MuWHMCTepPCTBO 06pa3oBaHmnsa 1 Haykn Poccuiickoi Peaepaumm
defepanbHOe rocyaapcTBeHHOe aBTOHOMHOE 06pa30oBaTe/IbHOe yUpe>K AeHNe BbICLIEro
NpocheccroHaNbHOro 06pasoBaHus
«YpanbCKNn hefepanbHbIi YHUBEPCUTET
nmeHn nepsoro MNMpe3sngeHTa Poccnn b.H.EnbunHa»

13 HXA 2015 PACMOPAXEHWNE  91'°9
r. EkatepnHbypr

MO PE3YJIbTATAM MNPOBEPKW PH®

Mo peweHwuto MpasneHns PH® (npoTtokon oT 16 ntona 2015 r. Ne 15) npoBOAATCA Bble3Hble
NPOBEPKW peannsaLnm NPoeKToB, PUHAHCUPYEMbIX POCCUACKUM Hay4HbIM (POHAOM. B YpdY
Bbl6OpOYHas npoBepka npoekToB PH® npoBogunack 7 ceHTa6ps 2015 coBmecTHOM Komuccuein PH® u
H®TK. MNMporpamma paboTbl KOMUCCUN NPeayCMaTprBasa npoBepKy BbINMONHEHUA YHUBEPCUTETOM U
PYKOBOAMTENAMYU MPOEKTOB 0643aT€NbCTB, NPeAYCMOTPEHHbIX COOTBETCTBY UMW IPAHTOBLIMYU

CornatueHunamm.

B pe3synbTarte NpoBepKun YeTbipex NPoeKTOB KOMUCCUA 0BHapY>Xmna n 0TMeTna B aktax cnegyrouiune
HeO[HOKpaTHbIe HapyLLUeHUs NpoLeasyp BeAeHNsA JOKYMEHTOB, YCTaHOB/IEHHbIX FTPaHTOBbIMM CornialeHnAMu:

- OTCYTCTBME CNYXXEOHbIX 3anMCOK (MMCbMEHHbIX PELLIEHWIA) PYKOBOAMTENA NPOEKTa O CO34aHNK
KONNEeKTUBA,

- OTCYTCTBMeE C/Y>XeOHbIX 3aMnCoK (3a9BOK) PYKOBOAMTENSA NPOEKTA, B COOTBETCTBMM C KOTOPbIMU
OCYLLLeCTBNAETCA UCNOJIb30BaHWeE rpaHTa (B TOM YMce 3aKynKu, KOMaHAWPOBKK, AonnaTbl);

- HEKOPPEKTHOE 0hopM/IeHNE JOKYMEHTOB MO KOMaHAMPOBKaM Y/IEHOB Hay4HbIX rpynn (B TOM yucre
OTCYTCTBME CBA3M 3a4a4 NPOEKTa C KOMaHANPOBKON, HETOYHOE ornpefeneHne Lenm KOMaHAanpoBKM,
OTCYTCTBME NPUTNALLEHNIA HA MEPONPUATUS);

- OTCYTCTBME B KOMNIEKTUBHbIX MPaXAaHCKO-MPaBoOBbIX 40roBopax pacnpeneneHmsa pabot Mmexay
4y/eHaMu BPEMEHHOI0 Hay4YHOro KO/neKTuBa.

[Na NCKNOYEHMS YKa3aHHbIX Bbllle HapyLLIEHN Mo npoekTam PH®, a Takxe Nogo6HbIX HapyLUEHWI
Mo Hay4YHbIM TemaMm (CornalleHusM Mo rpaHTam, LOoroBopam, rocyapCTBeHHbIM KOHTpaKTam),
(PMHAHCUPYEMbIM U3 APYTUX UCTOYHUKOB, HACTOAWMM pacnopskeHmem ¢ 01.11.2015 ycTaHaBnMBaeTcs
CliefytoLLMin MopsaoK 0hOpPMIEHUA JOKYMEHTOB NPU OCYLLECTB/IEHWUIN LeATeNIbHOCTU MO BCEM Hay4YHbIM
Temam:

OBA3bIBAIO:

1 PykoBoauTeNsM NpoekToB npegocTasnaTe B 130 HNY cnepytowme cny>xebHble 3anmcku
(pekoMeHayemble popMbl/06pasLbl NpuUiaratoTcs):

- 0 (POPMUPOBAHUN U U3MEHEHUAX HayUYHOro Konnektmea (MpunoxeHus 1, 1a);

- 06 OTKpbITUN MLeBoro cyeta no teme (Mpunoxexue 2);

- 06 MCNO/Ib30BaHWM CPELCTB TeMbl NS OCYLLECTB/IEHUA 3aKYMOK, B TOM YMC/e YCYT CTOPOHHMX
opraHmsauuii (MpunoxeHue 3);

- ANa yCTaHOBNEHMSA A0N/AT YsieHaM Hay4yHoro Konnektuea (Mpunoxexwue 4).



