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INMOST: lNogoepkka ceTok

Cnosxuble Moau(dUKaAIMH  BCKPBITHE TPEIIUH

Gf

fr

e
Mo e ['eonornyeckue CETKU C BHIKIMHUBAHUEM,
qeIIOBEUECKOro Teqa  MOMVICPAKKA BXOIHBIX JaHHBIX KOMMEPUYECKHX BoOCCTAHOBICHIE
CUMYJISITOpPOB HE(PTH U Traza CEeTOK
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INMOST: Noggepxka AMHaAMUYECKUX CETOK

[TapamnenbHas MacTabupyemas
aganTtanus U OAIAHCUPOBKA CETKU

EEER N RGO
Berpoennsiii mpumep OctreeCutcell

[Tpumep AdaptiveMesh mis aganTanuu ceTok 0OIIero Bra

2 nekabpa 2018 CFD-Weekend 4



INMOST: ABTO-OnddepeHUnpoBaHNE

e[lo3BoNndgeT OAHUM KOOOM

NONYyYnUTb: X Sa 5b Sc
O HEBA3KY )
O AKOOMaH y &b 3¢ 5
O reccuaH =
Z yoa (x+y)db (x+y)dc X0
e OYyeHb none3Ho Ang

CJTOXKHbIX HEJNTUHEUHbIX
3agad x{9a+ab+ac)*y{db+ac+ad} = x*y{yda+(x+y)db+(x+y)dc+xad}

2 nekabpa 2018 CFD-Weekend



e Peann3oBaHO NocpeacTsom

LIABNOHHbIX BblpaXeHni B
C++

e bonbluaga YyacTb Koga
doopmupyeTca u
ONTUMU3NPYETCA Ha 3Tane
KOMNuMnNauum

e [logaepxmBaeT MaTpPUYHO-
BEKTOPHbIE onepauuu,
NOAMHOXeCTBO DYHKLMOHAanNa
BLAS Lapack

e [IpocToTa ncnonb3oBaHUA

2 nekabpa 2018

INMOST: ABTO-OnddepeHUnpoBaHNE

varliable x, vy, z;

Z = X*s1ln (x*v)

4

multiplication<sin<multiplication<multivar,multivar> > multivar >

*

multivar X

r— Sin sin<multiplication<multivar,multivar> >

*

multiplication<multivar,multivar>

multivar y |

BHYTPCHHEE IIPEICTABICHUE BBIPAKCHHS X*SIN(X*Y)

CFD-Weekend



INMOST: PelueHne nmMHemHbIX CUCTEM

e [IpocCTble CTPYKTYpbl ANd napannenbHou
COOPKM CUCTEM NTIUHENHBIX YPaBHEHUN.

e [lapannenbHble MeTOObl PELUEHUS:
o BbizoB PETSc, Trilinos, SuperLU, Hypre.

o BcTpoeHHble MeToApbl:

ILU(t,72) n Crout-ILU(t,72) BTOpOro nopsaaka

Makcummnsaumns Npon3BeaeHUsI Ha AnaroHanu

MunHnmMmn3sauma 3anorHeHns

MacwTtabnpoBaHue B ABaXXAbl-CTOXaCTUYECKNN BUA

nnu |-opoMmHnpoBaHue

m [dunHamumuyeckmin nogdop t no ymcny odycrnoBneHHOCTH
LU

m MHoroyposHeBoe BbluncrieHne gonosiHeHus no LWypy
(HoBoe!)

m OTOpacbiBaHME CTPOK C MarnbiM Be4yLLMM 3N1IEMEHTOM
No AnaroHanu unu no 4Yuncry obycrnoBrieHHOCTU
(HoBoe!)

m  MHorocnonHel agauTueHbI MeTof LLBapua

2 nekabpa 2018 CFD-Weekend 7



INMOST:

MynbTndounsmka (Hosoe!)

