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0 90-PIYHHOT O OBUIEIO ®EJ1OPA ®E/IOPOBUYA BOEYKA

Y cmammi euceimneno ocHosHi nepiodu dcummsi, HAyKO8oI ma neda2o2ivnoi OisibHOCMI 0OKMopa
Oionociunux Hayk, npogecopa, 3aciyiceHozo0 npayieHuxa euwjoi wkoau YKpainu, unena-KopecnoHoeHma
Hayionanvnoi akademii nedazoziunux nayk Yrkpainu @eoopa Dedoposuua bocuka. Mamepianu cmammi
BUCBIMIIOIOMb HANPAMU HAYKOBUX iHMepeci@ y4eH020, 00 AKUX HANeHCaAmb BUGYUEHHS GNIUBY BIMAMIHIE,
MIKpOeneMenmie i ix KOMAAEKCI8 Ha OOMIHHI npoyecu 6 Opeanizmi ma U020 IMYHO3AXUCHI (DYHKYil 6
HOPMAIbHUX YMOBAX MA 3a YMO8 0ii manux 003 iouizyiouoi paodiayii. 1li0 tioco KepisHuymeom cmeopena
Haykosa wkona 3 oioximii. @edip Pedoposuu € asmopom Oauzbko 200 HAYKOBUX | HAYKOBO-MEMOOUYHUX
npaywv, ceped sxkux nonad 20 niopyunuxie ma nocionuxis. Bioomuil nedacoe ma aominicmpamop — npomszom
1975-1979 pp. — pexkmop Ymancokozo oepocasrnoco nedazociunozo incmumymy, y 1979-2000 pp. — pexmop
Yepracvkoeo nedacociunoco incmumymy (3 1995 — deporcasnuii ynigepcument).

Knrouosi cnosa: @edip Dedoposuu bocuko, 6ioximisa, Yeprxacoxuil nayionamvHull yHieepcumem
imeni Boeoana Xmenvnuyvroeo, icmopis 6ionoeii.

13 TpaBusa 2024 poxy BumnoBHWwiIOCh 90 pOKIB Bim AHS
HapO/PKEHHS BigoMoro 0ioxiMika, JOKTOpa OIOJIOTIYHHUX HayK,
npogecopa, 3aCIy’KEHOTro MpaliBHUKA BULIOI IIKOIX YKpaiHu, dieHa-
KopecnoHeHTa HanioHanbHOT akazeMil negaroriyHuX HayK YKpaiHu
®enopa @enopouya boeuka.

®enip boeuko HapoauBcs y ¢. Cemakisili KomoMuiickkoro paitoHy
IBano-®pankiBcbkoi oOsacti. barbku — Penip IBanoBuu Ta OneHa
MuxaiiniBHa — npaigroBanu B koirocmi. Cepennto mkony @. @. boeuko
3aKiHYMB y cyciqHboMy cenli KopHud, BUILy OCBITY 3700yB MPOTATOM
1952-1957 pp. Ha Giosoriynomy ¢akynsTeTi UepHIBEIIBKOTO JIep>KaBHOTO
YHIBEPCUTETY, JIe CIelliai3yBaBcs Ha Kadeapi 6i0Ximii.

[Ticnst 3aKiHYeHHS HABYaHHS B YHIBEPCHUTET1 32 HANpPaBICHHAM
MpalfoBaB yuuTeneM Ximii i 610J0rii Ta BUKOHYBaB 000B’SI3KH 3aBy4a
Kozupsiaebkoi cepennboi mkonau Ha bykoBuHi. [Ipotsirom 1957-1960 pp. HaBuaBcs B aciipaHTypi npu
xadenpi Gioximii UepHiBEIbKOTO JePKABHOTO YHiBepCHTETY. Moro HayKoBHil KEpiBHHK — JOKTOP
010JI0TTYHUX HayK, ipodecop, 3aBinyBau kadeapu Oioximii, pektop yHiBepcuteTy K. M. Jleyrchkuii.
ITicnst 3aBepIIeHHs acHipaHTYpU OTPUMaB HalpaBiIeHHS Ha poOOTy 10 YMaHCHKOIO MeAaroriyHoro
IHCTUTYTY Ha 110CaJly aCUCTEHTa Ha PUPOTHUYO-TeorpadiuHOMY (aKyIbTETI.

VYV 1961 p. ®. ®@. boeuko 3aXUCTUB AUCEPTALlIO HA 3400YTTs HAYKOBOTO CTYIEHS KaHIuaaTa
6iosnoriunux Hayk y Kuiscbkomy nep:xasHoMy yHisepcuteti iM. T. . Illepuenxa. [i Tematuxa Gyna
MOB’s13aHa 3 JIOCHIKEHHSIM BIUIMBY BITaMiHIB 1 MiKpO€JIE€MEHTIB Ha OOMIHHI IPOIECH B OpraHi3mi
JIOJIMHY 1 TBApHUH.

VY 1962 p. 3a ininiatuBu @.P. boeuka B YMaHCHKOMY MEAIHCTUTYTi OysI0 CTBOpEHO Kadeapy
XiMii, SIKy BiH o4oroBaB ynpooBx 15 pokiB. 3aBasku @. @. boeuky B 1960-x pokax Ha kadenpi
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CTBOPEHO OIOXIMIUHY HAayKOBO-JOCIHIIHUIBKY J1aOOPaTOpilo, TaKOXK BIH 3alpOBaJMB BHUKIAIAHHS
HOBOI XIMIYHO1 JUCHHUIUTIHKA — XIMi1 TOTIMEpIB.

Yoponosx 1964—-1969 pp. @. @. boeuko — NpopeKTOp 3 HaBUAIbHO-BUXOBHOI 11 HAyKOBO1
pobotu. Y 1966 p. oTpuMaB BYCHE 3BaHHSI IOTICHTa Kadeapu Ximii.

VY 1974 p. 3axucTUB AUCEPTALIiIO HA 3100yTTSI HAYKOBOTO CTYIICHS IOKTOpa 0i0JIOTIYHUX HAYK B
Inctutyri 6ioximii imeni O. B. Ilammagina HAH Ykpaiau Ha Temy: «BUBUSHHS poIti MIKpOEIIEMEHTIB
(kobatbTy, MapraHirio i 0JioBa) B JimimHOMY 00MiH». Y 1976 p. oTpuMaB yueHe 3BaHHS Ipodecopa.

VY 1975 p. @. ®. boeuka nmpu3Ha4e€HO PEKTOPOM Y MAHCHKOTO MEAArOriYHOTO IHCTUTYTY, a BXKE y
1979 p. #ioro nepeBeny Ha Mocaxy pekropa Uepkachkoro memaroriqaoro iHcrutyry. ®enip @egoposuy
YCIIIIHO KepyBaB HaBYAIBHUM 3aKJIaioM ynpoaoBx 21 poxy (1979-2000 pp.). 3a iforo kepiBHHIITBA
YepkacbKuil NEAIHCTUTYT aKTUBHO PO3BUBABCS — OyJ0 BIIKpUTO MoHaJ 10 HOBUX CHEliaJbHOCTEH,
CTBOPEHO psl (aKyabTeTIB 1 Kadeap; CyTTEBO 3MILIHEHO HaBYaJIbHO-MaTepiayibHy 0a3y; MOCHIIEHO
KaJIpOBHMI MOTEHI[Ia] IUISXOM HaIlpaBJICHHS Ha HaBYaHHS BUIIYCKHUKIB B acCIIPaHTypi, a TaKOX
3ampolneHHss Ha poOoTy psiay mpodecopiB Ta MomeHTIB 3 iHmUX MicT. Y 1994 p. Uepkacbkuit
JiepKaBHUM MeJaroriyHUi IHCTUTYT BIiepiie Oys0 akpeIUTOBAHO 32 HAlBUIIIUM — YETBEPTUM PIBHEM.
3aBasikun @. @. boeuky Ta Yepkachkid obOnacHid paai nemiHCTUTYT y 1995 p. oTpumam craryc
JIEPYKaBHOTO YHIBEPCUTETY 3 IPUCBOEHHAM iMeH1 bormana XMensHUIBKOTO.

3 1994 p. ®. ®. boeuka Oyino 0OpaHO WICHOM-KOPECTIOHJICHTOM AKajeMii MmenaroriyHux
HayK YKpaiHH.

[lonpu 3aiinsaTicth Ha aaMiHicTpatuBHIM mocani, ®. ®. boeuko axkTHBHO 3aliMaTucs
HAYKOBOIO Ta BHKJIAJANBKOIO JMisTbHICTIO. OCHOBHHI HANIPSIMOK HAYKOBHX JOCHIHDKEHb — BUBYCHHS
BIUIUBY BITaMiHIB, MIKPOEJIEMEHTIB 1 iX KOMIUIEKCIB Ha OOMIHHI NMpOIECH B OpraHi3Mi Ta HOro
IMyHO3axHCH1 (yHKIIIi B HOpMQJIBHUX YMOBaX, a Micias 1986 poky — TakoX 3a yMOB [Iii MalHX 703
i0HI3yr0uoi pamiamnii. Pazom 13 rpymoro BukmamauiB mpodecopom @. @. boeukom po3pobiieHo,
anpoOOBaHO ¥ 3aMmaTeHTOBAaHO Croci0 peabimitamii GyHKIINH IMyHHOTI CHCTEMH B 0OCi0, 110 3a3HAIN
BIUIMBY (hakTOpiB aBapii Ha YopHoOmnbcrkiin AEC.

®. ®@. boeuko — aBTop O1M3bK0 200 HAyKOBUX Ta HAYKOBO-METOJUYHHMX Tpailb. BaxiuBum
HaIpsSIMKOM HOTO MISUTBHOCTI € MIATOTOBKA Ta BUAAHHS MIIPYYHUKIB Ta MOCIOHUKIB IS CTYICHTIB
BH3, yuunum, yuurteniB Ta y4HIB mIKUI. 30KpeMa, HUM HANKMCaHO W BUJAHO MEpIIUN B YKpaiHi
HaBYAJLHUM MOCIOHUK 3 XiMii ToJIiMepiB Ijisl cTyAeHTIB npupoaanuux ¢akynbrerie BH3 («Ximis
moJtiMepiB», 1965). Cepen iHIIMX paimb CIiA BiI3HAYMTH HAaBYAIbHI IMOCIOHUKH IS CTYICHTIB:
«OcHoBu Ximii nosimepiBy (1976, 1988, 2008), «XimiyHa CUpPOBMHA Ta CHOCOOM ii mMepepoOKm»
(1980), «OcHoBu opraniunoi i 6iosorignoi ximii» (1983), «Opraniuna ximis» Cepis «biomoriuni
Haykuy», 2014 (1986), «biosoriuna ximis» (1989, 1995, 2011), «OcHOBHI 0i0XIMIYHI TOHSATTS,
Bu3HaueHHs 1 TepMmian» (1993); «bioximisg» (1997, 1998), «30ipHuK 3ama4 1 BOpaB 3 OI0JOTTYHOT
ximi» (2000), «OcHoBu MonekymsipHoi Oiosorii» (2010), «OcuoBu MonekynsipHoi 6ionorii (Kype
nekmii)» (2013); mpaktukymu: «JlabopaTopHO-TIpaKTUYHI 3aHATTS 3 OopraHidHoi ximii» (1984),
«bioximiyni metonu gocuimxeHsy» (2005), «bioximisa. [Ipaktukym. Cratuka» (2006), «bioximis.
[Ipaktukym. dunamika» (2007), Jlaboparopuuii npaktukym 3 6ioximii (2012). bararo 31 3ramanux
mpanb HamucaHo pazoM 13 Jlro6os OnekcanapiBHoro boeuko (1942-2017), sika mpoTaromMm BChOTO
CHUIBHOTO KUTTA Oyiia He TUIbKHU JAPYXKUHOIO, a i HAIHHUM MTOMIYHUKOM 1 KOJIETOI0.

[Minpyunuk «Opraniuna ximis» (2002), miarotoBiaeHud 1 BUJIAHMHA y CIIBaBTOPCTBI 3
BUKJIaayaMu Kadeapu opraniunoi ximii B. M. Haiinanom ta A. K. I'paGoBuM, pekoMeHI0BaHUN
MinicTepcTBOM OCBITH 1 Hayku YkpaiHu st ydHiB 10-11-x kmaciB 3 mornuOleHUM BHBUYEHHSM
XiMil B 3araJIbHOOCBITHIX IIKOJaxX. J{7s BYMTENIB MIKLT Oy/IM HAaMKMCaHi Ta BUAAH1 TAKOXK MOCIOHUKH:
«Bubpani po3aimm Kypcy HeopraHiyHoi Xximii cepeanboi mkoiam» (1973), «bimox i
KopMoBHPOOHUIITBOY» (1987), «bioximis s Buutens» (1985).

[Ipotsrom 1998-2019 pp. @. ®@. boeuko ouomntoe kapeapy 6ioximii (3rogom ii 00’ eaHaIM 3
kaenporo 6iosorii). Y 2008 p. 3a yuactio @denopa PenopoBuya B yHiBepcuTeTi OyB CTBOPEHUMN
HaykoBo-nocninuuiil iHCTUTYT ¢i3ionorii imeni Muxaitna bocoro, ae BiH 04o0JitoBaB Bifi1 0ioXimii.
ITig #oro kepiBHUIITBOM CTBOpPEHa HayKoBa IIKoJIa 3 OI1OXiMil — 3aXHCTUIM KaHAWIATCHKI
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macepranii [I. M. 3axapuk, I'. C. Cuzonenko. 3 2019 p. ®@exnip PenopoBrd Ha 3acCIyKEHOMY
BIJMOYMHKY. 32 BaroMuii BHECOK Yy PO3BHTOK YepKachKOTO HAI[IOHAIBHOTO YHIBEPCHUTETY iMEHi
borpana XmenpauIbKOTO, y 2024 p. Or0 HArOpoHKEHO METAILTIO «3a po30yI0BY YHIBEPCUTETY».

AXTHBHA rpoMaJichka Ta HaykoBa MisutbHICTE @. @. boeuka Oymna Bi3HaueHa JepKaBOIO: BiH
Haropokennit Opaenom TpynoBoro Uepsonoro Ilpamopa (1978), menamito «3a 1o61ecHy mparfto.
B o3namenyBanns 100-piyus 3 qas HapokenHs B. 1. Jlenina» (1970), megammo A. C. Makapenka
(1988), memammio K. JI. YmmHCHKOT0, HArpyIHUM 3HAKOM «BiIMIiHHUK HapOAHOT OCBITH YKpaiHm»
(1975), marpymauM 3HaKoM «3aciykeHu# mpariBHUK Bumoi mkonu YPCP» (1984), IlouecHoro
rpamoToro IIpe3mmii BepxoBunoi Pamm VYPCP. I'pomancekicth BH3Haiia ioro [lodecHum
rpomMaasiHUHOM Micta Yepkacu, y 1999 p. HaropomxeHuil nam'siTHUM 3HAKOM «3a 3aciyru nepen
MmictoMm Yepkacu» | crynens, y B 2024 p. — BinzHakoro YepkacbKoi MICbKOT paau «3a 3BUTATH B 1M’ sl
Yepkac "Ocradiii JamkoBud"».

lopaictio ®enopa denopoBuua € He JMINE WOTO HAyKOBI M Temaroriydi 3A00yTKH, a i
BeJIMKa Ta MillHa pojauHa. Po3moyary cripaBy Mpoa0BXKYIOTh Horo nitu — Brnagucnas 1 Hatamis, saxi
3aiiMal0ThCsl HAYKOBOIO AISTBHICTIO, JOLIEHTH, MTPAIIOI0Th BUKIIaIadaMu 3aKJIa/liB BUIIOT OCBITH.

3 HaroJ CIaBHOI'O FOBUIEIO KOJIEKTUB YepKachKoro HalllOHATIBHOTO yHIBEpcUTeTY iMeH1 bornana
XMmenbHULIBKOTO0 3u4nTh Penoposi DenopoBrudy boeuky MilIHOTO 310pOB’s 1 AKTUBHOTO IOBTOJITTSL.
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Gavrilyuk, M. N., Lyzogub, V. S. TO 90 YEARS FROM THE BIRTHDAY OF FEDIR
FEDOROVYCH BOYECHKO

The article highlights the main periods of life, scientific and pedagogical activity of the Doctor of
Biological Sciences, Professor, Fedir Fedorovych Boyechko. He was born on 13.05.1934. The main
directions of Boyechko’s scientific interests are study of the influence of vitamins, microelements and their
complexes on metabolic processes in the body and its immunoprotective functions under normal conditions
and under conditions of action of small doses of ionizing radiation. He graduated from Chernivtsi National
University in 1957. After postgraduate studies she defended a thesis and obtained a scientific degree of PhD
in biology in 1961. Since 1974, he has held a Doctor of Science in biology, Profesor of Biochemestry since
this year. During 1975-1979, he was the rector of the Uman State Pedagogical Institute, in 1979-2000 —
rector of the Cherkasy Pedagogical Institute (the State University from 1995). He was the head of the
biochemistry department in 1998-2019. A scientific school of biochemistry was created under his leadership.
He is the author of about 200 scientific and scientific-methodological works, including more than 20
textbooks and manuals for students and schoolchildren. Such as “Biochemistry”, “Organic chemistry”,
“Chemistry of polymers” etc. He is a co-author of a patent on a method of rehabilitation of the functions of
the immune system in persons exposed to the factors of the accident at the Chernobyl nuclear power plant.
He has many awards from the university, the local government and the government. Profesor Boyechko is a
corresponding member of the Ukrainian Academy of Pedagogical Sciences. He is an honored employee of a
higher school of Ukraine.

Key words: Boyechko Fedir Fedorovych, biochemistry, Bohdan Khmelnytsky National University of
Cherkasy, history of biology.
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PREVALENCE OF CHRONIC FATIGUE AND CHRONIC FATIGUE
SYNDROME IN UKRAINIAN ELITE ATHLETES:
RESULTS FROM A POPULATION-BASED STUDY

A large group of high-level athletes, members of national and club teams of Ukraine in various
sports, participated in the research: track and field, cycling, wrestling, swimming, freestyle, hockey, football,
rowing, sports dancing, and rock climbing.

During the study, tests were conducted to identify signs of chronic fatigue, chronic fatigue syndrome
and fibromyalgia.

After the analysis, it was found that out of 286 surveyed athletes, 101 (35,3%) showed no signs of
current or chronic fatigue, while 169 (59%) exhibited symptoms of chronic fatigue. Among those showing
signs of chronic fatigue, 71 (25%) had signs of the initial degree, 29 (10%) showed signs of expressed
degree, and 17 (6%) exhibited signs of strong chronic fatigue. Additionally, it was observed that symptoms of
chronic fatigue are more common in female athletes, with 49.0% of women compared to 37% of men
experiencing them.

Analysis of the frequency of chronic fatigue symptoms across different sports disciplines revealed
that athletes with signs of chronic fatigue are most commonly swimming (71% of all surveyed swimmers),
track and field athletics (62%), and football (54%). Additionally, in football, track and field, wrestling, and
cycling, a higher proportion of athletes with a strong degree of chronic fatigue were identified compared to
other sports disciplines (16%, 12%, 8%, and 7%, respectively). Conversely, chronic fatigue syndrome was
rarely encountered in sports such as freestyle and rock climbing.

Out of the athletes displaying signs of chronic fatigue of a severe and strong degree, there were 46
in total (20 women, 26 men). Upon analysis, it was discovered that symptoms of chronic fatigue syndrome
(CFS) were detected in 30 of them (66.2%), while 3 (6.5%) were diagnosed with fibromyalgia. Among these
30 athletes with CFS symptoms, 13 (43.3%) were female athletes, and 17 (56.7%) were male athletes.
Symptoms of fibromyalgia were noted in two (4.3%) male athletes and one (2.2%) female athlete.

Keywords: high-level athletes, chronic fatigue, chronic fatigue syndrome, fibromyalgia

Introduction. Currently, the technology for preparing high-level athletes relies on
fundamental domains of knowledge concerning the functioning of humans in elite sports. without
which it is impossible to construct an effective training process aimed not only at achieving high
athletic performance but also at preserving athletes' health.

Modern high-performance sports involve extreme physical and psychological influences
on athletes' bodies [1]. Excessive escalation of sports loads in high-level and elite sports is
irrational, as it adversely affects athletes' health [2]. Unduly large volumes of work, aimed at
increasing fitness, lead to the development of distress. As a consequence, "fluctuations™ in the
immune system occur, predisposing to pre-illness states and illnesses. As a result, over 50% of
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athletes have deviations in their health status [3, 4]. According to conducted research, high -
level athletes constitute a special group. In conditions of intensive and prolonged training and
competitive loads, states characterized by the overstrain of functional systems of the body may
occur, which can lead to the development of overtraining and the transition of favorable
adaptive reactions to pre-pathological and even pathological changes in the body [5].
Overtraining is a chronic syndrome whose symptoms encompass both physiological and
psychological manifestations [6, 7]. Overtraining occurs when an athlete consistently performs
high training volume without sufficient rest between individual sessions: short intervals of rest
between intense loads do not provide the necessary recovery of the body's strength.
Overtraining development is facilitated by disruptions in the regime of life, work, and rest.
Overstrain and overtraining frequently arise in high-level athletes [8, 9]. Overtraining is
characterized as a disparity between load and recovery [6]. During periods of overstrain and
overtraining, low-level disorders, bordering on pathological disturbances, are uncovered. These
are accompanied by functional and sometimes organic changes in the athlete's body, resulting in
significant and long-term decreases in performance and the development of acute and chronic
fatigue [10].

In cases of chronic fatigue (CF) or fibromyalgia syndrome (FS), there are noticeable
dystrophic and destructive changes in muscle fibers. One of the reasons for their occurrence is
hypoxia and disturbances in tissue microcirculation of the musculoskeletal system. Increased
excitability, mood swings, reluctance to train, and lethargy are often observed. The predominant
inhibition processes, in turn, slow down the recovery processes. The main symptom of chronic
fatigue is the deterioration of athletic performance. Accompanying manifestations of these
changes can include sports injuries, depression, i and an ncreased susceptibility to
infections [2]. In chronic fatigue, the necessary level of athletic performance can only be
maintained temporarily due to an increase in biological cost and rapid expenditure of the body's
functional reserves [5].

To counter adverse changes in the body's functions and maintain athletic performance, it's
crucial to address violations of training and rest schedules and provide athletes with additional rest.
Failing to adhere to these measures can result in the development of chronic fatigue syndrome [11].
This is supported by numerous studies demonstrating that in high-level athletes, the emergence of
acute and chronic fatigue under prolonged, intensive physical and psychological stress can lead to
chronic fatigue syndrome [12, 13]. This progression is typically preceded by early changes in the
functional, psychophysiological, and mental state along with, the development of overtraining and
chronic fatigue.

Continuous monitoring of athletes' functional state against the background of intensive,
extensive training loads is necessary. In case of early signs of chronic fatigue, if corrective
measures are not taken in the training process, more serious and multifunctional changes occur
in the tissues of the musculoskeletal system, cardiac muscle, and other organs and systems.
Identifying these early changes can contribute to identifying risk groups and developing
methods for preventing chronic fatigue and chronic fatigue syndrome based on correction of
training loads [14].

Materials and methods. The article is based on scientific data published in domestic and
foreign literature, as well as materials from multi-year research conducted by the authors at the
National University of Physical Education and Sport of Ukraine, at the State Scientific Research
Institute of Physical Education and Sport, at the O.0. Bogomolets Institute of Physiology of the
National Academy of Sciences of Ukraine, and at the International Center for Astronomical and
Medical-Ecological Research of the National Academy of Sciences of Ukraine. A large group of
high-level athletes, members of national and club teams of Ukraine in various sports, participated in
the research: track and field, cycling, wrestling, swimming, freestyle, hockey, football, rowing,
sports dancing, and rock climbing.
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During the investigation to identify signs of chronic fatigue and assess its severity among
athletes, the Leonov's questionnaire "Determination of the Degree of Chronic Fatigue” [15] and the
Neil-Gordon questionnaire) [3] were used.

Additionally, an express test was employed to ascertain the presence of chronic fatigue
syndrome and fibromyalgia, using clarified criteria for diagnosing fibromyalgia as adopted by the
American College of Rheumatology (ACR) in 2011: a generalized pain index (WPI) exceeding 7
and a severity of symptoms (SS) surpassing 5 [16].

Results. The frequency and severity of chronic fatigue symptoms were assessed using the
Leonov questionnaire "Determination of the degree of chronic fatigue,” which comprises 36
questions including 6 "direct” and 30 "indirect” ones. After calculating the overall scores, they were
interpreted as follows: 0-17 points indicate an absence of chronic fatigue symptoms; 18-26 points
suggest an initial degree of chronic fatigue; 27-37 points indicate a expressed degree of chronic
fatigue; 38-48 points signify a strong degree of chronic fatigue; and 49 points and above suggest
the transition of chronic fatigue into a pathological condition (chronic fatigue syndrome). The study
involved 286 qualified athletes (118 females, 168 males) ranging from 16 to 37 years old, holding
titles such as (Candidate Master of Sports, Master of Sports, Master of Sports International Class,,
Honored Master of Sports). They were members of national and club teams of Ukraine,
specializing in ten different sports disciplines.

During the processing questionnaire data, a differentiation was made between current fatigue
and chronic fatigue (CF). In this case symptoms of current fatigue were observed over several days,
whereas chronic fatigue persisted for 30 days or more..

After analyzing the data, it was discovered that out of 286 surveyed athletes, 101 (35.3%)
displayed no signs of current or chronic fatigue, while 169 (59%) exhibited symptoms of chronic
fatigue, Among those showing signs of chronic fatigue, 71 (25%) displayed symptoms of the initial
degree, 29 (10%) showed signs of a expressed degree of chronic fatigue, and 17 (6%) exhibited
signs of strong chronic fatigue. Additionally, the analysis revealed that symptoms of chronic fatigue
are more prevalent among female athletes, with 49.0% of women experiencing symptoms compared
to 37% of men (refer to Figure 1).

This finding aligns with existing literature [17]. Concurrently, it was discovered that a severe
degree of chronic fatigue is more prevalent in men (10%) than women (1%). This discrepancy could
be attributed to the higher representation of men in sports characterized by intense physical
demands, such as wrestling, football, and hockey. An analysis of the frequency of chronic fatigue
symptoms across different sports disciplines revealed that athletes with exhibiting signs of chronic
fatigue are most commonly found in swimming (71% of all surveyed swimmers), track and field
athletics (62%), and football (54%). In football, track and field athletics, wrestling, and cycling, a
higher proportion of athletes with a strong degree of chronic fatigue were identified compared to
other sports disciplines (16%, 12%, 8%, and 7%, respectively). Conversely, chronic fatigue
syndrome was rarely encountered in sports like freestyle and rock climbing (refer to Figure 2).

The data suggests that in sports such as football, track and field athletics, swimming,
wrestling, and hockey, training and competitive loads for individual athletes may face excessively
high training and competitive loads, leading to slowed recovery processes in their bodies.

Coaches, methodologists, and medical staff should pay attention to the need for adjusting the
structure and intensity of training sessions for these athletes. They should also ensure the consistent
and comprehensive implementation of methods and strategies for sports performance recovery,
including aspects like daily routines and monitoring the functional state of the body's systems,
especially in sports disciplines with the highest frequency of chronic fatigue manifestations
Furthermore, it's crucial to incorporate means aimed at enhancing the body's nonspecific resistance
throughout all stages of the training and competitive processes [18]. Recovery methods means
should be integrated into the overall athlete's training plan of athletes, closely linked with the
general organization of the training regimen.
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Fig. 1. Frequency in % of manifestations of signs of chronic fatigue of various degrees in
interviewed athletes in general and separately for men and women:
] — absence of CF; | — initial degree of CF;

] — expressed degree of CF; I — strong degree of CF

The study also delved into investigated the frequency of chronic fatigue symptoms based on
the athlete's qualification level. The results are depicted in Figure 3. It's evident that as sports
qualification rises, there's a slight increase of 3-4% in the number of athletes displaying signs of
chronic fatigue.

However, when compared to Candidate Masters of Sports (6%), both among Masters of
Sports and Masters of Sports International Class, exhibit a higher prevalence of athletes with a
expressed and strong degree of chronic fatigue increases (16% and 18%, respectively).

Conversely, only, in a very small proportion number of Honored Masters of Sports (2%),
showed signs of a pronounced degree of chronic fatigue with no signs of severe fatigue
observed.

To identify chronic fatigue syndrome (CFS) among highly qualified athletes with signs
CF of a expressed and strong degree, an express test containing three typically indicated the
presence of chronic fatigue syndrome simple questions was used. Affirmative responses to these
three questions, then most likely they had chronic fatigue syndrome. For diagnosing
fiboromyalgia, the criteria established by the American College of Rheumatology (ACR)
were employed, incorporating the widespread pain index (WPI) and symptom severity
scale (SS) [16].
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Fig. 3. Frequency in % of manifestations of chronic vomiting in athletes of various
qualifications: Candidate Master of Sports (CMS), Master of Sports (MS), Masters of Sports
International Class (IMS), Honored Master of Sports (HMS)
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Among the athletes exhibiting signs of chronic fatigue of a expressed and strong degree was
46 in total, including 20 women and 26 men. The analysis revealed that 30 of them (66.2%)
displayed symptoms indicative of chronic fatigue syndrome (CFS), while 3 (6.5%) were diagnosed
with fibromyalgia. Of these 30 athletes with symptoms of CFS, 13 (43.3%) were female athletes,
and 17 (56.7%) were male athletes. Additionally, symptoms of fibromyalgia were observed in
two (4.3%) male athletes and one (2.2%) female athlete.

The data analysis revealed that symptoms of chronic fatigue syndrome (CFS) occur more
frequently in male athletes than in female athletes — in 56.7% of men displaying symptoms
compared to 43.3% of women (refer to Figure 4). This trend can be attributed to the higher
percentage of male athletes with severe and pronounced CFS symptoms (22%) compared to women
(9%) (see Fig. 1).

120

100

80 43,3
66,2

% 60

In total Men Women

Fig. 4. Frequency of presence in percentage of chronic fatigue syndrome in athletes with
signs of severe and severe chronic fatigue:

[ ] — absence of CFS P — availability of CFS.

These findings suggest that in athletes with expressed and strong degrees of chronic fatigue,
there is a increased risk of progressing from chronic fatigue to CFS without preventive measures. In
highly qualified athletes, the development of chronic fatigue syndrome may precede specific stages
common in elite sports: tension, fatigue, overfatigue, overstrain, overtraining, and chronic fatigue
from initial to severe degrees [19, 20, 21].

The analysis of the appearance of CFS depending on the athletes' qualification confirmed the
conclusions made above. With an increase in sports qualification, the number of athletes with signs
of chronic fatigue increases slightly. This conclusion fully applies to the frequency of CFS
occurrence (see Figure 5).

Discussion. Chronic fatigue and chronic fatigue syndrome are characterized by a
deterioration in health due to overstrain and overtraining and are characterized by symptoms such
as: decreased sports performance, depression, sleep disturbances, high susceptibility to upper
respiratory tract infections, slight malaise, irritability, fluctuating weight loss, general fatigue,
increased heart rate under stress, reduced at rest, heart arrhythmia.

Chronic fatigue and chronic fatigue syndrome in athletes do not develop immediately. They
are preceded by the development of various degrees of fatigue. Chronic fatigue syndrome is a
chronic fatigue that occurs for no apparent reason and is felt by a person for 30 days or more [22,
23]. There comes a moment when the functional reserves of the body associated with fatigue or

13
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overtraining are exhausted [1]. Complaints typical of chronic fatigue are intensified. These include:
rapid fatigue, significant fatigue that does not disappear after a night's rest, increased drowsiness,
loss of appetite, sleep disturbances, loss of interest in work, muscle pain, headache, apathy, often
depression, impatience, irritability, vague anxiety.

120
100

80 33,3 36,7 30,0

% 60
40

20

0
CS MS IMS HMS

Fig. 5. Frequency of presence in percentage of chronic fatigue syndrome in athletes of
different qualifications: CMS, MS, IMS and HMS:

[ ] — absence of CFS iy — availability of CFS.

In high-level athletes, the development of chronic fatigue syndrome may be preceded by
specific stages specific to elite sports: tension, fatigue, overwork, overstrain, overtraining, chronic
fatigue. Tension and fatigue are normal functional states associated with physical exertion.
Overwork occurs due to an irrational work and rest regime and is a consequence of piling up
successive loads without sufficient recovery from previous ones. In individual cases, overwork can
be an additional stimulus for mobilizing hidden reserves and developing a delayed training
effect [6]. Overstrain occurs with a clear discrepancy between physical loads and the athlete's
functional abilities and can manifest itself in pathological changes in various organs and systems.
Overtraining is considered a condition caused by overstrain of neurohumoral regulation
mechanisms leading to disruption of adaptive processes and the transition of favorable changes in
the body to pre-pathological and pathological ones.

Overwork and overtraining are symptoms of neurosis, characterized by the presence of
somatic and vegetative disturbances; neurotic reactions that usually occur during monotonous,
prolonged, varied, and repeated training sessions (2-3 times a day), leading to constant emotional
tension, deterioration of the nervous-psychic and physical state, decreased sports and overall
performance. Overwork and overtraining often overlap, resulting in a symptom complex of
organism activity disturbances. Overwork disrupts the coordination of interaction between the
cerebral cortex, lower parts of the nervous system, and internal organs [12].

This condition is closely related to the development of chronic fatigue and chronic fatigue
syndrome in athletes. The state of overtraining is identical to a certain nosological form of illness,
the pathophysiological basis of which is not structural but functional disorders of the nervous
system [6]. The symptoms of overtraining are very similar to those of chronic fatigue and chronic
fatigue syndrome. The boundary between them is very thin

The formation of chronic fatigue and chronic fatigue syndrome in athletes can also be caused
by: irrational use of physical loads (training), which can lead to functional stress on the

14
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musculoskeletal tissues; excessive physical exertion during training in upland and hot and humid
climate zones, leading to exacerbation of chronic diseases or overstrain of the cardiorespiratory
system; sharp increase in energy expenditure during intensive muscle work, resulting in more
intense oxidation of substances in muscle tissue, increased oxygen delivery to skeletal muscles. If
there is not enough oxygen for complete oxidation of substances, it occurs partially, and a large
amount of underoxidized products, such as lactic and pyruvic acids, urea, and others, accumulates
in the body. This leads to deviations in several important constants of the body's internal
environment, which prevent it from continuing muscle activity (work). As a result, the development
of chronic fatigue and chronic fatigue syndrome in athletes is characterized by the gradual onset of
a state of stable or recurrent significant fatigue or rapid fatigue, which does not disappear during the
usual recovery period after training loads and even full rest, when fatigue becomes a frequent or
constant “companion”. . As a result, a decrease in the usual level of activity is observed over a long
period of time (more than a month).

In athletes with increased chronic fatigue, indicators characterizing their functional,
psychophysiological, and physical condition deteriorate. However, chronic fatigue syndrome may
not develop in an athlete if they do not have a genetic predisposition and if triggering endogenous
and exogenous factors are absent, which, according to various authors, are realized through the
nervous system and lead to the appearance of clinical symptoms [24, 25].

Thus, as a result of the analysis of literature and own data, it is assumed that the basis of the
formation of chronic fatigue and chronic fatigue syndrome in qualified athletes are violations of the
main regulatory systems of the body - nervous, endocrine and immune. Trigger factors for the
development of these pre- and pathological conditions can be various endogenous (intense physical
and psychological stress, dietary habits, medications, environmental ecology) and exogenous
(hormones, tension, stress, inflammatory mediators) influences. Moreover, in athletes, these
conditions may be preceded by certain stages specific to elite sports: tension, fatigue, overwork,
overstrain, overtraining.

Conclusions.

1. After the analysis, it was found that out of 286 surveyed athletes, 101 (35.3%) showed no
signs of current or chronic fatigue, while 169 (59%) exhibited symptoms of chronic fatigue. Among
those showing signs of chronic fatigue, 71 (25%) had signs of the initial degree, 29 (10%) showed
signs of a pronounced degree, and 17 (6%) exhibited signs of severe chronic fatigue. Additionally,
it was observed) that symptoms of chronic fatigue are more common in female athletes, with 49.0%
of women compared to 37% of men experiencing them.

2. Analysis of the frequency of chronic fatigue symptoms across different sports disciplines
revealed that athletes with signs of chronic fatigue are most commonly swimming (71% of all
surveyed swimmers), track and field athletics (62%), and football (54%). Additionally, in football,
track and field athletics, wrestling, and cycling, a higher proportion of athletes with a severe degree
of chronic fatigue were identified compared to other sports disciplines (16%, 12%, 8%, and 7%,
respectively). Conversely, chronic fatigue syndrome was rarely encountered in sports such as
freestyle wrestling and rock climbing.

3. It's noticeable that with an increase in sports qualification, there's a slight rise of 3 4%
in the number of athletes showing signs of chronic fatigue. However, compared to Candidate
Masters of Sports (6%), among Masters of Sports and International Masters of Sports, the
number of athletes with a pronounced and severe degree of chronic fatigue increases (16% and
18%, respectively). Conversely, in a very small percentage number of Honored Masters of
Sports (2%), signs of a pronounced degree of chronic fatigue were found, while signs of severe
fatigue were absent.

4. Out of the athletes displaying signs of chronic fatigue of a expressed and strong degree,
there were 46 in total (20 women, 26 men). Upon analysis, it was discovered that symptoms of

15
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chronic fatigue syndrome (CFS) were detected in 30 of them (66.2%), while 3 (6.5%) were
diagnosed with fibromyalgia. Among these 30 athletes with CFS symptoms, 13 (43.3%) were
female athletes, and 17 (56.7%) were male athletes. Symptoms of fibromyalgia were noted in two
(4.3%) male athletes and one (2.2%) female athlete.
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ESPORTS AS ONE OF THE DRIVING FACTORS
OF THE INFORMATION EVOLUTION OF HUMANITY

The article presents a brief review of the scientific literature on the role of eSports in the processes of
informatization of society and the digital evolution of man as a species. The rapid development of new
communication technologies is changing the lives of ordinary people in a specific digital environment. This
prompts people to process an ever-increasing amount of information in a short amount of time and
transform their mental strategies. The computerization of everyday life has led to the combination of virtual
reality technologies with the principles of classical sports. The result of this synthesis was the emergence of
eSports. Virtual reality provides unlimited possibilities for designing game activities and the structure of
gamer characteristics. A wide selection of game parameters expands the mental topology of gamers of an
eSports player. E-sports complements the information structure of the gamer's personality. Being in the
electronic world leaves an imprint on a person's consciousness, behavior, outlook and culture. E-sports as
an example of global digitalization is one of the driving factors of the information evolution of society.

Keywords: eSports, digital evolution, informatization of society.

Formulation of the problem. Analysis of recent research and publications. The problem
of human evolution is one of the most relevant directions of modern biological study that delineates
patterns of development of the Homo Sapiens, the purpose behind his morphology, his adaptational
mechanisms, the patterns of the historical development of the species, etc [1, 2, 3]. However, Homo
sapiens as a species is a unique creature, since it combines the essence of a biological organism with
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the characteristics of a social personality acquired over the course of its existence and nurture
within its socio-cultural environment [4, 5]. Accordingly, the modern study of anthropogenesis is
inextricably linked with the deep aspects of societal development, thus representing a single process
— anthroposociogenesis [6, 7].

The urgent questions of anthropogenesis (such as the emergence and development of
characteristic features of humans as a species) have, until recently, focused primarily on the features
of phylogenetic transformations of the species. These used to be the main subject of the modern
evolutionary biology scientific study [8, 9]. Lately though, as a result of appearance and constant
expansion of significant volumes of information as well as the need to adapt to the ever-changing
conditions of the informational space, the issue of human historical development became the main
subject of the active scientific research within the sociologic, cultural, and philosophical disciplines.
At this stage of society's development, people and their socio-cultural communities are powerful
generators of information that they use to solve complex tasks of everyday life [10, 11]. The
amazing development of information and communication tools, the computerization of all spheres
of human activity, the emergence of new intellectual technologies inevitably transform human
consciousness [12, 13]. The gradual growth of digitalization of society is one of the factors of the
informational evolution of humanity and the genesis of a new human formation.

The purpose of the study was to analyze modern literature regarding the role of e-sports in
the processes of informatization of society and the digital evolution of humans as a species.

Research materials and methods. The analysis of modern literature was carried out by
processing scientific sources that are presented in the scientometric databases of PubMed, Scopus,
Web of Science, Cochrane Library and others over the last 5 years. We used the search terms
"eSports”, "digital evolution of humanity"”, "Homo informaticus”. By keywords, 543 works were
found, from which 58 works were selected for literary analysis. The selection of primary sources
was carried out as follows: first, the topic of the article was analyzed; if the topic corresponded to
the direction of our research, the abstract was analyzed. If the abstract corresponded to the direction
of our research, then the text of the article was subjected to analysis. Studies that corresponded to
the purpose of our work were collected and critically analyzed.

Research results and their discussion. Human evolution is an irreversible and
unidirectional historical development which, since the times of the first, now extinct, humanoid
apes (australopithecines), has been accompanied by the continuous process of natural and artificial
selection, the changes within the genetic composition of populations, and the formation of specific
adaptive properties [14, 15].The process of anthropogenesis as formation modern physical type of a
person under the influence of a complex of biological and primordial social factors led through
some intermediate links before the appearance of the species Homo sapiens [16, 17].
Representatives of this species are distinguished from other taxa of hominids and humanoid
primates by the formation of a discrete socio-cultural unit — the human personality, which has
become radically different from their own ancestors and acquired a modern appearance [18, 19].

The result of the extremely complex process of anthropogenesis was the acquisition by man
of specific features of anatomical and physiological organization characteristic only of his species
(strong development of the cortex of the hemispheres of the cerebrum, a significant reduction of the
olfactory lobes of the brain, opposition of the thumb, etc.), as well as cognitive abilities and
language [20]. Modern human brain differs from that of humanoid apes in size, shape and the cortex
organization, especially the areas of the frontal cortex responsible for complex cognitive tasks, such
as social identification, use of tools, and language [21]. Accordingly, the formation and complexity
of modern human’s cognitive features, such as cognition, imagination, memory, goal setting,
abstract thinking, etc., are determined by evolutionary changes within the brain of human ancestors.
This complexity is the result of the gradual improvement of the analytical-synthetic activity of the
cortex/ cerebral hemispheres [22]. The process of human historico-evolutionary development was
originally distinguished by exclusively organic nature of its implementation; on top of which, as a
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result of societal development, the artificially created evolutionary factors were layered. Thus,
gradually, the purely biological driving factors of human evolutionary transformation (survival,
natural selection, hereditary variability) as means of the forced necessity for adaptation to changing
living conditions and threats, began to be supplemented and replaced by socio-cultural factors
(communal lifestyle, specialization, mentality, unique language features, production of tools, the
use of fire for cooking, etc.) [23, 24, 25].

The key moment in the evolutionary development of humans as a species was the socio-
cultural evolution, which was accompanied by the creation, development, and accumulation of a
body of knowledge, skills, traditions, and abilities. The gradual transmission of cultural experience
from generation to generation through education contributed to greater socialization of humans and
the formation of their most significant difference from animals, which lies in the realm of human
intellect, not the body, and is related to the ability to think, express one's own thoughts, and
understand a conversation partner [26, 27, 28]. Thanks to the highly developed brain, humans as a
species have acquired a high level of consciousness, and as a result, an excess of energy that allows
humanity to transform natural energies, the environment, and to some extent influence the natural
driving forces of evolution (restrict or alter the processes of natural selection within their own
species as well as among representatives of other biological taxa) [3, 29].

Summarizing all of the above, it can be argued that modern humans, as a result of the
development of biological matter, are the most complex variety of it, regardless of the level of
organization of living matter being considered. This assertion holds true for Homo sapiens at the
microsystem level (the complexity of molecular-genetic and cellular structure), the mesosystem
level (perfection of tissue, organ, and organism structure), as well as the macrosystem level
(complexity of population-species and socio-cultural relationships) [22, 30].

In the end, the specific characteristics of humans as discrete, separate biosocial units, as well
as of human society as a whole, have provided humanity with the ability to globally transform the
cycle of matter, energy, and information, thereby changing not only the biogeocenotic
(ecosystemic) but also the biospheric level of organization of living matter. Thus, humans, as an
integral part of nature, are the only unique living beings whose existence is influenced by general
biological mechanisms of life regulation and who manage to, at the same time, actively and
sometimes aggressively impact nature, shaping complex mutual feedback relationships.

However, most contemporary anthropologists believe that the evolution of Homo sapiens as
a biological species is not yet complete. It's worth noting that, in recent times, the dominant role in
this process has been played not so much by biological processes of selection and physical
evolution but by the directions of human adaptation to society through the development of cultural
tools, which shape the fundamental principles of artificial selection [31, 32]. Thus, the primary
directions of further historical development of Homo sapiens lie in the socio-cultural realm and are
exclusively facilitated by artificial means.

A review of social and philosophical sources on the construction of society and human
existence within it allows us to conclude that reflection on the concept of "human and the paths of
its evolution™ has led to the emergence of new revolutionary constructs and concepts. Among them,
we should mention the philosophical model of "Homo religiosus™ (The Religious Man), built on the
principle that religion is more than just an ethical code but rather a way of life and self-
identification [33]. We cannot overlook the construct "Homo intelligens” (The Thinking Man) as
the embodiment of the human of the future, who will take on the role of the "creator and bearer of
information and knowledge," and through his existence bring about revolutionary transformations
in the fields of information and technology [34]. Certainly, the essence, means, and content of
human historical development as an individual member of society have always been the subject of
philosophical discussions. However, the realities of modern life significantly differ from those of,
for example, just 20 years ago due to the revolutionary development and deep penetration of various
information technologies into human life. The comprehensive combination of processes of creating
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and improving means and technologies of information influence, as well as the informatization and
cybernetization of an increasing number of spheres of life, have shaped a specific highly reactive
and dynamic socio-cultural environment [35, 36].

Today, humans live and develop in a society where information has become one of the main
resources, a unique value on which a person's life depends in both direct and indirect senses. The
rapid advancement of new information and communication technologies and their integration into
everyday life radically transform the realities of modern existence, creating a powerful and dense
information environment that forces individuals to process a growing amount of information in
shorter periods of time and adapt their cognitive strategies accordingly [37]. The constant pressure
of the information flow compels individuals to adapt to new realities, leading to the emergence of
alternative forms of intellectual and sporting activities, as well as the creation of new means of
communication within the human population. The powerful computerization of everyday life,
combined with the fusion of virtual reality with the excitement and sanctity of traditional sports,
through the hybridization of the physical and virtual worlds, has given rise to a revolutionary
phenomenon known today as e-sports or electronic sports. Thanks to digital technologies, various
aspects of the sporting experience have found entirely new expression in the almost limitless
possibilities of e-sports. E-sports, over the course of its development, has become a unique social
phenomenon and is now an integral component of physical culture and sports [38, 39], despite
numerous heated debates about whether it can be considered a true traditional sport.

Just like in traditional, classic sports, electronic sports (e-sports) involve competition,
excitement, and passion. At the same time, it requires e-athletes to maximize their physical and
psycho-emotional resources to achieve a higher level of performance and sporting excellence.
Similar to traditional sports, the specific tools of e-sports are methods of physical training that are
based on competitive activities and preparation for them, during which the athlete's potential is
assessed and evaluated. Achieving a high level of mastery in e-sports, as well as in traditional
competitive sports, is unattainable without the ability to think strategically, work as part of a team,
make quick decisions in stressful situations, and consider potential opponent analysis [40, 41]. All
these qualities, skills, and abilities are another parallel between e-sports and classic forms of
physical competitive activities, without which victory in sports is impossible.

The ever-increasing popularity of virtual games each year demands persistent improvement
of both physical and intellectual professional skills from e-sports athletes. Every successful e-sports
athlete dedicates at least 5-7 hours a day to training, while newcomers striving for a high
professional level invest even more of their time [42, 43]. Given the strong and growing
competition, e-athletes need to enhance not only their fine motor somatic skills and psycho-
physiological characteristics (reaction speed, etc.) but also certain social skills (non-conflict
behavior, stress resistance, etc.). Virtual reality offers limitless possibilities for constructing both
gaming activities and the structure of an individual's personality due to the ambiguity, variability,
and simulation of the online space. Accordingly, the arbitrary selection of any set of game
parameters expands the mental topology of an individual. In virtual reality, a person represents
themselves as a specific character, and virtual culture becomes a common socio-cultural practice of
the subject, giving rise to a multitude of socio-cultural worlds and models of subjectivity [37, 44].
This leads to a unique modification and transformation of human consciousness, altering
psychological qualities of the individual.

An objective analysis of various aspects of the impact of e-sports on the structure and
functions of human society does not allow us to overlook the positive consequences of the
development of this form of sporting activity. Competitions in the virtual world are among the
safest and least traumatic forms of sports. As a result of regular training in e-sports athletes, the
aging of cognitive abilities slows down, self-discipline and self-control are improved, visual and
auditory memory is developed, fine motor skills of the fingers are refined, and more [44, 45]. From
the perspective of the specificity of psychophysiological characteristics, regular involvement in e-
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sports contributes to the development of logical thinking, deductive abilities, analytical, as well as
critical, abstract, figurative, and unconventional thinking. Systematic training enhances the e-
athletes' ability to predict outcomes, improves attention span, hones teamwork skills, and other
social qualities, including mutual understanding, communicativeness, tolerance for others' mistakes,
solving common tasks and problems, delegation of responsibilities, and more [46, 47]. As a result,
both individual and group activities of e-athletes are improved in various social variations, leading
to a better manifestation of acquired social qualities, which are the quintessence of purely human
experience.

It is worth noting that e-sports competitions, organized on humanistic principles of fair play,
foster a healthy competitive environment within the sports community with its moral, ethical, and
moral norms, providing grounds for identifying talented and successful individuals. This can be
considered one of the means of artificial selection, which is one of the tools in the socio-cultural
evolution of modern humanity. Thus, the progressive development of cyber technologies and
competitive sports serve as important components of the successful adaptation of e-athletes to the
changing conditions of the social and informational environment [48, 49]. An important fact is that
the social status of e-athletes and substantial financial rewards for their performances allow them to
achieve a high level of financial freedom, which is also a significant motivating factor for
systematic self-improvement [50, 51].

The significant practical value of e-sports should not be underestimated. The specific
personality traits formed based on it (cognitive flexibility, computer literacy, high thinking speed,
collaborative interaction in augmented reality, etc.) are becoming necessary and highly demanded in
many other fields of human activity, ranging from economics and business (system administrators,
analysts, etc.) to state security and defense (drone operators, developers of military technology
software, doctors etc.) [52, 53, 54]. Thus, the development and proliferation of e-sports in society
define and contribute to the development of specific skills and qualities in individuals engaged in
high-tech processes and the management of highly complex systems.

Despite certain negative consequences of the spread of e-sports in contemporary society, it
has firmly established its niche in the realm of complex information space in the modern world. As
this sport becomes increasingly important due to the advancement of digital technologies and the
sophistication of user culture, it gradually evolves and transforms the core values and cultural
experiences of society as a whole.

The convergence of powerful information influence in the virtual environment with
intense sports competition in the context of esports inevitably affects the biological essence of
humanity, while simultaneously transforming the intellectual, emotional, and spiritual
components of one's personality [55, 56]. The socio-cultural, philosophical, and economic
aspects embodied in esports, in convergence with cutting-edge information technologies,
demonstrate rapid development, signs of high reactivity, and flexible adaptability to society's
needs, thus being considered one of the driving factors of anthroposociogenesis. Therefore, it's
not surprising that the scientific and applied interest of the human community in the
philosophical, social, and socio-cultural aspects of informatization in general, and esports in
particular, has undeniably grown in recent years.

The rapid transformation of the information environment is largely determined by the
increasing pace of technological changes and the acceleration of social dynamics. All of the above
inevitably affects the evolution of humanity as a species and contributes to the emergence of a new
theoretical construct - Homo informaticus (Informational Human) [57, 58]. The definition of
"Homo informaticus™ as a characteristic of a new type of personality is currently characteristic
primarily of humanitarian disciplines. In contemporary biology, this categorical unit has not yet
found its theoretical and practical niche, just as the concept of "informational anthropology"” has not
yet gained a corresponding status and fixed content. However, the existence of these philosophical
concepts is already emerging, evolving, and acquiring new meanings through increasingly

22



Cepis «bionoriuni Haykny», 2024

widespread combinations of modern technologies, the volume and quality of information, and the
driving forces of societal evolution.

Throughout most of the period of anthroposociogenesis, humans as a species gradually
approached the transition to the level of Homo informaticus due to the emergence of social and
spiritual needs for information. The imperative and driving factor for this transition was humanity
itself. Additionally, the utilization of new knowledge and information to achieve desired results is
an integral condition for ensuring labor and adaptation to life in society. It's important to remember
that humans themselves are powerful generators of information and essentially represent a unique
repository of biological, physical, and socio-cultural data. All of these elements form the basis of
the specificity of "Homo informaticus,” which, at this evolutionary stage of human development,
serves as a theoretical heuristic model.

However, despite the purely predictive nature of the "Homo informaticus” model, the
information-transformed type of human could indeed become a new anthropological unit. The
"Homo informaticus™ model is designed primarily to explain the specifics of human informational
existence in modern high-tech society. Naturally, the transformation of Homo sapiens into
Informational Humans already leads to and will continue to lead to both positive and negative
consequences of advancing digitization. However, a detailed examination of these research tasks is
not the focus of our article at this time.

Conclusion. Cybersport is an integral part of the digital environment and complements the
information structure of a person's personality. Being in the electronic world leaves an imprint on
the consciousness, behavior, outlook and culture of human society. In modern conditions,
adaptation to the virtual space and the formation of a suitable lifestyle are already realities for cyber
sportsmen. Basic biological instincts and acquired socio-cultural skills force humanity to lead an
informational lifestyle. All of the above will contribute to the realization of the informational
evolution of Homo sapiens in the future.
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Abstract and problem. In today's society, information is one of the main resources. The rapid

development of new information and communication technologies is transforming the lives of everyday

27


https://pubmed.ncbi.nlm.nih.gov/?term=Cockerham%2BWC&cauthor_id=36912383
https://pubmed.ncbi.nlm.nih.gov/?term=Pezdek%2BK&cauthor_id=37067247
https://pubmed.ncbi.nlm.nih.gov/?term=Bronikowski%2BM&cauthor_id=37067247
https://pubmed.ncbi.nlm.nih.gov/?term=Wawrzyniak%2BS&cauthor_id=37067247
https://pubmed.ncbi.nlm.nih.gov/?term=Ludwiczak%2BM&cauthor_id=37067247
https://pubmed.ncbi.nlm.nih.gov/?term=W%C4%99grzyn%2BM&cauthor_id=37067247
https://pubmed.ncbi.nlm.nih.gov/?term=Bronikowska%2BM&cauthor_id=37067247
https://pubmed.ncbi.nlm.nih.gov/?term=Scorza%2BFA&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Fiorini%2BAC&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Lima%2BCC&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Camilo%2BN&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Magro%2BEP&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Guimar%C3%A3es%2BL&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Pavanelli%2BC&cauthor_id=37011457
https://pubmed.ncbi.nlm.nih.gov/?term=Fiore%2BR&cauthor_id=32614154
https://pubmed.ncbi.nlm.nih.gov/?term=Zampaglione%2BD&cauthor_id=32614154
https://pubmed.ncbi.nlm.nih.gov/?term=Murazzi%2BE&cauthor_id=32614154
https://pubmed.ncbi.nlm.nih.gov/?term=Bucchieri%2BF&cauthor_id=32614154
https://pubmed.ncbi.nlm.nih.gov/?term=Cappello%2BF&cauthor_id=32614154
https://pubmed.ncbi.nlm.nih.gov/?term=Fucarino%2BA&cauthor_id=32614154
https://pubmed.ncbi.nlm.nih.gov/?term=Emara%2BAK&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=Ng%2BMK&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=Cruickshank%2BJA&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=Kampert%2BMW&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=Piuzzi%2BNS&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=Schaffer%2BJL&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=King%2BD&cauthor_id=33306517
https://pubmed.ncbi.nlm.nih.gov/?term=Tang%2BD&cauthor_id=38149186
https://pubmed.ncbi.nlm.nih.gov/?term=Sum%2BRK&cauthor_id=38149186
https://pubmed.ncbi.nlm.nih.gov/?term=Li%2BM&cauthor_id=38149186
https://pubmed.ncbi.nlm.nih.gov/?term=Ma%2BR&cauthor_id=38149186
https://pubmed.ncbi.nlm.nih.gov/?term=Chung%2BP&cauthor_id=38149186
https://pubmed.ncbi.nlm.nih.gov/?term=Ho%2BRW&cauthor_id=38149186
https://pubmed.ncbi.nlm.nih.gov/?term=Law%2BA&cauthor_id=37294198
https://pubmed.ncbi.nlm.nih.gov/?term=Ho%2BG&cauthor_id=37294198
https://pubmed.ncbi.nlm.nih.gov/?term=Moore%2BM&cauthor_id=37294198
https://pubmed.ncbi.nlm.nih.gov/?term=Behnke%2BM&cauthor_id=36449374
https://pubmed.ncbi.nlm.nih.gov/?term=Stefanczyk%2BMM&cauthor_id=36449374
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%BBurek%2BG&cauthor_id=36449374
https://pubmed.ncbi.nlm.nih.gov/?term=Campbell%2BMJ&cauthor_id=30390829
https://pubmed.ncbi.nlm.nih.gov/?term=Toth%2BAJ&cauthor_id=30390829
https://pubmed.ncbi.nlm.nih.gov/?term=Moran%2BAP&cauthor_id=30390829
https://pubmed.ncbi.nlm.nih.gov/?term=Kowal%2BM&cauthor_id=30390829
https://pubmed.ncbi.nlm.nih.gov/?term=Exton%2BC&cauthor_id=30390829
https://pubmed.ncbi.nlm.nih.gov/?term=Nagorsky%2BE&cauthor_id=32841263
https://pubmed.ncbi.nlm.nih.gov/?term=Wiemeyer%2BJ&cauthor_id=32841263
https://pubmed.ncbi.nlm.nih.gov/33119343/
https://pubmed.ncbi.nlm.nih.gov/35206445/
https://pubmed.ncbi.nlm.nih.gov/35206445/
https://pubmed.ncbi.nlm.nih.gov/?term=Pluss%2BMA&cauthor_id=30761055
https://pubmed.ncbi.nlm.nih.gov/?term=Bennett%2BKJM&cauthor_id=30761055
https://pubmed.ncbi.nlm.nih.gov/?term=Novak%2BAR&cauthor_id=30761055
https://pubmed.ncbi.nlm.nih.gov/?term=Panchuk%2BD&cauthor_id=30761055
https://pubmed.ncbi.nlm.nih.gov/?term=Coutts%2BAJ&cauthor_id=30761055
https://pubmed.ncbi.nlm.nih.gov/?term=Fransen%2BJ&cauthor_id=30761055
https://pubmed.ncbi.nlm.nih.gov/?term=Brevers%2BD&cauthor_id=32795945
https://pubmed.ncbi.nlm.nih.gov/?term=King%2BDL&cauthor_id=32795945
https://pubmed.ncbi.nlm.nih.gov/?term=Billieux%2BJ&cauthor_id=32795945
https://www.pdcnet.org/collection-anonymous/browse?fp=philnow

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

people in a specific digital environment. It encourages people to process an increasing amount of
information in a short period of time and transform their mental strategies.

Purpose. The purpose of our article was to analyze modern scientific literature regarding the role of
e-sports in the processes of informatization of society and the digital evolution of humans as a species.

Research methods. The analysis of modern literature was carried out by processing scientific
sources that are presented in the scientometric databases of PubMed, Scopus, Web of Science, Cochrane
Library and others over the last 5 years. We used the search terms "eSports”, "digital evolution of
humanity”, "Homo informaticus”. By keywords, 543 works were found, from which 58 works were selected
for literary analysis. The selection of primary sources was carried out as follows - first, the topic of the
article was analyzed. If the topic corresponded to the direction of our research, the abstract was analyzed. If
the abstract corresponded to the direction of our research, then the text of the article was subjected to
analysis. Studies that corresponded to the purpose of our work were collected and critically analyzed.

Main research results. The computerization of everyday life has led to the combination of virtual
reality technologies with the principles of classical sports. The result of this synthesis was the emergence of
eSports.Virtual reality provides unlimited possibilities for the design of gaming activities and the structure of
the gamer’s characteristics. A wide selection of game parameters expands the mental topology of an eSports
player. The modification and transformation of intellectual characteristics changes the knowledge and
psychological strengths of gamers.

Scientific novelty of research results. Basic biological instincts and acquired sociocultural skills
force humanity to lead an informational lifestyle. E-sports complements the information structure of the
gamer's personality. Being in the electronic world leaves an imprint on a person's consciousness, behavior,
outlook and culture.

Conclusion. Adaptation in the virtual space and the formation of a suitable lifestyle for e-athletes is
already a reality. Therefore, e-sports as an example of global digitalization is one of the driving factors of
the information evolution of society.

Keywords: eSports, digital evolution, informatization of society.
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MODULATION OF THE CONTRACTILE ACTIVITY IN THE SMOOTH
MUSCLES OF THE COLON BY BIOLOGICALLY ACTIVE SUBSTANCES

The large intestine motility ensures of implementation the reservoir function, mixing of chyme,
moving it into the rectum and other functions of the gastrointestinal tract. Violation of colon maotility leads to
pathophysiological manifestations of many diseases and pathologies of the gastrointestinal tract. Very
important issue in the modern biology is possibility for correction of the tone and contractile activity in the
smooth muscle cells of the large intestine.

Biologically active substances (NH4CI, calcium channel blocker foridon, potassium channel
activator flokalin, compound "C") modulated of the frequency and amplitude of phase components and
spontaneous motor activity in smooth muscles with different frequency and intensity. It was established that
the level of extracellular and intracellular pH, functioning of calcium and potassium channels of plasmatic
membrane play an important role in the dynamics of motor activity of smooth sigmoid myocytes.

Keywords: myocytes; sigmoid colon; pH; flocalin; phoridone, compound "C".

Formulation of the problem. Analysis of recent research and publications.Very
important is the realization of secretory, motor and absorption functions of all parts in the
gastrointestinal tract for the full assimilation of nutrients.

Smooth muscles cells provided the contractile activity in the large intestine in a human. This
contractile activity ensures of reservoir function realization, mixing of the chyme during digestion
of nutrients and propulsion it into the rectum with subsequent removal from the body [1, 2].

The regulation of motor function occurs in the large intestine due to the complex of central
and local factors, their combined effects on the intestine cells, among which nervous and humoral
influences can be distinguished. All of these factors are regulators and modulators of contractile and
coordinated activity in the smooth myocytes of muscular circular and longitudinal layers in the
large intestine [2, 3].

Colon motility disorders lead to pathophysiological manifestations for many diseases and
pathologies in the gastrointestinal tract, such as constipation, irritable bowel syndrome,
diverticulosis, tumour transformations, etc. [4-7]. This is colon motility dysfunctions can be result
of disorders in coordinated activity of central and autonomic nervous system, humoral motility
regulation of the gastrointestinal tract, blood circulation deterioration in the submucosa and
muscular layer of the intestine, dystrophy of neurons in the intermuscular neuron plexus, etc. [8-
10]. Motility disorders caused by slowing down of intestine contractile activity in the digestive
tract can be led to secondary dysfunctional changes in their activity. The main of them are the
dysfunctional disorders of cavity, wall and membrane digestion and absorption processes, as well
as disruption of homeostasis in the intestinal microbiocenosis with the development of
dysbacteriosis [11, 12]. In the intestine changes internal environment composition, which
intensifies the already existing disorders of digestive processes arising against this background.
This leads to damage of the epithelium, the development of an inflammatory process, which
marks the transition from functional disorders to beginning of a disease with a real pathological
and morphological basis [13, 14].

Thus, our investigation was dedicated to study of the peculiarities of the influence by
potential endo- and exogenous correctors on the intestinal motor activity as one of the keys that lead
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to the high level them functionality. This investigation has an actual scientific and practical
significance for modern biological science.

The purpose of the study. To study the effect of several biologically active substances on
the motor activity dynamic of smooth muscle preparations in a human's sigmoid colon.

Object and research methods. This work is a fragment of the chair’s scientific research
work "Features of somatic, visceral and sensory systems in trained athletes at different stages of
training" (state registration Ne 0116U001632).

We studied of smooth muscle cell contractile activity dynamic on the muscle preparations of
the sigmoid colon in the mature rats. Muscle strips (2-3 mm long, 0.5-0.7 mm thick) were extracted
from the longitudinal muscle layer of the sigmoid colon under a binocular microscope MBS-9 to
prepare of a preparation with muscle strips, which we used in our further studies. The muscle strip
has placed in a flow chamber and perfused with Krebs solution in the following composition
(mmol/l): Na — 140,3; K—-5,4; Mg — 1,1; Ca— 2,5; Cl — 149,1; Tris — 10,0 (manufacturer - "Serva",
Germany). The pH of solution was adjusted to 7.4; the temperature was maintained at the level of
33°C with help of automatic thermostating.

Effects of the selected experimental substances investigated by direct addition them to the
perfusion solution.

The myographic method was used to study of the contractile activity dynamic in
intestinal preparations. The muscle strip preparation has stretched to Lmax, then recorded the
force of contraction in the isometric mode, which carried out with help of a 6MX-1C
mechanotron (according to the bridge scheme). These contractions were recorded on the N-3031
recorder, and at the same time, the contractile activity of the intestinal preparation was observed
on the monitor of the C1-83 oscilloscope. The glass hook was used to connect biological and
measuring systems. It was brought under the test area of the muscle preparation and connected
to the mechanotron rod. The mechanotron was fixed in the PM-1M three-coordinate
manipulator. The initial stretch of the muscle strip was set by vertical movement of the
mechanotron.

In our investigations, we have been studying the effects of NH4Cl solutions and the
synthesized substance "C" and its separate components - the calcium channel blocker - foridone and
the potassium channel activator - flokalin on the contractile activity of intestinal smooth muscle
cells. This compound was synthesized in the Organic Chemistry Institute of the Ukrainian National
Academy of Sciences by supervision of prof. Yagupolsky L.M.

All test’s substances has introduced into the perfusion streams at a concentration of
10°-10° mol/l. NH4ClI solution was used to alkalize of the Krebs solution, which perfused an
isolated muscle strip in a flow chamber.

The obtained data were subjected to statistical processing using the Student's t-test, and
standard application programs for statistical processing of materials also.

The experiments were conducted in accordance with the international principles of the
Helsinki Declaration "Humane Treatment of Animals"” (2000) and "Common Ethical Principles of
Experiments on Animals" approved by the First National Congress of Bioethics (Kyiv, 2001).

The author expresses deep gratitude to Doctor of Medical Sciences, Corresponding Member
of the Ukrainian National Pedagogical Academy of Sciences, Professor V.G. Shevchuk for help and
comprehensive support in organization of researches.

Research results and their discussion. Ours researches has shown fluctuations in the
muscle tone of smooth muscle cells in the intact specimens of isolated muscle strips that was
extracted from the sigmoid colon. Expressive tonic activity was recorded in 59.5% (in 22
muscle preparations out of 37 studied). The spontaneous activity was observed in the intestine
smooth muscle cells in 40.5% (15 cases). (Fig. 1). Sometimes, myocytes contractile activity had
clearly defined phasic components, sometimes it arose against the background of increased
muscle tone.
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Fig. 1. Muscle activity recorded on intact samples in isolated muscle strips of smooth muscle cells
extracted from the sigmoid colon.

The amplitude of contractions was 375.74+97 mg in the isolated preparations of the
intestinal muscle wall in the initial state. The frequency of phasic contractions was on average
0.05+0.03 Hz in the isolated preparations of the intestinal smooth muscle cells that was obtained
from the sigmoid colon also.

NH4Cl solution was used to alkalize of the Krebs solution, which perfused an isolated
muscle strip in a flow chamber. The NH4CI solution caused changes of cellular and extracellular
pH in smooth muscle cells, which affected on the contractile activity of the isolated smooth muscle
cell preparation. (Shown on Fig. 2).

On the figure 2 we can see, how artificial alkalinization in perfusion solution, that is washed of
a muscle strip leads to the significant increase in the amplitude of phasic components the spontaneous
activity in the preparations of the intestinal muscle wall up to 1200£102 mg. A muscle tone increased
in isolated preparations of the sigmoid colon muscle wall by an average of 475.7£97 mg in the
absence of an increase in the amplitude of the phasic components of spontaneous activity.

Verapamil has introduced in the perfusion solution caused an increase the amplitude of
spontaneous activity and muscle tone in the smooth muscle preparations. Such contractile activity is
probably associated with increased membrane permeability to calcium ions in the smooth muscle
tissue of the sigmoid colon wall. This is likely possible due to the activation of the receptor
apparatus in the smooth muscle cells also. Perhaps, this is the effect of the NH4CI molecule on the
contractile activity of smooth muscle cells under alkaline conditions.

100 por \
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Fig. 2. Increase in the amplitude of phasic components in spontaneous motor activity in the rat’s
sigmoid colon under the influence of NH4CI; the arrow indicates on the moment of NH4Cl
introduction into the perfusate.

31



ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

In the next series of experiments, we studied the effects of ion channel modulators on the
contractile activity in intestinal smooth muscle cells obtained from the sigmoid colon wall. We
researched the effects of synthesized substance "C" and its separate components - the calcium
channel blocker (foridone) and the potassium channel activator (flokalin) on the contractile
activities of the smooth muscle cells in the investigated sigmoid colon strip. We observed the
presence of the phasic and tonic muscle contraction components on intact muscle preparations of
the sigmoid colon. Our experiments have shown that frequency of contraction phasic components in
the sigmoid smooth muscle cells was on average 0.05+0.02 Hz, and the amplitude of muscle
contractions was 675.7+97 mg in the initial state.

Muscle strips demonstrated decreasing of ability to spontaneous contractions after introduction
of the phoridone into perfusion solution that washed the muscle preparations of the sigmoid colon
intestinal wall. This was manifested to reduction of the amplitude and frequency in muscle
contractions, which was accompanied by a gradual disappearance of automaticity. Foridon
administration reduced muscle contractile activity in the smooth muscle preparations of the sigmoid
intestinal wall, probably due to potential decrease in the concentration of Ca?* ions in the cell
myoplasm. Flocalin application have got a similar effect on the contractile activities of the smooth
muscle cells in the investigated sigmoid colon muscle strip. The ability of a smooth muscle cells to
the spontaneous activity had decreased in the investigated muscle preparations. This was evidenced
by a decrease in amplitude and frequency of muscle contractions in sigmoid colon muscle strip, with
the gradual disappearance of smooth muscle automaticity.

Fig. 3. The effect of substance "C" on the contractile activity of the smooth muscle preparation in
the sigmoid colon; the arrow indicates on the moment of substance "C" introduction into the
experimental perfusion solution.

A series of the next experiments demonstrated influence of the synthetic substance "C" on
contractile activities of the investigated smooth muscle cells preparation in the sigmoid colon. The
synthetic substance "C" combines in one molecule both modulators of ion channels (flocalin and
foridon). The complex substance "C" effect leads to decrease in the amplitude (from 675.7+97 mg to
385.6+74 mg) and the frequency of phasic muscle contractions (from 0.05+£0.02 Hz to 0.03+0.018 Hz)
after introducing this substance into perfusion solution that washed smooth muscle strip in a flow
chamber. This occurs more significantly (on average by 50% compared to the initial level, sometimes
to complete cessation) than under the influence of flokalin or foridon alone. (Fig. 3).

Probably, substance "C" caused a significant inhibition of the calcium ion current flow through the
cytoplasmic membrane into the sarcolemma of investigated smooth muscle cells in the sigmoid colon.

This is most likely associated with a myocyte’s membrane low-threshold T-Ca2+ channels,
which as usually caused periodic fluctuations of the smooth muscle cells membrane potential, that
is necessary for the generation of smooth muscle spontaneous activity.

At the same time, it's activation myocyte’s membrane ATP-dependent K+ channels are
significantly increase current flow of the potassium ions through the cytoplasmic membrane into the
extracellular environment from the sarcolemma of investigated smooth muscle cells.
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Causally it's led to hyperpolarization of smooth myocytes plasma membrane, which
ultimately leads to a decrease in the contractile activity in the sigmoid colon smooth muscle cells.

Conclusions.

1. The experimental NH4Cl solution increased the phasic components amplitude of the
smooth muscle spontaneous contractile activity due to perfusion of investigated sigmoid colon
isolated muscle strip. However, muscle tone has increased if spontaneous contractile activity was
absent.

2. The complex substance "C" leads to a significant reduction or cessation of the smooth
muscle spontaneous contractile activities of investigated sigmoid colon isolated muscle strip.

3. Very important role plays activity of cell membrane calcium and potassium channels in
the smooth muscles for the motor activity dynamics of smooth myocytes in the sigmoid colon wall.
Great importance has level of extracellular and intracellular pH for the smooth muscle’s contractile
activity process also.

Prospects for further research. In further studies, we will have been planning to
investigate the effect of selected substances on the morphofunctional organization of smooth
myocytes, using electron microscopy.
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Kirichek P.V. MODULATION OF THE CONTRACTILE ACTIVITY IN THE SMOOTH
MUSCLES BY BIOLOGICALLY ACTIVE SUBSTANCES

Introduction. Regulation of the contractile activity occurs due to a complex of nervous and humoral
factors in the colon wall muscle tissue. Colon motility disorders lead to pathophysiological manifestations
for many diseases and pathologies in the gastrointestinal tract, such as constipation, irritable bowel
syndrome, diverticulosis, tumour transformations, etc. Very important signification has the possibility for
tone and contractile activity potential correction in the smooth muscle cells of the human colon with help of
biologically active substances, changes pH, etc.

Purpose. To study the effect of several biologically active substances on the motor activity dynamic
of smooth muscle preparations in a human’s sigmoid colon.

Methods. The investigations of contractile activity dynamic in the smooth muscle cells were carried
out on the sigmoid colon preparations of sexually mature rats. The myographic method was used to study the
dynamics of the contractile activity of intestinal preparations. All test’s substances has introduced into the
perfusion streams at a concentration of 10°-10° mol/l. NH.CI solution was used to alkalize of the Krebs
solution, which perfused an isolated muscle strip in a flow chamber. Muscle contraction force was recorded
in isometric mode.

The obtained data were subjected to statistical processing using the Student's t-test, and standard
application programs for statistical processing of materials also. The experiments were conducted in
accordance with the international principles of the Helsinki Declaration "Humane Treatment of Animals"
(2000) and "Common Ethical Principles of Experiments on Animals" approved by the First National
Congress of Bioethics (Kyiv, 2001).

Results. Ours researches has shown fluctuations in the muscle tone of smooth muscle cells in the
intact specimens of isolated muscle strips that was extracted from the sigmoid colon. Sometimes, myocytes
contractile activity had clearly defined phasic components, sometimes it arose against the background of
increased muscle tone.

The experimental synthetic substance "C" was studied. This is complex substance that combines in
one molecule both modulators of ion channels (flocalin and foridon). Complex substance "C" that was
administrated into perfusion solution leads to decrease in the amplitude (from 675.7£97 mg to 385.6+74 mq)
and the frequency of phasic muscle contractions (from 0.05+0.02 Hz to 0.03+0.018 Hz). This is more
significant (on average by 50% in relation to the initial level, sometimes to complete cessation) than under
the influence of flokalin or foridon alone.

Artificial alkalization led to a significant increase in the amplitude of phasic components and
spontaneous activity in the preparations of the intestinal muscle wall up to 1200+102 mg.

Originality. Probably, the substance "C" caused a significant inhibition of the calcium ion current
flow through the cytoplasmic membrane into the sarcolemma of investigated smooth muscle cells in the
sigmoid colon. At the same time, it's activation myocyte’s membrane ATP-dependent K* channels are
significantly increase current flow of the potassium ions through the cytoplasmic membrane into the
extracellular environment from the sarcolemma of investigated smooth muscle cells. Causally it’s led to
hyperpolarization of smooth myocytes plasma membrane, which ultimately leads to a decrease in the
contractile activity in the sigmoid colon smooth muscle cells.

Conclusions.

1. The experimental NH4CI solution increased the phasic components amplitude of the smooth
muscle spontaneous contractile activity due to perfusion of investigated sigmoid colon isolated muscle strip.
However, muscle tone has increased if spontaneous contractile activity was absent.

2. The complex substance "C" leads to a significant reduction or cessation of the smooth muscle
spontaneous contractile activities of investigated sigmoid colon isolated muscle strip.

3. Very important role plays activity of cell membrane calcium and potassium channels in the
smooth muscles for the motor activity dynamics of smooth myocytes in the sigmoid colon wall. Great
importance has level of extracellular and intracellular pH for the smooth muscle’s contractile activity
process also.

Keywords: myocytes; sigmoid colon; pH; flocalin; foridone, compound «C».

OpneprkaHO peaKiIliero: 22.02.2024
[TpuiinsaTto no myOmikamii: ~ 25.03.2024

34



Cepis «bionoriuni Haykny», 2024

VJIK 616-072
DOI: 10.31651/2076-5835-2018-1-2024-1-35-45

Volodymyr Serhiyovych Lyzohub

Cherkasy Bohdan Khmelnytskyi National University
v_lizogub@ukr.net

ORCID: https://orcid.org/0000-0002-3001-138X
Ivan Ivanovych Salivonchyk

Cherkasy Bohdan Khmelnytskyi National University
911salivon@gmail.com

ORCID: https://orcid.org/0009-0005-5379-518X
Yuliya Vitaliyivha Koval

Cherkasy Bohdan Khmelnytskyi National University
uyla0077@ukr.net

ORCID: https://orcid.org/0000-0001-7160-5240
Olha Volodymyrivna Paliichuk

Cherkasy Bohdan Khmelnytskyi National University
oncology@2upost.com

ORCID: https://orcid.org/0000-0001-8782-7956

ROLE OF VISUAL INFORMATION IN MAINTAINING STATOKINETIC
STABILITY ON STEADY AND UNSTEADY PLATFORM

Statokinetic stability was studied in 16-year-old boys (37 individuals) on the steady and unsteady platform
of the “MPFI stabilograph-1" and the Stabilis sofiware package under the condition of feedback (FB) and closed
eyes (CE). Visual deprivation was found to have the same effect on reducing statokinetic stability as unsteady
platform. Statokinetic stability significantly decreased on an unsteady platform in conditions of CE that led to the
tension of postural mechanisms of regulation. In the conditions of CE on an unsteady platform of the stabilograph
in young men, there was a statistically significant decrease in the quality factor of the balance regulation function
(KFR, %), an increase in the length of the oscillation trajectory of the pressure center (Length, mm), the average
speed of the movement of the pressure center (AvgSpeed, mm/s), the average range of oscillation of the pressure
center (Range, mm) and the average frequency of the oscillation spectrum of the pressure center in the
mediolateral and anteroposterior plane (wAvgFMA, Hz) than on a steady platform with FB and CE.

The availability of visual information on an unsteady platform allows for significant improvement of
statokinetic stability and reduction of the tension on postural regulation mechanisms. The results show that
under the condition of the changed platform and visual control, the stabilography indicators change
disproportionately. The identified features of changes in stabilographic indicators are stipulated by different
contributions to the process of postural regulation of visual and proprioceptive afferentation. It has been
proven that under the condition of standing on an unsteady platform, visual afferentation makes a much
smaller contribution to the integrative processes of regulation of statokinetic stability than sensory
information from proprioceptors of postural muscles.

Key words: statokinetic stability; stabilography; sensory deprivation; unsteady platform.

Researching the regulation mechanisms of human statokinetic stability is an urgent task of
physiology and treatment of various disorders of the functions of the central nervous system and
motor apparatus [1, 2, 3, 4]. This problem is also relevant for the diagnosis of functional states of a
person in various types of work, military and sports activities [3, 5, 6, 7, 8, 9]. Balance is one of the
leading coordination abilities for many sports. Therefore, monitoring the ability to maintain balance is
critically important both for a comprehensive analysis of the level of sportsmen’s preparation and the
staffing and selection of teams [10, 11]. A high level of postural stability is also necessary to perform
everyday safe actions and to reduce the risk of falling [12, 13].

The vertical position of the human body is not stable due to the high position of the center of
gravity from the support. Under any conditions that destabilize the balance of the statokinetic
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neuronetwork system, the mechanisms that correct the stability of the body are included. In some cases,
the contribution of different analyzers to the regulation of statokinetic stability can selectively decrease
or increase [14, 15, 16]. When the role of one analyzer is reduced, compensation is provided by greater
activity of other systems [17, 18]. Some authors believe that the availability of visual information in
maintaining statokinetic stability is not necessary, but its limitation significantly worsens the quality of
the regulation of the vertical position of the body [19, 20]. It is also known that the visual system solves
the task of stabilizing statokinetic stability by several mechanisms. First, the visual sensory system is
involved in estimating the magnitude, speed, and direction of body movement in space [21]. Secondly,
it can indirectly affect the quality of the regulation of statokinetic stability through the non-specific
effect of the visual analyzer on the tonic contraction of postural muscles or through the vestibular
system [22]. Partial or complete dysfunction of visual information causes a decrease in postural stability,
which leads to an increase in the speed and amplitude of oscillation of the general center of pressure. In
normal standing conditions, the contribution of visual information to the control of statokinetic stability
is insignificant [23]. However, the effect of additional load on postural mechanisms caused by limited
visual information has not been fully elucidated.

To measure various indicators of postural stability, data from various types of balance
platforms are most often used. They facilitate the evaluation of postural stability under the condition
of displacement of the pressure center on the platform of the stabilograph [24, 25]. Unfortunately,
these platforms are usually very large and expensive, and their software is complex [26]. Another
group of equipment for balance measurements is Wii Balance Boards [27, 28, 29]. In population
studies, balance is tested using various motor coordination tests. The most popular among them is the
Flamingo Balance test from the Eurofit Physical Fitness Test Battery [30]. Tests with unstable
platform were also used. In some studies, no violation of statokinetic stability was found under the
condition of maintaining a vertical posture on an unsteady platform [31]. In other researches, it is
shown that in conditions of unsteady platform, the reliability of proprioceptive information from the
foot decreases, the efficiency of integration of sensory systems in neural networks of posture
regulation is impaired [32]. Under such conditions, the speed and reliability of muscle reactions
decreases [33], the value of the visual sensory system increases significantly [5, 34, 35]. However, the
role of visual information in the control of statokinetic stability in conditions of unsteady platform has
not yet been fully investigated. Maintaining statokinetic stability on a moving platform is
distinguished by a number of features. First, in a position on an unsteady platform, the pressure of the
foot on the platform decreases, the proprioceptive information coming from the ankle joint is
distorted. Second, due to the increase in the speed of body oscillation, the role of the vestibular and
visual analyzers in the posture regulation system significantly increases. Third, the role of higher
centers of postural regulation, perception, attention, memory, and intelligence increases [36, 37, 38].

Thus, the research material presented above shows that the role of visual information in
ensuring statokinetic stability on an unsteady platform is not fully defined. Therefore, the goal of
the study is to find out the mechanisms of regulation of statokinetic stability under conditions of
load on postural muscles caused by visual derivation and unsteady platform. We try determine the
regulation mechanisms of statokinetic stability under the condition of lack of visual information and
unsteady platform. To investigate the role of the preserved and limited visual information in
postural control, we use the feedback (FB) and eyes-closed (CE) tests on a steady and unsteady
stabilograph platform. We choose an unsteady platform based on the results of previous studies [32,
37] that show different dynamics of stabilographic indicators than on a steady platform.

Materials and Methods. Broad implementation of computer technologies, including the
development of a system for recording vertical posture, led to the emergence of computer
stabilometry. This allows us to make a digital recording of deviations of statokinetic stability under
the condition of performing various tests. In addition, this technique can perform a computer
analysis of the received data, as well as calculate a number of dynamic indicators, which are
important for studying the physiological mechanisms of the interaction of the body’s sensory

36



Cepis «bionoriuni Haykny», 2024

systems. Various damages and functional disorders can be reflected in the quantitative and
qualitative indicators of stabilometry. Therefore, the study of the regulation mechanisms of the
body vertical position can be performed by the method of stabilography, the main idea of which is
to record the amplitude-time characteristics of postural stability on a steady platform [36, 38].

37 practically healthy young men (age = 16.67 + 0.88 years, body length = 174.82 + 6.87 cm,
body weight = 71.55 + 7.62 kg) participated in the study. Participation in the experiment was voluntary
and complied with the bioethical norms of the Declaration of Helsinki (1964 and all its revisions,
including the last one in 2000). Subjects were informed and consented to participate in the study.

Statokinetic stability of the subject was determined on the platform (40x40 cm). The
registration of the stabilogram was performed under the condition of 4 tests. First, a test was
performed on a steady planform with the FB. On the steady platform of the stabilograph, the

subjects arbitrarily kept the vertical position of the body. The toes were spread to an angle of 20°,
and there was a distance of 6 cm between the heels.

In the first test with FB, the subjects visually controlled their body position. For this purpose,
a flashlight was attached to the subject’s head, with the help of which the subject had to direct the
beam into a 10x10 square located at a distance of 1.5 m. The second test was performed by the
subjects in the conditions of CE. In the third test, the statokinetic stability was determined on the
unsteady platform of the stabilograph with FB. The fourth test was performed on the unsteady
platform of the stabilograph in conditions of CE.

