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B.P. MAHJIPHKA, B.M. KPACHOKYTChKHH, 0.0. OCTPOBEPX, C.I. KOBAJIEBCbKHH

MOJEJIOBAHHA OB'€EMHOI'O IT'MAPOIIPUBOJIA B TPAHCMICIAX TPAKTOPIB I CAMOXIIHUX
MAIIWH

Po3po0ka MaremMaTHdHOro OIHCY OKPEMHX BY3JiB 00'€KTa IOCHI/UKCHHS POOUTh MAaTeMaTH4Hi MOZAENI HETiHIHHUMH, 3 BHKOPHCTAHHSIM SIK
JIeTepPMiHOBAaHMX, TaK i IMOBIPHICHHX XapakTepHCTHK. [IpH 1[bOMy OTpHUMAaTH pIillICHHS B 3arajibHOMY BUIVISAI U1 TAKUX MAaTeMaTHYHHUX MOJeiIeii 6e3
ICTOTHHX CIPOILIECHb HE IHPEACTaBIsA€ThCA MOXIMBUMH. CydacHa OOYMCIIIOBANIbHA TEXHIKa J03BOJSE NMEPEHTH 10 MOAYIBHOTO METOIY CKIIaJaHHS
MaTeMaTUIHHX MOJeNel, KoM po3poOieHo OaHK MOzelel OKpEeMHX By3IIB 1 arperaris, KoMOiHAMIs SKUX 1a€ MOXIHBICTh B KOPOTKHIT TepMiH 30HpaTi
HEeoOXiJIHy y3arajJbHEHy MaTeMaTHYHy MOJENb ab0 JOMOBHIOBATH ii HOBOCTBOPEHHMH MOAY/IAMH. OCHOBHI €IEMEHTH arperaris, siki B CyKyIHOCTI
BU3HAYAIOTh XapaKTep IepeXiTHUX IpoIeciB i JUHAMIUHI HaBaHTaXKEHHS B TPAHCMICIl Ha PI3HUX pexXHUMax poOOTH, OyXyTh PO3IIISAATHCS SK JesKi
MO/, 3 YHCa SKAX MOXKHA MOOYIyBaTH HEOOXIAHY ISl AOCTIIKEHHS MaTeMaTHIHy Mozenb. OIHHM 3 TaKHX MOIYNTIB € 00'€MHUI TigponpHBia
(OI'Tl), sxuii Bce Oinblle 3HAXOMUTH 3aCTOCYBaHHS B TPAHCMICIAX CydacHHX TPaKTOPIiB 1 CaMOXiTHUX CIIbCHKOTOCIONAPCHKMX MamuH. Y
NpeJCTaBIeHI CTaTTi PO3NIIAAEThCS MATEMATHYHHIl OMMC aKCiaJbHO-NOPIIHEBHX TiJIPOMAIIHNH, Y SKHX CHJIOBE i KiHEMaTH4He IepeJaBajbHe
BinHomenns B OI'Tl Moxe perymoBaTucs sIK y Hacoca, Tak 1 y TiipoMoTopa. BpaxoBaHo [uHaMiuHI XapaKTePUCTHKY TiIpOMAIINH, BUTOKY PilUH 1 1i
NPYXHI BJIAacTHBOCTI, a Takox 3MiHHI 3HayeHHs KKJ[ rigpompuBony. Pesynsratn MonemroBanHs Oynu 3iCTaBieHi 3 EKCHEPUMEHTAJIbHUMH
JoCHipKeHHS. PO301XKHICTh MK HHUMH 3HaxXomwiuocs B gianaszoHi (5-8)%. Sk 00'eKTH HOCHIIKEHHS PO3MISIANNCSA: MAaKeT T'YCEHHYHOTO TpPaKTopa
T-150E 3 nesanexuumu moBHO notokoBumu OI'Il miBoro i mpaBoro GopriB; kopeHe36upansHa Mammua KC-6b 3 OI'll Ha 3anHiil Beayuuii MicT;
kopeHe30upansHa Mamuaa KC-6B 3 Hezanexxuumu OI'TI Ha 3aaHiil i nepeaHiit NpoBiHI MOCTH; MaKeT KOpeHe30upalbHuil KoMOaliHa 3 He3aIe)KHUMHU
OI'II niBoro i mpaBoro GOPTIB 3aHIX BEAYYHX KOJIiC.

KurouoBi c1oBa: : MaTeMaTH4YHa MOJIENb 00'€MHOTO I'i IPONIPHBOJY B TPAHCMICIAX TPaKTOpa, KOpeHe30MpaabHUX MAILIKH i KoMbaiiHa.
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MOJAEJIUPOBAHUE OBBEMHOI'O I'npOIIPUBOJA B TPAHCMUCCHAX
TPAKTOPOB U CAMOXO/IHBIX MAIIINH

Pa3paboTka MaTeMaTH4eCcKoro ONMCAHUA OTAENBHEIX Y3JI0B OOBEKTA HMCCIEOBAHMs JIETAeT MaTreMaTHYeCKHe MOJEIN HEIHHEHHBIMH, C
UCTOJIb30BAaHUEM KaK JIETEPMUHUPOBAHHBIX, TaK M BEPOATHOCTHBIX XapakTEpUCTHK. IIpy >TOM moOmyduTh pelieHHEe B OOIIEM BHJIE IS TaKHX
MaTeMaTHYeCKHX Mojenel 0e3 CyImeCTBEHHBIX YNPOMIECHHI HE MPEACTaBNsACTCS BO3MOKHBIMI. COBpEMEHHAs BBIYMCINTETbHAS TEXHHKA TTO3BOISCT
nepeiiTn K MOIYJIBHOMY METOJy COCTABIEHHMs MaTeMaTHUeCKMX MojeneH, korna paspaboTaH OaHK MojesneH OTNENBHBIX y3JIOB M arperaros,
KOMOHMHAINS KOTOPBIX JaéT BO3MOKHOCTh B KOPOTKHH CPOK cobmparh TpebyeMyro 0000IeHHYI0 MATEMAaTHIECKYIO MOZIEb HIIH IOTIONHATE €€ BHOBb
CO3J]aHHBIMH MOJY.IIMH. OCHOBHBIE 3JIEMEHTBI arperaToB B COBOKYITHOCTH ONPE/EINSIOT XapaKTep MepexoiHbIX MPOIECCOB U ANHAMUYECKHE HATrPy3KH
B TPAaHCMHCCHH HAa Pa3IMYHBIX PEeKUMax paboTel, W OyIyT paccMaTpuBaThCsi KaK HEKOTOpBIC MOMYINH, M3 YHCTa KOTOPBIX MOJKHO MOCTPOHTH
HEOOXOAMMYIO JUISl MCCIIEIOBAaHHS MaTeMaTHdecKyto Mozaenb. OIHHM M3 TakuX Momyineil siBnsercss oObemuslid ruaponpusoxn (OI'TI), kotopeie Bce
6ombIIIe HAXOAAT NPUMEHEHHE B TPAHCMHUCCHAX COBPEMEHHBIX TPAKTOPOB M CAMOXOIHBIX CENBCKOXO3AHCTBEHHBIX MaIINH. B mpencTasinenHoi cTathe
paccMarpuBaeTCs MaTeMaTHYeCKOe OINMCAHHE aKCHaJIbHO-TOPITHEBBIX TMJPOMAIIMH, y KOTOPBIX CHJIOBOE€ M KMHEMaTHYeCKOE MepeaTodHbIe
ornomenuss B OI'Tl MoryT perymupoBaThCs Kak y Hacoca, TaKk M y THAPOMOTOPA. YUTEHb AWHAMMYECKHE XapaKTEPUCTHKH THAPOMAIINH, yTCUKH
KUJIKOCTH M €€ YNpyTue CBOWCTBa, a Takke nepemeHHsle 3HaueHust KIIJI runponpuBona. PesynsraTel MojenupoBaHHs OBLIH CONOCTABIICHHI C
9KCIIEPUMEHTAIBHBIMUA HCCIICIOBaHUS. PacxoxaeHne MeXIy HUMH Haxoawiock B auanasoHe (5-8)%. B kauecTBe OOBEKTOB HCCIECIOBAHHS
UCIIOJIB30BANIMCh: MaKeT TyceHndHoro Ttpakropa T-1500 ¢ nesaBucumeiMu momnHonotounsiMu OI'TI nmeBoro u mpaBoro 60pToB; KOpHEYyOOpOYHAs
mammHa KC-65 ¢ OI'TI Ha 3aguuii Bexyumii Moct; kopHeybopounas mamnaa KC-6B ¢ HesaBucumbiMu OI'TI Ha 3aiHMil M TepeiHUiA BEAyIHe MOCTBI;
MakeT KopHeybopouHoro kombaiina ¢ HezaBrucuMbiMu OI'TI ieBoro n mpaBoro GOPTOB 33IHUX BEYIINX KOJEC.

KuioueBble cJ10Ba: MaTeMaTH4IecKas MOJieIb 00bEMHOTO THAPOIPHBO/A B TPAHCMHCCHAX TPAKTOPa, KOPHEYOOPOUHBIX MAlllMH ¥ KOMOaiiHa.

V.R. MANDRYKA, V.N. KRASNOKUTSKYI, A.O. OSTROVERKH, S.H. KOVALEVSKYI

VOLUMETRIC HYDRAULIC DRIVE MODELLING IN TRANSMISSIONS OF TRACTORS AND
SELF-PROPELLED MACHINES

The development of a mathematical description of the individual nodes of the object of study makes the mathematical models non-linear, using
both deterministic and probabilistic characteristics. Moreover, it is not possible to obtain a solution in general form for such mathematical models
without significant simplifications. Modern computer technology allows you to move on to the modular method of compiling mathematical models
when a bank of models of individual units and assemblies is developed, the combination of which makes it possible in a short time to collect the
required generalized mathematical model or supplement it with newly created modules. The main elements of the aggregates together determine the
nature of the transient processes and dynamic loads in the transmission at various operating modes, and will be considered as some modules from
which you can build the mathematical model necessary for the study. One of these modules is a volumetric hydraulic drive (GCP), which are
increasingly being used in the transmissions of modern tractors and self-propelled agricultural machines. In the presented article, a mathematical
description of axial piston hydraulic machines is considered, in which the power and kinematic gear ratios in the GCP can be adjusted both at the pump
and at the hydraulic motor. The dynamic characteristics of hydraulic machines, fluid leakage and its elastic properties, as well as variable values of
hydraulic drive efficiency are taken into account. The simulation results were compared with experimental studies. The discrepancy between them was
in the range (5-8)%. As the objects of study were used: a model of the T-150E caterpillar tractor with independent full-threaded UCP of the left and
right sides; harvesting machine KS-6B with OGP on the rear drive axle; harvesting machine KS-6V with independent UCP on the rear and front drive
axles; layout of a combine harvester with independent UCP of the left and right sides of the rear drive wheels.

Key words: mathematical model of volumetric hydraulic drive in the transmissions of the tractor, harvesters and combine harvester.
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Introduction. The processes, arising in the
transmissions of tractor units and self-propelled
agricultural machines at various motion modes and in the
process of adjustment, are characterized by complex
dependencies that are studied theoretically or
experimentally. Different ways of obtaining mathematic
models are known. One of them is the classical method
of direct description. Another one is the use of passive
and active methods of regressive analysis. It is expedient
to use both methods, the combination of which enables
obtaining a needed mathematic model. The main
elements of a tractor assembly in their totality determine
the character of transition processes and dynamic loads
within the transmission in various operation modes. This
enables considering them as some modules, from which
it is possible to compose a mathematic model needed for
a research.

Recent research and publications analysis. At
present, volumetric hydraulic drives (VHD) find an ever
wide-spread application in tractors’ and self-propelled
agricultural machines’ transmissions. The development
and research of full-threaded and double-threaded
transmissions with a VHD are viewed in detail and from
various points in works by Gorodetskiy K.I., Petrov
V.A., Babayev O.M., Samorodov V.B., et al.

Nevertheless, the main issues accentuated in these
works were exploitation efficiency, technical-economic
indicators improvement ensured by infinitely variable
change in the transmission’ gear ratio. The influence by
a VHD on dynamic load decrease in tractors’ and
self-propelled machines have been viewed incompletely.

The proposed methodology of compiling a
mathematical model for viewing dynamic load of a VHD
transmission is topical.

