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Ìåæäóíàðîäíàÿ íàó÷íàÿ êîí�åðåíöèÿ 4ÎÁ�ÀÒÍÀß ÇÀÄÀ×À ËÅ×ÅÍÈß ÇÀ�ÀÆÅÍÍÎ�Î Î��ÀÍÈÇÌÀÁÀÊÒÅ�ÈÎÑÒÀÒÈ×ÅÑÊÈÌ ÀÍÒÈÁÈÎÒÈÊÎÌÀçèìîâ À.À.Êàçàõñêèé íàöèîíàëüíûé óíèâåðñèòàò èì. àëü-Ôàðàáè, Àëìàòûanvar.aa�mail.ruÂ ðàáîòå ðàññìàòðèâàåòñÿ ïðîöåññ ëå÷åíèÿ çàðàæåííîãî îðãàíèçìà áàêòåðèîñòàòè÷åñêèìàíòèáèîòèêîì. Â ñèñòåìå íàðÿäó ñ îñíîâíîé ïîïóëÿöèè áàêòåðèé,÷óâñòâèòåëüíûõ ê äåé-ñòâèþ àíòèáèîòèêà, ïðèñóòñòâóþò áàêòåðèè-ìóòàíòû, íà êîòîðûå àíòèáèîòèê íå îêàçûâàåòâëèÿíèÿ. Ýòîò ïðîöåññ îïèñûâàåòñÿ ñëåäóþùåé ñèñòåìîé äè��åðåíöèàëüíûõ óðàâíåíèé:
ẋ1 =

[ka1

xθ
1

− b1(x1 + x2)
]

x1,

ẋ2 =
[

a2 − b2(x1 + x2)
]

x2,ãäå x1 è x2 � ÷èñëåííîñòü îñíîâíîé ïîïóëÿöèè áàêòåðèé è áàêòåðèé-ìóòàíòîâ ñîîòâåòñòâåí-íî, a1 è a2 � ïðèðîñòû ÷èñëåííîñòè áàêòåðèé îñíîâíîé ïîïóëÿöèè è ìóòàíòîâ, ïàðàìåòðû b1è b2 õàðàêòåðèçóþò ÷óâñòâèòåëüíîñòü îáîèõ òèïîâ áàêòåðèé ê îãðàíè÷åííîñòè æèçíåííîãîïðîñòðàíñòâà, θ � ý��åêòèâíîñòü àíòèáèîòèêà, k � åãî êîíöåíòðàöèÿ. Çíà÷åíèÿ ÷èñëåííî-ñòåé áàêòåðèé îáîèõ òèïîâ â íà÷àëüíûé ìîìåíò âðåìåíè ñ÷èòàåòñÿ èçâåñòíûìè:
x1(0) = x10, x2(0) = x20.Çàäà÷à ñîñòîèò â îòûñêàíèè ïàðàìåòðà k òàêèì îáðàçîì, ÷òîáû ñîâåòóþùåå åìó ðåøåíèåñèñòåìû óäîâëåòâîðÿëî óñëîâèÿì:

x1(t) = y1(t), x2(t) = y2(t),ãäå �óíêöèè y1 è y2 ñ÷èòàþòñÿ èçâåñòíûìè íà èíòåðâàëå âðåìåíè [0, T ] (ðåçóëüòàòû ýêñïå-ðèìåíòà).Çàäà÷à ñâîäèòñÿ ê ìèíèìèçàöèè �óíêöèîíàëà
I(k) =

T
∫

0

[

(

x1(t)− y1(t)
)2

+
(

x2(t)− y2(t)
)2
]

dt.Äàííàÿ çàäà÷à ðåøàåòñÿ ãðàäèåíòíûì ìåòîäîì. �àñ÷åòû ïîêàçàëè, ÷òî çíà÷åíèå íåèç-âåñòíîãî ïàðàìåòðà k âîññòàíàâëèâàåòñÿ ñ òî÷íîñòüþ äî òûñÿ÷íûõ.



