PE3IOME
Ha aucepranus ,,PEOJIOT'MYHU U EJJEKTPUYHU CBOMICTBA HA
KPbB U TAXHOTO MOJAEJIUPAHE*
asTop UBan Mup4yeB BanoB

OcHoBHara 1eJ1 Ha UCePTALMATA € U3CIIEIBAHE HA PEOJIOTMYHUTE U €JIEKTPUUECKUTE
CBOMCTBa Ha KpbBTA MpPU PA3IUYHU YCIOBUS U PEKUMU Ha MOTOKa. ExcrepuMeHTanHo ca
U3CeABaHU PEOJIOTMYHUTE CBOMCTBA HA KPbBTA HA rpyla XpOHUYHU HAPKOMAaHU U Ha Pyl
MAUEHTH C MO3bUHO-CHI0Ba OOJIECT U pE3yNTaTUTE Ca CPABHEHH C KOHTPOJIHA rpyla 3ApaBu
UHAUBUIM. Pesynrarure, Moka3Baniy 3HAYUTEIHO YBEIUYCHUE Ha €(DEKTUBHUS BUCKO3UTET HA
KpbBTa, C€ MOTBBPKJABAT B TIpymHara ¢ MO3BbYHO-CHIOBa OO0JIECT M CE€ OTKPUBAT HOBU
eKCIIEpUMEHTAIHU IaHHH 32 3HAYUTEITHO YBEIUYCHHE Ha €(PEKTUBHHSI BUCKO3UTET HAa KPHBTA B
rpynara Ha XpOHHYHO ynoTpedsiBamuTe HapkoTuly. [logydenure pe3yntaTi XapakTepusupar
u3cieaABaHaTa rpyna XpoHM4HO yIoTpeOsBally HApKOTUIM C IOBUILIEHA arperanys 1 HamajieHa
neopMUPYEMOCT Ha KPHBHUTE KJIETKH.

Bb3 ocHOBa Ha moJlyueHUTE PE3yNTaTH C€ U3BBHPIIBA JAOI'BIHUTEIHA [JIAHUMETPUYHA
OLICHKA Ha arperaiusiTa Ha epUTPOLIMTUTE U CTETIEHTa Ha MPEHOC Ha KUCIOPOJ KbM ThKaHUTE.
OT nosyuyeHUTE peorpamMu ca CHUHTE3UPAHM XapaKTEpHU MapaMeTpy 3a HW3MEHEHHMETO Ha
HAMpeXKEHUETO Ha CpsA3BaHE C BPEMETO. YCTAHOBEHA € Ba)KHA KOpeNalusl Ha IMOJTYYCHHUTE
napaMeTpy ¢ JUHAMUYHHUS BUCKO3UTET Ha KPbBTA IIPU HUCKU CKOPOCTH Ha CpsI3BaHE, KAKTO U
C MHJIEKCa Ha arperaius Ha epuTPOLMTUTE, B3ET OT JIUTepaTypara, U rpaHullaTa Ha TEYSHUE To.

[Mpennoxkenn ca mMoauduUIMpaHW MOJAETH Ha Oa3zaTa Ha HEJIMHEWHATa TEOpUS Ha
Makcyen-I'ypeBuu-PabunoBuu. Te onmucBaT eKCHEpUMEHTATHUTE JAaHHU 32 3aBUCHMHUTE OT
BPEMETO PEOJIOTUYHU CBOICTBA HAa KPBbBTA B YCIOBUATA Ha IPABOBI'BICH PEKUM HA MPOMSIHA
Ha CKOpPOCTTa Ha cps3BaHe. MoauduIMpaHuTe MOJIENIN OMKMCBAT U PEOJIOTHYHUTE CBOMCTBA HA
KpbBTa B YCJIOBUATA HA MIOCTOSIHEH PEXXUM Ha OTOKA.

B nucepranusita ce uzcnenBa U K3MEHEHUETO Ha crienuuyHaTa eIeKTPOIIPOBOANMOCT
© Ha KpBbBTA IIPU Pa3JIMYHU YCIOBUSI U PEKUMU Ha TedeHne. OTKPUTUTE 3aBUCUMOCTH Ha G KaTo
(GyHKIMS Ha XeMaTOKPUTA U CKOPOCTTA Ha CpsA3BaHE MOTBBbPKIABAT HAIUYHUTE PE3YNITAaTH B
nuTepatypata. M3cnenBanero Ha mpoMsiHaTa Ha G ¢ BPEMETO MPU HETIPaBOBI'bJIHA IPOMSIHA B
CKOpOCTTa Ha CpsA3BaHe IMOKa3Ba, ue MPOMsIHaTa Ha G ClieiBa MOJAU(PHUKAIIMUTE BbB BbTPELIHATA
CTPYKTypa Ha Teyalara KpbB.