The goal of the research and problem setting.
The goal of the research is to show on examples the
methodology of mathematical models compilation for
different tractors and self-propelled machines with VHD
in their transmissions. To this effect, it is necessary to
substantiate and formulate mathematical models with
different positions of full-band VHD in transmissions of
the viewed research objects to determine dynamic loads.

Researched objects. As objects for the research,
the following were used: a model of the T-150E
caterpillar tractor with independent full-threaded VHD
on the left and right sides; KS-6B root-harvesting
machine with a VHD on the rear drive axle; KS-6V
root-harvesting machine with the independent VHD on
the rear and front drive axles; a model of a combine
root-harvester with the independent right and left sides’
VHD on the rear drive wheels.

A volumetric hydraulic drive’s mathematical
model. There are several ways of compiling such a
model. In accordance with one of them, the value of the
rotation moment on a hydro-machine’s shaft is obtained
by using the values of kinematic and power efficiency
indices [1]. In the general case, the efficiency ratio index
is a function of the torque and the rotation speed of a
hydro-machine’s shaft as well as a hydro-drive’s gear
ratio.

In the work [2], the mathematical model is
compiled with taking into consideration the

hydro-drive’s dynamics. The dynamic model for the
“regulated pump — regulated hydro-drive motor” system
is represented in (Figure 1).
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Fig. 1. Dynamic model of the “regulated pump —
regulated hydro-drive motor” system
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On the basis of the D’ Alambert principle, the description
of the dynamic model represented in Fig.l is the
following:

do,
Il?+v1wl :Ml _MP’

(M

do
]27t2+v2a)2 =M, -M,.

2)

where I.1 are inertia masses of the pump and the

. V.,V . T
hydro-drive; ~!”" 2 are the factors of links imitating

non-elastic resistance forces; !> 2 are rotation speeds
of the pump’s and the hydro-drive’s inertia masses;

M, M .
1772 are force moment and the resistance forces’

moment; M, M, are the torque values on the shafts of
the pump and the hydro-drive.

It is known [3, 4] that the moments on
hydro-machines’ shafts are the function of the operation

pressure P gradient at the input and the output of the

machine and its mechanic efficiency factor | that is

M,,M, <(p.n,) . Nevertheless, the methodology to

determine "M according the authors’ opinion, is
connected with certain difficulties.

In works [5, 6], it is supposed to consider for VHD in
general the pump as having no losses at operation, while
uniting all the volume and mechanical losses to the total

efficiency factor of the hydro-drive v | and relate them
further to the hydro-motor. In this case,

Mp =f(p)Mp =f(P) Whlle Mm :f(pﬂnh)'

To determine the pressure within a VHD, let’s write
the conditions of consumptions equality, taking into

consideration that the pump supply 9,
0,

is spent on
hydro-motor’s geometric supply on leakages

consumption 9 , and pressure consumption Q [5, 6],
ie.,
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0,=0,+0,+0 )

The values of working liquid consumptions for the

“regulated pump — regulated hydro-motor” system
explicated in Fig. 1 are represented as follows [2]:

Qp =W,mwe,, @

Qm = meZem' (5)

W -
where  ?° ™ — characteristic volumes of the pump

e, ,e .
and the hydro-motor; 7’ ™ — regulation parameter for
the pump and the hydro-motor, which is the ratio
between the current value of the hydro-machine’s washer
inclination angle to its maximum value.

For mathematic description of liquid’s leakages
through clearances, various methods are used. Constant
losses in packages can be a product of some fiction
pressure and the largest consumption [7], and the system
dampering depends considerably on the losses in the
pump and the hydro-motor proportional to the pressure
[8]. Usually, leakage losses in a system are accounted for
by the expression:

O=L-p (6)

where L — proportionality factor, L=y0m) .
Similarly, compression consumption is found, with

taking into consideration hydro-machines’
elasticity-dynamic characteristics [9]:
V dp
Qc =
x dt )
where V' — the volume of working liquid in the

working space, X _ the volume elasticity module of
working liquid.

It is known that the studying of transition processes
in a VHD regardless of elasticity-dynamic characteristics
of all the system’s elements leads to considerable errors
in amplitude and in phase. The volume elasticity module

X and the volume of working liquid in the pressure

mains ¥ are non-linear functions depending on liquid’s
pressure and temperature and, notably, at small pressures
the module of liquid’s volume elasticity changes
considerably as applied to a VHD [9, 10, 11].

Suppose that the working liquid’s temperature at long

operation of hydro-transmission V' stabilizes and £ at
changing loads remains constant further on. This

assumption enables to consider the values of Vo and ¥

nonlinear, depending only on pressure P oof liquid.
Figures 2 and 3represent the mean dependencies of

the elasticity module X and the volume of mineral oils

V' used in the studied VHD in the function of pressure
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Fig. 2. Dependency of the volume of mineral oils
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Fig. 3. Dependency of the elasticity module
in the function of pressure

Confining to considering the pressures arising in VHD at
loads close to nominal ones makes it possible to describe
the approximation of the corresponding curves as
parabolas:

V=V,+k,p+ kvzpz’ (8)

2
X = XO +kxlp+k12p . (9)

Here, Y , %o _ the volume of working liquid and
volume elasticity module corresponding to the minimal
values of accepted pressure change zone;

k. k,.k, .k L
vI2Tvar Tl T2 approximation factors.

It is known that the total efficiency factor of

Up

hydro-transmission is a non-linear function

. . e .
depending on the regulating parameter 7 , rotation

speed of the pump shaft @, , and pressure P Figure
4, there are demonstrated experimental dependencies of

the “Dowty” hydro-transmission’s efficiency factor Uz

. e .
on the regulating parameter 7 obtained for pressure

p corresponding to nominal load on the unit [2].
Similar data, presented in the work [1], were obtained
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when analysing the all-modes characteristics of the S-21
type VHD by “Sauer” company.
ohs
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Fig. 4. Dependencies of the “Dowty”

hydro-transmission’s efficiency factor i on the

e
regulating parameter # obtained for pressure p
corresponding to nominal load

In general, the dependency M= f (a)l’ef’) can be
presented as a function invariant in relation to the
rotation speed of the pump shaft, which is approximated
by the expression,

e
My =Mwo [1 - exp(— k_p)]
K (10)

where '110°%n — approximation factors.

In work [12], the value of the GST-90 hydro-drive’s
efficiency factor is presented as a polynomial obtained
through the use of the regression method considering the
pressure, angle velocity, and the regulating parameter.

Taking into consideration the equations (3 — 9), the
equation describing the change in pressure in a VHD
will be the following:

where Mhos "y — approximation factors.

In work [12], the value of the GST-90 hydro-drive’s
efficiency factor is presented as a polynomial obtained
through the use of the regression method considering the
pressure, angle velocity, and the regulating parameter.

Taking into consideration the equations (3 — 9), the
equation describing the change in pressure in a VHD
will be the following:

Vo +kvlp+kv2p2 dp
Xo +k)(1p+k%2p2 dt
W o

m

+Lp (an

:Wpa)lep - 2 m

o =w =W, =1
For the drive in question, 7 " > om

(not regulated hydro-motor). Considering the presented
data, the equation (11) is the following:

2
dp | (Xo +k,1 P +kxzp2 )Lp _
dt (VO + kv]p + kv2p )

(o + kxlp + kxzpz)
(VO + kvlp + kv2p2)
estimated values of torques on hydro-machines’ shafts

(12)

The
—,)

W(a)lell

M

P>"7 M on condition that all losses in the VHD

appear only in the hydro-motor [6], are as follows:

Mp :epr,Mm :emeT]h, (13)

Considering the equations (10), (12, 13), the
mathematical model of the “regulated pump — not
regulated hydro-motor” system is described as:

d
I, ﬂ+vlco1 =M, —e,Wp;
dt (14)

2
d_p+ (XO +kl]p+kx2p2 )Lp _
dt (I/O + kvlp + kv2p )

_ (%o +k11p+k12p2)
(I/O +kvlp+kv2p2)

W(a)]ep -,)

(15)

do
I,—+v,0, =
dt

= Wpnal1 - exp(—-2)] - M
k,
d_p+ (%o +k;(1p+k;{2p2) Ip—
dac (¥, +kvlp+kv2p2)
_ (%o +kx1p+klzp2)
" +kv1p+kv2p2)

(16)

W(we, —w,).

Nevertheless, there are possible outlays of a unit
whose VHD contains one pump and several
hydro-motors, or several pumps working for a different
number of hydro-motors. In this case, the mathematical
model of the generalized hydro-drive is obtained through
the use of the method presented above. Let us consider
mathematical models of transmissions in assemblies
containing generalized VHD. In Fig. 5, there is presented
the dynamic model of a full-drive transmission of a
caterpillar tractor with VHD on its sides.

Iy oy h-I':; ]"';:,l I;:08,
,f VHDI i\ j )M:
M;( o E“l
I5 1
Mpy Mm;
, E[_ ‘} VHD2 ( ‘)M:

Fig. 5. Dynamic model of a full-drive transmission
of a caterpillar tractor with VHD on its sides

By analogy with (14 — 16), the mathematical model
of the “two regulated pumps — two not regulated
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hydro-motors” system installed on a caterpillar tractor is
as follows:

do
[ —+vo =
dt

=M, —(ep]Wp]p] + epszzpz); (17)

do
L, —2+v,0, =
2 dt 272
(18)
€pi .
:VleplnhOl[l_exp(_k_)]_M2>

nl
%+ (Xor +k;{11pl + kg(lelZ)
dr (Vo + ko + kv21p12)
_ (Ko + kxllpl +kx21p12) _

(Vo1 + k0 + kv21p12)
.(Wplwlepl - Wmlwz);

lpl_

(19)
do

I 3

3

+v,0, =
e, (20)
=W,2 DMy [1 — exp(— kL)] -M,;

n2
dp, N (Xop + kxlzpz +k%22p22)
dt Voo +kopy + kvzzpzz)
_ Koz + k%lzpz + kxzzpzz) _

(Voo + ka0, + kvzzpzz)
W we,, =W, 0,).

P, =

2

21

where I _ inertia masses of the pumps combined
into a pump station; M, My, M, _ force moment with
. M M M
resistance moments; pL27p2> i m> T m2 _ the values of

torques on the shafts of pumps and hydro-motors;

of links

U;,ol,k,,u’?hozsqu _

vl ’v2 ’v3 —

factors imitating non-elastic

resistance forces; approximation factors
for efficiency factors’ curves of the left and the right

VHDs; Vorr Xo- Voo Xon _ the volume of working liquid
and the volume elasticity module corresponding to the
minimal values of accepted pressure change zone of the
left and the right VHDs;

koysko sk sk, sk k

vil2 "y212 vi2°

k., ,,k

x11°2 %212 v225 T y129 T x22

— approximation
factors for working liquid volume and volume elasticity
module curves for the left and the right VHDs;

w.W.W. W iy
pr27mp27mmi>Tim2 _ characteristic volumes of pumps and

e, e .
hydro-motors; 7”772 — regulating parameters of the

VDS pumps on the left and the right sides; Oy, @y, O _

rotation speeds of inertia masses of pumps and

hydro-motors; PP gradients in working pressure at
the inlet and the outlet of the VHD machines on the left

and the right sides; L,L, _ proportionality factors

determining the leakages in the VHDs on the left and the
right sides.

The dynamic model of the experimental VHD on the
guided front driving chassis composed of a regulated
pump and two not regulated hydro-motors for a
self-propelled root-harvesting machine is presented in
Fig.6.

