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Background. The systematic self-control of students' health state allows optimizing the educational process
organization of physical education and contribute improving the functioning of body systems. One of the
common methods of such observation is the functional Martine's test, which provides an opportunity to
investigate the dynamics of changes in blood pressure and heart rate between the resting state and every
minute for five minutes after the load. In most cases, this load characteristic sufficiently fully reflects the
student's cardiovascular system state. The determination of the characteristic patterns of such states will
allow offering a mechanism for assessing the functional state of the circulatory system. The regular Martine's
testing will allow observing the dynamics and evaluating changes in the body during the observation period.
Objective. Creation of an automated system for assessing of a student’s circulatory system functional state changes.
Methods. The students database of the National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute” created during the research by the Department of Physical Education, was used for the
study. To determine the functional patterns, separately for boys and girls, cluster analysis was used by the
"k-means” method in the parameter space of the blood pressure and heart rate measured during the functional
Martine's test. As a result, 7 clusters of states for young men and 8 clusters for girls were obtained. Clusters
differ significantly in the nature of the response of blood pressure and heart rate to the load test. The centroids
of the resulting clusters were further considered as functional patterns (the most typical representatives) of the
body's response to the test physical load. The assessment of the circulatory system functional state is calculated
by comparing the student test data with the previously defined functional patterns by the minimum Euclidean
distance criterion. Conclusions about the functional state of the system are formed.

Results. The clusters of the circulatory system functional states in the extended space of blood pressure and
heart rate parameters of functional Martine's test are obtained. The clusters correspond to the normal states
and different stages of the regulatory reserves reduction of the body. The algorithm allowing to consider
features of an organism functional state at essential deviation of Martine's test indicators from a certain
functional pattern is developed. This admits controlling the individual level of physical activity, adapting the
training program and identifying conditions requiring additional medical control.

Conclusions. As a study result, the automated system for assessing the functional state of technical university
students circulatory system using Martine's test was developed. The system relates observation to one of the
study sample clusters that were obtained using the "k-means" method. For additional information on the
state of the circulatory system, the average radius of the cluster is used, since objects that are far removed
from the center may have properties similar to those of a neighboring cluster. The developed system provides
an opportunity for screening control the students cardiovascular system state during the educational process.

Keywords: clustering; "k-means" method; functional circulation pattern; minimal Euclidean distance; cluster
average radius; functional Martine's test.

resting state and every minute for five minutes after

Introduction

Systematic self-monitoring of your health is a
necessary step for improving the functioning of
body's systems and supporting it in a tone. Per-
forming physical exercises positively affects the
student's body and allows performing an analysis of
physical abilities. With the help of Martine's func-
tional test, it is possible to investigate the dynamics
of changes in blood pressure and pulse between the

exercise.

Since the state of physical health can vary re-
gardless of physical activity, the regular conduct of
Martine's test [1, 2] will allow observing the dynam-
ics of changes in the body for a certain period [3—5].

The objective of the work is to create a system
for assessing changes in the functional state of the
circulatory system by comparing the test parame-
ters with predefined functional blood circulation
patterns based on the criterion of the minimum
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Euclidean distance and forming of basic and addi-
tional conclusions about the state of the organism.

Materials and methods

The students database of the National Tech-
nical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute”, created in the course of re-
search conducted by the Department of Physical
Education, was used for the study.

All students had a medical certificate about
the ability of taking physical education courses, as
well as gave written consent to the passing of the
test. Testing consisted of going through Martine's
test that is, performing 20 sit-ups in 30 seconds.

Immediately before the start of the test and
every minute for 5 minutes afterwards, the systolic
and diastolic blood pressure and heart rate (HR)
values were measured.

To determine the functional patterns (cen-
troids of clusters), a database of 1419 students sin-
gle multidimensional observations was used. The
gender composition of the base is 800 men and
619 women. The dimension of clustering space of
the circulatory system functional state was deter-
mined dim = 18: systolic, diastolic blood pressure
and heart rate for 6 points of time Martine's test.

