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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PRINCIPAL APPROACHES TO DESIGN AND OPTIMIZATION
OF A DIET FOR TARGETED CONSUMER GROUPS

Abstract. The nutritional status is one of the main factors determining health and preservation of the nation’s
gene pool. Experts consider 76% of people’s deaths to be caused by noncommunicable diseases namely cardiac
diseases (56,7%), different types of tumors (14,4%), lung diseases (3,7%) and diabetes (1,5%). Great part of the abo-
venamed diseases are associated with a deficiency or excess of certain components in the daily diet of a person.
About half of the people deaths under the age of 70 linked to inadequate nutrition. One of the main prerequisites for
the human health is its optimal diet, which should contain essential amino and fatty acids, vitamins and various trace
elements. It is upon achievement of the optimal nutrition structure that high performance capabilities and primary
prophylaxis of many diseases are ensured, immunoresistance is increased and organism defense against an impact of
unfavorable environmental factors is strengthened. A solution to the problem of proper nutrition that corresponds to
the requirements and possibilities of the human organism and is balanced by all indicators of nutritional and
biological value is linked with the development and processing of big data and knowledge bases. They contain infor-
mation that reflects the choice of individual (or personalized) diets and nutrition regimes with consideration for age
factors, physiological status, medico-biological requirements, regional conditions, peculiarities in food consumption
as well as for sources of disorders of the immune status. Difficulties in optimal decision-making solution is linked
with many different factors. Firstly, with the probabilistic dispersion of characteristics and properties of biological
raw material. Secondly, with individuality of the physiological peculiarities of the organism requiring in each case
individual selection and correction of ration models taking into account structural relationships and restrictions at the
component, elemental and monostructural levels. The paper shows the use of the information technologies realized
by the methods of multi-criteria optimization and mathematical programming, which allow structuring the obtained
set of alternatives, correct and/or construct an optimal diet.

Key words: diet, information technologies, computer programs, optimal diet, healthy nutrition.

Introduction. Nutrition is one of the main conditions of human existence. Quantity, quality and an
assortment of consumed foods as well as timeliness and regularity of food intake decisively affect human
life in all its manifestations.

Proper nutrition is the crucial factor of human health, performance capabilities and active life.

Among the environmental conditions that constantly affect the human body, nutrition, without doubt,
has the highest specific weight. However, food has a principle difference from the other environmental
factors as food is converted in the process of nutrition from the external factor into internal, and moreover,
its elements are transformed into the energy of the physiological functions and structural elements of the
human organs and tissues. That is why nutrition is the main factor in assurance of the normal growth and
development of the human organism, its working capacity, adaptation to an exposure to different environ-
mental agents and, finally, it can be considered that the nutrition factor has a determining effect on human
longevity and activity [1].

It is well-known that the human organism is constantly negatively affected by different chemical,
physical, social and other factors of a habitat, which leads to deterioration of a health condition on the
individual level and an increase in morbidity, disability and mortality.
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Diseases leading to high social costs, resulting in early deaths and depriving many people of full-
value life, such as stroke, hypertension, cardiac ischemia, many types of cancer, diseases of oral cavity,
anemia, goiter, liver cirrhosis, diabetes, presence of bile stones, obesity, diseases of the locomotor system
in the elderly, can be prevented by proper nutrition, even if the detailed mechanism of the relationship
between excessive or insufficient nutrition and these diseases is still unknown. According to the estimates
of the WHO experts, the resources that are allocated to the treatment of these diseases significantly exceed
the expenses necessary for their prevention [2].

According to the WHO data, in the Western European countries, noncommunicable diseases account
for 77 % of all diseases, and they are the cause of deathin 86% cases with cardiovascular diseases
occupying the first place [2]. The same trend is observed in Russia. For example, in 76% cases, the causes
of death are noncommunicable diseases, among which are the circulatory system diseases (56.7%),
neoplasms (14.4%), respiratory diseases (3.7%) and diabetes mellitus (DM) (1.5%).The main risk factors
influencing mortality of the population of the Russian Federation are: arterial hypertension (35.5%),
increased cholesterol level (23%), smoking (17.1%), insufficient intake of vegetables and fruit (12.9%),
obesity (12.5%), excessive consumption of alcohol (11.9%), low physical activity (9%). It is obvious now
that a decrease in mortality and an increase in life expectancy in Russia are possible, first of all, due to
prevention of chronic noncommunicable diseases [3].

Several main noncommunicable diseases, including cardiovascular diseases, type 2 diabetes and
certain cancer types, which accounts for more than half of deaths, diseases and disabilities, were identified
as alimentary-dependent, that is, they can become more severe or be corrected by corresponding nutrition.

However, WHO identifies overweight (body mass index (BMI=25-29.9) and obesity (BMI=30 and
higher) as the biggest unacknowledged problem of the public health in the world [2].

