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Based on the complex of sensations resulting from combat stress factors associated with the use of different types of
weapons, three age groups were identified among the military personnel (Group 1: =30 years; Groups 2 and 3: =41 years). The
study demonstrated that age has a significant effect on the nature of sensations caused by combat stress factors: younger
respondents exhibited higher sensitivity to most of these factors. The most stress-inducing factors were identified as shelling
involving unmanned aerial vehicles, guided aerial bombs, and attacks from tanks and artillery. Military personnel of older age
groups tended to exhibit lower levels of sensitivity, which may be explained by accumulated combat experience, habituation to
danger, or a decrease in the body's functional reserves. The findings also highlight the physiological and psychological effects
associated with exposure to specific types of weapons.
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OCOBJMBOCTI BILIMBY OKPEMHUX BUIB 35PO1 HA BIﬁCBUKOBOCHYH(BOBHIB,
AKI IIEPEBYBAJIM B 30HI BOUOBUX 1IN

3a KOMIUTIEKCOM BIIUyTTIB BiJ JIiT hakTOpiB 60HOBOTO CTpecy, chopMOBaHUX IIPH 3aCTOCYBaHHI 30pOi Pi3HOTO THUITY, CEpex
BilicbKOBOCITYK00B1iB BuaLIeHO 3 BikoBi rpynu (rpyna 1: =30 pokis; rpynu 2 i 3: 41 pix). [Toka3aHo, 110 BiK JOCTOBIPHO BILTHBAE
Ha XapakTep BiI4yTTiB Bix Aii GpakTopiB 60HOBOr0 CTpecy: MOIOALII PECIIOHACHTH IEMOHCTPYIOTh BUIIY Yy TJIUBICTh 10 OUTBIIOCTI
¢axropiB. Haiibinbin ctpecoreHHUME (pakTopaMu BHSBHIIHCS: OOCTPLNK 32 JOMOMOIO0 OE3MiIOTHUX aBiallifHUX KOMIUICKCIB,
KepoBaHi aBianiitHi 60MOH, 0OCTpiNM 3 TaHKIB Ta apTmepii. BiicbkOBOCITYKOOBII CTapIIMX BIKOBUX IPYIl YACTillle BUSBISIIN
HIDKY1 PiBHI 4y TIIMBOCTI, III0 MOXKe Oy TH 3yMOBJIEHO Ha0yTHM JOCBIJIOM, 3BUYKOIO 10 HeOe3eKn abo 3HIDKEHHAM (yHKI[IOHAIBHUX
pe3epsiB opranizmy. Ilepeniveni ¢i3ionoriuni Ta ICUXIYHI HACTIAKY Ail OKPEMHX BHIIB 30poi.

KorouoBi ciroBa: 6oiioBuii crpec, hizndHi pakTopH, BIKOBI 0COOIMBOCTI, BIHCEKOBOCITYXO0O0BIIi, BUIH 30p01, Uy TIAMBICTS,
BILIMB.

The study is a fragment of the research project “Peculiarities of the impact of stress-associated diseases on the
psychophysiological state of the body of servicemen of the Armed Forces of Ukraine and a comprehensive assessment of the
effectiveness of providing rehabilitation assistance”, state registration No. 0124U000652.

Modern armed conflicts are characterized by excessive physical and psycho-emotional strain [5],
among which the combat-related factors associated with the use of advanced warfare technologies are of
particular significance. Exposure to these factors may lead to functional impairments in military personnel,
manifested through sleep disturbances, decreased work capacity, irritability, symptoms of fatigue, and
altered perception of external stimuli [1]. The rapid advancement of modern warfare technologies has
resulted in a certain lag in the analysis of combat-related factors and their specific effects. Consequently,
there is a significant lack of studies presenting data on the influence of various factors of contemporary
combat operations. Extremely high levels of physical and psycho-emotional strain [6], as well as conditions
such as hypoxia and heat exposure, contribute to the development of overfatigue and chronic fatigue [4].
Several authors have focused their research on issues of psychological rehabilitation related to combat
stress, aggravated by noise, vibration, sleep deprivation, and overall physical exhaustion [9]. The effects
of physical factors as triggers of adverse physiological changes in military personnel leading to the
development of post-traumatic stress disorder (PTSD) have been examined by a number of foreign
researchers [3]. Xue C. and colleagues identified the role of chronic physical stress in increasing the risk
of PTSD among active-duty service members and veterans [10].

