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OLIHKA BIIVIMBY IHAMUBIAY AJIBHO-TUITOJOT'TYHUX
BJIACTUBOCTEN HEPBOBOI CUCTEMHY HA ®OPMYBAHHSI
CIIEIIAJIBHOT O ITPOBOT'O MUCJIEHHSA Y BOJIEMBOJIICTIB
PI3HOI'O BIKY METOAOM I'PYIIOBOI'O YPAXYBAHHA APT'YMEHTIB

Bemyn.  Bioomo, wo 'y cnopmi Oocumb WUPOKO  BUKOPUCOBYIOMbCSA — Memoou
MaAmemMamuyHoi cmamucmuky —ma — auanisy —pesyibmamie  0ocniodcenus, Ilpome,  6oHu
OPIEHMYIOMbCSL 30€0i1bU020 HA 00poOYI pe3yibmamie MpaouYiUHUMU MemoOamu CMAamucmuKu.
To0i six Ona 6usA6NeHHs 6NIUBY THOUBIOYANbHO-MUNOLOCIYHUX GACMUBOCEl HEPBOBOI cucmemu, a
came: ¢hyukyionanonoi pyxausocmi (©@PHII), 3pienosasicenocmi (3HII) nepsosux npoyecié Ha
npoyec HopmysanHs CHeyiaibHO2O [2p08020 MUCIEHHS B0eUDONICMI8 pPI3HO20 BIKY YIKABUM €
NUMAHHA 3ACMOCY8AHHA Memody 2PYHO8020 YpAaxXy8aHHs apaymeHmis. Aoddxce, GUKOPUCMAHHSL
mako2co Memody MamemMamuyHoi Ccmamucmuku Mmo2no 6 0038onumu  3moodenoeamu  ma
npo2cHO3Y8amu nepcneKmusu YOOCKOHANIeHHs, K IHOUBIOYaANbHUX 61ACMUBOCMEL HePBOBOT cucmeMu
mak i iHWux cneyuhivHux ncuxopizionociuHux xapaxmepucmux epasyie 6 npoyeci mpusaiux ma
cucmemMamuyHux 3aumame goneubonrom. Tomy, memow pobomu Oy10 ECMAHOBUMU GNIUG
IHOUBIOYANILHO-MUNONIOIYHUX — GACMUBOCMEU  HEPB8OBOI  cucmemu, NCUXON02IYHUX — YHKYIL,
KOOPOUHAYIUHUX ~MOJCIUBOCMEl mMA AKMUBHOI pyxoeoi OislbHOCMI HaA i2pose MUCTEHHs
80.71€t1001icMi8 Pi3HO20 BIKY.

Memoou oOocniomcenna. Cucmemamusayii ma y3a2albHEeHHs CYYACHOI  HAYKOBOI
nimepamypu, mMemoo 2pynogozo ypaxyeanns apymenmie (MI'VA), oocnidscenns: munono2iunux
HeUpOOUHAMIYHUX 81ACIUBOCMEL HEPBOBOT CUCIEMU HA NPO2PAMHOMY KomnaeKci «/liaenocm-1M»,
PI3HO8UOIE MUCIEHH ma HwWUX ncuxogizionociunux eracmusocmet (nam'smi, cnpuitHammsi
npocmopy ma uacy) 3a KOMn'IOmepHoio npozpamoro  «Iwmecmy, 30i6Hocmi 00 KOHMPOIIO
WBUOKICHOI cunu ma oupepenyiayii m’s1308ux 3yculb, NPOCMOPOBO-4ACO80i pe2ynayii pyxie —
BUBHAYANU 3A PYXOBUMU MECMAaMu, iepoge MUCTEeHHA B0ielbonicmie OiacHOCmY8alu 3a
asmopcokoio inmepaxmusnoio npoepamoio “Volleyball-Test”, maxooc 3acmocosysanucs memoou
MamemMamuyHoi CmamucmuKu.

Pe3ynomamu  docnioycenna. 3a  pesyrbmamamu  Mooenr08anHs memooom MIVA
8CMAHOBNIEHO — GNAUB  [HOUBIOVAILHO-MUNONOSIYHUX — BIACMUBOCMEl  HEPBO6Oi  cucmemu
gosetioonicmié pi3Ho20 GIKY HA NCUXOQI3I0N02IYHI Ma KOOPOUHAYIUHI 61ACMUBOCH, i2poge
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MucnenHs. Ananiz 0anux nokasaes, wjo 3 6iKOM y pe3yibmami CUCeMAmudHux 3aHams 60.1etl6010M
nOCMYno8o (opmMyemvcs BUCOKULL Pi6eHb NCUXOQIZI0N02TUHHUX BAACUBOCHEL  ONePayitiHO20
MUCTIeHHS, 8ACMUBOCMEl HePBOBOL cucmemu 00 KOHMPONIO WEUOKICHOL cunu ma ougepenyiayii
M’A308UX 3YCUNL, NPOCMOPOBO-4ACOBOI pe2ynsayii pyXie, OpIEHMYB8AHHA Yy NPOCMOpI | uaci ma
munonociunux eracmusocmeil nepeosoi cucmemu (OPHII, 3HII), wo uunumo nozumusHuil 6niue
Ha @opmyeanHs CheyianbHO20  i2p08020  MucieHHs — 2paeyie. Buchnoeox.  Pesynrbmamu
0eMOHCMPYIOMb NEPCNEeKMUBU MA WLIAXU 3ACMOCYBAHHS MEMO0Y MAMEMAMUYHO20 MOOENI08AHH,
a came MI'VA y cnopmi 3 memoro 6inbui 21b60K020 pO3yMIHHA NpoYecy opmy8aHHs CneyiaibHo20
[2p08020 MUCHEHHs 2pasyie ma Ni08UUeHHs eqheKMUBHOCMI npoyecy Ni020MoGKU 80aelO0icmie 6
PI3HI 8iK06I nepioou.

Knrouoei cnoea: ¢ynxyionanena pyxausicme HEpeOGUX NPOYECIB, 3PIBHOBANCEHICMb
HEepBoBUX Npoyecie, ONOPHO-PYXO8UL anapam, HepPeoea pe2yiayid, MamemMamudna Cmamucmuxa,
mMamemamuyHe MOOENIOBAHHS, Memoo 2PYN0B020 YPAXYBAHHS APSYMEHMI8, KOOPOUHAYIUHI
81ACMUBOCMI, [THOUBIOYANLHO-MUNOJIO2IUHI BLACMUBOCII HEPBOBOI cucmemu, NCUXxo@iziono2iuni

@DYHKYil.

IloctanoBka mnpobaemu. Bomneibon, Sk BHI CHOPTY XapaKTEPU3YETHCS BHUCOKOIO
JUHAMIYHICTIO TPHU, a TOMY MPEJCTaBII€ BUCOKI BUMOTH IO aHATOMIYHUX CHCTEM OPraHi3MY, SKi
BIJIOBIAAI0TH 32 COPUMHSTTS IIBUJIKO3MIHHUX I'POBUX CUTYallli, aHai3 OTpUMaHO1 iHpopMallii Ta
peanizanito MmiaHy iy BignoBiak. ToOTo, 3a NpUHHATUM pilIeHHSIM (YCB1IOMJIEHOIO,
AQHATITHYHOIO JISUTBHICTIO KOPH IMIBKYJb TOJOBHOTO MO3KY) TPaBIlsl, CIIAYIOTh TEBHI TaKTHUKO-
TexHIuH1 Aii (cTpuOKW, NepeMillleHHs, NaJiHHA, Hamajawdl yAapu 4Yd OOMaHHI pyXH), SKi
XapaKTEPHU3YIOThCS BUCOKOIO BapiaTUBHICTIO Ta CKJIAJHICTIO MMPOCTOPOBO-YACOBUX Ta TUHAMIYHUX
nmapamMeTpiB pyxy. Peamizaiis Takux pyxiB BIAMOBIAAE€ PIBHIO MOXJIUBOCTEH OMOPHO-PYXOBOTO
amapary Ta (yHKI[IOHATPHUX CHCTEM OPTaHi3My CIOPTCMEHA, sIKi 3a0e3MeuyoTh CBIIOMY (Gi3HUHY
akTuBHICTH [1]. Bimomo, 1m0 aHTpONMOTeHHAa MISUIBHICTH JIIOAWHHM HAaKJIaJa€ BIAOUTOK Ha
(dhopmMyBaHHS, PO3BUTOK Ta IIUTHHICTH PI3HUX CHCTEM OpraHi3My: HEPBOBOI, CEpIIEBO-CYIMHHOI,
CHIOKPMHHOI Ta OMNOPHO-pyxoBoro amapary [2, 3, 4, 5, 6]. Baramom B maHux poOoTax
PO3KPHBAETHCS BIUIMB MIEBHOTO POy JiSUTBHOCTI Ha (popMyBaHHS Pi3HUX (PYHKI[IOHAIBHUX CHCTEM
OpraHi3My JIOAUHHU.

Ha nanuii MOMEHT OJIHI€I0 3 ICHYIOYHMX MPOOJIEM TCUXOJOTTYHOTO 3a0€3MEeUeHHs B PI3HUX
chepax Ta yMOBax ASUIBHOCTI € HEOCTATHE PO3YMIHHS OCOOJIMBOCTEH (OPMYyBaHHS CIICIIaIbHUX
KOTHITUBHMX BJIACTUBOCTEH y o0CI0 Tig €0 TPHUBAJIOr0 Ta CHCTEMAaTHYHOTO (HI3HYHOTO
HaBaHTKCHHS, IO BIAMOBIIAE naHOMy BHUAY (i3uyHoi akTuBHOCTI [/, 8]. 30Kpema, maiio
BHUBYCHUM 3AJIMIIAETHCS MMUTAHHS BILTUBY Ha Mpolec (OpMyBaHHS CHEHIaIbHUX BHUJIIB TAKTUYHOTO
(iIrpoBOro) MHCIIEHHSI BOJICHOONICTIB (AK€ MPOSBISIETHCA Yy CHPUMHSATTI Ta OLIHII MPOCTOPOBO-
YacOBHX YMOB IrpOBHX CHUTyallid 1 peamizamii [iii y BIANOBiAL), HE IHUIIE OCOOUCTICHUX
KOTHITUBHUX, NCUXIYHUX (YHKIIIH, HEHPOAMHAMIYHUX BIACTUBOCTEH OpraHi3My CIIOpPTCMEHa, 5K €
TeHEeTUYHO JeTEPMIHOBaHI, ajieé 1 BIUIUB KOHKPETHOL pyx0B01 (irpoBoi) [MiSUIBHOCTI, SIKa Mae
TPUBAIHIA, HEPIBHOMIPHHI Ta CUCTEMATUYHUI XapakTep Ail Ha OpraHi3M JIOJAUHU.

AHaji3 ocrandix myOaikauiii. B Toil xe dac, BiomMo, IO MiABUIIEHHS €PEKTUBHOCTI
Mpoliecy MiATOTOBKU B PI3HMX BHJAX JISUTBHOCTI MOXJIHMBE 32 JIOMIOMOTOI0 PO3POOKH MOJIEIbHHUX
XapaKTepUCTUK ab0 MojeroBaHHs mporiecy AisibHOCTI [9, 10]. B HayKOBHX MOCTIMKEHHSIX MPU
0o0poO1ll eKCIEepUMEHTATbHUX JAaHUX BHUKOPHCTOBYIOTh KOPEALIMHMM uYu (hakTOpHUM aHami3,
3aNUIIAI0YM 11032 YBarow iHIII BUAM MAT€MAaTHYHOTO aHaji3y Yd MOJENIOBaHHS, 3aCTOCYBaHHS
SKUX MOXKE€ MIIBUIIUTH pPIBEHh TEOPETHYHOI IHTEepIpeTalii OTpUMaHOi eKCIEePUMEHTaIbHOL
iHpopmanii. Xoya, Ha Marepianax PI3HHUX JOCHIKEHb JOBelleHa €(EeKTUBHICTb BUKOPHCTAHHS
METO/Iy TPYIOBOTO YpaxyBaHHs apryMEHTIB, SK OJHOTO 3 METOJ/IB MaTEeMaTHMYHOTO aHami3y, 3a
YMOBH HETOBHOTH iH(opMartii Ta manoi Bubipku ganux [11, 12]. Came Tomy, 3aCTOCYBaHHS METO.TY
MaTeMaTUYHOTO MOJIEIIOBAHHS Ui BHSIBICHHS BIUIUBY OCOOWCTICHHX  IHAWBIIyalbHO-
TUMOJIOTTYHUX, TCUXO(I310JIOTITYHUX BJIACTMBOCTEH Ta AaKTMBHOI pPYXOBOi JISUIBHOCTI Ha
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(dbopMyBaHHS CHEMiaTbHOTO (IrPOBOT0) MUCIICHHS BOJICHOOJIICTIB PI3HOTO BIKY MOXE OyTH JOCHUTH
nepcrektuBHuM [13, 14].

Meta aocJaiIKeHHI — BCTAHOBHTU BIUIMB IHIWBIAYaTbHO-TUIOJOTIYHUX BJIACTUBOCTEH
HEPBOBOI CUCTEMH, IICUXOJIOTIYHUX (PYHKIIIH, KOOPIMHALIHHIX MOKIMBOCTEH Ta aKTUBHOI PyXOBOT
JSUTBHOCTI Ha I'POBE MUCJICHHSI BOJICHOOJIIICTIB Pi3HOTO BIKY.

Marepianun i Meroam aociimkeHHs. B Xxoxi IOCHiKEHHS BHUKOPHUCTOBYBAJIU METOJU
aHali3y, CHCTEMAaTH3allii Ta y3arajJbHEHHS CYYacHOi HAyKOBOI JIiTepaTypH, METOJ T'PYIOBOTO
ypaxyBaHus aprymentis (MI'YA) [12]. J[ocnikeHHS  KOTHITMBHHX, CCHCOMOTOPHHX,
HEHPOIUHAMIYHUX BIIACTUBOCTECH 3IMCHIOBAIA 32 JIONIOMOTOK0 TiarHOCTHYHUX [T KOMIUIEKCIB:
«iarmoct-1M» Ta «Intest», a Bu3HA4YeHHS 3MI0OHOCTEH CIIOPTCMEHIB 10 KOHTPOJIIO IIBHIKICHOT
CWIM Ta JudepeHuianii M 130BUX 3yCUJIb, IIPOCTOPOBO-YACOBOI PEryisalli pyXiB MPOBOIWIM 32
JIOTIOMOTOI0 KOMILJIEKCHUX PYXOBHUX TECTIB, I'POBOTO IHTENEKTY 3a IHTEPAKTHMBHOI METOJUKOIO
“Volleyball-Test” [15, 16]. Ockiibku JaHi B Tpymax MOKa3HUKIB CIIOPTCMEHIB Ta HE CIIOPTCMEHIB
MONaAaIM MiJl 3aKOH HOPMAJIbHOTO PO3MOJLUTY, TO U BCTAHOBJIEHHS JOCTOBIPHOCTI PI3HULL MK
HUMH Oyn0 BukopuctaHo t-kpurepiit CteronenTa [17, 18].

Opranizauia pociigkenHs. J{ocaipkeHHs MPOBOIMIIMCST Ha 0a31 BOJEHOOILHUX KOMaH]T
CK «Cymuximnpom» M. Cymu, CK «®apoput» M. JIyonu, BK «Imnekcarpo Cnopt» M. Yepkacw,
o Oynu mpeAcTaBHUKaMK 4eMIlioHaTy YKkpainu cepen komann cynepiiru, BK «Cymly» m. Cymu
— BOJIEHOOJIBHOT KOMaHAX Ha 0a31 CyMCBHKOTO JI€P:KaBHOTO YHIBEPCUTETY, IO € NMPEACTaBHUKOM
yemmioHnaty Ykpaiau cepen xomany Bumioi jiru, JFOCHI Ne 2 m. Cymu ta CHIOCILIOP Ne 2
M. [lontaBa. B mocmimkenHi B3sum ydacts 90 BoseitOosicTiB Ta 116 He CHOPTCMEHIB 4YOJIOBIHOL
ctari. SIk Bosei0oIicTH, TaK 1 HE CHOPTCMEHH 32 BIKOBUM (PakTOpoM OyJu po3MoJiieH1 Ha 4 BIKOB1
rpynu: miprtku 14-15, ronaku 16-17, 18-19 Ta nopocni 20-25 poxis.

Pe3yabTaTi aochailzkeHHs1 Ta iX o0roBopeHHs. [lin yac BW3HaueHHS KOMIIOHEHTIB, fKI
BIUIMBAIOTh Ha (DOPMYBAHHS Ta MPOSBH CIEIIAIBHOTO (IrpOBOTO) MHCIICHHSI BOJICHOOIICTIB PI3HOTO
BIKy MM BHUKOPHUCTOBYB&JIM METOJl TPYMOBOro ypaxyBaHHs aprymeHTiB (MI'YA), po3poOHHUKOM
skoro € O.I'. IBaxnenko [12]. IIpu 3actocyBanHi OararopsigHoro anroputmy MI'Y A BinOyBanocs
MOCTYIIOBE YCKJIATHEHHS MOJIEICH, MIJIAXOM IMiTallii mporecy ix mMacoBoi cenekilii. ['enepyBamacs
MHOXKMHa MOJIeJIed TepHIoro psiiy CeleKlil y BUIVISIAI MOJeNed OIMOpHOro BHUIIIALY, SKi
MOEAHYBAIU B cOOl MOMapHy KOMOIHAIliI0 MOKa3HUKIB MacuBy BuXigHUX maHux (MBJI). Onopxuii
BUIJISIT MOJIEN, SIK MpaBuiio, GopMyBaBCs ILISAXOM MOEJHAHHS eIeMEeHTIB nojiinomy. Ilicisa uporo
KO)KHAa MOJENb HaByajacsi Ha TMOCIIIOBHOCTI A TOYOK CIHOCTEPEKEHHS 3 METOI0 PO3PaXyHKY
3HAYCHHS HeBimoMux mapamerpiB moxeni a0, al, a2, .... Ilicis 1poro KoXHa MOJIETb
BunpoOoByBanacsi Ha mociaigoBHocTi B Towok cnocrepexxenns MBJI. 3a  pesynbraTamu
BUNPOOYBaHb MOJIENI paH)XyBajacs 3a TMOTIPIICHHSAM 3HAYEHHS KpPUTEPII0 SKOCTI MOJIENEH.
Hactynuuit psg cenekuii ¢dopMyBaBes 13 HaWAKICHIIIMX Mojejei momepeanboro psay. Ilpouec
HaBYaHHS Ta BUMPOOYBAHHA MHOKUHU MOJIEJEH MOBTOPIOBABCS JI0 THUX Mip, MOKU SKICTh MOJIENeH
Ha HACTYMHOMY Dpsiii HE TOTipulyBajacs Y BIJHOILIEHHI /0 MOJeNei MONepeaTHbOro psiy.
B pe3ynbTati oTpuManu iepapxiuHe MOE€IHAHHS JIOKATbHUX MOJENEH, 10 3a0e3neuye ONnTUMaIbHy
CKJIQIHICTh Ta SKICTh imeHTH(iKamii (yHKIiOHATBHOI 3anexHocTi 3a ¢opmynor: Yi= f(X),
X={X1, X2, ... X2}, i=1,n. Ilicna 1pOro HaMHM BH3HAYAJIACh BIUIMBOBICTH MapamMeTpiB MOJCIEH.
3 1i€I0 METOIO KOXKHA 13 CUHTE30BaHUX MOJIENIeH TOCTiKyBajgach Ha YyTIUBICTh CBOIX MapaMeTpiB.
dikcyBanach 3MiHA 3HAa4YeHHS MOJEIHOBAHOTO TMOKA3HWKA MpPHU 3MiHI 3HA4YEHHS KOXKHOTO 13
napamMeTpiB NpHu (IKCOBAHUX 3HAUEHHSX IHIIMX MapaMeTpiB. 3HAYEHHS BaroBUX KOe]illi€HTIB
po3paxoByBaIKCh 3a (opmyroro [11]:

F/ 0
=171

ne: W — BaroBuit koedillieHT i-ro mapaMerpa Moei;

Fi~ yacTMHHA IOXiHA MOJEII 3a i-M ITapaMETPOM;

N — KUIBKICTh MOKa3HUKIB MBJ, siki cTanu nmapaMeTpaMu MoJenei.
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JlocmipKeHHsT 1HAWBITyalbHO-THIIOJIOTTYHUX BJIACTUBOCTEH HEPBOBOI CHCTEMH, PI3HOBH/IIB
MICUXOJIOTIYHUX (YHKIIF Ta KOOPAMHAIIMHUX MOXKIMBOCTEH y BOJIEHOOTICTIB Ta HE CIOPTCMEHIB
pI3HUX BIKOBHX TIEpIOJIB MPOAEMOHCTPYBAIM, WIO Yy BOJEHOOJICTIB BCi AOCHIKYBaHHI
XapaKTepUCTUKH Majl TOYAaTKOBI BHINI IMOKA3HUKH 1 3 BIKOM MOKpAIIyBaJuCs 3 OUIbIIMMU
MpUpOCTaMH y TOKa3HWKax (Tabnm. 1-3). JlaHi 0coOMMBOCTI MOXYTh CBIUUATH TIPO TICBHHMA
MO3UTHBHUN BIUIMB CHCTEMATHUYHHX Ta TPUBAIMX 3aHATH BOJICHOOIOM Ha JIOCTiKYBaHHI
XapaKTePUCTUKH y CIIOPTCMEHIB PI3HOTO BiKY, a TAaKOX MPO BILIUB CIIOPTUBHOTO BinOOpY, mporec
SIKOTO BiZIOYBa€THCS 3 BIKOM ITiJ] Yac TPUBAJIOT CIIOPTUBHOT AisibHOCTI [13].

3a mokasHMKaMu TaOnumi 1 MOXKHA CYAWTH TPO BIKOBY IUHAMIKY 1HIMBIITyaJbHO-
TUTIOJIOTIYHUX BJIACTHBOCTEH HEPBOBOI CUCTEMH CHIOPTCMEHIB Pi3HOTO BIKY.

Tabmuns 1
[HaMBiNyaIbHO-TUIOOTIUHI BIACTUBOCTI HEPBOBOI CUCTEMH Y BOJIEHOOJIICTIB
Ta HE CIIOPTCMEHIB PI3HOTO BIKY

XapakTepuCTUKU
Bik, XapaxTep I13MP PB1-3 PB2-3 ®PHII 3HIT
Poxnu PyYXOBOF (mc) (mc) (mc) (©) (mc)
AKTHBHOCTI
14.15 Boneitbomictu (n=25) | 241,5+3,5 | 336,3+6,5 | 417,6+4,1* | 67,1+0,4* | 28,4+4,7
He ciopremenn (n=28) | 250,0+3,2 | 341,1+3,5 | 448,3+6,2 | 71,712 | 27.3+38
Bouneiibomict (n=25) | 242,4+4,2 | 322,4+8,6 | 424,2+9,3* | 65,6+0,4* | 25,6+2 2
16-17 He ciopremenn (n=30) | 250,1+3,3 | 346,4+3,2 | 456,1+4,6 | 66,5+1,2 | 26,9+2 3
Boueitbomictn (n=21) | 232,1+3,2 | 302,1+£3,9 | 372,1+4,5* | 63,7£0,4* | 22 3+2,7
18-19 He cnopremenu (n=30) | 265,6+3,7 | 348,4+4,6 | 440,1+6,7 | 65,4+1,6 | 255432
Bouneii6omicti (n=19) | 227,9+2,6 | 305,2+5,7 | 346,3+6,2 | 62,1+0,5 | 18,5+2,3*
20-25 He cnopremenu (n=28) | 256,6+6,1 | 333,7+£8,3 | 410,1+9,0 | 64,0+1,3 | 23,4+2,7

[Ipumitka: * — BIpOTImHICTh PI3HHUI y TMOKA3HHUKAX JOCTIHKYBAHMX XapaKTEPUCTUK MK
BOJICHOOJTICTAMU Ta HE CIOpTCMEeHaMH Ha piBHI p<0,05.

Boueiibosricti Maju Kpalili MOKa3HUKH peakifii BUOOPY IBOX 3 TPhOX moapa3Hukis (PB2-3)
Ta QyHkmioHanbHOI pyxnuBocTi HepBoBux mporecie (OPHII) y BikoBuii mepiox g0 19 pokis. B
MOAATBIIOMY JaHi BJIACTUBOCTI 3ajHIIaiucs He3MIHHUMHU. OueBHIIHO, 10 11 HeWpoQi3ionoriuHi
0coOMMBOCTI BiNOOpakarOTh aJanTalil0 IEHTPaJIbHOI HEPBOBOI CHUCTEMH JIO BHMOT BHCOKO
JIMHAMIYHOTO BHJy CIIOPTY, JOCATAalOTh CBOTO MAaKCHMYMY 1 B MOJAJbIIOMY HE MOKPAIIyIOThCS,
Xoya Jieska TEHJCHIIS 00 3MEHILIEHHS 4Yacy peakuii croctepiraetbcs 1y Bimi 20-25 pokis.
3piBHOBaxkeHiIcTh HepBOoBUX mporieciB (3HII), HaBnmaku, cTae 1OCTOBIpHO Kpamioro jumie y 20-25-
PIYHUX CIIOPTCMEHIB. MOKIIMBO, HA BCTAHOBJICHHS SIKICHOTO OallaHCy MK Mpolecamu 30y HKeHHS -
ranpMyBaHHs B [IHC noTpibHO sik Oinblie yacy, ssKkuil BiIBOAUTHCS Ha crielM(idH1 TpeHyBaHHS, TaK
1 OUTBII TPHUBAJIOTO Mpolecy MOP(OIOTTHHOTO J03piBaHHS KIPKOBUX CTPYKTYP T'OJOBHOTO MO3KY.
IIpoTe, MOKHA KOHCTAaTyBaTH, IO 3 BIKOM YCi NMOKa3HHUKH y CHOPTCMEHIB a0 JOCTOBIpHO, 200
TEHJEHIIHO noKpamyoThesa. [ligBHIIEeHa pPyXJIUBICTH HEPBOBUX IMIYIbCIB CBITYUTH PO
epeKTUBHIIY nepenayy Ta oOpoOKy iHpopMalii y KOPTHKOCHIHAJBHUX IIJIsAXaxX, a 30epekeHa
piBHOBara MK MpoliecaMHM 30Yy[KEHHS Ta TalbMyBaHHs 3a0e3ledye THYYKICTh Ta TOYHICTh
pyxoBux peakiiif. Taka 30alaHCOBaHICTh CHpHUSA€ IIBHJIKOMY aHaji3y 1 NPUMHATTIO DIlIeHb Y
CKJIAJJHUX ITPOBHUX CHUTYyaIllisfiX, 30epiraroun Mmpu LbOMY MiHIMaJbHUN piBEHb HAJAMIPHOI aKTHBAILii,
sIKa MOJKE 3aBakKaTu KoopauHaiii [4].

BikoBi 3MiHM KOOPAMHALIHHUX MOKIMBOCTEH — CIIPUMHATTS MPOCTOPY 1 yacy, 6anaHc npu
X0/1601 3 3aKPUTHMH OYMMa Ta TOYHICTh CTpUOKa HABEJCHO B TAOMUIII 2.
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Tabmuus 2
[Toka3zHUKM KOOPAMHALIHUX BIACTHBOCTEH HEPBOBOI CUCTEMH Y BOJICHOOTICTIB
Ta HE CHOPTCMEHIB Pi3HOTO BIKY

XapakTepuCTUKY .
Bik, [Xapaxrd CripuitHaTTS CripuitnsTrs Xoab6a IPSIMOIO Crpubok y
. IPOCTOPY 13 3aIUTIOIEHUMH TOXKUHY

Poku pyxosoi yacy (c) .

K THBHOCTI (cm) ounMma (CM)  |Ha TOYHICTH (CM)
14-15 Boueitbomictu (N=25) 11,4+0,4 62,6+1,2 13,52+1,3 106,8+1,4

He criopremenu (n=28) 12,4+0,7 63,6+2,4 16,0+1,5 109,2+4.,4
16-17 Boueii6osictu (n=25) 9,940,4* 59,5+1,3* 12,4+0,8* 105,6+2,4*

He cnopremenn (n=30) 11,9+0,5 62,1+1 4 15,2413 109,7+2,1
18-19 Boueitboictu (N=21) 9,9+0,3* | 58,7+0,8* 6,19+0,6* 97,5+1,5*

He cnoptcmenn (n=30) 11,3+0,5 62,8+1,1 20,7+2,8 105,1+2,2
20-95 [BoneHbomicTn (n=19) 10,240,2* | 58,8+1,0* 6,57+0,4* 99,4+1,5*

He criopremenn (n=28) 12,4+0,5 65,1+1,7 17,9+1,9 91,9+2,7

[Ipumitka: * — BIPOTITHICTH PI3HUII Y MOKa3HUKAX JOCTIKYBAaHUX XapaKTEPUCTHK MK

BOJIEH00JIICTAMH Ta HE CIOpTCMEeHaMHu Ha piBHI p<0,05.

Bunno, mo Oynp-gKkuX AOCTOBIPHUX 3MIH y 00cTexyBaHuX 14-15 pokiB He crioctepiraiocs
3a JKOJHOIO JIOCHIDKYBAHOIO XapakTepucTHKow. IIpore, mouwmHatoum 3 16 1 g0 25 poki
BOJICHOOJIICTH YK€ MaJId 3HaYHO Kpallly CEHCOMOTOPHY IHTErpallito, HDK HE CIIOPTCMEHU B THUX XKe
BIKOBUX Trpymnax. MOIUBO, ISl OCOOJMBICTH IMOB’sI3aHA 3 PO3BUTKOM KOMITJICKCHUX HEHPOHHUX
MepexX, JI0 CKIaAy SKUX BXOJSATH CEHCOPHI KOPH, MO30YOK 1 CTOBOYP MO3KY, SIKi BIAIOBIIAIOTH 3a
(dhopmMyBaHHS BHYTPINTHBOT MOJIEJI IMOJIOKEHHS TijIa B MPOCTOPI Ta yaci. TpeHyBaHHS y BOJEHOOII,
SK€ BKJIIOYA€ MIBHJKI 3MIHM TIO3WINI, TOYHI pyXW 1 OajaHCyBaHHS, CTHUMYJIOE€ TOJIIMIICHHS
MPOTPIONENTUBHOT OOPOOKM Ta CEHCOMOTOPHOTO KOHTPOJIIO, IO 3 BIKOM KOHCOJIIYETHCS,
MIJABHINYIOYH TOYHICTD 1 CTaOLIBHICTH pyXOBHX akTiB [1, 14].

Jani, mpencraBiaeHi B TaOmuii 3 TMOKa3ylTh, MO pa3oM 3 (PI3UYHOIO aKTUBHICTIO
MOKpaITyBAIUCS ¥ KOTHITUBHI (DYHKIIii, SIKI TIPEICTABIICH] TAKUMHU BaKJIUBUMH ISl KOOPIUHAITIT
pPyXiB MOKa3HUKaMU SIK: OIepalliiiHe, acolliaTUBHE, aOCTpaKTHE Ta JIOTTYHE MUCIIEHHS, a TaKOX
MMOKa3HUKAMH T1aM’sITi Ha 00pa3u 1 urcna. [IpoTe 10cToBipHO Kpaniuil MposiB KOTHITUBHUX (YHKITIHA
noyuHaBcs Jimiie 3 18-19 piuHoro BIKY 1 JIMIIE 3a MOKa3HUKOM acOIIaTUBHOTO MHCIICHHs. Bcei iHmIi
XapaKTEPUCTHKHA — MAlOTh JIOCTOBIPHO Kpallli MOKa3HUKHK y BOJICHOOMICTIB mounHaouu yxe 3 20-
25-piunoro BiKy. IlikaBo, I0 MOKa3HMUK mam’sITi Ha 00pa3u, B MeXax OOCTEKYBaHHMX TPYII,
MPaKTUYHO HE 3MIHIOBABCS B YChOMY BIKOBOMY JIiaria3oHi.

Tabmuus 3
[Toka3HUKU KOTHITUBHUX (PYHKIIIH Yy 0CI0 PI3HOTO BIKY
B 3aJIC)KHOCTI BiJI XapaKTepy pyXoBOoi aKTUBHOCTI
. XapaxTepucTuiy AbctpaktHe |AcomiatuBHe| Jloriune | Omepariiine Hanisrs ITaM'siTH
Bik, Xapakrep Ha
Pox |pyxoBoi MHCi)‘IGHHH MI/ICiJ'IeHHSI MI/ICiJ'IeHHSI MI/ICiJ'IeHHH obpas Ha ‘(I)I/ICJ'Ia
AKTHBHOCTI (%) (%) (%) (%) (%) (%)
14-15 Boseiibomictu (n=25) 45,8+2,1 35,4+19 |929+15| 90,4+1,8 | 54+0,1 | 28,4+4,7
He ciopremenn (n=28) 41,1+1.8 30,3+1,7 |93,5+1,7| 88,9+19 | 5,6+0,2 | 27,3+3,8
16-17 Boseiibomictu (N=25) 44,4+16 38,8+2,2 | 92,4+15| 88,8+2,3 | 55+0,1 | 25,6+2,2
He ciopremenn (n=30) 42,3+1,3 36,6£1,9 |93,6+1,7 | 90,3+2,01 | 5,3+0,2 | 26,9+2,3
18-19 Boseiibomictu (n=21) 49121 42,3+2,1* | 96,1412 | 94,2+17 | 6,2+0,1 | 22,3+2,7
He cnopremenn (n=30) 46+1,4 36,5+2,4 |95,6+14 | 93,616 | 6,5+0,2 | 255+3,2
20-25 Bosneit6onictu (n=19) 55,7+2,3* | 44,7+1,9* |96,8+1,3* 94,7+1,* | 6,2+0,2 |18,5+2,3*
He cnioptemenn (n=28) 50,2+1,7 | 41,07£1,5 | 91,7+21 | 87,8+24 | 6,1+0,1 | 23,4+2,7

[TpumiTka: * — BIPOTIIHICTH PI3HMLI Yy MOKAa3HMKAX JOCIIIPKYBAHHUX XapaKTEPUCTUK MK
BOJIeH00IIiICTaMH Ta HEe CIOpTCMeHaMHu Ha piBHi p<0,05.
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OueBuaHO, IO TPEHYBAIBHO-IFPOBUI TpoLeC HE CHPHUAB SKICHOMY MpOsBY JaHOI
XapakTepUCTUKH, a TOMY BOHAa 3ajHIlanacsi Majlo BiIMIHHOIO B MPEICTABICHHUX TpyIax.
AHAN3YIOUM TPEACTABICHI PE3YyIbTaTH MOXKHA TPHUITYCTUTH, IO AaKTHBALIS NEPeAHbOI KOpHU
BEJIMKHX ITIBKYJb, TiMOKaMIa i MOTOPHHX 30H IIiJ] YaC TPEHYBaHb CTBOPIOE YMOBH JUIS MOCUIICHHS
HelipormacTuyHOCTL.  BomenOomicTi  Kpamie — 3amam’siTOBYIOTh,  ONpPAlbOBYIOTh — TaKTUYHY
iH(pOpMaIito, MBUAKO poOISITH BUCHOBKU 1 MPUHAMAIOTH DIIICHHS B HECTAOUTPHUX YMOBax, IO B
IrpOBHUX CHUTYallisIX BKpall BayKJIMBO sl €EKTUBHOT KOOpAMHALII Ta perynsuii pyxis. Kpim Toro,
TPEHYBaHHS CHpUSE 3MIMHEHHIO 3B’S3KIB MDK CEHCOPHUMH 1 MOTOPHHUMH OOJIACTSIMH MO3KY,
HIITPUMYIOUH Oe3NepepBHY IHTErpalilo KOTHITUBHUX Ta PyXOBHX mpoiieci [16].

VIMOBIpHO, IO CHMCTEMATHYHi TpEHYBaHHS 3 BONEHOONY B Pi3HMX BIKOBHX TIpyHax
(GbopMyIOTh TICHY B3a€EMOJII0 MDK HEPBOBO-M’SI30BOI0 CHCTEMOIO, MO30YKOM 1 KOPKOBHUMH
LIEHTPaMH, 1110, B CBOIO Yepry, 3a0e3reuye He JIMIIE IIBUIKY PEAKI[II0, OPIEHTALII0 Y MPOCTOpi 1
yaci, aje i BUCOKHUI piBEHb aHATITUYHUX (QYHKIIM MO3KY JUIsl aJaiTUBHOTO YIPABIIIHHSA pyXamH.
Takum YuHOM, 3 BIKOM 1 JOCBIJOM CTBOPIOETHCS OUIBII IHTETpOBaHA 1 e€(PEeKTUBHA aHATOMO-
¢13i0/10TIUHA CcHCTEMa KOOpAMHALIl Ta perynsuii pyxiB y BOJIEHOOJICTIB, fKa MIATPUMYE
YCHIIHICTh Y CKJIAJHUX JAWHAMIYHUX IrpoBUX yMoBax. Lli mMexaHI3MH MaroTh (QyHIaMEeHTaJbHE
3HaYeHHS JUIsl TpeHyBaJbHOro mnporecy, a mnokasHuku OPHIT 1 3HII moxyre cinyryBaTu
KpUTEpIIMU JIJIs1 BiTOOpY Ta 1HAMBIAYyasi3alii MiArOTOBKMA CIIOPTCMEHIB BIMOBITHO A0 iX BIKOBHUX
ocoOmBOCTE# Ta piBHSA HepBOBOi cuctemu [13, 14, 16].

AHaini3 pe3ynbTariB MaTeMaTHYHOTO MojentoBaHHS MetonoM MI'YA mponemMoHCTpyBas,
0 /10 CTPYKTYpH KOMIIOHEHTIB, Kl BIJTUBAIOTh HA Mpolec (GopMyBaHHS TaKTUYHOTrO (IrpoOBOro)
MUCJIEHHSI BOJICHOOICTIB PI3HOTO BIKY YBIMIUIM: BJIACTUBOCTI Ta (PI3UYHI MOKJIMBOCTI OTOPHO-
pPYXOBOTO amapary i1 HEpBOBOI CHUCTEMH A0 CHPUUHSATTS Ta OPIEHTYBAHHS y MPOCTOpl 1 Haci,
KOHTPOJIFO IMIBHJKICHOT CHIM Ta audepeHiiamii M’ 130BUX 3YCHIIb, MPOCTOPOBO-YaCOBOI peryJsiii
pyXiB, orepariiine MUCIIEHHsI, (yHKI[IOHAJIbHA PYXJIUBICTh Ta BPIBHOBAYKEHICTH HEPBOBUX MPOIIECIB
(puc. 1). OcobnuBy 3aliKaBlIEHICTh B OTPUMAHHUX pe3yJbTaTaX MAaTEeMaTHYHOTO MOJCITIOBAHHS
BHUKJIMKA€ 3HAYHO BWINI (OUTBII Hi K Yy JBI4l) BiICOTKOBI KOE(QIIIEHTH BIUIMBY (DYHKITIOHAIBHOL
PYXJIMBOCTI Ta BPIBHOBWKEHOCTI HEPBOBUX TPOIECIB Ha CIEIialbHE IrPOBE MUCICHHS
BoJIei0oJTicTiB 20 pOKiB 1 cTapiie.

OCKUTbKM J1aH1 BJIACTMBOCTI € TEHETHYHO JCTEPMIHOBAHI MOXXEMO TPHUITYCTHTH, IO
cyrreBimuii BrumB ®PHIT 1 3HIT y crapmux rpaBiiiB, € HaCliJIKOM CIIOPTHBHOTO BigOOpy Ta
BHCOKOI KOHKYpEHIIii y nmpodeciftHOMY CHOpTi, KOJIM 3 TUIMHOM 0araTopiyHUX TPEHYBaHb Y CIIOPTI
3aJIMIIAIOTHCS TPaBIIl 13 CHIIBHOIO, PYXJIMBOIO HEPBOBOKO CHUCTEMOIO, sKa Kpallle aJanTyeThCs 10
HaBaHTa)XEHb, LI0 BUHHUKAIOTh M1l YaC AaKTHUBHMX, CUCTEMaTHMYHUX 1 TPHUBAIUX 3aHSTh
Bosteiibosom [13, 14].

Tawe IHWe

1%\

3gibHicT g0
NpoCTOpOBO-
4ac0BOl perysui_
pyxis \

15%

3ai6HicTe A0
3pjbHicTe Ao 3gibHicTs go npocTopoBO-

KOHTPONIO

NpoecToposo- 4acoBoi perynauii JAiBHICTs A0
WBHAKICHOT CHAK ’ 4acosoi opiexTalli pyxie A a
Ta gudeperLiauii 38% 4% npoc‘ropo?o-
M'A30BUX 3yCHADL g i o:?:;sa(:.:i'l'
5% \
A 3pibHicTL 40 15%
: KOHTpONKD
<~ . OnepaujiiHe

WEHMAKICHOI CUAK

Ta andepeHuiaLii

M'A30BUX 3yCUNb MWUCNEHHA
19% 18%

Pucynox 1. BaroBuii koe(irieHT BILTMBOBOCTI 1HAMBIIyaIbHO-THIIOJIOTTYHUX BIACTUBOCTEMH,
MICUXOJIOTIYHUX (DYHKI[IM, KOOpAMHALIHHUX MO>JIMBOCTEH Ta aKTUBHOI PyXOBOi JisuIbHOCTI (TiX
qyac 3aHATh BOJICHOOJIOM) Ha cremiainbHe (irpoBe) MUCIEHHSM BoselbomictiB 14-19 poki (A) Ta
20-25 pokiB (Bb).
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3arajiom, aHaNi3ylOud CTPYKTYpHI KOMIIOHEHTH 3B’SI3KiB CIELiaJbHOrO (irpoBOTO)
MUCJICHHSI BOJIGHOOICTIB Pi3HOTO BiKY, sIKi BHSIBJICHI 3a nomoMoroo MI'YA, MoxeMo BiAMITUTH
To (akt, MmO 31 3MIHOIO BIKy MiX [i€l0 CHUCTEMAaTUYHHUX, TPHUBAIUX 3aHATH BOJIEHOOIOM
BIIMIYAa€ThCS BHCOKA 3HAYUMICTh ONEPAIIfHOTO MHCICHHS, BIACTHBOCTEH M’S30BO-HEPBOBOTO
amapary 70 KOHTPOJIIO IIBUJKICHOT CHIIK Ta nudepeHIfianii M’ 130BUX 3yCHIIb, TIPOCTOPOBO-YacOBOL
peryisiii pyxiB Ta BIIACTUBOCTEH HEPBOBOT CUCTEMH JI0 OPIEHTYBaHHsI y IpocTopi i vaci [1, 2, 15].

OTtpuMaHi pe3ynbTaTi CBITYATh MPO 0COONMBY BAXKIMBICTH aHATOMO-()i3i0JI0TTYHOT CUCTEMHU
KOOPJMHAIIIT Ta PEeryisiii pyxiB y BOJCHOOICTIB B Pi3HI BIKOBI Mepiou, a/pKe BCi JOCIIKYBaHI
KOMITOHEHTH, IO YBIMIIIM JI0 CTPYKTYpPH MPALIOIOTh, SIK €IUHE LUIE 1 THM CaMHM JI03BOJISIIOTH HE
JIMIIE MPAaBUIIBHO CIPHUIMATH IrpPOBY CHUTYALIIO aye, 1 aJeKBaTHO MSITH y BiamoBims. [Ipumyckaemo,
0 came MiJ BIUIMBOM CHEIU(PIYHUX, CUCTEMAaTHYHUX, TPUBAIUX Ta LUIECIPIMOBAHUX (PI3UUHUX
HaBaHTaXKEHb y BOJIEHOOJIICTIB 3 BIKOM (POPMYETHCS TICHUM B3a€EMO3B 30K (PYHKIIOHAIBHUX CHCTEM
oprasizMy (HEpBOBO-M’sI30BOi, CEpPEIHBOIO MO3KY Ta MO30YKa), SIKI BIINOBIIAIOTH 3a MPOCTOPOBO-
4acoBY OpIEHTAIIIO 1 IPOCTOPOBO-YACOBI MapaMeTPH PyXiB 3 KOPOIO MIBKYJb FOJOBHOTO MO3KY, sIKa
BIJIMOBIJa€ 3a BHYTPILIHIO CYTh MPUIHATUX DPILIEHb (aHATITUYHY OOpOOKY CIpHHATOT 1H(pOpMarii
PO Yac, MicLie Ta XapakTep HEOOXIIHUX JIiil) rpaBLsIMU Ha MalJaHYMKY B PI3HUX IFPOBUX CUTYAIlIsIX.
Ajxe, OUTBIIICTD ITPOBUX Jii IpaBlil BUKOHYIOTh Y 0€30IOpHOMY MOJIOXKEHH1 (y CTpUOKY UM M1 yac
MaJIHHA), MICHS PI3KUX MepeMilieHb ado K MO0 M’A4y SKMA Mae MBUAKY Ta HE MNPSIMOJIHIMHY
TpaekTopito pyxy. Takox, BIuBOBICTh MmokazHukieB GPHII ta BHII moxHa BHUKOpUCTOBYBaTH, K
KpuTepiii Habopy 1 BIIOOPY Ha PI3HUX eTarax CIOPTUBHOI MIATOTOBKU.

BucHoBku

1. Amnami3z niTepaTypHUX DKEpENl T03BOJWB BHUSBUTU TEPCIEKTHBHI IUISIXH 3aCTOCYBaHHS
METO/1IB MAaTEeMAaTUYHOT'O MOJIEJIIOBAHHS Y CIIOPTi. BUKOpHUCTaHHS KOMITJIEKCHUX MOJEIbHUX
XapaKTEPUCTHK 3MarajbHO1 MISTBHOCTI, MIATOTOBJICHOCTI CIHOPTCMEHA Ta B3aEMHOTO iX
3B’SI3Ky TIPW TPUBAJIIH, CUCTEMATUYHIM B3a€MOJIi1 MOKE MIABUIIUTH €EKTUBHICThH MPOIIECY
MTOTOBKY TPABIIIB B Pi3H1 BIKOBI IEPIOIH.

2. 3a pesynbpTaTaMu MOJEIIOBAHHS METOJOM I'PYNOBOTO ypaxyBaHHS apryMEHTIB JOCIIHKEHO
BIUIUB TICUXO(]I3I0JIOTIYHUX BJIACTUBOCTEH, IrPOBOrO MHUCJICHHS Ta IHAMBIAYaJbHO-
TUIIOJIOTTYHUX BJIACTUBOCTEH HEPBOBOI CUCTEMH Y BOJICHOOIIICTIB PI3HOTO BIKY.

3. Y pe3ynbrari CUCTEeMaTUYHHUX 3aHATh BOJICHO0IOM MOCTYMOBO (hOPMYETHCSI BUCOKUI PIBEHb
1cuxodi310J0TTYHUX BIACTUBOCTEH OIEpallifHOTO0 MUCJICHHS, BJIACTUBOCTEH KOHTPOJIIO
MBHUJKICHOT cWIM Ta audepeHiianii M s30BUX 3yCHJIb, MPOCTOPOBO-YACOBOI PETYIISIii
pyXiB, OpieHTAIlii y MPOCTOPi 1 Yaci Ta TUIOJIOTIYHUX BJIACTUBOCTEH HEPBOBOI CHCTEMHU:
OPHII, 3HIL, mo 4YuHUTH MO3WTUBHUN BIUIMB Ha (OPMYBaHHS CHELIaJbHOTO IrPOBOTO
MuUCJeHHs TpaBliB. JlaHi 0coOIMBOCTI HEoOXimHO OpaTu A0 yBaru Mmij 4ac IUTaHYBaHHS
(hI3MYHOTO HABAaHTAXXEHHS B Pi3H1 BIKOBI MEPIOIH MIATOTOBKH BOJICHOOIICTIB

4. Pe3ynbTaTu OOCHIIKEHHS IEMOHCTPYIOTH HEPCIEKTUBH Ta IIISXU 3aCTOCYBaHHS METOIY
MaTeMaTUYHOTO MoOJentoBaHHs, a came MI'YA y cmopTi 3 MeToro Oulbll TJIMOOKOTO
po3yMiHHA Tmporiecy (GOpMyBaHHS CHEIialbHOTO IrPOBOTO MHCIEHHS TpaBliB Ta
MiIBUIIEHHS €()eKTUBHOCTI NMPOLIeCy MiATOTOBKU BOJEHOOICTIB B Pi3HI BIKOBI EPIoIH.
IlepcnexkTHBa MOAAJBIIMX [JOCTIIKEHb CTOCYEThCS PO3POOKH MOJeNei YHpaBIiHHS

HaBYAJIbHO-TPEHYBAIBHUM MPOIIECOM BOJEHOONICTIB pI3HOTO BIKY Ta cTaTi 3a pe3ylbTaTaMu
MOJIENIOBAHHS 1 €KCIIEPUMEHTATIBLHOT EePEeBIPKH 1X €()eKTUBHOCTI.
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Artemenko B. O., Khomenko S. M., Pustovalov V. O., Kozhemyako T. V.

ASSESSMENT OF THE INFLUENCE OF INDIVIDUAL-TYPOLOGICAL PROPERTIES
OF THE NERVOUS SYSTEM ON THE FORMATION OF SPECIAL GAME THINKING
IN VOLLEYBALL PLAYERS OF DIFFERENT AGES BY THE METHOD OF GROUP
CONSIDERATION OF ARGUMENTS MENTORS

Introduction. It is known that in sports, methods of mathematical statistics and analysis of
research results are widely used, however, they are mainly focused on processing the results by
traditional statistical methods. While to identify the influence of individual-typological properties of
the nervous system, namely: functional mobility, balance of nervous processes on the process of
forming special game thinking of volleyball players of different ages, the question of using the
method of group consideration of arguments is interesting. The use of such a method of
mathematical statistics could allow modeling and predicting the prospects for improving both
individual properties of the nervous system and other specific psychophysiological characteristics
of players in the process of long and systematic volleyball training.

Goal. To define the influence of individual typological characteristics of the nervous system,
psychological functions, coordination abilities, and active motor activity on the game thinking of
volleyball players of different ages.

Methods. Systematization and generalization of modern scientific literature, the method of
group consideration of arguments (MGCA), research: typological neurodynamic properties of the
nervous system on the software complex "Diagnost-1M", types of thinking and other
psychophysiological properties (memory, perception of space and time) using the computer
program "Intest”, the ability to control speed force and differentiation of muscle effort, spatio-
temporal regulation of movements - were determined using motor tests, the game thinking of
volleyball players was diagnosed using the author's computer program, and mathematical statistics
methods were also used.
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Results. According to the results of modeling using the method of group consideration of
arguments, a connection between psychophysiological properties, game thinking and individual
typological properties of the nervous system in volleyball players of different ages was established.
Data analysis showed that with age, as a result of systematic volleyball training, a high level of
psychophysiological properties of operational thinking, properties of speed-force control and
differentiation of muscle effort, spatiotemporal regulation of movements, orientation in space and
time, and typological properties of the nervous system: FRNP, VNP, which has a positive effect on
the formation of special game thinking of players.

Originality. It is believed that the use of modern methods of mathematical modeling in the
process of physical training contributes to an increase in the level of development of the body's
functional capabilities at different age periods.

Conclusion. The results demonstrate the prospects and ways of applying the method of
mathematical modeling, namely MGUA in sports with the aim of a deeper understanding of the
process of forming special game thinking of players and increasing the efficiency of the process of
training volleyball players in different age periods.