About half of deaths under the age of 70 are associated, to one extent or another, with malnutrition [4].

Several diseases are associated with deficiency or excess of certain components in human daily diets.
The associations have been traced between fluorine and caries, iodine and goiter; essential fats and cardio-
vascular diseases; dietary fibers and gastrointestinal diseases; calcium, fluorine, vitamin D and diseases of
the locomotor system; iron, folic acid and anemia [5].

A degree of assimilability of diet components to a large extent depends on the accompanying sub-
stances. For example, calcium is a substance that is hard to assimilate. Calcium is found in foods, mainly,
in the form of poorly soluble salts (phosphates, carbonates, oxalates and others). Solubility of calcium
salts increases in the acidic environment of the stomach; however, dissolved ions, to some extent, are
again bound and precipitate in jejunum and ileum, where pH is closer to neutral. A deficiency of protein
and an excess of dietary fibers and phytic acid negatively affect a degree of assimilability of calcium that
is consumed with foods. Oxalic acid often prevents calcium absorption. Binding with oxalic acid, calcium
gives water insoluble compounds, which are the components of kidney stones. These are dock, rhubarb,
spinach and beet. Phytic acid (which is especially abundant in cereals) binds calcium to the insoluble
form. An increase in the need for calcium upon increasing dietary fibers in a diet raises the risk of osteo-
porosis [6, 7]; a growth in aggressiveness is possible upon decreasing fat consumption [8], which is
necessary to consider when developing and adapting an individual diet (personalization in nutrition).

The human stomach at the age of 60 can produce only 25% of the gastric juice that it produces at the
age of 20. With that, a proportion of consumption of cereals (rye, wheat, oat), which are rich in fibers,
increases. Therefore, a need for calcium increases with age. Products with low content of oxalic acid
(green head cabbage, broccoli, turnip) are good sources of calcium. Calcium assimilability from cabbage
is as high as from milk.

A significant contribution to the mentioned problems can be made by the use of the modern infor-
mation technologies, which allow prompt assessment of person’s psycho-physiological peculiarities,
including technological treatment and raw material preparation [9]; selection with consideration for this
assessment of the individual full-value diets based on the optimized procedure; individual health nutrition
education and dissemination of knowledge in this field using data (generalized and formalized in a form of
databases/knowledge bases) about relationships between nutrition, health, age, individual characteristics
of a person and ecological conditions; and control over the process of the diet use.

For human health, not only the full value of nutrition is important, but also its prophylactic, curative,
detoxifying and geroprotective function. This, to a large extent, determines the modern requirements for
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the structure of rational nutrition. At present, it is difficult to meet these requirements using the traditional
approaches to formation of diets based on the dietitians’ expert analysis as, when solving this problem, a
person deals with quite a difficult combinatorial task of multi-parametric and multi-criteria optimization of
a diet, which potentially can consist of many several hundreds of food products with different composition
and properties. It is even physiologically difficult to a person to solve this task. In the general case, this
task often does not have a solution and, therefore, there is a need for a step-wise iterative procedure of
optimization in the course of the “human-computer” dialog [10].

The paper describes approaches to the development of the structural parametric models of adequate
nutrition, formalization of the knowledge data and creation of the expert system of analysis and correction
of the daily diet and nutrition regime for a certain group of people according to the scientifically substantia-
ted norms and medico-biological requirements from available traditional food products in a particular region.

Principles for developing adequate human diet. It is known that human food should contain six
hundred substances that are necessary for normal vital activities of the organism and occupy their place in
the complex harmony of the biochemical processes. With that, 96% of the organic and inorganic com-
pounds that come with food have certain curative properties [11]. Therefore, a human health condition
ultimately depends on the quantity and ratios of these substances in a diet.

General approaches and methods for organization of nutrition are based on the principles of balance,
individuality, rationality, functionality and adequacy [12].

The main tasks in organization of nutrition are:

- assurance of rational and balanced nutrition according to the age and physiological requirements in
nutrients and energy;

- assurance of quality and safety of foods used in diets;

- prevention (prophylaxis) of communicable and noncommunicable diseases linked with the nutrition
factor using enrichment of diets with main micronutrients (to prevent their deficiency).

Rational nutrition, which is adequate by quantitative and qualitative norms, as well as medico-
biological requirements, is one of the main factors that predetermine health condition.

When formulating a diet, it is necessary to adhere to the principles of the rational, balanced adequate
nutrition, which implies:

- satisfaction of the human needs for nutrients and energy, including macronutrients (proteins, fats,
carbohydrates) and micronutrients (vitamins, microelements and others);

- balance of a diet by all nutrients, including amino acids, fatty acids, carbohydrates, vitamins,
mineral substances;

- maximum variety in a diet, which is achieved by the use of a sufficient product assortment and dif-
ferent methods of cooking;

- adequate technological (culinary) processing of products that ensure high palatability of products
and preservation of their nutritional value;

- consideration for the individual characteristics of a person (including intolerance to certain types of
food products and meals);

- formation of a diet by qualitative and quantitative composition separately for different age groups in
a population.