To formulate a formal description of the
characteristics of each cluster, 353 quantitative in-
dicators were analyzed that reflect the functional
state of the circulatory system and the psychophys-
ical state of patients.

Separately for males and females, to determine
the functional patterns, that is, the ratios of the
above indicators, a cluster analysis using the
"k-means” [6] method was performed. At the pre-
liminary stage of the research, 7 clusters were ob-
tained for males and 8 clusters in females data,
which differed significantly from each other by the
nature of the responses of blood pressure (BP) and
heart rate metrics to Martine’s test. The centroids of
the resulting clusters were further considered as
functional patterns (the most typical representatives)
of the body's response to the test of physical activity.

To study changes in the state of the circulatory
system, the database contained data from repeated
tests of students, which were performed from 2 to
6 times at different intervals. This database con-
tained 590 observations, consisting of 268 female
and 322 male students and additional 133 indicators
of the psychophysical status of students.

Euclidean distance was used as a criterion for
the proximity of the individual student, named be-
low as x; to the center ¢; of a particular cluster i:
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where xﬁ-k) is a coordinate value k of object X,

which is a member of cluster i; n,

; is an object
quantity of cluster with number i.

Results

The study used a database containing blood
pressure and cardiovascular measurements of stu-
dents who had taken Martine's test more than
once.

The reciprocal arrangement of clusters' cen-
troids, which were used as functional patterns of
response to an exercise test, are presented in
Figs. 1—4 where SP and DP are systolic and dias-
tolic blood pressure respectively. Here, each cluster
centroid is represented by 6 centers corresponding
to 6 time points of Martine's test.

To assess the circulatory system functional
state the following algorithm was developed and
applied.

1. Using proximity measure (1), we define the
cluster with minimal distance to the analyzed ob-
ject.

2. Using proximity measure (1), we define the
cluster with subminimal distance to the analyzed
object.

3. Determine whether the parameters of this
test were located within the average radius of the
cluster ("yes" or "no").

4. If test parameters were located within the
cluster average radius, then only the information
about functional and psychophysical features of the
closest, cluster is displayed as result.

5. If "no", the information about functional
and psychophysical features of the cluster with a
subminimum distance is displayed in addition.

The flowchart of the above algorithm is shown
in Fig. 5.
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Figure 1: Changes in systolic blood pressure indicators before
and within 5 min after Martine's test. Males (/—7 — clusters /—
7 respectively)
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Figure 2: Changes in diastolic blood pressure measurements be-
fore and within 5 min after Martine's test. Males (/—7 — clus-

ters I—7 respectively)
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Figure 5: Flowchart of an algorithm for generating conclusions
about student's current functional state
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Figure 3: Changes in systolic blood pressure indicators before
and within 5 min after Martine's test. Females (/—& — clusters
-8 respectively)
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Figure 4: Changes in diastolic blood pressure indicators before
and within 5 min after Martine's test. Females (/—& — clusters
1—8 respectively)

Discussion

Using the developed system, the results of the
monitoring application of Martine's test were ana-
lyzed from 1 to 6 times in 590 observation stu-
dents, which consisted of 268 female and 322 male
students. Each observation corresponds to a certain
code of the functional state (cluster number).

Causes of existing functional states of blood
circulation were analyzed using 133 indicators of
the psychophysical state of students. The values of
these indicators in clusters were analyzed using a
dispersion analysis [7].

Analysis of changes in these indicators is not
the purpose of this work and deserves a separate
consideration.

Distribution of students in clusters, presented
in Tables 1, 2 allows estimating the prevalence of a
certain regulatory type in student groups.

Thus, the developed algorithm allows taking
into account additional possible features of the
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functional state of the organism with significant
deviation of the parameters of Martine's test from a
certain functional pattern, that is, the cluster aver-
age radius.

Table 1. Number of students in clusters. Males

Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster
1 2 3 4 5 6 7
40 67 45 50 6 11 103

Table 2. Number of students in clusters. Females

Cluster|Cluster|Cluster|Cluster|Cluster|Cluster| Cluster|Cluster
1 2 3 4 5 6 7 8

58 16 35 13 8 41 51 46

The algorithm allows determining blood cir-
culation conditions, which correspond to reduction
of regulatory reserves and significant increase in
blood pressure. This allows controlling the individ-
ual level of physical activity, modifying the training
program and identifying conditions that require
additional medical control.

