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IVADAS

Fizinis aktyvumas visais Zzmogaus amziaus tarpsniais reikSmingas veiks-
nys ligy profilaktikai, sveikatai stiprinti, sen¢jimo vyksmams sulétinti bei
gyvenimo kokybei gerinti. Pasaulyje atlikta labai daug tyrimy, nagrin¢janciy
fizinio aktyvumo poveikj sveikatai [1-3]. Siekiant pritraukti mankstintis ir
stiprinti sveikatg sitiloma daug jvairiy naujoviy, visiskai naujy arba modi-
fikuoty fizinio kriivio atlikimo metody. Apie naujoves placiai kalbama ir
mokslo literatiroje [4—7]. Tyréjai paZymi, kad aktuali mokslo ir praktikos
problema yra jvertinti ir moksliskai pagristi §iy naujy metody taikyma bei
vertinti jy taikymo veiksminguma.

Fiziniai kriiviai aktyvina ilgalaikés adaptacijos mechanizmus, kinta
ivairios kiino sistemos ir jy funkcijos [8].Vertinant fizinio kriivio sukeliamus
poky¢€ius organizme, taikomi jvairtis metodai, bet sveikatos moksly srityje
Sirdies ir kraujagysliy sistemos (SKS) funkcinés biklés vertinimai laikomi
vieni 1§ svarbiausiy [9-12].

Mokslininky kuriami ir taikomi vis naujesni, pazangesni tyrimai ir duo-
meny analizés metodai, reik§mingai praplediantys tyréjy galimybes. Siuo
metu greitai populiar¢ja sistemy kompleksiSkumg vertinan¢iy metody taiky-
mas [13—15] — tiek vertinant paciy organizmo sistemy kompleksiskuma, tiek
kompleksiSkumo kaitos ypatybes. Tyréjy siekis kurti vis tobulesnius metodus

VW —

Fiziologinés sistemos néra periodiniai osciliatoriai. Todel, tyrin¢jant
fiziologiniy sistemy savybes, svarbu jvertinti dinaminius jy pokycius, nes ne
vidurkiai, o nagrinéjamy rodikliy svyravimai laiko ir erdvés skalése rodo
esminius funkcinius ir strukttirinius pokycius [16, 17]. Netiesiniai analizés
metodai skiriasi nuo klasikiniy, nes netiesiniai analizés metodai rodo ne tik
kiekybinius parametro pokycius, bet ir kitimo kokybe. Netiesinio metodo
jautrumas, palyginti su tiesiniu metodu, gali rodyti didesn; kintamuma arba
prisitaikyma prie aplinkos bei atskleisti paslépta nematomg laiko eilutése
informacija [18]. Todél tikslinga individuali tam tikry parametry laiko eiluciy
analiz¢, nagrinéjant biomedicinos arba sporto mokslo problemas. Tik didé-
jantis tyrimy skai¢ius, gausesnés jvairiy sistuacijy vertinimo metodikos leis
atrinkti tinkamiausius tyrimo ir duomeny analizés metodus, iSmokti tinkamai
vertinti gautus tyrimo rezultatus.



Mokslinis naujumas. Darbe buvo sprendziama pirminés profilaktikos
veiksmingumo didinimo problema — vertinta sveikatos stiprinimo pratybose
taikomy fizinio kriivio atlikimo metody jtaka vyry Sirdies ir kraujagysliy
sistemai:

» Ivertinta okliuzinés treniruotés metodo, didelio intensyvumo inter-
valinés treniruotés metodo ir diferencinio mokymo metodo grindzia-
my fiziniy kriiviy tinkamumas lavinant SKS funkcinius gebéjimus.

» Parodyta, kad aerobinio kriivio pratybos, papildytos dviejy uzduociy
metodu ar jose taikant diferencinio mokymo metodu grindziamas
uzduotis, stipriau paveikia SKS nei tradicinés aerobinio kriivio pra-
tybos.

» Nagrinétos naujos algebrinio duomeny kointegracijos metodo anali-
z¢s galimybés, vertinant EKG arba reogramos rodikliy tarpusavio
dinamines sgsajas. Parodyta, kad Sios sgsajos stipréja atliekant fizi-
nius kriivius, taciau atliekant sudétingas koordinacines uzduotis arba
kai kruvis didéja ir tampa neadekvatus Sios dinaminés sgsajos silp-
néja. Duomeny kointegracijos metodu jvertintos dinaminés sgsajos
tarp EKG rodikliy atspindi SKS funkcinés buklés kaita sveikatos
stiprinimo pratybose ir Siuo metodu galima vertinti pratyby sukelia-
mo efekto stipruma.



1. DARBO TIKSLAS IR UZDAVINIAI

Tikslas — nauju algebriniu duomeny kointegracijos metodu nustatyti, ar
padidés vyry sveikatos stiprinimo pratyby poveikis SKS (pirminés profilak-
tikos efektyvumas), taikant okliuzines treniruotes, didelio intensyvumo inter-
valinés treniruotés metodus, ir kai aerobinio kriivio pratybos papildomos
diferencinio mokymo metodu grindziamomis uzduotimis.

Uzdaviniai

l.

Nustatyti, ar EKG arba reografijos rodikliy sgsajy dinamikos analizé
(Dsk kaita) yra galimas metodas, vertinantis nesportuojanciy, spor-
tuojanciy asmeny ar didelio sportinio meistriSkumo sportininky
pratybose taikomy fizinio kriivio uzduociy sukeltg pratyby lickamajj
poveikj SKS.

Nustatyti sveikatg stiprinanciy sportuojan¢iy vyry pratybose taiko-
mo okliuzinés treniruotés metodo sukeliama poveikj SKS.
Nustatyti sveikatg stiprinanciy sportuojan¢iy vyry pratybose taiko-
mo didelio intensyvumo intervalinés treniruotés metodo jtaka SKS.
Nustatyti, ar padidés sveikatos stiprinimo pratyby sukeltas poveikis
SKS, jei pratybos bus papildytos diferencinio mokymo metodu
grindziamomis uzduotimis.
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2. LITERATUROS APZVALGA

2.1. Sveikatos iSsaugojimo ir stiprinimo fiziniais pratimais problema

Siame darbe sprendZiama pirminés profilaktikos efektyvumo didinimo
problema — ar galima padidinti sveikatos stiprinimo pratyby poveik]j, taikant
jvairius krtivio atlikimo metodus. Sveikatos saugojimas ir stiprinimas yra
aktuali praktiné ir moksliné problema, nes profilaktika yra Zymiai efektyves-
né nei gydymui ar reabilitacijai skiriamos pastangos [3, 19, 20].

Pasaulio sveikatos organizacija (PSO) sveikata apibrézia kaip fizinés,
dvasinés ir socialinés gerovés visuma, o ne tik ligos arba negalios nebuvima.
Ger¢jancios zmogaus gyvenimo salygos, technologiné pazanga lemia tai, kad
zmogus juda maziau, o fizinio aktyvumo stoka neigiamai jtakoja darbinguma
ir sveikatg. Daugelyje publikacijy parodyta, kad mazas fizinis aktyvumas
siejamas su daugeliu sveikatos problemy: nutukimu, Sirdies kraujagysliy
ligomis, diabeto, insulto, netgi tam tikrais véziniais susirgimais, sgnariy
ligomis bei padidéjusiu mirtingumu [21-24].

Kaip skelbia PSO, neuzkrec¢iamosios ligos, iskaitant SKS ligas, diabeta,
insulta, létines plauciy ligas ir vézj, lemia iki 70 procenty visy mirciy pasauly-
je. Teigiama, kad didziausi rizikos veiksniai $iy ligy plitime yra fizinis neak-
tyvumas, tabako vartojimas, nesveika mityba ir alkoholio vartojimas.

Fizinio aktyvumo nauda sveikatai ir jvairiy fizinio aktyvumo formy po-
veikis organizmui yra tyrinéjamas tiek Lietuvos, tiek daugelio Saliy moksli-
ninky [3, 19, 25-28]. Socialiniai mokslai pabrézia motyvacijos ir sitilomy
fizinio aktyvumo formy jvairovés reikSme, tame tarpe naujy fizinio aktyvumo
formy diegima [29]. Biomedicinos moksly tyrin¢jimy objektu dazniausiai yra
jvairiy fizinio aktyvumo formy arba siiilomy metody jtaka organizmo
funkcinéms sistemoms. Pabréziama, kad svarbu yra pazinti organizmo reak-
cijg ] tatkomus fizinius kriivius, jvertinti jy jtaka atskiroms fiziologinéms
organizmo sistemoms [25-27, 30].

Organizmo reakcijg  fizinius kriivius lemia penki fizinio kriivio kompo-
nentai: kriivio intensyvumas; jo trukmeé; poilsio intervalai; poilsio intervaly
pobidis; uzduoties kartojimy skaicius. Siy fizinio kriivio komponenty varia-
cijos, t. y. atlikimo metodas lemia kurios organizmo funkcinés sistemos bus
stipriau paveikiamos ir vyks atitinkami adaptaciniai pokyc¢iai organizme [31].
Pavyzdziui, intervalinés treniruotés metodas, kai pratyby metu sekantis
kriivio kartojimas pradedamas vos tik SSD atsigavus iki 120 k./min., stipriai
paveikia miokardg ir stebimas ilgalaikés adaptacijos poveikis yra miokardo
hipertrofija, kai tuo tarpu iStisiniu metodu atlieckamy kriiviy adaptacinis
poveikis yra Sirdies kamery padidéjimas [32]. Pateiktas pavyzdys iliustruoja
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fizinio kriivio atlikimo metodo specifiskumg ir paaiskina klasikinio interva-
linio treniruotés metodo esme. Siuo metu sitiloma jvairios intervalinio meto-
do modifikacijas taikyti sveikatos stiprinimo pratybose pabréZziant, kad tokio
tipo pratybose sukeliami adaptaciniai efektai yra panaSus j ilgos trukmés
aerobiniy pratyby, o pratyby trukmé sutrumpg¢ja [33].

Laikoma, kad laiku skiriami ir tinkamo fizinio kriivio pratimai visuomet
yra naudingi. Pirma, tai sumaZzina galimybe susirgti kuria nors liga, antra tai
padeda jveikti ligg ar bent létinti ligos progresavima. Sveikatos stiprinimas,
ligy profilaktika, gydymas ir reabilitacija — tai keturi pagrindiniai medicinos
uzdaviniai, o fiziniai pratimai yra veiksminga priemon¢, sprendziant Siuos
uzdavinius.

Apibendrinant galima teigti, jog fizinis aktyvumas yra rekomenduotinas
visuose zmogaus amziaus tarpsniuose gyvenimo kokybei gerinti, t.y. ligy
profilaktikai, sveikatos stiprinimui, sené¢jimo procesams létinti, bei gydymo
ar reabilitacijos tikslais. Tod¢l svarbu yra pazinti organizmo reakcijg i naujus,
ar patobulintus, modifikuotus fizinio kriivio atlikimo metodus, jvertinti jy
itaka atskiroms fiziologinéms organizmo sistemoms, jvertinti ilgalaikés adap-
tacijos efektus.

2.2. Fizinio kriivio metody taikymas stiprinant sveikata
ir ju mokslinis pagrindimas

Pagrindiné priemoné didinti raumeny pajéguma, lavinti SKS funkcines
galimybes yra fizinis pratimas [20, 23, 34, 35]. Pratybose gali buti taikomi
jvairts fizinio kriivio atlikimo metodai: nepertraukiamo kriivio metodai;
kartotiniai kriivio metodai; netradiciniai poveikio metodai, pvz. raumeny
elektrostimuliavimas, siekiant nuvarginti arba pagreitinti atsigavimo proce-
sus [36]. Ieskant naujy poveikio metody buvo sitiloma derinti okliuzinio
poveikio ir fizinio kriivio derinius, kaip netradicinj fizinio darbingumo kriivio
metoda [37, 38]. Pradzioje Sis netradicinis treniravimo metodas buvo pradétas
taikyti profesionaliy sportininky treniruotése [39], véliau — sveikatos stiprini-
mo tikslais [40—44]. Taip pat kiti nauji fizinio kriivio atlikimo metodai buvo
iStobulinti sportininky treniruotése ir veliau bandoma — ar $iy metody taiky-
mas nepadidinty sveikatg stiprinan¢iy pratyby poveikio. Tarp tokiy metody
galima paminéti intervalinés treniruotés metoda, Siuo metu vadinama didelio
intensyvumo intervalinés treniruotés (DIIT) metodu (angl. HIIT — hight
intensity interval training) [45—49]; dvigubos uzduoties metoda [50]; diferen-
cinio mokymo metoda (DM) [51, 52]. Diegiant Siuos metodus sveikatos
stiprinan¢iy asmeny pratybose aktualu zinoti jy sukeliamus poveikius.
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2.2.1. OKliuzinés treniruotés metodas

Sis netradicinis fizinio krivio atlikimo metodas, naudojant okliuzija, lite-
ratiroje zinomas, kaip ,,Kaatsu“ metodika. ,,Kaatsu‘ treniruotés susijusios su
daliniu kraujo tekéjimo apribojimu (okliuzija) mankstinant raumenis. Okliu-
zijos treniruote sudaro mazo intensyvumo fizinio krtivio atlikimas kai apati-
niy ar virSutiniy galiiniy proksimalinéje dalyje uzdedama okliuziné¢ manzeté,
kurios pagalba pristabdoma kraujotaka [43, 53]. Okliuziniy treniruociy nerei-
kéty painioti su treniruotémis iSeminémis salygomis [37, 54]. Si treniruoté
nesukelia raumeny iSemijos, o skatina kraujo apytaka kapiliaruose, t. y. padi-
dina funkcionuojanciy kapiliary kiekj [40].

TreniruoCiy ,,Kaatsu“ technika pradéta kurti 1967 m. Viskas prasidéjo,
kai autorius buvo paguldytas j ligoning dél kojos tirpimo, atsiradusio taikant
treniruociy ,,Kaatsu* metoda. Jis nepaisé skausmo ir tgsé treniruotes. Atsira-
dus labai stipriam skausmui, jis vél buvo paguldytas j ligoning, diagnozuota
plauciy embolija. Gydantis gydytojas ispéjo nedelsiant nutraukti okliuzijos
treniruotes, galinCias pakenkti jo sveikatai. Pacientas kruopsciai atliko testus,
kad jais nustatyty ir pasirinkty tinkama spaudimg okliuzijos manzetéje, kuris
nedaryty neigiamo poveikio sveikatai. Po daug bandymy jis sukaupé ziniy
apie tai, kaip saveikauja okliuzijai pasirenkamas spaudimas ir raumeny
veikla. Sie duomenys buvo prielaida sukurti dabartine treniruoéiy ,,Kaatsu*
metodika. Tyré¢jas nustaté saugy ir veiksmingg tinkamo spaudimo taikymo
metoda. Be to, jis sukiiré treniruociy ,,Kaatsu* technikg ir nustaté optimalias
okliuzinio slégio, nekenkian¢io sveikatai, ribas. Si treniravimo metoda
autorius kiiré ketverius metus [55].

Antrasis postiimis treniruociy ,,Kaatsu®“ metodo tobulinimui prasidéjo
1973 m. Metodo autorius slidin¢jimo metu susizeidé kulksnis. Zinodamas,
kad kojy laikymas gipse gali sukelti raumeny atrofija, jis rizikavo ir toliau
tesé ,,Kaatsu“ technika, ribodamas kraujo tékme. Kai kojoje buvo jauc¢iamas
nemalonus jausmas, jis sumazindavo slégj, o po trumpos pertraukélés tesdavo
mankstinimasi. Si ,.slégio ir slégio mazinimo® procediira buvo kartojama
2 savaites. Kai koja tapo nejprastai patinusijis vél tur¢jo apsilankyti pas gy-
dytoja. Gydytojas konstatavo, kad nebuvo raumeny atrofijos, kojy raumenys
buvo hipertrofuoti. Sis treniruo¢iy metodas jgijo populiaruma tarp sportinin-
ky ir pasirodé puiki priemoné pagerinti raumeny pajéguma naudojant §j
treniruo¢iy metoda. Tyrimai buvo atlikti naudojant mazo intensyvumo prati-
mus su kraujo tekmés ribojimu, siekiant skatinti augimo hormono sekrecijg ir
gauti raumeny hipertrofija. Rezultatai buvo publikuoti prestiziniuose Zurna-
luose. 1994 m. pabaigoje autorius pateiké paraiska Japonijoje patentuoti §j
metoda, o kitais metais pateiké paraiSkas patentams gauti Anglijoje, Vokie-
tijoje, Prancuzijoje ir JAV [55].
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Po 2000-tyjy pradéta kurti jranga okliuzinés treniruotés metodo praty-
boms. Sukurtas naujas okliuzijos treniruoklis (,KAATSU*“ Master (tm)),
atlikta daugybé tyrimy, o prietaisai naudojami sukelti okliuzijai, ger¢jo, jie
tapo mazi bei kompaktiski. Kraujo t€kmés ribojimo metodas buvo pradétas
naudoti plaukiky [56], dviratininky [57] ir kity sporto Saky treniruotése.

Pagrindinis Sios netradicinés technikos principas, kad okliuziné¢je manze-
t¢je sukuriamas slégis yra didesnis nei sistolinis kraujospiidis, o atliekamo
kriivio intensyvumas yra 20-30 proc. nuo maksimalios valingo raumeny
susitraukimo jégos [58]. Pratimo atlikimo metu manzetés slégis dalinai okliu-
duoja kraujotaka venose ir d¢l to arteriné kraujotaka tampa turbulentiska [59].
Po tokio kriivio atlikimo pasalinus okliuzijg padid¢ja kraujagysliy vazodila-
tacija. t. y. kraujotaka suintensyvéja [40, 60, 61]. Metabolinis stresas taip pat
laikomas reik§mingu veiksniu siekiant reikSmingo jégos padidéjimo [62, 63].

Laikoma, kad $is kraujo t¢kmés ribojimo metodo ir fizinio kriivio derinys
gali buti siilomas ir kaip naujas terapinis biidas, nes jo metu parenkamas ma-
zesnis pratimo intensyvumas nei taikant jprastas jégos treniravimo priemones
[40, 61, 64, 65]. Nors sukaupti irodymai atskleidé, kad dél kraujo tekmés
ribojimo treniruoCiy padidéja jéga, formuojasi raumeny hipertrofija, taciau
mazai darby buvo skirta i§samiau jvertinti §io metodo jtakai SKS [61, 66].

Literatiiroje galima rasti svarstymy apie tai, kokie veiksniai gali modifi-
kuoti organizmo atsaka j $io §io metodo taikymg. Pazymeéta, kad jtakg krauja-
gysliy funkcijai gali turéti jvairiis veiksniai, tokie kaip amzius, lytis, mankstos
tipas, intensyvumas, manzetés spaudimas ir intervencijos laikotarpis [44, 61,
67]. Dalinis kraujotakos pristabdymas atliekant fizinj kriivi gali sukelti
zymiai didesnius kraujosptidzio poky¢ius, palyginti su tradiciniais pratimais
[67]. Dél stipriy kraujotakos dinamikos pokyciy apribojant kraujotaka svarbu
yra iStirti ir suprasti periferinés ir centrinés kraujotakos ypatybes ir kaip Sie
poky¢iai gali turéti jtakos SKS [66—68]. Apibendrinant mokslines ir meto-
dines publikacijas, galima konstatuoti, kad didZioji dalis kraujotaka ribo-
janciy pratyby naudoja mazesnio intensyvumo, tai yra, 20—40 proc. nuo MVJ
(maksimalios valingos jégos) kriivio uzduotis. Teigiama, kad kraujo tékmés
ribojimo metodas tampa nauju metodu, taikytinu tiek profesionalaus sporto
atstovy, tiek sveikatg stiprinan¢iy asmeny pratybose, reabilituojant sportinin-
kus ar sprendziant kitas reabilitacijos problemas [41, 42, 44, 69, 70].
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2.2.2. Didelio intensyvumo intervaliné treniruoté (DIIT)

Gana nauja ir populiarinama fizinio aktyvumo forma yra didelio intensy-
vumo intervalin¢ treniruoté (DIIT). Literatiroje pabréziamas jos veiksmin-
gumas ir tai, kad taikant §] metodg sutrumpéja laiko sagnaudos [46—48, 71, 72].
Sj treniravimosi metoda daZnai taiko ne tik sportininkai. Jis daZnai rekomen-
duojamas ir netreniruotiems asmenims ir netgi Sirdies sveikatos problemy
turintiems asmenims kaip efektyvi tradiciniy iStvermés pratimy alternatyva
[73, 74]. DIIT apima trumpg didelio intensyvumo mankstos pratimg, kurj
pertraukia atsigavimo intervalai. Dél to pageréja antsvorio ir nutukusiy Zmo-
niy sveikatos rodikliai [75-77].

Tiriant sveikos populiacijos gyventojus buvo parengta daug publikacijy,
kuriose pateikiami jrodymai, kad DIIT sukelia daug teigiamy Sirdies ir
kraujagysliy sistemos bei metaboliniy pasikeitimy, panasiy j reguliariai atlie-
kamus aerobinius pratimus [71, 78, 79].

Tyrimuose teigiama, kad del DIIT pageréjo kardiometaboling ligg turin-
¢iy suaugusiyjy sveikatos rodikliai [80—82]. Pateikiama tyrimy, jrodanciy,
kad DIIT sukelia jvairius SKS bei medZiagy apykaitos pasikeitimus, panasius
ar net didesnius nei tie, kurie gaunami reguliariai atliekant reguliarius aerobi-
nius pratimus [33, 83-85].

Pratyby metu jvairias DIIT formas galima taikyti kei¢iant kelis kinta-
muosius, tokius kaip kriivio intensyvumas, pratimy kartojimy kiekis, pratyby
trukmé ir kt. [86, 87]. DIIT seansai trunka ne ilgiau kaip 20 minuciy ir vyrauja
nuomoné, kad tokios pratybos panasiai ar net efektyviau skatina SKS adapta-
cijg [46, 71] ir pagerina funkcionaluma, palyginti su vidutinio intensyvumo
nepertraukiama manksta [88, 89].

Apibendrinant butina pazyméti, kad atlikta daug tyrimy, siekiant nusta-
tyti DIIT metodo jtakg raumeny morfofunkcinéms ypatybéms, nedaug darby
vertinanéiy §io metodo jtaka SKS ir tik nedaugelis tyréjy atkreipia démes;j j
galima rizikg kai sveikatos stiprinimo pratybose taikomas S§is treniruotés
metodas [90, 91].

2.2.3. Dvigubos uZduoties metodas

Zmogaus darbinéje, buitin¢je veikloje biina situacijy kai tuo paéiu metu
reikia atlikti kelias uzduotis. Sédédami Zitirime televizoriy, dirbame kompiu-
teriu, skaitome knyga, vaik§¢iodami kalbame ar klausome muzikos, kalbame
telefonu. Sioje paradigmoje, subjekto démesys erdviniu biidu nukreipiamas
sudétingesne, taip vadinama, centring uzduotj, o paprastesné uzduotis lieka
kaip antrinis stimulas [50] Sias situacijas apibiidinti naudojamas ,,dvigubos
uzduoties” terminas (angl. Dual Tasks).
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Dvigubos uzduotys skirstomos i dvi grupes: pirma, judéjimo (motorinés)
dvigubos uzduotys [52], kai tuo paciu metu reikia atlikti dvi motorines uz-
duotis; ir antra, kombinuotos, t. y. kai motorinés uzduoties metu reikalaujama
atlikti pazinimo uzduotj [92]. Kaip teigia An et al. (2014), abiejy grupiy dvi-
gubos uzduoties metodai buvo pradéti taikyti pacientams su neurologiniais
pazeidimais, siekiant atgauti motorinius geb¢jimus. Sio metodo tyrinéjimai
buvo atlikti jvairiy Saliy mokslininky [93, 94].

Sis metodas taikomas ir sportininky rengime, pvz., siekiant lavinti gim-
nasty jutiminius geb¢jimus [95], vertinant démesio sutelkima, kalbos ir déme-
sio 1ys$] [96]. Taciau daugiausia Sio pobiidzio studijy buvo atlikta vertinant
dvigubos uzduoties metodo taikymus reabilitacijos procese po jvairiy ligy ar
traumy. Taip pat, yra tyrimy, nagrinéjanc¢iy dvigubos uzduoties poveikj laiky-
senai [97-99]. Pavyzdziui, Nagamatsu su bendraautoriais [98] atliktame
tyrime, parodé skirtumus tarp asmeny patyrusiy ir nepatyrusiy griuvimus.
Parodyta, kad Zmoniy, patyrusiy griuvima reakcijos laikas yra ilgesnis kai
reikia paskirstyti démes;.

Organizmo reakcijose i fizinio kriivio uzduotis dalyvauja daugelis funk-
ciniy sistemy, todél dvigubos uzduoties jtaka neturi apsiriboti tik reguliaciniy
mechanizmy aktyvumo padidéjimu. Pavyzdziui, vertinant nuovargio jtaka
eisenai [100], buvo stebima, kad raumeny nuovargis vienos uzduoties metu,
sukelia reikSmingg ¢jimo greicio ir zZingsnio ilgio mazéjima, kai tuo tarpu
dvigubos uZduoties atlikimas daro didele jtaka reguliaciniy mechanizmy
aktyvumui, stebimas éjimo greic¢io padidé¢jimas. Taigi, tikétina, kad ne tik
motorine (nervy-raumeny) sistema, bet ir kitos organizmo funkcinés siste-
mos, tame tarpe SKS bus paveikta stipriau kai pratybose taikomas dvigubos
uzduoties metodas.

2.2.4. Diferencinio kriivio metodu grijsta treniruoté

Viena i§ reikSmingy zmogaus judesiy savybiy yra variabilumas, t.y.
kiekvienas judesio kartojimas atlieckamas vis kitaip ir Siek tiek pasikeitusioje
aplinkoje. Judesiy dinamiskumas yra neiSvengiama ir butina salyga kaip
judesiy stabilumo garantas [101]. Zmogaus judesiai, ypa¢ jeigu kalbame apie
lokomocijas, yra integrali daugelio raumeny veiklos iSraiska, taigi Si ypatybé
buvo suvokta ir panaudota tobulinant judesiy mokymo bei lavinimo metodus.
Diferencinis mokymas (DM) tai judesiy kartojimo alternatyva. Sio mokymo
metodo pradininkas W. I. Schéllhornas, teigia, kad DM stengiamasi panau-
doti judesio variacijas ir skatinti besimokantjjj kurti individualy, jam priim-
ting, jo individualiomis ypatybémis grindZziama judesiy struktiirg. Taigi DM
teikia pirmenybe¢ individualioms judesio savybéms. Besimokantiems sitiloma
pratimy jvairove, taigi padidinama galimy sprendimy erdvé kiekvienai
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konkreciai uzduociai atlikti. Tokiu biidu besimokantysis atranda individua-
lius judesiy mokymosi biidus, sukuria individualiai priimtiniausig judesio
atlikimo buda [102]. Kaip teigia T. Frank, [103] pagrindinis DM uzdavinys
padéti asmeniui rasti individualius, nuo uzduoties ir aplinkos, t. y. nuo kon-
teksto priklausancius atlikimo modelius siekiant kuo geriau atlikti uzduoti.

DM metodas buvo tobulinamas remiantis kity moksly, ypa¢ neurofizio-
logijos bei dinaminiy sistemy teorijos pasiekimais. DM panaudoja Zmogaus
judesiy variacijas, kad tuo skatinty saviorganizacijos procesg. Variacijos
leidzia susirasti (sukurti) individualy judesiy modelj. Treniruojant sporti-
ninkus DM pagalba stengiamasi atlikti skirtingas uzduotis ir sickiama paruos-
ti sportininkg grei€iau prisitaikyti prie naujy situacijy per trumpesnj laika
[104, 105].

Sis metodas inicijuoja savarankiskuma mokymosi procese. Tokiu bidu
nesiekiama kartoti realy biisimg judesiy struktiirg, judesys ar uzduotis neturi
biti dar kartg ar daug karty kartojamas jo idealioje formoje [51, 52]. Tyrimai
parodé, kad DM labiau nei tradiciniai mokymo ir lavinimo metodai pagerina
specialyjj darbinguma [104, 105]. Sio metodo kiiréjo W. Schollhorno buvo
paskelbta publikacijy, kuriose buvo apibendrinta kiti tyrinéjimai ir toliau
tobulinamas pasiiilytas metodas [106, 107]. DM teoriné analiz¢ rodo, kad
neurobiologinés sistemos variabilumas yra efektyvus tiek sprendziant judesiy
mokymo, tiek fiziniy geb¢jimy tobulinimo problemas, o taip pat padidina
taikomg fizinio aktyvumo poveikj sveikatai.

Apibendrinant galima konstatuoti, kad tolesni DM metodo poveikio tyri-
n¢jimai atskleidé reikSmingg jo privaluma, t. y. kad toks fiziniy kriviy atli-
kimo metodas reikalauja maziau energijos, kad bty pasiektas naujas raiSkos
lygmuo, saviorganizacijos ir sinchronizacijos procesai lemia, kad sistema
kuria naujg judesiy atlikimo strategija, kuri paprastai lemia veiksmingesniy
ar stabilesniy judéjimo modeliy atsiradima [108].

2.3. Sirdies ir kraujagysliy sistemos (SKS) funkcijos ypatybés,
ju vertinimai fizinio kriivio ir atsigavimo metu

2.3.1. SKS funkcija atliekant fizinius kravius

Sveikatai reikSmingy fiziniy ypatybiy tarpe iStvermei skiriama reiks-
mingiausias vaidmuo. Angliakalbéje literatiroje dazniausiai vartojamas
terminas kardiorespiratoriné iStvermé (cardio-respiratory endurance) arba
Sirdies ir kraujagysliy sistemos iStvermé (cardiovascular endurance). Siekia-
ma pabrézti SKS vaidmenj ir reik§minguma Zmogaus sveikatai. SKS yra
viena svarbiausiy apripinimo sistemy, o pagrindin¢ jos funkcija — deguonies,
ir energetiniy medziagy tiekimas [109, 110]. SKS funkcinés galimybés daznai
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tampa limituojanciu veiksniu, ribojanciu organizmo adaptacijos galimybes,
todel SKS funkcijos ypatybiy, atliekant jvairaus pobadzZio fizinius kriivius,
bei ilgalaikés adaptacijos ypatybiy pazinimas yra aktuali moksline ir
praktikos problema.

Sirdis, kino kraujotakos sistema ir jos reguliacija sudaro pagrindinius
funkcionuojancius elementus. Tai sudétinga kompleksiné sistema veikianti
kaip bendra visuma. Si visuma suformuoja autonominj sistemos reguliavima.
Taciau §] reguliavimg kontroliuoja nervy sistema, priklausomai nuo kity
organy, audiniy, kiino funkciniy sistemy poreikiy [111]. Nuo SKS funkcinés
buklés, kuri glaudziai funkcionuoja kartu su kvépavimo sistema ir bendra
organizmo medziagy apykaita, ypa¢ dirbanciuose raumenyse (dujy apykaita
audiniuose), priklauso ir kiino raumenyno funkciné buiklé. Taip pat SKS kartu
su kitomis sistemomis ir organais palaiko homeostaze. SKS jautriai reaguoja
1 vidinius organizmo bei ] iSorinius aplinkos salygy pakitimus [112, 113].

Pagrindinis Sirdies funkcines galimybes nusakantis rodiklis yra minutinis
kraujo tiiris. Minutinis kraujo turis tai kraujo kiekis, kurj Sirdis iSstumia j
kraujo apytaka per minutg. Minutinis kraujo tiiris lemia raumenyno ir visy
kity audiniy apriipinimg krauju ir su tuo susijusj maisto medziagy, deguonies
tiekimg, CO2 pagalinimga i§ jy. Minutinis kraujo tiiris yra integralus SSD ir
sistolinio kraujo tiirio rodiklis. Ramybés salygomis minutinio kraujo turio
verté priklauso nuo zmogaus amziaus, lyties, kiino masés, kiino padéties,
aplinkos salygy ir net nuo individo emocinés biiklés [114, 115].

Kai kuriuose tyrimuose minutinis kraujo tiiris iSreiSkiamas vadinamuoju
Sirdies indeksu, iSreiSkianciu minutinio kraujo tiirio santykj su kiino pavir-
Siaus plotu. Sveiky, netreniruoty asmeny raumeny ramybés metu minutinis
kraujo tiris, kiinui esant horizontalioje padétyje, yra apie 3—6 l/min., o
vertikalioje — 3—5 1/min. Netreniruoty Zmoniy minutinis kraujo tiris sunkaus
intensyvaus fizinio darbo metu padidéja iki 15-20 1/min. Fizinio darbo metu
minutinis kraujo tiiris pamazu didé¢ja, o baigus darbg— maz¢ja ir tas maz¢jimo
greitis priklauso nuo fizinio kriivio dydzio bei pobiidzio [116]. Gerai treni-
ruoty sportininky ir turin¢iy gana didele Sirdj tokiomis paciomis salygomis
minutinis kraujo taris padidéja daugiau nei nesportuojanciy asmeny iki 25—
30 I/min.

Medziagy ir energijos apykaitos procesai tiek buitinés darbinés veiklos
metu, tiek atliekant fizinius pratimus priklauso nuo deguonies tiekimo, todél
deguonies desaturacijos ypatybiy tyrimai yra dazniau nei tiesioginiai me-
dziagy ir energijos apykaitos vertinimai naudojami siekiant vertinti sporti-
ninky darbingumo ypatybes. Skirtingu deguonies desaturacijos greiciu ban-
doma paaiskinti skirtingus atlety fizinius gebé¢jimus, taip pat organizmo tole-
rancija jvairaus pobuidzio fiziniams kriiviams [117-120]. Fiziniams kriiviams
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adaptuoti asmenys pasiZymi greitesne deguonies vartojimo kinetika nei
nesportuojantys asmenys.

SKS reguliavimo mechanizmai ir jy santykinis aktyvumas fizinio kriivio
metu priklauso nuo daugelio veiksniy [121-124]. Hemodinamikos poky¢iai
fizinio kriivio pradzioje, jskaitant SSD bei AKS didé¢jima, liudija apie arte-
rinio baroreflekso mechanizmo veikima [125-127]. Zinoma, kad autono-
minés nervy sistemos atsakas j fizinj kriivj yra greitas, t. y. SSD pradeda
didéti jau pirmosiomis sekundémis vos tik pradéjus kriivj. Tas pirminis SSD
didéjimas vyksta dél n. vagus jtakos sumazéjimo [109, 128]. SSD didéjimas
yra proporcingas kruvio intensyvumui [129]. Esant dideliam fizinio kriivio
intensyvumui, SSD didéja dél simpatinés jtakos didéjimo [130], bet svarbig
reiksme SSD kaitai taip pat turi ir hormoniniai mechanizmai [131].

Fizinio kriivio metu reik§mingiausi yra greitieji reguliuojamieji mecha-
nizmai, t. y. simpatiniais nervais valdomos vazodiliatacinés—vazokonstrikci-
nés kraujagysliy reakcijos, baroreceptoriniai, chemoreceptoriniai, bei CNS
1Semijos refleksai. ISskirtinai reikSminga Siy refleksy ypatybé yra labai greita
(per kelias sekundes) reakcija 1 audiniy ir organy deguonies ir energijos
poreikius. Si nerviné reguliacija yra papildoma ir moduliuojama hormoniné
reguliacijos, biitent adrenalino, noradrenalino ir vazopresino poreikiais [132].
Kurie SKS reguliavimo mechanizmai yra vyraujantys ir jy saveika galima
svarstyti ir vertinti tik tuomet kai tiksliai zinomi ir pamatuojami fizinio
kruvio komponentai. Visumoje daugelis autoriy daro apibendrinancius
pasteb¢jimus, kad kraujotakos perskirstymo mechanizmai reguliuoja kraujo
sroves tekejima ir jos perskirstymg taip, kad kad daugiausia kraujo tekéty j
dirbancius raumenis [133—135].

Nagrinéjamos problemos sudétingumas buvo pabréziamas daugelio
tyréjy. Kraujotakos intensyvéjimas dirbanciuose raumenyse vyksta tikslu
apripinti raumenis, taciau, deguonies tickimas raumenims yra permainingas
tam tikrose kontroliuojamose griztamojo rySio ribose labiausiai veikiamas
audiniy metabolinés biiklés nuo ko priklauso ir oksidacinio metabolizmo
greitis [117, 136].

Renino-angiotenzino sistemos vaidmuo SKS reakcijose
i fizinius kravius

Vienas i§ molekuliniy mechanizmy, reguliuojanéiy SKS funkcijos tiek
greitosios adaptacijos fiziniams kriiviams ypatybes, o tuo paciu jtakojanciu
ilgalaikés adaptacijos ypatybes yra renino-angiotenzino sistema, o angio-
tenzing konvertuojandio fermento (AKF) genas — $ios sistemos dalis. Sio
geno koduojamas baltymas yra svarbiausias kraujo apytakos reguliacinés
sistemos, t. y. renino-angiotenzino sistemos komponentas. Laikoma, kad dél
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Sio geno 16 introne jvykusios mutacijos susidaré du aleliniai variantai: 287 bp
Alu sekos neturintis alelis (D — angl. ,, diletion *“) ir §§ DNR fragmenta turintis
alelis (I —angl. ,, insertion *), taigi galimi trys genotipai: DD, Il arba I/D [137].
I alelj turin¢iy Zmoniy organizmas pasiZymi geresnémis aerobinémis galio-
mis, grei¢iau adaptuojasi prie iStvermés reikalaujanciy fiziniy kriiviy [138].
Tuo tarpu D alelis buvo susietas su greitesniu raumeny mas€s augimu, o tai
ypac svarbu greitumo — jégos reikalaujan¢ioms sporto Sakoms [139].

AKF I/D polimorfizmas jau daugelj mety buvo intensyviai tyrin¢jamas
medicininéje genetikoje. Kraujotakos ypatumus fizinio kriivio metu lemiantis
mechanizmas paaiSkinamas tuo, kad AKF hidrolizuodamas angiotenzing I |
angiotenzing II, sukelia kraujagysliy spindzio maz¢jima (vazokonstrikcijg),
tuo jtakodamas reikSmingesnj kraujo spaudimo padidé€jimg, ir atitinkamai
miokardo apkrova [137, 140, 141], o ilgalaikéje adaptacijoje — iSreikSta
miokardo hipertrofijg [137, 142].

Istyrus AKF geno I/D polimorfizmg sveiky, intensyviai sportuojanciy
zmoniy tarpe bei iSnagrinéjus jy organizmo funkcinius ir morfologinius
ypatumus nustatyta Sio geno polimorfizmo sgsaja su skirtinga ilgalaike
adaptacija greitumo arba iStvermés fiziniams kriiviams. Parodyta, kad I alel;
turin€iy asmeny organizmas pasiZymi geresnémis aerobinémis galiomis ir
grei¢iau adaptuojasi prie iStvermés reikalaujanciy fiziniy kraviy, o D alelis
siejamas su geresniu darbingumu atliekant iStvermes pobtidzio kruvius [143—
145] AKF 1I/D polimorfizmas [139, 143] glaudZiai sicjamas su SKS adaptacija
fiziniams kriiviams.

Atsizvelgiant j §iuos tyringjimus, laikoma, kad vertinant SKS funkciniy
rodikliy ypatybes fiziniy kriiviy metu svarbu yra atsizvelgti j tirilamojo
genetines, ar bent adaptacijos fiziniams kriiviams ypatybes. Dazniausiai ran-
dami tyrimai, kuriuose lyginamos greitumo ir iStvermés fiziniams kriiviams
adaptuoty asmeny SKS funkcijos ypatybés. Apibendrinat, manome, kad
tikslinga biity tyrimu atsakyti j klausima, ar miisy vertinamy sasajy kaita tarp
esminiy Sirdies funkciniy rodikliy (sistolinio kraujo turio ir minutinio kraujo
tiurio), atliekant didéjantj fizinj kriivi iki negaléjimo turi tokias pacias kaitos
ypatybes, t.y. ar individo adaptacija greitumo arba iStvermés pobiidzio
fiziniams kriiviams nepakeicCia sasajos kaitos pobudzio.
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2.3.2. EKG rodikliy kaita fizinio kruvio ir atsigavimo metu

Siekiant tinkamai vertinti tiriamojo funkcine bukle ar sveikatg stipri-
nanciy poveikiy efekta, svarbu zinoti EKG rodikliy fiziologine prasme, kaitos
ypatybes. Daugelyje tyrimy, kuriuose pasinaudojant uzregistruotu EKG
signalu buvo vertinama sportuojanciojo funkciné bukl¢ ir taikomy fiziniy
kriiviy jtaka SKS, galima i$skirti $iuos EKG rodiklius aptariamus Zemiau.

Sirdies susitraukimy dazZnis (SSD)

SSD matavimas yra patogus ir paprastas biidas nusakyti reakcijos i
fizinius kriivius ypatybes. Jeigu tyrimo metu registruojama EKG, tai SSD
kaita atspindi RR intervalo kaita (SSD = 60/RR). Cia vadovaujamasi prie-
laida, kad t. t. ribose SSD didéjimas ir metaboliniy procesy intensyvéjimas
turi tiesing priklausomybe ir Siy rodikliy didéjimai eina greta vienas kito.
Mokslinése publikacijose galima surasti daug tyrimy, kuriose tyrinétas Sis
rySys [146, 147].

Zinomas désningumas, kad fizinio kriivio pradZioje, didéjant kriviui
SSD didéja tiesiog proporcingai fizinio krivio didéjimui [148]. Didinant
fizinio kriivio intensyvuma, SSD didéjimas sulétéja arba didéja labai mazai
kol pasiekia maksimuma [149]. SSD didé¢jima fizinio krivio pradZioje
salygoja parasimpatinio tonuso sumazéjimas. Tuo tarpu, simpatinis tonusas
didéja ir ima vyrauti kai kriivis tampa sunkus (maksimaliy pastangy metu)
[150—152]. Maksimalus SSD kriivio metu yra unikalus kickvienam asmeniui
ir priklauso nuo daugelio veiksniy, tai amziaus, lyties, krivio pobiidzio,
asmens treniruotumo. Rekomenduojama individualias maksimalaus SSD
vertes apskaiciuoti pagal formule: 220 — amzius [153], ta¢iau yra nuomoniy,
kad $i lygtis néra tiksli ir pagrjsta moksliniais tyrimais. Laikoma, kad visi
sitilymai kaip apskai¢iuoti maksimalias SSD vertes yra tik orientaciniai; jie
néra tikslis (angl. ,, be very difficult, perhaps even impossible, to predict with
a low HRmax from age ) [154, 155].

Vertinant SKS funkcine biikle daznai naudojamas SSD rodiklis. Siuose
vertinimuose svarbu yra atminti, kad SSD veikia ir gali modifikuoti daugelis
veiksniy. Su amziumi maksimalus SSD linkes mazéti [156]. SSD didesnis
vertikalioje nei horizontalioje kiino padétyje [157], jis taip pat gali kisti
priklausomai nuo lyties, kraujo tiirio, aplinkos salygy. Individualus SSD
rodikliai priklauso nuo reguliaciniy sistemy veiklos, t. y. nuo simpatings ir
parasimpatinés nervy sistemos aktyvumo ir nuo hormoniniy reguliaciniy
sistemy veiklos [158—160]. SSD plagiai naudojamas netiesioginiu biidu
nustatant funkcinj individo pajéguma. Pavyzdziui, atliekant Harwardo testa
aerobinio darbingumo indeksas nustatomas remiantis pratimo atlikimo truk-
me ir atsigavimo metu matuojamo SSD vertémis [161]. SSD vertés naudoja-
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mos taikant Rufjé-Diksono indeksg aerobiniam darbingumui vertinti. Kitas
pladiai taikomas testas yra fizinio darbingumo vertinimo testas, kai SSD yra
170 k./min. — PWCi7 [162]. SSD didéja pradéjus pratima jau nuo kito Sirdies
tvinksnio. Bet §io mechanizmo veikimas yra ribotas (SSD gali padidéti iki
100 tv./min), o tolimesnj SSD didé¢jima lemia simpatinés aktyvacijos
didéjimas, metaboliniai pokyciai [117].

JT intervalas — intervalas nuo jungties taSko J iki T bangos. Nurodoma,
kad $is intervalas atitinka skilveliy repoliarizacijos trukme [163, 164]. Taip
pat nurodoma, kad JT intervalas gali biiti naudojamas kaip skilveliy repolia-
rizacijos trukmés rodiklis [165, 166]. Kai kurie autoriai teigia, kad JT inter-
valo kaita yra susijusi ir todel atspindi metabolizmo kaitos miokarde ypatybes
[167, 168]. Pazymima, kad organizme vykstantys metaboliniai pokyciai yra
glaudziai susij¢ su repoliarizacijos pokyciais [169], tod¢l EKG derivacijos,
kuriose registruojamas JT intervalas yra trumpesnis, rodo, kad atitinkamose
miokardo zonose repoliarizacija jvyksta anksCiau, ir metaboliniai poky¢iai
yra spartesni. Didziausias JT intervalo sutrumpégjimas yra registruojamas
fizinio kriivio pabaigoje, pvz., tyrimuose taikant didéjancio krivio protokola
iki negaléjimo testi uzduotj [170—172]. Nutraukus fizinj kriiv] JT intervalas
ilgéja ir atsigauna iki pradiniy verciy.

ST segmento depresija. Tai suminis efektas kintant Sirdies miocity veiki-
mo potencialy plato fazés amplitudei (klasikiné fiziologija). Kaip Zinoma §i
amplitudé priklauso nuo hemodinamikos Sirdyje efektyvumo ir energetiniy
resursy esanciy kraujyje (deguonies, glikogeno ir kity). Akivaizdu, kad daug
organizmo sistemy gali salygoti Siy resursy pokycius — kraujagysliy susiauré-
jimas, jvairios skrandZzio bei kepeny, inksty ligos. Miisy atveju, tiriant sveikus
asmenis, Sios patologijos buvo atmestos i§ pradziy, taciau netgi ir esant
nedidelio laipsnio, kliniskai nepasireiSkianciai patologijai, analizavome ST
intervalo amplitudés pokytj, t. y. paneigiaméjima kriivio metu lyginant su
pradine bukle, kas nurod¢ tik kriivio sukeliamg depresija.

Deguonies poreikis miokarde turi biiti patenkinamas esant bet kuriam
metabolizmo lygiui [173]. Laikoma, kad pakitus metaboliniy procesy pu-
siausvyrai, kinta ir elektriniai miocity potencialai ir EKG registruojami poky-
¢iai. ST segmento depresija atliekant fizinius kriivius vertinama kaip funkci-
niy iSeminiy reiskiniy atsiradimas kriivio metu [174—176]. Pavyzdziui, iStver-
més kriviy metu, nesportuojanciy Zzmoniy grupeje, stebimi zymis funkciniai
iSeminiai reiSkiniai miokarde, o sportuojanciyjy greitumo jégos rungtyse — tik
nedidelio laipsnio, o i§tverm¢ lavinan¢iy Zmoniy grupéje registruojama EKG
nerodo jokiy funkciniy iSeminiy reiSkiniy [174, 175, 177].

D¢l fizinio krivio suintensyvéjusi daugelio funkciniy sistemy veikla
iSlieka ir kurj laikg po kravio, grizimas iki ramybés biiklés yra palaipsnis.
Procesai vykstantys po kriivio yra vadinami atsigavimu [178]. Laikoma, kad
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fizinio kriivio metu vyrauja kataboliniai procesai, o atsigavimo metu suinten-
syvéja anaboliniai [31, 179]. Jais sukuriamas pagrindas organizmo darbin-
gumui didinti.

SSD atsigavimas po intensyvaus fizinio kriivio skiriamas j dvi fazes:
greito eksponentinio mazéjimo ir léto mazéjimo iki pradinio SSD [178, 180].
Po kriivio atsigauna ne tik SKS funkciniai rodikliai, bet ir daugelis kity
rodikliy, todél atsigavimo procesui biidinga Sie désningumai: 1 — aerobinis
atsigavimo pobiidis; 2 — nevienalaikiSkumas; 3 — faziSkumas; 4 — netolygu-
mas; 5 — atsigavimo greicio priklausomumas nuo atlikto fizinio kriivio inten-
syvumo ir apimties. Atsigavimo procesai vyksta atliekant kintamo intensy-
vumo fizinius krtivius [181]. Sporto medicinos vadovéliuose apraSomi atsiga-
vimo tipai: tolygus, Suoliuojantis, laiptinis. Tai liudija, kad yra atvejy, kai
atsigavimas néra eksponentinio pobiidzio. Matyt, nuokrypius nuo eksponen-
tinio pobtidzio lemia rodiklio kompleksisSkumas, t. y. ji reguliuojan¢iy mecha-
nizmy gausa ir jy tarpusavio kompleksiskumo sumaz¢jimas. Butent komplek-
siSkumo aspektams vertinti pastaruoju metu gan placiai taikomi jvairiis meto-
dai: kitimo stabilumui — koreliacijos [163], proceso Suoliskumui — Liapunovo
eksponenté [182] mechanizmy gausai — fraktalinés dimensijos [183, 184].

Kadangi sunku tiksliai nustatyti, kada rodiklis grjzta iki pradiniy verciy,
todél atsigavimo procesui nusakyti fiziologijoje yra taikoma, t. y. skai¢iuo-
jamas (vertinamas) rodiklio atsigavimo pusperiodis (12T). Tai laikas, per kurj
rodiklis atsistato iki pusés jvykusio poky¢io [179]. Kai kuriuose darbuose yra
taikomas atsigavimo dydzio rodiklis, apskaiiuojamas pagal angly moksli-
ninky [185] pasiiilyta formule. Tai rodiklio kaitos jvertinimas pagal pradinius
(prie§ tyrimg), kriivio metu ir pasirinktas atsigavimo momentu uZraSytas
vertes. Sis rodiklis tai procentais ireikstas dydis rodantis kiek procenty verti-
namas rodiklis jau atsigavo per pasirinktg laikg. A. Buliuolio disertaciniame
darbe buvo parodyta, kad tiek atsigavimo pusperiodis, atsigavimo dydzio
rodiklis yra lygiaverciai informatyvumo prasme, ir tik tyréjo galimybeés nau-
dotis atitinkama kompiuterine programine jranga, renkant tyrimy duomenis,
turi lemti, kuris i$ rodikliy naudotinas [179].

EKG rodikliy sasajy vertinimai

Holistiniai modeliai suvokia organizma kaip sudétingg kompleksine
sistemg, pabrézdami, kad netiesiniai chaotiski procesai vaidina svarby
vaidmenj skirtingy sistemy, posistemiy, organy, ar reguliavimo mechanizmy
saveikoje kas atsispindi registruojamy rodikliy kaitoje [186]. Todél, vertinant
EKG jvairiy poveikiy metu svarbu ne tik EKG rodikliy vertés (dydziai) ar jy
kitimas, bet ir jy tarpusavio santykiai. Pagal EKG parametry santykj bandoma
nusakyti, koks atsakas formuojasi organizme jvairiose situacijose [186]. EKG
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parametry tarpusavio sgsajos gali biiti analizuojamos atsizvelgiant j atitinka-
mus organizmo sudétingumo lygmenis ar atitinkamo lygmens reguliacinius
procesus, pvz., sisteminj lygmenj, organo, ar vidinius Sirdies medziagy apy-
kaitos procesus [187]. Organizmo metabolizmo ir reguliaciniy sistemy lyg-
meny s3asajos kaitg galima nusakyti pagal EKG RR ir JT intervaly sasajos
kitimus [186,188], sasajos stipréjimg ar silpn¢jima tarp skirtingy fraktaliniy
lygiy galima nusakyti vertinant RR/QRS sasajos kitimus [189, 190].
Vertinant JT/QRS sgsajos kaitg galima nusakyti rySio tarp Sirdies metaboliz-
mo ir reguliaciniy procesy stiprumo kaitg subsisteminj, t. y. organo lygme-
nyje. Toks vertinimas sitilomas atsizvelgiant j $iy parametry fiziologing pras-
me [190, 191]. Lietuvos mokslininky pasitilytas algebrinis duomeny kointer-
gacijos metodas [167, 187, 192] leidzia vertinti Sias sgsajas. Kompiuteri-
zuotoje EKG registravimo ir analizés jrangoje ,,Kaunas — kriivis* adaptuotas
analizinis matricy analizés algoritmas Sioms dinaminéms sgsajoms vertinti,
kointegruojant pasirinkty rodikliy duomenis j matricas kiekvieno kardiociklo
metu [192]. Sasajai tarp dviejy signaly apskai¢iuoti panaudojami vieno
zingsnio praeities, dabarties ir ateities atskaitymai, t.y. trijy kardiocikly
vertés. Toks ne tik atskiry rodikliy kaitos, bet ir jy tarpusavio sgsajy stiprumo
vertinimas gali teikti daugiau i§samios informacijos apie organizmo veiklos,
adaptacijos ] jvairius poveikius ar nuovargio pasireiSkimo ypatybes [192].
Kaip pazymi tiek $io metodo kiiré¢jai ir tyr¢jai pirmieji pradeje taikyti §j
duomeny analizés metoda [116, 187, 190, 193, 194], tiek pastaraisiais metais
atlikty studijy autoriai [189, 191, 192], pasirinkty EKG rodikliy tarpusavio
sasajy analizé leidzia tyrinéti adaptacijos ir nuovargio pasireiSkimo mecha-
nizmus, gauti duomenys atskleidzia nauja, svarbig informacija, kurios nega-
lima gauti analizuojant atskirus EKG rodiklius [167, 189, 192].
Apibendrinant literatiros apzvalgos skyrelyje pateiktus faktus, galima
teigti, kad elektrokardiografija yra metodas taikomas sportuojanciy asmeny
tyrimuose, o EKG rodikliy vertinimo metodai tobuléja, siillomi nauji analizés
ir vizualizacijos metodai [191] ir tai teikia galimybe jautriau registruoti SKS
pasikeitimus, nauju zvilgsniu vertinti vykstan¢iy procesy esmg.