Keywords: functional mobility of nervous processes, balance of nervous processes,
musculoskeletal system, nervous regulation, mathematical statistics, mathematical modelling,
group argument consideration method, coordination properties, psychophysiological functions.
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BIIVIUB AJAIITUBHUX 'OPMOHIB HA CTAH KJIITUH TAHETA
TBAPHUH 3 AIOKCAHOBUM JIABETOM

AKmyanvHicme podéomu nossieac 8 NPo8eOeHHi YUMOXIMIYHUX 00Ciodcens Kaimun [lanema
MOHK020 KUULEYHUKA MEAPUH 8 YMOBAX MOOEeNI08AHHS Ma KOPeKYii YyKpoeozo diabemy, wo cnpuse
PO3VMIHHIO NAMO2EHEMUYHUX MEXAHI3MIE [ NOWYKY WIAXi8 Npopiiakmuxu ma JHiKY8AHHSA Yb0O2O
3axeopiosanns. Memoro 0ocnidxycennsa 0y10 GUEUEHHS 3MIH 6MICMY YUHKY MA CEKPemopHO2O0
mamepiany 6 krimunax I[lanema meapun 3 anokcanogum diabemom niciisi 66e0eHHs a0peHaniny ma
NPeoHi30N0HY OKpeMo ma 8 NOEOHAHHI 3 IHcyniHom. Mamepianom Oocnioxcenv cuyeysanu 3pisu
MOHKOI KUKy 0inux 6e3nopooHux muwel i wypie, sKum poounu in’e€kyii 0iabemo2eHHo2o azeHma
ma adanmugHux 2opmorie. Haykoea nosuszna pobomu nonseac y uKOpucmauHi 0is npo8eoeH s
00CNIONCeHb  YUMOXIMIYHUX Memoois: MOoOupikosanoi peakuyii Grokcuny Ha ceKpemopHuil
mamepian i po3pobnenoi peaxyii 8-(n-moayoncyiboHinamino)-XiHoMIHY HA YUHK y NAHEMOBCLKUX
knimunax. Bucnoexku. byno ecmamnoeneno, wo 6 xnimunax I[lamema meapun nicas i 'exyii
0iabemo2eHHo20 azeHma QlOKCAHY DO36UBABCS GUPAXNCEHUNl Oediyum YUHKY Ma CeKpemopHOo20
mamepiany. Illpusnauenus iHCYNIHY, aOpeHANiHy ma NPeoOHi30I0HY meapuHam 3 0Oiabemom
BUKIUKATIO 8 OOCHIONCeHUX KIIMUHAX YACMKOB8Y KOPEKYilo YUHKOBOI ma CeKpemopHoi
Hedocmamuocmi. binbw eupasicenuti kopeeytouuil egexkm cnocmepicascsa y kiimunax Ilanema
MBAPUH 3 ANOKCAHOBUM O0iabemomM y UNAOKY CHONYYEHOI Oii a0anmueHux 2opmoHis. Jlocmosipna
NO3UMUBHA KOPENAYIs 3MIH Y OOCTIONCEHUX KIIMUHAX KIIbKOCMI Memany ma cekpemy 6Ka3ye HA
DYHKYIOHAILHULL 38 130K MIJHC HUMU.

Knrowuoei cnosa: adpenanin, iHcynin, npeOHi3010H, CEKpemOopHULL Mamepiai, YUuHK.

IlocranoBka mnpobaemu. Ilykposuii miaber (LIJ]) € XpoHiuHMM HeiHDEKIIHHUM
3aXBOPIOBAHHSM, JI0 OCHOBHHX CHUMITOMIB SIKOTO HAJICKUTh XPOHIYHA TiEpriliKeMis, 1[0 BUHUKAE
BHaCITIIOK AedekTiB cekpelii Ta aii iHcyminy [1, 2]. ¥V BcboMy cBITi AiabeT BBaKarOTh MPOBIIHOIO
rI00abHOI0 MPOOJIEMOI0 OXOPOHU 370poB’s. Jlis sikyBaHHS mia0eTy B pPO3BHUHEHHX KpaiHax
BUKOPUCTOBYeTbC Onu3bko 10% iXHBOTO OIODKETY Ha OXOpPOHY 310pOB’s. 3a MPOrHO3aMH
¢daxiBuiB 10 2040 poky kinbkicte xBopux Ha L[JI moxe craHoButu 642 MinTbHOHH OCIO.
JlocmiKkeHHsT KOHTPOJIIO Ta JIIKyBaHHS Jia0eTy € akTyalbHUMU, BPaXOBYIOUU CEPHO3HICTh 3arpo3u
JUISL 37I0pOB’Sl JIIOAWHH Ta CYCHUTbHHNA eKOHOMiuHW# Tsarap [3-5]. Jlns po3poOku HOBUX Ta
edexkTuBHUX 3aco0iB JikyBaHHS [IJ] BaxnuBUMH € MJOCHIKEHHS HA TBAPUHHUX MOJIEISIX
MaTOreHETHYHUX MEXaHI3MiB PO3BHUTKY Ili€i xBopoou [6—8].

AHaJji3 ocraHHix gociaimkenb i myOuaikanmii. [[ns ximiunoi ingykmii LJ Tpaauuiiino
BUKOPUCTOBYEThCSL  ajokcaH  (5,5-murigpokcunipuminui-2,4,6-TpioH), SKUH  HaJIEXHUTh IO
OpraHiYHUX CIOJYK Ta SBIIsI€ COOOI0 ITUTOTOKCHYHUIN aHAJIOT TIIFOKO3U. AJTIOKCaH XapaKTepU3yeThCs
KOPOTKHM TIEPi0IOM HaIiBPO3Maay, TPOTATOM KUTBKOX XBWJIMH Y BOJHOMY PO3YMHI BiH CIIOHTAHHO
PO3KIIaAaeThCS HAa HEAIa0eTOTeHHY alOKCaHOBY KHCIOTYy. lle € mnpuynHO0 HOro MIBUIKO
MOTTIMHAHHS Ta HAKOMTMYEHHS B MaHKpeaTHuHil B-KIITHHI. Y BUMAJAKY MEepEpUBAHHSI KPOBOTOKY J0
MIANITYHKOBOI 3371031 BIIPOJIOBXK TMEPIIUX ACKUTBKOX XBHJIMH MICHs iH €KIIi aloKcaHy HOTo mis
crae Hee(hextuBHOMWO [6, 8, 9].

Ileit niaGeToreHHUWH areHT Mae JBa NATOTEHETHMYHMX MexaHi3mMu. Ilepmmii mexaHizm
MOB’SI3aHUN 3 IIMPOKUM CTPUMYBAHHSM TJIOKOKIHA3W, MAHKPEATHYHOTO TIIOKO3HOTO CEHCOopa
B-KJIITHH MaHKpeaTMYHUX OCTPIBLIB, BHACIIAOK YOr0 ()epMEHT creu(iyHO MPUTHIYY€e BUALICHHS
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IHCYNiHY, IHAYKOBaHE TJIOKO3010. 3MEHIICHHS OKHCICHHS TJIOKO3M Ta yTBOpeHHs AT
BiZIOYBAa€THCS BHACTIOK 1HriOyBaHHS TIIFOKOKiHA3W, 110 B CBOIO 4Yepry npurHiuyroe curHain AT
JUIs  3alycKy 1HCYmiHOBOi cekpenii. Ilicns BmiMBY anokcaHy iHTIOyBaHHS —TJIFOKOKIHA3U
PO3BHBAETHCS BIPOAOBXK 1 xBununu [6, 9, 10].

B ocHOBi apyroro mMexaHi3My JIeKHTh IHIYKYIlis yTBOPEHHS aKTUBHUX (OPM KHCHIO, IO
reHepye CYNEpPOKCHIHI paJuKald, CTBOPIOIOYM OKHCHO-BIIHOBHHMH IIHMKJ, Ta MPU3BOAUTH [0
BHUOIPKOBOTO HEKPO3Y IHCYITIHIPOIYKYIOUMX KITHH 1 PO3BUTKY IHCYJIHO3aJIEKHOTO miadery.
BinOyBaeTbcsi BiIHOBIIEHHS QJIOKCaHy MO IalypUYHOTO OKCHIY, a IIOTIM TIIOBTOpPHE HOTO
OKHCIICHHS JI0 TIONEPEIHbOI PEYOBHHU 3 YTBOPEHHSM CYNEPOKCHIHHX paJuKaliB, Ha fAKi i€
CYHNEepOKCHIINCMYTAa3a, YTBOPIOIOYH MEPOKCH]l BOIHIO. ['IIPOKCHUIIBHI pajMKalid TaKOX MOXKYTb
YTBOPIOBAaTHCST BHACHIOK NOOIYHMX peakmiil. Jlo pO3BUTKY amonTo3y MOXKE IPU3BECTH
¢parmenTanis JIHK B-kiiTuH, cipuyrHeHa 1i€:0 BUCOKOAKTUBHUX (popM kucHI0. He 3Baxatoun Ha
T€, 10 TOTJIMHAHHSA AJIOKCaHY BiOYBA€ThCS B TEYIHI[, T'€MAaTOTOKCHYHICTh € HEMIMCHOI abo
HE3HAYHOI0, TOMY III0 IIbOMY OpTaHy BJIACTHBI Kpallll aHTUOKCUJIAHTHI MEXaHI3MH y TOPIBHSHHI 3
B-xmitnHamMu. KpiM TOro, y ULHMX 3aXMCHUX MEXaHI3MIB HaJIuyeThCsl JAEKUIbKa €(QeKTiB
6ioTpanchopmariii Ta emimiHaili kceHOO10TUKIB. [TOMIKOIKEHHSI KIIITUH aJIOKCAaHOM BiOYBAa€ThCS
BHACIIJIOK TOPYIIEHHSI TOMEOCTa3y KaJbIiI0 B KIITHHAX 1 MIJICUJIEHHS OCHOBHOTO OKHCIICHHS,
to6T0 SH-KMacis [11-13].

Bik, cTath, cTaH HEpBOBOi Ta €HJOKPUHHOI CHCTEM, TAaKHX OPraHiB, SIK MEYIHKA, HUPKU Ta
JEeSKUX HIIUX, 8 TAKOK XapakTep oOMiHY peUOBHH, XapuyBaHHs, BMICT Y TKaHHHAaX SH-Tpym Ta iH.
y TBapWH OJIHOTO ¥ TOTO CaMOTO BHUIY OOYMOBIIIOIOTh 1HAUBIAYadbHY YyTIUBICTh 10 aJOKCAHY, 110
Bapiloe B Jy)Ke IMUPOKUX Mexax [7-9].

Bu3HaueHHsI HeBUPIIEHUX paHille YACTHUH 3arajbHoi npobuaemu. [[/] Hanexuts 10
rpynu MeTaOOJIYHUX 3aXBOPIOBAHb, ITPU SKUX MOPYIIYIOTHCSA BC1 BUIM OOMIHY PEYOBHUH, BKIIOUHO
3 MikpoeneMmentHuM [1, 2]. Byno BcraHoBiIEHO, IO HA TN IHCYJIIHOBOI HEJOCTATHOCTI Y TBapuH 3
AJIOKCAaHOBUM Jia0CTOM pO3BHBAETHCSA Ae(PIUT IUHKY B MaHKpeaTHYHHX ocTpiBipix [14, 15].
Bigomo, 110 B CeKpeTOPHUX I'paHyIax B-KIIITHH MAHKPEATHYHUX OCTPIBIIIB MICTHTHCS ITUHK. 3T1IHO
3 ICHYIOYHMM MPUITYHICHHSIM 10HU LHUHKY 3HAXOSATHCS B KOMIUIEKC] 3 KOH/IEHCOBAaHUMH MOJIEKYIaMH
IHCYITiHY, YTBOPIOIOYH T'eKcaMepHi cTpykTypH [16-19].

Kmitnan IlaneTta TOHKOTO KHIIEYHMKA TMOMIOHOTO A0 IHCYJIHOPOIYKYIOUUX KIIITHH
IMAHKPEATUYHHMX OCTPIBI[IB MICTATh I10HM IIMHKY B CEKPETOPHHX TIpaHynaxX. BiporigHo, 1mo B
MAHETOBCHKUX KJIITHHAX LEHd MeTaJ TaKoX Oepe y4acTb B YTBOPEHHI KOMILUIEKCY 3 CEKPETOPHUM
MartepiajioMm 1 Horo aenonyBaHHi [19, 20]. Lle mae miacTaBM BBaXkKaTH, IO HE TUILKH KUIBKICTh
CeKpeTy B MAaHETIBCbKUX KIITHHAX, aje W 3B’S3aHOT0 3 HUM MeTaly, € IOKa3HMKOM IX
(GyHKIIIOHAJTBLHOTO CTaHy. BpaxoByrouu BHKIaJieHE BUIIE, MPEACTABISIOTH IHTEpEC AOCTIIKEHHS
BMICTYy LIMHKY Ta CEKpETOpHOTO Mmarepiany B kiituHax [lanera TBapun npu mopaemtoBanHi L[J] i
HOro KOpPEeKI[li IIISAXOM YBEICHHS aJalTUBHUX TOpMOHIB. HemockoHamuii xapakrep ICHYHOUHX
METO/IiB IUTOXIMIYHOTO BHSIBJICHHS METaly Ta CEKpeTy B KiiThHax [laHeTa 3aBaguB NMpOBEICHHIO
TaKUX JOCHIIHKEHb paHim. BupimeHHs 1iei mpoOiieMu CTalo MOMKIMBUM MICIIsl pO3poOKH Ha 0asi
kadenapu diziosorii, iMyHoJOTii 1 OioXiMii 3 KypcOM IIMBUIBHOTO 3aXHUCTy Ta MEIUIIMHU
OionoriuHoro  QaxyiabTeTy 3amopi3bKOro  HAIIOHATBHOTO  YHIBEpCUTETYy  peakmii  8-(m-
ToJtyoscyabpoHiIaMino)-xiHomiHy (8-TCX) 1 mogudikamii ¢roKCHHOBOT peakiii y HUX KIITHHAX
TOHKO1 KHILIKH.

Mertoro nocaizkeHHsi OylI0 BUBUEHHS 3MiH BMICTY IIMHKY Ta CEKPETOPHOTO MaTepiaiy B
kiiTuHax [laHeTta TBapuH 3 aJIOKCAaHOBUM J11a0ETOM ITIC/Isl BBEJCHHS AJPEHATIHY Ta MPEIHI30J0HY
OKpPEMO Ta B ITO€JHAHHI 3 IHCYJIIHOM.

Marepianu Ta MeToau a0caizKkeHHs. JloCTiay MpoBOAMIUCS Ha OLTUX Oe3MOPOTHUX MHIIIAX
1 mypax BikoM 6 MicsiiB. KoHTposeM y BeiX eKCliepuMeHTax CIYryBaJld IHTaKTHI TBAPUHU, TOMY 10
CTaTUCTUYHO MDK cOOOI0 HE BIAPI3HSUTUCS pe3yIbTaTH, OTPUMAHI MICHs JOCHIIKEHHS KOHTPOJIBHOT
IpyIu TBapHH (TBApUHH, SIKMM BBOAWIM (DI310JIOTTYHMIA PO3YMH) Ta IHTAKTHOI rpynu (TBapuHHU 03
BTpy4aHb). [Ipu mpoBeneHHI TOCTHKEHb Ha Ja00paTOPHUX TBAPHH JOTPUMYBAIMCS BUMOT CT. 26
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3akony Ykpainu «IIpo 3axucT TBapHH Bill >KOPCTOKOTO MOBOJDKEHHS», «CBpOIEHChKOT KOHBEHIIT
po 3axucT xpedbetHux tBapur» (Ctpacoypr, 1986) i npuHIHMIIIB OI0CTHKH.

JliaGeT y TBapyWH BUKJIMKAIW OUISIXOM MiAIIKIPHOTO BBEIEHHS aloKcaHy 103010 400 Mr/kr.
B okpemiii cepii eKkcHepuMEHTIB TBapuHaM 3  aJOKCAaHOBUM  [1iabeToM  yBOJHMIU
BHYTPIITHBOM SI30BO TIPEIHI30JI0H Y 1031 10 MI/KT, MAMKIPHO — aapeHAHY TiAPOXJIOPU Y 1031
0,05 mr/kr, a Takox iHCYiH y 1031 20 OJI/kr Baru Tina (MUIIaM BBOJIMIJIM TOPMOH, PO3BEIECHUHN y
20 paziB, mypam — y 2 pasu). Uepe3 100y micis BBEACHHS allOKCaHy POOWIIM TEpPITy iH €KIIII0
PEYOBHH, a HACTYIHI — BOPOJOBXK 4 1i0. Y TBapWH METOJIOM JCKaIliTamii BUIyJaId MIMaTOYKH
TOHKOT KHIIKH depe3 5 1i0 micias BBEACHHS 11a0eTOreHHOT peYyOBHHM, 5 110 Ta 1Ie 2 T Mi3HIIe —
JIOKCaHy Ta aAalTUBHUX TOPMOHIB.

[IIMaToYk TOHKOI KHUIIKUA ISl IUTOXIMIYHOTO BHM3HAYEHHS HUHKY (PIKCYBAJIM B XOJIOJHOMY
(+4 °C) areroHi, a MOTIM JOBOJIIIH JI0 MapadiHy Ta 3aJIMBaIM B HBOTO. /[BOMa KCHIoJlaMu Ta CIMPTaMU
00po6ms apadinosi 3pizu 3aBToBIIKKA 10 Mxm 0,01% aneronoBuii po3unH 8-TCX BUKOPUCTOBYBAITH
it 3a0apBieHHs aenapadiHoBaHux 3pi3iB. [loTiM mpoBoawiIM iX NMPOMHMBKY B JAUCTHIILOBAHIA BOJI,
3aMHKaHHS B TJILEPUH Ta BUBUEHHS I111 JTFOMIHECIIEHTHUM MIKPOCKOIIOM 3 BUKOPUCTAHHAM (D10JIETOBOTO
(®C-1) Ta xoBtoro (KC-18) ceitnodinptpiB. Ha npenaparax y ximituHax [laHera BUsBIIsiIacs KOBTO-
3eJICHa JIFOMIHECIICHITISI, III0 € MTOKA3HIUKOM BMICTY IIMHKY B KJIITHHAX.

JIisi TUTOXIMIYHOTO BHM3HAYECHHS CEKPETOPHOTO MaTepially IIMAaTOYKH TOHKOI KHIIKH
¢ikcyBanu B ¢opMaiiHi HpoTsiroM 24 roja, MOTIM 3HEBOJHIOBAIH, OOpOOJISIM KCHIIOJIaMH,
CYMIIIIIIO KCWJIONY Ta mnapadiHy, BUTpUMYyBaJIM B PIAKUX MapadiHax Ta 3ajMBajiu B mapadiH.
[TapadinoBi 3pi3u 5-10 MKM 3aBTOBHIKM OOpOOJSIM KCHJIOJIAMH, CIUPTAMH, MPOMHBAIU
JTMCTUIILOBAHOIO BOJIOI0 Ta 3abapsmoBanu 0,5% po3unHoM ¢uiokcuny. Ilicnsa 3abapBieHHs 3pi3u
MPOMHUBAJIM JUCTUIHLOBAHOIO BOJOI0 Ta 3aMHKaJIM B TIiilepuH-kenatuH. Ha mnpenaparax y
nuToriasMi KIituH [laHeTa TOHKOT KUIITKM BU3HAYAIM YE€PBOHI TpaHyinH. KUTbKICTh MUX TpaHyl —
MMOKAa3HUK BMICTY B KJIIITHHAX CEKPETOPHOTO MaTepiaiy.

BuxopuctoBytoun TpuOadbHY CHCTEMY, OIIHIOBAJIW IHTCHCHUBHICTh IUTOXIMIYHOI peakilii
(dbrokcuHy. 3a oauH Oayl MpUMaK CJIa0OTIO3UTUBHY PEakKilito, 1Ba O0amu — MOMIpHY, TpH Oanu —
BHPKEHY 3a IHTCHCUBHICTIO peakilito. [HTeHCHBHICTh IUTOXIMIuHO1 peakiii 8-TCX Bu3Hayanmm 3a
JOTIOMOTOI0  Mikpoayopumerpa. BwicT muHKY oIiHIOBaIM B MKI/T. OnepkaHi pe3yiabTaTh
CTaTUCTUYHO OyNu ompanpoBaHi 3a t-kputepiem CThIOJEHTa 3a JOMOMOror0 mporpamu Statistica,
6.0. Koedimient xopessii [Tipcona (r) oOumcitoBany s OLMIHKK CTYIEHs 3B’SI3Ky MDK 3MIHaMH
JOCIIKEHNUX ITOKA3HUKIB.

PesyabTaTi Ta ix o0roBopenHsi. Y Tabmuiro 1 3BeleH1 pe3ysnbTaTH IOCIIKEHb BMICTY
LIMHKY Ta CEKPETOPHOTO Marepiajly B MaHETOBCHKUX KJIITMHAX MHILIEH 3 aJOKCAHOBUM J11a0eTOM,
SIKUM YBOJWJIU aJallTUBHI TOPMOHH.

3 Tabnuii BUIHO, LIO 1H €KL allOKCaHy BUKIWKala BHCOKOJOCTOBIpDHE 3MEHILIEHHS B
kiaituHax [lanera mumeilt BMicTy HMHKY — Ha 49%, cexperopHoro matepiany — 42%, KUIbKOCTI
rpanyn 8-TCX — 29%, ¢nokcunodinpHuX rpanyn — 27 %.

VY BuUMagKy NpHU3HAYCHHs IHCYNIIHY MHUIIaM 3 Jia0eToM HIKYE KOHTPOJO Oyiau piBEHb
uuHKY Ha 29%, cekpetopHoro marepiany — Ha 25% (p<0,01), a Takok KUIbKICTH TpaHys, L0 iX
MICTATh, — Ha 17% (p<0,01) 1 16% (p<0,05). ITopiBHSHO 3 A1aOETUYHUMHU TBapUHAMMU I1i TOKA3HUKU
3pocTainu BianosiaHo Ha 38% (p<0,01), 29, 161 15% (p<0,05).

BMmicT BHYTPIIIHBOKITITHHHHUX [IMHKY Ta CEKpeTy OyB HIDKYe KOHTpouto Ha 24% (p<0,05) i
17% (p>0,05), a kinpkicts rpanyn 8-TCX i ¢umokcuHobinbHUX rpanyn — Ha 12 1 11% (p<0,05) y
TBapUH, SKUM Ha TIi JiabeTy yBOJIWIM MPeaHiI30JI0H. BigHOCHO AiabeTHYHUX MUIIEH 11l TOKa3HUKH
3poctanu Ha 48 i 43% (p<0,01), 24% i 23% (p<0,01).

VY Mumiei 3 ajJoKCaHOBUM J1iabeTOM y MPUCYTHOCTI IHCYJIHY Ta aJgpeHalliHy MOpPIBHSIHO 3
KOHTpoJIeM OyB HMX4e BMICT LIMHKY Ha 7%, CEKPETOPHOro Marepiany — Ha 8%, a KUIbKICTh T'paHyil,
AKi iX MIcTsATh, cKopodyBaiack Ha 4 1 5% (p>0,05). Y nopiBHsHHI 3 Aia0ETUYHUMH TBapHHAMH
OTpUMaHi mokasHuku Oynu Butie Ha 81% (p<0,001), 57% (p<0,01), 35% (p<0,001) 1 30% (p<0,01).
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Taoaunga 1

Bwmict nuHKy Ta cekperopHoro mMatepiany (M + m) Ta ix B3aemo3B’s130k () y kinituHax [lanera
MUIIEH TpU BBEACHHI aJJOKCaHy, aJipeHaIHYy, IPEIHI30JIOHY Ta IHCYIIHY

I'pyna Bwmict BwmicT KinbkicTs rpanyn
TBapuH IUHKY, CEKPETOPHOTO r r
MKT/T Marepiany, yM.0/I. 8-TCX roxcuny
KoHTpons 41+2,9 1,2+0,08 52+2,4 55+2,6 0,48 | 0,91
(n=14)
AJoKcaH 21+1, 77 0,740,05™" 37+1,6™ 40+1,9™ 0,53" | 0,82™
(n=10)
AJokcaH+ 29421 0,9+0,06 4 432,074 46+2,1%% 046" | 0,82
THCYIIH
(n=10)
AJokcaH+ 32426 % | 1,040,074 474314 50£2, 44 044" | 0,857
aZpeHaliH
(n=10)
AJtokcan+ 31+2,5% | 1,040,094 4642, 244 49+2 344 0,44 | 0,86™"
MPEAHI30JI0H
(n=10)
AJokcan+ 384344 | 1,140,104 50£2, 744 524304 0,42" | 0,90™
1HCYMiH+
aZpeHaliH
(n=10)
AJjoxcan+ 38+4, Luus 1,140,124 4942 3ups 51+3,3 4 0,46* 0,92***
1HCYmiH+
MIPEAHI30JI0H
(n=10)
[Tpumirka: - p<0,05; g p<0,01; - p<0,001 nopiBasiHO 3 KOHTposieMm; # — p<0,05;

## — Pp<0,01; s — p<0,001 mopiBHSHO 3 alOKCaHOM; 1 — KOS(ILIEHT KOpeNsIlii 3MiH y KiliTiHax [lanera
BMICTY IIMHKY Ta CEKPETOPHOTO Marepiary, BU3HAYEHOTO 3a JIOTIOMOTOI0 MUTOXIMIYHUX PEAKIIii; 2 —
KoedIIieHT Kopersiii 3MiH KutbkocTi Tpanyn 8-TCX 1 ¢uokcuHoDiIbHUX rpanya y KiitnHax [1aHera.

[Ticnst crosnydeHOro BIUIMBY IHCYNiIHY Ta NpPEIHI30JOHY Ha MHUIIEed 3 JiadeTtoM y
[IAaHETOBCHKUX KJIITHHAX 3MEHIIYBaBCsl piBeHb MeTany Ha (%, cekpeTy — 8%, KUIbKICTh TpaHyll
8-TCX — 6%, daoxcunodinbuux rpanyn — 7% (p>0,05) BiZIHOCHO KOHTPOJILHUX BEIHYHH.
3pocranns mokasHukiB Ha 81% (p<0,001), 57% (p<0,01), 32% (p<0,001) i 28% (p<0,01)
BCTaHOBJICHO BITHOCHO J11a0€TUYHUX TBapUH.

VY Mumiei 3 aJoKCaHOBHM Ala0eToM, SIKUM YBOJWJIM aJalTHBHI TOPMOHH, CIIOCTEpirajgach
MO3UTUBHA KOPEJIALIis 3MiH BMICTY IMHKY Ta CEKPETOPHOTO Marepiainy B KirituHax [lanera.

[ToniGH1 3MIHM BMICTY IMHKY Ta CEKPETOPHOIO Martepialy B IaHETOBCHKHUX KIITHHAX
BCTaHOBJIEHI B JIOCHiax Ha JIa0eTHYHMX IIypax IIicias BBEJECHHS IHCYJIiHY, aJpeHaliHy Ta
npenHi3onony (tabn. 2).

OTtpumaHi JaHi cBi4aTh Mpo Te, Mo B KIiTHHAX IlaHera miypiB 3 aJloOKCaHOBUM AiabeToM
BHCOKOJIOCTOBIPHO 3MEHIIYBaBCsl BMICT LIMHKY Ha 55%, cekpeTopHoro marepiany — 47%, KUIbKICTh
rpanyn 8-TCX — Ha 29%, pnokcuHO(LIBHUX rpanya — Ha 26%.

VY BuUnaaKy NMpU3HAuUEHHs HCYIIHY IypaM 3 JaiabeToM OyB HM)KUYEe KOHTPOJIO PIBEHb IIUHKY
Ha 32% (p<0,001), cexperopHoro marepiany — Ha 24% (p<0,05), KUTbKICTh TpaHyI, IO iX MICTATH,
— Ha 18% (p<0,01) i 26% (p<0,05). INopiBHSHO 3 AiaOETHYHMMH TBAapUHAMHU IIi TOKA3HUKH
3pocrtanu BinoBiaHo Ha 54 144% (p<0,001), 151 14% (p<0,05).
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Taoaunga 2
BwMicT nuHKy Ta cekpeTopHoro marepiany (M £ m) Ta ix B3aemo3B’s130k (1) y kinituHax [lanera
IIypiB MIPH BBEJICHHI AJIOKCAHy, apeHaNIiHy, TPEIHI30JIOHY Ta IHCYIIHY

I'pyna Bwmict BwmicT KinbkicTs rpanyn
TBapHH LUHKY, CEKPETOPHOTO r r
MKT/T Mmarepiainy, yM.0I. 8-TCX roxcuny

* *k*k

Kontpous 92+5,9 1,7+0,12 55%2,5 57+3,1 0,47
(n=16)

0,92

AnokcaH 412,57 0,9+0,05™" 39+1,8™ 42+2,17° | 0,49 | 0,87
(n=10)

Astokcan+ 63+4,6" uun 1,3+0,09 54 45+2 0™ 48+19% | 0,43 | 0,46
THCYIIH
(n=10)

Ajoxkcan+ 7015,4*### 1,440,10444 5142, 2444 5142, 64 0,42* 0,91***
aZpeHaliH
(n=10)

AJjoxcan+ 6915,8*### 1,440,124 502,744 5142, 3u 0,44* 0,95***
MPEAHI30JI0H
(n=10)

AJtokcan+ 906,444 1,640,144 53+2,94u 54+2 8uuu 0,45" | 0,93
1HCYMiH+
aZpeHaliH
(n=10)

AJjoxcan+ 8545, 7 s 1,540,13 44 5242 64 5342, 74 0,42* 0,92***
1HCYmiH+
MIPEAHI30JI0H
(n=10)

[Tpumirtka: mo3HayeHHs, K y Ta0m. 1.

[Ticns BBeneHHS aapeHalTiHy BMICT IIMHKY Ta CEKPETY B MAaHETOBCHKHX KIIITHHAX IIypiB 3
AIOKCAaHOBHMM JiabeTom OyB HIK4Ye KOHTposro Ha 24% (p<0,05) i 18% (p>0,05) Bignosinxo, a
kinpkicte 8-TCX i ¢uokcunodpinpaux rpanyn Ha 8 1 11% (p>0,05). YV mnopiBHsHHI 3
iabeTHYHMMHU TBapUHAMK OTpuMaHi 1udpu 6ymu Bumie Ha 71 i 56% (p<0,001), 31% (p<0,001) i
21% (p<0,01).

Ha Tni npiaGety B TBapuH, SKUM YBOIIIA MPEIHI30JIOH, BMICT BHYTPIIIHBOKIITUHHUX
KOMITIOHEHTIB OyB HMk4ye KoHTposo Ha 25% (p<0,05) i 18% (p>0,05), a ximpkicte 8-TCX i
¢dokcunoinbaux rpanyn Ha 9 i 11% (p>0,05). BigHocHO iabeTHYHHX MHIYPiB Ii MOKA3HUKH
3poctanu Ha 68 1 56% (p<0,001), 28 1 21% (p<0,01).

VY 1mypiB 3 aJOKCaHOBHUM Jia0eTOM Yy NMPUCYTHOCTI IHCYJIHY Ta aJpeHaliHy MOpPIBHAHO 3
KOHTpoJieM OyB HMX4e BMICT LIMHKY Ha 3%, CEKPETOPHOro Marepiany — Ha 6%, a KUIbKICTh I'paHyil,
SKi 1X MICTATh, cKopouyBaiach Ha 4 i 5% (p>0,05). V nopiBHsAHHI 3 Hia0CeTUYHHUMHU TBapHHAMH
oTpuMaHi mokasHuku Oynu Buiie Ha 120 1 78% (p<0,001), 36 i 29% (p<0,01).

[Ticnst criosyyeHOro BIUIMBY 1HCYJIHY Ta aJipeHaliHy Ha LIypiB 3 A1a0eToM y MaHETOBCHKUX
KJIITHHAX 3MEHIIYBaBcs piBeHb MeTany Ha 8%, cekpery — Ha 12%, kiIbKicTh rpanya 8-TCX — Ha
5%, ¢unokcuHodineHUX TpaHyn — Ha 7% (p>0,05) BIIHOCHO KOHTPOJBHHUX BEIMYMH. 3POCTaHHS
noka3uukiB Ha 107 1 67% (p<0,001), 33% (p<0,001) 1 26% (p<0,01).

[To3utuBHI Koe(ilieHTH KopesAlii 3MiH BMICTY LMHKY Ta CEKpEeTOPHOIO Marepiajlly B
kinituHax [laHera miAMOCHiTHUX IMYpiB CBiM4aTh NPO HASBHICTh MDK I[UMH KOMIIOHEHTAMH
(GYHKIIOHATIBHOTO 3B SI3KY.
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Takum 4MHOM, y TBapHH 3 aJOKCAHOBHM [ia0ETOM MOTIPIIYETHCS (DYHKLIOHATIbHA aKTHUBHICTH
wiitrH Ilanera, mMpo MO CBITYUTH PO3BUTOK IMHKOBOi 1 CEKPETOPHOI HEAOCTATHOCTI BHACHIIOK
BUCH)KEHHS JIETIO IIUX KOMITOHEHTIB y KiiThHax. CKJIaJ] CEKPETOPHOro MaTepiany 6ararToKOMIIOHEHTHHH,
70 HBOTO 30KpeMa BXOJSTH J30COMalibHI (DepMEHTH, J30IMM 1 Je()eH3MHU — HU3BKOMOJIEKYISPHI
IUCTETHBMICHI KaTIOHHI TICNTH/IIB, sIKI 31i0H1 3HUIIYBATH pi3HOMaHITHI natorenu [21, 22]. Iumi aBTopu B
CBOIX JOCIDKEHHSX CIIOCTEpIrajiy y Mia0eTHYHMX MHUIICH paHHIA MMOYaTOK TSDKKOTO HCOaKTepio3y
KUIIICYHNKA, [0 XapaKTEePU3YEThCS PO3MHOMKEHHSM IPO3aNajbHUX MPOTEO0AKTEpil Ta Mi3HIIINM
KOJIAIICOM aHTHMIKpOOHOTo 3axucty KimithH [laHera. Y TBapuH, 10 B SIKOCTI J1IabETOTEHHOTO areHra
OTPUMYBAJIM aHTArOHICT THCYTIHOBHUX perenTopiB (S961), Oyau 3HauHI 1eeKTH eniTemiaabHuX QYHKIINA
KUIIIKOBOTO Oap’epa, Taki SIK MiABHIICHA CIiTeTiabHa MapareTosipHa MIPOHUKHICTh Ta TOPYIICHHS
IUTICHOCTI KJIITHHHO-KIITHHHKX 3’€1Hanb [23]. Liu L. Ta iH. Takox 3’sicoByBaiv pojib KiiTuH [laHera B
TIOIITKO/DKEHHI TOHKOTO KMINIEYHHWKA IMJI 4Yac TOCTpOro HekporuyHoro maHkpeatury (IHIT) 3
BUKOPHUCTAHHSIM MOJIENIell IIypiB, CTBOPEHUX MLUIAXOM IH €KLIl JUTU30HY, X€laTopa MeTaly LUHKY,
3IaTHOTO BUOIPKOBO pyiHYyBaTH KIiTHHM [lanera. Bueni 3a3Havamy, 1o 30UThIIEHHS CTPECY KUIITKOBOTO
€HJIOTIIa3MATHYHOTO PETUKYIIYMY, 110 OIIHIOBAJIOCS 32 BUCOKHMU PIBHSIMH €KCIIPecii OUTKa 3B’ SI3YFOUOT0
IMYHOTJIOOY/IHY Ta aKTHBYIOUOrO (pakTopa TpaHCKpHUIIIii 6, Moxe OyTd OJHUM 13 MeEXaHI3MIB,
MOB’s13aHUM 13 BTpatoto KiIiThH [lanera Ta mopymenHsM kuiikoBoro Oap’epy mig wac ['HIL Ile
JOCHIIPKEHHSI TI0Ka3ajo, 10 BiacyTHICTh KimiThH [lanera moxke Oyt BaxiamBUM (hakTopom, 1o Oepe
y4acTh y MOIIKO/PKEHHI KUIIIEYHHKA, CIpUsiFodn niporpecyBanato ['HIT [24].

3a pe3yiabTaTaMM HAIIMX JOCIIKEHb YBEICHHS IHCYIIHY, aJpeHANIHY Ta MNPEIHI30JI0HY
TBapWHAM 3 AJIOKCAHOBHM [1a0ETOM 3MEHIITYBaJIO AC(IIUT MUHKY Ta CEKPETOPHOTO Marepiany B
MAHETOBCHKUX KIIITHHAX, TaKUM YHHOM [MOKpau[ylouud (GYHKIIOHAIBHUA CTaH OCTaHHIX.
[TorenuiiioBanmii e(deKkT crocrepiraBcss y BHUMAIKY CIOJy4eHOi il 1HCYNiHY Ta TOPMOHIB
HaIHUPKOBHX 3aj03. B 1HmIN poOOTI TakoX MIAKPECICHO, IO I1HCYJIIHOBHM CHUTHAIIHT €
HE3aMIHHUM OXOPOHIIEM ILUTICHOCTI KHIIIKOBOTO Oap’epy, IO i€ SIK 3aXUCT BiJ MIKpOOHOTO
nucOanaHcy Ta rocTpux iHQEKIii, CIpUYMHEHUX eHTepomnaroreHamu [23].

BucHoBkmu.

1. YBeneHHs AiabeTOTEHHOTO areHTy MHUIIIAM 1 IIypaM MPU3BOIUIO JI0 PO3BUTKY B KIITHHAX
[Manera medinuty mMHKY B Mexax 27-55% Tta cekperopHoro marepiany — 26-47% (p<0,001), o
BKa3ye Ha MPUTHIYEHHS (QYHKIIIOHATILHOTO CTaHY ITUX KIIITHH.

2. YacTKkoBa KOPEKIIis ITMHKOBOI 1 CEKpETOPHOI HEAOCTATHOCTI B MAHETOBCHKUX KIIITHHAX
criocTepiranacs y BUNAAKy MpU3HAYCHHS TBApHHAM 3 aJIOKCAHOBHM J11la0eTOM THCYJIIHY, aApeHAIHY
Ta MPEIHI30JOHY: MOKA3HUKHU BMICTY BHYTPIIIHBOKIITHHHHX METally Ta CEKpeTy Oyau MeHIe
nopiBHAHO 3 KoHTposieM Ha 8% (p>0,05) — 32% (p<0,001) i 11% (p>0,05) — 26% (p<0,05), ane
OuTbIie BIAHOCHO MiabeTHMYHHMX TBapHH BimmosigHo Ha 15% (p<0,05) — 71% (p<0,001) i 14%
(p<0,05) — 56% (p<0,001).

3. CnonydeHa [is aJanTUBHUX TOPMOHIB BHKIMKana Yy KiiTuHax [lanera TBapun 3
QJIOKCAaHOBUM Jia0eToM OUIbIl BHpPaXEHHH Koperyrounii epexT monao aediluTy IUHKY Ta
CEKPETOPHOI0 MaTepiany, Ipy LIbOMY OTpUMaHi IU(PPU CYTTEBO HE BIAPI3HSIIMCS BiJ KOHTPOJIIO, a B
MOPIBHSIHHI 3 Nia0eTUYHUMHU TBapuHaMH Oynu Buile BinmoBimHo Ha 32-107% (p<0,001) 1 26%
(p<0,01) — 67% (p<0,001).

IlepcnekTHBM NMOAAJIBIIMX AOCTiIKeHb. [lonanbii focnikeHHs OyayTh COpSIMOBaHI Ha
BHMBYCHHS BIUIMBY a/IalITUBHUX TOPMOHIB Ha cTaH KIITHH [laHeTa apeHaeKTOMOBAaHUX TBapUH.
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Hryhorova N. V.
THE INFLUENCE OF ADAPTIVE HORMONES ON THE STATE OF PANETH CELLS
OF ANIMALS WITH ALLOXAN DIABETES

Introduction. It is known that in diabetes mellitus, which belongs to the group of metabolic
diseases, all types of metabolism are disturbed, including microelement metabolism. The
microelement zinc plays an important role in the functioning of a living organism and the
implementation of its vital processes. Paneth cells of the small intestine contain zinc ions in their
secretory granules. It is likely that in Paneth cells, like p-cells of pancreatic islets, this metal also
participates in the formation of a complex with secretory material and its deposition. This gives
reason to believe that not only the amount of secretion in Paneth cells, but also the content of the
metal bound to it, are indicators of their functional state. Taking into account the above, it is of
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interest to study the content of zinc and secretory material in Paneth cells of animals during the
modeling of diabetes mellitus and its correction by the introduction of adaptive hormones. The
imperfect nature of existing cytochemical methods for metal and secretion detection in Paneth cells
has prevented such studies from being conducted earlier. This problem was overcome by our
development of the 8-(p-toluenesulfonylamino)-quinoline (8-TSQ) reaction and modification of the
phloxine reaction in these small intestinal cells.

The purpose of the study was to investigate changes in the content of zinc and secretory material in
Paneth cells of animals with alloxan diabetes after the administration of adrenaline and prednisolone
separately and in combination with insulin.

Methods. The experiments were conducted on white outbred mice and rats aged 6 months. Some
animals received a single injection of alloxan, while others received insulin, adrenaline and prednisolone a
day after the administration of the diabetogenic agent. These procedures were repeated for 4 days.
Cytochemical methods were used to conduct the studies. Yellow-green luminescence was detected on
preparations stained with 8-TSQ, which is an indicator of the content of zinc in Paneth cells of the small
intestine. When stained with phloxine, red granules were detected in the cytoplasm of Paneth cells. The
number of these granules is an indicator of the content of secretory material in the cells. The content of
secretory material was estimated in conventional units, and zinc in ug/g. The results were statistically
processed using the Student’s t-test using the Statistica 6.0 program. The Pearson correlation coefficient (r)
was calculated to assess the degree of relationship between changes in the studied indicators.

Results. In Paneth cells of mice after alloxan injection, the zinc content decreased by 29-
49% and the secretory material by 27-42%, and in rats — by 29-55 and 26-47%, respectively
(p<0,001). After the administration of insulin, adrenaline and prednisolone against the background
of the development of alloxan diabetes, the intracellular metal and secretory content were lower
compared to the control in mice by 10% (p>0,05) — 29% (p<0,01) and 11% (p>0,05) — 25%
(p<0,01), in rats — 8% (p>0.05) — 32% (p<0,001) and 11% (p>0,05) — 26% (p<0,05). In relation to
diabetic animals, the obtained figures were higher in mice by 16% (p<0,05) — 52% (p<0,01) and
15% (p<0,05) — 43% (p<0,01), respectively, in rats — by 15% (p<0,05) — 71% (p<0,001) and 14%
(p<0,05) — 56% (p<0,001). In the case of the combined action of adaptive hormones in Paneth cells
of animals with alloxan diabetes, an unreliable nature of changes in the content of zinc and
secretory material was established in relation to the control, and in comparison with diabetic mice,
the indicators were higher by 32-81% (p<0,001) and 28-57% (p<0,01), respectively, in diabetic rats
— by 33-107% (p<0,001) and 26% (p<0,01) — 67% (p<0,001). Positive correlation coefficients of
changes in the content of zinc and secretory material in Paneth cells of experimental rats indicate
the presence of a functional connection between these components.

Originality. For the first time, using the developed cytochemical reaction of 8-TSQ and the
modified phloxine reaction, a study of the influence of adaptive hormones on the state of Paneth
cells of animals with alloxan diabetes was carried out.

Conclusion. The introduction of the diabetogenic agent alloxan led to the development of
zinc and secretory material deficiency in Paneth cells of mice and rats, which indicates the
suppression of the functional state of these cells. Partial correction of zinc and secretory deficiency
in Paneth cells was observed in the case of the administration of insulin, adrenaline and
prednisolone to animals with alloxan diabetes. The corrective effect was more pronounced with the
combined action of adaptive hormones. The results obtained will allow us to deepen our
understanding of the pathogenetic mechanisms of the development of diabetes, and the search for
ways to correct the disorders contributes to the prevention and treatment of this disease.

Keywords: adrenaline, insulin, prednisolone, secretory material, zinc.
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OXIDATIVE FUNCTION OF RAT LIVER MITOCHONDRIA DURING
ACUTE HYPEROXIA AND RECOVERY

Energy metabolism in the liver, a key organ regulating both substance and energy
metabolism in the body, depends critically on oxygen consumption. The primary organelles
responsible for oxidative energy metabolism are mitochondria. Hyperoxia and oxygen therapy are
widely used as therapeutic interventions in hepatic diseases and metabolic disorders. However, the
specific effects of hyperoxia on energy metabolism and the oxidative function of liver mitochondria
remain insufficiently understood.

Purpose. The aim of this study was to investigate the oxidative function of rat liver
mitochondria under different types of hyperoxic exposure.

Methods. The oxidative function of mitochondria was examined in 35 male Wistar rats. The
polarographic method described by Chance and Williams was used. Mitochondrial respiration was
assessed in liver homogenates using an open platinum electrode and a thermostabilized chamber
containing the incubation medium and oxidation substrates. The oxygen consumption rate was
measured under conditions of resting respiration (V4%), active respiration (V3), and controlled
respiration (V4A™P) immediately after exposure to hyperoxia, as well as on days 1, 3, 5, 7, and 14
post-exposure. Respiration was stimulated by the addition of 200 umol/L ADP. The respiratory
control ratio (V3/V4A™) and the phosphorylation efficiency (ADP/O ratio) were calculated.

Results. Under hyperoxic conditions, the rate of active respiration (V3) significantly
increased during the oxidation of FAD-dependent succinate, but not during the oxidation of the
NAD-dependent glutamate + malate mixture. The efficiency of oxidation and phosphorylation was
restored by day 7 after hyperoxic exposure when electron transport chain Complex 11 was involved,
whereas with Complex | substrates, it remained below baseline for 14 days. A significant increase
in mitochondrial energization was observed from day 5 onward during the oxidation of NAD-
dependent substrates compared to the immediate post-exposure level.

Originality. This study demonstrates for the first time that hyperoxia-induced alterations in
liver mitochondrial oxidative function occur in a phase-dependent manner.

Conclusions. During hyperoxia, mitochondrial respiration is activated through electron
transport chain Complex Il, while the activity of Complex | is suppressed. It is proposed that Complex
Il contributes to the adaptive response of mitochondrial respiration to hyperoxic exposure.

Keywords: mitochondria, liver, polarography, Chance method, hyperoxia, oxygen.
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Introduction

At present, there is no clear consensus regarding the effects of hyperoxia (HO) during
oxygen therapy on energy metabolism under either normal or pathological conditions. While
several studies have shown that hyperoxia and hyperoxemia may exert detrimental effects in
critically ill patients [1], oxygen therapy remains an established and effective approach in the
treatment of hepatic and metabolic disorders [2]. Furthermore, the administration of hyperoxic gas
mixtures containing more than 30% O during surgical procedures is routinely used to maintain
adequate and stable blood oxygen saturation or to provide a pulmonary oxygen reserve in cases of
airway dysfunction [3].

It is well known that tissue hypoxia develops in injured areas during the healing process.
Numerous studies have demonstrated that normobaric hyperoxic exposure promotes wound healing
and attenuates inflammation in both somatic and visceral organs [4—6]. Despite the promising
therapeutic potential of normobaric hyperoxia, the mechanisms underlying its beneficial effects
remain a matter of debate and require further elucidation. The wide variability in hyperoxic
exposure protocols, coupled with a lack of standardized analytical approaches, further complicates
the interpretation and comparison of experimental data.

Mitochondria are the principal consumers of oxygen in the body and play a central role in
cellular energy metabolism. These organelles are responsible for the active oxidation of energy
substrates and the synthesis of adenosine triphosphate (ATP) through oxidative phosphorylation. At
the same time, mitochondria are also the main source of reactive oxygen species (ROS) [7]. The
regulation of energy metabolism and carbohydrate transformation within the body is largely
dependent on the functional state of liver mitochondria [8].

Exposure to hyperoxic conditions has been shown to influence mitochondrial energy
metabolism, potentially leading to oxidative stress and tissue injury as a result of excessive ROS
generation. However, the specific features of mitochondrial oxidative function and oxygen
metabolism in the liver under hyperoxic conditions remain poorly understood.

Therefore, the present study aimed to characterize the changes in the oxidative function of
liver mitochondria following exposure to hyperoxia.

Materials and methods

The experiments were conducted on 35 male Wistar rats, which were divided into two
groups: 1) "control" (n = 5), and 2) "hyperoxia™ (n = 30). The control group consisted of intact rats
that were kept under standard vivarium conditions with free access to water and food. These rats
were in a chamber without a hyperoxic mixture throughout the hyperoxic session. Animals from the
"hyperoxia” group were exposed to an acute single exposure to a normobaric hyperoxic mixture
(35% oxygen) for a period of three hours. Subsequently, to study the effect on oxidative metabolism
of liver mitochondria during the recovery period after acute hyperoxia, studies were conducted for
fourteen days at periods 1, 3, 5, 7 and 14 days.

In order to study the oxidative function of liver mitochondria, a homogenate was prepared.
Liver fragments obtained from rats that had been anesthetized with ether (1.5 g/kg) were promptly
placed on ice and subsequently homogenized using a mechanical homogenizer, with the addition of a
0.9% cold KCI solution (4°C). The mitochondrial isolation medium contained (mmol/L): KCI — 120,
HEPES — 10, KoCOs — 2, EGTA-1 (pH 7.2), and the incubation medium — KCI — 120, HEPES - 10,
KoCOz — 2, KH2PO4 — 2 (pH 7.2) [9, 10]. The processes of respiration and oxidative phosphorylation
in mitochondria were studied by the polarographic method according to Chance and Williams [11].
For the purpose of conducting polarographic studies called "Polarograph LP 7" (Czech Republic,
1974) with an open platinum electrode was utilized. The device underwent calibration using a 0.9%
sodium chloride (NaCl) solution saturated with oxygen for a duration of 24 hours (maximum oxygen
pressure) against a 0.9% NaCl solution with the incorporation of sodium sulfate dihydrate (Na,SOs) at
a concentration of 1 mg/ml (minimum oxygen pressure). A volume of 1 ml of homogenate was
introduced into a polarographic cell. Subsequently, 1 ml of incubation medium and the requisite dose
of oxidation substrate were added. Thereafter, alterations in O, partial pressure over time were
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documented. The recording was carried out using a paper recorder called "Polarograph LP 7" (Czech
Republic, 1974). The following oxidation substrates were used (mmol/l):

1) succinate (Sc) — 0.35
(oxidized by the Il complex of the electron transport chain);

2) glutamate — 3 and malate — 2.5
(oxidized mainly by the I complex of the electron transport chain) [11]. Respiration was stimulated
by the introduction of 200 umol/l ADP (Sigma Aldrich, USA). The rate of mitochondrial respiration
during the oxidation of substrates in the resting state (V4%), the rate of phosphorylation or ADP-
stimulated (V3) and controlled (V4A™) respiration were determined, and the respiratory control
according to Chance and Williams (V3/V44™) and the ADP/O ratio, which reflects the efficiency
of phosphorylation, were calculated [10, 11]. For the purpose of statistical analysis of the obtained
data, generally accepted methods of variational statistics were utilized, employing the GraphPad
Prism 8 software program (GraphPad Software, Inc., USA). The data were examined for normality
using a Kolmogorov-Smirnov test to ensure the distribution was appropriate for the analysis. The
samples were then subjected to a one-way analysis of variance (ANOVA) test, with the Bonferroni
criterion employed as a post hoc test. The level of statistical significance was established as P<0.05.
The results were presented as mean + standard error of mean (M+m).

Results and Discussion

The level of oxygen consumption in the V4° state during the oxidation of FAD-dependent
succinate significantly increased (P<0.05) immediately after exposure to hyperoxia and 1 day after
exposure to hyperoxia. Beginning on the third day following exposure to HO, the level of oxygen
consumption by liver mitochondria in the V45 state reverted to the basal level. This level remained
relatively stable until day 14, as illustrated in Table 1. The oxygen consumption during stimulation
of mitochondrial respiration with adenosine diphosphate exhibited a significant increase (P < 0.05)
compared to the baseline level immediately following hyperoxic exposure, persisting up to and
including day 3. On the fifth day, a "breakthrough™ in mitochondrial energization was observed,
during which the level of oxygen consumption significantly differed from that immediately after
exposure to HO. Starting from the fifth day, a further decrease in oxygen consumption was
observed, and it did not differ from the basal level. (Fig. 1A) The level of controlled breathing
under the influence of HO increased significantly relative to the basal level immediately after the
hyperoxic session and was significantly higher after 1 day (P<0.05), while after 5 days it
approached the basal level (Table 1).
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Fig. 1. The rate of ADP-stimulated respiration (V3) in rat liver mitochondria was
measured under conditions of hyperoxia (HO) exposure during the oxidation of A) FAD-
dependent succinate; B) NAD-dependent substrates.

