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Abstract

Background. Approximately 14% of people with COVID-19 develop a serious illness requiring hospitalization and
oxygen support, 5% need hospitalization in the intensive care unit. At the beginning of the pandemic, countries faced a
shortage of such specialized equipment. A complete oxygen system should consist of the following elements: oxygen
sources, delivery devices, control and conditioning devices, and patient monitoring devices.

Objective. To assess the supply of medical equipment during the pandemic in Kazakhstan.

Materials and methods. We conducted a review of empirical studies, statistical data and case studies, reports of the
World Health Organization, the United Nations and the World Bank, studies of public spending, the Global Health
Expenditure Index. By the method of sales analysis based on a marketing plan, a mathematical model has been developed
that allows optimizing sales surcharges and service fees in the implementation.

Results. There is a surge in demand for medical equipment. The release of some diagnostic devices is carried out on
JSC “Aktyubrentgen”. Pulsed X-ray machines have become widespread. 132 city and regional hospitals and 53 rural ones
are equipped with the necessary diagnostic equipment. There is a 2.5-fold increase in investment.

Conclusion. Timely adopted resolutions and the creation of customs-free conditions gave a positive result on deliveries.
To improve the process of Kazakhstan's medical devices entering the international market, a step-by-step algorithm should
be developed that would include marketing steps and follow-up actions to promote medical equipment.
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AktyanbHocTb. [lpumepHo y 14% nwogen ¢ COVID-19 passuBaetcs Tsikenoe 3abonesaHue, Tpebytollee
rocnuTanu3aLmm u KUCIOPOAHON NOAAEPXKKM, @ 5% HYXAKTCA B roCnMTanu3auui B OTAENEHNe MHTEHCUBHOM Tepanuu. B
nepuog Havana MaHaemMumn CTpaHbl CTONKHYMUCh C HEXBATKOM TaKOro CrewLmanuanpoBaHHOro 060pyaoBaHus, YTO NPUBENO
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CMCTEMbI 30paBOOXpaHeHust B komnanc. [onHas kucnopogHas cucTeMa AOMKHA COCTOSITb M3 CHEAYHLLUX 3SIEMEHTOB:
MCTOYHMKOB KMCMOPOLA, YCTPOMCTB AOCTaBKM, YCTPOMCTB PETYNUPOBaHMS 1 KOHAMLIMOHUPOBAHWS 1 YCTPOMCTB HabnioaeHus
3a NaLMEHTOM.

Llenb. OueHka noctasku meauLmHckoro 06opynoBaHus B nepuog naHgemun B KaszaxcraHe.

Martepuanbl U Metoabl. MpoBeaeH 00630p IMMMUPUYECKUX MCCMEAOBAHMIA, CTATUCTUYECKUX AAHHBIX U TEMATUYECKMX
1CCNeaoBaHuiA, 0TYETOB BCcemmpHOM opraHusaumm 3gpaBooxpaHenns, Opranusauun ObbeanHeHHbIx Hauwii u BcemmpHoro
©aHKa, MCCrneaoBaHMIn rocynapcTBEHHbIX pacxodoB, MHaeke rnobanbHbix pacxodoB Ha 3apaBooxpaHeHue. MeToaom aHanmsa
NpoAaX, OCHOBAHHOTO Ha MAapKETWHIOBOM MnaHe paspaboTaHa maTemaTuyeckas MoAenb, NO3BOMSIOLAs ONTUMU3MPOBAThL
HazbaBKu K npofaxam W nnatbl 3a 06CnyxuBaHne B peanusaLmm.

Pesynbtatbl. Habniogaetcs peskuidA pocT crpoca Ha MeauuuHckoe 00opyaoBaHue. Bbimyck  HEKOTOPbIX
pmarHoctudeckux npubopos ocyulectsnsietcs Ha AO “AkTtobpeHTreH”. VIMnynbCHble PEHTrEHOBCKME annapaThl NOMyqusy
LUMPOKOE pacnpocTpaHeHne. HeobxoaumbiM anarHocTuyeckM o6opyaoBaHWeM OCHalleHbl 132 ropofckue n obnacTHble
BonbHULbI 1 53 cenbckue. HabnogaeTcs yBenuyeHne MHBECTULMIA B 2,5 pasa.

