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OIIHKA BIVIUBY IHAUBIAYAJIBHO-THUITOJIOTI'TYHUX
BJJACTUBOCTEN HEPBOBOI CUCTEMHUW HA ®OPMYBAHHSI
CIIEHIAJIBHOTI'O ITPOBOI'O MUCJIEHHS Y BOJIEMBOJIICTIB
PI3HOI'O BIKY METOJOM I'PYIIOBOI'O YPAXYBAHHA API'YMEHTIB

Bemyn.  Bioomo, wo 'y cnopmi  Oocumb WUPOKO  BUKOPUCMOBYIOMbCA — Memoou
MamemMamuyHoi CmamucmuKku —ma — amanizy —pesyabmamie  O0ocnioxcenus, Ilpome,  oHu
OpIEHMYIOMbCsL 30e0i1bu020 Ha 00podYI pe3yrbmamie MmpaouyiHuUMU Memooamu Cmamucmuku.
To0i sk Ona euAeNeHHA 6NAUBY THOUBIOYATLHO-MUNOIOIYHUX GIACMUBOCHEN HEPBOBOT cucmemu, d
came: @yuxyionanvnoi pyxaueocmi (@PHII), spisnosasxcenocmi (3HII) nepsosux npoyecié na
npoyec (opmy8anHs CNeyiaibHO20 i2p0B020 MUCIEHHS B0JeUO0NICMI68 PI3H020 GIKY YIKABUM €
NUMAHHA 3ACMOCYBAHHA Memo9dy 2PYN08020 YPAaXyeaHHs apaymenmis. Aodce, SUKOPUCMAHHA
MaxKoeco Mmemooy MamemMamuyHoi Cmamucmuky Mmoeno 6 0036oaumu 3mooenosamu ma
NpO2HO3Y6aMU NePCNeKMuUbU yOOCKOHAIEHHS, K IHOUBIOYAbHUX 81ACMUBOCHEL HEPBOBOT cucmemMu
max i iHWUX cneyuiuHux ncuxoizionoiuHux xapakxmepucmux epasyie 6 npoyeci mpusaiux ma
cucmemMamuynux 3auame eonetoosrom. Tomy, Mmemow pobéomu Oy10 BCMAHOBUMU 6NIUE
IHOUBIOYANLHO-MUNONOCIUHUX — BIACIMUBOCMEl  HepB8OBOI cucmemu, NCUXOJOSTYHUX — (DYHKYILL,
KOOPOUHAYIUHUX ~MONCIUBOCMEN mMA aKMUSHOI pyxXoeoi OisalbHOCMI HA i2poe  MUCIEeHHs
80.71e1100.1icMi8 Pi3HO20 BIK).

Memoou oocniorncenna. Cucmemamusayii ma y3Ad2aNbHEHHs  CYYACHOI  HAYKOBOI
aimepamypu, memoo epynoeozo ypaxyeawus apeymewmie (MI'VA), docriosxcenus. munonociynux
HetpoOUHAMIYHUX 8IACMUBOCMEN HEPBOBOI cucmeMU HA NPo2paMHOMY Komnaekci «/iaenocm-1M»,
PI3HOBUOI6 MUCIEHH ma [HWUX ncuxo@izionoziyunux enacmugocmetl (nam'smi, cnputinamms
npocmopy ma uacy) 3a KoMn'lomepHol npozpamoro «Ilmmecmy, 30i0Hocmi 00 KOHMPOIIO
WEUOKICHOT cunu ma ougepenyiayii M sa308Ux 3yCuilb, NPOCMOPOBO-YACOBOI pecyayii pyxie —
BUBHAYANU 34 PYXOBUMU MeCcmamu, Iepose MUCIEHHA 6oJelbonicmie OiacHocmysanu 3a
asmopcwuroio inmepakmuenoio npoepamoro “\Volleyball-Test”, maxoowc 3acmocosysanucs memoou
mamemamudHoi Cmamucmuxu.

Peszynomamu  Odocnioycenna. 3a pesyromamamu  mooentoganus memooom MIVA
6CMAHOBIEHO — 6NIUE  [HOUBIOYANLHO-MUNOJOIYHUX — 6lACMUBOCMEl  Hep8Oo8oi  cucmemu
soJ1eliboNicmié pi3HO20 iKYy HA NCUXOQI3I0N02IUHI mMa KOOPOUHAYIUHI B8IACMUBOCHI, [2po8e
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Mucnenus. Ananiz 0aHux nokasas, wo 3 6iKOM y pe3yibmami cCUCmemMamuyHux 3aHsamy 80.1et0010M
NOCMYN080 (HOPMYEMbCA BUCOKULL PiBeHb NCUXOQI3I0N02IUHUX lAcmMUBoCcmell Onepayiuiozo
MUCTEHHS, 8IACMUBOCIEN HEPBOBOT cucmemu 00 KOHMPOII0 WEUOKICHOT cuiu ma ougepenyiayii
M’A308UX 3YCUNb, NPOCMOPOBO-4ACOBOI pe2yiayii pyXie, OpPIEHMYBAHHA Yy Npocmopi i 4aci ma
munoao2ivnux enacmueocmei Hepsosoi cucmemu (©PHII, 3HII), wo wunums no3umuenutl 6niue
Ha  QopmysanHs  cneyianbHo20  i2p06020  MUCIeHHs  2pasyie. Buchoeok. Pesynomamu
0eMOHCMPYIOMb NePCReKmMUeU ma WIsAXU 3ACMOCYS8AHH MemMoOy MAMeMamuyHo20 MoO0ea08aHHs,
a came MI'VA y cnopmi 3 memoro 0inbus 21ub60Ko20 po3ymMiHHsA npoyecy popmy6eaHHs cneyiaibHo2o
i2p0B020 MUCIEHHSA 2pasyie ma NidBUWeHHs e(heKmueHocmi npoyecy ni02omoeku 801et00icmia 8
PI3HI 8iK0BI nepioou.

Knwuosi cnosa: ¢ynxyionaipbna pyxaugicms HepEOSUX Npoyecis, 3PIBHOBANCEHICIb
HEepBo6UX npoyecis, ONOPHO-PYXO6UU anapam, Hepeosa pecyiAyis, MamemMamuyna Cmamucmuxa,
mMamemamuyne MOOENIOBAHHS, Memo0 2PYN08020 YPAXYBAHHA APSYMEHMI8, KOOPOUHAYIUHI
e1acmueocmi, THOUBIOYANIbHO-MUNONOSIUHI GIACMUBOCII HEPBOBOI cucmemu, NCUxo@izionociuni

@yHryii.

IlocranoBka mnpoGsemu. Boneitbon, Sk BUI CHOPTY XapaKTEPU3YETHCS BUCOKOIO
JUHAMIYHICTIO I'PU, @ TOMY NPEACTABIIsI€ BUCOKI BUMOI'H /10 aHATOMIYHUX CUCTEM OpraHi3My, sKi
BIJIMOBIJIAIOTh 3@ CIIPUKUHSATTS IMIBUAKO3MIHHMX IFPOBUX CHTYaIlii, aHAII3 OTPUMAaHOI iHpOpMaIlii Ta
peamizanito IUIAHy iy BianoBige. To0TO, 3a NPHHHATAM pimieHHAM (YCBIIOMJICHOO,
AQHAJITHYHOIO JISUIBHICTIO KOPH TMIiBKYJb T'OJIOBHOTO MO3KY) T'paBIls, CIAYIOTh NEBHI TAKTHKO-
TexHIyHl Jii (cTpuOKH, MepeMilleHHs, NaJiHHs, Hamajardl yaapu 4d oOMaHHI pyXu), sKi
XapaKTEePU3YIOThCS BUCOKOK BAPIaTUBHICTIO Ta CKJIAJHICTIO MPOCTOPOBO-YACOBUX Ta JTUHAMIUYHUX
napaMeTpiB pyxy. Peamizamis Takux pyxXiB BIANOBIJA€ PIBHIO MOXIIMBOCTEH OINOPHO-PYXOBOIO
arapaty Ta (yHKI[IOHAJTBHUX CHCTEM OpPraHi3My CIIOPTCMEHA, SKi 3a0e3MeuyoTh CBiIoMYy (i3UYHy
aktuBHICTH, [1]. BimoMo, 1m0 aHTpomoOreHHa MisUIBHICTH JIIOJWHHM HaKJIaga€e BIIOUTOK Ha
dbopMyBaHHS, PO3BUTOK Ta AISIBHICTH PI3HHX CHCTEM OpraHi3My: HEpBOBOI, CEpIIEBO-CYAMHHOI,
CHIIOKPUHHOI Ta OMOpHO-pyxoBoro amapaty [2, 3, 4, 5, 6]. 3aramom B maHux pobOoTax
PO3KpUBAETHCS BILIMB IEBHOIO POAY IisUIBHOCTI HAa (GOpPMYBaHHS Pi3HUX (YHKIIOHAJIBHUX CUCTEM
OpraHi3my JIIOJAWHH.

Ha nganuii MOMEHT OJHI€IO 3 ICHYIOUMX MPOOJIEM NCUXOJOTIIYHOro 3a0e3MeUeHHs B PI3HUX
cdepax Ta yMOBax JisUIbHOCTI € HEJOCTATHE PO3YMIHHS OCOOJMBOCTEH (OPMYBaHHS CHEMiaTbHUX
KOTHITUBHUX BJACTUBOCTEH Yy oci0 miJ JAl€l0 TPUBAJIOrO Ta CHCTEMATUYHOIO (PI3UYHOIO
HAaBaHTKEHHS, IO BIJANOBigae gaHOMY Buay ¢i3u4HOi akTHBHOCTI [7, 8]. 30kpema, maio
BHUBUYEHUM 3aJIMIIAETHCS MUTAHHS BIUIMBY Ha Ipolec (GopMyBaHHS CIelialbHUX BHUJIIB TAKTUYHOTO
(iIrpoBOro) MHUCIJIEHHSI BOJICHOOJICTIB (SIK€ TPOSBIIETHCS Y CIHPUHHATTI Ta OIIHII MPOCTOPOBO-
4acOBUX YMOB IFPOBHUX CHTyalld 1 peam3auii Al y BIANOBIAL), HE JMIIE OCOOMCTICHHX
KOTHITUBHUX, IICUXIYHUX (PYHKIIH, HEHPOIMHAMIYHUX BJIACTUBOCTEH OpraHi3My CIHOpPTCMEHA, Kl €
FEHETUYHO JE€TEpMIHOBaHI, ajieé 1 BIJIMB KOHKPETHOI PyXoOBOi (IrpoBOi) AisUIBHOCTI, fKa Mae
TpUBAJNil, HEPIBHOMIPHUHN Ta CUCTEMaTHYHUN XapakTep Ail Ha OpraHi3M JIF0 JUHU.

AHami3 ocTtaHHix myOJaikaniii. B Tol ke yac, BioMO, IO MiABUIIEHHS €()EKTUBHOCTI
MPOIECy IMATOTOBKU B PI3HMX BHJAX JisJIBHOCTI MOXJIMBE 3a JIOMOMOTOI0 PO3POOKH MOJEIBHUX
XapaKTepUCTUK ab0 MoJeNmoBaHHs npoiecy aisuibHocTi [9, 10]. B HaykoBHX JOCHIIKEHHSIX MpH
00po01l eKCHepUMEHTAIbHUX JaHUX BHUKOPUCTOBYIOTH KOpEJSLIMHMI uM (pakTOpHHM aHai3,
3aJMINAF0YM 1032 YBarok iHIN BUAM MAaTEeMaTHYHOT'O aHANI3y YH MOJCTIOBAaHHS, 3aCTOCYBAaHHS
AKX MOXKE IIJBUIIMTH PIBEHb TEOPETUYHOI IHTepIperanii OTPUMAaHOI eKCIepUMEHTaIbHOI
iHpopmarii. Xoya, Ha Marepianax pi3HUX JOCHIKEHb JOBedeHa €(EKTUBHICTh BUKOPHCTAHHS
METOAY TPYIOBOTO ypaxyBaHHS apryMEHTIB, SIK OJHOTO 3 METOJIIB MaTeMAaTHYHOrO aHami3y, 3a
YMOBH HEMOBHOTH iH(opmarrii Ta Manoi Bubipku aanux [11, 12]. Came ToMy, 3aCTOCYBaHHS METOLY
MaTeMaTHYHOTO MOJICNIIOBAHHS JJI1 BHSIBJICHHS  BIUIMBY OCOOMCTICHUX  1HIMBIAyaJbHO-
TUTIOJIOTIYHHUX, TCUXO(I310JIOTIYHUX BJIACTUBOCTEH Ta AaKTUBHOI pyXOBOI MJisTIBHOCTI Ha
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dbopMyBaHHS cremiaabHOTo (IrpOBOT0) MUCIEHHS BOJEHOOIICTIB PI3HOTO BIKYy MOXKE OyTH TOCHUTH
nepcrekTuBHuM [13, 14].

MeTta aocaiIKeHHsI — BCTAaHOBUTH BIUIMB 1HIAMBIZyaJIbHO-TUIIOJIOTIYHUX BJIACTUBOCTEH
HEPBOBOI CUCTEMHU, IICUXOJIOTTYHUX (DYHKIIIH, KOOPIUHAIIIMHUX MOYKIMBOCTEH Ta aKTHBHOT PYyXOBOI
JSTIBHOCTI Ha IrpOBE MU CJICHHS BOJICHOOIIICTIB Pi3HOTO BIKY.

Marepiaau i Meroaum nociigxkeHHsi. B Xoai JocniTKeHHS BHUKOPHCTOBYBAJIM METOIU
aHami3y, CHCTeMaTu3alii Ta y3arajJbHEHHS CY4YacHOi HAyKOBOiI JITepaTypH, METOJ IPYHOBOIO
ypaxyBanHs aprymentiB (MI'VA) [12]. [ocmiikeHHS KOTHITHBHHMX, CEHCOMOTOPHHUX,
HEHPOJUHAMIYHUX BJACTUBOCTEH 3MIMCHIOBAIIM 3a JIOMOMOTrOK MiarHOCTUYHUX [T KOoMIIeKciB:
«iarnocT-1M» Ta «Intest», a Bu3HaueHHs 3710HOCTEM CHOPTCMEHIB 10 KOHTPOIO MIBUAKICHOI
cuimM Ta AudepeHuianii M sS30BUX 3yCHIIb, MMPOCTOPOBO-YACOBOi PETyislii pyXiB MPOBOAWIM 32
JIOTIOMOI'OI0  KOMIIJIEKCHUX PYXOBUX TECTIB, I'POBOrO IHTENEKTY 3a IHTEPAKTUBHOIO METOJUKOIO
“Volleyball-Test” [15, 16]. Ockinbku AaHi B rpymnax MOKa3HUKIB CIIOPTCMEHIB Ta HE CIIOPTCMEHIB
MoMajay MiJ 3aKOH HOPMaJbHOT'O PO3MOJLTY, TO AJsi BCTAHOBJIEHHS JOCTOBIPHOCTI PI3HHUIb MiX
HUMU OyJ10 BUKOpHUcTaHo t-kputepiii CthrogenTa [17, 18].

Opranizania gocaigxeHHs. J{ocnikeHHS TPOBOIUIMCS Ha 0a3i BOJIEHOOILHUX KOMAaH]
CK «Cymuximnpom» M. Cymu, CK «®aBoput» M. JIyonu, BK «Imnexcarpo Cnopt» M. Uepkacu,
o Oy npeacTaBHUKAMU yeMIioHaty Ykpainu cepea komana cynepiiru, BK «Cymly» m. Cymu
— BOJNE00IbHOI KOMaHAM Ha 0a3i CyMCBHKOI'O JEPKaBHOTO YHIBEPCHUTETY, IO € MPEICTABHUKOM
yemmioHaty Ykpainu cepen komann Bumoi jird, JFOCHI Ne 2 M. Cymu ta CAFOCIHOP Ne 2
M. [TontaBa. B mocmimkenHi B3summ ydactb 90 BonerOosicTiB Ta 116 He cmopTcMeHIB 4O0JI0BiYOi
crati. SIk Bosei6oicTH, Tak 1 He CHOPTCMEHH 3a BIKOBUM (pakTOpoM Oy poO3IOAiieHI Ha 4 BIKOBI
rpynu: nigmTku 14-15, ronaku 16-17, 18-19 ta nopocni 20-25 pokis.

PesysabraTu gociigxeHHs: Ta ix o0roBopeHHs. [lin yac BU3HAuE€HHS KOMIIOHEHTIB, fKI
BILUIMBAIOTh HA (JOPMYBAHHSI Ta IIPOSIBH CIIEIiaJIbHOro (iIrpOBOr0) MUCIICHHS BOJICHOOIICTIB PI3HOTO
BiKy MH BHKOPHCTOBYBAlli METOJ TPYHOBOro ypaxyBaHHs apryMmeHTiB (MI'YA), po3poOHHKOM
skoro € O.I'. IBaxuenko [12]. IIpu 3actocyBanHi GaratopsiiHoro anmroputmy MI'YA BinOyBanocs
MOCTYIIOBE YCKJIQJHEHHSI MOJIeJIeH, NUISIXOM IMiTallii mporecy X MacoBoi cenekiii. ['enepyBanacs
MHOKMHA MOJIeJIel MepIIoro psAy CeNlekuii y BHUIVISAI MoJeleld OINOPHOro BHIJSAY, SKi
MO€AHYBAJIM B cO01 monapHy KOMOiHaIlil0 MOKa3HUKIB MacuBy BuXiaHUX AaHuX (MBJ]). Onopuuii
BUIJIAJ MOAEI, SIK IPaBUII0, (POPMYBaBCs LUISIXOM MOEIHAHHA €IEMEHTIB nonaiHoMmy. [licis mporo
KO’)KHa MOJIENIb HaByajacs Ha IOCHITOBHOCTI 4 TOYOK CIIOCTEPEXKEHHS 3 METOI0 DPO3PAXyHKY
3HAa4YeHHs HeBioMux mnapamerpiB Mmoxemi a0, al, a2,.... Ilicad mporo KoXKHA MOJEINb
BUIIPOOOBYBanacsi Ha mociigoBHocTi B Ttouok cmocrepexxenns MBJI. 3a pesynbratamu
BUIIPOOYBaHb MOJEIN paH)KyBajlacs 3a IMOTIPIICHHSM 3HAYEHHS KPUTEPII0 SKOCTI MoJeseH.
Hacrymauit psa cenekuii GopmyBaBcs 13 HaWsAKICHIIUX Mojened morepeanboro psmy. [Iporec
HABYaHHS Ta BUIPOOYBAHHS MHOXHHH MOJIETICH MOBTOPIOBABCS IO THX Tip, TOKH SKICTh MOJeIei
Ha HACTYNHOMY psAIl He MoripuyBaiacs y BIJHOLIEHHI OO0 MOAENeld IONEepeIHbOro psay.
B pesynbTati oTpuManu iepapxiuHe MO€IHAHHS JIOKAJbHUX MOJENEH, 1m0 3a0e3meuye OnTUMAIbHY
CKJIAQJHICTh Ta SKICTh imeHTHiKalii (yHKIIOHAIbHOT 3ayexHocTi 3a ¢dopmynow: Yi= f(X),
X={X1, X2, ... Xa2}, i=1,n. Ilicas 1poro HaMM BHU3HAYaJacCh BILIMBOBICTH MapaMeTpPiB MOJCIICH.
3 i€ METOr KOXHA 13 CHHTE30BaHUX MOJIeJIeH JOCIIKyBajlach Ha YyTJIMBICTh CBOIX IMMapaMeTpiB.
@dikcyBasach 3MiHAa 3HA4Y€HHS MOJIEJIbOBAHOIO IIOKAa3HMKA IMPU 3MiHI 3HAYEHHS KOXKHOIO 13
napameTpiB Npu (PIKCOBaHMX 3HAYEHHSAX IHIIMX IMapaMeTpiB. 3HAUEHHs BaroBux Koe(illieHTIB
po3paxoByBaiuch 3a popmyuioro [11]:

!
Wi = nF—lF, * 100%,
i=1"1

ne. Wi — BaroBuii KoedillieHT i-To mapamMeTpa MOJeli;

Fi~ 9acTMHHA MOXiZHA MOJEI 32 i-M apaMeTPoM;

N — KIIBKICTh MOKa3HUKiB MB/I, siki cTanu mapamerpamu Mojienei.
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JocaixeHHs 1HIUBIIYaJbHO-TUIIOJIOTTYHUX BJIACTUBOCTEN HEPBOBOI CHUCTEMH, PI3HOBU/IIB
IICUXOJIOTTYHUX (YHKIIH Ta KOOpAMHALIIHUX MOXXJIMBOCTEH Yy BOJEHOOICTIB Ta HE CHOPTCMEHIB
PI3HUX BIKOBHX IIEPiOAIB MPOAEMOHCTPYBAIM, IO Yy BOJEHOOJICTIB BCI JOCTIKYBaHHI
XapaKTepUCTUKK Majld IOYAaTKOBI BHIINI TOKAa3HUKHA 1 3 BIKOM ITOKPAIIyBaJuCsi 3 OLIbIIMMH
NpUpPOCTAaMU Yy TOKasHWKax (Tadn. 1-3). JlaHi 0COOJMBOCTI MOXKYTh CBITYUTH IIPO TEBHUM
NO3UTHBHUM BIUIMB CHUCTEMAaTHUYHUX Ta TPUBAJIMX 3aHATh BOJEHOOIOM Ha JOCHIIKYBaHHI
XapaKTEePUCTUKH Yy CIIOPTCMEHIB PI3HOTO BIKY, a TAaKOXK PO BILJIMB CIOPTHUBHOrO BiI0OpY, MpoIiec
SIKOT'0 BiJIOYBAETHCS 3 BIKOM ITi/I YaC TPUBAJIOI CIOPTUBHOI AisibHOCTI [13].

3a mnoka3HMKaMu TaOiuii 1 MOXHa CYOUTH NpPO BIKOBY JMHAMIKy 1HJIUBITYyalbHO-
TUTIOJIOTTYHHUX BJIACTUBOCTEN HEPBOBOI CHCTEMH CIIOPTCMEHIB P13HOTO BIKY.

Tabmurs 1
[HMB1TyanbHO-TUIIONIOTIYHI BIACTUBOCTI HEPBOBOI CHCTEMH Y BOJICHOOICTIB
Ta HE CIIOPTCMEHIB Pi3HOrO BIKY
XapaKTepUCTUKH
Bik, XapaxTep [13MP PBI1-3 PB2-3 OPHII 3HII
Poku PYXOBO (mc) (mc) (mc) (c) (mc)
aKTHBHOCTI
1415 Boneii6omnictn (n=25) | 241,5+3,5 | 336,346,5 | 417,64,1* | 67,1+0,4* | 28,4+4,7
He ciopremenn (n=28) | 250,0+3,2 | 341,1+3,5 | 448,3+6,2 | 71,7+1,2 | 27.3+3,8
Bouneiibonictu (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
Bouneii6omictu (n=21) | 232,1+3,2 | 302,1+3,9 | 372,1+4,5* | 63,7£0,4* | 223+27
18-19 He ciopremenn (n=30) | 265,6+3,7 | 348,4+4,6 | 440,1+6,7 | 654+1,6 | 255+32
Bomneit6onictn (n=19) | 227,9+2,6 | 305,2+5,7 | 346,3+6,2 | 62,1+0,5 | 18 5+2 3*
20-25 "¢ criopromenn (n=28) | 256,6+6,1 | 333,7%8,3 | 410,190 | 64,013 | 234427

[Tpumitka: * — BIPOTIIHICTH PI3HULI y MOKAa3HUKAX AOCIIKYBAHMX XapAKTEPUCTHK MIXK
BOJIeHOOMICTaMu Ta He criopTcMeHamu Ha piBHI p<0,05.

BouneitbomicTi Mai Kpalili MOKa3HUKKH peakifii BUOOpy IBOX 3 TphOX mojapasHukis (PB2-3)
Ta (yHKIIOHAJIBHOT pyxiuBocTi HepBoBuX mporeciB (PPHII) y BikoBuii mepion mo 19 pokis. B
MONAJBIIOMY JaHI BJIACTUBOCTI 3ajMINAIUCA He3MiHHMMH. OUYeBHIHO, IO IIi HeWpodizioloriuHi
0CO0JIMBOCT1 BiAOOpa)alOTh aJalTallil0 IEHTPaJbHOI HEPBOBOI CHCTEMHM JI0 BUMOI BHCOKO
JUHAMIYHOTO BHJY CHOPTY, AOCSTAlOTh CBOI'O MAaKCHMyMY i B MOJAJBIIOMY HE IOKPAIIyIOThHCH,
Xo4ya JesKa TEHJEHIls OO0 3MEHIIEHHS dYacy peakmii cmoctepiraerbcs 1y Bimi 20-25 pokis.
3piBHOBaXkeHICTh HepBOBUX TpolieciB (3HII), HaBmaku, crae H0CTOBipHO Kpamiorw Jymiie y 20-25-
PIYHKMX CHIOPTCMEHIB. MOKIIMBO, Ha BCTAHOBJICHHS SKiCHOTO OajaHCy MK IpoliecaMu 30y IKECHHS -
ranpmyBaHHsS B [IHC motpiOHO sik Oinbliie yacy, iKW BiIBOJUTHCS Ha crienM(idHi TpPEHYBaHHS, TaK
1 OLIBII TPUBAJIOrO Hporecy MOpQOJOriYHOr O JA03PIBAHHS KIPKOBUX CTPYKTYP I'OJIOBHOI'O MO3KY.
[TpoTe, MOXHAa KOHCTaTyBaTH, IO 3 BIKOM ycCl MOKa3HUKH Yy CHOPTCMEHIB abo JA0CTOBIpHO, abo
TEHJEHUIHHO TOKpalrytoThes. [ligBuilleHa pPYXJIUBICTh HEPBOBUX IMIYJbCIB CBIIYUTH PO
e eKTHBHIIY Iepenadyy Ta oOpoOKy iHdopmallii y KOPTUKOCHIHAJIBHUX IUIAXaxX, a 30epekeHa
piBHOBara MK TmpoliecaMu 30Y/DKCHHS Ta TallbMyBaHHS 3a0e3nedye THYYKICTh Ta TOYHICTh
pyxoBux peakimiil. Taka 30allaHCOBAHICTb CIpHUSE IMIBHIKOMY aHANI3y 1 NPUHHATTIO DIlIEHb Y
CKJIQJIHUX ITPOBHMX CHUTYyallsX, 30epiraloy Mpu bOMY MiHIMaJbHUN piBEHb HAJAMIPHOI aKTHBAIi,
sIKa MOYKE 3aBaykaTu KoopauHaiiii [4].

BikoBi 3MiHU KOOpAUHALIITHUX MOXKJIMBOCTEH — CHPUIHATTS MPOCTOPY 1 yacy, 6ajgaHc npu
X0b01 3 3aKPUTHMH OYMMa Ta TOYHICTh CTPHOKA HABEJEHO B TAOMMIII 2.
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Tabmuns 2
[ToxazHUKK KOOpAMHALIIHUX BIACTUBOCTEH HEPBOBOI CUCTEMH Y BOJIEHOOJIICTIB
Ta HE CIIOPTCMEHIB Pi3HOTO BIKY

XapaKTepuCTUKH .
Bik, [Xapaxré CrpuitHATTS Cripuitnsrs Xonb6a MPSIMOIO Crpubok y
. POCTOPY 13 3aILTFO I[CHUMH TOXKUHY
Poxu [pyxoBoi qacy (c) .
. (cm) ounma (cm) Ha TOYHICTH (CM)
AKTUBHOCTI
14-15 Boneii6onictu (n=25) 11,4+0,4 62,6+1,2 13,52+1,3 106,8+1,4
He cnoprcmenu (n=28) 12,4+0,7 63,6124 16,0+1,5 109,2+4 4
16-17 Bouneii6omictu (N=25) 9,9+0,4* 59,5+1,3* 12,4+0,8* 105,6+2,4*
He cnopremenu (n=30) 11,9+0,5 62,1+1,4 15,2+1,3 109,7+2,1
18-19 Bouneii6omictu (N=21) 9,9+0,3* 58,7+0,8* 6,19+0,6* 97,541 5*
He ciopremenn (n=30) 11,3+0,5 62,8+1,1 20,728 105,142,2
20-25 Boneii6omictu (n=19) 10,240,2* | 58,8+1,0* 6,57+0,4* 99,4+1,5*
He cnoprcmenu (n=28) 12,4+0,5 65,1+1,7 17,9+1,9 91,9+2,7

[IpumiTka: * — BipOTigHICTH PI3HUIN Yy MOKa3HUKAX
BOJIeOOiCTaMu Ta HE criopTcMeHamu Ha piBHI p<0,05.

JOCTIKYBaHUX XapaKTepUCTHK MiX

Buano, mo Oyap-SKUX TOCTOBIPHUX 3MIH y o0cTexyBaHux 14-15 pokiB He criocTepirainocs
3a JKOJHOI0 JIOCIIKYBAaHOIO XapakTepuctukowo. IIpore, moumnarounm 3 16 1 no 25 pokiB
BOJIEHOOJIICTH YK€ MaJi 3HAYHO Kpallly CEHCOMOTOPHY IHTEIrpaLlilo, H’)K HE CHOPTCMEHU B THUX XK€
BIKOBUX Tpynax. MOXJIHMBO, 11 OCOOJIMBICTh IOB’s3aHa 3 PO3BUTKOM KOMIUICKCHHUX HEHPOHHHX
MEpexX, 0 CKJIaTy SKMX BXOJSATh CEHCOPHI KOPH, MO30YOK 1 CTOBOYp MO3KY, SIKi BIAIOBIJIalOTh 32
(dopMyBaHHS BHYTPILIHHOI MOJIEJI ITOJIOKEHHS TiJIa B MpocTopi Ta 4yaci. TpenyBaHHs y Bojen6oii,
K€ BKJIOYAE IIBUIKI 3MIHM IIO3MINI, TOYHI PyXH 1 OallaHCYBaHHS, CTHMYJIIOE TIOJIIIIECHHS
MPOMPIOIENTUBHOT OOpPOOKH Ta CEHCOMOTOPHOIO KOHTPOJIO, IO 3 BIKOM KOHCOJIIYETHCH,
MiIBUIIYIOYH TOYHICTh 1 CTAOUIBHICTh pyXOBUX akTiB [1, 14].

Jani, npexncraBieHi B Ta0mumi 3 MOKa3yoTh, MO pa3oM 3 (I3UYHOI aKTHUBHICTIO
MOKpALTyBaJIMCS ¥ KOTHITMBHI (YHKIII, Kl MPEACTaBI€HI TAKUMHU BaXJIMBUMH Ul KOOpAMHALIL
pyXiB TMOKa3HHKaMH SIK: OIeparlliiiHe, acoliaTUBHE, a0CTpaKTHE Ta JIOTIYHE MUCIEHHS, a TaKOX
MOKa3HUKaMU MaM’sTi Ha 06pasu 1 uyucia. [IpoTe 10CTOBIpHO Kpaluii MposiB KOTHITUBHUX (YHKITIH
nounHaBcs auie 3 18-19 piuHoro BiKy 1 JIMIle 32 MOKa3HUKOM acOLIaTUBHOIO MUCJEHHs. Bcl iHmi
XapaKTepUCTUKH — MalOTh JOCTOBIPHO Kpallll MOKa3HUKHU y BOJEHOONMICTIB MoYnHar4Yu yxe 3 20-
25-piunoro Biky. llikaBo, 1[0 MOKa3HHMK MaM’siTi Ha o0Opa3u, B MeXkax OOCTeXYBaHHX TpYII,
IPaKTUYHO HE 3MIHIOBABCS B yCbOMY BIKOBOMY Jl1aIla30HI.

TaGnuis 3
IToxa3HMKM KOTHITUBHUX (YHKIH y 0C10 pi3HOrO BIKY
B 3QJISKHOCTI BiJl XapaKTepy pyXoBOi aKTHBHOCTI
. XapaKTepucTHiy AbctpakThe |[AconiatuBHe Jloriune | Onepariiine Mansrs [Tam'saTh
Bixk, [Xapakrep Ha

Poxt [pyxoBo MI/ICi)IeHHSI MI/ICgJIeHH}I MI/ICJOICHH}I MI/ICg)IeHHﬂ oBpas Ha l(I)I/ICJIa

AKTHBHOCTI (%) (%) (%) (%) (%) (%)
14-15 Boseiibonictu (N=25) 458+2,1 35419 | 929+15| 904+18 | 54+0,1 | 28/4+4,7
He cioprecmenn (n=28) 41,1+18 30,317 | 935+1,7 | 889+19 | 56+0,2 | 27,338
16-17 Boneiibomictu (n=25) 44,4+1,6 38,8+22 | 924+15| 888+23 | 55+0,1 | 25,6%2,2
He cnopremenn (n=30) 42,3+1,3 36,619 | 93,6+1,7| 90,3+2,01 | 53+0,2 | 26,9+2,3
18-19 Boneiibomicru (n=21) 49+21 42,3+2,1* | 96,1+12 | 942+17 | 6,240,1 | 22,3+2,7
He ciopremenn (n=30) 46x1,4 36,524 | 95614 | 936+16 | 65+0,2 | 25532
90-25 Boseiibomicru (n=19) 55,742,3* | 447+19* |96,8+1,3* 94,7+1* | 6,2+0,2 |185+23*
He ciopremenn (nN=28) 50,2+1,7 | 41,07£15 | 91,7#21 | 87,8+24 | 6,1+0,1 | 23,4+2,7

[TpumiTka: * — BIpOTiIHICTD PI3HUII y MOKa3HUKAX JOCIIKYBAaHMX XapaKTEPUCTHK MiX
BOJIeHOOTiCTAMH Ta HE criopTcMeHamu Ha piBHI p<0,05.
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OdeBUAHO, IO TPEHYBAIBHO-IIPOBHH MPOIEC HE CHPUSAB SKICHOMY MpOSBY JTaHOI
XapaKTepUCTUKH, a TOMY BOHa 3ajHINAlacsi MaJl0 BiIMIHHOIO B TIPEACTABICHUX TIpYIax.
AHai3ylound TpeacTaBlieHI pe3yJbTaTH MOXKHA IPUITYCTHTH, IO aKTUBAIlisl IMEepeaHbOT KOpH
BEJIMKHUX IiBKYJIb, TIIOKaMIa 1 MOTOPHHUX 30H IIiJ] 4YaC TPEHYBaHb CTBOPIOE YMOBH IS ITOCHJICHHS
HelporiacTHYHOCTI.  Boseibomicti  Kpaimie — 3amaM’sSTOBYHOTh,  ONPAallbOBYIOTh  TaKTUYHY
iH(popMaIiio, MBUIKO pOOJISITH BUCHOBKH 1 NMPHUIIMAIOTh pillIeHHS B HECTaOLIbHMX yYMOBax, IO B
ITPOBUX CUTYyallisIX BKpail BayKJIMBO JJIsl €pEeKTUBHOI KOOpAMHALI] Ta peryssmii pyxiB. Kpim Toro,
TPEHYBaHHSI CIIpUs€ 3MIIHEHHIO 3B’S3KIB MK CEHCOPHHMHU 1 MOTOPHHUMH OO0JIACTMH MO3KY,
niaTprUMyroun Oe3nepepBHY iHTErpailito KOTHITUBHUX Ta PYyXOBUX mpoiieciB [16].

IIMOBipHO, 10 CHCTeMaTHuHi TPEHYBaHHS 3 BOJIEHOONy B PI3HMX BIKOBHX TI'pPymax
GOpMYIOTh TiCHY B3a€EMOII0 MiX HEPBOBO-M SI30BOI0 CHCTEMOIO, MO30YKOM 1 KOPKOBUMH
[IEHTPaMH, 110, B CBOIO 4epry, 3a0e3rmeuye He JIMIIE MIBHJKY PEaKIlilo, OPIEHTALII0 Y TPOCTOPi 1
yaci, ajge i BUCOKMI piBeHb aHAMITUYHUX (DYHKLIH MO3KY Ul aJalTUBHOTO YIPAaBJiHHSA pyXaMH.
TakuM YWHOM, 3 BIKOM 1 JOCBIZJOM CTBOPIOETHCS OUIBII iHTErpoBaHa 1 e(eKTHBHA aHATOMO-
¢iziosoriyHa cucTeMa KOOpAWHAIll Ta perymsanii pyxiB y BOJEHOOJICTIB, sKa MIATPUMYE
YCIIIIHICTh Y CKJIaJAHUX TUHAMIYHMX IFPOBHUX ymoBax. LI MexaHi3Mu MaroTh (yHIaMEHTallbHeE
3Hau€HHS U1 TpeHyBasJbHOro mnpouecy, a nokasHuku OPHII 1 3HII moxyts ciyryBatu
KpUTEpisiMU Tl BiAOOPY Ta 1HAMBiAYyasi3aiii MiATOTOBKMA CIIOPTCMEHIB BIAMOBIIHO 10 iX BIKOBHX
0CcO0JIMBOCTEH Ta PiBHS HEPBOBOI cuctemu [13, 14, 16].

AHaniz pe3ysibTaTiB MaTEMAaTUYHOrO MojentoBaHHSA MetogoM MIYA mnponeMoHCTpyBas,
II0 10 CTPYKTYPHU KOMIIOHEHTIB, SIKI BIUIMBAIOTh Ha Ipoluec (pOopMyBaHHsS TaKTUYHOrO (irpoBOro)
MUCJIEHHSI BOJIEHOOJICTIB PI3HOTO BIKY YBIMIIUIM: BJIACTMBOCTI Ta (DI3UUHI MOXKJIMBOCTI OMOPHO-
PYXOBOIO amapaTy 1 HEpBOBOI CHUCTEMM [0 CIPUMHSTTA Ta OpIEHTYBaHHSA y MpOCTOpl 1 dyaci,
KOHTPOJIIO IMIBUJIKICHOI CHUJIM Ta JudepeHuianii M’ s30BUX 3yCUJIb, IPOCTOPOBO-4AaCOBOI PeryJsisiii
pyXiB, onepariiiine MUCJICHHs, ()YHKIIIOHAJIbHA PYXJMBICTh T4 BPIBHOBA)KCHICTh HEPBOBUX MPOIICCIB
(puc. 1). OcobmuBy 3aIikaBIEHICTh B OTPUMAHHUX pE3yNbTaTaX MaTEMAaTUYHOTO MOJIETIOBAHHS
BUKIIMKA€ 3HAYHO BUII (OLIBII Hi X Yy JBIYi) BIICOTKOBI KOE(IIiEHTH BIUIMBY (YHKI[IOHAITBHOL
PYXJMBOCTI Ta BpIBHOBaXXEHOCTI HEPBOBUX IIPOIECIB HAa CIeliajbHE IrPOBE MMCICHHS
Boseii0ommicTiB 20 pokiB 1 cTapiie.