2. C Uenbio UCKYEHNS CllyYaeB HEKOPPEKTHOIO ODOPM/IEHUS NPUKA30B HA KOMaHAVPOBKM
PYKOBOAWTENAM TEM UCNONb30BaTb CTAHAAPTHYHO (hOPMY COOTBETCTBYIOLLEN CNYXeBHOM 3annckn ans Bcex
BUAOB KOMaHAnpoBaHus (MpunoxeHune 5).

Ob6s3aTe/IbHbIM OKYMEHTOM MO KOMaHAMPOBKE ABASETCS KPaTKUIA MHDOPMALMOHHBIA OTYeT,
XpaHeHWe KOTOPOro B Aefiax TemMbl 06ecrneynBaeT ero pyKkoBoAuUTe b (PEKOMeHAAL N MO COCTaBNEHMIO OTHeTa
n npumep - MpunoxeHus 6 u 6a).

3. B nopsagke [OKYMeEHTUPOBaHUA 060CHOBAHWUA Pa3MepPOB BO3HArpaXaeHui YneHam
BPEMEHHOro Hay4yHoro konnektnsa (BHK) npuv BbINONHeHUM TeXHUYECKOro 3agaHusa (T3) rpaxgaHcKo-
npaeoBbIX gorosopos (M) pykoBogMTensam Tem Npu nogroToBKe TakMX 4OroBOPOB BK/OYaTh B T3
CBefleHMs 0 pacnpefenieHnmn paboT mexay uneHamv BHK B cOOTBETCTBMU C N1aHUPYEMOI CyMMOiA
BO3HarpaxaeHus (popma KonnekTueHoro M, ¢ y4eTom BKAKOUYEHNS 3TUX CBefeHUi B T3 - MpunoxxeHue 7).

4, M30 HWNY obecneunTb XpaHeHUe BCeX CNYXEBOHbIX 3aMMCOK PyKOBOAMTENEN B AeNaxX Hay4YHbIX



MpunoxeHue 1
K pacrnopsiKeHuto
Ne oT

B MnaHOBO-3KOHOMWYECKWNIA OTAeN
HayuHo-uccnefoBaTeibCKON YacTu

CNY>XEBHAA 3ATIMCKA

MpoLly n3path pacnopskeHne o HopMMPOBaHMM CeAYHOLLEr0 HAYYHOI0 KONNEKTMBA
WUCNONHUTENEN TeMbI

B COOTBETCTBMM C COrNaLleHnem/noroBopom/rocKoHTpakTom Ne oT
(BHYTpeHHMI1 HOMep ) B C/lieAytoLLeM CoCTaBe:

No ®KO (NoNHOCTLIO) YyeHas [Oo/MmKHOCTb 1 MecTo paboThbl
n/n CTeneHb

[aHHbI cocTaB MCMOMHUTENER COOTBETCTBYET 3asiBKE M TPebOBaHMAM YKa3aHHOIO Bbille
cornawieHus /gorosopa /rOCKOHTpaKTa.

PyKoBoguTenb TeMbl



MpunoxkeHwue 2
K pacrnops>XeHuto
Ne oT

B MnaHOBO-3KOHOMUYECKUIA 0TAeN
HayuHo-unccneaoBaTeibCKOM HacTu

CNY>XXEBHAA SATINCKA

MpoLwy opraHn3oBaTb OTKPbLITUE NIULLEBOI0 cYeTa A4 OCYLLECTB/IeHUA AeATeNIbHOCTU Mo TeMe

B COOTBETCTBUM C COrnalleHnem /4oroBopom /roCKOHTPaKToOM Ne ot
(BHYTPEHHMIA HOMEp TeMbl )-

PykoBoguTenb Tembl



MpunoxeHne 3
K pacrnopsi>XeHuto
Ne oT

B MnaHOBO-3KOHOMUYECKWI 0TAeN
HayuHo-uccnegoBaTe/ibCKOM HacTu

CNYXEBHAA 3ATNMNCKA
[ns peanusauuy nnaHa paboT no Teme
B COOTBETCTBMMW C COr/alleHnem /LoroBOpoM /rOCKOHTpakToM Ne oT

(BHYTPEHHWIT HOMEP TEM bl ) NPOLLY COrnacoBaTb OCYLLECTBNEHNE CeayoLLeli 3aKy KK
Ha YKa3aHHbIX HUXe YCNOBUSIX:

HanmeHoBaHMe TOBapoB, pabor,
ycnyr

Konunyectso NOCTaB/IAEMOTO
TOBapa, 06bemMa BbINOMHAEMbIX
paboT, OKa3blBaeMbIX yCNyr
Ycnosusa onnatsl

(npepgonnata %/no akty
nocTaBKu/rnoatanHo/exemecsiyHo/
eXeKBapTa/ibHO)

MecTo noctaBku TOBapa,
BbINO/HEHMSA paboT, oKazaHuA
ycnyr

CpoK nocTaBKu ToBapa,
BbINOHEHUS paboT, oKasaHuA
yChyr.