I o I,

5 —6__51['? M,
M ( VHD -
- )n
Lk

_@ .
Fig. 6. Dynamic model of the experimental VHD
on the front driving chassis for a self-propelled
root-harvesting machine

When compiling the mathematical model of the front
driving chassis, it should be noted that it is designed not
only for passing the torque from the engines to the soil,
but also for controlling the machine’s movement in the
chosen direction. Nevertheless, for studying the
dynamics of straight movement, it is possible to neglect
the issues of speeds and moments distribution on the
guided and driving wheels. Then, the mathematical
model for the scheme presented in Fig. 6 with a
regulated pump and two not regulated hydro-motors will
be as follows:

do
LL—+v,0,=
dt

(22)
e
= n12pnh0[1_exp(__p)]_M3;
krl
d_p+ (%o +k11p+k12p2) I pe
dt (I/O + kvlp + kapz)
_ (Xo +k;¢1p+ k;{zpz) .
(K) + kvlp + kv2p2)
.[Wf’a)lel’ - (Vlymla)2 + VI/HIZCOS )]; (23)
199w =M - (24)
1 dt vla)l - 1 ep pp
)
IL,—+v,0, = 25)

e
=W,.p Nyll —exp(—k—p)]—Mz;

n
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a’p (Xo +k;¢1p+k;¢2p )L

ar (Vo +k,p+k,p")
(26)
_ (%o +k%1p+ kxzp ) '
(V:) +kv1p+k 2p2)
'[prle ( ml 1712w3 )]’
where h — inertia mass of the pump; 1,1, — inertia

M, ,M,,M,

masses of hydro-motors; — force moment

. . M M M
with resistance moments; = »> "’ — the values of

torques on the shafts of pumps and hydro-motors;

m2

VisVasVy

of links

r]h[)’kn’ _

factors imitating non-elastic

resistance forces; approximation factors for

efficiency factors’ curves of the VHD; VorZo _ the
volume of working liquid and the volume elasticity
module corresponding to the minimal values of accepted

pressure change zone of the VHD; Kok Ko Kyzs

approximation factors for working liquid volume and

volume elasticity module curves for VHD; Wy Wi Wz

— characteristic volumes of pumps and hydro-motors;
e .

» — regulating parameter of the pump; > @, 05
rotation speeds of inertia masses of the pump and

hydro-motors; p_ gradient in working pressure at the

inlet and the outlet of the VHD machine; L —
proportionality factor determining the leakages in the
VHD.

The experimental model of a root-harvesting
machine developed at UkrNIISKhOM contains in its
transmission three independent VHDs with regulated
pumps and not regulated pumps. These are the drives on
the driving wheels of the rear and the front chassis, as
well as the drive for the working organs. For this scheme
of the machine’s composition, its dynamic model is
presented in Fig. 7.

Iy ey Iz a0y
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VHDI1 U M,
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Fig. 7. Dynamic model of a beet-harvesting
combine’s VHD

The mathematical model for studying the dynamics
of straight movement of a root-harvesting combine, the
scheme of which is presented in Fig. 7, is as follows:

=M, -
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1
_(ep]Wplpl te, N4 nPtTe, W, 3p3)
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n2 29
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h_ inertia masses of the pumps combined
1,,1,,1,,1

where

into a pump station; — inertia masses of

M, M, MM, M,
resistance

p3s Mos My Moy, My the wvalues of

torques on the shafts of pumps and hydro-motors;

force moment
moments;

hydro-motors;
with
M

M M

p1>7" p22

V,V,,V;5,V,,V . Y .
1»72>73>74>%5  _ factors of links imitating non-elastic

. k k k L
resistance forces; Mior> Kyr>Mhoas Ko Mhoss s _ approximation

factors for efficiency factors’ curves of the forward and
the rear chassis’ VHDs as well as for working organs;

Vorr ot Vors Xooo Voo Xos the volume of working liquid
and the volume elasticity module corresponding to the
minimal values of accepted pressure change zone of the
forward and the rear chassis® VHDs as well as for

ST S Y Y Sy S 4

Working organs; Vil 1o Ay Ryo1s Ay s Ryon s s
b
k ok, zskossk, 5.k L
x227v132 T3> Ty 132 T 23 approximation factors for
working liquid volume and volume elasticity module
curves for the forward and the rear chassis’ VHDs as
well as for working organs;

W W W W W W,

pl> " p22 T p32 T ml 2T m22 " m32

w ..
m4 — characteristic volumes

e

pl’e

pZ’e

of pumps and hydro-motors; p3  — regulating
parameters of the VDS pumps on the forward and the
rear chassis’ VHDs as well as for working organs;

@ @5 O3, @y Os - potation speeds of inertia masses of
pumps and hydro-motors; PPy Py gradients in
working pressure at the inlet and the outlet of the VHD
machines on the forward and the rear chassis” VHDs as

well as for working organs; L.Ly Ly _ proportionality
factors determining the leakages in the VHDs on the
forward and the rear chassis® VHDs as well as for
working organs.

Conclusions. Thus, the offered methodology
enables obtaining mathematical models for studying the
dynamics of straight movement of systems with various
location and numbers of VHDs in the assembly’s
transmissions.

It follows from the analysis of the VHD
components’ mathematical models that the increase or
decrease in a pump’s working liquid consumption is
attained through a change in the frequency of the pump
shaft’s rotation, or the regulating parameter, or through
simultaneous change of both indicators. Thus, at the
uneven motion, it is necessary to adjust the mentioned

parameters to ensure high-speed performance at a certain
level of dynamic loads within transmission.

Depending on operation modes, at unsettled
motion, several variants are possible that ensure
high-speed performance at a certain level of dynamic
loads, or the minimal dynamic loads when time factor is
not the prevailing one. A perspective is optimal control,
when additional parameters are included into the target
function
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A.H. BOPUCEHKO, H.E. CEPITHEHKO, O.H. AT'AIIOB, H.I:. ME/IBE/IEB

HNCCIEJOBAHHUE CIIOCOBOB KOPPEKIIMN CKOPOCTHBIX XAPAKTEPUCTHUK
TOIIVINBHBIX HACOCOB 3A CHET JPOCCEJINPOBAHUSI HA BCACBIBAHUU

ITpoananm3upoBaHa BO3MOXKHOCTh HMPHMEHEHHS CHUCTEM TOIUIMBOIIOAAYM C JPOCCEINPOBAHHEM Ha BCachlBaHHU. [loka3zaHa BO3MOXKHOCTH 3a CUET
BBIOOpA KOHCTPYKTHBHO-PETYIUPOBOYHBIX TAPAMETPOB BIIHATH, B JOCTATOYHO MIMPOKUX HPE/ieIaX, Ha BHI CKOPOCTHBIX XapaKTEPHUCTHK.
IIpenmymiecTBa CHCTEM C JPOCCENUPOBAHHEM HAa BCACHIBAHUM IIPOSBILIIOTCS B IIONHOM Mepe, €CIH OCYLIEeCTBISTH POCCENIUPOBAHHE HE
U3MCHEHHEM JIABIICHHS IIO/IKAYKM TOILUIMBA, a M3MEHEHHEM BPEMCHM-CCUCHHS BCACBIBAIOLIMX OPraHOB, MO3TOMY INPH BHIOOPE KOHCTPYKI[HH
PETYIUPYIONMIEro OpraHa HEOOXOMHMO O0O0ECIIeUHTh CIEAYIOINE YCJIOBUS: MaKCHMAlIbHOH IPOXOIHOW IUIOMAJH JODKEH COOTBETCTBOBATh
BO3MOXKHO OOJBIIMIT XOA pEeiiKH, a MUHHMaibHas IPOXOAHAs IUIOL[aNb O CBOMM pasMepaM (LIMPHMHA M BBICOTA) IOJDKHA JICKATh BHE 30HBI
HEYCTOUYHBOTO TEUCHUS Yepe3 Hee TOIUINBA.
IpeutokeHHast KOHCTPYKIMS TOIUIMBHOTO HACOCA OTIMYACTCS OT OOBIYHBIX HAIMYHMEM Ha IUTyH)KEpe JO3HPYIOLICH LIEIH U COOTBETCTBYIOIICH
KaHaBKH BO BTYJIKE Hacoca.
IToBOpOT MTyHKepa Peiikoii BBI3BIBACT YBEIHYCHUC WM YMCHBIICHHUE JUTHHBI LIE/H, BBIXOMALICH B KAHABKY, H TEM CaMbIM MCHSCTCS IIPOXOHAS
IUIOIIA (b, CTEIICHb HAIIOJIHEHNS HaIUTYHXKEPHOTO IPOCTPAHCTBA TOILIMBOM, a CJICOBATENILHO, U IUKIIOBAs M0[a4a.
CKOpOCTHbBIE XapaKTEPUCTHKH OINBITHOTO TOIUIMBHOTO HACOCA, CHATBIC 110 BCEMY XOMy PEHKH, MTOKAa3bIBAIOT MX CYIICCTBCHHBIC YIy4IICHHS. DTO
MO3BOJISIET CPAaBHHUTENBHO IIPOCTO OOECIIEUUTh CKOPOCTHYIO XapaKTepPUCTHKY, COOTBETCTBYIOLIYIO BHEIIHEH XapaKTepHCTHKE IH3els C
MOBBIIICHHBIM 3a11aCOM I10 KPYTSIIEMY MOMEHTY.
Pesynbrartel OKCIEPHUMEHTOB (IPSIMOJIMHEHHOCTh PEryIMPOBOYHBIX XapAaKTEPUCTHKH, [JOCTATOYHO OONBINOH XOI pEeHKH) HOATBEpIHIN
MOTCHIHAIBHBIE BO3MOXXHOCTH PAacCMaTpPUBAEMOro Hacoca B obecredeHnH TpebyeMoil HepaBHOMEPHOCTH TOILTMBOIOIAYH IIPH HCIIOIb30BAHHUH €TI0
Ha MHOTOLIMINHAPOBBIX ANU3ETSX.
Pesynsrarel 00pabOTKM SKCIIEPUMEHTA, MPOBEACHHOTO BO BCeM padodyeM Juama3oHe OOOpPOTOB M HArpy3oK, IOKa3aid, 4To KoyicOaHue
MaKCHMAJIFHOTO JaBJICHHS TOIUIMBA OT LMKJIA K LMKy He npebimaer | MITa.

KuoueBble cioBa: TormimBomnogada, ApOCCEIMPOBAHNE, BPEMsI-CEICHUE, X0/ PEHKH, IUTYHXKEP, JO3UPYIOILas MIeb, IPOXOJHAs ILIOMIAMb,
IMKJIOBAs TT0/1a4a.

A.M. BOPHCEHKO, M.€. CEPTUEHKO, O.M. ATAIIOB, M.I. ME/IBE/IEB

JOCJIUKEHHS CHOCOBIB KOPEKIIP INIBUJIKICHAX XAPAKTEPUCTHUK ITAJIMBHUX
HACOCIB 3A PAXYHOK JPOCEJIIOBAHHSA HA BCMOKTYBAHHI

IIpoananizoBaHO MOXJIMBICTH 3aCTOCYBAaHHS CHCTEM II0Jladi ManuBa 3 JPOCEIIOBAaHHSM Ha BCMOKTyBaHHI. [okazaHa MOXIHMBICTb 3a paxyHOK
BHOOPY KOHCTPYKTHBHO-PETYIIOBAJIbHUX ITapaMeTpPiB BIUIMBATH, B JOCUTH MINPOKUX MEXaX, Ha BUIVIS MIBUIKICHUX XapaKTePUCTHK.
IlepeBaru cucrteM 3 APOCETIOBAHHAM Ha BCMOKTYBAaHHI HPOSBISIOTHCS B MOBHIM Mipi, SIKIIO 3iMCHIOBATH JPOCCETMPOBAHUE HE 3MiHA THUCKY
MiJIKAYKK TaJkBa, a 3MIHOK 4YacCy-IIEPEeTHHY BCMOKTYBaJbHHUX OpraHiB, TOMY IpH BHOOPI KOHCTPYKIII PEryJIHOHYOro OpraHy HEOOXiJHO
3a0e3MeYnTH TaKi yMOBU: MAaKCUMAJIbHOI MPOXIJHMH IO TOBUHEH BiJIIOBIIATH SKOMOTra OUIBILIMI XiJ peiiky, a MiHIMaJIbHa MPOXiJHa IJIOIIA 32
CBOIMH po3MipamM¥ (IIMpHHA | BUCOTA) TOBHHHA JIE)KATH 11032 30HOK0 HECTIIKOro Teuii uepe3 Hel maausa.
3anporoHoBaHa KOHCTPYKIisi HaJMBHOTO HACOCA BiIPI3HAETHCA Bl 3BHYAWHHUX HASBHICTIO Ha IUTYHXKEPi JO3YI0YOT LIUIMHY i BIAMOBIAHOT KAHABKH
y BTYIIII Hacoca.
IToBOpOT MUTyH)KEpa PEKOI0 BUKIMKAE 30LIbIICHHS a00 3MEHIICHHS JOBXUHY LIIINHY, BUXOJUTH B KaHABKY, | THM CaMHM 3MiHIOETHCS IPOXiTHA
IUIOIIA, CTYIiHb HAIIOBHEHHS HAATUTYH)KEPHOTO TIPOCTOPY MaJIUBOM, a OTKE, 1 [IMKIIOBA MOJava.
IIBHAKICHI XapaKTEePUCTHKH JOCBIIYCHOTO IAIMBHOIO HACOCA, 3HATI [0 BCBOMY XOAY PEHKH, MOKa3yOTh iX icTOTHI momimmenHs. Lle no3somse
MOPIBHSHO HNPOCTO 3a0€3MEYUTH MIBH/KICHY XapaKTepUCTHKY, BIAMOBIIHY 30BHILIHIA XapaKTePHCTHUL AU3€s 3 i JBUILEHUM 3aI1aCoM 110 KPYTHHI
MOMEHT.
Pesynbrati  eKCIIEpUMEHTIB  (MIPSMOMIHIHHICTS PEryIIOBaJbHUX XapaKTEPUCTHKH, NOCHTh BENUKHH XiA PeHKH) MiATBEpIMIN MOTCHIHHI
MOXJIMBOCTI PO3IIISTHYTOTO Hacoca B 3a0e3MedeHHI HeoOXiqHOT HepiBHOMIPHOCTI MOJayi MmajavBa MpU BUKOPUCTAHHI HOTo Ha OaraTOLIIIHIPOBUX
JTU3EIIsX.
Pesynbratn 0OpOOKH eKCIIEPHMEHTY, IIPOBEACHOTO B YChOMY pOOOYOMy Jiama3oHi OOOpOTIB i HaBaHTaXK€Hb, IMOKA3aJM, MIO0 KOJIHMBAHHS
MAaKCHMaJbHOTO THCKY MajKBa Bi HUKIY 10 LMKy He nepeBuurye 1 MIla.