5 �Ìàòåìàòè÷åñêèå ìîäåëè áèîëîãèè è ìåäèöèíû�Nuleation Rate Surfaes as a New Tool for the Nuleation Kinetis DesriptionM. P. AnisimovNanoaerosol Researh Laboratory, FSBSI Tehnologial Design Institute of Sienti�Instrument Engineering SB RAS (TDISIE SB RAS, anisimovmp�mail.ru), 41 RusskayaStreet, 630058, Novosibirsk, RussiaABSTRACTOne an �nd in sienti� literature a pretty fresh idea of the nuleation rate surfaesdesign over the diagrams of phase equilibria. That idea looks like pro�table for the nuleationtheory development and for various pratial appliations where preditions of theory have nohigh enough auray for today. The ommon thermodynamis has no real ability to preditparameters of the �rst order phase transition. Kinetis of that transition is ompliate problemas well. It is known widely that many-body problem has no exat solution. The usual way ofany theory is to redue the many-body problem to one body in some �eld. The features of onebody and the �eld are adjusted usually to get the reasonable ompliane to the empirial results.Relation of the theoretial and empirial results is not good enough in ase of the NuleationTheory.Nuleation experiment an be provided in very loal nuleation onditions even the nuleationtakes plae from the ritial onditions down to the absolute zero temperature limit and from zeronuleation rates at phase equilibria up to the spinodal onditions. Theory preditions have lowreliability as a rule. It is well known that any phase diagram has several lines of phase equilibria.It is easy to show that eah line of phase equilibria generates the nuleation rate surfae in spaeof nuleation proess parameters. It means that one has multi sheet nuleation rate surfaes inthe ommon ase. Eah nuleation rate surfae is related to one phase state generation, or it isrelated to a single hannel of nuleation. Semiempirial design of the nuleation rate surfaes overdiagrams of phase equilibria have a potential ability to provide a reasonable quality informationon nuleation rate for eah hannel of nuleation. Consideration and using of the nuleation ratesurfae topologies to optimize synthesis of a given phase of the target material an be availablewhen data base on nuleation rates over diagrams of phase equilibria will be reated.



Ìåæäóíàðîäíàÿ íàó÷íàÿ êîí�åðåíöèÿ 6ÊËÅÒÎ×ÍÎ-ÀÂÒÎÌÀÒÍÀß ÌÎÄÅËÜ Ï�ÎÖÅÑÑÀÑÀÌÎÎ��ÀÍÈÇÀÖÈÈ ÁÀÊÒÅ�ÈÀËÜÍÎÉ ÑÈÑÒÅÌÛ ÁÅËÊÎÂ MINCDEÂèòâèöêèé À.À.Èíñòèòóò Âû÷èñëèòåëüíîé Ìàòåìàòèêè è Ìàòåìàòè÷åñêîé �åî�èçèêè ÑÎ �ÀÍ,Íîâîñèáèðñêvitvit�ssd.ss.ruÑèñòåìà áåëêîâ MinCDE ïðèñóòñòâóåò â áàêòåðèÿõ E. oli è íåêîòîðûõ äðóãèõ âèäàõ.Â åñòåñòâåííûõ óñëîâèÿõ, MinCDE ïðåäîòâðàùàåò íåïðàâèëüíîå äåëåíèå áàêòåðèàëüíîéêëåòêè. Â ëàáîðàòîðíûõ ýêñïåðèìåíòàõ, MinCDE îáðàçóåò äâèæóùèåñÿ áåëêîâûå âîëíû èíåêîòîðûå äðóãèå ïðîñòðàíñòâåííî-âðåìåííûå ïàòòåðíû. Òî÷íûå ìåõàíèçìû ýòîãî ïðîöåññàñàìîîðãàíèçàöèè äî ñèõ ïîð íå ÿñíû, îäíàêî, â [1℄ áûëî ñäåëàíî ïðåäïîëîæåíèå, ÷òî ñàìî-îðãàíèçàöèÿ â ñèñòåìå MinCDE âîçíèêàåò â ðåçóëüòàòå äâóõ ïðîòèâîïîëîæíûõ ìåõàíèçìîâ:êîëëåêòèâíîå ñâÿçûâàíèå áåëêîâ MinD ñ ìåìáðàíîé, è èõ ïîñëåäóþùåå îòêðåïëåíèå â ðå-çóëüòàòå ãèäðîëèçà ÀÒÔ, óñêîðÿþùååñÿ çà ñ÷åò íàêàïëèâàíèÿ áåëêîâ MinE íà ìåìáðàíå.Êðîìå òîãî, â [2℄ áûëî ïðåäïîëîæåíî, ÷òî ñèñòåìà MinCDE ìîæåò ÷óâñòâîâàòü ãåîìåòðèþêëåòêè. Îñíîâûâàÿñü íà ýòèõ ïðåäïîëîæåíèÿõ, ìû ðàçðàáîòàëè êëåòî÷íî-àâòîìàòíóþ ìî-äåëü ïðîöåññà ñàìîîðãàíèçàöèè áåëêîâMinDE è ïðîòåñòèðîâàëè åå íà ðåøåòêàõ ñ ðàçëè÷íîéãåîìåòðèåé. Â ðåçóëüòàòå êîìïüþòåðíîãî ìîäåëèðîâàíèÿ áûëè ïîëó÷åíû áåëêîâûå âîëíû èñïèðàëè, ñõîæèå ñ òåìè, ÷òî îòîáðàæåíû íà ñíèìêàõ, ïîëó÷åííûõ ïðè ïîìîùè ïîêàäðîâîéìèêðîñêîïèè â ëàáîðàòîðíûõ óñëîâèÿõ.Èññëåäîâàíèå âûïîëíåíî ïî Ïðîãðàììå �óíäàìåíòàëüíûõ èññëåäîâàíèé Ïðåçèäèóìà�ÀÍ, ïðîåêò 15.9 (2014), à òàêæå ïîääåðæàíî ãðàíòîì �ÔÔÈ 14-01-31425 mol a.ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Loose M., Fisher-Friedrih E., Herold C., Kruse K., Shwille P. Min protein patternsemerge from rapid rebinding and membrane interation of MinE. Nat. Strut. Mol. Biol.2011. V. 18, P. 577-583.2. Shweizer J, Loose M, Bonny M, Kruse K, Monh I, et al. Geometry sensing by self-organized protein patterns. 2012. PNAS 109: 15283�15288.



