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HEKOTOPBIE ACIIEKTHI CO3JIAHUSI CUCTEM HOJJEPKKH
MNPUHSTUS PEILIEHUN HA BA3E HEMPOCETEM

B. U. baryma
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PAH», Mocksa, Poccus

B «HammonaneHOH cTpareruu pa3BuTHA UCKYCCTBEHHOTO MHTeIUIeKTa Ha iepron Ao 2030 roga» caenan
aKIEeHT Ha HeOOXOAMMOCTH WHTEHCHBHOTO Pa3BUTHS U BHenpeHus cpeacts MU B rocyqapcTBeHHOM ympas-
JICHUU.

OrpaHn4eHHOCTh MOAXO0B, CBI3aHHBIX C CO3IaHUEM U IPUMEHEHHEM OpraHaMH YIIPaBJICHUS Pa3InIHO-
T0 pozia MaTeMaTHYeCKUX MOJIeJIel, 0COOCHHO B KPU3UCHBIX CHTYaIUAX, B 001eM—To oueBHHa. Kak mpaBu-
JI0, TIOBBILICHUE MPOTHOCTHYECKOM TOYHOCTH MOZAETICH UMEET €CTECTBEHHBIE MTPEeibl, IIPH 3TOM 3a4acTylo
OHO CBSI3aHO CO 3HAYMUTEIILHBIM YCIOKHEHUEM MOJIENEH, a MOCIeIHEe — C POCTOM BBIYHCIHTENBHBIX PECYP-
COB, JICTAIOIIUX JETaJbHOE MOACIHPOBAHHE MPHU HEOOXOMUMOCTH MONyUYSHHS OTEPaTUBHBIX PE3YNILTaTOB
npobneMHbIM. 1 — uyTo Hanbosee KpUTHYHO B SKCTPEHHBIX CUTYALMSIX — OTCYTCTBHE ITOJTHOM U JOCTOBEPHON
MHQOPMAIMHK AT 3aJaHUs KOPPEKTHBIX MCXOAHBIX JaHHBIX MIPU MOAeIHpoBaHuU. [loaToMy mosiBieHue Tex-
Hojtoruit U MHOTMME BOCIIPUHUMAETCsI O4€Hb MMO3UTHBHO. B OTiIMUMe 0T 0OBIYHOTO MaTeMaTHYeCKOTO MO-
JEeTUPOBaHUs MX OTIIMYAET Kak Oosee BHICOKast ONepaTUBHOCTh OTY4EHHsI pe3ybTaToB, TaK U BO3SMOKHOCTh
UCIIOJIb30BaHUS TAKUX UHCTPYMEHTOB B YCJIOBUSAX HETIOTHOTHI MM HETOYHOCTH HH(popManuu. Y TBep:KaaeT-
Csl, UTO XOPOIIO 0Oy4YeHHas HEeWpOHHAsl CETh CIIOCOOHA HE TOJNBKO TIOMOYb B «OIIEHKE OOCTAaHOBKW» IO CO-
BOKYITHOCTH Pa3pO3HEHHBIX NPU3HAKOB Ha 0a3ze mMeromieicss nHPOpMaliy, HO U YTOUYHATh 3Ty 00CTaHOB-
Ky 110 MEpe YBEJIIMUEHUs MTOTOKA MOCTYMAIOUINX AaHHBIX, U, COOTBETCTBEHHO, OTIEPATHBHO KOPPEKTUPOBATH
MPOTHO3 Pa3BUTHA CUTyaluH. YTO 0COOEHHO Ba)KHO B YCJIOBUSX CYLIECTBEHHOH HEONMpeNeNEéHHOCTH MpH
BBIPa0OTKE peIIeHHH B KPUZHUCHBIX YCIOBHUSX.

Ho... crout noMHUTE 0 moaMeueHHOM Teciepom CBOHCTBE CIIOKHBIX CUCTEM, 0003HAYaEMOM KaK «3aKOH
COXpaHEHUsI CIOKHOCTH». HOBbIe OAX0bI HE CHUMAIOT CIOKHOCTh PEIICHHs MPOoOJIeM, OHH MPOCTO CMe-
HIAIOT 3TY CJIIOKHOCTH B APYTYI0 0071acTh. B aHHOM ciiy4ae — B 001aCTh TOATOTOBKH UCXOTHBIX TAHHBIX JUIs
o0y4eHus HelpoceTel.

B tpaguunonnsix chepax ycnemnoro npumenenust UM na 6ase HelipoceTeii — pacro3HaBaHHK 00pa3oB,
TEKCTOB, PeUH — IJIsl KX 00y4eHHs ObUT CPOPMUPOBAHBI U MPOAOIDKAIOT MIOCTOSIHHO YBETHMYUBATHCSI OTPOM-
Heimue naracetsl. COOp M pa3MeTka Takux 0a3 TpeOyeT TUTaHW4ecKHuX Tpyno3arpart. s tex y3kux coep,
1€ TaHHBIX OKa3bIBAaeTCs HEAOCTATOYHO MJIM HAKOIICHHWE M HEMOCPEACTBEHHAs 00pa0dOoTKa MpenCcTaBIsIOT
HEKOTOpBIE TPYIHOCTH, Pa3BUBAIOTCS PA3IMYHbIE TEXHOJIOTHH UX ayTMEHTaNH (pa3MHOKEHHS), TO €CTh aB-
TOMaTH4eCKOro (hOpMHUPOBaHMSI HA OCHOBE MMEIOIIUXCS AAHHBIX AOTIOIHUTEIbHBIX MaCCHBOB MX CHHTETH-
YEeCKHX aHaJIOTOB IyTeM BHECEHHS B MCXOIHBIA KOHTEHT Pa3IMYHOTO poja MckaxeHui. [Ipuuem takue me-
TOZABI B HACTOSIILIEE BpeMs MpeAaraloTcs IJisl pa3auyHbIX (JOpM MpeacTaBieHus HHpopMaul — 00pa3Horo,
TEKCTOBOT'O, YHCIIOBOTO.

Korna 3axomuT peds 0 MoOBeNEeHUH MPUPONHBIX, aHTPOIOTCHHBIX WJIM COLUAIBHBIX CUCTEM, OCOOEHHO
B CJIy4asX KPU3UCHOTO Pa3BUTHs COOBITUH, MBI CTaJKHUBAEMCSl C CHTyallel MPaKTUYeCKOro MOJHOTO OT-
CYTCTBHS HaTypHBIX JaHHBIX, KOTOPbIE MOTYT OBITh MCIOJIb30BaHbI JUIA 00ydeHUs] HeWpoceTe. A Taroke
C OUEBUIHON HEBO3MOXKHOCTBIO UX MOIydeHHs. To ecTh MCXOOHOHM 0a3bl JaHHBIX IJISi CO3MAHUS U IpUMeE-
Henus: MU B cuctemax rocyaapcTBEHHOTO YNpaBieHHMs, IO KpalHEeW Mmepe, Ul KPU3HCHOTO €€ CEeTMEHTa,
B HAcToslIee BpeMs HEeT. A 3HaYUT HY)KHO MCKaTh albTepHATHBHBIC IMyTH UX NONy4eHHs. 30ech chellaHa
MOIBITKA PACCMOTPETh BO3MOXHBIE MYTH PEILIEHHUS 3TOW MpOOIEeMbl — TONYyYEHHUS UCXOIHBIX JaHHBIX JUIS
(hopMHpOBaHHS 1aTaCETOB C LENbI0 O0yueHHs HelpoceTel, KOTOpble MOXKHO OyleT UCIOIb30BaTh B CUCTE-
Max KPU3HUCHOTO yIPaBICHHUS.

[IpencraBnsercs, 4To B 3TOM CIIydae PEelIeHHE MOXKET ObITh TOJBKO KOMIUIEKCHBIM, COUYETAIOIIUM B Ce-
Oe 3HaHWS CNENUaTUCTOB—AIKCIIEPTOB, pacyeThl MO MaTeMaTHYECKUM MOJICHSAM Ul TONyueHHs 0a30BBIX
MacCHBOB CHHTETHUECKMX IAaHHBIX, & TAKXKE ONOpa Ha PasIMYHOro pofaa MH(OPMALUOHHBIN KOHTEHT Kak
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€CTECTBEHHOTO, TaK X MICKYCCTBEHHOTO MPOMCXOXKACHHSI € IeJIbI0 HaTypanu3anun (1oodyuenns) UU.

W3 03BydeHHOTO B ynoMsHyTOH BbIlle CTpaTerny MOHUMaHUs, 4TO CUCTeMBbI Ha ocHoBe M opuenTupo-
BaHBl Ha pEIlIEHUE Y3KOCIEIIMATN3UPOBAHHBIX 334, MOYKHO CJIENaTh BBIBOJ O TOM, YTO B CHCTEMax yIpaB-
JICHUS! JOJKHBI UCTIONIB30BAThCS 1IeJIble KOMITIEKCHl OAOOHBIX cucTeM. [103ToMy poJib AKCIIEpTOB IOKHA
CBOAMTHCS K BBIACTICHUIO TEX 3a/ad, rae HeoOXxonuMbl HHCTpyMeHTs!l MU, k 3amanuio TpebGoBaHUH MO MX
(YHKIMOHAIBHOCTH, K (DOPMHPOBAHHIO MPEACTABICHUH, KaKue MMEHHO NaHHbIe TpeOyroTcst 1t olyde-
HUS TaKUX HEHpoceTel U KaKUMHU CIIOCO0aMy OHU MOTYT TIOJTY4YEeHBI, a TaKke K POPMUPOBAHUIO KPUTEPHEB
U OLIEHKE IPUMEHUMOCTH U PE3YNBTaTHBHOCTH CO3aBaEMbIX HHCTPYMEHTOB.

[ocne Boinenenus coep pazpadotku UM MOXKHO onpenenarscs ¢ HaOOpOM MaTeMaTHYECKUX MOJEIeH,
KOTOpBIE MO3BOJIAT MONYYUTh OCHOBHBIE MACCHBBI CHHTETUYECKHUX JTAaHHBIX JAJIS IEPBUYHOTO 00y4YeHHUs Hel-
pocereii. B 3aBucumoctu ot cepbl mpuMmenenus: MU B 3ToM KauecTBE MOXKET MCIIOIB30BaThCs KaK MOJIEIIHU-
poBaHHEe PU3UUYECKUX SIBICHUN U POLIECCOB, TAK 1 UMUTAIMOHHOE MOJEITUPOBAHUE COLMANBHBIX, aHTPOTIO-
TeHHBIX, OMOJIOTHYECKHX SIBICHUN 1 MPOLIECCOB.

C uenbio NpuOIMKEHUS K PeaJbHOCTH 00YUYEHHBIX Ha MacCHBaX MOAOOHBIX HCKYCCTBEHHBIX PaCueTHBIX
JaHHBIX HeWpoceTel ux J000yYeHre MOKET IPOBOIUTHCS Ha 0a3e UCTIONb30BaHUs HATYPHBIX WM IICEBAOHA-
TYPHBIX JaHHBIX, AJIS YEr0 IpeaiararoTcsi BApUAHTHl U3BICUEHHS TOCIEAHNX U3 UH(POPMAIIMOHHBIX UCTOY-
HUKOB Pa3IMYHOTO Pona: OT 0000MIEHHUs OTYETOB O MPOUCXOIUBIINX HETATUBHBIX COOBITHSIX, MOHUTOPHHTA
COLMANIBHBIX CETeW M BIUIOTH A0 ONMUCAHUI WM U300paKEHUH aHATIOTHYHBIX THIIOTETHYECKUX COOBITHH.

SOME ASPECTS OF CREATING DECISION
SUPPORT SYSTEMS BASED ON A NEURAL NETWORKS

V. I. Baluta
Keldysh Institute of Applied Mathematics, Moscow, Russia

The «National Strategy for the Development of Artificial Intelligence for the period up to 2030» focuses
on the need for intensive development and implementation of Al tools in public administration.

The limitations of approaches related to the creation and application of various kinds of mathematical
models by management bodies, especially in crisis situations, are generally obvious. As a rule, an increase in
the predictive accuracy of models has natural limits, while it is often associated with a significant complica-
tion of models, and the latter with an increase in computing resources that make detailed modeling problem-
atic if necessary to obtain operational results. And — what is most critical in emergency situations — the lack
of complete and reliable information to set the correct source data for modeling. Therefore, the emergence
of Al technologies is perceived very positively by many. Unlike conventional mathematical modeling, they
are distinguished by both a higher efficiency of obtaining results, and the possibility of using such tools in
conditions of incompleteness or inaccuracy of information. It is argued that a well-trained neural network
can not only help in «assessing the situation» based on a set of disparate features extracted from available
information, but also clarify this situation as the flow of incoming data increases, and, accordingly, promptly
adjust the forecast of the situation. What is especially important in the face of significant uncertainty in the
development of solutions in crisis conditions.

But ... it is worth remembering the property of complex systems noticed by Tesler, referred to as the «law
of conservation of complexity». New approaches do not remove the complexity of problem solving; they
simply shift this complexity to another area. In this case — in the field of preparation of initial data for train-
ing neural networks.

In the traditional areas of successful application of Al based on neural networks — recognition of im-
ages, texts, speech — huge datasets have been formed for their training and continue to increase constantly.
The collection and labeling of such databases requires titanic labor. For those narrow areas where data is
insufficient or accumulation and direct processing present some difficulties, various technologies of their
augmentation (reproduction) are being developed, that is, automatic formation of additional arrays of their
synthetic analogues based on available data by introducing various kinds of distortions into the source con-
tent. Moreover, such methods are currently offered for various forms of information representation — visual,
textual, numerical.
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When it comes to the behavior of natural, anthropogenic or social systems, especially in cases of crisis
development of events, we are faced with a situation of practical complete absence of in—situ data that can
be used to train neural networks. And also with the obvious impossibility of obtaining them. That is, there is
currently no source database for the creation and application of Al in public administration systems, at least
for its crisis segment. So we need to look for alternative ways to get them. Here an attempt is made to con-
sider possible ways to solve this problem — obtaining initial data for the formation of datasets for the purpose
of training neural networks that can be used in crisis control systems.

It seems that in this case the solution can only be complex, combining the knowledge of expert special-
ists, calculations using mathematical models to obtain basic arrays of synthetic data, as well as reliance on
various kinds of information content of both natural and artificial origin for the purpose of naturalization
(retraining) of AL

From the understanding voiced in the Strategy mentioned above that systems based on Al are focused
on solving highly specialized tasks, it can be concluded that entire complexes of such systems should be
used in control systems. Therefore, the role of experts should be reduced to identifying those tasks where Al
tools are needed, to setting requirements for their functionality, to forming ideas about what data is required
for training such neural networks and in what ways they can be obtained, as well as to forming criteria and
evaluating the applicability and effectiveness of the created tools.

After identifying the areas of development, it is possible to determine a set of mathematical models that
will allow you to obtain basic arrays of synthetic data for primary training of neural networks. Depending on
the scope of Al application, both modeling of physical phenomena and processes and simulation modeling
of social, anthropogenic, biological phenomena and processes can be used in this capacity.

In order to approach the realiability of neural networks trained on arrays of such artificial computational
data, their retraining can be carried out on the basis of the use of full-scale or pseudo—natural data, for which
anumber of options are offered for extracting the latter from various information sources: from summarizing
reports on negative events that have occurred, monitoring social networks and up to descriptions or images
of similar hypothetical events.
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MOAEJb ®YHKIIUU TREC I1PU BUY-UH®EKLIUHU

E. 1. Becenosa', FO. H. Ilpocmoé®, A. IO. ITpocmos®, H. H. [Tumenos®, B. B. Yepneyoea',
3. B. Kapamoé®, JI. A. Kyonaii*, I /1. Kamunckuii'

1 . . .
OI'bY»HannoHansHbI METUIIMHCKAHN HCCIENOBATENBCKIN IEHTP (DTU3UOMYIEMOHOIOTUN
1 MHQEKIIMOHHBIX 3a0oneBanuiny Mun3apasa Poccun, Mocksa, Poccus

ZHOBOCI/IGI/IpCKI/Iﬁ TOCyIapCTBeHHBIN yHUBEpcHTeT, HoBoCMOMpCK, Poccus

3OI'YII «Poccuiickuii Oenepanbubiit Anepnsiii Lieatp — Beepoccuiickuit HUU Texanveckoi Gusnku
nMenn akagemuka E. 1. 3a6abaxunay, Cuexunck, Poccus

‘OIpy «l'ocymapcTBeHHBIN HaydHBIH HEeHTp «UHCTUTYT MMMyHONnornnm» ®MBA Poccun

Pazpaboranst MaTemarudeckas moaens BUU-nndexnuu [1]. Poct CD4+T-1uM@onuToB 3Ha4MMO CBSI3aH
C BBIXOJIOM HOBBIX KJIETOK B nepugepuueckyto kpoBs. TREC — xonbueBoit ¢pparment AHK, koTopsiii o6pa-
3yercst ipu co3zpeBaHru CD4+T-muMpOIUTOB 1 OTpakaeT akKTUBHOCTh TUMYCa «HOBBIX» T-ITMMQOIUTOB
B3aMEH yTpaueHHBIX.

Mopnenb nHGEKIHOHHOTO Mpolecca, BeizBaHHOro BUY, nomonHena yyetoM mponudepaTiBHONH aKTHB-
HOCTH TUMYCa.
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Cuctema mudQepeHInaNbHBIX YpaBHEHUH:

W vV - -pr;

dr

d/

—=aV(N-1)-BI;

ke (N-D)-B
(L—IZZ}LI_KVG(Z‘_TI)_SVe(t_Tz)

CucteMa BKITIOUaeT ciieayIoure mapaMeTpsl: N — o0liee YuciIo KIeTOK (KI/MKI), / — 91CI0 MOpaskeHHbBIX
(nHUIMPOBaHHBIX) KIETOK (Ki/Mi), N —] — 4UCIO TapreTHHIX (HEMOpaXXeHHBIX) KJIETOK, J — BUpyCHas
Harpy3ka (KOMuit/Mi), |L — mponudepaTuBHas akTHBHOCTh TUMYCa, V — CKOPOCTh crioHTaHHou rubdenu TJI,
B — crkopocTh nHAYIMPOBaHHOI Bupycom rudenu TJI, oo — momns TapreTHsIx (HemopaxkeHHbIX) TJI B M1 KpoBH,
WHPHUIUPYEMBIX | BUPYCHOM YacTUIEH B 1€Hb, A — KOJIMYECTBO aKTUBHOTO BHpYCa, MOPOXKIaeMbIX 1 mopa-
’KEHHOH KIIETKOMH B JIEHb, K — MHTEHCUBHOCTb ITUTOTOKCMYECKOTO MIMMYHHUTETA, T; — BPEMs BOSHUKHOBEHUS
IIUTOTOKCHYECKOTO MIMMYHHUTETA, & — MHJIeKe nofasnenus BH, 1, — BpeMs Hauana aHTUPETPOBUPYCHOM Te-
pamuu (B JHSIX) OT MOMEHTa Hayana 3aboneBanus, O — pynkuus XeBucaiiaa (paBHa 0 eciin apryMeHT OTpH-

LATeNbHBINA U | ecM apryMEHT IOJIOKHUTENbHBIN).