Three tests were conducted with each subject, and the best result was chosen. The subjects
independently arbitrarily distributed the load for the vertical position. The duration of each test was
60 seconds. The sequence of tests and standing conditions were the same for all subjects.

When performing test tasks in digital mode, a recording lasting 60 s was made. with a
discreteness of 25 1 At = ¢, and the stabilogram signals were processed. Indicators of the functional
state of the system and the regulation of statokinetic stability were evaluated by the quality factor of
the balance regulation function (KFR,%), the length of the trajectory of the pressure center
oscillation (Length, mm), the average speed of the pressure center movement (AvgSpeed, mm/s),
the average swing of the pressure center oscillation (Range, mm). In addition, the spectral density of
the initial signal in the Fourier series for the anteroposterior and mediolateral planes and the average
frequency of the pressure center oscillation spectrum (WAvgFMA, Hz) were determined.

Statistical data processing was performed using packages for medical and biological research
(SPSS, version 21, IBM, USA). Analysis of indicators obtained as a result of stabilogram
processing shows that their distribution differs from normal. Accordingly, in the further statistical
analysis, non-parametric criteria were used and descriptive statistics (median, error of the median, |
and III quartiles) and the Wilcoxon test were applied. Tukey’s test with Bonferroni correction was
used to determine significant differences (p < 0.05) between mean values.

Research results. In accordance with the objectives of the study, we determined the
indicators of statokinetic stability of the subjects in different conditions of visual function on a
steady and unsteady platform.

The role of visual information in the regulation of statokinetic stability on a steady platform. In
the first test, the subject had to maintain a posture on a steady paltform of the stabilograph with FB.
While performing the test with FB, the subject maintained static kinetic stability on a steady platform
and simultaneously directed the beam of the flashlight into a square located at a distance of 1.5 m. The
subjects performed this task without excessive psycho-emotional stress. Statokinetic stability was
achieved through the interaction of various stabilogram variables and the participation of integrative
mechanisms of the central nervous system, vestibular, visual analyzers, and joint-muscle proprioception.

Performing the second test with CE was more difficult and was characterized by changes in
the stabilogram indicators. The results of the stabilography study with FB differed from the
indicators in the test with CE. Thus, in the test with CE, the subjects had statistically significantly
increased Length and AvgSpeed indicators of the stabilogram, and the decreased KFR in
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comparison with the values in the conditions of FB (p<0.05 - p<0.001). Although the Range and
WAvVgFMA indicators in the test with CE increased compared to FB, they did not achieve
statistically significant changes (p > 0.05). The results of the stabilogram when performing tests
with FB and CE in young men on a steady platform are presented in the Table 1.

Table 1
Stabilometry indicators (Me [25%; 75%]) of subjects (n=32) under conditions of performing tests
with open (1) and closed eyes (2) on a steady platform

Stabilogram indicators Statistics indicators

Me+m 25% 75% Min.| Makc. T p
ron o || T2 ez | aT e 26 | 1y oo
AvgSpeed, mms ; 1%.41111'.22 162.75 19535 176.56 igé 4.6 |P<0.001
KR.% |9 —tiais | 62 | 5o [doa| ees | 131 P00
Range.mm |5 s 1ss | 5o Tiss| ats | 05 PO%
WAVIMA. W2 |00t 06 | 0a |azs| 03 | 05 P00

Note: 1 — open eyes, OE; 2 — closed eyes, CE.

Table 1 shows that in young men, under the condition of changed visual information, statistically
significant changes occurred in the amplitude-frequency characteristics of the studied stabilography
indicators Length, AvgSpeed and KFR. Only indicators of the average amplitude of the pressure center
oscillation and the average area of the spectral density of the pressure center oscillation under the
condition of CE were not marked by higher values, compared to the indicators obtained during
registration with FB (p>0.05). Based on the results presented in Table 1 and literature data, we note that
the test with closed eyes is informative for assessing postural stability. During its performance, the
motor task is implemented under the condition of blocking visual information [5, 39].

The role of visual information in the regulation of statokinetic stability on an unsteady
platform. The third and fourth tests were performed in the same way as the first two with FB and
CE, but on the unsteady platform of the stabilograph (Table 2).

Table 2
Stabilogram indicators (Me [25%; 75%]) of subjects (n=32) under the condition of performing tests
with open (1) and closed eyes (2) on an unsteady support

Stabilogram indicators Statistics indicators
Me+m 25% 75% Min. | Makc. T P
Length, mm 1 | 1039+50.3 | 9814 |1064.7| 852.0 |1118.4 124 |p<0.001

2033 +93.1 | 1890.59 | 2132.5| 1653.9 | 2279.5

1 17521 | 157 | 193 | 145 | 210

AvgSpeed, mM/s 553335 | 255 | 349 | 226 | 376 | 36 |P<0.001
1| 42348 | 384 | 488 | 339 | 5.4

0,

KFR, % > [ 244+46 | 182 | 328 | 168 | 358 | 37 |P<0.001
1 | 35626 | 327 | 383 | 275 | 417

<0.001

Range, mm | — —— o~ 455 | 519 | 386 | 536 | 48 |
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1 | 0.35+0.01 0.32 0.37 0.30 0.39
2 | 038x001 | 033 | 039 | 031 | 041 | 30
During the performance of the third and fourth tests on an unsteady platform with closed
eyes, an increase in the wAvgFMA spectral power at frequencies of 0.3-0.4 Hz was found in young
men compared to FB (p < 0.05).
Note: 1 — open eyes, OE; 2 — closed eyes, CE.

wAvgFMA, Hz p<0.001

The study of stabilometry on an unsteady platform made it possible to establish a statistically
significant increase in Length, AvgSpeed and Range and a decrease in CFR in young men under the
condition of performing the task with CE, in comparison with the indicators obtained with FB
(p < 0.05 - 0.001). In addition, in young men, during the test with CE on an unsteady platform, an
increase in the power of the spectrum of oscillations at a frequency of 0.4 Hz was found in
comparison with FB (p < 0.05). This indicates that proprioceptive afferentation is enhanced under
the condition of CE on an unsteady platform, as well as the predominance in the structure of
movements that support the vertical posture of small high-frequency oscillations.

The role of visual information in the regulation of statokinetic stability on steady and
unsteady platform. To determine the role of visual information in the regulation of postural stability
on steady and unsteady platform, we calculated the change in stabilography indicators in %. The
indicators obtained under the condition of FB on a steady platform of the stabilograph were taken as
the initial values (Table 3).

Table 3
Change in stabilogram indicators in % with eyes open and closed on steady and unsteady platform
compared to the initial values

Studied indicators Steady platform Unsteady platform Unsteady platform
Closed eyes Open eyes Closed eyes
Length, mm +95 + 137 + 365
AvgSpeed, mm/s +75 +112 +162
KFR, % - 34 - 46 - 68
Range, mm +4 +63 + 118
wAvgFMA, Hz +4 +35 +42

The results show that the reaction of the investigated indicators to postural load in the conditions
of normal sensory information and steady platform and in the condition of blocking of visual
information and on unsteady platform was different. The limitation of visual information on a steady
platform significantly increased the tension of the mechanisms of regulation of statokinetic stability.
Blocking of visual information on a steady platform (second test) worsened KFR indicators by an
average of 34%. This indicates that the restriction of afferentation from the visual analyzer disrupts
integrative processes in the interaction of the higher departments of the central nervous system,
vestibular and proprioception. In the case of standing on an unsteady platform (the third test) and
maintaining visual control, the CFR decreased by a much larger amount - 46%. The given results
demonstrate a greater dependence of statokinetic stability on afferentation coming from postural
ligaments and muscles than on the visual sensory system. Whereas, in the case of simultaneous blocking
or restriction of visual and proprioceptive control over the vertical position of the body, all studied
indicators of the stabilogram significantly deteriorate. This is confirmed by the fact that in the fourth
test, the integral indicator of the quality factor of the balance control function decreased by 68%.

Therefore, the results of the study with the successive exclusion of sensory afferentation
show that the limitation of proprioceptive information makes much greater corrections in the
integrative processes of regulation of statokinetic stability than visual. Simultaneous exclusion of
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visual information and limitation of proprioceptive afferentation on an unsteady platform with
closed eyes leads to a significant strain on the mechanisms of postural regulation.

Discussion of results. In this study, it is important to find out how effective the contribution
of visual information is to the regulation of statokinetic stability under the condition of a changed
structure of the platform surface under the foot. Changed conditions of sensory information were
modeled by sequentially excluding or limiting afferentation from the visual analyzer and postural
receptors of ligaments and muscles. First, the subjects performed the task of maintaining the vertical
position of the body on the stabilograph with FB, then moved on to the test with CE. Changed
conditions of sensory information from foot mechanoreceptors were achieved by standing on a
steady and unsteady support of the stabilograph.

It was found that in the process of maintaining the vertical position of the body with the FB on a
steady platform (the first test), the subjects reacted by slightly increasing the speed of body oscillation
and increasing the length of the oscillation trajectory of the pressure center. Under such conditions, the
indicator of the quality factor of the balance regulation function, KFR, was 77.6%. (Fig. 1).
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Fig. 1. Change in the quality factor of the balance control function (%) of the subjects (n=32) with
open and closed eyes on the steady and unsteady platform of the stabilograph
Note: * - statistical probability of difference at the p <0.05 level

There was no visual signaling in the second test. Under these conditions, the subjects
could not compensate for the statokinetic stability. The lack of visual information was
manifested in a reduced KFR up to 51.3% and a statistically significant increase in Length,
AvgSpeed, Range and spectral power area at frequencies of 0.3 - 04 Hz. in comparison with
similar indicators in the test with FB (p < 0.05 - 0.001). An increase in the length of the
stabilogram when testing with closed eyes can be considered as a fact of deterioration of the
statokinetic stability of the subjects. The results can be explained from the point of view that the
visual sensory system in the vertical position of the body plays a dual role. Firstly, it informs
the neural network of statokinetic stability about body oscillations relative to the external
environment, and secondly, it evaluates the degree of stationarity of the environment itself [40].
Obviously, the statokinetic stability with CE is regulated by the action of feed-back
mechanisms [41]. Posture maintenance under the condition of FB is provided by open-loop
control mechanisms, which includes the interaction of higher departments of the central nervous
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system, vestibular and visual analyzers, joint-muscle proprioception and other functional
systems [42].

Since stabilography is an indicator of changes in several variables, it can be assumed that the
role of visual signaling in the regulation of statokinetic stability on an unsteady platform will be
different than on a steady one.

The results we obtained while maintaining a posture on an unsteady platform in conditions
of preserved visual signaling (the third test) showed a significant increase in the fluctuation of the
center of gravity. Preservation of visual control on an unsteady platform reduced the KFR to the
value of 46%, against the indicator on a steady platform with FB - 77.6%. The results show that
when maintaining the vertical position of the body on an unsteady platform, the statokinetic
stability deteriorates compared to a steady platform. It was established that the indicators of the
length of the oscillation trajectory of the pressure center and the movement speed of the body mass
center on the unsteady platform of the stabilograph in the subjects were statistically significantly
higher, and the KFR lower than on the steady platform (p < 0.05 - 0.001).

The results obtained above can be explained by the fact that standing on a movable platform
worsens statokinetic stability. It is known from the literature that foot receptors are an important
source of information about the change in the position of the pressure center [43]. In conditions of
unsteady platform, the activity of foot mechanoreceptors decreases, and the activity of body
movement increases [32]. Under these conditions, due to the lack of pressure on the platform, the
foot does not create compensation for the moment of forces and does not allow obtaining the
necessary afferent information about the deviation of the body from the equilibrium support
position [44]. Another explanation is related to the fact that the movable platform affected not only
the force interaction between the foot and the platform, but also created ambiguous information
about the position of the body in space. Under such changed conditions of proprioception, the
significance of the afferent flow of information from the visual and vestibular sensory systems and
the integrative functions of the higher departments of the central nervous system increased. It may
also be plausible that the mechanisms of regulation of statokinetic stability were more stressed on
an unsteady platform. The results of statokinetic stability, which we obtained under the condition of
FB on an unsteady platform, were probably associated with a greater sensory deficit and less
possibility to compensate them from the side of other afferent systems. As already shown above,
our results with FB demonstrate that statokinetic stability is impaired on an unsteady platform
compared to postural control on a steady platform. The Length, AvgSpeed, Range and wAvgFMA
indicators on the unsteady platform with the FB increased, and the KFR decreased, respectively, by
137, 112, 63 and 46%% compared to the indicators obtained in the first test.

Therefore, under the condition of maintaining a posture on an unsteady platform with FB, we
obtained differences in the participation of mechanisms of regulation of statokinetic stability in
comparison with the test on a steady platform of the stabilograph. The above results demonstrate the
dependence of statokinetic stability on afferent information from the support surface of the foot.

Thus, according to our results, statokinetic stability on an unsteady platform differs in a
number of functional features. First, on a moving platform, the proprioceptive information received in
response to a decrease in foot pressure compared to a solid support is distorted. Second, on an
unsteady platform, the oscillation rate of the general center of the foot pressure increases that leads to
a significant increase in the role of the vestibular and visual sensory systems in posture regulation.
Third, it can be assumed that the control of statokinetic stability on an unsteady platform may involve
mechanisms connected with higher departments of the central nervous system [32, 45, 46].

It was assumed that some stabilization of posture under conditions of unsteady platform was
associated with partial ignoring of signals from the visual system and would be compensated by an
increase in the contribution to the regulation mechanisms of other sensory systems, not related to
visual information, including proprioception. Our assumption was confirmed by the results of the
fourth test. In this test, subjects maintained a posture on an unsteady platform with CE. Under such
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conditions of standing on an unsteady platform, in case of exclusion of visual control and altered
proprioceptive afferentation from the supporting surface of the foot, the studied parameters of the
stabilogram significantly deteriorated. Thus, the KFR indicator in the fourth test decreased by 68%.
Such a result was somewhat unexpected for us and therefore, was not easy to interpret. An increase
in the length of the stabilogram compared to the FB was found on an unsteady platform with CE,
which can be regarded as a feature of the functional state and the predominance of a large number
of high-frequency oscillations in the structure of movements. Our results confirmed the validity of
the opinion that the regulation of the vertical position of the body under the condition of conducting
tests on an unsteady platform with CE was mainly carried out due to an increase in the power of the
spectrum of oscillations at high frequencies of 0.4 Hz.

Our research shows that the lack of visual information in standing on a steady and, especially, on
an unsteady platform significantly increases the tension of mechanisms of translational control
regulation. The results of Table 3 shows that the lack of visual information cannot be fully compensated
by other sensory systems. Thus, the lack of visual information on a steady platform caused changes in
the reduction of KFR by 34%, and the Length, mm indicator by 95% relative to open eyes. Changes in
the indicators of statokinetic stability under the condition of limited visual information also occurred in
the indicators of AvgSpeed, mm/s (- 75%), but Range almost did not change (- 4%). These results are
consistent with the results of works [47], which showed a significant, but not complete, compensation of
postural balance disturbance caused by visual derivation.

We predicted that the visual derivation on an unsteady platform would lead to an even
greater increase in body oscillations and a decrease in statokinetic stability than in conditions of FB.
Violations in the integration of sensory information become especially important in case of
simultaneous visual and proprioceptive deprivation. The results obtained in the fourth test showed
that the most significant changes in the tension of the regulation mechanisms for maintaining
statokinetic stability occured in the test with CE on an unsteady support. Stabilography indicators
under these conditions decreased the most in relation to the similar characteristics obtained in the
conditions of FB on a steady platform. Thus, Table 3 and Fig. 1 show that the indicators of the
length of the trajectory of the center of pressure, the speed of movement of the center of mass of the
body, Range and KFR deteriorated on the unsteady platform of the stabilograph with CE by 365,
162, 68 and 118%, respectively, compared to the results on a steady platform with FB. Therefore,
the limitation of visual and proprioceptor information under the condition of unsteady support
creates an additional effect on postural regulation mechanisms. It is plausible that under such
conditions, violations of the sensory integration of the higher, central level of control are of
particular importance. We note that the functioning of the regulation mechanisms of statokinetic
stability in conditions of a lack of visual information on an unsteady platform creates an additional
deficit on the part of proprioceptive information, which plays a key role in reducing postural control
that is consistent with the results of other authors [47]. Based on our results, we can generalize that
proprioceptive afferentation makes much larger corrections to statokinetic stability and integrative
processes of regulation than the visual sensory system.

Thus, the indicators of stabilography, which reflect the process of maintaining statokinetic
stability under the condition of limited visual and proprioceptive information on steady and unsteady
platform, did not change proportionally. Some considerations for understanding the mechanism of
regulation are provided by our results and modern studies by other authors, which relate to
stabilographic indicators under conditions of FB and CE on a steady and unsteady platform. It has
been shown that in conditions of unsteady platform, when the reliability of proprioceptive information
coming from foot receptors is reduced and the efficiency of the integration of sensory systems in
neural networks of posture regulation is impaired [32], the speed and reliability of muscle reactions
decreases [33], the value of the visual sensory system increases significantly [35, 47, 48]. Whereas,
according to our results, the non-proportionality of the participation of the two sensory systems in the
mechanisms of statokinetic stability has been established. In conditions of unsteady platform and CE,
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statokinetic stability is the result of a greater contribution of proprioceptive information to regulation
mechanisms than visual afferentation.

The experimental material we received brings us closer to the understanding of the
mechanisms of regulation of statokinetic stability under conditions of additional load on postural
regulation caused by visual deprivation and unsteady platform. The results we obtained, in part,
contradict those researchers who speak in favour of the fact that changes in statokinetic stability
under changed conditions of visual afferentation can be explained quite simply. We believe that the
obtained results also require further experimental research and generalization.

Conclusions

1. Blocking of visual information significantly worsened statokinetic stability on both
steady and unsteady platform of the stabilograph. With the eyes closed, the KFR indicators
decreased, and the Length and AvgSpeed characteristics increased statistically significantly.

2. It was established that the limitation of visual afferentation exerted a noticeable
influence on the reduction of statokinetic stability in young men, both on steady and unsteady
platform. It was proved that changes in KFR on an unsteady platform with closed eyes were
statistically significantly higher than on a steady platform with artificial feedback.

3. The availability of visual information makes it possible to significantly improve the
statokinetic stability and reduce the tension of the regulatory mechanisms of the statokinetic
stability on the unsteady platform of the stabilograph.

4. The lack of visual information makes much smaller corrections in the integrative
processes of statokinetic stability regulation than proprioceptive afferentation.

5. The limitation of proprioceptive information makes much greater corrections in the
integrative processes of regulation of statokinetic stability than visual afferentation.

6. Simultaneous exclusion of visual afferentation and limitation of proprioceptive
information on an unsteady platform with closed eyes significantly impairs statokinetic stability and
leads to significant tension of postural regulation mechanisms.
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RELATIONSHIP BETWEEN THE GUT MICROBIOTA COMPOSITION
AND BODY MASS INDEX

The gut microbiome is a key topic for current research since it is known that intestinal microbiota
has a great metabolic potential and contains not only thousands of taxa of various bacteria, but also
microbes, viruses, archaea and, most importantly, more than three million genes, which makes it our
“second genome”. A wide amount of research proves that the gut microbiome contributes to the health of the
host. The function of the human intestinal microbiota involves the absorption of nutrients and the synthesis
of vitamins, energy harvesting from the food, immune response and reduction of the inflammatory process.
Human gut microbiome also takes part in lipid and glucose metabolism and production of short chain fatty
acids that may act as energy substrates. It also takes part in neural and hormonal energy regulation of the
body since hormone ghrelin, which is also known as the “hunger hormone” and acts as a stimulus for food
intake, fat deposition, and growth hormone secretion, is positively correlated with the genera Bacteroides
and Prevotella and negatively correlated with Lactobacillus, Bifidobacterium, Blautia coccoides, and
Eubacterium rectale. The short-chain fatty acids stimulate the secretion of glucagon-like peptide-1 (GLP 1).
GLP-1, in turn, stimulates the secretion of insulin and reduces appetite. It is also known that pre-, pro- and
synbiotics as well as fecal transplantation from normal weight individuals to obese individuals may
contribute to the obesity treatment. Still the precise mechanisms of gut microbiome regulation for further
weight correction have not yet been established. The purpose of our study was to establish the relationship
between the body mass index and the gut microbial composition in adults. Thus we conducted a literature
search with inclusion criteria of studies on adults only, the mandatory presence of at least two groups - one
with BMI < 25 (n>15), the other > 25 (n>15).

Most results found no differences in alpha diversity between groups. It has been shown that obesity
can affect beta diversity of microbes, as there are changes in bacterial taxa, as well as in the number of
microorganisms. In individuals with excess body weight or obesity the Firmicutes/Bacteroidetes ratio is
higher with more abundant Firmicutes, while Bacteroidetes are more abundant in normal weight
individuals. Firmicutes are believed to be efficient in harvesting energy and absorbing nutrients, making
food as accessible as possible and thus increasing the availability of calories consumed. People with a
normal weight are characterized by bacteria Flavonifractor plautii, Faecalibacterium prausnitzii,
Bacteroides faecichinchillae, Bacteroides thetaiotaomicron, Blautia wexlerae, Clostridium bolteae,
Flavonifractor plauti, Lachnospiraceae that are naturally found in people with a healthy profile. The amount
of Dorea, Blautia, Coprococcus, Subdoligranulum, Eubacterium ventriosum, Ruminococcus bromii,
Ruminococcus obeum, Streptococcus, Dialister was higher in obese or overweight individuals. The
difference in the microbial composition may be due to the gender. Further studies with a larger number of
samples and observation of weight changes in dynamics, taking into account dietary interventions, are
needed to understand the mechanism of the effect of bacteria on body mass index.

Key words. Gut microbiome and obesity, microbiota and weight, BMI and microbiome, microbiome
in disease, microbiota in obesity

Analysis of recent research and publications. The human gut microbiota has a great
metabolic potential and contains not only thousands of taxa of various bacteria, but also microbes,
viruses, archaea and, most importantly, more than three million genes [1-3]. Thus, the number of
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microbiota cells is approximately 10 times greater than the number of human cells, which makes the
microbiome a "second genome™ [4]. It is known that the microbial composition of a person is
formed at an early age and varies greatly in quality and quantity, as it is influenced by many factors,
such as the birth delivery method, diet, environment, antibiotics [5]. Normally, the components of
gut microbiota coexist in symbiotic and antagonistic relationships, ensuring the protective functions
of the host's organism. It was shown that the microbial composition of the large intestine can affect
health [6]. Dietary interventions have a significant impact on the microbial composition, which can
both strengthen the body's protective functions and weaken them [7]. The microbiota of the
gastrointestinal tract contributes to the absorbtion of nutrients and the vitamins synthesis [8-10]. In
addition, it is known about the correlation between the intestinal microbiota and the body's immune
response, as well as the reduction of inflammatory processes [11-13].

The gut microbiome is involved in the process of lipid and glucose metabolism, and can also
influence body weight by partially absorbing the amount of energy that an individual receives with food,
so the microbial composition of the gut is exceptional for maintaining a healthy weight [14]. Moreover
the gut microbial composition affects the athletic performance and endurance capabilities of athletes.
Also the human gut microbiome is able to produce short-chain fatty acids, namely acetate, butyrate,
propionate [15-17], which are known to be energy substrates necessary in endurance sports [18, 19].

What is more important, the results of numerous studies show that the use of pro-, pre- and
synbiotics can have a positive effect on body weight loss, reducing such anthropometric indicators
as body mass index, body weight and waist circumference [20-22]. In addition, the possibilities of
fecal transplantation from individuals with a BMI within the normal range to obese individuals is
being actively researched as a new method for treatment of obesity [23,24-26].

Despite the fact that the human gut microbiome is a key vector of modern research due to its
connection with the body's protective functions, relatively few scientific works are devoted to the
effect of the microbiome on the body mass index. Moreover, the precise mechanisms of gut
microbiome regulation for further weight correction have not yet been established.

The purpose of our study is to establish the relationship between the body mass index and
the gut microbial composition in adults.

Methods. The literature search was conducted using the keywords "gut microbiome™,
"intestinal microbiome™, "gut microbiota and weight”, "microbiota and obesity"”, "influence of the
microbiome on body mass index" in the following databases: Medline (PubMed), Scopus
(Elsevier), Google Scholar, Plos One. Data analysis was carried out in accordance with
recommendations for conducting meta-analyses [27]. The criteria for inclusion in the analysis were
studies on adults only, the mandatory presence of at least two groups - one with BMI < 25 (n>15),
the other > 25 (n>15). Thus, after excluding studies that do not meet the specified criteria, we
selected 6 scientific works for analysis (Table 1).

Introduction. The human brain can influence energy balance through neural and hormonal
signals through a special channel called “the gut-brain axis”. Such signals mainly come from the
gastrointestinal tract [28]. Moreover, the results of scientific works confirm that the gut microbial
composition takes a direct part in such signals. The hormone ghrelin, which is also known as the
“hunger hormone” and acts as a stimulus for food intake, fat deposition, and growth hormone secretion,
is positively correlated with the genera Bacteroides and Prevotella and negatively correlated with
Lactobacillus, Bifidobacterium, Blautia coccoides, and Eubacterium rectale [ 29,30]. The intestinal
microbiota is also a producer of short-chain fatty acids, mainly acetate, butyrate and propionate,
produced by the cells of the intestinal mucosa, which stimulate the secretion of glucagon-like peptide-1
(GLP 1). GLP-1, in turn, stimulates the secretion of insulin and reduces appetite. This process includes
secondary bile acids, which are formed during the fermentation of bile acids by the microbiota and
participate in the use of energy and the synthesis of GLP-1 [31-33].

Thus, we can state, and our statement has also been proved by the results of numerous
researches, that the intestinal microbiota composition in individuals with a body mass index within the
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normal range and people with excess weight or obesity differs both quantitatively and qualitatively [34].
The first such studies were conducted on mice, and it was shown that animals with normal weight had a
greater microbiome diversity, with greater number of Bacteroidetes compared to Firmicutes [35].

Intestinal microbiota and the link to BMI. Companys et al. in their study compared
obese/overweight people to those with a normal BMI. It was found that the ratio of Firmicutes to
Bacteroidetes was higher in the first group. Firmicutes are believed to be efficient in harvesting
energy and absorbing nutrients, making food as available as possible and thus increasing the
availability of calories consumed. It was also shown that the first group had a greater diversity of
the microbiome, while the second was characterized by a greater abundance (ie, a greater number of
bacteria). In the first group, bacteria that are producers of short-chain fatty acids, namely
Faecalibacterium prausnitzii, Lachnospiraceae, especially Roseburia and Lachnospira, which are
significantly more prevalent in people with normal body weight, were less represented.
Interestingly, bacteria which belong to the phylum Firmicutes in overweight and obese individuals
were mainly substituted by others also belonging to Firmicutes, namely Dorea, Blautia,
Coprococcus, Subdoligranulum. Collinsella aerofaciens and Bifidobacterium, which are producers
of propionate and acetate, also prevailed in the first group. Acetate, in turn, stimulates the synthesis
of fatty acids [34]. In a study of a Japanese population, Kasai et al. concluded that the gut
microbial composition has a correlation with both obesity and normal body weight. In this study,
patterns of positive correlation with various bacteria were revealed. In the group of obese
individuals, Blautia hydrogenotorophica, Coprococcus catus, Eubacterium ventriosum,
Ruminococcus bromii, Ruminococcus obeum prevailed, while the gut microbiome of normal weight
individuals was characterized by Bacteroides faecichinchillae, Bacteroides thetaiotaomicron,
Blautia wexlerae, Clostridium bolteae, Flavonifractor plautii. Obese individuals showed a greater
diversity of microbial composition, a higher ratio of Firmicutes/Bacteroides, but less Bacteroides,
which was also confirmed by other researches [36].

Gallé et al. have found that the genus Streptococcus, as well as Dialister and Dorea, prevailed
in obese individuals. Interestingly, Dialister and Dorea are also more abundant in individuals with a
low activity level. No difference was found in the biodiversity and Firmicutes/Bacteroides ratio, but
this finding is probably due to the the result of a small sample [37].

Borgo et al., have observed that obesity and excess body weight may be predicted by the
presence of certain bacterial taxa. There are special bacteria markers, especially those producing short-
chain fatty acids (i.e., butyrate, propionate etc), the presence of which can be considered as an indicator
of reduced risks of inflammation. The authors declared Flavonifractor plautii and Faecalibacterium
prausnitzii to be such indicators, which according to the results of the study significantly prevailed in
people with normal body weight and are less represented in overweight or obese people [38].

Assmann et al., in a recent study also found no differences in the alpha-diversity of the gut
microbiome between a group of normal weight individuals and another group with overweight or
obese participants. Interestingly, the differences in beta-diversity were found. These results confirm
the possible influence of obesity on changes in taxa and in the number of bacteria [39].

Hato et al. conducted research and investigated the relationship between the gut microbiome,
body mass index and gender. The authors found no differences in alpha diversity between men and
women which correlates with previous research. However, when dividing the participants into
three groups according to body mass index (13 men and 13 women with BMI < 30; 13 men and 10
women with BMI > 30 - < 33; and 13 men and 13 women with BMI > 33) it was shown that men in
the second group had a higher ratio of Firmicutes/Bacteriodetes, but in the third group this ratio was
lower in men than in women. Interestingly, the level of Bacteroidetes remained stable in women
with higher body mass index, while in men this level decreased with increasing BMI. Also, in the
first group, Bifidobacterium adolescentis, Oxalobacter formigenes, Eubacterium biforme prevailed
in men of the first group, while the level of these bacteria was lower in women. No such differences
were found in the second and third groups [40].
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Table 1.
Link between intestinal microbiota and body mass index
Authors, Participants Results Source
year of
publication
Companys | First group of| The first group had a higher ratio of|{34
etal.,, 2021 |individuals with BMI* | Firmicutes/Bacteroidetes, and also contained
> 25 1 <35 (n=96).|Dorea, Blautia, Coprococcus, Subdoligranulum.
Second group with BMI|Second group had a higher number of
<25 (n=32) Faecalibacterium prausnitzii, Lachnospiraceae,
especially Roseburia i Lachnospira.
Kasai et.al, |First group of| Second group had a greater diversity of bacteria, a| 36
2015 individuals with BMI < | higher ratio of Firmicutes/Bacteroidetes and less
20 (n=23). Second| presented Bacteroidetes, Blautia
group with BMI > 25| hydrogenotorophica, Coprococcus catus,
(n=23) Eubacterium ventriosum, Ruminococcus bromii,
Ruminococcus obeum were present. The first
group was dominated by Bacteroides faecichillae,
Bacteroides thetaiotaomicron, Blautia wexlerae,
Clostridium bolteae, Flavonifractor plauti.
Galle et al., | Students (n=140), the| The genus Streptococcus, as well as Dialister and| 37
2020 first group with BMI <|Dorea, predominated in obese individuals. No
25 (n=113), second|difference was found in biodiversity.
group with BMI > 25
(n=27)
Borgoetal., | First group of| Flavonifractor plautii and Faecalibacterium| 38
2018 individuals with BMI < | prausnitzii were more abundant in the first group
25 (n=20). Second|and less represented in the second group.
group with BMI > 30
(n=20)
Assmann et | First group of | No differences were found in alpha-diversity, but| 39
al., 2020 individuals with BMI > | distinct features were found in beta-diversity due
30 - < 40; (n=78).|to the effect of obesity on changes in taxa and
Second group with BMI | bacterial abundance
<25 (n=25)
Haro et al., |75 individuals divided|Men in the second group had a higher ratio of|40
2016 into 3 groups according | Firmicutes/Bacteriodetes, but in the third group

to the BMI: 13 men and
13 women with BMI <
30; 13 men and 10
women with BMI >30 -
< 33; and 13 men and
13 women with BMI >
33

this ratio was lower in men than in women. The
level of Bacteroidetes remained unchanged in
women with increasing BMI, while in men this
level decreased with increasing BMI. In the first
group, Bifidobacterium adolescentis,
Oxalobacter  formigenes, and Eubacterium
biforme prevailed in men of the first group, while
the level of these bacteria was lower in women.
No such differences were found in the second and
third groups.

*BMI - body mass index calculated by the formula::
BMI = body mass (kg)/height (m)?2

49




ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

Conclusions. To the best of our knowledge, the gut microbial composition may have
positive correlation with the body mass index. Even though most scientific works have not found
differences in alpha diversity, it has been shown that obesity can affect beta diversity of microbes,
as there are changes in bacterial taxa, as well as in the number of microorganisms. In addition, in
people with excess body weight or obesity, the ratio of Firmicutes to Bacteroidetes is higher and
Firmicutes predominate, while Bacteroidetes are considered to be the characteristic feature of the
gut microbial composition of people with a normal weight. The increased number of Firmicutes in
overweight and obese individuals is quite logical since Firmicutes are believed to be efficient in
harvesting energy and absorbing nutrients, making food as accessible as possible and thus
increasing the availability of calories consumed. People with a normal weight are characterized by
bacteria that are naturally found in people with a healthy profile, namely Flavonifractor plautii,
Faecalibacterium prausnitzii, Bacteroides faecichinchillae, Bacteroides thetaiotaomicron, Blautia
wexlerae, Clostridium bolteae, Flavonifractor plauti, Lachnospiraceae. Dorea, Blautia,
Coprococcus, Subdoligranulum, Eubacterium ventriosum, Ruminococcus bromii, Ruminococcus
obeum, Streptococcus, Dialister predominate in obese or overweight individuals. It was also found
that the difference in the microbial composition may be due to the gender of the individuals. Further
studies with a larger number of samples and observation of weight changes in dynamics, taking into
account dietary interventions, are needed to understand the mechanism of the effect of bacteria on
body mass index.
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MIKPOBIOM TOBCTOI KMIIKHU ITPU PI3HUX BUJTAX XAPUYBAHHSA

Mema pobomu — susuumu MikpoboM MOBCMOL KUWIKY 30 AHATIZAMU KATLY NPU PI3HUX 6U0AX XAPUYBAHHSL.
Memoodu docnidocenv — Mema-ananiz HAyKo802o MAmepiary 3 HAYKO8UX 6a3 iHmepHem-oxcepei, npoGeoeHHs
docnidvicennsi ananizy kany sa pesyromamamu IIJIP-mecmy «MIKPOBIOM/METABOJII3My y ocib, sxi
NPAKmMuKy8anu pisHi UOU Xapuy8anHs, d MAaK0’C NPU 20100VEAHHI.

Y mawomy oocnioscenni sussneno, wo nepexio 6i0 8ceioHocmi 00 B8e2emapiaHcbKo20 payioHy
BUKIUKAE 30ITbULEHHS, A NePeXio NIC/SL Yb020 HA CUPOIOIHHA — 00 HOPMANIZaYil 3a2aibHOi Macu MIKpobiomu.
Becemapianceka ma cupoiona ixca cnpusawoms 3aceyienHio MIKpoOIoMy KUWEYHUKA KOPUCHOI baxmepiero
Akkermansia muciniphila. Ha eecemapiancmsi xinvkicmo 6axmepiii Prevotella spp. 30inbutyemocs, ane
3AMUUAEMbCA 8 MeXCax HOPMU, WO B6KA3VE HA BIHCUBAHHA NPOOYKMIE 3 8Y2lles00amMu ma Xapyosumu
sonoxumua. Iepexio na cupoioinmns kinokicms yux baxmepitl ne smintoe. Bakmepii Methanobrevibacter smithii
Ooynu eiocymuimu npu 6ceidinHi ma npu ee2emapiancmei, a nio 4ac cupoiOiHHs 3 SUISIIOMbCS, WO MONCHA
NOACHUMU UM, WO BUHUKAE HEOOXIOHICb YMUNIZY8amu 800eHb, KULL € NOOIYHUM NPOOYKIMOM OPOOTHHSL.

Ilpu nepexodi na eecemapiancmeo ma Ha cupoioinHs OOCMOBIPHO 3pPOCIA KIIbKICMb KOPUCHUX
baxmepiii pooie — Lactobacillus spp., Bifidobacterium spp. ma Eubacterium rectale. I'onodysanus (60
200UH) Npu3800UmMb 00 3MeHWeHHs 3a2anvbHoi baxmepianrbnoi macu. Kinvkicms xopucnux oOaxmepii.
Lactobacillus spp. sHuzunace 0o HudicHvoi mexci Hopmu, Eubacterium rectale (npodykyroms Oymupam)
smeHwunace y 1000 pasie i caeuyna HudcHboi medxci Hopmu, Bacteroides spp. 30invwunace y 12,5 pasis,
NOPIBHAHO i3 8ceidinHAM. Buo xapuysanns eniusae Ha ck1ao MikpOioMy moscmoi KUKu.

Kuwouosi  cnosa: mikpobom  KuwiewHuxka, mo8CmMa KUWKA, 6UOU XAP4YBAHHs, BCEiOiHHs,
8e2emapiancmeo, cupoidinHts, 20100y8anHs, baxmepiaibHa maca.

IToctanoBka mpoOJiemMu. TpaBHa cUCTEMa JIIOJCHKOTO OPraHi3My € JOCUTh CKJIaJHUM
YTBOPEHHSM, B SIKOMY 3HAaYHE MICI€ HaJeKUTh MIKpOOIOTi, IO BIUIMBAE, K Ha (DYHKI[IOHYBAHHS
TPaBHOI CUCTEMHU, TaK 1 HA OPraHi3M B LUIOMY. MIKpoOiOM — 11e JOCUThH PI3HOMAHITHE YIrPYIyBaHHS
PI3HUX )KMBHUX OpraHi3miB: OakTepiii, apxei, rpuodiB, HAUMPOCTIHKX 1 BipyciB (10 39 TpuibiioHiB, 3a
JNEIKMMH JTaHUMH — B TOBCTIM kummi — 38 kBiHTUIbHOHIB) [1]. HaliOimemuM 3a BUIOBUM
PI3BHOMAHITTSM € MIKpOOOM KHIlleuyHuKa [2, 3].

B XXI cr. B OloMeauuHiii Hayli CyTTEBO 3poJia KUIBKICTh HAyKOBHUX JIOCIHIIKECHb,
NPUCBAYCHUX BUBYEHHIO CKIaAy, (QYHKIIOHYBAaHHIO MIKPOOIOTH, a TakoX — 3B’A3KIB MIDK
MiKp0o0OiOMOM KHUIIIEYHUKA Ta rocrnogapem [4, 5].

Mikpo6ioM y pi3HUX JroAed € JOCUTh IHAUBIAYyaJlbHUM. MIKpoOIiOM CKIQJaeTbes K 3
KOPHUCHHUX, TaK 1 MaTOT€HHUX MIKPOOPraHi3MiB. 3a MEBHUX YMOB JIesIKi BUJM KOPUCHUX OakTepiii
3/1aTH1 CTaBaTH ILIKI[UIMBUMH, iXHs KUIBKICTh PI3KO 3pocTae, abo 1i OakTepii NOTparsioTh B iHINE
Mmiciie opradizmy. KopucHi 6akrepii 37aTHI BUpOOISATH OUTKH, MOMAIOHI A0 TOPMOHIB TOJOAY Ta
HacCHYeHHs, OepyThb YYacTh Y IEPETPaBICHHI Ta TMOTJIMHAHHI MOKMBHUX DPEYOBHH, MPOTHAIIOTH
MIKUTMBUM OakTepisiM. € JaHi HAyKOBUX JOCIIDKEHb MPO Te, M0 OakTepii KepyroTh MOBEAIHKOIO
JIIO/IMHH, 11 XapuoBUMH noTpedamu i nepeBaramu [1, 2].
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JlocmipkenHss MiKpoOioMy JIIOJUHH, 30KpeMa, MIKpOOIOMY KHILIEYHHKA JIIOIUHH, JTOCUTbH
JaieKi BiJ 3aBEpIICHHS, TOMY TeMa € HaJ3BUYaliHO aKTyaJIbHOIO. Maslo BUBUEHUMH € TIUTAHHS, SKi
CTOCYIOTBCSI 0COOTIMBOCTEH MIKPOOIOMY TOBCTOI KUIIKU MPU PI3HUX BHJAX XapuyBaHHs, a TUM Iade
I1J] 9ac HEINIHHS — rOJIOyBaHHSI.

PoGoTa BHMKOHaHA BIiAMOBIAHO 10 IUIaHY HAYKOBO-IOCHIMHUX pOOIT Kadeapu Memmko-
OiostoriyaMx aucuuIuTie HamioHampHOTO yHIBEpCHTETY (Di3MYHOTO BHUXOBAHHS 1 CHOPTY YKpaiHH
«BrMB €HJOTeHHUX Ta €K30TeHHHMX (DakTOpiB Ha mepelir aganTaliifHUX peakiiid OpraHizmMy 10
(GI3MYHUX HABaHTAXXCHB Pi3HOIT IHTEHCUBHOCTI» (Ne nepkaBHOi peectpartii 012U108187).

AHanti3 ocTaHHIX AociaizkeHb i myOaikauid. HoBi HaykoBi HOCTiKEeHHS MIKpoOioMy
CCaBI[IB, y TOMY YMCJIi, JIIOJUHHU TOKa3aJIy, 1110 MIKpoOioM Oepe ydacTh y nepediry (pi3ioJoriyHuX
MPOIIECIB, KUTTEBO BAXKIMBUX I 3J0POB’Sl TOCTHOMAAps, IO BKIIOYAE TOMEOCTa3, MeTaboIIi3M,
aZieKkBaTHE (DYHKIIOHYBAHHSI EIITEJNII0 KHILIOK, IMYHOJIOTTYHY aKTHUBHICTh 1 HEMPONOBEIIHKOBUMI
po3BUTOK [6]. Sk BUABWIOCH, MIKPOOHHWH TEHOM HaJa€ METa0OIYHI MOKJIUBOCTI, MIO
MEPEBUINYIOTh 3/aTHICTh OpraHi3My ToOCHojapsi, TOMY MIKpOOIOM KHIIOK pO3IJISAIOTh SIK
aKTUBHOTO y4yacHHKa (i3ionorii rocnojapst [7]. 3MiHM B IUIyHKOBO-KHIIKOBOMY MIKpOOiOMi
MIPOBOKYIOTh 3aXBOPIOBAaHHS y JIFOJIEH 1 TBapWH, Taki, SK: 3amajbHiI 3aXBOPIOBAHHS KHIIECYHUKA,
acTMa, OXHUPIHHS, IYKPOBUH mia0eT, MEeTaOOIYHUNA CHHAPOM, CEPIIEBO-CYJIMHHI 3aXBOPIOBAHHS,
IMYHOOIIOCEPEIKOBaHI CTaHW Ta 3aXBOPIOBAHHS HEPBOBOI CUCTEMH, Y TOMY YHCII, ayTu3Mm [8, 9,
10]. SIkicHuit Ta KUTbKICHHHN CKIa MIKpOOiOMY, 110 3aKIaa€ThCS 3 JUTHHCTBA MA€ MPOJIOHTOBAHHIA
BIIUB Ha MaifOyTHe 310poB’st moaunu [11, 12, 13].

Mikpo0ioM MOMIMPEHUH B OpraHiaMi HEpPIBHOMIPHO. Po3pi3HAIOTH MIKpOOIOM MIKIpH,
MOPOXKHUHU POTa, JUXAIbHHUX IIJISAXIB, YPOTEHITAIbHOIO TPAaKTy Ta KuileyHuka. KoxeH Takuii
MIKpOOIOM XapaKTEePU3YETHCS CBOEIO Tomorpadieio 1 BUAOBUM CKJIAJ0M, KUTBKICTIO MPEICTABHUKIB
pizuux BuAiB. HaiOuibiuii MikpoOoM — 11e MikpoOoM Kuieynuka [8].

Mikpo0ioM KHIIIEUHHUKA 3MIHCHIOE BaxUIHBI (DYHKINT: migBHInye (aroluTapHy aKTHBHICTH
Makpodaris, JEHUKOIUTIB, CTUMYITIOE€ CHHTE3 IgA; 3a0e3neuye MOPOKHUHHE TPABJICHHSI, TTOCHITIOE
MEPUCTATBTUKY KHUIIOK; CTUMYJIIOE€ aKTHUBHICTh TPaBHUX (PEPMEHTIB; MPOIYKYE TOPMOHOTOIIOHI
PEYOBHHU; HOPMAJIi3y€ CTaH CIIM30BOi OOOJIOHKM KHIIIEYHWKA;, Oepe y4dacTh B OOMiHI Oararbox
pEYOBHMH; CHHTE3ye pi3Hi Bitramiau: Ttpynu B, K Ta iH.; BusIBIsf€e aHTUMyTareHHy 1
aHTUKaHIIEpOreHHy faito [14, 15, 16].

JocmimkenHs MiIKpoOioMy KUIIIEYHUKA aKTHBHO MPOBOAATHCS OCTAaHHIMHU poKamMu. 3po0JIeHO
LTy HU3KY BiIKpHUTTIB. Tak, BUeHI BUSABHIM OaraTo HOBHX BHUJIB OakTepiid y MIKpoOiOMi TOHKOI
KHUIIIKH, TOBCTOT KUIIKK Ta Kaiy [17, 18].

Bueni 3a3Ha4ar0Th, 1110 JIl€Ta Ma€ 3HAYHHUN BIUTMB Ha CKJIaJ Ta QYHKIIIF0 MIKpOOIOMY TOBCTOL
kuikyu. Hampukian, BXKUBaHHS PI3HOMAHITHUX BOJIOKOH Ta MPEOIOTUKIB CHPHUSE POCTY KOPUCHUX
OakTepiii, TO/i sK Ji€Ta, 6arata Ha >KUPH Ta IYKPH, MOKE CIIPUSITH 3POCTAHHIO MIKIUIMBUX OaKTEpiil.

HayxkoBiii 3asBIs10Th, 10 3MIHH Y CKJIaJ(i MiKpoOioMa Kaly MOKYTh BKa3yBaTH Ha HasBHICTh
paxy kuiieyHuka abo pearyBatu Ha neBHi Jiku [17, 19].

Mikpo6ioM TOBCTOI KHIIKHA MOKE MaTH BIUIHB Ha BariTHiCTh Ta po3BUTOK mwioay [20].
Mikpo06ioM TOBCTOT KHMIIIKH Ma€ BIKOB1 BIZIMIHHOCTI.

Jleski OakTepii € KOPUCHUMH JUId 3aroOiraHHs 3alajlbHUX 3aXBOPIOBaHb. 3MIHM B CKIaJl
MIKpOOIOMY MOXYTh MOCHJIIOBATH PU3UKU PO3BUTKY 3alajbHUX 3aXBOPIOBaHb KUIIEYHHUKA, TAKUX
K XpOHIYHUH Kojir Ta xBopoOa Kpona. 310poBuii MIKpoOiOM KHIIEYHHKA MOXKE CHPHUSATH
noBroitTio [21].

Brnue Bumy xapuyBaHHA Ha MIKpOOOM JIIOJMHM € JIOCUTH IIKaBUM, ajie Majo BUBYEHUM
NUTaHHAM. € OKpemi HayKoB1 poOOTH, sIKi HOTO BHUCBITIIOIOTH JIMIIE MEBHOIO Miporo. AHamI3
HAyKOBOT JIITEPAaTypH 3 IbOTO MUTAHHS MOKa3ye, 10 BUJ XapuyBaHHS 3a DKEI0 Ma€ BEJIMKHI BIUIMB
Ha cKkiaj Ta QyHKHil Mikpobiomy. Pi3Hi JieTH, Taki sK BererapiaHchka, BYIJIeBOJHA abo OiIKOBa,
MOXYTh BIUIMBATH Ha pPI3HOMaHITHICTH OakTepii y MikpoOiomi. CHOXHMBaHHS M’sica MOXKe
BIUIMBATU HA CKJIAJ 1 PI3HOMAaHITHICTh MIKpOOIOMY KUIIEYHHKA. J[esKi TOCHiIKEHHS MOKa3ylOTh,
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IO CIIOKMBAaHHS M’sica MOXeE 3MIHUTH CKJaJ MiKpoOioMy TOHKOi Ta TOBCTOi KHIIOK, 30Kpema
30UTBIINTH KUTBKICTh OakTepiid, sKi MeTabomi3yroTh xupH. [lokazaHO, IO CHOXHMBAaHHS PI3HOTO
M’sica MOK€ BIUIMHYTH Ha pi3HI BuaM Oakrepiil. Tak, CIOXMBaHHS YEpBOHOTO M’sica MOXKeE
30UTPIINTH KUTBKICTh OakTepiit poay Bilophila, a Takox Moke 3MIHUTH BMICT KOPHCHHUX OakTepii,
takux sk Bifidobacterium Ta Lactobacillus. B Toii jke yac BIUTUB CIIOKMBAaHHS M’sica Ha MIKpOOioM
KHIIIOK MOYKE 3aJIe)KaTH TaKOXK Bifl CIIOcOo0y MpUroTyBaHHs [22].

€ nochimKeHHs, SKi MOKa3ylTh BIIMIHHOCTI Y MIKpOOIOMi KHIIIOK BET€TapiaHIliB Ta M’ SCOIIIB: Y
BereTapiaHiliB Moke OyTr OiTbIlIa PI3HOMAHITHICTH OaKTepii y KUIIEYHUKY Ta IHIINX MIKpPOOPTaHi3Max.

Bererapianni MaroTh Outblly KUTBKICTH  OakTepii, $Ki BHpPOOJISAIOTH Oyrupar —
KOPOTKOJIAHIIIOTOBY JKUPHY KHUCIIOTY, SIKa € BXKJIMBOIO JUIS 3I0POB’ Sl KHIIIEYHUKA.

Bueni pociipkyBaiii TakoX BIUIMB KOQeiHy Ha MeTaboni3M OakTepil y KHIIEYHHUKY.
[TokazaHo, 110 111 peyoBHHA 3MiHIOE QYHKI[IT OakTepii Ta mpoaykuiro meradouiTiB. Kodein moxe
BIUIMBAaTH HA TPOHUKHICTh CTIHKM KHWIIOK, IO JI0O3BOJISIE PEYOBHMHAM Ta MIKpOOpraHizMaM
MIPOHUKATH KPi3b KUILIKOBY 0ap’€pHY (YHKILIIO.

€ oxpemi HayKOBI JOCIIKEHHS, 10 BHUBYAIM BIUIMB TOJIOAYBaHHS Ha MIKpOOOM
KAIIeYHUKa. ['0J0yBaHHSI — 1€ CTaH, KOJH JIFOJHA THMYAaCOBO TPHUITHHSE CHOXHUBAHHS TKi, i
yac 4yOro OpraHisM MepexoJuTh Ha PE3EpBHI JKepesia eHeprii 1 CUIbHO PO3KJaJae BHYTPILIHI
3armacu, Takxl siK )KHpH.

Buennmu BUSIBIEHO, IO TOJIOMYyBaHHS BIUIMBAE HA SKICHUN Ta KUIBKICHUM CKJaa OakTepii
KUIIOK. ['onoayBaHHS MOXe 30UTBLIMTH AKTUBHICTh IMYHHUX KIJIITHH, IIO PETyJIIOIOTh BHUAOBE
PI3HOMAHITTS OaKTepii y KUIICUYHUKY.

OcHOBHI 3arajbHi TEHICHI[II TP TOJI0TyBaHHI TaKi: i 9ac rOJO0yBaHHS CIIOCTEPIrac€ThCs
3MEHIIIEHHS KUTBKOCT1 OaKTepil, K1 pO3KJIalaloTh KIITHHHY Macy, Takux sk Ruminococcus spp. Ta
Bacteroides spp. lle moB’s3aHO 31 3MEHIICHHSM JOCTYITHOCTI KIIITHHHOI Macu SK JpKepena
noxuBHUX pedoBuH [11, 16, 23]. Tlig yac rosogyBaHHS CHOCTEPIra€ThCsl 30UTBIIEHHS KUTBKOCTI
OakTepiil, sSKi COpHsIOTh 30epekeHHI0 eHeprii, Takux sk Akkermansia muciniphila. I{i Gakrepii
3aTHI PO3KJIAJIaTH MYIHH, 10 € OCHOBHOIO CKJIQJOBOIO KJITHHHOTO IIIApy KHUIIOK, 1 BUPOOISTH
KOpucHI MeTabomitu. [omoayBaHHS MOXKE BIUIMBAaTH Ha CKjlIaa OakTepid, sKI IOB’s3aHi 3
3aMaIbHUMH  TIPOIIeCaMH. 30KpeMa, CIOCTePIra€ThbCsl 3MEHIICHHS KUIBKOCTI OakTepid, Mo
BUPOOJIAIOTh 3amnanbHi MeTabosith, Takux sk Escherichia coli. Ilix 4Wac ronomyBaHHS MOXe
3’SIBUTUCS OUIBINIE PI3HUX BUIIB OaKTEpiil, M0 MOXKe OyTH IMOB’SA3aHO 3 IMOJIMIICHHSIM 37I0POB’S.
l'omogyBaHHS MO’K€ BIUIMBAaTH Ha CHEPreTHYHUM OOMIH OpraHiaMy Ta Meraboii3M. Xoda IIi
pe3ynbTaTH € IIKaBUMHU, Ba)KJIMBO 3a3HAYUTH, IO JOCTI/DKEHHS B Taily3i MiKpoOioMa Kaiay Mpu
roJIOAYBaHHI BCE III€ TPUBAIOTh, 1 IIe MOTPIOHO OaraTo AOCIIHKEHb JJII TTOBHOTO PO3YMIHHS IHUX
MPOLIECIB Ta IX BIUIMBY Ha 3J0POB’sI MOaUHU [24, 25].

Jlesiki  IOCHIKEHHS TOKa3yloTh, IO KOPOTKOYACHE TOJIOJYBAaHHS MOXKE CIPHUATH
BITHOBJICHHIO T4 OHOBJICHHIO MIKp0OiOMY TICIi T'OJIOJIyBaHHs, OJHAaK TPUBAJE rOJOIYyBaHHS abo
HEJIOCTaTHS XapuyoBa pallioHai3alis MOXe CIPUYMHUTH HETaTUBHUM BIUIMB Ha MIKpoOioM
kumeynuka. Ciif 3a3Ha4uTH, 10 TAKUX JIOCHIIHDKEHb Hapa3i He I0CTaTHbO.

Meta po060TH — BUBYUTH MIKPOOOM TOBCTOT KHUIIIKHU 32 aHAJI3aMU Kally MPU PI3HUX BHUIAX
XapuyBaHHS.

Metoan pociigKeHb — MeTa-aHalli3 HAyKOBOTO Marepialy 3 HayKOBUX 0a3 IHTEpHeT-
mkepen — PubMed, Science Direct, Google Scholar 3a Takumu Ttepminamu: «MikpoOiom»,
«Mikpobiotay, «MikpoOioOM TOBCTOi KHIIKM JIIOJUHMY», «MikpoOiom Kamy», «MikpoOioMm B
OHTOTeHe31», «BrumB bki Ha MikpoOioM», «BmiuB mM’sica Ha MIKpoOOM KHIIIOK», «BIauB 0BOUiB Ta
GpyKTIB HAa MIKPOOOM KHUIIOK», «BIUIMB royioyBanHs Ha MIKpoOoM», «IIpoOioTukH Ta mpebioTHKI
1 MiKpOOOM JIFOJJMHU» T iH.

Kpurepisimu Bindopy crareit Oymu:

JTepaTypHi OIS Ta KIIHIYHI BUIPOOyBaHHS,

OTJISIU Ta OPUTiHANBHI JOCTIHKEHHS, 3p00JIeHi 3a ocTaHHi1 15 pokiB.
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B namomy nocnimkeHHi Opanu ygactb J0OPOBOJIBII YOJI0BIHOT cTaTi BikoMm 24-36 pOKiB.

JloCmiDKeHHST MPOBOJIMIIOCH 3TiMHO A0 MDKHAPOJHHX HOPM OIOGTHKM 1 3aKOHOJAaBCTBA
VYkpainu. Bcei ocobu, siki nmpuiiMany y4acTb B JOCIUDKEHHI OynM moiH(OpMOBaHI IMOAO IILJICH,
3ac00iB, CTPYKTYpH Ta MOCIIJIOBHOCTI MPOBEACHHS OCIIDKEHHS 1 HAIaIH 3TOTy.

Oco6u 3maBan Ha aHaii3 MikpoOiotn kan B mMenuuHiii madopartopii DIAGEN wm. Kuega.
[IpoBojmBCs  SKICHMM Ta  KUIBKICHMM — aHami3  kamy 3a  pesyiabraramu  [LJIP-tecty
«MIKPOBIOM/METABOJII3M».

MaremaTnuHa 00poOKa pe3ylbTaTiB JOCTIDKEHHS NPOBOAMIIACH 32 JOMOMOTOIO MaKeTa
nporpam Microsoft Office 2007 (MS Excel) ta mporpamu STATISTICA 6.0 3 BUKOpPHCTaHHIM
3arajqbHONMPUHHITUX METOIB BapialliiHOT CTATUCTUKHU.

Opranizanis gociiakeHHs. JlocipkeHHs TPOBOIMIOCH Y JIBa ETallH.

1. IlpoBoinau BU3HA4YEHHS MIKpOOiOMYy Kaily (TOBCTOI KHIIKH) HpHU PI3HUX BHIAX
XapuyBaHHA: 6 0Ci0, sIKi B )KHUTTI IPUTPUMYIOTHCSI BCEITHOTO paIlioHy, MEPEHIITH Ha BET€TapiaHCTBO
(BOpOJOBXK 3 THUXKHIB), MICIS 4OTrO Mepernuin Ha cupoigiHHs (BropoaoBxk 10 ai6). Lli ocobu Tpuui
3/1aBajiM KaJl Ha JOCIKEHHS MIKpoOioMYy (Ha BCEINiHHI, IiCIs BEreTapiaHcTBa 1 MICIs CUPOiAIHHS).

2. BuzHavanu BIUTMB TOJIOJYBaHHS Ha MIKpoOioM Kaiy (TOBCTOT KWIIKH): 4 0coOH, sKi
CIOKMBAIOTh PI3HY TKY — 1 POCIMHHY, 1 TBAPUHHY, TOJIOAYBAJINM BOPOAOBXK 60 roauH, (10 1 micis
rOJI0TyBaHHS 37aBaJId aHAII3H).

OTpumaHni pe3yabTaTH aHATI3YBAIN Ta ONMUCYBAIH 1 pOOHIIN BUCHOBKH.

VY Hamomy AochimkeHHI Opann ydacTh 6 0oci0, siki JOOpPOBUIAHO 3MIHIOBAJIM Pi3HI BUAH
xapuyBaHHA. [lJI1 TOBCSIKAEHHOTO JXHUTTS iM OyB XapakTepHHM BceimHwii parioH. Hamm Oymo
3alpoNOHOBAaHO 3MIHUTH BHJ XapuyyBaHHS Ha BEreTaplaHCbKUM, SAKUI BOHM MIPAKTHKYBaJIU
BIIPOJIOBK TPHOX THIKHIB.

Jlo BereTapiaHCbKOTO XapyoBOTO paIlioHy OyiaW BKJIIOYEHI Taki MTPOJIYKTH, SK: OBOYI,
bpykTH, X110 KUATHIA OE3apIKIKOBUMA, Kallll, BEreTapiaHChKi CyNmHu Ta OOpII, MEYUBO, KapTOILIA,
3pa3| 3 KammycTolo, Tpudu, Jai, kaBa, COKHU Ta iH.

[Ticns mepiomy BererapiaHCcTBa IOCHIKyBaHUM OyJI0 3alpONOHOBAHO TIEPEHTH Ha
BereTapiaHChKe CUPOIMIHHS, SIKE€ BKIIOYAJIO CIIOKHWBAHHSI: CHPUX OBOYIB, (PPYKTIB, TOPiXiB, HACIHHS,
oJTii XOJIOJHOTO BIKHMY, CYXO(MPYKTIB, COKIB, CMY3i 3 OBOUIB 1 (DPYKTIB, MPOPOIIECHE 3€pHO Ta
BoJU. BiBcsiHa, TpeyaHa Kpynu TepMIYHO HE 0OpOOJISIIUCH, iX 3aMOYyBalid y Terurid Boai. Ilepion
Takoro paiiony Tpusas — 10 mi0.

B HaykoBiii jiTepaTypi omucaHa JOCHTh Majla KUIbKICTh JOCJIIKEHb, SIKI BUCBITIIOIOTH
MMATAHHS CTaHy MIKpOOIOMY KHIIIOK IPU CUPOIMIHHI.

Jlesiki 3 TakKUX JOCTIKEHb TMOKA3YyIOTh, IO CHPOIMIHHS 3MIHIOE CKJIAJ] Ta PI3HOMAHITHICTh
MikpobOioMy kuimeyHuka. CHUpOImIHHS — [ TEepeBaXXHOI KUIBKOCTI JIOACH € CKIaJHUM
BUNPOOYBAHHIM JJISl 3J0POB’ S, OCKUIbKH HETPABUIBHHUM MiAXiJ A0 CHOKMBAHHSA TAaKUX MPOIYKTIB
MOX€ BHUKJIMKATH JCIUT MEBHUX IMOXKUBHUX PEUOBHMH: OUIKIB, 3ami3a, BiramiHiB Bi2 Ta D, mio
MO>K€ 3aIIKOJUTH 3/I0POB’I0 3arajioM.

Y Hamomy JOCHPKEHHI BUSBIEHO, L0 MEpexiJ BiA BCeiMHOCTI 0 BererapiaHCchbKOro
pallioHy BHKJIMKAae 30UTbIIEHHS 3arajibHOi OakTepiadbHOI MacH, a Mepexil Mmicis IbOro Ha
CHPOINIHHS — 10 HOpMaJTi3alii 3arajgbHOi Macu MikpoOioTu (Tabi. 1).

B namomy gocnipkeHH1 y 0ci0, sSiKi 3HAXOIWINCh HA BCEiTHOMY pallioHi, y 5 3 6 — He OyIo
BUsIBIIEHO mpeacTaBHUKIB BuAy Akkermansia muciniphila (tabn. 2). Sk Bimomo, 6aktepis IIbOTO
BUJYy pYHHYE CIM30BY OOOJIOHKY TOBCTOI KHIIKH, YUM CTHMYJIOE CEKpeLil0 MYLUHY, SKUN
CMOXKHMBAETHCSI KOPUCHUMU BUIaMU OakTepiil kumeyHuka [26].

3rinHo 10 HaykoBMX JaHMX, Akkermansia muciniphila cTBOproe B MikpoOiOTi TOBCTOI
KUIIKK CKJIaZHI MeTaloJIiuHI MepexpecHi B3aeMoJlil, 1 CyTTEBO BIUIMBAE Ha CKJIaJ MIKpoOiomMy
kumieyHuka. L{i MIKpoopraisMM MOXXYTh BUPOOJSATH E€KCTPALENIONSAPHI BE3UKYJH, PEryIIOBaTH
IMyHHI1 peakiiii Ta 3a0e3nedyBatu 6ap’epHy (QYHKIIFO KHIIEYHUKA. BUeHl Ta MEIUKH pO3IIISIAI0Th
nepcnekTBu BUkopuctanHs Akkermansia muciniphila sik HoBoro npo6iotuunoro npenapary [27].
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Tabmurs 1
PesynbpraTi nOCHKEHb Kaly Ha 3arajibHy OakTepiajabHy Macy MpH 3MiH1 XapuoBOTro paiioHy (Ha
BCEiiHHI, BereTapiaHcTBi, cupoininui) (N=6), (oa. BUMIpY — KOTIii/MI)

[loxa3Huku Pesynbrar PedepenTri 3HaueHHS
3aranpHa GakTepianpHa Maca | 3*10%2+2*10° 101t-10

Ha Beeinini (1)

3aranpHa GakTepianpHa Maca | 2*108%+7*10°( 101t-10

Ha BererapiaHncTsi (2)

3aranpHa GakrepianpHa Maca | 9%101+3*102(1, (][] 101t-10%

Ha cUpoininHi (3)

[Ipumitka: [| — cTaTMCTUYHA BIPOTIAHICTH BIIMIHHOCTEH HOpIBHSAHO 31 BceinHicTio (1),
p<0,05, (][] — craTUCTHYHA BIPOTIJHICTh BIIMIHHOCTEW CHPOINIHHS MOPIBHSHO 3 BEreTapiaHCTBOM,
p<0,05.

HayxoBi nocniakeHHs NOKa3yloTh, 110 3HIKEHHS piBHA A. muciniphila B mroacekomy
MIKp00Oi0M1 TOBCTOT KUIIIKA IIPOBOKYE PO3BUTOK OXKHUPIHHSA, IIYKPOBOTO JiabeTy, pi3HUX 3alalbHUX
MPOIIECIB Ta PO3JaiB MeTabomizmy [27, 28].

@axiBll CTBEPKYIOTh, IO MOMI(YEHONIH MOXYTh CHPHUATH MIJBULICHHIO KUIBKOCTI A.
muciniphila. [Tonidenonu MicTATbCS B YOPHOMY Ta 3€JI€HOMY 4YasX, BUHOTPaMl, KypaBiuHI, KaBi,
arneNnbCUHAaX, Tpeindpyrai, OTMBKOBIH 0J1ii, FIPKOMY IIOKOJIa 11, YepBOHOMY BHHI, JIOXHHI Ta YOPHHUIIL.

JlaHi HamMX MOCHIHKEHBb Y3TODKYIOTBCS 3 JIiTepaTypHUMH. Tak, y 0oci0, sSKi mepernuin 3
M’SICOITHOTO paIliOHy Ha BEreTapiaHChbKUM, 3 BEIMKOI KUIHKICTIO OBOYIB 1 (PPYKTIB, BHUSBUIHN
npucyTHICTh Ha3BaHoi Oakrepii Akkermansia muciniphila. Ilpu 3MiHi parioHy Xap4yyBaHHS Ha
cupoinauii piBeHb Oaktepii Akkermansia muciniphila B mikpoOioMi Kajy HE BHHIIOB 3a MEXi
pedepenTHUX 3HaUYEHB (TabI. 2).

Tabmums 2
Pesynbratu mocmimkeHs Kally Ha MIKpoO1OTY NP 3MiHI XapyoBOTO paiiony (n=5),
(ox. BUMipy — Komii/mi)

[TokazHuku PesynbTar PedepenTtHi 3HaUeHHS
Akkermansia muciniphila na He BHSBJICHO <10t

Beeiminni (1)

Akkermansia muciniphila na 10%0+3*103 < 10"

BererapiancTai (2)

Akkermansia muciniphila sa | 7*108+8*10°[] [ <10t

cupoiniai (3)

[Ipumirka: [1[] — cTraTUCTUYHA BIPOTIAHICTH BIAMIHHOCTEH CHpOiAiHHSA (3) MOPIBHSAHO 3
BererapiancTBoM (2), p<0,05.

OTxe, MOXXHa CTBEp/UKYBaTH, IO BereTapiaHchbka, TUM I1aye, CUpPOiqHA DKa CHpusie
3aceJIeHHIO MIKpoOioMy KUIIOK KopucHoto O6akrepieto Akkermansia muciniphila.

HasBhicts B ToBCTiM kummui Oaxtepii Buny Prevotella spp. cBiguuTh Nmpo HasBHICTH B
paIlioHi JIOAUHHU MPOAYKTIB, IO MICTATH BYTJIEBOAMU Ta XapyoBi BOJOKHA. BusiBIEHO, 110 mepexia
Ha BereTapiaHChbKUIl pallioH cripusie 30UIBIIEHHIO KUIBKOCTI IMX OaKTepii, Xoua 1 3aJMIIAEThCs B
Mexax HopMmu. [lomanbuiuit mepexia Ha CUPOINIHHS — HE 3MIHIOE TXHIO KUTBKICTb.

B kani gocmipkyBaHMX JrOJIell IpU BCEiIHHI Ta NpPU BEreTapiaHcTBl He OyJo BHSBIEHO
Methanobrevibacter, a mig yac cUpOifgiHHA 111 0akTepii 3 IBUIUCH (Ta0I. 3), 10 MOKHA TOSICHUTU
TUM, 10 BUHUKA€ HEOOXIAHICTh YTUIII3yBaTH BOJACHb, KWW BUAUISETbCS OakTepisMu OpOJIHHA B
SKOCTI MOOIYHOTO MPOIYKTY 1, IKUH € A1 HUX WIKIUTMBUM, JJISL TOTO, 100 MpoIiec nepeTpaBieHH
POCIMHHUX MOJIIYKpiB OyB €(heKTUBHUM.
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Tabmus 3
Pesynbratu qocnimpkeHs Kany Ha MIKpoOioTy y oci0
[IpH 3MiHI Xap4oBOro paitiony (N=6), (oa. BUMIpY — KOTIii/MJ1)
[loxa3Huku Pesynbrar PedepenTri 3HaueHHS
Methanobrevibacter smithii na | e BusBneno 10°- 10%
Beeininai (1)
Methanobrevibacter smithii na | e BusBneno 10°- 10%
BererapiancTsi (2)
Methanobrevibacter smithii na | 5*10° 10°- 10%
cupoinini (3)

Kinpkicte kopucHux Oakrtepiil poniB — Lactobacillus spp. ta Bifidobacterium spp. — npu
Mepexo/i Ha BEereTapiaHTCBO 3pociia MOHAJ HOPMY, a MPU CHPOIMIHHI TPOXH 3MEHIIWIACH, ale
3aJIMIINIIACH TIOHA/ HOPMY.

Kinpkicte kopucHux Oaxtepiii Eubacterium rectale mpu mepexoni Ha BereTapiaHcbKy DKy
3poctae B 10 pa3iB, micist CHPOIMIHHS HE 3MIHIOETHCS, TIOPIBHSHO 13 BET€TapIaHCTBOM.

BrnuB ronoayBanHs Ha MikpoOoMm kumieuHuka. JlociipkyBaHi HaMu ocoOH, siki Oynu Ha
BceiqHOMY pawioHi, a moTiM 60 TOJUH TOJIOAYBalIM IMOKa3aJld HACTYIHI pe3ylbTaTu. 3arajibHa
OakTepiayibHa Maca 3MEHIINJIAChk, aie He JocToBipHO. KinbkicTh OakTepiit Buay Lactobacillus spp.
3HM3WJIACH /10 HUKHBOI MEX1 HOPMH, ajie He Buiuia 3a Mexi. KiibkicTh KOpUCHUX OakTepidt BUAY
Bacteroides spp. 30utpmmnace y 12,5 pa3siB, MOpiBHSHO 13 BCEiAIHHSAM 1 BUHIIUIA 32 BEPXHIO MEXY
HOpMH.

Bakrepii Buny Eubacterium rectale mpoaykyroTs OyTupar. 3riqHO 10 HAYKOBUX JaHUX, iXHS
KUTBKICTh 3MEHINYETHCSI TPH BTOMI. Y HAIIOMYy BHMAJAKY ITICJISA TOJOMYBaHHSA KUIBKICTh JaHOT
OaxTepii 3Menmmuiack y 1000 pa3iB 1 cArHysIa HIXKHBOT MEKi HOPMHU.

[Ipob6rema moTpedye MomambIIuX IOCHTIKEHb, BIIMPAIIOBAaHHS CaMOi CXeMH JIOCIiKCHHSI,
30UTBIIIEHHST BUOIPKH JIJIsT OTPUMAaHHS OUTBII 3HAYYIIOT JOCTOBIPHOCTI.

BucHOBKM Ta mepcneKTHBH MOAAJBINUX PO3BiIoK. IIITyHKOBO-KUIIIKOBUN MIKpOOIOM —
1€ PI3HOMAHITHUA KOHCOPIIiyM OakTepi, apxe, rpuoOiB, HAUMIPOCTIMKX 1 BipyciB. MikpoOiom Gepe
y4acTh y HH311 (Pi3107I0TTYHUX MPOLIECIB, )KUTTEBO BAXKIMBUX IS 3J0POB’ s Tocmoaaps. MikpoOHuMii
Ir€HOM Hajae MeTaboIuHI MOJKJIMBOCTI, IO NMEPEBUIYIOTh 3/IaTHICTh OpPra”i3My Tocrojapsi, Io
pOOHUTH MIKPOOIOM KHIIIOK aKTUBHUM YYaCHHKOM HOTO (hi310J10TTii.

3MiHHM B IUTYHKOBO-KHIIIKOBOMY MIKpo0OiOMi TOB’si3aHi 13 3aXBOPIOBAHHSIMHU Yy JIIOJEH 1
TBApWH, BKJIIOYAIOYM 3alalibHl 3aXBOPIOBAHHS KHUIIEYHUKA, aCTMY, OXUPIHHSA, METa0OJIYHMIMA
CHUH/IPOM, CEpLIEBO-CYyJUHHI 3aXBOPIOBAHHSA, IMYHOOIIOCEPEIKOBAaHI CTaHM Ta 3aXBOPIOBAHHSA
HEPBOBOI CUCTEMH, TaKi SIK ayTH3M.

SIKicHU# Ta KUIBKICHUH CcKJIaJ MIKpOOIOMY B TUTHHCTBI 0arato B YoMy BU3HA4a€e MaiOyTHE
310poB’s MoanHU. KokeH NoIChKkuii Oprani3M HaceleHUH YHIKaIbHOK MIKPOOHOIO €KOCHCTEMO.

VY HamoMy [OCHIIPKEHH1 BHSBJICHO, IIO0 TMepexiJ BiJ BCEIAHOCTI J0 BereTapiaHChKOTO
paliony BHUKJIMKAae 30UIbIIEHHS 3arajbHOi OakTepialpHOI Macu, a mMepexia Mmicias IbOro Ha
CUPOINIHHS — 0 HOpMai3ailii 3arajJbHoi Macu MiKpOOIOTH.

Ha Bceininni He BusiBieHo Oakrepii Buay Akkermansia muciniphila, sika pyiiHye ciu3zoBy
00OJIOHKY KHIIEYHUKA, CTUMYJIOE CEKpEeIil0 MYLUHY, SKHH MpH IMepepoOli ciayrye ke s
KOpPUCHUX OakTepii KulleyHHKa. 3HWXKEHHS piBHA A. muciniphila B mroacbkoMy MikpoOioMi
NPU3BOJIUTHh JO PHU3UKIB OXUPIHHA, [ia0eTy, PpO3BUTKY 3amajlbHUX IPOLECIB Ta pO3JaaiB
MeTabonizmy. Y oci0, ski mepeimin 3 M SICOITHOrO palioHy Ha BereTapiaHChKHM, a MOTIM Ha
CUpOITHMI, B SIKOMY OyJHM NMPHUCYTHI OBOYl 1 ()PYKTH, BUSBWJIM MPUCYTHICTh Ha3BaHOI OakTepii.
Mo>kHa CTBepPKyBaTH, WO BereTapiaHchbka, TUM I[1ade, CHUPOiAHA DKa CHpUSE 3acCeICHHIO
MIKpOOiOMY KHIIIEUHUKA KOpucHOI0 O6akrepieto Akkermansia muciniphila.

Enreporun Prevotella spp. Bka3ye Ha BXMBaHHS 3/JI0pPOBOIO JIFOJMHOIO MPOJIYKTIB, y SKUX
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MIPEBAJTIOIOTH BYIJIEBOAM Ta XapuoBi BOJOKHA. Ilicns mepexody Ha BereTapiaHCTBO KUIBKICTh LUX
OakTepiii 30UTBIIYETHCS, aje 3aIMIIAEThCS B MeXax HOpMH. llicns mepexoay Ha CUpPOimiHHS —
KUIBKICTh HE 3MIHIOETHCS.

bakrepii Bumy Methanobrevibacter smithii Oymm BigCyTHIMH TpH BCEimiHHI Ta TpHU
BEreTapiaHCTBi, a Mix 4Yac cUpOimiHHA 3’suisitoThes. [losBy 1ux OaxTepiii Ha CHPOIMIHHI MOXKHA
MOSICHUTH THUM, 110 BUHUKA€ HEOOXIIHICTh YTWII3yBaTU BOJEHb, SIKUM BUIUIAETHCS OakTepisiMu
Opo/iHHA Yy $KOCTI WIKIJUIMBOIO MOOIYHOTO HpoAykTy. llpomec mneperpaBieHHs POCIMHHUX
MOJTIIIYKPIB CTAa€ OUTHIT €PESKTUBHUM.

[Ipu mepexo/i Ha BereTapiaHTCBO Ta HA CUPOIMIHHS JOCTOBIPHO 3pOCia KUIBKICTh KOPHUCHUX
Oakrepiit poaiB — Lactobacillus spp., Bifidobacterium spp. ta Eubacterium rectale.

lonongyBanus BhponoBk 60 TOAWH TNPHU3BOIUTH OO TEHJCHII 3MEHIIEHHS 3arajbHOI
OaxrepianbHoi Macu. Kinmbkicte Oakrepiil Buay Lactobacillus spp. 3HM3MIACh 1O HMKHBOI MEXI
HopMu. KinbkicTh KopucHux 6akrepiit Buny Bacteroides spp. 30uibmnnacs y 12,5 pa3iB, HOpIBHSAHO
13 BCEAIHHAM 1 BUIIILIA 32 BEPXHIO MEXY HOPMH.

Bbakrepii Buny Eubacterium rectale npoaykytoTs OyTupar. 3riIHO 10 HAyKOBUX JAaHUX, IXHS
KUIBKICTh 3MEHIIYETHCSI MPU BTOMI. Y HAIIOMYy BHUIAJAKY HIC/IS TOJOAYBaHHS KUIBKICTh JAHOI
6akrepii 3MeHmmiIack y 1000 paziB 1 cArHyiaa HUKHbOI MEX1 HOPMH.

Mikpo0ioM KHIIEYHHKA — 11€ PI3HOMAaHITHA Ta MPAKTHYHO HE BUBYEHA €KOCHCTEMA 3 JIyXkKe
CKJIaJIHUMHU O10JIOTTYHUMHU B3aeMoJiiMU. [lepcreKTUBOIO NOCHIIKEHb MIKPOOIOMY MpH PIZHUX
BHJIaX Xap4UyBaHHS € BUBUCHHS MEXaHI3MIB ITUX B3a€MO/IIH.
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Svitlana Babak, Kateryna Mal'ko THE MICROBIOME OF THE LARGE INTESTINE

UNDER VARIOUS DIETS

Introduction. The human digestive system is a complex structure where the microbiota plays a

significant role, influencing both the functioning of the digestive system and the overall organism. The
microbiome is a diverse community of various living organisms: bacteria, archaea, fungi, protozoa and

61


https://ua.iherb.com/blog/akkermansia-muciniphila-microbiome-benefits/1777?gclid=EAIaIQobChMIsorgs8DSgQMVuEGRBR3MtwSuEAAYASAAEgLDYfD_BwE&gclsrc=aw.ds
https://ua.iherb.com/blog/akkermansia-muciniphila-microbiome-benefits/1777?gclid=EAIaIQobChMIsorgs8DSgQMVuEGRBR3MtwSuEAAYASAAEgLDYfD_BwE&gclsrc=aw.ds
https://ua.iherb.com/blog/akkermansia-muciniphila-microbiome-benefits/1777?gclid=EAIaIQobChMIsorgs8DSgQMVuEGRBR3MtwSuEAAYASAAEgLDYfD_BwE&gclsrc=aw.ds

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

viruses. Research on the human gut microbiome is far from complete, making the topic extremely relevant.
Little is known about the specific characteristics of the large intestine microbiome under different dietary
patterns, especially during fasting.

The purpose of this study is to investigate the large intestine microbiome through fecal analysis
under various dietary patterns.

Methods: a meta-analysis of scientific literature on the research topic was conducted using scientific
databases of internet sources; a fecal analysis study was conducted using PCR test
"MICROBIOME/METABOLISM" results in individuals practicing different dietary patterns, as well as
during fasting.

Results. Dietary pattern and food intake affect the composition of the large intestine microbiota and
feces.

Our study found that transitioning from an omnivorous diet to a vegetarian diet resulted in an
increase in overall bacterial mass, while subsequent transition to a raw food diet led to the normalization of
overall microbiota mass.

Our study found that transitioning from an omnivorous diet to a vegetarian diet resulted in an
increase in overall bacterial mass, while subsequent transition to a raw food diet led to the normalization of
overall microbiota mass.

On an omnivorous diet, bacteria of the species Akkermansia muciniphila, which breaks down the
intestinal mucosal barrier and stimulates mucin secretion, serving as food for beneficial gut bacteria during
processing, were not detected. A reduction in the level of A. muciniphila in the human microbiome leads to
risks of obesity, diabetes, inflammatory processes, and metabolic disorders. Individuals who transitioned
from a carnivorous diet to a vegetarian one and then to a raw food diet rich in vegetables and fruits
exhibited the presence of the mentioned bacteria. It can be asserted that a vegetarian diet, especially a raw
food diet, facilitates the colonization of the gut microbiome with the beneficial bacterium Akkermansia
muciniphila.

The Prevotella spp. enterotype characterizes the consumption of foods rich in carbohydrates and
dietary fibers by a healthy individual. After transitioning to a vegetarian diet, the quantity of these bacteria
increases but remains within the normal range. After transitioning to a raw food diet, their quantity remains
unchanged.

The Methanobrevibacter smithii bacteria were absent in omnivorous and vegetarian diets but
emerged during a raw food diet. This emergence can be attributed to the need to utilize hydrogen, a harmful
byproduct produced by fermentative bacteria.

Upon transitioning to vegetarianism and a raw food diet, the quantity of beneficial bacteria genera
Lactobacillus spp., Bifidobacterium spp., and Eubacterium rectale significantly increased.

Prolonged fasting for 60 hours generally leads to a reduction in overall bacterial mass. The quantity
of Lactobacillus spp. bacteria decreased to the lower limit of the normal range. Conversely, the quantity of
beneficial Bacteroides spp. bacteria increased by 12.5 times compared to an omnivorous diet, surpassing
the upper limit of the normal range. Eubacterium rectale bacteria, which produce butyrate, tend to decrease
in number during periods of fatigue, as supported by scientific research. Our study found that fasting led to a
significant decrease in the number of these bacteria by 1000 times, reaching the lower limit of the normal
range.

Conclusions. The gut microbiome is a diverse and largely unexplored ecosystem characterized by
highly complex biological interactions. A promising research avenue in microbiome studies under various
dietary conditions lies in elucidating the mechanisms underlying these interactions.

Keywords: gut microbiome, large intestine, dietary patterns, omnivorous diet, vegetarian diet, raw
food diet, fasting, bacterial mass.
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BIKOBI 3MIHU MAKPO- I MIKPOLIUPKYJIAILII KPOBI 1] BILIMBOM
JAO30BAHOI'O ®I3NYHOI'O HABAHTAKEHHS 3AJIEXKHO BI/
CTYHEHS TPEHOBAHOCTI OPTAHI3ZMY

B cmammi posensdaiomvcs ocobausocmi 3min MAKpo- i MIKpOYUPKYIAYIL Kposi niciisi 00308aH020
hizuuno20 Hasanmadcicenns y ocio pizHoeo 6Ky I pisHoco cmynerss mpenosanocmi. Tlokazano, wo XxeuauHHuil
00'em KpoBi 6 cmami CNOKOIO Y CROPMCMEHIE € SUWUM, HIJC Y HEMPEHOBAHUX OCID, V 6CIX GIKOBUX ZPYNAX.
Iicna suxkonanusa 00308aH020 Di3UUHO20 HABAHMANCEHHA BEIUYUHA O3HAUEHO20 NAPAMEMpY 30iNbUlyEMbCS
Y BCIX BIKOBUX 2pYNAX, K Y HempeHOBAHUX CMYOeHmi8, maK i y CHOPMCMEHI8, HAUOLIbwul npupicm
8i03HAYAECMbCA )y CNOPMCMEHIB. 3POCMAHHA BeIUYUHU XEUIUHHO20 00'€My Kpo8i 0nocepedKo8yemucs y
CHOPMCMEHIE 30LIbULCHHAM CUCMONINHO20 00'eMy, wo Modxce ceiouumu npo Oilbul eKOHOMIUHY md
ehexmusny adanmayiro cepyedo-cyounHoi cucmemu 00 Gizuunoi pobomu. Benuwunu napamempis, sKi
BUHAYAIOMb  MIKPOYUPKYIAYIIO KPOBL, BU3HAUAOMbCsa pishem nep@ysii oounuyi o00'emy mxaununu 3a
00unuylo yacy. B binvwocmi éunaokis y 1oHaKie 3 OInbUUMU 8eTUYUHAMU NAPAMEMPA MIKPOYUPKYAAYIL npu
00308aHOMY  (DIBUUHOMY HABAHMANICEHHI CROCMEPIeAcmbCsl  NOKpAWjeHHs — epexmusHocmi — pecyasyii
KPOBOMOKY 30 PAXYHOK NEPEGANCAHHI AKMUBHUX MEXAHIZMIG pe2yaayii.

Knrouoei cnosa: 0ozo8ane izuune HABAHMANCEHHS, CEPYEBO-CYOUHHA CUCMEMA, MAKPOYUDKYIAYIs,
MIKPOYUPKYAAYIA; CIMYOeHmU,; CHOPICMEHU.