e PacLlenneHne cumyndaropa Ha VYpaBuenus
oTAernbHble Moaenu
Heu3sBecTHbIE | »  UV,w P So, Sw, Oq T
e Mogenwu coeauHAOTCA Yepes l A Y
o (hyHKUMUN: MODUSTBHOCTD,
MIIOTHOCTb, NMOPUCTOCTb anerCTb _ I[e(bOpMaI_[I/II/I WICH  Kanumusipusle TepMalbHOE
O MOTOKM: 4neH bno, Buo s dexTsI pacuMpenme
HECXKUMAEMOCTb, KanunnsapHoe
naBneHune L
© NMpaByr 4acCTb. peakunn yieH buo, Kanunnspuasie TepmanbHbie
3axkon dapcu — HODHCTOCE TeueHue >dMEKTEI >dexThI
e BO3MOXHO ynpaBnaThb: p
o MoaensiMn, HEN3BECTHbIMMU, CKODOCTE
JYHKUMAMN, CBA3LIBAKOLLMMM Mepenoc JBIOKCHME Teqelzmﬂ Konmen- |1 PaaueHt
COOTHOLLEHUSIMU, cOOpKOM CTPYKTYPHl  yosmmmocs | Tpamum | TETUId
HEBA3KN N skobnaHa
® L 1onycKkaeT NMNoJIHOCTbLHO
ﬁeﬂgﬂoe eLeHme TensonpoBogHOCTH Asrmxenne  Cxopocts ['pamuent
p CTpYKTypBI TCUCHUS IIJIOTHOCTHU

2 nekabpa 2018 CFD-Weekend

PaciienyieHue Ha MOJIETIM B CUMYJISITOpPE pe3epByapa
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GGGGG

e Examples/DrawGrid - 4
e LLiInpoknn doyHKUMOHaTT: )

O Cpes3 CeTKM

O U30MOBEPXHOCTU -

o oTOBpakeHe obbema “ -~

O NMUHUN TOKa
o BeKTopa
O ...

O BbIBO[ B BEKTOPHOM
dopmaTte

e [INnaHnpyeTcs Kak
nogKnyaemMmoln Moaynb

JImanu Toka [ToabeMm penieHus HajJ Cpe3oM

2 nekabpa 2018 CFD-Weekend 9



- TeyeHus

ou

p =+ div(puu’ — uVu + pI) =

Ob6pasoBaHune Tpombda

INMOST: Moaenwu

MHorodasHasg punbTpauna
Vu + VuT
—div(e) =0, Co=—F71—

3p,,05
ST G (AWK (Tp — puwgV2)) = duy

ap,6S,
%_ V- (AOK(VP — VP¢, — ngvz)) = 4o
g 0 "9/ y. (;{glK(Vp — VPcy — pgsz)) =4qq . ' ' ‘

KoHTakTHaa mexaHuka

[MopomexaHuka

T=60s e
5 ' T T Lo - o
/ S e ————div (K(Vp - ngz) IB_) =q Q.
== M 6 ¥
. —div T+ Bp | = pgVz

T=70s

C|3060p,Has=| NOBEPXHOCTb

— »

- 3axopoHeHue PAO
PaspyweHune

T T |
e .

T H

i

= Ty wan
T "

T ——— - 1 [

i T
" N H | T
H 1 T I ;
= = i = 2
o

do
E+ div(eu) = 0

V| =1

2 nekabpa 2018
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3amaua

AKTYAJIbHOCTb U CJI0KHOCTH

CoBmecTHO ¢ AHacoMm byxnuta n Butaneem Bosnbneprom

2 nekabpa 2018 CFD-Weekend
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3agada

* [locTpoeHne TpexmepHou moaenm
TEYEHUA N CBEPTbIBAEMOCTUN KPOBMH,
obpa3oBaHua Tpomba npu
NoBpeXJEHMN CTEHOK cocyaa

* TpexmepHaa moaenb HyXHa ANnAa
OLUEHKM NOoBeAeHUA AN CNOXKHOMN,
NePCOHNPULNPOBAHHON reomeTpumn
cocyaa nnm aptepumn B obnactum

cepaua

2 nekabpa 2018 CFD-Weekend

velocity (cm/s)
80

MogenupoBaHue aHeBpu3ma
(13 paboTbl KBapTepoHu)
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3auyem?