BriBogbl. CBOEBPEMEHHO NPUHATBIE PELLEHUS U CO3aaHMe BECNOLNMHHBIX YCNOBUIA Janu NONOXMTENbHbIN pesynbTaT
no noctaskam. [ns ynyuylweHus npouecca BbIXOA4A Ka3axCTaHCKUX MEAMLIMHCKUX M3OENui Ha MeXOyHapOAHbIA PbIHOK
Heobxoanmo pa3paboTaTh NOWAroBbIi anropyuTM, KOTOPbIA BKMOYas Obl MApKETUHIOBBIE LUATM M NOCHEAYLLME AENCTBUS
Mo NPOABWKEHMIO MEAULMHCKOrO 060pyA0BaHMS.

Knroyeenie cnosa: meduyuHckoe 0bopydosaHue, peHmeeHogckull annapam, MPT, Covid-19, nocmaska.
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©3exTiniri. COVID-14 6ap agamaapapiH wamameH 19% aypyxaHara xaTKbI3ydbl XoHe OTTeri KonaayblH KaxeT eTeTiH
ayblp aypyabl gambiTagbl, an 5% - peaHumauns GenimiHe xaTkbi3yabl kaxeT eTeqi. MaHaemus GacTanFaH kesge enpep
[eHcaynblK CakTay XyWeciH KynablpayFa anbin KenreH OCbiHAai MamaHAaHAbIpbinFaH kababikTapablH KeTicneywwiniriHe
Tan 6onabl. TonbIK OTTEr Xylieci MbiHaaan 3NeMeHTTepaeH: OTTeri Ke3aepiHeH, KeTKI3y KypbInfFbinapblHaH, PeTTey XaHe
KOHAMLMOHEpney KypbINFbiNapbiHaH, XoHe nauueHTTi bakbinay KypbinfbinapbliHaH Typybl TUIC.

Makcatbl. KaszakcTaHaarbl naHaeMus Ke3eHiHae MeauumHanbIK xababikrapabl xeTkidyai 6aranay.

Matepuanaapbl MeH agicTepi. IMNUpUKanbIK 3epTTeynepre, CTaTUCTUKAlbIK MOMNIMETTEPre XoHe Kelc-cTaguanapra,
[yHuexysinik geHcaynblk cakTay YMbiMbiHbIH, BipikkeH ¥nTTap ¥ibiMblHbIH, XoHe [lyHuexysinik BaHkTiH ecentepiHe,
MEeMNeKeTTIK LWbIFbICTapabl 3epTTeyre, AeHcaynblk cakTayblH XahaHablK LUbIFbICTApbIHbIH, MHAEKCIHE LUOMY Xacangbl.
MapkeTUHITIK )ocnapFa HerisgenreH caTbinbIMAapab! Tangay ajici caTbinbIMAap MeH caTy Kbi3MeTTepi YLiH Tenemaepai
OHTalnaHabIpyFa MyMKiHaik OepeTiH MaTemMaTykanblk MOLENb xacanmbl.

Hatmxenepi. MeguumHanblk xababiKTapFa [LereH CypaHbICTbiH KypT ecyi Gaiikanaabl. Keiibip amarHoctukanbik
acnanTapgbl woiFapy "AktebepeHtreH” AK-ga xy3sere acbipbinagbl. VIMNynbCTi peHTreH annapattapbl KeH, Tapangbl.
KaxeTTi gmarHocTukanslk xababiktapMeH 132 kananblk XaHe 00MbICTbIK aypyxaHanap MeH 53 aybingblk aypyxaHanap
xababikTanraH. iHBectuumsanapasiH, 2,5 ece ecyi bankanagp!.

TyxbipbiMaap. YakpiTbinbl KabbingaHraH LewiMmaep xaHe Daxcbi3 xaFpainap xacay xeTkisinimgep 60ibiHWa OH
HoTwxe Oepai. KasakcTaHablK MeguuMHanblK OyiibIMaapablH, Xanbikaparnblk HapbiKka LbIFY NPOLECIH XaKcapTy YLUiH
MapKETUHITIK Kagampapabl XaHe MeAuUMHanblK XabablKTbl inrepinety >xeHiHAer KewiHri ic-KuMbingapabl KaMTUTbIH
KafamablK anropuT™ a3ipney Kaxer.

Tytindi ce3dep: meduyuHanbik xabobikmap, peHmeeH annapamsl, MPT, Covid-19, xemkizy.
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Introduction

A new coronavirus, designated COVID-19, appeared in
Wuhan, China, in December 2019, causing respiratory,
digestive and systemic problems affecting human health
[1,2]. WHO announced the beginning of a pandemic and
many states closed their borders. The reason was that in a
short period of time the virus caused not only fever, cough,
nasal congestion, fatigue and respiratory problems, but also
caused a sharp increase in the number of deaths.