IlocTanoBka mpodeMu. AHATI3 OCTaHHIX d0cCJilKeHb i myOJaikamii. 3miHa QyHKIIN
CEPIICBO-CYJAMHHOT CHCTEMHM IIiJ] BIUIMBOM M'S30BOi IISJILHOCTI TMpUBEpTae yBary (i3ionoris,
MeIUKIB Ta (haxiBIliB y ramxy3i Gi3MYHOI KYJIbTYpH Ta CIIOPTY 1 € aKTyaJIbHUM MUTAHHSAM CY4acHOT
¢diziosoriunoi Hayku. HeoOxiaHICTh 3'icyBaHHS (Di310JIOTTYHUX 3aKOHOMIPHOCTEH BIUIMBY M’ SI30BOT
poOoTH Ha mapaMeTpH CUCTEMU KPOBOOOITY CTa€ Ba)KIIMBUM 3aBJIaHHSM HayKH, OCKUIbKHM Ha JaHUM
yac CIOPT Bce TIHOIIE MPOHUKAE B JKUTTS CTYAEHTCHKOI MOJIOAI, 1 NMEBHOK MIPOIO CIyTYe
aHTHCTPECOBUM (PaKTOpOM. 3aHATTSA (PI3UYHOIO KyJIbTYpOIO Ta CIOPTOM JYyXKe MOMYJSpHI 1 TOMY
aKTyaJlbHICTh TpO0JieMU BIUIMBY (DI3MUHUX BIpPaB HA OpPraHi3M MOJIOJII Ta CIIOPTCMEHIB 3 KOKHUM
pokowm 3poctae [1, 2].

BaxxnuBumu xapaktepucTHKaMu (GOpMyBaHHS peakilii CUCTeMH KpoBooOiry Ha ¢izuuHi
HABaHTAXXEHHS € SK OCOONMBOCTI MEXaHI3MIB perynsii IeHTpaibHOI T'e€MOJUHAMIKH, TaK 1
MIKPOLUPKYIISILIT KpOBl [lono ocTaHHBOI, TO HepI/ICI)epI/IIIHI/II/I KpOBOOOIr 3abe3neduye OCHOBY
HOPMAaJIbHOT KUTTEALIBHOCTI OpraHiB 1 CHCTEM, IOBHOLIHHE (YHKIIIOHYBaHHS KJIITHHHUX
CNICMEHTIB TPH PI3HOMAHITHUX BIUIMBAX HA OPraHi3M, y TOMYy 4HcCIi npu ¢izuuniii podorti [3].
BTim, BUBYEHHSI PEaKTHBHOCTI CUCTEMHU MIKPOLUPKYIALIT 32 YMOB M'SI30BOi AiSIIBHOCTI MOTpedye
SICHOTO PO3YMIHHS MEXaHI3MIB mepeOyIoB Yy BCIX JaHKaX MIKPOLMPKYIATOPHOTO pycia 1 Mae
3HAYeHHs HE TUIBKUM A (i3i0Jorii CHopTy 1 CIOPTUBHOI MEIUIMHHU, aje W Mae 3arajibHO-
¢izionoriunuit inTepec [4, 5].

HasBHi B mitepaTypi JaHi MO0 3MIHM HapaMeTpiB MIKPOLMPKYJALIl MOKa3yloTh, IO B
MpOIIeCi CIIOPTUBHOIO TPEHYBAHHS B1IOYBA€eThCs MeBHA MOpQo(dyHKIIOHATbHA Tlepedy10Ba BChOTO
MIKPOLMPKYIATOPHOTO pyciia, CIPsIMOBaHA Ha MIITPUMKY ONTHMAaJIbHOI OKCUT€HALlIl B CKEJIETHUX
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M’s13ax [6, 7]. 3a octanHi 10 pokiB BUKOpUCTaHHS JiazepHOi AoruiepiBebkoi prmoymerpii (JIAD) ms
OLIIHKA  MOHITOpPUMHTAa CTaHy  MIKPOIMPKY/IALii KPOBi 3HAYHO  PO3MIMPWIOCH SIK B
eKCTIIEpUMEHTAIbHUX, TaK 1 B KIiHIYHUX yMoBax [8]. [IpoTe, 3anumaerbess HUIMN psii HEBUPILIEHUX
npobisieM, siIKi OOyMOBIIOIOTH 3MIHM MIKPOLIMPKYJIAIIT KPOBi MMiJ BIUIMBOM pPI3HHUX 103 (pizmyHOL
pobotu [9, 10]. HasBHi y cy4acHiii jiteparypi JaHi CBiq4aTh HpPO BIICYTHICTh €IMHOI JTYMKH 1
OCTaTOYHOI 3’SICOBAaHOCTI MEXaHi3MiB, sIKi JIe)KaTh B OCHOBI CTPYKTYpHO-(YHKI[IOHATBHHUX 3MIH
Makpo- Ta MIKPOLMPKYISATOPHOTO pyClia ITicias BUKOHAHHsS (DI3MYHHMX BIpaB y OCi0 pi3HOTO BIKY
3aJIeKHO BiJ] CTYIEHS IXHBO1 TPEHOBAHOCTI.

3 ormsiy Ha BHINE3a3HAUYCHE, METOI0 HAIIOTO JTOCTIHKEHHs OyJI0 BU3HAYEHHS 0COOIMBOCTI
peaxirii Makpo- Ta MIKPOIMPKYJIAIIi KpOB1 Ha J030BaHe (pI3UYHE HABAHTAXKEHHS y 0CI0 pI3HOTO BIKY
1 pI3HOTO CTYIEHS TPEHOBAHOCTI.

Marepiaim Ta Meroaum jAociigxeHHsi. OcCOOJMBOCTI CHUCTEMHOIO KpOBOOOIry 1
MIKPOIMPKYJSIIT 1pU A030BaHOMY (iznyHoMy HaBaHTaxeHH1 (J®PH) 3amexHo Bin cryneHs
TPEHOBAHOCTI OpraHi3sMy MJOCHIDKYBad Tpu oOcTekeHl dboioBikiB y Bimi 18 - 21 poky,
TPEHOBAHMX (CIIOPTCMEHH-JIETKOATIETH PIBHA KaHAWAATIB Yy MAaWCTPHU CIOPTY, B TOIAJBIIOMY -
CIIOPTCMEHHM) Ta HETPEHOBAaHMX TOTO X BIKY (B moganpiioMy - cryaeHTu). OOctexeHi Oynu
pO3M0/1IeH] Ha 4 BIKOBI IpyIu:

CTYJICHTH: CIIOPTCMEHHU:
1 rpyna 18-piuni (16 ocid); 18-piuni (20 ocib);
2 rpyna 19-piuni (10 ociob); 19-piuni (14 ocib);
3 rpyna 20-piuni (10 ocid); 20-piuni (10 ocib);
4 rpymna 21-piuni (16 ocib); 21-piuni (10 ocid).

VYci o0cTeXeHHsT MPOBOIMIMCH BIAMOBITHO A0 PEKOMEHIAIll ETHYHMX KOMITETIB 3
MUTaHb OlOMEIWYHUX JOCHipKeHb, [enbciHchbkoi nekmaparii 2000 p. Ta JUPEKTUBH
€Bporelicbkoro  ToBapucTBa 86/609 CTOCOBHO ydacTi JIOACH y MEIMKO-O010JOTTYHUX
nocmipkeHHsX.  CroprcMeHH — OOCTeXKYBAIMCH B paMKax  NPOBEACHHS  CTaHIAPTHOTO
TPEHYBAIBHOTO MPOIIECY, Y BIAMOBIAHOCTI O 3acaj MOTOYHOTO KOHTPOJIIO y Teopii 1 MpakTHili
ciopry (2015 p.), TumoBoro moj0oKEeHHS MPO LEHTp odiMmiiicekoi mimroroBku (2007 p.) i
«Ctparerii GpopMyBaHHsS Cy4acHOI CHCTEMH OJIMITIHChKOT miarotoBku» (3axkon Ne 77-VIII Big
28.12.2014 p.). JochimkeHHS 13 3aJIydeHHSM CTYICHTIB Ta CIOPTCMEHIB NPOBOIWMIM 3a iX
ocobucroi 3roau, y BimmosimHocTi g0 Konpenmii Pamu €Bpormm «Ilpo 3axuct mpaB mroauHu 1
JIIOJICBKOT TIMHOCTI B 3B'A3KYy 3 3aCTOCYBaHHSAM JOCATHEHb Oiosorii ta memunuHu: KoHBeHIis
npo npaBa soguHu Ta OiomemuimHy (ETS Ne 164)» Bim 04.04.1997 p., i I'enbciHchKOT
nexnaparii BeecBiTHp01 Meauanoi acorriantii (2008 p.).

['pynu cTyneHTiB i cnopTcMeHiB 00CTEXYBaIlCh TPUUI: Y CTaH1 BIIHOCHOTO (hi310JI0TTYHOTO
CIIOKOIO (TOOTO, BUMIPIOBAJIM BUXIiHI 400 KOHTPOJIbHI 3HAUCHHS ); TICJISI OHOKPATHOTO BUKOHAHHS
¢bi3uuHMX BIpaB (J1030BaHe (i3MyHE HABaHTAaXXEHHS Ha BenoeproMerpi 3 yactotor 170 006/xB,
NpOTArOM 2 XBWJIMH); OJHOKpAaTHE J030BaHe (I3UYHE HABAaHTAKEHHS HA T IMPOBEICHHS
TPUTHKHEBOTO JI030BaHOTO (Pi3MYHOTO HABAaHTAXKEHHS (32 aHAJIOTTYHOIO CXEMOIO).

Jlnst MoJzentoBaHHsS M’S130BOi POOOTH BUKOPUCTOBYBanu Benmoepromerp Ergoselect 100
(Ergoline GmbH, Vkpaina) 3 aBTOMaTHYHUM BHMIPIOBAHHSM BEIUYMHH apTepialbHOTO THCKY. Y
BEJIOEProMEeTpi  OMIIOHAIBHO BOYAOBAaHMM MOJAyJdb aBTOMAaTHUYHOIO BHUMIPIOBAaHHS  PIBHS
apTepiaIbHOTO TUCKY, KOTPUH Mpalioe 31 CIeLialbHO pO3pOOIEHUM MIKPO(OHOM JUISI MAaHXKETH.
[ToenHaHHST aKyCTMYHOTO METOJY BUMIPIOBAHHS 1 QITOPUTMIB Ui TPUIYHICHHS apTedakTiB
3a0e3rneuye TOYHI pe3yJbTaTH BUMIPIOBAHHS HAaBITh NpU 3HAYHUX 00cArax M’s30BOi POOOTH.
BusnaueHHs  (QYHKIIOHAIBHUX TOKA3HUKIB  CEpIEBO-CYAMHHOI CHCTEMH TMPOBOIMIA 32
BIJIMOBITHUMH TTixoaaMu Ta popmynamu [11]:

1. ITynscoBuii Trck (I1T) - pi3HULIA MK CUCTOJIIYHUM 1 1IaCTOJIIYHUM THCKOM.

2. Cepenniii quHamiunuii tuck (CAT): CAT = HATHIIT/3, ne HAT — ngiacromiunuit
apTepialbHUN TUCK.
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3. BusHaueHHS cHCTEMU — «ITyJbCOBUH TUCK — XBHJIMHHUU 00’€M KpPOBI1» MPOBOIIIN 3a

dopmymnoro Crappa [12]:

YO =90,97 + 0,54 IIT - 0,57 JAT - 0,61B,
ne YO — ynapuuit o0'em, I1T - mynecoBuii tuck, AT - miacroniunuii aperpialibHUl TUCK, B — Bik B
poKax.

4. Busnauenns pemmunHd XOK: XOK = YO x UCC, ne YUCC — wyactoTa cepueBHX
CKOpPOYEHb.

Mikpomupkyisiiro kpoBi (MIIK) omiHOBanm 3a J0NOMOIOK JIa3€pPHOI JIOMIUICPIBCHKOT
dbnoymerpii (JIAD) i3 3acrocyBannsm anapara s JIJJ® BLF 21 (Transonic System Inc., CIIIA),
IIpY HAaKJIAJaHH1 €JIeKTPOJIB Ha BEHTPAJIbHY MOBEPXHIO AMCTAIbHOI (harmaHru 4-ro maiabls PyKH.
Amnaniz orpumanux JIJI®-rpaM BUKOHYBAJIM Y BIATOBIAHOCTI 3 IHCTPYKIIIEIO 0 MPUIATy.

JUis BUpIILIEHHS MOCTaBJIEHUX Yy pPOOOTI 3aBlaHb, JOCHIIKYBalld OCHOBHI MapaMmeTpu
MIKPOIMPKYJISIIT KpOBI, JO KOTPUX Hajexarb: mapamerp Mikpouupkynanii (IIM) - Busnauae
piBeHb mnepdy3ii OaUHUIII 00’€My TKaHMHU 3a OJMHHULIO Yacy, BEIUYMHA CEPEIHBOTO
kBaaparuyHoro BigxuieHHs (CKB), mo xapakTepusye 4acoBy MIHJIUBICTh MIKPOLUPKYISIIT;
koedimienT Bapiarii (Kv), xoTpuii gae iHpopMalliro mMpo BHECOK Ba30MOTOPHOTO KOMIIOHEHTY B
MOMYJIALII0 TKAHUHHOTO KPOBOTOKY; 1HJEKC epekTuBHOCTI Mikpouupkymsiuii (IEM), sxuit nae
IHTETpaJIbHY XapaKTepUCTHKY CIIBBIAHOUIEHHS MEXaHi3MiB akKTUBHOI (00yMOBIIEHOT O1I0Tr€HHOO Ta
HEHPOreHHOI0 aKTUBHICTIO MPEKANUIIPHUX Ba30MOTOPIB Ta BJIACHE CYJUHHUM TOHYCOM) 1 TaCUBHOT
(oOymoBeHOT IyKTyaIisiMd KPOBOTOKY, CHHXPOHI30BAaHMMH 3 KapJli0- Ta JUXaJTbHUMH PUTMaMH)
MOYJIALIT KPOBOTOKY 1 BKa3ye Ha e(heKTUBHICTD nepdy3ii 0JMHUIL 00'eMy TKaHUHU;

Amax CF, . .

"~ - aKTMBHHH MEXaHI3M PETYIAI 1l KPOBOTOKY;
Amax LF

Amax HF, . .

__° TIaCMBHMH MEXaHI3M PETryJIAIil KpOBOTOKY.
Amax LF

CratuctuuHy OOpOOKY OTpUMAaHHMX PE3YJIbTATIB 3IMCHIOBAIM 3a JOTIOMOTOI0 IpOrpamMu
STATISTICA 6.0 1 mpencTaBisaud y BUIJISIAL «CEPEIHE 3HAYCHHS =+ CTaHAAapTHA MOXHOKa
cepenaporo» (M = SEM). Jlng Bu3HAYEHHS HOPMAIBHOCTI PO3MOAUTY BHUOOPKH JaHUX
BukopuctoByBanu TecT Illamipo-VYinka. BiamoBimno no kpurepito Illamipo-Yinka, otpumani
pe3yabTaTH BKJIAJAIUCS B HOPMalbHMW 3aKOH posmoaury. Jljis OMIHKKM iX JOCTOBIPHOCTI
BHUKOPHCTOBYBAJIM OJHOGMAKTOpHUN aucrepciiHuil a”amiz one-way ANOVA 1 ormiHoBamu
BIPOT1IHICTh BIAMIHHOCTEH MDK MOKa3HUKaMHU. BiporimHumu BBaXKaauch po3oixkHocTi mpu p<0,05.

Pe3yabTaTi gociaimkeHb Ta ix o0roBopeHHsi. [Ipu 0OCTEKEHHI JIETKOATJIETIB PI3HOTO
BIKy Yy BHUXigHOMY cTaHi (no BukoHauHs JI®H) Oyino BCTaHOBIEHO, 11O ICHYIOTH JOCTOBIPHI
BIIMIHHOCT1 BEJIMYUH JESIKUX (YHKI[IOHANBHUX TMOKA3HUKIB CEpPIEBO-CYIUHHOI CHCTEMH, IMOIPU
HE3HA4YHO BIKOBI BiAMIHHOCTI B Mexax 18 - 21 pokiB. OcoOJMBOCTI BIKOBHUX BIIMIHHOCTEH
BEJIMYUH JCSIKUX (YHKIIOHATBHUX IMapaMeTpiB CepleBO-CYIMHHOI CHCTEMH Y CIOPTCMEHIB Yy
CTaHl CIOKOK mpexacTaBieHi y Tabmumi 1. Sk BumHo 3 Tabnumi 1, HaWOULIBIII BiAMIHHOCTI
cCriocTepiraiucs MK BeIMUYMHAMHU TMapaMeTpiB KpalHiX BIKOBUX Ipym. XBHUJIEHOJIOHI KOJUBaHHS
BEJIMYUH OUIBIIOCTI BUMIPSIHHX HaMH IapaMeTpiB MOXHa TMOB'A3aTH 3 MICIANyOepTaTHUM
nepioioM, 10 OOYMOBIIIOETHCS KOMILJIEKCOM MOPQOJIOriyHUX 1 (YHKIIOHAIBHUX MNepedyaoB B
OpraHi3Mi IOHaKkiB, 1 CTOCYeTbCS (DI3UYHOTO, ICUXIYHOIO, COIL[AaJbHOIO PO3BUTKY, a TaKOXK
ctaburizalii ropMoHanbHOTO cTatycy [13].

JlocmiDKeHHs TTOKa3ald, 10 y CIOPTCMEHIB BEJIMYMHA XBHJIMHHOTO 00'€éMy KpOBI B CTaHi
CMOKOI0 Oyna BMILOIO, HDK y CTYJEHTIB yCiX BIKOBUX Ipyn. Taka auHamika 3MiH CBITYHUTBH MPO
e(deKTUBHY 1 €KOHOMIUHY POOOTY CeplieBO-CyIMHHOI cUcTeMH y croptcMeHiB. Lle € Hacminmkom
TPUBAIUX 1 PETYIAPHUX (PI3UYHUX HABAHTAKEHb, SIKI MPHU3BOAATH A0 (OpPMYBaHHS aJanTHBHUX
peakiiii 3 60Ky CHCTeMH KpOBOOOIry, IO, B CBOIO Yepry, CHpHUs€ MiABUIIEHHIO e()eKTUBHOCTI ii
¢ynkuionyBanusa. Binmian y BenumumHi XOK B rpynax HETpeHOBaHMX 1 TPEHOBAHHUX OCIO
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00OyMOBIIEHA PI3HUICI0 BHECKY 13 OOKY YaCTOTH CEpIEBUX CKOPOYCHHb Ta CHUCTOJIYHOTO 00'eMy
ceplist, TOOTO - PI3HOK e(PeKTUBHICTIO KPOBOOOITY.

Crnin Bim3HauuTtH, mo HaimeHma enuunHa YCC Oyna 3apeectpoBaHa y 21-piuHuX
CIIOPTCMEHIB, M0 MOE BKa3yBaTH Ha OUIBII €KOHOMIUHY 1 e(eKTHBHY pOOOTYy Ceplis, 10 B CBOIO
gepry, 0OyMOBIIIOETHCS AJAMTAIEI0 MMapaMeTpiB HEHTPAIBHOI 1 epupepuIHOi TEMOAUHAMIKH JI0
(GI3MYHNUX HAaBAaHTAXKEHb 3aBISAKH OUTHIIIN TPUBAIOCTI 3aHATH CIIOPTOM.

Taomums 1
BikoBi BIIMIHHOCTI BEJIMYUH JCSIKHX (YHKI[IOHALHUX MMOKA3HUKIB CEPIIEBO-CYIMHHOT CHCTEMH Y
CIIOPTCMEHIB Y CTaHi CIIOKOIO

[Tapamerpu Bix B pokax
18 (1 rpyma) 19 (2 rpyma) 20 (3 rpyma) 21 (4 rpyma)
Hactora cepueiX | ggpyy e 660426 | 7524147 | 610822
ckopouenb (UCC), 1/xB
Cucromummii ob'em | 75 149 7 70,543,5 68,7445 | 595:2,17&
(CO), mn

XBUJIUHHAN 00'eM

e « . "
kpoBoTOKy (XOK), 1 6,2+0,5 4,6%0,9 51£1,0 3,6+2,1

CHuCTOMYHUHA
apTepiaJbHUN TUCK 131,2+1,3%& 115,0+0,5° 122,5+0,5 130,0+2,2%&
(CAT), MM pr.cCT.

JiacTomuHui
apTepiaNBHUi THCK 80,70,2" 75,740,5™ 77,5475 90,042,2°%&
(IAT), MM pT.cCT.
Mymecosuid Tack (IIT), | 54 51 gee | 45,040,4" 450405 | 40,040,8"&
MM PT.CT.
CepeHbo-MHaMIMHHit | g7 1,0 srse 90,0+0,4™ 94,5+0,8" | 103,3+0,2™&

tuck (CAT), MM pT.CT.

Ipumimxu: * - piznuys docmosipna 3 1 epynow - p<0,05; # - piznuys oocmosipna
3 2 epynorw - p<0,05; & - pisnuys docmosipna 3 3 epynoio - p<0,05; * - pizHUYs 00CMOBIpHA
3 4 epynorw - p<0,05.

Benuunna cepenHbO-AMHAMIYHOTO apTepialbHOTO0 THUCKY BIANOBIAAa€ PIBHIO THUCKY, IO
3abes3neuye nepdysito Maike ycix OpraHiB B OpraHiami i BKazye Ha CHIBBIIHOIIECHHS BIUIMBIB Ha
CEepIIeBO-CYJMHHY CHUCTEMY CHMIIATMYHOI 1 IapacUMIIaTHYHOI JIAaHOK aBTOHOMHOI HEpBOBOI
CHCTEeMH, a TaKOX aJaNTaliifHOTO TOTEHLialy OpraHi3aMy, 3yMOBJCHOTO pI3HUMH THIIAMU
camoperyIilii KpoBooOiry. Y 3araJbHOMY, CIiJ BIIMITUTH XBUJICMIOAIOHY JUHAMIKY BIKOBUX 3MiH
apTepiabHOTO THCKY Y 00CTeKEHUX HAMU K TPEHOBAHUX, TaK 1 HETPEHOBAHUX OCi0.

Pazom 3 1mum, BcTaHOBJIEHI cnenudiyHi BIAMIHHOCTI y BEIMYMHAX IYJIbCOBOTO THUCKY.
[TynbcoBuil THCK € (yHKIIOHAJIBHUM BiToOpaXkeHHSAM (OapUYHMM €KBIBAJIEHTOM) ITyJIbCOBOTO
00'eMy KpOBI, III0 HAJXOJUTh y MEBHY KPOBOHOCHY CYAMHY IIiJl YaC CUCTOJH 1 3aJMILIAE il MiJ Jac
J1acToJIM, Ta MICTUTh pe3yibTaT B3a€MOJIl HarHITaIbHOI (PYHKIT ceplsl, pO3TSHKHOCTI apTepid i
BEJIMYUHM XBWJI BinoOpaxkeHHs. IlynbcoBuil THCk Oe3nocepelHbO MOB’SI3aHUN 3 KOPCTKICTIO
cynuH [14]. BcraHoBneHa nuHamika 3MiH myiabcoBoro TUCKY (Tabm. 1, 2) BBakaeThCsl CBITYEHHSIM
HepalioHaNbHOT peakiii Ha Oyab sIKi BIUTMBU CEPLIEBO-CYAWHHOI CHCTEMHU 3 OOKY apTepialbHOTO
TUCKY, HE3BR)KAIOUH Ha aJIallTOBAHICTh JI0 HABAHTAKEHb CEpIIEBO-CYJMHHO1 cuctemH [15].

Crnig 3a3Ha4MTH, 10 TOPIBHIHO 31 CTAHOM CIIOKOIO, HAWOUIbIIE MiIBUIIEHHS BEIMYUHU
YacTOTH CEpLEBHX CKOPOYEHb MiCias J030BaHOi (i3uuHOl pobOoTH Bin3Havanocs y 21-piyHux
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CIOPTCMEHIB, M0 MaOyThb CBIJYUTh PO JOCUTh INBUJIKY PEAKLiI0 cepls y OUIbII TpHUBAJO
TPEHOBAHUX CIIOPTCMEHIB (uB. Tabi. 1, 2). A ocb y BIKOBOMY acIeKTi, IMicisl BUKOHAHHS J030BaHO1
M’s130Boi  poOoTH, auHamika BennmuuHH YCC y crnopTCMeHiB Xo4a 1 Maja TeHACHIII0 10
XBHJIETIOIOHUX 3MiH, IPOTE, O3HAYCHI 3MiHH OyJIM HEOCTOBIPHMUMH IOJI0 KOKHOI BIKOBOI TPYIIH.
Crocrepirajioch TakoX 1 3Ha4HE 30UTBIIEHHS] XBHJIMHHOTO 00'eMy KpOBi (BITHOCHO KOHTPOJIEHOTO
piBHS) came y 21-piuHUX CIOPTCMEHIB, IO MOXKE CBIIYMTH MPO OLIBIIY TPEHOBAHICTH Cepus Ta
aJICKBaTHY PEaKI[ito Ha (I3NYHE HABAHTAKEHHSI.

Tabmums 2
BikoBi 3MiHU €4KNX (QYHKI[IOHAJTBHUX [TApaMETPIB CEPLIEBO-CYIMHHOT CUCTEMH Y CHOPTCMEHIB
TSI T030BAHOTO (PI3MUHOTO HABAHTAKEHHS

[Tapamerpu Bik B pokax
18 (1 rpynma) | 19 (2rpyma) | 20 (3rpyma) | 21 (4 rpyma)
Hacrora cepuesnx 104,5+2,1%% | 90,043,1" 91,4+1,4" | 930%28
ckopouenb (UCC), 1/xB
Cucromummi 0em(CO), | go3a108 | BLerLI" | 799£L4™ | 865:21%
XBUIMHHME 00'eM e o o 48&
KponoTOKy (XOK), 1 8,6+0,3 7,7+0.4 7,3+0,3 8,4+0,9
CHCTOMIMHMA apTepIabHuit | o0 510 s | 1650405 | 165042,5% | 170,042,0%
tuck (CAT), MM pT.CT.
AiacTonidHuii apTepianbHuid | g4 y4q (- 80,0+0,2" 90,0+1,0°% | 850405
tuck (JJAT), MM prT.CT.
HYHI’COB“P;TT‘EEK (D), MM 20 51300 70,042,0° 75.042,0° | 850425
CepenHbO-IMHAMMHMA TUCK | 105 g4 gh&e | 103320 7°¢ | 1150+1.0% | 113,340,3%
(CAT), mm pr.cT.

Hpumimku: * - pisnuysa oocmosipna 3 1 epynoro - p<0,05;, # - piznuya odocmosipua

3 2 epynorw - p<0,05; & - pisnuysa oocmosipna 3 3 epynoto - p<0,05; * - piznuys docmogipra
3 4 epynorw - p<0,05.

[TopiBHIOIOYM BIKOBI 3MIHM BEJIWYHMHH CHCTOIIYHOTO THUCKY, MOKHA TOMITUTH, IO
MakcumainbHi 3HaueHHsT CAT 3apeecTpoBaHo y criopTcMeHiB 21 poky. OnHak, HalOUIbII BUpaXKeHe
BiJHOCHE Bi crany o JIOH 30uibleHHs TUCKY CHUCTOJIM Majio Micue y 19-piuHuX ClIOpTCMEHIB
(muB. Tabm. 1, 2).

o0 mMyabCOBOTO TUCKY TO CJiJ 3a3HAYUTH, L0 3 BIKOM ITyJbCOBHM THUCK Ma€ TEHJICHIIIIO
70 30UTbIIEHHS 1 MAaKCUMaJlbHE 3HAYEHHS MicCs BHUKOHAHHS M’5130BOi poOoTH Oyno y 21-piuHuX
ciopTcMeHiB. Taki 3MiHM BHU3HAYAIOTHCS MEPEBAXKHO 33 PAXyHOK JAWHAMIKH CUCTOJIYHOTO THCKY, a
HE J11aCTOJIIYHOTO.

Haii0inbe 3pocTaHHs CHUCTOJIYHOTO 00’€eMy KpOBi OyJlO TakoX BiI3HA4eHO Y 21-piuHuX
CIIOPTCMEHIB, fKiI 3aliMalOTbCs JIETKOIO aTJieTHKolo, 1 ckiano 45%. Take 3HayHe 3pOCTaHHS
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y 21-piuHUX CIIOPTCMEHIB-JIETKOATIETIB, IMOBIPHO, 3yMOBJICHE TUM, IIO iXHE CepIie MPAIIO€ OLTbIIT
e(EeKTUBHO, IO CIOCTEPIraeThCsi 1 CTOCOBHO JESIKUX IHIIMX MapamerpiB. MOXIHBO, 1€ TaKOX
00yMOBJIEHO 1 3aBEpIICHUM BIKOBUM JI0O3PIBaHHSAM aJaTHBHUX MOXKIIMBOCTEH 1 GYHKIIH cHCTEMHU
KpPOBOOOIry.

Taxkum yrHOM, OYyJI0 BHSBIICHO, IO Y CIOPTCMEHIB CUCTOJIIYHUN THUCK i3 BIKOM JIEMOHCTpYE
TUHAMIKY CTpHOKOMOMIOHUX 3MiH, HAHOUIBIIY BEIMYHMHY IHOTO TapaMeTpy 3apeecTpOBaHO
y 18-piuHuX, TOAI SIK y HETPEHOBAHUX CTYACHTIB HAMOLIbIIE 3HAYCHHS Bi3HaUaIoCs y 21 -pidHux.

JliacTONMYHUN THUCK y CIOPTCMEHIB 1 HETPEHOBAaHHX CTYIEHTIB 3MIHIOBABCS 3 BIKOM
XBHJIETIOTIOHO, HaOTbIIe 3HAaYeHHS BigzHadanocs y 21-piyaux ocid. CepenHiil JTUHaAMIYHHIA THCK
y CIOPTCMEHIB 1 CTYJIEHTIB Y BUXITHOMY CTaH1 3Mi1HIOBaBCsl CTPUOKOIOAI0HO, HallOUTbIIIa BEIMYNHA
LbOTO MapaMeTpy BiJ3Hayajacs TakoX y 21-plyHUX CTYIEHTIB Ta CHOpPTCMEHIB. J[MHaMika 3MiH
CUCTOJIIUHOTO OOCATy y CTaHl CIOKOI Y CTYIEHTIB Ta CIHOpPTCMEHIB XapaKTepHu3yBajlacs
XBWIETIOAIOHUM XapaKTepoM 3MIH 3 BIKOM, y CIIOPTCMEHIB MOT0 Belu4uHa Oyna OUIBLION B yCiX
BikoBUX rpynax. Ilonibna cTpubkonmoniOHa Ta XBWIENOJIOHAa JUHAMIKAa 3MIH BHUMIPSHUX
napamMeTpiB Oylia TmpUTaMaHHOIO i OUTBIIOCTI TMOKAa3HUKIB HE3AJEKHO BiJl BIKY Ta CTYIEHS
TPEHOBAHOCTI 0CI0.

VY nomnepenHix JIOCHIIKEHHSAX MIKPOUUPKYIAUii KpoBi [16] Oyrno BCTaHOBIIEHO, IO
00CTeXEHUX CTYIEHTIB Ta CHOPTCMEHIB KOXHOi BIKOBOI IpynmH HEOOXiTHO OYylIO PO3MOAUIUTU
3TiJHO BUXITHUM BEJIMYMHAM [OKa3HMKAa MIKPOUMPKYMNii Ha 181 miarpynu. o 1 migrpymum
BXOJIMJIM OCOOM, y SAKMX 3HAYEHHsI MOKa3HUKA MIKPOLMPKYISLIT KpoBi kKonuBanucs Big 0,5 nd. ox.
1o 10 ng. oa. YV 2 nmiarpyni nokasHUK MIKpOUMPKYJALii koauBases Bia 12 no 25 nd. on. (puc. 1).
HactymHi pmocnipkeHHS BUSBWIM, IO TaKWK TOAUT OyB IMOBHICTIO BHIIPABIaHUM, OCKLIBKH
BEJIMYMHU Ta 3MIHU IHIIUX MapaMeTpiB, M0 XapaKTePU3yIOTh MIKPOIUPKYISIIII0, B 000X MiArpymnax
TaKOX CYTTEBO BiAPI3HSIIHCS.

30 - % =

- ‘ ] R o

0 * e ’ '
15

|

[ 10

25

e
15

10

!

1B pokis 19 powie 2 pols M ple 19 poxis 20 poxis
Olnigrpyna W2 nigrpyna B1lnigrpyna @2 nigrpyna
a o

Puc. 1 BikoBi 3MiHM NTapaMeTpa MIKpOLUUPKYIAILIi y CTYJEHTIB (a) Ta criopTcMeHiB (0) 110
JI030BaHOTO (Pi3MYHOTO HaBaHTaKeHHs. BiporimHicTs pi3HULI MK 1 Ta 2 miArpynamu:
* - p<0,05; ** - p<0,01.

Takum YWHOM, CIHiJ MIIKPECTUTH, IO BEJIMYMHU TMapamMeTpiB CYTTEBO BiJpI3HSIMCA
3aJIeKHOCTI BiJl IPUHAJIEKHOCTI IOHAKIB A0 1 abo 2 miarpymnu, a oTxe, 1 Bil BETMYUHU MMOKAa3HUKA
MIKpOLMPKYIALii, To6To, Bin piBHA mnepdys3ii oauHuii oO0'eMy TKaHMHM 3a OJMHUIIIO dacy.
Bigmiueni ocobauBocTi PyHKINIT ceplieBO-CyITMHHOT CUCTEMH, CKOPIIIE 3a BCe, CIPUYMHEH] 3MIHAaMHU
OynoBU 1 (YHKLUIOHYBAHHS MIKPOLMPKYIATOPHOTO pycna. Tak, mapaMmerp MIKpOLMPKYIALil Y
cTyieHTiB 1 Ta 2 miarpyn y BHUXIJHOMY CTaHi, y BIKOBOMY TMOpPIBHSHHI 3MIHIOBaBCS
CTpUOKOIO1IOHO, BETMUMHA 3MiH OyJa OUTbII BUPaXKEHA Y CTYJACHTIB 2 MiArpynu. Y CIOPTCMEHIB
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BEJIMYMHA [IHOTO TapameTpy Oylia HalBHUIIOIO Y BCIX BIKOBUX TpyMax, HOPIBHSIHO 3 HETPEHOBAHUMHU
crynentamu. CepenHe KBapaTUYHE BIIXUJICHHS OYyJI0 BUIIMM Y CTYJIEHTIB 2 miArpyn# (y BikOBOMY
MOPIBHSAHHI), Y CIOPTCMEHIB 2 miarpynud BoHO Oyno BumuM y 20-piyHHX. Y CTyAEHTIB 000X
OiArpyn Tta y cnoprcMmeHiB | miarpymu (ocobmuBo y 21-piyHMX) miciash BHKOHAHHS JI030BaHOT
¢i3u4HOT poOOTH BII3HAYAETHCS 3HIKEHHS €(EKTHBHOCTI PEryisimii KPOBOTOKY. Y CIIOPTCMEHIB
2 MATPYNH 3apeecTpOBAHO TOKpAIIEeHHS €(QEeKTUBHOCTI peryismii KPOBOTOKY 3a paxyHOK
NepeBaKaHHs aKTUBHUX MEXaHI3MIB perysilii.

BucHoBku.

1. BennunHa XBUJIMHHOTO 00'€éMy KpPOBI y CIIOPTCMEHIB-JIETKOATJIETIB Oylla BHIOI, HDK y
CTYAEHTIB Yy BCIX BIKOBUX rpynax. O3HaueHHI mapaMeTp Micisi BAKOHAHHS JO30BAHOTO (PI3MUHOTO
HaBaHTAXXEHHsI JEMOHCTPY€E TEHACHIIIO J0 30UIbIIEHHS Y BCIX BIKOBUX I'pynax, K y HETPEHOBAHUX
oci0, Tak 1 cnoprcMmeHiB. BTiM, HalOUIbIIMI HOTO NMPUPICT BIA3HAYAETHCS y CHOPTCMEHIB, IIO
XapaKTepU3ye aJanTUBHI NMPUCTOCYBAHHS iX CHCTEMH KpPOBOOOIrY 10 PErysIpHOTO BHUKOHAHHS
¢13UyHOT poOOTH.

2. 3pocTaHHS XBHJIMHHOTO 00'€eMy KpPOBI OTIOCEPEAKOBYETHCS BEIHMYMHOIO CHCTOJIYHOTO
00'eMy, KOTpHI MIC/Is J030BaHOTO HAaBaHTAXKEHHS 30UIbLIYBABCS y CIIOPTCMEHIB Ta CTYIEHTIB B
yCciX BIKOBUX TIpylax pi3HOI MIpoI0, OJHAaK, HaiOulbllle 3pOCTaHHS CHOCTepirajocs y
CIIOPTCMEHIB, MO0 CBIMYHTH TMPO aJamlTaIlil0o CEepPIEeBO-CYAUHHOT CHUCTEMH N0 (IBUUYHUX
HaBaHTAXXEHb. TaKUM YHHOM, PEAKIlis CEpIEBO-CYJMHHOI CHCTEMH HETPEHOBAaHUX CTYICHTIB i
CIIOPTCMEHIB Ha (i3UYHE HaBaHTAXKEHHS CBIIYUTH MPO T€, L0 y CIOPTCMEHIB BOHA Ipallo€
OUTBIII EKOHOMIYHO 1 €)EKTUBHO.

3. Benmnuunu mapaMeTpiB, sIKi BU3HAYAIOTh MIKPOIIMPKYJIAIII0 KPOB1, CYTTEBO BIAPIZHAETHCS
3QJIEKHO BiJI NMPUHAICKHOCTI IOHAKIB A0 1 abo 2 miarpymu, a OTKE BiJl BEIMYMHH IMOKa3HUKA
MIKpOIMPKYJIAIii, TOOTO Bim piBHA nepdy3ii omuHUI 00'€eMy TKAaHWHU 3a OJUHUINIO 4Yacy.
B Oumbmocti BumankiB y toHakiB 2 miarpymu npu JIDH crocTepira€ThCsi MOKpAIICHHS
e(heKTHBHOCTI PETYJIAIIT KPOBOTOKY 32 PaXyHOK MEepeBaKaHHS aKTUBHUX MEXaHI3MIB PETYIISIIII.

IlepcneKTHBH MOJAJIBIIMX JOCTIIKEHbD.

BusBneni 3akOHOMIPHOCTI 3MIH MakKpo- Ta MIKPOIMPKYIAIIi y BIIMOBib Ha JI030BaHE
($hi3MYHE HABAaHTAKCHHS B 3aJCKHOCTI Bl CTYNEHS TPEHOBAHOCTI OPTaHi3My aKTyali3ylTb
MPOBEACHHS MMOJANBIINX JIOJATKOBHX JOCTI[UKEHb 1 KOPEKIii TPEHYBAJIBHOTO TMIPOIECY
CIIOPTCMEHIB-JIETKOATIICTIB 3aJIe)KHO BiJ TPEHOBAHOCTI IOHAKIB, HABITh 3a HASBHOCTI HE3HAYHUX
BIZIMIHHOCTEH 3a IX BIKOM.
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Korman Sh.-A., Lukyantseva H. V. AGE CHANGES IN MACRO- AND
MICROCIRCULATION OF BLOOD UNDER THE INFLUENCE OF DOSED PHYSICAL
TRAINING DEPENDING ON THE DEGREE OF TRAINING OF THE ORGANISM

Introduction. The formation of the reaction of circulatory system to physical exertion is determined
by the features of the regulation mechanisms of central hemodynamics and blood microcirculation. It is
known that peripheral blood circulation provides the basis for the normal vital activity of organs and
systems, the full functioning of cellular elements under various influences on the body, including during
physical exertion. However, the study of the reactivity of the microcirculatory system under the conditions of
muscle activity requires a clear understanding of the mechanisms of changes in all links of the circulatory
system. The data available in the modern literature indicate that the mechanisms underlying changes in the
macro- and microcirculatory system after physical exertion in people of different ages and different degrees
of training.

Purpose: to determine the characteristics of the reaction of macro- and microcirculation of blood to
dosed physical activity in people of different ages and different degrees of training.

Methods. Peculiarities of systemic blood circulation and microcirculation during dosed physical
exertion depending on the degree of training of the body were studied in men aged 18-21, trained (athletes at
the level of candidates for master of sports) and untrained persons of the same age. An Ergoselect 100
bicycle ergometer (Ergoline GmbH, Ukraine) with automatic blood pressure measurement was used to
simulate muscle work. Blood microcirculation (BCC) was assessed using laser Doppler flowmetry using a
VLF 21 device (Transonic System Inc., USA). Statistical processing of the obtained results was carried out
using the STATISTICA 6.0 program and presented as "mean value * standard error of the mean"
(M + SEM). The Shapiro-Wilk test was used to determine the normality of the data sampling distribution.
To assess the reliability of the results, one-way ANOVA was used and the probability of differences between
indicators was estimated. Differences at p<0.05 were considered probable.

Result. It was shown that the minute volume of blood in athletes is higher than in students in all age
groups. After performing dosed physical activity, this indicator increases in all age groups and in students
and athletes, however, the greatest increase is noted in athletes. The increase in minute blood volume is
mediated, which may indicate the adaptation of the cardiovascular system to physical exertion. That is, the
cardiovascular system of athletes works more economically and efficiently.

Conclusion. The values of indicators that determine blood microcirculation differ significantly
depending on the value of the microcirculation indicator, that is, on the level of perfusion of a unit of tissue
volume per unit of time. In most cases, in young men with higher values of the microcirculation index during
dosed physical exertion, there is an improvement in the efficiency of blood flow regulation due to the
predominance of active regulation mechanisms.

Key words: dosed physical activity, cardiovascular system, macrocirculation, microcirculation,
students, athletes.
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CYYACHHUM CKJAJ IXTIO®AYHHU PIYKA YYMT AK (FACEHH CYJIN)

Bemanoeneno cywacnuii eudosuii ckaad pub oaceuny piuku Yymeax, baceiun Cyau, 6 megicax
Yepracovkoi ma Ilonmaecokoi obnacmeti. Mamepian 3ibpano y 2017 ma 2023 pp. na wecmu 10Kayisx.
3natioeno 16 6udie pub, binvuicmo 3 AKux xapaxkmepHi 0as cycionix oacetinie (Yoaro, Cynoio, Maaux npumox
Kpemenuyyvrozo sodocxosuuia) ma ons baceiiny Cynu 3aeanom. 3a uucenvHicmio ceped 00Ci0NCEHUX 0COOUH
Odominysanu yebauox amypcokuti (29,6%) ma kapacws cpionacmui (20,4%,). Havinowupeniwumu 6y1u Kkapacs
cpibnsacmuil (4 cmanyii), uebauox amypcokull ma 6igcanka — no mpu cmanyii. Hatibinowe, 9 6udis, susasneno
0151 HUXICHbOI Olisinku piuku ¢ Tlonmascwkiti obnacmi. Hatimenwe, 1 6uo, xapace cpibniscmuil, SusieieHo y
sepxie’i Yymeaxa, c. Kosanieka. Ha ecix imwux nokayiax eiomiuyeno 6i0 2 0o 6 euodis. Buou, 3aneceni oo
nomoyHozo nepenixy «Yepeonoi knueu Ykpainuy, y baceiini iocymui. 3natioeno mpu euou 3 Pesonoyii 6
bepucwkoi kousenyii (yunasxka 38uyaiina, 2ipyak €8poneucvkKull, 6 '1oH 3eudaunull). /ea uysicopioui euou
(vebauox amypcokutll, Kapacv Ccpioaacmuli) uuceibHi ma NOWUPEHi 3ad PAXYHOK HeBelUuKUx pudOHUX
eocnooapcme. Inuwutl, Hebe3newHull Yyscopionull iH8A3UBHUI 8UO, POMAHbL-20NI06EUIKA, BUABGTEHUIL NOKU 68
oonomy micyi, 8 p. Yymeak, y mexcax c. Kosmynisxa. Busigneno 06a 6uou neorimHemuxis (KomouKka nig0eHHa,
OUYOK-YYYUuK 3axioHutl), wjo nowupunuca 3 /{uinpa. 11 eudie € abopuceHHUMU, OOHAK, 34 HUCEIbHICMIO
nepesaxcarms 4yHCopioHi UOU 3a PAXYHOK IXHbOI Oilbuwol npedcmasieHocmi y 8epxXHill YacmuHi bacetity.
Hatiyinniwor 0inaukoo 3 npupo000XopoHHOI MOUKU 30pYy € HUdCHA meuis Yymeaxa, 0e HaMu He BUABLEHI
YyoHcOpiOHi 8UOU, alle NPUCYMHI YiHHI peoinbhi 3a paxyHoK HaseHoi meuii. IHwa wacmuna baceliny — ye 8
OCHOBHOMY CIOAYT 8000UMU, 0€ BUNCUBAIOMb GUMPUBATIL HEGETUKUX PO3MIPIE 8UOU PUO.

Knrouoei cnosa: daceiin /{Hinpa, abopueenui 6uou pudb, uyxcopioni euou pub, HYepkacvrka obiacmo,
Ionmascovka obnacme

IToctanoBka mnpoOJjemMu, aHadi3 ocraHHix myOuaikamiii. Yymrak — mnputoka JlHimpa
TPeThOro nopsaky. 3nuBaroumch i3 Cyxorw Opixuiero, BiH yrBoproe OpiKuIllo, sKa, B CBOIO 4Yepry,
teue 1o Cynu. JloBkuHa piuku — 72 KM, Mioma Boao36ipHoro Gaceiiny — 845 km?. IToxun piuku
0,49 m/km. JlonrHa KOPUTOMOIIOHA, 3aBIIMPILKH 2,5 KM, 3aBIIUOMIKH 0 15 M. 3amnaBa 4acTKOBO
ocymena, 3aBmMpiiku 10 500 — 600 m. Piunme 3BuBHcTe, 3aBIIMpIIKM 5 — 10 M, Ha 3HAUHOMY
NpOTsA31 BigperyinboBaHe. BUKOPUCTOBYeThCS Ul TEXHIYHUX MOTped. € 3amiaBHi 03epa, IUTI03U-
peryasTopH, craBku. Yymrak nporikae yepe3 KuiBcbky, Uepkacbky Ta IlontaBchKy obnacti, Mae
KUIbKa HEBEJIMKHX MPHUTOK, OJHA 3 sKuX bospka (mpubmmsHo 12 kM pomxkuHO0). baceiin Uymraka
PO3TalIOBaHUi y JICOCTENOBI NpUpoaAHiil 30Hi1 [3].
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JlireparypHi naHi ctocoBHO pubHOro HaceneHHs Cynu y3araiabHeHi B po0Ooti MoBdyaHa,
Pomans [8]. ABTopH 3a3HadaroTh 10 39 BUIIB puO 11 BCbOro OaceiiHy piuyKd HA Cy4acCHOMY eTarll.
OnuH 13 6nmu3pkux cyOOaceitHiB, Ymar, gociimkeHuit y pooorax [lomobana [9], ['moroBoi Ta iH.
[2]. ¥V BepxiB’sx i3 3axony a0 Oaceliny Uymraka npuisrae Takox Oaceitn Cymoto, ne BusiBieHo 21
BUJ pub Ha cydacHOMY erami [6], cepemHsi Ta HIDKHS YaCTHMHUA MEXYIOTh 3 MAJUMHU NPUTOKAMH
KpemeHuyIIbKOTO BOJOCXOBHINA, J¢ pa3oM BimMideHo 16 BumiB pubd [5]. CtocoBHO ixTiodayHu
oe3nocepennbo Uymraka, TO NpU aHami3i MiKHaponHoi 0Oa3u nammx GBIF BusBieno nani
C.B. Koxonist 3a 2009 pik [12], axwuii 3adikcyBaB kapacs cpibmscroro mist c. llpamkiBka. Takox
TaM HaBeJeHI Jeski Hamri naHi, 3a 2017 ta 2023 pp. [14; 15].

OTmxe, HaykOBHX IyOusikaiiil came moao pud Uymraka Ham 3HAWTH HE BJANOCS, JIULIE JUIS
y3arainpHeHoTo Oaceiiny Cynu Ta JNeSIKuX IHIIMX CycinHIX OaceiHiB. OpHak, aHali3 Cy4acHOTO
CTaHy PUOHOTO HACEJCHHS Ili€l Maloi PIYKU JO3BOJIMTH OLIHUTH POJIb MOMIOHUX BOJOWM st
30epekeHHs P1IKICHUX Ta He0a)kaHOTO MOIIMPEHHS IHBa3UBHUX YYXOPITHUX BUIIB.

Meta po60TH: BCTAaHOBUTH Cy4YacHUH BUAOBUN CKiIal puOHOTo HaceIeHHs piuku Yymrak.

Marepian ta mMeroau aociaigxeHnsi. [locnipxenHs Oynu mpoBeneni y tpasHi 2017 p.,
yepBHi, ceprnHi 2023 p. Ha YymMmraky Ta 1BOX Horo nmputokax. bunbmicts nokaniretis (1-5, puc.1,
Tabn.1) posramoBani B Yepkacbkiii obmacti, B IlpamkiBcekii OTI. Omun noxkamiter — y
[TontaBebkiit 00nacTi, B HWXKHIM YacTuH1 piuku (6, puc.l, Tadn.1). Beporo BussieHno 250 oco6un
16 BuaiB puo.
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Pucynoxk 1. PosranryBanns 6aceliny Uymraka Ta Miclisi TpOBEICHHS AOCIIIKEHb.
Howmepu nonano 3rijgHo tadmmi 1.

JlokaniteTn Manu HacTymHi ymoBU. Uymrak, KoBaniBka — B MicClli JIOBY THO KaM STHUCTE 3
HaMynoM, Oeper 3apociuii 0UepeToM 1 poro3oM, Tedis BiACYTHS, rauduna 10 1,5 m.

Uymrak, IllpaMkiBka — B MICIIi JIOBY € HEBEIHKa Tpeldiis, BUIIE CTABOK, HWXKUE PYCIIO
YaCTKOBO 3apocje O4YepeToM, JHO IOMIPHO 3aMyJIeHe, 3apociieé HHUTYACTUMH BOJOPOCTIMH,
paecrom. Teuis, micis BIUIMBY CKUAY 13 CTaBKa, MOBUIbHA, Maii)ke HEBITUyTHA, ruOuHa 10 1,5 M.

Uymrak, KoBTyHiBKa — THO MyIUCTe, TeYis MPHUCYTHS, BOJHI POCIUHU — PsCKA, TJICYHKH,
CTPUIOJIUCT, Dkaua royiBka. [ mubuna 10 2 M.

Manuit Uymrak, SIBopiBka — Tedis BIACYTHs, OUls Gepera pyciio CHIIBHO 3apociie OYepeToM
Ta poro3oM. [nbuna a0 1,5 M, THO MynucTe.

Bosipka, KaHTaky3iBka — piuka MeperopoJpkeHa 3araTtolo, BHUIIE PYCIO 3apociie 04epeToM,
POro30M Ta KyIIUpeM, JHO Ayke Myiucte. Hikde piBeHb BOJM MiAHATH, 3aToIeH] aepeBa. Tedis
BIJICYTHS, TIIMOMHA 10 | M Ha HUKHIN JUISHIIL
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Uymrak, Kpymomepunui — B MicIi JOCHIDKEHb HEBENMKa 3araTa, BHUIIE PIBEHb TPOXHU
migasitaid. [lupuna pycna go 10 M, 3apocie nenexoro, rieuyukaMu, enojeero. Tedis mBUIKa, JHO
Ot Gepera MynHcTe, TIIMHUCTE, HA Tedil TBEpilIe, 3 KAMIHIAMHU 1 MYLIIUIIMHA MOJIFOCKIB. 3ariaBa
KaHaJIi30BaHa.

Tabmuns 1.
Micus mpoBeAeHHS TOCIIKEeHb y 6aceiiHi piuku Yymrax

Bopoiima, nokamirer HIMpoTa JIOBroTa Poxu
1 Yywmrak, KoBasniBka 50.165747 | 32.063040 2023
2 UYywmrak, [lIpamkiBka 50.133075 | 32.118347 2017, 2023
3 Yywmrak, KoBryHiBKa 50.020858 | 32.270854 2023
4 Manuit Uymrak, SIBopiBka 50.131384 | 32.058712 2023
5 Bosipka, KanrakysiBka 50.083034 | 32.136126 2017, 2023
6 Uymrak, Kpynonepuniii 49.926573 | 32.493220 2017

[TonpoB1 HOCTAKEHHS 3/IIHCHIOBAIKNCH TIJACAKOM IS JIOBY JKHBIIA 13 BiukoMm 0,5 cM. Pubw,
MicasT BU3HAYCHHS BHJIOBOI HAJEKHOCTI 3a BW3HAYyHWUKamu [7, 13] Oynu BuUIylIeH! Hazaa 10
BOJIOWM, 32 BHHSTKOM YYKOPITHUX BHAIB. [[ns KOKHOI Jokarii Oyso MiIpaxoBaHO BiJICOTKOBE
CHIBBIJHOILIEHHS BUAIB 3a KUIbKICTIO 0coOMH. Kpim Toro, mu minpaxyBanu yactoTy TparuisiHas (F)
JUI KOXXHOTO BHIY, TOOTO KUIBKICTH BOJOWM, y SKHUX BHJI MPUCYTHIA. YKpaiHCbKi Ha3BH puO
mojaHo 3a myourikainiero Kymokons, Kaua [4].

Pe3yabTaTn Ta ix odrosopenns. Ilix gac nocnimkens BusisieHo 16 BumiB pu0 (Tadmn.2).
Haitnommpenimumu Bugamu Oynu kapach cpibmscruii (Carassius gibelio) (4 mokarrii), yebagox
amypcekuii (Pseudorasbora parva), siscsuka (Leucaspius delineatus) — mo tpu nmokarii. 12 BumiB
BHSBJICHI JIMIIE HAa OJHOMY MICIIl, III0 MOYK€ CBIUIYMTH SIK MPO TEBHY (parMeHTApHICTh HaIIUX
JOCIIIJKEHb, OJIHAK TaKOX MPO BIAMIHHICTP YMOB Ha JIOKAaIlisAX Ta 301JHEHHS BHJIOBOTO CKIIATY,
HEBHCOKY YHCENBHICTh PHO 3arajioM.

Ha nokamisix BUsBICHO pI3HY KUTbKICTh BUIIB. Haitbimemie, 9 BumiB, 3adikcoBaHo st
HWKHBOIT TUITHKY pidku. [licTe BuaiB 3Haineno B lllpamkiBini, 1e Takox, Xo4 i pparmeHTapHo, aje
MIPUCYTHS Tedis, YOTUpH BuaAKM — B KoBTyHIBIII. [HIII TOKamiTeTn HAMiYyrOTh 1-2 BUAM.

[Iom0 4YKMCEeNBHOCTI OKPEMHUX BHUIIB y JOCTIKCHHSIX, TO AOMIHYBAJIH 4e0a4OK aMypChbKUM
(29,6 %) i kapacsk cpidmsactuii (20,4 %). O6uaBa BUAM € HACTIIKOM BIUIMBY PHOHOTO rOCIIOapCTBa,
OCKUTbKH Kapach cpiOfsicTURl € 00’€KTOM JUis BHUPOILYBaHHS y HEBEIMKUX CTaBKaX, SKUX TYT
BJIOCTaNlb, a 4e0auyoK aMypChbKHil — HeOakaHWN I1HBa3UBHUN UYXOPITHUM BHJ, SKHUM 4YacTo
3a0pyJHEHU TMOCAAKOBHI MaTepiall, OCKUIBKM MOJIOJb HOTO moMiOHa 10 Mojoli 00 eKTiB
pubHuTBa. JpibHopo3miphi BiBcsHka (16,8 %) Ta komouka miBmennHa (Pungitius platygaster)
(10,0 %) Takosk YMCEnbHI B HAIIKX JAOCIIKEHHIX. 3arajaoM, cepell BUABICHHUX BUIIB Mailke BCi €
MaJiiX po3MipiB, (MakKCHMajbHI BiioMi iX BemuuuHu a0 10 — 15 cM), a Ti, 10 3/1aTHI BUPOCTATH
OUTPIIIMMHU 3a CHpUATIMBUX yMOB (rutitka 3Buuaiina (Rutilus rutilus), kpacHomipka 3BuYaiiHa
(Scardinius erythrophthalmus), auur (Tinca tinca), oxyus 3Buuaitnuii (Perca fluviatilis))
MpeICTaBIeHI 0COOMHAMU HEBEIUKHUX PO3MIPIB.

Cepen 3HaliIeHNX HAMH BHUJIIB MEPEBAKAIOTh MPEJACTABHUKH POJUHU KOPOTIOBUX — 9 BUIB,
2 BUAM 3 POJWHU HIMMABKOBI, HIII POAMHM MAlOTh MO | MpPEACTaBHUKY (CIMXKEBi, KOJIOUKOBI,
OKYHEB1, TOJIOBEIIIKOB1, OUYKOBI).

3a npedepenuisMu 10 0I0TOMy NMepeBa)xaroTh MPUIOHHI Ta BUH, 110 KUBYTh CEpell BOJHUX
pocnuH — 1o 6 BUIB, MEHIIIE MearialbHUX Ta JTOHHO-TIeNarialbHIX — 10 2 BUJIH.

3a CBOIM BITHOIIGHHSAM M0 Teuii mepeBa)xaroTh JIMHOGUIbHI Buau (7 BHIIB), 3arajibHO-
npicHOBOAHI BUau (6 BUIB), peodiniB — 3 BUIM, IO BiAMIUEHI JIUIIE B HWKHIA OUISHI piukd. 3a
BUMOTaMH JI0 PO3YMHEHOTO Y BOJI KHCHIO BUIUIAIOTH pUO 3 BUCOKHMH, CEPEIHIMU, HU3bKHUMH Ta
IOy’Ke HU3bKUMH BuMoramu. Cepea JOCHIDKEHUX BHIIB MEPEeBaXaroTh i3 cepeaHiMu (7 BUIB),
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MEHIIE — 13 HU3bKHMH Ta AY)KE HU3bKUMHU (10 4 BU/M), 3 BUCOKUMH BUMOTaMH JI0 KHCHIO Yy BOJI —
JIMIIE OJIMH BUJ, CIMK eBporeiichkuii (Barbatula barbatula). 3a ocHoBHUMEU 00’€KTaMu KUBJICHHS
nepeBaxarorb O6entodarn — 10 BuaiB, meHme ¢iromnankrodaris Ta 300MmIaHKTodari (1Mo asa
BUJIM), OJJMH BHJ, OKYHb 3BUYalHHM, € XIDKAKOM, 1€ OJWH BHJ, POTaHb-rojioBewika (Perccottus
glenii) € i 6erTodarom, i XrKkakoM Ha PI3HUX eTanax PO3BUTKY.

Tabmurs 2. Po3noain BuniB pud y 6aceiini p. Yymrak. Homepu nokartiii 3 Ta6m. 1

Bux 112 |3 |4 |5 |6 |[D% |F
Alburnus alburnus — BepxoBoika 3Bu4aiiHa + 04| 1
Carassius gibelio — kapacs cpibscTuii* + |+ + |+ 204 | 4
Gobio gobio — miukyp 3BuvaitHMiA + 16| 1
Leucaspius delineatus — BiBcsiHka + |+ + 16,8 | 3
Pseudorasbora parva — ueba4ox aMmypchKuit* + + |+ 296 | 3
Rhodeus amarus — ripuak eBponencbkuii™* + 56| 1
Rutilus rutilus — muriTka 3Bu4aiina + 04] 1
Scardinius erythrophthalmus — kpacHomipka 3Bu4aitna + 04| 1
Tinca tinca — nua + 04| 1
Barbatula barbatula — cnmwk eBporeiicbkuit + 40| 1
Cobitis taenia — munaska 3BuyaiiHa** + 28| 1
Misgurnus fossilis — B 1o 3Bu4aiHmii** + 28| 1
Pungitius platygaster — xostouka miBaeHHa + |+ 10,0 2
Perca fluviatilis — oxynb 3Bnuaiiamii + 40| 1
Perccottus glenii — porans-ronosemka* + 04| 1
Proterorhinus semilunaris — OM9YOK-IyIHK 3aXiTHUN + 04| 1
Bcroro: 16 suais 1 (6 (4 |2 |2 |9

+ - IPUCYTHICTh BUY, * — 4yKOpimHi BuaM, ** — Buam Pesosmroii 6.

3a cTpokaMH HEpecTy MepeBaKaloTh BECHAHO-NIITHI, 14 BuaiB, BecHsSHO-HepecTyrOuHMX
BCbOTO 2 BUAU. Y [OCHIIPKEHUX BOJOWMax 3HAYHy YAaCTHUHY CTAHOBISATH PUOU 3 MOPLIHHUM
HepecToMm, 13 BuaiB. OqHOPA30BO HEPECTYIOUHMX BCHOTO 3 BUIH.

butbmricte BuaiB, Bchoro 10, HayexaTh 10 €KOJIOTIYHOI Tpynu (itoduriB, Mo HamAE
repeBary pociuHaM K HepecToBoMmy cyoctpary. OnuH BU, OKYHb 3BUYANHUM, IHAU(EPEHT 11010
HEpeCTOBOro cyocTparty, JiTo(diaiB Ta ncamMmodiliB MO 1Ba BUIU, OJUH BUJ, TipYaK €BPOMEUCHKHI
(Rhodeus amarus), octpakodii.

Kpim ripuaka eBpomeichbKOTo, KU BIAKIAIA€ 1KPYy B MOJIOCKIB, aKTHBHY TypOOTy Mpo
MIOTOMCTBO, a CaMe OXOPOHY KJIaJIKH, 3[IICHIOIOTh TaKOX 4e0auoK aMypChKUH, KOJIIOUKa MiBJACHHA,
pOTaHb-TOJIOBEIIKA Ta OMYOK-IynuK 3axiguuii (Proterorhinus semilunaris).

Pesomroriin 6 bepHcbKOi KOHBEHINi BKJIIOYae Taki 3 JOCHIDKCHUX BHUIIB: Tipyak
€BpoIeiichkHi, mumaBka 3Buyaiina (Cobitis taenia), B’ron 3Buuaiinuii (Misgurnus fossilis) [1].
INpyak 3BUYaitHMI, MIKMIIaBKa 3BUYAiiHA 3HAWCHI JIHIe B HIDKHIN yacTHHI Yymraka, BKe B MeXax
[TonTaBmuny. B’ron BusiBnenuit y llpamkisii, npu yomy sk B 2017, tak i B 2023 pp.

Binpiricts BuaiB, Bchoro 11, € abOpureHHUMH, IPOTE IXHS 3arajibHA YUCENBHICTh OJIU3BKO
39%. UYyxopigHi BuIM, Kapach cpiOmsgcTuii 1 4yebauoKk amMypchbKHil € HailMacoBIIMMHU Ta
nomupeHuMu B OaceiiHi Yymraka. TOYKOBO BHSBIEHO pOTaHS-TOJNOBEIIKY, OJHAK BiH
MOIIUPIOETHCS W IHIMUMHU CYCiTHIMU OaceilHaMH, II0 HE MOXE HE BHKJIMKATH 3aHEMOKOEHHS.
PazoM 3a YHCENBHICTIO MOCHIKEHMX OCOOMH IIi TP BHUIM CTAHOBIATH Oyn3bko 50%.
Camopo3sceneHisamu 13 JlHimpa, Tak 3BaHUMHU HEOJTIMHETHKAMH, € OWYOK-I[YyIIUK 3aXiqHUH Ta
KOJIFOYKa MiBJIeHHa (puc. 2).
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Puc. 2. CiiiBBiTHOIIICHHS MK PI3HUMU 32 TIOXODKCHHSIM BHIaMu pu6 Oaceitny Uymraka
(3a KUIBKICTIO JJOCIIKEHUX 0COOMH)

[TopiBusiHHS 3 cycimHiMu OaceiiHamu. 3arajiom, BCi Il BUAHM, KPIM pPOTaHS-TOJOBEIIKH,
3rafani B po6oti MoBuana, Pomans nns Cynu [8], 6a3yrounch Ha JiTepaTypHUX 1 My3eHHUX JTaHUX.
Jst Gaceitny Y aro B OUTBIT paHiX poOOTax TEX BIACYTHIN pOTaHb-TOJOBEMIKA [2, 9], oHaK Hapasi
BIH BXE € K B camMoMy Yaai, Tak 1 B Oaceiini [11]. Takox g0 Ynaro He TOXOAUTH OMYOK-ITYIIHK
3axiaHui [2, 9]. Hatomicte, y Cymnoi HasiBHI Maiixke Bcl BUIH, 110 1 B Yymraky, xi06a 110 OCTaHHIM
yacoM He BUsIBIIEHO JHHA [6]. JloBoui cxoxki 3a ymMmoBaMH Maii piukud Mbkpiqus Cynoro ta Cynu, B
KX CyMapHO TEX HajiuyeTbcs 16 BuAIB pub, 1 OUIBIIICT 3 HUX Taki cami, K 1 B Uymraky. OnHak,
B HHUX Oysu BiICYTHI BepxoBojka 3BuuaitHa (Alburnus alburnus), cimx eBporneichkuii Ta poTaHb-
rojosemika [5].

BucnoBku. Hamu 3naiineno 16 BumiB pud ansa Oaceliny Uymraka. Bupis, 3aHeceHux a0
nmotoyHoro mepeniky «YepBonoi kHurum VYkpainm» [10], He 3Haiimeno. I[Ipore BigmiueHO
MIPUCYTHICTh TPHOX BHUJIIB, 3aHECEHUX 10 Pe3omrorii 6 bepHChKOT KOHBEHIIII: TipYaK €BpOIEHCHKUH,
IIMIIaBKa 3BUYaiiHa Ta B’IOH 3BUYaHMUI. TakoX MpuCyTHI 1iHHI peo(iTbHI BUIU, B IOHU331 PIYKH.
3araioM, HWKHS JOUITHKA BIAPI3HAETHCA OUIBIIMM PI3HOMAHITTAM BHJIB Ta BIICYTHICTIO
YYKOPIAHUX BB, IO MOB’A3aHO 3 MPOTOYHICTIO Ta OJIU3BKICTIO MO THpia. TakuM YUHOM, BOHA €
HaWBaXIMBILIOK Yy MPUPOJOOXOPOHHOMY IuTaHi. [HImIa dYactuHa OaceilHy — 1€ 4acoM CTosul
BOJIOVMH, /i€ BMKMBAIOTh BUTPHUBAJIl HEBEIMKUX PO3MIpiB BuUAM puO. BUKIMKae 3aHENOKOEHHS
MOIIUPEHHST 4e0auyka aMypCchbKOro Ta MOTO BIAHOCHO BEJMKAa YacTKa cepel AOCTIIKEHUX pHo.
BigmideHo mommpeHHs IHIIOTO IHBa3MBHOTO UYY)KOPIAHOTO BHIY — poTaHs-rosoBemkH. [lomiOHi
MporiecH BiI0YBaIOTHCS TAaKOXK 1 B CYyCiIHIX OaceiHax.

Hoasixku. Apropu nskyrots Onekcanapy PoszanoBy, CestocnaBy lllepbatioky 3a nonomory
B €KCIIEIULIIMHNX BA3AAX.
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Kutsokon Y.K., Shukh A.Y., Roman A.M., Shcherbatiuk M.M. CURRENT COMPOSITION
OF THE FISH POPULATION OF THE CHUMHAK RIVER BASIN (SULA RIVER BASIN)

Introduction. Chumhak River is a tributary of the Dnipro River of the third order. Merging with the
Sukha Orzhitsa River, it forms the Orzhytsa River, which, in turn, flows to Sula River. The length of the river
is 72 km; the basin area is 845 km? We could not find any scientific publications about fish in the Chumhak
River Basin, there are only GBIF data sets.

Purpose. The purpose of the work: to investigated the modern species composition of the fish
population of the Chumhak River Basin.

Methods. Research was carried out in May 2017, June, August 2023 on the Chumhak and two of its
tributaries. A total of 6 stations were investigated, where 250 individuals of 16 fish species were found.

Results. 16 species of fish were identified. In terms of numbers, among the studied individuals,
Carassius gibelio (20.4%) and Pseudorasbora parva (29.6%) dominated. The most common were Carassius
gibelio (4 stations), Pseudorasbora parva (3), Leucaspius delinaetus (3). The largest number, 9 species, was
found for the lower section of the river in Poltava region, Krupoderyntsi village. The smallest, 1 species,
Carassius gibelio, was found in the upper Chumhak, village Kovalivka. From 2 to 6 species were noted at all
other locations. Three species from Resolution 6 of the Bern Convention (Cobitis taenia, Misgurnus fossilis,
Rhodeus amarus) were found. Three invasive alien species (Carassius gibelio, Pseudorasbora parva,
Perccottus glenii) are currently distributed in basin. Two species of neolimnetics (Pungitius pungitius,
Proterorhinus semilunaris) were identified, which spread from the Dnipro River.

Originality. The data are the first information of the fish population of Chumhak River Basin.

Conclusions. Thus, the lower part of the Chumhak River in the Poltava region is the most important
for nature protection. The other part of the basin is sometimes stagnant water, where hardy, small-sized fish
species survive. The spread of the Pseudorsbora parva and its relatively large share among the studied fish
is a cause for concern.

Key words: Dnipro basin, native species of fish, alien species of fish, Cherkasy region, Poltava
region
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MOCTYPAJBHA CTIMKICTDh HA CTABLJIbHIN
TA HECTABLIBHIM OITOPI 3A PI3HOI ITATOJIOITi

Anomauia. YV oci6 3 nowkooscennsmu xpeoma (n=12), mpaemamu nudicnvoi xinyieku (n=12) ma
300posux (n=14) odocrioxcysaru nocmypaivhy CMIUKICmb HA CMAOLIbHI ma HecmabiibHil niam@opmi
cmabinoepapa «MIIPI cmabunoepagh-1» nicis nposedenns Kypcy izuunoi peabirimayii 3 6UKOPUCMAHHAM
bazamoynxyionanrvro2o npozpamnozo komniekcy (BIIK) MFT Challenge Disc 2.0.

Bemanosneno, wo ¢isuuna peabinimayis 3 donomozoro BIIK MFT Challenge Disc 2.0 soiticuroe
NO3UMUBHUIL  6NAUE HA  NIOBUWICHH  CMAMOKIHemMuU4Hol  cmilkocmi  nayiecnmie 3  NAmMo02iE0
nonepekogoz2o 6i0diny xpebma ma KiCmoK HUdCHIX Kinyieok. Ilicns kypcy peabinimayii no npoepami
BIIK MFT Challenge Disc 2.0 na uecmabinoui onopi cmabinozpagha y nayienmie 3 namojozier
nonepekogoz2o Gi0diy Xxpebma ma mMpasMamMu KiCMOK HUNCHIX KIHYIBOK cnocmepieanu CMAmMucCmuiHo
3Hauyuje nioguujenHs Koe@iyienmy saxocmi QyHxyii pezymosanns pienosazu (KFR,%), ma 3meHuieHHA
008XCUHU  mMpacKkmopii Konueanus yewmpy mucky (Length, mm), cepeonvoi weuoxocmi nepemiujeHHs
yeumpy mucky (AvgSpeed, mm/c) ma cepedHbOi uacmomu cnekmpy KOIUBAHHA YEHMPY MUCKY Y
MedionamepanvHili ma anmepionocmepiopuiu niowuni (WAvgFMA, [y), nixc na cmabineHili onopi. YV
nayicHmie 3 NAmMoao2icl0 NONEPeK08o20 8i00INY Xpebma BUKOHAHHA 3a80aHb Qisuunoi peabirimayii no
npoepami BIIK MFT Challenge Disc 2.0 0oszsonsie cymmego nokpawumu cmamoxiHemuuny CmiuKicmo,
ma 3HUUMU HANPYIHCEHHS MEXAHI3MI8 NOCMYpanbHOi pe2yrayii Ha Hecmabinbuiti onopi cmabinoepaga,
HIJIC Y NaYieHmi8 3 NAMON02IEI0 HUJICHIX KIHYIBOK.

Pesynomamu demoncmpyroms, wo 3a ymMosu euxopucmants mpenyeanvhoz2o komnaexcy bIIK MFT
Challenge Disc 2.0 noxkasnuxu cma6inocpagii 3minioéanuce Henponopyiiuno. Buseneni ocobausocmi 3minu
cmabinocpagiunux NOKA3HUKIE 00YMO6IEeHI PI3HOW NAMONOIE0 X80pUX 1 YMOBAMU  VIMPUMAHHA
B8EPMUKATIBHOZO NOJONCEHHS HA cmadilbHill ma HecmabinbHill onopi. /losedeno, wjo Hecmabintbha onopa
30TUCHIOE OINbUL UPAdICEHULL BNIIUB HA NpOYec peadilimayii Xeopux 3 HAMO0ZIEN KICMOK HUNCHIX KIHYIBOK,
HIDIC Nonepexosozo 8i00iny xpebma ma Ha cmabinvhill onopi. Hecmabinona onopa, wo sukopucmogyemocs
011 MPeHYBaHHs KOOpOuHayii ma peabinimayii, a maxoxc O O0CAIONHCEHHS KIbKICHUX XAPAKMeEPUCMUK
CMAmMOKIHeMU4HOI cmilikocmi 0ae 00 €KMUBHY OYIHKY (DYHKYIOHANbHO2O CMAHY CUCTEMU, WO NIOMPUMYE
pisnosacy. Taxka oyiHka 3ACHO8AHA HA KINbKICHOMY 6UMIDI 30aMHOCMI JHOOUHU Kepysamu MNo3010 Y
CcMadiIoOMempuyHUX Mmecmax 3aCcHOBAHUX HA MEMOOUKAxX 3 OI0YNpaGIiHHAM ONOPHOI hyHKYI.

Knwowuosi cnosa: cmamoxinemuuna cmiukicms, cmabinoepagis;, HecmabiibHa onopa,
peabinimayis;, namonocis Nonepekoso2o 8i00ily Xpebma, mpaema KiCMOK HUNCHIX KIHYIBOK;
bacamogyukyionanvruil npoepamuuil komniexe MFT Challenge Disc 2.0.
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PiBHoBara sBisie cO0OI0 3MATHICTH MIATPUMYBATH BEPTUKAJIbHE IIOJIOKEHHS Tia 3
MIHIMATBHOK aMIUIiTYA0r0 konuBaHHA [1, 2, 3]. KonTponp 3a muM mporecoM 3a0e3neqyeTbes
KOMOIHAIlI€I0  IEHTpPaJbHUX Ta MNepuepuyHUX  HEPBOBUX  KOMIIOHEHTIB,  BKIIIOYAIOUU
CIIMHHOMO3KOB1 peqUIeKCH, CympacHiHAIbHI KOMaHIM Ta IHTerpamielo adepeHTHHX CHUTHAJIB
30pOBOi, BECTHOYISPHOI Ta COMATO-CEHCOpPHOi MonanbHOCTI [4]. Crparerii mocTypaibHOTO
KOHTPOJIIO BKIIIOYAIOTh a00 KOMIICHCYIOUYi KOPUTYBaHHS II03M Ticis 11 HemependadyBaHOTO
BIAXUJIEHHS, a00 BHIIEpPEKYBaJIbHI peakiii, Kl IPOTHAIIOTh OyAb-IKUM 3MiHaM 1o3u [5]. ke
O0aunmo, 1O (YHKIIS pIBHOBaru CKIAJAHUN peQIEeKTOPHUI MpoIec, SKUH KOHTPOIIOETHCS
Oe3repepBHUM TOTOKOM IMITYJIBCIB, IIO HIyTh BiX M’S3iB, MPOMPIOPEHENTOPIB, CYXOKHIUIS,
HIKIPHUX €KCTEPOPELEeNTOPIB, BECTUOYISIPHOI Ta 30poBOi cucteMu A0 BignoBiaHux Biaauiie [ITHC.
[Ipu nopyiieHH1 piBHOBAru 1 IMITYJIbCH aKTUBYIOTh PEQIIEKTOPHI CKOPOUYEHHS M S30BHX BOJIOKOH
JUid 11 BiAHOBIEHHS. TakuM 4nHOM, pedIeKTOpHI CKOPOUYEHHS M S31B € MPUYUHOI0 Oe3lepepBHUX
KOJIMBaHb TiJa JIFOJWHM, sIKI CIPsIMOBaHI Ha 30epekeHHs piBHOBard [6]. Lli komuBaHHS HE 3aBKIU
MOXXHa CIOCTEpIraTH BI3yaJlbHO, ajl€ IX MOXHA 3apeecTpyBaTH 3a JONOMOIOI0 CHeliaIbHUX
npuctpoiB. OAHUM 3 HANOUIBII MOIIMPEHUX METOMIB JOCIIKEHHs (YHKIIT pIBHOBAru JIIOJUHU €
crabimorpadis [5, 7]. 3apeecTpoBaHi mapaMmeTpu CTabUTOTpaMH HECYTh 1H(POpPMAII0 MPO CTaH
onopHo-pyxoBoi cucremu, [IHC Ta oprany piBHoBaru [8].

CrabinoMeTp MpeacTaBisie HEpyXoMy IUIaT@opmy, sika MICTUTh TEH30JaTYUKH, IO
BHUMIPIOIOTh BEPTUKAIBHY CIITY JUII BU3HAYEHHSI IICHTPY THCKY, SKUU BUHHUKAE Y pa3i CTOSTHHS
Ha HbOMY JIFOJMHU. 32 TAKUX YMOB BUKOPHUCTOBYIOTHCSI CUTHAJIH, SIK1 3B’s13aH1 31 3MIHOIO CHJIN
TSDKIHHS, 10 BHMIPIOETBCS  CIEKTPOMEXaHIYHHUMH YHd  €JEeKTPOHHUMH JIaTYHKaMHU.
3aCTOCOBYETHCSI CTAOUIOMETPIsl 3 METOIO JIIarHOCTUKH, MEAUYHOI peadimiTarii 4 TpeHyBaHHS
koopauHartiii. CrabiumoMeTpruuHi TIaThOPMH BUKOPHCTOBYIO 1 I OO ’€KTHBHOI OIIIHKH
(YHKIIOHATBFHOTO CTaHy JIOAWHU. [locTypanbHMII KOHTPOJIb TICHO TOB’S3aHUN 3 TapMOHIMHUM
PO3BUTKOM CEHCOPHO-MOTOPHOI 1HTerpamii Ta MOTOPHHM, KOTHITUBHHUM 1 COIlIQJIbHUM
po3BuTKOM nuTHHH [9]. CriopTUBHA AISUTBHICTH y O1JBIIOCTI BUMAAKIB OTPEOy€E BiJ JIFOIMHU
IIUPOKOTO JTlalma3oHy IMPOCTOPOBO-PYXOBOI Opi€HTaIlii, TOYHOCTI, IIBUIKOCTI, CTIHKOCTI,
pi3HOOIYHOI KoopamHamii pyxiB y daci Ta mnpoctopi [10]. Och YoMy BHKOPHCTaHHS
crabimorpadii y cCcmopTi Ta CHOPTHUBHIM MEIWIIMHI JIO3BOJIIE BUSBJSATH BPOJKEHI
OCOOJIMBOCTI BECTHOYJISIPHOI CHCTEMH CIOPTCMEHIB, $KI HE 3MIHIOIOTHCS IIiJI BIUIUBOM
TpEHyBaHb, a TaKOX CBO€YaCHO OLIHIOBAaTHM (YHKIIOHAJBbHUM CTaH Ta pIBEHb
IMATOTOBJICHICTh CHOPTCMEHIB, KOPEKTYBaTH PEKUMU TPEHYBaHb, PO3POOJISATH CIICIiIbHI
TpeHyBaJIbHI KOMIUIEKCH Ta BH3HavaTH iX edexTtuBHICTh [11]. 3a ymMoBHM BiANOBIIHUX
BpO)KEHUX 3110HOCTEH Ta MiJ 4Yac YJOCKOHAJIEHHsS CIIOPTUBHOI MaillCTEpHOCTI IOBMHHA
CIIOCTepiratucss MiHIMI3alisg aMIUIITyId KOJMBaHb TuIa Ta MIABUIICHHS  SKOCTI
CTAaTOJWHAMIYHOI CTIHKOCTI 1 CIOPTUBHOTO PE3yJIbTaTy.

VY CcnopTUBHHUX AOCTIDKEHHSX CTaOUIOMETpis Ja€ 3MOTy OTpHUMAaTH 3arayibHy iH(opmarliro
IIPO CTaH CIIOPTCMEHA, IPOBECTH TOYHUI aHa/3 OKPEMHUX i, KOHTPOJIIOBATH CHOPTUBHY (opMYy,
JornoMarae 00’€KTUBHO OLIHUTH 1HIUBITyaIbHO-TUIIOJIOTTYHI OCOOIMBOCTI KOKHOTO CIIOPTCMEHA,
3IICHIOBATH KOHTPOJIb (GYHKIIIOHATBHOTO cTaHy opranismy [12, 13]. 3a3anaurmo, 1110 KOMIT FOTEpHA
CTabUTOMETpisl 1a€ 3MOTY JOCIIKYBAaTH (PYHKIIOHAIBbHY CUCTEMY, 110 MIATpUMYE piBHOBary. Taka
OIlIHKAa 3aCHOBaHa Ha KUIbKICHOMY BMMIpi 3JaTHOCTI JIIOJUHM KEepyBaTH I03010 Yy BIIOMHX
crabimomerpuunux Tectax [14]. Hampukian y Bapianti mo3u PomOepra, a TakoXX B HOBHX
MO (IKOBAaHUX METOJMKAX 3 OioympaBiiHHAM omnopHOi peakiii [15]. Lleit MeTox Mae MmUpPOKuUit
CIEKTp 3aCTOCYBAHHs: OI[IHIOBAHHS BIAHOBJIEHHS (YHKI[II OMOPHO-PYXOBOrO amapaTy 3a YMOB
MPOTE3yBaHHS, IarHOCTUKU BECTUOYISAPHUX MOpPYLIEHb, OOIPYHTYBaHHs KPUTEPIiB BepTHKai3aLlii
XBOPHX Ha TOCTpUHl iH(pApKT MioKapAa s YTOYHEHHA M ONTHMI3alii peXuMy pyXoBOi
akTuBHOCTI [5]. Takox crabinorpadis € 000B’SI3KOBUM KOMIIOHEHTOM CHCTEMH MOHITOPHHTY Yy
BIJJTHOBJIIOBAILHOMY JIIKYBaHHI XBOPHUX Ha TeMIapeTudyHy QGopMy AUTAYOTO IepedpabHOro
napaniuy [16].
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JlocmipKeHHST MTPOAEMOHCTPYBaJIM €(DEeKTUBHICTh BUKOPUCTAHHS IMOCTYpPabHUX TECTIB Yy
BUSIBIICHHI CYOKIIIHIYHMX BecTHOymsipHux mucynkuiid [17]. IIpoBenena orinka BecTUOYISApHOT
¢byHkuii giteil 3 TOCTPUM THIHHHM CEepeAHIM OTHUTOM METOJOM KOMIT FOTEPHOI CTaTUYHOI
crabutoMerpii. Y cTaHi 3 3aKpUTUMHU OYMMA [ITH 3 THIHHUM OTHTOM BiIPI3HSIOTH BiI CBOIX
3IOPOBHX OJHOJNITKIB 3a 14 3 24 cTaOUIOMETpHYHUX NapameTpiB: JOBXKHHOIO CTabimorpamu,
MIBUJKICTIO, KYTOM Ta aMIUIITyOI0 KOJHMBaHb, MOCTYMAIOYHCh iM y CTIMKOCTI piBHOBaru. [18].
[Toxazano, MmO MOiTH 3 THIMHUM CEpPEeIHIM OTHTOM OUIBII YYTIWBI JO 30pOBOrO KaHAIY
MOCTYPaIbHOTO KOHTPOJIIO, HUK IX OJAHOMITKU. 3ailydeHHs 30pOBOi adepeHTallii 10 mocTypaibHOTO
KOHTPOJIIO ICTOTHO TOKpAIlye MiATPUMAaHHsA OajlaHCy y JiTeld 3 THIMHMM OTHTOM 3a pPaxyHOK
3MEHILEHHS JIeBlalliil, MOCTypaJlbHUX KOJMBaHb MOPIBHAHO 3 KOHTpoJjeM [18]. Beranosieno, o y
NOLIKUIBHOMY BIll THIMHUM cepeqHiil OTUT NPHU3BOAUTH 1O MPUXOBAHOI BECTHOYISPHOT
TUCQYHKIIII, sKa BUSABJISETHCS MOPYIICHHSIM CTIHKOCTI BEPTUKAJIBHOI MO3M y CTaHI 3 3aKPUTUMHU
OoYMMa Ta KOMIIEHCYETHCS 32 PaXyHOK 30POBO-BECTHOYIIO-MPOTPIONEITUBHOI IHTETpaIlli B MPOIEC]
MOCTYPaTbHOTO KOHTPOJIIO.