As was mentioned above, healthy food not only should be balanced by the content of proteins, fats
and carbohydrates, but also should contain the whole complex of necessary minerals and vitamins. For
creation of a proper diet, not only the presence of all nutrients is important, but also their compatibility,
interrelatedness, synergism and so on.

Available variety of products leads to entropy of their choice. Among the main and most often used
foods are bread, grits, pasta and sausages. Being mainly the suppliers of protein, they, at the same time,
contain many co-occurring excessive ingredients that favor the development of obesity and alimentary-
dependent diseases.

Difficulties in optimal decision-making are conditioned by the probabilistic dispersion of charac-
teristics and properties of the initial components of the biological raw materials, individuality of the phy-
siological peculiarities of the organism, which require in each case an individual choice and correction of
diet models taking into account structural ratios and constraints on the component, element and mono-
structure levels. Therefore, the development of the computer technologies for the structural parametric
modeling and optimization of the adequate nutrition system will allow knowledge-based selection of an
optimal solution from a set of possible alternatives.
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Intellectual component of the software. When developing software for assessment and optimization
of a diet, it is necessary to take into account several requirements:

- addition of products and meals to a menu, and a possibility to edit a chemical composition;

- the use of the reference values for different population groups (healthy, curative, curative-pro-
phylactic, dietetic nutrition and so on).

The functional structure of the developed system (figure 1) consists of the information database and a
set of program modules that realize the control system of the information database, modeling and analysis
of a diet, and the highly developed object-oriented user interface.

Information database

Foods < Norms of physiological requirement
A A
Diet <
A
Y

Programming Environment

Module of organization of an access to the information database
A A
Y Y
Module of diet analysis Module of diet development
v v
Interface

Figure 1 — The functional structure of the system

The information basis of the system is a database that reflects, in the structural manner, the physico-
chemical indicators, functional-technological and structural-mechanical properties of products of animal
and plant origin in a meal, atherogenic index of a food product, dietetic diets and menus, criteria of opti-
mization and adequacy assessment, recommendations and norms of the physiological requirements in
energy and nutrients for different population groups.

The main task of the system is the development and optimization of the nutrition menu for diffe-
rentiated population groups according to the scientifically substantiated norms and medico-biological
characteristics from available traditional products in a certain region of the Russian Federation. The
decision is made in the module “Diet”, which is intended to create new diets and correct the existing ones
by addition of new meals and/or foods.

Figure 2 presents the dialog window of the database visually reflecting the group of products in the
dropdown menu.

I~ Products
Product groups

Muon B

Products
Product groups

Dishes from potatoes Zhereh

Dishes from curd Zuban

Borscht Catfish spotted

Bgef Flounder

Pink salmon Green head cabbage

Jelly Sauerkraut

Zhereh _ . ] Cauliflower %
a) b)

Figure 2 — Window of the database with the list of the product groups:
a) “Mutton” group; b) “Jelly” group
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When choosing the necessary group of products in the following box (text field), the products and
meals of this group will be presented (figure 3).

Products Products
Product groups Product groups
|Mutton ﬂ |Je||y LI
Product Product

Minced-meat cutlets from mutton (recipe 353) - Jelly from cranberry (recipe 507) -
Minced-meat cutlet from mutton (recipe 353) Jelly from cranberry (recipe 507)

Stewed mutton (recipe 302) Jelly from black current (recipe 507)

Schnitzel from mutton (recipe 330) Jelly from red current (recipe 507)

a) b)

Figure 3 — Window of the database: choice of products (meals) from the chosen product category:
a) Choice of meals from the “Mutton” group; b) Choice of meals from the “Jelly” group

The development of an optimal diet comes down to the dialog algorithm (figure 4) [13] of detection
of the product composition, their quantity and ratios by the set criteria and constraints. The first stage

begins with entering information about existing daily diet of a patient with consideration for taste cha-
racteristics, ethical traditions, region of residence and so on.

Norm of consumption and
parametric description of an
adequate diet

Adequacy
assessment

Y

¢ Parametric description of

an individual product Optimal diet

Assessment and structural + *
optimization of the used diet

Search for possible

Recommendations on
components of individual e the nutrition regime

products and menu

v v

Multi-criteria structural-
parametric optimization
of a product at

different levels ‘

Diet is
adequate

Structural-parametric
optimization of nutrition

Expert analysis of disbalance
and selection of additional products
for a diet composition

v

Structural-parametric optimization
of the changed diet composition

T

Optimal regime, form and menu
of individual nutrition

Adequacy
assessment

End

Recipe of an individual product

Figure 4 — Dialog algorithm of the structural-parametric optimization of the adequate nutrition

Using the described medico-biological status of a person, a parametric model of his/her adequate
nutrition is formed in the expert system as specific parameters, norms and ratios of the nutrients and
components that are required daily. On this basis, the assessment and structural optimization of the
existing daily diet is carried out, which is linked with changes in the ratios and proportions of consumed
foods by the criteria of the minimum deviation from the normative parametric structure of the indicators of
the adequate nutrition.

