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KuioueBble ciioBa: IOCJIEA0BATECIbHBIE MYTAallUN OECKOHEYHO OOJIBIIIOrO YHCIIa TEHOTHUIIOB; KpacBas 3a-
Jlavda 1Jid YpaBHCHUS [IOTOKaA U KBa3WJIMHEWHOTO napa6on1/1qec1<0ro YpaBHECHUA

Momusayus u yenv: JluHaMHKa NOIYJISIIMNA MHOTUX OHOJIOTMYECKUX BUJOB XapaKTepu-
3yeTcsl MOCAeA0BaTEIbHBIMUA MYTAI[USIMHU, B PE3yJIbTaTe KOTOPHIX BO3HUKAIOT HOBBIE I'e-
HOTHUITBI BUJIOB. TUMHYHBIMY NIPUMEpPAMH TaKOTO Mpolecca ABIAI0TCA JUHAMUKA MOITY-
nsn BUY wadexnmm u stmaemun Kosug 19 [1, 2]. AHanorngHbIe IpoI1iecchl HabIo-
JTAIOTCS B JUHAMUKE MOMYJISIIMNA pakoBBIX KIeToK [3, 4]. Tak, Hampumep, B pe3ynbTaTe
MOCII€I0BATENIbHBIX MyTallMii BO3HUKAIOT 64 pakoBble U MpepaKoBbIe KIETKU MOJKe-
mymouHoi xene3sl [5]. [IpencraBiennas B paboTe MareMaTHIeCKas MOACTh JUHAMUKA
MOIYJISIINY C TIOCJIEAOBATEIbHBIMUA MYTAaLMSIMA OCHOBBIBAETCS Ha CIEAYIOIINX IPEATIO-
JIO)KEHUSX.

1. MHOXeCTBO T€HOTHIIOB SBJSIETCS] OECKOHEUHO OOJBINM, M KaXKIOMY T€HOTHUITY
IIPUCBAUBAETCsI HOMEP X U3 MHOXecTBa [0, +-00).

2. IlokazaTenu pocTa F€HOTHUIIA 3aBUCST OT BPEMEHH.

3. JluHaMuka IJIOTHOCTH YHCJIEHHOCTH T€HOTHIIOB OIUCHIBACTCS JTOTUCTHYECKUM
ypaBHEHHEM, B KOTOPOM IpeJieNbHas YUCIEHHOCTh MOIMYJIALMHU 3aBUCUT OT BUJIA
(HOMepa) reHoTHIIA.

4. llocnenoBaTenbHbIE MyTAallUH M IOSBICHUE HOBBIX T€HOTHIIOB MPOHCXOIAT C
3aaHHON cKopocThio v(t) = 0,t = 0.

5. Hapsny ¢ mocnenoBaTrenbHBIMH MYTaLUsIMH BO3HHKAIOT 0OpAaTHUMbIE MYTallM{
MaJIoii THTEHCUBHOCTH [6].

IIpeniokeHHass MOAEIb HE YUUTHIBAET CIIyYalHbII XapaKTEP NOCTOSHHO BO3HUKAIOIIUX
MyTanuid. OgHaKO OONBLIIMHCTBO 3THX MYTALM HOCST TYNHMKOBBIA XapakTep U B IPO-
1iecce SBOIOIIH PEATU3YIOTCS JIUIIb T€ MYTallUH, KOTOPBIE CIOCOOCTBYIOT YCIEIITHOMY
BBDKMBAHHIO BUJIOB.

Peszynomamur: B pabote mokasaHo, 4YTO IpHU CACTAHHBIX NPEANIONOKECHUAX JTUHAMHUKA
MOIYJISIMY € ITOCTIEIOBATEIbHBIMU U3MEHEHUSIMHA TeHOTHUIIOB OITMCHIBACTCS KPaeBOM 3a-
Jlaveii /Ui ypaBHEHUS TOTOKa, KOTOpasi BO MHOTHX CITy4asiX JOIyCKaeT TOUYHbIE aHAIH-
TUYECKUE PEILCHHUS.

[IpenyioxxeHHas MOJeNIb JOMYCKaeT 0000IEeHHEe Ha CiTydyail, KOria HUMEeeTcsl HECKOIBKO
HE3aBHCHUMBIX BETBEH MOCIET0BATENIbHBIX MYTaIMil T€HOTHUIIOB.
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Motivation and Aim: Population dynamics of many biological species is characterized
by consecutive mutations that result in emergence of new genotypes. Typical examples
of such process include population dynamics of HIV infections and Covid-19 epidemic
[1, 2]. Similar processes are observed in population dynamics of cancer cells [3, 4]. For
example, as a result of consecutive mutations of pancreatic cells 64 types of cancer and
pre-cancer cells emerge [5]. In this work the mathematical model of population dynam-
ics with consecutive mutations is based on the following assumptions.
1. The set of genotypes is infinitely large, and each genotype is given a number x
from [0, +0).
2. The growth rate of genotypes depends on time.
3. The dynamic of density of the number of genotypes is described by a logistic
equation where the population limit depends on the number of a genotype.
4. Consecutive mutations and emergence of the new genotypes happen with a
given speed v(t) = 0,t = 0.
5. In addition to the consecutive mutations a reverse mutations of low intensity
appear [6].
The proposed model does not account for the randomness of constantly appearing mu-
tations. Nevertheless, the majority of such mutations are dead ends, and in the process
of evolution only mutations with facilitate the successful survival of the species actual-
ize.
Results: In this work it is shown that following these assumptions the population dynam-
ics with consecutive mutations of genotypes is described with boundary value problem
for continuity equation, which in many cases has analytical solutions.
The proposed model allows generalizations for describing cases with multiple independ-
ent branches of consecutive mutations.
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