HayanbHasa LeHa forosopa

CooTBeTCTBYIOLLAA 3asBKa UM MPUIOXKEHUA K Hell (3afaHue, TEXHUKO-IKOHOMUYECKOe 060CHOBaHMe)
pasmMeLyatotca B C3/

PykoBoauTesnb Tembl



IMpunoxeHue 4
K pacrnopsi>XeHuto
Ne oT

B IMnaHOBO-3KOHOMUYECKNIA OTAeN
HayuHo-unccneaoBaTeibCKOM HacTu
CNY>XEBHAA 3ANMNCKA

MpoLy ycTaHOBUTb CTUMYNUPYIOLLYIO A0NAaTy Ha Nepuog ¢ no
3a BbINO/IHEHME paboT Mo Teme

B COOTBETCTBUW C COrnawleHnem /4oroBopom /rocKoHTpakTomM Ne oT
(BHYTPEHHMWIA HOMEpP TEMBbI ) CneayoLWmnm NCNOTHUTENSAM B YKa3aHHOM pa3Mepe:
No ® KO (NOHOCTBIO) [O/MKHOCTD, Cymma
n/n nogpasaeneHuve (py6. B mecsL)
A VIMeHHo,
No jol/7[e] KpaTKoe cofepykaHune BbIMO/HAEMOM paboThbl
n/n

Bbinnaty npovn3BoANTL C NNLEBOFO CYETA TEMbI.

PykoBoanTenb TeMbI



MpunoxeHue 5
K pacrnopsi>XeHuto

No oT

B MnaHOBO-3KOHOMUYECKNIA 0TAEN
HayuHo-uccnegosaTeibCKON HacTu

CNY>XEBHAA 3ATIMCKA

Mo nnaHy paboT no Teme:

B COOTBETCTBUM C COrNalleHneM/4oroBopom/roCKOHTpakToM Ne oT

(BHYTPEHHMWIA HOMEpP TeMbl ) He06X0AMMO HarnpasBUTb B KOMaHAMPOBKY Y/ieHa
KONNeKTUBa UcnosiHuTene. [aHHble AN OPOPMIEHUS NMPUKa3a Ha KOMaHAMPOBAHWE YKa3aHbl HUXKE.

1 damunna:

2. UNmag:

3. OtyecTBO:

4. TlogpasgeneHue, 4OMKHOCTb (6€3 COKpaLLEHWiA, ecin AOMKHOCTEN HECKOMbKO, HE06X0AMMO YKa3aTb

BCE):

5. [opoa, NpuHMMatoLLas opraHusaunsa (NpyM KOMaHAMPOBaHUM B HECKONIbKO MECT yKa3aTb BCe):

6. OcHoBaHue: cornaweHne/aoroBop/rocKOHTPaKT No oT "

7. Lenb KOMaHAMPOBKMU:

MpurnaweHne Ha KOH(epeHLMIo, CTaXMPOBKY, Ha NPoBeAeHUst COBMECTHbIX UCCeA0BaHuiA 1 gp.

yyacTue B KOH(hepeHL MM ¢ 0KNaAoM, CTRXMPOBKaA, NPOBeAeHUE COBMECTHbIX UCC/eA0BaHuWiA No Teme u ap.

8. VICTOYHMK (hMHaHCMpOBaHMS (yKa3aTb CYMMY aBaHCa Wau Apyrue ycnoBus BO3MELLEHNS PaCX0A0B):

No
n/n

HanpasneHuns Cymma un3 cpeacTs Cymma 13 cpeacTs

pacxof0oBaHNA CPeACTB (ans 2 5
cnyyasa 6onee 2-X UCTOYHWKOB pyo. pyo.

BBOAATCS AOMOMHUTENbHbIE

cTON6LbI)

CyTouHbIe
TpaHCcnopTHbIE pacxoabl
lMpoXxxnsaHue
OpraHun3aLoHHbIN B3HOC

nTOIro
Cymma aBaHca

Oco06blil cnydaii: pacuyeT No KOMaHAMPOBKe Mo Mepe NOCTYNNeHNs CPeACTB No Teme (HeT, Aa)

9.