The hierarchy of the quadratic criteria [14] of the minimal deviation from the reference structure of
the set of indicators for nutritional, biological and/or energy values, as well as the criteria of the protein
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digestibility, adequacy of protein intake, deficiency of albumin, transferrin, lymphocytes and others is
used as a targeted function.

Minimization of the possible noncoincidence between parameters of the “standard” and proposed
diets is linked with multi-criteria optimization and formation of the Pareto-optimal set of solutions by
formalized criteria.

By the diagnostic algorithm for the medico-biological status of a person (figure 5), a vector of devia-
tion of specific parameters of nutrients and components that are required daily is formed in the expert
system relative to the established norms and ratios of adequate nutrition that allows to carry out the initial
selection of products into the recommended diet that compensate existing deviations with consideration
for individual characteristics of a person and social conditions (personal perception of one or another
product, allergy, as well as availability of certain products due to a financial or geographical factor).

Upon insufficient compensation of deviations by selection of desired products and meals that are
constituents of a diet, a search for their optimal qualitative ratios (structural optimization) is then carried
out by possible incorporation of additional products and meals dependent on current deviations of

( Beginning ’

A 4
Xi, i=1, 69 | Xi - physiological indicators of a patient
Xj, =129, 134 Xj — indicators of the external factors
Y

PER — prognostic risk index
PIR, EQO, DRE | EOO — main energy exchange
DRE - actual energy expenditure

Y
Potr_Belki, Potr_Zhir,
Potr_Uglevodi

Potr Belki — protein requirements
Potr_Zhir — fat requirements
Potr_Uglevodi — carbohydrate requirements

Y

Xii, i=1, 69; The cycle of the diagonal movement over the matrix
=129, 134 of the structural parametric characteristics
v Comparison of the matrix indicator value with the

value of the element of the vector of deviations from
reference values

| Xio — initial value of the reference interval
D Xi — pdifference between the initial and ultimate
value of the reference interval
Le., in this block, the values of the physiological
indicator is compared to the normal level

Xii < Xio
or
Xii > Xio + DXi

no

Xij, 1=const;
J.=|= 69; | In case of nonconformity of a value to the norm, the
=129, 134 cycle is opened by the row for searching all values of
indicators, with which the current element is linked
no
Y | Check of existence of links
MAS_RECOM
Conclusion of the human health condition.
yes On its basis, it is possible to move to the algorithm
for selection of a method and type of curative
MAS CON nutrition (nutritional support).

End

Figure 5 — Algorithm of diagnostics of human health condition
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parameters from norms (the 3" stage) or the development of the individual combined product (the
4™ stage) that minimizes residual deviations.

To assess adequacy and quality of a diet, a functional [13] is proposed that reflects the average
weighted total deviation of actual values of condition parameters from the norm. With consideration for
weighted coefficients and selection of certain groups of factors, the quality functional has a form:

0

1 i X. — X,
Flx)=1-_|— »p | L1 1
(x) n;a,; l]( A J—)max (1)

0

where n — is the number of combined indicators; Xjjs Xjj — the actual and desirable value; Axl-]; — the

extreme deviation from the desirable value for the k™ level of quality; b;; — the weighted coefficient of the

j™ parameter in the i™ group; a; — the coefficient of group significance.

The value of quality coefficient changes from 1 in case of full coincidence of the obtained values with
the recommended (the best quality) to 0 when reaching the boundary of the quality level (the ultimate
value), so that at negative values of the functional, a diet does not correspond to the targeted quality level.

To detect the weighted coefficients, the method of the full factorial experiment can be used, at which
the following values are entered into the columns of the response function y,,. of the ™ replicate in the k™

experiment: 1-0.7 — when assigning a product to a very good quality level; 0.7-0.3 — to good; 0.3-0 — to
satisfactory; 0-(-0.2) —to bad; lower than (-0.2) — to a very bad quality level.

The mathematical model and algorithm for individual menu formation with consideration for taste
preferences of people, their financial possibilities as well as individual physical and physiological
characteristics come down to minimization of the discrepancy between taste preferences of a person and
prescriptions of a dietitian by the criterion:

Z (DKP + Dy, )5k — max 2

k

where Dyp — the score value of the functional of patient’s “taste” preferences of the k™ meal; Dyp — the
. . 0 . .
value of the functional of “curative” preference by the k™ meal; S = {1} — logical variable of the com-

ponent inclusion into the meal or diet composition upon constraints:

- for non-repeatability of meals in a daily diet

- for financial possibilities of a patient

- by mass of the k™ meal

- for the ultimate caloricity at breakfast, dinner and supper

- for the ultimate volume of breakfast, dinner and supper

- by the upper and lower limits of the content of the i chemical element

At the first stage, an assessment and analysis of the existing dietis carried out linked with calculation
of the nutritional value (moisture, protein, fat, carbohydrates), vitamin and mineral composition (A, p-ca-
rotene, By, B,, PP, C, Na, K, Ca, Mg, P, Fe) and the energy value of each /™ meal/product in a diet.

