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Paccwarpueaetcs monymamma GakTepmi nox AckcTeHeM anTHGHOTHKOE. YacTs
GaxTepmii yCTOMUMEA K JeACTEHIO AHTHOHOTHKOE, OHH MOTYT OBJajaTh Kak
GaKTepMIMTHEN, Tak H GAKTCPHOCTATHYECKHM ACHCTEHEM. VSHTHEAIOTCA MyTalmi
Gaxrepui. Mareyamiieckas MOASTs IpONeCCa MDECTABIAET COGOF  CHCTEMy
HeHHCHHEX ubepeHIHATSHEIX ypapmemmA. IIDOBOZMTCH KAMECTBCHHEIH H
KONNYECTECHHEN aHATH: MoZeun. B  KadecTBe NpHMEpa PacCMATPHRAIOTCA
MHKDOOPFaHHMEL EBIZHEAIOMHE EHEGOTEHITHYI0 THEEMOHIIO

Kniouessie c06a: TOMy AT GaKTEpHIE; AHTHOHOTHI; MATEMATHICCKAE MOZETS,

MATHEMATICAL MODELING
OF THE SENSITIVITY DECREASE OF MICROORGANISMS
CAUSING COMMUNITY-ACQUIRED PNEUMONIA
TO THE ACTION OF ANTIBIOTICS

S. Ya. Serovajsky’, L. V. Ananyeva’, E. M. Satbayeva®

T al-Farabi Kazakh National University
. Almaty, Kazakhstan
23 Asfendivarov Kazakh National Medical University
Almaty, Kazakhstan

We consider the population of bacteria under the action of antibiotics. Some of
the bacteria is resistant to antibiotics. Antibiotics may have both bactericidal and bacte-
riostatic action. Mutations of bacteria are considered. The mathematical model of this
process is a system of nonlinear differential equations. The qualitative and quantitative
analysis of the model is given. The microorganisms causing community-acquired
preumonia discuss as an example.

Keywords: bacteria population; antibiotic; mathematical model
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Ooft 13 HAHGOTee AKTYATSHEX MPOGIEM COBDEMEHHOR MEHIHHS! ABTACTCA TOTep
YBCTEHTETBHOCTH GOTe3HETROPHEIX GaKTepHil Kk AcicTEmIo atHomoTHK0R [1]. TTpobaca
AHTHOHOTHKOPESHCTCHTHOCTH BOSHHKTa TIDAKTHICKH 0JHOBDEMCHHO C CHHTSIONM NICDEEIX
AHTHOHOTHKOE, OTHAKO B NOCICINHC HECKOTBKO ACCATATCTHA OHa pHOGpeTacT
mue MacmTater [2]. BecKOHTPOTEROS MpHMCHCRHE GHTHOHOTHKOR ECTCACTEHE HX Oeape-
LENTYPHOTO OTIYCKa, (TPOQMIAKTHMCCKOS) HX HaIHATCHHC NIPH BHPYCHBIX HEQCKIHT,
HenpaBMTSHEI BHIOOp AHTHOHOTHKA, PEAMMNA ST JOIMPOBIHHA AT ATHTCISHOCTH AeTe-
HI%, 2 TaiKe HeCOBTIOACHHE NAIHCHTAMM EPACOHBIX PEKOMEHIAIH ABITOTCA NPHTHHOH
QOpMMpOBAHEZ M pACTDOCTPIHCHHA  QMTHOMOTHKOSHCTGHTHBX  IITAMMOB
MO, "IT0 CerOZHA ABIACTCA FIOATSHOR NPoGIeMof 214 Bcex cTpas 3mpa [3, 4]. Orposmsie
CpeACTEA BEIACTMOTCH A PAspAGOTKY HOBBIX MCFMIMHCKHX NPENaparos ATa GOpsbH
apooprasmzyans. OFHaKo GAKTEpHI CPARHATETEHO GHICTPO K HIM NPHCTIOCAGTHBAIOTCA.
B oTHX YCTOBHAX UpeSBEMAfHO BAXHBIM CTAHOBHTCA BEUBTCHHE MeXaHH3MA
T GaxTepuii K ACHCTEMIO aHTHOHOTHKOE. ONPEACTEHAYIO TIOMOME B 3TOM HANPABICHHN
MOTYT 2aTh METO MATEMATHYIECKOF MOACTHPOBAHTA.