In addition, the use of a system for screening
control of large groups of students is possible for
the identification of persons at high risk of sudden
circulatory disorders.

The results of the system were compared with
expert assessments. A completely acceptable (87%)
match of both types of estimates is established.
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Conclusions

As a study result, a system for assessing the
functional state of the students cardiovascular sys-
tem with the use of Martine's test was developed.
The system matches observation to one of the
study sample clusters that were obtained using the
"k-means" method. For additional information on
the circulatory system state, the mean radius of the
cluster is used, since objects that are far removed
from the center may have properties similar to
those of a neighboring cluster.

The developed system provides an opportunity
to control the state of the cardiovascular system as
a one-time, and to conduct screening control of a
group of students.

The size of the input vector (input structure)
and the number of functional patterns are not fixed
and can be modified in the process of improving
the system.

The future studies will focus on finding larger
differences between clusters to refine their charac-
teristics. Also, the studies will focus on finding pat-
terns of changes in the functional status of the cir-
culatory system of students who have passed Mar-
tine's test more than once in order to identify risk
groups of sudden circulatory disorders and decrease
functional reserves. Further research will be aimed
at determining the optimal number of functional
patterns and a more detailed assessment of changes
in physiological parameters.
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ABTOMATU3OBAHA OLUIHKA ®YHKUIOHANIbBHOIO CTAHY CUCTEMU KPOBOOGITY CTYAEHTIB

13 BAKOPUCTAHHAM NPOBU MAPTIHE

Mpo6nemartnka. CuctemaTuyHi CaMOCTIlHI CMOCTEpPEeXeHHs CTYAEHTIB 3a CTaHOM CBOroO 3[0POB’'S AalTb 3MOry OnTUMi3yBaTh
opraHisaLito HaB4YanbHOro npouecy i3M4YHOro BUXOBAHHS | CNPUSIOTb MOMIMNLWEHHIO (OYHKLOHANBHOIO CTaHy cuctem opraHiamy. OfHieto
3 NOLUMPEHMX METOAMK TaKOro CrocTepexeHHs € dyHKuioHanbHa npoba MapTiHe, sika Hagae MOXNMBICTb AOCHIAXYBATU ANHAMIKY 3MiHW
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apTepianbHOro TUCKY i MynbCy B Nepiog MiXk CTAHOM CMOKO | Ha KOXHI XBUIUHI MiCNsi HABAHTaXXEHHSI NPOTSroM M'siTy XBUNuH. BkasaHa
HaBaHTaxyBanbHa XapakTepucTuka B GinblIOCTi BuNagkiB 4OCUTb MOBHO Bifobpaxae cTaH cepLeBO-CYAUHHOI CUCTEMMU CTyAdeHTa.
Bu3HaveHHs xapakTepHuX MaTepHiB Takux CTaHiB AacTb 3MOry MPOMOHYBaTW MEXaHi3M OUIHKM (PYHKLIOHANbHOTO CTaHy CuUCTeMM
KpoBoObGiry. PerynspHe npoBefeHHs npobu MapTiHe OacTb MOXMUBICTb CrocTepiraTv AMHaMiKy 1 OUiHIOBaTVM 3MiHM B OpraHiaMi 3a
nepiog cnoctepexeHb.

Meta. CTBOpEHHSI CUCTEMM @aBTOMATU30BAHOI OLLIHKM 3MiH (DYHKLIOHaNbHOrO CTaHy CUCTEMU KPOBOOLiry CTyAeHTIB.