After consecutive calculations for each component, all determined indicators for the first meal are
obtained. Then, the value of the i variable is increased by one i+1; that is, we turn to the following meal in
the menu. At each transition, the file is checked for its end.

After meeting this condition, we turn to the following stage linked with analysis and assessment of
the existing diet.

At this stage, a gender and age group of a respondent (a person, patient, individual) is determined and
the physical activity level is chosen. On the basis of the presented data, the norms of the physiological
requirements in energy and nutrients for different groups of the population of the Russian Federation
adopted by the Federal Service for Supervision of Consumer Protection and Welfare (Rospotrebnadzor)
are uploaded.

The obtained calculated data on the physico-chemical indicators are compared with the regulatory
indicators at two levels — minimum and maximum.
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When there is a deficiency of one or more basic indicators (protein, fat, carbohydrates), the percent
deviation from the norm is calculated and a product and/or meal that contain the lowest value of this
indicator is found in a respondent’s diet. In case of excess, a deviation from the limit for this indicator is
calculated in a similar manner and a product and/or meal that contains the highest value of this indicator is
found.

“Correction of a diet” is associated with replacement of an “undesirable” product by a similar one
from this category of meals in order not to disrupt the balance of meals in a menu. A request to the data-
base is made with the condition to display all meals in the same group category as a meal intended to be
replaced. Among them, a meal with the maximum or minimum value of the targeted component is chosen.

Then, the other indicators of a diet are checked in terms of the correspondence to the minimum and
maximum norms of consumption, and in case of misbalance, similar recalculation of products and meals
in a diet is carried out.

As a result of the performed mathematical operations, the results are displayed showing the main
physico-chemical indicators of a diet as well as the comparative analysis of deviations and options of their
elimination.

Figure 6 presents the results of analysis of deviations from the reference norms and the proposed
methods for diet improvement.

Diet analysis:

Content Water: +435 98%

Content Protein: +82.19%

Content Fat: norm

Content Carbohvdrate: norm
Content Organic acid: +34.43%
Content Sodium (Na): +247.17%
Content Potassium (K): norm
Content Calcium (Ca): -72.98%
Content Maznesiom (Mz): +23.31%
Content Phosphorus (P): +131.46%
Content Iron (T): +203.21%
Content Vitamin A: -30.60%
Content of beta-carotene: +82.18%
Content Vitamin B1: +486.97%
Content Vitamin B2: +268.69%
Content Vitamin PP: +150.93%
Content Vitamin C: -12.053%
Energy valoe: norm

We snggest vou to make the following replacement
tg replace cacao with milk (recipe 534) with tea with sugar (recipe 523)
to replace fried liver (recipe 331) with heart in savce (recipe 3 138

Figure 6 — Results of the program execution.

Analysis of IT solutions for human diet in the market. At present, several programs that are simi-
lar to the program under development are available on the market.

For example, the program “Assessment of actual nutrition by the Institute of Nutrition RAS” permits
calculating a level of the main metabolism, giving recommendations on caloricity and the structure of
nutritional value indicators by product groups, as well as visually reflecting nutritional value characte-
ristics relative to norms. However, the proposed program does not allow taking into consideration a level
of assimilability of food substances and a volume of actually consumed products, as well as product
compatibility.

The apparatus-program complex “Health Sources” [15] (certificate of Rospatent No. 2004610012)
consists of 4 modules (health assessment; analysis of factors influencing health; analysis of nutrition;
dynamics) and allows screening a level of psychophysiological and somatic health, functional and adap-
tive reserves of the organism, assessing parameters of the physical development, making recom-
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mendations on nutrition correction, physical activity, sport, sleeping regime, living, working and resting
conditions. Analysis of the program complex showed that the main target audience is sportsmen, people
having difficult professions (engine drivers, military personnel, shift workers). APC “Health Sources”
allows giving a qualitative assessment of the health reserves that are taken into consideration upon deve-
lopment of the health improvement and training programs for correction of the revealed adaptation
disorders. The system also allows assessing the actual diet by 27 nutrients and giving recommendations
with consideration for gender and age groups. A diet is not corrected automatically by the program, but a
dietitian makes changes in the current diet and nutrient composition of daily nutrition.