OCKUIBKM JIaHI BJIACTUBOCTI € TEHETHYHO J€TePMIHOBAaHI MOXEMO TMPHUITYCTHTH, IO
cyrreBimmii BrumB @PHIT i 3HII y crapmmx rpaBimiB, € HAaCliKOM CIIOPTHBHOTO BinOOpy Ta
BHCOKOI KOHKYpEHIIii y mpodeciifHOMY CropTi, KOJM 3 TUIMHOM 0araTopi4yHUX TPEHYBaHb y CHOPTI
3aJMIIAIOTHCS TPABI 13 CHIIBHOIO, PYXJIHMBOI HEPBOBOIO CHCTEMOIO, SIKa Kpallle alanTyeTbes 10
HaBaHTa)XEHb, W10 BHUHMKAIOTH M1l Yac AaKTUBHMUX, CHUCTEMAaTUYHUX 1 TPHUBAJIUX 3aHAThH
Bosieribomom [13, 14].

3gi6HicTs go e II;;J: \
NpoCTOpOBO-
4ac0BOl perysui_
pyxis \
15%
3ai6HicTe A0
3pi6HicTs A0 3pibuicts go npocTopoBO-

KOHTPOAIO NpoCTOposO- yacosoi pervmm 3pi6HicTs A0
wawaKicHo! i A» 4acoB0i opieHTaLi pyxie npocToposo-
Ta audeperLiaui 38% 4% yacoeoi
[ nsos;; 3ycunb opieHTaLLT

A 3ai6HicTL A0 15%
: KOHTPOAKO
‘- . it WEHMAKICHOI CUAK
. Ta audepeHuiauii Onepaujiine
M'A30BUX 3yCUNb MWUCNEHHA
19% 18%

Pucynok 1. BaroBuii koedilli€HT BIUTMBOBOCTI 1HAMBIAYaTbHO-TUIIOJIOT1YHUX BIACTHBOCTEH,
MICUXOJIOTTYHUX (PYHKIIH, KOOPAMHAIINHIX MOXJIMBOCTEH Ta aKTHBHOI PyXOBOI MisIBHOCTI (ITif
yac 3aHATh BOJEHOOIIOM) Ha creniaiabHe (IrpoBe) MHCIEHHSM BoleibomictiB 14-19 pokiB (A) Ta
20-25 pokis (b).
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3arasioM, aHANI3yIOYH CTPYKTYpPHI KOMIIOHEHTH 3B’S3KIB cCHemiajbHOro (irpoBoro)
MUCJICHHSI BOJIEHOOJIICTIB PI3HOTO BiKY, K1 BHUsIBJIEHI 3a mornoMororo MI'VA, MoxxeMo BIAMITUTH
To (haKkT, 1m0 31 3MIHOK BIKY IiJ €0 CHUCTEMAaTHYHHMX, TPHBAJIMX 3aHATH BOJICHOOJIIOM
BIJIMIYA€ThCSA BHUCOKAa 3HAYMMICTh OIEPAIliHHOIO MHUCICHHS, BJIACTUBOCTEH M’SI30BO-HEPBOBOI'O
araparty J10 KOHTPOJIIO IBHJKICHOI CHiIM Ta audepeHIiiaii M’ 130BHX 3yCHJIb, TPOCTOPOBO-4aCOBOT
peryssiii pyxiB Ta BIaCTUBOCTEH HEPBOBOI CHCTEMH 10 OPIEHTYBaHHs y mpocTopi i 4yaci [1, 2, 15].

OTpumani pe3yJbTaTH CBIIYATh MPO OCOOJIMBY BAXKIMBICTH aHATOMO-(Di310JI0TIYHOT CHCTEMHU
KOOpAMHAINT Ta Peryssiii pyXiB y BOJICHOONICTIB B pi3HI BIKOBI MEpioau, ajpke BCl JOCIIIHKYBaH1
KOMIIOHEHTH, 110 YBIMIUIM O CTPYKTYPH MpAIOI0Th, SIK €MHE I1JIe 1 THM CaMHM JI03BOJISIIOTH HE
JMILIE MPABWIBHO COPUNHMATH IFPOBY CUTYaIlllO ajie, 1 aeKBaTHO JISTH y BiAnoBiab. Ilpunyckaemo,
[I0 caMme IiJ| BIUIMBOM CIENU(IYHUX, CHCTEMATUYHHUX, TPUBAIUX Ta IUICCIPSIMOBAHHUX (i3ZUIHHX
HaBaHTa)XEHb Y BOJICHOOMICTIB 3 BikoM (pOpMY€ETHCS TiCHUI B3a€MO3B’ 30K (DYHKIIOHATBHUX CUCTEM
opratiamy (HEpBOBO-M’S30BOi, CEpPEIHBOr0 MO3KY Ta MO304YKa), sIKi BiIMOBIIAIOTH 32 MPOCTOPOBO-
YacoOBY OpPIEHTAIIIIO 1 TPOCTOPOBO-YACOBI MAPaMETPH PYXiB 3 KOPOIO IMIBKYJIb TOJIOBHOTO MO3KY, SIKa
BIJINOBIZA€ 3a BHYTPILIHIO CYTh NMPUUHATHX PIlIeHb (aHATITHYHY OOpOOKY CIpHitHATOI iHpopMartii
PO Yac, MICII€ Ta XapaKTep HeOOX1IHUX [Iii1) IPaBLsMU Ha MaiiIaHYMKy B PI3HUX ITPOBUX CUTYaLlIsIX.
Apxe, OLIBIIICTD ITPOBUX /1M IPaBIil BAKOHYIOTh Y O€30II0PHOMY IOJIOKEHHI (Y CTpUOKY M Mif Yac
NaJlHHA), MICHA PI3KUX IMEpeMIlleHb a0 X MO M4y SKUH Ma€ MBUJAKY Ta HE HPAMOJIHINHY
TpaekTopito pyxy. Takoxk, BrmBoBicTh nmokazHukiB @PHII ta BHIT MokHa BHMKOpHCTOBYBATH, SIK
KpuTepiii Habopy 1 BiAOOPY Ha Pi3HHUX €Tarax CIOPTUBHOI MiArOTOBKH.

BucHoBku

1. Awnani3z nitepaTypHHMX JKEpell JJ03BOJMB BHUSBUTU IMEPCHEKTUBHI LUIAXU 3aCTOCYBAaHHS
METOJIiB MATEMAaTUYHOT O MOJICITIOBaHHS y CIIOPTi. BUKOpUCTaHHS KOMIUIEKCHUX MOJIEIBHUX
XapaKTePUCTUK 3MarajbHOi JisSJILHOCTI, MiJTOTOBJIEHOCTI CIIOPTCMEHA Ta B3aEMHOrO iX
3B’SI3Ky TIPU TPUBAIiH, CHCTEMaTHYHIA B3a€MOJIii MOKE MiABUIIUTH €(PEKTUBHICTH MPOLIECY
MIJTOTOBKH I'PABIIiB B Pi3HI BIKOB1 IIEPi0/IH.

2. 3a pe3ynbTaTaMH MOJICITIOBAHHS METOJOM TPYIIOBOI'0 ypaxyBaHHS apryMEHTIB JOCITIHKEHO
BIUIMB TCUXO(Qi310JOrYHUX BJIACTUBOCTEH, IrpOBOrO0 MHCJIEHHS Ta I1HAMBIAYyaJbHO-
TUTIOJIOTTYHHMX BJIACTUBOCTEH HEPBOBOI CHCTEMH Y BOJICHOOIICTIB PI3HOTO BiKY.

3. V pe3ynbTatri CHCTEeMATHYHUX 3aHATh BOJIEHOOIOM IMOCTYOBO (POPMYETHCS BUCOKUI PIBEHB
NCUXO(1310JI0TIUHUX BJIACTUBOCTEH OINEpaliifHOro MHUCIEHHS, BJIACTUBOCTEH KOHTPOJIIO
MIBUJKICHOI CcHJM Ta audepeHmianii M’S30BUX 3YCHIIb, MPOCTOPOBO-YACOBOI Perysiii
PYXiB, Opi€HTaIlii y MPOCTOpPi 1 Yaci Ta THUITOJOTIYHUX BJIACTUBOCTEH HEPBOBOI CHUCTEMHU:
@®PHII, 3HII, mo YWHWUTH MO3UTUBHUN BIUIMB HAa (OPMYBAaHHS CIEIiaIbHOTO IrPOBOTO
MUCJIEHHS TpaBuiB. JlaHi 0coOMMBOCTI HEOOXigHO OpaTH 10 yBaru Mij Yac IUIAHYBaHHS
($13UYHOr0 HaBaHTAXXEHHS B Pi3HI BIKOBI1 €10y MiArOTOBKU BOJIEHO0IIICTIB

4. Pe3ymbTaTH IOCIHIKEHHS JIEMOHCTPYIOTH TEPCIEKTUBU Ta HUIIXW 3aCTOCYBAaHHS METOIY
MaTeMaTUYHOrO MojenoBaHHs, a came MI'YA y cmopti 3 Meroro Ouibll TIMOOKOro
pO3yMiHHS Tmporecy (OpMYBaHHS CHEIIaJbHOTO IrPOBOrO MUCJEHHS TpaBIiB Ta
MiIBUIIEHHS €(EKTUBHOCTI MPOLIECY MiATOTOBKH BOJICHOOJIICTIB B Pi3HI BIKOBI MEPiou.
IlepcnekTHBa NOJANBIIMX OCJiIKEHb CTOCYETHCS PO3POOKH MOAENel ympaBiIiHHS

HAaBYAJILHO-TPEHYBAJIBHIUM TPOIIECOM BOJICHOONICTIB PI3HOrO BIKYy Ta CTaTi 3a pe3yJibTaTaMu
MO/JIETIOBAHHS 1 eKCIepUMEHTAIbHOT IePEBIPKU iX €()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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BIVINB AJAIITUBHUX I'OPMOHIB HA CTAH KVIITUH ITAHETA
TBAPHUH 3 AIOKCAHOBUM AIABETOM

AKmyanvnicmos pobomu nosisieac 6 npogedeHHi YumoximivHux 0ocnioxcens kuimun Ilanema
MOHKO20 KUWEYHUKA MBAPUH 8 YMOBAX MOOENI08AHHs Ma KOpeKyii Yykpoeo2o diabemy, wo cnpuse
PO3VMIHHIO NAMO2EHeMUYHUX MEXAHIZMIE | NOULYKY WLIAXIE8 NpOoQinakmuku ma AiKY8aHHs Yb0o2o
3axeopiosanns. Memorw 00cnioynceHna 0YI0 GUGUEHH 3MiH 6MICMY YUHKY MA CEKpemopHO20
mamepiany 6 knimunax Ilanema meapun 3 anoxcanosum oiabemom nicis 6e0eHHs: AOpeHaniny ma
NPeOHi30N0HY OKpeMO Ma 6 NOEOHAHHI 3 IHCYIiHOM. Mamepianom 0ocaiodcensb cayeyeanu 3pizu
MOHKOT KUWKU Oux 0e3nopoorux muwet i wypis, aKkum poounu in’exyii oiabemocenHo2o azeHma
ma adanmusHux copmoHie. Haykoea noeusna pobomu nonseae y 8UKOPUCMAHHI OJi NPOGEOeHHS
00CNI0NCeHb  YUMOXIMIYHUX Memoois: MOOUGikosanoi peakyii (HIOKCUHY HA CeKpemopHull
mamepian i po3pobaenoi peaxyii 8-(n-moayoncyib@oHinamino)-XiHOMHY HA YUHK Y NAHEMOBCbKUX
knimunax. Bucnoeéku. byno ecmanoeneno, wo ¢ kiimunax Ilanema meapun nicasa in’ekyii
0iabemo2eHH020 az2eHma alOKCAHY DO36UBABCS BGUPANCEHUll Oehiyum YUHKY ma ceKpemopHO20
mamepiany. Ilpusnavwenus IHCYIHY, aOpeHAliHy ma NpeoHi30I0HY mMeapuHam 3 Oiabemom
BUKIUKANIO 8 OO0CHI0NCeHUX KIIMUHAX 4acMmKO8Y KOPeKyilo YUHKOBOI ma ceKpemopHoi
Hedocmamuocmi. binow eupasicenuil xopezyouuu egexkm cnocmepicagéca y kaimunax Ilanema
MBAPUH 3 AIOKCAHOBUM Oiabemom )y 8UnaoKy CHnoIyYeHoi Oii adanmusHux 2opmoHis. /Jocmogipna
NO3UMUBHA KOPENAYIsL 3MIH Y OO0CAIONCEHUX KAIMUHAX KILIbKOCMI Memany ma cekpemy 6KA3Y€ Ha
DYHKYIOHATLHULL 38 130K MINC HUMU.

Knrouoei cnosa: aopenanin, incynin, npeoHi30I0H, CEKpemopHUli Mamepial, YUHK.

IlocranoBka mnpodaemu. IlykpoBuit miader (IIJI) € xpoHiuHMM HeiHEKIITHUM
3aXBOPIOBAHHSIM, JI0 OCHOBHHX CHMITOMIB SIKOTO HAJICKHUTh XPOHIYHA TiMEPriIiKeMis, 110 BHHUKAE
BHACHIOK jeeKTiB cekperrii Ta aii iHcyniny [1, 2]. V BchoMy CBiTi 1iabeT BBaXalOTh MPOBITHOIO
r7100aapHOI0 IPO0JIEMOI0O OXOPOHM 310poB’s. [lng jikyBaHHS Aia0eTy B pPO3BHMHEHMX KpaiHax
BUKOPUCTOBY€EThCA Onu3bko 10% ixHbOro OMOKETy Ha OXOPOHY 3A0pOB’sA. 3a IPOrHO3aMu
¢daxiBuiB 10 2040 poky KuibkicTh xBopux Ha ILIJI Moxe craHoBuTHM 642 MUIBHOHH OCIO.
JlocniakeHHs] KOHTPOJIIO Ta JIIKYBaHHS 1ia0eTy € aKTyaJIbHUMM, BPaXOBYIOUU CEPHO3HICTh 3arpo3u
JUIS 30pOB’Sl JIFOAMHHM Ta CYCHUIbHHH ekoHoMmiunui Tsarap [3-5]. Jlns po3poOku HOBUX Ta
epekTUBHUX 3aco0iB JikyBaHHS [IJ[ BakIMBUMHM € JOCTIIPKCHHS HAa TBapUHHUX MOJEIAX
[aTOreHETHYHUX MEXaHi3MiB PO3BUTKY 1€l XxBopoou [6—8].

AHani3 ocTtaHHix gocaimkeHb i myOuaikamii. /{ns ximiunoi iHaykuii L] TpagumiiiHo
BUKOPUCTOBY€EThCA  ajokcaH (5,5-aurigpokcunipumiani-2,4,6-TpioH), KU  HaJIEKUThb 11O
OpPraHiYHUX CIIOJYK Ta SBJISIE€ COOO0 IIMTOTOKCUYHUN aHAJIOT TIIFOKO3H. AJIOKCaH XapaKTepU3YyEThCs
KOPOTKHM I1E€pi0IOM HamiBpO3Mady, MPOTATOM KUJIBKOX XBUJIMH Y BOJHOMY PO3UMHI BiH CIIOHTaHHO
PO3KIIAIa€ThbCd Ha HENia0eTOreHHY aJloOKCaHOBY KHCIOTY. lle € mnpuumHOIO #HOro mBHAKO
MOTJIMHAHHS Ta HAKOMWYEHHS B MAHKPEATUYHIN B-KIiTHHI. Y BUMAAKY MepEepUBaHHSI KPOBOTOKY O
MIIUTYHKOBOI 3aJI03M BIPOJOBX MEPIIMX AEKUIHKOX XBWJIMH MICHS 1H €KINI aJOKCaHy HOro Iis
crae HeedekTuBHOIO [6, 8, 9].

Lleit niabeToreHHUWH areHT Mae JBa MAaTOrC€HETHYHHX MeXaHI3Mu. [lepumii MexaHizm
NOB’SI3aHUI 3 IIMPOKMM CTPUMYBAHHSM TJIOKOKIHA3HM, MaHKPEATHYHOrO TIIOKO3HOIO CeHcopa
B-KTITHH MaHKPEATHYHHUX OCTPIBLIB, BHACIIIOK YOro epMEHT crenu(iuHO NPUTHIUY€E BUIUICHHS
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IHCYJIIHY, 1HAYKOBaHE IJIIOKO3010. 3MEHIICHHsS OKHCIEHHS TJIOKO3M Ta YyTBOpeHHs AT®
BiI0YBa€ThCsl BHACHIIOK 1HT10yBaHHS TJIIOKOKIHA3H, L0 B CBOI 4epry npurHidyroe curHan AT
JUISL  3alycKy iHCymiHOBOi cekperii. [licas BIUIMBY ajlOKCaHy IHTIOyBaHHS TIFOKOKIHA3H
PO3BHMBA€ETHCS BIPOa0BXK 1 xBununu [6, 9, 10].

B oCHOBI JIpyroro mMexaHi3My JIGKUTh 1HAYKYILiS YTBOPCHHS aKTHBHHUX ()OPM KHCHIO, IIIO
TeHepyE CYNEpOKCHIHI paIuKaid, CTBOPIOIOYM OKHCHO-BIJIHOBHHMW IIHMKJ, Ta TNPH3BOIUTH O
BHUOIPKOBOIO HEKPO3y I1HCYJMIHINPOAYKYIOUUX KIITHH 1 PO3BUTKY I1HCYJIIHO3QJIEKHOrO Jialery.
BinOyBaeTbcsi BIIHOBJICHHSI aJOKCaHy [0 [Ji1alypUdHOrO OKCHIYy, a IIOTIM IIOBTOpPHE Horo
OKHCJICHHSI JI0 TIOTEepPeNHbOI PEYOBMHHU 3 YTBOPEHHSIM CYNEPOKCHIHUX paJWKaliB, HA SIKi i€
CYNEPOKCHANCMYTa3a, YTBOPIOIOYM TEPOKCH] BOIHIO. ['ITPOKCHIIBHI pajvKail TaKOX MOXKYTh
YTBOPIOBATUCS BHACHIIOK MOOIYHMX peakuid. Jlo po3BUTKY amonToly MOXKE€ IPU3BECTH
¢parmentanis JHK B-kniTuH, cippunHeHa Ji€r0 BUCOKOAKTUBHUX (popM KucHIO. He 3Baxaroun Ha
T€, MO TOTJIMHAHHS aJOKCaHy BiOYBAa€ThCS B MEUiHII, TEeMaTOTOKCHYHICTh € HEIIHCHOI abo
HE3HAYHOI0, TOMY IO IIbOMY OpraHy BJIACTHBI Kpallli aHTHOKCHUJAHTHI MEXaHI3MH Y TIOPIBHSHHI 3
B-xmituHamMu. Kpim TOro, y IMX 3aXMCHHUX MEXaHI3MIB HaJI4yeThbCcs JEKiIbKa e(eKTIiB
Olorpanchopmarrii Ta emmiHallii kceHoO10TUKIB. [TOMIKOMKEHHS KIIITUH aJIOKCAHOM B10YBa€ThCs
BHACIIZOK MOPYIIEHHS TOMEOCTa3y KaJbI[il0 B KJITHHAX 1 MIJCUJIEHHS OCHOBHOI'O OKHCJICHHS,
t00T0 SH-KIacis [11-13].

Bik, cTaTh, cTaH HEPBOBOI Ta €HIOKPHHHOI CHCTEM, TAKUX OPraHiB, K IEeYiHKa, HUPKU Ta
JESKUX IHIINX, @ TAKOX XapaKTep OOMiHY pEYOBHMH, XapuyBaHHS, BMICT Y TKaHWHaX SH-Tpym Ta iH.
y TBapuH OJHOTO i TOTO caMOro BUAY OOYMOBIIIOIOTH 1HAMBIIyalbHY UYTIUBICTH A0 aJIOKCAaHY, IO
Bapiloe B Iy’Ke MHUPOKUX Mexkax [7-9].

BuzHayeHHs HeBHpIlIEHMX paHille 4acTHH 3arajibHoi mpodOiaemu. I[J[ Hamexutrs no
rpyny MeTaOoJIiYHUX 3aXBOPIOBaHb, MPU SKUX MOPYIIYIOTHCS BCl BUJIM OOMIHY pEYOBHH, BKIIOUHO
3 mikpoenemeHTHEM [1, 2]. Bysio BcTaHOBIIEHO, 10 HA TJIi IHCYJIIHOBOI HEIOCTATHOCTI y TBapUH 3
AJIOKCAHOBHM J1ia0€TOM pPO3BUBAETHCS ACDIUT IMHKY B MaHKpeaTHYHHX ocTpiBisix [14, 15].
Binomo, 110 B CEKpeTOpHUX TpaHyIax [-KIITHH MaHKPEATUYHUX OCTPIBIIB MICTUThCS IMHK. 3T1IHO
3 ICHYIOYHMM MPHITYIIEHHSIM 10HH IWHKY 3HAXOJSATHCS B KOMILUIEKCI 3 KOHJICHCOBAaHINMH MOJICKYJIaMH
IHCYITIHY, YTBOPIOIOYH TeKcaMepHi cTpykTypu [16-19].

Knituau Ilanera TOHKOro KHIIEYHUKA MOAIOHOTO [0 I1HCYJTIHMPOAYKYIOUMX KIITHH
NAHKPEaTUYHUX OCTPIBLIB MICTATh 10HM LHMHKY B CEKPETOPHMX TIpaHynax. BiporinzHo, mo B
IIAaHETOBCHKUX KIIITHHAX 1€l MeTaa TakoX Oepe ydacTb B yTBOPEHHI KOMIUIEKCY 3 CEKPETOPHUM
MmaTepiajoM 1 Horo aenonyBaHHi [19, 20]. Ile nae mixcraBu BBaXkaTH, L0 HE TIJIbKM KUIBKICTb
CEeKpeTy B TMAaHETIBChbKUX KIITMHAX, aje i 3B’A3aHOr0 3 HUM MeTaly, € IOKasHHUKOM iX
(GyHKLIOHATBHOTO cTaHy. BpaxoByroun BUKIIaJeHE BHIIE, NMPEACTABIAIOTH IHTEPEC IOCHIIHKEHHS
BMICTY IIMHKY Ta CEKpeTOpHOro matepiaiy B kiiTuHax [laneta TBapuH mpu mopemoBanHi LJ] i
HOro Kopekuii NUISXOM yBeIeHHS aJalTHBHUX TOpMOHIB. HemockoHanmii XapakTep iCHYIOYHX
METO/IB IUTOXIMIYHOI'O BUSIBJIEHHS METally Ta CEKpeTy B KiiTHHax [laHera 3aBajiuB NpPOBEEHHIO
TaKUX JOCIIKEHb paHill. BupimeHnHs miei npoOiaemMu CTajo MOMJIMBHUM HIC/IS po3poOKu Ha Oasi
kadenpu (¢izionorii, imMyHosorii i O0ioXiMii 3 KypcOM IHMBUIBHOTO 3aXHCTy Ta MEIUIIMHHU
OiosoriyHOro  akyiabTeTy 3amopi3bKOr0  HAI[IOHAJIBHOI'O  YHIBEPCUTETY  peakiii  8-(1-
TonyoscyibdoHinamino)-xinoniny (8-TCX) i moaudikanii ¢okcnHOBOI peakiii y HHUX KIIITHHAX
TOHKOI KUIIKH.

Metoro pociaimkeHHst Oyyi0 BUBYEHHS 3MiH BMICTY LIMHKY Ta CEKpETOPHOrO MaTepiaiy B
kiiTiHax [lanera TBapuH 3 aJOKCAHOBUM Jia0€TOM ITiC/Isl BBEACHHS aJpEeHATIHY Ta MPEIHI30JI0HY
OKpEeMO Ta B TOETHAHHI 3 1HCYJIIHOM.

Marepiagu Ta MeTOM A0CTiAKeHHs. J[OCITiu TPOBOAMIIUCS Ha OLMX OE3MOPOTHUX MHUIIAX
1 rypax BikoM 6 micsmiB. KoHTposieM y BCiX eKCepuMEHTax CIyTryBajd iHTaKTHI TBAPHUHH, TOMY IO
CTaTUCTUYHO MIX COOOI0 HE BIJIPI3HSUIMCS PE3yJbTaTH, OTPUMAaHI MICIs JOCTIKEHHS KOHTPOJBHOI
Ipyny TBapUH (TBApHUHU, SIKUM BBOAMIM (i310JOTTUHUN PO3UMH) Ta IHTAKTHOI I'pynu (TBapUHU 6e€3
BTpydanb). [Ipu mpoBeneHH1 AOCHIPKEHb HA J1aOOPaTOpPHUX TBAPUH JOTPUMYBAIUCS BUMOI CT. 26
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3akony Ykpainu «IIpo 3axucT TBapuH Bij] )KOPCTOKOI'O HMOBOKEHHS», «EBpOINEHChKOI KOHBEHLIT
po 3axucT Xxpedetnux TBapun» (CtpacOypr, 1986) i npuHImMIIiB Gi0STUKH.

JiabeT y TBapyH BUKJIMKAJH ILJISAXOM ITIANIKIPHOTO BBEASHHS ajloKcaHy ;103010 400 mr/kr.
B  okpemiii cepii eKCIIEpUMEHTIB TBapWHaM 3  aJIOKCAaHOBUM  Jia0eTOM  YBOIMJIH
BHYTPIITHBOM ’S30BO MPEIHI30I0H y 1031 10 MI/Kr, NiAMKIPpHO — aJpeHANIHY T1IAPOXJIOPHI Y 1031
0,05 mr/kr, a Takox iHCYMH y 7031 20 OJI/kr Baru Tisia (MUIIaM BBOAMJIM TOPMOH, PO3BEICHUN y
20 pa3ziB, mypam — y 2 pasu). Uepes mo0y micis BBEACHHS aJIOKCaHY POOMIIM TEpINy 1H €KI[iI0
pPEYOBHWH, a HACTYMHI — BIOPOAOBX 4 ni0. Y TBapuH METOJOM JeKamiTamii BUIydad IMIMAaTOYKH
TOHKOT KUIIKH yepe3 5 110 miciis BBeAeHHS A1a0eToreHHo1 pe4oBUHY, 5 110 Ta 11e 2 roj mi3Hime —
QJIOKCaHy Ta aJalTHBHUX TOPMOHIB.

[IIMaTo4yky TOHKOI KMIIKM AJSI LUTOXIMIYHOIO BU3HAUEHHS LIMHKY (PIKCYBaIM B XOJOTHOMY
(+4 °C) aueToH1, a NOTIM JOBOAWIX A0 NapadiHy Ta 3aJMBaJM B HbOro. [[BOMa KCHIIOJIaMH Ta CIIUPTaMu
00po0sy mapadinosi 3pizu 3aBToBIIKK 10 MkM 0,01% aneronoBuit pozunH §-TCX BHKOPUCTOBYBAIH
JUIs 3a0apBiieHHs jaenapadiHoBaHux 3piziB. [1oTiM mpoBOmMUM iX MPOMHBKY B JTUCTWIIbOBAHIN BO[I,
3aMUKaHHS B IJIIIEPUH Ta BUBYEHHS ITi/1 TIOMIHECLIEHTHIM MIKPOCKOIIOM 3 BUKOPUCTAHHSAM (h10JIETOBOTO
(®C-1) Ta xoBToro (XKC-18) ceitnodinptpiB. Ha npenaparax y ximitunax Ilanera BusBisiacs sk0BTO-
3eJIeHa JIFOMIHECLIEHLLIS, 1110 € TOKa3HUKOM BMICTY IIUHKY B KJIITUHAX.

JUii OMTOXIMIYHOTO BH3HAYEHHS CEKPETOPHOTO MaTepialy IIMAaTOYKH TOHKOI KHIIKH
dikcyBasii B ¢opMmaliHi mporsarom 24 roja, MOTIM 3HEBOAHIOBAIM, OOPOOJISIM KCHUJIOJIAMH,
CYMIIIIIIIO KCHJIONY Ta mapadiHy, BUTPUMYBAIU B PiAKuX napadiHax Ta 3aJuBaiid B mapadil.
[TapadinoBi 3pism 5-10 MKM 3aBTOBIIKM OOpOOJISIIM KCHJIOJIAMH, CIHUPTaMH, ITPOMHUBAIN
JTUCTUIIHOBAHOI BOJOI0 Ta 3abapBmoBanu 0,5% po3zuunnom Quokcuny. Ilicns 3abapBiieHHs 3pi3u
NPOMHUBAJIM JMCTUIHOBAHOIO BOJOK Ta 3aMUKald B TIILEpUH-KemaTwH. Ha mpemapatax y
nuToria3Mi KiiTuH [laHeTta TOHKOT KUIIKK BU3HAYAIW YEpBOHI IpaHysM. KiIbKICTh MX TpaHyd —
MOKA3HHWK BMICTY B KJIITHHAX CEKPETOPHOI'O MaTepiay.

BukopucTtoByroun TpuOanbHY CHCTEMY, OLIHIOBAIM IHTEHCHBHICTh ITUTOXIMIYHOI peakilii
¢dokcuny. 3a oauH Oan mMpuiiMany CIa0OMO3UTHUBHY PEaKIlilo, [Ba 0anu — MOMipHY, TpU Oanu —
BHUpPa)KEHY 3a IHTEHCUBHICTIO peakilito. IHTeHCHBHICcTh nuTOXiMiuHOi peakuii 8§-TCX Bu3Havyamm 3a
JIOTIOMOTOI0  MiKpodayopumeTrpa. Bwmict nmHKy omiHOBaM B MKr/T. OpepaHi pe3yibTaTH
CTaTUCTUYHO OyNM ompainboBaHi 3a t-KputepiemM CThIOJEHTa 3a JIOMOMOroO0 Iporpamu Statistica,
6.0. Koediuient xopessuii [Tipcona (r) oduncmoBanu Uit OLIHKM CTYNEHS 3B’SI3KYy MDK 3MIHAMHU
JOCIIHPKEHUX MMOKa3HUKIB.

Pe3yabTaT Ta ix o6ropopennsi. Y tabmuimio | 3BefeHi pe3yibTaTH JOCITIKEHb BMICTY
IIUHKY Ta CEKPETOPHOr0 MaTepially B MAHETOBCHKUX KIIITHHAX MHIIEH 3 allOKCAHOBUM J1iabeToM,
SKUM YBOJIWJIM aJJalITUBHI TOPMOHH.

3 Tabmuili BUIHO, IO 1H €KI[iS QJIOKCaHY BHUKIMKala BUCOKOJOCTOBIpHE 3MEHIICHHS B
kimituHax [lanera mMumei BmicTy HMHKY — Ha 49%, cexkperopHoro marepianry — 42%, KUIBKOCTI
rpanyn 8-TCX — 29%, pnokcunodinsaux rpanyn — 27 %.

VY Bunaaky NpuU3HAUYEHHS 1HCYJIIHY MHUIIAM 3 A1a0€TOM HUXK4Ye KOHTPOIIO Oyiu piBEHb
nuHKy Ha 29%, cekperopHoro marepiany — Ha 25% (p<0,01), a TakoX KUIBKICTh TpaHyJ, IO X
MICTATh, — Ha 17% (p<0,01) 1 16% (p<0,05). ITopiBHSIHO 3 11a0€TUYHUMHU TBAPUHAMM 111 TOKA3HUKHU
3pocTtanu BianoBiaHo Ha 38% (p<0,01), 29, 16 1 15% (p<0,05).

BMicT BHYTPIIIHBOKIITHHHUX [UHKY Ta CEKpeTy OYB HIKYe KOHTpouto Ha 24% (p<0,05) i
17% (p>0,05), a kinbkicts rpanyn 8-TCX i1 dnokcuHodinbHux rpanyn — Ha 12 1 11% (p<0,05) y
TBAapHWH, SKUM Ha TJi JiabeTy YBOAMIIM MPEIHI30JI0H. BiTHOCHO Aia0eTMYHUX MUIIEH 1i TOKa3HUKH
spocranu Ha 48 1 43% (p<0,01), 24% i 23% (p<0,01).

VY mumeil 3 alokcaHOBUM Jiab€TOM y NMPUCYTHOCTI 1HCYJIIHY Ta aJpeHalliHy MOpIBHSHO 3
KOHTpoOJIeEM OyB HHX4Y€ BMICT HUHKY Ha /%, CeKpeTOpHOro marepiany — Ha 8%, a KUIbKICTb TpaHyll,
SKi X MICTSITh, CKopouyBaiachk Ha 4 1 5% (p>0,05). Y mopiBHsHHI 3 qia0CTHYHUMH TBapUHAMHU
oTpuMaHi mokasHuku Oy Buiie Ha 81% (p<0,001), 57% (p<0,01), 35% (p<0,001) i 30% (p<0,01).
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Taoauns 1
Bwmict nuHKy Ta cekperopHoro marepiaixy (M £ m) ta ix B3aeMo3B’s130k (r) y kinitTunax [lanera
MHUIIEH TIpY BBEICHHI aJIOKCaHy, aJpeHalliHY, IPEIHI30JI0HY Ta IHCYIIHY

I'pyna Bwmict Bwmict Kinbkicth rpanyn
TBapuH IUHKY, CEKpPETOPHOT'O n )
MKT/T MaTepiaiy, yM.oll. 8-TCX hrokcuny

Kontpons 41+29 1,2+0,08 52424 55+2,6 0,48° | 0,91™
(n=14)
AJnokcaH 211,77 0,7+0,05™ 37+1,6™ | 40%1,9™ 0,53* | 0,82
(n=10)
Anokcan+ 292,14 0,9+0,06 ™ 43+2,074 461217 0,46 | 0,82
1HCYJIH
(n=10)
Anoxkcan+ 3242,6%% | 1,020,074 47+3,14 50%2,444 0,44" | 0,85™
aJpeHaliH
(n=10)
Anokcan+ 314£2,5% | 1,020,094 4612, 244 4942 34 0,44" | 0,86™
MIPEIHI30JI0H
(n=10)
Anoxkcan+ 384344 | 1,140,104 50£2, 74 52+3,04 0,42" | 0,90™
IHCYTIH+
aJpeHalin
(n=10)
Anokcan+ 38+4, Luu 1,140,124 4912 3y 51+3,3 4 0,46 | 0,92
iHCYmiH+
MIPEIHI30I0OH
(n=10)
[pumitka: * — p<0,05; ™ — p<0,01; ™ — p<0,001 nopisusHO 3 KoHTpomewm; # — p<0,05;
# — p<0,01; s — p<0,001 mopiBHSHO 3 aJIOKCAHOM; I'1 — KoeillieHT KopemnsIlii 3MiH y kiriTnHax [lanera
BMICTY IIMHKY Ta CEKPETOPHOI'0 MaTtepialy, BA3HAYEHOr0 3a J0MOMOIOK [IUTOXIMIYHUX PEaKLiil; 12 —
Koe(DILieHT KopenALii 3MiH KutbKocTi rpanyi 8-TCX 1 prokcMHOQUIBHUX I'paHyl y KiiTHHaX [lanera.

[Ticns  cnosiyueHOro BIUMBY IHCYJIIHY Ta TPEIHI30JIOHY HAa MHUIIEH 3 giabeToM Yy
MAaHETOBCHKUX KJIITMHAX 3MEHIIYBaBCS piBeHb MeTany Ha 7%, cekpery — 8%, KUIbKICTh TpaHysl
8-TCX - 6%, ¢uokcunodineHUX Tpanya — 7% (p>0,05) BIZHOCHO KOHTPOJBHHUX BEJIUYHH.
3pocranns mokasHukiB Ha 81% (p<0,001), 57% (p<0,01), 32% (p<0,001) i 28% (p<0,01)
BCTaHOBJIEHO BIJTHOCHO J11a0€TUYHUX TBApUH.

VY Mumieil 3 aJoKCaHOBUM Jia0eToM, SIKUM YBOAMIJIM aJalTUBHI TOPMOHH, CHOCTEpiranach
MO3UTHUBHA KOPEJALIA 3MiH BMICTY IIUHKY Ta CEKpETOPHOTr0 MaTepiany B kKiiTuHax [lanera.

[ToniOHI 3MiHM BMICTY IIMHKY Ta CEKPETOPHOI'0 MaTtepially B MaHETOBCHKHUX KIIITHHAX
BCTaHOBJIEHI B JOCiiax Ha JA1a0eTMYHUX LIypaxX IHicis BBEIACHHsS I1HCYJIHY, aJpeHalliHy Ta
npeHi30I0HYy (Tad. 2).

OtpumaHi JaHi cBiq4aTh Mpo Te, o B KiiThHaxX IlaHeTa mypiB 3 ajJokcaHOBUM JiabeTOM
BHCOKOJIOCTOBIPHO 3MEHIIIYBaBCs BMICT IIMHKY Ha 55%, cekpeTopHoro marepiany — 47%, KiIbKiCTh
rpanyn 8-TCX — Ha 29%, dnokcuHODinbHUX TpaHy — Ha 26%.

VY BumanKy npu3Ha4eHHS 1HCYIIHY HIypaM 3 qiadeToM OyB HUXKYE KOHTPOJIO PiBEHb ITUHKY
Ha 32% (p<0,001), cexperopHoro Martepiaiy — Ha 24% (p<0,05), KiTbKICTh TpaHyJI, IO iX MICTATS,
— Ha 18% (p<0,01) i 26% (p<0,05). IMopiBHSHO 3 Aia0CTHYHUMH TBAPHUHAMHU IIi MOKA3HUKHU
3pocTainy BianoBiaHo Ha 54 144% (p<0,001), 151 14% (p<0,05).
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Taoauus 2
Bwmict nuHKy Ta cekperopaoro matepiairy (M + m) Ta ix B3aemo3B’ 130K (r) y kiituHax [lanera
IIypiB IIPH BBEJCHHI aJIOKCaHYy, aJipeHajiHy, IPEIHI30JI0HY Ta IHCYJIIHY

I'pyna Bwmict Bwmict KinbkicTs rpanyn
TBapUH [IUHKY, CEKPETOPHOTO r r2
MKT/T MaTepialy, yM.OI. 8-TCX (oxcuny

Koutpons 92459 1,7+0,12 55425 57+3,1 0,47 | 0,92
(n=16)

AJOKcaH 41+2 5™ 0,9+0,05™" 39+1,8™ | 42+217 | 0,49" | 0,87
(n=10)

Anokcan+ 63+4,6™ s 1,3+0,09 s 45+2,0™4 48+1,9% 0,43 | 0,46"
IHCYJIIH
(n=10)

Anokcau+ 7015,4*### 1,440,104 51422 514264 0 ,42* 0,9 1"
aJpeHalin
(n=10)

AJtoxcau+ 6915,8*### 1,440,124 504274 5142 3u 0,44* 0,95***
MIPEIHI30JI0H
(n=10)

AJokcan+ 906,44 1,640,144 53+2,9u 54+2 8 0 ,45* 0,93***
IHCYTiH+
aJpeHaliH

(n=10)

Anokcan+ 8545, 74 1,540,134 5242 64 5342, 74 0,42* 0,92***
iHCYymiH+
MIPEIHI30JI0H
(n=10)

[TpumiTtka: mo3HayeHHs, gk y Tabm. 1.