Although the COVID-19 pandemic has placed
unprecedented demands on modern healthcare systems,
the industry's response has clearly demonstrated its
resilience and ability to bring innovations to market quickly.
But the crisis is most likely far from over, and the innovative
capabilities of the sector must continue to meet the
challenges associated with both COVID-19 and the
economic consequences of its spread. While many
industries are facing unprecedented shocks, medicine and
healthcare have been particularly affected, given the nature
of this crisis [3,4].

The most effective response to the virus is quarantine
and limiting the chances of the virus spreading. At the same
time, quarantine measures had a negative impact not only
on the delivery of medicines, medical equipment, but also
made adjustments to usual life.

In patients with symptoms, clinical manifestations of the
disease usually begin within a week. The virus also appears
in patients who have no symptoms, and they are quite
difficult to quantify.

The main sign of hospitalized patients with COVID-19 is
pneumonia. Among the most noticeable signs of this
pneumonia are a decrease in oxygen levels, gas deviations
in the blood or changes visible on chest X-rays [5,6,7].

Approximately 14% of people with COVID-19 develop a
serious illness requiring hospitalization and oxygen support,
and 5% need hospitalization in the intensive care unit. At
the beginning of the pandemic, countries faced a shortage
of such specialized equipment, which led health systems to
collapse.

A complete oxygen system should consist of the following
elements: oxygen sources, delivery devices, regulation and
conditioning devices, and patient monitoring devices.

Therefore, this study is very relevant, since the analysis
will allow us to develop recommendations and actions in the
future for any more severe infectious diseases.

The aim of the study was an assessment the supply of
medical equipment during the pandemic in Kazakhstan.

Research objectives:

1. To analyze the literature on diagnostic equipment
used during the pandemic;

2. to determine the regulatory documents and procedures
for the delivery of medical equipment to Kazakhstan;

3. to make recommendations to improve the procedure
for the delivery of medical equipment.

The primary data were taken based on the analysis of
the portal of public procurement of equipment by medical
institutions. The principles of SWOT and PAST analyses
were taken as a basis, since the supply of equipment was
not only a necessity, but also a political goal.

The object and subject of the study was diagnostic
medical equipment, which was most in demand during the
pandemic in Kazakhstan. First of all, these are X-ray
equipment, computed tomography and magnetic resonance
imaging equipment.

Materials and Methods

Literature review based on integrative processes:
analysis of empirical literature and global cost structures for
the purchase of diagnostic equipment during the COVID-19
pandemic, analysis of country-specific case studies and
recommendations.

The data is based on previous empirical findings,
theoretical foundations, statistics, and country-specific case
studies from reliable research papers, reports from the
World Health Organization, the United Nations, and the
World Bank, previous empirical studies of government
spending and pandemics, the Global Health Expenditure
Index, and recent articles written during the COVID-19 time
[8,9,10].

By the method of sales analysis based on a marketing
plan, a mathematical model has been developed that allows
optimizing sales surcharges and service fees in the
implementation. It is confirmed that it is possible to obtain
optimal values of the sales allowance and service fees for
JSC «Aktyubrengen», which seeks to maximize profits. The
results obtained show that the model is amenable to
financial analysis and computer automation.

Practical significance of the work included following.
The recommendations developed based on the results of
the analysis were submitted to the national chamber
"Atameken" for structuring practical experience.

Results

The situation with the volume of the medical
diagnostic equipment market

In the beginning of April 2020, the European
Commission (EU) decided to waive duties and value-added
taxes (VAT) for a number of medical devices and personal
protective equipment arriving from outside the EU during
the coronavirus pandemic.

This measure concerns testing kits, ventilators and
other medical equipment and will be valid for six months.
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This decision was made by the EU against the background
of an acute shortage of protective equipment for doctors, as
well as equipment that is extremely necessary for the
treatment of patients with COVID-19 [11,12].

Supplies of medical equipment/components necessary
for the production of medical devices were interrupted
because many countries were blocked. Forced quarantine
in China has hit supplies the hardest. As the country has
become a key player in the production of low-cost medical
devices for high-quality ones.

There are more than 60 manufacturers of necessary
medical equipment with headquarters in the USA and
manufacturing enterprises in China. The situation has been
aggravated by the fact that more than 10 leading
manufacturers of medical equipment have manufacturing
facilities in China.

Due to the huge increase in demand for certain medical
devices that are vital in the fight against the outbreak
[13,14].

At the end of January 2021, ProClinical portal published
a rating of the largest manufacturers of medical equipment.
Experts based the report on the sales volumes of
companies in 2019 [12,13].