Notes: * — P<0,05 compared to basal level; # — P<0,05 compared to point “after HO”.
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The efficiency of mitochondrial respiration (V3/V4A™P) exhibited a significant decrease
(P<0.05) immediately after exposure to HO and after 1 day, and on the 5th day after exposure to
hyperoxia — did not differ from the basal level. Conversely, starting from the 7th day, an
enhancement in the efficiency of mitochondrial respiration was observed relative to the basal level
(see Table 1). This phenomenon can be attributed, primarily, to an increase in the level of controlled
respiration immediately after exposure to HO and after one day. Concurrently, the ADP/O indicator,
which reflects the degree of conjugation of oxidation and phosphorylation and the efficiency of
phosphorylation of ADP to ATP [12], did not demonstrate a significant decrease (P<0.05) only
immediately after exposure to HO, and on the first day did not differ significantly from the basal
level. The restoration of phosphorylation efficiency was observed from the 7th day after exposure to
hyperoxia (see Table 1).

Table 1
Indicators of mitochondrial respiration under the influence of acute HO under the conditions
of using the substrate sodium succinate (M+m).

Substrate Sodium succinate, 5 mmol
V45 V4ATP V3/ V4ATP ADP/O
mmol Oz/min*/mg? c.u.
Basal level 10,2+0,90 10,8+1,2 4,24+0,09 1,57+0,04
After hyperoxia | 16,7+1,1* 17,7£1,4* 3,62+0,07* 1,42+0,06*
1 day 14,2+1,2* 15,0£1,3* 3,94+0,11* 1,48+0,04
3 days 12,8+0,87 13,2+0,98 4,04+0,19 1,52+0,07
5 days 10,8+0,92 12,0+1,4 4,11+0,15 1,53+0,10
7 days 9,1+1,0 10,0+0,94 4,32+0,87* 1,58+0,11
14 days 12,6£1,7 11,1+1,1 4,28+0,10* 1,60+0,15

Note: * — P<0,05 compared to basal level.

Thus, the impact of acute HO resulted in an augmentation of mitochondrial oxygen
consumption, with the involvement of FAD-dependent succinate. This phenomenon returned to
its basal level after a period of 3-5 days. The efficiency of respiration and phosphorylation
decreased only with the direct effect of acute HO, and by day 3, these indicators returned to
their initial values. This is consistent with the literature data, since, as is known [13], succinate
is actively used as an oxidation substrate in hyperoxia therapy in intensive care. In turn, the
utilization of succinate, which is oxidized in the mitochondria with the participation of the
complex Il of the electron transport chain, contributes to a decrease in the production of
reactive oxygen species by the mitochondria in case of impaired oxygen homeostasis [14].

In the context of mitochondrial oxidation of NAD-dependent substrates (glutamate + malate
mixture), disparate reactions of liver tissue to acute hyperoxia were observed. Consequently, the
level of mitochondrial respiration at rest exhibited a tendency to decrease immediately after
exposure to HO, and a significant decrease was observed (P < 0.05) three days after exposure to
HO (see Table 2). The level of mitochondrial energization under conditions of ADP-stimulated
respiration demonstrated a significant decrease immediately after hyperoxic exposure (P < 0.05).
Additionally, it was observed to be lower in comparison to the basal level after 3, 5, 7, and 14
days, although a tendency towards recovery emerged, as it was higher after 5, 7 and 14 days in
comparison to the level of energization after hyperoxia (Fig. 1B). Under controlled breathing
conditions (V44™), a significant decrease (P<0.05) in the rate of oxygen consumption was
observed only immediately after hyperoxia, and after 5 days this indicator returned to the basal
level (see Table 2).
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Table 2
Indicators of mitochondrial respiration under the influence of acute HO under the conditions
of using the substrate glutamate+malate mixture (M+m).

Substrate Sodium glutamate 5 mmol + malate 2,5 mmol
V4S V4ATP V3/ V4ATP ADP/O
mmol O2/min*/mg?

Basal level 7,310 7,9+0,70 4,86+0,05 2,59+0,06
After hyperoxia 5,6£0,9 5,7+0,95* 4,14+0,04* 2,32+0,04*
1 day 5,9+0,87 6,1+1,2 4,21+0,09* 2,38+0,08*
3 days 5,1+1,0* 5,7+1,1* 3,74+0,03* 2,27+£0,03*
5 days 8,2+1,2 7,7£1,3 3,87+£0,05* 2,42+0,04*
7 days 8,0x1,4 7,7£1,2 4,06+£0,07* 2,34+0,03*
14 days 7,2£0,77 7,8+0,94 4,18+0,05* 2,46%0,05

Note: * — P<0,05 compared to basal level.

As a result, the level of respiratory control in the context of acute HO exhibited a significant
decrease (P<0.05) throughout the experimental period. Parallel significant changes (P<0.05) were
observed in the level of ADP/O (Table 2). Accordingly, the level of ADP-stimulated respiration
during the oxidation of NAD-dependent substrates under HO conditions was significantly lower
throughout the duration of the experiment. This finding is also evident in the efficiency of oxidation
and phosphorylation (V3/V4A™ and ADP/O).Thus, the mitochondria of rat liver tissues respond to
acute hyperoxia through the I and 11 complexes of the electron transport chain in distinct ways: the |
complex of the electron transport chain appears to be more sensitive to the effects of hyperoxia,
presumably due to its role in oxidizing NAD-dependent substrates. Consequently, the levels of
oxygen consumption by mitochondria decrease, and with them the efficiency of respiration and
phosphorylation. Complex Il of ETC (oxidation of FAD-dependent substrates) demonstrates
reduced vulnerability to the influx of HO.

In numerous studies of oxygen metabolism, it has been demonstrated that relative changes in
oxygen availability, as opposed to constant hyperoxia or hypoxia, exert a more substantial influence
on the expression of the transcription factor HIF [15-17]. Consequently, cells interpret the return to
normoxia after hyperoxic exposure or the transition from normoxia to hypoxia as oxygen
deficiency, leading to the induction of the synthesis of genes regulated by HIF-1 [15-17].
Accordingly, the observed manifestations of mitochondrial dysfunction in liver cells, as evidenced
by an increase in O2 consumption under conditions of FAD-dependent substrate oxidation and a
decrease in NAD-dependent substrate oxidation, bear a strong resemblance to the changes that have
been documented under conditions of hypoxia [19, 20]. These effects can be explained by the
development of the hyperoxic-hypoxic paradox [18], in which there is a shift of the hemoglobin
dissociation curve to the left, resulting in disrupted oxygen diffusion into the tissue and subsequent
tissue hypoxia. This, in turn, is accompanied by spasms of small vessels, which further complicates
oxygen delivery to the tissue and leads to the activation of lipid peroxidation and the development
of oxidative stress. It is noteworthy that the oxidative function of mitochondria undergoes changes
under the influence of hyperoxia, which can be considered a phase-dependent phenomenon.
Subsequent to the hyperoxic state, a restructuring of energy metabolism is observed, accompanied
by the inhibition of complex | and the activation of complex Il of the electron transport chain. This
phenomenon has been previously demonstrated in works devoted to the influence of hypoxia [19,
20]. As ETC complex I exhibits higher sensitivity to stress factors [10, 21], we observed a
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consistent decline in oxygen consumption, oxidation efficiency, and phosphorylation within the
liver's mitochondria in response to hyperoxia. It is hypothesized that hyperoxia induced by this
regimen altered the function of the first complex, such that restoration of its function was not
observed on the third day after the hyperoxic session. Beginning on the fifth day and continuing
until the conclusion of the experiment, a significant increase in oxygen consumption may indicate
the involvement of compensatory mechanisms for the optimal level of mitochondrial energization,
particularly oxidation with the participation of ETC complex Il. The rate of FAD-dependent
succinate oxidation through ETC complex Il, which literature data indicate compensates for the
insufficiency of ETC complex | [14, 21-22], returned to the basal level after the 5th day of
hyperoxic exposure, which supports our assumption.

to

The results obtained can be used for further studies of the role of mitochondria in adaptation
HO. The involvement of mitochondrial genes in the functional reorganization of the electron

transport chain remains unclear. This is a key question regarding the protective effect of HO on
liver mitochondria.

10.

Conclusions
Changes in the energization of liver mitochondria under hyperoxia conditions are phase-
dependent.
The 1 complex of ETC of liver mitochondria exhibits higher sensitivity to the effects of
hyperoxia, which impacts the efficiency of oxidation and phosphorylation. The complex Il
undergoes only minor changes up to three days following exposure to hyperoxia.
The oxidation of FAD-dependent substrates by liver mitochondria has been shown to compensate
for the energy deficiency that results from impaired functioning of the ETC complex I.
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3asropoaniii M. O., Hanenxo II. K., Hocap B. L., IlopTHiuenko B. L.
OKHCJIIOBAJIbHA ®YHKIISA MITOXOH/IPIM ITEYTHKH I[YPIB I YAC
TI'OCTPOI I'MEPOKCII TA BITHOBJIEHHSA

Enepeemuunuti 0oomin y neuinyi, Kiouo8omy Opeati, wo pecyiroe 5K pedosuHHUll, max i
eHepeemuyHUull 0OMIH 8 Op2aHi3Mi, KPUMUYHO 3ANeHCUMb 8I0 CHONCUBAHHA KucHioo. OCHO8HUMU
opeauenamu, BIONOBIOANbHUMU 30 OKUCTIOBANbHUL eHepeemudHull 0OMiH, € MImMOXOHOPII.
l'inepokcis ma Kucneea mepanisi WUPOKO BUKOPUCMOBYIOMbCA AK Mepanesmudti 6mpy4anHs npu
3AXBOPIOBAHHAX NeYIHKU ma mMemaboniunux nopyutennsax. Qonax cneyuiunuii 6niue 2inepoxcii Ha
eHepeemuyHUullL. 0OMiH mMa OKUCTIOBANLHY  (DYHKYII0  MIMOXOHOPIU NeYiHKU  3a1UULAEMbCS
HeooCmamub0 8UBYEHUM.

Mema. Memoto ybo20 0ocniodcenHss OY10 00CTIOUMU OKUCTIOBATILHY (DYHKYII0 MIMOXOHOPIl
NeYiHKU WYpI6 3a PI3HUX MUNIE 2iNEPOKCUUHO20 6NIUBY.

Memoou. OxucnosanvHy hyHKYito Mimoxouopiti docrioxcysanu y 35 camyie wyypie Bicmap.
Bukopucmosysanu nonspoecpagiunuii memoo, onucanuti Yancom ma Binvsamcom. Mimoxonopianvhe
OUXAHHS OYIHIOBANU 8 2OMO2EHAMAX NeYiHKU 3a O0ONOMO2010 BIOKPUMO20 NIAAMUHOB020 eleKmpooa
ma mepmocmaoinizoeanoi Kamepu, wo Micmume iHKyOayiline cepedosuwe ma cybcmpamu
oxucnenus. Llleuoxicmv cnoiCu8aHHs KUCHIO GUMIPIOSBANIU 8 YMOBAX OUXAHHA Y CMAHI CHOKOH
(V4S), axmusenoeo ouxanusn (V3) ma xoumponvogearozo ouxanusa (V4ATP) oodpazy nicia enausy
einepoxcii, a makoodic Ha 1, 3, 5, 7 ma 14 oui nicia enaugy. JJuxauHs cmumyno8aniu 000a8aHHIM
200 mxmonv/n  AJ/]®D. bByau pospaxoeani koeghiyicum rowmpono ouxauns (V3/V4ATP) ma
epexmusnicmuv pocghopuniosanns (cniggionowenns ADP/O).

Pezynomamu. B ymosax cinepoxcui weuoxicms akmusHoz2o ouxauts (V3) snauno spocmana
nio uac oxucnenna FAD-3anexcnoco cykyunamy, ane ne nio yac oxucaenHs cymiuwi NAD-
3anedxcnozo enymamamy ma manamy. Egexmusnicme okxucnenna ma  gocgopuntosanns
8I0H081108ANIACA 00 7-20 OHA NICAA 2INEPOKCUYHO20 BNAUBY, Kou 0y8 3aldisHuul Komniexc II
JIaHY102a eNeKMPOHHO20 mpancnopmy, mooi AxK 3 cyocmpamamu komnaekcy I ona sanuwianacs
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HUMICYO0I0 3a 6azoeull piseHb npomseom 14 Onie. 3naune 30inbUeHHSA eHepeemu3ayii MimoxoHopil
cnocmepieanocs 3 5-2o ous nio uac oxucienus NAD-3anedxcnux cybocmpamis nopisHAHO 3 pigHeMm
be3nocepeOHbo nicis 6NIUB).

Opuzinanvuicmse. Lle Oocniodxcenns enepuie OeMOHCMPYE, WO IHOYKOBAHI 2INepOKCIEN
3MIHU OKUCTIOBANbHOT (OYHKYIT MIMOXOHOPIU NeYinKu 8i00y8aiomvcs (haz03aneiCHUM YUHOM.

Bucnoexu. 11io uac cinepoxcii mimoxonopiaibhe OUXAHHA AKMUBYEMbCA uepe3 komniexc 11
JIanylo2a  eleKmpoHHO20 MPAHCNOpmMY, MO0l SAK AKMUeHicmv Komniekcy 1 npucnivyembwcs.
Ilpunyckaemocs, wo Komnnexc Il cnpuse aoanmusniv peakyii MimoxoHOpiaibHO20 OUXAHHA HA
2iNepoxKcudHUll 8NIUG.

Kniouoesi cnosa: mimoxonopii, neuinxa, nonsipoepaghis, memoo Yawnca, 2inepokcis, Kucemb.
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BAPIABEJBHICTH CEPIIEBOI'O PUTMY ITPH TUMYACOBIN OKJIIO3II
HUWXHIX KIHIIBOK Y ATJIETIB

Anomauia. Tumuacosa OKNIO3Isl HUNCHIX KIHYIBOK € OOCMYNHOIO MOOEILII0 KOPOMKOYACHOL
iwemii, wo 0036015€ BIOMBOPUMU KOHMPOILOBAHUL (pizionoziunull cmpec 6e3 Cymmeso2o pu3uUKy
0711 300po8’s. Bona cynposodocyemovca akmusayiero nepugepuuHux ma yenmpaibHux Mexanizmis
peayaayii Kpogooobicy, 3MIHIOE MOHYC CYOUH | 6NIUBAE HA POOOMY Cepyeso-CyOUHHOI CUCTEMU.
Busuenns peakyii eapiabenvnocmi cepyesoco pummy Ha mMaxi 3MiHU BIOKPUBAE MONCIUBICID
anubue 3po3ymimu mexanizmu ii aoanmayii 00 KOpOMKOUACHUX TUEeMIYHUX BNIUBIE.

Bumiprosanns 30iticniosanu na 30 wonosixax sikom 18-25 pokie - cmyoenmax (izKynvKypHo-
cnopmusHux cneyianizayit. OKMO3IUHI  BNIUBU BUKOHYBANU HA CMESHAX MAHNCemow OJis
sUMIpIO8anHs apmepianrbho2o mucky wupunoio 200 mm ynpoooedc 3 xeunun. Inmencuenicmo
nepuio2o 6nIUBy cKuadaia pigens oiacmoniunozo mucky + 50 mm pm.cm.; Opy2o2o - pigeHb
cucmoniunozo mucky + 50 mm pm.cm. [lokaznuku eapiabenvHocmi cepyeso2o pummy peecmpyeanu
ma pospaxosysanu 6 npoecpami Polar Protrainer 5.0.

Benosna oxnozia  He  cnpuuunAna  Cymmeeux — 3pYUleHb  YACOBUX — NOKA3HUKIB
sapiabenbHOCmMi cepyeso2o pummy, a apmepianvHa sukiukana ix piewa 3 1-i no 10- xeununu
gionognenna. Haubinbwum 6yno 3pocmanns YMSSD sax mapxepa 30invuienHs mMOHYCY
napacumMnamu4Ho2o 8i00iLy eecemamusHoi Hep8oeoi cucmemu. Auaniz xoegiyicnmis eapiayii
peaxmusnocmi nokazuuxie BCP noxaszas, wo ix pisenv 0ys 6ipociono euwyum na I1-1 ma 10-i
XBUNUHAX 8NAUBY NICNS 8EHO3HOI OKNI03II HidC Y 6I0NO0BIOHI nepiodu yacy nicis apmepianivbHoi.
Le mooce cgiouumu npo HAsABHICMb OIIbUL BUPANHCEHUX THOUBIOYANbHUX NPUCTNOCYBAHb pe2VlIAYil
cepyegoco pummy NpuU GeHO3HIU OKII03ii y NnopieHaAHHI 3 apmepianvHolo. Auaniz 3min
cnekmpanvHux nokasuukie BCP noxazas cymmege 30in1buleHH nApacUMnAmuyHux 6nau6ie Ha
OisIbHICMb cepys npUu apmepianbHill OKNI03ii.

Knwuoei cnosa: eapiabenvHicme cepyegoco pummy, OKIIO3iA  HUNCHIX  KiHYIBOK,
@yHKYyioHanbHUL cmaH, amaemu

ITocranoBka nuTanHs. BapiaGensHicTh cepueBoro putMmy (BCP) € ogHuM 13 npoBigHUX
HEIHBa3MBHMX METOJIB OLIHKH CTaHy BET€TaTUBHOI PEryJsIii cepLeBO-CyJUHHOT CUCTEMH SK Y
qOJIOBIKIB Tak 1 y »kiHOK [1]. Anani3 mnokasHukiB BCP npae 3Mory BUSBUTH OCOOIHMBOCTI
B3A€MO/Iii CUMIIATUYHOI Ta MapacUMIATUYHOI JJAHOK HEPBOBOI CHCTEMH, OLIHUTHU aJanTaliiHi
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MOJKJIMBOCTI OpraHi3aMy Ta piBeHb WOro (QyHKuioHanbHOT Hanmpyru. Came TOMY BUBYEHHS 3MiH
BCP min BmimBOM pi3HHX (i310JOTIYHUX 1 CTPECOBHX UYMHHUKIB Ma€ BaXKJIUBE HAyKOBE W
MpaKkTUYHE 3HAYCHHS.

TumuacoBa OKIIIO3is HWKHIX KIHIIBOK € JOCTYITHOIO MOJEJUII0 KOPOTKOYACHOT imemii, 1o
JI03BOJISIE BIATBOPUTH KOHTPOJIBOBAHUH (Di310JIOTTYHMIA CTpeCc 0€3 CYTTEBOTO PU3UKY IS 3I0POB’S.
BoHa CcynmpoBOIKYEThCS aKTHBAIIEI TEPUPEPUIHUX Ta UEHTPATBHUX MEXAaHI3MIB peryssmii
KpOBOOOIry, 3MiHIOE€ TOHYC CY/IMH 1 BIUTHBAE Ha POOOTY CEePICBO-CYIUHHOI cucTteMu [2]. BuB4YeHHS
peakiii BapiaOGeIbHOCTI CepleBOro pUTMY Ha TaKi 3MiHM BiIKPHBA€ MOKJIMBICTh TIIHOIIE 3pO3yMITH
MEXaHI3MH 11 ajjanTarlii 10 KOPOTKOYACHUX IIIIEMIYHHUX BIUTHBIB.

JlocmipkeHHsT BIUIMBY TUMYacoBoi okiro3ii Ha BCP € akTyanbHUM y KOHTEKCTi MOUIYKY
HOBUX IMIAXOJIB [0 JIarHOCTHUKU Ta TNPOQUIAKTUKH CEPLEBO-CYIUHHUX 3aXBOPIOBaHb, OI[IHKU
e(eKTUBHOCTI TPEHYBAJIBHOTO TPOIIECY y CIIOPTCMEHIB, & TAKOX yJOCKOHAJEHHsS peaduTiTariiHuX
mporpaM Juis oci0 13 TOpYHUIEHHSMH cepueBO-CyAuHHOI perynsamii. Kpim Toro, cydacHi
eKCIepUMEHTaJIbHI poOOTH CBIIYATh PO MOTEHUIMHUN NO3UTHUBHUM €(PEKT KOPOTKOYACHOT imiemii
(Tak 3BaHUN «IIPEKOHAMIIIOHYIOUNI» €(PEKT) y MiABUIIEHHI CTIKOCTI CepleBO-CyIUHHOI CUCTEMU
710 CTpecoBUX BILIHBIB [3].

Takum YMHOM, MOCHIKEHHS BIUIMBY THMYAacOBOl OKIIO31i HWXKHIX KIHI[IBOK Ha
BapiabeNbHICTh CEPIIEBOTO PUTMY € aKTyallbHUM, OCKUTBKH BOHO CHPHSE PO3IMIMPEHHIO 3HAHB TPO
MEXaHI13MH aBTOHOMHOI PeryJssiii cepiis, Mae MpakTUYHe 3HAUEHHS JJI CHOPTUBHOI, KIIHIYHOI Ta
BIJIHOBHOI MEIUIIMHU, a TaKOXX MOXE CTaTH OCHOBOIO IS PO3POOKH €(PEeKTHBHHX 3aco0iB
onTUMIi3aIlii PyHKI[IOHATHPHOTO CTaHy OPTaHI3MY.

AHani3 ocraHHix fgociailkeHb i myOuikaniii. PeakTuBHa rimepemis IIHPOKO
BUKOPHUCTOBYETHCS JIJISl TOCTIIKEHHSI MAaKPOCYAUHHOT - PO3UIMPEHHS, OMOCEPEIKOBaHE TOTOKOM
Ta MIKPOCYIUHHOI - TECT Ha OKII031I0 CYIWH 3a JONMOMOrol OJIMKHBOI iH(padepBOHOT
cnektpockomii ¢ynkmii. Rasica L e.a. [4] orpumaHi cymepeuanBi pe3yabTaTH MIOJI0
BIIMIHHOCTEH y pe3yibTaTax peakTHUBHOI TilepeMii, MoB's3aHUX 3 piBHEM (DI3UYHOI MIATOTOBKHU
Ta crtarTio. BTiMm B mocmimkenHi Giovanna M. e.a. [5] mokasaHo, mo mikoBa aepoOHa
MOTYXHICTh, TPUBAJICTh BMPaB, MAKCUMAJIbHUN HAKOMMMYCHUN NEePIIIUT KUCHIO Ta CIOXHUBAaHHS
KHCHIO MOKpAUIWJINCS A Yac BOpaB 3 HAJAMaKCUMaJIbHOIO MOCTIMHOIO IHTEHCHUBHICTIO MICHS
IIeCTH CEaHCIB OKJI0311 HWKHIX KIHIIBOK. OgHak KOMOIHOBAaHMN TIMMOKCHYHHH CcTpec abo
YaCTKOBE OKJIIO31s HE MPHU3BEIH J0 MOJAIBIIOTO 30UIbIICHHS MIKOBOI aepoOHOT MOTYXHOCTI.
Merananiz gitrepatypu [6] Takok HagaB TOMIpHI JIOKa3d TOTO, IO  IIEMIYHE
MPEeKOHIMIIIIOBAHHSL HE TMOKpallye aepoOHY 3JaTHICTh 3I0POBUX JOPOCIUX, ajie CIpUse
30UTBIICHHIO Yacy A0 BUCHAXKEHHS IiJ 4Yac aepoOHMX BIpaB. Pe3ynabTaTu OKII031i HUKHIX
KIHI[IBOK Yy CIOPTCMEHIB 3aJIe’Kalii He TUIbKHU Bif i1 mapaMeTpiB, a 1 BiJ IIUPUHH OKIFO31HHOI
MamwkeTH [7]. OTxe pe3ynbTaTH BILUTUBY OKITIO31] HIDKHIX KIHIIIBOK y CHOPTCMEHIB 3a1€KaTh Bijl
OaraTboX (akTOPIB 1 HE 3aBXKJU OJJHOCIPSIMOBAHI.

Pa3oM 3 nuM mokaszaHo, 10 ilIEMIYHE MPEKOHIUIIIOBAHHS MOXE CYTTEBO BIUIMHYTH Ha
CHOPUUHATTA OOJIO Ta MIABUIIUTU 30YATUBICTh KOPTHUKOCHIHAIHHOTO TPAKTY MiJ 4Yac JOBUIBHUX
ckopouenb [8]. Lle Moke Bka3zyBaTH HE TUIBKM Ha BIUIUB I[OTO TECTy Ha KpOBOOOIr, aje i Ha
JSUTBHICTh BETeTaTUBHOI HEPBOBOI cucTeMHU. BTiM 3HalifeHe TiTbkM OnHE HocCHimkeHHs [9] B
KOTPOMY Yy JIOCHigaX Ha MUIIAX JOBEIEHO, 110 OKIIO31s KIHI[IBOK MOB'A3aHAa 31 3MiHAMH aKTUBHOCTI
BEreTaTUBHOI HEPBOBOi CHUCTEMM (4acTOTa CEpPLEBUX CKOpouYeHb, KpoBoTik, BCP) Ta nerxkum
IIIeMIYHUM CTPECOM MiOKap/a, IO CIpHsi€ KapAI0MPOTEKIIIi.

Tomy akTyalbHUM € JOCHIIKEHHS BIUIMBY THMYAacOBOI OKIIO311 HIDKHIX KIHI[IBOK
Ha MOKa3HUKHM BapiabelbHOCTI CEpLEBOrO0 PUTMY fAKI BiJoOpa)xkalOTh HE TUIBKHM OCOOIUBOCTI
(GyHKIIOHYBaHHSI ~ CEPLIEBO-CYAMHHOI CHUCTeMH, aje 1 3MIHM TOHYCY BereTaTuBHOI
HEPBOBOT CUCTEMH.

Mera. 3’scyBaTl 0COOIMBOCTI MMOKA3HHUKIB BapiaOebHOCTI CEPLIEBOTO PUTMY IPH PI3HUX PIBHAX
THMYACOBO1 OKITIO311 HHKHIX KIHIIIBOK Y CTYAEHTIB (Pi3KYJIbTYPHO-CIIOPTUBHUX CIELIATBHOCTEH.
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OrJisi1 0CHOBHOI'0 MaTepiay H0CJIiIzKeHHSI.

Metoauka. BumiproBanss 37iiicHroBai Ha 30 gosioBikax BikoM 18-25 pokiB - cTymeHTax
(G I3KYITBKYPHO-CIIOPTUBHUX ~ cremianizanidi  YepkachbKoro HAIlIOHALHOTO YHIBEPCUTETY IMEHi
Bbormana XMeNbHUIIBKOTO 3 JOTPUMAaHHSM OCHOBHMX O10€THMYHUX MOJIoKeHb KonHBeHiii Pamu
€Bpomy 1po mpaBa JIOAUHU Ta OloMemuuuHy, ['enbCciHChbKOI aeknmaparii BcecBiTHROI MeIU4YHOT
acolianii mpo eTUYHI IPUHIUIHN TPOBEACHHS HAYKOBUX MEAMYHHX JOCII/DKEHD 32 YIaCTIO JIFOIUHH
(1994-2008 pp.), a Takox Hakazy MO3 Ykpainu Ne 690 Bix 23 Bepecus 2009 poky.

Bci BoHUM 32 qaHUME METUYHOTO OOCTEKESHHS OYITH 37J0POBi, HE MAJIM TOCTPHUX Ta XPOHITHHX
3aXBOPIOBaHb.

CriouaTKy Ha KiHI[IBKHM Ta FPpyIHY KIITKy oOctexxyBaHoro matuuk Polar WearLink w.i.n.d.
(Polar electro OY, Finland), BumiproBanu aptepianbuuii THcK. ITicis BiAMOYMHKY B IMOJOXKEHHI
JeXauyu TOPU3OHTAIBHO YNpPOoAOBK 5-10 XBWIMH 3I1MCHIOBAIM JBOXBUJIMHHY pPEECTPALIIO
nyJabcorpamMu 3a jgoromororo mporpamu Polar Protrainer 5.0 (Polar Electro OY, Finland) [10].
BumiproBanns nosroproBanu 3 1-i, 10-i ta 20-i XBUIMHAX MIC/sI IPUITUHEHHS OKIIIO31MHUX BIUIMBIB.

OxuTr031iH1 BIUTMBU BUKOHYBAJIM Ha CTETHAX MAHXKETOIO JJI BUMIPIOBAHHS apTepiaibHOTO
TUCKY mUprHOI0 200 MM yIIpoJIoBX 3 XBUJIMH. |HTEHCUBHICTh MEPIIOTO BIUIMBY (BEHO3HA OKJIIO31
— B) cknagana piBeHp miacTomiqHOTO THUCKY (ATxiacr) + 50 MM pr.cT.; apyroro (aprepianbHa
OKJTIO31s1 — A) - piBeHb CUCTOIYHOTO TUCKY (AT cuer) + 50 MM pT.CT.

B nporpawmi Polar Protrainer 5.0 (Polar Electro OY, Finland) po3paxoByBaiu MmoKa3HUKH
BapiabenpHOCTI ceprieBoro putMmy. OmiHroBamM HacTymH1 yacoBi nmokazHuku BCP: RR — cepemne
3Ha4eHHsT MacuBy KapaiointepBaniB, SDNN — cepenmHbOKBajpaTHYHE BIiIXWICHHS MAaCHBY
kapmioinTepBaniB, FMSSD — cepeaHbOKBaJpaTHUHE BITXHWJICHHS PI3HUIL MDK CYCITHIMHU
kapaioiaTepBaiamu, PNNsg — BiZICOTOK pi3HUIP MDK CYCiIHIMHU KapaioiHTepBajgamMu Ouibine HK S0
Mc. Takoxx aHamizyBanu criektpaibHi mokazHuku BCP: LF — motyxnicte xBwiib iHTepBasliB RR B
nianaszoni 0,04-0,15 T'u, HF - motyx#HicTs xBuib iHTepBaiiB RR B mianmazoni 0,15-0,4 I'u, HFnorm —
sk BimcoTkoBe BimHomeHHs HF no cymu LF Ta HF. Bci BuMiproBaHHI Manu 4acToTy JUXaHHS
OiIbIe, HK 8 IUKITIB 32 XBHIKMHY. TakuM 4MHOM il BIUTHB Ha moka3HUK HFnorm ycyBascst [11].

CraTUCTHYHUI aHall3 OaHWX 3OiACHIOBAIIM 3a gomomoror Ttabmumns Excel-2003 Ta
nporpamu Statistica for Windows 12 (Statsoft Inc., Tulsa, USA), Polar Protrainer 5.0 (Polar
ElectroOY, Finland). IlepeBipky HOpMalIbHOCTI PO3MOALTY JAOCTIHDKYBAHUX IMOKA3HUKIB IPOBOIUIH
3a kputepiem y2. Jlns mapaMeTpuyHOI CTaTUCTUKU pO3paxoByBainu cepenHe apudmeruyne (M),
CTaHJApTHY MOXHUOKY BHOIPKOBOTO cepeaHboro (m). Jims HempamMeTpu4Hoi — MediaHny, Mexi 25 Ta
75 mepuentwiiB. BiporigHicte BimMiHHOCTEH oliHOBamu 3a F-kputepiem Fisher ta xpurepiem
BinkokcoHna.

PesyabTaTn Ta ix o0roBopenHsi. YacoBi Moka3HUKU BapiaOENbHOCTI CEPLIEBOTO PUTMY B
CTaHl CIOKOi JIeKaud Yy BUMIPIOBAHUX BIAMOBIAAlM BIKOBUM HOPMaM JUIsl 3JOPOBHX MOJIOJUX
4oJ10BiKiB [1] (Tabum. 1).

Taomuus 1
Yacosi noxkasuuku BCP (M+m) y cryaeHTiB (i3Ky/IbTYPHO-CIIOPTHBHUX CIIeHiaJIbHOCTEH
MmicJIsi THMYACOBOI OKJII03ii HMKHIX KiHIIBOK
(B — inTeHCHBHICTB AT jiacr+50 MM pT.CT.5 A - ATcyer+50 MM pr.cT.)

VYmoBu T-RR, Mmc SDNN, mc 'MSSD, mc PNNso, %
Crnoxii 886,7+20,8 72,845,1 63,1+6,9 14,1+1,7
B1xs 902,3+20,1 79,145,8 70,0+6,6 16,6+1,8
B 10 xB 927,4+21,1 79,545,2 77,3%8,2 17,1£1,9
B 20 xB 938,1+20,1* 83,6+5,8 79,9+8,0* 17,3+1,7
Alxs 963,6+19,7* 87,045,9* 91,3%9,1* 19,5+1,6*
A10 xB 960,6+19,7* 89,2+6,3* 93,1+9,4* 19,6+1,7*
A 20 xB 960,3+19,5* 91,1+5,9* 91,2+9,0* 19,3+1,7*

[Tpumitka. * — p<0,05 B MOpiBHAHHI 3 pIBHEM Y CIIOKO1
33



ISSN 2076-5835. Bicuuk UYepkacwskoro yHiBepcutery. 2025. Ne2

[Ticnst meprioro okI03iHOTO BIMBY y nepiri 10 XBUIMH He BiIOYBanoCh iX 3pYIICHHS y
NOpIBHSAHHI 3 (JOHOM 1 TiTBbKK Ha 20-i XBWJIMHI BiZIHOBJIGHHS CIIOCTEpPIrajgy BipoTifgHe 301TbIICHHS
T-RR Ta rMSSD. Ilicns apyroro BIUIMBY, HIO CYHIPOBOJUKYBAaBCS IEPSKMMAHHIM apTepiH,
yrnpoIoBX Bcix 20 XBWIMH peecTpalii BifOyBaJoCh SIK 30UIBLICHHS MO BIAHOIIEHHIO 10 (HOHY SIK
T-RR, Tak i SDNN, rMSSD Ta pNNsq.

AHaJT3 peakTUBHOCTI X MOKA3HUKIB BUSBUB, 0 y HAHOUIBIIOMY CTYICHI 301TbITyBaBCs
IMSSD, 0co6HBO TiCIIs qpyroro BILUBY (puc. 1).

40

35
30
25 -

g 20
15 |

10

B 1xB B 10 xB B 20 xB A1xB A 10 xB A 20 xB

|0 SDNN BRMSSD |

Puc. 1. PeaktuBrictb SDNN Ta rMSSD (M£m) y cTyneHTiB (i3KyJIbTypHO-CIIOPTUBHHUX
CHEIIaTbHOCTEH  Mmicas TUMYAcoBOi  OKIMIO3i1  HIKHIX KiHIIBOK (B — IHTEHCHBHICTB
AT riacrt50 MM pT.cT.; A - ATcuert50 MM pt.cT.). * - p<0,05 B mopiBHAHHI 31 3HAYCHHSIMHU IMOKa3HUKA
y BIIOBITHUH TI€Pi01 BiTHOBIICHHS ITICIIS TIEPIIOTO BIUIMBY

PeaktuBnicte MSSD Ha 1-if Ta 10- XBMIWMHAX MiCisl Apyroro BIUMBY ( BIAMOBIIHO
28,24+4,8 mc Ta 30,0£5,1 mc) Oyna BipOTiIHO BHIIO HDK peakTHBHICTh Ha 1-i Ta 10-if XBUIMHAX
micnst mepmoro BBy (BimmoBigHo 14,3+4,5 mc ta 16,845,0 mc). Taka > 3aKOHOMIPHICTb
xapaktepHa 1 ansi peaktuBHOCTI pNNsg. [t SDNN peaktuBHicTh Oyna BuIOIO TUTbkH Ha 10-i
XBWJIMHI MICAS JpYroro BIUIMBY y TOpiBHAHHI 3 10-10 XBWJIMHOIO MICNSI TEPIIOTO BILIUBY.
PeaktuBHicTh T-RR Oyna BuIoo mig yac BChOTO Mepioly peecTparlii miciis 2-To BIUIUBY.

TakyuM YMHOM BEHO3HA OKJIIO3id HE CIPUUYMHsIA CYTTEBUX 3pYLIEHb YAaCOBHMX IOKAa3HHKIB
BCP, a aprepianbHa BUKIMKaNa 30UbIeHHs BapiabenbHOCTI 3 1-1 mo 10- XBUJIMHM BiTHOBJICHHS.
Haii0inbmum Oyso 3poctants IMSSD sik Mmapkepa 30UTbIIEHHS TOHYCY MapacUMIATUYHOTO BIIUTY
BETe€TaTUBHOI HEPBOBOI CUCTEMH.

Ananiz xoediuieHTiB Bapiamii peakTHBHOCTI noka3HMkiB BCP Ha pi3Hi okiro3iii mokasas
(Tabsn. 2), mo ix piBeHb OyB BiporigHoO BUIIMM Ha 1-it Ta 10-i xBuauHaxX micns 1-ro BIUIMBY HIK Y
BIJIMOBIAHI MEPiOIU Yacy Micis 2-TO BIUIUBY.

Ile mMoXke CBIAUUTH MPO HASBHICTH OUIBII BUPAKEHHX IHAUBIAYaJbHUX HPUCTOCYBAHb PETYIALIT
CEepIIEBOr0 PUTMY IIPY BEHO3HIN OKIII031{ y MOPIBHSAHHI 3 apTepiaibHOIO.

[Toxa3nuku cnekTpanbHoro aHanizy BCP npu ekcrniepiMeHTalbHUX BIUIMBAX Majld HACTYIHY
IHaMIKy (Tabi. 3). BinOyBanock 30UIbLIeHHS B MOPIBHAHHI 3 (JOHOM MOTYKHOCTI KoJuBaHb T-RR
y niamazoni 0,04-0,15 I'm wa 10-if xBunwmHi micns 1-i okmo3ii Ta yHNpoAOBXK BCHOTO MEpioay
peectparii micas 2-i. [loTyxHicTh konuBanb B giamazoni 0,15-0,4 TI'm 30impimyBanack OuThI
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Ta6mmms 2
KoediunienTn Bapiauii yacoBux noxkaznukis BCP (M+m) y cryaeHTiB i3KyIbTypHO-
CIIOPTHUBHMX CIEHIiAJBHOCTEH MicJIA THMYAaCOBOI OKJII03il HM2KHIX KIHIIBOK
(B — inTeHcHBHICTB AT iacr+50 MM pT.CT.5 A - ATcnert50 MM pT.CT.)

YMoBH T-RR, % SDNN, % rMSSD, % PNNso, %
B1xs 48,1+7,5 70,5+12,9 47,0+7,3 36,115,2
B 10 xB 21,3+2,9 47,617,4 31,2+4,4 35,345,1
B 20 xB 18,0+2,4 30,1+4,2 29,8+4,2 37,815,5
Alxs 10,3+1,3* 25,2+3,5* 17,0+2,3* 20,7+2,8*
A10 xB 12,7+1,7* 21,2+2,9* 16,9+2,2* 22,1+3,0*
A 20 xB 15,9+2,1 27,3+3,8 23,3%3,2 26,9%3,7

[Ipumirka. * — p<0,05 B mopiBHSIHHI 3 BIANOBITHUM YaCOBUM MPOMBKKOM IICJIS IEPIIOTO BILIUBY

iHTeHCHBHO 3 10-1 xBunuHM micis 1-ro BruBy. Tomy criocrepiranu 3poctanas HFnorm B OUTbIIOMY
CTyINeH1 BUpaXkeHoTo 3 1-i o 10-Ty XBHMJIMHHU apTepiajibHOT OKITIO311.

Ile Moxe CBIZUMTH TPO HASBHICTh OUIBII BUPAXKEHUX IHAMBIAYaIbHHUX MPUCTOCYBAaHb
peryInsilii ceplieBoro puTMy IpHu BEHO3HIN OKII031i y MOPIBHAHHI 3 apTepiajbHOIO.

[loka3uuku cnekrpaspHoro aHanizy BCP mnpu exkcnepuMeHTanbHMX BIUIMBaX Malld
HacTynmHy auHamiky (Tabn. 3). BigmOyBasoch 30UIbII€HHS B MOPIBHSHHI 3 ()OHOM TOTYKHOCTI
kosmBaHb T-RR y mianmazoni 0,04-0,15 I'n va 10-# xBummHI micas 1-1 okiIr031i Ta yIpoI0BXK BCHOTO
nepiony peecrpaunii micnst 2-i. IloTyxHicTh konmBaHp B aianazoni 0,15-0,4 I'm 30uibmryBanack
Ot iHTeHCHBHO 3 10-1 XxBunuHU micna 1-ro BmiuBy. Tomy cmoctepiraim 3poctaHHs HFnorm B
OUTBIIIOMY CTYIEH1 BUpaXeHOTO 3 1-1 mo 10-Ty XBUIMHU apTepiaibHOT OKITIO3.

Tabmums 3
Crnekrpanbhi nokazHuku BCP (Mexniana, mexi 25 ta 75%) y cryaeHTiB Qi3KyJbTYpHO-
CIIOPTUBHUX CHEeNiaJIbHOCTEN MicJIA THMYACOBOI OKJII03il HUKHIX KIHIIBOK
(B— inTeHCUBHICTH AT jiacit50 MM pT.cT.; A - AT cyer 50 MM pr.cT.)

YMoBH LF, mc? HF, mc? HFnorm, %

CITOKIH 1203 [826; 2234] 840 [453; 1850] 40,21 [31,17; 53,19]
B1xs 1507 [1057; 2415] 1154 [715; 2757] 43,60 [32,76; 56,53]
B 10 xB 1719 [831; 2389]* 1765 [570; 3151]* 47,57 [32,46; 56,55]
B 20 xB 1622 [1056; 2459] 1399 [589; 3476]* | 46,79 [39,23; 59,61]*
AlxB 1844 [1257; 2522]* 1816 [1046; 3734]* | 50,27 [38,25; 65,11]*
A10 xB 2013 [1294; 4000]* 2170 [949; 3862]* 50,75 [35,61; 62,93]*
A 20 xB 1649 [1223; 3268]* 1689 [976; 4942]* | 44,31 [32,93; 67,19]*

[Tpumirka. * - p<0,05 B mopiBHIHHI 3 pIBHEM Y CIIOKO1

3uaiifneHo, mo peaktuHicTh HF Oyrna Bumioro micis apTepianbHOi OKIIIO31i B MOPIBHAHHI 3
BiJINOBIIHUMH YACOBHMH T€PioJaMU BEHO3HOI.
Takum yMHOM aHami3 3MiH cnekTpaibHUX Moka3HUKIB BCP mokaszaB cyrTeBe 30UTbIIEHHS
NapacUMMAaTUYHUX BIUIMBIB HA AISIBHICT CepIlsd NP apTepiaibHiil OKIIO3ii.
Bucnosxu
1. Beno3Ha OKIIO3i1 HE CIOPUYMHSUIA CYTTE€BUX 3pYLIEHb YacOBHUX IIOKA3HUKIB
BapiabenpHOCTI CEpIEBOrO0 PUTMY, a apTepiajibHa BUKIMKaida ix piBHA 3 1-1 mo 10-
XBUJIMHM BigHOBIeHHs. HaitOinbuum Oyno 3poctanus MSSD sik mapkepa 3011bIIEeHHS
TOHYCY NapacUMIIaTHYHOTO BiJILUTY BET€TaTHBHOT HEPBOBOT CUCTEMH.
2. Amnani3 koegirieHTiB Bapialii peakTuBHOCTI moka3zHukiB BCP nokaszas, 1o ix piBeHs OyB
BiporiiHo BuIIMM Ha 1-i Ta 10-if XBMIMHAX BIUIMBY IiCIS BEHO3HOI OKJIIO31i HDK Yy
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BIJMOBIHI Nepioan Yacy micis apTepianbHoi. Lle Moxe CBIAYMTH MPO HASBHICTH OUTBII
BUP@XEHUX IHAMBINYyaJbHUX MPHCTOCYBaHb PETYJSALIl CEPLEBOTO PUTMY IPU BEHO3HIH
OKJII0311 y TOPIBHSHHI 3 apTepiabHOIO.
3. Ananmiz 3MiH crnekTpanpHHUX TnokasHHKiB BCP mokazaB cyrreBe 30UTBIICHHS
[MapacHMMIIATHYHUX BILIMBIB Ha AISUILHICTE CEPIlS IIPH apTepiajibHINA OKIIIO31i.
IlepcnexkTuBM mNoOJANBLIIMX JOCTiAxkeHb. BOauatoTbecsd y 3’sCyBaHHI IHAMBIAYaJIbHHX

0COOJINBOCTEN PEAKTHBHOCTI MOKAa3HUKIB BapiaOEIbHOCTI CEPLEBOr0 PUTMY 3a PI3HUX Tpajaii
OKIJIFO311 HIDKHIX KIHI[IBOK.

10.

11.
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Kovalenko S., Dziunyk I., Sych 1., Tsyhannyk R.
HEART RATE VARIABILITY DURING TEMPORARY OCCLUSION OF THE LOWER
EXTREMITIES IN ATHLETES

Introduction. Temporary occlusion of the lower extremities is an accessible model of short-
term ischemia that allows controlled physiological stress to be reproduced without significant
health risks. It is accompanied by the activation of peripheral and central mechanisms of blood
circulation regulation, changes in vascular tone, and affects the functioning of the cardiovascular
system. Studying the response of heart rate variability to such changes provides an opportunity to
gain a deeper understanding of the mechanisms of its adaptation to short-term ischemic influences.

Obijective. To determine the characteristics of heart rate variability indicators at different
levels of temporary occlusion of the lower extremities in students majoring in physical education
and sports..

Methods of the study. Measurements were taken on 30 men aged 18-25 years - students of
physical education and sports specialties. Occlusive effects were performed on the thighs with a
200 mm wide blood pressure cuff for 3 minutes. The intensity of the first impact was the level of
diastolic pressure + 50 mm Hg; the second was the level of systolic pressure + 50 mm Hg. Heart
rate variability indicators were recorded and calculated using the Polar Protrainer 5.0 program.

Main results of the study. Venous occlusion did not cause significant changes in the time
indicators of heart rate variability, while arterial occlusion caused changes in these indicators from
the 1st to the 10th minute of recovery. The greatest increase was in rMSSD as a marker of
increased tone of the parasympathetic division of the autonomic nervous system. Analysis of the
coefficients of variation in HRV reactivity showed that their level was significantly higher at 1 and
10 minutes after venous occlusion than in the corresponding periods after arterial occlusion. This
may indicate the presence of more pronounced individual adaptations of heart rate regulation
during venous occlusion compared to arterial occlusion. Analysis of changes in HRV spectral
indicators showed a significant increase in parasympathetic influences on heart activity during
arterial occlusion.

Scientific novelty of the study results. For the first time, a comparative analysis of the
effects of short-term venous and arterial occlusion on heart rate variability in healthy individuals -
students majoring in physical education and sports - was conducted.

Conclusions and specific suggestions of the author. The study opens up new opportunities
for the differentiated impact of lower limb occlusion on the functional state of individuals engaged
in physical culture and sports.

Keywords: heart rate variability, lower limb occlusion, functional status, athletes
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COMPARATIVE ANALYSIS OF PSYCHOPHYSIOLOGICAL
ADAPTATION LEVELS AMONG UKRAINIAN
AND SPANISH STUDENT YOUTH

Relevance. Psychophysiological adaptation is regarded as an integral process of
maintaining vitality, serving as a foundation for both health and organism functioning. An adequate
level of psychophysiological adaptation is essential for successful academic achievement and
social, professional, and university life, and is therefore relevant to all learners, regardless of their
nationality or the country in which they study. So far, the most researched aspects of adaptation in
education are social, mental, and psychological. However, psychophysiological components of
adaptation in educational environments remain insufficiently understood. This issue is especially
relevant in Ukraine, where students must endure martial law conditions, chronic stress, frequent air
raid alerts, changes in learning formats, and increased information loads.

Contemporary research confirms the negative impact of these factors on the mental and
physiological states of young students. It is therefore important that comparative analysis of the
psychophysiological adaptation levels of higher education students in Ukraine (who must defend
themselves against Russia’s unprovoked full-scale invasion) and Spain (where students live in peaceful
conditions) may help to establish the threshold for physiological mechanisms, beyond which
maladaptation processes commence. This could facilitate the development of new approaches to
planning academic workloads and educational trajectories, enhance intersystem connections of the
organism as a basis for life, and reduce the risk of unwanted psycho-neurological states.

The aim of the study was to determine the features of psychophysiological adaptation (PA)
among young students in Ukraine and Spain, to carry out a comparative analysis of their adaptive
processes' levels, and to develop practical recommendations for improvement..

Materials and Methods. To assess levels of psychophysiological adaptation (PA), an
original computer programme “Integral Assessment of Human Psychophysiological Adaptation”
(CP IAHPA) was utilised. This involved evaluating psychological and physiological indicators:
reactive (RA) and personal (Pers.A) anxiety; vestibular function (VF) via the sensitising Romberg
test; the tapping test (TT) by Ilin; heart rate (HR) via photoplethysmography; systolic (SBP) and
diastolic (DBP) blood pressure; psycho-emotional colour (CP) and sound perception (SP).
Statistical processing of the obtained data was performed using MS Excel 2010 software.

Results. A strong negative correlation was found between PA level and RA, Pers.A, HR,

38


mailto:kolybri.777@gmail.com
https://orcid.org/0009-0003-2920-2343
mailto:irene.albertos@uva.es
http://orcid.org/0000-0003-3433-3359
mailto:skhomenko@ukr.net
https://orcid.org/0000-0003-0918-8735
mailto:liyukhimenko@ukr.net
https://orcid.org/my-orcid?orcid=0000-0002-4455-6233

Cepis «bionoriuni Haykny, 2025

SBP, DBP. Ukrainian students were found to have a higher proportion of individuals with low and
critically low levels of PA, which was associated with increased RA, Pers.A, poorer VF, TT, CP,
and SP compared to Spanish students (p < 0.001). The strong negative correlation between PA
level and RA, Pers.A, HR, SBP, and DBP were confirmed.

Conclusions. The lower PA among Ukrainian students compared to Spanish ones is
associated with martial law, which has imposed chronic stress combined with intensive academic
workload, sleep deprivation, unhealthy habits, and poor diet. The obtained results provided a
foundation for a range of practical recommendations for psychological assistance and optimising
the educational environment during war and in the post-war period.

Keywords: psychophysiological adaptation, stress resistance, anxiety, stress, student youth.

Introduction. The problems of psychophysiological adaptation, stress resistance, and the
ability of student youth to obtain higher education in today’s academic activity context are of great
interest to both Ukrainian and international researchers [1, 5, 8, 12]. The relevance has grown
particularly in Ukraine due to the rapid increase in social-psychological stress following Russia’s
full-scale unprovoked invasion. Since February 2023, Ukrainian students have experienced constant
factors such as frequent lengthy air raid alarms, direct threats to life and health, chronic sleep
deprivation, all combined with a high pace of education, significant intellectual loads, changes in
learning formats (including remote and blended learning), and strict academic requirements.

There is no doubt that the level of psychophysiological adaptation of student youth is
critically important for academic and professional success and for maintaining physical, mental, and
psychological health [1, 4, 5]. Under conditions of martial law, more than three years of chronic
stress, and increased information pressures, the problem of adaptation is of particular urgency for
Ukrainian students [1,8].

Global experience confirms the significant impact of stress and anxiety not only on
cognitive but also on physiological functions (Alhawari et al., 2023 [2]; Holubnycha et al., 2022
[5]; Juan Camilo Benitez-Agudelo et al., 2025 [8]). It is known that chronic anxiety and real threats
cause dysregulation in the autonomic nervous system and motor sphere (Heimhofer et al., 2024 [4]),
as well as poorer psychoemotional states and reduced performance among students (Olpinska-
Lischka et al., 2021 [3]; Mozolev, 2023 [6]).