24



3. TYRIMO METODIKA

Tyrimai atlikti LSMU MA SF Sporto medicinos klinikoje ir LSU Kine-
ziologijos laboratorijoje 2017-04—2019-02. Tyrimams atlikti gautas Kauno
regioninio biomedicininiy tyrimy etikos komiteto leidimas (Nr. BE-2-10).
Tyrimy duomenys buvo nuasmeninami ir visi vertinimai buvo atlikti laikantis
gauto Valstybinés duomeny apsaugos inspekcijos leidimo (Nr. 2R-2384(2.6-1))
reikalavimy.

Tiriamyjy imtis — 192 vyrai. Visi sveiki vyrai, turintys gydytojo leidima
sportuoti. Tiriamyjy charakteristikos pateiktos 3.1.1 lenteléje.

3.1. Tyrimy organizavimas ir tyrimo protokolai

Pagal darbo uzdavinius tiriami vyrai buvo atrenkami i$ skirtingy popu-
liacijy: nesportuojantys, sportuojantys, didelio meistriSkumo sportininkai
(3.1.2 lentele). Taikyta tiksliné patogioji atranka. Didelio sportinio meistris-
kumo sportininky populiacijai buvo taikyta istisiné atranka.

Tyrimuose isskyréemé tris populiacijas:

» Nesportuojantys vyrai — reguliariai nesimankstinantys, nelankantys

sporto pratyby klubuose.

» Sportuojantys vyrai — savarankiskai arba sporto klubuose sveikatos
stiprinimo tikslais reguliariai (ne reciau kaip 2 kartus per savaite)
besimankstinantys vyrai.

» Didelio sportinio meistriSkumo sportininka — asmenys, kurie regu-
liariai treniruojasi pasirinktoje sporto Sakoje, siekdami sportiniy
rezultaty, dalyvauja Lietuvos ¢empionatuose ir tarptautinése sporto
varzybose.

Neijtraukimo Kkriterijai:

» moterys;

» vyrai, sergantys Sirdies ir kraujagysliy ligomis;

» vyrai, kuriy amzius < 20 m., vyrai, kuriy amzius > 35 m.

IS sportuojanciy ir nesportuojanciy vyry populiacijos buvo pasirinkti
LSMU bendruomenés vyrai, atitinkantys pirmosios brandos amziaus grupe:
20-35 mety vyrai. Pasirinkome $ias tiriamyjy populiacijas, nes siekiant jver-
tinti SKS funkcinés biiklés kaita sveikatos stiprinimo pratybose, taikant skir-
tingus fizinio kriivio atlikimo metodus bei vertinant pratybose sukeliamo
poveikio stiprumag tikslinga tirti jvairaus fizinio parengtumo asmenis.
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IS didelio sportinio meistriSkumo sportininky populiacijos pasirinkome
lengvaatlecCius ir tinklininkus (detali informacija 3.1.1 ir 3.2.2 tyrimy sky-
riuose).

Tiriamuosius kvietéme dalyvauti tyrime — iSsiuntéme kvietimus el. pastu,
jdé¢jome kvietimg internete ir skelbimy lentoje, Lietuvos olimpinio sporto
centre, sporto klube, Universitete.

Tyrimo imtis pasikliautinasis lygmuo 95 proc., o imties paklaida 10 proc.)

nustatyta remiantis Panioto formule:

1
n=-——
1
24—
kur:
n — imties dydis;
A — imties paklaidos dydis

N — populiacijos dydis.

3.1.1 lentelé. Tiriamyjy charakteristikos pagal pogrupius

Eil. Tiriamieii IStirta AmZius, metais KMI
Nr. 1 asmeny, n | (vidurkis = SD) | (vidurkis + SD)
1 | Nesportuojantys vyrai 84 24,6 2,1 242 +0,9
2 | Sportuojantys vyrai 75 23,6+ 1,6 22,2+0,6
3 | Didelio sportinio meistriSkumo 33 223+23 23,6 +£0,6
sportininkai

3.1.2 lentelé. Tiriamyjy skirstinys pagal darbo uzdavinius

Tiriamieji Imtis, n Bendrasm- vt}rlamlu Y
skaicius

Tuzdavinys | Nesportuojantys vyrai 27 78

Sportuojantys vyrai 27

Didelio sportinio meistriSkumo 24

sportininkai
Il uzdavinys | Sportuojantys vyrai 24 24
IIT uzdavinys | Sportuojantys vyrai 16 16
IV uzdavinys |Nesportuojantys vyrai 57 74

Sportuojantys vyrai 8

Didelio sportinio meistriSkumo 9

sportininkai
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3.1.1. Pirmojo uzdavinio tyrimy organizavimas ir imtis

Pirmojo uzdavinio tyrime dalyvavo ir atrankos kriterijus atitiko 80 tiria-
muyjy. Dviem tiriamiesiems uzraSytos EKG buvo nekokybiskos, todél nebuvo
analizuojamos. Tyrimus pradéjo 78 vyrai, suskirstyti | nesportuojanciy vyry
(n=27), sportuojan¢iy vyry (n=27) ir didelio sportinio meistriSkumo
sportininky (n= 24) pogrupius. Taikyty tyrimy metodai ir registruojami
rodikliai pateikti 3.1.1.1 lenteléje. Tyrimo organizavimo schema pateikta
3.1.1.1 pav.

3.1.1.1 lentelé. I uzdavinio tyrimy metodai ir registruojami rodikliai

Tyrimo pavadinimas Tyrimo metodai Registruojami rodikliai
1.1. Sasajy dinamikos tarp Elektrokardiografija | EKG rodikliai: SSD; dinaminés
EKG rodikliy kaitos ypatybés, sasajos tarp EKG rodikliy
atliekant gana lengva fizinj (RR_QRS; RR _JT; QRS JT)
krivj Veloergometrija Pasiekiamas galingumas [W]

nesportuojantys vyrai, n = 27, ; . T .
(nesp Jantys vy ) AKS kaitos uzrasymas | Sistolinis, diastolinis

1.2. Sirdies funkcijos rodikliy | AKS matavimai Sistolinis, diastolinis
kaitos ypatybés atliekant
pakopomis didéjantj krtvj iki
negaléjimo testi uzduotj bei
atsigavimo metu

(Didelio sportinio meistriskumo | Veloergometrija Pasiekiamas galingumas [W]
sportininkai, n = 24)
1.3. SKS funkcijos ypatybes Elektrokardiografija | EKG rodikliai: SSD; dinaminés
atspindinciy rodikliy kaitos sasajos tarp EKG rodikliy
ypatybés, atlickant pakopomis (RR_QRS; RR _JT; QRS JT
didéjantj kravj iki negaléjimo
bei atsigavimo metu

Reografija Sistolinis ir minutinis kraujo
taris

AKS kaitos uzraSymas | Sistolinis, diastolinis

(Sportugjantys vyrai, n = 27) Reografija Minutinis kraujo tiiris
Veloergometrija Pasiekiamas galingumas [W]
Neinvazing artimoji StO, — deguonies jsisoinimas
infraraudonoji raumenyse
spektroskopija
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Tiriamyjy kontingentas

1.1 tyrime jtraukti nesportuojantys vyrai (n = 27). Atliekant nedidelio
intensyvumo fizinj kriivi miisy vertinamy dinaminiy sasajy tarp EKG rodikliy
kaita yra dinamiskesné nei RR intervalo (arba SSD). Kartu parodyta — jei
kriivio atlikimas nesukelia nuovargio, tai vertinamos dinaminés sgsajos po
kriivio greitai sugrjzta pradinés vertés. Jeigu tokiame tyrime tiriamieji biity
sportuojantys vyrai, galima biiti svarstyti, ar tokia kaita néra jy fizinio
parengtumo atspindys.

1.2 tyrime dalyvavo didelio sportinio meistriSkumo sportininkai (n = 24).
Tokius tikslingus greitumo ir iStvermés kriivius atlaikan¢iy asmeny pogrupius
sudaréme remdamiesi tuo, kad SKS tiek greitosios, tiek ilgalaikés adaptacijos
prie fiziniy kriiviy ypatybes iSskirtinai daug lemia genetiniai veiksniai, biitent
renino ir angiotenzino sistema. Turé¢jome galimybe pasinaudoti LSU Kine-
ziologijos laboratorijos, kurioje atlikome §j tyrimg, turima informacija apie
angiotenzing konvertuojanc¢iojo fermento polimorfizmg. Taciau §i infor-
macija neapéme visy tiriamyjy, t.y. i§ 12-kos greitumo pogrupio tiriamyjy
7 tiriamieji buvo DD; 2 tiriamieji — ID; II tipo nebuvo né vieno tiriamojo, apie
3 tirlamuosius informacijos netur¢jome. Tarp iStvermés pogrupio tiriamyjy
6 tiriamieji buvo II tipo; 2 — ID tipo ir 0 — DD tipo, informacijos apie 4 tiria-
muosius neturéjome. Todél pasirinkome, kaip ir kity tyréjy tyrimuose, $iuos
tiriamyjy pogrupius jvardyti kaip greitumo arba iStvermés prie fiziniy kriiviy
adaptuoti asmenys.

1.3 tyrima jtraukti sportuojantys vyrai (n = 27). Jie pasirinkti, nes fizinio
kriivio tgsimas iki negal€jimo, t. y. paskutiniyjy fizinio kriivio pakopy atliki-
mas, reikalauja maksimaliy pastangy ir tik gydytojo leidima sportuoti turintys
asmenys gali atlikti tokj fizinj kraivj.
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1 uzdavinys. Nustatyti, ar EKG arba reografijos rodikliy sgsajy dinamikos analize (Dsk. kaita) yra
galimas metodas, vertinantis nesportuojanéiy, sportuojanéiy asmeny ar didelio sportinio meistri$-
kumo sportininky pratybose tatkomy fizinio krivio uzduociy sukeltg pratyby lickamajj efektg SKS

n= 80

n=2
Atitiko kriterijus, bet uZzregistruotos EKG buvo blogos kokybes, todel nebuvo analizuojamos

W}F
‘ . :

n=27 n=27 n=24
Nesportuojantys vyrai Sportuojantys vyrai Didelio meistriskumo
sportininkai
n=12 n=12

Greitumo gr. Istvermes gr.

y v # #

1.1 tyrimas. 1.3 tyrimas. 1.2 tyrimas.
Sgsajy dinamikos tarp EKG Sirdies funkcijos rodikliy SKS funkeijos ypatybes,
rodikliy kaitos ypatybes, kaitos ypatybés atliekant atspindin¢iy rodikliy kaitos
atlickant gana lengvg fizinj pakopomis didéjant] kravy iki ypatybes, atlickant pakopo-
kraivy negal¢jimo testi uzduot] bei mis did¢jant] kriivy iki negale-
atsigavimo metu jimo bei atsigavimo metu

3.1.1.1 pav. Pirmojo uzdavinio tyrimy organizavimo schema

Tyrimy protokolai

1.1 tyrimas. Dinaminiy sgsajy tarp EKG rodikliy kaitos ypatybes,
atlickant gana lengva fizinj kriivj.

Tiriamiesiems buvo uzdedama 10 EKG uzraSymo elektrody ir po 20-ties
min. adaptacijos (sédint) 5 min. EKG buvo uzraSoma 12-ka standartiniy
derivacijy. Véliau visi tiriamieji atliko 10-ties minu¢iy gana lengva kriivi
(25 W) — myné veloergometro pedalus 60 apsisukimy per minut¢. Po kravio
tirlamiesiems seédint ant veloergometro toliau buvo uzrasoma EKG stebint
atsigavimo eiga.

1.2 tyrimas. Sirdies funkcijos rodikliy kaitos ypatybés atliekant pako-

pomis did¢jant] kriivj iki negaléjimo testi uzduotj ir atsigavimo metu.

Sio tyrimo schema parodyta 3.1.1.2 pav. Tiriamieji po ramybés reogra-
mos uzrasymo (6 min.) atliko kas SeSias minutes pakopomis did¢jant] fizinj
kriivi (darbinis krivio didinimo protokolas) — iki negaléjimo testi uzduoti.
Pries pradedant kriivj, kiekvienos pakopos pabaigoje ir atsigavimo po kriivio
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metu buvo matuojamas AKS. Tiriamojo, baigiantis paskutinei kriivio pako-
pos minutei, buvo praSomas 5—6 sekundes nutraukti krtivy, ir Sios pertraukeélés
metu buvo uzrasoma reograma (sistolinio ir minutinio kraujo tiirio pokyciams
vertinti).

350 W
. 300 W
150 W 200 W
50'W 100 W
Ramybé Atsigavimas
5 min. 6 min. 6 min. 6 min. 6 min. 6 min. 6 min. 5 min. 5 min.
EKG >
TYRIMO SEKA

3.1.1.2 pav. Tyrimo protokolas, Sirdies funkciniy rodikliy kaitos ypatybés
atliekant pakopomis didéjantj kriivj iki negaléjimo bei atsigavimo metu

1.3 tyrimas. SKS funkcijas atspindingiy rodikliy kaitos ypatybés, atlie-
kant pakopomis did¢jantj kriivj iki negaléjimo bei atsigavimo metu

Sio tyrimo schema parodyta 3.1.1.3 pav. Tiriamieji po ramybés EKG
uzrasymo (6 min.) atliko gana lengva kriivi (50 W) ir 6 min. ils¢josi sédédami
ant veloergometro. Véliau tiriamieji atliko kas SeSias minutes pakopomis
did¢jant] fizinj kravi (darbinis kritvio didinimo protokolas) iki negaléjimo
testi uzduot]. Prie§ pradedant kriivj, kiekvienos pakopos pabaigoje ir atsi-
gavimo po kriivio metu buvo matuojamas AKS. Atsigavimo po kriivio laiko-
tarpiu EKG buvo uzraSoma penkias minutes bei pra¢jus 30 min. po kriivio
pabaigos.
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200-

50 W S50W

R-1 A-1

150-
200 W

250 W

100 W

Atsigavimas

Po 30 min.
atsigavimas

Ramybeé (R-1) — 5 min.
Atsigavimas (A-1) — 3 min.
Pakopos trikemé — 6 min,

Pakopomis didéjantis kriivis
Fakopos trukiné — 6 min,

Alsigavimas — 5 min.

Alsigavimas — 5 min.

EKG

> i LEKG >

TYRIMO SEKA

3.1.1.3 pav. Tyrimo protokolas, vertinant EKG rodikliy kaitos ypatybes
atliekant gana lengvq ir sunky fizinj kritvj iki negaléjimo testi uzduotj

3.1.2. Antrojo uzdavinio tyrimy organizavimas ir imtis

Antrojo uzdavinio tyrime dalyvavo ir atrankos kriterijus atitiko 25 tiria-
mieji. I§ jy vieno tiriamojo uzrasyta EKG buvo nekokybiska, todél nebuvo
analizuojama. Tyrimg pradéjo 24 asmenys, kurie burty tvarka, atsitiktinai,
suskirstyti ] du pogrupius po 12 tiriamyjy. Pirmoji grupé dalyvavo kontroli-
name tyrime, o po penkiy dieny pertraukos — okliuzinio poveikio tyrime. Kita
pusé tiriamyjy atvirkscia seka, t. y. pirmas tyrimas buvo okliuzinio poveikio,
o antrasis — kontrolinis tyrimas.

Taikyty tyrimy metodai ir uzrasomi rodikliai pateikti 3.1.2.1 lenteléje.
Tyrimo organizavimo schema pateikta 3.1.2.1 pav.

3.1.2.1 lentelé. 2 uzdavinio tyrimy metodai ir uzrasomi rodikliai

Tyrimo pavadinimas

Tyrimo metodai

UZraSomi rodikliai

2. Pratyby taikant okliuzinés
treniruotés metoda jtaka SKS
(Sportuojantys vyrai, n = 24)

Elektrokardiografija EKG rodikliai: SSD; dinaminés
sasajos tarp EKG rodikliy
(RR_QRS; RR JT; QRS IT;
Dinamometrija [kG]

AKS kaitos uzra§ymas

Sistolinis, diastolinis

Neinvaziné artimoji
infraraudonoji
spektroskopija

StO, — deguonies jsotinimas
raumenyse, proc.

Veny okliuziné
pletizmografija

AK - pratekancio kraujo kiekis,
ml/min./100 cm?
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Tiriamyjy kontingentas

Antrajame tyrime kvietéme dalyvauti sportuojancius vyrus. Nes tiriamy-
ju kontingentas atitiko darbo tikslg — jvertinti sveikatos stiprinimo pratybose
taikomy fiziniy kruviy sukeliamus poveikius.

2 uidavinys. Nustatyli sveikatg stiprinan¢iy sportuojanéiy vyry pratybose
taikomo okliuzinés treniruotés metodo sukeliama poveikj) SKS

A J
<25
Sportuojantys vyrai

Y
n=1
Adtitiko kriterijus, bet wiregistruota EKG buvo blogos kokybeés,
todel nebuvo analizuojama ir vertinama

A J \ |
n=12 n=12
Kontrolinis tyrimas Okliuzinio poveikio tyrimas
n=12 n=12
Oklivzinio poveikio tyrimas Kontrolinis tyrimas

v v

| 2 tyrimas. Pratyby taikant okliuzinés treniruotés metody jtaka SKS |

3.1.2.1 pav. Antrojo uzdavinio tyrimo organizavimo schema

Tyrimo protokolas

2 tyrimas. Pratyby taikant okliuzinés treniruotés metoda jtaka SKS
(3.1.2.2 pav.).

Tiriamieji buvo supazindinti su tyrimo procediira. Daug démesio skiria-
ma jiems supazindinti su fizinio kriivio atlikimo ypatybémis. Buvo matuo-
jama jy blauzdos raumeny maksimali valiné jéga (MVJ) — pédos lenkimas.
Per imituojamas pratybas tiriamieji atliko vietiSko (sin. lokalaus)
pobiidZzio fizinio kriivio uzduotj (40 proc, nuo MVJ):
»  pratimo intensyvumas — 40 proc. nuo MVJ;
» trys pratimy serijos, kuriy kiekvieng sudaré:
v aStuoni judesio kartojimo ciklai;
v' 30 s pertrauka tarp kartojimuy;
v' 2,5 min. pertrauka tarp serijy;

» 5 min. atsigavimas po tyrimo.

32



Prie$ tyrima buvo skiriama 20 min. adaptacijai sédimaja padétimi. Jos
metu buvo tvirtinami EKG ir StO2 uZraSymo davikliai, manZetés — pletiz-
mogramai registruoti bei okliudavimo procediirai atlikti, AKS manzete.
120 mm Hg okliuzinis slégis buvo taikomas pries§ krivio serijg ir baigiamas
po kiekvienos serijos (atsigavimo tarp serijy metu okliuzija buvo pasalina-
ma); kontrolinio tyrimo metu okliuzija nebuvo taikoma. EKG ir StO:
uzraSoma nepertraukiamai viso tyrimo metu, AKS — pries$ ir po kiekvienos
pratimo serijos, raumeny arterin€ kraujotakos matavimai — pries, po kiekvie-
nos pratimo serijos: po 30, 60, 120 sekundziy.

= e & Toie loed - = ilsis [ = B :
—_— |; '.; F Poilsis I.E I; I.s Poilsis I.S ‘.; I.E Atsi-
N g = E| 7 |E = | 7 g & 5| gavi-

kravij|== == = | serijos | == = =2 | serijos | =2 - -
5 min | |Poilsis Mpoitsis| | 2 min. [ |Poiisis| S |Poitsis| | 2 min. | T |Poilsis| S| Poilsis| O _mﬂs
305 305 30 sek. 30 305 30 sek. 30s 305 2 min.

1 serija 2 serija 3 serija
FKG, SO, >
TYRIMO SEKA

3.1.2.2 pav. Okliuzinés treniruotés metodo jtakos SKS, tyrimo schema

3.1.3. Trediojo uzdavinio tyrimy organizavimas ir imtis

Treciojo uzdavinio tyrime dalyvavo ir atrankos kriterijus atitiko 20 tiria-
myjy. Du tiriamieji atsisaké testi tyrima, atlike tik du intensyvaus kriivio
kartojimus. Vienas tiriamasis atliko visus keturis kriivio kartojimus, taciau
vos tik prasidéjus atsigavimui po kriivio pajuto galvos svaigima, ir taip pat
iSreiSke norg nutraukti tyrimg. Vieno tiriamojo uzrasytos EKG buvo i$skir-
tinai blogos kokybeés, tod¢l jos nebuvo analizuojamos. Visg tyrimo programag
pradéjo 16 tiriamyju. Taikyty tyrimy metodai ir uzraSomi rodikliai pateikti
3.1.3.1 lentel¢je. Tyrimo organizavimo schema pateikta 3.1.3.1 pav.

3.1.3.1 lentelé. 3 uzdavinio tyrimy metodai ir registruojami rodikliai

Tyrimo pavadinimas Tyrimo metodai Registruojami rodikliai

3. Pratyby, taikant trumpos Elektrokardiografija | EKG rodikliai: SSD; ST —
trukmés didelio intensyvumo segmento depresija, dinaminés
intervalinio pobiidzio kriivius, sasajos tarp EKG rodikliy
jtaka SKS (RR_QRS; RR JT; QRS JT
(Sportuojantys vyrai, n = 16) Veloergometrija Galingumas [W]; Apkrova —

1 W, 1 kg kiino masés, pagal
Wingeito testo protokolg

AKS kaitos uzraSymas | Sistolinis, diastolinis
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Tiriamyjy kontingentas

TrecCiame tyrime kvietéme dalyvauti sportuojancius vyrus, nes tiriamyjy
kontingentas atitiko darbo tiksla — jvertinti sveikatos stiprinimo pratybose
taikomy fiziniy kruviy sukeliamus efektus.

3 uzdavinys. Nustatyti sveikatg stiprinan¢iy sportuojanéiy vyry pratybose
taikomo didelio intensyvumo intervalinés treniruotés metodo jtaka SKS

’

n=20
Sportuojantys vyrai

n-=4
Atitiko kriterijus, bet 3 tiriamieji nesutiko testi tyrimo, 1 tirtamaojo uZregistruota
EKG buvo blogos kokybés, todél nebuvo analizuojama ir vertinama

n=16

3 tyrimas. Pratyby, taikant trumpos trukmes didelio intensy vumo intervalinio
pobidzio krivius, jtaka SKS

3.1.3.1 pav. Treciojo uzdavinio tyrimy organizavimo schema

Tyrimo protokolas

3 tyrimas. Per pratybas taikomo didelio intensyvumo intervalinés treni-
ruotés metodo jtaka SKS (3.1.3.2 pav.).

Tiriamieji pries tyrima buvo supazindinami su imituojamyjy pratyby eiga
ir kriivio atlikimo ypatybémis. Jiems pasakyta, jog gali bet kuriame tyrimo
etape nutraukti dalyvavima jame. Atvyke | tyrimg jie pasiraS§ydavo Asmens
informavimo formg. Po 5 minuciy apsilimo (50 W) ne maziau kaip penkios
minutés buvo skiriamos poilsiui prie§ pagrindinj pratyby kriivj. Sio poilsio
metu buvo tvirtinami EKG elektrodai. DIIT pratyby turinj sudaré keturi
20 sekundziy trukmés kriiviai, apkrova — 1 W, 1kg kiino masés pagal
Wingeito testo protokola. Atlikdami kriivius tiriamieji turéjo stengtis minti
veloergometro pedalus didZiausiu galimu daznumu. Pertraukos atsigauti tarp
kriiviy buvo trys minutés. Visy pratyby metu ir pirmasias penkias min. po
kriivio buvo nepertraukiamai uzraSoma EKG. EKG dar karta buvo uZzrasoma
praéjus 30 minuciy nuo pratyby pabaigos.
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Ramybé B 3 min E 3 min. E smin. |'2| Atsigavimas Po 30 min.
3 min. = poilsis poilsis poilsis ot 5 min. atsigavimas
EKG > [ EKG >
TYRIMO SEKA

3.1.3.2 pav. Didelio intensyvumo intervalinés treniruotés metodo jtaka SKS,
tyrimo schema

3.1.4. Ketvirtojo uZdavinio tyrimy organizavimas ir imtis

Ketvirtojo uzdavinio tyrime dalyvavo ir atrankos kriterijus atitiko 75 ti-
riamieji. IS jy vieno tiriamojo uzraSyta EKG buvo blogos kokybés, todél
nebuvo analizuojama. Tyrimus pradéjo 74 asmenys, suskirstyti ] nesportuo-
janciy asmeny (n = 57), sportuojan¢iy asmeny (n = 8) ir didelio sportinio
meistriSkumo sportininky (n = 9) pogrupius. 4.4 tyrime pasirinkti trys pogru-
piai: nesportuojanciy asmeny (n = 9), sportuojanéiy asmeny (n = 8) ir didelio
sportinio meistriSkumo sportininky (n = 9). Taikyty tyrimy metodai ir uzraso-
mi rodikliai pateikti 3.1.4.1 lenteléje. Tyrimo organizavimo schema pateikta
3.1.4.1 pav.
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3.1.4.1 lentelé. 4 uzdavinio tyrimy metodai ir uzrasomi rodikliai

Tyrimo pavadinimas Tyrimo metodai UZraSomi rodikliai

4.1. Dinaminiy sgsajy tarp EKG Elektrokardiografija |EKG rodikliai: SSD;
rodikliy kaita atlickant nesudétinga dinaminés sasajos tarp EKG
pusiausvyros i$laikymo uzduoti. rodikliy (RR_QRS; RR_JT;
(Nesportuojantys vyrai, n = 24) QRS JT

4.2. Dinaminiy sgsajy tarp EKG Elektrokardiografija |EKG rodikliai: SSD;
rodikliy kaita atlieckant vis dinaminés sgsajos tarp EKG
sudétingesnes, koordinaciniy rodikliy (RR_QRS; RR_JT;
pastangy reikalaujancias uzduotis. QRS JT

(Nesportuojantys vyrai, n = 12)
4.3. Dinaminiy sgsajy tarp EKG Elektrokardiografija | EKG rodikliai: SSD;

rodikliy kaita, kai nesportuojantys dinaminés sgsajos tarp EKG
asmenys aerobinio kriivio metu rodikliy (RR_QRS; RR_JT;
atlicka papildomas uzduotis QRS JT

(dvigubos uzduoties metodas)
(Nesportuojantys vyrai, n = 12)
4.4. Dinaminiy sasajy tarp EKG Elektrokardiografija | EKG rodikliai: SSD;

Veloergometrija Galingumas [W]

rodikliy kaita atlieckant dinaminés sgsajos tarp EKG
diferencinio mokymo metodu rodikliy (RR_QRS; RR _JT;
grindziamas uzduotis. QRS JT

(Didelio sportinio meistriskumo
sportininkai, n = 9; sportuojantys
asmenys, n = 8; nesportuojantys
asmenys, n = 9)

Tiriamyjy kontingentas

4.1,4.2, 4.3 tyrimuose kvietéme dalyvauti nesportuojancius asmenis, nes
tiriamyjy kontingentas atitiko darbo tikslg — jvertinti sveikatos stiprinimo
pratybose taikomy fiziniy kriiviy sukeliamus poveikius.

4.4 tyrime pasirinkti trys pogrupiai, vadovaujantis Siais motyvais.

Jeigu Siame tyrime tiriamieji biity tik sportuojantys asmenys, galima biity
svarstyti, ar tokia kaita néra jy fizinio parengtumo atspindys. Taigi tyrime
buvo sudarytas ir nesportuojanciy asmeny pogrupis. Treiasis pogrupis —
didelio sportinio meistriSkumo sportininkai (tinklininkai) buvo jtraukti vado-
vaujantis Siais motyvais. Diferencinio mokymo / treniravimo metodas grin-
dziamas nuolatine variacija, t. y. dazniausiai, kiekviena kita uzduotis yra tam
tikra variacija anks¢iau buvusios uzduoties. Sio tyrimo metu tiriamasis,
eidamas ant bégtakio, atlieka vis naujas uzduotis rankomis (judesiai jvairiose
plokstumose, ratai / cirkumudacijos (sukimai) rieso, po to — alkiinés, peties
sgnario ir t. t.). Tokig judesiy rankomis jvairove, atlickant globalaus pobtidzio
fizinius krivius (kai atliekant krivi dalyvauja didzioji dalis kitno raumeny
masés), turi tinklinio sporto Sakos atstovai. Biitent jy dalyvavimas tyrime
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galéty leisti jvertinti, ar koordinaciniai judamieji gebéjimai turi jtakos atlie-
kant diferencinio mokymo metodu grindziamas uzduotis. Uzduotys buvo
formuluotos sudétingumo didéjimo kryptimi.

4 uidavinys. Nustatyti, ar padidés sveikatos stiprinimo pratyby sukeltas poveikis SKS,
jet pratybos bus papildytos diferencinio mokymo metodu grindZiamomis uzduotimis

n=75

n=1
Atitiko kriterijus, bet uZregistruota EKG buvo blogos kokybes, todel nebuvo analizuojama

n="74
h v
Nesportuojantys vyrai
v v y
n=24 n=9 n=2_8 n=9
4.1 tyrimas. Dinaminiy sgsajy Nesportuo- Sportuojan- Didelio
—» tarp EKG rodikliy kaita atliekant jantys vyrai tys vyrai meistriskumo
nesudétingg pusiausvyros sportininkai
i§laikymo uzduotj
4 4 4
n=12 n=26
4.2 tyrimas. Dinaminiy sgsajy 4.4 tyrimas. Dinaminiy sgsajy tarp EKG rodikliy
—» tarp EKG rodikliy kaita atliekant kaita atliekant diferencinio mokymo metodu
vis sudétingesnes, koordinaciniy grindziamas uzduotis
pastangy reikalaujanéias uzduotis
n=12
4.3 tyrimas. Dinaminiy sgsajy tarp
—»| EKG rodikliy kaita, kai aerobinio
kriivio pratybose taikomas dvigubos
uzduoties metodas

3.1.4.1 pav. Ketvirtojo uzdavinio tyrimy organizavimo schema

Tyrimo protokolai

4.1 tyrimas. Dinaminiy s3sajy tarp EKG rodikliy kaita atliekant nesudé-
tingg pusiausvyros islaikymo uzduot;.

Tiriamieji atliko 10-ties minuc¢iy trukmés pusiausvyros iSlaikymo fronta-
lin¢je plokStumoje uzduotj stovédami ant dinaminés platformos. Tiriamieji
kompiuterio ekrane stebéjo uzraSomos kreivés kitimus ir iSkart zinojo, ar
s¢kmingai atliko uzduoti. Jie buvo skatinami atlikti uzduotj kuo kokybiskiau.
Viso tyrimo metu buvo nepertraukiamai uzraSoma EKG.
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4.2 tyrimas. Dinaminiy s3sajy tarp EKG rodikliy kaita atliekant vis
sudétingesnes, koordinaciniy pastangy reikalaujancias uzduotis.

Tiriamieji turéjo atlikti dvi uzduotis. Pirmoji uzduotis lygiai tokia pati
kaip ir ankstesniame tyrime — pusiausvyros iSlaikymas frontalinéje plokstu-
moje stovint ant dinaminés platformos. Antroji uzduotis— pusiausvyros islai-
kymo metu tiriamasis pagal tyréjo nurodymus privalé¢jo atlikti vis nauja
uzduotj, sunkinancig pusiausvyros islaikyma. Tai buvo jvairios pusiau priti-
pimy, kamuoliuko (-y) metimo ir sugavimo uzduotys. Viso tyrimo metu buvo
nepertraukiamai uzraSoma EKG.

4.3 tyrimas. Dinaminiy s3sajy tarp EKG rodikliy kaita, kai per aerobinio
kriivio pratybas taikomas dvigubos uzduoties metodas.

Tiriamieji buvo tirti du kartus, t. y. atsitiktinai sudaryta seka, atliko dvi
20 min. trukmés fizinio kriivio pratybas su trijy dieny pertrauka tarp jy. Tai
buvo gana lengvas (25 W) kriivis, minant veloergometro pedalus 60 aps./min.
dazniu. Vienas i§ tyrimo uzdaviniy buvo nustatyti aerobinio kriivio, kitas —
dvigubos uzduoties metodo jtaka EKG rodikliy dinaminiy sgsajy kaitai.
Pastaryjy pratyby ypatybé — tiriamajam minant veloergometro pedalus pro-
tarpiais buvo praSoma ranka (rankomis) atlikti nesudétingas, bet koordina-
ciniy pastangy reikalaujancias uzduotys, o kiekviena paskesné uzduotis buvo
vis nauja prie$ tai buvusios uzduoties variacija. Tiriamyjy SKS funkcinés
biiklés vertinimai buvo atliekami prie§ pratybas, praé¢jus 5 min. ir 30 min. po
pratyby. Tyrimo organizavimo schema parodyta 3.1.4.2 pav. Naudojantis
kompiuterine EKG uzraSymo ir analizés sistema ,,Kaunas — kriivis* buvo
nuolatos uzraSoma 12-ka standartiniy derivacijy EKG pries pratybas, praéjus
5 min. ir 30 min. po pratyby.

A — aerobinio kravio pratybos

AEROBINIS KRUVIS

EKG [ idsisissvamnnss v EKG e EKG

S . oilsis 3 oilsis A

: : Poil : Poil -

5 min. Pratybos — 20 min. ) 5 min. 5 ) 5 min.
5 min. 20 min.

Adaptacija
20 min.

B — pratybos su DU uwiduotimis

oo oo o
| D U et EKG EKG

=i Poilsis e Poilsis ;
2 min. Praq:bo_g 20 min. i J min. it i 5 min.
3 min. 20 min.

Adaptacija
20 min.

3.1.4.2 pav. Aerobinio kritvio pratyby, per kurias taikomas dvigubos
uzduoties metodas, tyrimo organizavimo schema
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4.4 tyrimas. Dinaminiy sasajy tarp EKG rodikliy kaita atliekant diferen-
cines uzduotis.

Tiriamieji atliko jvairias jiems pasitilomas uzduotis eidami 3 km/val.
greiciu ant bégimo takelio takelio ,,HORIZON Paragon 5% (Johnson health
tech, 2016 m.). Bendra $io tyrimo trukmé po 20 min. adaptacijos tyrimo
salygomis — 20 min. Po santykinés ramybés biiklés uzraSymo (EKQG) tiria-
mieji 10 minuciy atliko diferencinio ¢jimo uzduotj. EKG nuolatos buvo uzra-
Soma viso diferencinio €jimo metu ir viso stebéto penkiy minuciy atsigavimo
po krtivio metu. Tyrimo schema pateikta 3.1.4.3 pav.

Diferencinj ¢jimg sudaré¢ vis naujos uzduotys €jimo metu. Jy tiriamieji
pogrupiai (nesportuojantys ir didelio sportinio meistriskumo sportininkai) iki
Siol nepraktikavo, o sportuojanciy vyry grupé jau mokejo ir jy pratybose
tokios uzduotys jiems buvo jprastos. Sios uzduotys — tai éjimo metu atlickami
vis sudétingesni kompleksiniai judesiai rankomis, peciy juosta ir liemeniu.
Judamyjy uzduociy naujos variacijos pasitilomos kas 30—40 s (3 priedas).

= Diferencinis é¢jimas T
Pried s Atsigavimas
) 10 min. =
3 min. 3 min.
2.5 min. | 2.5 min. 1 kriivio pusé — 5 min. | 1 kriivio pusé — 5 min. 2.5 min. 2.5 min.
7 >
TYRIMO SEKA

3.1.4.3 pav. Tyrimo, vertinant diferencinio éjimo jtakq SKS, schema

3.2. Tyrimo metodai

Per tyrimus buvo taikyti §ie metodai:

» Elektrokardiografija

» Reografija

» Veny okliuziné pletizmografija

»  Arterinio kraujospiidzio (AKS) matavimas

» Neinvaziné artimoji infraraudonoji spektroskopija
» Dinamometrija

» Veloergometrija

» Posturografija

» Suvokiamy pastangy metodas (Borgo skalé)
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Elektrokardiografija

Dvylikai standartiniy derivacijy EKG uzraSyti buvo naudojama Kauno
medicinos universitete Kardiologijos institute sukurta kompiuteriné EKG
uzraSymo ir analizés sistema ,,Kaunas — Kriivis W03“. Minéta sistema buvo
nepertraukiamai uzraSoma EKG ir matuojami kiekvieno kardiociklo metu
uzraSyty rodikliy vertés. Kompiuterizuota sistema ,,Kaunas — Kravis W03
ne tik matuodavo, bet ir apskai¢iuodavo pasirinkty rodikliy dinaminiy sasajy
vertes. [Ssamiau dinaminiy sgsajy vertinimo apskai¢iavimo metodika pateikta
3.3 skyriuje. Buvo analizuojami ir vertinami Sie rodikliai: RR intervalo
trukmé (arba SSD); JT intervalo ir QRS komplekso trukmés; bei ST segmento
depresija.

Reografija

Audiniy elektrinés varzos pokyc¢iy uzraSymas (reografija) yra metodas,
taikomas Sirdies sistolinio ir minutinio kraujo tdrio kitimams vertinti. Sis
metodas grindziamas tuo, kad aukstojo daznio sroviy plitimas kriitinés seg-
mente yra modifikuojamas kiekvienos Sirdies sistolés metu iSstumiamo krau-
jo kiekio ir jo nutekéjimo j periferines kraujagysles. Sirdies sistolés metu
reogramos kreiveé kyla proporcinga Sirdies iSstumtam kraujo kiekiui — elektri-
né varza mazéja.

Tyrime naudotas reopletizmografas RPG2-02 (gamint. Ukraina, 1996).
Sistolinis kraujo tiiris apskaiCiuotas pagal placiai taikomg Kubicek’o su
bendraautoriais pasiiilyta formule[195]:

L2 .
Vs = K'p;Ad'Tl,

kur: K — paklaidos koeficientas, priklausantis nuo elektrody uzdéjimo vietos,
naudojamo prietaiso tipo, miisy sqlygomis jis — 0,9, p — kraujo varza,
koreguota pagal hemotokritg 150 omy (Q); L — nuotolis tarp matavimo
elektrody (cm); Z — pagrindiné pilnutiné varza (sin. impedansas), nustatoma
pagal reografo skale (€)); Ad - diferencinés reogramos amplitude (C/s);
Ti - kraujo isstimimo laikas (s).

Nuotoliai tarp reogramos anakroty danteliy teikia informacija apie SSD,

minutinis kraujo tiris buvo apskai¢iuotas kaip SSD ir sistolinio kraujo tirio
sandauga.
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Veny okliuziné pletizmografija

PratekancCio arterinio kraujo kiekj vertinome pagal pletizmogramos
kilimo greitj per pirmasias sekundes po okliuzijos. Venoms okliuduoti buvo
naudojama 12 cm plocio manzetés, uzdedamos proksimaliau tiriamojo seg-
mento (blauzdos raumenys), t. y. tirlamojo segmento did¢jimas yra tiesiogiai
proporcingas pratekancio arterinio kraujo kiekiui, nes per tokj trumpg laiko
tarpg slégis venose ir arterijose nekinta dél veniniy kraujagysliy tamprumo.
Tode¢l tiriamojo segmento apimties didéjimas dél trumpalaikés veny okliu-
zijos atspindi pratekancio arterinio kraujo kiekj segmente. Oras | okliuzing
manzet¢ buvo pripuciamas labai greitai (per 0,5 s). Pletizmograma buvo uzra-
Soma Vitné€jaus (Whitney) pletizmografu, sujungtu Vitstono (Wheatstone)
elektroniniu tilteliu.

Arterinio kraujospudZio (AKS) matavimas

Arterinis kraujospidis buvo matuojamas jprastu Korotkovo metodu, t. y.
manzet¢ uzdedant kairés rankos zasto srityje. Buvo vertinami Sie AKS
rodikliai: sistolinis slégis (S), diastolinis slégis (D), pulsinis slégis (S-D).

Neinvaziné artimoji infraraudonoji spektroskopija (StO:)

Atliekant fizinius krtvius, t. y. kriivio metu ir po jo, deguonies jsotinimo
kaita raumenyje buvo vertinama neinvaziniu artimosios infraraudonosios
spektroskopijos biidu, naudojant fotojutikly (Hutchinson Technology —
Inspectra Tissue Spectrometer — Model 325). Jutiklis buvo tvirtinamas ant
pagrindinés raumeny grupés, atliekancios judesj. Deguonies jsotinimo (StOz)
laipsnis uzraSomas nepertraukiamai (suvidurkinti matavimo duomenys
prietaiso vaizduoklyje (displéjuje) buvo gaunami kas 2,5 s) viso kriuvio ir
4 minutes po kriivio.

Dinamometrija

Pédos lenkiamyjy raumeny jégai pamatuoti ir fizinio krivio dydZiui
parinkti buvo matuojama pédos lenkiamyjy raumeny maksimali valinga jéga
(MVJ). Tam buvo naudojamas specialus dinamometrinis jrenginys (paga-
mintas Maskvos medicinininés jrangos mokslininio tyrimo institute, 1991),
leidZiantis tvirtai fiksuoti blauzdos segmenta ir vietiSkai (sin. lokaliai) pa-
matuoti MVJ ir dozuoti fizinio kriivio uzduotis. Koja buvo tvirtinama 90°
kampu per kelio sgnaryje ir 70° — ¢iurnos sgnaryje. Nustatant pédos lenkia-
myjy raumeny jéga, tiriamiesiems sédint buvo leidziama rankomis laikytis uz
dinamometrinio jrenginio. Tiriamieji atlikdavo po tris matavimus, protokole
buvo uzraSoma didZiausia $iy trijy matavimy verte.
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Veloergometrija

Vietisko (sin. lokalaus) (A) ir globalaus (B) pobtidzio fiziniam kriiviui
dozuoti buvo taikomas ergometrijos metodas.

A — Vietiska (sin. lokali) ergometrija

Tiriant; vadinamosios okliuzings treniruotés metodo jtaka, tiriamieji atli-
ko lokalius fizinius kriivius, pédos tiesimo judesius pakeldami ir nuleisdami
svorj (40 proc. nuo MVJ) pagal metronomo diizius, t.y. 30 judesiy per
minute.

B — Veloergometrija

Veloergometrinius kriivius tiriamieji atliko mindami veloergometra
»Monark — 928G3*“ (gamint. Monark Exercise, 2018). Visais atvejais buvo
pasirinkta pedaly mynimo daznumas — 60 apsuky per minutg. Prie§ tyrimg
individualiai pagal tiriamojo kiino individualias ypatybes buvo sureguliuo-
jama sédynés ir vairo rankeny padétys ir pedaly tvirtinimo dirZeliy jtempimas,
uztikrinantis patogy mankstinimosi uzduoties atlikima.

Buvo taikytas kas minut¢ didéjan¢io provokacinio kriivio protokolas,
didinant kravi po 50 W. Ramybés metu prie§ krivj, kriivio metu ir 5 min.
atsigavimo metu kompiuterine EKG uzrasymo ir analizés sistema ,,Kaunas—
kriivis* buvo uzraSoma 12 standartiniy derivacijy EKG ir kas 1 min. matuo-
jamas AKS.

Posturografija

Tiriamieji atliko pusiausvyros iSlaikymo wuzduotis stovédami ant
pusiausvyros kontrolés platformos ,,LIBRA Balance-board* (42 x42 cm plat-
forma, svoris 2,7 kg). Kompiuterizuota uzduoties atlikimo vertinimo progra-
ma pateikdavo integraly uzduoties atlikimo tikslumo jvertinimg balais,
integruodama uzrasymo kreivés apibrézdavo nukrypimy uzduoties plota.

Suvokiamy pastangy metodas (Borgo skal¢)

Vartodami Borgo skalg tiriamieji po kruvio jvertindavo pratybose atlikto
kriivio sunkuma pagal 10 baly skale [196].
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3.3. Dinaminiy sasajy vertinimai ir statistika

Dinamines sgsajas tarp uzrasyty EKG rodikliy vertinome taikydami
Lietuvos mokslininky sukurtg algebriniy duomeny kointegracijos metoda
[167, 187,197, 198].

Dinaminiy sgsajy vertinimo metodika iSsamiai apraSyta daugelyje
publikacijy [116, 167, 189, 191, 192, 199, 200], toliau pateikiami esminiai
§io vertinimo momentai.

Pagal Sig metodika, vertinant dviejy elektrokardiogramos rodikliy
sgveika, buvo sudaromos dvi sinchronizuotos skaitmeninés laiko eilutés

(xn;n = 0,1,2,...) bei (yn;n = 0,1,2,...), gia x, ir y, realiis skaiCiai, t.y.
elektrokardiogramos pasirinkty rodikliy seka. Siekiant juos palyginti pradi-
niai duomenys buvo normuojami pagal formule:

¥ xsena reiksmé xmin
navja reiksme D

X . —X

max min

Cla X, ir X, — minimali irdidZiausia nagrin¢jamo parametro fiziologiné

min

verte.
Turint dvi duomeny sekas (x,;n =0.1,2,...) bei (y,;n =0,1,2,...) 1§ ju buvo

C o ... a, b,
sudaroma matriciné laiko eiluté¢ (4,;n=0,1,2,...). Cia 4, :=[ p } 0
c

n n

koeficientai  a,,b,,c,,d,  sudaromi taip: @, =X, d =y,

b, = oc(xn_1 -V ), c, = ,B(xn+l ~ yn+l), kai parametrai «, 8 yra parenkami
atsizvelgiant i laiko eilugiy (x,;7=0,1,2,...) ir (y,;n=0,1,2,...) ypatumus.
Rys$i tarp dviejy seky geriausiai apibiidina dsk 4, = (dfrAn )2 +4cdp A,
(diskriminantas).

Verinant gauty tyrimy rezultatus svarbu pazyméti, kad matricy analizés
teorijoje iSskiriamos dvi svarbios matricy rusys. I matrica yra vadinama

idempotentu (pastovios galios matrica), jeigu 1° = I, o matrica N — nulpo-
0 0
tentu (matrica, netenkancia galios), jeigu N> =0, kai 0:= {O 0}. Jeigu

matricy 4, diskriminantai artéja prie nulio, tai matricos 4, i§ idempotentiniy
matricy virsta nulpotentinémis. Tai rodo, kad duotosios dvi duomeny sekos
(xn;n = 0,1,2,...) ir (yn;n = 0,1,2,...) panaséja, mazéja individualus jy
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informatyvumas, vadinasi, jos apraSo vis labiau sgveikaujancig dviejy proce-
sus generuojanciy subjekty sistema. Taigi diskriminanto (Dsk) mazéjimas
atspindi sgsajos stipréjima, ir atvirk$ciai, Dsk ver¢iy didéjimas — sgsajos
silpnéjima [189, 191, 192, 200].

Vertinant tirty sveikatos stiprinimo pratybose taikomy poveikiy (pro-
ceso kaitos krypciai nustatyti) trijy dinaminiy sgsajas, Dsk vertés buvo
sumuojamos (pagal Y. Bar Yam kompleksiskumo profilio logikg) [201]:

DSKsum = DSKrr_gQrs + Dskrr st + Dskors Jt,

kur:
Dskgrr_ors — tarp RR intervalo ir QRS kompleso;
Dskgrr_jt— tarp RR intervalo ir JT intervalo;
Dskors-yt — tarp QRS kompleksi ir JT intervalo.

Matematiné statistika

Statistiné duomeny analizé buvo atlikta SPSS 23.0 for Windows bei
Microsoft Excel 2017 kompiuterio programomis. Dviem priklausomoms
imtims palyginti, kai duomenys atitiko normalumo prielaida, taikytas porinis
Stjudento t testas, kai netenkino — neparametrinis Vilkoksono kriterijus. Dviem
nepriklausomoms imtims palyginti vartotas Manio Vitnio testas. Rezultatai
pateikti kaip aritmetinis vidurkis ir standartinis nuokrypis (m = SD). Skirtu-
mas laikytas statistiSkai reikSmingas, kai p < 0,05.
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4. TYRIMU REZULTATAI

4.1. Dinaminiy sasajy tarp EKG rodikliy kaitos ypatybés,
atliekant santykinai lengvus ir varginancius fizinius kriivius
bei atsigavimo po ju metu

4.1.1. Sasajuy dinamikos tarp EKG rodikliy kaitos ypatybés,
nesportuojantiems vyrams atliekant gana lengva fizinj kravi

Nesportuojanciy vyry (n = 24) suvidurkinta SSD kaita. Sio tyrimo
rezultatai pateikti 4.1.1.1 pav. Pries fizinj kriivj, tiriamiesiems ramiai sédint,
SSD siek tiek svyravo, t. y. 74,1 = 10,9 k./min. — maziausia verté ir 75,7 +
11,1 k./min. — didZiausia verté, pradéjus kriivj SSD greitai didéjo pirmasias
dvi minutes iki 110,9 = 12 k./min. Toliau did¢jimas buvo labai mazas, t. y.
iki kriivio pabaigos padidéjo vidutiniskai iki 114,9 + 13,8 k./min. Gauti SSD
kaitos rezultatai parodé, kad tiriamiesiems atlickant gana lengva kruvj
veloergometru SSD vertés statistiskai reikmingai skyrési nuo ramybés
biklés uzradyty SSD ver¢iy (t(16) = 8,187; p < 0,001). Atsigavimo po kruvio
metu stebéjome greita SSD mazéjima, ir jau antrajg atsigavimo minute SSD
vidutiniskai buvo 80,3 + 14,4 k./min.; penktajag minut¢ po krivio — 76,8 +
13,1 k./min.

140

120 T T T 1L

é‘il’), k./min
g B
Ly
—
|5
-
\
—
—

A—*——E—H + =\
: 4
60 -
Ramybe Fizinis kruvis Atsigavimas
- i strn — 25 L
.| 5 min. (veloergometru — 25 W) 5 Tiati
2 3 4 35 i 2 3 4 § 6 7 & 9 10 @ 2 3 4 3
PR A, min. min. min, ML MiA. min.e Min. min. DA, WA, Min. MR, min, MU min. min. min. min.

4.1.1.1 pav. Nesportuojanciy vyry SSD kaita atliekant lengvg (25 W) kriivi
veloergometru

* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.
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0.05 Ramybé Fizinis kruvis Atsigavimas
666 3 min. (veloergometru — 25 W) 3 min.
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1.0
0.8
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]
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' Ramybe Fizinis kravis Atsigavimas
0.0 3 min. (veloergometru — 25 W) 3 miin.

i 2 3 4 5 1@ 2 3 4 5 6 7 & 9 10! 2 3 4 35

MR MR, pUR. iR, min. IR min, min. min. iR min. min. IR, pin. min, WM. iR min. min. min.

4.1.1.2 pav. Nesportuojanciy vyry dinaminiy sgsajy kaita atliekant
santykinai lengvq fizinj kritvi: (A) sgsaja tarp RR_QORS; (B) sgsaja tarp
RR JT; (C) sgsaja tarp QRS JT

* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.
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Dinaminiy s3sajy tarp EKG rodikliy (RR_QRS; RR_JT;QRS JT) kaita
parodyta 4.1.1.2 (A—C) pav. Tiriamiesiems ramiai sédint prie§ kriivi Dsk
vertés ramybés biikléje svyravo nedaug ir vidutiniSkai buvo Dskrr Qrs —
0,239 £ 0,095; Dskrr i1 — 0,217 £ 0,082 ir Dskqrs ir— 0,630 + 0,298. Fizinio
kriivio pradzioje stebéjome greita Dskrr Qrs ir Dskors iv statistiSkai
reik§mingg sumaz¢jimg, atitinkamai, Dkrr _ors — 1ki 0,119 + 0,074, ((16) =
4,971; p<0,001). ir Dskqrs it —1ki 0,365 + 0,124, (t(16) = 5,453; p <0,001).
Dskrr T kaitg galima apibudinti, jog buvo silpnai iSreik§ta maZzéjimo
tendencija, taCiau tai nebuvo statistiSkai reikSmingi pasikeitimai. Po kriivio
stebéjome Dsk atsigavima, t. y. grizimg iki pradiniy verciy.

Integruota trijy vertinty dinaminiy sasajy (Dskrr Qrs; Dskrr it ir
Dskars Jr) kaita pateikta 4.1.1.3 pav. Susumuotos Dsk vertés ramybés bikleje
vidutiniskai, buvo 1,086+0,039. Pirmojo kriivio puséje stebéjome statistiskai
reikSmingg dinaminiy sgsajy sustipréjima, t.y. Dsk sumazéjimg iki 0,625 +
0,021 (Z = -5,137; p = 0,001). Antroje kruvio puséje Dsk isliko sumazejes
0,599 £v0,021, (t(50) = 6,287; p = 0,001). Atsigavimo penktajg minute Dsk
statistiSkai reikSmingai nesiskyré nuo pradiniy verciy (Z =-2,348; p=0,019).

1,0

E o8
7
% 00
A H 4 N
0.4 V1 kruvio pusé | 2 kravio pusé |
0.2 Ramybé Fizinis kravis Atsigavimas
3 min. (veloergometru - 25 W) 5 min.

0.0
12 3 4 5 ! 2 3 4 5 6 7 & 9 01 2 3 4 5
PUFL fHid. AL BRI IR TR i, IREAL BRERL AL BRURL IERL IR ER. iR, IETL i, iR iR, i,

4.1.1.3 pav. Nesportuojanciy vyry integruota trijy vertinty dinaminiy sqsajy
(Dskrr_ors; Dskrr Jr ir Dskors 1) kaita fizinio kriivio metu ir penktgjq
atsigavimo minute

* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.
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4.1.2. Sirdies funkcijos rodikliy kaitos ypatybés didelio
meistriSkumo sportininkams atliekant pakopomis didéjantj
kriaivj iki negaléjimo testi uZduotj bei atsigavimo metu

Gauti tyrimo rezultatai tiriant didelio meistriSkumo sportininky (grei-
tumo n = 12 ir istvermés grupiy n = 12) SKS rodikliy kaita ir jy dinaminés
sasajos pateiktos 4.1.2.1-4.1.2.4 paveiksluose ir 4.1.2.1 lentel¢je.