[TocturHat ca pe3yaTaTH 3a BIMSHHETO Ha EJIEKTPUYECKOTO TMOJE BBPXY
MPOIBJDKUTEIHOCTTA Ha Tpolieca Ha Koarynanus. Hanuunero Ha el1eKTpUUYecKo 1moje BOIH 10
3a0aBsiHe Ha KPbBOCHCHPBAHETO, KOETO CE OLICHSIBA Upe3 U3MEpBaHe Ha XapaKTepHU BpEMEHa,
OTNMCBAIY KHHETUKATa Ha Koaryiamusra.



Summary

Rheological and electrical properties of blood and their modelling
Author lvan Mirchev lvanov

The main purpose of the dissertation is to study the rheological and electrical blood
properties under different conditions and flow regimes. The rheological blood properties of a
group of chronic drug abusers and of groups of patients with cerebrovascular disease are studied
experimentally, and the results are compared to a control group of healthy subjects. The results
showing a considerable increase in the apparent viscosity of blood are confirmed in the group
with cerebrovascular disease, and new experimental data is found for a considerable increase
in the apparent viscosity of blood in the group of chronic drug abusers. The said obtained results
characterize the studied group of chronic drug abusers with increased aggregation and
decreased deformability of blood cells.

On the basis of the achieved result, it is performed an additional planimetric evaluation
of erythrocyte aggregation and the degree of oxygen transfer to tissues. Characteristic
parameters are worked out from the obtained rheograms for the change in shear stress with
time. An important correlation is found of the obtained parameters with the apparent dynamical
viscosity of blood at low shear rates, as well as with the Index of erythrocyte aggregation taken
from literature and the yield stress to.

Modified models are suggested on the basis of the non-linear theory of Maxwell-

Gurevich-Rabinovich. They describe experimental data for the time dependent rheological
properties of blood under the conditions of a rectangular regime of change in shear rate. The
modified models also describe the rheological blood properties under the conditions of steady
flow regime.
The dissertation also studies the change in the specific electrical conductivity ¢ of blood under
different conditions and flow regimes. The discovered dependencies of o as a function of
hematocrit and shear rate confirm available results in the literature. The study of the change of
o with time at non-rectangular change in shear rate shows that the change of o follows the
modifications in the internal structure in flowing blood.

Results are achieved for the impact of the electric field on the duration of coagulation
process. The presence of electric field leads to a delay in blood clotting, which is evaluated
through measurement of characteristic times describing the coagulation kinetics.



PE3IOME
Ha moHorpadwus ,,CITOPT 1 XEMOPEOJIOI 1A+
aBrop MBan Mupues I1BanoB

XemopeoJiorusTa € OT IbPBOCTENEHHO 3HaYeHUE 32 KPbBOCHAOASIBAHETO HA ThKAHUTE U
OpraHuTEe B OpraHM3Ma — B MOKOH M IO BpeMe€ Ha CIHOPTHH TPEHUPOBKU U (UINYECKU
yIpakKHEHUs.

B Hacrosuus Tpya € oTpa3eH CBETOBHUS ONMT 32 aHAJIU3 HA OCHOBHHU XEMOPEOJIOTHYHU
IIPOMEHHU B YOBELIKATa KPbB, KPbBHUTE KJIETKH U IJIa3MaTa B pe3yJTaT Ha yCuiIeHa pu3ndecka
aKTUBHOCT ((U3MYECKHM YHOPaXHEHUS — TP pa3iMyHa HMHTEH3MBHOCT, YECTOTAa,
IPOABIKUTETHOCT U PEKUMH Ha HATOBapBaHE).