Sk 6GaumMo, pI3HI OpraHiyHi NOIIKO/UKEHHS Ta (YHKUIOHAJIbHI MNOPYLIEHHS MOXYTh
MPUBOJUTH 1O JecTabimizamii CTAOKIHETHMYHOI CTIMKOCTI JIOJUHHU. 3 SICYBaHHS MEXaHI3MIB
YTpPUMaHHSI BEPTUKAJIBLHOTO MOJIOKEHHS TUIa MPH PI3HUX MOPYLUIEHHSIX HAa ChOTOAHI HE MOBHICTIO
3po3yMili 1 HE 3’4COBaHI MEXaHI3MU B3a€MOJIl CEHCOPHMX Ta MOTOPHHUX CHUCTEM Yy I[bOMY
nporieci [ 19, 20]. Tum menmre, mo [{HC y O6utbmiocTi BUNaaKiB YCIMIITHO BUPIITYE 3aBJaHHS YTPUMaHHS
CTaTOKIHETUYHOI CTIHKOCTI1, KOOPIMHYE aKTUBHICTh TIOCTYPATLHUX M SI31B, Y3rODKYE iX 3 H(OpMaITi€ro,
1110 MTOCTYIIAE Bil BECTHOYIISIPHOT, IPONPIOPENENTHBHOI, CITyXOBOi Ta 30poBoi cuctem [21, 22, 23, 24].
VY Toii ke Jac nmpobaemMu, 0 BUKIMKAIOTh MOpYIIeHHs (QYHKITI XpeOTa Ta OrmopHOi (GyHKIIT HIKHIX
KIHITIBOK TiCHO TIOB’s13aH1 3 BECTUOYIIIPHOIO, TIPOTIPIOPEICTITUBHOIO, CITYXOBOIO Ta 30POBOIO CUCTEMOIO 1
MOXYTbh MPUBECTH JI0 PO3JIaIIB CTATOKIHETHYHOI CTIHKOCTI [25, 26]. 3a3HavyeHe 103BOJIsIE€ 3pOOUTH
y3araJbHeHHS 110,10 00YMOBIIEHOCT1 CKapr XBOPHUX 3 MATOJIOTIEI0 XpeOTa Ta HIDKHIX KIHI[IBOK HE JIUIIE
MOpYIICHHSAMHU (YHKIIIT OTIOPHO-PYX0BO1 (DYHKIII1, a 1 po3/iagaMu Ta TUCHYHKIIIEIO PIBHOBATH.

Sk 6aunMo, pe3yNbTaTH OI[IHKK CTAaTOKIHETHYHOI (YHKINI y 0ci0 3 marosoriero xpedra Ta
KICTOK HUKHIX KIHI[IBOK PI3HUMH IHCTPYMEHTAJILHUMH METOJIAMH € TOCUTh CYIEepEeWINBUMU, Ha 1110
BKa3yBaJIOCs 1 y HEIIOJIaBHHOMY CHUCTEMaTHYHOMY oyl [16], a mociimkeHHs 3aco0iB (i3H4HOT
peaburiTarnii IpakKTUYHO BiICYTHI.

BpaxoByroun 3a3HauyeHe BUILE Ta NPOCTOTY W BIATBOPIOBAHICTb PE3YJbTATIB CTATUYHOI
crabimomMeTpii y BHUsBIEHI €()EeKTUBHOCTI 3ac0o0iB (pi3myHOI peaburiTaiii MaIi€eHTIB 3 MaTOJIOTIE
xpeOTa Ta KICTOK HIDKHIX KIHIIIBOK 0yJs10 ChOPMYJIbOBAaHO METY HAIIIOTO JIOCII/HKCHHSI.

Mema 0ocnioxcenns — 3’ iICyBaTi 0COOJIMBOCTI AMHAMIKU CTAaTOKIHETUYHOT CTIHKOCTI Y XBOPUX
3 TpaBMamH IMOMEPEKOBOr0 BiIALTYy XpeOTa Ta KICTOK HIKHIX KIHI[IBOK 32 YMOBU NPOBEACHHSA
Kypey ¢i3uuHOi pealiniTaiii 3 BUKOPUCTAHHSIM KOMIT FOTEPHOTO TpeHyBaJlbHOTO KoMiuiekcy BITK
MFT Challenge Disc 2.0.

Marepianu i Meroau aociigxeHHs. JocnimKkeHHs TPOBOAWIM Ha 0a3i KOMYHAJIBHOTO
3aknany PeaGumitaniiinuii nentp "Actpa". JlochimkeHHS TPOBOAMIM Ha 0co0axX 4OJIOBIYOI cTaTi
BikoM 17-47 pokiB. PeecTparito crabijiorpaM 37iHCHIOBAIN 3 BUKOPUCTAHHAM CTa0LIOMETPUYHOT
wiargopmu. bynu crBopeni 3 rpynu. Jlo nepioi rpynu Oyiu BigHeceH1 00CcTexXyBaHi 3 epeIoMaMu
KICTOK HIDKHIX KiHIIBOK (13 ocif), mo Apyroi - ocoOu 3 MOUIKOKEHHSIMH MOTIEPEKOBOTO BiAALTY
xpebTa (9 ocib) Ta 370poBi 0cOOU, 110 CKIATU TPETIO, KOHTPOIIbHY rpyny (12 ocif).

JlocmikeHHsT TPOBOAWINCEH BiAMOBiMHO A0 ['enbciHchkoi aekmapaiii. O0ctexyBani Oynu
noin(opMoOBaHi 1 JajM 3rody Ha y4dacTb y JociipkeHHi. Excnepruza Oyna cxBaneni Komiretom 3
OioeTnkn YepkachbKOro HaI[lOHAJIBHOTO YHiBepcuTeTy. BumpoOyBaHHS TpPOBOAMIN B paMKax
nociimkeras Ne 0122U001744.

CraToKiHETHUYHY CTIHKICTh 00CTEXKYBaHMX BHU3HAYAJIH 3 jJomnomororo cradinorpada («MIIDI
crabunorpad-1») 1 makery mporpamHoro 3abesnedeHHs StabiliS na mmatdopmi (40x40 cm).
HapiitnicTs cTabinomMeTpuyHO OIiHKY 1oBeaeHa [13, 25, 26, 27, 28]. HaltbouibI BitoMUMHU TIO3aMHU
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€ TpU HACTYNHI MO3M: 1) KoM 0OCTEeXKyBaHUIl CTOITh MPSAMO, PYKH PO3BEICHI TOPU30HTAILHO B
croponu (“T-mo3a”); 2) - cToire mpAMO 3 pyKamH, SKi TPUMAaE rOpU3OHTaIbHE Tomnepes cede (Tak
3BaHa “30M0i-103a”); 3) - CTOITh MPsAMO, PYKH OMYyIIEeHI BHU3 B3M0BXK Tyinyoa (“Ilo3a commara”).
VY HamoMy JociipKeHi 00CTeXyBaH1 MICHs IHCTPYKTaXy BCTaBalid Ha ruatdopmy crabinorpada, y
noJsioxkeHHst “OCHOBHA CTiliKa”: pyKH — MPWKATI, TSTKH — Ha BiACTaHi 3 CM, CTOTIM — IO/ KYTOM
30°, o4i BigKpHTI.

Peecrtpaniro crabiorpamu IpoBOIMIIN 32 YMOBY BUKOHAHHS 2 TecTiB. CrlouaTKy BUKOHYBAIN
TECT Ha CTaOUIbHIM omopi Ta — Ha HecTaOuUTbHIN omopi. Peectpamiro crabiorpaM BUKOHYBAIU 3
BUKOPUCTaHHAM cTabinomerpuyHoi matgopmu. Ilig gyac CTOSHHS IOCTIHKYBAHOTO Ha Tuiatdopmi
yepe3 KoiuBaHHs Horo neHTtpa macu (ILIM) y mpoekuii Ha onopHy m1atGopMy BUHUKAIOTh 3MIHH Y
MOMEHTI CHJI, SIKI PEECTPYIOThCSA HU(POBUMU JaTUMKaMU IutaTGopmu. 3a TOTOMOTOI0 JUCILIEs Ta
BI3yaJIbHOTO KOHTPOJIIO BUIPOOOBYBaHHMM OTpUMyeE 1H(GOpPMALI0 MPO MOJOKEHHS CBOTO Tila Ha
mwiargopmi. Ha crabinpHil mnardopmi crabinorpada o0CTexXyBaHI JOBUIBHO YTPUMYBAIH
BEpTUKAIbHE TOJIOKEHHs Tina. Ilaneui crormm Gymm posropHyti Ha KyT 30°, a Mix m’stamum Gyna
BiACTaHb y 3 cM. OOcCTeXyBaHI Bi3yaJlbHO KOHTPOJIIOBAJIM IMOJIOKEHHSIM Tina. JlociaKyBaHOMY
MPOTIOHYBAJIOCS CTaTU Ha MuaTGopmy i perymatoBaTH CBOIO MO3Y TaK, MO0 HA PO3MIIIEHOMY TepeT
HUM €KpaHi JUCIIIes KOJIO, IO PYXAEThCS Yy 3aJEKHOCTI BII TIEPEMIIICHHS BIACHOTO TOJIOKEHHS
TiJa Ta LEHTPY TUCKY, Oyia B MICII IEPETUHY ABOX B3a€EMHO MEPIEHIUKYISIPHUX JiHIN (irypu, 1o
po3MillleHa Ha eKpaHi.

Hpyruit Tect 006cTe)KyBaH1 BUKOHYBAJIM Ha HeCcTaOUIbHIN Tuiatdopmi crabimorpada. Cromm
00CcTe)XyBaHUX 3HAXOJAWJIUCh Ha HecTaOUIbHIM Tuiatdopmi crabinorpada posmipom 40x40, sxa
pO3TalIOBYBAJIaCh HA TMOPOJIOHI TAaKOTO X Po3Mipy 1 ToBmmHOKW 100 MM 3 HakJIeWKamMu TIIaCTH-
KOBUMH MiTKaMu Jyisi ctoni. CTomM 3a IUX yMOB HE TOpKanach miatdopmu cradinorpada. Cronu
cnepeny posBeneHi mon kyrom 30°, Bigcranb MK mstamMu - 30 MM. Y BCIX BHIIagKax
€KCIIEPUMEHTY OOHJBI CTONMH 3HAXOIWJIMCh Ha OJHOMY TOPU30HTAILHOMY piBHI. JlochimKyBaHmit
CaMOCTIIHO JIOBUILHO PO3MOIUISIB HABAHTAXKCHHS JIJIs1 YTPUMAaHHs BEPTHUKAIBHOT MTO3H.

3 KOXHUM OOCTEKYBaHUM TIPOBOIWIM TpH TPoOH, oOupanu HaWKpamiuii pe3yabTart.
JlocmiKyBaHi CaMOCTIHHO TOBUTAHO PO3MOAUTSUI HaBAaHTAKECHHS IS BEPTUKAJIBHOTO TOJI0OKECHHS.
TpuBagicTh KOKHOTO TECTy cTaHOBHUIIA 60 C.

[Ipy BUKOHAHHI TECTOBUX 3aBIaHb y ITU(POBOMY PEKHUMI 3IMCHIOBAINA 3aIlUC TPUBATICTIO
60 c. 3 guckperHicTio B 25 1 At = c 1 00poOmsimn curHanu crabutorpamu. IlokazHuku
(YHKIIOHATBHOTO CTaHy CHCTEMH Ta PETYJSIii CTaTOKIHETHYHOI CTIMKOCTI OIlIHIOBaId 3a
koediienTom sikocti pynkuii piBHoBaru (KFR,%), 10BX)UHU TpaekTopii KOJIUBAaHb LEHTPY TUCKY
(Length, MM), cepenHbOi MBUAKOCTI MEPEMIIICHHS IIEHTPY TUCKY (AvgSpeed, MM/C) Ta BU3HAYATIH
CHEKTpaJbHy IIUIBHOCTI MOYaTKOBOTO CHrHamy y psny Dyp’e ans aHTepionocTepiopHOi 1
MefionaTepanbHOi IUIOMIMHU (CEpPEeIHI0 YacTOTy KOPCC-CIEKTPY KOJMBAHHS IIEHTPY THCKY,
wAvVgFMA, I'n).

Ha meprmomy ertami 31ilCHIOBAaTM JOCHIIPKEHHA Ta aHali3 MOKa3HUKIB cTabimorpadii Ha
novatky peaburitamiiinoro nporuecy. [loBTopHi nocnimkenHs Oynu MpoBeIeH] MiCls 3aBEPIICHHS
Kypcy pealOimitarii.

Cratuctuuny OOpOOKY [MaHUX TMPOBOJMBCA 3a JOTIOMOTOIO0 MAaKETiB UIsi MEAUYHUX Ta
Oionoriunux pocmimkensb (SPSS, Bepcis 22, IBM, CIIA). Anani3 moka3HHKIB, IO OJEpKaHI B
pe3yibTari 00poOKM cTabiorpaMu, MokasaB, IO iX PO3MOJUT BIAPI3HAETHCSA Bil HOPMAJILHOTO.
BianoBigHO 10 1bOTO, MPU NMPOBEAEHHI MOJATBIIOTO CTATHUCTUYHOTO aHali3y 3aCTOCOBYBAIMCS
HernapaMeTpHuH1 KpUTepii i BUKOPUCTOBYBAJIM OMTUCOBY CTaTUCTUKY (MeiaHa, MoxuOka Meian, | ta
IIT kBapTuii) Ta kputepii Binkokcona. BukopucroByBamu Tect T’1oki 3 nmonpaBkoro bondepponi
JUIS BU3HAYEHHS 3HAUyNMX BigminHocTel (p < 0.05) Mk cepeaHIMU 3HAUCHHSMU.

Pe3yabTaTn gociaizaxeHHs: Ta iX 00roBopeHHsi. Y 0ci0 3 HMOUIKO/DKEHHSMH MOTIEPEKOBOTO
BTy XpeOTa Ta TpaBMaMH KICTOK HHUXHBOI KIHIIIBKA MPOBENIH JOCHIHKEHHS MOCTYypalIbHOI
CTIMKOCTI Ha cTaOUIbHIN Ta HecTabUTBHIN maTdopmi cradbinorpada 10 Ta miciis MPOBEACHHS KypCy
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¢i3uuHOi peabiniTanii 3 BUKOPUCTAHHAM 0arato(yHKI[IOHATBHOTO MporpaMHoro komruiekecy MFT
Challenge Disc 2.0. Ilomko/keHHST HONEPEKOBOTO BiALTy XpebTa Ta TpaBMHM KICTOK HHXKHIX
KIHI[IBOK MPU3BOJATH A0 NPUXOBAaHOI JUC(YHKIIIT, SIKa BUSABISETHCSA Y MOPYLUICHH] CTATOKIHETHYHOT
CTIMKOCT1 Ha CTaOUIBHIN Ta HeCTAOUTLHIN OTOPi.

Jocniosxcenna nocmypanvHoi cmitukocmi Ha CMAOLIbHIU ma HecmabinbHiti Onopi nepeo
nOYamKkoM npogedenHst Kypcy @izuunoi peadbinimayii. Bei oOCTeXyBaHI KOHTPOJIBHOI Ta TPy
BTPYYaHHS MPOXOAWIH JIOCTHDKEHHS TMOCTypaJIbHOI CTIHKOCTI Ha CTaOUIbHIM muaTdopmi
crabimorpada. HeoOxigHo Oymno yrpuMyBaTH 1moctaBy Ha cTaOuIbHIN omopi crabinorpada 6e3 6e3
3al{BOTO TICHXOEMOIIIHHOTO HAaINpyKeHHS. Pe3ynmpTath MOCHIHKEHHS IOCTYNalIbHOI CTIMKOCTI
oIliHIOBaNM 3a mokasuukamu: Length, mm, AvgSpeed, mm/c, KFR,%, Ta wAvgFMA, 't y 310poBux
00CTeXXyBaHUX KOHTPOJIBHOI IPYITH, 3 TIATOJIOTIEI0 MOMEPEKOBOTO BIIALTY XpeOTa Ta KICTOK HIKHIX
KIHIIIBOK Ha cTa0UIbHIA Iu1aTopMmi 10 TOYaTKy MPOBEACHHA Kypcy ¢13uuHOI peadumiTarii
npejcTaBieHi y Tadnumi 1.

Tabmumst 1
[Tokazuuku noctypanpHOi cTiikocTi (X£SD) Ta ctatuctryHa 3Hauymicts pisHuLl (P) y rpynax
o0cTexxyBaHUX Ha cTaOUIBHIN miaTdopmi ctabitorpada 10 moyarky Kypcy peadutirarii

I'pymm JocnimxyBaHi TOKa3HUKH
BTpy4aHHs, No Length, AvgSpeed, KFR, wAvVgFMA,
MM MM/C % I'm
KonTpomsHa 1 431,6+50,9 7,0+0,87 81,1+4,3 0,238+0,02
Homopxenns | 5 703,2+61,3 11,6+1,04 59,7+4,8 0,309+0,02
xpe0Ta
Tpasmu HIDKHIX | o 613,4+74,2 10,0+1,9 67,045,7 0,293+0,01
KIHIIIBOK
CraTucTr4Ha Pio = 0,034 = 0,037 =0,033 =0,041
3HAUYITCTH Pis = 0,021 = 0,041 = 0,031 = 0,047
pisHuLp, P P,3 = 0,043 = 0,063 = 0,053 = 0,053

3 pe3ynbTaTiB, MO MPEACTaBIICHI y TaOMWIll BHAHO, IO JOCIIDKYBaHI XapaKTEPUCTHKU
CTAaTOKIHETUYHOT CTIMKOCTI y 0cCi0 3 TMAaToJIOTi€l0 MOMEPEeKOBOTO BimauTy XpeOTa Ta KICTOK
HIDKHIX KIHI[IBOK Ha CTaOUIpHIN muiatdopmi ctiOutorpada mepen moyaTkoM Kypcy peadimitariii
BUIPI3HSUIMCHh BiJl TIOKA3HHWKIB KOHTPOJIbHOI rpymu. Tak, y OOCTeXyBaHHMX TPyl BTpy4YaHHS, 3
MATOJIOTIEI0 TOTEPEKOBOr0 BINALTY XpeOTa Ta KICTOK HWXKHIX KIHI[IBOK CTaTUCTHMYHO 3HAUYIIE
30uTbLIMIINCS TOKa3HUKU crabitorpamu Length ta AvgSpeed, a KFR 3Hu3uBcs y mopiBHsAHHI 31
3HaUYeHHAMH KOHTpoJjbHOI rpymu (p < 0,05 — p < 0,001). Tloka3sHHKH CepeAHBO3BAKEHOT
YaCTOTH CIIEKTPY KOJHMBaHb IIEHTPY THUCKY y (POHTAIBHIA Ta cariTajbHiil IUIONIMHAX Ta KPOC-
cnektpy (WAvgFMA) y KOHTpOJNIBHIM Tpymi 3HaXoAujacs Yy HHU3bKOYACTOTHOMY Jliana3oHi
(0,238+0,02 I'm) 1 Oyna CTaTUCTUYHO 3HAYYIIE HUXKYA, HDK Yy OCI0 3 MATOJIOTIEI0 MOMEPEKOBOTO
Biminy xpebra Ta HWkHIX KiHIiBOK (p < 0,05). 3asHaueHa dvacToTa BimoOpakae mpoIleC
yTPUMaHHS PIBHOBaru B MEXKax MPOEKIIl IUIOHI HOro omopu Ta KOMIIEHCATOPHE BiTHOBJICHHS
BTPAyYeHOi PIBHOBArW Tila SIK pe3yJbTaT yYCTAaHOBYMX MO3HUX pedrekci (??77). Lle cBiquuTh mpo
JOMIHYBAaHHSI MEXaHI3MIB CaMOPETYJALil OCHOBHOI CTIMKM y OOCTE€KYBaHUX KOHTPOJIBHOI IpyIu
(??). Tlokasuuku wAvVgFMA y rpymax BTpy4YaHHs CTQTHCTHYHO 3HAYYIIMX 3MiH HE Maju
(p > 0,05), ame Oymu BUIIMMH, HDK Yy KOHTPOJIBHIA TIpymni Ta 3HAXOAWIUCH Y MeEXKax
(0,293+0,01 - 0,309+0,02 Tm). Omke, Bum 3HaueHHs crabimorpamu Length, AvgSpeed,
wAvVgFMA Ta Hiwkui KFR y rpynax BTpy4aHHs, 3 HaTOJIOTIEI0 MOMEPEKOBOro BTy XpeOTa Ta
KICTOK HIDKHIX KIHIIIBOK MOXYTb OYTH O03HAKOIO CTAaTOKIHETHYHOI IUCOYHKIIl MeXaHi3MiB
CaMOpEryJALii HOPIBHSIHO 3 KOHTPOJIEM.
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Y craHi JochmipKeHHsS cTabitorpaMu Ha HecTaOUTbHIM omopi crabimorpada y ocid 3
MOIIKO/DKEHHSAMHU TIONEPEeKOBOr0 BIANLTY XpeOTa Ta TpaBMaMHU KICTOK HID)KHBOI KIHIIIBKH [0
MPOBEJICHHS Kypcy (Hi3MUHO1 peadiniTallii 3HaYHO 3HU3WIHCS MOKA3HUKH CTATOKIHETUYHOT CTIHKOCTI
y BCIX rpymnax NOpiBHSHO 3 XapaKTepUCTUKaMH, 10 Oy OTpUMaHi Ha cTabuIbHII omnopi (Tadm. 2).

Tabmurs 2
[Toxa3uuku nmocrypanbHoi criiikocTi (X+SD) Ta ctarucTryHa 3Hauymicts pisaui (P) y
o0cTe)KyBaHUX Ha HeCTaOUIbHIN TuaTdopmi ctabiorpada g0 movatky Kypcy ¢izudnoi peadimiTamii

I'pymu JlocmimkyBaHi TOKa3HUKA
BTpy4aHHs, No Length, AvgSpeed, K®P, wAvVgFMA,
MM MM/C % I'm
Konrposbha 1 804,6+73,1 13,1+1,26 63,0+3,71 0,336+0,03
Homwomxenns |5 | 1047 6484 3 17,6+1,4 39,7+3,4 0,406:£0,04
xpeoTa
Tpasmu HIOKHIX | 850+68,4 14,1+1,1 49,8 +4,04 0,3850,01
KIHI[IBOK
CraTtucTryHa P12 =0,023 =0,017 =0,023 =0,027
3HAYYILICTH P13 =0,041 = 0,045 =0,032 =0,041
pizHHuIE, P Py3 =0,073 =0,076 =0,083 =0,063

3 pe3ynbTiB Tabg. 2 BHAHO, IO Ha HECTaOUIBHINM, Tak SK 1 Ha CTaOUIBHIA oOmOpi
crabimorpada mokazuuku Length, AvgSpeed Oynu cratuctuyHo 3Hauyme Outbmumu, a KFR Ta
wAvVgFMA HmwK4YuM y Tpynax 3 TpaBMaMH xpeOTa Ta HIKHIX KIHIIIBOK, HDK Y KOHTPOJBHIN TPyITi
3nopoBux ocio (p < 0,05 — 0,001). Jlo mpoBeaeHHs Kypcy peaOimitaiii y oOCTeXyBaHHX 3
MaTOJIOTIEI0 TOMEPEKOBOTO BAAUTY XpeOTa Oynu BHSIBIICHI JAemo BHI moka3Hukw Length Ta
AvgSpeed 1 wAvgFMA Tta Hmwxkui 3HadeHHs KFR, HDK y oOcTexyBaHWUX 3 TpaBMaMU KICTOK
HIDKHIX KIHITIBOK. AJie CTATHCTHYHOI 3HAYYIIOCTI i MOKa3HUKHU He focsrau (p > 0,05). Lle Bkazye
Ha Te, IO 3a YMOBU CTOSHHS Ha HECTaOUIbHIM OMOpl 3HAYHO TOTIPIIYETHCS CTATOKIHETUYHA
CTIMKICTH 1, 0COONHBO, Y 0Ci0 BiIHECEHUX JO TPYIH 3 MATOJIOTIEI0 MOMEPEKOBOTO BUIILTY XpeoTa.
CroinbHMM I8 OOCTeXXKYBaHHMX yCiX Tpymn OyJo Te, IO 3a YMOBHM HECTAOUIBHOI OIOpH, Y
MOPIBHSHHI 31 CTa0UILHOO, CTATOKIHETUYHA CTIMKICTh 3HMXKyBasiach. Ha 11e BKa3zyBaiu MOKa3HUKHU
Length, AvgSpeed 1 wAvgFMA, mo nigsunmincs, a Takox 3HwKeHHs KFR. 3a3znauene moxke
BKa3yBaTH Ha 3HAYHO OUIbIIE HANPYKEHHS MEXaHI3MIB PETYsIii CTaTOKIHETMYHOI CTIHKOCTI Ta
OinpIn BUpakeHOi nucdyHKIii adepeHTHOI iHTerpalii 3 60Ky TPhOX KIIFOUOBHX CHUCTEM: 30pOBOI,
BECTUOYISIPHOT Ta COMTOCEHCOPHOI, 0COOIMBO, y Tpynax BTpy4daHHs. HeoOXiqHO 3BepHYTH yBary
Ha Te, 10 BCIX 00CTEeKYBAHMX SIK Y TPYIIi 3A0POBHUX TaK 1 3 TpaBMaMu XpeOTa Ta HUKHIX KIHI[IBOK
CepeHhO3BAKEHA YACTOTa CHEKTPY KOJHMBAaHb LIEHTPY TUCKY Yy (pPOHTANBHIA Ta cariTaibHii
IUIOUIMHAX Ta Kpoc-crekTpy (WAVgFMA) craTucTuyHO 3Hauylle MiIBUIIMIACH 1 3HAXOAUIACS Y
nianazoni Bumux vactot (0,336+0,03 - 0,406+0,04 I'm), HX 32 YMOBH YTpMMaHHsS [OCTaBU Ha
crabutpHil omopi (p < 0,05). ¥ oci6 3 maTtosorieto xpedTa cepelHbO3BaXEHA YacTOTa CIEKTPY
KOJIMBaHb LEHTpYy THCKY (WAVEFMA) nocsrna Bemnuuan 0,406+0,04 I', mo moxxe Oytu
IHTepIpeTOBaHe, K JOMIHYBaHHA Y MeEXaHI3MaxX peryidiii Ta KOMIEHcallii MOCTaBH BHUIIMX
peryasTopHHUX LEeHTpiB [16].

OTxe, 3 BUILIEBUKIIAICHOTO MaTepially MOXKHa 3pOOUTH y3arajlbHEHHsI CTOCOBHO TOTO, IO 10
MOYaTKy MPOBEJIEHHs Kypcy pealuritanii y BUIPOOOBYBaHMX 3 MATOJIOTIi (PYHKIIT MOMEPEKOBOIO
BiIITy XpebTa Ta KICTOK HIDKHIX KIHI[IBOK Ha CTaOUIbHINA, Tak 1 HecTabuUIpHIA omopi
CTaTOKIHETUYHA CTIMKICTh CTATUCTUYHO 3HAUYIIE HIDKYA, HDK Yy TPYyMax 3J0POBUX OOCTEKYBaHHX
KOHTpOJIbHOI rpynu. HectaOuibHa oropa 3HaUYHO 3HMKYBasla (PYHKIIIFO CTATOKIHETUYHOI CTIHKOCTI
y Bcix Tpymax o6OcrexyBaHux. CTaTUCTHYHO 3HAYYIIUX PI3HHUIL Yy TPyMax 3 MAaTOJIOTIE0
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MOTIEPEKOBOTO BTy XpeOTa Ta TpaBMaMM KiCTOK HIDKHIX KIHI[IBOK, SIK Ha CTaOUIbHIN, Tak i Ha
HecTa0UTbHIN OMopi HEe BUSBIICHO.

Peabinimayiiina npoepama 015 0cid 3 namono2ico Nonepeko8o2o 8i0diny xpebma ma Kicmok
HudcHix Kinyieox. OOCTEXKyBaHi 3 MATOJIOTIEI0 HIKHIX KIHI[IBOK Ta XpeOTa YHIpOJOBXK T'OJWHU IIiJ
KEepIBHULTBOM (PI3MYHOTO TepaneBTa MEAWYHOTO LIEHTPY TPHUUl HA THXKACHb MPOXOJWIH 3aHATTS 3
peabumitarii mo mporpami, O 3akiaaeHa y kommiotopHomy komiuiekci Challenge Disc 2.0.
OOcrexyBaHl yNpOAOBXK TOJWHU MOCITIJOBHO BHUKOHYBAJM TPEHYBAaJIbHI 3aBJaHHS Ha
OanaHCcyBaJbHOMY TUCKY. PeaOiniTanis ckiaganacs 3 4 nporpam: po3MUHKHU 1 HABYAHHS aKTUBHOTO
yIpaBIiHHS pyxaMmHu (5 XB); TeCTH Ha nepeBipKy KoopauHaiii (10 XB); HaBYaHHS KOOPAMHALIIHUM 1
TepaneBTUUYHUM MporpamaM (15 xB.) Ta 6 IrpoBUX Mporpam TPeHYBaHHsS KOOpAMHaLii (110 5 XB
koxHa). [lig yac CTOSIHHS malieHTa Ha JTUCKY Yepe3 KOJUBAHHS HOro LEeHTpa Macu y MpOEeKIlil Ha
OTIOPHY MJIaTOPMY BUHHUKAIOTh 3MIHM Y MOMEHTI CHUJI, SIKI PEECTPYIOThCS HU(PPOBUMH JaTUUKAMU
KOMITIOTEPHOTO KOMIUIEKCY. 3a JOMOMOTOI MOHITOpPA, BUMPOOOBYBAHMM BI3yaJIbHO KOHTPOJIIOE
MOJIOXKEHHS CBOTO IIEHTpa MacH Ha raTdopmi Ta 3AIMCHIOE WOTo KOpekiit. JlochipKyBaHOMY
MPOTIOHYBAJIOCS CTaTU Ha MaTGopmy i peryatoBaTH CBOIO MO3Y TaK, MO0 HA PO3MIIIEHOMY TEepe
HUM €KpaHi auciuiest pirypa, Iio pyXxaeThesl y 3aJIEKHOCTI BiJl IEPEMILIEHHS BIACHOTO MOJIOKEHHS
Tina, Oyaa y Toull, IO MOCTIHHO 3MIHIOBAJa CBOE IMOJIOKEHHSI B 33/IaHUX MPOTrpamMoI0 HalpsiMKax
Ha ekpani. [[ns Bcix oOcTexyBaHUX 3 TpaBMaMM MOIEPEKOBOrO BAJILTY XpeOTa Ta KICTOK HHXKHIX
KIHIIIBOK Mporpama peabutiTaiii Oyna ogHakoBa. i1 KOXKHOTO MarieHTa npoBeaeHo no 10 3aHAaTh.

Jlocniosxcenns nocmypanvhoi cmivukocmi Ha cmabiibHiti ma HecmabilbHill onopi nicis
nposedeHus Kypcy @isuunoi peabinimayii. Bci oOcTexyBaHi Tpynmyd BTPy4YaHHS, IO MPOXOIUIN
TepaneBTHYHY peaduIiTallil0 y MEIUYHOMY LIEHTPI 1 MIC/sl 3aKIHYEHHS KypCy B1THOBJIEHHSI TPOUIILIN
MMOBTOPHY MIEPEBIPKY CTATOKIHETUYHOI CTIHKOCTI 3a moKka3HuKamu ctabimorpamu Length, AvgSpeed,
KFR ta wAvgFMA.

Heo06ximHo Oymno 3’sicyBaTH 0COOJMBOCTI TUHAMIKH CTaTOKIHETUYHOI CTIHKOCTI Y XBOPHX 3
TpaBMaMu TOIEPEKOBOTO BiAUTY XpeOTa Ta KICTOK HIDKHIX KIHITIBOK 3a (I3W4YHOI peaburiTarlii 3
BUKOPHUCTAaHHSIM KOMIIIOTEpHOTO Komiuiekcy Ta mporpamu Challenge Disc 2.0. PesynbraTtu
JOCIIIJDKEHHSI TIOCTYpajbHOI CTIMKOCTI y 3J0pOBHX OOCTEKYBaHMX KOHTPOJBHOI Tpynmu 1 3
MaTOJIOTIEI0 MOIMEPEKOBOI0 BLIILTY XpeOTa Ta KICTOK HHMKHIX KIHIIIBOK Ha CTaOUIbHIN raTdopmi
micas Kypey ¢i3uuHoi peabumitarmii omiHOBanM 3a mokazHukamu Length, mm, AvgSpeed, mwm/c,
KFR,%, wAvgFMA, T'ry (Ta6m. 3).

Taomums 3
[Toka3Hnuku noctypanbHOi cTiiikocTi (X£SD) y o6cTexxyBaHUX Ha cTaOUIBHIN MIaTdhopmi
ctabutorpada micis npoBeaeHHs Kypcy dizuuHoi peabinirarii

I'pymu JocnimkyBaHi MOKa3HUKH
BTpy4aHHs, Ne Length, AvgSpeed, KFR, wAvVgFMA,
MM MM/C % I'u
KoHntposbHa 1 425,0+83,9 6,8+1,35 82,0+5,5 0,292+0,05
Homxomkenna |-, 627,8+63,7 10,2+1,2 64,4452 0,360+0,03
xpeOTa
Tpasumu HIDKHIX | 586,0+64,9 10,1+1,09 67,0+5,04 0,316+0,02
KIHIIBOK
CraTucTU4HA P = 0,023 = 0,017 =0,023 =0,027
3HAYYIIICTh P13 = 0,041 = 0,045 = 0,032 =0,061
pi3HuUIlb, P Py3 = 0,073 = 0,076 =0,083 =0,043

VY KOHTpPOJBHIN TpyIi CTATOKIHETUYHI XapaKTePUCTUKU Ha CTaOUIbHIN omopi crabinorpada
yepe3 JBa TW)KHI HE 3MIHMJIUCS Yy MOPIBHSIHHI 3 MOKa3HUKaMH, M0 Oyad OTpUMaHi 10 MOYaTKy
excriepuMeHnrty (p > 0,05).
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3 pe3ynbraTiB, MO MPEACTaBlICHI y TaOMUII BUAHO, IO JOCITIHKYBaHI XapaKTEPUCTHKU
CTaTOKIHETUYHOI CTIHKOCT1 y OCI0 3 MaTOJIOTI€I0 MOMEPEKOBOro BAAUTY XpeOTa Ta KiCTOK HHMXKHIX
KIHI[IBOK Ha cTaOuIbHIA miatdopmi cribimorpada micias Kypcy peabimitamii BIAPI3HSIMCH Bix
MMOKa3HUKIB KOHTPOJBHOI I'pymu Ta MibK co0oro. Tak, y OOCTeXyBaHUX Tpyln BTpy4YaHHS, 3
MATOJIOTI€I0 MONEPEKOBOTO BiITy XpeOTa Ta KiCTOK HW)KHIX KIHI[IBOK ITICIIsS MPOBENEHHS KypCy
peabumitarii 3 gormomoroto aucky i mporpamu Challenge Disc 2.0. BimMmivaawch CTaTHCTHYHO
3HAUYIII MOKpamaHHs rnmokasHukiB crabitorpamu Length, AvgSpeed ta KFR. ¥V o6crexyBanux 3
MOIIKO/DKCHHSIMH XpeOTa Ta HWKHIX KIHI[IBOK HAa CTAaOUIbHIA OMOpi MOKAa3HWKHU CTaOLIOrpaMu
(KFR) Oymnu cratuctuyHO 3Hauymie HkunMH, a Length Ta AvgSpeed BUIUMU, HIK Y KOHTOJIBHOT
rpynu (p < 0,05 —0,001). HaBeneHi pe3ynbTaTu BKa3ylOTh Ha T€, 1110 CTATOKIHETUYHB CTIMKICTh Ha
CTaOUIbHIN Omopi 0OCTEKYBAaHMX 3 MOILIKO/PKEHHSMH IONEPEKOBOTO BIAALTY XpeOTa Ta KICTOK
HIDKHIX KIHIIBOK 1 Ticsl MpoBeleHHS Kypcy (ismdnoi peabinmitamii mo mporpami Challenge
MOCTYHA€EThCS MOCTYPATBHUM XapaKTEpPUCTUKAM 3/10POBUX OCI0.

Pesynbratu nmocmimkeHnHs crabutorpaMu Ha HecTaOUIBHIA omopi crabimorpada y ocid 3
MOILKO/KEHHSMH TIOTIEPEKOBOrO BIIJLTY XpeOTa Ta TpaBMamMH KICTOK HIDKHBOI KIHIIIBKM IMiCIs
NpOBEICHHST Kypcy (ismunoi pealimitamii 3 BHKOpUCTaHHSM Jucky Ta mporpami Challenge
npescTaBieHi y Taom. 4.

Tabmuns 4
[Toka3uuku noctypanpHOi cTiikocTi (X£SD) y o0cTe:xkyBaHUX Ha HECTAOUIBbHIN miaTdopmi
ctabutorpada micist mpoBeACHHs Kypcy peadiiiTaii

I'pynn JlocnimKyBaHi HOKa3HUKH
BTpy4aHHs1, No Length, AvgSpeed, KFR, wWAVgFMA,
MM MM/C % I'o
KoHTpolbHa 1 7955754 12,7+1,23 62,7+4,36 0,338%0,03
Tomkomxerna |, 912,7+62,8 15,042,7 48,2+7,7 0,350+0,06
xpeOTa
Tpasmm minkHix |- o 797,2454.9 13,0+0,98 55,6+3,5 0,297+0,02
KIHIIIBOK
CraTucTH4Ha Pio = 0,023 = 0,017 =0,023 = 0,027
3HAYYIIICTh P13 = 0,041 = 0,045 = 0,032 =0,061
pisiuis, P | Pos = 0,073 = 0,076 = 0,083 = 0,043

[IpencraBneni y Ttabnumi 4 naHi AEMOHCTPYIOTh, IO JOCHIIKYBaHI XapaKTEPUCTUKH
CTaTOKIHETUYHOI CTIMKOCTI y 0cCi0 3 TaToJOri€l0 MOMEepPeKoBOro BigAily xpeOTa Ta KICTOK
HIOKHIX KIHIIBOK Ha HecTaOuIbHIM mmatdopmi cribimorpada micis MpOBEAEHHS Kypcy
peaburitanii mo mporpami Challenge cramu kpamumu, HDK y 1O MOYaTKy Kypcey peaOimitartii.
BriM, y oOcTexxyBaHHUX 3 MOUIKOKEHHSMHU IOMEPEKOBOTO BIIALTY XpedTa Ta KICTOK HHXKHIX
KIHIIIBOK Ha HecTaOuIbHIM omopi mokasHuku ctabimorpamu KFR Oynm craTUCTHYHO 3Havyle
HwkyuMu, a Length ta AvgSpeed Bumumu, HbX y kouTtoabHoi Tpymi (p < 0,05 — 0,001).
HaBeneni pe3ynbTaTu BKa3ylOTh Ha Te, L0 CTAaTOKIHETHYAa CTIHKICTH Ha HeCTaOUIbHIA oropi
NAI€HTIB 3 MOUIKO/UKEHHSAMHU XpeOTa Ta HUKHIX KIHIIIBOK 1 MIiCHs MPOBENEHHS Kypcy (i3M4yHOL
peabimiranii mo mporpami Challenge mocrymaerscst  xapakTepucTHKaM — 370pOBHX — OCIO.
CTaTUCTHYHO 3HAUYYIIMX PI3HUIL Yy Tpylax 3 MaToJIOTIEI0 IMONEPEeKOBOrO BiAAULY XpeOTa Ta
TpaBMaMM KICTOK HI)KHIX KIHIIBOK, SIK Ha CTaOUIbHIA, Tak 1 Ha HecTaOUIbHIN omopi micis
IpoBeAeHHS Kypcy (i3muHOi peabinmiTamii He BHSBIEHO. Y KOHTPOJBHINA Tpyli CTaTOKIHETHYHI
XapaKTepUCTUKM Ha HecTaOUIbHIM omopi crabimorpada yepe3 JBa TWXKHI HE 3MIHWIUCS Y
MOPIBHSAHHI 3 MOKa3HUKaMHM, 110 Oyau OTpUMaHi Ha MoyaTky ekcrepuMmeHty (p > 0,05). Ocobu 3
MATOJIOTI€I0 MOMEPEeKOBOTo BiAUTY XpeOTa Ta TpaBMaMHU KICTOK HIDKHIX KIHIIIBOK BHSBHJINCH
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OUIBII YYTIAMBUMH JI0 TOCTYpPaJIbHOTO KOHTPOJIO Ha HECTaOUIbHOI OmopW, HDK IX 310pOBI
oOcTexyBaHi.

PesynpraTn mokasainy, mo y KOHTPOJIi A1 BCIX 00CTE)XKYBaHHUX TPYIl Ha HeCTaOUIbHINA omopi
crioctTepiranyu 30UTBIICHHS PO3XUTYBAaHHS Tila. 3a IHMX YMOB CIIOCTEpIrajid 3HWKCHHS SKOCTI
nigTpuManHs piBHoBaru (3HWwkeHHs KFR) 3a paxyHOK migBUIIEHHS [eBianii MOCTypaTbHUX
KOJIMBaHb, IO MiATBEPKYIOTh MOKa3HUKH 3POCTaHHS CEPEIHBOI MBUIAKOCTI MEPEMIIIEHHS LIEHTPY
tucKy (AvgSpeed, MM/C), TaK i IIJITXOM MEHIIOT KUTBKOCTI BEJIMKHUX KOJUBAaHb Ta 1 MiABUIICHHS
CTIEKTPAJIbHOT HIUTFHOCTI IUIOMMHK (CEpeHs 4acTOTa KOPCC-CIEKTPY KOJIMBAaHHS IEHTPY THUCKY,
wAvVgFMA, T'i), Hbk y KOHTpoJi Ha crabuibHii omopi (p < 0,05 — 0,001). ImoBipHO, 110
HecTaOUIbHA OIMOpa 3MEHIIYE KUIBKICTh PEryIspHHUX Ta nepeadauyBaHUX KOJUBaHb 1 MOCUIICHHS
HU3bKOYACTOTHOTO aiana3zony (6au3bko 0,3 I'y) mopiBHSIHO 3 KOHTpOJIeM Ha cTaOuUIbHINA omopi. 3a
3Hau€HEe CBITYUTH MpO Te, M0 CTa0UI3yloul KOJMBAHHS CTAalOTh OUIBLI panTOBUMH Ta
BUIMAJKOBUMHU Ta TMOB’SI3aHUMU 3 3aJlydeHHSM BHIIMX PIBHIB LEHTpalizauii y peryssmii
MOCTYypaTbHOTO KOHTpOJto (???7). OCTaHHE Y3rO/DKYETHCS 3 BHSBICHOIO BHIIOI CEPEAHBOIO
JOBXKMHOIO TPAEKTOPIi KOIMBaHb LIEHTPY THUCKY (Length, MM), y MOpIBHSIHH1 3 KOHTPOJIEM.

bepyun no yBaru, mo MU BUSBWJIM 3arajbHy TUHAMIKY Ta MEXaHI3MH CTaTOKIHETUYHOI
CTIMKOCT1 0OCTEKYBAaHUX Ta MOKHa 3pOOUTH y3arajJbHEHHS! CTOCOBHO TOTO, IIIO MICJIS MPOBEIEHHS
Kypcy ¢isudnHoi peabimitamii 3 BukopucranHsMm mnporpamu Challenge y BumpoGoByBaHux 3
nartoJorii GyHKIlIi TOTEPEeKOBOTO BIUTUTY XpeOTa Ta KICTOK HIDKHIX KIHITIBOK Ha CTAaOUTBHIN, Tak 1
HecTaOUIbHIM OMOpl CTAaTOKIHETHYHA CTIMKICTh MOKpallWiach, ajieé 3aJHllalach CTaTUCTUYHO
3HAYyIIle HIKYOI Y MOPIBHSIHHI 3 3J0POBUMHU OOCTEKYBAaHUMH KOHTPOJIBHOT Ipynu. CTaTHCTUYHO
3HAYYIIMX PI3HMIL y TPyMax 3 MaTOJIOTIEI0 MOMEPEKOBOTO BiMALTy XpeOTa Ta TpaBMaMH KiCTOK
HIDKHIX KIHITIBOK, SIK Ha CTaOUTbHIM, TaK 1 HA HECTAOUTbHINA OMOPi1 HE BUSBIICHO.

Jlnst 3°sicyBaHHS ocoOnmBocTel ¢iznuHoi peaburitartii mo nporpami Challenge y martieHTiB 3
MaTOJIOTIEI0 TIOTIEPEKOBOTO BIAALTY XpeOTa Ta TpaBMaMM KICTOK HWXKHIX KIHIIIBOK MU TPOBEIH
pPO3paxyHKH 3MIHM MMOKa3HUKIB cTabinorpadii Ha cTaOUIbHIN Ta HecTaOUTBHINA omopi y %. 3a BuxiaHi
3Ha4YeHHs OyJIM B35TI OKa3HUKH, III0 OTPUMAaHI Mepe] MOYaTKOM 3aHATh 3 peaduriTaiii, a KIHIEBUMH

pe3ynbTaTaMu CIYXHUJIU XapaKTepUCTUKHU cTadutorpadii micis nmpoBeneHHs 10 3aHATh Ha TpeHaXEP1
Challenge Disc 2.0 (tabm. 5).

Tabmuis 5
3MiHa MOKa3HUKIB cTabiiorpamu y % micis IpoBeAeHHs Kypcy pealuriTaiii Ha cTabuIbHIN Ta
HeCcTaOUIbHIN OTIOpi y 0Ci0 3 MaTOJIOTIEI MONIEPEKOBOTO BIALTY XpeOTa Ta TpaBMaMHU KICOK

HWDKHIX KIHITIBOK Y MOPIBHSHHI 3 BUXITHUM CTAaHOM

['pynn Kontponbna [TomkopxeHHs TpaBMH HIKHIX
00CTe)KyBaHUX, I'pyna xpebTa KIHI[IBOK
YMOBH . Hecrtabin . Hecrabin . Hecrabin
JOCITiKCHHS, CralinpHa LHa CralinpHa HaL Cra0inbHa HaL
HOKA3HUKH oropa onopa oropa onopa oropa oropa
Length, mm +14 +19 +11,0 +13,0 +4,5 +71
AvgSpeed, mm/c +1,9 +2,4 +12,1 +14,8 +1,2 +8,2
KFR, % +1,2 +1,8 +6,6 +20,1 +1,6 +12,0

Pe3ynpTaT mokasanu, II0 peakiis JOCIIPKYBaHMX MOKa3HUKIB crabinorpadii Ha ¢i3nuHi
HaBaHTa)XEHHA, 0 BinOyBanmcs Ha TpeHaxepi nmo mparpami Challenge Disc 2.0 3naxoaumnace y
3aJIeKHOCTI BiJl CTaHy 3/10pOB’sl, BUY HATOJIOTIi Ta YMOB YTpUMaHHs PIBHOBAaru Ha CTaOUIbHIN, YM
HecTaOupHIM onopi. HaliMeHmn 3MiHM MOKa3HUKIB CTaTOKIHETUYHOI CTIMKOCT1 Oynu y 370pOBUX
00CTe)KyBaHUX KOHTPOJIbHOI Tpynu. BiTHOCHI TOKa3HMKM CTaTOKIHETUYHOI CTIMKOCTI Yy
BUIIPOOOBYBAHUX 3MIHIOBAINCH Y HE3HAUHUX Mexax. Ha cTaOunbHii 1 HecTaOUIbHINA omopi 3MiHH
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crabinorpadiuHUX XapaKTEpPUCTHK Yy KOHTPOJBHIA rpymi He mnepeBuimyBanu 2,4%. HeoOxigHo
3BEpPHYTH YBary Ha Te, II0 HAHOUIBIII 3MIHM BIJHOCHHUX TOKa3HUKIB crabiutorpamu Length,
AvgSpeed ta KFR micnst mpoBenenHs Kypcy peabinirtanii mo nmporpami Ta Ha aucky Challenge Disc
2.0 Oynu BHSBIIEHI y MAIIEHTIB 3 TOUIKODKEHHSMH TOMEPEKOBOTO Bimnury xpedTa. Ha crabinbHii
OTIOPi TaKi 3MIHM TICIs MPOBENCHHS Kypcy (ismuHoi peabiniranii cranoBuiu Bix 6,6 1012,1%., Ha
HecTaOUIBHIN ormopi Bouu Oynmu Outemumu 13,0 - 20,1%. YV mamieHTiB 3 TpaBMaMu KiCTOK HIDKHIX
KIHI[IBOK Ha HECTaOUIhbHI OMOPi MOKA3HUKH CTATOKIHETHYHOI CTIMKOCTI IMICIS TPOBEACHHS KYypCy
¢biznuHO1 peabiritamii mokpamuiucs Ha 7,1-12,0%, na crabinpriit onopi Ha 1,2-4,5%. HaBeneni
pe3ysbTaTH BKa3ylOTh Ha Te, IO mpolec ¢Gi3uyHOol peabimiTallii 3 BUKOPUCTAHHSIM IMPOTPAMHOTO
koMmiiekcy Challenge 3ailicHIO€ TOMITHHUN BIUIMB Ha BITHOBJIEHHS (YHKI[IT KICTOK HHXHIX
KIHIIIBOK 1, 0cOOIMBO, (DyHKIIIi MOMEpPeKoBOro BiAALIY XpeOTa, L0 MIITBEPIXKYIOTh PE3yJIbTaTH
JOCTIIKEHHS CTAaTOKIHETUYHOI CTIMKOCTI Ha cTaOUIbHIN Ta HECTaOUIbHIN OMopi.

Orxe, y cranl Ha CTaOUTbHIM Ta HeCTaOUIbHIA OmMoOpi OOCTEKYBaHI 3 MATOJIOTIEIO
MIONIEPEKOBOT0 BIIAUTY XpeOTa Ta TpaBMaMM KICTOK HIXKHIX KIHIIBOK BIIPI3HSIOTH BiA 3I0POBUX
00CTeXyBaHUX 3a ycCiMa JOCIIKYBaHMMM CTAOUIOMETPUYHUMH MOKAa3HUKAMU. Y TOMY YHCII 32
JOBXUHOIO CTa0LIOrpamMu, IIBUIKICTIO KOJWBaHb, KoedimieHToM ¢yHKIIi piBHOBarm Ta
CHEKTPAJbHOK HIUIBHICTIO IUIOLII KOJHMBAHHS IIEHTPY THUCKY, NOCTYNAlO4HMCh IM Yy CTIHKOCTI
piBHOBaru. 3anmydeHHs y mporec (isuunoi peabimiTanii mporpamHoro komiiekcy Challenge
ICTOTHO TOKpaIlye CTaTOKIHETHYHY CTIMKICTh y OCi0 3 MaTOJIOTi€0 MOMEPEeKOBOro BiAUTYy XpeOTa
Ta TPaBMaMH KICTOK HMKHIX KIHI[IBOK 32 paXxyHOK 3MEHILIEHHS JieBialliil, MOCTypalbHUX KOJIHBaHb,
10 3HAXOJUTh B1IOOpaKeHHS Yy BIPOTIIHUX 3MIHAX CTaOUIOMETPUYHHUX HapameTpiB MOPIBHSHO 3
KOHTpOJIEM Ta IMOKa3HUKaMH, IO OTPUMAaHI Ha IOYAaTKy eKclepuMeHTy. PesymbraTamu poOOTH
JIOBEJICHO, 110 CTATOKIHETHYHA CTIMKICTh y OCI0 3 MATOJIOTIEI0 IMOIEPEKOBOrO BiIALTY XpelTa Ta
TPaBMH KICTOK HMIKHIX KIHITIBOK KOMIIEHCYETHCS 3a PaXyHOK 30pOBO-BECTHOYIO-TIPOTIPIONETITUBHOT
iHTEerpanii y mporeci peaburiTamii MOCTypaJbHOTO KOHTPOJIO 3 BHKOPUCTAHHSAM IPOTPAMHOTO
komruiekcy Challenge. OcoOu 3 maToJIOTiEI0 TOMEPEKOBOTO BiAALTY XpeOTa BUSBWIHCH OUIBIIT
YYTJAUBUMH JIO0 peaduriTaiii mo mporpami MOCTypalbHOTO KOHTPOJIIO HAa HECTAOUILHOI OTIOpH, HIK
BHUIPOOOBYBaHI 3 TpPaBMHU KICTOK HW)XHIX KIHIIBOK. [losicHUTH pe3ynbTaTH OuThbII €()EeKTHBHOTO
BIUIMBY (i3MYHOI peabimitamii 3 MOCTIMHMM TOCTYPaJbHUM KOHTPOJEM Ha HECTaOUIbHIN omopi
MFT Challenge Disc 2.0. ma BigHOBIcHHS (YHKIII MOMEPEKOBOrO Bimairy xpebTa, HDK Ha
CTAaTOKIHETUYHY CTIMKICTh BUIIPOOOBYBAaHUX 3 TpaBMaMH KICTOK HIDKHIX KIHI[IBOK TOKH IT[O PaHO.
HeoOxiqHO mpo10oBXKyBaTH JOCTIIKEHHS Ta HAKONIMYYBaTH Pe3yibTaTH.

BucHoBkH:

1. BcranoBneHo, mo ¢i3uyHa peabimiTamis 3  JONOMOTOI0  TPEHYBAJIBLHOTO
6araro¢ynkuionaabHoro kommiaekcy MFT Challenge Disc 2.0. 3ailicHI0€ O3UTUBHUI BIUIMB Ha
MIABUIIECHHS CTATOKIHETUYHOI CTIMKOCTI MAIlI€EHTIB 3 MATOJIOTIEI0 MONEPEKOBOTO BiaLTy XpeOTa Ta
KICTOK HAXHIX KIHI[IBOK.

2. Pe3ynbraTH NE€MOHCTPYIOTH, IO 33 YMOBU BHKOPHCTaHHS TPEHYBAJbHOI'O KOMILIEKCY
Challenge Disc 2.0 crab6imorpadiuni XapakTepHUCTHKH 3MIHIOBAIKCH HEMPOMOpIiiHO. Bussieni
0COOJIMBOCTI 3MIHU cTaOUIOrpadiyHUX MOKA3HUKIB OOYMOBJIEHI PI3HOIO TMATOJIOTIEI0 XBOPHUX Ta
YMOBaMH YTpUMaHHS BEPTUKAJIBHOTO MOJIOKEHHS Ha CTaOUIbHIN Ta HecTaOUIbHIM omnopi.

3. Ipouec ¢izuyHoi peabimiTanii 3 BUKOPUCTAHHSAM IOCTYPAIBHOTO KOHTPOJIIO 3a
nporpamoro Challenge icTOTHO mMOKpallye CTaTOKIHETHYHY CTIMKICTH Yy 0Ci0 3 MaToJIOri€ro
MOTIEPEKOBOr0 BiIAUTY XpeOTa Ta TpaBMaMM KICTOK HM)KHIX KIHI[IBOK. 3MEHIIYETbCS JeBiallid,
MOCTYpajbHUX KOJHMBaHb, 110 3HAXOJIUTh BiIOOpa)K€HHS y BIPOTIAHMUX 3MiHAX CTAOUIOMETPUYHHUX
napaMeTpiB NOPIBHIHO 3 KOHTPOJIEM Ta MOKa3HUKaMH, 10 OTPUMAaHI Ha IOYAaTKY €KCIIEPUMEHTY.

4. Tlicns kypcy peadinitanii mo nporpami Challenge na HectabinbHiit onopi ctabinorpada y
MAIIEHTIB 3 MOLIKO/PKEHHAMH MONIEPEKOBOT0 BTy XpeOTa Ta KICTOK HIKHIX KIHI[IBOK CIIOCTepiraiu
craructuuHo 3Hauyie nigsuineHas KFR 1 3umwkenns Length, AvgSpeed, wAvgFMA.
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5. Oco0u 3 NOMIKOPKEHHSIMH MOTIEPEKOBOTO BTy XpeOTa BUSBUIMCH OUTBII UYTIMBUMHU

70 peabimitamii Mo mporpami MOCTYpaJIbHOTO KOHTPOJIFO HAa HECTAOUIBHOI OMOpPH IMOTPAMHOTO
komruiekcy Challenge Disc 2.0, Hix BuIipoOOBYBaHi 3 TpaBMHU KiCTOK HMUYKHIX KiHIIIBOK.

6. JoBemeHo, mo HecradiTpHa OMOpa, IO BHKOPHCTOBYETHCS JUIs peadimiTarii,

TPEHYBaHHS KOOpAMHALIl Ta JOCIIIPKEHHS CTaTOKIHETUYHOI CTIMKOCTI J03BOJIsIE OO’ €KTHBHO
OLIIHUTU (PYHKI[IOHAJLHUM CTaH MALIEHTIB 3 TPaBMaMU IONEPEKOBOrO BLIAULY XpeOTa Ta KICTOK
HIKHIX KIHI[IBOK.
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Lyzohub V.S., Kravets A.O., Putilin 1.A., Chistovska Y.Yu. POSTURAL STABILITY ON
STABLE AND UNSTABLE SUPPORT IN DIFFERENT PATHOLOGIES

Introduction. Assessment of the statokinetic function of individuals with spine and lower extremity
bone pathology by various instrumental methods is quite controversial, and studies of the effect of
physical rehabilitation are practically absent. Given the above, it was necessary to determine the
effectiveness of physical rehabilitation of patients with spine and lower extremity bone pathology in terms
of statokinetic stability.

The aim of the research- to determine the peculiarities of the dynamics of statokinetic stability in
patients with lumbar spine and lower extremity bone injuries during physical rehabilitation using the MFT
Challenge Disc 2.0 computer training complex.

Material and methods. Postural stability on the stable and unstable platform of the MPFI
Stabilograph-1 stabilograph after a course of physical rehabilitation using the MFT Challenge Disc 2.0
multifunctional software package (MFP) was studied in patients with spinal cord injuries (n=12), lower limb
injuries (n=12) and healthy subjects (n=14).

Results. It has been established that physical rehabilitation with the help of BOD MFT Challenge
Disc 2.0 has a positive effect on increasing the statokinetic stability of patients with pathology of the lumbar
spine and lower extremity bones. After a rehabilitation course under the BPC MFT Challenge Disc 2. 0 on
an unstable stabilizer support in patients with lumbar spine pathology and lower extremity bone injuries, a
statistically significant increase in the quality factor of the balance control function (QFR,%) was observed,
and a decrease in the length of the pressure center oscillation trajectory (Length, mm), the average speed of
the pressure center movement (AvgSpeed, mm/s) and the average frequency of the pressure center oscillation
spectrum in the mediolateral and anteroposterior planes (WAvgFMA, Hz) than on a stable support. In
patients with lumbar spine pathology, the implementation of physical rehabilitation tasks according to the
BPC MFT Challenge Disc 2.0 program can significantly improve statokinetic stability and reduce the stress
of postural regulation mechanisms on an unstable stabilizer support compared to patients with lower
extremity pathology.

Conclusions. The results demonstrate that when using the BPC MFT Challenge Disc 2.0 training
complex, stabilography indicators changed disproportionately. The revealed peculiarities of changes in
stabilographic indicators are due to the different pathology of patients and the conditions of maintaining a
vertical position on a stable and unstable support. It has been proved that unstable support has a more
pronounced effect on the rehabilitation process of patients with lower extremity bone pathology than lumbar
spine and stable support.Unstable support used for coordination training and rehabilitation, as well as for
the study of quantitative characteristics of statokinetic stability provides an objective assessment of the
functional state of the system that maintains balance. Such an assessment is based on the quantitative
measurement of a person's ability to control posture in stabilometric tests based on biofeedback techniques.

Key words: statokinetic stability; stabilography; unstable support; rehabilitation; lumbar spine
pathology; lower extremity bone injury; multifunctional software system MFT Challenge Disc 2.0.
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TOYHICTH PEAKIII HA PYXOMMMI OBF’€EKT TA BAPIABEJILHICTD
CEPIEBOI'O PUTMY KIBEPCIIOPTCMEHIB

Hana poboma npucesuena npodnemi 6uUeHHs MOYHOCME MA WEUOKOCI CEHCOMOMOPHUX Peaxyill,
asmonomHol pe2ynayii eapiabenvrocmi cepyeeoeo pummy (BCP) y «kibepcnopmcmenis. Auaniz ma
V3a2a/IbHEHHs HAYKOB80-MemOoOUyHOI nimepamypu 003801U8 3 ’ACy8amu, Wo chneyupixa mpeHysanbHoi i
3Ma2anbHoi OiAnbHOCMI 8 Kibepcnopmi HAKAA0Ae C8ill 8IOOUMOK HA piBeHb PO3BUMKY CEHCOMOMOPHUX
peakuyiti epasyis. Busaeneno, wo Kibepcnopmcmeru NpoOeMOHCMPY8ANU SUWy MOYHICMb 8 peakyii Ha
pyxomuii 06’exkm (PPO) nopisuano i3 IT-cneyianicmamu ma HempeHo8aHumMu 0cobamu, aKi He 3atmMarmscs
Komn tomeprumu  iepamu  (p<0,05). Busereno 63aemo38’azok mounocmi PPO 'y obcmediceHux
Kibepcnopmemenie 3 noxazuuxamu BCP nio uac euxonmanns 3a8oanus. binvwiu mounocmi PPO
Kibepcnopmcmenis 6ionogioana Oinbula aKmMueHIiCmMb CUMRAMUYHO20 BI00iny y pe2yrayii pobomu cepys
(p<0,05). B epyni xibepcnopmcmerie gusasieno acumempiio ¢ pezynayii BCP i3 0OMIHY8aHHAM aKMUBHOCMI
N80T NIBKY, WO Y32004CYEMBCA I3 VABGIEHHAMU HPO MEMAKOHMPOIb PYXOBUX SUKOHABUUX (DYHKYIU 168010
nigkynero. Buseneni eiominnocmi PPO «kibepcnopmcmenie y nopisuanui 3 IT-cneyianicmamu ma
HempeHOBaAHUMU 0CO0aMU, AKI He 3aUMArOmbCs KOMN TOMEPHUMU [2pamMu, MOJICYMb Mamu NPOSHOCMUYHY
YIHHICMb | BUKOPUCMOBYBAMUCS OlI1 ONMUMI3aYil CNOPMUBHO20 800CKOHANIEHHA 8 KIDepcnopmi.

Knrouoei cnosa: kibepcnopm, peakyis Ha pyxomuii 06 '€km, 8apiaberbHiCmb cepyesozo pummy.

ITocTanoBka npobaemu. AHamdi3 ocTaHHix my6Jikaniii. Y ¢izionorii cnopty ogHUM 13
HalOub 1HQOPMAaTUBHUX Ta YYTIMBUX METOJIB OLIHKM (YHKIIOHAJIBHOIO CTaHy OpraHismy
CIIOPTCMEHA BBAXKAEThCS aHAII3 BapiabenbHOCTI cepueBoro purMmy (BCP), ockinbku BiH BitoOpaxae
CTaH PEryJIATOPHUX MeXaHi3MiB MO3KYy [1, 2, 3].

3a pesynpratamu I'. B. KopoOeiinikoBa Ta A. I. Koxanesuua (2024), nomipHe HampyXeHHs
CHCTEMH peryisiuii puTMy cepls Yy KBamipikoBaHMX OOpIIB CYNPOBOJDKYETHCS 3POCTAHHSAM
MICUXIYHOT Mpale3JaTHOCT] Ta 3HWKEHHSIM PIBHS TPUBOTH. B CBOIO 4epry, 3pocTaHHs HampyKEeHHs
aBTOHOMHOT peryisuii BioOpa’kaeTbcsi B HASIBHOCT1 BHYTPILIHBOTO IICUXOJIOTTYHOTO TUCKOMQOPTY
Ta HE3AICKHICTIO y (OpMYBaHHI NPUHHATTA pimieHHs. OnHaK, OpU LBOMY CIIOCTEPIraeTbes
3pOCTaHHs PIBHS TPUBOT'H Ta 3HWKEHHsI PIBHA MICUXIYHOT Mparie3aaTHocCTi [4].
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VY rpynax mpodeciiinux kibepcnoprecmeniB BCP pocuts noOpe BuBYEHA: BHUSBJICHO, IO
arpecMBHI EKUIH-IrpH, (ANTUHTH MOPYHIYIOTh KapIiOpEeCcHipaTOpHUN CHHXPOHI3M 3a paxyHOK
rinepaxkTUBalii CAMIIATUYHOTO BiJALTy aBTOHOMHOT HEpBOBOi cuctemH [ 1, 5].

3akoHOMIpHI (i310JI0TTYHI 3MiHH y KiOEpCIOPTCMEHIB BUPAXKEHI y MOCHICHHI CUMIIAaTUYHOT
aKTHBHOCTI 3 OOKYy aBTOHOMHOI HEPBOBOi CHCTEMH, ajie 32 YMOBU HAsSBHOCTI UM TPOSIBY BHCOKOT
MOTHBALIl BIPOJOBX COLIAIGHO 3HAYyMMX 3Maranb [6]. Bussineno, mo nomepenHiid J0CBig
CTPECOBHX CHUTYyaIlliil y KiOepCHOPTCMEHIB MiHIMi3ye aBTOHOMHY PEaKTHBHICTb, IO € JOKa30M
e(EeKTUBHOCTI TPEHYBaHb Ta 3MaraHb.

[TooguHOKUMH € NOCITIPKEHHSI MEXaHI13MIB peryToBaHHs (DYHKIIH OpraHisMy B 3aJIe)KHOCTI
BiJl pe3y/lbTaTUBHOCTI KibepcroprcMeHiB. Jlo mpukiany, 3a nanumu S. Machado Ta cmiBaBTOpiB
(2022), y ki0epcrnopTCMEHIB-IIEPEMOXKIIIB CIIOCTEPIragocs 3HauHE 30UIbIIEHHS Kap/aloIHTEpBaly
(R-R) Ta BucokowactoTHux KoymBaHb (HF), a Takox 3HauHe 3HWKEHHS HHU3bKOYACTOTHUX
komuBanb (LF) ta LF/HF y cnektporpami (Ouiplia napacMMIaTH4yHa aKTHUBAlif), TOII SIK Yy
MepEMOXKEHUX KIOEPCIIOPTCMEHIB CIIOCTepiranacs NPOTUJIeKHA peakiliss (OuUTbllla CHMITATUYHA
akTuBaiis) [2].

BCP BigOuBae 3MiIHM €MOIIMHOI Hampyru — CTPECOr€HHOIO YHMHHHUKA 3MarajibHOi
JSUIBHOCTI  CIIOPTCMEHIB Yy  OyIp-fSKUX BHUIAX CHOPTY. 3a pe3ynbTaTaMu OaraTopiyHUX
JOCTPKEHb 3a Yy4acTIO MpeACTaBHUKIB PI3BHUX BUIIB crnopTy (Oacker6oi, raHadoi, Xokew,
Jerka arieThka, OlaTiIOH, JIMKHI TOHKH, BECIyBaHHS Ha Oaiiapkax 1 KaHoe, TpPHAaTJIOH Ta
IHITMX) B TpAIsgX BITYU3HSIHUX JTOCIIIKHUKIB JOBEACHO, IO MEPEBAKAHHS B PETYIISAIlil CEPIIEBOTO
pPUTMY aKTHBHOCTI IapacMMIATHYHOTO BiJJITy aBTOHOMHOiI HEpPBOBOI CHCTEMH CIIpHSE
JOCSTHEHHIO CIIOPTCMEHAMM OUTBIIOTO piBHS (DI3WYHOI Mpame3gaTHOCTI SK 3a YMOB BUKOHAHHS
¢biBuYHOT pobOTM TpH TepeBakaHHI aepoOOHUX TIPOIECiB B €Hepro3adesneueHHl (PIBEHb
aepoOHOTO TMOpory), Tak 1 3a YMOB MaKCHUMaJbHOI peanizamii aepoOHHX MOKIMBOCTEH
opranismy (ImpH  JOCATHCHHI MaKCHMaJlbHOIO  pIBHS  CIOKHMBaHHSA  KucHio) [7, 8.
HopmoToHiuHMIT Ta BaroToHIUHWNM TUMH peryasmii cepreBoro putmy (CP) xapakrepu3yroTh
ONTUMAIBHUN (QYHKI[IOHAIBPHUI CTaH OpPraHi3My CIIOPTCMEHA, HOro BHUCOKI (YHKI[IOHATBHI
MOXJIMBOCTI, IO 3a0e3MeuyoTh 30€peKEHHs IMapaMeTpiB ToMeocTa3y, CTIMKY peryssmiio i
BHCOKHUH PIBEHb EKOHOMIYHOCT1 (DyHKITIOHYBaHHS [8].

BaroroHiuHuii, HOPMOTOHIYHWUN Ta CHMMATHUKOTOHIYHWK Turmm perymsnii CP B craHi
BITHOCHOT'O CIOKOIO J03BOJISIFOTH TOBOPUTH PO 33J0BUIBHY aJallTallil0 OpraHi3My CIOPTCMEHa J10
BIUIMBY PI3HUX (DaKTOpIB 30BHINIHKOTO CepenoBuia. HaTomicTh, HE3aJOBUIBHY aganTallito
XapakTepu3ye PI3KO BUPAKEHHH BAaroTOHIYHUI Ta PI3KO BUPAKEHUN CUMIATUKOTOHIYHUN THIIH
perymsiii CP B cTaHi BITHOCHOTO CIOKOIO [8].

B po6otax M. B. Makapenka, B. C. JIuzory6a ta criBaBTOpIB AOCIIKEHO CEPLIEBUI pUTM Y
CTYICHTIB 3 PI3HUMHU 1HIUBITyadbHO-THUIIOJOTTYHUMHU BIACTHBOCTAMHU BHIIOI HEPBOBOI MisSIILHOCTI
3a yMOB eMoliiHOro crpecy [9], oco0nMBOCTI peakiiif HEHTPaIbHOI FeMOJINHAMIKU Ta Perymsiii
CEepLIEBOr0 PUTMY Ha opTonpoOy ocid 3 pi3HUM iHAEKcOoM Macu Tina [10], reMoquHaMIKy TOJIOBHOTO
MO3KYy Ta CEpIEBUH pUTM MPU PO3YMOBIH [ISIBHOCTI JIOJACH 3 PI3HUMHU I1HIUBITYaTbHO-
THUIIOJIOTTYHUMH BJIACTUBOCTSAMHU BHIIUX BIAAUIB IIEHTPAIBHOI HEpBOBOI cuctemMu [11], XBUIBOBI
MPOLIECH PEryJsLii ceplieBOro puTMy ocid 3 pi3HMMHU THUIIAMH I'eéMOJMHAMIKM M yac npodbu head-
up-tilt [12].

[TocTiitHO 3pocTae KUIBKICTh JOCHIIKEHb, SKI CBIIYaTh MPO T'€HETUUYHUN KOMIIOHEHT
cepueBo-cyauHHoi peaktuBHocTi (Carmelli, Chesney, Ward, Rosenman, 1985; Rose, Grim, Miller,
1984; Sims, Carroll, Hewitt, Turner, 1987; Smith et al., 1987) [uurt. 3a 13]. ¥V mux mocimimKeHHIX
3a3BMYall BUMIPIOETBCS PEAKTUBHICTh Ha Takl JabopaTopHi 3aBAaHHs, sk Tect Crpyma Ta
MEHTaJIbHa apu(MeTuKa (CTpecopu, 1110 BUMAaraioTh akTUBHOTO TIOJI0JIaHHS ), a TAKOXK 3aXBaT PYKOIO
Ta XOJIOJHUH THCK (CTPECOpH, 110 BUMAraloTh MACKBHOTO MOJI0IaHHs) [IUT. 3a 13].

CTOCOBHO CHOPTHUBHOI MAISUTBHICTI y KiOepcropTi, MOXHA MPHUILYCTUTH, LI0 OCHOBOIO
IHAMBiAyaIbHUX BIAMIHHOCTEH B peakIisgX ajanTaiii MpeJCTaBHHUKIB I[OTO BHUAY CHOPTY 0
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TPEHYBAJBHUX 1 3MarajbHUX HABAaHTAXEHb MOXYTh OyTH B TMEpUIy 4Yepry iHIUBITYyaIbHO-
tunoyioriyai xapakrepuctuku BHJI Ta ocobGmmBocTi (yHKIIOHYBaHHS aBTOHOMHOI HEpPBOBOI
CHCTEMHU B peryisiii (i3ionoriunux GyHKIIH OpraHiaMy, CepleBOro puTMy 30Kpema.

3a manumu O. A. [uakapyk (2022), mo Mozeni irpoBoi MiATOTOBICHOCTI TPaBIsl B
KiOepcnopTi BiTHECEHO Taki 3MIOHOCTI, SKOCTI Ta XapaKTEPUCTHKH: KOOpPAWHAIIKWHI 3Ai10HOCTI Ta
3MIOHOCTI, SIKI BIUTMBAIOTh Ha KOHTPOJb, AJANTAII0 Ta HaBYAHHS PYXOBHX HABUYOK: PYXOBHX
o0Opa3iB, pyXxoBOi mam’sTi, pIBHOBarw,; CEHCOMOTOPHI HaBWUYKH, TEXHIKa, OCOOJMBOCTI OOpOOKH
iH(OopMaii npyu BUKOHAHHI PyXiB; NIBUJKICTh PEaKIlii, pyXJIHBiCTb, JJOKaJIbHA aHAepOOHA aJaKTaTHA
BUTPUBAJICTh MaJbIIiB, KUCTEH 1 PYK, JIOKaJbHA Ta IiI00agbHa acpoOHAa BUTPUBANICTH; peakilis, a
TAaKOX LMKIIYHI Ta JUCKPETH1 Aii, MBUAKICTh PYXiB, CHJIa yTPUMaHHS M’sI31B XpeOTa; IIBHJKE
CIPUHHATTA Ta OI[iHKA TIOTOYHOI CHTyalii, NPUUHSATTSA aJE€KBATHUX pIlIeHb, CIHPUUHATTS,
NPUMHATTS pillleHb 1 KpeaTWBHICTb, OIEpaTUBHA IIaM’ATh, YyBara Ta 0araro3ajayHiCTh;
BMOTHBOBAHICTh, €MOIlIiHAa CTAOUIbHICTh 1 THYYKICTh [id, IHAMBIAYyaldbHI SKOCTI OCOOMCTOCTI,
KOMYHIKaTHBHI1 HABUYKHM Ta COIliajbHA MOBEAIHKA, HAJIIHICTh, TOBEIHKA BCEPEIMHI 1 11032 TPOIO
micys mepemoru ado nopasku [ 14, c. 159].

Tomy BaXTMBUM 3aBJaHHSIM Y MIATOTOBII KIOEPCIIOPTCMEHIB € AOCTIKEHHS TUITOJIOTTIHUX
0COOJIMBOCTEl HEPBOBOI CHCTEMH TpaBLiB Ta IMOB’SI3aHUX 13 HUMH CEHCOMOTPOPHUX 3/A10HOCTEN
[15, 16, 17, 18], anmami3 akropis, M0 BH3HAYAITh (QYHKIIIOHATIBHY MiATOTOBICHICTh Ta
ncuxoQizionoriyauii cratyc kibepcnopremenis [14, 19, 20].

Mertoro nocnipkeHHs: Oyia OI[iHKa aBTOHOMHOT peryJsiii BapiabeabHOCT1 CEpLEBOTO PUTMY
y 3B’s13Ky 3 (YHKI[IOHAJTHPHUM CTaHOM IIEHTPAIBHOI HEPBOBOI CHCTEMH 3a IMOKAa3HUKAMHU peaKilii Ha
pyXOMHUii 00’ €KT Y KIOEPCTIOPTCMEHIB.

Marepiaim Ta MeToau aochaimkeHHs. JlocnmipkeHHs mpoBoawiocs Ha 06a3i HaykoBo-
JOCIITHOTO TeHTpY HaBuanbHO-HAyKOBOTO 1HCTHTYTY 3I0pOB’s, peabimitamii Ta (Hi3UIHOTO
BUXOBaHHSA HarioHanpHOr0  yHIBepcuTeTy (DI3BUYHOTO BHXOBAaHHA 1 CHOOPTY  YKpaiHH.
VY nmocmimkenHi Opasm ydacth 41 pecrnoHIeHT 4oJioBi4Oi crari BikoMm 17-25 pokiB, cepen sSKuX
14 — xiGepcniopTcMeHiB (ciopTuBHHM cTax y kidepcrmopti 3—10 pokiB), 13 IT-cnemiamictiB (cTax
rpu y Bigeoirpu 0—15 pokiB) Ta 14 HeTpeHOBaHUX OCIO, SKI HE 3alMAIOTHCSI KOMIT IOTEPHUMU
irpamu (kKoHTpoJdbHA rpymna). Ciix 3a3HauuTH, 110 oOcTexeHi [T-crnemnianicT rpaiy y Biieoirpu K
x001, y BUIbHUH Yac, HE BUCTYIAIM HA 3MaraHHsX; HETPEHOBaH1 OCION 3aliMaIMCh paHIIIe IHITUMU
BHJIaMH CHIOPTY (HE KiOEpCIIOPTOM), ajie Ha MOMEHT ITPOBEACHHS 00cTe)eHb BXke 1,5 poku 1 Oinbiie
He TpeHyBaiucs. B maniii poOoTi mpoaHandi30BaHO pe3ylbTaTh OOCTEXEHHS KiOEpCHOPTCMEHIB Yy
nopiBHsiHHI 3 IT-cmemiamictaMu 1 KOHTPOJIBHOIO Tpynoro. Y  OUIBIIOCTI OOCTEKYBaHUX
JOMIHAHTHOIO BUSIBUJIACS MpaBa pykKa.

BCP Bu3Hayanu 3a J0NOMOTOI0 KOMIUIEKCY J1arHOCTUYHOTO aBTOMaTu3oBaHoro «Kapmio+»
(HBIT «METEKOIJI», Vkpaina) [21] sx B cTaHi crookowo (mepes MPOXOIKEHHSIM
1cuxodi3i0J0TIYHUX TECTIB), BIPOJOBX BUKOHAHHS ICHXO(I310JOTIYHUX TECTIB, TaK 1 IiJ Yac
I nepiony BimHoBNEeHHS (3—5 xBUnIUH) [22].

Jlis Bu3HayeHHs CTaHy NCUX0(i31070TUHUX (GYHKI[IH, OIHKM MIBUAKOCTI 1 TOYHOCTI
pearyBaHHS, CHIBBIHOILIEHHS MPOLECIB 30yIKEHHS 1 TaJIbMyBaHHS B peakilii Ha pyXOoMHil 00’ €KT
PECTIOH/IEHTIB BMKOPHUCTOBYBAJIM JIarHOCTMYHMHA Komiuiekc «/liarHoct-1» (M. B. MakapeHnko,
B. C. Jluzory6) [23, 24]. BiamoBimHO a0 MeTH poOOTH y 0O0CTeXKYBAaHMX JOCTIKYBalIHUCs
noka3HUKH peakiii Ha pyxomuit 00’ekt (PPO): Tounicts PPO, KinbKicTh peakxiiii BUNepepKeHHS 1
3aIli3HIOBAaHHS, CyMapHe Ta cepenHe BiaxwieHHs y PPO, cymapHe Ta cepeiHe BUIEpeKEHHS 1
3aIli3HIOBAHHS Ta CIIIBBITHOLIEHHS IOKAa3HMKIB, 3a3HaueHUX Bulle. [laHui BapiaHT METOAUKU
nepeadadae peecTpalil0o pyXOBHX BIAMOBiIEH JTIOAMHU HAa 00’€KT, L0 PYXA€ThCS Yy 3a3HAYCHOMY
MICIIi 3 PIBHOMIPHOIO HIBHJKICTIO; Y SKOCTI MOJPA3HUKIB 3aCTOCOBYBAINCS MPEIMETHI CUMBOJIH —
reoMeTpuuHi Girypu [24, 25].

O6ctexyBani Tpuui mpoxoaunu TecT PPO. PeectpyBanmuch Taki OCHOBHI TMOKa3HUKH
BUKOHaHHs TecTy PPO [23]:
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1. KinpkicTh TOYHHX peakmid (mns kpamoi cnpoOu), cyma BCIiX BIAXHJICHb Ta iXHE CepeiHe
3HAa4YEeHHS B MC;

2. KiIbKicTh BUIIEPEPKAIOYHNX BIAXWICHB Ta iXHE CEpEeIHE 3HAUEHHS B MC (JUIst Kpaioi cpoOmn);

3. KumbkicTh 3ami3HIOBAILHUX BIIXWICHB Ta IXHE CEPEIHE 3HAYCHHS B MC (IS Kpamioi cripoom);

4. KuUIbKiCTh TOYHHX PEaKIii (I TPhOX CIpo0), CyMa BIIXWIICHb Ta iXHE CepeHE 3HAYCHHS B
MC;

5. KumpkicTh BUNEpEKAIOUUX BIIXUIICHB Ta IXHE CEPEIHE 3HAYCHHS B MC (ISl TPHOX CTIpo0);

6. KumbkicTh 3ami3HIOBAILHUX BIIXWICHB Ta IXHE CEPEIHE 3HAYCHHS B MC (TSI TPHOX CIIPOO).

Jlnisi BU3HAYCHHS 3MIHU IHTEPBALY CEPIEBUX CKOPOUYCHD (TPUBAIOCTI CEPLIEBOTO LUKITY) MPU
HOPMaJIbHOMY CHHYCOBOMY PHUTMI ceplis BHKOpHCTOBYBayiu nociimkeHHs BCP [21]. Mertonom
BuOopy mia pociiypkeHHs BCP e meron putmoxapuiorpagii (PurmKI'), mo rpyHTyeThecst Ha
peectpani enektpokapaiorpamu. s gocmimkenns BCP  msixom  peectpamii PutmKID
BUKOPHUCTOBYBaJIM aHali3 3a baeBcbkum [26]:

Mo (Mc) — miana3oH 3Hau€Hb KapAlOIHTEpBajiB, 110 HalyacTille 3yCTPIYarOThCsl.

AMo (%) (amrIutiTy1a MOJIH) — KapAi0IHTEPBAIIH, [0 MOTPANMIN B [Ialla30H MOJIH.

dX (Mc) (BapiamiiHMii po3Max) — MaKCMMajdbHa aMIUNTyJa KOJIMBaHb 3HAYCHB
KapAloiHTEpBaJliB (PErylaTOPHUX BIUIMBIB). BHU3HauaeThcs 3a pI3HUIIECI0 MDK MaKCUMAaJIbHOIO Ta
MIHIMQJIBHOIO TPUBATICTIO KapTIOIUKITY.

IBP (inaexc BereraTuBHOI pIBHOBAru) — MOKa3HUK, 110 XapakTepu3ye OajlaHC CUMIIATHYHOTO
Ta TApacHMIATHYHOTO BUIAUTIB Yy peryisiii poOOTH ceplis, po3paxoBYeThCsA 3a (HOPMYIOIO:
AMo/dX. Yum menma BenuuuHa I[BP, TMM MeHIIa aKTHBHICTH MapacMMMIATUYHOTO BIAALTY, 1
HaBMakKu, YuM OuTbIa BenudyrHa [BP, TuM OiibInia akTHBHICTH CUMITATUYHOTO BIIIUTY.

BIIP (BereratuBHHMII MOKa3HUK PUTMY) PO3paxoBYeThcs 3a (popmymnoro: 1/(Mo*dX). Yum
MeHma enmuuuHa BIIP, TuM Oinbmma akTUBHICTH MapacHMIATHYHOTO BIAJAUTY Ta aBTOHOMHOTO
KOHTYpY peryiinii CP.

ITAITP (moka3HHMK aJeKBAaTHOCTI MPOIECIB PEryJIIOBaHHS) — XapaKTEPHU3YeE BIAMOBIIHICTH
MDK aKTHBHICTIO CHMITATHYHOTO BIIJUTYy BETreTaTUBHOI HEPBOBOI CHCTEMH 1 pIBHEM
(hyHKITIOHYBaHHSI CHHYCOBOTO BY3J1a, PO3paxoByeThes 3a opmynor: AMo / Mo.

[HPC (inznekc HampyXeHHs peryiIsiTOpHUX CUCTEM) — MOKA3HUK aKTUBHOCTI PEryIsITOPHUX
cucteM 4epe3 ocoommBocti peryisaiii YCC. Po3paxoByerbes 3a popmyioro: (AMo / ((2*dX)*Mo)).

Cratuctuuny 00poOKy OTpMMaHUX PE3yabTaTiB MPOBOIMIIN 3a AOMOMOroo rnporpamu IMB
SPSS Statistics, Bepcit 26. [lns omucy BHOIPKOBOTO PpO3MOJUTY BKa3yBalld MeEiaHU Ta
MDKKBapTHIbHUIM  po3kun (Me [25%; 75%]). Jns mOpiBHAHHS HE3aJeKHUX BHOIPOK
BUKOPHUCTOBYBaIM Kputepii ManHa-YiTHi. Tect CmipmMeHa 3acTOCOBYBAIM I JOCTIIKCHHS
KOpensaLiiHuX 3B’s3kiB. KpuTuyHUil piBeHb 3HAUYYLIOCTI MPU NEPEBIpPIll CTATUCTUYHMUX TINOTE3
npuiiMascs piBHEM p = 0,05.

JocnimkenHss Oynu MpoBEACHI BIAMOBIAHO 1O OCHOBHHX Oi0eTUYHUX HOPM ['enbCiHChKOT
nexnapaifii BcecBiTHbOI MenuyHOi acowiamii Mpo €TUYHI NPHUHIMINA TPOBEIEHHS HAayKOBO-
MEIMYHUX JOCTiDKeHb 13 momnpaBkamu (2000, 3 mompaBkamu 2008), Konseniii Paqu €Bporm 3
npaB JoauHu Ta Olomenuiuuu (1997), VuiBepcanbHOi Aekiapariii 3 0I0€TUKH Ta MpaB JIOJUHU
(1997) [umt. 3a 18], a Takox po3pobnenoi B HJII HYDBCY «lIporpamMu KOMIUIEKCHOTO
010JIOTTYHOTO JOCIHIIPKEHHSI 0COONMBOCTEH (DYHKIIOHATBHUX MOXJIMBOCTEH CHOpTCMEHIB» [27].
ITucsmoBa iHpopMoBaHa 3rojia Oyiaa OTpUMaHa y KOXKHOTO Y4acHHUKA JIOCIIIKEHHS.

