTep JBYOKCHHS
YACTHYKH 0 BHYTPEHHEH NMOBEPXHOCTH TIPH €€ Bparle-
HUM BOKPYT BEPTUKAIBLHON OCH. AOCONIOTHOE JBUKEHHE
YaCTHYKH 00pa3yercsi OT COOTHOLICHHUS BpAILATEIbHOTO
JIBIDKCHUSI TIOBEPXHOCTH M OTHOCHUTEIHHOTO JIBMXKCHHUS
(cronpxKeHMs) YaCTUYKU 0 MoBepxHOCTU. Kitaccuyecku-
MU IIpUMEpaMU TaKOTO JBWKEHHS SBISETCS JIBUIKEHHE
YaCTUYKH BHYTPH BEPTHKAIBLHOTO KOHYyCa, KOTOPBIH Bpa-
IIaeTcsl ¢ MOCTOSIHHON YTIJIOBOIT CKOPOCTBIO BOKPYT CBOEH
ocH, a TaKKe YacTHBIM cilydaif, Korja yros HakjloHa 00-
pasyloIMX KOHyCa paBeH HYJIO M OH MpeBpalaeTcs B
TOPU3OHTANbHBI AuCK. KpuBylo MepuamaHa MOMKHO
3a7aTh SBHBIM YpPaBHEHHEM WIM IapaMeTPUUECKHUMHU
YpaBHEHMSIMA B (DYHKIIMH HE3aBHCUMOHU ImepeMeHHoH. B
CTaTbe PACCMOTPEH CiIydai, KOTAa MEpHIHaH MOBEPXHO-
CTH BpaIlleHHs 3a/1aeTcsd MapaMeTPUIeCKUMH YPaBHEHHS-
MU B (DYHKIHH BPEMEHH. JTO MO3BOJISIET COCTaBUTh JUD-
(epeHLanbHOE ypaBHEHHE IBHIXKCHUsI YaCTUYKH, B KO-
TOPOM BCE 3aBUCHMOCTH SIBJISIFOTCSI DYHKIMSMH BPEMEHH.
OTH 3aBUCHMOCTH JIOJDKHBI OBITh HaWICHBI U3 COCTaBIICH-
Horo juddepeHMaNTbHOTO ypaBHEHHs ABMXXEHUS da-
CTHYKH.

Korga wactuuka momajaer Ha ITOBEPXHOCTh, OHA
HauMHACT 10 HEe#l CKOJB3HUTh, ONKCHIBASI KPUBOJIMHEHHYIO
TpaekToputo. C y4eToM BpamaTesIbHOrO JABMXKEHHS I10-
BEPXHOCTH HaxoauTca abcomioTHas Tpaekropus. Ileppas
MIPOU3BOJHAS €€ JIMHBI M0 BPEMEHH J1aeT abCOINIOTHYIO
CKOpPOCTb, a BTOpas — aOCOJIOTHOE YCKOpPEHHE, B BhIpa-
KEHHE KOTOPOTO 3aJ0KEHBI HEW3BECTHBIC (DYHKIUH,
onmceBaonte Mepuanad. uddepennnansaoe ypaBHe-
HUE JABIDKEHHS COCTABICHO B MNPOEKIMAX HA TPU OCH
JICKapTOBOIl cUCTEMBl KoopauHAT. B cuctemy u3 Tpex
yYpaBHEHHH BXOJAT YETHIPE HEM3BECTHbBIC (YHKIMH: /1BA
ypaBHEHHMS, 3aJal0lIe MEPUANAH, 3aBUCUMOCTh YIJIOBOH
CKOPOCTH CKOJIB)KEHHUS! YAaCTUYKH W PEAKIHs MOBEPXHO-
cti. UToOBI pemmTh ypaBHEHHE, KOJIMYECTBO HEU3BECT-

HbIX (DYHKIUHA HYKHO COKPaTUTh A0 TpeXx. s 3Toro
OIHY 3aBHCHUMOCTh 3aJaeM. TakoW MoaxoJ MPUBOIUT K
MOJTYYCHUIO YaCTHBIX CIIy9aeB, OJWH M3 KOTOPBHIX — JIBU-
JKCHHE YaCTHYKH 0 TOPU3OHTAITHHOMY IHUCKY, Bpalllaio-
mieMycsi BOKPYI BEpTHKaJIbHOM ocu. PaccMoTpeH KOH-
KPETHBIM TIpIMEpP M TOCTPOCHO KPHBYIO MEpHIMaHA B
pe3ysbTare YUCIEHHOTO PELICHHsS] YpaBHEHUH MpPH yCJo-
BHUM, YTO YaCTHYKa BHYTPU MOBEPXHOCTH IMOJHHUMAETCS
BBEPX C MOCTOSIHHOM 3a/1aHHOM CKOPOCTHIO.

KiulioueBble €j10Ba: MOBEPXHOCTh BpaIllEHUs, MEPU-
JIMaH, yrJioBas CKOPOCTh, YaCTUYKA, CKOJbKEHHUE, TPaeK-
Topwusi, nuddepeHInaNbHbIC YPAaBHCHUS.

CONSTRUCTION OF MERIDIAN FOR GIVEN
MOVEMENT OF PARTICLE ON SURFACE WHICH
ROTATES AROUND THE VERTICAL AXIS
T. M. Volina, S. F. Pylypaka, V. M. Babka,

A. V. Nesvidomin

Abstract. The article considers the construction of
the surface of rotation, which is came down to finding its
meridian by given condition. Such condition is the nature
of the movement of the particle on the inner surface dur-
ing its rotation around the vertical axis. The absolute
movement of a particle is formed from the ratio of the
rotational movement of the surface and the relative
movement (sliding) of the particle on the surface. Classic
example of such movement is the particle movement
inside a vertical cone that rotates at a constant angular
velocity around its axis, and the partial case when the
angle of inclination of the generatrices of the cone is
equal to zero and it turns into a horizontal disk. The me-
ridian curve can be set by explicit equations or paramet-
rical equations as a function of an independent variable.
The article considers the case when the meridian of the
surface of rotation is given by parametrical equations in
the function of time. It allows us to make a differential
equation of movement of a particle, in which all depend-
encies are functions of time. These dependences must be
found from the composite differential equation of particle
movement.

When a particle hits the surface, it begins to slide on
it, describing a curvilinear trajectory. Taking into account
the rotational movement of the surface, there is an abso-
lute trajectory. The first derivative of its length in time
gives an absolute velocity, and the second — absolute
acceleration, the expression of which includes unknown
functions describing the meridian. The differential equa-
tion of movement is compiled in projections on three axes
of the Cartesian coordinate system. The system of three
equations includes four unknown functions: two equations
that define the meridian, the dependence of the angular
velocity of the particle and the reaction of the surface. To
solve the equation, the number of unknown functions
should be reduced to three. One dependence was set for
this. This method leads to partial cases, one of which is
the movement of a particle on a horizontal disk rotating
around a vertical axis. A specific example is considered
and the meridian curve is constructed as a result of nu-
merical solution of the equations, provided that the parti-
cle rises upwards inside the surface at a constant given
velocity.
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AHoTamis. OpmHUM 3 OCHOBHHX  HAIpPSIMKIB
MM ABUIIIEHHS e(heKTUBHOCTI eKCIUTyaTarii
CUIBCHKOTOCTIONAPCHKOI TEXHIKM € BHBYEHHS TEXHIYHOI
TOTOBHOCTI IIPH TUTaHYBaHHI OCHOBHUX €TaIiB, 00’ €KTIB Ta
00csTiB poOIT 3 TEXHIYHOTO OOCITYTOBYBAaHHS i PEMOHTY.
[cHyIOUI CMCTEMH TEXHIYHOTO OOCITyTrOBYBaHHS i PEMOHTY
TEXHIKM HE BpaxoBYIOTb B TIOBHIH Mipi yMOBH
eKCIUTyaTallii, 10 XapaKTepu3ylThCI BH3HAUYCHOIO
rpynoo GakTopiB. 3aTHIIAIOTHCS aKTYIbHUMH IPOOJIeMU
IHIMBIyaTbHOTO MIAX0/Y IO OLIHKK TEXHIYHOT'O CTaHy Ta

OMEPAaTHBHOIO  KOPET'YBaHHS  PEXKHUMIB  TEXHIYHOTO
0oOCITyrOoByBaHHS 1 PEMOHTY MalldH B yMOBax IX
eKCILTyaTaIlii.

MeTot0 peacTaBIeHOI CTATTI € JOCHTIIKSHHS BILIHBY

eKCIUTyaTaIlifHnX ~ (aKkTOpiB Ha  TEXHIYHHHA  CTaH
CLTBCBKOTOCIIONAPCHKOi  TEXHIKH B mpomeci 1l
BuKopucTaHHs. Jlns mpukiaxy, B SKOCTI  O0’€KTY

JIOCITIDKEHB B3STI 3aCO0M JUIsl IPUTOTYBAHHSI 1 PO31aBaHHs
kopmiB (3T1PK) 1m0 BUKOPUCTOBYIOTHCSI B TBAPUHHHIITBI.
Y po6oTi 3aCTOCOBYETHCS METO/I AllPIOPHOTO PAHKYBAHHS
1 METOJIWKa OI[IHKM HE BHUIIAJKOBOCTI 3rOJM CKCIIEPTIB.
Ipeacrapnena kiacuQikailisi yMOB €KCILTyaTallii, 3 OTJIS Ly
ix BIUmMBY Ha 3MiHy TexHiuHOro crany 3[IPK. I3
CYKYITHOCTI IPE/ICTaBICHUX YMOB BU3HaUCHI (hakTOpH, 110
BIUIMBAOTH Ha ekciuryararnito 3[1PK.

3a pe3ynpTaTaMM €KCIEPTHOTO ONMTYBaHHS 3i10paHi
JaHi Ul TIONEePeHBOTO paHXXyBaHHA (akTopiB. 3a
KO)XHUM  ()aKTOpOM BH3HAYCHAa CyMa paHTIB YCiX
eKcriepTiB. BusiBiieHi 4dotupu (dakTopu, II0 MalTh
nepeBakatounii BIUIMB Ha TexHiuHud cran 3I1PK:
HaAIHHICTh KOHCTPYKIi 3aco0y; mpodeciiHO BaXKIHBi
SIKOCTI MepcoHay; oprasi3aiifHO-TeXHOJIOT14HI
YUHHHUKY, IHTEHCUBHICTh €KCIUTyaTallil Ta HaBaHTaKESHHS
Ha poOoue oOmagHaHHSA. 3a JOMOMOTOK KoedillieHTa
KOHKOpZAlil OIIHEHO  CTYHiIHb Y3TO/DKCHHS JIyMOK
excrieptiB. PesynmbraT 1m0  OTpUMaHi  anpiopHUM
pamXyBaHHSIM MOXYTb OyTH ITPU3HAHUMHU 33/I0BUTBHUMM 1
azekBaTHUMH. [lepeBipka TimoTe3w NMpo HEBHIAJIKOBICTh
3roIM eKCIIepTiB 3rigHo kpurepisa [lipcoHa cBiguuTH TIPO
3HAYyIicTh  KoeQilieHTa  KOHKOpPJAILI, ICTOTHY
MOMIOHICTh 1 HEBUMAJIKOBICTh. Pe3ynbTaTH J0CHiIKEeHb
BIUIMBY EKCIUTyaTalliifHUX (pakTOpiB HAa TEXHIYHHH CTaH
3[IPK oTpuMamm mpakTHYHE MiATBEpDKEHHS  Ta
BHUKOPHCTAHHS B yMOBaxX BUPOOHHIITBA.

KiarouoBi ciaoBa: MammHa, TEXHIYHHHA CTaH,
eKCIIepTHE ONHUTYBAHHSA, alpiOpHE pPaH)KyBaHHS, YMOBH
eKcIuTyararii, pakTopu, paHr.

ITocTanoBKa npo0aemMu

AHaJli3 Cy4acHOTO PIBHS TEXHIYHOIO 3a0e3MeUCHHS
arpapHOro  BHPOOHMIITBA BKa3ye Ha  BIJICYTHICTb
MOJKJIMBOCTEH HIBUIKOTO OHOBJICHHS 3HOIICHOTO MapKy
cinbcbkorocmnoaapebkoi Texuiku [20, 26]. Y 38°3Ky 3 1iuM,
3aIMIIAETHCS BAXJIMBUM Ta AaKTyaJbHUM 3aBJaHHIM
MiABUIICHHS TEXHIYHOI TOTOBHOCTI Ta eQEeKTHBHOCTI
BUKOPHUCTAHHSI CLIBCHKOTOCTIONAPCHKOT TEXHIKH,
BKJIIOUAIOYM TaKW{ BaKIMBUA CEKTOpP MAIIWH Ta
o0JiaIHAHHS TBAPUHHUIITBA, SIK 32CO0M ISl IPUTOTYBAHHS
i posmaBanns kopmie (3IIPK) [17, 20, 26]. Oxaum 3
OCHOBHHX HAIPSIMKIB BUpIIIEHHs 3a3HAa4eHOi 3amadi €

BUBUEHHS TEXHIYHOI TOTOBHOCTI NpU  IUIAHYyBaHHI
OCHOBHHX €TaIliB, 00’ €KTIB Ta 00CATIB POOIT 3 TEXHIYHOTO
00CITyroByBaHHS i PEMOHTY (TOP)

CLIBCHKOTOCIIONApChKOT TexHiku. [Ipuuomy, y OuibIIoOCTI
BUTIAJIKIB BBEJCHHS BapTICHUX 3ac00iB iarHOCTHKH
ocHOBHHX By31iB Ta arperatiB 3[1PK e HemouinpHIM 200
K HeMmoximBuM. [lpm 1uranyBaHHi eramiB TOP
aKTyaJbHHIM €  YAOCKOHAJCHHS  METONIB  OIIHKH
TEXHIYHOTO CTaHy, MOHITOPHHTY YMOB eKCIUTyaTarlil
CLTBCHKOTOCIIONaPCHKOI  TEXHIKH, po3po0ka METOMmiB iX
o0tiKy, aHali3y Ta KOperyBaHHSI.

AHAaJi3 0CTaHHIX J0CTiTKEeHb

[ligBuIEeHHS KOHKYPEHTOCIPOMOXHOCTI arpapHUX
HANPUEMCTB HEPO3PUBHO IIOB’SI3aHE 3 HEOOXIJIHICTIO
IIMPOKOTO BIPOBAKCHHS PECypPCOOMIAJHUX TEXHOJOTIH.
OmHUM 13 OCHOBHHX 3aXOJliB 3a3HAYCHOI'O HAIPSIMKY €
I IBUIIEHHS e(eKTUBHOCTI eKCILTyaTaril
CLTBCHKOTOCIIOIaPCHKOI TEXHIKU Ta OIHOTO 3 1i BAXKITUBUX
cekropiB — 3I1PK. /Iy nmpuroryBaHHS KOPMOBHX CyMiIIeH
JUTsl TOMIBJI TBApWH BUKOPHCTOBYIOTH MAIIIMHU, IO
MoTpeOyIoTh BUKOPUCTAHHS 3HAYHOI YACTKH PYYHHUX
omepallii, BKIIOYAIOYM 3aBAHTAXEHHS, MOAPiOHEHHS,
3MillyBaHHS, JO3YBaHHA Ta po3aaBaHusA [3, 11]. Buxomsun
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3 IIbOT0, B HAYKOBHX CTATTSAX OCTaHHIX POKIB BU3HAYMBCS
KOMITIEKC JOCHIi/KEHb, IO BKJIIOYAa€ BHWBYEHHS Ta
ymockoHajeHHs KoHcrpykmiit 3IIPK [3, 6, 7, 22],
migBHUIIeHHsT ePeKTUBHOCTI 1X BUKopuctanus [16, 20] Ta

TEXHIKO-€KOHOMiYHEe  OOTpyHTYBaHHS  3a0e3redeHHs
sikocTi ipoaykiii [9, 23].

Heo0xinHo TaKOX BIOAMITHUTH HEIOCTaTHIN
MOHITOPUHT CTaHy MaTepialbHO-TEXHIYHOTO

3a0e3neueH sl CiIbChKOTOCIIOAapPChKOI0 TEXHIKOW  Ta
¢daktuynoro piBHa 11 Hamiitrocti [5, 8, 18, 19, 21],
0CcOOJIMBO B CHCTEMi PO3BHTKY IHHOBAaIlIfHUX IPOIECIB
[17, 20, 25].

B icHyrounx miTepaTypHUX IKepenax, TeOPETHIHHX
Ta EKCHEPUMEHTAIPHUX JOCIHI/KCHHSIX HEIOCTaTHBO
yBaru TMpPHIUICHO BUBYCHHIO HAMIHHOCTI TEXHIKH SK
ckinanaux TexHiuHHX cucteM (CTC), i3 BpaxyBaHHIM
YMOB eKCIUTyartalii, BIUIUBY JIOACBEKOTO (aKTopy,
oprafizamii poOOTH IHXCHEPHO-TEXHIYHOI  CIIyXOWH,
(GopMyBaHHS CHCTEMH TEXHIYHOTO OOCIYyrOBYBaHHS 1
pemonty (CTOP) [2, 10, 18, 19, 24, 29].

AKTyallbHOIO ~ TakOXX  3allMIIaeThcss — mpodieMa
IHIMBiAyami3anii Ta ONepaTHBHOIO KOPUTYBaHHS PEXKHUMIB
TOP wMammH, 3 ypaxyBaHHSAM YyMOB iX eKcCILTyararfii.
Panime ommcani Ta TpaawmiiHI METOAW OOTPYHTYBaHHS
cucremu TOP He nar0Th MOJIMBOCTI BUPIIINTH 3a3Ha4YCHI
mpobieMu OLIHKK HagiHOCTI i TexHiuHOTO cTany 3[IPK B
noBHiit wMipi [1, 4, 12]. YV Bumagkax BHUHHUKHEHHS
CKJIQAHOCTI BBEICHHS METOMAIB KOHTPOJIO OCHOBHHX
TeXHIKO-eKCIUTyaTamiianx ~ xapakrepuctuk 3[IPK Ta
CKIagHOCTI  peamizaumii  Oe3mocepefHbOi  CHCTEMH
JIarHOCTYBaHHS, NOLUIBHMM € BHUKOPUCTAHHS METOJIB
OIIOCEPEAKOBAHOTO KOHTPOJIIO TX TEXHIYHOTO CTaHy.

OnHUM 13 HanpsMIB pealtizalii TOCTiPKeHb BILIUBY
eKCIUTyaTalliiHuX  (akTopiB Ha  TEXHIYHMH  CTaH
CUIBCHKOTOCIIONIAPCHKOT  TEXHIKM ~ MOXYThb  OyTH
BHUKOPHCTAHI METOU eKcriepTHUX ominok [13-15, 27, 28].
MeToay eKCHEepPTHUX OIIHOK € BAXIMBUM IHCTPYMEHTOM
BU3HAYECHHS 3arajibHUX TEHJICHILIH PO3BUTKY, apaMeTpiB
1 TEXHIYHOTO PiBHSA CKIAOHHUX TexHiYHHX cuctem CTC
«JIropuua-Marmnay [19].

[Ipouenypa npoBeieHHSI METO/IIB €KCIIEPTHOI OLIIHKA
JOCUTh  JETaJlbHO OIMCaHa B  HAYKOBO-TEXHIYHIN
mitepatypi [13, 14], 3 BUBYEHHsM NUTaHb (GopMyBaHHs
eKCIIEPTHUX TPYH, KOMIIETEHTHOCTI eKCHepTiB, (opm
poboTH 3 ekcriepramMu, (GOpPMyBaHHSIM aHKET 1 TaOJHUIb
eKCIIEPTHUX OLIHOK, a TaKoX aHalli3y 1 NpOBEIEHH:
eKCTIEPTHOI OI[iHKHM, B TOMY YHCII 3 YypaxyBaHHSIM
Y3TOJUKEHOCTI JYMOK OKPEMHX €KCIIEPTIB.

Merta nociigkeHn

MerTo10 peaCTaBIeHOI CTATTI € JOCITIKEHHS BIIUBY
eKCIUTyaTaIlifHnX  (akTopiB Ha  TEXHIYHHMA CTaH
CITbCHKOTOCTIONAPCHKOT TEXHIKHA B mporieci it
BHKOPHCTAHHS.

Pe3yabTaTn n10caigKeHb

B mpencraBieHid cTaTTi TPOBEACHO IMUIHH psiX
JOCITIJDKeHb, SKI HAIpaBiCHI HA OLIHKY BIUIUBY
eKcITyaraliinnx QakropiB Ha TexHiunui cran 3[1PK.
BuBueHHs 3HaYyIIOCTI ()aKTOPIB IO BIUIMBAIOTH HA YMOBH

eKCIUTyaTalil, BHSBJCHHS HEraTHBHOTO IX BIUIMBY Ha
3Miny TexHigyHoro ctan 3[1PK Ha mouaTky BBEJICHHS Ta B
mporieci excruryararii, abo x micus BBy TOP moxe
OyTH TPOBEICHO 3 BUKOPHUCTAHHSM METOAY EKCIEePTHUX

omiHOK. ExcmepTHe oONHWTYBaHHA — PI3HOBHIHICTH
COILIOJIOTIYHOTO OTINTYBaHHS, B xomi SIKOTO
pECIIOH/IEHTaMH  BUCTYINAIOTh KOMIIETEHTHI 0cCoOM —

€KCIepTH, 10 MAlOTh IIMOOKI 3HAHHS MPO HPEIMETH YU
00’extH nociikeHHs [14]. B ocHOBY MeTOy eKCIIEpTHUX
OLIIHOK MOKJIaeHi 3HaHHS (axXiBIiB i HAKONIMYEHUH HUMHU
JIOCBIJl TIPY MPOBEACHHI HAYKOBO-AOCIITHHUX 1 JOCIiTHO-
KOHCTPYKTOPCBKHX ~ poOiT, iH(pOpMalis 3 HayKOBO-
TEXHIYHOI JITepaTypd Ta TIATEHTHOI MOKyMEHTamii B

KOHKpPETHIii ramy3i B TIO€AHAHHI 3 CyJacHHUMH
MaTeMaTHYHUMH METOAAMHU OOPOOKH JaHUX.
OCHOBHUMH (akTopamu pH MIPOBEICHHI

eKCIePTHUX OI[iHOK, IO BHW3HAYAIOTH HAMIHHICTD 1
TOYHICTB OLIHKH, € MiI0ip eKCIEPTIB i IX KOMIIETCHTHICTb.
B mpoBeneHHI ONMUTYBaHHS NPUHHSIN y4acTb JECSTh
eKCIepTiB, W0  3aiiMaloThCcsi  eKCIUTyaTamieo i
miaTpuMaHHsIM mpane3aataocti 3[1IPK.

B Tabmumi 1 mpexacraBnena kiacudikaiisi yMoB
eKCIUTyaTallii, 3 orisAy IX BIUIMBY Ha 3MiHY TE€XHIYHOI'O
crany 3I1PK.

CyKymHICTh TIpencTaBieHHX B Tabnmmi 1 ¢axropis
(GOpMyIOTh yYMOBH, IO BIUIMBAIOTh Ha CKCILIyaTallifo
3[IPK. 3 xiacudikamiiiHux Trpym, OO BiAOBiAAIOTH
ymoBam ekcruryaranii 3[1PK, orpuMaHo gecsTs OCHOBHHX
¢dakTOpiB, 3a SIKUMH EKCHEPTH BHUABIAIOTH HAMOLIBIT
CYTTEBUI BIUIMB Ha 3MiHy TexHiuHoro crany 3IIPK.
3a3HaycHi (akTopu TpeAcTaBieHI B Tabmmii 2, sKa
BUKOPHCTaHA IIPU ONMHUTYBaHHI EKCIEPTIiB B SIKOCTI aHKETH.

IIpencraBnenuit OIIUTYBaJIbHUI JIUCT OyB
MOTO/DKEHU 3  eKcllepTaMu Ta 3 IPOMO3UIISIMU
po3ctaBuTH (GakTopu 3a pIiBHAMH 3HauymocTi. Jls
00poOKHI OTPUMAaHUX pe3ynIbTaTiB ampiopHOTO
pamKUpyBaHHS OyJia BUKOPHCTaHA METOMKa [4].

MeTtoanka peanizoBaHa B HACTYIHIN ITOCIITOBHOCTI.
B tabmumi anpiopHoro pamxupyBaHHS (Tabn. 3) BKasaHi
IHAMBiTyadbHI OIIHKH BCIX EKCIEPTiB (3a NHTaHHIMHU
JUCTa OMMUTYBAHHS, SKi PEACTaBICHI B Ta0II. 2).

3a KoXHMM (aKTOPOM BH3HAUEHA CyMa PaHTIB yCix
EKCIIepTiB:

A= Yn=1Akm, @

[lepeBipsieMO TPABWIBHICTh 3aMOBHEHHS TAOJIHUIN B
HACTYITHIH TOCITIIOBHOCTI:

- MAaKCUMaJIbHUHN PEHTHHT 32 KOHKPETHUM (pakTopoM
Qe HE MOYKE OyTH GLITBITNM 32 TIOpiBHSHI (akTopu K:

gm, <K, (2)

- MakcHMallbHe 3HAYCHHSI CYMHU PAHTIB [0 KOXHOMY
¢akxTopy He Moxke OyTH Oinmbire JOOYTKY MaKCHMAaJIbHO
MOXITMBOTO PAHTy Ha YHCIIO EKCIEPTIB:

o (A )max < (akm)max.' m, 3

- MiHIMQJbHO MOXJIMBa CyMa PAaHTIB IO KOXHOMY
(axkTopy HEe MOXKE OYTH MEHIIOI0 MiHIMalIbHOTO PaHTy
MIOMHO>KEHOTO Ha YHCIIO EKCIEePTiB:

(Ak)max 2 (akm)min ‘m, 4
- BU3HAYAEMO 3arajibHy CyMY PaHTiB:
kot Ax= Ag + Az + -+ A, ®)
- BHU3HAYAEMO CEPEITHIO CYMY PaHTiB:
= A
A= Zﬁ:zf ) (6)
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Taoauusa 1. Knacudikaris yMoB ekcIiyarartii, o BIUIMBAaIOTh Ha 3MiHY TexHigHoro cTany 3[1PK.
Table 1. Classification of operating conditions that affect the change in the technical condition of MPDF.

YMOBH eKcruTyaTarii

HaiimenyBanHs (akTopiB

‘YMOBU BUKOPHUCTAHHS

Ha mommaiii 3 TBepAin MOKPHUTTSIM

B kopmonexy

Knimaruani ymoBu

TemnepaTypa HaBKOJIMIIHBOIO CEPEIOBHUIIA

Bomnoricts

KinekicTs onazis

ATpecHuBHICTB CepeloBHIIA

3anniIeHiCTh MOBITPs

[HTEeHCHBHICTE eKCIUTyaTallil Ta HaBaHTAXCHHS

[HTEHCHBHICTB eKCILTyaTallii

Ha poOoue obIaTHaAHHS

PiBeHnr HaBaHTa)KEHHS

Hapanraxenns Ha pobode o0magHaHHS

Xapakrep i IpuHOMH YIIpaBIiHHS

Xapakrtep ynpaBiIiHHS 3aC000M

[Tpuiiomu ymipaBIiHHA 3ac000M

Kareropii kopMiB i ix 3a0pyIHEHICTh

Kareropii xopmiB

3a0pynHEHICT KOPMIB

HagiifHicTh KOHCTPYKIIii 3aC00y

HapifiHicTh KOHCTPYKIIi 3ac00y

JIoBroBiuHIiCTh poOOYNX OpraHiB

Cuctema TO i peMoHTY

CBoeuacHicTs npoBegeHHs TO i peMOHTY

Sxicte mpoBenerHs TO i peMOHTY

IToroTa poBeneHHst TO i peMOHTY

[HpacTpyKTypa pEeMOHTHO-0OCIYTOBYIOUOi Oa3u

CraH KOHTPOITIO iH)KEHEPHO-TEXHIYHOT CIyXO0n

CtaH KOHTPOITIO iHKEHEPHO-TEXHIYHOT CITyKOu

Oprani3anifHO-TeXHOJIOT1YHI YNHHUKH

PisHOMapouHICTH MaImInH

Opra#ni3amiifHO-TeXHOJIOTIYHA TOKYMEHTAIIIs

BianoBigHIiCTE 300TEXHIYHUM BHUMOTaM

KopoTkouacHe 30epiranss

Mix3MiHHE 30epiraHas

IIpodeciitHo-BaXKIKBI AKOCTI MPAIiBHUKIB

Crax poboTn omneparopa

Kgamigikaris onepatopa

Craxx poOOTH PEMOHTHOT'O TpaliBHUKA

Kgamidikaris peMOHTHOTO IpaiiBHAKA

Tadawnus 2. Excrutyaraniiini ¢pakrtopu 1o BIUIMBarOTh Ha TexHiuHuMit ctan 3[1PK.
Table 2. Operational factors affecting the technical condition of MPDF.

HaiimenyBanHs Qakropis Howmep daxtopa
YMOBU BUKOPUCTaHHS (o
KiimMaTuyHi yMOBH D,
[HTEeHCHBHICTb €KCIUTyaTallil Ta HABAaHTAXXEHHs Ha poOove 00JaIHaAHHS [OF
XapakTep i IpUAOMH YIIPaBIiHHS D4
Karteropist kopMiB i 1X 3a0pyIHEHICTh Ds
Hapilinicts KOHCTPYKLIi 3aC00y Ds
Cucrema TO i peMoHTY D7
CTaH KOHTPOJIIO 1H)KEHEPHO-TEXHIYHOT CITy»)KOU Dg
OpraHi3aniifHO-TeXHOJOTIYHI YAHHUKH Dy
[IpodeciitHO-BaXJINBI SKOCTI IEPCOHATY Do

PesynbraTn ampiopHOTO pamXuUpyBaHHA (aKTOpiB
YMOB eKCILTyatallii, 110 BU3HA4alOTh HETaTUBHMUI BIUINB
Ha 3MiHy TexHiyHoro crany 3[1PK 3anocumo B tabmuiyo 3.

HactymHuM kpokom Oyze orepartist Juts IpOBEJCHHS
TIepeBipKY MPABUIILHOCTI BU3HAYECHHS CYMH PAHTiB:

YK Ak=mx kX3, (7
Je a - cepemHiii paHTr OLIHKKA (DAaKTOpPiB KOKHHUM
eKCIIEPTOM:
Zh=18k
K

a=

(8)

Jani BU3Ha4aeMO BiIXWJICHHS CyMH PaHTiB KOXHOTO
(axTopa BiJ| cepeIHbOT CYMH PaHTiB:

A= A —A. (9)
Ilicns mporo 3a  gomomoror  koedimieHTa
konkopnamii  Kenmenma W omintoemo CTYITiHb
Y3TOJUKEHICTh TyMOK €KCIIEepTiB!
12XS
T m2x(k3-k)’ (10)

ne k - auciio dakropis;
M - 9HCII0 eKCTIePTiB;
S - cyma KBaJpaTiB BiAXUICHb.
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Taonauusa 3. Pe3ynpraty anpiopHOTO paHXUPYBaHHS (AKTOPIB YMOB €KCIUTyaTallii, 0 BU3HAYAIOTh HETAaTHBHUI

BILTUB Ha 3MiHy TexHiuHoro crany 3I1PK.

Table 3. The results of a priori ranking of factors of operating conditions, determining the negative impact on

changes in the technical condition of MPDF.

YMOBHI HOMepa eKCIepTiB, m
N g4 =
E EE = g
HaitmMenyBaHHS g E g g 2 ° =
(baxTopis 112 (3 |4 |5 |6 |7 |8 |9 |10 g EE ‘EE 5 §§
O | AdE | = |me
PaHI¥ OLIHKH akm A | A, (A'k)z M | g
YMOBHM BUKOPHCTaHHS 10/ 6 | 5|7 |6 6 10| 7 |10 76 | 21 441 8 | 0,05
KiimaTuysi yMoBH 91 5]10]| 8|7 81919780 |25 625 10 | 0,02
IuTeHcuBHICTD
CKCILTyaTallll Ta 6 (10| 8 |10] 9 415 (10| 4|7 | 15| 225 | 6 | 0,09
HaBaHTa)XCHHS Ha
poboue obnaHAHHS
Xapakrep I npuioms 413|415 5 (3|3 |5 |37 |-18| 324 | 4 |013
yIpaBIiHHA
Kareropiz xopmis iix | 5 | g | § | 4 | 4 |10|10| 8|6 |9 | 71| 16| 256 | 7 | 007
3a0pyIHEHICT
Hamiduicts 112331 1]1|4|2|19|-36| 1296 | 1 |018
KOHCTpPYKIIii 3ac00y
Cuctema TOipemonty | 7 | 8 | 7 | 5 | 10 716 |5|8]| 69|14 196 5 10,11
CraH KOHTPOIIIO
IHKEHePHO-TEXHITHOT 8 7 9 9 8 9 7 8 6 78 23 529 9 0,04
CITY)KOHU
Oprasizauiiino- 2112|613 2 (2|2 1|2 |-29] 841 | 3 |05
TEXHOJIOTIYHi1 YNHHUKHU
lpodeciiino-pascmsi | 5 | 4 | 4 | 5 | 5 34|13 |24 ]-31] 91 | 2 |016
SKOCTI IEPCOHAITY
Pasom 55 | 55|55 |55 (55|55 (55|55 |55]|55| 550 6094 1,0
Koedirient KOHKOpAaIii Kennenna MOXKe 3-¢ MmicIie - opraHi3aiiifHO-TeXHOJIOTIYHI YHHHUKH —

sMiHtoBatucs Bix 0 mo 1. Ilpu upomy, yum Ommkue

3Ha4YeHHS KoedimieHTa Oyae HaOIMKyBaTHCh A0 1, THM

TICHILIIE CTYIMiHb Y3rOJKEHOCTI TyMOK ekcreptiB. [Ipu

W > 0,5 mepeBipsieTbcs TinoTe3a MPO HEBUIIAIKOBICTH

3TOJIM €KCIEPTiB, VIS IbOTO BUKOPHCTOBYETHCS KPUTEPIii

[Mipcona, siKMi BU3HAYAETHCS 33 HACTYITHOIO (POPMYJIOIO.
3rigHo po3paxyHKiB 3a Gopmynoro (11), orpumaemo:

x; =0,69x10 x (10 — 1) = 64,8.

OTprMaHe pO3paxyHKOBE 3HauyeHHs KoediieHTa
MOPIBHIOETHCS 3 TAOJMYHUM, IO BU3HAYECHHH MPU YHCII
cryneHiB cBoboau K-1, npu pisui 3Hauyocri 0,01.

1= A (12)

[TepeBipsieMo TinoTe3y NMpo HEBUNAAKOBICTH 3TOJIH
ekcnepTiB 3rimHo kputepis Ilipcoma 3 TabGmuaHUM
3Ha4eHHAM: 64,8>21,7 npu pieHi 3HauymocTi 0,01.

Jlane TIOpIBHSAHHSA CBIMYMTH TPO  3HAYYIIICTh
koedilieHTa  KOHKOpJalii, ICTOTHY IOXMIOHICT i
HEBHITa/IKOBICTh 30’y [yMOK EKCIIEpTiB.

3a pe3ysbTaTaMy MIPOBEJCHOTO JOCIIKEHHS MOXKHA
MATBEPANTH, IO (PAKTOPH YMOB €KCILTyaTallii BUSBISIOTH
HEeraTHBHHH BIUIMB Ha 3MiHy TexHiuHOro ctany 3I1PK.

3a cryneHeM BIUIMBY (DaKTOPiB yMOB eKCIUTyaTallii Ha
3MiHy TexHigHOro ctany 3IIPK oTpumano HacTymHMI
PpO3MOIiT:

1-e wmicre - HaIIHHICTH KOHCTPYKIIii 3aco0y — (O
(Ak = 19);

2-e micue - npodeciiiHO-BaXKIIMBI SKOCTI IEPCOHAITY —
Dy (Ak = 24);

Dg (Ak = 26);

4-¢ micue - xapakrtep 1 npuiioMu ynpasiiHas — D
(Ak =37);

5-e micue - cucrema TO i pemoHTy — (o))
(Ak = 69);

6-¢ wmicme - IHTCHCHBHICTh eKCIDIyaTamlii Ta

HAaBaHTAXEHHS Ha poboue obnannanus — O3 (Ak = 70);
7-e MicI1e - KaTeropis KOpMiB i ix 3a0pynHeHICTh — D5
(Ak=171);
8-e micmie - ymoBH Bukopuctanuas — @1 (Ak = 78);
9-e micue - cTaH KOHTPOJIO IHXXEHEPHO-TEXHIYHOT
ciryx6u — @g (Ak = 76);
10-e wmicrie - knimatugni ymoBu — @, (Ak = 80).
Bu3HaueHO NMTOMI Baru NOKa3HUKIB 3a CTyIEHEM X
BIUIMBY Ha JIOCJIIDKYBaHYy CHCTEMY 32 (OPMYJIOIO:

_2%(k—M+1)
U = Texierny (13)

ne M - micie BigmoBigHOTO (hakTopa 3a pe3yiabTaTaMu
paHXyBaHHSI.

[IpencraBneni pe3yiabTaTH BHKOPHCTAHHSI METOLY
KOJIEKTHBHHX PIllIEHb €KCIEPTIiB /I BU3HAYCHHS BILIMBY
eKcIuTyaTaiianx ¢akropiB Ha TexHiuHmMH ctaH 3[IPK
JIO3BOJISIFOTD.

- pO3paxoByBaTH  YHCJIOBI  XapaKTEepUCTHUKH
MTOMIJIOK OLIIHIOBAaHHSI (CepeHE 3HAUCHHS 1 IUCIIEPCIIO);

- 00YMCITIOBATH BiIHOCHY HOMMJIKY OIIHIOBAaHHS Ta
BHU3HAYATH 1 XapaKTECPUCTUKH;

- BU3HAYATH TOYHICTH OLIHKU JEKUTBKOX (PaKTOpiB
(mapameTpH BEKTOpPa OLIHOK i BEKTOpa OMMUIIOK).
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BucHoBkn

1. BuxopucTaHHI METOAY EKCIIEPTHUX OIiHOK
noroMarae (popmaiizyBaTi mporesypu 300py, 00pooku Ta
aHaJi3y JOCBiY CIEUiaTiCTiB 3 METOIO IIEPETBOPEHHS X Y
¢bopmy, HaO1TpII 3py4dHY UL MPURHATTA
00OrpyHTOBAHOTI'O pillleHHs. 3a pe3yIbTaTaMu €KCIEPTHOTO
ONUTYBaHHS OTPUMaHi JaHi JyIsl alpiOPHOTO PaHKyBaHHS
¢axropis.

2. 3a 10NOMOTr 010 METOIMKH alpiOpPHOTO PAH)KyBaHHS
BUSBJICHO, IO HAWOUIBIIMI BIUTMB HA 3MiHY TEXHIYHOTO
crany 3[IPK maroTh HacTymHi excrutyatauiitai gakropu:
HaJIHHICTh KOHCTPYKIIi 3aco0y; mpodeciiHO Ba)IHBi
SIKOCTI MIepCOHAIY; OprasizaniifHO-TeXHOJIOT19H1
YHHHUKHW; IHTEHCUBHICTH €KCIUTyaTallil Ta HaBaHTA)KCHHS
Ha pobOode 0OIaTHAHHS.

3. Pe3ynpTaTi qOCHTIKEHP BIUIMBY €KCILTyaTaIliiHIX
¢axropiB Ha TexHiuHM# ctad 3[1PK orpumanm nmpakTrane
MITBEPKEHHS. Ta BUKOPUCTAHHS B yYMOBax arpapHoOro
BUPOOHUIITBA.

4. TlepcHeKTMBHMMH HampsMKaMH 3aCTOCYBaHHS
IPYNOBUX €KCIEPTHHUX OIHOK €, MepuI 3a BCE, HAYKOBI 1
TEXHIYHI  JMOCTI/DKCHHS,  IH)KEHepHAa  Taly3b Ta
MCHEKMEHT,  3a0e3MedyeHHs  Mpane3faTHoCcTi  Ta
MIPOTHO3YBaHHS HAJIIHOCTI MaIINH.
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NCCIEJOBAHUE BJIMSHUA
OKCIINIYATAIIMOHHBIX ®AKTOPOB
HA TEXHUYECKOE COCTOAHUE
CEJIbCKOXO3MCTBEHHOM TEXHUKU

A. B. Hosuyxuii, A. A. bannwiii, A. H. bvicmputii

AnHoTauusi. OIHUM W3 OCHOBHBIX HalpaBJIEHUH
ITOBBIIIEHUS 3¢ PEKTUBHOCTH AKCILTyaTaI[UH
CENIbCKOXO03MCTBEHHON TEXHUKH SBIISIETCS HM3y4YEHHUE
TEXHUYECKOH TOTOBHOCTH MpPH TUIAHUPOBAHWU OCHOBHBIX
9TanoB, OOBEKTOB U 00BEMOB paboOT MO TEXHUIECKOMY
o0cnmyknBaHui0 M peMoHTy. CyIecTBYIOIINE CUCTEMBI
TEXHUYECKOTO OOCITYXUBAaHUSI M PEMOHTa TEXHUKH HeE
VYUTBHIBAIOT B TIOJIHOW Mepe YCJIOBHS SKCIUTyaTaluw,
XapaKTepU3YIOIIHECS OTIpeIeTICHHOM TPYTIIOBOU
(bakxTopoB. Ocrarorcs AKTyaJIbHBIMU POOIEMBI
WHIUBUAYAIBHOIO TMOJAXO0Ja K OLEHKE TEeXHUYECKOTo
COCTOSIHUSL U ONEPATUBHON KOPPEKTUPOBKH PEKUMOB
TEXHUYECKOTO OOCITY)XKMBaHHS W PEMOHTAa MAIIUH B
YCIIOBUSX MX DKCIUTyaTaIlHH.

Ilensro MpeICTaBICHHON CTaTbH SIBJISIFOTCS
WCCIIeIOBaHUE BIMSHHS dKCIUTyaTallMOHHBIX (PaKTOPOB Ha
TEXHUYECKOE COCTOSHUE CEIbCKOXO3IMCTBCHHOM TEXHUKH
B MpoIIecce €€ MCIoIb30Banusl. J[iist mpuMepa, B KauecTBe

00BEKTa  WCCIIEIOBAaHWHA  B3STHI  CpelICTBa  JUIA
OpUroTOBICHUs W pasgaun  kopmoB  (CIIPK),
UCTIONIb3yeMble B JKMBOTHOBOACTBE. B pabote

NPUMEHSETCS METOJ] alpHOPHOTO pAHKHPOBAaHHS U
METOJIMKa OLIEHKH HE CIIyYaifHOCTH COTJIaCHsl SKCIIEPTOB.
[MpencraBnena knaccuuKanys yCIOBHH SKCILTyaTallHH,
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KOTOpas YYWTBIBaeT WX BIUSHUA Ha W3MCHCHHE
texauueckoro cocrosaus CITPK. M3 coBokymHOCTH
MPEICTAaBICHHBIX  yCJIOBHH  OIpeneneHsl  (paKTopsl,

Bimstromnue Ha skcruryatanuto CITPK.

IIo pesynpTaTaM 3KCIIEPTHOTO OMpoOca COOpaHBI
JaHHBIE Ui TPEABAPUTENBHOTO  PAHKHPOBAHHA
¢daktopoB. Ilo kaxmomy (akTopy oOmpeneicHa CymMMma
paHroB Bcex dkcrnepToB. OOHApYKEHBI YeThipe (akTopa,
HMCIOIUE TPeoONaaroliee BIUSHHEC HAa TEXHHUYECKOE
coctosiuue CIIPK: HamexHOCTh KOHCTPYKIUHU CpPEICTBA;
Mpo()eCCHOHATIBHO  BAaXKHBIC ~ KAuecTBa  IEPCOHAINA;
OpraHU3alMOHHO-TEXHOJIOTUYECKUE (haxTopsI;
MHTCHCUBHOCTh JKCIUTyaTallkd W Harpy3ka Ha pabouee
obopynoBaHue. C TIOMOIIIBIO Koa(uImeHTa
KOHKOpJAIlMN OICHeHA CTENeHb COTJACOBAaHHMS MHEHHH
9KCIEPTOB. Pesynbratsl, KOTOpEIE IOy ICHHBI
aTPUOPHBIM PAHKHPOBAHWEM MOTYT OBITH NIPH3HAHHBIMHU
YAOBJIETBOPUTEIHHBIMI ¥ aleKBaTHBIMH. lIpoBepka
TUIOTE3bl O HECIY4YalHOCTH COTJIaCHsl  DKCIEPTOB
cormacHo Kputepusi IlupcoHa CBHUIETENBCTBYET O
3HAYUMOCTH ko3 duiueHTa KOHKOP/IalluH,
CYILLIECTBEHHOE CXOJCTBO U HECIYy4alHOCTb. Pe3yibpTaTsl
HCCIICIOBAHMI BIMSHUS 3KCILTYyaTAllMOHHBIX (PAKTOPOB Ha
texHuueckoe cocrostuue CITPK nomyunnu npaktudeckoe

TIOATBCPIKACHUC u HCIIOJIb30BaHUA B YCIOBHUAX
IIpOU3BOACTBA.

KnroueBbie cJioBa: MalluHa, TEXHUYECCKOC
COCTOSAHHEC, BKCHepTHHﬁ OIIpoc, aIripuopHOC

PaHXHpOBaHUE, YCIOBHS 3KCILTyaTallnH, (haKTOPHI, PaHT.

STUDY OF INFLUENCE OF OPERATING FACTORS
ON TECHNICAL CONDITION OF AGRICULTURAL
MACHINERY
A. V. Novytskyi, O. O. Bannyi, O. M. Bustruy

Abstract. One of the main directions of increasing the
efficiency of agricultural machinery operation is the study
of technical readiness when planning the main stages,
objects and scope of maintenance and repair works.
Existing systems of maintenance and repair of machinery
do not fully take into account operating conditions,
characterized by a certain group of factors. The problems
of individual approach to the estimation of the technical
state and prompt correction of the maintenance and repair
modes of machines under service conditions remain actual.

The purpose of the presented article is to study the
influence of operating factors on the technical condition of
agricultural machinery in the process of its use. For
example, as an object of research, the means for
preparation and distribution of fodders used in cattle
breeding are taken. The method of a priori ranking and the
method of evaluation of non-accidental agreement of
experts are applied in the work. The classification of
operating conditions, taking into account their influence on
the change in the technical condition of MPDF is
presented. From the totality of the presented conditions the
factors influencing the operation of MPDF have been
determined.

Based on the results of the expert survey, the data for
preliminary ranking of the factors were collected. The sum
of ranks of all experts was determined for each factor. Four
factors were found to have a predominant influence on the
technical condition of the MPDF: reliability of the vehicle

design; professionally important qualities of the personnel;
organizational and technological factors; intensity of
operation and loads on the working equipment. Using the
concordance coefficient the degree of agreement of the
experts' opinions was estimated. The results obtained by a
priori ranking can be considered satisfactory and adequate.
Testing the hypothesis of non-randomness of the
agreement of experts according to Pearson test indicates
the significance of the coefficient of concordance,
significant similarity and non-randomness. The results of
the study of the influence of operating factors on the
technical condition of the MPDF have received practical
confirmation and use in production conditions.

Key words: machine, technical condition, expert
survey, a priori ranking, operating conditions, factors, rank.
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AHoTamigs. VY CTarTi BHKIAACHO pe3yIbTaTH
JOCII/KEHb 1O OOIPYHTYBaHHIO BHOOpY ONTHMAaIbHHUX

KOMIUIEKCIB ~ MalldH  3a  IOKa3HWKaMHM  TEXHIKO-
TEXHOJIOTIYHOT, €KOHOMIYHOI Ta €KOJIOT1YHOT
epexktuBHOCTI. OnTHMI3allisi KOMIUIEKCIB MalluH Y

POCTMHHUIITBI TPOBOAUTHCS JI KOXKHOI TEXHOJIOTIYHOT
omeparlii 3a EKCIUIyaTalliiHUMH MOKa3HUKAMK MaIlluH
BIIMIOBITHO JIO TEXHIYHUX XapaKTCPUCTHK MAaIlMH 3
ypaxyBaHHSAM TPHPOTHUX Ta TEXHOJIOTIYHHX YMOB
BHKOHAaHHA pOOIT. Y CTAaTTi PO3IITHYTO OOTPYHTYBaHHS
BHOOpPY TOCIBHOTO arperaty Ha 0a3i iMiTamiHOTO
MOJICIIOBaHHS POOOTH arperaty Ha MpoTs3i pobodoi
3MiHH. B pe3ympTati MOZemroBaHHSA OTPUMAHO 3HAYCHHS
TEXHIKO-CKCIUTyaTaliHHIX MMOKa3HUKIB CIBaJIOK:
MPOAYKTUBHOCTI Ta BHUTPAT MajMBa, HAa OCHOBI SKHUX
BU3HAYAIOTh ITOKA3HUKM EKOHOMIYHOI Ta €KOJIOTiYyHOI
€(eKTUBHOCTI.

KoarouoBi cioBa: BurtpatH mnanuBa, e(QEeKTUBHICTh
TEXHIKO-TEXHOJIOTYHa, €KOHOMIYHa, €KOJIOT1YHa,
iMiTaliiiHE MOJENIOBAHHSA, ONTUMI3allisfl KOMILIEKCIB
MaIlIFH, TPOAYKTUBHICTh TEXHIKO-TEXHOJIOTIYHa.

IHocranoBka npodaemu

CrabinpHHN PO3BUTOK arpapHOTO CEKTOPY 3aJEKUTh
BiJl e()EeKTHBHOTO BHKOPHCTaHHSI IPHPOI0-PECYPCHOTO
MOTEHIIIAy CiTbCHKOTOCTIONAapChkux miampuemcts [1-3].
Pazom 3 TuM, HUHINIHIA €KOJOriYHMI craH YKpaiHu
XapaKTepU3YEThbCS  «IIEPECIIOKUBAHHIM)»  MPUPOIHHX
pecypcis [1, 4, 5]. Cinschkorocnoapcbke BUPOOHHUIITBO
BIUIMBA€ HAa CTaH KOMIIOHEHTIB  HaBKOJIMIIHBOTO
MIPUPOJTHOTO CEPEOBHIAa — BOJLY Ta aTMOC(epHe MOBITPs
[6-9].

BukopucTaHHSl CUIBCHKOTOCIIONAPCHKOT TEXHIKH B
MOJBOBUX pPOOOTaX, a TaKoX NpH TPaHCIOPTYBaHHI
NPOXYKIii  Ta  CHUPOBMHH  CIPHWYMHSIE  BHUKUAM
3a0pyIHIOIOYNX PEYOBHH B aTMOoc(hepy, a OTKe BIUIMBAE i
Ha craH nositps [10-12]. OTke, BUHMKAE HEOOXiAHICTH
BHPOOJICHHS MEXaHi3MiB MO0 OOIPYHTYBaHHS BHOOPY
ONTHMAJBHUX KOMIUIEKCIB MAIlMH 33 [OKa3HHUKAMHU
TEXHIKO-TEXHOJIOTIYHOI, €KOHOMIYHOI Ta €KOJIOTIYHOI
edextuBHOCcTi [13], Ta 3 MeTOW BIOCKOHAJCHHS

arpoeKOJIOTIYHNX YMOB (PYHKIIOHYBaHHS CLIBCHKOTO
rocrnogapcTaa [14-16].

AHAaJi3 0CTaHHIX JOCTiTKEeHb

OOGrpyHTYBaHHSA TEXHOJIOT 11 OpraHizaiiiHoro
MOJICITIOBaHHsI YIPaBJIiHHS MiANPUEMCTBOM, 1110 0a3y€ThCS
Ha  eKkoJoriuHux  (Qakropax Ta  IHCTpyMEHTapii
OLIIHIOBAHHS PO3BHTKY MIiJNPHEMCTB Ha  EKOJIOTO-
€KOHOMIYHHUX 3acazax 3aIpOIIOHOBAHO npod.
IBumanenko I'. O. ta KpuBopyukinoit O. B. Humnu
JIOBEJICHO, IO 3POCTAaHHS INPOAYKTUBHOCTI PECypCiB €
MPiOpUTETHUM (DAKTOPOM eKoJIori3aiii BUPOOHHUITBA [2,
17-20].

Y poborax M. K. MHimenka, B. . I'peuxocis,
I. 1. Menpauka, C. M. bonmaps [3] po3pobOieHa
MareMaTHYHa MOJEJb Ja€ 3MOT'y BHU3HA4YaTH palliOHANIbHI
CTPYKTYPH MOCIBHUX IUIOLI SIK OCHOBY JIJIsl OOTPYHTYBaHHI
palioHAILHOTO  CKJIaJy MAallMHHMX  arperariB  T1a
KOMIDIEKCIB MAIIIMH y CUCTEMI CiBO3MiH rocrmoaapcTsa [21-
23].

B naykxoBux npaugx B. 1. IlactyxoBa 3ampornoHoBaHo
[UITXH BUPIMICHHS MPoOJIeMy IMiIBUINCHHS ¢(EeKTHBHOCTI
BUKOPHCTaHHS MallMH Yy CKJaJdi KOMIUIEKCIB MpHu
BUPOOHMITBI MPOAYKILIi POCIMHHUITBA. Po3pobieHa
CHCTeMa KpUTEPIiB OIIHKM KOMIUIEKCIB MallMH, sKi
OXOIUTIOIOTh BHUTpPaTH pPECypCiB MiJ 4Yac BUKOHAHHS
TEXHOJIOTIYHOTO TIPOIIECy, peai3aiifo  0i0J0riyHOro
MOTEeHIllaJly ~ POCIMH  Ta  MOKa3HHUKH  BIUTUBY
(YHKIIOHYBaHHS CiTbCHKOTOCIIONAPCHKOI TEXHIKM Ha
JoBKis [4, 24-27].

MeTta nociigkeHn

Meroto pmochiJUKeHHS € OOIpyHTYBaHHS BHOOpPY
ONTUMAJIBHOTO KOMIUIEKCY MaIIMH 33 [OKa3HUKaMHU
TEXHIKO-TEXHOJIOTIYHOI, E€KOHOMIYHOI Ta EeKOJIOTI4HOI
edexkTuBHOCTI. JIist MOCSTHEHHS TIOCTaBICHOI METH
HeoOxiaHo: 1) po3poOUTH METOIUYHI IMiIXOI1 BU3HAUEHHS
TEXHIKO-T€XHOJIOT19HOT e(eKTUBHOCTI
CLIBCHKOTOCIIONAPCHKOTO  arperary 3 BHKOPUCTAHHSAM
IMITAI[IIHOTO MOJIETIOBAHHS; 2) BH3HAYUTH MOKA3HUKU
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TEXHIKO-TeXHOJIOTIYHOI Ta €KOHOMIYHO1 e()eKTHBHOCTI HA
MPUKJIANi TIOCIBHOTO arperaty; 3) TIPOBECTH aHai3
OTPUMAHUX pPE3YyNbTaTiB Ta OOIPYHTYBaTH BHOIp
ONTHMAJIFHOTO MAIIMHHOTO arperaTy Ui eKCIulyaTanii B
3aJaHUX YMOBaX POOOTH.

Pe3yabTaTn n0ociigkeHb

B Cy4aCHMX  PUHKOBHUX  yMOBax  Iepen
CUIBrOCIIBUPOOHMKAMH 3  PI3HOTHIHHMMH  IOCIBHUMH
IUIOL[aMK  Ta  MPOMO3ULii Ha  PHUHKY  IIHUPOKOI
HOMEHKJIATYPH TEXHIKM aKTyaJbHOIO € Ipobiema
ONTUMI3aIlil KOMIUIEKCIiB MaIlliH, X OIiHKH Ipu BHOOpi Ta
3aCTOCYBaHHI y BUPOOHHUIITBI.

OOrpyHTYBaHHS BHOOPY ONTHMAIFHUX KOMIUIEKCIB
MaIldH 3a  IIOKa3HHKaMH  TEXHIKO-TEXHOJIOTIYHOI,
e€KOHOMIYHOI Ta eKOJOTi4HOi e(EeKTHBHOCTI MO-TIepIIe,
nepenbavyae AU KOXKHOI  TEXHOJOTIYHOI  omeparii
MIPOBECHHS pO3paxyHKiB o BU3HAYCHHIO
EKCIUTyaTaI[ifHUX TOKa3HUKIB MAIlUH BIAMOBIAHO M0
TEXHIYHMX XapaKkTePUCTHK MalluH 3 YypaxXyBaHHIM
MPUPOJTHHUX Ta TEXHOJIOTTYHUX YMOB BUKOHaHHs pOOiT, Ha
0a3i SIKMX MOXIIMBO BHU3HAYUTH HEOOXiIHI MOKa3HUKH
€(EKTHBHOCTI.

BaxxnmBuM arpoTexHIiYHAN TpUHOMOM € ciBOa, Bif
SIKOTO 3aJI€XKaTh €(DEKTUBHICTh HACTYITHUX arpONpPHIOMIB.
JIIs OLIHKKM TEXHIKO-TEXHOJIOTIYHOI, EKOHOMIYHOI Ta
eKonoriyHoi  e(eKTUBHOCTI  TIOCIBHHX  arperaris,
HacamIiepel, HEOOXiTHO BH3HAYUTH  TEXHOJIOTIUHI
rapaMeTpyd BUKOHAHHS JIaHOT TEXHOJIOTIUHOI omeparii.
IBunkicTh pyxXy TIOCIBHUX arperariB 3BHYAiiHO He
nepeBurye 9 km/roxa. binbm moryxHHME eHprosacio 3
OipLIOI0 KiJIBKICTIO ciBaJIOK B arperari
BUKOPHCTOBYIOTBCSI Ha MOJAX 3 OUIBIIOK IUIOLICIO Ta
JIOBXXHHOI TOHY Oumemioro 3a 600 m [5]. Illupuna
MIOBOPOTHOT CMYIHM JJIsl arperatry 3 OJHIEI0 CiBaJKOIO
NOBUHHA OyTH PIBHOIO YOTHPHOM POOOYMM 3axBaTam, a
NpU BHUKOPUCTAHHI JEKIIBKOX CiBalok — TpboM [6].
CiBaJK 1O MOMJIHMBOCTI 3alpaBiSAIOTh ITOCIBHUM
MarepialoM 3a MEeXaMH TI0JIs, 3 BHKIIOYCHHSIM
MOJKJIMBOCTI IPOCTOTB arperaris.

OCHOBHUMH TEXHIKO-eKCILTyaTalliiHUMHA
MOKa3HUKaMU  CLIBCHKOTOCIONAPCHKUX — arperariB - €
NPOJXYKTUBHICTh (HOpMa NPOAYKTHBHOCTI 32 OJIUHHIIO
4acy) 1 BUTpATH MaJMBa Ha OJWHUIIO BUKOHAHOI poOOTH
(rexTap).

[IponyKTHUBHICTS MOJBOBOTO arperatry 3a TOIWHY
OCHOBHOi po0OTH, BHU3HAYAETHCA MIBHAKICTIO HOTO
TiepeMillieHHs] P BUKOHAHHI TEXHOJIOTIYHOI omnepamii i
LIMPUHY 3aXBaTy poOOYMX OpPraHiB MallvH.

Butpatn mnampHOrOo arperaroM 3a 3MiHYy, KI/TOZ,
PO3paxoByIOTH 3a hopmyiamu [8]:

Q=Qup xTpp +Qy X Ty +Quep X Tppgpy +Qy x Ty (1)
r.=r,+7,+7,,+7,+7,,+T7,+T,+T,, (2

xe Qg Qy Qpep s Qy - TOAMHHI BUTPATH NATBHOTO P
OCHOBHif po00Ti, MOBOPOTaX, Mepei3aax, XoIocTid podoTi
JIBUTYHA, KI/TOJ, BimmoBigHO; T op -~ Yac BHKOHAHHS]
ocHOBHOI poboTu; T, - 4ac Ha BMKOHAHHS IOBODOTIB;

Tnep - TPUBAJIICTh NEPECI3/A1B, MICTUTH CJICMCHTU 4YacCy Ha:

nepe'1'3)1 a0 MiCL[H 3daBaHTA’KCHHA Ta B 3BOPOTHOMY

HampsMKy;, Tpoi3J TOHY BXOJIOCTY; IHII JOTIOMIXHi
onepauii; nepeizau no Micusg podotu, 7', - 9ac X0JI0cToi
poboTtu nuryna; T', - 4ac Ha 3aBaHTaXXEHHA POOOYOTo

matepiany; T ,.0 Hqac Ha INO3MiHHE TEXHIYHE
00CIyroByBaHHs €Hepro3acoOy, IO BKIIOYAE TAKOXK

3allpaBKy MNaJbHUM; Tn3P yaCc Ha Hi[[FOTOBKy Ta

3aKiHYCHHS POOIT: MEePEeBEICHHS B po0OOYE i TPAHCIIOPTHE
MOJIOKEHHS, ~ arperaTyBaHHs  CUIBCHKOTOCIIOJapChKOT
MaIIWHH 3 €Hepro3aco0oM, ofep KaHHs Hapsy 1 3laBaHHS

poGorw; T, yac Ha TPOBENCHHS HaJaIKH Ta

perymtoBaHHsi; 7', - Yac Ha YCYHCHHS TEXHOIOITYHHX

HecnpaBHOCTeH; T, - 4ac Ha BifANIOYMHOK (HOPMAaTHB B

3aJIeKHOCTI BiJ TSKKOCTI poOiT); T,lp - 4ac Ha XOJIOCTI

mepei3au: mepei3nu Ha MOoYaTKy Ta HANpHKIHIN 3MiHH, 3
OUITHKA Ha JOUIIHKY, Ha II0YaTKOBY TIO3UINIO JUIA

BHUKOHAHHS TEXHOJOTIYHOTO nmpouecy; Tm0M Yyac Ha

I03MIHHE TEXHIYHE 00CIYrOBYBaHHS C.-T. MAILIFHU.
Haii0inpm TOYHO TONWHHI BHUTpAaTH  TallBa
BH3HAYAIOTHCSA 32 PETYISTOPHOIO XapaKTEPHUCTHKOIO,
BIIMIOBITHO JO BHKOPHCTaHOI €(PEKTHBHOI IOTYKHOCTI
OBUTYHA HAa BHUKOHAHHS CJEMCHTIB TEXHOJOTIUHOI
orepanii. AHami3yroun rpadidHi 3aJeXHOCTI TOAWHHHUX
BUTPAT NaJIMBa JBUI'YHA BiJl 10T0 €()eKTHBHOI OTYXHOCTI,
TOJIMHHI BUTPATH MAJIKMBA B aHAIITHYHUX PO3PaXyHKax Jyist
JIOCSATHEHHS HaHO1IbII0T TOYHOCTI, MPUHHATHO 3HAXOTUTH
3a 3aJeKHICcTO [9]:
Gpy =axNg +b, Kr/rox (3)

ne Ny — edexTuBHa MOTYXHICTh JBMI'YHA Ha

eJIeMEHTapHii misHii poGotu arperary, kBrt; a, b —
KOeQIIiEHTH pPIBHIHHS perpecii 3aJeXHOCTI TOAMHHUX
BUTPAT ITaJIMBa BiJl €(h)eKTHBHOI NOTYKHOCTI.

Koedimientn a i b  BusHayaemo 3 peryastopHoi
XapaKTepUCTUKH JBHTYHA eHepro3acoOy. is mporo 3
PEryIsTOPHOI XapaKTEPUCTHKH OepeMo 3HAa4YeHHS To-
InHHUX BUTpar mamuBa Gr,,,, 109 HOMiHAIBHOI

HOTy)KHOCTi N Ta 3HAYCHHA TOAWHHUX BUTPAT

E€HOM

nmanmuBa  Grp,,,, A1 Oyab-sikoi TOUKH e(pEeKTHBHOI

MOTYXHOCTI N 3 MOYATKY 3aJIeXKHOCTI.

e
BukopucroByroun 1 3HaueHHs, Koedimientn a i b
PO3paxoByeMO 3i CIiBBiiHOLIEHS [9]:

a:GTHOM_GT (4)
NeHOM - Ne
b= GTHOM + GT - a2>< (NeHOM + Ne) (5)

3HaYCHHIO KOeilieHTa b sigmosimators romumHi
BHUTPATH TajWBa JABUTYHOM IIPH HOTO XOJIOCTiH POOOTI.
OCKINbKY 11€ 3HAUEHHS BiJIIOBia€ HOMiHAJIBHIA YacTOTI
o0epTaHHS KOJIIHYacTOro Bajla JIBUTYHa, TO JUIS
PO3paxyHKy BUTpPaT NaJbHOTO 32 Yyac po00Y01 3MiHH, KOJIN
arperar He pyXaeTbesi, 3MEHIIYeMO HOro B 2 pasu, 3TiJHO
3 (hopMyII010 BUTpAT NaJIMBa HA XOJIOCTOMY XOJY JIBUTYHA
IpH MiHIMaJIBHIA 9acTOTi 0OepTaHHS KOJiHYACTOTO Baja,
kr/ron [7]:
Gux = (0,12.. ~0115)Gn.HOM (6)
IIpu BimCYTHOCTI perymsATOpHOi XapaKTEePHUCTHKH
nBuryHa 3HaueHHS Gy, GT BU3HA4aEMO 3a GopMynamMu
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BUTpAT MaJMBa Ha XOJOCTOMY XOAY JBHUTYHA MpHU
MaKCHMaJIbHI dYacToTi OoOepTaHHs KOJIHYACTOTO BaJa,
kr/ron [7]:

Gx.x = (0127~ . 'OIBO)G}'I.HOM (7)
Skmo  BiACYTHI  IIBHIKICHI — XapaKTePUCTHUKH
JBUI'YHIB, TO MaKCHUMalbHy (HOMIHaJIbHY) TOJHMHHY

BUTpATy IaliBa MOXHA BU3HAYMTH 32 POPMYIIOI0, KI/TO.
[7]:
Gn.HOM = Genom N /1000 (8)

EHOM

A€ Ugon — THUTOMa e(eKTUBHAa BUTpaTa INaiuBa IIpU

HOMiHaJBHOMY pexumi, I/kBT-rox.; N — HOMIHQJIbHA

EeHOM
e(peKTHBHA NOTYXKHICTh ABUTYHA, KBT.

[lpyn BH3HA4YEeHHI BUTPAT MaJMBAa PO3PAXOBYETHCA
e(eKTHBHA IOTYXXHICTh IBUTYHAa 3 YpaxyBaHHSAM MacH
MTOCIBHOTO MaTepiary i JOOPHUB, TUTOMOTO OIIOPY CiBaJIKH,
3a hopmyroro [7]:

. 3 v

N, = My X 9 x (f £ine) x10 Tk, b |x 2 9)
77me776 36

Me.nfLM:Mmp+Mc+Mn¢w+M() (10)

ne My, Mo, My, , My, Mg, — Maca BiANOBiAHO

TPaKTOpa, CIBaJIKH, IIOCIBHOTO MaTepiairy, ToOpuB, Ta Maca
pa3oM TpakTopa, CiBaJIKH, IIOCIBHOTO MaTepiany i 1oOpuB
kr; K, — mHTOMUIA OIIip CiBaNIKM IIPH BUKOHAHHI pOO0YOTOo

npouecy, KH/M; b — po6oua mmpuna 3axsary ciBanku, M,
fi — KoedilieHT omopy MepeKouyBaHHs KOJIC arperary;

a — KyT cxuiy, rpal. ; V,— poboda LWIBUIKICTh arperary,

KM/TOX;  77,,, — KOC(ilieHT KOPUCHOI Aii TpaHCMICI

TpaKkTopa; 77, — KoedilieHT OyKcyBaHHA Kojic; § —
HPUCKOPEHHS BIILHOTO MajliHHs M/C2,

CrymiHp BHKOPHCTaHHS HOMIHAJIBHOI ITOTYXKHOCTI
IBUTyHa (Koe(illi€eHT 3aBaHTa)XEHHsS) HE IOBHUHCH
nepesuiryBaru 0,93 [7].

[TuToMuit omip ciBaNKH 3aJI€KHO BiJI IIBUAKOCTI PYXY
MTA Bu3Ha4aroTh 3a 3anexHictio [10]:

ky =ko x(L+a,x(V, -Vq)) (11)

ne Ko — muroMuii onip pobo4oro 3Hapss CiBaJIku HpU

HMIBUAKOCTI PyXy 5 km/rol; A, — TeMI IPUPOCTY

MIUTOMOTO OIOPY CIBaJKUW TpH 30UIbIIEHHI poOoYOT
MBHUAKOCT; Vy — IIBHAKICTh, MpPH SKii BH3HAYEHO

MMUTOMUH OITip MAIIMHA Yy BUPOOHUYHX YMOBaX, 5 KM/TOJ.

[MuToMuil omip ciBaJKd BHU3HAYAIOTH 3aJEKHO Bif
mBHAKoCcTI pyxy MTA, mmromoro omopy pobodoro
3HAPSIS CIBAJIKM ITPH MIBUAKOCTI PyXy 5 KM/TOJ] Ta TEMITY
MIPUPOCTY THUTOMOTO OIOPYy CiBaJKW TNpH 301ITBIICHH]
po6090i MBUAKOCTI.

BenuunHa ~— OyKCyBaHHS — PO3PaxOBYETHCS 3
ypaxyBaHHIM 3MiHH MacHu po0040ro Marepiay B mporeci
BHUKOHAHHS TEXHOJIOT1YHOI orepariii.

Bennunny OykcyBaHHS BH3HA4a€EMO 3a PIBHSHHSAM
[11]:

15 = 2,75+12,5% ppy, +100(py, —0,10)° (12)
I€ Ppy - IOKa3HHUK BITHOCHOI CHJIM TSATH, PO3PAXOBYETHCSA

3a popmyroro [11]:
=—L (13)

cuma omopy pyxy arperary, kH; F, ..

e Ragp
MakCHMallbHa CHJa 34YCIUICHHA BEOYy4Oro amapary 3
rpyHToMm, kH.

Cuuy onopy pyxy arperary (R, ) Ta MaKcCHUMalbHy

CUIly 34eIUICHHS Belydoro amapara 3 rpyHtoM ( F,,..)

po3paxoByIOTh 3a popmynamu [11]:
Rap =ky xb+ M, xgx fi (14)
Frace =M gy % Pp + My X @) < g% 1 (15)

AC Py s Py — KOCQIIIEHTH, AKi BPaXOBYIOTh PO3MOJILT

emMmm

MacH CHepro3aco0y Ta MAaIlMHU Ha BEIy4Yuil amapar, Juis
HaniBnpudinHoi Mamuuau @,, = 0,3, eHeprozacody — Pp

=0,65[10]) ; M,,, - Maca ciBanKu, OCIBHOTO MaTepiamy
1 TOOpUB pa3oMm, KT;.
PoGoumii omip arperary, CTBOpIOBaHMH Ipu

BUKOHAHHI POOOYOro IMpOIECY, 3MIHIOETHCS, 10 B CBOIO
Yepry 3yMOBJIIO€ 3MiHY BEJIMYMHH OYKCYBaHHS PYILIiB.
Tomy xoedimieHT OyKCyBaHHS KOJIC CJiJl BU3HAYATH JJIS
KOXKHOTO BHIAJKY PO3PaXyHKY IOTY)XHOCTi. 3Ha4yeHHs
KOEQIIi€HTIB ONOPY MEPEeKOYyBaHHS KOJIC arperary Ta
3YEIUICHHS BEAY4YOro amapatry 3 IPYHTOM HPHHMAarThCs
BIIMOBITHO 1O arpodoHy TIPYyHTY, Ha SKOMY IIPAIIO€
arperar.

KoedimienT xopucHOi nii MexaHiuHOi TpaHCMIcii
TPakTopa 7y PO3PAXOBYETECA JUIA KOKHOI IIISTHKA

pobotu arperary 1o 3ajexHocTi [8]:
0,0324x N
N

Np =0,978— erHon (16)
e
HaBenene  piBHAHHS  perpecii  oTpumaHe 3

BUKOPUCTAHHAM MCTO,I[iB MOACIIFOBAHHA perpecifmoro

aHali3y 3a 3HAYCHHAMH TpadiqHOl 3a]eKHOCTI MTmp BiJl

MOTY)XHOCTI ~ JIBUTYHa,
BUPOOHHYHX

koe(ilieHTa  BUKOPUCTaHHS
100yJ0BaHOTO o pesyabTaTam
BHITPOOYBaHb [§].

[Ipu BUKOHAHHI PO3paXyHKIB MPUHMAEMO ITOYATKOBI
3HAYCHHS 77, BIWOBIAHO 110 PEKUMY pPOOOTH HACTYITHI:

mpu  BUKOHaHHI  poboworo  mpomecy —  0,94;
TpaHCIOPTYBaHHI pobodoro mMarepiany — 0,9; mepeizmax —
0,85.

Yac Ha BUKOHAaHHS OCHOBHOI POOOTH arperatom Io
JIOBXKUHI TOHY TIOJISI pO3paxoByeThes 3a opmyroro [12]:

T, =0,06x \5_@ (17)

P
ne L, — nosxuna rony nons, M; V p— poboya MIBUIKICTh

arperary, KM/TOJ .

Butparn mnameHOrOo mijg wac poOOTH arperarty Ha
eJIEMEHTapHIN NUIsAHI, abo OyIb-sIKOTO MPOMIXKKY 4acy
poOoTH ABUTYHA i 9ac poOOUYOi 3MIHH BU3HAYATHMEMO,
BHUKOPHCTOBYIOUYH BEJIMUMHY FOJMHHUX BUTPAT TaJIMBa!

Yac Ha BMKOHAHHS MOBOPOTY IMOCIBHMM arperarom,
AKAA CKJIAJa€ThCs 3 KPHUBOJIHIMHOI 1 NpsIMOMiHIHHOL
IUITHOK, pO3paxoByeThes 3a popmyoro (xB) [12]:

6xR

Tnoe =0,03x nos 2VX Ieui‘s@

noe.np

(18)

noe.kp
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ne R, pamiyc moBopory MTA, 3BHYaiiHO
NPUAMAETBCA  paaiyc  THOBOPOTY 32  TEXHIYHOIO
XapaKTePUCTHUKOIO, SKUI JOPIBHIOE KOHCTPYKTHBHOMY
paziycy moBopotry Tpakropa; |z, — ZOBXHHA BHizmy

arperary 3 00poOIeHOI AULHKA 10N, M; Vo4,

IIBHJIKICTB arperaTy Ha MPSIMOJTIHIHHIN NiJISTHIII TIOBOPOTY,

KM/TOX (3BMYAHHO NPHUIMAETBCS 6 KM/TOL; V000

LIBHUJKICTB arperaty Ha KpUBOJIHIHHIH AIISHII TOBOPOTY,
KM/TOJI, pO3paxOBYeThCs 3a 3aJEKHICTIO BiX pajiyca
noBopoty MTA i mpunu koumii Tpakropa [8].

B omepatuBHMII 4ac 3MiHM MOXE BXOJUTH OiibIe
oxHOTO pobodoro uukiry T 3i ckmagoBum [12]:

pysm
TpmM=T0p+Tnos+T3H+T3() (19)
ne T,, —4ac OCHOBHOI pobotu; T, —4ac Ha IOBOPOTH;

TSI 1

3aBaHTa)KECHHS J00PUB.

HeoOximgHa KinmbKicTh HaciHHA 1 [I00OpWB, IO
3aBaHTAXYIOTh Yy CIBaJIKy, 3aJI€KHUTh BiJl 4aCy OCHOBHOT
pobotu MTA i TpuBanocTi podOYOro MUKITY.

KinbkicTh poOOYHX LUKIIB 33 3MiHY PO3PaxOBYIOThH
3a popmyioro [12]:

— 4YaC Ha 3aBaHTAXXCHH: HaCiHHﬂ; TS,() — Yac Ha

N — TxM _THeon (20)
pysm T
pyam
ne T,, — dac pobouoi 3minu; 7., — HEONEpaTUBHHUI
4ac 3MiHH.
PozpaxyHok MOKa3HHKIB e(eKTHUBHOCTI

CLTBCHKOTOCIIONaPCHKOI TEXHIKHA MPOBOIUTHCS HAa OCHOBI
MOPIBHAIBHOI OWIHKH PI3HUX KOHCTPYKIIA MAIINH, SKi
3MIACHIOIOTh OJHOTHITHI OTepallii, MaroTh MOJIOHY cXeMy
arperaTyBaHHS 3 CHEPTETHYHUM 3acO00M i HE CYTTEBO
BiJIPI3HSIOTECS 32 MPOAYKTHBHICTIO, CHEPrOBUTPATAMH Ta
IHIIUMH TE€XHIKO-€KOHOMIYHIMH TIOKa3HUKaMHU.

Po3riasiHEMO BH3HAYEHHS TEXHIKO-TEXHOJIOTIYHOT,
€KOHOMIYHOI Ta E€KOJIOTiYHOT e(DEeKTHBHOCTI BHKOHAHHS
TEXHOJIOTIYHIA omeparii CiBOM MIICHUI[I 3 BHECEHHSIM
MIiHZOOPHB 3 BUKOPHUCTAHHSIM IMITAIliHHOTO MO/ICTFOBAHHS
pobotu ciBanku 3epHOTYKOBOI (3-5,4 BITYM3HIHOTO
BHPOOHMIITBA NP arperatyBaHHi ii 3 Tpakropom MT3-892
Ta MexaHiYHOi 3epHOBOI ciBamku BupoOHuITBa CIIIA
“John Deer 455” mpu arperaryBaHHi I 3 TpPaKTOPOM
“XT3-17221-21".

Tabémuus 1. TexHiyai ynHAUKA. CiBaKA 3€PHOBI.
Table 1. Technical factors. Seeders are grain.

Mapka C3-5,4 | John Deer 455
Maca, KT 2190 3200
IlIupuna 3axBary, M 5,4 10,7
MictkicTh OyHKepa, Kr: 680 2000

JUISL HACIHHS

MictkicTh OyHKepa, Kr: 318 1500

T TOOpYB

KOCCPlHlCHT: TOTOBHOCTI 0,89 0,97
(HamiHOCTI)

YMOBH BHpOOHHMIITBA 33/J[aHO HACTYIHI: JOBXHHA
3arinku — 1200 M, HopMma BHeceHHs HaciHHS — 150 kr/ra,
HOpMa BHeceHHs 1o0puB — 100 kr/ra, TpUBaJicTh 3MiHM
7 rof., 3aBaHTaXCHHS HACIHHAM 1 100pUBaMu BUKOHYIOTb

3 OIHOTO OOKYy TMoJid. 3a arpoTeXHIYHUMH BUMOTaMHU
MIPUAMAETHCA PoOOYa MBHUIKICTh 9 KM/TO/I.

BimnoBigHO 0 pO3paxyHKIiB OMOpPY HEpPEMiIICHHS
arperaTiB B IMITallifHUX MOJENSAX poOOYa IIBHIKICTH
00MEXy€eThCS TIOTYXKHICTIO IBUTYHIB €HEpPro3aco0iB i s
000x arperartis, sk 3 ciBankor C3-5,4 Tak i 3 CiBaNKoIO
“John Deer 455”  cranoButh 8,5 kM/roa.  Texuiuni
rapamMeTpy MOPiBHIOBAHUX CIBAJIOK, SIKi BUKOPHCTAHO NPU
iMiTaniiHOMY MOJIENIIOBaHHI BHUKOHAHHS HUMH
TEXHOJIOTIYHOTO MPOIIECy, 3BeJICHO B Ta0I. 1.

[MpuitHATO Taki HOpMAaTUBH BUTPAT Yacy 3MiHH, 1110 HE
BXOJUTh B OINEPAaTHBHHUH 4Yac: IIO3MiHHE TEXHIYHE
oOcmyroByBaHHs ~ eHeprozaco0y 20 XB, TexHIUHE
00CITyTOBYBaHHSI CLTBCHKOTOCTIONAPCHKOI MammuHu 18 XB,
MATOTOBUO-3aKiIFOYHI  pobotn 10 XB, TIpOBEICHHA
HajaroJkeHb Ta perymoBaHHs 20 XB, YCYHEHHS
TEXHOJIOTIYHUX HecnpaBHOCTeH 10 xB, BimmounHOK 40 XB.

BukoHaHO pO3paxyHKH 3aBaHTaXCHHs JBUTYHA
€Hepro3aco0iB mija yac pyxy Mo MoJro s KoxHux 100 M
nepeMinieHb. BilnoBigHO 10 anroputMmy nepesi KOXHUM
3aBaHTQXKEHHSM CIBAIKH BHPaxOBYBAJIOCh  KUIBKICTh
Ppo0OOYHUX MPOXO/IB 0 3aKiHYCHHS Yacy 3MiHH Ta KUIbKICTh
HaCiHHA 1 TOOpUB 115 1X 00poOKu [13].

Y pe3ympTaTi OTPUMAaHO Taki eKCIDTyaTamifHi
MOKAa3HUKN BHUKOHAHHS CiBOM TpH 33JaHUX yMOBax st

ciBatok (C3-5,4 1 John Deer 455, BiamoBimHO:
MPOAYKTUBHICTH 3MiHHA 19,6 ra 1 35,2ra, Burparu
nmaumBa — 3,9 Ta 5 n/ra. TexHIKO-TEXHOJOTIYHA

e(EKTHBHICTh 32 IMOKA3HUKOM IPOTYKTHBHOCTI CiBaJIKU
John Deer 455 3mauno Buma HiX y ciBaaku C3-5,4
3aBISIKM  3HAYHO  OUIBIIMM  3HAYEHHSM  OCHOBHHUX
TEXHIYHMX XapaKTEepUCTHUK: poboya LIMpHUHA 3axBary,
MICTKICTh OyHKepa Uil 3epHa Ta J00puB, KoedilieHT
HAaJIIMHOCTI CiBaJIKHU.

Pesynbratn PO3paxyHKy CKJIaJIOBUX
eKCIUTyaTalliiHUX BUTPAT JUI JOCIHIDKYBaHHUX IOCIBHHX
arperariB nmpuBejieHo B Tabu. 2 [14].

Taéauus 2. Burpatu Ha eKCIUTyaTaIif0 TEXHIKH JIIs
ciBOW, rpH/Ta.

Table 2. Costs for operation of equipment for sowing,
UAH / ha.

Mapxka | Amop HaH.B Pemon IuBec
. . He 1 .| Om. | Burpar
cianku i Tmsa-| | THI npani | Beboro BKJIa-
TpakTopa| wis Tra TO JICHH
C3-54 +
MT3- |150,2|125,6| 78,9 | 12,1 | 369,8 | 986,6
892
John Dee
r 455 +
XT3-172 350,5|161,1| 105,3 | 6,8 | 623,7 | 20004
21

3a pe3ynabTaTaMH  IMITAIifHOrO  MOJCIFOBAHHSI

pOoOOTH IOCIBHUX arperaTiB 110 BAKOHAHHIO TEXHOJIOTTYHIN
omepanii CciBOM MNIIEHWINI 3 BHECEHHSIM MiHZOOpPHUB
BUSIBJICHO, 1110 €KCIUTyaTalliiiHa MPOIYKTHBHICTh arperaTy
Ha 06a3i ciBaiku “John Deer 455” Oipln HiX BABIYI BHIIE,
HDK npu BUKopHcTaHHI ciBamku C3-5,4. Ilporte, mono
€KOHOMIYHOI e()eKTHBHOCTI, HABMAKN — Kpalli NOKa3HUKU
Ma€ MEHII NpOAyKTUBHHUN arperar. CTymiHb 3HMKEHHS
CYKYIIHHX BHTpAT Mia Yac ekcruryatamii ciBanku C3-5,4
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MopiBHSHO 3 ciBankoro “John Deer 455” — 6inbme 40 %.
binbme TONMOBMHM  €KCIUTyaTalliiHWX  BUTpAT  IPH
BHKOpHCTaHHI ciBanmku “John Deer 455” — e ButpaTtn Ha
aMOPTH3AIII0 CIBAJIKK Yepe3 11 BUCOKY BapTiCTh Ta HU3BKE
piuHE 3aBaHTa)XKeHHS. BiNbIle TPEeTHMHW CyMH MPSIMHX
eKCIUTyaTaIlifHAX BUTPAT Ha BUKOHAHHS CiBOM CIBAJIKOIO
C3-5,4 craHOBNATH BHUTPAaTH Ha IAJIWBHO-MACTHIBHI
Matepianm  (Oimpmie  HiK 26,5% — U1 CIBANKH
"John Deer 455”).

3MEHIICHHS BUTPAT NajJbHOTO Ha OJUHUIIO POOOTH
SIBIISIETHCSI TOKQ3HMKOM BHIIOT €KOJIOTTYHOT €peKTUBHOCTI
BUKOpUCTaHHs ciBanku (C3-5,4, OCKUIBKH pa3oM 3
BUTpaTaMH najuBa 3MEHIIYIOThCS BUKHUIH
3a0pyIHIOIOYNX PEYOBUH B aTMOCHEDPY.

OTxe, 3a pe3ynbTaTaMH MOJCIIOBAaHHSI POOOTH
MOCIBHUX arperaTiB  Ta BIAMOBIIHUX pPO3PaxyHKiB
e(EeKTUBHOCTI 1X BUKOPUCTAHHS, BUABICHO, IO TEXHIKO-
TEXHOJIOTiYHAa e(heKTUBHICTH arperaTy Ha 6a3i ciBaiku C3-
5,4 i TpakTopa MT3-892 Hwku4a HiX NpH eKCILTyaTarii
ciBanku “John Deer 455” i tpakrtopa “XT3-17221-217,
NpU 1[bOMY OUIBLI BHCOKI IOKa3HUKHW EKOHOMIYHOI Ta
€KOJIOTiYHOT e()eKTHBHOCTI — arperaTy Ha 6a3i ciBaiku C3-

5,4 1 Tpakropa MT3-892, mo0 MOXHa BBa)xaTu

BU3HAYaJFHAM  (PakTOpoM OOIPYHTYBaHHS BHOOPY
ONITHMAJIEHOTO KOMITJIEKCY MaIlIHH.
BucHoBku

1. Omnrumizauiro KOMIUIEKCIB MaIluH y

POCIMHHUITBI 3 ypaxyBaHHIM oprasizauiiHo-

TEXHOJIOTIYHUX  Ta  I[PUPOAHO-BUPOOHMYUX  YMOB
OOTIPYHTOBYIOTh 32 MOKa3HUKAMHU TEXHIKO-TEXHOJIOTIUHOT,
€KOHOMIYHOI Ta eKoJoriuHoi edexkTuBHOCTI Ha 0Oasi
IMITaliHHOTO MOJICITIOBaHHS POOOTH arperaris.

2. Pesynbrarom MO/ICITFOBAHHS pobotu
CLIBCHKOTOCTIOIAPCHKUX MAITMHHUX ArperariB € TeXHIKO-
TEXHOJIOTIYHI ~ TOKAa3HUKH  €(EeKTHBHOCTI  MaIlluH
BIJIMIOBITHO 10 TEXHIYHUX XapaKTEPHCTHK MAIIMH Ta
MIPUPOHHX i TEXHOJOTIYHUX YMOB BUKOHAHHS POOIT.

3. ExcmuryaramiifHi MOKa3HUKHM MAIIMH IS 3aJaHAX
YMOB  BHUKOHaHHS  TEXHOJIOTIYHOI  omepamii €
BU3HAYAJILHUMH IIPU OL[HII €KOHOMIYHOI e(eKTUBHOCTI
TEXHIKM Ta BHUTpaT MajWBa Ha OJUHUIIO 00poOIEeHOT
IUIOII, SKi  SIBISIIOTHCSI  B@KJIMBHM  [TOKa3HHUKOM
€KOJIOTIYHOT e()eKTUBHOCTI BUPOOHHIITBA.
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OBOCHOBAHME BBIBOPA OITTUMAJIBHBIX
KOMIIJIEKCOB MAIIMH ITO ITOKA3ATEJISIM
TEXHUKO-TEXHOJIOT MYECKON,
SKOHOMMYECKOH 1 DKOJIOTMYECKON
OODPEKTHUBHOCTU
B. O. Bopucenxo

AHHOTanusi. B craThe U3IIOKEHBI PE3YJbTATHI
HCCIIeIOBAaHUH 10 0OOCHOBAHUIO BBIOOpPA ONTHMANIBHBIX
KOMIUIEKCOB ~ MAIllMH 10  IOKa3aTelsiM  TeXHUKO-
TEXHOJIOTHUECKOH, HIKOHOMMUYECKOH U HKOJOTHUECKOU
s¢ppextuBHOCTH. ONTUMM3AIKMSA KOMIUIEKCOB MalldH B
PacTEeHUEBOJICTBE MIPOBOJUTCSA ULt Kax 01
TEXHOJIOTHYECKO OMNepanuy IO JKCIUTyaTallHOHHBIM
MOKa3aTesIM MAIIMH COOTBETCTBHH C TEXHHYECKHMHU
XapaKTepUCTUKAMH MAIIMH C YYE€TOM MPUPOTHBIX U
TEXHOJIOTHYECKUX YCIOBUH mpom3BojacTBa pabdor. B
CTaTh€ PACCMOTPEHBI OOOCHOBAaHHUS BHIOOpA IOCEBHOTO
arperata Ha 0a3¢ WMHTAIMOHHOTO MOJAEIHUPOBAHUSI
paboTHI arperata B TeUCHUE paboyeii cMeHbI. B pe3ynbraTe
MOJICIUPOBAaHUA  MOJIY4YEHO  3HAU€HHE  TEXHHUKO-
SKCILIyaTallMOHHBIX HoKasaresuei CesJIOK:
NPOU3BOJUTEIBHOCTH U pPacxoja TOIUIMBA, Ha OCHOBE
KOTOPBIX OINpPENENAI0T IOKa3aTend HSKOHOMHYECKOH U
9KOJIOTHYECKOH 3P PEKTUBHOCTH.

KaroueBbie cJioBa: pacxon TOIIJINBA,
3(1)(1)CKTI/IBHOCTB TCXHUKO-TEXHOJIOIUYCCKad,
OKOHOMMHYCCKaA, OKOJIOrH4Y€CKasi, HUMHUTAIITUOHHOC
MOACIMPOBAHUEC, ONTHUMHU3alUsd KOMIUICKCOB MaAIWH,

MIPOU3BOAUTCIIBHOCTD TCXHUKO-TCXHOJOTHYCCKaAs.

SUBSTANTIATION OF CHOICE OF OPTIMAL
MACHINE COMPLEXES ACCORDING TO
INDICATORS OF TECHNICAL-TECHNOLOGICAL,
ECONOMIC AND ECOLOGICAL EFFICIENCY
V. O. Borisenko

Abstract. The article presents the results of research
to substantiate the choice of optimal machine complexes in
terms of technical and technological, economic and
environmental efficiency. Optimization of machine
complexes in crop production is carried out for each
technological operation according to the operational
indicators of machines in accordance with the technical
characteristics of machines, taking into account the natural
and technological conditions of work. In the article the
substantiation of the choice of the sowing unit on the basis
of simulation modeling of work of the unit during working
shift is considered. As a result of modeling the value of
technical and operational indicators of seeders is received:
productivity and fuel consumption on the basis of which
indicators of economic and ecological efficiency are
defined.

Key words: fuel consumption, technical and
technological efficiency, economic, ecological, simulation
modeling, optimization of machine complexes, technical
and technological productivity.

B. O. Bopucenxo ORCID 0000-0002-8742-146X.


http://www.findpatent.ru/patent/247/2475854.html
http://www.findpatent.ru/patent/247/2475854.html

54

B. O. Bopucenxko




Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2021, Vol. 12, No 3, 55-61
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 656. 388.12

http://dx.doi.org/10.31548/machenergy2021.03.055

MODELING OF SUPPLY PROCESSES FOR PERISHABLE FOODSTUFFS

O. M. Zagurskiy

National University of Life and Environmental Sciences of Ukraine, Ukraine.

Speciality of article: 275 — transport technologies (by road).

Corresponding author: zagurskiy_oleg@ukr.net.

Article history: Received — April 2021, Accepted — August 2021, Published — 30 September 2021.

Bibl. 14, fig. 6, tabl. 3.

Abstract. Contemporary experience has proved the
necessity of ensuring unity in the transport and logistics
systems of food supplies.

This is particularly relevant for perishable goods, the
acceleration of delivery dates directly impacts their safety
and quality.

The article considers the problem of creating an
effective transport process for perishable food supply
chains. The analysis of influencing the efficiency of
perishable food supply chains and the main principles and
approaches to improve the transport support of perishable
food products have been substantiated.

The constructed theoretical model of a technological
transportation system for perishable food goods considers
compatibility (adaptability) of transport machines with
agricultural machinery; technological parameters of
technical systems; adaptability of technical systems to
environmental conditions and technological properties of
perishable food cargoes; transport and technological cycles
parameters.

Key words: efficiency, supply chain, delivery time,
temperature control, perishable food goods.

Introduction

The transportation of perishable food products
occupies a specific position in the list of transportation
services. Such cargo is characterized by limited shelf life
and particular climatic conditions for storage and
transportation to ensure the longest possible shelf life of the
foodstuffs. Product expiry date restrictions also affect the
logistics processes, so the lower the expiration date, the
more often the product is manufactured and shipped.

Formulation of problem

Modern experience indicates the need for unity in the
transport and logistics systems of food supplies. This is
especially true for perishable goods, acceleration of
delivery terms, which directly influences their safety and
quality.

Analysis of recent research results

Therefore, a rational assessment of supply chain
efficiency allows us to determine optimal solutions for
improvement and heighten commercial advantage. This is
especially true for transportation processes because it is
difficult to describe the transportation system accurately
only by analytical methods due to the high number of
parameters and influencing factors.

Moreover, external factors, input process parameters,
and system characteristics have a probabilistic origin.
Contemporary scientists R. Ballou [3], L.Hee-Yong, S.
Young-Joon, J. Din-woodie [6], V. Lukinskiy, V.
Dragomirov pay a lot of attention to the study of certain
logistics problems [8].

The situation is more complicated because referring
to the transport operations related to the carriage of
perishable foodstuffs, the uncertainty of the transportation
process involves additional limitations related to delivery
time and conditions. These aspects are the focus of R.
Badia-Melis, U. Mc Carthy, L. Ruiz-Garcia, J. Garcia-
Hierro, J.1. Robla Villalba [2], A. Chaudhuri, I. Dukovska-
Popovska, N. Subramanian, H. Chan, R. Bai, [4], J. Dai,
W. Che, J.J. Lim, Y. Shou [5], N. Ndraha, H. Hsiao, J.
Vlajic, M. Yang, Victor Lin Hong-Ting [10], A. Ratul,
F.Z. Megat, S. Nazmus [11], O. Zagurskiy et al. [21, 13],
O. Zagurskiy, T. Zhurakovska [14].

However, concerning a substantial amount of
developments, it is necessary to determine that a holistic
approach to building an effective transport process in the
supply chain of perishable food products needs to be
expanded and upgraded.

Purpose of research

The purpose of the article is to analyze factors
impacting the effectiveness of supply chains of perishable
food products and build a theoretical model of a
technological transportation system of perishable food
cargo.
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Research results

The category of perishable goods includes food
products with a limited shelf life that require the necessary
temperature and humidity conditions for their
maintenance. Different literature uses a range of terms such
as perishable food cargo, food product, or perishable
product to describe them. However, we are going to use the
term: perishable foods, in other words, foods that become
unfit for their intended use within a short period without
special measures (e.g., refrigeration). These include meat
and meat products, seafood, dairy products, fruits, and
vegetables.

Steven Nahmias divides all perishable foods based on
their expiration dates into two groups:

1) products with a fixed expiration date, which have a
set expiration date;

2) products with an arbitrary shelf life for which no
expiration date is specified [9].

The limited shelf life of the first group of perishable
foodstuffs is particularly challenging and requires
consideration in inventory and supply management
policies decisions.

Therefore, overproduction and excessive storage of
these products are not advisable because they can be used
only within their expiration date. It is not advisable to use

the product beyond its expiration date, and it must be
disposed of.

Given this, speed and delivery conditions are often the
determining factors in transportation choice methods for
perishable food products. Their preservation affects not
only the income of all participants in transport and logistics
systems, but also human health, so transparency of
perishable food products origin is a prerequisite for supply
chain management of such products. Food retailers make
up to 40% of their profits from selling perishable food
products, but losses caused by disruptions in transportation
and logistics systems sometimes reach 65% or more in this
category [7]. It is possible to reduce the proportion of
perishable goods losses by reducing the delivery time of
products and continuing their lifecycle on the store shelf.
Modern digital technologies are successfully used to
control the supply lines of many types of everyday goods
(clothing, electronics, home appliances, etc.), but these
technologies don't allow the same effective management of
transport and logistics systems for the supply of perishable
foodstuffs. Thus, according to A.T. Kearney consulting
firm (Fig. 1), freshness is the top factor in choosing
perishable food products for 93 percent of surveyed
consumers. It far outpaces the highest quality attribute,
which was chosen by 58% of consumers.