Monens no3BoIsSeT OLICHUTDH I/IMMYHOJ'IOFI/IHGCKI/Iﬁ OTBCT HaA TEpanurro B 3aBUCUMOCTH OT HpOJ'II/I(l)CpaTI/IB—

HOW aKTUBHOCTH TUMYca W (puc. 1).
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Puc. 1. lunamuka CD4+T-numdonuToB (a) 1 BUPYCHOM Harpy3ku (0)
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Ka6anuxun, C. U. YnucneHHbI aJITOPUTM OICHKU MapaMeTPOB MATEMAaTUYECKOH MOJICIN TUHAMHUKH
BUY undexun CD4+T-knetok [Tekcr] / C. . Kabanuxun, O. U. Kpuopotsko, A. Moptse, /I. A. Bopo-
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HoB, /. B. Epmonenko // Cubupckuit Hayunblii MequuuHckui sxypHail. —2016. — T. 36, Ne 1. — C. 29-35.
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TREC FUNCTION MODEL IN HIV INFECTION

E. I Veselova', Yu. I. Prostov?, A. Yu. Rostov?, N. N. Pimenov?, V. V. Chernetsova',
E. V. Karamov®, D. A. Kudlai*, G. D. Kaminsky'

'FSBI «National Medical Research Center for Phthisiopulmonology and Infectious Diseases» of the
Ministry of Health of Russia, Moscow, Russia
2Novosibirsk State University, Novosibirsk, Russia
3FSUE “Russian Federal Nuclear Center — Zababakhin All-Russian Research Institute of Technical
Physics”, Snezhinsk, Russia
*FSBI «State Scientific Center Institute of Immunology», FMBA of Russia

A mathematical model of HIV infection has been developed [1]. The growth of CD4+T-lymphocytes is
significantly associated with the release of new cells in the blood. TREC is a ring DNA fragment that forms
during the maturation of CD4+T-lymphocytes (TL) and reflects the thymus activity of «<new» T-lymphocytes
instead of lost ones.

The HIV-induced infectious process model is supplemented by consideration of thymus proliferative
activity.

System of differential equations:
dN
—=pu-v(N-1)-BI;
5 W= D-B
d/
—=aV(N-1)-BI;
T (N-1)-P

‘L—’t/=M—KV9(z—rl)—5Ve(z—rz).

The system includes the following parameters: N — total number of TL (cl/uL), I — number of affected
(infected) TL (cl/mL), N -1 — number of targeted (unaffected) TL, V' — viral load (copies/mL), p —
proliferative thymus activity, v — rate of spontaneous TL death, B — rate of virus-induced TL death, oo —
proportion of targeted (unaffected) TL in ml of blood infected with 1 virus particle per day, A — amount of
active virus generated by 1 affected cell per day, k — intensity of cytotoxic immunity, t; — time of occurrence
of cytotoxic immunity, 6 — HV suppression index, t, — time of initiation of antiretroviral therapy (in days)
from the onset of the disease, 0 is the Heaviside function (equal to O if the argument is negative and 1 if the
argument is positive).

The model allows evaluating the immunological response to therapy depending on the proliferative
activity of the p thymus (fig. 1).
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Fig. 1. Dynamics of CD4+T-cells (a) and viral load (b)
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ATEHTHASI MOJEJIb SIIMJAEMHAU COVID-19
B POCCUMICKOM ®EJIEPAIIMN

A. M. llepsabun, B. B. Bracos, O. B. 3ayenun, A. JI. Kapmanos, C. H. Jlebeoes, I H. Pvikosanos,
A. B. Cokxonos, H. A. Tennwix, K. E. Xamynyes

OI'VII «Poccuiickuii @enepansubiii Anepusiii Lientp — Beepoccuiickuit HUM texnnueckoit pusuku
nmenH akagemuka E. . 3a0abaxunay», CHexxuHCcK, Poccus

B paborte paccmarpuBaeTcs pa3BuTHe areHTHOM Moaenu snunemun COVID-19, paspaboranHoii B POSAL] —
BHUNT®. Moaens n3HadanpHO MoApa3zyMeBalia pacnpocTpaHeHue MH(EKIWU B Meranojiuce. beutn BbI-
MIOJIHEHBI PACUEThl C y4ETOM BaKIMHALIMM HACEICHUS U OAHOBPEMEHHOIO PACIPOCTPAHEHUS HECKOJIBKUX
BapuanTtoB SARS-CoV-2 B ropone Mockge [1, 2]. B nanbHetinem notpedoBanoch 0000IIUTE MOACIH IS
BO3MOXKHOCTH OIUCAHUS Pa3BUTHS 3MUAEMUH B Maciitadbax Poccun [3, 4]. J{nsg aToro paccMoTpeH moaxof,
B KOTOPOM CTpaHa MpEACTABIIIECTCS B BUJE CETH TOPOAOB C JIOKAIbHBIMU 3IUAECMUIMH, CBA3aHHBIX MEXKIY
c00OH TpaHCTIOPTHBIMH MTOTOKaMU kuTenei. Kaxaas Monens ropofa u3 Habopa ONMUCHIBAET HEKOTOPHIN Ha-
ceneHHbIN MyHKT Poccuiickoit denepaliu 1 IMEET CBOM HE3aBUCHUMBIE IIapaMeTphl. B rpouecce Mmogenupo-
BaHHS JI000H JKUTENb (areHT) ropoia, €CiI OH He SIBISETCS 3aperuCTPUPOBaHHBIM OONBHBIM, MOXKET OBITh
NepeMelleH B JPYroil HaceleHHbIH MyHKT. BbIOOp areHToB /Ui mepeMenIeHus] BBIOTHACTCS CIydailHbIM
00pa3oM, UX KOJTMYECTBO OMPEAEIAETCS 10 JaHHBIM O ITOTOKAX KHUTENEH.

s Monenu pacnpocTpaHeHHsl BUPYCHBIX MH(EKIni HeoOX0AMMO 3HaHNE TPAaHCIIOPTHBIX MMOTOKOB, KO-
TOpBIE OMPEAEISIIOT NEPEMEIEHNUE IPAKIAH MEXAY ropogamu crpassl. IIpu Monenuposanuu N HaceleH-
HBIX TYHKTOB HEOOXOAMMa MaTpHIa IIOTOKOB KUTeIel pazmepoM N x N, ompernesieHHas Ha KaKJJOM BpeMeH-
HOM miare. OIeHKa OTOKOB KHUTEIeH OCyIEeCTBISIETCA Ha OCHOBE aHHBIX O PAaCIUCAHMIX aBUAIMOHHOTIO,
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KeJIe3HOIOPOKHOTO U aBToOycHOro TpaHcmopTa. Hambonee ToyHas oleHKa Macca)XKMPONOTOKA MOTydeHa
JUIS aBUALIMOHHOTO TPAHCIIOPTA, TaK KaK aBUApEHChl COIEP KaT MUHUMAJIBHOE KOJIMUECTBO MTPOMEKYTOUHBIX
MYHKTOB. MapLipyThI ’KeIe3HONOPOKHOTO M aBTOOYCHOTO COOOIEHHSI MMEIOT OOJIbIIOE KOINYECTBO MPOMe-
KYTOUHBIX CTAHIMH, HA KOTOPHIX IPOUCXOAUT OOMEH MaccakupamMu, KOTOPBI HEBO3MOXKHO y4ecTb MO JaH-
HBIM paclUCaHMsl ABMKEHUS TpaHcIopTa. JlJis moryueHus OLIeHOK MMOTOKOB JKUTENEH, TepeMelatoInxcs Ha
9THX BUAAX TPAHCIOPTA, peaJnu30BaHa IpaBUTAlIMOHHAs MOZEeNb [S].

B pesynbrare TpaHCHIOPTHBIE MOTOKHU, UCTIONb3YEMBIE I MOJACIUPOBAHUS SUIEMUH, IPEICTABISIIOTCS
KaK CyMMa CJIEAYIOLINX IOTOKOB:

1) macca)xupomnoToK ISl JKEJIE3HOJOPOKHOTO TPAHCIIOPTa U aBTOOYCHOTO COOOIIEHHUS, BEIYUCICHHBIN
C TIOMOIIBIO TPaBUTALIMOHHON MOZETH BO BCEX HACENIEHHBIX IMyHKTaX, y4acTBYIOIIMX B MOJICIMPOBAHNUY;

2) macca)XHpONOTOK IS aBHALMOHHOTO TPAHCIIOPTa, BHIYUCICHHBIN C MOMOIIBIO PACHIHICAHUS aBUAPEii-
COB, IPUMEHUTENBHO K TOPOIaM, MMEIOILUM a3pOIIOPTHI.

VY4uTHIBAIOTCS CE30HHBIE KoJleOaHus maccaknuponoToka. Hamprumep, MUHUMaIbHOE YUCIIO TTACCaKUPOB,
MEPEBO3UMBIX aBHATPAHCIIOPTOM, COIJIACHO CTAaTHCTHKE, HAOIONAeTCcs ¢ CePEeAMHBI SHBAps 0 CEPEANHBI
MapTa, a MaKCUMyM IEPEBO30K MPUXOAUTCS Ha MEPHOJl, HAYUHAIOUINICS B HIOJIE U 3aBEpILIAIOIINNICS B ce-
penuHe CEeHTIOPSL.

Paccmotpens! ueTslpe Bapuanta Moaenu P®, oTnudaronmecss HUKHUM NTOPOTOM YHUCIEHHOCTH Hacele-
HUSI TOPOZIOB, BKIIIOYEHHBIX B MoAelb: 850 Thicsy uenoBek (15 ropomos, cymmapHo 33 MUJITHOHA YENOBEK),
500 Teicsy yenoBek (37 ropomos, cymmapHo 46 MIJUTHOHOB YenoBek), 100 Teicsy uenosek (167 ropoos,
CyMMapHO 73 MHJTHOHA 4enoBek), 50 Teicsu uenoBek (310 ropomos, cyMMapHO 85 MUJITMOHOB YENOBEK).
B xannOpoBOYHBIX pacueTax YTOYHEHHE MOJEIH B CMbICIIE YBEJINYECHHUS KOJIMYECTBA pacCMaTpHUBaeMBbIX IO-
POIOB 0XKHMIAEMO MPUBOANUT K MPHUOIMKEHUIO PACUETHBIX PE3yJbTaToB K (DaKTHUECKUM AaHHBIM. B ciryuae
ydeTa B MOJIEIM OCHOBHBIX PAacCIpOCTPaHEHHBIX IITAMMOB BHUpyca MPOTHO3 CoIvIacyeTcs ¢ TaHHBIMU Ha UH-
TepBane 1-3 mecsna.
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The paper describes the development of an agent-based COVID-19 model at RENC-VNIITF. From the
very beginning the model implied the spread of the infection in a megalopolis. Calculations were done with
account for vaccination and concurrent circulation of several SARS-CoV-2 variants in Moscow [1, 2]. Later
it was found necessary to extend the model so as to allow epidemic simulation for all Russia [3, 4]. To this
end, we used an approach where the country is represented by a set of models for individual cities with local
epidemics, the cities being connected to each other by transportation flows. Each model in the set describes
a locality in the Russian Federation and has its own parameters. Each resident (agent) of one city can be
moved to another city if he/she is not recorded as sick. The agents to be moved are chosen randomly and their
number is determined from population flows.

For infection simulation models, it is necessary to know transportation flows which define population
flows between cities in the country. Simulation of N cities requires an N x N population flow matrix to be
specified each time step. The population flows are evaluated using timetables for transportation by plane,
train and bus. The most accurate estimates for passenger flows are obtained for air flights because of their
minimal intermediate points. The train and bus routes have much more intermediate points where passengers
change and this can hardly be estimated from timetables. For this case, a gravitational model [5] is imple-
mented.

So, the population flows used for epidemic simulation include:

3) a flow of train and bus passengers calculated with the gravitational model for all the cities involved,
and

4) a flow of plane passengers calculated with timetables for cities which have airports.

Seasonal variations in the flows are taken into account. So, air transport statistics show the flow of pas-
sengers to be minimal from the middle at January to the middle of March and maximal from July to the
middle of September.

Our RF model was implemented in four variants which differ in the lower limit for city populations: 850
thousand people (15 cities, totally 33 million people), 500 thousand people (37 cities, totally 46 million
people), 100 thousand people (167 cities, totally 73 million people), and 50 thousand people (310 cities,
totally 85 million people). In adjustment test, calculated results, as expected, get closer to factual data as the
number of cities in the model increases. For main virus variants, our predictions agree with the data within
1-3 months.
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MATEMATUYECKASA TEOPUS SIIUJIEMUN
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C kakoro MOMeHTa MareMaThyeckass MOJAENIb CTAaHOBUTCS Maremarndyeckod Teopuei? Kak mpoucxomst
CKauKM MapaMeTpOB U MEUIEHHOE ABOIIOLMOHHOE pa3BuTHe? HOBBINM mITaMM MHKPOOPTaHU3MOB — 3TO HO-
Bas MOJIETb C HOBBIMM IIapaMeTpaMy WM 3TO He Tak? Hackoabko KOHIENT-MOJENN COINACyIOTCS C peab-
HBIMHU JaHHBIMU?

AHanu3upyrOTCs NOCIEAHNE TOCTHKEHHS B MaTeMaTHYeCKOM MOJIETMPOBAaHNY anuaeMui [ 14, a Takxke
pabotel Mmatematrueckoit rpynnsl HMULL @I Munsapasa Poccun.

B 2020-2023 romax rpynmnoi pemaivch 3a1adu mo oTpadoTKe IMOJIEBOTO KaTUOPOBOYHOTO KOMILICKCA
JUIsl pelIeHus: oOpaTHOM 3a1a4u BOCIIPOM3BOACTBA MapaMeTPOB SMUAEMHUECKOTO Mpoliecca Ha OCHOBE AnU(-
(epeHInanbHOM, MHTETPaJbHOM, pAaHIOMU3UPOBAHHON M areHTHON MO METOIOM IPaMEHTHOTO CITyCKa,
B TOM 4HcJe ¢ ucnojib3oBaHueM ¢unsrpa Kanmana. MccnenoBanus cinydaes COVID-19 BeisiBuiIM Hempo-
MOPIIMOHATBHOCTD B 3aKOHE JIEMCTBUA Macc, YMEHBINAOUYI0 KOHTAKTHOE YHCIIO R MPU MaJIbIX TOKa3aTeNIx
3a00JI€BaEMOCTH U YBEJIIMYMBAIOILYIO ITPH OOJBIINX.

[Togo6Has HEMPOMOPIHOHATBLHOCTh MPEMSITCTBYET HEOTPAaHUUEHHOMY POCTY BUPYJIEHTHOCTH, TaK Kak
BHOBb 00pa3yromuecst KIOHBI HAXOASATCS B MEHbBILIEH KOHIEHTPALUUU U NMPU HavyaJbHBIX CKaykax R He MO-
JMy4arT CENEKTHBHOTO MPEUMYILECTBA. Pe3HIEHTHBI MOXKET UMETh OTHOCUTENHHO HEOONBUIYIO BUPYJICH-
THOCTh U Majyl0 UMMYHOT€HHOCTb, OJTHAKO M3-3a BBICOKOW YHCIEHHOCTH KJIOHA MUTOTOBas BUPYIEHTHOCTb
BbICOKa. Bpemst okujaHusI HOBOTO KJIOHA C 3KCKIIFO3UBHOM MyTalueil pocTa BUPYJIEHTHOCTH KOHEYHO, TOC-
Jie ee MOSIBJICHHsI BBITECHEHUE PE3UACHTHOTO KJIOHA MTPOXOIUT KECTKO, II0 TUITY KaTacTpOPHUIECKOH MOTepH
YCTOMUMBOCTH 110 ApHOJIBAY [5].

30HaMU HEPaBHOBECHOCTH, CIIOCOOCTBYIOIIMMH POCTY BHPYJIECHTHOCTH, SIBISIFOTCSA OOHOBISIEMBIE KOJ-
JIEKTHUBBI (IPOTOYHBIC TIOMYIISLMH), COOBITHS UMMYHHOTO ITPEOJONIEHUS, 8 TAK)KE TEPPUTOPHU PUCKa € OO0ITb-
MM YHCJIOM BHYTPEHHUX TaHMHUKCHBIX KOHTaKTOB.

PaccMoTpens! NpHUMHBI HICUE3HOBEHMSI PaHEe YCIEIIHBIX KJIOHOB 3a CUET HAJIOKEHUS Pa3INYHbIX YaCTOT
Koe0aHui: moTeps UMMYHHTETA, CE30HHOCTh, COOCTBEHHO IMMYHHOE MTPEOJOICHHE.

Pemena 3amada onpeneneHuss MUHUMAJIBHOTO YKCIIa TApaMeTPOB SMUAEMHUYECKOTO IpolLiecca A OIeH-
KM HOBOM, B TOM YHCJIE paHee HEU3BECTHOM, OOJIE3HU U POCYEeTa BOSMOXKHBIX BAPHAHTOB yIpaBieHUs. Mbl
OTIpEeIeNUII TPU NapaMeTpa YIpaBieHus, a IMEHHO BO3ACHCTBUE HAa YUCIIO BOCIPUMUMYHBBIX AS(f), HCTOU-
HMKU Bo30OynuTens nndekunu (8,4(), 8,C(¢)), Ha MexaHusM nepenadu (rR(f)) u HauIH GOPMYITy CHHEPIH3-
Ma yNPAaBIAIOMUX BO3ACUCTBUM.
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MATHEMATICAL THEORY OF EPIDEMICS
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When the mathematical model becomes the mathematical theory? When parameters change radicaly and
when we see slow evolutionary movement and resulting development suddenly occurs? Is a new strain of
microorganisms a new model with new parameters or is it not? How consistent is the concept model with
real data?

The latest achievements in mathematical modeling of epidemics are analyzed [1-4], as well as the work of
the mathematical group of the Federal State Budgetary Institution «National Medical Research Center of Phthis-
iopulmonology and Infectious Diseases» of the Ministry of Health of the Russian Federation, Moscow, Russia.

