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CAPABILITIES OF NB-IOT TECHNOLOGY FOR
SOLVING TASKS OF MONITORING, ACCOUNTING AND
COLLECTING DATA ON ELECTRICITY CONSUMPTION

Problems with accounting, collection and correct readings of
electricity meters are of great importance when preparing and invoicing
for electricity, especially in neighborhoods with private households, where
the process of monitoring electricity consumption is not always provided
for various reasons beyond the control of the consumer of services. The
development of modern information technologies, including mobile
communications using the technology of NB-IoT, allows us to solve
problems related to improving the efficiency of monitoring, accounting, and
data collection of electricity consumption in microdistricts not only quickly
and efficiently, but also increase the management efficiency of the process
of collecting meter readings, as well as reducing the costs of the Service
Provider for transport services, personnel and other items of expenditure.
The article presents an analysis of various brands of metering devices
used in the Urker microdistrict and the use of metering devices with the
support of technology NB-IoT. A simulation model of access to metering
devices using the technology of NB-IoT is shown. The issues related to the
causes and problems of electricity theft are touched upon. The article will
be useful to students, doctoral students, engineers, anyone who is related
to automation and control of technological processes and productions, as
well as anyone who deals with the problems of implementing the ASUE,
1oT technology.

Keywords: Internet of Things technology, accounting, collection,
control, metering device, mobile operator, efficiency, mobile communication,

technology NB-1oT, ASKUE technology.
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Introduction

Problems related to the control, accounting and collection of electricity
consumption data have been studied and are being studied by many foreign and
Kazakhstani scientists and the methods proposed by them are used in practice [1].
The problem of electricity theft has always been and still is, as one of the main
ones in the articles of electricity transmission organizations and operators [2—6].

In 2021-22, prices for household gas and commercial coal increased
significantly, and the volume of supplies of these raw materials to the regions
decreased significantly. As a result, the owners of private houses were forced to
use electrical appliances for heating, which caused a sharp increase in the load
on the electrical networks and electricity consumption.

In this connection, the question arose about the need to obtain data from
metering devices, electricity consumption in online providing the following
requirements:

- quality and accuracy of transmitted electricity consumption data;

- accuracy of calculation of electricity consumption by hourly rates;

- the ability to monitor and check the readings of metering devices;

- compliance of the readings of electricity meters with the invoices issued
for payment;

- the possibility of changing hourly tariff plans;

- lack of ways to steal electricity;

- reliability and safety of the system for monitoring, accounting and
transmission of electricity consumption data.

Materials and methods

Application of the automated control system, accounting and collection of
readings of metering devices of consumed electricity ASKUE.

Results and discussion

The Urker residential area is located in the Yesil district of Astana, (see
Figure 1). The population is more than 24,000 people, 2 schools, a hospital, a
military unit, 10 restaurants and cafes, 8 bath facilities, 35 shops, 2 covered bazaars,
more than 3,000 residential real estate objects have been built [7].
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ALTERNATIVE TECHNOLOGIES
FOR AUTONOMOUS POWER SUPPLY

The article considers the relevance of the use of autonomous power
systems powered by renewable energy sources for use in the agricultural
sector in the conditions of the Kostanay region. The main features of energy
supply systems from the point of view of the rationality of their construction
with a low population density and developed agriculture are considered.
The share of the component in the structure of the cost price and tariffs for
electricity associated with the generation of electric power is given. The
share of electric energy costs in the production of agricultural products
is determined and ways to reduce them are outlined. The possibility of
using hybrid autonomous power plants for water supply for agricultural
needs is considered. The article presents the device and the principle of
operation of alternative technologies for obtaining thermal, mechanical
and electrical energy using a solar water jet and a greenhouse generator.
A comparative analysis of the advantages and disadvantages of the
considered alternative technologies is carried out, on the basis of which
design changes and improvements to existing structures are proposed.
It is proposed to use a Stirling engine to generate mechanical energy in
conjunction with a greenhouse generator, allowing the wind generator
to generate electrical energy. The main advantages and versatility of the
hybrid design, in comparison with the original ones, allowing the use of
renewable energy, are noted.

Keywords: energy of sun; wind energy, heliojet; greenhouse
generator, power supply systems.
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Introduction

Prospects of the use of renewable energy sources is dictated by the
diversification of energy sources, energy security of the country, the use of the
requirements of international agreements in the field of ecology, the development of
new technologies in the field of energy supply and energy efficiency characterizing
the relevance of developed ideas [1, 2].

The strategic potential for the use of renewable energy resources in the world
is huge. According to experts, they are many times higher than the most optimistic
estimates of traditional hydrocarbon fuels, which make the prospect of their use
very attractive [3,4]. The share of renewable energy usage in the world continues
to grow every year. The feasibility and scale of the use of renewable energy sources
are determined primarily by their economic efficiency and competitiveness with
traditional energy technologies [5,6].

Renewable energy has a number of advantages over traditional energy
sources:

- independence from traditional energy related to the use of fossil fuels, in
conditions of its limited and uneven distribution among countries;

- independence from price volatility in the global fossil energy market;

- inexhaustibility of renewable energy sources;

- eco-friendly use in the absence of waste and the release of pollutants;

- adaptability to the usage [7].

One of the priorities for the development of the electric power industry and
the solution of environmental problems in Kazakhstan is the use of renewable
energy resources. According to expert estimates, the potential of renewable energy
resources (hydropower, wind and solar energy) in Kazakhstan is very significant.
The share of renewable energy sources in the total volume of electricity production
in the Republic is 0.5 % [8].

The following types of renewable energy sources are most promising for
the territory of Kostanay region: wind power; small hydroelectric power plants;
solar installations for the production of heat and electricity. Near Tobyl town the
construction of the Ybray wind power station is going on, the first stage of which
is already in operation.