SSD rodikliy kaita atlickant pakopomis didéjancius fizinius kriivius
parodyta 4.1.2.1 pav. Nebuvo statistiSkai reikSmingo skirtumo tarp grupiy kai
lyginome pradines SSD vertes uzrasytas pries fizinio kriivio atlikima (67,2 +
7,9 k./min. — iStvermes grup¢je ir 70,0 £ 6,8 k./min. — greitumo grupéje).
Atliekant fizinj kriivi SSD didéjo su kiekviena didéjanéio krivio pakopa tik
greitumo grupgje, Sis did¢jimas buvo greitesnis ir atlieckant 150 W krtivio
pakopa skirtumas tarp grupiy pasieke statistiSkai reikSmingas ribas (U = 21,
p= 0,002). Ta¢iau palygine uZraSytas didZiausias SSD vertes atliekant
paskutinigja kravio pakopa, statistiSkai reikSmingo skirtumo tarp grupiy
neradome U =36, p=10,041, (171,9 + 7,4 k./min. — iStvermeés grupé€je ir 169,2
+ 4,6 k./min. greitumo grupéje).
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SSD, k./min.
%0

350
J00W | W

Atsigavi-
mas

250 W

100 W
W 50 W

Smin. 6 min. 6 min. 6 min. 6 min. 6 min. 6 min. 3 min. 3 min.

Pakopomis didéjantis kravis
TYRIMO SEKA

| a=ymm [Stvermes gr. =0= Greitumo gr.

4.1.2.1 pav. Didelio meistriskumo sportininky SSD rodikliy kaita greitumo
ir istvermés grupése atliekant pakopomis didéjancius fizinius krivvius
(R-1) — ramybeé pries fizinj kriivi. # — statistiSkai reik§Smingas skirtumas
palyginant skirstinius tarp grupiy.
AKS matavimai atlikti krivio pakopos Sestaja minute. Paskutinigsias kriivio
pakopas gebg¢jo atlikti ne visi tiriamieji.
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4.1.2.1 lentelé. Sistolinio ir diastolinio AKS kaita didelio meistriskumo
sportininky atliekant pakopomis didéjantj kritvi

Rodikliai Tiriamieji
Greitumo grupé IStvermés grupé
Sistolinis Diastolinis Sistolinis Diastolinis
AKS, AKS, AKS, AKS,
Tyrimo etapai mm Hg mm Hg mm Hg mm Hg
Pries§ kriivi 116,8 £ 1,5 759+ 1,1 120,6+1,9 79,0+ 0,9
Kruvis 50 W 141,4+3,0 60,9 £ 1,3 141,9+ 3,1 64,6 £ 1,2

100 W 162,3 £ 6,1 459+ 1,8 158,3+3,6 51,8 +2,2
150 W 181,8+£ 5,1 255+3,4 191,7+ 5,1 229+5,1
200 W 200,0 £4,9 213+84 191,7+5,1 229+5,1

250 W - - 210,5+5,7 13,9 6,2
300 W - - 228,0+72 12,7+8,7
Atsigavimas | 1 min. 171,478 | 364+63 1792+8,0 | 22,9+4,7
2 min. 150,9+6,5 | 54,1+49 1588+72 | 388+4,0
3 min. 1395456 | 61,8+3.,6 141,4+55 | 53,5+29
4 min. 1323454 | 68,6+23 129,1+3,7 | 62,8+2,7
5 min. 1268+3,9 | 723+26 122,8+3,1 68,5 +2,5

Sistolinio tiirio kaita pateikta 4.1.2.2 pav. IStvermeés grupés tiriamiesiems
buvo stebéta kiek didesnés sistolinio kraujo turio vertés ramybé¢je (89,1 +
5,1 ml — iStvermes ir 74,8 = 6,7 ml — greitumo grupése) taciau tai nebuvo
statistiSkai reikSminga. Sistolinis Sirdies tiiris didé¢jo did¢jant atliekamam
kriiviui, ta¢iau atliekant 150 W fizinj kriivj, statistiSkai reikSmingai didesnés
sistolinio kraujo tiirio vertés buvo stebimos pas iStvermés grupés tiriamuosius
(130,5 + 7,8 ml) stebimas statistiSkai reik§mingas skirtumas tarp grupiy U =
12, p = 0,001. Atliekant 200 W kriivio pakopa arba palyginus maksimalias
tiriamyjy sistolinio tiirio vertes, stebime statistiSkai reikSmingg skirtuma tarp
grupiy U =18, p =0,001.
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4.1.2.2 pav. Didelio meistriSkumo sportininky sistolinio tiirio kaita greitumo
ir istvermés grupese atliekant pakopomis didéjancius fizinius krivius

(R-1) — ramybé pries fizinj kriivj.

Minutinio kraujo tiirio kaita pateikta 4.1.2.3 pav. Minutinis kraujo tiiris
did¢jo su kiekviena atlickamo kriivio pakopa, t. y. daugiausia padidédavo
pirmaja atliekamo naujos kriivio pakopos minute. Sj laipsniska didéjima
steb¢jome kriiviui did¢jant iki 250 W. Minutinio kraujo turio padidéjimas
buvo didesnis, kai iStvermés grupés tiriamieji atliko 200-250 W kriivio pako-
pas, taip pat buvo uzrasytos didesnés minutinio kraujo tirio vertés atlickant
paskutinigsias kriivio pakopas (30,4 + 7,8 /min. — iStvermés grupéje ir 17,1
+ 5,3 I/min. — greitumo grupéje).
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4.1.2.3 pav. Didelio meistriskumo sportininky minutinio kraujo
titrio kaita greitumo ir istvermés grupése atliekant pakopomis
didéjancius fizinius kriavius
(R-1) — ramybé pries fizinj kriivj.

Sasajos tarp sistolinio ir minutinio kraujo tiirio kaita. Prie§ fizinj kriivy,
t. y. santykinés ramybés buklé¢je, apskaiciuotos Dsk vertés buvo mazesnés
greitumo grupeje (0,35 + 0,06) nei iStvermés grupeje (0,37 + 0,04), taciau
skirtumas tarp grupiy nebuvo statistiSkai reikSmingas. Kriivio pradzioje
sgsaja tarp minutinio ir Sirdies turio rodikliy kaitos silpnéjo, t. y. Dsk vertés
didé¢jo, ir tai buvo biidinga abejoms tiriamyjy grupéms, ir apskritai, visiems
tirlamiesiems. Skirtumas tarp grupiy buvo stebimas $io pradinio diskrimi-
nanto didéjimo laipsnyje ir Sio did¢jimo trukméje. Esminis skirtumas tarp
grupiy buvo nustatytas palyginant pradines Dsk vertes jy didéjimo greitj ir
did¢jimo trukme (4.1.2.4 pav.).

IStvermés grupeje Dsk didéjo pirmasias penkias fizinio kriivio minutes
(iki 0,46 + 0,06), palyginant su pradinémis Dsk vertémis, uzrasytomis pries
krtvj, buvo stebimas statistiSkai reikSmingas skirtumas (Z =-5,159; p = 0,005).
Po to DSK vertés pradéjo mazéti. Greitumo grupéje Dsk vertés didéjimas (iki
0,61 +0,07) truko ilgiau (iki 7-osios kriivio minutés), tai buvo zymiai daugiau
nei iStvermés grupéje, stebimas statistiskai reikSmingas skirtumas (Z = —6,156;
p=0,001).

Abiejy grupiy tiriamiesiems tolimesnis kruvio atlikimas, didéjant ap-
krovai, sukélé Dsk verc¢iy maz¢jima. Greitumo grupés Dsk vertés mazéjo iki
25-osios atlickamo kriivio minutés ir pasieké 0,13 + 0,04, o véliau Dsk vertés
pradé¢jo didéti. IStvermés grupei buvo biidinga tokia pati Dsk kaitos tendencija
kaip ir greitumo grupei; tac¢iau Dsk maz¢jimas truko Zymiai ilgiau (Z = —
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2,186; p = 0,001). Atliekant paskutinigsias santykinai sunkaus fizinio kriivio
pakopas visiems, be iSimties, tiriamiesiems buvo stebimas Dsk did¢jimas, bet
iStvermes grupés tiriamiesiems Dsk vertés padidédavo maziau.

Atsigavi-
mas

Dsk

0,0
Smin. 6 min. 6 min. 6 niin. 6 min. 6 mimn. 6min. I min. 5 min.

TYRIMO SEKA

| e [Slvermes gr. =0= Greitumo gr.

4.1.2.4 pav. Didelio meistriskumo sportininky sgsajos tarp sistolinio ir
minutinio karaujo tirio kaita greitumo ir istvermés grupése atliekant
pakopomis didéjancius fizinius krivius

(R-1) — ramybe¢ pries fizinj kravi.

4.1.3. SKS funkcijos ypatybes, atspindinéiy rodikliy kaitos
ypatybés, sportuojantiems vyrams atlickant pakopomis
didéjantj kruvij iki negaléjimo bei atsigavimo metu

Sportuojanéiy vyry (n = 27) SSD kaita. Sio tyrimo rezultatai pateikti
4.1.3.1 pav. Tiriamyjy SSD ramybés biikléje vidutiniskai buvo 70,72 +
6,51 k./min. Lengvo fizinio kriivio metu SSD verté iSaugo iki 89,77 =+
7,26 k./min., stebimas statistiSkai reikSmingas skirtumas (t(20)=-12,909;
p=0,001). Atsigavimo metu per penkias minutes SSD sumazéjo iki 73,04 +
6,48 k./min. Tesiant tyrima, t.y. atliekant sunky krivi SSD vis didéjo ir
kriivio pabaigoje SSD vidutiniskai pasieké 165 + 12,08 k./min., tai buvo
statistiSkai reikSmingas skirtumas (t(20) = 34,473; p = 0,001).

Atsigavimo fazéje stebéjome greita SSD mazéjima ir penktaja minute po
kriivio vidutiniskai 97,66 + 16,40 k./min. Stebimas statistiSkai reikSmingas
skirtumas palyginant su pradine bukle (t(20) = —-13,613; p = 0,001). Pragjus
30 min. po pratyby, tiriamyjy SSD vertés pasieké 75,2 + 7,02 k./min., tadiau
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tai nebuvo visiskas atsigavimas. Vidutinigkai SSD vertés buvo reik§mingai
didesnés nei pries kriivj (t(20) =-15,580; p = 0,001).
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4.1.3.1 pav. Sportuojanciy vyry SSD kaita atliekant santykinai lengvq ir
sunky fizinj kritvj iki negaléjimo bei atsigavimo metu

(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio kriivio.
* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.

AKS kaita. Sio tyrimo rezultatai pateikti 4.1.3.2 pav. Ramybés bikl¢je
AKS vidutiniskai buvo: sistolinis — 118,2 + 4,5 mm Hg, diastolinis 77,2 +
3,5 mm Hg. Pradéjus lengva fizini kriivi, buvo stebimas staististiSkai reiks-
mingas skirtumas, AKS vertés pasikeité: sistolinis padidéjo iki 138,8 +
8,8 mm Hg, (t(20) = —16,9625; p = 0,001), diastolinis sumaz¢jo iki 64,0 +
7,4 mm Hg (t(20) = -9,709; p = 0,001). Sistolinio AKS vertés atsigavimo
metu po lengvo fizinio kriivio sumazéjo iki 118,8 +£ 4,7 mm Hg, o diastolinio
padidéjo iki 76,2 + 3,1 mm Hg. Atliekant sunky fizinj kriivj veloergometru
(200-250 W) stebimi statistiSkai reikSmingi poky¢iai, sistolinio AKS vertés
padidéjo iki 201,4 = 14,6 mm Hg (t(20) = -28,316; p = 0,001), diastolinio —
sumazejo iki 16,8 + 17,9 mm Hg (Z=-3,929; p=0,001). Penktajg atsigavimo
minute po sunkaus kriivio metu stebéjome greitg AKS verciy pasikeitima:
sistolinis 124,3 + 12,0 mm Hg, (Z = -3,281; p = 0,001). o diastolinis 70,0 +
9,4 mm Hg. Pra¢jus 30 min. po fizinio kruvio AKS vertés sieké: sistolinio
116,9 + 4,0 mm Hg, buvo stebimas statistiskai reikSmingas skirtumas (t(20) =
—4,808; p=0,001) ir diastolinio 72,4 + 4,9 mm Hg.
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4.1.3.2 pav. Sportuojanciy vyry AKS kaita atliekant santykinai lengvq ir
sunky fizinj krivi iki negaléjimo bei atsigavimo metu

(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio krivio.
* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.

Minutinio kraujo tiirio rezultatai pateikti 4.1.3.3 pav. Tiriamyjy MKT
ramybeés bukléje sieké 5,6 £ 1,8 1, taciau pradéjus santykinai lengva fizinj
kriivi buvo stebimas statistiSkai reikSmingas skirtumas (t(20) =—-0,9341; p =
0,001). MKT vertes sieké — 9,6+2,9 1. Atsigavimo metu, po lengvo fizinio
kriivio MKT vertés sieke 5,8 + 1,51. Sunkaus kriivio metu pasiekus 200-250
W ribg, buvo stebimas statistiSkai reikSmingas skirtumas (t(20) = —11,6053;
p=0,001). MKT vertés padidéjo iki 19,7+6,0 1. Atsigavimo periodu, penktaja
minut¢ po sunkaus fizinio kriivio buvo stebimas statistiSkai reikSmingas
sumaz¢jimas (t(20) = -3,922; p = 0,01). MKT reiSmés sieké¢ 9,4 + 4,8 1.
Praéjus 30 minuciy po pratyby MKT sumazéjo iki 7,2 + 1,7.
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4.1.3.3 pav. Sportuojanciy vyry minutinio kraujo tirio kaita, atliekant
santykinai lengvq ir sunky fizinj krivj iki negaléjimo bei atsigavimo metu

(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio kriivio.
* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.

Deguonies jsisotinimo raumens audinyje kaita. Sio tyrimo rezultatai pa-
teikti 4.1.3.4 pav.

Tiriamyjy StO2 vertés ramybeés biuikléje vidutiniSkai buvo 88,8 + 6,6 proc.
Lengvo fizinio kruvio metu StO2 vertés sumazgjo iki 85,2 + 7,4 proc. Buvo
stebimas statistiSkai reikSmingas skirtumas (t(19) = 3,590; p = 0,002).

Taciau atsigavimo po lengvo fizinio kriivio metu penktaja minute StO2
verté padidejo iki 88,0 + 7,4 proc. StatistiSkai reikSmingo skirtumo nepaste-
béta (Z =-1,505; p = 0,132). Tesiant tyrima, t. y. atlieckant sunky kraivi StO2
vis did¢jo ir kriivio pabaigoje StO:2 vidutiniSkai pasieké 24,1 + 19,5 proc.
buvo stebimas statistiskai reikSmingas skirtumas (t(19) = 16,272; p = 0,001).

Atsigavimo fazéje stebéjome StO2 did¢jima ir penktaja minute po kriivio
StO2 vidutiné vertés buvo 94,7 + 3,8 proc., buvo stebimas statistiskai reiks-
mingas skirtumas (t(19) =—4,859; p=0,001).

Praéjus 30 min. po pratyby, tiriamyjy StO: vertés 93,9 + 19,8 proc., sta-
tistiSkai reikSmingai skyrési palyginant su pradinés biiklés vertémis (t(19) =
—4,137; p=0,001).
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4.1.3.4 pav . Sportuojanciy vyry deguonies jsisotinimo raumens audinyje
kaita, atliekant santykinai lengvq ir sunky fizinj kriivj iki negaléjimo bei
atsigavimo metu

(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio kriivio.
* — statistiSkai reikSmingas skirtumas, palyginti su pradinémis vertémis.

Dskrr_ors kaita. Sio tyrimo rezultatai pateikti 4.1.3.5 pav. Tiriamiesiems
ramiai sédint pries kriivi Dskrr_qrs vertés nuvo 0,188 +0,118. Lengvo fizinio
kriivio pradzioje stebéjome greita Dskrr_ors augimg — 0,076 + 0,058. Buvo
stebimas statistiSkai reikSmingas skirtumas (Z = -2,972; p = 0,003). Atsiga-
vimo po lengvo fizinio kriivio metu Dskrr qrs vertées — 0,170 = 0,122.
Palyginant Dskrr qrs atsigavima po lengvo fizinio kriiviy ir pradinés buklés
reikSmingo skirtumo nepastebéta. Sunkaus kriivio metu (200-250 W) buvo
stebimas statistiSkai reik§mingas skirtumas (t(20) = —-5,013; p = 0,001).
Dskrr _qrs vertés padidéjo — 0,521+0,233. Atsigavimo po sunkaus fizinio
kriivio metu Dskrr grs vertés zenkliai sumazejo— 0,169+0,187. Pragjus
30 min. po pratyby, tiriamyjy Dskrr_qrs vertés mazejo 0,147 + 0,099, statis-
tiskai reikSmingo skirtumo nepastebéta (Z =—0,782; p = 0,434).

57



0.7
0,6

0.5 A

0.4 L’ LY
0.3 ‘\L L T

’ — | T -
T Ll Ll
o1 o7 = Er g o i M

2 2 L A ae ] H atei 1111
0.0 ’—50 - 1\‘:{” —“:'] W l Atsigavimas I Il 0 30 min. dtstga\'lmasl

*

Dsk g QRS

. P . 2 3 5 3 3 ]
6 6 6 Pakopomis didéjantis 1 £ 7 4 % "l < 3 4 5
Min. min. min. kevis iR, MR, min. min. min. Min. Min. Min. min. min.
Pakopos trukme — 6 min.
TYRIMO SEKA

4.1.3.5 pav. Sportuojanciy vyry dinaminiy sgsajy Dsk rr_ors kaita, atliekant
santykinai lengvq ir sunky fizinj kritvj iki negaléjimo bei atsigavimo metu

(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio kriivio.
* — statistiSkai reik§Smingas skirtumas palyginant vidurkius su pradinémis vertémis.

Dskgr ur kaita. Sio tyrimo rezultatai pateikti 4.1.3.6 pav. Tiriamyjy
Dskrr it vertés ramybes biikléje buvo 0,181 + 0,084. Lengvo fizinio kriivio
pradzioje stebéjome Dskgrr jt sumazejimg — 0,161 + 0,067. Atsigavimo po
lengvo fizinio kriivio metu Dskrr 11 vertés padidéjo iki 0,186 £ 0,076 sta-
tistiSkai reikSmingo skirtumo nepastebéta. Sunkaus krivio metu (200-
250 W) buvo stebimas Dskrr it vertés padidéjimas — 0,208 + 0,060. Atsiga-
vimo po sunkaus fizinio kriivio metu Dskrr 15 vertés Zenkliai sumazejo iki
0,132 + 0,040, buvo stebimas statistiSkai reikSmingas skirtumas (t(20) =2,36;
p = 0,03). Praéjus 30 min. po pratyby, tiriamyjy Dskrr st vertés padidéjo
0,142 + 0,047, buvo stebimas statistiSkai reikSmingas skirtumas palyginant
su ramybés biiklés vertémis (t(20) = 2,40; p = 0,03).
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4.1.3.6 pav. Sportuojanciy vyry dinaminiy sgsajy Dsk rr st kaita, atliekant
santykinai lengvq ir sunky fizinj kriavj iki negaléjimo bei atsigavimo metu

(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio krivio.
* — statistiSkai reikSmingas skirtumas palyginant vidurkius su pradinémis vertémis.

Dskors Jr kaita. Sio tyrimo rezultatai pateikti 4.1.3.7 pav. Tiriamyjy
Dskqrs it vertés ramybés biikléje buvo 0,466 + 0,300. Lengvo fizinio kriivio
pradZioje stebéjome Dskors it sumazejima — 0,348 + 0,240. Buvo stebimas
statistiSkai reikSmingas skirtumas (t(19) = 3,37; p = 0,001). Atsigavimo po
lengvo fizinio kriivio metu Dskors st vertés padidéjo iki 0,489 + 0,274
statistiSkai reikSmingo skirtumo nepastebéta. Sunkaus kriivio metu buvo
stebimas Dskqrs i1 vertés padidéjimas — 0,548 + 0,167. Atsigavimo po
sunkaus fizinio kriivio metu Dskqrs it vertés Zenkliai sumazejo iki 0,159 +
0,111. Prag¢jus 30 min. po pratyby, tiriamyjy Dskqrs it vertés nezymiai
padidéjo 0,254 + 0,158, buvo stebimas statistiSkai reikSmingas skirtumas
palyginant su ramybés biiklés vertémis (t(19) =—4,53; p = 0,002).
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4.1.3.7 pav. Sportuojanciy vyry dinaminiy sqsajy Dsk ors Jr kaita, atliekant
santykinai lengvq
ir sunky fizinj krivj iki negaléjimo bei atsigavimo metu

(R-1) — ramybe¢ pries fizinj kraivj; (A-1) — atsigavimas po lengvo fizinio kravio.
* — statistiSkai reikSmingas skirtumas palyginant vidurkius su pradinémis vertémis.

Integruota trijy vertinty dinaminiy sasajy (Dskrr Qrs; Dskrr iT ir
Dskqrs 1) kaita pateikta 4.1.3.8 pav. Dsk vertés ramybes biikléje vidutiniskai
buvo 0,845 + 0,406. Lengvo krivio metu Dsk vertés sumazejo iki 0,587 +
0,261. Stebimas statistiSkai reikSmingas skirtumas (Z = —4,556; p = 0,001).
Atsigavimo po lengvo kriivio metu Dsk vertés atsistaté iki pradiniy verciy
0,855 £ 0,389. Sunkaus kriivio metu buvo stebimas Dsk verciy padidéjimas —
1,254 £ 0,371. Stebimas statistiSkai reikSmingas skirtumas (Z =-3,183; p =
0,01). Atsigavimo po sunkaus fizinio kriivio metu Dsk vertés statistiSkai
reikSmingai sumazéjo iki 0,453 + 0,256, (Z=-3,804; p= 0,001). Pra¢jus
30 min. po pratyby, tiriamyjy Dsk vertés nezymiai padidéjo 0,531 + 0,208, ir
tai buvo statistiSkai reikSmingas skirtumas palyginant su ramybés biiklés
vertémis (Z =-4,738; p=0,001).
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4.1.3.8 pav. Sportuojanciy vyry integruota trijy vertinty dinaminiy sqsajy
(Dsk rr_ors; Dsk rr_jrir Dsk ors Jr) kaita atliekant santykinai lengvq ir sunky
fizinj kritvj iki negaléjimo bei atsigavimo metu
(R-1) — ramybé pries fizinj kriivj; (A-1) — atsigavimas po lengvo fizinio kriivio.
* — statistiskai reikSmingas skirtumas palyginant skirstinius su pradinémis vertémis

4.2. Pratybuy taikant okliuzinés treniruotés metoda sportuojanciu,
sveikatg stiprinanciy vyry jtaka SKS

Sportuojanéiy, sveikata stiprinanéiy vyry (n = 24) suvidurkinta SSD kaita
pateikta 4.2.1 pav. SSD kontrolinio tyrimo metu tiriamyjy vertés, ramybés
biikléje pries tyrima, vidutini§kai, buvo 69,4 + 3,1 k./min. Tyrimo su okliu-
ziniu poveikiu — 71,7 + 3,2 k./min. Pradéjus krtvj jau pirmojo kriivio metu
SSD statistidkai reik§mingai padidéjo: kontrolinio tyrimo metu — iki 94,8 +
2,8 k./min. (Z = -2,079; p = 0,01); okliuzinio poveikio tyrimo metu — iki
95,8+ 4,4 k./min. (Z=-3,061; p=0,02). Statistiskai reikSmingo skirtumo tarp
tyrimy nebuvo (p > 0,05).

Po pirmosios kriivio serijos, poilsio metu, kontrolinio tyrimo metu SSD
vertés sumazejo iki 70,0 + 3,9 k./min., okliuzinio poveikio tyrimo metu — iki
70,5 £ 2,2 k./min. Abiejy tyrimy metu statistiSkai reikSmingo skirtumo tarp
SSD ramybeés biikléje ir SSD atsigavimo tarp serijy pabaigoje (atsigavimo
tarp serijy trukmé — 2,5 min.) nebuvo.

Palyginant abiejy tyrimy metu uzradytas SSD vertes tarp ramybés biiklés
ir antrosios kriivio serijos buvo stebimi statistiSkai reik§Smingi skirtumai,
kontrolinio tyrimo SSD padidéjo iki 94,6 + 3.9 k./min. (Z = —3,059; p = 0,04)
okliuzinio poveikio tyrimo metu — iki 97,9 + 4,6 k./min. (Z =—4,037; p =0,02).
Lygindami abiejy tyrimy metu uZraytas SSD vertes statistikai reik§mingy
skirtumy nepasteb&jome (p > 0,05).
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Po antrosios kriivio serijos poilsio metu SSD vertés sumazéjo: kontroli-
nio tyrimo metu — iki 75,2 £+ 5,0 k./min., okliuzinio poveikio tyrimo metu —
iki 70,6+2,1 k./min., statistiSkai reik§Smingo skirtumo tarp tyrimy nebuvo
(p > 0,05).

Palyginant ramybés buklés ir treCiosios krivio serijos metu uzraSytas
SSD vertes buvo stebimi statistiskai reik§mingi skirtumai, kontrolinio tyrimo
metu SSD padidéjo, vidutiniskai, iki 97,7 £ 3,9 k./min. (Z =-5,024; p = 0,02).
Okliuzinio poveikio tyrimo metu SSD padidéjo iki 99,5 + 4,1 k./ min. (Z =
-3,369; p = 0,02). Atsigavimo po trediosios serijos metu SSD sumazéjo,
vidutiniskai, iki 69,2 + 5,0 k./min. kontrolinio tyrimo metu ir iki 69,8 +
2,2 k./ min. — okliuzinio poveikio tyrime. StatistiSkai reikSmingo skirtumo
tarp §iy SSD verdiy nebuvo.
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4.2.1 pav. Sportuojanciy vyry SSD kaita pratybose taikant tradicinj ir
okliuzinés treniruotés metodg

* — statistiskai reik§mingas skirtumas palyginant skirstinius su pradinémis vertémis.
#—p < 0,05, reik§mingas skirtumas tarp tradicinés treniruotés ir okliuzinio poveikio grupiy.

AKS kaita. Atliekant lokalaus pobudzio fizinj krivi AKS vertés kito
santykinai nedidelése ribose (nebuvo drastisko slégio padidéjimo), todé¢l
pratyby poveikio palyginimui pateikiame pulsinio slégio (S—D) kaitos duo-
menis. Gauti §io vertinimo rezultatai pateikti 4.2.2 pav. Ramybés bikléje
pulsinis AKS, vidutiniskai, buvo 44,2 + 3,6 mm Hg — kontrolinio tyrimo metu
ir 45,3 + 3,6 mm Hg — okliuzinio poveikio tyrimo metu. Po pirmosios serijos
pulsinio AKS vertés atitinkamai padidéjo iki 53,8 + 3,8 mm Hg ir 53,1 +
3,8 mm Hg, taiau atsigavimo po kriivio metu, vertés vel sumazéjo 47,0 +
3,5 mm Hg ir 47,3 + 3,6 mm Hg. Po antrosios kriivio serijos kontrolinio tyri-
mo metu pulsinio AKS vertés padidéjo iki 54,2 + 4,2 mm Hg, ir okliuzinio
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poveikio tyrime — iki 54,7 + 4,3 mm Hg. Atsigavimo metu, po antrosios
serijos pulsinio AKS vertés buvo: 47,2 +3,4 mm Hg — kontrolinio tyrimo
metu ir 47,8 £ 3,5 mm Hg — okliuzinio poveikio tyrimo metu. Atliekant
tre€igja kruvio serijg, kontrolinio tyrimo metu pulsinio AKS vertés padidéjo
iki 55,4 + 4,0 mm Hg, ir iki 56,4 + 4,2 mm Hg — okliuzinio poveikio tyrimo
metu. Atsigavimo po tre€iosios serijos metu pulsinis AKS sumazéjo iki
47,2 + 3.4 mm Hg — kontrolinio tyrimo metu; ir iki 48,1 + 3,5 mm Hg —
okliuzinio poveikio tyrimo metu. Lygindami kontroliniame tyrime ir okliu-
zinio poveikio tyrime gautas pulsinio AKS vertes neradome statistiskai
reikSmingy skirtumy visuose tyrimy etapuose.

Praéjus 5 min. po pratyby steb&¢jome pulsinio AKS sumaz¢jima: kontro-
linio tyrimo metu — 44,3 + 3,5 mm Hg ir okliuzinio poveikio tyrimo metu —
45,2 £ 3,6 mm Hg. Praé¢jus 30 min. po pratyby visos AKS rodikliy vertés
nesiskyré nuo pradiniy verciy registruoty pries pratybas (p > 0,05).

S-D, mm Hg

Ramybe 1 serija Poilsis 2 serija Poilsis 3 serija Poilsis po 5 min. Atsigavimas
po 30 min.

| OKontrohne gr. W Okluzme gr. |

4.2.2 pav. Sportuojanciy vyry pulsinio AKS kaita pratybose taikant tradicing
ir okliuzinés treniruotés metodq

Arterinés kraujotakos blauzdos raumenyse kaita (AK). AK kaitos tyrimo
rezultatai pateikti 4.2.3 pav. Ramybés bukléje AK vertés buvo: kontrolinio
tyrimo metu — 3,1 £ 0,4 ml/100 ml/min., okliuzinio poveikio tyrimo metu —
3,2 £ 0,3 ml/100 ml/min. Po pirmosios fizinio kriivio serijos buvo registruo-
jama padidéjusios AK vertés, atitinkamai, iki 56,6 + 7,3 ml/100 ml/min. —
kontrolinio tyrimo metu, ir iki 57,9 = 7,1 ml/100 ml/min. — okliuzinio povei-
kio tyrimo metu. Po antrosios kriivio serijos AK vertés vidutiniSkai buvo
padidéjusios iki 58,2 + 7,2 ml/100 ml/min., taciau statistiSkai reikSmingai ne-
siskyré nuo AK verciy registruoty okliuzinio poveikio tyrimo metu — 60,6 +
6,9 ml/100 ml/min. (U =59, p = 0,4780). Po treCiosios kriivio serijos nebuvo
statistiSkai reikSmingo skirtumo tarp AK verciy registruoty kontrolinio tyri-

63



mo metu — 61,4 £ 6,4 ml/100 ml/min. ir okliuzinio poveikio tyrimo metu —
63,7+ 7,0 mm Hg.

80
g 70 B
i40 [ I I
2E 50 [
2 40 )
o Ndaalddaldildd S
o= L . i . (1

W @ y _ w P ; Atsigs
2SS = £ £ [&] = = = . & 5 isiga-
=] o = & S 8 Bl = = 8 vimas
= o — 3 o — o — (o] 2
2 2 Q 5 min.
a4 = = = o Lo l'-‘: =] Lag] 1) o [~}
BRI B B

i O Kontroling gr. B Okliuzing gr. |

4.2.3 pav. Sportuojanciy vyry arterinés kraujotakos kaita blauzdoje
pratybose taikant tradicinés ir okliuzinés treniruotés metodg

#—p < 0,05, reik§mingas skirtumas tarp grupiy, palyginant skirstinius.

Vertinant AK tyrimo duomenis biitina iSskirti AK kaitg atsigavimo po
kriivio serijos metu 4.2.4 pav. Steb¢jome létéjant] AK atsigavima po pratyby
(po treciosios kruvio serijos). StatistiSkai reik§Smingai buvo didesnés AK
vertés registruotos tiek 30, 60, 120 ir net 300 s. kontrolinés tyrimo grupés:
(Z=-4,287; p = 0,001). Okliuzinés tyrimo grupés (Z = —3,059; p = 0,002).
Tarp grupiy buvo stebimas statistiSkai reikSmingas skirtumas (U = 10, p =
0,001).
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4.2.4 pav. Sportuojanciy vyry arterinés kraujotakos atsigavimas po pratyby
#—p < 0,05, statistiskai reik§mingas skirtumas tarp grupiy, palyginant skirstinius.

Sportuojanciu vyru deguonies jsisotinimo (StO:) raumens audinyje
kaita

StO2 kaitos tyrimo duomenys pateikti 4.2.5 pav. Ramybés bukléje pries
tyrima registruotos StO2 buvo prilyginamos 100 proc. ir toliau, atitinkamai,
pateikiama normalizuotos rodiklio vertés kaita.

Pirmosios kriivio serijos metu StO2 vertés drastiSkai mazéjo — iki 40,1 +
3,6 proc. — kontrolinio tyrimo metu; ir iki 19,0 & 3,6 proc. — okliuzinio povei-
kio tyrimo metu, tai buvo statistiSkai reikSmingas skirtumas (U =0, p =0,001).
,U = 0 reiskia, kad jverc¢iai kontrolin¢je grupéje yra didesnés, palyginti su
okliuzinio poveikio tyrimo grupés vertémis. Antrosios kriivio serijos metu
StO: vertés skyrési: kontrolinio tyrimo metu — 40,6 + 3,6 proc.; okliuzinio
poveikio tyrimo metu — 18,7+2,8 proc., Skirtumas tarp tyrimy buvo statis-
tiskai reikSmingas (U=0, p=0,001). Palyginant pirmosios krtivio serijos metu
StO2 vertes su treCiosios kriivio serijos vertémis steb&jome statistiSkai
reikSmingg skirtumg (Z = -361; p= 0,002) lygindami kontrolinio tyrimo
duomentis, taciau tokio skirtumo nebuvo, kai lyginome okliuzinio poveikio
tyrimy duomenis. Treciosios kriivio serijos metu StOz vertés vélgi skyrési tarp
tyrimy (U =0, p =0,001).
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4.2.5 pav. Sportuojanciy vyry deguonies jsisotinimo raumens audinyje
(St0:2) kaita tradicinés ir okliuzinés treniruotés metu
* — statistiSkai reikSmingas skirtumas palyginant pirmosios serijos kriivi
su treCiosios serijos kriivio vertémis.
#—p < 0,05, reik§mingas skirtumas tarp grupiy, palyginant skirstinius.

Sportuojanéiy vyry integruota trijy vertinty dinaminiy sgsajy (Dskrr grs;
Dskrr it ir Dskors it) kaita pateikta 4.2.6 ir 4.2.7 paveiksluose. Prie§ pratybas
Dsk vertés vidutiniskai buvo 1,16 &+ 0,69 — kontrolinio tyrimo metu, ir 1,12 +
0,52 — okliuzinio poveikio tyrimo metu. StatistiSkai reikSmingai Sios Dsk
vertés nesiskyré (U = 560, p = 0,590).

Pirmosios tyrimo serijos metu Dsk vertés, vidutiniskai buvo 4,0 + 0,60 —
kontrolinio tyrimo metu, ir 3,52 + 0,56 — okliuzinio poveikio tyrimo metu.
Sios vertés tarpusavyje statistiskai reik§mingai nesiskyré (U = 637, p =
0,901). Antrosios serijos kriivio metu taip pat buvo stebimas Dsk sumazeé-
jimas: kontrolinio tyrimo metu — 3,95 £+ 0,61; okliuzinio poveikio tyrimo
metu — 3,19+ 0,43. Skirtumas tarp $iy verciy nebuvo statistiskai reikSmingas
(U = 604, p = 0,620). Treciosios kriivio serijos metu taip pat nebuvo
reikSmingo skirtumy tarp tyrimy. Lygindami pirmosios kriavio serijos
okliuzinio poveikio tyrime Dsk vertes su tre€iosios kriivio serijos vertémis,
stebéjome statistiskai reikSmingg skirtuma 3,07 + 0,46, (Z = —1,540; p =
0,124). Taciau tarp grupiy statistiSkai reikSmingo skirtumo nepastebéta (U =
510, p =0,669).

66



Dsk suma

Dsk suma

| | v = 0,0518¢ + 4, r_::':x[

ay

3,463

1 serija I 2 serija | 3 serija

OlIntegr. kontr. pratybos =~ =-ee- Integr. kontr. pratvbos
M [ntegr. okliwzing treniruoté - - - Integr. okhinzme treniruote
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(Dskrr ors, Dskrr jrir Dskors Jr) kaita pratybose taikant
tradicinj ir okliuzinés treniruotés metodq

* — statistiskai reik§mingas skirtumas palyginant skirstinius tarp pirmosios serijos
kriiviu ir treCiosios serijos kriivio vertémis.
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4.2.7 pav. Sportuojanciy vyry integruota trijy vertinty dinaminiy sqsajy

(Dskrr ors, Dskrr jrir Dskors Jr) kaita pratybose taikant
tradicing ir okliuzinés treniruotés metodq
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4.3. Pratybuy, taikant didelio intensyvumo intervalinio pobudZio
kriivius, jtaka sportuojanciy, sveikata stiprinanciy vyry SKS

SSD kaitos ypatybés

Sportuojanéiy, sveikata stiprinanéiy vyry (n = 16) SSD kaita tiriamie-
siems atliekant trumpos trukmés didelio intensyvumo intervalinio pobtidzio
kriivius, parodyta 4.3.1 pav. Santykinés ramybés bukléje pries pratybas tiria-
myjy SSD vertés, svyravo nedidelése ribose ir vidutinikai buvo 72,2 +
5,9 k./min. Vertinant suvidurkintus SSD kaitos rezultatus, galima jzvelgti
silpnai isreiksta SSD didéjimo tendencija, tiriamiesiems laukiant intensyvaus
kriivio uzduodiy. Atliekant pirmaja didelio intensyvumo uzduotj, SSD padi-
déjo, vidutiniskai, iki 122,0+11,9 k./min. Tai buvo statistiSkai reikSmingas
padidéjimas (t(16) = —22,562; p = 0,001); Po pirmojo kriuvio poilsio metu
(atsigavimas tarp serijy buvo 3 min.) SSD vertés sumazéjo iki 89,9 +
8,1 k./min., tadiau tai nebuvo pilnas atsigavimas iki pradiniy SSD veréiy.
Skirtumas buvo statistiSkai reikSmingas (t(16)= -9,649; p = 0,001). Antrojo
kriivio kartojimo metu SSD vertés padidéjo — 115,4 + 12,1 k./min. Atsigavi-
mo metu SSD vertés sieké — 96,7 + 13,9 k./min. ir tai buvo statisti§kai reiks-
mingas skirtumas lyginant su pradinémis vertémis (t(16) = —17,741; p=
0,001). Tre¢iojo krivio metu SSD vertés padidéjo iki 122,8 + 14,2 k./min.,
ketvirtojo kriivio metu — 123,72 + 21,6 k./min.

Po viso planuoto keturiy trumpalaikiy intensyviy kriviy, SSD atsigavi-
mas per penkias pirmgsias minutes buvo santykinai létokas, t.y. pirmaja
atsigavimo po kruvio minut¢ — 120,1 + 20,2 k./min., ir penktgja minutg —
95,5 + 11,6 k./min. Sios SSD vertés statistigkai reikSmingai buvo didesnés nei
SSD vertés, registruotos pries kriivj (t(16) =—8,750; p = 0,001).

Pra¢jus 30 min. po pratyby SSD vertés sumazéjo (iki 84,6 + 6,4 k./min.),
tatiau jos vis dar reik§mingai skyrési nuo pradiniy SSD veréiy, registruoty
pries pratybas (t(16) =—8,354; p =0,001).
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4.3.1 pav. Sportuojanciy vyry SSD kaita pratybose taikant trumpus didelio
intensyvumo intervalinio pobiidZio kritvius

* — statistiskai reik§mingas skirtumas palyginant vidurkius su pradinémis vertémis.

Sportuojanciy, sveikatg stiprinanciy vyry ST segmeto depresijos
vertinimas

Tyrime uzraSyta ST segmento depresijos kaita pratybose taikant DIIT
metoda pateikta 4.3.2 pav. Gauti suvidurkinti §io EKG rodiklio rezultatai nelei-
dzia daryti apibendrinanciy iSvady. Gauty verciy atskiruose tyrimo etapuose
statistiniai palyginimai neatskleidzia kaitos ypatybiy. Nors radome statistiSkai
reikSmingg skirtuma (t(16) = 2,247; p = 0,001) lygindami ST segmento vertes
ramybés bukl¢je ir po paskutiniosios greitumo uzduoties, taciau toks désnin-
gumas nebuvo budingas visiems tiriamiesiems. Biitina pazyméti, kad vertin-
dami $io tyrimo rezultatus stebéjome daug individualiy ypatybiy, t. y. atskiri
tirilamieji skirtingai reagavo j DIIT pratyby kriivius.
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4.3.2 pav. Sportuojanciy vyry ST segmento depresijos kaita pratybose
taikant trumpus didelio intensyvumo intervalinio pobiidzio kritvius

* — statistiskai reikSmingas skirtumas palyginant vidurkius su pradinémis vertémis.
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Misy stebéti individualtis ypatumai pavaizduoti 4.3.3 pav. Didziajai daliai
tiriamyjy (vienuolika atvejy) nebuvo reikSmingy ST segmento pasikeitimy
(4.3.3 pav. A, B). Dalis tiriamyjy (trys atvejai) reagavo j greitumo uzduoties
atlikimg — ST segmento depresija pamazu didéjo (4.3.3 pav. C, D). Dviem
tirlamiesiems didziausios ST segmento depresijos vertés buvo stebétos po

paskutiniosios uzduoties atlikimo (4.3.3 pav. E, F).
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4.3.3 pav. (A-C) Sportuojanciy vyry ST segmento depresijos kaita
pratybose taikant trumpus didelio intensyvumo intervalinio pobiidzio
krivius (individualiis atvejai)
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4.3.3 pav. (D-F) Sportuojanciy vyry ST segmento depresijos kaita
pratybose taikant trumpus didelio intensyvumo intervalinio pobiidzio
krivius (individualiis atvejai)

Sasaja tarp RR intervalo ir QRS komplekso trukmés (Dskrr qrs)
(43.4pav. A)

Sportuojanéiy vyry ramybés bukléje Dskrr qrs veréiy vidurkis buvo
0,307 £ 014. Pirmosios aukS$to intensyvumo intervalinio kriivio metu
stebéjome greitg Dskrr ors augima — 0,658 + 0,32; Atsigavimo po pirmosios
serijos metu (atsigavimas tarp serijy buvo 3 min.) Dskrr _qrs vertés — 0,211 +
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0,10. Antrosios serijos kriivio metu Dskrr qrs vertés padidéjo — 0,732 + 0,63.
Atsigavimo po antrosios serijos metu Dskrr qrs vertés Zenkliai sumazejo —
0,190 £ 0,13. Treciosios kruvio serijos metu Dskrr qrs vertés padidéjo iki
0,883 +0,79. Atsigavimo po treciojo kriivio metu Dskrr qrs vertés sumazéjo
iki 0,193 £ 0,12. Ketvirtosios kriivio serijos metu Dskrr qrs vertés Zenkliai
padidéjo iki 0,972 £ 0,96. Penktaja atsigavimo minutg po auksto intensyvumo
intervalinés treniruotés Dskrr qrs vertés sumazéjo iki 0,143 + 0,09. Pragjus
30 min. po pratyby buvo stebimas statistiSkai reikSmingas skirtumas (t(16) =
5,267; p=0,001) tiriamyjy Dskrr _qrs vertés sumazejo iki 104,7 £ 0,07.

Sasaja tarp RR ir JT intervaly (Dskgrr Jt) (4.3.4 pav. B)

Sportuojanciy vyry ramybés biikléje Dskrr st veréiy vidurkis — 0,134 +
0,06. Pirmosios auksto intensyvumo intervalinio kriivio metu Dskrr it vertés
buvo 0,162 + 0,05 Buvo stebimas statistiskai reikSmingas skirtumas (t(16) =
—4,449; p = 0,001); Atsigavimo po pirmosios serijos metu (atsigavimas tarp
serijy buvo 3 min.) Dskrr ir vertés — 0,162 = 0,05. Antrojo kriivio metu
Dskrr st vertes padidéjo — 0,370 + 0,22. Atsigavimo metu Dskrr iT verteés
sieké — 0,215+ 0,07. Treciojo krivio metu Dskrr it vertés padidéjo iki
0,372 + 0,22. Atsigavimo po treciojo kriivio metu Dskrr st vertés sumazéjo
iki 0,197 £0,07. Ketvirtojo krivio metu Dskrr it vertés padidéjo iki
0,298 + 0,15. Penktajg atsigavimo minute¢ po auksto intensyvumo intervalinés
treniruotés buvo stebimas statistiSkai reikSmingas skirtumas (t(16) = —4,501;
p = 0,001) Dskrr st vertés sumazéjo iki 0,220 + 0,06. Praéjus 30 min. po
pratyby Dskrr T vertés sumazéjo iki 158,7 + 0,05.

Sasaja tarp JT intervalo ir QRS komplekso trukmés (Dskjr_grs)
(4.3.4 pav. C)

Sportuojanéiy vyry ramybés bukléje vertinamo Dskit grs veréiy vidur-
kis — 0,512 + 0,274. Pirmojo aukSto intensyvumo intervalinio kriivio metu
Dskit qrs vertés sumazéjo iki 0,430 + 0,206; Atsigavimo po pirmosios serijos
metu (atsigavimas tarp serijy buvo 3 min.) Dskit qrs vertés padidéjo —
0,551 + 0,354. Antrojo kriivio metu Dskit grs vertés nezymiai sumazejo —
0,516 +0,354. Atsigavimo po antrojo kriivio metu Dskit qrs vertés sumazejo
iki 0,388 £ 0,260. Treciojo kravio metu Dskit grs vertés Zenkliai padidéjo iki
0,607 +0,512. Atsigavimo po treciojo kriivio metu Dskir qrs vertés sumazejo
iki 0,246 £ 0,250. Ketvirtojo kriivio metu Dskit grs vertés padidéjo iki
0,578 £ 0,535. Penktaja atsigavimo minute po auksto intensyvumo interva-
linés pratyby Dskit grs vertés sumazéjo iki 0,323 + 0,205. Pra¢jus 30 min. po
pratyby tiriamyjy Dskit ors vertés sumazéjo iki 0,256 + 0,145. StatistiSkai
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reikSmingo skirtumo tarp Dskir qrs verciy, registruoty prie§ pratybas ir
pragjus 30min. po pratyby, nebuvo (p < 0,05).
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4.3.4 pav. Sportuojanciy vyry dinaminiy sgsajy tarp EKG rodikliy kaita,
pratybose taikant didelio intensyvumo intervalinio pobiidzio kriivius

* — statistiskai reikSmingas skirtumas palyginant vidurkius su pradinémis vertémis.
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Integruota triju vertinty dinaminiy sasajy kaita (Dskrr_qrs;
DSkRR_JT ir DSkQRs_JT) (4.3.5 paV.)

Sportuojanéiy vyry susumuotos Dsk vertés ramybés bukléje, buvo 0,910 =
0,377. Pirmojo kruvio metu stebéjome statistiSkai reikSmingg (t(16) = 5,340;
p = 0,001) dinaminiy sasajy sustipréjima, t. y. Dsk sumazéjima iki 1,282 +
0,438. Atsigavimo metu Dsk iSliko sumazéjes 0,913 + 0,376. Antrojo kriivio
metu Dsk vertés — 1,530 = 0,798. Atsigavimo po antrojo kriivio metu Dsk
vertés sumazéjo iki 0,746 +0,373. Treciojo kriivio metu Dsk vertés Zenkliai
padidé¢jo iki 1,731 + 0,818. Atsigavimo po treciojo krivio metu Dsk vertés
sumazéjo iki 0,585 + 0,330. Ketvirtojo kriivio metu Dsk vertés padidéjo iki
1,703 + 0,858 stebimas statistiSkai reikSmingas skirtumas (t(16) = 3,516;
p=0,001). Penktaja atsigavimo minut¢ po aukSto intensyvumo intervalinés
pratybos Dsk vertés sumazéjo iki 0,671 + 0,244. Praéjus 30 min. po pratyby
tiriamyjy Dsk vertés sumazéjo iki 0,515 + 0,163. Stebimas statistisSkai reiks-
mingas skirtumas (t(16) = 3,973; p = 0,001) tarp Dsk verciy, uzrasyty pries
pratybas ir pra¢jus 30 min. po pratyby.
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4.3.5 pav. Sportuojanciy vyry integruota trijy vertinty dinaminiy sqsajy
(Dskrr ors, Dskrr Jr ir Dskors Jr) kaita pratybose taikant didelio
intensyvumo intervalinio pobiidZio kritvius

* — statistiSkai reikSmingas skirtumas palyginant vidurkius su pradinémis vertémis.
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4.4. Pratyby, taikant koordinaciniy pastangy reikalaujancias
bei diferencinio mokymo metodu grindZziamas uzduotis

4.4.1. Dinaminiy sasaju tarp EKG rodikliy kaita nesportuojantiems
vyrams atliekant nesudétinga pusiausvyros iSlaikymo uzduotj

Nesportuojanéiy vyry (n = 24) SSD kaita atliekant diferencinio pobiidZio
kriivius (4.4.1.1 pav.).
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— Ramybé Stovéjimas ant platformos Po 30 min.
204 3 min. 10 min. atsigavimas

0

4.4.1.1 pav. Nesportuojanciy vyry SSD kaita, pratybose taikant trumpus
diferencinio pobudzio kritvius

* — statistiskai reikSmingas skirtumas palyginant vidurkius su pradinémis vertémis.

Ramybés bukléje prie§ pratybas nesportuojanéiy vyry SSD vertés,
vidutiniSkai buvo 83,24 + 13,7 k./min. Tiriamiesiems atliekant 10-ies minu-
¢iy pusiausvyros iSlaikymo uzduotj tyrimo protokole buvo uzrasoma ir
atlikties rezultatai, t. y. fiksuodavome kompiuterizuotos pusiausvyros vertini-
mo programos ,,LIBRA* pateikiamus integralius uzduoties iSpildymo vertini-
mus balais. Tokiu biidu, per 10 uzduoties atlikimo minuciy, turéjome Sesis
vertinimus, liudijanéius apie uzduoties atlikimo kokybe. Sie pusiausvyros
iSlaikymo uzduoties vertinimo rezultatai pateikti 4.4.1.2 pav. Kaip matyti Sio
paveikslo A ir B dalyse, individualis gebéjimai ir kaitos kryptingumas buvo
stebétas. Daliai tiriamyjy buvo fiksuota atlikties rezultato pageré¢jimas tik
antrojo vertinimo metu, kai kuriems tiriamiesiems — visg pirmaja 10-ties min.
uzduoties puse¢. Visos tiriamyjy grupés vidutinés pusiausvyros islaikymo
kokybés vertinimo rezultatai (4.4.1.2 pav., C) pradzioje ger¢jo ir tolesne jy
kaitg galima nusakyti blogéjimo tendencija (nuovargio pasireiskimas).
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Stebéjome statistiskai reikimingg SSD veréiy didéjimg (Z = —2,803; p =
0,005). Pirmojo kriivio metu SSD vertés sieké 95,3 + 15,8 k./min. Antrojo —
98,6 £ 18,7 k./min., tre¢iojo— 102 + 20,6 k./min., ketvirtojo— 102,1 = 20,2
k./min., penktojo — 102,6 £+ 20,4 k./min., Sestojo — 104,9 & 18,5 k./min.

Po visy planuoty 3ediy diferencinio pobidzio fiziniy kriviy SSD
atsigavimas praéjus 30 min. po pratyby vyko santykinai greitai. SSD vertés
buvo mazesnés nei registruotos prie§ kriuvj ir sieké 78,1 £ 11,2 k./min.
StatistiSkai reikSmingo skirtumo nepastebéta (Z =—1,784; p = 0,074).

Sasaja tarp RR intervalo ir QRS komplekso trukmés (Dskrr qrs)
(4.4.13 pav. A)

Nesportuojanciy vyry ramybes biikléje Dskrr ors verciy vidurkis buvo
0,291 £ 0,360. Atliekant SeSias nesudétingas pusiausvyros i§laikymo uzduotis
(trukmé 30 sekundziy, atsigavimas tarp kritviy 1 min.), stebimas dinaminiy
sasajy sustipréjimas, Dskrr Qrs sumazéjimas. Pirmojo kriivio metu vertés
buvo 0,172 + 0,101. StatistiSkai reikSmingo skirtumo nepastebéta, Sestojo
kriivio metu Dskrr_qrs vertés sumazéjo — 0,137 + 0,102. Pra¢jus 30 minuciy
po nesudétingy pusiausvyros iSlaikymo uzduociy Dskrr qrs verciy vidurkis
i8liko mazesnis nei registruotos prie§ kriivj ir sieké 0,245 + 0,388, taciau
statistiSkai reikSmingo skirtumo nepastebéta.

Sasaja tarp RR ir JT intervaly (Dskgrr Jt) (4.4.1.3 pav. B)

Nesportuojanciy vyry ramybés bukléje Dskrr st veréiy vidurkis — 0,101
+ 0,078. Atliekant nesudétingas pusiausvyros iSlaikymo uzduotis (trukmé 30
sekundziy, atsigavimas tarp kritviy 1 min.) Dskrr T vertés padidéjo ir
santykinai i§liko panasios. Pirmosios kriivio serijos metu sieké 0,143 + 0,085,
treciojo — 0,145 + 0,053, Sestojo — 0,140 £ 0,067. Prag¢jus 30 min. po pratyby
Dskrr it vertés sumazéjo iki 0,084 + 0,049. Statistiskai reikSmingo skirtumo
nepastebéta.

