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KIMHNUYECKASA ®U3NOJIO0I'USA KPOBOOBPAILLIEHUA

Cucrema KpoBOOOpallleHHs] - 3aMKHyTas TUAPOAMHAMHYECKas CHCTEMA,
3aI0JIHEHHAs. HEOJAHOPOAHOW JKUJIKOCTBIO M NPUBOAMMAs B JECHCTBHE HACOCOM —

CEpIALIEM.
OCHOBHBIMU 337]auaMi KPOBOOOPAIIICHUS SBIISIOTCS:

1. I[OCTaBKa TKaHAM: KHCJIOPOJda, IINTATCIbHBIX BCUICCTB U COJICﬁ, TOPMOHOB
U JPYI'uX aKTHUBHBIX BCHICCTB,

2. YpaneHue W3 TKaHEH: YIJIEKUCIOTHI M MPOUYUX KOHEYHBIX IMPOJTYKTOB
MeTaboIn3Ma;

3. Yyacrtue B TeILUI00TIAUE.
OYHKIIMOHAIBHBIE OTJEIbI CEPJIEUHO-COCYTUCTOU CUCTEMBI

B ¢yskmmonanbHoi kiaccudukanuu msenackoro ¢usuonora b. donkosa
(1976 r.) nOpeaycCMOTpeHO JeJeHHE CHUCTEMbl  KpOBOOOpalleHHsS  Ha
«TOCIIEIOBATEIIBHO COSIMHEHHBIC 3BEHbS UJIH JIEMEHTBI»:

1. Cepoye — Hacoc, puTMUYECKH BBIOPACHIBAIOITUI KPOBB B COCY/IBI.

2. ¥Ynpyeo-pacmsoicumsie cocyovl, KOTOpbIE MPEBpAIlAIOT TEPUOTUYHBINA
BBIOPOC KpOBHM U3 Cep/illa B PaBHOMEPHBIA KPOBOTOK (aopTa C €€ OTJAeNIaMH,
JIETOYHAs apTEPHUsl).

3. Pesucmuervle cocyout (COCYbI COMPOTHBIICHHS) — TMPEKAMHUIAPHBIN (B
OCHOBHOM apTEpHUOJIbl) U MOCTKAMWUIIPHBINA OTAENbI (BEHYJbI), KOTOPbIE BMECTE
CO3/1a0T 00111ee COMPOTUBIIEHHE KPOBOTOKY B COCY/Iax OPTaHOB.

4. Ilpexanunnapuvie  cuukmepsvt —  CHEUMATU3UPOBAHHBIM  OTIEN
MEJIPYANIINX apTEPUAIBHBIX COCYIOB, COKPAIIEHUE TJIaJKOMBIIIECYHBIX KIETOK
TUX CUHKTEPOB MOXKET MPUBOAUTH K MEPEKPBHITUIO MPOCBETA MEIKUX COCYJIOB.
OTH cocyibl pEryIupyrOT 00bEM KPOBOTOKA B KAMMIUISIPHOM pyclI€.

5. ObmenHvie cocyObl, NI UICTUHHBIE KANWJUISIPHI, I71€ KPOBb KOHTAKTUPYET
C TKaHbIO Ojarogaps OTPOMHBIM TOBEPXHOCTSIM KalWJUIAPHOTO JIOXKaA. 37ECh
peanu3yercss OCHOBHas (YHKLHUS CEpJEYHO-COCYAUCTOW CUCTEMbI — OOMEH
MEX1y KPOBBIO U TKAHSIMHU.

6. [llynmupyrowue cocyowi (QpTEepHOBEHO3HBIC aHACTOMO3bI), HAIHYHUC
KOTOPBIX JIOKa3aHO HE JUTSl BCEX TKaHEH.

7. Emxocmubie cocyobl, B KOTOPBIX H3MEHEHHUS IIPOCBETA, JaXKe CTOJb
HeOOJbIIe, 4YTO HE OKa3blBAlOT CYIIECTBEHHOTO BIMSHHS Ha oOmiee



COIIPOTUBJICHUC, BBISBIBAIOT BbIPAKCHHBIC M3MCHCHUA PACHPCACIICHUS KPOBU U
BCJIMYMHBI ITPUTOKA €€ K CCPALY - BEHO3HBIN OTACI CUCTCMBI.