Since the area is dominated by agriculture, the use of biomass energy is
obvious. Also, we should not forget about the use of solid household waste and
wastewater for energy production, solving the problem of waste accumulation
and energy production at the same time [9].

Materials and methods

A characteristic feature of Kostanay region is a relatively low population
density and developed agriculture. In this regard, it is important to use autonomous
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power plants from renewable energy, which allow you to provide electricity and
heat to stand-alone social facilities, residential buildings and production facilities [ 10].

This article is devoted to the use of alternative technologies for processing
renewable energy in autonomous power plants to provide water supply, mechanical,
thermal and electrical energy to consumers [11].

The tasks that make it possible to achieve this goal are:

- consider existing alternative technologies for generating energy from
renewable sources, their advantages and disadvantages;

- improve the efficiency of autonomous systems.

To achieve this goal, various scientific methods were used, such as the
analysis of the literature on the problem under study, generalization, comparison
and systematization of theoretical and empirical data.

As it is known, the main disadvantage of renewable energy is the frequency
of energy flows. Solar energy can be consumed in the daytime, while wind energy
in nature exists regardless of the time of day. If we consider the potential energy
flows by season, we can note the following, that the potential of solar energy
prevails in the summer, and wind energy in the winter. Thus, the combination of
different types of renewable energy in a single system eliminates the problem of
instability of energy flows. Autonomous stations combine several different energy
sources that complement each other and stabilize energy flows. Renewable energy
extraction technologies are diverse and have a number of specific features [12].

It is known that in the process of extraction, production, transportation,
storage, consumption of organic energy resources (fuels), at all the listed successive
stages of the promotion of energy from primary sources and at all stages of energy
use in material production and the service sector as a whole, about 90 % of energy
is lost compared to the initial level [13,14].

In the structure of the cost price and electricity tariffs 27 % is generated
by basic power plants. The rest of the components are related to transportation,
distribution, and energy losses. Therefore, the power supply of remote settlements
from centralized systems is not economically profitable, since it requires large
capital investments for the construction of power transmission lines and transformer
substations. At the same time, the share of electric energy costs associated with
the processing and production of agricultural products is 34 %. Thus, the use of
autonomous power plants is economically feasible [15].

One of the ways to solve the problem of consumption and production is to
generate the necessary types of energy in remote areas through the use of renewable
energy sources directly near the consumer.

In electronic publications, numerous systems and installations of renewable
energy are widely presented under various names, each of them has its own
advantages and disadvantages, depending on the geographical location of the
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energy consumer, the operating mode, and the temporary needs for certain types
of energy. In addition to traditional methods of energy utilization of renewable
resources, alternative technologies for using the heat of solar radiation are being
developed [16-19].

Taking into account the specifics of agriculture, watering and irrigation during
the growing season of crops, water for livestock, it should be noted that almost 80 %
of the cost of water supply is electric energy. Russian scientists have proposed the
use of solar water jets for these purposes. To solve the problem of reliable and
inexpensive water supply, solar energy can be used; after all, for irrigation, for
example, fields need an average of about 0.5 kW of installed capacity per 1 ha
(0.05 MW/km?) [13].

The solar water jet is powered by a solar concentrator and solar heat stored by
a salt pond. The heat from the pond is fed through a heat pipe (thermosiphon) to
the water jet, which is a Stirling engine with a water pump, where it is converted
into the energy of the water flow (liquid) in the thermodynamic cycle. The heat not
used in the thermodynamic cycle of the water jet is diverted through the heat pipe:
either through the cooled part of it into the pit filled with ice, causing it to melt, or
it is dispersed into the environment through its air-cooled part. Thermosyphons
are vacuum tubes in which heat is transferred by boiling the working fluid (for
example, water) in one place (lower) and condensing in another —upper (Figure 1).

Figure 1 — Design of the solar water jet
1 — solar radiation; 2 — solar radiation concentrator; 3 — thermal insulation
coating; 4 — pit filled with ice; 5, 8 — thermal gravity pipe (thermosiphon);
6 — air duct; 7 — water jet (Stirling engine with water pump); 9 — solar
salt pond; 10 — water supply; 11 — ground; 12 — cooled part of the thermal
gravity pipe 5, placed in the air — the perimeter fence of pit 4;
13 — cooled part of the heat pipe 5, located in the ice/water of pit 4
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The disadvantage of such a device is the large area and volume of the pond
and the pit with ice, the presence of a large solar energy concentrator. For efficient
operation of the solar water jet, an automatic process control system and the use
of excess heat energy are preferred.

The idea of using the energy of an artificial tornado-like flow excited by the
wind, running into a tower with blinds that opened from different sides in relation
to the direction of the wind flow, was developed in the works of D. Yen. In one of
the modifications of the models of the greenhouse power plant of the Canadian
meteorologist Michaud, the possibility of forming an artificial wind by fire tornado-
like vortices of the «dust devils» type was envisaged. It was proposed to enclose
the tornado - vortex created by heating the underlying surface of the collector in
a low tower, in which periodic impacts on the lower part of the swirling flow are
organized. According to the author, to obtain large values of electrical power with
the help of a tornado, there is no need to create a high pipe [20].

Results and discussion

In this regard, we can consider the process of converting thermal energy in
solar wind generators, which create air flows initiated by solar heating of the air
environment in semi-closed «greenhouse» systems. Designs of power plants have
been developed that allow concentrating the energy of direct and scattered solar
radiation, converting it into the energy of air flows with subsequent generation of
electrical energy. Such constructions are based on the proposed I. Cabanes model
of a greenhouse power plant, which he called a solar engine, (Figure 2) actually
used the principle of operation of a chimney.