The volume of the medical devices market in 2020
reached almost $456.9 billion in 2019, having increased
with an average annual growth rate (CAGR) of 4.4% since
2015. The market is expected to shrink from $456.9 billion
in 2019 to $ 442.5 billion in 2020 at a rate of -3.2%. The
decline is mainly due to blockages imposed by
governments around the world that have hindered the
supply chain in the medical device manufacturing industry.
Nevertheless, there has been an exceptional increase in the
production of ventilators that are used to treat patients with
COVID-19. The medical equipment market is expected to
recover and grow at an average annual growth rate of 6.1%
from 2021 and reach $603.5 billion in 2023. This is due to
the fact that, as already mentioned, after 2020, the increase
in the number of infectious and chronic diseases will
stimulate the growth of the market. Analysis of the medical
equipment market by country shows that North America
accounts for about 39%, this is the largest share in the
world market [15,16,17].

Global trends in the medical equipment industry driving
this growth include companies that have begun to
repurpose their production lines for the production of
medical products in high demand for the fight against
coronavirus, such as hand sanitizers, face masks, personal
protective equipment (PPE), ventilators, etc. For example,
the alcoholic beverage company AirCo has shifted the focus
on its production facilities to the production of hand
sanitizers. New alcohol brands Bev and Endless West have
also joined the production movement.

Similarly, in Canada, the startup INKSmith, which made
design and technical tools accessible to children, switched
to creating face shields. 3D printing companies such as
Markforged and Formlabs from Massachusetts produce
personal protective equipment such as face shields, as well
as nasal swabs for testing for COVID-19. In addition, large-
scale investments in health monitors and related mobile
applications from medical device manufacturers, technology
companies and other investors also help the market, and
medical device manufacturers should cooperate with such

technology companies to develop and sell monitoring and
tracking devices. human health for more effective diagnosis
and treatment of patients.

In March 2020, Medtronic PLC increased the production
of ventilators by more than 40% and plans to more than
double its capacity for the production and supply of
ventilators in response to the demand caused by COVID-
19. Medtronic manufactures ventilators for various medical
institutions, including for the acute segment (patients in
hospitals in intensive care units, emergency departments or
on the floors of general medical care) and for the subacute
segment (outside the hospital, long-term care facilities. or
patients who are on a ventilator at home). The company
manufactures Puritan Bennett 980 (PB 980) and Puritan
Bennett 840 (PB 840) ventilators in Galway, Ireland, which
are primarily intended for seriously ill patients in conditions
of high visual acuity [18,19,20].

In April 2020, Royal Philips, a global leader in healthcare
technology, announced that the U.S. government and Philips
had agreed to team up to increase the production of
ventilators for hospitals at their manufacturing sites in the
United States. Philips plans to double production by May
2020 and achieve a fourfold increase by the third quarter of
2020 for shipments to U.S. and global markets. Such
ventilators are crucial for the treatment of patients with a new
coronavirus disease. Philips invests several tens of millions of
dollars in the production of ventilators in the USA.

Due to the spread of the COVID-19 pandemic, the
demand for N95 masks, PPE kits and ventilators has
sharply increased worldwide. This surge in demand has a
positive impact on the global market of medical products.
The widespread spread of the disease has led to an acute
shortage of medical resources on the front line. This
shortage of medical supplies around the world has pushed
many non-pharmaceutical companies to produce various
medical products. For example, in April 2020, SanTan
Brewing company from Arizona, USA, repurposed its beer
production line for the production of hand sanitizers. In the
same month, the company produced 400 gallons of medical
grade hand sanitizers. Whereas in March 2020, the Pernod
Ricard company in the USA, which eventually produces
Malibu coconut rum and Seagram's Rin, began producing
1,000 gallons of hand sanitizer [21,22,23].

Analysis of the supply of diagnostic medical
equipment

The results showed that the effectiveness of the supply
chain management of medical equipment in public hospitals
strongly depends on the practice of procurement, inventory,
transportation and warehouse management.

One of the main directions of health policy in
Kazakhstan is the creation of favorable conditions for
equipping healthcare institutions with modern diagnostic
and therapeutic equipment. This will allow the medical
equipment market to function more efficiently. Several
studies have shown that this market is a steadily developing
part of the country's economic complex, which is still in the
process of transition to new economic relations. Kazakhstan
has already adopted new forms of private ownership and
competition, increased the number of enterprises, their
volume and product range.