PesyabTaT gochaigxkeHb Ta iX o0roBopeHHs. BimnosimHo 10 MetH poGoTH
nocipkyBanucs ocoonuBocti TouHocti PPO kibepcnopremeniB (I rpymna, KIB) IT-cnenianicris (11
rpyna, IT) Ta HeTpeHOBaHUX 0Ci0, Kl He 3aiiMaroTbcs KoMl torepHuMu irpamu (HT, koHTponbHa
III rpyna) oxpemo ans nominantHOi (JAMP) i cyOnominanthoi (CHP) pyku. Bussneno, mo 3a
CIOPTUBHUM CTaXeM Ipynu oOcTexeHux KibepcmoprcMeHiB, IT crmemiamicTiB Ta HETPEHOBAHHUX
oci6 He Biapi3HsHMCh (Tabdn. 1). Ctax rpu y Bineoirpu OyB BUIIKUM y KiGepCIIOPTCMEHIB MOPIBHIHO
3 HeTpeHoBaHUMU ocobamu (p<0,01).
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Tabmums 1
Bik Ta ciopTuUBHHMIA cTaxk 00cTe:)REeHUX KibepcrmopTtemenis (N=14),
IT-cnemianicriB (n=13) Ta HETpeHOBaHUX 0OCIO,
SIK1 HE 3aiiMaroThCs KoM toTepuumu irpamu (n=14), Me [25%, 75%)]
I rpyna, II rpyna, [II rpymna,
[Toxa3znuku KibepcropTcMeHH IT-crienianictu HETPEHOBaHi 0coou

(n=14) (n=13) (n=14)
Bik, poku 19,00 [18,25; 19,00] 21,00* [20,00; 23,00] | 18,00” [18,00; 19,00]
Crax — rpn 'y 5,50 [5,00; 7,00] 5,00 [0,00; 8,00] 0,50* [0,00; 2,00]
BiZIOIrpH, POKU
Croprusmmii 1,25 [0,00; 4,00] 0,50 [0,00; 6,00] 5,50 [1,25; 9,75]
CTax, POKH

[Mpumitka: *p<0,01 — 3Hauyma pizamus 3 rpymoto KIb 3a kpurepiem ManHa-YitHi;
"p<0,01 — 3nauyma pizauis 3 rpynoto IT 3a kpurepiem Manna-YiTHi.

B rpymi kibepcnoprcmeniB nokaznuku PPO Oynu moB’si3aHi sIK 3 BIKOM, TakK 1 31 CTaKeM
rpu y Bigeoirpu (p<0,05; **p<0,01), BusBIEHI SK MpsAMi, TaK 1 OOEpHEH1 KOpENsIiiHI 3B’ S3KH
(tabn. 2). Tounicte PPO 3a pe3ynbratamu Tpbox crpoO 3MEHIIyBajach 3 BIKOM, ajle TUIBKU 3a
nokazHukamu g JIMP. 31 30u1blieHHs M cTaxky rpu y Bineoirpu TouHicte PPO 30uibmnyBanace,
ane TUbkH 3a nokasHukamu st C/AP (ta6n. 2). Otpumani pe3yiabTaTH LUIKOM Y3TOKYIOTHCS 3
BIJOMUMH JIITEPATYPHUMU J@HUMHU [P0 BIUIMB 3aHATh CHOPTOM Ha (QOpPMYBaHHS Ta CTaH
nicuxodi3ioaoriyHuX (QYHKITINH, a caMe Ha 3MaHIICHHS (YHKI[IOHAIBHOI acCUMETpii Mpu 3AIMCHEHH]
pyxoBHX peakitii [28, 29].

Ta0mums 2
Kopensitiitai 3B’ s13KM TOKa3HUKIB PEaKIlii Ha pyXOMHM 00’ €KT 3 BIKOM 1 CTaKeM I'pr
y Bifieoirpu uist rpynu Kibepcmopremenis (N=14), rg

Kopessaiiiai 38°s13K4, s
2
[MoxasHuku . 3i craxkeM rpu
3 BIKOM L
y Bizneoirpu
Kpama cipo6a B8 PPO
OKa3HHUK TOYHOCTI peakiii Ha OMHI 00’€KT, KUIBKICTH

I1 1 pe 0’€exT, 063
TOYHHUX BIly4aHb ’
[Toka3HHK TOYHOCTI peakuii Ha PyXOMUH 0O €KT, BIICOTOK _0.63* 3
TOYHHUX BIly4aHb ’

apHe 3alli3HIOBAaHHS B PeakIlii Ha pyxoMuil 00’€KT, MC , —
C 0’€xT, 0,73**
CepenHe BUNEPEKEHHS B peakilii Ha pyXoMHuii 00’ €KT, MC — -0,56*
CepenHe 3ami3HIOBaHHS B peakilii Ha pyXOMHii 00’ €KT, MC -0,65* 0,58*
CHiBBIITHOILICHHS ~ CEpelHE  BHUIEpeDKeHHS | cepenHe B 0.68%*
3aIi3HIOBaHHSA :

Tpu cipo6u B PPO

CyMmapHe BIIXWJICHHS B peakilii Ha pyXoMuil 00’ €KT, MC 0,60* -0,56*
CyMapHe 3ali3HIOBaHHS B peakiii Ha pyXoMuil 00’€KT, MC 0,53* —
Cepe/He BIAXWIECHHS B peakilii Ha pyXoMuil 00’ €KT, MC 0,59* -0,56*
CepenHe 3ami3HIOBAHHS B peakilii Ha pyXoMuil 00’ €KT, MC — -0,55*

[Mpumirka: Kopensiiitai 38’ s13ku a7 foMiHaHTHOT pyku ([IMP); kopensiniiini 38’ s13Kku a5
cyonominanTHoi pykm (CAP); *cratuctuuna 3Hauymicth koedimienta xopemsmii P<0,05;
**

p<0,01.

97



ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

Kpim Toro, y KiOepCcrOpTCMEHIB 3a pe3y/bTaTaMy Kpamioi CopoOu 3 BIKOM 30UTBIITYBATHCS
KUIBKICTB 1 BiZICOTOK TOYHHUX BJIy4aHb, CyMapHHUU dYac peakuiil 3amizHioBaHHs a1 JMP, mpore
3MCHIIIYBAaBCS CepeAHiii dac peakmniid 3anizHroBanHs s CJIP. 31 30UIbIIEHHSM CTaxy
30UTBIIIYBABCS CEpeHIN Yac peakiii 3amizHroBaHHS it [|MP, HaTOMICTh 3MEHIITYBaBCS CEpPEHIN
yac peakuii Bunepemxenns st CIAP (tabm. 2).

Pesynmprat oOcTexkeHHs1 KkibepcmopTcMeHiB y mopiBHsHHI 3 IT-cmemiamicramu Ta
HETPEHOBAHUMH 0CO0aMH, sIKi HE 3aliMarOThCs KOMIT IOTEPHUMH irpaMu, NMPH BUKOHAHHI Kpamioi
cipo6u 1 Tprox crpod y PPO, mpencrasneni y tadim. 3.

Tabmus 3
[Icuxohi3i070T4HI MOKA3HUKHU PEaKIlii Ha pyXOMUM 00’ €KT
y rpymnax KIb (n=14), IT (n=13), HT (n=14), Me [25%; 75%]
MMokasz- |AMP/| I'py 3a Bci KiabkicTs Peaxuii Peaxuii
HUKH CIOP | mm BUKOHAHHS TOYHHX BHUIEPEIKEHHsT | 3ami3HEeHHSs
BJIyYaHb
3a omHy KIb 6,50 10,50 12,50
Kpary [5,50; 7,75] | [9,00; 12,75] [11,25; 14,00]
crpoly
IT 5,00* 11,00 14,00
AMP [4,00;6,00] | [10,00;14,00] | [11,00; 15,00]
HT 3,50* 12,50* 12,50
[3,00; 5,75] | [12,00; 14,00] [11,00; 14,75]
Kip | o0 BHKOMARE 5y 11,50 11,50
[5,25; 8,00] | [9,25; 13,75] [9,25; 13,00]
IT 6,00 13,00 11,00
CZip [4,00; 7,00] | [9,00; 14,00] [9,00; 14,00]
HT 5,00* 14,00* 11,00
[5,00; 6,00] | [12,25; 15,00] [9,25; 12,00]
Cyma KIb | 458,00 - 223,00 224,00
BiXu- [406,50; 89,00] [181,50; 252,00] | [196,50;
JICHB 290,50]
IT 614,00* - 248,00 282,00*
JIMP [494,00; 658,00] [214,00; 412,00] | [240,00;
366,00]
HT | 605,00* - 295,00* 286,00*
[536,00; 653,00] [260,00; 341,00] | [245,50;
325,00]
KIb | 466,00 - 221,00 208,00
[398,50; 502,50] [189,50; 278,00] | [174,50;
240,00]
IT 520,00* - 258,00 232,00
cap [478,00; 578,00] [220,00; 376,00] | [194,00;
320,00]
HT | 541,00* - 307,00* 260,50
[484,00; 680,50] [274,00; 385,50] | [176,50;
298,50]
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[TponoBxenns Tabnuni 3

Cepenne KIb | 15,25 - 20,25 19,00
BiIXuien- [13,55; 16,28] [18,00; 23,23] [15,68; 22,00]
Hi JIMP IT 20,50* - 23,80 24,20*
[16,50; 21,90] [19,20; 31,70] [20,10; 26,10]
HT | 20,15* - 26,10* 23,40*
[17,88; 21,78] [19,85; 29,40] [18,05; 29,23]
KIb | 15,55 - 20,85 18,80
[13,30; 16,73] [17,50; 24,28] [15,70; 20,23]
CIIP IT 17,30* - 23,50 21,30*
[15,90; 19,30] [18,80; 25,30] [18,40; 25,70]
HT | 18,00* - 23,10 22,40
[16,10; 22,70] [18,65; 25,65] [16,78; 26,78]
3a Bci KIb 17,00 34,00 38,00
crpoou [14,25; [33,00; 36,00] [36,25; 41,25]
3) 21,00]
IT 13,00* 38,00 39,00
JIMP [12,00; [32,00; 45,55] [33,00; 43,00]
14,00]
HT 10,50* 41,50* 37,00
[7,00; [39,00; 43,75] [34,00; 40,75]
90 BHKOHAHb 14,25]
KIb 16,50 37,00 35,00
[14,25; [34,25; 41,75] [33,25; 39,25]
19,00]
IT 14,00 38,00 33,00
cap [11,00; [33,00; 46,00] [31,00; 43,00]
17,00]
HT 13,00* 40,00* 36,50
[12,00; [40,00; 45,75] [31,50; 38,00]
15,00]
Cyma KIb | 1647,00 - 769,00 779,00
Biaxu- [1361,50; [731,00; 924,50] | [658,50;
JIEHD 34 1838,50] 934,00]
BCi JIMP IT 2170,00* - 1010,00* 902,00*
crpoou [1724,00; [756,00; [848,00;
2546,00] 1406,00] 1164,00]
HT | 2112,00* - 1087,00* 930,00*
[1852,00; [1032,00; [807,50;
2539,50] 1253,50] 1223,00]
KIb | 1714,00 - 847,00 815,00
[1474,00; [695,50; [643,00;
2013,00] 1154,00] 955,00]
IT 1896,00 - 938,00 812,00
cap [1664,00; [838,00; [710,00;
2036,00] 1218,00] 1098,00]
HT | 2006,00 - 1132,00* 873,00
[1631,00; [1012,50; [681,50;
2496,00] 1330,50] 1071,00]
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[TpogoBikeHHs TadanI 3

Cepenne KIb | 18,30 22,45 20,30
Blgxuite- [15,15; 20,40] [21,58; 25,35] [18,13; 23,38]
HHJ 3a BCl JIMP IT 24,10* 29,70* 25,50*
crpobu [19,20; 28,30] [24,50; 31,20] [22,20; 29,30]
HT | 23,45* 26,35* 25,15*
[20,58; 28,23] [24,48; 31,80] [23,55; 30,63]
KIb | 19,05 24,95 22,45
[16,38; 22,33] [20,25; 29,75] [19,23; 23,95]
CIIP IT 21,10 27,70 23,30
[18,50; 22,60] [20,20; 29,40] [21,30; 25,50]
HT | 22,25 27,70 24,90
[18,10; 27,74] [23,80; 31,23] [20,65; 27,96]

[Ipumirka: IMP — nominanTtHa pyka, C[AP — cyOnominantHa pyka, KIb — kibepcroprcmenu,
IT — IT-cneuianictu, HT — HeTpeHoBaH1 ocoOu, Kl HE 3aliMalOThCsl KOMIT IOTEPHUMHU IFPAMU;
* —3acBIAUYy€E CTATUCTUYHO BipoTiaHy pizHuUIlo 3 rpymnoo KIb (p<0,05); * — 3acBiquye cTaTUCTHYHO
BIPOTiAHY pi3HUILLIO 3 rpynoo IT.

3a HU3KOI0 MOKa3HUKIB ToyHOcTi PPO g 060X pyk mpu BHUKOHAHHI Kpamioi crpoOu
kibepciopremenn Oynu Ounbm Tounumu (p<0,05) 3a IT-cmemianicTiB Ta HETpeHOBaHUX OCIO,
SKi HE 3aliMarOThCsi KOMIT IOTepHUMH irpamu (Tabi. 3). OmgHak, 3a KUTbKICTIO TOYHHX BIyYaHb
B kpamiii crpo6i mist CAP Mk rpynamu kibepcrmoprcmeHiB Ta [T-cremiamicTiB HE BHUSBICHO
CTaTUCTMYHO 3HAYymux BimminHocTe#d (tabn. 3). KibepcmoprcMenu y MOpiBHAHHI 3
KOHTPOJIBHOIO TPYIOI TPOJEMOHCTPYBadu BHIly TouHicTh B PPO 3a KUIBKICTIO TOYHHX
BIIy4aHb 1 KUIBKICTIO peEakilii BUINEPEKEHHS B Kpamid copobi mis JMP Tta CIP, 3a
cymapHuMm 1 cepenniMm BigxwienHsm it JIMP ta CJIP, 3a cymapHum 1 cepenHiM
BUIIEPE/DKEHHAM 1 3ami3HIoBaHHAM st JIMP, a TakoX 3a CyMapHUM BHIEPEIKEHHSIM IS
CP (tabu. 3).

Ananiz pe3ynbTaTiB BUKOHaHHA TpboX crnpoO0 B PPO mnponeMoHCTpyBaB HasiBHICTH
CTATUCTUYHO 3HAYymuX BigMmiHHOCTEH (p<0,05) 3a OCHOBHHUMH BHUMIPIOBAaHUMHU ITOKa3HUKAMHU
touHocTi PPO Mk BuIiieHMMHU rpynamu oOcTexyBaHUX KibepcmoprcmeHiB Ta IT-cmemianmicTis,
ajie TUTbKH JIJIs JOMIHAHTHOT pyku (Taou. 3).

[IpoTe, mpu mopiBHAHHI KiOEPCIOPTCMEHIB Ta HETPEHOBAHMX OCIO BHSBJICHI CTaTUCTUYHO
3Hauyii BigMmiHHOcTeH (p<0,05) 3a mokazHukamu TouHocTi PPO mpu BHKOHaHHI TphOX CIpPOO
K JUIsl JTOMIHAHTHOI, TaKk 1 AJs cyOaoMiHaHTHOI pyku, xouda mnsi CJIP Takux BigMIHHOCTEH
BUSIBJIICHO Habarato menie, HuK st JIMP, Biamosiguo 3 i 8 BimminHocTei. KibepcrmoprcMenu y
MOPIBHSAHHI 3 KOHTPOJIBHOIO Ipymoro 3a nokazHukamu juist C/IP mpu BUKOHaHHI TpbOX cHpoO
MPOJIEMOHCTPYBAJIN BUIIY TOUHICTH B PPO 3a KINBKICTIO TOYHUX BIIy4aHb 1 KUIBKICTIO peakxiliit
BUIIEPE/DKEHHS, a TaKoXX 3a CyMapHUM YacoM peakliii BHUIEpeDKeHHsA. 3a IHIIUMHU
nokaszHukamu PPO g CHAP I 1 III rpynu 3a xputepieM MaHHa-YiTHI 3Hauylle He BiJPI3HSINCH
(Tabm. 3).

Mo’kHa NpUIYCTUTH, L0 BUABJIEHI BIAMIHHOCTI MDK BUAUIEHUMH TpyHaMH CBig4aTh MpO
0c00IMBOCTI (YHKIIOHATBHOI acUMETpii MIBKYJIb TOJIOBHOIO MO3KY OOCTEXEHMX PECHOH[IEHTIB,
npo Outbmy ¢QyHkiioHansHy crpoMoxHicTe CJIP y kiGepcnoprcmeniB Ta IT-cmemiamictiB y
MOPIBHSHHI 3 HETPEHOBAHUMH 0COOAMHU.

B ycix Tpbox rpynax oOCTeXyBaHUX aCUMETPIis MK IOMIHAHTHOIO Ta CyOIOMIHAHTHOO PYKOIO
3a nokasHukaMu ToyHocti PPO Oyna BincyTHs, 3HaYyIUX BiAMIHHOCTEH 3a KpuTepieM MaHHa-YiTHI He
BUSBIICHO. 3a JaHUMHU (axiBLiB 3 ICUX0(i310JI0Tii CIOPTY, 3MEHIIEHHS (PYHKIIOHATIBHOI aCUMETPIi Y
JOCBITYEHUX CIIOPTCMEHIB CBITYUTH PO ONTUMAIBbHY TAKTUKY TpeHyBaHb [30].
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Kopensuilinuit ananis noxasuukie PPO 1 BCP mnoxa3aB HacrymHe. butbln BUCOKHI
ncuxo(i310I0TiYHMN CcTaTyC 3a TMokKazHuKaMu ToyHocTi PPO y kiGepcrmopTcMeHIB acoIliroBaBCs
MEPEeBaXHO 3 OUTHIIMMHU 3HAYEHHSIMH MOKAa3HHKIB BapiaOelbHOCTI ceplieBoro putMmy 3a baeBcbkum
BNpoA0BX BUKOHaHHA TecTy PPO — AMo, IBP, BIIP, ITAIIP Ta IHPC (Ta6m. 4).

BusiBneHO HasBHICTh NMPSMHUX KOPEIAIMIMHUX 3B’S3KIB MOKAa3HHWKIB BimxwieHHs B PPO Ta
noka3zHuka Mo, T00T0 MeHmi BigxwieHHs (Oimpma TounicTh B PPO) BiamoBimana meHmmomy
MoJanbHOMY Kiacy KapaiointepsaiiB (p<0,05). Lle Bka3zye Ha akTHUBAII0 CUMIIATUYHOTO BiAILTY
PETYIAIIIT CepPIICBOTO PUTMY.

BusiBneHo sk mpsiMi, Tak i 00epHEeH1 KOpemsIiiiHi 3B s13KH MK TOKa3HHKaMu To4HocTi PPO
Ta BapialliHUM po3MaxoM KapjloiHTepBaiiB AMo, MakCUMalbHOI AaMIUIITYJOI0 KOJMBaHb
3HaYeHb KapJIOIHTEpBaliB (TOOTO pEryasSTOPHUX BIUIMBIB), NMPOTE TUIBKKM 32 YMOB aHali3y
pe3ynbraTiB BukoHaHHa PPO B kpamiit cipo6i (tadim. 4).

[nnexc BereraTuBHOI piBHOBaru (MOKa3HUK, L0 XapakTepuszye OalaHC CHUMMATUYHOTO Ta
MapacUMIIaTUYHOTO BIAUTY y peryisiii podotu cepiyi), IBP, Tex acoriiroBaBcst 3 MmoKasHUKaAMHU
toyHocTi PPO mepeBaxkHO 3a yMOB aHamizy pe3ynbTaTiB BUKOHaHHS PPO B kpamiil crnpo6i.
butpmiit Tounocti PPO kiGepcopTcMeHiB BinmoBifaia OulbIia aKTUBHICTE CUMITATUYHOTO BIIILTY
y perysiiii poboTtu cepus 3a nokaznukom [BP (p<0,05).

binpima Tounicts PPO y kibepcnopremeniB Binnosigana (p<0,05) 6inpmmm 3HaueHHs M BITP
— BEreTaTUBHOTO MOKAa3HUKA PUTMY (SIKUN XapaKTepU3ye aKTUBHICTh MapacUMIATHYHOTO BIIJLTY Ta
aBTOHOMHOTO KOHTYpY perynuii podotu cepus) Ta IHPC — iHaekcy HanpyXeHHsI peryasTOpHUX
cucTeM, TmepeBakHO OumpmiuM 3HadeHHsM [IATIP — moka3HWMka ajeKBaTHOCTI TIPOIIECIB
perymaoBaHHs (KM XapaKTepu3ye BIIMOBIMHICTP MDK AaKTHBHICTIO CHMIIATUYHOTO BIIUTY
BEreTaTUBHOI HEPBOBOi CHUCTEMH 1 piBHeM (YHKIIIOHYBaHHS CHHYCOBOTO BY3Jsa). BusBieHo
00epHEeHI KOpEeJIIiiiHI 3B’SI3KM MDK ToKasHuKamMu TouyHOcTi PPO 3a pesynbraramMu BUKOHAHHS
Kkpamoi crnpobu Tta mokasHukoMm [TAITP. Haromicte, Mk mnokasHukamu TOouHOCTI PPO 3a
pe3ynbTaTaMu BUKOHAHHS TPHhOX CIpoO Ta mokasHukoM [IATIP BusiBiieHO siK mpsMi, Tak 1 oOepHEH1
KOpeJIAIiiiHI 3B’ s13KH (Ta0. 4).

Cnig 3a3Ha4UTH, MO0 B LUIOMY CTaTUCTUYHO 3HAYYIIMX KOPENSAIIMHUX 3B’SI3KIB MDK
BUMIPIOBAaHUMHU MOKAa3HWKAMH BapiaOeIbHOCT1 CEpleBOro puUTMY 3a baeBChKMM 1 MOKa3HUKAMHU
touHocTi PPO BusiBiieHo HabaraTo Oinbllie IpH aHaji3l BUKOHAHHS Kparioi cripoou B PPO, Hixk 3a
pesynbTaTaMu TPhOX cOpoO (BimmoBimHo, 70 Ta 41 KOpensAmifHUX 3B’SA3KIB), IO IIUIKOM
3aKOHOMIPHO, OCKUIBKH Kpalia cripoda BUMarae OUIBIIOr0 HANpyKeHHS (PYHKI[IOHAIBHUX CHCTEM
MO3KY, fKI 1 3a0€31eUyIOTh BHIIY PE3yJbTaTUBHICTb.

Tabmuus 4
Kopensauiiini 38’ s3ku (3a CriipMeHOM) MOKA3HUKIB peakiii
Ha pyXoMuil 00’ €KT KiOepCIOPTMEHIB 3 MOKAa3HWKaMH BapiaOeIbHOCTI CEPLIEBOTO PUTMY
3a baeBCcbKUM BIpo0BK BUKOHaHHS TecTy PPO, r s

Kopensiitai 38'a3ku, I S L Bererary | [1OKasHuK | Innexe
AwmtiTyz Bapiawiitn Ianexc - aJIcKBaTH | HANpYXeH
Tt BETreTaTHB ocTi HS
Mona a Moau .. MOKa3HUK .
po3max HOT M MPOLIECIB | PErymasiTop
piBHOBaru prmMy peryiroBa HUX
HHS cHCTEM
Cnpobu npu suxonanui mecmy « Peaxyis na pyxomuii 06 ’exmy
1123|112 |3|1|2|3|1|2|3|1|2|3|1|2|3|1|2]3
Bunepemxenns 3a oqHy
Kpauty cpoly £ 5},‘ ‘ZB' 158 f'g
MIHAHTHA PyKa > 2 ] ]
(no pyka) 0 3 3 3 3
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[TponosxenHs Tabmuii 4

3ami3HeHHs 32 OJJHY
Kpatry crpooy
(omMiHaHTHa pyKa)

-0,68**

-0,55*

0,62*
0,56*

Bceroro 3a cymoro
BIJIXUJIEHHS B OJ(HII
Kpaiii cnpo0bi
(tomMiHaHTHa pyKa)

0,57*

0,58*

0,56*

-0,71**

-0,62*

-0,54*

-0,56*

-0,65*
-0,65*
-0,62*

-0,62*

Bunepemxenns 3a
CYMOIO BIJIXHJICHHS B
OJHIN Kpaii cpoOi

(tomMiHaHTHa pyKa)

-0,57*

0,57*

-0,59*
-0,57*

-0,54*
-0,58*

-0,55*
-0,55*
-0,59*
-0,55*

Bcroro 3a cepennim
BIJIXUJIEHHS B OJ(HII
Kpallii crpoodi
(oMiHaHTHa pyKa)

0,57*

0,58*

0,55*
-0,71**

-0,63*

-0,54*

-0,57*

-0,65*
-0,65*
-0,63*

-0,62*

Bunepemkenss 3a
CepeIHIM BiIXHUIICHHS B
OJHIN Kpariii cripoOi
(cyOmoMiHaHTHA pyKa)

0,65*

0,64*

0,62*

-0,59*
-0,55*
-0,59*

0,56*

-0,55*

-0,55*
-0,66*
-0,65*
-0,63*
-0,61*

-0,54*

3ari3HeHHs 33 CepeHIM
BIIXUJIEHHS B OIHIN
Kpaiiit cnpo0di
(oMiHaHTHA pyKa)

0,67*
0,67**

0,59*
-0,68**

-0,56*
-0,72**

-0,54*
-0,57*

-0,65*
-0,75**

-0,72%*

-0,56*
-0,61*
-0,54*

TouHo 3a Bci cipodu
(oMiHaHTHA pyKa)

0,56*

0,57*

Bceroro 3a cymoro
BIIXWJIEHHS 3a BCi
cnpobu (JIoMiHaHTHA

pyka)

0,58*

0,59*

-0,64*

-0,67**

-0,60*
-0,63*
0,63*

-0,54*

3ami3HeHHS 32 CyMOIO
BIIXUJIEHHS 3a BCI
cnpobu (IoMiHAHTHA

pyka)

0,57*

0,57*

-0,70**

0,58*

-0,64*
0,66**

0,61*

-0,57*

Bceroro 3a cepennim
BIIXUJIEHHS 34 BCI
cnpobu (ToMiHaHTHA

pyka)

0,60*

0,62*

-0,64*

-0,71**

0,61*

-0,65*
0,65*

-0,56*

3ami3HeHHS 32 CepeaHIM
BIJIXWJIEHHS 3a BCI
crpoOu (ToMiHAHTHA

pyka)

0,66*
0,70**

0,63*
-0,77**

-0,76**

-0,63*

-0,55*
-0,62*
-0,63*

-0,73**

-0,73**

-0,76**

-0,65*
-0,67**

-0,58*

[Mpumirka: *craTucTuyHa 3HAUyIIicTh KoedimieHTa kopemsmii p <0,05; **craructuyna
3Ha4yIicTh KoedinieHTa kopessuii p <0,01.
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VY HeTpeHOBaHMX O0cCi0, SKi HE 3aiiMaloThCS KiOEPCIOPTOM, OTPUMAaM, TaKk OM MOBHUTH,
OYIKYBaHUU PO3MOALT KOPEAIIHNX 3aB’s3KiB MDK mokasHukamu PPO ta BCP: mpu BukoHaHHI
TECTy BIJNOBIIHOIO PYKOIO Ma€eMO OUIBIIY KUIBKICTh 3B’S3KIB caMe€ MDK OJHOWMEHHUMU
noka3uukamu (PPO mpasoro pykoro — BCP npu po6oTi mpaBoto pykoto, PPO niBoto pykoro — BCP
npu poOoti JiBor pykor) (puc. 1). MokemMO NPUIYCTUTH, IO TPH BHUKOHAHHI 3aBIAaHHS
BIJIIIOBIJTHOIO PYKOIO B MO3KY CKJIAZIA€THCS JIaTepalli3oBaHa 70 3aBAaHHs (DyHKIIOHAJIbHA CUCTEMA,
CTIpsSIMOBaHA HAa WOTO BHKOHAHHS. B HUTOMY KUTBKICTh 3B’SI3KIB BEJIHKA, IO BKAa3y€ HA HASBHICTDH
chopMoBaHOi B pe3yabTari amanramii 10 (Gi3MYHUX HABAaHTAXKEHb CHCTEMHU PEryJsiii «MO30K —
cepue» [31].

VY kibepcropTCMeHIB 3HAUYHO OUIbIE 3aB’SI3KIB MDK TOKa3HMKaMU BHKOHaHHs Tecty PPO
MpaBoro pykoro 1 mokazaukamu BCP; mpudomy, 31aBanocs 0, mapajokcalibHO, 3 okazHukamu BCP
npu BuKoHaHH1 TecTy PPO 11iBO0 pyKOI0 KUIBKICTh LMX 3aB’SI3KIB HalOUIbIIA, 1110 BKAa3ye Ha Te, LI0
JiBa MiBKyJsl Oepe Ha cebe JKOPCTKUI KOHTpOJIb 32 BUKOHAHHSM 3aB/laHb, HE 3Ba)Kal0uM Ha Te,
SIKOI0 PYKOIO BOHU BUKOHYIOTbcA (puc. 1). 3B’s3kiB Mk nmokasHukamu PPO npu BUKOHaHHI TecTy
JBOIO pyKoro 1 nokazHukamMu BCP 3HauHO MeHmie. Mo)keMo KOHCTaTyBaTH aCUMETPIIO B Peryssiii
BCP 13 ngoMmiHyBaHHSM JiBOi MIBKYJI, IO Y3TOJKYETHCS 13 YSBICHHSIMH MPO METAKOHTPOJb
PYXOBHUX BUKOHaBUMX (DyHKIIH J1iBOIO MiBKYyJero [32, 33, 34].

HikaBumu BusSBWINCH pe3yiabTatd [T-cmemiamicTiB. Y 1mHMX 00CTEXKYBaHMX KUIBKICTh
KOpEeJALIHHUX 3aB’SI3KIB MK MMoKa3HUKaMu BUKoHaHHS TecTy PPO 1 nokasnukamu BCP naiimenia
13 ycix rpyn (puc. 1). Ile Moxe Bka3zyBaTu Ha MEHILE HANPYKEHHsI (YHKIIIOHATbHUX CUCTEM MO3KY
NpU BUKOHAHHI TaKWX 3aBJaHb, IXHE 3a0€3MEYeHHS IHIIMMH PETYIITOPHUMHU CHCTEMAaMH MO3KY,
MEHIIIE €MOIlifHe pearyBaHHS Ha Taki 3aBAaHHsA. CaM pO3MOJUT 3B’S3KIB CXOXHH Ha TOM, SKHUN
BUSIBJICHUH IS CIIOPTCMEHIB TPYITH, IO HE 3aiMarOThCS KiOepCIIOpPTOM.

70

60
50
40
3
2
1
ol
0

PPO npaBa-BCP  PPO npaBa-BCP- PPO nisa-BCP PPO nisa-BCP-
npasa niBa npasa niga

o

o

o

M kibepcrnopTcmermn B |T-cneuianictn HeTpeHoBaHi ocobu

Puc. 1. KinbKicTh CTaTUCTUYHO 3HAUYIIUX KOPEJALIHHUX 3B 513KIB MK nokazHukamu PPO Ta BCP
y rpymnax kibepcnoprcmenis, IT-cnernianicTiB 1 HETpeHOBaHUX 0Ci0, K1 HE 3aliMalOThCs
KOMII'FOTEpHUMHU IrpaMu npu BUKoHaHHI TecTy PPO (kpama cripo6a).

ITpumitku: PPO npasa/PPO niBa — BukoHaHHs TecTy Ha PPO npaBoo/iiBoto pyKoro BiIIOBIIHO,
BCP npasa/BCP niBa — noka3uuku BCP nix yac Bukonanus tecty PPO
IPaBOIO/JTIBOIO PYKOIO BiJIOBIHO.

OTpumaHi pe3ynbTaTH y3TOJKYIOTBCS 3 BIIOMHMHU JITEPaTypHUMH JaHUMHU: SIK
3a3Ha4yaroTh OUIBIIICTh JOCHIAHUKIB, IS PECHOHACHTIB, AKi TpaloTh Yy KOMII'IOTEpHI irpw,
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XapaKTepHI B TEpIIy 4Yepry BHUCOKA IMIBHJKICTh PEAKIIil, 3laTHICTh OJHOYACHO BIICTEKYBATH
BEIUKY KUTBKICTh 00’€KTiB Ta ix auHamiky Tomio [14, 15, 35, 36]. 3a3HadaeThCs, MO MOKA3ZHUKU
PPO MOXyTb BUKOPHUCTOBYBATHCSl y SIKOCTI MOJEIBHHX XapPaKTEPUCTUK CIIOPTCMEHIB IrpOBHX
BHIIB criopty [37].

3araiom 3a mokazHukamu PPO xibepcroprcmenn y mopiBHsHHI 3 IT-cmemiamictamu Ta
HETPEHOBAHUMH 0CO0aMHU, SIKi HE 3aiMaIOTHCSl KOMIT IOTEPHUMH irpaMH, IIPOJAEMOHCTPYBAIM BHIII
pe3ybTaTH, OUTBIIICTD BIIMIHHOCTEH Jocsarin piBHs 3HadymocTi (p<0,05), 1mo miIKoM mATBEHKYE
BIZIOMI JIiTepaTypHi JaHi MpO BIUIMB 3aHATH PI3HUMHU BUAAMHU CIIOPTY Ha (OpPMYBaHHS 1 CTaH
ncuxodizionoriyaux GyHkiin [28, 29] Ta gomnoBHIOE paHillie OTPUMaHi pe3yIbTaTH MPH TECTYBaHHI
CIIOPTCMEHIB B IHIITUX BUAAX criopty [38].

Pesynbraty mcuxodi3iogoriyHOro TECTyBaHHsS KiOEpCIIOPTCMEHIB B1IOMBAIOTh aJalTHBHI
KOTHITHBHI eektu TpeHyBanb. J. Feng, |. Spence & J. Pratt (2007) y cBoiii po6OTi 3a3Ha4aI0Th, IO
BIJICOIrpH BIUIMBAIOTh HA (JOPMYBAHHS Ta PO3BUTOK MPOCTOPOBUX 31I0HOCTEHM CIOPTCMEHIB [LIUT. 3a
15]. B ninmomy, ceHCOMOTOpHI 310HOCTI (CIIPUIHATTS Yacy 1 MPOCTOPY, MPOCTOPOBO-AUHAMIYHA
YyTJIUBICTh, YYTJIUBICTb KIHECTETUYHOI CEHCOMOTOPHOI CHUCTEMH TOLIO), 3 OJHOTr0 OOKY,
00yMOBITIOIOTh BUCOKY €()eKTHUBHICTh TPaBLIB B CIOPTUBHINA AISUIBHOCTI, a 3 IHIIOIO — BiIEOIrpH
BILTMBAIOTh Ha (OPMYBAaHHS Ta PO3BUTOK LUX 3A10HOCTe [15, 39].

Tak, y po6oti A. Sousa (2020) mociimkeHO AWHAMIKY KOTHITMBHHUX IMOKA3HHUKIB 0 Ta
MICHSI CeaHCy KIOepCMOpTUBHUX irop y ABox Tumax kidepcmoptuBHux irop (FPS ta MOBA).
[TokazaHo, 10 MCHXOMOTOpPHA HIBHJAKICTh, BUMIipsHa 3 jomnomoroto Tecty FTT, Oyna 3HauHO
BHIIOIO TICIISA ITPOBOTO CEAHCY; 30UIBIITUBCS MOKA3HUK PO3YMOBOI THYYKOCTI Y TECT1 «UHCIOBA
MOCITIAOBHICTEY [39].

3a pesynbraramu nociimkenb M. W. G. Dye, C. S. Green, D. Bavelier (2009), anamni3
MPUIMHHO-HACIIIKOBOTO 3B’S3Ky MDK «IrpOBOIO MISUTBHICTIO» Ta 30UTBIIEHHSM IIBUIKOCTI
pO3ymMOBOi OOpOOKHM BHSBHMB 3Ha4HE CKOPOYCHHS JIATEHTHOTO TMepiofy dYacy peakiii Ha ¢(oHi
MIIBHMINCHHS TOYHOCTI pyXiB 0Oe3 30imbimenHs immyascuBHOCTI [40]. B pobGoti B. Bediou,
D. M. Adams, R. E. Mayer, E. Tipton, C. S. Green, D. Bavelier (2018) noBezaeHo, 1mo He BCi irpu
OJIHAKOBO BILJIMBAIOTh HA KOTHITHBHI 3110HOCTI. Hanpukiazn, eKiH-Bineoirpu 3Ha4HO PO3MIUPIOIOTH
yBary Ta mpocTopoBe MUCIICHHS, 1 HE BUOATJIUB1 10 IPOSBY CIPUHHATTS [41].

BCP wMae BaxiuBe 3HA4YeHHS JUI1 JWHAMIYHOTO MOHITOPUHTY IIpale3JaTHOCTI,
CBO€YACHOI MPO(ITAKTUKU BTOMU Ta MOTNEpeIKeHHs mneperpeHoBaHocTti rpasiiB [3]. TlokasHuku
BCP y craHi CHOOKOH JI03BOJSIOTH BH3HAUMTH 3arajdbHuii piBeHb BToMH [42]. Illomo
PEaKTHUBHOCTI Kapiio- Ta TeMOJWHAMIYHHMX TapaMeTpiB KiOEpPCHOPTCMEHIB 3a3HAYa€eThCs, IO
]I 9ac 3MaraHb y TPaBIlB CIOCTEPIracTbCs 3HAYHUN TPHUPICT TE€MOJIWHAMIYHUX TOKA3HHUKIB —
CUCTOJIIYHOTO 1 JAiacToJIiYHOTO aprepiaibHOoro THUCKY [43]. KpiM TOroO, SIKIIO cepenHi 3HAYEHHS
YCC TpeHyBalbHOTO HaBaHTaxeHHs B Kibepcmopti crtaHoBisaTh 120-140 ymapiB 3a XBUIHHY
[44], nikoBa UCC, mio peectpyeTbes min yac 3marasb, gocsrae 160-190 ymapiB 3a xBuimHY [5,
44]. Opnak, sSK 3a3HA4alOTh JOCTIIHHKH, BapiabENbHICTH KapAio- Ta TIeMOJUHAMIYHHUX
MOKa3HUKIB, @ TaKOXX YaCTOTH IUXaHHS y redMepiB 3aleXHTh Bil TUIMY (BKaHPY) KOMIT IOTEPHOT
rpu [39].

Takum ynHOM, BHsIBJIEHI BIAMIHHOCTI moka3HMKiB PPO kiGepcrnopTcMeHiB y MOpPIBHSAHHI 3
IT-cnenianicraMu Ta HETPEHOBAaHMMHU 0CO0aMU, sIKI HE 3aliMalOThCSI KOMIT IOTEPHUMHM Irpamu, a
TAaKO’XX OCOOJMBOCTI PErylIATOPHUX MEXaHI3MIB OpraHisMy KiOepCIOpPTCMEHIB y 3B’SI3Ky i3
YCHIIIHICTIO BHKOHAaHHS peaklii Ha pyXOMHH OO’€KT IIUIKOM Y3TODKYIOTbCS 3 BIIOMHUMU
JITepaTypHUMH  JaHUMH 1, O€3yMOBHO, MOXYThb MaTH MPOTHOCTUYHY I[IHHICTH Ta
BUKOPHUCTOBYBATHCS JIJIsl ONITUMI3allii CHOPTUBHOTO BIOCKOHAICHHS B KiIOEPCIIOPTi.

BucHoBku

1. Anani3 Ta y3araJbHeHHS HayKOBO-METOJMWYHOI JITEpaTypH JI03BOJIUB 3’SCYBaTH, ILO
crenudika TPEHYBAIbHOI 1 3MaraiabHOI IISUIBHOCTI B KiOepcrmopTi Hakiagae cBii BIAOMTOK Ha
piBEHb PO3BUTKY CEHCOMOTOPHMX pEaKIliii rpaBLiB.
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2. KibepcropTcMeHH TPOJIEMOHCTPYBAIM BUILY TOYHICTh B PEaKiii Ha pyXOMHUH 00’ €KT
(PPO) mopiBasno 13 IT-cmemiamicraMu Ta HETPEHOBAHMMH OcoOaMH, SKIi HE 3alMarOThCs
KOMII'FOTePHUMHU Irpamu.

3. Busneno xopemsito Tounocti PPO y obcrerkeHnx KibepcrnopTCMeHiB 3 MOKa3HUKaMU
BapiabenpHOCTI cepueBoro putMmy (BCP) min wac BUKOHAaHHS 3aBAaHHA. butemriii Tounocti PPO
KiOepCIIOPTCMEHIB BIAMOBiIa€ OUTbIIA AKTUBHICTh CHMITATUYHOTO BIIUTY y peryssmii pobotu
CepI IIiJ] 9ac BUKOHAHHS 3aBJIaHHS.

4. Y rpymax KiOepCroOpTCMEHIB 1 HETPEHOBAHUX OCI0 KUTBKICTh KOPEISIIMHUX 3B’ SI3KIB MK
nokasaukamu PPO 1 BCP 3nauno Outema, HiK y IT-cmemiamictie — 130, 155 1 22 BigmosimHo.
Poznoain xopensuilinux 3B’s13kiB MDK nokazHukamu PPO 1 BPC npu BuKOHaHHI 3aBIaHHS MPaBOIO
1 JTIBOIO PYKOIO HAcTymHUH: i kidepcroprcmeniB 108 mpotu 22, mis HeTpeHOBaHHX ocid — 84
npotu 71, ana IT cnewiamictiB — 17 mporu 5. BusiBneHa acumeTpis 3B’S3KIB y TpyIi
Ki0epcropTCMEHIB BKa3ye Ha JOMIHYBaHHS JIIBOT MIBKYJI1 B PEryJsllii CEpLEBOr0 PUTMY HE3aJIeKHO
BiJl TOTO, SIKOIO PYKOIO BUKOHY€ETHCS 3aB/IaHHS.

5. Bussneni BiaminHocTi PPO kibepcnoprcMeHniB y nopiBHsHHI 3 IT-cnemiamicramu Ta
HETPEHOBAHUMH 0co0aMH, SIK1 HE 3aliMalOThCSl KOMIT FOTEPHUMH IrpaMH, MOKYTh MaTH IIPOTHOCTUYHY
L[IHHICTb 1 BUKOPUCTOBYBATHCS JJIsl ONTHUMI3allli CIIOPTUBHOIO BJIOCKOHAJIEHHS B KIOEpCIOPTI.

IlepcnexkTHBY MOAAJIBIINX 10CTiAKEHD.

[likaBuM € TmoOAaNbIIe JOCHIHKEHHS 3 TMPOBEACHHSM TMOPIBHSUIBHOTO  aHAJI3y
1cuxo(1310J0TTYHUX MOKa3HUKIB Y CIIOPTCMEHIB, 10 CIEHIANI3yIOThCS B PI3HUX KiOEPCIOPTUBHUX
JTUCHMIUTIHAX Ta B MPOLECI CIOPTUBHOT AISITBHOCTI 3a3HAIOTh BIUIMBY HaBaHTaXXEHb PI3HUX THUIIIB, a
TaKOX TPOBEAEHHS KOPEJALIMHOrO aHamizy MDK JOCHUDKYBAaHUMH TCHX0(]I310J0TTHHUMHU
MMOKa3HUKAMH Ta Pe3yJIbTaTaMH 3MarajbHO1 ISJIbHOCTI KIOEpCIOPTCMEHIB.

Konexmus aemopis sucnosnroe wupy noosky kageopi xibepcnopmy ma iH@opmayitiHux
mexuonoeit. HY®BCY, 3as. xageopu O. A. [llunxapyx ma Hayxoeo-oocnionomy yenmpy
Hasuanvno-naykosoco incmumymy 300pos’s, peabinimayii ma ¢hizuunoeo seuxosanuss HYDBCY,
oupexmopy HIIL] I. O. Kocym, a makooc cmyoenmam i 6Cim npudemuum 3a y4acme 6 opeanizayii i
npoeedeHHi 00CTIONHCEHD.

Cnucok BUKOPHCTAHOI JiTepaTypu

1. Hasan Y., Bégue L., Bushman B. J. Violent video games stress people out and make them more
aggressive. Aggressive Behavior. 2013. Vol. 39 (1). pp. 64-70. DOI: 10.1002/ab.21454

2. Machado S., de Oliveira Sant'‘Ana L., Cid L. et al. Impact of victory and defeat on the perceived stress
and autonomic regulation of professional eSports athletes. Frontiers in Physiology. 2022. Vol. 13.
Article 987149. DOI: 10.3389/fpsyg.2022.987149

3. Meeusen R., Duclos M., Foster C. et al. Prevention, diagnosis, and treatment of the overtraining
syndrome: joint consensus statement of the European College of Sport Science and the American
College of Sports Medicine. Medicine and Science in Sports and Exercise. 2013. Vol. 45 (1). pp. 186-
205. DOI: 10.1249/MSS.0b013e318279a10a

4. KopobeitrikoB I'. B., KoxameBmu A. [. OcoOauBOCTi ICHXIYHOTO CTaHy y KBadi(ikoBaHHX
OopuiB. €ounobopcmea. 2024. Ne 2 (32). C. 52-60.

5. ValladAo S. P., Middleton J., Andre T. L. Esport: fortnite acutely increases heart rate of young men.
International Journal of Exercise Science. 2020. Vol. 13 (6). pp. 1217-1227.

6. Behnke M., Kosakowski M., Kaczmarek L. D. Social challenge and threat predict performance and
cardiovascular responses during competitive video gaming. Psychology of Sport and Exercise. 2020.
Vol. 46. Article 101584. DOI: 10.1016/j.psychsport.2019.101584

7. Jlucenko O., @enopuyk C., Konocosa O., Bunorpagos B. BruuB BereratuBHoi peryssuii cepreBoro
puTMy Ha TposB (I3WYHOI TIpare3naTHocTi KBamidikoBanmx croptcMmeHiB (I moBigoMieHHS).
Cnopmuena nayxa ma 300pos ‘s noounu. 2020. Ne 1 (3). C. 70-87. DOI: 10.28925/2664-2069.2020.1.6

8. Jlucenko O., ®emopuyk C., KomocoBa O., Tumomenko O. AnanTaimis 10 HampyXeHOi M’s30BOi
JISTIBHOCTI T2 0COOJNMBOCTI BEreTaTHBHOI PEryisiisi BapiaOenbHOCTI CEpLEBOr0 PUTMY CHOPTCMEHIB
(Il moimomnenns). Cnopmusna wnayka ma 300pog’s moounu. 2023. Ne 2 (10). C. 119-141.
DOI: 10.28925/2664-2069.2023.210

105



ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Makapenko M. B., Jluzoryd B. C., HOxumenko JI. I. CepueBuil puTM y CTYIOCHTIB 3 pI3HUMH
IHMBIIyaJIbHO-TUTIOJIOT IYHUMHU BJIACTUBOCTSMHU BHUIIOT HEPBOBOI AISUTBHOCTI 32 YMOB EMOI[IHHOTO
ctpecy. @izionoeiunuii scypran. 2003. Ne 49 (1). C. 28-33.

Jluzory6o B. C., Kopanenko C. O., [Izro6an 0. O., Kyniii JI. 1., I'pumenko O. B., Bopeiiko T. L
Oco0JIMBOCTI peakiliii eHTPaIbHOI TEMOIMHAMIKY Ta PEryJIAIlii CEpIIEeBOr0 pUTMY Ha OpTOIPoO0y ocid 3
PI3HUM IHAEKCOM MacH Tina. Bicnux mopgonocii. 2008. Ne 14 (1). C. 109-114.

Makapenko M. B., Jluzory6 B. C., FOxumenko JI. 1., Uepuenko H. I1. 'emoauHamika roJ1oBHOTO MO3KY Ta
CEpIICBUI PUTM MPU PO3YMOBIH JISTTBHOCTI JIFOJICH 3 PI3HUMHM 1HIMBITyaTbHO-THITOJIOTIYHUMH BJIACTHBOCTSIMHU
BUIIMX BIUIUTIB IIEHTPAIBbHOI HEPBOBOI CHUCTeMHU. Bueni sanucku Taspiticbkoeo HAYIOHAIbHO20 YHIBEPCUMENTY
im. B.I. Bepraocvrozo Cepis «Bionoeis, ximisy. Tom 25 (64). 2012. Ne 4. C. 136-143.

Jluzory6o B. C., Makapuyk M. 10O., FOxumenko JI. 1., Xomenko C. M., Uepuenko-Kyparina H. IL
XBUIIBOBI MIPOIIECH PETYISALIT CepleBOro pUTMY 0ci0 3 PI3HMMHU TUIIAMH T€MOJWHAMIKH TiJI Yac MpooH
head-up-tilt. Science and Education a New Dimension. Natural and Technical Sciences. V. (13). Issue
121. 2017. P. 10-14. URL.: https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-
of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-
Chernenko-Kuragina.pdf

Gabbay F. H. Behavior-Genetic Strategies in the Study of Emotion. Psychological Science. 1992. Vol. 3
(1). pp. 50-55. DOI: https://doi.org/10.1111/j.1467-9280.1992.tb00256.x

luuakapyk O. Mogens IrpoBoi MiArOTOBIEHOCTI TpaBiiB y Kidepcrnopti. Cnopmuenull GiCHUK
Ipuoninpoe’s. Haykoeo-npaxmuunuti sxcypuan. 2022. Ne 2. C. 158-168. DOI: 10.32540/2071-1476-
2022-2-158

[satuconpka C. C., Pomanenko B. B., Amanin B. C., €Edppemenko A. M. AHai3 CEHCOMOTOPHHX 3TI0HOCTE#H
Ta BJIIACTHBOCTEH HEPBOBOI CHCTEMH TPABIIB PI3HUX KiOEPCHOPTUBHUX JUCHMILIIH. Haykoeuil yaconuc
Hayionanvnoeo nedacoziunoeco ynisepcumemy imeni M. I1. llpacomanosa. Cepis 15 . Hayxoeo-nedazoziuni
npobnemu gizuunoi kyromypu (Qizuuna Kyremypa i cnopm) . 30. Hayk. mpais. 3a pen. O. B. Tumormenka.
Kwuis : Bug-so HITY imeni M. I1. [Iparomanosa, 2021. Bum. 11 (143). C. 125-131. DOI: 10.31392/NPU-
nc.series15.2021.11(143).26 URL.: http://enpuir.npu.edu.ua/handle/123456789/36253

[Tarucomnkas C. C., Pomanenko B. B., 'onoxa B. JI. CpaBHUTENBHBIN aHATN3 CEHCOMOTOPHBIX PEAKITAN
eIMHOOOPIIEB U UTPOKOB KuOepcrnoptuBHoi muctuiumasl DOTA 2. €ounobopecmea. 2020. Ne 1 (15).
C. 56-66. DOI: https://doi.org/10.15391/ed.2020-1.06

JIyus FO. 11, JIyk’stameBa I'. B., @eqopuyk C. B. Ilcuxodizionoriuai moka3HUKH KiOepCIOPTCMEHIB B
ONITUMATBPHOMY PpEKHMI TeCTyBaHHA. Adanmayiuni ma ncuxoghizionoeiuni npobremu ¢hizuunoi
Kynemypu i cnopmy : MixHap. Hayk.-mipakT. KoH(}. KuiB — Uepkacu, Ykpaina, HY®BCY, 7-8 rpyn.
2023 p. URL: https://uni-sport.edu.ua/content/mizhnarodna-naukovo-praktychna-konferenciya-
adaptaciyni-psyhofiziologichni-problemy

JIyus FO., JIlyk’suneBa I'., @emopuyk C. [IposB HelipoanHaMidHUX BIACTUBOCTEH KiOEpCIOPTCMEHIB Y
3B’SI3Ky 13 PIBHEM CTpecy, caMoperyisiiii, anantiuBHocTi Ta iHtenekry. Cherkasy University Bulletin:
Biological Sciences Series 2023. Ne 2. C. 76-86. DOI: 10.31651/2076-5835-2018-1-2023-2-76-86
[Iaruconpka C. C., Ilogpiramo JI. B., Pomamenko B. B., Ilerpenxo 0. I., Anexcenxo . B.
[opiBHATBHUI aHANI3 TICHXO]i310JIOTTYHNX TTOKA3HHUKIB CIIOPTCMEHIB €IMHOOOPCTB Ta KibepcrmopTy 3a
JIOTIOMOT00 (haKTOPHOTO METOAY. Haykosuii uaconuc Yxpaincykoeo 0epaicasnozo yHigepcumemy imMeHi
Muxaiina /[pacomanosa. Cepia 15 : Haykoso- nedazoziuni npobremu ¢hizuunoi xyromypu (pisuyna
Kynemypa i cnopm) : 30. HaykoBuX mpaimb. 3a ped. O. B. Tumomenka. KuiB : Bug-so YV imeni
Muxaiina JIparomanosa, 2024. Bum. 3 (175). C. 144-148. DOI: https://doi.org/10.31392/UDU-
nc.series15.2024.3(175).27

Korabeinikova 1., Kokun O., Raab M., Korobeinikova L., Korobeynikov G., Kostiuchenko V., Aksutin
V., Dekha N. Psychophysiological states of elite athletes after critical life events. Pedagogy of Physical
Culture and Sports. 2024. Vol. 28 (2). pp. 141-146. DOI: 10.15561/26649837.2024.0208

Diagnostic automated complex «CARDIO+» : Instructions for operation. Nizhin: W.p. 2016. 28 p. [in
Ukrainian]

Luts Yu. P., Lukyantseva H. V., Bakunovskyi O. M., Fedorchuk S. V., Kolosova O. V. Development of
a protocol for the study of the functional state of the cardiovascular and neuromuscular systems and the
state of psychophysiological functions of e-athletes. Bulletin of problems in biology and medicine. 2023.
Issue 4 (171). pp. 391-402. DOI: 10.29254/2077-4214-2023-4-171-391-402

106


https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-Kuragina.pdf
https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-Kuragina.pdf
https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-Kuragina.pdf
https://doi.org/10.1111/j.1467-9280.1992.tb00256.x
http://enpuir.npu.edu.ua/handle/123456789/36253
https://doi.org/10.15391/ed.2020-1.06
https://uni-sport.edu.ua/content/mizhnarodna-naukovo-praktychna-konferenciya-adaptaciyni-psyhofiziologichni-problemy
https://uni-sport.edu.ua/content/mizhnarodna-naukovo-praktychna-konferenciya-adaptaciyni-psyhofiziologichni-problemy
https://doi.org/10.31392/UDU-nc.series15.2024.3(175).27
https://doi.org/10.31392/UDU-nc.series15.2024.3(175).27
https://dx.doi.org/10.29254/2077-4214-2023-4-171-391-402

Cepis «bionoriuni Haykny», 2024

23.

24,

25.

26.

217.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kommnbrorepnass cuctema H. B. Maxkapenka u B. C. Jlusoryba «Juarnoct—IM» (MHCTpyKUus
nosnb3oBatens). Kues — Yepkaccrl. 2015. 63 c.

Makapenko M. B, Jluzory6 B. C., beskonmnpauii O. Il. MeromuuHi BKa3iBKH 1O NPAKTHKyMYy 3
mudepennianbHoi cuxogizionorii Ta ¢izionorii Buoi HepBoBoi HisuibHOCTI JronuHKu. Kuis-Uepkacu.
2014.102 c.

Makapenko M. B., Jluzory6 B. C. Peakuis Ha pyxoMmMHii 00’€KT SK TEeCT Ha BH3HAYCHHS
3pIBHOBa)KEHOCTI HEPBOBUX MPOILECIB. BicHux HayioHanbHo2o yHisepcumemy oboponu Yxpainu. 2015.
Ne 1 (44). C. 142-147.

Omont I. C., Tumouko O. b., I'pusnak P. ®., Omispuuk O. 5., Pomancekuii P. 1O., Tkauyk C. Il
3B’A3KM MOKa3HHMKAa aKTHBHOCTI PEryJsITOpHUX cucTeM baeBCchkoro 3 mapameTpamMi BapiaOenbHOCTI
cepiueBoro purMmy. Meoduuna eioponocis ma peabinimayis. 2011, T. 9. Ne 2. C. 102-
108. URL.: http://dspace.nbuv.gov.ua/bitstream/handle/123456789/41269/10-Flyunt.pdf

Munkapyk O. A., Jlucenko O. M., 'ynina JI. M., Kapnenko B. I1., 3emmosa 1. 1., Omimescekuii C. B. Ta
iH. MenukoOioyioriyHe 3a0e3MEUYeHHs IMMIJrOTOBKM CIIOPTCMEHIB 30IpHUX KOMaHJ YKpaiHu 3
oiimmicekuX BUAIB criopty. K. : Omimmiiiceka mitepatypa, 2009. 144 c.

Makapenko M. B., JIuzory6 B. C. Onrorenes ncuxodizionorianux QpyHkii momman. Yepkacu. 2011. 256 c.
Makapenko M. B., Jluzory6 B. C., beskomunbauii O. I1. HelipoanHamiuHi BIaCTHBOCTI CIIOPTCMEHIB
pizHoi kBamiikamii Ta crewiamzatii. Akmyanroni npobremu ¢izuunoi kyremypu i cnopmy. 2004. Ne 4
C. 105-1009.

Romanenko V., Podrihalo O., Podrigalo L., lermakov S., Sotnikova-Meleshkina Z., Bobrova O. The
study of functional asymmetry in students and schoolchildren practicing martial arts. Physical education
of students. 2020. Ne 24 (3). pp. 154-161. DOI: https://doi.org/10.15561/20755279.2020.0305

Matusik P. S., Zhong C., Matusik P. T., Alomar O., Stein P. K. Neuroimaging Studies of the Neural
Correlates of Heart Rate Variability: A Systematic Review. Journal of clinical medicine. 2023. No 12
(3). Article 1016. DOI: https://doi.org/10.3390/jcm12031016

Kynenko T. B. MixmiBKy/bHE MepeHeceHHs iH(opMallii Mpy BUKOHAHHI CcKiafgHoro tecty Crpyna i3
3IYICHHSIM TIPOCTOPOBOi O3HAKM Y MPABIIB 1 JiBIIB. Bicuux Yepkxacvkozo yuisepcumemy. Cepis :
bionociuni nayku. 2017. Ne 1. C. 37-47.

Mutha P. K., Haaland K. Y., Sainburg R. L. The effects of brain lateralization on motor control and
adaptation. J. Mot. Behav. 2012. Ne 44 (6). pp. 455-469. DOI: 10.1080/00222895.2012.747482. PMID:
23237468; PMCID: PMC3549328.

Sainburg R. L. Laterality of Basic Motor Control Mechanisms: Different Roles of the Right and Left
Brain Hemispheres. In Laterality in Sports: Theories and Applications (pp. 155-177). Elsevier. 2016.
DOI: https://doi.org/10.1016/B978-0-12-801426-4.00008-0

[Mompirano JI. B., Ilatucompka C. C. Ilpodeciorpadiuamii aHami3 CHOPTHUBHOI IiSUTBHOCTI
KiOepCIIopTCMEHIB, M0 CHEMiali3yIOTECS Y PI3HUX irpoBHX kaHpax. Cnopmueni iepu. 2024. Ne 1 (31).
C. 51-64. DOI: https://doi.org/10.15391/si.2024-1.05

[Toppurano JI. B., PoBnas O. A., Cokon K. M., I'onogsko E. A. ®U31M010ro-TUri€HUYECKUE ACTIEKTHI
kubepcriopta. Haykogo-memoouuni OCHOBU BUKOPUCIMAHHA [HOpMayiiHux mexHonoz2il 6 2anysi
@izuunoi kynomypu ma cnopmy. 2018. Ne 2. C. 90-93.

®emopuyk C., [lerpoBceka T., AprayroBa JI., Koryr I., IlerpymeBcekuii €. Peakmis Ha pyxoMuid
00’€KT Ta BJIACTUBOCTI YBarum y KBaJiiKOBaHMX TaHIOONICTOK. Teopis i memoouxka @izuuno2o
suxosannsi i cnopmy. 2023. Ne 1. C. 68—74. DOI: https://doi.org/10.32652/tmfvs.2023.1.68-74
®enopuyk C., Kynenko T., SApomenko O., Jlucenxo O., Hluakapyk O. PyHKIiOHaJBbHUHA CTaH
LEHTPAIbHOI HEPBOBOI CHUCTEMH CIIOPTCMEHIB-BECITYBAILHUKIB 32 MOKa3HUKAMHU peakilii Ha pyXOMHU
00’ext. Cnopmusna meouyuna, izuuna mepania ma epeomepanis. 2022, Nel. C. 42-48.
DOI: https://doi.org/10.32652/spmed.2022.1.42-48

Sousa A., Ahmad S. L., Hassan T. et al. Physiological and cognitive functions following a discrete
session of competitive esports gaming. Frontiers in Psychology. 2020. Vol. 11. Article 1030.
DOI: 10.3389/fpsyg.2020.01030

Dye M. W. G., Green C. S., Bavelier D. Increasing Speed of Processing With Action Video
Games. Current Directions in Psychological Science. 2009. Vol. 18 (6). pp. 321-
326. DOI: https://doi.org/10.1111/].1467-8721.2009.01660.x

107


http://dspace.nbuv.gov.ua/bitstream/handle/123456789/41269/10-Flyunt.pdf
https://doi.org/10.15561/20755279.2020.0305
https://doi.org/10.3390/jcm12031016
https://doi.org/10.15391/si.2024-1.05
https://doi.org/10.32652/tmfvs.2023.1.68-74
https://doi.org/10.32652/spmed.2022.1.42-48
https://doi.org/10.1111/j.1467-8721.2009.01660.x

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

41.

42.

43.

44,

10.

11.

12.

Bediou B., Adams D. M., Mayer R. E., Tipton E., Green C. S., Bavelier D. Meta-analysis of action
video game impact on perceptual, attentional, and cognitive skills. Psychological Bulletin. 2018. Vol.
144 (1). pp. 77-110. DOI: https://doi.org/10.1037/bul0000130

Buchheit M. Monitoring training status with HR measures: do all roads lead to Rome? Frontiers in
Physiology. 2014. Vol. 5. Article 73. DOI: 10.3389/fphys.2014.00073

Porter A. M., Goolkasian P. Video games and stress: how stress appraisals and game content affect
cardiovascular and emotion outcomes. Frontiers in Physiology. 2019. Vol. 10. Article 967.
DOI: 10.3389/fpsyg.2019.00967

Andre T. L., Walsh S. M., ValladAo S., Cox D. Physiological and perceptual response to a live
collegiate esports tournament. International Journal of Exercise Science. 2020. Vol. 13 (6). pp. 1418—
1429.

References
Hasan Y., Bégue L., Bushman B. J. (2013) Violent video games stress people out and make them more
aggressive. Aggressive Behavior. Vol. 39 (1). pp. 64-70. DOI: 10.1002/ab.21454
Machado S., de Oliveira Sant'/Ana L., Cid L. et al. (2022) Impact of victory and defeat on the perceived
stress and autonomic regulation of professional eSports athletes. Frontiers in Physiology. Vol. 13.
Article 987149. DOI: 10.3389/fpsyg.2022.987149
Meeusen R., Duclos M., Foster C. et al. (2013) Prevention, diagnosis, and treatment of the overtraining
syndrome: joint consensus statement of the European College of Sport Science and the American
College of Sports Medicine. Medicine and Science in Sports and Exercise. Vol. 45 (1). pp. 186-205.
DOI: 10.1249/MSS.0b013e318279a10a
Korobeinikov H. V., Kokhanevych A. I. (2024) Osoblyvosti psykhichnoho stanu u kvalifikovanykh
bortsiv. Yedynoborstva. Ne 2 (32). S. 52-60. [in Ukrainian].
ValladAo S. P., Middleton J., Andre T. L. (2020) Esport: fortnite acutely increases heart rate of young
men. International Journal of Exercise Science. Vol. 13 (6). pp. 1217-1227.
Behnke M., Kosakowski M., Kaczmarek L. D. (2020) Social challenge and threat predict performance
and cardiovascular responses during competitive video gaming. Psychology of Sport and Exercise. Vol.
46. Article 101584. DOI: 10.1016/j.psychsport.2019.101584
Lysenko O., Fedorchuk S., Kolosova O., Vynohradov V. (2020) Vplyv vehetatyvnoi rehuliatsii
sertsevoho rytmu na proiav fizychnoi pratsezdatnosti kvalifikovanykh sportsmeniv (I povidomlennia).
Sportyvna nauka ta zdorov'ia liudyny. Ne 1 (3). S. 70-87. DOI: 10.28925/2664-2069.2020.1.6 [in
Ukrainian].
Lysenko O., Fedorchuk S., Kolosova O., Tymoshenko O. (2023) Adaptatsiia do napruzhenoi miazovoi
diialnosti ta osoblyvosti vehetatyvnoi rehuliatsiia variabelnosti sertsevoho rytmu sportsmeniv (Il
povidomlennia). Sportyvna nauka ta zdorov'ia liudyny. Ne 2 (10). S. 119-141. DOI: 10.28925/2664-
2069.2023.210 [in Ukrainian].
Makarenko M. V., Lyzohub V. S., Yukhymenko L. I. (2003). Sertsevyi rytm u studentiv z riznymy
indyvidualno-typolohichnymy vlastyvostiamy vyshchoi nervovoi diialnosti za umov emotsiinoho stresu.
Fiziolohichnyi zhurnal. Ne 49 (1). S. 28-33. [in Ukrainian].
Lyzohub V. S., Kovalenko S. O., Dziuban Yu. O., Kudii L. 1., Hryshchenko O. V., Boreiko T. I. (2008).
Osoblyvosti reaktsii tsentralnoi hemodynamiky ta rehuliatsii sertsevoho rytmu na ortoprobu osib z
riznym indeksom masy tila. Visnyk morfolohii. Ne 14 (1). S. 109-114. [in Ukrainian].
Makarenko M. V., Lyzohub V. S., Yukhymenko L. I., Chernenko N. P. (2012). Hemodynamika
holovnoho mozku ta sertsevyi rytm pry rozumovii diialnosti liudei z riznymy indyvidualno-
typolohichnymy vlastyvostiamy vyshchykh viddiliv tsentralnoi nervovoi systemy. Vcheni zapysky
Tavriiskoho natsionalnoho universytetu im. V. I. Vernadskoho Seriia «Biolohiia, khimiia». T. 25 (64).
Ne 4. S. 136-143. [in Ukrainian].
Lyzohub V. S., Makarchuk M. Yu., Yukhymenko L. I., Khomenko S. M., Chernenko-Kurahina N. P.
(2017). Khvylovi protsesy rehuliatsii sertsevoho rytmu osib z riznymy typamy hemodynamiky pid chas
proby head-up-tilt. Science and Education a New Dimension. Natural and Technical Sciences. V. (13).
Issue 121. P. 10-14. URL: https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-
regulation-the-heart-V.-S.-Lizogub-M.-Y u.-Makarchuk-L.-1.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-
Kuragina.pdf [in Ukrainian].

108


https://psycnet.apa.org/doi/10.1037/bul0000130
https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-Kuragina.pdf
https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-Kuragina.pdf
https://seanewdim.com/wp-content/uploads/2021/03/The-wave-processes-of-regulation-the-heart-V.-S.-Lizogub-M.-Yu.-Makarchuk-L.-I.-Yukhymenko-S.-M.-Khomenko-N.-P.-Chernenko-Kuragina.pdf

Cepis «bionoriuni Haykny», 2024

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gabbay F. H. (1992) Behavior-Genetic Strategies in the Study of Emotion. Psychological Science.
Vol. 3 (1). pp. 50-55. DOI: https://doi.org/10.1111/j.1467-9280.1992.th00256.x

Shynkaruk O. (2022). Model ihrovoi pidhotovlenosti hravtsiv u kibersporti. Sportyvnyi visnyk
Prydniprovia. Naukovo-praktychnyi zhurnal. Ne 2. S. 158-168. DOI: 10.32540/2071-1476-2022-2-158
[in Ukrainian].

Piatysotska S. S., Romanenko V. V., Ashanin V. S., Yefremenko A. M. (2021) Analiz sensomotornykh
zdibnostei ta vlastyvostei nervovoi systemy hravtsiv riznykh kibersportyvnykh dystsyplin. Naukovyi
chasopys Natsionalnoho pedahohichnoho universytetu imeni M. P. Drahomanova. Seriia 15 : Naukovo-
pedahohichni problemy fizychnoi kultury (fizychna kultura i sport) : zb. nauk. prats. Za red.
O. V. Tymoshenka. Kyiv : Vyd-vo NPU imeni M. P. Drahomanova. Vyp. 11 (143). S. 125-131. DOI:
10.31392/NPU-nc.series15.2021.11(143).26 URL: http://enpuir.npu.edu.ua/handle/123456789/36253
[in Ukrainian].

Piatysotskaia S. S., Romanenko V. V., Holokha V. L. (2020) Sravnytelnsii analyz sensomotornsikh
reaktsyi edynobortsev y yhrokov kybersportyvnoi dystsyplynst DOTA 2. Yedynoborstva. Ne 1 (15). S.
56-66. DOI: https://doi.org/10.15391/ed.2020-1.06 [in Ukrainian].

Luts Yu. P., Lukiantseva H. V., Fedorchuk S. V. (2023) Psykhofiziolohichni pokaznyky
kibersportsmeniv v optymalnomu rezhymi testuvannia. Adaptatsiini ta psykhofiziolohichni problemy
fizychnoi kultury i sportu : Mizhnar. nauk.-prakt. konf. Kyiv — Cherkasy, Ukraina, NUFVSU, 7-8
hrud.URL.: https://uni-sport.edu.ua/content/mizhnarodna-naukovo-praktychna-konferenciya-adaptaciyni-
psyhofiziologichni-problemy [in Ukrainian].

Luts Yu., Lukiantseva H., Fedorchuk S. (2023) Proiav neirodynamichnykh vlastyvostei
kibersportsmeniv u zviazku iz rivnem stresu, samorehuliatsii, adaptyvnosti ta intelektu. Cherkasy
University Bulletin: Biological Sciences Series. Ne 2. S. 76-86. DOI: 10.31651/2076-5835-2018-1-
2023-2-76-86 [in Ukrainian].

Piatysotska S. S., Podrihalo L. V., Romanenko V. V., Petrenko Yu. Il., Aleksienko Ya. V. (2024)
Porivnialnyi analiz psykhofiziolohichnykh pokaznykiv sportsmeniv yedynoborstv ta kibersportu za
dopomohoiu faktornoho metodu. Naukovyi chasopys Ukrainskoho derzhavnoho universytetu imeni Mykhaila
Drahomanova. Seriia 15 : Naukovo- pedahohichni problemy fizychnoi kultury (fizychna kultura i sport) : zb.
naukovykh prats. Zared. O. V. Tymoshenka. Kyiv : Vyd-vo UDU imeni Mykhaila Drahomanova. Vyp. 3
(175). S. 144-148. DOI: https://doi.org/10.31392/UDU-nc.series15.2024.3(175).27 [in Ukrainian].

Korabeinikova I., Kokun O., Raab M., Koraobeinikova L., Korobeynikov G., Kostiuchenko V., Aksutin
V., Dekha N. (2024) Psychophysiological states of elite athletes after critical life events. Pedagogy of
Physical Culture and Sports. Vol. 28 (2). pp. 141-146. DOI: 10.15561/26649837.2024.0208.

Diagnostic automated complex «CARDIO+»: Instructions for operation. Nizhin: W.p. 2016. 28 p. [in
Ukrainian]

Luts Yu. P., Lukyantseva H. V., Bakunovskyi O. M., Fedorchuk S. V., Kolosova O. V. (2023)
Development of a protocol for the study of the functional state of the cardiovascular and neuromuscular
systems and the state of psychophysiological functions of e-athletes. Bulletin of problems in biology and
medicine. Issue 4 (171). pp. 391-402. DOI: 10.29254/2077-4214-2023-4-171-391-402

Kompiuternaia systema N. V. Makarenka y V. S. Lyzohuba (2015) «Dyahnost—1M» (ynstruktsyia
polzovatelia). Kyev — Cherkassy. 63 s. [in Ukrainian].

Makarenko M. V, Lyzohub V. S., Bezkopylnyi O. P. (2014) Metodychni vkazivky do praktykumu z
dyferentsialnoi psykhofiziolohii ta fiziolohii vyshchoi nervovoi diialnosti liudyny. Kyiv-Cherkasy. 102
s. [in Ukrainian].

Makarenko M. V., Lyzohub V. S. (2015) Reaktsiia na rukhomyi obiekt yak test na vyznachennia
zrivnovazhenosti nervovykh protsesiv. Visnyk natsionalnoho universytetu oborony Ukrainy. Ne 1 (44).
S. 142-147. [in Ukrainian].

Fliunt I. S., Tymochko O. B., Hryvnak R. F., Oliiarnyk O. Ya., Romanskyi R. Yu., Tkachuk S. P.
(2011) Zviazky pokaznyka aktyvnosti rehuliatornykh system Baievskoho z parametramy variabelnosti
sertsevoho rytmu. Medychna hidrolohiia ta reabilitatsiia. T. 9. Ne 2. S. 102-108.
URL.: http://dspace.nbuv.gov.ua/bitstream/handle/123456789/41269/10-Flyunt.pdf [in Ukrainian].

Shynkaruk O. A., Lysenko O. M., Hunina L. M., Karlenko V. P., Zemtsova I. 1., Olishevskyi S. V. ta in.
(2009) Medykobiolohichne zabezpechennia pidhotovky sportsmeniv zbirnykh komand Ukrainy z
olimpiiskykh vydiv sportu. K. : Olimpiiska literatura, 144 s. [in Ukrainian].

109


https://doi.org/10.1111/j.1467-9280.1992.tb00256.x
http://enpuir.npu.edu.ua/handle/123456789/36253
https://doi.org/10.15391/ed.2020-1.06
https://uni-sport.edu.ua/content/mizhnarodna-naukovo-praktychna-konferenciya-adaptaciyni-psyhofiziologichni-problemy
https://uni-sport.edu.ua/content/mizhnarodna-naukovo-praktychna-konferenciya-adaptaciyni-psyhofiziologichni-problemy
https://doi.org/10.31392/UDU-nc.series15.2024.3(175).27
https://dx.doi.org/10.29254/2077-4214-2023-4-171-391-402
http://dspace.nbuv.gov.ua/bitstream/handle/123456789/41269/10-Flyunt.pdf

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Makarenko M. V., Lyzohub V. S. (2011) Ontohenez psykhofiziolohichnykh funktsii liudyny. Cherkasy.
256 s. [in Ukrainian].

Makarenko M. V., Lyzohub V. S., Bezkopylnyi O. P. (2004) Neirodynamichni vlastyvosti sportsmeniv riznoi
kvalifikatsii ta spetsializatsii. Aktualni problemy fizychnoi kultury i sportu. Ne 4 S. 105-109. [in Ukrainian].
Romanenko V., Podrihalo O., Podrigalo L., lermakov S., Sotnikova-Meleshkina Z., Bobrova O. (2020)
The study of functional asymmetry in students and schoolchildren practicing martial arts. Physical
education of students. Ne 24 (3). pp. 154—161. DOI: https://doi.org/10.15561/20755279.2020.0305

Matusik P. S., Zhong C., Matusik P. T., Alomar O., Stein P. K. (2023). Neuroimaging Studies of the
Neural Correlates of Heart Rate Variability: A Systematic Review. Journal of clinical medicine. Ne 12
(3). Article 1016. DOI: https://doi.org/10.3390/jcm12031016

Kutsenko T. V. (2017) Mizhpivkulne perenesennia informatsii pry vykonanni skladnoho testu Strupa iz
zaluchenniam prostorovoi oznaky u pravshiv i livshiv. Visnyk Cherkaskoho universytetu. Seriia :
Biolohichni nauky. Ne 1. S. 37-47. [in Ukrainian].

Mutha P. K., Haaland K. Y., Sainburg R. L. (2012) The effects of brain lateralization on motor control
and adaptation. J. Mot. Behav. Ne 44 (6). P. 455-469. DOI: 10.1080/00222895.2012.747482.

Sainburg R. L. (2016). Laterality of Basic Motor Control Mechanisms: Different Roles of the Right and
Left Brain Hemispheres. In Laterality in Sports: Theories and Applications (pp. 155-177).
Elsevier. DOI: https://doi.org/10.1016/B978-0-12-801426-4.00008-0

Podrihalo L. V., Piatysotska S. S. (2024) Profesiohrafichnyi analiz sportyvnoi diialnosti
kibersportsmeniv, shcho spetsializuiutsia u riznykh ihrovykh zhanrakh. Sportyvni ihry. Ne 1 (31). S. 51—
64. DOI: https://doi.org/10.15391/si.2024-1.05 [in Ukrainian].

Podryhalo L. V., Rovnaia O. A., Sokol K. M., Holodko E. A. (2018) Fyzyoloho-hyhyenycheskye
aspektnr kybersporta. Naukovo-metodychni osnovy vykorystannia informatsiinykh tekhnolohii v haluzi
fizychnoi kultury ta sportu. Ne 2. S. 90-93. [in Ukrainian].

Fedorchuk S., Petrovska T., Arnautova L., Kohut I., Petrushevskyi Ye. (2023) Reaktsiia na rukhomyi
obiekt ta vlastyvosti uvahy u kvalifikovanykh handbolistok. Teoriia i metodyka fizychnoho vykhovannia
i sportu. Ne 1. S. 68—74. DOI: https://doi.org/10.32652/tmfvs.2023.1.68-74 [in Ukrainian].

Fedorchuk S., Kutsenko T., Yaroshenko O., Lysenko O., Shynkaruk O. (2022) Funktsionalnyi stan
tsentralnoi nervovoi systemy sportsmeniv-vesluvalnykiv za pokaznykamy reaktsii na rukhomyi obiekt.
Sportyvna medytsyna, fizychna terapiia ta erhoterapiia. Nel. S. 42-48.
DOI: https://doi.org/10.32652/spmed.2022.1.42-48 [in Ukrainian].

Sousa A., Ahmad S. L., Hassan T. et al. (2020) Physiological and cognitive functions following a
discrete session of competitive esports gaming. Frontiers in Psychology. Vol. 11. Article 1030.
DOI: 10.3389/fpsyg.2020.01030

Dye M. W. G., Green C. S., Bavelier D. (2009) Increasing Speed of Processing With Action Video
Games. Current  Directions in  Psychological Science. Vol. 18 (6). pp. 321-
326. DOI: https://doi.org/10.1111/j.1467-8721.2009.01660.x

Bediou B., Adams D. M., Mayer R. E., Tipton E., Green C. S., Bavelier D. (2018) Meta-analysis of
action video game impact on perceptual, attentional, and cognitive skills. Psychological Bulletin. Vol. 144
(1). pp. 77-110. DOI: https://doi.org/10.1037/bul0000130

Buchheit M. (2014) Monitoring training status with HR measures: do all roads lead to Rome? Frontiers
in Physiology. Vol. 5. Article 73. DOI: 10.3389/fphys.2014.00073

Porter A. M., Goolkasian P. (2019) Video games and stress: how stress appraisals and game content
affect cardiovascular and emotion outcomes. Frontiers in Physiology. Vol. 10. Article 967.
DOI: 10.3389/fpsyg.2019.00967

Andre T. L., Walsh S. M., ValladAo S., Cox D. (2020) Physiological and perceptual response to a live
collegiate esports tournament. International Journal of Exercise Science. Vol. 13 (6). pp. 1418-1429.

Luts Yu. P., Bakunovskyi O. M., Lukyantseva H. V., Kutsenko T. V., Fedorchuk S. V.

ACCURACY OF REACTION TO A MOVING OBJECT AND HEART RATE VARIABILITY OF
CYBER-ATHLETES

Introduction. This work is devoted to the problem of studying the accuracy and speed of

sensorimotor reactions, autonomic regulation of heart rate variability in e-athletes. The purpose of the
study was to evaluate the autonomic regulation of heart rate variability in connection with the
functional state of the central nervous system by the indicators of the reaction to a moving object
(RMO) in e-athletes.
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Methods. The study involved 41 male respondents aged 17-25 years, among whom 14 were e-
athletes (3—10 years of e-sports experience), 13 IT specialists (0-15 years of video game experience), and 14
untrained individuals who do not play computer games (control group). Heart rate variability (HRV) was
determined using the Cardio+ automated diagnostic complex (METEKOL, Ukraine) with the option of
recording 100 cardio intervals, analysis according to Baevsky. The diagnostic complex "Diagnost-1"
(Ukraine) was used to determine the state of psychophysiological functions, assessment of RMO. Statistical
processing of the obtained results was carried out using the IMB SPSS Statistics program, version 26.

Results. According to a number of indicators of RMO accuracy for both hands when performing the
best attempt, e-athletes were more accurate (p<0,05) than IT specialists and untrained individuals who do
not play computer games. Compared to the control group, e-athletes demonstrated higher accuracy in RMO
by the number of accurate hits and the number of overtaking reactions in the best attempt for DH and SDH,
by the total and average deviation for DH and SDH, by the total and average lead and delay for DH, as well
as by a total advance for the SDH. A higher psychophysiological status according to the accuracy of RMO in
e-athletes was mainly associated with higher values of indexes of heart rate variability according to
Baevsky. The presence of direct correlations between RMO deviation indicators and the Mo indicator was
revealed, which indicates the activation of the sympathetic division of heart rhythm regulation. The greater
accuracy of the RMO of e-athletes corresponded to the greater activity of the sympathetic division in the
regulation of the heart according to the index of vegetative balance.Greater accuracy of RMO in e-athletes
corresponded (p<0,05) to higher values of autonomic indicator of rhythm (which characterizes the activity
of the parasympathetic division and the autonomous circuit of heart regulation) and stress index of
regulatory systems. Inverse correlations were found between the RMO accuracy indicators based on the
results of the best attempt and the indicator of adequacy of regulatory processes. On the other hand, both
direct and inverse correlations were found between the RMO accuracy indicators based on the results of
three attempts and the indicator of adequacy of regulatory processes. It should be noted that, in general,
statistically significant correlations between measured parameters of HRV according to Baevsky and RMO
accuracy indicators were found much more when analyzing the performance of the best attempt in RMO
than according to the results of three attempts (respectively, 70 and 41 correlations ), which is quite natural,
since a better attempt requires greater tension on the functional systems of the brain, which ensure higher
performance. In the groups of e-athletes and untrained individuals, the number of correlations between
RMO and HRV indicators is significantly higher than in IT specialists - 130, 155 and 22, respectively. The
distribution of correlations between RMO and HRV indicators when performing tasks with the right and left
hands is as follows: for e-athletes 108 versus 22, for untrained persons — 84 versus 71, for IT specialists — 17
versus 5. Asymmetry of connections in the group was revealed of e-athletes indicates the dominance of the
left hemisphere in the regulation of heart rate, regardless of which hand the task is performed.

Originality. There is no data on the study of accuracy and speed of RMO and autonomic regulation
of heart rate variability in e-athletes.

Conclusion. It was found that e-athletes demonstrated higher accuracy in the reaction to a moving
object (RMO) compared to IT specialists and untrained individuals who do not play computer games
(p<0,05). The relationship between the accuracy of RMO in the examined e-athletes and HRV indicators
during the performance of the task was revealed. Greater activity of the sympathetic division in the
regulation of heart function corresponded to greater accuracy of RMO of e-athletes (p<0,05). In the group
of e-athletes, an asymmetry in the regulation of HRV was found with the dominance of the activity of the left
hemisphere, which is consistent with the notions of metacontrol of motor executive functions by the left
hemisphere. The identified differences in the RMO of eSports players compared to IT specialists and
untrained individuals who do not play computer games can have predictive value and be used to optimize
sports improvement in eSports.