Which attributes are most important in your food purchase decision?
(% of respondents)

93

58

53 52
37
25 23 >
Fresh Quality Sustainable Healthy Organic Antibiotic- GMO-free Artisanal
free

Fig. 1. Factors that influence the consumer's choice in purchasing perishable food products.
Source: A fresh look: perishable supply chains go digital. Kearney. URL: https://www.de.kearney.
com/operations-performance-transformation/article?/a/a-fresh-look-perishable-supply-chains-go-digital

Management of suppliers relations

Inventory management

Logistics management

Warehouse logistics management

estrategic sourcing of fast-moving resources
euse of the management system based on SRM-systems for
interaction with suppliers

«demand analysis and estimation

sautomated replenishment and distribution systems

~automated transport management systems
eoptimizing logistics costs

~automated warehouse and inventory management systems
optimization of cargo handling processes

Fig. 2. Tools used for manage perishable food supply chains

Source: Hagen C. A fresh

look: perishable supply chain go digital.

AT. Kearney. URL:

https://www.atkearney.com/operations-performance-transformation/article?/a/a-fresh-look-perishable-supply-

chains-go-digital
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To analyze the inequalities of passengers at The
availability of accurate information about the origin of
goods is an equally important factor in the choice of
products for buyers, increases the requirements for systems
of transparency and tracking the movement of goods in the
transport and logistics systems.

Hence, there is no single ready-made universal
solution for managing the supply chain of perishable food
products today, but this mechanism is demanded by the
market and all supply chain participants, so commercial
companies offer some technological tools aimed at
managing the individual stages of perishable food supply
(Fig. 2).

The complexity of supply chains organization of
perishable food products is caused, on the one hand, by the
participation of numerous links in the chain, and on the
other by the peculiarities of perishable cargo, namely:

— dispersion of production locations for perishable
food products;

— seasonality of cargo flows;

— complexity of coordinating loading and unloading
processes on the interacting modes of transport;

— nondeterministic rolling stock arrivals at transfer
points (transportation hubs);

— nondeterministic delivery of perishable goods to
wholesale collection points;

— necessity of the empty rolling stock return mileage;

— the necessity of phytosanitary and veterinary control
at border crossings delays cargo at departure and
destination terminals, frequently not adapted for the
storage of the perishable product.

The solution of indicated problems of organizing the
supply of goods to consumers prompted the inclusion in the
transport and logistics system of intermediaries of transport
and freight forwarding companies (FFC). Although the
services of freight forwarders increase product delivery
costs under market economics, they are presented in the
food market, carving out a certain niche. Furthermore,
several forwarding firms are constantly growing in number
with the development of intermodal transportation and
mass containerization and bagging.

The solution of indicated problems of organizing the
supply of goods to consumers prompted intermediaries of
transport and freight forwarding companies (FFC)
inclusion in transport and logistics systems. Although the
services of freight forwarders increase product delivery
costs under market economics, they are presented in the
food market, carving out a certain niche. Furthermore,
several forwarding firms are constantly growing with the
development of intermodal transportation and mass
containerization, and bagging:

1. The assistance in performing customs clearance
procedure (about 200 documents are processed for
international shipments at present) - 78%,

2. Observance of delivery time 70%,

3. Cargo preservation during transportation, and
storage - 69%,

4. Lowest delivery costs - 65%,

5. Additional services - 55%,

6. Transporter's high image - 52%,

7. Payment flexibility - 40% [1].

Consequently, the process of supplying perishable
food products can be presented as a system described by
the internal construction and interacts with the external
environment. It is necessary to use logistics to build the
internal organization of this process with the best result on
the principle of optimizing the distribution of all kinds of
resources to achieve the necessary level of customer
service while reducing costs, which enables a competitive
advantage. Thus, the implementation of supply processes
for perishable food cargo based on the principles of
transport logistics allows:

— to consider the nature of interaction and relationship
of producers, warehouses, transport;

—to determine optimal conditions for packaging,
storage and transportation of perishable goods;

—to find "bottlenecks" that prevent the movement of
cargo flow from producer to consumer;

— to organize scientifically substantiated transport and
technological processes, taking into account the needs of
individual links of the logistics chain and the system as a
whole;

—to improve the management structure, legal,
informational, and documentary assistance necessary for
the optimal flow of processes in transport and logistics
systems;

—to carry out measures to automate the management
system of perishable goods deliveries.

The technological lines, as a rule, constitute the
technical basis of transport and production processes.
Transportation is the connecting link of the technological
line, substantially determining the mode of its operation.

In the case of perishable goods, the economic
feasibility and technical ability to ensure that the cargo is
transported on time and without losses are important
criteria for the choice of a particular mode of transport.
Meanwhile, various transport modes are interchangeable,
so everything is up to the owner's choice.

Considering the main technologies of transportation
of perishable food products, one should note that no matter
whether it is transported within the country or it is an
international supplier, a set of factors and conditions is
approximately equal:

— temperature range

— shelf life or period of delivery

— packaging and labeling according to the type of
cargo

—secure mechanical fixation using pallets, straps,
film, etc.

However, guaranteeing full compliance with shipping
conditions along the way is a much more difficult task than
maintaining the same conditions in the middle of
conventional storage facilities.

Consequently, there is a need for high-quality
organization of transportation, providing for unforeseen
circumstances and protection cargo from devastating
effects. Thus, competent use of specific technologies for
each group of cargo and the use of technical equipment,
understanding of the peculiarities of their work, including
those arising during the movement.

In the complex transport and logistics system, there is
a production system, which is called a transport process. It
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consists of a certain technological system of transportation,
with its specifics for perishable food cargo.

Figure 3 shows a graphical model of this system.
Technical systems of assembly (SM) or distribution (RM)
and transport machines (TM), interacting with each other
to maintain the necessary climatic regime, are involved

there. They have their technological parameters: according
to K (k1, k2, ... kn), C (cl, ¢2, ... cn), A (ay, ay, ... an). The
suitability or conformity of these machines is characterized
by the indicator S against one another. Technical systems
are affected by the environment P (t) - weather conditions,
D (t) - road conditions, etc.

Technical systems
S; Sh
CM ™ BN CM
K (kl, kz, kn) A (al, a, ... an) C (Cl, Co, ... Cn)
Environmental Enviropmental Environmental
influences influpnces influences
() D () I (1) D@® IT (1) D@
Vantages
X (X1, X2, .. Xn); @ (1, b2, ... Pn)
TRANSPORTATION TECHNOLOGIES
I—[l I—[Z | 9 Hn
PY(p1, p2, .- Pn) PX(p1, p2, .- Pn) P"(p1, pz, ... Pn)

Fig. 3. Graphical building model of a technological system for perishable food cargo transportation

Source: compiled by the author

Cargo list X (x1, x2, ... xn) with their technological
properties @ (b1, d2, ... dn) presented as an operation
argument, with the process of transportation changing not
only their location in space but their properties and
technologies applied to them.

Moreover, the transportation technology process
comprises a set of transportation cycles Ts (Tsl1, Ts2 ...
tsn), all of which are a function of its parameters. This
technological transportation system for perishable
foodstuffs can be described by a mathematical model:

S=1f(K,4,0);
Y, = F[K(Kp Ky k), Ay, dyoer @,), Ce1sCpro ;)]

11, = f[X (X200 3,), DDy, By )]
ym :lei(pj)'

This model accounts for:

— compatibility (adaptability) of transport machines
(TM) with agricultural machines (CM, SM) is the first
equation;

—technological parameters of technical systems are
the second equation;

— adaptability (adaptability) of technical systems to
environmental conditions and technological properties of
perishable food cargoes are the third and fourth equations;

— transport-technology cycle parameters are the fifth
equation.

So, all the most important technological factors are
taken into account in the model. To carry out the transport

process in the complex of transport and logistics system of
11, = 1M (), DO}, = {M(©, DO} 7. =[M (), D)

erishable food products, in addition to moving the cargo
must not only load it at the right place in the process chain
but also unload it at the destination point observing certain
parameters of temperature, humidity, etc.
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So, a complete technological transportation cycle

consists of submitting a vehicle for handling, movement of

cargo (transportation) as well as unloading. External,

internal, and environmental factors must be analyzed and
taken into account to improve transport support for the
delivery of perishable food cargo (Fig. 4).

Transport support improvement for
perishable food supply chains

External factors

Environment

Internal factors

( )
Development of new transport and
—>1 logistics schemes for the supply of
agricultural products

. J

4 )

N IT innovations

\9 Designing routes for joint of
agricultural products supplies

The compliance with modern

4 )

Assignment of harvesting and
transport groups to the fields

\. J

4 )

Specialized rolling stock selectior </

Determination of the required

number of vehicles for the <
delivery of agricultural products

. J

( )
Implementation of modern

environmental regulations

\. J

requirements for the working &
conditions of service staff
L J

Fig. 4. Improving means of perishable food transportation

Source: compiled by the author

Implementation of certain means in the organization
of transport and logistics systems for perishable food
supplies will minimize the mutual influence of the
environment and cargo on each other and contribute to
preserving more products of the required quality for
consumers and customers of the agro-industrial complex.

If we separate transportation processing for perishable
foodstuffs from shipping, it will also have some specific
features related to the usage of specialized rolling stock, as
well as technological means of transportation, that are used
during shipment to reduce the probability of product
damage during transportation and reduce the impact of
cargo and the shipping process on the environment.

In this regard, it should be noted that transportation of
perishable food products occupies a special position in the
list of transportation services. Indeed, (underline again)
their main difference from other types of cargo is a limited
shelf life, as well as special climatic conditions of storage
and transportation required to ensure the longest possible

shelf life of this type of cargo. All perishable food products
require certain storage conditions. While some are
sufficient to maintain a temperature of 5-18 °C (fresh
berries, fruits, vegetables, dairy products in tetra pack),
others require minus values (frozen semi-finished
products, fish, seafood, etc.).

Conclusions

1. In the analysis of the optimization of route schemes
of urban public transport, the interests of all participants in
the urban transport system were considered and the
efficiency indicators of the system as a whole were
formulated. The classical problem of transport routing, its
varieties and methods of solution are considered. As an
optimization criterion for the urban public transport
system, it is proposed to use the density of passenger traffic
on a certain section of the road. Analysis of methods for
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solving problems of transport routing showed that the most
promising today are the methods of game modeling.

2. As a result of the performed work by methods of
game modeling the technique of search of optimum routes
on Pareto criterion is developed. Optimization game model
of the process of passenger transportation on the route Ne9
in Pryluky showed results that take into account the
interests of all stakeholders.
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MOJAEJIOBAHHS ITPOLIECY TTIOCTAYAHHA
HIBUJKOIICYBHUX XAPYOBUX ITPOAYKTIB
O. M. 3acypcokui

AHotanis. CydacHHMH [OCBi  CBiTYHTH IIPO
HEOOXigHICTh 3a0e3MeueHHs] €IHOCTI B TPaHCHOPTHO-
JIOTiICTHIHHUX cucreMax ocTavyaHb MIPOAYKTIB
xapuyBaHHA. OCOOJIMBO 1€ CTOCYETHCS IIBUIKONCYBHHX
BaHTaXiB, TPHCKOPEHHS TEPMIiHIB TIOCTaYaHHS SKAX

Oe3rmocepeIHRO BIUTMBAE HA X 30€peKEHICTh Ta SKICTh.

B crarti posmisHYyTO mpobOiieMy — MOOYIOBH
e(eKTUBHOTO TPAHCIOPTHOTO TPOILECY B JAHIFOrax
MOCTAaYaHb  MIBUAKONCYBHHX  XapuOBHX  MPOIYKTIB.
3niiicHeHo aHaii3 (QakropiB, MmO BIUIMBAIOTH Ha

e(EeKTUBHICTh JIAHIIOTIB IOCTa4aHb LIBHIKOIICYBHHX
MPOAYKTIB XapyyBaHHS Ta OOTPYHTYBAaHO OCHOBHI
NPUHIMIN 1 MiAX0IH OO0 MOKPAIICHHS TPAHCIIOPTHOTO
3a0e3MeUYCHHs] IIBHIKOICYBHHX Xap4yOBHX IPOIYKTIB.
[ToOynoBaHO TEOPETHYHY MO TEXHOJIOTTYHOI CHCTEMHU
NEepeBe3eHb MIBUAKOICYBHUX Xap4YOBHX BaHTaXIB, fKa
BpaxoOBY€E: CYMICHICTh (IIPHCTOCOBAHICTh) TPAHCIOPTHUX
MalliH 3 CUIBCHKOTOCIIOJAPCHKUMHU
MalllMHAMH; TEXHOJOTIYHI ITapaMeTPH TEXHIYHUX CHCTEM;
MIPUCTOCOBAHICTh (3JaNITUBHICTh) TEXHIYHUX CHUCTEM M0
YMOB CEpElOBHILA Ta TEXHOJOTIYHHUX BJIACTUBOCTEU
LIBUJKOIICYBHUX  XapyOBUX  BAaHTAXIB;, Iapamerpu
TPAHCIIOPTHO-TEXHOJIOTIYHUX [TUKITIB

KirouoBi ci1oBa: edexTBHICTD, NaHLIOT MOCTa4YaHb,
TepMiHH HOCTayaHsb, TeMIepaTypHHI pexuM,
IIBUJIKOTICYBHI Xap40OBi BaHTaXI.

MOJEJIMPOBAHUE ITPOLIECCA TTOCTABOK
CKOPOIIOPTALUXCH IMTUIIEBBIX ITPOAYKTOB
O. H. 3acypcruii

AnHoTanusi. COBpeMEHHBIH ONBIT CBUAETENBCTBYET
0 HE0OX0MMOCTH oOecrieueHHs €JUHCTBA B TPAHCIIOPTHO-
JIOTHCTMYECKUX CUCTEMax MOCTaBOK MPOJYKTOB IMTUTAHHS.
OcoOeHHO 3TO KacaeTcsi CKOPOHOPTSIIUXCS TPY30B,
YCKOPEHHSI CPOKOB ITOCTaBKH KOTOPBIX HEMOCPEACTBEHHO
BJIMSICT HA X COXPAHHOCTB M Ka4eCTBO.

B craree paccMoTpeHa mpobieMa IOCTPOCHUS
3¢ (QEKTUBHOTO TPAHCHOPTHOIO Ipolecca B  HEIsX
MIOCTaBOK  CKOPOTIOPTSIIMXCS IHUIIEBBIX IPOJYKTOB.
OcymecTBieH aHanu3  (AaKTOpoB, BIMSAIOIMUX  HA
3¢ (GEeKTHBHOCTh IEMeH IOCTaBOK CKOPOIOPTSIINXCS
MPOJYKTOB MUTaHHUs U 0OOCHOBAHBI OCHOBHbBIE TPHHIIMITBI
Y TIOAXO/BI 10 YIYYIIEHHUIO TPAHCIIOPTHOTO 00eCeueHNUs
CKOpOMOPTSAIIMXCS MHIIEBBIX MPOAyKToB. [locTpoeHa
TEOpeTHyYecKass MOJeJdb TEXHOJOTUYECKOH CHUCTEMBI
MIEPEBO30K CKOPOMOPTSIIUXCS MHUIIEBBIX IPY30B, KOTOpas
YUUTBIBACT:  COBMECTHMMOCTb  (TIPHCHOCOOJIEHHOCTD)
TPAaHCIIOPTHBIX ~ MAIIMH C  CEJIbCKOXO3IHCTBEHHBIMU
MalllMHAMH; TEXHOJIOTHUECKHE MapaMeTphl TEXHUYECKUX
CUCTEM; HPUCTIOCOOJICHHOCTh (amanTHBHOCTB)

TEXHHUYCCKUX CHCTEM K YCJIOBUAM Cpe€abl n
TEXHOJIOTHIECKUX CBOMCTB CKOPONOPTAIINXCA IMUIICBBIX

IPy30B; IapaMeTpel  TPAHCHOPTHO-TEXHOJIOTMYECKUX
IIUKJIOB

KnroueBble cioBa: eheKTBHUCTh, IENb NOCTABOK,
CPOKH MIOCTABOK, TEMIIePaTyPHBIN PEXKMM,

CKOPOIIOPTAIINECCS MUIICBLIC I'PY3bI.
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bi6n. 21, puc. 10, mabn. 0.

AnoTanis. EQeKkTuBHICTF BOJIOTOr0 OYHIICHHS
MeTmioBux egipiB xupHEX KucaoT (MEXK), sxi mie
Ha3UBaIOTh 0l0M3ENEM, JOCITIHKYBaJIaCh npu
MpoBeIeHHI 00'€éMHOTO, OYIH0AIIKOBOTO i aepO30IEHOTO
MIPOMHUBAHHS. O06'emue MIPOMMBAHHS MEXK
MPOBOAMJIOCH 32 JIOIOMOTOIO JIONIAaTeBO MIIIAJIKK 3
TpbOMa JIOIATSIMH Ha BaJly 1 YOTHPHIONATEBOI MIIIAJIKH 3

NOXWIMMH  JonarsimMu.  Yacrora oOepraHHS  Baly
jonateBoi wimanku cragoswia 100, 200, 300 i 400
00./XB., YOTHPWJIONATEBOI MIIIAJKH 3  TOXHJIHNMHU
nomarsmu  — 200, 350, 500, 650 006./xB. IlinHe
npomuBanHs  MEXK 3pgiiicHioBasiocs mnpu  BUTparti
moBitps 20 1 60 m/rox. 3a Temmeparypu MEXK 20, 40 i
60°C.  ns  eKCHEPUMEHTAJBHOIO  OCHIKCHHS

aeposonbHoro mnpomuBanHd MEJXK 3acrocoByBanuch
TypOymizaropu Tphox THmiB: DC-31-CER 3 omHUM
otBopoM, DC-33-CER 3 nBoma otBopamu i DC-56-CER 3
YOTHpMa OTBOpaMH. Yac mpoBeneHHs JOCIiliB CTAaHOBUB
4 ronm. Bimbip mpo6 MEXK nmns BusHaueHHS HOTO
JIY)KHOCTI 3/1iHCHIOBaBCSl 4yepe3 KOXHY roauny. Takox
yepe3 KOXKHY TOJMHY BinOyBanach 3aMiHa 3a0pymaHEHOT
BOJIY HA YHCTY.

OO6'eMHe TPOMHBAHHSA TNPOTATOM YOTHUPHOX TOIUH
He3anoBiibpHO 3BiTbHIe MEXKK Bim murpary kamiro. npu
ninHomy npomuBanHi MEXK 3 Burparoro mositps 20
J/XB. WOTO JYXHICTH MPOTSroM 1-2 ron. GapOoTyBaHHS
3HIKYETbCI B 2-3 pasu. [lomameme OapOoTyBaHHS
HEJIOIIbHE, OCKUIBKH JIYXHICTh TIPH IOMY HE
3HIKYETBCA, a 3pocTae. [Ipu BuTpati moitps 60 n/rox.
Ha 3-4 rox. 6ap6oryBanHs dyxHicTe MEXK 3HMXKYy€eThCS
B 4,5 pa3u, olHaK B MMOJAIBLIIOMY CIIOCTEPIra€ThCs JAesSKe
ii 3pocranHa. Pesymbryroua myxknicte MEXK npu
aepo30JbHOMY  WOTO  NPOMHMBAaHHI  3MEHIIYETHCS
mpuOImM3HO B 2 pasy, HpPH YOMY CIIOCTEPIraeTbcs
TEHICHINS 0 11 3HWKEHHS NPOTATOM JIOBIIOTO YacCy

MIPOMHBAHHSI.

I3 TppOX JOCHIIKYBaHMX CIIOCOOIB TPOMHUBAHHS
MEXK 114 nOpakTMYHOrO  BUKOPUCTAHHS — MOXHA
PEKOMEHIyBaTH  aepo30JIbHMH  crocid,  mpudomy

CepeIHbO- 1 KPYMHOKPAIUTMHHE MPOMUBAHHA HEOOX1THO
3MIACHIOBATH TPOTATOM HE MEHIIE K 4-5 rof., TOIi SK
JPiOHOKPAILTHHHE — MPOTATOM JOBIIOTO Yacy.

KarouoBi ciaoBa: Oiogmsenb, MeETWIOBI edipu
xkupHuX kuciaot, MEXK, Bonore oummmeHHs, 00'eMHe,
IIiHHE, aepOo30JIbHE IPOMHUBAHHS, KPYIHOKpAIIMHHE 1
IpiOHOKPATUTHHHE TIPOMUBAHHS

ITocTanoBKa mpodaemMu

Jns mpoBesieHHS C.-T. poOIT LMIOPIYHO 3aTpadyaeThbest
3HaYHAa KiJbKICTh Au3nanuBa — 27,8% Bix 3aTpayeHOro y
HapoJHOMY rocmomapcTBi  Ykpainum. 3abe3neuntu
€HEepPreTUYHy aBTOHOMHICTh TOCHOAAPCTB Ta CLIBCHKHX
rpoMajZ MOXKHAa LUISIXOM BIPOB3KCHHS KOMIUIEKCHUX
eK00e3MMeTHNX TEXHOJOT1 BUPOOHUIITBA | BUKOPHUCTAHHS
OilomanuB 0e3mocepelHFO B TOCIIONAPCTBI i3 ICHYHOUHX
pecypciB 1 BigxoxmiB. YacTkOBO 3aMIiHHTH iMITOPTHI
HadTOBI [M3ENbHI MaJMBA 3/aTEH METWIOBHH edip
xkupHuX kuciotr (MEXK), abo sk #ioro me Ha3uBaKOTh —
Oilom3enb, KUl BUTOTOBISIETHCS 13 POCIMHHUX ONIH Ta
KHPIB MIKPOCKOITIYHUX BOJOPOCTEH B pe3yNbTaTi peakiil
AJIKOT0J1i3y 3 BUKOPUCTaHHSIM €THJIOBOTO YH METHJIOBOTO
COMPTY, SIKI TaKoX OTPUMYIOTbCS B  PE3yJbTaTi
nepepobku c.-T. 6iomacu. BrnpoBamkeHHs BUPOOHHUIITBA
Ju3enbHOro OiomanuBa BS5 1o3Bonsie 3eKOHOMUTH Ha
3amini 5% nHadToBoro musnanuea Ha MEXK i orpumarn
JIOZIATKOBI KOPMH UISi TBAPUHHMITBA Ta BIAXOAH (CHpHH
TIIEpUH, COANCTOK), SKi € BHCOKOS(H)EKTUBHUMU
KocyOcTpaTaMu Ut 010ra30BUX TEXHOJOTIH.

Halikpama KkoHBepciss >KUpIiB BIOMIYa€TbCA TpPHU
BUKOPUCTAaHHI MeTaHONy (peakiiisi MeraHomi3y). Peaxmis
METaHOJi3y BigOyBaeThCs JOyXkKe ToBUIBHO. Jmsa 1i
MPHIIBHU/IICHHS 3aCTOCOBYIOTBCS KHCIOTHI a00 JyKHi
karaiizatopu. Haimpoctimum, a oTxe 1 HaiISIIEeBIINM, €
METaHOJIi3 i3 TOMOTeHHHM KaTalli3aTOpOM.

[Ipn meraHOMi3i 3 TOMOTEHHHM KaTaji3aTOpOM BiH
HE BCTyIa€ B caMy peEakilifo, a TUIBKU Ii NPHUCKOPIOE.
Tomy B  BurotoBmeHomy MEXK  karamizatop
3aJIMINAETHCS TIOBHICTIO, BUKJIMKAIOYH KOPO3il0 JBUTYHA.
Omxe, mist orpumanHs sikicHoro MEXK, #ioro motpibHO
OYMIIATH BiJ] TOMOT'€HHOT'0 KaTaji3aropa.
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AHaJti3 ocTaHHIX J0CTiTKEeHb

Jus ounmenns MEJXKK Bin 3ammmkiB karamizaropa
po3pobieHi pi3HI CIOCOOW, OCHOBHHUMH Cepel SKUX €
Bosore (mpomuBaHHA) 1 cyxe ounmeHHs MEXK.
OcranHIM dYacoM TMoyana 3'SBIATHCH iHOpMALis Ipo
Ppo3poOKy MeMOpaHHOTo crioco0y ountienns MEXK.

Bonore ounmenns MEXK. Karamizatop 3 MEXK
BUAJISIOTH, 3MIIIYIOYH OCTaHHIHN 13 MiIKUCICHOK BOIOI0
(Y BUmaAKy Jy)HOTO KaTajli3aropa), B pe3yjbTaTi 4oro
NIPOXOJMTh HEWTpamizalis KaTaji3aropa 3 YTBOPEHHSM
cojeld KUCIOT (MWJIa), SIKI HEPEeXOAiTh B COAIMCTOK.
3’€AHYIOUNCH 13 BOJOIO, COJi KHCJIOT YTBOPIOIOTH
KPUCTAJIOTipaTH, SKi y BUTISAAI APIOHUX IIIACTHHOK
3aBucaioth B mapi MEXK, moctymoBo mix miero cuim
TSOKIHHA OIYCKAlOUHCh Ha ITHO peakrtopa. OmHaK, 9uM
JpiOHIMMH po3Mip IMX TUIACTHHOK, TUM AOBIIHK Yac iX
OCIIaHHsA, SKUHA MOKE CSATATH IEKIIBKOX mi0.

ToMy [uist IPUCKOPEHHS OCIJaHHS IUIACTHHOK COJICH
KHCJIOT 3acTocoByeThes npoMuBanHs MEXKK Bopoto, sxa
CIIYKUTDH PO3YUHHHUKOM, iife} BUMHBA€E ,HOMiI_HKI/I,
samumiaroun  yuctuit MEXK. [ns umeoro MEXK
3MIIIYIOTE 3 BOJOK B mporopuii 1:5. Boga ounmiae
MEXK, po3umnsroun B cobi 3a0pymgHroBadi. Bomy 3
nomimkamu i MEXKK pozninsrors modasno. [IpomMuBanHas
BOOIO 37ilicHIoeThCs Tpu Temmeparypi 30°C  Skmo
SAKicTh HE Oyle NOCSATHYTO NPOTATOM OJHOTO LHKIY,
NIPOMHUBAHHS 3AIHCHIOIOTh JeKimbKa pa3. KokeH muxi
MPOMHUBAHHSA MOTPiOHO 3miiicHIOBaTH uepe3 45-75 xa.

IIpomuBanHs 3IIACHIOETHCS o JOCATHEHHS
HeutpanpHoro pH. Ilpu 1npoMy 1npomMuBHy BOAY
JIOBEIETHCS HeWTpanizyBaTu KHCIIOTOIO nepen
ytumizamieto [1].

Bomnore MIPOMHUBAHHS HiIPO3AIIISIETHCS Ha
OynbOarkoBe (IiHHE), aePO30JIbHE 1 00'€MHE.

[linme mnpomuBaHHS TONATaE B  0OEPEKHOMY

smimryBauHi 1/3 Boawm 1 2/3 MEXK (Boaa ocinae Ha HO, a
MEXK 3ammmaerscss Ha TOBepXHi) i1 0OapOoTyBaHHI

MOBITPS dYepe3 1Imap BoAW. bynmpOamku MOBITps
3a0e3neuyroTh HenpsiMe MepeMilllyBaHHS 000X piiuH —
BOHH 3aXOIUTIOIOTh HEBENUKY KUIBKICTh BOAM i

nepeHocsaTh 11 gepes MEXK, BinOuparoun Mmino ta iHmIi
nomimrkd. Konu GynpOaiika po3puBaeThes Ha MOBEPXHI,
BOJIa OIYCKA€eThCsl BHM3 1 BinOWpae e Oinplie Muia i
JOMIIIOK 1o j0po3i BHU3. [Ipnbim3Ho vepe3 6 roauH
NIPOMUBKM IIOTIK TIOBITPsl TEpEeKpUBAETbCS 1 Boja
3IIUBAETHCS, JOMAETHCS  CBDXKA BOma 1 MPOIEC
noBToproeThes. LI 3amiHM BOAM BiIOYBalOTBCS TpUUi,
TIOKU BOJIa He cTaHe abCoIOTHO Ipo3oporo, a pH Boxu He

Oyne HeirpanpHuM. IlpomMuBHa BoaM Moxe OyTH
BUKOpHCTaHa OaraTto pasiB AJsI NPOMHUBAHHS HACTYITHUX
TIOPLiH.

[epeBaru nanoi T€XHOJOTIi MOJSATalOTH B TOMY, IO
BUKOPHCTOBYETHCS MEHIIA KUIBKICTh BOJIYU TOPIBHSIHO 3
IHIIMMHA ~ TEXHOJIOTISIMM, a TaKoXX B 3aCTOCyBaHHI
MOpiBHAHO JemieBoro oOnagHaHHA. Ilpomec He BHMarae
MOCTIMHOTO CIOCTepexeHHs. JIo HemoMiKiB TeXHOJOTii
BimHOCUThCsT HeedekTuBHe oummienHs MEXK moranoi
SKOCTI a Takok Manux 06’emiB MEXK 3a paxyHok ToTO,
mo Oynpbamky MOXyTh mepemimara Boay i MEXK
Jy’Ke SHEepriiHo, 10 Npu3Beae 10 GOpMyBaHHS eMYIbCIi
JIBOX  piauH. YTBOPEHHS  €MyNbCii €  OCHOBHOIO
npoOIeMOI0  TPOMHUBAHHS, OJHAaK BOHO TaKoX €

CBOEPITHOIO POPMOIO OIIHKH SIKOCTI TPOTIECY.
Aepo3onpHe TPOMHBAaHHS Oylio po3poOIieHe  SIK
cnoci6 BUpIMIeHHS mpobieM 3 GopMyBaHHSIM eMyibcii. Y
IIBOMY TIpPOIIECi BUKOPUCTOBYETHCS OiBIIA KiNBKICTH
BOAW 1 OiMBIN CKiIagHEe ycTaTKyBaHHSA. Pazom i3 THM,
JAaHUH METOJ TaKOK MacKye IMpoOIeMH 3 SKiCTIO — MOXKHA
Bi3yaJbHO OTpUMAaTH "XOpOIly MpOMHBKY', ane He
3aBXKIM MaTH YSBJICHHS INIPO Te, IO > BHHILIO B
pe3ynbTari. [pn aepOo30JILHOMY MIPOMHUBaHHI
BUKOPHCTOBYETHCSI CHCTEMa PO3IIIIOBAYIB, PO3MILIEHUX
Hax mapoM MEXK, 3 MoxIuBICTIO CTOKY BOAM Iiciist 1l
NPOTIKAHHS Kpi3h MajMBO. Aepo30JIbHE NMPOMHUBAHHS Y
MeHmii Mipi mepemimrye MEXK, mixk OynnOarmikose, i
BHAAJISIE MUJIO TIOCTYTIOBO. BinbIn M'sike mepeMilryBaHHs
O3Haua€ MEHIIy WMOBIPHICTh (OPMYBaHHSI eMYIbCii
MHIIa, MOHO- 1 AWTTIIepuAaiB. barato kopucTyBadiB Takoi
CHCTEMH  JOJAaTKOBO TPOBOIATH 1  OympOamikoBe
NPOMUBaHHS B SKOCTi (iHaJBHOTO eramy — Micis
BU/JIQJICHHS MIJIA BXKE HE TaK aKTHBHO €MYJIBI'YIOTh BOJY i
MaJINBO, TOMY BUKOPUCTAHHSA OyJIb0aIIKOBOTO
NPOMHUBAHHS  MICJS  aepo30JBHOTO  JIA€  XOPOLIMH
pesynbrar. Jl0 HEmONIKIB aepo30JIbHOTO MPOMHBAHHS
BIIHOCHUTLCS MiJABUINEHE CIIOXKHUBAHHS BOAM, OUIBII
CKJIaHC YCTaTKyBaHHS 1 MAaCKyBaHHS IOTCHIIMHUX

npobnem. Ha xanp, MoHO- 1 jAurjiuepuan He
Bumamsitotbess 3 MEJXK  HesanexxHo Bim  meroxmy
NPOMUBAHHS — BOHHM HE PO3YMHSIOTBCS Yy BOJI 1 He

BUMHUBAIOTECA HEIO, 1 TPU aepo30NbHIA MHHIN CIiX
JIOZIATKOBO KOHTPOJIIOBATH SIKICTh ITAJINBA.

[pu o06'emromy npomueanni 3MIOIYIOTBCS piBHI
kinpkocti Bomm Ta MEXK, micas 9oro BOHH
MEPEMIIIYIOTECSA, BIICTOIOIOTHCS, BOJA 3JIMBAETHCH, 1
MpOIIeC MOBTOPIOEThCs OaraTo paziB. lleit meronm OuIbII
TPYIOMICTKHH, BUKOPHCTOBYE Olibllle BOJM 1 HE MOXKeE
OyTH aBTOMaTH30BAaHUH TaK, K OyIbOAIIKOBHUIMA.

OnHak y BOJIOTOTO OYMIICHHS € cBOl Hemoxmiku. Lle
JIOBTUI TIPOIIEC, KU BUMarae 6arato 4yacy AJisi IOBHOTO
ounmenuass MEXK. Ixomi mist JOCATHEHHS TMOBHOI
MPO30pOCTi MOXKE 3HAJOOUTHUCS CIM YU BICIM IHKIIB
npomuBaHHsA. KpiM Toro, icHye mpoOiema yTwimizamii
CTIYHOI BOAM 3 HeOe3NeYHMMH AoMIimKamM#. Paszom i3
CTIYHOIO BOJIOIO BTpadaeThes mepHa yactuHa MEXKK.

Sk npaBuio, OpH  TPOMHBAHHI MEXK
BUKOPUCTOBYIOTh KOMOIHAINFO CIOCOOIB TMPOMHUBAHHS:
MOTIepeTHE  aepo30JIbHE  POMHUBAHHS 3  KiHIEBHM
Oynp0aKoBMM; OJHOYAcCHE aepo3osibHe 1 00'emHe
npoMuBaHHs. Hampuknan, TexHonoriss BHPOOHHUIITBA
MEXK Ha  amepukancekii  ycraHoBui ~ BP-190
nepenbadae  JBOKpaTHE KOMOIHOBaHE  TPOMHUBAHHSI
MEXK aepo3onpauM 1 00'eMHUM criocobamu [2].

Bouore ounmennss MEXK 3a0esneuye edexriBHe
HOro ouMIIEHHS BiI TOMOreHHOro karamizaropa [3].
Pa3zom i3 TuMm, sk 3a3HadeHO B pobOoTax [4], [5], Boxori
cnocobu oummienHs MEXK BumararoTh BHKOPHCTaHHS
BEJIMKOI KUTBKOCTI BOJH, IO, 32 MaHUMU [6], [7] renepye
BEIMYE3HY KUIBKICTh CTIYHHX BOJ, YMM 30UIBIIyE HOTO
coOGiBapricTh. Tak, B poOoTi [8] cTBepIKy€eTHCS, O MPH
Bostoromy ounmieHHi MEXK B Tainanai yrBoproeTsest He
menme 70000 1/mo0y 3a0pyIHEHHX CTIYHUX BOJ, SKi
MaloTh BUCOKHH piBeHp pH, 3HAa4YHi piBHI 3aJUIIKOBOI
KOH Ta xwupis, siKi iHTiOyIOTH picT MiKpOOpTaHi3MiB, 110
YCKJIQJIHIOE TIPUPOJHE OYMIIEHHS CTIiYHUX BoJ. Kpim
TOTO0, SIK CTBEPIUKYETHCS B po0oTi [3], ounmieHuit Takum
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yuHoM MEJXKK HeoOxigHO [10JaTKOBO 3BUIBHSTH BiX
BOJIH.

I[lpy  cyxoMy  OUMIIEHHI  BHUKOPUCTOBYETHCS
ancopOeHT, saKkuil Bimokpemiioe mpomimkn Bim MEXK. ¥V
JNEesKNX CHCTeMaX BHKOPHUCTOBYIOTHCS 10HOOOMIiHHI
CMOJIM, B IHIIMX — CHJIKAT MarHito, MiHEpaj, OJHWH 3
BHIIB SKOTO TpomaeThcsa Kommaniero Dallas Group of
America Inc. mim wmapkoro Magnesol. B skocri
aJICOPOCHTIB BUKOPUCTOBYIOTBCS TAaKOXK BUOUIBHI TJIUHH,
aKTMBOBAHE BYTLJJISI TOIIO.

loHOOOMIHHI CMOIIM — BHCOKOTEXHOJIOTiHHI IITYYHI
CMOJIH, 371aTHI 3aXOILTIOBATH MOJIEKYJIHM KarajizaTtopa Ha
TOBEPXHI YaCTUHOK CcMONU. BoHM sBIAIOTH CcOOOIO
HEpPO3YMHHI MaTpulli, SIK MPaBHUJIO, Y BUTILIII MaJEHBKUX
(miameTpoM 1-2 MM) HamHCTHHH Oijoro abo >KOBTOTO
konbopy [3]. Tpu ounmienni MEXK 3xilicHioeTbes #oro
¢inpTpanis gepes3 map i0HOOOMIHHOI CMOJTH, Ha TTOBEPXHI
siko1 BimOyBaeThes BumaneHns gomimok 3 MEXK [1], [9].
B jmaHmit yac  BHIIyCKAlOTBCI  HACTYNHI  BHAU
ioHoOOMiHHUX cMoi: Amberlite bd10dry BupoOHHIITBA
kommadii "Rohm and Hass Chemical Co" (po3pobnena
JUIL  BUAAJEHHsS 3 Olomu3ens MeETaHONIy, JIy)KHHH
KaTtajizarop BoHa He Bupaaise), Dowex DR-G8
BupoOHuirTBa kommanii "Dow Chemical" (pospo6GieHa
JUIL BUJAJICHHS COJIeH, MWJa, IJILepUHy Ta iHIIOI
opraniku i3 cuporo MEXK; kpiM Toro, BucymieHa cmona
TakoX cayxuts 1 cymriaast MEJKK, ockinbku BIOBITIOE
i yrpumye Boxmy), PD206 BupoOHHWITBA KOMIIaHii
"Purolite" (po3pobneHa i BUOaNCHAS MIIA 1 TITIIEPUHY
3 Oiommsens), Lewatit GF 202 BupoOHMITBa KOMITaHIii
"Lanxess", Tulsion T-45 BD BupoOHHITBa KOMIIaHIil
"Thermax" (Bumamnse i Tainepus, i Mmio 3 6iogmens), K
2629, SP 120, SPC 112 xomnanii "Bayer AG".

Tak, npu ounnienHi MEXK ioHooOMiHHOIO cMOII0FO
PD206 3anexHo Bif piBHS 3a0pYyIHEHOCTI HA OYHIICHHS
16 M3 MEJXK moxe 6yt Bukopuctano 1 kr Purolite PD-
206. Ilig vac pobotu cmoia Oyae po30yxaTu 1 MOKe
30utbinyBatics B 00'emi Ha 200% Bij KiNbKOCTI mpu
3acunui. s HOpMajbHOI pOOOTH CHUCTEMH OYHIICHHS
HEOOXiMHO 3a0e3leUYnTH TIOTIK 31 MIBHAKICTIO Tedil
pimuaE  5-7 M/TOJ. 3alexHo0  Big  KUIBKOCTI
BHKOPHUCTOBYBAaHOI CMOJNH 1 KUIBKOCTI BHPOOIIEHOTO
MEXK, tepmin ciyx6u cmonu cranoButh 30-45 ni6 [1],
[9]. Sk 3a3Haueno B [10], i0HOOOMIHHI CMOJIM MOXYTh
3MmeHImuTH piBeHs Muia B MEJKK 3 1200 ppm 10 50 ppm
1 HIDKYE.

Cumikat  wmarnito  (Magnesol)  sBise  coGoro
JpiOHO3EPHUCTHI TOPOIIOK, [0 Ma€e PIBHOMIPHUIT po3Mip
gacTuHOK (60 ™Mxwm). [Jlns oummenHs MEXK micns
BiJUIUICHHS TIIILEPUHY Ta BUAAJICHHSA MeTaHoIy Magnesol
3MIMIYEThCSA 3 HUM MIIIAJIKOI0 B peakTopi mpotsirom 5-10
xB. [11]. Tlicns OYMIIEHHS CyMill —MOCIiIOBHO
MIPOITYCKAIOTh 4epe3 GibTpH 3 po3MipoM KOMIpOK 5 MKM
ta 1 Mxm. Ounmennit MEXK nonipyetsest uepes ¢inbtp
3 po3mipom komipok 0,45-0,55 mkm [3]. B poborti [12]
BimMivaeTbest Oinmbm  edexTuBHe ounmieHHss MEXK
MarHe30JI0M MOPIBHSHO 13 HEUTpami3aIli€ro MmiaKUCICHOIO
BOJIOIO 3 HACTYIIHUM BOJISTHUM TIPOMHUBAHHSIM.

Cunixaceni OTPUMYIOTH TEPMIYHOIO 1 XIMIYHOIO
06pobOKOI0 MiOKCHAY KpeMHil0. IX MHTOMa TUIoma
nosepxHi craHoButh 300-750 M?/r, nuTOMU CymMapHUii
ob'em TIOp 0,28-0,9 cm®r, nacumHa Bara — 500-
800kr/m%, Temmeparypa perenepauii — 100-200°C.

Anromoreni  — ancopOeHTH, IO OTPUMYIOTBCA 3
ripoKcuIy amoMiHito (FMHO3eMy). IX muTOMa Mo
HOBEPXHi MOIIMHAHHA CTaHOBMTH 180-200 m%/r, iHmi
mapametpu — sk y cwiikaremiB [13, c. 562-563]. B
poborax [14], [15] BiamiuaeThcst 3aM0BiTbHE OUYHIICHHS
MEXK cuikarenem, B po6oti [16] — Gimsm edexTnBHE
ounmenHs MEXK  cmmikarenem — mopiBHSHO 3
npomuBadHaM MEJXK rapsiqoro 1uCTHUIBOBaHOIO BOIOIO.

BuxopucTaHHS HEOpraHIYHHX MaTepialiB 3BHYANHO
BKIIIOUae no0aBisHHs TBepnoi peuoBuHu 10 MEXK Ta ix
NepeMillyBaHHS. YTBOPIOETBCS CYyCIIEH3is, a Micis
NepeMillyBaHHSI PO3YMHY IIPOTATOM HEOOXiJHOTO 4acy,
BiI0OYBa€ThCS OUMINEHHS 3a jaornomMoroto ¢uisTpa. Ilpu
BUKOPHCTaHHI 10HOOOMIHHUX CMOJI BUPOOHUKH 3BHYANHHO
BCTaHOBJIOIOTh KOJIOHY, HAaIllOBHEHY CYXOI0 CMOJIOIO;
MEXK npoxoguTb uepe3 CMOJdy MOTOKOM [0 1i
HaCWYCHHA. Y psAi BUMAOKIB ONUH JITP 10HOOOMIHHO{
cMmoiu Moske 0opobutu go 2000 mitpie MEXK.

Leonimu — aMOMOCWITIKATHI TJHMHHU, SKi B CBOEMY
CKIaAl MalOTh OKCHIM JIYKHHX 1 JIy)KHO3EMEIbHUX
METaliB, BiJJPI3HAIOTHCS YiTKOIO PETYIAPHOIO
CTPYKTYpOIO TIOp, SIKi B NPHUPOJHHAX TEMIIEPaTypHHX
yMOBax 3allOBHEHI MoJyieKynamud Boau. lleositu
BOMPAIOTh PEUOBHHH B CBOi aOCOpOILIiiiHI TTopH, ane He BCi
PEYOBHUHM MOXKYTh NPOHUKHYTH 1 3aiumuTHCs TaMm. Lle
MOSICHIOETBCSL THUM, 110 aOCOpOLilHI MOpW 3B'i3aHI MiX
co0o10 mopaMu IeBHOro po3Mipy. IIpoHUKHYTH uepe3
MOPH MOXYTh JIMILE Ti MOJIEKYJH, KPUTUUHHH JiaMeTp
SKAX MEHIINH JiaMeTpa MopH. 3a MPUHIUIIOM PO3IiIICHHS
LEOJIITH BIJPI3HAIOTHCS Bij IHIIUX aJCOPOEHTIB — y HUX
MOJICKYTTH a/copOTUBY '"mpociBaroTbesa" Kpi3h axXypHY
CTPYKTYpy I€omiTy. Y 3B'I3Ky 3 [HUM IEOJITH
XapaKTepU3yIOThCSI HE MMUTOMOIO IUIONICIO MOBEPXHI HOP,
a 00'eMHHMM 3allOBHEHHSM II0p ajcoplary, Mo CTaHOBHUTh
0,2-0,25 cm®r. HacumHa Bara meomiTiB cTaHOBHTH 600-
800 «xr/mM®. Y 1pHpOAi 1LIEOJITH 3yCTpiYarOThCd B
POIOBHIIAX TY(POreHHO-0CaI0BOI0O THITY, SIKi YTBOPHIIUCS
B pe3yibTaTi 3MiH BYJIKaHIYHUX Ty(]iB B MOPCBKHX i
KOHTHHEHTAJIbHUX OaceiHax.

BukopHcTaHHS LIEONITIB B TEXHOJIOTIUHHUX ITPOLIECax
3YMOBHUJIO PO3POOKY CHEIU(IYHUX BUMOT 10 CHONKHBUUX
BJIACTUBOCTEH IMX aOCOpOCHTIB, SKHUM HE 3aBXKIH
BiJNOBIZaId TIPUPOIHI IeomiTh. {7 3aJ0BOJICHHS ITHX
BuMor 3 1948 p. posmoyamuck poOOTH HAJ CHHTE30M
[EeoNdiTiB. 3a [i POKM CHHTE30BaHO IOHAL 65 pi3HUX
LEONITIB, OUTBIIICTH SIKUX HE MAIOTh aHAJIOTIB Y TIPHPO/IL.

Crpykrypa 1eonmiTiB Mapok 4A i SA ckimagaeTscs 3
BEJIMKHX Ta MaIuX (COmamiToBuX) abcopOuiinux mop. o
CKIIQJy €JIEMEHTApHOTO BiYKa HAJEKUTh OJHA BEIMKa i
onHa Maja rmopu. AGcopOriitHi mopu 1eomiTiB Mapok 4A i
5A HACTUIBKH Mali, IO B HHUX INPAKTHYHO MOXYTh
MPOHUKATHU JIUIIe MOJeKynu Boau. lleomitu mapok 10X i
13X MaroTh MOPHU BEIHUKOTO PO3MIPY, YUM IOSICHIOIOTHCS
ix Oimbmii abcopOuiiiHi MOXIMBOCTI B TOpPIBHSAHHI 3
neositaMu Mapok 4A i SA. Ileomitu mapku 3A npu
3BUYAaHMX  TeMmIepaTypax B  3Ha4yHId  KUIBKOCTI
MOTJIMHAIOTH JInie Boxy. Lls BiacTuBicTh BM3Ha4UMiIa ix
IMpOKEe BUKOpUCTaHHs AJis 3HeBoAHeHHs MEXKK.

Heomitu BUKOPHUCTOBYIOTHCS y BHTJISAI
MOJIGKYJISIPHUX CUT 1 MemOpaH. Monexyiapui cuma
SBISIFOTH COOOI0 KYJIBKH IEONITIB, SIKUMH 3aIIOBHIOETHCS
amapar, 4epe3 SKUil MpOIMyCKa€eThCs ra3 Ui OUMILEHHS.
Lleonimogi membpanu BUKOPUCTOBYIOTBCS Yy BHITISAL
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TOHKOTO IIIapy, HAHECEHOTO Ha KEpaMiuHy OCHOBY, IO
JI03BOJSIE BECTH IIPOLEC 3 BEIMKUMH MOTOKaMH. Y
MIPOMHUCIIOBUX MacIITabax MEPEeBaXHO BUKOPHUCTOBYETHCS
HaHECEHHS ICOJIITOBOTO INapy Ha BHYTPIIIHI MMOBEPXHI
KepaMigyHUX eJNeMEeHTIB (TpyOOK), 3 METOI YHUKHCHHS
MEXaHIYHUX IIOIIKO/KEHb i OpraHi3amii ONTHMalbHOTO
motoky [17]. B pobGorti [18] BcTraHOBICHAa BHCOKA
e(eKTUBHICTh 3aCTOCYBaHHS LEOJNITIB Mapku SA mpH
ounmenHi MEXK Bix sryxxHOTO KaTasizaropa.

Tunu  (OCHTOHITH, JiaTOMITH, TPEMEIH, OIOKH)
MaroTh Tipmi ajcopOuiiiHi Bi1acTHBOCTI (MUTOMa IUIOIIA
nosepxHi — 35-150 m?%/r, nmacunna Bara — 400-450/m°%),
OJIHAK BOHHU 3HAYHO JENICBINI IHIIMX ancopOeHTiB. B
po6ori [19] npoBoamnocs mopiBusHES ounmienHs MEJXK
Bil 3aNWIIKIB JYXHOTO Kartamizaropa OOKCHTOM,
OCHTOHITOM 1 EHTepocreneM aTTamyisriroM. Haiikpamii
pe3ynpTaTH TPH BHUNAICHHI MIJla IOKa3zanxa oOpoOka
OEHTOHITOM.

AKTHBOBaHE BYTIUII OTPUMYIOTH 3 OpTraHI4HOI
CUPOBUHH: KaM'sSsHOTO BYTUUIS, TUPCH, JEpeBa, BIIXOIIB
LIKIPSIHOTO, TTANIEPOBOTO Ta M'CHOT0 BUPOOHUIITBA TOILO.
B mpoueci ioro BHpOOHHLTBA BUKOPHUCTOBYIOTH CYXY
MIEPErOHKY CHUPOBUHU 1 TIOJANBIIY aKTHBAII0 Napolo abo
XIMIYHUMH ~ peareHTaMdh sl  OTPUMAaHHS  TOHKOI
CTPpYKTYpH Marepiany. [luroma mJjoma MOBEPXHI
AKTUBOBAHOTO BYTiNms cTaHoButh 600-1700 m?/r, o6'eM
mikponop — 0,3-0,6 cm®/r, nacunna Bara — 380-600 kr/mC,
BHKOpHCTOBYIOTH aKTHBOBAHE BYTULIA y BUIIALI IpaHyl
po3mipom 1-7 MM ab0 TIOPOIIKIB 3 YaCTHHKAMHU PO3MIPOM
mo 0,15 wmm. Crpykrypa aKTHBOBAaHOTO BYTLIUIA
piBHOMIipHa, HOTO pEreHepylTh 1 BHKOPUCTOBYIOTH
Oaratro pasiB. o HemONiKiB aKTHBOBAHOTO BYTIJUIA
BIZITHOCUTBCSI TOPIOYiCTh mpu Temneparypi noHan 300°C i
Bucoka Bapricth [13, c. 562-563]. B poGori [20]
BiIMiva€eThcs BuIlla edekTuBHICT oummeHHs MEXK
AKTHBOBAaHUM BYT1JUISIM.

binpuricte  ancopOeHTIB  mepel  BHKOPHCTaHHSIM
MOBUHHI NPOWTH MpoLEAypy akTuBauii noBepxHi. Llei
npouec sBJIsge€ co0OI0 TPOXKAPIOBAHHS aACOPOSHTY MNpHU
temnepatypi 500-600°C st 3BUTBHEHHS MOBEPXHI Bif
aIcOpOOBaHMUX 3 TIOBITPS BOJIOTH i Ta3iB.

Cyxi METOAM OYHIIEHHS TOCHTh ¢(PEeKTHBHI, OIHAK
BapTiCTh MarHe3ody 1 10HOOOMIHHHX CMOJI JIOCHTH
BHCOKa, III0 3HAYHO MiBHIIYE COOIBAPTICTh BHPOOICHOTO
MEXK. KpiM TOro, BHpOOHHKH 10HOOOMIHHHX CMOJI
PEKOMEHAYIOTh HE MepeBHUINyBaTH KoHIeHTpaiio 500 r/T
Muia B Heountienomy MEXK, iHakiie sKiCTh OYHIICHHS
3HWKYyeTbCs.  ToMmMy Ui 3MEHINGHHS  3arpar
PEKOMEHIYEThCSI  MPOBOJMTH  TONEPEAHE  OYUIICHHS
MEXK inmmmvu meromamu. Kpim Toro, skmo MEXKK
CHUIBHO 3a0pyAHEHHi, 10HOOOMIHHI CMOJM IIBHAKO
BTPAYarOTh CBOi BIACTHBOCTI 1 TOTaHO MiANAIOTHCS
pereneparii.

MembOpanne oummenas MEXK. MewmOpanna
texHoyoriss  ounmenHs ~ MEJXK ~ 3acHoBana  Ha
BHKOPHCTaHHI mporecy Horo ¢insrpanii. Bce memOpansi
NpollecH  MalTh  MeMOpaHy, sKa € OCHOBHHUM
¢GiTBTpYIOYNM €JIEMEHTOM, i SBIISIE co0o10
HAMiBIPOHUKHY  TIEPEropoJIKy, IO Ma€  MOPHUCTY
cTpyKTypy. TepMiH «HaAMiBIPOHWKHA» O3HAYAE, IO OJHY
pedyoBHHY MeMOpaHa MpOIycKae, a iHmry 3arpumye. Lls
BJIACTHBICTh HA3UBAETHCS CEJIIEKTHBHICTD 00 PO3IUIEHOIO
3IATHICTIO JJIi KOMITOHEHTIB CYMIllli, II0 € OCHOBHOIO

BIIACTHUBICTIO MEMOpaHHU.

Uepe3 HamiBIPOHWKHY MEMOpaHy MPOITYCKAIOThCS
TITBKH MOJIEKYJTH PiAWHU, a BCi MOJIEKYJIH 3 BEIHKOIO
MOJIEKYJIIPDHOIO  Barol 3aTpUMyOThCs. [l 1pOTO
MeMOpaH{ MOBHHHI MaTH TMOPU IYyXE Malloro po3Mipy,
gepe3 MIO TPOLEC OYMIICHHS Ha MeMOpaHi € JOCHTH
MOBUIBHUM, BUMAarae HasBHICTb BHCOKOTO THCKY 1
BUKOPHCTAaHHS MEMOPaH 3 BEJIMKOIO TIOIIEIO IIOBEPXHi.

MemOpaHu, 1110 BUKOPUCTOBYIOTHCS B LIUX MpoOIiecax,
3aJIe)KHO BiJ PO3MIpIiB TOp 1 BIANOBIIHO PO3MIpiB
3aTPUMaHUX YacTHHOK, MOXKHA PO3AUIMTH Ha 4 THIH:
3BOPOTHHOOCMOTHYHI, HaHODIIbTpaLiiiHi,
yrbTpadiapTpamiiHi i MikpodieTpariiiai.

Posmip mop memOpaHm  30UTBIIyETBCA — Bif
3BOPOTHOTO OCMOCY 10 MIKpodinpTpariii, 3Ha4UTh,
3pocTae BEJINYMHA MaKCHMaJIbHOTO po3Mipy
YTpUMYBaHHUX YacTOK Ha MOBEPXHI poOodoro mapy
MeMmOpan. [Ipm mpoMy, uYuM OimbImMiA po3Mip TOp
MeMOpaHM, TUM MEHIIMH OMip BOHA CTBOPIOE MOTOKY, 1
TUM MEHIIWI THCK MOTpiOHO, 100 3a0e3mednTH Mpolec
¢binpTparii.

3BOPOTHLOOCMOTHYHI MEMOpaHU 3a CEJNCKTHBHHUMH
BJIACTHBOCTSIMHM HaiOi1pl BUOIPKOBI Ta eQEeKTUBHI 3a
KOoe(illieHTOM MOy po3YuHiB. Y HUX HalMeHIIHH
po3smip mop (mo 0,001 wmxm). CepenmHiff BiZCOTOK
3aTPUMYBAaHHS 3BOPOTHBOOCMOTHYHHUMH MeMOpaHaMu
craHoBUTh 97-99% BCiX pO3UMHEHHX pedoBHH. Sk
MIPaBUJIO, BOHU € (DIHIITHUM €TaroM OYHINCHHS DPiTUHH.
Hanoginprpaniiini MeMOpaHH MarOTh pO3Mip TOp Bix
0,001 mo 0,01 mxmM, yneTpadinsrpamniitai — Big 0,01 mo 0,1
MKM. [lns  mpoBemeHHS Ipomecy  yapTpadinbTparii
HEOOXIIHO HaJIMIIKOBUM THCK Bim 2 go 10 arm.
Mikpodinbrpaniitni MeMOpanu MaroTh posmip mop 0,1-
1,0 MKM 1 IpalfolOTh MPU BiIHOCHO HU3bKOMY THCKY.

Mewmbpann OyBaroTh opraHiuHi i Heopraiuni. J{o
OpraHiyHUX MeMOpaH BiITHOCSTHCS MOJIMEPHI MeMOpaHH.
IMepmmm  momiMepoM, — SIKMH  3aCTOCYBajlM  IIpH
BHUTOTOBJICHHI MeMOpaH, OyB alrerar eirolIo3n. Ase Horo
BUKOPUCTAHHS OOMEXCHE TCHICHIIEI IO TiApOJi3y B
nyxHoMy cepenoBuini  [21]. B panmii uyac BoHH
3aMiHIOIOTBCS mmoJriamiiom, oJTicy b oHOM,
MoJIikapOOHATOM Ta iHIIUMU noxiMepamd. Lli cuHTeTHYHI
MOJIMEPU TOJNIMIIYIOTh XIMIUHY CTIHKICTh 1 MarTh
Kpally CTiliKicTh 10 Jerpanauii Bia Aii MikpoopraHi3mis.
OjiHaK y OpraHiYHUX PO3YMHHMKAX TOJIIMEPHI MEMOpaHu
MOXYTb HaOyXaTH, 10 HPHU3BOJHUTH IO 3MIHH PO3MIpY
mop. Tomy mosiMepHi MeMOpaHH T TIEF0 PO3YMHHUKIB
MaroTh KOPOTHIMH TepMiH ekciutyarauii [3], 3Bu4aiiHO 10

poky [21].
Jo  HeopraHiuHMX  BiZHOCATbCA  KepaMidHi,
MeTaJoOKepaMidHi, MeTaliyHi, rpadiToBi Ta CKIAHI

MeMmOpanu. Hai6inbln 3acTOCOBYBaHMMH € KepaMiyHi Ta
MeTaloKepaMidHi MeMOpaHH.

Kepamiuni MeMOpaHH 3aCTOCOBYIOTHCSI B IIUPOKOMY
niama3oHi pH mpu HasBHOCTI arpeCHMBHHUX CEpPEIOBHII Ta
BHCOKOMY BMICTI PO3YMHHHUKIB. MeMOpaHH 3 KepaMmiku
gepe3 KpPUXKICTb MOXYTh MAaTH T'€OMETPHUHY (opMy
TIIBKH y BUTISAL TPyOOK abo OaraTokaHambHUX OJIOKIB.
HacmigkoM Takoi ¢opMu i BenWKoi TOBIIMHHM CTiHOK €
Jy’K€ HH3bKa IIHTOMa HPOJYKTHBHICTb, IO Bexe [0
OlIBIIMX  KaIliTaJbHUX BHUTPAT Ha  BUTOTOBJICHHS
YCTaHOBOK (BeJIMKa IuIoHmia MeMOpaH, IiJIBHUIIEHA
MaTepiaJloMIiCTKICTh TOIO), HIX TpPH BUKOPHCTaHHI
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mojiMepHUX MeMOpaH. 3 iHmoOro OOKy TepMiHy IX
eKCIUTyaTallii BUIINH.

MertanokepamigHi MeMOpaHH BHITYCKAlOTBCA Y
BHTIISAL TOHKHX TpyOJacTIx abo TUTOCKUX
MeTalloOKepaMigHUX ¢binbTpiB. MertanokepamigHi

MeMOpaHH HE KpPUXKI 1 MarTh BHCOKY MEXaHIuHY
MIIHICTh MPH BiTHOCHO Maiii ToBIIUHI (OnM3bk0 250
MKM 3 KepaMiuHUM [iapoM npudin3Ho 15 mxm) [21].

MemMOpaHHi TeXHOJOTii OYMIIEHHsS 3a0e3NeuyloTh
HaiiBumy skicte ouummneHHs MEXK. Pazom i3 Tuwm,
oOmasHaHHA  JOPOBOBAapTICHE, IOTPeOye  BEIUKHUX
eHepro3arpar. OpraHiyHi MeMmMOpaHM HE CTiliki [0
PO3YMHHHUKIB, a HEJOJIK KepaMiYHAX MeMOpaH MOJIATaE i
ix kpuxkocTi [3].

Merta gociigKeHn
Merta JocnmijKeHHS — TepeBipka eQeKTUBHOCTI

ountieHHss MEJKK Bojmorumu crmoco0amMu; BCTaHOBICHHS
ONTUMAJILHUX 1 palliOHATBHUX MapaMeTPiB OYHIICHHS

MEXK.
Pe3yabsTaTn qocaigxeHb
EdextuBHicTH TIPOMUBAHHS MEXK
IIOCTIIKYBaIach npu MIPOBEACHHI 00'eMHOrO,

OyNB0AITKOBOTO 1 aePO30IEHOTO MIPOMHUBAHHS.

Puc. 1.
MEXK.
Fig. 1. Research of volume washing of FAME.

JocmimkeHHss 00'€éMHOT0  TPOMHBaHHS

Mertonuka
00'eMHOrO

EKCIICPUMEHTAIBHOTO  JOCIHIPKEHHS
IIPOMUBAHHS MEXK. Hns
EKCIICPUMEHTAIBHOTO JIOCIIKCHHS 00'eMHOTO
mpomuBanHd MEXK roryeTscst 3 BUKOPHCTaHHAM
METWIATy KaJlifo, OTPUMAHOTO TIPH CIIiBBiTHOIIEHHI
meranony 10 KOH sik 1 o 0,6. ITicist 1poro otpumanuii

MEXK ounmraeTscst Bix MeTaHOIy 1 HeHTpamnizyeTbes 1%
BOJHMM PO3YMHOM JIMMOHHOI KHUCJIOTH [P HOpPMI
HelTpamizamii 5,5 mir Ha 100 ma MEXK.

B crakan 06’emom 300 ma BimmBaeThes 1/3 MEXXK
micis HeWrpamizamii 1 2/3 Bomu. CrakaH 3a JOIIOMOTOIO
mraTuBa nomimaerbes B Ttepmoctat TXK-TC-01/16, Ha
SKOMY BCTaHOBITIOETHCS TeMmIeparypa 40°C.
ITepeminryBaHHS 31 CHIOETBCS 3a JOITOMOTOIO JIONATEBOT
MIIIIAJIKU 3 TPHOMA JIOMATAMH Ha BATy 1 YOTHPHIIOMATEBOL
MIIIAJIKH 3 MOXWIUMH JjonarsMu. [lpuBoa Mimmanok

31IHCHIOETHCS BiJ[ MIEPEMIIITYIOYOT0 MIPUCTPOIO
EUROSTAR digital (puc. 1).
Yactota o00epTaHHSA Baly JIOMATCBOi MIIIAIKH

cranoButh 100, 200, 300 i 400 06./xB. (mpu OLTBIIMX
4acToTax OOEpTaHHS YTBOPEHa BOPOHKA IOCATaE IHA
CTakaHy), YOTHPWIONATCBOI MIIIAIKH 3 IOXHIUMH
momatsivu: 200, 350, 500, 650 06./xB. Yac mpoBemeHHS
nmocuixmy craHoBuTh 4 rtoa. Bimbip mpo6 MEXK mns
BHU3HAYCHHS HOTO JIY>)KHOCTI 3MIMCHIOETBCS depe3 KOXKHY
roguHy. TakoX uepe3 KOXHY TOAUHY BiIOyBaeThCs
3aMiHa 3a0pyJHEHOT BOIM HA YHUCTY.

Meroauka JOCHiKEHHS €(EeKTUBHOCTI IIHHOTO
npomuBanns MEXK. Ilicnst mpuroTyBaHHs, O4MILEHHS 1
HeWTpanizanii B kon0y o06’emom 300 min BiuBanoch 1/3
MEXK micns weiitpamizanii i 2/3 Bogu. B ropiosuny
KOJIOM BCTAHOBIIIOETHCS Hacalka 3 JBOMa Bxogamu. Yepes
OIMH i3 BXOHIB B KOIOYy TpPYOKOK i3 THTaHOBOIO
HacagKOK  Big  akBapiyMHOro  MIKpOKOMIIpecopa
HaTHITA€THCS TOBITPSA, SKe 0apOOTYEThCS Yepe3 Imap BOAH
i MEXK (puc. 2), depe3 IHmMHH BHIANAETHCA
BiJIpariboBaHe MOBITps. Butpara moBiTpst ctanoBUTH 20 i
60 n/ron. Konmba 3a  JOMOMOror  IITATHBY
BCTaHOBIIOETHCS B TE€pPMOCTaT TXK-TC-01/16.
JocnimkenHs npoBosThes npu temieparypi MEXK 20,
401 60°C.

R

Puc. 2. JlociipkeH s Ipoliecy MiHHOTO MPOMUBAHHS
MEXK.

Fig. 2. Investigation of the process of foam washing
of FAME.
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Yac mpoBeneHHs AOCTigy cTaHOBUTH 4 ron. Bimbip
mpo6 Oiomu3ens Uil BH3HAYEHHSA HOTO  JY)KHOCTI
3MIACHIOETHCS Yepe3 KOXKHY ronuHy. Takox depe3 KOKHY
TOIMHY BifOyBaeThcs 3aMiHAa 3a0pyaHEHOI BOOM Ha
YHCTY.

Meroanka TOCIHiIKEHHS aepO30JIbHOI0 POMHBAHHS
MEXK. Ilicnst npurotyBaHHs, OYMIIEHHS 1 HEWTpamizamii
B nepeBepHyTy iky [1ET (6e3 nuumia) 06’emom 2 1, B
SKiH B KpUIILI 3MOHTOBaHWH KpaH IJIsl 3JIUBaHHS BOJAU
(puc. 3), nHamuBaerbcss 300 M1 Giogusens KiMHaTHOT
TemrepaTypu. Han Hero po3MilIyeThCst BiALIEHTPOBHH
NOBHOKOHYCHHUI po3numoBauy "Disc and Core" ¢ipmu
Teelet (puc. 4), axkuil CKIAAAa€ThCS i3 KOPIyca 3 OTHOIO
Hacaakoro QJ17560A-NJB, 6GaitonerHoro xomauka CP
26277-1-NY, cepIeYHNKa-TypOymi3aTopa
(3acTocoByroTBCS TypOymizatopu Tphox THImiB: DC-31-
CER 3 oganm otBopom, DC-33-CER 3 mBoMa oTBOpamu i
DC-56-CER 3 yotupma 0TBOpaMu), KEpaMidHOTO THUCKA 3
orBopoM DCER-2 giametpoMm 1 MM Ta TyMOBOro
yuiinsHioBaya CP-18999. B mmsmky IIET i3 MEXK
4yepe3 NOBHOKOHycHMI posmumoBau "Disc and Core" 3a
JIOIIOMOT'OI0 TiJJPaBIIiYHOTO HACcOCa, CKOHCTPYHOBAHOTO i3
0aka cazoBOro oOmpuckyBada i kommpecopa "ATiaHt"
BiJ XOJOIWIBHHKA JUIA MiATPUMAHHS 3aJaHOTO THUCKY
(puc. 5), posmmwmoeTscs Boma (puc. 6). 3 dHacoMm
croctepiraetbest  po3mapoByBanHs MEXK 1 Bomm.
[HTCHCHBHICTP  PO3MIAPOBYBAHHA IMIJBHILYETHCS PH
BiOparii crinok mwsmku [IET (puc. 7). [IpomuBHa BOma
10 Mipi HAKONMMYYBaHHS IMEPIOJMYHO 3JIMBAETHCS depes
KpaH B KPUIIILI [UISIIKA B MICTKICTb.

Puc. 3. Kpumka na ot [TET i3 3MoHTOBaHMM
KpPaHOM JUTS 3TUBaHHS BOJIH.

Fig. 3. Cap on a PET bottle with the mounted tap for
water draining.

' ""AA'-‘, S ,»c
4‘*?\,»
et RICETS #
Puc. 4. BigueHTpoBHiA MOBHOKOHYCHHH PO3IIITIOBAY
"Disc and Core" ¢pipmu Teelet.
Fig. 4. Centrifugal full-cone spray "Dis and Core"
of TeeJet firm.

Puc. 5. TigpaBnigyHWii HacOC Ha OCHOBiI CaJ0BOTO
o0mpucKyBaya i KOMIIpecopa BiJl XOJIOIUIbHHAKA.

Fig. 5. Hydraulic pump based on a garden sprayer
and compressor from the refrigerator
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Puc. 6. JlocmimkeHHs1 aepoO30JILHOTO NPOMHBAHHS
MEXK: a — cymim MEXK 3 Bomoto; b — mporec
posnuiroBaHHA Boau Hax mapom MEXK.

Fig. 6. Investigation of aerosol washing of FAME: a
- a mixture of FAME with water; b - the process of
spraying water over the layer methyl esters of fatty acids.

Puc. 7. llpouec po3uiapyBaHHs HpU aepO30JIbHOMY
npomuBanti MEXK: a — mouarok; b — 3akiHueHHs.

Fig. 7. The process of stratification during aerosol
washing FAME: a - the beginning; b — end.

Tuck  migTpumyethcs B Mexkax 2 bBap.
BuxopucroByroTses TypOymizatopu Tppox tumiB: DC-31-
CER 3 oguum otBopom, DC-33-CER 3 nBoma oTBopamu i
DC-56-CER 3 yotupma oTBOpamu.

Yac mpoBeJeHHs JOCIiay CTaHOBUTH 5 roj. Binbip
mpo0d MeTUIIOBOTO eipy A BU3HAYCHHS HOTO JIY>KHOCTI
3IIHCHIOETHCS Yepe3 KOXKHY TOJIUHY.

PesynpraT  eKCHepHUMEHTANBHUX  JOCIHIIKECHb
o0'emroro mpomuBanas MEXK. [luHamika 3MiHH
Jy’KHOCTI MeTHII0BOTO edipy HaBeneHa Ha puc. 8, a (s
JIONaTeBOi MilanKy) i Ha puc. 8, b (A1 YoTHpHIONaTEBOT
MIIIAJIKY 3 TOXMIIMMHU JIOTIATSIMH).

Sk BuaHO i3 puc. §, pu 00'eMHOMY NPOMHBaHHI 3a
JIOTIOMOT'0I0 JIONATeBUX Mimaiok jyxHicth MEJXK 3
4acoM 3pOCTa€, 10 MOXKHA IOSICHUTH PO30MBaHHIM
TUIACTUHOK LUTPATy KaJlito Ha OinbuI ApiOHI B pe3ynbTaTi
MEXaHIYHOr0 IEePEMIlIyBaHHs Ta MOraHOro iX Mepexoiy
Big mapy MEXK no mapy Bonu.

I[lpy upOMy TIpM BUKOPHUCTAaHHI CTaHAAPTHOT
JIONaTeBOi MilIaKK pi3ke 3pocTaHHs myxHocTi MEXK
CIIOCTEPIraeTbcsl  BXKE  MPOTATOM  MHEpIIoi  TOJUHHU

NPOMHUBAHHS, B IIOJAJIBIIOMY JIY>KHICTh TaKOX JELI0
3pocTae abo crabulizyeTbcs Ha AOCATHYTOMY PiBHI, SIKMH
3HAYHO TIEPEBUIIYE pIBEHb JY)KHOCTI Bifpazy micis
Herrpamnizanii MEXK.

[Ipy BUKOPHCTAHHI JIOMATEBOT MIIIATIKH 3 TOXUIAMHU
JONaTsAMH JIy)XHICTh OloJu3esi 3pOCTae He pi3ko, a
MOCTYMOBO 1  MOPOTArOM  JOCHIIKYBAaHOTO  4acy
MPOMHUBAHHS MEPEBUIIYE PIBEHb JIYKHOCTI BiApasy micis
HerTpamizanii MEXK.

Otrxe, 00'eMHE NPOMHUBAHHS TNPOTITOM YOTHUPHOX
roguH He3anoBinbHO 3BimbHse MEXK Bim mmrpary
Katilo.

PesynpraT  eKCHEepHUMEHTAIBHUX  JOCIIKEHb
ninHoro npomuBanHs MEXK. Jlunamika 3MiHUM JTy»HOCTI
MEXK naBenena Ha puc. 9, a (npu Butpari nosirps 20
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n/ron) i Ha puc. 9, b (mpu BuTpaTi nosiTps 60 si/rox.).

18
16

14

NyxHe uncno, mr KOH/r
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Yactota o6epTaHHs Bany Miwanku, o6/xs.:

=¢— 100 06./xB. <l-200 06./xB. == 300 06./xB. =@ 400 06./XxB. ™ NyXHiCTb 3a CTaHOApPTOM

b

14 /.
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T /-.\
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<
[
!
o
| =
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Q
z 4
S
: \-/

2

0

0 1 2 3 4
Yac, rog

YacTtoTa o6epTaHHA Bany Mmillanku:
=o- 200 06/xB -#- 350 06/xB =& 500 06/xB -®- 650 06/XB = Ny>XHiCTb 3a CTaHAAPTOM

Puc. 8. lunamika 3minn mayxnocti MEXK B vaci npu 06'eMHOMY NpOMMBaHHI: ¢ — 3a JIONIOMOTOIO JIOIATEBOT
Mimmasnaku; b — 3a J0MoMOror YOTUPHIIONATEBOI MIllIAKH 3 HOXUIMMH JIOTIATSIMH.
Fig. 8. Dynamics of change of alkalinity of FAME in time at volume washing: a — using a paddle stirrer; b — using

a four-bladed stirrer with inclined blades.

Sx BugHO i3 puc. 9, myxnicte MEXK mpu iioro
MMIHHOMY TMPOMHBAaHHI B OIUTBIIOCTI BHIAJKIB CIIOYaTKy
3HWXKYETBCA MPOTATOM Hepmux 2-3 TOA. IO piBHSA, KU
He mepeBuirye 5 mr KOH/kr, oqHak IOTIM IHOCTYIOBO
nouynHae 3poctard. [Ipum Butpari nositps B 20 s/ron.
micnst 4 rox. npomuBanHs syxHicTe MEXK nepesuiye
CTaHAapTHY Ha BChOMY Jiala3oHi JIOCITIJDKYBaHUX

temnepatyp. [Ipu Butpari nositps 60 n/rox. micns 4 ro,.
npomuBaHHA JIyxHICTe MEXK, mo npommBaBcs mpu
temneparypax 20°C 1 60°C 3HaxomgWThCs Ha piBHI
CTaH/IapTy, OJHAK JIEMOHCTPYE TEHACHIIIO J0 3POCTaHHS
IpY MOJaNbIIOMY NPOMUBaHHI. JIume nmpoMuBaHHS Npu
temrieparypi 40°C mae 3menmeHHs nyxHocTi MEXK
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HIDKYE CTaHIapTHOTO. IIbOMY HE 3HIXKYETHCS, a 3pocrae. [Ipu BUTpaTi moBiTps
Orxe, mnpu minaomy mnpomuBaHHi MEXK 3 60 a/rox. Ha 3-4 rom. 6ap6oryBaHHs nyxHicTh MEXK

BHTPATOIO MOBITPs 20 J/XB. HOTO IIy)KHICTH MpOTATOM 1-2  3HWKYyeThcsi B 4,5 pasw, OOHAK B TOJAIBIIOMY

ro. 6apOOTyBaHHS 3HIDKYeThCS B 2-3 pasu. [lomampime — crmoctepiraerbes aeske ii 3pOCTaHHS.

06apOoTyBaHHA HEIOUIIbHE, OCKUIBKH JIYKHICTH TpHU

12

/0'—\.—0//,I
/
/‘///'
<z

0 1 2 3 4
Yac, rog

;o
%

/

NyxHe uncno, mr KOH/r
®»

N

Temnepartypa, °C: =@ 20 - 40 =& 60 — nyxHicTb 3a CTaHOApPTOM

12

10

INyxHe uncno, mr KOH/r
(@]

0 1 2 3 4
Yac, rog

Temnepatypa, °C: == 20 -l 40 =& 60 — nyxHicTb 3a cTaHOapTOM

Puc. 9. Jlunamika 3minu ayxuaocti MEXK B 4aci mpu niHHOMY IpOMHUBaHHI 3a BUTparu nositpsi: a — 20 n/rox.;
b — 60 n/rox.
Fig. 9. Dynamics of change of alkalinity of FAME in time at foam washing at air expenses: a — 20 I/hr; b — 60 I/hr.
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Butpara Boay == Husbka (DC-31) == CepepnHs (DC-33) == Buicoka (DC-56) === JlyxHiCTb 3a cTaHOapTOM

Puc. 10. {unamika 3minu sy>xkHocti MEXK B yaci npu aepo3oiapHOMY TPOMHBaHHI.
Fig. 10. Dynamics of change of alkalinity of FAME in time at aerosol washing.

PesynpraT  €KCHEPHUMEHTANBHUX  JOCIHIIKCHB
aepozonmpHOTO mpoMmuBanHa MEXK. JlmHamika 3miHH
myxHocTi 0io MEXK nmuzens mnpu aepo3oisHOMY
NIPOMHUBaHHI HaBesieHa Ha puc. 10.

Sk BugHO 13 puc. 10, MPOTSAroM Mepuux IBOX T'OJAUH
npomuBanHs syxkHicTh MEJXK cyrTeBo 3HMXKY€EThCS,
OJIHAaK TICJsI I[OTO CIIOCTEPIraeThes Aesike ii 3pocTaHHs
NPU HACTYITHOMY IPOMHBaHHI mpoTsrom 1-2 rox. B
noJajapuioMy Ha 4-5 roa. npomuBaHHs JykHicTh MEXK
MOCTYIOBO 3MEHINYEThCA JO PIiBHA, HIKIOTO 5 Mr
KOH/kr. Pesympryroua myxHicth MEXK 3MmermyeTses
npudIM3HO B 2 pasW, NPH YOMY CIIOCTEpPIraeThCs
TEHJACHIS 10 il 3HIKEHHS NPOTATOM [OBIIOTO dYacy
IIPOMHUBAHHSI.

IIpu JPiOHOKPATLTHHHOMY MIPOMUBaHHI
(TypOymizatop DC-31) mpoTsirom 5 roa. pe3yibTyroua
nyxHicte MEXK nuine HaOnmxaeTbest 10 cTaHIapTHOTO
3HAUEHHs1 5 MI/KT, TOJII SIK TPH CePeJAHBOKPAILIMHHOMY
(TypOymizaTop DC-33) i KPYMHOKPATUIMHHOMY
(TypOynizarop DC-56) Ha 5 roauHi NpOMHUBAHHI csrae
3Ha4eHHSA 3,5-4 MI/KT TIpH OJHAKOBHX IOYaTKOBUX
3HAUEHHSX, 110 BiANIOBIJJa€ TEOPETUYHIM PO3PaXyHKaM.

Ipu ounmenni MEXK 3anmmarotees Bimxomm: 15-
20% cuporo riuinepuny Bix Buxoxy MEXK i npubnuzxo
2,5% coaricToky, sKi BaKKO IMiialoTecs yrmizamii. Tak,
Ipu BpOKalHOCTI pimaky 25 1y/ra i3 100 ra pimaky npu
nepepodmi #oro Hacimaa Ha MEXK B sikoCTi BigxojiB
3anmumaeTscss Oam3pko 13 T cmporo riinepuHy i 2,2 T
COarncToKy y cknazi 14,5 T mpoMHUBHOT BOIU. Y THITI3AIIIO
LUX BIAXOAIB MOIUJIBHO 3HIMCHIOBATH MLIAXOM  1X
BUKOPHUCTaHHSA B SKOCTI KOCYyOCTpaTiB JuIs 06i0Ta30BUX
YCTaHOBOK, II0 301TBIIUTE BUXijA Oiora3y i3 cyOGcTpary Ha
ocHoBi THOl0 BPX wmaibke Busiui (3 0,7 n/kr COP no
1,4 n/xr COP).

BucHoBKH

I3 TppOX MOCHIIKYBaHHX CIIOCOOIB TPOMHUBAHHSI
Ologu3enss uis TPaAKTHYHOTO BHUKOPHCTAHHS MOXHA

PEKOMEHAYBaTH aepo30IbHAN CIocio, IpUIOMY
CepeIHbO- 1 KPYMHOKPAIUIMHHE MPOMUBAHHS HEOOXITHO
3IIACHIOBATH TIPOTATOM HE MEHIIE K 4-5 TOf., TOIi K
JpiOHOKpAITMHHE — NPOTATOM JOBILOTO Yacy.
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UCCJIEJJOBAHUE DOOEKTUBHOCTH BJIAXKHOM
OUNCTKU BUOJU3EJIA
B. H. Honuwyx, J. A. lepesanxo, C. E. Tapacenxo,
E. A. Aumunos

AnHoTanusi. DQQPEKTHBHOCTH BIAXKHOW OYHCTKH
METHIJIOBEIX 3upoB xupHBIX KucinoT (MOXKK), xotopsie
ele Ha3bIBalOT OHMOAM3ENIeM, HCCIIeOBaNach MpHU
MIPOBEACHUHN 0OBEMHOT0, ITy3bIPEKOBOTO U a3PO30JIbHOTO
IIPOMBIBAHUSL. O6wremHOE IIPOMBIBaHUE MB3XK
IIPOBOJIMIIOCH C ITOMOINBIO JIONACTHOW MEIIAJIKU C TPeMs
JIOTIACTSIMM Ha Baly M YETHIPEXJIOMACTHBIH MEIIaKU C
HaKJIOHHBIMH JomacTaMu. YacToTa BpalleHHs Baia
JormacTHOi Mmemanku cocrtaBisuia 100, 200, 300 u 400
00./MHH., 4eTBIPEXJIONACTHBIH MEIIAJIKH C HAKJIOHHBIMU
nomactssmu — 200, 350, 500, 650 o00./mun. Ilennoe
npomeiBanne MOXK ocymectsisnocs mpu pacxoze
Bo3zyxa 20 u 60 n/4ac. npu temmneparype MOXKK 20, 40
u 60°C. Jlns DKCIEPUMEHTaJbHOTO HCCIIEIOBAHUS
a’po3onbHOl  mpombiBkM  MOXK  nmpumensnuces
TypOynmuzaropsl  Tpex tunoB: DC-31-CER ¢ oxnum
oreepctreM, DC-33-CER ¢ nByms orsepctusmu u DC-
56-CER ¢ d4erbipbMsi OTBepcTUsIMU. Bpems npoBeneHust
onbITOB cocTaBmiio 4 daca. Ot6op mpod MDXKK ms
OTIPENICTICHNS] €r0 IIEIOYHOCTH OCYIIECTBILUICS Uepes
Kaxapld yac. Takke uepe3 KaxAbld 4yac NMPOUCXOuja
3aMEHa 3arpsI3HEHHON BOJIBI HA YUCTYIO.

OO0BeMHOE TIPOMBIBAHHE B TEUYEHHE YETHIPEX HYacOB
HEYJOBIETBOpUTEILHO 0cBoOokaaeT MDXKK ot murpara
kamus. IIpu nennoil mpomsiBke MOXK ¢ pacxomom

Bo3ayxa 20 J/MUH. €ro ImeJI0oYHOCTh B TedueHwe 1-2 .
OapOotupoBanms cHWXaeTca B 2-3 pasa. JlampHeitmee
GapboTrpoBaHue HerenecoodpasHo, MTOCKOJIBKY
IIETIOYHOCTh TIPH 3TOM HE CHIDKaercs, a pacter. Ilpum
pacxome Bo3myxa 60 /4. Ha mpoTshkeHMu 3-4 daca.
G6apboTtupoBanus menouyHocts MOXKK cumxkaercs B 4,5
pasa, 0JJHaKO B JaJbHEHIIEM HAOII0JaeTCsl HEKOTOPHBIH ee
poct. Pesymprupyromas wmenouHocts MOXKK npu
a’pPO30JILHOM €r0 MPOMBIBKE YMEHBIIAECTCSI IPUMEPHO B 2
pasa, npuueM HaOJFOIAaeTCsl TEHACHINUS K €€ CHIDKEHHUIO B
TEUEHHE JUTUTEIILHOTO BPEMEHH ITPOMBIBAHUSL.

U3 T1pex wuccieqyemblXx CIOCOOOB TPOMBIBAHUS
MOXK 1 mpakTHYeCKOTO HCIONB30BaHUS MOXKHO
PEKOMEHAOBATh a3pPO30JbHBIN CIIOCO0, IPUIEM CpeHe- U
KPYITHOKATIETbHOE MIPOMBIBAHHE HE00X0IUMO
OCYIIECTBIITh B TEUYEHHWE HE MeHee 4-5 4., Torga Kak
MEJIKOKaIeNIbHOe — B TeUCHHUE JITUTEIHFHOTO BPEMCHH.

KiioueBble caoBa: OMoam3eb, METHIOBBIE 3(DHUPHI
xupHbIX Kucimotr, MOXK, BnaxxHas ouucTKa, 0ObEeMHas,
NeHHasl, a’pO30JIbHAsI IMPOMBIBKA, KPYIHOKAmenbHas H
MCEJIKOKaIneJbHas MMpOMBIBKU

STUDY OF EFFICIENCY OF WET CLEANING
OF BIODIESEL
V. M. Polishchuk, D. A. Derevianko, S. Ye. Tarasenko,
Ye. O. Antypov

Abstract. The efficiency of wet purification of fatty
acid methyl esters (FAME), also called biodiesel, was
investigated by volumetric, bubble and aerosol washing.
Volumetric washing of MEZhK was performed using a
paddle stirrer with three blades on the shaft and a four-
bladed stirrer with inclined blades. The frequency of
rotation of the shaft of the paddle stirrer was 100, 200,
300 and 400 rpm, four-bladed stirrer with inclined blades
— 200, 350, 500, 650 rpm Foam washing of FAME was
carried out at an air consumption of 20 and 60 I/hr. at
temperatures of FAME 20, 40 and 60°C. Three types of
turbulizers were used for the experimental study of
aerosol washing of FAME: DC-31-SER with one hole,
DC-33-SER with two holes and DC-56-SER with four
holes. The time of the experiments was 4 hours. Sampling
of FAME for determination of its alkalinity was carried
out every hour. Also, contaminated water was replaced
with clean water every hour.

Volumetric washing for four hours unsatisfactorily
releases FAME from potassium citrate. at foam washing
of FAME with an air consumption of 20 I/min. its
alkalinity for 1-2 hours bubbling is reduced by 2-3 times.
Further bubbling is impractical, because the alkalinity
does not decrease, but increases. At an air consumption of
60 I/hr. for 3-4 years. bubbling alkalinity FAME
decreases by 4.5 times, but in the future there is some
increase. The resulting alkalinity of FAME at its aerosol
washing decreases approximately in 2 times, at what the
tendency to its decrease during longer time of washing is
observed.

Of the three studied methods of FAME washing, the
aerosol method can be recommended for practical use,
and medium- and large-drop washing should be carried
out for at least 4-5 hours, while small-drop - for a longer
time.
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MAIIIMH AJ1A JICOTEXHIYHHUX POBIT
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bi6n. 27, puc. 2, mabn. 5.

AHoTamis. B craTti mpoBemeHO  IOCTIIKCHHS
OonTUMI3aIil MmapaMeTpiB BUPOOHWYHX IIPOLECIB MAIIHH
UL JICOTeXHIYHMX poOiT. MeToam IUIaHyBaHHA
eKCIICPUMCHTIB i oInTuMi3arii MpHUOaTHI IS
KOMIT'FOTEPHOTO MOJETIOBAaHHA BHUPOOHHYMX IPOIECIB
MalllMH JUIsl JICOTEXHIYHUX poOiT. [ns OlmbimocTi 3 HUX

0aratopa3oBO  MPOBOJMTH  HATYpHI  EKCIIEPUMEHTH
HEMOXKIIUBO 200 HEIOIUIBHO, ajic B TOYKAX IUIaHy MOXHA
peainizyBaTu 00YHCITIOBATLHUM CKCIICPUMEHT.

[onepenubo moBuHHa OyTH copMOBaHa MaTeMaTH4HA
MOJIETIb, IO TO3BOJISE ISl 33JaHUX CIONTYYeHb 3HAYCHb
0o0paHMX Ha eTalli IUTaHyBaHHS €KCIEPHMEHTY KepYOUnX
(akTopiB, OTpUMYBATH 3HaUCHHS QYHKIII BiaryKy. IloTiM
MOXKHa BHKOPHCTOBYBAaTH CTAaTUCTHYHI METOOW JUIS
1o0YOBH perpeciiiHoi MOJIeIIi, 3a TOMOMOT0I0 SIKOi MOXKHA
IUTAHYBaTH 1 JIOCTI/KYBaTH BUPOOHHYMI  TIPOIEC.
30kpemMa, CcTae MOXKJIMBUM 3HAXOAWTH Iapamerpu
npoliecy, 110 BiANOBINAa0Th 3HaYeHHAM (yHKLIT BiATryKY,
OJIM3BKHUM JI0 OTITUMAJIbHHX.

MaremMaTu4yHi MOAENTi, IO ONHCYIOTh OCHOBHI
rapaMeTpH JIICOTEXHIYHOTO TPOleCy, 3aCHOBAaHOIO Ha
IIKJIFOYEHHI 10JJaTKOBOTO 00JI/IHAHHS Ha «BIJICTAIOYHX)

omepamisx. BuHHKae 3amada OIHKH e(QEeKTHBHOCTI
JCOTEXHIYHUX POOITHOTO TIPOIIECy.
Kirouosi cJI0Ba: MaTreMaTH4YHa MOJIEND,

ONTUMI3aIlis, TapaMerp, MAIIMHA U1 JICOTEXHITHUX
poOiT, BUpOOHWYHI TIPOLIEC, TPOAYKTUBHICTE.

ITocTaHoBKa MpodIeMHU

Cydacue porpaMHe 3a0e3meueHHs JUTST
CTAaTUCTHYHOI OOpOOKM JHaHWX HaJa€e KOPUCTYBaueBi
IHCTpYMEHTH [UIsl IUIAaHYyBaHHsA eKcrepuMmeHTtiB  [1],
perpeciitnoro [2], aucnepciiinoro [3], ¢akropHoro [4],
NPOBEJICHHsI NapaMeTpuuHuX [5] 1 HemapamMeTpHYHUX
npoueayp [6]. B mporpamax peaizoBaHa BeJIHKa KiJIbKICTh
ICHYIOUMX CTaTHCTUYHUX METOMIB B TIIOEJHAHHI i3
3aco0amu Bizyaiizauii maHuX i cTBOpeHHs 3BiTiB [7]. Bei
nporpamu 3a0e3reueHi J0BiaKoBUM Matepiaiom [8].

Cepen  BHpPOOHWMYMX  TPOIECIB  MAIIWH IS
micoTexHiYHUX poOiT MokHa Bumimatn Ti [9], sKi
CKIIQJIAIOTHCS 3 PSAY OIeparlii, i BUKOHAHHS KOXKHOT 3
SAKAX BHKOPHCTOBYIOTHCSI ~ CIIEI[iafIbHI MaIIMHA Ta

obnaananns [10], npuuoMy € MOXKIIUBICTD Bapialiil CKiIaay
i 4eproBocTi BUKOHAHHS BUpPOOHMYMX omepauiit [11], a
TaKkoX OONaJHaHHA, [0 BHKOpUCTOBYyeThCs [12]. Jlns
e(eKTHBHOI peaii3amii TaKUX TMPOIECIB CIiJ BU3HAYUTU
BAAM 1 UEproBiCTH ONeEpaliif, a BHUKOPHUCTOBYBaHE
obJaJHaHHS PO3TIIAAATH SK equHy cuctemy [13]. [Iponecu
moaioHoro BHOy OyaeMO Ha3MBaTH BHUPOOHUYMMU
mporiecaMu 3i 3MIHHMM CKJIaZIOM YCTaTKyBaHHs a0o 3
BapiabeIbHIMHU KOMIUICKTaMHU obnanHanus [14].

BapiaOenbHICTh — MIHJINBICTh, PI3HOMAHITHICTS,
po3kux abo Mipa BiAxmiIeHHA Bif «ontuMymy [15]. Came
3MiHY Ha3WBalOTh Bapialiero abo Bapiantom [16].
BapiabGenbHicTh, TOOTO MIHIMBICTH BJIAacTHBAa BCIM
MPUPOIHAM SBUILAM, BCIM TEXHIYHAM 1 TEXHOJOTiYHIM
mporecaM, a TaKoX BCIM BiJOMHM OpraHi3alliifHIM
crpykrypam [17].

AHAaJi3 0CTaHHIX J0CTIIKEHb

[ToOynoBa maTeMaTHYHOI MOJENI JOCIHIIPKYBaHOTO
MpoIleCy, M0 [03BOJSIE BH3HAYUTU MLIJIBOBY (PYHKIIIIO
onTUMI3amii IUIAaHyBaHHA  JICOTEXHIYHUX  POOITHUX
npoueciB  [18].  JlicoTexHiuHMX  pPOOITHI  TpolEeCcH
CKIIQIAIOThCs 3 PAQy Omepamiid, MK KOXHOIO Iapolo
CYMDKHUX OTepalliii CTBOPIOIOTHCS 3amacu pecypceis [19].
HeoOXximgHO  BH3HAUMTH  POXKUMH  (QYHKIIOHYBaHHS
KOMIUIEKTIB MaIlliH TaK, 100 U1 KOXKHOI mapu orepamii
po3Mip 3amacy MiATPHUMYyBaBCS MIDK CTPaXxoOBHM i
rapanriitaum  pisasmu  [20]. B ocHOBy moOymoBu
MaTeMaTHYHUX MOJIeJIeH TOKIaIeHO TiaXij] 10 opraHizarlii
JMCOTEeXHIYHNX pOOITHOTO TpOIecy, 3aCHOBAHWH Ha
MIKIFOYEHH] JOAATKOBOTO 00JIaJHAHHS Ha «BIJACTAIOUYNX»
omepariisx [21]. BiH 103BoJslE  MPOAYKTUBHICTH
KOMIUIEKTY MAIlUH HaOMM3UTH /10 NPOSYKTHBHOCTI
Benyvoi MamHu [22].

[Ipn po3podui nicoTexHiyHoi omepauii BUALIAIOTH
HACTYIHI Tepiogud poOOTH MAalIMH IS JTICOTEXHIYHUX

poOiT: cTBOpeHHs 3amacy (t;), HOro TMOIOBHEHHS i
coxuBaHHs, 1m0 (t;) 1 micma (t3) MiAKITIOYEHHS
JOMATKOBUX  MAIllMH, BHpPOONeHHs 3amacy (&)

JlicotexHiuHMX poOITHI POOOTH MOXYTh HPOXOIUTH
MPOTATOM OJHOTO Micsiis, ABOX i Oinbine [23]. Bennunna
CTPAaxOBOr0 3alacy pO3pPaxOBYETbCS 3 BpaxyBaHHAM
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XapaKTePUCTHK JICOTEXHIYHOI omeparii i BUMOT TEXHIKH
Oesnekn [24]. Mix BalsHHAM 1 TPEIIOBaHHSIM IIOBHHHA
JOTPUMYBATHUCS I’ ATACCATUMETPOBA 30Ha OE3IMeKH, a MixK
TPEIIOBAaHHIM 1 OOpi3aHHAM CYYKiB, PO3KPSDKYBAaHHIM i
HaBaHTAXCHHSAM — TPUALSATAMETPOBA (TAOIHUII 2).

Y Tabnuri 2 BUKOPUCTaHi Taki YMOBHI II03HAYCHHS:

Zp — 06’eM rapaHTiiiHoro 3anacy, Mm%

Z — 06’eM CTPaxoBoOro 3amacy, M>;

Zep = CepeHil 3amac JepeBUHH Ha TeKTapi, M3

L, — MOBXKUHA 30HU 0e3meKu, Py BaIli
6erzonmiamu - 50 M, mpu Banmi MamuHaMu — 200..250 w;

B — mmpuHa 30HU Oe3MeKu, M;

Zrx — TeXHOJOTIYHUI 00’ €M 3amacy Mix
onepariamu, M

Tabauus 1. Po3paxyHKoBi mepioau po3poOKH JCOCIK.
Table 1. Estimated periods of logging development.