CpOoKM KOMaHAVPOBKMN:



10. MapwpyTbl (Tyaa 1 06patHO), BUA TpaHcnopTa:

MeCTo XpaHeHWs KPaTKOro MH(OPMaLOHHOTO 0TYeTa O KOMaHAMPOBKE:

noApasaeneHme

PykoBognTENb TEMBI

PyKoBOAMTE/b MOAPA3AeneHust

KomaHanpyemblii

Bun3allTO0OHWMY



MpunoxeHue 6
K pacnopsi>XeHuto
Ne oT

PekomeHzaLnn
Mo COAEP>KaHMIO KPaTKOro MHMOPMaLMOHHOIO 0TYeTa 0 KOMaHANPOBKe

B KpaTKOM MH(OPMaLMOHHOM OTYeTe YKa3blBalOTCA:

-hamnnins, UM, 0TY4ECTBO KOMaHAMPOBAHHOTO;

-rnojpasaeneHne, LOMHKHOCTb

-MeCTO M JaTbl KOMaHAMPOBaHWS;

-HaMMeHOBaHNe TeMbl U PEeKBU3UTbI COrnalleHnsa/gorosopa,
rocyfapCTBEHHOIO KOHTPaKTa, Mo KOTOPOMY OniaynBanacb KOMaHAMPOBKa;

-MeponpuATre, B CBA3N C NPOBEAEHNEM KOTOPOro Oblna KOMaHAMPOBKa;

-XapakKTepucTmka meponpuatns (Lenb 1 3Ha4MMOCTb KOH(epeHL MK, CTaTyc
opraHusaumm Ans NpoBefeHMsA COBMECTHbIX UCCNeA0BaHNA 1 T.M., CBA3b C
3aflayamMy NpoekTa);

-[1eATeNIbHOCTb KOMaHAMPOBaHHOIO ([0Kag, XapakTepuCcTnKa COBMECTHbIX
nccnefoBaHuii, yCTaHOBNEHNE KOHTAKTOB U CBSA3EN);

-Apyras nHgopmauus no TpeboBaHMIO PYKOBOAUTENS MPOEKTA.

K oTyeTy npunaratotca npurnaweHne Ha MepornpusaTume (C nepeBogom),
Te3ncbl 4OKAaaa, NporpaMma COBMECTHbIX UCC1eA0BaHUIA 1 T.0.

OTYeT NpUHMMaeTCs PyKOBOANUTENIEM MPOEKTA.

NMPNMEP OTHETA INO0 KOMAHANPOBKE HA KOH®EPEHUWIO

KPATKUA MH®OPMALMOHHbLIN OTUET

Kowenesa AHTOHa AneKcaHApoBnYa,
AoueHTa Kaeapbl MaTeEMaTUYECKOro aHanmsa u Teopun gyHkumin MUMKH

Nno KoMaHaupoBke B . OkneHy (Hosaa 3enaHans)

B nepuog ¢ 06.04.2015 no 17.04.2015
no teme «lepcoHN(punLMpoBaHHbIE MaTemMaTUYeCKe MOAENN B
Kapanonorum»
(cornaweHne ¢ MOH Ne14-35-00005 0T 17.09.2014)

JecAtaa  MexayHapoAHas  KOHgepeHums «2015 Cardiac  Physiome
Workshop» («cemnHap 2015 ®Pusnom-kapanonorusa») nposogunace ¢ 8 no 14
anpens B r. OkneHf, Hosaa 3enaHguma. Llenb KOHgepeHUMM - opraHu3aums
MeXAYHapoAHOoro dopyma A1 nNpefcTaBfeHnss U 06CYXAEeHUA UUCNEHHOTO
MOJENNPOBaHUA B COYETAHUN C IKCMEPUMEHTAbHLIMA U KIMHUYECKUMU
uccnefosaHmaMu - 6onesHen  cepgua.  PaccmartpuBanucb  BOMPOCbI  OT
MOMIEKYNIIPHOrO YPOBHA [0 LEfbIX OPraHOB CepAeYHOM (YHKLUMM W MPOoeKTa



Physiome B uenom. BbiI10 cAenaHo YeTbipe MJIEHAPHbIX AOKNafja fuvgepamu
MWPOBOr0 YPOBHA B WCCNefoBaHUM 3TUX obnactein. [aHHas KoOHMepeHuus
NMPOBOAMTCA pa3 B rof WAW B ABa roga, nepsas KOH(pepeHumns Oblna opraHM3oBaHa
B 2001 rogy. B pamkax KOH(epeHUMM OblNM ABa LOMONHUTENbHBLIX CUMMO3MyMa
«Cardiac electrophysiology satellite meeting» (cemuHap 3neKTPOPU3NOIOTUS
Kapguonorun) un «9th International CellML Workshop» (9 mexayHapoaHblii
CellML cemuHap).

Ha KoH(epeHUMN MHOIO caenaH CTeHAoBbIM Aoknag «Mathematical model of
the basal and apical regions of the left ventricle of the heart» (MaremaTuuyeckas
MOAe/lb aHaTOMUW 1 OpMEHTAaLMM BOJIOKOH /IEBOTO XenyLouka cepaua)

B pe3ynbTaTe 06CyXAeHNs AoKnaga Obliv YCTaHOB/IEHbl HAYYHble KOHTAKTbI
C uccnepgosaTenamn n3 YHuepcuteta OkneHga, CLUA n psaga eBponenckmx
MCCNefoBaTeNIbCKUX LEHTPOB. Bbln npurnaweH Ans YTeHUs Nekumin B Yp®Y u
MpoBefeHNsA COBMECTHbIX MCCNefoBaHWA npodeccop NHCTUTYTa BuonHXeHepun
YHusepcuteta OkneHga MaptuH Haw. Mpodeccop Haw n3bABUA >KenaHwe Ans
COTPYLHMNYECTBA.