[Ticnst BBeEHHS apeHaiHy BMICT IIMHKY Ta CEKPETy B MaHETOBCHKUX KIIITHHAX IIYPIB 3
QJIIOKCAHOBHMM JiabeToM OyB HWX4e KoHTpono Ha 24% (p<0,05) i 18% (p>0,05) BiamoBigHo, a
kinpkicth 8-TCX 1 ¢uokcunodpineHux rpanyn Ha 8 1 11% (p>0,05). Y mnopiBHsSHHI 3
JiabeTHYHUMHU TBapHHAMH OTpuMaHi udpu Oymm Bunie Ha 71 1 56% (p<0,001), 31% (p<0,001) i
21% (p<0,01).

Ha tni niaGery B TBapuH, SIKMM YBOAMJIM IPEIHI30JIOH, BMICT BHYTPIIIHbOKJIITUHHUX
KOMITOHEHTIB OyB Hmk4e KoHTposto Ha 25% (p<0,05) i 18% (p>0,05), a kimbkicte 8-TCX i
dmokcurodinbHuX Tpanyn Ha 9 1 11% (p>0,05). BimHocHO miaOeTHYHHMX NIypiB i MOKA3HUKH
3pocTanu Ha 68 1 56% (p<0,001), 28 1 21% (p<0,01).

VY urypiB 3 ajJoKCaHOBUM J1a0€TOM Yy NMPUCYTHOCTI 1HCYJIIHY Ta aJpEHaJliHy MMOPIBHSIHO 3
KOHTpoJIeM OyB HMXK4Y€ BMIiCT HUHKY Ha 3%, CEKPETOpHOro Marepiany — Ha 6%, a KiIbKiCTh TpaHyIl,
SKi X MICTSITh, CKopouyBajack Ha 4 1 5% (p>0,05). Y nopiBHsHHI 3 qia0CTHYHUMH TBAapUHAMHU
oTpuMaHi nmokasHuku Oy Buiie Ha 120 1 78% (p<0,001), 36 1 29% (p<0,01).

[Ticns croaydeHoro BIUIMBY IHCYJIHY Ta aJipeHaliHy Ha HIypiB 3 J11a0€TOM Yy MaHETOBChKUX
KITIITHHAX 3MEHITYBaBCs piBeHb MeTany Ha 8%, cekpery — Ha 12%, kinbkicTh rpanyn 8-TCX — Ha
5%, ¢uokcuHOpUILHUX TpaHyl — Ha 7% (p>0,05) BIIHOCHO KOHTPOJILHUX BEIUYHH. 3POCTAHHS
nokasuukiB Ha 107 1 67% (p<0,001), 33% (p<0,001) i 26% (p<0,01).

[To3uTuBHI KOEQIIIEHTH KOPENAIii 3MiH BMICTY IHHKY Ta CEKPETOPHOTO Marepially B
kmitnHax [laHera maIOCHiAHMX MIypiB CBiAYaTh MPO HASBHICTP MDK IIUMH KOMIIOHCHTAMHU
(YHKII10HAIBHOI'O 3B SA3KY.
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TakuMm 4MHOM, y TBapuH 3 AJIOKCAHOBUM [1a0€TOM MOTIpIIyeThCs (PYHKLIOHAIbHA aKTHBHICTH
witiH [laHera, mpo MO0 CBIAYMTH PO3BUTOK LIMHKOBOi 1 CEKPETOPHOI HEIOCTATHOCTI BHACIIIOK
BUCHAQKEHHSI JIETIO IIUX KOMIIOHEHTIB y KimiThHaX. CKJIa CeKpeTOPHOro MaTepiary 0araTOKOMITOHEHTHHUH,
JI0 HBOTO 30KpeMa BXOIATh JII30COMaIbHI (pepMeHTH, JH30uuM 1 Je(eH3MHH — HU3bKOMOJICKYJISPHI
ICTEIHBMICHI KaTIOHHI ITENTH/IIB, K1 3/110H1 3HUIIYBATH Pi3HOMaHITHI atorenu [21, 22]. Iumri aBTopu B
CBOIX JOCITIDKEHHSAX CHOCTEpIraly y Mia0eTMYHMX MUIIEH paHHIM MOYaTOK TSDKKOro AUCOaKTepio3y
KUIICYHUKA, IO XapaKTEepU3YEThCS POSMHOXKEHHSIM TIPO3aNajbHUX TMPOTE00AKTEpid Ta MI3HIIINAM
KOJIAIICOM aHTUMIKpOOHOro 3axucTy kmtuH [lanera. Y TBapuH, 1m0 B SIKOCTi J1ia0E€TOreHHOro areHTa
OTPUMYBAJIM AHTATOHICT IHCYIIHOBUX perentopi (S961), Oymu 3HauHi qedekTH emiTemanbHix QyHKIii
KUILIKOBOrO 0ap’epa, Taki K IiJBUIIEHA €MiTeliajbHa MapaleioysipHa MPOHUKHICTh Ta MOPYIIEHHS
IUTICHOCT] KJITHHHO-KTITHHHUX 3’ €qHanb [23]. Liu L. Ta iH. Takox 3’sicoByBaiu poiib kiiTuH [laHera B
NOIIKO/UKEHHI TOHKOTO KMILIEYHHMKA IiJ] 4Yac TOCTPOro HekporuuHoro mnaHkpeatuty (I'HII) 3
BUKOPUCTAHHSAM MOJIEIel IIypiB, CTBOPEHHUX LULIXOM 1H €KLl AWTHU30HY, Xenaropa MeTany IHHKY,
37aTHOrO BUOIPKOBO pyliHyBaTH KIiTHHU [lanera. Bueni 3a3Havainy, 110 301IbIIEHHS CTPECY KUIITKOBOTO
€H/I0IJIa3MAaTUYHOT0 PETUKYITyMY, 1110 OLIIHIOBAJIOCS 32 BUCOKMMH PIBHAMH €KCIIpecii OllIka 3B’ s3yH040ro
IMYHOIJIOOYJIIHY Ta aKTUBYIOUOro (hakTopa TpaHCKpUmuii 6, Moke OyTH OTHHMM 13 MEXaHI3MiB,
NOB’sI3aHUM 13 BTpaTol0 KiiTMH [laHera Ta mopymeHHsM kuikoBoro Oap’epy mig uyac I'HIL Ile
JOCIIKEHHS TI0Ka3aJ10, IO BincyTHICTh KimithH [lanera moxke OyTh Ba>kimBUM (PakTOpoM, 10 Oepe
y4acTh Y HOIIKO/DKEHHI KUIICYHHKA, clpusiroun rporpecyBanHio ['HIT [24].

3a pe3yibTaTaMy HallUX JOCIHIKEHb YBEIEHHS IHCYJIHY, aJpeHaliHy Ta IpeIHI30JI0HY
TBapuHaM 3 aJIOKCAHOBMM Jia0eTOM 3MEHIIYBaJIO Ae(ILUT LUHKY Ta CEKPEeTOPHOI'0 Marepialy B
NAHETOBCBKUX KJIITHMHAX, TAaKUM YHWHOM IOKpallylodd (YHKI[IOHAJbHUNH CTaH OCTaHHIX.
[TorenuifioBanuii edekT crnocrepiraBcs Yy BHIAAKYy CIOJY4e€HOI Jii 1HCYJIiHYy Ta TOPMOHIB
HAJHUPKOBUX 3a103. B 1HmIN poOOTI TakoX MiAKPECIE€HO, M0 I1HCYJIIHOBMM CHUTHAJIHT €
HE3aMIHHUM OXOPOHIIEM I[UTICHOCTI KHIIKOBOro Oap’epy, IO di€ SIK 3aXUCT BiJ MIKpOOHOro
nucOanaHcy Ta TOCTpUX IHQEKIIH, CIPUYMHEHNX eHTeponaroreHamu [23].

BucHoBku.

1. YBenenHs A1abeTOreHHOro areHTy MUINaM 1 IIfypam MpU3BOIUIO A0 PO3BUTKY B KIIITHHAX
[Tanera nedinuty MuHKY B Mexax 27-55% Tta cekperopHoro matepiany — 26-47% (p<0,001), mo
BKa3ye Ha NPUTHIYE€HHS (QYHKIIIOHAJIBHOIO CTaHy LUX KJIITHH.

2. YacTKoBa KOPEKIIisI IMHKOBOI 1 CEKPETOPHOI HEJOCTATHOCTI B IMAHETOBCHKUX KIIITHHAX
criocTepiranacs y BUMAKy MPU3HAYCHHS TBAPHHAM 3 aJJOKCAHOBUM J11a0€TOM 1HCYJIIHY, aJpeHaliHY
Ta MPEAHI30JIOHY: MOKAa3HUKH BMICTY BHYTPIIIHHOKJIITUHHUX METajly Ta CeKpery Oyiau MeHIne
nopiBHAHO 3 KoHTposieM Ha 8% (p>0,05) — 32% (p<0,001) i 11% (p>0,05) — 26% (p<0,05), aine
OlubIIe BiTHOCHO Aia0eTHMYHHMX TBapuH BiamoBimHo Ha 15% (p<0,05) — 71% (p<0,001) i 14%
(p<0,05) — 56% (p<0,001).

3. Cnonydena pmist aJanTUBHUX TOPMOHIB BHUKJMKana y KiiTmHax Ilanera TBapuH 3
AJIOKCAaHOBMM Jl1a0eTOM OlIbIl BHUPAXEHUH Koperyrouuil e(exkT moao AediuuTy LUHKY Ta
CEKPETOPHOro MaTepiaiy, IpU I[bOMY OTpUMaH1 LU(PpU CYTTEBO HE BIAPI3HAIMCS Bl KOHTPOJIIO, a B
NOpPIBHAHHI 3 Mia0CTHYHUMHU TBapuHaMH Oyiu BHIne BiamoBigHo Ha 32-107% (p<0,001) i 26%
(p<0,01) — 67% (p<0,001).

IlepcnexkTUBM MoaanbIIKX AocHilKeHb. [loganpun nocnipkeHHs: OyAyTh COpsIMOBaHI Ha
BUBYCHHS BIUIMBY aJIalITABHUX TOPMOHIB Ha cTaH KJIiTHH [laHeTa aipeHaneKTOMOBaHUX TBAPHH.

Cnucox BUKOPHCTAHUX JIKepPe

1. Tpouwsko M. [I., bonsmosa O. B., Cokonosa JI. K. IlykpoBuii miaber 1-ro THIy: €TiOJIOTisl, MATOTe€HE3, KITiHIKa,
JarHOCTHKA Ta JiKyBaHHs. [Ipaxmukyrouuti nikap. 2021. 10(3). C. 26-35.

2. Cipenko TI'. O., Ckiragamiok M. B., Mapturiok M. 1. [ra in.]. Teoperuuni OCHOBH IIyKpOBOro [iabery. Bichuk
Tpuxapnamcokoeo nayionanwnozo yHisepcumemy imeri Bacunsi Cmeganuxa. Cepis Ximis. 2019. Bun. XXIII. C. 4-70.

3. Typcekmii A. M., Kacekis M. B. Exornoriudi Ta comianbei mpo6ieMu sK HACTIZOK PO3BHTKY €HIOKPHHHOI
naroJiorii. hroremens HayionaneHoeo yhisepcumenmy 600H020 cocnodapcmea ma npupoodokopucmyeanns. 2021,
95(3). C. 47-57. https://doi.org/10.31713/vs320214

19



ISSN 2076-5835. Bicuuk Uepkackkoro yHiBepcutery. 2025. N2

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

El-Kebbi I. M., Bidikian N. H., Hneiny L., Nasrallah M. P. Epidemiology of type 2 diabetes in the Middle East
and North Africa: challenges and call for action. World J. Diabetes. 2021. 12(9). P. 1401-1425. doi:
10.4239/wjd.v12.i9.1401.
Cho Y., Yoon K. H. Being caught in the perfect storm of a diabetes epidemic and the COVID-19 pandemic: what
should we do for our patients? J. Diabetes Investig. 2021. 12(3). P. 297-300. doi: 10.1111/jdi.13425.
Kottaisamy C. P. D, Raj D. S., Prasanth Kumar V., Sankaran U. Experimental animal models for diabetes and
its related complications —a review. Lab Anim Res. 2021. 37(1). P. 1-14. doi: 10.1186/s42826-021-00101-4.
Coppola A., Zorzetto G., Piacentino F. [et al]. Imaging in experimental models of diabetes. Acta Diabetol. 2022.
59(2). P. 147-161. doi: 10.1007/s00592-021-01826-3.
Yagihashi S. J. Contribution of animal models to diabetes research: its history, significance, and translation to
humans. Diabetes Investig. 2023. 14(9). P. 1015-1037. doi: 10.1111/jdi.14034.
Algul S., Ozcelik O. Comprehensive review of animal models in diabetes research using chemical agents. Lab
Anim. 2025. 59(3). P. 356-363. doi: 10.1177/00236772241296199.
Mauvais F. X., van Endert P. M. Type 1 diabetes: a guide to autoimmune mechanisms for clinicians. Diabetes
Obes. Metabh. 2025. Suppl 6. P. 40-56. doi: 10.1111/dom.16460
Drikvandi P., Bahramikia S., Alirezaei M. Modulation of the antioxidant defense system in liver, kidney, and pancreas
tissues of alloxan-induced diabetic rats by camphor. J. Food Biochem. 2020. 44(12): €13527. doi: 10.1111/jfbc.13527.
Salazar-Garcia M., Corona J. C. The use of natural compounds as a strategy to counteract oxidative stress in
animal models of diabetes mellitus. Int. J. Mol. Sci. 2021. 22(13): 7009. doi: 10.3390/ijms22137009.
Madhariya R., Dixena B., Ram A. [et al]. Experimental animal models: tools to investigate antidiabetic activity.
Curr. Pharm. Des. 2023. 29(2). P. 79-94. doi: 10.2174/1381612829666221220115649.
Kaprnios A. K., I'puroposa H. B., €uienko B. A. Tlomikopkyroda Jist allokcaHy, JUTU30HY 1 CTPENTO30TOILMHY Ha
IHCYJISIpHHIA arapar 30JIOTUCTUX 1 KUTAHChKHX XOM SIUKIB. BICHUK 3anopizpkoco HAUIOHAIbHO20 YHIGEpCUMeEmYy:
bionoeiyni nayxu. 2012, Ne 1. C. 83-88.
I'puroposa H. B. BHyTpimHb0cekpeTopHa (HyHKITS MiJIUTYHKOBOI 3aJI031 B HOPMI Ta ITPH TATOJOT1i. 3amopixoKs :
3arnopi3pKuii HaioHaNbHUN YHiBepcuTeT, 2014. 304 c.
I'puroposa H. B., €menko B. A. Ponb 1iHKY B HeHporyMOpaibHUX MeXaHi3Max perymsinii GpyHKuii iHCyIsipHOTO
amapary. Excnepumenmanvha ma KuiHiuna ¢izionoeis i 6ioximis. 2013. 61(1). C. 79-84.
3aituenko I'. B., Topuakosa H. O., lllymeiiko O. B. [ta in.]. ®apMakoioriydi BIACTUBOCTI MPENapaTiB IHHKY.
Yxpaincokuil orcypnan meouyunu, 6ionoeii ma cnopmy. 2021. Ne 3 (6). C. 37-44.
AkimoB O. €., KysuenoBa T. 1O., ConosiioBa H. B. [ra in.]. Ponb 1MHKY B Opradi3mi JIOAMHH Ta HUISXH
TOJIONIAHHS WOro nedinmrty. Axmyanvui npobremu cyuachoi meduyunu: Bicnux Yrpaincekoi meouunor
cmomamonoeiunoi akademii. 2023. 23 (3). C. 246-249.
Kiouri D. P., Tsoupra E., Peana M. [et al]. Multifunctional role of zinc in human health: an update. EXCLI J. 2023.
22 (4). P. 809-827.
I'puropoBa H. B., €menxo B. A., Kyssmina M. A. MexaHi3Mu perynsuii BMICTY XeJIaTOBaHMX METaliB Yy
KIITHHAX. Excnepumenmanvha ma kiiniuna ¢isionoeis i oioximis. 2013. 61(4). C. 7-12.
Cui C., Wang F., Zheng Y, [et al]. From birth to death: the hardworking life of Paneth cell in the small intestine.
Front Immunol. 2023. 14:1122258. doi: 10.3389/fimmu.2023.1122258
Wallaeys C., Garcia-Gonzalez N., Libert C. Paneth cells as the cornerstones of intestinal and organismal health: a
primer. EMBO Mol. Med. 2023. 15(2): €16427. doi: 10.15252/emmm.202216427.
Gueddouri D., Calizac M., Fauveau V. [et al]. Insulin resistance per se drives early and reversible dysbiosis-
mediated gut barrier impairment and bactericidal dysfunction. Mol. Metab. 2022. 57: 101438. doi:
10.1016/j.molmet.2022.101438.
Liu L., Guo Y., Zheng J. [et al]. Paneth cell ablation increases the small intestinal injury during acute necrotizing
pancreatitis in rats. Mol. Med. Rep. 2019. 20(1): 473-484. doi: 10.3892/mmr.2019.10274.

References
Tronko, M. D., Bolshova, O. V, & Sokolova, L. K. (2021). Type 1 diabetes mellitus: etiology, pathogenesis,
clinical features, diagnostics and treatment. Praktykuiuchyi likar [Practitioner]; 10(3): 26-35 (in Ukr.).
Sirenko, H. O., Skladaniuk, M. B., Martyniuk, M. 1. [et al]. (2019). Teoretychni osnovy tsukrovoho diabetu.
Visnyk Prykarpatskoho natsionalnoho universytetu imeni Vasylia Stefanyka. Seriia Khimiia [Bulletin of the Vasyl
Stefanyk Precarpathian National University. Chemistry Series]; 23: 4-70 (in Ukr.).
Hurskyi, A. Y., & Kaskiv, M. V. (2021). Environmental and social problems as a consequence of the development
of endocrine pathology. Biuleten Natsionalnoho universytetu vodnoho hospodarstva ta pryrodokorystuvannia
[Bulletin of the National University of Water Management and Environmental Management]; 95(3): 47-57.
https://doi.org/ 10.31713/vs320214 (in Ukr.).
El-Kebbi, I. M., Bidikian, N. H., Hneiny, L., & Nasrallah, M. P. (2021). Epidemiology of type 2 diabetes in the
Middle East and North Africa: Challenges and call for action. World J Diabetes; 12(9): 1401-1425. doi:
10.4239/wjd.v12.i9.1401.
Cho, Y., & Yoon, K. H. (2021). Being caught in the perfect storm of a diabetes epidemic and the COVID-19
pandemic: what should we do for our patients? J Diabetes Investig; 12(3): 297-300. doi: 10.1111/jdi.13425.

20


https://pubmed.ncbi.nlm.nih.gov/34630897/
https://pubmed.ncbi.nlm.nih.gov/34630897/
https://pubmed.ncbi.nlm.nih.gov/33007156/
https://pubmed.ncbi.nlm.nih.gov/33007156/
https://pubmed.ncbi.nlm.nih.gov/34429169/
https://pubmed.ncbi.nlm.nih.gov/34429169/
https://pubmed.ncbi.nlm.nih.gov/34779949/
https://pubmed.ncbi.nlm.nih.gov/37401013/
https://pubmed.ncbi.nlm.nih.gov/37401013/
https://pubmed.ncbi.nlm.nih.gov/39817399/
https://pubmed.ncbi.nlm.nih.gov/40375390/
https://pubmed.ncbi.nlm.nih.gov/34209800/
https://pubmed.ncbi.nlm.nih.gov/34209800/
https://pubmed.ncbi.nlm.nih.gov/36545714/
https://pubmed.ncbi.nlm.nih.gov/36969191/
https://pubmed.ncbi.nlm.nih.gov/36573340/
https://pubmed.ncbi.nlm.nih.gov/36573340/
https://pubmed.ncbi.nlm.nih.gov/35007789/
https://pubmed.ncbi.nlm.nih.gov/35007789/
https://pubmed.ncbi.nlm.nih.gov/31180547/
https://pubmed.ncbi.nlm.nih.gov/31180547/
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/34630897/
https://pubmed.ncbi.nlm.nih.gov/34630897/
https://pubmed.ncbi.nlm.nih.gov/33007156/
https://pubmed.ncbi.nlm.nih.gov/33007156/

Cepis «bionoriuni Haykm», 2025

6. Kottaisamy, C. P. D., Raj, D. S., Prasanth, Kumar, V., & Sankaran, U. (2021). Experimental animal models for
diabetes and its related complications-a review. Lab Anim Res; 37(1): 23. doi: 10.1186/s42826-021-00101-4.

7. Coppola, A., Zorzetto, G., Piacentino, F. [et al]. (2022). Imaging in experimental models of diabetes. Acta
Diabetol; 59(2): 147-161. doi: 10.1007/s00592-021-01826-3.

8. Yagihashi, S. J. (2023). Contribution of animal models to diabetes research: its history, significance, and
translation to humans. Diabetes Investig; 14(9): 1015-1037. doi: 10.1111/jdi.14034.

9. Algul, S., & Ozcelik, O. (2025). Comprehensive review of animal models in diabetes research using chemical
agents. Lab Anim; 59(3): 356-363. doi: 10.1177/00236772241296199.

10. Mauvais, F. X., & van Endert, P. M. (2025). Type 1 diabetes: a guide to autoimmune mechanisms for clinicians.
Diabetes Obes Metab; 6: 40-56. doi: 10.1111/dom.16460.

11. Drikvandi, P., Bahramikia, S., & Alirezaei, M. (2020). Modulation of the antioxidant defense system in liver,
kidney, and pancreas tissues of alloxan-induced diabetic rats by camphor. J Food Biochem; 44(12): e13527. doi:
10.1111/jfbc.13527.

12. Salazar-Garcia, M., & Corona, J. C. (2021). The use of natural compounds as a strategy to counteract oxidative
stress in animal models of diabetes mellitus. Int J Mol Sci; 22(13): 7009. doi: 10.3390/ijms221370009.

13. Madhariya, R., Dixena, B., Ram, A. [et al]. (2023). Experimental animal models: tools to investigate antidiabetic
activity. Curr Pharm Des; 29(2): 79-94. doi: 10.2174/1381612829666221220115649.

14. Karpov, A. K., Hryhorova, N. V., & Eshchenko, V. A. (2012). Injuring action of alloxan, dithizone and
streptozotocine on insular apparatus of golden and chinese hamsters. Visnyk Zaporizkoho natsionalnoho
universytetu: Biolohichni nauky. Zaporizhzhya National University [Bulletin of Zaporizhzhia National University:
Biological Sciences]; (1): 83-88.

15. Hryhorova, N. V. (2014). Endocrine function of the pancreas in normal and pathological conditions. Zaporizhzhia:
Zaporizkyi natsionalnyi universytet [Zaporizhzhia: Zaporizhzhia National University] (in Ukr.).

16. Hryhorova, N. V., & Eshchenko, V. A. (2013). The role of zinc in neurohumoral mechanisms of regulation of
insular apparatus function. Eksperymentalna ta klinichna fiziolohiia i biokhimiia [Experimental and clinical
physiology and biochemistry]; 61(1): 79-84 (in Ukr.).

17. Zaichenko, H. V., Horchakova, N. O., Shumeiko, O. V. [et al]. (2021). Pharmacological properties of zinc
preparations. Ukrainskyi zhurnal medytsyny, biolohii ta sportu [Ukrainian Journal of Medicine, Biology and
Sports]; 6 (3): 37-44. https://doi:10.26693/jmbs06.03.037 (in Ukr.).

18. Akimov, O. Ye., Kuznetsova, T. Yu., Soloviova, N. V. [et al]. (2023). The role of zinc in the human body and
ways to owvercome its deficiency. Aktualni problemy suchasnoi medytsyny: Visnyk Ukrainskoi medychnoi
stomatolohichnoi akademii [Current problems of modern medicine: Bulletin of the Ukrainian Medical
Stomatological Academy]; 23(3): 246-249. https://doi 10.31718/2077-1096.23.3.246 (in Ukr.).

19. Kiouri, D. P., Tsoupra, E., Peana, M. [et al]. (2023). Multifunctional role of zinc in human health: an update.
EXCLI J; 22(4): 809-827. https://doi: 10.17179/excli2023-6335.

20. Hryhorova, N. V., Eshchenko, V. A. & Kuzmina, M. A. (2013). Mechanisms of regulation of the content of
chelated metals in cells. Eksperymentalna ta Klinichna fiziolohiia i biokhimiia [Experimental and clinical
physiology and biochemistry]; 61(4): 7-12 (in Ukr.).

21. Cui, C., Wang, F., Zheng, Y. [et al]. (2023). From birth to death: the hardworking life of Paneth cell in the small
intestine. Front Immunol; 14:1122258. doi: 10.3389/fimmu.2023.1122258.

22. Wallaeys, C., Garcia-Gonzalez, N., & Libert, C. (2023). Paneth cells as the cornerstones of intestinal and
organismal health: a primer. EMBO Mol Med; 15(2): e16427. doi: 10.15252/emmm.202216427.

23. Gueddouri, D., Caiizac, M., Fauveau, V. [et al]. (2022). Insulin resistance per se drives early and reversible
dysbiosis-mediated gut barrier impairment and bactericidal dysfunction. Mol Metab; 57: 101438. doi:
10.1016/j.molmet.2022.101438.

24. Liu, L., Guo, Y., Zheng, J. [et al]. (2019). Paneth cell ablation increases the small intestinal injury during acute
necrotizing pancreatitis in rats. Mol Med Rep; 20(1): 473-484. doi: 10.3892/mmr.2019.10274.

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 f-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 (V4S), 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 zmol/L ADP. The respiratory
control ratio (V3/V4ATP) 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 Il 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 I1, 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, KoCO3z — 2, EGTA-1 (pH 7.2), and the incubation medium — KCI — 120, HEPES - 10,
K2CO3 — 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.SO3) 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 (\VV4%), the rate of phosphorylation or ADP-
stimulated (\V3) and controlled (V4A™) respiration were determined, and the respiratory control
according to Chance and Williams (V3/V4ATP) 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 V4S5 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 V4S 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).

70 " 50
£ = 404
% 60 = E
E 2 %
O 50- >
= O 204
o
£ g
40 € 10-
|| || || | | || | 0 T T I T I T I
S 0O & FH F P P d O A © © © ©
SIS &P S P
> 8 N » &Y T 60 AT
F v L L& N
% ¥ v
A b

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/V4ATP) 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
V43 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* 15,04£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 11,1411 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 (V4ATP), 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 (Mzm).

Substrate Sodium glutamate 5 mmol + malate 2,5 mmol
V4S V4ATP V3/ VAATP ADP/O
mmol Oz/min-Y/mg? c.u

Basal level 7,3%£1,0 7,910,70 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* 57+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 8,0+1,4 7,712 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/V4ATP 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 1l 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 | 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 | 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 1.
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3aBropoaniii M. O., llanenko I1. K., Hocap B. 1., IlopTHiuenko B. I.
OKHNCJIIOBAJIBHA ® YHKIISA MITOXOH/IPIA NEYIHKH I[YPIB I YAC
I'OCTPOI I'IEPOKCII TA BITHOBJIEHHSA

Enepeemuunuii 06Mmin y neuinyi, K1o4080My OpeaHi, Wo pecymoe K peuyosuHHUll, max i
eHep2emuyHUuti 0OMIH 6 Op2aHi3Mi, KPUMUYHO 3anedcumb 6i0 Cnocueanus KucHwo. OcHOSHUMU
opeanenamu, GiONOGIOANBHUMU 3A OKUCTIOBANbHULL eHepeemUYHUll OOMIiH, € MImMOXOHOpII.
T'inepoxkcisn ma Kucnesa mepanis WUPOKO BUKOPUCTMOBYIOMBCS 1K MePanesmuyti 6mpy4anis npu
3AXBOPIBAHHAX NediHKu ma Memadboniunux nopywenusx. QOHax cneyughiunuii 6niug 2inepokcii Ha
eHepeemuynull.  0OMIH ma OKUCTIOBANIbHY — (QYHKYIIO MIMOXOHOPIU NeYiHKU  3aTUUUAEMbCS
He00Cmamub0 GUBYEHUM.

Mema. Memoro yb020 0ocniodxicenus 6y10 00CAIOUMU OKUCTIOBAILHY (DYHKYII0 MIMOXOHODI
NeYiHKY Wypie 3a PI3HUX MUNIG 2INEPOKCUYHOSO GNIIUGY.

Memoou. OxucnrosanvHy yHKYito MimoxoHOpitl docaioxcysaiu y 35 camyie wypie Bicmap.
Buxopucmosysanu nonapozpaghiunuti memoo, onucanuii Yancom ma Binoamcom. Mimoxonopianvhe
OUXAHHS OYIHIOBATIU 8 20MO2EHAMAX NEeYiHKU 3 00NOMO2010 8IOKPUMO20 NIAMUHOB8020 e1eKmpood
ma mepmMocmaoinizoeanoi kamepu, wo Micmume IHKYOayiine cepedoguuje ma cybocmpamu
oxucnenns. Llleuokicms cnodxcusanHs KUCHIO BUMIDIOBANU 6 YMOBAX OUXAHHA Y CMAHI CHOKOIO
(V4S), akmusnoeo ouxanus (V3) ma xoumponvosanoco ouxanus (V4ATP) oopa3zy nicia eénaugy
einepokcii, a makoodic va 1, 3, 5, 7 ma 14 owui nicaa enaugy. [Jquxanus cmumyniosanu 000A8aAHHAM
200 mxmonv/n AA®. Byamu pospaxosari koegiyicum koHmpono ouxauus (V3/V4ATP) ma
epexmusnicms pocgopuntosanns (cniggionowerns ADP/O).

Pezynomamu. B ymosax zinepoxcui wisuokicme akmugno2o ouxauns (V3) snauno spocmana
nio uac oxucinenns FAD-3anescnoeo cyxyumamy, ane He nio uac oxuciaeHus cymiwi NAD-
3anexcnoco enymamamy ma manamy. Egexmusnicme oxucnenna ma  gocgopunosanns
BIOHOBI08ANACSE 00 7-20 OHA NICAA 2INEPOKCUYHO20 GNAUBY, KOau 0y8 3adianuii komniexc I
JlaHYy02a enekKmpoHHO20 mpancnopmy, moodi sk 3 cyocmpamamu xomniaexcy I eéona s3anuwanacs
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HUMCYO0I0 3a 0a308utli pisenv npomscom 14 ouis. 3naune 36invueHHs enepeemuzayii MimoxoHopit
cnocmepieanocs 3 5-20 OHa nio yac oxucienHs NAD-3anesxcnux cybocmpamie nopieHAHO 3 pieHem
be3nocepeonvbo Nicis GNaUGY.

Opuzinansnicms. Lle OocniodcenHs enepuie O0eMOHCMPYE, WO IHOYKOBAHI 2iNEPOKCIE0
3MIHU OKUCTTIOBANbHOT PYHKYIT MIMOXOHOPIN neyinKu 8i00y8aomvcs Paz03anedcHUM YUHOM.

Bucnoexu. I1i0 uac cinepoxcii MimoxonopianvHe OUXaHHs akmugyemucs uepe3 komniekc 11
Jlanyro2a eneKmpoHHO20 MPAHCNOPMY, MOOI AK aKmueHicmv Komniekcy 1 npueniuyemsuca.
Ipunyckaemocs, wo Komnnexc Il cnpuse adanmusHiti peakyii MimoxoHOpiaibHo20 OUXAHHS HA
2INepOKCUYHUL BNIIUS.

Knwuoei cnosa: mimoxonopii, neuinka, nonspozpagis, memoo Yawca, cinepoxcis, KuceHw.
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BAPIABEJIBHICTH CEPIIEBOI'O PUTMY ITPU TUMYACOBINA OKJIFO3I1
HMW)XHIX KIHIIBOK Y ATJIETIB

Anomauia. Tumuacosa oK03isl HUINCHIX KIHYIBOK € OOCMYNHOI0 MOOENNI0 KOPOMKOYACHOT
iwemii, o 00360.J5€ 8I0MBOPUMU KOHMPOILOBAHUU Di3I0N02TUHULL cmpec De3 CYMMEBO20 PUSUKY
0711 300p08’s. Bona cynposodoicyemuvcs akmusayiero nepugepuyHux ma yeHmpaibHux MexaHizmie
peayaayii Kpooobizy, 3MIHIOE MOHYC CYOUH 1 GNIUBAE HA POOOMY Cepyeso-CyOUHHOI cucmeMmu.
Busuenns peaxyii eapiabenrvbHocmi cepyegoeco pummy HA Maxi 3MIHU BIOKPUBAE MONCIUBICHID
enubue 3po3ymimu mexanizmu it adanmayii 00 KOpOMKOUACHUX TUEMIYHUX BNIUBIE.

Bumiprosanns s0iticniosanu na 30 vonosixkax sikom 18-25 poxis - cmyoenmax ¢izKyibKypHo-
cnopmuenux cneyianizayiu. OKMO3IUHI  6NAUSU BUKOHYBAIU HA CMESHAX MAHICemo OJis
BUMIPIOBAHHS apmepianbHoco mucky wupuroio 200 mm ynpoooedxc 3 xeunun. Inmerncuenicmo
nepuio2o 6NaUBy CKIA0ana piseHv oiacmoniyno2o mucky + 50 mm pm.cm.; Opyeoco - pigenb
cucmoaiuno2o mucky + 50 mm pm.cm. Iloxkaznuxu sapiabenvHocmi cepyego2o pummy peecmpyeanu
ma pospaxosysanu 6 npoepami Polar Protrainer 5.0.

Benosna oxnwo3zia  He  cnpuyunAia  Cymmesux — 3pyuleHb  4aco8ux — NOKA3HUKIE
sapiabenvbHoCmi cepyeo2o pummy, a apmepiaivbHa eukiukaia ix pieua 3 1-i no 10- xeununu
gionoenennsa. Haibinbwum 6Oyno 3spocmanua YMSSD sax mapkepa 30invuieHHs MOHYCY
napacumMnamudno2o 8i00iny eecemamueHoi Hep8osoi cucmemu. Aunanisz xoegiyienmis eapiayii
peakmuenocmi nokaznuxie BCP nokazae, wo ix pigenv 06ye gipociono euwum Ha 1-u ma 10-i
XBUIUHAX 8NAUBY NICAS 8EHO3HOT OKNI03II HINC V 8I0N0BIOHI nepioou yacy nicis apmepianivHo .
Le mooice ceiouumu npo HaseHicmov OLIbUWL BUPANCEHUX THOUBIOYATbHUX NPUCTOCY8AHb PecyNAYil
cepyesoeco pummy nNpu BeHO3HIU OKI03ii V NOpIieHAHHI 3 apmepiaibHol. AHaniz 3MiH
cnekmpanvHux nokasuukie BCP nokazaé cymmege 30inbuieHHs napacumMnamuynux 6naueié Ha
OisANbHICMb cepys npu apmepiaibHiti OKII03ii.

Knrouosi cnosa: sapiabenvHicmb cepyesoco pummy, OKMIO3iA  HUNCHIX  KIHYIBOK,
@yHKYiOHATbHULL cmaH, amiemu

IMocranoBka nutanHs. BapiaGensHicTh ceprieBoro putMmy (BCP) € onHuM 13 mpoBigHUX
HEIHBA3UBHHUX METO/[IB OL[IHKM CTaHy BEreTaTUBHOI peryJsiii cepreBo-CyIMHHOI CUCTEMHU SIK Y
4OJIOBIKIB Tak 1 y xiHOK [1]. Amnami3 nmoka3nukiB BCP nmae 3mMory BUSBUTH 0COOJHMBOCTI
B3a€MOJii CUMIIATUYHOI Ta MapacUMIaTHYHOI JJaHOK HEPBOBOi CHCTEMH, OLIHUTH aJamnTalliiHi
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MOXJIMBOCTI OpPTraHi3My Ta piBeHb Horo (yHkUioHanbHOI Hanpyru. CamMe TOMY BUBUEHHS 3MIH
BCP nig BmimBoM pi3HUX (i310J0T1YHUX 1 CTPECOBHMX YHMHHMKIB MAa€ Ba)XXJMBE HayKoBe M
NpaKTHYHE 3HAUCHHS.

TuMuacoBa OKJIFO31s HMKHIX KIHI[IBOK € JIOCTYITHOK MOJCIUIF0 KOPOTKOYAaCHOI iImemii, 1o
JI03BOJISIE BIITBOPUTU KOHTPOJIbOBAHUM (1310J0TUHMI cTpec 6€3 CYyTTEBOr0 PU3UKY JUIsSl 3J0POB’sl.
Bona cynpoBOmKyeThCs aKTUBaIi€lo TepuepruuHUX Ta EHTPATbHUX MEXaHI3MIB peryJsii
KpPOBOOOITY, 3MIHIOE TOHYC CYJIMH 1 BITUBA€ HA pOOOTY CEPIIEBO-CYAMHHOI cUCTeMU [2]. BuBueHHs
peakirii BapiabeapHOCTI CepIeBOr0 PUTMY Ha Taki 3MiHH BIIKPUBAE MOXKIUBICTD IIHUOIIE 3pO3yMITH
MexaHi3MH i1 ajanTaiii 10 KOPOTKOYACHUX 1IIEMIYHHUX BILJTUBIB.

JocnixenHs: BIUIMBY TUMYacoBoi okiro3ii Ha BCP € akTyaqpHUM y KOHTEKCTI MOIIYKY
HOBHX WiAXOIIB 10 MIarHOCTHKH Ta MNPO(MITAKTHKH CEPLEBO-CYANHHUX 3aXBOPIOBAHb, OIIHKH
e(EeKTHBHOCT1 TPEHYBAJILHOTO TIPOIIECY Y CIMIOPTCMEHIB, a TAKOX YJAOCKOHAJICHHS peadimiTarliiHux
nporpaM st 0ci0 13 TOpPYIIGHHSIMH CEpIeBO-CyAMHHOI perynsamii. Kpim Toro, cydacHi
eKCIIEpUMEHTaJIbHI POOOTH CBiT4aTh MPO MOTEHIIHHUN MO3UTUBHUN €(EeKT KOPOTKOYACHOI immemMii
(Tak 3BaHUMN «IIPEKOHIULIOHYIOUUI» €(EeKT) y MiIBUILIEHH] CTIMKOCTI CepLeBO-CyIMHHOI CUCTEMU
JI0 CTPECOBUX BILTUBIB [3].