Key words: eSports; reaction to a moving object; heart rate variability.
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HNPUBEPEXHO-BOJAHA POCJINHHICTDH
3AIINTABHU PIYKHN CHOB SAK KOMITIOHEHT
PEKPEAIIIMHO-PEABIVIITAIIMHOI'O CEPEJOBHIIIA

Anomayia. Ha ocHosi eusuenns cmauy npubepexcHo-600Hoi pocaunnocmi 3aniasu p. CHos,
BCMAHOBACHO MONCIUBICMb GUKOPUCMAHHS Yicl mepumopii 3 Memolo pekpeayii ma 6IOHOGNEHHS 300P08 s
HacenenHsa. Memoou 00Cai0KHCeHb BKAIOYANU HACMYNHI emanu. 2e000MaHiuHe BUBYEHHA MA eKOl020-
Gnopucmuuna xnacugpixayis 3a memooom bpayn-branxe npubepesncrHo-600HUX Ma GOOHUX eKOCUCmEM,
8100ip 3paskie pociun, npod IPYHMYy ma 600U NPUOEPE’CHO-80OHUX MA BOOHUX eKOCUCmeM 015l XIMIUHO20
AHANI3Y HA YMPUMAHHS BAJCKUX MEMAnis, NOPIGHIbHUNL AHATI3 CMYNeHs 3a0pyOHeHHs 6Udi@ pPOCIUH
npUdEPeNHCHO-600HUX MA BOOHUX eKOCUCMEM 3 AKYMYAAYIL 8axckux Memanis. Bucyweni npoou, 6idiopani ons
BUBHAYEHHSL XIMIUHO20 CKIA0Y, NOOPIOHIOBANU HONCUYAMU, CeKamopom abo 8 MIUHI, nomiwaiu 6
NPOHYMEPOBAHI naxKemu, KOHEepmu abo Miuleuku ma nepeoasai 00 XIMIUHOI 1abopamopii Ha 030iHHSL.
O3oninns pociun eukonysanu 3a memnepamypu 500 °C. V 301 pociun euznauanu émicm himomoxcuyHux
BAJCKUX MEMANli8 [ 3a0PYOHIOIOYUX PEYOBUH

Haykoea nosusna. Bnepuie 8usHayeHo CUHMAKCOHOMIYHUL CKAAO NPUOEPeNHCHO-800HOI POCIUHHOCTI
sanaasu p. CHO8, BUCBIMIEHO pe3YIbMamu 6USHEHH 6MICIY BANXCKUX Memanie ) ii komnonenmax. [lana
oyinka pocaunHux imoyenosie zaniasu p. CHO8 3 MOUKU 30pY GUKOPUCHAHHS Mepumopii 3 Memoio
0300p0o6JIeHHs Mma peabinimayii, wo € 8axicaueuM 0Jisl GIOHOBAEHHS 300P08 'S TIOOUHL.

Bucnoexu. Y cmeopenui pexpeayitino-peabinimayiiinoco cepedosuwya saniasu p. Chos npogiona
POJIb HaNleXCUums Yepyno8arHaM, ujo Haredxcams 0o Kiacie Potamogetonetea ma Phragmito — Magnocaricetea.
Bonu ghopmyromscs na mop ‘anucmo-mynucmux cybcmpamax cmasxis i ozep (Potamogetonetea) ma samynenux
MINIKOBOOOSX. HA CUPUX OOTOMUCIUX, DiOuLe 02NEEHUX SPYHMAX 3ANTIAGHUX 3HUNCEHb. 3a NIOWeEI0 Nepesascaroms
dimoyenosu kracy Potamogetonetea, wo cmeoproroms acnexm nanoutagpmy pexpeayitinozo cepedosuuya.

Haiibinbuwe 0300pogue 3HaueHHs, WO BUSHAYAEMbCA CKIAOOM POCIUH i3 DIMOHYUOHUMU
BAACMUBOCMAMU A BUOIE ANMEYHO20 ACOPMUMEHMY, MAlOMb NPUOEepedCHO-800HI GimoyeHosu corw3ié
Phragmition communis, Glycerio-Sparganion ma Nymphaeion albae.

Ananiz xomnonenmie npubdepescHo-600Hoi pociunHocmi 3aniaeu p. CHO8 3Ac8i0YYeE eKON02IUHY
be3neunicms 00Cni0NHCYBAHOI Mepumopii 3 NO3uYitl BUKOPUCMAHHA 1T 0151 0300po6ieHHs ma peabirimayii
HaceneHHs. Y NpOAHANI308AHUX POCIUHHUX 3pPA3KAX 3 mMepumopii 00CniodiCeHb He cnocmepieanu
HAKONUYEHHs 8AXNCKUX Memaiie 3a (porosuii emicm.

Hooanvwi  OocnidoiceHHss 6apmo npogecmu y HANPAMKY PpPO3POOKU HAYKOBUX OCHO8 HOJI
(DYHKYIOHAIbHO20 BUKOPUCTNAHHA NPUDEPEI’CHO-800HUX eKocucmem 3annasu p. CHO8, 30Kpema 30HY8aHHS,
NIaHY8AHHSA MA 00NAUINYBAHHSL.

Y nooanvwomy OoyinbHo nposoOUmMU MOHIMOPUHE GMICIY BANCKUX MemAnié Y KOMNHOHEHMAX
POCTIUHHUX YePYHOBAHb NOMEHYIUHUX PeKpeayiliHo-0300p08uux ma peadiiimayitinux npupoOHUx mepumopii
3 Memow po3pobku memodie Oiopemediayii, aodice POCAUHU MOJNCYMb chpusimu Gitempayii 600u ma
HAKONUYY8AMU 8ANCKI MEMANU Y CBOIX MKAHUHAX, WO NOKPAULYE OYUWEHHS HABKOIUUHbO2O CEPEO0BUUA.

Knrouoei cnosa: sadcki memanu, 0300posieHHs, NPUOEPENCHO-600HA POCIUHHICIb, peabitimayiline
cepedosuwye, Yepniciecvre Iloniccs

ITocTanoBka mnpodaeMu. YMOBU Cy4acHOTO JKHUTTS YacTO MPHU3BOJATH JO CTpecy Ta
¢3uuHOTO BHCH@KEHHS. TepuTopii s pekpealii HalalOTh MOXKJIHUBICTH JIIOJSIM BiJHOBUTH
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¢i3uvHe Ta ICUXiuHe 370pOB'a. 3eNeH] 30HHU, TapKH, JIICH Ta MPUOEPEKH] MICIIEBOCTI 3aTHIIAIOTHCS
MICI[IMU  JUTSL BUATMIOYMHKY Ta BITHOBIEHHs eHeprii. OCHOBHa imess 3arajapbHOr0 HayKOBO-
METOJUYHOTO MiAXO0y PaIliOHAIBHOTO BUKOPUCTAHHS MPUOEPEKHO-BOJHUX EKOCUCTEM TIOJISTaE B
HAayKOBOMY OOIpYHTYBaHHI 1 OpraHi3ailii MUICCIIPSIMOBAHOTO BHKOPUCTAHHS MPUOCPEKHUX 30H
BOJOWM Yy BIINOBITHOCTI 3 iX NPHPOJHUMH OCOOJHBOCTSMH, XapaKTepOM 1 MEPCHEKTHBAMH
OCBO€EHHS, IHTEHCHUBHICTIO aHTPOIIOTEHHUX BILTUBIB [ 1].

PeanbHICTIO OCTaHHIX pOKIB € TOTIPIICHHS XapaKTEPUCTHUK CYYaCHOTO PO3BHUTKY:
CKOPOYEHHSI TPUBAJIOCTI JKUTTS, MOTIPIICHHS CTaHy 3/J0POB's, 3HIDKEHHs piBHS 100poOyty. IIpm
peamizallii 3axoJiB, CHPSMOBAaHMX Ha IIIBUIICHHS pIBHSA 3/J0pOB'l HACENEHHsS, HE MOXHa
oOMexxyBaTuCs MISUTBHICTIO TUTPKM MEIUYHUX 3aknamiB [2, 3]. ¥V 3BI3Ky 3 mUM 0COOIHMBOTO
3HaueHHs HaOyBae 030pOBYO-pEKpealliiiHa raiay3b, OUIBIIICTh BUAIB IISJIBHOCTI SKOI MOB'S3aHa 13
BUKOPUCTAHHSIM  MPUPOJHO-PECYPCHOTO  MOTEHIIaly  pPErioHy, 110 chpuse  (QI3UYHOMY,
MICUXOJIOTIYHOMY, JTyXOBHOMY BIJHOBJIEHHIO 1 PO3BHUTKY JIIOJAWHU ILUISIXOM 3arajlbHO03/I0pOBYOTO
BIJIIOYMHKY, OCBITHBO-TI3HABAJIbHOI MISJIBHOCTI, €KOTYpHU3My Tollo. B oprasizaiii BIANOYMHKY
0COO0JIMBa POJIb HATISKUTH BOJHUM 00'€KTaM.

VY cBiTii mpoOneM TOKpaliaHHs CTaHy 3/I0POB’Sl HACENICHHS JIOTIYHHUM € BHPOOJICHHS
CTpaTerii BUKOPUCTaHHS PeKpealiifHOro MOTeHIlaay perioHiB, K1 paHille He creliani3yBalucs Ha
peKpeaniiHii AisapHOCTI. SIK MpaBuilo, YMCeNbHI HayKOB1 pO3POOKHU LIOJI0 MEPCIEKTUB PO3BUTKY
peKpealnifHoi IiSIbHOCTI JIEp>KaBU CTOCYIOThCS 3araJlbHOBU3HAHMX PETIOHABHUX peKpeariiiHux
neHTpiB. Bognowac YepHiriBcbka 00J1aCTh Ma€ CepelHid pekpeaniiHuii moTeHiian (4 micie B
3arajlbHOYKpaiHCbKOMY PpEHUTHUHTY pErioHiB), M0 OOYMOBJEHO TOTYKHOIO MPEACTaBICHICTIO
MIPUPOTHO-PEKpealiitHuX pecypciB [4]. PiBeHb 3a0e3medeHoCcTi BOJHUMH pecypcaMu B 00JacTi €
OJIHMM 3 HaWBUIIUX B YKpaiHi, IepeBakHa YaCTHHA PIYOK Ma€ MOBXKUHY A0 10 KM, pekpeariiiine
3HAYeHHS SKUX OOYMOBJIEHE HIKYOI0 3a0pyJHEHICTIO Ta CHPHUSATIMBUMHU BJIACTUBOCTSIMHU
npuOepeKHOro-BogHOT0 JanmmadTy [5]. Mami piuku Ta ix 3amnaBu Yepniriecekoro Ilosmices
MaroTh TIOTEHITIAJ K peKpealliifHe Ta peadiriTamiiiHe TPUPOTHE CEPEIOBHUIIIE.

AHajni3 ocTa”HHiX AochailkeHb i myOJikaniii. O370poBUe 3HAUEHHS MPUOCPEIKHO-BOIHUX
€KOCHCTEeM BU3HAYAETHCS Yy MEpIry 4epry (iTOHIUIHUMHU BJIIACTUBOCTSAMH POCIMHHUX OPTraHi3MiB.
AHTHOIOTMYHI pEYOBHHU BOJHUX POCIIMH BIIIrParOTh 3HAYHY POJIb Y CAMOOYHIIICHH] BOJIONM.

Binomo, 1m0 nmeski 3eieHi BOJOPOCTI BUABJISAIOTh OaKTepUIMIHY Ait0. Tak, MOCTHKEHHIMHI
momepenHuKiB  [6] BcraHoBieHo, I1mo |y mpucyrHocti Hydrodiction reticulatum  Zagerh.
CIIOCTEPIra€eThCsl 3aruOesb CHHBOTHIMHOI Mamudyku. YiTKO BUpakeHa aHTHOIOTHYHA aKTHUBHICTH
0JTiENOAIOHOT PEYOBHHU CHHBO3EJIICHUX BOJIOPOCTEH — MIaHO(DITHHY, KUK MPUTHIUYYE PO3MHOKCHHS
IUTLOBUX TpHbiB, CTadiTOKOKOBOI, CIHHOI, IW3EHTEpiiHOi, mapaTtudo3Hoi, YepeBHOTHU(HOI Ta
mudTepiitHOT nanu4doK [4].

JInsi HU3KM BHINMX BOJHHUX 1 NMPUOEPEKHUX POCIMH Big3HAaueHa OaKTEpHIMAHA i iX
GITOHIMIIB Ha CaplUHH, XpOMOOAKTepiyM, CTPENTOKOK, KHIIKOBY Malu4ky. MexaHi3m
OaKkTepuIUAHOT Ail 3A1HCHIOETHCS Yepe3 3MEHIICHHs MOTJIIMHAHHS KUCHIO, OJOKYyBaHHS MEpPEHOCY
€JIIEKTPOHIB y JAWXAJIbHOMY JIAaHII031 HUIAXOM il Ha JMimigHuil (akTop, pO3TalIOBaHUN MIik
uutoxpoMamu B u C [7, 8]. Takox ¢GiTOHIMIN AESKUX MPUOEPEKHO-BOJHUX POCIUH BUCTYMAIOTh
K Npo(UIaKTUYHUN 3aci0 IJIayKOMH, CTHIJIOHIXil, BOPTHUIIENTH, HEMAaToJ, 3MIHIOBAaTH XapakTep i
HampsIMOK IXHBOTO PyXy, apalizyBaTH poOOTy JOKOMOTOpPHOTO arnapara [9].

B ocranHi poku aHTpOTIOTeHHE 3a0pyJHEHHST HABKOIIMIIIHEOTO CEPEOBHUIIA BAKKUMHU METAIaMH
CTa€ OJIHI€IO 3 MPIOPUTETHUX 3arpo3 JJIs )KUBHUX OPTaHI3MIB, BKIIIOYAIOUHN JIOJUHY, & EKOHOMIYHHM 1
TEXHIYHUM Iporpec Bce yacTillle CTae MPUYMHOIO MOPYIIEHHS IPUPOJHUX €KOCUCTEM.

JIo BaXKKHX METalliB HaJEeKUTh OLIbIIE COpOKa XIMIYHUX eJeMEHTIB Tabnuii MeHaeneesa.
Cepe;[ HUX XpOM, Mapraselib, 3aji30, K0OalabT, HIKEIb, Millb, I[UHK, TaTIH, repMaHiﬁ MO0 IeH,
KaaMidl, 0JI0BO, CTHOIN, Temyp, Boibdpam, pTyTh, Taliil, CBHUHEIb, BICMYT 1 iH. BoHHM Yacto
BUKOPUCTOBYIOTHCS B HpOMI/ICJIOBOCTl 1 BXOJATh J0 CKJaJy HEOPraHIYHUX 1 OPraHiYHUX CIOJIYK,
repOIuaiB, IHCEKTULIUIIB 1 MEUYHUX TIpemapaTiB.

113



ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

Po3BuHEHa TNPOMHUCIOBICTh, PO3TATYXKEHI TPAHCIOPTHI Mepexi, O0e3/id >KUTIOBUX
KOMILJIEKCIB 1 30UTBIIICHHS] TPAHCIIOPTY HA JIOPOTax (a TakoK 30UTBIICHHS KUIBKOCT1 aBTO3aIpPaBHUX
KOMIUIEKCIB) — Bce 1€ (pakTopH, 10 CYTTEBO 30UIBIIYIOTH PU3HMK 3POCTAHHS KOHIEHTPAIiN BaKKUX
MeTaJliB B KOMIIOHEHTaX HaBKOJMIIIHBOTO CEPEIOBHUIIIA.

Sk BiTOMO, BaXKKi METAJTU 3[]aTHI HAKOIIMYYBATHUCS HA PI3HUX JIAHKAX €KOJIOTTYHUX JIAHITFOTIB
’KMBIIEHHS, 10 3HAYHO aKLEHTye IpoOIeMy. IX BINIMB MOKe TIPH3BECTH 0 BilJaleHHX e(eKTiB.
Cepen HuX: KaHIEPOTEHHHWH, MyTareHHUH e(eKTH, a TaKOXX TPHUBAIWH TOKCHYHHMN BIUIMB Ha
[UTYHKOBO-KHUIITKOBUI TPAKT, CEPIEBO-CYAMHHY, €HIOKPHHHY, HEPBOBY, PEIPOAYKTHBHY CHCTEMH,
30UTbIICHHS PHU3HUKY Oe3rminas. Y 3B’A3Ky 3 iX HAKONMWYCHHSAM B OpraHi3Mi, BOHH 3 YacoM
MPU3BOJATH JI0 TMOCIA0JICHHS IMYHHOI CHCTEMH, 3arOCTPEHHS XPOHIYHHMX 3aXBOpIOBaHb. KokeH
BAKKHUHN METa] Ma€e CBO1 0COOIMBOCTI BIUTMBY Ha OPTaHI3M.

VY Mipy eBOJIOLIi JIFOJCTBa KOHIEHTPALlis BaXXKUX METAJIB B IPYHTaxX 3 pOKaMU HEYXHUJIBHO
3pOCTa€, BOHM HAaKOMHUYYIOThCSI B I'PYHTOBIM TOBII, OCOOJIMBO y BEPXHIX T'YMYCOBUX FOPHU30HTAX,
10 HETaTMBHO BIUIMBAE Ha iX POJIOYICTb, MIKPOOIOJIOTTYHY JISUIBHICTD 1 SIKICTh BUPOIIYBAHHUX Ha
Hux pocius [10].

BbaraTo Baxkkux MeTasiB 3/aTHI 10 Mirpauii B 6iocdepi, 1110 OpuU3BOIUTH A0 iX MOTPAIISTHHS
B CUIBCHKOTOCIIOAAPCHKY MPOIYKIIIIO, @ BHACIIAOK 1 B OPraHi3M JIFOAWHH. Y 3B’S3KYy 3 UM IS
BeJIeHHs Oi3Hecy, Oe3rmocepeHbO MOB’SI3aHOT0 3 BUKOPUCTAHHSM I'PYHTY, HEOOXIHO MPOBEIECHHS
JOCTIIPKEHHSI TepUTOpii, BUBUAIOYH ii MONEpeHe BUKOPUCTAHHS, TUIl IPYHTIB (M1 BU3HAUEHHS
0COOJIMBOCTEH Mirpailiif €1eMeHTIB KOHKPETHO JJIs 11i€1 MICIIEBOCTI), XIMIYHUI CKJIaI.

BonHi 1 mpubepexHO-BOIHI POCIUHH, OYIyYH Ba)KJITUBUM KOMIIOHEHTOM BOJHHUX OI0TIEHO3IB,
MalTh 3HAa4YHUN CEpPEeJOBUILEYTBOPIOBAILHUM BIUIMB, O€pyddM aKTUBHY Y4acTb Yy Ipolecax
MepepoO3MnoAUTy PEUYOBUH MK JOHHMMH BiIKJIaIeHHSIMH 1 Bomoto. Ha cydacHomy erami BOmHI
€KOCHCTEMH SIK €JIEMEHTH NPUPOJHOIO CEPEIOBHIIA 3a3HAIOTh HAaHOUIbII CUIBHOTO BIUIMBY 3 OOKY
monuuu. [loripmieHHs a0i0THYHUX YMOB, 3a0pyAHEHHS BOJ PI3HUMH KCEHOOITUKAMU, MTOTPATUISTHHS
CTOPOHHIX BHJIB TPHU3BOAUTH M0 JAerpajairii BOJHUX 1 MNPUOEPEKHO-BOIHUX (ITOICHO3IB.
JloHenaBHa cHcTeMa KOHTpPOJO OaszyBajacs Ha XIMIYHOMY aHaii3l BOJHOTO CEPEIOBHIIA.
JIMHAMIYHICTh CEepPEeIOBHUIA 1 HECTIMKICTh KOHIIEHTpAIlll XIMIYHHX €JIEMEHTIB 3HAaYHO 3HUXKYIOTh
iHhopMaTUBHICTh JaHMX. HUHI Mpu OIHII CTaHy BOJHUX OO'€KTIB BEIMKE 3HAYCHHS HAJTA€THCS
aHai3y BUIIOT BOJIHOT pOCIMHHOCTI 1 TOHHUX BiJAKJIa/IIB.

Bu3HayeHHs1 HeBHMpilIeHUX PaHille YACTHUH 3arajbHOi NMpodjeMu. Y JOCTYIHUX Ham
Jokepenax iH(opManii He BHUCBITICHO pE3Y/IbTaTIB BHUBYCHHS BMICTY BaXKKUX METAliB Yy
puOepeKHO-BOAHIM  pocinuHHOCTI  YepHiriBcbkoro  [lomices.  Ilpore  mpubepexHO-BOHI
€KOCHCTEMH LIbOTO PErioHy OCOOJIMBO Y Cy4aCHUX KPUTHYHUX YMOBAX € MOTEHLIHHUMH MiCLSMU
JUIL  O3JIOpOBJICHHsSI HaceleHHA. BoJaHowyac pociuHM NpUOEpeXKHO-BOJHOI CMYTH, sKa €
NOTEHIIHHUM MiclIeM peKpealii HACElIEeHHs, MOXYTh HAKONWYyBaTH Ba)KKIi METaad 3 BOJAU Ta
HaBKOJIMIIHBOTO CEPEJOBUIIA, 30KPEMa, BUKOPUCTOBYIOUM iX SIK CTpaTerito Juid KOHKYpeHLii 3
IHIIMMH BUAAMH a00 JUIs 3aXHMCTY BiJl XMDKakiB. SIKIIO POCIMHM HAKOMHUYYIOTH BEIHKY KUIbKICTh
BAOXKUX METaJliB, L€ MOXE IMPU3BECTH 1O CHJIBHOTO CIIOKMBAaHHS LMX TOKCUYHHUX PEYOBUH
JIIO/IMHOMO, a 1€ € HeOe3neuHuM A ii 310poB’a. OTKe, 3 METOI0 OLIHKU Oe3MeUHOCTI JUIsl JIFOJUHU
MpUOEpeKHUX 30H BIAMOYMNHKY JOIUIBHO JOCTIIUTH CTaH X POCIUHHOCTI.

Piuka CHOB € npaBoto npurokoro JlecHu. Bosa 3 Hel Ta ii 3ammaBHUX BOJOWM 31€01IbIIOTO
BUKOPHUCTOBYETHCS Ul TOCIIOAAPCHKUX MOTped. Y 3amnasi p. CHOB chopMyBanucs pizHi pOCIMHHI
yIpYHOBaHHs, 30KpeMa MpuoepexHO-BoHI. MiclieBe HaceleHHs: BUKOPUCTOBYeE GiomMacy mpuOepexHO-
BOJIHOT POCIMHHOCTI ISl TOJIBIII CBiMiCbKOI NTHUIII 400 BUKOPUCTOBYBATH BOJY 3 BOJONM Yy MicLsX il
¢dopmyBaHHs Ui nonuBy. [IpubepexHO-BOHI CMYTH € (QYHKI[IOHYIOUMMH MICISIMH BiIIOYHHKY
HaceJIeHHs Ta MOTeHIIMHUMH pPeKpealliftHuMK 30HaMU JJIs peaduTiTalii pi3HuX KaTeropii aroaei.

Mera. Ha ocHOBI BHBUYEHHS CTaHy NpUOEpPEKHO-BOJHOT POCIMHHOCTI 3aruiaBu p. CHOB
BCTAHOBUTH MOXKJIUBICTh BHMKOPHUCTaHHS 1€l TEPUTOPIH 3 METOI0 pekpeallii Ta BiJHOBICHHS
310pOB’sl HACEJICHHS.
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Bukiaa ocHoBHOro marepiajay aociimxkenHs. O0’e€kTaMu JOCTIKEHb € MPHOEPEHKHO-
BOJHI eKocucreMu 3aruiaBu piuku CHoB. [Iporpama JocCiipKeHb BKIIOYAE€ TaKi MUTAHHS:
reo0OTaHiYHI OOCTEKEHHsI Ta EKOJOoro-guopucTHuHa Kiacugikaiis 3a MetonoM bpayn-bianke
MpUOEPESIKHO-BOHUX Ta BOJHUX CKOCHCTEM; BiIOIp 3pa3KiB pPOCIWH, TPOO TIPYHTY Ta BOAH
MpUOEPESIKHO-BOIHUX Ta BOJHUX EKOCHUCTEM I XIMIYHOTO aHaJli3y Ha BMICT Ba)XKKUX METAiB;
MOPIBHSUIBHUN aHaJi3 CTYNEHIB 3a0pyIHEHHS BHIIB POCIUH TNPHOEPEKHO-BOJAHUX Ta BOJHHX
€KOCUCTEeM 3 aKyMyJIslii BaXkuXx MeTaniB. 120 reoboTaHiyHUX OMUCIB Ta 68 pi3HUX Mpobd Oyio
BiZiOpaHo y mpuOepeKHO-BOJHHUX eKocucTeMax moonu3y BmafaiHas p. CHoB B JlecHy (okonwii
c. bpycuniB YepHiriBcpkoro paiiony YepHiriBcbkoi 00macTi).

Bucymieni npobu pocnuH, BiaiOpaHi A BU3HAYEHHS XIMIYHOTO CKIJIATy, MOJAPIOHIOBAIU
HOXKMIISIMH, Ta TOMIIAJIN B IPOHYMEpOBaHI MaKeTH, KOHBEPTH a00 MIIIEUKU Ta MepelaBaju J0
xiMiyHOi sna0oparopii Ha o30miHHS. [lponec 030JIHHS POCAMHHOI CHPOBMHM BUKOHYBAIM 32
temneparypu 500 °C. VY 3011 pocauH BH3HAYAJIM BMICT TOKCHMYHHUX BaXKHX METAIIB 1
3a0pyIHIOIOYUX PEYOBHUH.

HeoOxinHuM eTanmoM MOHITOPUHIOBUX JIOCHII)KEHb NPUOEPEkKHO-BOJHUX Ta BOIJHHUX

3a pesynbraTaMu reoOOTaHIYHUX JIOCIIPKEHb Ha TEPUTOPIi 3allslaBHUX €KOCUCTEM THpia
p. CHOB OyB CKIaJeHUN TPOAPOMYC CHHTAKCOHIB BOJHOI 1 IPHOEPEKHO-BOJHOI POCIMHHOCTI HA
OCHOBI1 IPUHIIMITIB 1 METOJIIB €KoJIoro-ropructuuHoi kinacudikaiii bpayn-bnanke.

Kaac Lemnetea R. Tx 1955
[Topsimox Lemnetalia minoris R. Tx 1955
Coro3 Lemnion minoris R. TX. ex de Bolos et Masclans 1955
Ac. Lemnetum minoris S00 1927
Ac. Lemno-Spirodeletum polyrhizae W. Koch 1954 em. Miill. et Gors. 1960
Ac. Lemnetum gibbae Miyaw. et Tx. 1960
Coro3 Lemnion trisulcae den Hartog et Segal 1964
Ac. Lemnetum trisulcae Kelh. Ex Knapp et Stoffers 1962
IMopsnok Hydrocharietalia Ribel 1933
Coro3 Lemno minoris—Hydrocharion morsus—ranae Riibel 1933
Ac. Lemno—Hydrochartietum morsus—ranae Oberd. 1957
Ac. Ceratophylletum demersi (S00 1928) Eggler 1933
Coro3 Hydrocharion Rubel 1933
Ac. Stratiotetum aloidis (Nowinski 1930) Miljan 1933
Knac Potamogetonetea Klika in Klika et Novak 1941
IMopsnox Potamogetonetalia W. Koch 1926
Coro3 Potamogetonion pectinati W. Koch 1926 em. Oberd. 1957
Ac. Potamogetonetum pectinati Carston 1955
Ac. Potamogetonetum perfoliati (Koch. 1926) Passarge 1964
Ac. Potamogetonetum natantis S06 1927
Ac. Potamogetonetum lucentis Huek 1931
Ac. Potameto perfoliati-Ranunculetum circinati Sauer 1937
Ac. Potamogetonetum nodosi (So6 1960) Segal 1964
Ac. Polygonetum natantis S00 1927
Ac. Elodeetum canadensis Egller 1933
Coro3 Nymphaeion albae Oberd. 1957
Ac. Potameto natantis-Nymphaeetum candidae Hejny in Dykyjva et Kvet 1978
Ac. Potameto natantis—-Nupharetum luteae MUller et Gors 1960
Ac. Nymphaeo-Nupharetum luteae Nowinski 1928
Ac. Trapetum natantis (Karpati 1963) Th. Muller et Gors 1960
Kanac Phragmito—Magnocaricetea Klika in Klika et Novak 1941
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[Mopsimox Phragmitietalia Koch 1926

Coro3 Phragmition communis Koch 1926

Ac. Phragmitetum communis (Gams 1927) Schmale 1939

Ac. Acoretum calamii Knapp et Stoff. 1962

Ac. Glycerietum maximae Hueck 1931

Ac. Equisetetum fluviatilis Steffen 1931

Ac. Scirpetum lacustris (Allorge 1922) Chourd 1924

Ac. Sparganietum erecti Roll 1938

Ac. Thyphetum latifoliae (So6 1927) Long 1973

Ac. Typhetum angustifoliae (Allorge 1921) Pignatti 1953

Ac. Butometum umbellati (Konczak 1968) Philippi 1973

Ac. Eleocharitetum palustris Shennikov 1919

Ac. Scolochloetum festucaceae Rejewski 1977

IMopsnok Nasturtio—Glycerietalia Pignatti 1953

Coro3 Sparganio—Glycerion fluitantis Br.—Bl. et Siss. in Boer 1942
Ac. Glycerietum fluitantis Gams 1927

IMopsnox Oenanthetalia aquaticae Hejny in Kopecky et Hejny 1965
Coro3 Oenanthion aquaticae Hejny 1948 ex Neuhésl 1959

Ac. Oenantho aquaticae—Rorippetum amphibiae Lohm. 1950

Ac. Sagittario—Sparganietum emersi Tx. 1953

[Mopsimox Magnocaricetalia Pignatti 1953

Coro3 Magnocaricion elatae Koch 1926

Ac. Caricetum gracilis Almquist 1929

Ac. Caricetum rostratae (Rlbel 1922) (Dagys 1932) Bal.-Tul. 1963
Ac. Caricetum vesicariae Br.—Bl. et Denis 1926

Ac. Phalaridetum arundinaceae Koch ex Libb. 1931

®DITOIEHO3U BOJIHOT Ta IPUOEPEKHO-BOAHOT POCIMHHOCTI 3aIJIABHUX €KOCHUCTEM 3aIlIaBH P.
CHOB, 110 CTBOPIOIOTH PEKpeaIiiHO-03/J0pOBYE CEPEOBHIIE, Halek)aTh 10 3 kiaciB (Lemnetea R.
Tx 1955, Phragmito - Magnocaricetea Klika in Klika et Novak 1941, Potamogetonetea Klika in
Klika et Novak 1941), 6 nopsnkiB, 10 coro3iB 1 37 acomiamiii. Bkaszani ¢iroreHo3n nomupeHi
y310Bk pycia p. CHOB Ta y ii 3amuiaBi — CTaBKax 1 03epax, 3aMYJICHUX MUIKOBOJISX. Ha CHUPUX
O0JIOTUCTUX, OTJICEHUX, CYIIMHUCTUX, JIyYHO-00JI0THUX, TOP(]’ IHUCTO-MYIUCTUX Ta TOPG’ THUCTUX
rpyHTax. 3a IUIOMICI0 TepeBaxkaroTh (iroreHo3n kiaciB Potamogetonetea Tta Phragmito -
Magnocaricetea mo GopMyrOTh aceKT JaHAmadTy peKkpeariiiHoro npu3Ha4YeHHs.

VY 24 BuAiB CyAMHHHUX POCIIHMH MPUOEPEKHO-BOJHUX €KocucTeM 3ariaBu p. CHOB BUSBJICHI
neTki ¢pakmii QITOHHUIIB 3 PI3HOI MOTYXHICTIO. Tak, JeTki (ITOHIMINW TaKuX POCIUH SIK
Menyanthes trifoliata L., Bidens tripartita L., Iris pseudacorus L. Bukiukanu 3aru6ens iHdy3opii
npu 10-60-xBuIuHHINA eKCIO3MINi, a JeTKi pedyoBuHHM Bomopocreii, Glyceria maxima (C.Hartm.)
Holub., Elodea canadensis Michx. i1 IHIIUX POCIMH — JIMIIE MPOTATOM Oarathox roiuH. Hemerki
¢paxuii Persicaria amphibia (L.) Delarbre i Lysimachia nummularia L. BOuBaroTh 30yaHHKIB
rJIayKOMH IPOTSITOM MEepIIuX XBHIKH, a Equisetum palustre L. — uepes 28 — 90 xBunuH [5].

3HayHy YyTIHMBIiCTh 10 (GITOHIMIIB, 5Kl € y ckiaai Glyceria maxima, BUSBHIM TaKi TPyNu
300010TH K TiIpH, paKomoAiOHi, MaykomoiOHi, KoMaxu, nTaxu 1 ccaBili. CTIMKIIIUMH 10 PEYOBUH
BUSABMIMCH pubH, am(ibii, pentunii [5]. He BumagkoBo BoI0WMU, A€ TPaIUISIOTHCS YrpyNOBaHHS
Glycerietum maximae Hueck 1931 (Cicuto-Glycerietum maximae (Hueck 1931) Succow ex
Smittenberg 1972) maroth 30imHUIMH cKkiajg OIOPI3HOMAHITTA TakUX TpyHm SK TiApH, TadHii,
[UKIIONH, KOMapi Ta iX JUUYUHKH 1 JISLICUKH.

Pi3HI YacTUHM pOCIMH-MAKpO(TIB MOXYTh MaTh pPI3HMUHA KUIBKICHMHA 1 SIKICHUH CKiaj
¢ironunais. Pozrepre kopeneumie Acorus calamus L. Buninse neTki pe4oBUHH OUTBII eHEPTiiHOT
GbiToHIMAHOT 111, HDK po3TepTi cTebo Ta nuctok. Y Glyceria maxima, HaBmaku, Ha3eMHI YaCTHHH
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y piToHIIMAHOMY BiTHONICHHI aKTUBHIIIL, HDK Tia3eMHi. Jlocniaym cBimuaTh, M0 BMICT (ITOHIHUIIB Y
JICTICUTHSKY 3 PI3HUX BOJIOWM, 3HaYHO KOJMBAETHCA. [0 TOTO, Pi3HI €K3EeMIUIAPH, Y34Ti 3 Ti€l camoi
BOJIOWMU, BHSBISIIOTH pi3HI (piroHumaHi BiactuBocTi. Equisetum palustre, Nymphaeae alba L.,
Nuphar lutea (L.) Smith, Sagittaria sagittifolia L., Calla palustris L., Bidens tripartita L., Juncus
bufonius L., Persicaria amphibia 30epiratoth xapakTepHi aisi HUX (QITOHIMIHI BIACTHBOCTI
HE3aJIeXKHO Bix reorpadiunoi 061acTi iXHPOTO 3pOCTaHHA. BIM3bKI BUAM POCIWH, IO HAJIEKATh JIO
OHOTO poay, y OUIBIIOCTI BUMAIKIB XapakTePU3YIOThCA TMOMIOHUMH  (DITOHIUIHUMU
BiactuBoctsamu (Bidens cernua L., B. frondosa L., B. tripartita L.

[TpuGepexxno-Boani QironeHo3n 3ammaBu p. CHOB € MICIE3POCTAHHIMH HH3KH POCIUH
anTevyHOro acopTUMeHTy, 30kpeMa Menyanthes trifoliata, Bidens tripartita, B. cernua, Valeriana
officinalis L., Persicaria bistorta, Lysimachia nummularia rormo.

AHani3 BMICTY BaXKHX METaliB POCIMHHUX 3pa3kax o00’€KTIB MNpuOEepex HO-BOIHUX
¢birorieno3iB nmoonu3y rupia p. CHOB MoKas3as, 10 Y AOCTIIKEHUX 3pa3kax He OyJ0 MepeBUILICHHS
(hoHOBOrO BMICTY HMHKY. Takox He OyJI0 BII3HAYEHO MEePEBUILEHHS (POHOBOTO 3MICTY IO CBHUHIIIO Ta
Kaamiro. Y HeBkopineHoro riapodiry Elodea canadensis Michx. cmocrepiraiocst mepeBHUINEHHS
doHoBoro BMicTy o mifi y 1,32 pasu, a eyrirpocdira Bidens tripartita — y 1,25 pasu, y aeporiapodira
Alisma plantago-aquatica — B 1,09 pa3u, y rirpodira Phalaris arundinacea L. — y 1,1 pa3u.

HaiiGinbimuit BMICT nMHKY OYB y Micii BimOopy 3a Mexxamu pekpeariiinoi 3ouu: Elodea
canadensis — y 3,1 pasu, Lemna minor L. — y 5,3 pasu (puc. 1). ¥V eyrirpodira Bidens tripartita
TaKOX 3a MeXaMH peKpealiiiHOT 30HHU MOOJIM3Y JKUTJIOBOI 3a0y/lI0BU BiA3HAUYaBCSI BUCOKUHA BMICT
MiJli, IIMHKY, CBUHITIO IO BIJHOIICHHIO JO IHIIMX POCIWH ITI€] €KOJIOTIYHOI Tpynu AHai3 cepen
eyrirpodiriB mokaszas BMICT Mimi y Mmexxax ['JIK Ta mpubau3HO 0HaKOBOI BETUYMHU, 32 BUHATKOM
Bidens tripartita.

35
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M Elodea canadensis Lemna minor Bidens tripartita

Puc. 1. Bmict nunky y 3paskax Elodea canadensis Michx., Lemna minor L. ta Bidens tripartita L.,
MT/KT

Amnaniz xoedinienty HakonuuenHs (KH) mini BusiBuB, mo HaiOimemmii KH Bigznauenuii y
eyriipodiTiB 3 MOBITPSIHUMH T'€HEPATHBHUMHU OpraHamH, 1o yKopiHiowThes y Elodea canadensis,
wieiictorizipoditiB, HEBKOPIHHMX BUTHHO TUTaBarounx — Lemna minor ta Spirodela polyrhiza (L.)
Schleid. [Tneficrorinpodir Nuphar lutea (L.) Sm.mae naiimenmmit KH. Haii6inpmmii KH no nusky,
K 1 Yy MiJi, BiI3HaUeHUH y eyriipodirTiB 3 MOBITPIHUMHU T€HEPATUBHUMHU OpraHaMM, a TaKOoXK
iencToriipodiTiB Ta miaeicroriapodirie HeBKopiHeHUX. IIpoTe, He 3Baxatroun Ha Bucokuil KH,
BMICT LIUX BXXKUX METaJiB OyB y MeXaX HOpPMHU.
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VY BCiX MpoaHaNi30BaHUX POCIMHHUX 3pa3Kax HE CIOCTEePIranocss HAKOMMMYCHHS Mifli, CBHHIO
1 KaaMito BHIE (JOHOBOTO BMICTY. 3a BHKIIOUCHHSM TPHOX BHJIIB POCIHMH Miclsl 00’ekTy 4 (mo3a
pEKpeaIiifHo0 TEPUTOPIEI0) POCIHMHHI 3pa3Kd MICTHIM LUHK BHINE (OHY. Y BCIX POCIHMHHHX
3pa3kax BCTAHOBJICHO HAKOTMYEHHS MAapraHilo 3HayHO HIkK4Ye 3a (GoHOBUH BMiCT. Timpku y
omHoMmy 3pasky Spirodela polyrhiza nakonumuenHst koOanbTy mnepeBuiryBaiio (oHoBe Ha 1,3%.
BwMicT xpomy y ’KOJHOMY 3pa3Ky He TepeBHUINYBaB (POHOBHIA.

[IpakTuyHe 3nifiCHEHHS KOHCTPYKTMBHOTO IIAXOJY HIOJ0 BHKOPHCTaHHS MPHOEPEKHO-
BOAHUX eKkocucteM p. CHOB 3 METOIO0 O3/I0pOBIJICHHsS HACEJIEHHS NMOBUHHO OYTH CIIpsIMOBaHE Ha
BHUBUYCHHS CTPYKTYPHOI opraHi3amii 00’€KTy (30HYBaHHs), YSBJICHHS NMPO HAWOUTBII ONTHMAaIbHY
MIPOCTOPOBY 1 (PYHKIIOHANbHY CTPYKTYpy (IJIaHyBaHHS), apryMEHTOBAaHUH BIUIMB Ha 00'€KT
(oOmamtyBaHHs). 3 TAKUM MITXOJ0M 32 KPUTUYHUX YMOB CTBOPIOETHCSI MOXKJIMBICTh BIIPOBAIKEHHS
KOHLEMIiT CTIMKOCTI €KOCHCTEM Y CHpPOLICHOMY BHIJIAJI MOKHa MPOUIIOCTPYBATH 32 TaKOIO
CXEMOIO: BUBUEHHS TEPUTOPII — €KOTYpU3M — peaduliTalis Ta BITHOBJIECHHS 3JI0pOB’s JIOJUHU +
OXOpOHa NPUOEPEHKHO-BOJHUX TEPUTOPIH — CTiMkuil po3BuTOK. lle crnpustume dopmyBaHHIO
CaMOPETYJIIOI0Y0T CUCTEMH, SIKa MAa€ 3HAYHE 0370pOBYE Ta pealuriTalliiiHe 3HaYeHHS, BUCTYAlOYH
MOJEJUTIO CTIMKMX CTOCYHKIB JIOAUHU 1 npupogd. Ilpu 1poMy OCHOBHOIO MOTHBAIIIE€I0 BCIX
MIPUPOTHO-OPIEHTOBHUX (POPM O3JIOPOBIICHHS € CIIOCTEPEKEHHS, CIIPUNHATTS IHHOCTEN MPUPOIH 1
MO3UTHBHUHN €MOIIMHUH BIUTUB Y KPU30BHUX 1 CKJIAJJHUX KUTTEBUX CUTYAITisIX.

BucHOBKH Ta mepcneKTHBH MOAAJbIINX PO3BiIOK.

VY cTBOpeHH1 pekpeariitHo-peadiTiTaiiHoro cepeoBuia 3amiaBu p. CHOB MpoBiAHA POJIb
HaJIeKUTh YIPYNOBaHHAM, IO HalexaTb 10 KkiaciB Potamogetonetea ta Phragmito -—
Magnocaricetea. Boan (opmyroThcsi Ha TOPQ STHUCTO-MYIMCTHX CyOCTpaTax CTaBKiB 1 03ep
(Potamogetonetea) ta 3amyieHHX MIUTKOBOIIAX. HA CHPHX OOJIOTHCTHX, PIAIIC OTJICEHUX IPYHTaX
3aIlUTaBHUX 3HWKEHb. 3a IUIOMICI0 TepeBakaroTh (iToleHo3W Kiacy Potamogetonetea, 1o
CTBOPIOIOTH aCTICKT JIAaHAMA(TY peKpeaIitHoro cepe10BHIIA.

HaiiGinpime o310poBYEe 3HAYCHHS, IO BU3HAYAETHCA CKIIAIOM POCIHH 13 (ITOHIUIHUMU
BJIACTUBOCTSIMH Ta BUJIIB alITEYHOTO aCOPTUMEHTY, MAaIOTh MPUOEPEKHO-BOIHI (DITOIIEHO3H COIO3IB
Phragmition communis, Glycerio-Sparganion ra Nymphaeion albae.

AHaji3 KOMIIOHEHTIB NpHUOEpPEeKHO-BOJHOI POCIMHHOCTI 3armiaBu p. CHOB 3acBigdye
€KOJIOTTYHY O€3MEeUYHICTh MOCTIIKYBAHOI TEPUTOPIi 3 MO3UIIIH BUKOPUCTAHHS ii I 030POBJICHHS
Ta peabOuriramii HaceneHHsA. Y (QYHKIIOHYIOUMX Ta TMOTEHIIHHUX MICIAX pekpearii y
MIPOAHAII30BaHUX POCIMHHUX 3pa3kaxX HE CHOCTEpiranocs HAaKOMHYEHHS BaXKKUX METaliB OUTbIINM
3a ()OHOBI1 MMOKA3HUKH.

[Tomanpmii mOCHIHKEHHS] AOUUIBHO TPOBECTH Y HAIPSIMKY PpO3pOOKM HAyKOBHUX OCHOB
oM yHKI[IOHAIBHOTO BUKOPUCTAHHS MPUOEpEeKHO-BOJHUX eKocHcTeM 3ariaBu p. CHOB, 30KpeMa
30HYBaHHS, [JIAHYBAaHHS Ta OOJIAIITyBaHHS.

VY nopanpuioMy BapTo MPOBOJAUTH MOHITOPUHT BMICTY BXKKHX METaliB y (ITOKOMIOHEHTaX
POCIMHHUX YIPYMOBaHb MOTEHLIHHUX PEKpealiiiHO-03J0POBUMUX Ta peabLTITAllIHIUX MPUPOIHUX
TEPUTOPIA ANt po3poOKM MeToniB OiopeMeriallii, ajyke CYAWHHI POCIMHU MOXYTh CHPHUSTH
¢binpTpanii BOOM Ta HAKONMUYYBAaTH BaKKI METalIM Yy CBOiX TKaHMHAX, IO CIPHUSE OYHUIICHHIO
HaBKOJIMIIHBOTO CEPEIOBUIIIA.

Cnmcox BUKOPUCTAHOI JiTepaTypu

1. Jlykam A.B., Jlo6anp JI.O., Kupienko C.B., Jlykam [.M. O3mn0poBue 3HauUeHHsS NpUOEPEKHO-BOIHUX
exocrucTeM YepHIriBChKol 00IacTi y acleKkTi opraHizarlii pekpeairii Ta HaB4aIbHOI isTIbHOCTI CTY/ICHTIB
Bicauk Yepnir. Hau. mea. yH-ty. iM. T.I'. lleBuenka [Cep. Ilemar. nayku. ®izudyHe BHXOB. Ta
criopt].2012. Ne 98, T. 3. C. 180-183.

2. Mexen O. b. ®opmyBaHHS 30pOBOTr0 CIIOCO0Y XKHUTTS AK Ba)KJIMBa YaCTHHA BUXOBAaHHSA Ta coLliaizamil
migpocTaroyoro nokoninHA. BicHuk HamioHaneHoro yHiBepcuteTy «YepHIriBCbKkuil Koneriym» iMmeHi
T. I'. llleuenka. Bum. 4 (160) : HYUK, 2019. C. 84-88 c.

118



Cepis «bionoriuni Haykny», 2024

~

10.

Griban, G., Myroshnychenko, M., Tkachenko, P., Krasnov, V., Karpiuk, R., Mekhed, O., Shyyan,
V. Psychological and pedagogical determinants of the students’ healthy lifestyle formation by means of
health and  fitness  activities. = Wiadomo$ci  Lekarskie, 2021. 74  (5),1074-1078.
doi: 10.36740/WLek202105105

Haitneko H.M., Tumogeer C.®. Jlykam O.B. HakonuueHHs meraniB Ta me3iro-137 y npubepexHo-
BOJIHIN paciauHHOCTI movimMu p. [uinpo BparuHckkoro pationy ['omenbckoi obnactu. HaykoBi 3amucku
TepHOMIIBLCHKOrO HAIIOHATBHOTO TEJaroridyHoro yHiBepcuTeTy iMeHi Bomomummupa I'Hatioka. 2013.
Ne2 (55). C. 43-50.

Haitneko H.M., Tumodeer C.®., Jlykam A.B., Kapnenko FO.A. OuiHka cTaHy JIy9HHX CEKOCHUCTEM
noliMu p. JHINpo mpukopIoHHUX TepuTopiii ['omenbcbkoi u YepHiriBebkoill obnacreil. YepHiris:
JlozoBuit B.M., 2014.

Mawmaiiuyk M.U. AnTHOakTepianbHa aKTUBHICTH I[IaHOQITHHY — pPEYOBHHU 13 CHHBO-3EJICHUX
BojopocTeld. DITOHIMIU B MEAMIIMHI, CUILCBKOMY TOCIIOAApPCTBi, Xap4oBid mpomwuciaoBocti. Kuis :
Bun-so0 AH YPCP. C. 120.

Perionn Yxpainu: cratuctnunuii 30ipauk. Kuis : Jlepxk. koM. cratiuctuku Ykpainu, 2009. 759 c.
Cyoortina A.C., TuroBa A. B. BruiuB ieskux BOIHUX OPTaHi3MiB Ha BUKHBAHICTh MiKp0OiB. DITOHIINUIHU B
MEeJIUIIHHI, CLITbChKOMY TOCIIOIAPCTBI, XapuoBiit mpomucioBocti. Kuis : Bua-so AH YPCP. C. 122.
OiToHnmMaM BOMHBIX W HpuOpexxaux pociauH. Hocmimkenas @.0. 'ypesnua u B.II. TymsumHCHKOL:
http://portaleco.ru/ekologii-vysshih-vodnyh-rastenij

Yepuiriemuna B nudpax y 2009 pori: craructuunmii 36ipauk / 3a pex. J.I. Amuxminoi —HepHiris:
Hepx. koM. cratucTrku Ykpainu. ['on. ynpasn. cratuctuku y YepHirieebk. oo, 2010. 188 c.

References
Lukash A.V., Loban L.O., Kyriienko S.V., Lukash .M. (2012). Ozdorovche znachennia pryberezhno-
vodnykh ekosystem Chernihivskoi oblasti u aspekti orhanizatsii rekreatsii ta navchalnoi diialnosti
studentiv Visnyk Chernihivskoho natsionalnoho pedahohichnoho universytetu imeni T.H. Shevchenka
[Bulletin of the Chernihiv National Pedagogical University named after T.G. Shevchenko.]. 98, T. 3. S.
180-183. (in Ukrainian)
Mekhed, O. B. (2020). Formuvannia zdorovoho sposobu zhyttia yak vazhlyva chastyna vykhovannia ta
sotsializatsii pidrostaiuchoho pokolinnia [Formation of a healthy lifestyle as an important part of
education and socialization of the younger generation] : Chernihiv, Ukraine: NUChK. 2020. 84-88 (in
Ukrainian)
Griban, G., Myroshnychenko, M., Tkachenko, P., Krasnov, V., Karpiuk, R., Mekhed, O., Shyyan, V.
(2021). Psychological and pedagogical determinants of the students’ healthy lifestyle formation by
means of health and fitness activities. Wiadomosci Lekarskie, 74 (5),1074-1078.
doi: 10.36740/WLek202105105 (in English)
Daineko N.M., Tymofieiev S.F. Lukash O.V. (2013). Nakopychennia metaliv ta tseziiu-137 u
pryberezhno-vodnii raslynnosti poimy r. Dnipro Brahynskoho raionu Homelskoi oblasty. Naukovi
zapysky Ternopilskoho natsionalnoho pedahohichnoho universytetu imeni Volodymyra Hnatiuka
[Scientific notes of Ternopil National Pedagogical University named after VVolodymyr Hnatyuk]. 2 (55).
43-50. (in Ukrainian)
Daineko N.M., Tymofieiev S.F., Lukash A.V., Karpenko Yu.A. (2014). Otsinka stanu luchnykh
ekosystem poimy r. Dnipro prykordonnykh terytorii Homelskoi y Chernihivskoii oblastei. Chernihiv:
Lozovyi V.M. (in Ukrainian)
Mamaichuk M.Y. (1997). Antybakterialna aktyvnist tsianofitynu — rechovyny iz syno-zelenykh
vodorostei. Fitontsydy v medytsyni, silskomu hospodarstvi, kharchovii promyslovosti. Kyiv : Vyd-vo
AN URSR. S. 120. (in Ukrainian)
Rehiony Ukrainy: statystychnyi zbirnyk (2019). Kyiv : Derzh. kom. statystyky Ukrainy. 759 s. (in
Ukrainian)
Subotina A.S., Tytova A. V.(2018). Vplyv deiakykh vodnykh orhanizmiv na vyzhyvanist mikrobiv.
Fitontsydy v medytsyni, silskomu hospodarstvi, kharchovii promyslovosti. Kyiv : Vyd-vo AN URSR. S.
122. (in Ukrainian)
Fitontsydy vodnikh y prybrezhnykh roslyn. Doslidzhennia F.O. Hurevycha y V.P. Tulchynskoi:
http://portaleco.ru/ekologii-vysshih-vodnyh-rastenij (in Ukrainian)

119


http://portaleco.ru/ekologii-vysshih-vodnyh-rastenij
http://portaleco.ru/ekologii-vysshih-vodnyh-rastenij

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

10. Chernihivshchyna v tsyfrakh u 2009 rotsi: statystychnyi zbirnyk (2010) / Za red. D.l. Ashykhminoi —
Chernihiv: Derzh. kom. statystyky Ukrainy. Hol. upravl. statystyky u Chernihivsk. obl. 188 s. (in Ukrainian)

Mekhed O. B., Karpenko Y. O.. ASSESSMENT OF THE STATE OF COASTAL-AQUATIC
VEGETATION OF THE FLOODWATER OF THE SNOV RIVER AS A RECREATION
ENVIRONMENT

Abstract. In light of the problems of improving the health of the population, it is logical to develop a
strategy for using the recreational potential of regions that previously did not specialize in recreational
activities. In recent years, anthropogenic pollution of the environment with heavy metals has become one of
the priority threats to living organisms, including humans, and economic and technical progress is
increasingly becoming the cause of disruption of natural ecosystems. heavy metals can accumulate at all
levels of the ecological pyramid, which greatly exacerbates the problem. Their influence can lead to distant
effects. Among them: carcinogenic, mutagenic effects, as well as long-term toxic effects on the
gastrointestinal tract, cardiovascular, endocrine, nervous, and reproductive systems, increasing the risk of
infertility. Due to their accumulation in the body, they eventually lead to a weakening of the immune system
and exacerbation of chronic diseases. Each heavy metal has its own specific effects on the body.

Goal. To determine the safety of using the floodplain of the Snov River for the purpose of
rehabilitation and restoration of the population.

Research methods included the following issues: geobotanical study and ecological-floristic
classification of coastal-aquatic and aquatic ecosystems according to the Brown-Blancke method; selection
of plant samples, soil and water samples of coastal and aquatic ecosystems for chemical analysis for the
content of heavy metals; comparative analysis of the degree of pollution of plant species of coastal and
aquatic ecosystems due to the accumulation of heavy metals. Dried samples, selected for determination of
chemical composition, were crushed with scissors, secateurs or in a mill, placed in numbered bags,
envelopes or bags and sent to the chemical laboratory for ashing. Ashing of plants was carried out at a
temperature of 500 °C. The content of phytotoxic heavy metals and pollutants was determined in plant ash

Scientific novelty. For the first time, the results of the study of the content of heavy metals in the
coastal water vegetation of the Snov River from the point of view of the use of the territory for the purpose of
health improvement, which is the task of preserving and restoring human health, are highlighted. At the
same time, plants in the riparian zone can accumulate heavy metals from water and the environment, in
particular, using them as a strategy to compete with other species or to defend against predators

Conclusions. It has been established that 24 types of vascular plants with phytoncidal properties
occur in the flora of coastal water ecosystems of Chernihiv Oblast. Taxonomically close species show the
same phytoncide activity. Coastal aquatic cenoses of Phragmition communis W. Koch 1926, Glycerio-
Sparganion Br.-Bl. associations have the greatest health-improving value, determined by the composition of
plants with phytoncide properties and types of pharmacy assortment, in recreational reservoirs. et Sissingh
in Boer 1942 and Nymphaeion albae Oberdorfer 1957. The practical implementation of a constructive
approach to coastal-water ecosystems should be aimed at learning about the structural organization of the
object (zoning), an idea of the most optimal spatial and functional structure (planning), a reasoned impact
on the object (arrangement). The implementation of the concept of sustainability of hydrological nature-
reserved areas can be illustrated in a simplified form by the scheme: study of the territory — ecotourism —
financial return — nature protection — sustainable development — study of nature. Thus, a closed self-
regulating system is formed, which is of great health importance and is a model of sustainable relations
between man and nature. At the same time, the main motivation of all nature-oriented forms of ecotourism is
observation, perception of the values of nature and a strong emotional impact. In addition, the study of the
content of heavy metals occurs in the development of bioremediation methods, when plants are used to clean
polluted waters from toxic metals. Plants can help filter water and accumulate heavy metals in their tissues,
which improves environmental cleaning.

Key words: heavy metals, health improvement, coastal and aquatic vegetation, recreation, Chernihiv
Polissia.
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MNEPCIHEKTUBU BUKOPUCTAHHS POCJIMH POAY VIBURNUM
JIJII HOKPAIIIEHHS ®YHKIIOHAJIBHUX IKOCTEN
KNCJIOMOJIOYHHUX ITPOAYKTIB

Y cmammi  y3zacanvheno ingopmayiro wo0o yimmocmi ma  QYHKYIOHATLHUX —81ACMUBOCHEl
KUCTOMOTIOUHUX NPOOYKMIB, V neputy uepey — uo2ypmis, 00 CKAAdy AKUX 000ar0oms PisHOMAHIMHI POCIUHHI
HANOBHIOBAYI, 3 Memol0 HAOAHHA NPOOYKmMY JIiKysanvHo-npogitakmuunoi 0ii.  OOIPYHMOBAHO
NnepcneKmusHiCmes 8UKOPUCIAHHA POCIUH pody Viburnum 6 KUciomMonouHux eupoOHUYmMeax.

IIposedeno KomniekcHull auaniz NIUGY HANOGHIOBAYA (KAMUHAY HA OPSAHOAENMUYHI, DI3UKO-
XiMiuni  ma MIKpoOIONO2TYHI NOKA3HUKU UO2YpmMY KUCIOMOAOYHO20. Bcmanoeneno, wo oooasanms
eKCmpaKmy Kaiunu 0e3n0cepeoHbo BNaUBde Ha AKICMb  o2ypmy, 30KpeMd Ha U020 CMAKosi ma
opeanonenmuyni xapakmepucmuxu. Bapmo 6ioznavumu, wo yci 0ocaiodiceni 3pazku 8i0nosioan 0CHOBHUM
HOpMaM w000 besneyHocmi xapuosoi npodykyii 6 Yxpaini. Iloxkazano, wo Hano8H08a4 «KAIUHA» He
BUSIBIAE HE2AMUBHO20 SNAUBY HA (DI3UKO-XIMIYHI ma MIKpoOiono2iuni nokasuuxu oigiootiocypma i modxce
BUKOPUCIMOBYBAMUCS )Y SAKOCHI CMAK0B020 KOMNOHEHMY HA pIieHI 13 3a2anvHOnpuuHamumu 6 Yxpaiui
apomamusamopamu. Omoice, HI00U KANUHU € NEPCNEeKMUBHUM HANOBHIO8AYeM OJisi YKPAIHCbKO20 PUHKY,
607100110Mb NIKY8ANbHO-NPOPINIAKMUYHOIO OI€I0 HA OP2AHI3M JIOOUHU MA € 8IOHOCHO Oeule8ol0 CUPOBUHOIO
07151 BUPOWYBAHHA HA MEPUMOPIi HAULOT KpAiHU.

Knrouoei cnoea: Viburnum, yHKYioHanbHO-3HAYUMI XAP1O8I NPOOYKMU, KUCIOMOTOYHI NPOOYKMU,
tiozypmiu, Xapuoea NPOMUCIO8ICHb, KOHMPOIb SKOCHI.

IlocTanoBka mpodJemMu, aHadi3 ocTaHHix nmyoOJikamiii. B yMoBax chorojieHHs, ICHYHOY1
npoOieMu 3J0pOBOTO  XapuyBaHHS CBiIYaTh II0JI0 HEOOXIAHOCTI TMOIIYKY HOBHUX a0o
BJIOCKOHAJICHHS BXK€ ICHYIOUMX IIUKJIIB BUPOOHUIITBA O10JIOTTYHO-I[IHHUX Ta 3HAYMMHUX XapuOBUX
nponaykTiB. JInsg TOKpalieHHS TOXHUBHOI IMHHOCTI Ta  (YHKI[IOHAJbHUX BJIACTUBOCTEH
KHUCJIIOMOJIOYHUX MPOAYKTIB, iX CKJIaJ KOMIUIEKCYIOTh PI3HOMAHITHUMM HAllOBHIOBaYaMH, SKi
BOJIOJIIOTH JIIKYBaJIbHO-TIPO(LIAKTUYHOIO JI€I0 Ta € HPKEPEJIOM I[IHHUX BITaMiHIB Ta aMIHOKHCIIOT.

JlepeBo KaJuHM 3 JaBHIX YaciB € HAPOJHUM CUMBOJIOM YKpaiHu, 00 11e 3a yaciB KuiBcbkoi

Pyci ii BBaXkasin 3HaKOM BIIPOKEHHS JKUTTA Ta Horo OesnepepBHocTi. Ha3zBa pocnuuu "kanuna"
NOB'sI3aHa 13 Ha3BO1O COHI — Koo, 60 11 iroM 1 KICTOYKY TaKi Xk KpyTii, IK HalOnmkya 3ipka 10
Hamol ianeTu [1]. ¥V kanuHi yHIKamIbHUM YHHOM 00'€JHAHI KOPHCHICTH 1 Kpaca, OCKLIbKA HeMae
TaKoi XBOPOOH, sIKy O He TOTOMOTJIa BHJTIKYBaTH KaJMHA Y IPOAYKIIisS BATOTOBJICHA Ha il OCHOBI [2].
Ha teputopii VkpaiHi moumpeHi ABa OCHOBHI BUAM ILMX POCIMH: KajMHA 3BHUYaiiHa
(Viburnum opulus) i xanuna ropmosuna mitosucra (Viburnum lantana). V. opulus € tumoBum
JCOBUM KYIIIEM, IO LIMPOKO PO3MOBCIOJDKEHUH Maibke Ha ycill TepuTopii KpaiHu: Yy TipChbKHX
Kapmarax 1 JlicocrenoBiif 30HI — 1e 3BU4YHa dYactuHa (iopu; y 30H1 [lomiccs KynbTypa
3ycTpidaeTbes piale, ane Bee x 30epirae opMmy MiciieBoro Buiy, a y 3oHi Creny Ta Cyxoro Cremy
3yCTpidaeThbcs JIMIIE IO 3alIaBax PIYKOBUX JOJMH 1 BoJorux sipax. HalimMacuBHImII rynaBUHU

121


mailto:masha.mikhaylenko.2002@gmail.com
mailto:natalianesterova@nubip.edu.ua
mailto:koriza@ukr.net

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

KaJIMHU 3pOCTalOTh MepeBaxHO Ha TepuTopii KuiBcekoi, UepniriBcpkoi, JIbBiBChKOi, IBaHO-
®pankiscekoi, TepHomiibchbkoi Ta 3akapmarchkoi obusacteir. Pim  Viburnum — TumoBuit
MIPEJICTAaBHUK, [0 3pOCTAE€ Y HAWPIZHOMAHITHIININX 33 BHJIOBUM CKJIQJIOM JIiCaX — YUCTHX 1 MIIIIAHHUX,
JUCTSHUX 1 XBOMHMX, a TAKOXK TyIlaxX KYIIiB 1 B 3aI1aBHUX TpaBax. [IpeacraBHuku poay Viburnum
BHUKOHYIOTh BaXIUBY POJIb Y CKJIAJli MIUTICKY IIUPOKOIHUCTIHUX 1 JPIOHOIUCTAHUX JIICIB, PIYKOBUX
JOJIMH Ta IHIIMX HU3WHAX pelbedy, MPOTE HIKOJIW HE POCTYTh y BEIUKHAX CKYMUEHHSX Ta HE
3aliMalOTh IOMIHYIOUYO1 POJIi Y HacaKeHHAX [9].

Cuposuna V. opulus (kopa, KBIiTH, IIJIOH) 3aI1acaeThCs MEPEBAXKHO B JIicax, 110 Ha ChOTOJIHI
€ OCHOBHHUM JDKEpesioM 3a0e3redeHHs moTped MOMUTY Ha IUIOJM Ta CYHBITTSA. Y HpOIECi 3aroTiBii
CHpOBHHH 3 aukopociux ¢opm V. opulus HeoOXigHO 3BepTaTH yBary Ha SIKICHE 3aJ0BOJICHHS
noTped CrokKUBayiB, CIPSIMOBYBAaTH yBary Ta 3yCHJUIS MPALIBHUKIB JIICOBOI Ta CYMDKHHMX raiy3ei
Ha BIIHOBJICHHS 1 30UTbIICHHS 3amaciB CHPOBHHH auKopociux ¢opm V. opulus Ta BriIrOYeHHS
MPEJCTaBHUKIB IOTO POJIy /IO CKJIAAY MICHKHX HACaPKEHb.

Ckiaz Ta Xap4oBa HIiHHICTB 0B V. Opulus BU3HAYAETHCS CIIEKTPOM O10JIOTTIHO-aKTHBHIX
PCUOBHH, SIKi MEPEBaXXHO BHM3HAYAIOTHCA 1i Micie3pocTanusm [3]. ¥V mmomax V. opulus cepemms
KUIBKICTh LYKpiB KoJUBaeThes BiA 6,1 no 15,5 %. 'onoBHUMHM MOHOCaxapuJamMH € TJIIOKO3a Ta
(bpyKTO3a, K1 MOBHICTIO 3aCBOIOIOTHCS OPraHI3MOM JIIOAUHU. KUIBKICTh QPPYyKTO3U Bapitoe€ThCs Bij
3,2 no 4,9 %, caxapo3u — 0,1 no 1,7 %, omirocaxapuaum — a0 3 %, a rajakTo3a BUSBJICHA Y
He3HauyHuX KUTbKOCTSX [4]. ITmomu V. opulus MicTsTh MOi0oNH, TakKi K MaHiT, cOpOIT Ta iHO3MT.
OxkpiM TOTO, 111 TUIOM OaraTi Ha MEKTUHOBI PEUYOBHHH, 110 € BKpail HEOOXITHUMU JIJII OPraHi3MY
JIOJIMHUA, OCKUTPKA BOHU TIPOSIBJISIOTH JETOKCHKAIIIMHI BIIACTUBOCTI W 37aTHI 3B'SI3yBaTH Ta
BUBOAUTH Baxkki Metanu (Pb, Ni Ttorno), pagioaktuHi enementu (Sr, Co, Cs) 3 opraHizMy JIOIUHHA.
CymapHa KUTBKICTh TaKMX PEUYOBHH 3aJICKHUTH B MICIIE3POCTAHHS POCIIMH 1 MOXKE KOJMBATHUCS Bij
0,5 m0 7,0 % y V. opulus ta 10 5 % y V. lantana [5]. V 3pinux mwiogax V. opulus mictareest pi3Hi
OpraHivYH1 KUCJIOTH, TaKl SK IaBjeBa, sS0TydHa, OypIITHHOBA, MypallnHa, JJMMOHHA, KalpUJIOBa,
BaJIepiaHOBA, 130BaJIEpiaHOBA, XJIOPOTEHOBA TOIIO, @ TAKOXK CIIAM OKCUKOPUYHUX KHCIIOT, TAKUX K
XiHHA, KaBOoBa Ta OITOBa. Taki KHCIOTH, 3a0e3medyroud TMeBHUW piBeHb pH, crnpusioTs
MPUTHIYCHHIO POCTY IUTICHIBY 1 IKOJOYMHHUX MIKPOOpTaHi3MiB. BogHouac, HasBHICTh OpraHIYHUX
KHCJIOT HAJIA€ IJI0JIaM XapaKTePHOTO CMaKy, 110 MOXKE BUSBJISATH KUCIYBaTHI MpUCMaK MPOIYKTY, a
TaKO’K IPUCKOPIOE MPOIEC 3aCBOEHHSA opraHizamMoM. Kwucnortaicts 3pimux mioxie V. opulus B
cepeaHboMy cTaHOBUTH Bif 1,1 1o 2,4 % [6].

AmiHokucnoTHHE ckiaan miogiB V. opulus cknamaerbes i3 13 BUIBHMX aMIiHOKHCIIOT, CEPEN
HUX TEPEBAKAIOTh CEPUH, TIIyTaMiHOBAa KHUCIOTa Ta ajaHiH y KutbkocTsax 14,9 mr/100r, 21,8
Mmr/100r Ta 37,2 mr/100r BigmoBimHo. [xmmi 10 amiHOKKCIOT (apriHiH, BajliH, acliapariHoBa KHUCJIOTa,
TICTUIIUH, TJIIUH, JEHINH, 130JeHIIUH, JI3UH, TIPOJIH Ta TPEOHIH) MICTATHCA y IUIOAAX Y 3HAYHO
MEHIIHX KUTbKOCTAX: Bif 2,6 10 8,5 mr/100r [7]. ¥ miogoBomy m'skyii V. Opulus Tako BHUSIBICHO
Bitamid E (10 2 Mr%), Bo (domiesa kuciora) — 0,003 mr% Ta Ki (0,12-0,44 mr/100 r) [8]. [Tnoau V.
opulus Takox 6arati Ha makpo- (Ca, K Ta Mg) i mikpoenementu (Cu, P, Fe, Mn, Zn, I, Co Ta iu.),
0 € HEBII'€MHOIO CKIAJOBOI0 ONTHMAIBHOTO pPO3BUTKY opranismy (Puc. 1) [2]. bararmii
OiloXiMIUHMI CKJIa[ IUIOAIB Ta JHUCTKIB V. OpuluS miATBEp/IKYE BHHATKOBY ILIOJOBY IIHHICTH i
JOLUIBHICTh 1X BUKOPUCTAHHS NPH BUPOOHHUIITBI MIPOIYKTIB 3J0POBOTO XapuyBaHHS Ta (GOPMYBaHHI
CB110MO1 HYTPHULI0JIOT1i.

MououHa rany3b € OAHIEI0 3 MPOBIIHUX Y CTPYKTYpPI XapyoBOi MPOMHUCIOBOCTI YKpaiHH.
[lepcriekTrBu i pO3BUTKY Ta (PYHKIIOHYBAHHS € HAJ3BUYANHO aKTYalbHUMH, OCKUTBKM MOJIOYHI
MPOJYKTH € IIHHUMU HE3aMIHHUMH €JIeMEHTaMU Xap4yBaHHS JIOAWHH. 3aBISKUA CBOIM KOPHCHHUM
BIIACTHBOCTSAM, BOHU MOKYTh BUKOPHCTOBYBATHUCA SIK (DYHKI[IOHATEHO-TIPO(LUIAKTHYHI MIpenapaTy,
AKi JOMOMararoTh MiATPUMYBATH ONTUMAIbHUM PIBEHb IMYHITETY, MiJBUIIYIOTh BHUTPHBAJIICTD
OpraHi3My Ta CTIMKICTh 10 XBOpPOO Pi3HOI €TiOJNOorii, a TaKOX CHIPHUSIIOTh 30epeKEeHHIO eHeprii Ta
MIATPUMI SKUTTEBOTO TOHYCY. XapyoBi HAMOBHIOBAYl pI3HOI NPUPOAM MOXKYTh HaJaBaTH
MPOIYKIT MOAATKOBUX (DYHKI[IOHABHUX BJIACTUBOCTEH. 3a3BHuail y SKOCTI HAINOBHIOBAYiB
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BUKOPHUCTOBYIOTh IUIOJM Ta SATOJM — JDKEpeNa TIIIOKO3W 1 (PPYKTO3M, MiHEpaTbHHUX PEUOBHH,
BiTaMiHIB, ()EHOJILHUX CIIOJIyK, Xap4OBOi KJITKOBMHH, a JJIS HAaJaHHS KUCIOMOJOYHUM HAIOSIM
0COOJMBOrO BUPA3HOTO CMaky 1 apoMaTy, NPUBAOIMBHUI 30BHIMIHIA BUTISNA, 3aCTOCOBYIOTH
TUTOZIOBO-AT1THI HATOBHIOBAY1 y ()OpMi CHPOIIiB, KOHIIEHTPATIB a00 CyXHX CyMiIlIeii.

Pewra (Mn. Cu
STaly 1C.4

Ca; 2650

Na 215,0 P, 9670

Mg: 1450 F=2 508
Puc. 1. SIkicHuit ckiiag MiHEpaIbHUX eleMeHTiB mioaiB V. opulus, mr/kr

3a ocranHi 10 poOKIB CTPIMKOrO pPO3BUTKY HAOyB HANpsSMOK CTBOPEHHS JIKYBaJbHO-
npoUIAKTHYHUX 3aC00IB Ta KOMIUICKCIB 13 HATypaJlbHOI pOCIMHHOT cUpOBHHM. He3Baxkarouu Ha
Take pPI3HOMAHITTSA, SKE BXKE JI03BOJICHE JI0 BUKOPHCTAHHS y HaIIli Jep)kaBi, Ha TMPAKTHIl
BIPOBA/DKYIOTHCS JIMIIE 3BUYHI Ta JOCTYMHI 0Oarato poKiB MPOAYKTH. Taka HEIOCKOHAJICTh
Xap4yoBOTO PHUHKY IMOSICHIOEThCS (hparMeHTapHICTIO iH(opMarii moa0 xap4yoBoi Ta 0i0JOTIYHOT
LIHHOCT1 POCJHMH, YMOBaMHU IXHBOTO 3POCTaHHs, 30epiraHHs Ta MepepoOKH, a TaKOXK CKJIIAJHICTIO
TEXHOJIOT1H BIPOBA/KEHHS Y BUPOOHUITBO. OTXKE, METOK po0d0TH OYyIi0 TOCIIIKEHHS MEPCIEKTUB
BUKOPHCTaHHS pociuH poxy Viburnum sik gieBoro KOMITOHEHTa JUIs TMOKpAIIECHHsS SKOCTI Ta
KOPHUCHHX BJIACTUBOCTEH KUCIOMOJOUYHUX MPOIYKTIB HA PUHKY YKpaiHH.

Marepiaim Ta MeToAH JOCTiKeHb. OO0’€KTaMM JOCHIDKEHb Ha pI3HUX eTamax
EKCIIEPUMEHTY chyryBanu 3pa3ku HorypTiB TM «AktuBisi»: bidigolorypT AKTuBia HUTHHMA
«YepBoHa KanuHa-371aku» Ta bidinoiorypt Axtusia 6e3 1ykpy, xupHictio 1,5 %. Busnauanucs
OpraHoJieNTUYHi, QI3UKO-XIMIUHI Ta MIKPOOIOJIOTIUHI MOKA3HUKHU SIKOCTI Ta Oe3MeUHOCTI HOTYpTY 3
HarnoBHIOBaueM «YepBoHa KalMHa-3J1aKW» HOPIBHAHO 3 HOTypTOM 0e3 (PpyKTOBO-SATIIHUX JOOABOK.

Hamu mnpoBegeHo anamiz mnpeaCTaBICHHUX OpeHIB MOJIOYHOI MPOAYKIIi y MarazmHax
MmicTa Yepkacu JUId XapaKTePUCTUKU crelnu(iki HAlOBHEHHS pPHUHKY Ta Mig0opy MOMUTY
crnokuBauiB. JlaHe JOCHIKEHHS BKJIIOYAIO OIS AaCOPTHUMEHTY, MOro BapiaTUBHICTh Ta
MOMYJISAPHICTh OpeH[IIB Ha PUHKY YKpaiHHU. Y sKOCTi 00’€KkTiB Oyno BifiOpaHO HaWMOLIMpeHilIi
TOProBi MapKu, IO 3apeecTpoBaHi B VYkpaiHi: AkrtuBia, Momnokis, ['ammunna, CBos IniHif,
3narona, [onmeue, Mapiiika, fArotunceke, Uyno, Jlakrowis, Arynsa, Lactel, Muller, ®epma,
Pacrimka ta Bonomkose none (puc. 2).
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® Axusia

@® Monokis

O ManuyuHa
@ Csos niuis
® 3naropa

® Nonvue

@ Mapinka

@ ArotuHceke
® Yypo

@ NakroHin
@ Aryns

@ Lactel

@ Muller

@ vepma

) PacTiweka
@ Bornowkose none

6.3%

Puc. 2 TlomupeHiCTh OCHOBHUX TOPTOBHUX MapOK KHCJIOMOJIOYHOI MPOAYKI(li HA pUHKY YKpaiHU

OpraHonenTu4yHi TOKAa3HWUKMA BHW3HAYAIKMCh HACTYIHIA MOCTIZOBHOCTI: 3amax, CMak,
KOHCHCTEHINST Ta Kojip. [laHi moka3Huku MoBuHHI BiamosimaTu BuMoram JICTY 4343:2004 —
cMak 1 3amax O0i1(imoHorypTy 3 HAlOBHIOBAYEM JIOCUTh COJIOAKHM, 3 MPUCMAKOM BiIIOBIIHOTO
nonaHoro apomatuszaTtopa. [loBepxHi0 HOTYpTy OTIJIsAaiy HE NEPEMIIIaHOI, OCKUIBKH MOTPIOHO
Oy/l0 BH3HAUUTH OJHOPIAHICTH NPOAYKTY. KOHCHCTEeHIs oOIiHIOBajacs 3a CTaHJapTHUMU
MEeTOJMKaMH (PI3UYHO Yy POTOBI MOPOKHUHI, a KOJIp — y CKIAHIA Tapi Ha OutoMy ¢oHni. 3a
KOHcUCTeHIlelo (QikcyBanin (popmy Oidinoiforypry kKpemomnoiiOHy 3 YacTHHKaMH J00aBOK Ta
HAMOBHIOBAYIB, SIKI PO3MOJUICHI 3a BCI€IO IUIOMICI0 HOTYPTY, a TaKOX BIAMOBITHICTH KOJbOPY
IPOIYKTY 3a0apBIIEHHIO HAllOBHIOBAYA.

BusHaueHHs BMICTY JKUpIB y IPOAYKTI npoBomim MetogoM Cokciera [10] BinnmoBigHo 110
iHeTpykuii anamizatopa Soxtec 8000. Jlnst uporo B kosOy Ha 250 mut 3BaxyBanu 10 r Horypry,
nonasanu 50 mu1 4 M consiHOT KUCIIOTH 3aKpHUBajIM KOJOM KparuieBJIOBIIOBAYaMHU 1 CTaBUIM Ha
NIJICTaBKU 3 IICKOM Ha €JEeKTPOHHY IUIMTKY Ha 1 ToAMHY Bi MOMEHTy 3akumnaHHs. [loTim
MIPOMHUBANIM TUCTHIILOBAHOIO BOJOI0 B MalepoBild Tinb3i 10 ciabkokucimoro pH. i craBuim B
cymuibHy mady Ha 8 rox mpu 60 °C. Ilinrorosneni crakanu 3 80 M nerposieitHoro edipy s
eKCTpakKIii pO3MIIlyBaJId pa3oM 3 rifpokanamu B aHanizarop Soxtec 8000. [Ticis 3akiHUeHHs eTamy
cymmmi 'y madi npu 103 °C go crabinpHoi Macu. [licias oXONOMKEeHHS CTakaHU 3BaKYBAIU 1
OTpUMaH1 3HaUEHHsI MiJICTABIUIN y (GOPMYIH Ul PO3PAXYHKY.

Busnavenns Oinka 3a kijgbkicTro asoty mpooawnu no JICTY ISO 8968-1:2005 (IDF 20-
1:2001) [11]. ¥ xonby K’enbaans 3saxkyBanu 2 r Horypry, A0AaBajiu JB1 TAOJETKU KaTajai3aTopa Ta
12 cm® koHuenTpoBaHoi cipyanoi kucinotu. IllTatuB 3 KonbGamMu CTAaBUIM Ha JETiCTOp 3a
temmepatypu 420 °C Ha ofHy roauHy. B oxonomkeny mpo6y samuBanu 80 cM® AMCTUILOBAHOT
BOJAM 1 pO3MIIIATM B HAMIBaBTOMATUYHUNA Oucmunayiinui 610K JUIs aHAII3y 3a METOJ0M
K’enbaans, o6upanu nporpamy 3 aoaapanaaM 70 cm® rigpokcuay Hatpito i 30 cm® posunny GopHoi
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kucnotd. Otpumanuii muctuisat tutpyBanu 0,1 H consiHOIO KHCIOTOIO 10 3MIHM KOJIBOPY 3
3€JICHOTO Ha Cipuii 3 BIATIHKOM poskeBoro. Po3paxoByBaiu BMICT a30Ty B JOCHiIHIN Mpo0i, a MOTIM
NepepaxoByBaJId PE3YJIbTAT HAa BMICT 3arajibHOTo OiIKa.

Mikpo6ionoriyai TOCHKEHHS BKIIOYAIM BUSBJICHHS CTa(LIOKOKA, calbMOHEN, OakTepii
TPyl KHUIIKOBOT MalW4YKd Ta JPDKIKIB 1 TIUTiCHABHX TpubiB. BusBinenHs cradimokoka
Staphylococcus aureus nposowm 3rigHo 3 [OCT 30347-97 Mosoko 1 Moj04Hi npoaykta [12].
JIns mporo HaBakKy HOTrypTy abo/Ta HOro po3BeneHHS 3aciBamy 1mo 1 cM° B mpoOipky abo Jamku
3 compoBUM OynbitoHoM. IIpoOipku 3 mociBamu iHkKyOyBaim B Tepmocrtati 37+1 °C mpotsirom
24 rox. Jlns posmi3HaBaHHS TEPMOCTATOBaHWX IMMOCiBiB, Staphylococcus aureus mepeciBaiu Ha
yamku [lerpi 3 cepenoBumiem baiipa-Ilapkepa. Yamku tepmocratyBanu 3a temmneparypu 37+1 °C
npotaroMm 24-48 ron. Ilicias TepMmocTtaTyBaHHS nociBiB, yamiku [lerpi orysany i BiI3Ha4yaliu pict
XapaKTEePHUX KOJOHIM.

BusBnenns camemonen mpooaunu 3rigHo 3 'OCT 31659-2012 [13]. 3a cranmapTHOIO
METOIMKOIO i3 IPHTOTOBAHHX PO3BEIEHB IPOAYKTY BHciBamy 10 1 cm® y cepenoumie Exno. Iocisu
nepeBepTaid JIoropu AHOM 1 TepMmocTatyBaiu 3a Temneparypu 37+1 °C mpotsarom 24 + 3 ron.
BusiBisuin pucyTHICTH THIIOBUX KOJIOHIH GakTepiit poay Salmonella.

Busieiiennst 6akTepiil rpynu KMIIKOBOT nanuyku nposoauiu 3rigao 3 JICTY 7140:2009 [14].
Jlocminamii MaTepian 3aciBanu o 1 cm® BizmoBigHOTO po3BeneHHs B MPobipku 3 5 cM® cepemoBuIIa
Kecnepa ta imkyOyBamum 3a temmeparypu 37°C 18-24 roa. Skmio micis TepMoOcCTaTyBaHHS
ra30yTBOPEHHs OYJIO BIACYTHE, TO POOWIM BHUCHOBKH IIOJO 3a0pyAHEHHS 3pa3KiB OakTepisiMu
rpyrnu Escherichia.

BuznauenHs ApbKIKIB 1 MTiCHABUX rpu6OiB mpooauiu 3rigHo 3 JICTY 8447:2015 [15]. I3
iZArOTOBJIEHOT TPOOU TPOAYKTY Ta HOTro PO3BENCHHS BiOMpaNy HABAXKKy Ta BHCiBamy 1o 1 cm® y
gamku [letpi 13 cepenoBumem Cabypo. IlociBu TepMocTaTtyBaim JOTOpH AHOM IIPH TeMIlepaTypi
(24£1) °C mpotsrom m'stu mi6. YUepe3 Tpu A00M TEepMOCTATyBaHHS TPOBOIWIHM TIOTIEPETHIN
MiIpaxyHOK THIIOBUX KOJIOHIM, a uYepe3 M'ATb — pPOOMIM BHCHOBOK 3a pe3yJbTaTaMu
TepMocTaTyBaHHsl mocCiBiB. KoJOHIT ApDKKIB Ta IBUICBMX TpHOIB TOAULUIM Bi3yallbHO Ta
BMpPAXOBYBaIH iX BMicT B 1 cM® mpoaykry.

PesyabTat  JgociigkeHr Ta  o0roBopeHHsi. J[n1s1  mpoBeneHHS — JOCIIHKCHBb
BUKOPHUCTOBYBaJIM 3pa3ku HoryptiB TM «AkrtuBia»: bidigoiorypt AxrtuBia nmutHuid «YepBoHa
KanuHa-31aku» Ta bipigolorypt Aktusia 6e3 1yKpy, kupHICTIO 1,5 %. JlocmipkyBanu sSKiCHI Ta
KUIBKICHI XapakTepUCTUKU Oipimororypry, 1m0 BKa3ylOTh Ha OE3MEUYHICTh Ta MOTEHIIHHY KOPHUCTh
MPOAYKIIii; OpraHoJIeNTHYHI, (HI3UKO-XIMIYHI Ta MIKPOO10JIOTIYHI TOKa3HUKH SIKOCTI Ta O€3MEYHOCTI
HOTypTy 3 HalOBHIOBAYEM «KaJIMHA» MOPIBHAHO 3 HOTYpTOM 0e3 PpyKTOBO-ArigHUX 100aBoK. Tak,
OTJISI TIOKa3aB, IO Yy Mepekax NpOAyKTOBUX MarasuHiB M. Uepkacu mnpeacTaBleHUl IOCUTh
IIUPOKUN BUOIp MPOIYKIIii, ajpke BUPOOHMKH, MAlOTh Ha METi 33JJ0BOJILHUTH MOTPeOU KOKHOTO
CIOKMBaya, OCKUIbKH PI3HOMAHITTS MOJIOYHOI MPOAYKIii J03BOJIsie IM oOupaTH Te, U0 BiAMOBiIa€e
iXHIM CMaKOBHM VINOJOOAHHSM, JIETUYHUM OCOOJIMBOCTAM Ta IHAMBIAyaJIbHUM MOTpedaM
(HampuKIaa, JaKTO30- Ta TIIOTEHOBI HemepeHocuMocTi). BoaHowac, BubOip mnpomykiii, ska
MO3MUIIIOHYETbCSA SIK KOPHUCHA JJIs 3JI0pOB’S Ta IMYHITETY — BKpail oOMEXeHUH, OCKLUIbKH
ACOPTUMEHT TPOAYKTIB Ha TMpUJIaBKaXx Mara3uHiB MAy)Xe BY3bKHH Ta HE Ma€ BHUPaXKEHOL
(GYHKIIOHATIBHOT CIPSIMOBAHOCTI.