Sasaja tarp JT intervalo ir QRS komplekso trukmés (Dskjt qrs)
(4.4.1.3 pav. C)

Nesportuojanéiy vyry ramybés bukléje vertinamo Dskit grs verciy
vidurkis — 0,384 + 0,68. Pusiausvyros iSlaikymo uzduoc¢iy metu (trukmé 30
sekundziy, atsigavimas tarp kriiviy 1 min.) Dskrr st vertés keitési nedidelése
ribose. Pirmosios kruvio serijos metu sieké 0,347 = 0,344, taciau treciojo
kriivio metu stebima tendencija mazéti — 0,312 + 0,405, SeStojo — 0,270 +
0,347. Praéjus 30 min. po pratyby, statistiSkai reikSmingo skirtumo nepaste-
béta, Dskrr T vertés panasios kaip ir tyrimo pradzioje 0,385 + 0,484.
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4.4.1.3 pav. Nesportuojanciy vyry dinaminiy sgsajy tarp EKG rodikliy
kaita, pratybose taikant trumpus diferencinio pobiidzio kritvius

78



Integruota trijy vertinty dinaminiy sasajuy kaita
(DSkRR_QRs; DSkRR_JT ir DSkQRs_JT) (4.4.1.4 pav. A, B)

Nesportuojanciy vyry integruotos vertinty Dsk vertés ramybes bikl¢je,
vidutiniskai, buvo 0,777 £+ 0,820. Tiriamiesiems atlickant pusiausvyros
iSlaikymo uzduot] Dsk vertés sumazéjo. StatistiSkai reikSmingy skirtumy
nepastebéjome. Pirmosios uzduoties metu, susumuotos Dsk vertés buvo 0,614
+ 0,387. Tesiant tyrimg, galima pastebéti nedidelj Dsk ver¢iy sumazéjima,
SeStojo testavimo metu, vertés sieke 0,534 + 0,343.

Pra¢jus 30 min. po pratyby tiriamyjy Dsk vertés sumazéjo iki 0,715 +
0,816. StatistiSkai reikSmingo skirtumo tarp Dsk verciy, registruoty pries
pratybas ir pra¢jus 30 min. po pratyby, nebuvo.
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4.4.1.4 pav. Nesportuojanciy vyry integruota trijy vertinty dinaminiy sqsajy
(Dskrr _ors; Dskrr Jr ir Dskors J1) kaita pratybose taikant trumpus
diferencinio pobudzio kritvius
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4.4.2. Dinaminiy sasajy tarp EKG rodikliy kaita
nesportuojantiems vyrams atliekant vis sudétingesnes,
koordinaciniy pastangy reikalaujancias uZzduotis

Nesportuojanéiu vyry (n = 12) SSD kaita

Pries tyrima, t. y. santykinés ramybés bikléje SSD buvo 83,2 + 9,2 k./min.
Atliekant pusiausvyros i§laikymo uZduotis SSD padid¢jo, tadiau statistiskai
reik§mingo skirtumo tarp SSD veréiy registruoty atliekant paprasta pusiau-
svyros islaikymo uzduotj (103,7 + 12,1 k./min.) ir atliekant sudétingg pusiau-
svyros iSlaikymo uzduotj (107,6 £ 11,6 k./min.) nebuvo (p > 0,05).

Sasaja tarp RR intervalo ir QRS komplekso trukmés (Dskrr_qrs)
(4.4.2.1 pav. A)

Nesportuojanéiy vyry ramybés bukléje Dskrr ors verciy vidurkis buvo
0,244 + 0,3. Atliekant pirmaja uzduoti (stovéjimas ant Libra platformos)
Dskrr_qrs vertés sumazéjo iki 0,14 + 0,1. StatistiSkai reikSmingo skirtumo
nepastebéta. Atliekant antraja uzduoti (pritiupimai ant Libra platformos)
Dskrr ors padidéjo iki 0,18 + 0,2. Atsigavimo po tyrimo metu, Dskrr Qrs
verciy vidurkis i§liko maZesnis nei registruotas pries kruvj ir sieké 0,17 £ 0,1.
StatistiSkai reikSmingo skirtumo nepastebéta.

Sasaja tarp RR ir JT intervaly (Dskgrr j7) (4.4.2.1 pav. B)

Nesportuojanciy vyry ramybés bukleje Dskrr it ver€iy vidurkis — 0,10 +
0,1. Pirmosios uzduoties metu Dskrr qrs vertés padidéjo iki 0,13 + 0,05.
Buvo stebimas statistiSkai reikSmingas skirtumas (Z = —-2,828; p = 0,005).
Poilsio tarp uzduociy metu Dskrr qrs vertés pasieké prie§ tyrimg esanciy
verciy vidurkj iki 0,10 = 0,046. Antrosios uzduoties metus buvo stebimas
statistiSkai reikSmingas skirtumas (Z = -3,180; p = 0,001), Dskrr_qrs vertés
padidéjo iki 0,17 £ 0,05. Atsigavimo po tyrimo metu Dskrr Qrs vertés
sumazg¢jo iki 0,13 £ 0,11.

Sasaja tarp JT intervalo ir QRS komplekso trukmeés (Dskjr_grs)
(4.4.2.1 pav. C)

Nesportuojanéiy vyry ramybés bukléje vertinamo Dskit grs verciy
vidurkis — 0,28 = 0,25. Atliekant pirmaja uzduotj Dskit qrs vertés buvo 0,22
+ 0,14. Atsigavimo po pirmosios uzduoties metu Dskit grs vertés padidéjo
iki 0,30 £ 0,19. Antrosios uzduoties metu Dskit qrs verciy vidurkis padidéjo
iki 0,27 = 0,15. Atsigavimo po tyrimo metu Dskjt grs vertés buvo 0,26 +
0,16. StatistiSkai reikSmingo skirtumo nepastebéta.
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4.4.2.1 pav. Nesportuojanciy vyry dinaminiy sgsajy tarp EKG rodikliy kaita
pratybose taikant diferencinio pobidzio kriivius

Integruota trijy vertinty dinaminiy sasajy kaita (Dskrr_ors;
DSkRR_JT ir DSkQRS_JT) (4.4.2.2 paV.)

Susumuotos Dsk vertés ramybés biikl¢je, vidutiniskai, buvo 0,63 + 0,40
Atliekant pirmaja uzduotj Dsk vertés buvo 0,28 + 0,40. Atsigavimo po pir-
mosios uzduoties metu Dsk vertés padidéjo iki 0,581 £+ 0,321. Antrosios
uzduoties metu Dsk verciy vidurkis padidéjo iki 0,645 £+ 0,18. Atsigavimo po
tyrimo metu Dsk vertés sumazejo iki 0,547 + 0,28. StatistiSkai reikSmingo
skirtumo nepastebéta.
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4.4.2.2 pav. Nesportuojanciy vyry integruota trijy vertinty dinaminiy sqsajy
(Dskrr_ors, Dskrr jrir Dskors Jr) kaita pratybose taikant diferencinio
pobidzio kritvius

4.4.3. Dinaminiy sasajy tarp EKG rodikliy kaita,
kai nesportuojantys vyrai aerobinio kriivio metu atlieka
papildomas uzduotis (dvigubos uzduoties metodas)

Nesportuojanéiy vyry (n =12) SSD kaita

Pagrindinis Sio tyrimo tikslas buvo palyginti aerobinio krivio pratyby ir
pratyby, kuriose taikoma dvigubos uzduoties metodas, jtaka SKS. Reikia
konstatuoti, kad nebuvo reikSmingy skirtumy (p > 0,05) tarp Siy dviejy
pratyby registruoty EKG rodikliy ver€iy kai lyginome RR intervalo, JT
intervalo bei QRS komplekso trukmes. Tiek aerobinio kriivio pratybos, tiek
pratybos taikant dvigubos uzduoties metoda vienodu laipsniu pakeisdavo
uzrasyty EKG rodikliy vertes. Pratyby fizinis kravis (apkrova 25 W)
neissauke didelio SSD padidéjimo. Pratyby pabaigoje SSD vertés — 121,8 +
2,1 k./min. SSD rodiklio ver¢iy kaita neatskleidé skirtumy tarp misy
lyginamy pratyby poveikio. Lygiai taip pat ir kiti du elektrokardiogramos
rodikliai (JT intervalas ir QRS komplekso trukmé) neatskleidé skirtumy tarp
lyginamy pratyby sukeliamy pveikiy. Taciau, $iy rodikliy dinaminiy sgsajy
vertinimo rezultatai, didesnis liekamasis kriivio poveikis buvo, kai aerobinio
kriivio pratybos buvo papildomos DM metodu grindZziamomis uzduotimis.

Dinaminiy sasaju kaita

Pradinés Dskrr_qrs vertés registruotos pries pratybas abiejy tyrimy metu
statistiSkai reik§mingai nesiskyr¢, t. y. 0,316 = 0,09 ir 0,335 + 0,09. Vertinant
RR intervalo ir QRS komplekso trukmiy sasajos kaitg pastebéjome, kad po
abiejy pratyby §i vertinama sasaja sustipréjo Dskrr Qrs buvo sumazéjes,
stebimi statistiSkai reikSmingi skirtumai aerobiniy kriivio pratybose (Z =
-2,338; p=0,019), ir pratybose kai buvo taikytas dvigubos uzduoties metodas
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(Z =-3,288; p = 0,001). Praéjus 30 min. po pratyby sustipréjusi sasaja tarp
EKG RR intervalo ir QRS komplekso kaitos iSliko, skirtumas tarp pradiniy
Dskrr qrs verciy ir verciy registruoty po 30 min. buvo stebimas statistiskai
reikSmingas skirtumas: aerobinio krivio pratyby (Z = -2,228; p = 0,005), ir
pratyby su DU uzduotimis (Z = —4,146; p = 0,002). Stebimi statistiSkai
reikSmingi Dskrr qrs skirtumai tarp grupiy (U = 21, p = 0,002).

4.4.3.1 pav. B pateikta Dsk.rr/) vertés jvairiuose tyrimo etapuose. Ver-
tinant $io rodiklio kaitg galima pazyméti, kad nei po aerobinio kriivio pratyby,
nei po pratyby, kuriose buvo taikomas dvigubos uzduoties metodas Dskrr it
vertés statistiSkai reikSmingai nesiskyre, taciau pra¢jus 30 min. po pratyby
buvo stebimas sgsajos tarp RR ir JT intervaly kaitos sustipréjimas (Dskrr it
sumazéjimas) ir tai buvo statistiSkai reikSmingas skirtumas (Z = -3,469; p =
0,002). Stebimas statistiskai reikSmingas skirtumas tarp tyrimy (U = 28, p =
0,001), t. y. stipresné sgsaja buvo konstatuota po pratyby kai buvo taikoma
dvigubos uzduoties metodas.

4.4.3.1 pav. C pateikta Dskqrs st vertés uzraSytos jvairiuose tyrimo
etapuose. Pradinés Dskors it vertés registruotos prie§ pratybas statistiSkai
nesiskyre (p > 0,05), t. y. 0,464 £ 0,09 ir 0,474 + 0,08. Tiek aerobinio kriivio
pratyby metu, tiek pratybose taikant dvigubos uzduoties metoda sagsaja tarp
EKG QRS komplekso ir JT intervalo, palyginant su pradinémis vertémis buvo
statistiSkai reikSmingai sustipréjusi: aerobiniy kriivio pratyby (Z = —1,852;
p= 0,02), DU (Z = -2,456; p = 0,05). Pra¢jus 30 min. po pratyby buvo
stebimas sgsajos sustipréjimas (Dskors jT sumazéjimas), stebimas statistiskai
reikSmingas skirtumas (Z = —2,689; p = 0,001) palyginant su pradinémis
vertémis, registruotomis prie$ pratybas. Skirtumas tarp tyrimy buvo statis-
tiskai reikSmingas (U = 18, p = 0,002), t. y. sgsaja stipresné buvo konstatuota
po pratyby kai buvo taikoma dvigubos uzduoties metodas.
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4.4.3.1 pav. Nesportuojanciy vyry dinaminiy sgsajy tarp EKG rodikliy
kaita, kai pratybose taikytas aerobinis kriivis arba dvigubos uzduoties
metodas
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4.4.4. Dinaminiy sasaju tarp EKG rodikliy kaita atliekant
diferencinio mokymo metodu grindziamas uzZduotis

Nesportuojanéiy vyry grupés (n = 9) (pratimus atliko pirmaji kartg)
integruota trijy vertinty dinaminiy s3sajy kaita (Dskrr qrs; Dskrr Jr ir
Dskqrs 1) pateikta 4.4.4.1 pav.

Tyrime dalyvavo nesportuojanciy vyry grupé, kuriems pratimai nebuvo
zinomi. Juos atliko pirmg karta, klausydami tyréjo nurodymy.

Susumuotos Dsk vertés ramybés biikléje, vidutiniskai, buvo 0,532 + 0,425.
Pradéjus fizinj kriivj, t. y. diferencinio pobiidzio uzduoti (éjimg ant bégimo
takelio) pirmojo kriivio puséje stebéjome Dsk padidéjimg 0,859 + 0,421.
Antrojoje kriivio pus¢je Dsk vertés padidéjo iki 1,001 + 0,522. Taciau statis-
tiSkai reikSmingo skirtumo nepastebéta. Atsigavimo po tyrimo metu Dsk ver-
tés sumazéjo iki 0,983 + 0,636. Statistiskai reikSmingo skirtumo nepastebéta.

e ———
= e

0.6 " |
0.4 4
0.2 i
0.0

Dsk suma

Prics 1 Iu}.mn_} pusé | 2 kl*f_mu_} pusé Po 30 min.
i min, 3 min. e
2 min. atsigavimas

Pratymus atlicka pirma kartg

4.4.4.1 pav. Nesportuojanciy vyry grupés (pratimus atliko pirmgjj kartg)
Integruota trijy vertinty dinaminiy sgsajy (Dskrr ors, Dskrr jrir Dskors 1)
kaita pratybose taikant diferencinio pobiidzio krivius

Sportuojanciy vyry grupés (n = 8§) (mokantys pratimg) integruota trijy
vertinty dinaminiy sasajy kaita (Dskrr qrs; Dskrr st ir Dskors i) pateikta
4.44.2 pav.

Sportuojanéiy vyry grupei, diferencinio pobtidzio pratimai buvo zinomi.
Tiriamieji pratimus atliko savarankiSkai. Susumuotos Dsk vertés ramybeés
bukléje vidutiniskai buvo 0,940 + 0,506. Pradéjus diferencinio pobiidzio
uzduoti (éjimg ant bégimo takelio), pirmojo kriivio pus¢je, stebé¢jome Dsk
sumaz¢jimg 0,734 + 0,395. Antrojoje kriivio pus¢je Dsk vertés padidéjo iki
0,843 + 0,412. Taciau statistiSkai reikSmingo skirtumo nepastebéta. Atsigavi-
mo po tyrimo metu Dsk vertés sumazéjo iki 0,983 + 0,636. Statistiskai
reikSmingo skirtumo nepastebéta.
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4.4.4.2 pav. Sportuojanciy vyry grupés (mokantys pratimg) integruota
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Pries
5 min.

1 kravio pusé
35 min.

2 krivio pusé
3 min.

Po 30 min.
atsigavimas

Mokantys pratimg

kaita pratybose taikant diferencinio pobiidzio kritvius

Didelio meistriskumo sportininky tiriamyjy grupés (n = 9) (pratimus atli-
ko pirmgjj kartg), integruota trijy vertinty dinaminiy sasajy kaita (Dskrr_qrs;
Dskrr_jrir Dskqrs_it) pateikta 4.4.4.3 pav.

Susumuotos Dsk vertés ramybés bukléje vidutinisSkai buvo 0,472 + 0,235
pradéjus diferencinio pobiidzio uzduotj (éjimg ant bégimo takelio), pirmojo
kriivio puséje, stebéjome Dsk padidéjimg 0,850 + 0,310. Antrojoje kriivio
puséje Dsk vertés sumazgjo iki 0,749 + 0,295. Taciau statistiSkai reikSmingo
skirtumo nepastebéta. Atsigavimo po tyrimo metu Dsk vertés sumazéjo iki

0,428 + 0,230. Statistiskai reikSmingo skirtumo nepastebéta.
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Pries
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1 kravio pusé
3 min.

2 kruvio pusé
3 min.

Po 30 min.
atsigavimas

Sportininkai pratymus atlicka pirmg kartg

4.4.4.3 pav. Didelio meistriskumo sportininky grupés
(pratimus atliko pirmgji kartg), integruota trijy vertinty
dinaminiy sqsajy (Dskrr ors, Dskrr Jrir Dskors Jr) kaita
pratybose taikant diferencinio pobidzio kritvius
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Bendra tyrimo grupiy, integruota vertinty dinaminiy sasajy kaita
(Dskrr_qrs; Dskrr it ir Dskors i1) pateikta 4.4.4.4 pav.

Dsk suma

1 kriaivio pusé | 2 kriivio pusé

S min. 5 min. Lo 3 i

atsigavimas

Pries
5 min.

= O = Nemoka pratimo  ==—ty== Moka pratimg
==+= Sportininkal nemoka pratimo

4.4.4.4 pav. Bendra tyrimo grupiy integruota dinaminiy
sgsajy (DskRR _QRS; DskRR _JT ir DskQRS JT) kaita
pratybose taikant diferencinio pobiidzio kriivius
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5. REZULTATU APTARIMAS

Sasajuy dinamikos tarp EKG rodikliy kaitos ypatybés

Fiziniam krtviui atlikti apriipinanciyjy sistemy funkcijos turi aktyveéti
atsakydamos j padidéjusj energijos poreikj [202-204], ir atvirk§¢iai — po
kriivio vykstanciy atsigavimo procesy intensyvumas ir trukmé priklauso nuo
kriivio metu jvykusiy pokyc¢iy visumos [31, 205, 206]. Pirmojo tyrimo
(nesportuojanciy asmeny (n = 27) dinaminiy sgsajy tarp EKG rodikliy kaitos
ypatybés, atliekant gana lengvq fizinj kritvi) rezultatai rodo, kad atliekamas
10-ties minuéiy trukmés fizinis kriivis buvo gana lengvas (SSD padidéjimas
buvo gana mazas, nebuvo reik§mingo SSD didéjimo tesiant kriivj, po kritvio
visi miisy uzrasyti rodikliai per 5 minutes atsigavo iki pradiniy verciy). Lygiai
taip pat galima apraSyti ir misy vertinty dinaminiy sasajy kaitg. Taigi Sio
tyrimo rezultatai vaizdziai rodo, kad vertintos dinaminés sgsajos po kriivio
greit grizta iki pradiniy verciy, jeigu kriivis nesukeélé reikSmingo nuovargio.
Yra nemazai mokslo publikacijy, kuriose parodyta, kad dinaminés sgsajos
tarp EKG rodikliy sustipréja kriivio pradzioje ir, sunkéjant fiziniam kriiviui,
silpnéja [207-210]. Lygiai tokia pati vertinamy dinaminiy sasajy kaita buvo
stebéta ir miisy tyrimo metu. Siekdami patikrinti, ar ir kity, ne tik EKG rodik-
liy, tarpusavio sgsajos kinta taip pat [171, 172, 208], atlikome antrgjj tyrimg
(didelio sportinio meistriskumo sportininky (n = 24) Sirdies funkcijos rodikliy
kaitos ypatybés atliekant pakopomis didéjantj krivj iki negaléjimo testi
uzduotj bei atsigavimo metu). Siuo tyrimu sickéme nustatyti dinaminiy sasajy
tarp padiy reik§mingiausiy SKS funkciniy rodikliy (sistolinio ir minutinio
kraujo tirio) kaitos ypatybes didelio sportinio meistriSkumo sportininkams
(n=24). Laikoma, kad Sirdies kaip siurblio funkcijos galimybes nusako Sie du
funkciniai rodikliai: sistolinis ir minutinis kraujo turis [211, 212].

Misy tyrime tiriamieji (tiek istvermes, tiek prie greitumo kritviy adap-
tuoti asmenys), atlikdami pakopomis didéjant] veloergometrinj kruvi, tesé
fizinio kriivio uzduotj iki negaléjimo. Diskriminanto tarp minutinio ir sistoli-
nio kraujo tiirio padidéjimas kriivio pradzioje greit pasikeité | maz¢jima, ir tik
kriiviui subjektyviai sunkéjant Dsk vertés imdavo didéti. Taigi Sio tyrimo
rezultatai rodo, kad fizinio kriivio metu dinaminés sgsajos tarp SKS rodikliy
sustipréja, t. y. jy kaitos pobiidis yra panasus kaip ir sgsajos tarp EKG rodik-
liy. Panasig diskriminanty kaitos dinamika, atliekant pakopomis didéjancius
kriivius veloergometru, tik vertindami jvairiy EKG rodikliy kaita, steb¢jo ir
kiti tyréjai [171, 199, 209]. Deja, negalime diskutuoti su uzsienio Saliy tyre-
jais, nes §is duomeny analizés metodas buvo sukurtas Lietuvos mokslininky
ir musy atlikti tyrimai yra skirti $io metodo galimybéms patikrinti.
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Palyginta greitumo ir iStvermeés prie fiziniy kriiviy adaptuoty asmeny
vertinty dinaminiy sgsajy kaita. Galima pazyméti, kad iStvermés grupés tiria-
miesiems biidingas maZesnis dinaminiy sgsajy kaitos greitis, ilgiau trunkanti
santykiné stabilioji sustipréjusios sasajos faz¢ bei didesnis sgsajos sumaze-
jimas krtivio pabaigoje, nei greitumo grupés tiriamiesiems. Taciau vertindami
dinaminiy s3sajy kaitos pobiidj, tiek greitumo, tiek iStvermés grupése stebe-
jome sasajos sustipréjimo faze bei jos mazéjima, kai kriivis tapo sunkus.
Didziausios diskriminanto vertés buvo stebimos kriivio pabaigoje, t. y. pries
tiriamajam atsisakant testi kriivi. Toks dinaminiy s3sajy kaitos pobudis didé-
jancio nuovargio sglygomis buvo biidingas visiems asmenims.

Literattiroje pabréziama, kad daugelio fiziologiniy mechanizmy ir funk-
cijy suderinamumas yra didelio meistrisSkumo klasés sportininky organizmo
ypatybé [213, 214]. I§tverm¢ lavinanciy, sportuojanciy asmeny geb¢jimas
ilgiau testi didelio intensyvumo fizinj kriiv] yra siejamas su daugelio kity
kompensaciniy mechanizmy atsiradimu ir darna [215, 216].

Vertinant §io tyrimo rezultatus, svarbu yra fiziologin¢ diskriminanto
pasikeitimo prasmé. Papievienés disertacijoje pateikta, kad krtvio pradzioje
dinaminé sasaja tarp daugelio SKS funkciniy rodikliy (minutinio kraujo tirio,
SSD, arterinés kraujotakos intensyvumo raumenyse, AKS rodikliy) sustipréja,
taCiau pries darbo pabaigg prasidedantis reikSmingas sgsajos mazéjimas lemia
atsisakyma testi fizinj krtivi [171]. Taigi iSvada, kurig galétume daryti vertin-
dami kity tyréjy, taikiusiy algebrinj duomeny kointegracijos metoda, ir miisy
tyrime gautus rezultatus — sasajy tarp SKS rodikliy kryptingi poky¢iai prasi-
deda vos tik pradéjus atlikti fizinj kruvj, bet pasiekus tam tikrag funkcing biikle
(nuovargis) sasajos stipréjimas pasikeic¢ia jos silpn¢jimu. Vadinasi, tarp
vertinamy SKS funkciniy rodikliy suderinamumas sumazéja ir tiriamasis
nesugeba toliau testi fizinio kriivio.

Tyrimo rezultatai parodé, kad sgsajy tarp sistolinio ir minutinio kraujo
tirio kaita, atliekant pakopomis didéjantj kriivi iki negaléjimo, turi tas pacias
ypatybes kaip ir sgsajos tarp EKG rodikliy, t. y. stebima sgsajos sustipréjimas,
kuris tesiasi iki atsirandant reikSmingam nuovargiui, t. y. atliekant paskutines
kriivio pakopas sasaja silpnéja. Toks sasajos kitimo faziSkumas buvo stebi-
mas ir prie greitumo, ir prie iStvermés fiziniams kriiviams adaptuoty asmeny
grupése.

Trec€iojo tyrimo metu, tirdami sportuojancius vyrus (n = 27), siekéme
nustatyti dinaminiy sasajy tarp EKG rodikliy (RR, JT, ORS) kaitos ypatybes
kintant funkcinei biiklei. Sio tyrimo protokolas buvo sudarytas taip, kad
galétume stebéti atsigavima po santykinai lengvo fizinio kriivio ir atsigavima
po kriivio sukeliancio dideli nuovargj. Kiekviena kriivio pakopa truko SeSias
minutes ir kiekvienos kitos kriivio pakopos metu apkrova padidédavo po
50 W, ir kriivis buvo tesiamas iki negal¢jimo. Beveik visi Siame tyrime daly-
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vave tiriamieji subjektyviai vertino nuovargi 10 baly. Objektyvus fiziolo-
giniai rodikliai, uzrasyti krivio pabaigoje, taip pat rod¢ didziausig susitel-
kima, o sulétéjes jy atsigavimas greitojoje atsigavimo fazéje — didelj nuovar-
gl. Aptariant Sio tyrimo rezultatus pagrindinis mus dominantis faktas —
dinaminés sgsajos tarp EKG rodikliy atsigavimo po kriivio metu isliko
sustipréjusios tiek pirmasias penkias minutes po kriivio, tiek pra¢jus 30 min.
po kriivio. SKS tyrime Dsk vertinimas gali biiti panaudotas individo nuovar-
giui po krivio nusakyti.

Organizmo funkcijy lavéjimas nusakomas histerezés principu (vélyvasis
poveikis), ir procesai, vykstantys atsigavimo po kriivio metu, lemia ilgalaikés
adaptacijos ypatybes [217, 218]. Tiriant SKS reakcija j fizinius kriivius,
analizuojant sveikatg stiprinanciy pratyby sukeliamus poveikius, dinaminiy
sasajy vertinimai biity iSties vertingi ir tinkami. Sio tyrimo rezultaty analizé
leidzia teigti, kad toks vertinimas tiksliau nei SSD, AKS, minutinis kraujo
tiiris ar StO2 rodo liekamuosius kriivio poveikus, t. y. atlikto fizinio kriivio
arba pratyby jtaka SKS.

Treciojo tyrimo metu nustatyti rezultatai (vertinta dinaminiy sgsajy tarp
EKG rodikliy kaitos ypatybés, atliekant pakopomis didéjantj krivi iki
negaléjimo bei atsigavimo metu) 1§ dalies pakartojo pirmojo tyrimo rezultatus
(iSvadg). Misy vertinamos dinaminés sgsajos tarp EKG rodikliy stipréjo
atliekant lengva kriivj ir greitg atsigavima nutraukus ji. Taciau, kai kriivis
buvo atnaujintas ir tesiamas iki negaléjimo, — dinaminiy sgsajy kaita jau tu-
réjo kitas ypatybes. I$skirtinai, kad sunkaus kriivio metu sgsajos reikSmingai
susilpnédavo; baigus kriivj — vél sustiprédavo, ir $is sgsajy sustipréjimas buvo
i8likes net praéjus 30 min. po krivio. Kity tyréjy duomenys apie sasajy kaita
fiziniy kriiviy metu visiSkai sutampa su misy tyrime gautais rezultatais,
taciau liekamieji kriivio poveikiai kity tyréjy nebuvo vertinami.

Kiti uzrasyti fiziologiniai rodikliai (SSD, AKS, minutinis kraujo tiiris,
St0>) dar nesp¢ja atsigauti per pirmasias penkias minutes po kriivio, o pragjus
30 min. uzrasytos rodikliy vertés jau nesiskyré nuo pradiniy. Vadinasi, Siy
rodikliy vertés neatspindi liekamojo nuovargio, kitaip tariant, organizmo
buklés, kurias sporto teorija (sporto mokslas) nusako terminu ,,lickamasis
pratyby poveikis®, t. y. po kriivio arba pratyby jvykusiy pasikeitimy visuma,
dar nei$nyke nuovargio pozymiai. Taciau dinaminiy sgsajy kaita turéjo kity
kaitos ypatybiy. Be anksCiau minéty (sustipréjimas kritvio pradzioje ir atlie-
kant kriivi, bei susilpnéjimas, kai krivis tampa subjektyviai sunkus), buvo
konstatuota ir kita ypatybé, kad dinaminés sasajos iSliko sustipréjusios
(neatsigavo) tiek pra¢jus penkioms minutéms po krivio, tiek praéjus
30 minuciy po kravio.

Daugelio SKS rodikliy tarpusavio dinaminés sasajos ir juy kaita buvo
tyrinéta kity tyréjy [171, 189, 191, 208, 209, 219]. Beveik visi tyréjai stebéjo
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sasajy sustiprejimg krivio pradzioje ir sustipréjusias sgsajas kriivio metu.
Parodyta, kad atliekant did¢jantj kruv] iki negal€jimo, testi uzduotj vertina-
mos s3gsajos pradeda silpnéti ir reikSmingas jy silpnéjimas stebimas prie§
tiriamajam atsisakant testi fizinio krtivio uzduotj [171].

Taigi apibendrinant visy trijy tyrimy rezultatus galima daryti i§vada, kad
dinaminés sasajos tarp EKG rodikliy jautriai reaguoja (kinta) kintant SKS
funkcinei biiklei. Sie duomenys teikia galimybe tyrinéti SKS funkcijos ypaty-
bes, galbiit vertinti sveikatos stiprinimo pratyby bei fiziniy kruviy poveikius.

Pratybu, taikant okliuzinés treniruotés metoda,
jtaka sportuojanciuy (n = 24), sveikatg stiprinanc¢iy
asmeny Sirdies ir kraujagysliy sistemai

Okliuzinés treniruotés metodo kiiréjai pabrézia, kad nedidelio intensy-
vumo kriiviai, atliekami pristabdzius raumeny kraujotaka, yra veiksmingi,
t. y. sukelia raumeny poky¢ius, panasius j didelio intensyvumo pratimus [40,
64, 220]. Taciau Siose publikacijose, tarp jy ir apzvalginiuose straipsniuose,
yra labai mazai tyrimy, kuriuose buvo vertinta ir parodyta okliuzinés treni-
ruotés jtaka SKS [66—68]. Bene issamiausiai §is klausimas buvo nagrinétas
K. Buineviciaus disertaciniame darbe [61]. Minétame darbe buvo tyrinéjama
tiek okliuduojancio slégio jtaka, tiek fizinés apkrovos kaitos ypatybés tam
tikroms pratyboms, ir vienas tyrimas buvo skirtas tokio poveikio jtakai Sirdies
funkcijai vertinti. Remiantis EKG rodikliy ir AKS kaitos vertinimu buvo
padaryta iSvada, kad atliekant pratimus, 1§ dalies ribojant kraujotakg kirksnies
srityje, Sirdies veikla néra papildomai sunkinama, okliuzinis poveikis neturi
reikSmingos jtakos Sirdies susitraukimo dazniui ir AKS. Todé¢l tokios praty-
bos nelavina Sirdies funkciniy galimybiy, tokios pratybos sukelia raumeny
poky¢ius, panasius j didelio intensyvumo pratimus.

Aptariant miisy gauty tyrimy rezultatus biitina i$skirti centrinés ir perife-
rinés kraujotakos ypatybes. Pirma, SSD, AKS ir kiti EKG rodikliai netiesio-
giai rodé santykinai nedidelj centrinés kraujotakos aktyvuma, ir kiekvieng
kriivio serijg arba kriivio kartojima $iy rodikliy padidéjimas buvo to paties
lygmens, t.y. pratyby metu nebuvo rySkaus suminio poveikio. Taikydami
okliuzinés treniruotés metoda, stebé&jome ryskia vietiSkos raumeny kraujota-
kos ir StO: kitima. Tokj vertinimg darome vadovaudamiesi tiek savo, tiek kity
tyréjy pateikiamais duomenims apie $iy rodikliy kaitos normas ir ribas [221—
224]. Miisy tyrime uzraSyti vietiSkos raumeny kraujotakos ir StO: kaitos duo-
menys rodo, kad dalinis kraujotakos ribojimas, atliekant pratybose planuota
fizinio kriivio serija, modifikuoja Siy rodikliy kaitg aktyviuose raumenyse.
Taip pat stebéjome 1étesn] arterinés kraujotakos intensyvumo atsigavima po
kriivio serijos bei labai léta StO: atsigavima poilsio tarp kriivio serijy metu.
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Misy tyrimo rezultatai i§ dalies patvirtina kity tyréjy [61, 212, 225, 226]
teiginius, kad pratybose, taikant okliuzinés treniruotés metoda, Sirdies veikla
nepatiria ekstremaliy apkrovy. Taciau vertinimas, kad tokios pratybos nela-
vina funkciniy miokardo galimybiy, yra netikslus. Miisy pasirinktas duomeny
kointegracijos metodas, vertinant EKG rodikliy dinaminiy sasajy (Dskrr qrs;
Dskrr it ir Dskqrs iT)kaitg pratybose taikant tradicinj ir okliuzinés treniruo-
tés metoda, akivaizdziai rodo, kad Sirdies buklés kitimas tokiy pratyby metu
skiriasi nuo pratyby, be aktyviy raumeny kraujotakos ribojimo (4.2.7 pav.).
Pateiktos rodiklio (Dsk) kaitos kryties koeficiento rezultatai akivaizdziai rodo
okliuzinio poveikio suminj poveikj pratyby eigai. Kaip minéjome, fiziniy
gebéjimy lavéjimas yra nusakomas histerezés principu (vélyvasis poveikis)
[103, 217], organizmo biklés kaita — tiesioginiu; lieckamuoju; suminiu bei
kumuliaciniu pratyby poveikiu [31]. Todél galima teigti, kad atliekant prati-
mus, kai i§ dalies yra ribojama raumeny kraujotaka, Sirdies veikla bus stipriau
paveikiama ir toks poveikis atsispindés ilgalaikés adaptacijos procese.

Apibendrinant Sio tyrimo rezultatus galima teigti, kad fizinio kriivio
pratybos, kai i§ dalies yra ribojama raumeny kraujotaka, nesukelia ryskiy
Sirdies ir kraujagysliy sistemos funkciniy rodikliy poky¢iy, i§skyrus didel;
vietiSkos kraujotakos suaktyveéjimg. Tokiy pratyby metu Sirdies veikla yra
paveikiama stipriau nei atlickant pratimus be kraujotakos ribojimo. Sis kriivio
atlikimo metodas yra saugus ir gali buti rekomenduojamas sveikatos stipri-
nimo tikslais.

Pratybuy, taikant didelio intensyvumo intervalinio pobudZio
kriivius sportuojanciy, sveikata stiprinanciy vyru (n = 16)
jtaka Sirdies ir kraujagysliy sistemai

Kaip min¢jome $io darbo jvade, gana nauja ir populiarinama fizinio akty-
vumo forma yra didelio intensyvumo intervaliné treniruoté (DIIT). Litera-
tiroje pabréziamas jos veiksmingumas ir tai, kad taikant §j metodg sutrum-
péja laiko sgnaudos [46—48, 71, 72]. Pateikiama tyrimy, jrodanc¢iy, kad DIIT
sukelia jvairius SKS bei medziagy apykaitos pasikeitimus, panaius ar net
didesnius nei tie, kurie gaunami reguliariai atliekant reguliarius aerobinius
pratimus [88, 227]. Sj treniravimo metoda daznai naudoja sportininkai [49].
Taciau yra darby, teigianciy kad toks metodas gali biiti taikomas ir nesportuo-
jantiems asmenims. Netgi pabréziama, kad netreniruotiems asmenims ir §ir-
dies sveikatos problemy turintiems asmenims tai gali buiti veiksminga tradici-
niy iStvermés pratimy alternatyva [73, 74]. Kai kuriuose tyrimuose buvo
parodyta, kad dél tokio treniravimo metodo pageré¢jo antsvorio ir nutukusiy
zmoniy sveikatos rodikliai [52-54, 210, 211].
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Sio tyrimo metu prie$ pratybas tiriamyjy santykinés ramybés metu SSD
vertés beveik nekito, bet buvo galima jzvelgti silpnai isreiksta SSD didéjimo
tendencija, tiriamiesiems laukiant intensyvaus kriivio uzduociy. Tai, be abejo,
zinomas pries-startinio jaudulio fenomenas, kuris iSsamiai buvo vertintas ir
parodytas Venskaitytés darbuose [209]. Nustatyta, kad sportininkams lau-
kiant krtivio, daug dinaminiy sgsajy tarp EKG rodikliy pradeda stipréti, tai
vertintina kaip sportininko nusiteikimas arba organizmo pasirengimas biisi-
mam kriiviui atlikti.

Fizinj krtvi pratybose lemia penki komponentai (kritvio intensyvumas,
trukmeé, kartojimy skaicius, poilsio intervaly trukmé; poilsio pobiidis). Praty-
bose galima variuoti §iais fizinio kriivio komponentais ir atitinkamai siekti
skirtingy ilgalaikés adaptacijos poveikiy [86, 230]. Dazniausiai DIIT praty-
bos trunka ne ilgiau kaip 20 minuciy. Misy tyrime buvo pasirinkta gana trum-
pos kriivio uzduotys, nes jy taikymo tikslingumas sportuojantiems asmenims
vis tik kelia abejoniy dél galimos rizikos. Didelio intensyvumo arba maksima-
liy pastangy reikalaujantys kriiviai yra rizikingi ir nerekomenduotini [12, 90,
231]. Siekdami atsakyti j klausima, ar pratyby trukmeés sutrumpinimas, tai-
kant jose DIIT kriivius, nekelia rizikos sportuojantiems — sveikatg stiprinan-
tiems asmenims, mes ir tyréme $iy kriviy jtaka SKS. Gauti tyrimo rezultatai
parodé, kad atliekant tokio pobiidzio kriivius SKS yra stipriai paveikiama.
Pirmiausia — trys tiriamieji i§ 20-ties kviestyjy dalyvauti tyrime nutrauke
dalyvavima tyrime, o i$ likusiy 16 vertinamy tiriamyjy trims buvo konstatuota
ryskiis funkciniai iSeminiai miokardo pozymiai kriivio arba i§ karto po
kriivio — tai rodo tokiy pratyby neadekvatuma. Darome iSvada, kad tokio
pobudzio pratybos negali biiti rekomenduotinos visiems asmenims. Jos kelia
rizika, ir tik reguliariai sportuojantys asmenys bei gydytojo leidimg atlikti
tokio pobiidzio fizinius kriivius turintys asmenys gali taikyti §j treniravimosi
metoda. Formuluojamg iSvada patvirtina ir faktas, kad Dsk verciy svyravimai
pratybose, kaitaliojantis kriivio kartojimams ir poilsio intervalams, vis didéja.

Pratybuy, taikant koordinaciniy pastangu reikalaujancias bei
diferencinio mokymo metodu grindZziamas uzduotis, jtaka SKS

Ankstesniuose, tieck miisy, tiek kity tyréjy, darbuose [189, 232] buvo
parodyta, kad kruvio pradzioje dazniausiai stebime dinaminiy sasajy tarp
EKG rodikliy sustipréjimg, ir tik atsirandant nuovargiui — jy silpnéjimo
tendencija. Miisy taikomas EKG analizés metodas, vertinant dinaminiy sgsajy
kaitg atliekant fizinius krivius, buvo taikytas daugelio autoriy, ta¢iau mums
neteko surasti n¢ vieno darbo, kuriame biity parodyta jy kaita atliekant
koordinaciniy pastangy reikalaujan¢ias uzduotis. Pusiausvyros iSlaikymas
natiiraliy lokomocijy metu yra jprasta kasdien¢ uzduotis [233, 234] ir miisy
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parinkta uzduotis nesportuojantiems vyrams (n=24) (pusiausvyros islaikymas
frontalinéje plokstumoje stovint ant dinaminés platformos) néra iSskirtinai
nepazjstama uzduotis tiriamiesiems. Gauti §io vertinimo rezultatai (4.7 ir 4.2
tyrimai) parode, kad atliekant nesudétingas koordinacijos pastangy reikalau-
jancias uzduotis dinaminés sasajos tarp EKG rodikliy sustipréja, taciau baigus
uzduot] gana greitai jos atsigauna. Tac¢iau kada koordinaciné uzduotis tampa
sudétingesné (ir tai néra jprasta kasdien¢ uzduotis), dinaminiy sasajy kaita
tampa jvairaus kryptingumo, ir daugeliy atveju stebimas dinaminiy sgsajy
susilpnéjimas. Tokia situacija stebéjome vertindami dinaminiy sasajy tarp
EKG rodikliy kaitg tiriamiesiems (nesportuojntiems asmenims) pusiausvyros
iSlaikymo metu atliekant kamuoliuko métymy-sugavimy ir jvairiy pritipimy
uzduotis.

Vienu i§ tyrimy mes bandéme atsakyti j klausima, ar galima sukelti stip-
resnj poveikj SKS, jeigu nesportuojantiems asmenims (n = 12) taikysime
dviejy uzduodiy metoda. Kaip rodo SSD kaita, tai buvo subjektyviai lengva
aerobinio kriivio uzduotis, nes po jsidirbimo fazés jokio tolesnio SSD dideé-
jimo stabiliosios fazés metu nebuvo ir SSD greitai atsigavo tik baigus kriivi.
Tai rodo ir vertinamy Dsk kaita — nebuvo jokio Dsk didéjimo, kuris rodyty
bemkauplanq nuovargj, o baigus kriivi Dsk greitai sugrjzo iki pradiniy Vercm
Sis tyrimas atskleidé, kad pratybose taikant dviejy uzduoéiy metoda SKS
galima sukelti stipresnj lieckamajj pratyby poveikj, nei tai jvyksta atliekant 20
minuciy aerobinio kriivio uzduotj. Mokslo publikacijose pateikiama daug
tyrimy, kuriuose vertinama dvigubos uzduoties metodo jtaka zmogaus jude-
siy valdymui. Parodyta, kad Sis metodas gerina koordinacinius geb¢jimus,
gerina kasdieniy buitiniy darbiniy judesiy atlikimg, maZzina vyresnio amziaus
asmeny atsitiktinius griuvimus [235-237]. Taciau literatiiroje neteko surasti
tyrimy, kuriuose biity tyrinéjamas $io metodo poveikis SKS. Miisy tyrime
sustipréjusios sgsajos tarp uzrasSyty EKG rodikliy pra¢jus 30 minuciy galbut
turi biiti vertinamos kaip teigiamas pokytis, sukeltas pratybose atliekant
uzduotis. Taigi, kai aerobinio kriivio pratybose tiriamieji atlikdavo papildo-
mas uzduotis, pratyby sukeltas poveikis buvo stipresnis. Daroma i§vada, kad
aerobinio kruvio pratybos, papildytos dviejy uzduociy metodo principais,
efektyviau paveikia nesportuojanéiy vyry SKS funkcing bikle. Kriivio metu
sustipréjusios sasajos tarp SKS funkcine biikle atspindinéiy rodikliy atsigavi-
mo po kriivio metu iSlieka stipresnes.

Diferencinis mokymas — tai judesiy kartojimo metodo alternatyva [51].
Asmuo jvairiais paties pasirenkamais biidais arba pagal instruktoriaus nurody-
mus turi atlikti vis naujas uzduotis, ieSkodamas optimalaus atlikimo varianto.
Teigiama, kad taip mokydamasis asmuo lavina gebéjimg rasti individualius
optimalius atlikimo modelius, grei¢iau prisitaiko prie nuolat kintamy salygy.
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Moksliniai tyrimai patvirtino reikSmingai didesnj $io metodo veiksminguma
mokantis naujy judesiy arba tobulinant fizinius gebéjimus [51, 238].

CNS aktyvinimas prie$ jégos lavinimo pratybas reikSmingai didina jégos
didéjimo tempus [239], t. y. padaro laveéjimg efektyvesnj. Literatiiroje galima
surasti jvairiy tyrimy, kuriuose buvo tyrin¢jama fiziniy pratimy ir jvairiy
veiksniy sgveika [240, 241]. Taigi pastarasis ir kiti anksc¢iau paminéti faktai
rodo organizmo kompleksiSkumo ypatybes ir stipry — tiek vidiniy, tiek iSori-
niy — veiksniy moduliuojamajj poveikj organizmui. Sio tyrimo (diferencinio
éjimo jtakos SKS vertinimas) hipotezé buvo — papildomos uzduotys (komp-
leksiniy sistemy poziiriu — tai trikdziai arba perturbacijos) pratybose, atlie-
kant aerobinj kriivj, turéty stipriau paveikti SKS. Pradiné tyrimo idéja buvo
rasti apibendrintg atsakymg j klausimag, kaip kinta dinaminés sgsajos tarp
EKG rodikliy pratybose taikant diferencinio mokymo metoda, neiSskiriant
asmens fizinio aktyvumo, jo fiziniy geb&jimy, treniruotumo lygmens ir kity
ypatybiy. Dalyvauti §iame tyrime buvo pakviesti nesportuojantys vyrai (n = 9),
sportuojantys vyrai (n =8) ir didelio sportinio meistriSkumo sportininkai
(n = 9). Gauti tyrimo rezultatai rodo individualias integruoto Dsk kaitos ypa-
tybes. Suvidurkinti tyrimo rezultatai tarsi ir patvirtino ankstesnio tyrimo iSva-
da, kad atliekant nejprasta, koordinaciniu atzvilgiu sudétingg fizinio kriivio
uzduotj Dsk did¢ja (sgsaja tarp EKG rodikliy susilpnéja). Kyla klausimas, ar
didelio sportinio meistriSkumo sportininky sasajy kaita tarp EKG rodikliy yra
tokia pati, ar ji turi tam tikry ypatybiy. Gauti surinkty duomeny analizés
rezultatai nustebino, kad didelio sportinio meistriSkumo sportininky pogrupio
atsakas, atliekant Sig diferencinio mokymo metodu grindziama uzduotj, buvo
panasus kaip ir nesportuojanciy vyry — kriivio pradzioje sgsaja tarp EKG
rodikliy susilpnédavo. Reguliariai sportuojanciy ir mokanciy atlikti Sig
judéjimo uzduotj sasaja tarp EKG rodikliy 1§ pradziy sustiprédavo. Be abejo,
tesiant uzduotj ir atsirandant nuovargiui, dinaminiy sgsajy kaitai jtakos turi
individualios tiriamojo ypatybés, daugeliu atvejy sasaja tarp EKG rodikliy
pradédavo silpnéti. Negalime palyginti Sio tyrimo rezultaty su kity tyréjy duo-
menimis, nes literatiiroje tokiy tyrimy nesuradome. Be to, reikia pripazinti,
kad $is tyrimas taip pat turi tam tikry ribotumy dél per mazo tiriamyjy skai-
Ciaus pogrupiuose. Norint formuluoti tokig i§vada, buitina uzrasyti dinaminiy
sasajy kaita naujos uzduoties mokymosi procese, stebéti ir vertinti judéjimo
uzduoties atlikimo kokybés kaitag. Misy gauti tyrimo rezultatai leidzia tik
kelti hipotezg, kad atlickant nezinoma, koordinaciniu atzvilgiu sudétinga
judamaja uzduotj, sasaja tarp EKG rodikliy susilpnéja ir asmens treniruo-
tumas tokiai rodiklio kaita neturi jtakos.

Atliekant fizinius pratimus aktyveja jvairiy funkciniy sistemy veikla,
aktyvinami visi organizmo sandaros lygiai: polastelinis (sin. subceliulinis),
lasteliy, audiniy, organy, sistemy [232, 242, 243]. Morfologiniy, fiziologiniy,
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psichologiniy ypatumy saveika, atliekant fizinius kriivius, bei aplinkos jtaka
sukuria nepakartojamus fiziologiniy reakcijy derinius ir tai negali biiti verti-
nama pasinaudojant tik statistiniais vertinimo metodais [13, 199, 242, 244].
Vertindami gautus tyrimo rezultatus, galime manyti, kad atliekant nauja ligtol
nezinomga pratima, organizmas galbiit stengiasi aktyvinti daugiau fiziologiniy
mechanizmy, kad kontroliuoty situacijg ir atlikty §ig gana sudétingg uzduotj
(griztamojo rysio vertés isauga, kompleksiskumas didéja). Baigus pratima
vyksta atsigavimas — sumazéjus nervy ir raumeny (sin. neuromuskulings)
sistemos vyravimui grjZtamojo rySio svarba jau néra tokia didelé. ISmokus
naujojo sudétingo pratimo technikos, griztamajam rySiui uztikrinti nereikia
aktyvinti daug jvairiy fiziologiniy mechanizmy pratimo atlikimo kontrolei
uztikrinti. Taigi kompleksiSkumas sumazg¢ja, ir prieSingai, yra situacijos, kai
sgmoningai stengiamasi kontroliuoti judesiy atlikimo kokybg.

Sinergija — tai adaptyvus sistemos daliy prisitaikymas viena prie kitos ir
prie visos sistemos kaip visumos [245]. Sinergijos pagrindas — kai biologine
sistemg ir joje susidariusig sinergija veikia iSoriniai ar vidiniai trikdziai
(perturbacijos), visa tai yra kompensuojama kity biologinés sistemos kompo-
nenty, esanciy sinergijoje. Kompensacija yra atlieckama tokiu biidu, kad biity
iSlaikomas funkcinis integralumas ir biity pasiektas pagrindinis tikslas. Ko
gero, nagrin€jant gauty tyrimo rezultaty vertinimus reikéty neatmesti ir
savitvarkos principy. Savitvarka yra pagrindinis mechanizmas, kurj naudoja
gamta formuodama savo elgsenos tipg erdvéje ir laike. Tai budinga siste-
moms, kurios yra atviros energijos, informacijos apsikeitimui su aplinka
[246]. Taciau pabréziama, kad nenatiirali variacija (vadinamosios klaidos)
sistemos komponentuose yra kompensuojamos prisiderinant (kovarijuojant)
kituose komponentuose tam, kad funkcija islikty stabili ir patenkinty uzduo-
ties reikalavimus.
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ISVADOS

Algebrinio duomeny kointegracijos metodo vertinamos sgsajos tarp
EKG rodikliy arba tarp reografijos rodikliy kinta ir priklauso nuo Sirdies
ir kraujagysliy sistemos funkcinés biikés. Tai teikia galimybe tyrinéti
SKS funkcijos ypatybes, vertinti sveikatos stiprinimo pratyby ir fiziniy
kriiviy poveikius. Toks vertinimas tiksliau nei Sirdies susitraukimo daz-
nis, arterinis kraujospiidis, minutinis kraujo ttris arba deguonies jsisoti-
nimo raumens audinyje kaita rodo liekamuosius kriivio poveikius.

Okliuzinés treniruotés metodas, taikomas sportuojantiems ir sveikatg
stiprinantiems vyrams, nesukelia ekstremaliy Sirdies apkrovy. Taciau
vertinimas, kad tokios pratybos nelavina miokardo funkciniy galimybiy,
yra netikslus. Kriivio atlikimas, i§ dalies okliudavus kraujotaka, sukelia
didel¢ aktyviy raumeny deguonies desaturacijg ir didelj vietiskos kraujo-
takos suaktyvéjima po pratimy atlikimo.Tokiy pratyby metu Sirdies
veikla yra paveikiama daugiau, nei atliekant tokio paties intensyvumo
kriivi be kraujotakos ribojimo.

Sportuojanciy ir sveikatg stiprinanciy vyry pratybose taikomi didelio
intensyvumo intervalinés treniruotés metodu atliekami fiziniai kriiviai
paveikia Sirdies ir kraujagysliy sistemg. Taciau tokio pobiidZio pratybos
kelia rizika, ir tik reguliariai sportuojantiems bei gydytojo leidimg atlikti
tokio pobiidzio fizinius kriivius turintiems asmenims galima rekomen-
duoti taikyti §j treniravimosi metoda.

Aerobinio kriivio pratyby, papildyty diferencinio mokymu metodo
gristomis uzduotimis, jtaka Sirdies ir kraujagysliy sistemai yra stipresné
nei tokio paties intensyvumo aerobinio kriivio pratybos — dinaminés sgsa-
jos tarp EKG rodikliy sustipréjimas po pratyby iSlieka ilgiau.
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PRAKTINES REKOMENDACIJOS

» Algebriniu duomeny kointegracijos metodu jvertinamos dinaminés
sasajos tarp EKG rodikliy geriau nei atskirai paimtas kitas EKG rodiklis
leidzia vertinti sveikatos stiprinimo pratyby sukeltg lickamajj poveik].

» Papildomas CNS aktyvinimas nesudétingomis judéjimo uzduotimis
nesportuojantiems vyrams atliekant mazo intensyvumo aerobinj kriivj
gali padidinti fizinio kriivio efektyvuma ir kartu — sukelti reikSminges-
nius ilgalaikés adaptacijos poveikius.

» Sveikatg stiprinanéiy vyry pratybose taikant okliuzinés treniruotés ir
didelio intensyvumo intervalings treniruotés metodus ar diferenciniu mo-
kymo metodu grindziamas uzduotis sukeliami reikSmingi Sirdies ir
kraujagysliy sistemos poky¢iai. Sie kriivio atlikimo metodai gali biti
rekomenduojami pirminés profilaktikos tikslais.
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SUMMARY

ACRONYMS AND ABBREVIATIONS

CVS cardiovascular system
ECG electrocardiogram
HR heart rate

ABP arterial blood pressure

JT interval

ECG interval: from the junction point J to the end of the
T wave

QRS duration of the QRS complex in ECG

StO; tissue oxygen saturation index

ABF arterial blood flow in the calf segment

Disc discriminant

Discrr_Qrs discriminant between ECG RR interval and the duration of
the QRS complex

Discrr JT discriminant between ECG RR interval and the duration of
the JT interval

Discors_Jt discriminant between the QRS complex and the duration of
the JT interval

Discsum the sum of all the evaluated discriminant values:

Discsum = Discrr Qrs + Discrr st + Discors T
HIIT (HIIT) — high-intensity interval training
DL (DL) — differential learning

INTRODUCTION

Throughout all periods of human life, physical exercises and physical
activity are important factors in disease prevention, health enhancement,
deceleration of the aging processes, and the improvement of the quality of
life. Numerous studies have been performed worldwide about the effect of
physical activity on health [1-3]. In order to encourage people to exercise and
strengthen their health, a variety of novelties have been proposed, including
completely new or modified exercising techniques. These novelties have also
been widely discussed in scientific literature [4—7]. Researchers have noted
that the evaluation and scientific substantiation of the application of these
novel techniques as well as the assessment of their effectiveness are relevant
issues from both the scientific and the practical perspectives.

New and increasingly modern research and data evaluation techniques
are continuously being invented and applied, which significantly expands
research possibilities. Currently, evaluation techniques for complex systems
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are rapidly gaining popularity [13—15] in the evaluation of both system
complexity and peculiarities of the changes in that complexity. The resear-
chers’ aspirations for a continuous improvement of the methods is logical and
understandable, as is their natural willingness to contribute to the overcoming
of challenges arising in computer science, mathematics, and other related
sciences.

