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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
discases (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.
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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 arc 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 discases; 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 dictary 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 dictary 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 cercals (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 dicts based on the dictitians” 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 discases.

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
A 4 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.

[~ Products Products
Product groups

Product groups

:

Dishes from potatoes Zhereh

Dishes from curd Zuban

Borscht Catfish spotted

Bgef Flounder

Pink salmon Green head cabbage

Jelly Sauerkraut

Zhereh _ E ; Cauliflower e
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

|IVIutton LI IJeIIy 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 . ;
¢ i Optimal diet
an individual product

Assessment and structural + ¢
optimization of the used diet

Search for possible
components of individual —

Recommendations on

the nutrition regime
products and menu
= v v
Multi-criteria structural- Structural-parametric
paramc[ric op[imiza(ion oplimizalion of nutrition
no
of a product at
” : : i levi *’
Expert analysis of disbalance i
and selection ‘ufaddmon.ay products Optimal regime, form and menu
for a diet composition of individual nutrition
¢ no
Structural-parametric optimization End
of the changed diet composition yes

t

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 encrgy 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 ’

\ 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, EOO, 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;

=1, 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).

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:

n ; — 0
F(x): — lZaiZbU[x’ijkxy]emaX (1)

i=1 j=1 i

where 7 — is the number of combined indicators; x;, xg- — the actual and desirable value; Ax,-’]‘- — the

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

™ 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 yy, of the r' 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; Dy — the
. . 0 . .
value of the functional of “curative™ preference by the k™ meal; &, = {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, B-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+/; that is, we turn to the following meal in
the menu. At cach transition, the file 1s 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: +45 98%

Content Protein: +82.19%

Content Fat: norm

Content Carbohvdrate: norm
Content Orzanic acid: +54.43%
Content Sodium (Na): +247.17%
Content Potassium (K): norm
Content Calcium (Ca): -72.98%
Content hMagnesium (MMgz): +23.31%
Content Phosphorus (P): +131.46%
Content Iron (I: +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: -12.05%
Energv value: norm

We suzgest you to make the following replacement
g replace cacao with milk {recife 334) with tea with sugar {r&ciEe 52%)
1o replace fried liver (recipe 331) with heart in sauce (recipe 313)

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. Yepuyxa', JI. E. HypmyxanGerosa®

LB. M. T'opOaToB aTeIHIAFEI TAFAMIBIK KYHEICPAIH (Peacpanabslk FeUTEIME OpTamsiFs» PEFA, Mockey, Pecei,
* AIIMATHI TEXHOTIOTHATBIK YHHBEPCHTETI, AMaThl, KasakcTan