Zpy — TEXHIYHKI 06’ €M 3amacy Mix onepamisaMu, M°;

P; — 3MiHHA IPOYKTUBHICTH OCHOBHUX MAILKH Ha i-1
oneparii, m%;

Qmax» — MaKCUMAIBHUH 00CAT BUPOOICHHS MAIInH
Ha ofHiii 3 onepauii, M°;

T3m — TpHBaNiCTh 3MiHH, TO.;

Krri, Ktrs — Koe®ilieHTH TeXHIYHOT TOTOBHOCTI i-i'1 S-
i MaIlIMHU BiATIOBITHO.

dopMmynu  And  pO3PaxyHKy Yacy BHKOHAHHS
TEXHOJIOTIYHHX OTIepaliii IpencTaBleHi B Tadmumi 3.
Bimpm moximagHO 3 TWpomenyporo iX BHUBEACHHS MOXKHA
O3HAMOMHUTHCS B JpKepenax [24, 25].

KinsKicTs MicAmin Micsis Po3zpaxyHkoBwmii HeplO,I.['.p03p06K.I/I JCOTEXHITHOT

onepariii (Ty, AHi)

OnuH Tepuui Tp=t1+t, +t;3+¢t,
HBa HepHIHfI TH = tl + t2 + t3
TPYTHiA Tp=t,+t;+1t,
nepiuui Tp=t+t, +1¢;

Binemre nBox JIpyTuii-iepeJoCTaHHI i Thp=t, +t;

OCTaHHIN Th=t,+t;3+1t,

Ta6auua 2. MareMaTu4Hi Mozeli 06’ €MiB 3amacis.
Table 2. Mathematical models of inventory volumes.

Bun 3amacy Po3paxyHkoBi (popmynu
CrpaxoBuit Lc=Zrx+Zry
. BaJIKa 1 TPEJIOBaHHs Ty = Lep B 2o
TexHosnoriyHum X 10000
MIX omnepauismMu TpeJIOBaHHA 1 00Pi3KHU CYUKiB, 0OPI3KH 7o —p.T
cvaKiB i tx = Fi*In
YUKiB i HABAHTA)KCHHS
Texuiunuii Zry = Qmax(2 = (Krri + Kprs))Tau
Oprasizaniiinuii Zo=2r—2Z¢

Tabanus 3. MaremaTiyHi MOJIeJi PeXUMIB pOOOTH MAIIMH JUIS JIICOTEXHIYHUX POOIT.
Table 3. Mathematical models of operating modes of machines for forestry works.

B [opiBusaHHES
o
g g - I({)%JP;I:HH;[ Yac Yac mornoBHEHHS 1 Yac
S 'é MEHMH Ha CTBOPEHHS CIIOKMBAHHSI Yac poO0TH 101aTKOBUX MAaIllTUH BUPOOJICHHS
S F . 3aracy 3arnacy 3aracy
g CYMDKHUX
& oreparisx
VA ZF - ZC Ty - 0;: — . — 0
,E A Q; < 0, t, = ar t, = — ty = ( n- Qi Qmax) (Qmax Ql.) _
= E Q; Qmax — Q; Q; - Qp;
%E _ Zc _ Zr — Z¢ (T - Qmax — Zr) * (Qmax — Qs)
= Q; > Qs == |bL=F—"—"H7 | &= -
Q; Qmax — Qs Qmax " Qps
g Zr— 272
= r C
- ty=—— Tp - (Qmax — Q1)
= g g Qi < s . 2 Qmax — Q; t3 = Qpi )
= q
> 9 -
S
éf 2. Q;>0 £ = Zr— Zc Th * (Qmax — Q)
) i s - 2= 5 _ o S — -
= Qmax — s Qps
= 0, <0 t, = Zr — Zc (Tn * Qmax — Zr) * (Qmax — Q1) _Zr
‘= .n . - = = = —
E = ' ° Qmax — Qi ° Qmax * Qi * Qs
s .2 Ir—Z T -0.—27.) - — VA
8 = Q; > Q, _ t, = 3 r _CQ ty = ( n Qs QF) Q(Qmax Qs) t, = Q_C
max o s "Ybs s
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YMOBHI IO3HAYCHHS:

i(s) - Homep monepenHboi (HACTYIHOT) oreparil;

Qmax: (Qmin) - MakcuMasIbHUH (MiHIMAIBHHI) 00CAT
BHPOOJICHHS MAIIWMH JUISA JIICOTEXHIYHUX POOIT Ha OnHI 3
onepattiit, M;

Qi(Q; =P -N;-S) - obcsar BUPOOJEHHS OCHOBHHX
MallMH IS JIiCOTEXHIYHUX poOiT Ha i-1f onepanii, M3,

Qs(Qs =Py - Ng - S) - obcsr BUPOOJIEHHS OCHOBHHX
MaIlMH IS JIICOTEXHIYHUX PoOiT Ha S-i omeparii, M°;

QP = Q; + Qp; - piBeHB, MO AKOTO 36ITBITYETHCT
obcsr  BupoOmenns  (Q;) Ha i-# omepamii micmsa

MiIKTIOYCHHS JOJATKOBOI MalliHKU 3 00CAT BHPOOJICHHS
3.
QDis M7,
Q2 = Qg+ Qps - piBeHb, 10 AKOTO 3OIMBIIYETHCS

obcsar BupobnenHs (Qg) Ha S-u omepamii micus

MAKITIOYCHHAS TOAaTKOBOI MAIIMHU 3 00CAT BUPOOJICHHS
3

QDSs M.

BucHOBOK MaTeMaTHYHUX MOAENEH ISl PO3PaxyHKY
00’eMiB rapaHTiIiHUX 3anaciB (Tabnuis 4) 3aCHOBaHUI Ha
BHUKOPHUCTaHHI BUpa3iB Tabmuip 1, 3 [26, 27].

Tabauusa 4. MatematinaHi Mozemi 00’ eMy rapaHTIHHOTO 3aracy MamuH IS JTiCOTEXHIYHUX pOOIT.
Table 4. Mathematical models of the warranty stock of machines for forestry work.

[opiBHsAHHS
PozpaxynkoBuit HOpM
nepion BUPOOJICHHS I'pannunwmii 3anac, i3 BpaxyBaHHSIM MaKCHMaJIbHOTO BUPOOJICHHS
JCOTEXHIYHUX MaIlliH Ha KOMIUIEKTY MallluH JUIsl JIICOTEXHIYHUX POOiT
pobir CYMDKHHUX
oTepamisx
0; <0 7. = [Tl'l i (QI.D = Qmax) " (Qmax — Q) + Z¢ - Ql] " Qpi
l_Ie.I:)HH’H"II ' ° ' (QlD — Qmax) " (Qmax — Qi) + Q; - Qp;
MICALL (T * @max — Z¢) * (Qmax — @s) (Q? — Qmax) + Z¢ * Qmax " Qs
Qi > Qs Zl" =
Qmax[') Qps
T, - —0,)- (0P - 470
I[pyrﬂﬁ- Qi < Qs ZF — I (Qmax Ql) (gl Qmax) C QDI.
e Di
nepeIoCTaHHI i - — —D :
MiCSILIB Qi > Qs Zr — Tl'l (Qmax Qs) (Qs Qmax) + ZC QDs
QDS
0, <0 7 = Qmax * [TH *(Qmax — Q) - (QlD - Qmax) +Zc- QDi]
OC?aHHiI\”I ' ° ' (Qmax - Q) (QlD - Qmax) + Qmax " Opi
MICAIB (T Qs — Z¢c) - (Qmax — Qs) ' (Q? — Qmax) + Z¢* Qs " Qps
Qi > Qs Zr =
Qs " Ops
IMpu cknaganHi TaOmumi 4 BUKOPHCTOBYBAIMCS ~ BUKOHATH MPOTSTOM OAHOTO Micsis. Tomy norpioHa Oyna

YMOBHI TIO3HAYEHHSI:

P, — 3MiHHa TPOMYKTHBHICTh MAIlMH Ha BHUBE3CHHI,
M3

N;, Ng — uncio ocHOBHHMX MariuH (Ha i-i 1 S-1
oTIeparisx);

P, P; — 3MiHHA NPOAYKTHBHICTh OCHOBHHUX MAIIIMH Ha
i-17 i s-17, M%; Ngj — uMciI0 JOJaTKOBUX MAIIUH;

P4i — 3MiHHA MPOAYKTHUBHICTH OJATKOBOI MAIWHHU,

Merta nociigkeHn

Merta pociipkeHb — OINTHMI3allis IapameTpiB
BHPOOHUYHX MPOLECIB MAIIHMH IS JTICOTEXHIYHUX POOIT.

Pe3yabTaTn n10caigKeHb

BuxopucroBytoun  ¢opmynn, NOpeacTaBieHI B
TabnmuIIX 1-4, BinOyBaeThCs BU3HAYEHHS PEKUMIB POOOTH
KOMIUIEKTIB MalHH IS JTICOTEXHIYHUX poOiT, opraHizamis
JICOTEXHIYHUX POOITHOTO MPOLECY MPOTATOM JIEKIIBKOX
MICSIIB, KA J03BOJISIE 3HU3UTH TPHBAIICTh BUKOHAHHS
poOit 10 30%. Y pa3i HeBeNUKUX 00’ €MIB JIICOTEXHIYHUX
poOIT i MaleHbKHUX PO3MIpIB JICOCIK, iX pO3POOKY MOXKHA

po3poOKka MaTeMaTHYHHUX MOJENEH Npu IUIaHYBaHHI
micociyHMX poOIT Ha OOWH MicAmb. Po3paxyHOK
CTPaxOBOrO 3aracy CJiJl BUKOHYBAaTH 32 MaTeMaTHYHUMHU
MOJEISIMU TaOnuIli 2, a pO3paxyHOK PEXKUMIB poOOTH
MalldH 1Mo 3anexxHocTsM Tabmumi 1. s po3paxyHKy
00’eMiB TapaHTIHHHX 3amaciB HEOOXiTHO MoOyIyBaTH
BIINOBITHI MoHemi i JBOX MOXIJIMBHAX BapiaHTIB
(Qi = Qmax 1 Qs = Qmax)-

[epmmit Bapiant. [IpOAYKTHBHICTH MAaIIMHU Ha
notoyHiii (i) omepamii Oinbine, HIXK NPOJTYKTUBHICTH

MalmmHU ~ HactymHoro (S) omepamii  (Q; > Qg abo
Qi = Qmax)-
Po3paxyHkoBuii iepiont Oy/ie JOPiBHIOE:
Zc Zr-Zc Zr-Zc Zc
Tp=——+ + +5 1
"™ Qumax = Qmax—Qs = QP-Qmax = Qs @)

Bmsnaunmo i3 Bupasy (1) BenmumHy rapaHTiifHOTO
3armacy
Zr =
Z¢'QDs Qs Qmax + (TiQs @max—Z¢ (@max+0s)) (@max—0s) (@2 —Qmax)
Qps'Us'@max
)

Hpyruii Bapiant. [IponyKTHUBHICT MAalIMHU IS
JCOTEeXHIYHUX pOOIT Ha MOTOYHIH (i) onepalii MeHIe, Hix
NPOJYKTUBHICT MAIIMHU JUI JIICOTEXHIYHHX pPOOIT
HactynHoi (S) omepamii (Q; < Qs abo0 Qg = Qmax)-
[IpoBiBmm  MipKyBaHHS, aHajuori4Hi  BapiaHty 1,
OTPUMYEMO:
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_ QiQmax(Tl'l(Qmax_Qi)(QiD_Qmax)+ZC'QDi)
Zr = 5 @)
(Qmax_Qi)(Qi _Qmax)(Qmax+Qi)+Qi'Qmax'QDi
MarematiuuHi Mojemni, II0 ONHCYIOTh OCHOBHI
rapamMeTpu  JICOTEXHIYHMX  POOITHOrO  IpoIecy,

3aCHOBAHOrO Ha IMiAKIIOYEHHI JOJaTKOBOTO O0JIaJHaHHS
Ha «BIACTAalOYMX» olepalisx. BuHuKae 3amaya OLIHKH
e(eKTUBHOCTI JTicoTexHiuHOTO npouecy. [Ipu ii BupinieHHi
MOJKHa BHKOPHCTOBYBATH Pi3HI KpUTEPil: 4aC BUKOHAHHS
MpoIieCy, TPUBANICTh POOOTH MAIlMH Ha OTEpaliix, J4ac
poOOTH 3 MiAKITIOYEHAAM JOAATKOBOTO YCTaTKYBaHHS 1 T.11.
Bemka yacTHHa 3 HUX BH3HAUYa€ThCS NPH IUIaHYBaHHI
JIICOTEXHIYHNX poOiT. SIkio IUTS OILIIHKHA
BHKOPHCTOBYBATH €KOHOMIUHI MTOKa3HHUKH, TO HEOOXiTHO
po3paxyBary BUTpaTH. BoHHM TiCHO OB’ s13aHi 3 BUTpaTaMu
Ha NaJMBHO-MAacTWIBHI Martepianu, siKi, B CBOIO 4Yepry,
OesrocepeIHbO 3ajieKaTh BiJ| €HEProBUTpAT, TOOTO Bif
MIOTYXKHOCTI MalllMH 1 4acy (yHKIIOHYBaHHS MAIlWH IS
JIICOTEXHIYHUX POOIT.

VY3aranpHeHa QopMmyna s po3paxyHKy yacy Tp
poOOTH MaIINH IS TiICOTEXHIYHIX pOOIT Ha omeparii Mae
BUIJIS

( P[] + B0 e8P + £, axmo i = 1

tOn] + 21 iy Y + M) axmo i =ZN =1 (4)
i tél[j]s) + téims) +tO[M], akmo i = N
Ie i, s — HoMepa JIICOTeXHIYHUX omeparii, s = i + 1;
j — HOMep MicsIIsI po3pOOKH JIiCOTEXHIYHHUX POOiT;
M — 9ucno MicsIIiB B pO3paxyHKOBOMY II€piofi;

N —9mcio MiCOTeXHIYHUX OTepaIlii;

Ty =

(l)[l] — yac CTBOPEHHs 3amacy Ha i-zf omepaiii B
MIEPIIOMY PO3PaxXyHKOBOMY MiCAIIi, 3MiH;

£{i=s)

2[Jj]
S-l0  onepauisMu  0e3  HIJKIIOYEHHS  JI0JIaTKOBOI'O
00JaTHAHHS B J-y PO3paxXyHKOBOMY MICAIIi, 3MiH;

i-s _ .
t:g[]-] ) — YacC NMONNOBHCHHS, CIIOKUBAHHSA 3a11aCy MIXK I-10 1

— Yac MOMOBHEHHS, CIIOKMBAHHS 3aMacy Mix i-70 i

S-}0  omepamisMH 3 MIAKIOYEHHSIM  J0AaTKOBOTO
YCTAaTKYBaHHSI B |-y PO3PaxXyHKOBOMY MICSIIi, 3MiH;

tf) [M] — uwac BupoOneHHs 3amacy Ha S-i omnepaiii B
OCTaHHBOMY PO3pPaxyHKOBOMY MiCSILli, 3MiH.
Cymapauii bac poOOTH JCOTEXHIYHHX MAIIUH
MPOTSTOM YCHOTO TIEpioxy PO3POOKH JTICOTEXHIUHOL
omepamii Ty, ﬂHiB CKJIaJE:

Ty = t(l)[l] +21 12 ( (EJJS) + tgi[l_']S)) +

TpI/IBaJIICTB p061T Ha Tapax CYMDKHHX OIlepartii
OJTHAKOBa 1 JIOPIBHIOE Yacy pPO3PaxyHKOBOTO IEpiony,
SIKWH BU3HAYAETHCS NIPY TUIAHYBaHH1 JTICOTEXHIYHUX POOIT.
Yac mouaTKy BHKOHAHHS TEXHOJOTIYHUX omepauiid Oyxe
3MIIIEHO Ha yBa3i HEOOXIMHICTH CTBOPEHHS CTPAaXOBHX 1
rapaHTiiiHux 3anaciB. Ha puc. 1 npencraBiieHO 3MilEeHHS
Yyacy I04YaTKy BHKOHAHHS JIICOTEXHIYHHMX oOIepauii
MIPOTSITOM OJTHOTO MiCSIIS.

No nicorexuiunol oneparii

. ‘tl(l}l L g

, BRI

3 R t4(:n.

4 - a9 bW @ 1@
O @

Puc. 1. PexxnmMu BUKOHAHHS JIICOTEXHIYHHAX OTIEparliit
IIPU OJIHOMY PO3PaxXyHKOBOMY MiCSIIi.

Fig. 1. Modes of execution of forestry operations at
one settlement month.

Ha mincraBi cxemu, mpeacTaBieHoi Ha PUCYHKY 1,
OTpUMaHI MaTeMaTHYHI MOJENi dYacy 3aKiHYCHHS
JMCOTEXHIYHUX  Omepamiii  BiZHOCHOTO ITOYaTKOBOTO
nepioy po3poOKH JIiCOTEXHITHOT onepartii (Tabmus 5).

Tabdamus 5. MaremaTuyHi MoJesi 4acy 3aKiHUEHHS JIICOTEXHIUYHHMX ONepailiil MpH NEeKUIBKOX pPO3paxyHKOBHX

MIiCIISIX.
Table 5. Mathematical models of time of completion of forestry operations at several settlement places.
No oneparti IIpomixok "acy BiJ MOYaTKy PO3pOOKH JIICOTEXHITHOT Omeparlii, 4epe3 sIKUii orneparis 0yzae
- pall 3aBeplIeHa
M
1) _ +@ 1) (1
1 T = ¢ +Zt2m+t3m
j=1
M
2 T = M 4@ 4 Z to + e+t =Ty + 2
j=1
M
3 TG = M 4t@ 4™ 4 Z toh+ e+t =Ty + 6P + 1Y
R
4 T® = t D@t &t @ 4 Z (4) +t5f) ) +tP =Ty + P + ¢ + ¢
i=1
VMOBHI MO3HAYEHHs Ta0IHI 5: tl(i) —Yac CTBOPEHHS 3a1acy Ha i-ii OIepauii, 3Mmin, i =

T® _ kigekicTs JHIB Big mowatky po3poOKm
JCOTeXHIYHOI omepamnii X0 3aKkiHYeHHS i-i omepamii, i =
1,4;

1,4
( )
2[1]

onepauu 0e3 Hi,Z[KJ'HO‘ICHHH J0JaTKOBOI'O 06J'Ia)IHaHHH B j'

— 4ac MOMOBHEHHS, CIIOXKHMBAHHS 3aracy Ha i-i

¥ PO3paxyHKOBOMY MicsIl, 3MiH, | = 1,4
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(i-s)
tapj) _
ornepaii 3 M IKITIOYEHHAM JOAATKOBOTO YCTaTKyBaHHS B |-
¥V pO3paxyHKOBOMY MicCHIIi, 3MiH, [ = 1,4;

— Yac MOTIOBHEHHSI, CIIOKMBAHHS 3amacy Ha i-i

til) [M] — wac BupoGieHHS 3amacy Ha i-# omepariii B
OCTaHHBOMY PO3PaxXyHKOBOMY MicCslIli, 3MiH, i = 1, 4.

VY3arampHeHa (opMyna AN PO3paxyHKY MPOMDKKY
gacy BiI MOYAaTKy pO3pOoOKH JCOTeXHIUHOi omepamii 10
3aKiHYeHHS IOTOYHOI OTlepariii MaTuMe BT

TO =3 6 + 3, (60 +£5)) + 6”0 ®)

3HafouM  TpHBAJICTH  pOOOTH  MamMH  Ha
JIICOTEXHIYHUX OTIepallisix, MO)KHa 3HAWTH €HEPrOBUTPATH.
EneproButpatu MaiiuH Ha i-/ onepauii E;, KBT:

Eci = W;-Tp® Y]
ae W; — noTyXHICTb JBUTYHA JIiCO3aroTiBEIbHOI MAIIUHA
Ha i-i oneparii, kBT.

EneproButrpatu MamuH 3a BeCh MEPION PO3POOKHU
micotexHiunol onepariii E,., KBT:

—_ VN OO
Ec=Yi=a Wi Tp (8)
OTpuMaHi JEeTEpPMIHOBaHI aHATITUYHI MaTEeMaTHYHI
MOJeNi  JICO3arOTiBENbHUX  TPOLECIB  JO3BOJIAIOTH

BU3HAYATH LINbOBY (YHKLIIO eKCIIEPHMEHTY. BrkoHaeMo
MTOCTAaHOBKY 3aJadi ONTHMIi3allil JiCOTEeXHIYHUX pPOOIT.
KoxHa ManmHa, sika BAKOHY€ TeXHOJIOTI4HI oreparii, Mae
CBOI eKCIUTyaTaliliHi XapaKTePUCTUKH, MOKE BUKOHYBAaTH
onHy abo kinbka omepanii. [lapk MamuH mignpuemMcTBa
obMexeHuit. IX HeoOXiZHO PO3MOAIIUTH 3a ONEpalisMu,
o0 MpoIlec JTiCOTEXHIYHMX POOIT OyB ONTHMAbHHM.
Po3mimieHHsT TeXHIYHMX 3aco0iB 3a TEXHOJIOTIYHHUMHU
omeparfissMi BH3Ha4aeThesi BugoMm onepauii (B,C, T, P),
gucaoM wmamuH (N, N;), [IpogyKTHBHICTIO MamrimH
(Py, Py). Y miacymky, Oyze Bu3HaueHa QYHKILSI pO3MOALTY
TEXHIYHHX 32C00IB 32 OIEpalisMH JIICOTEXHIYHUX POOIT:
Fy = filNy, Ng, B, Py ) C))
I'pacdiku poboTH /s OnepaTopiB MalluH 3alexkaTh
BiJ crieriiky miANpHEMCTBA. BU3HAYAETHCS YUCIIO 3MiH
pobotu (S), TpUBAIICTh 3MiHHU (tSMM), YUCIIO POOOUHX THIB
y Micsiui (D), uucno npauiBHUKIB B 3MiHi (chs). OyHKLi0
U1 CKIaaHHSA TpadikiB poboTH podounx 3agaMo y
BUTJIISAIL:

F, = f5,(S,tsm, D, chs) (10)

PospaxyHok  po3mipiB  crtpaxoBoro  (Qq) i
rapaHTiiHoro 3amnacy (Q,) 3aJeXHuTh Bill BUMOT TEXHIKH
Oe3meku,  XapaKTePHCTHUK  JIICOTeXHIYHOI  omeparii

(Qz Zcp, Lep), mponyktusHOCTI MamuH (Py, By), 4ucia
pobouux mHIB (D). OTpuMyeMO QYHKINT IS pO3paxyHKY
BEJINYMH 3aMaciB:
Ql = q1(Qz:Zcp' ch)’ QZ = Qz(Qde'Pm' D) (11)
Heo0xinHO Tak po3NOAIIMTH MALIMHK 110 ONeparisM
JCOTEXHIYHOTO Tporecy F;, Bu3HaunTH rpadiku podoTH
F,, po3paxyBatu po3mipu 3amaciB @, @,, mo0 00’em
BupobOneHHs @ OyB MakcuMaibHHUM, 4Yac (T) BHKOHAHHA
BCHOTO TIpoIiecy i eHeproButTpar (Z) Oyiam MiHIMAaJbHI.
LinpoBi QyHKIii 3aBAaHHA, M0 BU3HAYAIOTH HapaMeTpH
BUPOOHMYOTO TPOIecy JICOTEXHIYHHX pOOIT MarTh
BUTJIISA;

Q = q(FI' FZ' Ql' QZ) - max,

T= t(Fll FZ! Qll QZ) i minv (12)
Z= Z(FllFZI Qll QZ) - min
Beememo  ¢dyHKmii, O 3amar0Th  OOMEXEHHS
3aBJAHHS.

B 3amexHOCTI BiJg XapaKTEPUCTHKH JiCOTEXHIYHOT
omepartii:

Gl =0 (Qz: Zcpt ch)- (13)
B 3anexxHoCTI BijJ ITATy ONEpPaTOPiB MaIlMH:

GZ = gZ(Ncm:S:D)- (14)
B 3anexxHOCTI Bi KJIIMATHIHUX YMOB:

G3 = g3(Pa:Pd:Pm)- (15)

3aexHO Bifl MapKy TeXHIYHUX 3aCO0iB:

Gy = ga(Pay Py, By Ny, Ng). (16)
Kepyroui mapamerpu noB’si3aHi:

U =u(S,Ny, Ny, M). (17)
3aBoaHHS ~ CTaBUTBCS 10  OaraTOKpHUTEpialbHOI

OaraToBuMipHOi YMOBHOI onTuMi3arlii. B sKocCTi MinbOBHX
¢GYHKIOIH MOXYTh BHCTYNAaTH MaKcHUMi3alis 00’ eMiB
BHUPOONICHHA, MiHIMi3almiss dacy poOOTH MaIiuH i
JCOTeXHIYHMX pOOIT, BUTPAT Ha BUKOHAHHS Oorepatiii. Y
JTaHiH CTaTTi TIPOTIOHY€THCS 3BECTH 3amavy
OaraTokpuTepiadbHOI ONTHUMI3amii 1O 3agadi yMOBHOI
OJTHOKPUTEPIHHOI 3a JOMOMOrOI0 METOJLY TOJIOBHOTO
kpurepito [49].
MiHiMi3yBaTH:
Z =z(F, F;,01,0Q2)

IPU OOMEKEHHSIX:

(18)

G4 = 94(Pa: Pd:Pm: Nm: Nd)
KepYIUYHUX MapamMeTpax:
U =u(S, Ny, Ny, M)

Jast BUPIILICHHS MIOCTaBJICHOTO
CKOPHUCTAEMOCSI KOMIT IOTePHUM
METOJlaMH ONTHMI3anii GyHKIIT BIATYKY.

Binnosiguo o METOIUKH KOMIIT FOTEpPHOTO
ekcriepuMenTy [22], micms BuGopy wiiboBoi (GyHKIIL,
BUKOHAHOTO B IONMEPEIHBOMY IYHKTI, CIiJ BHAUTHTU
OCHOBHI eneMeHTH (aKTOpHOro THpocTopy. Buminumo
BEJIMYMHM, IO BIUIMBAIOTh HA JIICOTEXHIYHI IIPOLECH.
Kepyrounmu daxTopamu €: 9uCiio 3MiH pOOOTH 1 KUTBKICTh
MAaIllMH IS JTiCOTeXHIYHUX poOiT. [lapameTpu mporecis,
3HAYCHHS SKUX HE MOXYTh OyTH 3MiHEHI JOCIiTHHKAMH,
ale € MOXJMBICTh iX (hikcarii: TPOIYKTUBHICTB,
MOTY>KHICTh BUTYHA MAIlMH JUIS JICOTEXHIYHUX POOIT,
cepenHiii 00’eM XJMCTa Ha Jicocilli, cepegHs BiJCTaHb
TPENIOBaHHs, BUJ JIICOBHX Haca/pkeHb. HekepoBaHi
30BHILIHI BIUIMBU: BEJMYMHA CHIrOBOTO MOKPUBY Ta 1HIII
NPUPOJHO-KIIIMATUYHI SIBUINA, TEXHIYHHHA CTaH MapkKy
MallKH, JIJAChKUH Gaktop. [TocTiiiHI BeIMYMHE B paMKax
IOCHIDKEHHS: 3arajJlbHAil  3amac  Ha  JICOTEXHIYHINA
oreparil, cepeHiil 3armac JepeBUHN Ha IeKTapi, JOBXUHA
30HHU BHPYOKH.

dakTopHHUil mpocTip Oyae cKIamaTucs 3 HACTYIHUX
1 IMHOYKHH:

(19)

(20)
3aBIaHHS
€KCIIEPUMEHTOM,

X; = {Ni, Ngi, Si} (21)
X; = {Pa, Py, Pay) Ve, Le} (22)
v, ={V,V,, ...} (23)
Cy = {Qz' Zcp' ch} (24)

ne N; — 4nciio OCHOBHHMX MAIlIMH Ha i-# onepartii;

N,; — 9MC0 JOATKOBUX MallWH Ha i-i ornepartii;

S; — 4ncmo 3MiH poOOTH MaIlINH;

P, — 3MiHHA POJlyKTUBHICTh MAILIMH Ha BUBE3EHHI, M°;

P, — 3MiHHa NTPOYKTUBHICT, OCHOBHUX MAaIIMH HA i-i
onepauii, M,

P;; — 3MiHHA NPOJYKTUBHICTH JJOAATKOBUX MAIINH Ha
i-it omepanii, m3;

V, — cepenHiii 06’eM xymucTa, M°,
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L; — cepeqHst BiICTAHb TPETIOBAHHS, M.
Vx — BUI HEKEPOBAHOTO 30BHIIIHLOTO BILTUBY, k = 1,2,

Q, —3aranpHUi 3amac Ha JICOTEXHIUHI onepartii, M3
Zp — Cepe/IHiii 3ar1ac IepeBHHM Ha TeKTapi, M%;
L¢p — MOBXWHA 30HU OE3TEKH, M.

3 Ha3BaHMX IapaMeTpPiB BapilOBaTH HAWUIPOCTIIIE
mapaMeTpaMHu Jico3aroTiBeIFHOTO IPOIECY, OB’ I3aHIMHU
3 Horo opranizamiero. Bubepemo B skocTi ¢akropis
eKCIEPUMEHTY YHCIIO 3MiH POOOTH MaIldH Ha KOXHIH
JicoTexHiTHOT omepariii (S;).

BuznauenHs o0nacti IJlaHyBaHHsS EKCIIEPUMEHTY.
Yucno mico3aroTiBeIbHUX OMepalid MOKe CTAHOBUTH Bijl
2 nmo 4. BubGepeMO MaKCHMaJbHO MOJKIIUBE YHCIO
omnepauiii: 4. TpuBaicTs 3MiHH MOXKE CTAHOBHUTH Bij 8 10
12 rox. TexHIKO-CKOHOMIYHI yMOBH KOHKPETHOTO
MATPHEMCTBA BILTMBAIOTH HA OPTaHi3alifo JiCOTEeXHITHNX
po0iT, ix omary. Hanpukmnan, ucmo 3min podotn — 1,2,3,
MOXJIMBICTh BPaxXyBaHHS 1 OIUIATH ITOHATHOPMOBHUX T'OJIMH
MpaniBHUKaM. 3a OCHOBY Bi3bMEMO BapiaHT Oprasizamii
poOiT B omHY 3MiHY 3 MOMJIHMBICTIO ii HE3HAYHOTO
30UIBIICHHST 32 PaxyHOK IOHaJHOPMOBHX TOAMH abo
CKOPOYEHHS 3 METOIO 3HIDKCHHS 3HOCY TEXHIKH.

CKOpOYEHHSI  TPUBAJIOCTI 3MiHM MOXe OyTH
OB’ 5I3aHO 31 3MEHIICHHSM Yacy eKCIUTyaTallil MalluH, a He
CKOPOYCHHSIM PO00YOTo MHS (haxiBIIiB.

BusHaueHHs BuAy IIbOBOI (YHKINT, CKIaJaHHS
MaTpHlli IUIaHYBaHHS €KCIepUMEeHTy. Bubepemo Butpatn
eHeprii B sikocti GyHKIIT Biaryky (puc. 2).

3BaJoBanus

Tucno 3min

000TH MAIITHAN _ .
P o Bupotuuamnii FHCPTOBHTDATH
. »

TiCOTEXHIUHHX Opi3ka CYuKiB | TicoTexniunmii mpomuec >
pobiT Ha omepartii
3asaHTakenHs

Puc. 2. CtpykrypHa cxema 00’ €KTa TOCIiIKCHHS.
Fig. 2. Block diagram of the object of study.

TpenroBanusa

Ha 3minHi QyHkuii Biaryky OyIyTh HakiagaTucs
OOMEXEHHsS, TPHUCYTHI B SIKOCTI INpPHIYIIEHb B
MaTeMaTuuHiii Mojeni, sKa OIHUCYe JICOTEXHIYHUN
npouec. BoHM ToONSraroTh y HACTYIHOMY: CyMapHa
NPOJAYKTUBHICTh OCHOBHHX 1 JOJATKOBHX MalIMH Ha
«BIJICTAlOYMX» OMEpallisiX NOBUHHA OyTH OLTbIIe, HIX Ha
«TIPOBITHI.

BucHoBku
1. BukoHaHo  MaTeMaTHYHE  MOJCIIOBAHHSA
BUPOOHMYOTO  MpOIecy  JCOTEeXHIYHHX  poOliT i3

BpaxyBaHHSAM BCBOTO KOMIUIEKCY CHUIBHO BHPOOIEHUX
TEXHOJIOTIYHUX OIepaliii 1 MOXJIMBOCTI 3MIHM CKIamy
MallIvH.

2. OrpuMaHO MaTeMaTH4YHI MOJEI, 0 BU3HAYAIOThH
nubOBY (yHKII0. BukopucTaHo mMeroau mMareMaTHYHOT
Teopii TUIAHYBaHHS EKCIIEPUMEHTY B TIIO€JHAHHI 3
JICTEpMIHOBaHUM 1 CTATUCTUYHUM BHPOOHHYOTO HPOLECY
JMCOTEeXHIYHUX poOOIT i3 BpaxyBaHHSAM HEIEBHOTO
XapakTepy MPOIYKTUBHOCTI MAIWH JUIsl JTICOTEXHIYHHUX
poOIT IpH Pi3HUX 30BHIIIHIX YMOBaX.
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MATEMATHUYECKAS MOJEJIb OIITUMU3ALIN
IMAPAMETPOB ITPOM3BOJCTBEHHbBIX
MMPOLIECCOB MAIINVH JJ1A JECOTEXHUYECKUX
PABOT
JIJI. Tumosa

AHHoTanusl. B crathe mpoBeneHO HccienoBaHUE
ONTUMU3AINN rnapameTpoB MIPOU3BOJICTBEHHBIX
MIPOIIECCOB MAIIIMH JJIS JIECCOTEXHUUECKUX paboT. MeTo sl
IUIAHUPOBAHMSI ~ DKCIEPUMEHTOB M ONTHUMH3AI[UU
NPUTOAHBI  JJIs  KOMIIBIOTEPHOTO  MOJICIHUPOBAHUS
MIPOU3BOJICTBEHHBIX MPOIIECCOB MaIIH JUTS
JeCOTeXHUUeCKuX pabotr. i OONBIIMHCTBA U3 HUX
MHOTOKpPaTHO MPOBOAUTH HATYPHBIE HSKCIEPUMEHTHI
HEBO3MOXXHO HIIM HEIleJIeco00pa3Ho, HO B TOYKAaX IUIaHA
MOXXHO pEalu30BaTh BbIYMCIUTENbHBIM 3KCIEPHUMEHT.
[IpenBaputensHo  gomkHa  OBITh  copMHUpOBaHa
MaTeMaTHYecKasi MOJEeNb, IO3BOJIIONIAS A 3aaHHBIX
cooOmeHnit  3HaUYeHWH  BBHIOpaHHBIX  HA  JTame
IUTAHUPOBAHMS HKCIIEPUMEHTA YIPABIIIIOMUX (PaKTOPOB,
MOJIy4aTh 3HA4YeHHE (QYHKIUU OTKJIHMKA. 3aTeM MOXKHO
HCTIONB30BaTh CTATUCTHYECKHE METOJBI ISl IOCTPOCHHUS
PETPECCUOHHON MOJIENU, C TOMOIIbI0 KOTOPOH MOXKHO

IJIaHUPOBATH u HUCcCiacaoBaTb HpOH3BOI[CTBCHHLII>i
mnmpouecc. B YaCTHOCTH, CTaHOBUTCA  BO3MOXKXHBIM
HaXOJAWUTb TMapaMeTpbl Iponecca, COOTBECTCTBYIOIUC

3HAUYCHUAM (i)yHKIII/II/I OTKJIMKa, OJIM3KKMM K ONTHMAaJIbHBIM.
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MaremaTiuyeckue MOJIeIIH, ONMCHIBAIONIIE OCHOBHbIE
HapaMerTphl JIECOTEXHHYECKOTO MPOIecca, OCHOBAHHOTO
Ha MOAKIIOYEHHWH JONOJHHUTEIBHOTO O00OpYIOBaHUS Ha
«OTCTAfOLIMX» oOlepanusx. Bo3HHKaeT 3amada OIECHKH
3¢ EeKTHBHOCTH JIECOTEXHUIECKUX pabOTHEII mpoIiecca.

KiloueBble cjioBa: MaTeMaTH4ecKas MOJEIb,
ONTHUMU3ALIMS, TTAPAMETP, MAIIMHBI JJIS JIECCOTEXHUIECKUX
paodor, MIPOM3BOJICTBEHHBIH nporecc,
MIPOM3BOIUTEIBHOCTD.

MODELS OF FORMATION OF ENGINEERING
MANAGEMENT ALTERNATIVES IN METHODS
MATHEMATICAL MODEL OF OPTIMIZATION

OF PARAMETERS OF PRODUCTION PROCESSES
OF MACHINES FOR FORESTRY WORKS
L. L. Titova

Abstract. In the article the research of optimization of
parameters of production processes of machines for
forestry works is carried out. Experimental planning and
optimization methods are suitable for computer modeling
of production processes of machines for forestry work. For
most of them it is impossible or impractical to conduct field
experiments repeatedly, but at the points of the plan it is
possible to implement a computational experiment. A
mathematical model must be formed in advance, which
allows to obtain the values of the response function for the
given combinations of values selected at the planning stage
of the experiment of control factors. You can then use
statistical methods to build a regression model that can be
used to plan and study the production process. In particular,
it becomes possible to find process parameters that
correspond to the values of the response function close to
optimal.

Mathematical models that describe the basic
parameters of the forestry process, based on the connection
of additional equipment on "lag" operations. There is a
problem of estimating the efficiency of forestry work
process.

Key words: mathematical model, optimization,
parameter, machines for forestry work, production process,
productivity.
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AHoTais. OOrpyHTOBaHO BaXXITUBICTh
JiarHOCTYBaHHS TiqPaBIiYHUX MPHUBOIB JUIS TTiABUIICHHS
TEXHIYHOI TOTOBHOCTI KOMOaiHIB Ta CKOpPOYEHHi 3aTpaT
Ha TexXHIYHe o0O0ciyroByBaHHS 1 peMoHT. IlpuBeneHO
METOAMYHHMH TiIXiJ Ta pe3yNbTaTh IOCITIDKCHHS I10

CTBOPEHHI ~ CHCTEMH  TEXHIYHOTO  JiarHOCTYBaHHS
TiIpaBIigYHOTO NPUBOAY  PYJIBOBOTO KepyBaHHS
komOaiiHiB. BcTaHoBNeHO mepenmik Ta HOPMATHBHI
3HAUEHHs [IarHOCTUYHHMX NapaMeTpiB  (HOMiHaJIbHI,

nomyctumi, rpadHuuHi). [IpoBeneHo anami3z (i3MIHAX
mporeciB, ki BigOyBaroTbcs Tpu  (QYHKIIOHYBaHHI
TipONPHBOLY. BcTaHoBieHO XapakTep 3MIHH
CTPYKTYpPHHX ITapaMeTpiB rigpoarperaTiB Ta IX BIUIUB Ha
eKCIUTyaTalliiHi ITOKa3HHKH Mpane3aTHOCTI PYJIBLOBOTO
KepyBaHHS KoMOaiHiB. [laHa omiHKa OOTPYHTOBaHHX
JMIarHOCTHYHUX  MapaMeTpiB, SIKi  XapaKTepU3YIOTh
3arajibHUA TEXHIYHAN CTaH TIAPABIIYHOTO MPUBOILY
PYJIbOBOTO KEpyBaHHS Ta OKPEMO TrijpoarperartiB i ix

eJIeMEHTIB. BH3HaueHO JOIUIBHICTh 3aCTOCYBAHHS TOTO
YH [HIIOTO JAIarHOCTHYHOI'O IMapaMeTpa BUKOPHUCTOBYIOUYH
TaKi KpHTepii: JIOCTOBIpHICTH TEXHIYHOTO
JIarHOCTYBaHHS; TPYAOMICTKICTB (TpUBaIiCTB)
JIarHOCTYBaHHS; MIPUCTOCOBAHICTh 00’exTa 1o
JIarHOCTYBaHHS; YHIBEpCANBHICTh Ta BapTICTh 3ac00iB
TEXHIYHOTO MIarHOCTYBaHHS; I[OBHOTa Ta TIJHOMHA
JiarHOCTYBaHHS.

KoarouoBi ciaoBa: niarHOCTYBaHHS, TiIpaBIidHUN
MIPUBOL, CTPYKTYpHI napaMmerpu, TeXHIYHE

JiarHOCTYBaHHS, PEMOHT, TEXHIYHE 00CIyrOByBaHHS.

ITocTaHoBKa MpodIeMHu

OntuMmanbHa  TPUBAIICTh  30MpaHHS  3€PHOBHX
KYJIBTYp, TIPH SIKill BTpaTH 3€pHa KOJOCOBHX KYJIBTYp HE
TIOBUHHI NepeBHILyBaty 2,5% BiJl BUPOIIEHOTO BPOXKalo,
cxinanae 7-10 quis [1].

AHaJji3 ocTaHHIX J0CTiTKEeHb

301LTBbIICHHS TPUBAIOCTI 30MpaHHS MOXKE TPU3BECTH
0 3HAYHUX BTpaT, ki gocsraiote 20-30% Bix

BUPOILICHOr0 Bpokaro [2]. Pobotu 1o 3arotiBii KOpMiB Ta
30MpaHHIO KOPEHEIIOAIB  MAaloTh IIPOBOAWUTHCH B
ONTUMANIBHI CTPOKH, 100 HE MOMYCTHTH MOTipUIICHHS
skocTi 3i0paHoi mpoxaykmii Ta BTpar [3]. Ommiero 3
NPUYUH 30UTBIICHHS TPUBAJIOCTI 30MpanbHUX poOOIT €
HEJOCTAaTHLO BHCOKAa HAIIMHICTL KOMOAaiiHiB, M0
NPU3BOJUTE 10 iX IPOCTOIB MO MNPUYMHI YCYHEHHS
HecnpaBHocTel [4]. TpuBagicTh MPOCTOIB KOMOANHIB Ha
MPOBEJICHHS POOIT MO TEXHIYHOMY OOCIIyrOBYBaHHIO Ta
YCYHEHHI0 HecnpaBHocted nocsrae 0,5-0,6 roauH Ha
KOKHY TOJIMHY YHCTOT pobotu kombaiina [3, 5]. 3Hauna
YacTHHA TPHUBAIOCTI MPOCTOIB IOB’A3aHAa 3 YCYHEHHSM
HECTIPaBHOCTEH TiOpaBIiYHMX NPUBOMIB KOMOAaiHIB.
bmmszeko 24% BiIMOB, Bij 3arajlbHOI KiJIBKOCTI BiJKa3iB
no KoMOaiiHy, MpUnajac Ha riapaBiiuHi npusoau [4, 6].
Haniitnicte poboTn KOMOaitHIB B 3HAYHINA Mipi 3aJI€KHUTh
BiJI piBHS TexHiuHOTO cepBicy [5, 7-11].

Meta gocaiaKeHn

[TigBummTr TEXHIYHY TOTOBHICTH
CLTBCBHKOTOCIIOIaPCEKUX ~ KOMOAaWHIB  Ta  3MCHIIUTH
3aTpaTd Ha TEXHIYHE OOCIYroByBaHHS Ta PEMOHT.
[IpoBeCTn aHami3 (i3UYHUX MPOILECIB, SIKi BiIOYBarOTHCS

npu  (QYHKIOIOHYBaHHI  TipONpUBONY. BcTaHOBUTH
XapakTep 3MiHH CTPYKTYpHHX MapaMeTpiB rifipoarperaris
Ta iX BIUIMB Ha  eKCIUIyaTalliiiHi  NOKa3HHKH

Mpare3aaTHOCTI PyJLOBOTO KepyBaHHSI KOMOAKHIB.

Pe3yabTaTh a0caigKeHb

[igBumenHr0 HagidHOCTI pOOOTH  TiAPaBIIYHHX
NPUBOZIB KOMOAWHIB CIIpHsie CBOE€YacCHE BHSBICHHS Ha
paHHIX CTajisX PO3BUTKY Ta YCYHEHHS HECIPaBHOCTEH.
Ile nocsraeTbcs ULIAXOM CTBOPEHHS Ta peaiizamil
CHUCTEMH TEXHIYHOTO JIarHOCTYBAaHHS TiJpaBIiYHUX
MIPHUBOJIB, B sKill 3a0e3medyeThcsl B3a€MO/iA 00’€KTa Ta
3ac00iB  MIarHOCTYBAaHHS 3 BHPIMIEHHSAM HACTYIMHHX
MUTaHb: OOIPYHTYBaHHSM BHJY Ta NPHU3HAYEHHS CHUCTEM
JIarHOCTYBaHHS; aHaNi3y (QI3UYHUX IMpOIeciB, SKi
MPOXOJATh B O00’€KTI JIarHOCTYBaHHS 3  METOIO
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BCTAaHOBJICHHS MEXaHI3MIB BHHHKHEHHS Ta O3HaK
MIPOSIBIICHHST TIOMIKO/DKCHDb 1 Je(eKTiB;, BCTAaHOBICHHS
nepeniky Ta HOPMATUBHHUX 3HA4Y€Hb [IarHOCTUYHHUX
mapaMeTpiB, sKi XapakTepU3ylOTh TEXHIYHHH CTaH
rizpoarperatiB; po3poOka 3aco0iB MiarHOCTYBaHHSA Ta
QITOPUTMIB TOIIYKY HECIIPABHOCTEH.

Takuii METOAMYHHWI MiAXiX peasi3oBaHO TpH
CTBOPCHHI ~CHCTEMH JIIarHOCTYBaHHS  TiJpaBiIiyHOrO
MIPUBOY PYJIHOBOTO KEPYBaHHSI KOMOAHIB.

Ha#0inpm mOWiTbHUM, HAa JaHOMY CTami, Uit

TiIpaBIIYHOTO TPUBOLY PYJIBOBOTO KEPYBaHHI €
BHUKOPUCTAHHS (DYHKI[IOHAIEHOTO BUIY JiarHOCTYBAHHS 3
BH3HAUCHHSAM SK 3aralbHOTO TEXHIYHOTO CTaHy TakK |1

JOKaJbHO  OKPEMHX  arperariB,  BHKOPHUCTOBYIOYH
MEPEHOCHUH KOMIUIEKT MEXaHIYHMX 30BHIIIHIX 3ac00iB
JiarHOCTYBaHHS.

OCHOBHUM NPU3HAYECHHSIM CHCTEMH JiarHOCTYBAaHHS
€ TOUIYK HECNPAaBHOCTEH Ta BH3HAUCHHSA TEXHIYHOTO
CTaHy TrifpoarperatiB i TPOTHO3YBaHHS  TEepMiHY
MOTAJTBIIIOT X €KCIUTyaTalliil.

Amnani3 }i3u4HUX NpoOIECiB, sKi BiIOYBArOTHCS NMpPU
(byHKIIOHYBaHHI TiPONPHUBOLY IIPOBEACHO 3
BHUKOPHUCTAHHAM JIarHOCTUYHOT Mozei (puc. 1).

Jis 1mporo KOHKPETHWH TiApaBIiYHUA IPHUBOJ
PYTBOBOTO  KEpyBaHHA YMOBHO pO30MBaeThCI Ha
CTPYKTYpHI OJIOKH, SKAMH MOXYTb OyTH: Oak pobOodoi
pimuan (B); Hacoc xwusneHHs (H); macoc-mozatop (H/);
rigpormniaapu (LI); kepoani koneca (KK).

CTpyKTypHO-(QYHKIIOHAThHA MOJCTH OyIy€eThCS IS
TaKUX PEXKHMIB POOOTH pYJIHOBOrO KEpyBaHHS: pyX
komOaiiHa  mpsIMOJNIiHIMHO  a00  KpHUBOMIHIHHO 3
(iKCOBaHMM pajliycoM IIOBOPOTY; IIOBOPOT KEPOBaHHX
KOJIIC 3 PI3HOIO MIBUJKICTIO IIPU PYXOMOMY 1 HEPYXOMOMY
kKoMmOaiiHi; MOBOpPOT KomOaiiHa MpH MpaloYoMy i
HETPAIFOI0YOMY HACOCI KUBJICHHS.

KoxHnuii OJIOK CTPYKTYpHO-(QYHKIIIOHATBHOT MOJEIi
XapaKTepU3y€EThCS MI€I0 30BHIMIHIX 1 BHYTPIITHIX BXiTHUX
Ta BUXITHHUX ITapaMeTpiB.

\Ko>xHwii 3 mpejcTaBIeHUX B JIarHOCTHYHINA MOJEIi
rapaMeTpiB JUIsi KOHKPETHOTO peXnMa (YHKIIOHYBaHHS
TiIPONIPHUBOY BiNMOBiga€ KiIbKICHOMY 3HAYEHHIO 3T1THO
3  TeXHIYHMMH  BHMOraMH  Ha  BUTOTOBICHHS
rigpoarperartiB Ta iX eJeMeHTiB. 3MiHa IUX IapaMeTpiB B
npoteci  eKcIuryarauii TiIponpuBOLy TNPH3BOAUTH 0
MOPYIIEHHsT PoOOYOro Mpolecy, M0 XapaKTepU3yEThCs
PI3HUMM BUIAMH HECIIPABHOCTEH.

[l BCTaHOBJIGHHsI XapakTepy 3MiHH CTPYKTYPHHX
mapaMeTpiB  TigpoarperaTiB Ta  iX  BIUIMB  Ha
eKCIITyaTalliiiHi MOKa3HUKH Ipane3faTHOCTI PYIbOBOTO
KEepyBaHHS KOMOAHHIB IPOBEJEHO EKCIIEPUMEHTAIbHI
JOCITJKSHHSL.

Byno  BimiOpaHO  KOMIUIEKTH  TifipoarperarisB
PY/IBOBOTO KEPYBaHHS 3 PI3HOIO CTYIICHIO CIIPAIIIOBAHHSI.

3 KOMIUIEKTHUMH TifpoarperataMu IpOBEACHO
BHIIPOOYBaHHA MO TMapaMmeTpax 3TiTHO 3 TEXHIYHUMH
BUMOI'aMH Ha BUTOTOBJICHHSI.

[Ticns BumpoOyBaHb TifpoarperaTd po30HpaNHCH i
NPOBOAMIIOCH ~ BU3HAYEHHS  3MIHM  CTPYKTYPHHX
napaMmeTpiB  (po3MipiB) TNOBEpXOHb  JeTaliei,  sKi
CHpanboByBallCh B IIpolieci ekciutyaraiii. Pesympratn
BUMIpIOBaHb (MiKpOMeTpaxKy) oOpoOisianucy 3rifHO 3
ICHYIOUMMH METOANKAMH.
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F B [ E

JliarHOCTHYHA MOJEb
MIPHUBOJIa PYJIBOBOTO KepyBaHHS komOaitHa; b — 6ax; Hyx —

TiApaBIiYHOTO

Hacoc mimkmBieHHsA; HJ — wHacoc-moszarop; Il -—
rimpormmiaapn; KK —  kxepoBami komeca; Tn —
Temmeparypa mOBiTps; Tp — Temmeparypa pobodoi
piguam; Op — piBeHB PO00YOI pimuHU B OaKy; Sp — AKiCTH
pobouoi pimuau; ® — GineTp;Q3 — 371MB poOOYOT PiAUHY B
bak; Pg, Pt — THCck abo BakyyM B YCMOKTYBaJbHil
marictpaii; Qx, Pk — mogaya i THck poOouoi piguHU Ha
BUXOJ1 HAcoca JKUBJICHHS; Ny — 4YacTora OOCpTaHHS
KOJIIHYacTOro Baia aBuryHa; Kom — KOMaHIa onepaTopa;
Qsr, BHJI, BII, — BTpaTa poO0Y01 piAMHK B HACOCI JKUBIICHHS,
HACOC-103aTOpi Ta TIAPOUMITIHAPaX; Admy, 11, % — 3a30pHU B
CIIPSIKCHHAX ,Z[eTaJ'Ieﬁ HacocCa >KHMBJICHH, HaCOC-I[OSaTOpi
Ta rigpouwainapax; APx, APy — mepenaa THCKY poOodoi
pi,I[I/IHI/I B CIIPSIKCHHAX Hacoca JKHUBJICHHA Ta
rigporminapax; Hx — Hacoc-MOTOp KepyBaHHS; Lpk —
IMIBUAKICTh TIOBOPOTY PYJBOBOTO Kojeca; AQ - mpupict
KyTa TIOBOPOTY pPYJIBOBOTO Kojeca; Y — UyTIUBICTH
PYJIBOBOTO KepyBaHHS; Ay — INpPHPICT KyTa MOBOPOTY
KepoBaHUX Kojic; Qu P — momawa ta THCK poboUOi
piAMHM B TOpOXXHUHAX TigpomwiiempiB; S,C —
MEPEMIIIEHHS Ta 3yCHJUISA IITOKIB TiAPOIMIIHAIB, VKK —
IIBUJIKICTH TTOBOPOTY KEPOBaHHUX Kojic; P3 — 30BHImIHIM
oTIip MOBEpTaHHA Kouic; Pt — omip TepTs B MexaHi3Max
Fig. 1. Diagnostic model of the hydraulic drive of
the steering of the combine; B — tank; NJ — feed pump;
ND - dosing pump; C — hydraulic cylinders; QC — steered
wheels; TP — air temperature; TR — temperature of the
working fluid; PR — the level of working fluid in the tank;
NR — the quality of the working fluid; F — filter, QC —
drain the working fluid into the tank; RV, RT — pressure
or vacuum in the suction line; QJ, RZ — supply and
pressure of the working fluid at the outlet of the feed
pump; nD — engine crankshaft speed; KOP — operator's
command; QBT, BH/, BLI, — loss of working liquid in
the power supply pump, the dosing pump and hydraulic
cylinders; JIND, Ts, Zh — gaps in conjugations of details
of the power pump, the pump batcher and hydraulic
cylinders; PXX, PII — pressure drop of working liquid in
couplings of the power supply pump and hydraulic
cylinders; NK - pump-control motor; RK — steering wheel
rotation speed; F — increase in the angle of rotation of the
steering wheel; H — sensitivity of the steering; FF —
increase in the angle of rotation of the steered wheels;
QTs, RC — supply and pressure of working liquid in
cavities of hydraulic cylinders; S, C — displacement and
force of the hydraulic cylinder rods; KK — speed of
rotation of steered wheels; RH — external resistance to
wheel rotation; RT — frictional resistance in mechanisms
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Ha pucyHky 2 npencTaBieHo 3aJIexHICTh 00’ €MHOTO
koedimienTa kopuwcHoi nii () Hacoca HIII10 Bix
3arajibHOTO 3a30py (03) B CIPSDKEHHSIX KOPIYC—TOJOBKH
3yOLiB IIECTEPEHb, i JIINIMTHIK-TOPII 3yOIiB IIeCTePEHb,
MiAMUNTHAK-BAT  IIECTePHi, KOPIYC-MiJIIUIHUK  Ta
HapoOiTKy KoMOaiiHa.
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Puc. 2. 3anexHICTh 00’eMHOTO KoedirieaTa
kopucHoi nii (n) Hacoca HILI10 Bix 3aramnbHOro 3asopy
(03) B cHpsDKEHHAX KOPILYC—TOJIOBKH 3YOLIB LIECTEPEHb,
MAMATHAK-TOPII  3yOLIB IIECTEpPEeHb, MiAMINITHUK-BAI
LIECTEPHI, KOPIYC—MIAINIHAK Ta HapoOiTKy KomOaiiHa:
y(X) — ©piBuaans  perpecii; R? —  imMoBipHicTh
anpoxcuMmarii; AP =10 MIla — mepenan Tucky po60oYoi
PIIVHY B CIIPSOKEHHSAX

Fig. 2. Dependence of the volumetric efficiency (1)
of the pump NSh10 on the total clearance (d3) in the
couplings of the housing-head of the gear teeth, the
bearing-ends of the gear teeth, the bearing-shaft of the
gear, the housing-bearing and the combine operating time:
y (X) — regression equation; R2 is the probability of
approximation; AP = 10 MPa — the pressure drop of the
working fluid in the couplings

CrpallfoBaHHs OBEPXOHb JieTajell NPU3BOAMTH JI0
30UTBIICHHS 3a30PiB B CHPSKEHHAX, IO CIIPHYUHSIE PICT
BTpaT poO0Y0i piAMHU B HACOCI.

0O06’emHnil KoedimieHT KopucHOi mii Hacoca HII-10
BU3HAYaBCS B pe3yibTaTi MUICHHS (aKTUYHOI mojadi
po0oYoi PiTHN Ha TEOPETHYHY MOAAYy IPH BiTIOBITHIN
4acTOTi OOEpTaHHS MPHUBOJHOTO Bajiad, HOMIHAIBHUX
3HAUEHHSX THUCKY Ta Temmeparypd. CrpaioBaHHs
MTOBEPXOHb JIeTajei MPU3BOIUTH A0 30UTBIICHHS 3a30DPiB
B CHOpsDKEHHSX, MO 1 oO0ymoBmoe 3HWkeHHS OKK]]
Hacoca.

3a JaHUMH EKCIePUMEHTAIBHUX JOCIIDKEHb BTPATH
pobouoi piaMHM B CHpSDKEHHI “KOPIyC — 30JIOTHHK
PO3IMOJUIBHAKA HAcOCa-03aTopa CKJIAIAIOTh  OJIM3BKO
90% Bix 3aragbHHUX BTpaT poOOdUoi piAMHM B Hacoci-
J103aTOpi 1 MOKYTb focsiratu 18 11/xB.

Brparn poGodoi piamHM B CHpSDKEHHAX JeTanel

IICHIIIOBaYa  IOTOKY, 3aloODKHOrO Ta  3aIlipHUX
KJIalaHiB, CHJIOBHX TIiAPOUWIIHAPIB 3MIHIOIOTECA B
mporeci ekcroryaTamii B He3HayHMXx Mexax (0,05—

0,06 s1/xB) 1 py POBEICHHI TEXHIYHOTO 00CITYyrOBYBaHHS
MOXYTh HNPUBOIAMTHCH MaiKe JO HOMIHAJBHUX 3HAYEHb

IUIIXOM BHKOHAHHS PETYNTIOBAJbHUX Ta
ormepalliii, a TakoX 3aMiHOIO YIIIIbHEHHS.

Jns BCTaHOBJIEHHSA BIUIMBY 3MIHM CTPYKTYpPHHX
mapaMeTpiB Ha OCHOBHI eKCIDIyaTalidHI TOKa3HHUKA
Mpame3qaTHOCTI PYyIHOBOTO KepyBaHHS KOMOAiHIB, sKi

OYHNCHHX

pETIIAMEHTYIOTBCSL  BIATIOBIIHUMH  cTaHmaptamu  [6],
NPOBEJICHO EKCHEepUMEHTaNbHI jgociifkeHHs. [loBHi
KOMIUIGKTH  TiIpoarperatie  pyjibOBOrO  KepyBaHHSI

KoMOaiiHa 3 PI3HOIO CTYIIHHIO CIIPAIFOBaHHS IMOBEPXOHb
JleTajieil  BCTAaHOBJIIOBAJINCh HA  EKCHEPHUMEHTAIbHY
YCTaHOBKY, Ha SIKiii CTBOPIOBAIUCH Ta KOHTPOJIOBAINCH
Takl MapaMmeTpu: 4acToTa OOepTaHHsS NPHBOIHOIO Bana
IIECTEPEHHOr0 HAcoca »OKHMBJICHHSA; Iojada Hacoca
JKMBIICHHS Ta HAacoca-I03aTopa; THCK Ta TeMIleparypa
pobouoi pinWHW; MBUAKICTE OOEPTaHHSA PYIHOBOTO
KoJIeca; TPHBAJICTh IIOBHOTO NEpEMIlleHHs MOPIIHIB
TiIpOIMITIHAPIB, SKa BIANOBiZa€ IOBHOMY ITIOBOPOTY
KEpOBaHMUX KOJIC 3 OJHOrO KpaiHbOTO IIOJIOKEHHS B

iHIIe; IIBUJKICTH CKOB3aHHS PYJLOBOIO  KOJeca;
MIBUAKICT MEpEeMillleHHs TOPIIHIB  TiIPOLMIIHAPIB;
HABaHTAXXCHHSA Ha IITOKMA TiAPOIMIIHIPIB, BTpara

po6ouoi pigMHY B Tigpoarperarax Ta iX CIpsKeHHIX
BunpoOyBaHHs TpoBOIMIKChE Ha pPoOOYii piguHi,
SKa nependadeHa 3aBOIOM-BHPOOHNKOM TSt
KOHKpPETHOTO KoMOalHa. PexnmMu HaBaHTaXeHHA Ta
TemIiepaTypa po0o4oi piAMHH CTBOPIOBAINCH B MEXKax
nepen0aYeHNX  HOPMATUBHOIO  JIOKYMEHTAL€El0  Ha
rimpoarperatm Ta KomOaifHn. B mpomeci mpoBencHHS
eKCIIEPUMEHTAIBHUX ~ JOCHIPKeHb  JaBajach  OIiHKA
OOrpyHTOBaHUX  JIarHOCTUYHUX  TapamerpiB,  sKi
XapaKTePU3yHTh 3araJibHUMN TEeXHIYHUHA CTaH
TiIPaBIiYHOTO NPUBOAY PYJIHOBOTO KEPYBAHHS Ta OKPEMO
rigpoarperatiB 1 ix ememenTiB. Ilpm Bu3HaueHHI
JIOLIJIBHOCTI 3aTOCYBaHHSI TOTO 49U IHIIIOTO
JIIarHOCTUYHOI'O MapaMeTpa BUKOPHUCTOBYBAIUCH Taki

KpHUTEpii: MTOCTOBIPHICTh TEXHIYHOTO [iarHOCTYBaHHS;
TPYAOMICTKICTB (TpUBaIICTB) JiarHOCTYBaHHS;
MIPUCTOCOBAHICTh 00’exTa bi (o) JiarHOCTYBaHHS;
VHIBEpCAJIBHICTh Ta BapTiCTh 3acO0iB  TEXHIYHOTO

JIiarHOCTYBaHHS; TIOBHOTA Ta TJIMOWHA [IarHOCTYBAaHHS.

3a pe3yabpTaTaMy JOCTIKEHb BCTAHOBIICHO TMEPEIiK
Ta HOPMATHBHI 3HAUEHHS MIarHOCTHYHHMX IapamerpiB
(HOMiHAJIBHI, JIOMYCTUMI, TPAaHHYHI).

HomiHanbHi 3HAa4YeHHsI AIarHOCTHYHHMX MapaMeTpiB
BIJIMIOBIZ]AI0Th HOMIHAJIBHUM 3HAYCHHSIM [ApaMeTpiB
TEXHIYHOTO CTaHy HOBHX TigpoarperaTiB  3riJHO
TEXHIYHIM BUMOTaM 3aBOiB-BHT'OTOBIIOBadiB. [ paHmdHi
3HAYCHHS MIarHOCTHYHUX MapaMeTpiB  BiAIOBiAAIOTH
TaKOMY TEXHIYHOMY CTaHy TiIpoarperatiB, IpU SKOMY
MOJANIbIIa  CKCIUTyaTallii  KOMOaWHIB ~ HEMOKJIHMBA
BUXOASYU 3 BHMOT O€3IEKH pyXy Ta CKOHOMIYHOI
epexTuBHOCTI. JlomycTumi 3HA4YeHHS JIarHOCTUYHHX
MapamMeTpiB BU3HAYAIUCS 38 iICHYFOUMMH METOIHKamu [7]
BUXOJISTYM 3 TOTO, IO BOHH BiJNOBiAlOTh TaKOMY
TEXHIYHOMY CTaHy TigpoarperaTta, NpH SKOMY JaHUH

arperaT Mae MOXJIHBICTb O€3BiAMOBHO TpaIfOBaTH
BCTAaHOBJIIGHMI  TepMiH  4acy [0  HACTYITHOTO
JIiarHOCTYBaHHS:
I -1,
Iy =1 - e
(1+7)
L
ne Iy —  JjonycTuMe — 3HA4YeHHS  BIAXWIIEHHS

,Z[ial"HOCTI/I‘-IHOFO napameTpa,
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5 - wMakcumanbHe (HOMiHAJbHE) 3HAYCHHS
JIarHOCTUYHOTO MapameTpa Uil HOBOTO arperary;

Iy — TpaHWuHe 3HaYCHHS JiarHOCTHYHOTO
napamerpa;

I, — HOpMaTHBHE 3HAYEHHS JOPEMOHTHOTO PECypCy
arperary;

I, - HOpMaTHBHE
J1arHOCTYBaHHS;

& — TIOKa3HMK AWHAMIKHU CIIPAIIOBAHHS arperary.

Jis BEMiproBaHHS OOTPYHTOBAaHHMX IiarHOCTHYHHUX
mapaMeTpiB po3pO0IIEHO KOMIUICKTH 3aC00iB 1 TEXHOJIOTIs
X 3aCTOCYBaHHSI.

Iomryk HECIIPaBHOCTEN
PO3pOOICHUMY alrOpUTMaMHU.

3HAYCHHS MEPiOJUIHOCTI

31HCHIOETHCS 3a

BucnoBku

1. 3acTocyBaHHS PO3pPOOJIEHOI CHCTEMH TEXHIYHOTO
JMIarHOCTYBaHHS TiApPaBIiYHUX TPUBOIIB  PYIHOBOTO
KepyBaHH:I KoMOaiHiB 3abe3neuye JIOBEJICHHS
KoedirieHTa TOTOBHOCTI Timpoarperatie g0 0,85-0,90, a
Takox Ha 20-25 % 30i7TbHICHHS BHKOPHCTaHHS iX
pecypcy.

2. Tpusaiicts eKCIpec-/1iarHoCTYBaHHS
TiIpaBIivYHOrO NPUBOAY PY/ILOBOTO KEPYBaHHS CKJIajae B
CepeHbOMY Oifisl 5 XBWJIMH, a TIOBHE JIarHOCTYBAaHHS 3
BUKOPHCTaHHSM  30BHIIIHIX  3ac00iB  TEXHIYHOTO
JiarHOCTYBaHHA CKyaae 6m3pKo 30 XBHINH.

3.  JOCTOBipHICTP TEXHIYHOTO HiarHOCTYBaHHSI
TiIPaBIiYHOTO TPUBOAY pYyJIbOBOTO KEPyBaHHS IpH
3amaHiii  TAMOWHI  MOIIyKy  Micuid  HECTPaBHOCTI
3HaXOOUThCA B Mexax 90-95 %.
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Vibro-impact

JIUATHOCTUPOBAHUE I'MIPABJIMYECKUX
[IPUBOJIOB — IIYTh K ITOBBILIEHUIO
TEXHUYECKOU TOTOBHOCTU KOMBAWHOB U
COKPAIIIEHUU 3ATPAT HA TEXHUYECKOE
OBCJIY)XVBAHUE U PEMOHT
B. B. Apemenxo, A. I'. Kyyenxo, H. I". bepe3oguii,

0. H. Yepnuw
AHHOTALMA. O00CHOBaHO Ba)KHOCTh
JTUATHOCTHPOBAHUS THIPABIMYECKUX TPUBOAOB TS

MOBBIMICHUS] TEXHUYECKOH TOTOBHOCTH KOMOAiHOB W
COKpAIIIeHUs] 3aTpaT Ha TEXHUYECKOE OOCIYXMBAaHUE M
pemoHnT. [IpuBeneH METOIMYECKUH TOAXOI H Pe3yIbTaThI
HCCIICIOBaHUN o CO3/IaHUIO CUCTEMBI
JUAarHOCTHPOBAHUS TUAPABINICCKOTO IPUBOJA PYJIEBOTO
YOpaBICHHS KOMOAWHOB. VYCTaHOBJCH IIepeUCHb U
HOpPMAaTHUBHbIE 3HAYECHUS IUATHOCTUYECKUX IMapamMeTpoB
(HOMUHAaNbHBIE, NOMYCTUMBIC, TperaenbHbie). [IpoBeaeH
aHamu3 (U3NYCCKUX IIPOIIECCOB, MPOUCXOMANIMX MPHU
(G YHKIIMOHUPOBAHUH THUAPOTIPUBO/IA. YcTaHoBieH
XapakTep  W3MEHEHHUS  CTPYKTYpPHBIX  IapamMeTpoB
THUAPOATPETaTOB M WX BIUSHUE HA DKCITyaTalldOHHBIE
oKazareiu paboTOCIIOCOOHOCTH PYJIEBOTO YIIPABICHUS U
OTIENBHBIX  DJIEMCHTOB. OmnpeneneHO  BaXXHOCTH
HCTIONB30BaHUS. TOTO WJIM WHOTO JTHATHOCTHYECKOTO
mapameTpa HCTIOJB3YS CIICAYIOIIHE KPUTEPHH:
JOCTOBEPHOCTb ~ TEXHHYECKOTO  JTHArHOCTHUPOBAHWS;
TPYAOEMKOCTh AMArHOCTHPOBAHUS; MPUCIOCOOICHHOCTh
00beKTa K JMarHOCTUPOBAHUIO, YHUBEPCATBHOCTH U
CTOMMOCTh CPEJICTB TEXHHYECKOTO TUAarHOCTHPOBAHHUS;
MOJIHOTA U TNTyOWHA AMArHOCTUPOBAHMUS.

KioueBble caoBa: JIUarHOCTHPOBAHUE,
ITUJPABJINYECKUI IPUBOJ, CTPYKTYpHBIE IIapaMeTpsl,
TEeXHHYECKas  JWArHOCTHKA, pPEMOHT, TEXHHYECKOe
oOciy)XKuBaHUeE.

DIAGNOSING OF HYDRAULIC DRIVES — ON WAY

TO INCREASE OF TECHNICAL READINESS

OF COMBINES AND REDUCTION OF EXPENSES
ON TECHNICAL SERVICE
V. V. Yaremenko, A. H. Kutsenko, M. H. Berezowyi,
O. M. Chernysh

The RESUME. The importance of diagnosing
hydrulic drives to increase the technical readiness of
combines and reduce maintenance and repair costs is
substantiated. The methodical approach and results of
research on creation of system of technical diagnostics of
a hydraulic drive of a steering of combines are resulted.
The list and normative values of diagnostic parameters

(nominal, admissible, limit) are established. The analysis
of physical processes that occur during the operation of
the hydraulic drive is carried out. The character of change
of structural parameters of hydraulic units and their
influence on operational indicators of working capacity of
steering of combines is established. The estimation of the
proved diagnostic parameters which characterize the
general technical condition of the hydraulic drive of a
steering and separately hydraulic units and their elements
is given. The expediency of application of this or that
diagnostic parameter is determined using the following
criteria: reliability of technical diagnosis; complexity
(duration) of diagnosis; suitability of the object for
diagnosis; universality and cost of technical diagnostics;
completeness and depth of diagnosis.

Key words: diagnostics, hydraulic drive, structural
parameters, technical diagnostics, repair, maintenance.
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AHoTanis. /{71 BUpIMIEHHS 3aqad TMPOCKTYBaHHS
CHCTEM, IO MPaNiol0Th B HEIOTOHIBCHKHX CEPEOBHIIAX B
peKMMi  OOTIKaHHS TOBEPXOHb, HEOOXIAHO 3HATH
XapaKTepUCTUKU PyXy CEpelOBHI] Ha IOBEPXHIX
oOtikanHs. Lle 103BONMUTE po3paxyBaTH BTpATH €HEpril Ha
TPaHCIIOPTYBAHHS CEPEIOBHUII Ta CHJIOBI XapaKTEPUCTHK
nepeMilieHHst 00’ €KTiB TAKUX CepeJOBHUIAX.

B po6oti HaBeneHO aHAJITUYHY MOJENb JOTHYHHUX
Halnpy>XeHb, SIKi CTBOPIOIOTHCS HA TIOBEPXHSIX OOTIKaHHA B
OUHAMIYHOMY  JIaMiHApHOMY  TOTPaHUYHOMY  IIapi.
Cepenosurie o0TikanHsA npuitHATO HhIoTOHIBCHKUM. J{I1s1
YHIBEpCAILHOCTI pe3yNbTaTiB MOJECIIOBAaHHS MIBUIKOCTI
[0 TOBIIMHI JaMiHAPHOTO TIOTPAaHWYHOTO IHapy |1
JOTHYHMX HANPY>KEHb Ha OBEPXHI OOTIKaHHS, IPOBEAECHO
y BigHocHux mapamerpax. CIiBBIJHOIICHHS TOBIIHHU
norpaHuvHOro mapy Yy/d B3sito B Mexax <0...1,
BIJIHOILICHHSI IIBUJIKOCTEH HA MEXI 1 B IOrpaHUYHOMY Iapi
— VxMNo=0...1, uncno Maxa 3a YMOBH JIaMiHapHOTO
norpanuyHoro mapy - 0,0001...0,1.

OTpuMaHO pO3MOIIT  IMIBHAKOCTI IO  TOBIIHHI
TIOTPaHUYHOTO IIapy i AOTHYHI HANpPyKEHHS. XapakTep
3MIHM JOTHYHHX HANpyXXeHb 110 TOBIIMHI HOTPAaHUIHOTO
mrapy Big ~0 mo 20- 102! ¢ JiHIAHUM 1 3aJI€XKHUTh BiJ] YHCIIa
Maxa. 3MIiHIOIOTbCS TOTHYHI HalpYXEeHHs 0e31ocepeHbo
Ha moBepxHi oOTikaHHs Bin 704,4 Ella no 704,4 Illla 3a
yucen Maxa Bix 0,1 mo 0,0001.

Po3pobieHi aHamITHYHI 3aJeKHOCTI MIBHAKOCTI 1
JOTHYHUX  HANpYXeHb  JIO3BOJIIIOTH  MOJIENIOBATH
JMHAMIYHI XapaKTEpPUCTUKU [0 TOBIIMHI JIaMIHAPHOTO
[OTPaHUYHOTO INapy Ha TOBEpXHI OOTiKaHHSA Ui
HBIOTOHIBCHKHX CEPEIOBHIIL.

KoarouoBi cioBa: morpannyHuii map, JaMiHapHUN
MOTIK, JOTWYHI HANPYXCHHs, YUCI0 Maxa, IIBHIKICTb,
JIHUHAMIYHA B S3KICTb.

ITocTanoBka mpodaemu

B 3agauax peamizanii afanTHBHUX CHCTEM KepyBaHHS
BUHHKAE npobiiema aHAJIITHYHOL ineHTudikarii
napameTpiB mporecy. Taki CHCTEM XapaKTepU3yIOThCS
NpoLiecCaMy, Ha MapaMeTpH SIKMX OJHOYACHO BILIUBAIOTh
JieKinbKa (pakTopiB, M0 XapaKTEepU3yIOTh TEXHOJIOTTYHUN
poIiec. OOTikaHHS MTOBEPXHI HBIOTOHIBCHKUM

CepeIOBUINEM i3 IIBUIKICTIO, 3MIHHOIO B Yaci, Ha MOBEPXHi
OOTiKaHHS YTBOPIOETHCS AUHAMIYHMI MTOTPAaHUYHHH Iap.
B Mexax nporo AMHAMIYHOTO TOTPAHUYHOTO LIAPY
HIBUIKICTh OTOKY 3MIHIOETHCS BiJI HYJIsl HAa TIOBEPXHI Tijla
OOTiKaHHs 10 LIBHJIKOCTI HEBUMYLIEHOIO IIOTOKY. B
PpOOOTI PO3IIISIHYTO BIUIMB MapaMeTpiB TPAHCIOPTYBAHHS
HBIOTOHIBCHKHX CEPEIOBHIN 1 X XapaKTEePUCTUK Ha
JUHaMIYHI ~ MapaMeTpd  IOTPaHMYHOrO  HIapy  3a
JaMiHApHOTO  peXuMiB  pyxy. [Jugd  auHamigHOL
XapaKTepUCTHKH 1 IKICHHX MTapaMeTpiB mporiecy (mepenadi
€Heprii, TeIUIONPOBIAHOCTI 1 1H.) HEOOXigHO 3HATH
XapaKTePUCTUKY NOTHYHHUX HANpPYKCHb Yy HOTPaHHYHOMY
mrapi, HOTo TOBIIUHY 1 iHIIMX TWHAMIYHUX ITapaMeTpiB.

JlocTipKeHHsT XapaKTepUCTUK MOTPaHUYHOTO IIapy
Ha TIOBEPXHSAX OOTIKAHHS, SIKI MiIHOPSIKOBYIOTHCS
3akoHaM HpioToHa (HBIOTOHIBCBKI —CepeloBHINA) €
aKTyaJIbHUM 3aBIaHHIM JUTST pi3HUX chep
npuiago0yayBaHHsl Ta 3aja4 NPUKIAJAHOT MEXaHiKH.
KpurepieM OLIHKM € JOTHYHI HANpyXEHHS 1 pPO3MOJiI
UIBHJKOCTI B TOTPAHUYHOMY Iapi, 1o Oe3rnocepeaHbo
BIUIMBAa€ Ha BTPATH €HEpril (BTpaTh THCKY) TPH PyXy
00’€KTy B CEpEAOBHIII.

AHaJi3 0CTaHHIX J0CTiAKEeHb

HIBHAKICTH Yy HOrpaHUYHOMY IHapi i HOro TOBIIUHA
BIUIMBAIOTh Ha JIOTUYHI HAIPY>KEHHS, SIKi BUHMKAIOTH Y
HpoLIECi MMOTOKY CEepeAOBHIIA, Ta KOSDIL[IEHT TepTs, KUt
XapakTepu3sye  BTpaTd  THCKy.  Kgasicramionapue
HaIpy>XeHHS 3CYBY y TOTPaHUYHOMY Imapi Oins CTiHKH
BU3HAYAIOTh IIUIIXOM OOYMCIICHHS KoeilieHTa TepTs Mpu
MUTTEBOMY umcii Pelinonbaca [1]. JloTnuni Hanpys>KeHHS
3CYBY 3aJIe)KaTh BiJ| TOBIIMHM NOTPaHWYHOTO IIapy, a
TaKoX BIJI XapakTepy pyXy, 10 HE € OJHO3HAYHUM 3a
TypOYJIEHTHOTO i TyJIbCYIOYOT 0 (BuUMymIEHA
TypOYJIEHTHICTB) PEXXUMIB pyxXy [2].

YacTto 1ociiKy0uu BTPAaTH THCKY BUKOPHUCTOBYIOTh
JUISE pO3paxyHKIiB EMITIpUYHI 3aJIeKHOCTI KOeQiIlieHTiB
TEpTSA, MO0 HE 3aBXKIM BiANOBIAAIOTH (i3WI Tpolecy
TPAHCHIOPTYBaHHA CEPEJOBHINA 1 HE XapakTepU3yIOTh
MOTPaHUYHUH IIap Ta HANpyXKEHHs, sKi Oe3rmocepenHbo
BIIJIMBAIOTh Ha BTPATHU THUCKY [3].
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Psim MOCHiTHUKIB YTOYHIOIOTH €MITIpUYHI PiBHSIHHS,
OTpUMaHi eKCIIEpUMEHTAIBHO JIIsl KOHKPETHUX 1HTEpBaJiB
grncen PeitHonmpaca [4-7], abo icHyrodi 3alie)KHOCTI
KOEQII€HTIB TepTs I PIOUH - BHUKOPHCTOBYIOTH IS
ra3iB i g nBoQasHUX MOTOKIB [8], mo crmoTBOprOE
TOYHICT PO3PAaXyHKOBHX JaHMX. B IHUX pIBHAHHAX
BIZICYTHI TapaMeTpH IOTPaHUYHOrO IIapy 1 JOTHUYHI
Harnpy>XeHHS, SIKI BHHUKAIOTh MIXK IIapaMH.

3a pesynpTaTaMHM EKCIEPHMEHTIB PO3PaxOBYIOThH
eMIIipUYHI PIBHSHHS U1l BU3HAYCHHS KOE(illi€HTIB TepTS
Ha iHTepBaii Bcboro psay umcna Peitnonbaca [9], abo
MIPOBOASATH aNPOKCHMAIII0 EKCIEPHUMEHTAIbHUX JaHUX
IUIsL OTPUMAHHS EMIIIPUYHOTO pIBHSAHHS BH3HAYCHHA
KoeiIieHTiB TepTs, ocoOnmmBo AN ABOGA3HUX ITOTOKIB
(pimmra 1 Ttaz) [10; 11]. AmpokcMMOBaHI eMITipH4Hi
3aJIeKHOCTI KOe(IMiEHTy TepTs MPH BUKOPHCTAHHI LI
grcen PeifHombaca, BITMIHHAX BiJl €KCIIEPUMEHTY, Aal0Th
3HaYHy NOXMOKY y pO3paxyHKax, sika pocsrae 1o 10 %. A
NpU  HepexoAl 3 PpIAMHHUX TIOTOKIB Ha Tra3oBi,
BUKOPHCTaHHS  TaKUX  EMIIIPUYHUX  3AJICKHOCTEH
HETPUITYCTHMO 13-32 3MiHH (i3uKH mporecy. Toai omiHka
napaMeTpiB MOTPAHUIHOTO IIAPY 332 MiHIMAIbHOT MOXUOKH
X 3HaYCHb HE BIAMOBIAE peabHOMY MPOIIECY.

Hait0inpin po3moBCIOKEHIM METOAOM JOCIIIKEHHS
napaMerpiB MOTPaHMYHOIO MIApy € YUCIOBHH METOJ
JocIipKeHHsT Ha ocHOBI piBHsHb HaB’e-Crokca [12; 13].
Hani pimeHHs piBHAHP MAalOTh TaKOX HaOMKEHHHA
pe3ynbpTaT i3-3a OOMEXXEHHSI IMOYATKOBHX YMOB, SIKi SIK
NPaBWIO  3aCTOCOBYIOTBCS  JUIi  TypOYJIEHTHOTO
HaJ[3BYKOBOT'O PEXXKUMY PYXY CEpEOBHIIA.

Posrnsan npobiaeMu JUHAMIYHOTO aHaJizy
MOTPaHUYHOIO IIapy Ha MOBEPXHi O0TIKaHHS [TOKa3aB, 110
PO3B’SI30K aHAIITHYHOT MOJIENI JIOTUYHHUX HAINpyXeHb Ha
MOBEPXHSAX OOTIKAaHHA HE PO3IJSHYTO 3a JIAMIHAPHOTO
pyxy HbploTOHIBCHKHX CepeoBHII.

Mera gocJigkeHnb

MeTor JIOCHIKEHh € aHAJITUYHEe MOJCIIOBAHHS
JOTUYHUX  HANPYXEHb Ha  IOBEPXHI  OOTiIKaHHA
HpIOTOHIBCBKMM ~ CepelloBHIIEM 32  JWHAMIYHOTO
JIAMiHAPHOTO MOTPAHUYHOTO 11apy.

Pe3yabTaTH 10CTiTKeHb

[IpomopenpoBaHO MOTpaHNYHUN LIAP 3a JIAMIHAPHOTO
it TypOyJIEHTHOTO PEXHMIB PyXy HbIOTOHIBCHKOI PIJTUHU Y
THyYKOMY TpyOONpOBOAi, Jie¢ BH3HAU€HO MIBHIKICTH B
TOBIIMHY NOTPaHUYHOTrO 1apy [14].

Jns 3a0e3nedeHHs ONTHMAIBHOTO PEXHUMY PYyXY
00’€kTy, 10 OOTHUKAETHCS CEPENOBUIIEM HEOOXiaHO
BHU3HAYWTH JOTWYHI HAINPYKEHHS HA TTOBEPXHI OOTIKaHHSA
JMHAMIYHUM MTOTPaHUYHUM IAPOM.

PosrnsHemMo ToOBepxHIO OOTIKaHHA y BHIVIAMI
IUTOIIMHU TBEPJAOTO TOKPHUTTS, HENPOHHWKHOI (puc. 1).
[IBrAKICTE MOTOKY Vo € cTanolo Ha iHTepBaii yacy . Ha
caMmii TIOBEpXHI IUIACTUHM UIIBHAKICTH ITIOTOKY piBHA
«Hymo»: Vo =0 3a Yy = 0. ToBImKHY NOTpaHUYHOTO MIAPY
YMOBHO NO3HauMMoO . Bice X mapanensHa moBepxHi i
CHIBHampsiMJIeHa 3 HAaIpsSIMKOM BeKTopa OOTiKaHHS
MOBEpXHI cepenoBuieM. Bick Y mnepnenaukyisipHa 0

MmoBepxHi 0O0TikaHHA. B morpanugHoMy 1mapi
crpaBeiMBa ymoBa [15]:

Oyne

UX
—+#03ay<§,

dy
1 30BHIIIHIH NOTIK, J€:
0V,
Fm =0,v, =v, m03amapomy = 6.
y

B morpanmuHOMYy mIapi CHIH, SKi BHHHKAIOTH i3-3a
B’SI3KOCTI cepeAoBWINa OOTIKaHHA 1 cWiaHM iHepmii €
CHIBPO3MIipHUMH.

PosrnsHEeMO pyx cepenoBuIa Ha TOBEPXHi 00TiKaHHS
TUTBKH B OHOMY HampsSMKY opAuHATH X. PiBHSAHHA pyXy
cepenoBuIa OOTiKaHHS 1 HEPO3PUBHOCTI MOTOKY OYIOYTh
maru Bursa [15]:

v v 10 %v
vy - X Uy'—x_—— p+E. x . (1)
x dy p 0x p 0dy?
v,  0v, 0 )
ax ' dy @
PiBHSAHHS TOTHYHUX HAMPYKCHb Mae BUTIs [15]:
o 0py 3
p = H ay ' ( )
Hdudepenmiroemo  piBHsHHA  (3), TOMEpeIHBO
NOAUTHBILNK HOTO Ha p!
1 01, u 0%v
. aepz_.a; (4)
p oy p 0oy
[TincTaBuMO OTpUMaHy 3aileXHICTb (4) B PIBHAHHSI
(-
dv, 6vx 1 0p 1 07g
. — T = — , 5
Vel oy Ty dy p 6x+p dy ®)

i iHTerpyeMoO piBHAHHA (5) B Mexax Bim Y =0 1o y =9,
MO3HAYMBIIH YMOBHO MPaBY qacmHy piBHsAHHS (5), K:
5

1
IIHT = Il + Iz = — j dy +— deTep . (6)

0
Iarerpyemo nepumii qneH plBHﬂHHﬂ (6):

8 S
1 (dp 1 dp d?p
N =
! p dx p Y ox e
0
AHams pe3ynbTary iHTerpyBaHHs[ I, mokasye, mo
TpaJi€HT THCKY Ha MMOBEPXHi OOTIKaHHS HAOIMKAETHCS 10
CHYIISD).

Jpyruii wieH 3anexHocTi (6) IHTErpyeEMO Tak:
S

1 1
L=> J Aty = 5 (Tl =T, o) =
1
S — (7
p

1€ Trep,c — AOTHYHE HANPYXKEHHS HA MOBEPXHI 0OTIKaHHS
3a ymoBu Y = 0.
3 piBHSHHSA HEPO3PHUBHOCTI OTOKY (2) BU3HAYAEMO Vy:
y

avx
Vy = ax

0
[MincraBumo Bupas (8) y piBHAHHA (5) B Horo JiBy

YaCTUHY:
s/
av,
0 0

Oepem inTerpan 3 Bupasy (9)

“dy . (8)

[

av,
IIHT=J-Ux'§'d

0

Hnst 3pyqHOCTI,
KpaifHiil mpaBuii:
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d f ( )2y 10
y = |Wo=v) 5= dy. (10)
Pesynbrar 1HTeryBaHHH (10) mincraBuMo y Bupa3s
(9), orpumaemo:
5

v v
IIHTszx —=- dy — f(vo 29 '—x'dy =

0

S

d
—— [ o e o =) dy =
0

=—a-f(vx-<vo—vx))-dy. (an
0
BpaxoBytoun 3anexHocti (11) i (7), piBusias (5)
Oyne:

d
P a ' f(vx ' (vo - vx)) ’ dy = Trep.C (12)
0

Jie Vo — HIBUJKICTh Ha MEXI1 MOTPaHUYHOTO 1Iapy, 32 YMOBU
y=0.

Jdns po3p’sizky piBHsiHHS (12) 3amaemo ¢yHKIIO
PO3MOALTY MBHIKOCTI Y HOTPAaHHYHOMY IIapi Ha TUTOLIHHI
oOTikaHHiI. BBakaemo, M0 MBHIKICTH, 3a JaMiHAPHOTO
peXuMy pyxy OOTiKaHHSA IUIOMIMHHOI IIOBEpXHi, B
MTOTPaHUYHOMY Iapi 3MIHIOETECSA 1O TpaekTopii (puc. 1),
SIKY MOYKHA OTIACATH KyOIYHUM PiBHSIHHSIM.

Fa

J:é “'___,__

. _ Vo

Va(y)

07////////////{%; D00 %

NOBCPXHA O0OTIKAHHA
Puc. 1. Posmomin mBHAKOCTEH Ha
00TiKaHHSI 32 JAMIHAPHOTO MMOTPAHUYHOTO IIapPY.
Fig. 1. Distribution of velocities on the streamlined
surface at the laminar boundary layer.

MOBEPXHI

Tomi:
ve=a+b-y+c-y:+m-y3. (13)
Koedimientu a, b, ¢, m BuszHayaemo i3 rpaHUYHUX
YMOB:
1) Ha moBepxHi ionmHu obTikauHs: Y =0, Vx =0,
mijicTasisiemo y piBHsHHA (13), oTpuMyemo, mo a = 0,
2)3ay =0, Vvx=0, Vv =0, Bignosinzo 0%v, /dy? = 0;
Hudepenuitoemo nBa pazu piBHsHHS (13):
av,

E=b+2€-y+3m-y2;

0% 2c+6 0
= . = f—t =
3y? c+tébm-y=0,=¢
Toni 3 piBasians (13) otpumaemo3aa=01ic =0:
v =b'y+m-y3. (14)
Bpaxyemo noyatkoBi yMOBU:
1)y=0,v=0,0v,/dy =0:
b+3m-y*=0,b=-3m-y?
2)y =4, Vx = Vo:
3 v
vy =-3m-83+m-653, b—z ?0
BpaxoByroun piBHsHHS (14), Xapakrep 3MiHH

IIBUAKOCTI B JJAMiHAPHOMY IIOTPAaHWYHOMY IIapi 1mo #oro
BHCOTI Ha MOBEPXHi OOTIKAaHHS ONHCYETHCS PIBHAHHIM:
362-y—vy3

Uy = Vg 253 )

abo
283

vx'352.y_y3'
BanOByeMo piBasinus (15) B 3anexnocri (12):

263
p- ox f Ux vx'362 Ty — 3 — Uy dy:TTep.C

abo
vxz) dy = TTep.C . (16)

Vo = (15)

3
pa_j( 362yy

IHTerpyeMo piBasHHS (16), oTpEMaEeMo:

0 ,(1, 38%-y?
pa Uy glnT+y =TTep.C+C1'(17)

vo(8) 5 5
36—y _
sty =

K
= J-(TTep_c + Cl) dx .

v (¥)
0

BpaxoByroun 1moYaTKOBI YMOBH Y =, Vx = Vo, TICIIA
interpyBanns pisHsHHs (17), otpumaemo: C; = —Tyepc-
BimmoBimHO micnms  iHTerpyBaHHS — piBHAHHA  (17)
OTPUMAEMO 3aJICKHICTh I MOJICNIOBAHHS MIBUIKOCTI
JaMiHapHOTrO IOTPaHUYHOTO APy 38 YMOBH, IO IPATi€HT
TUCKY Ha ITOBEPXHi O0TIKaHHS HAOMIKAETHCS 10 KHYIISD:

1,231-6

1 362 —y?

(17)

Uy = Vo~ (18)

Jlist po3po0JicHHS aHATITHYHOI MOJEINI JOTUIHOIO
Hanpy)XeHHs Ha B JaMiHapHOMY ITOTPAaHMYHOMY IIapi Ha
MOBEpXHI OOTiKaHHSA Bi3bMeM JAuQEpeHIial MNepioro
nopsaxy Bupasy (18):

S (v . 1_4
dv, 1231 vy> 3 \352—y2"y 19
dy & v [y, 1 352—y22'()
__|__.1n—
(5 3 Y? )

BpaxoBytoun piBHsHHA (19) 1 (3), noruumi
HAIpyXeHHs OyyTh BU3HAYATHCH 3aJIC)KHICTIO:
) y 1
1,231 v,2 3 (352 52 +§) -1
Tpep = U —5—"——° 2 (20)
5 v (z L1, M)
sT3 y?2

JI€ Trep — JIOTUYHI HANPY>KEHHS HA TIOBEPXHI OOTiKaHHS B
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JlaMiHApPHOMY MOTPaHUYHOMY Iuapi, H/m?% p — quHamiuHa
B’SI3KiCTH cepeoBHINa 00TiKaHHA, H- -cIm?; Vo — IIBUIKICTD
MMOTOKY CepenoBHIa OOTIKaHHS Ha 30BHIIIHIA Mexi
MOTPaHUYHOTO MIapy, M/C; Vx — MBHAKICTh CEPEeIOBHIIA
oOTikaHHSA MO BHCOTI morpanmgHoro tmapy (19), w/c;
0 — TOBLIMHA TMOTPAHMYHOTO MIapy, M; Y — KOOpAMHATA
TOBIIWHY [TOTPAHUYHOTO MIAPY, M

IIpoBeneHO MOMAETIOBaHHS IIBHIKOCTI TO BHCOTI
JIAMIHAPHOTO NOTPAHHUYHOTO APy 1 JOTHYHHUX HAPYIKCHb
Ha TOBEpPXHI OOTIKaHHA y BIHOCHHMX mapamerpax. s
BpaxyBaHHS CITiBBIHONICHHS TOBIIUHK MOTPAHHYHOTO
1rapy i KOOpJHHATH y MIPUAMEMO BimHOIIEHHS Y/J B MeKax

yl6 ==0...1, BimHOIIEHHS IUBUAKOCTEM Ha MexXi i IO
TOBILMHI TOrPaHAYHOTO miapy — Vx Vo = 0...1, grcio Maxa
32  yMOBHM JIaMIHAPHOTO  TOTPAHHYHOIO  Iapy

M =0,0001...0,1. 3a pesynpraraMu MOJCIIOBAHHS

o6y moBano Tpadiuni 3amexuocTi (puc. 2 i puc. 3).

Vs | =

:; / /

N /

0.4

0.2

0.0 0.2 0.4 0.6 0.8 i
Puc. 2. T'padix BiIHOCHOT MIBUAKOCTI MOTOKY HOBITPS
B JaMiHapHOMY TIOTPAaHMYHOMY Iapi Ha IUTONIUHHIN
MTOBEPXHI OOTIKaHHS.
Fig. 2. Graph of the relative velocity of airflow in the
laminar boundary layer on the planar streamlined surface.
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Puc. 3. I'padix AOTUYHUX 3MIHM HANpyXeHb MO TOBILIMHI JIAMIHAPHOTO MOTPAHMYHOIO IIAPY Ha IUIOLIMHHIH

MOBepXHi 00TiKaHHs 3a yrcen Maxa M.

Fig. 3. Graph of tangential stress changes over the thickness of the laminar boundary layer on the planar streamlined

surface around Mach numbers M.

MopentoBaHHsT ~ NPOBOMWIM  JUIS  TIOBITPS  3a
CTaHJAPTHUX YMOB: THCK Ha IIOBEpXHI OOTiKaHHSA
P =100 x/la, Ttemneparypa mnositps 20 °C, rycrtuHa

nositps p = 1,29 xo/m% nuHAMIYUHI B’S3KOCTi HOBITpS
i = 18,6 mxlla-c. TloBepxHs OOTiKaHHSA € IDIOMIMHHOLO,
IpajlieHT TUCKY Ha OBEPXHi OOTIKaHHS MpUIMany piBHIM
«HYIIO». AHaJi3 pe3yabTaTiB MOICIIOBAHHS TOKA3ye, MO0

Ha BiJaNi Bi MOBEpXHi OOTikaHHSI B Mexax a0 20 3m
LIBHJKICT MOBITPst € Ha Mexi =~0. JIOTHYHI HaNpy>KeHHS
(puc.3) na Bigmami 10...20 3u Bix moBepxHi OOTIKaHHS
cTaHoBIATE Bix 704,4 [1lla ...704,4 EIIA 3a yucen Maxa
M =0,0001...0,1 mo 124,2[Tla...14,22 Tlla. Tlicas
TOBIIMHU  TOTpaHW4YHOTO  mmapy 213m  goTwuHi
Hanpy)XeHHs 3HIXKYIOTbCS He JiHiitHO (puc. 3) i Ha Bigmaii
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0,3475-0 HaOIMKAIOTHCS 10 «HYIISI».