* (Cepae4yHo-cocyaucTble
3a60/1eBaHMA — OCHOBHaA
NPUYNHA CMEPTHOCTHU

 Tpombosamobnunyeckue
OC/IOKHEeHUA

* TpexmepHaa moaenb
NO3BOJINT

* onpeaennTb PUCK NEPEKPbITUA
cocyaoB Tpombom

* OUEHUTb PUCK Pa3BUTUA
NHPAPKTA MMOKapAa

(coBmecTHO ¢ moaenbio cepaua)

2 nekabpa 2018

CFD-Weekend

Mopgenb cepaua
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Cno)XHoCTH

 CoBMelleHne moaeneun:

* [emopguHammnyeckaa moaenb ¢ FviI ~FVila

YYETOM NPOHUNLLAEMOCTU Cpebl
(pnbpuH-nonmmepa) TF

e Mopenb bUoxmummnyeckux
peaKLum1ii CBEPTbIBAEMOCTH
NN1a3Mbl KPOBU

e Mopgenb TpombouuTOB

 Kackapg peakuuu u moaenb
TpomboumnToB ABNAIOTCS
YKECTKUMMU: OYEHb MA/bIN War
No BpemeHu =~ 10~>c

* [loNHOCTbIO HEeABHAA moae b

2 nekabpa 2018 CFD-Weekend

ATIII (A)

/\: TF:VIIa

FIX

Fibrin polymer (Fp)

Platelets (active) Platelets (inactive)

Kackag peakumm
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YnpoLlleHus

° KpOBb PACCMAaTPUBAETCA KaK HeC:KMMaeMad HbIOTOHOBCKAas
KUOKOCTb: HE YUYUNTLIBAETCA CNOXKHAA He/IMHEeUHaA MeXaHUKa

KpoBMU

* CTeHKM cocyaa/apTepun ABASAIOTCA }KECTKUMMMU: HE YYUTbIBAETCA
ABUXKEHne CTEHOK

e OUbPUH-NONMEP HENOABUMKEH: MOAENb HE ONMUCLIBAET OTPbLIB
Tpomba

2 nekabpa 2018 CFD-Weekend 15



Cucrtema ypaBHEHUM

® CoxpaHeHue dpu 4 . B 1
MOMEHTOB: ot +div(puu” = pVu +pl) = k(Fp,¢C)u
®  HeCKMMaemocTb: div(u) =0
dP
®  [poTpoMbBUH: T div(Pu — DVP) = —(k ¢, + k,B, + k3T + k,T? + ksT3)P
: aT
* Tpombu: —o +div(Tu = DVT) = (ki + koBy + kaT + kyT? + kT3P — keAT
® Tpomboobpasyouwue JB,
dakTopsl FIXa, Fxa: S + div(B,u — DVB,) = (k,¢. + kgT)(B° — B,) — koAB,
0A _
*  AHTUTPOMOEUH: T + div(Au — DVA) = —ksA — k9AB,
oF, k,oTE
. - —9 + div(F,u — DVF,) = ———9¢
dunbpuHoreH: 3 + IV( gU g) Ko + F,

2 nekabpa 2018 CFD-Weekend 16



Cucrtema ypaBHEHUM

. OF k1o TF,

PUbpPUH: — ' — = -
ot div(Fu — DVF) Keo ¥ F, ki1 F
o i . O0F
PnbpuH-nonnmep: a_tp =k F
® (CBoboaHble
: 9, +
TPOMOOLMTSI: P + div| tanh | 7 (1 % ¢f) (e = DpVe.) | = —(ksaT — k13dc) s
dt Pmax
® AKTMBMpPOBaAHHbIE
0 +
TPOMBOUMTDI: % + div| tanh (n (1 — ('b:b ¢f>> (psu = DpVer) | = (k12T — k13pc) 9y
max

® TlpoHnuaemocTb 1 16

cpeapl: =
k(Fpr $c) a?

3
~> ~ ¢max + ¢c 7 E
F?(1+ 56F 5o p

P ( p) Gmax — Pc e Fp min <10 ' 7000)

2 nekabpa 2018 CFD-Weekend 17



Cucrtema ypaBHeHUN

* [Y Ha paHe: 9B, a(B® — B,)
on 1+ B(B°—B,)

* [Y ana Hasbe-CToKca:
¢ npuannaHmne Ha CteHKax cocyaia
¢* 3a44aHO AaBJ/1ieHUNE Ha BTOKeé U BbITOKE

* Y Oupuxne/HenmaHa A8 KOMMNOHEHT KPOBU

* [lapameTpbl moaenu:
* N3 IUTEepaTypbl,
* N3 HAaCTPOMKM HOJIb-MEPHOMN MOAENN TeHepauumn TPOMbKHa,
* nan noaobpaHobl.