MpurnaweHne Ha KoHdepeHUMO (C NepeBoAoM) M Te3UCbI JoKana
npunarartTcs

Kowlenes AHTOH AneKcaHpoBuY

MoAnMchb
OTyert MPUHAT N XPaHNTCA

MeCTO XpaHeHUsA
PyKoBOAMTE/b NPOEKTA

noanncb
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70 Symonds Street

Private Bag 92019, Auckland Mail Centre
Auckland 1142, New Zealand

Phone: +64 9 373 7599 ext 85360

Fax: +64 9 367 7157

Email: bioeng-enquiries@auckland.ac.nz

28/11/2014 www.abi.auckland.ac.nz

RE: Letter of invitation to Anton Koshelev (Ural Federal University, Yekaterinburg, Russia)

Dear Anton Koshelev,

On behalf of the Cardiac Physiome 2015 and 9th International CellML Workshop organising committees, |
would like to invite you to attend the following events in Auckland, New Zealand in April 2015:

e 2015 Cardiac Physiome Workshop, ANZ Viaduct Events Centre: 8-10thApril, 2015
e 2015 Cardiac Electrophysiology Satellite Meeting, ANZ Viaduct Events Centre: 11thApril 2015

e Othinternational CellML Workshop, Goldie Room, Waiheke Island: 13th & 14thApril, 2015

We look forward to your attendance at these events.

Kind Regards,

Prof Peter Hunter
Director of the Auckland Bioengineering Institute
The University of Auckland


mailto:bioeng-enquiries@auckland.ac.nz
http://www.abi.auckland.ac.nz

OKNEHACKUIA UHCTUTYT BUOMHXKEHEPUNA
YHueepcuteT OKneHpa
HoBas 3enaHans
ynuua CumoHzc 70
4aCTHbIN AWKK 92019, OKNEHACKNIA MOUTOBbIN LEHTP
OkneHp 1142, HoBas 3enaHaua
TenehoH: +64 9 373 7599 n06aBoUHbIN 85360
Pakc:+64 9 367 7157
Email: bioeng-enquiries@auckland.ac.nz
www.abi.auckland.ac.nz
08.04.2015

nMcbMo-npurnawene AHToHa Kowenesa (Ypanbckuil hefepanbHblil yHUBepeuTeT, EkatepuHoypr,
Poccus)

YBaXKaeMblii AHTOH Koluenes,

oT umeHmn oprkomuteta Cardiac Physiome 2015, 1 xoTen 6bl npurnacuts Bac NpuHATL yyactue B
cnefytolem cobbitn B OKneHae, Hoas 3enaHaus B anpene 2015:
e 2015 Cardiac Physiome cemuHap 1 Cardiac Electrophysiology conytcTsytowas Bctpeda, ANZ
BUaAyK KOH(epeHc-LeHTp: 8-11 anpens 2015
CroumocTb: $ 650 H3/

* 9 mexayHapogHblii CellML cemuHap, Mongu KomMHaTa, ocTpoB Bavixeke: 13 n 14 anpens, 2015
CrtoumocTb: becnnatHo
Mbl C HETEPIEeHMEM X/EeM BaLlero yyactus B 3TUX MeponpuaTuaX
C YBaXKEHMEM
Mpodheccop Mutep XaHTep

[Ovpektop OKMEHACKOro UHCTUTYTa GUONHXXEHEPUM
yHuBepcuTeTa OKneHga


mailto:bioeng-enquiries@auckland.ac.nz
http://www.abi.auckland.ac.nz

Mathematical model of the basal and apical regions
of the left ventricle of the heart

Anton Koshelev12 (Anton.Koshelev@urfu.ru), Alexander Panfilov4 (Alexander.Panfilov@ugent.be),
Sergey Pravdin23 (SFPravdin@imm.uran.ru), Olga Solovyoval3 (O.Solovyova@iip.uran.ru) and
Vladimir Markhasinl3 (V.Markhasin@iip.uran.ru)

1 Ural Federal University, Yekaterinburg, Russia; 2 Institute of Mathematics and Mechanics UrB RAS, Yeka-
terinburg, Russia; 3 Institute of Immunology and Physiology UrB RAS, Yekaterinburg, Russia; 4 Ghent University,
Ghent, Belgium

We describe an improved mathematical model of the shape and fibre direction of the left ventricle of the
human heart. This model is based on our recently developed analytical model of the LV anatomy [1], [2], but
more accurate simulation of the basal and apical regions has been further developed. The LV is composed
of a set of myocardial surfaces (sheets), each forming of a continuum of curves simulating myocardial fibres.
Tangents to these curves create the myofibre direction field. The model is designed on the base of the
Torrent-Guasp’s concept [3] of the LV muscular bands and Pettigrew’s idea [4],[5] of nested surfaces.