TakuM 4YHMHOM, JOCHIUKEHHS BIUIMBY THUMYacOBOI OKJIIO31i HWJKHIX KIHIIIBOK Ha
BapiaOeIbHICTh CEPLIEBOr0 PUTMY € aKTyaJlbHUM, OCKIJIbKA BOHO CIPHS€ PO3MIUPEHHIO 3HAHD MPO
MeXaHi3MH aBTOHOMHOI PEryJIsii ceplis, Ma€e MpaKTUYHE 3HAYEHHS JJIsl CIIOPTUBHOI, KJIIHIYHOT Ta
BIJIHOBHOI MEAMIIMHU, a TaKOX MOXE€ CTaTh OCHOBOIO [JII PO3POOKH e(PeKTUBHHX 3ac00iB
onTuMizalii PyHKI[iOHATBHOTO CTaHy OpraHi3My.

AHani3 ocTraHHiX fAociaigkeHb 1 myOJaikamiii. PeakTuBHa rimepeMis IIHPOKO
BUKOPHUCTOBYETHCS JUJIsL TOCTIIKEHHSI MAKPOCYJUHHOI - PO3MIMPEHHS, OMOCEPEIKOBAHE TTOTOKOM
Ta MIKPOCYJIMHHOI - TECT Ha OKJIO31I0 CYJUH 3a JONOMOro OJMKHBOI iH(pauepBOHOT
cuektpockomii  ¢yukmii. Rasica L e.a. [4] orpumani cymepewinBi pe3yiabTaTH OO
BiAMIHHOCTEH y pe3ylbTaTaX PeakTUBHOI rimepemii, moB's3aHuX 3 piBHeM (Pi3MYHOI MiATOTOBKH
ta craTTio. BTiMm B gocmimkenni Giovanna M. e.a. [5] mokasano, mo mikoBa aepoOHa
MOTYKHICTh, TPUBAIICTH BIIPAaB, MAKCUMATbHUN HAKONMHUYCHUH AeQIIHUT KUCHIO Ta CHOKHUBaHHS
KUCHIO TOKPAIIMJIMCS i 4ac BIpaB 3 HaJIMaKCUMaJIbHOK MOCTIHHOI 1HTEHCHBHICTIO MiCJIsI
HIECTH CEaHCIB OKI03il HIDKHIX KiHIiBOK. OmHAaK KOMOIHOBaHWW TIMOKCHYHHH cTpec abo
YacTKOBE OKJII031s HE MPHU3BEIU A0 MOJAJBIIOro 3017bIICHHS MIKOBOI aepoOHOI MOTYKHOCTI.
Merananiz nitepatypu [6] TakoX HamaB IMOMIpHI JIOKa3W TOTO, WIO iMEMidyHE
NPEKOH/MIIIIOBAaHHS HE MOKpallye aepoOHy 34aTHICTh 3J0pPOBUX JOPOCIHX, aje CHpUse
301JBIICHHIO Yacy J0 BUCHaXCHHS TiJ 4ac aepoOHMX BIpaB. Pe3ynbraTh OKII0311 HIDKHIX
KIHI[IBOK Yy CIIOPTCMEHIB 3aJIe’KaJld HE T1JIbKM BiA ii mapamerpiB, a 1 BiJ LIMPUHU OKJIIO31HHOI
MaHxkeTH [7]. OTxe pe3yJbTaTH BIUIMBY OKJIIO311 HUKHIX KIHI[IBOK y CIIOPTCMEHIB 3aJIeKaTh BiJl
OaraTboX (aKTOpIB 1 HE 3aBXKIU OJHOCIPSIMOBAHI.

Pazom 3 muMm mokazaHo, IO iIeMiYHE MPEKOHAMIIIOBAHHS MOXKE CYTTEBO BIUIMHYTH Ha
CIOPUMHATTSA OO0 Ta MIABUINMTU 30yIJIMBICTH KOPTUKOCHIHAJIBHOI'O TPAKTYy MiJ 4Yac AOBLIBHUX
ckopouenb [8]. Lle Moxe Bka3yBaTh He TUIBKM Ha BIUIMB I[LOTO TECTy HA KPOBOOOIr, ane i Ha
JSTIBHICTh BEreTaTHBHOI HEPBOBOI CHCTeMH. BTiM 3HaljeHe TibKM OfHE AociijkeHHs [9] B
KOTPOMY Y JIOCIiJIaX Ha MHIIAaX JIOBEEHO, 1[0 OKJIIO3ig KIHI[IBOK MOB's13aHa 31 3MiHAMHU aKTUBHOCTI
BEreTaTUBHOI HEPBOBOI CHCTEMH (4YacTOTa CEpIEBHUX CKOpOUYeHb, KpoBOTik, BCP) Ta nerkum
IIIIEMIYHIM CTPECOM MiOKapa, 10 CIIPUsi€ KapI10mpOTEKIIii.

ToMy akTyaJbHUM € JOCIIDKCHHS BIUIMBY THMYacOBOI OKJFO3ii HHMOKHIX KIHIIIBOK
Ha TMOKa3HUKH BapiabEeIbHOCTI CEpPLEBOT0 PUTMY sIKi BiOOpa)karoTh HE TITbKU OCOOJIHBOCTI
(GYyHKLIOHYBaHHS  CEpLEBO-CYIMHHOI CHCTeMH, aje 1 3MIHM TOHYCYy BEreTaTUBHOI
HEPBOBOI CUCTEMHU.

Merta. 3’scyBaT 0COOJIMBOCTI ITOKa3HHUKIB BapiaOEIbHOCTI CEPLIEBOrO PUTMY IIPU PI3HHUX PIBHAX
THMYacOBOI OKJIFO311 HW)KHIX KIHIIIBOK Y CTYIEHTIB (Di3KYyJIbTYPHO-CIIOPTUBHUX CHEMIaIBHOCTEH.
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OrJsi1 0CHOBHOI0 MaTepiany X0CiIKeHHS .

Metoauka. BumiproBanns 3ailicHioBanu Ha 30 dosoBikax BikoM 18-25 pokiB - cTyJaeHTax
(bi3KyIBKYpPHO-CIIOPTUBHKX ~ Cremiaiizamii  Yepkachbkoro HaIlliOHaJIbHOI'O YHIBEPCUTETY IMEHI
bormana XMENbHUIBKOTO 3 JIOTPHMaHHSM OCHOBHHMX O1OCTHMYHHX IOJ0KeHb KouBeHIii Paan
€Bponu Mpo mpaBa JIIOJAUHK Ta OloMenuuuHy, ['enbciHChbKOI aekiapaiiii BcecBiTHROI MemuuHOT
acoriamii Ipo eTU4HI NPUHIUIH TPOBEIECHHS HAYKOBUX MEAMYHUX JTOCIIPKEHb 3a YYacCTIO JIIOJIUHU
(1994-2008 pp.), a Takox Hakazy MO3 Ykpaiau Ne 690 Big 23 Bepechs 2009 poky.

Bci BoHM 3a TaHUMU METUYHOT0 00CTEXKEHHS OYJIH 3710pOBi, HE MaJI TOCTPUX Ta XPOHIUHUX
3aXBOPIOBaHb.

CrnovaTKy Ha KiHIIBKH Ta TPYAHY KIITKy oOctexxyBaHoro natuuk Polar WearLink w.i.n.d.
(Polar electro OY, Finland), BumiptoBanu aprepianbHuii TCK. [licias BiANOYMHKY B TOJOXKEHHI
JeXayd TOPU3OHTAJIbHO YHNpoAoBX 5-10 XBWIMH 311MCHIOBaNIM [BOXBUJIMHHY pEECTpALio
nyiscorpamMu 3a goromororo mporpamu Polar Protrainer 5.0 (Polar Electro OY, Finland) [10].
BuwmiproBanHs moBToproBanu 3 1-i, 10-1 Ta 20-1 XBHUJIMHAX MiCIs TPUITMHEHHST OKJIFO31MHUX BIUIMBIB.

OxJ1r031iiHI BIUIMBM BHKOHYBAJIM Ha CTETHAX MaHKETOO JJIi BUMIPIOBaHHS apTepiaibHOTro
TUCKY mMpUHO0 200 MM ynponoBxk 3 XBHJIMH. [HTEHCHBHICTb NEPLIOrO BIUIMBY (BEHO3HA OKJIHO31s
— B) cknapana piBeHb aiactomiyHOro TUCKY (AT gacr) + 50 MM pr.cT.; apyroro (aprepiajipHa
OKJIF03151 — A) - piBeHb CUCTONIYHOrO TUCKY (AT cyer) + 50 MM pT.CT.

B mporpami Polar Protrainer 5.0 (Polar Electro OY, Finland) po3paxoByBanu MOKa3HUKH
BapiabenbHOCTI cepueBoro putMmy. OriHOBamM HactymnHi yacoBi nmokasHuku BCP: RR — cepenne
3HauYeHHS MacuBy KappaiointepBaiiB, SDNN — cepenHbOKBagpaTUUHE BIIXUJICHHS MaCUBY
KapaioinTepsaniB, MSSD — cepenqHbOKBagpaTUUYHE BIAXUJICHHS PI3HUIL MDK CYCIIHIMU
kapaioinTepsanaMu, PNNsg — BIZICOTOK pi3HUI MIXK CYCIIHIMU KapJioiHTepBaiaMu Oinbiie Hix S50
Mmc. Takox aHamizyBaiu crnekTpaibHi nokasHuku BCP: LF — nmoryxHicte xBuib iHTepBanie RR B
nianasoni 0,04-0,15 I'u, HF - motyxHicts xBuIIb iHTEpBaNiB RR B miana3oni 0,15-0,4 I'u, HFnorm —
gk BigcoTkoBe BigHomeHHS HF mo cymm LF ta HF. Bci BuMiproBaHHI Mamu 4acTOTy JUXaHHS
OinbIIIe, HIX 8 IMKIIIB 32 XBUJIMHY. TakuM YMHOM ii BIUMB Ha moka3HUK HFnorm ycyBaBces [11].

CraTucTUyHUN aHaji3 JdaHUX 37ilicHIOBamM 3a jgomnomororo Tabiune Excel-2003 Ta
nporpamu Statistica for Windows 12 (Statsoft Inc., Tulsa, USA), Polar Protrainer 5.0 (Polar
ElectroOY, Finland). [TepeBipky HOpMabHOCTI PO3MOIITY TOCTIPKYBAHUX ITOKa3HUKIB TTPOBOIUITN
3a KpuTepieM y2. [l mapaMeTpudHOI CTaTUCTHKH PO3paxoByBaiM cepenHe apudmerndne (M),
CTaHJApPTHY MOXHOKY BHOIpKOBOro cepeanboro (m). [l HempameTpuuHoi — Meniany, Mexi 25 ta
75 mepueHTwiiB. BiporigHicTe BiAMIHHOCTEH ouiHoBamu 3a F-kpurepiem Fisher ta kputepiem
BinkokcoHna.

PesysbraTu Ta ix 06roBopennsi. YacoBi MOKa3HUKH BapiaOeNbHOCTI CEPLIEBOIO PUTMY B
CTaHI CIIOKOi JIe)Kaud y BHUMIPIOBAaHMX BiJNOBiali BIKOBUM HOpMaM i 3JOPOBUX MOJIOAMX
4yoJoBikiB [1] (Tabm. 1).

Ta6mums 1
Yacosi nokazauku BCP (M+m) y cTyaeHTIB Qi3KyJIbTYPHO-CIIOPTHUBHUX ClIeLiaJbHOCTEH
nicJIs THMYAaCOBOI OKJIIO31I HUKHIX KiHIIBOK
(B — inTeHcHBHICTD AT piacrt50 MM pr1.cT.; A - ATcner+50 mm pr.cT.)

VYMoBu T-RR, mc SDNN, Mc 'MSSD, mc PNNso, %
Crokii 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 77,318,2 17,1419
B 20 xB 938,1+20,1* 83,6+5,8 79,9+8,0* 17,3+1,7
Al xs 963,6+19,7* 87,0+5,9* 91,3+9,1* 19,5+1,6*
Al10 xB 960,6+£19,7* 89,24+6,3* 93,14£9,4* 19,6+1,7*
A 20 xB 960,3+19,5* 91,1+59* 91,249,0* 19,3+1,7*

[Tpumitka. * — p<0,05 B mOpiBHAHHI 3 pIBHEM y CHOKOi
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[Ticng nmeporo oxio3iiiHOro BIUBY y nepii 10 XBHWIMH He B1IOyBanocCh iX 3pyLIEHHS y
NOpIBHAHHI 3 ()OHOM 1 TUIbKK Ha 20-i XBUJIMHI BITHOBJIEHHS CIIOCTEpIraju BiporigHe 301JbIIeHHS
T-RR Ta rMSSD. Ilicns apyroro BIUIMBY, IIO CYNPOBOMKYBaBCA IMEpPEKUMaHHSIM apTepi,
ynpoaoBk Bcix 20 XBHIIMH peecTpallii BiOyBaoCh SK 30UJIbLICHHS MO BiJHOIICHHIO 10 (OHY 5K
T-RR, Tak i SDNN, rMSSD ta pNNiso.

AHani3 peakTUBHOCTI IMX MOKA3HUKIB BUSBUB, 110 Y HalOUIbIIIOMY CTyMHeEHi 301JIbIITyBaBCs
rMSSD, oco6ymBo micist Apyroro BIumBY (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. PeaktuBHicth SDNN Ta rMSSD (M+m) y cryaeHTtiB (i3KyIbTypHO-CIOPTHBHUX
CHenialbHOCTe TMicNs THUMYAacoBOI  OKJIO3i1 HIDKHIX KiHIIBOK (B — iHTEHCHBHICTH
AT sjacr+50 MM pT.cT.; A - ATcuert50 MM pr.cT.). * - p<0,05 B mOpiBHAHHI 31 3HAYCHHAMH MMOKA3HUKA
y BIIMTOBIAHHIA TTePi0]] BITHOBIICHHS TICIIS IEPIIOTO BILTUBY

PeaktuBHicTe 'MSSD na 1-if ta 10-if XBWJIMHAaX MicCisl APYroro BIUMBY ( BIAMOBITHO
28,2+4,8 mc ta 30,045,1 Mc) Oysa BiporiqHO BHIIOK HDK PEaKTUBHICTh Ha 1-i Ta 10-i XBUIMHAX
micas mepumoro BHiMBY (BiamoBimHo 14,3+4,5 mc Tta 16,845,0 mc). Taka x 3aKOHOMIPHICTh
xapakTtepHa 1 g peaktuBHOCTI pNNsp. JIns SDNN peaktuBHicTh Oyna BUIIOK TUlbkH Ha 10-i
XBWJIMHI MICAs JPYyroro BIUIMBY y MOpPIBHAHHI 3 10-10 XBWIMHOKO MIiCAS HEPLIOrO BIUIUBY.
PeakTuBHicTh T-RR Oyina BUIIOIO 1ij 9ac BCHOT0 MEPioy peecTpariii micis 2-ro BIIUBY.

TakuM YMHOM BEHO3HA OKJIIO3iS HE CIPHYMHATA CYTTEBUX 3pYyIIEHb YaCOBHUX MOKA3HUKIB
BCP, a aprepianpHa BHKIMKaga 30UIblIeHHs BapiadbenbHOCTi 3 1-1 mo 10- XBUJIMHM BiJHOBJICHHS.
Haii6inpmm Oyiio 3poctanss IMSSD sk mapkepa 3011bIIEHHS TOHYCY [TapacCUMIIATUYHOIO BIIIUTY
BET€TaTUBHOI HEPBOBOI CUCTEMH.

Amnani3 koediuieHTiB Bapialii peakTHBHOCTI moka3HukiB BCP Ha pi3Hi OKII031i IOKa3aB
(Tab:. 2), mo iX piBeHb OyB BiporigHO BUIIUM Ha 1-i Ta 10-i XBUIMHAX MMIiCiA 1-TO BIUIMBY HIX Y
BIJINMOBITHI TIEPIOJI YaCy IICJIs 2-TO BILIUBY.

Ile MoXxe CBITUHTH MPO HASBHICTH ONBIN BHPAXKEHHUX 1HAMBIAYaTbHUX MPHUCTOCYBAHb PEryJISIii
CEpLIEBOr0 PUTMY IPU BEHO3HIH OKJII031i Y OPIBHSAHHI 3 apTepiaibHOIO.

[Toka3nuku cnektpaigbHoro aHamizy BCP mpu ekcriepuMeHTaIbHUX BIUIMBaX Majd HACTYIHY
nuHamiky (ta6:. 3). BinOyBasioch 3011blIeHHS B OPIBHSAHHI 3 (OHOM MOTYKHOCTI KoiuBaHb T-RR
y naiamazoni 0,04-0,15 T'm ma 10-if xBuwimHI micnst 1-1 okimro3ii Ta ympomoBX BChOTO MeEpiomy
peecrpanii micias 2-i. IloTyxHicte kommBanb B aianasoni 0,15-0,4 I'm 306inbinyBanach Oinbin
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Tabmms 2
KoediunienTn Bapianii yacopux nokazuukis BCP (M+m) y cryneHnTiB Qi3KyJIbTYpHO-
CIIOPTUBHHUX CHEHIAIbHOCTEHN MiCJ TUMYACOBOI OKJII03il HUKHIX KiHIIBOK
(B — inTeHcHBHICTD AT giact+50 MM pT.cT.; A - ATcucr+50 MM pr.cT.)

YMoBH T-RR, % SDNN, % rMSSD, % PNNso, %
B1xs 48,1+7,5 70,5129 47,0+7,3 36,1+5,2
B 10 xB 21,3129 47,6%7,4 31,2444 35,345,1
B 20 xB 18,0+2,4 30,1+4,2 29,844,2 37,855
Al xsB 10,3+1,3* 25,243,5* 17,0+2,3* 20,7+2,8*
Al10 xB 12,7+1,7* 21,242 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

[Tpumitka. * — p<0,05 B nOpiBHAHHI 3 BIAIOBIAHUM YaCOBUM IIPOMIKKOM IICIIs IEPIIOrO BILUIUBY

iHTeHCUBHO 3 10-i xBuymHYU micis 1-ro BrumBy. Tomy cnioctepiranu 3poctanis HF norm B Oinbmomy
cTymneHi BupaxeHoro 3 1-i mo 10-Ty XBUJIMHU apTepiaibHOT OKITIO3i1.

Ile Moxe CBIIYMTH TIPO HASBHICTh OUIBINI BUPAKEHUX IHIMBIAYyaJlbHUX IPUCTOCYBaHb
peryJsLii ceplueBoro puTMy Ipu BEHO3HIHM OKIII031i y MOPIBHSHHI 3 apTepiajbHOIO.

[Tokaznuku crnexkTpaigbHoro asanizy BCP npu exkcnepuMeHTaJbHUX BIUIMBaX Maid
HAcCTynHy JuHaMmiky (tabn. 3). BinOyBanoch 30UIbIIEHHS B IMOPIBHSHHI 3 (DOHOM MOTYXHOCTI
komuBaHb T-RR y gianazoni 0,04-0,15 'y Ha 10-i xBumuHI micns 1-1 okiro3ii Ta yIpo0BK BChOTO
nepiony peectparii micnsa 2-i. IToTyxkHicTh KosmBaHb B miana3oni 0,15-0,4 T'm 30inbInyBaniachk
Oinbir iHTeHcuBHO 3 10-1 xBumuHU micas 1-ro BmmmBy. Tomy crnocrepiranu 3poctands HFporm B
OUIBLIOMY CTYNEH1 BUpaxeHoro 3 1- mo 10-Ty XBWIMHU apTepialibHOT OKJIFO311.

Tabmuig 3
CrnekrpaabHi nokasauku BCP (Meniana, me:ki 25 ta 75%) y cTyaeHTIB Qi3Ky/JIbTYyPHO-
CIIOPTUBHHUX CNEHIATbHOCTEN MiCJA TUMYACOBOT OKJIK03il HUKHIX KIHIIBOK
(B- inTeHcuBHICTb ATiacrt50 Mm p1.cT.; A - ATcuert50 Mm pr.cT.)
YMoBU LF, mc? HF, mc? HFnorm, %

CrioKiit 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 x8 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]*
Alxe 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]*

[Tpumitka. * - p<0,05 B HOpIBHSAHHI 3 PIBHEM Yy CIOKOI

3HaiineHo, mo peaktuBHicTs HF Oyna Buinoro micis aprepiainbHOi OKIIO311 B MOPIBHSHHI 3
BIJIMOBITHUMH YACOBUMHU TIE€Pi0oJaMU BEHO3HOI.
TakuM YWHOM aHali3 3MiH CIEKTpaJbHUX Noka3HWKIB BCP mokaszaB cyrTeBe 30UIbLICHHS
napacMMIaTHYHKUX BILIMBIB HA JISUUIBHICT CEpLs NPU apTepiaibHii OKIFO311.
BuchoBku
1. Beno3zna oxmo3is  HE CIOpUYMHSAJA CYTTEBUX 3PYIIEHb YaCOBUX IIOKa3HMKIB
BapiabeIbHOCTI CEpLIEBOr0 pPUTMY, a apTepiajbHa BHUKIMKajia ix piBHA 3 1-i mo 10-
XBWJIMHU BigHOBIEeHHS. HaitOinpmmMm Oyno 3poctanHs rMSSD sk Mapkepa 301/bIICHHS
TOHYCY MapacuMIaTHYHOTO BiIJIITy BEreTaTUBHOI HEPBOBOI CUCTEMHU.
2. Amnamni3 xoedimieHTiB Bapiamii peakTuBHOCTI moka3HukiB BCP mokasas, 110 iX piBeHb OyB
BiporiiHO BUIIMM Ha 1-if Ta 10-if XBUIMHAX BIUIMBY IMicCJS BEHO3HOI OKJIIO31i HIK Y
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BIJIIOB1/IHI EPIOAM Yacy micist apTepiaibHoi. Lle Moxe CBITUMTH PO HAsBHICTH OUIbII
BUPa)XEHUX 1HAMBIAYyaJbHUX MPUCTOCYBAaHb PEryJisllii CepleBOro pUTMy NpPU BEHO3HIN
OKJIFO311 Y TOPIBHSIHHI 3 apTepiajbHO0.
3. AHaniz 3MiH CHEKTpaJbHMX Ioka3HUKiB BCP mokazaB cyTTeBe 301IbIICHHS
napacMMIaTHYHKUX BILIMBIB HA JIISUIBHICT CEPIIS MIPH apTepiabHil OKII031i.
IlepcnexkTUBM mMOAAJBIIMX AOCHiIKeHb. BOauaioTbecs y 3’sCyBaHHI IHAMBIAYaJIbHUX

0cO0JIMBOCTEH PEAKTUBHOCTI MOKAa3HUKIB BapiabeNbHOCTI CEpIEBOr0 PUTMY 3a PI3HUX Tpajaiiid
OKJTFO311 HIDKHIX KiHITIBOK.

10.

11.
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Kovalenko S., Dziunyk I., Sych I., 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.

Objective. 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,
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.
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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 (Otlpinska-
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
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.
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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.

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:
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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 mobil ity
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 Ledn). 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 IAHPA) 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
were used anonymously for scientific purposes only.

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

Quantitative values of the studied psychophysiological indicators of higher education students

in Ukraine and Spain (mean + SD)

Indicator Groups of study participants 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 45.017.6 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 98.2+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,
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.
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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 32.5+4.9 38.3+6.1 44.6+5.4* 53.8+7.6*
Pers.A, points 42.245.7 48.945.0 57.9+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 13246 13845 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* 46.1+5.2 -

HR, bpm 84.2+3.7* 87.1+5.1* 89.7£7.0 -

TT, signs/sec 5.61+0.22* 5.33+0.42* 5.08+0.38 -

VF, sec 14.32+3.98* 11.1244.21* 6.53+2.84 -
SBP, mm Hg 123.3£7.9* 127.248.2* 124.247.4 -
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.

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
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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. - PAc.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-
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,
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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

o conducting regular training sessions on developing stress resistance;
o creating information stands and leaflets on psychological self-help and stress
recognition.
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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.

2.

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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K.T. Koaas, C. M. Xomenko, JI. I. KOxumenko
MOPIBHSIJTBHAM AHAJII3 PIBHIB IICUXO®I3IOJOTTYHOI AJIATIT AT
CTYJAEHTCBKOI MOJIOJI YKPATHU TA ICIIAHII

Memorw cmammi 6yn0 écmanogients 8iOMiHHOCMeEl PiBHI8 ncuxogizionoeiunoi aoanmayii
cmyodenmcobkoi Mono0i Yrpainu ma Icnanii 6 ymosax naguanbhoi 0isibHocmi. Y 00cnioxcenni 63siu
yuacms 180 3000ysauie euwoi oceimu gikom 17-28 poxkie, obox cmameii: 90 3 Dakyrbmemy
Medcecmpuncmea yhigepcumemy Banvsioonioy (Kacmunis i Jleon, Icnanist) ma 90 3 Yepxacvkoeo
HAYioHanbHo20 YyHieepcumemy imeHi bozoana XmenvHuyvkoeo pi3HUX HABUATLHO-HAYKOBUX
IHCMUmMymie He CHOpMUBHUX cneyianbHocmel, YKpaina.

Ina oyinku pisnsa ncuxoghizionoziunoi aoanmayii (I1A) 6yno euxopucmano opucinaibHy
Komn'tomepHy npoepamy «Ilumeeparona oyinka ncuxogizionociunoi adoanmayii moounuy. Boua
sxaouana oyinxy: peaxmusnoi (PII) ma ocobucmicnoi (OO) mpusosicnocmi; eecmudyisapHoi
@yuryii (B®);, menine-mecmy (TT);, wacmomu cepyesux cxkopouenv (4CC); cucmoniunoco (CAT)
ma Odiacmoniunoeo ([JAT) apmepianvHoco mMucky, ewepeemuuHo2o 0AIaHCy 3a OAHUMU KOAbOPO -
(KC) 1 3syko-cnpusinamms (3C). CmamucmuyHuti aHaniz ompumManux pe3yibmamis npoeoouu
Memooamu napamempudHoi cmamucmuxy i3 3acmocysanHim nakemy npoepam MS Excel 2010.

Bcmanoeneno, wo 3nauna uacmuna cmyoeHmcovkoi Monooi 6 VKpaini Ha CbO2OOHI
XapaxmepusyEmMovcs BUPANCEHUM CMAHOM XPOHIUHO20 cmpecy md, 6HACTIOOK Yb020, HU3LKUM PiGHeM
1IA. Tlopisuano cmyodenmcokoi monodi Icnamii, yKkpaincoki 3000yeaui euujoi oceimu GiOpizHANUCS
3HauHO eipuwumu noxazuuxamu I1A, wo nposasianocs y 00cmosipHo MeHwil KilbKocmi ocio i3 6UCOKUM
pisnem 1A ma 3uaunii Kinbkocmi 06Ccmedcy8anux i3 KpumuyHo-Husbkum ii pisnem. Ceped icnancokoi
cmyO0eHmcokoi Mo0di 0cib 3 KpumuyHo Huzbkum pietem I1A ecmamnosneno ne 6yno. Monooi ykpainyi
xapaxmepusyeanucsb nopieHAHo suwumu nokasHukamu mpueodxcrocmi, YCC, CAT i [AT, nuorcuumu
noxasuukamu B®, TT, KC i 3C, wo npsamo xopentosano 3 negucoxumu pisuamu I[1A Ha ¢oHi oentozo
cmany 8 Yxpaini ma no8’s;3anumu 3 HUM He2AMUBHUMU (DAKMOPAM, HANPYHCEHICMIO, THMEHCUBHICIIO |
CKNIAOHICMIO HABYATILHO20 Npoyecy 3a Yux ymos. Bcmanoeneno, wjo nposionumu ¢axmopamu, AKi
ooymosmoeanu pisui 114 oynu: PT, OT, UCC, TT i B®. Po3pobieHo npakxmuuni pexomenoayii, sKi
Modcymv Oymu KopucHumu 01 nokpawerus [11A cmyoenmcokoi Monooi.

Knrouosi cnoea: ncuxogizionocivna adanmayis, cmpecocmiiukicms, mpUugoNCHIiCMb, cmpec,
CMYOeHmMcbKa MOI00b.
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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
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
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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
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
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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
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
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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%t 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%0; 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
lt:ﬂoog;ﬁirt?\?g Statistical Statistical
aradiam Hearing Normal significance Hearing Normal significance
P g deprivation hearing of the deprivation hearing of the
difference, p difference, p
228.4 236.1 2315 238.4
90/g0. Me | 1551 0-9346] | [2200:2435]| 0067 |12257:237.5] | [p3on2ae7y| 0970
373.2 389.5 510.3* 480.4*
go/N0-go, MC | ra5e 6.3797] | [3835:3953] | 09%° | [5035:517.0]| [4733:4873] 0%
Statistical
significance 0.027 0.034 0.041 0.026
of the
difference, P

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).
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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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ficures “wrords -

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
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.

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
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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
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
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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
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

56



Cepis «bionoriuni Haykm», 2025

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
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
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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., Koaasb 10.B., beskonuiabHuii O.0., Koxkemsiko T.B.
B3AEMOJII MOTOPHUX TA KOTHITUBHHUX CUCTEM MO3KY Y OCIB 3
JENPUBAIIIEIO CJYXOBOI ® YHKIIIT

Y oocio 17-18 pokis 3 depusayicto cyxy ma ix 0OHONIMKIE 3 HOPMAILHOIO CIIYX06010 QYHKYIEIO

00CTONCY AU OCOOIUBOCMI PYHKYIOHATILHOL 63AEMOOIT MOMOPHUX MA KOSHIMUBHUX CUCTEM 3d YMOBU
nepepobku 30poeoi ingopmayii y napaduemi go/go ma go/no-go. Koenimuene 3asdamnms y napaouemi
go/nNo-go 6xmouaNO BUZHAUEHHS MOOAILHOCTIL CUSHALY ((hopmu picypu abo CeManmuuHo20 3HAYEHHS.
cnosa) i eubopy peaxyii Oii (g0) uu eanbMy8aHHs pyxo802o akmy (no-go). Momophe 3a0amHsa y
napaouemi go/go nepedbauano pyxogy peakyiio Ha CUSHAIU PI3HOT MOOATLHOCHI.
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LlsuokicHi xapakxmepucmuxu 30po8oi peaxkyii Ha epOAIbHI cueHalu y napaouemi go/no-go
3HAXOOUNUCH Y 3ATIeHCHOCI 810 cmany ciyx080i (ynxyii. Yac peakyii na cioea y ocib 3i ciyxo8oto
denpusayiero 0y8 cmMamucmuyHo 3Hauywe OLIbUWUL, HIJC 3 HOPMAILHOK CEHCOPHOW (YHKYIETO
(p =0,031).

YV oci6 3 denpusayicio ma HOpMATLHOW CAYX080i PYHKYIL UWBUOKICIb BUKOHAHHS 3A80AHD
3HAXOOUUCH ) 3ANEHCHOCMI 8I0 8UOOPY pedicumy 00pobKu iHopmayii: WeUOKICMb BUKOHAHHS
3a80anus 014 napaouemu go/go 6yra euwa y oocmedicysanux 3 Oenpusayico (p = 0,026) ma
HOPMAbHOIW CYX06010 (ynkyicio (p = 0,041), nixc y napaouemi go/no-go.

YV wmnaxie 3 oenpusayiero cnyxoeoi ¢hynxyii 3a nokasHukamu WEUOKOCMI BUKOHAHHS
3a80aHHs Y napaouemi go/Mno-go Ha 6epOANbHI CUSHAIU BUABUIU SUUWUL PIBEHbL (DYHKYIOHATLHOL
63AEMOOII MOMOPHUX MA KOSHIMUBHUX CUCMEM, HIdC y 0ciO 3 HopmanbHum ciyxom. Koeghiyienm
KOpenayii pe3yibmamis UKOHAHHI MOMOPHO20 | KOZHIMUBHO20 3A60AHHSA ) 0CIO 3 0enpusayicio
cayxo6oi hynkyii cmanosus r = 0,66 (p = 0,043), a onsa ocio6 3 Hopmarvrum cayxom ¢ = 0,26
(p =0,073).

Hoseoeno, wo @yHKkyioHanvbHa 63aEMO0ist MOMOPHUX MA KOSHIMUBHUX CUCTEM 3HAXOOUNACh
Y 3anexcHocmi 8i0 cKaaoHocmi npeo seneHoi ingopmayii, MOOAIbHOCMI CUCHANIE MA CMAHY
cencopHoi ¢yukyii. ¥ pazi oucgyuryii cayxy KomneHcamopHo akmugyemuvCsi 30p06d, NOCUTIOEMbC
BHYMPIWHBO- | MidCCUCMEMHA DYHKYIOHANbHA 63AEMOOIsI MOMOPHOI Ma KOSHIMUBHOI cucmem.
0b2060prOEMBbCS NUMAHHA NPO BIOMIHHI KPOC-MOOAIbHI MEXAHIZMU nepepodKu 30p06oi inpopmayil
y napaouemi go/no-go ocib 3 0enpusayiero ciyxy.

Knwuosi crosa: oenpusayis ciyxy, napaduema go/n0-go, MomopHa i KoeHIMUSHA cucmemu,
nepepodxa ingopmayii, weuUOKicms peaxyii, MOOANbHICMb CUSHATLY.
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OCOBJIMBOCTI PO3BUTKY PYXOBUX HABUYOK JITEN
MOJIOAIOI'O HIKIJIBHOT' O BIKY 3 HIOPYHIEHHAMMU 310POB’A

AKmyanvHicms 0aHo020 O0CHIONHCEHHS 3YMOBIEHA MPUBOHCHOI MEHOCHYIEID 00 3DOCMAHHS
NOKA3HUKIB 3AXB0PIOBAHOCMI MA IHEANIOHOCMI ceped Oimeu ma, SIK HACHOOK, He0OCMAmHIM
Gopmysannam pyxoeux KomnemeHyiu y niopocmarnyoz2o noxolinHa. Memotw podomu cmano
KOMNJIEeKCHe 8UBUEeHHS 0CODIUBOCMeEl I3UUHO20 PO3GUMKY MA PO3BUMKY PYXOBUX HABUUOK V MPbOX
epyn oOimeil MOIOOUWO20 WIKIIbHO2O GIKY (YMOBHO 300P06UX, 13 XPOHIUHUMU COMAMUYHUMU
3AXBOPIOBAHHAMU MA 3 PO3NAOAMU AYMUCMUYHO20 CNEKMPA), Wo € QYHOAMEHMOM OJisl NOOANbULOT
Kopekyitnoi pobomu. [nsa OocsicHeHHs Memu GUKOPUCMOBYSAIUCS 3A2ANbHONPUUHAMI MEemoou
00CNIOMHCEHD: MEOUKO-DI0NI0CIYHI (BUBUEHHS AHMPONOMEMPUYHUX OAHUX, BUKONIIOBAHHI MeOUUHUX
Kapm), neoazociuni (mecmyeaumusi pyxoeux sKocmeil), mamemamuyti (00pobKa i y3aeaibHeHHs.
pe3yiomamig). Bucnoeku. Marouu npubausnHo 00HAKO8I 3 NPAKMUYHO 300POGUMU  OiMbMU
xapaxmepucmuxu QizuuHo20 po36UmMKy ma 2apMOHItHOCMI, Oimu 3 XPOHIYHUMU 3AX60PIOBAHHAMU
ma PAC wmawoms Oewo 6iOMiHHY @QYHKYIOHANBHICMb OpPeaHiZMy, WO CMBOPIOE MPYOHOWI 8
NOBHOYIHHOMY 080J00IHHI OKpEMUMU PYXOBUMU HABUUKAMU, HAPIGHI 3i 300POBUMU OOHOIMKAMU.
Bussneni cxknaonowi 3 Koopounayiero pyxie, wl8UOKICMIO peakyii ma weUOKICHO-CULO0BUMU
aKocmsamu y oimetl i3 NOPYUWEHHAMU 300P08'st Cli0 8paxo8yeamu npu NAAHY8anHi amicmy, opm i
Memo0is iXHb020 PI3UUHO20 BUXOBAHHSL.

Knwuoei cnosa: 300po6’s, izuunuili po3eumox i 2apMOHIUHICMb, XPOHIUHI 3AX80PIOBAHHS,
PO31a0u aymucmu4Ho20 CneKkmpa.

IMocranoBka npodjemu. ChOrofHi MPIOPUTETHUM HANPAMKOM HAYKOBUX JOCTIIKEHb Yy
MEIAWYHIN, OCBITHIH Ta (QI3KYJIbTYpHIH Tay3ax € mnpodiuIakTHKa Ta BIPOBAHKCHHS
310pOB'A30€piralounx TEXHOJOTIM i  AiTed. AKTyalbHICTh IUX poOIT MHIATBEPIKYETHCS
CTaTUCTUKOIO, 3TAHO 3 KOK 3a ocTaHHI 10 pokiB B YKpaiHi cepel HiAPOCTAIOUOro MOKOJIHHS
CYTTEBO 30UIBIIMJIACS 3aXBOPIOBAHICTH: IMOIIMPEHICTh XPOHIYHUX 3aXBOPIOBaHb Yy JITEH
nigsumuiacsa y 2,87 pasza, Ha 22,9% 301abIIMBCS KOHTHHTCHT AiTeH 3 iHBamiaHicTIO. HalOinbima
KUIbKICTh BHIAJKIB 3aXBOPIOBaHb MpPHIIAJa€ HAa MOPYIIEHHS 30py (3poctanHs B 3,6 pas3a) Ta
nopyuieHHs: (QyHKLIA OMOpHO-pyXxoBoro amapaty (B 4,2 pasza), XBOpOOM EHIOKPUHHOI CHCTEMHU
(30u1b1IeHHS B 3,5 pa3a), XBOpOOM KpPOB1 Ta KPOBOTBOPHUX OpraHis (B 2,8 pasa), XBopoOu cucreMu
KpoBooOiry (B 1,8 pasa), BpomkeHi Bau po3BUTKY 3pocyv Ha 77,6%, XBOpoOHU HEPBOBOI CUCTEMHU —
Ha 43,4%. HaiiOuibll NmOIMpPEeHUMH NPUYMHAMU JUTSIYOl 1HBAJIHOCTI € PO3Jaad MCUXIKU Ta
MOBEIHKH, XBOPOOM IICHTPAJbHOI HEPBOBOI CHCTEMH, CHJIOKPUHHI XBOPOOW, TMOPYIICHHS
IHTEJIEKTyaIbHOT O PO3BUTKY, BPO/DKCHI Baau PO3BUTKY [2,4,5].

