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U3NIy4eHUsS C AJIMHOM BOAHbI 254 HM Habnwogaetcs
HapacTalwmii 3pdekT nepexoga OKCMMUOrNobuHa B
METMMOrNobuH ana BpeMeH obnydyeHns 0o 20 MUHYT.
Mpu 6onbluem BpeMeHU obnyyeHUs BeCb OKCMMMOrNO-
6UH nepexopuT B MeTMMOrNobuH. [pu panbHevwem
XPpaHEeHUM NpoLecCbl NopyM Msca MpeBanupyrloT Hag
BO3LENCTBUEM MU3NTyUYEHMS.

UccnedosaHue 8bINOAHEHO npu GUHAHCo80U nood-
Oepke PH® g pamkax Hay4Hoeo npoekma N922-63-
00075.
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MODIFICATION OF VARIOUS FORMS OF MYOGLOBIN AS A RESULT OF
EXPOSURE TO ULTRAVIOLET RADIATION AND STORAGE FOR 8 DAYS

Kuzunova E.A.%, Bliznyuk U.A.»3, Chernyaev A.P.1*, Borshchegovskaya P.Y.13,
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The paper presents the results of a study of the development of oxidative processes in myoglobin under the influence of
radiation on different days of storage of beef muscle tissue. It has been shown that an increase in the time of ultraviolet
irradiation at a wavelength of 254 nm to 30 minutes and the duration of sample storage up to 8 days accelerates the
formation of metmyoglobin from oxymyoglobin. The main changes as a result of UV exposure occur in the early stages of
storage, in the first four days, when the processes of tissue damage are still insignificant, and the effect is stronger the
longer the exposure time. During further storage, the change in the forms of myoglobin as a result of oxidation due to

storage prevails.

Keywords: ultraviolet radiation, oxidative processes, myoglobin, oximyoglobin, metmyoglobin

The method of radiation treatment of food prod-
ucts, in particular meat, to extend the shelf life and en-
sure quality, has proven itself well on the world market.
In this paper, the model effect of the influence of ultra-
violet (UV) radiation on oxidative processes in myoglo-
bin is studied. The experimental results showed that UV
radiation, acting on myoglobin, leads to the oxidation
of iron molecules contained in the protein, which leads
to a decrease in the concentration of oxymyoglobin
MbO, and an increase in the concentration of

metmyoglobin (metMb), and manifests itself in a
change in the color of the solution.

An assessment of changes in the shape of myoglo-
bin was carried out depending on the time of irradia-
tion on different days of storage (for 8 days). The con-
centration of metmyoglobin increased both with in-
creasing exposure time and with the duration of sam-
ple storage. Indicators of oxidative processes in non-
irradiated samples indicate a significant influence of
bacterial activity and reactive oxygen species.
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The transition of MbO; to (metMb) occurred already
with a relatively short irradiation time (30 minutes). UV
radiation accelerated the transition from one form of
protein to another, especially during the first 4 days of
storage, when the destructive processes from tissue
damage were still insignificant.

With an increase in the storage time of meat, the
influence of destructive processes became more

pronounced, and after 4 days, the processes of spoilage
of meat prevailed over the effects of radiation.

This work contributes to the understanding of the
processes occurring in biomolecules during their oxi-
dation as a result of exposure to radiation at different
time periods, including for planning food processing,
their safety and quality preservation.