7 �Ìàòåìàòè÷åñêèå ìîäåëè áèîëîãèè è ìåäèöèíû�×ÈÑËÅÍÍÎÅ �ÅØÅÍÈÅ Ï�ßÌÛÕ È ÎÁ�ÀÒÍÛÕ ÇÀÄÀ×ÔÀ�ÌÀÊÎÊÈÍÅÒÈÊÈÂîðîíîâ Ä.À.Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ÍîâîñèáèðñêÈíñòèòóò Âû÷èñëèòåëüíîé Ìàòåìàòèêè è Ìàòåìàòè÷åñêîé �åî�èçèêè, Íîâîñèáèðñêvoronov-dima�mail.ruÂ äîêëàäå ðàññìîòðåíî ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå �àðìàêîêèíåòè÷åñêèõ ïðîöåñ-ñîâ. Ïðîäåìîíñòðèðîâàí ïîäõîä, ïðè êîòîðîì îðãàíèçì ðàçáèâàåòñÿ íà êîíå÷íîå ÷èñëî êà-ìåð. Â êàæäîé òàêîé êàìåðå âåùåñòâî "èäåàëüíî-ïåðåìåøàíî"è êèíåòè÷åñêè-îäíîðîäíî. Òà-êîé ïðîöåññ îïèñûâàåòñÿ ñèñòåìîé íåëèíåéíîé ñèñòåìîé äè�ååíöèàëüíûõ óðàâíåíèé. Àíà-ëèç èäåíòè�èöèðóåìîñòè ïàðàìåòðîâ ïîçâîëÿåò îïðåäåëèòü, êàêèå èç ïàðàìåòðîâ ìîäåëèìîãóò áûòü îïðåäåëåíû èç äàííûõ ýêñïåðèìåíòà. �àññìàòðèâàåìûå �àðìàêîêèíåòè÷åñêèåìîäåëè â áîëüøèíñòâå ñëó÷àåâ ÿâëÿþòñÿ íåèäåíòè�èöèðóåìûìè, ÷òî ïðèâîäèò ê íåîáõî-äèìîñòè ïîèñêà ïîäõîäÿùåé çàìåíû ïåðåìåííûõ. �àññìîòðåíû ïîñòàíîâêè ïðÿìîé è îá-ðàòíîé çàäà÷è �àðìàêîêèíåòèêè. �àçðàáîòàí àëãîðèòì ðåøåíèÿ îáðàòíîé çàäà÷è â ñëó÷àåïðîèçâîëüíîãî êîëè÷åñòâà êàìåð â ñèñòåìå. Ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ.�àññìîòðåí âîïðîñ î âûáîðå íà÷àëüíûõ ïðèáëèæåíèé äëÿ èòåðàöèîííûõ ìåòîäîâ�àáîòà ïðîâîäèëàñü ïðè ÷àñòè÷íîé ïîääåðæêå Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè �îñ-ñèéñêîé Ôåäåðàöèè, à òàêæå ïðè ïîääåðæêå ãðàíòà ïðåçèäåíòà �Ô äëÿ ïîääåðæêè âåäóùèõíàó÷íûõ øêîë � ÍØ-5666.2014.ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Audoly S., D'Angio L On the identi�ability of linear ompartmental systems: a revisitedtransfer funtion approah based on topologial properties. // Math. Biosi. - 66(2) - 1983201-228.2. Resigno Aldo Foundations of pharmaokinetis. // Kluwer Aademi Publishers, 2003,New York.3. Maheras Panos, Iliadis Athanassios Modeling in Biopharmaeutis, Pharmaokinetis,and Pharmaodynamis. // Springer Siene+Business Media, In., 2006, New York.



