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Abstract

Aim: assessment of the adaptive potential of students ? course of a technical university.

Material and methods: literature review, methods for assessing adaptive potential and biological age, rapid assessment of the level of
physical health; methods of mathematical statistics; stating experiment with the participation of students of the 1 course (n = 56).
Results. A sufficiently high accuracy of recognition of the state of the body provides a method for determining the adaptive potential.
In the course of the ascertaining experiment, it was established that 44.64% of students were assigned to the first group - satisfactory
adaptation, and 55.36% - the tension of adaptation mechanisms to the second group. Persons with unsatisfactory adaptation or with
its failure were not identified. In order to study the changes in the functional state depending on the established adaptive potential, a
comparative analysis of the average statistical values ??0of the indices of rapid assessment of physical health and biological age indices,
which characterize the biological survival function, as one of the main manifestations of human health, was carried out. Statistically
significant differences in some indicators were revealed, namely: adaptive potential (p<0.001); biological age (p<0.1); index “double
product” (p<0.001); Ruthier Index (p<0.001); level of physical health (p<0.001).

Conclusions. As a result of these studies, the fact was revealed that an increase in the work of the adaptive mechanisms of the body is
accompanied by significant changes, which are reflected in: acceleration of the aging process of the body; the tension of the
cardiovascular system at rest and when performing standard physical activity; lowering the level of bioenergy resources of the body.
Key words: prenosological diagnosis; functionality; physical education; health

AHoTaujs

MeTa: ouiHKa aganTauiiHoro noTeHuiany cTyaeHTiB 1 Kypcy TEXHIYHOro YHIBEPCUTETY.

MaTepian i meTogu: niTepaTypHUin ornaa, MeToam OUIHKM afanTauiMHoro noTeHuiany Ta 6ionorivyHOro Biky, €KCNpec-ouiHKK PiBHA
bi3nMYHOro 340p0B'A; METOAM MAaTEMATUYHOI CTaTUCTUKM, KOHCTATYHOUNI EKCNEPUMEHT 3a y4acTio CTYAEHTOK ? Kypcy (n = 56).
PesynbTath. JJOCKTb BUCOKY TOYHICTb PO3Ni3HABAHHA CTAHIB OpraHiamy 3abe3nevyye MeTos BM3HAYeHHA adanTauiinHoro noteHujany. Y
NpPOLECi KOHCTAaTYHYOro eKCNepMMEHTY BCTAHOB/IEHO, WO A0 NEPLIOi rpynu - 3340BiNbHA aganTalia BiaHeceHo 44,64% cTyaeHTis, 40
ApYroi rpynu - Hanpyra MexaHiamis aganTauii - 55,36%. Ocib 3 He3a40BiNbHOW aganTalieto abo K 3 il 3pMBOM He BMABNEHO. 3 METOl
BMBYUTU 3MiHW GYHKLLIOHAIbHOTO CTAHY B 3a/1€XKHOCTI B, BCTAHOB/IEHOMO afanTauiiHOro noTeHLiany NpoBeAeHO NOPIBHANbHWUI aHani3
CepeaHboCTaTUCTMYHMX 3Ha4YeHb MOKa3HWKIB iHAEKCIB eKcrnpec-ouiHKM piBHA ¢isnyHoro 3g0pos's i 6GionoriyHoro BiKy, sKi
XapaKTepPM3ytoTb BioNOTiIYHY PYHKLLIO BUKMBAHHA, AK O4HE 3 OCHOBHMWX NMPOABIB 340P0B'A NIOANHU. BUABNEHO CTAaTUCTUYHO AOCTOBIPHI
BiAMIHHOCTI B AeAKMX NOKa3HMKaX, a came: aganTaljiiHoro noteHuiany (p<0,001); 6ionoriyHoro Biky (p<0,1); iHAEKcy «noABilHe TBip»
(p<0,001); iHaekcy Pyd'e (p<0,001); pisHa dpisnyHoro 3gopos's (p<0,001).