BonHouac Bimomo, M0 Ba)JIMBY poiib y (pOpMyBaHHI 3M0pOB’sl IUTUHU Bifirpae Qisudna
aKTHBHICTB, 3/JaTHA HE JIUIIE TIOKPAIIUTH PyXOBI HABHYKH, & i MO3UTHBHO BILUIMHYTH Ha 3arallbHUH
piBeHb (I3UYHOr0, MCUXIYHOrO, COLIAJIBHOTO Ta EMOLIMHOro OJlaromosyyys MiJpoCTaryoro
NMoKoJIiHHS. PerymspHa ¢i3WdHa aKTUBHICTH, IO € OJHUM 13 KIFOUOBHX €IIEMEHTIB PO3BHUTKY
pyXxoBuX (QYHKIIH, cpuse MOKpAIeHHIO (DYHKIIOHAIBHOTO CTaHy OpraHi3Mmy IiTed, 0COOJMBO 3

61


mailto:svetlova_2004@ukr.net
https://orcid.org/0000-0002-5179-1733
mailto:luzzy@ukr.net

ISSN 2076-5835. Bicuuk Uepkackkoro yHiBepcutery. 2025. N2

NopylmeHHsIMH 310poB’st. KpiM Toro, ¢izuuHa akTUBHICTh MO3UTHUBHO BILUIMBAE HAa E€MOIIMHUH 1
NCUXIYHUM CTaH JiTeH, OCKUIbKH 3aHATTA (P13MUHUMU BIPABU CIPUSAIOTH BUIUIEHHIO €HIOPQIHIB —
TOPMOHIB IIIACTs, 110 JOMIOMArarTh 3HM)KYBATH PIBE€Hb CTPECY 1 MiJBUINYBATH HACTpii. A 1iTh 3
MOPYILISHHIMH 3I0POB’Sl 4aCTO MAaIOTh MiJBUIIEHUIN PIBEeHb TPHUBOXKHOCTI 1 CTpECy, TOX PeryJsipHi
Gi3ugHl 3aHATTA MOXYTh JONOMOITH IM Kpalle CHpPaBISTHCS 3 EMOLIMHUMH TPYAHOIIAMH 1
HiJIBUIIMTH PiBEHb €MOIIiiHOI cTabinmsHOoCTI [3,8].

AHani3 ocranHix nmyOJikaniii. CtarucTuuHi gani. 3a ocTaHHIMU JaHUMH, B YKpaiHi
HamigyeTbes Ounpine 159 Tucsu miteit 3 iHBamigHICTIO, MO Biamosigae piBHIO 2016 poky, ane
BpaXxOBYIOUHU Te, 110 B LIJIOMY B KpaiHi cTajo Ha 25% MeHIIe aiTeid, — 1€ CyTTEBE 3POCTaHHS.
Ocob6nuBy HeOe3NneKy BUKIMKAE 3pOCTaHHS KOHTUHIEHTY Y4YHIBCHKOI MOJIOJI 3 1HBaJIIJIHICTIO,
o0 3a OCTaHHI POKHM MIJBHIIMBCS Maibke BABIUi. Tak, 3a ONEepaTUBHUMHU CTaTHCTUYHHUMU
JaHuMHu ctaHoM Ha 2025 pik [7], 3@ ocTaHHI I’AThb POKIB KUIBKICTb Y4YHIB 3 OCOOJMBUMU
OCBITHIMH moTpebaMM B IHKJIO3UBHHMX Kjacax 3akjajiB 3arajbHOI CepeaHbOi OCBITH
30inpmuiiack B 1,9 pasa, BiANOBIAHO 30UIBIIMIIACE 1 TOTpeda B IHKIIO3MBHHUX KJacaxX, YHCIIO
sKuX 3pocio B 1,8 paza (tabxa 1).

Tabmmrs 1
JImnamika 3pocTaHHs aiTei 3 0c001MBUMM OCBiTHIMHM moTpedGamu 3a 2020-2025 pp.
HaBuanbHuii pik KinbkicTe yuHIB 3 0COOIMBUMHU KinpKicTh IHKIIIO3UBHUX

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

OcraHHIM YacoM 3HAauyHE 3aHEMOKOEHHS (PaxiBIiB y cdepi OXOPOHU 3J0pPOB’S BUKIHUKAE
3pocTaHHs po3naniB aytuctuuHoro cmnektpa (PAC) cepen naitreil. 3aramom B YKpaiHi,
BiIMOBIAHO 1O JaHUX €IeKTPOHHOI cuctemMu oxopoHH 3a0poB's (ECO3), obrnikoBano 20936
nitel 3 giarno3om "aytusm" [9]. HaiiGinbuie miteit 3 ayruszmom ooikoBano y KuiBceekiit (5100),
PiBuencekiit (1253), XapkiBebkiid (1246), 1 JIpiBchkiit (1117) obnactax. Y Uepkacbkiit obmacti
oOisikoBaHo 937 niTeil 13 miarHo3om ayTusM, y JlHimpomerpoBcbkiit — 983, XmenbHUIBKIA —
994, 3anopizpkii — 909, 3akapnartcekii — 910, YepniBeubkit — 821. [lemo HUXYUMHU €
nokasHuku y YepHirieebkin o6macti (333 nqutunn), y Cymcbkiit (343), Teproninbcekiii (370),
Bomuncekin  (374), Xepconcekiii (389), IBano-®pankiBewkiit  (435), Opecbkiit  (490),
[TontaBchkit  (540), [Howeupkiii (627), MukonaiBebkii (630), Binnunpkii (647),
KipoBorpasacekiii (652), )Kutomupcsbkiit (735).

Ha ctpimMke 3017bII€HHS YMCENbHOCTI 0OCI0O 13 po3lajaMu ayTHCTHYHOIO CIIEKTpa
HAroJIONIYEThC B 0araThox KpaiHax cBiTy. 3a mokasHukamu Autism-Europe, — MixkaapomaHOi
acoriarii, o HaJIYy€e COPOK €BPONMEHCHKUX KpaiH, BKIIOYAl0Uun 26 AepKaB-uieHIB €BPOIEHCHKOT0
Coro3y, y cBiTi HamuyeTbess moHaa 10 MUTBHOHIB JIIOJCH, SIKI MAarOTh PO3JaJd AyTUCTUYHOTO
cnektpa (PAC). Tak, 3a ocTaHHIMU AaHUMH, y cBiTi npubau3Ho 1 31 127 ocid6 mMaB aytuzm. 3a
manumu BOO3 1g omiHka € cepenHiM MMOKa3HUKOM, 1 3apeecTpoBaHa MOMIUPEHICTh CYTTEBO
BapIIOETHCS B Pi3HUX AociimkenHsx [13].

Tox y cyyacHOMy CBiTI NMUTaHHS PO3BUTKY AITeH 3 po3jaJaMu ayTHCTUYHOI'O CIIEKTpa
(PAC) crae nenani BaXIMBIIIUM Yepe3 3pOCTAHHS KUIBKOCTI A1arHOCTOBAHMX BUMAKIB. | OCKIIbKH
nommpeHicte PAC 3pocrae, 1e BUCyBa€ HOBI BHUMOTH [0 CHUCTEMH OCBiTH, peaOimiTamii Ta
¢i3nyHOro BUXOBaHHS IiTed 3 TakuMu ocobmmBocTsmu. Jlitn 3 PAC wacto MarTh TpyIHOIII 3
MOTOPHOIO KOOpAHMHAIII€I0, OaTaHCOM, BUTPHBANICTIO Ta 3arajoM PO3BUTKOM PyXOBUX HaBHUOK.
B pesynpraTi BOHM YHHKaOTh (DI3MUYHUX HaBaHTa)XCHb, TOXK BEAYTh MEHII aKTUBHUHA CHOCIO
KUTTEMISUTBHOCTI, 110 HETaTHBHO BIUIMBAE HA IXHIO COIiaJbHY aJanTallifo Ta AKicTs xutts [16,17].
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Taki 0coOIMBOCTI PyXOBOI IISUIBHOCTI MOXKYTh HETaTUBHO BIUIMBATH Ha 3arajbHy Qi3udyHy Gpopmy
JUTUHMU, 11 CHIly, BUTPUBAJIICTh, PO3BUTOK KOOPAMHALIl PYyXiB, FHY4YKiCTh, TOOTO Ha (pOpMYyBaHHS
0a30BHUX PYXOBHUX HABUYOK IIE€ ¥ CTBOPIOE PU3UK TPaBMYBaHHs JITEH ITiJ yac 3aHATH (Hi3UYHOIO
KynbTyporo [1,6,18].

Meta gocJiigseHHs1 — BUBUCHHS PO3BUTKY PYXOBUX HABUYOK JIIT€Hd MOJOIIOTO MIKITEHOTO
BIKY 3 pI3HMM cTaHoM 3710poB’s (Bkmowatoun PAC), sk OCHOBM 1Jsi KOpekuii iX pyxoBoi
ISUIBHOCTI.

3aBaaHHs JOCITIKEHHS:

1. BiamoBigHO 10 MEIUYHOI TOKYMEHTAIIi1, OLIIHUTH CTaH 3I0POB’sI Ta (PI3MUHHUIA PO3BUTOK
CY4aCHMX JA1T€H MOJIOAIIOrO MKIJIBHOTO BIKY.

2. JlochiguTd, B TOPIBHSAJIBHOMY AacCIeKTi, PO3BUTOK (I3MYHHMX SIKOCTEH, MOB’S3aHUX 3
KOOpJIMHALIIEI0, PIBHOBArO0, IIBUKICTIO PEaryBaHHs, CUJIOK0, BUTPUBAIIICTIO.

3. Bu3HauuTH OCHOBHI TPYIHOIII B PO3BUTKY PYXOBHUX (DYHKIIIH MOJOAIIMX LIKOJSPIB 13
MOPYLICHHSIMH 370POB 4.

Marepiaau i MmeToau xocaimkeHns. /[ orpumanHsa 00’ €KTUBHOI iH(GOpMAaIlii, BIMOBIIHO
710 BU3HAYEHUX 3aBJIaHb, Cepell METOMIB OCIIIKEHHS BUKOPHCTOBYBAJIM aHAJI3 Ta y3arajJbHEHHS
Cy4acHOI HAyKOBOI JIITEpaTypy 1 ONEPaTUBHUX CTATUCTUYHUX JAHUX, NENAaroriyHuil (TecTyBaHHS
PYXOBUX HABHUYOK), MATEMaTHIHHA.

CtaH COMAaTUYHOrO 3J0pPOB’S MOJOIIMX INKOJSAPIB OI[IHIOBABCS 3a pe3ylbTaTaMu
MEAMYHHUX KapT AITEH, MUITXOM BHKOMiOBaHHS iH(opmalii 3 mepBMHHOT MEIMYHOI JOKYMEH TaIlii.
Jns omiHku (hi3MYHOTO PO3BUTKY BUKOPHCTOBYBAIUCH aHTPOIIOMETPUYHI MOKA3HUKU JTOBKUHU Ta
MacH Tijia, OKPYKHICTh TPYJHOI KIITKU. 32 OTPUMAHUMU JaHUMU BU3HAYAIM JIOCSTHYTUN PIBEHb Ta
TapMOHIWHICTD (PI3MYHOTO PO3BUTKY 32 KJIACHYHOI METOJUKOI CTaHIapTiB.

Jlng ouiHKK pIBHS PO3BUTKY PYXOBUX HABUYOK JITEH OIIIHIOBAJMCS TaKl MMOKAa3HUKH, SIK
IMIBUKICTh peakilii (pearyBaHHS Ha 3BYKOBI Ta 30pOBI CHUTHAIM — BH3HA4YaBCsA 4Yac BiJ IOSBH
CTUMYJy JI0 peaxilii AUTHHH, B CEK.), KOOpAUHAIIIHI 3M10HOCTI (BIIpaBH 3 KUJAHHSAM 1 JTOBICHHSIM
M'sida, BH3HAYANAcs KIUTBKICTh YCHINIHHUX JIOBIB), PO3BUTOK DIBHOBAaru (BHpaBU Ha yTPUMaHHS
piBHOBaru Ha OJHIA HO31, OLIHIOBAaBCA Yac B CEK.), IIBHJKICHO-CHJIOBI SKOCTi (TIOBTOPEHHS
npuciiaib, K-Tb pasiB/3a 20 cek.), THy4YKIiCTh (HaXuil TyJyOa BHepe 13 MOJIOKEHHS CUIIIYH, B CM),
CHJIOBA BUTPUBAJICTh (Yac YTpUMaHHS MO3MUI] IUIaHKA, B ceK.). KokeH 13 IMX TecTiB J03BOJISE
OLIHUTH Crenr(}idHi aCIeKTH PYXOBHUX MOXXJIHMBOCTEH KOXKHOI oOcTexxyBaHOi AUTHHU. PesynbraTn
TECTyBaHHA B  MOJAJbLUIOMY BHUKOPHUCTOBYBAJIMCSA JUJII  TOPIBHSUIBHOI  XapaKTEPUCTHKH
o0cTexxyBaHUX Ipym. Jlis BCTaHOBJIEHHS JOCTOBIPHOCTI PI3HMIII MK HUMM BUKOpPUCTOBYBaBcs t-
kputepiit CThIOJIeHTA.

Opranizanisa gociaigkenHsi. [Ipy KOMIUIEKCHINW OIIHIII PO3BUTKY PYyXOBHX SKOCTEH
JIITEH MOJIOAIIOrO MIKIILHOTO BiKy BHBYAIUCS 0a30Bi PyXOBi HABUYKHU YUYHIB 13 PI3HUM pPiBHEM
310poB’st. O6cTexxyBaHl AiTH HaB4anucsa B Yepkacbkiil 3aranbHoocBiTHIN mkouni [-111 ctynenis
Ne6, abo oTpumyBasM KOpEKIIHHO-pO3BUTKOBI mociayru B KomyHanpHI ycTaHOB1
«lHKII0O3UBHO — pecypcHUM wLeHTp» Yepkacbkoi Michkoi paau Yepkacbkoi oOnacTi 4u
KomyHnanpHoMy 3aknani «Yepkacbkuili HaBualbHO-peabimiTamiiHuii meHTp «Kpaina moOpa
Yepkacbkoi o0OmacHoi pagu». Jlas aHaNITHYHOTO CHOCTEPEKEHHS 3aCTOCOBYBANOCS
yrpynyBaHHS JiTed 32 NpUHIKUIIOM HelpopizHoMmaHiTTs [10,11]. B rpyny HelpoTHIIOBUX JiTel
BBIMIM — 38 0ci0, B rpyny HEMpOBIAMIHHUX, Ky CKJIaJaidd IITH 3 po3jaJaMH ayTHCTHYHOTO
cinerpa — 12 ociO.

Pe3yabTaru gociigkeHHsi Ta ix o0roBopeHHsi. MeToro mepmoro eramy poOotu Oyio
BHUBUYCHHSI OCOONMMBOCTEW CTaHy 370pOB’sl Ta (DI3UYHOTO PO3BUTKY HEUPOPIZHOMAHITHHX HITEH —
y4HIB Mooamioro mkinbHoro Biky (Neurodiversity cygacHa KOHIIEMIIsI TPO T€, IO iCHYIOTh Pi3Hi
Bapiamii GpyHKIIOHYBaHHS POOOTH MO3KY, III0 MOXYTh BIUIMBATH HA YBary, COPHUHSITTS, EMOLIHHY
YYTJIMBICTh, B3a€EMOJiI0 31 cBiTOM, HaBuaHHs, crminkyBanHs [10,11]). B pesymbraTi moCTiKEeHb
BCTaHOBJIEHO, 1110 32 y3arajJbHEHUMHU CEPEIHIMHU JaHUMH, PIBEHb JOCATHYTOrO 3a BIKOM (hi3MYHOTO
PO3BUTKY JiTell MpaKTUYHO HE BiAPi3HABCSA (Tadl. 2).
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Tabmms 2

IMoka3Huky Pi3UYHOr0 PO3BUTKY MOJIOAIIMX IIKOJSIPiB 7-8 pokiB (piBeHb, rapMOHIHICTH)
VYrpynyBaHHS PiBensb ¢i3uuHOro po3BuTKy (y %)

niteit BUCOKHI B/C cepenHiii H/C HU3BKUI
HEHPOTHITOBI 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 -

lapmoHiifHICTh (PI3HYHOTO PO3BUTKY
rapMOHIMHMM JUCTapMOHIMHUN PI3KO IucCrapMOHINHUN

HEHPOTUITOBI 78,9546,61 18,42+6,29 2,63+2,60
3 PAC 83,33+10,76 16,67+10,76 -

Omxe oliHKa (PI3UYHOI0 PO3BUTKY AITEH MOJIOAIIOrO LIKUIBHOIO BIKY IPOJEMOHCTpYBaa,
o cepenHiid (i3uyHui po3BUTOK Mamm 39,47+7,93% neriporunoBux mkossipiB 1 33,33+13,61%
HelpoBiaMiHHEX  (p>0,5), Bume cepenHboro (Qi3uuHMiA  po3BUTOK Mamm  26,32+7,14%
HeliportunoBux y4HiB 1 33,33+13,61% HeiipoBinminaux (p>0,5), HUXKYE CEPEAHBOrO MayU
21,05+6,61% neiipotunoBux yuHiB Ta 16,67+£10,76% ueiipoBiaminaux (p>0,5), BuCOKHit (isuuHuit
pO3BUTOK BigmiuaBcs y 7,89+4,37% ueiiporunoBux mkoisipis i B 16,67+10,76% nHelipoBiAMiHHUX,
HU3bKUH - e y 0,73+0,51% HelipoTuioBuX y4HiB.

Takox mociipKeHHsIMH OyJI0 BCTAHOBIIEHO, IO TApMOHIHHUI pO3BUTOK Maiu 78,95+6,61%
HelporunoBux y4HiB Ta 83,33+10,76% neiipoBiaminaux (p>0,5), AucrapMOHIHHUN PO3BUTOK Malld
18,42+6,29% mweiipotunoBux ImkoJsApiB Ta 16,67110,76% HedpoBiamiaaux (p>0,5), pi3ko
JUCTapMOHIMHUKM PO3BHTOK (DIKCyBaBCs JIMIIE B OAHOMY BHIAAKy Cepell HEHPOTUIIOBUX iTEH
(2,63£2,60%).

Ha nopanbiioMy eTamni AOCIIP)KEHHS] BUBYABCS PO3BUTOK PYXOBUX yMIHb 1 HaBUYOK, 110
€ BAXJHMBHUM TIpU poOOTI 3 MITBMH i3 XPOHIYHOIO MATOJIOTI€I0 Ta MEBHUMH OCOOJMBOCTSIMH B
PO3BUTKY, OCKUIBKM HOro OIliHKa J03BOJISIE BU3HAYUTH 3JATHICTh AWUTUHU [0 BUKOHAHHS
OCHOBHHX 3aBJlaHb, SK JKHUTTEBOTO XapakTepy, TakK 1 3agad y (Ii3MYHOMY BUXOBaHHI.
B 3anexxHOCTI BiJl cTaHy 310pOB’sl, iTe PO3NOAIIMIA HA TPU TPYNU: B MepIry OyJIO BiIHECEHO
HEHPOTUITOBUX YUYHIB 3 BIJICYTHICTIO 3aXBOPIOBaHb/MpakTHUHO 310poBux (I-II rpymu 3mopoB’s)
— 23 oci0b, B apyry rpyny yBIiHOUIM HEWPOTHUIOBI MIKOJSIPI 3 XPOHIYHUMH COMATHYHUMHU
3axpoproBaHHsAMHU (III rpymorw 370poB’s, sAKi Mald XBOpPOOW EHIOKPUHHOI CHCTEMH,
OpraHiB TpaBJIEHHS, OINOPHO-PYXOBOI'O amapary, OpraHiB JaMXaHHs) — 15 oci0, TpeTio
CKJIAJIW HEHWpOBIAMIHHI AITH 3 poO3JIaJlaMM ayTUCTUUHOIO cHekTpa — 12 nited MoioALIOro
HIKUJIBHOTO BIKY.

JocnikeHHsT pO3BUTKY PYXOBHUX HAaBHUYOK CYYacCHHUX HiTed MOJIOALIOrO MIKIIBHOTO BIKY
MOKa3aJi, 110 B JaHii BIKOBIM KaTeropii CTaH 310poB’ s Ma€ BUPIIIAIBHUIA BIUIUB JIMIIIE HA OKPEMI
¢bi3uuHI KOHIUIIT MWKOAPiB (TadI. 3).

3riiHO 3 OTPUMAaHUMHM JAHUMH, y JiTel 13 po3najaMu ayTMCTMYHOIO CHEKTpa BUHUKAIOThH
NEeBHI CKJIa/IHIIII 3 BUKOHAHHIM KOOPAMHALIWHUX 3aBJlaHb, PO 1110 CBIYUTH TECTYBaHHS 3 JIOBJICIO
M’sida, pe3yJsIbTaTH SIKOro OyJM JOCTOBIPHO HID)KYMMH, HDK B HEHPOTHIOBHUX IpyHax: KiIbKICTh
ycminHuX JIoBiB M’sua y aitei i3 PAC cknagana 4,13+0,86 Ta BignosigHo 8,94+1,26 —9,45+1,34 y
HeiiporunoBux yuHiB (p<0,05). Ha meBHI mopyiieHHS PO3BUTKY MOTOPHKH Yy HEHPOBIAMIHHHX
JITEH TaKOX BKa3ye MOBUIBHIIINN Yac pearyBaHHs Ha 3BYKOBi Ta 30poBi curHamu. 2,46+0,17 cek. Ta
Bigmosigno 1,00+0,16 — 1,12+0,16 cek. y wHeiiporunoBux piteir (p<0,05). Otpumani maHi
MiKPECTIO0Th, Mo aiTh 3 PAC MOXyTh BiluyBaTH TPYIHOII B OBOJIOAIHHI OUTBII CKJIAIHIIIAMH
(Gi3MYHUMY 3aBJAaHHSIMU. 3HUKEHHSI PYXOBHMX 3A10HOCTEH, MOB’A3aH1 31 MIBUIKICTIO pearyBaHHs Ta
KOOPJIMHAIIIMHOK 3/IaTHICTIO, MOXYTh CTBOPIOBATH 3araibHi MpOOJEMHU 3 aJanTalli€ro IiTed 10
HABKOJIMITHHOT'O CBITY, IO € HEOOXITHUM i YCHIIHOTO (YHKIIOHYBaHHS B COLIaJbHOMY
CepeIOBHUILI.
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TaGnus 3
Pe3yjabTaT TeCTyBaHHSI PyXOBHX HABHYOK JIiTeii 7-8 pokiB 3 pi3HUM CTaHOM 310pOB’sl
(cepenHi apupMeTHUYHI 3HAYEHHS 3 CePeIHIMHU KBAAPATUYHUMH BiIXUJICHHSIMH)

di3uyHI AKOCTI [IpakTHuHO 310pOBi 3 XpOHIYHUMU 3 po3nanamu
3aXBOPHOBaHHIMHU AyTHCTUYHOTO

CIIeKTpa

Koopaunamis  pyxiB  (K-Tb X +c p X +c p X +c
JIOBIB M’51412) 9,45* [ 1,76 | <0,05 |8,94*| 1,68 | <0,05 | 4,13 | 1,32

PiBHoBara (uac yrpumanns ma | 9,20 | 2,34 | >0,05 | 10,29 | 2,46 | >0,05 | 4,80 2,15
OJIHI# HO31, C)
[IBuakicHO-cuioBi skocti (k- | 14,47*| 2,60 | <0,05 | 8,02# | 1,93 | <0,05 | 7,21 2,04
Th TIPHUCI/IaHb)
Cunosa BurpuBamicte (uwac | 8,84 |3,71| >0,05 | 7,23 | 2,84 | >0,05 | 7,02 2,53
yTpUMaHHs N03ULII NIJIaHKa, C)

I'myukicts (Haxun Brepen, cm) | 10,78 | 2,19 | >0,05 | 11,16 | 2,24 | >0,05 | 10,75 | 2,87

[Buakicte peakuii (wac Bim | 1,12**| 0,23 | <0,05 | 1,0** | 0,21 | <0,05 | 2,46 0,25
MOSIBA CTUMYITY 10 PEaKIlii, C)

[TpumiTKa: MOCTOBIPHICTH pPI3HUIII MK BIANOBIZHUMH TOKa3HHMKAMHU HEUPOTHUIIOBHX 1
HerpoBiaminaux aiteit (3 PAC) * — na pisni (p<0,05); ** — Ha piBHi 1 (p<0,01); # — nocTOBiIpHICTH
PI3HUII MDK BIJIMOBITHUMHU MOKa3HUKAMH JITEH 13 HASBHICTIO 1 BIICYTHICTIO XPOHIYHOI MaTOJIOTIT

(p<0,05).

Taki pe3yabTaTH JIEUI0 MiATBEPUKYIOTHCSA B MOMIOHUX JOCIIHKEHHAX, TaH1 SKUX CBIIYaTh,
o ¢izugHuN po3BUTOK AiTel 13 PAC Bigpi3HAETHCS 3HAYHOIO CHEMUDIYHICTIO Y PO3BUTKY KPYITHOT
i npionoi moropuku [12,14-15]. BigMivaeTbcs, 10 HEHPOBIAMIHHI IiTH, OCOOJHBO 3 poO3jagaMu
ayTUCTHUYHOIO CHEKTpa, YacTO CTUKAIOThCS 3 PI3HOMAHITHUMU pyXOBUMH po3iagamu. Lli
MOPYIICHHS CTOCYIOTBHCSI TPOOJIEM 13 MOCTYpaJbHUM KOHTPOJIEM, IO BIUIMBA€ HA BUKOHAHHS SIK
NPOCTUX CTATHYHUX 3aBJiaHb, TaK 1 CKIAIHINIMX JAWHAMIYHUX pyxiB. [IpoOimemu 3 yTpuMaHHIM
PIBHOBAru BUKJIMKAIOTh TPYAHOIL 3 BUKOHAHHSAM TOYHUX PYXIB, HE3IaTHICTIO YITKO BIATBOPIOBATH
okpemi pyxu. OkpiM I1pOro 3a3Havaerbcs, mo y aitel 3 PAC moxe OyTH HIKUYMNA pPIBEHb
BUTPUBAJIOCTI Ta PO3BUTKY M'SI30BOi CHJIM, B TOPIBHAHHI 3 iXHIMM HOPMOTUIIOBUMU
poBecHukamu [14-15]. OgHak B HAIUX CIIOCTEPENKEHHSIX TOCTOBIPHOI Pi3HUII MOKa3HUKIB CHIIOBOT
BUTPUBAJIOCTI B HEUPOTHIOBUX Ta HEHPOBIAMIHHUX Tpymnax He Bigmivanocs (p>0,05). Illomo
MOKA3HHKIB YTPUMAaHHS PIBHOBArd, TO B HAIUX JOCIIKEHHSIX Y HOPMOTHUIIOBHX JIITeH BigMidaBCs
Kpallluii KOHTPOJb BIAYYTTS pPIBHOBaru, aje Ha piBHI TeHaeHuii (p>0,05), amxe DOCTOBIPHUX
BIIMIHHOCTEH MDK MOKa3HUKaMHU OOCTEXYBaHHUX TIpyln BUsBIeHO He Oyino (puc. 1). Ilpore
IPUITYCKAEMO, 1110 PE3YIbTATH MOIJIM O OyTH IHIIMMHU, PU OLIBIIIN YUCETHHOCTI 0OCTEXKYBaHUX.

Takok B XOAl JOCHIPKEHb 3BEpHYJM yBary Ha BHUABJIEHI BIAMIHHOCTI B PO3BUTKY
IIBUIKICHO-CHUJIOBHX SIKOCTEH B JITEH 13 BIZICYTHICTIO XBOPOO 1 HASBHICTIO XPOHIYHUX 3aXBOPIOBAHb
gy ocoOmBocTei B po3BuTKY (ipu PAC): 3m0poBi mikonspi BukonyBanu 14,47+2,0 npucigans 3a
20 cexyH[I, B TOM 4Yac sIK IITH 3 XpOHIYHUMH 3axBoproBanHsmu 8,02+1,45 mpucigans (p<0,05), aitu
3 po3nazamu aytuctuuHoro crektpa 7,21+1,64 mpucigans (p<0,05). Ockinbku gaHa BrpaBa
XapaKTepU3y€e 3MaTHICTb 10 MPOSIBY 3yCWJIb 3a KOPOTKHH 4ac, MOEIHYIOYH CHIy Ta IIBUAKICTH
M'SI30BOr0 CKOPOYEHHS, 10 Hill MOXKHa CYJUTH MPO 3arajbHy (PYHKIIOHAIbHICTh OpraHizMy, sika B
CBOIO Yepry BH3HAYa€ B3aEMOY3T'O/DKCHICTh pOOOTH PI3HUX cHUCTeM (CepiieBO-CYJAMHHOI, HEPBOBO,
OIOPHO-PYXOBOT) /Il BUKOHAHHS Jii. T0X, OTpUMaHi HAMHU PE3yJIbTaTH MOKA3yI0Th, SIK BiJl PIBHS
3JI0pOB'Sl 3aJICKHUTh IIUTICHICTh (PYHKI[IOHAIBHUX CHCTEM, II0 00'€THYIOTHh Pi3HI OpraHH i CHCTEMH
OpraHi3mMy JJisl JIOCSATHEHHS CIUIBHUX LiJiel, B JaHOMY BHIIaJKy — MPUCTOCYBAaHHS 10 (Pi3MUHUX
HaBaHTaXKCHb.
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OTllpakTiaHo 310poBi B3 xponiuaumu xBopodbamu B3 PAC

Puc. 1. PO3BUTOK pyXOBUX SIKOCTEH AITEH 13 pI3HUM CTaHOM 310poB’st (X+M): 10CTOBIPHICTH
PI3HUII MK BiJIOBIIHUMHU MOKa3HUKAMU HEHPOTHIOBUX 1 HelpoBiaMinuux Aiteit (3 PAC) * — Ha
piBai (p<0,05); ** — ma piBui i (p<0,01); # — MOCTOBIPHICTH PI3HMINI MK BiIIOBIIHHUMHU
NOKa3HMKAMU JIiTeH i3 HAIBHICTIO 1 BiICYTHICTIO XpoHiuHOi naroJorii (p<0,05)

BucHoBok. Marounu mNpuOIM3HO OJHAKOBI 31 3J0POBUMH XapPaKTEPUCTUKH (PI3UYHOTO
PO3BUTKY Ta FapMOHIMHOCTI, JIITH 3 XPOHIYHUMHU 3aXBOPIOBAHHSAMHU Ta PO3JIaJaMH ayTHCTUIHOTO
CIEKTPY MaloTh JEIl0 BIAMIHHY (YHKIIOHAJBHICTh OpraHi3mMy, ILIO CTBOPIOE€ TPYIHOIIl B
MOBHOL[IHHOMY OBOJIOJ{IHHI OKPEMUMH PYXOBUMH HaBUUYKAMU:

- TOYHICTh KOOPJAMHALII pyXiB 1 MBUAKICTh PEaKIil € OAHUMH 3 HAMOLIbII ypa3IMBUX HABUYOK
IiTe 13 po3NaaMH ayTHUCTUYHOIO CIEKTpa, Ha [0 BKa3ajdW HIKYI, HDK Yy 3J0pPOBUX MHIiTEH
pe3yJbTaTH BUKOHAHHS BIIPAB, IO MOTPEOYIOTH KOHIICHTpAIlii Ta KOHTpoboBaHuX pyxiB (p<0,05 -
p<0,01);

- HasBHICTh XPOHIYHMX 3aXBOPIOBaHb MOXKE YCKIAQJHIOBaTH a0 B3HMXKYBAaTH 3HaTHICTH
OpraHi3My aganTyBaTHCS 1O IHTEHCHBHHX IIBHJKICHO-CHJIOBHX HaBaHTa)XXEHb, PO IIO CBiT4aTh
HIDKY1 pe3yJIbTaTH TECTYBaHHS, MOPIBHSAHO 31 310poBuMH opHoiiTKaMu (p<0,05).

Hwxya pe3ynbTaTUBHICTh Y BUKOHAHHI PYXOBHX BIIPaB JITbMHU 3 OCOOJIMBUMH NOTpeOaMu
MO’K€ HEKOPEKTHO BIJOOpa)kaTH iXHIN piBeHb (p13MYHOI MiAroTOBKU. e minkpecitoe HEOOXIIHICTh
JUld BUMTENIB (DI3UYHOI KyJbTypH OOOB'SI3KOBO BpaxOBYBaTH CTaH 3A0pOB'Sl Ta OCOOJIMBOCTI
PO3BUTKY KOXHOI'O YUHsI IPU OLIIHIOBAaHHI 3aBJaHb Ta IIJIaHyBaHHI 3aHSATh.

Ilpakmuune 3nauennsn pesyabmamie 0ocnioycenns. OTpUMaHi JaHi MOXYTh CTaTH B
HaroJli MpH BUpIMICHHI MpoOsieM 3MicTy, (GopM 1 MeToAiB (Di3WYHOrO BHUXOBAHHS MOJIOAIINX
HIKOJISIPIB 13 MOPYLIEHHSMH 3J10pOB’sl, AI0OYM MOXJIMBICTH 3BEPHYTH yBary Ha ciaOki rmosuuii B
CIIEKTpPl PyXOBUX HAaBUYOK JITEH.

IlepcnexkTHBM MOJANBIIMX AOCHiIKeHb. BusBIEH] TpyAHOLI 3 pyXOBUMHU HaBUUYKAMHU, B
0COOJIMBOCTI TaKMMM SIK KOOpAMHAIlS PYXiB Ta IIBHAKICTh pPeakilii, MOXyTb OyTH YyTJIMBHM
IHIUKAaTOPOM HASBHOCTI PO3JIaJliB ayTHCTHYHOTO CIEKTpa, 0cobiuBo kosm mposisu PAC He €
oueBMJHMMH. Hajam BBakKaeEMO JIOTIYHUM IEPEBIPUTH pPOOOYY TiNMOTE3y, 3allydyuBIIA O
CIIOCTEPEKEHHS ITel IHIIMX BIKOBUX KaTEropii.
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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.
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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 HRYV, 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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Coiinikos S1. 1., JIyk'suueBa I'. B.

PEAKTUBHI TA AJANTHBHI 3MIHA CEPHEBO-CYAMHHOI CHCTEMH
YOJIOBIKIB Y BIAIIOBIJIb HA PI3HI BUAN ®I3UYHUX BIIPAB: ®I3IOJIOTTUHUN
TA TPEHYBAJIbHUM KOHTEKCT

ITocTanoBka mpo6aemu. ['emonuHaMivHI 3MiHW, BHKJIMKaHI (I3MYHMMHU BIpaBaMH, €
KIIFOYOBUM MEXaHI3MOM MiITPUMKH TOMEOCTa3y MiJ 4ac M's30B0i akTUBHOCTI. OHAK pEaKkTUBHI Ta
aJlaNlTHBHI CepLEBO-CYANHHI peakilii CyTTEBO BapilOIOTHCS 3aJ€KHO BiJ BIKY, CTaTyCy TPEHYBaHHS
Ta XapakTepy (i3MYHOrO HaBaHTaXXEHHs. I[CHyrodYl JaHi, 110 OMUCYIOTh, K aepoOHi, aHaepoOHI,
3MimaHi Ta (QYHKIIOHAJIbHI METOAU TPEHYBaHb BIUIMBAIOTh Ha IEHTPAJIbHY T'€MOIMHAMIKY,
BEreTaTUBHY PEryJALil0 Ta CTPYKTYpHO-(DYHKI[IOHANbHI XapaKTEpUCTUKHU cepls B pi3HI BiKOBI
nepioy, 3aJMIIalOTBCAd  HEJOCTaTHbO  cucreMaTtu3oBaHuMu. lLle  oOMexye  po3poOky
1H/IMBiTyaTi30BaHUX TPEHYBAJIBHHUX MPOrpaM, 3aCHOBAHUX Ha BIKOBO-cHEHHU(IUYHUX (i3i0N0riYHUX
3aKOHOMIPHOCTSIX.

MeTta. BuzHauuT BiKOBI 0COOJMBOCTI pEaKTUBHUX Ta aJallTABHUX 3MiH CEpPIIEBO-CYIUHHOT
CHUCTEMHU YOJIOBIKIB Yy BIIMOBiAb Ha (i3UYHI BOPaBU Pi3HOI MeTaOOIIYHOI CHPSAMOBAHOCTI Ta
OXapaKTepU3yBaTH MEXaHI3MH, IO JISKAaTh B OCHOBI IeMOAMHAMIYHUX peakliil Ta ajgamnTaiii,
BUKJIMKaHUX TPEHYBAHHSIM.

Metoau. bymno mnpoBeneHO cucTeMAaTWYHUN aHali3 Cy4acHOI HAyKOBOi1 JiTepaTypu 3
BHUKOpHCcTaHHsAM 0a3 manux PubMed, Scopus, Web of Science ta Google Scholar. Criouatky 0yio
nepeBipeHo moHax 700 mxepen 3 BHUKOPUCTAHHSM KJIFOUOBUX CIiB, TMOB'S3aHUX 3 BIKOBUMU
reMOJMHAMIYHUMH peaKUissMH Ha pi3HI THmM QizmuyHux Brpas. [licis OararoeTamHoi OIIHKH
pEJIEBAaHTHOCTI Ta IOBHOTEKCTOBOI OIIIHKM, JO OCTaTOYHOIO CHHTe3y Oyno BkimoueHo 109
nyOmikariil.

OcHoBHi pe3yabtatu. [li1ITKOBUH BIK XapaKTepU3yeTbCS MEPEBAKHOIO CHUMIIATUYHOIO
PCAKTUBHICTIO Ta HeCTaO1IbHICTIO OapopedIIeKCHOr0 KOHTPOJI0. HOJIOBIKH B PAHHBOMY JIOPOCIIOMY
Billl JIEMOHCTPYIOTh HAWBUIIMIA CTYMiHb MOPQPO(]YHKIIOHATBHOT 3pIIOCTI cepls Ta Cy/AHH,
JEMOHCTPYIOUH e(eKTUBHY aJanTalilo J0 TPEHyBaHb Ta ONTHUMAJILHUM BereTaTUBHHUM OasaHC.
Crapmuii Bik MOB'sI3aHUM 31 3HIKEHHSM YAapHOro 00'eMy, MiJBUIIEHHSM >KOPCTKOCTI apTepiil Ta
3aTPUMKOI0 TapacMMIIaTHYHOI peakTHBalii. MojanbHICTh (I3MYHUX BIOpaB 3HA4YHO (opMmye
npodinb peakmii: aepoOHI BOpaBM MOCUIIOIOTH Mepdy3il0 TKaHWH, aHAepoOHI TPEHYBAHHS
BUKJIMKAIOTh ITIKOBI IPECOPHI peakilii, 3MilIaHi BIpaBU BUKIMKAIOTh YEPryBaHHS CUMIIATUYHUX Ta
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Ba30AWIATATOPHUX (a3, TOAl SAK (PYHKLIOHAIbHI TPEHYBaHHSA MOKPALLYIOTb MIDKM'SI30BY
KOOPJMHAIIIIO Ta MOCTYPATBbHY PETYJIAIII0 KPOBOOOITY.