Cucrema KpoBoOOpalleHHsT MOKET OBITh YCIOBHO pas3felieHa Ha Pl
COCTaBHBIX dYacTed. DOyHKIHMOHAJIBHBIE OTIAEIBI CHUCTEMBI KPOBOOOpPAIICHHS
KJIACCUPUITUPYIOTCS CIEAYIOIUM 00pa3oM:

1. MakpomupKyasus:
- CEpACYHBIN HACOC;
- cocy bl —Oydeps (apTepun);
-COCYJIbl — EMKOCTH (BEHBI).

2. MuxkpouupKyiasuus:
- COCY/Ibl CONIPOTHUBIICHUS WIIM paclpeesieHus (apTEpUOIIbl U BEHYIIbI);
- coCyJibl oOOMeHa (KaruJuisipbl);
- COCYJIBI IITYHTHI (apTEPUOBEHO3HBIC AaHACTAMO3BI).
1. KpoBb: 00beM 1 peosiorust

KpoBp — xkuakas cpena, HE TOJBKO TPAHCHOPTHUPYIOIIAsl B OpraHu3Me
JbIXaTeNIbHbIE Ta3bl, YHEPreTUUECKUE, IIJIACTUYECKUE U PETYISATOPHBIE CyOCTpaThl,
HO U BBINOJHAIOMAS (PYHKIUU TEIUIOHOCUTEN MEXAY SApPOM Tela U €ro
o0onoukoil. bynyun cycneH3ued KIETOK, OHa SBJISETCS T.H. TUIHUYHOU
HEHBIOTOHOBCKOW  JKMAKOCTBIO,  BSI3KOCTH ~ KOTOPOM  HPSIMO  3aBUCHUT
OT NPUJIOKEHHOTO HANpsDKeHWs cABUra. [IpUMEHHUTENbHO K reéMOJIMHAMHKE
[JIABHBIMM XapaKTEPUCTUKAMHU KPOBHU SIBIIIIOTCS €€ aKTHBHBIM 00BeM (00beM
uupKynupytoneii kposu, cokp. OLIK) u peosnornueckue, T.e. BSI3KO-TEKyuue
cBoiicTBa. IIpy HOpManbHBIX 3HAYEHHUSAX CKOPOCTH KPOBOTOKAa COOTHOLIEHHE
00BEMOB MJIa3Mbl U (POPMEHHBIX 3JIEMEHTOB B COAECPKUMOM COCYJa 3aJ1aeTCsl €ro
nuametpoMm. ClieZ1oBaTeIbHO, TEMATOKPUT CUCTEMBI COCYIOB OyNIET 3aBUCETh yiKe
OT CTPOEHMSI 3TOr0 COCYAMCTOrO pycia— JUIMHBI W YAEJIBHOTO BEca COCYIOB
pa3iaMyHOro AuaMerpa. IJTOoT (aKT HarasAHO MOATBEPXKIACT pPa3HHUIA MEXIY
«CHCTEMHBIM» T'€MAaTOKPUTOM OTHOCUTEIBHO KPYIHBIX COCYJOB, COCTaBIIIOLINM
B HopMe 0,4-0,5 (40— 50%), u reMaTokpuTOoM (HYHKIIMOHHPYIOIIETO KalMLIsapa,
paBHbIM Beero Juib 0,06-0,1 (6-10%).

2. Cocynucroe pyciio

CocrosiHue COCyIOB M, B YAaCTHOCTH, CHCTEMHBIA COCYIUCTBIM TOHYC,
WHTEPECYIOT Hac B IByX acmnekrax. C oJHOW CTOpPOHBI, MPEUMYIIECTBEHHO
HEHPOTEHHBIN TOHYC BEHYJ M MEIKUX BEH (OPMHPYET Ty CaMyK COCYIUCTYIO
E€MKOCTh, KOTOpasi B HopMe coaepkut 10 /5-80% OILIK u mo3Bonser dhusnonoram
Ha3bIBaTh BEHBI OOJIBIIOTO Kpyra BMECTE C MajbiM KPYToM KPOBOOOpaIeHus
CHUCTEMOM BBICOKOTO 00BbeMa U HU3KOTO JnaBiieHus. C apyroil CTOPOHBI, TOHYC
apTepyoJ, 3aBHCIIIMA B OOJIBIICH CTEIICHH OT JIOKAJIBHBIX METa00JIMYECKUX
BIIUSTHUM, OTIPEEIAET BETMUUHY CUCTEMHOTO COCYIUCTOTO COITPOTHRIICHHS.