I'padiuno momaHi 3aI€KHOCTI JOTUIHHUX HANPYKEHb
(puc. 3) moKa3yIoTh, MO i3 3MiHOIO Yncina Maxa, XapakTep
3MiHH JOTHYHUX HANPY>KEHb IJCHTUIHUH, 13 301IbIICHASIM
yucina Maxa TOTHYHI HAPY)KEHHS 3pOCTaI0Th.

BucnoBku

1. Po3pobneHi aHamITHYHI  3aJCKHOCTI IS
TEOPETUYHOTO JOCHI/PKEHHSI PO3MOAUTY IIBHIKOCTI 1
JOTHUYHUX HaNpy>KeHb Ha IOBEPXHI OOTIKaHHI 3a
OUHAMIYHOTO  JIAMIHAPHOTO  TMOTPAHHYHOTO  MIapy
YMOJKITMBIIOIOTh 3 BHCOKOK) JUCKPETHICTIO BHU3HAYHUTH
mapaMeTpH Iporiecy 00TiKaHHA MoBepxHi HpI0TOHIBCEKUM
CEepPEIOBHILIEM.

2. MopenroBaHHS MOXHA IPOBOANUTH K y (Pi3UIHAX
mapaMeTpax Tak i 3a BiIHOCHUX OAWHUIG. AHATITHYHA
3aJ@KHICTh ~ JOTUYHHX  HANpPYKEHb  YMOJXKIJIMBIIIOE
BU3HAYCHHS (DI3UUHOTO 3HAYCHHS ITapaMeTpy.

3. laHni Mozeni JO3BOJISIIOTE OTPUMATH PE3yJIbTaTH Y
BChOMY [Iiama3oHi 3MiHH BXIJHHMX BEIMYHH MOJEITI 3a
YMOBH JIaMIHapHOTO PEXHUMY pyXy CEpelJoBHIa Ha
MTOBEPXHI OOTiKaHHI.
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AHAJIMTUYECKAA MOAEJIb AMHAMUYECKOI'O
[NOI'PAHNYHOTI'O CJIOA HA ITIOBEPXHOCTU
[MPU JAMMUHAPHOM PEXMME OBTEKAHUUA

T. B. Imumpue, H. H. Muxuuiuyx, B. T. [Imumpus
AnHotanus. g pemreHus 3amad MpOSKTUPOBAHUS
cucTteM, KOTopele paboraloT B HBIOTOHOBCKOH cpene B
pexxuMe OOTEeKaHWs IMMOBEPXHOCTEH, HEOOXOTUMO 3HATh
XapaKTepUCTUKH TOTOKa Cpel Ha  IOBEPXHOCTAX
oOTekaHus. DTO MO3BOJIUT PACCUUTATH OTEPU SHEPTHH Ha
TPAaHCHIOPTHPOBAHUS  Cpel, a  TakkKe  CHIIOBBIE
XapaKTepUCTHUKH ITEPEMEIICHNS 0OBEKTOB B TAKUX Cpe/iax.
B pabGory HaBeAeHO aHAJIUTHYECKYI0 MOJIEIh
KacaTeNbHBIX HANPSKCHWH, KOTOpPBIE CO3/MAIOTCS Ha
MIOBEPXHOCTSIX OOTEKaHUsI B TMHAMUYECKOM JJAMHHAPHOM
norpanndHoM cioe. Cpena oOtekanus HproToHOBCKas.
Jnst  yHMBEPCAILHOCTH PE3yJbTaTOB MOJEIMPOBAHHMS
CKOPOCTH MO TOJIIMHE JJAMHUHAPHOTO TIOIPaHUYHOTO CIIOS
U KacaTeNIbHBIX HANPsHKCHUH Ha MOBEPXHOCTH OOTCKAHHS
IIPOBEICHO B OTHOCUTENHHBIX MapameTpax. COOTHOIIEHHUE
TOJIIMHBI TOTPAaHUYHOTO CiIos Y/d B3ATO B TIperenax
~0...1, CcOOTHOIIEHWE CKOpPOCTe Ha TpaHWIEe U B
HOTPaHUYHOM cloe — Vx/Vo =0...1, umcno Maxa mpu
YCJIOBHUY JJaMHHApPHOTO morpanudnoro ciost 0,0001...0,1.
[TomyueHo pacmpenenieHue CKOPOCTH IO TOJIIIMHE
MOTPAaHUYHOTO CIIOSI W  KacaTeNbHBIX HANpPsDKCHUH.
XapakTep W3MCHEHUS KacaTeNbHBIX HANPsDKEHUH 110
TOJNIIYHE MOrpaHUYHOro ciog oT <0 jao0 20102 u

JUHEWHBIH W 3aBUCHUT OT uyuciaa Maxa. M3mensarcs
KacaTelbHBIE  HANPSOKEHWs]  HENOCPEACTBEHHO  Ha
noBepxHOCTH obTekanus ot /04,4 Ella no 704,4 [1l1a mpu
guciaax Maxa ot 0,1 mo 0,0001.

Paspabotannsie aHAJUTUYCCKHE  3aBHCHMOCTH
CKOPOCTH W KacaTelbHBIX HAMPSDKEHHH TO3BOJISIOT

MOACIMPOBATh JUHAMHUYCCKHUC XapaKTCpUCTUKHN 1o

TOJIIUHC JIJaMHUHapHOT O NOorpaHu4YHoOroO CJ10s Ha

TOBEPXHOCTU 00TeKaHUs 1151 Her0TOHOBCKHX cpea.
KaroueBbie cJioBa: HOFpaHI/I‘{HLIﬁ CIIOH,

J'IaMPIHapHLIIZ IMOTOK, KacCcaTCJIbHBIC HAIIPSAXKCHUA, YUCIIO
Maxa, CKOpPOCTb, AUHAMUYCCKAs BA3KOCTD.

ANALYTICAL MODEL OF DYNAMIC BOUNDARY
LAYER ON THE SURFACE UNDER LAMINAR
FLOW MODE
T. V. Dmytriv, M. M. Mykyychuk, V. T. Dmytriv

Abstract. To solve the problems of designing systems
that operate in Newtonian medium in the mode of
streamlined surfaces, it is necessary to determine the
characteristics of the motion of such medium on the
streamlined surfaces. This will allow you to calculate the
energy loss for the transportation of environments, as well
as the power characteristics of the movement of objects in
such environments.

The paper presents the development of an analytical
model of tangential stresses that are created on streamlined
surfaces in a dynamic laminar boundary layer. The flow
environment is adopted by Newtonian. For the universality
of results of modeling of speed over a height of a laminar
boundary layer and tangential stresses on a streamlined
surface, it is carried out in relative parameters. The ratio of
the thickness of the boundary layer y/éd is taken within
~0...1, the ratio of velocities at the boundary and in the
boundary layer is — vx/vo = 0...1, the Mach number under
the condition of the laminar boundary layer is
-0,0001...0,1.

As a result of the simulation, the velocity distribution
over the thickness of the boundary layer and tangential
stresses are obtained. The nature of the change in tangential
stresses along the thickness of the boundary layer from ~0
to 20-10"% is linear and depends on the Mach number. The
tangential stresses change directly on the streamlined
surface from 704.4 EPa to 704.4 PPa at Mach numbers
from - 0,0001...0,1.

Developed analytical dependences of velocity and
tangential stresses allow modeling the dynamic
characteristics over the height of the laminar boundary
layer on the streamlined surface for Newtonian medium.

Key words: experimental research, change in
departure, the combination of movements, loader crane,
dynamic loads, load vibrations.
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bi6n. 13, puc. 4, maobn. 1.

AnoTanis. OfHi€ro i3 mpoOiIeM IOTISAAY 32 MapaMu y
3aCyNUIMBAX YMOBaxX MiBAHA YKpailHH € BiJCYTHICTBh
TEXHIYHUX 3aco0iB, AKI O IO3BOMMIIM 3a0€3IEeYUTH
HasIBHICTH BOJIOTH y TPYHTI HA MOMEHT IIOCiBY O3UMHHH. Y
CTaTTI BWKIANAIOTBCS PE3YNbTaTH  EKCIUIyaTalliifHo-
TEXHOJIOTIYHOT OIIIHKH POOOTH MAIIUHHO-TPAKTOPHOTO
arperaty y CKiIajl yHiBepCalbHO-IIPOCAITHOTO TpakKTopa
TATOBOrO Kjacy 1,4 1 HOBOro GOpPOHYBAJIBHOTO 3HAPSIIIS.
Moro 0coGNMBiCTIO € 3aCTOCYBaHHS IUIOCKOPi3albHUX
pobounx opraHiB, sKi 3AIHCHIOIOTH  PO3MYIICHHS
BepXHBOTO (5...6 cM) mapy TpyHTY 0€3 CYTTEBOTO BUHOCY
HOro BOJIOTOi YacTMHM Ha JEHHY MOBEpXHIO. JlaHui
arperaT TMOpIBHIOBANM 13 0a30BUM  aHAJIOTIYHOTO
Npu3HadeHHs . BiH BKIIOYaB TPakTOp  3arajabHOTO
MIPU3HAYCHHS TATOBOTO Ki1acy 3 i kynbTuBaTop TUIy KIIC-
8. ExcriepuMeHTaIbHUMH JIOCHIIPKEHHSIMH YCTa-HOBJICHO,
IO BUKOPHCTaHHS HOBOTO  MAIIMHHO-TPAKTOPHOTO
arperaTy uis OOpOOITKy TmapiB B YMOBax HeCTadyi
I'PYHTOBOI BOJIOTH JIO3BOJISIE MiBUIIUTH MPOJLYKTUBHICTH
pobotu mioHalimMeH e Ha 8% 1 Maike BABIYI 3MEHIIUTH
MUTOMI BHUTPaTH MajbHOrO. IMOBIpHICTH 30epeKeHHs
HOBUM OOpPOHYBaJbHUM arperaroM JOMYyCKY KOJIMBaHb
rmOuHN 00poOITKY TapoBOro mojis Ha piBHI *£1 cMm
CTaHOBUTH 78%.

KoarouoBi cioBa: TpakTop, OOpoHyBajbHa JIaHKA,
Jiana, mpoyKTUBHICTb, HOBOPOT, BUTPATH MTAJILHOTO.

ITocTraHoBKa MpodIeMu

OmHAM 13 TEepCIeKTHBHUX HANpsMKiB 0O0poOITKY
mapiB B yMOBaX HECTadli IPYHTOBOi BOJOTH €
cucreMatnyHe Minke (5...6 cM) pO3MyNIyBaHHS TPYHTY
0e3 ioro BHWHOCY Ha JIeHHY TMOBepXHIO moms. Jlims
NIPaKTHYHOI pealizalii 1IpOro HampsMKy MoOXe OyTh
BHKOPUCTaHE TIPYHTOOOpOOHe 3Hapsmms Ha  0asi
O6oponyBanbHUX cekmiid. Koxna i3 HuX mae 20 pobounx
OpraHiB, pPO3TALIOBAHUX 3a 3arajJbHOBIJIOMOIO CXEMOIO
«BHT3ary y I1’SITh PSIIB 1 IPUETHYETHCS 10 PAMU 3HAPSIS
3 JIOTIOMOTOIO JIBOX TOBiJIKiB, HAXWJICHHUX T MOTPiOHUM
KYyTOM JI0 TOPH30HTY [1].

HuHI npakTUKyIOThCS JBa BapiaHTH HaJallTyBaHHS
O6opoHyBanbHOI cekiii. OnuH mependadae o0y THAHHSI
Mepimoro  psay 3yO0iB  OOpOHM SIK  HaXWICHUMH

TOPU30HTAIBHUMHE, TaK 1 BEPTHKAJIBHO PO3TAIIOBAHHUMU
IUIOCKOPI3albHIUMU eJleMeHTamu (cermentamu) (puc. 1).

3rifHo 3 ApPYrUM  BapiaHTOM  HalalITyBaHHS
OOpOHYBAIBHOI CEKIIii MIOCKI 3yOH il MEepIIoro psmy Uit
3a0e3nmeueHHsT  Kpamoro po3pisaHHsi  (moapiOHEHH:)

pOCJ'II/IHHI/IX peIlITOK y I‘pyHTi HC MAKOTh FOpI/ISOHTaJ'H)HI/IX
CETrMEHTIB.

Puc. 1. Bun 60opoHyBambHOT JIAHKH.
Fig. 1. Type of harrow section.

OpHielo i3 337a4  e(EeKTHBHOIO IMPaKTHYHOTO
BUKOPHCTAHHsI TaKKX OOpiH € 3a0e3neueHHst CTIHKOCTI iX
PYXy Y HO3I0BXHbO-BEPTUKAIBHIM IUIONIMHI. Y CHilIHEe
PO3B’sI3aHHS AaHOT 3a/1a4i 3a0€3CYUTh AKICHE BUKOHAHHSI
OOpOHYBaJIbHUM 3HAPSISIM TEXHOJIOTIYHOIO IpPOIECy 1
BHCOKI €KCIUTyaTaIliiHO-TEeXHOJIOT1YHI TOKA3HUKH.

AHAaJIi3 0CTaHHIX JOCTiIKEeHb

Haii6inpm npupaTHUMH POOOYMMHM OpraHaMu IS
00po0iTKy MapiB B yMOBax HEJAOCTATHHOTO 3BOJIOKECHHS €
Taki IUIOCKOPi3alibHi, Y IKUX KyT PO3IYIICHHS MPaKTHIHO
BiJICYTHiH. 3aBASKH IbOMY BOHH IPAKTUYIHO HE BUHOCSTH
BOJIOTMH TPYHT Ha JIeHHY IMOBEpXHI0 mnois. Boanouac,
KOHCTPYKTHBHA LIMPHHA 3aXBaTy LUX POOOYHMX OpraHiB
HACTUIbKM 3HAYHA, M0 MPAKTUYHO YHEMOXJIMBIIOE IX
cTabinpHUI Xin Ha Mainiit (4...6 cM) rmMOuHI 00pobITKY
rpyaty. Came i3-3a mi€i NPUYUHM BOHU 1 HE 3HAHWILIH
OiJIBII-MEHII MIMPOKOTO 3aCTOCYBaHHS B TEXHOJOTIAX
JIOTJISIY 32 TTApaMH.
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Y HayKOBOMY CEHCI TMHAMiKa BEPTHKAIBHOTO PYXY
OOpOHYBAIBHUX CEKILIH i3 MIOCKOPi3aJbHUMHU POOOUNMHU
OpraHaMH y IOBHOMY O0CS31 He pO3Iisaaiach B3araii.
binpor-meHm  mmpoka  MpakTHKa — 3aCTOCYBaHHSA
BY3bKO3aXBaTHUX 1 Maibke IDIOCKOpi3albHUX poOOINX
OpraHiB Ui TOBEPXHEBOTO OOPOOITKY (PO3IyIICHHS)
IpyHTy Oyna ympoBakeHa Bcecoro3HUM HayKOBO-
JOCIIIIHUM 1HCTHTYTOM IIyKpOBUX OypskiB. IIpoBeneHi
HOro HayKOBISIMHM J1a0OPaTOPHO-TIONBOBI JIOCHIPKEHHS
3aCBIIYMIIM, IO HAWOUIBIN CIPUATIMBI yMOBH JUIs
JPYXXHOTO TIPOPOCTaHHS HACIHHS I PO3BUTKY CXOJIB IIi€l
KyJIBTYpPH MOJJIMBI 3a MUIKOTPYJIKYBaTOi CTPYKTYpH
BepxHBOTO (1...10 MM) mapy rpyHTy [2].

Takuii cTaH OCTaHHBOT'O, 3a 1X IEPEKOHAHHSM, 3/1aTHA
3abe3neuyBaTu 00pOHa-KyJIbTHBATOD BHUC-P,
po3pobieHa KaHIHIATOM ClLIBCHKOTOCIIONAPCHKUX HayK
AT. Paguenxom [3]. Ti po6oui opranm — mamku pi3Hoi
JOBXKHUHH — 3JIMCHIOIOTH TOIIApOBO-IPYCHUII 00p0oOiTOK
rpyHTy. I'mnbuna Horo po3mylryBaHHS 3MIHIOETBCSI MPU
npoMy Bix 2 1o 12 cm. KoHCTpyKTHBHA IIMpHHA 3aXBaTy
KOXHOI 13 Jam (kpiM Tepmoro psgy OOpoHH-
KyJabTHBaTOpa) cTaHoBUTh 46 wMM. B okpemmux
KOHCTPYKIISX 3HAYMHA 1IbOT0o napamerpy csrae 50 i HaBiTh
70 mMm [2]. [Ipu 1pomMy poOOYi OpraHd MEPIIOTO PALY
6oponu-kynpTHBaTopa BHUWC-P BHKOHaHI y Burisai
3BUYaiHHX 3y0iB 0€3 JIaToK.

[opsin 3 oueBMOHMMH IepeBaraMu, IOCIiIHHUKAMU
OyJI0O BCTaHOBIJICHO, IO PYX IPYHTOOOPOOHHX 3HAPSIH
turry BHUC-P xapakrepusyeTbcs HasSBHICTIO BiOpariii
OOpiH y TO3HOBKHBO-BEPTHKANBHIM IUTOmUHI. B
KIHIICBOMY BHUIAJKy [I€¢ NEBHUM YHHOM HETaTUBHO
BimoOpaxkanocsi Ha SKOCTi 00poOiTky rpyHTy. OCcoOmmBO
BIZIYYTHO I MPOSBISUIOCS HA IIJBHIIEHUX LIBHIKOCTSIX
pobotu 0OpOHYBAJIBHOTO MAaIIMHHO-TPAKTOPHOT'O
arperary [4].

€ neBHi HanpaIrOBaHHs, SIKi CTOCYIOTBCSI IOCIIKEHb
arperaryBaHHs OOpiH i3 3Bn4aiinumu 3yoamu (tumy b3CC-
1,0 1 B3TC-1,0). Tak, y po6oTi [5] miakpecatoeTbes, Mo y
cepifHuX OOpiH MOBIMKH i Yac miaBHIIeHOTO pyxy MTA
0OMEXYIOTh CTYIMiHb TPUCTOCOBYBAHOCTI JIAHOK Yy
MTO3/I0B)KHBO-BEPTUKAJBHIN IUomuHI. {7 BUpiMICHHAS
miei mpobmemu HaykoBli BIM (Pocis) y koxHOI i3
cepitaux Oopia tumy B3CC-1,0 i B3TC-1,0 3meHmmm
KUTBKICTB 3y0iB i3 20 10 15. Takuii KOHCTPYKTHBHUH 3aXij
JI03BOJIMB 301 IbIIMTH MHTOME BEPTUKAJIbHE HABAHTAYKEHHS
Ha KOXKEH 3y0 3HapsIIs.

Binbie TOro, 3aMicTh 3BHYAHUX TOBIAKIB KOXHY 13
OOpOHYBaJIbHUX JIAHOK MPUETHYBAJIM JO pamMu 3
JOTIOMOTOI0  JIMIIE OJHOTO IIApHIPHOTO 3 ’€IHAHHS.
[Mpudomy, anst 3amoOiraHHs CTUKAHHS y TOPU30OHTAJIBHIN
IUTOINMHI OOpPOHU 3’€MHYBAaTH MK COOOI >KOPCTKHMU
JIaHKaMH.

Jlo HenomikiB Takoro KOHCTPYKTHBHOTO PIIIEHHS
cmig  BimHecTM HacTymHe. 3a  onHiel 1 Tiel kK
KOHCTPYKTUBHOI INMUPUHM 3aXBaTy KOXEH psAJ HOBOI
GopoHU Mae TpH 3yOH, y TOH 4ac, K cepiiiHOi — yoTupu. Y
MICYMKY BiZICTaHb MK 3y0aMu 1o (poHTy y HOBOTO
KOHCTPYKTHUBHOTO DillIeHHS € O1bII050. SIKII0 Terep came
TaKy O0opoHy obnaaHaTH MJI0CKOPi3aTbHAMH
IPYHTOOOPDOOHUMH eNeMEeHTaMH, TO IMIHPHHY 3aXBaTy
KOXXKHOTO 13 HUX ciin Opatm Oimpmoro. A 1me, AK yxe
MIKPECITIOBAJIOCS BHIIE, Y ACHEKTI PO3IJIsIyBaHOI HAMHU
pobyeMu € HeOaKaHUM.

Bumenasenenuit anami3 moxasye, o0 JOCIIIKEHHS
OOpOHYBAIBHUX TIPYHTOOOPOOHHMX 3HApAgh TOTO YH
IHIIOTO KOHCTPYKTUBHOTO BUKOHAHHS KpIM JHHAMIKH iX
pPyXy TIEBHOIO MIpOI0 TOPKAIHCA MHUTAHb SKOCTI
3IIHCHEHHS TEXHOJIOTIYHOTO IIPOIIECY.

BopHouac, BH3HA4YeHHA eKCIDTyaTaliiHO-TEXHOJO-
TYHUX  TOKa3HUKIB  poOOTH  MAaIIMHHO-TPAKTOPHUX
arperatiB (MTA) Ha OCHOBI TakMX IPYHTOOOPOOHHX
3HapsAb NMPAKTUYHO HE TPOBOIMIOCH. A iX HasBHICTH
yKpaii mNOTpiOHAa arpoBUPOOHHMKAM IpU  MPHUAHSATTI
pileHHs o0 3acTocyBaHHs Takux MTA Ha mpakTuui.

Merta nociigkeHb

BusnadueHHs HEOOXiTHMX €KCIUTyaTalliifHO-TEeXHOJO-
TIYHUX TIOKAa3HWKIB POOOTH  MAIIMHHO-TPAKTOPHOTO
arperatry,  TEXHOJOTIYHOIO  YacTHHOIO  SKOTO €
OopoHyBaJbHE 3HApSIJs, NpPU3HAYCHE Ui O0OpOOITKY
napiB B yMOBax Je(ilUTy I'PyHTOBOI BOJIOTH.

Pe3yabTaTH 10caiiKeHb
Jocmimamii arperat cKiagaBcs i3 YHIBepcalbHO-

MIPOCAITHOTO TpakTopa TsaroBoro kiacy 1,4 (MT3-8920 3
MOJBOCHUMHM 3amHiMu muHamMua 16,9R38, a Ttakox

OOpOHYBAIBHOTO 3HAPSIs (pHC. 2).

Puc.2. HBLHI/II‘/'I rpera.
Fig. 2. Harrow tractor-machine unit.

OcTtaHHE OyIl0 y BHTIIAAI paMU i3 MPHEIHAHUMHE 10
Hel 3 JOTIOMOTOI0 TIOBIAKIB 9 OOpiH. Y KOXKHOI i3 HHX
poboui opramm mepmoro psgy Oymum oOiamHaHi
BEPTHKAILHO YCTAHOBICHUMH cerMeHTaMH (puc. 3).

=,

Puc. 3. ®opma 3y6a 60poHyBaIbHOT pe—
Fig. 3. Harrow tooth shape.
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Pemta po6o4nx opraHiB 60pOHYBaIbHOI JAHKU MaJld
CTOSIKH, 3BYXKE€Hi 0 8 MM, a TakoX Oynu oOyagHaHi
CETMEHTHHMMH JIallaM¥, YCTAHOBJICHHMH Ha CTOSIKax IIiJ
KyTOM 5° 10 TOPH3OHTAIBHOT TUIOIIHHH (IUB. pHc. 1).

Pama 3Hapsgns ob6nmagHaHa BIIACHOIO  XOMOBOIO
CHCTEMOIO Ta 3YiIHUM TPHUCTPOEM [UIA 3IiHCHEHHS ii
JaJbHOTO TPAHCIIOPTYBAHHSI.

ITin yac mpoBeIeHHsI SKCIUTyaTaIliiHO-TeXHOIOTI9HOT
ominku gociimnoro MTA pobounii pyx HOro mo moio
3IIMCHIOBAIIN «4YOBHHKOBHM) CIIOCOOOM 13 3aCTOCYBaHHSAM
«TPYIIOTIOAIOHOTO IOBOPOTY.

MiHimManbHy (PO3paxyHKOBY) IIMPUHY HOBOPOTHOI
eyt (Emin), HeoOXimHOi ams poOoTH HOBOT'O
OOpOHYBaJIBHOTO  MAIIMHHO-TPAKTOPHOTO  arperary,
PO3paxoByBaJIH i3 3araJibHOBIIOMOTO BHUpa3y [6]:

Ein = 2,8 Rpin + Lpa + dy,
ne R, — MIHIMaTBHHUNA pajiyc IOBOPOTY TPaKTopa, M;
Lgy — noBxuHa BHUi3My OOpOHYBAJIBHOTO arperary Ha
MOBOPOTHIA cMy3i, M; dj — KIHEMaruyHa LIMPHHA
npocmigaoro MTA, m.

[Tpu 3ailicHEeHHI TOBOPOTY YHIBEpCAIbHO-NIPOCATTHUM
TPAaKTOPOM CJIiu poxoay (KoJil) Horo nepeaHix i 3amHix
pymIiiB, sK BiZOMO, HE CHiBHANalOTh. 3 OTILILY Ha I,
3TiZIHO 3 HOPMATHBHUM JOKYMEHTOM [7] 3a MiHIMaJIbHHIA
paniyc TOBOPOTY €HEpPreTHYHOTo 3aco0y NpHHMAaroTh
HaliMeHIMH rabapUTHUI pamiyc Koja, SKe OIHCYE
MIOBEPHYTE Ha MAaKCHUMAJIBHUH KyT TEPEAHE 30BHIILIHE
Kolleco  Tpakropa. BomHowac, y  po3paxyHKax
KIHEeMaTHYHUX XapaKTEPHCTHK IOBOPOTY MAIIWHHO-
TPaKTOPHUX arperariB Taka 3Ha4YMHA MiHIMaJbHOTO
paniycy moBOpOTY €HEPreTHYHOTrO 3aC00y HAYKOBLSIMH HE
BHUKOPHCTOBYETHCS.

VY CiJbCHKOTOCIONAPCHKIl MPaKTHLI IS TPaKTopa 3
YKOPCTKOIO PaMOIO Ta MEPEAHIMH KePOBAaHUMH KOJIECAMHU
Rpnin— 1€ BiOCTAaHb  BiJl  «UEHTPY  IOBOPOTY»
€HEepPTeTHYHOT0 3ac00Y 0 CepeANHU 0Ci HOTO 3aIHIX KOJIIC
[8]. 3a ueHTp MOBOPOTY TpaKTOpPa MPH LOMY IPHIMAIOTh
TOYKY MEPETHHY JIBOX JIiHIH, OJIHA i3 SIKUX — MPOJAOBXKEHHS
0Ci 3aJHIX KOJIiC YHiBEpCaIbHO-IIPOCAITHOTO TPAKTOPa, a
Jpyra € TEpIeHANKYISIPOM JI0 IUIOIIMHA YMOBHOTO
KoJieca, PO3TAIIOBAHOTO y LEHTPI INEPEeAHBOTO MOCTY
TpakTopa 1 MOBEPHYTOrO0 Ha MakcuMajbHUil KyT [9].
OcranHi# (1103HAYMMO HOTO O) pPO3PaxOBYIOTh TaK:

a; + ag
==
O3 O — MaKCHUMaJbHI KYTH IIOBOPOTY BIIIOBIIHO
30BHILIHBOTO i BHYTPILIHBOTO MEPEIHIX KEPOBAHUX KOJIiC
TpakTopa, rpaj.

Jlis BU3HAUEHHS MiHIMAJIBHOTO PajiyCcy HOBOPOTY
BUKOPHCTOBYBAaHOTO HAaMH TpPaKTOpa 3acTOCOBYBAJH
METOJIUKY, onucany y podori [10].

Jns 1poro Ha TOPU3OHTAJIBHOMY MalIaHUUKY 3
BIJTHOCHO ITyXKOIO IIOBEpXHEI CHEpreTHYHuH 3acid
3[iICHIOBAB PIBHOMIPHHUII PyX IO KOJIy 3 MakCHMaJIbHUM
KyTOM HOBOPOTY KepoBaHuX KoJic. [licist mpoxoy 3amHix
KOJIiC JTIBOTO Ta IPaBoOro OOpPTIB TpaKTOpa OTPUMAJH /1B
KOHLEHTPUYHUX Kona giametpoM Di i Dy (puc. 4). Ilicns
X 3aMipiB BeIMYMHY R, PO3PaxoByBalH i3 BUPa3y:

D, + D,

min — 4 "

3amipamu Oyi0 BCTaHOBJIEHO,
nopiBHIOBaB 6,8 M, a D2 — 9,6 m.

mo niamerp Di

MiHIMaJIbHOTO

4. Meroauka
paniycy HOBOPOTY TpaKkTopa.

Fig. 4. Method for determining the tractor's minimum
turning radius.

Puc. BHU3HAYEHHS

VY nigcymky otpuman, mo R,;,= (D1 + D2)/4 = (6,8
+9,6)/4=4,1 m.

JloBknHa BWi3Qy JOCHIIZHOTO OOPOHYBaJIBHOTO
MaIInHHO-TPAKTOPHOTO arperary (Lg,) craHoBMIa 4,6 M,
a KiHeMaTuyHa mupuHa d,— 4,4 M.

B pesynbraTi oTpumanu:

Enin=2841+46+4,4=20,48 m.

Ha npakTui filicHy mupuay nopopoTHoi cMyr (Ej)
NPUHHATO TPUHMATH KpaTHOIO poOOdYil MMpPUHI 3aXBary
MaIIMHHO-TPAKTOPHOTO arperaty (By). 3Bijacu:

E .
E, = Integer (ﬂ> ' B,
B,

abo

E, = Integer (2'8 RmmB+ Loa dk) "B,
P
OCKITbKY B HalIOMy BHITAJIKY Bp = 8,8 M, TO
E, = Integer (20,48/8,8)-8,8 =26,4 M.

Ha npaxTumi nie o3Hadae, mo Ui TOCHTIKyBaHOTO
HaMy OOPOHYBAJILHOTO MAIIMHHO-TPAKTOPHOTO arperary
BEJIMYMHA IHCHOT 3HAYMHH TTOBOPOTHOI CMYT'H BiMOBITa€
3 iforo po60YHUM MPOXOJaM.

3a ©OasoBuii arperar (00’exT) i1 0OpOOITKY
napoBoro mouyisi npuiimanu MTA y ckmamgi Tpaktopa
Tiroporo  kiacy 3 (XT3-17221) i mnpuuinHoro
kynpTuBaTOopa KIIC-8. MiHiMampHU# pajiyc MOBOPOTY
LbOTO TPAKTOPa CTAaHOBUTH 5,5 M. JIOBJKMHA BUi3/1y JaHOTO
kynsTHBaTOpHOrO MTA nopisaioe 10,8 M, a kKiHeMaTH4Ha
IIMpUHA (SIK BJIIBO TaK i BIpaBo) — 4 M.

3BiJICH OTPUMYEMO:

Epmin=2,85,5+10,8 +4,0=30,2 m.

3a pobouoi mmpuHH 3axBaTy 8§ M JilicHa 3Ha4MHA
IIMPUHM TOBOPOTHOI CMYTH JJI  KyJIbTHBATOPHOTO
arperary cTaHOBHJIA:

E,= Inttger (30,2/8)-8 = 32,0 m.

Otpumana BenmuuHa E,; Bimmosimae 4 pobounm
poxojaM  JaHOTO  IPyHTOOOPOOHOrO  MAaIIMHHO-
TPaKTOPHOTO arperary. Slk 6a4nmMo, y TOpiBHAHHI 3 HOBUM
6oponyBatbHIM MTA 3HaYMHA IILOTO IOCUTH BAXKIMBOTO
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TEXHOJIOTIYHOTO TMapaMeTpy ImoHaiimMenme Ha 21%
OinpIa.

VY mporeci cBoro (yHKIIOHYBaHHS Ha 3OiHCHEHHS
OHOTO TIOBOPOTY Oymb-sKWH MaIIMHHO-TPAKTOPHHH
arperat Moxe BuTpadatu 4dac (Ty), KA po3paxoBYETHCS

HAaCTyITHUM YUHOM!

ne Ly, Vo — moBkuHa (M) Ta MIBHIKICTH (M/C) MOBOPOTY
MTA.

3 OCTaTHHOIO JUISl MPAKTHKK TOYHICTIO BEIMYHHY Ly
MOXKHa pO3paxyBaTH 13 3aCTOCYBaHHSAM HACTYITHOTO
BHpasy: [6]:

Ly =8 Rpin +2-Lpy,

[TomepenHiMu OCHIHKEHHSIMH YCTaHOBICHO, MIO
cepenHs MBUAKICTh MAIMHHO-TPAKTOPHUX arperariB Ui
KynbTuBalii (0OpoHyBaHHS) MapiB mix 4Hac ix pyxy Ha
MOBOPOTHIA CMy3i CTaHOBUTH 2 M/C. 3 ypaxyBaHHSIM
BUILEBUKIIAIEHOTO OTPUMYEMO:

- JUI1 HOBOrO OOPOHYBAJILHOTO arperary:

Th=(84,1+24,6)2=21c;

- 1uist 6a3oBoro KyjiapTuBaropHoro MTA:

7, =(85,5+2:10,8)/2=33c.

Sk BUmIMBaE i3 aHaNi3y NPUBEICHUX BHIIC
PO3paxyHKiB, y 0a30BOTr0 KyJIETHBATOPHOTO arperaty 4ac
OJIHOTO TIOBOPOTY B 1,57 pa3u OiIbIIHA.

Ilepen mpakTUYHUM 3IIHCHEHHSIM EKCIDTyaTaliiHO-
TEXHOJIOTIYHOI OI[IHKK TOPIBHIOBAHUX TIPYHTOOOPOOHHX
arperaTiB Ha TOJIi (OPMyBalIM 3ariHK{ TEBHOI IIMPHHH.
OnruManbHy 3Ha4nHY 110T0 TTapaMeTpy (Copt) 3HAXOIMITN
i3 Bupasy [6]:

Copt:\/16.R7%rlin+2'BP'LF’

ne L. — 1oBkuHa TOHY TIOJIS, M.

Ilix vac ekcrutyaTalfiifHUX MOJBOBUX BUIIPOOYBaHb
o0OuBa MOpIBHIOBAaHUX arperaTd (GYHKIIOHYBAJIM Ha
oxHOMY 1 ToMY X modi. Ilinoma #oro craHoBmia 88 ra, a
JIOBXKMHA #oro roHy nopiHioBasa 980 m. 3 oy Ha 1e
OTpHUMaIH:

- mus 6azoBoro arperaty Copt= 127 Mm;

- aus HoBoro 6opoHyBaigbHOTO MTA Copt= 132 M.

B ymoBax peanpHOi excmuryaramii Oyab-sKOTO
arperaty ONTHMAJIbHY IIMPUHY 3ariHKM TPHBOAATH IO
niiicHoi (C,), sika TOBUHHA OyTH KPaTHOIO po00Uiil IHUPHHI
3axgaty MTA. 3rigHo 3 mponosurisMud poGotu [6]
BenmnunHa C, Mae Oyt He MeHmow 3a Copt 1 3
koedinieHToM K KpaTHOIO IMOJBOEHIH poOOUid MIMPHHI
3axBary arperary. To0To:

Copt =C,=2-K"B,.

[pwifHABIIM AJI5 TOAATBIIOTO AHAITIZY

Copt =2 K * By,
3HAXOAUMO, 1[0
C
K =2~
2°B,

3 ypaxyBaHHSAM IIbOI'O MaEMO:

- g 6a30BOTO KyJIFTHBATOPHOTO arperary:
K=127/(2-8) = 8;

C,=828=128m;

- g HoBoro OopoHyBasibHOrO MTA!

K =132/(2-8,8) = 8;

C,=8-28,8=140,8 m.

OpraHizyBaBImId TakKUM YHHOM pOOOYi JIJISTHKH,
MPOTATOM  TPHOX KOHTPOIBHHX 3MiH  MPOBOAWIN
xpoHOTpadiro poOOTH MOPIBHIOBAHUX IPYHTOOOPOOHMX
arperatiB. O6mgBa MTA mnpamroBasin Ha QoHI 3
HACTYITHIMH XapaKTEPUCTUKAMM: BOJIOTICT TPYHTY ¥y
mapi 0...15 cm — 19,8%; minbHICTE TpyHTY y Imapi
0...15 cM — 1,20 r/em®,

HoBwuii rpyHTO00pOOHMI arperaT y ckiiaji TpakTopa
MT3-892 3 mogBoeHumu 3agdHiMu ImuHamu 16,9R38 Ta
3aJJHbOHABICHOTO ~ OOpPOHYBaIBHOTO  3HApSIAA  TiJ
yMOBHOO Mapkoto BI1-9 (nuB. puc. 2) Oyno HanaromkeHo
Yy BIONOBITHOCTI 3 NPaKTUYHUMH PEKOMCHIAIISIMH,
po3po0IeHMMH Ha  OCHOBI  aHami3y IpOBEACHUX
TEOPETUUHUX TA EKCIIEPUMEHTAIBHUX TOCIiKeHb [11].

BazoBuii kynpTHBaTOPHUIT arperat y cKiiafi TpakTopa
XT3-17221 Ta TPUUITHOTO CEpilfHOTO KyNIbTHBATOpPA
KIIC-8 BUKOpHCTOBYBaJ M Ha MUITHKAX TOTO K TOJ, Ha
SIKOMY TIpamioBaB JIociimHuii OoponyBampHUE MTA.
PoGoui opranu 3Hapsgns KIIC-8 Oymu momepenHbo
BiIpery/iboBaHi Ha MIMOKUHY 00poOITKY IpyHTY 12 cM.

J171s BUKITIOYEHHS BIUTUBY CY0’ €KTUBHOTO (haKTOPY Ha
000X IpyHTOOOpOOHMX arperarax (6a30BOMy Ta HOBOMY)
HOYEProBO MPAIlOBaB OMH 1 TOU K& MeXaHi3aTop.

Taoauus 1. ExcruryaTtarmiifHO-TeXHOOTI9H1
MMOKa3HUKH POOOTH TOPIBHIOBAHUX IPYHTOOOPOOHUX
MAIlIUHHO-TPAKTOPHHX arperaris.

Table 1. Operational and technological performance
of comparable tillage machines and tractors.

MTA
[Tokazuuk v v
0a30BUH | HOBWIA
Cxkinag MTA: tpakTop XT3- MT3-
17221 892
3HAPSIS KIIC-8 | BII-9
PexuM poboTH :
- NIMPYHA 3aXBaTy, M 7,9 8,7
- NIBUAKICTb PYXY, KM/TOII. 8,9 9,0
- riMOUHa KyJIbTUBALii, CM 12 6
IIpogykTuBHICTH pO6OTH,
ra/Tox.:
- OCHOBHOT'O 4acy 7,0 7,8
- 3MIHHOTO Yacy 6,2 6,9
- eKCIUTyaTaliiHOrO Yacy 6,1 6,8
[TuTOMi BUTpATH MAIBHOTO, 4,1 2,0
Kr/ra
KoedimienTu :
- BUKOPUCTAHHS 3MIHHOTO Yacy 0,89 0,88
- BUKOPUCTAHHS 0,87 0,87
eKCILTyaTaliiHOTO Yacy
- HaJIMHOCTI TEXHOJIOTIYHOTO 0,99 0,99
poLeCcy
- BUKOPHCTAHHS pOO0OYNX XO/IiB 0,90 0,93
TpuBamicTs OIHOTO
. 35 25
«TPYIIONOAIOHOT0» OBOPOTY, C
[ITupuHa MOBOPOTHOI CMYTH, M 32,0 26,4
ATpOTEXHIYHI NOKa3HUKH:
- cepeHs 3HaYMHA TITHONHH 12,3 58
00poOITKY IrpyHTY, CM
- PIBHOMIpPHICTh MIHOWHU 1,8 0,8
00pobiTKy rpyHTY, cM
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AHaji3 OTpUMaHUX JaHHUX TOKa3aB (Tabmmis 1), mo
HOBUI OOpOHYBALHUH arperaT MPOXYyKTUBHIIIMNA Ha
8,3%. Lls mepeBara oTpuMaHa NMPAKTUYHOTO 32 PAXYHOK
OinpIoi mrMpuHY 3axBaty y HoBoro MTA.

Bonrodwac, HOBHIT OOpOHYBaNbHHMI arperat OijbIn
eKOHOMIYHHUH, HiX 0a30BHiA: MUTOMI BHUTPATH MaIHHOTO
HUM Y/IBiYi MCHIIII.

Y npuHOMOI Takui pe3ysbTarT IJIKOM JIOT1YHHH,
SIKIIIO BPaXOBYBATH €HEPreTUYHI BUTPATH MPH 00pOOITKY
rpyHTy OopoHyBasbHUM MTA Ha rmubuny 5...6 cm i
KyJIbTHBATOPHUM Ha TuOuHy 12...13 cm.

Koediuientn BUKOPUCTAHHSA 3MIHHOTO i
eKCIUTyaTaIlifHOTO 4Yacy y 000X arperaTiB NPakTHIHO
onHakoBi. HaBiTe Ha CTaTUCTHYHOMY piBHI 3HAYYIIOCTI
0,01 (moBipua ¥MoOBipHICTE 99%) oOTpuUMaHa pI3HUIA
3HaYMH [OUX KOEQII[i€HTIB € CyTO BHIIAJKOBOIO, a TOMY
HyJb-TINOTE3a MPO iX PIBHICTH HE BIIXUIAETHCS.

Sk BummMBaEe i3 aHANWi3y BHKIAJACHUX BUIIE
pe3yNbTaTiB pO3paxyHKiB, HOBXKWHA BHi3Ly Yy 0a30BOro
arperaty (Lgy= 10,8 M) y 2,3 pa3u Oingbmia, HiX y
nocmigaoro MTA (Lg, = 4,m). Ile oOymoBHIO Oiiblry
JOBXXHHY LIUIIXY PYXY MEPIIOro Ha HOBOPOTHIN CMY3i.

Y miacymKy 3a  OJHAaKOBOI IIBHAKOCTI  PyXy
XOJIOCTOTO ~ XOAYy  CepeAHs  TPHBATICTH  OJHOTO
«TPYIIONOAIOHOTO» TIOBOPOTY Y HOBOTO OOPOHYBAIBHOTO
MTA BusiBuiach Ha 28,6% MeHIoro (25 ¢ mpotu 35 ¢, quB.
tabn. 1). 3aBmsgku mpoMy OUThIIUM OyB y JaHOTO
MAaIIAHHO-TPAKTOPHOTO arperaty i KoeimieHT
BUKOpHCTaHHS pobounx xoxiB: 0,93 mporu 0,90 (aus.
Tabm. 1).

3a arpoTexHIuHI MOKa3HUKU POOOTH PO3IIISIYBaHUX
I'PYHTOOOPOOHHMX MAIIMHHO-TPAaKTOPHHUX AarperariB y
JAHOMY BUINAJKY OyJIH MPUITHATI:

- IMOBIpHICTb  30€peXeHHS  TEXHOIJOTIYHOTO
JIOITyCKYy Ha KOJIMBaHHS TIMOWHU 0OpOOITKY TpyHTY (P,
%);

- YacToTa BIOXWIJIEHHS OIMCHOI 3HAYMHU TIIMOWHU
00po0iTKy TpyHTY Bix 3aganoro piBaS (N, 1/M).

[lepmmit i3 1UX TOKA3HUKIB PO3PaxOBYEThCS 32

¢dopmyoro [12]:
A
P=2-0(-)
o

ne @ — tabympoBaHa ¢Qyskiis Jlarumraca; A — momyck Ha
KOJIMBaHHS TIHOWHH OOpOOITKY MapoBOr0 MO, £ CM;
O — cepemHe KBaApaTHYHE BIIXWICHHS TIHOWMHU
00pOOITKY TapOBOTO MO, + CM.

Jnst po3paxyHKy Apyroro mnokaszHuka (ToOTO n)
BHKOPHCTOBYIOTh HACTYITHY 3aJIeHICTh [59]:

w, A?
N_Z-r[ P\ "2 52)

Ie @, — CEepeAHs 4acTOTa NPOLECY KONUBAHHS INIMOMHU
00poOITKY IpyHTY ITapOBOTO 1M0JIs, 1/M.

Skuio Bimomuit Xxo4a 6 miBnepio uux KoauBaHb (7)),
TO Uil BU3HAYEHHS IOKa3HHMKa N 3acTOCOBYIOTH Takwid
Bupas [12]:

N 1 A?
=—Fexp|—
2.1, “P\" 252
[liBrepiox KoJMBaHB TIUOWHU OOpPOOITKY TPYHTY
MOXHa BH3HAYHTH, BHKOPHCTOBYIOUH KOPEIALiHHY

¢yHKOiI0 1mporo mpomecy. s IbOTO 3aCTOCOBYIOTH
HacTyITHY 3ajexHicTs [13]:

n
1
T = ; ' Z(THl - Ti)r
i=0

J€ N — 9HCIO TOYOK TMEPEeTHHY HOPMOBAHOIO
KOpEJISILIIHOI0 (YHKIIE€I0 OCi, SKa IPOXOJUTh Yepe3
HYJIbOBY OpJHHATY;

7j — TIOCJIJIOBHI 3HAYMHHU a0CIMC TOYOK HIEPETHHY
KOpEJISIIHHOI (YHKIIE€I0 OCi, SKa IPOXOJUTh Yepe3
HYJbOBY OPJHHATY.

Y posrmsgyBaHOMY HaMH BHOANKY 13 aHANI3Y
HOPMOBAaHUX KOPEIMINHNX (YHKIIH BUIUTABAE, IO Yy
ceperHbOMY Tyn = 0,35 M.

Crix migKpeciauTH, MO AN TaKOTO TEXHOJOTITHOTO
IpoIiecy, AK IOTIIAI 3a IapaMe, arpoTeXHIYHI BHUMOTH
11010 JIOIYCKY Ha KOJMBaHHs ITMOMHU 00pOOITKY IPYHTY
odimiiHO He copMmynbpOBaHI. 3 OMNIAAY Ha Ie it
MOJIaJIbIIOT0 aHaIli3y MPUHMEMO, 110 3a ]yl 3a0e3NeUeHHS
MiHIMalbHUX BTpAT BOJIOTH IIiJ 4ac OOpPOHYBaHHS Mapy
BeJMYMHA A He MOBUHHA IepeBuIyBatd + 1 cm. Lle BaBiui
MEHIIIE 3a 3arajJbHOBIIOMHI aHAJOTIYHHHA ITOKa3HHK,
YCTaHOBIICHUI [UIsl OPAHKHU.

OCKUTBKH 171 HociigHoro OopoHyBasibHOTO MTA
o ==+ 0,8 cM (muB. Tabmn. 1), To BimHomenus Alc = 1/0,8 =
=1,25. Sk BWIDIHBaEe i3 PO3MOBCIOKCHHUX IOBITKOBHX
TabmmuanXx nmaHux ¢yekmis Jlammaca i miel 3HAYMHH
craHoButh 0,39. 3 ypaxyBaHHSM BHIIE NPUBEIEHOL
dbopMynH IS BENWYMHUA P BHXOOWTH, IO HMOBIpHICTH
30epeKeHHSI HOBHM OOpPOHYBAJIBHUM arperatoM AOITYCKY
KOJIMBaHb INIMOWHHU 0OPOOITKY MapoBOTO MOJIS Ha PiBHI =+
1 cM cTanoBUTH 78%.

IIlo cTOCyeThCS YACTOTH BIOXWJICHHS [ifiCHOT
3HAYMHM INTMOMHK 00pOOITKY IPYHTY BiJl 33JaHOTO PiBHS,
TO BOHa cTaHOBUTH 0,66 BHmankiB Ha 1 M HUIAXY pyXy
60opoHyBabHOrO arperaty. To6To, Ha KOXkHI 1,5 M nUIIXy
MepeMIIeHHs] TPYHTOOOPOOHOTO arperaty MO>KIHBHA
ONVH BWIIQJIOK BIAXWJEHHS KOJHMBaHHA TJIMOWHU
00poOITKY MapoBOTO MO Bl AOIMYCKY B = 1 cM.

Jy1s TopiBHSHHS: HIMOBIpHICTB 30epekeHHS 0a30BUM
KyJIbTHBAaTOPHUM arperaroM Jonycky A = = 1 cM npu
c = 1,8 cm (muB. Tabn. 1) cranoButh 44%, TOOTO
MPAaKTUYHO Y/ABiYi MEHIIa. 3a YMOBH OHI€l 1 Tiel Xk
3Ha4YMHM napamerpa Ty, 3HaunHa napamerpa N gopiBHIOE
pu upomy 1,23 1/m. Tob6to, Ha KoxHEX 0,81 M MOKE MaTH
Miclle OJMH BHNAJIOK BIAXMJICHHS KOJMBAHHS TIIMOWHU
00poOITKY MapoBOro MoJisl BiJl NPHUHHITOTO JOIYCKY
B+ 1cm.

I Takwii pe3ysibTaT € IUJIKOM JIOTIYHHUM, OCKUIBKH
PIBHOMIpHICTh TJMOMHH OOpOOITKY TPYHTY HOBHUM
OOpOHYBAJIBHUM arperaTtoM CyTTEBO BHIIA, HiXK 0a30BUM.
[NopiBHIOIOUM MiX cO000I0 aucmepcii KOJIMBaHb LBOTO
napametpy (3,24 cm? i 0,64 cm?) 3a F-kputepiem ®imepa
MOJKHa CTBEPJDKYBATH, L0 HyJIb-TINOTE3a PO iX PiBHICTH
MIPaKTHYHO HA JIIOOOMY CTaTUCTUYHOMY PiBHI 3HAYYIIOCTI
BIIXWJISIETBCS. A 1€ OJHO3HAYHO BKa3ye Ha Te, IO
PIBHOMIpHICT TJIMOMHH OOpOOITKY TpPYHTY HOBHM
OOpOHYBAJIBHMM arperaToM 3aKOHOMIpHO BHWINA, HIX
6a3oBuM KyiapTHBaTOpHIM MTA.

BucHoBku

1. BukopucTaHHS HOBOTO MAaIIMHHO-TPAKTOPHOTO
arperaty Juii oOpoOiTKy mapiB B yMoOBax HecTadi
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IPYHTOBOI BOJIOTH y TIOpiBHAHHI 3 0OazoBum MTA
AQHAJIOTIYHOTO  TIPU3HAYEHHS  JO3BOJSE  ITiABHITUTH
MIPOXYKTUBHICTh pOOOTH mIOHalMeHIIe Ha 8%.

2. Iluromi BUTpaTH TMaJBHOTO Y 3allPOIOHOBAHOTO
arperaTy IMpakTHYHO yIBi4i MEHIIII.

3. 3 imoBipHicTIO 95% MOXHaA CTBEpIKyBaTH, IO
pIBHOMIpHICTH TJIMOWHH OOpPOOITKY HOBHUM OOpOHY-
BanbHMM MTA Bumia, HiX y 0a30BOr0 KyJbTHBATOPHOTO
arperary aHaJIOTIYHOTO NTPU3HAYCHHSI.
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SKCIUITYATAIHMOHHO-TEXHOJIOIT' MYECKA S
OLIEHKA PABOTbI ATPEI'ATA J1J11 OBPABOTKH
ITAPOB
B. T. Haovixkmo, M. A. Tuxo600

Annoranus. OIHON U3 MPOOIJIeM yXo/a 3a mapaMu B
3aCyNIIMBBIX  YCJIOBMSIX [ora  YKpawHbBl  SIBJISieTCS
OTCYTCTBHE TEXHHYECKHX CPEICTB, ITO3BOJISIONINX
obecrieynTh HAJIMYUE BJIATM B MOYBE HA MOMEHT II0CEBa
03UMBIX. B crarbe  uW3naraloTcs  pe3yJbTaThl
IKCILTYaTal[HOHHO-TEXHOJIOTHYECKOH  OLEHKH  paboThl
MAaIlIHHHO-TPAKTOPHOT'O arperara B cocTraBe
YHUBEPCAIbHO-MPONAIIHOTO TPaKTOpa TArOBOTO Kiacca
14 wu HoOBoro OopoHyBajgpbHOTO oOpyaus. Ero
0COOEHHOCTBIO SIBJISIETCS TPUMEHEHHE IUIOCKOPEXYIIHX
pabouyMx OpraHoB, OCYLIECTBISIIOMIMX pPa3phIXJICHHE
BepxHero (5..6 cMm) ciosi mouBbl 0€3 CYIIECTBEHHOTO
BBIHOCA €r0 BIJIQKHOM YacTH Ha JHEBHYIO ITOBEPXHOCTB.
JaHHbIi arperat cpaBHUBAIM C 0a30BBIM aHAJOTMYHOTO
HasHadeHus. OH BKIIIOYA] TPAKTOp OOLIEro Ha3HauCHMS
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TATOBOrO Kiacca 3 W KymsTuBarop tuma KIIC-8.
OKCNepUMEHTaIbHBIME HCCIICIOBAHMAMH YCTaHOBJIEHO,
YTO HCIOJB30BaHHE HOBOTO MAIIMHHO-TPAKTOPHOTO
arperata ajs oOpaOOTKH IapoB B YCIOBHSAX HENOCTaTKa
MIOYBSHHOM BJIaTd MIO3BOJISICT HIOBBICHTb
MIPOU3BOUTENBHOCTh pabOTHl MUHUMYM Ha 8% W MOYTH
BIBOE  YMEHBIINTh  YJAGNBHBI  pacxox  TOILIMBA.
BeposiTHOCTH  COXpaHEHHsT HOBBIM  OOPOHOBAJIBHBIM
arperatoM Jomycka KoJjieOaHuWM TJIyOMHBI 0OpabOTKH
IIapoBOro NOJIs Ha ypoBHE *+ | cM cocTaBisieT 78%.
KaroueBble c1oBa: TpakTop, O0OPOHOBAIBEHOE 3BEHO,
Jiana, mpoU3BOIUTEIBHOCTD, IOBOPOT, PACX0/] TOILINBA.

OPERATIONAL AND TECHNOLOGICAL
EVALUATION OF THE UNIT FOR FALLOW
CULTIVATION
V. T. Nadykto, M. A. Tikhovod

Abstract. One of the problems in the cultivation of
fallow in the arid conditions of southern Ukraine is the lack
of technical means to ensure the presence of moisture in
the soil at the time of sowing winter crops. The article
presents the operational and technological assessment
results of the machine-tractor unit operation as part of a
universal row-crop tractor of traction class 1.4 and a new
harrow tool. Its feature is the use of flat-cutting working
devices that loosen the upper (5...6 cm) soil layer without
significant removal of its wet part to the day surface. This
unit was compared with the base one for similar purposes.
It included a general-purpose tractor of traction class 3 and
a cultivator of the KPS-8 type. Experimental studies have
established that using a new machine-tractor unit for
cultivation fallow in conditions of soil moisture lack allows
increasing work performance by at least 8% and almost
halving the specific fuel consumption. The probability of
maintaining the tolerance of fluctuations in the depth of
processing of the fallow field at the level of = 1 cm by the
new harrow unit is 78%.

Key words: tractor, harrow link, share, performance,
turn, fuel consumption.
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Abstract. The article deals with the problem arising
in the construction of a numerical scheme of the first-
order boundary element method for plate theory. During
construction of such a scheme, the initially smooth
boundary of the plate is replaced by a polygonal chain.
Due to this replacement the deviation of the numerical
results from the actual distribution of deflections and
other characteristics is arisen. The reason for this
deviation lies in the so-called Sapondzyan's paradox.
According to it, the deflection of a plate bounded by a
regular polygon does not converge to the deflection of a
circular plate with increasing of the polygon sides
number. In the paper, on the basis of an analytical
consideration of Sapondzyan's problem, the components
of the numerical scheme of the boundary element method,
which are responsible for the mentioned deviation, are
pointed out. The modification of the boundary element
method scheme that allows to eliminate given problem is
presented. This approach is tested on the example of
solving two pairs of problems for elliptical and
rectangular plates. The results of numerical solution of
those problems confirmed the adequacy of the proposed
modification.

Key words: plate theory, deflection,
elements method, Sapondzyan’s paradox.

boundary

Introduction

It should be noted that in modern mechanics, there
are many methods for investigating the propagation of
various types of waves in mechanical systems. The study
of a one-dimensional and quasi-one-dimensional wave
propagation problem in beams and plates led to the
development of a number of analytical methods, among
which we note the transfer matrix method [7]. This
method consists in constructing a matrix, which binds the
dynamic and  kinematic  characteristics. = These
characteristics are used for the definition the constants of
the wave propagation through the eigenvalues of this
matrix. Another approach is variational method [4], which
is based on energy balance ratios and they are the
development of Rayleigh and Rayleigh - Ritz methods.

Also, in the vast majority of cases the finite elements
method is used for numerical calculations [5], [6].
However, the finite elements method can not be
considered as the best complement to analytical methods
in investigating of the phenomena of wave propagations,
in particular, in periodic systems. Since the corresponding
problems are linear boundary problems for the differential
equations (ordinary or partial derivatives), the most
appropriate method for these purposes is the boundary
elements method (BEM). But some nuance can be
occurred when boundary elements method is used for
solving plate theory problems.

A few decades ago one phenomenon was discovered
in the plate theory. Later this phenomenon became known
as the paradox by Sapondzyan. It was sufficiently well
covered in the literature [1].

In this paper we consider static (or classical) case of
corresponding problem. The treatment of this problem for
dynamical case has not any principal distinction.

Formulation of problem

Let us consider the essence of this phenomenon. To
do this, consider the displacements of two simply
supported plates, which are loaded with a constant
bending moment on their borders. The plates have a
difference shape. The first plate is a circular plate of the
unit radius. The second plate is bounded by the regular
N -polygon inscribed in the unit circle.

At first glance, it is logical to assume that due
passage to the limit N — oo, the displacement of these
plates must be coincide. However, calculations show that
the displacements of the N -polygon plate is more small
than the displacements of the round one. This fact is due
to the fact that the simple supported of plates in the
angular points give greater rigidity to the plate. As a
result, the contribution of each angular point is arbitrarily
small, but due to an increasing of their number, the total
contribution aspires to a certain value.
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Purpose of research

Therefore, the paradox by Sapondzyan must be taken
into account when a numerical scheme of the boundary
elements method with linear (the first order) elements is
constructing. Since in such scheme the boundary is
approximated by polygon, the Sapondzyan's paradox can
lead to a violation of one of the postulates of the BEM:
when the number of boundary elements is increasing the
accuracy of the solution should be increasing too. To
clarify this question, let us consider the above formulated
problems.

Research results
As is known, in the case of a smooth boundary of the

plate, the boundary equations system has the form (see for
example [2] or [3]):

w(5)=J(fv*(xé)«v<x>fM*(xé)e<z>+
+0 (w) —w(c. 2V (R)br(e)
ofe)- [ - an( ) ) aﬁ(x'f)em

( W 5 W Y )
b
where X and § — pomts that are lies on the plate

boundary (on contour T'); w — the deflection of the
plate; & — angle of slope of the plate; M and V —
bending moment and efficient shear force in points of the
plate. After solving system (1) its first relations can be
used for determination of deflection within plate. In this
case & is inner point of plate.

It has been known (see for example [2] or [3]) that
the fundamental solution of the equation for the plate

bending has the form:
2

(x 5)_—In r, 2
» x=(xy), &(&n)-

Let us consider an axisymmetric problem for a
circular plate of an unit radius (see Fig.1). This is a case
where T'=S; is unit circle, and w, 8, M, V are

independent of X

where r:‘y(_g

Y11

I'=39)
Fig. 1. The geometry of circular plate.

Without loss generality, we will accept that
& =(R,0). In this case the system of equations (1) can be
presented in the following form:
w(R)= A(R)w +B(R)9 +C(R)M +D(RV ,
OR)=ER)W+F(R)P +GRM +HRN , (3)
where

w=wl), =60, M=M@Q), V=VQ
boundary values of corresponding characteristics. After
simple but cumbersome transformations the coefficients
of system (3) can be founded in the closed form:

—— [V (& Ehisy (%)=

2
=1+£J. cosp—R dp=1

2
27 3 1+R“—2Rcosp

- j M*(x,& Js,(%) =

1+V J.b InQ+R2—2Rcosgo) P+

pEE in? pd 1
- je (x,§)d81 (%)=
S
R 2 _ 1+R?
_ﬁ£b+lnﬁ+R —2Rcos¢)}i¢—— Fomt
~ [w'(x,Esy(x)=
S

LZ# +R% - 2Rcosg Jx
167T

xln(1+ R? —2Rcos<o)}igo = % ,

Jav !x 5} __dAR)
==
RfJaM 1x§! (%)= _dB(R) _1-v o
dr 2
ae (x 5} _dC(R)_R
51 © drR 2T
- [ JJ ®)--LCR__R, @
5, dr 2T

where T — cyllndrlcal stiffness of a plate, v — Poisson’s
ratio. In the order of derivation of A(R) it was used that

Vk)-ak.2)- J(—;f)() ‘®e ©

where Q*(Y(,g) — shear force and M:(Y(E) — torsion
torque.

Using (3) and (4) it would be easy to conclude that
the circular plate is in a state of pure bending.

Let us consider N -angle plate which is corresponds
to using of the direct boundary elements method with the
first order elements to a circular plate. In this case smooth
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boundary is replaced by set of N line segments I'; —
boundary elements:

Fig. 2. The geometry of N -angle plate.

Therefore, it is hoped that
N N
AR)~Y Aj» B(R)~> B (6)
j=1 j=1
and so on. In (6) A; and Bj represents integral from
corresponding expression along I';:
aj R aj .
Aj=-Jv by, Bj=- [m keby; @
-3 -3

where
Vo 2 )0y o M brdi)

M (%), ;)= M5, (55,6, ®)

where X, fj are coordinates of points X and f in the

local coordinate system, which is associated with the j-th
boundary element I'; (see Fig. 3).

)y”? -:Vj

Fig. 3. Local coordinate system associated with T';.

From second relationships in (7) and (8) we can
derive
aj
Bj(fi): ,[ij Xj

,aj

[l ol

1
=—1|2(1-v)a; +
8”{( )aj

+4¢&j| arctan
j 8]

+(1—V)(771 —aj)'”(sz +(’71 —aj)z)—
—(1—V)(nj +aj)|n(é‘jz +(771 +aj)2)-

It can be pronouncedly shown that

lim %B,—(&): %[(3+v)—(1—v)R2]= B(R)
>®ig

i—aj i +aj
’71(: I _arctan ] ’j+

as well as

N = N -
lim >c;E)-c@®. Im > p;()-oR),
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A completely different type of situation occurs with
coefficient A. Accordantly to first relationships in (7) and
(8) this coefficient can be divided on two parts:

- 4 * —
AD(E )= [Q7(7;. &b, -

_aj
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~ L arctan =30 groran 1R 9)
i <j S
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It is worth mentioning that
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Consequently,
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]:
Relation (12) is the heart of the matter of
Sapondzyan's paradox.
Therefore, replacing the smooth contour by a
polygon adds the component of the shear force, which is

corresponding to the torque, and gives deviation in ending
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result. The comparative analysis of the expressions (10)—
(12) with first expression (4) leads to the following
conclusion: for implementing the numerical scheme of the
direct boundary first-order elements method the shear

force Q*(Y(,E ) must be use instead of efficient shear force
Vi(%.E).

For verification of hypothesis, two problems were
considered for the elliptical and for the square plates. The
elliptical plate has the principal radiuses ' =2y
and the square plate has unit length of side. Poisson’s
ratio of plates material is equal to 0.3. In the first problem
the plates have been simply supported and constant value

of bending moment M=T along boundary was
specified. Also it was assumed that the deflection of plate

along boundary is absent: W=0_ second problem
corresponds similar conditions, but deflection of plate
along boundary was assumed equal constant nonzero
value: w=1.

ﬂg o

—~——
2o%
[
s
—~—
Pt

,

Fig. 4. Geometry and calculation points of elliptical
plate.

15.
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Oll2 3435 |x

Fig. 5. Geometry and calculation points of elliptical
plate.

Since the coefficient v*(x,g) is included in the
equation as coefficient of the term of deflection, in the
case where the deflection is zero at the boundary, it
should not effect on the final result. But in the case when
w = 0 it matters whether we take for the corresponding

coefficient term V*(Y(,E) or term Q*(X,E). The scheme of
boundary element method with term V*(Y(,E) shall be

called full scheme and the scheme with term Q*(X,E) shall

be called short scheme.

For both scheme the results of first problem solving
are identical to within 4 decimals. Such situation takes
place for both plates. These solutions will be considering
as exact solutions of problems.

Table 1. The relative deflection (w(x,y)—-wW) of
elliptical plate.

. second problem
first —
(w=1)
N | X y problem
(W=0) full short

scheme | scheme
1]0.00| 0.00 0.4973 | 0.4261 | 0.4973
2| 0.50 | 0.00 0.4700 | 0.4057 | 0.4700
3| 1.00 | 0.00 0.3860 | 0.3530 | 0.3860
41150 | 0.00 0.2371 | 0.2757 | 0.2371
51 0.00 | 0.25 0.4657 | 0.3991 | 0.4657
6 | 0.50 | 0.25 0.4381 | 0.3772 | 0.4381
7| 1.00 | 0.25 0.3531 | 0.3183 | 0.3531
8| 1.50 | 0.25 0.2024 | 0.2231 | 0.2024
91 0.00 | 0.50 0.3713 | 0.3185 | 0.3714
10 | 0.50 | 0.50 0.3429 | 0.2935 | 0.3429
11 | 1.00 | 0.50 0.2553 | 0.2215 | 0.2553
12 | 1.50 | 0.50 0.0999 | 0.0952 | 0.0999
13 | 0.00 | 0.75 0.2154 | 0.1855 | 0.2154
14 | 0.50 | 0.75 0.1858 | 0.1583 | 0.1858
15| 1.00 | 0.75 0.0947 | 0.0783 | 0.0947

Table 2. The relative deflection (w(x, y)—Ww ) of

square plate
first secong problem
(W=1)
M | X y problem
(W=0) full short
scheme | scheme
1| 0.00 | 0.00 0.0738 | 0.1460 | 0.0738
21 0.10 | 0.00 0.0713 | 0.1412 | 0.0713
310.20| 0.00 0.0635 | 0.1259 | 0.0635
41030 0.00 0.0498 | 0.0975 | 0.0498
51 0.40 | 0.00 0.0291 | 0.0546 | 0.0291
6| 0.10 | 0.10 0.0688 | 0.1370 | 0.0688
710.20 | 0.10 0.0614 | 0.1233 | 0.0614
8 (030 0.10 0.0482 | 0.0969 | 0.0482
9] 0.40 | 0.10 0.0283 | 0.0550 | 0.0283
10 | 0.20 | 0.20 0.0549 | 0.1143 | 0.0549
11 | 0.30 | 0.20 0.0434 | 0.0945 | 0.0434
12 | 0.40 | 0.20 0.0257 | 0.0568 | 0.0257
13 1 0.30 | 0.30 0.0347 | 0.0868 | 0.0347
14 | 0.40 | 0.30 0.0209 | 0.0612 | 0.0209
15 | 0.40 | 0.40 0.0131 | 0.0642 | 0.0131
Conclusions

1. Comparison the results of first and second
problem solving, which are showed in the table 1 and
table 2, lend support to the validity of the hypothesis that
it necessity use shear force Q*(z,g) instead of shear force

V*(X,E) in the numerical scheme of the direct boundary

elements method of first-order.

2. From author’s standpoint, the assumption based
on the consideration of Sapondzyan's paradox had not
been adequately explored in the literature on the method
of boundary elements [2], [3]. Therefore, all of the above
in this article may be a prerequisite for further discussion.
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PO AESKI OCOBJIMBOCTI PEAJIBALIII METOY
T'PAHUYHUX EJEMEHTIB VY TEOPIi 3rMHY
IJIACTUH
A. I'. Kyyenxo, O. I'. Kyyenxo, B. B. Apemenxo

AHoTanisgs. Y poboTi po3risHyTa mpobiema, ska
BUHUKAaE Tpu TMOOYIOBI YHCETBHOI CXEMH METOIy
TPaHMYHUX EJIEMEHTIB IEpIIOr0 TOpSIKYy B Teopil
riactuH. [Ipn noOynoBi Takoi cxeMH MMOYaTKOBO TIJIajKa
TPaHUI TUIACTHHH 3aMiHIOEThCS JamaHoro. [Ipum mpomy
BUHHMKAE  HEBIANOBIIHICTD YHCEIBHUX  PE3YJIBTATIB
JICHOMY PO3MOITY MPOTHHIB Ta IHIINX XapaKTEPUCTHUK.
[TpnunHa naHoi HEBIANOBITHOCTI JIEXKHUTH B, TAK 3BaHOMY,

napamokci CamoHmxksHa. Y BIAMOBIAHICTE IO HBOTO
HPOTUH IUIACTHHK Y  BUIVIAII NPaBHJILHOTO
0araToKyTHHKa HE IparHe 10 IPOTHHY KPYIJIOi IUIACTHHH
npu 30UThIIEHHI KUTBKOCTI CTOpiH OaraTOKyTHHKa. Y
poOOTi BKa3aHI CKIQJOBI YHCEIBHOI CXEMH METOIY
TPAaHUYHUX €JIEMEHTIB, BIANOBITaNbHI 3a 3a3HAYCHY
HEBIJIOBIIHICTE, Ta NpeACTaBIeHa MOIU(DIKALsS CXEMH,
sIKa JJ03BOJISIE YCYHYTH BKazaHy npoOiemy. JlaHuid miaxin
OyB arpoOoBaHM Ha MPUKIaAl PO3B’SI3KY ABOX Map 3a1ad
JUIL  eNMINTUYHOI 1 NPSAMOKYTHOI IulacTuH. YucenbHi
pe3ysnbTaTH PO3B’SI3KY 3a/1ad IO0Ka3ajd aJleKBaTHICTh
3aIPOIIOHOBAHOI CXEMHU.

Kuo4oBi cjioBa: Teopist IUTacCTHH, NMPOTHH, METOJ
TpPaHIYHIX €JIEMEHTIB, mapanokc CamoHKsIHA

O HEKOTOPBIX OCOBEHHOCT X
PEAJIMBALIMU METOJA TPAHUYHBIX
DJIEMEHTOB B TEOPUU U3I'BA TTIJIACTUH

An. I'. Kyyenxo, An. I'. Kyyenxo, B. B. Apemenko

AnHoTanmusi. B cratbe paccMmoTpeHa mpoOiema,
KOTOpasi BO3SHHUKACT IPH MOCTPOCHUU YHCICHHOW CXEMBI
METOJia TPaHUYHBIX 3JCMEHTOB IIEPBOrO TIOPSIKAa B
TEOpUH IUIACTHH. [IpM MOCTPOCHHHM TaKOW CXEMBI
M3HAYANBHO TJaJKas TpaHUlla IUIACTUHBI 3aMEHSETCS
nomanoi. IIpu 3TOM  BO3HHMKAeT HECOOTBETCTBHE
YHCIIEHHBIX pe3yJbpTaToB JCUCTBUTEILHOMY
pacrhpesieNieHli0 MPOrubOB U MPOYUX XAPAKTEPUCTHK.
[MpuunHa JaHHOTO HECOOTBETCTBHUSI JIGKUT B  Tak
Ha3bIBaeMoM Iapazokce CamnoHpksiHa. B cooTBeTcTBUHE C
HUM [poru® TIUJIACTUHBL B BHJAC  MPABUIBLHOIO
MHOTOYTOJIbHHKA HE CTPEMHUThCS K MPOTHOY KPYIJion
IUTACTHHBI ~ MPU  YBEJIHUYCHHHM  KOJIMYECTBA  CTOPOH
MHOTOYrojibHHKa. B pabore ykazaHbl COCTaBIISIOIINE
YHUCJICHHOW CXEMBl METOJa TPAHUYHBIX 3JICMEHTOB,
OTBETCTBEHHBIE 32 OTMEUYCHHOE HECOOTBETCTBHE, U
NpeJICTaBIeHa MOAUGUKAINUS CXEMBbI, IO3BOJISIOIIASL
YCTPaHUTh AaHHYIO Tpobiemy. [laHHBIH moaxonm ObLI
anpoOMPOBaH Ha NpUMEpEe PEIICHHS JABYX Map 3aaad s
SIUTUITAYECKON M MPSIMOYTOJIbHOM iacTuH. YUCIeHHbIE
pe3yJIbTaThl pEIICHUsT 3ajad I[OKa3ald aJeKBaTHOCTh
MPEIOKEHHON CXEMBI.

KJiroueBble ¢JIOBa: TOpHs IIACTHH, TPOTHO, METOT
IPaHUYHBIX JIEMEHTOB, napaaokc CanoHKsIHA
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30BHIIIHE KOUEHHS BATATOKYTHHUKA 110 3AMKHEHOMY KPUBOJITHIHHOMY IMPO®LITIO
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bion. 20, puc.5, maon. 0.

AnoTtanis. KoHCTpyrOBaHHS 3aMKHEHOTO HPOQiIIo,
Yy SKOTO KpPWBOIIHINHI €JIeMEHTH TOPKAIOThCA KOJa, €
Ba)XJIMBUM JUIA NMPOEKTYBAaHHS LEHTPOIN HEKPYIIHX KO-
mic. Ilpm KodeHHI OaraTOKyTHHKa IO TaKOMY MpoQiiTro
HOTO HEHTP PYXAEThCS MO Koiy. SIKIIo oOWMaBa LEHTPU
(weHTp KpUBOIIHIHHOTO MPOQLIIO i HEHTp OaraTOKyTHH-
Ka) OyAyTh HEPYXOMHMHM, TO MOXKHA 3IIHCHUTH KOYCHHS
mux Qiryp 3 omHOYacHMM OOEpPTaHHSIM HAaBKOJO CBOIX
ueHtpiB. OfHi€I0 LEHTpoinoo Oyae OaraTOKyTHHK, iH-
I0F0 — MOOYI0BaHU#T 3aMKHEHUH MPOdib.

Po3risiHyTO KOUeHHs TUI0CKOT (irypu y BUIIISAAL piB-
HOCTOPOHHBOTO 0araTOKyTHHKa II0 KpPHBOIIHIHHOMY
npogimo. [Ipodins € mepioANIHAM 1 YTBOPIOETHCS ITOC-
JITOBHUM 3’€THAHHAM JIyT'l CHMETPUYHOI KPUBOI Tak, 10
i1 KiHIII OTMPAOTHCS Ha KOJIO 3aJIaHOTO pajiyca. PiBHIHHS
KPHBOI, 3 AYTH KO KOHCTPYIOETHCS KPUBOJIHIIHNI TIpO-
(b, 3HAWICHO 32 YMOBH, IO IIEHTP 0araTOKyTHHKA IpH
HOro KOYeHHI 1Mo mpoQiiro, TeX Ma€e PyXaTUCS MO KOJIY.
Kouennst BifOyBa€eThCsl 3a BiJJICYTHOCTI KOB3aHHS, TOMY
JIOBXKMHA JIyTH KPHUBOI JIOPIBHIOE TOBXKHHI CTOPOHU Oara-
TOKYTHHKA.

st 3Haxo/KeHHs pIBHSAHB KpUBOi Npodiiro ckia-
JeHo nudepeHIiagbHe pPIBHSHHA IEPUIOr0 IOPSAKY 1
OTPUMAHO AHANITHUYHUH po3B’s30K. [lapameTpudHi piB-
HSIHHSI KPUBOI OTPUMAHO B TOJISIPHIHM cHCTEMi KOOpAMHAT.
3HalIcHO MeXi 3MIHU KyTOBOTO Mapamerpa i mooymmo-
BU eJIeMeHTa NMpoQiiio, SKU € YaCTHHOIO TyI'H KpHuBoi. 3a
OTPUMAaHUMH PIBHIHHSAMHA TOOYJOBaHO KPHUBOJIHIHHI
mpodiri 3 pi3HAM YHUCIOM iX €IIEMEHTIB. BcTaHOBIICHO
MaTeMaTHuHy 3aJIeKHICTh MIX PajilycoM KoJia, 10 SKOMY
pyXaeThCsl IEHTP OaraTOKyTHHWKA NpU HOTO KOYEHHI, Ta
paziycoM OIMCaHOTO KOoJla caMoro 0araToKyTHHUKA.

KirouoBi cjioBa: piBHOCTOpOHHIH OaraTOKyTHUK,
KPUBOJiHIHHUH PO isb, 30BHIITHE KOUCHHS, TU(PEPEHITI-
aJIbHE PIBHSHHS, LICHTPOIIH.

ITocTanoBka mpodaemu

B npaui [1] posrsiHyTo mesiki miocki ¢irypu, B TO-
My YHUCI]i 0araTOKyTHHKH, SKi MOXYTh NE€PEKOTyBaTHCS
[0 KPUBOJIHIHOMY mepiognyHOMY mpodimo 0e3 KoB-
3aHHS. [Ipodinb yTBOpEeHO PIBHUMHU CUMETPUYHUMH KPH-
BOJIHIHHUMH €JIEMEHTAMH IX ITOCIIZOBHUM 3’ €IHAHHIM
TaK, IO KiHII €JIeMEHTIB ONMHPAIOThCA Ha IMpSIMY JIiHIIO.

[Ipu xouyeHHI OGaraToKyTHHKA IO TaKOMY Mpodimo Horo
LEHTP PYXa€ThCS IO MPSIMIM JTiHii.

AHaJII3 0CTAHHIX J0CJaiIKEeHb

JlocmiKEeHHIO KOYCHHS IJIOCKUX (iryp OjHa Mo OJI-
Hif mpucBsSYeHO 0arato mpaipb. 3arajJbHOBIIOMHUMH €
NPUKJIAAN KOYSHHS IPSMOJIHIHHOTO Bifpi3ka 1O KPHBIH 1
HaBIaKW — KOYEHHs KPHBOJIHIHHOTO Hpodinto mo mps-
Miit. Jnst mepiioro BUNAAKy KJIACUYHHM € KOYEHHS Ips-
MOi TIO KOJY, B PE3YJbTaTi SKOTO TOYKA MPAMOI OIHCYE
€BOJIBBEHTY KOJIa, 1 ISl APYTOro — KOUEHHS KoJia O Tpsi-
Milf, B pe3yibTaTi SKOTO TOYKA KOJIa OMHCYE MHKIOiILy
[2]. B mpami [3] HaBegeHO BiZOMOCTI PO KOYSHHS KpH-
BUX JAPYroro MOPAOKy Mo mpsMiit miHil. TpaexTopieto
(oKyca IMpu TaKOMY KOYCHHI € BiTOMi KPHBI.
®DopMOYTBOPEHHS IIOCKUX KPUBUX 32 33JaHUMU
KiIHEMaTHYHUMHU MapaMeTpaMHu pPO3LSHYTO B mparf [4].
OCHOBH TPOEKTYBaHHS HEKPYIJIMX KOJIC Uil 3y04aThx
3a4yeIyicHb HaBeJCHO B mpaili [5]. ['eomeTpuune Moaeto-
BaHHS IIEHTPOIN HEKPYIJIMX KOJIC OTPUMAJIO IMOMAbIIHIA
po3BUTOK B mpamsx [6—8]. 3acTocyBaHHS HEKPYIIUX
KoJIic B 3y04YaTHX Iepefadax PO3TIISIHYTO B Mpamsax [9 —
17, 19, 20], B nmaHIFOTOBHX MPHBOAAX — B MOHOTpadil
[18].

Merta gociiakeHb

Po3pobuty aHamiTHYHUIA OMKC KPHUBOJIHIHHOTO 3a-
MKHEHOTO TpodiTio, Mo SKOMY PiBHOCTOpOHHiH Oarato-
KyTHHK OyJe mepexodyBaTHcs 0e3 KOB3aHHS 1 HOTO IEHTP
pyxaTHMeThcs MO KOJTy 3aJaHOTO pajiyca.

Pe3yabTaTh gocaigxeHb

Kouennst GaratokyTHHKa pO3IJISTHEMO Ha TNPHKIAIi
kBazpara. Ham notpiOHO 3HaWTH (OPMY INIOCKOTO Hpo-
¢imro, Mo AKOMY KBafpaT OyAe mepeKodyBaTHCs 0e3 KOB-
3aHHs, 1 HOTO HEHTp Oyne pyxaTtucs Mo Koy paaiyca I
(puc. 1,a). IlepexouyBaHHS KBajgpaTa MOXHA PO3TIIAAATH
Ha MPUKJIA] epeKOYyBaHHS TPUKYTHHKA, OCHOBOIO SIKO-
rO € CTOpOHA KBaJpara, a BUCOTOI0 — BificTaHb AC=a BiJ
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HWOTO MEHTPY A0 CTOPOHH. B TOYaTKOBOMY TOJIOXKEHHI
BrucoTa AC po3ramoBaHa Ha oci Ox (puc. 1,a). I[Ipu nepe-
KOYyBaHHI KBagpara HOro IEHTP pyXaeTbCid IO KOIy
paxiyca I, a CTOpOHa KOTHUTBCS 110 KPHBIii, Ky HEOOX1THO
3HaiiTH. HacTymae MOMEHT, KOJIM TOUKOIO KOHTAaKTy KBa-
IpaTa i3 KpuBOIO crae iforo BepmmHa. Jliaronans A'C' B
LLOMY ITOJIOXKEHHI NPOXOINUTh Yepe3 MOYaTOK KOOpAUHAT
— 104Ky O. O4EeBHHO, 1[0 TOBXKUHA S TyTH AA' NOpPiBHIOE
JIOBXKMHI TIOJIOBMHU CTOPOHM KBajpara (puc. 1,a). Ilpm
KOUYCHHI CTOpPOHA KBajpaTa € AOTUYHOIO JI0 KPHBOi, a B
TIOJIO’KEHHI, KOJIM TOYKOIO JIOTHUKY € WOTro BEepIIWHA, Bij-
OyBaeTbCsl TOTHK 000X CTOpiH KBajpara 10 KpuBHX. [Ipu
MOJANBIIOMY KOYEHHI MpOIeC MOBTOPIOETHCS. Takum
YHHOM, TPSMOJIHIHHUHN TUIOCKUH npodins Oyne ckiraga-
THCS 13 PIBHUX IYT, SKi IIEPETUHAIOTHCA Ha KOJi paiaiyca
ro Tix mpaMuM KyToM (puc. 1,a).

vy

Puc. 1. I'padiuni imocTpamii 10 Ko4eHHS KBaapaTa
0  KPUBOJIHIHHOMY  KOHTYpY: @) CXEMaTH4He
300pakeHHSI [IBOX TIOJOKEHb KBajpaTa IIpu HOTO
KOYeHHi; ©) TMOTOYHAa TOYKa MJOTHKY A’ B TOIApHIii
CUCTEMi KOODIUHAT.

Fig. 1. Graphic illustrations for rolling a square
along a curvilinear contour: a) schematic representation of
the two positions of the square when it is rolling; b) the
current point of contact A’ in the polar coordinate system.

Ha puc. 1,a moka3aHo, mo B TOJOXKEHHI, KOJHA TOY-
KO0 KOHTAaKTy 3 KPHBOIO € BEpIIMHA KBajpaTa, HOTO
LEHTpP 3HAXOMUTHCA Ha paziyc-BekTopi OC'. Ile cTtocyeTh-
cs1 OyIb-AKOT IIOTOYHOI TOYKH KOHTaKTy CTOPOHHU KBajpa-
Ta i3 KpuBOKO. Hexaill TPHKYTHHK, SIKH € YETBEPTOIO
YaCTHHOIO KBAaJpaTa, TOPKAETbCA KPHBOi B TOTOYHIN
toutti A’ (puc. 1,0). OCKiJbKH HOTO KOUCHHS BiIOyBa€Th-
csi 6e3 KOB3aHHS, TO NOTOYHY TOYKY KOHTAaKkTy 4’ MOXHa
pO3IIIsIaTH, SIK MUTTEBUH LeHTp o0epTaHHst Biapizka 4'C’
HaBKoJIo Hei. B TakoMy BHMIagKy HampsM IIBHJIKOCTI
tToukn C' Mae OyTH NepreHUKYISIPHUM 110 Biapizka 4'C".
OpHak 32 yMOBO Touka C' pyXxaeThCs IO KOy pajiyca I,
TOOTO BOHa Mae OyTH MEpPIEHIUKYISPHOIO A0 paiiyc-
Bektopa OC'. Takum umHOM, TIeHTp kBagpata C' (abo
BEpIIMHA BiAIOBIAHOTO TPHUKYTHHKA, OCHOBOIO SIKOTO €
CTOpOHA KBaJpara), i TOYKa KOHTAKTy CTOPOHHU KBajpara
A' po3TamoBaHi Ha CIIIPHOMY pajiyc BEKTOpi, IO BUXO-
IUTH 13 MOYATKy KOOPAWHAT. 3aBASKH IbOMY PiBHSIHHS
KpHBOI MPOQUII0 3pYyHYHO PO3MIISIATH B MOJSIPHIH cuctemi
KOOpJAMHAT.

[To3HaYMMO BiJICTaHb BiJ| IOYATKY KOOPMHAT J0 TO-
yku notuky OA'=p (puc. 1,0), ne p € QyHKIli€0 KyTa o
p=p(a). Crana BiACTaHb I € CyMOIO JBOX BIiJIPI3KiB 3MiH-
HOi gnoBxwHH: r=p+A'C'. Jlomxuny rinotenysu A'C’
MOKHAa 3HAaWTH i3 TpsAMOKyTHOTOo TpukyTHHKa A'C'B.
3HaiizeMo BHUpa3M JOBXKHUH KateTiB A'B 1 BC' mis nortou-
HOI TOYKH A' HOTHKY. J{s Kpamoro po3yMiHHS IPOLECY
KOUCHHS PO3IIITHEMO PYXOMY CHCTEMY KOOpAMHAT —
CYNPOBITHUN TPUTPaHHUK KPUBOi HMPO(DLIIO, Y SIKOTO OpT
T € IOTUMHUM JI0 Hel, OPT N — MEPIEHANKYISPHAM, @ OpT
GiHopmaii b mpoekuiroeTsest B TOUKy. Bepmmuoro Tpu-

IPaHHHKA € TOYka A B HOro MOYATKOBOMY IOJIOKCHHI,
npu 1boMy Brucota AC nexuth Ha oci Ox (puc. 1,a,0), sika

30iraetbcst 3 OpTOM ToIoBHOT HopMani N (puc. 1,0). [lpu
KOYCHHI TPHKYTHHKA TOYKa KOHTAKTy A', sika € BepIlH-
HOIO TPUIPaHHHKA, PYXA€ThCS 10 KPHUBii, MPUUOMY OpPT

7 3aJUIIA€ThCd NOTUYHUM 0 KpI/IBO.l.. B MNOYaTKOBOMY

MOJIOKEHHI 7N TpUrpaHHUKa TOuku A 1 B 30iramucs, a

BUCOTA a TPUKYTHHKa 30iranacs i3 oprom N . IIpu kouen-
Hi TPUKYTHHKA MO KPHUBIH TPUTPAHHWK 3aliMae HOBE IIO-
noxennss 7 N' 3 Bepumuoro B Touni A’ (puc.1,6). Koop-
nmuHatH Toukn C' B HOTO CHCTeMi MalOTh HACTYIHI KOOp-
nmuHaty. Bigpizok A'B mopiBHIOE noBkuHI 1yru AA' Kpu-
Bol: A4'=A'B=s. Bucota a TpUKyTHHKA IIPU HOTO KOYCHHI
3aJTHIIAETHCS [APATEeNbHOIO TOIOBHIM HOpMami n' . OT-
e, JOBXKHHY Bifpizka A'C' BHU3HA4aeMO 3a TEOPEMOIO
Migaropa: A'C’'=+/s?+a’. Bupas r=p+4'C' moxHna
3aIMcaTH HACTYITHUM YHHOM:

r=p++vs®+a’. (1)

Po3B’spxemo piBHAHHA (1) BiTHOCHO S:

s=+(r-p) -a’. )

3amumeMo napamMeTpuyHi piBHAHHS KPUBOI MPpodisio
B MOJISIPHIH cHCTEMi KOOPAWHAT:
X=pcosa; -
y=psina.
3HaiineMo Bupa3 IOBXKWHH Ayrd s KpuBoi (3). Jlus
HOTO BU3HAYAEMO 11 MEPIITi MOXiIHi:
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X'=p'cosa—psing; 4
y'=p'sina+pcosa.

3a BigoMor0 (popMyIIOI0 3aMUIIEeMO:
ds ! ! ’
OT=\/><2+3/2 =Jp*+p? ()
a

3 iHImOi cTOPOHM, MOXiMHY IyTH S 3HalaeMo aude-
PeHIIIOBaHHAM BHpasy (2):

ds pr—p) (6)

da Jropf-at

[MpupiBusiemo Bupasu (5) i (6) i po3B’sHKEMO BiTHOC-

HO p":
do_p (r-p)y-a )
da a
JudepeHnuiansHe piBHSAHHSA nepiuoro nopsaky (7)
OTPUMaHO Ha OCHOBI PIBHOCTI Ayr KpuBOi mpodimo i
CTOPOHHU KBaJpara, sKa KOTHTHCS MO Hill 0e3 KOB3aHHS.
Bucory a TpuUKyTHHMKa MOKHa 3HAaWTH Yepe3 KyT &
a=R-cose, ne R — NOBXWHA CTOPOHW TPUKYTHHKA, SKa
JOPIBHIOE pajiiyCy OMHMCAaHOTO HABKOJIO KBaJpaTa KoJja.
VY3aransHUMO IIeH BUpa3 Ha 0AaraTOKyTHHUK 13 JAOBUIBHUM
yuciIoM n ctopiH. KyT € B TakoMy BHIaaKy 3anexaTuMe
BiJ YHCTIa CTOPiH OaraTokyTHUKa: e=n/n. JJudepeHtians-
He piBHAHHA (7) U1 OaraTOKyTHHKA 3 JOBUTBHUM YHCIIOM
N CTOPiH, BIIMCAHOTO Y KOJIO pajaiyca R, 3anumieTses:

9 _ — P J(r-pF-R?cos¥(z/n). (&
da Rcos(z/n)

Hdudepennianpae piBHIHHEA (8) Mae aHaTITHIHHN
po3B’s30K. 3a yMoBH, mo npu a=0 p=r-a=r-R-cos(m/n),
3HAXOJUMO BIAIIOBIHE 3HAYCHHS CTAJIOI iHTerpyBaHHs. [3
BpaxyBaHHSM Ili€l CTajoi po3B’s30K piBHAHHS (8) Tpwii-
Ma€e OCTaTOYHUIA BHUTJISIL!

e r’ —R*cos’(z/n) 9)
r2
r +Rcos(z/n)cosh| o m—l

>

— -
—_

Puc. 2. KpusoniHiiiHuii mpodinb, NpH MOBHOMY
00KOYyBaHHI SKOTO KBaJIpaT poOuTh 4 00epTy.

Fig. 2. Curvilinear profile, with complete rolling of
which the square makes quarter of a turn.

[TincranoBka (9) B (3) macTp mapameTpuyHi piBHSH-
Hs KpuBOi. 711 KOHCTPYIOBaHHS Mpodiar0 HaM MOTpiOHA
oOMerkeHa ayra. BennunHa miei ayru 3yMoBIIeHa MiHIMa-
JLHUAM 3HAa4EHHSIM pajiyc-BeKopa p=ro (puc. 1,a). B cBoro
yepry, ro=r-A'C'=r-R. TIlincraBumo B (9) p=r-R i
PO3B’sHKEMO BiTHOCHO O

Rcos(z/n)
%o =+75 2 o2 X
Jr’ =R?cos?(z/n) (10)
2
x Arc cosh M I
(r =R)cos(z /n)

[MotpibHa myra KpuBOI IpH 3a1aHKUX 3HAUCHHSX I, R 1
N OynyeTbes 3a piBHSAHHAMU (3) 13 BpaxyBaHHAM (9) mpu
3MiHI KyTa o B MEXaX 0= —(l,...0,. OHaK B [IbOMY BHIIa-
Ky MH HE 3MOXKEMO PO3MICTHTH HEOOXiTHY KiJIbKiCTh
IyT Tak, 00 BUHIIOB 3aMKHEHHHA Tpodimb. SKmo mu
X04eMo MoOynyBaTH HPOdiNe i3 YOTHPHOX IOYT, TO KYT
0,=%r/4 (11e#t BuMagoK 300paskeHo Ha puc. 1,a). Bemun-
Ha KyTa ¢, BH3HAYA€THCS IUICHHSIM 4YUCIAa 7 HA YHUCIO
nyr. TakuM 9WHOM, TIPH 33JaHOMY YHUCII AYT MPoQiiro i
YHCIIi CTOPIH OaraTOKyTHHKa 13 JBOX paniyciB I i R mu
MOXEMO 33/1aTH TUIbKH OJVH, OCKUIBKH KYT @, TeX Oynae
3aJaHUM.
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Puc. 3. KpuponiniiiHuii npodinp i3 Y0THPHOX
€JIEMEHTIB, NPH TMOBHOMY OOKOYYBaHHI SKOTO KBajapar
pOOUTH OJTUH 00EPT:

a) MHOXHWHA IIOJIOKCHb
MepeKoYyBaHHI 1O Ay3i Ipodiio;

0) 301pLIEHNI (PparMeHT eIeMeHTa npogiio.

Fig. 3. Curvilinear profile of four elements, when
complete rolling along it, the square makes one turn:

a) the set of positions of the square when it is rolling
along the arc of the profile;

b) enlarged fragment of the profile element.

KBazpaTa Ipu Horo
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Po3r’s3atu piBHsHHSA (10) BiZHOCHO OHOTO i3 pami-
yciB I abo R He BAaeThCs, TOMYy OTPIOHO 3aCTOCOBYBATH
grcenbHi Meronu. Ciix 3a3HAYMTH, MO0 KPUBOJIHIMHHUN
mpodinbe MoXke cKIamaTucs i 3 omHiel myru. SAxmo Oara-
TOKYTHHK € KBaJIpaToM, TO IIpH a,==x, N=4, r=100, 3na-
xogumo: R=95,28. Ha puc. 2 mobynoBaHO KpHUBOJIiHIHHIHA
npodiab i KBagpaT y ABOX MOJIOKEHHSX 13 MPOTHIIC)KHUX
ctopin. [Ipu moBHOMY O00KOYyBaHHI NPOQUIO TUIBKU
OJlHa CTOpPOHA KBajpaTta KOHTAKTY€E 3 HUM, TOOTO KBaJpaT
poOuts Y4 0bepry.

SIKmo KpuBOMIHIMHUKA npodinb cKiIagaeTbes i3 4o-
TUPBOX €JIEMEHTIB, TO KBapaT NpU IOBHOMY 0OKOYYyBaH-
Hi podiro poOUTH OAWH 00EpT.

150 YA

100

50

I
-50
I

0 - - >
X
-100 N:Z’
-150
450 100 -50 0 50 100 150
100
50
0
-50
-100 : : :
100 -50 0 50 100

6

Puc. 4. Kpusoniniitai npo¢ini i3 pi3HHM dYHCIOM
00epTiB kBajpara:

a) KBaJgpaT NIpPH TIOBHOMY OOKOYyBaHHI MpPOQiiio
pobuTh Ba 00EepTH;

0) KBagpaT HpU MOBHOMY OOKOYyBaHHI mHpodiiro
pobuTh YoTHPH 00EpTH.

Fig. 4. Curvilinear profiles with different number of
turns of a square:

a) a square when complete rolling along profile
makes two turns;

b) a square when complete rolling along profile
makes four turns.

[loBTOpHBIIM OOYMCIEHHS TIPH 0O,=*w/4, N=4,
r=100, smaxomumo: R=62,27. Ha puc. 3 moOymoBaHo

KPUBOTIHIMHAN TIPODITb i3 YOTUPHOX €IEMEHTIB Ta MHO-
KMHY TIOJIOXKEHb KBaj[paTa IpH HOro MepeKodyBaHHI IO
onHOMY i3 eneMeHTiB. [locimoBHE mepeMileHHs IIeHTpa
KBaJpaTa MpH HOro MepeKovYyBaHHI ITOKa3aHo Koilamu. B
KpaifHiX TOJOXXEHHSIX KBagpaTra, KOJIM WOTO BEPIIMHHU €
TOYKaMH JTOTHKY i3 mpodijgeM, CTOpOHH KBajpaTa 300pa-
JKECHI TIOTOBILCHUMH.

r

!
\

Puc. 5 baratokyTHUKHM Ta KpUBOIMIHIIHI mpodini i3
PI3HMM YKCJIOM CTOpIiH 1 KPHBOJIHIHUX €JEMEHTIB MpH
r=100:

a) IMECTUKYTHUK 3 paI[iYCOM OIIMCAHOIo KoJja
R=54,93 i BigNOBiAHW{ KPHUBONIHIHHUA MPOodiLTE i3
[IiCTHOMA CIICMECHTaMU,

0) II’STHUKYTHUK 3 pajiycoM ONFCAaHOTO Koja
R=71,47 i BigUOBiAHWH KPHWBONIHIHHUA MPOodiLTE i3
TpboOMa CJICMCHTaAMU.