Given the limited amount of scientific research in this field and the emergence of new types of
weaponry, there is a growing need to investigate their effects on the human body. Therefore, examining
the specific perceptions and impacts of different types of weapons among military personnel who have
served in combat zones is of high relevance both theoretically and practically. Moreover, this line of
research has interdisciplinary significance for military medicine, mental health, and the study of
professional environmental conditions.
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The purpose of the study was to identify age-related differences in the effects of certain types of
weapons on military personnel who had served in combat zones.

Materials and methods. The study was conducted at the Military Medical Clinical Centre of the
Central Region (MMCC CR) and involved 136 male military personnel aged 21 to 50 years who were
undergoing inpatient treatment. The research was conducted in 2024-2025. The inclusion criteria were the
gender and age of the servicemen.

Data were collected using a specially developed modified anonymous questionnaire consisting of
seven questions aimed at assessing the influence of key combat environment factors. The specified
methodology is an author’s development that was previously tested on a sample of military personnel,
representative in terms of age [2]. The anonymity of the survey ensured the acquisition of more objective
and accurate data regarding the effects of certain types of weapons on the individual. Sensitivity to combat-
related factors was self-assessed by the respondents on a 10-point scale. The scale was an unmarked line
10 cm long, where 1 indicated the lowest level of sensitivity and 10 indicated the highest.

It should be noted that the analysis of the obtained results revealed considerable heterogeneity,
with both very high and relatively low ratings of the sensations reported. Therefore, cluster analysis was
applied to achieve more homogeneous groupings of the data. Naturally, the simplest approach to data
segmentation involves dividing the analyzed dataset into two groups. However, considering the wide age
range and the sufficient number of military personnel examined, dividing the sample into three groups was
deemed more appropriate. Moreover, the application of cluster analysis to the set of sensations associated
with specific types of weapons revealed distinct impact profiles that were statistically differentiated from
one another across several parameters.

The distribution of the examined military personnel across the obtained groups was as follows:
Group 1 — 72 participants, Group 2 — 32 participants, and Group 3 — 32 participants. This classification
showed that Group 1 was the most numerous (mean age 30.1+£0.7 years). Groups 2 and 3 had the same
number of participants, with mean ages of 41.3+1.5 and 40.3%1.3 years, respectively. These findings
suggest that individuals of similar age may differ in how they perceive the effects of various types of
weapons, and that such perceptions may become more differentiated with increasing age. This
observation also indicates the predominant participation in combat operations of middle-aged personnel
(30-40 years), who possess a certain level of life experience and remain sufficiently active to perform
complex combat tasks.

It is well established [2] that age introduces significant differences in individuals’ perception of
harmful environmental factors. Therefore, a one-way analysis of variance (ANOVA) was conducted to
assess the effect of age on the perception profiles of military personnel in response to the combined factors
of the combat environment. These profiles were constructed for the identified groups (1, 2, and 3) after
performing cluster analysis. The results revealed that the influence of the age factor was statistically
significant (p<0.001). However, the perceptions of physical factors were similar among participants of
Groups 2 and 3 (p>0.05).

Committee on Bioethics of National Pirogov Memorial Medical University, Vinnytsya (protocol
No. 5 from 16.04.2025) found that the studies do not contradict the basic bioethical standards of the
Declaration of Helsinki, the Council of Europe Convention on Human Rights and Biomedicine (1977), the
relevant WHO regulations, and laws of Ukraine.