Scientific novelty. This work tackles the issue of increasing the
effectiveness of primary prevention by evaluating the influence of physical
training techniques applied in health-enhancing exercises on the cardiovas-
cular system (CVS):

» The study evaluated the suitability of exercising based on occlusion
training, high-intensity interval training, and differential learning in
developing the functional abilities of the CVS.

» The study showed that aerobic exercise complemented with the dual
task technique or differential learning-based tasks had a greater
impact on the CVS than traditional aerobic exercises did.

» The study analyzed the new analytical possibilities of the algebraic
data co-integration method in the evaluation of the dynamics of
concatenation between ECG or reography indices. The obtained
results showed that these concatenations became stronger during
physical exercise; however, when complex coordination tasks were
applied or when the physical load increased and became inadequate,
the dynamics of concatenation weakened. The dynamics of conca-
tenation between ECG indices evaluated via the data co-integration
method reflected the changes in the CVS functional status during
health-enhancing exercises, and thus this technique may be applied
when evaluating the effect of the exercises.

1. THE AIM AND THE OBJECTIVES OF THE STUDY
Aim
The aim of the study was to apply the novel algebraic data co-integration
method in order to evaluate whether the effect of health-enhancing exercises
on the cardiovascular system (the effectiveness of primary prevention) may
be increased by applying occlusion training, high-intensity interval training,

and aerobic exercising combined with tasks based on the differential learning
method.
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Objectives

1. To determine whether the analysis of the dynamics of concatenation
between ECG or reography indices (discriminant change) is a
suitable technique for the evaluation of the residual effect of the
applied physical training techniques on the CVS in not actively
exercising individuals, actively exercising individuals, and high-
level professional athletes.

2. To determine the effect of occlusion training on the CVS in
individuals who were actively exercising for health enhancement.

3. To determine the effect of high-intensity interval training on the
CVS in individuals who were actively exercising for health enhan-
cement.

4. To determine whether the effect of health-enhancing exercising on
the CVS may be increased by complementing it with tasks based on
the differential learning method.

2. THE STUDIED SAMPLE AND
THE METHODS OF THE STUDY

The study was carried out at the Clinical Department of Sports Medicine
of the Lithuanian University of Health Sciences and at the laboratory of
Kinesiology of Lithuanian Sports University during April 2017 — February
2019. The study was performed with the permission of Kaunas Regional
Biomedical Research Ethics Committee (No. BE-2-10). Research data were
de-identified, and all evaluations were performed in accordance with the
requirements set in the obtained permission (No. 2R-2384 (2.6-1)) of the State
Data Protection Inspectorate.

The sample size was 192 subjects. All subjects were healthy and had
physicians’ permissions to exercise. The subjects’ characteristics are presen-
ted in Table 2.1.

2.1. Research organization and study protocols

According to the objectives of the study, the subjects were selected from
different populations: not actively exercising individuals, actively exercising
individuals, and high-level professional athletes (Table 2.1.1). For this purpo-
se, convenience sampling was applied. In the population of high-level profes-
sional athletes, total population sampling was applied.
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Three populations were identified in the study:

» Not actively exercising individuals — i.e. individuals who charac-
terized themselves as not regularly exercising or visiting the gym.

» Actively exercising individuals — i.e. individuals who were regularly
(at least twice a week) exercising independently or in the gym for
health enhancement and physical fitness.

» High-level professional athletes — i.e. individuals who were regular-
ly training in the selected field of sports for sports achievements and
who participated in Lithuanian championships and international
sports competitions.

Exclusion criteria:

» Female sex
» The presence of cardiac diseases
» Age <20 years or >35 years

Table 2.1.1. Subjects’ characteristics by subgroups

No. Subjects susl:}le(lltes(,in (I:ngeitflyiagls))) (meillslllvzll:l SD)
Not actively exercising individuals 84 246+2.1 242+09
Actively exercising individuals 75 23.6+1.6 222+0.6
High-level professional athletes 33 223+23 23.6+0.6

Table 2.1.2. Subjects’ distribution by the objectives of the study

Total number

Subjects Sample size, n of subjects

Objective I Not actively exercising individuals 27 78

Actively exercising individuals 27

High-level professional athletes 24
Objective II | Actively exercising individuals 24 24
Objective III | Actively exercising individuals 16 16
Objective IV | Not actively exercising individuals 57 74

Actively exercising individuals 8

High-level professional athletes
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2.1.1. Research organization and study sample of the first objective

The research of the first objective included 80 subjects who met the
inclusion criteria. In two subjects, the ECG were of poor quality and thus
were excluded from the analysis. Consequently, 78 individuals entered the
research. They were distributed into subgroups of not actively exercising
individuals (n = 27), actively exercising individuals (n = 27), and high-level
professional athletes (n = 24). The research methods applied and the indices
registered are presented in Table 2.1.1.1.

Table 2.1.1.1. Research methods and indices registered in the first objective

Research title Research methods Indices registered
1.1 Peculiarities of changes in | Electrocardiography | ECG indices:
the dynamics of concatenation HR; dynamics of concatenation
between ECG indices under between ECG indices (RR_QRS;
relatively low workload. RR JT; QRS JT

(not actively exercising

Bicycle ergomet Power output [W
individuals, n=27) Y & Y put [W]

Registration of ABP | Systolic, diastolic
changes

1.2 Peculiarities of changes in | ABP measurements | Systolic, diastolic
CVS function indices under
stepwise incremental workload

e . IN h Stroke vol d cardi t
until inability to continue the coBrapy roke volume and cardiac outpu
task and during recovery. '

(high-level professional Bicycle ergometry | Power output [W]

athletes, n=24)

1.3 Peculiarities of CVS Electrocardiography |ECG indices:

functions reflecting the HR; dynamics of concatenation
peculiarities of changes in the between ECG indices (RR_QRS;
CVS indices under stepwise RR JT; QRS JT

incremental workload until Registration of ABP | Systolic, diastolic

m?})glt}’] to continue the task changes

and during recovery. .

(actively exercising individuals, Reography Cardiac output

n=27) Bicycle ergometry Power output [W]

Non-invasive near- | StO, — muscle oxygen saturation
infrared spectroscopy
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Research protocols

Research 1.1. Peculiarities of changes in dynamic concatenations
between ECG indices under relatively low physical load.

On each subject, 10 ECG electrodes were placed, and after 20-minute
adaptation (in the sitting position), 12-lead standard ECG was recorded for 5
minutes. Following that, all subjects performed relatively light (25 W) 10-
minute physical exercising on a bicycle ergometer at 60 rpm. After the load,
with the subjects still sitting on the bicycle ergometer, ECG was further
recorded to observe the course of recovery.

Research 1.2. Peculiarities of changes in the cardiac function under
stepwise incremental loading until inability to continue the task and
during the recovery phase.

The protocol of this research is presented in Fig. 2.1.1.1. After the reogra-
phy at rest (6 min), the workload was incremented in steps every 6 minutes
(according to the workload incremental protocol) until the subjects were
unable to continue the exercise task. ABP was measured before the exercise,
at the end of each step, and during the recovery after the workload. By the
end of the last minute of each workload incrementation step, the subjects were
asked to stop exercising for 5-6 seconds, and reography was performed
during that break (fo register changes in stroke volume and cardiac output).

350 W

300 W

200w | 250 W

150 W

100 W

Rest 0w

Recovery

3 min 6 min 6 min & min G min O min & min 5 min Smi

ECG >

SEQUENCE OF THE EVALUATION

Fig. 2.1.1.1. Research protocol of the evaluation of the peculiarities of
changes in the cardiac function under stepwise incremental loading until
inability to continue the task and during the recovery period
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Research 1.3. Peculiarities of changes in the indices of the CVS
function under stepwise incremental loading until inability
to continue the task and during recovery (Fig. 2.1.1.2.).

The protocol of this research is presented in Fig 3. After the recording of
the ECG at rest (for 6 min), the subjects received a relatively light workload
(50 W), and then rested sitting on the bicycle ergometer for 6 minutes.
Following that, they were subjected to workload that was increasing in steps
every 6 minutes (according to the workload incremental protocol) until the
subjects were unable to continue the exercise. Prior to the physical load, at
the end of each step, and during the recovery period, the subjects’ ABP was
measured. During the recovery period, ECG was recorded for 5 minutes and
at 30 minutes after the completion of the exercise.

200-
150- 250 W
200 W
100 After 30 mi
S0W 30W e After 30 min
R-1 A-1 Reeovery ‘ ‘ Recovery
Rest (R-1)— 5 min Stepwise incremental workload Recovery — 5 min Recovery — 5 nun
Recovery (A-1) — 5 min Step duration — 6 min
Step duration — 6 min
ECG. StO, > | ECG, StO, >

SEQUENCE OF THE EVALUATION

Fig. 2.1.1.2. Research protocol of the evaluation of the peculiarities
of changes in ECG indices under relatively low and high workload
until inability to continue the task

2.1.2. Research organization and study sample of the second
objective

The research of the first objective included 25 subjects who met the
inclusion criteria. In one subject, the ECG was of poor quality and thus was
excluded from the analysis. Consequently, 24 individuals entered the
research. They were randomly distributed into two subgroups, each consisting
of 12 subjects. The first subgroup participated in the control study, and after
a 5-day break — in the study evaluating the effect of occlusion training. The
second subgroup underwent the evaluation in the reverse order — i.e. first the
occlusion training, and then the control study.
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The research methods and the indices registered are presented in Table
2.1.2.1.

Table 2.1.2.1. Research methods and indices registered in the second objective

Research Evaluation methods Indices registered
2. The effect of the Electrocardiography | ECG indices:
occlusion training session HR; dynamics of concatenation
on the CVS. between ECG indices (RR_QRS;
(Actively exercising RR _JT; QRS JT)

individuals n=24)

Dynamometry [kG]

Registration of ABP | Systolic, diastolic

changes

Non-invasive near- StO, — muscle oxygen saturation;
infrared spectroscopy

Venous occlusion ABF — arterial blood flow BF —
plethysmography blood flow [mL/min/100 cm?]

Research protocol
Research 2. The effect of occlusion training on the CVS (Fig. 2.1.2.1).

The subjects were familiarized with the research procedure. Significant
attention was devoted to acquainting the subjects with the peculiarities of
physical exercising used in the study; the subjects also underwent measu-
rements of the maximal voluntary contractile strength (MVC) of the calf
muscles — plantar flexion.

During the imitation exercise, the subjects carried out a local physical
exertion task (40% of the MVC) in the following manner:

» Exercise intensity — 40% of the MVC;

» Three exercise sets, each consisting of:

v Eight sets of movement cycles;
v" A 30-second break between the sets;
v" A 2.5-minute break between the sets;

» A 5-minute recovery after the exercise.

Prior to the study, the subjects were given 20 minutes for adaptation in
the sitting position. During this period, ECG and StO: sensors were attached
along with plethysmography registration and occlusion cuffs and the ABP
cuff. An occlusion pressure of 120 mmHg was applied prior to the physical
exercise sets, and was discontinued after each set (the occlusion was removed
during the recovery period between the sets); no occlusion was applied during
the control testing. ECG and StO: were recorded continually, ABP was
recorded prior to and after each exercise set, and arterial blood flow in the
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muscles was evaluated at baseline and at 30, 60, and 120 seconds after each

exercise set.

o ™ M| Rest ™ o S| Rest e ™ M
Betore (B (8| (Bl e [B [B] B o (2] 1B 1Bl Recover
o 3 =
the load | 5 = S | the Set| § 3 | the Set| 3 3 B in.
5 min Rest Rest 2 min Rest Rest 2 min Rest Rest S .
30w s 30 s 30 s 30 s 30 s 30s s
Set 1 Set 2 Set 3
ECG, StO, >

SEQUENCE OF THE EVALUATION

Fig. 2.1.2.1. Research protocol of the evaluation of

the effect of occlusion training on the CVS

2.1.3. Research organization and study sample
of the third objective

A total of 20 subjects met the inclusion criteria and participated in the
research of the third objective. Two subjects refused to continue the partici-
pation after only two sets of intensive physical exercise, and one subject
performed all four sets, but experienced dizziness immediately upon the reco-
very after the exercise, and thus expressed the wish to discontinue his
participation as well. In one subject, the recorded ECG was of exceptionally
poor quality, and was therefore excluded from the analysis. Thus, in total,
16 subjects entered the research program. The research methods and the
indices registered are presented in Table 2.1.3.1.

Table 2.1.3.1. Research methods and indices registered in the third objective

Research

Evaluation methods

Indices registered

2. The effect of short-term
high-intensity interval
training on the CVS
(Actively exercising
individuals, n=16)

Electrocardiography |ECG indices:
HR; ST segment depression;
dynamics of concatenation between
ECG indices (RR_QRS; RR JT;
QRS JT)

Registration of ABP | Systolic, diastolic

changes

Bicycle ergometry

Power output [W]
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Research protocol

Research 3. The effect of high-intensity interval training on the CVS
(Fig. 2.1.3.1).

Prior to the study, the subjects were familiarized with the course of the
imitated training and the peculiarities of the physical exercise. They were also
informed that they might withdraw from the study at any stage. Upon arrival,
the subjects signed the informed consent form. After a 5-minute warm-up
(50 W), the subjects rested for at least 5 minutes before the main load. During
the resting period, ECG electrodes were attached. The HIIT consisted of four
20-second sets, with the load being 1 W per 1 kg of the body mass, according
to the Wingate test protocol. During those four sets, the subjects were asked
to pedal as fast as possible. The duration of the recovery period between the
sets was 3 minutes. ECG was recorded continually throughout the exercise
and for the first 5 minutes after it. ECG was recorded again at 30 minutes
after the completion of the exercise.

Load 20 s
Load 20 s

Load 20 s

Rest
5 min

Hest Hest

3 min

Rest
3 min

Recovery After 30 min
5 min Recovery

g |
ECG > |  ECG >

SEQUENCE OF THE EVALUATION

. L(_md 20s

3 miini

Fig. 2.1.3.1. Research protocol of the evaluation of the effect
of high-intensity interval training on the CVS

2.1.4. Research organization and study sample
of the fourth objective

A total of 75 subjects met the inclusion criteria and participated in the
research of the fourth objective. In one subject, the recorded ECG was of poor
quality, and was therefore excluded from the analysis. Thus, in total, 74 sub-
jects entered the research program. The subjects were distributed into sub-
groups of not actively exercising individuals (n= 57), actively exercising
individuals (n = 8), and high-level professional athletes (n = 9).

In research 4.4, three subgroups were formed: not actively exercising
individuals (n=9), actively exercising individuals (n= 8), and high-level
professional athletes (n =9). The research methods and the indices registered
are presented in Table 2.1.4.1.
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Table 2.1.4.1. Research methods and indices registered in the fourth objective

Research Evaluation methods | Indices registered

4.1. Dynamics of concatenation Electrocardiography |ECG indices:

between ECG indices during a HR; dynamics of

simple balance exercise. concatenation between ECG
(not actively exercising individuals, indices (RR_QRS; RR _JT;
n=24) QRS JT)

4.2. Dynamics of concatenation Electrocardiography |ECG indices:

between ECG indices during HR; dynamics of
increasingly complex exercises that concatenation between ECG
require coordination efforts. indices (RR_QRS; RR_JT;
(not actively exercising individuals, QRS _JT)

n=12)

4.3. Changes in the dynamics of Electrocardiography |ECG indices:

concatenation between ECG indices HR; dynamics of

when performing additional tasks concatenation between ECG
(the dual task (DT) technique) during indices (RR_QRS; RR_JT;
aerobic exercises. QRS _JT)

(not Jazc)tively exercising individuals, Bicycle ergometry Power output [W]

n=

4.4. Dynamics of concatenation Electrocardiography |ECG indices:

between ECG indices when HR; dynamics of
performing differential learning concatenation between ECG
(DL)-based tasks. indices (RR_QRS; RR _JT;
(High-level professional athletes, QRS JT)

n = 9; actively exercising

individuals, n = 8; not actively

exercising individuals, n = 9)

Research protocols

Research 4.1. Dynamics of concatenation between ECG indices during
a simple balance exercise.

The subjects performed a 10-minute exercise of maintaining balance in
the frontal plane while standing on a balance board. The subjects saw changes
in the balance curve on a computer screen, thus receiving feedback about the
task performance. In this manner, the subjects were motivated to perform the
task as well as possible. ECG was continually registered throughout the
evaluation.
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Research 4.2. Dynamics of concatenation between ECG indices during
increasingly complex exercises that require coordination efforts.

The subjects had to perform two tasks. The first exercise was exactly the
same as in the previous evaluation — i. e. maintaining balance in the frontal
plane while standing on a balance board. During the second exercise, the
subjects still had to maintain the balance, but they also received the
researcher’s instructions to perform additionally new tasks that complicated
the maintaining of the balance. The tasks included half squats of various types
as well as various ball throwing and catching tasks. ECG was continually
registered throughout the evaluation.

Research 4.3. Dynamics of concatenation between ECG indices
during the application of the dual task (DT) technique in aerobic
exercising (Fig. 2.1.4.1).

The subjects were evaluated twice: they had two 20-minute exercise
sessions in a random sequence with a three-day break between the exercise
sessions. This was a relatively light (25 W) workload on a bicycle ergometer
with the pedaling rate of 60 rpm. The aim of one evaluation was to assess the
effect of aerobic exercising on changes in the dynamics of concatenation
between ECG indices, while the other aimed at assessing the effect of the dual
task technique on the aforementioned changes. The peculiarity of the latter
exercise was that while pedaling on the bicycle ergometer, from time to time
the subjects were asked to perform uncomplicated, but coordination effort-
demanding tasks with their arms, and each subsequent task was a new variant
of the previous one. The evaluations of the subjects’ CVS functional status
were performed before the exercise, after 5 minutes, and at 30 minutes after
the completion of the exercise. The organization of the evaluation is presented
in Fig. 2.1.4.1. A computerized ECG recording and analysis system “Kaunas—
kriivis” (“Kaunas—Load”), 12-lead standard ECG was continually recorded
prior to the exercise, after 5 minutes, and at 30 minutes after the completion
of the exercise.
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A — aerobic exercise

AEROBIC EXERCISE

ECG [~~~ "ttt ECG ECG

Rl Rest : Rest
2 i Exeecising — 20 min . 5 mi P
5 min 20 min

Adaptation
20 min

5 mi

B — exercising with dual task (DT)

o oo o]

ECG [~"""""""""--"-roommmmmes ECG ECG
3 mi Exeecising — 20 min ],Qm_t 3 mi Rost_ S mi
i 5 min 20 min

Adaptation

20 min

Fig. 2.1.4.1. Research protocol of the application of the dual task (DT)
technique in aerobic exercising

Research 4.4. Dynamics of concatenation between ECG indices when
performing differential learning (DL)-based tasks (Fig. 2.1.4.2).

The subjects performed various tasks while walking on a treadmill
“HORIZON Paragon 5” (Johnson Health Tech, 2016) at the speed of 3 km/h.
The duration of this evaluation was 20 minutes after 20-minute adaptation
under the research conditions. After the recording of ECG at relative rest, the
subjects performed the differential walking task. ECG was continually
recorded throughout the differential walking task and during the 5 minutes of
recovery after the physical exercise. The research protocol is presented in
Fig. 2.1.4.2.

The differential walking exercise consisted of new tasks given during the
walking. The subjects of two subgroups (not actively exercising subjects and
high-level professional athletes) were unfamiliar with those tasks, while the
subgroup of actively exercising subjects already knew those tasks, as they
were usual in these subjects’ training. These tasks were increasingly complex
combined movements with arms, shoulders, and the trunk. New variations of
the movement tasks were given every 3040 seconds (Appendix 3).
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Before ; Recovery
A 10 min o
2 min 2 min
| 2.5 min 2.3 min First half of the Seconf half of the 2.3 min. 2.5min._|
exercise 5 min exercise — 5 min

ECG >

SEQUENCE OF THE EVALUATION

Fig. 2.1.4.2. Research protocol of the evaluation of the effect
of “differential walking” on the CVS

2.2. Methods of the Study

The following methods were applied in the study:
Electrocardiography

Reography

Venous occlusion plethysmography

Arterial blood pressure (ABP) measurements
Non-invasive near-infrared spectroscopy
Dynamometry

Bicycle ergometry (exercise tolerance test)
Posturography

Perceived exertion rating (Borg’s scale)

VVVVVVVVY

2.3. Evaluation and Statistical Analysis
of the Dynamics of Concatenation

Dynamics of concatenation between the registered ECG indices were
evaluated by applying algebraic data co-integration [167, 187, 197, 198]. We
evaluated concatenations between two ECG indices and created two
synchronized timelines — (xn;n = 0,1,2,...) and (yn;n = 0,1,2,...), where x

and y, were real numbers — e.g. the sequences of the selected ECG indices.

For comparison, the initial data were standardized using the following
formula:

X

_ xold value ~ ““min

X

new value ~ 5
—-X

max min

where x;, and x_, were the minimal and maximal physiological values of

the analyzed parameter.
The relationship between two sequences was best characterized by
disc 4, = (dftd, )’ + 4cdp 4, (discriminant). If the discriminants of matrices
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A, were approaching zero, then matrices A4, turned from idempotent to

n

nilpotent, which indicated that the two given data sets (xn;n = 0,1,2,...) and
(yn;n = 0,1,2,...) were becoming more similar, and their individual informa-

tive value was decreasing, which means that they described an increasingly
more interacting system of two process-generating subjects [189, 191, 192,
200].

To evaluate the effects of the investigated techniques used in health-
enhancing exercises (o determine the direction of the process change), the
discriminant values of all three evaluations of the dynamics of concatenation
were summed up (according to the logic of Y. Bar Yam’s complexity profile
[201)):

Discsum = Discrr grs + Discrr st + Discors it

where:
Discrr_qrs — between the RR interval and the QRS complex;
Discrr_sT— between the RR interval and the JT interval;
Discors-iT — between the QRS complex and the JT interval.

Statistical analysis

Statistical data analysis was performed by using SPSS 23.0 for Windows
and Microsoft Excel 2017 software. The comparison of two dependent
samples when the assumption of normality was met was performed by
applying Student’s paired t-test, and non-parametric Wilcoxon’s test was
used when the assumption of normality was not met. The Mann-Whitney test
was used to compare two independent samples. The results are presented as
arithmetic means and standard deviations (m+=SD). The difference was
regarded as statistically significant when p < 0.05.

3. RESULTS AND DISCUSSION

3.1. Peculiarities of changes in the dynamics of concatenation
between ECG indices in not actively exercising
individuals under relatively low workload

Changes in the dynamics of concatenation between ECG indices under

relatively low workload and during the recovery phase are presented in
Fig. 3.1.1.
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Fig. 3.1.1. Changes in the dynamics of concatenation between ECG indices
under relatively low workload and during the recovery phase:
(A) concatenation between RR and QRS, (B) concatenation between
RR and JT; (C) concatenation between QRS and JT

* — a statistically significant difference, compared to baseline values.
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Integrated changes in the three evaluated dynamics of concatenation.
The changes of integrated of the three evaluated concatenation (Discrr qrs,
Discrr T, and Discqrs i) is presented in Fig. 3.1.2. The mean sum value of
the Discs at rest were 1.086 = 0.039. During the first half of the exercising,
we observed a statistically significant increase in the dynamics of conca-
tenation —i.e. the Discsum decreased to 0.625 +0.021, (Z =—5.137; p =0.001).
During the second half of the exercising, Discsum remained reduced — 0.599 +
0.021, (t(50) = 6.287; p = 0.001). During the 5" minute of the recovery, Disc
did not differ statistically significantly from baseline values (Z = —2.348;
p=0.019).
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Fig. 3.1.2. Integrated changes in the three evaluated
dynamics of concatenation (Discrr_ors, Discrr i1, and Discors Jz)
during exercising and recovery

The obtained result showed that 10-minute exercising constituted a
relatively low physical load (HR elevation was relatively slight, there was no
significant HR elevation when continuing exercising, and within 5 minutes
after exercising, all the registered indices returned to their baseline values).
This also applies to changes in the evaluated dynamics of concatenation.
Thus, the results of this study clearly showed that after physical exercise, the
evaluated dynamics of concatenation quickly returned to the baseline values
if the exercise did not cause significant fatigue.
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3.2. Peculiarities of changes in CVS function indices in actively
exercising individuals (n = 27) under stepwise incremental loading
until inability to continue the task and during recovery

The integrated changes in the three evaluated dynamics of concatenation
(Discrr_qrs, Discrr Jt, and Discqrs i1) are presented in Fig. 3.2.1. The Discsum
values at rest were 0.845 + 0.406. During light exercising, Discsum decreased
t0 0.587 +0.261, and a statistically significant difference (Z =—4.556; p =0.001)
was observed. During the recovery after light exercising, Discsum values
returned to baseline values — 0.855 + 0.389. During strenuous exercising,
Discsum values increased to 1.254 + 0.371. Here, too, a statistically significant
difference (Z = —-3.183; p= 0.01) was observed. During the recovery after
strenuous exercising, Disc values decreased statistically significantly to 0.453 +
0.256 (Z = -3.804; p= 0.001). At 30 min after the exercise, the subjects’
Discsum slightly increased to 0.531 + 0.208, and this was a statistically signi-
ficant difference, compared to Discsum values at rest (Z =—4.738; p=0.001).
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Fig. 3.2.1. Changes in Discsum during relatively light and strenuous physical
exercising until inability to continue the task and during recovery

Note: (R-1) —rest prior to physical load; (A-1) — recovery after low physical load.
* — a statistically significant difference, compared to baseline values.

The protocol of this study was composed in such a way that it would
allow for monitoring recovery after relatively low intensity of exercising as
well as after physical exercise that causes significant fatigue. Each loading
step lasted six minutes, and in each next step, the load was greater by 50 W,
continuing so until the subject was unable to carry on. Almost all the
participants of this test subjectively evaluated their fatigue by 10 points (by
Borg scale). Objective physiological indices registered at the end of the
loading also showed maximal mobilization, and slowed down recovery
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during the rapid recovery phase indicated a high degree of fatigue. In the
discussion of the results of this evaluation, the main fact of interest was that
the dynamics of concatenation between ECG indices remained increased
throughout the recovery phase both during the first 5 minutes and at
30 minutes after the exercise. This means that Disc evaluation in a study on
the CVS may be used to define an individual’s fatigue after physical exercise.
In the evaluation of the reaction of the CVS to physical loading and the effects
of health-enhancing exercises, the values of the dynamics of concatenation
would indeed be appropriate and valuable. The analysis of the results of this
evaluation suggests that such evaluation is more accurate than HR, ABP,
cardiac output, or StO2 in describing the residual effect of physical load —i.e.
the effect of physical load or exercising on the CVS.

3.3. The effect of the occlusion training session
on the CVS in individuals who were actively
exercising for health enhancement (n=24)

Changes in the arterial blood flow (ABF) in calf muscles. The results of
the evaluation of changes in ABF are presented in Fig. 3.3.1. At rest, the ABF
values were as follows: during the control evaluation, they were 3.1 +
0.4 mL/100 mL/min, and during occlusion training — 3.2 + 0.3 mL/100 mL/min.
After the first set of exercising, ABF values increased both during the control
evaluation and occlusion training — accordingly, to 56.6 + 7.3 mL/100 mL/min
and to 57.9 = 7.1 mL/100 mL/min. After the second set of exercising, ABF
values increased, on the average, to 58.2 + 7.2 mL/100 mL/min, yet they did
not differ statistically significantly from ABF values observed during occlu-
sion training — 60.6 = 6.9 mL/100 mL/min (U = 59, p = 0.4780). After the
third set of exercising, there was no statistically significant difference between
ABEF values observed during the control evaluation (61.4 + 6.4 mL/100 mL/min)
and during occlusion training (63.7 £ 7.0 mL/100 mL/min). After the exer-
cise, changes in AFB recovery were statistically significantly higher than
baseline values: in the control evaluation group, they were Z = —4.287; p =
0.001, and in the occlusion training group — Z= -3.059; p= 0.002.
A statistically significant difference was observed between the groups (U=10,
p=0.001).
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Fig. 3.3.1. Changes in arterial blood flow (ABF) in
calf muscles during exercising when applying
the traditional and the occlusion training techniques

#—p <0.05, a statistically significant difference between the groups.

Changes in muscle oxygen saturation (StQO:)

Data on changes in StO2 are presented in Fig. 3.3.2 Prior to the study,
StO2 at rest was regarded as 100%, and subsequently, changes in the norma-
lized value of the indicator are presented.

During the first set of exercising, StO2 values were dropping drastically —
to 40.1 £ 3.6% during the control evaluation, and to 19.0 = 3.6% — during
occlusion training, The difference was statistically significant (U = 0, p < 0.001).
“U = 0” means that the values in the control group were higher than those in
the occlusion training group. During the second set of exercising, StO2 values
also differed between the control group (40.6 = 3.6%) and the occlusion
training group (18.7 £ 2.8%), and the difference was statistically significant
(U=0, p<0.001). The comparison of StO2 values between the first and the
third sets of exercising showed a statistically significant difference during the
control evaluation (Z =-361; p =0.002), but not during occlusion training.
During the third set of exercising, StO2 values again differed between the
control group and the occlusion training group (U =0, p <0.001).
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Fig. 3.3.2. Changes in muscle oxygen saturation (StO2)
during traditional and occlusion training

* — a statistically significant difference.
#—p <0.05, a statistically significant difference between the groups.

The integrated changes in the Discsum are presented in Fig. 3.3.3. Prior to
the exercise, the mean Discsum values were 1.16 £ 0.69 during the control
evaluation, and 1.12 + 0.52 during occlusion training. There was no statisti-
cally significantly difference between these Discsum values (U = 560, p = 0.590).

During the first set of exercising, mean Discsum values were 4.0 = 0.60
during the control evaluation and 3.52 £ 0.56 during occlusion training. These
values did not differ statistically significantly from each other (U = 637, p =
0.901). During the second set of exercising, Discsum values decreased as
well — to 3.95 + 0.61 during the control evaluation and to 3.19 + 0.43 during
occlusion training. The difference between these values was not statistically
significant (U =604, p= 0.620). During the third set of exercising, no
statistically significant differences between Discsum values were observed
either. The comparison of Discsum values between the first and the third sets
of exercising revealed a statistically significant difference: 3.07 = 0.46, (Z =
—1.540; p= 0.124). However, no statistically significant difference was
detected between the groups (U =610, p = 0.669).
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Fig. 3.3.3. Integrated changes in the three evaluated dynamics
of concatenation (Discrr ors, Discrr Jr, and Discors Jr) during
traditional and occlusion training

* — statistically significant difference, comparing the effect
of occlusion training during Set 1 and Set 3.

The results of our study partially corroborate those obtained by other
researchers who found that occlusion training does not result in excessive
loads on the heart, yet the evaluation that such training does not enhance the
functional capacity of the myocardium is not correct. The data co-integration
technique that we chose for the evaluation of the changes in the dynamics of
concatenation Discsum of ECG indices during traditional and occlusion
training clearly showed that changes in the cardiac state during such training
differed from those observed during exercising without restrictions to the
blood circulation in the active muscles. The slope of the changes in Discsum
shown in the aforementioned Figure clearly shows the cumulative effect of
occlusion training during the exercising.

In general, the results of this evaluation suggest that exercising with
partial restriction of muscular blood flow does not cause drastic changes in
the functional indices of the cardiovascular system, except for a significant
activation of local circulation. During such exercising, cardiac activity is
affected more than during exercising without partial restriction of muscular
blood flow.
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3.4. The effect of short-term high-intensity interval
training on the CVS in individuals who were actively
exercising for health enhancement (n=16)

The mean results of changes in HR (Fig. 3.4.1) or the ST segment
(Fig. 3.4.2) do not allow for generalized conclusions. Statistical comparisons
of values obtained during different stages of the study did not reveal the
peculiarities of the changes. Even though we detected a statistically signifi-
cant difference (t(16) = 2.247; p = 0.001) between ST segment values at rest
and after the last speed task, but this was not characteristic of all subjects. It
is noteworthy that, when assessing the results obtained during this evaluation,
we observed many individual peculiarities —i.e. different subjects demonstra-
ted differing reactions to HIIT loads. The observed individual peculiarities
were the following: the majority of the subjects (seven cases) did not show
any significant changes in the ST segment; s part of the subjects (three cases)
reacted to the speed task — their ST segment depression was gradually increa-
sing; and in two subjects, the greatest ST segment depression was observed
after the completion of the last task.

There are five components that determine the physical load during exerci-
sing: load intensity, duration, the number of repetitions, the duration of the rest,
and the character of resting. During exercising, variations may be applied in
these physical load components to achieve different effects of long-term
adaptation [86, 230]. Usually, HIIT does not last more than 20 minutes. In our
study, we selected relatively short tasks since the expedience of their applica-
tion in individuals seeking health enhancement raises certain doubts because of
possible associated risks. High-intensity physical loads or those that require
maximum effort are risky and are not recommended [12, 90, 231]. To deter-
mine whether the shortening of the duration of exercises with the application
of HIIT poses any risk to individuals that are not professional athletes, we
investigated the effect of such physical loading on the cardiovascular system
(CVS). The obtained results showed that such exercises significantly affected
the CVS. The inadequacy of such exercises was demonstrated by the fact that
3 out of 20 subjects withdrew from the study, and three more had manifest
functional ischemic phenomena in the myocardium either during or immedia-
tely after the exercise. Thus, we conclude that such exercises cannot be
recommended for all individuals, as they pose a risk, and this training technique
is suitable only for individuals who train regularly or who have a physician’s
permission to perform such type of exercising. This conclusion was also confir-
med by the fact that variations in Disc values were continuously increasing
throughout exercise sets and rest intervals (Fig. 3.4.3).
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Fig. 3.4.3. Integrated changes in the three evaluated dynamics
of Discsum during short-term high-intensity interval training

* — a statistically significant difference, compared to baseline values.

Variations in Disc values were continuously increasing throughout exer-
cise sets and rest intervals.

3.5. The effect of exercises involving tasks that require complex
coordination efforts as well as differential learning-based tasks

3.5.1. Changes in the dynamics of concatenation between
ECG indices in not actively exercising individuals (n=12)
when performing increasingly complex exercises that
require coordination efforts

The integrated changes in the three evaluated dynamics of concatenation
(Discrr_qrs, Discrr Jt, and Discgrs 1) are presented in Fig. 3.5.1.1. The
mean sum value of the Discsum at rest was 0.63 + 0.40. During the first task,
the Discsum value was 0.28 + 0.40. During the recovery after the first task, the
Disc value increased to 0.581 = 0.321. During the second task, the mean
Discsum value increased to 0.645 £ 0.18. During the recovery period, the
Discsum value dropped to 0.547 + 0.28. No statistically significant difference
was observed.
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Fig. 3.5.1.1. Integrated changes in the three evaluated
dynamics of concatenation (Discrr ors, Discrr Jr, and Discors Jr)
when applying differential tasks during exercising

Maintaining balance during natural locomotion is a usual daily task [9,
10], and the exercise we selected for the subjects (maintaining balance in the
frontal plane while standing on a balance board) was not exceptionally
unfamiliar to them. The obtained results (the first evaluation in this chapter
and the first part of the second evaluation) showed that during simple tasks
that required coordination efforts, the dynamics of concatenation between
ECG indices was increasing, yet upon completion of the task, a relatively fast
recovery was observed. However, when the coordination task became more
complex and stopped being a daily task, the slopes of the changes in the
dynamics of concatenation became varied, and a drop in the dynamics of
concatenation was observed in most cases. Such situation was observed when
evaluating the change in the dynamics of concatenation between ECG indices
during the tasks when maintaining balance was complemented with throwing
and catching the ball and various types of squatting.
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3.5.2. Changes in the dynamics of concatenation between

ECG indices in not actively exercising individuals (n=12)

when performing additional tasks (the dual task (DT) technique)
during aerobic exercises

The baseline Discrr_qrs values recorded prior to exercising did not differ
statistically significantly between the two evaluations — i.e. they were,
respectively, 0.316 = 0.09 and 0.335 £ 0.09. The evaluation of changes in the
dynamics of concatenation between the durations of the RR interval and the
QRS complex showed that they strengthened after both types of exercises.
The Discrr_grs value decreased, and statistically significant differences were
observed during aerobic exercising (Z =-2.338; p =0.019) and during exerci-
sing combined with the dual task (DT) technique (Z =-3.288; p =0.001). The
comparison of Discrr grs values after aerobic exercising and exercising
combined with the dual task technique (Fig. 3.5.2.1, A) showed a trend of
strengthening dynamics of concatenation, but we did not find any statistically
significant difference in the decrease of the Discrr/rs value between the two
types of exercises. At 30 min after the exercise, the strengthened dynamics of
concatenation between the RR interval and the QRS complex in the ECG re-
mained, and the difference between the baseline Discrr grs values and those
observed at 30 min after the exercise was statistically significant: Z =-2.228;
p = 0.005 during aerobic exercising, and Z =—4.146; p = 0.002 during exerci-
sing combined with the DT technique. The differences in Discrr qrs values
between the groups were statistically significant as well (U =21, p = 0.002).

The evaluation of changes in other analyzed dynamics of concatenation
revealed a statistically significant difference between the groups at 30 min
after the exercise (U = 11, p = 0.005) — i.e. stronger dynamics of concatena-
tion were observed when applying the DT technique (Fig. 3.5.2.1).
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Fig. 3.5.2.1. Changes in the dynamics of concatenation between ECG
indices during aerobic exercising or when applying the dual task technique

This study was aimed at answering the question of whether the applica-
tion of the dual task technique during aerobic exercising could have a stronger
effect on the CVS. This was a subjectively light aerobic exercise, as eviden-
ced by changes in HR — after the initial low-intensity mobilization phase, no
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further increase in HR was observed during the stable phase, and HR rapidly
returned to baseline after the completion of the exercise. Changes in the
Discsum values confirmed this evaluation, as there was no Discsum elevation
(which would indicate accumulating fatigue), and after the completion of the
exercise, Discsum values rapidly returned to baseline. This study showed that
the application of the DT technique might result in a greater residual effect
on the CVS compared to the effect of a 20-minute aerobic exercise alone. In
our study, the strengthened dynamics of concatenation between the registered
ECG indices at 30 minutes after the exercise apparently indicated a positive
change caused by the tasks performed during the exercising. Thus, additional
tasks performed during aerobic exercising strengthened the effect of the
exercise. This leads to the conclusion that aerobic exercising complemented
with the DT technique more effectively affected the functional status of the
CVS. The dynamics of concatenation between the indices of the functional
status of the CVS that strengthened during the exercise remained stronger
during the recovery phase as well.

3.5.3. Changes in the dynamics of concatenation between ECG
indices when performing differential learning-based tasks

The evaluation results of the group of not actively exercising individuals
(n=9) (the subjects did not know the tasks and were performing them for the
first time by following the researcher’s instructions) showed that that the
mean sum value of the Discsum at rest was 0.532 4+ 0.425. Upon the initiation
of the exercise (i.e. a differential learning (DL) task — walking on a treadmill),
we noticed an increase in the Discsum value (0.859 + 0.421) during the first
half of the exercise. During the second half of the exercise, the Disc value
increased up to 1.001 + 0.522. However, the difference was not statistically
significant. During the recovery phase, the Disc value dropped to 0.983 +
0.636. Again, no statistically significant difference was observed.

The subjects of the group of actively exercising individuals (n=8) knew
the DL-based tasks, and they performed the tasks independently. The mean
sum value of the Discsum at rest was 0.940 + 0.506. Upon the initiation of the
exercise (i.e. a DL task — walking on a treadmill), we noticed a decrease in
the Discsum value (0.734 + 0.395) during the first half of the exercise. During
the second half of the exercise, the Discsum value increased up to 0.843 +
0.412. However, no statistically significant difference was observed. During
the recovery phase, the Discsum value dropped to 0.983 + 0.636. The differen-
ce was not statistically significant either.
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Fig. 3.5.3. Integrated changes in the three evaluated dynamics of
concatenation (Discsum) when applying differential tasks during exercising

Subjects of the third group of high-level professional athletes (n=9) had
not had exercises of such type, and thus this was the first time they were
performing the exercises. The integrated changes in the three evaluated
dynamics of concatenation Discsum are presented in Fig. 3.5.3. The mean sum
value of the Discsum at rest was 0.472 £ 0.235. Upon the initiation of the
exercising (i.e. a differential task — walking on a treadmill), an increase in the
Discsum value 0.850 + 0.310 was observed during the first half of the exercise.
During the second half of the exercise, the Discsum value dropped to 0.749 +
0.295. However, no statistically significant difference was observed. During
the recovery phase, the Discsum value decreased to 0.428 + 0.230. Again, no
statistically significant difference was observed.

Differential training is an alternative to movement repetition [51]. An
individual has to perform new tasks when using his own techniques or the
instructor’s directions in order to find the optimal performance variant. It has
been stated that in this manner, a person develops his or her ability to find
individually optimal performance models and may more rapidly adapt to the
continuously changing conditions. Research data have confirmed a signifi-
cantly greater effectiveness of this technique when learning new movements
or improving physical skills [51, 238].

When discussing the obtained results, it is difficult to identify possible
physiological mechanisms responsible for this phenomenon. The postulates
of the complex system theory about the peculiarities of the synergy and self-
organization of a body’s functions may bring certain clarity. Physical exercise
stimulates the activity of various functional systems, activating all levels of
the body’s composition: sub-cellular, cellular, tissues, organs, and systems
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[232, 242, 243]. The interaction of morphological, physiological, and
psychological peculiarities during exercising along with the influence of the
environment create unique combinations of physiological reactions, which
cannot be evaluated using only statistical analysis techniques [13, 199, 242,
244]. The results of the study suggest that the performance of a new, unfa-
miliar exercise stimulates the body to activate the maximal possible number
of physiological mechanisms in order to control the situation and to perform
the relatively complex task (the importance of feedback increases along with
the complexity). Upon the completion of the exercise, recovery begins, and,
with the reduction of the domination of the neuromuscular system, the
importance of feedback decreases. After the new complex exercise has been
learned, feedback does not require the activation of multiple various physio-
logical mechanisms to ensure the control of exercise performance, and comp-
lexity decreases, while the opposite is true of situations when conscious
efforts are made to control the quality of movements.

The application of the algebraic data co-integration technique proved that
the theory of complex dynamic systems is one of the ways to ensure a better
understanding of the results obtained in this study. Such approach changes
our perception of the mechanisms of increasing working capacity, forms a
new approach to health enhancement via physical exercise, and encourages
researchers, physicians, physiotherapists, and coaches to search for more
appropriate decisions in order to optimize the application of physical exercise.

CONCLUSIONS

1. The changes in concatenations between ECG or reography indices
evaluated by applying algebraic data co-integration depended on the
functional status of the cardiovascular system (CVS), which provides a
possibility for studying the functional peculiarities of the CVS and allows
for evaluating the effects of health-enhancing exercising and different
physical load. Such evaluation provides more accurate information about
the residual effects of the exercising than HR, ABP, cardiac output, or
muscular oxygen saturation do.

2. The application of occlusion training in subjects who were actively
exercising for health enhancement did not result in excessive cardiac
loading, but the statement that such training does not enhance the
functional possibilities of the myocardium is incorrect. Exercising with
partial blood flow restriction caused high-degree oxygen desaturation in
the active musculature and a marked increase in local circulation after
the workload. During such exercising, cardiac activity was affected more
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that during exercising of the same intensity but without partially circu-
latory restriction.

In subjects who were actively exercising for health enhancement, high-
intensity interval training applied during exercising significantly affected
the CVS, but such exercising technique is risky and may be recom-
mended only for individuals who are exercising regularly and have the
physician’s permission for such training.

The effect of aerobic exercising complemented with differential learning-
based tasks on the CVS was stronger that aerobic exercising of the same
intensity alone, as the increase in the dynamics of concatenation between
ECG indices remained longer after the completion of the exercise.

PRACTICAL RECOMMENDATIONS

The evaluation of the dynamics of concatenation between ECG indices
by applying the algebraic data co-integration technique is superior to any
other commonly accepted ECG index in assessing the residual effect of
health-enhancing exercising.

Additional activation of the CNS by using simple motor tasks during
low-intensity aerobic exercising in not actively exercising individuals
may increase the effectiveness of the exercising and may result in more
significant long-term adaptation effects.

In individuals who were actively exercising for health enhancement, the
application of occlusion training, high-intensity interval training, or
differential learning-based tasks resulted in significant changes in the
CVS, and thus these exercising techniques may be recommended for
primary prevention purposes.
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Abstract: Background and objectives: Physical load causes structural changes in the heart that vary
depending on the type of training and may affect the function of the heart. Aim of the study: To
determine, using the applied co-integration method on algebraic data, the impact of sprinting and
of endurance adaptation on the dynamic interactions of cardiovascular functional indices while
participants were performing under an increasing workload, up to their inability to continue. Materials
and Methods: Healthy athletes were chosen to take part in this study and were separated into two
groups: Sprinters (1 = 11) and endurance athletes (n = 13). The bicycle ergometric method of
incremental increase in a provocative workload (graded stress) was used. The heart rate, stroke
volume, and cardiac output were determined using the tetrapolar rheography method. Resulis:
Individuals who are adapted to endurance while carrying physical loads, in contrast to well adapted
sprinters, are characterized with a lower rate of changing the pace of interactions between stroke
volume and cardiac output while performing at an increasing workload up to their inability to
continue. Also, endurance athletes displayed a long and relatively stable phase as well as a greater
decrease of interaction between indices at the end of the workload. At the beginning of the exercise,
the interaction between the stroke volume and the cardiac output was reduced. [However, as the
physical load continued, this interaction became significantly stronger. The comparison of the stroke
volume and the cardiac output’s dynamic interaction revealed that the endurance group had a greater
working capacity. Conclusions: Typical dynamies of interactions during the testing with an increasing
physical load can be differentiated into separate phases: The decrease of interaction at the onset of
the load, the increase during the continuation of an increased workload, and the decrease at the last
stages of the load.

Keywords: exercising; stroke volume; cardiac output; interaction; adaptation

1. Introduction

Functional alterations in the human body during exercise are conditioned by a sequence of
complex interrelated processes. These processes also cause a physiological adaptation to physical
loads, which is generally defined as a development of such functionality, and which would manifest
itself in the individual’s greater tolerance to physical workloads, an increased amount of energy
resources, and an optimization of regulatory mechanisms [1]. Human myocardium’s structural and
functional changes induced by physical loads are also evidence of a long-term adaptation. Myocardium,
unlike skeletal muscle, is fatigue resistant during long-term exercise. [However strenuous exercises
cause heart fatigue [2] and potentially can induce heart-tissue damage [3]. Therefore, distinguishing
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exercise-induced adaptation peculiarities requires the consideration of intrinsic cardiac function and
its structure.

Factors such as duration or intensity of exercise [4], training status [5], gender [6],
and environment [7] are indistinguishable components that determine the extent of post-exercise
dysfunctions [8]. I'urthermore, physical exertion that leads tostructural cardiac changes vary depending
on the type of training and may affect the function of the heart, i.e., long-term physical activity may
lead to an athlete developing “athlete’s heart” [9]. Athletes” hearts adapt to the increasing physical
load by increasing stroke volume. Since stroke volume is an essential structural component of cardiac
output, an exercise-induced increase of cardiac output is caused by an increase of the heart rate and of
the stroke volume. Lee and Oh [10] confirmed, in their study involving 22 subjects with at least five
or more years of permanent training (swimming), that physical exercise has a positive effect on the
heart’s structural changes, but there is no significant impact on its function.

Such conflicting views encouraged us to investigate to see if relevant information about
physiological processes, in terms of long-term adaptation, could be obtained by estimating and
analyzing the most relevant indicators and their dynamic interrelations when one of the indicators
is another’s structural component. For this reason, we hypothesized that a stroke-volume decrease
at the onset of a physical load would be minor and that an increase of stroke volume would emerge
promptly. This phenomenon should be a reasonably accurate indication of a person’s better physical
condition when carrying out a long physical workout. In order to confirm or reject our hypothesis,
we used the model of the human body that concerns the synergetic aspects between the systems’
components [1]. This model assisted us in assessing the indicators of cardiovascular system and to
reveal their hemodynamic characteristics when evaluating their interactions to see which is a great
contribution to improving the evaluation precision of the cardiovascular system functions. In this
study, our main purpose was to determine the impact of sprinting and endurance adaptation on the
dynamic interactions of cardiovascular functional indices while a person was performing an increasing
workload, up to their inability to continue.

2. Materials and Methods

2.1. Participanis

The contingent of subjects consisted of 24 healthy athletes with at least six years of
permanent training experience. Subjects were assigned to one of two groups: Endurance (n =13,
age 26.1 £ 1.7 years, height 178 + 3.7 cm, body mass 748 + 4.1 kg) and sprinters (n = 11,
age 27.3 £ 3.2 years, height 177.6 £ 3.8 cm, body mass 77.8 = 5.2 kg). There was no significant
difference between the cohorts.

All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Regional Biomedical Research Ethics Committee (Lithuanian University of Health Sciences,
Kaunas, Lithuania) (No: BE-2-38, 07-09-2016).

2.2. Organization of the Study

The bicycle ergometric method of incremental increase in a provocative workload (graded stress)
was used. The subjects underwent a 50 W increase in workload every 6 min (60 revolutions/min),
and they exercised up to their inability to continue the task or to a predetermined goal (submaximal
heart rate) unless distressing cardiovascular symptoms supervened. After the physical load the subjects
rested and the cardiac parameter registered 5 min. Participants during all testing procedures were
seated on a bicycle.
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2.3. Measurements

At the end of the 2nd; 4th and 6th minutes of each step of the workload, the subjects were asked
to stop exercising for five to six seconds in order for us to measure the stroke volume and cardiac
output with tetra polar chest rheography (RPG2-02, Medtekhnika, Moscow, Russia), a convenient and
non-invasive method based on the Kubicek procedure [11]. To achieve this, we used a four-electrode
impedance plethysmographic system. Two-band electrodes were placed around the base of each
subject’s neck; the third band electrode was placed around his thorax, 2 em below the xiphisternal joint;
and the fourth band electrode was placed around the abdomen, like a belt. The two outer electrodes
were placed about 2 cm away from the inner electrodes. The upper neck and abdomen electrodes were
excited with a constant 100 kHz sinusoidal current and the resultant voltage (impedance) changes that
occurred in the cardiac cycles were monitored from the two inner electrodes. The stroke volume was
calculated from the impedance change information using a formula that relates impedance changes to
volume changes in a conducting solid [12].

2.4. Mathematical Methods

Statistical approach based on averaged data analysis cannot describe the synergetic interactions
between the physiological system and mechanisms while exercising [13,14]. A recently developed
algebraic co-integration method for the measurement of interactions between two physiological
parameters was used [15]. According to this approach, two synchronous signals are taken at discrete
time intervals and after normalization. Normalization (to interval [0; 1]) is required for the correct
interrelations analysis and to satisfy the equation where the normalized value is equal to the difference
between the original value and the minimal physiological value, divided by the difference between
the maximal and minimal physiological values. These signals are co-integrated into the second
order matrix. From the initial parameters of the matrix (difference dfr A, = x, — v, and co-diagonal
product edp An = ab{(%y - 1 = ¥n - 1)(%n + 1 = ¥n + 1), in both cases x, and yn, are real numbers, and they
represent the recorded parameters following characteristics that have a more comprehensive sense, i.e.,
discriminant (Dsk): Dsk A, = (dfr A,)? + 4 cdp Ay, Large Dsk values indicate low inter-parametric
concatenation, whereas small Dsk values (close to zero) correspond to a high interaction between the
analyzed parameters.

2.5. Statistical Analysis of the Data

The Kolmogorov-Smirnov test was used to determine whether the data had an underlying normal
distribution, and the required homogeneity variance of compared samples was verified with Levene's
test. ANOVA followed by Tukey post-hoc analyses were used to compare the statistical significance of
the differences between the groups and for multiple comparisons within each group. The calculation
for the observed power was performed, and the partial eta squared (n?) was estimated as a measure
of the test-retest effect size. The difference was regarded as statistically significant if p < 0.05. The
values are reported as arithmetical mean = standard error of the mean (SEM). All data analyses were
performed using 5P’SS version 21.0 (IBM Corporation, Armonk, NY).

3. Results

Cardiovascular parameters and their dynamic interactions comparing the sprinters and the
endurance groups are presented in Figures 1-3. Alterations in heart rate during the applied testing
illustrate typical behavior of self-organizing systems, depending on the type of adaptation, i.e., sprinting
or endurance. The heart rate changes of both groups while performing stepwise increasing workloads
up to inability are presented in Figure 1.
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150

4of9



Medicing 2019, 55, 314 S5o0f9

~#Endurance group
—o—Sprint group

Dsk

T M SIS, AP P oI Shituinry e e e

103 08 7 08 11 13 15 17 19 21 33 35 27 29 31 33 35 37 35 41 43 45 47

(A) Time, min
moi;:' ::n. - =<#==Endurance group
07 o N —e— Sprint group N
o :/—\\
05 __t--._.._* —ry
= & -)\"\
& 04 | Atstmin. s
of load ~
LY
03
0,2
01
0
(8)*°

Workload
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dynamical interaction in sprint and endurance cohorts while performing incremental increase in
workload every 6 min. Note: Axis x shows the study protocol, i.e., increase of worklead in watts and
from 44-47 min—the change of parameter during the recovery. * Statistically significant difference
(p < 0.05).

When we compared recorded initial heart rate values that were in a relative state of rest, i.e.,
we found no statistically significant difference between the groups during exercise. Workload-induced
heart-rate increase was more acute in the sprint group at each stage of the incremental load, and during
the 150 W and 200 W workload, the difference between the groups reached a statistically significant
level (p < 0.05). However, comparing the registered subjects’ maximum heart rate values during the
last stage of workload, we did not detect a statistically significant difference between the groups.

Figure 2 shows the stroke volume and cardiac output variations in the two groups while the
subjects performed under increasingly maore intense physical loads.