Figure 2 — Model of a greenhouse generator

The main disadvantages of this model are the low efficiency and large
dimensions. Calculations of the efficiency of the model performed in the
approximation of the ideal Carnot cycle and therefore led to relatively low values
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of the efficiency coefficient. Meanwhile, it is necessary to pay attention to a number
of fundamental design features of the solar engine model, which were lost later
in the development of technologies for the aeromechanical method of converting
solar energy and allowing us to clarify the real thermodynamic cycle. These are
the unsymmetrical configuration of the solar collector, its tightness along the
circular periphery, and the flow of air into the chamber through a limited-sized
and flow-controlled inlet, similar to a furnace air-charging device that increases
the draft in the chimney. An analysis of the design features of the solar water jet
and the greenhouse generator suggests that by combining these devices into one
system, it is possible to partially eliminate the shortcomings of each separately
and increase the efficiency of solar energy conversion.

The hybrid model is based on a greenhouse generator, in which the energy
of the sun is converted into thermal energy by means of a solar collector. The
thermal energy is converted into mechanical energy with the help of the Stirling
engine and drives the water pump in action. A wind generator is installed in the
upper part of the pipe, which converts the energy of the wind flow into electrical
energy (Figure 3).

Figure 3 — Model of an upgraded greenhouse generator

Thus, the joint model allows both generating mechanical energy for
agricultural water supply and generating electrical energy. If necessary, it is
possible to use this installation for heat supply and hot water supply of buildings
in rural areas. It is established that the intensity of the conversion of radiant energy
into mechanical energy can vary due to the optimization of the peripheral angular
momentum along the height of the vortex near the underlying surface. Using the
swirling air flow, you can increase the efficiency of the greenhouse generator.

The proposed model does not contain a salt pond and an ice pit. The
concentrators have been replaced with solar collectors, which do not require
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automatic control when the position of the sun changes. Their design is simplier
and more reliable in operation.

Another very important advantage is the versatility of using such an installation.
It can generate mechanical, electrical, and thermal energy simultaneously with the
priority of some type of energy. An integrated approach to generating various types
of energy allows us to solve the problem of autonomous provision of detached
buildings and structures.

Conclusion

Based on the results of the study, the following conclusions can be drawn:

1 Environmental policy is a priority direction of the state’s development,
meets modern global trends in the field of energy conservation and the development
of green energy. The geographical location and economic specifics of the region
assume the development of autonomous systems based on renewable energy for
electricity, heat and water supply;

2 Agricultural industries are developing in Kostanay region, mainly small
peasant farms that require small energy capacities while generating electric and
thermal energy at the same time;

3 For autonomous power supply, it is proposed to use a greenhouse power
plant, which can be improved to generate electrical, mechanical and thermal energy
for agricultural needs and household consumption;

4 Tt is possible to develop both stationary and mobile designs of autonomous
energy systems based on a greenhouse generator.
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ABTOHOM/IbI DQHEPTUAMEH KAMTAMACBI3
ETY YIIIH BAJIAMA TEXHOJIOTUAJIAP

Maxkanaoa Kocmanaii 061bicbinOa aybll wlapyauiblivlebl CalacblHOA
KONOAHY YWIH HCAHAPMBIIAMBIH IHEPSUsl KO30EPIHEH HCYMbIC [CMellmin
Odepbec 3Hepeust Jncylieepin nauOalanyObly 63eKmilici Kapacmuipbli2aH.
Xamvikmuiy muiebl30bi2bl MOMEH HCOHe OaMbI2aH AYbLL WAPYaUbLIbIZbL Ke3iHOe
0napobl Kypyobll YmuIMObLIbIZbL MYPEblCOIHAH IHEPSUAMEH KAMMAMACHL3
emy JiCcylenepitiy Heeizel epeKuenikmepi Kapaiobl.. DeKmp dHePSUsiCblH
OHOIpY2e DAIAHBICMbL TCKMP FHEPSUSICHIHIH 63IHOIK KYHbl MeH mapugmepi
KYPbLIbIMbIHOA2bL KYPAYWbIHGIY Yieci keamipineeH. Aybli umapyautbliviebl
OHIMOEPIH 6HOIpYOe SJeKMpP IHEPSUCHIHA HCYMCALAMBIH UbIZLIHOAPObIH
yIeci auKbIHOANObL HCOHE OAAPObl MOMEHOemy AHCON0apbl OeNeieHOl.
Ayl wapyaublivizbln CyMeH 2caboblkmay ywin subpuomi agmoHoMObl
9Hepeusi KOHObIP2bLIAPbIH NAUOAIAHY MyMKIHOIZE Kapanool. I enuomem nen
NAPHUKMIK 2€HepamopOblly KOMEIMEH JICHLIY, MEXAHUKAIBIK JCOHE NeKMmp
9HEPEUSICHIH OHOIPYOIH OANAMA MEXHONOSUATAPBIHbIY KYPbLIZbICHL, HCYMbIC
npunyuni ycvinvlizan. Kapacmueipviiean oarama mexuono2usiapobly
ApMuLKWbLIBIKMAPLL MEH KeMUINIKmepine canblCmblpmMaibl maioay
2HCYpeI3II0L, COHbIK HEe2I3iHOe KOIOAHbICMA2bL KOHCIMPYKYUSIAP2A KYPbUILIMOBIK,
e3eepicmep MeH MONbIKMbIPYAap YCbIHblL0bl. Cmupiune K032aimKbiublH
NAPHUKMIK 2eHepamopmeH Oipee MeXaHuKaiblk SHepeUst Aty Yulin natioanamy
YCLIHBLIAObL, YL Jicel 2eHePamopbl APKbLLbL JNIEKMP IHEPSUSICHIH OHOIpYee
MYMKIHOIK Oepeodi. JKayapmoiiamvin 3Hepeusiibl NAUOAIAHY2A MYMKIHOIK
bepemin mynHyCcKaiapMeH CaiblCmulpeanoa cuopuoOmi KypoLibIMHbIH He2i3el
apmMuIKULLLIBIKMAPbL MeH oMbedanmui2bl aman omiioi.