Ìåæäóíàðîäíàÿ íàó÷íàÿ êîí�åðåíöèÿ 8Ó�ÀÂÍÅÍÈß Ñ ÇÀÏÀÇÄÛÂÀÞÙÈÌ À��ÓÌÅÍÒÎÌÈ Ó�ÀÂÍÅÍÈß Ñ ×ÀÑÒÍÛÌÈ Ï�ÎÈÇÂÎÄÍÛÌÈ ÂÇÀÄÀ×ÀÕ ÌÍÎ�ÎÑÒÀÄÈÉÍÎ�Î ÑÈÍÒÅÇÀ ÂÅÙÅÑÒÂÀÄåìèäåíêî �.Â.Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ,Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Íîâîñèáèðñêdemidenk�math.ns.ru�àññìîòðèì çàäà÷ó Êîøè äëÿ ñèñòåìû äè��åðåíöèàëüíûõ óðàâíåíèé, ìîäåëèðóþùåéìíîãîñòàäèéíûé ñèíòåç âåùåñòâà:
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= −
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x1 + g(t, xn),

dxj

dt
=

n− 1

τ
xj−1 −

n− 1

τ
xj , j = 2, . . . , n− 1,

dxn

dt
=

n− 1

τ
xn−1 − θxn, x|t=0 = x0, θ ≥ 0, τ > 0.

(1)�àçìåðíîñòü ñèñòåìû n îïðåäåëÿåòñÿ ÷èñëîì ñòàäèé, xj(t) � êîíöåíòðàöèÿ âåùåñòâà íà
j-é ñòàäèè. Â ñëó÷àå áîëüøîãî ÷èñëà ñòàäèé âîçíèêàåò ïðîáëåìà íàõîæäåíèÿ êîíå÷íîãîïðîäóêòà xn(t). Ñïîñîá ðåøåíèÿ ýòîé �ïðîáëåìû áîëüøîé ðàçìåðíîñòè� ïðåäëîæåí â ðàáî-òàõ [1, 2℄. Îí çàêëþ÷àåòñÿ â ñâåäåíèè (1) ê íà÷àëüíîé çàäà÷å äëÿ íåêîòîðîãî óðàâíåíèÿ ñçàïàçäûâàþùèì àðãóìåíòîì. Ïðè îáîñíîâàíèè òàêîãî ïåðåõîäà àâòîðîì äîêàçàí ðÿä ïðå-äåëüíûõ òåîðåì, èç êîòîðûõ, â ÷àñòíîñòè, âûòåêàþò îöåíêè àïïðîêñèìàöèè xn(t) ≈ y(t)ïðè n ≫ 1.Íà îñíîâå ïðåäåëüíûõ òåîðåì ïðåäëàãàåòñÿ íàõîäèòü ïðèáëèæåííûå çíà÷åíèÿ xk(t), k =
1, . . . , n − 1, â âèäå u(t, zk), zk = k−1

n−1
, ãäå u(t, z) � ðåøåíèå íåêîòîðîé êðàåâîé çàäà÷è äëÿïàðàáîëè÷åñêîãî óðàâíåíèÿ ïðè n ≫ 1:

τut + uz −
1

2(n− 1)
uzz = 0, t > 0, z ∈ (0, 1).Íà÷àëüíûå óñëîâèÿ ïðè t = 0 îïðåäåëÿþòñÿ íà÷àëüíûìè äàííûìè èç (1), à êðàåâûå óñëîâèÿïðè z = 0 è z = 1 îïðåäåëÿþòñÿ ïåðâûì è ïîñëåäíèì óðàâíåíèÿìè ñèñòåìû (1) ñ ó÷åòîìïðåäåëüíûõ òåîðåì è óñòàíîâëåííûõ îöåíîê àïïðîêñèìàöèè xn(t) ≈ y(t), n ≫ 1.�àáîòà ïðîâîäèëàñü ïðè ÷àñòè÷íîé ïîääåðæêå �ÔÔÈ (ïðîåêò � 13-01-00329) è ÑÎ �ÀÍ(ìåæäèñöèïëèíàðíûé ïðîåêò � 80).ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Ëèõîøâàé Â.À., Ôàäååâ Ñ.È., Äåìèäåíêî �.Â., Ìàòóøêèí Þ.�. Ìîäåëèðîâàíèå óðàâ-íåíèåì ñ çàïàçäûâàþùèì àðãóìåíòîì ìíîãîñòàäèéíîãî ñèíòåçà áåç âåòâëåíèÿ // Ñèá.æóðí. èíäóñòð. ìàòåì. 2004. Ò. 7, � 1. Ñ. 73�94.2. Äåìèäåíêî �.Â., Ìåëüíèê È.À. Îá îäíîì ñïîñîáå àïïðîêñèìàöèè ðåøåíèé äè��åðåí-öèàëüíûõ óðàâíåíèé ñ çàïàçäûâàþùèì àðãóìåíòîì // Ñèá. ìàò. æóðí. 2010. Ò. 51,� 3. Ñ. 528�546.



9 �Ìàòåìàòè÷åñêèå ìîäåëè áèîëîãèè è ìåäèöèíû�A MATHEMATICAL MODEL IN BIOMECHANICSImomnazarov Kh.Kh.The Institute of Computational Mathematis and Mathematial Geophysis Siberian Branh,Russian Aademy of Sienes, Novosibirsk, Russiaimom�omzg.ss.ruThe multiple-network poroelasti theory (MPET) was introdued in to geomehanis tosimulate naturally fratured reservoirs having both storage and transport porosities. The MPETmedium omprises a solid matrix permeated by low-porosity pores and high-porosity �ssuresthat are in ommuniation and �uid an transfer between them [1, 2℄.The MPET models are a ombination of onservation of mass and momentum priniples,porous �ow laws, stress-strain relationships and the Terzaghi e�etive stress priniple.It is observable from experiments that when a porous medium is subjet to a uniform inreasein �uid pressure, there is a relatively small deformation of the elasti matrix. This leads to theonept of the e�etive stress: σ′

ij = σij + δij p [1℄, where σij and σ
′

ij are, respetively the totaland e�etive stresses in the solid matrix, p is the pore pressure.The single-network poroelasti equations have been used suessfully in the modelling ofbiomehanial proesses: for instane, a poroelasti representation of brain has been utilizedto demonstrate the qualitative information about the pathophysiology of aute and hronihydroephalus. The model proposed is a simpli�ation of that from [2℄, where the parenhymais onsidered to be a solid, deformable matrix permeated by a single network of interstitialpores �lled with erebrospinal �uid. When ombined with the linear stress-strain relationship
σ

′

ij = 2µ
(

εij +
ν̃ ε

1−2 ν̃
δij

)

, where µ is the shear modulus of the tissue, ε is the volumetri strainand ν̃ is the Poisson ratio, the single �uid-network poroelasti equations are obtained:
∂2p

∂t2
− αρl ∆ p− (K − αρ ρs) div

∂u

∂t
= 0 ,

∂2
u

∂t2
−

µ

ρs
∆u−

λ+ µ−K2/(αρ2)

ρs
∇ divu−

K − αρ ρs
αρ2 ρs

∇
∂p

∂t
= 0.ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Tully B. Ventikos Y. Cerebral water transport using multiple-network poroelasti theory:appliation to normal pressure hydroephalus // J. Fluid Meh. 2011, v. 667, pp. 188-2152. Zhabborov N.M., Imomnazarov Kh.Kh. Some initial boundary value problems of mehanisof two-veloity media. Tashkent, 2012. 212p (in Russian).



Ìåæäóíàðîäíàÿ íàó÷íàÿ êîí�åðåíöèÿ 10ÌÀÒÅÌÀÒÈ×ÅÑÊÈÅ ÌÎÄÅËÈ Â ÈÌÌÓÍÎËÎ�ÈÈ:Ï�ßÌÛÅ È ÎÁ�ÀÒÍÛÅ ÇÀÄÀ×ÈÊàáàíèõèí Ñ.È. 1,2, Êðèâîðîòüêî Î.È. 1,2