In the United Kingdom, the program DietPlan [16] was developed , which is integrated with the
databases of McCance and Widdowson, USDA NDB, Australian NUTTAB, Danish, Canadian and New
Zealand nutrient databases. In several databases, the nutrient composition exceeds a hundred of indicators.
The developers of the software ensured harmonization of the nutritional value characteristics allowing the
use of the initial data from significantly different sources. However, the English interface requires special
learning and an unprepared user cannot use all options of the software without assistance. The program
allows forming the individual and group reports, editing reference values for a category of patients under
investigation.

The program NutriSurvey(Germany) [17] realizes the classical reference frequency method of
consumption surveys, contains the database of products and nutritional value characteristics and normative
values by different food categories. The program NutriBase (USA) [18] is intended for executing indi-
vidual plans for clients of fitness centers or clinics and contains the nutrient databases USDA SR (USA)
and CNF (Canada).

The output data of the program are graphs and tables about the condition and dynamics of consump-
tion. The NUT program (USA) [19] contains the data about 8194 products and 146 nutrients, and enable
execution of different nutrition plans, including ketogenic, low carb and other diets.

The principle disadvantages of the foreign computer programs are the following: they do not take into
consideration the specifics of diseases, peculiarities of the organism and mentality of the Russians; there is
no information about Russian foods and meals, they do not take into consideration the requirements of the
Russian legislation for the composition, quality and safety of foods and meals. In additions, the interface
in the Russian language is not envisaged in these programs.

Conclusions. At present, when constructing diets, it is necessary to take into account not only nut-
ritional and biological values, but also other multiple factors: medical, technological, economic, social and
so on. The solution to the problem of individual (personalized) adequate nutrition of a certain person
should be considered trough many different factors. Status parameters, alternatives and criteria, different
constraints and conditions should be taken into account. Information technologies for data and knowledge
processing and formalization by optimal decision-making processes based on the complex models of
multi-criteria structure-parametric optimization and objective assessment of the suggested options should
be applied.

Information technologies can play a special role for representatives of different professions,
population in the ecologically unfavorable regions, people with increased emotional and intellectual bur-
den as they can not only present reliable and comprehensive information about peculiarities of nutrition,
but also select an individual diet.

In contrast to the Russian and foreign analogues of computer programs for analysis of actual nutrition
that are available on the market, the program under development enables simple and easy assessment and
correction of a diet for a certain person with consideration for the physiological requirements, regional
peculiarities of life and curative and prophylactic properties.

M. A. Hukuruna', U. M. Yepnyxa', /. E. HypmyxanGerosa’

'«B. M. T'opOaToB aThIHIAFEI TaFaMIBIK XKyHenepaiH (enepanaslk FeulbiMEA opTainbiFe» PFA, Mockey, Pecei,
2 AJIMATBI TEXHOJIOTHSLITBIK yHuBepcuteTi, Anmatsl, Kazakcran