BUCHOBKM. B pe3ynbTaTi AaHUX AO0CAIAXKEHb BMABNEHO aKT, WO NiABULLIEHHA POBOTM adanTaliMHWMX MexaHi3miB opraHiamy
CYNPOBOAKYETHCA AOCTOBIPHUMM 3MiHAMM, SKi Big0bpakatoTbCa B: MPUCKOPEHHI MPOLLECIB CTApPiHHA OpraHi3aMmy; Hanpy»KeHoCTi poboTu
CepueBo-CYAMHHOT CUCTEMM B CTaHi CMOKOIO i MPU BUKOHAHHI CTaHAAPTHOT Gi3UYHOr0 HaBAHTAXKEHHA; 3HWXKEHHI PiBHA BioeHepreTUYHmX
pecypciB opraHiamy.

KntoyoBi choBa: 40HO3010rMYecKan A4jiarHOCTHKA; GyHKLiOHabHE MOXKAMBOCTI; GisnyHe BUXOBaHHA; 340pOB'A

AHHOTauwuA

Llenb: oueHKa aganTaumMoOHHOro noTeHLMana CTyaeHToB 1 Kypca TEXHMYECKOro yHuBepcuTeTa.

MaTepuan 1 MeToapl: IMTepaTypHbIi 0630p, METOAbI OLUEHKM aAanTaumMOHHOrO NOTeHUMana 1 BUONOrMYecKoro Bo3pacTa, aKcnpecc-
OUEHKM YPOBHA GU3NYECKOrO 310POBbA; METOAbI MAaTEMATUYECKOM CTAaTUCTUKU; KOHCTATUPYIOLWMIA SKCMEPUMEHT C y4acTUEM CTYAEHTOK
| Kypca (n=56).

PesynbTaTtbl. [lOCTaTOYHO BbICOKYD TOYHOCTb PACMO3HABAaHWMA COCTOAHWIA OpraHuM3ma obecneumBaeT MeToZ, onpeaesneHuns
aflanTauMoHHOro noTeHumana. B npouecce KOHCTAaTMPYIOWEro 3KCNEepMMEHTa YCTAHOB/AEHO, 4YTO K NepBOW rpynne -
y[L0BNeTBOPUTENbHAA aflanTauma oTHeceHo 44,64% CTyAeHTOB, K BTOPOW rpynne — HanpsaXeHne mMexaHM3moB afantaummn — 55,36%.
vy, ¢ HeyaoBNETBOPUTENbHOM aganTaumen uamn e C ee CPbIBOM He BbifiBleHO. C Lenblo U3yunTb M3MeHeHnA GyHKUMOHANbHOMO
COCTOAHWA B  3aBMCMMOCTM  OT  YCTAHOB/NEHHOINO  afaNnTaUMOHHOrO MNOTeHUMana MnpoBeAeH CPaBHUTENbHbIA  aHanu3
CPeAHecTaTUCTUYECKMX 3HAYEHWn MoKasaTenen WHAEKCOB 3KCMPecc-OUEeHKW YPOBHA (GU3MYECcKoro 340poBbA M HBUOAOrMYECKOro
BO3pacTa, KOTOpble XapaKTePU3yoT BMONOTUYECKYO GYHKLUMIO BbIXXMBAHMA, KaK OLHO M3 OCHOBHbIX NPOABNEHWI 3,0POBbA Ye0BEKA.
BbIABNEHO CTAaTUCTUYECKM AO0CTOBEPHbIE OT/NIMYMA B HEKOTOPbIX MOKa3aTensdx, a MMeHHO: aflanTauMoHHoro noteHumana (a<0,001);
buronornyeckoro sospacrta (p<0,1); nHAEKca «aBoMiHOe npoussedeHue» (p0,001); nHaekca Pydbe (p<0,001); ypoBHA dpu3MYecKoro
340poBbA (p<0,001).