Fig. 5. Polygons and curvilinear profiles with
different number of sides and curvilinear elements at r =
100:

a) a hexagon with a radius of the circumscribed
circle R=54,93 and a corresponding curvilinear profile
with six elements;

b) a pentagon with a radius of the circumscribed
circle R=71,47 and a corresponding curvilinear profile
with three elements.

Crix 3a3HauuTH, MO A8 (i3HYHOTO OOKOYYyBaHHS
0araToKyTHHUKA 1O KPHUBOJiHIHHOMY TpoQiiio icHye 00-
Me)XEHHS Ha 9icyo Horo cropiH. Yncno cTopiH 6aratoxy-
THHKA HE MOXe OyTH MEHIlle YOTUPbOX. Lle mosicHIoeThCs
HAaCTymHMM dYuHOM. Ilpm KoueHHI OaraToKyTHHKa IOro
BEpIIMHA OMHUCYE BiOMY KPHUBY — €BOJIBBEHTY. i BIacT-
BICTIO € Te, IIJ0 B MOMEHT BiJIpUBY BiJl KpHBOI TOUKa Mpsi-
MOi, SIKa KOTHTBCS 1O Hil (B HAlIOMy BHIIAJKy KiHEIb
CTOPOHM KBaJ[paTa), pPyXa€eThbCsl NEPIEHANKYISIPHO 10 HEl.
Ile BuaHO i3 30unbIIEHOrO (hparmMenTta Ha puc. 3,0. SxOu
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0araToKyTHUKOM OyB TPUKYTHHK, TO KyT MiX CYCiTHIMH
eJIeMEeHTaMHU CTaHOBUB Ou 60° 1 (hizmuHe KoueHHS Oyio O
HEMOKJIMBUM. PO3MISHYTHI MiXiA NO3BOJSIE KOHCTPYIO-
BaTH KPHUBOJIHIHHMI mpodins, sSkuil O6m 3abe3medyBaB
HEOOXigHY KUTBbKiCTH OOEpTiB OaraTOKyTHHWKa TPH IIOB-
HOMY OOKo4yBaHHI mpodimo. Bona Bu3HadaeThCs Bif-
HOULIGHHSM 4YHCJIa eJIEeMEHTIB MPOo(iIo 0 Yuciia CTOpiH
0araToKyTHHKA.

Ha puc. 4,a nodynoBaHo npodisb, M0 CKIATAETHCS
i3 8 enemenris. [Ipu r=100 paniyc omucaHoro Koxia KBaj-
para craHoButh R=41,76. IIpu noBHOMY OOKOYyBaHHI
npo¢itro KBaapat poouts 2 obepru. s 3ade3neueHns 4
00epTiB mpodins Mae cTaHOBUTH 16 eneMeHTiB, PH IbO-
My paniyc R = 25,13 (puc. 4,0).

[Ipu HEOOME)kKeHOMY 3pOCTaHHI 4wcaa N cTopiH Oa-
TaTOKyTHUKA BiH TEPETBOPIOETHCS y KOJO, a pajiyc-
BEKTOp p — y craiy BenmuuHy r—R, T00TO I, (pHC. 1,3).
KimpkicTs 00epTiB Kona pamiyca R mpu moBHOMY 00KOTY-
BaHHI KOJa pajiyca I, BU3HAYAETHCS BiTHOIICHHSIM IUX
pamiycis.

CIiBBiTHOIIICHHSI YHCJIa CTOPiH 0araTOKyTHUKa 1
€JIEMEHTIB KPHBOJIIHIHHOTO Tpodinio Moxe OyTH Pi3HUM
(puc. 5). Taki dirypu MOXKyTb KOTHTHCS OJIHA MO OJHIMH 3
OHOYAaCHAM OOEpTaHHSIM HaBKOJO HEPYXOMHX IIEHTPIB
O 1 O1 3 KYTOBUMH MIBHIKOCTAMH @ 1 @1, TOOTO MOXYTh
CITy’)KUTH LEHTPOigaMu Al TPOEKTYBaHHS HEKPYTIIHX
3yOuatux koxic [6 — 8]. 3amaHa BemMYWHA I CIYXKHUTH
MIXIICHTPOBOIO BiZICTaHHIO.

IIpu obGepraHHI OXHOTO HEKPYTJIOTrO Kojeca i3 cTa-
JIOI0 KYTOBOIO IIBHIKICTIO Japyre Oyzne oOeprarucs i3
3MIHHOIO KyTOBOIO IIBHIKICTIO. Lle 3yMOBJI€HO 3MiHHOIO
BEJIMYMHOIO PAiyCiB BiJl IIEHTPIB KOJIC 10 TOYKH KOHTA-
KTy mij yac obepTaHHs. Paaiyc-BeKTOp p 3MIHIOETBCS BiX
MakcuManibHOT BeianuuHu 1pu a=0 1x0 MiHIMaIbHOT
p=r,=r—-R (puc. 1,a, Touku 4 i A"). s pi3Huus BincraHeu
1 € pI3HHUIEI0 MK MaKCHMalbHUM 1 MiHIMaTbHHM 3Ha-
YeHHSAM BIJCTaHI BiJl Oci OO0epTaHHS 0araTOKyTHUKa IO
TOYKH KOHTAKTY 13 KPUBOJIHIHHUM mipodinem. BoHa 3me-
HIIYETHCS IO Mipi 30UTBIICHHS YHCIa CTOPIH 0araTokyT-
HUKA, a TAKOXK IO Mipi 301TBIIEHHS YMCIIa KPUBOJIIHIHHUX
€JIEMEHTIB TPO]IITIO, IO MOXXKHA MPOCTEKUTU I KBAJ-
pata Ha puc. 2 — puc. 4.

BucnoBxku

1. AHanmiTHYHUN OMUC KOYEHHS OaraTOKyTHHKA IO
KPUBOJIHIHHOMY 3aMKHEHOMY HpOQiII0 MOXe OyTH BH-
KOPUCTaHMH JUIS MPOEKTYBaHHS HEKPYIJIMX KoJjic 3yOua-
TUX 3averuieHb. J{ns 3mificHeHHs (Di3MYHOI MOXKIIMBOCTI
KOUCHHS YUCJIO CTOPiH 0araToKyTHHKa ITOBHHHE OyTH He
MEHIIIE YOTUPHOX.

2. Jlns mpoeKTyBaHHs KPUBOJIHIKHOT HEHTPOIIU HOo-
TpiOHO 3a7aTH MIKIEHTPOBY BiACTaHb, YHCJIO CTOPIH
0araToKyTHUKA, SKHHA CIy)KUTh IHIIOK IIEHTPOINOI0, i
CITIBBITHOIIEHHS 4Kciia 00epTiB X NeHTpoin. JloBxnHa
eJIeMeHTa IIEHTPOINN JOPiBHIOE JIOBXKWHI CTOPOHW Oara-
TOKYTHHKA. YHCIIO €TIeMEHTIB IIEHTPOIAN MOXE CTaHOBHU-
TH OyIb-sKe LiJIC YUCIIO0, TOYHHAIOYH 13 OJTUHHIIL.

3. 30inbplIeHHS 4YHCIa €JIEeMEHTIB KpPUBOJIHIHHOI
LEHTPOIMM 1 uuciaa CTOpiH 0araTOKyTHHKA Ii/IBUIIYE
piBHOMIpHICTh OOepTaHHS OjHIET HEHTPOIAM MO BiIHO-
LIEHHIO JI0 1HIIO].
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BHEINHEE KAYEHUWE MHOI'OYT'OJIbBHUKA TIO
3AMKHYTOMY KPUBOJIMHEMHOMY TTPO®UJIIO
T. A. Kpecan

AHHoTanusi. KoHCTpyupoBaHuE 3aMKHYTOrO IIpoO-
¢wis, y KOTOPOro KPUBOJIMHEHHbBIE 3JIEMEHTHI KacaroTCs
Kpyra, SIBISETCS BaXKHBIM JJIs1 IPOCKTUPOBAHMSI LIEHTPOU L
HEKpyIiblX Kozec. IIpy KO4eHbUM MHOIOYrOJbHHUKA I10
TaKOMy NPOQWIIO ero HEeHTp JBMXKeTcs 1o Kpyry. Ecim
00a neHTpa (LIEHTp KPUBOJIMHUKHHOTO NpodmiIs U LEHTP
MHOTOYTOJIbHHKA) OYyIyT HENOABMXKHBIMH, TO MOYXHO
OCYIIECTBUTh KauyeHHs! 3THUX (QUTYp C OJHOBPEMEHHBIM
BpalllEHUEM BOKPYT CBOUX LEHTPoB. OAHOI LeHTpoua0i
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OyIeT MHOTOYTONBHUK, IPYTrOH - MOCTPOCHHBIH 3aMKHY-
TBIH POPHITB.

PaccmoTpeHBl KaueHHs IUIOCKOW (UTYpHI B BHIE
PaBHOCTOPOHHETO MHOTOYTOJIBHUKA 110 KPUBOJIHMHEHHOMY
npo¢mro. [Ipoduns sBISETCS MEpHOIUISCKAM M 00pa-
3yeTcd MOCNIENOBAaTEIbHBIM COSAMHEHHEM IYyTH CHMMET-
pUYHON KpUBOM TaK, YTO €€ KOHIIBI ONHPAIOTCSA Ha KPYT
3a[JaHHOTO pajuyca. Y paBHEHUE KPUBOIL, ¢ Tyru KOTOpPoil
KOHCTPYHPYETCSl KPHBOJMHEHWHBI MpoQuib, HalaeHO
IIPU YCJIOBHH, YTO LIEHTP MHOTOYTOJbHUKA TIPU €ro Kade-
HUM 10 TMPOQMIIO, TOXKE JOJDKEH IBHIAThCS IO KpPYTY.
KaueHus mnpoucXOAMT NpPU OTCYTCTBHU CKOJBXKEHUS,
MOSTOMY JJIMHA AYTM KPUBOW paBHA [UIMHE CTOPOHBI
MHOTOYTOJIbHHKA.

Jis HaxOoX/IeHUs ypaBHEHHMH KPHBOH MpoUIs co-
cTaBiieH quQQepeHnranbHoe ypaBHEHNE [IEPBOTO MTOPSIA-
Ka U NOJYy4EHO aHAJINTHYECKOe pemeHue. Ilapamerpude-
CKHE YpaBHEHMs KpHBOH MOJIYYEHO B IOJISIPHOM cucTeMe
KoopauHaTt. HalineHo mnpeznensl W3MEHEHUS YIVIOBOTO
napamerpa I IOCTPOEHHS 3JIeMEHTa Npoduii, KOTO-
pBIi ABJIAETCSA 4acThIO Ayru Kpuoil. Ilo momydeHHBIM
ypaBHEHHSM MOCTPOEHO KpPHUBOJHMHEIHbIE mnpoduim ¢
Pa3IMYHBIM YHCIIOM MX 3JIEMEHTOB. YCTAaHOBIJIEHO Mare-
MaTHYECKYI0 3aBUCHUMOCTb MEXIY PaJHyCOM OKpPYKHO-
CTH, 10 KOTOPOM JIBUXKETCS LIEHTP MHOTOYTOJIBHUKA MpPU
€ro Ka4eHUH, U PaJIyCOM ONKCAHHOH OKPYKHOCTH CaMo-
TO0 MHOTOYT'OJIbHHKA.

KiroueBble cj10Ba: paBHOCTOPOHHHN MHOTOYTOJIb-
HUK, KPHUBOJHMHEHHBIH TpoQuiIb, BHEIIHEE KaueHHS,
i depeHnnanbHoe ypaBHEHHE, IEHTPOHIBI.

EXTERNAL ROLLING OF POLYGON ON CLOSED
CURVILINEAR PROFILE
T. A. Kresan

Abstract. Constructing a closed profile in which
curvilinear elements touch circle is important for the
design of centroids of non-circular wheels. When rolling a
polygon on such profile its center moves in a circle. If
both centers (center of curvilinear profile and center of
polygon) are stationary, then you can roll these figures
while rotating around their centers. One centroid will be a
polygon, the other will be a closed profile.

The rolling of a flat figure in the form of an equilat-
eral polygon on curvilinear profile is considered. The
profile is periodic and is formed by a series connection of
the arc of a symmetric curve so that its ends abut on the
circle of a given radius. The equation of the curve from
which the curvilinear profile is constructed is found pro-
vided that the center of the polygon, when rolling it on the
profile, must also move in a circle. The equation of the
curve from which the curvilinear profile is constructed is
found provided that the center of the polygon, when roll-
ing it on the profile, must also move in a circle. Rolling
occurs without sliding, so the length of the arc of the
curve is equal to the length of the side of the polygon.

To find the equations of the profile curve, a first-
order differential equation is constructed and an analytical
solution is obtained. The parametric equations of the
curve are obtained in the polar coordinate system. The
limits of changing the angular parameter for constructing
a profile element that is part of the arc of the curve are
found. According to the obtained equations, curvilinear

profiles with different number of their elements are con-
structed. The mathematical relationship between the radi-
us of the circle along which the center of the polygon
moves when it is rolling and the radius of the circum-
scribed circle is established.

Key words: equilateral polygon, curvilinear profile,
external rolling, differential equation, centroids.
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Anoranig. B crarri  BHUKIIazeHa  METOOMKA
YHCENIFHOTO MOJIEJIIOBAaHHS MPOLECY BUCIBY HACIHHEBOTO
MaTepiary OpiOHOHACIHHEBHUX KYIBTYpP B IIPOTPaMHOMY
maketi STAR-CCM+ Ha ocHOBi ctBOpeHOi 3D-monemi
BUCIBHOTO amapary 1 NpUAHATHX (i3MYHUX Mojemnel.
IlpexcraBneni  rpaHM4Hi 1 MOYaTKOBI  yMOBHU
MojentoBaHHs. {8 TepeBipkH CTBOPEHOT CUMYJSLl
PO3pOOJICHOr0 BUCIBHOTO amapara CeJICKIHHOI CiBaJIKH
OoTpHMaHa Bi3yasi3allis nporecy iHoro podoTH i BU3HaYE€HO
OUHAMIKY KUIBKICHHX BHTpaT HaciHHA. [IpoBemeHO
PO3paxyHOK CEpeIHbOTO 3HAYEHHS KITbKICHUX BHUTpPAT
HaciHHS 1 HOro CcepeaHbOKBAJPATHYHOTO BiIXWUIICHHS.
OOrpyHTOBaHO, IO AJISI TOJAIBIINX AOCIIKEHb B SIKOCTI
(dakTopiB JOCHiHKeHs 00paHO: BUTOTOBICHHS [103aTOpa
mutigpuaHoi Gopmu (I — TpukyTHUK, 11 — HamiBkomo, 111
— TPSIMOKYTHHK), KYT TOBOPOTY 3aCIiHKH 0, HPOMIXKOK
yacy, KOJIM 3aCJIiHKa BiJKkpuTa abo 3akputa At, IBUAKICTH
nepeMilieHHs ciBajku V.

Kawu4oBi cioBa: BuCIBHUI amapaT, HaciHHS,
JpIOHOHACIHHEBI KYJIBTYPH, YHCEIbHE MO/ICIIOBAHHS,
METO/IUKA, CUMYIIALLIA.

IHocranoBka npodaemu

OcCTaHHIM dYacoM B CENCKI[IfHOMY BHpPOOHUIITBI
HACIHHEBOTO Martepially ApiOHOHACIHHEBHX KYJIBTYD
iHTepec 10 npobieM ciBOu 3Ha4HO 3pic. Lle mosicHIEThCS
BaXIUBICTIO OTPUMAHHS SIKICHUX IIOCIBiB B ITOYAaTKOBHH
MOMEHT JOCH{/DKCHHA 1 IONepPeTHhOI0 PO3MHOXKECHHS
HOBHX COpPTiB 1 TiOpuAiB ApiOHOHACIHHEBHX KYIBTYD.
BiamoBigHO 70 yMOB, HEOOXITHMX MJIT HOPMAIBHOTO
PO3BUTKY POCIHH, JIO CiBOM Ha CENEKI[IHHHUX IUISTHKAX
TIOTNIEPEeTHOT0  PO3MHOXEHHS 1 COPTOBUIPOOYBaHHS
BUCYBAIOTh BHCOKI arpoTEXHIYHI BHMOTH 32 SIKICTIO
MIOCIBIB, OCKIJIbKM BHUKOPHCTOBYETHCSI OUIBII JOpOTHH
MIOCIBHMH MaTepial.

BaxnuBuUMH ~ arpoTeXHIYHMMH  BHMOTaMH €
3a0e3nedeHHss PiBHOMIPHOTO PO3MOMITy HACIHHS B3JIOBXK
psaka Ha piBHI He HIKYE 95 %. BuxoHnaHHS 11i€] BUMOTH
cnpusie  ssKHalKpaioMy 3a0e3leYeHHI0 BCIX POCIHH
MMO’)KUBHUMH PeuOBUHAMH [1].

Crioci6 ciBOHM 3aJeXWTh BiJl TPYHTOBO-KIIMaTHIHHX
YMOB 1 TOCIBHHX SKOCTEH HACIHHA IpiOHOHACIHHUX
KynbTyp. 3aBIaHHS CiBOM ToNsArae B  CTBOPEHHI
CIIPUATIMBUX YMOB IPOPOCTAaHHS HACiHHSA 1 POCIHUH, a
TaKko) B 3a0e3neueHHi iX HEoOXigHOT TYCTOTH NpHU
piBHOMIpHOMY po3MilleHHi B psiakax. HeoOxinHa rycrora
NOCIBIB 1 MOPSJOK pPO3MILIEHHS HACIHHSA Ha TIONI €
OCHOBOIO mpu BUOOpI crmocoOy CciBOM  HACiHHA
NpiIOHOHACIHHEBHX  KyNbTYp. Buxomsuum 3  1bpoOro
BHOMPAETHCS BiICTaHb MDKPSAAS 1 iHTEPBaJ Mi>K HACIHHIM

[2].

AHaJi3 0CTAHHIX JOCIIIKEeHD

B nmanuii wac npu BHUpOIIyBaHi JIpiOHOHACIHHEBHX
KyJIbTyp TPHUHHATO PO3PI3HATH Taki cHnocodu ciBOM
(puc. 1) [3].

B pesynbraTi npoBeaeHOro aHamizy  poOHMO
BHCHOBOK, L0 Cepel pi3HHX CHOCOOIB CiBOM OJHHMM 3
aKTyaJIbHUX JJISI CEJIEKIIHHOrO IpOoLecy, € PSIKOBHH,
CTPIYKOBHH, BY3BKOPSITHHN 1 IIMPOKOPSIHUN CHOCOOH
ciBOM  HaciHHA  JpiOHOHACIHHEBUX  KYJNBTYp, SKi
3a0e3reuyroTh MiJBHIICHHS BPOXAHHOCTI KYyJIbTYpH, 32
HaliMEHIIMX BUTpaTax Ha MOCiB.

He Topkarouuch Bcix acleKTiB arpOTEXHIYHUX BUMOT,
3YMMHUMOCS TUIBKM Ha TIOKa3HMKAaX, SIKi BU3HAYAIOTh
SIKICHY CTOPOHY Hpoliecy 1 pa3oM 3i crocoboMm ciBOu €
TEXHOJIOTTYHOI0 OCHOBOIO MPH PO3POOIIi Ta BIOCKOHAIEHHI
MOCIBHUX MarluH i arperatis [3].

OCHOBHOIO 1 HEOJIMIHHOIO YMOBOIO, SIKa € BRKIIUBOIO
AKiCHIM CciBOi, 0COOJIMBO TpPH PSIKOBOMY CHOCO0i 3
OTHOHACIHHHAM 1 THI3JJOBUM pO3MIIICHHSIM HACiHHA (B
MOJaIbIIOMY JUIsSl CTHCIOCTI OyJeMO yMOBHO Ha3HMBaTH
HOTO «TOYHUM»), € MEepeNNoCiBHUN 0OpOOITOK IPYHTY i
MiArOTOBKA HACIHHSL.

BcranoBneno, mo Kkpami ymMOBHM ans  poOOTH
MOCIBHUX MAIlMH TOYHOI'O BHCIBY CTBOPIOIOTHCS, KOJIH
MOBEPXHS IPYHTY PpETEJIbHO pO3MylleHa Ha TIIHOUHY
3aropTaHHS HACIHHS 1 BUPIBHSHA JI0 CTaHy, IPH SKOMY B
mapi 0-5 cM He MICTHUTBCS TPYHOK i POCIMHHUX PEIITOK
po3mipom Ginbie 30 mum [4, 5].
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3rigHO 3 aHaAmi30M  JTEpaTypHUX  JDKEped,
KyJbTHUBATOPH 3 IACHBHUMH pPOOOYMMH OpraHaMH He
3a0e3nedyoTh  OTPUMAHHSA  CTPYKTYpH IpyHTY i3
3a3HAYCHUMH PO3MipaMH TPYIOK i POCIMHHHUX PEIITOK. Y
3B'SI3KY 3 UM IIEpEANIOCiBHAN 00POOITOK IPYHTY AJIs CiBOH
CiBaJIKAMH TOYHOTO BHCIBY IIOBHHHA IIEPEBAKHO
3niificHIoBaTUCS  (pe3epHUMHM  KyJIbTHBAaTOpaMH  abo
IHIIUMH 3HApSAAISIMU 3 aKTUBHUMH POOOYMMH OpraHaMu
[6].

IlepennociBHa MiATOTOBKA HACIHHS B OIJIBIIOCTI
BHIIQJIKIB Mepe0avyae HalaHHsI HOMY OLIbIIOT CHITYYOCTI i

PIBHOCTI 32 po3MipaMu, OCKIJIBKH I1i BJTACTUBOCTI 6arato B
YOMy BH3HAYaIOTh SKICTh pPOOOTH BHCIBHHX CHCTEM
ciBaok. Hacinas OaraTthox IpiOHOHACIHHEBHX KYJIBTYpP
Ma€ OIIYIICHICTh, 3a4YelH 1 Pi3HOTO POAY MIOPCTKOCTI, IO
B 3HayHId Mipi  yCKIQAHIOE OAWHHUYHUH  abo
MpOrpaMOBaHMUi BimOip iX MPM TOYHUX OJHOHACIHHUX i
THI3J0BUX NociBax. ToMy He3aJexHo BiJ criocoly ciBOM
BHIIICOTMCAHE HACIHHA TIOBUHHO OyTH BimIUTI()OBAHUM i
piBHUM 3a po3mipamu [7-11].
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Puc. 1. Cxemu ciBOM HaciHHS ApIOHOHACIHHMX KYJIBTYP: a — PSAKOBHH; O — IEPEeXpecHHid; B — BY3bKOPSJHHH;
I' — CTPIYKOBMHU; ]I — MyHKTUPHHUN; € — IIUPOKOPSAHUIL, ) — KBaApPaTHO-THI3JOBHUN; 3 — THI3NOBHH; 1 — PO3KUIHHIMA

(6e3psinkoBwmin).

Fig. 1. Schemes of sowing seeds of small-seeded crops: a — ordinary; 6 — cross; B — harrow-row; r — tape; x — dotted;
€ —wide-row; x — square-nested; 3 - nesting; i - scatter (lineless).

OCHOBHOIO BHMOIOIO JIO CiBOM €, fK BiJIOMO,
MO3/I0BXKHS (Y3[0BX psAKa) 1 BepTHKaNbHA (110 TIIMOMHI
3aropTaHHs) PIBHOMIPHICTh PO3IIOIUTY HACIHHS.

3HaloMCTBO 13  BITYM3HAHOIO 1 3apyOiXKHOIO
JITEPATypOIO 3 TAHOTO MUTAHHS MOKa3ajo, Mo OiIBIIICTh
HasiBHUX POOIT IPHUCBSIYEHO BUBYEHHIO MOJIHLOBOT CXOXKOCTI
HACiHHA, TYCTOTH PO3MIIICHHS DPOCIWH i BIUIUBY iX Ha
ypoxaii. II{o cTocyeTrbes AOCTIKEHh MO BHU3HAYEHHIO
YaCTKU BIUIMBY TIO3JIOBXKHBOI PIBHOMIPHOCTI PO3MOILTY
HAaCiHHS Ha Ha3BaHl I[IOKa3HUKM, TO Takli [JaHl II0
JpiOHOHACIHHEBHX KYNbTYpax NpakTH4HO BiacyTHi. Lle,
HMOBIPHO, MOSICHIOETbCS, 3 OJHOTO OOKY, TPYIHOLIAMH

TaKoro poJy €KCIEepHMEHTIB, 3 IHIIOTO caMoxo
TIOCTaHOBKOIO 3aBAaHHA. B arpoHOMIYHOMY acmekTi, 1o
nepenbavyae B KiHIEBOMY IJICYMKY BH/a4y IPaKTUYHUX
PEKOMEHAIIH, IIJIKOM JOCTaTHIM BUSBIISIETHCS Ha3BaTH
cnoci6 ciBOM i onTHManbHy A JaHOI KYJIbTYPHU CXEMY
PO3MIIIIEHHS POCIIMH 0€3 BKa3iBKH JOMYCKiB Ha BiAMOBIHI
rmapaMeTpu BHUCIBY. 3 TOYKH 30py arpOTEXHIYHHX BHMOT,
WX BiJIoMOCTEeH HEJAOCTaTHhO, OCKIJIBKH B peaTbHHUX
YMOBaxX 3aBXIW CIIOCTEPITalOThCS  BIIXWICHHS, SIKi
MOJKYTb ICTOTHO BIUIMHYTH Ha KiHIICBUI pE3yNIbTAT MOCIBY
Ta mpouecy o0pobiTKy B mijomy. ToMy /It OLIHKH SKOCTI
CiBOM HEOOXiIHI KITbKICHI JaHi JJOITyCTUMHUX BiIXHIICHb, B
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MeXi SIKMX ITOBHHHI YKJIaJaTHCS ITapaMeTpH MpoIecy, IIo
BUKOHYETHCS IOCIBHOIO MAIINHOIO.

TakpuM dYMHOM, OCHOBHI SKICHI, KIJbKICHI Ta
eKCIUTyaTaIliifHi XapaKTepUCTHKH IIOCIBHUX Ta 1HIINX
MalliH BH3HAYAIOTHCS Ha OCHOBI arpOTEXHIYHHX BHMOT,
JIOCKOHAJIICTh 1 TOYHE BHWKOHAaHHA SKHX 3ale3medye
CTBOPEHHSI MpAale3aTHUX 1 EKOHOMIYHO e(EeKTHBHHUX
MOCIBHHX arperaris.

Hacinnau noBuHHI OyTH BUpIBHSHI 32 po3Mipamu i
3BUIBHEHI BiJl OINYLIEHOCTI, 3a4emiB 1 TOMY MOIIOHUX

IOIOPCTKOCTEH, MaTh BHCOKY CXOXKICTh 1 IO KOHIHIIi
Bignosigatu JICTY 2240-93 [12] i ACTY 4138-2002 [13].

B pe3yabTari MIPOBEACHOTO HaTeHTHO-
iHpOpMamifHOTO aHANi3y TEXHIYHHX 3ac00iB I BHUCIBY
HacCiHHA OOTPYHTOBAaHO KOHCTPYKTHBHO-TEXHOJIOTIYHY
CXeMy BHUCIBHOTO amapaTa CeJNeKHiHHOi  CiBaJKu
JpiOHOHACIHHEBUX KyJbTyp (puC. 2), SKUil J03BOJISIE
MOBHICTIO aBTOMATHU3yBaTH TPOIEC BHCIBY IiISTHOK
J100a30BOT0 HACIHHMIITBA Maiie 0€3 yJacTi CeNeKIioHepa
i3 3a0e3MeYeHHsIM BUCOKOT TOYHOCTI BUCIBY.
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Puc. 2. KOHCTpYKTHBHO-TEXHOJIOT1YHA CXeMa BUCIBHOTO araparta CeJISKI[IHOT CiBaIKM JpiOHOHACIHHEBHX KYJIBTYp:

1 — pama, 2 — koHTeliHep, 3 — KaceTH i3 HaCiHHAM, 4 — KOpIyC, 5 — BUCyBHUI QyTisp, 6 — RFID-merka, 7 — akryaTop
KOHTeiHepa, 8 — aktyaTtop Qytispa, 9 — Moayns 3unTyBaHHs aaHux, 10 — teH3oxaTuuky, 11 — emHicTh, 12 — n03aTop
HuITiHapuaHOT opmi i3 Bupi3amu, 13 — Bai, 14 — 3acininka, 15 — KpOKOBHH ABUTYH, 16 — KpOHIITEHH, 17 — pO3MOIUIBHUK,
18 — narpyOKku HaCIHHENPOBO/LY.

Fig. 2. Structural and technological scheme of the sowing apparatus of the selection seeder of small-seeded crops:
1 — frame, 2 — container, 3 — seed cassettes, 4 — housing, 5 — retractable case, 6 — RFID tag, 7 — container actuator,
8 — case actuator, 9 — data reading module, 10 — strain gauges, 11 — capacity, 12 — the batcher of the cylindrical form with
cutouts, 13 — a shaft, 14 — a gate, 15 — the stepper engine, 16 — an arm, 17 — the distributor, 18 — branch pipes of a seed
pipeline.

IMopanpmmmu JIOCIIIKCHHSIMHI nependaveHe
OOTpyHTYBaHHS KOHCTPYKTHBHHX TapaMeTpiB go3aTopa i
PEeXUMHHUX TapaMeTpiB (IMBUAKICTb, MEPIOJUIHICTD i
aMIuTiTya 00epTaHHS) KPOKOBOTO JIBUTYHAa BHCIBHOTO
amapara B 3aJISKHOCTI Bil MOP(OJIOTIYHUX BIIACTHBOCTEH
HaCiHHA ApiOHOHACIHHEBHX KYJIBTYP 1 HOPMH iX BUCIBY.

CTBOPEHOI CHMYJIALIT PO3pOOJIEHOrO BHCIBHOTO armapara
CEJIEKIIIHOT CIBAJIKH.

Pe3ynbTaTH fociixxeHb

UncenbHe ~ MOJCNIOBAHHA  IpOLECY  BHUCIBY
HaciHHEBOTO MaTepiaily JpiOHOHACIHHEBHX KYJIBTYp Oyze
npoBoauTHcs B porpamHomy maketi STAR-CCM+. s
1poro crBopeHa 3D-mozens obnacTi BUCIBHOTO anapara i
Hioro po6ouoro opraty (J103aTop HWIIHAPUIHOI GOpPMHU i3
TPUKYTHUMHU BHpi3amMn 1 3acmiHku). Jlani Ha OCHOBI

Merta nociigkeHn

Meroro  JoCHmiKeHb €  po3poOKa  METOIHMKH
YHUCENILHOTO MOJICJIIOBAHHS NPOLIECY BUCIBY HACIHHEBOTO
Marepiany ApiOHOHAaciHHEBMX KYJIbTYp 1 IepeBipka
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00paHuX MojeNel CiTku (TeHepaTop MOBEPXHEBOI CITKH i
reHepaTtop OaraTOrpaHHUX KOMIPOK) 1 BCTaHOBJICHHX
OTMOPHMX 3HAa4eHb JiHiiHOTO po3mipy (0,0025 wm™)
MPOBEJICHO TeHepaIlito 06’ eMHoi ciTku (puc. 3).

HactymauM etammom € BuOip (i3MUHHX MOICTNEH:
TPUBHMIpPHA MOJENb, HECTalllOHapHAa HESBHA MOJCTb,
MareMaTuyHa  MOJIeNb  OJHOKOMIIOHEHTHOI'O  Trasy
(moBITps), MOAENb imeanbHOrO ra3y (MOBITPS), MOJICIh
TypOyeHTHOI Teuii nmoBiTps, k-€ Moxenb TypOyJaeHTHOCTI
TOBITPsl, 130TepMiYHE PIBHSHHSA  €HEprii  piaAuHH,
ycepenHene 1o PeliHonbacy piBHsHHsS Hasbe-CTokca,
po3IibHAa  Tewis, METOAM Tpaji€eHTa 1 TpaHHLb,
JlarpamxeBa Mozeis Oaratoda3HoOTo cepeoBHIIa, MOICTH
Gararoda3Hoi B3aeMOIii, MOJETh AUCKPETHUX €IEMEHTIB
(DEM), nose cunu tsoxinas [14-17].

Hacinns 6ymno npencraBneHo y Burisidi Jlarpamxesoi
(¢a3m BIONOBITHO 1O HACTYMHHX MOJENei: MOCTiHHOI
IITEHOCTI, CHIIH TPA/Ii€HTa TUCKY, CHITH OMOPY YaCTHHOK,
cepUyHUX YACTHHOK, OIHOKOMIIOHEHTHHUX TBEPIUX
yacTHHOK, 4actuHOK DEM. [lns npuxnamy, B sIKOCTI
HaciHHs Oyno o00paHO HaciHHS pancy, SKe 3TiJHO
MPOBEACHOTO aHAJI3y JITepaTypHUX JDKEpeI Mae€ Taki
¢i3uko-MexaHiyHi BIacTUBOCTI: KoedimieHt I[Tyaccona —
0,2; moayns FOura — 0,2 MIla; winehicts — 700 kr/m5;
KoeiIieHT TepTs crokoto — 0,6; HopMalbHIA Koe(ilieHT
BigHOBICHHS — 0,5; TOTHYHUH KOS]Ii€HT BiTHOBICHHS —
0,5; xoeoimient onmopy xouenns — 0,3. Ockinbku mepen
MMOCiBOM  HACiHHA  Wimsarae  KajmiOpyBaHHIO  3a
TE€OMETPUYHIM pO3MIpOM, TO NPHUIMAEMO HACTYINHI
XapaKTepUCTUKU:  CepelHE 3HA4YeHHS  e(EeKTHBHOTO
miamerpa — D = 0,002 M; MiHiManbHE 3HAYCHHS
edpexTuBHOTO miamerpa — Dmin = 0,0018 M; MakcumMaibHe
3HA4YCHHS €PEeKTHBHOTO aiamMeTpa — Dmax = 0,0022 Mg
cranmaptHe BimxwienHs — op = 0,0002 M. Posmoxin
pO3Mipy HACiHHS HiJIOPSIKOBYETHCS HOPMAIBHOMY
posmnoxiny [ayca. IIpu mpomy maca 1000 HaciHUH migoo
3MiHIOBajacs B jaiana3oHi Big 2,2 1o 4,2 r [18].

BXix B eMHicTh

JUISL HACIHHS
PoGounii
oprau
—— O6nactb
Buxin 3
X b

o — HACiHHENpPOBOJLY

Puc. 3. O6’emHa ciTku 00sacTi BUCIBHOTO amapata i
Horo po6o4oro oprany.

Fig. 3. Volumetric grid of the area of the sowing
machine and its working body.

B3aemoniss MiX HaciHWHAMH IiIMOPSAKOBYBalacs
Mojelni KoHrakTHOI B3aemoxii ['epua-Minmrina [19]:
KoedimieHT TepTs cmokolo — 0,61; HOpMaNbHUIA
KoedimieHT BigHOBIeHHA — 0,5; moTwuHMil KoedimieHT
BigHOBIEeHHS — 0,5.

3a BIACTHBOCTI cepemoBWINA OyaM TPHUHAHATI Taxi
mapaMeTpH: CEPEIOBHUIIE — MOBITPS; AUHAMIYHA B'S3KICTh
—1,85508-107 Ia-c; TypOynenTHe yncio Ipanarns — 0,9;
NPUCKOPEHHS BUILHOTO Tafinng — 9,8 M/c%; Temnepatypa
—293 K; tuck — 101325 Ila.

CxeMa 4YHCENbHOTO MOJICIIOBAHHS IPOLECY BHUCIBY
HaciHHEBOTO MaTepially JpiOHOHACIHHEBHX KYJIBTYp
npuBeneHa Ha puc. 4. [logaya HaciHHS 3IIMCHIOETBCS Y
BEPXHill 4aCTHHI €EMHOCTI Il HACIHHSA HA OCHOBI (DyHKIII{
imkekTyBaHHA JlarpamkeBoi Qa3m i3 HACTYIHHMHU
rmapaMeTpamMu: WMOBIpHICTh mosiBM Hacinmam — 0,8,
MOYaTKOBa MIBUIKICTh HAaciHWH — 0 M/c, moada HaciHHA Q
= 5 kr/c (ue 3HaueHHA MiAiOpaHO 3 YMOBH 3a0€3IeUCHHS
MOCTIHHOTO PIBHS HACIHUH B EMHOCTI BUCIBHOTO amapara).

Edexrunuii IToxava Maca 1000
Aiamerp Hacinun D HACIHHA HACIHMH Myo50, T
‘/ ,, ! :
3.8
O6epranns ®dopma
3aciiHku o (t) ~— oTBOpY
Jlo3aropa 3.4
Kyt nosopory
3aC/HKH o
3.0
2.6
P
X Y [IBHAKICTD % 2,2
|z repeMilleHHs Kisnbkicni Burparu nacinus na
Yac t ciBanku V BUXOJIaX 3 HACIHHEMPOBOLY ;. (. (3

Puc. 4. CxemMa 4MCeIbHOIO MOJENIOBAHHS MPOLECY
BHCIBYy HACIHHEBOTO Marepiamy  IpiOHOHACiHHEBHX
KYJBTYP.

Fig. 4. Scheme of numerical modeling of the process
of sowing the seed material of small-seeded crops.

OO6epTaHHs 3acHiHKH OyJI0 3aJaHO 3a MEPIOTUYHOIO
¢byHKIi€0, sIKa NpUBelieHa Ha puc. 5: fp— MoYaTKOBHIA yac
BIIKPHUTTS 3aCTiHKH;, At — MPOMDKOK 4acy, KOIU 3aciiHKa
BimkpuTa abo 3akpuTa; At, — MPOMDKOK dYacy, KOJH
3acliHKa BiJKPUBA€Thcs a00 3aKPHBAETHCS 13 KyTOBOIO
LIBHKICTIO 00EPTaHHS ® Ha KYT Olmax

(24
At = —Z)ax . 1)

Bupi3u nozaropa muniHapudHOi (GopMHU 3pOo0IIeHi y
TppOX BHKOHAHHAX (puc.6): 1 — tpukyrHuk, II —
HariBkoo, I11 — npsiMoKyTHHK. 3aJ1€KHOCTI TUIOLTI OZTHOTO
OTBOpPY [103aTOpa S BiJl KyTa MOBOPOTY 3aciiHKH 0 JUIS
Pi3HMX BapiaHTIB NPUBEJICHO HA pHC. 6.

I'paHuuHI YMOBH JUIS YHCEILHOTO MOJICNIOBAHHS €
HacTymHi. B3aemofis MiX HACIHUHOIW 1 CTiHKaMu
BHCIBHOTO  amapara  MiJIOpSAIKOBYBaJacs  MOJENi
KOHTaKTHOI B3aemoii ['epria-Minmmnina: koedilieHT TepTs
criokoro — 0,5; HopManbHHI KOE(]IiEHT BiTHOBJICHHS —
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0,5; motnunuii koediuient BigHosnenns — 0,5. Tlnomunn
BHUXOAIB 3 HaciHHempoBoxiB 1, 2 i 3 € mpo3opumu s
HaciHHA. Ha 1mx mommHax (iKCyeThCs 3HAYCHHS
KUTBKICHUX BHUTpPAT HACiHHA (1, (2, (3. HiokHI wacTiuHm
HACIHHETIPOBOIB (puc. 4) MOJETIOIOTHCS SIK
TPAHCIOPTEPHI  CTPIUKH, SAKi  IMEPEeMIlIyloThCsI  3i
mBuakictio V. lle mo3Boisie 3iMITYBaTH NepeMilllcHHS
CIBaJIKH, Ha SIKiif BCTAHOBJICHUI BUCIBHUI amapar.

o

)]

‘max

0

ty terAt
tHAtHAL,
tH2ALHAL,
Puc. 5. Ilepionnuna (yHKINS 0OCpTaHHS 3aCTiHKH
BHCIBHOTO arapara.
Fig. 5. Periodic function of rotation of the valve of the
sowing machine.

tF2AL2AL, t

TpukyThuk Hanisko:o [TpsMOKyTHHK
S, Mm? T
! o
1200 4 @ TpukyTHuK S =281,2902 + 91,693a & o
| o
1000 1 @ Haniskono =S =165,87a> + 459,63 = & r/
800 1 o TIpAMOKYTHHK [ § = 8”()(“ ool = /A
S=82 o
600 > s'/./. ./e/'
400 - e o
o b
200 r~ & 5—
o~ ,1”‘:‘r_.—‘
0
0 0,2 0.4 0,6 0,8 1 1,2 1.4« pan

Puc. 6. 3anmexxHOCTI IJIOMII OJJHOTO OTBOPY J03aTopa
S Bin KyTa IIOBOPOTY 3aCJIIHKH O JUIS PI3HUX BapiaHTiB.

Fig. 6. Dependences of the area of one opening of the
batcher S on an angle of rotation of a gate a for various
executions.

Jlyist epeBipKH CTBOPEHOI CUMYJISIIT pO3pOOICHOTO
BHCIBHOTO amapaTa CeJICKIIIHOI CiBaJIKM TPUHWHATI TaKi
KOHCTPYKTUBHO-PEXHUMHI TapaMeTpH: BHpI3 JI03aTopa
mUTiHAPUYHOI (opMu 3pobieHnit y BHKOHaHHI [ —
TPUKYTHHK; IIBUJIKICTh TIEpeMillleHHs CiBaliku V = 2 M/c;
MaKCHMAJIbHUI KYT MOBOPOTY 3aCTIHKU Omax = 7/4; KyTOBa
IIBUJIKICTIO O0epTaHHA ® = 5,5 paj/c; mpoMiXOK dYacy,
KONl 3aciiHka Binkpura abo 3akpura At = 1 c. B
pe3yNbTaTi MepeBIpKH CTBOPEHOI CHUMYJISIII OTpHMaHa
Bi3yauisalis mpouecy i#oro po6oTu (puc. 7).

Amnani3 puc. 8 103Bossie 3pOOUTH BUCHOBOK ITIPO
BIZICYTHICTh BIJIMIHHOCTI M pO3TalllyBaHHSM BHpI3iB
mo3aropa uIiHApHYHOI (opmu. Ile miaTBepIKy€eTHCS
BHUCOKHM KoedillieHTaMu Kopemsmii MiX i1, (2 1 (3, fKi
3HaxomAThCs B Mexax 0,95-0,96. [IpoBeneHo po3paxyHOK
CepeIHbOr0 3HAYCHHS KUIBKICHUX BUTPAT HACIHHS (cep =

277 mt./c 1 cepenHBOKBAIPATUIHOTO BiAXWIEHHS G = 54
urr./c. i mapameTpu i BU3HA4a0Th e(eKTUBHICTh MPOLIECY
BHCIBY IpiOHOHaciHHEBHX KyibTyp. CepenmHi KiNbKicHI
BUTPATH HACIHHS (cep (IIT./C) TIOMHOXEHI HA KUIBKICTBH
BHCIBHUX amapaTiB n (IOT.) i pO3XiIEeHI Ha IIBUAKICTH
mepeMimieHHs ciBanku V (M/c), MO MOMHOXEHAa Ha
BiJICTaHb MIX psiaKkamMyd A (M) BU3HA4alOTh HOPMY BHUCIBY
N (r./m?):

@

t=5¢c\J
Puc. 7. Bisyamizaiiis mporiecy poOOTH BHCIBHOTO
amapata CeNeKIifHOI CiBaJIKH.
Fig. 7. Visualization of the process of operation of the
seeding machine of the selection seeder.

OkpiM [BOTO BH3HAYCHO [OWHAMIKY KITBKICHHX
BHUTpAT HACIHHA (1, (2, (|3, fKa IPUBEIcHA HA puC. 8.

q, wr/c T T T T
T Q q3
400 t
300 l'%‘ |
W NN
4‘ il
200 T t :
I T | f 1
AL ‘i |
picked \ ] L | A

5 6 7 8 9 10 11 tc
Puc. 8. [lunamika KiJbKICHMX BUTpPAT HACIHHS (1, (2,
Qa.
Fig. 8. Dynamics of quantitative consumption of
seeds qi, g2, 03

To6T0 HOpMa BUCIBY TOBHHHA ITOBHICTIO BiIITOBIaTH
TEXHOJIOTIYHIUM BHMOTaM:

N = Nnorm. (3)

B cBoro uepry cepeqHbOKBagpaTHYHE BiIXHWICHHI G
BHU3HA4Ya€ caMe pPIBHOMIPHICTh BHUCIBY, TOOTO yMOBOIO
SIKICHOTO BHCIBY € MIiHIMI3aIlisl CepeIHbOKBAIPATHIHOTO
BIIXWJICHHS KUTbKICHUX BUTpPAT HACIHHA G:

6 — min. 4

Jlnst moganbnux AOCIIKEHb HEOOX1IHO BCTAHOBUTH
3JIeKHOCTI HOPpMHU BUCIBY N 1 cepeaHbOKBaJAPATHIHOTO

BIIXWICHHS  KIUIbKICHMX BUTpPAaT HAaciHHA G  Bif
KOHCTPYKTUBHO-PEKUMHUX mapameTpiB BUCIBHOI'O
amapara.

B skocti dakTopiB gociipKeHbs 00paHO: BUKOHAHHS
BUpasy go3aropa mwiiHapuaHoi popmu (I — TpukyTHHK, 11
— HamiBkoJo, Il — npsMOKyTHHK), KyT TOBOPOTY 3aCIiHKH
o (n/12, /6, m/4), IPOMIXKOK Yacy, KOJIH 3acCIliHKa BiTKPHUTa
a6o 3akpura At (1 ¢, 2 ¢, 3 ¢), IBUAKICTh MEPEMIIICHHS
cisasiku V (1 m/c, 3 m/c, 5 m/c).

IToBHuii pakTOpHUI YKCETpPHUI eKCIIEPUMEHT 11t 4
¢axropis i 3 piBHiB Bapiauii mictuts 3* = 81 mociz.
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BucHoBkn

1. BukiazeHa METOAUKA YHCEIBHOTO MOZIETIOBAHHS
mporiecy BUCIBY HACiHHEBOTO MaTepiary
NpiOHOHACIHHEBUX KYyIBTYp B MPOTPAaMHOMY TIaKeTi
STAR-CCM+ Ha ocHOBIi cTBOpeHOi 3D-Mo1erni BUCIBHOTO
amapata i npuitHATHX Qi3nyHuX Moaenei. [Ipencrasneni
TPaHW4HI 1 TOYAaTKOBI YMOBH MO/ICIIOBAHHSI.

2. Jlns  mepeBipKM  CTBOPEHOI  CHUMYJISLIT
PO3pOOJICHOr0 BUCIBHOTO amapara CeJICKIIHHOI CIBaJKH
OoTpHMaHa Bi3yasi3allis nporecy Horo poboTH i BU3SHa4€HO
JMHaMIKy KUIBKICHUX BUTpar HaciHHA. [IpoBeneHO
PO3paxyHOK CEpeqHhOTO 3HAYEHHS KiTbKICHHX BHUTpaT
HaCIHHA i CepeIHbOKBAIPATHIHOTO BIIXWJIEHHS.
3amexTapoBaHO, IO CepeiHi KiTbKICHI BUTPATH HACIHHS
Jcep (IIT./C) TOMHOXEHI Ha KUTBKICTh BUCIBHHUX amaparis n
(mT.) 1 po3misieHi Ha MIBUIKICTE MEPEMIIICHHS CiBaIKu V
(M/c), o MOMHOKEHa Ha BiACTaHb MK psakamMu A (M)
BM3Hayae HOpMy BHCiBy N (mrT./mM?), ska NOBUHHA
MIOBHICTIO BiJIIOBIIaTH TEXHOJIOTIYHUM BUMOraMm. B cBoro
4Yepry CepeIHbOKBaJpaTHYHE BIIXWICHHS G BHU3HAYaE
came pPIBHOMIPHICTh BHUCIBY, TOOTO YMOBOIO SIKICHOT'O
BHCIBY € MiHiMi3aIis CepeHbOKBAIPATUIHOTO
BiIXWJICHHS KUTbKICHUX BUTPAT HACIHHA G.

3. OOTpyHTOBAHO, IO LTS MOJANBIINX JTOCITiIKSHD B
SIKOCTI  ()aKTOpiB MTOCTIMIKCHb OOpaHO: BHUTOTOBICHHS
noszaropa muniaapuaHoi ¢opmu (I — TpukyrHEK, 11 —
HamiBkoJo, III — mpsIMOKYTHHK), KyT TIOBOPOTY 3aCITiHKA
o (w/12, /6, m/4), mpoMiKOK Yacy, KOJH 3acIliHKa BiJKpHUTa
abo 3akpura At (1 ¢, 2 ¢, 3 ¢), WBUAKICTH NEPEMILLICHHS
ciBanku V (1 m/c, 3 m/c, 5 M/c).
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METO/JUKA YNCJIEHHOI'O MOJIEJINPOBAHN A
BBICEBAIOIIUX AIIIAPATOB CEJIEKIIMOHHOM
CEAJIKU MEJIKOCEMEHHAS KYJIBTVYP
B. M. Aponyo, E. b. Anues, /. A. /layiok

AHHOTAauMsA. B cratee u3I0XKEHA METOOUKA
YHUCIEHHOTO  MOJCIUPOBAaHWA  IIpOIecca  BhICEBa
CEMEHHOTO MaTepHuajga MEJIKOCEeMSHHBIX KyJIbTyp B
nporpammHoM nakere STAR-CCM + Ha ocHoBe
co3nanHoll 3D-Moenu noceBHOro anmnapaTa ¥ IPUHSTHIX
¢usnyeckux mogxeneil. [IpeacraBneHHbIE T'paHUYHBIE U
HadajJbHbIE YCIOBUS MOJENupoBaHUsA. I MpPOBEpKU
CO3JJaHHOM CUMYJISIIMM Pa3pab0TaHHOTO BBICEBAIOIIETO
anmnapaTa CeJICKIMOHHOH CesUIKH TTOJTydeHa BU3Yalu3anus
mpomecca ero paboTel M ONIpeneNeHa IWHAMHKA
KOJIMYECTBEHHOr0 pacxoma cemsH. [IpoBeneH pacuer
CPEIHETO 3HAYCHUS! KOJMYECTBEHHOTO Pacxoja CEMsH U
€ro CPeIHEeKBaAPaTHIHOTO OTKIOHEHHA. OO0CHOBAHO, YTO
UL JambHEUIINX WCCIIeOBaHUI B KadecTBe (DaKTOPOB
BBIOpaHBI:  BBIMIOJIHEHWE J103aTOpa  IMIMHAPUYECKOM
¢opmbr (I - rtpeyrombhuk, II - momykpyr, III -
OpSAMOYTOJIBHUK),  YTOJl ~ TOBOPOTa  3aCJIOHKH 0,
NPOMEXYTOK BpPEMEHM, KOTJa 3acilOHKa OTKpBITA HIU
3aKphITa At, CKOPOCTh IIEPEMELICHUS CESIIKU V.

KaioueBble ci10Ba: BbICEBAIOIIMIA ammapar, CEMEHa,
MEJIKOCEMEHHBIE KYIbTYpPbI, YHCICHHOE MOJCINPOBAHME,
METOJMKA, CUMYJISIINS.

METHODS OF NUMERICAL MODELING
OF SOWING APPARATUS OF SELECTION SEEDER
OF SMALL-SEED CROPS
V. M. Yaropud, E. B. Aliyev, D. A. Datsyuk

Abstract. The article describes the method of
numerical modeling of the process of sowing seed material
of small seed crops in the software package STAR-CCM +
on the basis of the created 3D-model of the sowing
machine and the adopted physical models. Boundary and
initial conditions of modeling are presented. To check the
created simulation of the developed sowing device of a
selection seeder the visualization of process of its work is
received and dynamics of quantitative expenses of seeds is
defined. The calculation of the average value of the
quantitative consumption of seeds and its standard
deviation. It is substantiated that for further researches the
following are chosen as research factors: execution of the
expression of the dispenser of cylindrical form (I - triangle,
II - semicircle, III - rectangle), angle of rotation of the
damper o, time interval when the damper is open or closed
At, seed drill speed V.

Key words: sowing machine, seeds, small seed crops,
numerical modeling, methods, simulation.
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bion. 14, puc. 5, maban. 1.

AHoTauis. PozBurok MPOMHUCIIOBOCTI Ta
KUTTENSTIBHICT JIFONICH Yy HampsMy 3ajekaTh Bix
TpamuI[ifHAX BUJIIB MMajKBa, OCHOBHI 3 HUX II¢ HadTa, ra3
Ta BYTLILIA.

OCHOBHOIO AJIbTEPHATHBOIO, SIKa 31aTHAa 3MEHIIUTH
BUKOPHCTAaHHS LUX JUKEpes eHeprii € pocnuHHa GioMaca.
[i BMrOTOBJAIOTH 3 OPraHIYHMX 3ANHMIIKIB CiTHCHKOTO
TOCIOJAapCTBa, JIicomepepoOHOi mpoMuciaoBocTi. Kpim
FOTO BUKOPUCTAHHS 0ioMacH € 0e3MeYHO0 IS JOBKIJUISA
1 3/10pOB’sI JTFOTMHU.

3a3HaunMo, mo OioMaca moTpedye pPO3pPOOIICHHS
HOBHX TEXHOJIOTiH IepepoOKH Ha TMamuBO. Y Il cTarTi
MOJIAHO aHaJi3 3acTOCYBAaHHA JABOXMATPUYHOIO TIpec-
rpaHyJisiTopa AJisi BApOOHUIITBA 17151 BAPOOHMIITBA IEJIET 13
OpraHiuyHOT CHPOBHHH.

3anpornoHOBaHO METOJIUKY PO3PaXyHKY OCHOBHHX

KOHCTPYKTHBHHUX napamMeTpiB npec-TpanyIsaTopa,
0OIPYHTOBAHO KOHCTPYKTHBHI OCOOJMBOCTI KOHCTPYKIIiT
Ta TPOBEACHO MOJCIIOBAHHS OCHOBHHMX  CHJIOBHX
napaMeTpiB  MPHUCTPOIO 32  JIOMIOMOTOK  IPOrpaMu
Solidworks simulations.

OCHOBHOIO 0COOJIUBICTIO 3aMpPOIOHOBAHOTO
JBOXMATPUYHOTO  TpPEC-TPAHyJsITOpa €  3HUKEHHS
METAJIOMICTKOCTI oOJyragHaHHsA Ta M ABUIIEHHS

MIPOJYyKTUBHOCTI TEXHOJIOTIYHOTO TIPOIECy IEJICTYBaHHS
OpraHiuyHMX BIIXOMIB CLIBCHKOTOCIONAPCHKOI MPOIYKIIT
IUIAXOM PO3MIIIEHHS JBOX MATPHIb Ha OIHIA OIOpHI
IUTATi, TaKUM YHHOM, II00 po0Ooda 30HA TMeJIEeTyBaHHS
3HaXOAWJIach MDK HHMH, a TPECyBalbHI PONUKH
PIBHOMIPHO IT0 Yep3i 3a1IpecoBYBAJIM OPTaHIYHy CHPOBHHY
y 0TBOpH (i1’ €pH 000X MaTpHUIb.

Bracniok TpoBeIEHUX  HAYKOBO-JOCIHIAHHX 1
JIOCITiTHO-KOHCTPYKTOPCBEKUX POOIT, CIPOEKTOBAHO HOBUH
JIBOXMaTPHYHHI MIpec-TPaHyJIsTop, 110 MOXe
BUKOPHCTOBYBATHCH, SIK 1 y CTalliOHApHUX yCTAHOBKAX, TaK
1 y MOOIIbHUX KOMOalHax Uil TNeJeTyBaHHS COJOMH Yy
TOJI.

KawuoBi cnoBa: menmeTyBaHHS, OpraHiuyHa
CHUPOBHUHA, MIPECYBAHHSI IPEC-TPAHYIISTOP, MEJIETH.

IocranoBka npodaemu

BrockoHanieHHs iCHYIOUHX Ta pO3po0OKa HOBUX Ipec-

TpaHyJISITOPIB CHpsIMOBaHa Ha HOKpAaIIeHHS
KOHCTPYKTUBHO-TEXHOJIOTIYHUX MapaMeTpiB MalluHH, a
caMme:  MiABHIIEHHS  HPOJYKTHBHOCTI,  3MEHIICHHS
METAJIOMICTKOCTI Ta €HEepro3arpaTHOCTi, ONTHUMi3allis

0e3BiIKa3HOTO pecypcy.

Haii0inpm po3moBCIO/DKEHI HAa PHHKY YKpaiHU
TPaHYJIATOPH [BOX THIIB 3 TOpU30HTaIbHOW [1] Ta
KiJIbLIEBUMHU MaTpulsaMu [2, 3].

AHamizyroun po0OTy IIMX TpaHYJIATOPIB MOXKHA
3poOMTH TaKi BHCHOBKH IIiJIBUIICHHS NPOXYyKTHBHOCTI
MOXJIMBA JIMIIE 32 YMOBHM 30UIbIIEHHS Ta0apuTHHX
PO3MIpIB i IIBUIKOCTI 00EPTaHHS MPECYBAIBHUX POJIUKIB.

B Toi1 ke yac BUKOpUCTaHHS JBOXMATPUUHOI'O Tpec-
rpaHysisiTopa  J03BOJHMTh  3a0€3MEeYUTH  aHAJOTIYHY
NPONYKTHUBHICTh MAaIIMHH TIPH TaKHUX K€ TEXHOJIOTTYHHX
napaMeTpax, aje MEHIINX rabapuTHUX po3Mipax.

AHaJi3 0CTAHHIX JOCIIIKEeHD

BuBueHHAM poOOYMX NpOLECIB MAaTPUYHUX IIpec-
TPaHyJTOPIB  Ta iX BIOCKOHAICHHSAM  3aliMaiucs
Hixomaes JI.1., TTogkomsia FO.B., ta in. JlocmimKeHHSIM
MPOIECiB TPECYBaHHSI B TPAHYIATOPAaX 3 KUIBIEBUMH
MatpuisMu 3aiimanuck [ominyk B.1O., Kupunenko O.C.,
Kogpikos I.T. Ta iH., mpouiecu poGOTH MPECIB 3 TUIOCKUMHU
MaTpULISIMU JOCITI JKYBaJIA ITonos AM.,,
MakapenkoB [I.A., CeBocthsinoB M.B., Ocokun A.B.,

Komap A.C., bontsaceka H.I. [4-8]. B VYkpaini
BJIOCKOHAJICHHSIM  OKPEMHMX BY3JIB Ta EJIEMEHTIB
MaTpuyHMX  mpeciB  3aiimammes  [inyx  B.®.,

Barpauenxo O.B., bparimko B.B. [9, 10].

OpfHak, aKkTyalbHAM Ta BIIKPUTHM 3aJIHIIA€THCS
TIMTaHHS BJIOCKOHAJICHHS 1 MONIYK HOBHX 1JIel Y HATIPSMKY
BIIOCKOHAJICHHS O0JIafHAHHS 171l TIPUTOTYBAHHS MeJeT i3
OpraHiYHOI CHPOBHHH.
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Merta gociigkeHn

VY naHii CTAaTTi MOCTAaBIEHO 3amady ITiBUIICHHS
e(EeKTUBHOCTI TEXHOJIOTIYHOTO TPOIECY BUTOTOBICHHS
meJieT 32 yYMOBH  3MCHIICHHS  METaJIOMiCTKOCTi
KOHCTPYKTUBHHUX EJIEMEHTIB Ipec-TPaHyJIsTOpa, IUIIXOM
PO3MIIIIEHHSI /BOX IIEJETYBAIGHUX MAaTpHUIb Ha OJHIN
OTIOpHI TIHTI 13 YTBOPEHHSAM poOOYO0T 30HH TeIeTyBaHHS
MiX HAMH.

Pe3yabTaTn n0ciigkeHb

Tox mpoaHami3yBaBIIM THIIH BIIOMHX IIpec-
TPaHyJSATOPIB, MU HPOMOHYEMO HACTYIHY KOHCTPYKIIIO
JBOXMATPUYHOTO Mpec-TPaHyJIsATOpa KiTbLEBOTO THILY
puc. 1 [11].

3anponoHOBaHU TBOXMATPUYHUI MIpec-TPaHyIATOP
KUTBIICBOTO THUIY 3a BiIHOCHO HEBEIUKMX TrabapUTHUX
PO3MIpiB, SIBISIETBCA BHCOKONPOIYKTHBHHUM IPHUCTPOEM
UL BUPOOHUIITBA TENIET i3 OpraHigHOi CHpOBHHH. BiH
MOJKE€ BHKOPHCTOBYBaTHCh, AK 1 Yy CTaIlilOHapHUX
YCTaHOBKaX, TaK 1 y MOOUTPHMX KOMOaWHaxX st
TIeJIETYBaHHS COJIOMH Yy TIOJII.

[Mpunnun po6Goru. KpyTHuii MOMeHT Bij IBUTI'YHA 3a
JIONIOMOT'010 T1AaCOBOI MepeAadi NepenacTbess Ha BeIy4Hid
BaJ 1., IKMI KPITUTHCS Ha IiJIIUITHUKOBUX By3nax 20. Ski
B CBOIO YEpry 3aKpiIUICHI Ha OMOPHI IUIHTI 2. 1 JUCKY
JKOPCTKOCTI, BHYTpimHbo1 Matpumi 7. [lami KpyTHHH
MOMEHT IIEpPEAa€THCS Yepe3 BOAMIO 8., IKE B CBOIO UEPry
JKOPCTKO 3aKpiliieHe Y BEpXHii YaCTHHI MPUBIAHOTO BTy
1. Ha mTinIeBOMY 3’€THAHHI.

/
/

6/ 4/ 2/ w0/ 1/ \7

Puc. 1. [IBoxmarpuunuii npec-rpanyssitop: 1. Benyunit Ban, 2. [Tnnta onopHa, 3. 30BHINIHS MaTpuis, 4. BHyTpintas
Marpui, 5. OTBopH-(iIs €pr 30BHIIIHBOT MaTpui, 6. OTBOpU-]iibL €pU BHYTPINIHBEO MaTpuLi, 7. JJMCK OPCTKOCTI,
BHYTpilIHbOi MaTpuni, 8. Boguno, 9. Excuentpuuni Bany, 10. [IpecyBanbHi ponuky, 11. YinuisHioroua mactusa, 12.
TI'aiika, 13. Ilaii6a, 14. Pe6po »xopctrocti, 15. Hixk 30BHImHBO1 MaTpui, 16. Hix BHyTpimHb0i MaTpui, 17. XKomoo, 18.
OTBip [uIs1 3MallyBaHHS POJIHKiB, 19. Macninka, 20, 21. [TiqmuumnHuKoOBI By37H.

Fig. 1. Two-matrix press granulator:

Jlami gepe3 BOAUIO KPYTHUNH MOMEHT TIEpEAAEThCs 10
mpecyBaJbHUX poNuKiB 11, ski  SBIAIOTE  COOOKO
MyCTOTIJIMIA CTaKaH HIDKHS YacTHHA SKOTo 3akputa. JlaHi
POJIMKHU BUIbHO 00EpPTAIOTHCS HA MIAMIMIHUKOBHX By3JllaX
21, sSKi B CBOIO 4epry MOCA/PKEHI Ha EKCIICHTPUKOBUX

BaJyiax 9., SKi KOPCTKO 3aKPilIeHi 10 BOJMIA Ha ILTIIIEBUX
3’eqHaHHsIX. Take 3’€IHaHHS JO3BOJISIE TIEPEMIMAIOYH Y
mazax 3a, ab0 MPOTH TOJWHHUKOBOI CTPIJIKH BiTHOCHO
OCHOBHOT OCi, 3MiHIOBaTH 3a30p MiX pOJIMKAMH i
30BHINIHBOI0 3., a00 BHYTPIIHBbOIO MaTpunelo 4. B
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3JIEKHOCTI JI0 SIKO1 NaHWH POJMK MOBUHEH TPHJISATATH.
[Ticns BUXOAy Tpec-TpaHyJIATOpa B POOOUYHH pPEXUM B
#0700 17 i B pobody 30HY i MOAAETHCA IiATOTOBJIICHA
OpraHiyHa CHPOBHHA 3 KO BUTOTOBJISTUMYTHCS HETIETH.
Pomukn, siki BITBHO 00€pTalOTHCS Ha EKCIICHTPUKOBUX
BaJax MPUTHCKAIOTH 10 CTIHOK 30BHIMIHBOI i BHYTPIIIHBOT
MaTpulb 3 OTBOpaMH-(inb’epamu 5 i 6. TakuM 4yuHOM
MOpILisE CHPOBMHM MOTpAIUIiE B OTBOPH-(UIL’€pH
MIPOILITOBXYE MOIEPEHbO 3aIPECOBaHy CHPOBHHY, SKa
YTPUMYETBCS Y HUX 3aBISIKH CHJIl TEPTS, sIKa YTBOPIOETHCS
MDK CTIHKaMH OTBOpPY-QUIB’€pH 1 JOTHYHOIO IO HHUX
OpraHiyHOl0 Macoro. BHaciinok 30iNbIIEHHS THCKY B
OTBOpi-QiIB’€pi  OpraHiyHa CHPOBHHA YUIUIBHSAETHCA 1
HarpiBa€THCS BHACHTIJOK YOTO B’SDKYyYi pedoBHHU (JIITHIH,
MeKTHH, a0o0 iHII JOJAaTKOBO BHECEHI PEUYOBHHM), SKi
MICTATBCA Yy  BXiIHI CHPOBHHI  HAarpiBalOThCA 1
IUTaCTUQIKYIOTECA TUM caMHUM (iKCYIOTh HaBKOJIO cebe
YACTHHKH BXiTHOI CHPOBHHH. 3aBASKH YIIUIBHEHHIO
LIJIBHICTh 3allpecOBaHOl OpPraHiyHOI Macu 301JIbIIYETHCS
1o 1000-1400 xr/m® mpu temmeparypi 80-100 °C. Ilicns
BUXONy 3 OTBOpy-Qiib’epu menera B  HACHIIAOK
BUIIAPOBYBaHHS BHYTPIIIHBOT BOJIOTH, SIKA MICTSATBHCS Y
MeJICTI CTPIMKO OXONomkyeThes a0 20-40 °C. 3aBasku
IBOMY B’SDKYYl PEUOBHHU TONIMEPH3YIOThCS 30epiraroun
mineHICTE Tener y mexax 1000-1200 Kkr/m3. 3aBasku
HOKaM BHYTPIIIHBOI i 30BHINTHOT MaTpuIls 15 i 16 roTosi
neJeTH 00JaMyIOTECS Ha 3aJaHy TOBXKUHY 1 IOTPAIUISIOTh
y TpaHCIOPTHE pycJIO Ui MOJAJbIIOl  cemapawii,
OXOJIOPKCHHSL.

AHani3yloun KOHCTPYKTHBHI OCOOJHBOCTI AaHOTO
JBOXMATPUYHOTO Ipec-TpaHyisiTopa 0ayuMMo, LIO B
KOHCTPYKILIi HOr0 € Bl MaTpulli 30BHILIHS i BHYTpPILIHS,
SKI JKOPCTKO KpIIIATBCS HaomopHi rmiuTi. [Ipudomy
POJIMKH 30BHILIHBOI MaTpHIli 3allPeCOBYIOTh CHPOBUHY 3
BHYTPIIIHBOI CTOPOHM MATPHIl, a POJHMKUA BHYTPIIIHBOT
MaTpulli 3ampecoBYOTh 3 30BHIilIHBOI. Tomy mpu
PO3paxyHKY CHJIOBHX XapaKTEPUCTHK CIIiJl pO3paxoByBaTH
MTOTY>KHOCTI Ha MPUBII KOXKHOI i3 MaTPHIh OKPEMO TiCIIS
YOT0 CyMYIOYH iX.

VYMoBa 3axOIUICHHS Matepialy mNpecyBalbHUMH
POJIMKaMH MOXXEMO 3aIIUCATH HACTYIIHUM TaKUM YHHOM

tge > tg %—a” ,a60¢)2%—aH, )

3BIJIKM TTOYAaTKOBHH KyT X, (puc. 3) MOXe BU3HAUMO Ha
MiZICTaBl BUPAKCHHS
T

=——0, 2
@ =5"9 )

e @ - KyT TepT.
BigzHaunmMo, mo HE BcA CIpecoBaHa Maca IpU
WIUIBHOCTI )/, », HPOIUTOBXYETCS POIMKAMH B OTBOPH, &

PO3MOMINSAEThCS YCePEANHI 30BHI BHYTPINTHHOTO KUTBILS
IapOM TOBLIUHOIO

h =h +Ah, @)
ne AN — 36inblIenns TOBIMHY Iapy MAcH, CIIPECOBAHOT
10 IUIBHOCTI Y. , 3@ PAXYHOK MPY>KHOTO BiTHOBICHHSL.

Tomy neil map macu, 1110 3HOBY IIOCTYIIA€ B KAMEPU B
OMY BHITAAKY

h =h,—h., 4

B
Al

Puc. 2. Cxema cCTHCKy MarepiayiB pOJHKaMHU
(BuyTpinias Marpuig).

Fig. 2. Scheme of compression of materials by rollers
(Internal matrix).

)

Puc. 3. Cxema CTHCKYy MarepialiB pOJUKAMHU
(3oBHIIIHS MaTPHUILA).

Fig. 3. Scheme of compression of materials by rollers
(External matrix).

TakuM YUHOM, MH OTPUMA€EMO JIBi 30HH: CTHUCK 1
BIJHOBJICHHSI.

Ha ocHOBI puc. 2 BH3HAYNMO BEIUYHUHY MOYATKOBOI
TOBIIUHH [IPECOBAHOTO APy



132 1. B. ®uwon, 1. 1. UYsapranekwuii, P. B. Ilarpos

ho = \/(RZ + hmin )2 + 2r2(1_8in 6{”)' (RZ tht hmin ) - RZ’ (5)

ne R 2 — paniyc BHyTpimHbOrO Kinbls;
I 2 — paziyc pouKiB;

hmin — MiHIMaJBHUH 3a30p MiX 30BHIIIHIM KUIBIEM i

POJIMKOM.
ToBumHa BximHoro marepiany ho Bupas 5 Habyne
BUIIISLY
h, =R, +2r,-(A-sina,)(R, +1,) -R,. (6)
BpaxoBytoun Te, 1m0 Marepiall NPOIITOBXYETHCS
POJIMKaMH B KaMEPH 1 yTPUMYETBCS TaM CHIIaMH TePTS, sIKi
JOCATAIOTH 3HAYHOI BEIMIMHH, TO TIPU BIICYTHOCTI 3a30py
MK pomukoM 1 KimbmeM hmin=0 mimkoM MOXHa
3HEXTYBAaTH 30HOIO BiTHOBJICHHS IIPECOBAHOTO MaTepialy.
BmsnraunMo BimHOmEHHS paxiyciB R2 30BHIITHBOTO
KUTBIM 1 12 poimKa, o0 3a0e3MeunTH MaKCHMallbHYy
TOBIIMHY I1apy hH MacH, 1110 3HOBY MmogaeThes. st Hboro
nmpoanaiizyeMo Bupas 2.9. MakcumanbHy Benuuuny hO i
ha npu 3amasux R2, 2 i hmin sx BumHO i3 Bupasy 6,
3a0e3reuye MaKCUMaJIbHEe BUPAKSHHS JPYroro Yuciia Imij
pagukaioM. BpaxoByrouu, IO IpecyBalbHI KaMepu
pO3TamIoBaHi pajiialbHO MO BHYTPIITHHOMY KiJIBIFO, HAC
OyJe LiKaBHTH CUJIA, KA CTUCKAE POCIMHHHUN MaTtepian B
bOMY HanpsMKy. s Bu3HaYeHHs cuitH Pr, sika jiie B 30H1
CTHCKY 31 CTOpPOHH pONIMKA HA MaTepial, BHIUTAMO
eJleMeHTapHy 30HY Aedopmartii ds=r'da. Toxi cuna Pr,, sika
Jli€ Ha eJIeMEHTapHY IUIOLIAKy B HANPSIMKY NPECYBaIbHOT
KaMmepH

dP, = p-1-cosy-dS = p-I-r-cosy -da, (7)
ne | — mmpuHa npecyBansHOT KaMepu.
[utomuii Tuck P sBisteThCs, QyHKIIEO KyTa 0,

p=f()=gp). ®)
inpHICTR 3aIpecoBaHOTO MaTepiary B
eJleMeHTapHii 30Hi AeopMallii 3 TOBIMHOK 1mapy h Oyme
h, ©

7/ - 7/0 h

[Tam’siTatoum, mo piBHE
h = R2+2,-(L-sina )-(R, +1,) -R, (10)

OACPIKUMO

h
7=1, = (1)
\/RZ +2r,-(1-sina )-(R,+1,) -R,

[To3Haummo BiACTaHB MiXK OCSIMH BOJUIIA 1 POJIMKA

aepes A, =R, +T1,, orpumaemo
r,+A, - -sina
\/Azz +r242A, -1, -sina

cosy = (12)

3Bigcu

dP, =11 r,+A -sina

JAF 52+ 2A, 1, sina

B MOMEHT, KoM UIUTBHICTE MaTepiay MijJ] pOJIMKOM

JIOCATAE Pmax (BEIWYMHA CHJIM 31 CTOPOHM POJIMKA Ha

NIPECOBaHMH  MaTepial  piBHa  Omopy  KaMmepH),

PO3IMOYHEThCS MepeMIllIeHHs BCiel Macu B Mipi i Ji€ro
MOCTIHHOT crn.

Ha ocHOBI piBHSIHHS 6 OTPUMAEMO Ymax
=, " (14)
JRE+2A,-r,(1-sina,) - R,

(13)

-p(a)-da

7

3BigKM KyT Oy, SAKAH BIANOBiZae TOYATKY
TIepeMillleHHs BCi€l MacH B Kamepy Oyze piBHUM
,h).h_(2R2+ 7°-hHJ
7 max (15)

. I
a,, =arcsin|1-—= oA
r
2 2

A piBHOzitouya cuna Py, mo 31 CTOPOHM POJIMKIB
BIUIMBA€E Ha MaTepian, Moxke OyTH BHpa)KeHa HACTYITHUM
YHHOM

p= 1, AN ) das
w AT H2A, T sing (16)
z .
+I|'r' r,+A,-sing -(/)(a,,p)~da

2 2 .
o, A+ +2A, 1, sina

Kyt oaym, sKkAl TOKa3ye Miclle MPHUKIAJAaHHI
piBHOAIHHOT cwin Py, Oyne BH3HaueHHMH SK KOOpJHMHATa
LEHTPY TSDKIHHS €MI0PU TUCKY Ha ay3l /2-a.

a

T, + A, -sina : T, + A, -sina
jarllrzr;w(a)-dwJarlrrl-zﬁziw(aw)'da an
D R R L A 1% o AL 2, e
aum =
f+A-sing ¢ f,+A,-sina

(1o e ) [, == ple, )G
o (A 2, s P KA LA

[IpaBa wyactuHa piBHAHHA 17 CKIAmaeTbes 3 IOBOX
igTerpanis. [lepmmii iHTerpanm mpu ¢(o) He Moxe OyTH
NpEe/ICTaBICHU B KiHIeBoMy BuIi. Tomy s Horo
pO3B’SI3Ky BUKOPHCTAEMO 4YHUCIOBUH wMerod. [pyruit
IHTerpaj KOMOIHALIEIO SNIMTHYHUX IHTETPAJIiB MEePIIOTO i
JPYroro pomy.

[Ticnst mpoBeneHMX TEPEeTBOPEHb 1 PO3PaXyHKIB
OTPUMAEMO:

PT' = 11 + 12 (18)
ne:
. Uy — Ay
I, =10%*-1 'TT[‘P(%) + ®(ay) + P(as)
+ &(ay)]
Iy = 10* - I * g ((2r + R) * E (Xgp; k) * R * E (X k)
ne E(x,,;K) — HenosHuii eninTuunmii interpan apyroro
poay;

F(x k) -

HEPILIOro POIy.
MomeHT, Kt He0OXiIHO MPUKIIACTH A0 POJIUKA JUIS
fioro obepranHs HaBkoJo oci 01, Oyae HACTYHUM

HENOBHUH  CNNTHYHUA IHTErpa

np?

M =P -r -siny, . (19)

ey, — KT MDK pajiycaMd KiIbLsl 1 posiuka ,
MIPOBEACHUMH 13 TOUKHU MPHUKIAJCHO] PiBHOIF0YOI Pr.

I3 ¢popmynu 17, MoXHa BHpa3 MOMEHTY HAIMCATH
HACTYITHUM YHHOM

PR . /Al - -Cos~«,, ,.

\/Af +n®+2A -1, -sina,
3BifKM 3arajgbHA MOTYKHICTH HAa 00epTaHHS BOAMIA 3

ponmKaMu Z, Moxe OyTH o04rcieHa o popMyi:

2o M1+ M,)-Q
r-l-h, -7

Je Ng — 9nciio 00epTiB BOJMIIA 33 XBUIIMHY.

(20)

M, =9.8

(21)

N =2 KkBm
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Tak sk N, Big 3agaHol  MPOAYKTHBHOCTI
npecyBalibHOTO MpuCTporo Q, pajiyca BHYTPIIIHBOTO
KibIst Ry, MIMPUHA TIpeCyBaNBHAX OTBOPIB |, moyaTkoBOT
TOBIIHHH APy, IO MOAAETHCS Ny, TTOYaTKOBOT IMIITBHOCTI
HPECOBAHOT MacH Jo 1 KiILKOCTI IIPECYIOuM POJIUKiB Z .

10°Q

— (22)
*127-R,-l-h, -y, -2

AHamNoriuHi BUBEJIEHHS MPOBEICHO U1l BU3SHAYCHHS
rapameTpiB 30BHIITHLO{ MATPHIII.

Ha ocHOBi HaBemeHMX piBHSHb IPOBEICHO
PO3paxyHKH OCHOBHHX KOHCTPYKTHBHO-TEXHOJOTTIHUX
mapaMeTpiB JBOXMATPHUYHOTO MpEC-TPaHyIsATOpa, SKi
HaBeneHi B Tabiumi 1.

Tadauua 1. BusHaueHHS OCHOBHHX KOHCTPYKTHBHO-TEXHOJIOTIYHMX ITapaMETpiB JABOXMATPUYHOTO IIpEC-

TpaHyJIsATOpA.

Table 1. Determination of the main design and technological parameters of the two-matrix press granulator.

Ne 3/m [Tapamerpu OpvHUIS BUMiPIOBAHHS 3Ha4yeHHS
1 [IpoxgykTHBHICTH, Q T/TON 4.0
2 Paniyc 30BHIMAEBOI MaTpuili, Ro (o pobodiii moBepxHi) M. 0.5
3 Paniyc BHyTpimHb01 MaTpuili, Ry (1o pobodiii moBepxHi) | M 0.2
4 KispKicTh pOJHKIB, Z IIT. 8
5 Paniyc pornmka, r 0.125
6 KyT npuknaganas piBHOTINHOT CHITH 0ty m rpam. 85
7 PiBHOmiMHA cuna Pr xkH 138,7
8 KpyTHuit MOMEHT Ha IpuBeACHHS poinka, M Hwm 1471
9 Uwncno o0epTiB BOAMIA Ny 00/XB. 60
10 3araipHa MOTYXHICTh kBT 141

Ha ocHOBI 1uX pO3paxyHKIB IIPOBEIEHO aHai3
HaTpyKeHO-1e(hOPMOBAHOTO CTaHy By3Ja IPaHYIFOBaHHS
Ta BU3HA4YeHI (akTH4YHI HanpyXeHHs, nedopmauii Ta
MepeMillleHHsT  JeTajieil By3jla Ha PO3PaXyHKOBUX
HaBaHTAKCHHSX, & TAKOXK BTOMHE PYHHYBaHHs MaTepialliB
i €0 MUKTIYHUX HAMPYKCHb.

Ak moxkemo Oaumtm (puc. 1) HaHOUMBII
HaBaHTa)XCHUM BY3JIOM OyJe 3’€THAaHHS €KCIIEHTPUKOBOTO
Bamy 9 3 Boamnom 10. ToMmy 3MopenmoeMo mpoluec
TpaHYJIIOBaHHS MPUKJIABIIN PO3PAXYHKOBE HABAHTAXKCHHS
JI0 BiATIOBiTHOTO By37a B rporpami Solidworks simulation.

Ha pucynky 4 moka3aHi HaiOUIbII HaBaHTaKCHHI
Micusg y 1poMy 3’emHaHHI. Sk 0aumMo  3rigHO

MaKCHMallbHe HampykeHHs craHoBuTh 41,9 mlla. nmame
Hanpy)X€HHs OLIHEHO IO €KBIBAJIICHTHUM HAIIPYXECHHSIM
mo Kputepito von Mises. MakcumanabHe MepeMillleHHS
neraneit ctaHoBUTh 0,2 MM.

von Mises (N/mmA2 (MPaj)

a0

N

. 0%
B 1736
L ng

. 047

6%
349
00

» Yield strength: 262,69

Puc. 4. MakcumanbHi Hallpy>KE€HHS 3’ €IHAHHS.
Fig. 4. Maximum strain connection.

Ha puc. 5 moxkasani pe3ynbTaTH BH3HAYECHHS
MiHiManmpHOTO 3amacy MinHocTi. Lleft  koedimieHt
aHaJIi3yBaBCs y MOPIBHAHHI 3 MEXEI0 TEKyJOCTi MaTepiary
3 SIKOTO BUTOTOBJICHA JJaHA JIETajb. 1a y TaHOMY BHIIAAKY

MiHIMaJIbHUH KOSQII[IEHT 3aacy MIilHOCTI CTAHOBHTS 3,2,
110 € JOMYCTUMHM 3HAYCHHSIM.

FOs

HOT-RED.stp
Puc. 5. MinimManbHuii KoedilieHT 3anacy MIlHOCTI.
Fig. 5. Factor of safety-factor of safety.

[MpoBenenuii  aHami3a BTOMHM  Marepialy  sike,
CIPUYMHEHE B pe3yJbTaTi MOCTYIOBOTO HAKOIHMYEHHS
YIIKOJDKEHb ITiJ] A€o MUKITYHUX HanpyxeHb [IpoBenene
MOJICTIIOBAHHS. TEXHOJIOTIYHOTO TIPOIECy TeNeTYBaHHS
npu 20 MJIH. DUKJIIYHUX HaBaHTAXEHb JIOCHIPKYyBaHOTO
3’€lHAHHS TOKA3aJo, 10 BTOMJIEHE CIIPALIOBaHHS
eKCIIEHTPUKOBOTO Bally cTaHOBUTUME Bix 52-74 %. Taka
KUTBKICTh MUKTIYHIX HaBaHTaxeHb piBHA 11000 moa.rog.,
3 poxu mpu ABO3MIHHOMY pobOouomy nHi. Bpaxomyroun
TEpMiH pOOOTH MaTpHIIi Tpec-TpaHyIsaTopa cTaHoBUTE 500
JIFOJI.TOJI. L€ € IOCUTh XOPOIINM PE3YJIbTATOM.

BucHoBku

1. B pe3ynbTarti MIPOBEAECHOTO aHaNizy
3alPOIIOHOBAHO HOBY KOHCTPYKIIIO JIBOXMATPHYHOTO
IIpec-rpaHyJsTopa. OCHOBHOIO 0COOJINBICTIO
3alPOMIOHOBAHOTO JBOXMATPHYHOTO Mpec-TPaHyIsITopa €
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3HIDKEHHS METAJIOMICTKOCT] OOJaIHAHHS Ta ITABUILCHHS
HPOAYKTUBHOCTI TEXHOJOTIYHOTO INpOLECy MeeTyBaHHS
OpPTaHIYHUX BiAXOIIB CITBCHKOTOCTIOAAPCHKOI MPOIYKIIii
IOUITXOM PO3MIIIEHHS TBOX MATPHIb Ha OIHIH OIOpHI
IUTATi, TaKUM YHHOM, II00 pobodua 30HA IEJICTyBaHHS
3HaXOAWJIach MDK HHMH, a TIPeCyBalbHI POJHKA
PIBHOMIpHO O Yep3i 3alpecoBYBAIN OPTaHIYHY CHPOBUHY
y 0TBOpH (i’ €pH 000X MaTpHUIb.

2. JlocmipKeHO 10 CHEPreTWYHI 3aTpaTd Ha
TEXHOJIOTIYHUI  TpoLec  MeNeTyBaHHS  OpraHigyHoOl
CUpPOBUHH (COJIOMA 3€pHOBUX KYJBTYp) 3HAXOISITHCS B
TaKUX )K€ MEXax, K y ICHYIOUHX Hpec-TpaHyisTopiB 3
KUTBIICBOIO MATPHIICIO BiJIOBITHOIO IPOTYKTHBHICTIO, a
TEOMETPHUYHI pOo3MipH 3HATHO MEHIIII.

3. IlpoBeneHnii aHaii3 HampyXeHO-Ie(POPMOBAHOTO
CTaHy BY3/la TpaHYIIOBaHHA Ta BH3HAYeHI (haKTUIHI
HaTpy>KeHHsI, fedopMarii Ta mepeMileHHs AeTaei By3i1a
Ha PO3PaxyHKOBHX HAaBaHTAXCHHSX, a TaKOX BTOMHE
pYHHYBaHHSI MaTepiaiiB MiJ Ai€l0 HUKIIYHAX HANPyKEHb
3a gormomoroto nporpamu Solidworks simulation mokasas,
1m0  Ha0IpIl  HAaBaHTaXEHWH By3on  (3’€IHAaHHSA
€KCLIEHTPUKOBOT'O BAJTy 3 BOJIUJIOM) IJTKOM ITpane3laTHHUt
1 Mae 3amac wMinHocTi He MeHme 3,2 1 MOXe
eKCIUTyaTyBaTHCh HE MEHIIE 3 POKIB MPU JBO3MIHHOMY
pobouomMy IHi.
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JIBYXMATPHUYHBIN ITPECC-TPAHYJISITOP
U. B. @nvony, U. U. Yeapmaywvruii, P. B. [llampos

AHHOTauus. Pa3BuTve  TPOMBINIUIGHHOCTH U
KU3HEIEATCIHbHOCTh JIFOJICH HANpsIMyIO 3aBUCIT OT
TPaIUIMOHHBIX BHUIOB TOIDIMBA, OCHOBHBIC M3 HHUX 3TO
HedTh, Tra3 u yromb. OCHOBHOW aJbTEPHATHBOM,
CcrocoOHOW YMEHBIIUTH UCTIOIB30BaHUE ITHX HCTOYHHKOB
SHEPrHW  SBJISIETCS ~ pacTuTeNbHas  Omomacca. Ee
MPOU3BOJAT M3 OPraHUYECKUX OCTaTKOB CEJIBCKOTO
XO34HCTBa, JieconepepadaThIBarONmIeil MPOMBIIUIEHHOCTH.
[TomuMo 3TOTO KCTIONB30BaHUE OFOMACChl 0€30TacHO A
OKpYIKAIOUIeH CpeJbl U 310pOBbs YenoBeka. OTMETUM, UTO
6nomacca HyXIaeTcs B pa3pabOTKe HOBBIX TEXHOJOTHH
nepepabOTKH B TOIUIMBO. B 3TOW craThe mpeacTaBieH
aHaJIn3 IIPUMEHCHUA JABYXMATPUYIHOTO mpecc-
CpaHyJIATOpa sl IPOU3BOACTBA MEJJIET U3 OPraHUYECKOTO

ceipbs. [IpemyoxkeHa MeTOIMKAa pacdeTa OCHOBHBIX
KOHCTPYKTUBHBIX  IIapaMETpPOB  Hpecc-TpaHyiIsITopa,
000CHOBaHEI KOHCTPYKTUBHBIE 0COOEHHOCTH

KOHCTPYKIIUM U IMPOBEACHO MOACIMPOBAHUEC OCHOBHBIX

CHJIOBBIX  [ApaMeTPOB  YCTPOWCTBA C  MOMOIIBIO
nporpammbl  Solidworks ~ simulations.  OcHoBHO#
0COOCHHOCTBIO MPEITI0KEHHOTO ABYXMATPUIHOTO Mpecc-
TpaHylsITOpa SIBIISICTCS  CHIDKEHHE  METaNIOEMKOCTH
00OpyIOBaHUsST ¥ TOBBIIMICHHE [POM3BOAUTEIHHOCTH
TEXHOJIOTHYECKOTO npotecca MEeJUIETUPOBAHUS
OpPTraHNYeCcKUX OTXOJIOB CEIIbCKOXO3SIHCTBEHHOM
MPOAYKIIUK MYTEM Pa3MEHICHUS TBYX MATPHUI] HA OJHOU
OIIOPHOM IJIMTE, TaKUM 00pa3oM, 4TOOBI pabouas 30Ha
MEJUICTUPOBAHUST ~ HAXOJUIACh  MEXKIY  HUMH, a
NIPECCOBOYHBIE  POJIMKM  PaBHOMEPHO  MOOYEpETHO
3alPECCOBBIBAIM OPTraHUYECKOE B OTBEPCTHUS (DHIIbEPHI
00enx MaTpHil.

B pe3ynbTate MPOBEIECHHBIX Hay4HO-
HCCIIEOBATEIbCKUX M OIBITHO-KOHCTPYKTOPCKUX padoT
CIPOEKTUPOBAH  HOBBIM  JIBYXMaTpU4YHbIIl  mpecc-

TPaHyJIATOpP, KOTOPBI MOJXKET HCIONb30BAThCS KaK B
CTAaI[IOHAPHBIX YCTAHOBKaX, Tak ¥ B MOOWIBHBIX
KOMOalHax JUIsl TeJJIETUPOBAaHHS COJIOMBI B TIOJIE.

KaroueBble ciioBa. neuieTHpOBaHUE, OPraHUYECKOe
CBIpbE, MPECCOBAHUE NPECC-TPAHYIIATOP, HEIUIETHL.

TWO-MATRIX PRESS GRANULATOR
I. V. Flonts, I. I. Chvartatskiy, R. V. Shatrov

Abstract. The development of industry and people's
livelihoods directly depend on traditional fuels, the main
ones being oil, gas and coal. The main alternative that can
reduce the use of these energy sources is plant biomass. It
is made from organic residues of agriculture, wood
processing industry. In addition, the use of biomass is safe
for the environment and human health. Note that biomass
requires the development of new technologies for fuel
processing. This article presents an analysis of the use of a
two-matrix press granulator for production for the
production of pellets from organic raw materials. The
method of calculation of the main design parameters of the
press granulator is offered, the design features of the design
are substantiated and the modeling of the main power
parameters of the device is carried out by means of the
Solidworks simulations program. The main feature of the
proposed two-matrix press granulator is to reduce the metal
content of equipment and increase the productivity of the
process of pelleting organic waste from agricultural
products by placing two matrices on one base plate, so that
the pellet working area is between them and pressing
rollers evenly press organic raw materials. in the holes of
the die of both matrices.

As a result of research and development work, a new
two-matrix press granulator has been designed, which can
be used both in stationary installations and in mobile
combines for pelleting straw in the field.

Key words: pelleting, organic raw materials, pressing
press granulator, pellets.
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AHoTanisg. B po0oTi nmpoaHami30BaHO €KOJOTIYHHI
CTaH IOBKULIA, B 3B'I3KY 3 3a0pyIHCHHSIM HOTO ITAIUBHO-
MAacCTHJIEHIMH MaTepialaMy (depe3 MPOJIMBY Ta BUJIMBH), &
TaKOXX HACIIIKK BUKJIMKaHI 1X HAKOMYCHHSM B IPYHTI Ta
Bogi. [TokazaHo, mo HaTOMPOAYKTH, Ki MOTPAIUIIIOTH B

IPYHT Ta BOAHE CEpPElOBUIIE MOXYTh CYTTEBO
3abpynHioBaTtd 1X. JlaHa oliHka 3aco0am, METOJaM Ta
TEXHOJIOTISIM ~ OYMILIEHHS IPYHTOBOIO 1  BOJHOTO

cepeioBHIa BiJ HA(TONPOAYKTIB Ta MPOAYKTIB IX
po3kinangannsa. OOIPYHTOBAHO JOIUIBHICTh OYHIICHHS
3a0pyIHEHh METOZOM  copOmii, SK eQeKTHBHOTO,
MIPOCTOTO, JOCTYHHOTO NPHHOMY, KOJHM TIPH HEBEIHKHX
3arparax, B SKOCTI copOyrodoro MaTepiary
BUKOPHCTOBYETBCS THpca pi3HUX mopix xaepes. Ilomano
(i3UKO-XiMiYHI, CTPYKTYpHi, TIOTJIMHAJBHI Ta COPOLiHHI
XapaKTEepUCTUKU THPCH Pi3HHUX IOPiX JepeB, IX mepeBaru
Ta e(eKTUBHICTh, B MOPIBHAHHI 3 IHIIUMH COpOEHTaMU
POCIIMHHOTO ~ MOXO/KCHHS, MPH BHMKOPUCTAHHI  JUIsi
OUHIIEHHS TPYHTOBOTO 1 BOJHOTO cepenoBuiia. Po3kpuro
€KOJIOTIYHI ~Ta CKOHOMIYHI  IepeBaru  OYHIICHHS
I'PYHTOBOTO 1 BOJHOTO CEPEAOBHIIA BiJ Ha()TONPOIYKTIB
TUPCOIO PI3HUX IOPiA AEpeB, B MOPIBHSHHI 3 IHIIUMHU
METO/IaMH OYHIIIECHHS.

KuiouoBi cjioBa: JOBKILISA, €KOJOTiuHA Oe3Ieka,
€KOHOMIYHI TIOKa3HHWKH, HA(TONPOAYKTH, COpOCHTH,
copOuiifHa eMHICTB, THPCA.

ITocTraHoBKa MpodIeMu

HadronpoaykTu, yepe3 IIMPOKE PO3MOBCIOKEHHS
Ta BUKOPHCTAHHSI, YaCTO MOTPAIUIAIOTh B HoBKimma [1-3].
BoHun Ta iX DOpOAYKTH pO3Maxy MOXYThb CYTTEBO
3a0pyIHIOBAaTH HaBKOJHMIIHE cepenosuiie [4]. Hebesmeky
JUIsL IOBKIJUISL MIPEACTABISIOTh T4 3aBAAKOTh HETaTUBHOTO
BILUTHBY 0ioTi sik HadronpoxykTu [5], Tak iX wmIKimIUBI Ta
TOKCHYHI pe4oBHHH [6], 10 YTBOPIOKOTBHCS B Pe3yJbTaTi
XiMIYHHX 1 Gionoriynux nepetBopeHs [7]. OunineHHs Big
HadTonpoayktiB rpyHtiB [8] Ta Bomu Meromom copOuii
exostorigao edextusHo [9], moctymro [10] Ta ekoHOMIUHO
norinsHo [11]. OcobmBoi posti, 3HaYeHHS Ta TOIIUPEHHS
HaOyBalOTh COPOEHTH POCIMHHOIO MOXOKeHHs [12].
JocmimkeHHs cyTi mporieciB copbuii, Koau copOeHTaMu
ABTISIETHCS MOOIYHA TPOIYKIIS POCINHHOTO ITOXOKEHHS

He BTpaTuiu cBo€l aktyansHOCTi [13]. BuBuenus izuko-
ximiuaux [14], crpykrypraux [15], noriauHanbuux [16] Ta
copbuiitnux [17] BnacTUBOCTE# THPCH Pi3HUX MOPi IepeB

sk copbenriB  [18], mpoueciB  copOuii  HUMHK
HadromponykriBs [19], exomoriuHOi, BHpPOOHMUYOI Ta
EeKOHOMIYHOi OI[HKM 1 aHajizy pe3ynpTariB  ix

edexruBHOCTi [20], moTpebyroTh momanbmioi yBaru [21],
OOIpyHTYBaHb Ta MPOMO3uiii [22].

