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Pedepar. PaspabotaHa MaTeMaTuueckast MOA€esb, OMUCHIBAIOLLAs BO3AENCTBME 030HA Ha KNIETKY napa-
3uTaAscaridia galli c y4éToM ancddysum o3oHa (O,) Yepes KyTUKYy 1 KUHETUKU OKUC/TUTENBbHOrO NoBpe-
XKIEHWUS KNETOYHbIX CTPYKTYP. Mozenb 0CHOBaHa Ha cucteMe AnddepeHUnanbHbIX YPaBHEHWUN, BKITHOYAOLLEN
ypaBHeHne ®uKa C peakLMOHHbIM YIEHOM A7l MPOCTPaHCTBEHHOMO pacrpeaeneHnst 030Ha U KMHeTUYeckue
YPaBHEHUs NepBoro nopsiaka Ans Aerpagaumy nunuaos v 6enkosB MembpaHbl. Pe3ynbTaTel MOAENNPOBaHMNS
JAEMOHCTPUPYIOT HESIMHEWHYIO 3aBUCMMOCTb BPEMEHU r'MBen napasnTa OT KOHLEHTPaLMM 030Ha 1 NPOAOIKU-
TENbHOCTM 3KCNO3ULMK. YCTAHOBMIEHO, YTO KPUTUYECKNM (DAKTOPOM SIBSIETCS OKUCUTENBHOE NOBPEXAEHNe
KYTWKY/bl, MPUBOASLLEE K NOTEPE LENOCTHOCTM KIIETOUHbIX MeMbpaH. lMNpakTuyeckas 3Ha4MMOCTb UCCnefoBa-
HWSI 3aK/IOYAETCS B BO3MOXHOCTY MPOrHO3MpoBaHust 3 heKTUBHBIX PEXUMOB 030HOBON 06paboTku Ans ae-
3MHBA3MKN B CESIbCKOM X03AiCTBE. Moaesib NO3BOMSIET ONTUMU3NPOBaTb NapaMeTpbl BO3AENCTBUS, COKpaLlast
pacxop peareHToB M BpeMsi 06paboTku Npu COXpaHEHWUMU BbICOKOM 3(h(eKTUBHOCTU. BbIIO yCTaHOBMEHO, YTO
npu 3hhEKTUBHON KOHLEHTPaLUK 030Ha 570 Mr/n npu TemMnepaTtype 20°C BpeMs rubenv napasuTtoB COCTaBUT
nopsiaka 54 cekyHa. Ha ocHoBe MaTemaTnueckon Moaenu paspaboTaHa crneunanu3npoBaHHas nporpaMma-cu-
MYJISITOP, MO3BO/IAOLLAS B PEXMME peasibHOr0 BpeMEHM MCCeaoBaTh TeOpeTMYecKne napameTpbl 06paboTku
030HATOPOM-M3sTyYaTeneM. MporpaMMa OCHallLleHa UHTEPAKTUBHBIM MHTEPdENCOM C BO3MOXHOCTBIO HAaCTpOWi-
KW KJTHOYEBbIX MapaMeTpoB: KOHLUEHTpaumm o3oHa (Ao 10 mr/n 1 Bbilwe), BpeMeHn 06paboTkm (Ao 60 MUHYT),
pH cpeabl (4—10 eanHUL), a TakXKe XMMUYECKoW noTpebHocTn B kucnopoae (COD). CucteMa npeaocTaBnseT
JeTanbHbIi pacyéT 3pheKTUBHOCTU 06paboTKkM B MPOLIEHTaX W OnpeaeneHne MUHUMarnbHO 3hdeKTUBHON
fo3bl (M3) ana goctmxkenns 99% rmbenn napasmToB. Pe3ynbTaThl BU3yanmM3npyroTcs B Buae rpaduka 3aBu-
cmmocT 3 HEKTMBHOCTM OT BpeMeHM 06paboTkm, YTO NO3BONSIET HArsS,AHO aHaNM3MPOBaTb NPOLECC Aerenb-
MUHTM3aLMKU M ONTUMM3MPOBaTL NapaMeTphl BO3AENCTBUS. PazpaboTaHHoOe nporpamMMHoe obecrieyeHme cylle-
CTBEHHO pacLUMPSIET BO3MOXHOCTU NMPAKTUYECKOrO NPUMEHEHNS MAaTEMaTUYECKON MOAENM U MOXET CIYXUTb
3(PHEKTMBHLIM MHCTPYMEHTOM AJ1s ONTMMM3aLIMKN NPOLIECCOB AE3NHBA3UN B CEJIbCKOM XO35IMCTBE.