The endurance group was characterized by higher stroke volume values before testing (endurance
group - 89.1 + 5.1 mL, sprinters’ group—74.7 + 6.7 mL); however, this was not a statistically significant
difference. The stroke volume increased in parallel with the intensity of the workload, but significantly
higher stroke-volume values were observed in the endurance subjects at the level of 150 W {endurance
group—130.8 + 7.8 ml,, sprint group—105.1 + 7.1 ml,; p < 0.05) and also at the level of 200 W or
while comparing maximum stroke-volume values (p < 0.05). Figure 2B shows that the cardiac output
increased stepwise, i.¢., the parameter increased at the onset of the first minute of a new stage of the
physical load and during the five minutes that remained at the same level. Such a gradual increase
lasted until the load reached 250 W. A more pronounced increase of cardiac output was observed in
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the endurance group at the stages of 200-250 W, and this group was characterized by significantly
higher cardiac output values, as recorded in the last stages of the workload (p < 0.05).

Figure 3 displays the dynamics of the interaction between stroke volume and cardiac output while
the subjects performed stepwise increasing workloads up to their inability to continue in both groups.

Various peculiarities of Dsk changes were determined by comparing the initial Dsk (stroke volume,
cardiac output), and the degree and the duration of this increase between the groups (Figure 3A).
Before the testing of the state of relative rest, the calculated Dsk values were lower in the sprinters’
group (0.35 £ 0.06) than in the endurance group (0.37 + 0.04), but the difference between groups was
not statistically significant.

The difference between groups was determined by analyzing the initial Dsk, its growth rate and
the duration of the growth (Figure 3B). The Dsk of the endurance group increased within the first five
minutes of the physical load (0.46 + 0.06), and, compared with the initial Dsk values registered before
the load, a statistically significant difference was obtained (p < 0.05). Afterwards it began to decline,
i.e., concatenation between the stroke volume and cardiac output began to increase. The sprinters’
group's increase in Dsk values for the same concatenation lasted longer (until the 7th min of the load)
and increased up to 0.61 + 0.07, which was significantly higher (p < 0.05) than in the endurance group.

The subjects’ Dsk values, for both groups, while they were performing at the increasing load in
the later stages of the bicycle ergometer testing, were constantly declining. The sprinters’ group’s Dsk
values decreased up to approximately the 25th minute of testing, reaching 0.13 £ 0.04, and afterwards
the values began to increase. The endurance group was characterized by exactly the same Dsk
change trend as the sprinters’ group; however, the decline of Dsk lasted significantly longer (p < 0.05).
While they were overcoming, the last subjectively difficult stages of physical load, their Dsk levels
increased less.

During the recovery after the workload on the bicycle ergometer, the Dsk values (Figure 3A) also
increased; however, within four minutes of recovery, the values did not reach the baseline (0.20 + 0.04).
Nevertheless, the recovery process for the endurance group was faster than for the sprinters” group.
Unlike the sprinters’ group, the endurance group’s results indicate that a statistically significant
difference (p < 0.05} was revealed in the Dsk values between the last load stage and the recovery period
{0.13 + 0.01 and 0.29 + 0.04, respectively).

4. Discussion

Dynamic systems theory applied in human physiology and sports medicine provides the
ability to explore the functional system’s behavior and to provide information about the system’s
organization [16,17]. This research work was focused on the adaptation impact on the cardiovascular
indices and their interrelationships that are responsible at the highest level for the homeostasis of the
human body during intensive physical loads. Attention was also paid to the body’s self-organization
during an incremental workload.

A cardiac-output increase induced by a physical load is conditioned by an increase in the heart
rate and in the stroke volume [18]. Therefore, stroke volume is an essential structural component of
cardiac output. A decrease of the stroke volume and of the cardiac output concatenation manifested
at the onset of a physical load, i.e., Dsk values increased in both groups of subjects. At the onset of
the physical load, the interaction between stroke volume and cardiac output became weaker, i.e., Dsk
values increased, and this was the case for both groups of subjects as well as for each subject in general.

During the bicycle ergometer test, an exercise-induced Dsk increase was observed; however, this
change was not fast. The estimated Dsk between stroke volume and cardiac output and its changes
show that both at rest and during the physical load, the two parameters are strongly interrelated. Only
at the stage of the subjectively intensive workload did the Dsk values begin to increase.

Interestingly, the Dsk values decreased at a slower pace for the endurance athletes than for the
sprinters; however, during the recovery phase, the endurance group exhibited a significantly faster
increase in Dsk than the sprinter athletes. We can possibly relate this to the idea of a muscle being a
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defined chaos-system function that attempts to recover as fast as possible even within small ranges of
power reduction. This allows us to arrive at a conclusion that an interruption to recovery processes in
endurance sports players for any reason (such as adaptive processes becoming disjointed) can severely
deteriorate athletes’ results.

According to the results of Zumbakyte-Sermuksniene et al. [19], where the effect of basketball
players” anthropometric data of their cardiovascular parameter alterations during a physical load
were analyzed, the regulatory systems of recruited taller and heavier male basketball players tended
to load more slowly and more economically than did those of their shorter and lighter counterparts.
The interrelation of the heart rate in association with other cardiovascular parameters represents the
processes of the regulatory system and also has a direct impact on cardiac-output dynamics.

Obscured Dsk values had an upward trend in both groups up to the 25th minute of physical
load. Then the Dsk-value increases accelerated, and it took much longer for the endurance than
for the sprinters’ group, i.e., with increasing Dsk values, individuals who adjusted to endurance
workloads were able to continue to exercise longer. The greatest working capacity was shown by
the endurance group, who continued to work for 39 min, in contrast to the sprint group who had a
27 min average. In the run-up to the physiological limit, greater “autonomy” of the heart’s regulative
systems is allowed in order to optimize the potential solutions in a critical situation, i.e., to find the best
approach for the recruitment of all compensating mechanisms to meet the body’s need to maintain an
adequate hemodynamic.

The long-lasting changes of concatenation among registered indices commenced at the onset of
exercising, and this type of change was observed during workloads of increased intensity until the
subjects reached a specific functional state (fatigue) when the increase of concatenation had changed to
the contrary. This finding suggests that changes of interactions between the indices, which represent
cardiac performance, appear at the onset of exercising and that the repeatedly emerged decrease of
interaction in the period of maximal physical load leads to the inability to continue exercising.

Therefore, the algebraic data co-integration method for the evaluation of biological process
dynamics provides access to qualitatively new information about the body’s functional indicators’
change in terms of their diversity and generality at the same time. At the onset of pl‘lysical load,
the stroke volume and cardiac output dynamic interaction is weaker, and, if physical activity is
continued, this concatenation gets increasingly stronger. Such changes of stroke volume and cardiac
output concatenation to a lesser degree were more common to the endurance cohort. Athletes with
different adaptations to load (endurance or sprinters) have differing rates of activating their cardiac
metabolism. Rowe, Safdar, and Arany [20] have shown that long-term endurance training leads to
a greater working economy: When a subject is at the same absolute running speed and intensity,
less oxygen is consumed. Therefore, individuals who are adapted to endurance workloads might be
distinguished for their lower metabolic rates and for their enhanced myocardial economy compared to
their sprinting peers. Reger et al. [8] have also confirmed that there is a temporal component to the
physiological stress of exercise, which also contains an increased susceptibility to myocardial ischemic
injury and might be metabolic in nature.

One of the main limitations of this investigation is the fact that it is difficult to interpret this kind
of data due to the lack of studies of this type. Although some studies with the methodology we used
have been published [1,15], there is still a lack of determined standards that could be used during
this kind of data analysis. Also, in such data analyses, the initial data is susceptible to discrimination;
thus, the change trends and the moments at which the contrary shifts emerge should be emphasized,
Nevertheless, the results we obtained during this study in which we applied recently developed
methodology allowed us to differentiate some specific features of the dynamics of cardiac performance
that were affected by increasing fatigue based on the type of adaptation.
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5. Conclusions

Typical dynamics of interactions during testing with an increasing physical load can be
differentiated into separate phases: The decrease of interaction at the onset of a load; the increase
during the continuation of an increased workload, and the decrease at the last stages of the load. The
decrease of interactions is more exposed among the endurance cohorts. During exercise, interactions
between stroke volume and cardiac output become significantly stronger; however, development of
fatigue is followed by a decrease in this interaction (an increase of Dsk). Different types of sports
players (endurance athletes or sprinters) have different interconnection behaviors in their bodies. The
changes in the typical dynamic of interconnections as well as in the adaptability to load and in recovery
processes can reveal possible problems in adaptability to lead.
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SUMMARY

BACKGROUND: Physiology and sport science are interested in the link between the develepment of fatigue and
exercise perfonm This study tests the hypothesis that the inter-dynamics of changes in the ratio between the RR
and |T intervals of FCG could be informative for defining the state of fatigue during exercising.

METHODS: We used two studies ta simulate various functional states and to identify the peculiarities of this interac-
tion, and what could be useful for the precise evaluation of the functional state. Seventeen athletes participated in the
first stucly and 12 in the sccond study. A bicycle ergometer test using a 12-lead ECG was recorded for later analysis,
RESULTS: The first study showed that when the load was higher the difference between |1 and RR intervals was also
higher (P<0.05). The |T and RR did not intersect at the start of the test or throughout the test. At recovery velocity adapta-
tion does not return ta baseline value (P<0.05). The second study revealed that after a 30W, 100W and 150 workload,
the RR interval autran the recovery of [T the interval, but after 200W the recovery of the |T interval was s -ally highe
than the recovery of the RR interval (P<0.05). Alter 50W, 100W and 150W, the workload at the recovery index velocity
of adaption was negative compared to baseline values (P<0.05), but after 2000 these values became positive (P<0.05).
CONCLUSIONS: The study confirmed the hypothesis that the accumulated fatigue, caused by exercising can be
evaluated by the analysis the dynamics of |T and RR intervals during the fast recovery phase. )

(Cite this article as: Kairiukstiene 7, Poderiene K, Velicka 13, Trinkunas F, Poderys |. Analysi
mics which define fatigue and the functional state of athletes. Med Sport 2020;73:000-
7826.20.03515-2)

of FCG parameter dyna-
DO 10.23736/50025-
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RIASSUNTO

OBIETTIVO: Sia fa fisiclogia che le scienze dello sport si
prestazione fisica, Questo studio testa Uipotesi che linteraz dinamica delle variazioni nel rapporte tra gh intervalli
di RR e di JT nell’ECC possa essera wile per definire o stato df spossatezza durante lesercizio

METODI: Ci siamo avvalsi di due studi per simulare diversi stati funzionali e per identificare le peculiarity oi questa
interazione, e per identificare fattori utili alla valutazione precisa deflo state funzionafe. Hanno preso parte al primo
studio diciassette atleti; dodici atfeti sono stati arruclati invece in un secondo studio. If test & stato condotto per mezzo
di una cyclette, con la registrazione di un ECC a 12 derivazioni per analisi a posteriori,

RISULTATE: f primo studlio indica che quando il carico & maggiore, anche la difierenza fra gli intervalli di IT e RR
& pitt elevata (P<0,05). T e RR non si sono intersecate allinizio del tesl e per lutia la sua durata. Nel recupero,
Fadattamento alla velocitd non é ritornato al valore of partenza (P<0,05). N secondo studio mostra che dopo carichi
da 50W, 100W e 1500, lintervalio di RR supera il recupera dellintervaflo J1, ma dopo un carico da 2000 il recu-
pero dellintervallo [T & stato statisticamente superiore al recupero dellintervallo di RR (P<0,05). Dopo carichi da
50W, 100W e 150W, [Tndice di recupero della velocitd dadattamento & stato negativo rispetto al valori di partenza
(P=0.05), ma dopo 200W é tornato ad un valore positivo (P<fL05),

CONCLUSIONL fo studio conferma Fipotesi che Faccumularsi del senso di spossalezza, causato dall'esercizio, possa
essere valutato mediante Fanalisi della dinamica degli intervalli oi JT e RR, durante la fase di recupero veloce.

teressanc al legame ira linsorgere della spossatezza e fa

PaRCLE CHIAVE: Fanica; Elettrocardiografia; Forma fisica.
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he adoption of sedentary lifestvles in mod-

ern society has resulted in low physical
fitness levels, one of the most important risk
factors for chronic-degenerative discases, cs-
pecially those related to the cardiovascular
system.! There are many recommendations
for physical activity to reduce cardiovascular
risk.2 3 Significanl posilive changes can occur
in cardiovascular measurements after acrobic
training * Although vigorous physical exercise
is an effective way to reduce the risk of cardio-
vascular disease, active people remain suscep-
tible to inherited and acquired cardiovascular
disease, and may be most at risk ol negative
cardiovascular outcomes during intense physi-
cal activity.® Physiology and sport scientists are
interested in the link between the development
of fatigue and exercise performance.® Fatigue
is a dynamic process involving central and pe-
ripheral mechanisms during high-intensity exer-
cise.” There are many publications in which the
authors explore faligue using different meth-
ods: blood lactate concentrations, perceived ex-
ertion,® muscular fatigue,® heart rate,'™ maximal
oxygen uplake,'! and blood pressure.?

When applying exercises for health promo-
tion or competitive sport. it is very important to
assess functional state and fatigue. The problem
of feedback is very real and must be solved.

ECG analvsis is a common, and the most
commonly studied, non-invasive technique
used for cardiovascular system investigation. 1>
4“4 Publications include recommendations about
how Lo interpret ECG paramelers for alhleles, 13
15 children in general 16 adults in general 17 and
other groups.

JT (measure of ventricular repolarization)
and RR (time interval between heartbeats) inter-
vals are often analyzed separately, but to obtain
more information about cardiovascular function
was investigated the dynamics ol QT-RR inter-
vals.'® Other authors present the concept of ma-
trices which are used to analyze relationships
between RR and T intervals.t? Thus. the aim of
this studv was to evaluate T and RR intervals
inter-dynamic during bicycle ergometer test.

Materials and methods

Subject

Study I Seventeen healthy voung adult
males participated in this study. Participants
had trained regularly for at least five vears, with

2 MEDICINA DELLO SPORT

L adozione di uno stile di vita sedentario nella
societd moderna riduce la forma fisica, vappre-
sentando uno dei pitt importanti fattori di rischio
per le malattie cronico-degenerative, in particolar
mado corvelale al sistema cavdiovascolarve,? Iatli-
vita fisica e fortemente raccomandata per ridurre
il rischio cardiovascolarve 2 3 Dopo allenamento
aerobico, intervengono cambiamenti posilivi si-
enificativi net valori cardiovascolari® Sebbene
lesercizio fisico intenso sia wn modo efficace di
ridurre il vischio cardiovascolare, le persone afti-
ve rimangono suscellibili alle malattie cardiova-
scolari, eredilarie ed acqudsile, e possono essere
maggiormente a rischio di esiti cardiovascolari
negativi durante attivita fisica intensa 5 [ fisiologi
e gli studiosi di scienze dello sport si interessano
all'insorgere della spossatezza nella prestazione
sportiva.t La spossatezza é un processo dinamico
che riguarda meccanizmi cenlrali e peviferici, du-
rainte lesercizio fisico ad alta intensita.” Diversi
lavori scientifici banno esaminalo questo aspetio
medictitle diversi paramelri: la concentrazione del
lattato ematico, lo sforzo percepito,® la spossatezza
muscolare,? la frequenza cardiaca, 17 il consimo
massimo d'ossigeno. 1 e la pressione sanguigna 12
Quando si eseguono esercizi, a scopo salutisti-
co o per allenarsi allo sport competitivo, ¢ maolto
importanie stabilire lo stato funzionale e il livello
di spossatezza. 1l problema del riscontro & reale e
vea visolto.
il pite studiato e il meno invasivo per studiare il si-
stema cardiovascolare '3 1% Le pubblicazioni con-
tengono  raccomandazioni  sullinlerprelazione
dei parametri da ECG negli atleti, 1315 nei bambi-
ni 16, neeli adulti in generale 17 e in altvi grigppi.
Gl intervalli di JT (misura defla ripolarizzazio-
ne ventricolare) e di KR (intervallo di tempo fra i
baititi cardiaci) in genere sono analizzali singo-
larmenie, ma per ottenere piiy informazioni sulla

Sfunzione cardiovascolare ¢ stato necessario ana-

lizzare la dinamica degli intervalli QT-RR.15 Altri
ricercatori ricorrono al concetio di malvici, wsale
per studiare la relazione fra gli intervalli di RR e

JT39 Pertanto, lo scopo di guesto studio é stalo va-

lutare l'interazione dinamica degli intervalli di JT
e RE, durante un test su cyclette,

Materiali e metodi

Partecipanti

Studdio I+ Diciasselle giovani adulli maschi e in
buona salute banno preso parte a questo studio:
i partecipanti si evano allenati vegolarmenie per
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a minimum of 3 h/wk of physical activity, in-
cluding aerobic exercise and resistance train-
ing. The mean (5D, range) values of the general
characteristics of participants were as follows:
age 25.1+1.8 years, height 177+3.5 cm, body
mass 71.8+4.2 kg.

Study II: Twelve healthy young adult males
from the same health sports club participated
in this study. Participants had trained regularly
for at least one year, with a minimum of 3 h/
wk of physical activity, including aerobic exer-
cise and resistance training. The mean values
of the general characleristics of participants
were as follows: age 20.2+2.7 years, height
177.6%3.1 cm, body mass 76.3£5.2 kg. Poten-
tial participants who were identified as having
a cardiovascular disease or health problem,
or who used any drugs or nutritional supple-
ments were excluded.

This study was approved by the Regional
Biomedical Research Ethics Commitiee (Lithu-
anian University of Health Sciences, Kaunas,
Lithuania) (No: BE-2-10, 26-03-2015). The ex-
periments were performed in accordance with
the ethical standards of the Helsinki Declara-
tion. Prior 1o the initiation of the study, each of
the participants read and signed an informed
consent [orm agreeing to engage in all testing
procedures.

Organization of the study

Before testing, the subjects had not eaten for
al least several hours, they had nol consumed
alcohol or any medication. and they had rested
well, Subjects were not allowed 1o consume
any meal or liquid while exercising until all the
measurements had been taken.

Study It the subjects performed the bicycle
ergometer exercise test with a physical load that
increased stepwise every 6 minutes they started
exercising with a 50 W load at a frequency of 60
rpm, and the workload increased at each step
by 50 W 1o 200 W (Figure 1A). After the physi-
cal load, the subjects rested for five minutes.
Participants were seated on a bicycle at rest. An
entire ECG was continually recorded through-
out the study.

The individual rate of perceived exertion at
the first minute after end of workload was eval-
uated by use the Borg CR-10 scale.2

Study IL the subjects performed the bicycle
ergometer exercise test with a phyvsical load that
increased stepwise every 2 minutes, that is, they
started exercising with a 50 W load at a fre-
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almeno cingue anni, con un minimo di 3 ore a
seltimana di altivila fisica, con esercizio aerobico
ed allenamento di vesistenza. I valovi medi (5D,
oscillazione) delle caratleristiche generali dei per-
tecipanti sono i sepuenti: eta 25, 1+1.8 anni, allez-
za 177+3,5 cm, massa corporea 71,8+4,2 ko,

Stuclio IT: Dodici giovani adulti maschi e in
buona salute, provenienti dallo stesso centro per
ler salute sportive, banno fneso parle a guesto stu-
dio. | partecipanti si evano allenati regolarinente
per almeno un anno, con un minimo di 3 ore a
settimeana di altivilé fisica, con esercizio aerobico
ed allenamento di resistenza. [ valori medi (5D,
oscillazione) delle caralleristiche generali dei petr-
tecipainti soino i seguenti: eta 26,2+2,7 anni, al-
tezza 177.0%3,1 cm, massa corporea 76,3+5,2 kg.
I potenziali partecipanti sono slali selezionali fra
coloro i quali non presentavano patologie cardio-
vascolari o problemi di salute, o che non facevano
ricorsa d farmact o integratori alimentari.

Quiesto studio ¢ stato approvato dalla Conimis-
sione Flica di Ricerca Biomedica Regionale (Facol-
ter i Scienze Mediche Lituana, Kaunas, Lituania)
(No: BE-2—10, 26-03-2015). Gli esperimenti sono
slati condotti vispettando i principi della Dichiara-
zione di Helsinki. Prima di iniziare con lo studio,
1 partecipanti banno letto e firmalo un mocdulo per
il consenso informato. con cul s'impegnavanc da
prender parte a fulti § fest previsti,

Organizzazione dello studio

Prima del test, | soggelti non banno assunto
cibo per diverse ore, né banno assunio alcool o
Sfarmact, e si sono viposali adeguatamente. Ai pai-
tecipanti non & stato consentito il consumo di pa-
sti o bevande finché le valutazioni non sono slale
terminale.

Studio I | pariecipanti banno eseguito win eser-
cizio sulla cyclette con un carico fisico in aunento
progressivo ogni G minuti, parviendo da un carico
da 50 W ad una frequenza di 60 vhm. e con in
aumeitto del carico ad ogni livello, di 50 W, finc a
200 W (Figura 1A). Dopo il carico fisico, i soggetii
si sono riposat! per cingue mivati. I partecipan-
t sono rimasti seduti sulla cyclette per riposarsi.
LECG & stato registralo continnuamento durvante
tutto il test. la quola individuale di spossatezza
nel primo minilo, dopo la fine del carico, & stata
misireita con la scala Borg CR-10.27

Studio II: i partecipanti banno eseguito un
esercizio sulla cyclette con un carico fisico in au-
mento progressivo ognt 2 minuti, partendo da un
carico da 50 W ad wuna frequenza di 60 rpm, e
con un aumento del carico ad ogni livello, di 50
W (Fiewra 1B). Prima di aumentare il carico, i
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Studly | Study Il
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Figure 1.—Studies protocols.
Figura | —FProfocolll dello studio.

quency of 60 rpm, and the workload increased
at each step by 50 W (Figure 1B). Belore in-
creasing the load the participant had two min-
utes of rest. Participants were seated on a bicy-
cle at rest. Alter the phvsical load, the subjects
rested for two minutes. An ECG was recorded
every 15 seconds.

The individual rate of perceived exertion at
the first minute after end of each workload was
evaluated by use the Borg CR-10 scale. 20

The environmental temperature and relative
humidity were stable at 20-22 °C and 48-52%
respectively.

Measuremenls

During the procedure, a 12-lead FECG was re-
corded for later analysis by means of computer-
ised FCG analysis svstem (“Kaunas-load”, Kau-
nas, Lithuania). Changes in RR interval (heart
rate), JT interval and velocity adaptation were
analyzed.

Statistical analysis

JT and RR intervals dates were normalized,
that is presented as percentages when the first
value was 100%. Velocity of adaptation was cal-
culated using the tormula:

CTI.I,) 100% - {1%(;) 10085,
JT, and RRy, values of intervals before exercis-
ing; JT, and RR;, values of intervals at onset of
exercising.

A linear regression analysis model was
used to evaluate when the JT and RR intervals
reached the same value after workload.

The wvalues are presented as means and
standard  derivations (SD). The Kolmogorov-
Smirnov test was used before the analysis to
check the normality of the data distribution. An

4 MEDICINA DELLO SPORT

partecipanti si sono riposati per dite minuti. { par-
tecipanti sono rimasti seduti sulla cyclette per ri-
posarsi. Dopo il carvico fisico, § partecipanti si sono
riposati per due minuti. LECG é stato registralo
gl 15 secondi.

La quola individuale di spossatezza nel primo
minto, dopo la fine di ciascun carico, é stata mi-
surala con la scala Borg CR-10.29

La tewiperatura ambientale e l'umidita relativa
sono rimaste stabili a 20-22 °C ¢ a 48-52%, rispel-
tivamerile.

Misure dei deli

Durante la procedura, & slato regisirato un FCG
a 12 devivazioni per analisi a posteriori. median-
te un'sistema per analisi di ECG computerizzato
(“Kaunas-load”, Kaunas, Lituawia). Sono siati
analizzali parametri come variazioni dell'inter-
valio di RR (frequenza cardiaca), dell'intervallo
JT e della velocita di adattamento.

Analisi statistica

1 dati degli intervalli di J1"e RE sono stati nor-
malizzali. viporiancdoli come dati pevcentuali, fis-
sando il primo dato al 100%. La velocila di adalla-
mento e stata calcolata usando la formula:

(%) 100% - (:RTJ 100%%,
con [Ty e RRy come valori degli intervalli prima
dell esercizio; J1;e RR, come valort degli intervalli
a esercizio tniziato.

Abbiamo wtilizzato un modello di analisi della
regiessione per valutare il momento in cui gli in-
tervedli di JT e KR banno raggiunto lo stesso valore
dopo il carico.

1 valori sono riportali come media e deviazione
stanclard (SD). 1 lest Kolmogorov-Smivior of ba
permesso di controllare la distribuzione norma
le dei dati. Durante il test sulla cycletle, abbiamo
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independent sample t test was used for analysis
of the normally distributed data o determine
differences between JT and RR intervals during
the bicycle ergometer tests. A paired student t
test was used o determine velocity adaptation
dynamics differences compared o baseline val-
ue. The statistical analysis was performed using
SPSS 24.0. A significant difference between the
compared values was indicated when the error
did not exceed 5% (P<0.05).

Results

Stuely

Figure 2 shows the JT and RR intervals dy-
namics in the first studv during the bicycle
ergometer test, when the load was increased
every six minutes. Al the peak of fatigue JT de-
creased 1o 00.0£2.3% and RR o 48.1£2.1%. The
JT returned to 8.3+2.4% and RR to 72.1+2 7%
of their baseline values within five minutes afler
the load. The load was higher difference be-
tween JT and RR intervals was higher too. There
was a significant difference between the JT and
RR intervals after 4 minutes of workload 1o the
end of test (P<0.05). Al 24 minutes ol workload,
the JT interval was 61.6+2.3 % and the RR inter-
val was 48.1£2.1% (P<0.05).

KAIRIUKSTIENE

condotto un test t a campioni indipendenti per
analizzare | dati distribuiti normalmente, per de-
terminare le differenze fra gli intervalli di JT e RR.
Il test  student per campiont accoppiati @ servito
a determinare le differenze nella dinamica della
velocita di adattamento. rispetio al momento ini-
ziale, Lanalisi statistica e stata condotia tramite
software SPSS 24.0. E stata indicata una diffe-
renza significativa tra valori confrontali, quando
Fevvove non ba superalo il 5% (P<0,05).

Risultati

Studio !

La figura 2 descrive la dinamica degli interval-
li JT e RR nel primo studio, durante il test sulla
cyclette, quando il carico é stato aumentato ad in-
tervalli ¢i sei minuti. Al picco della spossatezza, JT
& sceso fino a 66,02 3% e RR fino a 48, 1+2,1%.
JT é ritornato a 8,3+2,4% e RK al 72,112, 7% dei
loro valori di partenza entro cingue minult dopo
il cavico. Il carico é stato significativamente piti
alto fra gli intervalli di JT e RR. Vi & stala una dif-
Sferenza significativa fra gli intevealli di JT e KR
daopo 4 minuti di carvico alla fine del test (P<0.05).
A 24 minuti di carico, lintervallo JT & stato del
G1,6x£23 % e Uinlervallo RR & sta del 48,122, 1%
(P<0,05).

—IT
—§—PR
F
40
11 5 10 15 20 24 1 3 5
BEFCRE WORKLOAD RECOVERY
Time {min)

Figure 2—RR and JT intervals dynamics during incremental exercise tesl.

Figura 2—Dinamica degli intervalll di JT e RR duwrante lesercizio incrementale.
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The JT and RR do not intersect at the start of

the test or throughout the test. We used a linear
regression analysis model to demonstrate that
both lines will reach the same value 16 minutes
inlo recovery.

The values obtained representing the ve-
locity of the adaptation increased consistently
throughout the bicycle ergometer exercise. The
adaplation values decreased steeply after exer-
vise. The velocity of adaptation did not return
to its baseline value (P<0.05) at recovery. The
last value at recovery adaptation speed was
5.2+1.5%, which was significantly higher than
the baseline value (P<0.05).

Al the end of exercising the most of partici-
pants assessed workload as-10 point with the
Borg CR-10 scale (average: 9.68+0.11).

Study {1

Figure 3 demonstrates the JT and RR dynam-
ics during stepwise incremental exercise which
increased every 2 minutes along to the in-
creased workload. The RR interval outrun JT in-
terval alter the 50W load during the [lirst minute
of recovery. The highest RR interval values were
108.9+2.0% and JT 98.07+2.21%. During the
100W load cycling exercise, the J'T interval val-
ues decreased 10 88.94£2.4% and RR 10 70.2+2.1%.
Alter load the RR interval was 100.3£3.6%, and
it was more than JT, at - 95.6+2.4%. The same
tendency was observed after the 150W load.

JT e RR non s'inlersecana all'inizio del test o du-
rante la sua esecuzione. Abbiamo usato un model-
lo di analisi di regressione lineare per dimostrare
che entrambe le linee ragginngeranio lo slesso ve-
love a 16 minuli dal vecupero.

1 valori oftenuti, che rappresentano la velocita df
adattamento, sono aumenlali costanlemente per
tutto il tempo dell esercizio sulla cycletie. I valori di
adallamento sono calati gradualmente dopo leser-
cizio. La velocita di adattamento non é ritornala
al suo valove di partenza (P<0.03) durante il recu-
pero. Lultimo valove della velocita di adaltamento
al recupero é stato di 5,2+1. 5%, significativamente
maggiore del valore di partenza (P<0.05).

Alla fine dell allenamento la maggior parte dei
partecipanti ba espressouna valutazione da 10pun-
ti, secondo la scala Borg CR-10 (media: 9,68+0,11).

Stuicdio IT

La figitra 3 descrive le dinamiche di JT e RR du-
rante lesercizio incrementale graduale, con in-
crementi ogni 2 minuli, lungo tutto il tempo del
carico incrementale. L'intervallo di RR supera U'in-
tevvallo di [T dopo il cavico da SOW, duranle il pri-
mo minto di vecupero. I valori maggiori dell’in-
tervello di RE sono stati 108 0+2,0%, 98,0712 271%
per lintervallo di JT. Durante il carico da 100W
di esercizio su cyclette, i valori dell’intervallo di [’
sono calati fino a 88.9:2.4% e quelli di RR fino
a 70.2+2.1%. Dopo il cavico, lintervallo di RR é
stato 100.343.6%, superiove a JT, a -9,6+2,4%. La
stessa tendenza € stata osservala dopo un carico

110
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BASELINE S0W

2 min

RECOVERY

2 min

100W

2 min

RECOVERY

2 min

—e—RR %

T

150W

Zmin

RECOVERY
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200W

2min

RECOVERY

2 min

Figure 3—Dynamics of the JT and BR intervals during incremental exercise test in intermittent mode,
Figura 3 —Dinamica deglt infervalli di [T e RR durante Uesercizio incrementale, in modalita intermittente.

6 MEDICINA DELLO SPORT

2018

161



The RR interval did not outrun the JT interval
at recovery after a 200W workload. There was
a significant difference between the RR and JT
intervals values (P<0.05). During the second
minute of recovery, the JT interval increased to
80.2+2.74 % and the RR interval to 79.8+3.1%.
A significantly higher JT interval was recorded
then participants mentioned a bike and after
200W workload at recovery (P<0.05). The RR
interval was significantly higher after the 50w
workload at recovery and al 2 ECG al recovery
alter the 100W workload. We calculated that the
JT and RR intervals would be at the same point
at 19 minutes after the 200W workload.

Figure 4 shows the velocity of adaptation dy-
namic of the cardiovascular system. After the
50W load bicycle ergomeler exercise, adapla-
tion of velocity was -11.0414.3%. When the load
was increased velocity of adaptation increased
too. After the 100W load, the lowest value was
-7.00+4.1%, and after 150W it was -3.0+4.8%. Al-
ter a 200W work load the velocity of adaptation
took positive values at recovery. The lowest was
5.9+3.9. Velocity adaptation values at recovery
were slatistically higher than baseline (p<0.05),
despite a second ECG 30W after workload.

During incremental exercise the individual
rate of perceived exertion participants assessed
5 to 10 with the Borg CR-10 scale. After S0W the
individual rate of perceived exertion was as-
sessed 5.2+0.27, after 100W workload- 6.8+0.17,
150W- 7.8+0.11 and at the end of exercising
(200W) was 9.220.11.

KAIRIUKSTIENE

da 150 W. Lintervallo di RE non supera Uinterval-
lo di JT nel recupero dopo il carico da 200 W. ¢
slata una differenza significativa tra i valori gl
intervalli RR e JT (P<0.05). Duvante il secondo mi-
nuto di recupero, Fintervallo JT' & aumentaio fino
86.2+2.74 % e lintervallo RR fino a 79.8+3.1%.
U intervallo J1 significativamente maggiore é sta-
to registralo in seguilo. menzionando wna biciclet-
ta, e dopo carico da 200W nel recupero (P<0.05).
Lintervallo BR é stato significativamente maggiore
dopo 50W di carvico nel vecupero e fin 2 ECG nel re-
cupero, dopo il carico da 100W. Abbiamo calcola-
to che gli intervalli [T e RR dovrebbero raggiungere
lo stesso punto a 19 minuti, dopo carvico da 200

La figura 4 illustra la dinamica della velocita
di adattamento del sistema cardiovascolare. Dopo
Fesercizio sulla cyclette con carico da 50W, ladai-
tamento della velocitar é stato -11,04+4, 3%, Ouan-
do il carico e aumenlalo, la velocita di adatlamen-
to & anche aumeniata. Dopo il carvico da 100 W, il
valore inferiore & stato -7,00=4, 1%, e dopo 150W é
stato -3,0+4,8%. Dopo un carico da 200 W, i valori
della velocita di adallamenio sono diventi positivi
nel vecupero. If valore pity basso é stato 5.9+3.9. La
velocita di adattamento al recupero ¢ stala stati-
sticamentie superiove vispetto a quella di parlenza
(p<(h05), nonostante un secondo ECG, dopo carico
da SOW Durante lesercizio incrementale il tasso
individuale di spossatezza percepila, stabilito dai
partecipanii, éstato da 5 a 10 secondo la scala Borg
CR-10. Dopo 50W, il tasso individuale dif spossatez-
za percepita, ba raggiunto 5,2+0,27, dopo carico
da 100W é stato di 6,8+0.17, dopo 150W- 7,820, 11
e a fine esercizio (200W) é stato 9.220,11.

25

EEFORE 50W RECOVERY 100W

Zmin Zmin 2 min

RECOVERY

2 min

150W RECOVERY 200W

RECOVERY

2 min 2 min 2 min 2 min

Figure 4 —Dynamic of velocity adaptation during incremental exercise test.
Figura 4 —Dinamica dell adaitamento alla velocila durante Vesercizio incrementale.
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Discussion

Physiological systems are not periodic os-
cillators and the interaction between various
physiological mechanisms is an essential fea-
ture of body functioning while exercising.1® The
hvpothesis of this study was that the dynamics
of changes in the ratio between RR and JT in-
tervals could be more informative for defining
the effects of cumulative fatigue than the values
or dynamics ol separate ECG indices. We used
two studies in order to simulate various func-
tional states and to delineate the peculiarities of
this interaction. First study should describe how
the chosen ECG indices recover in conditions
of fatigue (after the exercising up to inability
1o continue the lask). Second study was used
to delineate how the behavior of chosen ECG
indices obtain the changes gradually, what re-
veals the accumulation of fatigue.

‘The electrical properties of cardiac muscula-
lure are widely used in diagnoslic purposes and
in the functional testing of athletes 4. 15

According our approach this recovery pe-
riod conlains a lol of information about what
has happened during exercising. At the onset
ol exercise all body systems and all physi-
ological mechanisms activated so as to meet
the increased energy and oxygen needs.?! In
the phase of recovery after workload all acti-
vated mechanisms should return 1o initial state
and it occurs in some speed and specific man-
ner.22 23 Study I showed thal JT and RR intervals
curve not crossed at the same point within five
minutes of recovery. To predict then intervals
would be at the same point we used a linear
regression analysis model and found that it will
be after 16 minutes. RR recovery has usually
been calculated as five minutes in previous
studlies. 2+ 25

Cardiac repolarization can be assess by the
QT interval and varies with the heart rate.!®
It is known that the human RR and QT rela-
tionship differs during dynamic exercise from
that of the recovery phase 2¢ JT and JT peak
intervals are also used as QT interval to de-
scribe the same process of repolarization.?”
QT-RR relationship in this setting reflects the
parasympathetically mediated opposition to
the lengthening of the QT interval induced by
enhanced sympathetic activity.’® Have shown
that sympathoexcitation remain for 45 min-
utes after exercise.® The results obtained in
the second study demonstrate that JT and RR
intervals crossed at recovery after the S0W,
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Discussione

I fennoment fisiologici non sono oscillatori perio-
dici e l'interazione tra diversi meccanismi fisiologici
& una caratleristica essenziale delle funziont corpo-
ree durante lesercizio1® Lipolesi di questo studio &
che la dinamica dei cambiamenti nel vapporio fra
gli intervalli di R e di [T potrebbe fornire informa-
zioni wiili a definive gli effetti dell'accumuilo delia
spossatezza, vispelto ai valovi della dinamica degli
indici isolati di ECG. Abbiamo condotto due studi
per simudare vart stali funzionali e per delineare le
peculiarita di questa interazione. Il primo studio si
prefigge di descrivere il recupero degli indici scel-
ti dell' FCOG in condizione di spossatezza (definita
come incapacita di proseguive con lesercizio). Il se-
coitelo studdio & stato wlilizzalo per delineare i modo
in cui il comportamento degli indici dell ECG sele-
zionali variano gradualmente, il ché rileva accu-
nitlo di spossatezza.

Le proprieta elettriche della muscolatura cardia-
ca sono sfnuttate ampiamente nella diagnostica nei
test funzionali degli atleti, 1 15

Secomiclo il nostro apiproccio il periado di recupero
Jornisce numerose informazioni su cio che avviene
durante Vesercizio. All'inizio dell' allenamerio tulti
gli apparati del corpo wmani e tuthi § meccaiismi
[isiofogici si attivano, in modo da far fronte all au-
mentato fabbisogno energelico e di ossigeno ! Nella
Jase di vecupero dopo il carico, tulli | meccanisini al-
tivati devono ritornare allo stato iniziale e cid avvie-
ne ad una velocitia e in una maniera specifiche 2223
Lo studio I ba dimostrato che le curve degli intervalli
di JT e RR non si incrociano allo stesso punto entro
cingue minuti di vecupero. Per predirve il verificar-
si dell'intervallo nello stesso punto, abbiamo usato
Fanalisi per vegressione lineare, riscontrando che
questo si sarebbe verificato dopo 16 minuti. Il vecu-
pero di RR di solito &, secondo lavori precedenti, pari
a cingue niinuti, 2425

La ripolarizzazione cardiaca o essere sta-
bilita mediante U'intervallo OQT, e varia con la fre-
quenza cardiaca.’® I} noto che la relazione fra RR
e QT nell essere wmanao differisce durante lesercizio
dinamico, vispetto a quella che interviene durante
Jase di vecupero 26, Gli intevvalll di [T e del picco di
ST sono usati, cosi come 'intervallo di QT, per de-
scrivere lo stesso processo di ripolarizzazione.?” La
relazioie QT-RR wel sislema riflelte lopposizione
mediala a livello parasimpatico all’allungamento
dellintervallo di QT indotta dall aumentala altivita
simpatica’® Abbiamo dimostrato che [eccitazione
simpatica persiste per 45 minuti dopo lesercizio 28
I wisullall ollevinti nel secondo studio dimostrano
che gli intervalli di [T'e RR si incontrano al rectipero
dapo carichi da SOW, 100W e 150W, ma la spos-
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100W and 150W workloads. but then accumu-
lated fatigue was higher (200W workload) and
the individual rate ol perceived exertion was
9.240.11 with the Borg CR-10 scale, lines of JT
and RR intervals averages do not crossed. In-
dependently of workload, the relative change
in JT intervals was higher than the relative RR
interval changes. Other authors have observed
similar changes in ECG indicators during ex-
ercise and recovery: longer Q1 intervals while
RR intervals decreasing during exercise and
shorter QT intervals when RR intervals increas-
ing during recovery.2? Evaluating RR and JT in-
tervals dynamic at recovery of healthv subject
who exercises in our study, velocity of adapta-
tion was higher than 0% after a 200W load at
recovery, suggesling Lhal the values were 0%
or more means aboutl stale of fatigue. Veloc-
ity of adaptation al onsel of exercise depends
on the residual effects of training but not on
the type of exercise test.>® Such an approach
allows us to assess the accumulated fatigue,
which can be evaluated by analysis of the in-
ter-dynamics between RR and JT intervals dur-
ing the fast recovery phase. To our knowledge,
this is the first atlempl to assess the state of
latigue according 1o the inter-dynamics ol ECG
parameters in the last recovery phase.

Lintitations of the study

Fatigue is a complex phenomenon and
many models was suggested as to explain the
genesis and mechanisms of fatigue. For ex-
ample the Meshed Model of Fatigne empha-
size the meshing of centrally and peripherally
medialed factors during performance.® The
electrical properlies of cardiac musculature
are widely used in diagnostic purposes and in
the functional testing of athletes 1415, To our
knowledge, this is the first attempt to assess
the state of fatigue according 1o the inter-dy-
namics of ECG parameters in the fast recovery
phase. The results of this study can’t explain
all specilic peculiarities ol [atigue caused by
aerobic or anaerobic lypes of workload, fa-
tigue caused by intermiltent or interval type ol
training. Further studies could performed as o
reveal these peculiaritics.

Conclusions

The study confirmed the hypothesis that the
accumulated fatigue caused by exercising can
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satezza accumulata é stata maggiove (carico da
200W) la quoia individuale di sforzo percepito é
stata il 9 .2+0, 11 mediante scala di Borg CR-10, con
le linee degli intervalli di JT'e RR che non si incro-
ciano, Indipendentemenie dal carico, la variazione
relativa degli intervalli di JT é stata maggiore delle
vaiazioni degli intervalli di KR,

Altri vicercatori banvio ossevvetlo variaziond simili
negli indicatori di ECG, duranie l'esercizio e il vecut-
pero: intervalli dif QT pit lunghi, mentre gli intervalli
di RR diminuiscono durante Fesercizio, e intervalli
piti brevi di QT quando gli intervalli di KR aumen-
taito durante il vecupero.® Dalla valutazione della
dinamica degli intevealli di KR e JT"a recupero, nei
soggelti i salule che si sono allenati nel viostro stu-
dio. la velocila di adaltamenlo & stala magpiore del-
lo 0%, dopo carico da 2000 a recupero, suggerendo
che vealori pari o superiori allo 0% abbiano un signi-
Sicato riguardo allo stato di spossalezza. La velocilé
di adattamento a esercizio iniziato dipende dagli ef-
Jetti vesidui dell allenamento ma non dal tipo di test
Sisica 30 Tale approccio ci permetie di quaniificare
la spossatezza accumulata, che pid essere valutaia
mediante analisi dell'interazione dinamica tra gli
intervalli di RR e JT, duranie la fase veloce di vecu-
pero. It base alle conoscenze attuali, questo & stato
il primo tentativo di valutare lo stato della spossatez-
za, secondo linterazione dinamica dei paramelri di
ECG nella fase di recupero veloce.

Limiti dello studio

La spossatezza & un fenomeno complesso e sono
slati suggeriti diversi modelli per spiegare la sua ge-
niesi e il suo meccanismo. Ad esempio il modello a
reticolo per la spossatezza enfatizza la creazione di
un veticolo per i fattori mediati centralmentie e peri-
Sevicamente durante la performance 3! Le proprieii
elefiriche della muscolatura cardiaca sono ampia-
wiente sfruttate in diagnostica e nei test funzionali
degli atleli 1415, Secondo le nostre conoscenze alli-
It questo e il primo tentativo di stabilive lo siato di
shossatezza, in base all'interazione dinamica dei
paramelri di ECG nella fase di recupero veloce, 1 vi-
sultati di questo studio non spiegano le peculiarila
specifiche della spossatezza, causata dal carico di
tipo aerobico o anaerobico, e la spossatezza cavusala
da allenamento inlermitiende o a intervalli. Queste
caralteristiche potrebbero essere chiarile da studi fu-
teird.

Conclusioni

Lo studio ba confermato ipotesi che la spos-
satezza accumulala, causata dall’'esercizio, puo
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be evaluated by the analysis the dynamics of
JT and RR intervals during the [ast recovery

phase.
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Sirdies ir kraujagysliy sistemos funkciniy rodikliy kaita
sveikatos stiprinimo pratybose taikant tradicinj aerobinj bei
didelio intensyvumo intervalinius kruivius

Aina Kravcikaité', Deivydas Velicka’, dr. Kristina Poderiené
Lietuvos sporto universitetas, Sporto mokslo ir inovacify institutas’'
Lietuvos sveikatos mokshy universitetas, Sporto institutas’

Santrauka

Problema. Efelctwus Sivdies ir brawjagvsliy sistemos sutvikimy sprendimo biidas vra tinkamas fizinis kritvis. Tvri-
mo tikslas — nustatyti Sivdies ir frangagysti sistemos fimkciniy rodilliy kaitos ypatvbes sveikatos stiprinimo pratvbose
taikant tradicini aerobing arba didelio intensyviuno intervalinius kritvins,

Metodika. Tiricumeji (sveiki suenige nesportuojantys vwrai (n = 8) atliko dvejos skirtingas Sirdies ir kraujagysiiy
sistema lavinancias praivbas. Pirmosios pratybos buve 20 minucing trkmés krivis minanl veloergometro pedalus. 1. y.
tradicinés aerobinio kritvio pratvbos, kei $SD padidédavo ikt 70 % SSD . Antigy pratyby metu tiviamieji ailiko
vadinaimejq intervaling SKS lavinimo (reniruotg, t. v, penkis intensyvaus CEritvio kar tojimus, tesiant juos iki kol SSD
padidedave iki 80 % §'SI) . 0 poilsio intervalus tarp kartofimiy tesiant iki tol, kol SSD atsigaudeavo iki 35% ‘E'Si)m_n_w
Visy pratyby metu neper treikiamai buvo registruojama KK ir AKS matuojamas po kickvieno kriivio ir antrosios
atsigavimo minuiés pabaigoje. Vertinant twimy rezultatus kompintering EKG analizés programa pateildeave SSD, RR
intervaly, ORS komplekso trukmés reilsmes ir jy kaitq bei dinaminés sqsajos tarp EKG RR intervalo ir ORS komplek-
so trukmes kailg. Siy dviefy EKG rodikliy kitimo sqsajq aispindeéfo skaicivojamuy diskriminanty kaiia,

Rezultatai. Sirdies tvinksniy skaicius per intervalinio kritvio pratvbas buve 40 % mazZesnis nei tradiciniy aerobi-
iy pratyby met. Tradiciniy aerobiniy pratvby mene stebimi SSD ir AKS kitimai fiziologinés normos ribose. taciau
pratyby pabaigoje hvo stebimas dinaminés sgsajos tarp FKG RR ir QRS silpnéfimas. Pratvbose taikant intervaling
trenirieotés metodq stebimi mazai kintantis sistolinis ir dideli diastolinio AKS Kitimai, kaitaliojantis kriivia ir atsigavi-
mao fazéems. Praéjus 6 min. alsigavimo, po abiepy frenfruodiy buvo stebimi liekamieji fizinio kriivio reiskiniai jvairinose
EKG rodiklivose, po intervalings treniruotés jie buvo statistiskai patikimei didesni (p = 0,05).

Bvados: I. Sveikatos stiprinimo pratvbose, taikant intervaling treniruotés metodq, padidéia ir sanivkingi maZai
kinta sistolinis AKS ir stebimi dideli diastolinio AKS kitimai, kaitaliojantis kritvio ir atsigavimo jazéms. Apie besikau-
piantj nuovargf livdija vis inunpéjantis laiko intervalas, kol pasiekiama nustatyta SSD viba iv ilgéjantis aisigavimas,
kol pasiekiamos SSD ribos. 2. Nors suminis Sirdies tvinksniy skaicius per intervalinio kritvio pratvhas bivo 40 %
maZesnis nei tradiciniy aerobiniy pratyby metu, tadian reikimingar didesné Sirdies ir kravjagysliy sistemos mobi-
lizacija kritvio metu iv didesni liekamiefi praiyvby efekiai po kritvio gali paaiskinti stipry treniruojameyj intervalinio
treniruotés metodo poveiki besimankStinanciajo organizmui,

Raktaiodiiai: Sirdies ir krangagysiiy sistema, imtervalinis treniruotés melodas.

Ivadas

Sirdies ir kraujagysliy sistemos (SKS) ligos yra
vienos dazniausiy mirties priezasciy, Del iseminiy
girdies ligu pasaulyje kasmet mirsta 3,8 min. vyry
ir 3,4 min. motery (World Health Statistics, 2010).
Pagrindiné mirtingumo Lietuvoje priezastis yra ir-
dies ir kraujagysliu sistemos ligos, kurios sudaro
56 % visy mirties atvejy. Mirtingumas Lietuvoje dél
SKS ligu yra dvigubai didesnis nei kitose Europos
Sajungos Salyse (Higienos instituto Sveikatos infor-
macijos centras, 2014). Daznai pacientai turi gretu-
tiniu Sirdies ligy arba silpna Sirdies ir kraujagysliu
sistema. Vienas daZniausiy SKS sutrikimu yra i3-
eming Sirdies liga, kuria sergant asmeny aercbinis

pajégumas yra sumazéjes, todel vienas efektyviau-
siy sprendimo baidy yra fizinis kriivis (Lietava et al.,
2012).

Efektyvus Sirdies ir kraujagysliu sistemos sutri-
kimu sprendimo biidas yra tinkamas fizinis kriivis
(Buliuolis, 2006; Lloyd-Jones et al., 2010; Hussain,
Macaluso, Pearson, 2016). Fizinio kriivio dozavimas
bei parinkimas yra labai svarbus norint efektyviai
treniruoti Sirdies ir kraujagysliy sistema. Gerai Zi-
noma, kad aerobinio darbingumo lavinimo pratybos
didina SKS funkcines galimybes, gerina gyvenimo
kokybe, letina sengjimo procesus (Hamer, Oliveir,
Demakakos, 2014; Hussain et al., 2016). Pastaruoju
metu vis dazniau siuloma sveikatinimo pratybose
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taikyti intensyvias intervaliniu treniruotés metodu
atliekamas uzduotis, kurios susideda i trumpy di-
delio intensyvumo kriiviy ir poilsio pertrauky tarp
ju (Hussain et al., 2016; Astorino et al., 2017; Bluher
et al., 2017). Mokslingje hiteraturoje yra daug publi-
kaciju, pateikianciu tyrimu rezultatus apie didelio
intensyvumo intervalinio treniruotés metodo (angl.
high intensity interval training) poveik] organizmui
(Gibala, Little, Macdonald, Hawley, 2012; Racil et
al., 2016, Herbert, Hayes, Sculthorpe, Grace, 2017,
Astorino et al., 2017; Bluher et al., 2017). Nustatyta,
kad tokios intervalinés treniruotés teiglamai vei-
kia kairiojo skilvelio geometrijos pokycius, pageri-
na fizin} pajéguma, padidina nora testi treniruotes
namuose (Lalande et al, 2010). Kai kurie autoriai
sifilo taikyti # intervalinés treniruotés metoda kar-
diologiniy pacienty reabilitacijos procese (Nilsson,
Westheim, 2008; Romero, Minson, Halliwill, 2017),
nors tai dar néra labai placiai 1étyrinéta. Todél deta-
liau pazinti Sirdies ir krawagysliy sistemos ypaty-
bes, atliekant intervalines treniruotes, yra aktualus
mokslinis ir praktinis klausimas. Sio tyrimo tiks-
las — nustatyti $irdies ir krawagysliy sistemos funk-
ciniy rodikliy kaitos ypatybes sveikatos stiprinimo
pratybose taikant tradicini aerobini bei dideho 1n-
tensyvumo intervalinius kriivius.

Tyrimo metodai

Tyrime dalyvavo 8 sveiki nesportugjantys
28 4 +£4,6 mety amziaus vyrai (igis — 1,81 £0,05 m,
kiino maseé — 84,5 £ 11.4 kg, KMI - 25,7 £4,2), kurie
buvo tiriami du kartus, t. y. 20 min. trukmés sveika-
tinimo pratybose atliko tradicine aerobinio kriivio,
arba intervaliniu treniruotés metodu grindziamus
kruvius. Tarp pratybu buvo ne maZzesnis nei 72 va-
landu intervalas.

Pirmaja tradicine aerobinio kravio SKS lavini-
mo uzduoti sudaré 20 minuéiy tolygus kravis mi-
nant veloergometro pedalus, kai SSD padidedavo
ki 70 % SSD_{M_“_“_ Visu pratyby metu pasitelkiant
kompiutering elektrokardiogramos (EKG) regis-
travimo ir analizés sistema , Kaunas-kriivis™ buvo
nepertraukiamai registruojama 12 standartiniy de-
rivacijy EKG ir kas dvi minutes matuojamas arteri-
nis kraujo spaudimas (AKS). Antrojo tyrimo metu
tiriamieji atliko vadinamaja intervaling SKS lavini-
mo treniruote, t. y. penkis intensyvaus krivio karto-
jimus tesiant juos iki kol $SD padidadavo iki 80 %
SSD , 0 poilsio intervalus tarp kartojimu tesiant

Rezerve

iki tol. kol $SD atsigaudavo iki 35 % SSD,

Rezerve’

Visu pratyby metu nepertraukiamai buvo registruo-
jama EKG ir AKS matuojamas po kiekvieno kravio
ir antrosios atsigavimo minutés pabaigoje.

Vertinant gautus tyrimu rezultatus kompiutering
EKG analizés programa pateikdavo SSD, RR inter-
valy, QRS komplekso trukmes reik$mes ir ju kai-
ta bei dinaminés sasajos tarp EKG RR intervalo ir
QRS komplekso trukmes kaita. Siy dviejy EKG ro-
dikliy kitimo sgsaja atspindgjo diskriminanto reiks-
mes, apskai¢iuojamos pagal Lietuvos mokslininky
pasiiilyta metodika (Vainoras, Asenigkyte, Poderys,
Navickas, 2005, Navickas, Bikul¢iené, 2008; Po-
derys, Venskaityte, Poderiené, Buliuolis, Vainoras,
2010).