Jlobpe wu3BecTeH € (akThT, 4Ye BIMSAHUETO HA (DU3HUECKUTE YIPAXKHEHUS BBPXY
3HaYUTeNEeH Opoil (PM3MOJIOIMYHM peaklUM Ha OpraHHW3Ma HE € IPOYYEHO M aHaJIM3UPAHO
JOCTaThYHO HAa HUBO KIJICTKH, ThKaHU M oprand. HemocpeacTBeHUAT (PU3UOJIOTHUEH OTTOBOP
Ha yMEpeHO (U3UYECKO HaTOBapBaHE M/MJIM HA MHTEH3UBHA (PU3MYECKA aKTUBHOCT 3aBUCH OT
TUTA, TPOIBIDKUTEIHOCTTA, WHTCH3UTETAa M LUKIMYHOCTTA Ha (DU3NYECKHUTE YIPaKHEHUS,
KaKTO M OT MH/AMBU/YaJIHUTE HUBA HA TPEHUPOBBUEH CTATYC HAa yYaCTHUIUTE.

Ha Ga3ata Ha WH3II0O)KEHUTE B HACTOSIIUS MOHOTpaduyYeH Tpyd pe3yaratu Osaxa
CHUHTE3UpaHu 000O0IIEHU U3BOIU U 3aKIIIOYEHUs, U30POEHU B CIIEBAILNTE OTAEIHU ab3allH.

KpbBTa kato ¢myna nokazsa HeHIOTOHOBO MOBEICHUE ITPH HIUCKH CKOPOCTH Ha TEUYCHUE,
a IOBEJCHMETO Ha KpbBHAaTa Iula3Ma € HIOTOHOBO IpM BCHYKHM CKOPOCTH Ha TEYEHHUE.
CrnenmoBarenHO KpbBTa € YHUKaleH OWOQIyna, KOHTO pearrpa IO pa3idyeH HAa4YMH B
3aBUCUMOCT OT pa3jIMYHUTE YCJIOBMsI Ha TeyeHue. HEeHIOTOHOBOTO MOBeAEHUE HAa KPBBTA €

CBBP3aHO C:
- OMOMEXaHUYHUTE CBOMCTBA HA YEPBEHUTE KPbBHU KIIETKU (€PUTPOLIUTHUTE);
- [pPOTHUYAILIUTE B KPbBTAa (PU3MOJOTHYHM MPOLECH — EpUTPOLUTHA arperagus u

Je3arperanusi, KieTbyHa aedopmanust 1 epUTPOLUTHA OPUEHTALMsI B KPbBOHOCHUTE
CBHJIOBE (CIIPSIMO I'€OMETPUATA Ha JIOKAJTHUS KPbBEH ITOTOK) U JP.;
- P€0JIOTUYHOTO MOBE/ICHNUE HAa KPBBTA, KOETO € TPOMEHJIMBO BbB BPEMETO (TUKCOTPOIHS);
- BUCKO30-€JIaCTUYHHUTE CBOMCTBA Ha KPBBTA U KPHBHUTE KIIETKU.

CropTsT U pU3NYECKOTO HATOBapBaHE MPEAU3BUKBAT PAa3IMUHU 110 XapaKTep U CTENEH
IPOMEHHU (IOJIOKHUTEIHU WIM OTPULIATETIHH, CHUJIHU, cllabu, yMEpeHU) B OMOMEXaHUYHUTE U
(bayuaHUTE CBOMCTBA HA KPBBTA U KPHBHUTE KIIETKU:

- €PUTPOLIUTHA 1e(hOPMUPYEMOCT U arperars;

- IpOMsIHAa B KOHIIEHTpAIUsiTa Ha OCHOBHHU IUIa3MEHM KOMIIOHEHTH — (PUOpUHOreEH,

aIOYMUHH, TTI00YJIMHU, TECTOCTEPOH U JIp.;

- IPOMEHU B KPBBHHUS IMOTOK (Upe3 ChAOpa3LIMpsBaHE W TMPOMsSHA Ha LSJIOCTHUS

BHUCKO3UTET Ha KPHBTA);

- I3MEHEHHUs B KpbBHUS 00€eM;

- IPOMEHU B €HJO0TEJIHUTE KJIETKU Ha ChAOBUTE CTECHH;

- IPOMEHHU B KPBBHOTO HAJISATAHE;

- IPOMEHU B PE3yATaT OT ThKaHHA XUIIOKCHS;

- B3aUMO/JICHCTBAIIN CH, PA3JINYHU 10 XapaKTep XeMOPEOJIOrHUYHN TPOMEHHU.