Kurrouosi ciioBa: IlannBonogada, ApocesTOBaHHs, 9ac-IEPETHH, X1 peKH, IUTyHXep, 103yko4a IiJInHA, TPOXiJHa IUIOIIa, [[MKJIOBA [10aJa.

A.N. BORISENKO, N.Ye. SERGIENKO, O.N. AGAPOV; N.G. MEDVEDEYV

RESEARCH METHODS FOR CORRECTION OF SPEED CHARACTERISTICS OF FUEL PUMPS
THROUGH THROTTLE AT SUCTION

The possibility of using fuel supply systems with throttling at the intake is analyzed. The possibility of influencing, over a fairly wide range, the
appearance of speed characteristics due to the choice of structural and adjusting parameters is shown.

The advantages of suction throttling systems are fully manifested if throttling is performed not by changing the fuel pumping pressure, but by
changing the time-section of the suction bodies, therefore, when choosing the design of the regulatory body, it is necessary to ensure the following
conditions: the maximum possible passage distance must correspond to the maximum passage area, and the minimum passage area in size (width
and height) must lie outside the zone of unstable flow of fuel through it.

The proposed design of the fuel pump differs from the usual ones by the presence of a metering slit on the plunger and a corresponding groove in
the pump sleeve.

The rotation of the plunger with a rail causes an increase or decrease in the length of the gap extending into the groove, and thereby the passage
area, the degree of filling of the plunger space with fuel, and therefore the cyclic feed, are changed.

The speed characteristics of the pilot fuel pump, taken along the entire course of the rack, show their significant improvements. This makes it
relatively easy to provide a speed response that matches the external performance of a diesel engine with a high torque margin.

The results of the experiments (the straightness of the adjusting characteristics, a sufficiently large stroke of the rack) confirmed the potential
capabilities of the pump in question to ensure the required unevenness of fuel supply when used on multi-cylinder diesel engines.
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The results of processing an experiment conducted in the entire operating range of revolutions and loads showed that the fluctuation of the

maximum fuel pressure from cycle to cycle does not exceed 1 MPa.

Key words: Fuel supply, throttling, time cross-section, rail progress, plunger, metering slit, passage area, cycle feed.

Beenenne. CyniecTBEHHBIM HEIOCTATKOM IIHPOKO
pacIpoCTpaHEHHBIX TOIUIUBHBIX HACOCOB 30JI0THUKOBOTO
tuna [1] sBmsgercs  HeOmarompusATHOE  (IIOJIOTOE)
MIPOTEKAHUE CKOPOCTHBIX XapaKTePUCTHUK
TOILTUBOMOAAYM [2], YTO OTpa)kaeTcs Ha CKOPOCTHBIX
XapaKTepUCTUKAX JU3CIBHOTO ABUTATEISI U HE OTBEYACT

TpeOOBaHUAM, TIPEABSBIIEMBIM K  TPaHCIIOPTHBIM
IU3eIsIM, B YacTH OOECHedeHWs HWMH IOBBIIICHHBIX
3armacoB MO0 KPyTAIEMY MOMEHTY.

Ananu3  uccaegoBaHuil. OauH w3  myTtei
YCTpaHEHHUS YKa3aHHOIO HEAOCTaTKa — IpPUMEHEHUe
CHUCTEM TOIUIMBOIIONAYM C JPOCCEIMPOBAHHUEM Ha
BCcachlBaHMHM, T. K. 3a c4yeT BBIOOpa WX
KOHCTPYKTHBHO-PETYIUPOBOYHBIX napameTpoB

MPEJCTABISCTCS BO3MOXKHBIM B JIOCTATOYHO IIMPOKHX
mpejesiaX BIWSTh Ha BUJA CKOPOCTHBIX XapaKTEPHCTHK
(3]

B cBsi3u ¢ 3THM, Ha NPOTSHDKEHWHM MHOTHX JIET B
Halllel cTpaHe W 3a pyOekoM He ociabeBaeT MHTEpeC K

TOIUTMBHOW ammaparype ¢ JpOCCeIMpPOBaHHEM Ha
BcachbiBaHuu. Hanpumep, oOpurHHANbHAs TOIUTUBHAS
anmnaparypa c JI03UPOBAHUEM TOILTMBA

JIpOCCENMpPOBaHUEM Ha BCACHIBAaHWHM HAILIa IPUMEHEHUE
Ha OBICTPOXOAHBIX AWU3EISIX MHPOBOTO HE3aBHCHMOIO
npousBoaures pupmMbl KCUMMINS».

Ecmu npoananmm3npoBars MyOIHKauy 00 OTBITHBIX
W BHEIPEHHBIX B  TPOW3BOICTBO  KOHCTPYKITHSIX
paccMaTpuUBaeMBIX CHCTEM, TO MOYXHO OTMETHTH, YTO B
OOJIBIIIMHCTRE ciy4aeB JPOCCEeTUPOBAHNE Ha
BCACBIBAaHUH OCYIIECTBIEHO MMyTeM U3MEHEHUS JaBICHUS
MOAKAUYKH TOILJIMBA [4,5] crnenyaabHbIMU
THIPABIMYECKAMHU  peryisropamu. [lpwdem, BeIOOp
KOHCTPYKIIH PETryIIATOpa, 00ECIIeurnBaIONIero 3a1aHHbIe
3aKOHBI U3MEHEHUS AaBJICHUS TIOAKAYKUA U CTAaOUIBLHOCTD
npotecca HaroJHEHMUS, MpeaCTaBIsAET coboi
CpPaBHUTENILHO CIOXKHYIO 3a1a4y [6].

Bmectre ¢ TeM, mpeMMyIIecTBa CHCTEM C
IPOCCENMPOBAaHMEM Ha  BCAaCBHIBAHMHA MOIIH OBl
MPOSIBUTBCS B TIOJHOM Mepe, €ClM OCYIIECTBIATH
JIpOCCEeIMPOBaHNE HE M3MEHEHHEM JaBJICHUS TMOAKAYKU
TOTLITNBA, a HU3MEHEHUEM BpEMEHU-CEUEHHUSI
BCaCBIBAIOMIMX OPraHoB. B 3ToM ciydae MOXHO
KOHCTPYKTHBHO Oonee MPOCTHIMHU crocobamMu
BBITIOJIHATH KakK KOPPEKILHUIO CKOPOCTHBIX
XapaKTEePUCTHK, TaK U JJO3UPOBAHUE TOTUIMBOIOIAYH.
Kak moxkazamu paboOTBl, NPOBOAMMBIC B BEIYIIHX
WHCTHUTYTaX [7], CKOPOCTHBIC XapaKTEPUCTHKH HACOCOB C
30JIOTHUKOBBIM PETYITHPOBAHKEM ITO/Ia9H TOTINBA MOTYT
OBITh YIyYIICHBI MPUMCHEHHEM IPOCCEIMPOBAHMS Ha
BCACBIBAaHMHM 3a CUYCT COOTBETCTBYIONICTO BhIOOpa
BpEMEHU-CEUEHHs] BCACHIBAIOIIUX OKOH. BpeMs-ceuenus
MTOCIIETHUX BEIOMPAETCs TaKUM, 9TOOBI HA HOMUHAIBHBIX
oboporax KYJIa4KOBOTO BaJja  HaIIUTyHXepHOe
MIPOCTPAHCTBO HAcoca 3aloiHUIOCH TOIUIMBOM JIUIIb
yacTuyHO. [Ipy CHIKEHUH CKOPOCTHOTO pexuMa U Ipu
[IOCTOSIHHOM MOJIOKEHU U perKu BpeMs,
COOTBETCTBYIOIICE mporeccy HAITOJTHEHUIS,
YBEJIMYUBAETCS U COOTBETCTBEHHO, BO3PACTAET CTEIICHD
HaMOJHEHUS HAJIIUTYHXEPHOTO MPOCTPAHCTBA TOIUIUBOM,
00yCaBIuBasl MPUPOCT IIUKIOBOH MOAYH, OCYIICCTRIISS
T. 0. KOPPEKIHUIO CKOPOCTHON XapaKTEPUCTUKH.

OmHako  SKCICPUMCHTANBHBIC  HCCICIOBaHUS
TIOKa3aly, 9T0 paccMOTpEeHHBIC Ccroco0b1
JIPOCCENMPOBAHNS Ha BCACHIBAHWH, NMPUMEHHUTEIFHO K
Hacocam c 30JIOTHUKOBBIM peryIMpoBaHUEM
(mo3upoBaHMEM) TIOAAYX TOILTUBA, HE MOTYT 00CCIICYHUTh
VAYYIICHUs] CKOPOCTHBIX XapaKTEPHCTHK BO BCEM IIOJIC
CKOPOCTHBIX PEKUMOB [§].

Hens padoThl — Ha OCHOBE aHAIIN3a PETYIHPOBOK
oAa4n TOTIIIBA B TTU3EIAX MPEITIOKHUTD
YCOBEpPIICHCTBOBAHHBIA METOJ] IO3MPOBAaHUS TOILIHBA
JUTSL KOPPEKIIUH XapaKTEePUCTHUK TOIUTMBHOTO HACOCA.

Pe3yabTarsl  ucciaenoBanuid. Buj cKOpoCTHBIX
XapaKTCPUCTUK MOXXHO HM3MCHUTH KOPCHHBIM 00pa3oM,
€CIH WCIIONBh30BaTh MPUHIMII JIPOCCEIMPOBAHHUS Ha
BCACBIBAaHHH, KaK CPEICTBO JO3UPOBAHS TOILIHBA.

W3BecTHBIE  CIOCOOBI  JO3UPOBAaHMUSA  TOILTHBA
JIPOCCENIMPOBAHUEM Ha BCACBIBAHUH 3a CUET M3MEHEHUS
[IPOXOJHOM IUIOIIAJM BCACBIBAIOIUX OTBEPCTUIl HE
HAIIUTM [IUPOKOTO PACIPOCTPAHCHUS B CHIy psjia
TIPUYVH, 00YCITOBICHHBIX HEBO3MOXKHOCTEIO
obecrieyeHrss TpeOyeMoi CTaOWMJIBPHOCTH IHUKIOBBIX
mofa4y W PaBHOMEPHOCTH PACIpEICICHUs TOIUIMBA TIO
mmHApaM gu3ens [9]. OTH HemoCTaTKH CBS3aHBI, B
OCHOBHOM, C  KOHCTPYKTHBHBIM  BBIIIOJHEHHUEM
JIO3UPYIOLINX OPraHoB (HAIpPUMEpP, IPOCCEIUPYIOIIas
UINIa, PETYIHUPYIOIIas TMPOXOJHOC CEUCHHE B OKHAX
BTYJIKMA IUTYHXKEpa) WM Pa3IMYHOIO poIa KPOMKH Ha
TUTYH)KEpe, MEPEeKPHIBAIOIINE OTBEPCTHS BO BTYJKE. [t
ITHX KOHCTPYKITHIA XapaKTepHBIMU SIBIISTFOTCS
3HAYATENIbHBIE  M3MEHEHHUS  IMPOXOAHBIX  CEYCHHHU
BCACBHIBAIOMINX OTBEPCTUH NIPH OTHOCUTEIHHO MAaJIOM
XOJIe PETYIHMPYIOIIEro opraHa (peiku) Hacoca, 4To Mpu
HAIMYAA JIOQTOB M TEXHOJIOTUYCCKHX OTKIOHCHHIMA
pa3MepoB JeTanei B CHCTEME IPUBOJA PETYIUPYIOIIETO
OpraHa, BBHI3BIBACT HENOIYCTHMYH) HEPaBHOMEPHOCTH
IUKJIOBBIX IOy MO CEKIMsIM Hacoca. Kpome Toro, kak
MOKA3bIBACT MPAKTHKA, MPH PETYINPOBAHUA IPOXOTHBIX
CEUYEHUH UIJION U NMPHU MaJIbIX €€ MOoIbEeMaxX UMEETCs 30Ha
HeyCTOfI‘IPIBOI‘O HaAITOJIHCHU N HaATUTYHXXCPHOT'O
MPOCTPAaHCTBA  TOILUIMBOM  BCJICACTBUE  SBJICHUS
obmmuteparmu [10, 11, 12].

