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Momusayus u yenv: MaremaTndaeckoe MOJICINPOBAaHUE JTHHAMUKH IMMYHHOM CHCTEMBI SIBJISETCS OCHOBOIOIATAIOIINM
KOMIIOHEHTOM HMMYHOJIOTHYECKUX HCCIENIOBAaHUN. XOTS IEpeAOBbIE IKCIIEPHUMEHTAIBHBIE METOABl 3HAYMTEIHHO
VAYYIIWIA aHAIW3 UMMYHHOH (DYHKIMH, MaTeMaTH4eCcKOe MOJCIMPOBAHHE MPOJOKACT UIPaTh PEIIAIONIYI0 POJIb
B KIMHUYECKHUX IMPHUIOKEHHUSIX, OCOOCHHO B pa3pabOTKe WHAMBHUIYAIbHBIX CTPATETHil JEUCHUS MaTOJIOTHYECKHUX
MPOLIECCOB, TaKMX Kak OakTepualbHbIe/BUPYCHble WH(EKIMH WMWiK pocT omyxoneid [1, 2]. Xopomio H3BECTHO,
9TO (PU3MOJOTHYECKUE MapaMeTphl pa3inyaroTcs Yy pasHbIX Jofed. 3amada MACHTH(DUKAMN HapaMeTpoB st
MaTeMaTH9YeCKUX MOJIETICH 4acTO BKIIFOUAeT PEIICHNE HETMHEWHBIX U HEKOPPEKTHO IMOCTABICHHBIX 3a71a4, YTO JEJIacT
X 0COOCHHO CIIOKHBIMH JUISI PEIICHHUS C TIOMOIIBIO YUCIEHHBIX MeTo10B. ClienoBarenbHo, pa3paboTka Ha/IeKHBIX U
3 PEKTUBHBIX METOJIOB OIICHKU MMapaMeTPOB MMEET BaXKHOE 3HAYCHHUE ISl MHTErPALMK B MaTeMaTHUYECKUE MOJIEIN
WHAWBUIYANbHBIX JaHHBIX MAI[MEHTA, YTO MO3BOJISIET CO3JaBaTh JACHCTBUTEIBHO IEPCOHAIN3NPOBAHHbBIC CTPATETUH
JICUCHHUS.

Memoowr u aneopummer: B noknane NMpencTaBiIeH HOBBIA BBIUMCIUTENBHBINA alTOPUTM, OCHOBAHHBIM Ha METOJE
a/IalITHBHOT'O YTOUYHEHUS CETKH 110 BpEMEHH B 33/1a4e UCHTH()UKAIIMY [TapaMeTpOoB ISl MOZACIH, CHOPMYITUPOBAHHON
B BHJIE CHCTeMbl 0OBIKHOBEHHBIX Au(depennnanbubix ypauenuii (OY) [3—6]. PaccmarpuBaercst Monens U3 Tpex
OJ1Y, ocHoBaHHas Ha 0a30BOil TPEXKOMIIOHCHTHOW Momenu octpoi ¢asel BUU-uHbpekum, nporekaromiei 0e3
JICYCHHS, B KOTOPYIO BKIIIOUCH 3aBHCAIIMNA OT BPEMEHM HOBBIM KOMIIOHEHT, HHTETPUPOBAHHBINA B TPEThE yPaBHEHUE
[7]. Maremarudeckasi MOJIeIb CBSI3bIBACT HEMH(BUIIMPOBaHHbBIE T-KIeTKH, MHPUIUPOBaHHbIC T-KJIETKU U NOMYIISIIHIO
Bupyca. Kpome Toro, B ypaBHeHHE AJIsl BUpYCa BKJIFOYECH YETBEPThI KOMIIOHEHT, OMUCHIBAIOMININ d((eKTHBHOCT
MMMYHHOTO OTBETa, OMOCPEIOBAHHOIO IIUTOTOKCHMYECKMMH T-kieTkamu. KilMHMYecKkue NTaHHbIE MalMeHTOB ObUIN
B34Thl U3 padoThl [8]. Pemaercs 3amaya naeHTudukanuu napamerpoB st cucteMbl OJY ¢ HMMyHHBIM OTBETOM,
HCTIONB3YsI KITMHUYECKHE JaHHbIC YeTHIPEX MAalleHTOB 0€3 JIeUeHNs, C TOMOIIBIO aIalTUBHOTO 110 BPEMEHH aJITOpUTMa
ONTUMH3AINH, KOTOPBIHA JOKAIbHO MENBYUT BPEMEHHYIO CETKY B 3aBUCHMOCTH OT OLIMOKH B PEKOHCTPYHPOBAHHOM
(yHKIIME UIMMYHHOTO OTBeTa (cM. [7]).