B cpBpemeHHaTa Hay4Ha JIMTEpAaTypa CBIIECTBYBAT JAaHHU 3a JOKA3aHO BIMSIHHE Ha
perynspHuTe GU3NYECKU YIPa)KHEHUS BbPXY OCHOBHU XE€MAaTOJIOTUYHHU, XEMaTOMETPUUHU U
XEMOPEOJIOTUYHYU UHAEKCH (TTapaMeTpu) Ha EPUTPOLIUTUTE, BbPXY BUCKO3UTETA HA ISNIOCTHATA
kpbB (WBV) u xpbBHaTa mnazma (PV), BbpXy OCHOBHU OMOXMMHMYHU TJIa3MEHU KOMITOHEHTH,
BBPXY KPBBHOTO HaJIsITaHE, BbPXY MOP(OIOrHYHH U PYHKIIMOHATHU TPOMEHH Ha €HAO0TEITHUTE
KJIETKU B Ch/IOBUTE CTEHHU U JP.



[IpoyueHuTe W OMHMCaHU OPUTHHAIIHA MOJETH Ha XEMOPEOJIOTUYHHU MPOMEHH, KAKTO H
MOJIyYEHUTE OT HAC EKCHEPHUMEHTAJIHM pe3yJNTaTH MoraT Ja JONpHHEcaT 3a MO-YCIEIIHa
ajanTanysg Ha TPEHHUPOBBYHUTE MPOrpaMH — C LeN NoJoO0psBaHE 3ApaBHHs CTaTyC Ha
YYaCTHUIUTE U 32 ONTUMU3HpaHE CIOPTHATa opMa Ha ETUTHUTE CIIOPTUCTH, IPAKTUKYBAIIU
CIIOPT KaKTO B TPYIH, TaKa U UHINBUIYATHO.

PerymnspHoTo (hu3nuecko HaTOBapBaHE OKa3Ba MPOTHUBOBB3NAINUTENCH €(DEeKT upes:

- peayuupaHe Ha BUCLIEpajHaTa MacTHA ThKaH;

- ocBoOOk1aBaHe Ha [L-6 (Hamp. mpu MycKyJTHA KOHTPAKIIKsA);

- MIOBUIIIABaHE HUBATA HA IUPKYJIUPAIIUS KOPTU3O0J U aIpCHAIIHH.

HarpueBust Hutput (NaNO2, u3zBecTteH kato KoHcepBaHT E250) m muHKbT (Zn) ca
JIOKa3aHU MOAYJIATOpM Ha OWOMEXaHWYHUTE CBOMCTBA Ha KPbBTA, MOBIHSIBAUKHU
XEMOPEOJIOTHYHUTE U CBOMCTBA.

®u3nyuecK HATOBApBaHUS C PA3IMUYHU YECTOTA, UHTEH3UBHOCT M MPOJIBIKUTEIHOCT
MIPeIM3BUKBAT Pa3INueH XEMOPEOJIOTHYEH (CTPOro MHIUBUAYAICH) OTTOBOP MPU COPTUCTHUTE.

[Ipodecnonanna 3amaya Ha BCEKW aTieT € Ja NMOCTHUTHE ONTHMalHa CropTHa (opma.
Bcesika ciopTHa akTHBHOCT Ce€ XapakTepu3upa ChC creuu(puuHu U3MCKBAHMSI, CIIa3BAHETO Ha
KOUTO C€ OTpa3siBa U MaHU(]ecTHpa B JIMYHATA XapAaKTEPUCTUKA HA CIIOPTUCTUTE (T€HETUYHA,
¢dbusnonoruuna, MoppoIornyHa, KOTHUTUBHA, TICUXOJIOTMYHA U JIpyrH). MoTUBalusATa Urpae
OCHOBHA POJISI IPU CIIOPTHUTE TPEHUPOBKH, CHCTE3AHUS U MPOIYKTUBHOCT.

JlokazaHO € M 3HAUYEHHUETO Ha KOHTPOJIa BBPXY XEMOPEOJOTHYHHUTE MOKA3aTeNId KaTo
MOJIXOMASAII METOJ] 32 MOHUTOpPHpaHE Ha e€(PUKACHOCTTA Ha aJanTalusaTa Ha OpraHu3Ma KbM
TPEHUPOBBUHHUS MPOLIEC — C IIeJT Ja C€ TIOCTUTHE WHIUBUyaTHa ONTHMAalIHA CIIOPTHA opma.