HaykoBa HoBu3Ha. CHCTeMaTH30BaHO BIKOBI MOJEJi CEPLEBO-CYIMHHOI PEaKTHUBHOCTI Ta
aganrtanii. OOrpyHTOBaHO paHHIA AOpociHii BiK K (i310JOTIYHO ONTHUMAIBHUN TEpiox s
JOCATHEHHSI MaKCUMallbHOTO TpPEHYBaJdbHOTO edekTy. BusBIeHO BHYTPINIHbOKOJIEKTHBHI
BIJIMIHHOCTI B T€MOAMHAMIYHINA YYTJIWBOCTI B IMIJUNITKOBIM Ta HOPOCIiN T'pymax Ta MOB'S3aHO X 31
CTYIIEHEM CepLeBO-CYAMHHOI Ta BEr€TaTUBHOI 3pP1J0CTI.

BucHoBku Ta pexomenaamii. BikoBi (¢i3i070ri4HI  XapaKTEpPUCTUKU BHMAararmoTh
IHAMBIAyami3amii TPEeHYBaJbHUX CTpaTerii: MUITKH MOTPeOYIOTh MOCTYNOBOTO 301UIbIICHHS
HAaBAaHTAXKEHHSI 3 aKIEHTOM Ha CcTaliii3alil0 BEreTaTUBHOI PErylsilii; JOpocii YOJIOBIKH
OTPUMYIOTh HaWOUIBIIY KOPUCTH BiJl KOMOIHOBaHMX Ta (PYHKIIOHAJBHUX TPEHYBAJbHUX METOIIB;
cTapull JIIOAYM IIOBMHHI HAaJaBaTH NPIOPUTET aAepOOHMM Ta HU3bKOIHTEHCHUBHUM BIIpaBaM 3
peTeNbHUM MOHITOPUHIOM T€MOAMHAMIYHUX MTapaMeTpiB.

KirouoBi ciioBa: cuctema KpoBooOiry, cepiie, KpOBOHOCHI CyIMHH, FreMoArnHamika, piznyHi
BIIPaBU, PEAKTUBHICTb, aJaNTallisl, YOJOBIKH.
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HOBI 3HAXIJIKHM JICOBUX OPXIJEN HA TEPUTOPII
MNPOEKTOBAHOI'O HIIII «IPIMHCBKE BOJIOTO»

Ilooano pezynomamu pexkocHOCYIIOBATLHUX (DIOPUCTNIUKO -2e000MAHIUHUX O0CIONCEeHb, )
pe3yibmami  SKUX ~ 6USGNIeHO HOSL Jaokalimemu pioxkicHux aicoseux eudie: Cephalanthera
damasonium, C. longifolia, Epipactis helleborine, Neottia nidus-avis, Platanthera bifolia, P.
chlorantha na mepumopii npoekmoesanoco HIIII «Ipouncoke Gonromoy. Busnaueno yenomuumi
Xapakxmepucmuku ix Micye3pocmaHb, NpuypoueHux 00 0y06060-2pabo6o-aCceHosUx i CXUN080-
ApYJHCcHUX nicie. Yemamnoeneno,, wo y gopmysanti npupoOHoi cmpyKkmypu yepynoéans, 00 CKIAOy
akux exooams euou Orchidaceae, npogiony ponv gidiepaioms 2ioponociuni ma eoaghiuHi
Xapakxmepucmukuy CXunio8ux Qimoyenosis..

Knrwowuosi cnosa: Orchidaceae, Hno6i 1nokanimemu, papumemui 6uou, ¢imoyeHosu,
yenomuuni ymosu, Yepkacwvrka oboracme.

IMocranoBka nmpo6Jsemu. Yci npeacraBuuku poauun 3o3yauniesi (Orchidaceae) dmopu
Vkpainu 3aHeceHi g0 UYeppoHoi kuuru Ykpainu [1]. Ixmiii oxopommmii cratyc 3ymoBieHuit
cnenikoro 610JI0T11, CKIAIHICTIO PEPOTYKTHBHUX MPOIECIB Ta OCOOIMBOCTSIMU CHHEKOJIOTTYHUX
B3a€MUH Yy (iTomeHO3aX. 303YyJIMHIEBI XapaKTePU3YIOThCS BHUCOKOI UYTIHMBICTIO 10 3MIiH
CepelloBUIlla, M0 pOOHUTH iX e(OEeKTMBHUMHU IHAMKATOpAMU CTaHy eKocucteM. JlocmiKeHHs
3aCBIIUYIOTh BaXXJIMBICTh OKPEMHUX BHIIB i€l POAUHU K ©DEKTHBHUX 1HIUKATOPIB a0lOTHYHHMX
YMOB cepeoBHila ix icHyBanHs [2]. Takox 10BeaeHO 3a1eKHICTh PYHKIIIOHYBAHHS MOMYJISLIN Ta
MOTEHIliay MOMIMPEHHS IeSKUX IICOBUX OpXiged Bil MpPUCYTHOCTI y (iTOIEHO3aX TMEBHHUX
JICPEBHUX BUJIIB 3 BiMOBIAHOK eKTOTPOGHOIO Mikopu3omwo [3, 4].

VY Yepkacekiii 001acTi 3a BCIO 1CTOPitO (IOPUCTUYHUX JOCTILKEHb 3adikcoBaHo 22 BUAU
Orchidaceae, cepen sikux Tpu BHIH OOJIT, 1EB’ATh — JIYKiB 1 JECATH — JIICOBUX ekocucTeM [5]. V micax
pErioHy TPEJICTABHUKU 303yJHMHIIEBUX 3a3BUYall TPAIUBIIOTHCS CHOPAJMYHO Ta BKpail pigko; iXHi
MOMYJISAIIT HalYacTile MaJIoYMCeNbHI a00 1 y3arali MmpeacTaBiieHi TOOMUHOKUMHI OCOOMHAMU [6].
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Y 1pOMYy KOHTEKCTI BHSBJICHHS HOBHX MICIE3pOCTaHb, a TaKOX MiATBEPIKEHHI Ta
XapaKTepUCTUKA CTaHy B)X€ BIIOMUX HOMYJSALIA MaloTh OCOOJUBY aKTyaJIbHICTH Yy CBITIL
30epekeHHsT Oiopi3HOMaHITTA. Taki JOCIDKCHHS € BaXXIIMBOK CKJIAJIOBOIO MOHITOPUHTY CTaHy
JIOBKUJLJIS, CIIPUSIOTH OILIHII CO30JI0TIYHOI IIHHOCTI MPHPOJHMX OCEJHUIN 1 CTBOPIOKOTh HAYKOBI
NepelyMOBH  JUIsl  MOAAJbINOI  opraHizamii e(QEeKTUBHOI OXOPOHHM JIOKAJIbHUX  TOMYJISIii
303YJIMHLIEBHUX Yy PETIOHI.

AHaJIi3 ocTaHHIX HocaixeHb i myOJikaniii. Poqura 303ynuHIeBi, mo Hamiuye OJIM3bKO
28,5 tuc. BuaiB [7], € onmHi€r0 3 HaANPI3HOMAHITHINIMX Ta HAWUMOIMIMPEHIIINX POJMH KBITKOBUX
pocnuH. BogHowyac BoHA HalIEKHUTh O TPYH OPraHi3MiB 13 HaJA3BUYAlHO BUCOKUM PIBHEM 3arpo3u
3HUKHEHHS [8], 4acTKOBO uepe3 CKJajaHI CTpaTerii )KUTTEBOrO UKy [9], ane 371e0iIp1Ioro yepes
BTpaTy CEpPEAOBHUIL ICHYBAHHS, 3MIHYy yMOB HaBKOJMIIHBOIO CEpPEAOBMINA, 30Kpema KiiMmary,
METOAM 3€MJIEKOPUCTYBAHHS, 301p SIK JIIKapChbKOI CUPOBHMHU YM AJIs JE€KOPATUBHOIO CaJIBHUIITBA.
binpmricte BUIIB 303yJIMHIICBUX OCOOJIMBO BPA3JIMBi 10 3MiH CEpPENIOBHINA ICHYBaHHS Yepe3 IXHIO
CHIIbHY ekoJjioriuny cremianizamito [10]. XKutreBuii UKk opxifei TICHO 3aJeKUTh BiJ B3a€EMOJIT 3
IHIIMMU OpraHi3MaMH, 30KpeMa IpuOamMH-MiKOpPHU30yTBOpPIOBaYaMHU Ta 3alUjIOBayaMH, TOMY iX
BU3HAIOTh BOKJIMBUMH IHIUKATOpaMHU CTaHy ekocucTeM [9].

Takuil craH 3yMOBJIOE MIABUIIEHUN 1HTEpeC IO BUAIB i€l POJUHU B yChOMY CBITI Ta
Vkpaini 30kpema. ¥Y3arambHEHI BIJOMOCTI MPO XOPOJIOTidHI Ta (DITOIEHOTHYHI OCOOJIMBOCTI
Orchidaceae BimoOpaxkeHi y psii mpailb BITYU3HSHUX JOCTIAHHMKIB, 30KpeMa B OMYOIKOBaHHX
OPOTSATOM  OCTAHHBOTO  JECATHIITTA po0OTaxX, MPHUCBIYCHUX MOIIUPEHHIO, IIEHOTUYHIH
PUYPOUCHOCTI Ta OloTomiuHIN AudepeHItialii 303yIMHIEBUX Y Pi3HUX perioHax kpainu [11-14].

HocnimkenHs: penpoayktuBHoi 61os0rii [15], ocobmuBocTelt onTorenesy [16], ekomorigHux
YUMHHUKIB, 110 BU3HAYAIOTh CTPYKTYpYy, CTaH Ta IWHAMIKY MONYJLMiA € [ie OJHUM BaXKIHMBUM
HanpsMOM BUBYEHHS 303yJMHIIEBUX [17-21].

He MeHII BaXIMBHM acleKTOM JOCHIDKEHb € BHSBICHHS HOBUX MICIIE€3POCTaHb
303yJIMHIIEBUX T4 MOHITOPHHT iX momynsiii [22-25]. Ile mo3Bosisie OLIHUTH Cy4acHU CTaH BHIIB,
BHU3HAYUTHU TEHJICHIIIi 3MIHM YHCENBHOCTI Ta MPOCTOPOBOTO PO3MOJIiNTY, a TAKOXK 1eHTU(]IKyBaTH
YUHHUKH, [0 BIUTUBAIOTh HA CTA01IBHICTh MOMYJISIIIH.

Y psaai poOIT HarojoUIyeThCsS Ha BY3bKiM €KOJOTiuHIA aMIUNTYOl Ta YyTIMBOCTI [0
AQHTPONOreHHOI'0 BIUTUBY OUIBIIOCTI €BPOMEHCHKUX BUAIB OpXiled, TOMY 3Ha4yHa yBara
NPUAUIAETBCS aHaI3y 3arpo3 ICHYBAaHHIO TONYJIALIM 303yJMHIIEBHUX Ta 3axofaM IIoA0 IX
30epesxxeHHst [26, 27].Taki NOCHiKEHHS CIYTyIOTh OCHOBOIO JJSi PO3POOKH 1 BIIPOBA/IKEHHS
3aX0/[IB OXOPOHH Ta YIPABJIHHS NPUPOJAHUMHU NOMYJIALIIMH, 30KpeMa BU3HAUEHHS NTPIOPUTETHUX
JIOKQTITETIB JUIsl OXOPOHHW, OpraHizaimii MOHITOPMHTOBHX IIPOTpaM Ta OIIHKA e()EKTUBHOCTI
OXOPOHHUX 3aXO/IIB Y M&Xax 3anoBigHoro ¢poumay [28].

AxTyanbHicTh mpo0Jemu. [lonpu HasgBHICTE (QyHAAMEHTAIBHUX NOCHIJKEHb (Qropu Ta
pocinuHHOCTI Yepkachkoi o0jacTi, cydacHWil craH momyJsimid JicoBux BuaiB Orchidaceae
3aJMINAETHCS  HEJOCTaTHHO BUBYCHHM. OCOOIMBO 1€ CTOCYETHCS JIOKAJIBHUX MOIYJBIH,
YUCENBHICTh 1 CTPYKTypa SIKMX 3a3HAIOTh 3MIiH TiJ BIUIMBOM IPUPOJHHUX Ta AHTPONOTEHHUX
dakTopis.

VY Mexax NpOEKTOBAHOIO HAIIOHAJBHOI'O MPHPONHOro mapky «IpauHcbke 00JI0TO», IO
OXOIUTIOE IpIUHCHKHMIT OOJIOTHUH MacuB Ta MPHJICTII JIICOBI MacCMBH MOIIHOTIPCBKOTO KPSDKY ¥
Yepkacbkoro 6opy, 3a JiTepaTypHUMHU AaHUMH cepennHn XX — mouyaTky XXI cr. 3adikcoBaHO
monaimenine 13 BuniB poaunu Orchidaceae, siki penpe3eHTYOTh OONOTHI, Ty4HO-OO0NOTHI, JTy4Hi
Ta JicoBl ekoronu. HaiimaBHimi BiZOMOCTI MOXOJATh 3 KIACHMYHUX (UIOPUCTUUYHHUX 3BEIEHb
cepenuan XX cT. [29, 30], Tomi sSK cy4acHI 3HAXiOKA TOB’s3aHI TMEPEBAXHO 3 TEPUTOPIEIO
3aTBepmKeHoro caiity CmaparmoBoi mepexi «CocHoBwuit 6ip» [31, 32].

Bunu opxigedt, BimoMi nans 1€l TEpUTOpii, CYTTEBO pI3HATHCA 32 EKOJIOTIYHOO
npuypouenictio. Cepen 60onoTHHX i JyuHO-0070THUX Biamideni Epipactis palustris (L.) Crantz,
Hammarbya paludosa (L.) Kuntze, Liparis loeselii (L.) Rich., Dactylorhiza incarnata (L.) Soo,
cepen micopux — 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 €KOTOHH Ta BOJIOTI JIICOBI Jyku Oy xapakrepuumu aias Orchis militaris L. i Anacamptis
morio (L.) R.M.Bateman, Pridgeon & M.W.Chase (cun. Orchis morio), Toai sx Platanthera
bifolia (L.) Rich. Big3HauaeTbcst HpUypPOUCHICTIO SIK 10 JIICOBUX, TaK 1 A0 JYYHUX MiCIE3POCTaHb.

BonHouac 3HayHa 9yacTMHA JIOKAJITETIB OpXiJed, HaBeleHUX y MIpalsix cepenuHu XX CT.,
IMOBIpHO, 3a3Hana icToTHOi TpaHchopmarii abo Oyna BTpaueHa BHACHTINOK OCYIICHHs OOIiT,
TophOBUA00YBAHHS, 3MIHU T1IPOJIOTIYHOIO PEXKUMY Ta MPUIUHEHHS TPaJULIHHOTO BUKOPUCTAHHS
JYKiB, IO MPHU3BEIIO J0 iX 3apOCTaHHS YarapHUKaMH Ta JICOM. 3a BiJICYTHOCTI HiJECHpPSIMOBAHUX
MOBTOPHHUX OOCTEXEHb HEMOXKIIMBO OJHO3HAYHO CTBEPIKYBATH PO 30€peKeHHS MOMYJISii HU3KA
PIIKICHHX OONOTHHX 1 TyYHUX BUIIB HA IIUX TEPUTOPIAX. 3HAYHA YACTHHA BU[IIB, HABEACHUX Y IIUX
kepenax, 3okpema Orchis militaris Ta Anacamptis morio (cun. Orchis morio), Oyna npuypoueHa
JI0 €KOTOHHMX 1 BIIKPUTHX BOJIOTHX OCEJHIL, SIKI 3a3HANM HalOublIoi TpaHcdopmallii BHACTI0K
OCylIeHHs, TOopGhOBUAOOYBAHHS Ta TNPUIUHEHHS TPAAMIIMHOIO 3EeMJICKOPUCTYBaHHS, IO,
HMOBIPHO, 3yMOBHJIO Pi3KE CKOPOYEHHS YMCEIBHOCTI a00 3HMKHEHHS IXHiX MOMyJiiii. IMoBipHO,
Ha L1 TepuTopii TaKOX BTpayeHl MOMYJALIi TAKUX €KOJIOTTYHO BY3bKOCIELIaII30BaHUX BUAIB, SIK
Hammarbya paludosa ta Hemipilia cucullata (cun. Neottianthe cucullata).

VY 1bOMYy KOHTEKCTI OHOBJIEHHS B1JOMOCTEH PO Cy4yacHE IOLIUPEHHS OpXiJed y perioHi,
BHUSIBJICHHSI HOBHUX JIOKQNITETIB, 3’sCyBaHHSA 1iX OIOTOMIYHOI TNPUYPOYEHOCTI Ta OLIHKH
IPUPOJTOOXOPOHHOTO MOTEHIIaNy MOMYJIslii MalOTh BEJIMKE HAYKOBE 3HAYEHHS IS 30epekeHHS
perioHaabHOro 610pi3HOMAHITTS.

Meta pociigaeHHsi: OI[IHUTH pETiOHAJIbHI OCOOJMBOCTI LIEHOTHMYHOI HPUYPOUYEHOCTI
nonyssaiin mectu Buaie Orchidaceae y HOBOBHSBIICHHX JIICOBHX JIOKAJITETaX MPOEKTOBAHOTO
HIIIT «IpauHCchKE 60710TOM.

Marepianu Ta MeTOIU A0CJIiIKEHHS

PekorHocuiroBanbHi JOCTIIKEHHS MPOBEACHO MAapPUIPyTHUM METOAOM Ha IMOYaTKy YEPBHS
2023 p. ta B kiHmi TpaBHA 2025 p. MapumpyTa OXOIUIIOBajiM IiBJACHHO-3aXiqHY YaCTHHY
npoektoBaroro HIIIT «Ipaurchke 60m0TOo» modam3y cin byna-Opnosenbka Ta Mane Ctapociyuist B
Mexax Bogo3oopy p. Ipauns (Uepkacbka o6nacts).

30ip 1 ompairoBaHHs repOapHOro MaTtepiaiy 3AiHCHIOBAIM 3a CTaHJApPTHOK METOJIUKOIO
[33]. Has3Bu TakcoHIB MOJaHO BIANOBIAHO JO €JIEKTPOHHOro pecypcy [34], a B oOkpemuX
BUMNaaKax —3a [35].

[TpoOHI muoml [ OmMCY POCIAMHHOCTI 3a YYacTIO PIAKICHMX BHJIB 3aKjiajaid y
MIPUPOAHUX MEXKaX BIAMOBITHUX (ITOIICHO31B. ISl TICOBUX yrpynoBaHb BUKOPUCTOBYBAJIH JIUITHKH
wiomiero 25 x 25 m. [IpoekTuBHE MOKPUTTS BUAIB B OMMCOBUX IUIOLIAX OI[IHIOBAJIU Yy BiJICOTKax;
MOKpUTTS MeHIe 1% Tmo3Hayanu 3HaKOM «+». Bu3sHaueHHs TUMIB O10TOIIB 3IIMCHIOBAIIM Ha
ocHOBI [36, 37].

JUii BU3HAYEHHS BHCOTHUX XapaKTEPUCTHK penbedy BHUKOPUCTOBYBAIH EIEKTPOHHHMA
pecypc [38].

PesynbTaru goc/iiizKeHHs Ta IX 00roBOpeHHS

Y pe3ynbraTi MapumipyTHUX OOCTEXKEHb JICOBUX [IJISHOK Ha TepuTopii ByasHcbKoOro
nmicaunrBa ¢umii «llenTpanpauii micoBuid odicy JIT «Jlich YkpaiHu» BCTaHOBJIICHO TPH HOBHUX
JIOKaJIITETH CIJILHOI'O 3pOCTAHHS IIECTU BUJIIB JIICOBUX OpXiJeH.

Cephalanthera damasonium (Mill.) Druce — piakicHuii €BpoIeiicbKo-cepea3eMHOMOPChKHI
BUJ Ha CXigHIA Mexi apeany. B Vkpaini nommpenuit y Kapnarax, Ilonicei, 3axiqnomy Ilonimni,
Kpumy. V¥ Jlicocremy Tparuisietbes pigko [1].

Cephalanthera longifolia (L.) Fritsch.— pigkicauit naneapkTuuHuii Buau. B VYkpaini
nommpenuit y 3akapnarri, Kapnarax, [Tomicci, Jlicocteny, I'ipcekomy Kpumy, y Creny — piako [1].

Epipactis helleborine (L.) Crantz — monmimMopdHHI BHI 3 IIHPOKOK E€KOJIOTOICHOTUIHOO
ammutitynoro. B Ykpaini Mae npupo00XopoHHHI cTaTyc «HeowiHeHui». [lommpennii y Kapnatax,
JCOBIH, TiCOCTENOBIi, cTenoBiii 30Hax Ta ['ipcbkomy Kpumy [1].

90



Cepis «bionoriuni Haykm», 2025

Neottia nidus-avis (L.) Rich. — 3aximHonameapkTHyHMi BHJ, 0 B YKpaiHi Mae
IPUPOJTOOXOPOHHUHN CTAaTyC «HEoUiHeHUH». CTaHOBUTh Ba)KJIMBUHM HAayKOBUM IHTEpEC pOCIMHA 3
MIKOT'€TepOTPOGHUM THIIOM XUBJICHHs. B Ykpaini nommpenuii y Kapnarax, 3akapnatTi, [Tomicci,
Jlicocreny, ITiBaiunomy Creny, I'ipcekomy Kpumy [1].

Platanthera bifolia (L.) Rich. — eBpomneiicbko-cepe13eMHOMOPCHKHI HEMOPaIbHUN BHUI, 110
B YKpaiHl Ma€e MpUPOJOOXOPOHHMI cTaTyc «HeouiHeHuit». [lommpenuit y Kapmartax, Po3rouui,
Omisni, [Tomicei, IliBHiunoMy Jlicocteny, Kpumy, nyxe pigko tpamserses y Cremny [1].

Platanthera chlorantha (Cust.) Rchb. — eBpomeiicbko-cepen3eMHOMOPCHKHI BHJ, IO B
VYKpaiHi Ma€e NPUPOTOOXOPOHHHMM cTaTyc «HeouiHeHui». llommpenuit y Kapmarax, Posrouui,
Omimni, [Tomiccei, Jlicocreny, I'ipcekomy Kpumy, 3pinka — B Cremy [1].

3rigHo cxemu (¢i3uKo-reorpadivHOro paifoHyBaHHS TEpUTOPIs, Ha SKiil BHSBICHO MiCIs
3pocTaHHs opXifel, HanexuTh 10 ['opoauiieHcbko-CMUISHCBKOTO (pi3UKO-reorpadiuHoro paiony,
[enTpanpao-IIpuaHinpoBchbkoi BuUcOYMHHOI oOsacti, Ilominbchko-IIpumHIIPOBCHEKOTO Kparo,
JlicoctenoBoi 300U CXiTHOEBPONEHCHKOT pIBHUHHOI (i3uko-reorpadiunoi kpainu [39].

L{s TepuTopis B yac piccbkoro rismiany (300-150 Tuc pokiB ToMy) 3HaXOAHMIACh y KpailoBii
30H1 JIHIIPOBCHKOIO JIbOJOBUKOBOIO S3MKa, & TOMY XapaKT€pPHOI OCOOJHUBICTIO € HAsBHICTb TYT
MAacHBiB JbOJOBHKOBO-TEKTOHIYHOTO MOXOKEHHS, MOPYIIEHUX MOPOJaMU Me30-KaifHO30iCHKOTo
BiIKYy, SIKI YITKO BHAUIAIOTHCA y BUTJIAAl MiABUINEHb, OTOYEHUX 3HUKEHUMH ISTHKAMH JABHIX
noauH ctoky Boj [40]. YHacmigok mboro 0J1M3bK0 10 IEHHOI MOBEPXHI 3aJIsraloTh OaraTi Ha Kpeumay
ME3030MChbKI MOPOAM, MPUKPUTI BIAKIAZAMH AHTPOMOTE€HOBHX JIECOBHIHHMX CYIJMHKIB pi3HOT
MOTY)KHOCTI, OaraTux Ha KapOoHaTH Kanbliiio [38].

3HauHe BEpTUKaJbHE pO3WIeHYBaHHS penbedy (HaiBumy touku: 210-215 M H.p.M.,
HalHWK41: 83 M H.p.M.) cripusie ePEeKTUBHOMY APEHYBAHHIO MiJ3€MHUX BOJOHOCHUX FOPU3OHTIB Y
HIDKHIX YacTUHaxX cxwiiB. [lomexkyam BigmidaroTbest Aitodi pkepena Ha Bucoti 130 M H.p.M.
HasiBHuld map JECOBHIHMX CYIJIMHKIB 13 THIIOBOKW KaIIIPHOK CTPYKTYpPOKW 3abe3mnedye
CTa0INbHICTh PIBHSA I'PYHTOBOi BOJAHM, IO BH3HAYa€e crenu(iky TigpoJOriYHUX YMOB enadoToriB,
0COOJIMBO Y HIKHIX YaCTUHAX CXHIIIB.

Micne3pocTaHHsl JIICOBUX OpXiJed MHpUypodeHe A0 CXUJIiB MOIIHOTIPCHKOTO KpSKy B
Mexax Bomo30opy p. Ipamep y miBmeHHO-3aximHiW wacTuHi mpoektoBaHoro HIIIT «IpauHCchKe
6omoto» (puc. 1).

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

Pozpimkennii minmicox npencrasienuit Tilia cordata 3%, Corylus avellana L. 2%, Acer
campestre 2%, Acer platanoides L. +, Populus tremula L. + .

VY tpaB’sHoMy sipyci 3poctaroTh 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 ninstani 3adikcoBano monan 100 ocooun Cephalanthera longifolia ta monan 100 oco6uu
Epipactis helleborine. OOuzaBa BuauM mnpencTaBieHi MEpeBaKHO MOOJMHOKMMHU IaroHaAMU 3
HE3HAYHOI0 TIEPEeBarord OCOOMH JOTeHEepPaTHBHOIO BiKy; Ha OKPEMHUX JIOKycaX JIOMIHYIOTbh
reHepatuBHi naronu. Heuwcnenna (0ym3bko 20 ocobun) neHonmonyJssiiist Neottia nidus-avis
Npe/iCTaBjICHa MOOJAMHOKUMH TIarOHaMu TeHepatuBHOro Biky. Ilenoonymsimist Platanthera
chlorantha wamiuye kinmbka coreHb ocoOuH (moHanm 250) 3  OpuUOMM3HO — OIHAKOBUM
CMIBBIJHOIIEHHSM NaroHiB NeHEepaTUBHOIO Ta JIOT€HEPAaTHBHOIO BIKOBUX cTaHiB. LleHoomymsiis
Platanthera bifolia menrr grcenpHa — BigmiueHO OJIM3BKO IBOX JAECATKIB MMArOHIB.
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Puc. 1. Po3ramnyBaHHsl BUSIBJIEHUX JIOKAJIITETIB

Hinsinka Ne 1 momero Onu3bko 4 ra po3TanioBaHa y HUKHIM YacTUHI CXMIY 3aXiJHOI
€KCIO3MIIIT 13 KyTOM Haxuily MOBEpxHi OJIu3bKO 7°.

Hinsaaka Ne 2 muomero OiM3bKO 3 Ta pO3TalIOBaHA YAOBXK MITHDKXKS KPYTOTO CXHITY
(mpubmuzno 20%) 3aximHoi ekcrmosuiii. CXW TPUypOUYCHHI 10 BEpXiB’s Oalkd i3 CTaBKOM.
AxBartopist cTtaBKa (QOpPMYEThCS 3a PAXyHOK MOBEPXHEBO-CTIYHUX Ta MiA3EMHHX BOJI, IO
JPEHYIOTHCS Ha MPUOJIU3HO 8 M HIIKYE BiJl BUSBIICHOI JIICOBOT IUISTHKH.

VY cepenHiil 1 HIKHIA 9acTHHAX CXHUJIOBOI JIIJISTHKU JIUCTSHOTO Jiicy 3adiKCOBaHE CIIbHE
3pOCTaHHS II'SATH BHIIB 303y/iuHIEBUX. HaiuucenpHimow € 1enonomyssis Platanthera
chlorantha — Bona npejicraBieHa KibKoMa JIeCATKAMH OCOOMH I€HEPATUBHOTO 1 IIPEreHePaTHBHOIO
Biky. llenonymsiii Platanthera bifolia, Cephalanthera longifolia, Epipactis helleborine ta Neottia
nidus-avis — Mano4uceNbHi.

HepeBocran chopmoanuii Tilia cordata Mill. 60%, Carpinus betulus L. 10%, Quercus robur
L. + ,Betula pendula Roth. +. ¥V migmicky poctyts Tilia cordata Mill. +, Carpinus betulus L. +, Acer
platanoides L. +, Populus tremula L. + , Euonymus verrucosa Scop. +.

VY TpaB’ssHOMY spyci nominye Equisetum hyemale L. (monan 10%). Takox 3poctarote Carex
pilosa Scop. (micusimu 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. + .

Hinsaaka Ne 3 miomero 01mM3pko 2,5 Ta y IMUPOKOJMCTSIHOMY Jiici MOOIU3y ypodHIa
«CuHiil KaMiHb» MPUYpPOUCHA 70 MIISHOK KpyToro cxuiy (nmpubmusuo 20%) 3axinHOi eKCro3uiii,
IO CIYCKA€THCS 10 JAHHILA OOBOJHEHOI JIICOBOI Oajik, siIka HaJeKUTh 10 BOJ0300pY p. IpauHb.
JlicopocnuaHi yMOoBH TofiOHI 10 minsHku Ne2. Tyt 3adikcoBaHO ManaoO4YHCENbHI IEHOMOITY ST
Platanthera bifolia, Platanthera chlorantha, Cephalanthera longifolia, Cephalanthera
damasonium, Neottia nidus-avis.

Byso BigMiueHo, 10 CKIax i CTPYKTypa yrpyrnoBaHb, 10 SKuX Bxoaath Buau Orchidaceae,
ICTOTHO 3aJIeKaTh BiJ TiAposioriyHux Ta enadivaux ymoB. Came crienugika 3BOJOXKEHHS, BOTHO-
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HNOBITPSHUN pPEXUM TIPYHTY Ta #oro (i3uKo-XiMiuyHI BJACTHBOCTI BM3HAYaIOTh 3arajbHYy
oprasizailiro (GiTOreHO031B y IUX €KOCHUCTEMAX.

JlicoBi MacuBH, y MeXax SKHX 3pOCTalOTh BUABJICHI BUAM (yOOBO-rpaboOBO-ACEHOBI JIiCH Ha
eBTpopHuX 1 Me3oTpoduux rpyntax (G1.Al) ta sipyxui i cxuoi jgicu (G1.A4)), BigHECEHI 10
OioTomiB, 110 MiJUIATal0Th 0XOPOHI BiAnoBiaHO 10 Pe3omomii Ne 4 TlocriitHoro komitety KoHBeHIil
po OXOpOHY JauKOi ¢uiopH i (hayHu Ta MPUPOAHUX cepenoBHIl icHyBaHHs B €Bpori (bepHCchKOi
koHBeHlii) [41]. BomHowac oOCTeXeHi IiISHKMA pO3TalioBaHi Ha TepuTopili bByasHChKOro
JICHMIITBA, 1€ TMPOBOAUTHCS TpaauLiiiHE JICOKOPUCTYBaHHA, 1, HWMOBipHO, 30eperiau CBii
IPUPOTHUN CTaH JuIle 3aBIsSKU crenudini peabedy. KpyTocxmnm yHeMOoKIUBIIOIOTh TPOBEICHHS
IHTEHCUBHHX JIICOrOCMOAaPChbKUX 3aXOIB, 10 CHPHUSIO 30€pPEKEHHIO LUIICHOCTI IUX O10TOMIB Ta
MiHIMIi3allli aHTPOIOr€HHOT'O BIIUBY .

OckiabKy J1icOB1 010TONM B M&XaX IpIUHCHKOro MacuBy J0CI 3aJMIIAIOTHCS 3HAYHO MEHII
JOCTIKEHUMH TOPIBHSHO 3 OOJOTHUMH €KOCHCTeMaMH, L0 TPAAMIIIMHO MpHBEpTaau OibLIYy
yBary (JOpHUCTIB, a JICOBI opxXinei 3a3Bu4ail GopMyrOTh MaJlOUYMCENIbHI, TPOCTOPOBO pPO3ipBaHi
[EHOIOIYJISALIT, YyTJWUBI 0 3MiH OCBITJICEHHS, CTPYKTYpH JE€pPEBOCTaHy Ta Mikpopenbedy, iX
BUSIBJICHHSI € ICTOTHO YyCKiagHeHuM. BogHouac me Ha mouatky XX cr. s 1mi€i TepuTopii
HaBogmiucs 3Haxigku Platanthera chlorantha ta P. bifolia [42], mo cBiguuTe mpo nKaBHIO
IPUCYTHICTH JTICOBUX 303y/IHHIIEBHX y perioHi. IMOBIpHO, caMe MO€HAHHS CKJIAIHOCT] BUSBJICHHS
Ta BIJACYTHOCTI CHCTEMATHUYHUX TMOBTOPHUX OOCTEeXKEHb 3yMOBHJIO T€, IO HHM3Ka CydacHHUX
Mmicre3poctanb BuaiB Orchidaceae panime He BimoOpaxkanacs B itepatypi, a Cephalanthera
damasonium i C. longifolia 3adikcoBani Bmepime mis 1iei Teputopii. Lle migkpecioe BHCOKY
CO30JIOTTYHY LIHHICTB JIICOBUX OCEJHUII Ta HaraJbHy NOTpely iX AeTalbHOro 0OCTEKEHHS, 30KpeMa
JUISl yTOYHEHHS Cy4acHOr0 CTaHy momyJisiiii piakicaux BuaiB Orchidaceae, a takox oOrpyHTOBYe
JOLUIBHICTh CTBOPEHHSI Ha LM TepUTOpli HAIlOHAJBHOIO MPHUPOJHOTO MApKy K €(PEKTHUBHOIO
IHCTPYMEHTY 30epeKeHHS O10pi3HOMAHITTS Ta IPUPOJIHMX JICOBUX EKOCHCTEM.

Jis TuM4acoBoro 3abe3neveHHs OXOPOHH MOMYJISIiNA BUAIB 303yTUHIICBIX HA JOCITIIKEHH X
JUITHKaX aBTOPaMM MOJIaHO 3BEPHEHHS I10/10 CTBOPEHHS TPhOX OXOPOHHUX 30H.

BHCHOBKHM Ta nepcneKTHBH MOAAJBIIMX PO3BiI0OK

[TpoBeneHi AOCTiAKEHHS MiITBEPAXKYIOTh BUCOKY PI3HOMAHITHICTh Ta CTIHKICTb MOMYJISIIii
JCOBUX OpXifmel y BusBIeHUX Jokamitetax [IpaBoOGepexxnoro Jlicocremy. BceranomneHo, mo y
(opMyBaHHI NPUPOTHOI CTPYKTYpH YrpyloOBaHb, 0 CKIany skux Bxoasate Buau Orchidaceae,
NPOBIIHY POJb BIAIrparoTh TiAPONOTiyHI Ta enadiuHi XapaKTePUCTUKU CXUJIOBUX (ITOIEHO3IB.
Haiicrabinpnimi nonynsuii ¢opmyrots Platanthera chlorantha, Cephalanthera longifolia ta
Epipactis helleborine, 1o cBiguuTh npo iXHIO aIaTUBHY MepeBary J0 HAIBHUX IEHOTUYHUX YMOB.

OTtpumaHi JaHi 3acCBIT4ylOTh, IO BHSBICHI MICHE3POCTaHHS € IIHHUMHU OCEpeIKaMH
30epeKEHUX IIMPOKOJUCTSIHUX JIICOBHX OIOTOMIB, a iXHA NPHUPOJOOXOPOHHA 3HAUYYIIICTh
MIJCHIIIOETHCS HASBHICTIO BHJIB, 3aHeceHUX 10 YUepBoHOI KHMrM YKpaiHu. 3 Orjisay Ha 1e
PEKOMEHJIOBAaHO BIIPOBA/DKEHHS CHELIaJbHUX PEXKHUMIB OXOPOHH, NOCHICHHS MOHITOPHHTY
HOMYJIALIN Ta MOAANbIIE TOCHIPKEHHS (PaKTOPIB, 1110 BU3HAYAIOTh JUHAMIKY IXHBOI'O 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 Marshx.

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 «Irdynske 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 TEMOJJUHAMIKU BEPXHbOI
MOPOXKHUCTOI BEHU I YAC JUXAJIBHOI'O ITUKJTY
Y PI3HUX MPOEKIIMHNX MOJOXEHHSX TLIA

Anomauin. Busuenus eniugy ouxaibHoi MoOyaayii Ha 2emMoOUHAMIKY NOPOICHUCTIUX BEH Y
PIBHUX NPOEKYItIHUX NONONCEHHAX MINA O0A€ MONCIUBICMb GUABUMU POTb OUXATLHO20 YUKILY Y
BEHO3HOM)Y NOBEPHEHHI KpOoGl 00 cepys, OUHAMIYI KPOBOMOKY 6 CYOUHAX MA pPeaxmueHoCmi
YeHMpanbHoi 2emMoounamiky. Boux i euoux, sk i npoexyis mina 6 NpoOCmMOpi, € NOMYHCHUMU
peayramopamu cepyeo-cyOuHHoi OisnlbHocmi. 3acmocy8ants yaibmpasgyKko8o20 Memoody OYIHKU
2eMOOUHAMIKU 8epXHbOI nopodcHucmoi eenu (BIIB) y pizHux npoexyiinux noaodicenHsx miia ma
Gasax OuxamHs cmeopioe MONCIUBOCMI 01 NO2MUONEH020 BUBYEHHs nepediey (hizionoiuHux
npoyecie y Hopmi ma namonocii. Memorw pobomu 6yn0 3’s1cy8aHHs 0coOIUBOCMEl 2eMOOUHAMIKU
BIIB oopocaux mooeii 3a 00nomo2oio memooy yibmpaseykoeoi doniepocpadii.

Obcmedicysanu 25 npakmuuno 300posux GoaoHmepie 06ox cmamei eikom 19-27 poxis.
IIposoounu Y3/[-oonnepocpaghiuny oyinky mopgho-mempuynux nokasnuxie BIIB, ¢ynxyionanvrux
xapakmepucmux Kpogomoky y BIIB ma napamempié yenmpanvHoi cemoounamixu. Ananizyeanu
2eMOOUHAMIKY ) PI3HUX ()a3aX OUXAHHA MA NPOEKYIUHUX NOJIONCEHHSX (2OPUSOHMANbHO HA CHUHI
ma npu cyninayii Ha aieomy 6oyi) anapamom Siemens Juniper Acuson (USA). Ompumani
Gdaxmuyni 0ani 06poOIAIU MEMOOOM 8aAPIAYIUHOT cmamucmukyu 3a nakemom npozpam Microsoft
Excel 2019.