3. Cepaeunslii BEIOPOC U OTIPEACTISAIONINE €T0 (PaKTOPHI

Munytabiii 00beM kpoBooOpamienuss (MOK, munHyTHBIE 00BEM cepala,
MPOU3BOJIUTEIIBHOCTh CEPAIA, CEPIACUYHBIM BBHIOPOC — TEPMUHBI PABHO3HAYHBI)
dbopmupyeTcsi Kak cymMmMa ymapHeix 00bemMoB kpoBu (YOK, pa3oBbIx
MPOU3BOJIUTEIIBHOCTEN cep/a) 3a MuHYTy. Takum oOpazom, CB sBisiercs
MPOU3BOJHBIM YyJIApHOTO 00beMa U 4YacToThl cepaeuHbix cokpamienuit (YCC).
Enununeit uamepenns CB sBisieTcs 1/MUH.

VYnapubiii 00beM KpOBH, B CBOIO OYEpPEIb, OMNPEACIACTCS, Pa3HOCTHIO
($a30BBIX O00BEMOB JKETYIOYKOB B KOHIIE JMACTOIBI (KOHEYHO-TUOCTOIUICCKUN
o0wveM, K/1O) u xoHIle cucTombl (KoHeuHO-cucTtonnueckuit oorem, KCO).

Hopwmainbnbie Benmmuuabl MOK coctaBisitor 4 — 6 1. UToOBI HUBETUPOBATH
BJIIMSHUE Pa3MEpOB Tejla M CJCNaTh MoKaszareib Oojiee cpaBHUMBIM, A. Grollman
npeioxkun  cepaeunblid uHiuekc (CHU) — orhomenne MOK k moomanu
IOBEPXHOCTH Tela (B HopMe 2.8+4,2 1/M° /MuH).

Koneuno-guacronmyeckuit  oovem  (KJIO)  mpencraBmsier  coOoi
MOCJeA0BaTEIbHBIN pe3yNbTaT (a) BIMBAHUS KPOBHU MOJA JEHCTBUEM aBJICHUS
3amoJIHeHUST (LIEHTPAJIbHOE BEHO3HOE JaBJICHWE JUIsl MPaBOro, JaBJICHUE B
JIETOYHBIX BEHaX JJIS JICBOTO CEP/Illa) B KEITYT0UYEK C 3aIaHHOU PACTIKUMOCTBIO U
0) akTuBHOM "mo3apsAnku" KelyJdouka CUCTOJNION mpencepaus. J[unacronunueckas
PaCTSHKUMOCTB JKEIIyJ0YKa 3aBUCUT OT €r0 NaCCUBHON MEXAHUYECKOM ’KECTKOCTH;
CYIIIECTBYET TEPMHUH KOMIUTIAMEHC (ITOAATIMBOCTh — aHTIJI.) KEITyJ0uKa.

JlaBieHue 3amoIHCHHS JKETyI0YKa XapaKTepu3yeT BEHO3HBIH BO3Bpar. B
CTPOTOM CMBICJIE TIOCICIHUN TOKa3aTellb MMEET Pa3MEPHOCTh IMOTOKA W JUIs
MPaBOTO KEIyJOo4YKa 3aBHCHT OT: a) COOTHOIIEHUS O0beMa LUPKYIUPYIOIEH
KPOBU M TOHYCa BEHO3HOTO (€MKOCTHOTO) OTJieJia COCYIUCTOTO pyclia, B HOpME
conepxkariero 60-80% OLIK, 6) rpaguenTa gaBiaeHU Mexay nepudepudecKuMu
BCHAMH M TIPaBbIM MPEACEPAUEM M B) BEIUYUHBI KOHEUHO-CHUCTOJIUYECKOTO
ooweMma (KCO), mpu KOTOpOoM HaUMHAETCS AUACTOIA.