BbiBOAp!. B pesynbraTe AaHHbIX UCCNeLOBaHWI BbiABAEH GaKT, YTO NoBbiWweHWe paboTbl aganTalMOHHbIX MEXaHWM3MOB OpraHn3ma
COMpPOBOMAAETCA [AOCTOBEPHbIMM  M3MEHEHWAMMW, KOTOPble OTPaKatoTcA B: YCKOPEHMM MNPOLECCOB CTapeHMA OpraHuM3ama;
HanpPAXeHHOCTM paboTbl CepAeYHO-COCYAUCTOM CUCTEMbI B COCTOAHMM NOKOA 1 NMPU BbINONHEHUWN CTaHAAPTHOM GU3NYECKOMN Harpy3Ku;
MOHUKEHWM YPOBHA BMO3HEpPreTUYecKmnx pecypcos opraHmsma.

KntoueBble cnoBa: ,0HO3010rMYecKan AMarHoCcTnKa; GyHKLMOHANbHOE BOSMOXKHOCTU; dU3nYecKoe BOCNUTaHME; 300p0Bbe
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Introduction

It is known that the development of the
disease is preceded first by donosological and then
premorbid conditions. It is these conditions in
practically healthy people that are the object of
prenosological diagnosis [1, 2], that is, the study of
the transition from health to disease. And, according
to the author [3], the field of such research is relevant
today.

The pre-nosological state is the state of the
body when there is a tension of regulatory
mechanisms, but disability and the body are not
impaired, it is possible to bring the state of
physiological norms through preventive and health
measures [20]. In addition, the prenosological state is
an assessment of the cardiovascular system, since
this functional system is an indicator of the adaptive
and adaptive activity of the body, reflects the
relationship of the body with the environment [4].
And the adaptive capabilities of the body determine
the level of human health and the risk of developing
diseases, therefore, the study of the adaptive
capabilities of the body as an integral criterion of
health is most preferable [5].

It is indisputable that maintaining health is
especially relevant at the student age, it is during this
period that the future professional and the bearer of
the intellectual potential of the nation is formed, it
follows that the student’s health undoubtedly
acquires high social significance [6].

The health of students is determined by the
features of this life stage. And the authors of [7, 8, 9,
10] noted that students can be attributed to a high risk
group, since in addition to difficult age problems, the
period of study in modern higher education
institutions is associated with the influence of
numerous negative factors and the educational
process, and lifestyle, which cause a change in the
functional state of various body systems and a
decrease in adaptive capabilities. The consequence of
this is serious medical and socio-psychological
problems that arise in one form or another among
students [11].

The relevance of this topic, namely, the
assessment of the adaptive potential of students, is
evidenced by numerous scientific works [12, 13, 14,
15], and the main and unresolved problems to date
are the preservation and strengthening of the health
of modern youth.

To conduct these studies, they were guided
by the facts [16] that “the close relationship between
the functional reserves of the body and adaptation is
confirmed by numerous studies. In this regard, the
adaptive (or adaptive) capabilities of the body can be
considered as a measure of health.”

The aim - assessment of the adaptive
potential of students of 1 course technical university.

Material and methods
Participants

A ascertaining pedagogical experiment was
conducted on the basis of the department of physical
education and sports of the Dnipro Polytechnic
National Technical University (Dnipro) at the
beginning of the academic year 2018-2019. The
study involved 56 female students of the first year (x
= 17.48 years old), who, due to their health, are
assigned to the main medical group.

Procedure

As a result of the generalization of
theoretical knowledge, own practical experience of
research [17, 18, 19] and specialists using diagnostic
models for assessing the health level of students,
simple, affordable methods for assessing the level of
health are selected, the use of which does not create
any organizational and technical difficulties in the
process of mass research.