Comparing Ukrainian higher education students with their Spanish counterparts offers a
unique opportunity to evaluate the extent to which chronic extreme stress affects the real
psychological and physiological adaptation mechanisms in young people. Effective
psychophysiological adaptation is an integrated indicator of a person’s ability to overcome
distress factors and maintain a balance between inner reserves and the external demands of the
educational process [4, 7, 11]. Impairment of adaptation poses a risk of chronic stress
development, increased anxiety, neurological and somatic disorders, and reduced academic
performance and socialisation [5,9,6].

Despite numerous studies on adaptation processes among young people during the study [5,
7, 15], the literature does not report comparative analyses of psychophysiological adaptation
between Ukrainian students and those from other nations under the contemporary realities of the
educational process, where Ukrainians face subjectively and objectively more complex conditions
linked to martial law. Therefore, researching key factors that determine student adaptation in
different countries, including under full-scale invasion and chronic stress, is highly relevant and
valuable for understanding physiological and psychological life mechanisms. Such insights may
expand the foundations of understanding psychophysiological traits, potential causes of adaptation
disorders, and help develop rehabilitation approaches and preventive strategies against pathological
states induced by chronic stress [1, 8].

Statement of the problem and purpose of the study. In recent years, there has been
growing interest in research on student psychophysiological adaptation in the context of
educational, war-related, and migration stressors [5, 6, 7, 8]. Many works by both Ukrainian and
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international scholars are devoted to the study of psychophysiological adaptation, stress impact, and
stress resistance. Notable modern authors include M. Makarenko, M. Makarchuk, V. Lysohub,
L. Yukhymenko, S. Khomenko, O. Kokun, L. Holubnycha, H. Alhawari, C. Heimhofer,
J.C. Benitez-Agudelo, and others.

Psychophysiological adaptation is understood as the dynamic process by which the human
organism adjusts to new or altered environmental conditions, coordinating nervous, endocrine, and
other physiological systems with psychological mechanisms regulating behaviour [5, 12]. New,
extreme, or changed environments are perceived by the organism as stress. According to the
literature, stress is a state arising in response to adverse factors (stressors) and accompanies
mobilisation of psycho-somatic and functional protective and adaptive mechanisms [5, 7, 12, 17].
Stress is most often associated with increased anxiety — a negative emotional state triggered by
anticipating danger or uncertainty, characterised by tension, worry, various physiological symptoms
across organs and systems, and direct influences on the cognitive sphere [1, 2, 4, 8].

The concept of stress resistance closely correlates with psychophysiological adaptation.
Stress resistance is considered a set of individual traits and personal characteristics that provide
effective regulation of emotional states and minimise the negative impact of stressors on the human
organism [8, 12].

An analysis of recent scientific studies indicates that chronic stress and anxiety have a
powerful impact on the psychophysiological state of young students. [2, 8, 9]. During the COVID-
19 pandemic and especially following Russia's full-scale invasion of Ukraine, rates of anxiety,
stress, and prevalence of cardiovascular, autonomic, and cognitive disorders have significantly
increased — most notably among students pursuing higher education [12, 14, 15].

Research by Spanish and other foreign scientists confirms that the educational environment
itself is a source of stress for students due to the intensity of study programs, high competition, and
frequent changes in study requirements [3, 13]. Empirical studies show that individual differences
in students' stress resistance, reactive and personal anxiety, performance, and the regulatory
function of the autonomic nervous system determine their success in adapting to academic
activities [4, 7, 11].

Holubnycha et al. (2022) emphasize that the adaptation of foreign students to a new
sociocultural environment is accompanied by potential psychophysiological changes, among which
increased anxiety and sleep disturbances occupy a special place [5]. Alhawari et al. (2023)
investigated the effect of exam stress on cardiovascular indicators and proved that increased anxiety
is accompanied by an increase in heart rate and changes in blood pressure [2]. Vergelec T. (2022)
notes that distance / online learning contributes to a decrease in social support and an increase in
stress and anxiety levels [7]. Heimhofer et al. (2024) and J.C. Benitez-Agudelo et al. (2025)
emphasize the negative impact of anxiety on motor performance, coordination, and reactivity in the
tapping test of young people from different countries [4, 8].

The authors' research results indicate that in conditions of extreme events (war, epidemics,
forced population migration, etc.), psychophysiological adaptation resources are depleted much
faster [1, 5, 13]. The reserves of adaptive capabilities were found to be particularly weakened
among Ukrainian student youth currently living in a country that is undergoing a full-scale invasion
and constant exposure to the negative factors caused by it [1, 10, 12].

Ukrainian and foreign scientists have demonstrated in their studies that anxiety, sleep
disturbances, destabilization of somatic functions, and decreased cognitive potential are associated
with the risk of developing disadaptation and even psychosomatic disorders [1, 4, 9, 15]. Mozolev
(2023), in a large-scale analysis of Ukrainian student youth, demonstrates a trend toward
deterioration in physiological and psychological indicators for the period 2020-2023, especially
during a full-scale invasion [6].

Thus, the work of modern scientists confirms the importance of studying the
psychophysiological adaptation mechanisms of students as a complex integrative phenomenon that
is formed under the influence of a number of external and internal factors.
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The purpose of our research was to compare and characterize the peculiarities of
psychophysiological adaptation of higher education students in Ukraine and Spain. In accordance
with the stated goal, the main tasks of the work were:

e to conduct a comparative analysis of the features of psychophysiological adaptation of
student youth in Ukraine and Spain, to establish the levels of psychophysiological
adaptation in the conditions of educational activity and to identify the main
differences;

e to identify the leading factors that influence the psychophysiological adaptation of student
youth in the learning process, taking into account chronic stress, trigger factors (death of a
loved one due to military operations, air raid alarms, change of residence, etc.) and
individual psychophysiological indicators;

e develop practical recommendations for appropriate rehabilitation measures.

Organisation and methods of the study. The study was conducted during 2024-2025.
Data collection in Spain was carried out as part of the Erasmus+ KAL171 international mobility
program for PhD students. The total number of respondents was 180 practically healthy
(without chronic diseases) higher education students of 1st-4th courses (90 Ukrainians and 90
Spaniards), aged 17-28, of both sexes. The collection of factual data in Spain was carried out at
the Faculty of Nursing of the University of Valladolid (Castile and Leon). Among the
respondents from Ukraine, the study included students of various specialties from the
educational and scientific institutes of Physical Culture, Sports and Health (non-athletes),
International Relations, History and Philosophy, and the faculties of Computer Engineering,
Intelligent and Control Systems, and Psychology.

In accordance with the set purpose, the individual level of psychophysiological adaptation
(PA) was determined using our proprietary computer program “Integral Assessment of Human
Psychophysiological Adaptation” (CP TAHPA) with the use of computerized diagnostic tests. For
this purpose, the following psychophysiological indicators of reactive (RA, points) and personal
(Pers.A, points) anxiety were measured using the Spielberger-Khanin scale [16], vestibular function
(performance of the Romberg sensitization test, VF, sec), tapping test (modernized computerized
version of Ilin test, TT, signs/sec), HR (by photoplethysmography, HR, bpm), systolic and diastolic
pressure (SBP and DBP, respectively, mm Hg), color and sound perception (CP, SP, conditional
units — c.u.) [10]. The CP IAHPA allowed for a multicomponent assessment of the
psychophysiological adaptation of the study participants, avoiding routine operations of long-term
processing of primary data due to special mathematical calculation methods, made it possible to
take into account the degree of psycho-emotional perception, the probable reactivity of the body to
stressful situations, and contributed to the formation of an idea about the neurological status of the
examinee. [9]

The individual PA level of each participant was calculated automatically by the program in
conditional units (c.u.). According to the program algorithm, it was possible to distinguish four PA
levels: high (56.00-70.00 c.u. and above), medium (49.00-55.99 c.u.), low (40.00-48.99 c.u.), and
critically low (30.00 and below — 39.99 c.u.). Based on the analyzed indicators, a final conclusion
and individualized probable prognosis of the psychophysiological state of each examined person
were automatically generated. At the end of the examination, the CP IAHPA provided general
recommendations for each of the possible PA levels regarding the optimization of a person's
psychophysiological status and probable ways to achieve them.

The processing and analysis of the research results were carried out using descriptive
parametric statistics with the MS Excel 2010 software package. Since the obtained data followed
the normal distribution law (Shapiro-Wilk test), we used Pearson's correlation analysis. The
reliability of changes and differences between the compared values was assessed using Student's t-
test. Differences were considered statistically significant at p < 0.05.

The study complied with the requirements of the Helsinki Declaration (1975, 1996-2013)
with the voluntary informed written consent of each volunteer participant. The results of the study
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were used anonymously for scientific purposes only.

The results of the study and their discussion.
psychophysiological indicators in Ukrainian and Spanish sampling groups (Table 1).

We conducted a study of

Table 1.

Quantitative values of the studied psychophysiological indicators of higher education students

in Ukraine and Spain (mean + SD)

Indicator G_rqups of stud participantg Student'’s o-value
Ukrainians Spaniards t-test

RA, points 46.2+8.7 37.1+7.5 6.81 <0.001
Pers.A, points 57.6+8.5 45.0+7.6 6.87 <0.001
HR, bpm 110.2+11.4 91.3+12.5 8.81 <0.001
TT, signs/sec 3.64+0.57 5.09£0.71 -13.0 <0.001
VF, sec 2.09+0.73 7.21+4.52 -12.2 <0.001
SBP, mm Hg 146.1+£10.5 122.7+£10.6 12.8 <0.001
DBP, mm Hg 08.2+7.1 80.0+7.3 13.4 <0.001
CP, c.u. 0.71+0.14 1.18+0.26 -14.1 <0.001
SP, c.u. 0.57+0.14 1.02+0.21 -15.2 <0.001

Notes: mean — average value; SD — standard deviation; p-value — level of significance of
differences p < 0.001

As can be seen from the table, the average values of the groups of research participants we
studied differed significantly from each other. It is noteworthy that Ukrainian student youth had
significantly higher RA, Pers.A, HR, SBP, and DBP values and, at the same time, relatively lower
TT, VF, CP, and SP values (p < 0.001).

These results suggest that there is a risk of developing disorders in the adaptive
mechanisms that have developed under the influence of stress. It should be noted that we found
similar tendencies in the works of J. C. Benitez-Agudelo et al. (2025), which proved the negative
impact of constant stress and sleep disorders on HR, blood pressure, and anxiety levels, as well as
on the academic performance of students [8]. Similar negative trends in psychophysiological
status are described in the publications of Herber et al. (2025), who emphasize that prolonged
stress and emotional dysregulation cause significant changes in cardiac activity and difficulties in
the learning process [15].

We divided the participants in each sampling group according to their PA levels (Fig. 1). As
can be seen from the figure, the proportion of individuals with critically low and low PA levels in
the Ukrainian sample was significantly higher than that among Spanish students (p < 0.05). At the
same time, among the contingent of surveyed young people in Spain, the number of individuals
with medium and high PA levels was significantly higher than among Ukrainian students (p <
0.05). In addition, the surveyed Spanish higher education students did not form a group with
critically low PA level, as extremely low psychophysiological indicators were found in only one
person. This once again confirms that the significant tendency of the Ukrainian sample towards low
and critically low PA levels may be associated with high levels of chronic stress caused by the full-
scale military invasion of the country.

It is likely that chronic stress, constant anxiety, psychological tension, and worry about one's
own life and future against the backdrop of the overall intensity of the educational process were the
main triggers for the large proportion of students with critically low and low PA levels in the
Ukrainian sample. The literature contains data consistent with our results [1, 4, 12].

For a more detailed study of the psychophysiological characteristics of the groups we
surveyed in both countries, we conducted a comparative analysis of their PA indicators (Table 2).

It should be noted that all indicators followed the normal distribution law in each of the
samples, which is confirmed by the Shapiro-Wilk normality test (P > 0.05). The obtained results
show that in Ukrainian students, most of the studied indicators (RA, Pers.A, HR, SBP, DBP, TT,
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VF) were significantly higher in individuals with low PA levels than in a similar group of Spanish
participants. The CP and SP indicators also showed a clear tendency toward reduced color and
sound perception properties in Ukrainian students compared to Spanish students.

Number of participants
(absolute values)

60

50

40

30

20

10

High

Medium

Low

Critically low

Groups of participants by PA level

B Ukrainians B Spaniards

Fig. 1. Quantitative distribution of study participants by PA levels; * - significance of

differences p < 0.05.

Indicators of the studied parameters of the student youth

Table 2.

of Ukraine and Spain with different levels of PA (mean + SD)

Levels of psychophysiological adaptation of the study participants

Indicator High | Medium | Low | Critically low
Ukrainians
RA, points 32.51+4.9 38.3146.1 44.615.4* 53.8+£7.6*
Pers.A, points 42.245.7 48.915.0 57.94£3.1* 65.2+4.9*
HR, bpm 91+2.9 97+4.9 107+8.3* 116+7.2*
TT, signs/sec 5.12+0.15 4.61+0.34 3.94+0.28* 3.20£0.17*
VF, sec 3.13+£0.29 2.61+0.45 2.00+0.41 1.52+0.28
SBP, mm Hg 13216 138+5 146+8* 155+7*
DBP, mm Hg 8612 90+3 97+5* 107+4*
CP, c.u. 0.98+0.10 0.89+0.14 0.75+0.11* 0.60£0.09*
SP, c.u. 0.87+0.06 0.80+0.15 0.62+0.11* 0.44+0.11*
Spaniards

RA, points 34.3+4.1* 36.8+4.9* 41.946.2 -
Pers.A, points 39.3+£3.8* 42.1+4.1* 46.145.2 -

HR, bpm 84.2+3.7* 87.145.1* 89.7£7.0 -

TT, signs/sec 5.61+0.22* 5.331£0.42* 5.08+0.38 -

VF, sec 14.32+3.98* 11.12+4.21* 6.53+2.84 -
SBP, mm Hg 123.3+7.9* 127.2+8.2* 124.2+7.4 -
DBP, mm Hg 76.0£2.9* 78.4+£3.8* 77.3£3.2 -

CP, c.u. 1.52+0.20* 1.48+0.19* 1.44+0.14 -

SP, c.u. 1.38+0.18* 1.31+0.16* 1.21+0.19 -

Note: * - significance of differences p < 0.05 compared to the similar level of Spaniards.
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Our results are consistent with those of Heimhofer et al. (2024), who showed that even
minimal changes toward increased chronic stress cause a decrease in sensorimotor reaction speed in
young people [4]. At the same time, Alhawari et al. (2023) emphasize the relationship between
anxiety and increased blood pressure and heart rate in medical students (especially during the exam
period) [2], which confirms the relevance of the results obtained in Ukrainian students.

This probably indicates that Ukrainian students are in a more severe degenerative
psychophysiological state, manifested in increased personal anxiety, decreased sensory-motor
reactivity, increased heart rate, and higher blood pressure. This may be the result of constant
exposure to chronic stress caused by the conditions of martial law. Similar data were obtained by
Holubnycha et al. (2022) [5] and the results of sociological surveys in Ukraine [13].

Thus, it should be assumed that adaptation mechanisms are extremely sensitive to the effects of
stress. We emphasize that the insufficient psychophysiological adaptation of Ukrainian students was
most evident in the group of individuals with low PA levels, meaning that they were overly sensitive to
the effects of chronic psychosocial stress. This confirms the hypothesis of the direct influence of martial
law conditions and related anxieties against the backdrop of academic stress during higher education
and the existence of additional psychogenic factors that affect the physiological and mental status of
students. This probably played a significant role in the prevalence of low and critically low PA levels
among Ukrainian students. At the same time, the large majority of Spanish students had average PA
levels, and a significantly higher number of respondents had high PA levels.

To identify and verify the strength of the relationship between the studied psychophysiological
indicators and the PA level, determine the degree of reliability and the psychophysiological parameters
that most influence the PA level, we used correlation analysis (Table 3).

The results of the correlation analysis showed that Ukrainian higher education students had
significantly worse scores on all psychophysiological indicators studied compared to their Spanish
peers. Particular attention is drawn to the established and dense negative correlation between PA
level and anxiety indicators (RA, Pers.A), HR, and SBP, which emphasizes the “interdependence”
of the psychological and physiological properties of the body in adaptive changes under conditions
of chronic stress. Thus, correlation analysis showed that the lower the PA level, the higher the
anxiety, the level of functioning of the cardiovascular system (HR, blood pressure), and the greater
the indicators of sensory-motor reactivity.

Table 3.
Correlation analysis of indicators of studied higher education participants
in Ukraine and Spain
Groups of study participants
Indicators Ukrainians | Spaniards

r (Pearson) p-value r (Pearson) p-value
TT, signs/sec. — PA c.u. 0.62 <0.05 0.52 <0.05
VF, sec. — PA c.u. 0.59 <0.05 0.47 <0.05
RA, points — PA c.u. -0.74 <0.01 -0.64 <0.01
Pers.A, points — PA c.u. -0.64 <0.01 -0.58 <0.01
HR, bpm — PA c.u. -0.65 <0.05 -0.48 <0.05
SBP, mm Hg — PA c.u. -0.61 <0.05 -0.43 <0.05
DBP, mm Hg — PA c.u. -0.56 <0.05 -0.36 <0.05
CP, c.u. —PA c.u. 0.49 <0.05 0.37 <0.05
SP, c.u. — PA c.u. 0.41 <0.05 0.33 <0.05

Notes: r — correlation coefficient (Pearson); p-value — level of significance of differences.

The established relationships confirm that the lower the level of adaptation, the more
sensitive a person becomes to stressful events, which activates the heart and brain, creating the risk
of autonomic imbalance. The results of the survey of modern youth demonstrate that psycho-
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emotional and cognitive overload, chronic stress, and constant anxiety can determine the quality of
psychophysiological adaptation. At the same time, the positive correlations between TT, VF, CP,
and SP indicators and the PA level (p < 0.05) indicate a situation that is dangerous for life. After all,
the quantitative values of these psychophysiological indicators in Ukrainians were critically lower
compared to the Spanish sample [9, 11, 13, 14].

As can be seen, anxiety (RA, Pers.A) had the greatest influence on the formation of the level
of psychophysiological adaptation, where the degrees of correlation with PA were the highest, as
well as the functional capabilities of the heart (HR, SBP). A significant role in the adaptation
processes was played by a person's ability to maintain body balance and space orientation, sensory-
motor reactivity (TT, VF). At the medium density level, there were connections between PA and the
ability to perceive colors and sounds as a reflection of a human's formed stable emotional and
personal associations, which signal self-confidence, self-satisfaction, belief in one's abilities,
sensitivity to external influences, etc. [18].

The authors confirm that a decrease in adaptive reserves during chronic stress is associated
with the disorganization of brain homeostasis, an imbalance in autonomic regulation of functions,
and impaired sensory processing (color and sound perception), which, according to current
understanding, leads to an increased risk of developing anxiety, depressive, and neurotic disorders
and entropy in students [4, 9, 12, 15, 17]. The authors report that the most significant contribution
to the formation of PA levels is provided by indicators of anxiety, heart rate, blood pressure, TT,
and VF (Alhawari et al., 2023 [2]; Heimhofer et al., 2024 [4]).

Thus, our results confirm significant changes in the psychophysiological adaptation of
Ukrainian higher education students under the influence of chronic stress caused by the state of war
in the country and the associated anxiety, prolonged anticipation of danger, and unpredictable
situations, combined with high academic demands, blended and distance learning formats, large
volumes of educational material, an intense pace of study, and highly complex academic material.

Along with increased anxiety about their lives and the safety of their loved ones, chronic
sleep deprivation, possible manifestations of irrational nutrition, frequent cases of excessive
consumption of tonic drinks, energy drinks, and an increase in harmful habits among modern
students in both countries can provoke a significant decrease in PA levels, the development of
various negative psychological and physiological complications and diseases (Koval et al., 2025
[1]; Mozolev, 2023 [6]; Juan Camilo Benitez-Agudelo et al., 2025 [8]). Stress contributes to an
increase in reactive and personal anxiety, inadequate sensory-motor reactivity, deterioration of
vestibular function, increased heart rate, and a decrease in psycho-emotional perception
mechanisms [2-5, 8].

The data from our study indicate the existence of dangerous levels of anxiety among
Ukrainian students, which are significantly higher than those of their Spanish peers. This was
revealed in the significantly worse PA levels of Ukrainian youth (p < 0.001) across all
psychophysiological indicators we examined. The results of our work are consistent with the works
of other scientists, in particular L. Holubnych et al., 2022 [5], Belov et al., 2020 [15], J.C. Benitez-
Agudelo et al., 2025 [8]. Therefore, this situation requires targeted support and rehabilitation
measures that can prevent the predicted increase in cases of stress disorders, emotional response
disorders, or exacerbations of chronic diseases.

In our opinion, the introduction of such innovative monitoring measures for PA, which we
conducted in our study and propose to implement periodically during university education, can
contribute to the optimization of functional status, improvement of mental hygiene, psychological
support, and social adaptation of students, especially in the context of such extreme situations
accompanying the state of war in the country.

We have developed recommendations for rehabilitation measures aimed at improving the
PA level of Ukrainian youth and enhancing their mental and physical health. These include the
following activities:

e Information support
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o conducting regular training sessions on developing stress resistance;
o creating information stands and leaflets on psychological self-help and stress
recognition.
e Psychological consultation and support
o expanding consulting assistance provided by university psychologists;
o introducing support groups for students who have experienced acute stress / trauma.
e Training sessions on developing emotional intelligence and self-regulation.
o conducting master classes on relaxation and meditation techniques;
o teaching anxiety management methods.
e Physical activity and a healthy lifestyle
o encouraging students to join sports clubs based on their interests or group fitness
classes, aerobics, yoga, etc;
o supporting programs for establishing healthy sleep and eating habits.
e Social support and creation of a safe environment.
o development of student self-government and communication clubs;
o organization of leisure activities and creative projects to strengthen social cohesion.
e Monitoring and evaluation of PA
o regular psychophysiological diagnostics for timely identification of risk groups;
o provision of individual recommendations based on monitoring results.
Thanks to a systematic approach and the implementation of the above measures, a gradual

decrease in anxiety levels, increased stress resistance, and improved overall PA among students is
predicted.

Conclusions. Our research revealed significant differences in the levels of

psychophysiological adaptation among higher education students in Ukraine and Spain:

1.

A significantly higher part of individuals with low PA levels were found among Ukrainians.
They are characterized by high anxiety and significantly worse VF, TT, CP, and SP scores
compared to Spaniards (p < 0.05).

It was found that the main factors determining PA level are RA, Pers.A, HR, SBP, DBP
(a direct negative correlation r from -0.56 to -0.74, p < 0.05-0.01), as well as TT and VF
(direct positive correlation r 0.59-0.62, p < 0.05).

In the Ukrainian sample, low PA level are directly related to chronic stress caused by war,
air raid alerts, and excessive psychological stress combined with an intensive learning
process, significant amounts of academic material, and intense mental activity. The
combination of a number of factors causes low PA among students and requires urgent and
immediate action to improve mental and physical health, as well as the development of new
ways and methods to prevent and rehabilitate psychophysiological disorders and
complications, reduce anxiety levels, and increase PA.

Practical recommendations have been developed for rehabilitation measures aimed at
improving the PA level of students, including information, psychological, and social
support, systematic monitoring and assessment of PA, training in emotional intelligence,
self-regulation, and increasing physical activity and leading a healthy lifestyle.

The use of the CP IAHPA can be useful in preventive psychophysiological testing of
students, identifying individuals who need individual support, and increasing the diagnostic
informativeness of monitoring psychophysiological functions.

The results of the study can be used to develop programs to support, preserve, and improve
the mental health of students in both countries, especially Ukraine, in order to optimize the
educational environment during the war and post-war period.
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Kosaas K. I'., Ipene Anbbeptoc, Xomenko C. M., FOxumenko JI. 1.
MOPIBHAJIBHUM AHAJII3 PIBHIB IICUXO®I310JIOTTYHOI AJIAIITAIII
CTYJIEHTCBKOI MOJIOJI YKPATHHU TA ICIIAHII

Memorw cmammi 6yn0 6cmanosieHHs 6IOMIHHOCMeEl Pi6HI8 ncuxoizionoziunoi aoanmayii
cmyoeHmcbKoi Monodi Yrpainu ma Icnanii 6 ymosax HaguanbHoi disibHocmi. Y 00cnioxceHHi 8351u
yuacmo 180 3000ysauie euwoi oceimu eikom 17-28 poxis, obox cmameii: 90 3 Dakyromemy
Mmedcecmpuncmea yHieepcumemy Banvsoonioy (Kacmunis i Jleon, Icnanin) ma 90 3 Yepkacvkoeo
HayioHanbHo2o YHisepcumemy imeni boeoana XmenvHuybkoeo pi3HUX HABYATLHO-HAYKOBUX
IHCmumymis He CHOpMUBHUX cheyianbHocmel, Ykpaina.

s oyinku pieus ncuxoghizionoeiunoi adanmayii ([1A) 6yn0 euxopucmano opuciHaibHy
Komn'tomepry npoepamy «lmmeepanvua oyinka ncuxogizionoeiunoi adanmayii aoounu». Bowua
sxarouanra oyinky: peaxkmusnoi (PT) ma ocooucmicnoi (OT) mpusosicnocmi, eecmubyisapHoi
@yuxyii (B®); menine-mecmy (TT); uacmomu cepyesux cxkopouenv (YCC); cucmoniunozo (CAT)
ma oiacmoniunozo (AT) apmepianvHo2o mucky; eHepeemuyHo2o OAaniaucy 3a OAHUMU KOIbOPO-
(KC) 1 36yko-cnputinamms (3C). Cmamucmuynutl auaniz OmpumManux pe3yivbmamis nposoouu
Memooamu napamempuyHoi cmamucmukuy i3 3acmocysannam naxemy npoepam MS Excel 2010.

Bcmanoeneno, wo 3nauna uacmuma cmyoeHmcokoi Mmonodi 6 Vkpaini Ha CbO2OOHI
Xapaxmepusyemuvcsi BUPANCEHUM CMAHOM XPOHIYHO20 CMpecy md, 6HACTIOOK YbO20, HUSLKUM DI6HeM
114. Ilopisuano cmyoenmcvkoi monooi Icnanii, yKpaincoki 3000y8ayi 6uwjoi oceimu GiOpi3HANUCS
3HauHO 2ipuwiumuy noxkasHukamu 114, wo npossanocs y 00cmosipHo MeHwill KitbKocmi oci6 i3 8UCOKUM
pienem [1A ma 3naymiu Kinekocmi obcmedicy8anux iz KpumuyHo-Husvkum ii pienem. Cepeo icnancokoi
Ccmy0eHmcvkoi Mo100i 0cib 3 KpumuuHo Huzbkum pieHem 1A ecmanosaneno ne 6yno. Monooi ykpainyi
Xapaxmepu3syeanucy nopieHaHo euwumu noxaswukamu mpueodicnocmi, YCC, CAT i JAT, nuorcuumu
nokasuukamu B®, TT, KC i 3C, wo npsamo kopenosano 3 nesucokumu pienamu I[1A na ¢omni éoennozo
cmany 8 YKkpaini ma nog sa3anumu 3 HUM He2amusHUMU (haKmopam, HanpyHceHicmio, iHMeHCUgHICmio i
CKIAOHICMIO HABUANLHO20 NpoYyecy 3a yux ymos. Bcmamoeneno, wjo npogionumu ¢hakmopamu, ski
ooymosmosanu pisi 114 6ynu: PT, OT, YCC, TT i BD. Po3pobneno npaxmuuni pexomeHoayii, sKi
ModCymb 6ymu KOpucHumuU 0iist nokpawerts I1A cmyodenmcokoi Mon00i.

Kniouosi cnosa: ncuxoghizionoziuna adanmayis, cmpecocmitiKicms, mpugoXCHIiCMb, cmpec,
CMyOeHmcbKa MO00b.
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INTERACTION BETWEEN MOTOR AND COGNITIVE BRAIN SYSTEMS
IN PERSONS WITH HEARING DEPRIVATION

Abstract. The peculiarities of the functional interaction of motor and cognitive systems were
investigated in 27 persons with hearing loss aged 17-18, and 24 peers with normal hearing function,
under the condition of visual information processing in the go/go and go/no-go paradigm. The cognitive
task in the go/no-go paradigm included determining the modality of the signal, the shape of the figure,
the semantic meaning of the word, and a quick reaction (go) or inhibition of the motor act (no-go). The
task in the go/go paradigm involved a rapid motor response to signals of different modalities.

The speed characteristics of the visual response to verbal signals in the go/no-go paradigm
depended on the state of auditory function. The response time to words in the go/no-go paradigm
for individuals with hearing deprivation was statistically significantly longer, and the speed
characteristics were lower than those with normal sensory function (p = 0.031). According to the
speed of performance of the task in the go/no-go paradigm for verbal signals, a level of functional
interaction of motor and cognitive systems (r = 0.66, p = 0.043) was higher in young people with
hearing loss, than in persons with normal hearing (r = 0.38; p = 0.046).

The functional interaction of motor and cognitive systems, as well as the speed of task
performance depended on the choice of the information processing mode. The speed of performance
of the task for the go/go paradigm was higher in subjects with deprivation (p = 0.026) and normal
auditory function (p = 0.041) than in the go/no-go paradigm. It was established that the functional
interaction of the motor and cognitive systems of the brain during information processing in the
go/no-go paradigm depends on the modality of the signals. For young people with derivation of
auditory function in the go/no-go paradigm, the time characteristics of performing tasks for
pictorial signals were statistically significantly higher than for verbal signals (p = 0.028), and for
individuals with normal auditory function, such differences were (p = 0.036).

It has been proven that the functional interaction of the motor and cognitive systems of the
brain depends on the complexity of the presented information, the modality of the signals, and the
state of the sensory function. In case of dysfunction of the auditory system, the visual system is
compensatory activated, and the intra- and intersystem functional interaction of the motor and
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cognitive systems of the brain is strengthened. A hypothesis is proposed, and the issue of the
participation of distinct cross-modal mechanisms of functional interaction of cognitive and motor
systems of brain activity for persons with auditory function deprivation under the condition of
visual information processing in the go/no-go paradigm is discussed.

Key words: hearing deprivation, go/no-go paradigm, motor and cognitive systems,
information processing, reaction speed, signal modality.

Nowadays, neurophysiological and pathophysiological processes occurring in the nervous
system and brain are widely studied [1]. Researches and publications on the neurophysiological
mechanisms of interaction between neurons were awarded the Nobel Prizes [2]. However, the
mechanisms of the formation of integrative sensory, motor, and cognitive processes have not yet been
elucidated. Scientists pay attention to problems in the study of signal transmission processes from the
periphery of the nervous system to the brain, the mechanisms of their processing and transformation into
sensations, emotions, cognitive processes, consciousness, speech, and behavioural reactions [3, 4].

It should be noted that the auditory system is the main sensory signaling system in a living
organism and allows a person to navigate in time and space, perform important cognitive and behavioural
functions. It reports on the occurrence of deviations from its normal functioning. Contemporary research
shows that one of the important features of the human brain is its ability to process large volumes of
information in parallel [5]. However, no matter how powerful this system is, it has its own sensitivity,
limitations of attention and memory, ability to integrate and compete between ways of processing
information. From this point of view, the functional interaction of the motor and cognitive systems of the
brain is of significant scientific interest [6]. For this reason, the study of the interaction of the motor and
cognitive systems of the brain under the conditions of information processing of various complexity and
modality is paid great attention at the current stage of the development of neurocognitive science [7, 8, 9].
The literature describes various results of successful performance of cognitive and motor tasks [10, 11]. It
has been established that the performance of a task can positively influence the result of another one [8]. It
has been shown that listening to music increases the effectiveness of cognitive activity, concentration of
attention, improves verbal and visual memory [7, 12]. Several studies have demonstrated changes in the
quality of performing mental operations in the event of impaired ability to maintain balance or walking
function [5]. There are the results of studies when motor function changes depending on the cognitive
activity [12]. This gives reason to think that the functional organization of the brain is different for the
performance of common cognitive and motor tasks.

It should be emphasized that most of the studies on elucidating the features of the functional
interaction of the motor and cognitive systems were conducted on healthy subjects and based on the
dominant principle. Therefore, to evaluate the results of the functional interaction of motor and
cognitive systems, the number of correct answers or wrong reactions was mainly used without
considering the speed characteristics of information processing. However, it is known that the speed
characteristics of a simple sensorimotor reaction in the go/go mode are used to study the functional
activity of the motor system [8, 13]. In our laboratory, the investigation and evaluation of the
quantitative and qualitative characteristics of the interaction of the motor and cognitive systems is
implemented under the condition of performing dual tasks in the go/no-go two-stimulus test paradigm
[8]. First, we note that the choice reaction in the go/no-go mode includes excitatory signals (go), which
need to be acted upon, but also inhibitory stimuli, to which motor reactions are not required (no-go). In
this task, the success of the sensorimotor response will be determined by the speed of movement of
excitation processes that compete with the characteristics of inhibition. We emphasize that the proposed
two-stimulus go/no-go paradigm includes the processes of analysis and construction of a motor response
program with the involvement of cognitive brain systems [14]. Therefore, research and assessment of
the functional interaction of motor and cognitive systems under the condition of information processing
in the go/no-go paradigm is promising and relevant for biological and medical science.

It should be noted that considerable clinical material on the dual performance of motor and
cognitive tasks has already been accumulated [15, 16, 17] that proved to be extremely promising for
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evaluating the capabilities of people with cerebral pathology and in the conditions of attention
distribution [18, 19]. Along with this, the psychophysiological foundations of the integrative function of
the human brain during joint cognitive and motor activity are poorly studied. Since the functional model
of task performance in the go/no-go two-stimulus paradigm includes various stages of cognitive and
motor activity from motivation to the rapid performance of a motor act and control over the result of its
performance, it became necessary to find out the features of the functional organization of cognitive and
motor activity at the stage of altered sensory function. We believe that subjects with selective
deprivation of auditory, visual, vestibular, olfactory, or gustatory functions could be a natural model for
conducting an experiment. Lack of hearing causes changes in the sensory system from peripheral
structures to the cortex, causes negative social consequences, and makes language acquisition
impossible [20]. There is evidence that long-term deprivation of the auditory system is associated with
the presence or absence of cross-modal plasticity and multisensory information processing [21].
Numerous data of neuroimaging that demonstrate the involvement of the visual areas of the brain of
blind people in the processing of stimuli of the non-visual modality, particularly, auditory [22], speech
perception [9, 23] testify in favour of the hypothesis of cross-modal plasticity. It was believed for a long
time that cross-modal interaction is a consequence of the reorganization of the deafferented sensory
cortex. There have been data indicating the modulation of the visual cortex in sighted people when
performing auditory tasks. At the same time, some researchers note deactivation of the visual cortex of
sighted people when performing auditory tasks [22], while others note activation [24], and others note
simultaneous activation and deactivation of different areas of the sensory cortex [25].

Thus, there are a lot of data on the structural and functional reorganization of the deafferented
sensory system in animals, blind and deaf people [21, 22, 23, 25]. The given results indicate the high
plasticity of the sensory system in people with hearing deprivation, but its mechanisms have not been
completely revealed to date. It can be assumed that in individuals with derivation, unlike those
examined with normal hearing function, the processing of complex information in the go/no-go
selection mode will be accompanied by various functional rearrangements in the interaction of the
cognitive and motor systems of the brain. The question arises as to how the functional organization of
the brain changes under conditions of performance of common cognitive and motor tasks in persons
with sensory deprivation. The functional interaction of cognitive and motor systems and their
mechanisms are still not sufficiently studied and remain debatable issues. Therefore, it is important to
find out the peculiarities of the interaction of the motor and cognitive systems of the brain of persons
with auditory function deprivation under the conditions of information processing in the go/no-go
paradigm and their healthy peers. In this case, speed characteristics of sensorimotor reactions to various
visual signals during information processing in the go/go and go/no-go paradigms is almost the only
non-invasive method that directly registers functional changes in persons with hearing deprivation. The
obtained results will allow a new approach to the analysis of the brain organization of various types of
cognitive activity at the stage of motivation, perception, programming, decision-making, program
performance and control over the obtained result [26]. We will also note the practical significance of
research on the integrative functions of the brain during joint motor and cognitive activities for the
development of ergonomic working conditions and rehabilitation of patients [27]. All the above
determined the purpose, tasks, organization, and methods of the research.

The purpose of this study is to find out the peculiarities of the interaction of the motor and
cognitive systems of the brain of persons with auditory function deprivation under the conditions of
information processing in the go/go and go/no-go paradigm.

Materials and Methods. The peculiarities of the functional interaction of motor and cognitive
systems were investigated under the condition of information processing in the go/go and go/no-go
paradigm in 27 right-handed 17-18-year-old young men with derivation of hearing and 24 persons with
normal hearing function. The absence of craniocerebral injuries and psychoneurological disorders, the
state of health and the right-sided profile of manual and sensory asymmetry were considered when
forming the contingent. Participation in the experiment was voluntary and complied with the bioethical
norms of the Declaration of Helsinki. The subjects were informed and consented to participate in the

51



ISSN 2076-5835. Bicnuk Yepkacbkoro yHiBepcutery. 2025. No2

study. They performed motor (go/go) and cognitive (go/no-go) information processing tasks of various
modalities on the “Diagnost-1M” hardware and software complex. The reaction time and speed
characteristics of a simple visual-motor reaction in the go/go paradigm and the reaction of choosing one
of three signals in the go/no-go mode were determined [8].

Previously, the subjects learned the conditions and research algorithm, and preliminary
trained. First, reaction time was determined in the go/go paradigm. The subject had to press the
right button of the remote control as quickly as possible, if any shape appeared on the computer
screen: «circle», «triangle» or «square». The second task was constructed like the first, with the
only difference that in the go/go paradigm, subjects were presented with verbal signals: «animals»,
«objects» or «plants».

In the third task, the subject was presented with geometric shapes with the random presentation
of go (response required) and conditioning no-go (no response) stimuli. The subject was asked to
quickly press the right button (go) with the finger of the right hand upon the appearance of a «square»
shape. The appearance of a «triangle» or «circle» is a brake signal not to press any button (no-go). The
order of presentation of signals varied and was random. Exposure and pauses between signals were
automatically changed from 0.5 to 1.9 s. The fourth test was constructed like the previous one, but
verbal signals were presented. The subject performed the task in the go/no-go mode according to the
instructions. When a word meaning «animal» appeared on the screen, he quickly pressed the right
button (go) with the finger of his right hand, and when words meaning «objects» or «plants» were
presented as an inhibitory stimulus, he did not press any button (no-go).

The average reaction time for go/no-go, separately for geometric shapes and verbal signals,
was determined. To describe the sample distribution, Me [25; 75] (Me — median; 25 and 75 — lower
and upper quartiles) was indicated. We calculated: the average value of indicators (M), the value of
the average arithmetic error (+m), the mean square deviation (o), the coefficient of variation (CV),
the median and the 1% and 3" quartiles (Me [25%; 75%]) for samples with a non-normal
distribution, Wilcoxon (pairwise comparisons) or Mann-Whitney (comparisons of independent
samples) significance tests. The data were also statistically processed using the ANOVA (two-way
analysis of variance) system. Tukey’s additivity test with Bonferroni correction was used to
determine significant differences (p < 0.05).

Results. As a result of the conducted experiment, it was established that the functional
interaction of the motor and cognitive systems under the condition of information processing
depends on the modality of signals, the presence or absence of sensory deprivation, and the mode of
presentation of signals (Table 1).

Table 1
Statistical indicators (Me [25%; 75%]) of performance speed of the motor (go/go) and
cognitive tasks in the paradigm (go/no-go) for visual and verbal signals in persons with
deprivation (n=24) and normal hearing function (n=27)

Modality of signals
Shapes Words
Motor gnd Statistical Statistical
cognitive . o . T
aradigm Hegrm_g Norr_nal significance Hegrm_g Norr_nal significance
P deprivation hearing of the deprivation hearing of the
difference, p difference, p
228.4 236.1 231.5 238.4
90/g0, MC | 1051 0-234.6] | [229.0:2435] | 0087 |(2257:237.5] 230124677 0070
373.2 389.5 510.3* 480.4*
go/no-go, Mc | rae 63797 | [383.5:395.3] | 0% | [503.5:517.07|[473.3:487.3)] 003!
Statistical
significance 0.027 0.034 0.041 0.026
of the
difference, P
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Note * - statistical significance of differences in time characteristics of visual and verbal
signals in persons with derivation of hearing (p=0.028) and normal sensory function (p = 0.036).

Processing of information of different modalities in the go/go paradigm. In this task, all
subjects made a quick reaction to the appearance of signals of different modalities in the go/go
paradigm. The subject had to press and release the right button of his remote control as quickly as
possible, provided that any shape («circle», «triangle», «square») appeared on the computer screen.
The obtained results indicate that the motor reactions were the same in persons with normal sensory
function and with derivation of auditory function (Fig. 1).
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Fig. 1. Time of performing a task in the go/go paradigm to visual and verbal signals in
subjects with deprivation and normal auditory function.

Thus, individuals with auditory function deprivation performed tasks in the go/go paradigm
with pictorial signals at an average speed of 228.4 ms, and with normal sensory sensitivity - 236.1
ms. There were no statistically significant differences in the speed characteristics of the reaction
time in the groups of subjects with normal auditory function and derivation of auditory function
(p =0.067).

Under the condition of performing the task in the go/go paradigm with verbal signals,
the subject had to press and release the right button of his remote control as quickly as possible,
if words meaning the names of «animals», «objects» or «plants» appeared on the monitor. The
results indicate that the motor responses were the same in individuals with normal hearing
function and with hearing derivation. Thus, persons with hearing deprivation performed this
task at an average speed of 231.5 ms, and those with normal sensory sensitivity - 238.4 ms. No
statistically significant differences in the speed characteristics of the go/go motor reaction time
were found in the groups of subjects with normal auditory function and hearing derivation
(p=0.075). We also found that the speed characteristics of the motor movement response in the
go/go paradigm did not depend on the modality of the signals. The go/go reaction time to words
and shapes was the same in subjects with derivation of auditory function (p= 0.073) and normal
auditory function (p= 0.068).

Thus, the results of the conducted experiment established that the speed characteristics of
the motor reaction in the go/go paradigm, provided that visual and verbal signals are presented, do
not depend on the modality of the signals and the presence or absence of sensory deprivation.

Information processing in the go/no-go paradigm. The cognitive task required the
subjects to perform a semantic analysis and a quick selective reaction to the appearance of signals
of different modalities in the go/no-go paradigm. The subjects had to do a task performing a motor
act as quickly as possible and press (go) the right button of the subject’s remote control if a
«square» appeared on the screen and not to press the (no-go) button is a «triangle» or «circle»
signal appeared. The results of performing a cognitive task with visual signals were the same in
persons with normal auditory function and with hearing derivation (Fig. 2). There were no
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statistically significant differences in the speed characteristics of reaction time with pictorial signals
in the groups of subjects with normal auditory function and hearing derivation (p = 0.063).
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Fig. 2. Time of performing a cognitive task in the go/no-go paradigm to visual and verbal
signals in subjects with derivation and normal auditory function.

In the case of a cognitive task on words in the go/no-go paradigm, subjects had to quickly
respond to verbal signals. When a word meaning the name of «animal» appeared on the screen of
the computer monitor, the subject was required to make a semantic analysis of the signals and
quickly press the right button (go), and the subject’s answer was not required - no-go for words
meaning the name of «objects» or «plants». It was found that the time of the go/no-go cognitive
reaction to words was statistically significantly longer in subjects with hearing deprivation than in
subjects with normal hearing. Thus, individuals with auditory function deprivation performed a
cognitive task on verbal signals in the go/no-go paradigm at an average speed of 510.3 ms, while
those with normal sensory sensitivity were much faster - 480.4 ms (p = 0.031).

Thus, the results indicate that the speed characteristics of the go/go motor response to both
verbal and visual signals were higher than in the go/no-go paradigm in subjects with normal
auditory function and hearing derivation. Therefore, the speed characteristics of the motor reaction
depended on the mode of presentation of the signals. They were higher for the go/go response and
lower in the go/no-go paradigm. It should be emphasized that the speed characteristics of the
response to verbal signals in the go/no-go paradigm depended on sensory deprivation. Response
time to words in the go/no-go paradigm for individuals with sensory deprivation were statistically
significantly longer and speed characteristics lower than those with normal hearing, while the speed
characteristics of reactions in the go/no-go and go/go paradigms under the condition of presentation
of visual signals did not depend on the state of the sensory function.

Discussion.

There are different ways of processing go/go, go/no-go and go/no-go/go information [8]. In
the case of the go/no-go paradigm, it can be considered as a process of joint cognitive and motor
activity, as well as competition between the ways of processing the relevant go (response is
required) and the non-relevant no-go stimulus (no response is required) information. In this case,
many important questions arise: how does the information processing system recognize when it is
necessary to attract attention? How do psychophysiological mechanisms solve situations in which
there is a conflict? Or how are motor and cognitive systems involved in information processing?
What are the features of information processing in case of different modality of signals in persons
with normal and hearing deprivation? It seems possible to assume that there are many ways and
mechanisms that the brain can engage in processing information. In our experiment, these were
instructions for the go/go or go/no-go task, the choice of response to shapes or words, and others. In
this article, we consider some of the main results of our work regarding the confirmation or
refutation of the hypothesis of the participation of information processing mechanisms of various
complexity and modality in persons with auditory function deprivation, paying special attention to
the interaction of the motor and cognitive systems of the brain.
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First, based on the results of studies of the speed of the sensorimotor reaction, it was
established that the functional interaction of motor and cognitive systems, as well as the speed of
task performance, depend on the state of auditory function deprivation. In the go/no-go paradigm,
the peculiarities of the functional interaction of the motor and cognitive systems of the brain were
revealed. It was found that the time of the visual-motor reaction to words in the go/no-go paradigm
in the subjects with hearing deprivation was statistically significantly longer, and the speed
characteristics were lower, than those with normal hearing function (p = 0.031). In addition,
subjects with auditory function deprivation had a higher level of functional interaction of the motor
and cognitive systems that is confirmed by a higher correlation coefficient (r = 0.66; p = 0.043) than
those with normal auditory function (r = 0.38; p = 0.046). This is experimental evidence that
individuals with auditory function deprivation maintain lower speed characteristics of processing
verbal information under the condition of a higher level of interaction of motor and cognitive
systems. Therefore, it can be stated that persons with auditory function deprivation have a higher
connection between the motor and cognitive systems of the brain in the task of choosing one of
three verbal signals. It becomes more significant in persons with auditory function deprivation and
reaches high values precisely in the task of choosing go/no-go with verbal signals when the subject
needs to differentiate not only the type, but also the type of response, and also with the participation
of an inhibitory signal. The obtained better results of visual reactions to words in the go/no-go
paradigm of individuals with normal hearing function may be the result of coordinated cross-modal
activity of the auditory and visual systems [Lyzohub et al., 2015]. Whereas in persons with auditory
function deprivation, the cross-modal interaction of sensory systems during the processing of verbal
information in the go/no-go paradigm requires additional involvement of integration processes from
the motor system. In the case of processing of image signals, both in persons with deprivation and
normal hearing function, no clear interaction of the motor and cognitive systems was found. The
correlation coefficient did not reach a significant level, respectively (r=0.23; p=0.073 and r=0.16;
p=0.081) between the variable series of speed characteristics of the response to figures in the go/go
and go/no-go paradigm for subjects with deprivation and normal auditory function.

In addition, we have found that the functional interaction of the motor and cognitive systems
of the brain and the time characteristics of the reaction speed of subjects with deprivation and
normal auditory function depended on the complexity of the task. They were statistically
significantly better for the go/go response than for the information processing in the go/no-go
paradigm. We showed before that the process of sensorimotor information processing in go/go
mode includes at least two functional systems - sensory and motor [21]. We can assume that in the
go/go paradigm, motor reactions are carried out without the special involvement of analytical and
synthetic activity of the cerebral cortex. This is confirmed by the absence of statistically significant
differences in the values of the performance speed of the go/go task for pictural and verbal signals.
If we consider that a number of researchers distinguish several important stages of functional
organization for the go/go sensory-motor response, such as: signal detection, decision-making
process and implementation of the motor response [28, 29], the process of processing complex
verbal information in the go/no-go paradigm will include at least three functional components:
sensory - the ability to perceive information, central - semantic analysis and the formation of an
action program in nerve centers, as well as the implementation of a motor response [11]. It should
be noted that in subjects with derivation of hearing and normal auditory function, the speed of
performing tasks in the go/go paradigm was higher than in the conditions of go/no-go cognitive
tasks (p=0.026 - 0.041). If we consider the data from literature [21] and the results shown in Table
1, it proves that in the go/no-go mode, the cognitive system is also involved in addition to the
sensory and motor components of verbal information processing. We can assume that this is the
ability of semantic analysis of signals and the meaning of words, switching attention, comparing
information in memory, forming an action program, reacting with the right hand quickly and
correctly, as well as inhibiting unnecessary reactions (no-go) [10, 15]. In addition, the conflict
between the relevant and irrelevant response increased significantly in the case of the go/no-go

55



ISSN 2076-5835. Bicnuk Yepkacbkoro yHiBepcutery. 2025. No2

paradigm for verbal signals, especially in individuals with derivation of auditory function. The
subjects’ attention was directed to the search for a conflict between a relevant (go) and an irrelevant
answer (no-go). The conflict was revealed only in the tasks of response inhibition (no-go) with
proactive and reactive correction of cognitive control. We can suggest that response inhibition (no-
go) is associated with specific ventral neural networks (ventral attention network) [30]. It is also
possible that «place neurons» and «grid neurons» selectively transmit electrical impulses and, thus,
coordinate and discharge in several different nodes, which ensure the internal interaction of the
system [6]. In the task of go/go to pictorial signals, the conflict, stimulus/response, reduced to a
minimum reaction time for individuals with derivation and with normal auditory function did not
reach a statistically significant difference (p = 0.067). A similar regularity in the go/go task was also
found for the presentation of verbal signals (p = 0.075). Considering the results of this study and
data from literature [8], we can assume that the functional interaction of motor and cognitive
systems depended on the mode of information processing in both individuals with derivation and
normal auditory function. It is higher in the go/go paradigm and lower for go/no-go tasks.

Considering the results of our study, we can assume that the functional interaction of the
motor and cognitive systems of the brain, as well as the time characteristics of task performance in
the go/no-go paradigm of subjects with sensory deprivation were also dependent on the modality of
the signals. It should be noted that this study used visual (geometric shapes) and verbal signals
(meanings of words), which were addressed to different signaling systems. It was found that for
visual signals, the time characteristics in the go/no-go task were statistically significantly better than
for verbal signals (p = 0.028). The fact is that the analysis of image signals is provided by the work
of the first signaling system. It is known that it includes many cortical and subcortical structures,
which duplicate each other to some extent and increase reliability [31, 32]. In contrast, the
ontogenetic younger verbal function belongs to the second signaling system and is associated with
the cortex of the large hemispheres, to a greater extent - the frontal lobes, is less stable and has a
smaller neurophysiological resource [26]. Therefore, verbal functions have a higher rigidity, that is,
the inability to quickly switch from the reaction to act (go) to another - to inhibit (no-go), which is
associated with a low level of automation and the involvement of additional neural networks [33].