In 2020-2023, the group developed the field calibration software to solve the reverse problem of de-
tection the parameters of the epidemic process. The software comprised differential, integral, randomized
and agent model using the gradient descent method, including the Kalman filter. Studies of the real data of
COVID-19 revealed the power coefficient b > 1 in mass action equation, reducing the contact number R at
low incidence rates and increasing at large incidence rates.

Such nonlinearity prevents unrestricted growth of virulence, since newly formed clones are in a lower
concentration and do not receive a selective advantage at initial R jumps. Resident clones may have relative-
ly little virulence, however, due to the high concentration of clones, the final virulence is high. The waiting
time for a new clone with an exclusive virulence may be long. But after it occurs, the displacement of the
resident clone has the type of catastrophic loss of Arnold stability [5].

Zones of non-equilibrium contributing to the new clone’s selection where discovered. These are orga-
nized collectives with high renewal rates, immune overcoming events and risk areas with a large number of
internal panmix contacts.

The reasons for the disappearance of previously successful clones due to the superposition of oscillations
with different frequencies are considered: loss of immunity, seasonality, actual immune overcoming.

The problem of determining the minimum number of parameters of the epidemic process for emerging
and re-emerging infection diseases, including previously unknown, was solved. We identified three control
parameters, namely vaccination AS(?), isolation of acute infected (8,4(¢)) and chronics (8,C(¥)), the effect on
transmission mechanism (#R(?)). The formula for synergism of the control effects was derived.
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BO3MOXHOCTHU KBAHTOBBIX BHIUMCJIEHUN
A MOAEJINPOBAHUA HA OCHOBE 2IITMJEMHNOJOI'MYECKHUX
BOJbBIINX JAHHBIX

O. IO. Konecuuuernko
WNuctutyt npuknagHoi Matemaruku umenu M. B. Kenasima PAH, Mocksa, Poccust

KBanrtoBast 6a3a HaHHBIX («03€pO JAHHBIX») MO3BOJSET OMHOBPEMEHHO 00padaThIiBaTh HECTPYKTYPHPO-
BaHHBbIC boublve naHHbIe, BKIFOYaeT KyOUTHl U cuctemy ympasieHus Quantum Query Language (QQL)
[1], m moxer momseprarbest BeimonHeHuto komana SELECT, INSERT, UPDATE, DELETE, BACKUP,
RESTORE, ucnons3ys KBaHTOBBIE alTOPUTMBI, JOTMYecKHe BeHTHIW W omeparopsl (Hadamard, Pauli,
CNOT /Feynman/, CCNOT /Toffoli/, SWAP, controlled SWAP /Fredkin/, Grover u np.). HecmoTpst Ha oue-
BUJIHBIC NIPEUMYIIECTBA KBAHTOBBIX BBIYHUCICHUN B JIOCTHXKCHHH OOJBIIECH CKOPOCTH U MACIITAOHOTO Ia-
pauienu3Ma B BBIYHCICHHUAX, HEOOXOAUMO OOpaTUTh BHUMAaHUE HA MPUHIIMIIAATIHHO HOBBIC BO3MOXKHOCTH,
MPOUCXOASIIUE OT (PU3MUECKON MPUPOBI KBAHTOBOW MEXaHUKH — PT-CHMMETPHUIO U HE3PMHUTOBOCTH [2].
PT-cummerpus Briepole Obuta onucana C. M. Bender & S. Boettcher B 1998 rony [3] kak kBaHTOBas cucte-
Ma C HEIPMUTOBBIM TaMUJIETOHUAHOM, CIIOHTAHHO TEPSIOIIas SHEPreTHUECKOEe PaBHOBECHE B «0CO00H TOU-
ke» (hasoBoro nepexona (exceptional point miu Bender-Wu singularity), rie gelicTBUTENbHBIC COOCTBCHHBIC
3HAYEHUS SHEPTUU CTAHOBATCSI KOMILICKCHBIMU C pa3feliecHUEM Ha JIBE COCTABJISIIOIINE C IPUTOKOM H MOTE-
pelt coocTBeHHO 3Hepruu (gain and loss) [4, 5]. HeapMHUTOBOCTh MOXKET MOSBUTHCS TpU PaboTe 0OBIYHBIX
KBaHTOBBIX JIOTHYECKUX BEHTUJICH (YIIOMSHYTBIX BBIIIE); YeM 0OJIbllle KyOUTOB 3a/IeHiCTBOBAHO B BBIUKCIIC-
HUSX, TEM BBIIIIC BEPOSTHOCTh €€ BOZHUKHOBEHHS [6]. Pa3pabarbiBaroTcs CrielMaibHbIC HEAPMHUTOBBIC JIOTH-
YEeCKUE BEHTHJIH, B pa0OTe KOTOPHIX HAOMIOMAeTCs mosiBiieHue ¢azoBoro nepexona [7]. PT-cuMMeTpHio clie-
JIyeT U3y4yaTh B aCIEKTe MACIITA0OHBIX BBIYUCICHUN TIPU MOJICIIUPOBAHUY ITHIEMHUOIOTHUSCKON CUTYAIUH,
TaK Kak JUIs PEIICHUs SITUIEMUOIOTHYCCKIX 3a/1ad U CTPATETUid B OOIIECTBEHHOM 3/[paBOOXpaHEHUH 0a3bl
JIAHHBIX JOJDKHBI COJEPXAaTh MHOTO Pa3HBIX CIIOEB BonbInxX MaHHBIX (OMUKCHBINA, MUKPOOUOIOTHYECKHIA,
MEIUIUHCKUH, ICUXOJIO0TO-TIOBEACHYCCKUH, DKOHOMUYECCKUH, YPOAHUCTUUCCKHIA, COITHANIbHBIN, IIPUPOTHBIN
U Jp.); KQXKJIBIA U3 CIIOEB MOXKET UMETh KOPPEJISAILIUU C JPYTUMHU CIOSMH, 4TO OyIeT CnocoO0CTBOBaTh 0OMe-
HYy SHEprucii raMUIBTOHUAHOB OT/IENIBHBIX KyOUTOB C SHEPTHEH BHEIIHEH cpenbl (C ApyruMu KyOuTammu)
npu GOpPMHUPOBAHUYU KBaHTOBOH 3anmyTtaHHocTU. Hapyiienue P7T-cHMMETpUUN B PE3y/IbTaTe MOJICITHPOBAHUS
MOXET YKa3bIBaTh Ha YJIaBIMBAHHE KOPPEISUUN WM U3MEHEHUU B aHAIM3UPYEeMOU MHOTOCIOMHON U Ju-
HAMUYECKH OOHOBIISIEMOH 0a3e JaHHBIX, 00YCIOBUBIINX MOTEPIO pABHOBECHUS B cHCcTeMe. Pe3ynbTar Takoro
MOJICJIMPOBaHUS TEOPETHUECKA MOXKHO TIPEJCTABUTh KaK OM(YpKAIMIO BHIBO/A HA JIYUIIIHA W XYAIIHHA CIIe-
HApUU PA3BUTHS SITUICMHUOJIOTHYECKON CUTYAIMH UM UHBIC BAPHAHTHI OM(ypKaIny.
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QUANTUM COMPUTING CAPABILITY
FOR PROCESSING AND MODELING EPIDEMIOLOGICAL BIG DATA

O. Yu. Kolesnichenko
Keldysh Institute of Applied Mathematics of Russian Academy of Sciences, Moscow, Russia

A quantum database (Quantum Data Lake) allows to processing of unstructured epidemic Big Data si-
multaneously, it is based on qubits and the database management system Quantum Query Language (QQL)
[1]. Quantum database can implement the most common queries: SELECT, INSERT, UPDATE, DELETE,
BACKUP, and RESTORE by using quantum algorithms, logic gates, and operators (Hadamard, Pauli, CNOT
/Feynman/, CCNOT /Toffoli/, SWAP, controlled SWAP /Fredkin/, Grover et al.). In contrast to the widely
discussed advantages of quantum computing such as high-speed performance and very large parallel scale,
the fundamental uniqueness of quantum theory as P7-symmetry and non-Hermiticity should be considered
for modeling. PT-symmetry was proposed by C. M. Bender & S. Boettcher in 1998 [2, 3]. Eigenvalues of
a PT-symmetric non-Hermitian Hamiltonian are real as a result of balanced energy gain and loss. The main
feature of PT-symmetry is an exceptional point, also called Bender-Wu singularity — the phase (the real-to-
complex) transition due to spontaneous breaking around an exceptional point. The phase transition is accom-
panied by the real part and the corresponding imaginary part of non-Hermitian Hamiltonian eigenenergies
with simultaneous coalescence of eigenvalues and their corresponding eigenvectors [4, 5]. Spontaneously
broken P7T-symmetry with the disequilibrium and related bifurcation of gain/loss prevalence is of great inter-
est for epidemiological modeling. Besides the special circuits created for non-Hermiticity, it is necessary to
mention the distribution of non-Hermiticity among the usually applied gates; the possibility of non-Hermi-
ticity increases with a dimension of quantum gates [6, 7]. The duality of PT-symmetry equilibrium breaking
can be compared with the estimation of the best and worst scenarios simultaneously.
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«®PEPMA JTAHHBIX». CJIYUYAM COVID-19
C. I1. Jlesawikun

Hayuno-uccnenoBarenbckas gaboparopus nckyccrsenHoro uatemniekra, ®I'bOYBO «lloBomxkckmii
rOCYJapCTBEHHBIN YHUBEPCUTET TEIIEKOMMYHHKaLUi u nHGopmatukm», Camapa, Poccus

COVID-19 cymiecTBeHHO MOBIHSI Ha COBPEMEHHBIH MHP B 00JIACTAX COIIMYyMa, SKOHOMHUKH, MOTUTHKH.
OH cTai HacTOANICH IPOBEPKOH [T METUITMHCKON 1 00pa30BaTeIbHON CHCTEMBI, MAJIOTO OU3HEca. DTOT Tpe-
IENEHT MOKa3aJl BAXKHOCTh IU(POBU3AINH OOIECTBA, OTKPBITOCTH JaHHBIX JJIsl IPOBEJCHUS UCCIIEIOBAHUM.
Bruto pereHo pa3paboTaTh IPOrpaMMHO-HHCTPYMEHTAIBHYIO CUCTEMY, LIENBI0 KOTOPOH SBJISCTCS peanu3aius
OCHOBHBIX TEXHHUYECKUX PEIICHUH M0 (POPMUPOBAHUIO JMHAMHYCCKUX 0a3 TaHHBIX MyTEM IOMCKA U M3BIICUe-
HUS U3 PA3JIUYHBIX UCTOYHUKOB C MCIIOIh30BAHMEM TEXHOJIOTHI MCKYCCTBEHHOTO MHTEIUICKTa U 00pabOTKH
OOJNBIINX TAHHBIX HEOOXOMMOTO 00beMa PEIeBaHTHOM HH(OPMAIIUY B MHTEPECaX MEPMaHSHTHOMN HOACPIKKH
pa3pabaThIBaCMBIX B paMKax KOMIUIEKCHOTO TIPOEKTa MOJIENICH pacipoCTpaHeHUs BUPYCHBIX HHDekuuii [4, 5].

[Ipu peanuzanuu nporpaMMHOTO KOMITJICKCA B KAY€CTBE OCHOBHBIX KITIOUEBBIX YCIOBUH OBbLTH CHOpMY-
JIUPOBAHbI CIICAYIOIIHE:

* pa3pabaTbIBacMbIii TPOTPAMMHBIN KOMILIEKC JOJKCH IMO3BOJISTh OCYIIECTBISTH MOUCK, M3BJICYCHUE
1 oOHOBJNeHHE TpeOyrolieiics nHpopMaIiK B 33/jaBaeMbIX (hopMaTax U ¢ 3aJjaBacMOH EPUOAUYHOCTHIO;

* pa3pabaTbIBacMbIii MPOTPAMMHBIH KOMIUIEKC HEOOXOIMMO Pealln30BaTh Ha MPUHIIAIIAX MAKCUMAIILHOTO
WCIO0JIh30BAHUS OTKPBITOTO IPOTPAMMHOT0 00ECIICUCHUS;

* XpaHwmIle AaHHbIX co3aaBaemoro D0 [IK momkHO oOecreunBaThCs MPOTPAMMHON CPEIIOi CUCTEMBI
ynpasienus 6a3oi nanubix (CYB/);

* IPOrPaMMHBIN KOMILJICKC JIOJKECH ObITh MacIITaOUPyeMbIM, UMETh MOAYJIbHYIO CHCTEMY, OBITh ITPHME-
HEHHBIM TIOJI JPyTHE TPEAMETHBIC 00I1acTH.

B nanHO# crathe OyAyT NMPENCTaBICHBI OMHMCAHUE MPOTPAMMHOTO KoMIuiekca «Depma JaHHBIX», €ro
KOMITOHEHTBI ¥ IPUMEHSEMBIC METO/IbI, IO3BOJISIONINE COOUPATh, 00pabaThIBaTh U XPaHUTh JAHHBIC U3 OT-
KPBITBIX UCTOYHUKOB B aBTOMAaTHUYECKOM PEXUME. A TaKkKe Pe3yNbTUPYIOIas BU3yalu3alus CPeICTBAMU
pa3pabaTbiBaeMOl MHTEPAKTUBHON aHAJIUTHYCCKOM MaHEIH.
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Puc. 1. I'maBHas ctpanuna namobopnaa Busyanmsanui. Cepuika: https://lab-ai.ru/
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«DATA FARM». COVID-19 CASE
S. P Levashkin

Research Laboratory of Artificial Intelligence of the Federal State Budget Educational Institution of Higher
Education «Volga State University of Telecommunications and Informatics», Samara, Russia

COVID-19 has significantly affected the modern world in the areas of society, economy, politics. It has
become a real test for the medical and educational system, small businesses. This precedent showed the
importance of the digitalization of society, the openness of data, for research. This prompted us to develop
a software and instrumental system, the purpose of which is to implement the main technical solutions for
the formation of dynamic databases by searching and extracting from various sources using artificial intel-
ligence technologies and processing big data the necessary volume of relevant information in the interests
of permanent support of those developed as part of an integrated project models of the spread of viral infec-
tions [4, 5].

When implementing the software package, we focused on the fulfillment of the following key condi-
tions:
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* the software package being created should allow searching, extracting and updating the required
information in specified formats and at specified intervals;

* the created software package must be implemented on the principles of maximum use of open source
software;

* the data storage of the created software package should be provided by the software environment of the
database management system,;

* the software package must be scalable, have a modular system, be applied to other subject areas.

This article will present a description of the Data Farm software package, its components and applied
methods, which allows you to collect, process and store data from open sources in automatic mode. As well
as the resulting visualization by means of the developed interactive analytical panel.

Fig. 1. The main page of the visualization dashboard. Link: https://lab-ai.ru/
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XPOHUYECKOE PAJJUAIIMOHHOE BO3JEUCTBUE
B AHAMHE3E 1 BOSMOXHBIE UBMEHEHUA DOPEKTUBHOCTHU
NMMYHOTEPAIINU: K IOCTAHOBKE ITPOBJEMBI

E. 4. Moszeposa

I'AY3 Yensaburckuit 00IacTHON KIMHUIECKUAN IIEHTP OHKOJIOTUH U SICPHON MEIUIMHBI, YeSIOMHCK,
Poccus

E-mail: e.mozerova@gmail.com

CoBpeMeHHass IMMYHOTEPAITUS OIyXOJel ¢ MPUMEHEHUEM HHTUOUTOPOB KOHTPOJIBHBIX TOYCK H3MECHUIIA
MPEJICTABIICHUS O KJIIACCUYECKOM Tepanuy paka W IMO3BOJIMJIA YIYYIIUTh OOIIYH0 BEDKUBAEMOCTh TIPU PSJIC
omyxoJeit. [Tockonbky TUMGOIUTEL ABISIOTCS «3(PPEKTOPHBIMID KJIETKAMU PU UMMYHOTEPAITUHY, a UX CHU-
JKCHHE CBsI3aHO ¢ OoJiee c1abbIM OTBETOM Ha JICUCHHE M XYALIUM MPOTHO30M JUIsl TAIIMEHTOB, HEOOXOIUMO
CHW)KATh PUCK JTUM(OTICHUH.

IToka3aH MOBBINMIEHHBIH PUCK CMEPTH U MPOTPECCUPOBAHUS Y JIUI] C THKEIION TUMQOIIEHUEH B TpoIiec-
ce Jy4YCeBOW TEpaluu MO CPAaBHEHWIO ¢ marreHtamMu 0e3 aumdonenun. OOIIee KOIU4ecTBO JUM(OIUTOB
yepe3 2 HeAeNnu MOoCIIe JIy4eBOM Tepanuu SBISEeTCA HAACKHBIM MPEIUKTOPOM KaK IPOrpecCUpOBaHUs, TaK
Y BBDKMBAEMOCTH. He ToIbKO a0CONIOTHOE YUCITO, HO M CTEIICHb H3MEHEHUH — 3HAYMMBI TPOTHOCTHYCCKHIA
(hakrop. OTHOMIEHNE HEHTPODUIIOB K JIUM(OITUTAM ACCOLIMUPOBAHO CO CHUKCHUEM OOIIEH BHIKHBACMOCTH
1 OBICTPBIM OTJAJICHHBIM METACTa3UPOBAHUCM.

B To0 ke BpeMs CyHIECTBYIOT 0COOBIE TPYIIIBI OOIBHBIX, Y KOTOPHIX 3PPEKTH UMMYHOTEPAIUA MOTYT
OBITh HEOXKUAAHHBIMH. [laliMeHThI, paHee MoABEprIIHecs OOTYYCHUIO, IEMOHCTPUPYIOT 3HAUNTEIILHBIC W3-
MEHEHHUS KPOBETBOPEHHUSI.

O6cnenoBanue xureneit KOxxuoro Ypana, 6onee 50 jieT Ha3ax MOABEPTIINXCS XPOHUISCKOMY aBapUHHOMY
00Iy4eHu0, 00yCIOBICHHOMY JeATeIbHOCTEI0 110 «Masik», BBISBUIIO PSJi U3MCHEHUH B CCTEME KPOBETBO-
PCHHUS: CTATUCTUYECKU 3HAUUMOE CHIDKeHHe aOcomotHoro uncia CD3+, CD4+, CD11b+, CD16+ nmumdo-
IIUTOB B TepU(EPUICCKO KPOBH, YBEIHUEHHE OTHOCUTEIBHOTO KoimuecTBa CD8+ nmumponuTos, a Takxke
cHIkeHne cootHorienuss CD4+/CD8+. YBennyeHne WHTCHCUBHOCTHU amonTo3a JUMQOIUTOB, YBEIHUCHHUE
WCXOIHOM 0JU TUM(OIUTOB MePU(PEPUISCKON KPOBH C OJIOKOM KJIETOYHOTO IIMKIIA TAKXKE XapaKTEPHO IS
paHee 0OTyUYCHHBIX MAIEHTOB. YUeT (pakTopa MPeIIeCTBYOMEro 00MyYeHUs Ype3BbIYAHO BAXKEH IS TIPO-
THO3UPOBaHUS 3(PPEKTUBHOCTH UMMYHOTEPANTUH Y OOJBHBIX 3JI0KaU€CTBCHHBIMH HOBOOOPa30BaHUSIMHU.