2 nekabpa 2018 CFD-Weekend 18



YUnciaeHupie MeTOOBI

9Tallbl ITIOCTPOCHUA MOIC/IN
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MeTon KOHEeYHbIX OO BbEMOB

* Teopema [aycca-lpuHa:

diviA) =g = jﬁA-dSzfng:
V

oV fEF(V)

° TpE6V€TCFI dNMMNPOKCUMaUNA MOTOKA Ha TPAHMN.

2 nekabpa 2018 CFD-Weekend

2 Ar -ne|f| = g|V|
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t
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MKO ona HaBbe-CToOKca

* BblpaxeHue gna noToka:
‘- {puuTn — uVun + pn
n'u
* YcTon4ymBasa annpokCUMaLns:
1

Lo .
S i TR A
n"u \nT r|l r 1P r LJ]Ip
2 2

[NonoxutenbHble n oTpunuaTteribHble lNonoxuntenbHble OTpI/ILI,aTeJ'IbeIe
CODCTBEHHbIE 3HAYEHUS COOCTBEHHbIE 3HAYEHUS CODCTBEHHbIE 3HAYEHUS

Terekhov, Vassilevski: “Finite-volume method for coupled subsurface flow problems, |: Darcy problem”, under review JCP
2 nekabpa 2018 CFD-Weekend 21



MKO ona HaBbe-CToOKca

* BblpaxeHune anga noTtoka:

n'u
* Annpokcumauna BTOPOro nopsaka. ,
(puu'n)' = p(un’ + In"u) = Q(u), sgn (/L'(Q(u))) -(n"u) =0, puu'n = EQ(“)“

[ {puuTn — uVun + pn

1 1
{1 — = 0" (u) (u1 + 2V (xf — xl)) +507 (uy) (uz + Vuy (xr — x1) + Vup(xf — xz))

1 1
2 =~ (up) (uz + 2V, (x5 — xz)) +20% () (u1 + Vg (x5 — x1) + Vup(x — xz))

1
puu'n ~ 5 (¢! +¢2)

2 nekabpa 2018 CFD-Weekend 22



MKO ona HaBbe-CToOKca

* BblpaxeHue gna noToka:
; {puuTn — uVun + pn
n'u
« PaclwenneHne BToporo nopsaka.
(uy —uy) u (X1 — x3)

—uvVun = u ——(Vu, + Vu,)(n —
X1 — x| 2 . 2)( X1 — X,

[1ByxTO4YeYHas YyacTb

« Bes3pge pacyeT rpagmMeHToB BbIMOJTHANCS N0 Teopeme [puHa

)

[MonepeyHas koppekums

2 nekabpa 2018 CFD-Weekend
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MKO anga KOMMOHEHT KPOBW

 [oTok Bnaa: n’(Cu — DVC)
* [lepeHocC: annNpPoOKCUMaLUUA NPOTMB NOTOKA NepBOro nopaaKa:
T 1 T T T T
CnTu = E(Cl(n u + [nTul) + C;(nTu — |nTul))
e Nnddy3ma: HeNMHENHAA ABYXTOYEYHAa annpPoKCUMMaLU s BTOPOro
nopapakKa:

_ (x1 — x3)
|x1 — x5

(G =)

Dn'vCc = D
|x; — x;|

— D(u,VCy + u,VEy) - (n ) = D(T1C, — T,(3)

* PelweHne HeoTpULaTE/IbHOE — BaXKHO A1 peakumni!