Kinmmi ce3dep: Kyn sHepausicvl, dicenl IHEPSUACHL, 2equoMen,
NAPHUKMIK 2eHepamop, SHepUsIMeH JHcabobIKmay cylienepi.
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AJIBTEPHATUBHBIE TEXHOJIOT' A
JJIA ABTOHOMHOI'O DOHEPT'OOBECIIEYHEHUA

B cmamve paccmompena akmyanbHOCmb UCKONb308AHUSL AGNMOHOMHbIX
aHepeocucmem, pabomanwyux om 60300HOBNAEMbIX UCHOYHUKOS
9Hepeuu, OISl NPUMEHEHUS 8 CeNbCKOXO3SUCMEEHHOU OMPACIU 8 YCIOBUAX
Kocmanaiickoii obnacmu. Paccmompenvi OCHOGHbIE 0COOEHHOCU CUCMEM
9HepeoobecneyeHls ¢ MoUKU 3PEHUs. PAYUOHATLHOCIU UX NOCIPOCHUSL
npU HU3KOU NIOMHOCINU HACENeHUS U PA3GUINOM CEelbCKOM X035icmee.
Ipugedena 0ons cocmasasioweil 6 cmpykmype cebecmoumocmu u
mapughos Ha S1eKMPOIHEPUL, CEAZAHHASL C 2CHEPUPOBAHUEM ICKIMPUUKOLL
anepeuu. OnpedeneHa 005 3amMpam HA SICKMPUYECKYIO IHEPSUIO
6 NPOU3800CmMEe CelbCKOX03AUCMEEHHOU NPOOYKYUU U HAMEUEeHbl
nymu ux cHudceHusi. Paccmompena 603moocHocms ucnonib306aHus.
2UOPUOHBIX ABMOHOMHBIX IHEP2OYCMAHOBOK 0151 8000CHAONCEHUS OISl
CeNbCKOXO3AUCMEEHHbIX HYocO.  [Ipedcmasnienvl yCcmpoucmeo, npuHyun
Oelicmeus anbmepHAMUGHbLX MEXHOL02UL NOAYVUEHUs MeNna060i,
MEXAHUYECKOU U DNeKMPUUECKOU SHEPSUU C NOMOWBIO 2eTU0BOOOMEMA U
napruxo6o2o cerepamopa. [Iposeden cpagHumensHwlil aHanu3 O0CMOUHCIE
U HEOOCmMamKo8 paccMOmMpeHHbIX ANbMEPHAMUGHBIX MEXHONI02UL,
HA OCHO8e KOMOPbIX NPeONONCeHbl KOHCMPYKMUGHbIE U3MEHEHUS U
dopabomku 6 cyuwecmsyiowue KoHempykyuu. IIpeonosceno ucnonv3osanue
osucamens Cmupiunea 01 NONYYEHUS MEXAHUYECKOU IHepeuu 8
COBOKYNHOCIIU C NAPHUKOBBLM 2EHEPAMOPOM, NO3GONAIOUUX NOCPEOCHIBOM
6empo2eHepamopa ebipabamuléamy MeKmpuieckyio sHepeuio. Ommeuennl
OCHOBHbIE NPEUMYIECMEA U YHUBEPCATIHOCHb SUOPUOHOL KOHCIPYKYUL, 8
CDAGHEHUL C UCXOOHBIMLL, TNO3BOTSTIOUELL UCHOTIb306ANTH 60300HOGTSIEMYIO SHEP2UIO.

Knrouesvle crnosa: sHepeus connya; sHepeus gempa, 2enuo8000MeEm;

napHukoean ceHepamop, cucmemaosl 3H€p20CHa69iC€HM}Z.
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changes in the technological parameters of gas pressure and temperature MPHTHU 50.47.31
in MG in order to optimize them.
Keywords: main gas pipeline, compressor station, gas pumping unit, https://doi.org/10.48081/QFS0Q2222
electric drive, frequency converter, asynchronous motor, technological
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MOBBbILWEHWE 3®dEKTUBHOCTH
MPUMEHEHWS1 POEOTOB-MAHMIY/ISITOPOB
N5 3ALAY MATIETU3ALMM IPU [TOMOLLYMN
CMELMATIN3UPOBAHHOIO PEAKTOPA
CXEM YKIAOKHN

Iogvluenue 3KOHOMUYECKOU P PeKmusHocmu npumMeHeHus
NPOMBIUTCHHBIX POOOMO8 mpebyem KOHYEHMpayuu MaxCuUMaibHO20
obvema pabomoel Ha Kaxcoou pobomuzuposantou saudelixe. OOHOU u3
MUNUYHBIX 3A0ay, IPHEeKMUBHO peulaemvlx 68 Hacmosuee spemMs npu
HOMOWU NPOMBIULTIEHHBIX POOOMO8, ABIAEMCA YKIAOKA HA NACHIbL
(nanremu3zayus) YnaKko8aHHvIX mMoeapos, NOCMYRAOWUX N0 KOHBellepHOU
aunuu. Tpeumyuecmseamu npoMbuIUTICHHBIX POOONOS ABIAIOMCS 8bICOKOR
bvicmpooelicmaue, HA0eHCHOCb, 2UOKOCb NEPEHANAOKU, BO3MONCHOCHIb
00HOBPEMEHHOU pabombl ¢ pAHbIMU HO MdAcce U 2abapumam mosapamu.