Buseneno oocmogipni siominnocmi oiamempis BIIB, 3a¢hikcosanux y pisuux ¢pasax
OUXANLHO20 YUKTLY MA NPOEeKYIUHUX NOJONCeHHAX mina. Bcmamnosneno, wo QyHKYioHanvHi
xapaxkmepucmuku BIIB 3anexcanu sk 6i0 diamempy cyounu, max i ii 30amuocmi 00 3MiH Y
gionogionocmi 3 azamu OuxanbHo2o Yukiy. Becmanosneno 6invuw nomimua eapiamueHicmo
NOKA3HUKI8 YEHMPANbHOI 2eMOOUHAMIKU ) NPOEKYIUHOMY NONONCeHHI Nedcadu HAa CHUHI.
He3zaneoxcno 6i0 ¢hazu ouxawmHsa ma nonodxcenus mina kposomix BIIB xapaxkmepu3yeascs
NnepeBadCanHsiM CUCTONIYHUX NIKOBUX WEUOKOocmell HAO 0iacmoaivHuMu. JJuxaitbHa MO0y yis
NIKOBUX WBUOKOCMEU NPOABAALAC, NePeBANCAHHAM CUCMONIYHUX | OIACMONIYHUX NIKOBUX
weuokocmeu y pazi 60uxy Hao maxumu y (azi euouxy ma anvoe. Bussnieno menoenyio 0o
3HUICeHHA (DYHKYIOHANbHOI CNPOMONCHOCMI NPABO2O WIIYHOUKA cepysi 0O0Cmedncy8anux, AKI
Manu HUMNCHIO medxcy Hopmu 3a oiamempom BIIB ma nesucoki nikosi weuoKocmi Kpo8OmMoKy
nio uac eouxy i euouxy. Bcmawuoeneno 36opomuiu 38°a30k Mmidc Oiamempom BIIB ma
OOMIHYBAHHAM CUMNAMUYHO20 BI0OINY ABMOHOMHOI HEPBOBOT cucmemu 8 YNPABIiHHI cepyesoio
OisAnbHiCcmIO.

Knwuogi cnosa: cemoounamira, 6epxus nOpOICHUCNA 8eHA, OUXAHHS, NOJOHCEHHS MId.

IMocTranoBka mnuTaHHA. SIK BIiJOMO, MOPYIICHHS TEeMOJWHAMIKH B CHCTeMi BEpPXHbBOL
nopoxxHucToi BeHH (BIIB), 110 mposBIsioThCS YCKIQIHEHHSIM BiITOKY I€OKCUTEHOBAHOI KPOBIi BiJI
BEPXHIX YaCTUH Tija 1O MPaBUX BIAIUIIB CepIls, MOXKYTh 3arpOXKyBaTH HAPOCTAHHAM IMIEMIYHUX
npoueciB [3, 4]. HemocraTHe mocTayaHHs KHCHIO CIHPUYHHIOE Timomepy3ito MO3KY, CTBOPIOE

98


mailto:liyukhimenko@ukr.net
https://orcid.org/0000-0002-4455-6233
https://orcid.org/0009-0007-1450-4284

Cepis «bionoriuni Haykm», 2025

HeOe3MeKy 3HI)KEHHS pIBHS MeTa0oJli3My TIJIIOKO3M, $Ka I0CTAa4aeThbCsd KpPOB'IO Ta CIpHUSE
BUHUKHEHHIO PI3HOMAHITHUX LiepedpaibHUX aHrionatii [5].

Cepen HacmigkiB MOPYLIEHHS BEHO3HOTO BiATOKY uepe3 BIIB — 3MmeHIEHHsS cepueBoro
BHKHY, PO3BUTOK CHCTEMHOI TinmoTeH3ii. Pict BeHo3Horo Tucky B cucreMi BIIB migBuiye pusuk
TpoMOO3y IepeOpaibHUX CyJMH Ta iHIIIFO€ HE3BOPOTHI 3MiHW. BcTaHOBIEHO, IO 3HMKCHHI
KpoBoTik uepe3 BIIB cTBoproe ymMoBH, CIPUSTINBI AJIs CTa3y, [0 MOCHIIIOE MOKJIMBICTh YTBOPEHHS
TpoMOIB y BeHaX BEpXHiX KiHIIIBOK Ta INIMOOKKUX BEeHaX IojoBM Ta mui [17].

BIIB € TOHKOCTIHHOIO CYJIMHOIO, IO 3HAXOIUTHCS B CEPEAHBOMY CEPENOCTIHHI MK TAKUMH
YTBOPEHHSIMU SIK TPYyJIMHA, a0pTa, Tpaxes, OpoHXH, JiMPaTHUHI BY3JIH, K1 HE HaAIHHO 3aXUIIAIOThH
ii Big MoxximBocTi ooctpykuii [5]. Crig po3ymitu, mo xou y BIIB BeHo3Hmii THCK (izionoriyHo
MOPIBHSHO HEBUCOKHM 1 1ICHY€ BEJIMKa KUIBKICTh aHACTOMO31B 3 0aCEHOM HMKHBOI MOPOKHUCTOI
BEHU, SIK1 3[aTHI 3a IEBHUX OOCTaBUH JEAKOI0 MIPOI0 KOMIIEHCYBAaTH IOPYLIEHHS KpOBOOOIry,
TPaHCIIOPT KpOBI MOXKe yckiagHioBatucs Oaratbma uyuHHHKaMu. Cepen Hux: HeOesneka
30BHIIIHBOIO CTUCHEHHSI BEHHU, 3aKylOpKa CyAUHU. He BUKIIIOYEHO, 1110 MOPYLIEHHS I'eMOJUHAMIKU
MOXXYTbh OyTH CIIPHYHHEH] 1 MOP()O-METPUIHUMHU OCOOTMBOCTSIMHU BEH.

Jlng anexkBaTHOro (pyHKIIOHYBaHHSI OpraHi3My, 1 B IEpILy 4Yepry, cepls, MO3KY Ta IHIIUX
OpraHiB, HeOOX1IHUH BUCOKHUI PIBEHb KPOBOOOITY, B SIKOMY BEJIMKY POJb BIAIrPatOTh MOPOXKHUCTI
BeHH, 1 30kpema BIIB. V 3B’s3Ky 13 1IuM, BayKJIMBO BUBUUTH BIUIMB (a3 AUXaHHS (BAUXY Ta BUAUXY)
Ha BEHO3HMH BIATIK, SIKMM Ha ChOTOJHI BCE Il€ 3aJULIAETHCS MaJlo 3’ACOBaHMM. BonHouac,
BOKJIMBUM € BpaxyBaHHS TEMOJMHAMIYHHX pEaKIlii, sKi PO3BUBAIOTHCA y BIAMOBIAL Ha IO
daktopiB rpaBiTaimii. BoHM BHHUKAIOTH IMpPU 3MiHI IOJOXKEHHS TiJla y TPOCTOPI 1 MOXYTh
YCKJIAJJHIOBATH Iepedir KpoBOOOIry, 1110 TeX NOTpedye 3’ sICyBaHHS.

Cepen cydacHUX, NMOPIBHSIHO HE JOPOTUX, IIBUJKUX Ta 1HPOPMATUBHUX 3aCO01B BUBUEHHS
reMOAMHAMIKM B PI3HUX YMOBax ICHYBaHHS OpraHi3My, sIKI HE MICTSITb HaBaHTaXEHHS
ONPOMIHECHHSM BHTIJTHO BUPIZHSAETHCS YJIBTpPa 3BYKOBHH MeTOa MOCHiKeHHs. Oco0IMBO IIHHOO
Taka iH(opMallis Moke BUSIBUTHCS Y MEIUYHIN PAaKTHII OI[iHKK Ta TMPOTHO3Y PO3BUTKY MOKIIHMBUX
NaTOJIOTIYHUX ~ CTaHIB a00 IUIAaHYBaHHI  JIKYBaJbHMX MAaHIMyJALiNd, COPSIMOBAHHUX Ha
YHEMOXKJTMBIICHHS] BAHUKHECHHS MOIIKO/PKEHb BEHO3HOT CTIHKH, MOPYIICHb KPOBOTOKY TOIIO [6].

Crnin 3a3HauuTH, 1mO mnpobiemHa remoauHamika BIIB moxke cnpuumHioBatdH pozianu
nepedpanbHOro KpoBooOiry. BimoMo, mo Timokcis TKaHWH MO3KY MPH3BOIUTH 10 IMIEMIYHHX
IPOsIBIB, Kl HOTPEOYIOTh PaHHBOI A1aTHOCTUKU. AK€ BOHM MOXYTb CTaTH TPUTE€poM O10XIMIYHHUX
JAHLIOTOBUX PEaKIii, Kl BUCHAXKYIOTh HEHPOHU, MEMOPAaHHUN TPAHCIOPT, CIPUYUHIOIOTH 10HHUH
nucOanaHc Ta HeKPOTUYHI 3MiHU [7].

OTtxe, Ha cbOrofiHi NpobiaemMa reMoauHaMiuHUX ocobsnBocTelt BIIB uekae nmonanbiioro
BUpimeHHs. [lomryk HOBUX A1arHOCTUYHUX MIJXOJIB JO BUBYEHHS XapaKTE€PHCTHK BEHO3HOI'O
BiJITOKY BiJl TOJIOBH Ta BEPXHBbOI YaCTHHH Tijia, BIUIMBY HAa HHOTO PI3HOMAHITHUX (aKTOPIB, y
TOMy 4ucil a3 IMXaHHs Ta rpaBiTallli 3aJMIIAE€ThCS aKTyaldbHUM. J[0 TOro Xk, Taka po3BigKa
MOX€ CTaTH y HaroAi IMiJA 4Yac BHUHAWJAEHHS HOBUX CHOCOOIB BCTAHOBJEHHS MOpPdo-
¢yHkiioHanpHuX ocobnuBocteit BIIB, mninbopy TepaneBTMUHMX TAaKTUK Ta pillleHb [0
BiTHOBJICHHs (HOpMasi3ailii) BEHO3HOI TeMOJMHAMiKH, IO JO3BOJINTh HIBEIOBATH PHU3UK
PO3BUTKY KUCHEBOT'O JICDIIUTY.

AHaIi3 ocTaHHIX JocailkeHb i myOJikamiii. Bakki Helipo- Ta Kap/aio-reMOAWHAMIYHI
HNOpYLIEHHsI, K HAcHiAKu posnaaiB remonuHamiku BIIH Bxe He omHe necaTunitrs TypOyrOTb
¢izionoris, MopdonoriB, aHecTe3ionoriB, xipypriB [5]. 3HUXKEHHS aprepiaibHOr0 BEHO3HOI'O
rpaJiieHTa THUCKY B CyJAMHaX MO3KY 3/1aTHE CIPUYMHUTHU BaXKKi MOPYIIEHHS y PoOOTI I'OJOBHOIO
MO3KY aX J0 cMepTi [6]. ABTOpH HATrOJIOMIYIOTh, III0 CHCTEMHA T1TOTEH31s, BUCOKHI BEHO3HHI THCK
y Oaceitni BIIB 3arpoxye pu3nkoM pO3BUTKY TPOMOOTHYHHX SIBHIN Y IlepeOpambHUX CyauHax [7].
3 nmitepaTypu BiZOMO, M0 y pa3i reMOJMHAMIYHHMX 3pyIIeHb y 0araThOX BHIIaJKaX BHUHHUKAE
BEHO3HMI 3acTiif, opraHiuHe ypa)xxeHHS Ta AUCTPO(IYHI 3MIHM TKAaHUH MO3KY, (QYyHKIIOHAJIbHI
po3iaau, KpOBOBUJIMBU OPraHiB CEPEIOCTIHHS, OKITIO3isg BEH 1 BEHO3HHUX Ma3yxX Yeperia, 3amajeHHs
niadaciiagsHuX BeH Tomo [13].
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[ToBinomiseThes, 0 YCKJIATHEHHS yepe3 nopylieHHs remoauHamiku BIIB nposiBisitoThes
po3nagaMM JisJIbHOCTI LEHTPaJbHOI HEPBOBOI CUCTEMHU y BUIVIAAL eminenTu(opMHUX emi30liB 1
HEBPOTMYHUX CTaHiB. BaXki BHMIAJKM BEHO3ZHOI'O 3aCTO0 MOXYTh CYNPOBOKYBATUCA HE
MOXJIUBICTIO NepeOyBaHHs JIIOJUHU Y FOPU30HTAIILHOMY IOJIOKEHHI Tija, 110 BKa3ye Ha 3B 30K
MDK TpaBiTariero i remoauHamikor BIIB [5]. Ilpo mopymenns remonunamiku y BIIB moxe
CBITYUTH 30BHINIHIN OrJIsi/L: 30UIBIIEHHS Ta BUpa3HA OKPECIICHICTh BEH BEPXHBOI YaCTHHU Tyiry0a
(JIM1eBUX, NIMHHUX, TPYIHUX BEH, TIOBHOKPIB sl BEHO3HUX CYJMH BEPXHIX KiHILIBOK) [3, 4].

CporomHi Hi B KOro He BHHHKAa€ CYMHIBIB, IO SIKICHA JIarHOCTMKAa IOBMHHA BpPaXOBYBaTU
MopdororiuHi, (yHKIIOHAIBHI O3HaKM mHopymieHHs remomuHamiku BIIB. Cepen BaxmBux mopdo-
METPHYHUX TTOKAa3HUKIB € BU3HaueHHs aiamerpy BIIB, toBmmmum i crinku. [omo ¢yHKmioHamsHIX
napaMeTpiB, TO HAYKOBIII BKa3yIOTh HAa BUCOKY iH(OPMATUBHICTh NOKA3HUKIB MIBUIKOCTI pyXy KpoBi [5].

Pazom 13 TMM, MaJOBHBUEHUMH € NIHUTAHHS, TOB’s3aHl 13 BHUSBJIECHHSAM BIUIUBY IPOLECY
nuxaHHs Ha kpoBoTik y BIIB. Taki BizoMocTi Moriu 6 3Ha4HO MOJETHIUTH HE TUIBKU YSIBJICHHS PO
¢biziosoriyHi MeXaHi3MH PO3BUTKY NATOJIOTIYHMX IPOIECIB, ajie¢ W ETamHICTh PO3TOPTaHHS
MOPYIICHb, CIIPUSATH YTOYHEHHIO 1X OIIHKU Ta MOXXJIMBUX MacIITabiB HacaiaKiB [9].

Cepen KJIaCMUHUX METOAIB BHUSBJICHHS BiaXuwieHb y remoxaunHamiul BIIB e 3actocyBanHs
dnedorpadii, sika BBaXkasach HEOLIHEHHUM 1HCTpYMEHTOM KiHls XX ctomiTTs [5]. Bukopucranus
pPEHTreHOorpa(iuHOro MeETOAY JOCHIIPKEHHS [0 LbOI0 Yacy 3HA4YHO IMOJIErIlye pPO3yMIHHSA
Mopdomoriunoro crany BIIB. Pa3zom i3 TuM, Ha ChOTOAHI MiCIle «30J0TOrO CTaHAAPTY»
JIarHOCTHKY CYAMHHUX HOpyleHb, 30kpema BIIB, 3aiinHsuin 3aco0u mpoMeHeBOi JiarHOCTHKH,
nepenyciM, MarHiTHO-pe3oHaHcHa Tomorpadis [5, 18]. BomHouac, nmpomeHeBe HaBaHTa)KEHHS,
JIOPOXKHEYa, TPUBATICTh MPOLEAYPU Ta 0OpOOKU pe3yibTaTiB CTBOPIOIOTH IMEBHI TpynaHoIl. Kpim
TOr0, HE AMBIISIYUCH HA JOCTATHHO BHUCOKY 1H(OPMATUBHICTb, METOJ MAarHiTHO-PE30HAHCHOI
ToMorpadii He 3aBXKIU J103BOJISIE BUSBUTU (DYHKIIOHAIbHI MMOKAa3HUKU M€MOJIMHAMIKU BHACIIIOK
METOJIMYHOTO BHUKOHAHHS NPOLEIYPH: MiJ Yac CeaHCy JiarHOCTHMKM HE MOJXKHa 3MiHIOBATH
MOJIOKEHHS y TIPOCTOPi 1 1H.

Ha BigmiHy Bix IIbOro, METO YIbTpa3ByKoBoi gorieporpadii (Y3]1) € mopiBHSHO JEHICBHM
MOOITBHUM 3aCO00M OIIIHKH SIK MOpP(QOJIOriYHMX, TaK 1 (YHKI[IOHAJIBHUX XapaKTEPUCTUK
reMOJIMHAMIKH TTOPOKHUCTUX BEH. 3aBSKU JOCTYITHOCTI Ta HEIHBa3UBHOMY XapakTepy, BiH HaOyB
nomyJisipHOCTI B omiHIl craniB BIIB B ocranni poku [8]. ¥V 3BiTi Ipo KJIIHIYHUN BUIAMOK, KU
onyoOusikyBamu A. Birch 3i cmiBaBTOpamH, NponeMOHCTpOBaHO 3HauYeHHs Y3J| ans 1mBuakoi
iaeHTudikamii cMHApPOMY BepxXHBOI mopokHUCTOi BeHM [10]. HaykoBui HaromomyrmoTs, 10
BUSBJICHHSI 3HAYHO PO3IIMPEHUX BEH, pa3oM 31 CTINKMMM CHMITOMAaMH, CBIAYUTH MPO J1arHo3
cuapomy BIIB, mo Mae cnonykaTu 10 nojaneiioro oocrexenHs [11]. BogHodac, Ha cboronHi
3acrocyBaHHs Y3]I st gocnipkeHHs: remoanHamiku BIIB € oOMexeHuM BHACHIIOK BiJICYTHOCTI
yHipiKoBaHUX 0a30BUX JaHUX, TEXHOJOTIH MPUHAOMIB OIIHKH, TPaKTyBaHHS (DaKTHUIHOTO
MmaTepiaiy, 10 NoTpedye HaKONMYEHHS MaTepiajliB Ta yacy.

AJne cklaJHO HE MOTrOAMTHUCH, IO SKICHA J1arHOCTUKA, NPOAYMAaHUN TU3aliH JOCIIKEHHS
MOJKE€ CIIyT'YBaTH HaJlIHHOI OCHOBOIO JJIsl BUSIBJIEHHS 0COOIMBOCTEN (Pi1310JIOTITUHUX MPOILIECIB, SIKI
posroptatotbest y BIIB. Taki BimoMocCTi CTaHYyTh KOPUCHMMH Yy JIiIKyBaHHI Ta mpodiiakTuiri
PI3HOMaHITHUX TOpPYILIEHb KpoBooOiry. Tum Ounbime, mo posnamu remonuHamiku BIIB moxyTh
CIOPUYMHIOBATH TMOPYIIEHHS, Yy TMEpIly 4Yepry, MO3KOBOi 1 CepleBOi MisUIbHOCTI, IO POOUTH
npo0JIeMy aKTyaJbHOI0, X0 1 HE JIETKOIO ISl BUpitneHHs [12].

Ha »xanp, B Ham1 yac B YKpaiHi CIIOCTEPIraeThCsi CyMHa CTaTUCTHYHA TPAEKTOPIS 3POCTAHHS
CMEPTHOCTI BiJl CEpIEBO-CYIMHHUX Ta HEBPOJIOTIYHMX 3aXBOPIOBAHb, IHBAJAM3allii HACEICHHS,
3MEHILICHHS] TPHUBAJIOCTI XHUTTA. [lodacTimaHHS BHIMAIKIB 3HIKEHHS CKOPOTIMBOI BJIACTUBOCTI
ceplls, BHHUKHEHHS SIBUIIl CEPIIEBOi HEMOCTATHOCTI BKa3y€ Ha iCHYBaHHS TIOKCHYHUX, OOMIHHUX,
CIIEKTPONIITHUX 3PYUICHh Yy MiOKapAi, SKi BUHHUKAIOTH BHACTINIOK 30YpeHHS TeMOAMHAMIYHUX
nporeciB y BIIB moaunu, mo norpedye nogaibmx BCeOIYHUX JOCTIIXKEHB [5].

HaykoBii HaromouryroTb Ha HEOOXIJHOCTI MPOBENEHHS SKOMOra paHHbOI JIarHOCTHKH,
MOYMHAIOUHU 3 MOP(OJIOTTYHUX O3HAK CYAMHHOI MATOJOri, (YHKIIOHAIBHUX PO3J1a/IiB, SKI OCHIIIOIOTh
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BAXKKICTh Mepediry (i3ioNoriuHuX MpoLeciB, BKa3yIOTh HA MOXJIMBICTb PO3BUTKY yCKJIagHEHb [4]. ¥V
JiTepaTypl aKLEHTYETbCS Ha BaKIMBOCTI TOUIYKY HOBHUX MiJXOMIB, SIKI JIOIOMOXYTb PO3KPUTH
MDKCHUCTEMHI B3a€MOJIil, MepeayciM, MDK KPOBOOOIrOM 1 JHMXaHHSIM, KPOBOOOIrOM Ta MO3KOBOKO
aKTHBHICTIO TOIIO. AJDKE SKICHa JlarHOCTHMKA Ta (Di3i0JIOTIYHA OIliHKA 37aTHI TNPHUBHECTH HOBI
MOYKJIMBOCTI TIO 3aro0iraHHI0 paHHIX O3HAaK JAeIIUTAPHOCTI IepeOpaIbHOr0 KpoBOOOITY, 3HUKCHHS
IHTENEKTyaJbHUX 3010HOCTEeH, KOrHITUBHUX (DYyHKIIH, po3BUTKY AeMeHuii oo [8, 10]. 3naHHs mpo
aHaTOMIuHI, (Pi310JIOrTYHI XapaKTEPUCTUKH, OCOOIMBOCTI MIBHUJIKICHOTO Iepediry KpOBOTOKY, BILUIMBY
da3 AUXaTBEHOrO IMKIY HAa TEeMOJMHAMIKY TOPOXHHCTUX BEH JOMOMOXKE 30UTBIIMTA MOXKIIMBOCTI
pO3yMiHHSL ii BIKOBMX, CTaT€BHX BIAMIHHOCTEH, IO CHOpPUSATAME BIINOBIIHOMY 3aCTOCYBAaHHIO
HEOOXITHUX 3aM00KHUX 3aXO0IB, MPOQITAKTHIN YCKJIaHEHb Ta MiIBUILEHHIO SKOCTI XUTTH [16].

HenocratHicTh KpOBOMOCTa4aHHsS MO3KY, BEHO3HA TiNEpPTEH3isd, MOCHJIEHHS IMIEMIYHUX
IPOLIECIB, MOB’SA3aHl 3 NOpYLIEHHAMHU remonuHamiku BIIB, 30UIbLIyIOTH CTATHCTUKY PO3BUTKY
11epeOpOBaCKYJISIPHIX 3aXBOPIOBaHb, TPOBOKYE KOMILIECKC MATOJOTTYHUX 3MiH 3 OOKy MioKapay Ta
CeplEeBO-CYAMHHOI cucTeMH B LioMy [3, 6]. OTxe, mpoBeaeHH aHali3 JiTepaTypH 3a MpooIeMoro
CBITYUTh TPO HATraJbHICTH PO3POOKH MUTaHb BiAHOCHO TemonuHamiku BIIB, mo mos’s3ani i3
KUTTE320€3MEUEHHSIM Ta 37I0POB’SI-30€PEKEHHSIM OpraHi3My.

Metoro Hamoi po6oTu 0yi0 3’scyBaTl 0COOIMBOCTI TEMOAMHAMIKY BEPXHbBOI OPOXKHUCTOT
BEHU JOPOCIMX JIIOJIed 3a JOMOMOTOI0 METONY YIbTpa3ByKoBoi pjoruieporpadii. Jms 1mwporo
BUPIIIYBaJIX 3aBJIaHHSA T10:

- BHUBYCHHIO MOp(}O-MeTpHUHHX NoKa3HHUKiB BIIB;
- BH3HAYCHHIO (i310JI0TYHUX MEX IIBUIKICHUX IMOKa3HUKIB BEHO3HOT 0 MoTOoKy y BIIB;
- OwmiHII BIUIMBY (a3 [AuMXaJpHOrO UMKIY (BAMXY, BHJAMXY, AamHOE) Ha IIBHMJKICHI

XapaKTEPUCTUKHU KPOBOTOKY y PI3HUX IPaBITALIMHUX MOJOKEHHSIX.

Opranizania Ta meroau aociigkenns. Jlocnimkenns nposoauau Ha 0a3i KomyHansHoro
HEKOMepIliiHOro mianpuemcrBa «Yepkacbkuii 00JaCHUM KapAloJoriyHui IHeHTp Yepkacbkoi
obmacHOi pamu». B oOCTeXeHHI B3sSIM ydacTh 25 MPAKTUYHO 3A0POBUX YOJIOBIKIB 1 KIHOK
(cepenniit Bik cknaB 25,0+0,2 pokiB), M0 MPOXOAUIIM Y IIEHTPI MOHITOPHHT CTaHy 370pOB’S 1 HE
MaJii CKapr Ha CepIieBl XBOPOOH.

3riIHO METH Ta TOCTaBJIEHUX Yy pOOOTI 3aBJaHb BUBYAIM ocobmuBocTi Oymosu BIIB
METOAOM YJbTpa3BykoBoi goreporpadii (Y3/[-nomneporpadis). BuzHnauenHs mopho-MeTpUIHUX
MIOKA3HUKIB Ta IapaMeTpiB KpoBoToKy y BIIB oOcTexyBaHMX MpOBOAMIM 3a JOMOMOrOK0 anapaTry
Y3]1 npodeciitnoro kiacy Siemens Juniper Acuson (USA) i3 3acTOCYyBaHHSM CEKTOPHOTO JTaTYHKA
B INIOJIOKEHHAX OOCTE)XYBAHOI'O JIe)Kauu Ha CIMHI Ta CymiHauii Ha jiBomy Ooul. i Bizyamizamii
BIIB BukopucTOBYBasiM cynpacTepHasibHe BikHO. BumiproBanus aiamerpy (dBIIB) mpoBoguim Ha
1-2 cv mpokcumanbHime wicusg Bnaninag BIIB y mpaBe mnepencepas, 3 BUKOPHCTaHHSIM
TpaHCTOpakagbHOro (hazoBaHOro (CeKTopalbHOro) gatyuka (2,5-5 MI'1), HamamrtoBaHOro Ha
rimbuny 10-15 cM, HU3bKUM (QUIBTPOM CTIHKM Ta (JOKYycOM Ha piBHI Micls BuMiptoBaHHs. [Ipu
BHU3HAUEHHI IIBUJIKOCTENH KpOBOTOKY BUKOpucToByBainu Doppler PRF 35 cm/s.

[TpoToKON CKaHYBaHHS OLIHIOBAB MOP(O-METpUYHI 3HaYEHHsS MPOCBITY BEHH, TOBUIMHHU Ii
CTiHKU. PeecTpyBamu mynbCc-XBWIBOBY —Jomuieporpadiro  KpOBOTOKY, CHHXPOHI30BaHY 3
enexktpokapaiorpamoro (EKI) ta quxaapHuMu pyxamu. 3aucy BUKOHYBAIHU SIK MiJ] 4ac CIOKIITHOTO
nuxaHHs (da3um BAMXy 1 BuUAuXy), Tak 1 10-cekyHaHuX emizomiB. AHamizyBaiu KpuBi PW-
nomneporpadii BIIB. Busnauanu ingexc xonarncy BIIB, Bumiprorouu ii aiamerp mij yac BAUXY Ta
BUJIUXY 4Yepe3 HajkimounyHe BikHO. DikcyBanu MakcumaibHui miamerp BIIB mixm wac Buamxy
(Dmax) Ta minimManbHui aiamerp mig yac Bauxy (Dmin). PospaxyHnok inzpekcy komamcy (IK)
npoBoaunu 3a gopmynor: ((Dmax - Dmin) / Dmax) * 100%. ITpuiimManu, 1o BUCOKHH 1HIEKC
konaricy (monan 40-50%) Bkasye Ha rimoBoiemiro, Tomi sk Hu3bkuil (20% 1 MeHmme) Ha
HOpPMaJbHUN a00 MiABUINEHWA THCK Yy MpaBOMY Mepeacepli, MOXKIUBUN HAJIMIIOK BOAM B
Oprasi3mi, TIMEPBOJIEMIIO Ta 3arpo3y PO3BUTKY CEPIIEBOi HEJOCTATHOCTI.

Cucroniuny ¢yskuito mnpaBoro unurynoudka (IIII) BuBwamm 3a exokapaiorpadiyHuM
nokazHuUkoM TAPSE (Tricuspid Annular Plane Systolic Excursion / CucromiuHa ekckypcis
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TPUKYCIHIJAIBHOTO Kibllsl). /[ 1bOro BHMIpIOBAIM aMILIITY1y 3MILIEHHS (iOpO3HOro Kbl
TPUKYCHIAIBHOrO KJIalaHa BiIHOCHO BEPXIBKH Cepls Mif 4ac cuctoiu y M-pexumi (M-mode).
JlaT4rK BCTAHOBJIIOBAJIM B aIliKaJbHIA YOTHPUKAMEPHIN MO3UIlii, a Kypcop peKUMY BHUCTABJISIN
B3/I0BJXK JIaTepajbHOI YaCTUHU KBS TPUKYCIIIAJBHOTO KianaHa. BUMiproBaJid 3MilEHHS KiJIbIIs
TPUKYyCHiaNibHOro KiamaHa B M-pexumi Y3J1 cepus Bia miactonu a0 cuctoid. Ilpuitmanu, mo
HopMmanbHUN TokasHUK TAPSE cranoBute monan 17 mm. IlokasHukH, SKi € MEHIIMMHU 3a L€
3HAauEHHS BKa3ylOTh HAa BUCOKY MMOBIpHiCTh MmopyieHb ckopoTiuBoi ¢yHkiii [T ta MoxyTh OyTH
03HAKOIO CepIeBoi HepocTaTHOCTI [9]. banmanc Mk CUMIATHYHUM Ta TapaCUMITATUYHUM BiIIUIaMU
aBTOHOMHOI HEpPBOBOi CHCTEMH Ta pIBEHb aJalTalliiHUX MOXJIMBOCTEH OpraHi3My OILIHIOBAJIU
iaexcom Kepro [1, 14].

Bel  pocnmipkeHHS NpOBOAMIAM 32 OCOOMCTOH IHCHMOBOIO 3rOJ0I0 OOCTEXKYBAHHMX Yy
BIJIMOBITHOCT1 10 HOpM Ol0€THKU Ta 3 aoTpuMaHHsAM nojoxeHb MO3 VYkpainu Big 13.03.2006,
Ne 66 1 I'enbcincpkoi [eknapanii (1975, miznimn pemaxuii 19962013 pp.). Otpumani (axkTuuHi
JlaHi 00pOOJISIIIM METOIOM BapialliifiHOI CTATUCTHKHU 3a makeroMm mporpam Microsoft Excel 2019. 3a
tectom Illamipo-Binka BuOipka BigmoBigana 3akoHy HopMajbHOro posnoniny. Kopensmiiinuii
aHami3 3nidcHioBanu 3a IlipcoHoM. JloCTOBIpHICTH 3MiH 1 BIAMIHHOCTEH MDK JOCIIIKYBAaHHUMHU
MOKa3HUKaMHU OLIIHIOBa/N 32 t-kpuTepieM CTbIOJIEHTA.

PesysabraTu Ta 06roBopeHHsi. Mu npoaHaiizyBajld CEpeHl 3HaUEHHs JlaMeTpPiB BEPXHbOI
nopoxkarcToi BeHH (dBIIB) oOcrexxyBaHMX, OTpUMaHUX Yy PI3HHX IOJOXKEHHSAX Tina Ta (aszax
JIUXaJIbHOTO UKy (Tadi. 1).

Tabmms 1
IMoka3HuKkH AiaMeTPy BEPXHbOI MOPOKHUCTOI BEHH 00CTEKYBAHUX
y Pi3HHUX MOJIOKEHHS TiJia Ta ¢a3ax IMXAJTBHOTO IUKJIY
dasu TUXanbLHOro Hiamerp BIIB y no3umiifHOMY mOJIOKEHHI Tija (CM)
NHKITY JIEKAYX HA CIIUHI JeXKadu Ha JiBOMY OOITi
BIIUX 141+0,12" 1,09 +0,10"
BUIUX 1,97 +0,14% 1,41 +0,11%
amHoe 1,70 +0,13 1,24 +0,13%

[TpumiTka. * — BiporimHicte BimMiHHOCTeH p<0,05 BIAHOCHO MOKAa3HUKIB Tij Yac BHJMXY;
# — BiporinHicTh BigmiHHOCTeH p<0,05 BiTHOCHO MMOKa3HMKIB y MOJIOKEHHI Ha JTIBOMY OOIIi.

Bcranorneno, mo mokasnuku OBIIB y mososkeHHi Jiexauu, HE 3aJI©KHO BiJ AMXaIbHOL
¢a3zu, 3pebinpmoro pocsranu 1,5 cM. MakcumanbHI 3Hau€HHS Ha BJIMXY Ta BUJIUXY y LbOMY
MOJIOXKEHH1 1IOpiBHIOBAIH, BiAnoBiaHo 1,6 Ta 1,9 cMm, a MiHiManbHi caranu auie 1,37 mig yac BIuxy
ta 1,49 Ha Buauxy (puc. 1).

Omxe, mija 4yac iHcmiparlii, BHACIIOK iICHYBaHHS HETaTUBHOT'O TUCKY Yy IpyaHii kiitii, BIIB
crniaganachk (KoJarncyBaia), Mo MPOSBIBLIOCS 3MEHIISHHSM 11 JiamMeTpy a0 MiHimymy. | HaBmakw,
BUIUX crOpusiB 30inbnieHHI0 jgiametpy BIIB, skuii HaOyBaB CBOro MakCHMMalbHO MOXJIMBOI'O
PO3Mipy uepe3 HaOBHEHHS KPOB 0 3 BEPXHIX BIAJIIIB TUIA Ta BIICYTHICTb OHOPY.

Bumipsni nokasnuku niamerpy BIIB y nosumiiiHomMy mnosjoxeHHi Ha JjiBoMmy Oolii
MPOAEMOHCTPYBAJIM CXOKi 3MIHHU: OLIbII KiJBKICHI 3HAYEHHS ITiJ] Yac BHJIUXY Ta 1X 3MEHIICHHS Y
da3i Bauxy. Pazom i3 THM, BHUSBJIICHO iICHYBaHHS PI3HUID MK MOP(HO-METPHUYHUMH TOKa3HUKAMU
BIIB 3aiexHO BiJi MO3UIIIHOTO IMOJIOKESHHS Tijla 00CTeXKyBaHOro Ta (ha3u AMXaIbHOro IUKIY. TaK,
3adikcoBanuii dBIIB mig yac a3 auxaabHOro HMKIY (SK BUAMUXY, TaK 1 BAUXY) Ha CIIMHI BUSBUBCA
JIOCTOBIPHO OiJIBIIMM MOPIBHSHO 3 MOKAa3HUKAMH Y MOJIOKEHHI Jiekadn Ha JiBomy Oori (p<0,05).
BonHouac BcTaHOBIIEHO, 1110 HE3AJIEKHO BiJ] Mo3uLiiHOro nonoxenHs Tiza dBIIB mig yac Buauxy
OyB nmocroBipHO OinmbimM TopiBHSHO (azu Bauxy (p<0,05). [Mokaznuku giamerpi BIIB mix gac
amHOoe, HEe3aJeKHO BiJ MO3UIIHHOTO TOI0XKEHHSI 00CTeKYBAHOTO 3aiiMalll MIPOMIKHE TOJIOXKEHHS
MK 3HAUEHHSIMU BJIUXY 1 BUUXY.
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Puc. 1. Kpusa Y3]/[-nonneporpadii BepXHbOI HOPOKHUCTOI BEHU 00CTEKYBAHOTO A.

Bimomo, mo cyTTeBUil iHIEKC Kosancy (3MEHIIEHHs JiaMeTpy) 3acBiJuye iCHYBaHH
HOPMAaJIbHOTO TUCKY Yy IpaBoMy mepencepi [2]. 3riIHO OTpUMaHUX HaMHU PO3PaxyHKiB, HE3AIEKHO
BiJl mo3uiiiftHoro moJsiokeHHs Tina IK konuBaBcs y mmpokux mexax Bif 22 10 54%. 3MeHIeHHs
niamerpy BIIB Bka3yBano Ha 3acMOKTYBaHHS KpOB1 IpaBUM IepeincepisM y (asy BAUXY,
JIEMOHCTPYIOYH B1IHOCHO JOCTAaTHIN THUCK Ta (YHKIIOHAJBHUI PIBEHb CEPLIEBOI N1sUIHOCTI. Pazom
3 THM, HHM3bKI IHIUBIAyajdbHI IMOKAa3HMKH 1HAEKCY Kojamcy (ski He mnepeBuimyBamu 20-24%),
BKa3yBaJld Ha ICHYBaHHS HOpMaJbHOro ab0 MiABUIIECHOTO THCKY y mpaBomy mepencepai. OTke,
dbyHKIioHANBHI Xapakrepuctuku BIIB 3anexamu sk Bix ii miamerpy, Tak 1 34aTHOCTI 0 3MiH y
BIJIOB1IHOCTI 3 (ha3aMu JUXaJbHOI'0 LIUKIY: PO3IIMPEHHS i Yac BUIUXY Ta CTUCHEHHS (KOJamncy)
npu Bauxy. Cmig HarojmocutH, mo HU3bKuK [K Mir BkasyBaTH Ha HAJJIUIIKOBUN 00'€M piaMHU
(rimepBoEMil0), 110 MOXKE 3arpOKYBAaTH PO3BUTKOM CEPIIEBOi HEAOCTATHOCTI.

ToMy MU 3BEpHYIHCH 10 aHANI3Yy (DYHKIIOHAILHUX TTOKa3HHUKIB IIEHTPAILHOI TeMOIMHAMIKT

(Tabm. 2).