TY¥ThIHYIIBLTAPABIH HBICAHAJIBI TONTAPHI YIIIIH TAFAM PAITHOHBIH JKACAY
KOHE OHTAUJIAHABIPY TIPUHIIUIITEPI

Annoramusa. TaMakTaHy KarJaldbl — ACHCAY TBIKTHI AHBIKTAHTBIH JKOHE YIT TSHIIK KOPBIH CAKTAHTHIH MAHBI3-
el (pakropaapasiH Oipi. Peceiine 76% skarmaiina emiMHIH ceOenmTepi KYKMAaabl €MEC aypyJap SKCHI KOPCCTiATCH,
OJIAPABIH apachlHAA KaH alHAJBIMBI XKYHECIHIH aypymapsl (56,7%), icikrep (14,4%), THIHBIC aly OpraHIAPHIHBIH
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aypynapet (3,7%), kaar mmaberi (KJ) (1,5%). Bipkarap aypymap KYHICTIKTI aJaMHBIH TaMAKTaHy PALHOHBIHIA
Ocnrimi Oip KOMIOHCHTTEPIIH >KETKUIKCI3AIriHE HEMece apThIK Meimepac OomraHbiHA OaimaHbeicThl. 70 »Kacka
JCHIHTI ©TiM >KaFJaiIapbIHbIH >KAPTHICHIHBIH >KYBIFBI OCNTim Oip Jopeskene Ayphic TaMaKTaHOAyFa OaHIaHBICTEL
Anam neHCayNIBIFBIH CAKTAy YIIIH OAcThI aNFBIIIApPTTap OOMBIT KYPAMBIHIA aF3aFa KOKETTI AMUH KbIIIKbLITIAP, MaH
KbIIIKBLTIAP, BUTAMHH/ICP KOHE P TYPIl MHUKPO3JIEMEHTTED Oap OHBIH OHTAWIBI TAMAKTAHY PAIlMOHbBI TaOBLIAIBI.
TamakTaHyI6IH OHTAWIIBI KYPBIIBIMBIHA 9T KETKEH Ke3/1¢, KOFAPBI )KYMBIC KaOIJIETTLIIT KaMTaMachl3 €TieAl KIHE
AFaIIKbBl KONTETCH aypyJapiblH ANAbIH ajafbl, MMMYHIBIK PE3UCTCHTTLUIIK >XKOFAPbUIAWIBI, AF3aHBl KOPIIAFaH
OPTaHBIH, KOJAHCHI3 (DAKTOPIAPBIHBIH OCCP CTYIHCH KOpFay Kymekemi. AaaM ar3aChIHBIH THICTI KAKCTTLTIKTCPIHE
JKOHE MYMKIHIIKTEpIHE COMKEC, TaFaMIbIK JKOHE OMOJOTHSIIBIK KYHIBUIBIKTAPABI KOPCETKIITEP OOHBIHIIA TEHICC-
TIPIITCH AOCKBATTHI TAMAKTAHY MOCCIICCIH MICIIY YIKCH ACPSKTCP MCH OimiM 0a3achlH KYPYMCH JKOHC 6HICYMCH
GatinanbicTer. Omapaa >keke (HEMece apHAibl) PaIOHAAPABI JKOHE KAC CpeKINeNiKTepl OOHBIHIIA (haKTOpIAPIBI
CCKCPC OTHIPHIN TAMAKTAHABIPY PSKUMACPIH TAHIAYBIH KOPCETCTiH, COHBIMCH KaTap (DM3HOJIOTHSIBIK KAH-KYHiL,
MEIUIMHAIBIK-ONOTIOTHSUIBIK,  TANANTAPAbI, AWMAKTBIK TAJANTApAbl, TaFaMAbl TYTHIHY CPEKINCIIKTCPAl XKOHE 1€
HMMYHIBIK JKYHCHIH OY3bUIFaH K631H KOpCETEeTiH akmapar Oap. BipiHmn Ke3ekTe, CHIATTaMaJapiblH INATIBLILY
BIKTHMAJIIBLUIBIFBIMCH JKOHC OHOJIOTHSUIBIK IMHKI3aTTHIH OAcTAamKbl KOMIOHCHTTCPIHIH KACHCTTCPiMCH. ExiHImiacH,
AF3aHBIH ©31HIIK (PU3HOJOTHAIBIK CPCKIICTIKTCPIMCH opOip HAKTHI JKAFIAa KCKS TAHTAYIBI TAJIAM CTCTIH JKOHC
KOMITOHEHTTI, 37EMEHTT] ’KOHE MOHOKYPBUIBIMIBI JICHICHAC MIEKTEYICP MEH KYPBUIBIMIBIK KATHIHACTAPIBI ECKEpPE
OTHIPBII PAMOHIAP YJITLICPIH TY3€TYMEH epekmieicHeal. Makanana KemKpuTepHsIapAbl OHTANHIAHABIPY OicTe-
pIMEH JKOHE MATEMATHKAJBIK OarmapiaManayMEH achIPhUIATHIH AKMAPATTHIK TEXHOJOTHSIIAPIABI KOJJAHY Kepce-
TIITCH, OJ1 KOITETCH ANBIHFAH 0aJaMaHbl KYpPBLTBIMAAYFa, TAMAKTAHY IbIH OHTAHIIBI PAIMOHBIH TY3ETY MCH OpPHATY¥a
MYMKIHIIK Oeperi.
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INPUHIHAIIBI PASPABOTKH U OITUMHU3AIIUA PAITMOHOB IIUTAHUA
JJIA HEJEBBIX T'PYIIII HOTPEBUTEJEHN

