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Áèîèìïåäàíñíûå èçìåðåíèÿ

Èìïåäàíñíàÿ òîìîãðàôèÿ/êàðäèîãðàôèÿ

Áèîèìïåäàíñûé àíàëèç ñîñòàâà òåëà

Èçìåðÿåòñÿ âåëè÷èíà èìïåäàíñà
äëÿ íåñêîëüêèõ ÷àñòîò

Ëîêàëüíûå, ñåãìåíòíûå è
ïîëèñåãìåíòíûå ñõåìû

Îöåíèâàåòñÿ ãèäðàòàöèÿ,
áåçæèðîâàÿ, àêòèâíàÿ êëåòî÷íàÿ,
ñêåëåòíî-ìûøå÷íàÿ ìàññà è äð.

Íåèíâàçèâíîñòü, îïåðàòèâíîñòü, ïîðòàòèâíîñòü, ïðîñòîòà è óäîáñòâî

Íèêîëàåâ Ä.Â. è ñîàâò. Áèîèìïåäàíñíûé àíàëèç ñîñòàâà òåëà ÷åëîâåêà. Ì.: Íàóêà, 2009. 392ñ.

Grimnes S., Martinsen O.G. Bioimpedance and bioelectricity basics. Amsterdam: Elsevier, 2008.
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Ìàòåìàòè÷åñêàÿ ìîäåëü

div(C∇U) = 0 â Ω

Jn = ±I/S± íà Γ±

Jn = 0 íà ∂Ω \ Γ±

U � ïîòåíöèàë ýëåêòðè÷åñêîãî ïîëÿ
C � òåíçîð óäåëüíîé ïðîâîäèìîñòè
E = ∇U � íàïðÿæ¼ííîñòü ïîëÿ
J = C E � ïëîòíîñòü òîêà
I � çîíäèðóþùèé òîê
S± � ïëîùàäü êîíòàêòà ýëåêòðîäîâ
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×èñëåííûé ìåòîä

div(C∇U) = 0

C = CR + i · CI , U = UR + i · UI ,

{
div(CR∇UR)− div(CI∇UI ) = 0
div(CR∇UI ) + div(CI∇UR) = 0

(
AR −AI

AI AR

)(
xR
xI

)
=

(
bR
bI

)

P1 FEM (AniFEM, Ani3D package, sf.net/projects/ani3d)
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Ïðîñòåéøàÿ ãåîìåòðè÷åñêàÿ ìîäåëü

AniAFT + AniMBA (Ani3D package, sf.net/projects/ani3d)
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Àíèçîòðîïíûå êîýôôèöèåíòû ïðîâîäèìîñòè

êîæà � 1 mm ãåëü � 2 mm, ìåäü � 0.5 mm
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Ýêñïåðèìåíòàëüíûé àíàëèç ñõîäèìîñòè

Ïîñëåäîâàòåëüíîñòü íåñòðóêòóðèðîâàííûõ ñåòîê
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Ýêñïåðèìåíòàëüíûé àíàëèç ñõîäèìîñòè

Ïîñëåäîâàòåëüíîñòü èåðàðõè÷åñêè èçìåëü÷åííûõ ñåòîê

NV NT Memory, Mb Nit Time, s L2-norm

2032 9359 7.16 13 0.02 1.24E-03
14221 74872 37.3 23 0.18 9.31E-04
106509 598976 299.1 58 3.70 5.07E-04
824777 4791808 2437.5 127 68.55 1.53E-04
6492497 38334464 20015.3 353 2634.15 �

Àñèìïòîòè÷åñêèé âòîðîé ïîðÿäîê ñõîäèìîñòè
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Visible Human Project

Visible Human Project
U.S. National Library of Medicine
www.nlm.nih.gov/research/visible
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ITK-SNAP software

ITK-SNAP (www.itksnap.org)
Free software for Visualization and Segmentation
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Manual segmentation

Semi-automatic tissue segmentation
Fix shapes, �ll hollow spaces, smooth boundaries, . . .

Þ.Â.Âàñèëåâñêèé (ÈÂÌ ÐÀÍ) Ñåòêè äëÿ VHP Áèîìàòåìàòèêà 2012 10 / 18



High resolution segmented model of VHP torso

567× 305× 843 voxels
1× 1× 1 mm
26 organs and tissues

Total 146m voxels, 68m material voxels
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Unstructured tetrahedral meshes

CGAL Mesh (www.cgal.org) � Delaunay mesh generation
Ani3D (sf.net/projects/ani3d) � mesh cosmetics

413 508 vertices, 2 315 329 tetraedra, 84 430 boundary faces
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Full body male and female models

VHP-Man VHP-Woman

3.3 − 3.5m tetraedra
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×èñëåííîå ðåøåíèå

P1 FEM èç ïàêåòà Ani3D (GMRes + ILU2 solver)
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Ôóíêöèÿ ÷óâñòâèòåëüíîñòè

ëèíèè òîêà äëÿ òîêîâûõ
ýëåêòðîäîâ � Jcc

ëèíèè òîêà äëÿ ïîòåíöèàëüíûõ
ýëåêòðîäîâ � Jreci

ôóíêöèÿ ÷óâñòâèòåëüíîñòè
S = Jreci · Jcc
∆U =

∫
V S(x , y , z)∆ρ(x , y , z)dv
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Àíàëèç ÷óâñòâèòåëüíîñòè
Òîêîâûå ýëåêòðîäû
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Àíàëèç ÷óâñòâèòåëüíîñòè
Îáðàòíîå ïîëå äëÿ ïîòåíöèàëüíûõ ýëåêòðîäîâ
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Àíàëèç ÷óâñòâèòåëüíîñòè
Ôóíêöèÿ ÷óâñòâèòåëüíîñòè
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Ìîíèòîðèíã ãèäðàòàöèè ëåãêèõ
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Âûâîäû

Ðàçðàáîòàíà è ïðîàíàëèçèðîâàíà ÷èñëåííàÿ ñõåìà ìîäåëèðîâàíèÿ
áèîèìïåäàíñíûõ èçìåðåíèé

Ïîñòðîåíû âûñîêîðàçðåøàþùèå 3D ñåãìåíòèðîâàííûå è
êîíå÷íî-ýëåìåíòíûå ìîäåëè òåëà ÷åëîâåêà

Ïîêàçàíà âûñîêàÿ ÷óâñòâèòåëüíîñòü ðåçóëüòàòîâ èçìåðåíèé â
èíòåðåñóþùèõ ó÷àñòêàõ òåëà äëÿ ñòàíäàðòíûõ ýëåêòðîäíûõ
êîíôèãóðàöèé

Ìîäåëè áóäóò èñïîëüçîâàíû äëÿ ðàçðàáîòêè íîâûõ ìåòîäèê
áèîèìïåäàíñíûõ èçìåðåíèé

Ìîäåëè ìîãóò áûòü èñïîëüçîâàíû äëÿ ðàñ÷åòîâ âëèÿíèÿ äðóãèõ
ôèçè÷åñêèõ ïîëåé íà îðãàíèçì ÷åëîâåêà
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