YIK 519.635.8: 519.682.3: 57.032: 57.038

MOJENMPOBAHWUE CUCTEMbI YPABHEHWI «XULLHUK-XXEPTBA»
JIOTKWU-BOJIbTEPPbI B MPOFPAMMHOM NAKETE MATLAB

Kycak A.A.12, bopwerosckas IM.10.22, Hukutuenko A.C.1, UnatoBa B.C.%, bausHiok Y.A.12,
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B HacToslee Bpema noseaeHMe BUONOrMYECKMX OOBEKTOB OMUCHIBAETCA PAa3IMYHBIMU MAaTEMATUYECKMMM MoaensMu. B
YaCTHOCTM, OZIHOM M3 CaMbIX M3BECTHbIX M GYHAAMEHTAIbHbIX MOZAENEN ABNAETCA CUCTEMA YPaBHEHWUIN JIOTKM-BonbTeppbl.
B aTol1 paboTe 6611 M3yYeHbl OCHOBHbIE AeTa M M NPUHLMMbI NOCTPOEHUA MaTeMaTUYeCKMX Mmodenel, ocobeHHO Modens
«XUWHMK-KepTBa» J10TKM-BonbTeppbl. PelieHne cucTembl ypaBHeHWI 6bl10 peann3oBaHO B MPOrpaMMHOM MakeTe
MATLAB ¢ nomoLlpto YncneHHoro metoaa PyHre-KyTTa 4 nopaaKa, C BO3MOXKHOCTbIO HaX0XAEHWA NapamMeTpPOB CUCTEMbI
npw BBOAE SKCNEPUMEHTANbHbIX AAHHbIX A1A NPOBEPKU COOTBETCTBUA C TEOPUEN.

Keywords: mamemamuueckas modesns, 6uon02us, paduoHykaudbi, Mooeab Jlomku-Bonemeppsi « XUUWHUK-X#epmea,

MATLAB

Mogzenb «XuWHKMK-)KepTBa» $BASETCA BaXXHOM U
HYXKHOM BO MHOMMX Hay4HblX 33gadax. Hanpumep, B
6uonoruu, roe Hago OLEeHUTb KOHKYpUpyloLee nosefe-
HWEe Pa3NUYHbIX NONYNALUMUIA MUKPOOPTraHM3MOB MK pac-
npocTpaHeHWe paguMoHyknuaoB B cpepe [1]. Boobasok
cucTeMy ypaBHeHUR J1oTku-BonbTeppbl MOXHO MCNONb-
30BaTb B MeJWLMHE ANS OLEHKM KOHKYPUpYHOLWel cro-
COBHOCTU paKOBbIX KNEToK [2].

Moa Moaenbio 0ObIYHO MOHMMAKT MaTepuanbHbIN
WAU MbIC/IEHHO NpeACTaBnsSeMbli 0ObekT, KOTOpbIA B
npouecce MO3HAHUS 3aMellaeT WMCXOAHbIA  06beKT
HabnoLeHUs — OpWruMHanm, COXpaHss HEKOTOpble Bax-
Hble ero yepTbl [3]. Mo JIanyHoBy MoaenMpoBaHue — 310
TeopeTuyeckoe MUcCefoBaHWe 0bObekTa, MpU KOTOPOM
M3y4aeTcs HeKoTopas BCNoMoraTeNbHas UCKYCCTBEHHas
cucTeMa, BKKoYaLwas B cebs Bce Heobxoaumble CBON-
CTBa 06beKTa B YC/I0BUSX NOCTaBIEHHON 3aiaun uccre-
[LOBaHMS.

MaTemaTMueckoe MOAENUpPOBaHME B Me[ULMHE
HanpagieHo Ha u3yyeHue GU3N0NOrn4ecKMX NPoLEeccoB
B OpraHvM3Me YenoBeka B HOpMe M MaTonoruu € nomo-
Wbl MaTeMaTuyeckmx npoobpa3os. BO3MOXHbI Kak

nepcoHanM3nMpoBaHHbIe, TaK U OCPeJHEHHbIE MO Mony-
nauMmM MatemaTtuyeckue mogenu. [epcoHanuM3nposaH-
Hble MOAENV UCNOb3YITCA AN AUArHOCTUKM UK Mpo-
rHO3a pes3ynbTaTa fleYeHUs KOHKPETHOro MauueHTa, a
OCpefHEHHble MOAeNu — A9 BbISBIEHUS HOBbIX B3au-
MOCBS13€eW, BbITEKAIOLWMX M3 PU3MYeCcKUX u/maun dusmo-
NOrMYECKMX 3aKOHOB, MOJIOKEHHBIX B OCHOBY MpuMepa
[4]. B To Bpems kak MoaenMpoBaHue B UMMYHONOTUM
HanpaBfneHo Ha M3yyeHne UHDEKUMOHHBIX U UMMYHHO-
du13nonorMyecknx NpoLeccoB B OpraHM3Me YyenoBeka u
Ha nouck 3 deKTUBHbIX YNPaBASIOLWMX BO3AENCTBMI HA
UHMEKLMOHHbIE MPOLLECChl AN NOCTPOEHUS AeACTBEH-
HbIX MeToAO0B Tepanuu. B anuaemmnonorum - Ha usyye-
HWe pacnpocTpaHeHus 3aboneBaHWii B 4YenoBevYecKow
nonynsuuu n ynpaensiowmne Bo3aencTsB1s NpoTMBO3NK-
[eMUYecKnMx MeponpuUsTUi.