In addition, the better results of performing the task in the go/no-go paradigm for visual
signals than for verbal ones can be explained from the standpoint of dominant and interference
mechanisms [8, 34]. When performing the go/no-go task, it was necessary to quickly perceive
visual or verbal signals, carry out their semantic analysis and quickly press the right button (go), as
well as inhibit the no-go motor reaction to unnecessary signals. This created interference between
two streams of information (to act or not to act) and centers of excitation and inhibition, especially
in the case of performing a task with verbal signals [8]. This was evidenced by the fact that the
reaction time of persons with auditory function deprivation was statistically significantly longer
when performing the task in the go/no-go paradigm for words than for pictorial signals. Therefore,
we can assume that in the case of verbal information processing in the go/no-go paradigm, a
coordinated functional interaction of the motor and cognitive systems is established in the neural
networks of subjects with hearing dysfunction. In the case of verbal signals, the speed of reaction
significantly worsened in persons with auditory function deprivation, a characteristic
discoordination of excitatory and inhibitory processes appeared. We can assume that there is
interference in the motor and cognitive system of persons with derivation of auditory function in
this case [8, 35]. Therefore, in our study, the interference effect for individuals with deprivation of
auditory function depended on the modality of the signal and was more pronounced for verbal
signals in the go/no-go paradigm. There was a situation where the imposition of an additional motor
factor and inhibitory process on the cognitive system reduced the effectiveness of information
processing. Speed characteristics of information processing in the go/no-go paradigm for pictorial
and verbal signals revealed the statistically significant differences. In the case of shapes, the
reaction speed was always higher than for verbal signals. In contrast, in the tests with the go/go
paradigm, the task was to respond as quickly as possible by pressing the remote-control button with
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the right hand to the appearance of any signal without determining its modality, the type of shape or
the semantic meaning of the word (motor component). It was found that there were no statistically
significant differences in the speed of performing the go/go task for visual and verbal signals. This
may indicate that the same basic neurophysiological mechanisms are involved in the go/go
paradigm for visual and verbal information [30, 36] and neurointegration takes place in the cerebral
cortex that is characterized by information synthesis and the focus of interaction for many neural
networks that discharge in the same rhythm for different areas of the brain [33, 36, 37].

So, the peculiarities of cognitive information processing in the go/no-go paradigm have
been established for the subjects with auditory function deprivation. Different mechanisms of
cross-modal interaction in persons with deprivation and normal auditory function have been
revealed. In the case of dysfunction of the sensory system, not only intra-systemic functional
reorganization occurs, but also inter-system cognitive and visual-motor integration is activated in
compensation. Auditory deprivation adjusts the structural and functional mechanisms of
interaction of motor and cognitive systems. Such changes in the functional interaction of the
motor and cognitive systems of the brain are caused by long-term deprivation and lead to a
decrease in the functional reserves of the brain.

Thus, the results of the conducted research allow us to generalize the features of information
processing in the go/no-go paradigm for subjects with auditory function deprivation. We have
obtained features of the time of signal perception, its analysis, decision-making, and transmission to
the effector. Such processing of information in persons with deprivation is characterized by specific
mechanisms different from persons with normal sensory function in ensuring complex analytical
and synthetic activity, the occurrence and termination of neural processes in brain networks. We can
assume that the characteristics of the complexity of the task, the modality of the signals and the
dysfunction of the auditory analyzer play a decisive role in information processing. It is obvious
that the speed characteristics of motor and cognitive responses to verbal signals in the go/no-go
paradigm were lower in persons with hearing loss, and the interaction of the motor and cognitive
systems was higher than in persons with normal hearing. The better results of responses to words in
the go/no-go paradigm for individuals with normal hearing function may be the result of
coordinated cross-modal activity of the auditory and visual systems [21]. Whereas in persons with
hearing loss, the cross-modal interaction of the visual and auditory systems was complicated, and
integration processes from the motor system were additionally involved for the processing of verbal
information in the go/no-go paradigm. It is obvious that in order to maintain the necessary level of
information processing, the brain of people with sensory deprivation carries out a non-linear
increase of the available and reserve capabilities of the cognitive system and additionally involves
other subsystems. In general, constant stimulation of the cognitive function of the brain affects the
formation of many synapses formed between neurons. If we assume that such connections are
practically not activated in persons with auditory function deprivation, the systematic interaction of
the cognitive and motor system of the brain during the processing of verbal information in the
go/no-go paradigm can increase the functional capabilities of the concerned neural networks and
improve sensory properties. Therefore, hearing-impaired individuals have delayed cognitive
development, and it is therefore extremely important to continue trying to provide motor and
cognitive stimulation. A negative consequence of such activity can be an increase in the
physiological cost of the work performed. The deprivation of the auditory function significantly
increases the interaction of the motor and cognitive systems of the brain, especially in the
conditions of processing verbal information in the go/no-go paradigm, which hypothetically can
lead to the gradual exhaustion of nervous processes and functional reserves of the body.

This study is a strong basis for further scientific research on the mechanisms of
neurointegration of the motor and cognitive system in people with hearing loss and the application
of this knowledge in medicine and rehabilitation.

Conclusions.

1. Various mechanisms of cross-modal interaction of the cognitive and motor system in

57



ISSN 2076-5835. Bicnuk Yepkacbkoro yHiBepcutery. 2025. No2

persons with deprivation and normal auditory function have been established. In the case of
deprivation of the auditory function, the visual system is activated compensatory, and the
intersystem interaction of the motor and cognitive systems is strengthened. A significantly higher
manifestation of the functional interaction of motor and cognitive systems was established (r = 0.66;
p = 0.043) according to the indicators of the speed of performance of tasks with verbal signals in the
go/no-go paradigm in persons with derivation of the auditory function than in young men with
normal hearing (r = 0.38; p = 0.046).

2. Functional interaction of the motor and cognitive systems of the brain in the subjects with
deprivation and normal function of hearing, information processing depends on the modality of the
signals. The time characteristics of performing tasks for visual signals were statistically
significantly higher than for verbal signals (p=0.028) in young people with derivation of auditory
function in the go/no-go paradigm.

3. We have established that the functional interaction of motor and cognitive systems, as
well as the speed of task performance, depend on the choice of information processing mode. For
young men with derivation of auditory function, time characteristics in the go/go mode were
statistically significantly higher than in go/no-go tasks for pictorial (p = 0.027) and verbal (p =
0.041) signals. For individuals with normal hearing function, the differences in temporal
characteristics in the go/no-go and go/go paradigms were for verbal (p = 0.026) and pictorial (p =
0.034) signals.

4. The results of the work and the research methodology can be used for prognostic
assessment of the capabilities of human activity in conditions of complex information loads.
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JIuzory6 B.C., Kosaab 10.B., beskonmuabuuii O.0., Ko:xxemsiko T.B.
B3AEMOAIsI MOTOPHHUX TA KOI'HITUBHUX CHCTEM MO3KY Yy OCIb 3
JAEIMMPUBALICIO CJIYXOBOI ®YHKIII

YV oci6 17-18 poxis 3 Oepusayicio cyxy ma ix 0OHONIMKIE 3 HOPMAILHOW CILYX0BOK (DYHKUIEIO

00CTIONHCYBANU OCOOIUBOCME (PYHKYIOHATILHOT 63AEMOOIT MOMOPHUX MA KOSHIMUBSHUX CUCIEM 30 YMOBU
nepepobxu 30posoi ingopmayii y napaouemi go/go ma go/no-go. Koenimuene zae0anmns y napaouemi
go/no-go exmOUano GUIHAUEHHS MOOAILHOCME CUSHATLY ((hopmu hicypu abo CeMaHMUUHO2O0 3HAYEHHS
cnosa) i ubopy pearyii O0ii (go) uu eamvmysanus pyxoeoeo axmy (no-go). Momophe 3a80anHs y
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napaouemi go/go nepeddadano pyxo8y peakyiio Ha CUCHAIU PI3HOL MOOAIbHOCHII.

LlIsuoxicHi xapaxmepucmuxu 30p08oi peakyii Ha 8epOaNbHI cucHalu y napaouemi go/no-go
3HAXOOUNUCH Y 3ANeACHOCII 810 cmaHy cyx08oi ¢hynxyii. Yac peaxyii na cnoea y ocib 3i c1yxo08or
Oenpusayiero 6y8 cmamucmudHo 3Hayywe OLTbWUL, HINC 3 HOPMATbHOIO CEHCOPHOW (YHKYIEIO
(p =0,031).

YV oci6b 3 denpusayiero ma HOPMAIbHOW CIYX080i (DYHKYII WEUOKICMb SUKOHAHHS 3A80AHb
3HAXOOUNUCL ) 3ANENHCHOCMI 810 8uOOpPY pedcumy 00pobKu iHGopmayii: wWeUoKicms GUKOHAHHS
3a680anHs Onsl napaouemu go/go Oyaa suwa y obcmedicysanux 3 oenpusayicio (p = 0,026) ma
HOpManbHOIO Cyx080t0 (hynkyicio (p = 0,041), nixc y napaduemi go/no-go.

YV tonaxie 3 Oenpusayicto cnyxo6oi QyHKYii 3a NOKA3ZHUKAMU UWEUOKOCMI BUKOHAHHS
3a60aHHs Y napaouemi go/no-go Ha 8epOANbHI CUSHANU SUABUTU BUWUL PIBeHb (DYHKUIOHATIbHOL
83AEMOOII MOMOPHUX MA KOSHIMUBHUX CUCMEM, HIJC ) 0ciO 3 HopmanvHum ciyxom. Koeghiyienm
Kopenayii pe3yibmamié 8UKOHAHHS MOMOPHO20 | KOZHIMUBHO20 3A80AHHS V 0CIO 3 Oenpusayicio
cnyxoeoi gyukyii cmanosus ¥ = 0,66 (p = 0,043), a onn oci6 3 nopmanvhum cayxom r = 0,26
(p = 0,073).

Joseodeno, wo ¢ynkyionanona 63a€mMo0is MOMOPHUX MA KOSHIMUBHUX CUCTNEM 3HAXOOUNACH
V 3anexcHocmi 6i0 CKIAOHOCMI npeo ’s8nenoi iHgopmayii, MoOAIbHOCMI CUcHANi6 Mma CMAaHy
cencopHroi pyuxyii. V pasi oucynxyii ciyxy KOMneHcamopHo akmugyemsbcs 30p08d, NOCUNIOEMbCSL
BHYMPIWHbO- | MINCCUCMEMHA DYHKYIOHANbHA 63AEMOOIS MOMOPHOI Ma KOSHIMUBHOI CUCTEM.
062080prOEMBC NUMAHHS NPO BIOMIHHI KPOC-MOOANbHI MEXAHIZMU nepepoOKU 30p06oi iHghopmayii
y napaouemi 2o/no-go ocib 3 0enpusayieio ciyxy.

Kniwouosi cnosa: oenpusayis ciyxy, napaduema go/no-go, Momopha i KoeHimueHa cucmemu,
nepepooxa inghopmayii, weUOKicmv pearkyii, MOOAILHICMb CUCHATY.
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OCOBJIMBOCTI PO3BUTKY PYXOBUX HABUYOK JITEH
MOJIOALIOI'O WIKIJIBHOTI'O BIKY 3 HIOPYILIEHHAMMA 310POB’A

AKmyanvHicme 0aH020 O0CHIONHCEHHS 3YMOBIEHA MPUBOHCHOIO MEHOEHYIEI0 00 3POCMAHHSA
NOKA3HUKIE 3AX60PHOGAHOCMI MA IHBANIOHOCMI ceped Oimel ma, SK HACIIO0K, HeOOCMAamHIM
GdopmysanHAM pyxoeux KomnemeHyil y niopocmaroyoz2o noxoninHs. Memow podomu cmano
KOMMNJIEKCHE UBUEHHs 0COOIU8ocmeti i3uiHo20 po36umKy ma po36UmKY pyxo8ux Hasuyox y mpbox
epyn oOimetl MOA0OUI020 WIKIIbHO2O iKY (VMOBHO 300pP08UX, 13 XPOHIUHUMU COMAMUYHUMU
3AXBOPIOBAHHAMU MA 3 PO3NAOAMU AYMUCTIUYHO20 CNEKMPA), Wo € HYHOAMEHMOM Ol ROOANbULOT
KOpeKyitiHoi pobomu. [ O00CACHEeHHs Memu SUKOPUCMOBYBANUCS 3A2AIbHONPULIHAMI Memoou
00CNI0HCEHb: MeOUKO-0I0N102IUHI (BUBYEHHS AHMPONOMEMPULHUX OAHUX, BUKONIIOBAHHSI MEeOUYHUX
Kapm), neoazociuHi (mecmy8aHHs PYX08Ux sKocmell), mamemamuyui (06pobKka i y3aeanvbHeHHs
pezynomamis). Bucnoexku. Marwouu npubausHo 00HAKO8I 3 NPAKMUYHO 300POBUMU  OTMbMU
Xapakmepucmukuy QizuuHo20 po3eumKy ma 2apMOHIUHOCMI, Oimu 3 XPOHIYHUMU 3AXEOPIOGAHHAMU
ma PAC maromov Oewo 8iOMiHHY (HYHKYIOHATLHICMb OpeaHi3My, WO CMBOPIOE MPYOHOWI 8
NOBHOYIHHOMY 0B80JIO0IHHI OKPEMUMU DPYXOBUMU HABUYKAMU, HAPIBHI 3i 300POGUMU OOHOLIMKAMU.
Buseneni cxnaonowi 3 Koopouumayicro pyxie, weUOKICMIO peakyii ma weUOKICHO-CUNOBUMU
aAKocmamu y oimetl i3 NOPYULeHHAMU 300p08's. Cli0 8paxo8ysamu npu NiAHY8aHHI 3micmy, gopm i
Memooi8 iXHb02O (I3UYHOCO BUXOBAHHSL.

Knrouoei cnosa: 300pos’s, Gizuunuii po3sumox i eapMOHIUHICMb, XPOHIUHI 3AX80PHOBAHHS,
PO31a0U aymucmui4Ho20 CHeKmpa.

IMocTanoBka mpo6sjemu. ChOroJiHi NPIOPUTETHUM HANPSIMKOM HAayKOBHX JOCHTIDKEHb Y
MEIMYHINA, OCBITHI# Ta (QBKYIbTYpHIH Taly3aXx € npodilakTUKa Ta BIPOBAHKCHHS
310pOB'sA30epiralouux TEXHOJOTIH MAns JiTeld. AKTyalbHICTh IUX pOOIT MIATBEPIKYETHCS
CTaTUCTUKOIO, 3TIHO 3 sIKOI0 3a ocTaHHi 10 pokiB B YKpaiHi cepea MiApOCTal0Ouyoro MOKOJIIHHS
CYTTEBO 30UIBIIMIIACS 3aXBOPIOBAHICTH: MOMIMPEHICTh XPOHIYHUX 3aXBOPIOBaHb Y JiTEH
nigBummiaacs y 2,87 pasa, Ha 22,9% 30UIbIIMBCA KOHTHHIEHT JAiTel 3 iHBamiaHicTio. Haitbinbina
KUTBbKICTh BUMNAJKIB 3aXBOPIOBaHb MPUMAJAE€ Ha MOPYLUIEHHS 30py (3pocTaHHs B 3,6 pasa) Ta
nopyiieHHss (yHKII onopHo-pyxoBoro amapary (B 4,2 paza), XBoOpoOU €HAOKPUHHOI CHCTEMHU
(3611bIIeHHS B 3,5 pa3a), XBOpoOU KpOBi Ta KPOBOTBOPHUX OpraHis (B 2,8 pa3a), XBOpoOH CHCTEMH
KpoBooOiry (B 1,8 pasa), BpoakeHi BaJlu pO3BUTKY 3pociiu Ha 77,6%, XBOPOOH HEPBOBOT CUCTEMH —
Ha 43,4%. HailOunpll momMpeHuMH TPUYMHAMHM AUTAYO1 1HBANIJHOCTI € PO3Naau TCUXIKA Ta
MOBEJIIHKM, XBOPOOM IEHTPAJIbHOI HEPBOBOi CHCTEMH, EHIOKPUHHI XBOPOOH, MOPYILEHHS
IHTENEeKTyalbHOTO PO3BUTKY, BPODKEHI Baau PO3BUTKY [2,4,5].

BoaHouac Biomo, 10 BaxJIMBY pojib y (POPMYyBaHHI 37J0pOB’S AUTHHM BiAirpae QisuuHa
aKTHBHICTb, 3/1aTHA HE JIMIE OKPAIUTH PyXOB1 HABHUYKH, @ i TOZUTUBHO BIUIMHYTH Ha 3arajibHUN
piBeHb (PI3MYHOTO, MCHUXIYHOTO, COIL[AJBLHOTO Ta EMOLIHHOro OJaromoyydds MiJpOCTaloyoro
nokoJiHHA. PerymsapHa ¢i3udyHa aKTUBHICTb, IIO € OJHUM 13 KJIIOYOBHX EJIEMEHTIB PO3BHUTKY
PYX0oBUX (YHKIIIH, CIIpHsi€ TMOKpAIIEHHIO (PYHKI[IOHAJIBHOTO CTaHy OpraHi3My JIiTei, 0coOJIMBO 3
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MOpymeHHsIMU 310poB’si. Kpim Toro, ¢i3ndyHa aKkTUBHICTH MO3UTHUBHO BIUIMBAE€ HA EMOI[IMHHNA 1
NCUXIYHUN CTaH JITeH, OCKUIbKH 3aHATTS (DI3MYHUMHU BIPABU CIPUSAIOTH BUAUICHHIO eHAOP(IHIB —
TOPMOHIB IIACTS, IO JOTIOMAararoTh 3HWKYBAaTH PIBEHb CTPECy 1 MiJBUINYBaTH HACTpPid. A Aitu 3
MOPYUICHHSMH 370POB’sl YaCTO MAIOTh MiABUIIEHUNA PIBEHb TPUBOXKHOCTI 1 CTPECy, TOXK PErYIsApHi
Gi3UYHI 3aHATTS MOXKYTh JONOMOTTH iM Kpalle CHpaBISATHCA 3 EMOIIMHAMHU TPYIHOIIAMHU 1
MIJBUIUTH PIBEHb eMOIIHOT cTabinpHOCTI [3,8].

AHai3 octaHHix myOJikauiii. CtatucTtuyHi Aani. 3a ocraHHIMEH JaHUMH, B YKpaiHi
HaligyeThcs Outhbmne 159 Tcsad miTed 3 1HBaJiTHICTIO, IO BignmoBimae piBHiO 2016 poky, ame
BpPaxoOBYIOYH T€, IO B IUIOMY B KpaiHi cTano Ha 25% MeHie JiTeil, — e CyTTeBE 3pOCTaHHS.
Oco06nmmBy HEOE3MEeKy BUKIHMKAE 3POCTAHHS KOHTHHTEHTY YYHIBCHKOI MOJIOJI 3 1HBaiTHICTIO,
0 3a OCTaHHI POKM MiABUIIMBCSA Maixke BIBIUl. Tak, 3a ONEpaTUBHUMHU CTAaTUCTUYHUMH
naHuMu ctaHoM Ha 2025 pik [7], 3a ocraHHi I'SATh POKIB KUIBKICTh Y4YHIB 3 OCOOJHMBUMH
OCBITHIMM moTpebaMHM B IHKJIIO3MBHMX Kjacax 3akjajiB 3arajbHOi CEepeaHbOi OCBITH
30utbmniiack B 1,9 pasa, BiAmoBimHO 30UTbIIMIAch 1 MOoTpebda B IHKIIO3MBHUX Kilacax, YHCIIO
sskux 3pocio B 1,8 paza (tabmn 1).

Ta6mums 1
Jlunamika 3pocTaHHs aiTei 3 0co0JIMBUMH OCBiTHIMH moTpedamu 3a 2020-2025 pp.
Hauanbunii pix KinbkicTh yuHIB 3 0COOTUBUMU KinbKicTh 1HKITIO3UBHUX

OCBITHIMHU MTOTpeOaMu KJIaciB
2020/2021 25078 18681
2021/2022 32686 23216
2022/2023 33861 24995
2023/2024 40354 29321
2024/2025 47610 33397

OcTtaHHIM YacoM 3HayHE 3aHENMOKOEHHS (axiBIiB y chepi OXOPOHHU 30POB’ST BUKIUKAE
3pocTaHHs po3namiB ayructuuHoro cmnekrpa (PAC) cepen nmireit. 3aramom B YKpaiHi,
BIIMOBIMHO 10 JaHWX €JIeKTpOoHHOI cucteMu oxopoHu 310poB's (ECO3), obmikoBano 20936
niter 3 giaraozom "aytusm" [9]. Haitbuibine niteit 3 ayrusmoM obiikoBaHo y KuiBewkiit (5100),
PiBuenchkiit (1253), XapkiBebkiit (1246), 1 JIbiBchkii (1117) ob6nactax. Y Uepkacbkiit o06aacti
oOmikoBano 937 miteil 13 giarHo3oM aytus3M, y JHimpomerpoBchkid — 983, XMenbHHUIBKINA —
994, 3amopizekiii — 909, 3akapmnarcekiii — 910, UepniBenpkid — 821. Jlemo HMKYUMH €
nokasHuku y Yepnirieebkin o6macti (333 nutunan), y Cymcbkii (343), Teprnoninbcrkiit (370),
Bomuncekiit  (374), Xepconcbkiih (389), IBano-®pankicekiit (435), Opecwkiit  (490),
[TonraBcekiit  (540), Joneupkiit (627), MukonaiBcekii (630), Binaunpkin (647),
KipoBorpancekiii (652), )Kutomupcskiit (735).

Ha ctpiMke 30UIbIIEHHS YHCENBHOCTI OCI0 13 pO3NagaMH ayTUCTUYHOTO CIIEKTpa
HAroJIOIIyeThCcss B 0araThOX KpaiHax CBITYy. 3a mokasHukamu Autism-Europe, — mibxHapomHoi
acolianii, 1o HaJiuye COPOK €BPONEHCHKUX KpaiH, BKIIOUAIOUN 26 IepKaB-uieHiB €BpONerchKoro
Coro3y, y cBiTi Hamiuyerbcst moHan 10 MiTbHOHIB JIOACH, AKI MAarOTh PO3NaAM AYTHCTUYHOTO
cnekrpa (PAC). Tak, 3a ocTaHHIMU JaHUMH, y CBiTi npuoausHo 1 31 127 oci6 mMaB aytusMm. 3a
maanmvu BOO3 1s omiHKa € cepelHIM MOKa3HMKOM, 1 3apeecTpoBaHa MOIIMPEHICTh CYTTEBO
BapilOETHCS B Pi3HHUX HOoCTimKeHHsax [13].

Tox y cydacHOMY CBITI MHUTaHHS PO3BUTKY JiT€H 3 po3iaJaMu ayTHCTHYHOTO CIEKTpa
(PAC) crae nenani BaXXIUBIINIMM Yepe3 3pOCTaHHS KUTBKOCTI A1arHOCTOBAHUX BUMAAKIB. | OCKUTbKU
nomupeHicte PAC 3pocrae, 1e BHCyBa€ HOBI BHUMOI'M JI0 CHCTEeMM OCBITH, peabimiTamii Ta
¢i3uyHOTO BUXOBaHHs JiTed 3 Takumu ocobOnuBocTsamu. [itm 3 PAC yacto MaroTh TPYAHOII 3
MOTOPHOIO KOOPJAMHAIlIEI0, 0aTaHCOM, BUTPUBATICTIO Ta 3arajJoM PO3BUTKOM PYXOBUX HABUYOK.
B pesynpTari BOHM YHHMKaOTh (I3MYHMX HaBaHTaXKEHb, TOX BEAYTb MEHII AaKTUBHUI CrociO
KHUTTEASUIBHOCTI, 1[0 HETATHBHO BIUTMBAE HA iXHIO COIIaJIbHY aJamnTallito Ta AKicTh ®HuTTs [16,17].
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Taxi 0coOMMBOCTI pyXOBOi MiSTIBHOCTI MOXKYTh HETaTHBHO BIUIMBATH Ha 3araibHy ¢i3ndny popmy
JIUTUHY, il CHITy, BUTPUBAIICTh, PO3BUTOK KOOpAMHAIII pyXiB, THYYKICTb, TOOTO Ha (hOpMYBaHHS
0a30BHUX PYXOBHX HABMYOK III€ W CTBOPIOE PU3MK TPAaBMYBaHHS JITEH Mil yac 3aHATH (PI3UUHOIO
KyabTypoto [1,6,18].

Merta goc/1ilzkeHHsI — BUBUCHHS PO3BUTKY PYXOBHX HaBHYOK JITEH MOJIOANIOrO MIKUTBHOTO
BiKy 3 pI3HUM cTaHOM 370poB’st (Bkimtodaroun PAC), sk OCHOBM il KOpeKwii iX pyxoBoi
JUSUIBHOCTI.

3aBaHHs TOCIIHKECHHS:

1. BiamoBigHO 10 MEIUYHOI JOKYMEHTAIIil, OI[IHUTH CTaH 3I0POB’s Ta (QI3UIHHIA PO3BUTOK
Cy4acHUX JITeH MOJIOJIIIOTO IIKUIEHOTO BIKY.

2. JlocmiguTH, B TOPIBHSJIBHOMY acIieKTi, pO3BUTOK (I3WYHHX SKOCTEH, MOB’S3aHUX 3
KOOPIMHAIII€0, PIBHOBArol0, MIBUAKICTIO pearyBaHHs, CHIIO0, BUTPUBAJIICTIO.

3. Bu3HauMTH OCHOBHI TPYAHOII B PO3BHUTKY PYXOBUX (DYHKIIIH MOJOJIINX HIKOJSPIB 13
MOPYILLIEHHSMH 3/10pOB’Sl.

Marepianm i meToau gociigkenns. [lyig orpuManHsa 00’ €KTUBHOI 1H(OpMallii, BIAMOBIIHO
710 BU3HAYECHUX 3aBJIaHb, CEpe/] METOJIB JOCIIIKEHHS BUKOPUCTOBYBAJIM aHAJI3 Ta y3arajJbHEHHS
Cy4acHOi HAyKOBO1 JIITEPATypH 1 OTMEPATUBHUX CTATUCTUYHUX JTAHUX, MEJArOTIYHHHN (TeCTyBaHHS
PYXOBHX HaBUYOK), MATEMaTHIHHH.

CtaH COMAaTHYHOTO 3JIOPOB’S MOJIOJIIMX IWIKOJSIPIB OINIHIOBABCS 3a pPe3yJbTaTaMH
MEJMYHUX KapT JITeH, NUISIXOM BUKOMIIOBaHHS 1H(OpMalii 3 MepBUHHOT MEIUYHOT JOKYMEHTAII1l.
Jliig oliHKM (PI3UUHOTO PO3BUTKY BUKOPHCTOBYBAJIMCh aHTPOIIOMETPHUYHI MOKA3HUKU JOBKHUHU Ta
MacH Tijia, OKPY>KHICTh TPYIHOI KJIITKH. 32 OTPUMAaHUMHU JIAaHUMH BU3HAYAIU JOCITHYTHI PIBEHB Ta
TapMOHIWHICTH (DI3MYHOTO PO3BUTKY 32 KIACMYHOIO METOJIUKOIO CTAHIApPTIB.

JIst OIIHKK PIBHS PO3BUTKY PYXOBHUX HABHYOK JITEH OIIHIOBAIMCS TaKi MOKAa3HUKH, SIK
IMIBUJIKICTh peakilii (pearyBaHHs Ha 3BYKOBI Ta 30pOBi CHUTHAJIM — BU3HAYaBCS 4Yac BiI TOSBU
CTUMYJTY JI0 PEakilii AUTHHH, B CEK.), KOOPAUHAIIMHI 3A10HOCTI (BIIpaBH 3 KUJAAHHIM 1 JIOBJICHHSIM
M'siya, BU3HA4ajgacs KUIBKICTh YCIIIIHUX JIOBIB), PO3BHTOK pPIBHOBaru (BIpaBM Ha yTPUMaHHS
pIBHOBaru Ha OJIHIA HO31, OIIIHIOBAaBCS 4Yac B CEK.), IIBHUIKICHO-CHJIOBI SIKOCT1 (ITOBTOPEHHS
MpUCigaHb, K-Th paziB/3a 20 cek.), THYYKICTh (HaXwJI TyiayOa BIepes i3 MOJ0KEHHS CHISAYH, B CM),
CUJIOBA BUTPHUBAJIICTh (Yac yTpUMaHHS TMO3MIIII IJIaHKa, B CeK.). KokeH 13 IIuX TeCTiB J03BOJISE
OIIIHUTH CrHenu(igHI aCIEKTH PYXOBHX MOXJIMBOCTEH KOXHOI 0OCTE)XYBaHOI TUTHHU. Pe3ynbTaTn
TECTyBaHHS B  MOJAJbIIOMY BHUKOPHCTOBYBAJUCS JUIA TOPIBHSUIBHOI  XapaKTEPUCTHKHU
oOctexxyBaHUX Tpyn. J[Jiss BCTaHOBIEHHS JOCTOBIPHOCTI Pi3HHUIII MK HUMH BUKOPHCTOBYBaBcs -
kputepiii CThrOJICHTA.

Opranizauis gociaigxenns. [Ipu KOMIUIEKCHIA OLIHII PO3BUTKY PYXOBUX SKOCTEH
JiTei MOJOAIIOTO MKUIFHOTO BIKY BUBYAIKCA 0a30Bi pyXOBi HABUYKH YYHIB 13 PI3HUM PIBHEM
3n0poB’s. O0cTexxyBaHi qiTh HaBuanucs B Yepkacbkiit 3aranbHoOCBiTHIN mikoui [-111 ctynenis
Ne6, abGo oTpuMyBamu KOpEKIIHHO-pO3BUTKOBI mociayrd B KoMyHanpHIM ycTaHOBI
«IHkm03UBHO — pecypcHuil 1eHTp» Yepkacbkoi Mickkoi pamu Yepkackkoi obmacTi uu
KomynansHomy 3aknani «Yepkacbkuil HaBualbHO-peabimiTamiiuuii 1eHtp «Kpaina mnobOpa
Yepkacbkoi o6macHol paau». J[lag aHaATITUYHOTO CIOCTEPEKEHHS 3aCTOCOBYBAJIOCA
yrpynyBaHHA AiTeH 3a NpUHIUIOM HelpopizHoMaHiTTs [10,11]. B rpyny HeiipoTunoBux airei
BBIHILIM — 38 0ci0, B rpyny HEHPOBIIMIHHUX, Ky CKJIaJalld AITH 3 po3JaaMu ayTUCTUYHOTO
cnerpa — 12 ocib.

PesyabTaTn nocaimkeHHsi Ta ix odroBopenHsi. Meroio mepiioro eramy poboTtu Oyio
BHUBUYEHHSI OCOOJIMBOCTEH CTaHy 3/10pOB’s Ta (DiI3MYHOTO PO3BUTKY HEHpPOPIZHOMAHITHUX HiTed —
y4HIB MoJjoamoro mkimbHOro Biky (Neurodiversity cydacHa KoHIeEMNIis Mpo Te, M0 ICHYIOTh Pi3Hi
Bapiallii GyHKIIOHYBaHHS POOOTH MO3KY, IO MOKYTh BIUIMBAaTH Ha yBary, COPUUHATTS, EMOLIHHY
YYTIUBICTh, B3a€EMOJIIIO 31 CBiTOM, HaBuaHHs, crniikyBaHHs [10,11]). B pe3synbraTi nociimkeHb
BCTaHOBJICHO, 1110 32 y3araJbHEHUMH CEpeHIMU JaHUMH, PIBEHb JOCITHYTOTO 3a BIKOM (PI3UYHOTO
PO3BUTKY JIiTEH MPaKTUYHO HE Bifpi3HABCs (Tabm. 2).
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Tabmuus 2

IHoxa3Huku GizMYHOr0 pO3BUTKY MOJIOAIINX IIKOJSIPiB 7-8 pokiB (piBeHb, rapMOHIlHICTB)
VYrpynyBaHHs PiBens ¢izuunoTO pO3BUTKY (Y %)

niten BHCOKHIA B/C cepenHiit H/c HU3BKUH
HeiipotumnioBi | 7,89+4,37 26,32+7,14 39,47+7,93 21,05+6,61 0,73+0,51
3 PAC 16,67+10,76 | 33,33+13,61 | 33,33+13,61 16,67+10,76 -

["apmoHiiHICTE (I3UYHOTO PO3BUTKY
TapMOHIHHHHA JFCTapMOHIHHHHA pi3KO TUCTapMOHIMHUN

HEHPOTHUTIOBI 78,95+6,61 18,42+6,29 2,63+2,60
3 PAC 83,33+10,76 16,67+10,76 -

OT1xe oriHKa (pI3MYHOTO PO3BUTKY JITEH MOJIOIIOTO MIKUIFHOTO BIKY MPOJIEMOHCTpYBaa,
mo cepenHi ¢izuuamic po3BUTOK Mamu 39,47+7,93% neliporunoBux mkosspis i 33,33+13,61%
HeiipoBinminaux  (p>0,5), Buie cepenHboro (QGi3UuHUN  po3BUTOK Manu  26,32+7,14%
HeliporunoBux yuHiB 1 33,33%13,61% wHeiipoBinminaux (p>0,5), HIKYE CEPETHBOTO MaJH
21,0546,61% neiiporunoBux y4HiB ta 16,67£10,76% HelipoBinminaux (p>0,5), Bucokuit Gpiznanunit
PO3BUTOK BinmmivaBcs y 7,89+4,37% nelipoTunoBux mkoysipiB i B 16,67+10,76% He#poBiqMiHHUX,
HU3bkui - mume y 0,73+0,51% HelpoTHnoBUX y4HIB.

Takosk TOCTIPKEHHSIMH OYJIO BCTAHOBJICHO, III0 TapMOHIHHUEN po3BUTOK Man 78,95+6,61%
HelipoTunoBux y4HiB Ta §3,33%10,76% nelipoBinminauX (p>0,5), AMCrapMOHIHHNNI PO3BUTOK MaJIA
18,42+6,29% welipoTunoBux mKosApiB Ta 16,67+10,76% welipoBimmiaauX (p>0,5), pi3ko
JTUCTApMOHIHHUM PO3BUTOK (DIKCyBaBCs JIMIIE B OJHOMY BHUIAAKY Cepell HEUPOTHUIOBUX HiTe
(2,63%2,60%).

Ha mopanpmomy eramni JoCiKEHHSI BUBYABCS PO3BUTOK PYXOBUX YMIiHb 1 HABHYOK, IIIO
€ BOXJMBUM TIpH PoOOTi 3 MIThbMHU 13 XPOHIYHOIO MATOJIOTIEI0 Ta TMEBHUMH OCOOJMBOCTSIMHU B
PO3BHUTKY, OCKUIBKM HOTO OIlIHKA O03BOJISE€ BU3HAYMUTH 3JATHICTh JAWTHHH JIO BUKOHAHHSI
OCHOBHHUX 3aBJaHb, 5K JKHUTTEBOTO XapakTepy, Tak 1 3amgad y (I3UYHOMY BHUXOBaHHI.
B 3anexxHOCTI BiJ CTaHy 3/I0pOB’s, ITEH pO3MOAUIMIN Ha TPH TPYIH: B Iepury Oyino BiTHECEHO
HEHUPOTUIIOBUX YYHIB 3 BIICYTHICTIO 3aXBOPIOBaHb/MpakTH4HO 310poBuX (I-II rpynu 310poB’s)
— 23 oci0, B Apyry rpyny yBIMILIM HEWPOTHUIOBI MIKOJSAPI 3 XPOHIYHUMH COMATHYHUMH
3axBoptoBaHHsaMu (LIl rpymoro 3m0poB’s, sKi Malu XBOPOOM EHIOKPHHHOI CHUCTEMH,
OpraHiB TpaBJICHHs, OIOPHO-PYXOBOTO arapary, OpraHiB auxaHHsi) — 15 ocid, TpeTio
CKJIAJIM HEWPOBIAMIHHI MITH 3 po3jaaMHd ayTHCTUYHOTO CIEKTpa — 12 giTeld MOJIOIIIOTO
IIKUTBHOTO BIKY.

JloCmi/DKeHHST PO3BUTKY PYXOBHX HABHUYOK CYYaCHHX JITEH MOJIOJIIOTO IIKUIBHOTO BIKY
MOKa3aju, 0 B JaHii BIKOBIM KaTeropii cTaH 3J0pOB’sS Ma€e BUPIMIAIbHUN BIUIUB JIMIIE HA OKpeMi
($hi3uYH1 KOHAMIIIT KOJAPIB (Tadu. 3).

3riJiHO 3 OTPUMAHMMHU JTAHWMH, y JITEH 13 po3jalaMu ayTHCTUYHOTO CIEKTPa BHHUKAIOTh
MEBHI CKJIAJHIIII 3 BUKOHAHHSIM KOOPHMHAIIMHUX 3aBJaHb, IPO 110 CBITYUTH TECTYBAHHS 3 JIOBJICIO
M’si4a, pe3yJabTaTH SIKOTO Oyl JOCTOBIPHO HIDKYMMH, HDK B HEHPOTHMIIOBUX Ipylax: KUIbKICTb
yCHIITHUX JIOBIB M’siya y aiteit i3 PAC ckmanana 4,13+0,86 Ta Binnosigno 8,94+1,26 — 9,45+1,34 y
HelipotunoBux yuHiB (p<0,05). Ha meBHI moOpylieHHS PO3BUTKY MOTOPHUKH Yy HEHPOBIAMIHHHX
JiTel TaKoX BKa3zye MOBUIBHIMINI Yac pearyBaHHs Ha 3BYKOBi Ta 30poBi curHaiu: 2,46+0,17 cek. Ta
BigmosimHo 1,00+0,16 — 1,12+0,16 cek. y HeiiporunoBux airedi (p<0,05). Otpumani naHi
MIAKPECTOTh, o AiTH 3 PAC MOXyTh BiJ4yBaTH TPYAHOIIl B OBOJOIHHI OUIBII CKIAAHIIIUMU
(GI3UYHUMU 3aBAAHHSAMU. 3HWKEHHS PYXOBHX 3/110HOCTEH, MOB’s13aHi 31 BUJKICTIO pearyBaHHs Ta
KOOPAMHAIIIMHOIO 3/IaTHICTIO, MOXKYTh CTBOPIOBAaTH 3arajibHi MpoOJieMH 3 ajanTaiiero aitedl 1o
HaBKOJIMIIHBOTO CBITY, LI0 € HEOOXIJHUM JUIi YCHIIIHOTO (PYHKIIOHYBaHHS B COIIJIbHOMY
CEepEeIOBUIIIL.
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Tabmuus 3
PesyinbTaT TecTyBaHHSI pyXOBHX HABMYOK JiTell 7-8 poKiB 3 pi3HHUM CTaHOM 310pPOB’si
(cepenHi apudpMeTuyHi 3HAYEHHS 3 CepeIHIMN KBAIPATUYHUMHU BiIXWUJIEHHSAMM)

®i3uuHi SKOCTI [IpakTu4HO 370pOBI 3 XpOHIYHUMU 3 po3nagamu
3aXBOPIOBAHHAMH | aQyTHCTUYHOTO

CHEeKTpa

Koopmunamis  pyxiB  (K-Tb X +c p X +c p X +c
AI0BIB M's112) 9,45% [ 1,76 | <0,05 |8,94* [ 1,68 | <0,05 | 4,13 | 1,32

PiBaoBara (yac yrpumanns ma | 9,20 | 2,34 | >0,05 | 10,29 | 2,46 | >0,05 | 4,80 2,15
OJIHIN HO31, C)
HIBukicHo-cwitoBi sikocti (k- | 14,47* | 2,60 | <0,05 | 8,02# | 1,93 | <0,05 | 7,21 2,04
Th MIPHUCIJIaHb)
CunoBa BurpuBamicte (wac | 8,84 |3,71| >0,05 | 7,23 | 2,84 | >0,05 | 7,02 2,53
YTpUMaHHs MO3UIII] MJIaHKA, C)
I'myukicts (Haxwi Brepen, cm) | 10,78 | 2,19 | >0,05 | 11,16 | 2,24 | >0,05 | 10,75 | 2,87

HIBuakicte peakmii (wac Bixm | 1,12** | 0,23 | <0,05 | 1,0** | 0,21 | <0,05 | 2,46 0,25
MOSIBU CTUMYJTY JIO PEaKIiii, ¢)

[IpumiTka: AOCTOBIPHICTH PI3HMIII MDK BIAMOBIJHUMH IOKa3HUKaMU HEUPOTHUIIOBUX 1
HelipoBiaMinaux jaiteit (3 PAC) * — Ha piHi (p<0,05); ** — na piBHi i1 (p<0,01); # — nocTOBIpHICTH
PI3HMIII MDK BIATIOBITHUMH TOKAa3HUKAMHU JIT€H 13 HASBHICTIO 1 BIACYTHICTIO XPOHIYHOT MaTOJIOT11

(p<0,05).

Taki pe3ynbpTaTH AEMIO0 MIATBEPKYIOTHCSA B MOMIOHUX TOCIIKEHHSX, JaH1 SKUX CB1I4aTh,
1o Gi3uyHuN po3BUTOK Aitel 13 PAC BiApi3HAETHCA 3HAYHOIO CIIEIU(IUHICTIO Y PO3BUTKY KPYITHOT
i npibHoi Motopuku [12,14-15]. BinmidaeThcst, 10 HEWPOBIAMIHHI JiTH, 0COOIHMBO 3 pO3JIagaMu
AyTUCTUYHOTO CHEKTpPa, YacTO CTHKAIOThCS 3 PI3HOMaHITHUMH pyXOBUMH poziamamu. [li
MOPYIICHHSI CTOCYIOThCS MPOOJIEM i3 MOCTypallbHUM KOHTpPOJIEM, IO BIUIMBA€ Ha BUKOHAHHS SIK
MPOCTUX CTAaTHYHHMX 3aBJlaHb, TaK 1 CKIAAHIMIMX JAWHAMIYHUX pyXiB. [IpoGnemu 3 yrpumMaHHSIM
pPIBHOBAaru BUKJIMKAIOTh TPYAHOIII 3 BUKOHAHHSM TOYHHX PYXiB, HE3/IaTHICTIO YITKO BIATBOPIOBATH
okpemi pyxu. OkpiM I1bOTO 3a3HayaeThcs, mo y Aiteil 3 PAC moxke OyTm HIWKYUN pPIBEHBb
BUTPHUBAJIOCTI Ta pO3BUTKY M'SI30BOT CWJIM, B TIOPIBHAHHI 3 iXHIMH HOPMOTHIIOBHMH
poBecuukamu [14-15]. OmHak B HAIMX CIIOCTEPEKEHHAX JOCTOBIPHOT PI3HUINI TOKA3HUKIB CHIIOBOT
BUTPUBAJIOCTI B HEUPOTUIOBUX Ta HEHPOBIAMIHHUX Tpymax He Bigmivdanocs (p>0,05). Hlomo
MOKa3HUKIB YTPUMaHHS PIBHOBArv, TO B HAIIMX JOCIIKEHHSAX Y HOPMOTHIIOBUX JIT€H BigMidaBCs
Kpaluii KOHTPOJIb BIMYYTTs piBHOBArd, ajge Ha piBHI TeHmeHuii (p>0,05), amke mOCTOBIpHUX
BIIMIHHOCTE MDK TMOKa3HHKaMU OOCTEXYyBaHUX Tpyn BuUsiBIeHO He Oyno (puc. 1). Ilpote
MIPUITYCKAEMO, IO PE3YAbTATH MOTJIA O OyTH IHIIUMHU, IPU OUTBIIII YNCENTBHOCTI OOCTEKYBAHHX.

Takok B XOZl MOCIIDKEHb 3BEpHYIM yBary Ha BHSBIEHI BIIMIHHOCTI B PO3BUTKY
IIBU/IKICHO-CUJIOBUX SIKOCTEH B JiTeH 13 BIACYTHICTIO XBOPOO 1 HAABHICTIO XPOHIYHUX 3aXBOPIOBAHb
uyn ocobnmBocteld B po3BUTKY (mpu PAC): 3mopoBi mkossipi BukonyBanu 14,47+2,0 npucinanp 3a
20 cexyH[, B TO¥ Yac sK JiTH 3 XpOHIYHUMH 3axBoproBanHsMu 8,02+1,45 mpucimans (p<0,05), aitn
3 po3nagaMu ayTucTudHoro cmekrpa 7,21+1,64 mpucimanp (p<0,05). Ockinbku maHa BrpaBa
XapakTepu3ye 3JaTHICTh A0 MPOSIBY 3YCHIb 32 KOPOTKHM 4Yac, MOEAHYIOUH CHIIY Ta IIBHIKICTH
M'SI30BOTO CKOPOYEHHSI, 10 Hili MOHA CYyIUTh MPO 3araibHy (YHKIIOHATIBHICTh OPTaHIi3MY, SKa B
CBOIO YEpr'y BU3HAYA€ B3a€EMOY3TOJKEHICTh pOOOTH PI3HUX CHUCTEM (CEepIIeBO-CYIHMHHOI, HEPBOBOI,
OTIOPHO-PYXOBOT) Ul BUKOHAHHS Jil. TOX, OTpUMaHi HAMU PE3yJIbTaTH MOKa3yIOTh, SIK Bil PiBHS
3JIOPOB'S 3AJIEKUThH LUTICHICTh (YHKI[IOHATBHUX CHCTEM, L0 00'€AHYIOTH Pi3HI OpPraHu 1 CUCTEMHU
OpraHi3smMy Ui JAOCATHEHHs CIUIBHHUX IiIEH, B TAaHOMY BHUMAJKYy — MPUCTOCYBaHHS 10 (I3UYHUX
HABaHTAXKCHb.
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OIlpaktiyHo 310poBi B3 xponiuaumu xBopobamu B3 PAC

Puc. 1. PO3BUTOK pyXOBHX SIKOCTEH JITEH 13 PI3HUM CTAaHOM 3710poB’st (X+M): 10CTOBIPHICTH
PI3HUII MDK BIAMOBITHMMH MOKa3HHKaAMH HEHPOTUIOBUX i HelpoBiaminuux aiteii (3 PAC) * — Ha
piBai (p<0,05); ** — ma piBai i (p<0,01); # — mIOCTOBIPHICTH pI3HHIII MDK BiIMOBITHUMH
MOKa3HUKAMH JIiTeH 13 HAsIBHICTIO 1 BIZICYTHICTIO XpoHiuHOT marostorii (p<0,05)

BuchoBok. Maroun mnpuOIM3HO OJHAKOBI 31 3J0POBHMH XapaKTEPUCTUKH (HI3HIHOTO
PO3BUTKY Ta TApMOHIHHOCTI, MITH 3 XPOHIYHUMH 3aXBOPIOBAHHSMH Ta PO3JIaJIaMH ayTHUCTUYHOTO
CHEKTPY MalTh JEUI0 BIAMIHHY (YHKIIIOHAIBHICTH OpraHi3My, IO CTBOPIOE TPYIHOIII B
MTOBHOIIIHHOMY OBOJIO/IIHHI OKPEMHUMH PYXOBUMHU HAaBUYKAMH.

- TOYHICTh KOOPJUHAIIIT PYyXiB 1 MBUAKICTh PEAKIlii € OJHUMHU 3 HAMOUIBIN ypa3TMBUX HABUYOK
JITeH 13 po3iajaMH ayTHCTHYHOTO CIIEKTpa, Ha M0 BKa3ajld HWXKYi, HDK Yy 30pPOBHX MIiTEH
pe3ybTaTH BUKOHAHHS BIIPaB, II0 MOTPEOYIOTH KOHIIEHTPAIIil Ta KOHTPOJboBaHuX pyxiB (p<0,05 -
p<0,01);

- HaABHICTh XPOHIYHMX 3aXBOPIOBAaHb MOKE YCKJIQJHIOBaTH ab0 3HIDKYBaTH 3JaTHICTh
OpraHi3aMy ajganTyBaTHUCA 10 IHTEHCHUBHMX UIBHUIKICHO-CHUJIOBHX HABaHTaXXeHb, MPO IO CBIIYATh
HIDKY1 pe3y/abTaTH TECTYBAaHHs, OPIBHIHO 31 370poBUMH ofHOomiTKamu (p<0,05).

Hwxkua pe3ynbTaTUBHICTh Y BUKOHAHHI PYXOBHUX BIPAaB JITBMH 3 OCOOIMBUMHU MOTpeOAMH
MOX€ HEKOPEKTHO BioOpakaTu iXHii piBeHb (i3nyHOT MiAroToBku. Lle migkpeciatoe HEOOXIAHICTh
g BUMTENiB (I3MUHOT KyJIbTypu OOOB'SI3KOBO BpaxoBYBaTH CTaH 3J0pOB'S Ta 0OCOOIMBOCTI
PO3BUTKY KOKHOTO Y4HS IIPU OLIIHIOBAHHI 3aB/IaHb Ta IJIAHYBaHH1 3aHSTh.

Ilpakmuune 3nauennsa pesynvmamis 0ocnioxcenns. OTpuMaHi JaHI MOXYTh CTaTU B
HaroJi Mpu BUpilIeHHI mpoOneMm 3wmicTy, GopMm 1 MeToniB (I3MYHOTO BHXOBAHHS MOJIOIIMX
IIKOJISIPIB 13 MOPYIIEHHSMU 3[I0POB’sl, JAIOYM MOKJIUBICTh 3BEPHYTH yBary Ha CJIaOKi MO3UI] B
CHEKTP1 PyXOBUX HABUYOK JIITEH.

IlepcnekTHBH MOAAJIBLIINX AOCHiIKeHb. BUsBIEHI TPYIHOIII 3 pyXOBUMU HAaBUYKaMU, B
0COOJMBOCTI TaKMMM SIK KOOpPAMHALS PyXiB Ta MIBUAKICTh peakiiii, MOXYTb OYyTH UYYTJIMBUM
IHAUKATOPOM HAsIBHOCTI PO3NAJiB ayTUCTUYHOTO CIEKTpa, ocobmuBo konu mposisu PAC He €
oueBuAHUMHU. Hanami BBakaeMO JIOTTYHMM TEpEBIPUTH poOOUy TiMOTe3y, 3IYyYUBIIU IO
CHIOCTEPEKEHHS JiTel IHIINX BIKOBUX KaTETOPIM.
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Svietlova O. D., Sipko L. O.
FEATURES OF MOTOR SKILLS DEVELOPMENT IN PRIMARY SCHOOL CHILDREN
WITH HEALTH DISORDERS

According to statistical data, the health status of the younger generation in Ukraine has
significantly deteriorated. Over the past decade, the prevalence of chronic diseases among children has
increased 2.87 times. During the last five years, the number of students with special educational needs
in inclusive classes of general secondary education institutions has grown 1.9 times, which has also
increased the demand for inclusive classes, the number of which has risen 1.8 times. Specialists in the
field of healthcare are also seriously concerned about the growing incidence of autism spectrum
disorders (ASD) among children. As of 2025, a total of 20,936 children in Ukraine have been officially
diagnosed with autism. At the same time, it is well known that physical activity plays an important role
in maintaining health, as it not only improves motor skills but also positively influences the overall
physical, mental, social, and emotional well-being of a child.

The aim of the study was to examine the development of motor skills in primary school
children with varying health conditions (including autism spectrum disorders) as a basis for
correcting their motor activity.

Research methods included analysis and generalization, medical-biological methods,
pedagogical approaches (motor skills testing), and mathematical processing. The somatic health
status of younger schoolchildren was assessed using data extracted from their medical records.
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Physical development was evaluated through anthropometric indicators such as body height, body
weight, and chest circumference. Based on these data, the achieved level and harmony of physical
development were determined according to classical standard methods. To assess children’s motor
skills development, the study measured reaction speed, coordination abilities, balance development,
speed-strength qualities, flexibility, and muscular endurance. Testing results served as the basis for
comparative analysis of three groups: conditionally healthy children, children with chronic somatic
diseases, and children with autism spectrum disorders. Student’s t-test was used to determine the
significance of differences between indicators.

Results. Although children with chronic illnesses or autism spectrum disorders show nearly
the same physical development and proportionality as healthy peers, their functional abilities differ
in a way that complicates full mastery of certain motor skills:

Coordination accuracy and reaction speed are among the most vulnerable motor skills in
children with autism spectrum disorders, as indicated by lower performance results in tasks
requiring concentration and controlled movements compared to healthy children (p<0.05 —
p<0.01).

The presence of chronic diseases may hinder or reduce the body's ability to adapt to
intensive speed-strength loads, which is reflected in lower test results compared to their healthy
peers (p<0.05).