When comparing our recent model [1], [2] with experimental data, we found that the arrangement of
muscular fibres at the LV middle part was in good agreement with the experimental data [3]. At the same
time, at the LV base and apex, the fibre directions did not match experimental data. At the LV basal part,
muscular fibres should go from the epi- to endocardial layers by passing the LV base with certain rotation,
while in the model, all the fibres abruptly stop at the base. At the LV apical part, muscular surfaces should
form a hemitoroidal surface with a small hole at the LV apex. On the contrary, in the model, they twist
about the vertical axis like a screw surface. These model discrepancies with the actual LV structure led us
to improve the model for the upper and lower LV regions.

In the improved model, the middle LV part is described as in previous model, i.e. by means of the spiral
surfaces with the special sets of curves. At the LV basal and apical regions, myocardial fibres are constructed
as parametric curves in the cylindrical coordinate system. These curves smoothly join curves from the LV
middle part on the epi- and endocardial layers, pass over the LV base or apex, respectively, and form a
hemitoroidal surface. The input parameters for the basal and apical curves are the endpoints and tangents
of the connected fibres from the LV middle part, the height of the basal and apical part, and the angle of
fibre rotation about the vertical axis. We used Streeter’s method [5] of measuring fibres rotation angles.

In the new model, electrical excitation waves can propagate from one muscular sheet to another not only
transmurally across the fibres, but also directly along the fibres through the LV base or apex. This model
allows one to fit the LV architecture and to simulate the electrical and mechanical processes at the basal
and apical areas of the LV more accurately. As we showed in our previous studies, the LV shape and fibre
directions in these regions, especially in the apical region, are essential for dynamics of the electrical waves
(e.g. spiral waves, see [6]) and following LV contraction.

Acknowledgments. This work is supported by the Russian Science Foundation (grant Ne 14-35-00005).
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MATEMATUYECKAA MOJEJIb AHATOMUI
" OPEHTALINI BOJTOKOH JIEBOI'O >XXEJTY IOUKA CEPLA

AA. Kowenesl2 C.®. MpaBgmH23 O. ConoBbeBal3d A.B. MaHgnnos4n B.C. MapxacnHl3

"YpanbCcKuii hefiepantHblli YHUBEPCUTET, AMIHCTUTYT MaTeMaTUKM U MexaHUKK YpO PAH,
JNHCTUTYT UMMYHonorum n gmnsnonorun YpO PAH, EkatepuHbypr, Poccust; 4T eHTCKWiA yHBepCeUTeT, MeHT, benbrus

Mbl onucbiBaeM MaTeMaTU4eckyto Mofenb (hOpMbl U OpUEHTaLMM BOMIOKOH NIEBOr0 XenyAouka cepfua yenoseka. dT1a
MoJeNb OCHOBaHa Ha Halllei HeflaBHO pa3paboTaHHOW aHanMTU4eckoi Mmogenn aHatomuu JDK [1, 2], HO ¢ 6onee TOYHbIM
MOZenMpoBaHneM 6asaibHbIX W annKabHbIX PerMoHoB. JIXK COCTOUT M3 MHOXeCTBa MOBEPXHOCTEW MVOKapaa (MCTOB), KaXAbli
13 KOTOPbIX 06pa3oBaH M3 KOHTMHYYMa KPUBbIX, UMUTUPYIOLWMX BO/IOKHA MUOKapaa. KacaTe/bHble K 3TUM KPUBbIM CO34atoT
nose HampaBfeHWA MUOKapAMa/bHbIX BOMIOKOH. Mogenb paspaboTaHa Ha 6ase koHuenuuu ToppeHTa-laycna[3] MbilLeYHbIX
nonoc JK u ngew Metturpto [4, 5] BNOXEHHbIX NOBEPXHOCTEN.

Mpn cpaBHeHUM Haweli npexHein mogenn [1], [2] ¢ 3KCNepUMEHTaNbHbIMW AaHHBIMW, Mbl OGHAPYXWAW, 4TO
pacronoXeHve MblLLEYHbIX BOIOKOH B CpefHeli yacTy JIXK XOpOoLLo cornacyeTcsi ¢ 3KCnepuMeHTanbHbIMU faHHbIMK [3]. B To e
Bpems, Ha 6a3e JIK 1 BepXyLUKe, HanpasfeHWs BOMIOKOH HE COBMaAaroT C AKCNepUMeHTaIbHbIMU AaHHbIMU. B 6a3aibHOi YacTu
JK, MbllweyHble BOMOKHA AO/MKHbI MPOXOAUTL W3 3NW- B 3HAOKapAManbHble €now, nepecekas 6asy JIXK c onpegeneHHbIM
MOBOPOTOM, B TO BPEMs KakK B MOZENM, BCE BO/OKHA Pe3KO BTbIKAOTCA B 6asy U 06pbiBatOTCA. B BeplumMHHOA yacTn JIK,
MbILLIEYHbIE MOBEPXHOCTU AOMKHbI CHOPMUPOBATL NOJY-TOPOMAANbHYH MOBEPXHOCTb C HEBGOMbLUMM OTBEPCTMEM Ha BEPXYLLKE
JDK. HanpoTtus, B MOfenu, OHW 3aKpy4eHbl BOKPYT BEPTUKA/IbHOM OCU KakK BUHT. OTW PacXOXAeHWs MOZeNN C (PaKTUYecKoii
CTPYKTYpoOI JIXK nprBen Hac K yCOBEPLUEHCTBOBAHWIO MOAEN A5 BEPXHUX U HXKHUX pernoHoB JDK.