Annortamusi. COCTOSHHE UTAHUS — OJHH W3 BAKHCHIINX (DAKTOPOB, OMPEACILIOIINX 3I0POBEE H COXPAHCHHUE
reHo(oraa Hammu. B Poccum B 76% ciyuacs mpudMMHAMH CMEPTH OKA3BIBAFOTCS HEHH(EKIMOHHbBIC 3200JICBaHMI,
Cpeau KOTOPBIX OOJIC3HH CHCTEMBI KpoBooOpameHus (56,7%), HoBooOpasosanms (14,4%), OOnC3HH OpPraHOB IBI-
xanua (3,7%) u caxapuerii guader (C/I) (1,5%). Paa 3aboncBanuii CBA3aHBI C HEAOCTATOMHOCTHE) WIIH H30BITKOM
OTIPEICICHHBIX KOMIIOHCHTOB B Ka)KIOJHCBHOM PAIMOHE IMUTAHUS 4enoBeka. OKOJIO MOJOBHHBI CIYyYacB CMEPT-
HOCTH B Bo3pacte 10 70 JIeT B TOH WIIH CTCTICHH CBSA3AHBI C HCNPABHIBHBIM MHUTAaHHCM. OTHOH W3 TIABHBIX MPEIIO-
CBUIOK COXPAHCHHS 3T0POBbS YCIOBEKA SBISIETCS €TI0 ONTHMANBHBIM PALMOH MMUTAHUS, COACP AT HEOOXOIMMBIC
JUTA OPTAaHU3MA AMHUHOKHUCIIOTHI M XKHPHBIE KUCIIOTHI, BUTAMUHBI M PA3JITUHBIC MUKPO3JIeMeHTHL. IMEHHO TIpH 10CTH-
JKCHHH ONTUMAIBHOM CTPYKTYPHI MUTAHUS OOCCIICUMBAIOTCSA BBICOKAs PabOTOCIIOCOOHOCTh M MEPBHYHAS TPO(H-
JAKTUKA MHOTHX 3a00JICBAHMH, IOBBINACTCS HMMYHHAS PE3UCTCHTHOCTh M VCHJIMBACTCSA 3alIMTA OPraHW3MA OT
BO3IACHCTBHUA HEOMATONMPHATHBIX (DAKTOPOB OKPYIKAKOMICH Cpeapl. PemeHne BONpoca aqeKBaTHOTO MMHTAHHS, COOTBCT-
CTBYIOIIETO MOTPEOHOCTSIM W BO3MOKHOCTSIM OPTaHHM3Ma HEJOBEKA M COANAHCHPOBAHHOTO IO BCEM IOKA3ATEILIM
MUIIEBOH M OMOJIOTHYECKOM IEHHOCTH, CBA3AHO C CO3JaHMEM B 00paboTKOM OombInux 0a3 JaHHBIX W 3HAHWH. B HEX
COACPXKUTCA MH(POPMANKS, OTPAXKAIOINAS BHIOOP MHIMBUIYANBHBIX (MM NEPCOHATM3HPOBAHHBIX) PALMOHOB M pe-
JKAMOB ITUTAHHUS C YYETOM BO3PACTHBIX (PAKTOPOB, (PU3HOTOTHUECKOTO COCTOSHIES, MEIUKO-OMOIOTHUCCKHX TPeDo-
BaHWH, PETHOHAIBHBIX YCIOBHH, OCOOCHHOCTEH MOTPEOJICHIS MUINH, a4 TAKKE HCTOYHHKA HAPYIICHHUS HMMYHHOTO
craryca. CIOXHOCTh TPHHATHS ONTHMANBHBIX PEIICHHWI OO0YCIABIMBACTCSI MHOXKECTBOM (pakropos. B mepsyio
ouepelb, BEPOSITHOCTHBIM Pa30pOCOM XaPAKTEPHUCTHK M CBOWCTB HCXOTHBIX KOMIIOHCHTOB OHOJIOTHYECKOTO CBHIPbS.
Bo-BTOPHIX, HHANBHAYAIBHOCTHIO (DH3HOJIOTHUCCKIX OCOOCHHOCTCH OpraHm3Ma, TPCOYIOMIMX B KAKIOM KOHKPCT-
HOM CIIy4ac MHIWUBHIYAJIbHOTO BBHIOOPA W KOPPEKIMH MOJCICH PAlMOHOB C YUYETOM CTPYKTYPHBIX COOTHOINCHHI U
OTPAaHMYCHUH HA KOMIIOHCHTHOM, 3JICMCHTHOM M MOHOCTPYKTYPHOM YPOBHIX. B crarhe mOKa3aHO IPHMECHCHHE
HH(QOPMAIMOHHBIX TEXHOJOTHH, PEai3yeMbIX METOJAMH MHOTOKPHTEPHATbHON ONTUMH3ALMA W MATEMATHICCKOTO
TIPOTPAMMHPOBAHKS, MO3BOJLIFOINIE CTPYKTYPHUPOBATh MOJIYYCHHOEC MHOKECTBO AIbTCPHATHB, CKOPPEKTHPOBATH H
YCTAHOBHTH ONITHMAJIGHBIH BAPHAHT PAHOHA THTAHUA.

KimoueBbie c10Ba: panuoH NMUTAHWSI, HHPOPMALMOHHBIC TCXHOJOTHH, KOMITBIOTCPHBIC IPOTPAMMBI, OLICHKA
(haxTHICCKOTO THTAHMS, 0a3a TAHHBIX, 0232 3HAHHIA.
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