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normal  cdA@®)iCaf)of the organi sm Moreover, use was

made of posthunous norphol ogi cal neasurenents of the

hea;rt_ O(Qt)g(@ﬁ@(t)dynam c reconstruction of the aorta (2.1)
(( @r phy nmeasur enents of the blood flow
veI @C‘IT $reld in the aorta of healthy volunteers by (2.2)

I\/Pvelqs Y1 (AN a |f|eda lysis of a swirled
bl dod= (Ly}%(—ﬁéEg@KC kﬂq)aﬁz(é)rmasrl ov sol utions (2.3)
descrl st The above technical result is

achleved by using the nmet hod of this invention for

whet@hMyN0y2 ail’\dovd i zﬁufo?lg Gadiba. T ﬁftf Q&l%gtehéf t anonents of the

V4] t
S L e
:d H

radigl o vﬁ 905 1 Bovgfingied asgi:}w%gm, ot a({t{”% patameters

of ﬂaqw%wél@ﬂ é)lo doyjdenendyrs g tigne By ghe ﬁ@ngglﬂanwélosv pattern

and gerepeRding ipnindstduah aomhs or @tpbgm@l@glcnbswnrled érilevhi ng
parfeledstlewas diagnosed bywany| adivdingaltabanig amhohagnetic resonance,

methaiiefor ngasurmg shdhydsdinateloctw theesdftiolaeo tbrfdeptoringt dheelected blood

flowb lnashremetumathb@ rbesits basad dinagieosdoBdthet Bolugldis B non-stationary

hyd&ldghssic dgigionstibeantled edvwaWhaesss A dnde®thgBuild a database of

nonﬁélqm@ﬁt%rsoﬁeﬁaﬁﬁmte|tHé"’11ﬁ1|?l§ Scdth énlgﬁo? ROGE bF Bt SRS blood

cnct?lﬁﬁ&?gg/s{e?n Sst{ "(\ig{tﬁfl el[‘fﬁ‘jit %ﬁ %El&'oy %ﬁ ﬁ@%‘gr eters, Q(t), Zy(t),
KOndeih r§ pk q@m@}g o%?ﬂow Nt s ulon,of ¢ paent s biod
circyla ‘I)Ib\ﬁlo 18

nnipg 4n d resylt .evalyation; and
developmentiq rd)es1_g1_1 _d_opl_lr_nents or.,makmg @Ry gigwcgfsr e{t@q to(ﬁe(smrlqyl structure

of the Wpedbflow) z(r)+C, (t) r(2.1) V = -t:,,(t)r(t) 2
The streamlined surfaces and guides in the flow channels of the devices are




1a0 t)J) [ilf[(C(t)Il (t)i (2.3) ~LiZYpr)™ t t

wherein: vy,., V,, and Vp are the radial, |ongitudinal,

and tangential conponents of the swirled flow

velocity; v is the kinemati c viscosity of the nedi um

apa is the initial swirling 6angle relative to the

flowradius; p, z and r current val ues of the angul ar,
providedyintithda melief comsistingdt ateas @ rodigiallgssnadothn guittie flteomating with
curvedN@reasafid tHY form 80 0épresstont,) each’ Arhd dgdquadtit JcoAvex and concave
surfReds joR1ear Son@fthdin Bomiion| @AzdAkD Mofcb O, deppreikiod @Moined to the
orighdal§ Qﬂod{h rstui"ﬁcé)fb tJb%vé‘;P @u§£&§ | (BRRINY sflcl);%‘él RALIRER théi'aﬁgmally
Smo%g{g iR or + houns for a physiol ogi cal

SW"Irhe S gg d es a meh&‘%ftﬁe AN o> 8(9 ré?%nstructed are

S
mo\ﬁ@tﬁ E rason C aglg magnet cg¥esonance

surin vel oci t
sof tﬁeml%qlﬁ%%ﬁ ‘w%ﬁé% 3%{1%&?%&6%5% Yoy %wf this invention is
caugiag lpchdt flowst Woide bibe njforBseY B ﬁﬁéaras@e@fcabﬁacﬁtrucwre to 2
physiglogidabpwirtstl ﬂmhihﬁ &t fr@m Bpy stegpation prdiAsnarasign sonemand reducing
the figh ofSthianhlegist blond inghiryy istlayperiflasia th thedrdsthiepis igplaniatidn area.
datTdsasssed prosti@sizadonipnidesca tubrediavohet ar miameal tshefadd priovgled with a
reliéffto tsvér] clonpleng dlodr tn dcesane with tthenyat (1einto’ B3 phmblbcalization of
the @M{ﬂib@ﬂéc&}sﬁhaaa justify deconpensation criteria
ac feqhidthal Surtft P A ANBRESSs gp'}awdéh"'\(/ftﬁ a reltdf tcl)ns1@tlr%(&f)areas of
thfac% al a|t1§g WmhPeshvEd Qs &b hﬁrdfz Qlons each

forn? ﬂgg 11&5%1%{: %8}1 eck PLBhcalbit ﬁll'ﬂiéae ! 8[he8 k%ﬂ‘ ?lSmfn tangents.
Morgﬂ é/) @ %oof:g gﬁVex surfaces
fomgege |Sk°@§s " %‘igf&ﬁﬁ Srigkal gganp s Esea

ewet}eﬁ@mtafeaﬁ

Hhe BeY denitiede @Ity £ReES bigrganlihgwe- qomnaﬂglef matﬁnal for

exa@ﬁlﬁn ﬁé’IV§n synthefic Holrcilst memtanpeVpaeidy af the dapepf dow section

areac i diestiinaglepéndenieblbodfiloy ingimalQ) smbdutt) slangaibe vessel channel
duriap ther exditre caydiac tchcle.cur ved areas in the form of

depmhessihni effes prdducedtly hying tiedtanaula@i\iex it isCaxi@taining

a blobd flRGEmside the dadtulinthat heidentC@M Biriichingantthe pMasidloyiesl, swirled

ﬂov@tlﬁ@@ﬁ@esfrgﬂl dtSenla @b 8H §éf>a¥a|ﬁ6n z@ﬁés%dﬂ%ﬂ%é m%oﬁik of thrombosis,

blotHHfidgeaiy ¢ lfa%ﬂg lé}s‘?&?ﬁ? e ﬁtﬂ&l Qﬁ‘talfl&{ all Sfdreover, the

blO({ ﬁ0\9 alt% n t%}g % £ n% fa is'd 01tn %.D § t% f?e?rn %f@elocny
Vab

and GPOIGE Al cyth M Hiopd &F?tﬁrc‘%?l St g s B Bpw in the
Vessé’ g%‘f"i‘s&re Rt Ral ef fect achi eved by using. t he
Re@rORoreal RPLUSIRR, AR P POPrises S ghiypgb paving an

mtefr@l ﬁmréa&eumg\rlé%i wHb adprgitudingl Slgod-syyidingaahgiod énthippaflescrbed by
forngulasudt lutoel .3 othat dephydemthegpeafic Mwnkizagign off 8w nofrttwhese the cannula
is infseréa ihtootire yeghaianoel. and separati on zones and reduci ng

t h& heiistermat surfiace obtheicanndid oag b pravided witlda ylie€ cphsasing of areas
of okigirall§ sploott fiekics altdrpdtRiptdith etvad 8Ras thhie ¥&&S6f depressions, each
prodice& fbg}e(iiiaang QERVIxSARI SbrichRe sﬁ?déb@?blﬁéﬂ hIBhE e cSMfdoRC8ngents.
MoRb9Y dedk ‘Péstsﬁnals JBﬁlleﬂ &b tBQ oﬂ@‘ir{alll Bodth Q8Hadd BY doflvex surfaces
o BESRE RS, {Le RelilIfS gecon Stk ionpes 062 ;zgzm on

S/ ovhedfé)am t1115)8 ZTO0YES 9 blades of a

85
sha;&eoi{%? ;éﬁf 1 ag Cprdance W ﬁ eSEReF IS l%callzatlon of
the aqnfltewrﬁt 1%’31???&?& 18‘i°é & vesieliohanehy °

defﬂr‘b@ 1 m@abehmafl@ Pfrad et iateriak of é}%@&htaﬁ@at helps maintain
confoomifzicd the pﬂ@n@tﬁrﬁ Q(Hemdaldhdotindividugobheod cirawlgéen sorms along
the lowebeumre] ofithd eprredsitenerysnpmemted theocardiec oydlgi nal |y

s niidiettectni dab e ffedproduned by swingahe dearf valne pepstiesipes tiioinvention
is BI6UdC flowheréughgihe adrbyth&sid etab iS dddndicsl innsthlturk @b Nthe gitH8iBlogical

switl&d BldodNUSitiree i diathatioBYind QepREOLoRE a8l aslhEnd R risk of
and heno-conpati ble material, for exanple, woven

synthetic fabric, that mRi nt ai ns conformty of the
shape of flow section area to the ti me- dependent
bl ood flow nornms t) and Z" (t) along the vesse
channel during the entire cardiac cycle.
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"T' he technical effect produced by using the cannula

of this invention is maintaining a blood flow inside

the cannula that is identical in structure to the

physi ol ogical swrled flowthat is free from

stagnati on and separation zaones and reduces the risk

of thronbosis, blood inj ur&n and channel hyperpl asia

in the prosthesis i npl antati on area. Mreover, the
thropybggig aFEbWOleJFWe inlet and outlet of the cannul a i s

corfibrhgart (Jabrengi@thesis cempgisesf onfepioniors shigald qleraenydecated in a
symymtriesential positien bl e dddy lodwownt ard/ergovah erassnseation, hedstreamlined
surfades obtheodlviel bemg protided with sagektedhontifstnndanilol foel .&annul a.