KrwqeBsle c/ioBa: 030H, Ascaridia galli, maTemaTnd4eckoe MOAENPOBAHNE, ANPPY3NA, KUHE-
TUKA OKUC/IeHMA, L[AE3NHBA3NA
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Abstract. A mathematical model has been developed that describes the effect of ozone on the Ascaridia
galli parasite cell, taking into account the diffusion of ozone (O,) through the cuticle and the kinetics of
oxidative damage to cellular structures. The model was based on a system of differential equations including
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Fick's equation with a reaction term for the spatial distribution of ozone and first-order kinetic equations for
the degradation of membrane lipids and proteins. The simulation results demonstrate a nonlinear dependence
of the parasite death time on the ozone concentration and exposure time. A critical factor has been found to
be oxidative damage to the cuticle, leading to loss of cell membrane integrity. The practical significance of
the study lies in the possibility of predicting effective ozone treatment modes for disinfestation in agriculture.
The model allows optimizing exposure parameters, reducing reagent consumption and processing time
while maintaining high efficiency. It was found that with an effective ozone concentration of 570 mg/| at a
temperature of 20°C, the parasite death time will be about 54 seconds. Based on the mathematical model,
a specialized simulator program has been developed that allows you to study the theoretical parameters of
treatment with an ozonizer-emitter in real time. The program is equipped with an interactive interface with
the ability to configure key parameters: ozone concentration (up to 10 mg/l and above), processing time (up
to 60 minutes), pH of the environment (4-10 units), as well as chemical oxygen demand (COD). The system
provides a detailed calculation of the treatment efficiency in percent and the determination of the minimum
effective dose (MED) to achieve 99% parasite death. The results are visualized in the form of a graph of the
dependence of efficiency on the treatment time, which allows you to visually analyze the deworming process
and optimize the exposure parameters. The developed software significantly expands the possibilities of
practical application of the mathematical model and can serve as an effective tool for optimizing the processes

of disinvasion in agriculture.
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BBepgeHue. V3yyeHne BO3AENCTBMS 030HA
Ha 6uonornyeckme 06bLEKTHI NPeACTaBASET 3HaAuUU-
TeNbHbIA UHTEPEC COBPEMEHHONM Hayku, 0COH6EeHHO B
KOHTEKCTe pa3paboTkyM HOBbIX METOAOB aHTMnapa-
3uTapHon 06paboTku. Ackapuabl (poaoB Ascaris
N Ascaridia) SBNSKOTCS pacrnpoCTpaHEHHLIMK reo-
reIbLMMHTaMK, Bbi3blBAOLWMMM acKapuaos3 y 4ernoBe-
Ka WM XMBOTHbIX. [laHHble MapasuTbl BCTPEYaloTCs B
60MbLUMHCTBE PErMOHOB MMpa B Pa3fiMyHbIX MO4YBax,
M MX MOSMHOe WCTpebrieHne HEBO3MOXHO, 4TO 06-
ycnaBnmMBaeT HeobXxoanMMoCTb nomcka 3hheKTUBHbBIX
cnocoboB nx geakTuBaumm [1].

O30H, 0651a[atoWMIA  BbICOKOW OKUCIUTENBHOM
CNOCOBHOCTbIO, MOXET ObiTb MEPCNeKTUBHLIM areH-
TOM ANS AereflbMUHTU3aUMM CTOYHBIX M OTCTOMHBbIX
BozA [2]. OAHaKO MexaHU3Mbl ero BANSHWUS Ha KNeTou-
Hble CTPYKTYpbl MNapa3nToB, B YaCTHOCTM Ha ackapuzi
BUWOA Ascaridia galli, ABNAOTCA HeOOCTAaTOYHO
M3YYEHHbIMU C KONIMYECTBEHHONM TOUKM 3peHusi. Pas-
paboTka MaTeMaTU4yecKkol MOAEeNnM, OMMUChbIBaloLLEN
AVNHAMUKY pa3pyLlleHnst KJIETOYHbIX CTPYKTYp acka-
pvabl Nnoa AeNCTBUMEM 030Ha, MO3BOJSIUT ONTUMMU3NPO-
BaTb pexuMbl 06paboTkmn 1 npeackasbiBaTb addek-
TUBHOCTb [€3VMHBA3MN B Pa3/INYHbIX YCIIOBUSIX.

ABTOpbI AAHHOrO UCCNEA0BAHMSI NMOCTABUIN CBO-
el Lesblo NOCTpoeHne KMHETUKO-ANMDEY3NOHHOM MO-
[IeN1, OMNUCbIBAIOLLEN:

1) NPOHMKHOBEHME 030Ha Yepe3 KYTUKYSIbl acka-
pvabl;

2) OKUCNUTENbHYIO Aerpagauunio nunuaos, 6en-
KOB M APYrMX KPUTUYECKMX KOMMOHEHTOB KNETKW;

3) kpuTepun rmbenu napasuTta B 3aBUCMMOCTM OT
KOHLIEHTPaLuM 030Ha 1 BPEMEHW 3KCNO3ULINMN.

