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[J. KEENER, J. SNEYD (2009) Mathematical Physiology.
II. Systems Physiology. p. 631.]
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LT-HSC long term haematopoietic stem cell
ST-HSC short term haematopoietic stem cell
MPP multipotent progenitor

CMP common myeloid progenitor
MEP megakaryocyte/erythrocyte progenitor
GMP granulocyte/monocyte progenitor
ERP erythrocyte precursor
MKP megakaryocyte precursor

CLP common lymphoid progenitor
CBP common B-lymphocyte precursor
CTP common T-lymphocyte precursor
NKP natural killer precursor
NK natural killer

[F. MICHOR (2005) Evolutionary dynamics of cancer. p. 108.]
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[Y. SAIKAWA, T. KOMATSUZAKI (2003) Emergent properties of feedback regulation
and stem cell behavior in a granulopoiesis model as a complex system.
Complex systems 14: 45–61.]
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T . . . doba trvánı́ haematopoiese od kmenové buňky ke krvince
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T . . . doba trvánı́ haematopoiese od kmenové buňky ke krvince
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(
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Musı́ být Λ′(0) > g

Stacionárnı́ stav ĉ: Λ (ĉ) = gĉ

Funkce c je ohraničená:
(∃cm, cM ) cm ≤ ĉ ≤ cM < ∞ ∧

∧ (∀t ≥ 0) cm < c(t) < cM
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d

dt
c(t) = Λ

(

c(t− T )
)

− gc(t)

Konkrétnı́ volba: Λ(c) = λc
am

am + cm
, m > 1,

m = 10, λ = 0.2 den−1, g = 0.1 den−1, T = 6 den

m = 10, λ = 0.2 den−1, g = 0.1 den−1, T = 20 den

Počet leukocytů v krevnı́m oběhu 12 leté dı́vky
s chronickou leukémíı

[M.C. MACKEY, L. GLASS (1977) Oscillations and chaos in
physiological control system. Science 197: 287–289.]



Analýza modelu a numerick á řešenı́
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Analýza modelu a numerick á řešenı́
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d

dt
c(t) = Λ
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Konkrétnı́ volba: Λ(c) = λc
am

am + cm
, g = a = 1, λ = 2, T = 2, m = 20
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Haematopoiesis

d

dt
c(t) = Λ

(

c(t− T )
)

− gc(t)

Konkrétnı́ volba: Λ(c) = λc
am

am + cm
, g = a = 1, λ = 2, T = 2, m = 40
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Model s distribuovaným zpožd ěnı́m

Haematopoiesis
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dt
= Λ

(

c(t− T )
)

− gc(t)



Model s distribuovaným zpožd ěnı́m

Haematopoiesis

w

s

dc(t)

dt
= Λ

(

c(t− T )
)

− gc(t)

dc(t)

dt
= Λ

(

t
∫

−∞

c(s)w(t− s)ds

)
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w(s) . . . váha, s jakou stav v čase s před aktuálnı́m okamžikem t přispı́vá k regulaci v
čase t
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Haematopoiesis

w

s

dc(t)

dt
= Λ

(

c(t− T )
)

− gc(t) diskrétnı́ zpožděnı́
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Model s distribuovaným zpožd ěnı́m
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Model s distribuovaným zpožd ěnı́m
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Model s distribuovaným zpožd ěnı́m
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dc(t)

dt
= Λ

(

t
∫

−∞

c(s)w(t− s)ds

)

− gc(t) distribuované zpožděnı́
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Model s distribuovaným zpožd ěnı́m
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Model s distribuovaným zpožd ěnı́m
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