A TheRttbanlid spetides ©P FHRhaRIff gemhbns aahbedvo e valve are provided
withCO Fadiek 8615istink lo® Wreah 3N BALINARY siBo@burfald SfdiadtingUl ftiR6@ved areas
in tHY f?)\Hn 0§0a MrdsBiofls, |éé@19 SN qRARPRAREL hhd goﬁﬁlvb &hrfRes joined
alon’ etﬁ ?% gr?cﬁllg C{ahg kB%foreBQérmdld%éregs"lo is o(?n n ally smooth
e Tt e

el ftec@awgfgf? cﬁgro@pcaf%& blgocpiitp ﬁgrhpi/mé’ﬁ%%ls salniining a
swirdqdk flow dreg) froum slagnatignand eparptienuzancs is therpuppewping gffamber and
at theeqitiet Hhegend sodhastthe pisk @f dranibysigaad blepdciginrets gdgced. The flow
fornpdnodirepsup fiscesbiped Geatedl ange pimep inletoandooutle ng éamns .of velocity
fieldViordegmressre, svittlel Blosd Gowks at fheicoatkction pbiatsahegofal | y

S N blSod Hiake chYipH&R \eeflos Winitiag SmithaioRdclehagleand Odlves at the
chanMel fiflettah8 oﬁﬂétﬁthﬁéﬁﬁycesmta@ oS By8180d Beih®pfvidddesish h Selief that
vané’sh(kﬁe?ﬁﬁ{étac Sl BNgEhniflad (19 HhafNel may have guides in

um 2 %'fac Waﬁ'{eﬁ%\(/ ?l grbtlc;%dazg'g rcwldé% wﬁﬂgipl%hef cons:ﬁtlng of

Lsg ace %te t18g w1 cu e an?aas\(;’\ﬁgﬂ nﬁl e ressions,

areas
eaclbgmag g.‘/. aagfic G9TVH 30| CONSANE Sy a%‘?éP“’é’ théigggtmon tangents.
Morggyeiy B WSIBE 1§rdgp@egfto dhe @rigmally smqath jsyr agﬁ by convex surfaces
produciang shenep £§r wiigh theeriginaiyismoathsur@ge ﬂbthﬁﬂﬁlﬂs/aréas ip péangent.
parfasdlandpugin i pmmd@bl(ltﬂ}e méetipadiod Hiuddw phanmgl thereof with guides
in thei focul cdtribongmovassor dllaiey of fipeofmkiv shhpmthet isafetdriméned by formulas
(1.1canyland atidenteaptortheparhmeferd dfthe diastotic flowcl e. Tbc
t eameitledd elhpGt pReader ad they owttet partt drethbefdv cHadneé thereof with
guide§ %ttﬁbeﬁirﬁl S ridshigfodvBY 8Abia@Bs of 8 gBbaedicl shape ik @H@hermined by
forrﬁ rog) h?}c‘ ml its aé tfc qﬁ@ hl%ﬁ"etér oBttely Etdfl@ % M@eover the
reherf eg o%gi to th%vgafg {%&3 %J c?f@f ?:E) 9%%5&1?1@ to the

dissfifFJRBEe ? RaBPosEH fﬁ%‘/“ a8 Hadl
eﬁr ost hesis conprises one or More shutoff el enents

od&e gmh vakves Eapmps patterped o dhe geupn jobhe hegrt B@B&? Rypstheses
deSCF’é’GﬁGb‘a‘fﬁd/ or oval cross-section, the streanined

s urlihg pesipothanied may|begatieinad op tlesvdagion akithecaanplatdeseribed above.

f ofTime|tachn{chl effedt pradu8gd biflee sderefahd swrbing deviee eSthof invention is
fornting asiitlef floelofbidsoranoddd dhliyd hiviide desitereeladisy and pressure field
corrBpRYligdo thi differdnt b EEir &Mt finSdonBioaé béihg afodefed.

OF e Wit g SIRRcotirsRE &n @l §5i AR hdVen tsﬁeé‘rﬁﬁﬂ&ﬂsurface that is

ro@&&laévlth' 1H&emf R Mofth &eﬂﬂse 1§W:§ ror hadks determined by
mﬁﬂ&'sdgi bt ONY ’%hears‘ i fHEC §lﬁﬁe Pélﬁ to h nﬂow axis being

optlj)lba}’llxe npg%?' (Bare ?rn 14 % t’ed (b %1 iffe eB Q/ onditions.
sur ¥ich s shad nyss by {flef con51st1ng
of argap of ﬁnslaaliw&oqth Spigee tsmfm&wvéfascur‘ée aar%aéngaéht 0 y quadric
conyexcini earaveruglaeesgpingd clangspmnen WneoYs, sherersessians deing joined
to thenagiginably $rsoothj swrfacaibygcenveswiurfages prasincingeslopgsofnr which the
origitalgsaiobtinsuafiace sgpait atehois atangsti n t he punp wor ki ng

chanber and at the outlet thereof so that the risk of

t hronbosis and blood injury is reduced. The fl ow

formed in the punp is conbined (joined) at the punp

inlet and outlet, in terns of velocity field and

pressure, with the blood flows at the connection

poi nts thereof. The blood pun:ip conprises a flow

swirling unit, a flow channel, and val ves at the

%smon from one to the



varies over tinme according to fornulas (1.1 to 1.3).
The punp surfaces washed over by bl ood are provided
with a relief consisting of areas of originally
snooth surface alternating with curved areas in the
form of depressions, each f8rmed by quadric convex
and concave surface joined along their common
tangents. MBRIBREDESGRUFHION OIFOTHE DRAWINGSt 0 t he
originally snmooth surface by convex surfaces

pr qd[@'lﬂ@a%ﬁé%@@ﬁafré%ﬁel%sﬂfésfshe originally snooth
SUrfRES s'thEll% Ee%é‘i% Sn the 1%9%[‘§uﬁfa-ggﬁfMG%gsel
p““ﬁdt%l%ggéu \}1&”% ‘ﬁg A%Fﬁiér 'ow chanriel

bR u% ormof ribs, grooves or
dfl ge n%garnn sha e th&{? 1S dg m ned by
for gshoyg TR n?%n éﬂtFF‘é" fU196%t he
par%péﬁésﬁiﬂof‘ﬁle"lﬁ’i"é IB-B inFé#. > The bl ood punp is
pr oAU dds iavhel aelpsedthepd valves the f1 ow channel
t helflénB ink view gllandwpsnibgart Melvé.onn of ribs, grooves or
bl adlé€s 90§ a aiayeoitbe heat slapeusphat i s det er ni ned by
f oriidt. 48 i€ 4 sectibnal Vidy ofthd valveivddndn @sh ctisp. t he
pargitet ehisa edctibha vious bPlhe &alve @ith Mlbeavwstp. the relief
COrgres RORALNG1 e s 6 Ry bfbhCorLhB whisin@Nsuffagén  and t he
gﬁmggiga&%ﬂﬂ'@% b gepmtallc LI ot

0 1 o h

Al ;ﬁﬁg

iﬁ%l 1sa mlsﬁc%(j%%“?le S be patterned on
i

s? ]: descri bed
WGt he desi gn
éﬁ"lﬁﬁc’a‘o I Bleag techni cal effect
VleWeof@sSéwﬂmgtd%wm rI i n device of this o
i nvlfalﬁi i k9ns aws fosatiom @i adeprissipetl onf thevintsrmap| spgfdceo et the swirling
devimedel fluid having a desire velocity and pressure
fi efFIds. 206y & escpiona ivivgy dlong ReE di FIeriént bl ood
circul ation conditions being nodel ed. The swirling
devi ce CONPERERIPAONOF ENMBCHIMENTY GF SHEGRVIENEION
surface that is prow ded with guides in the form of
rl b h IOV &{str i &{)h&o le?mg:ﬁl) z{lnﬁ ¥imental methods
that &He s%?m ]b thé h%ar% gr aq v%ns% Wlerle% tg%ﬁlre that
C

allopi gk o e ﬁrafgpora BRI e l%ﬁ N A i fation and

StagnlaBWl Gidi ti ons. The devi ce surfaces washed over

bl obcIvaliatEe gpevsised the siueurepf arbleeshdiost beige f@fmed and the
meghapiagisdpr ganegatinglil andsissyohitionin thechearttand geaat Mepsolis hdertaken by
exaclusoheitbnarafamn-samhafyonydeed ympmiu dws of acusscsx fhndl (Kiknadze G.I.,
Krasonc ¥ud s lBvbhtiea ¢fad Sedutalike dlewnfon Viisoge iitisd, Séve Phys. Dokl.
198de PRI (@SR 79000 RiHetpel ObE@ bakie off Bepedindital ahdl ylisigBlastitdies, to prove
conSidfehag %fbmecwam%t SeaERGEIBtIHO SHE Mgt SHeMPBRHWOhatdths bf blood
cirdulfion Phiy€bRal | Xs 8 7081tha sstidept @n WAs Fhitlat@f t%%at’cﬁ tik specificities
of L8 "Hloo&3 Lﬂﬁbe%ﬁQFﬂéﬁﬂt c%E %’Cﬁ g, | Stei kov V.G,
Ga(}h%cl’ﬁ k€ VY or\égﬁ’o%/e A, ?{10515 OV akKei ara Z “The

f (%He rg{l‘ﬁe ggr&tpf:]gnaé}%é ‘éﬂ‘/\/"%?l?) asps f ﬁ aqg l11uet10ns of
NOI?- @ry4 y@a[r%% quatiops, and |1§1? ehg H{s&gs ﬁRelports of the

Acgdsmat i9n Ssxenef‘é (BagsiEgatsTmo nBrageh), ni%% aVOb upPhc@p- 1H-£2; and
Gowdkev A-¥ectin A@alyvus otk Yrgtre Bf the Ipirgargac fwgledBlogd Flow on
the Basigyod Mapldngadotibal tabeall areR elief bhed. eifisHeart/V emtriolfe, ddulletin of
the Bakuleh Saiehcos@énter, RAME; NQ 9, 80@8, \ppedd-66). t he heart val ve
cusPhe mb@ernlédncéptdfIRE hatRabf ywizleddblodd Eowainvibe ek, &dita, and
gre@PAferies $Pthat, bk & arklied Sbéves @ GwiAB@ ktrdtn€ orRed A €he/ Bka¢€outlet and
evolili§ dBrics &Sr@i‘ac €Y%thhction under the effect of the intracardiac trabecular relief, is



FIG 12 shows | ocation of depressions on the internal
surface. FIG 13 is a sectional viewalong CGC in
FIG 12. FIG 14 is a cross-sectional view of the
punp, FIG 15 is a longitudinal sectional view of the
punp. FIG 16 shows | ocation,of depressions on the
internal surface. FIG 17 is a sectional view al ong