HISTORY OF CHRONIC RADIATION EXPOSURE AND POSSIBLE
CHANGES IN THE EFFICIENCY OF IMMUNOTHERAPY:
TO THE STATEMENT OF THE PROBLEM

E. Ya. Mozerova

Chelyabinsk Regional Clinical Center of Oncology and Nuclear Medicine, Chelyabinsk, Russia

E-mail: e.mozerova@gmail.com

Modern tumor immunotherapy with checkpoint inhibitors has changed the concept of classical cancer
therapy and has improved overall survival in a number of tumors. Since lymphocytes are the «effector» cells
in immunotherapy, and their decline is associated with a poorer response to treatment and a poorer prognosis
for patients, the risk of lymphopenia must be reduced.

An increased risk of death and progression has been shown in patients with severe lymphopenia during ra-
diotherapy compared with patients without lymphopenia. Total lymphocyte count 2 weeks after radiotherapy
is a strong predictor of both progression and survival. Not only the absolute number, but also the degree of
change is a significant prognostic factor. The ratio of neutrophils to lymphocytes is associated with reduced
overall survival and rapid distant metastasis.
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At the same time, there are special groups of patients in whom the effects of immunotherapy may be un-
expected. Patients previously exposed to radiation show significant changes in hematopoiesis.

Examination of residents of the Southern Urals, who more than 50 years ago were subjected to chronic ac-
cidental exposure due to the activities of Mayak, revealed a number of changes in the hematopoietic system:
a statistically significant decrease in the absolute number of CD3+, CD4+, CD11b+, CD16+ lymphocytes
in peripheral blood, an increase in the relative number of CD8+ lymphocytes , as well as a decrease in the
CD4+/CD8+ ratio. An increase in the intensity of apoptosis of lymphocytes, an increase in the initial propor-
tion of peripheral blood lymphocytes with a cell cycle block is also characteristic of previously irradiated
patients. Taking into account the factor of previous exposure is extremely important for predicting the ef-
fectiveness of immunotherapy in patients with malignant neoplasms.
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OHNPEAEJEHUE UBMEHAIOHINUXCAHA TAPAMETPOB
MATEMATHUYECKHNX MOJIEJIEHA
PACITPOCTPAHEHUS HHOEKIIU

A. C. Jleonos, O. B. Haeopnos, C. A. Tiogaun
Haunonansubiii uccnenoBarenbekuil sinepHblil yausepeuter « MUON», Mocksa, Poccust

[annemust COVID-19 BbI3Basia MHOTOUYHMCIICHHBIE HCCIEAOBAaHUS B OMO(PHU3UKE U MAaTeMaTHIECKOM MO-
JeTMPOBaHUH pacipocTpaHeHus: nHGekuuil. OCHOBHBIE YCHIIHS OBbUIH CBSI3aHBI C ONIpeaesIeHHEM (aKTOpOB,
KOTOpBI€ TIOMOT'al0T MPOTHO3UPOBATh Pa3BUTHE MTAHAEMHUH M YCTAHABINBATh COLIMAIBHBIE OTPAaHUYEHUS. DTH
HCCIIEZIOBAHUS OCYIECTBIUIUCH B pa3HBIX CTpaHax, BKitouas Poccuto [1-4)]. 3HaunTenpHas 4acTb HCCIIEI0-
BaHM OCHOBBIBaJIACh Ha xopomo u3BecTHhIX Mozenax SIR u SEIR u ux moxudukauunii.

COXXHOCTh U HEOTHO3HAYHOCTh MPOLEAYPHI HAX0XKACHHUS KO3(p(QUIINMEHTOB ypaBHEHNUH, ONMUCHIBAIOIINX
pacnpocTpaHeHHe SIUIEMHN IPUBOAAT K PELICHUIO TaK Ha3bIBa€MBIX 00paTHBIX 3a1a4. Pemenns oOpaTHbIx
3aJa4 onpeeNeHus mapaMeTpoB MaTeMaTHIeCKUX MOJENeH pacpocTpaHeH st HHPEKIH BO BpeMs Iue-
MUU 10 JAHHBIM MEJULUHCKOW CTATUCTUKH, U IIOJIyYEHHBIE PE3YIbTAThI UCIIOIb3YOTCS JUIsl IIPOrHO3UPOBa-
HUS JUHAMUKH SIUJEMUU.

B xmaccuueckoii popmynupoBke oOparHbIx 3aaa4 11t SIR-Moneneit ko3¢ GUIMEeHTH! PeanoIararoTcs
MOCTOSHHBIMU. B Harmeir pabore mMbl ucnonbs3dyem npubmmkenne SIR moneneii. Hama nens: agekBatHOe
ONrCaHNe JaHHBIX OOPaTHOH 3a/1auu, a UMEHHO, TMHaMUKa HH(QUIIMPOBAHHKIX B psAe cTpad. [lepBriii moa-
XOJl UCTIOJIb3YeT MepeMeHHble KoapduumenTsl SIR-Momenn u 31ech MBI pa3BUBAEM pPe3yJbTaThl PaOOTHI
[3]. YUToOBl agexBaTHO BOCIIPOM3BOOUTH JaHHBIE MBI peliacM oOpaTHYIO K03()(UIMEHTHYIO 3aaaqy AJis
MOJIETTH B KJIACCE KyCOYHO-TIOCTOSTHHBIX (PYHKIMI C HEKOTOPBIMHU JOMIOJHUTEIBHBIMH OIpaHHYEHUSAMU. JTO
BO3MO)KHO, YTOOBI MOAETHPOBAThH AaHHBIE 00pPaTHON 3aJa4u C TOCTATOYHO BBICOKOW TOYHOCTBIO IJIS psina
CTpaH, HO IIPH 3TOM HE MPOUCXOAUT OMUCAHMS TeHEPALlH BOJIH SMUAEMHUI. DTa 0COOEHHOCTh MOXKET OBITh
o0bscHeHa (akToM, 4TO cTaHmapTHas MoAens SIR kak mpaBuio 3anmuceBaeTCs AJs 3aMKHYTOH CHUCTEMBI,
KOTOpasi He YYWTBIBAaeT BHEIIHEe TedeHHue snuaeMuu. [1oaTomy, 4ToOBl onmHcaTh BOSHUKHOBEHHE HOBBIX
BOJIH 3MUJEMHUI MBI BBOJUM HEHU3BECTHBIC BHEIIHWE MCTOYHHUKH, KOTOPHIE MEHSIOTCS BO BPEMEHH. JTO
MOTYT OBITH arperupoBaHHbIE JTaTEHTHBIE HOCUTENN MH()EKLUNH, KOTOPbIE aKTUBUPYIOTCSI HA pa3HBIX Bpe-
MEHHBIX MHTEpBajax H3-3a MOTOIAHBIX YCIOBHH, a Takke HOCHTEJNEW, MPUOBIBAIONINX W3 IPYTHX CTpaH.
MareMaTu4ecky 3TH HCTOYHUKU MOJAEIUPYIOTCS BKIIFOUEHUEM JONOJHUTEIBLHOTO WIEHA, IPEACTABIISIONIE-
TO HEM3BECTHYIO (PYHKIIMIO BPEMEHHU B ONHOM M3 ypaBHeHHH Monenu tuna SIR. UToObl HaiiTh 3TOT wieH
1 K03 (HUIMEHTHI, 3a/1a4a MUHIMU3AaLWU HEBSI3KA MEXIy JaHHBIMU U WX aHAJIOTaMHM, BEIYUCICHHBIMHU U3
MOJIETTH, PEIAETCs MPH OrPaHHUYEHHUSX Ha KyCOYHO-TIOCTOSIHHBIE KOA(PHULIMEHTH 1 Ha UCTOUYHUK. OCHO-
BaHHBIC HA HAHAEHHBIX KOA((OUIHEHTAX U UCTOUHUKAX PELICHHUS] XOPOIIO BOCIPOU3BOASAT BOJHBI HH(EK-
OU{ I psga cTpaH. Mbl pemanu 3Ty 3a7ady, UCIOJIb3Ysl JAHHBIE PECYPCHOIO LIEHTPA 110 KOPOHABUPYCY
Johns Hopkins.
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DETERMINATION OF CHANGING PARAMETERS
OF MATHEMATICAL MODELS FOR INFETIONS PROPAGATION

A. S. Leonov, O. V. Nagornov, S. A. Tyuflin
National Research Nuclear University MEPhI, Moscow, Russia

Pandemic COVID-19 initiated numerous studies in biophysics and mathematical modeling for propa-
gation of infections. Main efforts were connected with determination of parameters that help to predict
pandemic propagation and assume social restrictions. These studies were carried out in many countries
including Russia [1-4]. Significant part of studies is based on well-known SIR and SEIR models and their
modifications.

Complexity and ambiguity of procedure for determination of the equation coefficients of COVID-19
models result in the statements and solutions of so-called inverse problems based on the statistical data for
COVID-19.

In the classical formulation of inverse problems for SIR models, the coefficients are assumed to be con-
stant. However, it turned out that such models are not always adequate to epidemiological data, and, as a rule,
do not explain the emergence of pandemic waves.

In our work, we use two approaches within the framework of SIR models. Our goal is rather mod-
est: an adequate description of the data of the inverse problem, namely, the dynamics of the number of
infected for some countries. The first approach uses time-varying coefficients in our SIR model, and here
we develop the results of work [3]. To adequately reproduce the data, we solve the inverse coefficient
problem for the model on the class of piecewise constant coefficients with some additional restrictions
on the latter. This makes it possible to model inverse problem data with sufficiently high accuracy for
a number of countries, but does not describe the generation of epidemic waves. This feature can be ex-
plained by the fact that standard SIR models, as a rule, are written for closed systems that do not take
into account the external flow of infections. Therefore, to describe the emergence of epidemic waves, we
supplement the modeling with variable coefficients by assuming that there are unknown external sources
of infection that change over time. These can be in the aggregate latent carriers of the infection, which
are activated at different times of the year due to weather conditions, as well as carriers of the infection
arriving from other countries and other sources. Mathematically, these sources are modeled by including
an additional term, represented by an unknown function of time, in one of the equations of our SIR-type
model. To find this term and the coefficients, the problem of minimizing the discrepancy between the
data and their analogues calculated from the model is solved under restrictions on piecewise constant
coefficients and on the source. Based on the coefficients and sources found, it is possible to fairly ac-
curately reproduce data on infections from several waves of the epidemic for a number of countries. We
solved this problem using data from The Johns Hopkins Coronavirus Resource Center (CRC) for different
countries.
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KOHTAKTHOI'O YUCJIA R B IIEPUOA ITOABEMA
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C YHOTPEBJIEHUEM UHBEKIIMOHHbBIX HAPKOTHUKOB
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3. B. Kapamog®, I /. Kamunckuii'
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1 nH(EKIMOHHBIX 3a0oneBannii» MuHucTepcTBa 3npaBooxpanenus Poccuiickoii @enepaunu, Mocksa,
Poccus

2 . .
OI'BOY BO «HanuonanbHbli uccnenoBarensckuil yausepeuter «MOW», Mocksa, Poccus

3PI'BY «HauuoHaNbHBIH HCCIIE0BATENbCKHI IIEHTP IMHIEMHAOJIOTHH B MUKPOOHOJIOTHH
umenu H. @. 'amanen» MuHucTtepcTBa 3apaBooxpanenus Poccuiickoit @enepanuu, Mocksa, Poccust

B pa60Te ucnonb3oBana SEIRS MOJCJIb SNUICMHUYCCKOIo Mmponecca B a0CONIIOTHBIX 3HAYEHHUSAX YHCIA
HOBBIX CJIy4acB 3a00JI€BaHUS C yHpaBJICHUEM [1] Oco0eHHOCTERIO MOJECIHA ABJIACTCA YUCT OCTPBIX U XPOHU-
YCCKUX (1)OpM 3a6OJICBaHI/I$I, a TAKIKC pacuCT YHUCJICHHOCTHU MONYJIAIUA N, , U3 KOTOpOfI HUCKIIIOYAr0TCA YMEp-
e U U30JIMPOBAHHBIC.

S(1)'=~

))(Rlal 1)+ Ry, C (1)) +UN —pS (1) + kR (1) + koY (1) =048 (2)

() E()+ () Ce)+ R(1)+V (1)
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V(1) =08(2)+hR(1) = (ky + 1)V (2)
O(1) =8,4(t)+8,C (1)~ (85 + 1) O(7)
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[lepemennsie: S(¢) — KOMUYECTBO BOCHPUUMYMBHIX, £(f) — KOMMYECTBO MOABEPIIINXCS BO3AEHCTBUIO, HO
ele He 3apa3uBIINXCA, A(f) — KOIMYECTBO OCTPO MHPHUUMPOBAHHBIX, C(f) — KOTUUECTBO XPOHUUECKU HH-
(unMpoBaHHBIX, R(f) — KOIMYECTBO YCTOWUYMBBIX (MMMYHHBIX), OQ(f) — KOIN4YEeCTBO M30JIMPOBAHHBIX, B TOM
yucie A nedenus. [lapaMeTpsl HHPEKIMOHHOTO MpoLecca: o — HHTEHCUBHOCTD 3apa)KeHusl, 3 — MHTEH-
CHBHOCTb BbI3/IOPOBIIEHUS], k| — HHTEHCUBHOCTb IIOTEPH MIMMYHHUTETA, € — YPOBEHb CMEPTHOCTH, CBA3aHHON
¢ nH(pekuuoHHOH Oone3Hb0. [lapameTpsl sMuAEMUUECKOTO Mpolecca: R — KOHTaKTHOE YUCIO MH(EKLInH,
|\ — MHTEHCUBHOCTh OTTOKA HAaceNeHMUs], LN — HHTEHCUBHOCTD ITPUTOKA HACEIECHUS.

KoadduienTsl MHTEHCUBHOCTH YNPABIEHUS: A; — MHTEHCUBHOCTb BaKIMHAI[MUM BOCIPUUMYHBBIX
U JIOKOHTaKTHOH MPOQUIAKTHKHU, A, — MHTEHCHUBHOCTb BAKLMHALUH BbI3I0POBEBIINX, O; — MHTEHCUBHOCTD
BBISIBIIEHHS, M30JIAIIMU M JIEYEHUs] OCTPO MH(UIMPOBAHHBIX, 0, — HHTEHCUBHOCTb BBISABJICHMS, H3OMIALMI
W JICYeHUS] XPOHUUECKU WHPHULIUPOBAHHBIX, 7 — BIUSIHHE HA KOHTAKTHOE YUCIIO HH(PEKINH ¢ 100aBIeHHEM
KOMIIOHEHTa KOHTPOJIs 32 CYET OCYILECTBIEHUS Mep 0€30MaCHOCTH, O; — IMOMNOJHEHUE YHCNIA yCTOHYMBBIX
(MMMYHHBIX) TIOCJIE JICUEHHS.

Knacc V(t) — BakuMHUPOBaHHBIX B JaHHOM MOJIENH ObLI IMyCT, TaK KaK B JaHHOH MozienH A = A, = 0.

B xauecTBe MarepHanoB HCIOJIB30BAINCh CTAaTUCTUYECKUE JaHHbIE MEIUIMHCKUX opraHusanuil Tynb-
CKOH 00JIaCTH O KOJTMUECTBE 3apPErHCTPUPOBAHHBIX ciTydaeB 3a0oneBanus renatutom C (n = 1468) 3a 30-neT-
Huit mepuon (1991-2021 roapr). Onenka mapamerpa R MpoBOAWIACH METOJOM TPaJUEHTHOro cmycka [1]
B COOTBETCTBHH C O0IIIEH METOIOJIOTHEH PellleHUs] 00paTHBIX 3a1a4 [2].
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The work uses the SEIRS model of the epidemic process in absolute values of the number of new cases of
the disease with management [1]. A feature of the model is the accounting of acute and chronic forms of the
disease, as well as the calculation of the size of the N population, from which the dead and isolated patients
are excluded.
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))(Rlal 1)+ Ry, C (1)) + N =S (2) + kR () + ko (1) =28 (1)

SO =SB () W)+ RO+ ()

R, +R2a2C
ST ) ) o)
A1) =y, E(1)—(By + v, +& +8 +1)A(7)
(1) =12A(t)~(By + 8 + 8, +1)C(1) )
R(1) = ByA(1)+ ByC (1) 4 85,0(1) — (Ay + by + 1) R(1)
V(1) =08(2)+hR(2)—(ky + 1)V (2)
O(t)' =8,4(1)+8,C (1)~ (85 +1)Q(1)

Variables: S(f) — number of susceptible, E(f) — number of exposed but not yet infected, 4(¢) — number of
acutely infected, C(f) — number of chronically infected, R(f) — number of resistant (immune), O(f) — number
of isolated, including for treatment. Parameters of the infectious process: o — intensity of infection, B — in-
tensity of recovery, k; — intensity of loss of immunity, € — mortality rate associated with infectious disease.
Parameters of the epidemic process: R — contact number of infection, p — intensity of population outflow,
pN — intensity of population inflow.

Control intensity coefficients: A, — intensity of vaccination of susceptible and pre-exposure prophylaxis,
A, — intensity of vaccination of recovered, 8, — intensity of detection, isolation and treatment of acutely in-
fected, 8, — intensity of detection, isolation and treatment of chronically infected, » — influence on the contact
number of infection with the addition of a control component through the implementation of safety measures,
85 — replenishment of the number of resistant (immune) after treatment.

Class V(f) — vaccinees in this model was empty as A, = A, = 0.

We used statistics on the number of registered cases of hepatitis C (n = 1468) for the 30-year period
(1991-2021) that were received from medical organizations of the Tula region. The R parameter was evalu-
ated by gradient descent [1] in accordance with the general methodology for solving inverse problems [2].
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COOEPXAHUE HA MPEALIAYLYIO CTPAHULY HA CIEAYIOLWYIO CTPAHULY MEYATb

KanuGpoBouHsIii 60K MOJENH 3MUAEMHUI pealn30BaH Ha mepcoHanbHbpIX DBM 1iist paboThl B ONEBBIX
ycnoBusix. OH Mo3BOJISIET OBICTPO Ha OCHOBe IU(QepeHInaNbHON, HHTETPATbHOW, PaHIOMH3HUPOBAHHOMN
W ar€HTHOM MOJIENIN BEIYUCIUTD NIapaMeTPhl SIIHIEMHYECKOTO MPOLECCa U CPABHUTH TOUHOCTH ONIPEAETICHHUS.