EdexTsbT Ha ,,perynspHara, yMepeHa 1 MpaBUIHO JT03UpaHa (u3ndecka akTHBHOCT  TIO
BpEME Ha TPEHUPOBKA € CHILI0 CTPOro HHAMBHUAYalleH. To3u dakT npeanonara aa ce moaxoxia
KbM TPEHUPOBBUHHUS PEKUM Ha BCEKH €JIUTEH CIIOPTUCT CTPOTO HMHAMBHAYATHO, KaToO CE€
MPAKTUKYBAT crienu(UYHU 3a MOATrOTOBKAaTa My, A00pe moadpanu, 6amaHcupaHu pU3NYECKU
yrnpaxHeHus. TakbB MPaBUJICH MOIX0] KbM TPEHUPOBBYHHS PEKUM Ha ChOTBETHHUS aTJICT I
CIIOMOTHE J1a C€ ITOCTUTHE T.HApP. ChCTOSIHKME Ha xeMopeosiornden ¢putHec (Szanto et al., 2021;
Nemeth et al., 2021). OcHoBHUTE, HO HE W BCHYKH IOKa3aTeJIM 3a IMOCTUTAHE Ha TOBA
KOM(MOPTHO (PHU3UOIOTUYHO CHCTOSHUE HA OpraHW3Ma ca: TMOHWKEH KPBhBEH M IUIa3MeH
Buckosurer (WBV, PV), xematoxpur (Hct) u epurpountHa arperabuiHOCT, IpU MOBHILEH
nedopMabHIUTET Ha YepBEeHUTE KPbBHU KieTkH (Szanto et al., 2021; Nemeth et al., 2021). B
Ta3u BpPbH3Ka IIe MoUepTaeM, ue J0KaTO ISITOCTHUAT KpbhBeH Bucko3uteT (WBV) ce onpenens
MpeIuMHO OT Oposi, nedhopMaOMIHOCTTa W CTENEHTa Ha arperanus Ha epUTPOIUTHTE, TO
mazMeHusT Bucko3uteT (PV) 3aBucu mpenumMHO OT OMOXMMHUYHHM (PaKkTOpU: HaJIW4YHE Ha
(UOpUHOTEH U APYTH MJIA3MEHU MPOTEMHU M MAaKPOMOJIEKYIH, J0Ope M3BECTHU B PyTUHHATA
KJIMHWYHA JJabopaTOpHA MPaKTHUKa.

HeoOxonumu ca 3aabiiboueHu OBACIIN HM3CIEABAHUS 32 U3SICHSABAHE Ha KIIEThYHUS,
THKAHHUS W MOJICKYJICH MEXaHHU3bM Ha XEMOPCOJIOTHYHHTE MPOMEHU B KPBHBTA, KPHBHHUTE
KIEeTKHU, KpbBHaTa Iuia3Ma. OT CHIIECTBEHO 3HAYEHHE € IMPOYYBAHETO HA CHAOBUTE
XapaKTePUCTHKU W OMOMEXaHWIHHUTE CBOWCTBA HA KPBBTA MPHU (PU3NUYSCKU HATOBAPBAHUS C
pa3IMYHA PEKMMU U TPOMEHIIMBM MapameTpu. HyxkHO € Ja ce OleHM TOYHO KOH ca
OrMoMexaHnuHUTe (DAKTOpPH, MPEAM3BUKBAIIN XEMOPEOJOTHYHUTE MPOMEHU TPH (HU3HUIECKO
HATOBapBaHe, OTYHTAWKN WHIUBUIYyalTHHs, TMpodecroHaleH, OWOJIOTHMYEH U MEXaHHYeH
podut Ha BCEKU CIIOPTHUCT.



SUMMARY
of monograph "SPORT AND CHEMOREOLOGY™"
author Ivan Mirchev Ivanov

Hemorheology is of primary importance for the blood supply to tissues and organs in
the body at rest and during sports training and physical exercises. The present work reflects the
world experience in the analysis of basic hemorheological changes in human blood, blood cells
and plasma as a result of intense physical activity (physical exercises - at different intensity,
frequency, duration and load regimes).