D-D.in FIG 16. F 8|s view of a s ng
= 1?%@?1863 Cogy ettg)fsh'mﬂs Puisphaolgee ﬁ”mfg frgage of the
swirlet giFesm mstherbleqd ghanpeleresulis,in; the Ora@tlpe@f stabls; lozehzteé bgck and
secoydani ewEnty| @w gilbilee Eeseltany fove mowes DEGERIPR @ithor producing
SepEEMBODMNENAISa0Pn ThiEes| aNYENTIeON phtysiokgidadle modenibdistribatiedof blood
to régiomad mokbl Mypreader, themedultaniaflow anodtatnspe tdtatéptodl allnetifed surrents
desdribvetl HyhforipulasaRiing bBpod thd and mahhe femetdoamidantr Kdtled stream
expMRESRIS tHiAseart o8 Wirkd B rehfdid dbhgadtiat al l ows bl ood to

be dpRAGRLdre %veJrHlo Whd %B@t[a@yorleﬂ&ﬁ;l%ﬁ (ﬂnﬁlef 95593{11%9 Mn@f papillary
musueg"\é Wﬂl@ﬁ%ﬁd NGRS forhBd i eq{ég H%rgh bbbt ¥ gpout-hke

e
s A g‘% L
of nag-staf lo%lyﬁhy @Hgnetwﬁaﬂatsqnatf?ra gFlps BEDHRVE 11 ovs
of a viscous fluid (1G knadze G |. Krasnov Yu. K.,
Ev&t’utilﬁm(t)z(t)aasbbut Li ke Fl ow of a Viscous FI ui d, @2.1)
v Phy S( P@ 1986; 31(10): 799-801), hel ped, on
the’baS| i{) exper| ment al and cI inical studies, to (2.2)
prove Ig SI f ul t.ant exact sol utions
Wi ?[)t; The, {WE [\ﬁl(he(é @ 8)6 circul ation (23)
physi ol og As-a ul't, a concepti on vvas f or mul at ed

to match the speci fi CItI es of swirled blood fl ow and
wheRdiROW, ,CV, Catdav], Gie fNEddiBN1dnkithdiAAd28d (t;aﬂgentlag QnfPofeNts of the

sw1ryed(B;ﬂow (HS)C I}J({) Fa\lll? (t) q?é 9:9 (Ynd%gxgord le%lgl thelr origin

mEQned wi ‘poQ} it} maﬂlg floxy ch Hvil e ,qu, 0, the
posi @% in {5} 80P YRS A &3;

Co(‘%g'?ost)u di@hare I%dfl B#étllﬁtaet69§m dhe swigls drlosy, dfat isp gespectively,
the cigy gedicah é@@OI( Fequlatiast mdntW@ifCh ,citrg B ons/ef the medium
in the ]sw1rﬁ)q@1 flowgorigipaticgan tiGo countkositidn Yid. yortbAes Aorabinsi sbyoh single
domijrrpat Strclﬂlgipmre o; tug;ﬁélnt racar d;{ac Jssy\ilam %I(;g Bl EOd g%gv(\;ﬂ
\y[((Oﬁ-l),tB'i@) BIFul@fs i efeBiinva AincliGierelpGREIY FH enEigy! Bdsipation
in tHfswifl&d e tof 'ﬂe@&fouyﬁﬁfdrth%a %)Verrﬁl{h s%écrésé)tfhrod eanE}ﬁJfl"&i(ﬁl‘élr;‘actor

for each §BGE Center,
nodern concept of he nature of swi rI ed bI ood fI ow s

the heart, aorta, jand great art; i e sl( hat, as is
d’ Tt

argued above, a swirled strewn 2 he heart
outeb % ol vijng during cardyac contraction under
eétf) c(ﬁ)@?f@ | nt racardi ac trabecufar relief, i ] 9
cld

R SO AN B AN

nor mal conditions.

t he bl ood channel tesults in the for i orr'of st abl
whetehcal is Zledkiheraktiavigeosi g o dthdansdigmrifienval inahéswitliel lcutrbie.

r eqhk tGanthy-Eolyr yEs], wWhidhh@pReértaa Whidpeuh phéseetd Fbdhch currents
in the@RAliad tRile, %E‘Far%%ﬁlﬁf‘ 13V HATT ABRES, PRH CRUPSS t1& dominant circulation
and BIY¥&h O GalulXiolob ifl: S$ifH Py 2’ 09, Bf othbCRbrds! Re. Cauclg/ -Euler
1nte%r§9('kiqﬂ1?r }g zp %Y)Jnéf A\%reg eeirn cﬂl}% ¢ (err]l ﬁ% 1?1%8 R rg%{l %%1 tt}lglf(pl’%l”l

es ri
formulas ( 2.1 to 2. 3) in the sane manner aE€the
d

PO 2&atP't cardiac contract ipn.

and spatial orientation of the trahecul as a
papillary nuscles, a swirled blood flowis fornmed in
the heart chanbers in the shape of a spout-I|ike

domi nant s (N EB” st4z8 am peé(hétl)l &4 frzgmplﬁé
e fprm | ™2

i, (@SR aj . (co(o,zez

2v

)



stream characterized by a radial velocity gradient

C"(t), blood circulation in the vortex F'(t), and

initial coordinate 4ji(t) in accordance with the exact

Ki knadze- Krasnov solutions of non-stationary

hydr odynani ¢ equati ons for tlRe class of swirled fl ows:

? -ZCCXe)Z(c)+C (t) (2.1) k" =( +~ J ", 1('c,

(t)y+1), flr(t)'"21] (2.3) wherein: V'=Vz, and V. are
wharéie: EaaidE ark éngwn udegral cxpanchtinbinBdot= § eCtip oriéine - thoprder.

the swirled flow velocity; r(t), z(t)ocand p(t) are

cylTheddureat (Z:0as di3)aliwsvdrad cigict potentialr ingha lorpdtntinaleshd radial
dirediiérh ahid) o tHig kP18 hccbB{gahiew ByhinbighifRaht! wisdtiaf el flow energy
occ@kingfy 1thhE\ﬂ’an'Mv’ zonE @rouhBhe PAS b RN VAHe® RrdhnD Qhenéross section

(radﬂéz?% dzb 1Sé(ﬁ?dare :Bg\éllh gﬁaenghtapgcz Ie(r):l\rst F::lgt of t he

Rol ed/4¥ow, that is, respect ively, the radi al
veI oci fiyCgr adi ent, naj or circulation, and nultiple

wherel;lhk % %uélgglﬁﬁ{;% c% fffcbe%t ‘%& efnﬁ ctu&%nts\%wél til@ ood flow

havor ! erl Sy a sw1r1ed
blo gs ? qsrﬁ 8 214]é?ileloei Fﬁ%;;tﬁﬁ@ir?sgﬂn dég g%ﬁge 4% ?j d1mens1ons
of téﬁ ot Bﬁog‘ﬁ rng {ee i} VPHCIE) B9 8Y lasswg%tfsneghglbly
smafll, g I’ﬁ?éROdg%Wf@ﬂh@ prastisallyr @rasispotetiigbugh an i ndi vi dual

f adPservafions efbihn swirkad: sthamg‘on(led l)ldh¢ )waftr indfcate that this stream has
a single.circulation .and -domimates, inside the aorta far.a considerable part of the cardiac

cycle, surrounded by.back.switled curlentAQifgyesidhal circudatipins of thé preceding
cardife Oydlé'de@rminedh@nfidy by fosnilhe (X1 nerwed)l Thyiddansdnt Wteam has a
smél @1r&ﬁ5’t'161‘m“ | BMREréE Skl e SPirhll $dtiSUsH@tion Di€he trabeculas and
saﬁ ‘?ﬁs1d€‘{h€é91%ﬁl ventMU £ Bf flﬁ%%ﬁgﬂg%tsd If(grcr:lc{l:‘lsgklgngrléclp Rlood flow
desﬁ{b%?%g/ arl%i'/\ﬁuf Cf?}{t;lgﬂg gxPél]—'l%d( t) = Fi(t) is the
ominapnt circulation and all re ng circul ations

beglamisd i th Fa(t) = f1. In oth [‘Mo?ds t he

Caurzhy_ k er integr aI defi ni ng éez)wange in pressure

|nthed nant SW T streamhastheform PC,

(|),;(R F& % %(&r e. Fp{ 3 c2(t),RR1 _ C

( (7)o 2,0t I rva I10 Evvhere n” Ea and 52 a][e ]

nown integral expon S t e-x' dt of the

whering NroY gef®s Ip2s ‘FTp ( ﬁ'f‘d ¥ Va ‘?Lgst%%?e‘é?bqyescover ed

carGademybt ef theagtructure ﬁé theo playsidlegipal) swiHed biagdaflow to the exact
Kikdadzedfiasnpvanelutiper hahibsen edpsmmstrated doemhplasicelly mpd by clinical
funétivmialgstidies dine righs parpatfitiorheaft aré¢ govesmeltgysimdecpaticingg

onlIydéed, AhEunGoraaikoz ¢GerodkouAdY t.hEAaxAsalydis dhéchesSrudtad of the
Intr8édr@iadB wirl&l Blood Fee ohitnBadis atiMesphopietsaifdha DrubebigtarRelief of
the d@ft MGt Wentdiee T Bullbtiof e Bhkuld Kciehbrecaitdr, RAMS, Nee9, 2003,

pp. 85.5%) élifdrﬁ{éd%ﬁ%hg ;yﬁb 8Plhe sHADE Ql%hité‘ct@l‘ﬁgs StUhé ﬁmv channel of the left
card'ig % t'h¥ ' fHeI I?(g}mka ?% lieo oxﬂﬁi‘ﬁ' ﬁgn 1te§ré ifdcfer 1n|g different

t _th 1

(S
phages o ?11 eaar 161F C &i’é Rows two
md%fl&%& i MR ﬁvsﬁﬁrfgﬁs fai’f:f 5 g ﬁ% %P% -‘/ hyQGagdium is
tensignsg Eﬁahﬁqén%lsf L e ﬂ? cegxation of the

myeqFehgR. dhess (i irahecpler Ay Aty griented along the ﬂow lines defined by
formulas (3.1 to 3.3) and fulfill the role of guide blades that form a swirled blood stream

during the cardiac cycle. As the left ventricle is filled, blood flows around the structural
elements of the free wall made up of trabeculas forming the diastolic filling profile; and
when the heart contracts, the tension of the papillary muscles and longitudinal trabeculas in
the front wall of the left ventricle generates a flow and directs it to the alternative relief that
produces a flow to be expelled into the aorta. The spatial organization of trabeculas
corresponds, during ventricle filling and blood expulsion into the aorta, to the form of flow




smal |, and the blood current is practically

guasi - potential. Cbservations of the. swirled stream

formed in the heart indicate that this streamhas a

single circulation and dom nates inside the aorta for

a consi derable part of the rdiac cycl e, surrounded

by back swirled currents havi ng residual circulations
. of the preceding cardiac cycle determned simlarly
linepof thKeitsnagdee (ragnoy gwirlgd curteie dorri nant st eam has a

si fyNa. eiorasiibwt 4ndn DRb. Mdglayeed Gomdigvt 4. Yine Nipolagév D.A., “An
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Measusnieas af nthe deednhrit atarvetersrifch eFlok Channbedkt MPh@bmography,”
Bulfetih f thieBsiniléd 86leide0Dshtér] RWMSIEN619, 2603 Bip, 6216 bASide intravital
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HSrFSPH@‘it’@QIaIn aod gxpulsioniptedhe aqrigact i onal st udi es.
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Aorfainal ths iBasfof{TheceSDimi@tsiomel Mappihg byl MP nagdesydinaarySnBull&th of the
BakBleOCSi:ldﬁlce‘ﬂeﬁfertIhAI\&N(ﬁ 902008 HphPM78Y, Iy a@41y4iBSf the velocity field
in tHe adrecwhdbeffeinef oPthe BRR JraliP F Y8 rI'h@hﬁaracterls’ucs of the
swirRy B1686d ﬂo@fcatchfat%wh@%as?? bP nﬁ:ﬁeﬁfa? Hata 'l_i MR thh the current