[IpuHIMNUANBEHONW HOBH3HOM TaHHOTO KaJHMOPOBOYHOTO OJIOKA SBISETCS pa3inyue MOAXON0B K MOAEIH-
POBaHMIO B JAHHBIX YETHIPEX MOAETAX. [IpenCTONT BBISICHUTD, CIIEAYET JIM BKIIIOYaTh B JaHHBIN ONOK Moze-
JIM ¢ TUCKPETHBIM BPEMEHEM U MOJIENIH, OCHOBAaHHbIE HA TEOPHU UI'P CPEAHETO MOJIsL.

Omnpenenenne napaMeTpoB SMUASMHYECKOTO MpoLecca SBIsSETCS KpaeyrolbHBIM KaMHEM MPOTHBOJIEHC-
TBUSI HOBOI HensBecTHOHU Oonesnu [1]. Hamu pa3paboTan aaroputm momapHoil MUHUMH3aLMU EBkinaoBa
paccTosTHUA Ha OCHOBE TPaJUCHTHOTO CITyCKa ¢ MPUMEHEeHHeM U 0e3 nmpuMmeHeHus ¢puisrpa Kaamana. Meton
naeT poOacTHbIE Pe3yJbTaThI.

BriepBrie monmy4yeHbl poOacTHBIE Pe3yabTaTbl ISl M3MEPEHHUs] JAOCTATOYHO CIOKHOTO KO3 ¢HIHEeHTa
SMUAEMHUYECKOTO Tpolecca — ko3 UIMEeHTa HENPONOPLIUOHAIEHOCTH, WIH KOd((GUIMEHTa HENUHEHHOM
BCTPEYaEMOCTH.

YHCIIo HOBBIX CIIydaeB 3a6oneBanus B Moxenn A paBHo RaS(1)[(1)?, rae R — KOHTAaKTHOE YHCIO HHDEKIHH,
0L — MIHTEHCUBHOCTH 3apaykeHus, S(f) — 10y BOCHPUUMYMBLIX, /() — monsl MHPUUUPOBAHHBIX, b — K03 du-
LUEHT HEeMPONIOPLMOHANBHOCTH (HEJIMHEHHOW BCTPEYaeMOCTH).

s neneit BeraucneHus ko3(GUIUEHT HEIMHEHHOW BCTPedaeMOCTH b OB MOCTABJIeH B Mapy ¢ KOHTAK-
THBIM YHCJIOM R, TaK Kak 4eM OH 0oJblle, CpeAHee KOHTaKTHOE YUCIIO MeHbIe. Pe3ynbraTel IpoBeJeHHOTO
uccnenoBanus (AnHamMuKa uncia HoBbIX cirydyaes COVID-19 B ropozne JlepOeHT (BOTHBI YXaHBCKHIA, IEJIbTa
W OMHUKpPOH-IITaMM) JaHbl Ha puc. 1 (0e3 ¢punsrpa Kanmana) u puc. 2 (¢ punsrpom Kanmana). Buano, uro
PE3YNBTaTHI SIBISIOTCS COMOCTABUMBIMH.

Puc. 1. Pesynpratel ByMepHOTO OnpeAeneHns napameTpoB 6e3 ¢puinbsrpa Kaamana:
R =4,4833984375; b = 1,1267578125; munumanbHas HeyBsa3ka: 579,030993157628; neysasku: 0,439340985040303

Puc. 2. Pe3ynbrarsl JByMEpHOTO onpe/eieHus napamerpos ¢ ¢puiasrpom Kanmana:
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R =3,9296875; b = 1,1998046875; muanManbHas HeyBs3ka: 666,194590059895; d neyss3ku: 0,703344396147372

B HacTosmee BpeMs IpoBOIUTCS pa3padoTKa OJI0oKa MOJENH AJsl OAHOBPEMEHHOTO BhIYUCIEeHHUs 3 1 00-
Jiee mapaMeTpOB B OHOW UTEPaLlMOHHOHN MporpamMmMe (OTHOM MPOXOJE).
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The calibration unit of the epidemic model is implemented on personal computers for working in the
field. It makes it possible to quickly calculate the parameters of the epidemic process based on a differential,
integral, randomized and agent model and compare the accuracy of the determination.

The fundamental novelty of this calibration block is the difference in modeling approaches in these four
models. It remains to be seen whether discrete time models and models based on mid-field game theory
should be included in this block.

Determining the parameters of the epidemic process is the cornerstone of countering a new unknown
disease [1]. We have developed an algorithm for pairwise minimization of the Euclidean distance based on
gradient descent with and without the use of a Kalman filter. The method gives robust results.

For the first time, robust results were obtained to measure a particular complex coefficient of the epidemic
process — the coefficient of disproportionately, or the coefficient of non-linear incidence.

The number of new cases 4 in model is equal to RocS(t)[(t)b, where R is the contact number of infection,
a is the intensity of infection, S(¢) is the proportion of susceptible, /(¢) is the proportion of infected, b is the
disproportionate coefficient (nonlinear incidence).

For calculation purposes, the nonlinear incidence factor » was paired with the contact number R, since
the larger b is, the average contact number R is smaller. The results of the study (dynamics of the number
of new cases of COVID-19 in the city of Derbent (waves of Wuhan, Delta and Omicron strain) are given in
fig. 1 (without Kalman filter) and fig. 2 (with Kalman filter). It can be seen that the results are comparable.
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Fig. 1. Results of two-dimensional determination of parameters without a Kalman filter:
R =4.4833984375; b = 1.1267578125; minimum inconsistency: 579.030993157628; inconsistency: 0.439340985040303

Fig. 2. Results of two-dimensional determination of parameters with Kalman filter:
R =3.9296875; b = 1.1998046875; minimum inconsistency: 666.194590059895; d inconsistency: 0.703344396147372

Currently, a model block is being developed to simultaneously calculate 3 or more parameters in one
iteration program (one pass).
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TOKCHYECKUE 2OPEKTbDI
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Lenb nccnenoBanus: oneHka 3pQekTHBHOCTH U 0€30MaCHOCTH NMPUMEHEHHS CTEPEOTaKCHUECKON Tyde-
BOl Tepamnuy Ha OCHOBE aHaJM3a M0Ka3aTeseil BBKUBAEMOCTH U Ty4eBOW TOKCMYHOCTH y MAIMEHTOB C pa-
KOM IPECTATEIbHOM Kene3bl.

Marepuainsl 1 METOZBI: B OCHOBY JIJaHHOTO MCCIIEZIOBAaHU MOJIOKEH PETPOCIEKTUBHBIN aHAIU3 Pe3yllb-
TaTOB JIEUeHHUs 68 MalKeHTOB ¢ BepU(UIIMPOBAHHBIM PAKOM IPENCTATENLHON KeJe3bl, KOTOPbIM B IEPHOJ
¢ 2012 mo 2016 r. B TAY3 «UensOunckuii 001acTHON KIMHAYECKUN LEHTP OHKOJIOTUH U SIIEPHOH MEANIH-
HBD» ObLJIa MIPOBENIeHa CTepeoTaKCHIecKas JIyueBas Tepanus Ha poboTuznpoBanHoi cucteme «KnudbepHox».
CpenHuii BO3pacT NalMEHTOB Ha MOMEHT JIeYeHHUs cocTtaBmi 66,97 £+ 5,002 roxa (ot 54 no 78 ner). [lepras
CTazaus paka MpeAcTaTelIbHON Kene3bl Oblla TMarHocTUpoBaHa y 2 mauueHToB (3%), Bropas —y 66 (98%).
[Ipeobnagany mauueHTH CO CPEAHUM PHUCKOM IporpeccupoBanus — 54% (n = 37), HU3KUH pUCK Tporpec-
cupoBaHus ycTaHoBleH B 45% ciyuaeB (n = 31). Bcem manueHTaM mpoBeeH Kypc CTEPEOTaKCUYECKOM
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Jy4eBOW Tepanmuy Ha MPEACTaTeNbHYIO JKelle3y ¢ MOABEIEHHEM CyMMapHOM odaroBoil no3sl B 35 Ip 3a
5 ¢pakuuii (pacyer mo 80%-i n30m03e, MaKCUMasbHas 1032 B o0beMe cocramia 43 ['p). Cpennuii 06bem
NpeAcTaTeNnbHOM xene3bl Obi1 50,8 o’ ITpu cpennem pucke B 06beM obmydenus (CTV) Bkiroyanach npea-
cTarejbHasl XKelle3a U CEMEHHBbIE ITy3bIPhKHU, P HU3KOM PUCKE TOJIBKO MpeACcTaTeNnbHas Keesa.

Pesynbrarsl: B pe3yibTare NpoBeJSHHOIO aHAIN3a IpH MeAnaHe HaOmoneHus B 120 MecsieB nokazaTenu
oJHOJIeTHEH 001Iel BeikuBaeMocTH coctaBuiau 100%, neyxnetHeit — 98,5%, narunerneit — 95,5%. buoxu-
MUuYecKuil peuuaus 3aduxcuposad B 20,5% ciryyaes (7 = 14), U3 HUX y 5 4eIOBEK OTMEUEHA FreHepaTn3aiys
Ipolecca ¢ MeTacTa3aMH B KOCTH.

PaccmatpuBas 6e301acHOCTD MPOBEACHHOTO JICUEHHSI C TIO3UIMH OLIEHKU TOKCHYEeCKHX d(P(PEKTOB, HAMH
OBUTO OTMEYEHO HU3KOE KOJUYECTBO SIBICHHH paHHEH JIy4eBOH TOKCHYHOCTH (n = 8), MpeacTaBICHHBIX
B BUJIE TN3ypUH | CTENEHHU U JIy4eBOTo peKTUTa 1-2 creneHu. SIBneHus no3qHei myueBol TOKCHYHOCTH Ha-
omromanuch B 30,8% cimyvaeB (n = 21 ciyuaeB) B Bune uuctuta -1l crenenu. SBnenuii no3aHero Iy4eBoro
PEKTHTA, a TAKXKE CBHUILEH 0TMedeHO He Obu10. Cpeau nauueHToB ¢ HU3KUM PUCKOM IIPOTPeCCHUpOBaHUs dac-
TOTa TOKCHUYECKUX 3P PeKTOB cocTaBmia 13 ciryyaes (4 paHHHX, 9 TO3IHKX), a CPEIH MALUEHTOB CO CPEIHUM
puckoM — 16 ciyuaeB (4 paHHUX, 12 MO30HUX).

3akioueHne: TakuM 00pa3oM, CTepeOoTaKCHUEeCKas JIyueBasl Tepamus SBISETCS COBPEMEHHBIM M 0e30-
MaCHBIM METOJIOM JIEYEHMs, MO3BOJISIOIIMM 32 KOPOTKMH MPOMEXKYTOK BPEMEHH MOJBECTH BBICOKHE O3Bl
M3IYYEHUs] ¢ MUHUMAJIbHBIMU PUCKaMU BO3HUKHOBEHUS TSKENOM JTyueBOM TOKCHYHOCTH.

TOXIC EFFECTS DURING STEREOTACTIC RADIATION THERAPY
IN PATIENTS WITH PROSTATE CANCER

D. A. Rogacheva', M. M. Sarycheva"?, E. Y. Mozerova?, A. A. Lozhkov', R. Y. Karabut',
D. M. Timokhina', A. Y. Pecheritsa', Z. E. Sabelnikova'

lChelyabinsk Regional Clinical Center of Oncology and Nuclear Medicine, Chelyabinsk, Russia
2South Ural State Medical University Ministry of Health of Russia, Chelyabinsk, Russia

Objective of the study: to evaluate the effectiveness and safety of stereotactic radiation therapy based on
the analysis of survival rates and radiation toxicity in patients with prostate cancer.

Materials and methods: this study is based on a retrospective analysis of the treatment results of 68 pa-
tients with verified prostate cancer who underwent stereotactic radiation therapy on a robotic system “Cy-
berKnife” in the period from 2012 to 2016 at the Chelyabinsk Regional Clinical Center of Oncology and
Nuclear Medicine. The average age of patients at the time of treatment was 66.97 = 5.002 years (from 54 to
78 years). The first stage of prostate cancer was diagnosed in 2 patients (3%), the second — in 66 (98%).
Patients with an average risk of progression prevailed — 54% (n = 37), a low risk of progression was es-
tablished in 45% of cases (n = 31). All patients underwent a course of stereotactic radiation therapy on the
prostate gland with summing up the total focal dose of 35 Gy for 5 fractions (calculation of 80% isodose, the
maximum dose in volume was 43 Gy). The average prostate volume was 50.8 cm®. At medium risk, the vol-
ume of irradiation (CTV) included the prostate gland and seminal vesicles, at low risk only the prostate gland.

Results: as a result of the analysis, with a median follow-up of 120 months, the indicators of one-year
overall survival were 100%, two-year — 98.5%, five-year — 95.5%. Biochemical relapse was recorded in
20.5% of cases (n = 14), of which 5 people had generalization of the process with bone metastases.

Considering the safety of the treatment from the standpoint of assessing toxic effects, we noted a low num-
ber of early radiation toxicity phenomena (n = 8), presented in the form of grade 1 dysuria and grade 1-2 radia-
tion rectitis. The phenomena of late radiation toxicity were observed in 30.8% of cases (n = 21 cases) in the
form of grade I-II cystitis. There were no phenomena of late radiation rectitis, as well as fistulas. Among pa-
tients with a low risk of progression, the frequency of toxic effects was 13 cases (4 early, 9 late), and among
patients with an average risk — 16 cases (4 early, 12 late).

Conclusion: thus, stereotactic radiation therapy is a modern and safe method of treatment that allows for
a short period of time to bring high doses of radiation with minimal risks of severe radiation toxicity.
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OLHEHKA HOTEPH NONIVYJIAIIMHU B XOAE JIIMAEMUH
BUPYCHOU UHOEKIUU

A. A. Pomanioxa, K. A. Hosukos, T. E. Cannuxoea

WNHCcTHTYT BRIYUCIATENRHOW MaTeMaTrky uM. [. V1. Mapuyka PAH, Mocksa, Poccus

Jns oneHKU 3PPEKTUBHOCTH MPOTUBOAMUACMUYCCKUX MEPOIIPHUITHI HEOOXOMMa OIICHKA TOTEePh I0-
MYJISIIAY, BBI3BAHHBIX PACIPOCTPAHCHUEM WH(EKIIMOHHOTO areHTa W CBS3aHHBIMH C OTHM MPOTHBOSIHUJIC-
MUYECKUMHU MeponpusTusiMu. [loTepu 310pOBbs BBI3BIBAIOTCS BUPYCHOW MH(EKIUEH U B pe3yJbTaTe poCcTa
YaCTOTHI ACTIPECCUBHBIX U TPEBOXKHBIX PACCTPOMCTB, UTO COKPAIAET MPOIOJIKUTEILHOCTD 3I0POBOM KU3HHU.

PasButne genpeccuu ¥ TPEBOKHBIX PACCTPOMCTB YBEIUYHBACT BEPOSATHOCTh CMEPTH OT XPOHHUYECKUX
HEUH(EKIMOHHBIX 3a00JICBaHUMN, TAKUX KaK MIIEMHYECKas OO0JEe3Hb CepAla, AUAa0ET, OKUPECHUE, TUIICPTO-
Hus [1]. [Ipu orieHKe moTeph MOMYJSAIUN OT SMUASMUN HEOOXOIUMO YYUTBIBATH 3TOT MPUPOCT CMEPTHOC-
TH OT MPUYUH, HE OTHOCSAIIUXCS MPSIMO K BUPYCHOUM MH(EKINU. ATCHTHAsT MOJIE/Ib MO3BOJSCT PACCUUTATh
M30BITOYHYIO CMEPTHOCTh M TIOTEpH JeT 310poBoi xu3Hu (QALY) B 3aBUCHMOCTH OT BO3pacTa ¥ HAJTUYHS
XPOHMYECKHX 3a00JIeBaHUH Y areHToB. )i 3TOro B BUPTYaabHOW MOIMYSINH HEOOXOAMMO BOCIIPOU3BECTH
peasibHOE pacnpeieicHre HeMH(DEKIIMOHHBIX XPOHHUYSCKUX 3a00JIEBaHUI C YYETOM UX KOPPEISIIHUA U BO3-
pacra areHToB. DTO MO3BOJUT OLICHUTh JOOABOYHYIO CMEPTHOCTH [P PA3BUTHH JCTIPECCHU U TPEBOXKHOCTH.

B nepuon snuieMun 3HAUMTENbHAS YacTh MOIYJSIMS HAXOMUTCSA B COCTOSIHMU cTpecca. JTUTeNbHbIH
CTPeCC MPUBOJUT K CTPYKTYPHBIM U (PYHKIIMOHATIBHBIM W3MEHEHUSIM B opranm3me. CHibKeHHe (YHKIUU
SHJIOKPUHHON CHCTEMBI i PETeHEPATOPHOTO MOTSHIIMANA TKAHEH BIUSIIOT Ha MPOAOKUTEILHOCTD 370POBO
JKU3HU TIOCIIE 3aBEPINCHUS IMHIEMUH. BBIIENSIOTCS BE XapaKTEPUCTHKH, MEHSIONIUECS 0 JICHCTBUEM
cTpecca:

* OyHKIMOHAIBHOE COCTOSIHUE TUIIOTAIAMO- TUTIO(H3apHO HAJAIIOYEYHUKOBOM ocH [2].

» Jlnuna tenomep [3, 4].

ITepBas ompezenser criocOOHOCTh pearupoBaTh W MPEONOJIEBATh CTPECCHI, BTOpasi — CIOCOOHOCTh BOC-
CTaHABIIMBAThCS MOCJIEC CTPECCOB U HArpy30K. CHMKECHHUE dTHX XapaKTEPUCTHK MPUBOIUT K COKPAIICHUIO
MPOIOIDKUTEILHOCTH Ku3HU. ClIe0BaTEeIbHO, YUET MPU OMUCAHUK COCTOSHUM arcHTOB JHHAMUKU THX Xa-
PaKTEPUCTHK TIO3BOJIUT OOJICE TIOIHO OLEHUTH ITOTEPH MOMYJISIINHU, BHI3BAHHBIC BUPYCHOW DITHJIEMHUCH.
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ESTIMATION OF VIRAL EPIDEMIC BURDEN
A. A. Romaniukha, K. A. Novikov, T. E. Sannikova

Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
To assess the effectiveness of anti-epidemic measures, it is necessary to assess the population losses
caused by the spread of an infectious agent and related anti-epidemic measures. Health losses are caused by
a viral infection and as a result of an increase in the frequency of depressive and anxiety disorders, which
reduces the duration of a healthy life.