MeTopauka peanisauii. [Ins gocnigpkeHHs BukopuctoByBanacsa 6asa AaHvx CTyAeHTiB HauioHanbHOro TeXHIYHOro yHiBepcuTeTy YKpaiHu
“KniBCbKkMI NoniTexHiYHMM iHCTUTYT iMeHi Iropsi Cikopcbkoro”, cTBopeHa B npoueci gocnigkeHb kadedpu is4HOro BMxoBaHHsA. [ns
BM3HAYeHHs (PYHKUIOHANbHNX MaTepHiB, OKPEeMO AN IOHAaKIB i AiBYaT, 3aCTOCOBYBaBCS KNMacTepHWI aHania metogom “k-cepegHix” y
npocTopi NapameTpiB apTepianbHWUN TUCK—MYNbC, BUMIPAHUX Y MpoLeci NpoBeAeHHs npobu MaptiHe. B pesynbTati 6yno otpumaHo
7 knacTepiB CTaHiB Ans toHakiB i 8 knacTepiB Ans gieyat. Knactepu iCTOTHO Bigpi3HAIOTbLCS 3@ XapakTepoMm peakLii nokasHWKIiB
apTepianbHOro TUCKY i MynbCy HA BUKOHAHHS TeCTy. LleHTpoian oTpumaHnx knactepis y noganbLomMy po3rnsganuncsa sk qyHKUioHarnbHi
natepHu (TUMNOBI NpeACTaBHWKW) peakuii opraHiamy Ha TecToBe i3nyHe HaBaHTaxeHHs. OuiHka (YHKLiOHaNbHOro CTaHy cuctemu
KpOBOOGiry po3paxoBYETbCS Yy MOPIBHSHHI MOKA3HUKIB TECTY CTyAeHTa 3 paHile BU3HA4YeHUMU YHKUiOHaNbHUMK naTepHamu 3a
KpuTepiem MiHiManbHOi eBKNiA0BOI BiacTaHi. POPMYyIOTECA BUCHOBKU NPO CTaH CUCTEMMU.

PesynbTatn. OTpumaHo knactepu yHKLiOHaNbHUX CTaHiB CUCTEMM KpoBOOLiry B pO3LLUMPEHOMY MPOCTOpi NapaMeTpiB apTepianbHuii
TUCk—Nynbc npobu MaptiHe. KnacTtepu BignoBigawTb cTaHaM HOpPMU i Pi3HUM CTafisiM 3HWXKEHHSI PErynsTOPHUX PE3epBiB OpraHiamy.
Po3pobneHo anroputm, WO Aae 3MOry BpaxoByBaTu OCOOMMBOCTI (PYHKLOHANbHOrO CTaHy OpraHiaMy npu CyTTEBOMY BiAXUIEHHI
nokasHukiB npobu MapTiHe Big neBHOro dyHKUioHanbHOro natepHy. Lle gae mMoxnuBicTb KOHTpONoBaTW iHAMBIOQyanbHWUIA piBEHb
i3NYHUX HaBaHTaXeHb, aganTyBaT NporpaMy TPeHyBaHb i BUSIBNSTW CTaHW, WO BUMaraloTb 4OAATKOBOrO MeANYHOIO KOHTPOIO.
BucHoBku. Po3pobneHo cuctemy aBToMaTM30BaHO! OLHKM (DYHKLIOHANbHOro CTaHy KpoBOOGiry CTyAeHTIB TEXHIYHOrO YHIBEpCUTETY i3
3acTtocyBaHHsIM npobu MapTtiHe. CucTemMa BiOHOCWUTb CMOCTEPEXEHHA B OAWH i3 KracTepiB HaByanbHOi BUOIpKM, OTpUMaHMX i3
BMKOPUCTaHHAM MeTony “k-cepefHix’. Ans goaaTkoBoi iH(opMaLii Npo cTaH cucTemm KpoBoobiry BUKOPUCTOBYETLCSI CEpPEaHI paaiyc
KrnacTepa, OCKinbkv 06’eKTu, CUINbHO BigAaneHi Big LeHTpa, MOXyTb MaTu BMAcTMBOCTI, 6rn3bki 4O BNacTUBOCTEN CYCiAHLOrO KnacTtepa.
Po3pobneHa cuctema gae 3amory sk 3AiiCHIOBaTV KOHTPOIb 3@ CTAHOM CUCTEMM KPOBOOGIry ofHOpas3oBo, Tak i MPOBOAUTU CKPUHIHIOBUIA
KOHTPOb rpynu CTyAEeHTIB.