B naHHoWM paboTe 6biNM MCCNefOBaHbl pasfiMyHble
NPpUMEHEHWS MaTeMaTMYeCcKoro MoaennupoBaHus B buo-
NorvM U MeauLMHe, a Takxke Bblna co3naHa KOMMblOTep-
Has nporpamma Ans nofcyeta napaMeTpoB CUCTEMbI Ha
OCHOBE  YypaBHEHMM  «XMULHUK-KepTBa»  JIOTKM-
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Bonbteppbl. Nporpamma 6bina peanus3oBaHa B nakerte
MATLAB.

[aHHyl0 Mopenb He3aBucuMo npuaymanu Anbdpeps,
Ixeiimc Jlotka (1925) n Buto BonbTteppa (1926). Jlotka
A.l. npeonoxun uae B UCCNefoBaHUM aBTOKATANUTH-
yeckux peakumii (1910), a 3aTem pacwmpun ans aHanumsa
B3aMMOOTHOLIEHWUI «XULLHUK-XEePTBa» B CBOEW nybau-
kKaumn «On the true rate of natural increase as
exemplified by the population of the United States»
(1925). Ta xe cuctema ypaBHeHue bbina onybavkoBaHa
Buto BonbTeppoit B 1926 [5] ans obbsicHeHNUS Heobbly-
HOW 3aKOHOMepHOCTeNn nonynsumu pold B Agpuatuye-
CKOM Mope, 06HapyxeHHOM Bo BpeMs lNepBoit Muposoi
BOWHBbI.

‘;—’Z = N(a—bP) (1)
‘;—‘;’: P(cN—d) (2)

roe a — Ko3hPUUMEHT poXXAAEMOCTU XepTB, d — KO-
3hPUUMEHT Y6bIIU B €AMHULY BPEMEHU B €AUHULLY Bpe-
MeHW. Bknap B poCT CKOPOCTU YUCNIEHHOCTU XMLLHMKA
perynmpyeTcs napaMeTpoM ¢, COOTBETCTBEHHO b perynu-
pyeT COKpaLLleHWEe YUCIIEHHOCTU XEPTB M3-3a BIIUSHUSA
XWULLHUKOB.

B ypaBHeHMaX NonynsiuMoHHOW AMHAMMUKM, KaK U B
YPAaBHEHUSAX XUMUYECKOW KMHETUKM, WCMOb3yeTcs
«MPUHLLUM COYOAPEHUIA», KOTAA CKOPOCTb peakLuu npo-
NOPLMOHA/bHA Npou3BeAEHUIO KOHLLeHTpaLMiA

JiuctmHr koga ¢ dyHkumelt Isgnonling...)