COOEPXAHUE HA NPEALIAYLWYIO CTPAHULLY HA CNEAYIOLWYIO CTPAHNLY MEYATb

The development of depression and anxiety disorders increases the death from chronic non-communica-
ble diseases, such as coronary heart disease, diabetes, obesity, hypertension [1]. When assessing population
losses from the epidemic, it is necessary to take into account this increase in mortality from causes not di-
rectly related to viral infection. The agent model makes it possible to calculate excess mortality and loss of
years of healthy life (QALY) depending on the age and presence of chronic diseases in agents. To do this, it is
necessary to reproduce the real distribution of non-communicable chronic diseases in the virtual population,
taking into account their correlations and the age of the agents. This will allow us to estimate the additional
mortality in the development of depression and anxiety.

During the epidemic, a significant part of the population is under stress. Prolonged stress leads to struc-
tural and functional changes in the body. A decrease in the function of the endocrine system and the regen-
erative potential of tissues affect the duration of a healthy life after the end of the epidemic. There are two
characteristics that change under the influence of stress:

* The functional state of the hypothalamic-pituitary-adrenal axis [2].

* Telomere length [3, 4].

The first determines the ability to react and overcome stress, the second — the ability to recover from
stress and stress. A decrease in these characteristics leads to a reduction in life expectancy. Therefore, taking
into account the dynamics of these characteristics when describing the states of agents will allow for a more
complete assessment of the population losses caused by the viral epidemic.
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O MOAEJHUPOBAHHUU DJKOHOMUNYECKOI'O OKPYKEHUSA
MPU OLEHKE IMMOCJIEJJCTBUI PACIIPOCTPAHEHMUSA DTIUJEMUI

FO. I’ Pvikos

WNuctutyt npuknagHoit matemaruku um. M. B. Kenasiima PAH, Mocksa, Poccus

[Ipu BO3HUKHOBEHUHW BUPYCHBIX WH(EKLHUH, 0COOEHHO B YCIOBHAX MepepacTaHus B SMHUIEMUIO, aJleKBaT-
HOE Cpe/iHe- U IOITOCPOYHOE ONMCAaHUE UX PAcTIPOCTPaHEHUs U OCIIEACTBHI B MacIuTabe cyObeKTOB deaepa-
M ¥ TOCYJapCcTBa B LIEJIOM, KOTOPOE YUUTHIBAET TaKHE Pa3HOPOAHbIE (PaKTOPHI, KaK, HAIpUMEp, HaJOKEHUE
U CHATHE KapaHTUHHBIX OTPAHUYEHHH, NCUXOJOTHUECKUE XapaKTepUCTUKU TPYII HAceJIeHUs, BO3/elicTBIE
Ha CTPYKTYpY TPYAOBBIX PECYPCOB U MPOM3BOICTBEHHBIN MPOLECC U T. M., TpeOyeT MPUCYTCTBUS B TOH WIN
MHOH (OopMe HKOHOMHUECKOTO MOAEIHpoBaHUs. To ecThb NpeicKazaTenbHas MaTeMaTHyeckas MoJIelb Hpo-
1ecca pacnpocTpaHeHUs BUPYCHBIX HHPEKINI JOMHKHA OMUPATHCS Ha MOZIENIb SKOHOMUYECKOH U COLMaIbHON
cpensl, Te Takas WHQEKLHUs paclpoCcTpaHsieTcsi. ITO jKe COueTaHHe MO3BOJIHUT OLEHUTh CTENICHb SKOHOMHUYE-
CKOM M cOLManbHON AedopMaliy, BO3HUKAIOWIEH BCISACTBHE BO3ACHCTBHIA BUPYCHOM MHPEKIIMU/IMUIEMUH.

OpnHako NpH Tako# TOUKe 3peHMsI pe3yIbTUPYIOIIas MOJIENb MOXKET OKa3aThCsl CIIMIIKOM CIIOKHOW U Tpe-
Oyrol1ei 3HaYNTEIbHBI 00beM TOCTOBEPHBIX NaHHBIX U3 pa3IMYHbIX oOnacTeil 3HaHus. s uimocTpanun



COOEPXAHUE HA MPEABIAYLLYIO CTPAHULY HA CNEAYIOLLYIO CTPAHULY MEYATb

TaKOTO TMOJIOKEHUS AeST MOKHO NMPUBECTH, HAIIPUMEp, areHTHY!0 Mozaens [1] unu mopenu tuna SEIR+ s
OTMCaHMA pacpoCTpaHeHNs HH(EKINH 1 COBPEMEHHBIE TIOAXO/bI K OMTUCAHUIO COLUATBHO-9KOHOMHYECKIX
apneHuit [2]. Ilomxonp! U TPYAHOCTH, CBSI3aHHBIE CO COOPOM JAOCTOBEPHBIX NaHHBIX JIJIsl MOJEJeEH, omuca-
HBI, HanpuMep, B [3]. B maHHO# cuTyalnu HAMWYUA OYEHBb CIOXKHBIX CUCTEM M HelocTaTKa MHpOpMaluu
JUTS. OIIICAHHUS SKOHOMHUYECKOTO OKPYKEHHMsI, COMPOBOXKAIOIIETO MPOLECC PACIPOCTPAHEHUS BUPYCHON HH-
(hexuu/SnuIeMIH, MOXXHO TPEATIOKUTh METOJ, CBA3aHHBIA C MOJAXOIOM KOTHHUTUBHOTO MOAEIMPOBAHMS,
a IMEHHO, C TIOHATHEM «KOTHUTHBHBIX KapT».

KornutnBHOE MoAenupoBaHHe UMEET JUIMHHYIO HCTOPUIO, O KOTOPOH 37€Ch HE YIIOMMHAETCS M3-3a Or-
paHn4YeHHOCTH o0beMa myOnukauuu. Ho ero cyTh COCTOMT B TOM, YTO CIIOXKHAs CHCTEMa MPENCTaBIseTCS
B BHJE OPHEHTHPOBAHHOTO rpada, KOTOPHIA CBA3BIBAET BEPIIMHBI — 3JIEMEHTHI CUCTEMBI — IOCPEACTBOM
pebep — OTHOLIEHHH AIieMeHTOB. [Ipu 3ToM U BepiuHaM, 1 pedpaM MOTYT ObITh IPUIHCAHBI XapaKTEePUCTHU-
KH YUCIIOBOTO MJIH (DYHKLIMOHANBHOTO XapakTepa, COBOKYIHOCTb KOTOPBIX OTPAYKAET COCTOSIHUE CUCTEMBI.
[TosicHUM KpaTKo CBA3b U3JI0KEHHOW KOHCTPYKIIMM C HEKOTOPHIMU TPaJUIIMOHHBIMU CPEACTBAMU SKOHOMHU-
YeCKOTro MOJIeTMpoBaHus. Eciau paccMOTpeTh BCEro /iBa CBA3aHHBIX 2JIEMEHTA U XapaKTepHU30BaTh BEPIINHBI
BEKTOpPaMHU HaOIIOaeMBIX 3HAUEHHH, a peOpO BEPOSTHOCTHBIM pacHpeeieHHeM AJisl COOTHOILECHHS Beu-
YHH, TO Takoi rpad OymeT mpencTaBisATh MPOCTYIO PETPECCUI0 KaKUX-IH0O0, HAlpUMEp, SKOHOMHYECKUX,
nepeMeHHbIX. Eciau rpad OyneT cocTosTh U3 HaOOpa 3J€MEHTOB, CBSI3aHHBIX TOJBKO C OJHHM, BBHIXOAHBIM,
3IIEMEHTOM, TO 3TO OyJeT MHOKeCTBeHHas perpeccus. [ padpl B BUe HalpaBICHHOTO JepeBa NPeACTaBIAIOT
co0oii HeifpoceTH, a Tpad o01ero Biaa oTpaxkaet 0ojee CI0KHBIE 3aBUCUMOCTH, CBSA3aHHBIE CO CTPYKTYPOI
CUCTEMBI, BBIpa)KEHHOU, HAallpUMeEp, Yepe3 HaJInuMe LIUKIOB Pa3HOM JUIMHBL. MOXHO BBECTH XapaKTEePHUCTH-
KM Takol CTPYKTyphl, cM. [4]. VnnrocTpaTUBHBIN NpuMep SKOHOMHUYECKOTO MOJEINPOBAHUS COACPKUTCA
B [5]. Take BO3MOKHBI MOJAXOBI, TO3BOJIAIONINE HCKATh ONTUMAIBHOE B HEKOTOPOM CMBICIIE COCTOSHUE
CHCTEMBI, HalIpUMep, IPU BO3AEHCTBUY BUPYCHOM WH(pEKIMU/TTaHaAeMHH [6].

[Ipu 3TOM KOTHUTHBHOE MOJETUPOBAHUE MPEAIOIAraeT AOCTATOYHO OBICTPYIO MPOLENYpy HepecTpoe-
HUSI MOJIENIM ¥ BO3MOXKHOCTH IPOMTPHIBATh OOJBLIOE YMCIIO BAPHAHTOB, €M0 MOXKHO HCIIONB30BaTh U MpPU
CYIIECTBEHHOM HEAOCTaTKe MH(OpMAaLNH, a TAKKE TPUMEHATh ONTUMHU3aLUOHHBIE TPOLEAYPHI U PalHo-
HAJILHOTO BHIOOpa «HAMJIYYILET0» COCTOSHHS CUCTEMBL. TakuM 00pa3oM, TaHHBIH MOAX0A 00JagaeT qocTa-
TOYHOM TMOKOCTBIO U aJallTUBHOCTBIO Tl TOCTPOCHUS MOZETICH, B YACTHOCTH, 9KOHOMUYECKHX, B YCIOBHIX
CYILIIECTBEHHOMN HEONPENEICHHOCTH U HEIOCTATKa UCXOHBIX JaHHBIX, YTO, C TOUKHU 3PEHUS aBTOPA, SIBIAETCA
JOCTaTOYHO OOLIel cCUTyaluen A 3a1a4 paccMaTpruBaeMoOro TUIa.
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ON MODELING THE ECONOMIC ENVIRONMENT IN ASSESSING
THE CONSEQUENCES OF THE SPREAD OF EPIDEMICS

Yu. G. Rykov
Keldysh Institute of Applied Mathematics RAS, Moscow, Russia

When viral infections occur, especially when they develop into an epidemic, an adequate medium- and
long-term description of their spread and consequences on the scale of subjects of the federation and the state
as a whole, which takes into account such heterogeneous factors as, for example, the imposition and removal
of quarantine restrictions, psychological characteristics of population groups, the impact on the structure of la-
bor resources and the production process etc., requires the presence in one form or another of economic mod-
eling. That is, a predictive mathematical model of the spread of viral infections should be linked to a model of
the economic and social environment where such an infection spreads. The same combination will allow us to
assess the degree of economic and social deformation resulting from the impact of a viral infection/epidemic.

However, with this point of view, the resulting model may be too complex and require a significant
amount of reliable data from various fields of knowledge. To illustrate this state of affairs, we can cite, for
example, an agent model [1] or refer to SEIR+ models for describing the spread of infection and modern ap-
proaches to describing socio-economic phenomena [2]. Approaches and difficulties associated with collect-
ing reliable data for models are described, for example, in [3]. In this situation, the presence of very complex
systems and a lack of information to describe the economic environment accompanying the spread of a viral
infection/epidemic, we can propose a method related to the approach of cognitive modeling, namely, with
the concept of «cognitive maps».

Cognitive modeling has a long history, which is not mentioned here due to the limited scope of the pub-
lication. But its essence lies in the fact that a complex system is represented as an digraph that connects the
vertices — elements of the system — by means of edges — relations of elements. At the same time, both verti-
ces and edges can be assigned numerical or functional characteristics, the totality of which reflects the state
of the system. Let us briefly explain the connection of the above construction with some traditional means
of economic modeling. If we consider only two related elements and characterize the vertices with vectors
of observed values, and the edge with a probability distribution for the relationships of values, then such a
graph will represent a simple regression of some, for example, economic variables. If the graph consists of a
set of elements associated with only one output element, then this will be a multiple regression. Graphs in the
form of a directed tree represent neural networks, and a general graph reflects more complex dependencies
associated with the structure of the system, expressed, for example, through the presence of cycles of differ-
ent lengths. It is possible to introduce the characteristics of such a structure, see [4]. An illustrative example
of economic modeling is contained in [5]. Approaches are also possible that allow searching for the optimal
state of the system in some sense, for example, when exposed to a viral infection/ pandemic [6].

At the same time, cognitive modeling assumes a fairly fast procedure for rebuilding the model and the
ability to play a large number of variants, it can also be used with a significant lack of information, as well
as apply optimization procedures for rational selection of the «best» state of the system. Thus, this approach
has sufficient flexibility and adaptability to build models, in particular, economic ones, in conditions of sig-
nificant uncertainty and lack of initial data, which, from the author's point of view, is a fairly general situation
for tasks of the type under consideration.
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COBCTBEHHBIA ONBIT IPUMEHEHUS CTEPEOTAKCUYECKOM
JYYEBOM TEPAIIUMU B JIEYEHUU JIOKAJIM30BAHHOT O
PAKA ITOYKH Y HEONIEPABEJIbBHBIX ITAIIUEHTOB

K. E. Cabenvnuxosa, M. M. Capviuesa, E. A. Mozeposa, A. A. Jlosickos

I'AY3 «YensOuHCKUI 0067aCTHOM KIIMHUYECKUH IEHTP OHKOJIOTHH U SJEPHON MEAUIIUHEDY, UensaOnHCK,
Poccus

AKTYaJIbHOCTB: B HACTOSIILEE BpeMs CTAHAAPTOM JIeYeHHUs TodedHO-kiaeTouHoro paka (ITIKP) saensercs
omepauus B 00beMe He()PIKTOMUH WK pe3eKIn Mouky [ 1]. OnHako mpoBeeHHEe XUPYPTruIeCKOro JIeUeHUs
HE BCeraa BO3MOXHO. TpaJuiMOHHO paK MOYKH CYMTAETCsl yCTOWYMBBIM K JTy4eBOH Tepanuu [2], HO croco0-
HOCTB JIOCTaBJISITh BBICOKHE JI03bI C MTOMOILIBIO cTepeoTakcudeckoi ydeBoi Tepanuu (CTJIT) mo3Bonmia
MIPEOIONIETh PaAHOPE3UCTEHTHOCTh OIYXOJIH MOYKH U CHAEIaTh 3TOT BUJ JIEUEHHs ONTUMANbHOM ajabTepHa-
TUBOW XUPYPrUYECKOMY JICUCHHUIO Y HeomnepaOeabHbIX WIIM OTKa3aBILIUXCS OT ONEpaliy NanrueHToB [3, 4].

Heas: onpenenuts 3pdekTuBHOCTL M TokcHuHOCTH npoBeaeHHoi CTJIT npu mopdonornuecku Bepudu-
LUPOBAHHOM JIOKQJIM30BAaHHOM pPaKe MOYKH.

Marepuaisbl u MeToabl ucciaeaoBanus: ¢ 2011 mo 2021 r. Ha 6aze UensOMHCKOTO 00IACTHOTO KITMHU-
YeCcKOro HeHTpa oHkonoruu u siaepuoit meauuasl (YOKLO u SIM) 42 nanueHTam ¢ THCTOJIOTUYECKH MOJ-
TBEPKACHHBIM pakoM mouku nposoaunack CTJIT no cymmapHnoii ouaroBoii 103b1 B 30—45 I'p 3a 3 ¢ppakunu
Ha anmapare CyberKnife. CTJIT npoBoannacek B ciydasx HeonepaOeIbHOCTH MAllMeHTa, 0TKa3a MallueHTOB
0T omepaluy, Npu pazMepax omyxonu a0 5,0 cm B auamerpe. He npoBogunace CTJIT npu 3HaunMoM Hapy-
meHur QYHKIUH OYeK (XpoHUYecKas 0one3Hb mouek C5), reHepain3auuy mpoiecca, py AeKOMIIEHCAUN
COITyTCTBYIOIIEH MaTOIOTHH, IPH pa3Mepax omyxonu oomnee 5,0 cMm B auamerpe. Cpeqauii Bo3pacT OOJIbHBIX
cocraBun 67,9 net. YV 93% nanuenToB Obita | cragus paka nouku. [lepBuynas onmyxonb ObUTa TUarHOCTH-
poBaHa B 37 ciy4asix, B 6 — peluaUB MOCJIE ONEPaTUBHOIO JICYEHNUS, B TOM 4Hcie y | manueHTa — peunuans
paka obenx moyek. CpeqHuii 00beM omyxoiu coctaBui 28,1 o’

Pe3yabTarsl: MeauaHa obuieii BekuBaeMoctu (OB) He Oblta JOCTUTHYTA, TaK KaK OOJILIIMHCTBO ITallUeH-
TOB (36 4eoBeK) Ha MOMEHT MCCIE/I0BaHUs ObLTHM kuBHI. [lokazarenu 1-, 3- u S5-netneét OB cocraBuin
94,1%, 88,7% u 72,6% COOTBETCTBEHHO. l-JE€THMI JIOKaIbHBIM KOHTpONb coctaBui 93%. B 26,2% ciy-
yaeB 3aukcupoBaH dacTH4HbIM orBeT Mo Kpurepusim RECIST 1.1 cmycta 3—-6 mecsue mocne CTIIT,
B 66,8% — crabunmuszauus mpouecca, B 7% (3 mauueHTa) — mporpeccupoBanue. IlodedHass TOKCHYHOCTh
BO3HUKJA Yy 23,8% manueHToB cycTs 3 Mecsla nocie NpoBeeHHOM JIy4eBOl Tepanuy, HO B TEYEHHUE rofia
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q)YHKLII/Iﬂ IMOYCK y 3TUX MAIIUCHTOB OblIa BOCCTAHOBJICHA.