I[Ipu BBHIOOpPE KOHCTPYKIMH  PETYIUPYIOMIETO
opraHa, HeOOXOIUMO O0ECIIeUUTh CIEAYIOUINE YCIOBHUS:
MaKCHUMAaJIbHOU TIPOXOIHOMI IO JIOJDKEH
COOTBETCTBOBAaTh BO3MO)KHO OONBIIMIA XOJ pewkw, a
MUHUMAJIbHAsA MpOoXoAHasd IiomiaJab Mo CBOMM pasMepam
(muprHEe U BBICOTE) JOJDKHA JIeKaTh BHE 30HBI
HEYCTOMYMBOTO TEYCHUS Yepe3 HEro TOIUIMBA. DTHM
TpecOOBaHUSAM  OTBEYACT KOHCTPYKIMSI  TOIUTMBHOTO
Hacoca, m300pakeHHas Ha puc. 1, C TO3MpPOBaHUEM
TOIUTMBA JPOCCETUPOBAHMEM Ha BCACBIBAHUH IIPH
MOCTOSTHHOM JIaBJICHUH TIOJIKAYKH TOTIUBa [7].

OTJ'II/I‘II/IG €ro or O6I)I‘{HI)IX TOILIMBHBIX HACOCOB
30JIOTHHKOBOTO ~ THIIA  3aKJIIOYaeTCS  TOJBKO B
KOHCTPYKTHBHOM  BBINIOJIHEHUU ILIYH)KEPHOM Iapsl,
UMCIOIICH Ha IUTyHXKepe JO3HMPYIOUIYI0 INeNb S5 |
COOTBETCTBYIOIIYIO €i1 KaHaBKY 4 BO BTYJIKE Hacoca.

HamonHenue  HAAMIYHXXEPHOTO  MPOCTPAHCTBA
TOITMBOM OCYIIECTBIISICTCS Yepe3 OKHO 3, KaHaBKY 4 BO
BTYJIKE H JaJiee yepes Meb 5 1 a3 6 B IUTyHKepe.
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Puc. 1. TorummBHBII HAacOC ¢ JO3UPOBAHUEM TOILTUBA
JpOCCETMPOBAHNEM Ha BCAChIBAHUH

[Ipu pabouem xoze IUTyHXKepa Wb S5, BEIXOIS U3
KaHaBKH 4, MEepPEeKpbIBAETCS M MOCTyNHBLIEE B pabOUyI0
KaMepy Hacoca TOIUIMBO nopaercs K gopcyHke. [Toopor
IUyHXKepa  peHKOW  BBI3BIBACT  yBEIMYCHHE  WIIN
YMEHBILICHNE JUIMHBI ILENH, BBIXOJSMIEH B KaHAaBKY, H
TEM CaMbIM MEHSIOTCS IPOXOJHAs IUIOMAAb W CTETEHb
HAaITOJHEHHSI HA/IIUTYH)KEPHOTO ITPOCTPAHCTBA TOTUIHBOM,
a, CIeoBaTeNIbHO, M IMKJIoBas mnonada. lupuna menm
BBIOMpAaeTCsl W3 YCIOBUS OOECIEUYEeHHs BO3MOXKHO
Oompmero pabodero xoma pedKH W CTaOMIBHOTO
Iporecca HaloJIHEHHUH.

B onbITHOM KOHCTPYKLMHM Hacoca IIMpUHA LIENU
paBHa 0,42 mm. Ha puc. 2 mnst cpaBHEHHS IpUBEICHBI
rpaduKkd  W3MEHEHHS  OTHOCHTENBHOW  MPOXOIHOM

f

wiomamu fou
OT XOAa PEWKM m Ui PasIMYHBIX KOHCTPYKTHBHBIX
pelIeHU M3MEHEHUs YNOMSHYTON IUIOUIaJN: KPOMKOM
Ha IUIyH)XKE€pe, UINIOW B OKHE BTYIKM M IIEIbIO Ha
wiymxkepe. M3 rpadukoB BHAHO, 4YTO, B TOCIEIHEM
ciiy4dae, 3Ta 3aBUCUMOCTh UMEET NPSIMOJIMHEWHBIN BUT

OKOH BO BTYJIKE HacoCa B 3aBUCHMMOCTH
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Puc. 2. 3aBUCHMOCTD OTHOCHTEIBHON IPOXOAHOM IUIOLIA TN
BCAaCBIBAIOLIETO0 OTBEPCTHA OT BEJIUYUHBI X0/1a PEryJIUPYIOLIETO
opraHa (peiiKi) P pasInIHBIX C0CO0aX APOCCETUPOBAHMS
Ha BCACBHIBAHUH

BO BCEM pacCMarpuBac€MOM JHalla30HC H3MCHCHUSA

S MPU CPABHHUTEIBHO OOJIBIIOM MAaKCHMaJIbHOM
Xole  peiku H, TakuM  o0pa3oM,  OTBEYaeT

c(hOpMYITHPOBAHHBIM BBIIIIC TPEOOBAHHUIM
DKCTIEpUMEHTANIBHOE HCCIIEIOBAHUE JTO3WPOBAHUS
TOIUIMBA MYTEM WM3MEHEHHUs IMPOXOMHOW IUIOLIAJH IENr

MPOBEACHO HAa OMNbITHOM TOIUIMBHOW amnmaparype
(npumenutenpHO K gu3ensm  tuna  UH26/26) ¢
napaMeTpamu:

- IuaMmeTp miyHxkepa — 17 Mmm;

- XOJI ITyHXkepa — 22 MM;

- MaKCUMaJIbHasi CKOPOCTH IUTyHXkepa — 2,47 M/c;
- wupuHa enu — 0,42 mm;

- MAaKCUMAJIbHBINA XOJT peUKH — 32 MM;

- pacusututens — 10 x 0,4 ¢ £, 0,65 mm?

- naBieHue noakauku — 0,2 MIla

CKOpOCTHEIE XapaKTePUCTUKH OITIBITHOTO
TOIUIMBHOTO HAcOCa, CHATBIE IO BCEMY XOAY PEHKH B
Jiana3oHe 000poToB Basia Hacoca n, ot 500 1o
175 mun! [12], npuBeneHs! HA puc. 3.
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Puc. 3. CKOpOCTHLIC XapaKTCPUCTUKU TOIUIMBHOI'O Hacoca €
JO3UPOBAHUEM TOIUIMBA APOCCHIUPOBAHUEM HA BCAChIBAHNUN

I'padukn MOKa3bIBAIOT CYLIECTBEHHOE YIyYIICHUE
CKOPOCTHBIX XapaKTEePUCTHK, KOTOpPBIE 1O PEKHMOB,
COOTBETCTBYIOIMX MOMEHTY IIOHOTO 3allOJHEHUH
paboueii kamepbl Hacoca (BepXHsisi KpUBasi), UMEIOT BHT
pe3K0 TMAJaIUX KPUBBIX C YBEIMYEHHEM N, H
MPAaKTHYECKH MOTYT paccMaTpuBaThCs Kak
PETYISTOPHBIE c YBEITMUCHHON CTETICHBIO
HEPABHOMEPHOCTU.  YKa3aHHBIE CBOMCTBA  Hacoca
MO3BOJISIIOT ~ CPAaBHUTENBHO  IIPOCTO  0OECIEYnThH
CKOPOCTHYIO  XapaKTepHCTHKY,  COOTBETCTBYIOLIYIO
BHEITHEH XapaKTEPUCTHKE JAW3ENsA C IOBBIIICHHBIM
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3armacoM M0 KpyTdameMmy MoMmeHTy. Kak BugHO u3
rpaQuKoB, OHAa MOXET OBITh MOJYYCHA IyTEM
COOTBETCTBYIOIIECTO BHIOOpA TONOKCHHS YIIOpa PEHKH
MaKCHMaJIbHOMW ITOJa49H.

Jo3upoBaHue TOMAMBA WU3MEHEHUEM MPOXOIHOMN
IUIOIIATM IS OOCCIICUNBACT, KaK BUIHO U3 puc. 4,
MIPaKTUYECKHU JIMHEHHYIO 3aBUCUMOCTb LIUKJIOBBIX 1O/1a4
OT XO#a peHKH MpH MOCTOSHHOM YHCIEe OOOPOTOB.
DakTUUECKUI X0 PEMKH JUIs KaKIOW U3 NPHUBEIECHHBIX
pETYIMPOBOYHBIX XapaKTEPUCTHUK, B CHIIY IPHHLMIIA
paboTEl Hacoca, MOMYYHJICS HECKOJIBKO MEHBIIE, YeM
IUTST 30JI0THUKOBOTO Hacoca (mpototuma). OmHako, 3T0
MOXET OBITh HCIPABICHO YMEHBIIICHUEM ITHPUHBI IIEIH,
BBHIOOpPOM yIIa BCachlBaHUS Kyllaka M JIaBICHUS
MOJKa4Ky  TomiuMBa. Hampumep, BiusHHe yIyia

BCAaCbIBaHUM KYyJIaKa (4 ne HA HAKJIIOH PETYIUPOBOYHBIX

XapaKTepUCTUK MOXHO IPOAHAJIU3UPOBATh TaKXkKe U3
rpa¢ukoB Ha puc. 4, Te MPUBEICHHBIC PETYINPOBOYHbIC

XapaKTepUCTUKH CHATHI C KyJlTakaMH, y KOTOPBIX ¢
cooTBeTcTBeHHO paBHEI 115° m 236°. U3 rpaduxos

clegyeT, 4YTO C YMEHbIIEHHWEeM ¢ = Xoi peHky,
O6CCH€‘H/IB3}OH.[I/II>1 paBHBIC (,;,, YBCIIMYNBACTCA.
Sy
g ny, 2 D)
' 1/ = AN O
AN =F
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/ / 3
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Puc. 4. 3aBUCUMOCTb IUKJIOBBIX MOAA4 OT X012 peiKu
TOIJIUBHOTO HAacoca C I03UPOBaHUEM TOILIMBA
JIPOCCENMPOBAaHIEM Ha BCACHIBAHUH MPU Pa3HBIX 3HAYCHUSIX

yria BeacsiBanus &, poduuist Kynaka

Takum  oOpazoM, pe3yabTarbl  IKCIEPHUMEHTOB
(IPSIMONIMHEHHOCTh  PEryJIMPOBOYHBIX XapaKTEPUCTHK,
JIOCTAaTOYHO  OONBIION  XOI  PEeWKH) IOATBEPIHIIH
MOTEHIMAJbHEIE ~ BO3MOXKHOCTH  paccMarpuBaeMoro
Hacoca B oOecrieueHHH TpeOyeMoll HepaBHOMEPHOCTH
TOIUIMBOIIOAAYM TP MCHONB30BaHUM  €ro  Ha
MHOTOLIMJINHIPOBBIX JIU3ETISX [12]. IIpuuem
peryimpoBaHie HEepaBHOMEPHOCTH TOIUIMBOIIOAYH JUIS
uccieayeMoro Hacoca (Tak e, Kak My 30J0THUKOBBIX
HACcOCOB) MOXKET OBITh OCYIIECTBICHO JJONOJHUTEIEHBIM
Pa3sBOPOTOM ILTyHXKEpa.