fun=@(x)MySolver(t_exp2,x(1),x(2),x(3),x

pearupyowmx KomnoHeHTtoB. CornacHo npepncrasne-
HUIM XMMUYECKOM KMHETUKW, CKOPOCTb BruMonekynsp-
HOWM peakuMu B3aMMOLENCTBMS ABYX BeL,ecTB nponop-
LUMOHaNbHA BEPOATHOCTU CTONIKHOBEHUS 3TUX BELLECTB,
T.e. NPOM3BEAEHMIO UX KOHLEHTpaumu. TOYHO TaK e, B
COOTBETCTBUM C runoTesamu BonbTeppa, CKOpocTb pas-
MHOXEHUS XULHWUKOB (rmbenu >xepTs) nponopLmo-
HaNbHa BEPOSITHOCTM BCTpeY 0cobei XMWLHUKA W
XXepTBbl, T.e. MPOU3BEAEHUI0 UX UYMCIEHHOCTel. Takoe
CXOACTBO YPaBHEHUI B XMMMUYECKUX U 3KONOTMYECKUX
MofLensix No3BonsieT NPUMEHUTb AN MaTeMaTUyeckoro
MOLENUPOBaHUS KUHETUKMU MONYyNAUMA Te Xe MeTonbl
UCCneno0BaHWUiA, YTO U A1 CUCTEM XMMUYECKUX PeaKL it
[6]

MNporpamMma BbINOMHSET 2 MPOTMBOMOJSIOXHbIE 3a-
[aun: MoLenupyet TeopeTUYeckyrd 3aBUCMMOCTb OTHO-
CUTENbHBIX eAMHUL, OT BDEMEHM MO 33a4aHHbIM NapaMeT-
paM CUCTEMbl WM MOACYMTbIBAET KOIPPULMEHTbI CO-
rMacHO BXOAHbIM 3KCMEePUMEHTANbHbIM JaHHbIM, YTOObI
npoBepuTb COOTBETCTBME C TEOPUEN.

PeweHuns cucteMbl ypaBHEHUN «XULHUK-XepTBa»
OblIM NONYYEHbI C MOMOLLbH YUC/IEHHbIX METOLOB: Me-
Toa PyHre-KyTTa 4 nopsaka. [lns annpokcuMaumm Bxoa-
HbIX AHHbIX Obl1a UCMOIb30BaHA BHYTPEHHAS QYHKLMIO
naketa MATLAB Isqgnonlin (fun, x0, [], [], options); Ona pe-
LaeT 334a4M annpoKCMMUPOBAHUS KPUBBIMU HENUHEN-
HOro MeToAa HaMMeHbLMX KBaapaTos [7].

(4),[x(5);x(6);])-y_exp2; % 3apaem uLeneByw GpyHKLMH
x0=[2.0,0.11,0.008,0.08,20,24]; % Ha4danbHaa anpokcumauua
options = optimoptions('lsqgnonlin’','Algorithm"', 'trust-region reflective', 'Display’,'it-

er', 'FunctionTolerance',0.00000000000000001) ;
x = 1lsgnonlin(fun,x@,[],[],options); % pewaem

C, arb.un.

* -

*

time, days

PucyHok 1. 3aBMCMMOCTb OTHOCUTENbHBIX €AMHUL, OT BPEMEHU:
no 3afaHHbIM Ko3dhduLMeHTaM (1UHUU), N0 BXOAHbIM AaHHBLIM (MOYKU)
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Ha pucyHke 1 npepctaBneH pesynbtaT paboTbl 2-x
yacTen nporpammbl. TeopeTuyeckas 3aBUMCMMOCTb MO
(UKCMPOBaHHbLIM NapaMeTpaM W peanu3auus noacyera
napamMeTpoB MO BXOAHbIM AaHHbIM € owmnbkon 1 % Pas-
Mumsg  CoCTaBuAM MeHee 3-4 %, 4TO TOBOpPUT O

KayeCcTBeHHOM paboTe anroputma. [1ng noaTBEpXKLEHUS
NPUMEHMMOCTM MeToAa OblM MCMONb30BaHbI 3KCNEPU-
MeHTaNbHble AaHHble U3 KHMMM «The struggle for exist-
ence» by G. F. Gause [8]. [ocne yero NnpoBoAMNOCh X
COMOCTaBNEHUE C TEOPETUHECKOW 3aBUCUMOCTbHO.