Statistical data analysis was performed using methods of parametric statistics, one-way analysis of
variance (ANOVA), and cluster analysis with the STATISTICA 13.3 software package (license
AXA9051924220FAACDN).

Results of the study and their discussion. The working hypothesis assumed that the effects of
certain types of modern weapons on the physiological state of military personnel are influenced by combat
environment factors associated with age and functional reserves. The level of these reserves is determined
by the degree of exposure to stress factors, the possibility of recovery during periods of leave, and the
duration of continuous exposure to these factors.

Next, the impact of individual combat environment factors on military personnel who directly
experienced their effects was analyzed (Fig. 1).

The obtained results demonstrate that the influence of the factor “shelling by unmanned aerial
vehicles UAVs” (Fig. 1a) was statistically significant (p<0.001). However, this effect differed markedly
among the groups of military personnel. For participants in Group 1, the mean impact score of this factor
approached 8 points, indicating a very high level of influence. In contrast, for the older age groups (Groups
2 and 3), the impact was considerably lower, ranging from 2 to 3 points. These findings may suggest a
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substantially higher sensitivity among younger military personnel, as well as a relative lack of combat
experience that could help mitigate exposure to this threat. Another factor, “shelling by guided aerial bombs
(GABs),” shows a somewhat different pattern of responses among the groups of military personnel (Fig.
1b). In this case, the influence of the “GAB shelling” factor was also statistically significant (p<0.001). A
distinctive feature of this factor is the statistically significant variation in its effect across all identified
groups. The highest impact was observed in Group 2, where the mean perception score reached 7 points.
The next most sensitive was Group 1, with an average score approaching 5 points. The least sensitive were
the participants in Group 3, whose perception score was below 3 points.
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Fig. 1. Effects of factors associated with the use of different types of weapons on military personnel in Groups 1, 2, and 3. a —
structure of the factor “shelling by unmanned aerial vehicles” (1); b — structure of the factor “shelling by guided aerial bombs” (2); ¢ —
structure of the factor “mortar fire” (3); d — structure of the factor “flamethrower fire” (4). Impact of factors expressed in conventional
units.

The next factor reflects the sensations of military personnel in response to “mortar fire” (Fig. 1c).
The influence of the “mortar fire” factor was also statistically significant (p<0.001). In this case, the
distribution pattern of perceptions is unique. Notably, the perception scores among participants of Groups
1 and 3 were high and did not differ significantly, ranging between 6 and 7 points. This phenomenon may
indicate that age and experience have only a minor effect on the perception of this factor. However, the
significantly lower impact scores observed in Group 2, whose participants are nearly the same age as those
in Group 3, require additional explanation.

The factor “flamethrower fire” (Fig. 1d) occurs less frequently in combat zones compared with
other types of weapon attacks; however, its impact demonstrates distinct characteristics. The influence of
the “flamethrower fire” factor was also found to be statistically significant (p<0.001). Analysis of the
distribution pattern of sensations suggests that flamethrower attacks have the strongest psychological effect
on participants in the younger Group 1, although even in this group the mean impact score does not exceed
5 points. The lowest impact values were reported by participants in Group 2 (slightly above 0 points),
whereas Group 3 demonstrated intermediate sensitivity, with scores slightly above 2 points. The relatively
low level of fear associated with this powerful factor is likely explained by the infrequent use of this type
of weapon in combat operations.

Another set of combat environment factors is presented in Fig. 2.
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Fig. 2. Effects of factors associated with the use of
different types of weapons on military personnel in Groups 1, 2,
and 3. a — structure of the factor “tank fire” (5); b — structure of

the factor “artillery fire” (6); c — structure of the factor “sniper
activity” (7). Impact of factors expressed in conventional units.
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The sensations associated with tank fire
(Fig. 2a) were rated above 6 points across all three
analyzed groups. The relatively small variation in
perception levels slightly reduces the statistical
significance of this factor compared with the
previous ones (p<0.01).