Ocoboe BHUMaHHE TpU  AKCHEPHUMEHTAIHHOM
HCCIIEIOBAaHUHT JI03UPOBAHUS TOIUTBA
JPOCCENMPOBaHUEM Ha BCACHIBAHWU OBUIO OOpaIieHo Ha
CTaOMIBHOCTD IAPAMETPOB BIPHICKA.

CymecTytomiee MHEHHE 0  TOBBIIICHHOH
HECTaOMIBHOCTH MPOLECcCca BIPBICKA APOCCETUPOBAHUEM
Ha BCAChIBAHWHU JUIS ONBITHOTO TOIUIMBHOTO HAcoca He
MTOATBEPAMIOCE. Pe3ynbrarel 00paboTKH OCIHILIOTPaMM,
CHATHIX BO BceM pabodeM jauana3oHe OOOPOTOB H
HArpy3oK, IIOKa3ajd, 4YTo KojeOaHHe MaKCHMaJIbHOTO

JIaBJICHUSI TOIUIMBA OT IMKJIA K IIUKITy HE
npesbrmaet 1 MIla.

BeiBoabl. Koppekmnus CKOPOCTHBIX XapaKTEpUCTHK
30JIOTHUKOBBIX TOIUIMBHBIX HAacOCOB JUIS AM3ENeH C
TIOBBIIIEHHBIM 3aI1acoM II0 KPYTAILIEMY MOMEHTY peajlbHO
MOXKET OBbITh BBINIOJIHEHA 3a CYET Habopa yMEHbUICHHBIX
3HAYEHUII BPEMEHH-CEUEHHs BCACHIBAIOIIUX OPraHoB.
Pa3paboTaHHas KOHCTpYKLUs TOIUIMBHOIO Hacoca C

JO3UPOBAHUEM TOIL'TUBa ApOoCCeINPOBAHUEM Ha
BCaCblBaHNU IIO3BOJISACT CyHIE€CTBEHHO YIy4lInUTh
CKOPOCTHBIC XapaKTCPpUCTUKHN TOILJIMBOIIOJa4H,

an6nI/1>1<a${ HUX K BHAY PETYIATOPHBIX BO BCEM IIOJIC
pa6oq1/1x PEKUMOB, YTO CO3ACT PEAJIbHBIC ITPEAIIOCHIIIKA
JUJIs ynpoueHus BCel CHCTCMbI IIUTaHUA u
PEryjInpoBaHus ABUTaTCIIA.
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A. I1. KOKYILIIKO, T. O. KPKOKOBA

METOAUKA TITIPOTHO3YBAHHsI TIOTPEE B MATEPIAJIBHUX 3AINACAX HA BA3I
ABTOMOBIJIIBHO-TPAHCIIOPTHOT'O NIAITPUEMCTBA

Po3BuTOK aBTOMOOITEHO-TPAHCIIOPTHOTO IMiNPHEMCTBA, B CHOTOAHIIIHIX peasisX, HANMpsMy 3aJeXHTh BijJ IUIaHyBaHHs ioro QiHaHCOBOI
JUSUTBHOCTI, aJpKe IPH 3MiHi OMUTY Ha MOCIYTH, IPOAYKLi0 a00 MpU BapiaTUBHOCTI PUHKOBOI KOH IOHKTYPHU BapilOETHCS i OTpUMaHHs npulOyTky. [Ipu
(hopMyBaHHI IUIaHY PO3BUTKY IiJIPHEMCTBA BXIJIUBY POJIb BiAIrpae MpoLec NPOrHO3yBaHHs KIHIEBOTO (GiHAHCOBOTrO pe3yibrary. Taka sk TeHACHLs
MIPOCTEKYETHCS 1 TP 3aKyHiBeJIbHii poOOTI Oyab-aKoro mimnpueMcTBa. B mpomeci mporHo3yBaHHs B 1IIJIOMY Ta B OKPEMHX HOTO HANpSIMKax BUHUKAE
BEJIMKA CKJIAHICTh, 10 BHKJIHMKAHA PSAOM 00 ’€KTHBHUX (a B JCAKHX BHOAAKAX i Cy0’€KTHBHHX) NPHYMH. BimomuMm (akToM € Te, M0 OpOBEACHHS
MPOTHO3Y MiJIBHINY€e €(QEKTUBHICTh 3arajJbHOTO IUIAHYBaHHS POOOTH, OCOONMBO B yMOBAaX KONM IIPOTHO3HI Pe3yIbTaTH MOCTIHO KOPEeTYIOThCS 3
ypaxyBaHHSIM 3MiHHOTO 30BHILIHBOTO CEPEIOBHIIA Ta 0COOIMBOCTEH 3aKyITiBEIBHOI AISUTBHOCTI. B 3B’513Ky 3 IIMM BHHHKA€E METa JaHOI poOOTH — aHaIi3
Ta y3araJlbHeHHS HaHNOMyIIpHINIMX METOAIB MPOTHO3YBAHHS, a TAKOXK 3aIIpONOHYBaHHS KOMOIHOBAaHOTO METOIy IPOTHO3YBaHH, SIKHil 6a3yeThest Ha
Teopid ontumizauii. [lpu BUpIMIEHHI MOCTaBICHOI METH BHKOPHCTOBYBAlaCh METO/MKA, sIKa IPYHTYBajach Ha IMPEACTABICHHI MaTeMaTHYHUX
ITOPUTMIB HAMMOMyIAPHINIMX MeETOXNiB NporHo3yBanHs. Ha OCHOBI sikoi 3ampoNOHOBaHO KOMOIHOBaHMH METOJ HPOTHO3YBaHHS, SKUH Mae
MOXJIMBICTb peai30BYBAaTHCh 3a TPhOMa IiJXOJaMH IIPU BHU3HAYCHHI BAaroBHX KOEQIli€HTIB 3 3alyuyeHHSM NPHHIMIIB Teopii ontumizamii. Sk
pe3ynbTar B Marepianax JaHoi poOOTH MOKa3aHO MPOTHO3HI 3HAYEHHsI 3aKyMiBelIbHOI AiSUTBHOCTI 3 BUKOPHCTAHHIM PErpeciiiHOro aHaiily, KOB3aio4ol
cepenHboi Ta eKCIIOHEHMIaTbHOTO 3IMIaKyBaHHS. SIK ITOKa3aiM NMPOrHO3HI 3HAUCHHS, IIPH BHKOPHCTAaHHI PerpeciifHOro aHamidy Ha Micslb IMOXHOKa
craHoBUTh 17%. IIpy BUKOpPUCTaHHI METOJIB eKCTpAmosLil (KOB3aro4oi cepe/jHbOl Ta eKCIOHEHIIAIbHOTO 3MIaKYBAHH) IPU MPOTHO3YBaHHI Ha 3
Mmicsii moxuoka ckiana 7,5% ta 4,2%, BiamoBigHoO.

Ku1r04oBi ci10Ba: aBTOMOOUIBHE MiNPUEMCTBO, IPOTHO3YBAHHS, 3aKyIKa, METO/, aJITOPUTM, ONITHMI3allis.

A. I1. KO’KYHIKO, T. O. KPFOKOBA

METOAUKA TIIPOTHO3YBAHHsSI TIOTPEE B MATEPIAJIBHUX 3AIIACAX HA BA3I
ABTOMOBIJIBHO-TPAHCIIOPTHOT'O NIAITPUEMCTBA

Pa3ButHe aBTOMOOWIBHO-TPAHCIIOPTHOTO MPEANPHATHS, B CCTOJHALIHMX PEaHsX, HANPSMYO 3aBHUCHT OT IUIAHHPOBAHMS €ro (PMHAHCOBOMH
JIeSTEeNbHOCTH, BElb IPH M3MEHEHHH CIIPOCa Ha YCIIYTH, NPOAYKLUHUIO WX IIPH BAPHATHBHOCTH PHIHOYHON KOHBIOHKTYDPBI BApBHPYETCsl M HOIyYCHHUE
npu6sLH. [Ipu GpopMupoBaHUY IIaHa Pa3BUTHS NPEANIPUATHS BKHYIO POJIb UTPaeT IPOIIeCcC IIPOrHO3UPOBAHNS KOHEYHOTO (PUHAHCOBOTO pe3ylIbTara.
Takas »e TEeHICHLMs NPOCIIKUBACTCS U MPU 3aKyNOYHOU paboTe JIoOoro npeanpusTus. B npouecce nporHo3upoBaHus B 1IEJIOM U B OTAEIBHBIX €r0
HAIpaBJICHUSIX BO3HHUKAeT OONbINas CIOXKHOCTh, BBI3BAaHHAs PSJOM OOBEKTHBHBIX (a B HEKOTOPBIX CIydasX M CyObEKTHUBHBIX) HPHUMH. VI3BeCTHBIM
(akTOM SBISIETCS TO, YTO MPOBEJEHUE IHPOTHO3a MOBBIMIACT 3(P(EKTUBHOCTH OOIIEro IUIAHUPOBAHHS PAbOTBI, OCOOCHHO B YCIOBMSX, KOIZIa
IIPOTHO3HbIE PE3yJIBTAaThl IIOCTOSIHHO KOPPEKTHPYIOTCS ¢ YYETOM IIEPEMEHHOI0 BHEIIHEH Cpebl M 0COOCHHOCTEH 3aKyIIOYHOM NesATeIbHOCTH. B cBsi3n
C OTHM BO3HHKACT IeNb JaHHOH pabOThl - aHanmu3 M OOOOLICHHE CaMbIX MOMYISIPHBIX METOAOB HPOTHOZHPOBAHMS, a TAKXKE MPCITOKCHHE
KOMOWHHPOBaHHOTO METOIa IMPOTHO3UPOBAHMS, OCHOBAHHOTO HA TEOPHU ONTUMHU3ALMK. IIpH pEIIeHWH IOCTABICHHOW LEIH HCIIONb30BaIACh
METO/IMKA, OCHOBaHHAs Ha IPEJCTABICHUM MATeMAaTHYECKHX AITOPHTMOB CaMBIX MOMYISPHBIX METOJOB MPOTHO3MpoBaHHs. Ha oCHOBe KOTOpOii
HPE/UIOKEH KOMOMHHPOBAHHBIA METOJ| NPOrHO3MPOBAHMUS, KOTOPBIH HMEET BO3MOXXHOCTH PEaM30BBIBATHCS MO TPEM IMOJXOAAM IPH OIPEACICHUH
BECOBHIX KO(G(UIUECHTOB C NPUBICUCHHEM NPHHIUIIOB TEOPHH ONTHMH3AIUH. B pe3ynsrare B MaTepHanax JaHHOWH paOOTHI MOKa3aHEI IIPOTHO3HBIC
3HAYCHMUS 3aKYIOYHON NESATEIbHOCTH C HCIONb30BAHMEM PErPECCHOHHOTO aHANN3a, CKOJb3SIICH CpeHei 1 SKCIOHEHIHAIBHOTO criaxunBanus. Kak
NOKa3ay HPOTHO3HBIC 3HAYCHWsS, NPH HCIIOIb30BAaHUH PErPECCHOHHOIO aHaJIW3a B MeECsI] IOrpelHOCTh cocTaBisieT 17%. Ilpn ncnons3oBaHHU
METOZIOB OKCTPAIOJALMH (CKOMB3AIIEH CpeHel U KCIOHEHIINANBHOTO CIVIQKMBAHNUS) P HPOTHO3MPOBAHHUH HAa 3 Mecsla MOrPelIHOCTh COCTABHIA
7,5% wn 4,2% COOTBETCTBEHHO.

KuioueBble ¢J10Ba: aBTOMOOMIBHOE MPEATIPHUSTHE, IPOTHO3UPOBAHUE, 3aKyIIKA, METO/, aITOPHTM, OITHMU3ALIMSL.

A.P. KOZHUSHKO, T.0. KRUIKOVA

METHOD OF FORECASTING NEEDS IN MATERIAL INVENTORIES ON THE BASIS OF
AUTOMOBILE ENTERPRISE

The development of a road transport company, in today's realities, directly depends on the planning of its financial activities, because when the
demand for services, products changes or when the market situation changes, the profit is also varied. When forming a development plan for an
enterprise, the process of forecasting the final financial result plays an important role. The same tendency can be traced in the procurement work of any
enterprise. In the process of forecasting in general and in its individual areas, great complexity arises due to a number of objective (and in some cases
subjective) reasons. It is a well-known fact that making a forecast increases the efficiency of overall work planning, especially in an environment when
forecast results are constantly being adjusted taking into account the variable external environment and the specifics of procurement. In this regard, the
purpose of this work arises - the analysis and generalization of the most popular forecasting methods, as well as the proposed combined forecasting
method based on optimization theory. When solving this goal, a technique was used, based on the presentation of mathematical algorithms of the most
popular forecasting methods. On the basis of which a combined forecasting method is proposed, which has the ability to be implemented by three
approaches in determining the weight coefficients using the principles of optimization theory. As a result, the materials of this work show the predicted
values of procurement using regression analysis, moving average and exponential smoothing. As the predicted values showed, when using regression
analysis per month, the error is 17%. When using extrapolation methods (moving average and exponential smoothing) when forecasting for 3 months,
the error was 7.5% and 4.2%, respectively.