ITpu pactymem KO u pacTAruBaronieMcsi MbIIIEYUHOM BOJIOKHE, DHEPrus
COKpAIICHUS ¥ yJapHBIM 00BEM TaK)Ke MOBBIMIAIOTCS IO TOYKU MEepepacTsKEHUS,
MIPEOJI0JIEB KOTOPYIO yAAapHBIN 00bEM HAaYMHAET CHUXKATHCA, KaK, HAIIPUMED, MPHU
CEepACYHOM HEAOCTAaTOYHOCTH. [IOBBIIEHHAs MpenHarpy3ka BEAET K MOBBIICHUIO
CB. Ilpeanarpy3ka 3aBUCUT OT BO3BpaTa BEHO3HOM KPOBHU, HA KOTOPBIA BIIUSIOT
MOJIOKEHHE TeJla, BHYTPUTPYIHOE JIaBJICHHUE, 00BEM IUPKYIUPYIOIIEH KPOBU U
TOHYC COCYJIOB BEHO3HOM CUCTEMBI.

Bimnaane KCO peannsyercs uepe3 BEIMYHMHY IACCUBHOIO HANPSKEHUS
CTEHKHM KeyJ04YKa B HaJalie TUacTOJIbl, KOTOpas, coriacHo 3akoHy P.-S. Laplace
(1807), mpu mpouux paBHBIX YCJIOBHSIX MPSMO MPONOPIHOHATIEHA KYyOHYECKOMY
kopHio KCO . Takum o6pa3zom, 3ambikas kpyr, KCO xapakTepu3yeT aieKBaTHOCTh
CUCTOJIMYECKON (PYHKIMU MPUIIOKEHHOM NpeaHarpy3ke. BaxkHO, 4TO CHCTEMHBIN



BEHO3HBI BO3BpaT — '"Touka omopsl kpoBooOpamenus" (A. Guyton, 1973 ) —
HaIpaBJsieTCs B MpaBO€ cep/ille, TorAa Kak cUCTeMHas nep@y3usi onpeneisiercs
aeBbIM. B 3aBucumoctu ot putma KO onpenensiercs nmubo cymmoii a) o0bema,
IpyU KOTOPOM 3JIAaCTHUYECKas TAra >KeNyl04YKa ypaBHOBEIIMBAETCS C JABJICHUEM
3aMoJHEHUs U 0) CUCTOJMYECKOro oObema mpeacepaus, Jubo CyMMON TOTO ke
CUCTOIMYEeCKOro oObeMa mpejacepaust (0) ¢ oObeMoOM, MpU KOTOPOM JHACTOJIa
3aBepIInIach B CHIIy Hayana cucToiibl mpencepauit (a). Ilocnemnsisi cutyanus
XapakTepu3yeT 0ojiee YacThlii pUTM, a B MpeAesie sIBISIETCS MEXaHU3MOM TaIeHuUs
YOK npu taxukapauu. Peamuzanmss oqHOro M3 JABYX ONMCAHHBIX BapUaHTOB
3aBHCUT OT TOTO, JOCTaTOYHO JIM BpeMsl JHACTONBI JUIS YpPaBHOBEUIMBAHUS
ANIACTUYHOCTH  JKEeNMyJouKa C  JaBlieHWeM  3amojiHeHus  (Korja  MOTOK
CaMOCTOSITENIFHO ~CTAHOBHUTCA PAaBHBIM HYJIO), WU CJIEAyIoUlas CHCTOJa
npeacepanii HauYMHAaeTCs NP HEHYJIEBOM IMOTOKE 4Yepe3 aTPUOBEHTPUKYISPHBIC
KJanaHel. Pemaronmu  BXOJHBIMU TapaMeTpamMu TpU 3TOM  SIBIISIOTCS: a)
BEeJIMYMHA JABJICHUS 3alOJIHEHMs, ©) pacTHKUMOCTh JKEJIyJAouyka U B)
JUINTEIBHOCTh JMACTOJIBI, T.€. Pa3HOCTh JJIMTEHOCTH KapAHOLHMKIa (Tmepuoja
pUTMa cepAla) U JIUTEIbHOCTH MEXaHUYECKOM CUCTOJIBI.