1 Èíñòèòóò âû÷èñëèòåëüíîé ìàòåìàòèêè èìàòåìàòè÷åñêîé ãåî�èçèêè ÑÎ �ÀÍ, Íîâîñèáèðñê;
2 Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Íîâîñèáèðñê, �îññèÿkrivorotko.olya�mail.ru, kabanikhin�ss.ruÌàòåìàòè÷åñêîå ìîäåëèðîâàíèå èììóíîëîãè÷åñêèõ ñèñòåì îñíîâàíî íà ÷èñëåííîì ðåøå-íèè ñèñòåìû íåëèíåéíûõ îáûêíîâåííûõ äè��åðåíöèàëüíûõ óðàâíåíèé (ÎÄÓ). Êîý��èöè-åíòû ÎÄÓ õàðàêòåðèçóþò èììóííóþ ñèñòåìó, åå èçìåíåíèå ïðè çàáîëåâàíèè è ò.ä. Çàäà÷óîïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ïî äîïîëíèòåëüíîé èí�îðìàöèè î òå÷åíèè áîëåçíè íàçîâåìîáðàòíîé çàäà÷åé èììóíîëîãèè. Â äîêëàäå ïðåäëîæåí îïòèìèçàöèîííûé ïîäõîä [1, 2℄ ÷èñ-ëåííîãî ðåøåíèÿ îáðàòíîé çàäà÷è îïðåäåëåíèÿ íåèçâåñòíûõ ïàðàìåòðîâ ìîäåëè

{

Ẋ = P (X(t),Θ), t ∈ (0, T );
X(0) = X0.

(1)ïî ýêñïåðèìåíòàëüíûì äàííûì, �èêñèðîâàííûì â îïðåäåëåííûå ìîìåíòû âðåìåíè
Xn(tk) = Φn(tk), k = 1, . . . ,Kn, n = 1, . . . , N. (2)ÇäåñüX(t) = (X1(t), . . . , XN (t))T � âåêòîð ïåðåìåííûõ, Θ = (Θ1, . . . ,ΘM )T �âåêòîð ïàðà-ìåòðîâ ìîäåëè, P (X(t),Θ) = (P1(X(t),Θ), . . . , PN (X(t),Θ)), ãäå �óíêöèÿ Pn íåïðåðûâíàÿ,

n = 1, . . . , N , X0 = (X0
1 , . . . , X

0

N)T � âåêòîð íà÷àëüíûõ äàííûõ çàäà÷è (1). Îáðàòíàÿ çà-äà÷à (1)-(2) çàêëþ÷àåòñÿ â îïðåäåëåíèè ïàðàìåòðîâ è íà÷àëüíûõ äàííûõ q = (Θ, X0) ïîäàííûì àíàëèçà êðîâè, ìî÷è âèäà (2).Â äîêëàäå ïðîâåäåí îáçîð è àíàëèç ìîäåëåé èììóíîëîãèè, ïðèâåäåí ÷èñëåííûé àëãîðèòìðåøåíèÿ îáðàòíîé çàäà÷è (1)-(2) è ðåçóëüòàòû ðàñ÷åòîâ [3℄.�àáîòà ïîääåðæàíà Ìèíèñòåðñòâîì îáðàçîâàíèÿ è íàóêè �îññèéñêîé Ôåäåðàöèè èãðàíòîì Ïðåçèäåíòà �Ô äëÿ ïîääåðæêè âåäóùèõ íàó÷íûõ øêîë � ÍØ-5666.2014.5.ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Ñ.È. Êàáàíèõèí. Îáðàòíûå è íåêîððåêòíûå çàäà÷è. Íîâîñèáèðñê: Ñèáèðñêîå íàó÷íîåèçäàòåëüñòâî, 2009.2. Ñ.È. Êàáàíèõèí, Î.È. Êðèâîðîòüêî. ×èñëåííûå ìåòîäû ðåøåíèÿ ïðÿìûõ è îáðàòíûõçàäà÷ èììóíîëîãèè // Òðóäû ïÿòîé ìåæäóíàðîäíîé êîí�åðåíöèè ¾Ìàòåìàòè÷åñêàÿáèîëîãèÿ è áèîèí�îðìàòèêà¿, ã. Ïóùèíî, �îññèÿ, 19-24 îêòÿáðÿ 2014 ã., ñòð. 144-145.3. À.È. Èëüèí, Ñ.È. Êàáàíèõèí, Î.È. Êðèâîðîòüêî. Îá îïðåäåëåíèè ïàðàìåòðîâ áèîëî-ãè÷åñêèõ ìîäåëåé, îïèñûâàåìûõ ñèñòåìàìè íåëèíåéíûõ äè��åðåíöèàëüíûõ óðàâíå-íèé // ÑÝÌÈ. - 2014. - Ò. 11 - Ñ. Ñ4-Ñ18.