Buinonneno mexuuxo-skoHomMuueckoe cpasHerue, noomeepicoarujee
yenecoobpasHocmy npuodpemeHUs 00H020 poboma-naiemaisepa 6obULe20
MUnOPAsMepa no CPAGHEHUIO C HECKOIbKUMU, 001a0aiowumu MeHviuell
2PY30N00BEMHOCIBIO U PAOUYCOM OelicBUs. Dmo Modcem nompebosams
KOHYeHmpayuu Ha 6xode 8 AyelKy poOoma HeCKOIbKUX KOHBelepHbIX
JuHul. [{nsa obecneuenus npoussoo0UmenbHOCHU KOMNIEKCA He0OX00umda
npeosapumenvHas 2pynnuposKa mosapa, hopmuposanie psooe audo cioes.

B maxux ycnosuax éosnuxaem HeoOX00umMocms Oblcmpou cMeHbl
cxem YKIAOKU moeapos Ha NALeNIbl, YO CIOHCHO Peau308amb 6 cryyae
NpUMeHeHUsl HceCmKUx npoepamm. Ilpeonosceno cozoame epaghuueckuti
peodakmop cxem YKIAOKU U peanru308amv npocpammy 011 poboma-
MAHURYIAMOPA, 86INOTHAIOWYIO YKIAOKY OemaJiell Ha NAaembl NO 3A0AHHOU
cxeme. Paspabomana npozpamma — pedaxmop cxem yKiaoKu, U peanu308and
MoOdenb Komniekca no naaemusayuu 6 cpeoe Fanuc Roboguide.
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Knwuesvie crnosa: agmomamusupoganrnoe npou3eoocmeo,
NPOMBIUWICHHBIU pOOOmM, NANIeMU3AYUSL, NPOUIEOOUMENbHOCD,
epaguyeckutl pedakmop.

BBenenue

VYBenu4ueHne MpOU3BOAUTEIBHOCTH HMPEANPHUATHIH, POCT CTOMMOCTH
TpyAa, MOBHIIIEHNE TPeOOBaHNWH K KadeCTBY BBHIMYCKAaEMOH MPOAYKIHH U €&
YTIaKOBKH, TII00ATN3anus 5KOHOMUKH U IIHPOKOE BHEAPEHNE NHPOPMAMOHHBIX
TEXHOJIOTHH, a TAKXKE MOBBIIIEHUE TOCTYIHOCTH I'PY30BOTO TPAHCIIOPTA CO3AAI0T
TIPEANIOCHIIKY JIS TIOBBIIIECHNS yPOBHSI aBTOMaTH3allnH IIPOM3BOICTB U IIEPEXOA
K «IpoMbIIIeHHOCTH 4.0». IloBbImIeHNe MPON3BOANTENBPHOCTH TPAHCIIOPTA U
CKJIaZIOB TpeOyeT 00beIMHEHHSI TPY30B, YTO JOCTUTACTCS CETONHS YKIaIKOH Ha
naeTsl. B crpanax CHI™ Hanumi mmpokoe MpuMeHeHHe CTaHJapTHEIE TaIeThI
o 'OCT 33757-2016 [1].

VKiagKa TOBapoB Ha MayUIETHl IPH BBICOKOH NMPOM3BOIUTEIBHOCTH JIMHAN
SIBJISIETCSI CIIOKHOM 3amadeil, moCKoIbKy TpeOyeT mepemerieHus rpysa c 4
CTENEHSAMH CBOOOJIBI, BKJIIOYAsi TOBOPOT BOKPYT TOPU30HTAIBHON ocH. Cxembl
YKJIQIKX 3aBUCAT OT TEOMETPUIECKUX Pa3MEPOB M MacChl TOBapa, 00ECIIeueHUs
YUTAEMOCTH 3THKETKH, BO3MOKHOCTH U HEOOXOAMMOCTH B OJHOBPEMEHHON
YKJIa/IKE HECKOJIBKUX YITaKOBOK.

CymiecTByeT 00IbIII0E KOJTMYECTBO TEXHUIECKUX PEIICHUH, TPUMEHAEMbIX
JUTST aBTOMATH3alliU YKJIAOKA TOBapa Ha mauieTsl [2—4]. [{ns pemenus 3Toi
3aa4d MOTYT IPHUMEHSTHCS KaK HMOPTAJIbHBIE M KOHCOJBHBIC YyKJIATIHKH,
TaK ¥ CIENUaIU3UpPOBAaHHBIE MTPOMBIIIICHHbIE poOoThl. Kpome Toro, B psiae
CIIy4aeB IOBBIIICHUE MPOU3BOAUTEIBHOCTH KOMIIJIEKCA IO MaIETH3aluu
TpeOyeT MpeaBapuTeIFHOTO MOA00pa YIIAKOBOK B PSi/I WK Aaxe (hOpMHpPOBaHUE
CJIOSI IIETTUKOM.

HauGomnee crmoxHOW W He HameAmed A0 HACTOSIMETO BPEeMEHHU
€IMHCTBEHHOIO PEIICHUs MPOOIIEMON SBISIETCA NMOCTPOCHHE I'MOKON JHHMH,
croco0HOI obecneunBarh yKJIaAKy YIMaKOBOK Pa3IMYHOTO pasMepa ¢
MUHUMaJIbHBIMH 3aTPaTaMy BPEMEHH Ha IIepEeHAIaIKy.