JIMuTenbHOCTh Tepuofa UW3THAHMWS, B CBOIO OYEpElb, OIpeAeseTcs
COOTHOIIICHHEM COKPaTUMOCTH (MHOTPOIIHOTO cTaryca) U IOCTHArpy3KH,
ONpENEAIONIEH TO JIaBICHUE B BBIXOJHOM TPAKTE KEIYJOUYKa, IPOTUB KOTOPOTO
BOJIOKHa MHOKap/a COBEPIIAIOT CBOIO MeEXaHWYecKyr pabdory. WMHOTpomHbIH
CTaTyc, Jiajee, 3aBUCUT OT: a) JIJIMHBI BOJIOKOH (MHO(UOPHILT) B Hauaje mnpoiecca
CokpateHust ¥ 0) CyMMBbI JIpyrux (aKTOpOB, BIUSIOMUX HA UX (PYHKIIMOHAILHOE
COCTOSIHHUE.

HavanpHas anmuna muoduOpuiui, 3aBucAIias OT UX PACTHKEHUS K KOHILY
JTMACTOJIbI, OTPA’KAET OJIHY U3 COBPEMEHHBIX TPAKTOBOK TMOHSTHUS NPEeOHAcPY3KU:
IPY NPOYMX PABHBIX YCIOBUSIX MMEHHO OHA OIPEIEISIET BEIWYMHY AKTHUBHOU
IIOBEPXHOCTH CONPUKOCHOBEHUSI aKTMHOBBIX U MHO3MHOBBIX HUTEHU CapKOMEpa B
CTapTOBBIX YCIOBUSX COKPAILCHMUS.

Opakmuss  BeiOpoca (PB=YOK/KIO), kak sCHO U3 M3JI0KEHHOTO,
XapaKTEepU3yeT HE COKPATUMOCTh KaK TaKOBYIO, a €€ aJIeKBaTHOCTh TEKYIIUM
BeIMYMHAM TIpel- W mocTHarpy3ku. Takum obOpazom, KCO — pesynbrar
JUHAMUAYECKOTO DPABHOBECHS HANpPsDKEHHsI COKpaIIalomerocs MuoKapaa ¢
CO371aBa€MbIM UM JIABJICHHEM B BBIXOJHOM TPaKTE.

ToyHOM MEpOM IOCTHATPY3KHU CETOJHS CUMTAKOT KOHEYHO-CUCTOJINYECKOE
HaIpsKEHUE CTEHKU JKeNyJI04YKa, UMEIOIIee Pa3MEpPHOCTh JaBiieHus. [[aBiieHue B
BBIXOJIHOM TpPaKTe, TaKXKe XapaKTepHU3ylolllee MOCTHArpy3Ky KelyJ04Ka,
OTPENICNIACTCS CKOPOCThIO M3THAHUSA KPOBU B CHUCTOJY U THUIPOJIMHAMUYECKUM
COMPOTUBJICHUEM COCYIUCTOM CHCTeMBbI. [l XapaKTepUCTHKU TOCJIEIHETO
BBOJISAATCA TOKAa3aTesid OOLIEro COCYAMCTOTO CONPOTHUBIICHHS; MepupEepuyecKoro
(OIICC) — nns 6omabioro kpyra kpopooopatieHus u jieroudoro (OJICC) — nns
Majoro.



[TockonmbKy poOCT pasMepoOB Tela, MNPH MPOYHUX PAaBHBIX YCIOBHSX,
YBEJIMUYMBAET CYMMAapHBI TPOCBET COCYJOB, HHAEKCHI BBIYHCISIOT HE Kak
OTHOIIIEHHE, a KaK IMPOM3BEICHHE BEIMYMH COMPOTHBICHUSA Ha ILIOIIAIb
MIOBEPXHOCTH Teja WM, YTO JAeT TOT € Pe3yJbTaT, KaKk OTHOIICHHE Pa3HOCTH
JaBICHUNA K TIOTOKY, OTHECEHHOMY K IUTOMIaJ{ MOBEPXHOCTH (T.e. 3aMeEHss
mHoxuteap MOK-1 na CU-1).