BoiBOabI: CTIIT paKa MOYKU ABIIACTCA 3(1)(1)CKTPIBHLIM N HCTOKCHYHBIM MCTOAOM JICHCHUS JIOKAJIN30-
BAHHOI'O0 paKa MOYKHU U MOXKCT OBITh aJIBTCpHaTHBOﬁ XUPYPrud4cCKOMYy JICUCHHUIO Y HCOHCpa6€J’ILHLIX niIn
OTKa3aBIINXCA OT ONI€paly MaluCHTOB.
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OWN EXPERIENCE IN THE USE OF STEREOTAXIC
RADIOTHERAPY IN THE TREATMENT OF LOCALIZED KIDNEY
CANCER IN INOPERATIVE PATIENTS

Zh. E. Sabelnikova, M. M. Sarycheva, E. Ya. Mozerova, A. A. Lozhkov

State autonomous institution of health care «Chelyabinsk regional clinical center of Oncology and nuclear
medicine», Chelyabinsk, Russia

Relevance: currently the standard treatment for renal cell carcinoma (RCC) is surgery in the amount
of nephrectomy or kidney resection [1]. However surgical treatment is not always possible. Traditionally
kidney cancer has been considered resistant to radiotherapy [2], but the ability to deliver high doses with
stereotactic radiotherapy (SBRT) has made it possible to overcome the radioresistance of the kidney tumor
and make this type of treatment an optimal alternative to surgical treatment in patients who are inoperable
or refuse surgery [3, 4].

Objective: to determine the efficacy and toxicity of the performed SBRT in morphologically verified
localized kidney cancer.

Materials and methods of research: since 2011 to 2021 on the basis of the Chelyabinsk Regional
Clinical Center of Oncology and Nuclear Medicine, 42 patients with histologically confirmed kidney can-
cer underwent SBRT with a total focal dose of 30-45 Grey per 3 fractions using the CyberKnife apparatus.
SBRT was performed in cases of inoperability of the patient, refusal of patients from surgery, with tumor
sizes up to 5.0 cm in diameter. SBRT was not performed in case of significant impairment of kidney func-
tion (chronic kidney disease C5), generalization of the process, decompensation of concomitant pathology,
with a tumor size of more than 5.0 cm in diameter. The mean age of the patients was 67.9 years. 93% of
patients had stage I kidney cancer. The primary tumor was diagnosed in 37 cases, recurrence after surgi-
cal treatment in 6 cases, including 1 patient with recurrence of cancer of both kidneys. The average tumor
volume was 28.1 cm’.

Results: the median overall survival (OS) was not reached as the majority of patients (36 persons) were
alive at the time of the study. The 1-, 3-, and 5-year OS rates were 94.1%, 88.7%, and 72.6%, respectively.
1-year local control was 93%. In 26.2% of cases, a partial response was recorded according to the RECIST
1.1 criteria 3—6 months after SLT, in 66.8% — stabilization of the process, in 7% (3 patients) — progression.
Renal toxicity occurred in 23.8% of patients 3 months after radiation therapy, but within a year, renal func-
tion was restored in these patients.

Conclusions: SBRT for kidney cancer is an effective and non-toxic treatment for localized kidney cancer
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and may be an alternative to surgery in patients who are inoperable or refuse surgery.
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IHOBTOPHASA JTYUYEBAS TEPAIINSA B TEYEHUU BOJIBHBIX
C IPOAJOJKEHHBIM POCTOM INEPBUYHbIX
BBICOKO 3JIOKAYECTBEHHBIX I'IMOM I'OJIOBHOI'O MO3T'A

M. M. Capviuesa

I'AY3 «YensOuHCKUI 0067JaCTHON KIIMHUYECKUHA IEHTP OHKOJIOTHH | SJEPHON MEAWIIUHEDY, UensaOnHCK,
Poccus

OI'BOY BO «HOxHO-Ypanbckuii rocyIapcTBEHHBIA MEAUITMHCKAN YHIUBEpCcUTEeT» MuH3apaBa Poccun,
Yenabunck, Poccus

Leas ucciaenoBanusi: onpenencHue Hauodonee 3pPekTHBHOr0 BapuaHTa MOBTOPHOI JTIy4eBOW Tepanuu
y MAIMEeHTOB C NMPOAOKEHHBIM POCTOM IEPBUYHBIX BBICOKO 3JI0KaYECTBEHHBIX INIMOM TOJOBHOTO MO3Ta,
C YYETOM H30/103HOTO PACIIPENENICHNUS IPU MPOBEIEHUH MIEPBUYHOTO Kypca JTy4eBOM Tepanuy.

Marepuansl 1 MeToAbl: PeTpocnekTHBHO ObLTH OlLeHeHBl pe3yasraThl 100 mauueHToB ¢ AUarHOCTHPO-
BaHHOH Mporpeccueil TNMOM BBICOKOW CTENEHH 3JI0KaueCTBEHHOCTH, mponedeHHbIX B [AY3 «UensOnnckuit
00JIACTHOM LEHTP OHKOJIOTHH U sAaepHON MeauiuHbl» B epuof ¢ 2010 nmo 2020 . CooTHOIIEHHE MY>KINH
Y KEHIIWH ObLTO MPUOIU3UTETHHO PaBHBIM (56 My>xunH U 44 sxeHiuH). CpeHN BO3pacT NaeHToB 000uX
nojoB coctaBui 47,2 £ 11,9. CormacHO TUCTOJIOTHYECKOMY 3aKITIOUEHHUIO Mpeodianand OoNbHbIE C TIIHO-
6nactomamu (n = 58), y 42 nauneHToB ObUIa TUarHOCTHPOBaHA aHAIUIaCTHUYECKas acTpouuToma. Peomnepa-
uus npoBenena y 31 6onpHoro. [ToBTopHas mydeBast Teparusi B CaMOCTOSITEIBHOM BapHaHTe ObLiia BHITIOIHE-
Ha 68 manuenTaMm u3 HuX: 17 GONBHBIX HOMYYMIN KypC HEMPOHHOH Tepanuy B MOHOPEXKUME U Y 8 TTaLIMEHTOB
B COUETaHMHM C JUCTAHLMOHHOM JTyueBOW Tepamuel; 26 mpoBeneHa CTepeoTakCHuecKas JIyueBasi Teparnuu
(CTJIT) na anmapare CyberKnife; B 17 cnyyasix — quctaHuroHHas TydeBas Tepanust. B 32 cnyvasx B nobas-
JICHUE K JIy4eBOMY JICUCHHIO ObLIT 100aBIE€H XUMHOTEPANIeBTUIECKUI KOMIIOHEHT.

PesyabTarsi: CpenHee BpeMsi BOSHUKHOBEHHSI PELUANBA cOCTaBWIO 23 Mecsina. Meanana oOuieid BbI-
xuBaemoctu (OB) mns Bcex maruentoB — 43 mec. (AU 34,7-51,3). [lokazarenu 1-netneit OB — 95,0%;
2-x jeTHen — 65,7%:; 3-x netHer — 53,6%, S-netneii — 37,3%.

IIpu cpaBHEHUU PE3YNBTATOB JIEUEHUS C YIETOM TMCTOJIOTHYECKOTO 3aKJIF0UEHHUS HAWTYYIlIHe TOKa3aTelnn
OB 3aukcupoBaHbl y MAaLMEHTOB C MPOTPECCHPOBAHUEM IMEPBUYHBIX aHAIUIACTHYECKUX aACTPOLUTOM TO-
JIOBHOTO MO3ra B CpaBHEeHMU ¢ riuoOiactomamu 51 mec. mpotus 34 mec. (p = 0,005).

B 3aBucuMOCTH OT BHJa JIy4eBOW Tepamuu: HanOojee BEICOKUE MoKa3aresn MeTo] cnenuduueckoit OB
(unm BEDKMBaeMOCTH 0e3 mporpeccupoBanus) okazanuch npu nposeaenur CTIIT u coueraHHo#l HOTOHHO-



COOEPXAHUE HA NPEALIAYLWYIO CTPAHULLY HA CNEAYIOLWYIO CTPAHNLY MEYATb

HeNTpoHHOM Tepanueit 24 mec. u 40 mec.

Cpenu 60pHBIX, BOLICALINX B Hallle UCCIe0BaHNE Y OONBIIMHCTBA MAMEHTOB 42 Yell. ObIII OTMEYEHEI
HEHTpaJbHbIE PEUUANBHI (IPH KOTOPHIX 95% miu Gonee o0beMa PeUANBUPYIOLIEH OITyXOJIU HAXOAUIOCH
B mpenenax 100-95% nepBoHauanbHOW M301103b1), Y 6 — KpaeBble peunansbl (20 mo 80% penuauBHOTO
o0beMa HaxoIUTCS BHYTPHU MOBEPXHOCTH 95% M30103b1), U B 2-X cioydasx 3a()MKCHPOBaH OTAAJICHHBIN pe-
nuauB (MeHee 20% penuauBHOTO 00beMa HaXOAUI0Ch BHYTpU 95% 130710361).

JucranTHele peunauBhl (KpaeBble U OTAAJEHHBIC) BOZHUKAIM B CPOK B cpelHeM B 12 Mmecsies, B TO
BpeMs1 KaK IIeHTpajbHbIe PELUINBEI JHarHOCTHPOBAINCH B CPeHEM Yepe3 26 MecsIeB, MOCiie OKOHYaHUS
Kypca Jy4eBOro (XMMHOIYUYEBOTI0) JICUCHHS.

3akmiouenne: TakuM 00pa3oM, IpU aHAJIHM3€E MOJYUYSHHBIX JAHHBIX BCEM MAllMEHTaM C MPOAOJLKEHHBIM
POCTOM MEPBUYHBIX BBICOKO 3JI0Ka4€CTBEHHBIX TJIMOM TOJIOBHOTO MO3Ta METOZOM BBIOOpa MPH MPOBEIECHUN
MOBTOPHOTO Kypca JIy4eBOH Tepaluu sIBJISIETCS CTepEeOoTaKCHUeCKas JTydeBasi Teparnus Uik COYeTaHHBIA Kypc
(OTOHHO-HEUTPOHHOM Teparnuy, MO3BOIAIOLUINX MPEON0IETh UMEIOLIYIOCS Paluope3NCTEHTHOCTb.

REPEATED RADIATION THERAPY IN THE TREATMENT
OF PATIENTS WITH CONTINUED GROWTH OF PRIMARY HIGHLY
MALIGNANT BRAIN GLIOMA

M. M. Sarycheva

GAUZ “Chelyabinsk Regional Clinical Center of Oncology and Nuclear Medicine”, Chelyabinsk, Russia

Federal State Budgetary Educational Institution of Higher Education “South Ural State Medical University”
of the Ministry of Health of Russia, Chelyabinsk, Russia

The purpose of the study: was to determine the most effective option for repeated radiation therapy in
patients with continued growth of primary high-grade brain glioma, taking into account the isodose distribu-
tion during the initial course of radiation therapy.

Materials and methods: The results of 100 patients with diagnosed progression of high-grade glioma
treated at the Chelyabinsk Regional Center of Oncology and Nuclear Medicine in the period from 2010 to
2020 were retrospectively evaluated. The ratio of men and women was approximately equal (56 men and
44 women). The mean age of patients of both sexes was 47.2 £ 11.9. According to the histological conclu-
sion, patients with glioblastomas prevailed (n = 58), 42 patients were diagnosed with anaplastic astrocytoma.
Reoperation was performed in 31 patients. Repeated radiation therapy in an independent variant was per-
formed in 68 patients of them: 17 patients received a course of neuronal therapy in mono mode and in 8 pa-
tients in combination with external beam radiation therapy; 26 patients underwent stereotactic radiotherapy
(STRT) using the CyberKnife device; in 17 cases, remote radiation therapy. In 32 cases, a chemotherapeutic
component was added in addition to radiation treatment.

Results: The median time to relapse was 23 months. Median overall survival (OS) for all patients was
43 months. (CI 34.7-51.3). Indicators of 1-year OS — 95.0%; 2-year-old — 65.7%; 3-year-old — 53.6%,
5-year — 37.3%.

When comparing the results of treatment, taking into account the histological conclusion, the best OS
indicators were recorded in patients with progression of primary anaplastic astrocytomas of the brain in
comparison with glioblastomas 51 months old. against 34 months (p = 0.005).

Depending on the type of radiation therapy: the highest indicators of the method of specific OS (or
progression-free survival) were found with SPLT and combined photon-neutron therapy for 24 months. and
40 months.

Among the patients included in our study, the majority of patients 42 people. central recurrences were
noted (in which 95% or more of the recurrent tumor volume was within 100-95% of the initial isodose),
6 had marginal recurrences (20 to 80% of the recurrent volume was within the surface of 95% isodose), and
2 cases, a distant recurrence was recorded; less than 20% of the recurrent volume was within 95% of the
isodose.).

Distant recurrences (marginal and distant) occurred within an average of 12 months, while central recur-



COOEPXAHWE HA MPEABIAYLLYIO CTPAHULY HA CNEAYIOLLYIO CTPAHULY MEYATb

rences were diagnosed on average 26 months after the end of the course of radiation (chemoradiation) treat-
ment.

Conclusion: Thus, when analyzing the obtained data, in all patients with continued growth of primary
high-malignant brain glioma, the method of choice for a repeated course of radiation therapy is stereotactic
radiation therapy or a combined course of photon-neutron therapy, which allows to overcome the existing
radioresistance.
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MATEMATUYECKOE MOJAEJIHUPOBAHUE
3ABOJIEBAEMOCTH COVID-19 B MOCKBE
C IPUMEHEHUEM ATEHTHOU MOJEJIN

A. B. Coxonos, B. B. Bracos, A. M. /lepsioun, O. B. 3ayenun, A. JI. Kapmanos, C. H. Jlebeoes,
I H. Pvixosanos, H. A. Tennvix, K. E. Xamynyes

OI'VII «Poccuiickmii @enepansubiii Anepusiii Lientp — Beepoccuiickuit HUM texnnueckoit pusuku
nmenH akagemuka E. . 3a0abaxunay», CHexxuHck, Poccus

[Nossnenne nangemuun COVID-19 co3nano upe3BbIYaliHyI0 CUTYalXIO B 001acTH 00LIECTBEHHOTO 3/1pa-
BOOXPAHEHMsI IO BCEMY MHpY, a TakKe MOCTABWJIO MEpes] MHOTUMHU CTpaHaMU CEphe3HbIE 3aJauM, KOTO-
pble TpeOoBajIM ONMEpaTHBHBIX, MPOIYMaHHBIX M, caMOe IJaBHOE, 0OOCHOBAHHBIX JcHCTBHHA. B TeueHue
2020 rona u nepsoii mosmouHbl 2021 roga B Poccuiickoit @enepanuy ObLIM MPUHSTH MEPHI JJI HEAOMYIIC-
HUS HanOoJiee HeOIaronpusATHOTO CLEHAPHsI Pa3BUTHS COOBITHIA: BBEICHUE CTICHAIBHBIX MPAaBUII IS JIHLI,
BBEIKAIOIINX B CTPaHy, OrpaHUuEHHE Ha MOCEUICHne 00IeCTBEHHBIX MECT, TIEPEX0/l Ha yIaIeHHYIO paboTy
u yueOy, BBeaenue QR komoB U T. 1. MeIMIMHCKON CUCTEMOM MIPUHSATH MEPHI 1715l HOBBILICHHUS BEPOSITHOCTH
BBISIBJICHHUS M JICYeHUS OOJIbHBIX, pa3BepHyTa CUCTEMa BaKIWHAIIMN HACEICHUS.

[ OLlEHKHM COOTBETCTBHSI IPUHUMAEMBIX MEpP MOTPEOOBAIIOCH OCYIIECTBIISATH IPOTHO3UPOBAHUE Pa3BH-
TUS CUTyallMM MIPU Pa3NUYHBIX CLIEHAPUAX peryaupoBaHus. B cOBpeMEHHBIX YCIOBUAX JUISl pEIICHUS TaKUX
3a/lady aKTHUBHO NMPUMEHSAIOTCA MaTeMaTU4eCcKUe MOJENH, KOTOPbIE UCTIONb3YIOT HAKOMIJIEHHBIN MacCUB JaH-
HBIX KaK O MPOIIEAIINX MUAEMUAX, TaK U O TEKYyILEH, JUIsl ONMCaHNs JaJlbHEHIIEero pa3BUTHS SIHIEMHUOIIO-
THYECKOro Mpolecca.

Haubonee ruOkumM MeTOIOM, peaM3yoNIMM MOAEIUPOBAHHE Ha YPOBHE OTHENBHBIX JIIOACH, SBISETCS
areHTHoe MozaenupoBanue. OHO HCCIIEAYeT MOBEJCHNE OTAEIbHBIX HHANBUAYYMOB (areHTOB) U TO, KaK Ta-
KO€ MOBEJICHUE ONpEAETAET OBeIeHUE Bcel ccTeMBl B 11esioM [ 1, 2]. B ciyyae MoaennpoBaHus 3NuIeMUH
paccunThIBaeTCs IWHAMUKA MOBEICHUS KaXKIOTO areHTa, a BePOsSTHOCTh MH(UIMpOBaHUS NMpu mpeObiBa-
HUH B Ka)IOM KOHKPETHOM OOILECTBEHHOM MECTE BBIYHCIISAETCS, UCXOAS U3 KOIWYECTBA MPUCYTCTBYIOLINX
B HEM NIEPEHOCUYNKOB HH(pEKIMH. Takol MOaX0 MO3BOJISIET HAKAIJIMBATh B XOA€ MOJICIIMPOBAHUS JETATbHYIO
HHPOPMALIHIO O PACHPOCTPAaHEHUH HH(EKINHU B 00IIECTBE U aHATU3UPOBaTh 3()(HEKTUBHOCTH ACHCTBHIA, Ha-
MIpaBJIEHHBIX Ha yIIpaBlieHUE dnuaeMuei [3].

B nepBoii monosune 2020 roga B POSAL] — BHUUT® 6blna pazpaboTana cToxacTH4ecKasi areHTHasI MO-
JIeJ1b, TO3BOJISIONIAs ONMCHIBATh PA3BUTHE AMMIEMUH KOpoHaBupyca B Meranoiuce [4]. OHa nomyuuia pas-
BUTHE B MOCIEAYIOLIUE TOIBI [5—7].