line€#Pthe acP@-arb3n q{ﬁint t8 tt BULRLE of the
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‘% X’t
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physjglegicak bisodt Hlaweimubety: thenloah whenngs asd titnglamjeo arr ciirdiowascular
surgery. tensioned in the systole, and the other is evident
dufTihisg nekitlast allbws rigldaodymivaic ebmphisbilityy odar dicuphysislegieal flow,
previen formdiRulfataghysée it Sparabibh ©0h& reduesotht Rk ff @Yombosis and
bloddi inRSy, hall ipf@&niYplastie 'cHE RS il ﬁ)ejch'élﬁhe:f niglas@'w nialdle&ﬂldté distribution
of shaf str L& iRfhOwhige bl ades that forma swirled

t 1 rk?l 6/ 5@? oC ﬂe&o %r b sﬁI e blood circulation
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Sinmd
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OPGTﬁE%ﬁSt 8 omer QE"’P’% and xessglys |aBﬁeg g" finhthep 4p3ignsa o) impantesfor the
cardigygsquiz gFXStranBfing rthﬁé'éaq:ta@kmdzq-ﬁéasn% rioluiion off nematationary
hydrodynanyig gavations oftheelass o6 swirfetl swramtsl asli gaattigative drigeridme

al e mathadefarebimaingt dhbliood flosdircasgimally cavohsinizeed segments of the
bloodx@adul 2wbni systent kensas tia.didghesiagahé dhdiotdgantamiifiemn odfa patient’s
bloodr dRatiibaSystedt MeRP@iilstheBsddBowendlbdity) Bellliih! th® Be@hEhambers
and Blea0 deRBUMSL RNk HhO phiafeRN FRmil® ats{iﬁ*‘rlécpﬁlm)&’fﬂo’zzvI M4 hlodeling
an i 1ﬁ§§alq;lo$d1ﬁo%' i Qﬁéjgl%oh rcﬁ’%ﬂgﬁzlnc' g‘ﬂlsE efﬁg t0sedb“[ﬁéustreamhned

%ﬁ"

surf: % %yég/ ﬁ‘t?z\n 2l Y the 1 od circulation system

reco t € 1n glven ghapgs §Wr B hﬁl tggsrpgonstructed
wgﬁlg ﬁ’éﬁl‘”‘a‘ft If e ci«a&ﬁ@ 155‘113 é IFOG)-

Ch;{h sshpy any BEFIt i Fcrd %e t@awup @pd magnetic

IeSORYICE ﬁ%?ém@ﬁ% é"?r mmvsng N@loc@y, thoedtwap tody oBihe spleeteil dtpod flow
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bloodyiranliation bys&&n Hiustfy&igoferbmpE@a Qs tFitesihia0fbringtth §arameters Q(t),

aorta. Adequacy of the reconstruction was verified by

measuring the radius of the inlet area and the vol une

and | ength of the aorta segnment reconstructed, The

results show that variations in these val ues over a

single cardiac cycle agreed with the logic



of cardiac contraction and bl ood expul sion into the

aorta. In another study (Bokeria LA, Gorodkov A Wu,,

Ki knadze tr.L, Ni kolayev D. A, Gachechiladze I.A.,

"An Analysis of the Velocity Field of a Swirled Bl ood

Flowin the Aorta on the Bdgis of Three-Di nensional

Mappi ng by MP Vel osyrnnetry,"” Bulletin of the Bakul ev
Zy(tFCk @) CEy(GaimideC,(HRAMBe Mdrle® bloddOfow pihe ch@racisti@nt the patient’s
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blod h&g ics of the swrled blood flow cal cul at ed

on e
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Ki Kitedsitreardtinschevfased andeghiduelements of Theesysteqibeng reconstructed are
mowbithndiedlagtive reasons to argue that the exact
Ki Krtdzssdkpassiedis @atpiiseon subssedimsart meerpali sucfapathat is provided
w1t19ki%ﬁ¥téﬁ13fbf h’@lrﬁﬁ% RS H108d iflowt inecosrdyndeel o orirula f101)nfoRg specific
locefhza Sttt tdbORPIabEPWith A padiiesishe bl ood channel s
He'TRle ?rgl Sufffle FRLABYASE fseﬂi‘owéé{f Qﬁﬁ)é relTJf'c%nﬁIﬂéQﬁ' areas of
S QS aeme?na%)lg%ttﬁ h %:& %ré%ﬁ form of de ressmns each

all
% g gﬁp% 0?3% S‘an r‘é ve s ?ﬂ]edoa Ntangents.
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a depsepiontissjodreditpdhe oyl ginalYosTReolh sTTash by por Wi WefAcssgradycing slopes
for gihandirtbe priginalhesmeeth gindacs in desniding pisas @fa tangsati ent s

bl oA dhadi ofcthe atharel syat emtainemsies imghe FenbpbHubs,fgreayes or blades
havite) @GWitinki @lgtt desctibal bearuatidraniydr ® 13nddegpending on the specific
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cha%nélea@ 6?11% | de el enents t he
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symrpg:wcz{l yn]élst fcelgtﬁreo Oandl% VAL Fosssece he stfeamlined
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tolah). 3.1 to 3.3). The bl ood flow is diagnosed by a

met Hexgreaintiopdislirfageud the sloro® clemen &ody: of F1@§@W§ﬁé%Pf0Vlded
with echlié¢fopoasistifgof areasefrdriginallel soviotly surfdee alferfnatieg witheorved areas
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by B&Weﬁ%ﬁﬁé@s%r@% §10Pesl OF widh' the brigir) ‘ﬂ? s@footh WirgReus the joint
areh lglaqa@r% ; bui | di ng a dat abase of normal indicators,
etermning the limts of the conpensatory reserve of
the patient's blood circulation system justifying
deconpensation criteria according to paraneters Qt),
12 fa(t), k(t), f'a(t) and C 9(t) of the swirled
bl ood flow, the characteristic of the patient's bl ood
circulation condition at the stages of planning, and
qsse:ssi ng the result of, treatnent, and also




The stream i ned surfaces and guides are provided wth
a relief consisting of areas of originally snooth
surface alternating with curved areas in the form of
depressions, each formed by quadric convex and
concave surfaces joined al ogg common tangents.
Nbreover a depression i'S; Joined to the originally

ur face b .conv rface rodum
LA eﬁ& ﬁm] & 3 ?13 £5 8RR E of gt of the
cha%m %lrfacq Vth qoéa g @&0@ 7 303 gl gty ghanges
dovgslagaBnp&ih efﬂow agasfdanpepufineuabensidcriagdedd are o
nmoVias| pmpngrcesevashed overhe st ppradacheih g relief consisting of
areag ofrprigigeldy smoothesutiacd altgrmating ity quary edsaredsdo éhet foan dfslepressions,
eaclpfawedebly quadrc aopekt@rdncémaves sirtdden goinbé abdr@ocbriimow tangents.
MorieBved( @ odepadasion ik tjbinkdrtottha orikirk)lyf #iocdh Speeéd bg convex surfaces
produRfia! sﬂ@@& ifviath HROrERGMBndoth KRfteR] A6 fSntMrbdy iga tangent.

pr %*e pSfurth&eeol Esnfﬁ' the Hﬁtflé‘b‘?irt%ff tﬁJ‘s‘%re%%Ed“ﬁfrfa%e b the flow
charﬂfe? Vﬂlé Hm% (L oGP dr%‘idd@g hﬁ\tln 5??}%118% an
Yy snoot SUi‘ ace ternatin

areas |n the form of depressi each produced by
quadri c convex and conc‘gvéposu]?saiz’es j oined al ong
comon tangents, Mreover, a depression is ned to
whergie: k() df adims denroden I@mm%téreoibshecsoﬁx}@d( fmgorrespondmg to
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of ribg, grackes of bladeschasig £swirlag atplle:heno- conpat i bl e
material, for exanple, a woven synthetic fabric, that
makes t he shape of the §Lqyseetizon of the blood flow
channel consistent with the normal current paraneters
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devic@Bspabld dTunédeliaf @ifferefflcw t@idadsy smooth surface
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tangghleas is a tangent, A part of the channel nmay contain
guides in the formof ribs, grooves or blades having

a Sherthethgd anpérdoeetbybed by equations (1.1 to 1.3),

depending on the specific |ocalization of the point
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e S Bk o L] 1) waﬁ’g%a éy AR ) for th ful
stregr it Bie agFtaLrhody of round and/ or oval cross-sectjon,

t he Bennaagiheepd Bow valosy Sfeld inghe antient s dieay cheraherg aed vessels
by aniythethodmtindunding nltzasovicdandovaguictih responandeoirehniques; progessing the
results 3ping Bo@water wals hasedl o uhé axes sabtidtmeoSint-sthiiomie hpdrbdynamic

and body of the valve are provided wth a relief

consi sting of areas of originally snooth surface

alternating with curved areas in the form of

depressions, each forned by quadric convex and concave

surfaces joined along commobn tangents. Moreover, a

depression is joined to the originally snooth surface




areas is a, tangent. 13 A blood punp conprises a flow

channel and valves at the inlet and outlet of the

channel , the surface washed over by bl ood bei ng

provided with a relief that changes downstream of the

flow in accordance with equdtions (1.1 to 1.3). The

prinp surfaces washed over by blood are provided with
equatiosl catulamsihs tchmgctefistiapaanctefs dranghdiadduyl svirled flow using the

;gkhﬁé astal dndr at dspgskiithrestlty of tikg easdifidhst H€ tHeObWo@f circulation
systeRPSRgHkLe 'Bﬁroutﬁ%ﬁeﬂ@ﬂﬁ%ﬂd R iR 16cafi2MXo fadthological changes

in thOBlo3Y FloH Eﬁ@ﬁ{%sd §R=Jerlﬁ lﬁl:l?ﬂﬂ: ﬁWﬁct& REAS: from the individual
phyg{g[o aﬂxo depreSsion is joined to the origi na?

by cenve surfac roducin g
f or 1\1/&1]n 51 taﬂlnggls F{ 2 asis 19 61{5% 2 extei%g é’f T qru1red surgical
cordygt'oF he, taap%f'igg éﬁ% RNy éf o4 chigaufeh ghipgsing the
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CroSSH&RIS a@@ivwspomﬁ aong theoirods flow.pxith grepsimsmapPEdgation fo the
follwingrfgrraulasi r 1 i ng angl e:  g=go-ks(t)z', wherein: k, (t)

i s in thd leegitielmeilyendiapplreeret er of the swirl ed bl ood
flow correspondl ng to the normal indicator for the

systolic fl |ml_ art of the streanlined punp
surface is raldes in the form of ribs,
grooves or bl ad aV| ng‘o swirlling angle: 4r ::: yo (41)