Mo pe3ynbTaTaM AaHHOrO uccriegoBaHust Hbina
npeasioxxeHa MaTeMaTMyeckass MOAeSb, Y4YMTbIBato-
was:

1) anddysnio 030Ha B MHOFOC/IONHOW KYyTUKYE
ackapwvapl;

2) KMHETUKY OKUCAWUTESIbHBIX peakumil C KOMMO-
HEHTaMM KNETKK;

3) nonpaBoyHble KO3pduUMeHTbl and pH, Tem-
nepaTypbl 1 OPraHNYecKnx NpUMecen.

MonyyeHHass mMoaenb MO3BOJISIET PaCCUMTLIBATD
MUHMManbHble 3ddekTmBHbIe A03bl (M3/[]) 030Ha Ans
rapaHTMpOBaHHON rmMbenu ackapua U ONMTUMU3UPO-
BaTb peXuMbl 06paboTkn B MeauLmMHe, BETEpMHApUn
W CeNbCKOM X03A1CTBE. Ha ocHoBe Moaenu 6bina pas-
paboTaHa cneuuanM3npoBaHHas NporpaMmMa-cuMyns-
TOp, NO3BOMAIOWAS B PEXMME peasibHOr0 BpeMEHMU
nccnenoBaTh TeOpETMYECKMe napameTpbl 06paboTku
030HaToOpoM-U3ny4yaTenem. [lporpamMma npeaocTas-
NSieT BO3MOXHOCTb MHTEPaKTUBHOIO MOAEMPOBaHMS
npouecca AerefibMMHTMU3aUMN C YYETOM pPasfNYHbIX
napamMeTpoB: KOHLUEeHTpauuMu 030Ha, BpemeHn obpa-
60TkK, pH cpeabl U XMMUYECKOM NOTPEBHOCTUN B KUC-
N0poAe, YTO CYLLECTBEHHO PaCLLUMPSIET NPAKTUYECKYIO
NPUMEHUMOCTb pa3paboTaHHON MaTeMaTUYeCcKoW Mo-
nenm.

Takum 06pasom, uccnegoBaHne HanpasfeHo Ha
CO3Al@aHNe KOMMJIEKCHOIO WMHCTPYMEHTapus Ans us-
YUYEHMSI U ONTUMM3ALIMM MPOLIECCOB 030HOBOW AE3VH-
Ba3uW, COYETAIOLLEr0 TEOPETUYECKYIO MOAENb C npa-
KTMYECKMM NpOorpaMMHbIM obecneyeHmeM.

Metoguka. B pabote 6b11 MCNONb30BaH MeTOA
MaTeMaTU4YeCcKoro MoOAEIMPOBaHNS C UCMOMb30BaHN-
€M KMHETMYECKON MOAENM peakumy NnepBoro nopsa-
Ka, a TaKxe ypaBHeHMs PuKa C peakUMOHHbIM Yne-
HOM M MporpaMMmMpoBaHune B cpefe Spyder Ha s3blke
Python, ¢ ncnonb3osaHnem 6nbnunotek Pandas n Mat-
plotlib.

Pe3synbtatbl. [lOCTpoEHWEe MaTeMaTUYECKOM
MOAeNM BO34EMCTBMS 030HA Ha KNIeTKy napasuTta
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TpebyeT y4uéTa XMMMKO-(PU3NYECKMX, @ Takxe 6umo-
NOrMYecKmX NpoLeccoB, NPOUCXOASALLMX B Cpeae 030-
HupoBaHus. Cpeau nepBUYHbIX (DaKToOpoB cneayet
BblAENUTb:

1) KOHUEHTpauuo 030Ha B Cpeae;

2) KMHETUKY peakumy C KOMMOHEHTaMU KIeTo4-
HOM MeMbpaHbl (nnnuabl 1 6enku);

3) NpoHMLaeMoCTb MeMbpaHbl ANsl 030Ha;

4) nopor NOBPEeXAEHUs! KNETKM, NPUBOAALLMMN K
rmbenu napasura.

MpeanonaraeTcs, YTO OCHOBHOW TyOUTENbHbIV
MEXaHW3M 3aK/IIYAeTCs B OKUCIIEHUWM MeMbpaHbl
KneTku napasvta [3; 4]. Toraa MOXHO NpuberHyTb
K WCMONb30BaHMI0 KMHETUYECKOW MOZEenu peakuuu
MepBOro Nopsiaka 1 COCTaBUTbL CUCTEMY YPaBHEHWIA:

dc

Z=-k-C-0; (1)
av

d_t_ —O."O'V,

rae C — KOHLEHTPaUMS >XM3HEHHO BaXXHbIX KOM-
MOHEHTOB KNeTkn (KO3(hPUUMEHT LIeNTOCTHOCTU MeM-
6paHbl); 0 — KOHUEHTpaums 030Ha B6NM3K KNETKU; k
— KOHCTaHTa CKOPOCTM peakumm 030Ha C KIETOYHbIMMI
KOMMOHEHTaMM; I/ — >XM3HEeCnocobHOCTb KneTkn (Be-
POSITHOCTb €€ BbDKMBaHMUSA); @ — KO3(pdUUMEHT no-
BpeXAEHMSL.