MarevaTiIccKue  MOASTH IIMPOKOTO KIACCA  MEAMKO-GHOTOFMNCCKIX  IHMPOKO
nomsayoTea Ba npaxTHke (ca., Hanpmiep, [5-7]). Mst HCTOTayeM MATEMATHIECKYIO Mo~
AeT oy AR GaxTepmi oA AcACTEHEN AHTHOROTHEOE (8]

PaccyaTpHBacTCA HEOTHOPOINAZ MONYIAUNA GAKTPHH, HEKOTODHE M2 KOTOPBIX
IYBCTEHTENHBI K ACHCTEMIO aHTHOMOTHKA, a ADYTHe — YCTOMMHEEI K HEMY, T. .
PesHCTORTHEL VHTHBACTCH BTNAMHE AHTHOHOTHKOE, KOTOPOS MOKCT OKAZHEATE KaK
GaxTepmmTHOE, Tax M GaKTepHOCTATIcCKoe ACHCTEHC. VMTMBAOTCA  MyTANME,

BCIeICTEHE KOTODEIX GAKTEDHH MOTYT MPHOGDECTH MIH HOTEDATE IeH YCTOHSHEOCTH K
Zeficremo  amTnGHOTMKa. [laMHEUA NpONecc ONHCHEACTCH CHeAyiomeli  CHCTEMOR

HeTHHEHREDS A beperIHATE HE ypaBHeHHi:
a

S oo sl LA LRGN (&)
. . a
% [ﬂ:*!’:(aﬂz)]xﬁmlﬁ @
60 =26, 5,(0) =y, 6}
e x, — YHCIEHHOCTE IYECTEMTEIHELX GakTepHi,
X, —HCIEHHOCT DESHCTEHTHBIX GaKTepHi,
@ —IPHPOCT YHCIEHHOCTH TYECTEHTETLHEIX GAKTEpHI,
@, — IPHPOCT THCICHHOCTH PESHCTEHTHEIX GAKTepHI:,
B — [OKAaTeTh BIMAHHA OTPAHHYEHHOCTH XHSHEHHOTO TpOCTPAHCTBA A1A
IYBCTEMTEIBHEIX HaKTepit,
b, - mOKalaTeTs BTMAHEA OTPAHHYEHHOCTH KH3HEHHOTO NPOCTPAHCTEA ATA

PeSHCTEHTHEX GaxTepHH,
¢, ()~ KOHIICHTpAIIA GAKTEPHITINOTO AHTHOMOTHKA B MOMEHT EDEMHH {,

¢, ()~ KOHIICHTpAIINA GaKTEPHOCTATHMECKOTO HTHOMOTHKA B MOMEHT BDEMCHH {,
0
0

. —abbexruzsocts Gaxrepummsoro anTHGROTHA,

., —abbexrmzsocts Gaxtepummsoro anTHGROTHA,
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2uT 52 mer. TIpH STOM THCICHHOCTS TYBCTBHTGTSHEX OAKTepHil MAZACT He 10 HYIA, 10
KpaiiHeli Mepe, 3a CHeT OBPATHBIX MyTAUHi, CES3aHHBIX C YIPATOH y KaKof-TO OMH
HBEDX K QHTHOHOTHKY GaKTepHI TCHA PEIHCTERTHOCTH

B caymac npexpamcmms Icucms (ccTH CHOBA OBHYZHTS  KOHIGHTpANEIO
AHTHOHOTHKE) TYECTEMTCToHbIC GAKTSDHH CTAHOBATCA BHOEB GOlce AMIHCCTIOCODHBIML
TIpOMCKOAHT HX POCT H TIOCTCIICHHOG EBITCHEHHS MMH PESHCTSRTHBIX 6axrepmi. Ten
CAMEIM Wepes KaKOe-TO BpeMA UYECTBHTETBHOCTh THOMYTANHH GAKTepHA K ACHCTEHIO
AHTHOHOTHKA BOCCTANQBTHBACTCA, T. €. CICHMA AQMHSI AHTHOMOTHKOM MOAHO
£0306HOEHTS. BMCCTO TIDEKDAMCHEA ICICHMA MOKHO CMCHHTS aHTHOHOTHK. Baxtepm
JCTOfMEEEE K AGHCTEHIO NPEKHErO AHTHOHOTHKA, B CBOSH Macce OKAIRIBAKOTCA
YBCTEHTGTBHEIMH K HOBOMY aHTHOMOTHKY. OAHAKO B STOM CAYIac BCICACTBHE MyTAUMil
MOCTENEHHO MOABIMOTCA OAKTEpHH, YCTOFMHBEIE yKe O OTHONIGHHIO K HOBOMY
AHTHOHOTHKY, B ONACANHBIC NPOICCCE] IOBTOPOTCA.