2 nekabpa 2018 CFD-Weekend 24



* [loToK BMAaa:
* nepeHoc:
* TpaduK:

* Hall c/yyaun:

* AnnpoKcMmauma NPoTMB NOTOKA NepBoro

nopagkKa:

TG PTG o

+

- +

2 nekabpa 2018

A(C)nTu
A(C)=C
AC) = C(1 - C)

A(C) = C tanh(m(1 — C))

A(C)Hn"u
A(Cy)n"Tu
minmod(A(C;), A(C,) )nTu
A(COnTu, '(C) =0

CFD-Weekend

0.8 -

0.6 |-

04 -

0.2 |-

MKO gna ypaBHeEHUA NOTOKa TpadomKa

x*(1 x;
x*tanh(pi*(1-x

Tpaduk B Mockse
(kapTWHKa U3 NHTepHeTa)

25




MKO gnst TpombounTOoB

¢c + ¢f ¢c
* Motok Bupa: (e ¢r) =tanh<n (1— = ))nT(u—DpV) & f>
* AHanus Bknaga B AKObMaH: 3550 et Sog® S,
oty (¢ br) 0ty (dc by) o 00° &S 058 %0
oy 0y déc dé. . '. . ..‘. :.’.‘ e .' ..... ..."
(90 y) = (665 = etse00 (39°) g Sa'a. %8 = sS850
atZ(d)C' d)f) 6t2(qbc, ¢f) ('bf ('bf ,. @ ..‘ ®, &) ‘.‘. G ...
"0....‘. @ $00¢ vg. 2% 0 00
ot o 303805000 3 e o °S
 BBeaem aprymeHT OT ABYX AYEEK: 5.9 o % %00 O
AR Pk
c c ’ S s e @
® = M, (g '1) + M; (ZZ '2> %0 30,5 000e5:28 ¢ Say®
f1 /2 S0e%022. 9% o0 00 o S,
TpombouuThbl

(kapTWHKa U3 NHTepHeTa)
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MKO gnst TpombounTOoB

* [MoTtok BnAaa: (e ¢r) = tanh <ﬂ (1 ~fe2 ¢f>> n'(u-D,Y) <¢;>
g

¢max
* WTepaTuBHbIM NOUCK M{ n M: T %% et e BB,
. 90° ¢ %¢° 0gp 0400
dea de T8g . 300300 00" e 2 0%
J(®) = Q(@)M, (d ¢;'1> + Q@M <d¢;‘2) S dsae %0, 885900,
) ) @ ® [ )
.:0 i‘:‘.%'.:’. ‘.0:.' Oo;.;.éoo .0‘:

- ®
° ManVILI,bI MONYy4YatloTCA cneayrwmnm o6pa30M: p-:'zo‘.. 3.'."3 ‘.;.0..,

O e 90
.....'..’ .‘...J 3 K 4 ®e ...'
Q(d) = LALT, $%0 50,8 00 ':'3'3'“&‘3. '
1 $0e%6980°95%0 g0 90 " O,
M; = 5 L(sgn(A) + [sgn(A)DL"
2 TpomGouuThl

(kapTWHKa U3 NHTepHeTa)

My = L(sgn(A) — Isgn(A)L"
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Annpokcumauuna peakuuni

* PeaKuun npmMBOAAT K O4EHb MaJIOMYy LIAry Aar*ke npu HeABHOM
MHTErpaLuuu.

e CMMNTOM — N1IOXOU BKJ1aZ, BO BHE-AMAroHa/ibHbI€ 3/1€EMEHTbI
AKObKMaHa.

* [loaxoAbl ANA YNeHOB AAtOLLMX NJI0OXOM BKAAA,:
* J3KCTpanonauuda no spemeHun, orpaHn4YnUTE b IKCTPANONAUNN MO CI)VI3MK€

*  MHTEPNONALMA MO NPOCTPAHCTBY

2 nekabpa 2018 CFD-Weekend
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Bepudukanus

MOETN
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Hecxxnmaemas XKUaKocCTb

Heu3BecTHBIC: U, UV, W, D

ou . -
Vpasuennsi: p——+ div(puu’ — pvVu + pl) = 0

diviu) =0

5 5 [TapamensHas peanus3amnus:
bonbwon o6bem nutepaTypbl Arns YNCIEHHOW BepdmKaunm 36 nporieccopos: 2.51 cek

92 nporeccopon: 1.25 cek

2 nekabpna 2018 CFD-Weekend 30



Hecxxnmaemas XKUaKocCTb

* TeueHue lNyasenna B Tpybe (2-o nopAaaOK):