The study of the peculiarities of the medical equipment
market in Kazakhstan reveals the development of
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integration processes, specialization and fierce competition
between enterprises, firms and companies. A characteristic
feature of the modern Kazakhstan market is the presence of
foreign capital and increasing volumes of imported
products. Current sales of imported medical equipment
exceed local sales (65% vs. 35%).

We conducted a study of the ratio of medical diagnostic
equipment imported to Kazakhstan during the pandemic.

It was found that among the main diagnostic equipment,
rengen devices were in the greatest demand Figure 1. It is
noteworthy that the release of some diagnostic devices is
carried out in the city of Aktobe on Aktyubrengen.

High technologies and processes implemented at the
plant include the production of high-tech, ecological and
high-quality medical complex. The production of medical
equipment consists in the use of unique computer software.
This allows medical professionals to synchronize the
operation of multiple monitors to get a complete picture of
the dynamics of the patient's recovery, as well as access
the data stored above.

The accuracy and reliability of the information obtained
during diagnostic procedures forms a global approach to
the patient's activity and the viability of systems for the staff
of JSC "Aktyubrentgen". Therefore, innovations used in
technological processes in industrial floor networks
guarantee the true accuracy of research results and ensure
patient safety. The stability of technical indicators
guarantees the accuracy of parameter measurement,
automatic adjustment and the absence of risk for patients
and laboratory specialists.

The sale of medical equipment is provided to medical
workers in connection with preventive maintenance, repair
and training. Highly qualified engineers provide expert
support to healthcare institutions that want to purchase
medical equipment and equip their schools with

multifunctional and correct projection equipment.

a2

= X-ray machines and systems = MRl = CT
Figure 1. The ratio of purchased diagnostic equipment.

Most of all were purchased X-ray machines - 160,
computer tomographs - 132 and magnetic resonance
tomographs - 53.

An X-ray machine is an equipment that is used in
medicine to obtain analytical data on the patient's condition.
Thanks to X-ray radiation, an image is formed that allows
you to assess the state of internal organs, the state of bone
and muscle tissue and find pathological changes.

The X-ray radiation generated by the X-ray tube is often
used in other installations. In particular, the X-ray tube is
integrated into a tomograph, introscope and other systems
that allow for a comprehensive examination of the object.

There are more than 10 different types of X-ray
machines, and each of them performs a specific task. The
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invention of this equipment made it possible to significantly
advance in the field of medicine and save more than one
hundred lives.

X-ray equipment is classified by the following: general-
purpose X-ray diagnostic device, X-ray computed
tomography, angiograph, X-ray therapy apparatus, dental
X-ray machine, flaw detection X-ray machine, X-ray
mammaograph, pantomographic, fluorograph.

MRl is one of the main accurate diagnostic devices. The
classification of MRI devices included ultra low-floor
tomographs below 0,1 TL, low-floor tomographs from 0,1 TL
to 0,5 TL, mid-field tomographs from 0,5 TL to 1,0 TL, high-
field tomographs from 0,1 TL to 2,0 TL, ultra high-field
tomographs above 2,0 TL.

Computer  diagnostics is  developing  extremely
dynamically. To date, doctors are already dealing with the
4th generation of devices. The following types of computed
tomographs (CT) can be distinguished: spiral with high
image quality, multilayer (two or more radiation
sensorsality) and MSCT (very high accuracy).

The Covid-19 pandemic, which has accelerated the
development of many sectors of the medical device market,
will not have a significant impact on the categories of X-ray
devices.

Although chest radiography is recommended in
hospitals for patients with suspected coronavirus, as well as
for patients with serious illnesses, experts call computed
tomography of the lungs a sensitive method for diagnosing
viral pneumonia. Several studies indicate low sensitivity to
radiography when analyzing Covid-19.

On the other hand, the advantage of such devices is
their mobility, which allows for an operational examination
during patient transportation.

Figure 2 shows the countries producing diagnostic
medical devices that were in priority when purchasing X-ray
devices. It is gratifying that preference was given to the
Aktobe manufacturing plant "Aktyubrengent".

d

= China
Turkey
= Aktobe plant of rentapparats
Figure 2. Countries producing X-ray machines
purchased during the pandemic.

Currently, pulsed X-ray machines are the most widely
used in the Kazakh market, which, in addition to budget
cost and convenience in operation, provide the "normative"
quality of control of most of the standard ones. All pulse
devices are portable and operate in both directional and
panoramic modes. At the same time, there are a number of
restrictions that do not allow the use of pulse devices at
particularly critical facilities.