Hopmaneubie Benumumabl OIICC  coctaBmsror 900-1500  aunH-c-cM—5,
Hopmoit 1 OJICC cuuraror nudpsl 25-150 nun-c-cmM—b.

ApmepuanvHoe dasieHue €CTb UHTETPaIbHAs BEIMYMHA, COCTABIISIONINMH U
OTIPEMICTISIONIMMH  KOTOPOH  SIBIISIIOTCS  OOBEMHAsE CKOPOCTh KpPOBOTOKAa |
COIPOTHBIIEHUE COCYIO0B. [103TOMY CHCTEMHOE apTepHalbHOE JaBICHUE SBISCTCS
pe3yibTUpYyIoOled  BeIMYMHOM  cepaeuHoro BeiOpoca (CB) wum  oOmero
nepudepudeckoro cornpotusieHus cocyaon (OIICC).

[IpuMEHNTENBHO K apTEpUaIbHOMY JAaBJICHUIO PA3IMYarOT CUCTOJINYECKOE,
JMACTOJINYECKOE, MYJIBCOBOE U cpefHee AaBieHUs. CUCTOINYECKOEe — BO3HUKAET
B apTepUsX B IEPHUOJ CHUCTOJIBI JIEBOIO JKEIIyJA0YKa CEpALa, AUACTOINYECKOE — B
IEPUOJl €ro JUacTOoJbl, pa3HHUIA MEXKJIy BEIMYMHOM  CUCTOJIMYECKOIO U
JMACTOJINYECKOTIO  JIABJICHUM XapaKTEepU3yeT MyJbCOBOE JaBlEHUE. Bpluenstor
takke cpennee napinenue (CAJl), koTtopoe mpeacTaBiseT co0oil cpelHio (He
apu(pMETHYECKyI0) MEXKIY CHUCTOJUYECKMM M JUACTOJIMYECKUM JIaBJICHUSIMU
BEJIMYMHY, KOTOpas Oblaa Obl cIOCOOHA MPH OTCYTCTBHM IYJIBCOBBIX KOJIEOAHUM
JABJIEHUSI KPOBHU, J1aTh TaKOW K€ reMOJIMHAMUUYECKHI 3P PeKT, KaKoil UMEET MECTO
MPU E€CTECTBEHHOM, KoJjeoOmromeMcst aBuxkeHud kpou. CAJl ompenensitoT mo
dopmyne: CAI=(AJ cuct+2A/] nuact) / 3 u paBuo 80-90 mm.pm.cm.

Jlureparypa:

1. Jle6emunckuit K.M., baytun A.E., becraeB I'.I'. u np. KpoBooOpaienue
u anecre3ns. M3narenscTBo: Uemosek, 2015 rox,.

2. bynsarsa A.A., Tpexosa H.A., MemepskoB A.B. u np. PykoBoactso mno
Kkapauoanecresuonoruu. — M.: MUA, 2005. — 688 c.

3. Bullock J., Boyle J., Wang M.B., Ajello R.R. Physiology. — John Wiley
& Sons, 1984. — 392 p.



CLINICAL PHYSIOLOGY OF BLOOD CIRCULATION

The circulatory system is a closed hydrodynamic system filled with an
inhomogeneous fluid and driven by a pump — the heart.

The main tasks of blood circulation are:

1. Delivery of oxygen, nutrients and salts, hormones and other active
substances to the tissues;

2. Removal from tissues: carbon dioxide and other end products of
metabolism;

3. Participation in heat transfer.
Functional departments of the cardiovascular system

The functional classification of the Swedish physiologist B. Folkov (1976)
provides for the division of the circulatory system into "sequentially connected
links or elements™:

1. The heart is a pump that rhythmically releases blood into the vessels.

2. Elastic-stretchable vessels that turn the periodic release of blood from the
heart into a uniform blood flow (the aorta with its departments, the pulmonary
artery).

3. Resistive vessels — resistance vessels) - precapillary (mainly arterioles)
and postcapillary sections (venules), which together create a general resistance to
blood flow in the vessels of the organs.

4. Precapillary sphincters — a specialized department of the smallest
arterial vessels, the contraction of the smooth muscle cells of these sphincters can
lead to the overlap of the lumen of small vessels. These vessels regulate the
volume of blood flow in the capillary bed.