Hcnonp3oBaHue areHTHO-OPUEHTUPOBAHHOTO MojaenupoBaHus (AOM) Mo3BOIMIIO CO3JaTh pealucTHy-
HYIO 3TIHIEMHOJOTHYECKYI0 MOAEJb, B KOTOPOH YUYUTHIBAIOTCS: OCOOCHHOCTH MPOTEKaHMs KOHKPETHOTO
WHQEKIIMOHHOTO 3a00IeBaHMs, HEOIHOPOAHOCTh HACEJICHUSI TOPOJOB C TOUKU 3PEHHUS] BOCIIPUUMYHUBOCTU
K WH(EKIUH, THTEHCUBHOCTh COL[MATIbHBIX KOHTAKTOB. MOJIeNIb IO3BOJISIET BBIIENATh HANOOJIEE BEPOSITHEIC
KaHaJIbl 3apakKeHHUs U MPOTHO3UPOBATh S(PGEKTH OT BBEIEHHS PA3IUYHBIX BApPUAHTOB OIPaHMYUTENBHBIX
Mep. YUUTHIBAETCS! ANHAMHKA COCTOSIHUS areHTOB Mociie MHPUIUPOBaHUs, CHU)KEHHE U MCUYE3HOBEHHE UM-
MYHUTETa, IPUOOPETEHHOTO B pe3ynbTaTe OONe3HU WM BaKIMHALUK. BO3ZMOXHOCTH MOIENN BKIIOYAIOT
ONMCAaHNE COBMECTHOIO PACIIPOCTPaHEHHsI HECKOJIBKMX BapHAaHTOB BHUPYCA, BKIIOYAs 3aMEIlEHUE MepPBOHA-
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YaJbHOTO IITaMMa HOBBIMM BapuaHTamH. biaromapst TuOkoMy nHTepdeiicy umMeercsi BOSMOXKHOCTD Bapbu-
poBarh mapaMeTpsl HHGEKIUH, He orpaHuunBasich pamkaMu COVID-19, cooTBETCTBYS yPOBHIO aKTyaIbHBIX
nepeoBhIX Pa3paboTOK B MaTeMaTHUECKOH snuaeMuonoru [8,9].

[IponemoHCcTpUpOBaHO NMpUMEHEHHE MOnenH A onucanus anuaemun COVID-19 B Mockse B epuon
¢ 2021 mo 2023 rox. IlokazaHa BO3MOKHOCTh IIOCTPOEHHUS MPOTrHO3a Ha 1-3 Mecsna ¢ yueToM MOsIBIECHUS
HOBBIX BapuaHTOB SARS-CoV-2. [IpoBenieHbl pacueTHBIE HCCIIENOBAaHUS CLIEHAPUEB Pa3BUTHUA CUTyallUd
B 3aBUCHMOCTH OT OTPaHUUYHUTEIBHBIX MEP U JEUCTBUI MEIUIIUHCKON CHCTEMBI.

Jluteparypa

1. Maxkapos, B. JI. AreHTO-OpHEHTUPOBAaHHBIE MOJCIN: MUPOBOM ONBIT M TEXHUYECKUE BO3MOXKHOCTHU
peanu3anmu Ha cynepkomnbiotepax [Tekcr| / B. JI. Makapos, A. P. baxtusun, E. /. Cymiko, B. A. Bacenus,
B. A. bopucos, B. A. Poranos // DOI: 10.7868/S0869587316030075.

2. Kopumauna, M. A. UHIMBUIYYyM-OPHUEHTUPOBAHHAS MOJIENIb PACIIPOCTPAHEHUS SMUACMUN B TOPOACKHUX
ycnoBusix [Tekcr] / M. A. Kopuununa, B. [I. TlepmunoB / Maremarudeckoe mozaenupoBanue. — 2007, —
Ne 5. -C. 116-127.

3. AreeBa, A. ®. lMuTanMmoHHOE MOJCIMPOBAHUE SMUACMHUIA: areHTHbIH momxon [Tekcr] // Moge-
JUpOBaHHUE, ONTUMH3aUMs U WHPopManroHHbie TexHodoruu. — 2020. — T. 8, Ne 3. DOI: 10.26102/2310-
6018/2020.30.3.030.

4. Anapuenko, B. A. MonenupoBanue pa3BUTHS MMUIEMUH KOPOHABHPYCa M0 TU(PPEpEHIIUAIBHBIM U CTa-
tuctruaeckuM mozensm [Teker] / B. A. Anapuenko, C. A. babanb, A. A. Bparun u ap. — CHexunck : U3n-Bo
POAL — BHUUT®, 2020.

5. 3amenun, O. B. Arentnas mozuens pazutus smugemun COVID-19 [Teker] / O. B. 3anenun, A. A. bpa-
ruH, B. B. BrnacoB u np. / XV Mexnynapoanas koadepenuus «3ababaxuHcKue HaydHbIE YTCHUS»: cOOp-
HUK TE3UCOB A0KIaa0B. — CHexuHcK : U3n-so POSAL] — BHUUT®, 2021.

6. CokxonoB, A. B. Dnumemus kak moBeicHHe auHamuyeckoi cucteMbl [Tekcr] / A. B. Coxonos,
O. B. 3anenun, C. H. Jlebenes, I. H. PrikoBaHoB // Beepoccuiickasi HayqHO-TIpaKTHUECKash KOH(EpeHIHsI
«AKTyaJlbHbIE BOTIPOCHI TYOSpKyIie3a U MHPEKIIMOHHBIX 3a00JIeBaHUM. YpoKku nanaemMun», Mocksa, Poccus,
2022. https://www.jun2022.rofconf.ru/.

7. PoikoBaHoB, I. H. ArentHsiii nogxon kK moaenupoBanuto snugemun COVID-19 B Poccuiickoit ®ene-
pamuu [Tekcr] / I. H. PrikoBanos, C. H. Jlebenes, O. B. 3auenun u ap. // BectHuk poccuiickoii akageMuu
Hayk. —2022. —T. 92, Ne 8. — C. 747-755.

8. Kerr, C. C. Covasim: an agent-based model of COVID-19 dynamics and interventions [Text] /
C. C. Kerr, R. M. Stuart, D. Mistry, R. G. Abeysuriya, K. Rosenfeld et al. // PLOS Computational Biology. —
2021.—Vol. 17, No. 7. — P. €1009149. https://doi.org/10.1371/journal.pcbi.1009149.

9. Krivorotko, O. Agent-based mathematical model of COVID-19 spread in Novosibirsk region: identifi-
ability, optimization and forecasting [Text] / O. Krivorotko, M. Sosnovskaia, I. Vashchenko // Journal of
Inverse and I11-Posed Problems. — 2022.

SIMULATION OF COVID-19 EPIDEMIC IN MOSCOW
WITH AN AGENT-BASED MODEL

A. V. Sokolov, V. V. Vlasov, A. M. Deryabin, O. V. Zatsepin, A. L. Karmanov, S. N. Lebedev,
G. N. Rykovanov, N. A. Teplykh, K. E. Khatuntsev

FSUE “Russian Federal Nuclear Center — Zababakhin All-Russian Research Institute of Technical Physics”,
Snezhinsk, Russia

The COVID-19 pandemic became an emergency for public health throughout the world which required
quick, elaborate and, first of all, well-founded countermeasures. During 2020 and the first half of the year
2021, the Russian Federation undertook actions to avoid the most unfavorable scenarios, including special
rules for those who enters the country, restricted visits to public places, remote work and study, QR codes etc.
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The health care system took measures to improve the probability of disease detection and cure, and started
vaccination.

To evaluate the adequacy of these actions it was necessary to predict how the situation evolves for differ-
ent intervention scenarios. Now such problems are often solved with mathematical models which describe
the further development of an epidemic process using an array of accumulated data on past and current
epidemics.

Agent-based modeling gives the most flexible method to simulate the process on the level of individuals.
It considers the behavior of each individual (agent) and its effect on the behavior of the entire system [1, 2].
In case of an epidemic, the behavior of each individual is computed in dynamics and the probability of its
infection in each specific compartment is calculated from the number of infection carriers present in the
compartment. This approach allows accumulation of detailed information on how the infection spreads and
evaluation of intervention efficiency [3].

In the first half of the year 2020, RENC—VNIITF developed an agent-based stochastic model to describe
the coronavirus infection spread in a megalopolis [4]. Its further development was underway in the years
which followed [5-7].

Agent-based modeling helped develop a realistic epidemiological model. It allows for peculiarities in
the course of the particular infectious disease, nonuniformity of urban populations in susceptibility to the
infection, and the intensity of social contacts. The model identifies the most probable infection channels and
predicts the effect of interventions. It considers the dynamics of the agent state after infection, and the reduc-
tion and loss of immunity acquired after sickness and vaccination. The model is capable of describing the
concurrent spread of several virus variants, including the change from the initial variant to the new ones. A
flexible interface makes it possible to vary infection parameters, not necessarily COVID-19, in conformity
with the level of advanced developments in mathematical epidemiology [8,9].

Capabilities of the model are demonstrated by the example of COVID-19 spread in Moscow in 2021—
2023. Predictions for 1-3 months with account for new variants of SARS-CoV-2 are shown to be possible.
Calculations are done to see how the situation evolves for different scenarios of therapeutic and non-thera-
peutic interventions.
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SMUAEMUYECKUNA KOPUJOP YIIPABJIEHUS
WHO®EKIIUOHHOM 3ABOJJEBAEMOCTBIO HACEJEHUS

B. B. Yepneyosa?®, FO. 1. Ilpocmos', M. FO. Ilpocmog', E. U. Becenosa', H. H. ITumenos',
3. B. Kapamog®, I /. Kamunckuii'

lorpy «HannoHaneHbI MEAUIIMHCKUHN HCCIENOBATEIBCKUI EHTP (DTU3UOMYIEMOHOIOTUN
1 MH(EKINOHHBIX 3a00eBaHnii MuHHCTEpCTBa 3apaBooxpaHenus Poccuiickoit denepanum», Mocksa,
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3PI'BY «HauuoHaNbHBIH HCCIIE0BATENBCKHI IIEHTP MMHIEMHAOJIOTHH U MUKPOOHOJIOTHH
umenu H. @. 'amanen MunucrtepcTBa 3paBooxpanenus Poccuiickoit @enepanun», Mocksa, Poccust

TpaekTopun NBUXKCHHS B QU3NISCKUX CHCTEMAX XapaKTEPU3YIOTCS Topasio OoJbIIel ONpeaeIeHHOCTRIO,
yem B Ononornyeckux [1]. OTcrofa BOSHHKAKOT CIIOXKHOCTH B IIOHUMAHUU PEXKUMOB YIPABJICHUS SITUICMU-
YECKHUM MPOILIECCOM. B OTHOLICHUH 3MUIEMUYECKOTO MPOIecCa HAMU YCTaHOBJICHBI CIEIYIONINE YIIpaBIs-
rorue Ko3(hOUIMEHTHI: A — UHTEHCUBHOCTh BaKIIWHAIIMH BOCIIPUUMYUBBIX U JJOKOHTAKTHOM MPOQUIAKTUKH,
0 — HIHTEHCUBHOCTD BBISIBJICHHS, H30JISIIIUU U JICYCHUST HHQUIIUPOBAHHBIX, 7 — BIMSIHUE Ha KOHTAKTHOE YUCIIO
WHQEKIIMY 32 CYET OCYIICCTBICHUS Mep 0€30ITaCHOCTU M CAHUTAPHO-TUTHEHUYECKUX MEPOTIPUSTHMA.

s hopMupoBaHUS SMUASMUYECKOTO KOPHI0PA OT BPEMEHH 3aK/Ia IbIBAIOT JBA TPAHUYHBIX YCIOBHS YII-
paBiieHus: 1-bIii — ¢ MAKCUMAaJIbHOW BEJIMYMHON MapaMeTpoB YIIpaBIeHUS 7, O, A; 2-0if — C MUHUMAJIBHOM,
HO JIOCTaTOYHOW BEIMYWHOU MapaMeTpoB yIpaBieHus 7, O, A. IlepeceueHne 3TUX KPUBBIX C OCBIO adCIUCC
MPEJCTaBISET COOOM BpeMs JOCTIDKEHHS ey (MUHUMAIILHOW KOHIICHTPAIIMM UCTOYHUKOB BO3OYIUTEIS
WHQEKIUHN) TIPU YCIIOBUM MUHHMAaTbHOW U MaKCUMAJIBHOM MHTEHCUBHOCTH KOHTpoJIs. Ha puc. 1 Ha mpumepe
MOJICJTEHOM MH(EKIMY TTpuBeeHO MuHIManbHOoe (200 nHeit) u makcuManbHoe (500 gHel) BpeMs JOCTHXKe-
HUS LEJIH, B COOTBETCTBUH C KOTOPHIMU MOJy4YaeM pa3Hylo AIUTEIBHOCTh yIpaBieHus. B xone peanuzanuu
HMHTEPBEHIIMOHHON MPOTrpaMMbl HHTEHCUBHOCTD IMAPaMETPOB KOHTPOJISI MEHSAETCS, HO TPACKTOPUS yIpaBiie-
HUS OCTaeTCs B Ipeieax 3MUAeMUIECcKOoTro kopuaopa. [Ipu koMmmeHcanuy HeToCTaTOYHOTO BIUSHUS OJTHOTO
U3 MapaMeTpoB YNPaBICHUS IPYTUMU MMapaMeTpaMu, TPACKTOPHUs YIPaBICHUS HEe TTOKUAAET TPAHULbI MU~
JEMUYECKOTO KOPUIO0pa.

WHTepecHa U apyras MOCTaHOBKA BOIIPOCA: YeM WHTCHCHUBHEE M BBISBICHUE MCTOYHUKOB BO30OYIUTEINS
WH(EKIUY, U BaKIMHAIMS, TEM 3HAYUTEIbHEH CHUXKAeTCs 3a00J€BaeMOCTh 3a OJIHO M TO ke BpeMs (puc. 2),
YTO MMO3BOJIIET PACCUUTHIBATH «CTOUMOCTE—3((EKT» MPOTUBOIIHIEMUICCKIX MEPOTIPUATHH.
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Trajectories of motion in physical systems are characterized by much greater certainty than in biological
ones [1]. Hence, difficulties arise in understanding the regimes for managing the epidemic process. With
regard to the epidemic process, we have established the following control factors: A — the intensity of vac-
cination of susceptible and pre-exposure prophylaxis, 6 — the intensity of detection, isolation and treatment
of infected, » — the impact on the contact number of infection due to the implementation of safety measures
and sanitary and hygienic measures.

To form an epidemic corridor, two boundary control conditions are laid from time to time: the 1st — with
the maximum value of control parameters r, 8, A; 2nd — with a minimum, but sufficient value of control
parameters r, 8, A. The intersection of these curves with the abscissa axis is the time to reach the target
(minimum concentration of sources of the causative agent of infection), provided that the control intensity is
minimal and maximum. Figure 1 shows the minimum (200 days) and maximum (500 days) time to achieve
the goal, according to which we obtain a different control duration. During the implementation of the inter-
vention program, the intensity of control parameters changes, but the control trajectory remains within the
epidemic corridor. When compensating for the insufficient influence of one of the control parameters with
other parameters, the control path does not leave the boundaries of the epidemic corridor.

Another question is also interesting: the more intense both the identification of the sources of the caus-
ative agent of infection and vaccination, the more significantly the incidence decreases over the same time
(Fig. 2), which allows calculating the “cost-effect” of anti-epidemic measures.

Fig. 1. Time t to target incidence reduction. Fig. 2. The amount of reduction in the number of sources
For infections with parameters R = 5.1; p = 0.000273973$; of the causative agent in logarithms O over 300 days
o =B =0.0714; k=0.0001; A {min} = 0.0001$; depending on the intensity of & treatment and A vaccination.
d{min} = 0.00018; A {max} = 0.0002; 8{max} = 0.0002 p=0.001578; R =3; k=0.0055; o = B = 0.074$. ¥_0 = 0.005;

X _0=0.33 (initial conditions)
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[IpencraBnena MaremMaTHYeCKasi MOZENb MIEKTPOAKYCTHUECKOM TOMOrpad)ui Ha OCHOBE 3aKOHOB COXpa-
HeHus. PaccMarpuBaeTcsi COBMELICHHAs TIOCTAaHOBKA OOpaTHOMW 3aa4M Il CUCTEMbl ypaBHEHUH aKyCTHKU
1 3JIEKTPOMHAMUKHY 10 ONPEEICHUI0 aKyCTUYECKUX U JIEKTPOMArHUTHBIX MTapaMeTPOB CPEIbl IO U3MeEpe-
HUSIM, CICTIAaHHBIX Ha TpaHulle uccieayemoit oonactu [1]. PaspaboranHas matemMaTndeckas MOJEINb TO3BO-
JISIeT peanu3oBaTh 0oJiee PeaTUCTUUHYIO MOJENb ¢ (PU3NYECKON TOUKH 3pEeHHS U KOHTPOJIUPOBATH COXpaHe-
HHE OCHOBHBIX MHBAPHAHTOB MPH PELLICHUH MPSIMBIX 1 00paTHBIX 3a1ad.

HccnenoBana maremarndeckass MOAEIb PACHPOCTPAaHEHHUS] aKyCTHUECKHX M SJIEKTPOMAarHUTHBIX BOJH
B OZIHOPOIHBIX M T€TEPOTEHHBIX 00IAaCTIX C HEOTPAKAIOUIMMHU TPAHUYHBIMHU YCIIOBHSMHU.

Pazpaboran MeTon pemenus KodpPpuUueHTHONH 0OpaTHON 3a1adyll BOCCTAHOBJICHHUS MTApaMETPOB CPEbI
M0 AOTIOJIHUTEIbHOM HHPOPMALIMH O PELICHUH MIPSIMOM 3aJa4u, U3MEPsIeMOH Ha IpaHMLIe HCCIEAYEeMOit cpe-
apl [2]. OOparHas 3a1a4a CBeJIeHa K 3a/1a4e ONTUMH3ALUH, KOTOpask peIaeTcss METOAOM I'PailueHTHOTO CITyC-
ka [3]. IlpuBenens! pe3ynsTaThl YUUCIEHHBIX pacueToB. [IpoBeieH cpaBHUTEIBHBIN aHAIU3 JIBYX MOIXOJ0B
JUIsl BEIYUMCIIEHHUA rpaguenTa ¢yHkuuoHana [4]. [lpumenena TexHonorus riryookoro oOy4eHus AJsi BoccTa-
HOBJICHUS TApaMETPOB CPEJIBI.

Pa6ota BemmonHena npu noaaepxkke mpoexra PHO 19-11-00154.
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A mathematical model of electroacoustic tomography based on conservation laws is presented. A com-
bined formulation of the inverse problem for a system of equations of acoustics and electrodynamics is con-
sidered to determine the acoustic and electromagnetic parameters of the medium from measurements made
at the boundary of the studied medium [1]. The developed mathematical model makes it possible to imple-
ment a more realistic model from a physical point of view and to control the preservation of basic invariants
when solving direct and inverse problems.

A mathematical model of the propagation of acoustic and electromagnetic waves in homogeneous and
heterogeneous regions with non-reflecting boundary conditions is investigated.

A method has been developed for solving the coefficient inverse problem of restoring the parameters of
the medium based on additional information about the solution of the direct problem measured at the bound-
ary of the medium [2]. The inverse problem is reduced to an optimization problem, which is solved by the
gradient descent method [3]. The results of numerical calculations are presented. A comparative analysis of
two approaches for calculating the gradient of the functional is presented [4]. Deep learning technology has
been applied to restore the parameters of the environment.

The work was supported by Russian Scientific Foundation project 19-11-00154.
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