Bornee TouHO, a7an THBHBIN METOI 03HAYAET, YTO CHAYaJIa MBI OLICHIBAEM 3aBUCSIYIO OT BpeMeHH (PyHKIIMIO UMMYHHOTO
OTBETa Ha HAYaJIbHOM BPEMEHHOM CETKE, OCHOBBIBASCH HAa HECKOJIBKUX M3BECTHBIX 3HAYCHUAX HAOMI0aeMbIX (DYHKIINH.
3arem BpeMeHHas CeTKa JOKAIbHO YTOYHAETCS (MEITBIUTCS) B TOUKAX, I7I€ OIIHOKA B PEKOHCTPYHPOBAHHOM 3aBUCUMOI
OT BPEMEHHU (PyHKIIMHM MIMMYHHOTO OTBETa JIOCTUTAET CBOMX MaKCUMaJIbHbIX 3HaueHUH. DYHKIMsI IMMYHHOTO OTBETa
BIIOCJICZCTBUH TIEPECUUTHIBACTCSI HA YTOYHEHHOH BPEMEHHOW CETKe, MOBBIILAs pa3pelieHre Tam, Tiie 9To Hanbosee
HeoOxonuMo. OTMETUM, 4TO B Q/IalITUBHOM I10 BPEMEHM AJITOPUTME PEKOHCTPYHMpPOBaHHAs (DYHKIHS WMMYHHOTO
OTBETA, 3aBUCSINAs OT BPEMEHH, U JaHHBIC U3MEPCHUH, B3AThIC U3 [6], HHTEPIOIUPYIOTCS C MPEIbIAYIIeH CeTKH Ha
HOBYIO, YTOYHEHHYIO BPEMEHHYIO CETKY.

Pezynomamol u 6b1600b1: UnCIeHHBIE SKCIIEPUMEHTBI IEMOHCTPUPYIOT (P GEKTUBHOCTD TPEIOKEHHOTO aIalITUBHOTO
METOJ[a OINTHMHU3AIIMM B PEKOHCTPYKIMHM (QYHKIMK HMMMYHHOTO oTBera B ocTpod ¢aze BUU-undexuum c
UCIIONIb30BaHNEM KJIMHHUUECKUX NaHHBIX, CCHU(UUHBIX ISl KaXXI0TO narnueHTa. J[aHHbli alan THBHBIN IpaleHTHBINA
METO/I TPH JIOKAJTHbHOM MEJIBYCHUN CETKHU 10 BPEMEHHM IOKA3bIBAET YAyUIIEHHE PE3YIbTaTOB BBIYUCICHUI 110 CPABHEHUIO
CO CTaHJIaPTHBIM METOOM CONPSKEHHBIX I'PAJAUEHTOB, IPUMEHIEMBIM Ha PAaBHOMEPHOI BPEMEHHOM CeTKe.
Qunancuposanue: ViccnenoBaHue BBIOTHEHO B PaMKax TEMbI TOCYIapCTBEHHOTO 3aJaHus MHCTHTyTa MaTeMaTuKu
um. C.JI. Cobonesa CO PAH (Ne FWNF-2026-0005).
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Motivation and Aim: The mathematical modeling of immune dynamics is a foundational component of immunological
research. Although advanced experimental methods have significantly enhanced the analysis of immune function,
mathematical modeling continues to play a crucial role in clinical applications — especially in tailoring individualized
treatment strategies for pathological processes such that bacterial/viral infections or tumor growth [1, 2]. It is well
established that physiological parameters differ across individuals. Parameter identification problem for mathematical
models frequently involves solution of nonlinear and ill-posed problems, making them particularly challenging to
address through numerical methods. Consequently, developing robust and efficient parameter estimation methods is
essential for integrating patient-specific data into mathematical models, thereby enabling truly personalized treatment
strategies.

Methods and Algorithms: The paper presents a new computational algorithm based on the local time-adaptive
optimization method (adaptive method) which refines locally the time-mesh depending on the error in the reconstructed
time-dependent function [3—6]. We formulate the problem as a parameter identification problem for a system of ordinary
differential equations which includes new component, namely, immune response function, integrated into the third
equation of the classical three-equation HIV model [7, §].

More precisely, the adaptive method means that first we estimate the time-dependent immune response function on
a coarse initial time grid, based on several known values of the observable functions (clinical data). The time grid is
then locally refined at points where the error in the reconstructed time-dependent immune response function reaches
its maximal values. The immune response function is subsequently recomputed on the refined time mesh, enhancing
the resolution where it is most needed. It is noted that in the time-adaptive algorithm reconstructed time-dependent
immune response function and measured data are interpolated from the previous to the new refined time-mesh.
Conclusion: Numerical experiments demonstrate the effectiveness of the proposed adaptive method in reconstructing
the immune response function during the acute phase of HIV infection, using patient-specific clinical data.
Computational results show improvement of reconstruction of immune response function using the local time-adaptive
mesh refinement method compared to the standard conjugate gradient method applied on a uniform time mesh.
Funding: The study is performed under the state assignment of the Sobolev Institute of Mathematics, Siberian Branch
of the Russian Academy of Sciences (project FWNF-2026-0005).
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