MonoxutenbHo-onpeaerneHHas annpokcumaums div-grad Mpsamas annpokcmaums div-grad

P
8.000e-05 0.001 0.002 0,003 3.920e-03 F

&
&
- ARRNRRENERRNRRENN -2.488e-04 0.0011 0.0022 00033 4089603
| U . B L L L L

* CTyneHbKa U KBapeHa (aaHHble [na):

°* BTOpOM NOPAAOK CXOAMMOCTU Ha aHANUTUYECKOM pelleHnn dwepa-CtemHMmaHa

2 nekabpa 2018 CFD-Weekend 31



CpaBHEHNE C IKCNEPUMEHTOM

CTaTbA C 3KCNEPUMEHTOM O 3aBUCMMOCTU CBEPTbIBAEMOCTU OT
CKOpPOCTHM caABMToBoro tedeHus: Shen et al, 2008

A Flow of blood (77 "“- ----- _A}:gﬁmm_
N b . 5 e S
[\ Time ‘f:‘i\.“m ' il i
TF patch Inertﬂ:aplllary Monitor Clotting
B g PacyeTHasi obnactb A
Imm
N 0.009mm A Y
NnnocTpaums akcnepumMmeHTa
2 nekabpa 2018

CeyeHune uunuHagpa
CFD-Weekend
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2 nekabpa 2018

UVW Magnitude
.'_Y 1.341e-071e-6 le-5 00001 0001 001 0.1 1.714e+00
ML LU L

. ' -

P

o -6.807e-06 0.00038 0.00073 00011 1.465e-03
HHI|IHHIII

—?—
__—‘—

UVW Magnitude
o 1.341e-071e-6 1e-5 0.0001 0.001 0.01 0.1 1.714e+00

W\HM LI T Hm W
L

AT
\
= :
| o -6.807e-06 0.00036 0.00073 0.0011 1.465e-03
1

H\I\‘HHHH
o

Bocnpom3BeneHV|e MoAesiblo Ka4eCTBEHHbIX XapaKTePUCTUK SKCNEPUMEHTAa

CFD-Weekend
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CpaBHEHNE C IKCNEPUMEHTOM
A) B)

N
=
o

1200 T
Normal pooled plasma (NPP) ——NPP (L|)0=0 x10° ! 1) ||
Platelet-rich plasma (PRP) <100 o1
w000 t=1800s X ——PRP (¢ =150 x10°L'?)
—~ ~ 90 g
J o}
~— = 80r
w 800 Q)
= E ot
+ ©
g © 60}
'4: 600 Q)
wn L
.© @ 50
= (0]
C 400 > 40 [
= 35
D ol
._g 3 30
-+ —_
S 20F
2 200 U
(@) O 1wt
0 0 | | | | |
’ ” * * 1y . e 0 2 40 60 80 100 120
C) Shear rate (s™) Shear rate (s'l)

10007
* 30 sec :

800 Patch size= Shear rate=40 s™*
600 300 sec ) 200 um ‘ ' i - -
400 Ky * T
200 .i o0e

0 g 600+ - -
1000 30sec] =
g W § 400+ - 9

o
a00{ / oy e I | «|
g v ' '
g 5?,0 m;ﬂ°°° 1500 0o 10 20 30 40 400 800 1200 1600
os| [um] Shear rate [sec ] Patch size [um]

Bocnpom3Bep,eH|/|e MoAeJ1blo KOJNMMYEeCTBEHHbLIX XapaKTepUCTUK IKCNepuMeHTa

Bouchnita, Terekhov, Nony, Volpert, Vassilevski “A validated mathematical model to quantify the effects of platelet count,
shear rate, and injury size on the initiation of blood coagulation under venous flow conditions”, submitted IJNMBE
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Tekylwasa paboTa

4-X MEpPHbIN KOHEYHO-0O6BbEMHDBIN MeToA, ANA YpaBHEHUN HaBbe-
CToKca B noasuKHou obnactm (Pycnan AHb6apucos)

MoaennpoBaHue obpa3oBaHUsa TPOMbOa NPU ULLEMUNYECKUX
3aboneBaHuAxX cepaLa

2 nekabpa 2018 CFD-Weekend
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BBI30OBEI

MV bTI/ICbI/ISI/ILIeCKOFO MoAeTnpoBaHNA

2 nekabpa 2018 CFD-Weekend
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Bbi30Bbl