;oargfn(a:)erzof the SWI eé?t@l éc;b #"(g&ec ?ngggﬂgl ng to

t heinfbe mdiallyagiroathekpléns: t he diastolic flow. The punp
val ves may have the design of the cardiac val ve

prostheses dgsfe)+ bt —gb@ye. 'fhe punp channel nay
have the design of the cannul a-de cr Eed above. The

swirling devjcesc @ ri ségizhn en@o(le? having a (4.2)

strean i ned sur?& g%/(e)i@d‘] Vh gutdes in the form

of ribs, grooves or bla aped in accordance W|th

fornulas(l to 1. % the swirling angle of th
whasB g s ol o Ralth 7 o8 K, Gy ) S ah (b Ta(DHTRA) Col0)
andd[e(Rn(G)e/l‘ch-@Bbm@ of dﬁfim?él dyediand Quéhtisfa @wca@mrmm@nal to the
voluthe afwihel swigled edlbod sgoarh atbets vaassheyklisuléy deyerfslimpannty cardiac
confractjpnphiasks dhavristantane@lsi velues @O 1@t theing hstartedver dfe full length of
the Bloo@ichadrey atsdgghﬁe fohfeac endatdl@ilnad ot the bbloeiy Yield mapping data
of tid &&slell Bidodg1dwer m of  depressions, each fornmed by

quadﬂidn?g (il?é“é%ﬁlbﬁ{éq fRMEAOF (ﬁ'a'éﬂ G&S daRlDEA ﬁ%ﬁngmd blood flow
mo?e?lqgvfésuﬁsa? P - su%?{la‘ﬁ v AnGER ircgl;fr\a aftBreliSs c-%gﬂ‘leﬂ? £l e blood
Cire ragaorl %I na 8 Ctll} Fln v%’g %% I\é f(:)l' Cﬁmfﬂiﬂ glr %ructlon and/or
des g Rst %eél?iagn segra éthfes gi] P]%adequate to
thegg g‘l&ﬁ &OW sw1r e ggl ¥ ecpﬁg 5qﬁgl1qtq'1 ¢l parameters and/or
covm&;cth@ ystrepgliged rsurfage peith eﬁtg@d‘hefﬁk%f celartpdran dhe basis of a
hydgrdefa@rmwgé@l and dirsgbng H@ flgve inte dheshanmeg! sp itlend dhe flow vielpcity and
presshe fe¢lds aeatoimbineslysitle mnhibdr gl dbi exgytingenl theypatiest’ngload circulation
systegnelr odynam ¢ nodel and software tools based on the

exachsigolthd iconbired feilts of alih@ivatios, upedndniac and blood flow
mo®MAHat el fP rapﬁl@%ﬁrdﬂo'—éﬁ §:W fréﬁﬁﬁeﬁﬂ W @ dhmaged segments of the
patlbﬁ‘tesoég?&%§§§c V& PYlRuiridg LrfhSetidn ¥ LOFRAROESci culz}(mn devices
and/%@‘{!ls of othgeéa%’i Sfqudé\ﬁ&rs%ﬁs ?‘f Q?o g al Shapes and

€l
Tl

relictox 1ed 1tﬁ6% 08 ua ! n% ity and, pre U in the
é’ aticans i’ ‘hé’?

pat1F og gifcyla P §_ys PB%SV& eé t%l the' devices
COHP?Cé‘F CHete e ﬁ%‘H’FP e rFé‘i?B "%%1’&10 sis of a
hydggdynpicipadel uplﬁs|t%mva%gesmftth%§wﬁél%ﬁa(%[ ﬁbt@o&t), Zo(t) (t), and

Do (Demsamncst by ditgrosineshe hlasdeBeivrig thh@atlent s organism, and the para-

corporeal circulation device is equipped with a suitable control system monitoring the




results using software tools based on the exact

sol utions of non-stationary hydrodynam c 14

equations; calculating the characteristic paraneters

of an individual swirled flow using the mapping

results and the assessnment results of the conditions

of the blood circulation S)}St em obt ai ned by routine

net hods; and identifying |localization of pathol ogical
chareﬁaﬂaafé ofthe pHgep blasd v andAEPTHEC qerfiBEatiqn qiihe lastrvessels
of the @iicuit rfat moprexieaiingt e blpednflove parsaiclargim|the device to the flow
parapteyess ol bgipeta¢ntisdlend asiutagion isgstemainytké basperftformmgas @sl)ar (4.2);

basiwsirtgo thas sembineth ercedtsenf didgnostijtsi reelulatadgideta) and blood flow
modeling egsultoro apply kerdyeounpicay troftreherdyeitink £hanpes beiconnected for
assidtRecila@Otlor £ RARNBIPIantdWOSitifidial Reart, S WARNMMNE 836drh&ritd) shapes and
relic®é @€ ‘ﬂokpcl%tlélg\é?e @ptuln%g'tB udhfiald bher\%@dc"ﬁkf AAbrE@dEARLM in the
devi@ desgo% e . WillP fIrs 588{:& gﬁd ?esgﬁ%@rﬁ’el@%'f rlﬁe?) 888°s blood
c1rc¢l 9 V&%?e‘?n & glllalp\@'I earer{g r oeﬁ( 'bf: %Irﬁ)od e% $e basis of a
hyd maémc rﬁ(}c{f § %he qu ﬁt{ t}l Zo(@ Ry(t), and
D, ( nix%s?rteji p 5>S1E&E4e)b O?%ﬂ?‘ﬂ'éfn d?agp AER d the devices are
equlﬁp%g«,gnth[a suj g lqch tgql systeyy(pyniforingthe ¢ zyractir@tlg of the swirled blood
flowgand the (gewtp coniigyiplprepithe Messels of thepircuitptapproxmate the blood
flowRparameters in the dmoget jos theofloy, pa%(lct)zrs:maihy rBfiewt{st pload rdirculation
systérh Jon@ag basis ofdfonfiledGI( 1))o¢d.2); arid - 11& are as defi ned

abougonituhgt the (dfficieficyd of URE tsiigficap rteaidnt applied ®yt ineBuring the
extehObE BB fOimityNEf Gl SWH%H J91'06@ ‘310%\? §t@@Mirk & kthevpdtieBEs individual norms
by aﬁXB&in%Qhé Yod&nAd gé{; Gptrhg'v%fbcﬂg %@I({)ﬁlcﬂlé Bbod flow and by

rouifinol osélﬁlﬁ{!‘ﬁ*taf’ﬂg il les ci'g

ength of the bl ood channel at

an tlrrem) Iatedf el o
iR e % R TRA ) e Guttostiglochdp Eh Following
des"d' r F‘l"’gts(ﬁ th? g@ﬂﬁ%“tl cs, calcul ated data, and
bl ood flow nodeling results to treat surgically the
patthwtseg)insedthesisadonmrises & bpednprowided he thy iptegnal surface thereof with
a relmfr2ctol satiil dlire Wyed 80wk} 1G.el)eThe mgeraal sopfhcane the abeingayf wr provided
withge oelief comsidting @t andgit ol otigmallaRmhboth suiifasé gitdrngtingf wih curved areas
in therfosh bedéewfont BeTHapRGLEsiS Rapneleithedigdbr hevd @stievaills.
the shiaRe: AseHYRNE chéhnel BEpMBYMSH RnOGBE Galetnal @9&5@' thereof with a
long‘ftWana?f@h@:f OYh BYirCAE bW ity Ih[% g Olrfﬁtlﬁﬂeﬁﬁ !HE rovided
ﬁf II%F coﬂ:ﬁ?s\fﬁklog%éag% 31'1 ?1% thS a @51 Q ed areas
1n th 9

H%fl.()? ég&reﬁ I’]tSﬁSO Rf % %‘I,i)%ﬂ é]ilrfiyéé:.l 1] ]t ﬁ gUIdeS n
V%o &mogoe%ﬂrdbla h&eat FApY aﬁglrélsw d THif Ffnula may
be naade ofn flpgicamatenls ding gapmile ey pestin opbgtgon with a swirling
devigg /cul ati on system - using the conbined results of

di dgheatt ivelye predtleasisacanupriies @ne amd niro shiutbffostemanid plaged in a
symmegidal serttal apptign wathohi @bsdy 9 bt akroundeat! foe ot alt aodsksection (FIGS. 7
to 1dprHgestraagimedtedgobf tie valpatshent! ceoarntdisavasetekpond in the open
posifiys teMmdlRaU) diplEatRR RAIWInE Origithtidi &fith sWirR@®lood current. The
streéihl'ir%d' AR HRVHEED vxdéﬂ %19{ a Pe?i%f 8nsRHNE b arcas of originally smooth

surf: &ra‘fl’teﬁﬁflﬁ W? cug@e\d' ar ae'l ﬂr orQ r@&ﬁﬁﬁa‘ls of

ohg) ?‘l%e@ a[ng > 2O 168 3V\Qt tﬁe 81 inlet and
outl&u@?ﬁz OP%C a8?1 A g‘g %%nwn? Ft P 1sSpr0vided
%‘f" R8

with, ¢ pgerp, Woswl g thfoPRaR; LR Streaghinge inygnp outlet
part{ig, @F‘é{“@ﬁ VHB aspaiisen éﬁ tp Vi ghe toedfley expsliedplépmdthe pump. The
streamplinadayriseesiney %gr,ogl(@ﬁ with a relief consisting of areas of originally smooth
surface alternating with curved areas in the form of depressions 16. The inlet and/or outlet

part(s) of the flow channel may be provided with ribs, grooves or blades having an
adjustable swirling angle.