Knio4yoBi cnoBa: knactepu3sadisi; meToq “k-cepeqHix”; cyHKUiOHanNbLHUI naTepH KpoBoobiry; MiHiManbHa eBKkMifoBa BigcTaHb; cepeaHii
paaiyc knactepa; dyHkuioHanbHa npoba MaprTiHe.
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ABTOMATU3UPOBAHHAA OLIEHKA ®YHKLUWOHAJIbHOIO COCTOAHUA CUCTEMbI KPOBOOBPALLEHUA CTYAEHTOB
C NCNOJIb3OBAHUEM NMPOBbI MAPTUHE

Mpobnemartnka. CucrtemaTtnyeckme camocToATeNbHble HabMAeHNs CTyAeHTOB 3a COCTOSIHMEM CBOEro 3[40pOBbS MO3BONSIOT
ONTUMM3NPOBATL OpraHusaumio y4yebHOro npouecca U3NYECKOro BOCMUTAHUS U CMOCOOCTBYIOT YMyYLIEHWUO (YHKLMOHANbHOIo
COCTOSIHUIO cucTeM opraHuama. OfHOM M3 pacnpoCTpaHeHHbIX METOAMK Takoro HabniogeHus sensetcs dyHKuMoHanbHas npoba
MapTuHe, koTopas npefocTaBnseT BO3MOXHOCTb UCCIeAoBaTh AUHAMUKY M3MEHEHUS apTepuanbHOro AaBneHus 1 nynbca B nepuog
MeXAy COCTOSHMEM MOKOSt U Ha KaXAoW MUHYTe Mocrne Harpyskv B TeYeHWe MATU MUHYT. YKasaHHas Harpy3ovHas XxapakTtepucTuka B
fonblMHCTBE CrydyaeB [OCTaTOMHO MOMHO OTpaxaeT COCTOsiHME CepaeyvYHO-COCYAUCTON cucTeMbl cTydeHTa. Onpepenexve
XapaKTepHbIX MaTTepHOB TaKUX COCTOSIHUIA MNO3BONWUT Mpeanaratb MeXaHU3M OLEHKM (OYHKLMOHANbHOrO COCTOSIHUSI CUCTEMbI
KpoBoobpalleHns. PerynsapHoe npoBeaeHne npobbl MapTuHe no3sonuT HabnogaTb AMHAMKKY U OLEHUBATb U3MEHEHUSI B OpraHvuame
3a nepuop HabngeHuin.

Llenb. CosgaHne cucteMbl aBTOMATU3MPOBAHHOW OLEHKW W3MEHEHWUN (YHKLMOHANbHOIO COCTOSIHUS CUCTEMbl KpoBooOpalleHus
CTYOEHTOB.

MeToauka peanusaumu. [ins uccnefoBaHus Ucnonb3oBanack 6asa AaHHbIX CTYAEHTOB HauuoHanbHOro TEXHUYECKoro yHuBepcuteTa
YKkpauHbl “KneBCKWM NOMUTEXHWUYECKUA WHCTUTYT umeHn Wropss Cukopckoro”, cosfjaHHas B Mpouecce uccrnenoBaHuin kadeapbl
du3nyeckoro BocnUTaHWsA. [Ons onpeaeneHvs YHKUMOHAmNbHbIX MNaTTEPHOB, OTAENbHO AN OHOWEW W AeBYLUEK, NPUMEHSNCS
KnacTepHbIn aHanu3 metodoM “k-cpedHux” B MPOCTpPaHCTBE NapameTpoB apTepuanbHoe AaBneHve—nynbe, U3MepeHHbIX B npoLiecce
nposefeHns nNpobbl MaptuHe. B pesynbrate Obinmu nomyyeHbl 7 KNacTepoB COCTOSHWA ANSA IOHOLWEN u 8 KnacTepoB ANS AeBYLUEK.
KnacTepsbl CyLLeCTBEHHO OTNNYAIOTCA MO XapakTepy peakumun nokasatenen aprepuanbHOro AaBneHns 1 nynbca Ha BbINOMHeEHVe TecTa.
LieHTponabl nonyyeHHbIX KNacTepoB B AafibHeNLeM paccMaTpmBanucb Kak qyHKUMOHambHbIE NaTTepHbl (TUNWYHbIE NpeacTaBUTenNw)
peakuuy opraHuaMa Ha TecToBYH u3nyeckyto Harpysky. OueHka @YHKUMOHANbHOIO COCTOSIHAS CUCTEMbl KpoBOOOpalLeHus
paccunTbIBaeTCH NOCPEACTBOM CpaBHEHMWS noka3aTenen TecTa CTyAeHTa C paHee onpefeneHHbIMU PyHKLMOHaNbHbIMK NaTTepHaMm no
KPUTEPWIO MUHMMAnbHOrO €BKMNAOBOrO paccTosHUA. POPMUPYIOTCA 3aKMIOYEHNSI O COCTOSHUN CUCTEMBI.