AHaJII3 0CTAHHIX JOCIII:KeHb

Yepes IMINPOKE 3aCTOCYBaHHS MPOJYKTIiB
HaTOmepepoOKH, 3HAYHAa IX KUIBKICTH MOTparuisie B
JMOBKUDIS Ta CIPUYMHSAE CYTTEBI EKOJOTIUHI 3MIHHU
BOJIHOrO Ta IpyHTOBOro cepemosuima [1, 2, 10].
HadrompomykTu craiu po3noBCIO/KEHUMH, JIIEBUMH Ta
HeOe3eYHNM 3a0py/HIOBaYEeM HaBKOJIMIIIHHOTO
cepenoBumia [5, 7]. OuulleHHS TPYHTOBUX Ta BOJHHX
eKocucTeM BiJl HadTONPOIYyKTIB MeTonoM copOrii He
BTPATHIO CBO€i aKTyaldbHOCTI Ta 3HaueHHs [14, 15].
3aBsIKM  TIPaKTUYHOCTI, edekTHBHOCTI 1 Oe3meYHoCTI
copbeHTH OyIIH, @ B OCTaHHI JECATHIITTS HAOYBalOTh e
OiIIBIIIOrO MOMIMPEHHSI Ta BUKOPUCTAHHS B YCIX Tay3six
HapOJIHOTO TOCHOAAPCTBA, B TOMY YHCHI 1 II1 OUUIICHHS
Bil HadTompoaykTiB rpyHTiB 1 Bomm [8, 9, 12].
Jocmimkyerbess OynoBa, BIACTHUBOCTI, €(QEKTHBHICTh
3aCTOCYBaHHSI COPOEHTIB POCIMHHOTO MOXOJUKEHHA [3, 4,
5, 6, 11, 13]. Cnixg Bim3HauyutH, 1O (Gi3UKO-XiMIYHI,
CTPYKTYpHI, MOTIMHAIBHI Ta COpOLiHI XapaKTepUCTHKH
Ta e(PeKTUBHICTH THPCHU Pi3HUX MOPiJ AEPEB, IK COPOSHTIB,
JUI OYMIICHHS BOJHMUX 1 TPYHTOBHX €KOCHCTEM, IX
€KOJIOTIYHY 1 €KOHOMIYHY OIliHKY, HEIOCTaTHBO TIHOOKO
Ta MOBHO BUBYEHO.

Meta gociakeHb

MeTor0 HamMX JOCTI/DKEHb CTajJO0  BUBUYCHHS:
¢GI3MYHNAX, XIMIYHHUX CTPYKTYpPHHX, COpOWIHHMX Ta
MOTJIMHAJIFHUX BJIACTUBOCTEH THUPCH Pi3HUX IOPiA JIEPEB;
TEXHIKHM, TEXHOJOTIYHMX IIPOIECiB Ta TEXHONOTIH Ii
3aCTOCYBaHHS; IIOBHOTH OYHWIIEHHS, EKOJOTIYHOI Ta
€KOHOMIYHO{ IlepeBaru BUKOPHUCTAHHS TUPCH Pi3HUX MOPix
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JIepeB, TIPH OYHUIIICHHI BOJHOTO CEPEIOBHUIIA i IPYHTIB Bi
Ha(TOMPOAYKTIB, B MOPIBHAHHI 3 iHITUMH METOJAMH.

Pe3yabsTaTn gociaigxeHb

3a pe3ynbTaTaMy HaNIMX JOCHIIPKCHb Ta IHIIMX
JOCIIIHUKIB, THpPCa PI3HUX TIOpiA JAEpeB Mae Kparli
copOILiiiHi BJAacTHBOCTI, B TOPIBHSHHI 3 IHIIMMH
copOCHTaMH POCIMHHOTO MoXomkeHHs [3, 4, 6]. Hammi
JOCITKSHHS (hi3uKO-XIMIYHUX, CTPYKTYPHHUX,
NOTJIMHANBHUX Ta COPOLIMHMX  XapaKTepUCTHK Ta
e(EeKTUBHOCTI THPCH HAHOUIBII MOMTUPEHNX MOPiA IepeB,
MMOKa3yoTh (Tabm. 1), MO BOHU CYTTEBO DI3HATHCS MiXK
coboro. fx BumHO 3 (Tabm. 1), HAWBHIN BOHH y THPCH
COCHH, JEUI0 IMOCTYNAThCA M THpca Tpada, a HalHIKYI
— y tupcu Oepe3u. Tupca ropixa Ta OCHKH 3alMaioTh,
BiJINIOBiTHO, IIPOMIXXHE TIOJIOKECHHSI.

Taomuua 1. IlormuHambHi  Ta
XapaKTepUCTUKU THUPCU PI3HUX TOpiJ JAepeB
npupo Hii (B Mexxax 70%) BOJIOTOCTI.

Table 1. Absorption and sorption characteristics of
sawdust of various tree species under natural (within 70%)

copOminHi
npu

humidity.
ITokazHuKH o > % g ©
15) Q. 2, = 8
Js) 8 3}

O ~ 2 o ~
Hadroemnicts, r/r | 2,3 | 1,9 15 1,7 2,1
COE€, Mr-exs/r 2,4 1,8 1,5 1,7 2,2
Vs (H20), cm®/r 0,09 | 0,04 | 0,03 | 0,04 | 0,06
Vs (CsHg), cm®r | 0,06 | 0,02 | 0,02 | 0,02 | 0,04
Suur., M2/T 80 | 75 7,5 7,5 7,5

Boke npu He3HAYHOMY 3HM)KEHHI BOJIOTM THUPCH BCiX
TOPIiJl IepeB, KOJM BOJIOTIiCTh 3HMXKYeThes 3 70-80% 10
50-60%, sixk BugHO 3 (Tabi1.2), BCi CTPYKTYpHI Ta (i3uKo-
XIMIYHI XapaKTEepUCTHKH, WOTJIHUHANBHI Ta COpOIiiHI
BJIACTUBOCTI ~ CYTTEBO  MiJBHILYETHCHA.  [Ipuuomy
HapTOEMHICTB Ta COpPOLifHA €MHICTH THPCH COCHU 1 rpaba
3HAYHO MEPEBHUIIYIOTH JIBi OTUHHIIL.

Taoauus 2. [ormuuaneHi  Ta  copOuiitHi
XapaKTepPUCTUKU THUPCH HaHOLIbLI TMOLIMPEHUX MOPIiJ
nepes nipu Bostorocti 50-60%.

Table 2. Absorption and sorption characteristics of
sawdust of most common tree species at a humidity level
of 50-60%.

Tloxa3aukn s v g S <

g g | & 5 &

Q ~ 2] o —
Hadroemuicr, r/r | 2,7 | 2,3 1,9 2,1 2,4
COE€, mr-exs/r 2,6 1,9 1,6 1,7 2,2
Vs (H20), cm®/r 1,0 | 0,05| 0,04 | 0,04 | 0,06
Vs (CsHg), em®r | 0,07 | 0,03 | 0,03 | 0,03 | 0,04
Spur., M2/T 84 | 79 7,9 7,9 8,0

OrmiHKa NOTIMHAIRHOI 3AATHOCTI HA(PTOHPOIYKTIB
MaTepiallaMd POCIHHHOTO OXOJKEHHSI, IPOBEIcHa HAMH
Ta IHIIAMH JOCTiTHUKaMH [3, 4, 8], moka3ye, 1o cOpOeHTH
MOJKHA €(PEKTHBHO BUKOPUCTOBYBATH, KOJH iX cOpOIiitHa

€MHICTb 3HAXOINTHCS B MEXKax 2-3 Mr-ekB/T Ta OiibIie. 3
Tabmmie 1 Ta 2 BHAHO, IO TAKMM BHMOIaM, ITOBHICTIO
BiJNIOBIZafOTh, THPCAa COCHM Ta rpada OO TMEBHOI MipH
ropixa. Yepe3 MmiABUIEHHHA BMIiCT CMOJHCTHUX PEUOBHH,
THpCa COCHH Mae HalKpamli (i3uKo-XiMiuHi, CTPYKTYpHI,
copOuiifHy Ta TOTTMHAIBHI  XapakTePUCTHKHA  Ta
BJIACTUBOCTI Cepell IHIINX MOpia nepeB. THPCy cocHU Ta
rpaba, a mTpu IX BIACYTHOCTI Tropixa, MOXHa
0e3nocepeIHbO Ha MicCLISIX ix BHUPOOHUIITBA,
3aCTOCOBYBATHCSl SIK COpPOGHTH JJsi OYHMINEHHS  BiJ
3a0pyaHeHHsT HadTONpoayKTaMH TIPYHTIB Ta BOJHOTO
cepenoBuma. Ilpore, TMpca mpu NPHUPOAHINH BOJOTOCTI,
gepe3 MiJBHIICHY BOJOTICTh, HABITh Y MPUMIIIEHHSIX, IO
MaioTh A00pY BEHTWIIALIIO, MOTaHO 30epiraerbes. Bona
IIBHUJIKO TICYETHCS OaKTepialbHUMU MIKPOOPTaHi3MaMH Ta
IpHOKOBHMH NPECTaBHUKAMH, TOMY ii PAKTUYHO BaXKKO
TpuBanmii yac 36epiratu. Tupcy, mo mae Boioricts 50-
60% mpy HaNeXHii BEHTWIIALIl NMPUMIIICHb Ta MOTIIILY
npu 30epiraHHi MoXHa IEeBHUI Yac 30epiraTy.

Sk MOKa3yIOTh Hai JIOCITi IPKEHHSI,
MOTJIMHAJILHOO Ta COPOIIHOI EMHICTh THPCH BCIiX BHUJIIB
JIEpeB Ta  BOJIOTICTIO  CIIOCTEPIraeThcs  OOCPHEHO
mponopiiiHa  3anexkHicth  (tadn.  1,2,3). Komu wmu
BUCYLIMIN THPCY BCIX IOCHIIKYBaHHUX IOPil Iepes, Mpu
Temneparypi B Mexax 100°C, ii copOuiiiHi MOKa3HUKH
3pocan Oumpmie HiK B 1,5 pasw, B TOpIiBHAHHI 3
AHAJIOTIYHUMH XapaKTepUCTHKaMu TIpu Bosorocti 70%.
[MornmuuaneHi Ta COpOIiitHI BIaCTHBOCTI TaKOi THPCH BCiX
HOpIA  JepeB XapaKTePH3YIOThCA JOCHTH BHCOKHMH
MOKa3HUKaMH, OCOOJMBO Y THPCH COCHHM, cOpOiiiHa
€MHICTh SKOI JOCSATae Maibhke YOTHUPHOX OJMHHIIb. 1"1', B
HepIry 4epry, CiiJi 3aCTOCOBYBaTH IPH OYMIIECHHI NpPU
3a0pynHeHHSX. [Ipu BIACYTHOCTI THPCH COCHH, MOXHA
BUKOPHCTOBYBATH, B TAKUX BHIAJIKaX, K COPOEHT, THPCY
IHIIUX TOPiA JiepeB, aje mepeayciMm rpada. I[lpuunHOO
3pOCTaHHS copOiiHUX MTOKa3HUKIB THPCH
JOCTIKYBaHUX TOpiA JAepeB, MalyTh, CIiJ BBakaTH,
BUIIAPOBYBAHHS BOJIOTH 3 MIKPOIIOP, 10 30LIBIIYE IUIONLY
iX akTUBHOI MOBepxHi. Taki THPCH MarOTh BOJOTICTH B
Mexax 15%, mobpe 36epiraloThes TPHBAIUK Yac, MaroTh
moOpi  copOmiifHi 1 MOINIMHANBHI IMOKa3HUKH  Ta
BJIACTHBOCTI, @ TOMY MOXKYTb IIIMPOKO BUKOPUCTOBYBATHCS
Juist copOLii HAaQTOMPOAYKTIB.

MIX

Tadanus 3. [ormuuaneHi Ta copOwiiiHi
XapakTepUCTUKH THUPCH HANOIIBII MOUMIMPEHUX MOpPix
nepes BucymieHoi mpu 90-110 °C.

Table 3. Absorption and sorption characteristics of
sawdust of most common tree species dried at 90-110 °C.

Ilokxa3uuku

g |2 |3 |8 |g

e | & g |3 | &

@] —~ i) o ~
Hadroemuicts, r/r | 3,7 | 3,2 2,8 3,0 3,4
COE€, Mr-exB/r 29 2,1 1,8 1,9 2,5
Vs (H20), eM®/r 1,0 | 0,05 | 0,04 | 0,04 | 0,06
Vs (CsHg), cm®r | 0,07 | 0,03 | 0,03 | 0,03 | 0,04
S, MY/T 92 | 87 | 8.2 8,3 8,8

OcHOBHa XapaKTEPHUCTHKA, sIKa HAaC IIKABUTH 3 TOUKH
30py OLIHKHM COpPOLIHHOI 3aTHOCTI THPCH PI3HUX IMOPiX
JiepeB, SAKi MOXYTh BHKOPHUCTOBYBATHCS B  SAKOCTI
COpOEHTIB IpH OYHUINEHHI BiJ HAQTONPOIYKTIB SIBIAETHCS
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iX TOTJIMHAJIbHA 3MIATHICTh (aKTHBHICTH). BoHa 3aleXuTh
Bim OarathoxX (pakTOpiB: SK BiJ OCOOJMBOCTEH camMmx
B3a€MOJIIIOYNX KOMIIOHEHTIB, II0 NPUHMAIOTh Y4acTh B
MEPEeTBOPCHHAX, TaK 1 BiA 30BHIIIHIX YMOB, SKi
CKJIaJIAIOTHCS i1 Yac mporecy copOiii. JJocuTs BaxKIHBIM
MTOKA3HUKOM € IMIBHIKICTh IPOIECIB MOTIMHAHHSA, TaK SK
Horo HeoOXiJHO BPaxoBYBaTH NpPH PO3poOIi TEeXHOJIOTIT
JMIKBigaIii  CKOJOTIYHMUX  HACHINKIB  BiJl  PO3JHBIB
HapTONMPOAYKTIB. BUKITHKA€E 3alliKaBICHICTh TOCIIIKCHHS
aKTMBHOCTI THPCH PI3HHMX HOpiJ AEpeB, Lie i ToMmy, IO
00'ekT JmoCHiKEHHS (TUpca), Ma€e OJHAKOBY HPHPOIY
TIOXOJ/KEHHS 3 IEPEBUHH.
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Puc. 1. Kinetnka nporecy NOTIMHAHHS JU3EITHHOTO
MABHOTO THPCOI0 pIi3HUX mopixm amepeB: 1 — cocHa;,

2 —rpab; 3 — ropix; 4 — ocuka; 5 — Oepesa.

Fig. 1. The absorption kinetics of diesel fuel_by
sawdust of various tree species: 1 — pine; 2 — hornbeam;
3 — walnut; 4 — aspen; 5 — birch.
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Puc. 2. Kinernka mpomecy HOTJIMHAHHA O€H3UHY
THPCOIO Pi3HUX MOPia nepeB: 1 — cocHa; 2 - rpald; 3 — ropix;
4 — ocuka; 5 — Gepesa.

Fig. 2. The absorption kinetics of petrol by sawdust of
various tree species: 1 — pine; 2 — hornbeam; 3 — walnut;
4 — aspen; 5 — birch.

5 10

Kinetnky mpoTikaHHS IpoIeCy MOTIWHAHHS THPCOIO
PI3HHX TOpin AEpeB MAOCHIKYBINA U TU3EIBHOTO
mansHOTO Ta OeH3mHYy (puc. 1, puc. 2).

3Beprae Ha cebe (akT BETUKOi IIBHIKOCTI
HAaCHYCHHS THPCH BCIX MOPif JepeB OCH3NHOM, TIOPiBHSIHO
3 mm3ensHUM nansHEM. lle mepemyciM ToOB's3aHO 3
BIZITHOCHO BHMCOKOIO B'SI3KICTIO OCTAHHLOI'O, L0 OCOOIMBO
NPOSIBISIETHCSL Y TIPOLIEC] 3aTIOBHEHHS 3aKPUTHX MIKPOIIOp
Ta KaHaJIIB HEBEJIMKUX PO3MIpIB, @ TaKoX HPUPOJOI0
BUXiZHOI JepeBHHHU. THpca COCHM MICTUTH B CBOEMY
CKJIaai OlIbllle CMOJMCTHX pPEYOBHH, a Tpaba BEJIHKY
KIJIBKICTh  MIKpPOIIOp, TOMY BOHM MalOTh HaWBHILI
MOrJIMHAJIBHI  BIACTMBOCTI, a4 TaKoX  aKTHBHICTH
nornuHaHHA. HalHIoK9a aKkTHBHICTH BHSBHIACA y THPCH
Oepe3u, IPOMIXKHE TMOJOXKEHHS 3aliMae THUpca Topixa Ta
ocukn. Cmig BiA3HAYNTH, IO TPOIECH MOTIMHAHHS
THUPCOIO PI3HUX TOPI AePeB K OCH3MHY , TaK 1 AU3ETHHOTO
MAJIHOTO BigOYBalOThCSA 3 OJHAKOBOIO IOCTIIOBHOIO
3akOHOMIpHiCTIO B uaci. [Ipuyomy, uepes 25 romun
MOTJIMHAHHSA CcOpOeHTaMM Ha(TONPOAYKTIB, mHpolec ix
copOwii IIe TMOBHICTIO HE 3aKiHUYEThCS, Xouya BiH
MIIXOUTh MaiKe 10 3aBEPLICHHS.

BukoHaHuii HaMu aHami3 XapakTepy HOIJMHAHHS
HaTONPOIYKTIB THPCOIO PI3HUX IMOPiJ AepPeB BKA3Yye, M0
Ha KiHETHKY 1 piBHOBary HpoOIECiB IOTIMHAHHI CYTTEBO
BIUIMBa€e  Boyoricte  copbOenty. Ha pucynky 3
JIEMOHCTPYEThCsl BIIUB Bosorocti — WL Tupcu pisaHX
HOpiA JepeB Ha X IOMIMHAIBHY 3z1aTHicTs — VI, B
BIHOIICHH] JIO IU3EJIbHOTO MaJbHOTO TPH TeMIeparypi
20°C. CrmocrepiraeThCsi MPOTUIICKHA 3aTCKHICTE MK
MOTJIMHAIOUOI0 3/IaTHICTIO, IO BHKJIMKAaHO, HAleBHO,
MepeayciM, PI3HO MPHUPOIOK MOJEKYNT BOAM (MOJSPHI
MOJICKYJIH) 1 MOJICKYJI JAU3EJIbHOT0 MaJbHOTrO (HEMOJSpHI
MOJICKYJIM) Ta BYIVIEBOJHEBOK YaCTHHOIO TKaHWH
nepeBunu. 11lo crocyeTbesi BILIMBY BOJIOTOCTI THPCH Ha
0cOONMBOCTI TOTJMHAHHSA , JHU3EJIBHOTO MAJBHOTO B
3aJIKHOCTI BiJl TOPOXM JAEpeB, TO BOHA KOPEIIOE 3
3arajbHOI0 TCHJCHIIIEIO 1X HaTO Ta COPOIHOI0 EMKICTIO.
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Puc. 3. Brums BOJIOTOCTI Ha MOTJIMHAKOYY 3[aTHICTh
TUPCU pi3HI/IX HOpiI[ ACPEB  AU3CJIBbHOI0 IMaJIbHOTO:
1 — cocHa; 2 — tpa0; 3 —ropix; 4 — ocuka; 5 — Oepesa

Fig. 3. Influence of humidity on the absorption of
diesel fuel by sawdust of various tree species: 1 — pine;
2 — hornbeam; 3 — walnut; 4 — aspen; 5 — birch
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Puc. 4. BrumB BOIOTOCTI Ha TOTJIMHAIOYY 30aTHICTD
THpPCH Pi3HUX mopia Aepes 6eH3uHy: 1 — cocHa; 2 — rpal;
3 —ropix; 4 — ocuka; 5 — Gepesa.

Fig. 4. Influence of humidity on the absorption of
petrol by sawdust of various tree species: 1 — pine;
2 —hornbeam; 3 — walnut; 4 — aspen; 5 — birch.

AHani3 BIUIMBY BOJIOTOCTI Ha MOTJIMHAIIBHY 37[aTHICTh
pi3HMX MOpia JepeB, B BigHOMmIeHHI 10 OeH3uHy (puc. 4),
npu Temneparypi 20°C, nokasye, 1o y BCIX BHIagKax
IIBUILIEHHST BOJIOTOCTI BUKIJIMKAE CYTTEBE 3HIDKEHHS IX
MOTJIMHANBHOI 37aTHOCTI. Lle moB'sa3aHo 3 mepemkonamy,
SKi BHHUKAIOTh Ha NUIIXY PyXy OCH3HMHY y BOJIOTHX Opax
1 Kamingpax, 3alOBHEHHSIM KaIliJIsApiB i MOp BOJOKO, IIO
3MeHIIye iX 00'eM AJIs 3alOBHEHHS Ta IUIOLIY MOBEPXHi
mipu copOIIii 1 cCIiBMamae 3 MOMepPeIHIME CIIOCTEPEKEHUMH
TEHACHLISAMH Ta MIPOLECAMHU 10 AU3EIBHOTO MaJbHOTO.

BucnoBxku

1. Tupcy cocHu Ta rpaba, a mpu iX BiJCYTHOCTI
ropixa, Mo>kHa Oe31ocepeHbO 3 Miclb X BUPOOHMIITBA,
3aCTOCOBYBAaTH K COPOSHTH JUIA OYHMIICHHA BiX
3a0pynHEHHS Ha(TONPOAYKTaMH IPYHTIB Ta BOJIHOTO
cepeoBHIIIA.

2. HaiiBumii mornwHAIBHI Ta COPOIiHI BIACTHBOCTI
Ta  XapaKTepUCTHKH, Ma€ THpPCAa COCHH, JEIIO
MOCTYTMAEThCS i THpca Tpaba, a HAWHWKYI BIAMOBIIHI
MIOKa3HUKH Y THPCH Oepesu.

3. Ilpocymieny tupcy, npu Temneparypi 90-110°C,
BCIX BHAIB JEpPEB, MOXHA BHKOPHUCTOBYBATH IS
OUMIIEHHS TIPYHTIB 1 BOOM TIpu  3a0pyAHEHHI
HadTormpoayKTamMu Ta 30epiraTu HeoOMeXeHU Jac.
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TEXHUKO-5KOHOMMYECKA OLIEHKA OITMJIOK
PA3JIMYHBIX ITOPOJ JIEPEBBEB
KAK COPBEHTOB JIJIs1 OYNCTKU
OT HE®TEITPOJIYKTOB
A. H. Kanusowxo, H. @. Kanugowko
AHHOTanusi. B pabore  mpoaHATU3UPOBAHO
9KOJIOTHYECKOE COCTOSHHE BHEIIHEH Cpeibl, B CBATH C
3arpsiI3HEHUEM €€ TOproYe-CMa309HbIMH MaTepraIaMu (13-
32 MPOJMBOB M BBUIMBAHHUIL), a TaKkKe IIOCIEICTBHE
00yCJIOBIICHHBIE WX HAaKOIUICHHEM B II0YBE M BOJE.
ITokazaHo, 4T0 HedTENPOAYKTHI, KOTOpHIE IONANAIOT B
MIOYBY U BOJHYIO Cpey MOTYT CYHIECTBEHHO 3arps3HAThH
nx. JlaHa oOLEHKa CpeACTBaM, METOJaM, TEXHOJIOTHSIM
OYNCTKH NOYBEHHOH U BOJHOM Cpebl OT HE(PTENPOTyKTOB
1 IPOAYKTOB UX pacnaga. OG0CHOBAHO 11e1eCO00Pa3HOCTh
OYMCTKH  3arps3HEHHH  MeTOoAOM  cOpOIuH,  Kak
3¢ (GEKTHBHOTO, MPOCTOr0 M JOCTYITHOTO IpHEMa, KOTAa
IIpU HEOONBIIMX PACXOAaxX, B KadueCTBE COPOLHMOHHOIO
MaTepuaga HCIOJB3YIOTCA ONMIKU Pa3HbBIX IOPOJ
nepeBbeB. IlomaHo (PU3MKO-XUMHYECKHE, CTPYKTypHBIE,
TIOTJIOMIAIOIINE ¥ COPOLIMOHHBIE XapaKTEPUCTHKH OIHIIOK
pasHBIX TOPOA  JAEPEBbEB, HUX IMPEUMYILECTBA U
3G PEKTUBHOCTh, B CPAaBHEHHUH C JIPYTUMH COpOEHTaMHu
PACTUTENILHOTO IPOUCXOXKCHHUS, TP UCTIOJIb30BAaHUH TS
OYMCTKM  IIOYBEHHOW M BOJHOW cpeabl. PackpeiTo
9KOJIOTHYECKHE W  SKOHOMHYECKHE  IIPEHMYIIEeCTBa
OYHCTKH NOYBEHHOH M BOJHOW Cpedbl OT HE(PTENPOIyKTOB
ONMWJIKAMH PAa3HBIX MOPOJ JIepPEeBbEB, B CPABHEHUH C
JPYTUMH METOJaMH OYHCTKH.

Kiawuenbie cjioBa: BHEIIHSIS cpena,
HE(TENPOAYKTHI, OIMIKH, COPOCHTHI, COPOIMOHHAS
€MKOCTh,  YIJIGPOJHBIC  COPOCHTHI,  JKOJIOTHYECKas

6C3OHaCHOCTI), OKOHOMMHYCCKHUEC I10KA3aTCIIN.

TECHNICAL AND ECONOMIC EVALUATION
OF SAWDUST OF VARIOUS TREE SPECIES
AS SORBENTS FOR REMOVING OIL PRODUCT
O. M. Kalivoshko, M. F. Kalivoshko

Abstract. The work analyses the ecological state of
the environment when its contaminated with fuels and
lubricants (through spills and flows), as well as the
consequences that are caused by their accumulation in soil
and water. As it has been shown, oil products that enter the
soil and water environment can significantly pollute them.
An assessment is given to the means, methods and
technologies for cleaning the soil and water environment
from petroleum products and their decomposition
products. The feasibility of cleaning up by the method of
sorption is substantiated as an effective, simple, affordable
method, when at low cost sawdust of various types of trees
is used as a sorbed material. The physicochemical,
structural, absorbing and sorption properties of sawdust of
various tree species, their advantages and effectiveness in
comparison with other sorbents of plant origin, for cleaning
up soil and water environment are presented. It has been
revealed the ecological and economic advantages of
cleaning the soil and water environment from oil products
with sawdust of various tree species in comparison with
other methods of cleaning.

Key words: carbon sorbents, environment, ecological
safety, economic indicators, oil products, sorbents,
sorption capacity, sawdust/
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AnoTtaunis. EQeKTUBHICTh CTPIDKKY OBEIb B 3HAYHIN
Mipi 3aJIeXKHUTH BiJl MPOAYKTUBHOCTI CTPHUTAIIB. 32 paXyHOK
MEXaHIYHOI eHeprii MAaIIMHKH BigOyBa€ThCSA TUIBKH
nepepizaHHs LMIEPCTSHUX BOJIOKOH, a ii MepeMileHHs 1o
MOBEPXHI Tija TBAPHHH 3AIHCHIOETHCSA JIOAWHOKD —
crpurageM. CrTpuramsiMd BHCOKOi KBamiQikamii mpu
CTPWXKIII TOHKOPYHHHX OBElb 3 ULIMPOKO3aXBaTHOIO
rpebinkoro (b=76,8 MM) BHKOPHCTOBYETHCS TPHUOIH3HO
90% 1i mmpuHYU, HU3BKOT Ta cepeauboi 50-75 %. Haioinbm
npodeciiiHi  cTpurami — NpamiolTh,  SK  HPaBHIIO,
By3bKO3axBaTHUMH Tpebinkamu (b=57,6 Mm), Tomy mio
BY3bK0O3aXBaTHA I'PEOiHKA YMHUTH, TIPH CTPYIKII, MEHIINH
OTip Ha PYKY CTPHUTAA i J]a€ MOXIUBICTh MEpEMIITyBaTH
MaIliiHKy 3 OUIBIIOI IIBHIAKICTIO, Yy TOpPIBHSHHI 3
mMApoKo3axBaTHOIO. OTXe, Npane3fgaTHICTh CTPUTasl
3aJICKUTh B HACTYMHHX (AKTOPiB: CHIH TATH — P,
IIBUIKOCTI pyxy — V, 9acy pobotu (TpuBaiicTh pob04oro
nporiecy) — t. TeopeTHuHi po3paxyHKH MOKa3aIH, 0 NIpU
MaKCHMMaJIbHOMY  3yCWJUII  CTpHrajsl  ONTHUMajbHa
MIBUAKICTH Mozdadi ckiaamae 0,93 m/c, a HaBaHTa)KEHHS Ha
pyKy cTpurais He IOBHHHO mepeBumyBatu 30,6 H.
301bIICHHS HABAHTAKEHHS Ha PYKY CTpUTas OlIbII Hix
30,6 H Bukiukae 3HIDKEHHS IIBHAKOCTI mojadi, Ta
BiJINIOBiTHO, 3MEHIIICHHS IPOTyKTHBHOCTI.

B cBITOBIl paKTHUIli CTPIKKA OBEIb BUIUIAIOTH [BA
HafiOUIPII BOANMX TEXHIYHUX PIMICHHA: 3BOPOTHO
MOCTYMAJIBHAHN Pi3abHUH amapaT Ta pOTaIliifHuN. AHai3
KOXKHOTO 3 BapiaHTIB IIOKa3aB, IO Yy 3BOPOTHO-
MOCTYNAJIBHOTO Pi3aJIbHOTO arapara, MpH HEeAOTPUMaHHI
TEXHOJIOTIYHUX MapaMeTpiB, Pi3KO 3HMKYETHCS SIKICTh
poGoTu  (30UIBLIYETHCA BMICT CIUKHM) Ta 3pOCTa€
CIIOKMBAaHA MOTYXKHICTb.

Ciuka, sk i mepecTpur, HebaXkaHi B MPOIIECi CTPUKKH,
iX cyMapHHI BMICT y pyHi He TOBHHEH NepeBHUIyBatu 1%.
SIKIo ocTaHHIN 3aNeXHUTh BiJ KBaXi(ikallii cTpurais, TO
mepiia IepeBakHO BiJl CYKYHHOCTI T'€OMETPHYHHX,
KOHCTPYKTUBHMX  Ta  TEXHOJOTIYHMX  IapaMeTpiB
PI3aJIBHOTO anapary Ta CTPUrajbHOI MaIIMHKH.

Pi3anHs BOBHM 3 00€pTOBUM XapakTepOM pyXy HOXa
nependavyae, MO TPH TOBTOPHOMY IIPOXOJI IO BXKE
OCTPIDKEHIM MOBEPXHi JIMIIIE PO3dicye BOBHY, B HACIIIOK
HE BUKOHAHHS YMOB 3alleMJICHHS MaTepiany. Porariitanit
pyX HOXa J03BONS€ T030aBUTHCH BiJ IOBTOPHOTO
3pi3aHHS BOBHHU (YTBOPEHHS CIUKH) Ta IPHBOAWTH [0
3MEHIIIEHHS €HeProMiCTKOCTI Iporecy B Mexax 20 %.

Hamn ©Oynmo po3poOneHo cTeHn, SKHH — Mae
MOJJIMBICTh BHM3HAUWUTH CHIy OIOpPY IE€pPEMIIICHHS
CTPHUTaJbHOI MAIIMHKY y BOBHAHOMY Iapi Ta CHOXXHUBaHY
MIOTYXHICTh YPYXOMJICHHS MAIIMHKH, sIKa 3aTpadaeThbes
Mg 9ac CTPWKEHHS, HUIAXOM 3MIHH IIBHIKOCTI PyXy
CTPHUTaJIbHOI MaIlIMHKH.

[Mopieutoroun MCY-200 Ta poTaniiiHy CTpUrajbHY
MalIMHKY MOYKHA BiJIMITHTH, IO CIIOKUBAaHA MOTYXHICTh
po3pobneHoi MaliMHKHM, B MOpPIBHAHHI 3 0a30BoO,
3MeHmmiIack B 2,2-2,3 pasu. Cuiia onopy nepemilleHHs
3MeHmuiIach B 1,2-1,4 pa3u, a TakoX 3MEHIIMIACS
KUTBKICTH ciuku B 3,2-3,5 pasiB.

KoaiouoBi c1oBa: cTprkka oBellb, BOBHA, CTPHTaIbHA
MAIlIMHKa, TOBTOPHUH 3pi3, YTBOPEHHS CIUKH.

HocranoBka npodaemu

EdekTuBHiCT CTPWXKKM OBElb B 3HAYHINH Mipi
3aJIeKHTh BiJl NPOJYKTUBHOCTI cTpuraiiB. Hamararouuch
MiBUIIMUTA MPOAYKTHUBHICTH Mpalli TIIBKH 33 PaxyHOK
NOKpAIIEHHsS MAalIMHKUA O3 BJIOCKOHAJEHHs TEeXHOJIOTIT
CTPIKKH, OpraHi3aliii mpaii ta miaBuieHHs kBatidikarii
BUKOHABISI - IIUJIKOM NPHUPOJHO, aie Ha Kajlb Ie
HEMOXITUBO Ta Masio eekTuBHO. [Ipu 1boMy HEoOXiqHO
BpPaxoBYBaTH, IIO CTpPUTaJbHA MallMHKA — L€ PYyYHHH
IHCTpyMeHT. 3a paxXyHOK MEXaHIYHOI eHepril MaIllnHK{
BiIOYBA€ETHCS TUTBKH Iepepi3aHHs MIEPCTIHIX BOJIOKOH, a
11 mepeMilIeHHs 0 MMOBEPXHI Tijla TBAPHHHU 3[IHCHIOETHCS
JFOZMHOTO — cTpuranem [1, 2].

BcraHOBIEHO, IO CTPHUTAISIME BUCOKOI KBamidikamii
MIPU CTPUXKII TOHKOPYHHHX OBELb 3 LIMPOKO3aXBATHOIO
rpebiakoro (0=76,8 MM) BHKOPHCTOBYETHCS MPHOIH3HO
90% 11 mupwan. Crpuraini HU3BKOI Ta CepeaHbOl
kBaniikamii BAKOpUCTOBYIOTH TUIbKK 50-75 % 3aranpHol
LIIMpUHKU 3axBary Takoi rpebinkm [1, 2, 3]. HaitGinbm
npodeciiiHi  cTpurami  NpamiolTh, K HPaBHIIO,
By3bKO3axBaTHUMHU rpebinkamu (0=57,6 mm). Lle mMoxHa
TIOSICHUTH TUM, 1110 BY3bKO3aXBaTHA IpeOiHKa YHHUTD NPU
CTPWKII MEHIIMH omip Ha pyKy CTpuraias i Jgae
MOXUJIMBICT TEpEeMIIlyBaTH MAIIMHKY 3  OLIBIIOI0
IIBUKICTIO Y IOPIBHSHHI 3 IIHPOKO3aXBaTHOIO.

Omxe, Tmpane3fJaTHiCTh CTPUTals 3aJeKUTh Bif
HACTYHHHX (PaKTOPiB: CHIIN TATH — P, MIBUAKOCTI pyxy — V,
gacy po6otu (TpuBaiicTh pobodoro mporecy) — t.
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Hnst OLIIHKHA Mpare3aaTHOCTi
3aIPOTIOHOBAHA 3aAJICKHICTE Ve = f(P) [2]:

CTpHUTAIA

3

P
+099- (1~ | (1)
80

cmp

P
Vo o=114.1-"o
80

1€ Vemp — BUIKICTD PYXY PYKH CTPHUTajst IpH poOodoMy
X0/l MaIlIMHKHU, M/C;
Pewp — cuna monaui (T4ra), 1Mo pO3BUBAETHCS PYKOIO
CTPHUTAJIS TP MBHUIKOCTI Vepp, H.
[oTyXHICTh, IO PO3BHBAETHCS PYKOIO CTpPHUras,
onucyeThCs (popMyIoro:

N

Posp’s30x Bupazie (1) Ta (2) mokaza, mo npu
MaKCUMallbHOMY  3yCHJUTI  CTpUTais  ONTHUMajbHA
MBHAKICTE Hogaui ckiaagae 0,93 M/c, a HaBaHTAXKEHHS Ha
pyKy cTpurais He MOBHHHO nepeBumyBatu 30,6 H.
301bIICHHS HAaBaHTa)KeHHS Ha PYKY CTPUTaNs OUIbII HixK
30,6 H BuKIMKae 3HIWKEHHS MIBHAKOCTI mojayi, Ta
BIJINIOBITHO, 3MCHIICHHS MPOIYKTUBHOCTI. 3SHIDKCHHS
HaBaHTaXeHHs MeHII HiX 30,6 H mae 3mory 30itpmmTa
HIBUIKICTh MMOJa4i Ta MPOAYKTUBHICT cTpurais [2].

P (2)

cmp =chp Lemp

AHaJIi3 0CTAHHIX JOCHI:KeHb

B cBiTOBI#1 IpaKTHULll CTPYIKKY OBEIb BUIUISIOTH Ba
HAMOUIBII BAANMX TEXHIYHUX PIIICHHS: 3BOPOTHO-
MOCTYNAJbHUI pi3aNpHUl amapar 3 eKCLIEHTPUKOBHUM
MEXaHI3MOM Ta pOTAlidHUIE pi3aJpbHUl amapar 3
MeXaHiqyHowo mnepepadeto. Ciin 3a3Ha4yuTH, IO 00W/ABa
BapiaHTH MaIOTh IBUT'YH CYMiCHHU 3 pyKOSTKOFO [3, 4].

[pu Ginpm geTanbHOMY aHaJIi31 KOYKHOTO 3 BAPiaHTIB,
MOXHa BIIMITHTH, IO Y 3BOPOTHO-NOCTYIAIBHOTO
pi3aJIbHOTO amapaTa NMpH HEAOTPHMaHHI TEXHOJIOTIYHHX
mapaMeTpiB  pi3KO  3HWKYETBCA  SAKICTB  poOoTH
(30UTBITYeTBCS BMICT CIYKH) Ta 3pOCTa€ CHOXKHMBaHA
MOTYXHICTb [3], 1110 BUITHO 3 PHUCYHKY 1.

/ J

Puc. 1. IIpouec pizaHHsi BOBHU pi3aJIbHOIO Mapolo 3i
3BOPOTHO-TMIOCTYHAJIbHUM PYXOM HOXKA.

Fig. 1. The process of cutting wool with cutting steam
with reciprocating movement of the knife.

Ciuka sK 1 nmepecTpur HebakaHi B IIPOLECI CTPHIKKH,
iX cyMapHHI BMICT y pyHi He IOBHHEH NepeBUITyBatH 1%.
SIKmo ocTaHHIN 3aNeXUTh Bix KBamiikarlii cTpurais, To
Iepia MEepeBaXHO B CYKYHMHOCTI TEOMETPUYHUX,
KOHCTPYKTUBHHX  Ta  TEXHOJOTIYHHUX  IapaMeTpiB
PI3aJIBHOTO arapary Ta CTPUrajibHOI MAIIMHKH.

BenmumHa CiuKM, TOBTOPHOTO 3pi3aHHA BOBHH,
BKazye Ha €(EeKTHBHICTb pi3aJIbHOTO amapary iHakKIIe
KaXy4d Ha WOro JOCKOHAJICTh, JMOBEPIICHICTH. 3a
HasIBHOCTI NOBTOPHMX MNPOOIriB (3pi3iB) — 30UIbIIyeTHCS
cuna  pi3aHHS, 1[I0 TPHU3BOAMTH 1O  30UIBIICHHS
eHeprozaTpar Ha TIpolec. Tak IUIOma ITOBTOPHHUX
MIPOXOIB HOXKA B CTPHUTAJIbHUX MAIIMHKAX 31 3BOPOTHO-

TOCTYMAJIBHIM XapaKTepoM pyX HOXka ckianae a0 33,6 %
oCTpHKeHOI rmoBepxHi, puc. 1 [2].

Jis 3MeHIIeH s D10 HOABIHOTO Tpobiry HOXa, a
BIAMOBITHO 1 KIMBKOCTI  CiUKH, PpPEKOMEHIYETHCA
MepeMill[aTH CTPUrajbHy MAIIMHKY 3 ONTHMAJIbHOIO
mBuakicTio [1, 2]. Ame moTpuMaHHS BHKOHAHHS i€l
YMOBHM Ha MPAKTHIll HEMOXIHMBO, OCKUIbKH 3HAYEHHS
IIBUJAKOCTI MOJa4yi MamuHKu Vi, B  OCHOBHOMY,
BU3HAYAETHCS CTAHOM BOBHSHOTO MOKPOBY TBApUHU Ta
kBauidikarieto crpurais [3, 4].

PosrissHeMO  cxeMy MpOLECY pi3aHHS BOBHHU
PI3IBLHOI0 MApOo0 3 00EPTOBUM XapaKTEPOM PyXy HOKa,
MPE/ICTABICHY HA PUCYHKY 2.

v

v Vv

Puc. 2. IIpouec pizaHHS BOBHH pi3ajibHOIO Maporo 3
00EepTOBHM XapaKTEPOM PyXOM HOXKa.

Fig. 2. The process of cutting wool with cutting
steam with the rotational nature of the movement of the
knife.

Hix oOepraeTbcss B OAHOMY HampsIMKy, a HpH
MOBTOPHOMY MPOXOJi MO BXE OCTPIDKEHIM MOBEPXHI —
JMIIE PO34iCy€e BOBHY, B HACNIJOK HE BUKOHAHHS YMOB
3anieMIIeHHs1 MaTepiany. PoTauiitHuit pyx Hoxa 103BoJIsIE
1030aBUTHCH BiJl TIOBTOPHOTO 3pi3aHHs BOBHHU (YTBOPEHHS
ciukm). lle Moxe mpu3BecTH OO0  3MEHIICHHS
€HEeproMiCTKOCTI ITporecy pizaHHs B Mexax 20 %, a Takox
3MEHIIICHHS BMICTY CIYKH Y PYHI — IiABUIUTH SKICTh.

Mera gocJaigxkeHnb
Metoro poboTH Oys0: BHU3HAYUTH CHIY OIOpPY

HepeMillleHHs CTPUralibHOT MAIlMHKKA B BOBHSIHOMY LIapi
Ta CIIOKMBAaHy IOTYXHICTh MNpPHBOJA MAIIMHKH, SKa

3aTpavyaeTbCcsl 1] Yac CTPWKEHHs, NUIIXOM 3MIHH
HIBUJIKOCTI PyXY CTPUTAIbHOI MAalIMHKH.
Iix qac JIOCITI KSHHS BUKOPHCTOBYBaBCS

pO3po0NeHNT HaMHM CTeHJ A BHIPOOYBAaHHS PYYHHX
pi3adbHAX I1HCTPYMEHTIB, Ha SKOMY IPOBOIMINCH
nabopaTopHO-eKCIIEpUMEHTAbHI JIOCITIJKCHHS
cTpuranbHux MamuHok MCY-200, MCO-77B, Nl1J-
GMO01-76 Ta porauniifHOTO THITY.

Jlns BHW3HAYCHHA CIIOKMBAHOI IOTY)KHOCTI Ha
YPYXOMJIICHHSI CTPUTaJIbHOT MAIlIMHKN, BUKOPHCTOBYBAJIN
aHanoroBo-nn¢posuii mepersoprosad (ALII) Ta ctpymoBi
kimimi. JlocmipkeHHS TPOBOTWINCH NPH TeMIIeparypi
HABKOJIMIITHLOTO cepepoBuina Bix + 14 °C no + 25 °C.

Pe3yabTaTn 10ociigxeHb

ITlin eHepreTMYHMMH  XapakTEPUCTHKAMH MU
PO3YMIEMO CHJIy OHOpY HEpEeMIIleHHS CTPUTaIbHOI
MaIIMHKHA B BOBHSHOMY IlIapi Ta CIOXXMBaHY IOTYKHICTh
Ha YpYXOMJICHHS MAIIMHKH, SKa 3aTpavyaeThCcs Mia dac
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CTPIDKCHHSA. 3 METOI0 BHU3HAYEHHS OCTaHHIX Ta
BCTAQHOBJICHHS 3QJIS)KHOCTEH MK HUMH, T€OMETPHIHUMU
Ta  TEXHOJOTIYHNMH  [apaMeTpaMd, HamMH  OyB
po3pobieHuii  cTeHm ANA  BHIPOOYBAaHHS — PYYHHX

pi3albHUX {HCTPYMEHTIB, CXeMa SIKOTO TIPEICTaBIIeHa Ha
pucynky 4 ta 5. Ha sixkoMy mpoBOISTBCS J1TaOOpaTOpPHO-
EKCIIEPUMEHTAJIbHI JIOCIIIPKEHHS! CTPUTaJIbHUX MAIIHHOK
MCY-200, MCO77B, N1J-GMO01-76 Ta poraliifHoro
TUy pucyHok 3 [5, 6].

Puc. 3. JocmimkyBani crpuranbHi Mamuakd: N1J-
GMO01-76, MCVY-200, MCO-77B Ta cTpuraibHa MaIlnHKa
pOTaLifHOTO THITY.

Fig. 3. Researched clippers: N1J-GM01-76, MSU-
200, MSO-77V and rotary shearing machine.

6 12n9 6 7

Creny 3abe3neqye:

® MOXIHUBICTH 3MiHH Ta KOHTPOJIIO MIBHIKOCTI
moja4yi CTpUrajbHOi MAIlWHKH y miamazoni Vg = 0,1—
2,5 M/c;

¢ MOXIHUBICTP 3MIiHH Ta KOHTPOJIO YacTOTH
obepranHs Hoxa y piamaszoni Ny = 500-4000 06/xs,
ny=8,33-66,70 ¢*;

® MOXIHUBICTH 3MIHM Ta  KOHTPOJIO  KyTa
BXOJ/DKCHHS pi3ajlbHOTO amapary B BOBHY Yy Jiama3oHi
a = 0-20°

® MOJKJIMBICTH KOHTPOJIIO CII0’)KUBAHOI MOTY>KHOCTI
YPYXOMJICHHSI ~CTPUTQJIBbHOI MalIMHKK Y Jiana3oHi
Ng: = 1-4000 Br;

®  MOXIHUBICTH KOHTPOJTIO CHJIH
nepeMimieHHs B gianazoni For= 1-375 H.

Crenp [7] cknagaersest 3 HampsAMHOL pamu 1, B3IMOBXK
Kol mepecyBaeTbcs Bi3ok 2. Ha Bi3Ky po3MimieHuit
TpuMad 3 3 MOXKJIMBICTIO BEPTHKAIBFHOTO ITepecyBaHHsA. Ha
TpuMadi 3 BCTAaHOBIIOIOTh MOCTIKYBaHUH IHCTpyMeHT 4
(HanpuKIlaj, CTpUrajbHa MaIIMHKa) 3 MOXKJIHMBICTIO
peryjioBaHHsS KyTa WOro Haxwily 1O ropu3oHty. Ha
pobouomy cromi 5 € mpuctpiit 6  KpiruieHHs
JOCHTiKyBaHOro Matepiany 7 (oBumHa). Bizok 2
3’€HAHUA 3 ypyXOMJIIOBaJIbHUM OapabanomM 8 3a
JormoMororo kanaty 9 uepe3 posmmkau 11. Bapaban 8
BCTAaHOBJICHHH Ha CTONI 5 1 TPUBOOUTBECA B IO
enekrpoxpsuryHom 10. Ha pami 1 BcTaHOBIEHO TaKoX
crorop 12 mus Bizka 2. Ha Bi3ky 2 € TeH30MeTpHIHHI
matunk 13 (Ha 3ycwimis po3TsAry-cTUcKaHHs). Ha Bamax
mpuBoAiB iHCTpyMeHTy 4 Ta enekrponsuryna 10
BCTaHOBJICHI AaTYMKK 00epTiB BiAmoBiaHo 14 ta 16.

ornopy
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Puc. 4. Cxema cTenza AJisi BUNPOOYBAaHHs PYyYHUX pIi3alibHUX IHCTpyMeHTIB: 1 — pama; 2 — Bi3ok, 3 — TpuMady,
4 — crpuraipHa MaliMHKa, 5 — cTin; 6 — TpuMayd oBUMHM; 7 — OBUMHA (LITy4YHA BOBHA); 8 — npuBinHMii GapabaH (BiCh),
9 —poc, 10 — npusiz, 11 — po3’eanysay, 12 — ctonop, 13 — TeH3oMeTpryHMi AaT4nK, 14 — naTunk Xomia, 15 — ctpymoBi
ki, 16 — marumk obepri, 17 — enekrpomepexa 220B, 18 — ananoroBo-mudposuii nepersoproBau, 19 — I1K 3

IporpaMHuUM 3a0€3MeYCHHSIM.

Fig. 4. Scheme of the stand for testing hand cutting tools: 1 — frame, 2 — trolley, 3 — holder, 4 — clipper, 5 — table,
6 — sheepskin holder, 7 — sheepskin (artificial wool), 8 — drive drum (axis), 9 — cable, 10 — drive, 11 — disconnector,
12 — stopper, 13 — strain gauge, 14 — Hall sensor, 15 — current clamps, 16 — speed sensor, 17 — 220V electrical network,

18 — analog-to-digital converter, 19 — PC with software.

YpyxomiieHHs iHcTpyMeHTy 4 Ta enektpoasurys 10
mia’eaHyrOThes 10 Mepexki 17. IlapameTpu crouBaHOT

MOTYXHOCTI TNPHUBOJIOM IHCTpyMeHTa 4 (CTpUraibHOT
MallMHKK) 3anucytoTthes o I[IK 19 3a pmomomororo
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aHasoroBo-uudposoro nepersoproada (AIIT) 18 uepes
cTpyMoBi Kiirmi 15. (puc. 5).

21

5]

8

19

MAaIllWuHKH.

Puc. 5. 3aranbHuil BUMIA CTEHAA JUIS BUIPOOYBAaHHS PYYHHMX pi3ajibHUX IHCTPYMEHTIB: 1 — pama, 2 — BI30K,
3 — tpumay, 4 — cTpuranpHa MaluHKa, 5 — cTil, 6 — TpMay OBUMHH, 7 — OBYMHA (LITYYHA BOBHA), 8 — MpHBiqHUI OapabaH
(Bice), 9 — tpoc, 10 — npuBixa, 11 — po3’eanyBau, 12 — cronop, 13 — ren3omerpuynuii aatuuk, 14 — natunk Xosia, 15 —
cTpyMoBi Kiinii, 16 — natyuk obepriB, 17 — enekrpomepexa 220B, 18 — ananoroso-uudposuii nepersoprosau, 19 — I[MK
3 mporpaMHUM 3a0esnedeHHsM, 20 — 4acTOTHWH mepeTBoproBad, 21 — MeXaHIYHMI IycKad NMPUBOIY CTPUTAIBHOT

Fig. 5. General view of the stand for testing hand cutting tools: 1 — frame, 2 — cart, 3 — holder, 4 — clipper, 5 — table,
6 — sheepskin holder, 7 — sheepskin (artificial wool), 8 — drive drum (axis), 9 — cable, 10 — drive, 11 — disconnector,
12 — stopper, 13 — strain gauge, 14 — Hall sensor, 15 — current clamps, 16 — speed sensor, 17 — 220 V mains, 18 — analog-
to-digital converter, 19 — PC with software, 20 — frequency converter, 21 — mechanical starter drive.

Ha ocHOBI momnepesHbO0 NPOBEAECHUX TEOPETUUHHX
JIOCIIZPKeHb, MalO4YH 3MIHHI KOMILJIEKTH pi3allbHUX Tap Ta
KEepYIOUM 4YacTOTOI 00epTiB HOXa, KyTOM Haxwily a0
OCTPIDKEHOI MOBEPXHI Ta IMIBHIKICTIO MOJa4i MAITHHKH
BU3HAYAEMO TaKi CHEPTeTHYHI IIOKa3HHUKH, K CHJIa ONOPY
NEepeMillleHHs CTPUrajbHOI MANIMHKH Ta BEJIHYHHY
CHOXKMBAHOI TOTY)KHICTh €JIEKTPOJBUIYHOM Ha IIPOIEC
3HSTTS BOBHH.

CrnovaTKy BU3HAYa€MO 3aJI€KHOCTI 3MiH CHIIH OTIOpY
NepeMillleHHsT  Ta  CIIOXKMBAaHOi  TOTY)KHOCTI  0e3
HABAHTAXXCHHS, MOTIM TPH HAaBaHTAXKCHHI. PI3HUI Mix
OCTaHHIMHM JIa€ 3MOTY OLIHUTH pPOOOTY pi3anbHOrO
anapary npH pi3HHX pexuMax.

Ipotsarom pochixy no IMK 19 yepes ALl 18 Bin
naruukis 13, 14, 15, ta 16 Haaxonsrh Taki MOKa3HUKH, [0
3MIHIOIOTHCS B 4aci: 4acToTa o0epTiB enekrpoasuryna 10
Ta NPUBOAY IHCTPYMEHTY 4, CHila ONOpY NepeMillleHHs
Bi3ka 2 (iHctpymeHTy 4). Takox ALII 18 peectpye 3miny
CHOXKMBaHY IOTYXHICTh enekTpoypyxomseHns 4. Lli
nokasHuku o60pooOmsatoreest IIK 19 1 BignoBimHO 10
BCTAQHOBJICHOI NPOTPaMH MOJAIOTHCS B BHUIJISI TAaONHUIB,

rpadikiB 4M piBHSIHb perpecii. SIki B mopanbIIOMy
BHUKOPUCTOBYIOTBCS MPH aHaJi31 BILUTUBY IOCIIIKYBaHUX
¢daktopie  Ha  e(eKTUBHICTH pOOOTH  PIi3aTBLHOIO
IHCTPYMEHTY.

Ha ekpani IIK 19, B pexumi peanpHOro wacy,
OyayroThcst Tpadiku 3MIHH CHJIH OTOpPY MEPEMIICHHS,
CIIOKHMBAHOI MOTYKHOCTI BiJl 4acy INpPH 3aJaHUX: 4acTOTI
o0OepTaHHS HOXKa Ta MIBHIKOCTI MOJAYi 3 ypaxXyBaHHSIM
KOMILIEKTY Pi3aJIbHUX TIap .

Ilicnst BiacitoBaHHS MaeMO OCTAaTOYHI PiBHSHHS
perpecii:

2
¥y =106,06 +1,25X7 +1,75X + X3 +2,95X; —35X; X +25X,X5 (3)
Y, = 41,4 -1,25X +2,25X5 +9X3 +15X 5 X3 (4)

2
Y3 =4-125X; —0,875X, ~1125X 5 +5125X; + )
2
+1875X5 +2,5X1 X5 ~15X1 X3 +3,75X X5
Ilicns po3koOBYBaHHS PIBHSIHHS perpecii MaroTh
BHUTJBSL:
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N =183,68.187 — 3,05625z — 23,75v — 0,0383333n + 3 MeTow TOpiBHAHHA €(EeKTHBHOCTI POOOTH
2 (6)  crpuranbEmx MamMHOK 3 3BOPOTHO-TIOCTYNANBHUM
+ 0,08333nv —8,752v + 0,184375z . .
PYXOM Ta pOTamifHUM, HaMHU MOOymoBaHO Tpadik, IIO0
XapakTepu3ye 3MiHy CIHOXXHBAaHOI TIOTYXHOCTi, CHIJIH
F = 23,2125 -0,31252 —112,5v + 0,005n + 0,05nv 7 omopy TepeMilleHHA Ta SKOCTi poGOTH Bif 3MiHH
OIBUAKOCTI Tojadi. TakoX Ha HBOMY BiI3HA4EHO
k = 376,695 —13,51562 — 665v — 0,03999n — 0,00125n + ®) MYHKTAPOM  TEOPETHYHY  3aEKHICTH  CHOKHUBAHOT
+0,125vn + 6,252v + 0,322° +187,5v° noTyxHocTi (prc. 6).
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Puc. 6. I'padik 3anexHOCTI CHOXKUBAHOT MOTYKHOCTI, CHIIM ONOPY IEPEMIILIEHHs Ta SKOCTI pOOOTH CTPHUIaJbHUX
mamnHok MCY-200 Ta poraniiisoi Bij mBuaKocTi ii nopadi, npu onTuManbHux Z = 25 ta (N = 3000 06/x8), n =50 ¢,

Fig. 6. Graph of power consumption, displacement resistance and quality of work of MSU-200 and rotary shearing
machines on its feed speed, at optimal z = 25 and (n = 3000 rpm), n =50 s,

[opiBatotoun MCVY-200 Ta porarmiiiHy cTpuraibHi
MAalIMHKA MOYXKHA BiMITUTH, IO CIOKHBaHA MOTYXHICTh

po3poOieHoi MAamMHKK B TOPIBHAHHI 3 0a30BOIO
3MeHIIMIach B 2,2—2,3 pasu.

Cuna onopy nepeMIIIECHHSI 3MEHIIIIIACH
B 1,2—1,4 pa3u. Tak camo 3MeHIIMIACS i KITBKICTh CIYKH B
3,2-3,5 pasis.

Taxox cImig BIIAMITHTH, j11() PO301XKHICTh
TEOPETHYHHX Ta  CKCIIEPUMEHTAJIbHUX  JaHUX  He
nepesumye 3%. Illo mae 3MOry TOBOPHTH TIpO

BIIMOBITHICT ~ €KCIIEPUMEHTAILHUX 3 TEOPETUYHHMHU
3aJIEKHOCTSIMA Ta MOXIIMBOCTI 3aCTOCYBaHHSI OCTaHHIX
IIPU JTOCIHIJPKEHH] TPOILECy CTPIKKHM OBELb PI3HHUX MOPin
30Kpema.

BucHoBku

1. JlabopaTopHUMH JOCTI/DKEHHSIMH Ha OBUYMHAX
TOHKOPYHHHX OBEIb Ta MITYYHOMY XyTpi OyJIO OCTaTOYHO

BCTaHOBJICHO HACTYIHI paIlioHaJbHI KOHCTPYKTHBHO-
TEXHOJIOTIYHI ~ TapaMeTpy  CTPUTANBHOI  MAalIMHKH
poTaliiHOro THIIy: YacToTa 00epTiB Hoxa 48,3-50,0 ¢
(2900-3000 06/xB), KinbkicTh 3yOuiB rpedinkum 23-25,
uBHAKiCTh moxaui  0,6-0,7 M/c, 1m0 OpU3BEIO 10
MiABUIEHHS SKOCTI CTPKKU B 3,6—4 pa3u, 3MEHIICHHS
CIHOXXHMBAaHOI MOTYXKHOCTI ypyXxomieHHS y 1,5-2 pazu Ta
CHIIN onopy nepeminieHss B 1,2—1,3 pa3u.
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UCCJEJOBAHUE POTALIMOHHON
CTPUT AJIbHO MAIIIMHKA
B. C. Xuenescxuii, K. JI. Becenusckuii
AnHoTanusl. D(PEKTUBHOCTh CTPHKKH OBEI B
3HAYUTEJILHON CTENEHHU 3aBUCHUT OT MPOU3BOJUTEIBHOCTH
cTpuraneil. 3a c4eT MeXaHMYEeCKOW SHEpPruu MAalluHKU
MIPOUCXOJUT TOJNBKO Mepepe3aHue MEPCTSIHBIX BOJOKOH, a
ee IepeMelleHHe II0 MOBEPXHOCTU Tejla >KUBOTHOTO

OCYIIECTBIISIET YEJIOBEK — CTpHUranb. CTpHUraib BBICOKOM
KBaTM(UKAIUU IIPU CTPW)KKE TOHKOPYHHBIX OBEI C
IIPOKO3axBaTHON TpebeHkoi (b = 76,8 MM) UCTIONB3yeT
npumepHo 90% ee mmpuHbI, HU3KON U cpeanei 50—-75%.
Hamubonee mpodeccronanbHble cTpUraau paboTaroT, Kak
MPaBUJIO, C y3K03axBaTHRIMH Tpebemkamu (b = 57,6 Mm),
MIOTOMY YTO Y3KO3aXBaTHblE I'DEOEHKH OKa3bIBAIOT IPU
CTPIDKKE MEHBIIIEE CONPOTUBIICHHE HA PYKY CTpPHUTais U
JIAI0T BO3MOXKHOCTH ITI€peMellaTh MaliuHy ¢ OoJblIed
CKOpPOCTBIO [0 CPAaBHEHHUIO C IIMpOKO3axBaTHOU. WTak,
paboTOCHOCOOHOCTh CTPUTajsl 3aBUCHT OT CIEAYIOIIUX
¢axTopoB: cunbl TArM — P, ckopoctu aBwkeHus — V,
BpEeMEHH  pabOTHl  (TPOMOIDKHUTENFHOCTH  pabodero
npouecca) — t. Teoperndeckue pacders! MOKa3ald, YTO
IIPU MaKCUMaJIbHOM YCHJIMHM CTPHTals ONTHMalbHAs
CKOpOCTH moauu coctaniseT 0,93 m/c, a Harpy3ka Ha pyKy
cTpurans He noibkHa npesbimats 30,6 H. YBenmuenwe
HaTpy3KH Ha pyKy crpurams 6onee gem 30,6 H BrI3bIBaeT
CHI)KEHHE CKOPOCTM TMOJayd, M COOTBETCTBEHHO,
YMEHbUICHUC ITPOU3BOAUTCIIBHOCTH.

B MHpOBOIl MpaKkTUKE CTPUKKK OBEL] BBIACISAIOT ABa
HanOosiee YAAa4YHBIX TEXHUYECKHX peIIeHHs: OOpaTHO
MOCTYNATENIbHBIA PEXYIIUI anmnapaT U pOTalMOHHBIM.
AHanm3 Ka)kI0To U3 BAPHAHTOB IT0Ka3all, 4TO B BO3BPATHO-
MOCTYIATEIFHOM PEXYILEM almapaTe Ipu HeCOOII0AeHIN
TEXHOJIOTHYECKHX  IapaMeTpPOB  PE3KO  CHIDKACTCS
Ka4ecTBO palboTh! (YBETHMUMBACTCS COAEPKAHUE CEUKU) U
pacteTt noTpebsemMas MOIHOCTb.

Ceuka WM HEpPECTPUT HEXKETATENbHBI B IIpOIecce
CTPIKKH, UX CYMMapHOE COJIepIKaHHe B PYHE HE JIOJDKHO
npeBeimate  1%. Eciam  mocnenHuit  3aBUCHT  OT
KBAIU(UKALUK CTPUTaJIsl, TO MepBasi MPEUMYIIECTBEHHO
OT COBOKYIMHOCTH T'COMCTPUYCCKHX, KOHCTPYKTUBHBIX H
TEXHOJIOTHYECKHX TapaMeTpoB PEXYLIero ammapara u
CTpUTAJIbHOW MaIllMHKH.

CrpmXKa IIEpCTH C BPAIIAIONIMMCS XapaKTepoM
JBIDKCHUSI HOXKA TPEyCMaTPHUBAET, YTO MPU HOBTOPHOM
MIPOXOJIE 0 YK€ OCTPH)KEHHOHW ITOBEPXHOCTH, IIEPCTh
TOJBKO pPACYECHIBACTCS, B CIICACTBUM HEBBIIIOIHCHHMS
yCIOBMH  3amleMiIeHWst — Marepuana.  PortamuonHoe
JBIDKCHUE HOXa ITO3BOJIET M30aBUTHCS OT HOBTOPHOTO
cpe3anusi mepctu (00pa3oBaHUWE CEYKH) U MPHUBOJIUT K
YMEHBIIIEHUIO 3HEPTOEMKOCTH Tponecca B peaenax 20%.

Hamm Opu1 pa3zpaboTaH CTeHHA, KOTOPBIH HMMeeT
BO3MOXHOCTb ONpCACIINTD cuiy COIIPOTUBJICHUA
MEPEMCUICHUA CTpHFaJ’IBHOﬁ MAaIrHKA B HICPCTAHOM CJIOC
1 TIOTPeOIIIeMYI0 MOIIHOCTD MPUBOJIA MAIIMHKH, KOTOPast
HCTIONB3YEeTCS TPH CTPIIKKE, ITyTEM U3MEHEHHSI CKOPOCTH
JIBIDKCHUS CTPUTIBHON MAIIMHKH.

CpasnuBasg MCY-200 1 poTaliiOHHYIO CTPUTAJIBHYIO

MallMHKY, MOXHO OTMETUTh, 4YTO MOTpedIseMas
MOIIHOCTh Pa3pa0OTaHHOW MAIIWHKH, MO CPaBHECHHUIO C
0a3oBoif, ymeHpmmiIach B 2,2-2,3 pasza. Cuia
COTIPOTHBIICHUS TepeMEeTIEeHHS YMEHBIINIACH
B 1,2—-1,4 pa3a, a Tak)ke YMEHBIIMIOCH KOJUIECTBO CEUKH
B 3,2-3,5 pas.

KiioueBble cjoBa: CTpUXKKa OBEIl, MIEPCTh,

CTPUTAIIBHOTO MAaIlIMHKa, TIOBTOPHBIN cpe3, 00pa3oBaHUs
CEUKH.
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RESEARCH OF A ROTARY CUTTING MACHINE
V. S. Khmelovskyi, K. D. Veselivskyi

Abstract. Shearing efficiency is highly dependent on
the performance of the shearers. Due to the mechanical
energy of the machine, only the cutting of woolen fibers
occurs, and its movement on the surface of the animal's
body is carried out by a person — the shearer. A highly
skilled shearer when shearing fine-wooled sheep with a
wide-grip comb (b = 76.8 mm) uses about 90% of its width,
low and medium 50-75%.

The most professional shears usually work with
narrow gripping combs (b = 57.6 mm), because narrow
gripping combs provide less resistance on the shear's hand
when clipping and make it possible to move the machine at
a higher speed than wide-gripping combs. So, the shear's
performance depends on the following factors: traction
force — P, movement speed — V, operating time (duration
of the working process) — t. Theoretical calculations
showed that with the maximum shear force, the optimal
feed rate is 0.93 m/s, and the load on the shear arm should
not exceed 30.6 N. An increase in the shear arm load of
more than 30.6 N causes a decrease in the feed rate, and,
accordingly, a decrease in productivity. In the world
practice of shearing sheep, there are two most successful
technical solutions: a reverse translational shearing device
and a rotary one. The analysis of each of the options
showed that in the reciprocating cutting device, if the
technological parameters are not observed, the quality of
work sharply decreases (the content of the cut increases)
and the power consumption increases.

Cutting or re-trimming is undesirable during the
cutting process, their total content in the fleece should not
exceed 1%. If the latter depends on the qualifications of the
shearer, then the first depends mainly on the combination
of geometric, design and technological parameters of the
cutting apparatus and the shearing machine.

Shearing of wool with a rotating character of the knife
movement provides that when passing over an already
trimmed surface, the wool is only combed due to failure to
meet the conditions for pinching the material. The rotary
movement of the knife allows you to get rid of repeated
cutting of the wool (chapping) and leads to a decrease in
the energy intensity of the process within 20%.

We have developed a stand that has the ability to
determine the force of resistance to the movement of the
clipper in the woolen layer and the power consumption of
the drive of the clipper, which is used for clipping, by
changing the speed of the clipper.

Comparing the MSU-200 and the rotary shearing
machine, it can be noted that the power consumption of the
developed machine, in comparison with the base one, has
decreased by 2.2-2.3 times. The force of resistance to
movement has decreased by 1.2-1.4 times, and the amount
of cut has also decreased by 3.2-3.5 times.

Key words: sheep shearing, wool, shearing machine,
re-cutting, chaffing.

B. C. Xmeasoscskmiit ORCID 0000-0002-6018-8821.
K. . BeceaiBeskuii ORCID 0000-0002-4168-976X.
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AHoTauis. 3anponoHOBaHO ¢diToMeTpuIHAH
KpUTEpiii OLIHKK CTaHIB PO3BUTKY pPOCIHH  3a
IHTETpaJIbHOIO 3aJEKHICTIO IIOKa3HHWKIB 3 OJHAKOBHUM
BaroBUM Koe(]illieHTOM, IO Ja€ 3MOTYy OTpHMarTu
3aJIe)KHICTh OCHOBHUX IIOKa3HHUKIB PO3BUTKY POCIMHH B
pi3HUX (a3ax PO3BUTKY BiJ BIUIMBY CEPEIHBOJOOOBOI
TEMIIepaTypu TIOBITpS Ta  IHTEHCHBHOCTI  CBITIJa,
BUKOPDHCTaHHS  SIKOTO B CHUCTEMI  KepyBaHHs
€HEePreTHYHNUMHU NOTOKAMH ITPOMHUCIIOBOT TIUIUIII TiJ] 4ac
BUPOOHHIITBA POCIMHHOI MPOXYKLii 3a0e3medye 3amaHy
SIKICTB MTPOAYKIIi 3 ypaxyBaHHIM (a3 pO3BUTKY POCIIHH.

KarouoBi cioBa: eHeproedekTBHa  cucTeMa
KepyBaHHS, (hiToMOHITOPHHT, MaTeMaTHIHE
MO/JICTIFOBAHHSI, TEIUINYHI KOMIUIEKCH, MOHITOPHHT SKOCTI
MIPOAYKIIil, MOHITOPUHT (iTOCTaHY Ta CTaHy aTMOC(EpH.

ITocTaHoBKa MpodeMu

TermnyHi  KOMIUIEKCHM  Lle  Cy4YacHi  CKJIajHi
OpraHizamiiHoO-TexHiuHi ~ 00’ekT 3  0I0JIOTIYHOIO
CKJIaJIOBOIO, OCHOBHHM €JIEMEHTOM KOTPHX € IPOMHCIOBI
TEIUIMI, JI€ pealli3yloThcs TEXHOIOTIl BHPOOHHIITBA
pocimHHOI THpOayKHii B CIOpyJax 3aKpUTOTO IPYHTY.
BripoioB KajgeHAapHOTO POKY BOHH IOCTavaroTh 3HAYHY
YaCTKy POCIHMHHOI HPOIYKIil Ha PHHOK MpPOJIOBOJIHCTBA
VYkpainu. KoHKypeHTO31aTHICT 1€l MpoIyKIlii OB’ si3aHa
3 HeOOXiTHICTIO TOWIYyKy OallaHCy MK BHUTpaTaMu
pecypciB Ha BHPOOHMIITBO Ta 11 sikicTio. I[IpoBeneHuit
aHali3 Cy4YacHMX TEXHOJIOTii BUPOOHMLTBA POCIMHHOT
MPOIYKINi Ta CHCTeM iX aBTOMaTH3allii B MPOMHUCIOBHX
TEIUTHIISAX JIaB 3MOTY 3pOOUTH BHCHOBOK, IPO BUKOHAHHS
3aBJaHb IOJI0 peasti3anii eHeproe)eKTUBHOTO KEPYBaHHs
CHEePreTUYHUMHU  IIOTOKAMH  TEIJIMYHUX  KOMIUIEKCIB
BUMarae 3acTOCYBaHHS IPUHIMIOBO HOBUX MiJXOIIB B
aBTOMATH3allil, 110 3yMOBJICHO SIK CAMUMH 00’ €KTaMH, TaK
1 OUIBII JKOPCTKMMHM BHMOTaMH [0 €(eKTHBHOCTI
KepyBaHHS HUMH.

Awaii3 miteparyprux jukepen [2, 3, 4, 6] nas 3mory
3pO0OMTH  BHUCHOBKH, 10  KJIIOYOBUM  EJIEMEHTOM
JOCSATHEHHS KOMIIPOMICY MIDK BHUTpaTaMH pecypciB Ta
AKICTIO IPOIYKIIIi € CHCTeMa KepyBaHHS MIKPOKIIMAaTOM y
MPOMHUCIIOBIM  TEIUIMI, a  OCHOBHI  OOMEXKEHHS
e()eKTUBHOCTI BUPOIIYBaHHS POCIMHHOI TNPOAYKLIi B
TEIUIMYHUX  KOMIUIEKCaX  BHHHMKAIOTh  BHACIHIIOK

HETNOBHOTH iH(poOpMamii Mpo CTaHW POCIHH, ITapaMeTpiB
CepelOBHIA HABKOJIO HUX Ta SKOCTI POCIHHHOI
OpoAyKuii.  3BaXkaloun  Ha  3a3HAa4YCHE,  MOJYKHA
CTBEp/UKYBATH, IO Ha JAaHUW 4Yac BHMOTH JI0 CHCTEM
ABTOMATHYHOTO KEPYBaHHS TEXHOJIOTIYHUMH IIPOLIECAMU B
TEIJIMYHAX KOMIUIEKCAX, MOCTIHHO 3pOCTaloTh, @ HAYKOBI
OCHOBH iX MOOYZOBH BiJICYTHI.

Ha cporonni mpoBejieHi NMEBHI JOCITIKEHHS LIO/0
OLIIHKH BIUIMBY (haKTOPiB HABKOJIMIIHBOTO CEPEIOBHUINA HA
BpokaiiHicTh pociuH. [IpoTe He BUcTayae pe3yJbTaTiB
JOCTI/DKeHb IOJO OLIHKHM SIKOCTI PO3BHTKY POCIHH Ta
OBOYIB IIPOTATOM YCHOI'O LMKy BUPOIyBaHH:. BogHouac
UL OTpUMaHHA  SKICHOI  TPONyKmii  mOTpiOHO
KOHTPOJIFOBATH 1 OLIHIOBATH 3HAYHY KiJIKICTh TIOKa3HUKIB
PO3BUTKY POCIIMHH Ha BCiX (asax ii pocry.

Merta nociigkeHn

Meroto crarti € po3polieHHs (HITOMETPUUHOTrO
KPUTEPIIO OLIHKH CTaHiB PO3BUTKY POCIIMH B IPOMHUCIIOBIH
TEIIMIl, 3 MOJAJBIINM BUKOPHCTaHHSIM HOTO CHCTEMOIO
aBTOMATHYHOTO KepyBaHHS, JuIst ITiABUIIECHHS
eHeproe)eKTHBHOCTI BUPOOHUIITBA POCIMHHOT IMPOTYKIIii,
3a0e3Meuyroun P HEOMY 11 3a[1aHy SKICTb.

Pe3yabTaTH 10CHiTKeHb

OmiHka sKocTi Ha OCHOBI audepeHuiiiHoro i
KOMIUIEKCHOTO METOIB OIIIHKH PIiBHS SKOCTiI TOMATiB HE
JIa€ 3MOTH YCIIITHO BUPIIMIUTH TIOCTaBJIEHE 3aBlIaHHS
KOMIUIEKCHOI OIIHKHM pIiBHS SIKOCTI TOMAaTiB, OCKIIBKH
HEOoOXi/THO BpaxoBYBaTH ITOKa3HUKH PO3BUTKY POCIMHHU B
pi3HuX 11 dazax, a came: 1BITIHHS, GOPMYBaHHS IUIOAY Ta
OTPUMaHHS BPO’Kalo, a TAKOXX MOKA3HUKH SIKOCTI — CTYIIIHb
3pitocti, naiamerp Ttomarta (puc 1). 3a omomMororo
JudepeHifHoro  MeToqy  NPaKTUYHO  HEMOXKIMBO
3pOOHUTH KOHKPETHUW BUCHOBOK, a 3aCTOCYBaHHS TiJIbKH
OJTHOTO KOMIUIEKCHOTO METOAYy HE Ja€ MOXIHUBOCTI
BpaxyBaTH BCi BJIACTHBOCTI TOMATiB. JIJIs OIiHKK PiBHS
SIKOCTI TOMaTiB BUKOPHUCTAHO 3MilllaHUH METOJ, SIKAU Jae
MOJKJIMBICTP KOMIUIEKCHO OIIIHWTH pIBEHb PO3BUTKY
SIKOCTI TOMATIB 3a JI0TIOMOT0I0 () iTOMETPUYHOTO KPUTEPII0

[7].
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OCHOBHI
MOKA3HUKMN
PO3BUTRY
POCAWH, WO
BM/IMBAKOTb Ha
AKICTb
BPOMaI0

dazn
PO3BUTRY
pocnuHu

[Mpouec

Kinbkictb nnogie
Ha rinui

OiameTtp nnogy

OTpHUmaHHA
BpOMa

CryniHe
cTMrnocTi nnogy

¢opmya_a|-mﬂ imeemel  Bara nnopgy
nnogie

Kinbkictb

KEITOYOK Y
CYLLBITTI

LieiTiHHA pocnuH

TpueanicT
nepiogy
poacagm

PicT Ta po3eMTOK
POCNHHH

BupowyeaHHa
pozcagu

Puc. 1. OCHOBHI NOKAa3HUKH DPO3BUTKY POCIHHH B
pizHEX (ha3aX PO3BHUTKY.

Fig. 1. Basic indicators of plant development in
different phases of development.

3anporoHOBaHO AITOPUTM BU3HAYCHHS
(GITOMETPUYHUX ~ MapaMeTpiB  PO3BUTKY  POCIMHU
0e3koHTakTHUM criocodoM. Ilicast Toro sik 300pa)keHHs
HAJIICJIAaHO JI0 CUCTEMH DPO3Ii3HaBaHHs, BOHO MPOXOJHUTh
00poOKy 1 moTpamuisie 10 OaHKy [JaHUX 3a3HAYEHOT
cucrteMu. 300paxkeHHsT 30epiraeTbesi B OJIOII KepyBaHHS
0azamMu  JaHWX, J¢ IMIJJA€EThCs  BEUBJIET-aHANI3y,
BHU3HAYEHHIO Ta TIOPiBHSHHIO Koe(ilieHTiB
MaTeMaTUYHOTO PO3KJIaJaHHs 3 0a30[0 JaHWX MaKera
NIPUKIIAHNX TIPOTpaM Il BH3HAUCHHS (iTOMETPUYHUX
napamerpiB pocinuau [12, 13].

®diromerprunnii  KpuTepiii ®PM XapaKTepH3yeThCS
3HAYHOIO KUIBKICTIO TOKa3HHKIB PO3BHTKY POCIHMHH B
pi3Hux ii dasax, a came: UBITIHHSA, POPMYBaHHS IJIOAY Ta
OTPUMaHHSl BpOXKaro, sIKI MaioTh pi3HI BUMIPIOBaJIbHI
mikad. J1Jis mpuBeIeHHsI iX 10 OJHI€T MIKaIN OI[iHIOBAaHHS
SIKOCTI PO3BUTKY POCIMH BUKOPHCTAEMO 3aJIEIKHICTh:

DOm=f(K1,K>,...Kn), 1)
me Ki, K,..Kn — okpeMi MOKa3HUKH SIKOCTI PO3BHTKY
poCIuHH B pi3HUX (hazax.

VY 3arajgpHOMY BHIUIAI Ha OCHOBI KOMILJIEKCHOTO
CepeIHbO3BAKEHOT0 apU(PMETHYHOTO 1 Te€OMETPUYHOTO
BU3HAYECHHS NOKA3HUKIB SIKOCTI PO3BUTKY POCIMHU BUpa3
JUTS OL[IHKH SIKOCTi TOMATiB mpeacTaBumMo sk [14, 15]:

T H; T
K=Y A2 (@ k)[=2(4-Gy). @
=1 i=1 j=1
ne T — KUTbKIiCTh TpyN HOKa3HHKIB SKOCTI ToMartiB; H —
YHCII0 TIOKA3HHUKIB SIKOCTI B J-# Tpymi; a; — KoedirieHt
BAaroMocTi i-1 BIacTuBOCTI; Ki — BifHOCHMH i- mOKa3HUK
skocTi; Gjg — piBeHb SIKOCTI j-i TpynM MOKa3HUKIB
(0<Gj¢<I); Aj— mapameTp BaroMocTi j-1 rpyIu MOKa3HUKIB
SIKOCTI TOMATIB.

BukopucroBytoun ekcriepuMeHTanbHi gami [1, 8],
OTpUMAaHi IIPOTATOM CE30HY BHPOLIYBaHHS POCIHH,
NPOBEICHO OIIMC BIUIMBY TEMIIEpaTypH IOBITPSA Ta
IHTEHCHBHOCTI CBIiTZIa Ha OCHOBHI MOKa3HUKH SKOCTI
PO3BUTKY POCIMH i3 3aCTOCYBaHHSM CTaHIApTHOI
METOJMKH, B OCHOBY SIKOi MOKJIAZAEHO METOJ HalMEHIINX
KBaJIpariB.

3 BHKOpHCTAHHSM TPHHIHMMIB KBamiMmerpii [10, 11]
Oynu OTpUMaHI KOMIUICKCHI TMOKAa3HHKH OIlIHKH SKOCTI
po3BUTKY pocnuHu (K1-Kn) Bix Temnepatypu nositps O ta
COHSYHOT paniauii L, Oynu oTpuMaHi piBHSHHS perpecii:

- (opMyBaHHS POCIMHOK KUIBKOCTI KBITOYOK Yy
CyuBiTTi (puc. 2):

K
1

o YR

3aNneXHOCTI  BIUIHBY Cepe,I[HLO,I[060BO%
TeMIlepaTypd TMOBITpsS Ta IHTEHCHMBHOCTI CBiTJIA Hhk
(hopMyBaHHS POCIMHOIO KiJIbKOCTI KBITOUOK Y CYyHBITTI. ()

Fig. 2. Dependences of the influence of average daily.
atmospheric temperature and light intensity on formatiop
by a plant of quantity of flowers in an inflorescence.

Puc. 2.

- (hopMyBaHHS POCIIMHOK KiJTBKOCTI IJIOJIB Ha ring
(puc. 3):

- IpHUPICT Bary oy (puc. 5):

OTrpumaHi  piBHSHHS  perpecii  JalTh  3MO
MIPOTHO3YBATH BPOXKAIHICTh Ta SKICTh PO3BUTKY POCIUH
BpPaxoOBYIOYHM DPIiBEHb BIUIMBY (DaKTOPIB HABKOJHUIIHBO
cepenoBuina. [Ipu mpoMy KoedillieHTH MOJIENI MOCTIN
Tpeba KOperyBaTH I 9ac KOXKHOI 3MIHH XapaKTepPHCTH
OiooriyHOrO 00’€KTa (ISl TOMATIB II€ COPT).
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Puc.
TeMIepaTypu TOBITPI Ta
KIUJIBKICTB IUTOAIB Ha TUII.

Fig. 3. Dependences of the influence of average daily
atmospheric temperature and light intensity on formation
by the plant of the number of fruits on the branch.

- cepenns Bara oy (puc.4.):

BIUIUBY CEPEAHBOJ000BOI
IHTEHCHBHOCTI CBiTJIa Ha

g0
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%,
Puc. 4. 3anexHOCTI BIUDIMBY CcepeIHbOIO00BOT

TeMIepaTypu TOBITPS Ta IHTEHCHBHOCTI CBiTJIa Ha
CEpENHIO Bary IUIOAY.

Fig. 4. Dependences of the influence of average daily
atmospheric temperature and light intensity on the average

weight of the fruit.

OmiHKa SIKOCTI PO3BUTKY POCIIMHH 3a IHTErpajbHOIO
3aJI@KHICTIO  TOKa3HWKIB 3  OJHAKOBUM  BaroBUM
koedinientom 0,25 mama 3Mory OTpUMaTH 3aJIeKHICTh
(ITOMETPUIHOTO KPUTEPIIO IKOCTI PO3BUTKY POCIHHH BiJl
BILUTUBY CEpEAHhOJO000BOI TeMmIepaTypyu TMOBITPS Ta
IHTEeHCHBHOCTI CBiTa (pHC. 6):

, SO
7 0] KRR IKIRSISSES
2 X SIS
g e

5. 3amexHocti

Puc. BIUIUBY  CEPEAHBOI000BOT
TeMIlepaTypH HOBITPs Ta IHTEHCUBHOCTI CBITJIa HA MTPHPI 4
Baru mjioay.

Fig. 5. Dependences of the influence of average daily
atmospheric temperature and light intensity on the weiglg
gain of the fruit. .

Puc. 6. 3anexHicTh (iTOMETPUIHOTO KPHUTEPIO Bif
CepenHbOI000BOT TEMIIEPATY[IIF YBITPs Ta IHTCHCHBHOET)
CBITJIA.

Fig. 6. Dependence of phytometric criterion on
average daily atmospheric temperature and light intensity.

Amnanizytoun puc. 6. MOXXHa 3pO0OUTH BHUCHOBOK, IO
3pocTaHHs pITOMETPUYHOTO OKa3HKUKA 110 | CBIMYHTH PO
AKICHHH PO3BUTOK POCIMHU 3 OTPUMAaHHIM Big Hel
MaKCHMAaJIFHOTO PiBHS T€HETHYHO 3aKJaJIEeHOTO BPOXKAro,
3MEHIICHHS (hiTOMETPUYHOTO MoKa3HUKa 10 O CBIAYHTH
PO HEJOCTATHil PiBEeHb PO3BUTKY POCIMHHOI MPOTYKIIii,
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BiJ ii TEHETUYIHO 3aKJIAJICHOTO PiBHSI.

3a  momoMoror  (GITOMETPUYHOTO  KPHUTEPito
BH3HAYA€MO piBEHb PO3BHUTKY POCIHMHH B THepionm ii
Bererarii. [linTpuMaHHS MaKCHMAaJIBHOTO PIBHS PO3BUTKY
JaCTh MOXKJIMBICTD Ha ITOYATKOBIH cTamii copMmyBaTH y
POCIMHHA MaKCHMAaJIbHY BPOXKAWHICT. Y TEIUIMI TIpU
temnepatypax  15..24°C  BinOyBaeTbcs — HalKparue
(hopMyBaHHS POCIMHOIO BPOXKak0 (KUIBKOCTI KBITOYOK Y
CYLBITTI, KUTBKOCTI IUIOJIB Ha TN, CEPeNHBbOI Baru
IUIOJTY, TPUPOCTY Bard IIony).

BucHoBkm

1. 3anpomoHOBaHO BBECTH B AITOPHUTM CHCTEMH
KepyBaHH:I (itomMmeTpuaHHN KpHUTEpiH, SIKHH
XapaKTepU3yeThCS  3HAYHOIO  KUTBKICTIO  ITOKa3HHUKIB
PO3BUTKY pOCIHMHHU B pi3HUX ii (pazax, a came IBITIHHS,
¢dbopMyBaHHS IJIOAY Ta OTPUMaHHS Bpoxkaro. OrliHka
SIKOCTI PO3BUTKY POCIIMHHU OyJia MpoBelieHa IHTETpaIbHOIO
3aJI@KHICTIO  TOKa3HWKIB 3  OJHAaKOBMM  BaroBHM
koediumientom 0,25. 3a momomoror (iTOMETPUUHOTO
KPHUTEPIiI0 BU3HAYCHO PIBEHb PO3BUTKY POCIUHHU B MEPIO]
ii Bererauii, a Horo JOTpUMaHHs HA MAKCHMaJIbHOMY PiBHI
Jla€ 3MOTy Ha IMOYaTKOBiil cTanil chopMyBaTH y pOCIUHA
MaKCHUMAaJIbHY BPOKalHiCTb.

2. BcranoBieHo, moO 3pocTaHHSA (HITOMETPUIHOTO
MOKa3HUKa A0 1 CBiqUUTH MPO SIKICHUH PO3BUTOK POCIUHU
3 OTPUMAHHIM BiJl Hel MaKCHMalbHOTO PiBHS F€HETHYHO
3aKJIaJIEHOTO BpOIKaAI0. 3MeHIIeHHS 3HAYEHHS
¢diTomerpuuHoro moka3Huka g0 0 cBiguuTh TpO
HEJIOCTATHIM pPiBEHb PO3BUTKY POCIMHHOI MPOIYKIII, BiJ
TCHCTHUYHO 3aKJIaJCHOI'O piBHH pOCiIrHH, 110 BIUIMBAE€ Ha
c00iBapTiCTh BUPOOJICHOT MPOAYKIIii.
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®UTOMETPUYECKUI KPUTEPUI OLIEHKU
COCTOSIHUEHN PA3BUTHS PACTEHMIA
U. M. Bonbom

AHHOTALMA. IIpennoxen ¢uTOMeTpHUeCKU
KpUTEpUH OLEHKH COCTOSIHUM pa3BUTHS PACTEHUH 110
HUHTETPAIIbHOM 3aBUCUMOCTH TOKa3aTesield ¢ OJIMHAKOBBIM
BECOBBIM KO3(D(UIIMEHTOM, YTO TO3BOJISIET MOJIYYHTH
3aBUCHUMOCTH OCHOBHBIX TOKa3aTeslel pa3BUTHSI PACTEHUS
B pasHBIX (ha3aX pa3BHTHUS OT BIUSHUS CPEIHECYTOYHOU
TeMIlepaTypbl BO3JlyXa W HMHTEHCUBHOCTH  CBETa,
HCIOJIb30BAHUE KOTOPOIO B  CHUCTEME  YIPaBICHUS

9HEPreTHYECKUMH MOTOKAMH IPOMBIIUICHHON TETIHIIBI
pH MIPOU3BOACTBE PacTUTENBHOM HIPOAYKIUH
o0ecIeunBaeT 3aJaHHOEe Ka4eCTBO NMPOLYKIHU C Y4ETOM
(a3 pa3BUTHS pacTECHUII.

KioueBbie cioBa: sHeprodddexruBHas cucrema
YIIPaBIICHUS, (UTOMOHHTOPHHT, MaTeMaTHIeCKOe
MOJICTIMPOBAHNE, TEIUIMYHbIE KOMIUIEKCHl, MOHHUTOPUHT
Ka4yecTBa MPOAYKIHMH, MOHHTOPHUHI (DUTOCOCTOSIHUS W
COCTOSIHHUS aTMOC(]EpBI.

PHYTOMETRIC CRITERION FOR EVALUATION
OF PLANT DEVELOPMENT STATES
1. M. Bolbot
Abstract. Phytometric criterion for assessing the state
of plant development by the integral dependence of
indicators with the same weighting factor is proposed,
which allows to obtain the dependence of the main
indicators of plant development in different phases of
development on the influence of average daily air
temperature and light intensity. plant products provide a
given product quality, taking into account the phases of
plant development.
Key words: energy efficient control system, energy
resources, phytomonitoring, mathematical modeling,
greenhouse facilities, product quality monitoring.
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AHoTanis. B crarTi npoBeAeHO aHANI3 MiATPUMAaHHS
ICHYIOUHX CLIBCBKOTOCTIONAPCHKHUX MalIiH B
Mpane3qaTHOMY CTaHi, 3a SKAM CJiJ BiIIpamroBaTu
CHCTEMY TEXHIYHOro OOCIYroBYBaHHA 3 YypaxyBaHHAM
YMOB pedopmyBanHS arpapHoro CEeKTOopa.
ExcryaraniiiHo-TeXHOJIOT149Hi Ta (byHKIIOHABHI
MOKa3HUKM BH3HAUYAJIUCA Ha MPSIMOro KOMOaiHyBaHHS
MIIeHHLI. Y TaHUX YyMOBAaX €KCIUTyaTalil MPOAyKTUBHICTh
3a 1 romMHy OCHOBHOTO Hacy ckiaia 17,6 T, mo Tpoxu
MEHIIIe 3HaueHHs 3a TeXHIYHI yMOBH — He MeHmie 18 1. Le
MOSICHIOEThCS. ~ MAJIOI0  BPOKaWHICTIO  NPHOMPAETHCS
kynbTypu. Kombaiin 3epHO30upanpanii camoxiganii K3C-
9M cCTiiiKO BUKOHYBAaB TEXHOJIOTIYHHN MPOIEC, MPO IO
CBIUNTH 3HAUCHHS NAHOTO KoedilieHTa piBHOTO 1, IO
TaKOX BiJINOBIZAa€ 3HAYCHHIO 32 TEXHIYHUMH YMOBaMH —
He wmenme 0,98. Bcl IOKasHMKH SIKOCTI BHKOHAHHS
TEXHOJIOTIYHOTO MPOLIECY: BTPATH 3epHA 33 MOJOTAPKOIO
KoMOaiiHa i 3a KaTKOIO, SIKICTh 3epHa 3 OyHKepa KoMOaiHa
(mpobJsieHHS 1 BMICT CMITHOI OMIIIKH) 3HAXOAATHCS B
MeXax JONYCTHMHX 3HaueHb 10 TeXHIYHUM ymoBaM. Tak
HaNpHKIaA: BTpaTH 3epHa 3a MOJIOTApKOK KomOaiiHa
orpumati 1,06% (1o TexHiYHUM yMoBaM He Ouibiue 1,5%)
i 3a xarkoro 0,24% (1m0 TeXHIYHMM yMOBaM He Oinblue
0,5%). 3a mepion CHOCTepeKeHb 3a JaHUMH KOMOalHIB
BHSIBIICHO T'SITH BiIMOB 1 Bci BoHHM Il Tpymu ckimagHOCTI.
Cepensst KiTbKiCTh BimMoB Il Tpymu cKIIaTHOCTI CKIIANO
1,7. HampamroBanHs Ha BigMmoBy Il rpymm ckiamgHOCTI
orpumana 307,6 romuam (5006,7 TOHM), IO BHIIC
3HAa4eHHA 3a TexHiuHi yMoBH He MeHme 100 roxmH. 3a
YOTHPH CE30HH CIIOCTEPEXEHb 3a KomOaiHamu ceperHe
HampaIfoBaHHs oTpuMaHa piBHIH 1055 rommmm (11387
toHM). HapoOitka Ha BimMoBy II rpymu ckmamnHOCTI mpu
OMY 33 YOTHPH PpOKH CIOCTEPEeXKEHb CKJayia
105,5 roquan (110 TexHiYHUM yMoBaMm He MeHme 100
roauH). Lle cBIAYUTH PO JOCTATHIO TEXHIUHY HaJiHHOCTI
KomOaiiHiB. [leranei (By3miB), SIKi JOCSATIM T'PaHUYHOTO
3HOCY (pecypcy) 3a YOTHPH POKH CIIOCTEPEKEHb 32
KoMOaiiHiB 3epHO30MpanbHuX camoxiguux K3C-9M ne
BUSIBIICHO.

KawuoBi  caoBa:  meromosoris,  KoedimieHT
TOTOBHOCTI, e(heKTUBHICTD, CITbCHKOTOCTIOAPCHKA
MalIuHa.

HocranoBka npodaeMu

BupoOHHIITBO 3epHA TPagUIifHO € OCHOBHOIO 1
HAWOITBII 3HAYYIIOK Taly33l0 CITBCHKOrO TOCIOAapCTBa
[1]. HaiiBaxnuBimIOW JIAHKOK B  TEXHOJOTIYHOMY
JIAHII0’)KKY BUPOOHUIITBA 3€pHA 1 HAOLIBII HANPYKEHOIO

omeparieto € 30upanHs [2]. Big ii TpuBanocti
0e3rmocepesHbO  3AIEKUTH  SIKICTh  BPOXKAO,  SIKMU
36upaetnes [3].

Benuxka po3MaiTicTh CUIBCHKOTOCIIONAPCHKHUX

KyJbTYp, HelepeabadyBaHa IOroja, ska pOOUTH CBOI
KOPEKTHBH B TEpMiHM 30UpaHHs, HE 3aJUIIAIOTh
BUPOOHUKY IHIIOTO NDIAXY, SIK PO3pOOKa i CTBOPEHHS

BUCOKONPOIYKTUBHUX 1 HagiiHUX 3epHO30MpaIbHUX
KoMmOaiiHiB [4].
EdextuBHiCT  po0OTH  CITBCBKOTOCIIONAPCHKOT

TEXHIKH B 3HAYHii Mipi 3ajeKUTh Bif il HamiiiHoCTi [5].
ITpu 36upanHi 3epHOBHUX KYJIbTYp HEOOXIIHO 320€31eYnTH
mpane3aTHuil cTaH KOMOAaWHIB MPOTATOM HEOOXiTHOrO
arporexniunoro  mepiogy [6]. TomMy  OCHOBHOIO
XapaKTEepPUCTUYHOK BJIACTHBICTIO 30MPaJbHUX MAIIUH €
6essimmoBHicTe  [7]. BimmoBu 3 TexHiyHMX i
TEXHOJIOTIYHUX MPHYHH MPHU3BOIATH 10 MIPOCTOIB MAllWH
i, K HACNIOK, IO BTpaTH YacTuHH Bpoxawo [8]. Ilpu
MIEPEBUIIICHHI BCTAHOBJIICHOTO TEPMiHY 30MpaHHS MUTOMI
BTpatu 3epHOBHUX cTaHOBIATH 0,004...0,006% 3a onmny
ronuHy npoctoro [9]. AHami3 CTaTHCTHYHHMX JaHUX IIPO
TEXHIYHUHA cTaH O0’€KTiB Ha OCHOBI EKCIUTyaTaIliifHUX
CIOCTEpPEXEHb JIO3BOJISIE BHSBUTH HMOBIpHI
3aKOHOMIpHOCTI i mpuunHu Bigmos [10].