Ta6mus 2
IMoka3HNUKYN HEHTPATbHOI reMOIUHAMIKH 00CTE:KYBAaHUX Y PiZHUX MOJIOKEHHS Tijia
Ta (pa3ax AUXAIBHOTO0 HUKITY

I [To3uitiiine moOI0KEHHS T1JIa
(rﬂfr??;lgil)d JIe)Kadu Ha CIIMHI JIeKa4Yu Ha JiBOMY OoI1i
BINX BUJINX BIUX BUJINX
ycc 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 1159 -1175
AT 58,7 -59,3 57,2 -58,8 57,8 -58,3 56,3 -57,8
YOK, ma 72,8-74,1 70,3-71,7 72,1-73,4 71,4-719
XOK, 1 52-55 48-51 49-51 49-5,0
Cl, y.o. 3,1-3,2 2,8-3,1 3,0-3,1 29-31

Sk BuaHO 3 Tabmui, nporismamuck 4itki 3MiEm YCC y pi3HHUX ¢daszax JuxaHHSA Ta
MO3UIIHHUX TOJOXKEHHAX O00CTe)KyBaHOro. BoHM Oyau THUIIOBMMHM, XO4Y 1 JEHIO BUPA3HIIIUMHU Yy
NOJOXKeHHI JIeXauyd Ha CHUHI. BIuX MOpPIBHAHO 3 BHUIMXOM, XapaKTEpU3yBaBCS JIUXAJIbHOIO
ApUTMIEIO: ORI BUINKUM ITYJIHLCOM, IO JIEMOHCTPYBaB IMOMIpHY TaxiKapilo, sKka po3ropTaiach
BHACIIJJOK PO3TSTHEHHS JIET€HEeBUX PELENnTOpiB Ta MPUTHIYEHHSIM Oiykarouoro Hepa. BogHouac,
3MEHILIEHHS] THUCKY B TPYIHIH KIITHI aKTHBYBaJlO CUMIATHUYHY IHHEpBallilo. Buaux BUKIMKaB
30iMBIIEHHST THCKY BCEPEOUHI TPYAHOI KIITKH, IO CTUMYJIIOBAJIO Baryc 1 MPOSIBISUIOCH
Opanukapniero. Taki 3MiHM JE€MOHCTPYBaJM HOpMajbHYy (i310JOTiYHY pEakiilo Ta 3acBiIYyBajH
ICHYBaHHS TICHOI B3a€MOJIi1 MK TUXaJIBHOIO Ta CEPLEBO-CYAMHHOIO CUCTEMaMHU.
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Sk BigoMO 3 JiTEpaTypH, AMHAMIKa apTepiaJbHOTO TUCKY TICHO TOB’s3aHa 3 BHYTPIIIHBO-
IPyIHUMHU KOJIMBAHHSMHU THCKY Ta BEHO3HHM IOBEpHEHHSIM KpoBi A0 cepus [2]. BusBneHo, mo miax
4yac BAMXY, BHACIIIOK 301JIbIIEHHS! BEHO3HOTO TMOTOKY J0 MPaBOro mnepeacepast 1 KOpoTKo4acHOTo
3MEHIICHHSI yJIapHOTO 00’ €My JIiBOTro nuTyHouka, mokazHuku CAT pemo 3umxyBanmcs. Ha Bunuxy
BOHM JEMOHCTpPYBaJIN 30UIbIIEHHS KUIBKICHUX 3Hau€Hb, OCKIJIbKUM BEHO3HE IOBEPHEHHS KPOB1 10
cepIsl HEHAJIOBro 3MEHIIyBajocs Ta MOCTYnoBo BigHoBmoBanocs. [Tokazauku JIAT Oymu Ouibin
KOHCEpBAaTUBHUMHU Ta Maiike He 3MiHIOBaimuch. OTxe, apTepiallbHUN THCK B PI3HUX MO3UIIHHUX
MOJIOKEHHSX XapaKTepU3yBaBCs HEBEIMKOIO TMXAJbHOIO Bapialli€lo, 110 BiMOB11ajI0 HOPMI.

3rifHo CydacHHMX YsBJIEHb TpO (Di3i0NIOriF0 TeMOAWHAMIKH, UXaHHS JISKAaud BHKIIMKAE
xomBaHHA YOK ta XOK y Gik 3MeHILeHHS 1] Yac BUAMXY Ta y CTOPOHY 30UIbIIEHHS M1 Yac BAUXY [8].
Taxa nuHamika Moke OyTH BIATYKOM Ha 3MIHU BHYTPIIIHbO-TPYAHOI'O T4 BHYTPIIIHBO-YEPEBHOTO THCKY .
VY BIIMOBIIHOCTI 10 MEXaHI3MY «IMXaJbHOI MOMITHY, KM KPUTHYHO BKJIMBHU IS TEMOJMHAMIKH,
BIMX MPU3BOIUTH 10 30UIbIICHHS MEPUMETPY TPYJHOI KIITKH Ha (DOHI 3MEHILIEHHSI TUCKY, CIIPUSIOUN
BEHO3HOMY KPOBOHAIIOBHEHHIO cepilsi. Buanx, CTUCKalOuu BEHH, 3MEHIIye BeHO3HUH moTik [2]. Taka
(1310J10T'1s1 TMXAJILHOTO aKTy Ha KOPOTKHH Yac Jeo 3MeHyBaia nokasHuk Y OK B 000X IONIOXKEHHSIX,
JIMOHCTPYIOUM HEBEJMKI KOJmBaHHA. Pa3zom 13 Tum, mokasauku XOK Oyium gemio nmomitHimmmu. Tak,
i1 9ac BAMXY Y MOJOKEHHI Ha CruHi OyJo 3adikcoBaHo HeBemmke 30umbIeHHs YOK, 1mo WMOBIpHO,
OyJi0 MOB’s3aHE 3 KpallUM{ YMOBaMHu JUUIsl KPOBOHAIIOBHEHHS CepLis, 3HMKEHHSIM THUCKY B aopTi 1
CYIPOBO)KYBAJIOCS, SIK 3rajlyBajliocsl BUIIE, TEHACHIIIEIO O 1HCMIPATOPHOI TaxiKap/ii, 10 BiNOBIIae
HOpMi. Y moJiokeHH1 Ha JiiBoMy Oorli moka3Hukn YOK ta XOK mix yac BIuXy 3MIHIOBAIUCS 1IIE MEHIIIE.

daza BUAMXY, 110 CYMPOBOIKYBalach 3MILICHHSIM JiadparMu JOTOpU Ta po3ciabieHHSIM
MDKpeOepHUX M’513iB, BHYTPIIIHBO-TPYAHUH THCK 3pOCTaB, JEMOHCTPYHOYH 3MiHHM Yy OiK
NO3UTUBHOCTI. BeHO3HE MOBEpHEHHS KpOBI /0 ceplsl BIANOBIIHO 3HMKYBAJIOCS BHACIIJIOK
CTHCKAaHHS BEHO3HUX CYJHMH. 32 IIUX YMOB Yy IOJIOKEHHI 00CTeKYBaHUX Ha CIIMHI MU CIIOCTEpIraiu
HeBenuKi 3MiHK noka3HKUKIB YOK y Oik 3MeHIIeHHs, aJ)Ke MPHUILIMB KPOBI J0 MPaBOro mnepeacepas
3HMDKYBABCSI, 110 Y3TOJKYBAJIOCS 3 €KCIIPATOPHOIO OpaguKap/Ii€ro.

ITig yac cyminauii Ha JiBoMy 60111 BiZOyBaaMCh aHAJOTI4HI 3MIHHU, Pa30M 13 TUM, BOHU OyiH
Maii)ke He MOMITHUMH, WMOBIPHO, BHACJIJJOK MEHII BUTIJTHUX YMOB JJII BEHO3HOIO MOBEPHEHHS
KpOB1 110 cepIls i, B OCHOBHOMY, 3aJI&KalH BiJ PEryJIATOPHUX BIUIMBIB aBTOHOMHOI HEpPBOBOI
cucremu. OTXe, Y TOPU30HTAIBHUX MO3ULIHHUX MOJIOKEHHIX MU CHOCTEPITaJId CXOXKY TUHAMIKY 3
OB TTOMITHOIO BUPA3HICTIO y MO3MIII] JIe)Kaul Ha CIUHI, SKa XapaKTepusyBajiach y (asi BAUXY
He3HauHUMH ¢izionoriunumMu konuBaHHAMEU YOK 1 XOK y Oik 30inmbpiieHHs, a y (as3i BUAUXY
HECYTTEBUM iX 3MEHUICHHSIM BHACIIIOK 1HIIIAOBAaHUX NEpe0y 0B BHYTPIIIHbO-TPYAHOTO TUCKY Ta
BEHO3HOI'0 ITIOBEPHEHHS KPOBI.

ITin vac anamizy moka3HukiB CI Ta moB’s3anux 3 HuUM nokazHukiB YOK ta XOK, mMwu
BHUSIBUJIM AHAJIOTIYHI IHUKJIIYHI 3MIiHM, fKi 3anexand Bix ¢a3 Bauxy 1 Buauxy. daza BIuxy
3MiHIOBaJIa BHYTPIIIHbO-TPYIHUN TUCK Ha HETaTUBHUMN, 3HAYHO TOJIETIIyBaja HATIOBHEHHS MpaBUX
BinauIB ceprs Ta 30ubmyBama YCC. ®a3za BuUAuXY HABMAKH, MPU3BOAMIA O I1IBHUIICHHS
BHYTPIIIHBO-TPYAHOTO THUCKY, IO IEPEIIKO/KAIO BiJBHOMY IIOBEPHEHHIO KPOBiI 10 IPaBHX
BiIILIIB cepiis Ta BigoOpaxkanocs 3amxkeHHsM YCC, YOK ta XOK. Orxe, 3minu Cl y no3uiiinux
MOJIOKEHHSAX BiOYBaJIMCh y BIAMOBIAHOCTI 10 BHUIIE 3raJlaHUX IPOLECIB PO3MOALTY KpOBI Ta
BEHO3HOI'0 TOBEPHEHH, 1110 MPOSIBISIIOCH CTUMYJIIOBaAaHHSAM MPAaBUX BIAJLIIB cepls y (a3l BAUXY.

OCKUIBKHM criocTepirajiach TEHIEHIlIA 10 O1IbIN BUPA3HUX 3MiH (DYHKIIIOHYBAHHS CEPIIEBO-
CYJIMHHOI CHCTeMH i 4yac pa3 BAUXY 1 BUAUXY Y TO3UI[IHHOMY IMOJIOKEHHI 00CTE)KYBAaHUX JICKAYN
Ha CIMHI MM TIpOaHaJli3yBaJld, SK 3MIHIOBAJIMCH ITIKOBI IIBHAKOCTI MPSAMOrO Ta 3BOPOTHOTO
kpoBoToky y BIIB 3a nux ymoB (ta6. 3).

3 Tabmumi BHAHO, IO Yy IJIOMy HIBHJAKICHI XapakTepucTHKu TremoauHamiku BIIB
OOCTEXKYBAaHUX XapaKTEPU3yBAIUCA UYITKUMH PI3HUISIMH MDK TOKa3HUKaMH, 3apiKCOBAaHUMHU Y
dazax BAMXY 1 BUIANXY, a Takoxk amHoe. KilbKiCHI 3HaYeHHsI CHCTOJIYHOI MIKOBOT MIBHJIKOCTI ITiJ|
yac BAMXY OyJlH JOCTOBIPHO BHUIIMMHU BIJHOCHO THX, IO BIAMOBIAANM AIacTOJ cepls y 1iil ¢asi
muxanHs (p<0,05). Cxoxi 3aKOHOMIPHOCTI MPOCIIIKOBYBAJIUCS 1 i 4ac ha3u BUIUXY Ta alHoe, ¢
CHUCTOJIIYHI TTOKA3HUKH MIKOBOT IMIBUAKOCTI MEPEBaKaJIM KiJIbKICHI 3HAYEHHS JIaCTOJIIYHUX.
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Taomaus 3

CepeaHi NOKa3HMKHU NMIKOBOI IIBHIKOCTI MPSAMOI0 Ta 3BOPOTHOI0 KPOBOTOKY
Y BepXHiii mopo:kHucTiii Beni 06cTesxyBanux (M+m)

a3y cepreBoro MUKy dazy quXaHHI
BIUX BUINX aItHoe
cucrona QRS-T 53,9+2,0% 42 ,8+1,7% 45,7 +1,8™
niacrona panns T-P 336+1,9 222+18" 271+16"
niactoina mizHs P-QRS (BimHOBIICHHS) 208+1,7 18,1+1,3 192+14

[Tpumitka. * — 1ocTOBipHICTH Pi3HUIL P<0,05 BITHOCHO MOKAa3HUKIB BAUXY, " — MOKa3HUKIB
BIIMXY Ta amHoe, # — moka3HukiB gaiactoym; QRS- kommuexkc EKT, T ta P-3y61mi EKT'.

[TpuBepTaroTh yBary mikoBi MBHIKOCTI, BCTAHOBJICHI Ii/1 YaC CHCTOJM 1 JAiacToiu cepus y ¢asi
B/IMXY, SIKi BUSBHJIMCS JTOCTOBIPHO BUIIMMH BiZJTHOCHO TakWX fK y (a3i BUmuxy, Tak i amroe (p<0,05).
Haitamwxarvu y BIIB mikoBUMH HIBUIKOCTSIMH BUTJIAAAIU Ti, M0 OyyH 3adikcoBaHi y (a3l BHAUXY.
[TopiBHSHO 13 CHCTOJIIYHUMH, TTIOKa3HUKH TTIKOBOI MIBUIKOCTI KPOBOTOKY 3MEHIIMIIUCH ITi/T YaC BUIAUXY
Ha 26,2 %, a BIITHOCHO aImHOE BiZICOTOK 3HMKEHHS KOJMBaBCs y Mexkax 15,3 %.

OTmxe, BcTaHOBIIEHO, 1110 KpoBOTIK y BIIB xapaktepusyBaBcs mepeBakaHHSAM CHCTONIUHUX
MIKOBUX MIBUIKOCTEH Haj MiacTomYHUMHU. BomHouac, nuxanbHa MOAYJISALIS MKOBUX MIBUAKOCTEH
MPOSIBIISIIACH TIEPEBAXKAHHSAM CHUCTOJIYHUX 1 H1aCTOJNIYHUX MIKOBUX IIBUIAKOCTEH y (a3l BAUXY HaT
TakuMU y ¢a3i BUAUXY Ta anmHoe. MoKeMO KOHCTaTyBaTH, 1[0 BUBUEHHS IIBUIKOCTEH KPOBOTOKY y
BIIB meromom VY3]Jl 3 pomueporpadiero € iHGoOpMaTHBHUM 3aco00M, IO HAJa€ JETadbHY
iH(opMaIliro cTOCOBHO 0COOJMBOCTEH BEHO3HOI I'EMOIMHAMIKHI Y Pi3HI a3y JUXaIbHOTO ITUKITY.

VY  BIANOBIAHOCTI [0 TIOCTaBJICHMX 3aBJlaHb 10 BUBYEHHIO MOpP(OJIOTIYHUX Ta
(GyHKIL10HATBHUX MOKA3HUKIB 3a0e31eueHHsl poOOTH MpaBUX BIAJALIIB CEpLs y PI3HUX MPOEKIIHHUX
MOJIOKEHHSX Ta ¢azax MUXaHHA MU TMPOAHANI3yBajdM CHUCTOJIYHY (YHKIIIO MPaBOro MUIYHOUYKA
(TTIII) 3a eKkckypcielo TPHUKYCHiNaIbHOrO KIamaHy, CKOPUCTABIINCH eXOKapAiorpadiuHuM
nokazHukoM TAPSE. Buxoammum 3 Toro, mo Ied MOKa3HWK BUMIPIOE aMIUIITYIy 3MIIIESHHS
(GiOpo3HOro KiNbIM KJamaHa BITHOCHO BEpXiBKM CepIs IMiJI 4Yac CHCTOJIM Ta BimoOpaxkae
cnpomoxHicts [IIII 3abe3neuyBaTét (YHKIIOHYBAaHHS Majioro Koja KpoBOOOIry Ta oOMiH
JMXaJIbHUX Ta3iB y JereHsx. BpaxoBysamy, mo [T orpumye 3Ha4HY 4aCTKy KPOBi 3 IOPOKHUCTHX
BeH (3 BIIB moxe Oyt monax 50% Bix 3arajibHOro 00’€My, OCKIJIbKM OTPUMY€E KPOB BiJl BEIMKOI
nustHky Tina) [11]. Pesynsratu mpoBenenoro ananizy 3a nokasaukoM T APSE noka3zani Ha puc. 2.

Sk BUAHO 3 pUCYHKY, noka3HUKU TAPSE B 000X mpoeKkIIHHNUX MOJOKEHHSIX Tija Ta da3ax
UXaHHsS repedyBaiu y Mekax HOPMH, alle XapaKTepU3yBaJIHCh 3HAYHOK BapiaTHUBHICTIO. Tpoxu
kpamuM nokazHUK TAPSE BusBUBCS y MOJOXKEHHI Ha CIIMHI, 110 MOXJIHBO IMOB’SI3aHO 3 OlJIBII
BUTIHUM MO3ULIHHUM MOJIOKEHHSM Tijla 00CTEKYBaHUX, K€ CTBOPIOBAJIO OLIbII ONTHMAJbHE TS
BEHO3HOT'0 BIJITOKY KPOBI JI0 CEPIls CEPEIOBHIIE TOPIBHSHO 3 TOJIOKEHHSIM JIeKadi Ha JIBOMY OOIIi.

BonHouac, iHAMBinyanbHUN aHalli3 MOKAa3HUKIB OOCTEXKYBAHHUX BHSBUB Yy ACSIKUX 3 HUX
TEHJICHL1I0 3HI)KEHHS, 0COOJIMBO y THX, y KOro 3a aiamerpoMm BIIB Ta mikoBoro MIBUIKICTIO MiJ Yac
BJUXY 1 BUIUXY KUJIBKICHI 3Ha4€HHs nepeOyBaiu Ha HIDKHIM Mexi HopMu. LlikaBuMm € Te, 1m0 Taki
oOcTexkyBaH1 XxapakTepusyBaiuch mnokazHukoM TAPSE, mo 6yB Ha 12,7 - 14,5% nHmwkuum
MOPIBHSHO JOMYCTHMOi HOpMHU. He BUKIIIOYEHO, IO TaKe 3HM)KEHHS aMIUTTYAH MOKE TOBOPUTH
PO iICHYBaHHS PU3UKY HEIOCTATHOCTI IMMPOKAYyBaHHS KPOBI MO0 MaJIoMy KOJIy KpoBooOiry. MokHa
HOPUITYCTUTH, IO BUSBJICHI y LHUX OOCTeXyBaHUX By3bkuil niamerp BIIB crnpusiB 3MeHIEHHIO
IIBUJIKOCT1 BIATOKY KpoBi 70 cepust Ta y I, mo 3HMXKyBajlo CIPOMOXHICTH JOCTaBKH KpPOB1 y
JEreHeBe KOJIO KPOBOOOIry Ta JE€MOHCTPYBajJO HHU3bKY TPOMYKTHBHICTh TaKOro BapiaHTy
KPOBOTOKY. MIMOBIpHO, 110 y 11boMy pa3i dpaxitist Bukuxy I Moxe BUABISTHCA 3HIKeHO. Ha
Taki BUNAIKA BKa3ylTh JaHI 1 IHIIMX aBTOPIB, SKi TMPOBOJIMJIA CXOXI JOCIIJKCHHS, aje
panioizoronnuMu Ta MPT metogamu [16]. Pazom i3 TuM, Hamni pe3ynbTaTH HE MOXYTh BBaXKATHCS
I[IJIKOM BHYEPITHUMH, OCKIJIBKHU MOTPEOYIOTH TOAAJBIIIOT0 BUBUCHHS Ta HAKOMUYEHHSI IIHPIIOT 0a3u
(aKTUYHUX JAHUX.
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Puc. 2. lunamika exokapaiorpadiunoro nokasauka TAPSE nig yac a3 quxanbHOro MUKy
y PI3HHMX MPOEKIIHHUX MOJIOKEHHIX 00CTEKyBaHUX.

Posrnsaaroun 3MiHM NMOKa3HUKIB MEMOJMHAMIKU y Pi3HI a3y JTUXaHHS, CIIiJ MIJKPECIUTH Ha
ICHYBaHHI TICHOTO 3B’SI3Ky MDK (DYHKIII€IO JUXAaHHS Ta BEreTO-CyJMHHOI PIBHOBArow. AJDKe SK
ceplieBa, TaK 1 JUXajlbHa CHCTEMH OTPHMYIOTH IOTYXHI PEryJIITOpPHI BIUIMBH 3 OOKY aBTOHOMHOI
HepBoBoi cucremu (AHC) [2]. [nst ominku OanmaHCy MK CHUMIATHYHUM Ta TapacUMIIATUYHUM
Binainamun AHC oOcTexxyBaHUX, 3aralbHOrO aIalTaIlifHOTO MOTEHIlially Ta BIUIMBY Ha TEMOJUHAMIKY
BIIB y nono)xeHHi 00CTeXyBaHOT'0 JIe)KauX Ha CIIMHI, MU IIpoaHaIi3yBajy MOKa3HUKH iHaekcy Kepro.

Bussuiocs, mo 611 50% o6cTexeHnx XapaKTepU3yBaluCh JOMIHYBaHHAM CHMIATHYHOL
HEpBOBOI cucTeMu. Y 25% o0cTexxyBaHMX BCTAHOBJICHO MEPEBaKaHHS MMapacHMIATUIHOTO BIIJILTY
AHC. Ocib6 3 BizHOCHO TapMoHiitHNM O0aancom AHC Takox BHSBUIIOCH Y4 Bij] 3arajbHOI KiJTbKOCTI
o0CcTe)XyBaHUX. 3aCTOCOBAaHMI HaMHM KOpEJLIMHUN aHam3 MDK J1aMEeTpOM BEHU Ta I1HAEKCOM
Kepao BcTaHOBUB iCHYBaHHSI 3BOPOTHOT'O 3B’ SI3KY, SIKMIl BKa3yBaB: UMM BY>KYUM OyB JlilaMeTp BEHH,
TUM OUIBLIOI0 CTaBajla WMOBIPHICTh JOMIHYBaHHA cumnatuyHoro Biuaury AHC B ynpaBiiHHI
CEpLEBOI0 TIAJBHICTIO, LI0 YMHWIO BIUIMB Ha remoauHamiky BIIB y manomy mnpoekuiiHomy
nojoxkenHs tina (p<0,05).

TakuM YMHOM, BHUBUEHHSI F€MOIMHAMIKA BEPXHBOI MOPOKHUCTOI BEHH NOPOCIUX JIHOJEH 3a
nonomororo Merony Y3/ - gomteporpadii 703BOIMB BUSIBUTH PAJ] BAKIMBUX MOP(O-METPUUHHUX Ta
(GYHKIIOHAILHUX 0COOJIMBOCTEH, SIKI MOXKYTh OyTH KOPUCHUMH Y (pi310JI0T1HUHIN Ta MEAUYHINA MPaKTULL.

BucHoBKH.

1. BusiBiieHO  JIOCTOBipHI  BIAMIHHOCTI  MOP(O-METPUYHUX  IOKAa3HUKIB  BEPXHBOI
MOPOXKHUCTOI BEHHU, 3a(iKCOBaHUX Yy Pi3HUX (a3ax AUXAIBbHOIO IHMKIY Ta MPOSKIIHHUX
MOJIOKEHHAX Tija. Mopdo-QyHKIIOHATBHI XapaKTEPUCTUKH BEPXHLOI TMOPOKHUCTOI BEHU
3ayIeKaNM K BiJ JiaMeTpy CYAMHH, Tak 1 1 34aTHOCTI A0 3MiH Y BiAMOBIAHOCTI 3 (pasamu
JMXQJIBHOTO IIUKITY: CTUCKATHCS (KOJAIIC) IMiJ] 9ac BAUXY Ta POLIIMPIOBATHCS MIPU BUAUXY.

2. Ilo3uniiiHe po3TallyBaHHS TiJla BIUIMBAJO HAa 3MIHU JllaMETPy BEPXHBOI MOPOKHUCTOT
BEHH, OOYMOBIIIOIOYM CTYMiHb ii CllafaHHA, 110 BigoOpa)kaqo TEHJCHLII0 10 OLIbII BUPAa3HOIO Y
MOJIO’KEHH1 Ha CIIHHI.

3. KpoBOTiKk BepXHBOI MOPOKHUCTOT BEHH XapaKTEPHU3yBAaBCS MEPEBAKAHHAM CHCTONIYHUX
MIKOBUX IIBHJKOCTEH Haa MiacTONIYHUMHU. JluxanbHa MOIYJSIS IMKOBUX IIBUIKOCTEH
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MPOSIBIISIIACH TIEPEBAXKAHHSAM CHUCTOJIYHUX 1 A1aCTONIYHUX MIKOBUX IIBUIKOCTEH y (a3l BANXY HaJ
TaKUMHU X y a3l BUAUXY Ta allHOE.

4, BcTaHoBJieHa OLTBIIN TOMITHA BapiaTHBHICTh MOKA3HHUKIB IEHTPAIbHOI T€MOJIMHAMIKH T
qac UXaJIbHOI'0 IIUKITY Y MPOSKIIIHHOMY MOJIOXKEHHI JIS)Kauyn Ha CIUHI.

5. BusiBJI€HO TEHIEHIIII0 10 3HMKEHHS (DYHKIIOHAIBHOI CIIPOMOXKHOCTI MPABOro ILTyHOYKa
cepus 3a exokapaiorpagiuHMM TOKa3HUKOM eKCKypcii TPUKYCHiZaJIbHOTO KJAMaHy Yy
00CTE)XYBaHUX, SIKI MaJl HUXKHIO MEXYy HOPMHU 3a JlaMEeTpPOM BEPXHbOI MOPOXKHHUCTOI BEHU Ta
HEBHUCOKI MIKOB1 IIBUJKOCTI KPOBOTOKY i/l 4ac BAUXY 1 BUIUXY.

6. BusBneHo 3BOpOTHIN 3B’S30K MDK JlaMETPOM BEPXHbOI MOPOKHHUCTOI BEHU Ta
JIOMIHYBaHHSIM CHMIIATUYHOI'O BIAJIJy aBTOHOMHOI HEPBOBOI CHCTEMH B YIPABIIHHI CEPLIEBOIO
JUSUTBHICTIO, 1110 MPOSIBJISUIOCH Y TEMOAMHAMIL BEPXHbOI IIOPOXKHUCTOI BEHU Y MOJIOKEHHI JIeXauK
00CTeXyBaHOTO Ha CIHHI.

IlepcnexkTuBM moAaJbIIMX AociHil:keHb. [lomanmbima po3poOka TeMaTHKH BIUIMBY (a3
JMXaHHS Ha KPOBOOOII MOPOKHUCTHX BEH IUIAHYETHCS Y pO3pi3l BUBYEHHS BIKOBHUX, CTATEBUX Ta
IHIUBIIyaJIbHUX OCOOJMBOCTEH reMOIMHAMIKH.
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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 MAM’SITI IPO®ECOPA ®EJIOPA BOEYKA

boeuko @enip Demoposuy (13.05.1934 — 6.09.2025) -
YKpaiHChKHI 010XIMiK, JTOKTOP O10JIOTTYHMX HayK, mpodecop, YJIeH-
KopecnoHieHT HarionanpHOi akaaemii nmenaroriyHux Hayk YKpaiHu,
peKTOp YMaHCBKOrO IMEeNaroriyHoro IHCTUTYTYy Ta YepkachbKoro
JIeP’)KaBHOI'O TEeJaroriyHoro 1HCTHTYTY, 3aclyKeHHH IpamiBHUK
BUIIOI IIKOMM YKpaiHH, 4YJeH peakiiiHol Komerii 30ipHUKa
HaykoBUX mpanps «Bicauk Yepkacbkoro yHiBepcutery (Cepis
«bionoriuni Hayku») UYepkacbKoro HallIOHAIBHOTO YHIBEPCUTETY
iMeH1 bormpana XMenpHUIIBKOTO», WIEH YKpaiHCHKOTO 010XIMIYHOTO
TOBApUCTBA.

Kanaunarceky nucepramito 3axuctuB  y 1961 poui B
KuiBcbkomy nep:xkaBHoMy yHiBepcuTeTi iM. T. I'. IlleBuenka.

Ii TemaTuka Oyna moB’si3aHa 3 JOCIHIJDKEHHSM BIUIUBY
BiTaMiHIB 1 MIKpOEJIEMEHTIB Ha OOMIHHI TpOILIECH B OpraHi3Mi JIOAWHMU 1 TBapuH. HaykoBuit
KEepIBHUK — JOKTOp Oiosnoriuamx Hayk, npodecop K. M. Jleyrchkuii. Jlucepramniro Ha 3100yTTs
HAayKOBOTO CTYyNEHS JOKTOpa OIlOJIONIYHMX HayK Ha TeMy: «BHBYEHHS poJii MIKpOEIEMEHTIB
(kobasIbTy, Maprasiito i 0JioBa) B JIMIJHOMY OOMiHD» 3axuctuB y 1974 poui B IncTuTyTI 610XiMii
imeni O. B. [Nammanina HAH VYkpaiau. ¥ 1976 p. orpumaB yuene 3BanHs npodecopa. 3 1994 p.
o0paHuii uieHoM-kopecrnoHaeHToM HarionanpHoi akaemii megaroriyHuX Hayk YKpaiHu.

[TpamtoBaB B YMaHcbkoMy neaarorigyHoMy iHCTHTYTI (1960-1979), ne mpotsarom 1964-1969
pp. OyB mpopekTopoM, a y 1975-1979 pp. — pekropom mporo 3akuany. 3 1979 mo 2000 mpamroBaB
pexkTopoM UepKachbKOro IenaroriyHoro iHCTHTYTY, SKui y 1995 p. oTpuMaB craTyc JIep)KaBHOTO
YHIBEPCUTETY 3 IPUCBOEHHM iMeH1 borgana XmenbHuupkoro. ¥ 1998 poli 04011B HOBOCTBOPEHY
kadenpy Oioximii Ta izionorii.

Jlo xona HayKOBUX IHTEpeCiB BXOAUJIO BUBYECHHS BIUIMBY BiTaMiHiB, MIKPOEJIEMEHTIB 1 1X
KOMILIEKCIB Ha OOMIHHI TIpOIleCH B OpraHi3mMi Ta HOro iMyHO3aXHCHiI (YHKIII B HOPMaJbHUX
yMOBax Ta 3a YMOB Jlii MaJuX 103 10Hi3yr0uoi pasiarii.

ABrop Onmu3pko 200 HaykoBHX Mpalpb, cepel sIKuX — noHaja 20 MigpydyHUKIB 1 MOCIOHMKIB
JUIS CTYJCHTIB 3aKJaJiB BUIOI OCBITH, YYUJIMIL, YUUTETIB Ta y4HiB MIKUL. Pazom i3 rpymoro koser
po3pobuB, anpoOyBaB i 3amaTEeHTyBaB crocid peadimiTanii ¢yHKIH iIMyHHOI cucTeMH B 0cCi0, 1110
3a3HaIM BIUMBY (pakTopiB aBapii Ha YopHoOmnbchkidn AEC.

3poOuB BaroMMii BHECOK y PO3BUTOK MaTepiajibHOI 0a3u Ta MIJBUILICHHS SIKOCTI M1ATOTOBKH
¢axiBuiB-010y10r1B Y YepkacbKOMy HalllOHAJIbHOMY YHIBEepCcUTETI iIMeH1 borjana XMenpHUIBKOT 0, a
TaKOX PO3BUTOK 010XIMIUYHUX JOCIIIKEHb B YKpaiHi. [liqrotyBaB aBa KaHAUJATH HayK.

Oenip demopoBuu boeuko 3amam’sTaBcs KoJieraM SK CIPaBEIJIMBUMA, TOPSJAHHN Ta
IHTETIreHTHUH KEpiBHUK. BHWBaXKE€HICTh Y NMPUHHATTI pillleHb, TOJEPAHTHICTh 10 BHUKIAIayiB 1
CTYJICHTIB OyJM XapaKTepHUMH Horo pucamu. HaykoBuii i xutreBuid nuiax . ®@. boeuka €
IPUKIIAZOM JJI HACIIAyBaHHS Ta MiIPOCTA0YOro MOKOJIIHHS.

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.
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BITJOMOCTI ITPO ABTOPIB

Aprtemenko bornan OuiekcanapoBuy — KaHAWIAT O10JOTTYHUX HAYK, CTapIIMii BUKJIana4, kadeapa
CIIOPTUBHUX irop, Yepkacbkuii HalllOHAIbHUI YHIBepcuTeT iMeH1 bornana XmenpHUIIBKOro

beskonuabauii Osexcanap OsekcanapoBu4 — TOKTOP MeAaroriyHux Hayk, mpodecop, kademapa
Teopii, METOIMKN (I3UIHOr0 BUXOBaHHA, UepkacbKuil HalllOHANbHUI yHiBepcuTeT iMeHi bornana
XMEeIbHULIBKOT O

laBpuiarok Makcum HuxanapoBuu — KaHauaarT OlOJIOTIYHUX HayK, JOLEHT, JUPEKTOP
HABYAJIbHO-HAYKOBOT'O 1HCTUTYTY MPHUPOJHUYMX Ta arpapHUX Hayk, Uepkachbkuil HaIllOHAJbHHUI
yHiBepcuTeT iMeHi borpana XMeabHUIIBKOTO

I'puroposa Haransi BosioqaumupiBHa — kKaHAMAAT O10JIOTTYHUX HAYK, TOIEHT, Kadeapa ¢izioorii,
iMyHosorii 1 6ioximii 3 KypcoM HMBIJIBHOTO 3aXHCTy Ta MEAMLIMHU O10JIOTiYHOro (hakyJIbTeTy,
3anopi3bKuil HalllOHAJbHUM YHIBEPCUTET

J3ronuk IBan CeprilioBuu — acnipant, kadenpa aHatomii, ¢isiosnorii Ta gi3udHoi peadumiTarii,
Yepkacbkuil HalllOHAJIbHUI YHIBepcUTeT iMeH1 bornana XMenbHUIIBKOTO

3aBropoaniii Muxkosa OJjeroBud — noktop ¢inocodii (61osorig), M.H.c., IHcTUTYT (Qi3iomnorii
iM. O.0. boromonbus HAH Vkpainn, MibkHapogHuil LEHTp aCTPOHOMIYHUX, MEIUYHHUX Ta
exonorigyaux gocuimkeds (ICAMER) HAH VYkpainu, Kuis

KoBasnenko CraniciaB QuekcanapoBuy — J0KTOp OiojoriyHux Hayk, npodecop, kadeapa
CIOPTUBHUX AMCUUIUTIH, YepkacbKuil HallloHaIbHUN yHIBepcuTeT iMeH1 borgana XMenbHULIBKOTO

KoBanb Karepuna I'enaniiBHa — acmipant, Uepkacbkuil HalllOHaJIbHHI YHIBEPCHTET iMEHI1
bornana XMeJlbHUIIBKOTO

Koaab FOuis BiraniiBna — Bukiamad, HayKoBui CriBpoOiTHUK, Kadeapa aHaToMii, ¢izionorii ta
¢izuunoi peabimitanii, HaykoBo-mocniguuii iHcTuTyT (isiosorii iMm. M. bocoro, Yepkacbkuit
HalllOHATBHUH YHIBEpCcUTET iMeH1 bormana XMenbHHUIIBKOTO

Ko:xemsiko Tersina BosiogumupiBHa — kaHaugaT 0i10JIOTTYHUX HAyK, JOLEHT, kadeapa aHaToMii,
¢izionorii Ta ¢izuuHoi peabimitamii, Yepkacbkuii HalioHAJBHUN yHIBEpCHUTET iMeHI bormana
XMENbHULIBKOT O

Ko3axk Bosogumup BikropoBmu — acmipanT, YUepkacbkuil HalllOHAJIbHUM YHIBEPCUTET IMEHI
borapana XmenbHUIIBKOIO

Jlappinenko Karepuna BanepiiBHa — pgoktop ¢inocodii B ramysi Oionorii, BUKJIaAady,
Yepkacbkuil Hal[lOHAJIbHUI yHIBepcUTET iMeH1 bornana XmenpHUIbKOro

JInzoryo Boaoaumup CeprilioBuu — 1okTop 610J0rYHUX HayK, nmpodecop, nupektop Haykoso-
JoCHiIHOro iHCTUTYTY (izionorii iMm. M. Bocoro, Uepkacbkuii HalllOHaJILHUNA YHIBEPCUTET IMEHI
bormana XMeJIbHUIIBKOTO

JIncenko Poman Bosogumuposuy — [HetutyT 300510rii iMeHi . . IlImansrayzena HAH Ykpainu

Jlyk'ssnueBa TI'anuna BosaogumupiBHa — goktop OioJjoriuHux Hayk, mnpodecop, kadempa
MennyHoi 6ioJ0rii Ta cnopTUBHOI AieTonorii, HamionansHuii yHiBepcuTeT (i3WYHOrO0 BUXOBAHHS 1
criopty YKpainu
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Hocap Banentuna IBaniBHa — kanauaat O10JIOrIYHUX HAyK, CTapUIMi HAayKOBHMH CIIBPOOITHHK,
IncrutyT dizionorii im. O.0O. boromonbus HAH Ykpainu

IHoptHivenko Boaoaumup liamiy — JOKTOp MEOUYHMX HayK, 3aBilyBad BLAJALJIOM KJIHIYHOI
¢izionorii cnosyyHoi TkaHuHU IHcTUTYyTy Oi3ionorii iM. O.O. boromonsus HAH Vkpainu,
MiKHApOIHUN IEHTP aCTPOHOMIYHMX, MEIMYHHUX Ta ekosoriunmux nociaimkenbr (ICAMER) HAH
Vkpainu, Kuis

IlycroBanoB Birajiii OsiekcanapoBu4 — KaHAWIAT HAYK 3 (PI3UYHOIO BUXOBAHHS 1 CIOPTY,
JOIeHT, Kadenpa crnopTuBHUX irop, Yepkacbkuil HamioHanbHHH YHiBepcuTeT imeHi bormana
XMETBHULIBKOT O

CeersioBa OJjiena JImuTpiBHa — KaHgunaT OIOJOTiYHMX HAyK, JOLEHT, Kadeapa aHaToMii,
¢i3ionorii Ta Qi3uuHoi peabimitauii, Yepkacbkuil HauiOHaJIBHUN YyHIBEepcuTeT iMeH1 bormana
XMENbHULIBKOT O

Cunu Irop OnexcanapoBuyd — acmipaHT, kadeapa aHaTomii, ¢iziosnorii Ta GpizudyHoi peabimiTaii,
Yepkacbkuil Hal[lOHAJIBLHUI YHIBepcUTET iMeH1 bornana XMenbHUIIBKOTO

Cinko JIrogmuiaa OJiekcanapiBHA — KaHUJAT NE€JaroriyHux HayK, JOLEHT, kKadeapa negaroriku i
ncuxoorii, Yepkacbkuii HalllOHAJILHUHM YHIBEPCUTET IM. b. XMelIbHUIIBKOT O

CoiinikoB flpocias IropoBuy — acnipaHT, kadenpa MmenuyHoi 610710r11 Ta CHOPTUBHOI A1€TOJOT],
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