CdhopmoBaHO (haKTHUHI TOKA3HUKH, SIKI TMOPIBHIOBAIN 13 3asBJIEHUMH BHUPOOHUKOM
Oe3nocepelHbO Ha ETHUKETLI TOBapy, a IiJ 4Yac aHali3y CMaKOBHUX SKOCTEH iIeHTH(IKyBalu
TUTIOBICTh CMaKy Hjs JAaHOTO THUIy TMPOAYKTY 1 3’SICOBYBalM MPHCYTHICTb HEXapaKTePHUX
CMAaKOBHMX BJACTUBOCTEH Ta cHeUU(IUHUX CTOPOHHIX mpucMakiB (tabm. 1). 3miHa
OpPraHoOJIENTUYHUX Ta (I3UKO-XIMIYHUX BIACTUBOCTEH CBIAYUTH IPO SKICTh Ta OE3MEUYHICTh
MOJIOYHHX MPOJIYKTIB.
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Taoaunsa 1

[TopiBHsITbHA XapaKTEPUCTHKA OTPUMAHUX TOKA3HUKIB 31 MOKa3HUKAMH HA €TUKETIIl TIPOTYKIIii

F |

i
&

8968-1:2005 — 3agBneHo Ha eTUKeETIH, %o /
— daktuuHo, %

ToBapHmuii 3HAaK BUPOOHHKA T™M «AKTHUBIA» T™M «AKTHUBIA»
Hazsa mpoaykry Worypt 1,5% xupy Horypr 1,5% sxupy 3
HAIlOBHIOBAYEM
«YepBOHa KaMHa-
3IIAKH»
HopmatuBHHI JOKYMEHT TY V 15.5-31489175- TY V 15.5-31489175-
010:2008 010:2008
DI3UKO-XIMIYHI [TIOKA3HUKH: BIAIIOBIAE BIZIIOBiaE
MacoBa YacTKa JKHpYy — 3asBIICHO Ha 1,5/1,5 1,5/1,5
erukerii, % / — pakruyno, %
Macosa yactka 61Ky 3rigHo 3 JJCTY 1SO 3,4/3,4 3,2/3,1

bakrepii TpynM  KHIIKOBHX  TaJMYOK
(xomiopmu) 3rigo JCTY 7140:2009 ne
no3eoieso B 0,1 cm °

ue Busiieni B 0,1 cm 2

ne BusiBieni B 0,1 cm °

[laToreHHi  MIKpoOpraHiaMy,  30KpeMa
Oaxtepii poay Salmonella 3rigo 3 TOCT
31659-2012 He no3BoseHo B 25 cM®

He BusBJeHi B 25 cM®

He BusBieHi B 25 cM®

Staphylococcus aureus srizno T'OCT

30347-97 ue no3sousiero B 1,0 cm®

He Busieiieni B 1,0 cm®

He Busieiieni B 1,0 cm®

HpvkmpkiB 1 muicHaBux rpu6is  JICTY
8447:2015

Bimnosinae B 1,0 cm®

Binnosinae B 1,0 cm®

Taka 00’eKTHMBHA XapaKTepPUCTUKA SK KUIBKICHMH BMICT OUIKa y MOJIOLI Ta MOJIOYHHX
NPOAYKTaxX — MEepUIOYEproBUi MOKA3HUK SKOCTI, OCKUIBKM BiH BH3HAa4Ya€ XapyoBYy Ta 010JOTIYHY
LIHHICTh KIHIIEBOI'O MPOJYKTYy. Taka XapakTepucTuka 0€3yMOBHO BKazye Ha (hopmariiro XapuoBOro
OUIKa, [0 BHCBITIIOE CTYMIHb BIIMOBIJHOCTI CKJIQAY AaMIHOKHCIOT MOTpedaM OpraHismMy B
aMIHOKUCIIOTaX JUIsi CHHTEe3y Oika, BpaxOBYIOUHM, IO BIPOTIAHO caMe€ BOHHM € HaHNIIHHIIIO
CKJIaJIOBOIO MoJIOKa. Tak, BCTaHOBJIEHO, 110 B 0OpaHUX Mpolax AOCTITHUX 3pa3KiB HOPMATUBHUH
MOKa3HUK BMICTY 3arajibHOTo Oinky craHoBuB 3,4 T Ha 100 r mpoaykTy y Oidinoitorypri AkTuBia
6e3 nykpy ta 3,1 r va 100 r mpoaykry y 6idinoitorypri AxtuBia «YepBoHa KaJHMHA-3TaKW».
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OmiHKa TEXHOJOTIYHMX BJIACTUBOCTEH MOJIOKAa MEPEBAXHO BU3HAYAETHCS CKIAJAOM HOTO
KHUPHUX KUCHOT. JKUPH 3yMOBIIOIOTH OCOOJMBI CMAaKOBi SKOCTI Ta KOHCHUCTEHLIIO MPOAYKTIB, IO
OyayTh 3 HBOTO OjieprKaHi (HOrypTH, cupH ToI0). OTpUMaHi HAMU Pe3yIbTATH 100 BMICTY JKUPIB
Yy MOJIOYHIH TPOAYKI[ii BKa3ylTh Ha Te, MO 3pa3ku HOrypTy AkTHBia 0€3 LyKpy Ta AKTHBia
«YepBoHa KanuHa-31akm» Mictath 1,5 rxupis Ha 100 r mpoaykTy.

HaBeneni xapaktepucTuku (i3MKO-XIMIYHUX TOKa3HUKIB (Tabm. 1) MiATBEpIKYIOTH
BIJIMOBIIHICTh TOKA3HUKIB BITHOCHO THX, IO OyiM 3asBICHI BHPOOHUKOM HAa ETHKETI Tapu
HanoiB. ChiBnafiHHS JaHUX MiIAKPECIoe (akT BiICYTHOCTI MOPYHICHHS HOPM 3aKOHOJABCTBA, a
3HAYHUTh JOMYCTUMIN SKOCT1 IPOAYKTY.

BoaHovac, MOJIOYHI IPOAYKTH € CEPEIOBHIIEM 3 iI€TbHUMH YMOBAMH JUISI PO3MHOKEHHS
MIKpOOpPraHi3MiB, TOMY 3TiTHO 3 BHMOTaMH JEpP)KaBHUX CTAaHJAPTIB SAKOCTI YKpaiHu, s
3a0e3neueHHs OE3MEeKH MOJIOKA Ta MOJIOYHHX MPOAYKTIB 3aTBEPIHKEHO MPOBEACHHS 000B’SI3KOBOTO
CaHITapHO-0AKTEPIOIOTIYHOTO KOHTPOJII0. BU3HAUAEThCS MPUCYTHICTH Ta KUTBKICTh PI3HUX BHIIB
MIKpOOPraHi3MiB, TakuxX SK Me30(inbHI aepoOHI Ta (QaKyIbTaTHBHO aHaepoOHI MIKpOOpraHi3mH,
OakTepiii TPyMu KHUIIKOBOI MAJIWYKH, TEPMOCTIHKi, TCHXpOQiNbHI Ta MPOTEONITHYHI OakTepii,
CHTEPOKOKH, cTa(LIOKOKH, CTPENTOKOKH, caabMOHenu, Listeria monocytogenes, a Takox IUTiICHSABI
rpubu Ta apikmki. e € Haa3BUUYaliHO BaXKJIMBUM, OCKUTBKH PO3BHTOK KOJIOHIN KHCIOMOJIOYHHMX
CTPENTOKOKIB 1 OakTepidd, M0 PO3KIANAI0Th JIAKTO3Y 3 YTBOPEHHSIM MOJIOYHOI KHCIOTH, MOXKE
CIIPHYMHMATH TICYBaHHS MOJIOKA Ta MOJIOYHHMX TNPOAYKTIB i MPU3BECTH A0 MOTIMIEHHS 370pOB’S
moneit [16].

-

Puc. 3. PesynbTatu nocisiB 0ihiJo0HOTypTiB Ha BUABJIEHHS CaHITAPHO-TIOKa30BUX MIKPOOPraHi3MiB

3a MIKpOOIOJIOTTYHUMH KPUTEpIsIMU  O€3MEeYHOCTI yCi 3pa3Ku BIANOBIJAId HOpPMaM
MIOKa3HUKIB HE3aJISKHO BiJ IMPHUCYTHOCTI HamoBHIOBaya (puc. 3). BusHaueHi opraHosienTuuHi
MOKa3HUKH (3arax, cCMaK, KOHCUCTEHINisI Ta KOJIip) MoKa3ajH, 10 CMakK 1 3amax y Oidigoiorypry 3
HaIOBHIOBAYeM MOMIPHO COJIOJKUH, 3 IPUCMAKOM BIAMOBIAHOTO apomaTu3aropa (cmaku «I'paHaT»
Ta «KypaBnuHa»). Apomar Ta cMak KaJuHH B HOTypTi HE BiIUyBaBcs, 110 MOKe OyTH 00yMOBIIEHO
HU3bKUM KUIBKICHUM BMICTOM IUIOJIIB HamoBHIOBaua y Horypti (10% mrope kanuHu Big Macu
HamoBHIOBaya). 3a (I3UYHOI0 KOHCUCTEHIl€l0 NHUTHUK Oidimoiforypr OyB OAHOPITHUM 3
YaCTUHKaMHM BHECEHMX JI00AaBOK Ta HANOBHIOBAuiB, SKI PO3MOJUICHI 3a BCIEI0 IUIOLICIO HOTypTYy.
Konip mpoaykTy BiANOBia€e KOJbOpPY HAlOBHIOBaua — POXKEBUM, NMPOTE AOCUTH ONMIUHA SK 1Jis
KaJIMHHU, TPaHaTy Ta KypaBJIMHU.

Bapto BiOMITHUTH, II0 OCKUTBKM KaJlMHA IIMPOKO IMpPEJACTaBICHA HAa TEPUTOpii YKpaiHu, 1e
00OyMOBIIIOE€ MOJKJIMBICTh TOCTIHHOTO BKJIIOUEHHS CBDKOTO €KCTPAaKTy JI0 CKJIaly XapuoBHUX
MPOIYKTIB, BUPOOHUIITBO JIHIHKK JUTAYOTO XapuyBaHHS Ta OJEp>KaHHS CBDKHUX COKIB 1 MOPCIB, 1110
JI03BOJIUTH PO3IMIMPHUTU CIIEKTP XapuOBOi JIAHKW KOPUCHUMHM MPOJYKTaMHU Ta TMOMOBHHUTH 3alacu
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YHIKaJIbHUX BUPOOIB pUHKY. BiporinHo, HamoBHIOBaY, MIO MICTUTh MIOpE KaJHMHU MOXE OyTH
BUKOPUCTAaHUM Yy pOJIi KOMIOHEHTY 31 30aradyeHMMHM CMaKOBUMH BIACTUBOCTSAMHU Ha pIiBHI 13
3araJibHONIPUHHATUMHE B YKpaiHi apoMaTU3aTOpaMHu.

BucHoBku

1. Ha ykpaiHChKOMY PHHKY NpEICTaBICHUH IIMPOKHIA BUOIP KUCIOMOJIOUHOT MPOTYKIii 3
PI3HOMAHITHIMH HAllOBHIOBa4aMH, ajieé 4YacTKa MPOJIYKIlii, OO0 Mae BHpakeHi (yHKIiOHANbHI
BIIACTHBOCTI € HE3HAYHOIO 1 He mepeBaxae 10 %.

2. JlochipkeHo iCHYIOUHMH Ha PUHKY YKpaiHW HOTypT 3 KaJMHOBMM HAIlOBHIOBAYeM Ta
MOKa3aHO, IO [EHd NPOAYKT TIOBHICTIO BIINOBIIA€ BUMOraMH Ta KPHUTEPLSIM IIOMO SIKOCTI
KHCJIOMOJIOYHOI MPOAYKIi, a TOPIBHAHHS HOTrypTy 3 HamoBHIOBaueM «UepBoHa KallMHA-3JIaKW» 3
HOrypTOM BIANOBIIHOT Mapku Oe3 HANOBHIOBaua 3a pe3ylbTaTaMU JIa€ MIACTaBH CTBEPKYBAaTU
MPUJATHICTh OTPUMAHKUX MOKa3HUKIB BUCYHYTUM BUMOTaM JI0 O€3MEYHOCTI XapuyoBOi IPOIYKILi.

3. BcranoBneHo, MO J0AaBaHHS EKCTPAKTy KaJHMHH O€3M0CEepEeTHBbO BIUIMBAE HA SIKICTH
Horypry, 30KpeMa Ha HOro CMakoBI Ta OpraHOJENTHYHI XapaKTepUCTUKH. Pe3synbratamu
JOCTIPKEHHSI BHSBJICHO, IO HAlOBHIOBAaY «KallMHa» He (OpMYe HEraTHBHOIO BIUIMBY Ha
noka3Huku Oidinoiorypra. BomHovac, opraHojienTiyHa OIIHKA BUSBHUIIA, IO CMAKY ST KAJTHHU Y
MUTHOMY HOT'YpTi BUpOOHMK Bi/iJaB IEpeBary apomMarusaropam, o iMiTyroTh cMaku «['panat» Ta
«KypaBnuHa», 10 BIPOTIIHO MOXXHA TOSCHUTH BIACYTHICTIO BIAMOBIZHOTO Xap4OBOTO
HanoBHIOBaya «KanuHa» y NpOMHUCIOBOMY XapyOoBOMY BUPOOHMIITBI HAllOi Jep)KaBH, Xoya B
peectpi JJCTY Takuii apoMaTuzatop BxKe 3apeecTpOBAHUM.
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Mykhailenko M.M., Nesterova N.G., Likar S.P. PERSPECTIVES OF USING VIBURNUM
PLANTS FOR IMPROVING THE FUNCTIONAL QUALITY OF DAIRY PRODUCTS

Introduction. In today's conditions, existing problems of healthy nutrition indicate the need to find
new or improve existing production cycles of biologically valuable and significant food products. To improve
the nutritional value and functional properties of fermented milk products, primarily yogurts, to the
composition of which various plant fillers are added, with the aim of providing the product with a
therapeutic and preventive effect. Particular attention should be paid to plant Viburnum as an effective
component for improving the quality and beneficial properties of fermented milk products on the market of
Ukraine.

Purpose. To investigate the prospects of using Viburnum plants as an effective component to improve
the quality and beneficial properties of fermented milk products on the market of Ukraine.

Methods. Selected samples were examined by laboratory methods for organoleptic, physicochemical
and microbiological parameters. Research was conducted in accordance with generally accepted methods of
sanitary and bacteriological control using relevant Ukrainian standards and foreign instructions.

Results. As a result of generalization of own data and analysis of published literature sources it was
concluded that the Ukrainian market offers a wide selection of fermented milk products with various fillers,
but the share of products with pronounced functional properties is insignificant and does not exceed 10%.
The existing yogurt with viburnum filling on the market of Ukraine was investigated. The obtained results
indicate that this product fully meets the requirements and criteria for the quality of fermented milk products,
and the comparison of yogurt with filler "Chervona Kalyna-Zlaky" with yogurt of the corresponding brand
without filler, according to the results, gives grounds for asserting the suitability of the obtained indicators
to the stated requirements for food products.

Originality. The study of the influence of the Viburnum plant is expedient and aims to determine the
influence of viburnum on the organoleptic and chemical characteristics of fermented milk products.

Conclusion. It was established that the individual types of yogurts with Viburnum filler presented on
the market of Ukraine fully meet the requirements and criteria for the quality of fermented milk products,
and the comparative evaluation with yogurt of the corresponding brand without filler based on the results
obtained gives reasons to assert the suitability of the obtained indicators to the stated requirements for food
products. It has been reliably shown that the filler "Viburnum" does not have a negative effect on the
physicochemical and microbiological indicators of bifidoyogurt and can be used as a flavor component at
the same level as flavorings generally accepted in Ukraine. So, viburnum fruits are a promising filler for the
Ukrainian market, possess medicinal preventive action on the human body and is a relatively cheap raw
material for cultivation in our country.

Key words: Viburnum, functional food products, fermented milk products, yogurts, food industry,
guality control.
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CHIHOBI MAT'HITHI BJIACTUBOCTI KUCHIO
TA MOT'O AKTUBHUX BIIBHOPA IUKAJIBHUX ®OPM

Aepobue scummsi pynmyemuscsi Ha OuxanHi Kuchem nogimps. Ha eiominy 6i0 nepesasicnoi 6inbutocmi
XiMiuHO cmabinbHux peyosut, monexyia Or mae 08a HecnapeHux eneKmpoHU 3 NAPALeIbHUMU CRIHAMU, MOOMO €
mpuniemuum Oipaouxanom. Lli 0ea mecnapenux enekmponu moaekyau Oz o3nauaroms, Wo KUCEHb €
napamazHimHum 2azom, mooi K 6a2amo iHWUX XIMIYHUX PeYOBUH € OlAMASHeMUKAMU, BKII0UAIOYY MAldice 6Cl
Op2aniuHi cmadibHi KOMNOHEHMU HCUBOL KATMUNU, KL CKIadaombcs 3 6iononimepie ma monexyn ({HK, PHK,
oinkie, ninioie, gyanesodis, pepmenmis, DA/, HAI, mowo). Bci 6onu maroms naphy KilbKiCmv eeKmponis, sKi 6
CB8010 Uep2y cnapeni 3 AaHMUNapaieibHUMu CRiHamu 32i01o 3 npunyunom Iayni i Oaroms cymapuuii cnin pigruil
HYI0. 34 paxyHoOK OKUCHO-8IOHOBHUX peaKyill 8 KIIMUHAX aepoOHO20 Opeanizmy NOCMIUHO 6i00)8acmbCs
ymeopenusi akmuenux gopm kucuro (ADPK), moomo cynepoxcudy 02+, ciopoxcunvrozo OH® i nepokcuonux
paouxanie *RO>, *OH,, cunenemnozo xucnio O,(*4g), nepoxcunimpumy ONGs~, nepoxcudy 6oonto OH, ma
iHwux, AKi 8idieparomsb 8adxtcau8y poiv y bazamvox @isionoziunux npoyecax. Takux aKk mpancnopmyeauHs
€/IeKMPOHIB Y OUXATIbHOMY JIGHYIO3I, CUHME3 NPOCMARIAHOUHIB, Nepedaya CUSHANIE HA PeSyNAmMOpPHI CUCIeMU, SIKI
KOHMPOIOIOMb MOHYC CYOUH, peaKyilo Ha MiKpobu, excnpecito 2enis, ma inwi. Lletl 02150 onucye 3anedxicHi 8io
obepmanHusa cniny icmomui ocodonugocmi yuacmi kuctio ma ADK 6 aepobromy srcummi.

Kntouoei cnosa: mpuniemuuii KUceHb, CUHSIEMHUL KUCEHb, [OH CYNEPOKCUOY; NAPAMASHEMU3M,
Mi02n00in; 2emM02100iH; AKMUBHI popmu KUCHIO, edheKmu 308HIUHbO20 MACHIMHO20 NOJIA.

ITocTanoBka nuTtanHsA. bararo aTtoMiB MalOTh HECHAPEH1 €JIEKTPOHH, ajie, MOTPAIUISIOYH B
MOJIEKYJy, iX CIIIHM CTalOTh CIIAPEHUMH 1 IIed Ipolec CYNpPOBOJKYE YTBOPEHHS KOBaJICHTHUX
XIMIYHMX 3B’s3KiB. Mouiekyna O=0 wmae moJBIMHMM XIMIYHHUN 3B’S30K, aje 4depe3 OCOOJUBY
cuMmeTpito BaneHTHOI o006onoHku Oz, 11 OCHOBHMI cTaH (HaWCTaOUIBHIIMKA 3 HaWMEHIIOIO
BHYTPIIIHBOIO €HEPri€l0) YTPUMYE JIBa HECHApEHUX EJEKTPOHHU 3 MapaielbHUMHU criHamu (11).
Takuif cTaH Mae MOBHMH eNeKTPOHHUH cmiH S = '2+2 =1 3 TpboMa MOXJIMBUMH HPOEKIIIMHU
KyTOBOTO MOMEHTY Ha MOJIEKYIsipHY Bichb Ms = 0, 1 (B ogununax ctanoi [Tnanka h/2r) [1]; Takum
YMHOM, LIell CTaH Ha3UBAETHCS CIIHOBUM TPUILIETOM [2]. 3BMYaiiHi MOJIEKYNIU 3 aHTUIapaJIeIbHUMHU
cniHamu (1)) MaroTh 3arajlbHUN eNeKTpoHHMM crhiH S=0 (BOHM HE MalTh BIACHOTO MAarHiTHOTO
MOMEHTY), III0 BIANOBIZAa€ CHHIJIETHOMY JiaMarHiTHoMy crany. Sk 1 Oz, ioH Fe(Il) y remornoGini
TaKOXX € MapaMarHiTHUM, 1 HOTro CHOJy4eHHs 3 KUCHEM € CKJIaJHUM IPOLIECOM, IO 3aJIeKUTh BiJ
KBAaHTOBOT'O €JEKTPOHHOTO OOMIHY Ta CHiH-0pOiTanbHOI B3aeMoaii [3—5]. AJie 3aranbHi YUCIEHH]
peakiii OKHCHEHHS DKI Ta pPI3HMX METa0OJITiB B JXHUBOMY OpraHi3Mi BKJIIOYAIOTh peakIii
TpuruieTHoro Oz 3 OpPraHiko i MaoTh OyTH 3a00POHEHMMH 32 CIIIHOM, TOMY SIK MPOAYKTH TaKOTO
OKHCHEHHS TEX SIBJIAIOTHCS JTiaMarHITHUMHU CTaOUIbHUMU PEUYOBHMHAMU: MPH MOBHOMY OKHCHEHHI
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OpraHiuHUX MOJIEKYNl OJIEPKYEMO BOJY, BYIJICKMCIMN Ta3 1 MOJEKyIapHHHA a3oT [6]. Sxmio
OKHCHEHHS K1 B nukii KpebGca mpoxoauTh 3a JOTIOMOTOIO MMapaMarHiTHUX METajo-KOMILICKCIB
(Mimi i 3amiza) B IUTOXPOM-C-OKCHAa3i Ta (popMallbHO BOHO HE 3a0OpOHEHO 3a CIIHOM, TO B
0araTboX IHIIMX OKHUCHIOBAIBHUX €H3MMaX, KO(PEPMEHTH SKHX HE MaloTh IOHIB MeTaly 3
HECTIAPEHUM CITIHOM, TpolieMa O0i0XiMIYHOTO MPOHMKHEHHS TPHUIUIETHOTO KHCHIO B OpraHiuHi
PEUOBHUHH JI0 CHIX ITip HE 3pO3yMiJia UIsl ITUPOKOTO 3arairy HayKOBOi CIUIBHOTH [6].

AHaJi3 ocTaHHIX qocaixKeHb i myOJikaniii. Aktusaiis Oz npu nuxaHHi 1 6araTbox HIINX
OKHCHO-BITHOBHHX IPOIIECAX CYIPOBOKYETHCS CITIH-OOMIHOM 3 MapaMarHiTHUMH IOHAMH METaIIiB
i obepranusm cmiHiB [4]. B ycix aepoOHUX opraHi3Max MOCTIHHO NMPOIYKYIOThCS aKTHBHI (popmu
kucHio (ADK) y BiAMOBIAs HA €HIOTEHHI Ta ek30TeHH1 ¢aktopu [7, 8]. Taki BaxiuBil 610J0T14HI
MpOLIECH, SK TPAHCIOPT EJIEKTPOHIB y JUXaJlbHOMY JIaHI031, mpoiideparis 1 audepeHuianis
KJIITUH, (arouuro3 cynpoBOoKyIOThCs cuHTe3oM ADK [8]. Tex came BimOyBaeThCs MpU CHUHTE31
MpoCTarjaHAuHIB 1 JEHKOTPI€HIB, OKUCHEHHI JIMIAIB, METa00II3M1 1 CUHTE31 KaTeXOoJaMIHIB Ta iH.
peakiisix. [meMiuHi 3MiHM B TKaHWHAX TaKOX IMOB’s3aHi 3 HaaMmipHOIO aktuBHIicTIO ADK [6, 8].
VY peakuisix BUIbHUX paJuKaliB, KOTpl CpUsOTh yTBopeHHI0 ADK Bi10yBatOThHCSI 3MIHU CIIIHOBOTO
ctany mosiekyn [5]. Ilpu npoMy y ¢i3ioJOTIUHUX KOHIIEHTpaMisX BUTbHI pamukamn ADK Ta ix
niamarHitTHi yactuHkd (ONO2™, O2H2) 6epyTh ydacTs y Takux mpolecax, Sk rnepenada CUrHaJIy B
KJIITHHI, 3aXWCT Bil MIKpOOIB Ta IHIIMX €K30TCHHHX OpraHi3MiB. TakuM YWHOM, SIK HaaMIpHE
yTBOpEHHs BUIbHUX paaukainiB ADK Tak 1 iX HeIOCTaTHs 1HAKTUBAILl MPU3BOIATH O HOPYIICHHS
CTPYKTYpH KJIITHH Ta 1ipoueciB Merabonizmy [5—8]. JIxepenamu A®DK B opranidmi €
MITOXOH/pIAIbHUNA, MIKPOCOMAJIbHUM 1 (arouuTapHUil eNeKTPOHHO-TPAHCIOPTHI JIAHLIOTH
OKHCHEHHS, MOHO- 1 JIOKCHUI'€HAa3W, MOHOAMIHOOKCHAa3a, KCAHTUHOKCHIA3a, TIFOKO30KCHa3a Ta
0arato IHIIMX €H3UMIB, a TAaKOX B3a€MOJIA I0HIB METajiB 3MIHHOI BAJCHTHOCTI 3 KHCHEM Ta
BIIHOBHUKAMH y KOOpJuHalidHIA chepi metamy [2-9]. PosrissHeMO MOCTINOBHICTh TOJIN, fAKI
nepeayBanu BussiacHHIO poti ADK i ciny B 6iosorii [8-9].

Ockap Paab momiTuB 1me Ha modYaTtky XX CTOMJITTS, IO 3a0apBieH! KIITUHU THHYTh TPH
ocsiTiierHi [10]. Ile sBume Oyno Ha3BaHO «()OTOAMHAMIYHOIO i€l0», MO0 BIIPI3HUTH HOTO Bij
doTtocerncubimizamii y ¢dororpadii [10]. Hezabapom Oyino mokazaHo, IO I CIIOCTEPEIKCHHS
(dhoToMHAMIUHOT JTii HAa KIIITUHH €PUTPOIUTIB HEOOXIHA MPUCYTHICTh KUCHIO, & aKTUBHI OApBHUKH,
[0 3HUILYBAJIM EPUTPOLIUTH, MAIOTh IHTEHCUBHY (IYOPECUEHIIII0; MPU LIOMY JOBXHUHU XBUJIb
cBiTaa s 30ymKkeHHs GOTOMMHAMIYHOT il 30iranucs 31 CIeKTPOM MorIuHaHHs OapBHHKA. CTajo
OYCBHUIHUM 3aJIyYCHHS MOJICKYJISIPHOTO KHCHIO uepe3 QoroceHcuOuTi3amiio OapBHUKAa 1 Oyio
3ampoOIIOHOBAHO, IO TEPBUHHA CTafis ¢GoToauHaMivyHOT ii momiOHa 10 (OTOOKHMCHEHHS, SIKE
crocTepiraroTb B Olosoriynux posunHHuKax [10]. ['imote3m mepBuHHOTO (OoTOAETIAPYBAHHS,
3aCHOBaHI Ha 1/1e1 «MOJIOKCUAY» Ta «aKTUBHOTO KHCHIOY» CTalIH MOMYISIPHUMU Ta 0OTOBOPIOBAIHCS
npotarom Tpusasoro uacy [10, 11]. I'. Hlenk i1 cmiBpo6. [11] nmpomoHyBaiau po3auTUTH yci Taki
¢dotopeakiii Ha naBa Tunu. Tun | oxormumroe Ti peakiii, NEpPBHHHA CTajis SKUX BKIIOYAE
doTonerinpyBanHs cyOcTpaTy okucHeHHs; Il Tum — peakuii mepeHOCy KHCHIO 3 IMEPBHHHOIO
CTa/li€l0 KOMIUIEKCOYTBOPEHHS TiMmoTeTHYHOro acomiaty MibK Oz 1 30ymxkeHMM OapBHUKOM
(«momnokcuom»). Iliznime K. @yt [11] monudikyBaB mro kinacudikamiro: tun [ BiIrodae Bei
peakiii, J€¢ TEepBUHHOIO CTaJi€l0 € YTBOPEHHS BUIBHUX paJuKaliB 13 30yHKEHOTO
¢dorocencudbLIizaTopa; THn Il BiIHOCHTBCA [0 THUX TPOLECIB, SKI BKIIOYAIOTH B3a€MO/IIIO
30y/mKeHoro (poToceHcnOLTI3aTOpa 3 KHCHEM $K MNEpBUHHUI aKT, L0 MOPOJXKYE CHUHIJIETHUH
kuceHb. Ll kmacudikanis dyra 3apa3 € 3arajJbHONPUNHATOO, 1 HTepec n0 peakuid tumy II
noctiitHo 3pocrae [10, 11]. Ane rojsoBHe BiaKpuTTs B ramysi 6ioximii ADK 3pobunun MakKopna i
®pinoBud y 1969 pori i BoHO Oyi0 MOB’sA3aHe 3 CYNEPOKCUA JUCMYTa3010 [9].

Mera crarti. Y ¢izionoriunux ymoBax ADK mpoaykyroTbcs B HEBENHKIH KUIBKOCTI Y
JIMXaNbHIA CHCTEM1 MITOXOHJpPi BHacHiok "BUTOKY" Mmainoi yactku (5—10%) eneKkTpoHiB, IO
TPaHCHOPTYIOTbcA Mo JaHuory B nukii Kpebea [8]. Cymepokcua yTBOprOEThCS NpH poOOTi
OKHCHHUX (epMeHTIB, fKi OepyTb yd4acTh Yy THpOIECi CHOJYyYeHHS JUXaHHSI 3 OKHUCHHUM
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dochopunroBanasam. Cynepokcun aHioH pagwkan Oz’ ~ JIEXKHTh B OCHOBI 0araTb0X OKHCHHUX
MPOIECIB Y MITOXOHAPISIX SK NMPOMDKHHHA TMPOIYKT, ajié MOKE CTaTH BUIBHUM DPaJUKaIOM SK
pe3yibTar "BHTOKY" 3 HOPMaIbHOTO X0jay (epMeHTaTMBHHX peakiiid [7]. B crarTi nmokasano, mo
NpPUYMHH "BUTOKY" CYIEPOKCH[ i0HY MOB’sI3aHi 3 JIIEI0 BHYTPIIIHIX MAarHITHUX CHJI MPUTaMaHHHUX
MOJIEKYJISIPHOMY KHCHIO Ta aHajorigHuM ctpykrypam ADK (02" -, OHe, Oz2He, *NO, O2Re).

HIBuAKICTE YTBOPEHHS CYNEPOKCHIY y MITOXOHIPIAX MPSAMO 3aJEKHUTh Bi CTYICHS
CHPSDKEHOCTI TUXAIBHOT CHCTEMH 1 PI3KO MIABHINYEThes Tpw ii Omokami. Lledi mpormec Bexe a0
BITHOBJICHHS TIEPCHOCHHWKIB Ha NUISIHKAX, IO TEpPeAyloTh OJIOKai, 1 TOCHJICHHIO "BHTOKY"
enekTpoHiB. Cynepokcu i0H € pooHadanbHIKOM 1osiBU iHIUX ADK B opranizmi, siki GopMyroTh
CUTHAJIBHY CHUCTEMY peryismnii 0ararbox (Qi3i0JIOTIYHUX (YHKIIM 1 TakoX IOB’A3aHl 3
3aXBOpPIOBaHHAMU 1 crapiHHsAM. Hamu BcTaHOBIEeHO, 0 "BUTIK" €IEKTPOHIB 1 CYNEPOKCUAY B
MITOXOHJPISAX, K 1 MEXaHI3M [1i pAly OKCHJA3 1 OKCUT'€HAa3 KOPIHHUM YMHOM 3aJIeXKaTh BiJ CITIH-
opOITaNbHOT B3a€EMO/IIT B cynepokcu ioHi [12].

He Tak OGararo mikapiB 1 HaBiTh 010J10TiB [6] 3HAIOTH TPO HANBAXKIMBIIII TEPEITKOIN
npo0ieM aepoOHOro KHUTTS, AUXAHHS, YUCICHHUX MATOJIOTIH Ta pecHipaTOpHOI JOMOMOTH, SKi
0e3rmocepeIHbO BU3HAYAIOTHCS MTapaMarHETU3MOM, Ta €JIEKTPOHHOK CTPYKTYPOIO MOJIEKYISIPHOTO
KuCHIO [3], a Takok 0cOOMMBOCTAMHU MarHiTHUX BiactuBocTe O2 1 AK®D moB’s3aHux 3 crmiHOM
€JIEKTPOHY Ta MOXJIHMBICTIO MOTO oOepTaHHsI. METOor Orjisiay € — TMoKa3aTh SK CIiH-OpOiTanbHa
B3aemoisi B ADPK BruimBae Ha mepelir BaxJIMBUX ()EPMEHTATUBHUX MPOIECIB B OKCHIa3ax 1
OKCHUTEHa3aX, SKi CKJIAMAI0ThCs CYTO 13 OUIKIB, IO HaBITh HE MAalOTh HI METaJIYHOTO, Hi BJIACHE
opra"iyHoro kogakropa. Ko MeTanoBMICHI (epMEHTH, TaKl SIK UTOXPOM C-OKCHa3a, abo Mib-
aMIHOOKCH/Ia3a, AKTUBYIOTh TPHUIUICTHHN KHCEHb 3a PAXyHOK CITIH-OOMIHY 3 KOOPAMHAIIIHOIO
cdeporo 10HIB 3aji3a Ta Mifi, IO MUIKOM 3p03yMisio 3 (i3muHOi TOUkH 30py [4], TO cyTo OLTKOBI
OKCHUTEHA3M 3IUIIAIOTHCS TAEMHHUIICIO CYy9acHOT 010XiMii [6]. BiIKpHUTTsSI MarHiTHUX BJIACTUBOCTEH
psany ADK, Takux sk CynepoKCHU aHIOH, MEPOKCHHITPUT aHIOH, OKCHJI a30Ty MOSICHIOE IUTHIA PsJT
3araJiok CydacHoOi €H3MMOJIOT11 1 MenuiuHH |5, 7].

Buxkjan ocHoBHOro marepiany gociaizkeHHs. J[aBHO BiIOMO, III0 KHCEHBb MOBITPS MOXKE
Oytu a00 XIMIYHO 1HEPTHHM, a00 Ha/J3BUYAHO aKTUBHUM 3QJIKHO BiJl OOMIHHOTO BIUTMBY Ha MOTO
CIIH 1 MPUCYTHOCTI paauKaliB y Oau3bkoMy oTtoueHHI [1]. ¥ pi3HHMX mpoliecax Bia TOPIHHS [0
IUXaHHS 1€l NpOCTHl JBOXaTOMHMM MPO30pPHM Tra3 MIr MPOSIBISATH LIAJIEHY AaKTUBHICTb,
HE3BaKal0UW Ha MUTBSIPAM POKIB ACUBHOTO TepeOyBaHHs B aTMocdepi 3eMii 6e3 BUIUMHX 3MIH Y
BEIMKOMY Tra3oBoMy okeani [1]. IlapamarHiTHUN TpPUIUIETHUH KHUCEHb YTBOPIOETHCS 3aBJISIKU
(hOTOCMHTETUYHHM CHCTEMaM POCIHH 1 OakTepid i3 miamarHitHuX pedoBuH H20 Ta CO2, mo came
1o co0i € MopyIeHHIM ITpaBuiia 30epexeHHs crina Biraepa-Bitmepa, moO6pe BigoMoro B cydacHii
ximii [4, 7]. [Ipouec GpoTOCHHTE3Y 3 3aMOBHEHHSM HAIIOT IUIAHETH KUCHEM PO3MOYaBCs MPUOIU3ZHO
2,4 minbsipaa pokiB Tomy. CrioyaTtky KMCeHb OyB BUTpau€HHUIl Ha OKMCHEHHsI MeTaliB, a notiM Oz
BUKOPUCTOBYBABCSl IiJi 4yac TPUBaAiIOi aepoOHOI €BOJIOIIT KUTTS Ha IUIAHETi, JOMOKU He OyIo
JOCATHYTO BUCOKOTO piBHS B 21% KkHUCHIO B atMocdepi o Maci Ta He cPopMyBajocs CydacHe
PIBHOMAHITTA XUTTSA. B naHuil yac KuCeHb 3aXUIIA€ KUTTS Ha 3eMili Bifl COHSAYHOTO AAbHBOTO
yneTpadioneroBoro (Y®) BUNpoMiHIOBaHHS Yepe3 WOTO MOTIMHAHHSA B Jiarma3oHi cmyru lllymana-
Pynre (175-205 M), a TakoK CTBOPIOIOYM CTpaToCc(hepHU 030HOBUI IIap, KU 3aXHIaEe HAC Bij
OutbI M’sikoro Y@ BunpomiHtoBaHHs [1]. Po3ymiHHS eHepreTHyHHUX MexaHi3MiB Luki1y Kpebca ta
¢orocucremu Il gocsarHyro nuiie HEMOAABHO 3a JONOMOIOI0 CYYaCHMX METOJIB KBaHTOBOI
Ximii [4], xoua pobreMu 30epekeHHs eEKTPOHHOTO CIIHY MPH [IbOMY HE aKIIEHTYIOThCSI.

Ha nam mornsa mpobiemu OioakTvBalii KUCHIO Tpeba NMOYMHATH BUBYATH 3 aHANIZY
CHEKTpaJIbHUX JaHuX mpo B3aemojito Oz ta ADK 3i cBimiom. KopoTkuil ormisj JItoMiHECHEHTHUX
BJIACTUBOCTEN KUCHIO € KOPUCHUM, BPaxOBYIOUM BEJIMKE 3HAYEHHS (POTOXIMii CHHIIIETHOTO KHCHIO
B OIOJIOTIYHUX PO3UYMHHHKAX IS CY4acHOT MEIMYHOI JIarHOCTHKH Ta Teparii. Ajie aHalli3 CIIeKTPIB
O2 1 ADK nae 3Mory po3KpUTH BaXJIUBY POJIb BHYTPIIIHIX MarHiTHUX B3a€MOJIN B MOJOJaHHI
crin-3aboponu [10]. IIpocra cxema yTBOpEHHS CHHIJIETHOTO KHCHIO Ta Jiarpama S010HCHKOTO
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npeacraBieHi Ha puc. 1. AHami3 IHTEHCHBHOCTI BiQNOBITHMX CMYT BHIIPOMIHIOBaHHS Ta
MOTJIMHAHHS TOPKAETHCS HAWOULIBII (yHAAMEHTATbHUX NPUHIMIIB (I3UYHOT XiMii: poi crminy Ta
CHiH-OpOITaTbHOT B3aEMO/IIi TPH KOHTAKTaX KBAHTIB CBITJa 3 MOJEKYJIaMHU B PEaKIIMHO3IATHOMY
CepeloBUIIII, B3a€MOJIii TIEpEHECEHHS 3apsily Ta CIiH-0OMiHY, Teopil po34MHHUKIB Tomio [1, 4].
Takum 4YMHOM, ONMUCAaHWK BHINE aHANI3 Kpame pOOUTH KpPOK 3a KPOKOM, NOYHHAIOYH 3
po3pimkeroro rasy kucHw. Cunrier-tpurietHi (C—T) mepexoau y BimbHIH Momnekyni O2 cyBopo
3a00pOHEHI B EICKTPO-IUIOIHPHOMY HAOMMKCHHI Ta € JI03BOJICHHUMH JIMIIE SK MAarHiTHE
BUITPOMIHIOBAHHS, SIKIIO BPaxyBaTH CHiH-OpOiTanpHy B3aemonuito [1, 5].
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| |
%

60 HM) 3a00pOHEH] TPaBUIIAMH B1I0OPY I eEKTPO-AUTI0NIBLHOTO
gl
BHUIIPOMIiHIOBaHHs. BoHM BiOyBaroThCA K clla0Ki MarHitTHi (200 eJIeKTPOo-KBaIPYIOIbH1) MEPexoIu

3a paxyHok COB, sxke 3mimye BignoBigai T 1 C cranu [4].

XiMisi, CHEKTPOCKOTIS 1 OloXiMis KHUCHIO BHU3HAYAIOTHCA 3HAYHOI MIPOK MarHITHUMU
BJIACTUBOCTAMM  I1i€i MoJiekynu. Haramaemo, 1o OUIBIIICT OpPraHIYHMX PEYOBHUH €
JlaMarHeTUKaMH, TOMY IO JUIsi HacH4YeHHs ix Moyiekya (M) KOBaJGHTHHM 3B’S3KOM HEOOXimTHE
CHapeHHs CITIHIB 1 FaCiHHS MOBHOTO CITIHY JIO CHHIJIETHOTO OCHOBHOTO cTaHy [3]. Tomy ix peakiii 3
MOJIEKYJIOI0 TPUILIETHOTO KHCHIO 13 MOBITPS € peakuisMu 3a00pOHEHHUMH 3a CIIHOM, OCKUIbKU
BiIOMO, 1110 MPOyKTH (P) TaKOro OKMCHEHHS TaKOXK € MOJIEKYJIaMU Y CHHIJIETHOMY CTaH1 TOMY, 1110
BC1 OpraHiyHi peYOBUHU OKHCHIOIOTHCS JI0 BOJAM, ByIJIeKHcIoro rasy i azory; H20, CO2 1 N, ski €
niaMarseTukamu [4]:

M@ +02(1N)#P (1D (1)) @)

o0 3aBepiINTH TaKy peakilito, HeoOXiTHO 100 BiOYBCS MEPEeBOPOT CIiHY, K 0aYMMO 3
piBH. (1). [TepeBopoT CIIIHOBOTO MarHITHOrO MOMEHTY B peakilii (1) Moxke OyTH BUKIUKAHUN JTUIIIE
B3a€MO/JII€I0 3 30BHIIIHIM MarHiTHUM II0JIEM, ajie 3a PaXyHOK BHYTPILIHIX MarHiTHUX B3a€MOJIN B
pearentax peakuii [3]. {oOpe BimoMo, 110 peakiii OKUCHEHHS! OpraHIiYHUX PEYOBHUH IMPOTIKAIOThH 1
0e3 BIUIMBY 30BHILIHIX MarHiTHUX NoJiB [4]. Yci XiMiyHI MPOLECH BU3HAYAIOThCS B OCHOBHOMY
CYyTO €JIEKTPUYHUMH CHWJIaMU (B3a€EMOJISIMH MDK 3aps/DKEHUMH MIKpOYAaCTHUHKaMHu, TOOTO
eJIEKTPOHAMHM Ta aTOMHMMH sjpamu) [1]. YUucTi, cyro MarsiTHi, B3aeMOJil € HaJ3BHYAlHO
CIaOKMMM B OpPTraHIYHUX MOJIEKyNaX, /10 CKIaay SIKUX BXOJATH JIETKi aTOMH; TaKUM YHHOM, BOHU
OOIpYHTOBAHO HEXTYIOThCS B TPaIMIliiHIA KBaHTOBIM Ximii [1]; mis iX J0JATKOBOTO aHali3y
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3a3BUYail BUKOPUCTOBYIOTH Teopito 30ypens (T3). Lls Teopis BpaxoBye ciiaOki B3aeMOJil, SKUMH
MOJKJIMBO HEXTYBaTH IpU po3B’si3anHi piBHAHHSA Llpeninrepa, ne BpaxoBaHi BCl €NEKTPUYHI CUITH Y
MOJICKYJSIPHOMY TIOTEHI[iali, 1[0 BH3HAYA€ 3arajJibHy EHEPreTHKY MOJEKYIH, ii OCHOBHOTO i
30y/DKeHUX CTaHiB Ta iX XBWiIboBi (yHKLIT [4]. T3 103BOIIsIE BpaxyBaTH MOMPABKH 10 €HEPTiid Ta 10
XBHJILOBHX (DYHKI[IF Yepe3 MaTpU4HI €IEMEHTH oreparopa eHeprii 30ypenHns. OctaHHi gyxe maii
JUIS. MarHITHUX 30ypeHb B opraHigHux Mosiekynax [1]. Tomy peakiis B piBH. (1) € 3a00poHEHOT0 3a
npaBuioM BinOopy Birnepa-Bitmepa s 30epexeHHs cmiHy. SIKHM YHHOM peakiii TOpiHHA
OpraHikd 1 AMXaHHSA MOXJHMBO MIATPUMYBATH MOJICKYJSIDHUM KHCHEM 3 TOBiTps? PeanbHuit
MeXaHi3M TPOIleCy TOPiHHS, MO3HAUYEHUH piBHAHHAM (1), SIK BITOMO, BKIIIOYAa€ YUCIEHHI TPOMDKHI
JIAHIIOTOB1 peakilii, 1Hil1HOBaH1 KOPOTKOXXMBYYMMHU OpraHidHUMH paaukanamu (R), sxi MaroTh
xoya 0 0/1MH HeciapeHu# enekTpoH (R — 1e akTuBHI GopMH yIaMKiB OPraHIYHUX MOJIEKYI):

MTD+O02(0ND+RO =P (TD+RM @)

Baxxnuso 3BepHyTH yBary Ha cmiH paaukaiiB R 1 R' B piBH. (2). HoBoyTrBopenuii paguxan R
3IaTHUM 3HOBY pearyBaTy 3 KUCHEM 0e3 3a00pOHM 3a CHIHOM, OCKUIBKH 3arayibHuil cmiH (S = 1/2)
pa3oM i3 iioro npoekiieto (Ms = +1/2) Oyne Takium caMuM, SIK y TIpaBiii, Tak i JIiBil YaCTUHAX PIBH.
(2). XutpicTh mojsira€ B TOMY, 0 KOHKpPETHA Opl€HTAllid CHiHIB, BKa3aHa B PiBH. (2), MOXJIMBa
JIUIIE TpU TaKoMy 0coOnnBoMy 3iTKHEHH1 yacTUHOK Oz (171) 1 R (]) ToMy 110 BCi Opi€eHTalii CIIHIB
B peaIbHUX YMOBax € BUMAAkoBUMH [5]. HoBa opraniuaa Mojiekyna M MoOXe pearyBaTH 3 KUCHEM,
CTBOPIOIOYM TOM caMuid AlaMarHiTHUA npoAykT P(1]) uepe3 ydacTe mpomibkHOro pamukana R'.
HoBoyrBopenuii paaukan R' B peakiii (2) 3roparodu B MoJiyM’i 1 CTUKAIOYHCh 3 HOBOKO MOJIEKYJIOIO
O2 3HOBY MOX€ MaTH OyAb-sKy oOpieHTarito cmiHiB [7]. TakuM 4YMHOM, TOpIHHSA TPOTIKAE SK
JIAHITIOTOBA pauKalIbHA peaKilisl (JacTimie sk po3radyeHa JIAaHIIOTOBa paauKalibHa peakilis) [4].
CmiHoBa mam’sTh TMapaMarHITHUX YaCTHHOK TPH TOPIHHI BTPAYa€THCS 3a PAaxXyHOK BHITAJKOBUX
3ITKHEHb B 00’€Mi TMOJIyM’s, KyJH MOTPAIUITIOTh HOBOYTBOpPEHI paaukamu R' peakmii (2) 3 Oymb
SIKOI0O HOBOIO B3a€EMHOIO OPIEHTAIlIEIO CIIHIB 0 MOJIEKYJIHU KUCHIO. AJie 010-OKHMCHEHHS IPOTIKA€E
BCEpEIMHI aKTUBHUX IIEHTPIB CHIpaIbHO-CKPYYEHHX OUTKOBUX €H3UMIB, i€ MapaMarHiTHUWA 10H
MeTany (K0 BIH € y KogakTopi) MIIHO 3B’SI3aHMM BCEpPEAWHI aMIHOKHCIOTHUX 3aJIMIIKIB
NMenTUIHUX TomiMepiB [4]. Skmio ioH Metany mo3HayuTd K I (), TO eH3UMaTHYHE OKUCHEHHS
BH3HAYAEThCS PIBHAHHAM (2a) 1 BOHO IIPOTIKAE BCEPEIMHI AaKTHMBHOIO IIEHTPY €H3UMY 0e3
MOBTOPHUX 3ITKHEHb B OJJUH KIHETUYHUHN aKT

M)+ 021D +11)=MO2 (1) (1)) +1(1) (2a)

Tyr dopmansHo BigOyBcsi OOMIH MOMIYEHMMH CIHIHAMHA MDK KHUCHEM Ta I0OHOM MeETaiy.
B xBaHTOBII1 MexaHilll HOMY BIATIOBia€ Tak 3BaHa OOMIHHA B3a€EMO/Iis, 00YMOBIIEHA TEPEKPUBAHHIM
CNIEKTPOHHUX OOOJIOHOK KHCHIO 1 MapaMarHiTHOTO 10Hy B KOOpAMHAIiAHIA cdepi mertamy [4].
[To ¢i3uyHOMY 3MicTy OOMIHHA B3a€MOJIS 3BOJAUTHCA 10 KYJIOHIBCHKOTO BIAIITOBXYBAaHHS JBOX
CIIEKTPOHIB, SIKi OOMIHIOIOTHCS OPOITAIIMU; BOHA HE BKJIKOYA€ MarHiTHUX CHII [7].

Binomo, mo mporiecu TOpiHHSA 1 JUXaHHS 1ICHTHYHI 32 €K30TEPMIYHUM e(eKTOM MuX
peaxuiit i3a ix npoaykrtamu H20, N2 i CO2. Bunukae nutanss: «Koxu 6ioaktuBarop 3abesneuye
«BIAMOBIMHI CHiHW» ISl iHIIIIOBAaHHS TOSBU MApaMarHiTHUX PAJAMKAliB MpPU JUXaHHI KHCHEM Y
KIiTUHI»? OJHAaK, 3p03yMilo, IO AMXAaHHS HE MOXKE BiIOYBaTHCS 3a MEXaHI3MOM paJMKaJIbH O-
JAHITIOTOBOT peakilii, 00 KUIbKICTh paJMKalliB B JIAHIFO31 3pOCTE€ Ta MPHU3BENE A0 3TOPSHHS
KIITUHU. 3a JuxaHHd BianoBimae 1mwkan Kpebca — muMkan TpUKapOOHOBOI KHCIOTH —
0araToCTyMiHYaCTHIl Tpolec, € KHCEHb AaKTUBYEThCS (PEPMEHTOM IUTOXPOM-C-OKCHUIA30I0 B
MPUCYTHOCTI NapaMarHiTHUX I10HIB MeTaniB (3amiza 1 miai) [5]. Ion 3abe3neuye HecnapeHuil CIiH,
SKUI B3a€MOJIi€ 3 TPUILIETHUM KHUCHEM IUISXOM CHIH-OOMIHHOI B3aeMoii (2a), 1m0 MPU3BOAHTH
no edexruBHOro mpomecy, no3BosieHoro 3a cmiHoMm [3]. lon Fe(Il) y remorno06iHi Takox €
napaMmarHiTHUM, 1 #oro cnonydeHHst 3 Oz € CKIaAHUM MPOIECOM, IO 3aJEKUTh Bil CIiH-OOMIHY
Ta II€ 1 CIiH-OpOiTaTbHOT B3aEMOIi1.
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JlBa OCHOBHHMX TPOIECH aepOOHOI KUTTENUIBHOCTI, (OTOCHHTE3 1 JWXaHHS,
NPEJCTAaBISAIOTh CO00I0 3a00pOHEHI 3a CIIHOM peakilii, sKi aKTUBYIOTbCA TPHUCYTHICTIO
napamarsitaux ioniB Mg (II) ta Fe (II)—Cu (II), BigmoBigao [4]. Monekyna Oz (11) 3 mosirps
MIPOHUKAE Yepe3 JIETEHEBY ajbBeody i, 3B’s3yrounch 3 ioHamu Fe(Il) remornobiny, mepeHOCUThCS
no xmitnHA. KpiM nuxanHs, KuceHb 3a0e3nedye 0araro IHIINX KOPUCHHUX PEaKIid OKHCHEHHS,
AKTUBYIOYH 1X PI3HUMHU OKCHJa3aMH, IEPOKCHIa3aMH1, MOHO- Ta Ji-OKCcUTeHa3amu [6]. bararo 3 Hux
TaKOX MICTSTh KO(AKTOPH 3 MapaMarHiTHUMU 10HAMHM METaNliB, aje 0arato IHIIUX BKIIOYAIOThH
¢GyaBiHM Ta NTEPUHHU SK OpraHiuHi kodakTopu 0e3 OyIb-SKUX MapaMarHiTHUX 4acTHHOK [6—9].
IxHiif MexaHi3M akTHBaIil KMCHIO JUIS MOJOJAHHSA 3a00pOHH 00EpTAaHHS CIiHY 3aIHIIAETHCA JOCI
HeBioMuM [6]. Kpim Toro, 3apa3 BitoMo KiTbka HOBUX OUTKOBUX (PEPMEHTIB, 5Kl B3araji He MarOTh
KOJIHOTO KO(akTopa, ajge MOXKYTh aKTHBYBaTH KuceHb O2(11) A8 OKHUCHEHHS OpPraHIyHOTO
cyoctpary [5-7]. ®iBuyHO OOrpyHTOBAaHAa KOHIIEIMIlS CHUJIBHOTO BHYTPIIIHBOTO 30ypeHHS 3a
paxyHOK MarsitHoi cniH-opOitansHOi B3aemoaii (COB) BcepeanHi MPOMBKHOTO aHIOH-pajuKalia
O2 [3] MOXke TIOSICHATH BC1 0COOTMBOCTI OKCHJIA3 Ta OKCUTEHA3, SKi JIF0Th 0e3 ydacTti metaiiB [3] i
HaBiTh 0e3 yuacTi kodakropy [5—12]. Xoua gesiki 610XIMIKH Yy CBOIX €KCIEPUMEHTAIBHUX MPaIiX
BXK€ MPUWHSIIA €0 CHUJIBHOTO MAarHITHOTO OOepTaJIbHOTO MOMEHTY (magnetic torque) B
CYIEpPOKCHUIHOMY aHIOH-pagaukaii [4], arme B OupmiocTi myOumikaiiit [6] Teopito COB y criomyti O,
SIK OCHOBHOTO 1HIIIFOI0OUOTO (haKTOpy aepoOHOro OOMiHY PEYOBHH B OKHCHO-BIJHOBHINH CHCTEMI
romeoctasy [12] He muTyr0Th (TOOTO HE 3HAIOTH, 00 HE BU3HAIOTH).

@naBiH- 1 NTEpUH-3alE€XKHI (PEPMEHTH 3yCTPIYAIOTHCA BCIOAM B aepoOHOMY XKHUTTI (BiX
GakTepiit m0 moguHu) [6]. IX i30a7M0KCAa3sMHOBMIT i NTEPHHOBUH IMKIM MOXYTh 3a3HABATH
0araToCTymiH4YacTUX OKHCHO-BITHOBHHMX IPOIIECIB NMUISIXOM IEPEHECEHHS €JIEKTPOHIB 3aTydaroun
cyOcTpaTH 1 KuceHb. Pi3H1 OKHCHO-BITHOBHI cTaHU ()JIaBiHIB 1 NTEPUHY BIAIrPalOTh BAXKIUBY POJIb Y
mporiecax MepeHECeHHs eJIEKTPOHIB, SKI € BUPIMAILHUMH ISl BOXKIMBUX O10J0TTYHUX (PYHKITIH,
TaKuX K amomnTo3, 3ropTaHHs Ouika, BigHOBieHHS JIHK, nuHamika IUTOCKENETy, AETOKCHKAILIS,
metwmoBanHs PHK, po3BuTok HEpBOBOi cucTteMu, 0IOCHHTE3, BUPOOHHUIITBO €HEPTii OKMCHEHHS,
IUPKAaTHUNA PUTM 1 Ologerpanamis. Pi3Hi popMu THMUYACOBUX MPOMDKHUX MPOAYKTIB paTuKaTbHUX
niap (PIT) MOXXyTh yTBOpIOBATHCS TIi Yac PEaKilii, M0 KaTali3yrThCs (DIaBiH- 1 NTEPUH-3TCKHIMHI
bepMeHTaMu, BKIIOUAKOUH TakKy BigoMy okucHO-BigHOBHY PIT ik FADH'(1)...Q () [12].

OxkucHeHHs 3a y4acTio (aBo-(hepMeHTIB O10XIMIKM PETEbHO BUBYAJIW 0Oarato JCCATHIIITH
NPOTArOM MHUHYIOTO cropiyds [6]. Bimmosnenmit ¢masin (FI*) moxxe OyTH OKHCHEHHMi 110
cemixinoHoBoro pamukana (FI*°) 3 momanpmmm yrBOpeHHsSM (naBiHo-miepokcuny FIOOH [2]. ¥V
1994 poui Bincent Mecci mocTy/IioBaB epeHeceHHs eleKTPOHa Bij BiHoBneHOrO driapiny (FIPA™)
JI0 KHUCHIO Ta YTBOPEHHS MPOMDKHOT paIMKAJIBHOT ITapu MK cyrepokcui-ioHoM O, " 1 ceMiXiHOHOM
FI* (tunny FADH") y rakomy Burisiai [2]:

FlBign.(| 1) + O2 (1)(1) — [Flcxe 11 O2—] — [Flcxe 1| O2—] — FIOO- — FIOOH (3)
Tpunnerna PII — Cunrnerna PIT

Hanpuxnan, BigHOBIeHU# aenporoHoBanui (iaBiH y ¢opmi aniony FADH™ Ha mouatky
OKHMCHHUX HaIiBpeakuii rioko3ookcnaasu (I'O) Moxe BiIaTH eNeKTpoH TpuIuleTHiH Monekyini Oz 1
YTBOPUTU TpUIUIETHY panukaibHy mapy (PII) mikx cemixiHonom FI*" (1) (y ¢opmi FADH) i
cynepokcuom Oz (1), piBH. (3). BincenT Mecci HiK HE NPOKOMEHTYBaB [2] MOXOMKEHHS
MAarHiTHOI CHMJIM, IO BUINOBINA€ 3a MEpeBOPOT CHiHY B piBHAHHI (3). BiH, HaBiTh, HE Ka3aB, ILIO
Tpeba siKech MarHiTHe BTpYy4aHHs 1100 BiiOyBCs TPUILIET-CUHIJIETHUH mepexin B peakuii (3). Ane
MOJKHA MiJJO3pIOBAaTH, IO BiH MaB Ha yBa3i Teopito pagukanbHux map (TPII), sxa Oyna mocuts
MOMYJISAPHOIO Y BICIMIECATUX POKAaX MMHYJIOTO CTOJITTS Ul MOACHEHHsS e(eKTIB 30BHIIIHBOTO
MAarHiTHOTO TOJIA B XiMii, a MOTIM (3HaYHO Mi3HilIe) — 1 B 610XiMii, X04a HIXTO JIOCi HE 3BEPHYBCS 10
obroBopenHs inei Bincenra Mecci 3 60oky Marairoximii [6]. TPII po3srisiiae TpunieT-cHHIICTHUR
(T—C) mepexin y piBH. (3) sk iHIYKOBaHUI HaaTOHKOI B3aemojiero (HTB) mik simepHuMu Ta

136



Cepis «bionoriuni Haykny», 2024

CIICKTPOHHUMH CIIHAMH B PO3AUICHHX paJMKaNax BCEPEIWHI HE3B’sI3aHOT alle KOpeIbOBAHOI
panukanbHoi mapu. To6To PII, mopomkeHa nmpu nepeHeceHHi eeKTpoHa, 30epirae TPUILIIETHUH CITiH
IpU AWCOLIAIil Ha paJuKald B PO3YMHI, MOKM Hae iX audysis 10 MOBTOPHOI 3yCTpidi B KIITHUHI
po3unHHHKa. [Ipy 1bOMY, TPUIIETHUH 1 CHHTICTHHH CTaHW MAlOTh OJHAKOBY €HEprif0 (BOHH
BupopkeHi) B TPII, Tomy mo BoHM po3aiieHi Benukoro BiacraHHio (mo 10-30 HM B KIiTHHI
PO3YMHHHKA); TAKHM YHHOM, HaBITh TyXe cllabka HaJTOHKAa B3aeMomis Moxe iHaykyBatn T—C
nepexin B Takiid nugysniid PIL. [Ticns T-C nepexoay paaukaibHa mapa Moke peKOMOIHYBAaTH IIPH
MOBTOPHOMY 3ITKHEHHI 1 TaKUH Mepexif] 3aJIe)KUTh TaKOX BiJ 30BHIIIHROTO MAarHITHOTO IOJIS, SIKE
PO3IICIUIIOE TPHUILIETHI CHiH-MiApiBHI. Teopis pagukalpHUX Map MOXKe OyTH 3acTOCOBaHA JI0
OKHCHEHHS BUIBHOTO ()IaBiHYy B PO3UMHHHUKAX, ajleé HE 3aCTOCOBYETHCS O CIPABXKHIX (PEpMEHTIB,
ne FADH" 1 Oz MiuHo 3B’s3aH1 B akTUBHOMY LIeHTp1 pepmenTa 'O [3]. Po3KpuTTS MOXOKEHHS
PYIIIHHOT CHUJTM MIEPEBOPOTY CIiHa B PiBH. (3) € OCHOBHOIO MpobieMoro aktuBallli Oz YUCICHHUMHI
(dbepMeHTaMy; 3HAHHS TAaKOTO MEXaHI3MY Ma€ BHpIIIaJbHE 3HAU€HHS JUId 0araTbOX MPaKTUYHUX
O10XIMIYHUX 1 MEJJUYHHUX 3aCTOCYBaHb [6, 12].

[Tosicuenns T-C nepexony y piBH. (3) Oyau 3anporioHOBaHi B poOoTi [3] ABaALSITH JBA POKH
TOMY 3 YpaxyBaHHSIM JIBOX MOXJIMBHUX €JIEKTPOHHUX KOH(Irypaliil cynepoKcua-10Ha y BUPOKEH1
(mg)® Bimkpuriit o6omonmi (1)(|1) i (I1(]), A& DYKKH CTOCYIOTBCS Tgx Ta Tgy MOJEKYIAPHHX
op6itaneit (MO) iony Oz "; Takum uynHOM, T-C mepexin y paaukainbHii mapi piBHAHHA (3) MOXKHA
MO/IaTH Y BUTJIAI

3[Flexe(1)... (N 102+ = 1[Flexe(1)...(1)(1)02—] @

TpurnieTHuii | CHHIJIETHUI CTaHH B PiBH. (4) BIAPI3HIIOTHCS €ICKTPOHHUME KOH)IryparisiMu
BCEpE/INHI CYNEpOKCH/I-i0Ha, AKi € JiCHO BUPOKEHUMH B 0cHOBHOMY ctaHi X2IT iona O, . Takwuit
T—C nepexin BKIItouae opOiTaIbHE 00EPTaHHS Tgx — g,y HABKOJIO Z-0OC1 JIJIsl TO3HAYEHOTO YePBOHUM
€JIEKTPOHA 3 OJJHOYACHUM TIEPEBOPOTOM ciiHa. Take opOiTasibHE O0OEpTaHHS CTBOPIOE MAarHITHHI
MoMeHT T—C mepexosy, sSIKHil BiIMOBizae 3a iHBEPCito ciminy [7]. BHyTpinmHe MarHitHe MoJie IbOTO
00epTaHHs BUPOHKEHOT MOJICKYJISIPHOT OpOiTai Ty BIUIMBAE HA MarHITHUH MOMEHT CITiHA 1 3MYIIYE
rioro mepeBepHyTHCS. OCKUTbKM I1e cyTo KBaHTOBUM T—C mepexia, TO HarjsjHa IHTEepIpeTaIlis
CTPaXXJIa€ YMOBHICTIO; OOEpTaHHs MOJICKYISIPHOI OopOiTaai HaBKOJIO Z-OCl MOJICKYJIM MPHU MEePEXOIi
Tpeba po3yMITH SIK 00epTaHHS «eJIEKTPOHHOT IYCTUHH MEPEXOTY.

Q—0O

Tg,x Tlgy

Cxema 1. O6epranns op0itani HaBkoJo oci iony Oz " nmpu T-C nepexoi (4)

Tomy, T 1 C ctanu B piBH. (4) MOB’A3aHi CUJIBHOIO CHIH-OPOITaJILHOIO B3a€MOJII€I0; BOHA
JopiBHIOE BelMuMHiI %2Aso, A€ Aso € koHctanTtoro COB ocHoBHoro cramy X2I1 JBOXaTOMHOT
mostekyau Oz~ [5]. Y npocTomy HabnuskeHHi koHcTanTa Aso(X?I1, Oz ") nopiBHioe konctanTti COB
(Co) ocnoBroro O(®P) crany atoma kucHio Aso = (o, sika 6mu3bka 10 160 cmt (0.02 eB) [1, 5]. Leit
IOPOCTHH aHali3 TOBHICTIO MIITBEP/UKYETbCS EKCIIEPUMEHTATIbHUMH BUMIPIOBAaHHAMHM TOHKOI
cTpyktypu Oz " iOHY SIKy cIIOCTEpirajid K pO3ILEIUIEHHS B CHEKTpl 10HHOro myuka. Llg enepris
(1.9 x/Ix/M01B) B MiTBIOHM pa3iB MEPEBHIILYE HAATOHKY B3a€EMOJIII0 MK SACPHUM i €ICKTPOHHUM
ciinamu B Teopii PIT [7].

BaxmBo migkpecauT, mo ciid (aBiHOBOTO CeMIXiHOH-paaukaia B Gopmysi (4) Bigirpae
nacHBHy poJib. BiH He jae xoxHOrO BHeCKy B inTerpan COB (Matpuunnii enement (W, |Hsoc |‘Ps>)
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[1, 5]. ®naBiHOBHi ceMiXiHOH-paMKan JMIIe NOjae cBiii cmin B Tpuruierny PIT. Moro moxe
3aMiHUTH OyIb-SKUH OpraHiYHMNA CyOCTpaTr, 3JaTHUW BiIJaBaTH EJIEKTPOHM HA KHCEHb, IO i
pealizyeThCsl B OKCHIa3aX, BUIbHUX Bix kodakTopa [5, 7]. HaBeneHa Buiie mpocTa Teopis akTUBarii
O, Oyrna Briepiiie 0OrpyHTOBaHA MIPH aHAJI31 MEXaHI3MY TaCiHHS CHHIJICTHOTO KHCHIO TP 3ITKHECHHI
3 aminamu [1]. Teopis COB B cymepokcuai mae OyTu BKIIOYEHA B YCi MiApYYHUKH 3 OioXiMmii Ta
meauuuHU. (Amke teopit COB B aromax po3risigaeThCsi B 3arajbHOMY Kypci (i3WKH Ha BCIX
MPUPOJHUYNX (PaKyIbTETAX Y BUIIUX HABUAIBHUX 3aKIaax YKpaiHu).

A®K He HaKONMYYIOTHCS y KITITHHAX 32 HOpMaIbHUX (izionoriyanx ymoB. Ilpu 30inbmeHH1
iX KOHIEHTpaIii BiOyBa€eThcsl CIOHTAaHHAa a00 EH3WMMATHYHA JUCMYTAIlil CYIMEPOKCUIHOTO
panuKaty 1 yTBOPIOETbCS MEPOKCH]T BOIHIO.

202-+ + 2H20 ——>H202 + 02

ne SOD 1e cynepokcu 1 AucMyTasa — MepBICHUH eH3uM aepoOHOT0 KUTTH [8, 9].

ToOGTo y BHIaAKy CyMEpOKCHIHOTO pPATUKaly CHHTJIETHHHA KHCEHb YTBOPIOETHCS IIPH
CIOHTaHHIM naucMmyTtanii (IpU BIIPUBI €JIEKTpPOHA 3 OJHOKpaTHO 3aiHsATor0 MO, piBH. 4), a
MOJIEKYJISIDHUN TPUIIETHUH KHCEHb — TpPH EH3MMATW4HIM aucmyranii 3a paxyHok SOD [9].
Mornekyna TepOKCHIy BOJTHIO € HEBEIMKOIO Ta €EKTPOHEHTPAIFHOI YAaCTHHKOIO, 3aBISIKH YOMY
BOHA MOJKE€ MPOXOJIUTH Kpi3b MEMOpaHM KIITUH 1 MEPEeTBOPIOBATHCS Y T1APOKCHII-pajuKaIu
(H202 + e — OH™+ OH"), ne karion pepymy (II) € noHopom enexTpoHiB B wiil peakiii deHToHA.
Bynab-sxuil cTpec 3aBkaAu CyNpPOBOIKYETHCS TUMYACOBUM 3pocTaHHSAM KoHueHTpauii AOK. AOK
MepelaloTh CUTHAIN JI0 TeHIB, 10 KOAYIOTh (PEPMEHTH aHTHOKCHJAHTIB 1 TAKUM YHWHOM OpraHi3M
MIPU3BUYAIOETHCS 10 HA/I3BUUAHHUX YMOB.

BucHoBku. Takum unHOM, OlOXIMIUHA peakiliifHa 3AaTHICTh KHUCHIO CHUJIBHO 3QJICKHUTH BiJ
CIIHOBHUX BJIACTMBOCTEH €JIEKTpOHIB. He3Bakaioum Ha IMBOBMKHI BIAKPHUTTS B MOJCKYJSPHIN
€JICKTPOHIIl Ta CHIHTPOHII, Cy4YacHa TEOpEeTHYHa XiMis Jo0ci 30epirac B MOBYAaHHI 0Oarato
TaeEMHHIb OloakTuBarii kucHIO [7]. dyHgameHTadbHI OCHOBH MEIUYHOI JIOMOMOTH, HOBI
TEpaneBTUYHI Ta MIarHOCTHYHI METOMU OyAyTh CHJIBHO 3aJIEKAaTH BiJ TPOTPECy TEOPETUUHOT
($h13UKK Ta KBAHTOBOT XiMii Y JOCIIHKEHHAX CITIHOBUX B3a€EMOJIIN B (hepMEHTax.

VY pe3ynbTaTi OKHCHO-BITHOBHUX pEakllidi B OpraHi3Mi JIIOAWHH IOCTIHHO MPOXOIUTH
reHeparlisi akTuBHUX (GopM kucHto: pagukaiaiB Oz- "¢, *OH, *RO, *HO,, *NO, a Takox MepoKCUIy
soaH0 (H202), cunrnetHoro kucuio O2(*Ag), 030HY, TiMOXJIOPUTY, NMEPOKCHHITPUTY, Ta iHIINX
yacTuHOK ADK, mo He MaroTh CHiHY, SKI BiIIrpalOTh BaXKIMUBY POJb y 0ararbox OIOXIMIYHUX 1
¢diziosoriyHUX Mpolecax: KIITHHHIM mposideparii, perymsmii TOHYCYy CyIHWH, CHHTE31
MpocCTarfiaHAuHIB, Mepeaadl MDKKITUHHUX curHaiiB Big A®K 1o curHaibHUX MOJEKYN i
peuentopiB. Lli curnanu A®K BmiMBaloTh Ha PErylsITOpPHI CUCTEMH, SKI KOHTPOJIOIOTh
MIKpOOOIUAHY Iif0 (arouuTiB, EKCIPECiI0 IeHIB Ta BIATYK HAa €HJOTEHHI 30BHIIIHI BIUIMBH — BOHU
TEX 3aJIMIIATH B CIIIHOBUX 1 MAarHITHUX B3a€MOIIM.

HaBith croroaHi XiMist KUCHIO MPOAOBXKY€E KUJATH BUKIMK CY4aCHUM Taly3siM JOCTIIKEHb
y ¢i3uni, Oioyorii Ta MEAMIMHI, HE3BaKAlOUM Ha BEIUYE3HY YyBary, MPUBEPHYTY MPOTATOM
npubinzHo 200 pokiB TUM mpobiaemam, siki Oynu miaHATI micas BiikpurTiB ®apanes ta JlaByasbe,
K1 BCTaHOBWIM mMapamarHetusM Oz Ta HOTO 3[AaTHICTh MIATPUMYBATH AMXAHHS Ta TOpiHHS [4].
KBanTtoBa XiMis TMOSICHWJIA KHCHEBUN TapaMarHeTW3M CIIHOBUMHU BJIACTUBOCTSMH, aJie
TOJIOBOJIOMKH 0aratbox (bepMeHTiB 13 3200POHEHOI0 32 CIIIHOM aKTUBAILIEI0 KUCHIO Ta YTBOPEHHSM
A®K noci He OBHICTIO 3po3yMini [6—8]. B mepiry yepry 1ie cTocyeTbesi THX OKCHIA3 1 OKCUI'eHa3,
K1 HE MAIOTh I0HIB MapaMarHiTHUX METaNliB, a TaKOX 1 CyTO OpraHiyHUX (PepMEHTIB BUILHUX Bil
Oyb-KOT0 KO(akTopy.

TpurnuietHuii KHCEHb NPOSBIAE TOBUIBHY XIMIYHY peakliifHy 34aTHICTb, KOJHU B
HalOMMKYOMy OTOYEHHI BIJICYTHI OpraHiuHi paaMkaiayd a0o MapaMarHiTHi 10HM MeTajiB. 3a ix
BIJICYTHOCTI JIBa MapaienbHUX CriHa MoJeKyau Oz 3HAYHO MEPENIKOHKAIOTh PEeaKIifHO31aTHOCTI
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KHCHIO, HE3B)KAI0UHM Ha HOTO OYEBUIHY CXUJIBHICTH CHIAIIOBATH i OKMCHIOBATH BCE HABKOJIO. By ib-
SIKe TIapaMarHiTHe MMociIadieHHs 3a00pOHU 00epTaHHs CIIIHY MOe OyTH BHKOPHCTAHE KUCHEM IS
MIPOHUKHEHHS B OPraHIuYHY PEYOBHHY Ta il OKMCHEHHs. barato (epMeHTiB po3po0iieHO MPUPOIOI0
JUISL CTBOPEHHSI PI3HUX MAarHiTHHUX penbediB, BUKOPHCTOBYIOYM OCOOJMBI MarHiTHi BIaCTUBOCTI
mouiekyar Oz 1 akTuBHUX (OpM KHCHIO. B CTaTTi HaMu BiMi4€HA pOJIb BHYTPIIIHIX MarHiTHUX
B3aEMO/III, a caMe — CIIH-OPOITAIEHOT B3aEMOI1, sIKa CIIOCTEPIraeThCsl B CHHTIIETHOMY KHUCHI [ 1, 4],
cynepokcun paaukani [3, 12], okcuai a3oTy i B MEPOKCHHITPUT aHIOHI, SK HAWBaKIMBIIINX
aKTHUBHHUX (OpPMax KHCHIO Ta a30Ty.

Moasiku. PoGoTa BUKOHaHA 3a MATPUMKH MIiHICTEpCTBA OCBITH 1 HAyKu YKpaiHU (MPOEKT
0118U100401) ta mBencwykoi ¢pynaaiii Beanepa-I'pena (mpoext GFU 2022-0036).
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Minaev B. F., Panchenko O. O., Reshetnyak O. V. SPIN MAGNETIC PROPERTIES OF
OXYGEN AND ITS ACTIVE FREE RADICAL FORMS

Introduction and purpose of the study. Aerobic life is based on breathing oxygen from air. Unlike
the vast majority of chemically stable substances, the O, molecule has two unpaired electrons with parallel
spins. This means that it is a triplet biradical. These two unpaired electrons of the O, molecule mean that
oxygen is a paramagnetic gas, while many other chemicals are diamagnetic, including almost all the organic
stable components of a living cell, which consist of biopolymers and molecules (proteins, DNA, RNA, lipids,
sugars, enzymes , FAD, NAD, etc.). This review describes spin-dependent essential features of the
participation of oxygen and ROS in aerobic life.

Matherials and methods: We investigated the complex processes of O, activation during respiration
and many other redox processes, which depends on electron exchange and spin-orbit coupling.

Results of the study: Superoxide anion radical O, is the basis of many oxidative processes in
mitochondria as an intermediate product, but can become a free radical as a result of "leakage" from the
normal course of enzymatic reactions. The article shows that the causes of superoxide ion "leakage" are
e o B R e R B R e S SR R R
well as the action mechanism of a number of oxidases and oxygenases, fundamentally depend on the spin-
orbital coupling in the superoxide ion. We have shown how the spin-orbital coupling in ROS affects the
course of important enzymatic processes in oxidases and oxygenases, which consist purely of proteins that
do not even have a metal or organic cofactor. The discovery of the magnetic properties of a number of ROS,
such as superoxide anion, peroxynitrite anion, nitric oxide explains a number of mysteries of modern
enzymology and medicine

Conclusions: Triplet oxygen exhibits slow chemical reactivity when there are no organic radicals or
paramagnetic metal ions in the immediate environment. In their absence, the two parallel spin molecules of
O, significantly hinder the reactivity of oxygen, despite its obvious predisposition to burn and oxidize
everything around it. Any paramagnetic relaxation of the spin prohibition can be used by oxygen to
penetrate and oxidize organic matter. In the article, we noted the role of internal magnetic interactions,
namely, spin-orbit coupling which is observed in singlet oxygen, superoxide radical, nitric oxide, and
peroxynitrite anion, as the most important active forms of oxygen and nitrogen.

Keywords: triplet oxygen, singlet oxygen, superoxide ion, paramagnetism, myoglobin, hemoglobin,
reactive oxygen species, effects of external magnetic field.

OpepxaHo penakiliero: 29.04.2024
[pwuitasaTo go myomikamii:  27.05.2024

140


https://scholar.google.com/citations?view_op=view_citation&hl=uk&user=CWuG85EAAAAJ&cstart=100&pagesize=100&sortby=pubdate&citation_for_view=CWuG85EAAAAJ%3Apf0VL3QzzAAC
https://scholar.google.com/citations?view_op=view_citation&hl=uk&user=CWuG85EAAAAJ&cstart=100&pagesize=100&sortby=pubdate&citation_for_view=CWuG85EAAAAJ%3Apf0VL3QzzAAC
http://www.jmbs.com.ua/
http://www.jmbs.com.ua/

Cepis «bionoriuni Haykny», 2024

V]IK 612.821
DOI: 10.31651/2076-5835-2018-1-2024-1 -141-149

Cepriiit MukoJiaiioBn4 XoMeHKO

YepkachKkuli HalliOHAJILHUH yHIBepcHUTET iM. b. XMeIbHUIIBKOrO
skhomenko@ukr.net

ORCID: https://orcid.org/0000-0003-0918-8735

Maxkcum Bosoaumuposuy Jlro

YepkachKkuli HalliOHAJILHUH yHIBepcHUTET iM. b. XMeIbHUIIBKOrO
clakky2016@gmail.com

ORCID: https://orcid.org/0009-0005-9970-2188

OCOBJIMBOCTI POPMYBAHHSA ®YHKINIOHAJIBHUX PE3EPBIB
CEPLIEBO-CYJIMHHOI CACTEMM HIJAJITKIB TA IOHAKIB

Hayxoso obrpynmosano ma 3anponoHo8ano HOBULL CRociO OiaeHOCMUKU Ma OYIHKU De3epPEHUX
ModICIUBOCHEll cepyeo-CYOUHHOL cucmemu nionimxie ma rounaxis. Jocniodcenns sapiayii cepyedoco pummy
(BCP) ma xeunvoeoi cmpyxmypu cepyegoeo pummi (XCCP) menemempuunum memoodom (nynvcomem Polar
m400 HR, Polar Oy, @iunanois) 3a ymoeu 6UKOHAHHS OPMOCMAMUYHOL NPodU 3a OUHAMIKOIO NOKA3HUKIE cmpec-
inoexcy (SI) ma inoexcy cumnamo-eéazanvrozo banancy (LF/HF) y onaxie ma nionimkie 6cmanosieni pizui
MUNONO2IYHI 8APIAHMU DPE3ePEHUX MONCIUBOCMEl pe2yiamopHux peaxyii Ha cepyesuii pumm (CP). 3a
ounamixoro noxasnuxie SI ma LF/HF y ionaxie scmanoeneni suwi (izionociuni pesepsu, a Mexanizmu pe2yasyil
asmonomHuoi Hepeosoi cucmemu (AHC) xapaxmepuzysanuca nioguwyeHoo akmusayietro agmoHOMHO20 KOHMYDY
VApasninKA HA NA3YX0-nepeocepOHULl 8Y30]1 Cepysl Ma 3HUNCEHUM BNIIUBOM BULYUX 6E2eMAMUSHUX YeHMPI6
Ha niokipkogutl yewmp, Hixc y nionimkie. Kapoioinmepsanocpagis € 8axiciusum i Yymaueumu mMemooom
00CHiJCeHHs: cmanie adanmayii/0e3a0anmayii ma pe3epeHuUx MONCIUBOCMEN OP2ARIZMY Cnopmcemenis. Jns
PAHHBLO2O PO3NIZHABAHHSA HEAOEeK8AMHUX peaKyill OP2aHi3My HA MPEHYBATbHI MA 3MALAbHI HABAHMANCEHHS
HEOOXIOHO 8NpPOBAVICYBAMU 8 NPAKMUKY MEOUUHO20 KOHMPOIO MeleMempuyri Memoouku O00CAIONCeHHs
@YHKYIOHAIbHO2O CIMAHY MA pe3eP8HUX MONCIUBOCHIEN CePYE80-CYOUHHOI CUCTNEMU.

Knrouoei cnosa: ronaxu, nionimxu, eapiabenvbHicms cepyesozo pummy, CHeKmpaibHa pummozpagis,
ABMOHOMHA Hep8osa cucmema, Opmonpooda, QyHKYioHAIbHI pe3epsu.

AKTyasnbHicTh npodjemMn. CydyacHUM CHOPT BUIIUX JOCSITHEHb, HEMHHYYE OB’ S3aHUI 3
iHTEeHCH(DIKAII€I0 TPEHYBAILHOTO MPOIIECY Ta 3 3HAYHUMHU (I3UYHUMH HaBaHTOKEHHIMHU. CyTTEBO,
o 1 B OJIMITIHCHKOMY Ta MpodecioHaTbHOMY CHOPTI KpaiHi (I3UWYHI HaBaHTAKEHHS, Ha MEXI
(G YHKIIOHAJTbHUX MOXJIMBOCTEH JIFOMHU MOXYTh IPUBECTHU JI0 TOCTPOTO Ta XPOHIUHOTO (HI3UYHOTO
MepeHaINpyXEHHS 3 HeraTUBHUMHU HaCHiKaMu JJis 3I0poB’°sl ciopTeMena [ 1, 2, 3, 4].

PanHbOIO O03HAKOIO 3pUBY ajanTaiii OpraHiaMy CHOPTCMEHA CIYKUTh MOPYIIEHHS
PETYIATOPHUX MEXaHI13MIB aBTOHOMHO1 HEPBOBO1 CUCTEMH Y PEryJIsiilii CepleBO-CyJMHHOI CUCTEMH,
0 MO MPOSIBUTHCS METa0ONIYHUX Ta (PYHKIIOHATHHUX OCOOIMBOCTSIX CepIsl CIOPTCMEHA
BHACTIIOK XPOHIYHOTO (i3UYHOrO TepeHanpyxeHHs. [IpoTe, KoMIEHCATOPHI MOMXJIHMBOCTI
OpraHi3aMy J03BOJISIIOTH CHOPTCMEHY HE TUIbKM TPEHYBAaTHCS, aje W MOJMIMIIyBaTH CHOPTUBHI
pe3yabTatu. 3a AaHuMHU [3, 5], aHami3 peryiIaTOpHUX MEXaHI3MIB CEpLEBOTO PUTMY Y CHOPTCMEHIB
103BOJIsIE U (EepeHLIIoBaTH XapakTep nopyuieHs [6, 7, 8, 9].

He3Baxaroun Ha BHMCOKI (YHKIIOHAJIBHI CHPOMOXHOCTI CEpIEBO-CYJMHHOI CHCTEMH
CIOPTCMEHIB, KpaifHi (i3MUHI HaBaHTA)XXEHHS, II0 HE BIIMOBINAIOTH MOXJIMBOCTSM OPIaHi3My, €
BEJYyYUM €TIOJOTIYHUM YMHHUKOM BHUHHMKHEHHS NOpyIIeHb MeTrabosizMy wmiokapna [10, 11].
BaxuinBe 3Ha4YeHHs NPUIUIAETHCS BIKOBUM OCOOIMBOCTAM (OpMyBaHHs (Pi3i0J0TIUHUX pe3epBiB
NITITKIB Ta IOHAKIB 33 XapaKTepUCTUKaMu KapaioinTepsaiorpadii [12, 13].

VY 10CKOHAJIeHHS 1 METOJIB JIOCHIKEHHS JT03BOJISIE, 3 OJHOTO OOKY, BHUSABISATH MO3UTHBHI
3pYLICHHS, SIKI BUHUKAIOTh IIiJI BIUIMBOM pAaLliOHAJBHUX 3aHATH (PI3KYNBTYpOIO 1 CIOPTOM, a 3
JPYroro - CBO€YACHO JIarHOCTYBATH Psii TPAHWYHUX CTAHIB Ta MaToJioriyHuX 3MmiH [3, 7; 14].
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CBoepiiHuil CTaH Opra”i3My CHOPTCMEHA MPUITYCKA€E 0COOIMBOCTI Yy BHHUKHEHHI NPOSBIB mepediry
IPaHUYHUX Ta MATOJIOTTYHHX cTaHiB [15, 16].