MarepuaJjbl M1 MeTOAbI

Han6onpiryto riOKOCTh IpH peasin3aiy Pa3IHIHBIX CXEM MOXKHO ITOTyYHTh
B CIyyae IPUMCHEHHS MPOMBIIIICHHBIX POOOTOB, YTO MO3BOJSET HOIYIHUTh
cBOOOY B BEIOOpE TPaeKTOPHH MepeMenieHus rpy3a. ObecreueHne BO3SMOXKHOCTH
MIPOCTON CMEHBI CXEM YKIIAIKH TPEOyeT OTKa3a OT KECTKOTO MPOTPaMMHPOBaHHUS
Tpaektopuil. [y 3Toro TpedyeTcs BBIICIUTD PEJAKTUPOBAHHE CXEM YKIAIKH
B CHENMAIN3UPOBAHHOE MPHIIOKEHHUE, a TAK)KE PEain30BaTh aBTOMATHIECKHN
pacdeT MpOMEeXyTOYHBIX KOOPAMHAT TPAEKTOPUH MPH YKJIAJKE MPEIMETOB.
Psimom mpowusBonuTeneil po6OTOB MpEnTIOKEHB COOCTBEHHBIE PEIICHUS 10
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PEeIaKTUPOBAHHUIO CXEM YKJIAJKH [5], OHAKO OHM HE YYMTBHIBAIOT BO3MOXKHOCTD
M3MEHEHHsI CXeMBI pa3MelIeHHs Ipy3a Ha 3axBare podora.

O¢ddexTUBHBIM cnO0CcOOOM NOBBIIICHUS NPOU3BONUTEIBHOCTH
POOOTOTEXHUYECKUX KOMIUIEKCOB IO MaJUIETU3alMU TOBApOB SBISETCA
MpeBapUTeNIbHAs TPYNIIMPOBKA yIaKOBOK JMO0 (GpOopMHpOBaHHME CIIOS, YTO
TI03BOJISIET COKPATUTh KOJIMUECTBO LIUKJIOB IepeMelieHns mpeaMeToB. [Tockonbky
CTOMMOCTB po0oTa B 3—5 pa3 MpeBOCXOANUT CTOMMOCTh (hopMHUpOBaTeNei cios, a
CTOMMOCTB POOOTOB-TIAJIIETAH3EPOB Pa3IMIHON IPY30MObEMHOCTH B IpeeIax
0011Iero MOZIEIBHOTO PsAJia OTJIIMYAeTCs, KaK MpaBwiIo, He Oonee yeM B 1,5 pasa,
B psiJie CIy4aeB OKa3bIBACTCS ONPABIAHHBIM CO3aHHE €IMHUYHBIX KOMILUIEKCOB
MaJUTETH3aluK OOJIBIION CIOXKHOCTH. B Takux koMIuiekcax poOoT, obiafaronmi
BBICOKOW I'py30HOABEMHOCTHIO U OOJBIIUM paguyCOM J1OCATAaEMOCTH,
00CITy’)KUBaET OTHOBPEMEHHO HECKOJIBKO JIMHUH 10 POU3BOACTBY TOBApa 1 BE/IET
OZIHOBPEMEHHYIO YKJIA/IKy I'py3a Ha HECKOJIBKO TaJlIeT.

ITo mepe ycnoxHeHHs pOOOTH3MPOBAHHBIX CUCTEM BO3PacTaeT Ba)KHOCTh
npoOyieMbl ONTHUMH3aLUU TPAEKTOPHHA IepeMeleHUs] TPy30B MpPH YKIIaJIKe
JUISL COKpAI[eHUs] BpeMEHU pabodero nMKiIa pobOTa M MOBBILEHUs 00Ien
MPOU3BOAUTEIHLHOCTH KOMIIJIEKCA MO MaJlJIeTU3alUH, JU00 ONTUMHU3AIUN
TPaeKTOPUI MO KPUTEPHIO MUHMMYMa 3aTpar SHepruu Ha nepemeinenue. [Ipn
NepeHoce JieTaneil Ha majuleT HeBO3MO)KHO HCIONB30BaTh OHY ONTHMAIBHYIO
TPaeKTOPHIO, TIOCKOJIBKY KasK/asi YIIaKOBKa YKJIaJbIBAETCS B Pa3lIMuHbIC TOUKU
npoctpaHcTBa. Kpome Toro, TpaekTopus AOJKHA YYHUTHIBATh W3MEHEHHUE
CBOOOJIHOTO MPOCTPAHCTBA ISl TEpeMelIeHUsI 3axBaTa pobora 1Mo mepe
YBEJIMYCHUS BBICOTHI YIOXKEHHOTO Ha majere rpysa. IIpocredmmm moaxomoM
SIBJISIETCS] N3BMEHEHHE TIPOMEKYTOUHOM TOUYKH TPACKTOPHH, PACIIONIOKESHHON Hal
LEHTPOM ITAJIETHI, OMHAKO B psijie paboT MpeIUIoKeHb! Ooliee CIOKHBIE, HO U
6omnee 3 exTUBHBIE MOIXO/BI TI0 ONTUMH3AIMH TPACKTOPHH.

B [6-10] oOcyxaaroTcst mpoOiIeMbl TOUCKA ONTHMAIBHBIX CXEM YKIIAJKH,
a Tak)Ke ONTHUMH3AaIUM TPACKTOPUH JBHUKEHUS poOOTa MO KPUTEPUIM
MUHUMU3AIME BPEMEHHU W 3aTpaT dHepruu Ha mnepemenieHue. O6e 3anaun
TpeOYIOT pelIeHus! MPoOIeMbl MONCKA KpaTyaiero myTH ¢ y4eTOM TeKylien
KOH(MUTYpALUH MTPETSITCTBHH.