Dsk = ((xn —yn) 2+ H(xn -1 —yn-1)*(xn+ 1 —yn+ 1))

Taip pat buvo skaiciugjama diskriminanto atsi-
gavimas baigus pratybas pagal angly mokslininky
(Lews, Kingsley, 2002) pasialyta formule:

(maks — atsigavimo)100
(maks — pries)

Atsigavimas (%) =

¢ia: maks — didziausion rodiklio reikéme, uzregis-
truota kriivio metu;

atsigavimo — rodiklio reik$me, pragjus 6 min. po
kriivio;

pries —rodiklio retkdme pries krivi.

Gauti tyrimu duomenu statistiniai rodikliai buvo
skai¢iuojami naudojant kompiuterine programa
MS FExcel. Buvo skai¢iuojami rodikliu vidurkiai, vi-
dutiniai kvadratiniai nuokrypiai. Vidurkiu skirtumo
patikimumui jvertinti buvo skai¢iuojamas Sjudento
(angl. Student) kriterijus. Pasirinktas 95 % patiki-
mumo lygmuo, t. v. vidurkiai laikyti statistikai pa-
tikimai skirtingai, kai p < 0,05.

Tyrimo rezultatai

| pav. (A) parodyta, kaip kito tiriamyjy SSD tre-
niruotés metu. Ramybés busenos vidutinis tirty vyry
SSD vidutinidkai buvo 85,7 16,4 tvin ksniy per minu-
te. Pradgjus kravi, SSD kilo ir iki 12 minutés daugu-
mai tiriamuju pasieké stabilia reikéme, kuri i3liko li-
kusios treniruotés metu — vidutimigkai 155,2 102 k./
min. Kai kuriems tiriamiesiems SSD didajo visos
treniruotés metu, dél to stebime bendra grupés SSD
vidurkio didéjima iki pat treniruotés pabaigos ir jis
pasieke vidutinigkai 1596 + 5,1 k./min. Baigus treni-

167



SPORT SCIENCE / No. 3-493-0q, 2018, 88N 1392- 1401 / E-ISSN 2424-3949

31

ruote buvo stebimas 6 min laikotarpio atsigavimas,
kurio metu 88D sumazéjo iki 94.5 + 144 k./min.,
taciau pradiniy retk§miy nepasieke, tai rodo, jog per
6 minutes tiriamiegji visiskal neatsigavo.

1 pav. B dalyje pateikta SSD kitimas atlickant
intervalinio pobiidZio kravius. S8SD ramybeés biise-
nos vidutiniZkai buvo 84,3 + 6,6 k./min., pagreitéji-
my metu padidédavo nuo 1624 £ 3.7 iki 168,9 +
4.3 k./min., o poilsio metu sumazédavo iki 1050 £
6,5 — 123,1 £ 25,7 k./min. Per Sesias atsigavimo mi-
nutes po visy penkiy kriivio kartojimy $SD suma-
#z&joiki 105,4 £ 12,5 k. /min. ir tai liudijo, kad atsiga-
vimo procesal tebevyko.

2 pav. (A) pavaizduota, kaip kito AKS tradi-
cinés Sirdies ir krawagysliu sistemos lavinimo
treniruotés metu. Ramybés biisenos AKS vidu-
tinikal buvo: sistolinis 1250 = 56 mmHg, di-
astolinis 78,1 + 7.8 mmHg Sistolinis kraujo
spaudimas didéjo 1ki 10 minutés (vidutiniskai
1743 £ 10,4 mmHg) ir toliau tesiant kravi nepaki-
lo uz Sios santykinés stabiliosios biiklés ribu. Dias-
tolinis AKS mazéjimas tesési iki 14 min. (viduti-
nidkai buvo 28,8 + 183 mmHg) ir likusig pratyby
daly isliko Siose ribose. Po 6 minuciy atsigavimo
AKS atsigavo 1ki pradiniu reikdmiu (sistolinis -
126,0 £ 3,4 mmHg, diastolinis vidutiniskai buvo
76,0 £ 6,7 mmHg).

A 200
160 —
£
€ 190 -
s 120
o
@
wh
B8O
40 4
4] T l T v T
Pries 2 4 [ 8 10 12 14 16 18 20 P 4 G
Krid vis, min Atsigavimas, min
B
200
160
£
E120
-
a
vy
wn 80 5
40 -
a
Pries | krivis po 1] po 1 po v po v po po oo
2min  krivis 2Zmin  krOvis 2min  krivis 2min krlvis 2min  4min  &min
Tyrimo seka

1 pav. $81 kaita pratybose taikant tradicinj (A) ir intervalinj (B) treniruotés metodus
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2 pav. B dalyje pavaizduota AKS kaita, kai pra-
tybose buvo taikytas intervalinis kriivio metodas.
Didziausias AKS didéjimas buvo atliekant pirmuo-
sius krivio kartojimus, kai sistolinis AKS padidé-
jo ikt 156,5 = 13,4 mmHg; ir diastolinis AKS — iki
28,8 = 20,8 mmHg

2 pav. pavaizduotos AKS kaitos kreivés vaiz-
dziai liudija apie sistolinio ir diastolinio AKS kaitos

skirtumus, atliekant intervalinio pobiidzio krivius.
Buvo stebimi santykinai dideli diastolinio AKS svy-
ravimai, kai sistolinio AKS padidéjimai ir sumazé-
jimai keic¢iantis kriivio ir atsigavimo fazéms buvo
nedideli. Baigus penktaji krovio kartojima, AKS
reik§més per 6 min. atsigavo iki pradiniy reikimiy,
registruotu prie$ pratybas (sistolinis — iki 124,0 +
6,6 mmlg, diastolinis —iki 70,8 + 7.2 mmlIg).

* 200 - —
—#—Sistolinis
~m— Diastolinis

Pried 2 4 5 8 10 12 14 16 18 20 2 4 6
Krdvis, min Atsigavimas, min
B
200
—4—Sistolinis
160 / I 5 T ~i— Diastolinis
120
£
E &0
£ \
I /k A i
a0 Y 1 Y Y = Y V
1] T T T
Pries I pol ] poi 1l po 2 Y po? W pol pod pob
min min min min min - min  min
-40

2 pav. AKS kaila pratybose taihant tradicinj (A) ir intervaling (B) treniruotés metodus

3 pav. pateikta kravio ir atsigavimo trukmes kai-
ta. Intervalinio kriivio uzduot] tiriamieji nutraukda-
vo, kai §SD padidedavo iki 80 % SSD,_ ir tai
misy tyrime vidutinikal uztrukdavo nuo 91.8 =
22.8 iki 557 + 21,1 s. Buvo isreiksta tendencija

trumpeti laiko tarpsniui, kad $SD padidety iki nu-

statytos ribos, ir tendencija ilgéti atsigavimo laikui,
t. y. kol 8SD sumazedavo iki 35 % SSD, . Jeigu
po pirmejo kriivio kartojimo tai buvo 159,1 £ 847 s,
tai po ketvirtojo kartojimo — 259,3 £ 1257 s, Taigi
atsigavimas po kiekvieno tolesnio kriivio buvo vis

ilgesnis.

169



SPORT SCIENCE / No. 3—4p3-0p, 2018, 188N 1392- 1401 / E-ISSN 2424-3949

53

400

350 -

300

250

WEriviotrukme

W Atsigavimo trukme

0 ' : v

| 1} (1] '

v

3 pav. Krivio ir alsigavimo trukmes kaila pratybose atlickant intervalinio pebiidzio krivius

Tiriamiesiems atliekant 20 min. trukmes ae-
robinio kruvio pratybas suminis Sirdies tvinksniy
skai¢ius buvo vidutiniskai 2 976 + 193, o intervali-
nes SKS lavinimo treniruotés metu suminis irdies

tvinksniu skai¢ius buvo mazesnis net 40 % ir vidu-
tiniskar sudare 1 795 + 311. Skirtumas tarp sumi-
nio $irdies tvinksniu skaifiaus skirtingy treniruociy
metu buvo statistiskai patikimas (p < 0,05).
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4 pav. Sysajos tarp elektrokardiogramos RR intervalo ir QRS komplekso trukmes kaitos pratybose taikant tradicin (A) ir intervaling

{B) treniruotés metodus
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4 pav. pateikta diskriminanto tarp EKG RR in-
tervalo ir QRS komplekso trukmeés (Disk:RK_QRS:)
kaita. Lyginant Disk ., .., tradicinés ir intervalines
treniruotés metu pastebéjome, kad ramybés biise-
nos pried abi treniruotes Disk . .. reik¥més pries
tradicines aerobinio krivio pratybas vidutinidkai
buvo 2,63 + 0,46 ir pries intervaline treniruote vidu-
tiniskai 2,62 + 0,55.

Pradéjus krivi Disk ., .., mazédavo atliekant
tiek aerobinio, tiek intervalinio pobiidzio kruvius.
Atsigavimo tarp krivio kartopmu metu ir atsiga-
vimo baigus pratyby krovius Disk . .. reikSmes
didedavo, tatiau niekada nebuvo atsigavimo iki
pradiniy reikS§miy. Lygimant Sio rodikho didéjima
(atsigavima) po pratyby radome, kad per 6 atsigavi-
mo minutes Disk .. .. po aerobinio kriivio pratyby
atsigavo 58,7 + 2.7 % ir po intervalinio pobudzio
kraviy—tik 41,1 £3.1 %. Taigi po krivio dinaminés
sasajos tarp EKG RR intervalo ir QRS komplekso
trukmeés sustipréjimas islieka ilgiau.

Aptarimas

Lyginant miisy tyrime uZregistruotas SSD ir
AKS reikémes ir ju kaita su kity tyreju duomeni-
mis, galima konstatuoti, kad jie atitiko publikacijose
pateikiamas ribas ir stebeti kitimai daugeliu atveju
taip pat neperzenge nurodomu riby (Berskiene, Na-
vickas, Vainoras, 2013; Kwon et al., 2014; Javorka,
2015; Zumbakyte-Sermuksniene et al., 2017). Ta-
¢iau stebejome, jog isidirbimo ( funkcijy akiyvéjimo)
faze iki numatytos 70 % SSD,__ ribos uZtrukdavo
ilgesn] laika, nei teigiama kity autoriy tyrimuose
(Poderys et al., 2004; Buliuolis, 2006; Zumbaky te-
Sermuksniené et al., 2017). Sis skirtumas gali biiti
paaiskinamas tuo, jog minétose publikacijose patei-
kiami aktyvial sportuojanéiy asmeny tyrimy duo-
menys

Pratybose taikant intervalinj treniruotés meto-
da buvo stebimi santykinai mazi sistolinio AKS ir
dideli diastolinio AKS kitimai kaitaliojantis kriivio
ir atsigavimo fazéms. Diastolinis AKS kriivio metu
drastiskar sumazédavo, o poilsio metu — padidéda-
vo. Tokius didelius diastolinio AKS kitimus lemia
tai, kad diastolinis AKS yra periferiniy kraujagysliu
tonuso (vazokonstricijos ir vazodiliatacijos) kaitos
atspindys ir jo kaitos reguliacijai reiksminga vaid-
menj atlieka parasimpatiné nervy sistema (Meneses
etal., 2014, 1zadi, Ghardashi, Asvadi, Babaee, 2018).

Analizuojant literattira pavyko rasti tyrimu, ku-
rie teigia, jog SSD yra nepakankamai jautrus rodi-

klis ir neatskleidzia ribiniy fiziologiniy pasikeitimy
fizinio kriivio metu (Gulati et al., 2010, Bikul&iené,
Navickas, Smidtaité, Berikiené, Vainoras, 2011,
Berskiené et al., 2013). A. Vainoras ir J. Poderys
su kolegomis sitlo fizinio pajegumo vertinimuose
stebeti dvieju rodikliu diskriminanto kaita, kaip la-
bai jautru metoda uzfiksuoti ir nedideliams poky-
¢lams (Vamnoras, Jarusevi¢ius, Zabiela, Jurkonis,
Gargasas, 2014; Poderys, Papieviene, Trinkinas,
Buliuolis, Griinovas, 2013). Siame tyrime stebéjo-
me tiramujy SKS reguliacijos ir laidziosios Sirdies
sistemos funkeines bukles sasajas parodancio RR-
QRS diskriminanto kitimus tradicinés Sirdies ir
kraujagysliy sistemos lavinimo pratyby metu. Misy
tyrime dalyvavusiems tiriamiesiems RR-QRS sgsa-
jos pratyby metu stipréjo, tai liudija apie organiz-
mo funkeijy didesnr suderinamuma ir mobilizacija
fizinio kriivio metu, ta¢iau pratyby pabaigoje stebi-
me diskriminanto D(RR-QRS) vidutinés reiks$meés
augima — sgsajy praradima, o tai liudija, kad dalies
tirlamuju krivis pasieké maksimalias sveiko treni-
ravimosi ribas.

Laikoma, kad jeigu skaitmeniné laiko eilute,
arba skaitmeniniy laiko eiluéiy dvejetas, savyje tal-
pina kokia nors informacija apie tiriamaji objekta,
tai &1 informacija gali bati isreiskiama matematiniy
sarysiu pavidalu (Dahlhaus, Kurths, Maass, Tim-
mer, 2008; Navickas, Bikul¢iene, 2008). Misu ty-
rime EKG buvo registruojama nepertraukiamai ir ja
analizuojant visy, be i§imties, Sirdies susitraukimy
generuojami EKG komplekso parametrai (RR inter-
valas, ORS komplekso trukme) buvo pamatuoti ir
toliau analizuojama kaip skaitmenines latko eilutés.
Toks EKG rodikliy dinaminés sasajos vertinimas
(diskriminanio kaitos veriinimas) leidzia tikshau pa-
lyginti pratyby liekamuosius efektus. Fiziniai kro-
viai aktyvina ilgalaikés adaptacijos mechanizmus,
ivairios kiino sistemos ir juy funkcija kinta (Alleman,
2015). Kaip buvo atskleista daugelyje mokslo stu-
dijy (Venskaityte, Poderys, Balagué, Bikultiene,
2009, Poderys et al , 2010; Papieviené, 2014), fizinio
krivio pradzioje sk mazéja (sasaja stipréja), o krii-
viui sunkéjant ir atsirandant nuovargiui, sasaja tarp
daugelio EKG rodikliy pradeda silpneti (Dsk reiks-
mes didgja). Priedingai, po krovio dinamines sasajos
sustipréjimo laipsnis liudija apie pratybose sukelto
efekto stipruma (Velicka, Poderiené, Kairinkstieneg,
Poderys, 2018).

Intervalinés treniruotés metu stebetas RR inter-
valo ir QRS komplekso sasajos stipréjimas — SKS

171



SPORT SCIENCE

No. 3-dm3-ag, 2018, 1SEN 1392-190]1 / E-JSSN 2424-3949

mobilizacija ir vidiné darna didéjo. Taciau sasaja po
ketvirto kriivio kartojimo jau pradgjo silpnéti, paly-
ginti su pirmaisiais kriiviais, tai liudija, kad orga-
nizmo funkciju suderinamumas jau pradéjo mazéti.
Poilsio intervaly metu diskriminanto padidéjimas
po kiekvieno krivio kartojimo turgjo tendencija
vis mazeti, o tai liudijo apie besikaupiantj nuovarg.
Mausu tyrnimo rezultatal patvirtino kity mokslinin-
kuy teiginius, kad SSD nera tiksliausias SKS siste-
mos funkcines bukles kaitos rodiklis, jis neatspindi
vidingés organizmo darnos (BerSkiene et al., 2013,
Vainoras et al., 2014; Velicka et al., 2018). Taigi, si0
tyrimo rezultatai patvirtino kity tyréju tvirtinimus,
kad EKG rodikliy sasajos kaitos vertinimas teikia
kokybiskai nawja informacija apie tiriamojo funkci-
ne bukle, leidzia vertinti fiziologiniu rodikliy sasaju
kaita, atskleisti funkcinés biisenos kaitos ypatybes.

Intervalinio kriivio metu tirlamiesiems pasie-
kiant 80 % 88D, riba matoma tendencija trum-
péti laiko tarpsniui, kad $SD padidéty iki nustatytos
ribos. $SD atsigavimas truko, kol pasiekdavo 35 %
§SD,.,.... riba, ir vél matoma stipri tendencija, kad
atsigavimas po kiekvieno tolesnio krivio buvo vis
ilgesnis. Tai liudija apie besikaupianti nuovargi po
kiekvieno atlikto kraivio. Pragjus 6 min. atsigavimo
po abieju treniruoéiy, buvo stebimi liekamieji fizi-
nio kravio reiskiniai jvairiuose EKG rodiklivose.
Taéiau stebime, jog po intervalinio metodo pratybu
jie buvo reikSmingai didesni nei po tradiciniy pra-
tybu.

Aptariant gautus tyrimy rezultatus, reikia pazy-
meéti ir tai, kad Sirdies tvinksniy suma per pratybas
retk§mingai skyresi, (. y. aerobinio kruvio pratybose
Jji buvo didesné nei tuomet, kai pratybose buvo tai-
kytas intervalinis treniruotés metodas. Sis rodiklis,
kaip teigiama literatuiros 3altiniuose (Javorka, 2015;
Kwon et al., 2014), atspindi biologine atlikto kriivio
verte. Taigi, pratybose taikant intervaling treniruo-
tés metoda, biologiné kriivio verté buvo maZesné
nei aerobinio kriivio pratybose.

Zinoma, kad biitent lickamasis kravio efektas
ir nulemia ilgalaikés adaptacijos efektus (Hanssen
et al.,, 2017. Wisloff, Stoylen. Loennechen, 2007).
Sio tyrimo rezultatai parode, kad taikant intervalinj
treniruotés metoda po kriavio buvo reikémingai di-
desni liekamieji efektai nei po tradicinio aerobinio
krovio. Manome, kad bitent tai gali paaiskinti sti-
pru treniruojamaji intervalinio treniruotés metodo
poveik] besimankstinanciojo organizmui, nepaisant
reik§mingai mazesnés biologinés kruvio vertes.

Isvados

|. Sveikatos stiprinimo pratybose, taikant inter-
valin treniruotés metods, padidéja ir santykinai
mazai kinta sistolinis AKS ir stebinmi dideli diasto-
linio AKS kitimai kaitaliojantis krivio ir atsigavi-
mo fazéms. Apie besikaupiantj nuovargi liudija vis
trumpejantis laiko intervalas iki pasiekiama nusta-
tyta SSD riba ir ilgéjantis atsigavimas iki nustatytos
SSD ribos.

2. Nors suminis Sirdies tvinksniu skai¢ius per
intervalinio kriivio pratybas buvo 40 % mazesnis
nei tradiciniy aerobiniy pratyby metu, taciau reiks-
mingai didesné Sirdies ir krawagysliy sistemos mo-
bilizacija kroivio metu ir didesni liekamieji pratyby
efektal po krivio gali paaiSkinti stipry treniruoja-
majj intervalinio treniruotés metodo poveik) besi-
mankstinan¢iojo organizmui.
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THE EFFECTS OF INTERVAL TRAINING AND TRADITIONAL ENDURANCE TRAINING ON
CARDIOVASCULAR SYSTEM

Aina Kravéikaité!, Deivydas Velicka®, Dr. Kristina Poderiené'
Lithuanian Sporis Universily, Institute of Sport Science and Innovations'
Lithuanican University of Health Sciences, Institute of Sports”

SUMMARY

The problem. Excreising and physical activity is an cffcctive way to protect cardiovascular disorders and to
promote cardiac functionality, The aim of this study was to identify the features of mobilization of cardiovascular
system during the health exercising while the conventional acrobic tvpe of exercising or the high intensity
iterval excreising 1s applied.

Methods. The subjects (healthy adult non-athletes men, n = 8) performed two different exercise sessions,
The first exercise session was the 20-minutes exercising with a throttle pedometer, ic. the traditional acrobic
exercise. when the HR increased to 70% of the HR . During the second session the subjects performed so-
called high intensity interval training. i.¢. five intensive bouts. continuing with them until the HR increased up
to 80% of the HR,, .. while the rest intervals continued between bouts was until the HR recovered up to 35%
of HR, . During all excrcises, 12-leads of ECG were continuously recorded. The ECG analysis program
cvaluated the results of the research by providing the values of HRD, RR intervals. QRS complex duration and
their changes. and the dyvnamical interaction between RR interval and QRS complex duration.

Resulis. The total number of heartbeats during interval type of exercising session was 40 percent lower than
during traditional acrobic exercising. During traditional acrobic exercising. the changes in HR was within the
physiological norms and at the end of exercising the dynamic interaction between the RR intervals and QRS
complex duration became weaker. During exereising in interval training mode the steep changes in diastolic
ABP as reaction to exercise bouts and recoverv phases was observed. The residual effects was followed 6
minutes after both exercising types in different ECG parameters, but after the interval training session they were
statistically significantly stronger (p < 0.05).

Conclusions: 1. Under the influence of the interval tvpe of training the variation of svstolic ABP was
relatively small but the significant changes in diastolic ABP changes occurs during the load and recovery phases.
The accumulation of fatipue is evidenced by the evershorter time interval until the target HR threshold is
reached and the expanding of recovery time until HR reaches the limit of the HR. 2, Total number of cardiac
beats during the interval exercise is approximately 40% lower than during traditional acrobic exercising scssion
but significantly higher cardiovascular mobilization during exercising and greater residual exercise-induced
changes can explain the strong effect of the interval training method.

Keywaords: cardiovascular system, high intensity interval training.
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Diferenciniu mokymo metodu grindZziamy aerobinio kriivio
pratyby poveikis Sirdies ir kraujagysliy sistemos funkcinei
buklei

Deivydas Velicka', dr. Kristina Poderiené, Zivilé Kairifik$tiené, prof. habil. dr. Jonas Poderys’
Lietuvos svetkatos mokshy universitetas, S}Jm'm institutas’
Lietuvos sporto universiteias, Sporto mokslo ir inovacijy instituias’

Santrauka

Optimaliy ir galimai efektwesniy mankStinimosi metody paieiica ir tyrinéfimai islieka aktuali 5iy dieny problema.
Zinome, lad fiziniy pratimy taikvinas turi bitti individualus. kad rerelomenduotini isskirtinai didelio intensyviamo.
dideles jlampos reikalayantys pratimeai. ypad tuomel, kai Zmogus po ilgesnes pertrankos vel nusprendzia mankstintis.
St darbo tikslas — remiantis nauju fimkeiniy radiklin kaitos sqsajiy vertinimo metodu falgebriniu duomenty kointegra-
cijos inetochy) palvginii Sirdies ir krengagysliy sistemos (SKS) finkcines bitkies atsigavimo po sveikalq stiprinandiy
praivby ypaivbes, kai pratvbose atliekama lengva acrobinio kriivio wduotis iv kai tokio acrobinio krivie pratvbos
papildomos diferencinio mokymo (DM) metodu grindziamomis uZduotimis.

AStuoni savanoriai nesporiugjantys vvrai buvo tirti du kartus, 1. v, atsitiktingi sudaryta seka, ir dalvwavo dvejose
20 min. trukmeés fizinio kritvio pratvhose su trify dieny pertranka taip juy. Tai buve santvkingi lengvas (25 W) kriivis,
minant veloersomeiro pedalus 60 aps./min. daznin. Vieno tyrimo uZdavinys buvo nustaivii aerobinio krivvio, kito — DM
metodo uzduotimis papildyty pratvby jlakg EKG rodikliy dinaminiy sqsajy kaitai. Per pastargsias pratvhas tiria-
majam minant veloergometre pedalus protaipiais buve papraSoma ailikti nesudétingas, bei koordinaciniy pastangy
refkalanjancias HZ(J"HUH\ o kiekviena tolesné uZdiotis buvo vis nauja pries tai buvusios uZduoties variacija. Tiriamuygiy
SKS finkcinés bitkiés vertinimas buvo atfickamas pries pratvbas, praéjus 5 min. iv 30 min. po pratybiy.

Funkcinei bitklei jvertinti buve neperirankiamal registruojoma 12 standartiniy dervivacify eleltokardiograma
(EKG). Registruojamy rodikliy kaitos ypatyvbeéms vertinti buvo panaudota antros eilés mairicy analize. Algebrinis
duomeny kointegracijos metodas buve taikomas vertinant sgsajas tarp EKG RR intervalo ir QRS komplekso trukmes
bei tarp JT intervalo. Minéti rodilkliai buvo pasivinkti kaip atspindintys skivtingus miokardo funkcijos reguliaeinius
Ivemenis bei metabolizmo brioZus.

Palvginus EKG RR intervalo (SSD). JT intervalo bei QRS komplekso trukme, reikimingy skirtunny nerasta (p
0.05). Tiek aerobinio kritvio pratybos. tiek pratybos, papildyvtos DM wZduotimis, vienodu laipsnin pakeisdavo regis-
trieoty elektrokardiogramos rodilliy reikimes. Tiek po aerobinio kritvio pratybuy, tiek po pratvby, papildvty DM vzduo-
timis, sqsaje tavp FKG ORS komplekso ir JT intervalo buvo retkimingai sustiprépusi (p = (L03). Praéjus 30 min. po
praivby buve konstatwota, kad dinaminés sgsejos isliko reikbmingai stipresnés, palveinti su pradinémis jiy reik¥memis,
registriiotomis pried pratvbas (p = 0,03).

Granetyy tvrimy rezultaty analizé alskleide, kad dviejy FKG rodilidiy sqsafy kaitos vertinimas teikia kokyvbiskai nonga
informacijq apie tiriamojo funkcinés bitklés ypatvbes. Algebrinio dummerny kointegracijos metodo pritaikymas, ver-
tinani sportininko organizino funkcines biikiés kailg, yra tikslingas. leidzia vertinti fiziologiniy rodiking sqsayy kaitg,

atskleisti naujus fitnkeinés biisenos kaitos bruofus.

Daroma isvada, kad aerobinio kritvio pratvbos. papildvios diferencinio mokymo metodu grindziamomis uzduo-
timis, efektwiau paveilda Sirdies ir krangagysliy sistemos funkcine bitkle. Kritvio metu sustipréjusios sqsajos tarp
Sirdies ir kranjagysliy sistemos funkcing bitkle aispindinciy rodildiy atsigavimo po krivio metu islieka stipresnés.

Raktatodiiai: diferencinio molyma metodas, elektrokardiograma. funkcine bitkle.

Ivadas

Sveikatos stiprinimas fiziniais pratimais yra
svarbi gyvenimo budo sudetine dalis, turinti dideles
reikimeés Zmogaus darbingumui. Optimaliy ir ga-
limai efektyvesniu mankitinimosi metody paieska
ir tyringjimai islieka aktuali Siuolaikiné problema.
Zinoma, kad fiziniu pratimu taikymas turi biti in-
dividualus, kad nerekomenduotina atlikti 15skirtinar

didelio intensyvumo, didelés jtampos reikalaujanciy
pratimuy, ypac tuomet, kal Zmogus po ilgesnés per-
traukos vel nusprendzia mankstintis. Vis populiare-
jantis ir efektyvus metodas raumenuy masei ir jégal
didinti yra Japonijos mokslininku pasiiilytas meto-
das, vadinamas . Okliuzine treniruoté” (angl. Oc-
clusion Training), kai nedidelio intensyvumo prati-
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mai atliekami verziamuoju raisciu (manzere) 15 da-
lies pristabdzius mankstinamy raumeny kraujotaka
(Shinohara, Kouzaki, Yoshihisa, Fukunaga, 1998,
Renzi, Tanaka, Sugawara, 2010; Yasuda, Loenneke,
Ogasawara, Abe, 2013; Loenneke et al., 2015).

Sportiniu judesiu mokymosi efektyvumui padi-
dinti buvo pasiiilytas diferencinio mokymo (DM)
metodas (angl. Differential Learning), kurio auto-
rius vokie€iu prof. W. Schollhornas (Beckmann,
Schéllhorn, 2006; Beckmann, Winkel, Schéllhorn,
2010). Metoda plétojo ir kiti tyrgjai, parodydami, kad
Jis gali bati tatkomas ir efektyvesniam fiziniu gebe-
Jimy lavinimui (Wagner, Miiller, 2008; Beckmann et
al., 2010; Henz, Schollhorn, 2016), fizines reabilitaci-
jos efektyvumui didinti (Repsaite, 2015).

DM yra judesiy kartopmo metodo alternatyva.
Asmuo jvairiais, paties pasirenkamais bldais turi
athikti vis naujas uzduotis, ieSkodamas optimalaus
atlikimo varianto. Teigiama, kad taip mokydamasis
asmuo lavina gebéjima rasti individualiai optimalius
atlikimo modelius, grei¢iau prisitaiko ir prie nuo-
lat kintanéiy salygu. Mokslinmai tyrimai patvirtino
reikdmingai didesni io metodo efekty vuma (Shino-
hara et al., 1998; Repsaité, 2015, Henz, Schallhorn,
2016).

Centrinés nervy sistemos (CNS) aktyvinimas
(stimuliacija) pries jégos lavinimo pratvbas reiks-
mingai padidina jégos lavgjimo tempus (Ertugrul,
2018). Taigi pastarasis ir kiti ankséiau pamineéti
faktai liudija apie organizmo kompleksiskumo ypa-
tybes ir stipru tiek vidiniu, tick i%oriniu veiksniy
moduliuojamaji poveiki organizmui. Sio darbo hi-
potezé — papildomos uzduotys (kompleksiniy sis-
temiy poziiiriv tai — trikdziai, arba pertwrbacijos)

A - aerobinio krivio pratybos:

pratybose, atliekant aerobinj kriivi, turéty stipriau
paveikti Sirdies ir kraujagysliy sistemos funkcine
biikle. Darbo tikslas — taikant nauja funkeiniy ro-
dikliy kaitos sasaju vertinimo metoda (algebrinis
duomeny koimtegracijos metodas) palyginti Sirdies
ir kraujagysliy sistemos (SKS) funkcinés biikles at-
sigavimo po sveikata stiprinanciu pratybu ypatybes,
kai pratybose atliekama aerobinio kravio uzduotis
ir kai tokio aerobinio kriivio pratybos papildomos
DM metodu grindziamomis uzduotimis,

Metodika

Astuoni savanorial nesportuojantys vyrai (am-
Zius — 22,6 = 11 m., digis — 176.0 + 2.2 ¢m, kiino
masés indeksas — 26,8 + 1,2), buvo tirti du kartus,
t. y. atsitiktinai sudaryta seka, atliko dvejas 20 min,
trukmes fizinio krivio pratybas su trijy dienu pert-
rauka tarp ju. Tai buvo santykinai lengvas (25 W)
kruvis, minant veloergometro pedalus 60 aps./min.
dazniu. Vieno tyrimo uzdavinys buvo nustatyti ae-
robinio kravio, kito — DM metodo uzduotimis papil-
dyty pratyby itaka EKG rodikliy dinaminiy sasajy
kaitai, Pastaryju pratyby ypatybe buvo tai, kad t-
riamajam minant veloergometro pedalus protarpiais
buve prasoma ranka (rankomis) atlikti nesudétin-
gas, bet koordinaciniy pastangy reikalaujancias uz-
duotis, o kiekviena tolesné uzduotis buvo vis nauja
prie$ tai buvusios uzduoties variacija. Tiriamuyjy
SKS funkcinés biiklés vertinimas buvo atliekamas
pried pratybas, pragjus 5 min. ir 30 min. po pratybu.
Tyrimo organizavimo schema parodyta | pav.

Pasinaudojant kompiuterine EKG registravimo ir
analizés sistema , . Kaunas-krivis™ keturias minutes
buvo nepertraukiamai registruojama 12 standarti-

AEROBINIS KROVIS
Adsptacija | EKG fj—————————————— Poilsis EKG Poilsis | EKG
20 min. 5 min. Pratybos — 20 min. 5 min, 5 min J0min. | 5™
B - pratybos su DM uZduotimis:
ow| [on| [om] [ow] [om
Lol T e e e e EKG | EKG
A Poilsi Poil
copreche | smwn Pratybos — 20min. ok | LD | roue | B

1 pav. ‘Tyrimo organizavime schema
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niy derivacijy elektrokardiograma. Toks funkcinés
biklés vertinimas buvo atlickamas pries pratybas,
pragjus 5 min. ir 30 min. po pratyby. Vertinimui
buvo pasirinkti elektrokardiogramos RR ir JT inter-
valai bei QRS komplekso trukmé. Lietuvos moksli-
ninky pasidlytas algebrinis duomenu kointegracijos
metodas (Vainoras, A3eridkyté, Poderys, Navickas,
2005; Navickas, Bikuléieng, 2008; Poderys, Vens-
kaityté, Poderiené, Buliuolis, Vainoras, 2010) buvo
taikomas vertinant analizuojamu EKG rodikliy sa-
sajas. Mineti rodikliai buvo pasirinkti kaip atspin-
dintys skirtingus miokardo funkcijos reguliacinius
lvgmenis bei metabolizmo bruozus (Vainoras et al.,
20035; Telataviciene, 2013 ir kt.).

Pagal sia metodika vertinant dvieju elektro-
kardiogramos rodikliy saveika buvo sudaromos
dvi sinchronizuotos skaitmenines laiko eilutes
(x,;n=012,)bei (y,;n=012,.), &a x, ir y,
yra realus skaiciai, t. y. elektrokardiogramos pasi-
rinktu rodikliu seka. Siekiant juos palyginti pradi-
nial duomenys buvo normuojami pagal formule:

‘r.\'ml.d reikima xml'l

xir:mjﬂ reikime El

X it

max min
Cia x_; v X — minimali ir maksimali nagringjamo
paramelro fiziologing reiksme

=012,

Turint dvi duomeny sekas (x,; 1.2,..) bei

(y,:1 =0,1,2,...) i§jubuvo sudaromamatriciné laiko ei-
a, b

lute (4,:71=012,.) Cia A, = { y J'};oko&ﬁd-
C‘J? n

entai a,,b, ¢, .d sudaromitap a, =x,, d,=y,,

bn & a(xn 1 _-},n- l) ‘B(xu ] |lr4]
metrai &, f yra parenkaml pnklausomaj nuo laiko

eiluciy (x"',f?:O,I,Z__.) ir U’n;n=0,l,2,.__) ypa-
tumu. Ry3] tarp dviejy seky geriausiai apibudina

dsk 4, =(dfrd4, )’ +4cdp 4, (diskriminantas).
Vertinant tyrimu gautus rezultatus svarbu pazy-
meéti tai, kad matricy analizés teorijoje 13skiriamos
dvi svarbios matricy riidys. Matrica I yra vadina-
ma idempotentu (pastovios galios matrica), jeigu

, kai para-

[* =1, 0 matrica N — nulpotentu (matrica, neten-

Jei-
0 0

) _ 0
kandia galios). jeigu N~ =0, kai 0 :'—|i
cu matricy 4, diskriminantai arteja prie nulio, tai

matricos A, 15 idempotentiniy matricy virsta nulpo-
tentinémis, tai rodo, kad duotosios dvi duomeny se-

kos (x,;7=012,.) ir (y,;n=012,.) panaséja,
mazeja ju individualus informatyvumas, o tai reis-
kia, kad jos apraso vis labiau saveikaujanéia dvie-
Ju procesus generuojanéiy subjekty sistema. Taigi
diskriminanto (Dsk) maZzéjimas atspindi sasajos
stipréjima ir atvirkscial, Dsk. reikdmiy didgjimas —
sasajos silpnejima.

Rezultatai

Lyginant misu registruotu elektrokardiogramos
rodikliu kaitos ypatybes, atliekant aerobinio pobi-
dzio kravy su kriiviu, kurj sudare toks pat aerobinis
kriivis, bet papildytas DM uzduotimis, rasta, kad
reikSminguy skirtumuy (p > 0,05) lyginant RR interva-
lo (38D), JT intervalo bei QRS komplekso trukmes
nebuvo. Tiek aerobinio kravio pratybos, tiek praty-
bos, papildytos DM uZduotimis, vienodu laipsniu
pakeisdavo registruoty elektrokardiogramos rodi-
kliy reikémes. Pratybuy fizinis kriivis (apkrova 25 W)
smarkiai nepadidine 88D. Pratybu pabaigoje SSD
reikdmes buvo vidutiniskai 121,8 £ 2.1 k./min. Taigi
SSD rodiklis, jo reikimiy kaita neatskleids masy ly-
ginamy pratyby poveikio skirtumu. Lygiai taip pat
ir kiti du elektrokardiogramos rodikliai (/7 interva-
las ir QRS komplekso trukmé) neatskleidé lyginamy
pratyby sukeliamo poveikio efekto skirtumu. Ta-
¢iau, kaip rodo iy rodikliy dinaminiy sasaju verti-
nimo rezultatai, didesnis liekamasis kriivio poveikis
buvo, kai aerobinio kriivio pratybos buvo papildo-
mos DM metodu grindziamomis uzduotimis.

Pradines  Dsk. . .o reikimes  registruotos
pries pratybas abieju tyrimu metu statistikai ne-
siskyre (p = 0,05), t. y. atitinkamai 0,316 + 0,09 ir
0,335 £ 0,09 Vertinant RR intervalo ir QRS kom-
plekso trukmiu sasajos kaita rasta, kad po abeju pra-

tybu §i vertinama sasaja sustipréjo (Dsk. . ., buvo
sumazgjes, p < 0,05). Lyginant Dsk. reik$mes,

RRIQRS)
gautas po aerobinio kriivio pratybu ir So pratybu su
DM uzduotimis (2 pav., A grafikas), konstatuota, kad
buvo sasajos sustipréjimo tendencija, tafiau statis-
tiskai patikimo skirtumo Siy dvejy pratybu sukelto
DSk, s, SUMaZzejimo nebuvo (p > 0,05). Pragjus
30 min. po pratyby sustiprejusi sasaja tarp elektro-
kardiogramos RR intervalo ir QRS komplekso kaitos
isliko (skirtumas tarp pradiniy Dsk. .. .. reiksmiy
ir jo reikSmiy, registruoty po 30 min., buvo statistis-
kai patikimas, p < 0,05). Taip pat buvo statistiskai

patikimai (p < 0,05) mazesneés Dsk. ., .. reikdmes,
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nustatytos ty rime, kai pratybos buvo papildytos DM
uzduotimis.

2 pav. B grafike pateikta Dsk . reik$més jvai-
rivose tyrimo etapuose. Apradant sio rodiklio kaita
galima pazyméti, kad nei po aerobinio kriivio praty-
bu, nei po pratybu, papildytuy DM uzduotimis, /sk.
e Fe1kSmes reikSmingai nepakito (p > 0,05), ta-
¢iau pragjus 30 min, po pratyby jau buvo stebimas
sasajos tarp RR ir JT intervaly kaitos sustipréjimas
(Dsk. ., sumazejimas). Ir tai buvo reikSmingas pa-
sikeitimas, p < 0,05. Taip pat buvo statistiskai reiks-
mingas skirtumas (p < 0,05) tarp pirmojo ir antrojo
tyrimo, t. y. stipresné sasaja buvo konstatuota po
pratybu, papildytu DM uzduotimis.

2 pav. C grafike pateikta Dsk. .. . ivairivo-
se tyrimo etapuose. Pradinés Dsk ... reiks-
més, registruotos pries pratybas, statistikai nesi-
skyre (p > 0,05), t. v. atitinkamai 0464 + 0,09 ir
0,474 £ 0,08. Tiek po aerobinio kriivio pratybu, tick
po pratybuy. papildyty DM uzduotimis, sasaja tarp
elektrokardiogramos QRS komplekso ir JT interva-
lo buvo reikdmingai sustiprejusi (Dsk. ... reiks-
més sumazéjo, p > 0,05). Pragjus 30 min. po pratybu
buvo stebimas sasajos sustipréjimas (Dsk. .o ., st-
mazéfimas) isliko reikimingai pakites, palyginti su
pradinémis reik&meémis, registruotomis prieé praty-
bas, p < 0,05. Taip pat buvo statistiskai reikémingas
skirtumas (p < 0,05) tarp pirmojo ir antrejo tyrimo,
t. y. stipresné sasaja buvo konstatuota po pratybu,
papildytuy DM uzduotimis.

Aptarimas

Fiziniu gebéjimu tobulgjimas atliekant fizinius
kravius vyksta histerezeés principu, t. y. teigiamas
pratimy taikymo efektas vra gaunamas ne i3 karto,
bet pastebimas veliau. Bitent atsigavimo procese
vyksta reikémingi adaptaciniai procesai, struktari-
niai ir funkeiniai pokyéiai organizme. Taigi adap-
taciniai pokyéiai labai priklauso nuo kriivio metu
ivykusiy pokyéiu. Sio tyrimo rezultatai parode,
kad aerobinio krivio pratybos, papildytos diferen-
cinio mokymo metodu grindziamomis uzduotimis,
efektyviau paveikia Sirdies ir kraujagysliy sistemos
funkcine bikle. Krivio metu sustipréjusios sasajos
tarp Sirdies ir kraujagysliy sistemos funkcine bikle
atspindinciy rodikliy atsigavimo po kriavio metu 15-
lieka stipresnes.

Elektrokardiografija yra placiai taikoma dia-
gnostikos ir funkcines biisenos vertinimuose, o pati
elektrokardiogramos signala arba 1§ jo gauty para-

metry sekas galima laikyti laiko eilutémis (Berskie-
né, 2009; Rickards, Ryan, Convertino, 2010). Misy
tyrime elektrokardiograma buvo registrucjama
nepertraukiamai keturias minutes ir analizugjami
visy, be isimties, sirdies susitraukimuy generuoja-
mi elektrokardiogramos RR, JT intervaly bei QRS
komplekso trukmés rodikliai buvo pamatuoti ir to-
liau analizuojami kaip skaitmenings laiko eilutés
Laikoma, kad jeigu skaitmeniné laiko eiluté arba
skaitmeniniy laiko eiluéiy dvejetas teikia kokia nors
informacija apie tiriama objekta, tai & informacija
gali biiti issireiskiama matematiniy sarysiu pavida-
lu (Dahlhaus, Kurths, Maass, Timmer, 2008; Navic-
kas, Bikul¢ieng, 2008).

Fiziniai kriiviai aktyvina ilgalaikés adaptacijos
mechanizmus, jvairios kiino sistemos ir ju funkcija
kinta (Alleman, Stewart, Tsang, Brown, 2015). Klasi-
kinés metodikos Siems pokyéiams jvertinti ne visuo-
met yra tinkamos. Atlikta nemazai studijy (Venskai-
tyte, 2009, Poderys et al., 2010; Papievieng, 2014),
patvirtinanéiy, kad fizinio krivio pradzioje Dsk. ma-
7&ja (sasaja stipréja), o kriiviui sunkéjant ir atsiran-
dant nuovargiui sasaja tarp daugelio EKG rodikliu
pradeda silpnéti (Dsk. retkdmes didéja). Miisy tyrime
buvo pasirinkti EKG rodikliai, kurie pagal integra-
linio funkcines biikles vertinimo model; (Vainoras,
2002) atspindi reguliaciniy mechanizmy ir metabo-
lizmo intensyvumo kaitos ypatybes. Taip RR inter-
valo kaita atspindi sisteminiu reguliaciniy mechaniz-
my aktyvumo, QRS kaita - organo lygmens (3irdies)
reguliaciniy mechanizmuy kaita, o JT intervalo kaita
yra siejama su metabolizmo intensyvumo miokarde
kaita (Vainoras et al., 2005; Telataviciene, 2013).

Lyginant misy pasirinkty dinaminiy sasaju kai-
tos ypatybes, pazymétina, kad po pratyby (3 min.
po kriivio) tik dvi dinaminés sasajos buvo sustipre-
Jusios (RR/QRS ir QRS/T) ir viena reiksmingai ne-
pakito (RRAT). Dsk. .., reiksmes vertintos prie§
pratybas ir po ju statistikai reikimingai nesiskyre.
Pragjus 30 min. po pratyby dinaminé sasaja tarp
elektrokardiogramos RR ir JT intervalu (Dsk. ., ;)
jau buvo reiksmingai sustipréjusi. Taigi, pragjus 30
min. po pratybu visos musy vertinamos dinamines
sasajos buvo sustipréjusios.

Misy tyrime sustipréjusios sasajos tarp regis-
truoty EKG rodikliy pragjus 30 min., matyt, turi
buti vertinamos kaip teigiamas pokytis, sukeltas
pratybose atlikto fizinio kravio. Taigi, kai aerobinio
kravio pratybose tiriamieji atlikdavo DM uzduotis,
pratyby sukeltas poveikis buvo stipresnis.
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pratyby
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Aptariant gautus tyriny rezultatus néra lengva
kalbéti apie galimus fiziologinius mechanizmus,
susijusius su $io fenomeno pasireiskimu. Kom-
pleksiniu sistemu teorijos teiginiai apie organizmo
funkeiju sinergijos ir saviorganizacijos ypatybes
gali tai 15samiau paaiskinti. Atliekant fizinius prati-
mus aktyvéja ivairiu funkciniu sistemu veikla, ak-
tyvuojami vist organizmo sandaros lygiai: sublaste-
linis, lasteliy, audiniu, organu, sistemy (Vainoras et
al., 2005; Quarteroni, Fornaggia, Veneziani, 2006;
Venskaityte, Poderys, Balagué, BikulCiene, 2009).
Morfologiniu, fiziologiniu, psichologiniy ypatumy
saveika atliekant fizinius kriivius bei aplinkos jtaka
sukuria nepakartojamus fiziologiniu reakeyy deri-
nius ir negall biiti ivertinta pasinaudojant tik statis-
tiniais vertinimo metodais (Vainoras et al.,, 2005;
Berskiene, 2009; Hristovski, Venskaityté, Vainoras,
Balague, Vazquez, 2010; Rickards, Ryan, Converti-
no, 2010).

Sinergija — tai adaptyvus sistemos daliy prisitai-
kymas viena prie kitos ir prie visos sistemos kaip
visumos (Turvey, Fonseca, 2014). Sinergija vyksta,
kai biologine sistema ir joje susidariusia sinergija
veikia i3oriniai ar vidiniai trikdziai (perturbacijos).
Trikdziu poveikis vra kompensuojamas kity biolo-
gines sistemos komponentu, dalyvaujanciu sinergi-
Jjoje, ir kompensacija yra atliekama taip, kad buty
18laikytas funkcinis integralumas arba pasiektas pa-
grindinis tikslas.

Saviorganizacija atsiranda del ,1Sorimiy™ 1r ,vi-
diniy* trikdziy (suvarzymy). Saviorganizacija — tai
pagrindinis mechanizmas, kuri gamta naudoja er-
dviniams, latko bei funkciniams elementams for-
muoli tokiose sistemose, kurios yra atviros energi-
jos, informacijos apsikeitimui su aplinka (Haken,
1977, Nicolis, Prigogne, 1977). Nenatiirali variacija
(vadinamosios |, klaidos™) sistemos komponentuose
yra kompensuojamos prisiderinant (kovarijuojant)
kitiems komponentams, tam kad funkeija bty sta-
bili ir patenkintu uzduoties reikalavimus.

Taigi, kompleksiniu dinaminiu sistemu teorija
kei¢ia masu supratima apie darbingumo didéjimo
mechanizmus, formuoja nauja poziurj i sveikatos
stiprinima taikant fizinius pratimus, skatina moks-
lininkus ir trenerius ieskoti tinkamesniu sprendimuy
optimizuojant fiziniy pratimy taitkyma. Manome,
kad tai yra vienas i$ buidu, galintis paaiskinti siame
tyrime gautus rezultatus.

13vados

Aerobinio kriivio pratybos, papildytos diferen-
cinio mokymo metodu grindziamomis uzduotimis,
efektyviau paveikia dirdies ir kraujagysliu sistemos
funkecine biikle. Kravio metu sustipréjusios sasajos
tarp sirdies ir kraujagysliy sistemos funkcine bikle
atspindin¢iu rodikliu atsigavimo po kriivio metu 1§-
lieka stipresneés.
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DIFFERENTIAL LEARNING TASKS IMPACT CARDIOVASCULAR CHANGES AND ENHANCE THE
EFFECTIVENESS OF EXERCISING IN EASY AEROBIC MODE

Deivydas Velicka', Dr. Kristina Poderiend’, Zivilé Kairiakitiend,

Prof. Dr. Habil. Jonas Poderys’

Lithuanian University of Health Science, Institute of Sport’

Lithuanian Sports University, Institute of Sport Science and Innovations”

SUMMARY

Seeking for optimal and potentially more effective modes of exercising for health purposes remains an
urgent problem today. It 1s well known that exercising must be individualized. that it is not recommended for
cxceptionally high intensity of workouts requiring high efforts, especially when a person chooses to exercise again
after a longer dropout. The purpose of this study was to compare the changes in features of the cardiovascular
system functional state in recovery phase after health-enhancing exercising. when this exercising are performed
in easy acrobic mode and when such aerobic exercising are complemented by so-called “Differential Learning™
(DL) methodology based tasks.

Eight male volunteers were examined twice, i.¢. in randomly completed sequence, performed two 20-minutes
duration exercising sessions with a three-day break between them. It was the relatively ease workload (25W)
on bicycle erpometer. One of the tasks was to assess the impact of exercising in aerobic mode. and the next on
the exercising with the DL tasks while the participants during exercising was asked to perform simple tasks that
required some coordinating efforts, and each subsequent task was a new variation of the task given before. The
evaluations of the functional condition of the cardiovascular system were performed before the exercising. after
5 minutes and 30 minutes after the exercise session.

The 12-lead standard ECG was registered continuously and the second-order matrix analvsis (algebraic
data cointegration approach) was used for assessment the dvnamics of concatenation between RR interval and
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QRS complex duration and between the JT interval. These indices were chosen as reflecting different levels of
myocardial regulation and features of metabolism.

Results obtained during the study revealed that there was no significant differences (p = 0.05) while
comparing the values of durations of RR intervals, JT intervals and the duration of QRS complex. Both acrobic
exercising and exercising while the additional tasks based on DL methodology was added caused the same
changes of registered electrocardiogram indices. Both. acrobic exercise exercising and the exercising with the
DL tasks caused significant increase of concatenation between ECG indices (p = 0.03), Even after 30 minutes
of exercising the increased concatenation remained significantly changed in comparison to the initial values
recorded before exercising (p < 0.05).

The assessment of concatenation between two electrocardiographic indices provides qualitatively new
information about features of participant’s functional state. It is purposeful to apply the algebraic data
cointegration approach for evaluation complexity features of sportsman body functioning during exercising, it
allows to reveal the new features of functional state. It is concluded that acrobic exercising complemented with
tasks based on DL methodology has made the stronger effect on the functional state of cardiovascular system.
The mereased concatenation between ECG indices remained substantially stronger in the recovery phase after
eXercising.

Keywords: functional state. electrocardiography, differential learning,
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INDIVIDUALIZATION OF EXERTION WHILE
MONITORING FUNCTIONAL STATE
DURING EXERCISING

Zivilé Kairiukitiené!, Kristina Poderiené', Eugenijus Trinkiinas', Deividas Veli¢kaZ,
Alfonsas Buliuolis', Jonas Poderys'

Lithuanian Sports University!, Kaunas, Lithuania

Lithuanian University of Health Sciences’, Kaunas, Lithuania

ABSTRACT

Background. Individualization in workloads is important in order o get optimal benefits from exercising and
long-term adaptation. Heart rate (HR) monitoring during excrcise can be valuable for the feedback formation. The
aim of the study was to compare the calculated HR values recommended for individualization of endurance training
workloads while taking into account the HR at real or relative rest.

Methods. The participating 76 healthy adults were asked to measure the pulse rate, i.e. HR sell-examination at
absolute and relative rest states. The results obtained during the study were analysed according to the age and gender
by calculating HRy. ... and the recommended intensity of exercising at 50% of HR.... 70% of HRg,....: 85% of
HR,....

Results. Sigmficant difference was found when comparing the averaged values of HR oblained at the real and
relative states and even greater difference was observed between relative and real resting conditions in younger
groups, When calculating the recommended HR values for exercising intensity, recommended HR values significantly
differ depending on whether the real or relative rest states were taken into account. This means that the algorithm
for feedback formation should take into account the initial values of HR corresponding 1o the state of absolute rest,
i.c. after 8 hours of sleep.

Conciusion. The HR at relative rest state is different to the real rest state HR and therefore the algorithm for
feedback formation should take into account this difference. i.e. the corresponding correction of such HR meanings
should be installed.

Keywords: health promotion. cardiovascular system, individualization.

INTRODUCTION

cicntists have been searching for the answer

to the questions of what kind of physical

activity and what intensity of exercising are
the most effective for health promotion (Vainoras
& Silanskiené, 2004; Warburton & Bredin, 2016),
Before finding the solution to these questions we
must evaluate numerous findings of rescarch as
well as compare the different physical loads of
fast and long-term adaptation cffects. Many of the
body’s functional systems arc very active during
exercising, theretore in scientific publications there

arc various cvaluations and suggestions on how
to explore appropriate body reaction to various
tvpes of exercise (Fletcher et al . 2013; Mendonca.
Femnhall. Heffernan, & Pereira, 2009).
Individualization in workloads is important
in order to get optimal benefits from exercising
and long-term adaptation. Heart rate (HR)
monitoring during exercising is a valuable method
for the feedback (Kiss et al, 2016). Some degree
of HR measuring is nccessary as to maintain
all requirements of methodology suggested by
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scientists (Karvonen & Vuorimaa. 1988), ie. to
calculate HR at rest and to follow HR changes
during excrcising, The Karvonen formula is used
to calculate the heart rate at a given percentage
training intensity.

A lot of pulse monitors or feedback providing
devices could be helpful in this arca if they had
such hind algorithms installed in their system. In
case where real values of HR at rest are not know
or measured the further calculations for choosing
the intensity of exercising could be inaccurate.
This is because the HR at state of absolute rest,
L. after 8 hours of sleep, differs from the values
calculated at statc of relative rest. The aim of the
study was to compare the calculated HR values
recommended for individualization of endurance
training workloads while taking into account the
HR at rcal or relative rest.