YuntbiBas MpOCTPaAHCTBEHHOE pacnpeaeneHne
030Ha, MOXHO COCTaBWUTb Cfeaylollee ypaBHeHUe

anddysunm:

% —pr2o-y-0-c, @)

at

roe O — koadpduumeHT anddy3nm 030Ha; y —
CKOPOCTb NOTPebneHns 030Ha KNETKOMN.

Knetka nornbaeT, korga nospexzaeHne membpa-
Hbl AOCTUraeT KpUTUYECKOro YpoBHs (C < C,, Wnn
Vv =0).

PaccmoTpMm  ana  npuvMepa ackapuay Buaa
Ascaridia galli. Ackapuaa UMeeT MJIOTHYI KyTu-
Kyny (MHOrOCMOMHYO 3alUTHYO 0605104Ky) [5], noa-
TOMY O30H AOJIXKEH:

1) anddyHamposaTb Yepes KyTukyny (4TO 3aBu-
CUT OT €€ TOMLMHBI U IMNUAHOMO COCTaBa);

2) okucnatb 6enkM 1M nunuabl, Hapylwas BHY-
TPEHHUI MeETabonnaM;

3) nospexaatb AHK/PHK (ecnu gocturaet BHy-
TPEHHWX OpPraHoB).

[ns cocTaBneHns MOAenu BOCMOsSIb3yeMCs ypaB-
HeHveM PuKa C peakUMOHHBLIM YIEHOM (030H pacxo-
LAYETCS MpU OKUCIEHUW KYTUKY/bI):

a0 92

roe O(x, t)— KOHUEHTpauusi 030Ha Ha rnybuHe
X B KYTUKyNe B MOMEHT t; D — koapduuneHT anddy-
3UM 030Ha B KYTUKYNE; A — CKOPOCTb peakumn 030Ha
C KOMMOHEHTAMMN KYTUKYSIbl; C — KOHLEHTPaLMsl KOM-
MOHEHTOB-«MULLEHEN» (TMNMAOB, 6ENKOB).

CKOpoCTb Aerpafiaunm KyTUKYNbl OT HAKOM/EeH-
Horo yulepba:

- A0 - C,

ac
dr =—k- 0}106‘€pxll - C,

(4)
roe C(t) — uenocTHOCTb KyTukysbl (1 — Heno-
BpexaéHHas, 0 — nosHoe paspylleHue); 0 -

noBepxH

Bo3aeicTBME 030Ha Ha ackapuay

e
~
1

CocTofAHMEe (HOPMUPOBaHO)
S =} o

» n o

1 1 1

=]
w
1

o
N
!

— LleNnoCTHOCTbL KYTUKYNLI (C)
—— XKwnszHecnocobHocTs (V)
=== KpUTUYEeCKWA nopor

Bpems (ycn. en.)

PucyHOK 1 — YCOBHbIN rpaduk, 0TOBpaXkatoLmii U3MEHEHUE COCTOSIHUA KNETKM ackapuabi
Mpy BO3AEMCTBMM 030HOM Ha MPOTSHKEHUM HEKOTOPOrO BPEMEHU
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KOHLEHTpaumMss 030Ha Ha MOBEPXHOCTU KYTWUKYIbI;
k — KOHCTaHTa CKOPOCTW MOBPEXAEHMSI.

Ackapuga nornbaeT, ecnm KyTUKyna paspyLleHa
(T.e. € < C,,,) ¥ BHYTPEHHME OpraHbl NoBPEXAEHbI
(Hanpumep, MbllEeYHbIE BOJSIOKHA). MOXHO BBECTU
(PYHKLMIO XKN3HECNOCOOHOCTU V/(t):

av

a —a- Oeyymp v, (5)

rAe 0,,,,, — KOHLEHTpaLsi 030Ha BHYTPU KIeTKM
(3aBUCUT OT NMPOHULIAEMOCTH); a — KO3 PULIMEHT ne-
TaNbHOCTMU.

Ecnn Bpemsi auddysum Mano no CpaBHEHMIO
C BPEMEHEM peaKkuuu, MOXHO cuuTaTb O OLHOPOA-
HbIM. Bocrnonb3yemcsi ypaBHeHMeM 1 npu yuyéTte
o(t) = OOe"ﬁt, T.K. O30H pasfaraeTcs C TeyeHu-
eM BpemeHu [6]. Torgaa MaTeMaTnyeckass MOAENb
BO3JEWCTBMS 030Ha Ha ackapugy OyaeTr wuMeTb
KOMMbIOTEPHYIO  BM3yanusauuio, NpeacTaBieHHYIO
Ha pucyHke 1.