hydr odynam c nodel using the values of the quantities

{do(t), f u(t), Co(t), do(t), fli(t), and. 4)0(t)

nmeasur ed by di agnosing the blood flowin the patient's

organi sm and the para- coiporeal circulation device

is equipped with a suitableléontrol system nonitoring

the 15 characteristics of the swirled blood flow and

geametsiidingoddvi@uis alebighedfis b @nélpisti 10 vadpeh streaflitddesurface
thatGé peiided fvith BEAEPKS fbthe gkt BEribd, @eshviet OMblpadsai®igy h ddjustable
inclind8od8YJ16 € §Wirf 8 oo Whe @,ﬁfﬁeﬁﬁﬁ’ﬁe@ir ﬁrﬂa@estrﬁﬁy Ppro®fed Svith a relief

m(élfig) %5‘; %agtdf%g% lk I ne (ﬁf}a@lfngf&ﬁmﬁﬁ%d areas in the

estlts of

OSt \ CS C at e%f gr? t a ?r? Fl?lél vgt\ﬁ’rlclrm%ﬁlﬁmg blood
01rc tdSVlB%S é a % ¢art, apd/ar @E\ebﬁar% £CO orgal devices

are Faclw tefl nghysigired bP BRpYEFrSY inacsp PRI feppylps (1.1 to 1.3; 2.1
to 2ge dntetr Béapmic, Hapé2)aand the dlaverhanselsrinspntapawititae hloed flow in
thesopleivitiey aehyt be condvahle ek argelimoceds manhignteasd individpelly for every
patiemt, theeelastiityc gsorsarindotnesy siwve, abdserfadet felichef thebochannels being
calcahtedprdesighde ahid ehshudictiideé ipaict@dbnce withahe valuec of did quantities
Qo(@)yss(grrco(tn Q()&'),aR&(t)Qfmd &gty eebduranit the amecitanibe bloet irculation
condBeg i dien sIe eAQlel‘e§u19fa ﬁvlrféﬁdsb@ﬁit‘ﬂﬂ&%@odrﬂaﬁzl co#fdspéhding to an
indit{¥ lvglll}%?tﬁ ﬁ)e teﬂ 68 et &evwe@ (0 thifRbde) ﬂow formed
acc (BQX g@(ﬁﬁiyﬁ& gglnﬁ(ﬁh ﬂmtg fie velocity
and sure 1 c nne ev§ce w1 egv%rl]oc t essu Mih ¢S patient’s
blo pyvo ‘i g)l %\11 Y db¢ tlgre 3 ’az‘? ht e ﬂié?tl g 8181&'101a1 blood
circplpfign & scpﬁ%e MAFYerd lit% £ ?Fsﬁf ﬂ% C\y nsdeafces and
the iplargpble grtificia hapbdesigned tlé ap¢padasics gath f 1t02.3;
3.1ita 3.Be addv4.ded-2b fotme & [spivlgsabions: dpw pﬁmsnsmt p‘atth ethf: I@dwldual
physiblogitatnoroudar ittenfullsyptaptation petied.basi s of fornul as

(4.Thk aforeshi@Jeviendperateoasi fobliowsng t he ef ficiency of the

S Unghiptiatable &aia®6drpaRpl datoddYvdiea pudstlitges; hslve proisthibespirtificial
hea® ORI Bldod @fculdfitn HevickE Eakhey] ahll QiiHdislusbod iré@atidie devices)

are i%%‘éﬂe%ﬂhtosth BRYoM VER] b @ikdt coibcBRlana! N the
po% é'sfxglh ctﬁ%ﬂ b &ogﬁn@e%tht S C1 o 3; ﬂ)i@ 3.1t03.3;

and a gali%h Qt ' f%g é\?lrltnf%a 18%%d directly

mtorf"e‘i‘ E § CFF ??dt%rgu P %i‘ orlSd es | on of
e t@p &gs?%%e o SR ldod of model fluid

currézmﬁraicg@éara:etmsbt ¢ kg Zaé%ra%wwsra tliom b)f H’é?fa§lli‘rgf‘¥1‘é f the viscous

flow.hereof with a relief 2 to swirl the blood flow (FIG

1) Thfheruchiralrfiead omanizaien dlps produedorephysioldgcablyadegisde blood or
modail flhidcurehi fée fromstaghativn ofd faove sepaaitionzoggsnal | y snoot h

surface alternating with curved areas in the form of

depressions 3. The pUpsKHRIAS APBLIOABILITer rigid or

have elastic walls. A cannula has a flow channel 4

pr chhiedeengan caebs wiedforal surface thereof with a

| orglaveldpingl soflstarefools toobsweed for mecabirongla blagd e @ith research
andA)y .mddieal i purgrsea by sy f methods Vintledipg antirabedic aidt magnetic resonance
meth&ds; ef consisting of areas of originally snmooth

surf RERAL HaYHSbLREl Wobl cdhiMBEn AbRASin tdlpddpef s Bwifed blood
flov SRIBHE 'f&rhsreéreséltﬁ’cﬁfe stﬁlﬁaﬁd@%ﬂ%‘f’émoﬁnﬁé@@nd may be

Provi,dg bAd Sidhg It%&db%ml Q‘ﬁ{ﬂxﬁi O%Q?atl&#ﬁpﬂﬁ@%l&fd flow in

1 ral‘tdﬁ] n "i‘n %gé SW T
apaga”ﬂrﬂ g %E%Zra; Syte Od%}‘?’?gSt | ﬁﬂ%ﬁt eﬁés {0 restore the

§OBICY OAapatiFRt ?Qﬂec %@m?égtﬁgu% PY" W structure;

moredeyRlopbres mathemateal suppaTh aRd) spiiware 9yl et Selectwn of
the cdastanapf powlantdie virgi-subatibbag devages amram@m@manaj/mnnal swirled

oval cross-section (FIGS. 7 to 11). The streanlined

edge of the valve shutoff elenent is to correspond in

the open position to a relief 10 duplicating the flow

line orientation of the swirled blood current. The

stream i ned surfaces nay be provided with a relief

consi sting of areas of originally snmooth surface



outlet (FIG 14 and FIG 15). The streamined surface

of the punp inlet part is provided with a pattern 14

to swirl the blood flow filling the punp. The

stream i ned punp outlet part is provided with a

pattern 15 to swrl the blo q flow expelled fromthe

punp The streanlined surfaces may be provided with a

é?: conS|sﬁQ & of areas of originally snooth
S““@Uﬁ? PR BAPE HE™wi t h curved areas in the form of
gnBigsorga-sabsBiutine devigat fqrcgprdipyaspdar sysgery (byarpyalve and

Vesaeh erOISth@WSb Hah mstoreragedyetegeonietiz i natient’ Hblood channegk apd have a
heightendéd sathprvawigg éntheddmesioabif @ sswiled blogd foglseuctafe; The

swi-rdesipgingeviptamtitde stelpagnecrpaseabpurapdfopiastis bloddhaneuagon and a
fullp isplag@blel ateiflcialhéas and httb devides Qv elgthewirdghthemn d@$hdt 2 swirled
bloddfldWes fopthBa Qfsufe'tﬁ@ urflp QRY B Wirlfd %Sé ﬂ'B@thﬁlgtL@é‘ls mamtamed in
the BidbY %fré\mltﬁ)n éy@@ AT d&0 Q;E o¥e Hﬁe B& devices;

str e fhyg E 81%%1 do& ﬁYﬁt bl%o tlonl(?ewces,,
para—?{ré&r% tegl Ting vgof éorrs é’iS aft cm &@ney, artificial liver,
Geis 0 n “03 S%‘if PRRpIAS fed “6‘1“ Ue3s Siftgrs, and so o),
fomgfls.afl &%@ta%% S‘v queﬂo‘&rs%rmt%q ig|orgerdg dmprove the efficiency
and gpfetyinfdhessdewsssices, fully inplantable artificial
heardesigaingy research Isndp foraphysiqsbrand| matboigiess! maedsling of various
bloaglativul sioe ccondigisnsg) fedesearadh praporeadh uespectiof the swirbtdtmcture of a
physiblolgichbislood &lswf 1. 1 to 1.3; 2.1 to 2.3; 3.1 to 3.3;
and- dbsibning. 23ting@BEnds €orf 4s0vysinipama efusictiohal Pripaeites V1t #aplantable
orgénhﬁlbgt'ltﬁﬁﬂg tbawed for cﬁt’&ﬁﬁﬁséﬁ%' sufser W t}}%epréﬁﬂPé/ abhg flow of
mod¥ Auid d? aatddf tléﬁ% idual Iy for every

pat ' (feg mé@?éf%?fu% bgeys'tre cf gdrgacg A ﬁi%’ab?éfezfa’u% 80 ces in order

to el Rl lons fy ol m@ﬁa% iaafs& IpEaSa s e of the bood
clotjng L? §6161f ap epent; en?;g? me?tatlin} @egum eql n of blood
compppens, igpEy feegiylanilge hé ofigphapmAcrianeappblsaf causing
hemglysesy pathplogicaligramne rswomge, dhragbosiscend Ayperplasigul t | a
swirled spout-like blood flow corresponding to an
i ndi vi dual physiological normis forned in these
devices. In this case, a flow formed according to the
above fornul as greets the conditions required for
conbining the velocity and pressure field in a
connected device with the velocity and pressure field
in the patient's blood flowthat is forned by the
patient's heart as the assist and/or artificial blood
circulation is disconnected. Moreover, the artificia
and assi st blood circulation devices and the
i mpl antabl e artificial heart designed in accordance
with formulas (1,1 to 1.3; 2. 1to 2.3; 3.1to 3.3;
and 4.1--4.2) forma swirled blood fl ow consi stent
with the individual physiological normover the fal
i mpl antation period. The aforesaid devices operate as
follows: |nplantable or para-corporeal devices (vessel
prost heses, val ve prostheses, artificial heart,
assi st blood circul ati on devices, cannul as, and
artificial blood circulation devices) are inserted
into the blood vessel by direct connection; and
devi ces manufactured in accordance with fornmulas (1.1
to 1.3; 2.1to0 2.3; 3.1to 3.3; and 4.1-4.2) for use
in testing and research stands for flow swirling are
inserted directly into a circulation circuit
sinmulating blood circulation conditions. The relief
applied to the stream ined surface forns a swirled
bl ood or nodel fluid current in accordance with the
Ki knadze- Krasnov solutions by interacting with the
viscous flow This structural flow organization hel ps
produce a physiol ogically adequate bl ood or node
fluid current free fromstagnation and fl ow separation
zones. | NDUSTRI AL APPLI CABI LI TY



The invention can be used for: - devel oping software
toots to be used for neasuring a blood flowwth
research and%r medi cal purposes by any mnet hods,
including ultrasonic and magneti c resonance nethods;
sel ecting physi ol ogi cal blod& circulation nornms in
respect of the swirled blood flow structure for a
representative standard samIMdf vol unteers; -
nmeasuri ng and identifying individual structural

whef 92pifad {son of the blood flowin a patient's heart
and great vessels; - planning and carrying out

el S” Ct'f"e hears 50%%6& 19KED kRudi &P Qhnts of th
blo f:1|1:|(?h z?tm é g@ﬂg?w g%g?rf %n?ttE:n?s %god crllrcs:u(l)atloz
sysigB/s| ?W@e% HEFREIDE dsqfﬁ %P "%b‘f{ aﬂtCé}alFlBerF gfld great
VeS$q1rﬂ1S\fp%ﬂ§HWeds@leé@f4%er§ ORIHBE GSigFd eMaie getegmined; and the

indiyidyah -t ot tilawt iinn ghed dloade sirgelpiiem| swstﬁ él%@?ﬁél is modeled, the
stresmiinéd durfaces sindugitide eleofents plathieefiow schbnmbﬁd of thnblood circulation
systdas bginig g caisgranted Ulls tsutgidal noethledsi oe dyf argan-substituting implantable
devicRk Bkiay ased|sBipes dogespynding & the\calrest 18126 of thess@instructed normally

swilE@BlB8 IR intdladrdaiRetvaliLfondermyat e geonetry of a
patl ent's bl ood channel, and have a heightened safety

t be,flos mati on of a swirled blood flow
st r@g’t)ure E (tyésl gni ng i npl antabl e and para- cor por eal
s er e?§S|st blood circulation and a fully
t’abl rtificial heart, and al so devices for
con _tln ut( so that a swwrled blood flowis
for d nﬁt@(ﬂ)en(zye punp and the swirled blood flow
str ctg e(js mai ntained in the blood circul ation
systzeml Grder to i nprove the efficiency and safety
of E’Jresé’o(d)fw ces; designing para-corporeal punps and
circuit rt|f ci bl-eod circul ati on devi ces,,
par g- ¢ yﬂr}ﬁ upporting vital functions such
as a”rt|2ﬁfr|m aI dnéy antificial liver, and so on),
whérgﬁh P](fé){flgl‘ﬂl ‘Fh é‘ﬂ“‘e@ &%@#M&@%ms al; ¢, z and r are
curﬁg 3 gse rfs the l%“lglr Son 1n§1f) adial ¢ omlﬂzgesaﬁ thg ﬂov¥ line; V,,