PesynabTarnl u 00cykaeHne

B kauecTBe pemieHunst aBropamu pa3paboTaHa nporpaMmma — peiakTop CXeMm
YKJIQJIK TPy30B Ha nayuieT. [IporpaMma npezmnonaraer npuMeHeHne Ha podoTte
MHOTOCEKIIMOHHOTO ITHEBMaTHYE€CKOTO 3aXBaTra C HE3aBUCHMO YIPaBIseMbIMU
npucocamu. [IpeanokeHHoe pereHne OTIINYAeTCsl BO3MOXKHOCTBIO pealli30BaTh
OZIHOBPEMEHHOE B35ITHE MAapTUU TPY30B U YKIAJAKy MX Ha MaJJIET HECKOJIbKHMU
YacTSAMHM, OTKJIIOYasl 4acTh NMPHCOCOB Ha 3axBaTe. DTO pEIIEHUE MOBBIIIAET
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rUOKOCTh CHCTEMBI M MO3BOJISIET BBIMONHATH YKIAAKy IPY30B OOJBIIHM
KOJIMYECTBOM Pa3JIHUHBIX CXEM.

Penakrop mpeasaraet mojp30BaTelio MOCIEA0BATEIBHO 3a/1aTh:

- CXeMY pacIOIOKXCHUsI IPHCOCOB Ha 3aXBaTe;

- MaccoBbI€ U rabapUTHBIC XapaKTEPUCTUKH IPY30B;

- CXEMbI Pa3MEIICHHUS IPY30B Ha 3aXBaTe;

- CXEMbI YKJIaJIKU Majiet (pucyHok 1);

- PacIoJIOKEHHE TOYEK MMOJa4Yd T'PY30B U MAJJIET I UX YKIaJK{
OTHOCHTEJIHO PO0OTa (PUCYHOK 2).

Pucynok 1 — PepakTupoBaHue cXeMbl yKJIaJKH IPy30B HA NAJJETY

Pucynok 2 — PepaktipoBaHue 1miaHa poOOTH3UPOBAHHON sTYEHKU
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IIpu yknaake rpy3oB HIpeIyCMOTPEHAa BO3MOXHOCTH BBIOOpA pekuMa
ykinagku. [Ipy BO3BMOXKHOCTH B3STHS Pa3HBIX TPY30B POOOT MOXKET 3aBEPIIUTH
YKIIaJIKy TEKYIIEro HajuleTa HEeJUKOM, YKJIaJKy OYepeIHOro ciios Judo
MIPOM3BOJIUTH NEPEXO]] K YKIIaKe Ipy3a Ha CIEAYIOIINH MaJUIET IOCIIe KaXKI0ro
LUKJIA TIEPEMELICHUS ITPEAMETOB.

PazpaboTraHHbIc MporpaMMbl YKJIAJKH COXPAHSIOTCSA B (hailyibl JaHHBIX
MpeJIOKEHHOTo (hopMara, ONHCHIBAIOLIETO MOCIIEI0BATEIbHOCTD ACHCTBUI
pobora. [Ins po6oTos Fanuc peanuzoBana mporpamma Ha si3bike Karel,
BBITIOJTHSIONIAS] YTEHUE TAHHBIX U3 (haiiyia ¥ MO0YePETHO BBIIAIOIIAs KOOPAUHATEI
TOYCK B3STHS U YKJIAJKH NPEAMETOB B OCHOBHYIO IIPOTPaMMY JBIKCHHS.

PucyHox 3 — cumyrsinus rporecca yKJIaIKy NajuveT CPeACTBAME
CAIIP Fanuc Roboguide: 1 — ¢popmupoBatens paaoB KopoOos,
2 — IPOMBIIIUIGHHBIH POOOT, 3 — MHeBMATHYECKUIA 3aXBaT
C psIOM KOpoOOB, 4 — manJera B Iporiecce yKIaaku KopoOoB

[TpoBepka pe3yabTaTOB BHIINOJHEHA CHUMYIALMS Ipolecca yKIagKH
naier B CAITP Fanuc Roboguide (Pucynok 3). [TonTBepxkneHa BO3MOXKHOCTD
peann3auny THOKOI CHCTEMBI yIpaBJIeHH pOOOTU3UPOBAHHEIM KOMILIEKCOM I10
NaJUIeTU3aI1H, 00eCIIeYNBAIOIIEH BOZMOXKHOCTD CMEHBI CXeM YKIIAJIKU B TEUCHHE
30 MEHYT IS TPY30B pa3IMYHBIX MAacCHl M TabapuTOB. B TO ke BpeMs1, He HaILIH
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OKOHYATEJIHHOTO PEHICHHS MPOOIEeMBI ONTUMHU3ANUU TPACKTOPUI poboTa 1o
BPEMEHM Ha MEPEIBWKEHUE U 3aTpaTaM dHEPIruH, YTO MPEJCTABISAET MPEAMET
JATbHEHUIITUX UCCIIETOBAHUN.

BuiBoabI

Ha ocHOBaHHMH BBHIMOJHEHHOTO 0030pa MOKa3aHO, YTO 3ajadya yKIaJIKd
PpOOOTU3UPOBAHHOM I'PY30B HA MAJUIETY HPEACTABISCT CI0KHOCTD B OTHOIIICHUH
OBICTPOTO M3MECHEHUS aJrOpUTMAa NEUCTBHI pPOOOTA, & TAKKE ONTUMHU3AIMH
TPAEKTOPHI MO KPUTEPUSIM MUHUMYMa BpEMEHH Ha NepeMeleHue U MUHUMyMa
3aTpar YHEPTUH.