[aHHasa mMozenb npeacKkasbiBaeT, Kak 030H pas-
pywaeT KyTukyny un ybusaeT ackapuay. Ons TO4HO-
CTU HY>XHO ONpeaenuTb NnapameTpsl D, k, a U3 aKCne-
pPYMEHTOB.

MonbiTaemcs onpefenutb BpeMsi, Heobxoammoe
LSS YHUYTOXEHUS ackapuabl. [TOMHUM, Y4TO 030H Aeit-
CTBYET OAHOPOAHO, M rmbenb HacTynaeT npu AOCTU-
XKEHUM KPUTUYECKOro NOBPEXAeHUs €. . YpaBHeHne

kput"

Ona UenoCTHOCTU KYTUKYJIbl UMEET CJ'IG,CI,yDIJ.I,VIVI BMA.

d
L— k.0®-cC 6)
dt
roe 0(t) = Ope Pt MNonyunm cnepyrollee
ypaBHeHue:

C®) = Coexp ("2 (1—e).  (7)

OgHako, ecnn guddy3ns MeasieHHas, TO npa-
BUJIbHEE OyAeT WCnonb30BaTb YypaBHeHMe Puka C
PEeaKLUMOHHbIM YSIEHOM, OMpeAenuB rpaHNYHbIE YCo-
BUSI, KaK:

1) Ha nNOBEpPXHOCTM KIETOYHON MeMOpaHbl
x=0)o0=0,

Tabnuua 1 — TeopeTnyeckue aHHble 418 NPOBEPKM MOAENM

2) BHYTpM ackapuabl (x = L): Z—0= 0.
X

MpeanonoXxmM, 4To KOHLEHTPaums 030Ha paBHa
60 r/M3, uTo aKBMBaNeHTHO 47,1 ppm B ra3oBo dase
(npn Temnepatype 20°C n gaBneHun B 1 atmM) n ~12
mr/n B Boge (npu Temnepatype 20°C 1 koadduumeH-
Te TeHpu pasHoM 0,002 [7]). MpoucxoanT BO3AENCT-
BWE Ha ackapuay C AnnHou Tena 50 MM 1 TONLWUHOM
KyTuKysbl 0,1-0,2 MM. Ucnonb3ys YTOYHEHHYO MO-
Aenb, BbIYNCIIMM NPUMEpPHOe BpeMs eé rmbenun. Knto-
yeBble MapaMeTpbl TEOPETUUECKOrO pacyéTa npuee-
JeHbl B Tabnuue 1.

Ecnu 030H 6bICTPO NPOHMKAET BHYTPb KNETKK, TO
rmbenb onpeaensieTcs CKOPOCTbI0 peakumn:

—In (Ckpum)
k-0

®)

Tak Kak KyTUKyna sSiBNSIeTCS MHOTOC/IOMHON, He-
obxoanmMo yuutbiBaTb Anddysuio. Ecnn anddysus
MefsieHHas, Bpems rubenun ysenmumtcs. Mcnonb3yem
annpokcMmaumio Anddy3HOro BpeMeHu:

LZ

tzuﬁeﬂb ~

9)

Cougppysuun = L 1 cexynoa.
Tem cambiM anddy3na He IMMUTUPYET npoLecc.
MpakTnyeckme mccneaoBaHusl NoKasbiBakT, YTO

[N rapaHTUpOBaHHOM Mbenn ackapwuibl HeobXxo-

[AMMOEe BpeMsi BO3AENCTBUSI 030HA C KOHLIEHTpaUMen

60 r/m* coctaBnseT 2-3 MUHYTHI, @ ANs X sul — 40

10-15 MUHYT (T.K. siMUa UMetoT 6onee NIOTHYI MHO-

rocnoiHyto 060504Kky). Huskas Temnepatypa cpefbl

yBENMYMBAET BpeMs peakuun. Hanmume opraHude-

CKUX 3arpsi3HEHWIN B BOAHOWN CYCMEH3UM TaKXe Npu-

BOAWT K MOSIBNIEHMIO KOHKYPUPYHOLLMX peakumil oKuc-

NeHNsi, YTO HeraTMBHO CKa3blBAETCH Ha [AMHaMUKe

npouecca YHUUTOXEHUS Napa3nToB.

Mpn KOHUEHTpauuM 030Ha 60 r/n B BOAHOM Cy-
CreH3uM BO3AENCTBME Ha ackapuay Oyaet Kkpai-
He arpeccuBHbiM. OfHaKO [N TOYHOro pacyérta
BpeEMEHN rnbenm HyXXHO Yy4yeCTb AOMOSIHUTENbHbIE
akTopbl, cneundryHble Ans BOAHOW cpedbl U 6u-
onormm napasuTta. MakcuManbHas pacTBOPUMMOCTb
030Ha npwu 20°C coctaensieT nopsgka ~570 mr/n [8].