Vor cw@e il t&awflﬁf zs#‘owfye%og gis G he swirled
cuna:@ |v J(ngg)@gi; Ypcel anSt péqxe dnyolyed;igfhe swir ed current; Q(t),
Zo(ﬁakﬁérﬁl( cafl GofQere neyaBrtoynef ﬁxqssWIBPCbB@Oé.ﬂ% pag pepnetry of the
blocdoldinnelahat depend ess Hmedtecpise pbgessiationasy gesent ghd corespond to the
indsxdual ecnsi inditatore ob fheaswipéd/sliood dgivcatasbieddyy hhiidng examination of
a repes bigafivigsatrpsd o Ngntishia sHGwihgmoahsess imthetbhedf dirvalationaystem.

properties of inplantable organ-substituting devices

for) eakdhanas Qé"!:l@fme?ll"lhgﬁzﬁﬁl 1 N2 8inAhEBRBE Flo¥ is@liagnosed by any,
1ncl%ﬁ'inrlgl ﬁgasfohf?:"\c’m‘afma% esbh éﬂc %o&!yqﬁgasgfen%§hfe%ds the software
toof r"i‘ﬁ &hd E}l bqg? k‘&q M Inéhod g&é)g Haltl BRSfe use of exact

sol t loRz 0 m YRYisns B Swridd EGFertdlo (/%(%us fluid
RO %%F“ ls%;ﬁ LR AAE
hmaﬁa & BRANE HPN SYHRTRHEtHY ecame%ﬁ%egzﬁmgpﬁ gfcording
to th¢ pptagsters Qgﬁpgﬁtkét’), Felpuangd (t?qgt)@é]th@ pwirleg |bdeng flow; characterize
theabaditinn of agntienttshelpop kizadatkomaatchp atages of plaaniag,rigd assessment of
thehresadisysf sreatprent)aindgdevalopi dasignedaceseotsser mdnutachomigsgny devices
usig g sl bid o dw sthietur€l Al VS What is claimed is: 1.:A
nmet hod for formng a blood flowin surgically
r ecg) M HEHES 28 SRR & Qhint Dewh&bROHe GirbmhliRidi QFfaces and guides
3’\}18&3 whhg (gﬂcto'ﬂﬁsﬁ btvérgééaéf &%‘M‘dﬂl 1 Aot SLg'face alt%drnatlng with
3%1% lgft [ e? ? ittd]%l gﬁg%{éd e?(lsrbcgw I'n t]ﬁ'e%ear%t&?hgxrrbe(? Foneave

and gr eat



vessel s is nmeasured; the paraneters formng a swirled

bl ood fl ow are determ ned; and the individual blood

flowin the blood circul ati on system di agnosed is

nodel ed, the streamined surfaces and gui de el enents

of the flow channels of thelglood circulation system

bei ng reconstructed by surgi nmet hods or by

organ-substituting inplantable  devices being give

Surfg%i @getg Blong SPUMINigngeats; pdeRGrsanbeing pdredd p%h%@ﬂglnally smooth
surfa%%mhgqnveé sadacsd presluripg slomey fos dvlbclbtha origilly ﬁmooth surface in the
joinparcas dartewzent. t h forrrul as: Qt):=[z+Z(c)(t)] r~ =120

+ k(021 cc, W B;r ==COW V 1lie0 3.i wherein: (Ta

i S 4t Mae imiﬂthodahs sliméd figclaiglieot D, whsRRCtheOdtrebfé&inéd Owvfaces and

guiddlEm&as oBthe sydlem He r@deéon@ﬁ‘@cte&%h%\lablé?&nﬂﬂﬁ eRktid.he
angular | ongl t udi na and radi al coordi nates al ong

Sél theli comr?\qm ve h?%ﬁg LR ‘f‘ntEI%QI erface tha]@ is provided
ol g e TR R e e

t he nedlun1|nvolved |n t he SMAr| urrent; (t),

li(t), FO(t) and C4Q(t))ﬁr[g+pa Ig?‘s of the swirled
bl ood fl ow and geonetry "of “t he d channel that
depend on tine becau ng tionary current and
correspond to the |vk@uap%§g?nal i ndi‘cators of the
swirled bl ood fIOM/neasured by rQuti ne exam nation of
a representative sanmig ef naflg t's_show ng no changes

|n the bl ood C|rculat|o I e net hod as
d flowis
Whe&?‘ﬂ %§é§ % g 1r][in|grfxé1|g[j:dllnr}' q:w st ﬁ]e > & and r are
cuﬂF%ts\gﬂﬁ%%& h% frlgngruda, ea.%érw gates 44 e?%ggﬁ tine; Q(1),
Zo(Qob(ty ¥uh: prb C@ﬁb@é‘h PBICEES 106\ m@a@wwrrhdhbl@od flow that
corrg@ong tp shecipdiyiduahaomead indicaiqusef claigl Lifdranspeeific localization of the
segment-tg batépdavad ywithyedprosthessri ¢ equati ons for swirl ed
currents of viscous fluid and helping build a
datealvas erefthe’dr atlainiel Gakhif; 5,00h&ei e ihfenal surface thereof is
proE@EP YAl Q&I TRAGLY s of hiddl oF d?f il %&ﬂﬁ ‘sarfideORbmating with
curvceﬁré‘rez]lsafrf ﬁlré ﬁﬁﬁtmeﬂré@wﬁg yez{cﬁefo%g@ ﬁhb Z?nvex and concave

31'1 inally smooth

sur (sl? 5& 9519 [gr’
sur =Dy, eqny facF? HreOdB IH flps% o&wﬁaclb og'gln Y598 ' surface in the
JmnﬁWF@UF %Wgﬁnht the stages of planning, and assessnent

of the results of, treatnent, and devel op design

dodurBapEosihesis gaslataed Uy ¢laign Gnyherein the dubeyis nmge #f an elastic bio-
and dwimd-eeimpsatibtsd nfakeyigl,sfor exiampe, B wovat esymtbetiodatais, that makes the
shapsl i thre dloivsectiai of the bidvelr fow chavmel torstdnit meth theinbaes dlood flow
paraareters Q(desid Zy(6 along thalagsabichimm] oedritled futlasagdisd ¢yate. of

areas of originally smooth surface alternating with

curgved @nfag fob ﬁapaﬁc&ﬁﬁf@apfpeﬁﬁﬁfn@s(ﬁ'v%§ coRAFRinkz0f "By channel
hav1lﬁ aﬁLfﬁtgHaPSLﬁﬁlgg it 0919@&: ik ajign%lﬁﬂi% %Q@eﬂm NGO rling the blood

QRQm% » ﬁﬂgﬁﬂ%h’ a depressi g joined to

e ori surface by convex surfaces
produ0|ng slopes for whi 5 he originally snooth
surface in the joint aéﬁ § |F ﬂgngent 4. The
met hod as clainmed in cIa|n11 Q)Z wherein the

stream i ned surfaces anff ‘el enents of the system
bei ng reconstructed are vabIE a d/or el astic. 5. A

vessel prosthesis conprﬁ aV|ng an interna
surface hat, rQV|de n for smnflln
whepgig: e frpg sI rlg)gcaélg \f/él§1s normal; @, zand r are

currgnt va p Fl}ezmgulag.lgngltur@ q and rad1a1 coordlnates along the flow line; Q(t),
Zy(t), k(t), T'yp(t), and Cy(t) are parameters of a non-stationary blood flow that correspond



T Yip td~ \p) wherein: pois theinitial swrling
angle inrelation to the flow axis normal; ap, z and r
are current values of the angular, |ongitudinal, and
radi al coordinates along the flowline; Qt), fa(t),
k(t)5 1"tj(t), and Ca(t) aréOparaneters of a
non-stationary swirled blood flow that correspond to
to thddividial ndthad] indicarads dfethigalt fof 2 spécifit &icatidatioarof she point where

the 80861 is Snde@E@Intd Blei v@BseDERdnREl. segment to be repl aced
W|th a prosthe5|s 6. The prosthesis as clained in

F‘Sﬁ\ ealts cltafl‘ﬁ c* 0 i4a 8SWhk tﬁ@ ¢8Rkl Is8rface thereof is
pro&dgal ﬁ'idfl%l c%tn%‘i ug ]pf Cd%ﬁ'o%td %6 sﬁ ace alt dprnatmg with

lH:e Qg ﬁ}? (iuoa F}g oBvex and concave

sur EFa?dPWEd eorgsemmg ‘g %&% FSF%{I: % it inally smooth
surfagsbi FOVAN FRrEess pgpdalewgéwea %1 b’émtoﬂ surface in the
joinppiegs 5l tRYZ®fpot h  surface by convex surf aces

produci ng sl opes for which the originally snooth

surlf0adae carukeas ¢lainet] inchas 8§ o %9 whermge at least a peiteof the channel is
proyided Wit pusdeasn the doriedf lhbls of glrom/ﬁ;,, ov\bled®ian atsivérlihg lhegles

made of an el astic bio- e;kl(@)gzconpatl ble materi aI

for exanpl e t hat . makes . t
wheshig @ iy tho iy W@gigfﬁg ity oty mpwa #nd 2 are
CUriEBh¥y ?Sé# PR atrﬁl@ fling} 6d1f1"f‘ BAlops ferfia, (is a
pargngier of( @ norastairparnevijled dlqoddlingm Ht cmpowéomﬁ nndm al normal
indigatorhi @fcclaipe |l dor 8 qumﬁ;ca}mg]p@np@ of thr peivlowperedlag cannula is inserted
intoptbe fesselodhaoieali ces conprising a fl ow channel having an

internal surface that is provided with a |ongitudinal

patitieMhe tainusady dlhifgdtil@ldanaok 9 fdadwof Bn alastis shateeial, wherein its
flexibitity tQRuMMERTondXtbdcy bf the pia@etels P(t). atd Wy(tF with the imdividual

norfnal 1}ndlcafors of (ﬂeﬁfnq Qlt)n the 146 ERInRe] a‘i@@cﬂ BofBet dfMhd ba@hlac cycle
SW rl Ing angeln re ation to the flow axis nornal a,