Another detrimental factor is associated with
artillery fire, which also exhibits specific
characteristics illustrated in Figure 2b. The effect of
this factor was found to be highly significant
(p<0.001). A notable feature of its perception is the
high sensitivity observed among participants in Group
1, with mean scores exceeding 7.5 points. In contrast,
the sensitivity of participants in Groups 2 and 3 was
nearly identical, significantly lower, and ranged
between 4 and 5 points. These findings suggest that

age has a considerable influence on the perception of this factor, which is likely related to the greater combat
experience accumulated by members of the older groups during prolonged service in the combat zone.
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Fig. 3. Characteristics of the influence of temporal
indicators on military personnel. a — structure of the indicator
“total duration of stay in the combat zone” (8); b — structure of the
indicator “duration of stay in the combat zone after returning from
leave” (9); ¢ — structure of the indicator “duration of stay in the
combat zone during direct contact with the enemy” (10).
Temporal indicators are expressed in months.
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A distinctive feature of the “sniper activity”
factor (Fig. 2c¢) is that its detrimental effects can
often be avoided through caution and tactical
awareness under combat conditions. The highest
sensitivity to this factor was observed in Group 1
(nearly 5 points), whereas Group 3 demonstrated the
lowest sensitivity (slightly above 0 points). Group 2
showed intermediate sensitivity, with an average
score of about 2 points. Thus, combat experience
appears to play a decisive role in mitigating the
psychological impact of this factor. This
observation is further supported by the results of the
one-way analysis of variance, which confirmed the
statistical significance of this factor (p<0.001).

Considering the above, it is appropriate to
discuss certain aspects of military service among the
personnel whose data were included in this study. The
characteristics of temporal indicators related to the
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duration of stay in the combat zone — taking into account the time elapsed since returning from leave and
the conditions of direct contact with the enemy — are presented in Fig. 3.

When analyzing the indicator “total duration of stay in the combat zone” (Fig. 3a), it should be
noted that this variable has a statistically significant effect on the distribution of the studied contingent into
groups (p<0.001). A distinctive feature of the analyzed distribution is the considerably lower exposure to
combat stress observed among the servicemen of Group 2 (approximately 14 months). In contrast,
participants in Groups 1 and 3 remained in the combat zone for 20-22 months. Consequently, the shorter
combat experience of Group 2 personnel is reflected in their higher sensitivity to certain harmful factors,
as a shorter period of stay under high-risk conditions is associated with less pronounced manifestations of
fatigue.