It is a well-known fact that the influence of physical exercises on a significant number
of physiological reactions of the body has not been sufficiently studied and analyzed at the level
of cells, tissues and organs. The immediate physiological response to moderate physical
exertion and/or intense physical activity depends on the type, duration, intensity and cyclicity
of physical exercise, as well as on the individual levels of training status of the participants.
On the basis of the results presented in this monographic work, summarized conclusions and
conclusions were synthesized, listed in the following separate paragraphs.

Blood as a fluid exhibits non-Newtonian behavior at low flow velocities, while blood
plasma behaves Newtonian at all flow velocities. Therefore, blood is a unique biofluid that
reacts differently to different flow conditions. The non-Newtonian behavior of blood is related
to:

- the biomechanical properties of red blood cells (erythrocytes);

- the physiological processes taking place in the blood — erythrocyte aggregation and
disaggregation, cell deformation and erythrocyte orientation in the blood vessels (relative to the
geometry of the local blood flow), etc.;

- the rheological behavior of blood, which is variable over time (thixotropy);

- the visco-elastic properties of blood and blood cells.

Sports and physical exertion cause changes of different nature and degree (positive or negative,
strong, weak, moderate) in the biomechanical and fluid properties of blood and blood cells:

- erythrocyte deformability and aggregation;

- change in the concentration of basic plasma components - fibrinogen, albumins, globulins,
testosterone, etc.;

- changes in blood flow (through vasodilatation and change in overall blood viscosity);

- changes in blood volume;

- changes in the endothelial cells of the vascular walls;

- changes in blood pressure;

- changes as a result of tissue hypoxia;

- interacting, different in nature hemorheological changes.

In the modern scientific literature, there are data on the proven influence of regular

physical exercises on basic hematological, hematometric and hemorheological indices
(parameters) of erythrocytes, on whole blood viscosity (WBV) and blood plasma (PV), on basic
biochemical plasma components, on blood pressure, on morphological and functional changes
of endothelial cells in vascular walls, etc.
The studied and described original models of hemorheological changes, as well as the
experimental results obtained by us, can contribute to a more successful adaptation of training
programs - with the aim of improving the health status of the participants and optimizing the
sports form of elite athletes practicing sports both in groups, and individually.

Regular exercise has an anti-inflammatory effect through:

- reduction of visceral fat tissue;
- release of IL-6 (e.g. during muscle contraction);
- increase in circulating cortisol and adrenaline levels.



Sodium nitrite (NaNO», known as preservative E250) and zinc (Zn) are proven
modulators of the biomechanical properties of blood, influencing its hemorheological
properties.

Physical loads of different frequency, intensity and duration cause a different hemorheological
(strictly individual) response in athletes.

The professional task of every athlete is to achieve optimal sports form. Each sports activity is
characterized by specific requirements, compliance with which is reflected and manifested in
the personal characteristics of athletes (genetic, physiological, morphological, cognitive,
psychological and others). Motivation plays a major role in sports training, competition and
productivity. The importance of controlling hemorheological indicators as a suitable method
for monitoring the efficiency of the body's adaptation to the training process has been proven -
with the aim of achieving an individual optimal sports form.

The effect of "regular, moderate and correctly dosed physical activity" during training
is also strictly individual. This fact suggests approaching the training regimen of each elite
athlete strictly individually, practicing well-chosen, balanced physical exercises specific to his
preparation. Such a correct approach to the training regime of the respective athlete will help to
achieve the so-called a state of hemorheological fitness (Szanto et al., 2021; Nemeth et al.,
2021). The main, but not all, indicators for achieving this comfortable physiological state of the
body are: reduced blood and plasma viscosity (WBV, PV), hematocrit (Hct) and erythrocyte
aggregability, with increased deformability of red blood cells (Szanto et al., 2021; Nemeth et
al., 2021). In this regard, we will emphasize that while whole blood viscosity (WBV) is
primarily determined by the number, deformability and degree of aggregation of erythrocytes,
plasma viscosity (PV) depends primarily on biochemical factors: presence of fibrinogen and
other plasma proteins and macromolecules, well known in routine clinical laboratory practice.
Extensive future research is needed to elucidate the cellular, tissue and molecular mechanism
of hemorheological changes in blood, blood cells, blood plasma. It is essential to study the
vascular characteristics and biomechanical properties of blood under physical loads with
different modes and variable parameters. It is necessary to assess exactly which are the
biomechanical factors causing hemorheological changes during physical exertion, taking into
account the individual, professional, biological and mechanical profile of each athlete.