Conclusion. Certain functional differences in the bodies of children with health disorders
may slow down the acquisition of specific motor skills, which should be considered when planning
the content, forms, and methods of physical education for younger schoolchildren. Additionally,
when evaluating students’ performance in physical education, teachers should take into account the
weaker aspects of motor skills in children with developmental peculiarities or chronic conditions.

Keywords: health, physical development and proportionality, chronic diseases, autism
spectrum disorders.Features of the development of motor skills of primary school children with
health disorders
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REACTIVE AND ADAPTIVE CHANGES OF THE CARDIOVASCULAR
SYSTEM IN MEN IN RESPONSE TO DIFFERENT TYPES OF PHYSICAL
EXERCISE: PHYSIOLOGICAL AND TRAINING CONTEXT

The article examines reactive and adaptive alterations of the cardiovascular system in men
across various stages of ontogenesis under the influence of physical exercises of different
orientations. Purpose. To identify age-related features of reactive and adaptive changes in the
cardiovascular system of men in response to exercise of different metabolic orientations and to
characterize the mechanisms underlying hemodynamic responses and training-induced adaptations.
Methods. A systematic analysis of contemporary scientific literature was conducted using PubMed,
Scopus, Web of Science, and Google Scholar. More than 700 sources were initially screened using
keywords related to age-dependent hemodynamic responses to various exercise types. Following
multi-stage relevance assessment and full-text evaluation, 109 publications were included in the
final synthesis.

Main results. Adolescence is characterized by predominant sympathetic reactivity and
instability of baroreflex control. Men in early adulthood exhibit the highest degree of
morphofunctional maturity of the heart and vasculature, demonstrating efficient training
adaptations and an optimal autonomic balance. Older age is associated with reduced stroke
volume, increased arterial stiffness, and delayed parasympathetic reactivation. Exercise modality
significantly shapes the response profile: aerobic exercise enhances tissue perfusion, anaerobic
training induces peak pressor responses, mixed exercise elicits alternating sympathetic and
vasodilatory phases, while functional training improves intermuscular coordination and postural
circulatory regulation.

Scientific novelty. Age-specific models of cardiovascular reactivity and adaptation have
been systematized. Early adulthood is substantiated as the physiologically optimal period for
achieving maximal training effects. Intracollective differences in hemodynamic responsiveness
within adolescent and adult groups are identified and linked to the degree of cardiovascular and
autonomic maturation.

Conclusions and recommendations. Age-related physiological characteristics necessitate
individualized training strategies: adolescents require gradual load progression with emphasis on
stabilizing autonomic regulation; adult men benefit most from combined and functional training
modalities; older individuals should prioritize aerobic and low-intensity exercises with careful
monitoring of hemodynamic parameters.

Keywords: circulatory system, heart, blood vessels, hemodynamics, physical exercise,
reactivity, adaptation, men.

Formulation of the problem. The cardiovascular system plays a central role in enabling the
organism to adapt to physical and athletic loads, maintaining homeostasis under conditions of
elevated metabolic demand [1-3]. Different types of physical exercise elicit complex hemodynamic
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responses involving changes in heart rate (HR), stroke volume (SV), cardiac output (CO), arterial
blood pressure (BP), and the redistribution of peripheral vascular resistance (PVR) [4—6]. These
reactions are mediated by neurohumoral mechanisms whose sensitivity and efficiency change with
age [7, 8]. Men of different age groups show marked differences in hemodynamic reactivity due to
age-related alterations in myocardial structure and function, vascular status, and autonomic
regulation [9, 10]. Adolescence features dominant sympathetic activation and high rhythm
variability, adulthood a more stable but less flexible response, and older age reduced reserves,
slower regulatory adjustments, and increased risk of hemodynamic instability. The type of physical
exercise also exerts a significant influence on the pattern of the hemodynamic response. Aerobic,
anaerobic, mixed, and functional training loads activate distinct adaptive mechanisms operating
within specific metabolic and neurovegetative contexts [13—15]. Investigating age-related features
of cardiovascular reactivity and adaptation to muscular work is essential not only for sports
physiology but also for the prevention of cardiovascular diseases and the development of effective
individualised training programmes.

The purpose of the study. To determine the age-specific characteristics of reactive and
adaptive changes in the cardiovascular system of men in response to physical exercises of different
orientations and to characterise the mechanisms underlying hemodynamic responses and training
adaptation.

Research materials and methods.The analysis of specialised scientific literature was
conducted by reviewing sources indexed in PubMed, Scopus, Web of Science, Google Scholar, and
the Cochrane Library over the past 10-15 years, with priority given to publications from 2020-
2025. The literature search employed the following keywords: “cardiovascular reactivity”,
“exercise-induced hemodynamic response”, “training adaptation”, ‘“age-related cardiovascular
changes”, “men”, “aerobic exercise”, “anaerobic exercise”, and “functional training”.

Using these search terms, over 700 records were identified. After removing duplicates and
performing an initial title-based screening, 426 publications remained. Subsequent selection
followed a stepwise algorithm: if the study topic aligned with the research focus, abstracts were
analysed, and when appropriate, full texts were reviewed. The final analysis included publications
that contained data on age-specific mechanisms of hemodynamic reactivity, adaptive changes in
cardiac and vascular function under different types of physical exercise, and regulatory features of
the cardiovascular system. Ultimately, 109 scientific works were included in the review,
systematically organised and critically analysed.

Research results and their discussion. The cardiovascular system is a key target for
examining reactive and adaptive responses to athletic loads. Circulatory reactivity is defined as the
acute response to muscular work, manifested by rapid increases in heart rate (HR), stroke volume
(SV), cardiac output (CO), and arterial blood pressure (BP), as well as the redistribution of blood
flow between active and inactive muscle groups and internal organs [16, 17]. These reactions reflect
the organism’s functional reserves, the speed of compensatory adjustments, and the ability to
maintain dynamic homeostatic balance during physical activity.

Adaptive hemodynamic changes, in contrast to reactive shifts, develop gradually and have a
chronic character, emerging as a consequence of regular training stimuli [17-19]. They include
cardiac remodelling (increased SV, enhanced diastolic filling, and improved myocardial
contractility) and vascular remodelling (greater arterial elasticity, increased skeletal muscle
capillarisation, improved endothelial function, etc.) [18-20]. Such changes contribute to the
economisation of cardiac work through reduced HR (physiological bradycardia) and enhanced
pumping efficiency, as well as improved perfusion of working muscles during exercise.

Acute cardiovascular responses form the basis for long-term structural and functional
adaptations, with their intensity and quality determining the direction and magnitude of the adaptive
process [19, 20]. Alterations in CO during muscular work directly influence SV and oxygen
transport, highlighting the importance of reactive mechanisms for subsequent adaptation [21].
Regular physical activity induces specific vascular adaptations that enhance the overall efficiency of
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the circulatory system [22]. Evidence also indicates differences in central hemodynamic reactivity
following dynamic versus static exercise, which is essential for the individualisation of training
programmes [23-25].

The physiological response of the circulatory system to muscular work results from the
complex interaction of numerous internal and external factors that determine individual patterns of
reactivity and adaptation. Key determinants include genetically mediated characteristics of the heart
and vasculature, training status, age, sex, overall functional condition, as well as the type, intensity,
duration, and specificity of exercise [26, 27]. Even within the same mode of muscular work, macro-
and microhemodynamic parameters may vary substantially depending on individual adaptation
level, neurohumoral regulatory efficiency, and peripheral vascular functionality [26, 28—30].

Exercise technique and training experience play a decisive role in shaping response
variability by influencing the degree of morphofunctional remodelling of cardiac and vascular
structures [31, 32]. Individuals with high aerobic fitness demonstrate a tendency toward greater
cardiac economy, increased SV, and lower HR at comparable workloads [33, 34]. Conversely,
untrained individuals or athletes subjected to chronic overload may exhibit reduced vascular
reactivity and impaired restoration of hemodynamic indices, indicating dysfunction of regulatory
mechanisms and diminished adaptive potential of the cardiovascular system [35-37]. Sex and age
also substantially affect response dynamics: women typically show lower SV and higher HR
compared to men under similar loads, whereas aging is associated with reduced vascular elasticity,
altering BP responses during exercise [38, 39].

Thus, the individual circulatory response to different types of physical exercise represents a
multifactorial process shaped by both life-long and training-related experience, reflecting the level
of functional capacity and the potential for further adaptation. An analysis of these responses not
only enables the optimisation of training strategies but also allows the early detection of overload,
reduced tolerance, or emerging dysfunction within cardiac and vascular regulation.

Training modalities are commonly classified according to the predominant energy supply
supporting muscular activity. Aerobic, anaerobic, combined, and functional training differ markedly
in loading characteristics, recruitment of metabolic pathways, duration, intensity, and the
orientation of adaptive changes.

Aerobic training is characterised by prolonged performance of moderate-intensity muscular
work with dominant oxidative energy production, as seen in long-distance running, swimming,
cycling, and race walking [18, 19]. The primary energy source is aerobic oxidation of carbohydrates
and fats in the presence of oxygen within skeletal muscle mitochondria [19, 20].

Anaerobic training consists of exercises of high or near-maximal intensity, where oxygen
delivery cannot meet metabolic demand, leading the organism to rely on anaerobic glycolysis or the
phosphagen system — such as sprinting, heavy resistance training, jumping activities, or short
intervals of high-intensity exercise [20, 21]. It is characterised by lactate production, high rates of
energy turnover, and rapid depletion of energy stores [21, 40]. Adaptive responses include increased
glycolytic capacity, enhanced muscle buffering potential, hypertrophy of fast-twitch fibres, and
improved anaerobic tolerance.

Combined training integrates both aerobic and anaerobic components and aims to
simultaneously develop several fitness qualities — endurance, strength, speed, and coordination [41,
42]. High-intensity interval training (HIIT) is a typical example, alternating short anaerobic bouts with
aerobic recovery intervals. This modality produces multi-energy loading and induces adaptations
across several systems, including cardiovascular, respiratory, and neuromuscular.

Functional training focuses on improving movement patterns applicable to daily activity,
sport, or rehabilitation. Unlike traditional isolated exercises, functional training engages multiple
muscle groups simultaneously, involving both central and peripheral mechanisms of motor regulation
[43, 44, 45, 46]. This includes bodyweight exercises, unstable-surface training, TRX systems, and
tasks requiring variable stabilization, balance, and movement trajectories. Physiologically, such
training enhances intermuscular coordination, proprioception, flexibility, and balance.

72



Cepis «bionoriuni Haykny, 2025

The choice of training modality depends on the targeted objective, level of preparedness,
and functional status of the individual. Aerobic and anaerobic components may be alternated or
combined to develop comprehensive physical fitness, whereas functional approaches support the
transfer of trained skills to specific movement tasks. Contemporary research underlines the
importance of individualised exercise selection based on physiological responses and adaptive
profiles.

Reactive and adaptive cardiovascular changes in men in response to different types of
physical exercise vary substantially with age.

In late adolescence (17-21 years), the circulatory system undergoes the final stages of
morphofunctional maturation, exhibiting high plasticity but still incomplete regulatory integration.

The heart attains nearly adult anatomical dimensions; however, the functional maturity of
cardi hemodynamics develops gradually, particularly regarding the integration of central and
peripheral regulatory circuits. Resting HR in adolescent males typically remains slightly elevated
(approximately 70—75 bpm), driven by predominant sympathetic activity [47, 48]. SV and CO have
not yet reached the optimal values characteristic of early adulthood, as the finalisation of
myocardial inotropic function and full correspondence of diastolic filling are still in progress [15,
49]. PVR tends to be lower due to the high elasticity of the arterial tree. BP remains within age
norms, though greater fluctuations may occur under physical or emotional stress because baroreflex
control is not yet fully matured [5, 50]. Hyperreactive responses, including hypertension, may
occasionally be observed.

Heart rate variability (HRV) serves as a key indicator of autonomic homeostasis. In
adolescence, HRV remains relatively high, reflecting substantial adaptive reserves, although the
balance between sympathetic and parasympathetic activity is not yet stable [51, 52]. This instability
may result in disproportionate chronotropic and inotropic responses to changes in posture,
temperature, or psycho-emotional state [52, 53]. From the standpoint of endothelial function,
production of vasoactive mediators (nitric oxide, prostacyclin) is elevated, but vascular reactivity
has not yet reached maximal sensitivity to metabolic stimuli — a factor of importance during high-
intensity muscular work [54, 55]. At this age, structural remodelling of arteriolar smooth muscle
also progresses, shaping the future adaptive capacity of the vascular system.

Hormonal regulation plays a particularly prominent role in this period, driven by elevated
levels of testosterone, growth hormone, and IGF-1 [56, 57]. These hormones support anabolic
stimulation of the myocardium, enhance energy metabolism, increase contractile performance, and
contribute to the overall functional tone of the cardiovascular system.

The incomplete morphofunctional maturation of the circulatory system in adolescent males
determines the specificity of their responses to different types of physical exercise. Hemodynamic
reactions at this age develop against the background of not fully consolidated neurovegetative
regulation, ongoing myocardial remodelling, and active hormonal transformation. During prolonged
moderate-intensity cyclic exercise (running, swimming, cycle ergometry), adolescents exhibit a
marked increase in HR, moderate growth in SV, and elevation of CO [58, 59]. The hemodynamic
response is predominantly chronotropic, as inotropic and vasodilatory reserves are not yet fully
developed. Following exercise cessation, delayed recovery of baseline HR and BP is often
observed, indicating functional immaturity of baroreflex regulation [59, 60].

In response to anaerobic or static exercise (resistance training, isometric holds), the
hemodynamic reaction is characterised by a sharp increase in systolic and diastolic BP, a substantial
rise in HR, and elevated PVR [24, 61, 62].

This pattern results from the centralisation of circulation, activation of sympathetic
pathways, and catecholamine release under conditions of insufficient vasodilatory compensation in
active muscle groups. In adolescent males, these responses may be hyperreactive or labile,
manifested by inadequate control of systemic BP and uneven blood distribution.

Mixed exercises (aerobic—anaerobic), such as high-intensity interval training, circuit
training, or team sports, elicit a combined hemodynamic response in adolescents, involving
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alternating phases of sympathetic activation and reactive vasodilation [63, 64]. At this
developmental stage, regulatory mechanisms lack full synchronisation, leading to marked HR
variability, transient periods of increased cardiac loading, delayed stabilisation of venous return,
and potential disturbances in BP regulation [63, 64, 65]. These factors necessitate careful dosage of
exercise.

Functional training (e.g., TRX, unstable-surface exercises) requires substantial involvement
of postural control, microcirculatory regulation, and hemodynamic plasticity. In adolescents, such
training activates compensatory reserves of venous return, modifies deep stabiliser muscle tone, and
enhances HRV, but may provoke orthostatic instability or BP fluctuations due to incomplete
integration of autonomic responses [66, 67]. Despite this, functional training is regarded as a
promising modality for developing autonomic balance in youth.

Thus, in adolescent males, the circulatory system remains in a transitional stage between
completed anatomical development and full functional maturity, which underlies its sensitivity to
external stimuli, high reactivity, and variability of adaptive responses. These factors must be taken
into account when interpreting exercise reactions, designing individual training programmes, and
preventing cardiovascular dysfunction.

The period of early adulthood in men is characterised by the highest stability and functional
completeness of the circulatory system.

An optimal relationship between myocardial structural maturity and functional efficiency
provides favourable conditions for adaptation to physical and psycho-emotional loads [68, 69]. At
this ontogenetic stage, the heart exhibits its best contractile performance: SV, contraction and
relaxation rates, and overall systolic—diastolic function fall within the upper physiological range
[13, 25, 70]. Cardiac output adequately supports elevated metabolic demands, particularly during
physical activity. Hemodynamic parameters are stable and demonstrate clear autoregulation with
rapid adaptive adjustment [13, 24, 71].

The vascular system of young adult men is likewise in a phase of maximal functional
activity. Arteries maintain high elasticity, ensuring effective dampening of the pulse wave and
regulation of peripheral resistance [72, 73]. Capillary density is maximal, providing optimal oxygen
and substrate delivery [32, 33]. The venous system demonstrates efficient venous return with
minimal signs of venous stasis even during prolonged muscular work [23, 62].

Cardiovascular regulation at this age is maintained by a balanced interaction between
sympathetic and parasympathetic divisions. High resting HRV reflects substantial adaptive reserves,
while adequate visceral responses to load confirm the effectiveness of rapid regulatory mechanisms
[62, 74]. Central hemodynamic regulation is also well coordinated: the hypothalamic—pituitary—
adrenal axis maintains homeostasis efficiently under stress and physical exertion.

Endothelial function remains highly sensitive to vasoactive stimuli. Synthesis of nitric oxide
and other vasodilators meets physiological demands, supporting efficient tissue perfusion and
preventing endothelial dysfunction [37, 75]. Anti-atherogenic properties of the endothelium remain
strong, limiting early vascular pathology. BP stability is characteristic of this age group in the
absence of risk factors, while vascular tone is effectively supported by neurohumoral mechanisms
with high sensitivity to exercise [15, 76]. Rapid post-exercise recovery of homeostatic parameters
reflects robust stress-response and adaptation systems.

The hormonal profile of men in early and mid-adulthood plays a crucial role in maintaining
optimal cardiovascular function. Testosterone, growth hormone, and IGF-1 enhance myocardial
contractility, cardiomyocyte metabolism, and vascular regulation [77, 78]. This hormonal milieu
supports healthy anabolic processes in skeletal muscle and myocardium and prevents early
dystrophic changes [35, 79].

The physiological optimum of this age allows the use of intensive training regimes with
minimal cardiovascular risk, provided principles of progression, safety, and individualisation are
followed [80, 81]. This period enables the greatest training effect, as morphological and functional
adaptations are expressed rapidly and fully. Nevertheless, within both adolescent and early adult
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groups, interindividual differences in hemodynamic reactivity persist, influenced not only by training
status but also by age-specific features of cardiovascular functional maturity [18, 19, 24, 82].

In men of early adulthood, the hemodynamic response to physical exercise—particularly
anaerobic or mixed modalities—is often accompanied by a more pronounced increase in HR and
BP due to predominant sympathetic activation [5, 23, 25].

This is associated with the incomplete maturation of autonomic regulatory mechanisms,
relatively lower vascular elasticity, and reduced stroke efficiency of the heart [15, 75, 83—85]. With
advancing age, these responses become better balanced due to improved baroreceptor control,
stabilised cardiac rhythm, increased stroke volume, and reduced dependence of cardiac output on
HR [86, 87].

Aerobic exercise in men of early adulthood induces smaller BP fluctuations and a more
economical HR response compared with younger individuals [9, 88, 89]. In resistance or interval
exercise, significant differences are observed in vasoconstrictor responses and recovery dynamics:
in individuals under 20 years, these processes are less stable, and the return to baseline may be
delayed [5, 15, 24, 62].

In the context of aging, the circulatory system undergoes a complex set of morphofunctional
changes that define a hemodynamic profile dominated by compensatory rather than adaptive
mechanisms [90, 91].

Older age in men is characterised by the onset and progression of cardiovascular
pathologies, further exacerbated by the diminished cardioprotective influence of testosterone [91,
92]. Within the central circulatory component, progressive reductions in myocardial elasticity,
decreased B-adrenergic receptor density, and weakened inotropic responses are observed [93, 94].
Left ventricular contractility declines both at rest and—more markedly—during physical exertion,
limiting increases in SV and CO. Although ejection fraction may remain within a relatively normal
range through compensatory redistribution, reduced diastolic compliance and impaired early
diastolic filling are typical features of the aging heart [94, 95].

Resting HR in older men is generally lower compared to younger groups, yet the adaptive
HR rise during exercise is slower and less pronounced [86, 95]. This is attributed to attenuated
sympathoadrenal responsiveness, reduced baroreceptor sensitivity, and diminished HRV reserves
[96, 97]. Consequently, the cardiovascular system’s ability to respond rapidly to changing
conditions is limited, predisposing older men to orthostatic hypotension, tachycardia, or ischemia.

Additionally, myocardial energetic potential declines with age due to impaired
mitochondrial metabolism, oxidative stress, and reduced activity of electron transport chain
enzymes [98]. Combined with degenerative alterations in the cardiac conduction system, this
increases the risk of arrhythmias, lowers exercise tolerance, and heightens the probability of heart
failure even under moderate loads. Age-related myocardial changes—such as fibrosis and fatty
infiltration—further reduce contractile performance and pumping capacity [99]. The accumulation
of atherosclerotic plaques in the coronary arteries may lead to the development of ischemic heart
disease, compromising myocardial trophism and impairing its physiological function [90, 100].

At the peripheral level, substantial age-related alterations occur within the vascular wall.
An increase in collagen content, a reduction in elastic fibres, and calcification of the intima and
media lead to a progressive rise in arterial stiffness [100, 101]. Consequently, systolic BP
increases, producing the isolated systolic hypertension typical of advanced age. Peripheral
vascular resistance also tends to rise, further complicating the heart’s pumping function.
Elevated thrombotic risk—resulting from age-related changes in coagulation homeostasis—is
an additional contributor to the development of arterial hypertension [101]. Endothelial
dysfunction, characteristic of older men, manifests as reduced NO production, impaired
vasodilatory capacity, and increased activity of pro-inflammatory cytokines [101, 102]. These
changes play a central role in the development of atherosclerotic lesions, endothelial injury, and
microcirculatory impairment, especially in the presence of metabolic comorbidities (type 2
diabetes, dyslipidaemia, etc.) [102, 103].
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Thus, the hemodynamic profile of older men is energetically costly, low-reserve, and
multifactorially compromised, necessitating caution in prescribing physical exercise and requiring
continuous monitoring of cardiovascular function. In older men, physical activity remains a key
determinant of cardiovascular functional capacity.

However, aging affects not only baseline hemodynamic parameters but also the nature of
both acute and chronic responses to exercise. After moderate-intensity cyclic exercise (walking,
light running, swimming), older men exhibit moderate increases in HR and CO, yet the rise in SV is
substantially smaller compared with younger individuals [104]. This is caused by reduced diastolic
function and diminished venous return due to decreased venous wall tone. PVR does not always
adequately decrease, limiting vasodilatory mechanisms. Post-exercise hemodynamic recovery is
slowed, reflecting reduced autonomic plasticity and delayed parasympathetic reactivation [88, 104].

In the long term, regular aerobic training contributes to reductions in pulse pressure,
improved endothelial sensitivity to NO, enhanced microcirculation, and partial normalisation of
HRV; however, structural vascular changes remain limited because of fibrotic—calcific arterial
transformation [105].

Resistance exercise in older men induces marked increases in systolic and diastolic BP,
driven by sympathoadrenal activation and peripheral vasoconstriction [105, 106]. Acute elevations
in PVR combined with reduced arterial elasticity create conditions for excessive pressure loading
on the left ventricle [106, 107]. In some individuals, transient myocardial ischemia or arrhythmias
may occur, particularly with improper breathing or underlying subclinical atherosclerosis. With
long-term, appropriately dosed resistance training, improvements in venous return, increased
muscle capillarisation, and stabilisation of afterload are possible; nonetheless, hemodynamic
adaptation requires extended time and strict individualisation.

During interval or circuit-based mixed training, older men demonstrate unstable
hemodynamic patterns, characterised by rapid HR increase, inconsistent vascular responses, and
insufficient SV augmentation [108]. Autonomic regulation loses its rapid adaptive capacity,
impairing effective switching between sympathetic and parasympathetic dominance. With
adaptation, improvements in parasympathetic reactivity, better autonomic balance, and more stable
exercise HR may occur, but only with careful monitoring of BP, pulse, and HR recovery.

Functional exercises (e.g., TRX, unstable-surface tasks) require high multisystem
coordination, activation of deep stabiliser muscles, and dynamic redistribution of blood flow [108,
109]. In older men, such activity elicits significant fluctuations in HR, BP, and HRV, reflecting
increased reliance on sympathetic reserves. During recovery, hypotensive responses or orthostatic
instability are common due to impaired venous tone and delayed parasympathetic reactivation
[109]. Adaptively, functional training may improve postural hemodynamic control, enhance
afferent sensitivity, normalise venous return, and potentially reduce the need for antihypertensive
correction, though benefits depend on intensity, duration, and training experience.

Thus, in older men, the reactive hemodynamic response to physical exercise is characterised by
limited reserves, delayed regulatory adjustment, and potential hyperreactivity of the pressure
component.

Adaptive changes operate within a narrow physiological window, necessitating a high level
of individualisation. Aerobic and functional exercise modalities offer the most favourable profile
when progressed gradually, whereas anaerobic and mixed modes require increased caution.

Conclusion. Age-related morphofunctional characteristics of the heart, vascular system, and
autonomic regulation determine the hemodynamic responses to various types of physical exercise
(aerobic, anaerobic, mixed, and functional). In adolescence, sympathetic reactivity predominates,
providing high adaptability yet contributing to unstable BP regulation. In mature men, responses are
balanced, with optimal adaptive reserves. Older age is defined by reduced HRV, diminished SV,
arterial stiffness, and decreased efficiency of neurohumoral responses.

The synthesis of available data indicates a clear need for age-specific individualisation of
training programmes in men, accounting for hemodynamic reactivity, cardiovascular risk, and
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physical fitness level. Further research should refine effective and safe exercise strategies to
maintain cardiovascular health across the male lifespan.

Perspectives for future research. Future studies should clarify the underlying mechanisms

of age-related differences in reactive and adaptive cardiovascular responses to different exercise
types, particularly focusing on endothelial function markers, HRV metrics, and arterial stiffness.
Investigating the roles of neurohumoral regulation and baroreceptor sensitivity in modulating acute
and chronic hemodynamic changes across age groups is especially promising.
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CoiinikoB . 1., JIyk'ssuueBa I'. B.

PEAKTUBHI TA AJAITUBHI 3MIHM CEPIEBO-CYJMHHOI CHUCTEMMH
YOJIOBIKIB Y BIIIIOBIJIb HA PI3HI BUJIA ®I3MUHHNX BITPAB: ®I1310JI0T TYHUM
TA TPEHYBAJIbHAM KOHTEKCT

IlocTanoBka mnpodJjemu. ['emomuHaMiyHI 3MiHHM, BUKJIMKaHI (PI3UYHUMH BIIpaBaMH, €
KJIFOUOBHM MEXaHI3MOM MIATPUMKH TOMEOCTa3y ITiJl 4ac M 's130B0o1 akTUBHOCTI. OJJHAK peaKTHBHI Ta
aJanTHBHI CEPIICBO-CYUHHI PEaKilii CyTTEBO BaPIIOIOTHCS 3aJICKHO Bif BIKY, CTaTyCy TPEHYBaHHS
Ta Xapakrepy (I3MYHOTO HaBaHTKEHHs. ICHyI0Ul JNaHi, 110 OMUCYIOTh, SIK aepoOHi, aHaepoOHI,
3Mmimani Ta (QYHKIIOHATbHI METOIM TPEHYBaHb BIUIMBAIOTH Ha IIEHTPAJIbHY T'€MOJIMHAMIKY,
BETCTAaTUBHY PETYIAIII0 Ta CTPYKTYPHO-(GYHKIIOHAJIBHI XapaKTEPUCTHUKU Cepls B PI3HI BIKOBI
Nepioid,  3alMIIAIOTBCS  HEJOCTATHBO  CUCTeMaTH30BaHUMH. lle  oOMexye  po3poOKy
IHAMBITyaJIi30BaHUX TPEHYBAJIBLHUX IPOTpaM, 3aCHOBAHMX Ha BIKOBO-CIENU(IUHUX (Hi310JIOTTIHHX
3aKOHOMIPHOCTSIX.

Meta. BuzHaunty BikOB1 OCOOIMBOCTI pEaKTUBHHUX Ta aJAITUBHUX 3MIH CEPIIEBO-CYAMHHOT
CUCTEeMH YOJIOBIKIB y BIANOBiAb Ha (i3UYHI BOpPaBH pPi3HOT META0ONIYHOI CIPSIMOBAHOCTI Ta
OXapaKTepU3yBaTH MEXaHi3MH, IO JIeKaTh B OCHOBI I'eMOJMHAMIUHUX PEaKIliii Ta ajanTarlii,
BUKITUKAHUX TPCHYBAHHSIM.

Metoau. Byino mnpoBeNeHO CHCTEMAaTUYHUN aHaA3 CydacHOi HAayKOBOI JiTeparypu 3
BUKOpHCcTaHHAM 6a3 manux PubMed, Scopus, Web of Science ta Google Scholar. Cnouarky 6yo
nepeBipeHo mnoHaa 700 mKepen 3 BUKOPUCTAHHSM KIIFOYOBUX CIIIB, IOB'SI3aHMX 3 BIKOBUMH
reMOJMHAMIYHUMH pPEaKLisMU Ha pi3HI THNM ¢i3uuyHux Bopas. Ilicns GararoeranHoi OLIHKU
pENeBAaHTHOCTI Ta IOBHOTEKCTOBOI OLIHKH, O OCTaTOYHOro CHHTe3y Oyno BkmoyeHo 109
myOJTiKarii.

OcHoBHi pe3yabTaTtn. IliUIITKOBUI BIK XapaKTEepPU3YEThCS NEPEBAKHOI CHMIIATHYHOIO
PEaKTUBHICTIO Ta HECTAOUIBHICTIO 6apopedaeKCHOTO KOHTPOIIH0. Y0OIOBIKM B PAaHHBOMY JI0POCIOMY
BIl[l JIEMOHCTPYIOTh HaWBUIIMHA CTyHniHb MOPGOQYHKIIOHANBHOI 3pUTOCTI cepus Ta Cy/AuH,
JIEMOHCTPYIOUM e(eKTUBHY aJanTallilo J0 TpEeHyBaHb Ta ONTHMaJbHUN BereTaTMBHUM OaiaHc.
Crapmmii BiK MOB'I3aHUM 31 3HWKEHHSIM yJapHOTo 00'eMy, MiJIBUIIEHHSIM YXOPCTKOCTI apTepiil Ta
3aTPUMKOIO0 TMApacCUMMATUYHOT peakTHBalii. MoOJanbHICTh (I3UYHUX BIpaB 3HAYHO (OpMyeE
npo¢piip peakiii: aepoOHI BOpPaBU MOCHIIOIOTH Nep(dy3it0 TKaHUH, aHAEPOOHI TPEHYBAHHS
BUKJTMKAIOTh IMIKOBI MIPECOPHI peakilii, 3MilIaHi BOPaBU BUKIMKAIOTh YEPryBaHHS CUMIATHUYHHUX Ta
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BazoquiIaTaToOpHUX (a3, Toxl AK (QYHKIIOHAIbHI TPEHYBAHHS IOKPAIIYIOTh MDKM'S30BY
KOOPJIMHAITIIO Ta MOCTYPAIbHY PETYIAIII0 KPOBOOOITY.

HaykoBa HoBu3Ha. CHuCTeMaTH30BaHO BIKOBI MOJIEINI CEPLIEBO-CYAMHHOI PEaKTUBHOCTI Ta
ananTanii. OOrpyHTOBaHO paHHIM Iopociuii BiK SK (i3i0JIOTIYHO ONTHMAIbHUK TEpION IS
JIOCATHEHHSI MaKCHUMAaJIbHOTO TPEHYBAJbHOTO edekTy. BusBieHo BHYTPINIHbOKOJEKTHUBHI
BIIMIHHOCT1 B T€MOIMHAMIYHIA YyTIUBOCTI B MIIJIITKOBIN Ta ITOPOCHTiN Ipymax Ta MOB'S3aHO X 31
CTYIIEHEM CEepIeBO-CYJMHHOI Ta BET€TaTHBHO1 3PLIOCTI.

BucHoBkn Ta pexomenaamii. BikoBi (izionoriyHi XapakTepHCTHKM BHUMAararTh
IHIUBigyami3amii TPEeHYBAIBHUX CTpaTerii: MLIITKH TOTPEeOYIOTh MOCTYIMOBOTO 30UTBIICHHS
HAaBAaHTAXKEHHS 3 AaKIEHTOM Ha CTa0UTi3alil0 BEreTaTUBHOI pETyISLii; JOpOCHi YOJIOBIKH
OTPUMYIOTh HAHOUIbIIY KOPUCTh BiJl KOMOIHOBaHMX Ta (PYHKLIOHAJIBHUX TPEHYBAJIbHHUX METOJIB;
CTapull JIFOJM TOBUHHI HAaJaBaTH MpPIOPUTET aepoOHUM Ta HHU3BKOIHTEHCHBHMM BIpaBaM 3
peTeNbHUM MOHITOPUHIOM F€MOJIMHAMIUYHUX ITapaMeTpiB.

Kurouosi ciioBa: cucrtema kpoBooOiry, cepiie, KpOBOHOCHI Cy/IMHHU, TeMOJIMHaMIKa, (PI3UUH1
BIPaBH, PEAKTUBHICTh, JANTaIlisl, YOJIOBIKH.
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HOBI 3HAXIJIKH JIICOBUX OPXIJIEIl HA TEPUTOPII
IMPOEKTOBAHOI'O HIIII «<IPIMHCBKE BOJIOTO»

Ilooano pezynrbmamu peKocHOCYIIOBAILHUX (DIOPUCTIUKO-2e000MAHIUHUX OO0CTIOJNHCEHb, Y
pesyibmami  AKUX usAeleHo Hoei aokanimemu  piokicnux aicosux eudie. Cephalanthera
damasonium, C. longifolia, Epipactis helleborine, Neottia nidus-avis, Platanthera bifolia, P.
chlorantha na mepumopii npockmosanoco HIIII «Ipouncvoke 6onromoy. Busnaueno yenomuumi
Xapakmepucmukuy ix Micye3pocmaHv, NpuypoueHux 0o 0y06080-epaboso-aceHosux i CXUN080-
ApyscHux nicie. Yemanoeneno,, wo y ¢hopmysanti npupooHoi cmpykmypu Yepynosamb, 00 CKIAOy
axkux exooams euou Orchidaceae, npogiony poav gidicparome 2i0ponociuHi ma eoaghiuni
Xapakmepucmuky cxXuio8ux gimoyeHosis. .

Knrwouoei cnosa: Orchidaceae, Hosi 1no0kanimemu, papumemui 6uou, @imoyenosu,
yenomuuni ymosu, Yepxacvka obnacmeo.

IMocranoBka mpodsemu. Yci npeactaBuuku poaunn 3o3ynuniesi (Orchidaceae) duopu
Vkpainu 3aHeceni 10 UepBonoi kumru Ykpainm [1]. Ixmiii oXxoponmuil craryc 3ymoBieHuii
crnienn(ikoro 610J10Tii, CKIAIHICTIO PENPOAYKTUBHUX MPOIECIB Ta OCOOIUBOCTAMHU CHHEKOJIOTTYHUX
B3a€EMUH Yy (irorieHo3ax. 303yJMHIEBI XapaKTepPU3YyIOThCS BHCOKOIO UYTJIMBICTIO JO 3MIH
CepeioBuUINa, IO poOUTHh iX e(PEeKTUBHUMHU IHIUKATOpaMM CTaHy eKocucTeM. JlochimKeHHs
3aCBIUYIOTh BaKJIMBICTh OKPEMHUX BMJIB Ili€i POJMHU K €()EeKTUBHHUX IHIUKATOPIB ablOTHUYHMX
YMOB cepeioBHia ix icHyBaHHs [2]. Takox MOBEIEHO 3aleXKHICTh (QYHKIIIOHYBAHHS MOMYJIAIIN Ta
MOTEHIia]ly TMOIIMPEHHs JeSKUX JIICOBUX OpXiAed Bl MPHUCYTHOCTI y (ITOIEHO3aX MNEBHHUX
JepEeBHUX BUJIIB 3 BIIMOBIJHOIO €KTOTPO(HOI MiKOpH3010 [3, 4].

VY UYepkacpkiii obnmacTi 3a BCIO ICTOPiI0 (IOPUCTUYHHUX AOCTIPKEHb 3adikcoBaHO 22 BUAU
Orchidaceae, cepen skux Tpu BUAM OOJIIT, IEB’ATh — JIYKIiB 1 IECATH — JTICOBUX eKochcTeM [5]. Y micax
pErioHy MpPEeACTAaBHUKHM 303yIMHIIEBUX 3a3BHYail TPAIULIIOTHCS CHOPAJAMYHO Ta BKpal piako; ixHi
MIOMYJISIIIIT HalyacTile MaloyrcesbHi a00 ¥ y3arali mpeacTaBieHi MOOJMHOKMMH OCOOMHAMH [6].
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Y 1pbOMY KOHTEKCTI BUSBJICHHS HOBUX MICIIE3pOCTaHb, a TAaKOXX MIATBEPIKCHHS Ta
XapaKTepUCTUKA CTaHy BXK€ BIJOMHUX TOMYJSIiH MalTh OCOOIMBY aKTyalbHICTh Yy CBITII
30epesxkeHHs1 Olopi3HOMAaHITTA. Taki JOCHIKEHHS € BaXJIMBOIO CKJIAJOBOI0 MOHITOPUHTY CTaHy
JOBKULISA, CIPHUSIOTH OLIHI[I CO30JIOTIYHOI IIHHOCTI MPUPOIAHUX OCEJHI i CTBOPIOIOTH HAYKOBI
NEepeayMOBH Il MOAANBIIOI  opraHizamii e(eKTUBHOI OXOpPOHU JIOKAJIBHUX TOMYJISALIN
303yJIMHIIEBUX Y PETiOHI.

AHaJi3 ocTaHHiX qocailkeHb i myOaikamiii. Ponrna 3o03ynuHICBI, M0 HATIMYE OJIM3BKO
28,5 tuc. BumiB [7], € OJHIEI0 3 HAWPI3HOMAHITHIINX Ta HAWHNOMIMPEHINIUX POJIUH KBITKOBUX
pocnuH. BogHOYac BOHA HAJIGKHUTH JI0 TPYIl OPraHi3MIB 13 HAJ3BHYAHHO BUCOKHM PIBHEM 3arpo3u
3HUKHEHHS [8], 4acTKOBO uepe3 CKJIaJHI CTpATerii )KUTTEBOTO HUKIY [9], aie 3ae0UIbIIoro Yepes
BTpaTy CEPEJOBHI iCHYBaHHS, 3MiHY yMOB HAaBKOJHIIHBOTO CEpEIOBHUING, 30KpeMa KIMarTy,
METO/IM 3€MJIEKOPHCTYBaHHS, 30Ip SIK JIIKAPChKOI CUPOBUHU YM JJIsl JE€KOPATUBHOTO Ca/IBHMIITBA.
butbmricte BUIIB 303yJMHIIEBUX OCOOJIMBO BPa3iUBi 10 3MIH CEpEOBHUINA ICHYBAHHS Yepe3 iXHIO
CUJIbHY ekoJioriyny crnenianizamiro [10]. JKuTreBuii Mk opXifed TICHO 3aJeXKHTh Bill B3aEMOIIi 3
IHIIMMM OpraHi3aMaMHM, 30KpeMa TprHOaMU-MIKOPHU30yTBOPIOBaYaMHU Ta 3alUJIIOBayaMH, TOMY iX
BU3HAIOTh BAKJIMBUMH iHIUKATOpaMH cTaHy ekocucteM [9].

Takuif cTaH 3yMOBIIOE€ TIABUIIEHWN IHTEpPEC 10 BUIIB Ili€i POJWHU B YChOMY CBITI Ta
Vkpaini 30kpema. Y3araJbHEHI BiIOMOCTI MPO XOPOJOTIYHI Ta (HITONEHOTHYHI OCOOIUBOCTI
Orchidaceae BimoOpaskeHi y psiai mpaimpb BITYH3HSHUX JOCIIAHHKIB, 30KpeMa B OIyOIIKOBaHUX
MPOTSATOM  OCTAHHBOTO  JIECATHIITTS po0OTaxX, NPUCBAYCHUX TIOMIMPEHHIO, [EHOTHYHIN
NPUYPOYEHOCTI Ta GioTOMuHIM qudepeHiriaiii 303y IUHIIEBUX Y Pi3HUX perioHax kpainu [11-14].

JlocmimxeHHs: penpoayKTuBHOT O1oJorii [15], ocobmuBocTtei onToreHe3y [16], exkomoriayHux
YUHHHKIB, 110 BU3HAYAIOTh CTPYKTYpYy, CTaH Ta AMHAMIKY MOMYJSALIA € [ OJHUM Ba)KIHUBUM
HAIpPsSMOM BHBYCHHS 303y/IMHIEBUX [17-21].

He wMeHm BaxiuBUM acHeKTOM JOCHIIKEHb € BHUABJICHHS HOBUX MICLE3POCTaHb
303yJIMHIIEBUX Ta MOHITOPHUHT X momyssiiliii [22-25]. Ile mo3BoJisie€ OMiHUTA CydacHUM CTaH BHIB,
BU3HAYUTH TCHJICHII 3MIHM YHUCEITHLHOCTI Ta MPOCTOPOBOTO PO3MOAUTY, a TAaKOX 1MeHTU(]IKYBATH
YUHHUKH, [0 BIUTMBAIOTh HA CTAOUTHHICTh TTOTYJISIIIN.

VY psaAni poOIT HAroJIOMIYEThCS HA BY3bKIH EKOJOTIYHIA aMIUNTYAI Ta YYTJIMBOCTI [0
AQHTPOIIOIEHHOTO BIUIMBY OUIBIIIOCTI €BPONEHCHKUX BHUIIB OpXiJeW, TOMYy 3HayHa yBara
NPUAUISETbCA aHalli3y 3arpo3 ICHYBAaHHIO TMOMYJSIA 303yJMHIEBUX Ta 3axoJaM IOJO0 iX
30epexenHss [26, 27].Taki AOCHIIKEHHS CIYT'YIOTh OCHOBOIO [UISi PO3pOOKH 1 BIPOBAKCHHS
3ax0/1iIB OXOPOHHU Ta YIPABIIHHS MPUPOIHUMH MOMYJIAISIMHE, 30KpeMa BU3HAUYECHHS MPIOPUTETHUX
JIOKAJITETIB JUII OXOPOHH, OpraHizaiii MOHITOPHMHTOBHUX IIpOorpaM Ta OIIHKH e()EeKTUBHOCTI
OXOPOHHHX 3aX0JIIB y MeXax 3amnoBigHoro ¢pouy [28].

AKTyalbHicTh nmpodJjemu. [lonpu HasBHICTH QyHIAMEHTATBHUX AOCTIIKEHb (QIOpU Ta
pociuuHOCTI Yepkachkol o00iacTi, cydacHuil craH momynsanii micoBux Buaie Orchidaceae
3aNUIIA€TBCA HENOCTaTHhO BUBYEHHM. (OCOOIMBO 1€ CTOCYETbCS JIOKAJbHUX MOMYJISIiiH,
YHCENBHICTh 1 CTPYKTYpa SAKHX 3a3HAIOTh 3MIH MiJ BIUIMBOM MPHPOJHUX Ta aHTPOIOTCHHHX
(hakTopi..

VY MexkaxX NpPOEKTOBAHOTO HALIOHAIBHOIO MPHUPOJHOTO HapkKy «IpanHCBKE 0O0I0TO», 11O
OXOIUTIOE [pIMHCHKUI OOJOTHUI MacuB Ta MPHJIETIi JIICOBI MacUBU MOIIHOTIPCEKOTO KPSKY M
Yepkacbkoro 06opy, 3a JiTepaTypHUMHU JaHUMHU cepequHn XX — movatky XXI cT. 3adikcoBaHO
moHaiiMenmie 13 Bunis poxunau Orchidaceae, siki penpe3eHTyroTh 0ONOTHI, Ty4HO-00JIOTHI, Ty4Hi
Ta JicoBi exoTomu. HaiigaBHimii BIiZOMOCTI TOXOAATh 3 KIACHYHHX (DIOPUCTUYHUX 3BENIECHBb
cepenuau XX c1. [29, 30], Tomi K CcydacHI 3HaXiKM IOB’s3aHI MEPEBaXHO 3 TEPUTOPIEIO
3aTBepLKeHoro cailTy CmaparaoBoi mepexi «Cocnowuii 6ip» [31, 32].

Bumu opximedt, Bimomi ais 1€l TepuTOpii, CYTTEBO PI3HATHCI 32 EKOJIOTIYHOIO
npuypouerictio. Cepen 0onoTHHX 1 JydHO-0070THHX BiaMideni Epipactis palustris (L.) Crantz,
Hammarbya paludosa (L.) Kuntze, Liparis loeselii (L.) Rich., Dactylorhiza incarnata (L.) So0,
cepen sicoBux — Cephalanthera rubra (L.) Rich., Epipactis helleborine (L.) Crantz, Neottia ovata
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Bluff & Fingerh. (cun. Listera ovata), Neottia nidus-avis (L.) Rich., Hemipilia cucullata (L.)
Y.Tang, H.Peng & T.Yukawa (cun. Neottianthe cucullata), Platanthera chlorantha (Custer) Rchb.,
y3JIICHI €KOTOHHU Ta BOJIOTI JIicOBI yku Oyim xapakrepuumu aiast Orchis militaris L. 1 Anacamptis
morio (L.) R.M.Bateman, Pridgeon & M.W.Chase (cun. Orchis morio), Toxi sx Platanthera
bifolia (L.) Rich. Bin3Ha4aeTbcsi MPUYPOUCHICTIO SIK JI0 JICOBHX, TaK i I0 JIY9HUX MICLE3POCTaHb.

BoaHovac 3HayHa YacTHHA JIOKAJITETIB OpXifel, HaBEJCHUX y Mpamsx cepeauHu XX CT.,
IMOBIpHO, 3a3Haja icTOTHOI TpaHchopmarii abo Oyna BTpadeHa BHACHIAOK OCYIICHHS OOJTIT,
TophoBUI00yBaHHS, 3MIHU TIAPOJIOTIYHOTO PEXKUMY Ta IPUIHUHEHHS TPAIUIIHHOTO BUKOPHCTAHHS
JYKIB, IO MPU3BEJIO JI0 1X 3apOCTAHHS YarapHUKaMHU Ta JICOM. 3a BIJICYTHOCTI IUIECIIPSIMOBAHUX
MOBTOPHUX 00CTEKEHb HEMOYKIIMBO OJIHO3HAYHO CTBEPPKYBATH PO 30epeKEHHS MOy HU3KH
piAKiCHHX OOJIOTHHX 1 JIYYHMX BHUIB HA IUX TEPUTOPILX. 3HAUHA YaCTUHA BUJIB, HABEJACHHUX Y IUX
mKepenax, 3okpema Orchis militaris ta Anacamptis morio (cua. Orchis morio), Oyna npuypoueHa
70 €KOTOHHMX 1 BIIKPUTHX BOJIOTHUX OCENHMIL, SK1 3a3HAJIM HaOuiblIoi TpaHchopmallii BHACTIIOK
OCYyILIEHHS, TOop(oBUAOOYBaHHS Ta NPUINMHEHHS TPAJULINHOTO 3€MJIEKOPUCTYBaHHS, 1110,
HMOBIPHO, 3yMOBHJIO pI3KE€ CKOPOYEHHS YUCEJIbHOCTI a00 3HHMKHEHHs iXHIX Mmomyssuii. IMoBipHO,
Ha I TepUTOPIi TAKOXK BTPauvCH1 MOMYJAIIl TAKUX €KOJIOTIYHO BY3bKOCIEIIATI30BaHUX BHIIB, SIK
Hammarbya paludosa ta Hemipilia cucullata (cun. Neottianthe cucullata).

VY 11bOMYy KOHTEKCT! OHOBJIEHHSI BIIOMOCTEW MpO CydacHE MOIIMPEHHS OpXiAel y perioHi,
BUSIBJICHHS HOBHUX JIOKAJITETIB, 3’dACyBaHHS iX OIOTOMIYHOT MPUYpPOYEHOCTI Ta OIIHKHU
MIPUPOJOOXOPOHHOTO TOTEHINIATy MOMYIALIA MarOTh BEIWKE HAYKOBE 3HAYCHHS U 30€peKeHHS
perioHanbHOro GI0PI3HOMAHITTS.

Mera fpociigKeHHsI: OILIHUTH perioHalbHI OCOOJUBOCTI IEHOTUYHOI MPUYPOUYEHOCTI
nomyiaiii mectn Buaie Orchidaceae y HOBOBHSIBIIEHHX JIICOBHX JIOKATITETaX IMPOEKTOBAHOTO
HIIIT «IpauaCchKE 60I0TOY.

Marepiajam Ta MeTOAM TOCTIIKEHHS

PekornocuitoBanbHi JOCTIKEHHS MPOBEIEHO MapIIPYTHUM METOJOM Ha MOYaTKy YepBHS
2023 p. ta B kiHmi TpaBHA 2025 p. MapmpyTd OXOIUTIOBIM ITBACHHO-3aX1IHY YacCTHHY
npoekToBanoro HIIIT «Ipauachke 60moTo» mobmausy cin byga-Opnosenpka Ta Mane Crapociuis B
Mexkax Boa0300py p. Ipaunas (Uepkackka 001acTh).

30ip 1 ompamroBaHHA TepOapHOro Marepiany 3JIMCHIOBAIM 3a CTAaHAAPTHOK METOIMKOIO
[33]. Ha3Bu TakcoHIB MOJaHO BIAMOBIIHO 1O e€JIEKTpOHHOrO pecypcy [34], a B okpemux
BUIaJKax — 3a [35].

[IpoOHi mwromIi I OMHUCY POCIMHHOCTI 3a Y4YacTH PIAKICHUX BHUIIB 3aKiIajaid Y
MPUPOTHUX MEXKaX BIAMOBIMHUX (iTONEHO31B. JIJIs TICOBUX yrpylOBaHbh BUKOPUCTOBYBAIIN AUISTHKA
wiomiero 25 x 25 m. [IpoekTrBHE MOKPUTTS BUIIB B OMHCOBHX IUJIOMIAX OI[IHIOBAIM Yy BiICOTKaX;
MOKpUTTA MeHme 1% mno3Hadaiv 3HaKOM «+». Bu3HaueHHs TUIIB O10TOMIB 3/IHCHIOBAIM Ha
oCHOBI [36, 37].

Jlis BU3HAYEHHS BHCOTHUX XapaKTEPUCTUK pelbedy BHUKOPUCTOBYBAIHM €INEKTPOHHMIMA
pecype [38].

Pe3yabTaTn 10c/1i1KeHHs TA iX 00rOBOpPEeHHS

VY pe3yabTaTi MapHIpyTHUX OOCTEXeHb JICOBHX JUISHOK Ha TepuTopii BynsHCcbKOro
micauuTBa Qinii «LlentpanbHuii micoBuit odic» Il «Jlicu YkpaiHu» BCTaHOBIEHO TPU HOBUX
JIOKAJITETH CMUIBHOTO 3pOCTAHHS IIECTH BU/IB JIICOBUX OPXIiJEH.

Cephalanthera damasonium (Mill.) Druce — piakicHuii €BporneiicbKo-cepea3eMHOMOPChKHI
BUJ] Ha CXiHIA Mexi apeany. B Ykpaini nommupenuit y Kapnarax, Ilomicci, 3axinnomy I[oaumni,
Kpumy. V Jlicocreny Tparserses piako [1].

Cephalanthera longifolia (L.) Fritsch.— pinkicauii maneapktuunuii Bugu. B VYkpaini
nommmpenuit y 3akapmnarri, Kapmarax, ITomicei, Jlicoctemy, 'ipcekomy Kpumy, y Creny — piako [1].

Epipactis helleborine (L.) Crantz — moniMmopdHMiA BUJ 3 MIUPOKO E€KOJIOTOIICHOTHYHOIO
amIutiTyoio. B Ykpaini Mae mpupoI00XOpoHHUH cTatyc «HeouiHeHuiy. [lommupenuit y Kapnarax,
JICOBIH, JTicOCTENOBIH, crenosiit 30oHax Ta ['ipcekkomy Kpumy [1].
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Neottia nidus-avis (L.) Rich. — 3aximHomameapkTuuHWii BuA, MO B YKpaiHi Mae
MIPUPOJJOOXOPOHHUHN CTAaTyC «HEOUiHeHUH». CTaHOBUTH BAKIMBHIA HAyKOBUH IHTEpeC pOCIUHA 3
MikoTeTepoTpoHUM THUIIOM *k)HBIeHHS. B Ykpaini mommpennii y Kapnarax, 3akapnarri, lomicci,
Jlicocreny, ITiBaiunomy Creny, ['ipcbkomy Kpumy [1].