Methods for assessing adaptive potential as
an indicator of the body's functional reserves. The
calculation of indicators of adaptive potential (AP,
cu) was carried out according to the formula [21]:

AP = (0,011 X HR (beats per minute)) + (0,014 x Systolic blood pressure)
+ (0,008 x Diastolic blood pressure) + (0,014 X Age (years))
+ (0,009 x Body mass (kg)) — (0,009 x Body length (sm)) — 0,273,

Where:
AP - adaptive potential (cu);
HR — heart rate (beats per minute)

When distributing the participants of the
ascertaining experiment by indicators of adaptive
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potential, the following normative values were
adhered to [20]:
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satisfactory adaptation

stress adaptation mechanisms
poor adaptation

failure to adapt

Methods for determining biological age
as an indicator of age-related destruction [21].
Evaluation of BV (years) was carried out in
stages:

First step. The questionnaire method is
used to carry out a subjective health assessment
(POP). The special questionnaire includes 29
questions that characterize the most important

\ '
1 Group no more 2,10 cu
2 Group 2,11-3,20 cu,;
3 Group 3,21-4,30 cu;
4 Group from 4,30 y.e. and more

aspects of well-being, mood, activity, sleep
quality, pain, and a person’s life mode. The total
value gives a quantitative self-esteem of health
equal to O for "ideal" and 29 for "very poor"
health.

Second phase. Calculation of indicators
of actual BV by the formula, for women

BV = —1.463 + 0.415 x PAD —0.140 x SB + 0.248 x MT + 0.694 x POPs;

Where:

PAD - pulse blood pressure (mmHg), calculated by the formula: PAD = ADsyst - ADdiast,

SB - static balance (s), determined when the test subject is standing on his left foot, without
shoes with his eyes closed and with his arms down along the torso. The study is conducted
without prior training. The best indicator of three attempts is taken into account with an

interval of rest of 5 minutes,
MT- body weight (kg),

The third stage. Calculation of the due value of BV (DBV) (years) by the formula:

Where: KV - calendar age (years).

The fourth stage. Based on the obtained data
on the difference between BV and DBV, the level of
health and the rate of aging of a person is determined
(Table 1) [21].

Methods for determining the level of
bioenergy reserves of the body according to the
method of rapid assessment of the level of physical
health. In this system, when examining adults, five
simple morphofunctional indices are used [14]:

1. Masso - growth index = body weight (g) /
body height (cm).

2. Power index = brush strength (kg) x 100 /
body weight (kg)

3. Double product = heart rate (bpm) X
ADSyst + 100.

4. PWC170=37 x VC (1) + 36 / body weight
(kg).

5. The Rufier Index = (4 x (P1 + P2 + P3) -
200) / 10.

To calculate indicators and indices in the
beginning, according to generally accepted methods,
it is necessary to measure standing growth, body

weight, heart rate in 1 min (heart rate) and determine
systolic blood pressure at rest (ADSyst). Then, with

DBV =0.581 xKV +17.3,
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the help of a hand dynamometer, measure the
strength of the muscles of the hand and with the help
of a spirometer, the vital capacity of the lungs (VC).
Dynamometry and spirometry are performed 2-3
times, taking into account the best result. At the end
of the study, the survey participant conducts a
Ruthier test. If the subject cannot perform the Ruthier
test, 3 points are deducted from the sum. After
summing up each received score for a specific
indicator in table 2 assesses the level of physical
health.
Statistical analysis

Mathematical and statistical processing of
the results was carried out on a PC using the
Microsoft Office Excel 2007 programs, taking into
account existing recommendations [22]. Using
standard statistical procedures, the following were
calculated: arithmetic mean (x); standard deviation
(o); when checking the reliability of differences in
average values of indicators between samples,
Student t-test (t) was used.

When validating, significance levels (o) of
0.05 were taken as the basis; 0.01 and 0.001.
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Table 1
Health Assessment

Deviation from the

Health status, pace of aging, medical advice

Health level population standard
1 from -15 to -9 years The state of health is very good. The pace of aging is sharply slowed down.
Dispensary registration and rehabilitation is not subject.
) from -8.9 to -3 years The state of health is good. The pace of aging is slow. Dispensary
registration and rehabilitation is not subject.
from -2.9 to +2.9 years  The state of health is average. The pace of aging does not differ from the
3 population standard. An annual physical examination and prevention is
recommended (on-the-job).
from +3 to +8.9 years  The state of health is poor. Accelerated pace of aging. Great risk of illness
4 or disability. Mandatory dispensary control and spa treatment are
required.
from +9 to +15years  The state of health is very poor. The pace of aging is dramatically
5 accelerated. Very high risk of illness and disability. A thorough medical and
instrumental examination and medical rehabilitation are necessary.
Table 2
Level of physical health according to express assessment
Total points Physical health
<5 low
6-9 below the average
10-14 middle
15-18 above the average
>19 tall
Results - Ruthier index (p<0.001);