PesynbTatbl. [ony4yeHbl knactepbl yHKUMOHANbHBIX COCTOSAHUA CUCTEMbI KpOBOODpaLLEHUs B pacLUMPEHHOM MpPOCTpPaHCTBe napa-
MeTpoB apTepuanbHoe AaBrneHve—nynbc npobbl MaptuHe. KnacTepbl COOTBETCTBYHOT COCTOSIHUSIM HOPMbl M pasfnyHbIM CTaausM
CHWXEHUSI PerynsTopHbIX pe3epBoB opraHuama. PaspabotaH anropuTM, NO3BONSIOWMIA Y4UTbIBATb OCOBEHHOCTU (PYHKLIMOHANBLHOrO
COCTOSIHUS OpraHu3Ma npu CyLLEeCTBEHHOM OTKIMOHEHWM noka3aTene npobbl MapTuHe oT onpeaeneHHoro YHKLMOHaNbHOro naTTepHa.
3T0 AaeT BO3MOXHOCTb KOHTPONMMPOBaTb MHAWMBUAYAlbHbIA YpOBEHb (DM3NYECKUX HArpy3ok, agantTuposaTb NporpamMmMy TPEHUPOBOK U
BbISIBMNATb COCTOAHUSA, TpebytoLme AOMNOMHUTENbHOrO MEANLIMHCKOrO KOHTPOTS.

BbiBoabl. B pe3synbrate npoBegeHHOro muccnegoBaHust bbina paspabotaHa cuctema aBTOMAaTU3MPOBAHHOW OLIEHKWU (PYHKLMOHANbHOro
COCTOSIHUSA KPOBOODPALLEHNSI CTYAEHTOB TEXHUYECKOro yHUBEPCUTETA C NPpUMEHeHnem npobbl MapTuHe. Cuctema oTHOCUT HabMAeHVs B
0oOVH 13 KracTepoB oby4yatoleit BbIGOPKM, MOMyYeHHbIX C UCMoNb3oBaHMeM Mmetoga “k-cpegHux”. Ans AONONHUTENbHOW MHGopMaLmum o
COCTOSIHUM CUCTEMbI KPOBOOOPALLEHUS1 UCMONb3YeTCs CPeAHUn paauyc Knactepa, NockonbKy OBbeKTbl, CUMbHO yAaneHHble OT LeHTpa,
MOryT UMeTb CBOWCTBA, 6rM3kne K CBOMCTBAM COCEAHEro knacTtepa. PaspaboTaHHas cuctema nos3BonseT Kak OCyLLeCTBAATL KOHTPOMb 3a
COCTOSIHMEM CUCTEMbI KPOBOOBPALLEHUSt €AMHOBPEMEHHO, TaK U MPOBOANTL CKPUHWHIOBbIA KOHTPOMb rPYNMbl CTYAEHTOB.

KnioueBble cnoBa: knactepusauus; metoq “k-cpegHnx”; pyHKUMOHanbHbIM NaTTePH KPOBOOOpPALLEHNS; MUHMMAbHOE €BKITMAOBO pac-
CTOsIHME; CpeaHUI paaunyc knactepa; hyHKUMoHanbHas npoba MapTtuHe.