MapameTp 3HaueHue

Ob6ocHoBaHMe

KoHueHTpaums o30Ha (0,)

60 r/m3 (~12 mr/n B BOAE)

Bbicokas nosa, gocrtatoyHas ans ﬂe3|/|HCb€KLlVIVI

[nvHa ackapuabl 50 mm

TUNWYHBIN pa3Mep B3pOCson 0cobu

TonwmHa KyTukynbl (L) 0,1-0,2 mm

3aBuCUT OT CTaumn pas3BUTHS
(BaHHble n3 Mopdonorum HemaToz)

KoadpdumumneHT anddysnmn o3oHa (D) 1,8x107° mm2/c

3aBUCUT OT MIOTHOCTU BUOSTOrMYECKOW TKaHU

KoHcTaHTa peakumm (k) 0,1-1,0ct

3aBUCUT OT COCTaBa KyTUKY/IbI
(cooTHoweHWe nunnaoB 1 6enkoB)

Kputnueckoe nospexaeHue (€. ) 0,2-0,3

KpHT:

3KcrnepuMeHTanbHble AaHHbIE
no noTepe Xn3HecrnocobHoCTH
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BbibpaHHas KOHLUEHTpaLuusl 030Ha npeacTaBnsieT co-
601 CBEpXHACHILLEHHbIN pacTBOp, KOTOPbI 6yAeT Obl-
CTpO pasnaratbcCs. B peanbHbix ycnosuax addekTvs-
Hasl KOHUEHTpaumMsl 030Ha B BOAE peaKo npeBbllaeT
20-50 Mr/n gaxxe npu reHepaumm in situ.

[Jonyctum, ns-3a 6eicTporo pacnaga 3¢hdeKkTns-
Hasl KOHLeHTpaums B BOAE:

03¢ = min(60000 mr/x,570 mr/n) = 570 mr/m.

CoCTaBUM ypaBHEHWE MOBPEXAEHUSI KyTUKYJIbI.
[ns Hayana onpeaenMM CKOpOCTb PeakLMu OKucne-
HUS:

ac
EZ —k'Oad)d)'C, (10)
roe k = 1,0 c! (Bblcokasi peakUMOHHas Cnocob-
HOCTb MPU TAKON KOHLIEHTpaLMK); € = 0,2 (MpUHK-
MaeM MUHWMasIbHOE 3HaYeHue).
CneposaTesnbHO:
C(t) = Cy - e KOt (11)
BbluMcnum Bpems rnbenn npu ycnoBuM, 4TO
c(t) <C

kput"

_ —In (Cl\'pum)
Couben, =

~ 0,0028 c. (12)

k()\,(i)d)

OAHaKo MOMyYeHblt pe3ynbTaT He SBNsSeTcs pe-
AIUCTUYHBIM, T.K. O30H AO/MKEH YCneTb AOCTUrHYTb
MOBEPXHOCTM ackapuabl. CnepoBaTesibHO, paHee
onpenenéHHoe 3HadveHvne anddysmmn B dopmyne 10
npoun3BeaeHO HEKOPPEKTHO. BBeaéM HOBbIE AaHHbIE:

2
T
t()u(juj)ysuu ~ D’ (13)
roe r = 1 MM (NpYMEpHBIA paMyc ackapvabl),
D = 107° cM?/c (koapdurumeHT anddysumn O, B BOAE).
Torpa:

r? (0,1 cv)?
t()u(j)(])ymu = D ~ mz 1000 c. (14)
PacuétHoe Bpems rmbenn ackapuabl COCTaBuUT:
10
Loubenn = m ~ 54 c. (15)

[ns onpeaeneHust napamMeTpos D (KoadduumneHT
anddysmmn), k (KOHCTaHTa peakummM 030Ha C
KyTUKynon) n a (koachdULMEHT NETaNbHOCTM) HY>KHO
YYECTb 3KCMEPUMEHTASIbHbIE [AaHHblE W METOAbI
MOArOHKW Moaenei.

Onddysmio onpeaensoT npyM NOMOLWM KCnepu-
MEHTa C KOJIOHHOW. M3MepstoT, Kak 030H MPOHMKaEeT
yepes BOAHbIV CIIOM U3BECTHOW TOMLLMHBI, DUKCUPYS
KOHLIEHTPALMIO Ha pa3HbIX rNybuHax BO BpEMEHMU:

LZ

D = ,
6t1/2

(16)

rAe L — TOMWMHA Cnos; ¢, , — BPEMS JOCTIKEHMS!
NOMOBUHbI Ha4a/lbHOMN KOHLUEHTPaL K.