Key words: automotive company, forecasting, purchasing, methods, algorithms, optimization.
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Beryn. Croromni Oynb-sike MiATIPHEMCTBO CTaBHTh
mepen cobo0 3a MeETy OTpUMaHHS NpUOYTKY 3a
PI3HOMAHITHUMH HampsMaM{ MisUTBHOCTI TIpH  3MiHi
MOMUTYy HAa TMOCIYTH, NpPOAYKIII0, a TakmK Npu
BapiaTUBHOCTI PUHKOBOI KOH IOHKTYpH. JlocsraHHs Iriei
MeTH OOYMOBIIOE CTaOUIbHMH Ta CTIHKMHA PO3BHUTOK
HIAPUEMCTBA, POOJISIUYM HOTO caM03a0e3NeueHHUM.

Jocnimkytoan JUSUTBHICTD MATIPUEMCTBA
aBTOMOOUIFHOIO ~ TPaHCIOPTY HEOOXIIHO BiA3HAYUTH
BEJIMKY  KOHKYPCHIIIFO B  CETMEHTI  3aKyIiBeb
aBTOMOOITPHUX 3amuyacTuH. CtaHoM Ha kiHenp 2020
poKy B VYkpaiHi MOXHa BHIUIMTH BICIM BEJIHMKHX
OIITOBUX MoCTavaabHUKIB aBTO3aIT4acTHH
(«ABTOTEXHIKCY, «bacTiony, «Bnamucnasy,
«InTepkapey, «Omeray, «Trosty, «Emit»  Ta
«IOHiTpein»), K1 i CTalOTh 6a30BUMHU
MMOCTa4aJbHUKAMH TP OpraHi3amii  YIpaBIiHHA
3aKyIiBeNlb BITYM3HIHUX aBTOMOOITBHO-TPAHCIIOPTHHUX
T IIIPHEMCTB.

IIpu ¢opmyBaHHI TTaHYy PO3BUTKY IiJIPHEMCTBA
BaXIUBY pOJb BIiAirpae TMpomec MPOrHO3yBaHHI
KiHmeBoro  ¢inaHcoBoro pesymeTary. B mpomeci
MIPOTHO3YBaHHSA B LIJIOMY Ta B OKpEMHUX HOTo HarpsMKax
BEJIMKOI CKJIAAHOCTI BHKIIMKAE psn 00 €KTHBHHX (a B
JIesTKUX BUNAnKax i cy0’eKTHBHUX) npuuuH. Bimomo, mo
MPOTHO3 Ta IUIaH POOOTH MiINPUEMCTBA PO3POOISIETHCS
OKpPEMO OJIMH BiJ OJHOTO, ajie 3 METOIO IIiJABHIIEHHS
€(EeKTUBHOCTI  TUIAHYBaHHS  HEOOXiJHO  IMPOBECTH
MPOrHO3, SKWH OW TOCTIHHO  KOPEKTyBaBCsA 3
ypaxyBaHHSIM 3MIHHOTO 30BHIIIHBOTO CEpPEIOBHINA Ta
0COOUBOCTEH 3aKyITiBENBHOT ISUTBHOCTI.

AHaJi3 ocTaHHIX A0CaiIKeHb | myOaikamiii.

Sk miAKpECTIOITH BiOMI CHEMIaNicTH 3 Taysi
3akymiBenpHOi jorictukud  [1, 2]: mporHos e
MIOYaTKOBHH eTar oOIpyHTYBaHHS IUIaHY, KU JO3BOJISIE
po3BuMBaTd  e€()EeKTHBHICTb, TOYHICTH Ta HAAIHHICTB
pillleHb, 0 TPUHMAIOTHCSL.

3 pobotu [2] Bimomo, m0 0a30BUMH TEpMiHAMH
MIPOTHOCTHKH €:

- BapiaHT IPOTHO3Y;
METOIUKA TPOTHO3Y
PO3pOOKH TIPOTHO3IB);

- METOJ IPOTHO3YBaHHSA (IOCIHiIKEHHS 00’ €KTa IS
PO3pOOKH IPOTHO3Y);
00’€KT  TPOTHO3YBAaHHS
HaIpaBJIEHO TisIBLHICTh 00’ €KTa);

- IPOTHO3HA MOJIEITB;
CHUCTeMa TIPOTHO3yBaHHsS (CHCTeMa METO/iB
MIPOTHO3YBaHHS Ta 3ac00iB iX peanizarii);

- mporHo3HWit (oH (BIUIMB 30BHIIIHIX YMOB, IO
BIUIMBAIOTh Ha PillIEHHS 3a/1a4i).

Sk crBepmkyroTh  aBropu  pobotm  [3]
MIPOTHO3YBaHHSAM Ha3MBAETHCS METOJ, SIKMA
BUKOPUCTOBY€E JIOCBiJ, SIK HAaKONUYEHUH B MHHYIIOMY,
TaK 1 MOTOYHI JIOMYLIEHHS BIJHOCHO MaiOyTHHOTO 3
METO0 HOTO BU3HAYEHHS.

[Ipn oOupaHHI MeTOmy IpPOTHO3YBaHHS 3a3BHYail
BUKOPUCTOBYIOTh OJMH 3 METO[IB, IO HaBelEHI Ha

(CyKyTHICTB

TIPaBUII

- (sBUme Ha  sKe

puc. . Bubip meroma mnporrozyBaHHS 0OyMOBICHO
TIOJIITUKOIO i ITPUEMCTBA.

Memoou npo2no3yeanna

_— [

Memoo
eKCHepmHux
OYinoK

Cmoxacmuuni
memoou

Jemepminosani
Memoou

bamancora Mozmens

J/InHaMivyHMii aHaTi3

Perpeciiinnii anajiz - METOI IPOMOPLIfHAX
3a]1exKHOCTEH

ABToperpeciiiHuii aHaJji3

Pucynok 1 — Kimacugikaris meTomiB nporao3yBanHs [4]

Taxk  HalOUTBII ~ PO3MOBCIOKEHOIO  3aJa4eio
NPOTHO3YBaHHS € 33/1a4a IIPOTHO3YBAaHHS YaCOBHX PSIB,
T00TO (PyHKIIIH, 0 BH3HAYAIOTHCS Ha Bici gacy [5]. Ha
CHLOTOMHIIIHIA ICHb iCHye 0arato e(peKTHBHUX METOIIB
NPOTHO3YBaHHS, IO  TOB’S3aHI 3  MOTYXHHM
MareMaTHYHUM amapatoM. J[o Takux BiJHOCSTHCS
OimiHifiHi Momeni [6], Momemi Ha OCHOBI METOIIB
Monte-Kapio [7], MeTomu Ha OCHOBI EKCHEPTHHX
OLIIHOK (PEeKYpCUBHHUX cTparerii) [8].

Ilpu  BuUKOpHCTaHHI  HEe(EKTUBHOTO  METOAY
NPOTHO3YBaHHS Ha aBTOTPAHCIIOPTHUX IiIIPHUEMCTBAX
MOXJHMBO  BHMHHKHEHHS  Takol  mpoOmemu,  sIK
3aTOBApIOBAHHS CKJIAAY, IO NPU3BOAUTH JIO IMiBHICHHS
BEJIMUMHHM  3aMOPOKEHOTO  KalliTally —MiJIPHEMCTBA.
Takok HE MEHII BaXXJIMBHM € BPaxyBaHHS MOMKJINBOCTI
oopmieHHS ONTHMAJIBHOTO  3aKazy BHXOISIYH 3
MaKCUMaJIbHOTO NpUOYTKY Bif #oro peamizauii. Oxpim
TOTO, HEOOXiTHO Ipu OQOPMIICHHI 3aKa3iB BPaXOBYBaTH
ICHYIOYH 3HIDKKH Ta Ha OCHOBI BCiX BHMOT (pOpPMYBaTH
00’€MHO-MacOBi XapaKTEePUCTHKU BAaHTaXKY.

Meta aocaixKeHHs, MOCTAHOBKA 3aja4i. MeToio
JaHoi  pobOTH €  aHami3s Ta  y3araJbHEHHS
HAWMOMYNSAPHIOINX METOAIB INPOTHO3YBAaHHS, a TaKOX
3aIpONOHyBaHHS KOMOIHOBaHOTO METOIy
MIPOTHO3YBaHHS, KU 0a3yeThCs HA TEOPil ONMTHMi3aIlii.

Jns  [HOCSATHEHHS IOCTaBIEHOI METH HEOOXITHO
BUPIIINTH HACTYIIHI 33/1a4i:

HAaBECTH MAaTeMaTH4YHUH aJIropuTM Ta Ha
NpaKTHIl TMOKa3aTh e(EeKTHBHICTh HANUMOMYJSPHILIMX
METO/IB MPOTHO3YBaHHS;

3aMporoOHyBaTH KOMOiIHOBaHHI METOJ
NPOTHO3YBaHHs, AKUH 0a3yeThCs Ha TEOopii onTUMizallii.

IIporHosyBaHHsl KinbKOCTI NpoAax MeTOIOM
perpeciiinoro anamisy. /[ns ¢opMmyBaHHS NPOrHO3HUX
3HA4YeHb HEOOXITHO MATH BHXIiJIHI JaHi, TOOTO MONEepeHi
MOMICST9HI TIpojaxi (puc. 2).

Perpeciiinnii anami3 0a3yeTbcsi Ha BH3HAYCHHI
JHIKHOTO TpeHy Ta KOoe(ili€HTI Ce30HHOCTI.

PiBHsHHS NIHIHOTO TPEHIY Ma€ BUTIIS
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Pucynok 2 — Craructuka npogax «Toapy 1» mo
MICSITHO

' KiNBKICTH MiCALIB.

Jns GimbImr TOYHOTO TPOTHO3Y HEOOXITHO TaKOXK
BpaxyBaTl CE30HHICTh Ipofax. Ce30HHICTh Mpomax B
HalKpamoMy BUIAIKy OepeTbes 3a OCTaHHI 3 poku (0e3
BpaxyBaHHS IEPIIOTO POKY TOPTiBii). BaxknmBo, mob i
poku Oynu CTaOiNBHUMH, SK B MIIIPHEMCTBI 3 TIPOAAXKY,
TakK 1 B IeprKaBi.

Jlns BU3HAUeHHS CE30HHOCTI BBEAEMO Koe]imieHTH
CE30HHOCTI k, siKi OyAyTh BIAMOBIAATH KO)KHOMY MICSIIIIO
NPOIAK.

ac

12y,
ki ~n
Vi
i=1 (4)
Kin-1p mTyK
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Pucynok 3 — Craructuka nponax «Toapy 1» mo
MICSTYHO 3 BHBOJIOM JIiHIi TPEHAY

Tabnuus 1 — Pesynbraty nporHo3y Ha MicsIb 3a J0TIOMOTOIO JIIHIHHOTO TPEHTy

Micsans Y ,on X; a b Koed. ce3om. £, [IporHo3Hi 3Ha4eHHS
Ciuenn 19 1 0,45 20
JoTuit 50 2 1,18 52
bepesenb 97 3 2,29 99
Ksirens 7 4 0,17 7
TpaBeHb 45 5 1,06 45
UepBeHb 45 6 1,06 45
Jlumenn 49 73| 0 1,16 49
CeprieHb 28 8 0,66 28
Bepecenb 25 9 0,59 25
JKoBreHn 63 10 1,49 61
JIuctoman 60 11 1,41 58
I'pynenn 21 12 0,50 20
Ciuenn 15 13 18

IIporHo3dyBaHHsi KiJIbKOCTI

NpOAa K  METOAOM ;e C _ gop3aroya CepelHs 3a JBa MEpiogd 10
eKCTPANoJANii:  KOB3al40i  cepelnboi. Merox HporHosHOro; " — uucio piBHiB, MO BXOATH B
KOB3al040i  CEpPEeNHbOi  BHKOPHMCTOBYETHCS pu

KOPOTKOCTPOKOBOMY IIpOrHO3yBaHHI. Bin Ga3yerbcst Ha Yi
HACTYITHOMY PIBHSHHI JUIS 3HaXOKECHHS IPOrHO3HOTO

3HA4YCHHsA

IHTEepBaJl 3IIa/KyBaHHS; — (akTuyHe 3Ha4YEHHS

JIOCITIDKYBAHOTO SIBHIIA 33 MOMEPEIHIN mepio; Ve
(akTH4YHE 3HAYEHHS JOCIIPKYBaHOTO SBHINA 3a JBa

Yim=ct (y,- ~Via )/ n MEPiO/H, 110 MePEIYIOTh IIPOTHO3HOMY.