TYTBIHYHIBIJIAPIBIH HBICAHAJIBI TOIITAPBI YINIH TAFAM PAIIMOHBIH /KACAY
JKOHE OHTAMNJIAHJIBIPY ITPUHIIATITEPI

AnHotanusi. TamakraHy »arnaibl — J€HCAYJIBIKTHl aHBIKTAHTBIH JKOHE YIIT MeHIIK KOPBIH CAaKTalThIH MaHbI3-
Iel (pakTopaapabiy Oipi. Peceitme 76% >xarmaiina eniMHIH ceOenTepi )KYKMaabl eMeC aypyiap eKeHi KOpCeTUIreH,
OJlap/bIH apachlHIa KaH alHaJbIMbI XYHeciHiH aypynapsl (56,7%), icikrep (14,4%), THIHBIC aly OpraHIapbIHBIH
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aypynapsl (3,7%), kant guabderi (K1) (1,5%). bipkarap aypynap KYHAENIKTI aJaMHBIH TaMakTaHy paldOHBIH/A
Oenrinmi Oip KOMIIOHEHTTEPiH >KETKITIKCI3iriHe HeMmece apTHIK MeJIepnae OoiFaHbIHA OaimaHpIcTh. 70 jKacka
JIEHIHT1 oM KaFTalTaphIHBIH JKApTHICHIHBIH KYBIFBI Oenrim Oip mopekene Aypbic TamMaKTaHOayFa OalTaHBICTHI
Anam JeHCayJIBIFBIH caKTay YIIH 0acThl ajnFblmapTTap OOJBIT KypamMbIHAA aF3aFa KaKeTTI aMHUH KBIIKbUIIAp, Mait
KBILIKBIIap, BUTAMUHIIEP JKOHE 9P TYPJl MHUKPOAJIEMEHTTEp Oap OHBIH OHTAWIIBI TAMAaKTaHy PalllOHBI TaObUIAJBI.
TamakTaHyJbIH OHTAMIIBI KYPBUIBIMBIHA JIOJ XKETKEH Ke3J1e, dKOFaphl )KYMbIC KaOlIeTTUIIr KaMTaMachl3 eTilel KoHe
aIFalIKbl KOINTEreH aypyiaplblH alAbIH anajbl, UMMYHJIBIK PE3HCTEHTTUIIK >KOFapbLIal/bl, ar3aHbl KOpIIaraH
OpTaHBIH KOJIAHChI3 (haKTOpJAPBIHBIH dCep €TyiHeH KOpray KylueWeai. AJaM ar3achIHbIH THICTI KaXKETTUIIKTEpiHe
JKOHE MYMKIHIIIKTepiHE ColKec, TaFaM/IbIK JKOHE OMOJIOTHSIIBIK KYHABUIBIKTApAbl KepceTKimTep OOWbIHILIA TEeHJIeC-
TIpPUIreH aJleKBaTThl TaMaKTaHy MOCEJIECiH IIelly YJKEeH JepeKTep MeH OuniM 0a3achblH KYpyMEH KoHE eHIeyMEH
GaimanbicTel. Onapaa xeke (HeMece apHaibl) paloHIapAbl JKOHE JKac epeKIlelikTepi OOWbIHIIA (aKTopiIapasl
€CKepe OTBIPBIN TaMaKTaHIBIPY PEKUMIEPIH TaHJayblH KOPCETETiH, COHBIMEH Karap (pU3MOIOTHSUIIBIK >Kal-KyHiai,
MEJULIHAIBIK-OHONOTYSUIBIK TalanTapAbl, alMaKThIK TalanTapibl, TaFaMIbl TYTBIHY EPEKIICNIKTepIl JKoHe e
UMMYHIBIK JKYHeHIH Oy3pUIFaH Ke3iH KepceTeTiH axmapar Oap. BipiHmi ke3ekTe, cHUmaTtTamaiapAblH IIAIIBLTy
BIKTHMAJIBUIBIFBIMECH JKOHE OMOJOTHSUIBIK MIMKIi3aTTHIH OacTamKel KOMIIOHEHTTEPiHIH KacHeTTepiMeH. ExiHmizeH,
ar3aHblH O31HIK (DU3HOJIOTHSJIBIK EpeKIIeTiKTepiMeH opOip HAKThl XKaFaaiaa jkeke TaHAay[bl Tallall eTeTiH JKOHE
KOMIIOHEHTTI, SJIEMEHTT] >KOHE MOHOKYPBUIBIMIIBI AEHIel/ie IEeKTeyIep MEH KYPBUIBIMIBIK KaThIHACTAPIbl ecKepe
OTBIPBIN palMOHJAp YITLIEpiH TY3eTyMeH epekiueneHeni. Makanana KeNKpHUTepHsulapAbl OHTAIaHABIPY oficTe-
pIMEH >KoHEe MaTeMaTHKaJbIK OaraapiiamManayMeH achIpbUIATHIH aKapaTThIK TEXHOJOTHSIApAbl KOJIAHy Kepce-
TIJITEH, OJ1 KONTEreH ajlblHFaH OajlaMaHbl KYpbUIBIMIAyFa, TaMaKTaHyIbIH OHTAWIIbI PAllMOHBIH TY3€Ty MEH OpHATyFa
MYMKIHZIK Oeperi.

Tyiiinai ce3mep: TamakraHy paunMOHBI, aKIApaTTHIK TEXHOJIOTHSIAP, KOMIIBIOTEPIIK OarmapiaManap, HaKThl
TaMaKTaHy/bl Oarainay, nepekrep 0a3acel, OiiiM 06azachl.

M. A. Hmmnmal, Hn. M. ‘-Iepnyxal, A. E. HpryxaHﬁeTOBa2

'®TBHY «DenepanbHbIi HayYHBII HEHTp NHIIEeBbIX cucteM uM. B. M. I'opbaroBa» PAH, Mocksa, Poccus,
? AJIMATHHCKH# TEXHONOTMYECKHH yHIBepcuTeT, Anvatsl, Kasaxcran