B nmanmit wac B YkpaiHi CKJamucs Taki IHA Ha
CIJTLCHKOTOCTIONAPCHKY TEXHIKY, 3amacHi YacTHHH JI0 Hel,
MAJINBO-MACTHJIbHI MaTepialy i Ha CiTbCHKOTOCTIOAAPCHKY
npoaykuito [11], mo peanizyrouu OTpHMaHy MPOIYKIIFO,
CUIBCHKOTOCIIOIAPCHhKI  MIIPUEMCTBA HE MOXYTh B
MOBHOMY 00CsI31 3aMiHUTH 3acTapiji MallMHU MaIIMHHO-
TPaKTOPHOrO Mapky Ha HOBi [12], BHCOKONPOAYKTHBHI
[13], HacmigkoM 4YOro MAIIMHHO-TPAKTOPHUH MapK
OinpmocTi CLUIBCBKOTOCIIOTAPCHKHUX HIATIPUEMCTB
npmsBene jgo crapinas [14]. Tlpm oMy 3HAYHO
301BIIYIOTECS  BUTPATH TPOLIOBUX 1 MaTepiaJbHUX
3ac00iB Ha TEeXHIYHE OOCIYTOBYBaHHS i PEMOHT MAaIIWH
CiTbCHKOTOCTIONAPCHKOTO TpH3HaueHHst [15], ocobmuBo B
npibumx rocmojapctBax [16], B Tomy umcmi i
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depmepcekux [17]. ToMmy omTuMisaliis CKIamy CIyX0u
TEXHIYHOTO 00CITyroByBaHHS 3epHO30UpaTHEHUX
KOMOaiHIB TIpH pi3HOMY iX pIYHOMY HABaHTAXCHHI €
aKTyaJIbHUM 3aBJAHHSIM.

AHAaJi3 ocTaHHIX JOCTiIKeHb

Kowmo6aiin «DEUTZ FAHR 6095HTS» ckianaerses 3
JKHUBapK{, MOJIOTapKH, OyHKepa 3 BHBAHTOKHHUM
NIPUCTPOEM,  IOJpIOHIOBaYa-po3KKIyBaya, MOTOPHOI
YCTaHOBKH, CHJIOBOI Iiepeadi, X0JOBOI CHCTEMH, OpraHiB
ympasinas, kabiau «Commander Cab-4», rigpasiignoi
CHCTEMH, eJEKTPOOOIamHaHHA Ta YKOMIUICKTOBAaHHUI
6oproBoto  iHpopMmamniiiHOO cuctemoro CCM  mns
KOHTpOJIFO poboTn kombGaiina [18]. [l mepecyBanHs 1O
JOpOTax 3arajbHOI Mepexki KOMOaiH YKOMIDIEKTOBAaHHNA
TPAHCIIOPTHAM Bi3KOM JJIsl TPAHCTIOPTYBAHHS kaTku [19].

MotopHa yctaHoBka — au3enbHuil nBuryn DEUTZ
FAHR TCD 6.1LO6DCR HOMIiHaIBHOIO MOTYKHICTIO 269
kBr (366 k.c.), O6-mmmiHmpoBuid 3 4-X KJIANaHHUM
MEXaHI3MOM  Ta30pO3MOAUTY  IMIIHAPIB, CHCTEMOIO
TypOOHAAYBY 1 €EKTPOHHUM YIPUCKYBaHHSM, BOASHUM
OXOJIO[DKEHHSIM, 3aXHCTOM pajiaropa 3 IOMEepPEeIHbOO
POTOPHOIO OYHCTKOIO 1 ABTOMAaTHYHHM E€XECKTOPOM
Bukuaadem muny [20].

’Karka DH720A mumpuHoo 3axBaty 7,2 M BKJIIOYAE B
cebe TUIAaHETapHUN PEOYKTOp HPUBIN PLKYUOTO amapary
cucremu lllymaxep 3 CErMEHTHO-TIABIIEBAM PUKYIHM
amapaToM 1 CErMEHTaMH{, 3MOHTOBAaHMMHU Ha HOXKOBIH
CMy3i HONEPEMIHHO PIKY4YOIO KPOMKOIO Bropy 1 BHH3,
IIECTUIIONATEBUI €KCIIEHTPUKOBUU MOTOBUJIO 3
ABTOMATHYHO 3MIHHOIO YacTOTOI0 oOepTaHHs Bia 16 10
45 00/XB 3aJIKHO BiJ WIBUAKOCTI pyXy KomOaiiHa,
MEXaHIYHU{ TpHBiA MOTOBWJA, WO TMOJA€ UIHEK
miamerpoM 610 MM 3 MANPYMKOBAM MEXaHI3MOM i
BHCYBHHMH CHIpaJbHO PO3TAIIOBAHUMHU IO BCiil HOBXKHHI
[THEeKa MaNBIIMH, MMOXWIY KaMepy 3 peBEepCcOM ITHEeKa
JKATKH 1 TpaHCIIOpTepa IOXWIOI KamMepH, KepOBaHOK 3
pobouoro wmicus omepartopa. JKaTka KOMIUIEKTYETHCS
eJIeKTpoTiapaBIiuHor0  cuctemoro  Auto  Contour
peryjloBaHHS BHCOTH 3pi3y, THCKY JXKaTKH Ha TPYHT i
KOMitoBaHHs penbedy mos [21].

MooTuipHO-cenapyouuil HpUCTpif (MCT1)
koMOaiiHa BkiOYae B cebe MOMOTHIBHUI OapabaH
niamerpom 600 MM, mmpuHO 1521 MM 3 4acToTOIO
o0epTaHHs1, 3MIHHOIO 3 poO0UOoro MicIis oneparopa Bix 420
no 1250 o06/xB, mimbapabanHs 3 kyroMm 3axBarty 1210,
IUIOIIEIO cemnapariii 1,13 M2 1 HE3aJIeKHOT
EJIEKTPOTiIPKEPYIOUOi PEryIIOBAaHHAM 3a30piB Ha BXOII 1
BUXOIli, 2-X BHUJKICHUH TypOocenaparop niamerpom 590
MM 3 MEXaHIYHUM DPEryJIIOBaHHSIM 4acTOTH 0OepTaHHS BiX
410 mo 775 006/XB i perymiOBaHHSIM IO BUCOTI B 5-TH
MOJIOKEHHAX Big 25 mo 65 MM 3a JOIOMOIOIO
€JIEKTPOTIPUBO/LY, BXiTHUI i OapabaHHs
TypbocenapaTopa 3 miIomero cenapanii 0,97 M2, Binbiiiaunii
6iTep, MIECTUKIIABIIIHNI YOTUPUCTYIICHEBUH COJIOMOTPSIC
3 mwiomer cenapaiii 8,8 M% JBOCTaHHY BiTPOpENIiTHY
OUYHCTKY 3 PEryJIbOBaHHMH IKAIIO3IHHUMHU pelieTaMu
IJIOIIEK0 OYMINEHHS 6,7 M? i BEHTHJIATOPOM OHYHCTKH,
ABTOHOMHHUI JOOOMOJIOUYIOUHMI TPUCTPIA POTOPHOTO
THUITY, SIKI TPAHCHOPTYIOTh HPHUCTPOI, IO BKIIOYAIOTH B
cebe By3JIM Ta JeTalli 3¢PHOBOIO i KOJOCOBOTO TPAKTIB,

MIPUBOJIIB 1 MEXaHI3MIB PETyJIIOBaHHS POOOYMX OpraHiB.
Bynkep 6amToBoro Tumy 06’emoM 8,5 M° ocHamenuii
CHUCTEMOIO BHBaHTaXeHHd Smart Launch mocmimoBHOTO
BKJIFOUCHHS BUBAHTAXYBAIbHHX ITHEKIB [22].

Kowmbaita «TUCANO 450» cxiragaeTses 3 JKHUBapKHY,
MOJIOTapKH, OYHKepa 3 BHUBAHTAXKYBAILHHM IIPUCTPOEM,
moIpiOHIOBaYa, MOTOPHOI YCTAHOBKH, CHIJIOBOI Mepenadvi,

XO/I0OBOT ~ CHUCTEMH, OpraHiB  YINpaBJiHHS, KaOiHH,
TiIpaBIiYHOI ~ CHCTEMH, CJIEKTPOOOIaAHAHHA ~ Ta
YKOMILIEKTOBAHOI0 ~CHCTEMOI0  OopToBOi  iH(opMarii

CEBIS koHTpomo pexuMiB poOOTH KoMmOaiiHa 3
cUcTeMaMH KOHTPOJIIO ITPUOUpPaHHS, HACTPOHKH PoOOUNX
mapamMeTpiB, HIarHOCTHKM Ta KamiOpyBanHa.  [lis
MepecyBaHHs II0 [OpOTrax 3arajbHOI Mepeki KoMOaifH
YKOMIIEKTOBaHUH TPaHCTIOPTHAM BI3KOM TSt
TPaHCIIOPTYBAaHHS KaTKH. [l0IaTKOBO, KOMILIEKTY€EThCS
KOMIIPECODHOIO ~ YCTAHOBKOIO  TUI1  CyXOi  OYHCTKH
CTHCHEHHM TIOBITpSM pOOOYHMX OpTraHiB 1 arperariB
kombaitna [23].

MoTopHa ycTaHOBKa — U3eJIbHUM ABUTYH Mercedes-
Benz OM 926L A HoMiHanbHOIO TOTYXHicTI0 220 kBT
(299 k.c.), 6-mWTIHIPOBHUI, cucTeMa TYpOOHAAIYBY, IO
obepTaeThcsi CaMOOUYHCHHUM MOBITPo3abipHuKoM [24].

Karka V750 mumpuHoro 3axBary 7,5 M BKIIOYaEe B
cebe piKydIni CETMEHTHO-TIAJIBIICBHI amapar,
IUTAaHETApHUH PEAYKTOp 3 IIPUBOAOM PIKYHOTO amapary
[Iymaxep, HmIeCTHIONATEBHMH MOTOBHJIO 3 NPHBOJOM BiX
riZpoMoTopa 1 eNeKTPO-TIAPOKEpYBaHHA MimHOMy i
BUHOCY, IO IIOJIa€ ITHEK 3 MaJbUYUKOBUM MEXaHi3MOM,
MOXWITY KaMepy 3 JIAHLIOTOBO-TIAHYaTUM TPAHCIOPTEPOM
i peBepcoM Uil OYMIICHHS TpH 3a0MBaHHI POCIMHHOIO
Macoro, TMPHBOAY 1 MeXaHI3MH PEryJIOBaHHS POOOYHX
OpraHiB,  KOMIUIEKTyeTbCcs  creOnenigiiMadamu i
cuctemor0 Auto Contour aBTOMaTHYHOTO KOHTPOJIO
BUCOTH 3pi3y, THUCKY JKaTKM Ha TPYHT 1 KOIIIOBaHHs
penbedy nosns [25].

Mounorapka CKJIAJIA€THCS 3 MOJIOTHIIBHO-
Cermapyluyoro NPHCTPOIO, SKHHA BKIO4ae B cebe
TOTIepeTHI i OiTep-mpHuCcKOprOBaY 3 BXITHUM

migbapabaHHAM, MOJOTIIIEHUH OapabaH mmpuHOIO 1580
MM i miamerpoM 450 MM, oCHOBHE TinOapabaHHs 3 KyTOM
3axBaty 151°, mBOCTymeHeBHMH peryabOBaHUI PEIYKTOP
NPUBOAY MOJIOTWIILHOTO OapabaHa, IIECTHKIIABIIIHOTO
COJIOMOTpSICa, JIBOCTAHHOI BITPOPENIITHOI OYUCTKU 3
peryjiboBaHUMH KaFO31THUM U peuieramu i
BEHTUJIITOPOM OYHCTKH, J0OOMOJIOUYIOUUITH IMPUCTPI,
TPaHCIIOPTYBAJbHNAX MPUCTPOIB, IO BKIIOYAIOTH B cede
BY3JIH Ta JeTaji 3epHOBOTO 1 KOJOCOBOTO TpPAKTIB,
NPUBOIB 1 MEXaHI3MIB peryJrOBaHHS POOOYMX OpraHiB.
Bynkep o6’emom 9,0 Mm® Brmowae B cebe
BUBAHTXYBAIGHUM NpUCTpid  OamToBoro THmy i
MexaHi3Mu mpuBoay [26].

ExkcrnmyartariiiHO-TeXHOJOTiYHA OIliHKa KOMOAaiHIB
«DEUTZ FAHR 6095HTS» i «TUCANO 450»
mpoBoaWIacs Ha 30WMpaHHI TPUTHKAJl BpPOXKAHHICTIO
37,1 wra 3 Bapiamiero BpoxkaitHOCTI 0 Moo Bix 34,9 mo
39,3 1/ra, mosernux pociuH 26,67% 1 3acMiueHiCTIO
KynbTypH HaJ (aKTHYHOIO BHCOTOIO 3pi3y 2,6%,
BoJIoTicTIO 3epHa 22,8% i conmomu 55,4% [27].

[ponykruBnicts  komOaiiHa «DEUTZ FAHR
6095HTS» wna 30upaHHi TpuUTHKaNi TIpH poOoUii
mBHIKOCTI 8,68 kM/roj, ¢akTiyHOi momadi 11,91 kr/c i
pobouiii mmpuHi 3axBaty 6,73 M 3a | roamHy ckiana:
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ocHoBHOTO dacy 20,98 T a6o 5,85 ra, 3MiHHOTO
gacy - 13,22 1. 3a mopiBHtoBatn kKombOaitny «TUCANO
450» mpu poOouiit mBuakocTi 7,26 KMm/Tox, (haKTHIHOL
momadi 10,0 xr/c i poOouiii mmpuHi 3axBaty 7,12 M
NPOIYKTHUBHICTE 32 1 TONMHY CKJajla: OCHOBHOTO Yacy
20,32 T abo 5,27 ra, 3minHOTO Hacy - 13,12 . [Mutoma
BUTpaTa manuBa ckjiana: kombaiiHa «DEUTZ FAHR
6095HTS» 2,12 kr/t (7,61 kr/ra), xombaitna «TUCANO
450 - 2,68 kr/t (10,36 kr/ra) [11].

Cymapni BTpatu 3a kombaitnom «DEUTZ FAHR
6095HT Sy mpu mBuaKOCTI 8,23 KM/TOJT, PaKTHIHOT BUCOTI
3pi3y 200 MM i pobouiil mwmpuHi 3axBaty 6,73 M cKianu
0,93%, B TOMy uYmCii BTpaTh 3E€pPHOM B 3pi3aHUX i
obmamanux komockax 0,81 %, BimpHEUM 3epHOM 0,09%,
BTPAaTH 3€pHOM Yy HeE3pi3aHUX KOJOCKaX 1 3EpHOM
HEZIOMOJIOTY B coJioMi i mostosi o 0,01%, cymapHi BTpatn
3a xombaitHoM «TUCANO 450» mpu mBugkocti 7,0 kM
frox, daktiuaHol BHCOTH 3pi3y 179 MM i pobodiii mmpHHi
3axpaty 7,12 m cknanu 1,18%, B TOoMy umcni BTpatu
3epHOM B 3pi3aHuX i oOnamaHuX Kojiockax 1,1%, Brpatu
3epHOM Yy He3pizaHux konockax 0,07 i 3epHOM HEJOMOJIOTY
B cojomi # monoBi 0,01%. OcCHOBHUMH BTpaTamu
KOMOalHIB € BTpaTu 3epHOM Yy 3pi3aHHX 1 oOJlaMaHHX
Kkosockax - kombOaitna «DEUTZ FAHR 6095HTS» 0,81%,
kombaiina « TUCANO 450» 1,1% [9].

SxicTe 3epHa B OyHKepi kombaiina «DEUTZ FAHR
6095HTS» cxmana 99,7% ocHOBHOTO 3€pHa 1 3€pHOBOI
JIOMIIIKH, B TOMY YHCIIi OCHOBHE 3epHO 93,76%, 3epHO B
Konockax 3,66% i moapibHene 3epHO 2,28%, IpH LbOMY
cMmitreBi npomimku ckiaamu 0,3%. 3a mopiBHIOBaHMM
kombaitHom «TUCANO 450» skicte 3epHa B OyHKepi
cxnana 99,66% OCHOBHOTO 3epHa i 3epHOBOI JIOMIIIKH, B
TOMY YHCJI OCHOBHE 3epHO 94,76%, 3¢pHO B KOJOCKax
0,46% 1 monpidueHe 3epHO 4,44%, ipu IbOMY Oyp STHHCTI
nomiriku ckmana 0,34% [19].

Kombaitn «DEUTZ FAHR 6095HTS» Bukonye
TEXHOJIOTIYHAHN TIpolleC Ha 30MpaHHI TPUTHKAT TPIMUAM
KoMOaiiHyBaHHSM 3 cymapHUMHU BUTpaTamu 0,93%, sKicTh
3epHa B OyHkepi 99,7% OCHOBHOTO 3epHa i 3epHOBHX
JIOMIIIOK, B TOMY YHCII 3€pHO B KOJOCKax 3,66% i
noapioHene 3epHo 2,28%, orpumani mpu Outemomy (Ha
1,42 kM/ros) HIBUAKICHOMY PEXHUMI, NEPEBHIICHHS 3a
sKicTio 3epHa B OyHkepi kombaitna «DEUTZ FAHR
6095HTS» 3eprom B Kosockax 3,66%, B MOPIBHSAHHI 3
KOMOaitHOM «TUCANO 450y, 00yMOBJICHO
peryJIIoBaHHSIM 3a30piB  JKaJll031 HIDKHBOTO —pellera,
MEHIIa KUIBKICTh JpoOsieHoro 3epHa 2,28% B OyHKepi

kombaitna «DEUTZ FAHR 6095HTS» o0ymoBieHO
KOHCTPYKTUBHUMH 0COOJIMBOCTSIMU ABTOHOMHOTO
J000OMOJIOUYIOUOTO  HPHCTPOI0  POTOPHOIO  THILY,

PO3BaHTaXXyBaJIbHUH MOJIOTHJIBHUM OGapabaH 1 HarpasJsie
J000MOJIOYEeHY XJIIOHy Macy Ha CTpsICHY [OIIKY, Y
kombaitaa «TUCANO 450» [2].

[TimBuIIeHHS TPOTYKTUBHOCTI 32 TOAWHY OCHOBHOTO
qacy (Ha 3,2%) i 3minHOrOo uacy (Ha 0,8%) kombOaiiHa
«DEUTZ FAHR 6095HTS» 00ymoOBicHO OibIIoK Ha
1,42 xm/roa po6OYOF0 MIBUIKICTIO i MEHIITIMH BUTPAaTaMHU
yacy Ha po3BaHTaxeHHsA OyHkepa Ha 17,3%. I[lutoma
BuTpara naiauBa kombaitna «DEUTZ FAHR 6095HTS»
(2,12 kr/t) menme Ha 20,9%, B NOpiBHSAHHI 3 KOMOaHOM
«TUCANO  450» (2,68  «kr/r), oOymoBIICHHI
KOHCTPYKTUBHHMH OCOOJIMBOCTSIMH ILECTHIMIIHAPOBOTO
nuzensHoro asuryHa DEUTZ FAHR TCD 6.1L06DCR c

JOTHPHOXKIIATTAHHAM MEXaHi3MOM Ta30pO3MOALTy
OWTIHAPIB i EIeKTPOHHUM YIPUCKYBaHHSM;
KOHCTPYKTUBHUMH ocoOmuBoctaMu  MCII  (mmpunHa

MoroTapku - 1521 mm, TypOocenapaTop miamerpom 590
MM 3 CEmapyruoio AEKOI0 Iuiomero cemaparii 0,97 M2,
PosramoBanoro 3a MonoTHIRHMM ~ OapabaHOM) i
ABTOHOMHOTO JI000MOJIOUYIOUOT'O MPHUCTPOI0 POTOPHOTO
tumy [11].

KoeirieHT HaIiHOCTI TEXHOJOTIYHOTO MPOIECY
kombaiiHiB K3C-10K-26 1 « TUCANO 450» Ha 30upaHHi
SYMEHIO BOCKOBOI 1  MOJIOYHO-BOCKOBOI ~ CTHIJIOCTI
KynbTypH ckiaB 1,0. KoedinieHT BUKOpUCTaHHS 3MIHHOTO
gacy kombaiiHa K3C-10K-26 ckmas 0,68 depes BuTpaTn
yacy Ha BUBaHTa)KCHHS 3e€pHa 3 OyHKepa 7,7%, IOBOPOTH
2,3%, mAroToBKY 1 3akiHUeHHs poOiT 5,3% 1 xomocri
nepeiznu 5,9%. KoedinieHT BUKOpHCTaHHS 3MIHHOTO Yacy
kombaitna «TUCANO 450» cxmaB 0,72 depe3 BUTpatu
yacy Ha BHBAHTa)XCHHS 3epHa 3 OyHKepa 7,9, mMOBOPOTH
2,0%, miAroToBKY 1 3akiHueHHsI poOIiT 2,6% 1 XosocTi
nepeizau 4,7% [7].

Binbm BUCOKI eKCIUTyaTaIiiHO-TeXHOJIOT1YHI
nokazHuku kombOaiitna « TUCANO 450» B mopiBHsIHHI 3
kombaitHom K3C-10K-26 06ymoBIieHi O1bI11100 poOOU0I0
mBuakicTio (Bume Ha 11,4%), pobOouor0 MIHMPHUHOIO
3axBary (Oimpme ©Ha 1,5 M), KOHCTPYKUiHHHIMH
ocobmBocTsMu MCII (mmpuHa Momnortapku 1580 M,
IUIOINA cemapariii pemnT OoYHmeHHS 3,1 Mm%, Ilnoma
conomotpsaca 8,67 Mm%, HaspHicTh nomnepenHboro birepa-
cemaparopa 3 BXiZHAM migOapabaHHAM) 1 00’eMoM
oynkepa 9,0 M3(Binbe Ha 2,0 M%),

Brpatu 3epna 3a xatkoro kombaiiHa K3C-10K-26
npu poOouiil mBuakocti 2,8 km/ron, GpakTHYHOT BHCOTI
3pi3y 121,4 MM 1 poOouiii mmpuHi 3axBaty 5,9 M ckianu
1,19 %, B TOMY 4HCIIi BTPAaTH 3€PHOM B 3pi3aHUX KOJIOCKAX
0,64%, 3epHom B He3pizaHux Kosiockax  0,55%.
[TepeBuiueHHst BTpaT 3epHa OOYMOBIIEHO HEpPIBHOCTSIMH
IpyHTY 3 Mikpopenbedom +3,3 cM, HAsIBHICTIO IPUPOTHUX
kameHiB 1,8 mT./M? i3 cependiM posmipom 90,0 Mm,
BHCOTOIO POCIHH KYyIbTYpH, Im0 30upaeThes 51,1 cm. 3a
nopiBHOBaHUM ~KombOaitHoM «TUCANO 450» mpu
poOouiit mBuAKOCTI 3,2 KM/Tox, (PaKTHIHOI BHCOTI 3pi3y
100,0 MM i poGouiii WMPHHI 3aXoryieHHs 7,4 M BTpatu
3epHa 3a xartkow cknanu 0,57%, B TOMy 4mcIii BTpatu
3epHOM B 3pi3aHux konockax 0,49%, 3epHOM B He3pi3aHUX
kosockax 0,08% [9].

CymapHi BTpaTH 3epHa 3a MOJIOTapKOK KomOaiiHa
K3C-10K-26 mpu ¢axtruniii momawi 4,1 kr/c ckiamu
0,37%, B TOMy YHCIIi BTpaTh BUIBHUM 3€pHOM B COJIOMI K
nostoBi 0,33% 1 Brpatn HegomooTy B coomi 0,04%. 3a
nopiBHioBaHMM ~ KomOaiiHOM «TUCANO 450» mpu
¢daxkTnyHil momawi 5,7 Kr/c cymapHi BTpaTH 3a
MoJoTapkoto ckianu 0,21%, B TOMy YHCITi BTpaTH BUILHUM
3epHOM B coitoMi i mososi 0,19% 1 BTpaTl HEAOMOJIOTY B
cosomi 0,02%. Cymapsi BTpaTh 3a kombaiinom K3C-10K-
26 cknam 1,56%, 3a MOpIBHIOBaHUM KOMOAiHOM
«TUCANO 450» cymapHi Brpatu ckmanu 0,78% [14].

SIkicth 3epHa B OyHkepi kombOaitna K3C-10K-26
cknana 97,56% OCHOBHOTO 3epHa i 36pHOBHUX JOMIIIOK,
nonpioHeHe 3epHO ckiano 0,48%, CMITTEBI JOMIMIKH
ckianu 2,44%, 3a mopisHoBaHNM KombaiiHOM «TUCANO
450» ocHOBHE 3€pHO 1 3¢pHOBI JOMILIKH B OYHKepi CKIaIH
97,13%, noxnpionene 3epHo 0,27%, CMITTEBI JOMIMIKH
ckianu 2,87% [1].
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B  mimomy, TOKa3HWKHM  SKOCTI  BHKOHAHHS
TexHoJoTigHOTO Tporecy kombaiiHamu K3C-10K-26 i
«TUCANO 450» moxna mopiBasaTH. Kombaitnu K3C-
10K-26 i «TUCANO 450» BHKOHYIOTH TE€XHOJOTidHHA
mporec Ha 30MpaHHI SYMEHIO BOCKOBOi 1 MOJIOYHO-
BOCKOBOI CTHIJIOCTI KyJNbTypH BIiATIOBITHO 1O BHUMOT
TEXHOJIOTIT 3aroTiBJIi KOHCEPBOBAHOTO IUTIOIIEHOTO 3€PHA.

[Ipu BunpoOyBaHHI B OJHAKOBMX YMOBaxX CYKYIHI
BUTpPaTH TPOLIOBUX KOIITIB Ha 30MpaHHS SYMEHIO Ha
IUIoIIeHHs  3a  komOaiiHoM — K3C-10K-26  (mpm
MIPOJXYKTUBHOCTI 5,82 T/roj 3MIHHOTO Yacy i BpoxKaiHOCTI
51,4 wra) piBai 576,93 rpH./T, W0 Ha 30% HMWKYE, HIK
CYKYITHI BUTPATH TPOIIOBHX KOIITIiB Ha 30MpaHHs TIMEHIO
Ha IUTIOIIEHHS 3 BHKOpHUCTaHHAM KomOaitHa «TUKANO
450y (iforo mpOXYKTHBHICTE ckiana 8,39 1/ron 3MiHHOTO
gacy). Lle mosicHIOeThCSI Pi3HUIICIO B I[iHAX HA KOMOaWHH,
1, Tak sk miHa «TUKANO 450» na 60% Oingpmie IiHA
kombaitHa K3C-10K-26, To i amopTH3aniiiHi BigpaxyBaHHS
mo komOaiiny «TUKANO 450» Ha 36% BuIe, HiX IO
kombOaiiny K3C-10K-26. 3a paxyHOK OiIbIII BHCOKOT CBOET
MOTYXHOCTI 1 KOHCTPYKLIHHUX ocobmuBocreir MCII
KoMOaitH «TUKANO 450»  mepeBepIiye 10
npoxykruBHocTi kombaitn K3C-10K-26, Tomy BUTpaTu Ha
MOTOYHY eKkciuryaramito komOaitHa  «K3C-10K-26»
3a[JOBUThHO BUKOHY€E TEXHOJOTIUYHHIA MpoIiec Ha 30UpaHHi
MIICHAL 1 SIMEHIO TOBHOI CTHIJIOCTI KYJIbTYyp, STIMEHIO
BOCKOBOi ~ CTHUIJIOCTI ~ HAa  IUTIOUWICHHS  HPSMHM
KOMOalfHyBaHHSAM, Ma€ 3aJOBUIbHI EKCILTyaTalliifHO-
TEXHOJIOTIYHI ITOKAa3HUKH 1 Biamoimgae Bumoram HJI.

Meta gociigKeHL

Mera  gOCHiIKEHHL —  ONHCATH  OCOOJIMBOCTI
AQHAITUYHUX MIAXOAIB 1O BIUIMBY €KCIUTyaTauidHol
0€3BIIMOBHOCTI  CITBCHKOTOCTIOHAPCHKMX ~MAIIMH  HA
eeKTUBHICTh X MAaMIIIMHOBUKOPHCTAHHSI.

Pe3yabTaTn nociaigxeHb

36ip iHpopmarii no npanesnaraocti komoaiuie K3C-
9M i New Holland TX-63 npoBojuBcsi B yMOBax psiioBoi
excrutyaranii. Y koxHii rpymi Oymo mo 10 o6’ekriB
CHOCTEPEKEHHS, B PE3yJbTaTi OyJ0 BCTaHOBIEHO, MLIO
BiJIMOBM MArOTh IIUPOKUH Jiama3oH po3ciroBanus (puc. 1)
1 HOCSITh B OUTBIIIOCTI PalTOBHIA XapakTep.

0 50 100 150 200 250 300
t, M.-ToO[.
Puc. 1. llinpHiCT po3MOAiITYy BiZMOB KOMOAMHIB:
1 - K3C-9M; 2 — New Holland TX-63.
Fig. 1. Density of failure distribution of combines:
1 - KZS-9M; 2 — New Holland TX-63.

3BijcH BUIHO, 1110 BiAMOBHU KoMOaitHiB [JoH-15006 B
OimpmIii Mipi 3MimieHI B TOYATOK JKHUB. I[lOKa3HUKH
0e3BiAMOBHOCTI IMIOPTHHX KOMOAiHIB B CeperIHBOMY
Bume Ha 15% BITUYM3HIHMX, NPOTE, HANpAIIOBaHHSA Ha
BimmoBy K3C-9M cranoBuTh Tinbku 46%, a New Holland
TX-63 BinnoBigHO 54% Bix HOpMaTHBY. XapakTep NPOSBY
BiJ]MOB TIOKa3aHUI Ha puc. 2.

m, T T T T H
BigM. A B : '
4 e S B
) T N
T
N
0 . . . . :
0 50 100 150 200 250 300
t, M.-To1.

Puc. 2. 3miHa cymMapHOi KiBKOCTI BiIMOB B TIpoOIECi
pob6otu kombaitHiB: 1 — K3C-9M; 2 — New Holland TX-63.

Fig. 2. Changing the total number of failures in the
process of combines: 1 — KZS-9M; 2 — New Holland TX-
63.

3a mepioJ] BHKOpUCTaHHsS Ha KOMOaiH mnpumnanae
4...5 BiAMOB 1 HalOIIBIII IHTCHCUBHO BOHU BiZ0yBarOTHCS
Ha noyvarky 30upanbHOi kommanii (o 100 MoTtoroauH).
Cepen NoKa3HUKIB HaiitHOCTI HaiOLIbII iHQOPMATUBHUM
€ Koe(ilieHT TOTOBHOCTi, OCKUIBKM  OJHOYACHO
XapakTepu3ye Oe3BIIMOBHICTh 1 PEMOHTONPHUAATHICTH
TEXHIYHUX CHCTeM. BiH BigoOpaxkae WMOBIpHICTb
3HaXO/DKCHHA 00’€KTa B  Tpare3laTHOMy CTaHi |1
BIATIOBITHO YAacTKy BHKOHAaHHS 3arajlbHOro 00cATY
pobotu. OCKUTBKH KiNBKICTh 1 TPUBAIICTh YCYHEHHS
BIZIMOB 3HM)KYIOTBCS, TO KOS(illiEHT TOTOBHOCTI IIOCTIHHO
3pocrtae (puc. 3) i JocsTa€ HOPMATHBHOTO 3HAYCHHS ITICIIS
200 MoToroauH poOOTH.

m,
BiTM.
0,95

0.9
0.85

0.8

0 50 100 150 200 250 300
t, M.-Tom.

Puc. 3. 3mina cymapHOro koedimi€Hra TOTOBHOCTI
koMmbaitniB: 1 — K3C-9M; 2 — New Holland TX-63.

Fig. 3. Changing the total readiness factor of
combines: 1 — KZS-9M; 2 — New Holland TX-63.

MammHHO-TEXHOJIOTIYHUH ~ KOMITIEKC — CLIBCHKOTO
TOCHOZApCTBa  BKJIIOYAaE B cebe  arpOoTEeXHOJIOTIi
BUPOOHHMIITBA  TPONYKIii, TexHi4HI  3acobm  Ta
iHQPACTPYKTYpy, IO  3abe3medye  Tpare3lIaTHICTh
cucremu. CydacHa coOLiaJIbHO-€KOHOMIYHA CHUTyamlis B
CBITI 3yMOBIIIOE HEOOXIIHICTH NPHCKOPEHOTO PO3BUTKY
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HAI[lOHAJIFHOTO CUThCHKOTOCHIOAApCHKOTO BHUPOOHHUIITBA
(puc. 4).

10.07 1407 15.07 16.07 17.07 22.07
-100
“Yac ycyHeHHs BiIMOB B OGia TIIATA
B OuikyBaHHs aBTO B X0J10CTi X0AK
H [Iepeizn BII[TO
Oumncrka noapioH. 4 Burpyska

Puc. 4. Jliarpama ycepenHEHHX 3HAYCHBb CKIAIOBHUX
gacy poOOTH KOMOaHIB JOCIITHOT TPYIIH.

Fig. 4. Diagram of average values of components of
operating time of combines of experimental group.

Tennenmis CKOpOUYCHHS BUMYCKY  TEXHIKH
BITUM3HSIHOTO BHPOOHMITBA 1 i HENONIK MOCIYXWIN
MPUYMHOI0 BCe OUIBII 3POCTAIOYOro MapKy iMIOPTHOT
TEXHIKH, $Ka HAAXOIUTh B TMPOAAX B HIUPOKOMY
acopTUMEHTI Bin pi3Hux dipm BUpoGHUKIB (puc. 5).

0.4 0.2
10.07 14.07 15.07 16.07 17.07 22.07
Adama

Puc. 5. I'padik KOMIUIEKCHUX TIOKA3HUKIB HAJIHOCTI
3epHO30MpaIbHUX KOMOAHIB 3a Mepio]] CIOCTEPEKEHb.

Fig. 5. Graph of complex indicators of reliability of
grain harvesters for the observation period.

Indopmanis, ska HagaeTbcs MPO  SAKICTH Ta
e(eKTUBHICTh 3aCTOCYBaHHS BITYM3HAHOI Ta IMIOPTHOI
TEXHIKH, HOCUTh CYTIEPEWINBUI XapaKTep, 110 YCKIIaHIOE
OJHO3HAYHWK BUOIp TEXHIYHMX 3aco0iB  mimsa  ix
BIIPOBAKEHHS Y BUPOOHHUIITBO (puc. 6).

TexHiyHO CHpaBHHUN 3epHO3OMpATLHUN KOMOAHH
BHKOHA€ 00CST pOOOTH:

F,=01-B-v-t (1)

ne B — mmpuna 3axsary skaTku, M; V — MIBHAKICTH PYXY,
KM/TOJ1; t — TpUBaIiCTh pOOOTH, TO.
V pa3i BUHUKHEHHS Bi]MOB 00CST pOOOTH CKIaue:

ne Kk ;- — koedillieHT roTOBHOCTI KoM0aiiHa.

Ionﬁp-:
XB V=0,14..0,19

43,20%
200
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V=0,01..0,45

V=0..0,61
063%  019%
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! Upaa  Ouigeams  Yac émpy}(:] 70&;;7 7LL[TD Tosoporn  Tlepei  Xomoori  Owmicri
podora /T VCYHEHH W ‘Tiozpi0E.
EMOE
Puc. 6. [liarpama ycepelHEHHUX 3HAYCHb CKIIAJIOBHX
4acy 3MiHH.
Fig. 6. Diagram of average values of shift time

components.

3miHa  KkoedilieHTa TOTOBHOCTI B  Ipoleci
eKCIUTyaTalil JOCUTh TOYHO alPOKCUMYETHCS MOKa30BOIO

dynxuiero (k. =e '), To6to npu t=0 k. =1, a mpu
t—>o k,—>0. Omke, 3MiHa BHPOOIEHHA KOMOaHHIB
F@
F,

[Ipuiimaemo, o 10 novarky 30upanns t Bech 3a1aHui

NPOMOPLIHHO  KOe(illiEHTY  TOTOBHOCTI —got.

obcar pobotn F, TOTOBMH OMHOYACHO i CNPABHHH
KOMOaiiH BUKOHA€ HOTo 3a arpoTexHiuHmii Tepmin [, , a B
pa3i TPOCTO dYepe3 BIAMOBH TPHBATICTh 30HpaHHS

301IBIIUTECS 10 tzﬁ (puc. 7).

ta f fo

Puc. 7. Cxema BUKOHaHHSI 331aHOTO 00CsATY poOOTH.
Fig. 7. The scheme of execution of the set volume of
work.

Jis  3aBeplieHHs 3aliaHOBaHOi poOotu  Oyne
MOTPiOHO IOATKOBUH Yac:
At=t, —t, =t, 3
[Ipu oMy BTpaTH BPOXKAIO CKIAAYTh:
P=y-t, (4)

Je Y — IUTOMI BTpATH 3epHa,% / TO1I.

B pesymbrari ekcrulyaTamiiHMX — CHOCTEpEXeHb
BCTAQHOBJICHO OCHOBHI MOKa3HUKHU 0e3BiAIMOBHOCTI (pHc. 8)
i 3MiHa KoedillieHTa TOTOBHOCTI 3€pHO30MpPATBLHUX
komOaitHiB New Holland TX-63 i K3C-9M (puc. 9).
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Be3BiIMOBHICTE BITYM3HAHHX KOMOAWHIB 3HIKYETHCS
OUThII IHTEHCWBHO, HIK IMIIOPTHHX, TOMY CEpEIHE
HaTpaIfoBaHHS Ha BiIMOBY BiamoBimHo 62,8 i 65,3 rox
(puc. 10). KowmbaitHm  MarTh  Taki  TeXHiUHi
xapaktepuctukn: New Holland TX-63 — B = 5,18 wm,
v =7 km/rog, K3C-9M — B=6 M, v=5 kM / rox. Po3paxynku
3a pesynbraTaMu 300py iH(MoOpMaIii mokasaiu, mo IX
NPOXYKTUBHICTh 3a IIepiof 30WpaHHS 4epe3 BiJAMOBHU
3MeHIyetbest Ha 10...12% (puc. 11).

)
rom.
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0 100 200 300 400 ¢ ron.

Puc. 8. 3miHa cepemHBOr0 HampalfOBaHHS Ha
BIZIMOBY B Ipolieci ekcrutyaTanii kombaitniB New Holland
TX-63 (1) i K3C-9M (2).

Fig. 8. Change of average operating time on failure in
the course of operation of combines New Holland TX-63
(1) and KZS-9M (2).
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Puc. 9. BinMOBH OCHOBHHX CHCTEM Ta arperariB
3epHO30HpaTbHUX KOMOAHIB.

Fig. 9. Failures of the main systems and units of
combine harvesters.
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Puc. 10. 3miHa BimHOCHOrO 00CATY BHKOHAHHS
po6otu xombaitnamun New Holland TX-63 (1) i K3C-9M

).

Fig. 10. Change in the relative volume of work
performed by New Holland TX-63 (1) and KZS-9M (2)
combines.

200 V=035

MexaniTHi JKaTka

mepenati

TpancwMicia Tpascmoptepr IImoHO9HI
3'¢IHAHHA

Puc. 11. Cepenniii yac ycyHeHHsI OJHI€i BiIMOBH

TinpaBrika

OCHOBHUX
KOMOaHiB.

Fig. 11. Average time to eliminate one failure of the
main systems and units of combine harvesters.

CHUCTEM Ta arperariB 3epHO30HMpaJbHUX

VY maHMX yMOBax eKcIUTyaTamii MPOAYKTHBHICTH 3a 1
TOAMHY OCHOBHOT'O 4acy ckiana 17,6 T, o TpoXu MeHIIe
3HA4YCHHS 3a TeXHI4HI yMOBHM — He MeHme 18 1. ILle
MOSICHIOETBCS.  MAJIOI0  BPOXKAWHICTIO  MPUOMPAETHCS
KynbTypH. Kombaiin 3epHO30upanpHuit camoxiganit K3C-
9M CTiifiKO BHKOHYBaB TEXHOJOTIUYHHH MpOIEC, PO IO
CBIZIYUTHh 3HAYCHHS MAHOTrO KoedimieHTa piBHOro 1, 1o
TaKOX BIJIINOBIJa€ 3HAYCHHIO 32 TEXHIYHUMH YMOBAMH —
gme Menme 0,98. Bei MOKa3sHUKHM SKOCTI BHUKOHAHHS
TEXHOJIOTIYHOT'O MPOLIECY: BTPATH 3€pHA 38 MOJOTAPKOIO
KoMOaiiHa i 3a )KaTKOI0, IKICTh 3¢pHa 3 OyHKepa koMOaiiHa
(apoOJyieHHsT 1 BMICT CMITHOI JIOMIIIIKH) 3HAXOISTHCSA B
MeKax JOIMyCTUMHX 3HA4CHb 10 TEXHIYHUM ymoBaM. Tak
HaNpuKIag: BTpaTH 3€pHa 3a MOJIOTAapKo0 KomOaifHa
orpumadi 1,06% (1o TexHiYHUM yMoBaM He Oubine 1,5%)
i 3a xarkoro 0,24% (1o TeXHIYHUM ymoOBaM He Oinblie
0,5%). 3a mepiox cmocTepekeHb 3a JaHUMH KOMOAWHIB
BUSIBJICHO T'ATh BIAMOB i Bci BoHU Il rpynu ckiagHOCTI.
CepenHst KibKicTh BinmMOB 11 rpymu ckiagHOCTI CKIajo
1,7. HanpamroBannst Ha BinmmoBy Il rpymm ckmagHOCTI
orpumana 307,6 romuum (5006,7 TOHHM), [0 BHIIE
3Ha4YeHHs 3a TeXHiuHi ymoBu He MeHuie 100 roauH. 3a
YOTHPH CE30HH CIIOCTEPEkKEHb 3a KOMOaiHaMu cepeHe
HampalfoBaHHA  OTpuMaHa  piBHIE 1055 romuHm
(11387 torn). Hapobitka Ha BimMoBy Il rpynu ckmagaOCTI
Ipyd IbOMY 32 YOTHPH POKH CIOCTEPEXEHb CKJajia
105,5 romuan (10 TexHiYHMM yMoBaMm He MeHme 100
roguH). Lle cBiTYATE PO AOCTATHIO TEXHIYHY HAIIHHOCTI
KoMmOaitHiB. [letanei (By3iiB), sIKi JOCSTIIH TPAHHYHOTO
3HOCy (pecypcy) 3a YOTUPH POKU CIOCTEPEKECHb 3a
KoMmOaitHiB 3epHO30mpanpHUX camoximHux K3C-9M ne
BUSIBIICHO.

ArpoTexHIYHHH TepMiH 30mpaHHs 3epHOBHX 10 1i6
a6o 240 rox, a mpHW NEpEeBHIICHHI HOTO MUTOMI BTpaTH
0,06%/ron. Po3spaxyHKH 3a pe3yjbTaTaMH JOCIiIKEHb
TIOKa3yI0Th, 1110 BTPATH BPOXKaI0 Yepe3 MPOCcToi KOMOalHIB
New Holland TX-6 i K3C-9M B cepenHboMy CKIIaJAl0Th
BiAmoBigHO 3 1 4%.

Po3nopain 3a BUIamMu BigMOB IMPAKTHYHO OJJHAKOBUM.
Cepen OKpeMUX JieTaleil 1 By3JIiB 3 HU3bKOIO HaIHHICTIO Y
kombOaiiHie K3C-9M MokHA BiI3HAYHWTH MOIOBXKYBAY
pemera — 13,4% 1 wmexanism maitbu — 11,3% Bixg
3arajpbHOro 4rcia BiiMoB, y kombaiiHiB New Holland TX-
63 e matauk TrcKy [lTackamns — 15% i1 miqIIAITHAK TPUBOAY
penritHoTO ctany — 12,5%. Po3paxyHkum mokazaiu, II0
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4yepe3 HeIOCTAaTHIM piBeHb HAIIHHOCTI 30MpaTbHUX MAIIUH
BTpaTH BPOXKAIO JUISl BITYU3HSIHUX KOMOAIHIB CTAHOBIISATH
B cepeqHboMy 12%, a s 3apyOixkanx — 10%.

BucHoBkH

1. ArpoTexHiuHuii TepMiH 30upanHs 3epHOBHX 10 7116
abo 240 rox, a mpH NEepeBHIICHHI WOro MUTOMI BTpPAaTH
0,06%/ron. PospaxyHku 3a pe3ynbTaTaMH AOCTiIKEHb
TIOKa3yI0Th, 10 BTPATH BPOXKAI0 Yepe3 NpoCcToi KoMOaiHIB
B CEpPEIHbOMY CKJIAJAI0Th BiANOBIAHO 3 14%.

2. Pozmomim 3a BHZAMH BiAMOB NPaKTUYHO
onHakoBuid. Cepel OKpeMHX JeTaned i By3IiB 3 HA3BKOIO
HAJIHHICTIO Y KOMOalHIB MOJKHA BiI3HAYNTH OIOBXKYBad
pemera — 13,4% 1 wmexamism maiou — 11,3% Bix
3arajibHOTO YHCIa BiIMOB, y KOMOAHIB IIe TaTYNK THCKY
IMackanst — 15% 1 miAIIUITHAK IPUBOAY PEIIITHOTO CTaHY —
12,5%. Po3paxyHKd MMOKa3aay, 10 4Yepe3 HEeIOCTaTHIN
piBeHb HaJIMHOCTI 30MpajbHUX MAIMH BTPATH BPOXKAIO
JUIS BITYM3HSHUX KOMOAWHIB CTaHOBISITH B CEPCIHBOMY
12%, a nuist 3apyoixkHuX — 10%.
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BJIMSIHUE DKCILTY ATALIMOHHOM
BE30TKA3HOCTH CEJIbCKOXO3SIMCTBEHHBIX
MAIIIMH HA D®PEKTUBHOCTDH X
MAIIIMHOUCIIOJIb30OBAHU A
H. JI. Pocosckuii

AHHOTauus. B craThe npoBeAeH aHANU3 HOAACPKKU
CYLIECTBYIOIUX  CEIbCKOXO3SIICTBEHHBIX MAaIIUH B
TPYIOCHOCOOHOM COCTOSIHWH, IO KOTOPOMY CIIEAyeT
0TpaboTaTh CUCTEMY TEXHHYECKOTrOo OOCIYXMBAaHHS C
YYETOM YCIIOBUI peOpMHUpPOBaHMS arpapHoOro CEKTopa.
DKCIUTyaTallMOHHO-TEXHOJIOTHYECKHE U (DYHKIIOHAIbHBIC
HoKa3ateiu OTpeeNsIIUCh JUIs IPSIMOTO
KOMOafHHpOBAaHWS WIICHUIB. B TaHHBIX YCIOBHAX
AKCIUTyaTaIlii TIPON3BOIUTEIHLHOCTH 32 | Yac OCHOBHOTO
BpeMEHH cocTaBmwia 17,6 T, 94TO HECKONBKO MEHBIIIEEe
3HAYCHHE TPU TEXHUYECKUX YCIOBHSIX — He MeHee 18 T.
OTO0 OOBACHSACTCS MaJol Yypo)kKalfHOCThIO yOmpaemon
KynbTypsl. KomOaiiH 3epHOyOOpOYHBIH CaMOXOMHBIN
K3C-9M  yCcTOWYMBO  BBIMOJHSJI  TEXHOJOTUUECKHUI
IpoIiecc, O YeM CBHJCTEIbCTBYET 3HAUEHHE MaHHOIO
KO3 uimeHTa paBHOTO 1, YTO TaKkKe COOTBETCTBYET
3HAYEHUIO 10 TEXHUYECKUM YCIOBUSAM — He MeHee (0,98.
Bce [IOKa3aTeNnu KayecTBa BBIIIOJIHCHUS
TEXHOJIOTHYECKOTO  TpoIlecca: IMOTEepH  3€pHA IO
MOJIOTWJIKE KOMOaifHa W 1O JXaTKe, KadecTBO 3epHa W3
OyHKkepa kombaiiHa (qpoOieHne u coepKaHne MyCOPHOU
MIPUMECH) HaXOIATCS B MpeesiaX JOMYCTHMBIX 3HAYCHHMA
10 TEXHHYECKUM yCIOBUAM. Tak HampuMmep: IOTepH 3epHa
0 MOJOTWIKE KoMOaiHa momydeHsl 1,06% (mo
TEXHUYECKUM YCloBHsAM He Ooinee 1,5%) u mo jxarke
0,24% (mo TexHuueckuM ycnoBusM He 6onee 0,5%). 3a
MEpUO]T HAOIIOACHUH MO0 JaHHBIM KOMOAWHOB BBISBIICHO
IATh 0TKa30B U Bce oHU Il rpymmel cinoxHocTu. CpenHee
KOJIN4ecTBO 0TKa30B I rpymniel coxHOCTH cocTaBmio 1,7.
Hapa6oTtka Ha oTka3 Il rpynmsl CIOXKHOCTH MOJydeHa
307,6 gaca (5006,7 TOHHBI), YTO BBIIIC 3HAYCHHUS INIPHU
TeXHUUYECKUX ycioBusix He MeHee 100 yacoB. 3a ueTbipe
Ce30Ha HaOIOJCHU 3a KoMOaifHaMu cpeHss HapaOoTka
nony4ena paBHoit 1055 gacos (11387 tornsr). HapaboTka
Ha 0TKa3 Il rpynImb! cIoKHOCTH MPH 3TOM 3a YeThIpe ToAa
HaOmomeHui cocraBmwia 105,5 dacoB (10 TeXHUYECKUM
ycrnoBusM He MeHee 100 gacoB). DTO CBHAETENBCTBYET O
JIOCTAaTOYHON TEXHUYECKOW HAJIEKHOCTH KOMOAHOB.
Jeraneir (y3/10B), IOCTUTUIMX MPEASIBHOIO H3HOCA
(pecypca) 3a yeThlpe rojia HaONIOJEHUN 3a KOMOAWHOB
3epHOYOOpPOUYHBIX caMoX0oHBIX K3C-9M He oOHapykeHo.

KaroueBble ciaoBa: wmeromonorus, Ko3(QHUIMEHT
TOTOBHOCTH, 3((eKTHBHOCTh, CETHCKOXO3AUCTBCHHAS
MaryHa.

INFLUENCE OF OPERATING FAILURE
OF AGRICULTURAL MACHINES ON EFFICIENCY
OF THEIR MACHINE USE
I. L. Rogovskii
Abstract. The article analyzes the maintenance of
existing agricultural machinery in working order, which
should work out the maintenance system, taking into
account the conditions of reforming the agricultural sector.
Operational-technological and functional indicators were
determined by direct combining of wheat. Under these
operating conditions, the productivity for 1 hour of main
time was 17.6 tons, which is slightly less than the technical
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conditions - not less than 18 tons. This is due to low yields
of harvested crops. Self-propelled combine KZS-9M
steadily performed the technological process, as evidenced
by the value of this coefficient equal to 1, which also
corresponds to the value of the technical conditions - not
less than 0.98. All indicators of the quality of the
technological process: the loss of grain behind the combine
thresher and the reaper, the quality of grain from the
combine hopper (crushing and the content of impurities)
are within acceptable values for technical conditions. For
example: grain losses on the combine thresher were
received 1.06% (according to technical conditions not
more than 1.5%) and on the reaper 0.24% (according to
technical conditions not more than 0.5%). During the
period of observations according to the data of combines
five failures were revealed and all of them of the 11 group
of complexity. The average number of failures of group 11
complexity was 1.7. The operating time for failure of group
Il complexity was 307.6 hours (5006.7 tons), which is
higher than the technical conditions of at least 100 hours.
For four seasons of observations of combines, the average
operating time was 1055 hours (11387 tons). Operating
time for failure of the 11 group of complexity at the same
time for four years of supervision made 105,5 hours (on
technical conditions not less than 100 hours). This
indicates sufficient technical reliability of combines.
Details (units) that have reached the Ilimit of wear
(resource) for four years of observations of self-propelled
combine harvesters KZS-9M were not found.

Key words: methodology, availability, efficiency,
agricultural machine.
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AHoTaNis. Bupimenss 3arajlbHOIIOCEKHX,
rI00aTbHUX TPOOJIEM €HEPro- Ta Pecypco30epeKeHHS SIK
y MamuHOOYAyBaHHI, TaK 1 B arpoIpOMHCIOBOMY
KOMIUIEKCI HEPO3PUBHO IOB’s3aHi 3 BUPIIICHHAM IHTaHb
3axXHCTy TEXHIKU BiJ KOpPO3ii.

CyyacHa  CiNbCBKOTOCHONApChKA  TEeXHiKa, 1
caMoXiZHi ~ 3epHO30upanbHi  KoMOaiiHM  30KpeMma,
eKCILTYaTyIThCSI IEPIOTUYHO IPOTArOM OJJHOTO 200 JIBOX
Ce30HIB Ha piK. bulblIicTh 3epHO30MpaIbHUX KOMOaiiHIB
30epiraeTbCsi Ha BIAKPUTUX MalJaHUMKaX ITiJIPHEMCTB
arpornpoMHCIOBOTO  KOMIUIEKCY, MpH I[bOMY BOHA
MiAA€ThCS ArPECHBHOMY BIUIMBY IOBKUIIS (KOJMHMBaHHAM
TEMIIEpaTypu, BOJOTOCTI, BIUIMBY BITPY, COHSYHOL
pamiamii, mwry Ta iHmWX). OCHOBHHM BHIOM BIUIUBY
30BHILIHBOTO CEpE/IOBHIA Ha TEXHIKy € aTMmocdepHa
KOpO3isl Ta BHKJIMKaHE HEI0 KOpO3iifHe 3HONIyBaHHS
MaTepiaiiB, JeTajied Ta BY3JiB, HI0 NPU3BOAWTH 0 ii
nepenyacHuX BigMoB. Tak BTOMHa MIIHICTh BHUPOOIB i3
cTaji nmpu 30epiranHi NpoTsAroM 12 MicsiliB Ha BIIKPUTOMY
MaiJaHYMKy 3HHKY€EThCs Ha 28—58%.

Jist 3a0e31eYeHHs] THMYacoBOIO IPOTHKOPO3iiHOTO
3aXHCTy 3EPHO30MpaNbHUX KOMOAIHIB 3aCTOCOBYETHCS
BeJMKa KUIBKICTh KOHCEpBAIIHHUX Ta pPOOITHUYO-
KOHCepBaliiHNX MacTwil. OJHaK HEBUPIMIEHICTh HU3KU
IIUTAHb TEOPETUYHOTO Ta MPAKTHYHOTO XapakTepy
NPU3BOJUTE A0  HEOOIPYHTOBAHOTO  3aCTOCYBaHHS
3aXHMCHUX 3ac00iB, ki abo He 3a0e3meuyroTh HEOoOXiTHY
TPHUBAJICTB 30epiraHHs TeXHIKH, 200 30LIBIIYIOTh BUTPATH
Ha 1  koHcepBauito. CraHIapTH30BaHi  METOAU
BHIIPOOYBaHb aHTHKOPO3iHHIX MACTHJIFHIX MaTepialiB B
MepeBaXHIH  KITBKOCTI ~ MAalOTh  BEJIUKY  KUIBKICTBh
HEIOJIKIB, HAWIOJIOBHIIIMM 3 SKHX € T€, IO OIliHKa
3aXMCHHX BJIACTHBOCTEH IPOBOAUTHCS B OJJMHUIISX, SIKI HE

JO3BOJIAFOTH  OI[IHUTH TEpMiH iXHBOI Jii, a Jumie
MTOKA3yIOTh BEIIMYHHY KOPO3ii MeTamy.
KoarouoBi cioBa: aHTHKOpO3iHHICTB, MaCTHIBHI

Marepianu, 30epeKeHiCTh, ePEeKTUBHICTb, KOMOAHH.

ITocTaHoBKa MpodIeMHu

Ha cporomHimHiii [AeHh BHBYEHO HAKONHMYECHUI
OaratopiyHMH JOCBiJ y Taimy3i mpomeciB Koposii Ta
3aXMCTy pi3HOI TEeXHIKM Ta BHPOOIB BiJ BIUIUBY

HaBKOJIMIIIHBOTO cepenoBumia [1], a Takox po3miIsHYTO
NHTaHHA  OLIHKM  eKCIUIyaTalillHUX  BIACTHBOCTEH
AHTUKOPO3IHHUX MACTHJIBHUX MatepianiB [2], Bim skocTi
SKUX 0arato B YOMY 3aJICKUTh BHPILICHHS NPOOIEeMH, 110
BUpIIIyeThes y cTaTTi [3].

B pesynbraTi BUBYCHHSA ~paHille BHKOHAHHUX
JocTikeHs BcraHoBieHO [4], mo B 40% Bumamkis
3HW)KEHHS Ta BTpaTa eKCIUTyaTaliiiHuX sikocTeil BUpoOiB i
MaTepialliB aBTOTPAKTOPHOI Ta CUILCHKOTOCIOIAPCHKOT
TEXHIKM  TOB’s3aHI 3  BIUIMBOM  TEMIIEpaTypu
HaBKOJIMIIIHHOT'O CepeioBHILA [5], sika Haae BUpiMIanbHUN
BIUIMB Ha MIBHIKICTH mepebiry mpoieciB kopo3sii [6], a
pemta KIiMaTHYHAX (AKTOpIB JHIIE TMPUCKOPIOIOTH
npolec KOpO3iWHMX pyiiHyBaHb sk wmertamB [7], i
AHTUKOPO3IHHUX MACTHIILHUX Matepianis [8].

VY xozi aHaNi3y po3pOOIICHUX Ta CTAaHIAPTU30BAHUX
paHilie MeTo/liB BUNIPOOYBaHb Ta JOCIHIIHUIBKUX POOIT 3
BUBUEHHS NpoLECiB aTMocdepHoi KOpo3il BCTAHOBIIEHO:
1) BiACYTHICTP TEOPETHYHUX MOJOXKEHb, 110 TOYHO
ONHCYIOTh Gbi3uKo-XiMIuHMIA MeXaHi3M 3MiHH
AHTHKOPO3IHHNX MAaCTHIBHUX MarepiamiB [9], ockigbku
pOOOTH 3 BUBUCHHS TEPMOIMHAMIYHUX ACTICKTIB WX 3MiH
HE BUHILIK 32 paMKH JlaboparopHux ekcriepumenTis [10]
Ta HE OTPUMANIM HACTYIHI POKH JIOTTYHOTO TIPOIOBKEHHS;
2) BIICYTHICTb y pe3yibTaTax YHCICHHUX OCHIKCHb
nonoxkerb [11], mo naroTh KUTBKICHY (MareMaTudHy)
MOJENb MpoLecy KiHETHKH Ta 3MiHH eKCIUTyaTaliiHUX
BJIACTUBOCTEH aHTHKOPO3IMHMX MACTHIILHHX MaTepialiB;

3) BIJICYTHICTh JIOCTaTHBO aJIeKBaTHUX
€KCIIEPUMEHTAIILHUX METOIB BUIIPOOYBaHHA
AQHTHKOPO3IMHNX MAaCTHIBHHX Marepianis [12], w0

MPU3BEJIO 10 MaJIOl MPUAATHOCTI TEOPETUYHUX OCHOB Ta
BHCHOBKIB, Ha SKuUX Oa3yBajimcs pasimie po3poOieHi
MeToau BunpoOysaus [13].

OCHOBHMUMHM 3arajJbHUMM HEJIOJIKaMU CY4acHHX
METOJiB BHUIPOOYBaHb AaHTHUKOPO3IHUX MacCTHIBHUX
MarepialiB € Te, IO BOHM HE BPaXOBYIOTh BIUIUB
HEeTaTUBHHUX TEMIIepaTyp, BHACIIJIOK YOro BOHH MalOTh
HEBHCOKY TOYHICTh Ta HHU3bKY aJEKBATHICTh JaHWM,
OTPIMAaHUX B YMOBaxX pEalbHOI eKCIuTyaTallil, a TaKoX
XapakTepHa TPHUBAJICTh OJHOTO NHKIY BHIIPOOYBaHb,
MepeBUIIEHHS TemuepaTypu BunpoOysanps nonaxa 60 °C ta
SK HACHIiJOK, CIIOTBOPEHHS KIHETUKH MEXaHI3My
KoposiitHoro mporecy [14].
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Benukuili BHECOK y BUBYEHHS Ta BCTaHOBJICHHS
3aKOHOMIPHOCTEH KIHETHKH KOpO3ii, cTapiHHI Ta
30epiranHs ~ MeTalIoBHPOOiB, TPOTHO3YBAHHSA 3MiHH
eKCIUTyaTaIlifHAX SKOCTEH aHTHKOPO3IMHMX MAaCTIIIBHUX
MarepiaiiB BHecau mpami [15].

AHAaJi3 ocTaHHIX JOCTiIKeHb

MaremaTiyHe = MOJENIOBaHHS  IPOLECIB  3MiHU
(b13UKO-XIMIYHHX BIIACTUBOCTEH AQHTUKOPO3IHHUX
MaCTHIBHHUX MarepiaiB npu eKCIUTyaTamii

3epHO30MpaNbHUX KOMOaiHIB Ha TMiAcTaBi (pakTOpHOTO
aHai3y TPOBEACHO  pamKyBaHHI  (aKTOpiB, IO
BIUIMBAIOTH HA IIporiec atMochepHoi kopo3ii (Tipu aHami3i
Ta paHXUPYBaHHI (HaKTOPH IPUBOIMINCS 10 HOPMAIBHUX
ymoB) [16]. B pesymbrari hakTOpHOTO aHamizy Bapiarfiii
30BHIIHIX (KTIMaTHYHUX) (AKTOpiB, IO BIDIHBAIOTH
nporsirom  2020-2021 pp. Ta BHYTpIMHIX (SKICHUX)
(axTopiB, sIKi 3yMOBIIOIOTH KOPO3iiiHYy CTIHKICTb CTaJIei, a
came XiMiuHMH ckiax craned (S) Ta BMICT aKTUBHOI
PCUYOBMHH aHTHKOPO3iMHMX MacTuabHUX MatepiatiB (I),
(traba. 1), npoBeseHO paHXKyBaHHsA (AaKTOpIB, IO
BIUTMBAIOTh Ha CHCTEMY «METal-IUTIBKA aHTHKOPO3iHHMX
MAaCTHJIPHHUX MaTepiaiiBy (Tadi. 2).

PamxyBaHHs Bapiamidi 30BHIMIHIX (KITIMaTHYHUX)
¢axropiB nokazano [17], o mpu po3podii TeopeTHIHOT
Mozem Tporecy aTMocdepHoi Koposii  HeoOXimHO
BpaxoByBaTH Taki mnapamerpu [18], sk TemmepaTypa
HaBKOJIMIIHBOTO cepepoBumia (T), BiTHOCHa BOJIOTICTH

Tadanus 2. AHani3 30BHILIHIX Ta IKICHUX (aKTOPIB.
Table 2. Analysis of external and qualitative factors.

noBiTps (@), atMmochepHuid TUCK (P), LIBUAKICTB BITPY (W)
Ta BHYTpilIHI (akTOpM CHCTEMH —  BIACTHBOCTI
AHTHKOPO3iHHMX MACTWIBHHX MaTepiajiB, SIKi MOXKHA
OWIHUTH PAOOM IX TewIO(i3MYHUX Ta XIMIYHHX
nokasHukis [19].

Taoauus 1. fAxicui hakropn.
Table 1. Qualitative factors.

Exkcnosunis S |
Cr. 3 +K-17 1,000 0,160
Cr. 3+ IIBK 1,000 1,000
Cr. 3 + MoBiib 1,000 0,500
Crt. 3 +Texrin 1,000 0,420
crans 08 + K-17 0,843 0,160
crans 08 + IIBK 0,843 1,000
ctanb 08 + MoBinb 0,843 0,500
cranb 08 + Tekrin 0,843 0,420

Ha mincraBi pamKyBaHHS 30BHILIHIX 1 BHYTPILIHIX
¢akTopiB, 1110 BIUTHBAIOTH Ha TIpoiiec Kopo3sii [20], a Takox
aHalli3y HU3KH TEOPETUYHHUX JOCIIKCHb, BUKOHAHUX

paHimie, Oyno BCTaHOBJEHO, MO MpoOLeEC KOpo3ii
BU3HAYAEThCS TAaKUM  IOKasHUKOM [21], sx  iioro
MIBUIKICTD.
[IBuakicTe OyAb-IKOTO KOPO3IMHOTO  MpOIECy
MO)KHa BU3HAUHUTH 3 PIBHIHHS:
Vep = m/7, Kr/c (1)

Je m — Maca MeTally HPOKOPOAYBaHOTro, Kr; 7 — d4ac
Iporecy Koposii, c.

dakTop 3Ha4YeHHS Hucnepcis, % Haxonuyeni 3HayenHst | Hakonuuena aucnepcis, %
T,K 2,56 42,61 2,56 42,61
o, % 1,02 16,92 3,57 59,53
P, xlla 1,00 16,67 4,57 76,20
W, M/c 1,00 16,67 5,57 92,87
S 0,31 5,19 5,88 98,06
[ 0,12 1,94 6,00 100,00

Maca mertainy, mo Oepe ydyacTh y Impolieci Kopoasii,
BM3HAYA€THCS 32 BUPA3OM:

m = A4h- Sy p, )
e Ah — ruOrHa IPOHUKHEHHS KOpOo3il y MeTtan, M; Sy —
IUTOIA TIOBEPXHI JeTai, Mm% P, — IWUIBHICT TPOAYKTY
koposii (pisHa 5240 kr/m°).

Toni mBUAKICTE KOPO3il TOpiBHIOBATHME:!

‘/Kp:(Ah'Sﬂ‘pM)/T (3)

Jus 3abe3neueHHs rapantoBaHoro 3axucty CIT
He0OXiaHO 3a0€3MeYnTH YMOBH, Y SIKUX MPOIIEC KOPO3ii He
mpotikae, T00T0: A4h—0, Toai m—0 ta V,,—0.

[Ifo6 nmocartm B ymoBax 30epiraHHi TEXHIKH
HYJBOBOI KOpO3ii MapamMeTpH, IO XapaKTepH3yIOTh IIeH
mporiec, HeOoOXiTHO PO3IISAHYTH SK XIMIYHHI mporiec
KOpo3ii Ta i enepretuky [22]. 3 Tepmoximii 3HAEMO, 110
TIpoLec KOpo3ii MOXKHA ySIBUTH XIMIYHUM PiBHSHHSIM BHIY.

4Fe + 2H,0 + 30, — 2 - (Fe,05 - H,0) 4)
a EHepreTHYHUH OaaHC OO XIMIYHOTO MPOIECY MOXKHA
ONMCaTH BIJNOBIIHO 10 TEPMOAWHAMIYHOTO 3aKOHY
30epeKeHHS Heprii:
AH = AG —T - A4S,

C, m-AT =—-R-T-InK,—T-AS (5)
ne AH — 3miHa eHrtanbmii, y npoueci koposii, [x; AG —
BinbHa eHepris ['i00ca, ska BUTpavya€eThCsl Ha KOPO3iHHUN
nporiec, JIx; T — HaBeneHa TeMiiepaTtypa mnpoiecy, 7=298
K; 4S — 3mina eHTpomii mporecy i BIUTMBOM 30BHIIITHIX
XiMigHHX Ta ¢i3uuHMX BIMBIB atMochepu, [Jx/K; C, —
muToMa TeroeMHicTe Metany, Jx/(kr-K); AT — 3miHa
TEMIIepaTypu 3a aHaJi30BaHMH T1epion 30epiraHHs,
AT=313-232=81 K; R — yHiBepcaipHa rasosa craia,
Jbx/(Mmons-K); K, — KOHCTaHTa XIMIYHOI piBHOBaru
Hpo1ecy, MOJIb.

Maca nponykry peakuii 3a yac 73 ypaxyBaHHsM (2)
Ta (5) cknane:

_ T-(AS—R-InKp)
Ah'so‘PCM—T (6)

3 MEeTOI0 KITBKICHOI OLIHKH EHEPTreTHKH TaHOTO
npouecy BeianunHy R-INKp BusHaummo 1uist craHmapTHOT
eHeprii ['100ca 3a piBHAHHAM:

AGJeg = =571 1g K,, @)
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3a pe3ysbTaTaMu pPO3paxyHKiB BEJIMIMHA
RInKy=2485,8 x/K i migcraBuBiuy ii B piBHsAHHS (6),
OTpUMaEMO, [0 Maca 3ai3a, IO NPOKOPOLYBaB, CKIIaze:

_ T-(45-2485,8) g
T CpdT ®

3 popmynu (8) BUIHO, 110 Maca ipiKi, 1110 yTBOpHJIAcs,
3aJ@KHUTh BiJl TEMIEPAaTYypH 1 BEIMYMHU HAKONHWYEHOT
3MiEn  emrpomii mporecy [23].  BukopucroByroun
JNOBITKOBI  MaHi, IO XapaKkTepU3YIOTh  HaBeACHY
CTaHIApTHY XiMiuHy peakiiiro (4) mms skoi V,,=200 MxM Ha
pik, =1 pix, Sy=1 M?, oTpuMaemo:

h/y = AS — 2485,8
ey:T/pM'CpM'AT ©)

Sk BUIHO 3 piBHAHHA (9) 11100 3MEHIIUTH BEJINUUHY
eHeprii KOpOo3iHHMX pyHHYBaHb HEOOXIJHO CTBOPHUTH
YMOBH (3a0€3MEeYUTH NMPOTUKOPO3IMHUN 3aXHUCT), 32 SKUX
rnubuna npouukaerus h=0. 3 popmynu (9) BuaHO, 1O 1€
MOJKJIMBO B TOMY BHIIQJIKY, SAKII0 AS = 2485,8 JIx/(xr-K).
Omxe [24], sKiIo 3axucHa MTiBKa MACTHIIA 3@ PIK MAaTHME
HaKOMMYCHA 3MiHa eHTpomii MeHma abo IOpiBHIOE
BEJIMYMHI 3MIHH CHTPOMII CHCTEMH BiJ 30BHIIIHIX
SHEPreTHYHHNX BIUIMBIB HABKOJUIIHBEOTO CEPENOBHIIA 3a
pik (A7 YMOBH BiICYTHOCTI KOpO3ii Ha MeTalli), TO METal
Oynme 3axuineHuidl Big koposii [25]. Buxoasuu 3 mporo,
MOJKHa 3aIMCcaTH YMOBY 30€pEeKEHHSI METally IiJl IIapoM
MacTuiIa, SIKe MaTUMe BUTJISIL:

A4S, = AG,

mpu AS,,, < AS = 2485,8, [Ix/(kr-K), (10)
ne AS,,, — 3MiHa HAKOMUYEHOT EHTPOITI MACTHJIA 38 [IEPioz
36epiranns, Jx/(kr-K).

3 eHTpOMiitHOT Teopil CTapiHHI MacTUI, po3poOIeHOT
mpogecopom B.B. Canmin, ysBiMO, IO B poIIeci KOPO3ii,
HAKOTMIMYCHHS  CHTPOMNil  MAacCTHJIOM  BimOyBaeThbcs
muktigHo. [IpencraBumo #oro y BUIsIIi Gi3myHOT Moei,
IO  CKJIAQJAE€ThCs 3  LUKIIB, IO  MEpiOJUYHO
MOBTOPIOIOTBCS, [0  BKJIIOYAKOTh 6  iJlealbHHUX
TepMOAMHAMIYHUX  TporieciB  [26].  Mammit  mwmkn
npeacraBumo rpadidno, B 7, S koopaunarax (puc. 1) i
MaTEeMaTHUYHO 3JIeKHICTIO BUIY:

AS.,,(1-mukn) = ASy_, + A4S, 3 + AS3_4, + A4S, 5 +

ASs_¢ + ASg_7, Jx/(xr-K). (11)

3anpornoHoBaHa (pi3udHA MOMACTh CKIAMAETHCA 3
HACTYITHHUX MPOIIECIB:

-nipoutec 1-2 npu 71 = T> = cONSt-izoTepMivHUiA poLec
BHUTPUMKH JieTaneit (a0o AMM) y Hiunwit gac. Tpusaiicts
mporecy 7 = 4 — 3 00.00 rox mo 4.00 rox;

-mporiec 2-3 mpu P23 = const - i300apHuUii mporec
HarpiBaHHS MacTwia. XapakTepu3yeThCsl 3MIiHOIO 11
TEMIIEpaTypu, 3alie)KHO BiJ TeMIeparypu IOBITpAL.
Tpusanicts 7 =4 rox — 3 4.00 1o 8.00 roz;

-mporiec 3 - 4 3a T3 = T4=const, i3oTepMiduHni TpoIIEC
BUTPUMKHN MacTHWJIa MU IeHHiH Temnepatypi. Tpusamicth
mporecy T =4 rog — 3 8.00 mo 12.00 rox;

- mporiec 4 - 5 mpu AQ = const-agiabaTHuii mporec
OXOJIO/DKGHHsI MacTuia i3 JEHHHX TeMmIepaTyp [0
BeuipHix. Tpusainicts npouecy T =4 rox—3 12.00 ro 16.00
roj;

- mporec 5 - 6 mpu Ts = Te = cONSt -i3oTepmivHMiA
npouec BUTpUMKH aertaneir (AMM) yBeuepi. Tpusaiicts
npouecy T =4 rox. —3 16.00 5o 20.00 roz;

- mporiec 6 - 7 AQ = const, agiabatHuii Tporec
OXOJIOPKEHHST MacTHJIa 3 BEUipHIX JI0 HIYHUX TEMIIEPaTyp.
Tpusanicts nmporecy T = 4 roxa. — 3 20.00 mo 00.00 rox.

o

>
Puc. 1. ®i3zuko-maTeMaTHyHa MOACTIb HAKOIMNMYCHHS

eHTpoMii MaCTHIILHUX MaTepiajiB y mpoiieci arMmochepHoi
KOpO3il.

Fig. 1. Physico-mathematical model of entropy
accumulation of lubricants in the process of atmospheric
corrosion.

3MiHYy €HTpOTIIi] y KO)KHOMY 3 7 TIPOIIECiB BU3HAYIMO,

K
AS; = AQ;/T;, Nx/(xr-K) (12)

ne Ti — HaBeldeHa Temmeparypa i-ro mnporecy, K;
AQ; — TeruioTa 30BHINIHIX BIUIMBIB Yy i-My Hpoleci, 1o
CKIIAIAEThCS 3 TEIUIOTH XiMIYHKX peakuii @, Ta TermoTn
disuunux BrmBi Qg y i-My mpoueci.

TemnoTy 30BHINTHIX BIUIMBIB BHU3HAYA€MO 32 TaKOIO
¢dopmyoro:

4Q; = Qx + Qy, k. (13)
TemnoTy XiMiYHHUX peaKIiil MpeICTaBUMO K
Qx = Rey - ATy 5 - In(Py/P,), JIw/xr, (14)

ne R, — nuroma razosa crana mactuina, Jx/(xr'K); AT; —
3MiHa TemIiepaTypu B i-my npoueci, K; P; i P, — THCKy Ha
MOYaTKy Ta HAPHUKIHII i-T0 mportecy, [1a.

TemnoTy i3MYHUX BIDIMBIB Y BCiX Iporiecax (Kpim 2—
3) mpeacTaBUMO K TEIUIOTY  KOHBEKTHBHOTO
TEIUIO0OMIHY:

Q¢ = Qxon = (ai/(pCM ’ h')) T - ATy, Jox/xr, (15)
ne «; — xoediumient Ttemwtosignaui, Br/(M*K); T; —
TpUBaJicTh i-20 nporiecy, ¢; AT; — 3mina Temneparypu y
npoueci, K; p.y — MUIBHICTS MacTHIIA, kr/m3; h — ToBIIMHA
JieTai, IOKPUTOI MACTHIIOM, M.

BennunHy TEMJIOBOrO TMOTOKY BHTpAdaeThCcs Ha
HarpiBaHHSA MacTHJIa y porieci 2 — 3, BU3HAYMMO i3 3aKOHY
Credana-bonprmana:

3600 7, \* 73 \*
Q)= Quyu =2+ Co oy - 22 |(22)" - (22)'] a6)
Jie € — CTyIiHb YOPHOTH TiJIa, I 3MAIIEHHs PUHMaeMo
e = 096; C, — mocriina Credana-borpinmana,
Co = 5,67 Br/(m* K*); Sy = Few — mioma mosepxHi,
HOKPUTAa MACTHIOM, M?; T2 - 3 — 4ac i300apHOTO MPOLECY

HarpiBaHHs MacTHiIa, T2 — 3= 4 TO/I.

IIpu aniabaTHOMY nporeci EHTPOMIs
AS45=ASe 7 =0. EnTpomii i30TepMidHnX mporueciB ASi o,
AS3 4 Ta AS5 ¢ BU3HAYAIOTHCS AaHAJIOTIYHO 3 YpaXyBaHHAM
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3MiH TemIepaTypu, 0OapOMETPUIHOTO THUCKY, IIBHIKOCTI
BITpY Ta BOJIOTOCTI, Yacy noou [27].

PospaxyBaBmm 1 KOKHOTO IIMKIY 3HAYCHHS
HaKOMHW4eHoi eHTpomii Mactuma (4S,,,), 1 3HaIYH
MaKCHMaJIbHy eHTpomiro ii pyiitHyBaHHS AS,. = A4S, =
2485,8 JIx/(xr-K), 3a pik MOXHa BH3HAYUTH
rapaHTOBaHMH yac 30epiraHHs MeTaIy IiJl IapoM MacThIIa

3a (hopMyJIOIO:

ASmaxB
Txp=ﬁ-n-24=ﬁ-z4 (17)
ne f — xoediumieHT 3azmaHol (MOTPiOHOT) TpHBaNOCTI

30epiranHs, piBHUIM BiIHONICHHIO KIJBKOCTI 3aJaHUX
(He00ximHNX) MicAIiB 30epiraHAs TeXHIKH 10 12 MicsIiB
(1 pix); n — KINBKICTH IUKIIB, SIKI MOXYTh BHTPHUMATH
3ax¥CHA IUTiBKa; 24 — TPUBANIICTh OAHOTO ITUKITY, TOI.

TakuM dYMHOM, BW3HAYMBIIM TPUBAIICTH IPOLECY
rapaHTOBaHOrO 30epiraHHs MeTajly I HIapoM MacTHIa,
HEOOXiTHO BCTAHOBUTH HEOOXiJHY TOBLIMHY 3aXHCHOI
IUTIBKM Ta Macy MacTWiia, [0 HAHOCUTHCS Ha TMOBEPXHIO
Metaiy. /Iy BUpilIeHHs 1IbOTO 3aBJaHHS CKOPHCTAEMOCS
TEMIIEpaTypHUM 3aKOHOM AppeHiyca, BiJIIOBIIHO 10
SIKOTO HIBUAKICTB MPOLECY PYHHYBaHHS 3aXUCHOI ILTIBKH
(Ven) mopiBHIOBaTHME:

Vo = Vo - exp(—E,/RT), m/c, (18)
ne V, — moyaTKkoBa IIBUAKICTh pPyHHYBAaHHS MacTHIBHOTO
MOKPHUTTS, M*Cl, BU3HAYA€THCA EKCIEPHMEHTATLHO abo
po3paxoByeTbesi 3a (opmynow V, = ao\/'ITO TYT Qy —
BibHUH wieH, a, =~ 0,001 M/(c'K), Ty, = 273,15 K; T -
HaBeJeHa TeMmmeparypa mporecy, K; R — yHiBepcanbHa
razoBa crana, JDx/(momb-K); E, — eHepris akTuBaIii,
JIx/MOb.

[puitnasmmn, mo Eg =T« AS e How (€ flen —
MOJIEKYJISIpHA Maca MacTWiia, KI/MOJIb), i MPHUITYCTHBIIH,
o TepMiH 30epiraHHs JeTajdi BHU3HAYAEThCS YacOM
POOOTH 3aXMCHOTO TIOKPUTTS (BUMAPOBYBAHHSAM aKTHBHOT
PEYOBHHM Ta 3MEHIICHHSM TOBIIMHHU IUTIBKH), TOBIIUHY
3aXHMCHOI IUTIBKM BU3HAYMUMO 3 BEIMYUHM MBUAKOCTI (18)
Ta yacy npotecy 30epiranus (17) 3a piBHIHHIM BHILY

Oen = 3600 - Vg, - Ty, M. (19)

Sk BugHO 3 Qopmyinu (19), mBHAKICT mpolecy B
JJAHOMY BHIAJKy BU3HA4ya€ [IBHIKICTh 3MEHILCHHS
TOBILIMHY TUIIBKY 3aXMCHOTO MOKPHUTTS. SIKIIO NMpPUITHATH,
IO EHeprisi akTHBaLil mpoluecy — € 3MiHa eHTponii (1o
OinpIa eHepris pyHHyBaHHS, THM Oiiblne Oyae eHTPOITis
MacTHJILHOTO 3aXHCHOTO Marepiaiy), TO Macy 3aXHCHOI
IUTiIBKH, HEOOXiMHOi I 3aXWCTy JeTaii BiJg Koposii,
MOYKHa po3paxyBaTH 3a (opmyIoro:

Moy = 3600 Ty« pooy - S+ Vo - exp (F222bex) s 0, (20)

B ymoBax peanbHOro 30epiraHHsi B EHEPreTHKY
Ipolecy pyHHYBaHHS 3aXMCHOT IUTIBKM HEOOXi/IHO BBECTH

CKJIaJIOBY MEXaHIYHMX pyHHYBaHb BiJ] BITPOBOTO
HaBaHTaXXeHHs. MexaHiuHa CKJIaJ0Ba BH3HAYAETHCS
THCKOM, IO CTBOPIOETHCS BiJ OIMHHUII BITPOBOTO

HaBaHTaXXCHHS, 1 MOKe OyTH BU3HAYEHA 32 (POpMYIIOr0
P =0,5"puos. WI'?OB.' Ia. (21)
1€ Pros. — WIUIBHICT IOBITPS, KI/M3, Wy, — HIBHAKICTH
TIOBITps (BITPY), M/C.
EHepreTuky IIhbOro MEXaHIYHOTO BIUIMBY MOKHA
pO3paxyBaTH i3 3aJIeKHOCTEH:
Qmex =F- 6CM =P VCM’ Tk,

_ Ois'pnon,‘wrzmn,
Quex = — =, JIx/KT,
Pem

(22)
(23)

ne F — cuma BiTpy, IO Jdi€ Ha MacisHy IUTiBKY, H;
V., — 06’eM mactuna, M°.

TakuM YMHOM, 3aJEXKHICTH IJI BU3HAYCHHS Macu
3aXHCHOTO IOKPHTTS 3 YpaxyBaHHIM MEXaHIYHOTO BIUTUBY
HaOye BUTIISTY:

Moy = 3600 Ty - P - Sp - Voo -
exp I:(n'T'Asum}\;¥QMex)'ﬂcm] >0 (24)
Tak sk 1m00OOBiI 3MiHM aTMOC(EpHHUX IapaMeTpiB
MOXYTb JIOCATaTH 3HAYHHUX IMEepenajiB, a caM Ipolec
PO3paxyHKy € NOCHTH TpydomicTkuM [28], To 3 meroro
HOro CHpOLIeHHS Ta OTPUMaHHS CepeiHiX, OuIbII
cTaOlIbHMX,  3HaUYeHb  aTMOc(epHHX  mapaMeTpiB
HEOOXiTHO BHKOPHUCTOBYBAaTH CepeaHbOMICSIHI
CTaTUCTHYHI AaHi 3MiH BJIaCTUBOCTEH 30BHINIHIX (paKTOPiB
(atMocepHOTO  THCKY,  TEMIIEpaTypH,  BiTHOCHOI
BOJIOTOCTI Ta MBUAKOCTI BiTpy). KpiM Toro, mob ominuTH
JIOCTOBIPHICTH Ta aJeKBaTHICTH PO3POOICHIX MOJENeH 3a
pe3ynbTatamMmu HATypHOTO Ta 112a60paTOpPHOTO
eKCIIEPUMEHTIB, IPH BU3HAYCHHI BEJIMYMHH KOpO3il
HEOOXiTHO MepeiTH 10 CTaHJapTHOrO MOKa3HUKa KOpo3il
«K», sixuit MoxHa po3paxyBaTH 3a GOpMyIIoL0:

T»<(As—mm%usum)—mss,s)

1

= ,M/M%, (25)

1000-S,, Cp-AT

Po3pobieHi (bi3uKO-MaTeMaTHYHI MoIei
JO3BOJSIFOTh ~ MPOBECTH  IMITamiifHE  MOICTIOBAHHS

MPOIIeCiB, IO BiMOYBalOThCS y IIapi MacTWia, Ta 3
BHCOKOIO TOYHICTIO (moxubka He Oumpme 1,5-2,5 %)
BU3HAYUTHU NMOKa3HUK KOPO3il «K».

Meta gociaKeHn

Mera pocnijkeHp — 3a0e3nedeHHs 30epeKeHHs
3epHO30MpAILHUX KOMOAIHIB IUISIXOM ITiI00py 3aXHCHUX
AHTHKOPO3IHHHUX MaTepiaiB.

Pe3yabTaTh nocaigxeHb

Jnst mpoBeneHHs eKCIEePUMEHTAIBHUX JOCIIKEHb
SIK MacTHI (MapoK-TIpeJCcTaBHUKIB) Oymo oOpano: K-17,
IBK, MJI-1 (MoBinb), MJI-2 (Tektun-MJI), a merany —
craii 3BuuaitHoi sikocti CT. 3 Ta sKicHa KOHCTPYKIUiiHA
ctanp — Crans 08.

Jnst  mpoBeieHHS MPUCKOPEHUX  J1a0OPATOPHHUX
BUIIPOOYBaHb 3acTOCOBYBaslocsi (opcyBaHHS (HaKTOpiB,
0 BIUIMBaIOTh. lle mocsAragocs MHUISXOM 301IBIICHHS
3HaueHHs (paKkTOPiB CHCTEMH, 1110 BIUTMBAIOTH. BiAnoBigHo
JI0 ICHYIOUMX NpUioMiB opcyBaHHs 1 Ha ITiZCTaBi aHATI3Y,
BUKOHAHOTO B IIEPIIOMY Ta APYroOMY pPO3ZiIax qucepTarii,
JIOLUIBHO JUII TPUCKOPEHHS TIpolecy 301IbLIyBaTh
3HAUCHHS TEMIIEPATyPH Ta BiJIHOCHOT BOJIOTOCTI.

Jns BH3HAuUCHHS YHMCENbHUX 3HA4YE€Hb BEIWYHMH
¢akTopiB, mo 3abe3nedyroTh (OPCYBaHHS TPOILECIB
KOpo3ii, OyJ0 MpOBEACHO aHali3 CTATUCTHYHUX JTaHUX
IIO/I0 3MIH TEMIIEPaTyPHO-BOJIOTICHOTO KOMIUIEKCY [UIst
nomipHoi kiaiMatuyHoi 3ouu 3 2019 no 2021 p. Ha
TEPUTOPIl eKCIUTyaTarii 3epHO30MpaIbHUX KOMOaHHIB
(KuiBcbka oOnactp). 3 aHamizy BHIUICHO HaHOimbLI
XapakTepHi peXXMMH Bapialiil 30BHIIHIX (KIIMaTHYHMX)
(haKkTopiB KOXHOMY 3a MaKpOKIIMaTH4HOTO paioHY.
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TeMmmeparypHuii pekuM Ma€ TpW HaHOUIBIIT XapaKTepHi
iHTepBalli:  HETaTWUBHI, CepeaHi Ta  TO3WTHBHI
TeMIepaTypH. BignocHa BOJIOTICTH - 75,1%.
Atmocoepruit tuck — 98,7...100,2 xIla. Cyma cepenHix
TPHUBAJIOCTEH BIUTUBY TEMIIEpPaTyp KOXXHOTO 3 IHTEpBaiB
cTaHoBUTH 8760 rox, abo oxuH pik. [Ipn oMy KOXKeH i3
IHTEpBaJiB TeMIlepaTyp BIUIMBa€ Ha 3epHO30MpajbHI
KoMOaiiHH, 110 3HAXOAMThCS Ha 30epiraHHi, IMPHOIU3HO
npoTsirom 1/3 poky.

TakuM YWHOM, TIpU OOIPYHTYBaHHI METOIUKH
NIPOBEJCHHS  J1TabOpaTopHOTO  €KCHEepUMEHTy  OyJo
BCTaHOBJICHO, L0 HAWOUIBII pallioHAIbHE MOJICITIOBAHHS
peXuMiB 30epiraHHA TEXHIKH JOCSTA€THCS y HACTYITHIH
MOCTITOBHOCTI:  BIUIMB  TIABHINEHOI  TeMIepaTypd
(t<60°C) Ta Bosorocti (=70 %); cTymiHYacTe 3HUKCHHS
TeMmepaTypu mnpu BoJorocti @~70%; o0XonompKeHHS
3pa3kiB 10 TeMIepaTypH CEpegHbOTO  IHTepBay
t=15...6 °C Ta Bosnorocrti ¢ ~ 70 %); BUTpUMKa 3pa3KiB Mpu
HeraTMBHHX Temmeparypax t =- 10 °C Ta Bomorocti

Tabauus 3. Pexxivu 1abopaTopHUX BUIPOOYBaHb.
Table 3. Modes of laboratory tests.

@~ 70 %. I1pu iboMy nonepeHii KOHTAKT NoBepxHi 3 3%
poszunroM NaCl no3Bossie 3HU3HTH MOPIr KPUTHYHOL
BOJIOTOCTI TIPH MPOBEACHHI Ja00opaTOpHUX BUIPOOYBaHB
110 55%.

BpaxoBytoun  (Qi3muHy Mojenb, M0  OIHUCYE
HaKOTIMYECHHS EHTPOIii, Ta 3MIHy eKCINTyaTalliifHuX
BJIACTUBOCTEH aHTHKOPO3IMHMX MACTWJIBHHX MaTepialiB
mpu 30epiraHHi 3epHO30MpaIbHHX KOMOalHIB, Oyio
3a[POIIOHOBAHO PEXHMHU JIA0OPATOPHUX BUIPOOYBaHb,
HaBeZieHI y Tabn. 3. BumpoOyBaHHS NpOBOIWIUCS Y
CreLiaIbHO BUTOTOBJICHIH Kamepi, 3 TEpMOPETyJIsITOpOM
JUIsl aBTOMAaTUYHOTO peryJiroBaHHs Temneparypu. I1in yac
NpOBEJCHHS BHUIIPOOYBaHHS Ha JHO KaMepu B JIOTOK
3aJNMBaBCA CONITHUA pO3YMH y KIMBKOCTI 5 1 i
BCTAaHOBIIIOBAJIAaCcsl TOTPiOHA METOIMKA TEeMIIepaTypa.
BumnpobyBanus mpoBoaniocs MUKIigHO. KiTbKiCTh IIHKITIB
— 12 mo 24 ron. Iukn cknamases 3 3 pexxuMiB (1o § rof
KOJKEH), III0 MOJIEIIFOIOTh BILUIUB MO3UTUBHUX, CEPEIHIX Ta
HETaTHUBHHUX TeMIIEpaTyp.

Howme . TpuBanicts
p Temmneparypa, °C Bomoricts, % Tuck, klla P
PEKUMY PEeXUMY, TOJ
1 60+2 83,442 99,5+0,2 8
2 20+2 He xoHTpOmO€eTHCS 8
3 -4+0 65,9+2 99,540,2 8
Ha mimcraBi  TeopeTMUHHMX Ta  MOIEpERHIX TeopeTnunmii po3paxyHOK MOKa3ye, IO 3 IPOBEACHHI
eKCICPUMCHTANEHUX ~ JOCHIDKEHh  OyJ0  OTpUMaHO  BHUNIPOOYBaHb OUIKYBaHHHA KOe(]ii€HT MPUCKOPEHHS I
3HAYCHHS HAKOMUYEHUX CHTPOmil, ski go3zBommwmm  ekcnosumii Ct. 3+K-17 ckiane:
BU3HAYNTH  KOe(ilieHT TMpPHCKOPEHHS  KOpO3iifHOro Y(Cm3+K=17) _ 2820 _ 4 4
NpoLecy B CHUCTEMI «MeTaJ-IUTiIBKa aHTHKOPO3IHMHUX . . 1917,
- [lpu  BiampamoBaHHI  pPEeXHMIB  J1aDOPATOPHHUX
MaCTWJIHMX  MarepiajiB», 1I0  JOCSTaeTbCs  IpU

nabopaTopHUX BUTIPOOYBaHHsX (Tabu. 4).

Tabauusa 4. Earpornis HaTypHHX Ta J1ab0paTOPHHUX

BHITPOOYBaHb.
Table 4. Entropy of field and laboratory tests.
Ban:){g;BaHL, ASHar, AS11a0,
wic. (k) Jx/(xr-K) Jx/(xr-K)
1 26,5 23,5
2 314 23,5
3 26,6 23,5
4 18,6 23,5
5 16,6 23,5
6 28,0 23,5
7 8,0 23,5
8 1,4 23,5
9 7,8 23,5
10 18,1 23,5
11 3,0 23,5
12 5,7 23,5
Harpomampkenns 191,7 282,0
ASnaG
Y

BUIPOOYBaHb aHTUKOPO3iMHUX MACTHIBLHUX MarepiaiB 3
METOI yTOYHEHHS XapakTepy Ta KIHETHMKH 3MIHH
OIIIHOYHUX TOKA3HUKIB 00 €KTIB JOCHTIKEHHS OYJI0
MPOBEACHO HATYPHI BHIPOOYBaHHsS MO0 30epiraHHs
3pa3KiB Ha BIJKPUTOMY MaJTaHIUKY IIPOTATOM 12 MiCSIIiB.

HatypHi BunpoOyBaHHS MPOBOAMIIKCS BiAMIOBIIHO 10
JACTY 9.909 Tta 9.906. Ilepiogn4HicTh 3HIMAHb 3pa3KiB
Oyna BCTAaHOBICHAa IIPOIPaMOI0 BHUIPOOYBaHb MICIISA
3akiH4YeHHs 1, 2, 4, 6, 8, 10, 11 Ta 12 micsmis 30epiranHs.

UwcenbHI 3HaYCHHS KOPO3ii, OTpUMaHi B pe3yabTaTi
BUIIPOOYBaHb, BU3HAYCHI BarOBUM METOZOM, OIL[IHEHI 110
cepenHboMy apU(PMETHYHOMY pe3yJbTaTy 3HauyeHb,
BU3HAYCHWX  HAa  IUIACTUHKAX, 110  [apalielibHO
BUIIPOOOBYIOTECS, 1o T.11. 1.5.10. Ta 1.5.11. ICTY 9.054.
SIK OUiHHWHA TOKAa3HUK BUKOPHCTOBYBAaBCS IOKA3HHK
kopo3ii «K», r/m2.

Y xomi BumpoOyBaHb 3a0e3medyBajiacs —Taka
JIOCTOBIPHICTB pe3yJIbTaTiB:
1) i HaTypHOTO  E€KCIIEPHMEHTY  JIOBipua

HMoBipHIcTE He Hik4e 90% 3a BiTHOCHOI NMOMWJIKH HE
oinerre 10%.
2) Jns 1abopaTOpHOTO EKCHEpUMEHTY JIOoBipya
itMoBipHICTE 95% 3a BigHOCHOT MOMuUNKH He Oibie 5%.
OO0poOKa ekCIIepUMEHTATLHUX TaHUX 3[1HCHIOBAIACs
Ha TMEPCOHATBHOMY KOMII'IOTEpi 3a JOIOMOTOI0 IMaKeTy
npuKIaaHuX nporpam Statistica 16.0 Ta Excel 2016.
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VY Xozxi aHami3y OTPHMAaHOTO EKCIEPUMEHTATBHOTO

MaTepiary Oyi0 TiATBEpHKEHO BCi BHSBICHI IpH
¢dizngHOMY Ta MaTeMaTHIHOMY MOJICTIOBAaHHI
3,5
3
2,5

2

Kopo3sis, r/m?
=
h

1
0

- IIBK:

3aKOHOMIPHOCTI 3MiHM BiJ 9acy Moka3HHKa Kopo3ii «K»
(puc. 2).

6 7 8 9 10 11 12

we« - MOBHIIB; === + - TexTmHn MJI

Uac 30epiraHHs, MicsIi

= o &
[ B S VR 'S

Koposid. r/m?

w « - NOBHIIB;

6 7 8 9 10 11 12
o+ - TexTHn MJI

KinpKicTh MHKIIB, N

Puc. 2. Koposis crani Cr. 3 B yMOBaX HaTypHOTO eKcrepuMeHTy (a) Ta kopo3is Crami 08 mpu mabopaTopHHX

BHIIPOOYBaHHSAX (0).