5. Exchange vessels, or true capillaries, where the blood contacts the tissue
due to the huge surfaces of the capillary bed. Here the main function of the
cardiovascular system is realized-the exchange between blood and tissues.

6. Bypass vessels (arteriovenous anastomoses), the presence of which is not
proven for all tissues.

7. Capacitive vessels in which changes in the lumen, even so small that they
do not significantly affect the overall resistance, cause pronounced changes in the
distribution of blood and the amount of its inflow to the heart - the venous part of
the system.

The circulatory system can be divided into a number of components. The
functional divisions of the circulatory system are classified as follows:



1. Macrocirculation:

- heart pump;

- buffer vessels (arteries);

- vessels-containers (veins).

2. Microcirculation:

- vessels of resistance or distribution (arterioles and venules);
- vessels of exchange (capillaries);

- shunt vessels (arteriovenous anastamoses).

1. Blood: volume and rheology

Blood is a liquid medium that not only transports respiratory gases, energy,
plastic and regulatory substrates in the body, but also performs the functions of a
heat carrier between the core of the body and its shell. Being a suspension of cells,
it is a so-called typical non-Newtonian fluid, the viscosity of which directly
depends on the applied shear stress. In relation to hemodynamics, the main
characteristics of blood are its active volume (the volume of circulating blood,
VCB) and rheological, i.e. visco-fluid properties. At normal values of the blood
flow rate, the ratio of plasma volumes and shaped elements in the contents of the
vessel is set by its diameter. Therefore, the hematocrit of the vascular system will
depend on the structure of this vascular bed — the length and specific weight of
vessels of different diameters. This fact is clearly confirmed by the difference
between the "systemic" hematocrit of relatively large vessels, which is normal 0,4—
0,5 (40— 50%), and hematocrit of a functioning capillary, equal to only 0.06-0.1 (6-
10%).

2. Vascular bed

The state of the vessels and, in particular, the systemic vascular tone, are of
interest to us in two aspects. On the one hand, the predominantly neurogenic tone
of the venules and small veins forms the very vascular capacity that normally
contains up to 75-80% of VCB and allows physiologists to call the veins of the
large circle together with the small circle of blood circulation a system of high
volume and low pressure. On the other hand, the tone of the arterioles, which
depends more on local metabolic influences, determines the value of systemic
vascular resistance.

3. Cardiac output and its determining factors

The minute volume of blood circulation (MVBC, minute volume of the
heart, heart performance, cardiac output — the terms are equivalent) is formed as
the sum of the shock volumes of blood (SVB, one-time heart performance) per



minute. Thus, the cardiac output is a derivative of the stroke volume and heart rate
(HR). The unit of measurement of the cardiac output is I/min.

The SVB, in turn, is determined by the difference in the phase volumes of
the ventricles at the end of the diastole (end-diastolic volume, EDV) and the end of
the systole (end-systolic volume, ESV).

The normal values of the MVBC are 4-6 |. To neutralize the influence of
body size and make the indicator more comparable, A. Grollman proposed the
cardiac index — CI) - the ratio of the MVBC to the body surface area (normally
2.8+4.2 1/m2 /min).

The end-diastolic volume (EDV) is the sequential result of (a) blood infusion
under the action of filling pressure (central venous pressure for the right,
pulmonary vein pressure for the left heart) into the ventricle with a given
extensibility, and (b) active "reloading” of the ventricle by the atrial systole. The
diastolic extensibility of the ventricle depends on its passive mechanical rigidity;
there is a term compliance (pliability — eng.) of the ventricle.

Ventricular filling pressure characterizes venous return. In the strict sense,
the latter indicator has the flow dimension and for the right ventricle depends on:
a) the ratio of the volume of circulating blood and the tone of the venous
(capacitive) section of the vascular bed, which normally contains 60-80% of the
circulating blood volume, b) the pressure gradient between the peripheral veins and
the right atrium, and c) the value of the end-systolic volume (ESV), at which
diastole begins.

With a growing EDV and stretching muscle fiber, the energy of contraction
and shock volume also increase to the point of overstretch, after which the shock
volume begins to decrease, as, for example, in heart failure. Increased preload
leads to increased cardiac output. Preload depends on the return of venous blood,
which is influenced by the position of the body, intra-thoracic pressure, the volume
of circulating blood and the tone of the vessels of the venous system.