3 mitepaTypu BiIOMO, IO CHCTEMATHU4HI 3aHATTA (QI3UYHOIO KYJIBTYPOIO Ta CHOPTOM JITEH,
MITITKIB 1 FOHAKIB 3IHCHIOIOTh MPOQUIAKTUYHUN BIUIMB HAa PO3BHTOK MATOJIOTIYHHUX CTaHIB Ta
BHOCSITh KOPEKTHBH y (popMyBaHHs (i3i0JOTIYHUX pe3epBiB B oHTOTeHe3i. Ciij MiIKpecauTH, mo
NepeBayKHa OUIBIIICTH JIOCHI/PKEHb BIUTUBY CHCTEMATHYHHUX 3aHATH (PI3MYHOI0 KYJIBTYyporo Ha (i3ioJoriyHi pe3epBu
TNIPUCBSUEH] 3piNoMy BiKy i TOB’si3aHi 3 TpynoBOK0 AisubHicTio. P13107I0TIYHI MEXaHI3MHU, M0 3a0€31MeUyI0Th
dbopMyBaHHS pE3ePBHUX MOXKJIMBOCTEH B OHTOIEHE31 Yy [iTeH, WiATITKIB Ta IOHAKIB HE
JOCTIDKYBAIMCh. Xoua BioMO, O B Ii BiKOBi Mepiou BiIOYBAIOTHCA MBHAKI 3MiHH y MepeOyIOBi pi3HUX
dizionoriunux cucrem [17, 18, 19]. JloCHipKeHHS, IO MPOBEACHI Y 0CI0 3pLIOro BIKY JAEMOHCTPYIOTh
MTOMMWJIKOBICTh TIEPEHECEHHS 3aKOHOMIpHOCTEH Ta ocobauBocTel (opMyBaHHS (PI310JOTTHHUX
pe3epBiB NOPOCIUX JIIOJEH Ha JITEeH, MTITKIB Ta IOHAKIB. TOMYy BUHHUKAE HEOOXITHICTh JAOCTLIUTH
0Cco0JIMBOCTI (POPMYBaHHS PE3EPBHUX MOKIMBOCTEN y MIJTITKIB 1 FOHAKIB.

[Ipunyckaemo, 1m0 BIKOBI 3aKOHOMIPHOCTI Ta OCOOJIMBOCTI (opMyBaHHS (Di310JOTTHHHUX
pe3epBiB y MUIIITKIB, IOHAaKiB OyIyThb CYHpPOBO/JKYBATUCH DPI3HUMHU (PYHKLUIOHAIBHUMHU
nepeOynoBaMu Ta iX MexaHizMaMu. Ock YoMy 1Sl G10JIOTTYHOT HAYKH BKpail Ba)KIMBO JOCIIIUTH
3aKOHOMIPHOCTI 1 0c00aMBOCTI (hopMyBaHHS (1310JI0TIUHUX PE3EPBIB y MIJTITKIB Ta FOHAKIB.

HasiBHicTh BigMIHHOCTEH 3a MOKa3HHUKaMM (Di310JIOTIUHHUX PE3EPBHUX MOMKIMBOCTEH MOXKE
OyTH I1ICTaBOIO I BUPIIICHHS 3aBAaHb AUGEPESHITIHOBAHOTO MiX0Ty /10 YIPABIIHHSI PO3YMOBOIO
Ta CIOPTUBHOIO NISUTBHICTIO. Y OUTBIIOCTI HAYKOBUX POOIT BiICYTHA Baroma iHdopmarlis Ta He
3’COBaHI TEOPETHYH1 3aKOHOMIPHOCTI MpPO XapaKTePUCTHKH 1 0COOIMBOCTI (Hi310J0TTHHUX
pEe3epBHUX MOMJIMBOCTEH y MIAMITKIB Ta roHaKiB. Lle cBIQUUTH Mpo iCHYBaHHS HPOTUPIYYS MIK
HEOOXITHICTIO 3/MIHCHIOBATH AU(EPEHIIIHOBAHUHN MIIX11 10 BAOCKOHANEHHS (i3UYHOT Ta pO3yMOBOi
Mpare3/1aTHOCTI 3 ypaxyBaHHAM (Pi310JIOTIYHUX MeXaHI3MIB (OpMyBaHHS PE3CPBHUX MOKIUBOCTEH
CEepIICBO-CYAMHHOT ccTeMH. Bka3aHi mpo0OjieMy BU3HAYMIIA aKTYalbHICTh JaHOT pOOOTH.

[Ipunyctrm, mo npouec GopmyBaHHs (Pi310JTOTIIHUX PE3EPBIB Y MIATITKIB Ta FOHAKIB MOXKE
MaTH 3aKOHOMIPHOCTI y 3aJIEKHOCTI BiJl BIKOBUX OCOOJIMBOCTEH 0OCTE)KYBaHHX.

Meta npocaigkenHsi: Mera poOoTu — 3’sicyBati 0COOIMBOCTI (hopMyBaHHS (i310JO0TTIHUX
pe3epBiB Ta PEryIsITOPHUX MEXaHI3MIB CEpIIEBO-CYAMHHOI CHUCTEMH y MIUITKIB Ta IOHAKIB 3a
MMOKAa3HUKAMH BapialiifHO1 Ta CIIEKTPaAJIbHOI KapaioiHTepBaorpadii.

Marepiaim i MmeToau gocaiKeHHsA. Bitomo, 1110 cTaH 310poB’sl Ta XBOpoOa 3HAYHOIO MIPOIO
BH3HAYAETHCS PIBHEM (DYHKIIIOHYBaHHS, SKICTIO PETYIATOPHUX MEXaHI3MIB Ta CTAaHOM PE3EpPBHUX
MOKIMBOCTE#H opradizmy [3, 8, 16]. OmHuM 3 HelHBa3WBHHX 1 HAIHHUX METO/IIB OLIHKK CTaHy PE3EPBHUX
MO>KIIMBOCTEH Ta perynaropHux MexaHizmiB € Texnosoriss BCP ta XCCP 3a sikoro MokHa OCTIHKYBaTH
byHKIIOHATBHU CTaHy cepiieBo-cyauHHol cuctemu [20, 21, 22]. IIupoke 3actocyBanus BCP ta XCCP
3HAMIIUIA 1 y CIIOPTUBHINM MeIUITMHI Ta (izioorii mpaiti Ta criopty [23; 24]. Ane, aganTaitist OpraHiamy
CIIOPTCMEHA JI0 TPEHYBATbHUX 1 3MaraibHUX (DI3MYHUX HABAHTAXKEHB 1 30€pEeXKEHHS 3/I0POB’ Sl BUMAararoTh
MOCTIHHOTO HAMpPYXEHHS PE3EPBHUX MOMKIMBOCTEH Ta pEryiasTOpHUX MexaHi3MmiB [2, 8]. OcranHi
MOBUHHI 3a0€3MEUNTH ONTUMAaJIbHE MPUCTOCYBAHHS OpPraHi3My CHOPTCMEHA J0 3HAYHHUX (I3UYHUX
HAaBaHTaXCHb 32 YMOBHM MIHIMaJbHOTO HAMPYXXEHHS PEryIsTOpHUX MeXaHi3MiB [8]. OcHOBHUMH
(G1310JI0TIYHUMH  MEXaHI3MaMU ONTHUMAJILHOTO TPUCTOCYBAHHS OpraHiaMy J0 YMOB CIOpPTHUBHOT
JSTBHOCTI € TIPOIeCH eKOHOoMi3amii 1 mMoOuri3amii, siki BH3HAYalOTh €()EeKTUBHICTH MiATOTOBKH
CIIOPTCMEHa 1 y OBHI# Mipi BitoOpakaroTbes y xapakrepructukax BCP ta XCCP [8].

Kepyrounch npuHiunamu 6ioMeIM4HOI €THKM Ta Ha MiAcTaBl iH(opmamiiiHoi 3roau y 35
migmitkiB 12,640,2 pokiB (ctaxk 3aHaATh 4,2+0,2 pokiB) Ta 37 roHakiB 18,7+0,2 pokiB (cTax 3aHSIThH
6,2+0,2 poKiB) peecTpyBalli CTAaTUCTUYHI, BapialliiiHi MOKa3HUKU BapiabeIbHOCTI CEPLIEBOTO PUTMY
(BCP) Tta 3aiiicHIOBaNIM CIIEKTpaIbHUM aHali3 XBUIBOBOI CTPYKTYypHu cepueBoro purMmy (XCCP). 3
BUKOPHUCTaHHAM TeJeMeTpuyHoi anapatypu (mynbcomerpiB Polar m400 HR, Polar Oy, ®@innsuuis)
y CTaHl CIIOKOI0 BH3HAa4Yalu TMOKa3HUKM BCP ta XCCP [20], peecTpyBajiM YacTOTy CEpLEBUX
ckopouenb (HR, yn/xB.), BU3Hauanu craTUCTHYHI 1 BapianiiHi mokasHuku SDNN mc, AMo% Tta SI,
y.0. Takox BH3HAuamyu 3arajabHy NOTYXHICTh crektpy yactoT (TP, mc?), BucOkouacTOTHHiA
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0,15-0,4 I'r (HF, Mc?), au3bkouacToTHHMIA B mianaszoni 0,04-0,15 'y (LF, Mc?) Ta HaIHU3bKOYACTOTHHI
xoMroHeHT crektpy CP B miamaszoni 0,003-0,04 T'm (VLF, mc?). OkpiM IIb0T0, pPO3paxoByBaiy
BIJICOTKOBHI BHECOK KOXKHOTO i3 yacTOoTHHX KommoHeHTiB cnekrpy y TP (HF, LF ta VLF%) Ta
noka3Huk innexcy nenrpatizanii (IC%), sk Binnomenns VLF% + LF% / HF% [20, 24].

[Moxazuuku BCP peectpyBayicst BpaHIli, HaTIIECEPIIE Y ITOJIOKEHHI Jiexauu Mmiciist 10-XBUITMHHOT
ajanTarii 1o yMoB peectparii. Sk (GOHOBI MOKa3HUKN BUKOPUCTOBYBAJIH PE3YJIbTAaTH OCTaHHIX 5 XB
3ancy. Hanani 3anuc kapaioiHTepBaliiB POBOAMIM Y MOJIOXKeHH1 cTostun (6 XB.) 11st aHAi3y Opayn
MOKa3HUKU OCTaHHIX 5 XB. AHai3 Ko>kHOTO Moka3Hrnka BCP npoBoauim y BiAMOBIIHOCTI JI0 Cy4acHUX
VSIBIICHB TIPO POJIb CHMIIATUYHOTO Ta MapacuMIaTuaHoro Binainy AHC, migkopKoBOro eHTpy CeprieBo-
CYIMHHOT CHCTEMH Ta OUIBII B BUCOKOTO PIBHS YIIPaBIiHHS (i3ionorivaumMu GyHKitismu [25, 26].

CratucTuuHU aHaN3 JaHUX MPOBOJUBCS 3a JTOTIOMOTrOI0 Tporpamu Statistica 64, v12.
[lepeBipky Ha HOPMAaJIBHICTh PO3MOJLTY JaHUX MPOBOJMINA 3 BUKOPUCTaHHAM Kpurtepito [amipo-
Vinki. JIocTOBIpHICTD PI3HUIL MDK BHOIpKaMH, JIaH1 SKUX HE MOTPAIUIUIN MiJl 3aKOH HOPMaJIbHOTO
pO3MOAUTY BHU3HAYAIM 3 BUKOPHCTAHHSIM KpHUTEpiiB YiUIKOokcoHa Ta MaHHa-YiTHI. 3HAYUMICTh
BIPOTIAHMX 3Ha4YeHb NpuiiManack Ha piBH1 p<0,05.

PesyabTaT gocaimkenHs ta ix odrosopenHs. J{ocnimkenns BCP ta XCCP y roHakiB 3a
YMOBH BUKOHaHHS OPTOCTaTWUYHOI MpoOM  03BOJSE JaTh OUIbII  JIETAJbHY  OI[IHKY
(GYHKIIOHATTBHOMY CTaHy CepIEBO-CYIUHHOI CHCTEMH, PETYIITOPHUM Ta PE3EPBHUM MOKIIUBOCTSIM
opranizmy (yroomictiB. Anani3z moka3HukiB BCP mpoBoaunu y BIAMOBIZHOCTI 10 Cy4acHHX
VSIBJIEHb TIPO y9aCTh CUMITATUYHOTO Ta MapacUMIIATHYHOTO BiIJILTY, & TAKOXK TIIKOPKOBOTO IIEHTPY
CepLEBO-CYMHHOI CHUCTEMHU Ta OUIbII BHUCOKOTO PIBHS YNpaBIiHHS (i310J0TTYHUMH (YHKIISIMU
[20]. e BinkpuBae HOBI IarHOCTUYHI MOKJIMBOCTI JUIsl KOHTPOJIIO 1 YIPaBIiHHSA (PYHKIIIOHAIBHUM
CTaHOM, Pperyjslii aJanTUBHUMHU pEaKkUiiMHU, PE3EPBHUMU MOXKJIMBOCTSIMH OpraHisMy Ta
CBO€YACHOI OIIHKA HECTIPUSTIUBHUX 3MiH B OpraHi3Mi CIIOPTCMEHA.

XapakTepucTHKa CIOPTCMEHIB TTOKa3aa, 10 CepeaHii BiK I0HaKIB cTaHOBUB 18,7+0,2 pokiB
(cTax 3aHATH 6,2+0,2 pokiB), a mimmiTKIB 12,6+0,2 pokiB (cTax 3aHsaTh 4,24+0,2 pokiB). 3a qaHUMHU
BCP meniana YCC y ronakiB Oyma 62,2 [58; 66] yn/xB., a y mimmitkiB - 75,7 [67; 85] yn/xB. Y Bcix
CIIOPTCMEHIB Yy TMOJIOXKEHHI JIeKayu IepeBa)kajia MapacuMIaTHYHA JIaHKa aBTOHOMHOI HEpBOBOIi
cuctemu (AHC), mo miarBepkyroTh 3HadeHHs iHaekcy LF/HF. ¥V ronakie mokazuuk LF/HF
cranosuB 0,62 [0,5; 0,8] y.o., a y mimritkiB - 0,95 [0,8; 1,2] y.o. PesyapTaTu nociimkenns BCP ta
XCCP criopTcMeHIB I0OHAKIB Ta MTITKIB M1 YaC BUKOHAHHS OPTONPOOH MpeAcTaBieH] y Tadmmii 1.

Taomumsa 1
Pesynbratu (Me [25%;75%]) BapialiiiHiX Ta CIEKTPaIbHUX XapaKTEPUCTUK CEPLIEBOTO PUTMY
y toHakiB (N = 23) ta miptitkiB (N = 23) npu BAKOHAHHI OPTOCTATHYHOT IPOOH

JocnimkyBaHi RR, HR, SDNN, SI, TP, LF/HF y.o.
MOKa3HUKHU Mc yaxst MC H.O. Mc?

Norcam 967,9 622 | 743 55,5 5393,4 0,62

[1029; 1193] | [58; 66] | [67;89] | [31;58] | [4929;7336] | [0,5; 0,8]

Onacn | Crosm 682,4 881 | 549 | 1581 3010,7 514
[829; 914] | [76;92] | [39; 63] | [98; 194] | [2399; 3782] | [4,3; 6,3]

% +29 +42 -26 +187 -54 +729

P 0,004 0,003 | 0,016 | 0,017 0,016 0,008

Mexcant 7894 757 | 709 737 4268,7 0,95

[929; 893] | [67;85] | [63;89] | [61;88] | [3919;5736] | [0,8;1,2]

—_ c 612,4 985 | 475 | 1708 2985,5 2.9
yTkn | LTOMIH | r5o9- 7141 |[76; 107] | [39; 53] | [108; 204] | [1899; 3298] | [2,1:4,8]
% -23 +29 -44 +129 - 30 +204

P 0,006 0,007 | 0,026 | 0,013 0,014 0,028
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VY nochipkeHHI MiUTITKIB Ta IOHAKiB BHUABWIM 3HAYHY IHAWBIAyaJbHY BapiaTUBHICTbH
nokasaukie BCP. Hampuknan, nokasnuk Sl xomuBaBcs B mexax Bin 22 ao 137 H.0., a LF/HF —
0,9 - 8.6 H.0. Ilepm 3a Bce, HeoOximHO BimMituTH, MmO nokasHuku SI Ta LF/HF y nHamumx
oOcTexxyBaHuX OyiiM 3HAYHO HIDKYi, HDK Y 3II0pOBHX OCiO, siki 3ampornonyBaB Nunan rta in. [23].
B iHmii po0OTi MokazaHo, 10 BaroToHis MOKe BITOMBATH 3HIDKSHHSI Peakiil Ha eMOIiiHI cTuMyiu [5].
Ta He muBIsiUMCH Ha Te, 1O jgiarHocTuyHi MoxumBocTi SI ta LF/HF me oGroBoprorothest 0yiio
BCTaHOBJICHO X CHJIBHHMH 3B’SI30K 13 3aXBOPIOBAHHIMH CEPIEBO-CYIMHHOI CHCTEMH L€ A0 HaM
MiZICTaBU PO3AUTHTH 0OCTE)KYBaHUX 33 IUMH MMOKa3HUKAMH Ha TUNOJOTIUHI rpym [20].

Kpim TOrO, BpaxoBylOUM TEOpEeTHYHi ysBieHHS [21] mpo HasABHICTh NEHTPAJIHHOTO Ta
aBTOHOMHOTO KOHTYpPY B YIPaBJiHHI MeEXaHI3MamMH peryislii pe3epBHUMHU MOXJIMBOCTIMU
CEepIEBO-CYAMHHOT cucTeMHu, a Takox Te, mo Sl ta LF/HF BusiBunucs HaiOuIhIn JTaOUTBHUMU HA
poOy OpTOCTa3y MU 3a HUMU MOKa3HUKAMU BUAUTWIM TUIIM perysinii (Tadm. 2).

Tabmuus 2
KinpkicHi Ta SIKICHI XapaKTepUCTUKU ITPU BUKOHAHH1 OPTONpoOH

No T o . SI LF/HF
WII PEeryJIsLii YHKIIIOHAJIbHA XapaKTEpPUCTHKA JENSR—. R — — ———

/11

Bupaxxena axTtuBailisi I[EHTPAILHOTO

1 Bupaxenuit KOHTYpy Ta chMmmato-aipemanosoi | >101 >106 >2,5 >7,6

HCHTpabHHL maukn AHC.
. . |IlomipHa akTuBaIiss IEHTPATHLHOTO
p | Momiprmit | by Ta  cnMmaro-anpenanosoi | 81-100 | 91-105 |1,9-2,4 |5,6-7,5
LIEHTpaJIbHUI

manku AHC.

bamanc axkTMBHOCTI aBTOHOMHOTO Ta
3 | OnTUMaNbHUM |IEHTpalbHOTO  KOHTYpYy, cmMmmaro-| 60-80 | 75-90 |1,2-1,8|3,6-5,5
BarajgbHO1 TJaHOK peryssinii AHC.
[Tomipra  akTuBalis  aBTOHOMHOTO

4 HOMIPHHHV KOHTYpY Ta napacummnatuunoi yankm | 40-59 | 50-74 | 0,6-1,1 [1,6-3,5
ABTOHOMHHI
peryisiii AHC.
T N— Bupaxkena akTuBailis aBTOHOMHOTO
5 P . |KOHTYpY Ta mapacUMIATHYHOI JlaHku | <39 <49 <0,5 <15
ABTOHOMHHI
peryisiii AHC.

Buxomumu 3 toro, mo SI xapakrepusye CTymiHb OanaHcy, abo JAOMIHYBaHHS
ABTOHOMHUX/IICHTPAIIbHUX MEXaH13MIB peryisiii ¢i3ionoriyHuMH pe3epBami, a mokasHuk LF/HF —
HaJla€ TepeBary akTUBHOCTI CHUMIATMYHOTO Haja mnapacummnatuyHuM Bigauviom AHC [20] mu
3aMponoHyBalld 10 ONTHUMAJIBHOTO THUIY peryisnii BimHectu 3HaueHHs SI B mexax 60-80, a
LF/HF - 1,2-1,8. Ile cBiquuTh Mmpo Te, U0 MPH BUKOHAHHI OPTOMPOOU y perymsiii pe3epBHUMHU
MO>XKJIMBOCTSIMH  CIIOCTEpiraBcsi 0OalaHC aKTUBHOCTI aBTOHOMHOTO Ta LEHTPAJbHOTO KOHTYPY
ynpasiniHHsa CP, a takoxx Baro-cummnatudnoi B3aemonii AHC. IlomipHa akTuBallisi aBTOHOMHOTO
KOHTYpY Ta nepeBara napacuMnatudsoi janku peryisinii AHC Binnosigana 3naueHHsM SI B mexax
40-59, a LF/HF nopisntoBana 0,6-1,1. B pasi 3umwxkenns SI go 39, a LF/HF no 0,5 1 menmie Taki
3MIHM MU BBaXKaJH, SIK BUPAXEHY aKTHBAIlll0 aBTOHOMHOTO KOHTYPY Ta MapacHUMMAaTHYHOI JIAHKH
perymsauii AHC. ¥V pasi ninsumenus SI no 81-100, a LF/HF no 1,2—1,8 Mu BBaXkanu sk MOMIpHY
aKTUBAIlI0 [EHTPAJIHLHOTO KOHTYPY YIpPaBIIHHA Ta cummaro-aapenanoBoi manku AHC. Ocobwu, y
SKUX TPU BUKOHAHHI OPTOMPOOM CIOCTEepIraaud BUPAKEHY AaKTHBAIlIIO IEHTPATLHOTO KOHTYPY
yIpaBliHHSA Ta cuMnato-aapeHaioBoi naHku AHC, a 3nauenns SI Oimbimre, HDK 101 1
cruiBBinHomeHHss LF/HF 6inbiie, ik 1,8 Oyau BigHeceH! JO BUPAXEHOTO LEHTPAIBLHOTO THITY
pErynilii pe3epBHUMHU MOKIMBOCTSMHU CEPIIEBO-CYTUHHOT CUCTEMHU.
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3anporonoBana knacuikamis Tumis peryssmnii CP no3Boisie mpoBecT (i3i0NIOTIYHY OLIHKY
PE3EpPBHUX  MOKIMBOCTEH  CEPIEBO-CYIMHHOT CHUCTEMH 32 KUIBKICHUMH Ta  SIKICHUMH
XapaKTepUCTUKAMU peakilii KapaioiHTepBasorpadii Ha opTonpody y Tpynax MiUTITKIB Ta IOHAKIB
(Tabmn. 3 ta puc. 1).

Tabmuus 3
Posznonin o6ctexxyBanux (%) MiAIIITKIB Ta FOHAKIB HA THITHA PETYIALIi CEPIIEBOTO PUTMY
32 yMOBHY BHKOHAHHS OPTONPOOH

Tunm perynsii Mimnitkn Onaku
JexXaun CTOSIYU Jlexaun Crostun
Bupaxxenuii neHTpanbHuit 7 5 3 1
[TomipHuit HeHTpaTbHUM 24 21 17 12
OntumansHAN 35 35 38 41
[TomipHMiT aBTOHOMHHI 24 27 29 30
Bupaxxennii aBTOHOMHHUI 10 12 13 16

Posnonin oOctexxyBaHWX Ha THNW perynsiii moka3as, mo y 30% roHaKiB mpu BUKOHAHHI
opTonpoOu pe3epBHI MOKJIMBOCTI CEPIEBO-CYAMHHOI CHUCTEMH XapaKTepU3yBajHCs MOMIPHOIO
aKTUBAIlII0O AaBTOHOMHUX, a aia 41% oO0cCTeXyBaHMX BHSIBUIM ONTHMAJbHE CIIBBIIHOIICHHS
aBTOHOMHHUX 1 ILEHTpaJbHUX MexaHBBMIB perymsauii. Ha ngymxky Inpina B.M. Ta
KopoGeitnikoBa, I'.B. B pa3i mepeBaru aBTOHOMHHMX MEXaHI3MIB pEryasilii y CHIIy BHUCOKHX
pE3epBHUX MOMKJIMBOCTEH Ta iX IUIACTUYHOCTI TMOJETUIYEThCSl MPHUCTOCYBaHHS JO YMOB
cepefoBHIa Ta XUTTeALUIbHOCTI [9, 17]. V 16% I0HaKiB BCTaHOBWJIM BHpa)XEHY IepeBary
aBTOHOMHUX MexaHi3MIB perynsanii CP. Toxai sk 5% niAniTKIB Mald pe3epBHI MOXKIHUBOCTI
CepLEBO-CYMHHOI CHUCTEMH 3 BHUpakeHUM, a 21% mnomipHUM [OMIHYBAaHHSAM IIEHTPAIbHUX
MexaHi3mi perymsmii. Y 35% mniuiiTkiB BCTAHOBJIEHO ONTHUMAJbHUM, TUI PETYJALIl pe3epBHUX
MOXJIMBOCTEH CEPIICBO-CYAMHHOI CHCTEMH, III0 3HAYHO HIDKYE, HDK Yy IOHaKiB. PesepsHi
MOXJIMBOCTI MIUIITKIB 3 JOMIHYBaHHSIM moMipHOi (27%) Tta Bupaxkenoi aktubamii (12%)
aBTOHOMHUX MexaHi3MIB perymanii CP xapakrepusyBaBcs Hu3bkuMu 3HaueHHsAMU SI 1 LF/HF.
OyHKIioOHANBHI pe3epBU 5% MiAIITKIB 3 BHPAKEHOIO AaKTHBAIIEI0 LEHTPAJbHUX MEXaHI3MIB
perymsauii CP mig yac BUKOHaHHS OPTONPOOM XapaKTepU3yBaIMCA BHUCOKMMHU 3HaueHHsMHU Sl Ta
LF/HF, mo cBiguuiio mpo Ae3perysiiiio MexaHi3MiB peryisiii (puc.l).

OTxe, pe3ynbTaTH sIKI MU OTPUMAQJM BKa3ylOThb Ha BHCOKI JIarHOCTUYHI MOJKJIMBOCTI
TEJIEeMETPUYHUX CHCTEM II0JI0 BUSBJICHHS OcoOnMBOCTEH (hopMyBaHHs (i310JIOTIYHUX PE3EpBIB
Ta PEryasTOPHUX MEXaHI3MIB CepLEeBO-CYJMHHOI CHUCTEMH Yy MIUITKIB Ta IOHaKiB 3a
MMOKa3HUKAMHM BapialliiHOI Ta CIEKTpaJbHOI KapaioiHTepBasnorpadii. BumiieHHs nmimIiTKiB Ta
IOHaKIB B OKpeMi IHJMBiIyallbHI TPYNU 3a TUIAMHU PETYIALil aJalTUBHUX Peaki(iii MOXyTh OyTu
BUKOPUCTAaHI y TMPAKTUYHIA ASUTBHOCTI JIKaps 3 METOI0 OIIHKH aJalTHBHOTO pPEe3epBY
00CTEe)KyBaHUX.

B po6ori, sika omy6mikoBana Shaffer F. u Ginsberg, J. P. 3ragyerbcs, 1mo Outbin BUCOKHI
piBerb SI ta LF/HF mnoB’s3yioTh 3 MaTOJNOTIYHMMM cTaHaMu Ta 31 cMeptHicTio [15]. Jlikapi Ta
TPEHEePChK1 KOJIEKTUBH Y 3[IHCHEHI MEIWYHOI eKCHEepTHU3M 3a CTaHOM aJanTalidHuX MPOIEeCiB
¢yTOO0iCTIB KOMaHIU IMOBUHHI HAJaBaTH TEJIIEMETPUYHOMY KOHTPOJIIO 3a mNokasHukamu BCP
HaJllexkHy yBary. Ternemynbcomerpis € iHGOPMAaTHMBHMM Ta YYDIMBUM I1HJAWKAaTOPOM CTaHIB
amanranii/ne3aganranii. Jlana Mertoanka Moxxe OyTH PEKOMEHIOBAHUM JUIs 3A1HCHEHHSI MEIUYHOTO
KOHTPOJIIO CIIOPTCMEHIB, OLIHKM CTaHy iX Pe3epBHUX MOKIUBOCTEH, PU3HKIB CEpLEBO-CYJIUHHUX
posnazgiB Ta XBopoOHu. Takum KpuTepisiMm, 3a pe3ylibTaTaMH Hamoi poOoTH, BiamoBigaooTs SI Ta
LF/HF 3a yMOBHM BUKOHaHHS OPTOCTaTMYHOI MPOOH, SIKi € HaJAIHHUMH MapKepaMH JOCIiKeHHs U
OLIIHKU PE3ePBHUX MOXIINBOCTEH 00CTEKYBaHHX.
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Puc. 1. Po3nonain oOcTexxyBaHUX MIJUTITKIB Ta FOHAKIB HA TUIHM PETYIALIl
3a MOKa3HUKaMU peakilii kapaioiHTepBaorpadii Ha opTonpooy.

BucHoBkmu:

1. Tlpu BUKOHaHHI OPTONMPOOH 3a TUHAMIKOIO MOKA3HUKIB CTPEC-IHACKCY Ta CHMIIaTO-BaraJlbHOTO
OaylaHCy y IOHAKiB BCTAHOBJICHI BHIMI (hi310J0TIUHI pe3epBHU, a MEXaHI3MH PETYIIAIii aBTOHOMHOI HEPBOBOT
cuctemun (AHC) xapakrepu3yBaiucCs ITiIBHINCHOI AaKTHUBAIlIEI0 aBTOHOMHOTO KOHTYPY YIIPaBIiHHS Ha
Ma3yxo-TmepecepaHuil By30J ceplis Ta 3HWKECHHM BIUTMBOM BUINMX BECTATHBHUX IEHTPIB HA MMiIKIPKOBHUI
LEHTP, HIK Y MiTITKIB.

2. Ilpu BuKOHAHHI OpTONPOOU 32 JMHAMIKOIO MOKA3HUKIB cTpec-inaekcy (SI) Ta iHmekcy cummaTo-
BaranpHOro Oanancy (LF/HF) y roHakiB Ta miuTiTKiB BCTAHOBIIEHI Pi3HI THIIONOTIYHI BapiaHTH pe3epBHUX
MOKJIBOCTEH PEryIsaTOpHUX peakiliii Ha ceprieBuii putM (CP).

3. OOctexyBaHi 3 NOMIHYBaHHSM TIOMIpHOI Ta BHUPa)XKCHOI aKTHBAIlli aBTOHOMHHUX MeEXaHI3MIB
perymsii CP xapakrepusyBamnucst an3pkumu 3HaderassMu SI 1 LF/HF.

4. OOcrexyBaHi, ski Oynmu BigHECEHI MO Tpymu 3 TOMIPHOIO Ta BHUPAXKEHOI AaKTUBAIIEIO
HEeHTpadbHUX MexaHi3MiB perymsmii CP xapakrepusyBanucs BucokuMu 3HadeHHsMH SI i LF/HF Ta
HWKYMMH TTOKa3HHKAMH PE3CPBHHX MOXIUBOCTEH. Y HHX 4YaCTillle IiJi 4Yac BHKOHAHHS OPTONPOOH
BHSIBISLITHICH TTapajiokcaibHi peakiiii BCP ta ne3perymsimist amanTamiiHX MEXaHi3MiB 1 pU3HUK 3aXBOPIOBAHb.

Cnucox BUKOPHCTAHOI JiTepaTypu
1. I'puropsn, P., & Carau, B. (2017). Konuenuis ¢isionoriuanx cynepcucrem: HoBa ¢asa iHTerparuBHoi
disionorii. @izionoeiunuil scypnan, 63(3), 58-67.
2. Ywmmop, k., & Kocrwmwr, . (2001). @usuonocuss cnopma u odsucamenvroti axmuenocmu. Yueo.
nocobue. OnuMIuicKas IuTeparypa.
3. Amanacenko, I'., & Kozakeuu, B. (2004). Ouinka ¢isugHOro 310poB’s aiTei i mimniTKiB. Meduunuil
sceceim, 4(1), 94-106.
[TnaroHos, B. (2021). Cyuacna cucmema cnopmuenozo mpernysanns. llepiua apykapHs. 672 c.
Hopodeesa, O. (2016). KommiekcHa omiHka Ta KOpeKLis (YHKIIOHAIBHOTO CTaHy 1 pe3epBHUX MOKIIMBOCTEH
Oprasi3my crioprcMeHiB. Cnopmusna meouyuna, Qizuuna mepanis ma epeomepanis, (2), 25-30.
6. Kosanenko, C. O., & Kyaiii, JI. L. (2016). Bapiabenvricms cepyesoco pummy: Memoo. acnexmu. YHY
im. b. XmenpHunpkoro. 298 c.

o s

146



Cepis «bionoriuni Haykny», 2024

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kopneesa, 1., & Tlonskos, C. (2002). OpTocTatuyHe TeCTyBaHHS B OIiHIN (h)YHKIIIOHAIEHOI TOTOBHOCTI
FOHUX CHOPTCMEHIB. Teopis ma npakmuka ¢izuunoi kynemypu, (2), 9-12.

Mimenko, B. C., Kopobeiinikosa, JI. I'., & KopobGeiinikos, I'. B. (2017). Icuxodiziomoriunuii crau
BHCOKOKBaNi(DiIKOBAaHMX CIOPTCMEHIB 3 PI3HUM pIBHEM HEHpOIUHAMIYHMX QYHKUIH. Bicnux
Yepracwvkoeo yuisepcumemy. Cepis: Bionoziuni nayxu, (2), 45-53.

Korabeynikov, G., Korobeynikova, L., Potop, V., Nikonorov, D., Semenenko, V., Dakal, N., &
Mischuk, D. (2018). Heart rate variability system in elite athletes with different levels of stress
resistance. Journal of Physical Education and Sport, (79), 550-554.

Nelson, R. J. (2005). Biology of Aggression. Oxford University Press. 451 p.

Shaffer, F., & Ginsberg, J. P. (2017). An Overview of Heart Rate Variability Metrics and Norms.
Frontiers in Public Health.

Nunan, D., Sandercock, G. R., & Brodie, D. A. (2010). A quantitative systematic review of normal
values for short-term heart rate variability in healthy adults. Pacing Clin Electrophysiol.

Samokish, 1., Bosenko, A., Pryimakov, O., & Biletskaya, V. (2017). Monitoring system of functional
ability of university students in the process of physical education. Central European Journal of Sport
Sciences and Medicine, 17(1), 73-78.

Serra-Grima, R., Carri6, M., Subirana, M., Berna, L., & Prat, T. (2000). Marked ventricular
repolarization abnormalities in highly trained athletes' electrocardiograms: Clinical and prognostic
implications. J. Am. Coll. Cardiol., 36(4), 1310-1316.

Shaffer, F., & Ginsberg, J. P. (2017). An Overview of Heart Rate Variability Metrics and Norms.

Frontiers in Public Health, 5. https://doi.org/10.3389/fpubh.2017.00258

So6nyaanckuii, H. U., & Mapteenko, A. B. (2010). Bapuabenvrocms cepoeunozo pumma 8 nomoussb
npaxmuveckomy eépayy. Jljis HacToAMX Bpauen. https://core.ac.uk/download/pdf/46586473.pdf

Ilyin, V. N., Filippov, M. M., & Sosnovskiy, V. V. (2017). Ttraining of the athletes with use of hypoxic
conditions. Bicnux Qepkacokozo ynisepcumemy, cepisa «bBionoziuni naykuy, (2), 11-26.

Cocuoscekuii, B. B., Tlacryxosa, B. A., ®iminos, M. M., & Inein, B. M. (2018). Awnaimis cmekrpis
TTOTYKHOCT1 BapiaOeTbHOCTI CEPIIEBOTO PUTMY Y CHOPTCMEHIB ITiJT Yac MOYaTKOBOI aJamTaIlii 10 yMOB
ripcekoi rimokcii. Science and Education a New Dimension. Natural and Technical Sciences, 4(186), 42-44.

Mikhalyuk, E. L., Didenko, M. V., & Malakhova, S. M. (2014). Features of autonomic regulation of
heart rate, central hemodynamics and physical performance in Short-distance runners. Zaporozhye
Medical Journal, (2). https://doi.org/10.14739/2310-1210.2014.2.25430

Malik, M., Bigger, J. T., Camm, A. J., Kleiger, R. E., Malliani, A., Moss, A. J., & Schwartz, P. J.
(1996). Heart rate variability: Standards of measurement, physiological interpretation, and clinical use.
European Heart Journal, 17(3), 354-381. https://doi.org/10.1093/oxfordjournals.eurheartj.a014868

West, B. J., & Turalska, M. (2019). Hypothetical Control of Heart Rate Variability. Frontiers in
Physiology, 10. https://doi.org/10.3389/fphys.2019.01078

Bocenko, A. L., bopmenko, B. B., Tomuiit, M. C., & lllasinina, A. O. (2017). Ctan MexaHi3Mi perymsitii
KapAiopuTMy y AiB4aT 7-16 poKiB MpOTATOM HABYAHHS B IIKOMi. BicHuk npobiem 0ionocii i MeouyuHu,
2(136), 359-401.

Nunan, D., Sandercock, G. R. H., & Brodie, D. A. (2010). A quantitative systematic review of normal
values for short-term heart rate variability in healthy adults. Pacing and Clinical Electrophysiology,
33(11), 1407-1417. https://doi.org/10.1111/j.1540-8159.2010.02841.x

Lehrer, P. M., & Gevirtz, R. (2014). Heart rate variability biofeedback: How and why does it work?

Frontiers in Psychology, 5. https://doi.org/10.3389/fpsyg.2014.00756

Perrotta, A. S., Jeklin, A. T., Hives, B. A., Meanwell, L. E., & Warburton, D. E. R. (2017). Validity of
the elite HRV smartphone application for examining heart rate variability in a field-based setting.
Journal of Strength and Conditioning Research, 31(8), 2296-2302.
https://doi.org/10.1519/js¢.0000000000001841

Hamaideh, S. H., Al-Omari, H., & Al-Modallal, H. (2016). Nursing students’ perceived stress and
coping behaviors in clinical training in Saudi Arabia. Journal of Mental Health, 26(3), 197-203.
https://doi.org/10.3109/09638237.2016.1139067

References
Grigoryan, R., & Sagach, V. (2017). The concept of physiological supersystems: A new phase of
integrative physiology. Physiological Journal., 63(3), 58-67. (in Ukr)

147


https://doi.org/10.3389/fpubh.2017.00258
https://core.ac.uk/download/pdf/46586473.pdf
https://doi.org/10.14739/2310-1210.2014.2.25430
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://doi.org/10.3389/fphys.2019.01078
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.3389/fpsyg.2014.00756
https://doi.org/10.1519/jsc.0000000000001841
https://doi.org/10.3109/09638237.2016.1139067

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

2.

o~

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Wilmore, J., & Costill, D. (2001). Physiology of sport and motor performance: A textbook. Olympic
Literature. (in Rus).

Apanasenko, G., & Kozakevych, V. (2004). Assessment of physical health of children and adolescents.
Medical universe, 4(1), 94-106. (in Ukr)

Platonov, V. (2021). Modern system of sports training. First printing house. 672 p. (in Ukr)

Dorofeeva, O. (2016). Comprehensive assessment and correction of the functional state and reserve
capacities of the athletes' body. Sports medicine, physical therapy and ergotherapy, (2), 25-30. (in Ukr)
Kovalenko, S. O., & Kudiy, L. I. (2016). Heart rate variability: Methodological aspects. Khmelnytsky
National University. 298 p. (in Ukr)

Korneeva, I., & Polyakov, S. (2002). Orthostatic testing in the assessment of functional readiness of
young athletes. Theory and practice of physical culture, (2), 9-12. (in Ukr)

Mishchenko, V. S., Korobeynikova, L. G., & Korobeynikov, G. V. (2017). Psychophysiological state of
highly skilled athletes with different levels of neurodynamic functions. Bulletin of Cherkasy University.
Series: Biological sciences, (2), 45-53. (in Ukr)

Korobeynikov, G., Korobeynikova, L., Potop, V., Nikonorov, D., Semenenko, V., Dakal, N., &
Mischuk, D. (2018). Heart rate variability system in elite athletes with different levels of stress
resistance. Journal of Physical Education and Sport, (79), 550-554.

Nelson, R. J. (2005). Biology of Aggression. Oxford University Press. 451 p.

Shaffer, F., & Ginsberg, J. P. (2017). An Overview of Heart Rate Variability Metrics and Norms.
Frontiers in Public Health.

Nunan, D., Sandercock, G. R., & Brodie, D. A. (2010). A quantitative systematic review of normal
values for short-term heart rate variability in healthy adults. Pacing Clin Electrophysiol.

Samokish, 1., Bosenko, A., Pryimakov, O., & Biletskaya, V. (2017). Monitoring system of functional
ability of university students in the process of physical education. Central European Journal of Sport
Sciences and Medicine, 17(1), 73-78.

Serra-Grima, R., Carrio, M., Subirana, M., Berna, L., & Prat, T. (2000). Marked ventricular
repolarization abnormalities in highly trained athletes' electrocardiograms: Clinical and prognostic
implications. J. Am. Coll. Cardiol., 36(4), 1310-1316.

Shaffer, F., & Ginsberg, J. P. (2017). An Overview of Heart Rate Variability Metrics and Norms.
Frontiers in Public Health, 5. https://doi.org/10.3389/fpubh.2017.00258

Yabluchansky, N. I., & Martynenko, A. V. (2010). Heart rate variability to help the practical doctor. For
real doctors. https://core.ac.uk/download/pdf/46586473.pdf (in Rus)

llyin, V. N., Filippov, M. M., & Sosnovskiy, V. V. (2017). Training of the athletes with the use of
hypoxic conditions. Bulletin of Cherkasy University, series "Biological Sciences", (2), 11-26.
Sosnovskiy, V. V., Pastukhova, V. A., Filippov, M. M., & llyin, V. M. (2018). Analysis of power
spectra of heart rate variability in athletes during initial adaptation to mountain hypoxia. Science and
Education a New Dimension. Natural and Technical Sciences, 4(186), 42-44. (in Ukr)

Mikhalyuk, E. L., Didenko, M. V., & Malakhova, S. M. (2014). Features of autonomic regulation of
heart rate, central hemodynamics and physical performance in Short-distance runners. Zaporozhye
Medical Journal, (2). https://doi.org/10.14739/2310-1210.2014.2.25430

Malik, M., Bigger, J. T., Camm, A. J., Kleiger, R. E., Malliani, A., Moss, A. J., & Schwartz, P. J.
(1996). Heart rate variability: Standards of measurement, physiological interpretation, and clinical use.
European Heart Journal, 17(3), 354—381. https://doi.org/10.1093/oxfordjournals.eurheartj.a014868

West, B. J.,, & Turalska, M. (2019). Hypothetical Control of Heart Rate Variability. Frontiers in
Physiology, 10. https://doi.org/10.3389/fphys.2019.01078

Bosenko, A. I., Borshchenko, V. V., Topchiy, M. S., & Shavinina, A. O. (2017). The state of the
mechanism of cardiac rhythm regulation in girls aged 7-16 years during school. Bulletin of problems of
biology and medicine, 2(136), 359-401. (in Ukr)

Nunan, D., Sandercock, G. R. H., & Brodie, D. A. (2010). A quantitative systematic review of normal
values for short-term heart rate variability in healthy adults. Pacing and Clinical Electrophysiology,
33(11), 1407-1417. https://doi.org/10.1111/j.1540-8159.2010.02841.x

Lehrer, P. M., & Gevirtz, R. (2014). Heart rate variability biofeedback: How and why does it work?
Frontiers in Psychology, 5. https://doi.org/10.3389/fpsyg.2014.00756

148


https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.14739/2310-1210.2014.2.25430
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://doi.org/10.3389/fphys.2019.01078
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.3389/fpsyg.2014.00756

Cepis «bionoriuni Haykny», 2024

25. Perrotta, A. S., Jeklin, A. T., Hives, B. A., Meanwell, L. E., & Warburton, D. E. R. (2017). Validity of
the elite HRV smartphone application for examining heart rate variability in a field-based setting.
Journal of Strength and Conditioning Research, 31(8), 2296-2302.
https://doi.org/10.1519/jsc.0000000000001841

26. Hamaideh, S. H., Al-Omari, H., & Al-Modallal, H. (2016). Nursing students’ perceived stress and
coping behaviors in clinical training in Saudi Arabia. Journal of Mental Health, 26(3), 197-203.
https://doi.org/10.3109/09638237.2016.1139067

Khomenko S.M., Liu M.V. PECULIARITIES OF FORMATION OF FUNCTIONAL
RESERVES OF THE CARDIOVASCULAR SYSTEM OF ADOLESCENTS AND YOUNG MEN

The aim of the study is to find out the peculiarities of the formation of physiological reserves and
regulatory mechanisms of the cardiovascular system in adolescents and young men by the indicators of
variation and spectral cardiac intervalography.

The orthostatic test in the studied adolescents and young men resulted in statistically significant changes
in HRV parameters. In the standing position, R-R, SDNN, TP indices statistically significantly decreased, and HR,
Sl and LF/HF increased compared to the values recorded in the horizontal position. In young men, changes in
HRV and HRVC during the orthotest were significantly higher than in adolescents. Thus, in adolescents, there
was a statistically significant increase in HR, SI and LF/HF, respectively, by 23%, 129% and 204%. In young
men, this response was more pronounced and corresponded to 29%, 187% and 720%.

In the study of adolescents and young men, significant individual variability in HRV indices was
found. Sl ranged from 22 to 137 conventional units, and LF/HF from 0.9 to 8.6 conventional units.

Moderate activation of the autonomic circuit and the predominance of the parasympathetic link of
the autonomic nervous system regulation corresponded to Sl values in the range of 40-59, and LF/HF was
0.6-1.1. In case of Sl decrease to 39 and LF/NF to 0.5 and less, such changes indicated a pronounced
activation of the autonomic circuit and the parasympathetic link of the autonomic nervous system regulation.
An increase in Sl to 81-100 and LF/HF to 1.2-1.8 indicated a moderate activation of the central control
circuit and the sympathetic-adrenal link of the autonomic nervous system. Persons with a pronounced
activation of the central control circuit and the sympathetic-adrenal link of the autonomic nervous system,
and a Sl value of more than 101 and an LF/HF ratio of more than 1.8 were attributed to a pronounced
central type of regulation by the reserve capacity of the cardiovascular system.

The division of the subjects into types of regulation showed that in 30% of young men during the
orthotest, the reserve capabilities of the cardiovascular system were characterised by moderate activation of
autonomic mechanisms, and for 41% of the subjects, the optimal ratio of autonomic and central regulatory
mechanisms was found.

A pronounced predominance of autonomic mechanisms of HR regulation was found in 16% of young
men. Whereas 5% of adolescents had reserve capacities of the cardiovascular system with a pronounced and
21% moderate dominance of central regulation mechanisms. In 35% of adolescents, the optimal type of
regulation of cardiovascular reserve capacity was established, which is significantly lower than in young
men. The reserve capacity of adolescents with the dominance of moderate (27%) and pronounced activation
(12%) of autonomous mechanisms of HR regulation was characterised by low values of SI and LF/HF.
Functional reserves of 5% of adolescents with marked activation of central mechanisms of HR regulation
during the orthotest were characterised by high values of SI and LF/HF, which indicated dysregulation of
the regulatory mechanisms.

Thus, the results obtained indicate high diagnostic capabilities of telemetry systems for identifying
the peculiarities of the formation of physiological reserves and regulatory mechanisms of the cardiovascular
system in adolescents and young men by the indicators of variation and spectral cardiac intervalography.
The allocation of adolescents and young men into separate individual groups according to the types of
regulation of adaptive reactions can be used in the practical activity of a doctor to assess the adaptive
reserve of the examined.

Key words: young men, adolescents, heart rate variability, spectral rhythmography, autonomic
nervous system, orthoprobe, functional reserves.

Opnep:kaHO peaKiIliero: 13.04.2024
[puiinsaTto no myOmikauii:  22.05.2024

149


https://doi.org/10.1519/jsc.0000000000001841
https://doi.org/10.3109/09638237.2016.1139067

ISSN 2076-5835. Bicauk Yepkacskoro yHiBepcutery. 2024. Nol

V]IK 612.13
DOI: 10.31651/2076-5835-2018-1-2024-1-150-156

Poman AnarodaiiioBuny Llurannmnk
UYepkachbkuii HaIliOHAJTEHUN YHiBepcUTeT iMeHi bornana XMelpbHUIIBKOTO
roma.tsygannyk@gmail.com
ORCID: https://orcid.org/0000-0001-7955-7343
CranicaaB Oaexcanaposuu Kopajienko
Yepkachbkuii HaIliOHATEHUN YHiBepcUTET iMeHi bornana XMelbHUIIBKOTO
kovstas@ukr.net
ORCID: https://orcid.org/0000-0002-4631-0464

3MIHU LHEHTPAJIbHOI F'EMOJUHAMIKH Y CIIOPTCMEHIB
IHPU T'PAAYAJIBHIN TACHUBHIN OPTOITPOBI

Bumiprosanns apmepianphoco MUcKy, cepyesoco pummy, 6ukudy, NOKA3HUKIE a3 cucmoau cepys
30iticHiosanu npu epadyanvuit (15°, 30°, 45°, 60°) nacusniii opmonpo6di na 17 cnopmcmenax ma 17
Hecnopmcmenax eikom 18-25 poxie. Buseneno, wo ¢ornosi eiominnocmi y mpuearocmi inmepsany RR,
y0apHo2o 00°€eMy KpOBi MidC CHOPMCMEHAMU Md HECNOPMCMEHAMU HIBENIOIOMbCA NPU  MPUBAIOMY
3Haxo00dicenti 8 nonodcenni 60°. Ilpu yvomy 011 diacmoniyHoeo apmepiaibHo20 MUCKY, MAaKi iOMIHHOCMI
cmawoms  GipociOHUMU 3 OLIbWUMU 3HAYEHHAMU VY CHOpmMCMeHis. i NOKA3HUKI6 KapOioOUHAMIKU
BIOMIHHOCI MIdIC epynamu 3 ’61s10msvcs npu Hasanmadicentss 30°-40° ma wuisenoomvcs HA HACMYNHUX
emanax mecmy. Ananiz peaxkmMusHOCMI NOKA3HUKIG 2eMoOuHamiku Ha 20-1i X8URUHI 3HAXOONCEHHS.
sumiptoganux y nonodcenni 60° nokasas, wjo Tax cnopmcmeru manu Oinbuie 3HUNCEHHA MPUBAIOCH
inmepeany RR, yoaprnoco ma cepyegoeo inoexcy, 00 ’emnoi wsuokocmi suxkudy ma nioguujenns AToiacm
Hidic He cnopmemenu. Taki 3miHU 6Ka3yIOMb HA OilbUle HANPYHCEHHS cepyeso-CYOUHHOI cucmemu y Hux. Ilpu
NOBEPHEHHI BUMIPIOBAHUX 8 2OPUZOHMATbHE NOJIOJNCEHHS Y He CNOPMCMEHIB 3apeccmpodana Oilbul 6UCOKA
PeaKmusHicmov YOapHo20 ma cepyedoco iHoeKkcy, 06 emHol weuokocmi suxuoy Hixc y cnopmemenis. Ilopso 3
YUM NOKAZHUKU KAPOIOOUHAMIKU Y HUX BIOHOBIIOBAIUCH 8 MEHWLOMY CIMYNEHT HIIC Y CNOPMCMEHIS.

Knwuoei cnosa: yenmpanvna cemoounamixa, amiemu, MMA, ¢izuuna axmuenicms, adanmayis,
nacugeHa opmonpooa

IloctanoBka mnutaHus. JloCoi/DKEHHS OCOOJMBOCTEW ajamnTaiii CIIOPTCMEHIB 10
cUCTeMaTHMYHUX (PI3UYHMX TPEHYBaHb BKJIIOYA€ OLIHKY CTaHy iX OpraHi3My sIK B CIIOKOI Tak 1
PEaKTUBHOCTI PI3HUX CHUCTEM Ha CTAaHIAPTH30BaHI HaBaHTaXXCHHA. BHU3HAa4YeHHsA Takux 3MIH Yy
aTJIeTIB JI03BOJIsIE 00 €KTUBHO OIIHUTH Ta KOPUTYBATH iX (PyHKIIOHAIHHUH cTaH. PoOoTa BUKOHaHA
y Mexkax Temu «lHauBimyanbHi 0COOIMBOCTI 3MIH LIEHTpaJbHOI Ta nepudepiiHoi reMoAMHAMIKH
npu pizHuX BruuBax» (Ne nepxkpeectpanii 0122U201052).

AHaJi3 ocTaHHIX Aocdil:KeHb i myOuaikauiil. 3HayHa KUIBKICTH MyOJiKallid MpPUCBSIYCHA
3MiHaM TpH koMY OioxiMidaux [1], mcuxodizionoriunux [2], remoaunamiuyaux [3] moka3HHKIB.
B cyuacHiil HayKoOBiii JiTepaTypi MIUPOKO BiTOOpakeHi NOCHIHKEHHS BILTUBY Ha CEPLIEBO-CYAUHHY
CHCTEMY aKTMBHOi OpPTONpOOU, BUKOHAHUX B BUMIPIOBAHHSAX Ha PI3HUX KOHTHMHIEHTaX 3/10POBHX
oci6 [4]. Takox BenrKa KUTbKICTh IMyOJTiKaIliil MPHCBAYEHA BIUIUBY TUIT-TECTY HAa TEMOJAMHAMIKY Y OCi0
3 BereTaTMBHMMU IMOpYIIEHHAMHU [5, 6, 7, 8, 9 |. IIpeacrasieHi naHi, 1070 3MiH y LEHTpalbHIl Ta
nepudepiiiHiii reMoAMHaMIL y CTOpTCMeHIB i yac oprorpodu [10, 11]. BriM BUMiptoBaHb 3pyIiieHb
y CepLIeBO-CYANHHIM CHUCTEMI CHOPTCMEHIB MPH NMAaCUBHIH IpalyanbHiii opTonpoOi MpoBeeHo He OYI10.

Mera. 3’scyBatv 3MIHM LEHTPAJIbHOI TE€MOJMHAMIKM Yy CIIOPTCMEHIB IpH BUKOHAHHI
MaCUBHO1 IpayanbHOi OpTONpoOH.

OrJisi1 0CHOBHOI0 MaTepiany AocaizkeHHsA. BumiproBaHHs 37iiicHIOBaIM Ha 34 4OJIOBIKax
BikoM 18-25 pokiB — 3 JOTpUMaHHAM OCHOBHHUX OioeTHuHUX nosoxeHb Konseniii Paau €Bpornu npo
npaBa JroauHu Ta 6iomenuiuny (Bin 04.04.1997 p.), I'enbcincbkoi neknapaiiii BcecBiTHROT MeAMUHOT
acolianii mpo eTUYH1 NPUHIHUIN TPOBEACHHS HAYKOBUX MEIUYHUX JOCTI/PKEHb 32 y4acTIO JIFOJUHU
(1994-2008 pp.), a Takox Hakazy MO3 Ykpainu Ne 690 Bin 23 Bepecus 2009 poxy.
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Bci BoHM 32 TaHUMH MEIMYHOTO OOCTEXEHHS Oy 3J0POBi, HE MAJIM TOCTPUX Ta XPOHIYHUX
3aXBOPIOBAHb.

I'pyna cnoptemeniB (I, n=17) cknananachk 3 MpencTaBHUKIB HACTYMHUX BHIIB: €IMHOOOPII
(MMA, 6oxc, 60opoTsba, n=8), nerka atieruka (0ir 400 m, n=4), BecayBaHHs Ha Oaiiapkax i KaHOe
(n=5). Bci cnopTcMeHr Maiu po3ps KaHAWIAT B MACTPH CIIOPTY UM MaicTep CIIOPTY, PETYISPHO
TPEHYBAJIUCh HE MEHIIE 5 pa3 Ha THXKJIEHb 3 TPUBATICTIO KOXKHOTO 3aHATTA Bix 1 1o 3 roamH.
Koutponeny rpyny (II, n=17) cknaim 4o0OBIKM TaKOTO X BIKy, IO HE 3aliMajMCh PETYISAPHUMH
GI3BUYHUMU TPEHYBaHHSIMH.

CrouaTKy Ha KIHIIBKH Ta TPyAHY KIITKYy OOCTEeXYBaHOTO Hakjanand peorpadiuni Ta
eJleKTpoKapaiorpadivyHi €IeKTPOau, MaHXKETy [Js BUMIPIOBaHHS aprepiajabHOro Tucky. Ilicis
BIJIMOYMHKY B TOJIOKEHHI JIGKAYW TOPU30HTAIBHO HAa OPTOCTATHYHOMY CTOJI yrpoaoBxk S5-10
XBUJIMH BUMIPIOBAJIA TMOKA3HUKU T€MOJMHAMIKH T€MOJIWHaMIKH. BUMIipioBaHHS MOBTOPIOBAIM Ha
S5-i XBUIMHI micis Haxuiay Ha 15°, 30°, 45°, 60° ta Ha 20-i1 xBunuHI npu Haxuii 60°, yepes 5
XBHJIUH TICJISI TOBEPHEHHSI Y TOPH30HTAIBHE MTOJIOKEHHS.

Cuctonuauii (ATcuer) Ta miacTOmMUHUM (AT xiacr) apTepiaibHUN THUCK BHUMIPIOBAIH 3a
nornomoroto ToHOoMeTrpa KopoTtkoBa (Reiker, Germany). Cepeaniii apTepialbHHI THCK
po3paxoByBaiu 3a hopmynoro Xikema. /[ O1iHKY TeMOJMHAMIYHIX TOKa3HUKIB BUKOPHUCTOBYBAIIN
TPaHCTOpAKAIbHY TETPAIOJISIPHY IMIIENIAHCHY peoruieTu3Morpadiro. Peorernsmorpamy rpyaHOi
KIiTKH peectpyBain Ha peorpadi XAl-medica standard (XAl-medica, XapkiB, Ykpaina). 3a
CUTHajaMH Tu(epeHLiioBaHOT peorpaMy TpyIHOT KIIITKU Ta eJIEKTPOKapAioTpaMu B IPOrpami I[bOTO
PO3pOOHHKA PO3PAXOBYBAIIM HACTYITHI TTOKA3HUKHU IIEHTPAIIBHOT T€MOIMHAMIKH.

Tpusamicts iHTepBany RR (t-RR) — Bigcrans Mk HallBUIIMMU AUISTHKaMH 3i01iB R cycigmix
KapaioiHTepBamiB. YnapHuii iHaekc (Y1) 3Haxoauiau mIIsIXoM MOAUTY yAapHOTo 00’e€My KpOBi Ha
IIJIOIY MOBEPXHI TiMa. Y mapHuit 06’ em po3paxoByBaiu 3a MmetogoM Kubichek [12].

Cepuenii iHmekc (CI) 3Haxoauau NUIIXOM TOJAUTY XBUJIMHHOTO 00’€MY KpOB1 Ha IUIOINILY
MMOBEPXHI Tina.

3 MOKa3HUKIB KapAiOJAWHAMIKU OIIHIOBAIM HACTYIMHI: TpUBadicTh (asu BUTHAHHS (T surs),
TpuBaticTh (azu Hanpyx eHHS (T yanp), 00’ €MHY HIBUAKICTH cepeBoro Bukuay (OLIB).

KpiM 1iporo pospaxoByBaii piBeHb KpOBOHAINOBHEHHs opraHiB rpyaHoi kmitku (KH) sk
BIJTHOILIEHHS KBaIpaTy BIACTaH1 MDK IPYyJTHUMU €JIEKTPoAaMU peorpada 10 KBaapaTy eIeKTPUYHOTO
OTIOPY TPYIHOT KIIITKH.

CraTUCTHUHUI aHali3 [aHWX 3IOlicHIoBaiId 3a pornoMoror Ttabimuns Excel-2003 Ta
mporpamu Statistica for Windows 12 (Statsoft Inc., Tulsa, USA), Polar Protrainer 5.0 (Polar
ElectroOY, Finland). 3acTocoByBanu Meron omHodakropHoro aucrepciiiHoro aHaiizy (ANOVA).
[lepeBipky HOpMaIBHOCTI PO3MOIUTY JOCTIPKYBAHUX MOKA3HUKIB MMPOBOMIM 3a Kputepiem y2. s
MapaMeTpu4HOi CTaTHUCTUKH pO3paxoByBalu cepenHe apudmernune (M), craHaapTHy MOXHOKY
BHOiIpKOBOTO cepeaHboro (m). BiporimHicTs BiaMinHOCTEH omiHroBanu 3a F-kputepiem Fisher.

Pe3yabTaTi Ta ix 00ropopenHsi. ®oHOBI PiBHI MOKA3HUKIB LIEHTPAIbHOT T€MOJUMHAMIKU B
00CTe)XKyBaHUX TpyIMax XapaKTepu3yBaJluCh HAcTymHUM (Tabn. 1). CopTcMeHH Manu BipOTiIHO
BUIIMI piBeHb TpuBaiocTi iHTepBany RR, VI, OILB Ta kpoBOHAamOBHEHHS y MOPIBHSIHHI 3
HECTIIOPTCMEHAMH.

Tabmums 1
PiBHI NOKa3HMKIB LIEHTPAIbHOT FeMOJMHAMIKH y CHOPTCMEHIB BUCOKOTO Kiacy (n=17)
Ta Y MOJIOJIUX 3JIOPOBUX YOJIOBIKIB (n=17) y CTaHi CIIOKOIO JIe)Kaun

IToxa3Huku CropTcMenu Hecnoprcmenu
t-RR, Mmc 1,008+0,033 0,915+0,039*
ATgiacr, MM PT,CT, 76,18+1,18 77,35+1,87
VI, mi/m? 42,73+3,86 33,93+3,72*
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[Tponosxenns Tabmui 1

CI, n/m* xB 2,63+0,27 2,24+0,32
Tourn, MC 0,267+0,011 0,271+0,006
Thanp, MC 0,125+0,005 0,124+0,004
IHM, % 32,09+1,26 31,47+0,98
OIIIB, mi/cek 282,83+27,63 219,10+32,74*
KH, y.o. 33,02+2,16 26,89+2,48*

[Tpumitka, * - p<0,05 Mk rpynamu

BukonaHHs pi3HUX pIBHIB NAacWBHOI OPTONpOOM MpHU3BOAMIO 0 3HIKEHHS T-RR,
MPOMOPLIAHOTO KYTy HaXWily Tyildy0a SIK y CIIOPTCMEHIB Tak 1 y He crnoptcMeHiB (puc. 1). Ilpu
LbOMY MDKTPYIIOBI BIAMIHHOCTI 30€epiraiuch Maike y BCIX yMOBaX 3a BUHSITKOM BUMIpiB Ha 20-i
XBWIMHHU niepeOyBaHHs y nmosoxxkeHH1 60°. Takox 3BepTae Ha cebe yBary IIBHJKE BIIHOBJICHHS Ta
HaBITh CYNEpPBIIHOBIEHHS LBOTO IOKa3HMWKA TMICIs TOBEPHEHHS B BUXIIHE TOPU30HTAJIbHE
MOJIOKEHHSL.

1.200

1.100 +

1.000 +

0.900 -

CeK

0.800

0.700

0.600 -

0.500
cHoKiii 15 30 45 60-1 60-2 BiIHOB.JICHHSI

Puc. 1. Tpusaiicts inTepBany RR Ha pi3HHX eTanax mpoBeIeHHS IPaayiHoBaHO1 MTACHBHO1
opTorpobu y cioprecMeHiB Bucokoro kiacy (I, n=17) ta y mosoaux 3goposux gonosikis (11, n=17).
*
- p<0,05

BinMinHOCTe# y pIBHSAX /[A1acTOJNIYHOTO apTepiaibHOr0 THCKY Yy CIHOPTCMEHIB Ta He
CIIOPTCMEHIB Maif’ke Ha BCIX eTamax HpPOBEAEHHS TECTy HE BUSBJICHO 3a BUHATKOM yMOB 60°-2
(BigmoBigHO 95,00+1,21 ta 90,29+£2,16 MM pT.cT, p<0,01). Pazom 3 1ium aHasi3 peakTUBHOCTI I[bOTO
MOKa3HUKa YIPOJIOBXK Mpodu (puc. 2) mokaszas BIpOriiHO OUIbIIEe HOTo MiABUIIEHHS Y CIIOPTCMEHIB
Ha TIOYaTKy rnepeOyBaHHs y NoJioxkeHH1 60° Ta moanbie 30uibiieHHs yepe3 20 XBUIMH.

Ananiz 3MiH IOKa3HUKIB CEpIIEBOrO BHUKHMJY INpHU IPOBEICHHI I'paJyHoBaHOI MAacHBHOI
OpTONpOOH MOKa3aB, 1110 BIIMIHHOCTI Y BUMIPIOBaHHX rpymnax 3a Y1 30epiratoThcs Ha BCIX 1i eTamnax J10
nosioxxeHHs1 60°-2 Ta BiTHOBJIEHHS miciis 3aBepiueHHs Tecty. /s ClI Takux BiAMIHHOCTEN HE BUSBIIEHO.

3MiHU Kapi0JMHaMIKH YIIPOJOBK TECTY MaJld CBOi 0cobauBocTi. Tak BiaMiHHOCTI MK | Ta
IT rpymamu 3a TpuBamicTio (a3u BUrHaHHs croctepiranu Ha 30° Ta 45°, mig TpuBanocTi (asu
HanpyxeHHs Ta [HM - na 30°. Brim npu HaksoHi Ha 60° Ta y nepiof] BiTHOBJIEHHS TaKi BIIMIHHOCTI
HIBENMIOIOThCA. Lle MoXe CBITYMTH MpPO pi3HUM piBEeHb MPUCTOCYBAHHS BXKE HA IIMX KyTax HaKIOHY
YM HasBHOCTI HOTO CYTTEBUX IHAMBIYyaIbHUX OCOOIHUBOCTEMH.

[TonibHa 3aKOHOMIPHICTH XapakTepHa 1 Juia nokasHuka OLLB. BinMiHHOCTI MDK rpynamu
3HUKAIOTh B yMOBax 60°-2 Ta y mepio miciisi HOBEPHEHHS y BUXIJHE TOPU3OHTAIbHE TTOJI0KEHHS.
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Puc. 2. PeakTHBHICTB 1IaCTOJIYHOTO apTEPialbHOTO TUCKY IPY TTACHUBHIN IrpaayanbHiii opTonpooi y
coptcMeHiB Bucokoro kiacy (I, n=17) ta y monoaux 3nopoBux vonosikis (II, n=17).
* - p<0,05; ** - p<0,01 mix Tpynamu

JUis  KpOBOHANOBHEHHS OpraHiB TpyaHOT
30epiraroThCs Ha BCIX €Tamax TecTy.

Sk mokazaHO BuIIe, HAHOUIBII CYTTEBI 3MIHM LEHTPAIbHOI T€MOJAMHAMIKH MIPH MPOBEIECHHS
npobu peectpyBanu Ha 20-i XBUJIWHI 3HAXO/DKCHHS BUMIPIOBAaHMX Yy moJjioxkeHHI 60°. Tomy
MPOBOJMII JICTAIbHUM aHali3 PEaKTUBHOCTI BCIX ITOKAa3HUKIB B IuX ymoBax (tabm. 2). Tak
coptcMeHr Manu Oimerne 3HwkeHHS T-RR, VI, CI, OB Tta migBuimeHHS AT gacr HDK HE
coprcMeHH. Taki 3MiHM BKa3ylOTh Ha OUTbIIE HAINPYKEHHS CEPILIEBO-CYAMHHOI CHUCTEMHU Y HHX.
VY He CHnopTCMEHIB 3MIHM TeéMOJMHAMIKA MPOTHOCTUYHO OUIhIN TMO3WTHBHI. Ll mapagokcanpHa
CUTYyaIlisl, Ha HAlll MOIJISII, MOKE MOSICHIOBAaTHCh, MO-Tepiie OUIHIIUM BKJIIOUYEHHSM CKOPOYECHHS
M’s131B HIDKHIX KIHI[IBOK y CIOPTCMEHIB (Ta BHUKIIOUYCHHSM iX CKOPOYEHHS IPU AaCUBHOMY
oprocTasi) aysa 3a0e3nevYeHHs] TOBEPHEHHS KPOBI JI0 CEPISl Y CIOPTCMEHIB. J[pyroro MOKIMBOIO
MPUYMHOIO IIOTO MOXe OyTH OLIbINE 3aIITHHS TE€TEPOMETPUYHMX MEXaHI3MIB PETYJIAIIl CepIIeBOrO
BUKUIY Yy criopTcMeHiB. [Ipu oOMexeHHI HaaxOJDKEHHS KPOBI JIO cepllisd BHACIIIOK il 3aCTOI0 B
HIDKHIX KIHIIBKaX 1€ CTBOPIOE OUTBIII HECHPHATIMBI YMOBY ISl OCI0, IO PETYISPHO BUKOHYIOTH
CHOPTHUBHI (p13UYHI BIIPABH.

MOPOKHUHKU  BIIMIHHOCTI MDK Tpynamu

Tabmuus 2
PeakTuBHICTh NOKa3HUKIB LIEHTPAILHOI FT€MOANHAMIKH Y CIIOPTCMEHIB Ta HECIOPTCMEHIB
Ha 20-i1 xBuinHI nepeOyBaHHs y mojoxeHHi 60°

[Toka3znuku Crnoprcmenu Hecnoprcmenu
t-RR, mc -0,300+0,027 -0,226+0,043*
AT sjacr, MM PT,CT, 18,82+1,10 12,94+1,61***
VI, Mi/m? -21,77+3,49 -13,16+3,86*
CI, n/mM*xB -0,89+0,21 -0,36+0,32*
Tsurn, MC -0,088+0,009 -0,085+0,009
Tuanp, MC 0,035+0,009 0,032+0,011
IHM, % 14,56+1,45 13,65+2,90
OLIB, mn/cex -89,9+19,8 -40,6+24,7*
KH, y.o. -3,71+2,37 -1,14+1,39

[Tpumitka, * - p<0,05; *** - p<0,001 mix rpynamu
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Takoxk BaxJMBUM OylnO TpOAHANI3yBaTH pPEAKTUBHICTH BIJHOBICHHA IIOKAa3HUKIB
TeMOJMHAMIKH TICIsl TPOBEICHHS TMAaCHBHOI rpa JyanbHOi oprompobu (tabm. 3). Jemro
napazoKkcaibHUM € Oiunbin Bucoka peaktuBHicTh Y1, CI, OLLB y necopremeniB npu npomy. [Hopsn
3 MM TIOKa3HWKH KapJiOJAWHAMIKM Yy HHUX BIJHOBJIIOBAIMCH B MEHIIOMY CTyNEHI HDK Yy

CTIIOPTCMEHIB.

Tabmuus 3

PeakTHBHICTH MOKAa3HUKIB IEHTPATBHOI FTEMOJMHAMIKN y CHOPTCMEHIB Ta HE CIIOPTCMEHIB Y Mepioa
BIZTHOBJICHHS MICIIS TPaJyalibHOT TACUBHO1T OPTONIPOOH

[loka3Huku Crnoprcmenu Hecnopremenn
t-RR, mc 0,101+0,023 0,113+0,032
AT siacr, MM PT,CT, 3,53+1,12 3,24+1,35
VI, Mi/m? -1,24+2,01 10,91+6,70**
CI, n/m°-xB -0,29+0,14 0,38+0,36**
Tourn, MC -0,004+0,007 -0,012+0,015
Thanp, MC -0,006+0,004 0,008+0,010*
IHM, % -0,72+0,85 3,29+3,14*
OHIB, mn/cex -2,6+10,1 21,6+24,1
KH, y.o. 0,49+1,39 0,46%1,49

[Mpumitka, * - p<0,05; ** - p<0,01 mix rpymamMu

BucHoBku

1. Bussneno, mo ¢oHOBI BiIMIHHOCTI y TpuBasocTi iHTepBany RR, ymaprHoro o6’emy
KpOBI MDK CHOPTCMEHaMH Ta HECIOPTCMEHAMH HIBETIOIOTHCS TMPU TPUBAJIIOMY 3HAXOJDKEHHI B
nosoxkeHHi 60°. [lpu mpoMy mJ1s A1aCTOJIIYHOTO apTEpiaIbHOTO THUCKY, TaKi BIAMIHHOCTI CTalOTh
BIPOT1IHUMH 3 OUTHIIMMH 3HAYEHHSMHU Y CIIOPTCMEHIB.

2. Jlns TOKa3HWKIB KapAlOJWHAMIKKA BIAMIHHOCTI MDK TpymaMu 3 SBISIOTBCS TPHU
HaBaHTaxeHHS 30°-40° Ta HIBETIOIOTHCS HA HACTYITHUX €Tarax TECTYy.

3. AHaji3 peakTUBHOCTI IMOKa3HUKIB reMojauHaMiku Ha 20-# XBHJIMHI 3HaXO/KCHHS
BUMIPIOBAaHUX y T0JI0KeHHI 60° okasaB, mo Tak cmopTcMeHu Maiiy OUTbIle 3HWKESHHS TPUBAJIOCTI
iHTepBany RR, ymapHoro Tta cepueBoro iHiekcy, 00’€MHOI IIBUIKOCTI BHUKHIY Ta MiIBUIICHHS
ATiacr HDK HE cHOpTCMEHH. Taki 3MIHM BKa3ylOTh Ha OLUIbIIE HANpPYKEHHS CEPIIEBO-CYIMHHOL
CUCTEMH Y HHX.

4. Tlpu mnoBepHEHHI BUMIPIOBAaHUX B TOPU3OHTAIIbHE IIOJIOKEHHS Yy HE CIIOPTCMEHIB
3apeecTpoBaHa OUTBII BUCOKA PEAKTUBHICTh YAAPHOTO Ta CEPIIEBOrO iHAEKCY, 00’ €MHOT MIBUAKOCTI
BUKHUAY HDK Y cropTcMeHiB. [lopsa 3 MM MOKa3HUKHM KapAiOJWHAMIKA Y HUX BIIHOBIIOBAIUCH B
MEHIIOMY CTYIE€H1 HX Yy CHOPTCMEHIB

IlepcnexkTBH NOJANBIINX AOCHiI:KeHb. BOauaoThecst y 3’sicyBaHHI 0cOOIUBOCTEH
PEaKTUBHOCTI IeMOJMHAMIYHUX TMOKa3HUKIB Ha TpaayalibHy MacuBHY OpPTONpoOy Yy CHOPTCMEHIB
PI3HHX CHeIiai3alii Ta piBHs MiArOTOBICHOCTI.
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Tsyhannyk R.A., Kovalenko S.O0. CHANGES IN CENTRAL HEMODYNAMICS IN
ATHLETES DURING GRADED TILT TEST

Introduction. The study of the peculiarities of athletes' adaptation to systematic physical training
includes an assessment of their body state both at rest and the reactivity of various systems to standardized
loads. Determination of such changes in athletes allows to objectively assess and correct their functional state.

Purpose. To find out the peculiarities of the level and reactivity of blood pressure, cardiac output,
cardiovascular dynamics and blood filling of the chest organs during the graded passive orthoprosthesis in
athletes and healthy young men.

Methods. Measurements were performed on 17 athletes and 17 healthy men aged 18-25 years.
Systolic (SBP) and diastolic (DBP) blood pressure was measured using a Korotkoff tonometer (Reiker,
Germany). Mean arterial pressure was calculated using the Hickham formula. To assess hemodynamic
parameters, transthoracic tetrapolar impedance rheoplethysmography was used. The chest
rheoplethysmogram was recorded on a HAI-medica standard rheograph (HAI-medica, Kharkiv, Ukraine).
According to the signals of differentiated chest rheogram and electrocardiogram, the following central
hemodynamic parameters were calculated in the program of this developer: duration of the RR interval,
stroke and cardiac indexes, duration of the expulsion phase, myocardial tension phase, volume ejection
velocity, and blood filling level of the chest organs.

Main results of the study. It was found that the background differences in the duration of the RR
interval and stroke blood volume between athletes and non-athletes are leveled out with prolonged stay in
the 60° position. However, for diastolic blood pressure, such differences become significant with higher
values in athletes. For cardiovascular parameters, differences between the groups appear at 30°-40° and are
leveled off in the subsequent stages of the test. The analysis of the reactivity of hemodynamic parameters at
the 20th minute of being measured in the 60° position showed that So athletes had a greater decrease in the
duration of the RR interval, stroke and cardiac index, volume ejection velocity and increase in diastolic
blood pressure than non-athletes. Such changes indicate a greater stress on the cardiovascular system in
them. When the subjects were returned to a horizontal position, non-athletes showed higher reactivity of the
stroke and cardiac index, volumetric ejection velocity than athletes. At the same time indicators of
cardiodynamics in them were restored to a lesser degree than in sportsmen

Originality. The peculiarities of hemodynamic reactivity of athletes to passive graded orthotics test
are shown for the first time

Conclusions. The aim of the study is to determine the peculiarities of the reactivity of hemodynamic
parameters to the graded passive orthotics test in athletes of different specializations and fitness levels.

Keywords: central hemodynamics, athletes, MMA, physical activity, adaptation, tilt test
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reorpadii Ta MpUpIOKOpHUCTYBaHHs, Harionamsuuii yHiBepcuTeT «YepHITiBChkH komeriym» imeni T. I
[ITeBuenka

Kupuuek IlaBio BoroanumupoBu4 — Bukinagad kadenpr MeauKo-01010TIHIX AUCIUATLTIH

KoBanenko CraniciaB QuexkcanapoBud — JOKTOp OionoriyHuMX Hayk, mpodecop, mpodecop Kadenpu
CHOPTHBHUX JUCIUILTIH, Yepkackknuii HaIliOHANBHNHN YHIBepcUTET iMeHi bornana XMenpbHHUIIBKOTO

Kopman Ilupai-Anacracis CepriiBua — AcmipanTka kKadeapu MeTUKO-OONOTIYHUX —TUCIHILIIH
HarmioransHOTO yHIBepcuTeTa (hi3HIHOrO BUXOBAHHS 1 CIOPTY YKpaiHu

KpaBenp Apkagiii OnexciiioBuy — ¢izndyanii TepareBT, peadimitaniitae Binginenas KHIT POIT «Actpa»
YMP

Kyuenko Tersina BacuiiBHa — kaHaupat OioJOTiYHHX HayK, MOUEHT adenpu (izionorii ta aHaToMii,
Kuicekuit HantioHansHUE yHiBepcuTeT iMeHi Tapaca [lleBuenka

Kyuokonb FOais KoctanTuHiBHA — KaHAUIAT OIOMOTIYHUX HAYK, CTAPIIUI JOCTITHUK, 3aBiAyBad BiIaiTy
(aynu Ta cucteMaTuku xpederHux, [Hetutyt 300morii im. 1. 1. llmansrayszena HAH Ykpainu

JInzorydo Boaomumup CepriiioBuu — 1.0.H., npodecop, aupekrop HaykoBO-IOCHIIHOIO iHCTUTYTY
¢izionorii imeni. M. Bocoro, Uepkacbkuil HartioHaIbHUKA yHiBepcuTeT iMeHi bornana XmensHULIBKOTO,

Jlikap Csitiana IlerpiBHa — crapmmii HayKoBHi CHIBPOOITHUK CEKTOPY METOIMYHOIO 3a0e3redeHHs
BIJIUTY €KCIIEPTU3M Ha BiMIHHICTb, OJHOPIAHICTH Ta CTAOUIBHICTD COPTIB POCIUH, Y KPaiHCBKUU 1HCTUTYT
EKCIIePTU3H COPTIB POCIUH
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Jlyk’sanueBa 'anuna BosogumupiBaa — 1.6.H., mpodecop, mpodecop kadeapu Meanko-010I0riyHUX
nucuuiutid HanioHansHoro yHiBepcurtera (hi3MYHOTO BUXOBAHHSA i CIIOPTY Y KpaiHH

Jlyub FOuis [lerpiBna — acnipanT xadenpu Mequko-0ionoriyHux Aucuuiin, HanionansHuil yHiBepcuTer
¢i3u4HOr0 BUXOBaHHS 1 criopTy YKpainu

JIio Makcum BonogumupoBuy — acmipant, kadeapa anatowmii, ¢izionorii ta ¢izmuHoi peabinmitarii,
Uepkacbkuii HalioHAIBHUH yHiIBepcuTeT iM. b. XMenbHUIIBKOTO

Mexen Oabra bopuciBHa — 10KTOp meaarorivHuX HayK, KaHAUIAT O10J0rYHUX HAyK,Iipodecop, 3aBinyBayu
kagenpu Oionorii, Hamionansnuii ynisepcurer «YepHirisebkuii koneriym» imeni T. I'. IlleBuenka

Muxaiisienko Mapis MukoJaiBua — crynentka 4 kypcy, @akynpTery 3aXUcTy pociuH, O10TeXHOoorii Ta
exouorii, HYBIll Ykpainu.

Minaes bopuc IMmamnmoBuu — jgokrtop ximiuaumx Hayk [Ipodecop I[lpodecop kadempm ximii Ta
HaHOMaTepiajo3HaBcTBa UepkachbKui HAIlIOHAILHUHN YHIBEpCUTET iMeH1 boraana XMenbHUIIBKOTO

HecrepoBa Hartanisn ['eopriiBHa — KaHAMIAT CUTECHKOTOCIIOIAPCHKUX HAYK, JAONEHT Kadeapu dizionorii,
Oioximii pociuH Ta 6ioeneprernkn HYBill Yipainu

Mannagina Okcana JIbBiBHaA — K.M.H., JIONleHT Kadenpu MeIuKo-0ionoriyHux auciuIniie HamonaasHOro
yHiBepcuTeTy (Pi3MuHOro BUXOBaHHS 1 CIOPTY YKpaiHu

Manuyenko Ouekcanap OJjekcanapoBuy — Marictp Jlabopant Yepkacbkuil HaIllOHAJIBHUNA YHIBEPCHUTET
iMeHi bormana XMenpHUIILKOrO

IMacryxoBa BikTopis AmnaroaiiBna — j.M.H., mpodecop, 3aBiayBad Kadenpu MeIuKo-0ioNoriaHUX
mucuuiuiin HarionansHOro yHiBepcuTeTa (i3MYHOr0 BUXOBAHHS 1 CIIOPTY Y KpaiHu

HyTtinin Irop AmxartouiiioBuuy — wmarictp, Uepkachbkuii HaIliOHAIBHHA YHIBEPCHUTET iMeH1 bormana
XMENpbHUITLKOTO,

Pomanb Amnarouiii MuxaiijioBu4 — KaHAWAAT OIONOTIYHMX HAYK, HAYKOBHUU CITIBPOOITHHK BiIAlTy
IXTi0JIOT1i Ta Tiapo0ioorii piukoBHX cucteM, IHcTuTyTY rigpodionorii HAH Ykpainu

Cgipin SIpociaB PomanoBHY — BUKIamad Kadeapd MEAWKO-Oi10NOTIYHMX MUCIUILIIH HarioHamsHOTO
yHiBepcuTera (pi3mIHOr0 BUXOBAHHS 1 CIIOPTY Y KpaiHu

CkopoboratoB AHapiii MukonaiioBud — 1.M.H., JOIEHT, IOUEHT Kadeapu MeTuKo-010JoriaHIX
muctuiulid HamioransHOTO yHIBepcuTeTa (hi3NYHOr0 BUXOBAHHS 1 CTIOPTY Y KpaiHU

CocHoBcbkuii Bonoguvup BosoaumupoBud — 1moktop ¢inocodii, BuUKIamad Kadempwm MEIHKO-
Oiomorivanx qucuuiiid HamioransHOro yHiBepcuTeTa (hi3WIHOrO BUXOBAHHS 1 CIIOPTY YKpaiHu

®enopuyk Caitnana BosoanumupiBHa — kanmuaar OioNOTiYHMX HAyK, CT. HayK. cmiBp. HaykoBo-
JIOCTITHOTO IHCTUTYTY, HarlionanpHMiA yHiBepCHTET (i3NIHOr0 BUXOBAHHS 1 CIIOPTY Y KpaiHu

Xomenko Cepriii MukoaaiioBu4 — k.0.H., TOIEHT Kadenpa anatoMii, ¢iziomorii ta ¢pizuanoi peadimirtartii,
Uepkachknii HaIliOHATBHAN yHIBepCcHTET iM. b. XMeNbHUIIEKOTO

Hurannuk Poman AuartouiiioBuu — acmipadt kadenapu aHaTtowmii, ¢isionorii Ta ¢ismanoi peabimiTarii,
Uepkachkuii HaIliOHATBHAN YHIBEpCHUTET iMeHi bormana XmMenbsHUIIBKOTO

Yucroseska HOais FOpiiBHa — 1. mcux. H., mpodecop, 3aBinyBay kadenpu ncuxonorii, Yepkacbkuit
HaIliOHAJBHUIA YHiBepcHTET iM. b. XMenbpHUIIBKOTO,

Ilyx AHacracis €BreHiBHa — acripaHT BiAIily MOHITOPUHTY Ta OXOPOHU TBapHHHOTO CBiTY, [HCTUTYTY
3oo0morii im. L. I. llImaneraysena HAH Ykpainu

Hlep6aTiok Mukona MukonaidoBu4 — KaHAUAAT OIONOTIYHUX HAYK, CTApIIUN HAYKOBHU CIIBPOOITHUK
Biguiny ¢iroropmononorii, [ncturyry 6otaniku im. M.I'. Xonognoro HAH VYkpainu
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