Fig. 2. Corrosion of steel Steel 3 in the conditions of field experiment (a) and corrosion of Steel 08 in laboratory

tests (b).

Takoxx Oyno BCTaHOBJIEHO, IO MPH MiIBHIICHHI
TeMIepaTypu BOJIOTICTh TMOBITPS  3HIKYETBHCS, 1€
MIPU3BOJINUTS JI0 YIOBUIEHEHHS KOPO3ii, ajie BOJHOYAC Befle
JI0 BUCYIITYBaHHS MacTHiIa, HOro po3TpicKyBaHHS 1 HaJiasi
NIPU3BOJUTE JI0 30iJbLICHHS MMOKa3HUKa KOposii uepe3
KOHJICHCalil0 BOJIOTM Ha Mertam. [Ipm HeraTMBHUX
TeMIIepaTypax BiJOyBa€TbCs BUMOPOXKYBaHHS MOBITPS 1
BOJIOTA BUITAJa€ TIOBEPXHIO JETall SIK CHIry (iHEr), mio
TaKOX 3HAYHO 1HTEHCH(IKY€E MPOIEC KOPO3ii.

BucHoBku

1. 3 anamizy mitepaTypH i y pe3ynbTaTi paHKyBaHHS
YMHHMKIB, SKi BIUIMBAIOThH IpOIEC aTMoc(epHoi Koposii,

BCTAaHOBJICHO, YaCTKa BIUIMBY KOXKHOI'O YMHHHKA MA€ TaKi
BenuuuHU: Temmeparypa 1 — 42,61...53,15 %; BigHOCHa
Boyorictb @ - 16,92...26,27 %; armocthepHHl THCK
P — 14,34...16,67%; mBuzakicts BiTpy W — 4,33...16,67,
XiMiYHMHA ckiaax ctami S — 5,19%, BMICT aKTHBHOI
PEUOBMHM  AaHTHKOPO3IMHMX MAaCTWIBHHX MarepialiB
1-1,94%.

2. Ha migcraBi eHTpomniiiHoi Teopii crapiHHA MacTHIIa
po3pobieHa ¢i3udHa MOJENb, MO JO3BOJSE: OIHUTH
BEJIMUMHY 3aXHUCHUX BJIACTHBOCTEH aHTHKOPO3IMHMX
MAacCTWJIBHHX MaTrepialliB 3a BEIMYMHOK HAKOMUYCHOI
eHTporii, mpu nbomy AS., < 2485,8 JIx/(xr-K); rpadiano
B T, S KoOpJMHATaxX YsBUTH Ipoliec aTMocdhepHoi Koposil
IpOTSToM J10OM; MPOTHO3YBAaTH TPUBANICTh 30epiraHHA
3epHO30MpaNbHUX KOMOaifHiB 3a yMOB armochepHOl
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KOpo3ii; BH3HAYaTH IIBUIKICTH TMpoOIEeCy KOpo3ii Ta
HEOOXiHYy  TOBIIMHY Ta Macy  aHTHKOPO3IHHHX
MaCTHJIPHHUX MaTepiaiiB, HeOOXiIHY UL 3aXHCTy OeTajeH
3epHO30MpaNbHIX KOMOaiHIB Bif aTtMochepHOi Koposii
MPOTSATOM 3aJaHOTO TEpMiHy 30epiraHHs; BHKOHATH
iMiTaniiHe MOJAEITIOBaHHS IMPOIIECIB, IO BiIOYBaIOTHCH Y
mapi MacTWia Ta BHM3HAUWTH TOKa3HUK Koposil «K» 3
TouHicTio 1,5...2,5 %.

3. Ha nmixcraBi HaTypHOro Ta TEOPETHYHOTO
EKCIIEPUMEHTIB OyJI0 pO3po0JIEHO METON HMPUCKOPEHHX
71a00paTOPHUX BUNPOOYBaHb AQHTUKOPO3IHHHUX
MacTWJILHUX MaTepialiB, 10 JO3BOJISE MPpoBeCcTH (izuyHe
MOJICITIOBAaHHS IIPOIIECiB aTMOC(EpHOI KOPO3ii Ta OLiHITH
IXHIO KiHETHKY. JlabopatopHi BHIIPOOYBaHHS
MPOBOAMINCST HA PEXHUMaxX, [0 MOJEIIOITh BIUINB
HETaTUBHUX, CEPEIHIX Ta IIO3UTUBHHUX TEMIIEpaTyp.
JlabopaTopHa ycTaHOBKa Ma€ KOe(]imi€HT MPUCKOPEHHS
0,5...1,4 i nmo3Bomsie 3 moBip4oro ¥WMoBipHicTIO 0,95 Ta
BifHOCHOIO  moMmikor 0,05 TOpOBOOUTH  OIHKY
eKCILTyaTalliHHIX BJIACTUBOCTEI AQHTHUKOPO3iIHHHUX
MaCTUJILHUX MaTepiajiB MpoTSIroM 12 HUKIIB TPUBAIICTIO
24 ron.
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DKCIIJIY ATALIMOHHBIE CBOMCTBA
AHTUKOPPO3NOHHBIX CMA30YHBIX
MATEPHAJIOB B ITPOIIECCE TEXHUYECKOI'O
OBCJIY>XKNBAHUA ITPY1 XPAHEHUU
3EPHOYBOPOUYHBIX KOMBAHOB
U M. Kyzemuu

AHHOTaNMA. Pemenne o01edenoBeYeckux,
TJI00aJIBHBIX ITPOOIIEM SHEPTO- U pecypcocOepekeHNs KaK
B MAIIMHOCTPOEHUH, TaK U B arpoNpOMBIIUIEHHOM
KOMIUIEKCE HEpa3phIBHO CBS3aHO C PEIICHHEM 3allUTHI
TEXHUKH OT KOPPO3HH.

CoBpeMeHHass CENbCKOXO3SIICTBEHHAass TEXHUKA W
CaMOXOJHbIE 3epHOYOOpOUYHBIE KOMOANHBI B Y4aCTHOCTH,
9KCIUTyaTUPYIOTCS MEPUOIUYECKH B TEUEHHE OJHOTO WU
JIBYX CE30HOB B TOZ. BOJBIIMHCTBO 3epHOYOOpPOUYHBIX
KOMOaifHOB ~ XpaHHUTCSI Ha  OTKPBHITHIX  IUIOIIAJKax
IPEeJNpUSTUHA arpoONpOMBIIIIEHHOTO KOMILIEKCa, K TOMY
K€ OHA TIOJABEPraeTcs arpecCUBHOMY BO3JEHCTBHIO
OKpyXaromied  cpeabl  (KosiebaHMAM — TeMIlepaTyphl,
BIIAKHOCTH, BO3JECHCTBUIO BETpa, COJHEUHON pajHaliH,
eIl 1 Ap.). OCHOBHBIM BHJIOM BO3ICWCTBUS BHEUTHEH
CpeIsl Ha TEXHHUKY SABISETCA aTMoc(hepHas KOppo3us U
BBI3BAHHBII €10 KOPPO3UOHHBIM M3HOC MaTepUalloB,
JeTanel u y3J0B, 9YTO MPUBOJIUT K €€ MPEKAECBPEMEHHBIM
oTKkazaM. Tak ycTanocTHas KpemnocTb M3AEIUN U3 CTalu
NP XpaHEHWH B TeueHHe 12 MecsAeB Ha OTKPHITOM
IUIOIIAKe cCHIKaeTcs Ha 28—58%.

Hns obecrieueHus BpPEMEHHOMI
NIPOTUBOKOPPO3MOHHOW ~ 3aIlIUTBl  3epHOYOOPOUYHBIX
KOMOaifHOB ~ HMCHOJNB3YyeTCs  OONBIIOE  KOJIMYECTBO

KOHCCPBAIIMOHHBIX H pa60‘l€-KOHCCpBaHI/IOHHBIX Macell.

OmHaKO HEPELICHHOCTH Psiia BOMPOCOB TEOPETUIECKOTO U
MPAKTUIECKOTO XapaKTepa MPUBOAUT K HECOOOCHOBAHHOMY
MPUMEHEHUIO 3alUTHBIX CPEJACTB, KOTOpbIe JHOO HE
00ecrieuynBarOT HEOOXOOUMYIO UIHTEIEHOCTh XpaHCHHS
TEXHHKH, JMO0O  YBEIIMYMBAIOT PacXxoIsl Ha ee
KOHCEPBAIIHIO. CraHIapTu3upOBaHHbIC METOBI
UCTIBITAHUH aHTUKOPPO3UOHHBIX CMa30YHBIX MAaTEPHUATIOB
B NOJABIAIONIEM  KOJIHYECTBE HMEIOT  OOJIBIIOE
KOJIMYECTBO HEIOCTATKOB, TJIABHBIM M3 KOTOPBIX SBIIACTCS
TO, YTO OIICHKA 3all[UTHBIX CBOWCTB MPOW3BOJUTCS B
SIIMHUIIAX, HE TMO3BOJIAIONIMX OLCHUTh CPOK UX NCHCTBHS,
a JIUIIb TIOKA3BIBAIOIINX BEJIMYUHY KOPPO3UHU METAILIA.

KiaroueBbie cJoBa: AHTUKOPPO3UOHHOCTB,
CMa304YHBIC MAaTepHajbl, COXPAaHHOCTh, Y(PPEKTHBHOCTB,
KOMOaWH.

OPERATIONAL PROPERTIES OF ANTICORROSIVE
LUBRICANTS IN PROCESS OF MAINTENANCE
DURING STORAGE OF COMBINE HARVESTERS
I. M. Kuzmich

Abstract. The solution of universal, global problems
of energy and resource conservation in both mechanical
engineering and agro-industrial complex are inextricably
linked with the solution of issues of protection of
machinery from corrosion.

Modern agricultural machinery, and self-propelled
combine harvesters in particular, are operated periodically
for one or two seasons a year. Most combine harvesters are
stored in the open areas of agro-industrial enterprises, and
it is exposed to aggressive environmental influences
(fluctuations in temperature, humidity, wind, solar
radiation, dust and others). The main type of environmental
impact on the equipment is atmospheric corrosion and the
corrosion wear caused by materials, parts and components,
which leads to its premature failure. Thus, the fatigue
strength of steel products when stored for 12 months in the
open reduces by 28-58%.

To ensure temporary corrosion protection of combine
harvesters, a large number of conservation and working-
conservation oils are used. However, the unresolved
number of issues of theoretical and practical nature leads
to the unjustified use of protective equipment, which either
does not provide the required duration of storage of
equipment, or increase the cost of its preservation.
Standardized methods of testing anti-corrosion lubricants
in the vast majority have a number of disadvantages, the
most important of which is that the evaluation of protective
properties is carried out in units that do not allow to
estimate their service life, but only show the corrosion of
the metal.

Key words: anticorrosiveness, lubricants, safety,
efficiency, combine.
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AHoTaNis. OCHOBHUM ITOKa3HUKOM, 110
BUKOPUCTOBYETBCS TSI TOCTIKCHHS HANIHHOCTI €
KOCQIIiEHT TOTOBHOCTI, Wi SKUM  PO3yMIEThCA
HMOBIpHICTE TOTO, IO CaMOXiAHWH OOIpPHCKyBad
ONIMHMTBCS Yy MPAIE31aTHOMY CTaHi y JOBIIBHUI MOMEHT
Yyacy, KpiM 3alUlaHOBaHUX MEPIOJiB, MPOTIATOM SKUX
3aCTOCYBaHHS CaMOXITHUX o0npHCKyBayiB 3a
NpU3HAYCHHSIM  He  mependavaeTrbesi.  BuBeneHHs
aHAIIITHYHOTO BHpa3y I KoedilmieHTa rotoBHOCTI K —
JOCUTH TPYIOMICTKa omeparlist. TpyIoMicTKiCTh 3pOCTae 3
yCKJIaHEHHSAM Tpada, ToOTO NpH IparHeHHI BpaxyBaTH
Olipllle TEXHIYHUX CTaHIB, YMHHHUKIB, SKi BIIMBAIOTh
Tpo1rec TEXHIYHOTO KOHTPOJTIO CaMOXITHUX
oOmpuckyBadiB. Y 3B’S3Ky 3 IIMM PO3B’s3aHHS 3aladi
TaKOro IUIaHy JOLIJIBHO TPOBOJWTH 33 JIOTIOMOTOIO
iMiTamidHOi  Mozeni. 3a  JOMOMOroK  IHCTPYMEHTY
monemoBanns Stateflow mporpamuoro makery Matlab

pO3pobNIeHO  MOJenb, SKa  JIO3BOJISIE  MOJEINIIOBATH
JUCKPETHO-MIOAINHI ~ Momeni. Mojelnb  CaMOXIiJTHUX
obmpuckyBauiB cepen Stateflow i oriHOBaHHS

koedilieHTa TOTOBHOCTI il Yac MPOBEICHHSI TEXHIYHOTO
KOHTpOJIIO 3a TporpaMamu. Pesymbratamu imitamniifHoro
MOJICTIIOBAHHS € 3HAa4YeHHS KoedillieHTa TOTOBHOCTI MpHU
pi3HMX Nporpamax TeXHi4HOro Kourpons — Kg;=0,88 i
K;,=0,90, mo mo3ponsie 3p0OMTH BHCHOBKH TIPO BIUIMB
MIporpaMu TEXHIYHOTO KOHTPOJIIO CaMOXiIHUX
0OMpHCKyBaUuiB Ha 3HAYEHHS KOe(]illieHTa TOTOBHOCTI.
IMOBiIpHOCTI MOMMJIOK IIPH I[LOMY BapilOBANNCS B MeXKax
Big 0 o 1 i Hanexkanu piBHUMU: Q; = a, Ta §; = f,, 1O
LUIKOM OOIPYHTOBaHO Yy BHWIIAJIKaX, KOJHM TEXHIYHHH
KOHTpPOJIb BIJIPI3HAETBCS JIMIIE MicCLeM BHMIpIOBaHHS
rapameTpy TeXHIYHOTO CTaHy, a 3acO0M BUMIPIOBAHHS IIPH
LIOMY OJIHaKOBi. ABTOPKOIO BCTAHOBJICHO, III0 KOE]ILiEHT
TOTOBHOCTI UYTJIMBUI 10 TOMWIKH Jpyroro poxay B
JaHoMy Bunaaky. llngxm moganbmmx — JOCIHIIKEHB
3yCTpi4alOTBCS Yy  JAOCHI[DKEHHI  IHIIMX  Iporpam
TEXHIYHOTO KOHTPOJIO CaMOXiZHHX OONPUCKYyBadiB, y
AKAX KOEQII[iEHT TOTOBHOCTI YyTIMBHH 10 MMOBIpPHOCTI
MIOMUJIOK MEPILOTO POJIY.

KuamouoBi cjoBa: iMmitamiiina Mopenb, Koe(ilieHT
TOTOBHOCTI, CaMOXiZHHH OONpHCKyBad, TEXHIYHUN
KOHTPOJIb.

HocranoBka npoodaeMu

[IpaBunbpHE OIiHIOBAaHHS TOKAa3HWKIB HaXiHHOCTI
ONlHAa i3 OCHOBHHMX YMHHUKIB MiJBHINCHHSA ¢(pEKTUBHOCTI
eKCILTyaTalil CKIaJHUX TeXHIYHHX cucteM [1], sxkumu €
caMoxijHi o6npuckyBaudi [2]. OCHOBHUM MOKa3HUKOM, 110
BUKOPDHCTOBYETBCSL U JIOCHIJDKEHHS HaJiifHOCTI €
koedimieHT rTotoBHOCTi [3], mm sAKUM po3ymieThCs
HMOBIpHICTE  TOTO, III0 CaMOXiAHUI OOmMpHCKyBay
ONMHUTHCA Y Mpale3laTHOMY CTaHl y JOBUIbHUI MOMEHT
yacy [4], kpiM 3arTaHoBaHUX TEpioiB [5], MPOTIroM sKux
3aCTOCYBaHHS CaMOXIiTHUX 00mprCKyBayiB 3a
NpH3HAYCHHIM He nepenbavaeTses [6]. B manwmii wac ms
PO3paxyHKy KoedilieHTa TOTOBHOCTI BHKOPHUCTOBYIOTHCS
MOKAa3HUKW, M0  XapaKTepH3ylOTh  OC3BIAMOBHICTH
caMOXimHUX OoOmpuCKyBadiB (IHTEHCUBHICTH BiJMOB,
cepenHiii yac 6e3BiAMOBHOT po6OTH) [7] Ta MOKAa3HUKH, 1O
XapaKTepU3ylTh CHCTEMY BiIHOBJICHHS Ipale3/laTHOCTI
CaMOXiIHUX OONpHUCKyBauiB (IHTEHCHUBHICTh Ta CEpEeIHii
vac BigHOBIeHH:) [8].

Cepemuiii  4yac  BIJHOBJCGHHS  BKIIIOYa€  4ac
JIIarHOCTYBAHHS 1 YaC BHUKOHAHHS POOIT 3 BiJHOBIICHHS
Mpane3aaTHOCTI CaMOXiTHIX OOMPUCKYBadiB (HAIPHKIIA],
4ac 3aMiHM HECIIPaBHOTO MEXaHi3My, 4ac MepEeMHUKaHH: Ha
pesepBruii komiuiekt) [9]. [pu obuncienni koedimieHTa
TOTOBHOCTI HE BpPaxXOBYIOTbCS MOMWIKA TEXHIYHOTO
koutponto [10], siki MOXyTh CYTTEBO BIUIMHYTH Ha
Koe(il[iEHT TOTOBHOCTI caMoXifHuX obnpuckysauis [11].
Hanpuknan, pu HENpaBUILHOMY BU3HAYCHHI
HECTIPAaBHOTO MEXaHi3My BUKOHYETHCS KOMIUIEKC POOiT i3
3aMiHM HECTPAaBHOTO MEXaHi3My Ha crpaBHuit [12], npu
IIBOMY CaAMOXiTHHH OONPHCKYBa4 TaK 1 3aTUIIUTHCA
HecmpasHoio [13].

AHAaJI3 0CTaHHIX J0CTIIKEHb

VY pobGotax [14, 15] po3riasHYTO BIUIMB ITOMHIJIOK
TEXHIYHOTO KOHTPOJIO Ha KOe(illieHT TOTOBHOCTI i3
3aCTOCYBaHHIM MapKiBChbKOI MOJieNli. Y PO3BUTOK IIHOTO
MiIX0Ay B I CTaTTi MPOIMOHYETHCS HOBA iMiTalliiiHa
MOJIeNb, IO JO3BOJIAE OI[IHWTH BIUIMB HAa KOEQIiIlieHT
TOTOBHOCTI CaMOXiHHUX OONPHCKYyBadiB HACTYITHUX
¢axTopiB:
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- IPOrpaMu TEXHIYHOTO KOHTpoJIio [16];

— iHTEepBaTiB dYacy MDK IHMKJIaMH BHKOHAHHS
MPOTpaMu TEXHITHOTO KOHTpOITio [17];

- XapaKkTepUCTHK NEpeBipoK, IO BXOIATh [0
MIPOTPaMH TEXHIYHOTO KOHTPOJIO (TPUBAJIOCTI MEPEBipPOK,
MOMIJIOK TIEpIIIOTo i apyroro poxay) [18].

CyuyacHi camoOXifHi OOIPHCKYBadi, SIK IPaBHJIO, €
CHUCTEeMaMH YIpaBIiHHA 1 BKIIOYAlOTh TPU OCHOBHI
KOMIOHEHTH: 00’ekT ynpapiinas [19], kepyrounii opran
[20] i cucTemy 3BopoTHOTO 3B 513Ky [21].

OO0’€eXT ympaBIiHHS € TEXHIYHOK CHUCTEMOIO, sKa
Moke OyTH y TMpane3faTHOMY 4Yd  OJHOMY 3
HeTpare3 aTHuX cTaHiB [22]. V Mexax MOCITiKeHHS He
PO3TILINAIOTECST CaMOYCYBalOdi BiJIMOBH, OTXeE, 00’ €KT
YOpaBIiHHS MOXe€E TEpPEeUTH 3 Tpare3laTHOTO B OIHH i3
HeTpare31aTHUX CTaHiB i3 3aJaHO0 iHTeHCHBHICTIO [23].

Kepytoumnit opran npusHaueHuH 111 GOpMyBaHHA Ta
BHAIAa4Yi KEpPYyIUYNX BIUIMBIB Ha OO0’€KT YIpaBIiHHI
BIIMIOBITHO JI0 IUJILOBOIO IPH3HAYCHHS CAMOXITHUX
obnpuckyBauis [24]. Y 3aBmpaHHs 00’€KTy yIpaBIiHHS
TaKOX HAaJEXHUTh BIJHOBJEHHS Ipale3laTHOCTI 00’€KTy
YIpaBIiHHSA Yy pa3i BAHUKHECHH BimMoB [25].

Cuctema 3BOPOTHMI 3B’SI30K Yy 4YacTHHI, IO
cTocyeTbCcsl  3a0e3ledeHHs  HAOifHOCTI  caMOXIiJTHUX
oOmprCcKyBauiB, BUKOHYE (YHKII KOHTPOIIO Ta

JiarHoCTyBaHHs 00’ €KTy ynpasiinus [26]. ¥V 1i 3aBnanHs
BXOJWTH BU3HAUCHHS (PAaKTy BiIMOBH 00’ €KTY YIIPaBIIHHS
(koHTpONIB) Ta Micus BiAMOBH (miarHoctyBauHs) [27].
[lporiec  TEXHIYHOTO  KOHTPONIKO  XapaKTePH3YETHCS
MOCHIZIOBHICTIO  MEPEBIipoK  (POrpamMoI0  TEXHIYHOTO
KOHTpOJIIO) Ta MapamMeTpaMH IepeBipoK: TPUBAIICTIO,
MOMUJIKAMH TIEPIIOro Ta apyroro poay [28]. IpoGaemi
NoOyZOBH ONTHMAIbHUX 32 PI3HUMH TOKa3HHUKaMHU
(1OCTOBIPHOCTI, TPUBAJIOCTI, IHPOPMATHBHOCTI) Mporpam
TEXHIYHOTO KOHTPOJIO TPHCBSYEHO O€3JiY HayKOBUX
mpans [4-11], ToMy B pamkax mi€l CTarTi mporpama
TEXHIYHOT'O KOHTPOJIIO HAJISKHUTH TOOYI0BaHIH O OJHOMY
3 BiJOMHX aJITOPUTMIB.

Mera gociigkeHn

Mera nociipkeHb — BHUKOHATH OIMC aHATITHYHHX
NOJIOKEHb ~ OLIHIOBaHHS  KOe(illieHTa  TOTOBHOCTI
CaMOXiJIHUX OONpPHUCKYBa4iB 3a PEXKHUMIB TEXHIUHOTO
KOHTPOJIIO.

Pe3yabTaTn n0ciaigxeHb

Cnijg 3a3HAYMTH, [0 MaTEMaTU4YHI MOJEN BCIX
KOMITOHEHTIB CaMOXiZHUX OONpPHCKYBadiB B O3BYYEHIiH
MIOCTAHOBIlI  JOCUTH 100pe BHBYEHI. Y  Mexkax
JOCITIJUKEHHS ~ TIOCTAaBIICHO  3aBHAHHS  OI[iHIOBaHHA
KoedilieHTa TOTOBHOCTI CaMOXiZHHUX OONPHUCKYBadiB 3a
HasBHOCTI CHUCTEMH TEXHIYHOTO  KOHTPOJIO, IO
(YHKITIOHYE 3a 3aJaHOI0 MpOorpaMoro. TakuM YHHOM,
MOJKHA 31IHCHUTH MaTeMaTHIHY IIOCTaHOBKY 3ajadi.

Jano. Monienb 00’€KkTa TEXHIYHOTO KOHTPOIIS My

My =(S,L, L, T,A,B,L°, A, C, Ty, X),
ne S={S;li=0,n} — MHOXMHA TEeXHIiYHHX CTaHiB
CcaMOXiTHUX OOMpHCKyBadiB S, — Tpame3laTHUH CTaH,
Si, ., Sy — Hempane3gaTHUN CTaH, SIKUA 0OyMOBIIEHWH

OJIMHUYHUMH BigMoBaMu (YHKIIOHYBaHHS MeEXaHi3MiB
CaMOXiTHUX OONPHUCKYBa4yiB 3 TIHOWHOIO JO SKHX
3MIACHIOETBCS  TEXHIYHHH  KOHTPONb  IMapaMeTpiB
TEXHIYHOTO CTaHY;

L= {lj lj = 1, m} — MuoxuHa onepauiii TexHiuHOro
KOHTPOJIO TapaMeTpiB TEXHIYHOTO CTaHy CaMOXIiTHUX
00TIpHCKyBayiB;

L= {fij li = 0,n; j= L—m} — MHOXXHWHA MOJEIBHUX
BUXIZIHUX OIepaliii TeXHIYHOTO KOHTPOJIIO IapaMeTpiB
TEXHIYHOT'O CTaHy CaMOXiJHUX OONpHUCKyBauiB «0» — «He
HOpMay, «1» — «HOpMay;

T = {1, |j = 1,m} — MHOXMHa TPHBAIIOCTi OMepaIiit
TEXHIYHOTO KOHTPOJIIO MapaMeTpiB TEXHIYHOIO CTaHy
CaMOXIIHUX OOIIPUCKYBaYiB;

A=f{a,|j=1,m} - wmHokuHA iiMOBipHOCTI
MOMHJIOK IIEPIIOro POAY ONepaliii TEXHIYHOTO KOHTPOJIIO

napaMeTpiB TEXHIYHOTO CTaHy CaMOXITHUX
00TIPHCKYBaUiB;
B={b,|j=1,m} - wmuOXuHa iiMOBipHOCTI

MOMHJIOK APYTOTO POy OINepalii TEXHIYHOTO KOHTPOJIIO

mapaMeTpiB TEXHIYHOTO CTaHy CaMOXiTHUX
00TIpHCKYBaYiB;
L°={l?]i=0,n} - MHOXMHHA  amnpiOpHHUX

HMOBIpHOCTEH Mpare3qaTHUX BUAIB TEXHIYHOTO CTaHy B
[I0YaTKOBUN MOMEHT yacy T = 0;

A={1;li=0,n} — MHOXHHA iHTGHCHBHOCTEH
Mepexo/IiB i3 cTaHy Sy B cTaH S; (IHTEHCHBHOCTI Bi]MOB);

C={c;li=0,n} — MHOXHHa iHTeHCHBHOCTEIf
nepexoiB i3 crany S; B craH S; (iHTEHCHUBHOCTI
BiJIHOBJICHB);

Ty — iHTEpBan uacy MDK IIMKIaMH TEXHIYHOTO

KOHTPOJII0 TapaMeTpiB TEXHIYHOTO CTaHy CaMOXIiJHHUX
o0npuckyBayiB (IEpiOANYHICTD);

x:S-L—> L — BinoOpaxkeHHs, siKe BCTAHOBIIOE Y
BiNOBITHICTE  TEXHIYHOMY  KOHTPOIIO lj Horo
3aBEpILCHHS, SKIIO CAaMOXIIHUI 00MpUCKyBay mepedyBae
B CTaHi §;

Hano. Mopenb mporpaMu TEXHIYHOTO KOHTPOJIS
My

Mptk = (Moex, Q, G, ),

ne ) — MHOXWHA iHpOpMaIifHUX CTaHIB NPOrpaMu
TEXHIYHOrO  KOHTPOJs, KA €  MiAMHOXHHOIO
KOHTPOJIbOBAHUX TEXHIYHHX CTaHiB, B OJHOMY 3 SIKHX
MO€ 3HAXOAUTHCh CAMOXITHUN OOMPUCKYBAY B MOTOYHIN

(a3i Tporecy TeXHIYHOTO KOHTPOJIIO:
m+1

Q={w,|lw, €S}k0=1,0,0 = Z ok,, =2m1 -1
k=1

G — MaTpuIld nepexoiiB MiX iHQOpMAIfHUX CTaHIB
MPOrpaMH TEXHIYHOTO KOHTPOJISL:

G = {{w,, (W, , wi)}

@ (w, , i) = 1, AKII0 TIPOTIEC TEXHITHOTO KOHTPOITIO
MOXKe Tmepedtd i3 w, B Wy, @(w,,wr)=0 B
MPOTHIIC)KHOMY BUIMAJKY:

Y:6->L-L

HeoOxiHO O4iHMTH BIUIMB NPOTpaMH TEXHIYHOTO
KOHTPOJIIO Ha KOeQIIieHT TOTOBHOCTI CaMOXiJHOTO
obnpuckyBaya:

Ky = P(S).

Mogenp mpouecy BiIMOB 1 BiTHOBJICHHSI CAMOXI1THIX

o0mprCcKyBadiB, K MPaBWIO, MPEICTABIAETECA B (HopMi
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MapKiBCBKOTO TIPOILIECY, Ipad CTaHy SIKOTO IPEICTaBICHO
Ha puc. la. Jlana Moiensb 103BOJISIE BU3HAYNTH KOE(DIIi€HT
TOTOBHOCTI CaMOXiTHOTO OOMPHCKYyBada, aje He BPaxoBYye
XapaKTePUCTHKH POIECY TEXHIYHOTO KOHTpoiro. s ixX
00Ky B TIpOIIeCi BiTHOBIIEHHS BBEICHO JTOJATKOBHIA CTaH
S;, AKMM TO3HAYAE€THCA PEXKUM TEXHIYHOIO KOHTPOJIS
(puc. 16). IHTEHCUBHICTH NEPEXOIB B CTaH S; 3BOPOTHO
NpOMOpIiiHa IHTEpBay MIDXK IHUKJIAMU TEXHIYHOTO
KOHTPOIIO Ty, TOOTO mepiogudHocTi. I3 crany S, mporec
TEXHIYHOTO KOHTPOJIO MOXE MepedTH B CTaH S, Ipu
KOPEKTHOMY pe3yJIbTaTi TEXHIYHOT'0 KOHTPOJIIO ITapamMeTpa
TEXHIYHOTO CTaHy 1 3BOPOTHO B IOTOYHHUI TEXHIYHUH CTaH

a)

{S; li = 1,n} y Bunajixy MOMHJIKM TEXHIYHOTO KOHTPOJIIO.
OueBHUIHO, 110 PO3IVIIHYTHH NPOIEC HE € MapKiBCHKHH,
TaK fK Tepexin i3 cTaHy S, B cTaHy S; 3alleXKUTh Bill
HOIIEPEAHBOTO CTaHY.

L1 Momens J1O3BONSE BpaxOBYBaTH 3arajbHY
JIOCTOBIPHICTh TEXHIYHOTO KOHTPOJIO, TpoTe 3a il
JIOTIOMOT'OI0 HEMOJKJIMBO OIIIHUTH BIUIMB XapaKTEPHUCTHK
OKpeMoT MepeBipku Ha KoeillieHT ToTOBHOCTI. J{yis 11p0ro
3aMiHMMO KOXEH CTaH S, /S; rpadoM, 10 3a/1a€ Iporpamy
TEXHIYHOTO KOHTpOMO (pHuc. 2), B SKOMY BH3HA4UMO
HMOBIPHOCTI TMOMWJIOK TEXHIYHOTO KOHTPOJIO 32

HACTYIHHAM TpaBmiioM (1).

Puc. 1. Mojens nporecy BiIMOB Ta BiJIHOBJICHHsI CAMOXIIHUX OOIPUCKYBaYiB.
Fig. 1. Model of the process of failure and recovery of self-propelled sprayers.

Puc. 2. ®parment rpacda, 1o 3agae IporpaMmy TEXHIYHOTO KOHTPOJIIO CaMOXiTHUX OOMPHUCKYBadiB.
Fig. 2. Fragment of the graph specifying the program of technical control of self-propelled sprayers.

(1 -, axmo [Y((w, , w)) = (m;, V] A (x{S;, 1} = 1)

Yok _

@, scnio [W((w, , wi)) = (m, 0)] A ({7} = 1)
s; 1 — B, axwo [P, , wi)) = (m;,0)] A (x{S;, m;} = 0)

o))

U B, sixmo [¥((w, , i) = (m;, D] A (x{S;, 7} = 0)

ImiTamifina Momens  BU3HAUCHHA  KoeilieHTa
TOTOBHOCTI caMOXifiHUX oOmpuckyBayiB. Hexail 00’ekT
TEXHIYHOTO KOHTPOJIIO CKIIQJA€ThCsS 13 JBOX OJIOKiB

(puc. 3).

ImiTanmitiny  Mogenms  koedillieHTa  TOTOBHOCTI
caMoXiIHUX oOnpHCcKyBadiB MoxkHa y (opmi Tadbmmwi 1. 3a
BUXITHUMHM JaHUMH MOJeNi ToOynyeMo mporpamy
TEXHIYHOT'O KOHTPOJIIO CAMOXiTHUX OOIPHCKYBayiB:
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Hnst BHUBEJICHHS aHaJITHIHOT 3aJICKHOCTI
koe(imieHTa TOTOBHOCTI BiJ ITOKa3HHWKIB TEXHIYHOTO
KOHTPOJIO CaMOXITHHX OOIPHCKyBadiB, peali3yeMo
mporpamy TEXHIYHOTO KOHTPOJIIO CaMOXiTHUX

oOmpuckyBauiB  (puc.
MIPEACTABIEHOI pHC. 5.

4a) K MapKiBCBKOi MOZeTi,

Puc. 3. O0’€XT TEXHIYHOTO KOHTPOJIIO.
Fig. 3. Object of technical control.

Taoauua 1. 3araapHuii BUI iMITALiHHOT MOIENI.
Table 1. General view of the simulation model.

S m T, L° A C
S, 1 1 LY

Sy 0 0 L3 ) 251
Sy 0 1 LS A, Ha
A ay a,

B B B2

Puc. 4. [Iporpamu TeXHIYHOTO KOHTPOJIO 3 Pi3HOIO
MOCITIIOBHICTIO OTIEparliif.

Fig. 4. Technical control programs with different
sequence of operations.

Puc. 5. Monenp MapKiBCHKOTO MPOIIECY JIJIS MPOTPAMH TEXHIYHOTO KOHTPOIIIO CAMOXiTHUX OOTIPUCKYBaYiB.
Fig. 5. Markov process model for the program of technical control of self-propelled sprayers.

Ha puc. 5 npuitHaTi HacTynHi TO3HAYECHHS:

S505152/Sy  — PpeKMM  TEXHIYHOrO  KOHTPOIIIO
CaMOXIiIHUX OOIIPUCKYBayiB st CTaHy Sy,

S05152/51 PSKHM  TEXHIYHOTO  KOHTPOJIO
CaMOXIiTHUX OOIPUCKYBAaUiB AJIs CTaHy Sy;

S50515,/S, PEKHUM  TEXHIYHOIO  KOHTPOIIO

CaMOXIiTHUX OOTIPUCKYBAYIB IIJISI CTaHY S,;

So/So — (hikcaris mpane3gaTHOrO CTaHy CaMOXiTHIX
oOnpHcKyBayiB [yl CTaHy Sy, IPH SKOMY OONpPHCKyBad
JUICHO Tpane3aaTHH;

5:15,/Sy — (Gikcamis Hempare3gaTHOrO  CTaHy
CaMOXiTHUX OOIMpPHUCKYBadiB JUIA CTaHy S1S,, IIPH SIKOMY
o0IpHCKyBaY 1ie 3HAXOJUTHCS B Tpale3jaTHOMY CTaHi;
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S1/So — ikcamis  Hempame3gaTHOrO0  CTaHy
CaMOXiJTHUX OOTPHUCKYBadiB JJIs CTaHy S;, MPH SKOMY
0o0IprCcKyBay I1e 3HaXOIUTHCA B TIpaIle31aTHOMY CTaHi;

S,/Sy — (ikcamis = Hempame3maTHOTO  CTaHy
CaMOXIJIHUX OOIPHUCKYBadiB JJIsl CTaHy S,, NpU SKOMY
oOnpHCcKyBad e 3HaXOJUTHCS B Ipale3JaTHOMY CTaHi;

T, — cepenHiii yac BiHOBIICHHSI JUIsl TUX CTaHiB, B
SIKHX 3a(iKCOBaHO CTaH Sy;

Ty1 — cepenHiii yac BiTHOBIICHHS IUISI TUX CTaHIB, B
SIKHX 3a(piKCOBaHO CTaH Sy;

Ty, — cepenHiii yac BiHOBIICHHS IUISI TUX CTaHiB, B
SIKHX 3a(iKCOBaHO CTaH S,;

T; — TPUBAIICTH OMNEpaliii TEXHIYHOrO KOHTPOJIO

Ty,

T, — TPUBAIICTH OMNeEpaliil TEXHIYHOrO KOHTPOJIO
Ty,

T, — idTepBan wacy MiX LHKIAMH TEXHiYHOTO
KOHTPOJIIO;

a,, a, — WMOBIPHICTh MOXUOOK MEPIIOr0 POAY A
MepEeBIPOK 774 17Ty

B1, B, — AMOBIpHICTE TOXMOOK IPYyroro pomy IJist
TIePEeBIPOK T4 1 1T,.

Mopenb, 0 NpeACTaBIeHa PHUC. 5, MPOTH paHille
BIZIOMHX Ma€ TaKi MepeBaru:

- MOXJIMBICTh PO3INISAY PO3LIMPEHOr0 CKIIAIy
TEXHIYHUX CTaHIB;

- MOYJIUBICTh ypaxXyBaHHS IIOMIUIOK 0 Ta 3 7S BCiX
TIEPEBipOK.

BuBenenHs aHaNITHYHOTO BHpa3y Uil KoedilieHTa
rotoBHocTi K JIOCUTHh TPYAOMICTKAa OIeparris.
TpynomicTkicTh 3pocTae 3 yckiagHeHHsAM rpada, To0To
NpU TparHeHHI BpaxyBaTd OublIe TEXHIYHMX CTaHiB,
YHHHUKIB, SIKi BIUTMBAIOTH MPOIIEC TEXHIYHOTO KOHTPOIIO
CaMOXIIHUX OOTIPHCKYBayiB. Y 3B 13Ky 3 IUM PO3B’sI3aHHS
3aj1a4i TaKoro IUIaHy JOLIBHO MPOBOJUTH 32 JOMOMOTOI0
IMITAIiHHOT MOIETI.

ImiTamifina Momens  OIiHIOBAaHHA  KoedilieHTa
TOTOBHOCTI CKJIAJHOI TEXHIYHOI CHCTEMH IS HPOTpaMu
TEXHIYHOTO KOHTPOJIO CaMOXIIHUX OONPHCKYBadiB 3
ypaxyBaHHIM [TOKAa3HHUKIB TEXHIYHOTO KOHTPOITIO.

3a 1oIroMOoT o010 iIHCTPpYMEHTY MoiemoBaHHs Stateflow
mporpamMHoro maketry Matlab po3pobieHo mozenb, ska
JIO3BOJISIE  MOJIENIIOBATH  JAMCKPETHO-TIOMIMHI  MOJEII.
Mopens camoxigHuX o0mpucKyBadiB cepea Stateflow s
OIIIHIOBAaHH: KOe(iI[ieHTa TOTOBHOCTI i1 4ac MPOBEICHHS
TEXHIYHOTO KOHTpOJO 3a mporpamoro Nel (puc. 4a)
MIpeACTaBIEHO pUc. 6, Ta i TOKIaIHUHI ONUC — puUC. 7.
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Puc. 6. Mozaens camoxigaux obmpuckyBadiB cepen Stateflow miist oriHroBaHHS KoedillieHTa TOTOBHOCTI Mia yac
MIPOBEJIEHHST TEXHIYHOT'O KOHTPOJIIO 3a mporpamoro Nel (puc. 4a).
Fig. 6. Model of self-propelled sprayers among Stateflow to assess the coefficient of readiness during the technical

control of the program Nel (Fig. 4a).
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Ter2)+(1/Ter1)) dt<fnc

(1T

fffnc <=(1/Ter1)'ds

| Sf57 S —
‘ exitnS1=nS1+1;

L fnc <=(1/Td)'df

[(17Td)*de<f

inc &&fnc<=((1/Tsr2)#(1/Tsr1))"dt]

~__[s2 S —
—lexitns2=ns2+%; L —

T

_ fsosis2 2
Tdyde exit: nS0S152_S2 = nS0S152.52 + 1
] 3 3 IR

TorTT

fric <=(1

S0S182_S0 =
exit: nS0S1S2_S0 =nS0S182_S0 + 1; p—""
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Puc. 7. Mopenp camoximHux oOmpuckyBadiB cepexn Stateflow ams oriHroBaHHS KoedillieHTa TOTOBHOCTI ITiJ Yac
MIPOBEICHHS TEXHIYHOTO KOHTPOIIO 3a porpamoro Ne2 (puc. 40).
Fig. 7. Model of self-propelled sprayers among Stateflow to assess the coefficient of readiness during the technical

control of the program Ne2 (Fig. 4b).

BuxigHAMHU JaHUMHE /IS IMITAIIHHOTO MOTYJTFOBaHHS
oymu: Tepi=1000 rox, Tep=1500 roxm, Ty=0,6 rog,
Ts=0,8 ron, T,=0,05 rox, 1:=0,02 roxm, t=0,01 roxu,
T,=48 rox, 01=0,2, 0,=0,15, f1=0,15, p2=0,2, ne Tepi, Tcp2
— CepeHs TPUBAIICTH 0€3BIIMOBHOI pOOOTH CaAMOXiTHOTO
00IprCKyBaya MepIIoro i APYTroro HOoro MexaHi3my.

[ mporpamMM TEXHIYHOTO KOHTPOJIIO CaMOXiJTHUX
oOmpuckyBauiB, 300pakeHoi Ha puc. 40, Momenb
CaMOXITHUX OOMpHUCKyBadiB OyqyeThcs aHAJOTIYHO,
BiIMIHHICTIO Oyze iHImUI HaOip CTaHIB, OCKUTBKH Pi3HUMA
MOPSIIOK Ofepaniid TEXHIYHOTO KOHTPOJIIO.

PesynbraTamMu  IMITaliHHOTO  MOJICNIOBAHHS €
3HaYeHHs KoedillieHTa TOTOBHOCTI MPH PI3HUX MpOTrpaMmax
TEXHIYHOTO KOHTPOJIS K;1=0,88 i K =090, mo
JI03BOJISIE  3pOOMTH BHCHOBKHM NP0 BIUIMB IIPOrpaMu
TEXHIYHOTO KOHTPOJIIO CaMOXiJHHX OONpHCKyBadiB Ha
3HAYEHHs KoedillieHTa TOTOBHOCTI.

Ha puc. 8 npexncraBiena 3anexHICTh KoedilieHTa
TOTOBHOCTI BiJ| TIEPIOANYHOCTI TEXHIYHOTO KOHTPOJIIO 32
PI3HMX TpOrpaM TEXHIYHOTO KOHTPOJIIO CaMOXIJIHUX
oOIprcKyBadiB.

Ha puc. 9 mpencraBneHi rpadikm 3aJeKHOCTI
koe(imieHTa TOTOBHOCTI BiJ HMOBIPHOCTEH MOMHIIOK
MePIIOTO Ta JAPYroro poay. IMOBIpHOCTI TOMHJIOK TNPH
bOMY BapitoBanucs B Mexax Big 0 mo 1 1 Hamexamu
piBHUME: a; = a, Ta ; = f,, IO LIJIKOM OOIPYHTOBaHO
Yy BHIQJKaX, KOJM TEXHIYHHUH KOHTPOJIb BIAPI3HSIETHCS
JMIIEe MICIEM BHMIPIOBAaHHSA IapaMeTpy TEXHIYHOTO
CTaHy, a 3acO0M BUMipIOBaHHS IPH [LOMY OJHAKOBI.
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Puc. 8. 3anexHocTi KoedimieHTa TOTOBHOCTI BiJ
MEPIOJUYHOCTI  TEXHIYHOTO  KOHTPOJIO  CAaMOXIJTHHX

00IprCKyBaUiB 3a Pi3HUX MIPOTpaM.

Fig. 8. Dependencies of the readiness factor on the
periodicity of technical control of self-propelled sprayers
for different programs.

3 puc. 9 BuaHO, 1110 Koe(illiEHT TOTOBHOCTI Yy TIUBHN
JI0 TIOMWJIKH JIDYroro poxy B naHoMy Bumaaky. Llmsxn
MOJAJBUIMX JOCII/UKEHb 3yCTPIYalOThCS Y JOCIHIIKEHHI
IHIMUX TpOrpaM TEXHIYHOTO0 KOHTPOJIO CaMOXIJTHHUX
00IprCKyBayiB, y AKUX KO€(ili€eHT TOTOBHOCTI Yy TIMBHI
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Puc. 9. 3anexHocTi KoedillieHTa TOTOBHOCTI Bif
HWMOBIPHOCTEHN MOMIIOK TEXHIYHOT'O KOHTPOJIIO, OTPUMaHi
B PE3yJIbTATI IMITALIHHOTO MOETIOBAHHS Ta aHATI THIHIM
croco0oM.

Fig. 9. Dependences of the readiness factor on the
probabilities of technical control errors obtained as a result
of simulation and analytical methods.

OTpumaHi  pe3ynbTaTH  JO3BOJIIIOTH  3pOOUTH
BUCHOBOK  MpO  HEOOXigHiCTE  OOJIKYy  BIUTUBY
XapaKTepUCTHK 1 MOKAa3HHUKIB TEXHIYHOTO KOHTPOIIO
CaMOXiTHUX OOIMpHCKyBadiB Ha KOEQIIlieHT TOTOBHOCTI
caMOXimHUX oOmprcKyBadiB. Po3pobieHi Moaemni MOXyTh
OyTH BHKOPHCTaHI IJIs BU3HAUYCHHS OPi€HTOBHUX 3HAYCHB
MEPIOMYHOCTI  TEXHIYHOTO  KOHTPOJIO  CaMOXIJHHUX
o0npHCcKyBayiB, a TAKOXK A7 HOpMyBaHHS ITOCIIIOBHOCTI
Ta CKJIaJy MEPEeBipOK 3 METOIO MiJBHIICHHSA KOe]illieHTa
TOTOBHOCTI CaMOXIiTHUX OOTPUCKYBAYiB.

[omanpim JOCHIIKCHHS MOXYTh OYTH TMOB’si3aHi 3
PO3LIMPEHHAM CKJIQJy TEXHIYHMX CTaHIB Ta IIEPEBIpPOK
O3HAK BTpaTH Mpare3aaTHOCTI CaMOXIJTHUX
o0mprCcKyBadiB.

BucHoBku

1. BuBeneHHs aHATITUIHOTO BUPA3y [T KoedimieHTa
TOTOBHOCTI CaMOXiTHHX OOIpPHCKyBadiB K, — nmocutsb
TpynoMicTka omnepauis. TpymoMiCTKICTE 3pocTae 3
yCKJIaMHEeHHAM Tpada, ToOTO NMpH MparHeHH! BpaxyBaTh
OlIbIIE TEXHIYHUX CTaHIB, YHMHHHKIB, SKI BINIMBAIOTH
mporiec TEXHIYHOTO KOHTPOITIO CaMOXITHUX
oOmpurckyBadiB. Y 3B’SI3Ky 3 UM pPO3B’s3aHHS 3a/adi
TaKoOro IUIaHy JOLJIBHO IIPOBOAWTH 32 JOIOMOTOIO
iMiTamiifHOT Mojenmi. 3a  OMOMOTOK0  IHCTPYMEHTY
mozemoBanHs Stateflow mporpamHoro makery Matlab
pO3pO0JCHO  MOJEb, SKa JIO3BOJISIE  MOJEINIOBATH
JUCKPETHO-TIOIMHI MOJICITI.

2. Pesynpraramy IMITaI[ifHOTO MOJENIOBAaHHS €
3Ha4YeHHs Koe(illieHTa TOTOBHOCTI ITPH Pi3HUX Mporpamax
TeXHiYHOTO KOHTpona — K 1=0,88 i K;,=0,90, mo
JIO3BOJISIE  3pOOMTH BUCHOBKHM NP0 BIUIMB TIPOTpaMu
TEXHIYHOTO KOHTPOJIIO CaMOXiJHHX OONpPHCKyBadiB Ha
3HAYCHHS Koeilli€eHTa TOTOBHOCTI.

3. IMoBipHOCTI TOMMIIOK BapiroBajucs B Mexax Big 0
1o 1 i Haje)kanu piBHUMHA: a4, = A, T1a f; = [§,, O IIIKOM
OOIPYHTOBAHO y BHIAIKax, KOJM TEXHIYHHUH KOHTPOJIb
CaMOXIIHUX OONPHUCKYBaYiB BiJPI3HAETHCS JIHIIE MiCIIEM
BUMIPIOBaHHS TapaMeTpy TEXHIYHOTO CTaHy, a 3aco0u
BUMIPIOBAaHHS IIPH 1IbOMY OJIHAKOBI.
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AHAJIMTUYECKUE ITOJIOXXEHWA OUEHNBAHUWA
KOS®UIMEHTA TOTOBHOCTH CAMOXO/IHBIX
OITPBICKUBATEJIEU 110 PEXKUMAM

TEXHUYECKOI'O KOHTPOJIA
U. C. Jliobuenko
AHHOTaL M. OCHOBHBIM [IOKa3aTeseM,

WCTIOJIb3YEMBIM JIJISI HCCIIEI0OBAHMS HAJISKHOCTH, SBIISIETCS
KO3((HUIIMEHT TOTOBHOCTH, TOJ KOTOPHIM TOHHUMAETCS
BEPOSITHOCTh TOTO, YTO CAMOXOJHBIA OIMPHICKUBATEIH
OKaxeTcs B  pabOTOCIIOCOOHOM  COCTOSIHUM B
MIPOU3BOJIBHBIN MOMEHT BpPEMEHH, Kpome
3aIUTAHUPOBAHHBIX IEPHOJOB, B TEYCHHE KOTOPBIX
MPUMEHCHHE  CaMOXOJHBIX  ONPBICKHBaTeNle 1O
Ha3HAYCHUIO HE IpeycCMaTpUBACTCS. BriBog
AHAIMTHYECKOTO  BBIPAXKCHHA I KodpduimeHTa
rOTOBHOCTH K; — JOBONBHO TPYNOEMKas OIEPANUS.
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TpymoeMKOCTh pacTeT ¢ yCIOoKHEHHEM rpada, TO eCThb IpH
CTPEMJICHHH Y4YE€CTh OONBIIEe TEXHHYECKUX COCTOSHUIM,
(akTOpOB, BIISIIOIUX HA TMPOIECC TEXHUIECKOTO
KOHTpPOJISI CaMOXOAHBIX ONpbICKKMBaTenell. B 3Toil cBs3u
PpelIeHe 3a/1a41 TaKOTo IUIaHA [IeIeCO00pa3HO MPOBOIUTH
C TIOMOMPI0 HWMHTAMOHHOW Moaenn. C IMOMOIIBIO
HHCTpyMeHTa MopenupoBanus Stateflow mporpammuoro
makera Matlab paspaborana Momenb, IMO3BOJSIONIAS
MOJICIIMPOBATh TUCKPETHO-COOBITHITHBIC MOJIeNI. Moienb
CaMOXOJIHBIX omnphickuBatenein cpenu Stateflow s
OIICHKHA KO03((UIMEHTa TOTOBHOCTH MpPHU MPOBEICHUH
TEXHUYECKOTO KOHTPOJIS HaJ mpoTrpaMMaMHu.
Pesympraramu AMUTAHOHHOTO MOJICITNPOBAHHS
SIBIISIFOTCSL  3HAYEHUS KOd(PUIHMEHTa TOTOBHOCTH IIPH
Pa3IMYHBIX OPOTpaMMax TEXHUYECKOTO KOHTPOIS —
K;1=0,88 u K;5=0,90, uT0 mo3BOJISET CHENATh BHIBOJ O
BIMSIHAM TPOTPAaMMBI TEXHHYECKOTO KOHTPOJS Ha
CaMOXOIHBIX OMpPBICKUBATEINCH Ha 3HAYCHUE
ko3(¢unrenta roroBHocTH. BepositTHocTH OomMOOK npu
S9TOM BapbupoBaluch B mpegenrax or 0 mgo 1 wu
MIPUHAJICIKATH PABHBIMU: A = A, U 1 = [§,, UTO BIIOJHE
000CHOBaHO B CIy4yasX, KOTJIa TEXHUUYCCKUH KOHTPOJIb
OTIIMYAeTCd TOJNBKO MECTOM H3MEpeHHs Iapamerpa
TEXHHYECKOTO COCTOSHHUS, a CpEeACTBA HW3MEpPEHUS
OJIMHAKOBEL. ABTOPOM YCTaHOBIICHO, 4TO KO3(duIueHT
TOTOBHOCTH YYBCTBUTEJCH K OINHOKE BTOPOTO pPOAa B
JaHHOM ciydae. IlyTm panpHEHIIMX HcCIeI0BaHUR
BCTPEYAIOTCS B  HCCICAOBAHMM JPYIHX [POTpaMM
TEXHAYECKOT'0 KOHTPOJISI CAMOXO/IHBIX OTPBICKUBATEICH, B
KOTOPBIX KOA((UIMEHT TOTOBHOCTH UYBCTBHUTEJICH K
BEPOSITHOCTH OMIMOOK MIEPBOTO POJa.

KawueBble cjioBa:  UMHTAI[HOHHAS  MOJCIb,
KO3((PHUIUEHT TOTOBHOCTH, CAMOXO/IHBIN OMPHICKUBATEIb,
TEXHUYECKUN KOHTPOJIb.

ANALYTICAL PROVISIONS FOR EVALUATION
OF READY CAPITAL RATIO OF SELF-PROPELLED
SPRAYERS UNDER TECHNICAL CONTROL
MODES
I. S. Lyubchenko

Abstract. The main indicator used for the reliability
study is the readiness factor, which means the probability
that a self-propelled sprayer will be operational at any time,
except for planned periods during which the intended use
of self-propelled sprayers is not expected. Derivation of the
analytical expression for the readiness factor K, is a rather
time-consuming operation. The complexity increases with
the complication of the graph, ie in an effort to take into
account more technical conditions, factors that affect the
process of technical control of self-propelled sprayers.
Therefore, it is advisable to solve the problem of such a
plan using a simulation model. Using the Stateflow
modeling tool of the Matlab software package, a model has
been developed that allows modeling discrete-event
models. Model of self-propelled sprayers among Stateflow
for estimating the coefficient of readiness during technical
control of programs. The results of simulation are the
values of the readiness factor for different technical control
programs - K;;=0.88 and K,,=0.90, which allows us to
draw conclusions about the impact of the technical control
program of self-propelled sprayers on the value of the

readiness factor. The probabilities of errors varied from 0
to 1 and were equal: a; = a, and B, = ,, which is quite
justified in cases where technical control differs only in the
place of measurement of the technical condition parameter,
and the measuring instruments are the same. The author
found that the readiness factor is sensitive to errors of the
second kind in this case. Ways of further research are found
in the study of other programs of technical control of self-
propelled sprayers, in which the readiness factor is
sensitive to the probability of errors of the first kind.

Key words: simulation model, readiness factor, self -
propelled sprayer, technical control.
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bi6n. 9, puc. 4, maén. 3.

Anoranig. [TanBo eKOHOMIYHI ITOKa3HUKHA € OJHAM
i3 HaWBaXIUBIMNX EKCIUTyaTaIllifHAX TOKa3HUKIB, SKi
BCTaHOBJIIOIOTh AKICTh CYYaCHHX aBTOTPAaHCIOPTHUX
3ac00iB Ta BXOISATH 0 KOMIUIEKCY KPUTEPIIB I OLiHKA
KOHCTPYKTUBHOTO BJIOCKOHAJICHHS aBTOMOOLTIB.
CrpimMkuii TeMII PO3BUTKY OyniBeNbHOI,
CITIbCHKOTOCIIOIAPCHhKOI Ta IHIIMX Trayly3eil 3abesmeuye
i ABUILIEHHSA BIJICOTKY BUKOPHUCTAHHS CydacHUX
CIICIiaTi30BaHNX aBTOTPAHCIIOPTHHX 3aC00iB, 110, B CBOIO
4epry, 3a0e3neuye i MiBUIIEHHS BUKOPUCTAHHS MaJuBO-
S€HePTeTUYHUX pPEeCypciB, TOMY BEJIMKE MPAKTHIHE
3HAYCHHSA Ui C(QEKTHBHOTO BUKOPUCTAHHS TMAINWBA €
T ABUIICHHS TAJTMBHOI €KOHOMIYHOCTi aBTOTPAHCIIOPTHUX
3ac00iB IiJ] 9ac 3aiiiCHeHH TPAaHCTIOPTHOI poOoTH. OTHIM
i3 HalOUThII e(EeKTUBHUX HAIMpPSIMKIB IIOJO 3HWKCHHS
eKCIUTyaTaIlifHAX BUTpAT MAJWBa — € MiABHUICHHSI HOTO
MaJIuBHOIL €KOHOMIYHOCTI [IITXOM ornrumizauii
rmapaMeTpiB peKuMy poOOTH JBHUTYHA ITiJ 4YaC BUKOHAHHS
TpPaHCIIOPTHOI POOOTH 3 YpaxyBaHHSIM KOHCTPYKIIHHHX
napameTpiB crerianizoBaHoro AT3 Ta TpaHCIOPTYHOYOroO
BaHTaKYy.

ABTOMOOLTI-CaMOCKH ! npU3HaueH1 JUTSt
TPAHCIIOPTYBAHHS Pi3HOMAHITHUX (HEPEBAXKHO CHITYUHX)
BAaHTaXIB 1 BITHOCATBCS OO TPYIH CIELiaTbHOTO
aBTOMOOUTEHOTO TPAHCIIOPTY SIKi KOPUCTYIOTHCS BEIUKAM
mormuTOM B YKpaiHi. @akTopu sKi BIUNTUBAIOTh Ha ITOIHT
JTAHOT CTIENTEXHIKH JUII BaHTAXKOIIEPEBE3CHD TaKi, a came:
VHIBEpCAIBHICTP Ta  (QYHKIIOHANBHICT, TaK  SK
ABTOMOO1LTb-CAMOCKHUT OCHAIIEHUI GbyHKIIIEI0
ABTOMATHYHOTO PO3BaHTaKEHHS BaHTaxXy.
Po3BaHTaXeHHS Ky30Ba 3MIHCHIOETBCS NUIIXOM HOTO
MEXaHI{YHOTO TepekuaaHHs. Takuit cmoci®é mo3BoJsEe
PO3BaHTAXHUTH CHUIIYYi, i HE TIJIbKU CHITydi MaTepiajd, B
YiTKO BKa3aHe MiCIle Ta MiHiMi3yBaTH BTPaTH Ha TOJJATKOBI
ormepartii.

Cdepa 3acrocyBaHHS IAHOTO THUIY TPAHCIOPTY
JOCUTh IIMPOKa: B OYJIBHHITBI, B Kap’epax Wia dYac
PO3pOOKH KOPHCHUX KONAJUH, Y CLTBCHKOTOCIIONAPCHKI
raiy3i i Ha BUpOOHMYMX IMiANPUEMCTBAX.

CroromHi B YKpaiHi 3pocTae MOMUT HA aBTOMOO1Ti-
caMOCKHIM. 3a MiJACYMKaMH CTaTHCTHYHHX JIaHUX
2016 poky, mpomaXk HOBHX aBTOMOOLIIB-CAMOCKH/IIB
ctaHoBUTh 46%. Ha mouatky 2017 poxy cTaTuCTHYHI JaHi
MOKa3anu 3pOCTaHHS JaHol chenrexHikn Ha 36% B

mopiBHaHHI 3 2016 pokom, a B 2018 pomi mpomax
aBTOMOOLTIB-caMOCKHIIB B YKpaiHi cTaHOBUB 21,9%.

Karo4yoBi ciaoBa: aBTOMOOUII-CAaMOCKHIM, IIAJIMBO,
€KOHOMIsl, PO3BAHTAXKEHHS, 3aBaHTAXEHHs MIATHOPMH,
¢i3n4HU cTaH.

ITocTanoBKka npo0aemMu

[ManuBo-MacTunbHI  MaTepiaii €  TOJOBHHUMH
pecypcaMH  CTBOPEHHA  €Heprii Uil  BUKOHAHHS
TPAHCHIOPTHOI POOOTH Pi3HUMHU TPAHCIOPTHUMH 3aCO0aMH
Ta CICIialli30BaHOI TexXHiKolo. B Vkpaimi, mus
PO3paxyHKY Ta BCTAHOBJICHHS KiUTBKOCTI BHUTPATH TajHBa
Ha 3MIICHEHHS TPAaHCHMOPTHOI poOOTH, SKy BHTpadae
aBTOMOO1Ib-CAMOCKH/I, BU3HAYAIOTH i3 TOJTATKY
HOPMATHUBHOTO OKyMeHTy «HopMmu BHTpaTH mnanuBa i
MACTWJIBHHX MaTepiaiiBy. B 1aHOMY HOPMATHBHOMY
JIOKYMEHTI IPUBOIATH (OPMYITY /Tl BU3HAUCHHS BUTPATH
nanmuBa B JiTpax Ha 100 KiTOMeTpiB Ta CEpeaHbO
BU3HAYCHI HAJ0aBKM Ha 3IMCHEHHS CIIeIiaTi30BaHOl
poboTH, sika He mnokadye (akTHUYHYy BUTpaTy IajuBa
aBTOMOOLTIB-CAMOCKHIIB Yy  pealbHOMY  MpoIleci
ekcruryararii. ToMy OCHOBHHM NHTAHHSAM IO ONITHMi3amii
MOKAa3HUKIB Ta CKOHOMIi TaliBa € 3MIiHH pealbHUX
PEXUMIB POOOTH aBTOMOOINIB-CAMOCKHMIB, SK i Yac
PYXY, TaK i 3MiHH peXuMiB BaHTa)XHO-
PO3BaHTaXXyBaJIEHOTO TIporiecy. [IuTaHHS BUTpaTH MaanBa
B PpEeXHUMI pO3BaHTaXeHHA MIaTGopMu aBTOMOOLIS-
CaMOCKH/a Ha JaHWH MOMEHT HE BHBYAJIOCS Ta HEMA€
KOHKPETHHX BIiIOMOCTEH, TOMY II¢ NUTAHHS € JOCHTh
aKTyaJIbHUM 1 TOTpeOye OUTBIT MOTINOIEHOTO BUBYCHHS 3
METOI TOabIIOr0 BIPOBAKYBaHHS B TPAaHCIOPTHI
MANPUEMCTBA Cy4acCHUX METOJIB PO3PaXyHKY Ta OOJIKy
BUTPAT IaJIHBA.

AHAaJIi3 0CTaHHIX JOCTiI:KeHb

B OyxiBenbHIN Ta CiTbCHKOTOCTIONAPCHKIM TaTy3ax
JUIA TPAHCIIOPTYBAaHHS Ta PO3BAHTAKEHHS BaHTAXY
e(heKTUBHO BHKOPUCTOBYETHCS crieriamizoBaHa
aBTOTPAHCIOPTHA TEXHiKa, CEpe]] SIKUX Ha eKCIUTyaTaIliio
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npumnaznae 25% aBTomMo0OiniB-caMockuniB. Bukopucranas
TaKorO0 THILy PYXOMOIO CKJamy I Yac BUKOHAHHS
TPAHCIOPTHOI POOOTH SBISIETHCI CKOHOMIYHO BHTiIHUM,
TaK SIK aBTOMOO1JTI-CAaMOCKHUIN 3a0e3MeuyroTh
30epeXeHICTh TPAHCIOPTYIOUOTO BaHTAXKY 1 IiIBHIIYIOTH
MPOAYKTUBHICTG Tpaii 3a paxyHOK TigpaBIidHOTO
NIPUBOJY, SKUM 00JIaJHaHa JlaHa CIIETEXHiKa, 0 pOOUThH
NpOLIEC  PO3BAHTaKEHHS MOBHICTIO  MeXaHi30BaHUM
nporiecom [1].

Po3BUTOK  KOHCTpPYKLii  aBTOMOOUIIB  pi3HOTO
NIPU3HAYCHHS CYIPOBOJIXKYETBCS HayKOBUMH
JOCI/DKCHHSIMH TIATMBHOT €KOHOMIYHOCTI Ta MOIIyKaMu
nuiAxy ii momimmeHHS.  IcHYroWi  HAyKOBO-TEXHIYHI
pO3paxyHKH 0araTbOX AaBTOPIiB NPUCBSYCHI BHUBUCHHIO
BIUINBY HAa TIAJMBHY €KOHOMIYHICTH aBTOMOOIIIB
KOHCTPYKTUBHHX IapaMeTpiB, IOPOKHBO-KIIMATHYHUX
YMOB pyXy, BHUKOPHUCTaHHS aJbTePHATHBHUX BHUIIB
MAJIMBA, yIOCKOHAJIICHHS pOOOYMX IIPOLECIB IBUTYHIB 3
METOI0 MiABMIIEHHS iX EKOHOMIYHOCTI MpH 3HMKEHI
TOKCHYHOCTI BiJIpallbOBaHUX ra3iB, a TAKOX ONTHUMI3allil
Ta aBTOMAaru3alii ynpaBiliHHSI MeXaHi3MaMH aBTOMOOLIS
[2, 3]. Li HampssMKKM He HAIOTh MOMKJIMBOCTI 3poOuTH
SIKICHY Ta KUIbKICHY OIIIHKY 10 BJJOCKOHAJICHHIO MAJINBHOT
€KOHOMIYHOCTI IS CHEIiali30BaHOTO PYXOMOTO CKIIaIy
Ipu BUKOHAaHHI poOIT B  3aJNeXHOCTI Bim IX
KOHCTPYKTUBHOTO IPU3HAYCHHSI.

Excnuryataniiini BAacTHBOCTI He
NMOB'A3aHI 3 PYXOM aBTOMOGIIA-
€aAMOCKHIA

> BaHTa:KOMICTKICTE

JIOBTOBIYHICTD

> HanifinicTe

R

[pucTocoranicts a0 TO 1 peMOHTY

[IpucTocoBaHicTh N0
> HABAHTANCY BANTBHO-
PO3BAHTAKYBABHUX poOIT

3pyuHIiCTh eKemyaTanii

Puc. 1. ExcruryarariifHi BJIacTHBOCTI, SIKi HE
II0B’5I3aHi 3 PyXOM aBTOMOOUIS-CAMOCKH/Ia.

Fig. 1. Operational authority, which is not related to
the operation of a self-propelled car.

Excmuryarariiifai BTaCTHBOCTi aBTOMOO1IIS-CaMOCKH 1A
e TIpyma BIACTHBOCTEH, SKi  XapakTepU3yIOTh
TPAHCHOPTHY 1 CIlelialbHy PoOOTYy aBTOTPAHCHOPTHOTO

3aco0y 1 BU3HAYAIOTh MPHUCTOCOBAHICTH HOTO 10 YMOB

eKcIUTyaTallii, TaJuBHOI EKOHOMIYHOCTi, a TaKOX
e(eKTHBHICTh 1 3pydHICTP HOrO  BUKOPHCTAHHS.
ABTOMOOITF Mae Iy HU3KY  eKCIUTyaTallifHUX

BJIACTHUBOCTEH, SIKI CKIaJaf0Th ABi TPYIH — IIe TTOB’sA3aHi i
HE TIOB’513aHi BJIACTUBOCTI 3 PyXOM aBTOMOOLISI-CaMOCKHA
[4]. ExcruyaraumiiiHi BIacTHBOCTI, sKi He TMOB’s3aHi 3
PYXOM aBTOMOOLIA-CaMOCKHU/1a, ITpeAcTaBieHi Ha puc. 1.

[Ipouec po3BaHTakeHHs IIATHOPMHU ABTOMOOLIS-
CaMOCKHMJa € OJHMM i3 TOJIOBHUX BIJIACTUBOCTEH
eKCIUTyaTalii sIki He TNOB’s3aHi 3 PyXOM aBTOMOOLI Ta
TPaHCIIOPTYBaHHSIM  BaHTaXy, Ha  JIONIO  SIKOTO
NPUXOAUTECS II€BHA KUIBKICTh BHTpAaTH IlaluBa Ha
3IIACHEHHS HAaHOTO TIPOIecy. 3a MPOBEACHUM aHATi30M
JiTepaTypHUX JDKepeld, NUTAHHIO, OO BU3HAYCHHS
BUTpaT TajiBa Ta ONTHMi3amii poOoYoro mporecy
pPO3BaHTaXEHHS  aBTOMOOLTIIB-CAMOCKHIIB, TPHUIIICHO
HEJOCTaTHhO yBard. ToMy Iie NMUTaHHS Ma€ aKTyaJIbHHI
Xapaktep 1 NOTpeOye [EeTajJbHOrO aHallizy, 3 MeETOI0
MOJAJIBIIIOT onTuMizaii NOKa3HHKIB MaJINBHOL
€KOHOMIYHOCTI aBTOMOOUITIB-CAMOCKU/IIB B  pEaJbHUX
YMOBaXx EKCILTyaTalii.

Merta gocaiakeHb

Mera pocuimkeHb — BHKOHATH OIKC AHAIITHYHHUX
MOJIOKEHb ~ BH3HAYEHHS CKCIUTyaTAlliiHUX MaJMBHUX
IIOKA3HHUKIB aBTOMOOUTIB-CAMOCKHUIIB B mporeci
pO3BaHTaXEeHHS IIAT(HOPMH.

Pe3yabTaTh a0CaiTKeHb

TexHosoriyHMi MpoLeC pO3BaHTAKEHHS aBTOMOOLIIS -
CaMOCKHJa BIZHOCHTbCA JO CHCTEMH «aBTOMOOIJb-
BaHTaX». B 1110 cucTeMy BXOAHUTH KOMIUIEKC (paKTOPIB, sKi
XapaKTepU3ylTh PI3HOMAHITHUI CTaH JaHOI CUCTEMH Ta

Bil SAKHX 3aJIC)KUTh BHTpaTa mnamuBa. Lli dQaxropu
MpeCTaBJICHI Ha puC. 2.
PeanpHi  yMOBH  eKkcIuTyaramii  aBTOMOOLIIB-

CaMOCKHJIIB MiJl Yyac PO3BAaHTAXXEHHS BIJPI3HIIOTHCS BiJl
CTAaHIAPTHUX YMOB, SIKI 3aKJIaJCHI B  TEXHIYHY
JIOKyMEHTAIIII0 ITpHU IX NPOEKTyBaHHI (TeMIieparypa, THCK,
CepellOBHUIlle, HABAHTAXKECHHS, BJIACTUBOCTI Ta (Qi3MYHMI
CTaH BaHTaXy, yMOBH PO3BAaHTaXKEHHS, THII I IPOIIPUBOLLY,
po3TamnryBaHHA TiApormIisapa i T. 1.) [5].

Y Xxomi mporecy pO3BaHTaXEHHSA IUIATPOPMHU
3MIHIOIOTBCSl HACTYITHI IapaMeTpH, SIKi BIUIMBAIOTH Ha
BUTpaTy NMaJMBa, Iie: KyT MiAHOMY MIaTOpPMHU; THCK, IKAH
CTBOPIOETECS POOOYOI0 PIIMHOIO Yy HamipHId YacTHHI
TipaBiqHo] JIiHIT; yacToTa 00epTaHHS KOJIIHYACTOTO BaJLy
JIBUTYHa;  Maca  3aBaHTXEHOTO0  BaHTaXy;  4Yac
po3BaHTaXEeHHS MIaTdopmu.

[Ipwu Bimomiii Maci BaHTaXXy, TUCK B TiApaBIigHIN JTiHiT
BU3HAYAEThCS K (DYHKINsSI Yacy PO3BAaHTaXKEHHS Ta KyTa
migioMy TUIaTHOPMH:

p=f(Q, ¢ ),
ne Q — Maca BaHTaxy, T;
t — yac po3BaHTaXeHHS IIATHOPMH, C.;
¢ — KyT migiomy miathopmy, °.

3a TpOBeAEHMMH  JOCIIUKEHHSIMH, B

pPO3BaHTA)XEHHA  aBTOMOOINIA-CAMOCKH/Ia,

nporieci
THCK B
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TiApaBIIvHIN JiHIT 10 PI3HOMY 3MIHIOETHCS B 3aJIC)KHOCTI
Bil pO3TallyBaHHS BaHTaXy Ha TUIAT(OPMIi, IO B CBOIO
Yepry BIUIMBAa€ Ha dYac PO3BAHTa)KEHHS, 3TigHO, 1 Ha
BHTpaTy naimBa. B axocTi qocmimkyBaHoro 00’ ekra, Oyia
BHOpaHa MOJENs aBTOMOOUTI-camockuma MM3-4502.

Jlana Mozens TpeAcTaBIsie COO00 aBTOMOOIIH 3 3aIHIMU
BEy4UMH KOJIECAMH, 00JIaJHAHUI METAJICBUM Ky30BOM Ta
T1IpaBIiYHAM IPUBOJOM JAJIS pO3BAHTAKEHHS TIATPOPMH
Ha3zax [6]. TexHiuHi XapaKTEpPHUCTHKH JaHOI MOJEIi
mpezacTaBieHi B Tabmmi 1.

PosTamryBaHua BaHTAKY
Ha TIAT(QopMi

(cHmmy4i, HAMBCHITY 1,

3aTAPeHi 1. 1)

DizNvHAH CTAH BAHTAXKY

PiIKi, HAMIBPIAKI, IITYHI,

Tpouec Yac MOBHOTO Burpara namsa
POIBANTARCHOA Koc(iuieHT cumyuocTi Ha 3MTICHCHHS
wramhopym Mg »  PO3BAHTAKEHHI [—* nponecy
ABTOMODILIS- - - miatdopau, ¢ I y
CAMOCKOIA PO3BAHTARCHHSA

Heobxinamii Tick p ama
ML THOMY MIAT(OPMU HA
MAKCHMATBHHHA KVT ¢

ObepTH KOMHIACTOTO
BATy IBHTYHA
ABTOMOOLIA-CAMOCKH A,
00/xB

Puc. 2. ®axTopyu TEXHOIOTIYHOTO MPOLECY PO3BAHTAXKEHHSI, BiJl IKUX 3aJIC)KUTh BUTpATa MajuBa.
Fig. 2. Factors of technological process of unloading on which fuel consumption depends.

Tadanus 1. TexHiyHI XapaKTEpPUCTUKH aBTOMOOLIs-camockua MM3-4502
Table 1. Technical characteristics of the MMZ-4502 dump truck.

Mopens MM3-4502
Maca Maxkcum
HiHIMAK4Y0 . Kinbkicts Xig BUXigHUX Tun ATBHUAN . Tun . KopoGia
ro BaHTaxy | Twuno rigpo- JTAHOK po3BaHTaKe KyT rigpasii . Mapka
QiTa LWIHApa PYXOMHX rixponniHap HHS migiioMy | 4HOTO Binopy . | nBurysa
JIAHOK, IIT MOTY)KHOCTI
miaThopMu a, MM wiathopmu | twiatdo Hacocy
Q2, kr pM, @
Mexauniuna,
OJTHO
IIBUIKICHA
Teneckoniu HII-32 | 3 mpuBogom
Q1 :_5800 HHIA, 4 827 Hasax 50 V-JI, Bijt GIIOKY 31JI-
Q2 =855 OJTHOCTOPOH T'oCT [IECTePCHb 130
HBOT il 8753-71 3aHBOTO
X0y
KOPOOKH
nepenay
3a  MpOBENECHOI  METOAWKOI  JOCTI/DKEHHS, BaHTAXIB BIJHOCATHCSA IICOK, IPYHT, TJIMHA, MIeOiHb,
3nificHIOBanmacst  kimacudikamis  ¢i3wyHOro - craHy  Tpasiif. Jlo piAKEX Ta HamiBPiAKHX — MOKPHII CHIT, PO3YHH

IOCIIIKEHOTO 00’ €KTa B 3aJIEXKHOCTI Bif HOro B3aeMomil 3
pi3HMMU 1O (Pi3WYHIN NpUPOJI BaHTAXKAMH, B TOMY YHCII
CUITyYHMH, TpPaHyJIbOBAaHUMH, TBEPAHMH, PIIKHMH Ta
HamiBpinkuMH 1 T.4. List kiacugikanis BXOAUTH B CHCTEMY
«aBTOMOOINb-BAaHTX». 3a  aHANI30M  JITEpaTypHHUX
Jokepen [7] BcraHOBICHO, Mo 65-70% 3araabHOTO 00’ €My
TPAHCTIOPTYBAaHHS CKJIJAl0Th HACHITHI Ta HaBallOYHi
BaHTaxi, 30-35% ckiamaroTh HaMiBPiAKi Ta piIKi BaHTaXi
Ta O0mm3pKko 5% — ixmi BaHTaxi. Jlo Kareropii cumydnx

OeToHy a0 acdanbTy Ta iH.

3aBaHTa)XeHHS TIATQOPMH BiJIIOBI[a)Ia HOMIHATBHIT
BaHTa)KOITI IMOMHOCTI aBTOMOOUIS-caMOCKHIa. B xoxi
JIOCJIIZPKEHHST Oy/M 3apeecTpoBaHi HACTYIHI MOKA3HHUKH,
SKi JJO3BOJISIIOTH BU3HAYUTH BUTPATy NajMBa y TPOIECi
pO3BaHTa)XEHHA IUIATPOPMH, a caMe: THCK Yy TiIpaBiIidHild
JiHII IpH TEBHOMY cIoco0i pO3MIIIEHHS BaHTaXy Ha
mwiathopmi, 4Yac pO3BaHTAXEHHA IIaThopMu, 00epTH
KOJIIHYacTOro Bajly ABUIYHA. J[yisi MOpIBHSIHHS MOKa3HUKIB
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THCKY Ta 4acy Ul ITOJAJbLIOr0 BHU3HAYCHHS KUIBKOCTI  3aBOJICBHKOIO MapKolo, (i3WYHMM CTAaHOM BaHTaXy Ta
BUTpATH MaJMBa, NPOLEC PO3BAHTAXKEHHS 3IMCHIOBABCS  MEBHUMH CIOCOOOM PO3MIIIECHHS BAHTaXYy Ha MIaThopMI,
TPH pas3d, TPbOMa pPI3HHMH CHOCOOaMH pO3MIIIEHHS  MpPEICTaBICHHI Ha PHCYHKY 3 Ta rpadigHux 300pakeHb
BaHTaXy Ha ratpopmi. KoxkHa Momens ¢i3WdHOTO CTaHY  BUXIOHMX IapaMeTpiB y BUDLIAI  Tpadiky, 1m0
TiIpaBIiYHOTO TIPHBOAY aBTOMOOLIA-CAMOCKHAA MOJENi  IpeACTaBiICHI Ha puc. 4.

MM3-4502 3 BaHTaXeM XapaKTepU3yeEThCA  HOTO

EL AL LA LS LS LLLLL

N
N\

7777777777

B)

Puc. 3. CriocoOu po3MillleHHs CHITydOro BaHTaXy Ha Iutardopmi aBToMoOins-camockuia: a) 30araHcoBaHa
3aBaHTakeHa I1aTdopma; 0) 3aBaHTakeHa IJIaTdopmMa 31 3MIIIEHHSIM LEHTPY TSDKIHHS BaHTaXy Y Nepell; B) 3aBaHTaKeHa
wiaTdopma 31 3MIiIIEHHSM LEHTPY TSOKIHHS BaHTAXy Hazasl.

Fig. 3. Methods of placing bulk cargo on the platform of a dump truck: a) balanced loaded platform; b) loaded
platform with offset of the center of gravity of the load in front; c) loaded platform with the displacement of the center of
gravity of the load back.

Ha puc. 4 npeacraBinenuii  rpadik, ge, crmocodaMu 3aBaHTaKECHHS IIaTHOPMHU MPH MOCTIHHHUX
EKCIIePUMEHTAIbHIM METOJIOM, 3JiHCHIOBaBCcs Imporuec  obepTax KojiHuacToro Baiy asuryHa (2000 06/xB).
PO3BaHTXEHHS  PIYHOrO ICKYy TpbhOMa  PI3HUMH
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I3 mpexncraBienoro rpagiky, KOHTPOJBHI 3aMipH
gacy y IpoIeci po3BaHTaXeHHS m1aTHOpMU aBTOMOOIIS-
camocknga MM3-4502 HacTymHi:

* Yac po3BaHTaXEHHS CIOCOOOM 3aBaHTaKCHHS
mwratdopmu «A» — 20,5 c;

* Yac po3BaHTaXEHHS CIOCOOOM 3aBaHTaXKCHHS
iatdopmu «b» — 25 c;

* Yac po3BaHTa)XEHHS CIIOCOOOM 3aBaHTa)KECHHS
wiatdopmu «B» — 29 c;

(= =]

s |

TWcK Ha BUoYBHI A namui, P MMa

=

TeopeTndyHe BU3HAYCHHS TMOKA3HUKIB IMaJTMBHOL
BUTpATH 3IIHCHIOETHCS 3TiHO TEIUIOBOTO PO3PaxyHKY
nopmrHeBoro JIB3. [l BU3HAYCHHS IMOKAa3HUKIB BUTPATH
MaJiMBa, HEOOXiHO BHW3HAYNTH MapaMeTpH IBHTYHA Ta
XIMIYHAH CKJIQA TIanuBa, SIKMH BHKOPHCTOBYEThCA HA
JAaHOMY  pyYXOMOMY  CKiami  abo  CIeIiaJibHOIO
TPAHCIOPTHOIO TeXHIKO0 [8]. B manoMy mpociimpkeHH], st
BU3HAYCHHS BUTPATH MAJIMBA Y MPOLECi PO3BAHTaKCHHS,
3a MEBHUH 4ac mimiiomy miatdopmu, BUKOPHUCTOBYBAJIU
HACTYITHI BXiJHI TapaMeTpH, NpeICTaBjIeH] B Tabnuii 2.

15 20 25 30

Yac po3saHTameHHA, t cex

—g— ¥ eTo0 3aBaHTEHEHHA A

—g—ETOq 33 BaHTaHedHA B

—g— NeTon 3aBaHTaxeHHA B

Puc. 4. I'padix 3a1eXKHOCTI CTBOPEHHS THCKY BiJl 4acy y TMpOIeECi pO3BAHTAXXCHHS PIYHOTO MICKY MPH TPHOX

croco0ax 3aBaHTaKCHHS HJ'IaT(bOpMI/I.

Fig. 4. Graph of the dependence of pressure on time in the process of unloading summer sand with three ways to

load the platform.

Tabauusa 2. BximHi mapamerpu s BU3HAYCHHS
BUTpATH NaJMBa, y MPOLECI PO3BAHTAKEHHs IIaTHOpPMHU
ABTOMOOLIISI-CaMOCKHU/IA.

Table 2. Input parameters for determining fuel
consumption during unloading of the dump truck platform.

BxinHi mapamerpu
O0epTH KOJTIHYACTOTO Baly, 2000
00/xB
06’em auryHa Vh, Ji 6
Tun manuBa benzun
OKTaHOBE YHCIIO 76
. C=0,855; H=0,145;
EnemenrtapHuii cknaj naavisa 0=0
Koe(bluleH.T HaUIUILKY 0,88
IIOBITPSI, O
{inpHicTh ManuBa, Kr/M° 710
IIpu poboTi pABUryHAa BHYTPIIIHBOTO 3TOPSHHS

BiOYBa€TbCS  TpOLEC 3rOpaHHS — MaJMBO-TIOBITPSHOI
cyMmimli 3 BHJIUIGHHAM Tera. TemioBa  eHepris
NIEPETBOPIOETHCSI B MEXaHIUYHy 1 3MyIIye aBTOMOOLIb
pyxaTHcsl Ta BAKOHYBATH Pi3HUH BUA pOOOTH J10JJaTKOBOT
CHEUTEXHIKH. TeopeTHYHO HEeoOXilHa KiNbKICTh MOBITPS
Lo xmoub a0 lo Kr ast moBHOTO 3ropaHHs | Kr manuBa
(KMOJIB/KT; KI/KT), BU3HAYAIOTh 32 HACTYIMHOIO (DOPMYIIOI0

[9]:

L= 1 <C+H O) KMOJIb I10B
70,21 \12 4 32/’ krmoan
abo
L = 1 (8 C+8-H O) KT TIOB
70,23 \3 " KT maJj
TeopernuHo HeoOXigHa KUTBKICTH TOBITPST LIS
MOBHOTO  3rOpaHHs 1 KI  TaJMBa,  CKIAJac:
Lo = 0,5119 KMOJIb IOB/KT mai abo

lo = 14,9564 kr noBs/kr nai.

3 OCHOBHHX (OPMYJ TEOPETHYHOTO, CEKyHIHOI (3a
OIIMH TaKT) BUTPATH MalMBa PO3PAXOBYEMO HACTYIHHMH
eTan:

1) 3a pobGoumii 1ukia (aBa 06epTH 4-TAaKTHOTO
JIBUTYHA) B IIWJIHAP HAAXOIUTH 00’€M TOBITpS SKUit
JIOPiBHIOE poO60YOMYy 00’ €My IMITiHIpa Vh Ta BU3HAYUMO,
1110 33 CEKYH]ly B LWJIIH/IPH ABUT'YHA TTOCTYTIAE:

Vh *n
Vios = m,n/celc
ne Vi — pobounii 06’eM 0THOTO IUTIHAPA, JT;
N — gactota 00epTaHHS KOJIHYACTOTO BaJia, 00/XB;
60 — cexynau poboTH;
2 — 00epTu 4-TaKTHOTO JBUTYHA.

Jani HeoOXigHO BWU3HAYWTH TYCTHHY TIOBITpSA Ha
BIIYCKHOMY KJIanaHi Bijl IKOTO 3aJIe)KUTh BUTpaTa NajuBa.
I'yctiHA po3paxoByeThCs 32 HACTYITHOIO (POPMYIIOI0:
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Pa = g/ KT /v
ae P — THCK y BIYCKHOMY KJamaHi, SIKMH JIOPIBHIOE
aTMoc(EpHOMY THCKY, KI/cM?;
R — rasosa mnocriiina, ctaHOBUTb, Jk/Kr-K;
T — Temneparypa HOBITpsl y BIyCKHOMY KJIamlaHi 3a
Kenspinom, T =293 K — 20°C.

Jomyckaroyd, IO THCK IOBITPS Ha IOYATKY
CTHCHEHHS Ha BITyCKY JOPIBHIOE aTMOC(HEPHOMY THCKY.
MacoBy BUTpaTy IOBITps 3a CEKyHIy BH3HA4YaeThCS 3a
HACTYIHOIO (JOPMYIIOIO:

Gros = Vios * Pa KT/ CEK

[MpuitMatoun KkoeillieHT HaJUIMIIKY TOBITPS A
kapOropatopHux nBuryHiB 0=0,88 Ta HEOOXiIHY KUIBKICTH
MOBITPsl AJIsL 3rOpaHHs |Kr manuBa, BUTpara MajuBa 3a
1 cexyH/y BU3HAYa€ThCs 32 HACTYIHOIO (OpMYII0I0:

Gl'lOB
Gpag = ——, KT
nas 10-0(
Tabmuusa 3. Burtpara mammBa y  mporeci

PO3BaHTaXEHHS 32 OAWH LIUKII PIYHOTO TICKY.
Table 3. Fuel consumption during unloading for one
cycle of annual sand.

. Kinpkicts
Crioci6 3aBaHTaXeHHS IUIATHOPMH Ta
BUTPATH HaIuBa
4ac PO3BaHTAKCHHS
Gnan, T (J'I)

Po3BanTaxkeHHs crocoboM
3aBaHTaXeHHs mwiathopmu «A» — 20,5 553,5(0,78)
CeKYH[;
Po3BanTakeHHS cnocooom
3aBaHTakeHHs raropmu  «by — 675 (0,95)
25 CexyH[,
Po3BanTaxkeHHs criocoboM
3aBaHTaXeHHA Iiathopmu  «B»  — 783 (1,1)
29 cexyH,

Orxe, mpu 2000 obeprax KOJiHYACTOTO Bally 3a
XBHJIMHY, BUTpaTa MaJMBa aBTOMOOiIsI-camockuga MM3-
4502 3a omny cekyHay ctanoButh 0,027 xr a6o 27 r.
PesynbraTi BUTpaT nManuBa y nporeci po3BaHTaXeHHS MU
MIEBHOMY cIoco0i 3aBaHTa)KCHHS BaHTaXy Ha IUIATPOpMi
MIpeCTaBIeHi y Tabmumi 3.

BucHoBku
1. Pesynbraru MIPOBEJEHOTO JIOCITi PKEHHS
BCTAHOBWJIO, III0 BHUTpaTa TMajuBa AaBTOMOOIIIMU-

CaMOCKH[AMU Y TIPOIIECI PO3BAHTAXKEHHS 3alieXkKaTh Bij
6aratbox (axTopis, a came (pi3MIHOrO CTaHy BaHTaXy Ta
Horo cmocoboM posramryBaHHS Ha IUIardpopmi, B
pe3ynbTati 4oro OyAyTh IO pi3HOMY 3MIHIOBaTHCS CHIIM Ta
peakuii nii B TiApaBniuHiM JiHII e 3MiHa THCKY B
TIAPOIMITIHAPI a TAaKOX 4Yac HAa BHKOHAHHS IIPOIECY
PO3BaHTaXKEHH.
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OITPEAEJIEHUE SKCITIIY ATALIMOHHBIX
TOJUBHBIX YKA3ATEJEA ABTOMOBWJIEN-
CAMOCIJIOXE! B ITIPOLIECCE PA3I'PY3KU
TINIAT®OPMBbI
A. H. Ceemasapos, M. @. Kosanes

AnHoTauus. TOIIMBO SKOHOMHUYECKHE IMOKA3aTeIn
SBIISIIOTCA OJHUM U3 Ba)XXHEWIIMX HSKCIUIyaTallMOHHBIX
MoKa3aTesel, yCTaHaBIMBAIOIIUX KaueCTBO COBPEMEHHBIX
aBTOTPAHCIOPTHBIX CPEJACTB M BXOIAIIUX B KOMILJIEKC
KpUTEPHUEB OLICHKH KOHCTPYKTUBHOTO
COBEPIICHCTBOBaHM  aBTOMOOMICH. CTpeMHUTENbHBIH
TEMIT Pa3BUTHUSl CTPOUTEIBHOM, CENbCKOXO3IUCTBEHHON U
JIpYTuX oTpacieil obecreynBaeT IOBBINICHAE MPOLCHTA
HCIOJIb30BaHUSl  COBPEMEHHBIX  CIIEUUATM3UPOBAHHBIX

ABTOTPAHCHOPTHBIX CPEACTB, UYTO, B CBOIO OYEpenb,
o0ecrieynBacT W MOBBIIICHUE WCIIONIb30BAaHUS TOIUIMBHO-

JHEPIEeTHYSCKUX  PECypcoB,  IOITOMY  OOJBIINM
MIPaKTUIECKUM 3HAaYCHUEM TUTS 3¢ HEKTHBHOTO
UCIIONB30BAaHMS  TOIUIMBA  SIBISETCS  IOBBIICHUE

TOIUTMBHON SKOHOMHYHOCTH aBTOTPAaHCIIOPTHBIX CPEICTB
NPU OCYILECTBIEHUH TPAHCHOPTHOH paboThl. OaHUM U3
HanOomnee A(QEKTUBHBIX  HANPaBIEHUH  CHIDKEHUS
OKCIUTyaTal[MOHHBIX ~ PacXxoJl0B  TOIUIMBA  SIBIISIETCS
MOBBILIEHHE €ro TOIUIMBHOM OSKOHOMHUYHOCTH ITyTEM
ONTHMU3AIIMM TapaMeTPOB pEXUMa padOTHl IBHIATEINs
NPU  BBINOJIHEHUH TPaHCIIOPTHOW paboThl €  y4eToM
KOHCTPYKIMOHHBIX IapaMeTpPOB CIEHHATH3UPOBAHHOTO
aBTOTPAHCIOPTHOTO CPEJICTBA W TPAHCHOPTHUPYIOLIETO
rpysa.

ABTOMOOMIN-CaMOCBalbl ~ MpEAHA3HAYECHBI IS
TPAHCIIOPTHPOBKH Pa3HOOOpa3HBIX (IIPEUMYIIECTBEHHO
CBIIYYNX) TPY30B M OTHOCSATCSI K TPYHIE CIICIHAIFHOTO
aBTOMOOWJILHOTO ~ TPAHCIIOPTa, KOTOPBIE MOJB3YIOTCS
OGonpiuM cripocoM B Ykpaune. dDaktopsl, BIUAOMKE Ha
CIPOC JTAaHHOM CHEUTEXHHUKHU JUIs IPY301epEBO30K TAKOBBI,
a UMEHHO: YHHMBEPCAJIbHOCTh M (DYHKIIMOHAJIBHOCTB, TaK
Kak  aBTOMOOWJIb-CAMOCBal  OCHalleH  (QyHKIHeH
aBTOMATHUYECKON pa3rpy3ku Tpys3a. Pasrpyska Kys3oBa
OCYIIECTBIISICTCS ITyTeM ero MEXaHNYECKOTO
ONIPOKHUIBIBAaHHSA. Takol croco0 IMO3BONAET Pa3TPy3HTh
CBIIy4WE W HE TOJBKO CHITYyYHE MAaTEpHANbl B YETKO
YKa3aHHOE MECTO W MHMHHMHU3UPOBaTh IIOTEPH Ha
JIOTIOTHUTENBHBIC OTIEPALIUH.

Coepa mnpuMeHEHUWs JaHHOI'O THIIA TPAaHCIIOPTa
JIOCTaTOYHO IIUPOKA: B CTPOUTEIBCTBE, B Kapbepax Ipu

paspabotke TMIOJIE3HOTO HCKOIIaeMOT0, B
CeNIbCKOXO3SIICTBEHHON OTPAC)IM M Ha IPONU3BOJICTBEHHBIX
NPEAIPUATHAX.

CeronHst B YKpauHe pacTeT CIpOC Ha aBTOMOOWIIHU-
caMocBaJibl. [lo mToram cratMCcTHYEeCKHUX JaHHBIX 2016
roja TpoJaka HOBBIX  aBTOMOOMIIEH-CaMOCBaJlOB
coctaBisieT 46%. B wagane 2017 roma cTaTHCTHYECKHE
JIaHHBIE TIOKA3aJIM POCT JaHHOU CleUTeXHUKH Ha 36% 1o
cpaBHenuto ¢ 2016 romom, a B 2018 romy mnpopaxu
aBTOMOOMIEI-caMOCBaIOB B YKpanHe coctaBuin 21,9%.

KiaroueBble cJioBa: aBTOMOOHIIH-CaMOCBaJIbI,
TOIUIMBO, 3KOHOMHUS, pasrpys3ka, MOTpy3ka IUIATGOPMEI,
(hu3HUYECKOE COCTOSIHHE.

DETERMINATION OF OPERATIONAL TOLIVE
INDEX OF SELF-CLOSED VEHICLES IN PROCESS
OF UNLOADING THE PLATFORM
A. N. Svietazarov, M. F. Kovalev

Abstract. Fuel and economic indicators are one of the
most important performance indicators that establish the
quality of modern vehicles and are included in the set of
criteria for evaluating the design improvement of vehicles.
The rapid pace of development of the construction,
agricultural and other industries provides an increase in the
percentage of use of modern specialized vehicles, which,
in turn, ensures an increase in the use of fuel and energy
resources, therefore, increasing the fuel efficiency of
vehicles in the implementation of transport is of great
practical importance for the efficient use of fuel. work. One
of the most effective ways to reduce the operating costs of
fuel is to increase its fuel efficiency by optimizing the
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parameters of the engine operation mode when performing
transport work, taking into account the design parameters
of a specialized vehicle and transporting cargo.

Dump trucks are designed to transport a variety of
(mainly bulk) goods and belong to the group of special road
transport, which are in great demand in Ukraine. The
factors influencing the demand for this special equipment
for cargo transportation are as follows: versatility and
functionality, since the dump truck is equipped with an
automatic unloading function. Unloading of a body is
carried out by its mechanical overturning. This method
allows you to unload bulk and not only bulk materials to a
clearly indicated place and minimize losses for additional
operations.

The scope of this type of transport is quite wide: in
construction, in quarries in the development of minerals, in
the agricultural industry and at manufacturing enterprises.

Today in Ukraine there is a growing demand for dump
trucks. According to the results of statistical data in 2016,
the sale of new dump trucks is 46%. At the beginning of
2017, statistics showed an increase in this special
equipment by 36% compared to 2016, and in 2018, sales of
dump trucks in Ukraine amounted to 21.9%.

Key words: dump trucks, fuel, economy, unloading,
platform loading, physical condition.
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