Platanthera bifolia (L.) Rich. — eBponeiicbko-cepe13eMHOMOPCHKHI HEMOPAILHUIA BH]I, 110
B YKpaiHi Mae NMPHUPOJOOXOPOHHUH cTaTyc «HeoliHeHui». [lommpennii y Kapnarax, Po3roudi,
Omiwni, [Momiccei, [TiBHiunOMY Jlicocteny, Kpumy, ayxke pinko tpamiserbes y Cremy [1].

Platanthera chlorantha (Cust.) Rchb. — eBpomeiicbko-cepe3eMHOMOPCHKHIA BHI, IO B
VYkpaiHi Mae TPUPOTOOXOPOHHMI cTaTyc «HeoliHeHui». [lommpenuit y Kapmartax, Po3zrouui,
Omini, [Momiccei, Jlicocreny, I'ipcekomy Kpumy, 3pinka — B Creny [1].

3rigHo cxeMu (¢i3uKo-reorpadiqHOro paioOHyBaHHS TEPUTOpPIS, HA SKIH BHUSABIEHO MicCLs
3pOCTaHHA OpXiaeH, HalexXuTh A0 ['opoaummencbko-CMUIIHCBKOTO (hi3UKO-reorpadiyHoro paiony,
Hentpansuo-IIpunninpoBcbkoi BucounHHOT o00Omacti, [lominschko-IIpuaHITPOBCHEKOTO — Kparo,
JlicoctenoBoi 30HM CXiTHOEBPOTICHCHKOT piBHUHHOT (i3uKo-reorpadidnoi kpainu [39].

s Teputopisa B yac piccbkoro rismiany (300-150 Tuc pokiB ToMy) 3HaX0MIach y KpailoBii
30H1 JIHIIPOBCHKOTO JIbOJOBUKOBOIO $I3UKA, @ TOMY XapaKTEPHOIO OCOOJIMBICTIO € HAsBHICTh TYT
MAaCHBIB JIbOJIOBUKOBO-TEKTOHIYHOTO TMOXO/DKEHHSI, TIOPYIIEHUX MOPOJaMH Me30-KaHO30HUCHKOTO
BIKYy, Kl YITKO BUIUISIIOTHCS Y BHUIJISII MIIBHUINCHb, OTOYCHUX 3HIDKCHUMH JUITHKAMH JaBHIX
nomuH ctoky Box [40]. YHacinok 115010 OJ1M3bKO0 10 ICHHOT MMOBEPXHI 3aIATal0Th OaraTi Ha Kpeu Iy
ME€3030MChKI MOpOJM, MPUKPUTI BIAKIAJaMU AaHTPONOTCHOBUX JIECOBUIHUX CYIJIMHKIB PI3HOI
MOTY)KHOCTI, baratux Ha kapOoHaTH Kajbirito [38].

3HayHe BEpTHKAIbHE pO3WICHYBaHHsS penbedy (HaiBumi touku: 210-215 ™M H.p.M.,
HalHWKYL: 83 M H.p.M.) cripusie e(peKTUBHOMY IPEHYBAHHIO MiJ3€MHHX BOJOHOCHUX TOPHU30HTIB y
HIWKHIX yacTuHax cxwiiB. [lomekymu BimMivaroThCs Ai0vi pkepena Ha BucoTi 130 M H.p.m.
HasBHuii map 7€COBHUIHUX CYIVIMHKIB 13 THIOBOIO KAaNUISIPHOIO CTPYKTYPOIO 3abe3reuye
CTaOUTbHICTh PIBHS TPYHTOBOI BOJM, IO BHU3HAYAE CHENU(DIKY TIAPOJIOTIYHUX YMOB €1adOTOTIB,
0COOJIMBO Y HUKHIX YaCTUHAX CXHIIIB.

Micue3pocTanHs JIICOBUX OpXiled NpuypodYeHe A0 CXWIB MOIIHOTIPCHKOTO KPSIKY B
MeXax BoJ0300py p. IpauHb y miBAeHHO-3aximHiM vactuHi mpoekToBaHoro HIIIT «IpauHCchKe
6osoTo» (puc. 1).

VY Bepxubomy spyci 3imkaenictio 0,8-0,9 3pocrarors: Tilia cordata Mill. 55%, Fraxinus
excelsior L. 10%, Carpinus betulus L. 10%, Acer campestre L. 5%.

Pospimkenuii mimricok npezacrasienuii Tilia cordata 3%, Corylus avellana L. 2%, Acer
campestre 2%, Acer platanoides L. +, Populus tremula L. +.

VY tpaB’stHoMy sipyci 3poctatoth Carex pilosa Scop. 60%, Cardamine bulbifera (L.) Crantz
3%, Lathyrus niger (L.) Bernh. 2%, Allium ursinum L. + , Asarum europaeum L. +, Cephalanthera
longifolia + , Dactylis glomerata L. +, Dryopteris filix-mas (L.) Schott +, Epipactis helleborine +,
Galium odoratum (L.) Scop. +, Glechoma hirsuta Waldst. & Kit. +, Hypericum hirsutum L. +,
Hypericum perforatum L. +, Lamium galeobdolon (L.) Crantz +, Lathyrus vernus (L.) Bernh. +,
Melampyrum nemorosum L. +, Melica nutans L. + , Mercurialis perennis L. + Neottia nidus-avis + ,
Platanthera bifolia + , Platanthera chlorantha + , Poa nemoralis L. +, Polygonatum multiflorum
(L.) All. +, Pulmonaria obscura Dumort. + , Scutellaria altissima L. + , Stellaria holostea L. +,
Viola odorata L. +, Viola riviniana Rchb. + .

Ha ninsuii 3adikcoBano mouan 100 ocooun Cephalanthera longifolia ta monan 100 ocobun
Epipactis helleborine. OG6umsa BHIM TpeACTaBICHI MEPEBAXKHO MOOJUHOKHMH [AroHaMH 3
HE3HAYHOIO TMepeBarol0 OCOOMH JOTEHEPAaTHBHOTO BIKy; Ha OKPEMHX JIOKycaX JAOMIHYIOTh
reHepatuBHi maronu. HeuucnenHa (Omm3bko 20 ocoOuH) nenomomyssimis Neottia nidus-avis
MPEJCTaBICHa TOOJWHOKMMHU TaroHamMu TeHepaTHBHOro Biky. llenoomynsmiss Platanthera
chlorantha wnamiuye kinmbka coTeHb ocoOuH (moHax 250) 3 NpPUOIM3HO OJHAKOBUM
CHIBBITHOIIEHHSM IaroHIB TEHEPAaTHMBHOTO Ta JOTEHEPATHBHOTO BIKOBUX cTaHiB. LleHoOmyssiis
Platanthera bifolia menm uncenpHa — BimMideHO OMM3BKO ABOX AECATKIB ITAroOHIB.
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Puc. 1. Po3ranmyBaHHs BUSIBJIEHUX JIOKAJTITETIB

Hisaaka Ne 1 muromero 0nm3bko 4 Ta po3TalloBaHa Y HIDKHIA YacTHHI CXHITY 3aXiTHOT
€KCITO3HIIIT 13 KyTOM HaxmIy TOBEPXH1 OJM3bKO 7°.

Hinmsaaka Ne 2 momero 0n1m3bko 3 ra po3TalioBaHa YIOBXK MITHDKKS KPYTOTO CXUTY
(mpubsmu3Ho 20%) 3aximHOl ekcrmo3uiii. CXuia MpUypOYEHHH 10 BEpXiB’s OalKH i3 CTaBKOM.
AkBaTopis cTaBKa (OPMYEThCS 3a PaxXyHOK TIOBEPXHEBO-CTIYHUX Ta IMIA3EMHUX BOJ, IO
JIPEHYIOTHCS Ha TPUOJIM3HO § M HIDKYE BiJl BUSIBJICHOT JIICOBOT TUISTHKH.

VY cepenHiil 1 HIKHIM YacTHHAX CXWJIOBOI1 JUISHKHU JIMCTSHOTO JIICY 3a()iKCOBaHE CIIUIbHE
3pOCTaHHs IT'SITH  BHIB 303yiuHIEBUX. HaituncenpHimono € menononymsmis Platanthera
chlorantha — Bona npeacrasieHa KijlbkoMa IeCATKaMU OCOOMH IeHEPaTUBHOTO 1 IPEreHepaTuBHOIO
Biky. Llenomymsiii Platanthera bifolia, Cephalanthera longifolia, Epipactis helleborine ta Neottia
nidus-avis — Maao4YHCebHi.

Jepesoctan chopmoanmii Tilia cordata Mill. 60%, Carpinus betulus L. 10%, Quercus robur
L. + ,Betula pendula Roth. +. V migmicky pocryrs Tilia cordata Mill. +, Carpinus betulus L. +, Acer
platanoides L. +, Populus tremula L. +, Euonymus verrucosa Scop. +.

VY tpaB’sHOMY sipyci gominye Equisetum hyemale L. (monax 10%). Takox 3poctatots Carex
pilosa Scop. (micusmu 1o 10%), Cardamine bulbifera (L.) Crantz +, Cardaminopsis arenosa (L.)
Hayek +, Carex digitata L. +, Cephalanthera longifolia + , Dactylis glomerata L. +, Dryopteris
filix-mas (L.) Schott +, Epipactis helleborine +, Lamium galeobdolon (L.) Crantz +, Lathyrus
vernus (L.) Bernh. +, Melampyrum nemorosum L. +, Milium effusum L.+, Neottia nidus-avis (L.) +,
Poa nemoralis L. +, Polygonatum multiflorum (L.) All. +, Populus tremula L. +, Platanthera
bifolia. +, Platanthera chlorantha + , Stellaria holostea L. + .

Hinsinka Ne 3 momiero OauM3bko 2,5 Ta y IHUPOKOIUCTSIHOMY JIici MOOIU3Y ypouuIia
«CuHiil KaMiHb» MPUYPOYCHA 0 AUISHOK KpyTroro cxuny (mpubiusno 20%) 3axiqHol eKCro3wuilii,
0 CIYCKA€ThCS IO MHUINA 0OBOJAHEHOI JICOBOI OanKH, sSiKa HAJIEXKHUTh O BOA0300py p. IpauHb.
JlicopocnuuHi ymoBU moaiOHI A0 AutsHKH Ne2. TyT 3adikcoBaHO MaIOUYUCENbHI [IEHOMOMYIAIil
Platanthera bifolia, Platanthera chlorantha, Cephalanthera longifolia, Cephalanthera
damasonium, Neottia nidus-avis.

Byno BimmiveHo, 10 CKJIaJ i CTPYKTypa YrpynoBaHb, 10 sSKUX BXoAsTh Buau Orchidaceae,
ICTOTHO 3aJieXaTh BiA TiIpOJIOTiUHUX Ta eaadiuHux ymoB. Came crneun@ika 3BOJIOKEHHS, BOJIHO-
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NOBITPSIHUKA PEXUM TIPYHTY Ta HOro (Pi3MKO-XIMI4HI BIACTUBOCTI BHM3HAYAIOTh 3arajbHy
oprasizaiiro ¢iTOICHO3IB y ITUX EKOCUCTEMAX.

JlicoBi MacuBH, y MeXax SIKUX 3pOCTAOTh BUsBJICHI BN (1yOOBO-IrpabOBO-SICEHOBI JIicH Ha
eBTpoHuX 1 MezoTpopHux rpyHTax (G1.Al) Ta spyxHi i cxuiosi gicu (G1.A4)), BinHeceHi 10
010TOTMIB, 110 MIATAIOTh OXOPOHI BiAMOBIIHO 10 Pe3omrorii Ne 4 TMocrifinoro komitery KonBenirii
po OXOPOHY AMKOI (uiopu 1 GayHu Ta MPUPOJHUX cepepoBuIl icHyBaHHs B €Bpomni (bepHcbkoi
koHBeHil) [41]. Bopanouac oOCTeXeHI MAUSIHKH pO3TAlllOBaHI Ha TepUTOpii BynsHCBKOTO
JICHUITBA, J€ TMPOBOAUTHCS TPAAULIIMHE JICOKOPUCTYBAaHHSA, 1, HMOBIpHO, 30eperiau CBid
MPUPOJHUIA CTaH JHIIe 3aBIsKH crenudini peabedy. KpyTocXumm yHEeMOKIIHBIIIOIOTH TPOBECHHS
IHTCHCHBHUX JIICOTOCTIOITAPCHKHUX 3aXO0JiB, IO CIPHSUIO 30€pPEeKEHHIO MUTICHOCTI MUX OIOTOIIB Ta
MiHIMI3a1lii aHTPOTIOT'€HHOTO BILJIUBY.

OckutbKH JicOB1 010TONMM B MeXax [pIMHCBKOTO MacuBy JOCI 3aJIMIIAIOTHCS 3HAYHO MEHII
JOCTIPKEHUMHU TOPIBHSIHO 3 OOJIOTHUMHU €KOCUCTEMAaMHM, L0 TPaJUIIMHO NpUBEPTAIU OUIbIIY
yBary (uopucriB, a JicoBl opxinei 3a3Buyail (GOpMYyIOTh MaJOYHUCENIbHI, MPOCTOPOBO PO3IpBaHi
LEHOMOMYJIAi, YyTJIMBl O 3MIH OCBITJIEHHS, CTPYKTYpHU JEpEBOCTaHy Ta MiKpopenbedy, iX
BUSBJICHHS € ICTOTHO yCKJIaJHeHMM. BoaHouac mie Ha modarky XX CT. Ui Ifi€i TepuTopii
naBoamimcs 3Haxigku Platanthera chlorantha ta P. bifolia [42], mo cBiquuTh Tpo JaBHIO
IPUCYTHICTB JTICOBHX 303yJMHIEBHX Y perioni. MIMOBIpHO, caMe MO€IHAHHS CKIATHOCTI BUSBJICHHS
Ta BIJCYTHOCTI CHCTEMaTHYHHMX IIOBTOPHMX OOCTEKEHb 3YMOBWJIO Te€, II0 HHU3Ka Cy4yaCHUX
Mmicre3pocranb Buaie Orchidaceae pamime He BimoOpaxkanacs B Jjireparypi, a Cephalanthera
damasonium i C. longifolia 3adixkcoBani Bnepmie mis iei teputopii. Lle mimkpeciroe BHCOKY
CO30JIOTIYHY LIHHICTh JIICOBUX OCEJHII Ta HaraJbHy NOTpedy X JeTaqbHOTO 00CTEKEeHHS, 30KpeMa
JUIS yTOYHCHHS CY4acHOTO CTaHy Mmomyisaiii piakicaux Buaie Orchidaceae, a Takox oOrpyHTOBYe
JOIUTBHICTh CTBOPEHHS Ha I TEpUTOPii HAI[IOHAIBHOTO MPUPOJHOTO MAPKY SK €PEKTUBHOTO
THCTpYMEHTY 30epekeHHs O10pI3HOMAHITTS Ta IPUPOJHUX JTICOBUX EKOCUCTEM.

JIy1st TAMYacoBOTO 3a0€3eUeHHST OXOPOHH MOMYJISAIIN BUIIB 303YJWHIIEBUX HA TOCITIHKEHUX
JUISIHKaX aBTOPaMHU MOJIaHO 3BEPHEHHS 010 CTBOPEHHS TPHOX OXOPOHHHUX 30H.

BucHOBKH Ta nepcrneKTUBU MOAAJbIINX PO3BIIOK

[TpoBeneH1 1oCHiHKEHHS MiATBEPIKYIOTh BUCOKY PI3HOMAHITHICTh Ta CTIMKICTh MOMYJISIIINA
JICOBUX OpXimeW y BUsBICHHX Jokamitetax [IpaBobepexnoro Jlicocteny. BcranosneHo, mpo y
dbopMyBaHHI TPUPOAHOI CTPYKTYpU YIPYIOBaHb, 10 CKIaay skux Bxoaath Bumu Orchidaceae,
MPOBIAHY POJIb BIAIrparOTh TiAPOJIOTIYHI Ta eaadivHi XapaKTEePUCTUKU CXUJIOBHUX (ITOIEHO3IB.
Haiicrabinpuimi momyssimii ¢popmyrors Platanthera chlorantha, Cephalanthera longifolia Ta
Epipactis helleborine, 1o cBiguuTh Mpo iXHIO aJaNTHBHY IEpEBary J0 HasABHUX ICHOTHYHUX YMOB.

OtpumMaHi JaHi 3acBi4yIOTh, IO BHSBJICHI MICIIE3POCTaHHS € I[IHHUMH OCepeaKaMu
30epeKeHUX IIUPOKOJUCTSIHUX JICOBHX OIl0TOMIB, a iXHS HPUPOJOOXOPOHHA 3HAUYIIICTh
MIJCUITIOETHCS HASBHICTIO BU[IB, 3aHeceHUX 10 UYepBoHOI KHUTM YKpaiHU. 3 OrNAqy Ha I
PEKOMEHIOBAHO BIIPOBA/KEHHS CIEMIAIbHUX PEXKHUMIB OXOPOHHU, IOCHIIEHHS MOHITOPUHTY
MOMYJISIINA Ta MoAambIle JOCTiKEHHS (GaKTOPiB, 110 BU3HAYAIOTh JUHAMIKY iXHHOTO CTaHy.
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«IRDYNSKE MARSH» NATIONAL NATURE PARK

In Cherkasy Oblast (Ukraine), the current status of populations of forest orchid species

(Orchidaceae) remains insufficiently studied. This particularly concerns local populations, whose
size and structure are subject to changes driven by both natural and anthropogenic factors. Within
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the boundaries of the proposed National Nature Park «lrdynske Marsh», which encompasses the
Irdyn wetland massif as well as the adjacent forest areas of the Moshnohirskyi Ridge and the
Cherkasy Pine Forest, at least 13 species of the family Orchidaceae have been reported according to
available literature data. However, a substantial proportion of previously documented orchid
localities has likely undergone significant transformation or has been lost as a result of wetland
drainage, peat extraction, forest logging, and other disturbances. In this context, updating data on
the current distribution of forest orchids in the region, identifying new localities, clarifying their
habitat affinities, and assessing the conservation potential of their populations are of considerable
scientific importance for the preservation of regional biodiversity and natural habitats.

Purpose. The aim of this study was to assess regional patterns of coenotic (community-
level) habitat affiliation of populations of six Orchidaceae species in newly discovered forest
localities within the proposed National Nature Park «Irdynske Marsh».

Methods. Reconnaissance surveys were conducted using route-based methods in early June
2023 and late May 2025. Sample plots for geobotanical descriptions involving rare species were
established within the natural boundaries of the respective phytocoenoses. For forest communities,
plots measuring 25 x 25 m were used. The projective cover of species within the plots was
estimated as percentages; values below 1% were indicated by the symbol «+».

Results. As a result of surveys carried out in forest stands of the Budyanske Forestry within
the proposed National Nature Park «lrdynske Marsh», three new localities of co-occurrence of six
forest orchid species were identified: Cephalanthera damasonium, C. longifolia, Epipactis
helleborine, Neottia nidus-avis, Platanthera bifolia, and P. chlorantha.

It was established that the hydrological and edaphic characteristics of slope phytocoenoses
play a key role in shaping the natural structure of plant communities containing Orchidaceae
species. The most stable populations were formed by Platanthera chlorantha, Cephalanthera
longifolia, and Epipactis helleborine, indicating their strong ecological association with the
prevailing environmental conditions.

The forest stands hosting forest orchid species — oak — hornbeam — ash forests on eutrophic
and mesotrophic soils (G1.Al) and ravine and slope forests (G1.A4) — belong to habitat types
subject to protection under Resolution No. 4 of the Standing Committee of the Convention on the
Conservation of European Wildlife and Natural Habitats (Bern Convention). At the same time, the
surveyed sites are located in areas subjected to traditional forest management and have likely
retained their near-natural condition primarily due to the specific topography. Steep slopes prevent
intensive forestry practices, thereby contributing to the preservation of habitat integrity and
minimizing anthropogenic pressure.

Originality. The recorded localities of Orchidaceae species have not been previously
reported in the literature. Cephalanthera damasonium and C. longifolia are documented for the first
time within the territory of the proposed Irdynske Swamp National Nature Park. These findings
highlight the high conservation value of forest habitats and the need for their detailed investigation,
particularly to clarify the current status of populations of rare Orchidaceae species. Based on the
survey results, the authors submitted a formal proposal for the establishment of protected zones
aimed at conserving orchid species at the studied sites.

Conclusion. The obtained data indicate that the newly identified localities represent
valuable refugia of well-preserved broadleaf forest habitats. In this context, the implementation of
special protection regimes, strengthening of population monitoring, and further investigation of
factors governing population dynamics are recommended.
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XAPAKTEPUCTUKHU TEMOJUHAMIKHU BEPXHBOI
MOPOKHUCTOI BEHHU M1 YAC JUXAJBHOI'O HUKJIY
Y PI3BHUX NPOEKIIMHUX MOJOXEHHAX TLIA

Anomauia. Busuenns eniugy ouxanoHoi MOOYIAYIL HA 2eMOOUHAMIKY NOPOHCHUCIUX 8EH Y
PDI3HUX NPOEKYIUHUX NONONCEHHAX MINA O0A€ MONCIUBICMb BUABUMU DOJb OUXANLHO20 YUKTY Y
BEHO3HOMY NOBEPHEHHI KpPOBI 00 cepys, OUHAMIYI KPOBOMOKY 8 CYOUHAX Ma PeaKkmu8HOCMI
YEHMPANbHOI 2eMOOuHamiku. Boux i euoux, sax i npoexyis mina 6 NpPoOCMopi, € NOMYHICHUMU
pe2yiamopamu cepyeso-cyOuHHoi OialbHOCMI. 3acmocy8ants Yibmpa3zeyko8020 Memooy OUIiHKU
2eMOOUHAMIKU 8epXHbOI nopodcHucmoi eéenu (BIIB) y pi3nux npoexkyitiHux noaioxceHHsax mina ma
Gazax OuxawHs CMBOPIOE MONCIUBOCMI OJIs1 NO2NUONEHO20 BUBUEeHHS nepebicy ¢hizionociunux
npoyecie y Hopmi ma namonoeii. Memoio pobomu 0yn0 3’acysanns ocobausocmeii 2eMOOUHAMIKU
BIIB oopocnux ntoodeti 3a 00nomo20i0 Memooy yibmpa3eyKkosoi doniepozpadii.

Obcmedicysanu 25 npakmuyno 300posux eonoumepis 060x cmamei eikom 19-27 pokis.
IIposoounu Y3/[-0onnepoecpagiuny ouinxy mopgo-mempuunux nokazuuxie BIIB, ¢yuxyionanvhux
xapaxkmepucmuk kpogomoky y BIIB ma napamempis yeHmpanoHoi cemoouHamiku. Auanisyeanu
2eMOOUHAMIKY Y DI3HUX hazax OUXaHHs ma NpOeKYiliHUX NOJONCEHHAX (2OPU3OHMANLHO HA CHUHI
ma npu cyninayii Ha nisomy 60oyi) anapamom Siemens Juniper Acuson (USA). Ompumani
Gdaxmuuni 0ani 0OPOONIANU MemOoOoM 8apiayitHoi cmamucmukuy 3a nakemom npozpam Microsoft
Excel 2019.

Buseneno oocmosipni siominnocmi diamempis BIIB, 3aghixcosanux y piznux pazax
OUXANBbHO2O YUKILY MaA NPOeKYIUHUX NOJONCEHHAX mila. Bcmanoeneno, wo (GyHKYioOHANbHI
xapakmepucmuxu BIIB 3anedxcanu sk 6i0 diamempy cyounu, mak i ii 30amuocmi 00 3MiH Y
gionogionocmi 3 ¢hazamu ouxanvbHo2o yuxiy. Becmanosneno 6invwi nomimua eapiamugHicmo
NOKA3HUKIE YEHMPALbHOI 2eMOOUHAMIKU VY NPOEKYIUHOMY MNONONCEHHI lexcayu Had CHUHI.
Heszanesicno 6i0 ¢hasu oOuxanusa ma nonodcenus mina Kposomix BIIB xapaxmepu3ysascs
nepesadcanHaAM CUCTONTYHUX NIKOBUX WEUOKOCIel HAO diacmoniyHumuy. JJuxanvrna mooyaayis
niKosux weuoKocmell NpPosGIALAC, NEPEeBANCAHHAM CUCMONTYHUX [ OlACMONIYHUX NIKOBUX
weuokocmetl y ¢asi 60uxy Hao maxkumu y ¢gaszi euouxy ma anuvoe. Busenreno menoenyino 0o
SHUNCEHHS (DYHKYIOHANbHOI CHPOMONCHOCMI NPABO2O WAYHOUKA cepysi 00CMedCy8aHUx, sKi
Manu HUNCHIO Medcy Hopmu 3a Oiamempom BIIB ma nesucoki nikoei w8uoKocmi Kpo8oOmoKy
nio uyac eouxy i euouxy. Bcmanoeneno 3eopomwmiii 38’a30x mionc Odiamempom BIIB ma
OOMIHYB8AHHAM CUMNAMUYHO20 8100y A8MOHOMHOI Hep80B8OI cucmemu 8 YNpasiiHHi cepyesoro
OisbHICMIO.

Knrouogi cnosa: cemoounamira, 6epxusa NOPONCHUCMA 8eHA, OUXAHHSL, NOJIONHCEHHs M.

ITocTanoBka nuTaHHsA. 5K BiIOMO, MOPYIIEHHS TE€MOJMHAMIKM B CHCTEMi BEPXHbOI
nopoxxHucToi BeHu (BIIB), 1o nposBisioThCS YCKIQAHEHHSIM BIITOKY JEOKCUT€HOBAHOI KPOBI Bif
BEPXHIX YaCTHUH Tiia 0 MPaBHX BIIJILTIB CEpLs, MOXKYTh 3arpoXyBaTH HApOCTAHHSAM IIEMIYHUX
nporeciB [3, 4]. HenocrarHe mocrauaHHs KUCHIO CIPHUYMHIOE Tinonepdys3ito MO3KYy, CTBOPIOE
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HeOe3MeKy 3HWXKEHHS pIBHA METabodi3My TJIOKO3H, SKa IOCTAYaEThCS KPOB'I0 Ta CIPUSE
BUHUKHEHHIO PI3HOMAHITHUX LiepeOpaibHUX aHTionatii [5].

Cepen HacnigkiB MOpYIIEHHS BEHO3HOTO BiqTOKy yepe3 BIIB — 3mMeHmieHHs cepueBoro
BUKH[Y, PO3BUTOK CUCTEMHO] rimoTensii. Pict BeHo3HOTO THCKY B cucteMi BIIB miaBuiye puznuk
TpoMOO3y TepeOpaTbHUX CYAWH Ta IHIIIFOE HE3BOPOTHI 3MIiHW. BCTaHOBIIGHO, IO 3HWKCHHIA
KpoBOTIK uepe3 BIIB cTBOproe yMOBH, CIIPUSTIMBI VIS CTa3y, IO TIOCHIIIOE MOXIIUBICTh YTBOPEHHS
TpOMOIB y BeHaX BEpXHiX KIHI[IBOK Ta IIMOOKHUX BeHAX TOJIOBH Ta Imwi [17].

BIIB € TOHKOCTIHHOIO CYyJUHOO, III0 3HAXOIUTHCS B CEPEAHBOMY CEPEIOCTIHHI MK TaKUMU
YTBOPEHHSIMU SIK TPYAHMHA, a0pTa, Tpaxes, OpOHXH, JiMpaTU4YHI BY3JIH, SIKi HE HAIIHHO 3aXHUIIAIOTh
il Bim moxkmuBocti o6cTpykuii [5]. Cuin posymirh, mo xou y BIIB BeHo3Hmi THCK (i3i0a0TivHO
MOPIBHSHO HEBHCOKHUH 1 ICHY€ BENMKAa KUTBKICTh aHACTOMO3IB 3 0aCEMHOM HWKHBOI MOPOKHUCTOL
BEHH, sKl 37aTHI1 3a MEBHUX OOCTaBUH JEAKOI0 MIPOIO KOMIIEHCYBATH TMOPYIIECHHS KPOBOOOIrY,
TPaHCIOPT KpOBI MOXE YCKiIaaHIOBaThca OararbmMa uyuHHMKamHu. Cepen Hux: HeOesneka
30BHIIIHBEOTO CTUCHEHHS BEHU, 3aKyNopKa CyaruHH. He BUKITIOUeHO, 10 MOPYIICHHS TeMOANHAMIKH
MOXYTb OyTH CIIPUYMHEHI 1 MOP(HO-METPUIHUMHU OCOOIMBOCTSIMU BEH.

Jlia anekBaTHOTO (PYHKIIIOHYBAHHSI OpraHi3mMy, 1 B MepIly 4epry, cepiisi, MO3Ky Ta IHIIMX
OprasiB, HEOOX1THUI BUCOKHUH PIBEHb KPOBOOOIrY, B IKOMY BEJIHMKY POJIb BIAIIPAIOTh MOPOKHUCTI
BeHH, 130Kkpema BIIB. V 3B’s3Ky 13 UM, Ba)JIMBO BUBYUTHU BIIUB (a3 JUXaHHS (BAUXY Ta BUIAUXY)
Ha BEHO3HUH BIATIK, AKWH Ha CHOTOJHI BCE IIe 3aJHINAETHLCI MaJio 3°sicoBaHMM. BojaHouac,
BOKJIMBUM € BpaxyBaHHsS Te€MOJMHAMIYHMX pEaKIliid, SKi PO3BHUBAIOTHCS y BIAMOBAb Ha IO
¢dakropiB rpasitanii. BoHM BHHUKAaIOTh MPU 3MIHI TOJIOKEHHS TUIa Yy MPOCTOPl 1 MOXKYTh
YCKJIa/IHIOBATH Mepedir KpoBOOOIry, M0 TeX MOTpedye 3’ sICyBaHHS.

Cepen cydacHHX, TTOPIBHSHO HE JIOPOTHX, MIBUIKUX Ta IHPOPMATUBHUX 3aCO0IB BUBYCHHS
reMOJMHAMIKM B PI3HUX YMOBaX ICHYBaHHS OpraHi3amMy, sKi HE MICTATh HaBaHTAXEHHS
OTIPOMIHEHHSIM BUTIIHO BUPI3HAETHCA YJIBTPa 3BYKOBUH MeTOa AOciipkeHHs . OCcOOIMBO IIHHOIO
Taka iHdopMaIliss MOXe BUSIBUTUCS Y MEIMYHINA MPAKTHI[l OI[IHKK Ta MPOTHO3Y PO3BUTKY MOXKIUBUX
MaToJIOTIYHUX CTaHIB ab0o0 IJIaHyBaHHI JIIKYBAJIBHUX  MAaHIMYJAIINA, CHOpSIMOBAaHWUX  Ha
YHEMO>KJIMBJICHHS BUHUKHEHHS MOIIKO/KEHb BEHO3HOT CTIHKU, MOPYIIEHb KPOBOTOKY TOWIO [6].

Cnipg 3a3HauuTH, MmO npobiemHa remoauHamika BIIB Moxke crnpuunHioBatH po3naau
nepedpaabHOrO KpoBOoOOIry. Bimomo, MmO TiMOKCisl TKaHUH MO3KY MPU3BOAWTH 1O IIMIEMIYHHX
MPOSIBIB, SIK1 MOTPEOYIOTh PAaHHBOI JIarHOCTHKU. AJKE BOHH MOXKYTh CTAaTH TPUTEPOM OI0XIMIYHUX
JAHIIOTOBUX peakKiliil, sKi BUCHAXYIOTh HEHPOHHU, MEMOpPaHHUI TPAHCIIOPT, CIIPUYUHIOIOTH I0HHUM
nrcOanaHe Ta HEKpOTHYHI 3MiHu [7].

Otxe, Ha ChOTOMIHI MpobiieMa remMoguHaMidvHuX ocoOnmmBoctedt BIIB uekae moaansinoro
BupimieHHs. [lomyk HOBUX MIarHOCTUYHUX MIAXOMIB A0 BUBYECHHS XapaKTEPUCTUK BEHO3HOTO
BIITOKY BiJ TOJIOBU Ta BEPXHbOI YACTHUHU TiNla, BIUIMBY HA HHOTO PI3HOMAHITHUX (aKTOpiB, y
TOMy uuchi ¢a3 quxaHHS Ta TpaBiTallii 3amuIIaeTbes akTyalbHUM. J[0 TOro *, Taka po3BiAKa
MOXE€ CTaTH Yy HaroJi MmiJ Yac BHHAHJEHHS HOBUX CHOCOOIB BCTaHOBIEHHS Mopdo-
¢dbyHkuionaneHux ocobmuBoctedt BIIB, migbopy TepaneBTUYHUX TaKTHK Ta pillleHb [0
BiIHOBJICHHs (HOpMaJi3aiii) BEHO3HOI TeMOJMHAMIKH, IO JO3BOJIMTH HIBEIIOBATH PHU3UK
PO3BUTKY KMCHEBOTO JeQIlUTY.

AHaJji3 octa”Hix gocaixkenb i myOJikamiid. Baxki Helipo- Ta Kapio-reMoJuHaMIuH1
MOPYIICHHS, SIK Haciiaku posnaniB remonuHamiku BITH Bxke He ofHe AeCATHIITTS TypOyHOTh
¢13ionoriB, Mopdoorie, aHecTe3ioNoriB, XipypriB [5]. 3HMKEHHS apTepialbHOTO BEHO3HOTO
IpajlieHTa THUCKY B CyAMHaX MO3KY 3/IaTHE CHPUYMHHUTH BaXKKi MOPYIIEHHS Y poOOTi TOJOBHOTO
MO3KY aX JI0 cMepTi [6]. ABTOpH HaroJomyTh, 110 CHCTEMHA T'IIOTEeH31s, BUCOKHI BEHO3HUI THUCK
y 6aceitni BIIB 3arposxye pu3aukomM po3BHUTKY TPOMOOTHUYHHUX SIBHIL Y LepeOpaibHUX cyauHax [7].
3 nmitepaTypd BiJJOMO, IO y pa3i reMOJUHAMIYHHMX 3pyIIeHb y 0ararboxX BHIAJKaX BUHHUKA€E
BEHO3HMH 3acTiif, OpraHiuHe ypa’keHHS Ta JUCTPO(IUHI 3MIHM TKaHUH MO3KY, (YHKIIOHAJbHI
po31aau, KPOBOBUIIMBH OpPTraHiB CEpEOCTIHHS, OKIIIO318 BEH 1 BEHO3HMX Ia3yX uyepena, 3anajieHHs
nifgdaciianbHux BeH Tomio [13].
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[ToBimomisieTbes, O YCKIAJHEHHS Yepe3 mopymieHHs reMoauHamiku BIIB nposBistoTses
po3iafaMu AiSTIbHOCTI IEHTPaIbHOI HEPBOBOI CUCTEMHU y BUIUIAII €NUIENTU(OPMHUX EMi30[iB i
HEBPOTHYHHX CTaHiB. Bakki BHIIQAKM BEHO3HOTO 3aCTOIO MOXKYTb Cy'HpOBOI[)KYBaTI/ICSI HE
MOJKJIMBICTIO MepeOyBaHHS JIOJMHU Yy TOPU30HTAIHLHOMY IIOJIOKEHHI Tifla, IO BKa3ye Ha 3B 30K
MDK rpasitamiero i remoguHamikoro BIIB [5]. IIpo TOPYLIECHHS remoauHamiku 'y BIIB moxke
CBITYMTH 30BHIIIHIN OIS 30UIbIIEHHS Ta BUPAa3HA OKPECIICHICTh BEH BEPXHBOI YACTHHHU TYIIy0Oa
(TMUEeBMX, IUHHUX, TPYIHUX BEH, TOBHOKPIB’ S BEHO3HHUX CYIUH BEpXHiX KiHIIBOK) [3, 4].

CroromHi Hi B KOTO HE BHHHKAE CYMHIBIB, IO SKiCHA JIarHOCTHKA MOBHHHA BPAaXOBYBAaTH
MopdororiyHi, (yHKIIOHATBHI O3HaKW mopymeHHs remoauHamiku BIIB. Cepen BaxmBux mopdo-
METPUYHHX TOKA3HUKIB € BH3HaueHHs miamerpy BIIB, ToBumau ii crinku. Illono ¢yHKmioHambHIX
rapameTpiB, TO HAYKOBLI BKa3yIOTh Ha BUCOKY IH(POPMATUBHICTh TIOKa3HUKIB IIBUKOCTI pyXy KpoBi [5].

Pazom 13 TuM, MaJOBHMBYCHHUMHU € MHUTAHHS, OB S3aH1 13 BUSIBJICHHSM BIUIMBY TMPOILECY
nuxaHHs Ha KpoBoTik y BIIB. Taki BizomMocTi Moriu O 3HaYHO MOJIETTIUTH HE TUIBKHU YSBIIEHHS PO
(G1310J10T1UHI  MEXaHI3MHM PO3BUTKY MAaTOJOTIYHMX IMPOILECIB, ajlé W eTamHICTh PO3TrOpTaHHS
MOPYILEHb, COPUATH YTOUHEHHIO iX OIL[IHKU Ta MOXJIMBUX MacIITa0iB HacIiAKiB [9].

Cepen KIacMYHMX METOJIB BUABIIEHHS BiIxujeHb y remonauHamini BIIB € 3actocyBanus
(bnebdorpadii, sika BBaKaIach HEOIIHEHHUM IHCTPYMEHTOM KiHIlsI XX cTomTTs [5]. Bukopucranus
peHTreHorpaiyHOTO METOAYy JOCTDKEHHS 0 I[hOTO 4Yacy 3HAYHO TOJICTIIYE PO3YMIHHS
MopdororiyHoro crany BIIB. Pazom 13 TuMm, Ha CbOrojHi Miclle «30JI0TOTO CTaHIAPTY»
JIarHOCTUKU CYyJUHHHUX MOpYyIIeHb, 30kpema BIIB, 3aiiHsnm 3aco0u mpomeHeBOi MIarHOCTUKH,
nepeayciM, MarHiTHO-pe3oHaHcHa Tomorpadis [5, 18]. Boanowac, mpomeHeBe HaBaHTAKECHHS,
JIOpO’KHEYa, TPUBAJICTh NMPOLEAYpPH Ta 0OpOOKH pe3yibTaTiB CTBOPIOIOTH MEBHI TpyAHoull. Kpim
TOrO, HE JUBJISIYACH HA JOCTAaTHBO BHUCOKY 1H(OPMATHBHICTh, METOJ] MAarHiTHO-PE30HAHCHOI
ToMorpadii He 3aBXKIU J03BOJISIE BUSBUTH (YHKIIOHATBHI TOKAa3HUKA TeMOJIMHAMIKA BHACIIIOK
METOJWYHOTO BHMKOHAHHSA MpPOLEAYpH: I 4Yac CEaHCy [IarHOCTUKM HE MOXHa 3MIHIOBAaTH
MTOJIOXKEHHS Y POCTOPI 1 iH.

Ha Bigminy Bix mporo, MeTOI yIbTpa3ByKoBoi qoruieporpadii (Y3/1) € mopiBHSHO AeHICBUM
MOOUTBHMM 3acO00M OIIIHKH SK MOPQOJIOTIYHUX, TaK 1 (YHKIIOHATBHUX XapaKTEPHUCTHK
reMOJMHAMIKH TMOPOKHUCTUX BEH. 3aBASKU TOCTYIMHOCTI Ta HEIHBa3UBHOMY XapakTepy, BiH HaOyB
nonyJsspHOCTi B oIiHIll ctaHiB BIIB B octanHui poku [8]. ¥V 3BiTi Ipo KIIHIYHUN BUIAIOK, KUK
omybmikyBamu A. Birch 3i cmiBaBTOpamu, OpoaeMOHCTPOBAaHO 3HauYeHHS Y3/ mus ImBHIKOT
ineHTudikamii CHHAPOMY BepxHBLOI mNopoxkHucToi BeHn [10]. HaykoBmi HarosomywoTh, 10
BUSIBJICHHS 3HAYHO DPO3LIMPEHUX BEH, Pa30M 31 CTIMKMMHU CHUMITOMAaMH, CBITYUTH PO AiarHo3
cunapomy BIIB, mo mae crnonykatu no momanbinoro oocreskenss [11]. BogHouac, Ha cboroiHi
3acrocyBanHs Y3Jl ansa mocnimkenHs remoauHamiku BIIB € oOMeskeHMM BHACTIIOK BiACYTHOCTI
yHipikoBaHUX 0a30BUX MJAaHUX, TEXHOJIOTIH NPHUIOMIB OI[HKH, TPAKTYBaHHSA (PAKTHUHOTO
Marepiaiy, 1o noTpedye HaKOMUUYEHHS MaTepialiiB Ta yacy.

AJe cKkJIaJHO HE MOTOJUTHCH, IO SIKICHA J1arHOCTHKA, MPOJYMAHUN NU3aiH TOCTIIKEHHS
MOXK€ CIYI'yBaTH HAIIMHOIO OCHOBOIO JUIsl BUSIBJICHHS 0COONHMBOCTEN (hi310JIOTIUHUX MPOIIECIB, SKi
posroptatotbest 'y BIIB. Taki BimoMocTi cTaHyThb KOPHUCHHMH Y JIIKYBaHHI Ta MNpodiIakTUii
PI3HOMAHITHUX MOpPYyLIEHb KpoBooOiry. Tum Ounblie, mo posnaau remonuHamiku BIIB moxyTb
CIPUYMHIOBATH TMOPYIICHHS, y MEepIly 4Yepry, MO3KOBOi 1 CepLeBOi MAiIbHOCTI, IO pPOOUTH
npo0ieMy akTyajabHO0, X0U 1 He JIETKO0 JUTsl BUpitneHHs [12].

Ha »anp, B Haml yac B YKpaiHi CIIOCTEPIraeTbCsi CyMHa CTaTUCTUYHA TPAEKTOPIS 3pOCTaHHS
CMEPTHOCTI Bill CepleBO-CyJUHHUX Ta HEBPOJIOTIYHUX 3aXBOPIOBaHb, IHBaNiAM3allii HaceleHHS,
3MEHIICHHsI TPUBAJIOCTI >KUTTA. IloyacTimaHHsS BHIAAKIB 3HHMKEHHS CKOPOTJIMBOI BIIACTHBOCTI
cepllsi, BAHUKHEHHS SIBUII CEpLEBOi HETOCTATHOCTI BKa3ye Ha ICHYBaHHS TIOKCHYHUX, OOMIHHUX,
CJIEKTPOJITHUX 3pYLICHb Yy MIOKapAl, sKi BHHHUKAIOTh BHACHIOK 30ypeHHS TI'€MOJMHAMIYHHX
nporecis y BIIB mtoaunu, mo norpedye moganbmmx BceO1YHUX AOCTIPKEHb [5].

HaykoBii HaronomyooTh Ha HEOOXITHOCTI MPOBEACHHS SIKOMOTA pPaHHBOI JIarHOCTHKH,
MOYMHAIOYM 3 MOP(OJIOTTYHUX O3HAK CYAMHHOT MATOJIOTi, (PyHKIIOHAIBHUX PO3JIAIB, SIKi MOCHITIOIOTH
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BAXKICTh nepediry (hi3ionoriyHux MpoIeciB, BKa3ylOTh HA MOXIIMBICTb PO3BUTKY YCKIagHEHb [4]. VY
JiTeparypl aKIEHTYEThCS Ha BAXIMBOCTI IOIIYKY HOBHUX MIIXOMIB, SIKi JIOMIOMOXYTb PO3KPUTH
MDKCHCTEMHI B3a€MOJi, MepenyciM, MDK KpPOBOOOIroM 1 JMXaHHSIM, KPOBOOOIrOM Ta MO3KOBOIO
aKTUBHICTIO TOHIO. AJDKE SIKICHAa JIarHOCTMKa Ta (pi3ioyoriyHa OIIHKA 37aTHI MPUBHECTH HOBI
MOYKJIMBOCTI TI0 3aM00IraHHIO paHHIX O3HAK JIe(PIUTApHOCTI LepeOpaTbHOro KpOBOOOIrY, 3HMKEHHS
IHTEeNIeKTyalbHUX 3MI0HOCTEeH, KOTHITUBHUX (DYHKIIH, po3BUTKY AemeHIii Tomo [8, 10]. 3nanHsa mpo
aHATOMI4HI, (hi310JIOTIUHI XapaKTEPUCTUKH, OCOOIMBOCTI IIBUIKICHOTO TEpediry KpPOBOTOKY, BILIMBY
¢da3 IMXaNbHOTO IMKITYy Ha TEMOAWHAMIKY TOPOYKHHUCTUX BEH JIOTIOMOXKE 30UIBIIMTH MOKIJIMBOCTI
po3yMiHHS ii BIKOBHX, CTaT€BUX BIAMIHHOCTEW, MIO CIPHUATHME BIIIOBIIHOMY 3aCTOCYBaHHIO
HEOOXITHUX 3aMO0DKHUX 3aX0/IiB, MPO(UIAKTHUII YCKIIQHEHB Ta MiIBUIECHHIO IKOCTI XKHUTTA [16].

HepnocraTHicTh KpoOBOIOCTauaHHS MO3KY, BEHO3HA TiNEPTEH31s, MOCHUJIEHHS IILEMIYHHX
MIPOLIECIB, TOB’A3aHl 3 MOpPYIIEHHAMHU remoiuHaMmiku BIIB, 30u1bIIyIOTE CTaTUCTUKY pPO3BUTKY
11epeOpOBACKYISIPHUX 3aXBOPIOBAaHb, MPOBOKYE KOMIUIEKC MATOJIOTTYHUX 3MIH 3 00Ky MIOKapay Ta
CEPIIEBO-CYJAMHHOT CUCTEMU B LIomy [3, 6]. OTxe, MpOBEACHUI aHATI3 JITEPATYPH 3a MPOOIEMOIO
CBIUUTH PO HArajbHICTh PO3pOOKM MUTaHb BIAHOCHO TemoauHamiku BIIB, mo nos’s3ani i3
KUTTE3a0€3MEUCHHSIM Ta 37I0pOB’sI-30€pEKEHHSIM OpraHi3My.

MeToro Hamoi po6oTu Oyso 3’sCyBaTH 0COOIUBOCTI T€MOIMHAMIKH BEPXHBOT TOPOKHUCTOT
BEHU JOPOCIIHX JIIOJIEH 3a JOMOMOTOI METOIy YIbTpa3BykoBoi moruieporpadii. ms mporo
BUpIIIYBaJIH 3aBJaHHS 110:

- BUBYEHHIO MOp$o-MeTpruHuX nokasHukis BIIB;
- BU3Ha4YeHHIO (i310JIOTTYHUX MEX IIBUJIKICHUX IMOKa3HUKIB BEHO3HOT0 NOTOKY y BIIB;
- OWIHUI BIUIMBY (a3 AUXaIbHOTO LUKIY (BIMXY, BHUAMXY, AalHOE) HAa IIBUIKICHI

XapaKTEPUCTHKN KPOBOTOKY Y PI3HUX TPABITAIIMHUX TTOJIOKECHHSX.

Opranizanisa Ta Mmeroau aociigxenHsi. JlocmimkenHs npoBoauin Ha 6a3i KomyHansHOTO
HEKOMEPIIIHHOTO TiAnpueMcTBa «Yepkacbkuil 0ONacHUN KapaioioriyHuii 1eHTp Yepkachbkoi
obmacHoi pamm». B oOcrexeHHI B3sJM ydacTh 25 MPaKTHYHO 3J0POBUX YOJOBIKIB 1 JKIHOK
(cepenniit Bik ckiaB 25,0+0,2 pokiB), 0 MPOXOJUIN Y IEHTPI MOHITOPHHT CTaHy 3J0pOB’S 1 HE
MaJli CKapr Ha cepleBl XBOPOOHU.

3rilHO MeTH Ta TOCTAaBJICHHX y poOOTI 3aBAaHb BUBYAIU ocoOmmBocTi OymoBu BIIB
METOJIOM YibTpa3BykoBoi noruieporpadii (Y3/[-momneporpadis). BusnaueHuss Mmopho-MeTpuaHuX
IIOKa3HUKIB Ta napameTpiB KpoBoToKy y BIIB oGcrexxyBaHMX MpPOBOAMIIM 3a JOTIOMOIOIO arapary
V3]1 npodeciitHoro kmacy Siemens Juniper Acuson (USA) i3 3aCTOCYBaHHSM CEKTOPHOTO JaTYMKa
B IIOJIOKEHHSAX OOCTEKYBAHOTO JIe)KAYW Ha CIHMHI Ta CymiHalii Ha JiBomy Oomi. Jlns Bizyamizarii
BIIB BHKOpHCTOBYBalld CylpacTepHaibHe BikHO. BumiproBanus miametpy (0BIIB) mpoBoawiu Ha
1-2 cv mpokcumanbHime wicis BrnaaiHHa BIIB y mpaBe mnepencepis, 3 BHKOPUCTaHHIM
TpaHCTOpaKaabHOTO (ha3oBaHOrO (CEKTOpalbHOTO) maTumka (2,5-5 MI'm), HamamToBaHOro Ha
rbuny 10-15 cMm, HU3bKUM QUIBTPOM CTIHKM Ta (OKYCOM Ha piBHI Micus BuMiptoBaHHs. [Ipu
BHU3HAYEHHI IIBUAKOCTEH KPOBOTOKY BuKkoprctoByBanu Doppler PRF 35 cm/s.

IIpoTokon ckaHyBaHHS OLIHIOBaB MOP(O-METPUUHI 3HAYEHHS MPOCBITY BEHU, TOBILUHM ii
CTIHKU. PeecTpyBanmu myibCc-XBHJIBOBY JoIuieporpadito  KpOBOTOKY, CHHXPOHI30BaHY 3
enexktpokapaiorpamoro (EKI') ta nuxansHuMHU pyxamu. 3anucu BUKOHYBAJIH SIK MiJl 4ac CIOKIHHOTO
muxaHHA ((asu BAMXy 1 BUauXy), Tak 1 10-cekyHaHux emnizofiB. AHami3yBaau KpuBi PW-
noruieporpagii BIIB. Busnauanu iHnexc xonancy BIIB, BuMiproroun ii aiameTp miJ yac BIUXY Ta
BUJIUXY Yepe3 HaAkmounyHe BikHO. DikcyBanu makcumanbHuil giametp BIIB mig wac Bumuxy
(Dmax) Tta MiHiManeHU#l amiamerp mix vac Bauxy (Dmin). Po3paxyHok iHaekcy konamcy (IK)
npoBomin 3a ¢opmynoro: ((Dmax - Dmin) / Dmax) * 100%. ITpuiimanu, mo BUCOKUN 1HIEKC
konancy (moHan 40-50%) Bka3dye Ha TimoBoJieMito, Toni K Hu3bkud (20% 1 MeHmie) Ha
HOpMaJIbHUIM a00 MiABMINEHUA TUCK y MNpaBOMY Mepeacepli, MOXJIMBMN HAJJIMIIOK BOIU B
Oprai3Mi, rinepBOJIEMIIO Ta 3arpo3y PO3BUTKY CEPLIEBOI HETOCTATHOCTI.