This is due to the fact that devices of this type do not
have voltage regulation, which, combined with the large
size of the focal spot, limits their use in nuclear, aviation
and other industries that place increased demands on the

»

= Korea
= Belgium
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quality of radiation monitoring. In addition, pulse devices
require a long break between regular exposures and
relatively frequent replacement of X-ray tubes.

In the near future, a noticeable growth of the computed
tomography market is expected. It is expected that the
demand for CT systems will mainly be driven by factors
such as the increasing prevalence of chronic diseases,
rising healthcare costs and the growing attention of
healthcare providers to early diagnosis of diseases for
effective treatment. Figure 3 shows data on the countries
producing CT scanners.

70
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20

China USA

Korea Germany

Figure 3. Producer-exporter country of CT for Kazakhstan.

Japan

However, it is expected that strict regulations on the
production of computed tomography systems will to some
extent restrain the growth of the computed tomography
market. Since the manufacturers of these systems are
required to comply with high quality standards in production,
the rules often lead to an increase in the approval time of
new products, which further affects the market. In addition,
the risks of adverse effects associated with computed
tomography, such as exposure to high ionizing radiation,
may affect the introduction of these systems in the market.

Exposure to radiation and growing health problems are
hindering the growth of the market for computed
tomography devices and equipment. Diagnostic imaging
procedures use computed tomography devices that emit
electromagnetic waves or particles called "ionizing
radiation." This radiation coming from artificial sources,
such as computed tomography, scanning of nuclear
medicine, carries serious dangers and health risks. Low
doses can cause cancer in the long run. Cancer is the
leading cause of death worldwide, with about 9.6 million
people dying from it in 2018. When doses exceed certain
levels, it causes skin burns and acute radiation syndrome.

According to the reports, depending on the regions, the
global spectral computed tomography market was divided
into North and South America, Europe, Asia-Pacific, Middle
East and Africa. It is predicted that the Asia-Pacific segment
will occupy the largest share of the spectral computed
tomography market due to the growing prevalence of
cancer, carnivorous diseases, as well as due to the growth
of the geriatric population with certain diseases. According
to forecasts, America will occupy the second largest market
share of spectral computed tomography during the forecast
period due to the presence of several medical device
companies, innovations in devices to improve the quality of
life and reduce healthcare costs.

The European region ranks third in the market of
spectral computed tomography due to the growing number
of medical equipment manufacturing industries, the growth
of per capita income, the increase in consumer spending on
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healthcare and the presence of developed countries in
them. regions are the main growth factor of the spectral
computed tomography market in this region.

Prominent key players in the global spectral computed
tomography market are focused on developing strategies
aimed at increasing the demand for spectral computed
tomography. Innovation, product development, mergers and
acquisitions are the key strategies of these outstanding players
in the global market of spectral computed tomography.

The increasing prevalence of these diseases is
expected to play an important role in the growth of the
market. Despite the various advantages associated with the
MRI system, the costs of purchasing and installing these
devices are significant, which, in turn, affects the growth of
the market, especially in developing regions. The average
cost of a low- and medium-power MRI machine is more
than 1 million US dollars. In addition, the increasing need to
reduce helium gas deposits to cool the MRI machine leads
to an increase in waiting time and a decrease in
productivity. Product approval delays and frequent product
recalls, mainly due to a strict regulatory framework, also
have a serious impact on market growth.

Among the most commonly used screening options for
COVID-19, most medical professionals prefer visualization,
because it allows you to quickly make an initial diagnosis.
All imaging techniques, including magnetic resonance
imaging, have been exhaustively used to study COVID-19
and its effects on different patients in each demographic.
Improvements in radiological imaging techniques have
allowed the industry to create smaller portable MRI with a
low magnetic field.

Magnetic resonance imaging is an effective diagnostic
device for detecting diseases associated with tumors,
stroke and spinal lesions affecting the area of blood vessels
and the brain.

Due to significant driving factors such as the provision of
specialized medical facilities, increased healthcare costs,
strong healthcare infrastructure and a thriving medical
technology industry, thanks to the participation of major market
players, Europe is the second largest market and holds a fair
share of the global market. the market of magnetic resonance
imaging systems. In addition, knowledge of the advantages of
magnetic resonance imaging systems over radiation imaging
and the willingness of residents to diagnose contribute to
business development.

The Asia-Pacific region is projected to be the fastest
growing region with the most exciting growth prospects.
Thus, due to the large number of customers, faster
adaptation of medical technologies, government measures
to improve the quality of healthcare, the availability of
insurance policies for favorable business growth will
increase in the forecast period. In addition, due to the lower
cost of clinical trials and trials, major players have opened
their regional offices and production facilities in Singapore,
China, Japan, Korea and Australia, which would make the
magnetic resonance imaging systems industry a positive
thing. the growth curve in the future.