Z alrbd af val(\:u&sI o e }/sa Cgl% n? olﬁ oq‘r}g 1l aly ff e ents arranged
%ﬂczﬁ gzitr{ﬁe c 1:( fr aE% g 85 8V§Ee u on t € strean?lugled
sﬁg aq%leeev Vf‘o‘r Hag glemncfaaor %&f@ Omlulas

correspond 20 to the i nd| vi dual rma i ndi cat ors of

claiml for a specific I@{¢)d [zza?t of t he point where

the cannula is inserted into t? vessel channe. 9. The

cannula. as claimed in @aPm 8 )aherein the internal

surface thereof is pr ovkged witl) a relief consisting

of areas of orlglnallydf o e alternating with

curved areas in the form of de ions, each forned
whsging @ady the initiabexirlingdengbminargkatios (ip heckew jasismoamal; @ag and r are
cureohvainest cfiigreartestar dodgiprdaj and radiningpofdinatesdalong thedlow line; Q(t),
Zo(05 k@), Tal(l) yarsin@git)hare parafreces bfya aomskiosary bbmesflow that correspond
to the RAUGHRY n6ined siidatsrs Whtlalin U Her Dgiven pedition sithe tliilve.

surface in the joint areas is a tangent. 10. '[he

can1r3u e %osﬂﬁfsr%%lélﬂleﬁllﬁ“cmlﬁ o v@aeréﬂ‘f' %eeétfbaﬁﬂmkeg 3gifac® of the

éleﬁi ntE d B Jl&ed \p{tﬁ)\c{l 1ngl6'f dR3s bf‘oxtlélﬁally smooth

sur ac rqtematln W h fDaQe 11’1 tﬁ)J fo §fe S 1%nsS V@a{:ﬂ 'f({l'ﬂ‘led by quadric

cong Pﬁl Ferdh fLE AT QS el é’xé%pr?? “eeing fgined (0
the gRgng 1& 18oo m acft DX, SAnYEX swfacen Brogheing slopg fpr which the originally
Sm(l'%h@‘ilrfa&élllhﬁleJ%@b?fé?srﬂétaé%ngépbng the flow line; and k(t)

i s Bt Aphlpadeump compaisingri- Bevacponession witl aHow| charnel. apg valves
at thédrimiet end petbpp ofitie chanitchghé mface amahedmyenby blood demgtpsegded with
a rebibf ¢drmbha dvef imean s@eedahce witbdatndat | on of the poi nt

where the cannula is inserted into the vessel

channel .




11. The eannula as clained in claim8 or 9 made of an

elastic material, wherein its flexibility results in

consi stency of the paraneters Qt) and Zi(t) with the

i ndi vidual normal indicators of claim1 along the

fl ow channel at each nonent ,of the cardiac cycle. 12I.

A heart val ve prosthesis, corrpri si ng one or nore

shut of f el ements arranga& ljgally at the center

of a body of round anct ) Ss-section, the

stream i ned surfaces of the ve bei ng prOV|ded wi th

a pattern in accordance P Pnt ¥@ mulas: Qt)::: [z 4 zO0

(t); YsS {I7 =0+ k(t%f Al F t . wherein: apo is

the initial sw rIing an )e '49:%@(5“‘:‘ on to the flow

axi s nor and r are t_val ues of the
whergie: Pwis, tﬂa&ﬁaﬁltswaﬁwg@ng rid TERHPAto MYy AXE S9THply Mgz and 1 are
currplﬁé/aiqegwf Fherpélgu]q tlgngltup_lgy(a{ )and R.’{d{lgl coprdnga(t@ alo%@le(ﬂ@ l)me Q(v),
Zy(tari(thp dvebivend () fareaparametstsael dner-ytabdrsoy b dodvilavh éhat correspond
to theandiesimahubrmabintfvetorsali alaidubl normal i ndi cators of

claiml for a given position of the valve. 13. The

pr ast Nes psmp ss elaghe®eh tlAirg!1d] Whidin iM8eugheestdi@hed over by blood
are %Q%@Wlﬂ?&j réli4F baRRtak dffeas %ﬁ‘@h@fnfall? |s§163ﬁ‘1t sirfAb&l alf@fdting with
curved. 426 @;h]&l% ﬁ‘ﬁﬁl teder res tf?)fns %&ﬁ' RHh O b 1REEEToRYex and concave

surf%es J)lﬁ AC%d 'é?sﬁ&%éu{éc%\‘\e&i gﬁjv{)gr?gnally smooth

Suff%ﬁfibafr Gopvey maecis Bhdbetatlges b pugide Ogﬁwgﬁegwa?ﬁa“ surface in the
Jomf:gﬁ‘i‘ﬁ)‘ﬁat%ﬁgﬁ’%t s, a depression being joined to the

originally sm)oth surface by convex surfaces produci

s| dpeshe pympvas elginaseinglaigi Kher 15, famisscAmprisingoa thﬁovqkpg part of
the jtesianlingd eergacef thet fhavy elmnnellgmdas ibltle®rpipibs.crmgroeienpr blades
at a awfrliogvacglepr essi on unit, a flow channel, and val ves

at the inlet and nutlet ofythe pb(a)gnel t he surface

washed over by bl ood bei ng prévided with a relief
wheyeinj @blisthgviaitial pvrsling aagle on delatien i the feWw rgisasermpl; ¢ and z are
curr@fttvahjes o @et anjgntar and longitudihdlgoerdinates dlong thy flewdline; and ky(t) is a
parat{etgr(of ‘at dwjirledbloed flowayzaiabk dveetimeiace@tingwb claimg thatydoeresponds
to tHerhor@hbindiatok Gortthesystadiy fawi.s normal ; ga, z and r are

current val ues of the angular, |ongitudinal, and

r aqﬁahéﬁﬁﬁ boah#sddh RHEm! lhleorfﬂSOWhlsﬂeﬁ?the gltet)part #aht dtreamlined
surfgcget S Is, pro RS With gﬁ'ﬁgescgf I%lhﬁ &Pﬁﬁm \g:fs Qroblaﬂ%s at a swirling

anold! ationary ood ow that corre
& nd| vi dual normal indicators of clgim 1 15. The punp
as cI aimed in claim 14, V\ﬁ‘?e'r@oﬁktdl(f surfaces washed

whe' PYS quglal &l QH bid qg rWaﬁB‘n (ﬂf\(r &ZNRbr8tal:Ng and z are
currg %f ea%rghﬁé%ﬂﬁ 1 08Hﬁ a‘?ecseal t Eﬁﬁw 11 ddpd(t) isa

Paraﬂgﬁ AR g"g %:r Hitphitite &y g grresvonas
tot ’lngﬁ’@@ﬁ S8%on bei ng j oi ned to the

ori |naIIy snoot h surface by convex surfaces

pr d udi R Roplangdoin Ghine bt ohéd S owhefeinathe yalyigs gt the inlet or outlet
thereafrdrabeart valvhprostheden desigesaisasi odaimed angleim 12 9613.The punp

as clainmed in claim14 or 15, further conprising on

t hd90Thé¢ pimpak lclaiéd it ¢eins 1 4 @ant) whetehuhé asenudds dnkdechannels are

desifh@naschaoagtul Dot e 8 or 9.he form of ribs, or grooves,
or blades at a swirling angle: Q =rnO+k(t)z, wherein:

JqS‘QO' A %@ﬁhh{'&ebf@e Soth 111 11‘?@ ANGAE didke ﬁé@ﬁ N s Qarhlf d surface
ST e el
I|ne and les(t) is a pararreter of a sw rled bl ood
flow variable over tine according to claim1 that
corresponds




to the normal indicator for the systolic flow 17. The

punp as clainmed in claim14 or 15, wherein the inlet

part of the streamlined surface is provided with

guides in the fbrmof ribs, or grooves, or blades at a

swirling angle: j (tP=VO +221 ()Z, wherein: g is the

initial swrling angle in relation to the flow axis

normal ; ap and z are !jEF2F+¥@J s of the angul ar

and Iongltudlnal coordi na aléhg the flow line; and

les(t) is a parameter of= aoswﬂkied bl ood fl ow

variabl e over time according to aim1l that

corresponds to the nor )= for the diastolic

flow. 18. A punp as cl ai med 4m2¢)Gilth 14 or 15, wherein
whdréia: yalsvigs isitiall varliny figledin elitibeto tHehfbdwe akisatoemhlle @y, & and r are
curtél WuddloThd B0 far ABREIEIIRA], %th(ﬁhlr@Grdlﬂat@d AbMB thé fPfw line; Q(1),
Zo(B, 3k(t)l‘i“o(tt)1 e e r@ﬁaﬁhﬁté@gf 4 Hoﬁ: s@atifhatd bRiod w that correspond

tot fdRlidua ?Srr{iaﬁrm&i eﬁ§rsad%‘1 aln ﬁ h r‘f’enteftl ' (ﬂ'rfﬁ‘ gfﬁ‘aeg g‘fatlve to
the FROW. limas {'v 10n81g}(':e haV|0 gerazgms Oaﬁ DyIRose edev1ce for

%?ggdﬁﬁe&n?ﬁeﬁiﬁoﬁg@opﬁ the form of r| bs or gr ooves,

or bl ades at aswrling angle: ( 22 Qt). ? z0(t )A

t 2. T{x@ pyyling device agillja d(g in "?A}Hg? &9, eg@n,tge §1ﬁfgaces washed over
by bleiodi aF ryavided mwittangtelief wonsistingi of arees o corigiallyasingoth surface
altermating iwithgeuryedhanday inathe formu of depressidnseeachffotrhed by guhdiic, convex
and| @ngaveuslirfaabs janel nladg adommonr tingaitesa depressidh deihpguined to the
originallg, sn€ddth) surfde( by conslek)surfatéssgrofucing slope for whieh the originally
smddeH airBleisthefjoiat Aedyishdngenary bl ood flow t hat

correspond go t he individual normal indicators of

claim1, and the orientation of the guides relative to

the flow axis is varied optionally by the operator or

by a speci al - purpose device for nodeling different

current conditions. 21. The swirling device as clained

in claim20, wherein the surfaces washed over by

bl ood are provided with a relief consisting of areas

of originally snooth surface alternating wth curved

areas in the formof depressions, each fornmed by

quadri c convex and concave surfaces joined al ong

common tangents, a depression being joined to the

originally snooth surface by convex surfaces producing

sl opes for which the originally snpboth surface in the

joint areas is a tangent.