And so, according to the data of our studies,
the participants in the stating experiment are
distributed as follows: 44.64% (n = 25) students are
assigned to the first group - satisfactory adaptation,
and 55.36% (n = 31) - the voltage of adaptation
mechanisms to the second group. It should be noted
that persons with unsatisfactory adaptation or with its

failure were not identified.

In order to study changes in the functional
state depending on the established adaptive potential,
a comparative analysis of the average statistical
values of the indices of rapid assessment of physical
health and biological age indices, which characterize
the biological survival function, as one of the main
manifestations of human health [23] (Table 3).

So, in the process of comparative analysis
revealed statistically significant differences in some

indicators, namely:

- adaptive
(p<0.001);
- biological age (p<0.1);
- index "double
(p<0.001);

- level health
(p<0.001).

Thus, we can conclude that the increase in
the work of the adaptive mechanisms of the body of
female students of the I course is accompanied by:

- accelerating the aging process of the body;

- tension in the work of the cardiovascular
system at rest and when performing standard
physical activity;

- lowering the level of bioenergy resources
of the body.

Separately, in our opinion, the results of
assessing the level of physical health as an indicator
of bioenergy resources should be disclosed.

According to the statistical results of our
studies, a group of girls with satisfactory adaptation
- 44.64% (n = 25), has an average UVD and can be
described as a “third state”. The “third state” is the
boundary of the transition from a state of health to a
state of pre-illness [24, 25]. The main sign of pre-
disease is the possibility of self-development of the
pathological process without changing the strength
of the acting factor due to a decrease in health
reserves. The boundary of the transition from a state
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of health to a state of pre-illness is that level of health
that cannot compensate for changes occurring in the
body under the influence of negative factors and, as
a result, a tendency to self-development of the
process is formed [16].

But in the second group - 55.36% (n = 31), it
is set below the average level of physical health and
already refers to the “dangerous” level of health,
which is characterized by the tension of regulatory
systems, a decrease in the level of energy
mechanisms, which ensures metabolic, structural

changes organism and the limitation of its adaptive
capabilities.

Returning to the beginning of our article, that
"... the adaptive (or adaptive) capabilities of the body
can be considered a measure of health" [22] we can
conclude that 55.36% of the main medical group are
in a state of self-development of the pathological
process without changing strength acting factor due
to a decrease in health reserves [1].

Table 3

A comparative analysis of the statistical characteristics of morphofunctional indices of express assessment of
the level of physical health and biological age of students depending on the functional state established
during the ascertaining experiment (n = 56)

Statistical Characteristics

Indicators satisfactory adaptation, (n=25) stress adaptation mechanisms, (n=31) .
Xto Xto P
AP, cu - <0.0
1,86%0,17 2,650,28 12,9
01
1
BV, years 21,41+15,21 28,148,64 " <01
1,96
BV-DBV, -6,20+15,44 0,8418,66 <00
years 3amef/IeHHbIe TEMMbl CTapeHunA TemMnN CTapeHMA He OT/IMYaeTca oT 207 _5'
opraHu3ma NONyAALMOHHOrO CTaHAapTa ’
MRI, g/ cm 330,54+31,16 349,33+55,07 -~ 00
1,61 5
SI,% - >0,0
+ +
45,9949,03 47,5419,58 0,61 5
DP, cu - <0,0
+ +
79,68+12,32 100,81+16,5 5,48 01
PWC170, W 2,47+0,44 2,42+0,43 0,43 >0,0
/ kg 5
Iruffier, cu 6,90+4,17 12,31+4,67 - <0,0
4,58 01
UVZ, points 13,2+3,75 8,84+4,84
average UVZ - below average UVZ - “dangerous” level of 3,80 <0,0
"Third state" health. 01

Note: AP - adaptive potential; BV - biological age, DBV - due biological age, MRI - mass-growth index, SI - power index,
DP - index "double product", PWC170 - index of physical performance, IRufier - Roufier index, UVZ - level of physical

health.
Discussion

In our work, we present the results of
assessing the adaptive potential of students of the
koTopsie course, who complemented and expanded
the existing numerous findings of research in this
area.