Mathematical design of sales marketing in JSC
"Aktyubrengen”

Aktyubrengen is a company for the production of
rengen devices in Aktobe. She sells her products for cash
or for free, while the costs are divided into twelve equal



COVID-19 - TOPICAL SUBJECT

Science & Healthcare, 2022 (Vol. 24) 2

payments. The base sale price is the same in any case, but
the service fee as a percentage of the sale price is added to
the time-based payment accounts. The production of an X-
ray machine (type 1) costs (3265000 tenge), and its selling
price is equal to. Business experience shows that the total
sales volume is proportional to the price range in question.

In addition, the share of total sales, which is a cash sale, is
in the find range, as it should be set for maximum profit.
The company manages both margin and profit. This
dependence can be written as (1).

Business experience indicates the following data in
table 1.

1 y 20—y 1
AL0000+x),0<xSL Toxsd 20 20 2(1+%) 0SyE20 ¢y (x=0.1) y=10%,,
Table 1.
Observed profit ratio, Z for X and ¥ values.
x [y 0 1 2 3 4
0,1 00,0901 00,6036 1,0631 1,4685 1,8198
0,2 01612 0,6976 11774 1,6008 1,9677
0,3 00,2158 00,7626 12518 1,6834 2,0575
0,4 00,2564 00,8044 1,2948 1,7275 21025
0,5 00,2857 00,8285 13142 1,7428 21142
0,5 00,2061 00,8392 1,3163 1,7372 21020
0,7 00,3196 0,850 1,3059 1,7168 2,0730
0,8 00,3278 00,8339 1,.2868 1,6864 2,0327
0,9 00,3320 00,8228 1,269 1.6494 1,9851
1.0 00,3332 00,8082 1,2332 1,6082 1,9332
®x /oy 5 (] 7 ] @ 10
01 21171 2,3604 2,5495 2,6847 2,7658 2,7928
0,2 2,2782 2,5322 32,7208 2,8700 2,9556 2,9839
0,3 2,3741 2,6331 2,8345 2,9784 3,0647 3,0935
0,4 2,4198 2,6794 2,8814 3,0256 31121 31410
0,5 2,4285 2,6857 2,8857 3,0285 31142 31428
0,6 2,4107 2,6632 2,8596 2,9999 3,0841 31122
0,7 2,3754 2,6209 2,8127 2,9497 30319 30593
0,8 2,3257 2,56855 2,7520 2,8852 2,96351 2,9917
0,9 2,2693 2,5018 2,6826 2,817 2,8892 2,9150
1.0 2,2082 22,4332 22,6082 2,7332 2,8082 2,8332
. . YRRl A 0, .
To get the maximum profit, it is necessary that “*=0-1) there was both a surcharge and ¥=10% a service fee.

From a mathematical model,

S(x) = ~ D x<l.
1+ x+x° (2)
r 20— 1
Dx)=+"X __— _0zyzp=n0.
20 20 _'.\1—.);'__. (3)
W-y 20-y 1
1-D(x,y)=—2 -2 .
20 20 2(1+x) n
Substituting these values into equations (5):
P=r10000| —=_+| y—2 [x+03)
[1+x+x° il N (5)
«>0 and also (6)
B M= x T -:l: i ﬂ-?'l 5
: -ﬁb—l T Yoo WY Solve max imize Fix,v):
TX+X | LA =0, w0 ¥ (6)
With a direct approach,
F oL ey (- yr+0.9) ) =0
& [l+x+x 20 (l+x+x7) 2 ] @
8F 1+035 v. | [ v, |
= ~(1-=)|=0 or [(1-=) |=0.
v [l+x+x"" 107 Y 107 ®)
5o

It follows that y=10. substitution of this value in ¢

gives a solution to this quadratic equation.

Advanced cubic line search algorithm solves equations (9):

M

¥, 1

6x° +3x—35=0 x=0453358875

meaF(x,0):
i
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ltis clear, *= %47 and ¥ =1%% therefore, the sale price = should correspond to the “%* the service fee.

:\:: .1'

Figure 4 shows the graph «
Flx.27 it is right interpolated =
Consequently, the values * and * are optimal.

A
SN

against» <, figure 5 shows the graph «

Figure 4 Graph of available data points.