The effect of ESV is realized through the value of the passive stress of the
ventricular wall at the beginning of the diastole, which, according to the law of P.-
S. Laplace (1807), all other things being equal, is directly proportional to the cubic
root of ESV. Thus, closing the circle, ESV characterizes the adequacy of the
systolic function to the applied preload. It is important that the systemic venous



return — the "fulcrum of blood circulation™ (A. Guyton, 1973) - is directed to the
right heart, while the systemic perfusion is determined by the left. Depending on
the rhythm, the BWT is determined either by the sum of a) the volume at which the
elastic thrust of the ventricle is balanced with the filling pressure and b) the
systolic volume of the atrium, or by the sum of the same systolic volume of the
atrium (b) with the volume at which the diastole ended due to the onset of the atrial
systole (a). The latter situation characterizes a more frequent rhythm, and in the
limit is the mechanism of the fall of the SVB in tachycardia. The implementation
of one of the two described options depends on whether the diastole time is
sufficient to balance the elasticity of the ventricle with the filling pressure (when
the flow independently becomes zero), or whether the next atrial systole begins
with non-zero flow through the atrioventricular valves. The decisive input
parameters are: a) the value of the filling pressure, b) the extensibility of the
ventricle, and c) the duration of the diastole, i.e. the difference between the
duration of the cardiocycle (the period of heart rhythm) and the duration of the
mechanical systole.

The duration of the period of expulsion, in turn, is determined by the ratio of
contractility (inotropic status) and afterload, which determines the pressure in the
ventricular outlet tract against which the myocardial fibers perform their
mechanical work. The inotropic status, further, depends on: a) the length of the
fibers (myofibrils) at the beginning of the contraction process, and b) the sum of
other factors affecting their functional state.

The initial length of myofibrils, which depends on their extension to the end
of the diastole, reflects one of the modern interpretations of the concept of preload:
all other things being equal, it determines the size of the active contact surface of
the actin and myosin filaments of the sarcomere in the initial conditions of
contraction.

The ejection fraction (EF=SVB/EDV), as it is clear from the above, does not
characterize contractility as such, but its adequacy to the current values of pre-and
post-loading. Thus, ESV is the result of the dynamic equilibrium of the voltage of
the contracting myocardium with the pressure created by it in the output tract.

The exact measure of afterload today is considered to be the end-systolic
stress of the ventricular wall, which has the dimension of pressure. The pressure in
the exit tract, which also characterizes the post-loading of the ventricle, is
determined by the rate of expulsion of blood into the systole and the hydrodynamic
resistance of the vascular system. To characterize the latter, the indicators of total



vascular resistance are introduced; peripheral (TVRP) — for a large circle of blood
circulation and pulmonary (lung) (TLVR) — for a small one.

Since the increase in the size of the body, all other things being equal,
increases the total lumen of the vessels, the indices are calculated not as a ratio, but
as the product of the resistance values by the surface area of the body, or, which
gives the same result, as the ratio of the pressure difference to the flow related to
the surface area (i.e., replacing the MVBS-1 multiplier with the cardiac index (ClI)
-1).

The normal values of the TVRP are 900-1500 din*s*cm-5, the norm for the
TLVR is considered to be 25-150 din * s * cm-5.

Blood pressure is an integral quantity, the components and determinants of
which are the volume velocity of blood flow and the resistance of blood vessels.
Therefore, systemic blood pressure is the resulting value of cardiac output (CO)
and total peripheral vascular resistance (TVRP).

In relation to blood pressure, there are systolic, diastolic, pulse and average
pressures. Systolic-occurs in the arteries during the systole of the left ventricle of
the heart, diastolic-during its diastole, the difference between the value of systolic
and diastolic pressure characterizes the pulse pressure. There is also an average
pressure (ABP), which is the average (not arithmetic) between the systolic and
diastolic pressures, which would be able, in the absence of pulse fluctuations in
blood pressure, to give the same hemodynamic effect that occurs with the natural,
fluctuating movement of blood. The garden is determined by the formula: ABP =
(BD sist+2BD diast) / 3 and is equal to 80-90 mmHg.
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