B ycoBepLLEHCTBOBaHHO MOAENN, CPefHss YacTb JIXK onmchbIBaeTCA aHaNoOrMUHO NpeablayLueli MOAenu, T.e. C MOMOLLBHO
CNUpanbHbIX MOBEPXHOCTEl CO creluanbHbIMM Habopamy KprBbIX. B 6a3anbHol 1 anvkanbHOW YacTy JIK, BOSIOKHa MUOKapaa
CTPOATCSA KaK MapaMeTpuyeckue KpuriBble B LMMHAPUYECKOA CUCTEME KOOpAMHAT. OTW KPUBbIE MNABHO MPUCOEAMHANTCA K
KpMBLIM U3 cpefHeid yacTv JK Ha 3nu- 1 3HA0KapAManbHbIX CNosiX, MPOXoAdaT no 6ase LV uam BepxyLuKe, COOTBETCTBEHHO, U
06pa3ytoT Moy-ToponAanbHy0 NOBEPXHOCTb. BXoAHbIMM nNapameTpaMu Ans 6a3anbHOl M anuKanbHOW KPUBbIX ABASIOTCS:
KOHEYHble TOYKM W KacaTeslbHble BOOKOH U3 cpedHeli yactu JIXK, BbicoTa 6a3a/ibHOM M anuKaibHOM YacTu U Yrabl NoBopoTa
BOJIOKOH BOKPYT BEPTUKa/bHOW ocn. Mbl ncnonb3oBanm meTog CtpuTepa [5] n3mepeHus yrinoB 3aKpyTKU BOSIOKOH.

B HOBO/ MOAeNM, 3NeKTPUYECKME BOJHbI BO3OYXJEHWSI MOTYT PacrpoCTPaHATbCA OT OHOr0 MbILIEYHOr0 IUCTa Ha
[pyroii He TONbKO TPaHCMypasbHO MOMepeK BOMOKOH, HO W HEMOCPefCTBEHHO BAOMb BOMOKOH 4epe3 OCHoBaHue JIK wmu
BEPXYLLKY. 3Ta Mofe/b MO3BONSAET, MOCTPOUTL apXUTeKTypy JIXK 1 60/1ee TOUHO MOAENNPOBATL 3NIEKTPUYECKME N MEXaHNYeCKMe
npoueccbl B 6asaibHOM M anuKanbHOM 065acTv. Kak Mbl MOKasanu B HaWMX MpefplayLnx UCcnefoBaHusx, opma u
HampaBneHWs BOMIOKOH JIK B 3TWX peruoHax, OCOGEHHO B anuKaibHOW 0611aCTW, UMEKT BaXHOE 3HauyeHue AN LUHaMMKW
3NEKTPUYECKMX BOSH (HanpyMep cnvpanbHbIX BOAH, CMOTpUTE [6]) 1 COOTBETCTBYIOLLMX COKpaLleHuid JIXK.

BnarogapHocTb PaboTa BbIMONHEHA NPK NoAAepKKe Poccuiickoro HayyHoro goHga (npoekT Nel4-35-00005).
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INTRODUCTION

We describe a mathematical model of the shape and fibre orientation of the left ventricle of the human heart.
This model is based on our recently developed analytical model of the LV anatomy [1, 2], but a more
accurate simulation of the basal and apical regions has been further developed. The LV is composed of a set

A symmetric analytical model of the LV anatomy has been recently developed [1].
The whole LV model was obtained as an infinite set of spiral surfaces (sheets). On
each surface, there is a set of curves simulating myocardial fibres. The fibres are
obtained as images of semicircle chords parallel to its diameter.