« Camble pa3Hble 3agaun:
 TeyeHue KnaKocTeu n ra3os

* YYyeT MexaHM4YeCcKoro B3aMmoaencTBna Mexay XXuakocTbio U Nopoaoun
 MexaHuKa KOHTaKTHOro B3anMMo4enCTBUA N paspyLUeHne Ten

* [mnopaBnnyecknmn paspbiB NOPOAbl, XMPYPrmiecknn paspes MArkmx
TKaHeW

 Peakuun...
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Bbi30BbI

OuyeHb CIOXHbIU, HENMMHENHbIN XapakTep
3agad

MHoro pusnyeckmx rnpoueccons

B3anmo3ameHsieMOCTb pU3NYECKUX
npoLeccoB

CocTtaBneHne MoAenen Ha onepaTopHOM
YpOBHe

XecTKkue COBMeCTHbIE CUCTEMbI U peaKkunu,
LBB-HeycTon4nBocCTb

PaCCManVIBaI-OTCFI KaK oAHOpOAHbIe TaK U
rereporeHHble cpeabl

CoBmelleHne obnacTen ¢ pasHbIMU
dom3n4ecknmMmn NocTaHOBKaMMU

ABTOMaTun4yeckasa coopka AxkobnaHa

BO3MOXHOCTb KOMGMHMpOBaTb oTAaeribHble
MozJdenn n peatb COBMECTHO

NoameHa moaenen, Hanpumep Hapcu Ha
HaBbe-CToKC

dopmanusauma auckpeTmsaumn B onepaTopbl
N onepaTtopHas anrebpa

AunckpeTmnsaummn ¢ amaroHasibHbIM
npeoo6napgaHuem

Y4eT pa3pbiBa CBONCTB 3aJa4n B NOTOKE U
NHTEePNONALnmn

Y4yeT noTtoka mexay obnactamu, paspbiBa B
peLleHnn
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Cnmacuo0o 3a BauManue!

KOHTAKTBI
 KIRILL.TEREHOV@GMAIL.COM
* YURILVASSILEVSKIQGMAIL.COM
CCBLJIKAN

« WWW.INMOST.ORG



mailto:Kirill.terehov@gmail.com
mailto:YURI.VASSILEVSKI@GMAIL.COM
http://www.inmost.org/

BbI30BbI: reTeporeHHblie cpebl

_u . u
k1(p1) Ky
lff=k1k2/(k1+k2) ki=KqrKoe /(K +Kor)
k2f'?
I [ | | | |
e e I e e e e
P ; P P2 P P2
HenpepbiBHasa pyHKUMSA KyCO4YHO-NOCTOsIHHasA KOHCTaHTa Pas3pbiBHaa pyHKLMSA

* YpaBHeHue Bupa: —V-k(p)u="f, u=Vp
* HenpepobiBHas pyHKUNS: cpeda roMmoreHHas, TpebyeTcs annpokcumauusa npoTms
NMNOTOKAa

* KyCOYHO-NOCTOSIHHAsA KOHCTaHTa: cpeda rereporeHHas: rapMoOHMUYeCKne TOYKU
AN UHTEpPNONAUUn, rapMoOHUYecKoe cpeaHee ans notoka

* PaspbiBHaa yHKUMA: KaK y4ecTb U TO U gpyroe?
* Kk(p) MOXeT ObITb TEH30POM.
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BbI30BbI: onepaTopHbIM Nnoaxoa

* VIHTerparnbHble onepaTopbi:
* 06xopa no anemMeHTam p € Cell KVm
* BbI30B TOYEYHOrO oneparopa
* 3anucb pesynbTaTa B HEBA3KY
* div(m), curl(m) sBmecto m - onepaTopbl div(m) u € Face

* To4yeyHble onepaTopbl:
* o06xoa no wabnony
® BbI30OB TOYEYHOrO onepaTtopa R € Cell
® Bblgaya pe3ynbraTa

T T
° v., KVE V X .'w w

f E: BMECTO H - onepaTtopbl N AaHHble
* OTcnexkmBaHMe 3aBUCMMOCTEN, OAHOKPATHOE BbIYMCNEHUE
* ABTOMATMYECKMM CUHTE3 KOAa ONTUMANIbHOM COOPKN HEBA3KM
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