Calculated results show that the model for optimizing
the sales allowance and service charges is accurate and
easy to implement. The possibility of obtaining optimal
values of the sales allowance and service fees for the
company "Aktyubrengen”, seeking to maximize profits, is
confirmed. The results obtained show that the model is
amenable to financial analysis and computer automation.

Discussion

In 2015, the Ministry of Finance of the Republic of
Kazakhstan launched an electronic public procurement
system. On the portal, anyone can unpack machine-readable
procurement data on a variety of samples, such as contracts
and plans, customers and suppliers, regions and dates. And
already in 2020, this largely helped to ensure full
transparency of coronavirus procurement, when Kazakhstan
declared a state of emergency and adopted a special
procurement regime to combat COVID-19. Then the state
customer was able to promptly purchase the necessary
medical equipment and protective equipment from certain
sources. No country in the world could avoid the mandatory
procedure. President K.Tokayev addressed a message in
which he spoke about the need to build a hearing state.
Therefore, in order to ensure transparency and openness,
each ministry on its page accepts citizens' appeals and
responds promptly. For example, an anti-corruption agency
has been created, aimed at ensuring openness. In the public
procurement system of Kazakhstan, it has become possible
to quickly filter out contracts concluded in the fight against
COVID-19. The Anti-Corruption Service holds public
procurement procedures, so the director of the Zertteu anti-
corruption research, Sholpan Aitenova, conducted research
on the reaction of social networks to public procurement
during the pandemic. Open and readable data has become
an excellent basis for this.

During emergencies, it is possible to conclude direct
contracts. But governments should do everything possible
to make these purchases as open as possible and gradually
return to the competitive field.

In Kazakhstan, as in many countries in Eastern Europe
and Central Asia, so far all public procurement within the
framework of the fight against COVID-19 takes place
without supplier competition, but directly.

Kazakhstanis rely on medical devices to maintain and
improve their health and well-being. Kazakhstan has one of
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Figure 5. Graph of model data points (functions).

the few medical device regulatory systems in the world with
some of the strictest requirements. IC "Pharmacy" is a
reliable supplier of medicinal products, and certain
requirements are set for equipment suppliers to guarantee
uninterrupted high-quality operation of diagnostic equipment.

The Government of Kazakhstan is taking steps to
further ensure the safety, effectiveness and quality of
medical devices used by Kazakhstanis.

To improve the process of Kazakhstan's medical
devices entering the international market, a step-by-step
algorithm should be developed that would include marketing
steps and follow-up actions to promote medical equipment.

In addition, the procedures for emergency anti-science
public procurement should be improved on the basis of
international experience and better planning

The set goals and objectives have been fully fulfilled,
since the analysis of medical equipment supplies showed
that Kazakhstan has directed its efforts not only to
treatment, but also to correct diagnosis, since the success
of treatment depends on accurate diagnosis.

This purchased equipment is based on modern
manufacturers, that is, the best manufacturers have
presented diagnostic equipment.

The research conducted on the literature review allowed
us to conclude that not only our republic made purchases of
diagnostic equipment, but also almost all countries. A
special trend was used by rengen equipment and computed
tomography.

We have analyzed the regulatory documents according
to which the purchase of this equipment was made.
Undoubtedly, the resolutions on the Customs Union played
a great role in the rapid delivery and purchase of
equipment. These resolutions made it possible by creating
a "green corridor" to speed up the delivery of equipment
without bureaucratic delays.

In general, the following
improvement can be made:

- the creation of a register of bona fide suppliers on this
issue will allow for the prompt selection and purchase of the
necessary equipment according to the required parameters;

- a clear organization of experts who determine the
parameters for the purchased equipment will simplify the
procedure for providing characteristics and prices of
equipment for selection;

recommendations for
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- to leave under special attention customs agreements
on the supply of diagnostic and other medical equipment,
since timely delivery will reduce the time between waiting,
and timely treatment will allow for a quick recovery.

Conclusion

Timely adopted resolutions and the creation of customs-
free conditions gave a positive result on deliveries. 132 city
and regional hospitals and 53 rural ones are equipped with
the necessary diagnostic equipment (100%). There was an
increase in investments in this direction by 2.5 times. It is
confirmed that it is possible to obtain optimal values of the
sales allowance and service fee for JSC Aktyubrengen,
which seeks to maximize profits on exports.

The conducted research leads to the following
recommendations:

1. To improve the process of Kazakhstan's medical
devices entering the international market, a step-by-step
algorithm should be developed that would include marketing
steps and follow-up actions to promote medical equipment.

2. It is necessary to improve the procedures for
emergency "anti-covid" public procurement based on
international experience and better planning.
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