METHODS

The participants of the study consisted of
76 healthy adults who had to perform HR self-
cxamination at absolute and relative rest states. In
order to evaluate the difference of HR between the
real and relative rest participants had to calculate
their pulse for 30 seconds at each everv 5 days.

The results obtained during the study were
analysed according to the age and gender by
performing calculations of HRg,.... and the
recommended intensities of exercising at 50%
of HRy.over 70% of HR.oe: 83% of HRp, e
HR,,...... Intensity was calculated using Karvonen
formula (Karvonen & Vuorimaa, 1988):

HR .= 220 — age (vear)
HR .o =HR .. —HR
70% HR g porve HR .0.e X 0.7+ HR o,
85% HR g.rve HR pere X 0.85 + HR g,
50% HR p.erve HR popere X 0.5+ HR

The statistical data analysis was performed
using “Excel 2000 software. Data values are
reported as mean values and standard deviations.
Changes were evaluated using Student’s (1) test
(7 < .05 level of significance).

RESULTS

Significant  difference was found while
comparing the averaged values of HR obtained

at real and relative rest state and even greater
difference between relative and real resting
conditions was obscrved in younger age groups
(Figure 1).

The results were different between subjects
less than 33 vears old and over 35 years of age.
Women's HR at rcal rest was 58.1 = 1.8 beats /
min., men’s — 35.2 + 1.8 beats /min. The values in
the vounger groups were lower when compared to
the ones in the older groups. HR for women older
than 35 vears at real rest state was 62.7 £ 3 0 beats /
min., for men older than 35 vears old it was 59.1 £

1.2 beats/min. At relative rest the difference in
values was also significant. HR at relative rest for
women older than 35 years old was 704 £ 24
beats min., for men older than 35 years old it was
67.7 £ 1.4 beats/min. Women'’s relative and real
HR values were higher than men’s HR values,
but this difference was no statistically significant
(p=.05).

Further calculations were aimed at calculating
and comparing the values of HR at various
recommended intensities of training, 1e. 30% of
HR . oore: 70% of HRy, . and 85% of HRy.pve.
Results showed that HR in for men vounger than
35 vears at real rest (126.2 £ 09 - 1758 £ 0.5 time/
min.) and at relative rest (132.2 £ 09 - 1776 £ 0.5
beats /min) were higher than those for men older
than 35 yearsat real (118.0 0.5~ 1593 +£ 0.5 beats /
min) and relative (122.3 £ 0.6 — 160.6 = 0.5 beats /
min) rest in cardiovascular system’s training
zones. While calculating the recommended HR
values in order to choose the intensity of exertion,
bv evaluating the real and relative rest it can be
noted that the recommended HR values during
exercise differed significantly.

While analvsing the results we can conclude
that there are similarities between men and
women in age groups. Cardiovascular training
zone for women vounger than 35 vears old which
was obtained by taking into account HR valucs
in the real rest ranged from 1262 + 0.9 up to
175.8 + 0.5 beats /min, and obtained by taking
into account HR values in the relative rest state
ranged between 1322 = 09 up to 1776 £ 0.5
beats /min. This comparison revealed that figures
obtained by these calculations differed. The
same tendency was observed while comparing
the results obtained in older groups. For men
older than 35 vears old cardiovascular training
zone according to real rest state 1t was 118.0 +
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Figure 1. HR values
at real and relative
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Figure 2. Values of HR caleulated by taking into account real vr relative rest states

0.5 — 159.3 + 0.5 beats /min and according to the DISCUSSION
relative rest — 122.3 £ 0.6 — 160.6 + 0.5 beats /
min. For women older than 35 years old the Health promotion by exercising is an

recommended training zone according to the real  important part of healthy life style, however it 1s
rest state was 1188 &= 21 — 1581 &+ 22 beats /  also essential to consider the appropriate intensity
min, while according (o relative rest it was from  of exercising (Fletcher et al., 2013; Karvonen &
122.6 £ 1.7 to 159.2 + 2.1 beats /min. Vuorimaa, 1988; Warburton & Bredin, 2016). In
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this study we used guidelines outlined in “The
Recommended Quantity and Quality of Exercise
for Developing and Maintaining Cardiorespiratory
and Muscular Fitness in  Healthv  Adults”™
(American College of Sports Medicine — http./
www2.gsu.edu/~wwwfit/howtoex.html). In order
to choose the appropriate intensity of exercising
it is necessary to take HR measurement at rest
and also to monitor 1t during the exercise. Studies
have shown that recommended HR values during
exercise depend on functional preparedness
and the task of the training session (Kiss et al..
2016). The intensity of exercising while HR
exceed 30% HR,..,. could be recommended
for beginners and the higher HR values should
be during exercising within so called “Taget
zone” while HR varies in zone from HR 70%
Reserve U 10 HR 83% ... Significant differences
of these HR limits evidence that more precisely
these training zones will be outlined taking into
account the HR values obtained in real rest state.
It the person was physicallv active in the past.
intensity can be increased to approximately 70—
85% HR ..., If the HR is too high. the intensity
of the exercise should be reduced for the reason
that the endurance training is the most efficient
in this target zone (Morici et al., 2016; Sebastian,
Reeder. & Williams, 2013).

Monitoring of heart rate (HR) during exercise 1s
a valuable method for the feedback formation (Kiss
et al, 2016; Mann, Lamberts, & Lambert, 2013)
and many pulse monitors or feedback providing
devices can be beneficial in this area (Argha, Su.
Nguyven, & Celler. 2015). However in case of a

patient deciding to participate in an exercising
session without having measured his or hers real
HR after of 8 hours of sleep. further calculations
for choosing the intensity of exercising could be
inaccurate. The results of calculations obtained by
comparing values of HR at various recommended
intensities of training, ie. 50% of HR_ ... 70%
of HR,,,..... and 85% of HR revealed that
while (if) taking into account the real or relative
rest values the obtained HR values recommended
for exercising significantly differ. This means that
the algorithm for feedback formation installed into
the monitoring system should take into account the
initial values of HR corresponding to the state of
absolute rest, i.e. after of 8 hours of sleep. But in
case we do not have such measurements and decide
10 arrange a training session, a measurement of HR
before exercising, i.e. at relative rest state, can be
taken for this purpose; however the algorithm for
feedback formation should also take this difference
info account.

Reserve

CONCLUSION

The HR at relative rest state is different to the
real rest state HR and therefore the algorithm for
feedback formation should take this difference into
account, 1.¢. the corresponding correction of such
HR values should be installed.
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Sirdies ir kraujagysliy sistemos adaptacija sveikatg
stiprinanciose pratybose taikant jégos ugdymo pratimy arba
SiaurietiSkojo éjimo uzduotis
Zivilé Kairiitkstiené, Deivydas Velicka, prof. habil. dr. Jonas Poderys
Lietuvos Sporto universitelas, Lietuvos sveikatos mok.s‘;".r; universitetas, .S'pr)rm institutas

Santrauka

Tikslas — palveinti skirtingo pobiidzio sveikatg stiprinanciy pratyby (fégos ugdvmo pratimuy ir Saurietiskojo éfima)
poveiki Sirdies ir kravjagysliy sistemai. Trime dalyvavo 28 asmenys, jie buvo sanivkinai sveili, nesiskundzian(yvs
Sirdies ir kraujagysiiy sistemos funkcijos sutrikimais, turintys gvdviojo leidima dalywauti sveikatos stiprinimo fiziniais
pratimais praivbose. Tiviamiefi buvo atrinkti atsitikitine tvavke ir suskivstyiti § avi grupes, kurios pagal amZiaus vidurkg,
kiino mase. lvij, ramybés Sirdies susitrankiny dazng (SSD) ir artering krawjo spandime (AKS) statistiskei reiksmingai
nesiskyre. Tiriamajam kontingenti buvo taikomos skirtingo pobiidzio sveikaiq stiprinandios pratybos. Pirmajai (1)
aruper buvo tatkomas Siaurielitkasis éjimas, o antrajai (II) — pratvbos sporto saléfe. Abiem grupéms iki 90 min tru-
kmés pratvbos vvlkdvios tris karius per savaite Sefis ménesius. Tiriamuyjy Sirdies iv kraujagysliy sistemos bitklei bei
fiziniam parengtumui vertinti buvo naudojamas Rufjé fizinio kriivio méginys. AKS buvo matuojamas pries kritvvi, po
kritvio ir kas minute atsigavimo metw. Viso Sio funkcinés bitklés vertinimo metu nepertrandkiconai buvo regisiricojama
12 standartiniy derivacijy elektrokardiograma (FKG). Buvo analizuojomi §ie FKG rodikliai: SSD i JT intervalo
trukme, bei vertinamos ST segmento depresijos reikimes, registruotos ramybeés metu ir didziausios atliekant dozioto
kriivio méging.

Po Sesiy ménesiy trulmes sveikatq stiprinanciy praivby sveily vidutinio amziaus Zmoniy ramvbés SSD ir AKS
nepakito (p = 0,03). Po Sefiy ménesiy trukmés skirtingo pobiidzio pratvby reafcija j fizing kritvi skyrési: po Siaurietis-
kojo ¢jima programos SSD podidejimas Rufié fizinio kriivio méginio metu sumazéjo, o po pratyby sporta saléje SSI
reakcija j fizinj krivi nepakito (p > 0,03). Paaiskéjo, kad Seling ménesiy trukmés Siaurietiskojo éjimo pratybos padaré
poveikj ST segmento depresijos reikimems atliekant Ruffe fizinio kriivio mégin — nustalyvtas ST segmento depresijos
mazéfimas (p < 0,03). Sefiy ménesiy trukmés pratvbos sporto saléje neturéjo jtakos ST segmento depresijos poky-
Clams atliekant Rufie fizinio kritvio méginj (p = 0,003).

Sesiy ménesiy sveikatos stiprinimo praivbos, kuriose pagrindinis krivis buvo Staurietiskasis éjimas, ir pratvbos,
kurios buvo atliekamos sporto saléje su treniruokliais, wréjo teigiamos jlakos sveikatq stiprinanciy asmeny Sirdies
ir kravjagysliy sistemos finkeinei biikdei. Tvrimas atbleide keletq Siaurietiskojo éjimo pranasiomiy stiprinant sveikate.
Po pusés mety elsperimento Siourietiskgjj ¢fima prakttkavasiyjy grupes triamiesiems, atlickantiems dozvoto fizinio
kritvio wZduwotis, maZicu padideja SSD ir pastebimas maZesnis funkciniy i¥eminiy reiskiniy pasireiskimas miokarde nei
Jégos ugdvmo pratimus sporio saléje prakiikavusiems tiriamiesiems.

RaktaZodiiai: Siaurietiskasis éfimas, jégos wgdvino pratimai, Sirdies iv kraujagysliy sistema,

Ivadas

Judéjimas biitina salyga ne tik Zmogaus prakti-
niams tikslams pasiekti, bet ir fiziniam pajégumui
bei sveikatai stiprinti (Karmisholt, Getzsche, 2005,
Downward et al., 2015). Viena i vis populiaréjanéiy
fizinio aktyvumo formu yra Siaurietiskasis &jimas.
Tai &jimo biidas naudojant specialias lazdas. Siaurie-
t15kojo éimo 1r 1prasto gjimo pagrindinis skirtumas
yra SiaurietiSkajam éjimui naudojamos specialios
lazdos, kurios pritaikomos prie kiekvieno zmogaus
tigio (Hartvigsen et al., 2010). Deél éjimo technikos

ypatumu SiaurietiZkojo &jimo metu yra pasickiamas
didesnis greitis negu einant iprastu budu. Atlickant
didesnius Zingsnius ir aktyviai dirbant ranky rau-
menims, daugiau aktyvéja organizmo funkciniu
sistemy veikla. Tyrimai parodeé, kad Siaurietiskojo
gjimo metu Sirdies susitraukimy daznis (SSD) yra
padidéjes apie 8 % daugiau nei paprasto &jimo metu,
daugiau vartojama deguonies (11 %), didesnes ener-
gijos sanaudos (18 %) (Tschentscher et al., 2013).
Atlikta moksliniu tyrimu, kur $iaurietiskasis éjimas
lyginamas su bégimu ar greitu éimu, I visals ming-
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tais atvejais Siaurietiskasis ¢jimas turgjo pranasuma
(Tschentscher et al., 2013). Siaurictikasis éjimas
yra saugi aerobinio darbingumo didinimo priemo-
né, nes einantis zmogus gali pats pasirinkti &imo
tempa atsizvelgdamas i savo fizin] pajéguma, be to,
esant poreikiui, bet kurivo pratybu momentu galima
nutraukti mankstinimasi (Stief et al., 2008),

Nors neabejojama Siaurietiskojo &jimo naudin-
gumu, taéiau palyginamyju studiju, kuriose batu
vertinamas SiaurietiSkojo ejimo ir kity sveikata sti-
prinanéiu pratybu efektyvumas sirdies ir kraujagys-
liu sistemai, vis délto néra daug. Sio tyrimo tikslas
buvo palyginti skirtingo pobiidzio sveikata stipri-
nanciu pratybu (jégos ugdymo pratimu ir Siaurietis-
kojo ¢jimo) poveiki sirdies ir kraujagysliy sistemai.

Tyrimo metodika

Siam tyrimui atlikti buvo pateikta paraiska ir
gautas Lietuvos sveikatos mokslu unversiteto bioe-
tikos centro leidimas.

Tiriamieji. Tyrime dalyvavo 28 tiriamiep (vyrai,
amzius 46,3+ 1,2 m,, KMI 24,3 + | 4), tai Panevézio
sporto klube , Tauras™ sveikatos stiprinimo pratybas
lankantys asmenys. Visi tirlamieji buvo santykinai
sveiki, nesiskundziantys Sirdies ir krayagysliy sis-
temos funkcijos sutrikimais, turintys gydytojo lei-
dima dalyvauti sveikatos stiprinimo fiziniais prati-
mais pratybose. Tiriamigji buvo atrinkti atsitiktine
tvarka ir suskirstyti | dvi grupes, kurios pagal am-
ziaus vidurki, kiino mase, lyti. ramybés SSDir AKS
tarpusavyje statistidkai reikdmingai nesiskyre.

Skirtingo pobitdiio sveikatq stiprinancios pra-
tybos. Sveikata stiprinancios pratybos tesési 6 mén.,
vyko tris kartus per savaite po 1,5 valandos. Tiriama-

55D, k/min
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Po 1 minPo 2 min

mi
Pried Ivax
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jam kontingentui buvo taitkomos skirtingo pobiidzio
sveikata stiprinan¢ios pratybos Pirmajai (1) grupei
buvo skiriamos giaurietitkojo &jimo uzduotys, kurio-
se vyravo aerobinio pobiidZio kriviai. Antrosios (I1)
grupés tiriamuju sveikata stiprinanios pratybos vyko
sporto saléje, pratybose vyravo jégos pobiidzio prati-
mai su treniruokliais. Siy pratyby programoje buvo
jegos ugdymo pratimai jvairioms raumeny grupéms,
tadiau vienose pratybose tiriamigji atlikdavo prati-
mus, skirtus tik keturioms raumeny grupems. Kie-
kvienai pasirinktai raumeny grupei buvo skiriama po
3—4 serijas pratimo, kai apkrova 40-70 % maksima-
liosios valingos jégos, atliekant 6—12 judesiy.

Funkeinés biklés vertinimas. Tiriamyju SKS
funkcing buklé buvo tirta du kartus: pries prade-
dant pratybas ir po $esiy menesiy pratybu. Tyrimo
dieng tiriamieji nedalyvavo pratybose ir neturéjo
kito sunkaus fizinio krivio. Tiriamieji atliko do-
zuoto fizinio krivio meginy, t. y. 30 pritipimy per
45 s, nepertraukiamai registruojant 12 standartiniy
derivaciju elektrokardiograma. Buvo analizuojami
gie EKG rodikliai: 8SD ir JT intervalo trukmé, bei
ST segmento depresijos reikdmes. Arterinis kraujo
spaudimas buvo matuojamas pries krivy, po kriivio
ir kas minute atsigavimo metu.

Statistika. Pateikiami aritmetiniai vidurkiai ir
aritmetinio vidurkio paklaida. Statistinis skirtumo
patikimumas buvo skai¢iuojamas naudojant Stju-
dento t testa.

Tyrimo rezultatai

Sio tyrimo, vertinanéio skirtingo pobiidzio svei-
katos stiprinimo pratybu itaka Sirdies ir kraujagysliu
sistemai, rezultatai pateikti 1-4 paveiksluose. Vi-
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1 pav. Rufjé fizinio kravio méginj atlickanéiy tiriamyju $8D kaita pries ir po Sesiy ménesiy reguliariy pratyby

Pastaba: | grupé

asmenys, praktikave Sawvictifkgfi éjima; 1! grupé

asmenys, prakiikavg praivhas spario saléje
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suose paveiksluose pateikiama Rufjé fizinio krivio
megini atliekanciuy tiriamuju registruotu rodikliu,
nustatytu pries pradedant reguliarias pratybas ir po
pusés mety, kaita.

1 paveiksle pateiktos SSD reiksmes. Per pirmaji
tyrima abieju grupiu, t. y. véliau Saurietiskaji éji-
ma kultivavusios ir dirbusios su treniruokliais, ti-
riamyju SSD reikdmes, registruotos ramybes metu,
reiksmingai nesiskyre. I grupés tiriamuju 8D buvo
743 + 2.2 k./min, o 11 grupés — 73,8 = 2,2 k./min. Po
pusés mety pratyby ramybes $SD reiksmé pakito ne-
daug, reikimingo poky¢io nebuvo (p = 0,05). Per pir-
maji funkcines buikles vertinima didziausia I grupes
SSD reiksme, atliekant Rufje fizinio kriivio meginj,
buvo 126,.2+2.3 k./min, o Il grupas— 1269+ 32 k./

IT kaita, ms
[
£

el
Pried Max

| tyrimas

Po 1 minfo 2 min

min (p = 0,05). Po $ediy ménesiy latkotarpio didziau-
sia $SD reikime, atlieckant Rufjé fizinio kriivio me-
ginj, I grupeés sumazgjoiki 116,6 £2.2 k./min (10,6
0,5 k./min, p < 0,05), o I grupes —iki 121,928k /
min (pokytis 5 + 0,4 k./min, p = 0,05),

Vertinant abieju tiriamuju grupiu individualius
S$SD pokyéius nustatyta, kad po pusés mety pratyby
§SD nesumazgjo I grupeés vienam tiriamajam i§ 12,
o II grupés — penkiems i 14 tirlamuju.

Apibendrinant SSD  kaitos duomenis galima
konstatuoti, kad po sveikata stiprinanéiy pratyby
Siaurietiskojo éjimo grupés tiriamujuy SSD reakcija
1 fizing kriivi buvo mazesne (p < 0,05) nei fizines
pratybas sporto salgje atlikusiy tiriamyjuy.
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2 pav. Rufjé fizinio kriivio méginj atliekanéiy tiriamujy elektrokardiogramos JT intervalo kaita pries ir po SeSin ménesiy reguliariy

pratyby

Pastaba: I grupé — asmenvs, praktikave Siaurietishafi éjima; I grupé — asmenys, prakiikavyg praivbas sporio saléje
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2 paveiksle pateikti EKG JT intervalo kaitos
duomenys. Per pirmaji tyrima abigjy tiriamuyjy gru-
piu JT intervalo reikdmé ramybés metu nesiskyre
(p > 0,05). I grupes tiriamyju JT intervalo trukme
buvo 284,2 + 2.4 ms, o Il grupes — 281,4 + 2.4 ms.
Tyrimo, atlikto po pusés mety sveikata stiprinanciu
pratybu, rezultatai parode, kad abieju grupiy reiks-
mingo JT intervalo reiksmes poky¢io ramybes metu
taip pat nebuvo (p = 0,05). Taigi, nenustatytas statis-
tiskal retk$mingas skirtumas tarp grupiy atliekant
Rufjé fizinio kritvio méginj tiek pirmojo, tiek antro-
jo funkcings buklés vertinimo metu (p > 0,05).

3 paveiksle pateiktos EKG ST segmento depre-
sijos reikSmes, registruotos ramybes bisenoje ir di-
dziausios — atliekant Rufjé fizinio krivio meginj. 1
ir 11 grupiy ST segmento depresija ramybés metu
per pirmaji ir antrajl tyrima reikdmingai nesisky-
ré (p = 0,05). ST segmento depresyjos didziausia
retkSmeé, registruota 1 grupés tirlamuyjuy fizinio kri-
vio metu, buvo 0,44 £ 0,05 mV, o I grupés — 0,43 +
0.05 mV (p = 0,05).

Po pusés mety sveikata stiprinanciy pratybul gru-
pes tirlamuyjy ST segmento depresijos maksimalios
reikdmés sumazéjimas buvo statistiSkai reik§mingas
(p=<0,05). Prieg pradedant pratybas d1aurietigkojo &ji-

mo tiriamuju grupés ST segmento didziausia reiks-
mé buvo 0,44 = 0,05 mV, o po pusés mety pratyby -
0,23 £ 0,06 mV (pokytis 0,21 = 0,01 mV. p > 0,05).
Statistiskai reikSmingo II tirlamyju grupés Sios
reikémes pasikeitimo dél pusés metu pratybu sporto
saléje nenustatyta (p = 0,05), buvo galima konstatuo-
ti ik ST segmento depresijos mazgjimo tendencija.
Pries pradedant pratybas II grupeés tirtamuju ST se-
gmento didZiausia reikime buvo 0,43 + 0,05 mV, o
po 6 ménesiy pratybu — 0,30 + 0,06 mV (skirtumas
1,2+ 0,01 mV, p > 0,05).

4 paveiksle pateikti AKS duomenys, gauti verti-
nant tiriamuyjy funkcine bikle ir jos kaita del taiky-
ty fiziniy kraviy. Vertinant ramybés metu registruo-
tas sistolinio AKS reikimes, nenustatyta statistiskai
reikémingo skirtumo tarp grupiu tiek per pirmaji,
tiek per antraji tyrima (p > 0,05). Be abejo, maty-
ti nedidele abiejy grupiu tinamyjy sistolinio AKS
mazejimo tendencija: ramybés sistolinis AKS I gru-
pés tiramujy per I tyrima buvo 1338 = 44 mm/
Hg, o po &efiu ménesiy — 126,9 + 34 mm/Hg
(p > 0,05), I grupés atitinkamai 132,0 £ 2.3 mm/Hg
ir 125,0 = 2,7 mm/Hg.

Atliekant dozuoto fizinio kriivio méginj abiejy
erupiu sistolinis AKS didgjo. 1 grupés tirlamuju
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per pirmaji tyrima jis padidéjo iki 156,3 + 3,0 mm/
Hg, o po 6 mén, Siaurietidkojo éjimo pratybu — iki
148 2 =4 1 mm/Hg. Pasikeitimas nebuvo statistiskai
reikimingas (p > 0,05). Per pirmaji tyrima Il grupés
tiriamuyjy sistolini AKS kriivis padidino iki 1572
4.6 mm/Hg, o po pusés mety pratyby — iki 148,8 =
5.3 mm/Hg Pokytis taip pat nebuvo statistiskai
reikimingas (p < 0,05).

Vertinant diastolinio AKS kaitos ypatybes reikia
konstatuoti, kad statistidkai reikdmingy skirtumy
tarp grupiy ir statistiskar reikSmingu pasikeitimy
per puse mety nei vienoje i% tirlamujy grupiy nenu-
statyta (p > 0,05).

Tyrimo rezultaty aptarimas

Aktuali praktikos ir sveikatos moksly problema:
kokio pobiidZio fiziné veikla ar fizinis aktyvumas
efektyviausi siekiant stiprinti sveikata (Vainoras,
2004). Norint atsakyti | & klausima, biitina ivertinti
daugelio atliktu tyrimu rezultatus, palyginti jvai-
riy fiziniy kriviy sukeliamus ilgalaikés adaptacijos
efektus. Atliekami fiziniai pratimai aktyvina dau-
gelio organizmo funkciniu sistemu veikla. aktywve-
ja daugelis reguliaciniu mechanizmu. Mokslinése
publikacijose apradomi jvairQis tyrimai ir gauty re-
zultaty vertinimai. Per pastaruosius metus buvo pa-
skelbta nemazai darbu, kuriuose diskutuojama apie
s1aurietiSkojo éjimo poveiki ivairioms Zmogaus or-
gany sistemoms (Simic et al,, 2011, Mikalacki et al.,
2011), taciau reikdmingai maziau darby, kuriuose
buvo vertinta SKS ilgalaikes adaptacijos ypatybés.
Siuo savo tyrimu siekéme ne tik parodyti, kad Siau-
rietiskasis éjimas vra saugi, naudinga SKS ligy pro-
filaktikos priemone, bet ir detaliau ivertinti regulia-
riu pratybu sukeliamus efektus. Tai yra aktualu, nes
daugelis tyreju pazymi, kad organizmo adaptacine-
se reakcijose i fizinius kravius isskirtinis vaidmuo
yra priskiriamas SKS, nes tai yra viena gyvybiskai
reikimingiausiy organizmo  sistemy (Hollmann,
2006; Zumbakyte, 2006),

AKS yra vertingas ir informatyvus kraujotakos
sistemos funkcines bukleés rodiklis. Su amziumi sis-
tolinis AKS dideja labiau negu diastolinis, ir tai su-
sije su kraujagysliu elastingumo mazejimu (Schmidt
et al, 1996). Fizinio kruvio metu sistolinis AKS di-
déja, bet, priklausomai nuo pratimo specifiSkumo,
atsakas priklauso nuo atliekamo kruvio pobidzio:
atliekant statinio pobudzio krivius — dideja, atlie-
kant dinaminio pobidzio kravius — mazéja, dél ma-
zgjancio bendro periferinio pasipriesinimo raumenty

kraujotaka intensyveéja, ir priedingai, aukitas dias-
tolinis AKS rodo padidéjus) periferini pasipriesini-
ma (Schmidt et al, 1996; Xie et al, 2015). Laikoma,
kad normalus sistolinio AKS atsakas | dinaminio
pobiidzio fizinius pratimus yra toks, kai sistolinis
AKS, didinant darbo intensyvuma, pamazu didgja,
taciau maksimali jo reik3meé nevirija 180-240 mm/
Hg (Xie et al., 2015). Reikdmingu AKS pokyéiu
tarp grupiy, vertinant suvidurkintas reik3mes bei ly-
ginant pirmojo ir antrojo tyrimo metu registruotas
AKS reikémes. nenustatyta (p > 0.05), nors nega-
lima paneigti vyraujancios nuomonés, jog atskirais
atvejais pastebeta AKS mazejimo tendencija.

§SD yra plagiausiai taikomas rodiklis organizmo
funkcinei busenai vertinti, o jo mazesnis padideji-
mas atliekant krivj yra vertinamas kaip pageréju-
sio ekonomiskumo rodiklis (Gondim et al., 2015).
Taigi, musu pakartotinio tyrimo metu registruotos
mazesnés SSD reiksmes, atliekant dozuoto fizinio
kravie megini, liudija apie teigiama abiejy poveikiy
(ir siaurietiskojo &jimo, ir pratybu, atliekamu sporto
salgje su treniruokliais) itaka.

EKG JT intervalas parodo skilveliy repoliariza-
cijos procesy eiga ir gali buti naudojamas kaip ju
repoliarizacijos trukmes rodiklis, o jo kaita yra su-
sijusi su metabolizmo kaita miokarde (Hlaing et al.,
20085, Vanoras ir kt., 2008). Vertindami $io rodiklio
kaitos ypatybes, mes nenustateme statistiskai reiks-
minguy pasikeitimy. Galima diskutuoti apie tenden-
cija, jog optimalesnei SKS reakcijai i krivi galéjo
itakos tureti ir metaboliniy procesy optimizavima-
sis miokarde, tac¢iau §ie pokyéiai nebuvo statistiskai
reikSmingi.

Rezervinés Sirdies galimybés reik$mingai pri-
klauso nuo to, ar patenkinamas miokardo O, po-
reikis, t. y. kaip greitai ir ar pakankamai padidéja
0, kiekis, tiekiamas SirdZiai prasidgjus fiziniam
kriviw (Hlaing et al., 2005). Aktyvios raumeny
veiklos metu Sirdies raumenyje metabolinial pro-
cesal pagreiteja 4-5 kartus, o norint patenkinti §j
didéjanti O, poreiki miokardui batinas kraujotakos
intensyvejimas vainikinése kraujagyslése. Jei kra-
vio metu vainikinémis Sirdies kraujagyslemis teka
nepakankamai kraujo, tai, pakitus metaboliniu pro-
cesy pusiausvyrai, pakinta ir elektriniai miocity po-
tencialai, 0 EKG-oje registruojami pokyciai, btent
ST segmento depresija. Taigi, funkciniy iSeminiy
reiskiniu vertinimas fizinio krivio metu taip pat
turi prasme ir parodo Sirdies funkcines galimybes.
Musy tyrimas atskleide, kad po pusés metu sveikata

192



SPORT SCIENCE S Mo, 1153, 2016, ISSN 1392- 1401 / E-IS3N 2424-3949

33

stiprinanéiu pratybuy ST segmento depresijos reiks-
més sumaZéjo. Siaurietiskojo éjimo grupeés tiriamy-
Ju 3ios retkdmes sumazéjo statistiskai reikdmingai,
tai liudija apie didesni $io poveikio efektyvuma
sveikata stiprinanciose pratybose.

Apibendrinant musy atlikto tyrimo rezultatus ga-
lima konstatuoti, kad organizmo funkcine bukle ir
jos pasikeitima del pratvbose atlikto kruvio galima
nusakyti EKG ir AKS rodikliy. nustatytu atliekant
dozuoto fizinio kriivio méginj, kaitos ypatybémis.
Sesiy menesiy sveikatos stiprinimo pratybos, kurio-
se pagrindinis kravis buvo Siaurietiskasis €jimas, ir
pratybos, kurios buvo atliekamos sporto saléje su
treniruokliais, kal daugiau demesio skiriama jegos
pobiidzio fiziniams kriviams, turgjo teigiamos ita-
kos sveikata stiprinanéiy asmeny SKS funkeinei bii-
klei. Nors AKS rodikliy reiksmeés ramybes buisenoje
ir jo reakecijos | dozuoto kriivio méging retkSmingai
nepakito, tadiau po Sesiy meénesiy reguliariy svei-
katos stiprinimo pratybuy atliekant dozuoto fizinio
kriivio méginj buvo registruojamas mazesnio laips-
nio $SD padidéjimas, silpnesni funkeiniai ideminiai
reiskiniai miokarde. Tyrimas atkleidé keleta iau-
rietigkojo &jimo pranadumuy, kurie yra reik&mingi
pasirenkant pratimy pobadi sveikatos stiprinimo
pratybose. Biitent po $efiy ménesiy trukmes siaurie-
tizkojo éjimo pratybu labiau sumaZéjo maksimalios
$SD reikdmes, registruojamos atliekant fizini kraivi,
ir funkciniy iseminiy reifkiniy pasireiskimas mio-
karde negu del pratybu sporto saléje.

Iivados

Sesiu menesiy sveikatos stiprinimo pratybos, ku-
riose pagrindinis kraivis buvo siaurietiskasis ejimas,
ir pratybos, kurios buvo atliekamos sporto salgje su
treniruokliais, turejo teigiamos jtakos sveikata sti-
prinan¢iu asmenu Sirdies ir kraujagysliu sistemos
funkcinei biklel. Tyrimas atkleide keleta Siaurietis-
kojo éjimo pranasumu stiprinant sveikata. Po puses
metu eksperimento Siaurietiskaji éjima praktikavu-
siyju grupes tirlamiesiems, atliekantiems dozuoto
fizinio krivio uzduotis, maziau padidéja SSD ir
pastebimas mazesnis funkciniy 15eminiu reiskiniu
pasireiskimas miokarde nei jégos ugdymo pratimus
sporto salgje praktikavusiems tirlamiesiems.
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CARDIOVASCULAR ADAPTATION TO THE NORDIC WALKING OR STRENGTH TYPE OF EXERCISING
FOR HEALTH PROMOTION

Zivile Kairiikitiené, Deivydas Velicka, Prof. Habil. Dr. Jonas Poderys
Lithuanian Sport University, Lithuanian University of Health Sciences

SUMMARY

The aim of this study was to identify the influence
of different kinds of health enhancing exercising
(strength-training  and  Nordic  walking) on the
cardiovascular svstem. 28 healthy volunteers were
involved into this study and they were randomly divided
into two groups. There was no statistical significant
difference between the groups in age. weight. sex.
resting heart rate and arterial blood pressurc (ABP).
The first group was involved in regular exercising by
use the Nordic walking and the second — strength type
of exercising in the gvm. Both groups training sessions
were applied for 6 month, three times per week, for
90 minutes cach training scssion. The cardiovascular
functional state was assessed by continuous recording
12-lcad ECG while performing a Roufier exercise
test (30 squats per 43 5), and measuring the ABP. The
valucs and changes in heart rate (HR), duration of JT
interval and ST-segment depression were analvsed.

There was no significant change (p > (.05) in
ABP and HR values at rest during the 6 months of
exereising. The reaction of cardiovascular system to
Rouficr exercise test revealed that after six months
of regular exercising by applying the Nordic walking
Jonas Poderys -

Lietuvos sporte universitete Kineziologijos laboratorija
Ausros g, 42A-31, LT-44221 Kaunas

Tel. +370 37 302 650

El pastas: lindas.poderys@lsu.lt

program HR decreased while the strength tvpe of
exercising in the gym for same period of time did not
change HR considerably (p > 0.05). The increase of
HR during Rouficr excreisc test did not changed after
6 months of exercising in the gvm (p = 0.05). The
six-month exercising in the gvin did not influenced
the ST-segment depression changes during Roufier
exereise test (p > 0.03) but after six months of Nordic
walking the ST-segment depression during the Roufier
exercise test decreased (p < 0.05). A six months period
of different tvpes of health enhancing exercises did not
influence the ECG parameters changes during Rouficr
excreise test (p = 0.05).

The six months health enhancing exercising by
applying the Nordic walking tasks and the strength
tvpe of exercising at the gvm had a positive impact
on the functional state of cardiovascular system, The
study revealed some advantages of the Nordic walking,
1e. the greater decrease in HR during the exercise
workload and the less cardiac 1schemic episodes were
expressed.

Keywords: Nordic walking, strength exercising,
cardiovascular system.
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DIFFERENTIAL TRAINING TASKS TRIGGER THE
DECREASE OF CONCATENATION BETWEEN
CARDIOVASCULAR PARAMETERS

Deivydas Velicka', Gilija Bernotiené', Kristina Poderiené’,

Alfonsas Vainoras', Jonas Poderys®

Lithuanian University of Health Sciences’, Kaunas, Lithuania
Lithuanian Sports University’. Kaunas, Lithuania

ABSTRACT

Background. A lot of studies have shown the Differential Tramning (DT) is more effective than the traditional
training based on repetition at constant conditions. The aim of this study was to find the changes in dynamical
concatenation between ECG parameters during the DT task.

Methods. Participants (13 healthy adult males) performed two balance tests standing on LIBRA balance board.
Continuous ECG registration during both balance tests and during the rest was 3 minutes. The changeable parametric
interactions and its dynamics during exercise tasks while monitoring ECG parameters and its data sequences analysis
based on mathematical method based on matrix theory were applied. the concatenation between ECG parameters
were analysed.

Results. Results obtained during the study showed that there were no drastic differences between ECG parameters
while performing both balance tests. The concatenation between analysed ECG parameters increased or there was
no significant change. The decrease of concalenation was observed during the second task while the participants
performed the squats standing on the balance board. This type of change in concatenation was found during the
analysis of all ECG parameters, i.c. between duration of RR intervals and QRS, between JT and RR intervals and
between QRS and JT intervals.

Conciusion. DT tasks trigger the decrease of concatenation between cardiovascular parameters that allows
discussing aboul the hypothesis that decrease of concatenation belween systemic regulatory commands and cardiac
metabolic changes could be one of possible chain activating and enhancing the efficiency of long-term adaptation at
conditions of DT.

Keywords: cardiovascular sysiem, concatenation, DifTerential Training,

INTRODUCTION

he discussion on schedule of the training

session 1s an important research question.

How to make motor learning and training
more efficient and effective is important for sports
practices as well. The application of variable
practice has achicved acceptance as being
beneficial for motor leaming processes. Numerous
studies have demonstrated enhanced motor
lcarning performance in variable practice over
repetitive leaming schedules (Beckmann, 2013).

The new methodology of so called “Differential
Learning™ (DL) or “Differential Training™ (DT)
was introduced (Schéllhorn, 1999, 2000) and this
approach has been applied in the context of motor
learning and extensively investigated by Schéllhorn
and collaborates (Frank, Michelbrink . Beckmann,
& Schéllhorn, 2008; Schéllhom, Beckmann,
Janssen, & Drepper, 2010). 1t was shown that DT
was more cffective than traditional training (TT).
DT scheduled on movement variations are from a
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traditional point of view considered as movement
errors and accordingly have to be avoided in
common motor leaming schedules (Schéllhorn,
1999: Henz & Schéllhorn, 2016). The effectiveness
of DT was shown for track and ficld (Beckmann
& Gotzes, 2009; Beckmann & Schollhorn, 2006).
handball (Wagner & Miiller, 2008), basketball
(Lattwein, Henz, & Schéllhorn, 2014), volleyball
(Rémer. Schollhorn, Jaitner, & Preiss, 2009). ice-
skating (Savelsbergh, Kamper, Rabius, De Koning,
& Schéllhorn, 2010), hockey (Beckmann, Winkel.
& Schéllhorn, 2010). Most intriguingly, DT not
only leads to increased acquisition rates but also to
increased learning rates (Beckmann & Schéllhorn,
2006; Savelsbergh et al., 2010),

Internal body changes during exercising are a
trigger for long-term adaptation (Saltin, & Rowell.
1980: Bostrém et al.. 2013; Alleman et al.. 2015). A
number of physiological changes can be described
as activation of mecchanisms responsible for
maintaining of homeostasis. Thus, these changes
are an important because this 1s a trigger for
activation of long-term adaptation processes taking
place in the body during the recovery process
(Bostrém, Graham, & Georgiadi, 2013).

Cardiovascular system 1s a vital body
svstem and plavs an important role in long-term
adaptation to workloads. There are relatively small
cardiovascular changes at onset of low intensity
exercising and thus could be a good situation to
vary by exercising tasks and compare dynamical
concatenation between cardiovascular parameters.
A lot of studies have shown that the Differential
Traimning (DT) 1s more effective than the traditional
training based on repetition at constant conditions.
However, the underlving mechanisms are not fully
understood. We hvpothesised that the fine tuning
between various body fractal levels is an important
for sports performance and the disruption or the
temporally loss of these interaction could be a
trigger for long term adaptation. The aim of this
study was to determine the changes in dynamical
concatenation between ECG parameters during the
DT task.

METHODS
Thirteen healthy adult male volunteers took
part in this study. After adaptation to the laboratory
environmental all participants performed two
balance tests by standing on LIBRA balance board.
The first balance task was without additional
disturbances and during the second balance task the

participant was asked to perform squats. 1.c. in this
task, while each next squat had to be performed at
constantly changing conditions. which means that
this situation was more close to the methodology
of DT,

The continuous 12-lead ECG registration
was donc before and after cach balance task.
Continuous ECG registration during both balance
tests and during the rest was 3 minutes. In this
study the changeable parametric interactions and
its dynamices during exercise tasks ECG parameters
(RR intervals; JT intervals and duration QRS
complex) monitoring and its data sequences
analvsis based on mathematical method based
upon matrix theory were applied. According to the
model of integral evaluation of body functioning
during exercising the concatenation between the
two chosen ECG parameters were analysed. Two
svnchronous signals (ECG parameters) were taken
at discrete time intcrvals and after normalization
(to mterval [0; 1]) by the difference between
maximal and minimal physiological values. The
data was normalized using the formula

X

old value ~ *min

X pew valie = »
Xmax ~ Ymin

and x

where x mae are minimal and maximal
physiological values of parameter.

These signals are co-integrated into the second
order matrix. From the initial parameters of the
matrix (difference dfr A, = x, - v, and co-diagonal
product cdp A= ab(x,, — v,.)(X,., = ¥,.). in both
cases x, and v, are real numbers and they represent
the recorded parameters) follow characteristic
which has more comprehensive sense. ie.

discriminant (Dsk):
Dsk A, =(dfrA ) +4cdp A,

Large Dsk values indicate low inter-parametric
concatenation, whereas small Dsk values (close to
zero) correspond to high interaction between the
analvsed parameters.

Statistical analysis. Kolmogorov-Smirnov
test was used to determine whether data had an
underlying normal distribution and the requirement
for homogeneity variance of compared samples
that was verified with Levene’s test. The difference
was regarded as statistically significant if p < 05,
The values arc reported as arithmetical mean +
standard error of the mean (SEM).
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RESULTS

The results of this study were analysed on
the basis of the statement that the complexity
of a dynamic system decreases with the loss of
parametric  independence  (Alleman, Stewart,
Tsang, & Brown, 2015). Rescarch (Costa, Peng,

& Goldberger, 2008) shows that the increase of
concatenation between cardiovascular indices
begins at the onset of exercise. This type of
changes can be observed during some stages
of workload but reaching some functional state

Table. ECG  parameters z
First hal: Second
registered during various Index Before o “;;im“ Rest bnlae:mTl“k Rest
parts of experiment
HR_ T8 4.0 893x4.2 1542 90735 83Tx44
bmin
14 i 2
s 249577 235779 245.3%82 2346% 0.7 238679
Note. Averaged data of 3 -
minutes during each part of 8 844217 | 857£21 | 85616 | 878x20 | 853%14
experiment. s
Figure 1. Concatenation between ECG parameters RR intervals & duration of QRS
RR/QRS
0.26
0.24
= o 022
g =
= 3020
=
25
§ g 0.18
2 Zois
=
o 0.14
0.12
0.10
Before Balance task [ Balance task 11 Rest
Parts of expenments
RR/QRS
0.25
0.20
« 3 0.15
=
g s
£ E
20w
z 3
as
0.05
0.00
Belore Balanee lask 1 Rest Balance task 11
Parts of experiments
Naote. According the model of integral evaluation (Vainoras, 2002) RR - represents systemic latory resp QRS rep organ level

regulatory response.
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(fatigue) the increase of concatenation has changed
in an opposite direction. i.e. the decrease or loss of
these concatenations leads to inability to continue
exercising.

Results obtained during the study showed that
there was no drastic difference between the values
of registered ECG parameters while performing
both balance tests by standing on LIBRA balance
board. The values of RR intervals were 0.93 +
0.04 s — before exercising: 0.85 £ 0.03 s — during
the first and 069 = 0.02 s — during the second
excrcise tasks. In the Table these data presented as
HR values during various part of ¢cxperiment, The
results obtained during this study showed that even
low intensitv of exercising at constantly changing
conditions triggers some changes between
cardiovascular parameters.

Figurcs 1-3 present the data obtained during
data sequences analysis based on mathematical
method based on matrix theory. The increase of
concatenation between svstemic and organ level

commands while exercising presented in Figure
I (Dyyors was 0.24 £ 0.01 — before exercising and
Dygors was 0.14 £ 0.01 and 0.16 + 0.01 — during
the first and second balance tasks). There were
no significant changes in concatenation between
parameters  representing  peripheral  (organ)
regulatory commands and metabolic changes (the
initial values of Dyyq, was 0.28 + 0.01; during the
first balance task 0.27 £ 0.01 and 0.25 £ 0.01 — during
the second task). these data presented in Figure 2.
The concatenation between svstemic regulatory
commands and metabolic changes significantly
(p < .05) decreased, these data presented in Figure
3. We should point that the increase of complication
of the motor task lead to more expressed decrease
of this concatenation. i.e. Dy — 0. 13 £0.05 while
performing the first balance task and Dy, was 0.
16 £ 0.06 while performing the sccond balance
task, i.e. the squats were performed at constantly
changing conditions,

Figure 2. Concatenation bet-
ween ECG parameters QRS

QRSAT duration & JT interval
03s
030
s
g 5 025
= 3
2 2o
gk
& 5 0is
s 2
S =00
@]
0.05
0.00
Before Balance task 1 Rest Balance task 11 Rest
Parts of experiments
QRS/IT
0.120
0.100
g % 0.080
£ s
g = 0060
Z 3
AT 0040
0.020
Note, According the model of
0.000 integral evaluation (Vainoras,
Before  Balance lask I Rest Balance task I Rest 2002) QRS - organ level
. regulatory response; I
Parts of experiments represents  candiae  metabolic
response.
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Figure 3, Concatenation between
ECG  parameters RR & JT
intervals

(.20

e
=

=

discriminant
= =1
= -

Concatenation,

e
=

L

Before

e
=
=

0.140
0.120
0.100
0.080
0.080

Dispersion
discriminant

0.040
0.020

Note, According the model of
integral  evaluation  (Vainoras,
2002) RR — represents systemic
regulatory response; JT represents
cardiac metabolic response.

0.000

DISCUSSION

The task to keep balance while standing on
balance board can be described as movement a
variation that is closely to DT tasks. The second
task, i.e. to perform the squats during the balance
test while cach next squat should be performed at
constantly changing conditions, what means this
situation was more complicated. more unexpected
and both balance tasks laid in line with the
requirements of the DT methodology.

Results obtained during the study showed
that there were no drastic differences between
the values of registered ECG parameters while
performing both balance tests by standing on
LIBRA balance board. The significant difference
in the tvpe of change of concatenation between
registered ECG indices was distinguished. The

RRAT

Balance task | Hest Balance task 11 Rest

Part of experiments

RR/AJT

Belore

Rest Balance tusk 11
Parts of experiments

Balance task 1 Rest

concatenation between analysed ECG parameters
increased or there was no significant change
while performing the balance task by standing
on LIBRA balance board only. The decrease of
concatenation was observed during the second
task while the participants performed the squats
standing on the balance board. This type of change
in concatenation was found during the analysis of
all ECG parameters, i.¢. between duration of RR
intervals and QRS; between JT and RR intervals
and between QRS and JT intervals.

A dvnamical concatenation shows the
interactions of components and changes of their
interconnections (Bikuléiené, Navickas, Vainoras,
Poderys, & Ruscckas, 2009; Poderys et al,, 2015).
According the model of integral evaluation
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(Vainoras, 2002) dynamical concatenation Dy,
ors describes intersystemic concatenation between
two fractal levels. i.e. the link between responses
of systemic and organ levels: Dy, describes
relationship between regulatory and supplying
systems (metabolic response) and Dy describes
relationship  between organ  level regulatory
responsc and cardiac metabolic response (Vainoras,
2002; Telataviciene, 2014).

Internal body changes occurred during
exercising is a trigger for long-term adaptation.
Mobilization of cardiovascular system during
exercise tasks is warranted that the body meets
the demands of exercising muscles. Aside from
matching changes in ECG exercise also induces
preconditioning whereby the body is more resistant
even long after the exercise has ceased. So the
physiological changes occurred during exercising
are 1mportant trigger activating the long-term
adaptation processes taking place in the body
during the recovery process. All physiological
systems undergo specific adaptations that increase
the body’s efficiency and capacity. The magnitude
of these changes depends largely not only on the
intensity and duration of the training sessions but
on the content, i.c. on the tvpe of motor tasks, as
well,

A lot of evidence showing that DT is more
effective than TT may be is that in repetitive
training the training processes are stimulated less
than in DL (Henz & Schéllhorn. 2016). One line

of argumentation might be that due to repetitive
movement performance habituation processes of
the cognitive and motor system are to be postulated
(Henz & Schollhorn.  2016). However. the
underlving mechanisms are not fully understood,
and there is currently much focus on detailing such
pathways (Bostrom ct al., 2013).

In contrast, in repetition based motor learning
movements are performed with a large number
of repetitions without voluntary variations until
a predefined 1deal state of movement is reached.
The system dynamic approach states that
living syvstems show fluctuations continuously
and an increase of fluctuations before a phase
transition has the purpose to find a new and
more effective mode. Within the DT approach,
fluctuations during the motor learning process
arc a fundamental basis for improvement (Henz
& Schéllhorn, 2016).

CONCLUSION

Differential  training tasks trigger the
decrease of concatenation between cardiovascular
parameters, that allows to discuss about the
hypathesis that decrease of concatenation between
systemic regulatory  commands and cardiac
metabolic changes could be one of possible chain
activating and enhancing the efficiency of long-
term adaptation at conditions of differential
training.
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Iivada:

Kauno regioninio biomedicininiy tyrimy etikos komiteto posédZio, jvykusio 2015 m. vasario 5 d.
(protokolo Nr. BE10-2) sprendimu pritarta biomedicininio tyrimo vykdymui.

Mokslinio eksperimento vykdytojai j |sipmngc_}a (1) nedelsiant informuoti Kauno Regioninj biomedicininiy Tyrimy Etikos |

komiteta apie visus ytus atvejus, susijusius su studijos vykdymu, (2) iki sausm 15 dienos — pateikti metinj studijos
vykdymo apibendrinimg bei, (3) per ménesj po studijos uZbaigimo, pateikti galutinj pr img apie cksperimenta.
Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai ‘
Nr. Vardas, Pavardé Veiklos sritis Dalyvavo posédyje |
1. Prof. Romaldas Matiulaitis Kliniking farmakologija laip : |
2. Prof. Edgaras StankeviZius Fiziologija, farmakologija taip |
3. Doc. Eimantas Peitius Filosofija laip |
4. Dr. Ramuné Kasperavitiené Kalbotyra ne |
5: Med. dr. Jonas Andriudkevitius Chirurgija taip
6. Agné Krufinskaite Teisé taip
1. Prof. Skaidrius Miliauskas Pulmenologija, vidaus liges taip
8. Med. dr. Rokas Bagdonas Chirurgija ne
9. Eglé Vaitgeliend Visuomenés sveikata taip ]
Kauno regioninis biomedicininiy tyrimy etikos komi dirba vadovaudamasis etikos principais nustatytais biomedicininiy i

tyrimy Etikos jstatyme, Helsinkio deklaracijoje, vaisty tyringjimo Geros klinikinés prakiikos taisyklémis.

Pirmininkas Prof. Romaldas Matiulaitis
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Valstvbing duomeny apsaugos inspekcija, iSnagringjusi Lietuvos sveikatos moksiy universiteto
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2017-04-06 reg. Nr. 1R-2605) dél asmens duomeny tvarkymao mokslinio medicininio tyrimo tikslu,

nustate,

kad Pranesime ir jo patikslinimuose nurodyti asmens duomeny tvarkymo veiksmai atitinka Lietuvos
Respublikos asmens duomeny teisings apsaugos jstatyme nustatytus asmens duomeny tvarkymo ir duomeny
subjekty teisiy jgyvendinimo reikalavimus bei numatytos tinkamos organizacings ir techninés duomeny
salgume priemones.

Valstybiné duomeny apsaugos inspekeija, vadovaudamasi Lietuvos Respublikos asmens duomeny
teisinés apsaugos jstatymo 33 straipsniu, Valstybinés duomeny apsaugos inspekeijos direktoriaus
2016 m. birZelio 22 d. jsakymu Nr. IT-23 patvirtinty [Bankstinés patikros atlikimo taisykliu 12 ir 19.2
punktais,

nusprendzia

Lietuvos sveikatos moksly universitetui iSduoti leidima atlikti Pranedime ir jo patikslinimuose nurodyty
asmens duomeny apie sveikata tvarkyme mokslinio medicininio tyrimo ,,Ivairaus kryptingumo fiziniy
pratyby poveikio, grindZiamo diferencinio mokymo metodika, jtaka Sirdies ir Kraujagysliy sistemai*
tikslu veiksmus.

4
Direktoriaus pavaduotoji
atliekanti direklorizus fy

PLEeTuval

D. Almanieng, tel. (8 53219 7277, el. p. dovile.almanienc@ada.lt

BiudZeting jstaiga Tu!:fsxi.)?'m 1443 Duorenys kaupiami ir saugomi
A, Juozapavidiaus 2. 6 Faks. (8 5} 261 9494 Juridiniy asmeny registre
LT-09310 Vilnius El p. adai@ada.lt Kodas 1BRB6OTH12
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PADEKA

Rengiant mokslinj darba, labai riipestingai man vadovavo disertacinio
darbo vadovas, prof. habil. dr. Jonas Poderys, pasizymintis iSskirtiniais
gebéjimais, profesiniu pasiSventimu, visada jautrus, démesingas. Jis rodé
mokslo kelig, tikéjo mano nusiteikimu ir kryptingumu. IS visos Sirdies déko-
ju Profesoriui linkédamas jam naujy mokslo pasiekimy, ryskios dabarties ir
veiklaus, darbStaus rytojaus. Dékoju Profesoriaus vadovaujamai LSU Sporto
mokslo ir inovacijy instituto Kineziologijos laboratorijos kolektyvui uz gali-
mybe atlikti mokslinius tyrimus.

Nuosirdziausiai dékoju konsultantui, prof. habil. dr. Alfonsui Vainorui
uz supazindinimg su mokslo pasauliu, uz nuosirduma, vertingas mokslines
id¢jas, uz nuolatinj palaikyma, kritines pastabas, mokslines diskusijas,
gyvenimiSkus patarimus.

Ypatingg padéeka skiriu Sporto medicinos klinikos kolektyvui uz §ilta
ir nuoSirdy palaikyma, geranoriSkumg, démesingumg, vertingus patarimus
bei suteiktas galimybes tobuléti.

Lieku dékingas konsultantui Prof. dr. Wolfgang Immanuel Shollhorn
uz diskusijas ir patarimus diferencinio mokymo metodo klausimais.

Dékoju recenzentui prof. dr. Raimondui Kubiliui uz naudingus pata-
rimus ir pastabas, kurios buvo labai naudingos tobulinant disertacinj darbg.

Nuosirdziausiai dékoju Zzmonai Dovilei ir siinui Matui uz didele kantry-
be, supratinguma, palaikyma ir tikéjima.
ir tikéjimg manimi.
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