Another indicator is related to the duration of stay in the combat zone after returning from leave.
This parameter approximately reflects the level of fatigue among military personnel, since after returning
from leave, its symptoms may not appear immediately or may be less pronounced. However, a one-way
analysis of variance demonstrates a statistically significant effect of the analyzed parameter (p<0.01). The
distribution pattern of this factor across the studied groups is shown in Figure 3b. In particular, the analysis
of the studied indicator shows that members of Group 2 had the shortest post-leave exposure to the combat
zone (2.0-2.5 months). This finding may indicate the lowest depletion of the functional reserves of the
body, which could be reflected in a reduced perception of certain stressors of the combat environment.
Conversely, younger military personnel remained in the combat zone after returning from leave for
approximately 3.5 months. Given their age, it can be assumed that the functional reserves of the respondents
in Group 1 were also not significantly affected by combat load. The longest post-leave period was observed
among older military personnel (Group 3). This period exceeded 4.5 months, which, considering their age,
provides evidence of the greatest reduction in functional reserves within this group. The described
phenomenon is also reflected in the Given their age, it can be assumed that the functional reserves of the
respondents in Group 1 were also not significantly affected by combat load. The longest post-leave period
was observed among older military personnel (Group 3). This period exceeded 4.5 months, which,
considering their age, provides evidence of the greatest reduction in functional reserves within this group.
The described phenomenon is also reflected in the influence of combat environment factors on the military
personnel of Group 3. influence of combat environment factors on the military personnel of Group 3. A
roughly similar distribution pattern of the studied contingent of military personnel can be observed with
respect to the indicator “duration of stay in the combat zone under direct contact with the enemy.” The
distribution of the levels of this indicator across the groups is presented in Figure 3¢. The one-way analysis
of variance revealed a highly significant effect of this indicator (p<<0.001). In this case, the lowest duration
of continuous stay in the combat zone was recorded in Group 2 (approximately 6 months). This may explain
the corresponding alteration in the perception of combat environment factors, as during this period,
members of Group 2 acquire sufficient operational experience. Younger military personnel (Group 1) are
exposed to adverse conditions for approximately 10 months and also gain relevant experience. However,
age-related characteristics contribute to differences in the perceived danger of harmful combat-related
factors. The highest exposure to the indicator “duration of stay in the combat zone under direct contact
with the enemy” was recorded among servicemen of Group 3. They remained continuously in the combat
zone for approximately 14-16 months and acquired considerable combat experience. However, age-related
changes, including slower reaction times and reduced functional reserves of the body, contribute to an
increased sensitivity to the adverse effects of combat environment factors.

Thus, the impact of various types of modern weapons on the physical and psychological state of
military personnel [7] is complex and multifaceted. Each type of weapon exerts its own specific effects [8],
which depend on the intensity and duration of exposure, the nature of the damage, and the conditions of
the combat environment [5]. These factors are difficult to assess using questionnaire-based methods.

Summarizing the obtained results, it should be emphasized that the perceptions and responses of
military personnel are shaped by the combined influence of multiple factors — primarily age, combat
experience, and the specific effects associated with different types of weapon exposure. The combined
influence of these factors forms a nonlinear pattern of the impact of physical stimuli on the
psychophysiological state of military personnel, which should be taken into account when planning their
combat activities and recovery periods.

It should be noted that such studies always have certain methodological limitations related to the
impossibility of fully controlling all variables in real combat conditions and the subjectivity of participants’
self-assessment. Such nonlinearity is present in many questionnaires regarding impressions from the action
of any external factors, which is compensated by the organism at the expense of the integral value of the
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impressions received. This approach requires careful interpretation of the results and their future
supplementation with objective physiological indicators.

Conclusions

1. The working hypothesis was confirmed regarding the complex mechanism underlying the
formation of perceptions of the effects of various types of modern weapons. These effects are determined
by age-related changes in the physiological capabilities and functional reserves of military personnel,
which in turn depend on the total duration of stay in the combat zone, the duration of stay in direct contact
with the enemy, and the duration of stay in the combat zone after returning from leave.

2. Age influences the formation of sensory perceptions resulting from exposure to various physical
factors caused by the use of modern weapons. In general, the greatest cumulative impact is observed among
military personnel aged 30.1+£0.7 years, whereas the lowest impact is recorded in older age groups
(40.3£1.3 and 41.3+1.5 years). This finding suggests that older service members may exhibit markedly
different sensory response profiles to the effects of specific types of weapons, indicating that the quality of
such perceptions tends to diversify with age.

3. The factors exerting the greatest impact on military personnel across different age groups include
exposure to attacks involving unmanned aerial vehicles, guided aerial bombs, tank fire, and artillery strikes.
These stressors predominantly affect younger service members (Group 1).

4. The nonlinear nature of the impact of specific types of weapons on the psychophysiological
responses of military personnel of different ages depends on the organization of their direct involvement
in armed conflicts and the adequacy of rest periods for restoring functional reserves. This dependence is
closely related to such indicators as the total duration of stay in the combat zone, the duration of stay after
returning from leave, and the duration of stay in direct contact with the enemy.
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