[pentoxeno co3aath rpagUUECKUil peTakTOP CXEM YKIIAJKU U Peain30BaTh
MporpamMmy Jisi poOOTa-MaHUITYISTOPa, BHIMOIHSIIONIYIO YKIAAKY JCTaluci Ha
MAJJICTHI O 337]aHHOM cxeMe. Pa3paboTana mporpaMma — peJJakTop CXeM YKIIaIKH,
U pean30BaHa MOJIeTh KOMIUIEKCA 1Mo majuieTh3anuu B cpeae Fanuc Roboguide.

Pa3paboranHas aBTopamu cUcTeMa 00NagaeT MOBBIMICHHOW TMOKOCTBIO 3a
cueT 00eCIeueHHsT BO3MOKHOCTH MEPEHOCA HECKONBKUX JICTANICH M TOOYCPEIHOM
UX YKJIAJKHU B Pa3IMYHbIX MOJOKEHUIX 3axBara. B To jke Bpems, IpeaoKeHHOe
PpeIICHHE SIBISCTCS 3aBUCUMBIM OT YEJIOBEKa, He 00CCIIeUnBasi IPOBEPKU TPACKTOPUI
mepeHoca JIeTalleii Ha ONTUMATIBHOCTh MO KPUTEPUSAM OBICTPONCHCTBHS U 3aTpaT
SHepruM Ha mepemerieHue. JlampHelieit 3aqadeii paboThI SBISETCS pa3padoTKa
METO/IMKH OLIEHKH 3aTpar YHEPTUH Ha MEPEHOC JIeTalleH.
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APHAJIAHJABIPBIJIFAH CTEKTEPAIH PEJAKTOPBIHBIH
KOMEI'TMEH ITAJUIETTEY TAIICBIPMAJIAPBIHA POBOT-
MAHUITYJIATOPJAPABI KOJJAHY TUIMALJIITTH APTTBIPY

Onueprocinmix pobommaposl RAOALIAHYObIH IKOHOMUKALBLK
muimoiniein apmmuolpy opoip pooommul YAULIKKA MAKCUMATLObL HCYMBIC
KOJeMIH Woablpaandulpyost manan emeoi. Kazipei yaxwimma onepkocinmix
pobommapovly Komezimen muimoi wewiiemin munmix Minoemmepoiy oipi
KOHBellep Jicenici OotbIHuIA Kelemil 0paieal mayapaapobl naiemmey 001bin
mabwiadvl. OHeprocinmix pooommapovly ApMulKULLLIbIZbL — HCO2aAPbL
JUCHLIOAMOBIK, CEHIMOINIK, KAUmMa pemmey uxemoiniei, 9pmypii caimax nex
onuemoezi mayapaapmer Oip yaKpimma HCymulc icmey MyMKIHOIeI.

JKyK ColllbIMObLIbIZHL MEH OpeKem emy paouycbl momen OipHeuie
pobommapmen canrvicmvlp2anod YIKeHipeK cmanoapmmsl onuemoesi
0ip pobom nanemu3amopobl camvin ay0bly OPbIHObLIbIZLIH PACTHAUNbIH
MEeXHUKANbIK-IKOHOMUKANLIK Heeiz0eme dcypeizindi. byn pobom
ywubiebla Kipe bepicme OipHeuie KOHGelep Heelllepinil WOoablpiany bl
manan emyi mymkin. Kewenniy onimoinicin xammamacwvi3 emy
ywin mayapaaposl aniovli aid MOnmacmulpy, Kamapiaposl Hemece
Kabammapovl Kanblnmacmoipy Kaxcem.

Mynoaii scazoatinapoa mayaparapovl naiiemmepee Koo CXemaniapbii
Jlcvlioam e3zepmy Kasxcem 6onadvl, Oyn Kamay bazdapiamanap
Jlcazoauvinoa dcyseze acvipy Kuvi, Cxemanapovl JHCUHAKMAY YUl
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epaguranvik pedaxmopovl Kypy dcone bepincen cxema 6oUbiHULA
bonuexmepOi naiiemmepee HCUHAKMAUMBIH POOOMMBLE KOLObLH
bazoapramaculn dcyszeze acvlpy ycbiHblaaowl. bazoaprama o3ipnenoi
— cxemanapovl dcunakmay yuwiin pedaxmop dcorne Fanuc Roboguide
opmacwvlHoa naiiemmey Keuwleniniy yaeici scyseze aculpbliobl.

Kinmmi ce3zdep: asmomammanovipviiean oHOipic, 6HEpKICINMIK
pobom, nanemuzayus, OHIMOINIK, epapuranvlk pedakmop
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1.2345Toraighyrov University,

Republic of Kazakhstan, Pavlodar.
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INCREASING THE EFICIENCY OF PALLETIZING ROBOTS
WITH SPETIALIZED LAYING SCHEMES EDITOR

Increasing the efficiency of industrial robot application requires to
concentrate maximum available amount of work at each robot workcell.
One of the typical tasks effectively solved today by industrial robots is
palletizing different packed goods supplied by conveyors. Application of
robots for that task provides such benefits as high performance, reliability,
changeover flexibility and ability to lay simultaneously packages of
different size and weight.

In the article the expediency of application one large robot compared
with two ones having less dimensions is shown. It requires one robot to
serve two or more supplying lines at the same time. To ensure the required
performance a preliminary grouping of packages or forming the pallet
layers may be needed.

In this conditions fast changing the package laying schemes may
become difficult if fixed programs are being used. A special graphic editor
of laying schemes enable to save laying schemes to files is proposed in the
article. The editor is implemented with a reader program for robot. The
proposed solution is tested using a simulation model in Fanuc Roboguide
CAD system.

Keywords: automated manufacturing, industrial robot, palletizing,
performance, graphic editor.
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