B xauccree mpmepa paccuaTpMBATACE Gaktepmm Sireplococcus pneumoniae,
Haemophilus influenzae, Chlamydia pneumoniae, Mycoplasma pneumoniae, xax mauboee
MACTO  EEIHBEOMHE BHCGOTSHMTHYI MHCEMOHMo. [l13 ICCHNA PHMCHATHCH
AHTHOHOTHKH — aVHHONCHMIIITHHS (B TOM THCTe SamEmenNse), nedatocnopmms LTV
TIOKOICHI, OKATHBAOMIHE GAKTCPHINIHOE ACACTEHE, A TAIGKE MAKPOTHAS, 0OIATUOMHE
GaxTepHoCTaTINCCKIN AchcTEHE. [IpH HCCICAOBIHMH MOACTH HCTIOTRIOBATACH JQHHBIE
6AKTEPHOTIOTHICCKOrO NIOCeRa M HTHOMOTHKOTPaMM N0 Pe3yTTATay HCTODHH Goaeasm
naumeHTOR, NoTyMARmI JeteHne & [ 0pOACKoH KIMMIecKol Gosmme Ne 1 r. Amiats B
2014 RexyToTaTsl aHATHI2 MATCMATHICCKOR MOACTH, YTOTHCHHOR Ha OCHOBE YKAZaHHOF
HHQODMAIHM, MOIBOIAOT EOCTDOMIECCTH AMHAMHKY PACCMATPHBACMBIX NPOLSCCOR H B
OnpeACICHHOR CTENEHH YTOTHMTS TAKTHKY JCCHNA GOTSHEX aHTHOHOTHKAMA

Bupaxaem raybokylo Gmaromapmocts  corpymmmkay  Haymmoro  memrpa
nporaBomR exumommBIx npemaparor: A. M. Usmmy, P. A. Henasozy n M. B. Jlasumofi 1
Ka3aXcKoro HATMOHATSHOTO MOTHTEXHNYCCKOro yRHBepcatera muemm K. Camnacsa JI. b.
Hypeemrosy, A. A. Asmiosy u C. E. Kacemoy 3a paspaborky m yroumemme
MaTeMTHYECKOH MOZENH HEOZHOPORHOH MONYTAUMH OakrTepmii mOX  JeHCTEHeM
anTHOHOTHKOE.
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@, — 9aCTOTa MyTaIMI OT PESHCTEHTHE GaKTepH K yECTEHTETEHENY,
@y — 94CTOTA MyTaMI OT YECTEMTETHHEDX GaKTepIit K PESHCTEHTHEIX,
iy — THCTEHHOCTS AyECTEMTETHHEIX GaTepmit,

Xy — THCTEHHOCTS PESHCTERTHE GaKTepHii

Ha ocrose xatecTeenmoro anamiza sozemi (1) — (3) MOy eHsI cIeAyIOmEE pesyTsTa-
o1, Ha panmeii cTazu nponecca B 0TCYTCTRHE HTHOHOTHKR H NIpH MATSX HaTATEHBIX Ha-
CHEAX TACICHHOCTH GaKTepHii B YeI0BHAX (3) NPOHCXOTAT KCHOHCHUHATSHEIA POCT To-
ny:uAEg, "0 cooTEeTCTEYeT cRoficTEaM Moemn Matsyca. Ilo Mepe pocTa THcIcHROCTH
BaKTepHil HOCTENEHHO HATHHACT CKAIHBATHCA OFPAHHHEHHOCTS JKHSHEHHOTO TIPOCTPAHCTEA,
T. €. JKCIOHEHIHATEHEL POCT CMEHASTCH OTPAHHTEHHBIM POCTOM, 4TO XapaKTEPHO ATA MO-
e PepxioTscTa. B CHTY HEOAHOPOIHOCTH HOMYLAMA NPOHCXORHT KOHKYPEHIIHA MEAZY
PpasTHEEE THIaMI GaTepmii. ECTH 51 MYTAIWH OTCYTCTEOBATH M He NPHMCHATCH GR
AHTHOHOTHE, TO PACCMATPHEASMAA MOACTS CRETACK GBI K MOACTH KOHKY perIi BoTsTeppsr,
A% KOTOPOfi XAPAKTEPHO BEITCCHEHHE G07lee CHISHEIMM OPFaHHIMAMH Goee CTAORX KO-
KypenTos.