Cucroniuny ¢yHkuito npaBoro nuryHouka (IIL) BuBwanm 3a exokapuiorpadiyHuM
nokazHUkoM TAPSE (Tricuspid Annular Plane Systolic Excursion / CuctonigHa exkckypcis
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TPUKYCIIJAIBHOTO KUTbIl). s I[bOTO BHMIPIOBAIM aMIUTTYAy 3MIlICHHS (iOpPO3HOrO KUThIls
TPUKYCHIAIILHOTO KJIallaHa BIIHOCHO BEPXIBKU cepls IijJ 4ac cuctosm y M-pexumi (M-mode).
JlaTuyuk BCTAHOBJIIOBAIM B amiKaJlbHIA YOTUPUKAMEpPHINA MO3UIlI, a Kypcop PEKUMY BHUCTABIISIIN
B3JIOBX JIATEPAIbHOT YACTUHH KUTBI TPUKYCHIAAIBHOTO KiamaHa. BUMiproBamy 3MilIeHHS KUTbLs
TPHUKYCHianbHOTO KianaHa B M-pexxumi Y3/ cepus Bin nmiacronm no cucronu. [Ipwiimanu, mo
HopmanbHuil mokasHUK TAPSE cranoBute monan 17 mm. llokasHukH, sIKi € MEHIIUMH 3a 1€
3HA4YEeHHs BKa3yIOTh Ha BUCOKY HMOBIPHICTh mopymeHs ckopormBoi Gpynkiii I Ta MoxyTs OyTn
03HAKOIO CepIIeBOi HeocTaTHOCTI [9]. Baiane Mk CHMIIATUYHUM Ta MapaCHUMITATHIHUM BiITUTAMH
aBTOHOMHOI HEPBOBOI CHCTEMH Ta pIBEHb aJalTaliiHUX MOKJIHMBOCTEH OpPraHi3My OLIHIOBAIH
ingexcom Kepmo [1, 14].

Bci nmocnipkeHHS TPOBOAMIM 32 OCOOMCTOIO THCHBMOBOIO 3T0JI0I0 OOCTEXYBaHHMX y
BIJIIOBIAHOCTI 10 HOpPM OIO€THKHM Ta 3 JoTpuMaHHAM noioxeHb MO3 VYkpainu Bix 13.03.2006,
Ne 66 1 I'enbcincpkoi Jexnapanii (1975, nizuimi penakuii 1996-2013 pp.). Orpumani akTuyHi
JaH1 00poOIsIIM METOIOM BapialliiHOT CTaTUCTHKU 3a makeToM nporpaM Microsoft Excel 2019. 3a
tectom Illamipo-Binka BuOipka BigmoBinanza 3akoHYy HOpMaibHOro posnoAinry. KopensuiiiHuit
aHani3 3aidcHioBanu 3a IlipcoHom. JlOoCTOBIpHICTH 3MIH 1 BIAMIHHOCTEH MIDK JOCTIKYBaHUMH
MMOKa3HUKaMH OLIHIOBAJIH 3a t-KpurepieM CTbIO/ICHTA.

Pe3yabTaTn Ta 00roBopenHsi. Mu npoaHainizyBanu cepeHl 3HAUEHHS JlaMeTpiB BEPXHbO1
nopoxkauctoi BeHu (dBIIB) oOctexxyBaHMX, OTpUMaHUX y PI3HUX MOJOXKEHHSIX TUla Ta (azax
JTUXaBHOTO MUKy (Tabm. 1).

Taomms 1
IMoka3HUKH aiaMeTPy BePXHbOI MOPOKHUCTOI BEHU 00CTeKYBAHUX
Yy Pi3HUX OJIOKEHHS Tijia Ta pa3ax IMXaJbHOr0 HMKJIY
da3u AUXATBHOTO Hiametp BIIB y mo3uiiitHoOMy 1oJI0’KeHH1 Ti1a (CM)
IHKTY JIe)Kauu HA CIUHI JeKa4yM Ha JIiBOMY 001l
BINX 1,41 +0,12" 1,09 + 0,10"
BUIUX 1,97 +0,14% 1,41 +0,11%
arnHoe 1,70 £ 0,13 1,24 +0,13*

[Tpumitka. * — BiporimHicTh BigMiHHOCTEH p<0,05 BIZHOCHO MOKA3HMKIB il Yac BHUJIHXY;
# — BiporiaHicTh BigminHocTel p<0,05 BiHOCHO MOKA3HUKIB y MOJIOKEHHI Ha JTIBOMY OOIII.

Bcranosneno, mo nokasauku OBIIB y mososkeHHI jekadd, HE 3aJCKHO Bl JUXaIbHOI
¢dazu, 3nebinpmoro gocaranu 1,5 cm. MakcuManbHi 3Hau€HHS Ha BAUXY Ta BUAUXY y LIBOMY
TMOJIOKEHHI JOPIBHIOBANH, BiAnoBigHo 1,6 Ta 1,9 cM, a miHiManbHi csaranu jume 1,37 mig yac BAuXy
ta 1,49 na Buauxy (puc. 1).

Omxe, mig yac iHcmipallii, BHACIIOK ICHyBaHHS HEraTUBHOTO TUCKY y rpyAHii kiiTii, BITB
criaganack (KoJsiarcyBaja), [0 MPOSBISIOCS 3MEHIICHHAM 1i JiaMeTpy 10 MiHiMymy. | HaBmakw,
BUIUX cropusiB 30inbiieHHio aiametpy BIIB, sxuii HaOyBaB CBOro MakCHMajibHO MOKIUBOTO
PO3Mipy depe3 HallOBHEHHS KPOB 10 3 BEPXHIX BIAJIUIIB TU1a Ta BIACYTHICTH OIOPY.

Bumipsai nokasuuku pgiamerpy BIIB y mnosuniiiHoMy mnosjoxkeHHI Ha JiBoMmy Ooli
MPOJIEMOHCTPYBAJIHM CXOK1 3MIHM: OUTBIII KUTbKICHI 3HAUYEHHS Mif Yac BUAUXY Ta iX 3MEHILIEHHS y
¢a3i Bauxy. Pa3oM i3 TUM, BUSBJIEHO iICHYBaHHS Pi3HHMIL MK MOpP(HO-METPUYHUMHU MOKa3HUKaMU
BIIB 3anexxHO Bif MO3UIIIHHOTO MOJIOKEHHS TiIa 00CTEKYBaHOTO Ta (pa3u AUXalbHOTO IUKITY. Taxk,
3adikcoBanuii dBIIB min yac ¢a3 quxaabHOTO MUKITY (SK BUAMXY, TaK 1 BAUXY) HA CIIUHI BUSBUBCS
JOCTOBIPHO OUIBIIMM IMOPIBHSAHO 3 MOKAa3HUKAaMH Y TOJIOXKEHHI Jexkaud Ha JiBomy oot (p<0,05).
BoaHouac BCTaHOBJIECHO, 10 HE3aJIEKHO Bi MO3UIliiiHOTO mosiokeHHs Tina dBIIB mix wac Bumuxy
OyB 70CTOBIpHO OuTbIIMM TOpiBHAHO (asu Bauxy (p<0,05). Iloxaznuku miametpis BIIB mig wac
arHoe, He3aJIeKHO BiJl MO3UIIHHOTO TMOJIOKEHHS O0OCTEKYBAaHOTO 3aiiMalld MPOMDKHE MOJIOKEHHS
MDK 3HAYCHHSIMH BJIUXY 1 BUAUXY.
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i ™,
Puc. 1. Kpusa Y3/I-nomneporpadii BepXHbOi HOPOKHUCTOI BEHU 00CTEKYBAHOTO A.

Binomo, mo cyrreBuil iHAEKC Kojancy (3MEHIIEHHS AlaMeTpy) 3acBlI4y€e I1CHYBaHHS
HOPMaJILHOTO TUCKY y MpaBoMy nepeacepai [2]. 3riqHo oTpUMaHUX HAMHU PO3PaxXyHKIB, HE3aJIEKHO
BiJl mo3uIliitHoTro mosoxeHHs Tina IK xonmBaBes y mupokux mexax Bim 22 10 54%. 3MeHIeHHS
niamerpy BIIB Bka3yBano Ha 3acMOKTYBaHHS KpOBI IpaBuUM MepeacepAsM Yy ¢as3y BIuXy,
JIEMOHCTPYIOUYH BITHOCHO JIOCTAaTHIN THUCK Ta (PyHKIIOHAIBHHUI PIBEHb CEplEeBOi AsUIbHOCTI. Pasom
3 THM, HH3bKI IHAWBiIyaJdbHI MOKAa3HWKH IHAEKCY Kosarcy (ski He mepeBuiryBanmu 20-24%),
BKa3yBaJll Ha ICHYBaHHS HOPMAaJLHOTO a00 MIIBHINEHOTO0 TUCKY Yy TpaBomy mepeacepnai. OTxke,
¢dbysakionanpHi xapaktepuctuku BIIB 3amexanu sk Bim ii miamerpy, Tak 1 34aTHOCTI A0 3MIH y
BIIMTOBITHOCTI 3 (ha3aMul AMXATBHOTO IIUKITY: PO3IIMPEHHS i Yac BUAUXY Ta CTHCHEHHS (KOJarcy)
npu Bauxy. Ciia HaroJiocuTH, mo Hu3bkuil IK Mir BkazyBaTH Ha HAIMIIKOBHHM O0'€M piauHU
(TimepBoEMII0), IO MOXKE 3arpOXKyBaTH PO3BUTKOM CEPIIEBOi HEJOCTATHOCTI.

Tomy Mu 3BepHYIHCH 10 aHANI3y (QYHKIIOHATLHUX MTOKAa3HUKIB IIEHTPAIBHOT TeMOAMHAMIKA
(Tabm. 2).

Taomuus 2
IToka3HUKH HEHTPAJIBLHOI TeMOJIMHAMIKHM 00CTEeKYBAHUX Y PI3HUX MOJI0KEHHS Tj1a
Ta (azax IMXAJIbHOI0 UKIY

n [Mo3umiliHe TOJI0KEHHS Ti1a
(r?]fr?jlr{]gi? JIE)KA4YU Ha CIHHIL JIeKavH Ha JIIBOMY 00111
BIUX BUINX BIUX BUINX
qccC 72,1-76,2 67,5-70,3 73,1-75,2 68,9 — 69,5
CAT 110,4 - 116,6 117,6 —122,5 111,2 -114,8 115,99 -117,5
JAT 58,7 - 59,3 57,2 -58,8 57,8 - 58,3 56,3 -57,8
VOK, mi 72,8-74,1 70,3 -71,7 72,1-73,4 71,4-719
XOK, n 52-55 48-51 49-51 49-50
Cl, y.o. 3,1-3,2 2,8-3,1 3,0-3,1 29-31

Sx BugHO 3 Tabmuni, nporusganuck 4Yitki 3MiHn YCC y pi3Hux Qazax OUXaHHA Ta
MO3ULIHHUX MOJIOKEHHSIX 00CTe)KyBaHOTO. BOHM Oynu THIMOBHMMH, XOY 1 JIEIIO BHUPA3HIIUMH Y
MOJIOKEHH] JIe)Kaud Ha CHUHI. Baux NOpIBHAHO 3 BUAWXOM, XapaKTE€PU3YBaBCS IUXAIbHOIO
apuTMi€ro: OUTBII BUIIMM ITyJIbCOM, IO JEMOHCTPYBAaB HOMIPHY TaxiKap[ilo, sSiKka po3ropTajach
BHACIIZIOK PO3TATHEHHS JIET€HEBUX PELENTOpiB Ta MPUTHIYEHHSAM Oiykaiouoro HepBa. BogHouac,
3MEHIICHHS TUCKY B TPYIHIM KIITII aKTUBYBAJIO CUMIIATUYHY iHHEpBalilo. Buanx BUKIMKaB
30UTBIIEHHS THUCKY BCEPEIAMHI TpYAHOI KIITKH, IO CTHUMYJIOBAJO Baryc 1 MpOSIBISIOCH
Opanukapaiero. Taki 3MIHH J€MOHCTPYBaJIM HOPMaJbHY (i310JIOTIUHY pPEakiil0 Ta 3acBiAYyBaJH
ICHYBaHHSI TICHO{ B3a€MO/Iii MIXK IMXaJbHOIO Ta CEPLIEBO-CYANHHOIO CHCTEMAMHU.
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SIk BimoMoO 3 JiTepaTypu, JUHAMIKa apTepiaibHOTO THUCKY TiCHO ITOB’si3aHa 3 BHYTPIIIHBO-
TPYIHUMHU KOJIMBAHHSMHU THUCKY Ta BEHO3HUM MOBEPHEHHSM KpOBi 10 cepist [2]. BusBieHo, mo min
Yyac BIMXY, BHACIIAOK 30UIBIICHHS BEHO3HOTO MOTOKY JI0 MPABOTO Mepeacepas i KOPOTKOYaCHOTO
3MEHILIEHHS yIapHOTO 00’ €My JIiBOTO MUTyHOUKa, mokasauku CAT nemio 3HmkyBamucs. Ha Buguxy
BOHH JICMOHCTPYBaJIU 30UTBIICHHS KUTbKICHUX 3HA4Y€Hb, OCKUIBKA BEHO3HE MOBEPHEHHS KPOBI J0
ceplsi HEHA/IOBIO 3MEHITYBAJIOCS Ta MOCTYMOBO BigHOBOBanocs. [lokasauku JIAT Oynu Oinbim
KOHCEpBAaTHBHUMHU Ta Maibke He 3MiHIOBamuCh. OTKe, apTepiaJbHHUI THUCK B PI3HHX MO3UIIHHUX
MOJIOKEHHSIX XapaKTePU3yBaBCsl HEBEIMKOIO JUXAIBHOIO Bapialli€ro, M0 BiAMOBIIAIO0 HOPMI.

3rimHO CyJacHHX VsBJICHb NpO (I3I0JIOTIF0 TEeMOAMHAMIKH, JUXAHHS JIGKAYH BHKIHKAE
kommuBanHs YOK Ta XOK y Oik 3MEHIIICHHS ITi]T Yac BUIUXY Ta Y CTOPOHY 30UTBIIICHHS T 9ac BIHXY [8].
Taka aquHaMika Moske OyTH BIATYKOM Ha 3MIHM BHYTPILTHBO-TPYAHOTO Ta BHYTPIITHBO-YEPEBHOTO TUCKY.
VY BIOMOBIAHOCTI JI0 MEXaHIBMY «IUXAJHHOT MOMITY, SIKUH KPUTUYHO BXIIMBHM IS TEMOJAUHAMIKHU,
BJIMX MPU3BOAUTH JI0 30UIbILIEHHS NEPUMETPY I'PYIHOI KIITKM Ha (POHI1 3MEHILEHHS THCKY, CHPHSIOUM
BEHO3HOMY KPOBOHAIIOBHEHHIO cepiid. Bumux, cTvckaioun BeHH, 3MEHIITye BeHO3HWH moTik [2]. Taka
¢131010Tis AUXAIBHOTO aKTy Ha KOPOTKUH yac JAelo 3MeHITyBaia nokasHuku Y OK B 060X MoJIOKEHHSX,
JIEMOHCTPYIOUM HEBENHKI KoimBaHHs. PazoM 13 TuM, nokazHuku XOK Oymu nemro momitHimmiMy. Tak,
M Yac BAMXY Y TOJIOKEHH1 Ha cnuHi Oyno 3adikcoBaHo HeBenuke 30UblieHHs YOK, mo #MOBIpHO,
OyJi0 TOB’s3aHE 3 KpallUMH YMOBaMH JUISI KPOBOHAIIOBHEHHS CEpIlS, 3HIDKEHHSIM THUCKY B aopTi 1
CYNPOBOJDKYBAJIOCS, SIK 3rayBaJIOCs BUINE, TEHJICHIIIEI0 JIO HCHIPATOPHOI TaxXIKapii, Mo BIAMOBIIAE
HopMi. Y mosiokeHH1 Ha J1iBomy Oorri mokazuukr Y OK ta XOK i uac Bapxy 3MIHIOBAJIHICS 111€ MEHIIIE.

da3za BUAMXY, 110 CYNPOBOKYBaJach 3MILIEHHAM JiadparMu AOTOpPU Ta po3ciaabiaeHHIM
MDKpeOEpHUX M’A31B, BHYTPIIIHbO-TPYAHHUNH THUCK 3pOCTaB, JAEMOHCTPYIOUM 3MIHM Y OiK
MMO3UTHBHOCTI. BEHO3HE TMOBEpHEHHS KPOBI [0 Cepls BIAMOBIAHO 3HWKYBAJOCS BHACIIIOK
CTUCKAaHHS BEHO3HUX CYJIWH. 3a X YMOB Yy MOJIO)KEHHI 00CTE)KYBAaHUX HA CIIUHI MU CITOCTEpIraain
HeBeNuKi 3MiHM 1Toka3HuKIB YOK y Oik 3MEHIIIeHHS, a/Ke MPUILTAB KPOB1 0 TIPABOTO MepeacepIs
3HM)KYBABCSI, 110 Y3TODKYBAIOCS 3 EKCITIPATOPHOI OpajuKapaiero.

[Tix gac cyminarii Ha JiBOMY 0011l BiIOyBaJINCh aHAJIOTIYHI 3MI1HH, pa30M 13 TUM, BOHH OyiH
Mai’ke He TOMITHUMH, WMOBIPHO, BHACIIOK MEHII BUTIIHHUX YMOB JJIi BEHO3HOTO IOBEPHEHHS
KpOBi JI0 ceprs 1, B OCHOBHOMY, 3aJIe)Kajd BiJl PETyISATOPHUX BIUIMBIB aBTOHOMHOI HEPBOBOT
cucremu. OTxKe, y TOPU30HTAIBHUX MO3ULIHHUX MMOJIOKEHHSAX MU CIOCTEPIraiy CX0XKY TUHAMIKY 3
OUTBIII MOMITHOIO BHUPA3HICTIO y MO3MIIII JeKa4ud Ha CIUHI, KA XapaKTepusyBajiach y ¢a3i BAUXY
He3HayHUMU (¢izionoriuanmu kosmBaHHAMH YOK 1 XOK y 06ik 30utblneHHs, a y ¢a3l BUIAUXY
HECYTTEBUM iX 3MEHIIEHHSM BHACIIOK IHIIHOBAaHUX MEPeOY0B BHYTPIITHBO-TPYTHOTO THUCKY Ta
BEHO3HOTO MOBEPHEHHSI KPOBL.

ITin vac ananizy nokasHukiB CI Ta moB’s3anmx 3 HuM mnoka3HukiB YOK ta XOK, mu
BUSIBWJIM AHAJIOTIYHI MMKIIUHI 3MIHM, K1 3anexanu Bin ¢a3 Bauxy 1 Buauxy. daza BIuxy
3MiHIOBaJIa BHYTPIIIHbO-TPYIHUN THUCK HAa HETaTUBHUM, 3HAYHO MOJIETIIYBala HAaIOBHEHHS MTPaBUX
BigainiB cepus Ta 30ubmyBania YCC. da3za BUAMXY HAaBMaKH, MPU3BOAWIA IO MiABUIICHHS
BHYTPIIIHBO-TPYAHOTO THCKY, IO MEPEIIKOHKAI0 BUIBHOMY IOBEPHEHHIO KpOBI 10 MpaBUX
BB cepus Ta BimoOpaxkanocs 3HmwkeHHIM YCC, YOK ta XOK. Otxe, 3minu Cl y no3umiiHux
MOJIOKEHHSX BiIOYBalWCh y BIANOBITHOCTI 10 BHUIIE 3ralaHUX MPOIECIB PO3MOILTY KpOBi Ta
BEHO3HOTO MOBEPHEHHS, 10 MPOSBISIOCH CTUMYTIOBAHHAM MPaBUX BIALUTIB cepis y da3i BIUXY.

OCKUTbKH cIIOCTepiragach TEHACHIIIA 10 OUThII BUPAa3HUX 3MiH (PYHKIIIOHYBaHHS CEpIIEBO-
CYIMHHOT CUCTeMH Mif yac a3 BAMXY 1 BUAUXY Y MO3ULIHHOMY MOJIOKEHHI 00CTE)KYBaHUX JISKAUH
Ha CNHMHI MM TpOaHANI3yBald, SK 3MIHIOBAIMCH IIKOBI IIBHJKOCTI HPSIMOTO Ta 3BOPOTHOTO
kpoBoTOoKy y BIIB 3a nux ymos (ta0m. 3).

3 Tabnauui BHJAHO, IO Yy LUIOMY IIBUAKICHI XapakTepUCTUKU remoauHamiku BIIB
00CTEeKYyBaHUX XapaKTEPU3YBAJIHMCA YITKUMHU PI3HUISIMH MDK IOKa3HUKaMH, 3a()iKCOBAaHHUMHU Y
¢dazax BOUXy 1 BUAUXY, a TaKoX amHoe. KUTbKICHI 3HaYeHHS CHUCTOJIYHOI MIKOBOI MIBUAKOCTI IiJT
qyac BIUXY OylM JOCTOBIPHO BHIMMMHM BIIHOCHO THX, IO BiIMOBiNANM JiacToui cepus y Wil ¢asi
muxanHs (p<0,05). Cxoxi 3aKOHOMIPHOCTI MPOCITIAKOBYBAIUCS 1 i Yac (a3u BUIUXY Ta arHoe, Je
CUCTOJIIUHI TOKAa3HUKH MKOBOT IIBUAKOCTI TIEPEeBaKaIl KUIbKICHI 3HAYEHHS T1aCTOJIYHUX.
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Tabmurs 3
CepeaHi NOKa3HMKM MiKOBOI BUIKOCTI MPAMOIro Ta 3BOPOTHOT0 KPOBOTOKY
Y BepXHiii NOPOKHUCTIN BeHi o0cTe:xxyBanux (M=m)

®da3u cepueBOro HUKILY ®da3u quxaHHA
BIUX BUIUX amHoe
cuctona QRS-T 53,9+2,0% 42 8+1, 7% 45,7 1,8
niacrona panus T-P 336+19 222+18" 27,1+16"
niacrona mizas P-QRS (BigHOBICHHS) 208+1,7 18,1 +1,3 192+14

[Tpumitka. * — moctoBipHicTh pi3HUIE P<0,05 BITHOCHO MOKA3HUKIB BIUXY, * — MOKa3HUKIB
BIIUXY Ta amHoe, # — noka3HukiB niactonu; QRS- komrekc EKT, T ta P- 3y6mi EKT.

[IpuBepratoTh yBary mikoBi IMIBUKOCTI, BCTAHOBJIEH] IMiJ] 4ac CUCTOJIH 1 1lacTosu ceplis y dazi
BJIMXY, SIKI BUSIBIJIMCSI JIOCTOBIPHO BHIIIMMH BiTHOCHO TakWX siK y (ha3i BuauXy, Tak i amHoe (p<0,05).
Haitnmwxunvu y BIIB mikoBUMH MIBUAKOCTSMH BUIIISIIAIA Ti, 110 Oynu 3adikcoBaHi y (a3l BUIHUXY.
[TopiBHSHO 13 CHUCTOJIIYHUMH, NOKA3HUKH MIKOBOI IIBUIKOCTI KPOBOTOKY 3MEHIIMINCH M1 YaC BUIUXY
Ha 26,2 %, a BITHOCHO amtHOE BIICOTOK 3HMKEHHS KOJMBABCs y Mexkax 15,3 %.

OTxe, BCTaHOBIJIEHO, 110 KpoBOTIK y BIIB xapaktepu3yBaBcsi mepeBa’kaHHSM CUCTOJIUYHUX
MKOBUX MIBHAKOCTEW Haja maiacToivHuMH. BomHodac, muxalibHa MOJIYIAINST TMIKOBUX IBUIKOCTEH
MIPOSIBIISATIACH MEPEBAKAHHAM CUCTOIYHUX 1 JIACTOJIYHUX MIKOBUX IMIBUAKOCTEH y (a3l BAUXY HaJ
TakuMHu y (haszi BUAMXY Ta ammHOe. MOoKeMO KOHCTATyBaTH, IO BUBYCHHS IIBHIKOCTEH KPOBOTOKY Y
BIIB metromom V3] 3 moruteporpadieto € iHPOpMAaTHBHUM 3aco00M, IO HAAA€ JACTAIBHY
1H(pOpPMAIlII0 CTOCOBHO OCOOIMBOCTEHM BEHO3HOT FTeMOIMHAMIKH Y Pi3HI (ha3u AUXaTbHOTO ITUKITY.

Y  BIOMOBIIHOCTI 70 TMOCTaBJICHUX 3aBJaHb 10 BHUBYCHHIO MOPQOJIOTIYHUX Ta
(yHKIIIOHATBPHUX MTOKAa3HUKIB 3a0e3Me4YeHHs] pOOOTH MPaBUX BIAALIIB Cepls y PI3HUX MPOCKITIHHUX
MOJIOKEHHAX Ta (pa3ax AUXaHHS MM TMPOAHATI3ZYBAIM CHUCTOIYHY (DYHKIIIIO TPABOTO MIITyHOYKA
(ITII) 3a ekckypciero TPUKYCHIZATHHOTO KIIAmaHy, CKOPHUCTABIIMCH eXOKapaiorpadiaHuM
nokazuukoM TAPSE. Buxomwmm 3 Toro, mo 1meil MoKa3HUK BUMIPIOE aMIUTITyAy 3MIIMICHHS
($h10po3HOTO KUTBI KJIalaHa BiTHOCHO BEPXIBKM CEpIsl M 4Yac CHUCTOJIM Ta BimoOpaxkae
cupomoxHicTs [III 3abe3neuyBatn (yHKIIIOHYBaHHS MaJoro Koja KpoBooOiry Ta oOMiH
IUXanbHUX ra3iB y JereHsx. Bpaxosysanu, mo [ oTpumye 3Ha4Hy 4acTKy KPOBI 3 MOPOKHUCTUX
BeH (3 BIIB moxe Oytu nmonan 50% Bin 3aranbHOro o0’eMy, OCKUIBKA OTPUMYE KPOB BiJl BEIHKOT
nuistHkY Tita) [11]. Pesynbratu npoeaeHoro anamizy 3a nokasaukoM TAPSE moka3zani Ha puc. 2.

SAx BumHO 3 pucyHKy, nmokazHuku TAPSE B 000X mpoekIiifHMX MOJIOKEHHX Tia Ta (azax
IUXaHHS repeOyBaiu y MexaxX HOPMH, ajle XapaKTepHU3yBaJUCh 3HAUHOIO BapilaTHUBHICTIO. Tpoxu
kpamuM noka3HUK TAPSE BusBUBCS y MOJIOKEHHI Ha CIHUHI, 1[0 MOXJIMBO TOB’A3aHO 3 OUIBII
BUT1IHUM TIO3UIIHHUM TOJIOXKEHHSIM Tilla 00CTEKYBAHUX, SIKE CTBOPIOBAJIO OLTBII ONTUMANbHE JIIS
BEHO3HOTO BIATOKY KPOBI JI0 CEpILIs CEPEeIOBHUIIE MOPIBHIHO 3 MOJIOKESHHSIM JIeKadl Ha JTIBOMY OOIIL.

Boanouac, iHAuBiAyanbHHI aHaii3 MOKa3HUKIB OOCTE)KYBaHMX BHUSBHB Y JIESKHX 3 HUX
TEHJICHIIII0 3HWKEHHS, 0COOIMBO y THUX, Y KOro 3a aiameTpoM BIIB Ta mikoBor0 MIBUAKICTIO Mi Yyac
BIIUXY 1 BUAMXY KUIbKICHI 3HaUeHHS mepeOyBaiu Ha HIKHINA Mexi HopMmu. LlikaBuM € Te, 1m0 Taki
oOcTexxyBaH1 XxapakTepusyBaiuch mnokazHukom TAPSE, mo Oy nHa 12,7 - 14,5% Hmwk4uMm
MOPIBHSIHO JOMyCTUMOT HOpMH. He BHKIIOUEHO, IO Take 3HWKEHHS aMILTITYyId MOKE€ TOBOPUTH
PO ICHYBaHHS PU3MKY HEJAOCTATHOCTI MPOKAYyBAaHHS KPOB1 IO MajoMy KOy KpoBooOiry. MoxHa
MPUIYCTUTH, IO BUSBICHI y IUX OOCTeKyBaHMX BY3bkui miamerp BIIB crnpusB 3MmeHIIEHHIO
IIBUJIKOCTI BIATOKY KpoBi 0 cepus Ta y III, mo 3HMWKyBaJo CIIPOMOXHICTh JTOCTaBKH KPOBI Y
JIETEHEeBE KOJIO KPOBOOOIry Ta JEMOHCTPYBAJO HHU3bKY MPOAYKTHUBHICTH TAaKOTO BapiaHTy
KPOBOTOKY. MMoBipHO, 110 y uLOMy pasi dpaxiis BUKH]LY [TII Moxe BUSBIATUCS 3HMKEHOW. Ha
Taki BUIAIKA BKa3ylOTh JaHi 1 IHIIMX AaBTOPIB, SKI MPOBOJIWIM CXOXI JOCITIIHKCHHS, ale
pamioizotonaumu Ta MPT meromamu [16]. Pa3om i3 Tum, Hamli pe3ynbTaTd HE MOKYTh BBa)KaTUCS
[UTKOM BUYEPITHUMH, OCKUTBKH MOTPEOYIOTH MOJANBIIOTO BUBYCHHSI Ta HAKOTTMYEHHSI IIUPIIOT 0a3u
(haKTUYHUX JaHUX.
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Puc. 2. JIlunamika exokapaiorpadiunoro mokazuuka TAPSE mix vac dha3 nuxaabHOTO IIUKITY
y PI3HUX MPOEKUIHHUX MOJIOKEHHIX 00CTEKYBaHUX.

Posrisinaroun 3MiHM MOKA3HUKIB TEMOJMHAMIKA Y Pi3HI da3u JUXaHHs, CIiI MIKPECTUTH Ha
ICHYBaHH1 TICHOTO 3B’SI3Ky MDK (DYHKITIEI0 NUXaHHS Ta BEreTO-CYIMHHOIO PIBHOBArorw. AJDKe sK
CepIieBa, TaK 1 JUXajdbHAa CHCTEMH OTPUMYIOTh MOTYXHI PETYISTOPHI BIUIMBU 3 OOKYy aBTOHOMHOT
HepBoBoi cuctemu (AHC) [2]. Hns omiHkd OamaHCy MDK CHMIIATHYHUM Ta TMapacUMIATHIHUM
Bimauiamu AHC oOcTexyBaHUX, 3arajbHOTO aIaNTaIllifHOrO TOTEHINATY Ta BIUTUBY HA TEMOAMHAMIKY
BIIB y monoxeHHi 00CTeXyBaHOTO JIS)KadH Ha CIIMHI, MU MPOAHATI3YBAIM TIOKa3HUKH iHACKCY Kepro.

BusiBunocs, mo Outs 50% oOCTeXeHUX XapaKTepuU3yBalWCh TOMIHYBAHHAM CHMITATUYHOL
HepBoBOi cucteMu. Y 25% 00cTeKyBaHUX BCTAHOBJICHO MEPEBAKAHHS MAapaCUMIIATUYHOTO BIIIUTY
AHC. Ocib6 3 BigHOCHO rapmoHiitauM O6atancom AHC Takok BUSBHIIOCH Y4 Bl 3arajibHOT KIJIbKOCTI
00cTe)KyBaHUX. 3aCTOCOBAaHMM HAMHU KOPEISIIMHWN aHaI3 MDK JiaMeTpOM BEHH Ta I1HJIEKCOM
Kepto BCTaHOBUB iCHYBaHHSI 3BOPOTHOTO 3B’SI3KY, SIKHI BKa3yBaB: YMM BY)KUUM OYB JliaMeTp BEHH,
TUM OUIBIIOI0 CTaBaja HMOBIPHICTh JOMiHYBaHHS cummartudHoro Bimaity AHC B ympaBiiHHI
CEepIICBOI0 JIISUTBHICTIO, IO YMHHWIO BIUIMB Ha remoauHamiky BIIB y mgaHomy mpoekiiiiHoMy
nostoxkeHHs tina (p<0,05).

Takum YMHOM, BMBYCHHS TE€MOJMHAMIKA BEPXHBOI IMOPOKHUCTOI BEHU JOPOCIUX JIFOJCH 3a
nonomoror merony Y3/ - norueporpadii J03BOJIMB BUSIBUTU P/l BRKIMBUX MOP(O-METPUUHUX Ta
(GYHKIIOHATBHUX OCOOIMBOCTEH, K1 MOXKYTh OYTH KOPUCHUMH Yy (hi310JI0TT4HIN Ta MEUMYHINA MPaKTHIIL

BucHoBkwu.

1. BusiBieHo  JOCTOBipHI  BiAMIHHOCTI  MOP(O-METPUUYHUX  MOKa3HUKIB  BEPXHBOI
MOPOKHUCTOT BEHM, 3a(iKCOBaHMX Yy PBBHUX (a3zax IUXAIBHOTO IMKIY Ta MPOEKIIHHUX
MOJIOKEHHSAX Tia. Mopdo-(yHKIIOHATBHI XapaKTEPUCTUKA BEPXHBOI TMOPOXKHUCTOI BEHHU
3ajeXanyd SK Bl JlaMeTpy CyAMHHM, Tak 1 i 3JaTHOCTI 0 3MiH Yy BigmoBigHOCTI 3 (azamu
JMXaJbHOTO LUKITY: CTUCKATHCS (KOJIAIC) M/l 4ac BAUXY Ta PO3LIMPIOBATUCS MPU BUIIUXY.

2. [lo3uuiiiHe pos3TallyBaHHS Tida BIUIMBAJIO Ha 3MIHU JlIaMETPY BEPXHHOI MOPONKHHCTOL
BEHHU, OOYMOBJIIOIOUM CTYIIHb il CMaJaHHA, 10 BiIOOpa)kajio TEHICHIIIO 0 OUTbII BHUPA3HOTO Y
MOJIOKEHHI Ha CIIHHI.

3. KpoBoTik BepXHBOI MOPOKHUCTOI BEHHW XapaKTEPU3YBaBCs MEPEBAKAHHSIM CHCTOJIYHHUX
MIKOBUX IMIBUAKOCTEH HaA aiacTomiyHUMH. JluxXambHa MOJIYJSAIS MIKOBHX IIBHAKOCTEH
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MIPOSIBIISTIACH MEPEBAKAHHAM CHUCTOIYHUX 1 IACTOJIIYHHUX MIKOBUX IIBUAKOCTEH y (a3l BAUXY HaJ
TaKUMH X Yy Pa3i BUIUXY Ta armHoe.

4. BcraHoBneHa OUTBII MMOMITHA BapiaTUBHICTh MOKA3HUKIB IEHTPAIBHOT TEMOAMHAMIKH ITiJ]
Yac AUXATBHOTO HUKITY Y MPOEKIIHHOMY IOJI0KEHH] JIS)Kaud Ha CIHHI.

5. BusiBiieHO TEHJISHITIIO 10 3HMKEHHS (DYHKIIOHATBHOI CIIPOMOKHOCTI MPABOT0 MUTYHOYKA
cepus 3a exokapAiorpadiuHUM  IMOKa3HHUKOM €KCKypcii TpHKYCHiZadbHOTO KIANmaHy Yy
00CTe)KyBaHUX, SKi Malld HIKHIO MEXY HOPMH 3a JiaMETPOM BEPXHBOI MOPOKHUCTOT BEHH Ta
HEBUCOKI MIKOBI MIBUKOCTI KPOBOTOKY i/ Yac BUXY 1 BUAUXY.

6. BusiBneHo 3BOpOTHIA 3B’S30K MDK JiaMeTpOM BEpPXHBOI TOPOXKHHUCTOI BEHH Ta
JOMIHYBaHHSIM CHMIATUYHOTO BiJJIUTy aBTOHOMHOI HEPBOBOI CHCTEMH B YIPABIIHHI CEpPIEBOIO
JISUTBHICTIO, 1110 TPOSIBISUIOCH Y TEMOIMHAMIIl BEPXHbOI OPOKHUCTOT BEHU Y MOJIOKEHH1 JIeKaun
00CTE)XYyBaHOTO Ha CITHHI.

IMepcnekTUBM MoOAAIBLIIMX JOCTiIKeHb. [lomanpma po3poOka TeMaTHKW BILTHUBY (a3
JMXaHHS Ha KPOBOOOIT MOPOKHUCTUX BEH IUIAHYETbCS y pO3pi3l BUBUEHHS BIKOBUX, CTaTEBUX Ta
IHAUBITyaAIbHIX 0COOMBOCTEN T€MOIMHAMIKH.
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Liliia Yukhymenko, Volodymyr Kozak
CHARACTERISTICS OF HEMODYNAMICS OF THE SUPERIOR VENA CAVA
DURING THE RESPIRATORY CYCLE IN DIFFERENT PROJECTED BODY
POSITIONS

Introduction. Studying the effect of respiratory modulation on the haemodynamics of the
superior vena cava (SVC) in different body positions makes it possible to reveal the role of the
respiratory cycle in venous return of blood to the heart, blood flow dynamics in the vessel, and
central haemodynamic reactivity. Inhalation and exhalation, like the projection of the body in
space, are powerful regulators of cardiovascular activity. The use of the ultrasound method to
assess SVC haemodynamics in different body positions and respiratory phases creates
opportunities for in-depth study of the course of physiological processes in normal and
pathological conditions.
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Objective. The aim of our study was to determine the characteristics of haemodynamics in
the superior vena cava of adults using ultrasound Doppler imaging.

Methods of the study. We examined 25 practically healthy volunteers of both sexes aged
19-27 years. We performed ultrasound Doppler assessment of the morphometric parameters of the
SVC, functional characteristics of blood flow in the SVC, and parameters of central
haemodynamics. Haemodynamics were analysed in different phases of respiration and projection
positions (horizontally on the back and supination on the left side) using a Siemens Juniper Acuson
(USA) device. The actual data obtained were processed using the method of variational statistics
with the Microsoft Excel 2019 software package.

Main results of the study. Significant differences in the morphometric parameters of the
SVC recorded in different phases of the respiratory cycle and positions were found. The functional
characteristics of the SVC depended on both the diameter of the vessel and its ability to change in
accordance with the phases of the respiratory cycle. More noticeable variability in central
haemodynamic parameters was found in the supine position. Regardless of the respiratory phase
and body position, blood flow in the SVC was characterised by a predominance of systolic peak
velocities over diastolic ones. Respiratory modulation of peak velocities manifested itself in the
predominance of systolic and diastolic peak velocities in the inspiratory phase over those in the
expiratory phase and apnoea.

Scientific novelty of the study results. A tendency towards a decrease in the functional
capacity of the right ventricle of the heart was established in the examined patients, who had the
lower limit of the norm for the SVC diameter and low peak blood flow velocities during inhalation
and exhalation. An inverse relationship was found between SVC and the dominance of the
sympathetic division of the autonomic nervous system in the control of cardiac activity.

Conclusions and specific suggestions of the author. The study of morphometric indicators
and blood flow velocities in the SVC using ultrasound with Doppler imaging opens up new
opportunities for understanding the characteristics of venous haemodynamics in different phases of
the respiratory cycle, which will contribute to a deeper understanding of the physiological
mechanisms of the cardio-respiratory system and may be useful in the early diagnosis of risks of
developing heart failure.

Keywords: hemodynamics, superior vena cava, breathing, body position.
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CBITJIOI HAM’SITI IPO®ECOPA ®EJOPA BOEYKA

boeuko Denip Demoposuu (13.05.1934 — 6.09.2025) —
YKpaiHCBhKHI 0i0XiMIK, TOKTOp Oi0JIOTTYHUX HAyK, Mpodecop, WICH-
KopecnoHeHT HarionanbHO1 akanemil megarorivHux Hayk YKpaiHw,
pekTop YMaHCBKOTO TIEAAroridyHOTO IHCTHTYTY Ta YepKachbKoro
Jep>)KaBHOTO TEAAroriyHOro IHCTUTYTY, 3acIy)KCHUH MpaliBHUK
BUIIOI INKOJMM YKpaiHW, WIEH peJakiiifHoi Koserii 30ipHHKa
HaykoBuUX mpanbs «Bicauk Yepkacekoro yHiBepcurery (Cepis
«bionoriyni Hayku») YepkachbKOro HALIOHAIBHOTO YHIBEPCUTETY
imeH1 bormana XmenpbHUIIBKOTOY, YjieH YKpaiHCHKOTo 010XIMIYHOTO
TOBAapHUCTBA.

Kanmuparceky gucepramito 3axuctuB  y 1961 pomi B
Kuiscbkomy nepxaBHomy yHiBepcuTeTi iM. T. I'. IlleBuenka.

[i Tematuka Oyna mOB’A3aHA 3 JOCTIIKEHHSAM BIUIUBY
BITaMIHIB 1 MIKpOEJIEMEHTIB Ha OOMIHHI IpolleCH B OpraHi3mi JIOJUHU 1 TBapuH. HaykoBuit
KEepIBHUK — JOKTOp OlojoriyHux Hayk, npodecop K. M. Jleyrcekmii. [ucepTtariro Ha 3100yTTA
HayKOBOTO CTYNEHs JOKTopa O10JIOriyHMX Hayk Ha TeMmy: «BHBUYEHHS pOJi MIKPOEIEMEHTIB
(k006anbpTy, MapraHIfo 1 0J0Ba) B JIMiIHOMY OOMiHI» 3axucTuB y 1974 poui B IHcTuTyTI Gl0XIMii
imeni O. B. Tamnagina HAH Vkpaiau. Y 1976 p. orpumar yuene 3BanHs mpodecopa. 3 1994 p.
oOpanuii wieHoM-kopecnoHieHToM HarionaneHOT akaiemMii neiaroriyHuX HayK YKpaiHu.

[IpamroBaB B YMaHchkOMY nienarorigHoMy iHeTuTyTi (1960-1979), ne mpotsrom 1964-1969
pp. OyB mpopekropom, a 'y 1975-1979 pp. — pexropom 11poro 3akiany. 3 1979 no 2000 npamroBas
pektopoM YepkachbKOro MeaaroriqyHoro iHCTUTYTY, KU y 1995 p. oTpumaB cTaTyc AepKaBHOTO
YHIBEPCUTETY 3 MPUCBOEHHIM iMeH1 bormana Xmenbauipkoro. Y 1998 polii 040MB HOBOCTBOpPEHY
kadeapy 6ioximii Ta iziosorii.

Jlo KoJla HAyKOBHUX IHTEPECIB BXOJWJIO BHBUCHHS BIUIMBY BITaMiHIB, MIKPOEJIEMEHTIB 1 iX
KOMIUIEKCIB Ha OOMIHHI MPOIECH B OPraHi3aMi Ta HMOro IMyHO3axWCH1 (YHKIT B HOpMaJbHUX
YMOBaXx Ta 3a yMOB JIii MaJuX /103 10HI3yIOUO1 paialtii.

ABTOop Onu3pko 200 HaykOBHIX Mpailb, cepea sAkux — moHaa 20 MiAPYYHHKIB 1 MOCIOHUKIB
JUTSI CTYACHTIB 3aKJIaJliB BUIOI OCBITH, YUWIJIMII, YUYUTEIIB Ta YIHIB IMIKUI. Pa3oM i3 rpymnoro Kojer
po3pobuB, anpoOyBaB 1 3amaTeHTyBaB cIioci0 peadimitailii GyHKIIH IMyHHOT CHCTEMH B OCI0, 110
3a3Haju BILTUBY (pakTopiB aBapii Ha YopHOOUIBCHKIH AEC.

3poOuB BaroMuii BHECOK y PO3BUTOK MaTepiayibHOI 0a3u Ta MIABUIICHHS SKOCTI MiATOTOBKH
¢axiBiiB-6i0y0riB y YepkacbkoMy HallilOHaJILHOMY YHIBEpCHTETI iMeH1 bornana XMenbHHUIIBKOTO, a
TaKOX PO3BUTOK O10XIMIUHUX JOCTIPKEHb B YKpaiHi. [linrotyBas ABa KaHAWIATH HAYK.

Qenip DenopoBuu boeuko 3amam’sTaBcs KojeraM SK CIpPaBeUIMBHUM, MOPSAHUNA Ta
IHTENIreHTHUI KepIBHUK. BUBaXEHICTh y MPUUHATTI pillleHb, TOJIEPAHTHICTH O BUKIAAA4iB 1
CTyHeHTIB Oynu xapakTepHUMH Horo pucamu. HaykoBuii 1 >kutreBuil msix . @. Boeuka €
MIPUKIIAIOM JUIsl HACTIAYBaHHS Ta MIPOCTAI0UOTO MOKOJIHHSL.

V. S. Lizohub, M.N. Gavrilyuk
IN MEMORY PROFESSOR FEDIR BOYECHKO

The article is devoted to memory of famous biochemist and educator, professor Fedir
Boyechko. His scientific and life path is an example for imitation.

110



Cepis «bionoriuni Haykny, 2025

BIIOMOCTI ITPO ABTOPIB

Aanbeproc Ipene — gokropka, mpodecopka, GaKyIbTeT MEICECTPUHCTBA, YHIBEPCUTET
Banpsnoniny, Icnanis

Aptemenko Boranan OnexkcanapoBuy — KaHauaaT Oi0JIOTIYHAX HAYK, CTaplInid BUKJIaAad, kKadeapa
CTIOPTUBHHUX irop, Yepkacbkuii HalllOHATBHUN yHIBepcuTeT iMeHi boraana XmMenpHUIBKOTO

Beskonuabuuii Osexcanap OsekcaHApPOBHY — JJOKTOP MEIArorivHux Hayk, mpodecop, kadenpa
Teopii, METOAUKH (i3MUHOTO BUXOBaHHSA, UepkachbKuil HaIlOHATFHUHN yHIBepcuTeT iMeHi bormana
XMENbHULIBKOTO

I'aBpumoxk Makcum HukanapoBuu — kangunatr O10JOTIYHUX HAyK, JAOILEHT, JTUPEKTOP
HaBYAJIbHO-HAYKOBOT'O IHCTUTYTY NPUPOJHUYMUX Ta arpapHUX Hayk, UYepkacbKuil HallloHaJIbHUN
yHiBepcuteT iMeH1 borjana XmMenpHUIBKOTO

I'puroposa Hatans BonoaumupiBHa — kaHuaaT 610J0TTYHUX HAYK, TOLEHT, Kadeapa ¢izionorii,
IMyHOJIOT1T 1 6i0XiMIi 3 KypCcOM LHMBUIBHOTO 3aXHMCTYy Ta MEAMIIMHHU O10JOTTYHOTO (haKylbTeTy,
3anopi3pKkuii HalllOHAJTLHUN YHIBEPCUTET

J3ronux IBan CepriitoBuu — acmipanT, kadeapa anaromii, ¢izionorii Ta ¢izuynoi peadimirarii,
Uepkacbkuil HalllOHAILHUN yHIBEpcUTET IMeH1 boraana XMeabHUIBKOTO

3aBropoaniii Mukoaa OJgeroBud — goktop ¢inocodii (6ionoris), m.H.c., [HCTHUTYT di3iomorii
iM. O.0. boromomsuis HAH VYkpainu, MbkHapogHuUW LEHTP acTPOHOMIYHUX, MEIAWYHHX Ta
exosnoriyaux pocaimkenb (ICAMER) HAH Vkpainu, Kui

KoBanenko CraniciaB OJiekcaHApPOBHY — JOKTOp OIOJIOTIYHHMX Hayk, mpodecop, kadempa
CIIOPTUBHUX TUCHUILIIH, YepKachbKU HaIlIOHATBHUHN yHIBEpCHUTET IMeH1 bormana XMenpbHHUIIBKOTO

KoBanb Karepuna I'enaniiBHa — acmipant, Yepkachbkuii HaIlOHaJbHUM YHIBEPCUTET IMEHI
bormana XMenbHUIIEKOTO

KoBaasb KOuis BiranaiiBHa — Bukiianay, HayKoBUH CHIBpOOITHHK, Kadeapa aHaromii, (iziosorii Ta
¢bi3uuHOi peabimiramii, HaykoBo-gocmigauii iHCTUTYT (izionorii iMm. M. bocoro, Yepkacbkuit
HalllOHAJBLHUN YHIBEpCUTET iIMeH1 bornana XMeapHUIIBKOTO

Koxemsiko Terssna BonoaumupiBHa — kaHauaat 0i0J0TIYHUX HAYK, TOLIEHT, Kadeapa aHaTOMIl,
¢izionorii Ta ¢(izuunoi peaduritanii, YUepkacbkuil HallioHaNbHHI YyHiIBepcuTeT imMeHi bormana

XMEJILHUIIBKOTO

Ko3ak Boaoaumup BiktopoBuu — acmipant, Yepkacbkuil HalllOHAJIBHUN YHIBEPCHUTET IMEHI
bormana XmenpbHUIIEKOTO

JlaBpinenko Karepuna BanepiiBHa — poktop ¢utocodii B ramys3i Oilosorii, BuKiIajad,
Uepkacbkuii HalllOHAJIbHUI yHIBepcUTET iMeH1 borgana XMeapHUIIBKOTO

JInzory6 Bosoaumup CepriiioBuy — goktop OiosoriyHUX Hayk, mpodecop, aupexkrop Haykoso-
JOCTITHOTO HCTUTYTY ¢izionorii iMm. M. Bocoro, Yepkacbkuil HallloHaJIbHUI YHIBEPCUTET IMEHI

bormana XmenbHUIIEKOTO

JIncenko Poman BosonumupoBuy — [HctutyT 3000rii iMeHi L. 1. IlImansrayzena HAH Ykpainu
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Jlyk'snueBa Danmna BoaogumupiBHa — jgoktop OiosoriyHHMX Hayk, mpodecop, kadeapa
MeanYHOi 0i0JIoTii Ta criopTUBHOI Aietosnorii, Hamionanesuuii yHiBepcureT (pi3MYHOTO BUXOBAHHS 1
CIopTy YKpainu

Hocap Banentuna IBaHiBHA — kaHauat OiOJIOTIYHMX HAYK, CTapIIMi HAyKOBHI CITIBPOOITHHK,
Iacturyr dizionorii im. O.0. boromonsist HAH Ykpainu

HoprHivenko Bosoaumup Lujaiu — OOKTOp MEOUUHUX HAyK, 3aBiayBad BIIIUIOM KIIHIYHOT
¢i3ionorii crosmyynoi TkanuHM IHCTHTYTY @i3ionorii iM. O.0O. Boromomsiss HAH Vkpainwm,
MbKHApOHUN TEHTP aCTPOHOMIYHHMX, MEIUYHHMX Ta ekosorigaux gociimkeds (ICAMER) HAH
VYkpainu, KuiB

IIycroBanos Birauaiii OuexcaHapoBHY — KaHAWIAT HAYK 3 (PI3UYHOTO BUXOBAHHS 1 CIOPTY,
JIOLIEHT, Kadenpa crnopTHUBHUX Irop, Yepkachbkuil HalllOHaJbHUN YyHIBepcuTeT iMeH1 bormana
XMEBHUIBKOTO

CgetsioBa QOuiena [IMuTpiBHA — KaHauaaT OIOJIOTIYHMX HAyK, JOLEHT, Kadeapa aHaTOMIi,
¢dizioyorii Ta ¢izmuHoi peabimitamii, Uepkacbkuii HaIOHAILHUNA YHIBepcUTET iMeHi bormana
XMeITBLHUIIBKOTO

Cuu Irop OusexkcanapoBuy — acmipaHT, kadeapa aHatomii, ¢iziosorii Ta ¢p13uyHOT peadiniTalii,
Uepkacbkuil HalllOHAIBHUN yHIBEpcUTET IMeH1 boraana XMeapHUIBKOTO

Cinko Jlrogmuiaa OQaekcanapiBHa — KaHIUIAT MIEJaroriYHUX HayK, JOIEHT, Kadeapa Mmeaaroriky i
nicuxoJiorii, Yepkachkuii HaI[lOHATBHUH YHIBEpCUTET iM. b. XMeIbHUIIBKOTO

CoiinikoB SIpociaB IropoBuu — acmipaT, kadgeapa MeaAnIHOT 610J10Tii Ta CIOPTUBHOT JIETOJIOT],
HarmionaneHuii yHiBepcuTeT (PI3MUHOTO BUXOBAHHS 1 CIOPTY YKpaiHU

Cupsiraiiio  Okcana AHaToOJdiiBHA — KaHIUJIAT CUIbCBKOTOCIIOJAAPCHKUX HAyK, JOIICHT,
Uepkachkuii HaIllOHAIBHUE YHIBepcUTeT iMeH1 bornana XMenbpHHUIIBKOTO
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