Lotka-\Volterra model

30

20

Population
&

#  Preys
#  Camnivores

Py

10 12 14 16 18

time, sec

PucyHok 2. 3aBMCMMOCTb YUCIEHHOCTMN OT BPEMEHM ABYX BUAOB:
xnwHnk — PARAMECIUM BURSARIA, xepTBa — Schizosaccharomyces pombe

Ha pucyHke 2 npeacraBneH pesynbtaT paboTbl npo-
rPamMMmbl C 3KCNEePUMEHTaNIbHbIMU BXOAHbIMU AAHHbBIMMU.
BblnM nonyyeHbl HeobxoauMble KonebaHUs MU Kaue-
CTBEHHAs 3aBUCMMOCTb MOMYNALMI OT BpeMeHu. Paznu-
yMst B aMNAUTYAax Nonynsauuu AByX BUAOB M CABWI MO
tdaze obycnosneHbl GUINYECKUMU MPUUMHAMM: XULL-
HWKY HEOBXOAMMO «AOTrHATb» XEPTBY U MpU 6ONbLIOM
noTpebaeHnM nonynsumMs pacTeT No 3akoHy ManbTyca, a
3aTeM pe3ko ybbiBaeT. Huxe npencraBneHbl 3Ha4YeHUS
annpoKCMMUPOBAHHbLIX MApaMeTPOB B eAMHULY Bpe-
MEeHMU.

a=0.4023 b=0.0446

c=0.0628 d=0.04523

[okasaHa BanupauuMs Mofenun, COOTBETCTBEHHO
CTano BO3MOXHO NPOM3BOAWTL aHANIM3 PA3/IMYHBIX CU-
CTeM 13 2 0O6beKTOB IKCNEepPUMEHTA HA NMPUMEHUMOCTb
ypaBHeHul Jlotku-Bonbteppbl ang ux onucanums. bnaro-
[laps MpoCToTe MaTeMaTUYeCKOoW MOCTAaHOBKM CUCTEMDI
ypaBHeHUN «XULLHUK-XKEePTBa» Mbl MOXeM A00aBnsTb
HOBble MapaMeTpbl, BbIpaXakLliMe 33aBUCUMOCTb OT
BHeLWwHMX HAKTOPOB (oaBneHue, 06y4eHne) TeM CaMbIM
[LOMONHAS MOAeNb U OTKPbIBas AOMOJIHUTENbHbIE BO3-
MOXHOCTU 419 UCCnefoBaHNUs B G1onoruu.

UccnedosaHue 8biN0AHEHO npu GuHaHcosol nood-
Oepke PH® 8 pamkax HayyHozo npoekma N2 22-63-
00075.
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MODELING OF THE SYSTEM OF PREDATOR-PREY EQUATIONS
BY LOTKA-VOLTERRA IN THE MATLAB SOFTWARE PACKAGE

Kusak A.A.%, Borshchegovskaya P.Yu.'?, Nikitchenko A.D.%, Ipatova V.S.%, Bliznyuk U.A.»2,
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Currently, the behavior of biological objects is described by various mathematical models. In particular, one of the most
famous and fundamental models is the Lotka-Volterra equation system. In this work, the basic details and principles of
building mathematical models were studied, especially the Lotka-Volterra «Predator-Prey» model. The solution of the
system's equations was implemented in the MATLAB software package using the Runge-Kutta numerical method of the
4th order, with the possibility of finding the parameters of the system when entering experimental data to verify compli-

ance with the theory.

Keywords: mathematical model, biology, radionuclides, Lotka-Volterra Predator-Prey model, MATLAB

The Predator-Prey model is important and neces-
sary in many scientific tasks. For example, in biology,
where it is necessary to evaluate the competing behav-
ior of different populations of microorganisms or the
spread of radionuclides in the environment [1]. In addi-
tion, the Lotka-Volterra equation system can be used in

In this paper various applications of mathematical
modeling in biology and medicine were investigated,
and a computer program was created to calculate the
parameters of the system based on the Lotka-Volterra
«Predator-Prey» equations. The program was imple-
mented in the MATLAB package.

medicine to assess the competing ability of cancer cells

12].
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B naHHOM paboTe nccnenoBanacb NEPCNeKTUBHOCTb MCNOAb30BAHMA aKTUBHOCTM GEPMEHTOB B Ka4ecTBe MapKepoB pa-
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