a_a
B s cyae peamiayerca epaserictso £4> &2, xoropoe rosopt o Tox, w10

CCTeCTRORHBIX YCTORHAX (8 OTCYTCTEMH QHTHOMOTHKE) TYBCTEHTCTRHBIC GaKTCPHH OKaSL-
BalOTCA KMIECTOCObHEE pencTeTHAIX. UACICHHOCTS TyECTRHTCTORBIX GaxTepmii MocTe-

merHo npuGMIKAETCA K oTHOmermo 2, wcTy epxiomsera. IIpn sTon HabmomaeTeA MO~
CTeNeRHOE BHTCCHEHHE PSHCTRRTHBIX GaxTepHi. OFHAKO OHM He BEMMMPEOT & CHIY MyTa-
m: xaKas-To (IyCTh HeGOTBIAZ) AOTH IYECTEHTRISHSIX GakTepH AQeT PECTEHTHOE
‘moTomcTEo. Tak HIH HEATE HOCTEIEHHO ECE HMEIOIIERCs KHIHEHHOE POCTAHCTEQ TIOCTe-
TIEHHO 3ANOIHACTCA MOMYIAIHEH MHKPOOPIAHHIMOE, B KOTOPOH CYIIECTECHHBIM 0BPazonM
pe0GTaNAOT Ty ECTEHTE T HbIE GakTepHH. DTO COOTETCTEYET JAPAKEHHE0 OPIAHIMA.
ViasamuBie IpOLCCCH TIPORCXOAAT B OTCYTCTEMH aHTHOHOTHKS, T. €. TpH ¢,(1)=0 1

€,(1)=0. Tipaeyt anTHOHOTHKA CymeCTReHHO MeRACT X03 nponecca. Ero sumamme npossts-

€TcA MO pasHOMY B SAEBHCHMOCTH OT THNA AHTHOHMOTHKS. BaKTCDHIMTHSII aHTHOHOTHX
HCMOCPEACTECRHO YOMBACT GAKTCPHN, T. €. NOBBINACT €TO CMEpTHOCTS. Ero pamsmme omm-
CBIBACTCA OTPMUATCTRHBIM TOCTSIHIM CTaracMsn © ypasmemum (1), XapaxTepmaysomumnt
MIMCHEHHE THCTCHHOCTH TyBCTBHTSTHHBIX GAKTeDHH. BaKTCpHOCTATHMCCKH AHTHOHOTHK
nogaRIAET poxAaeOCTS baxtepuii. Ero BINANHC XapAKICPHIYCTCA TICHOM B SHAMCHATETH
neporo caraeyoro ypasenms (1), CBAZANHOTO ¢ POKAACMOCTERO TYECTEMTETSHE GaKTe-
prii. BIntNe GaKTCPHOCTATIYCCKOT QHTHOMOTHKA Ha PESHCTHTHBIC GAKTPHH KOCECHHO
1 XApAKTCPH2YeTCA MOCICTHIIM CIATACMBIN B TIPAZO TaCTH ypapHerms (2), OIHCHEAOMIN
sy rams

B 0GOHX paccMATpHEASMBIX CTY9aiX NPOHCKONT PEsKoe NaACHHE THCTCHHOCTH TYE-
cTaMTeTsRBIX Gaxtepuii. Ten CaMBIM AHIHCHHOE MPOCTPAHCTEO OCEOGOKAACTC AT4 Gonee
CUABHX B CCTCCTBCHHEIX YCIORMAX PESHCTCHTHBIX G2KTCpI, 11 KOTODSX QHTHOHOTHK
CTaHOBHTCA CeTeKTHENBIM haKTopoy. B pesyIsTaTe Mo Mepe MAiCHWA THCICHHOCTH TyE-
CTEBHTeIBHEIX GaKTEpHIt MPOHCXOZHT POCT THCIEHHOCTH PEIHCTEHTHBIX GAKTEPHH, KOTOpEIE
NIOCTENeHNO 3AOTATOT KHIMEHHOE TPOCTPAHCTEO, NPHOTIAAACH K TacTy DepxiomscTa

a i
22 310 rosopHT 0 ToM, TT0 bPeKTHEHOCTS AHTHOHOTHKA CHITKACTCH H NOCTENEHNO CXo-
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