The functional state in the interval between
norm and pathology, between full adaptation and
maladaptation includes a number of transition states

37

called donosological and premorbid [12007:
physiological norm; prenosological conditions;
premorbid conditions; failure (scrapping) of
adaptation mechanisms.

The criterion of the pre-nosological state is
the assessment of the cardiovascular system, since its
indicators are informative provided that relatively
simple methodological approaches are used, and it
itself largely determines the functional state of the
body as a whole [13].
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To study the adaptive capabilities of the
cardiovascular system using the method of
variational pulsometry, which allows you to obtain
valuable information about the state of not only
functional systems, but also the body as a whole [25].

However, the study of the functional state
based on the data of mathematical analysis of the
heart rhythm requires special equipment (automated
complex), certain experience and knowledge in the
field of physiology and clinic. In order to make this
technique accessible and possible to use at the pre-
medical stage of control, a number of different
formulas and tables have been developed that allow
us to calculate the adaptive potential of the
circulatory system according to a given set of
indicators using multiple regression equations [24].

A sufficiently high accuracy of recognition
of the state of the body provides a method for
determining the adaptive potential J600.

Despite the fact that the assessment of the
adaptive potential characterizes health, but to a
greater extent this is the result of the interaction of
the body with the environment. For example, on the
one hand, a person with a high level of health, but fell
into an extreme industrial or domestic situation that
led to a failure of adaptation, despite significant
reserves of functions. On the other hand, in a patient
in remission of a chronic somatic disease, the stage
of satisfactory adaptation will be determined,
although his level of health will be quite low [20.

Despite the fact that the assessment of the
adaptive potential characterizes health, but to a
greater extent this is the result of the interaction of
the body with the environment. For example, on the
one hand, a person with a high level of health, but fell
into an extreme industrial or domestic situation that
led to a failure of adaptation, despite significant
reserves of functions. On the other hand, in a patient
in remission of a chronic somatic disease, the stage
of satisfactory adaptation will be determined,
although his level of health will be quite low [2[7.

In conclusion, we note our solidarity with the
opinions of specialists [4, 5] that the solution to the
problem is the preservation and strengthening of the
health of student youth through the implementation
of many measures, and one of them is the
introduction of objective and adequate diagnostic
methods for assessing the level of health into the
educational process. A regular and systematic
physical activity is one of the most effective ways to
improve human health. In this regard, today there is
a need to modernize the work of the departments of
physical education and, therefore, the course of the

discipline "Physical Education” from the position of
Valeological education of students.

Conclusions

1. It was found that assessing the adaptive
potential of students as a process of studying the
transition from health to disease is relevant for
solving the problem of maintaining and
strengthening the health of modern youth. When
choosing a method, they were guided by the
recommendations] that “the method of adaptive
potential of the circulatory system with its high
information content is quite accessible in the work of
the teacher, trainer and even high school students
themselves and can be used to control the effect of
physical stress on the student’s body in order to
optimize them, and also for assessing and predicting
the development of physical overtraining, improving
the health orientation of physical education lessons
and sports training. ”’

2. The results of our work indicate that
44.64% of female students are classified as
satisfactory adaptation to the first group, and 55.36%
to the second group — the voltage of adaptation
mechanisms.

3. In the process of comparative analysis of
the average statistical values of the indices of rapid
assessment of the level of physical health and
biological age of students depending on the
established adaptive potential, it was revealed that
the increase in the work of the adaptive mechanisms
of the body is accompanied by statistically
significant changes, which are reflected in:
acceleration of the aging process, the tension of the
cardiovascular system at rest and when performing
standard physical activity, lowering the level of
bioenergy resources of the body.
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