IIPUHIAIIBI PABPABOTKH U OIITUMHUA3ALIUAA PATMOHOB IIUTAHUS
JJISA IEJIEBBIX I'PYIIIT HIOTPEBUTEJIEN

Annotanusi. CoCTOSIHUE MMUTaHKUS — OJIUH U3 BaXKHEHIINX (HaKTOPOB, ONPEEISIONMX 3/I0POBbE U COXPAHEHHE
renoonna Haiuu. B Poccun B 76% ciiyyaeB mpuYMHAMU CMEPTH OKa3bIBAIOTCS HEMH(EKLIMOHHbIC 3a00J1eBaHMs,
CpeIu KOTOPBIX OOJIe3HM cHCTeMbl KpoBooOpamieHus (56,7%), HoBooOpasoBauus (14,4%), 0OJC3HH OPraHOB JIbI-
xanus (3,7%) u caxapueiii quader (C) (1,5%). Psn 3aboseBanuii CBA3aHBI ¢ HEAOCTATOUYHOCTHIO MIIH M30BITKOM
OMPEICIICHHBIX KOMIIOHEHTOB B KaKIOIHEBHOM pallMOHE MUTaHUs dejoBeka. OKOJIO MOJIOBHHBI CIy4aeB CMEPT-
HOCTH B Bo3pacte 710 70 JIET B TOM WU CTCIIEHU CBSA3aHBI C HEMIPABHIBHBIM IHUTaHUeM. OHON M3 IITaBHBIX MPEJIo-
CBUIOK COXPAHCHUS 370POBBS UCIIOBEKA SBISICTCS €r0 ONTUMAJBHBIN PAIlMOH MUTAHUS, COJCPKAIIIMA HEOOXO0INMBIE
JUTSL OpTaHU3Ma AMHHOKHUCIIOTHI M XKUPHBIC KUCIIOTHI, BATAMIHEI H Pa3JINYHBIC MUKPOJIEMEHTHI. IMEHHO TIpH 1OCTH-
JKCHUH ONTHMAIIBHOW CTPYKTYPHI HMHUTaHUS OOECIIEYMBAIOTCS BBICOKAs pabOTOCHMOCOOHOCTH M IEepBUYHAS Tpodu-
JIAKTHKA MHOTMX 3a00JIeBaHHM, TOBBIIIAETCS WMMYHHAs PE3UCTEHTHOCTh M YCHIIMBACTCS 3all[UTa OpPraHu3Ma OT
BO3/IeiiCTBUSI HEOMAroNpHUATHBIX (HaKTOPOB OKpYIKatollel cpe/ibl. PerieHne Bonpoca ajleKBaTHOrO MUTAHUsI, COOTBET-
CTBYIOILIETO MOTPEOHOCTSIM M BO3MOXKHOCTSIM OpraHM3Ma 4ejioBeKa M COAIaHCUPOBAHHOI'O IO BCEM IOKa3aTeisiM
MHUIIEBON M OHOJOTMYCCKON IICHHOCTH, CBSA3aHO C CO3JIaHHEeM M 00pabOTKOM OONbIIMX 0a3 TaHHBIX M 3HaHUH. B HUX
COJICPXKUTCSL MHOpPMANKs, OTPAXKAIOIash BIOOP MHAWBUIYAIbHBIX (WJIM NMEPCOHAIM3UPOBAHHBIX) PALMOHOB U pe-
KHMOB TTHTaHHUS C YYETOM BO3PACTHBIX (HPaKTOPOB, (U3UOJOTHUYSCKOTO COCTOSIHHUS, MEIHKO-OMOIOTHIYECKUX TPeOO-
BaHWM, PETMOHAIILHBIX YCJIOBHH, OCOOCHHOCTEH MOTpeOIeH s MUIH, & TaKKe MCTOYHUKA HAPYIIEHHS UMMYHHOTI'O
craryca. CIOXHOCTh NMPHUHATHS ONTUMAIBHBIX pEIICHUA 00yCIaBIMBAETCS MHOXECTBOM (hakTopoB. B mepByro
ouepelb, BEPOSATHOCTHEIM Pa3dpOCOM XapaKTEPUCTHK U CBOHCTB MCXOJHBIX KOMIIOHEHTOB OHOJIOTHYECKOTO CHIPHSI.
Bo-BTOpBIX, HHAWBUAYAITBHOCTHIO (PU3HOIOTHICCKUX OCOOCHHOCTEH OpraHu3Ma, TPEOYIOMIMX B KaKJOM KOHKPET-
HOM CJIy4ae WHAMBHIYaIbHOTO BHIOOpA W KOPPEKIMH MOJEICH PAllMOHOB C YYE€TOM CTPYKTYPHBIX COOTHOLICHUH U
OTpaHUYCHUII HA KOMIIOHEHTHOM, 3JIEMEHTHOM U MOHOCTPYKTYPHOM YpOBHSX. B cTaThe MOKa3aHO MpUMEHEHHE
MH(OPMAIIMOHHBIX TEXHOJOTHH, PeaTn3yeMbIX METOJaAMU MHOTOKPUTEPHAIBLHON ONTHMHU3AIMU U MATEMATHYECKOTO
MPOrpaMMHUPOBAHUS, TIO3BOJISIIOIIME CTPYKTYPUPOBATh MOIYYEHHOE MHOXECTBO aJbTEPHATUB, CKOPPEKTUPOBATH U
YCTaHOBHUTbH ONTUMAJIbHBIA BAPUAHT PallMOHA TUTAHHMS.

KaroueBble ciioBa: panyoH MUTaHus, HHOOPMALMOHHBIE TEXHOJOTHH, KOMIBIOTEPHBIE MPOTPaMMBbI, OICHKA
(hakTHUeCKOTo MUTaHus, 0a3a JaHHBIX, 0332 3HAHUIA.
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