11 �Ìàòåìàòè÷åñêèå ìîäåëè áèîëîãèè è ìåäèöèíû�USING MOLECULAR DOCKING FOR MODELING ANTIBACTERIALACTIVITY OF NATURAL POLYENE ANTIBIOTICSBATUMIN/KALIMANTACIN, MUPIROCIN AND BACILLAENEKim J.Y., Reva O.N.Bioinformatis and Computational Biology Unit, Dep. Biohemistry, University of Pretoria,Pretoria, South Afriaoleg.reva�up.a.zaStaphyloous aureus is a major human pathogen that is apable of ausing a wide range ofhuman diseases that result in signi�ant morbidity and mortality in both ommunity and hospitalaquired infetions. Methiillin-resistant S. aureus that have developed antibioti resistanethrough the proess of natural seletion beame espeially problemati in hospitals. Several newprospetive polyene antibiotis were isolated from di�erent speies of gamma-Proteobateriawhih seletively suppressed growth of S. aureus inluding multi-drug resistant strains inonentration 0.05 ?g/ml [1, 2, 3℄. Among these reported antibiotis only mupiroin is widely usedin mediine and multiple ases of resistane to this antibioti have been reported. The moleulartarget of mupiroin is isoleuyl-tRNA-synthetase [4℄. Surprisingly, for other polyene antibiotisseveral alternative mehanisms of ation were proposed [5℄. It gives us opportunities to optimizethe treatment of antibioti resistant S. aureus by ombining several similar antibiotis inhibitingdi�erent target enzymes, but the designing of treatment regimens needs a deeper understanding ofmehanisms of moleular interations between antibiotis and their targets. In this work we usedmoleular doking tehniques implemented in Aelrys Disovery Studio 4.0 to study interationsof 3 polyene antibiotis, - mupiroin, batumin and baillaene, - with predited moleular modelsof their target proteins isoleuyl-tRNA-synthetase and FabI, whih were reported elsewherein multiple publiations. To study geneti enoding and mehanisms of biosynthesis of theseantibiotis, omplete hromosome of batumin produer Pseudomonas batumii UCMB-321 andbaillaene produer Baillus atrophaeus UCMB-5137 have been sequened. It was found thatdespite experimentally proved inhibition of the fatty aid biosynthesis in S. aureus by batumin[5℄, either this antibioti or baillaene annot interat diretly with FabI protein, but they dointerat with isoleuyl-tRNA-synthetase showing an even stronger spei�ity to this protein thanmupiroin does. It may explain the higher and broader antibaterial ativity of these antibiotisand suggests possibility that in future they may replae mupiroin in mediinal pratie. In thesame time the ontraditions in reports by di�erent authors regarding the mode of ation ofthese antibiotis suggests that there may exist more targets for these antibiotis in baterialells. We analyzed the 3D struture of the binding site in isoleuyl-tRNA-synthetase for thesethree antibiotis and identi�ed interating amino aid residues. As a result a onsensus aminoaid pattern of the ative site and a pharmaophore model were designed that allowed us toperform a large sale searh for possible alternative target proteins to explain the omplexity ofthe antibioti ativity of polyene ompounds. The work has been supported by the NRF Grantfor Bioinformatis and Genomis 86941.ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Kiprianova E.A., Klohko V.V., Zelena L.B., Churkina L.N., Avdeeva L.V. Pseudomonasbatumii sp. nov., the antibioti-produing bateria isolated from soil of the Cauasus Blaksea oast // Mikrobiol J, 2011, 73(5): 3-8.2. Gurney R., Thomas C.M. Mupiroin: biosynthesis, speial features and appliations of anantibioti from a gram-negative baterium // Appl Mirobiol Biotehnol, 2011 90(1):11-21.



Ìåæäóíàðîäíàÿ íàó÷íàÿ êîí�åðåíöèÿ 123. Tokunaga T., Kamigiri K., Orita M., Nishikawa T., Shimizu M., Kaniwa H. KalimantainA, B, and C, novel antibiotis produed by Alaligenes sp. YL-02632S. II. Physio-hemialproperties and struture eluidation // J Antibiot (Tokyo), 1996, 49(2):140-144.4. Nakama T., Nureki O., Yokoyama S. Strutural basis for the reognition of isoleuyl-adenylate and an antibioti, mupiroin, by isoleuyl-tRNA synthetase // J Biol Chem,2001, 276(50):47387- 47393.5. Mattheus W., Gao L.J., Herdewijn P., Landuyt B., Verhaegen J., Masshelein J., VolkaertG., Lavigne R. Isolation and puri�ation of a new kalimantain/batumin-related polyketideantibioti and eluidation of its biosynthesis gene luster // Chem Biol, 2010, 17(2):149-159.