2 (5)
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PiusHHs (5) Mae JOWINBHICTH JIMINE TIpU
3HAXO/KEHHI MPOTHO3HOTO 3HAYEHHS 3 YHCIIOM PIBHIB,
LI0 BXOJSATh B IHTEPBAN 3INI/KYBaHHs, piBHUM 3 (TOOTO

Po3misiHeMO TpUKIAA 3HAXOMHKEHHS MPOTHO3HOTO
3HAYEHHS 32 METOJIOM KOB3at04oi cepenHboi B Tabm. 2.

mpu =3,
Kin-16 mimyx
100 27
/\ IIporHO3
83
) / \ /
B3
60
7{\_\-\ 49 H ,—~/
40 o
28 25
1 b 4
20 15
¥/
0 T T T T T T T T T T T T |
1 2 3 4 5 6 T 8 9 10 11 a2 13 14 13
MicaIls

Pucynok 2 — Pe3ymeraTti 3a JOITOMOTO!0 KOB3al090i CepeIHBOL

IMporHozyBaHHsi KiIBLKOCTI NPOJaK METOAOM
eKCTPanoJslii: eKCHoHeHIiadbHe 3IIA/KyBaHHSI.
Meton eKCHOHEHIIaTbHOTO 3IIa/KyBaHHS HaHOLIbII
eeKkTUBHHI  TpH  PO3pOOII  CEPEeAHBOCTPOKOBUX
nporHo3iB. BiH 0a3yeThcsl HA HACTYITHOMY PIiBHSTHHI JUIS
3HAXO/KEHHS MPOTHO3HOTO 3HAYCHHS

Yin :(Llj'yi +(1_LIJ'YZ
n+ n+ , (6)

ne " — 4uCIo crocTepeeHb, IO BXOIATH B IHTEPBA
Vi

JOCTPKYBaHOTO TIOKa3HMKA 3a Mepiof, L0 Mepeaye

MIPOTHO3HOMY; Yo SKCIIOHEHIIaNbHA 3BaYKEHa CePeIHS
IUTS TIEpiofy, 110 Hepeay€e MPOTHO3HOMY.

PosmisiHeMO mpHKIaa 3HAXOMKEHHS MPOTHO3HOTO
3HaYEHHS 3a METOIOM eKCIIOHEHIIaJIEHOTO
3mIapKyBaHHSA. Ha mouarky po3paxyHKYy HEOOXiZHO
BU3HAQYUTH EKCIIOHEHIIaJbHY 3Ba)KCHY CEpeiHIO I
nepioay, 10 Mepeaye MPOrHo3HOMY. B HaloMy BUMaaky
ne Oyme cepeqHe 3HAYEHHS 3a BECh PO3PaxXyHKOBHH
nepion, To0TO

31"Ha,Z[)KYBaHH}I; — (I)aKTI/I‘{He 3HAYCHHSA
19+50+97+7+45+45+
L= /12=42
+49 +28+25+63+60+21
Kin-16 mryk
100 L
IIporHo3 -
80 ‘
63
60
5 49
45 45
40 = Vi LY = -‘\-._
28
) 25, 3 3
20 W, 15
v/ ikl
0 T T T T T T T T T T T T |
I 2 &F & S5 6 FT & 9 M0 I 12 13 14 15
Micsmp

Pucynok 3 — Pe3ynbrary 3a 10oMOror0 eKCIIOHEHI1aJIbHOTO 3113 Ky BaHHS
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SIx BUAHO, 3 aHANI3y KOXKEH 3 TPhOX METOAIB Mae
BHCOKY TOUHICTh MPOTHO3Yy, aji¢ IpH BpaxyBaHHI
30BHIIIHIX ()AaKTOPIB KOKEH 3 HABEIACHHX METOIIB MOXKE
HAJaTH BEJIMKY MOXHOKY, IO € HE MPUIIYCTHMUM, TOMY
chopMyeMO KOMOIHOBaHU METO] IPOTHO3YBaHHSI.

Kom6inoBanuii MeTon NpOrHo3yBaHHs, SIKMIl
0asyeTrbesi Ha Teopiii omTmmizamii. Ilepm  Hix
MEePeXOMUTH 10 BUKIAJAKH KOMOIHOBAaHOTO METONY
HEOOXiJTHO OIIIHWUTH 3arajbHUil craH peueir. Tomy
c(hOopMy€eEMO TIPUHIUIIOBY CXEMY JITOPUTMY IUIAaHyBaHHS

3akazy (puc. 4). Jlama cxema BKkIOo4ae B ceOe
nepenOaueHHsT  CTPaxoBOTO  3aracy, 3aMOpOKEHOTO
KaItiTaiy, nedinmr, ABCXYZ-ananizu Ta

00’€MHO-MacoOBi XapaKTEePUCTHUKH.
Ha puc. 4 nokazano F — perpeciiinuii anamiz; G —

KOB3aroua  cepemHs; H  —  eKCIOHEHIanbHe
Cimamucmika
npodax(S)
/ N TT—— _
o \ Cmpaxobuy
P sanac (ST]
JaMapoxenu
Kkaniman (2] ST=2{y, a5 1y 0

LR -0 57102 -0 572443,

|K5ST 7J !@Jrzj |
UK ASTIKZ+ST2KF,

/

Gara3] " [ Overmo-racol xpmmepucmuy | k305G HSH | -

,A/( ﬂ@@/UU/F /U/ U /1/7:_ +/l/2r +/(j—

3mIa/pKyBaHHsT;, [1Z — KUTbKICTh 3aIT9acTHH B OCTAHHBOMY
3akazi; 1, 2, 3 — iHOEKCH BIANOBIOHI pe3yibTaTam
ABCXYZ anamiziB; z — Koe(illi€eHT, IO BHU3HAYae
JoBipunii piBeHs (3anexHo Bin ABCXYZ aunanisiB); u, —
cepenHii yac BUKOHAHHSA 3aKasy; o
CepelHbOKBAIpaTUYHE BIAXHICHHS 00’€My BHUTpaT
3amacy; U, — CepelHs BHTpaTa 3alaciB 3a Iepion; o, —
CepeIHbOKBAIPATHYHE BiJXMJICHHS 4Yacy BHKOHAHHS

3aKasy.
3anponoHoBaHU KOMOIHOBaHUN METO[,
MPOTHO3YBaHHS 0a3yeThCs HA BUKOPHCTAHHI TPHOX
- " . K, .
METOJIB: perpeciiiHoro aHamizy (~ '), KOB3arOuoi

cepenHboi (  2) Ta eKCIIOHEHIIAIFHOTO 3MIaKyBaHHS (

K, ).

FaHaCII

!
ABC
aHY13

Ay o
CmadinsHicms ’
npodax
!
| _XVZ s |
4X A}/AZBX (XI IHXEZ m [Z

=& O

KT=HIFIS] GIS] HS)T KZ:HS] GEST]

K3 IS

Pucynok 4 — [IpuHIumoBa cxema aJirOpUTMY TUTaHyBaHHS 3aKa3zy

CuHTe3 KOMOIHOBaHOTO METOLY BiIOyBa€eThCs 3a
JIOTIOMOTOI0  TIPUHIUIIB Teopil onTumizamii, a came
BBEJICHHSIM Y3araJIbHIOIOUOTo KpuTepito [9].

K, =iZi K, +iZj P,
i=1 Jj=1 , (7)

Z, . . P

me ¢,/ — paroBi koedimientn; / — mrTpadHa
OGyHKIS, sKa 3HIDKYE 3HAYE€HHS  Yy3araJbHEHOTO
KPHUTEPIIo NMPH BUXOJ1 BapillOBaHOTO mapamerpa 3a Mexi
JIONYCTUMUX ~ 3HaueHb. Biamitumo, 1mo mTpadHa
(byHKIIS MOXKe TPYHTYBaTHCh Ha pesyisrarax ABCXYZ
aHaJIi3iB.

[I{o cTocyeThCst BU3HAYEHHS BaroBUX KOe(illi€HTIB,
TO s iX (opmMamizaiii MOKHa CKOPHCTAaTHCh TpboMa
MMiAXOMaMu:

Z,

1. PiBHOMIpHO pO3MOAUINTH BEJIMYMHY BaroBHX
Koe(ilieHTIB 3TiAHO 3 iX KUIBKICTIO. SIKIIO JUBUTHCH HA
HAaIll BUMAI0K, TO [ = 3, TOxi

Y7, =1

i=l1

2. Posmoxmin BenmWYMHM BaroBux Koe(ili€HTiB
0a3yeTbcss Ha iX JOCTOBIPHOCTI. Y BHIAAKY KOJH JUIS
KOHKpPETHOI HOMEHKJIATYpH OinbIry 301KHICTh Ja€ OIUH
3 METOIIB MPOTHO3YBaHHS, a iHII — MEHIIY, TOXi IJIs
BOrO METONy MPOTHO3YBaHHS BEIUYHHA BaroBOrO
Koe]iieHTy TOBUHHA OyTH O1ITBIIOI0

43



ISSN 2078-6840

1 _ K{[)amn - Ki

K paxm T

rT=—»_—" 1 - 7 ="

I ZT;

i=1

ge P — (akTHYHI JaHi 3 TMOMEPenHiX Mpoaak (J1aHa
BEJINYMHA IPYHTYETHCSI HA CE30HHOCTI MTPOJIaK).

3. Tlomyk BaroBuX KOe(]IiLI€HTIB IPYHTY€TbCS Ha
BHpIIICHHI 3a/adi ONTHUMI3allii METOIOM JIHIHHOTO
MporpaMyBaHHs, a caMme cuMIuiekc-mMetoza [10].

ZZ, =1;

i=1

ZK +Z,K,+Z,K, =K
127,20, 12Z,>0;
1>27,>0.

paxm >

TakuM YMHOM, CKOPHCTABIIUCH OIMCAHOIO BHIIE
METONKOI0 MOXKIIBO TiIBUIIUTH €(DeKTUBHICTH pOOOTH
OyIb-SKOTO aBTOMOOLIEHOTO TiAIPUEMCTBA.

BucHopku. B poboTi HaBemeHO METOIWYHI
BUKJIQJIKH, 33 JONOMOTOI0 SKHX MOXIHMBO IPOBECTH
MIPOTHO3YBaHHS 3aKyIiBEJIbHOI MisTIBHOCTI OY/b-SKOTO
aBTOMOOUILHO-TPAHCIIOPTHOTO i IPHEMCTBA.

[MpakTnyHIM HITSIXOM nokaszaHa  poOoTa
HAKUITOMYISPHIINX METO/IB MIPOTHO3YBaHHS:
perpeciiHoro  aHaji3y, KOB3alOuoi cepeAHboi Ta
EKCIIOHEHIIIaJJbHOTO  3IMNI/DKyBaHHA. SIK  mokaszanu

MIPOTHO3HI 3HA4Y€HHS NPU BUKOPHCTaHHI perpeciiHoro
aHamily Ha Micans noxuOka craHoButh 17%. Ilpm
BUKOPUCTaHHI ~METONIB  eKcTpamoismii  (KoB3aro4oi
CepenHbOi Ta EKCIIOHEHLIAIBHOTO 3IIaJUKyBaHHS) MPU
MIPOTHO3YBaHHI Ha 3 MicsAni moxubka cxiama 7,5% Ta
4,2%, BIIIIOBIIHO.

3anporoHOBaHO BHKOPHCTOBYBAaTH KOMOIHOBaHHMI
METOA  MpPOTHO3YBaHHS, SIKMA Mae  MOXJIMBICTH
peanizoByBaTHCh 3a TPhOMA IiIXOAAMHU IIPU BU3HAYCHHI
BaroBUX Koe(illi€HTiB.
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