Horizontal chords on the semicircle [1, Fig1].

ft spiral surface on the left[1, Fig. 8], a schematic representation
ofthe LV on the right, suggested in [5, Fig. 3 D].
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In the presented model, we consider the LV as a body of rotation with an axis OZ. Then we divide it into
two parts. One is the sub-equatorial middle-to-apical part; another is the over-equatorial basal part. In the
symmetrical model, we define a radius at the LV equator, the height and wrapping angle of the middle-to-
apical and basal parts, wall thickness at the equator and at the apex. Next, we construct a fibres layer as a
spiral surface defined by explicit analytical functions in the cylindrical coordinates as follows:

P(/l.«=(A;-TY m(I-(;m*) )m = +vbvi »fr.« = (-iy(2y-)*)/;(«+ C-1Y4N,
YiaSy <y;.i, min{o,(-1Y m} < ¢ < tax{o,(-1¥Y -j}, ACVO = sin(ili),/2W0 =

j=1,— < ip< O'is the middle-to-apical part ofthe LV, j=2, 0 < mp< | is the basal part ofthe LM y;-Oiis the
sub-epicardial, yytXis the sub-endocardial layers; [qr = 3 is the wrapping of the middle-to-apical part,

rt of the LV

Consistency between experiment [3, Fig. 14, 15].
and model simulation of the basal part of the LV.
Red lines demonstrated fibres on a single layer.

Consistency between Pettigrew’s idea [5, Fig. 3 D],
experiment [3, Fig. 11, 5, 2] and model simulation of the
middle-to-apical part of the LV.

1. In the improved LV model, fibres from the middle part do not stop at the equator but pass it smoothly
connecting with corresponding fibres from the basal part. The whole LV is presented as a wrapping fibre bag.
2. The model of the LV fibre morphology became is more flexible, as one can separately select geometry
parameters for the middle-to-apical and basal parts.

3. Comparison of fibre inclination angles between the model and experiment shows that the model
adequately reproduces fibre directions in most LV regions.

Spiral surfaces used in the model of convex LV with a thick equator
[1, Fig. 11]. Fibres are images of the semicircle chords (black lines).
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of myocardial surfaces (sheets), each formed of a continuum of curves simulating myocardial fibres.
Tangents to these curves create the myofibre direction field. The model is designed on the base of
Torrent-Guasp's concept [3] of the LV muscular bands and Pettigrew's idea [4, 5] of nested surfaces.

! on the symmetric
LV model, an
asymmetrical model of the
LV anatomy has
developed [2]. MRI data
were used for the model
fitting to the LV shape of a
personal heart. Diffusion

tensor data were then
used to validate the Spiralsurface used inthe model ofthe human LVwith fibres
model. presented as images ofthe chords [2, Fig. 6].

First, Oz axis of the LV was built, and then plane sections were obtained by the
intersection of the LV with a few meridian half-planes passing through the axis. The
whole spiral surface was constructed by a piecewise-linear interpolation of the set of
meridian sections.
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[42 = -2n is the wrapping of the basal part; Rj is radius at the LV equator, Lj is wall thickness at the
equator, Zj is height of the middle-to-apical and basalparts, h is wall thickness at the apex, 2 *Ahis
height ofthe equatonal part.
One fibre on the layer we construct as a space curve defined by the equation
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The whole left ventricle is composed of the middle-to-apical and basal parts, with appropriate values of
parameters. Thin equatorial region between the parts is used for sufficiently smooth connection between
the fibres from the upper and lower left ventricle parts. For the model personification to the real heart, we

fit a meridional section of the LV at a fixed angle (p. Then we interpolate meridional sections as described
in [2] and construct the whole LV body.

COMPARISON WITH EXPERIMENT

The fibre orbit in the whole LV composed from the
apical and basal parts, on the left- model, on the right ‘v /-
- [5, Fig. 11 D]. -

Inclination angles of fibres in the model vs. experimental
data. The LV free wall, middle segment, a - a short-axis
view of the LV, the line - a normal to the sub-epicardium
(EPI); b - an apical view of the LV, the line - a normal to
the EPI layer; c, d - the true fibre angle and the helix
angle. The abscissa axis - transmural distance from the
ENDO layer in the LV wall, 0 corresponds to the ENDO, 1
- to the EPL.

Left ventricle MRI data on apical viewing [6] and fitted
of sub-endocardial and sub-epicardial border by the
modeled geometry.

(http://gforge.icm.jhu.edu/gfiproject/dtmr i_data_sets/docman)
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V.S. model ofthe anatomy and fibre orientation

inan ofthe

4. In the modified model, electrical excitation waves can propagate from one muscular sheet to another
not only transmurally across the fibres, but also directly along the fibres through the LV base and through
the apex. This model allows one to fit the LV architecture and to simulate the electrical and mechanical
processes in the whole LV more accurately. As we showed in our previous studies, the LV shape and fibre
directions, especially in the apical region, are essential for dynamics of the electrical waves (e.g. spiral
waves, see [7]) and following LV contraction.


http://gforge.icm.jhu.edu/gf/project/dtmri_data_sets/docman

	г. Екатеринбург

	oi/jjp^ew-e /с (ргггъе/"о жмаи￼/u^/се

	References


	University MATHEMATICAL MODEL OF THE ANATOMY w AND FIBRE ORIENTATION OF LEFT VENTRICLE OF THE HEART

	INTRODUCTION

	EL FORMULATIONS

		r