13 �Ìàòåìàòè÷åñêèå ìîäåëè áèîëîãèè è ìåäèöèíû�ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈ�ÎÂÀÍÈÅÀÊÓÑÒÈ×ÅÑÊÎ�Î ÒÎÌÎ��ÀÔÀØèøëåíèí Ì.À.Èíñòèòóò ìàòåìàòèêè èìåíè Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ, ÍîâîñèáèðñêÍîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Íîâîñèáèðñêmshishlenin�ngs.ruÌàòåìàòè÷åñêàÿ ìîäåëü ìåäèöèíñêîãî òîìîãðà�à ìîæåò áûòü îïèñàíà ñëåäóþùåé äâó-ìåðíîé ñèñòåìîé óðàâíåíèé àêóñòèêè:
ut +

1

ρ
px = 0, vt +

1

ρ
py = 0, (x, y) ∈ Ω, t ∈ (0, T );

pt + ρc2(ux + vy) = δ(xk, yk)A(t) sin(ω − ω0), k = 1, . . . ,K;

u, v, p|t=0 = 0;

u, v, p|∂Ω = 0.Çäåñü îáëàñòü Ω = {x2 + y2 ≤ R2}, c(x, y) � ñêîðîñòü çâóêà, ρ(x, y) � ïëîòíîñòü ñðåäû,
u(x, y, t) � ñêîðîñòü ñðåäû ïî íàïðàâëåíèþ x, v(x, y, t) � ñêîðîñòü ñðåäû ïî íàïðàâëåíèþ
y, p(x, y, t) � ïðåâûøàþùåå äàâëåíèå, (xk, yy) � òî÷êè, ãäå ðàñïîëîæåíû èñòî÷íèêè è ïðè-åìíèêè äàâëåíèÿ, K � ÷èñëî èñòî÷íèêîâ è ïðèåìíèêîâ.Â äîêëàäå áóäóò ðàññìîòðåíû äâå çàäà÷è.Çàäà÷à ïðîäîëæåíèÿ: íåîáõîäèìî ïðîäîëæèòü àêóñòè÷åñêîå ïîëå ñ ãðàíèöû îáëàñòèâ ñòîðîíó íåîäíîðîäíîñòè.Êîý��èöèåíòíàÿ îáðàòíàÿ çàäà÷à: íàéòè êîý��èöèåíòû óðàâíåíèé c(x, y) è ρ(x, y),åñëè èçâåñòíà äîïîëíèòåëüíàÿ èí�îðìàöèÿ

p(xk, yk) = fk(t), k = 1, . . . ,K.Èññëåäîâàíà ÷óâñòâèòåëüíîñòü äàííûõ îáðàòíîé çàäà÷è ê èñêîìûì ïàðàìåòðàì. Èñ-ñëåäîâàíà íåêîððåêòíîñòü çàäà÷è ïðîäîëæåíèÿ íà îñíîâå àíàëèçà óáûâàíèÿ ñèíãóëÿðíûõ÷èñåë îïåðàòîðà [1℄. Ïîñòðîåí îïòèìèçàöèîííé ìåòîä ðåøåíèÿ êîý��èöèåíòíîé îáðàòíîéçàäà÷è. Äëÿ ðåøåíèÿ ïðÿìîé çàäà÷è ïðèìåíåíà ñõåìà Ñ.Ê. �îäóíîâà [2℄. Ïðèâåäåíû ðåçóëü-òàòû ÷èñëåííûõ ðàñ÷åòîâ.�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå �ÔÔÈ 14-01-00208 è èíòåãðàöèîííîãîïðîåêòà ÑÎ �ÀÍ � 14.ÑÏÈÑÎÊ ËÈÒÅ�ÀÒÓ�Û1. Shishlenin M.A. Continuation of the aousti �eld in tomography // Abstrats ofInternational onferene �Mathematial Models and High Performane Computing inBioinformatis, Biomediine and Biotehnology�. Novosibirsk, Russia, June 24-27, 2014,p. 76.2. �îäóíîâ Ñ.Ê. è äð. ×èñëåííîå ðåøåíèå ìíîãîìåðíûõ çàäà÷ ãàçîâîé äèíàìèêè. Ìîñêâà,Íàóêà, 1976.