B nuTepaType ykasblBaeTcs, UTO A7 O30Ha B
BoAe npwv Temnepatype 20°C:

10752
[9].

c

D= 18X

(17)

MonpaBKky Ha TemMnepaTypy MOXHO paccuMTaTtb

cnegyrowmm obpasom:
DT — DZO . 60’024(T_20). (18)

DKCMEepUMEHTanbHO  MapaMeTp  KOHCTaHThI
peakuMM 030Ha C KYTUKYNON MOXHO OnpeaenvTb
cnegylowmMMm crnocobom: @ukcupyloT Bpems rnbenu
NpU U3BECTHbIX KOHLEHTPaLMSAX 030HaxX 1 U3MepsioT
TONLUMHY KYTUKYIbl (METOAOM MUKPOCKOMUN).

Mcnonb3ys ypaBHEHWUS LENOCTHOCTU KYTUKYIb
(7), MOXXHO BOCMOMb30BaTLCS METOAOM HaUMEHbLLMX
KBaApaToB AJ1s ONpefesieHNs 3HaYeHNI KOHCTaHTI.

MapaMeTp NeTanbHOCTU BHYTPEHHWUX CTPYKTYp
KJIETKM MOXXHO OMpeaenvTb CeaylowmM Crnocobom:
nocne 06paboTkn 030HOM aHaNM3MPYIOT NOBpEXAEHWE
TKaHeil  ackapuabl  (Hanpumep,  OKpalIMBaHWe
OKMCIIUTENBbHBIM MPOLECCOM) U CBS3bIBAIOT CTeneHb
MOBPEXAEHWNIM C KOHLEHTpaLMEN 030Ha U BPEMEHEM
06paboTku. Ucnonb3ys dyHKUMO BbbknBaemMocTu (6),
MOXHO NPOWN3BECTW MOArOHKY MapameTpa a.

Ana  pacyéta MuHMManbHbIX  3DEdEKTUBHBIX
03 030Ha, rapaHTupylowmx rubenb ackapuabl,
HY)XHO  COBMECTUTb  MOAESIbHble  MPOrHO3bl WU

3KCNepUMeHTasbHble JaHHbIE.
M3[ paccunTbiBaeTCs, Kak:
M3 =C-t, (19)
rae C — KpUTMYeckas KOHUEHTpaumns 030Ha, npu
KOTOPOW HacTyrnaeT rubenb ackapuabl; t — MUHU-
MasibHOe BpeMsi 3KCMo3uumun, Heobxoammoe ans ra-
PaHTMPOBAHHOMO BO3AENCTBMSI.
Hanpumep, npu KOHUEHTPaLUnM 030Ha 2 Mr// Ha-
CTynaeT rnbenb ackapuabl 3a ¢ = 300 c.
BbPKMBAEMOCTb ackapui MOXHO OrMpeaenuThb,
KaK:

kO (20)

Boorcusaemocms = 100 - e
rae k — KOHCTaHTa, HalAeHHas Yepes MoaroHKy
MaTeEMaTUYeCKON MOAENM NMPW MOMOLLUM AaHHbIX, MO-
JTYYEHHBIX 3KCMEPUMEHTASIBHO.
3agaamm nopor 3hdheKTUBHOCTH:

0,01 = e~ = Mo = — 202

. (21).

Wcnonb3yst MonyyYeHHble [aHHble, MOXHO Mo-
CTPOUTb BU3yaNnu3aLMIO KpUBOM «a03a — 3ddekT»

(puc. 2).
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Kpusasa "[Joza-3ddexT"” ana ackapuasbl
Moaens vs SKCMepUMEHT

M3 = 58 Mr-cex/n
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PucyHok 2 — KpuBasi, oTobpaxkatoLLasi TEOPETUYECKMI MPOrHO3 BbDKMBAEMOCTU ackapuabl
B CPABHEHWM C 3KCMEPUMEHTA/IbHLIMU pe3yibTaTaMu

M3 rpacuka BUAHO, YTO TEOPETMYECKUI PACYET
HE COrfacyeTcsl C 3KCMEePUMEHTANbHLIMU AAHHbIMU.
3T0 NPOM30LWIO MOTOMY, YTO MOZE/b HE yuuTbiBaa
napameTpbl Cpefibl, B KOTOPOW HAXOASTCS ackapuabl.

[lns NOBbILLEHUS TOYHOCTM MOAESIN, MOXHO BBE-
CTM nonpaBky Ha pH BoAHOW cpedbl, TEMNepaTypy U
HanMumne opraHNYeckmx npuMecei:

kpy =k-(1+01-|7-pH|), (22
kT = k- e0,0B(T—ZO)’ (23)
Copp = C—COD - 0,5, (24)

roe COD — XMMMYeckasi NoTpebHOCTb B KUCIOPO-
ae (mr/n).
Torpa utoroBas gopMyna ans pacyéra M3/ 6y-
[ET BbIrNSAETb Cneayowmm obpasom:
. C,
MO = Bazoswvrii_M3I/] - "("L{)”pm - fpH (25),
opep
roe bazossii_ M3/ — 3MNUPUYECKN YCTaHOB/EH-
Hasi KOHLIEHTPaLWs 030Ha AN YACTbIX ycnoBuid (600
I C/N); Croppopr — pe(b%peHTHaﬂ KOHLIEHTpaLus 030-
Ha; fpH — NonpaBoYHbIN KO3 dULMEHT ans pH.
OpraHnyeckne BellecTBa B COCTaBe CyCneH3uu
KOHKYPVPYIOT B peakuuyM C MapasMToM 3a O30H,
MosTOMy  CKOppekTupyeMm  dopMyny  pacdéTta
3(pheKTUBHON KOHLEHTpaLNK:

CWf"f’ = max (0'1 Ccmam)apm - 0;5) - COD. (26)

MoCTpoMM KOMMNbIOTEPHYKO MOAESNb BMSIHUS Op-
raHNUYeCKUX CoeiIMHEHNIN 1 pH Ha 3 HEKTUBHYIO KOH-
LeHTpaumto o3oHa (puc. 3).

Moaenb noKasblBaeT, YTO MpU YBEMYEHUU XU-
MUYeckon noTpebHocTn B Kucnopoae u pH obpaba-
TbIBAEMOW CYCMEH3MM BO3pacTaeT U MUHWUMasbHas
apdhekTnBHasA A03a 030Ha. AJanTUpyeM 3Ty Moaesb
TakuM o06pa3oM, uTobbl OHa oOTobpakana 3aBUCK-
MOCTb BPeMeHM rmbenn ackapuabl OT KOHLEHTpaumm
030Ha M pH cycneH3mn C Y4ETOM COAEP)KAHUS BO3-
MOXHbIX NpuMecei (puc. 4).

MonyyeHHyl0 MoAenb MOXHO YNy4linTb, BBEAS
3HaYyeHMe TeMMepaTypbl OKpyXatowen cpeabl. U3
MPaKTUYECKOro 3KCMEepUMEHTa M3BECTHO, YTO YBe-
IMYeHMe TeMnepaTypbl CHUXAET Heobxoanmyto M3/
ans aeaunHeasmmn [10]. NMocTponM NpoCTpaHCTBEHHYIO
mogenb (puc. 5).

Mcnonb3ys paHee MOCTPOEHHble mMoaenu, 6bina
paspaboTaHa nporpaMMa-cMMynsaTop, KOTOopas Mo-
3BOJISIET M3y4yaTb TEOpeTMYecKkue mnapameTpbl 0bpa-
60TKN B pexxuMe peanbHOro BpemMeHu (puc. 6).

MonyyeHHas mporpaMMa MpeacTaBnsieT cobol
uMcpoBOM CMMYNATOP ANS UCCNeaoBaHUs npouecca
AerenbMUHTU3aUMN BOAHOW CYCMEH3UM C MOMOLLbO
030HaTOpa-u3nyyaTens B pexuMe peanbHOro BpeMe-
HW. MaHenb ynpaBneHus nHTepdelica Nonb3oBaTens,
npeacTaBneHHass Ha pUCYHKe 6, BK/Ito4YaeT B cebs
cneayloLme 3eMeHTbI:

1. Mon3yHOK KOHUEHTpauun o3oHa (C Ananaso-
HoM 0—10 Mr/n, ¢ BO3MOXHOCTbIO YCTaHOBKM 6onee
BbICOKMX 3HAUYE€HWUI BHYTPU NPOrpaMmbi).

2. MNon3yHok BpeMeHn 06paboTku (C AMana3oHOM
0-60 MUHYT).

3. MonsyHok pH cTokoB (C Avana3oHoM OT 4 A0
10 eanHuL).

4. Mone ans BBoAa 3HadeHust COD (XMMUYecKom
noTpebHOCTM B KMCNopoae, mMr/n).
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BnwvsaHwe opraHuku n pH Ha 3heKTUBHYIO 03y O30Ha
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PucyHOK 3 — I'pacdvk BAMSIHUS Ha/IMUMSt OPraHUYeCcKnX BELLEeCTB
1 pH cycneHaum Ha achbeKTUBHYIO 403y 030Ha

3aBMCMMOCTbL BpeMeHU rubenn ackapugbl oT Os 1 pH
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PucyHok 4 — Mpacu1K 3aBUCMMOCTM BpeMEHM rMbenn ackapuibl OT KOHLIEHTPaLMK 030Ha 1 pH cycneHsum
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3D-Buzyanuzaumna: Bnusuue O3, pH u TemnepaTtypsl Ha Bpemsi rubenu 4 m

Temnepa a (°C
eparyp (°c)

28

PucyHok 5 — KoMnbloTepHasi MoZenb BAWsIHWSE TEMMEePATypbl Ha BpeMs rmbenu ackapuzpl

KoHueHnTpauua Oy (mr/n)

Bpema oGpaboTiu (MuH)

5.80 10
9 —
0.16 1g.00 1 60
pH cTokos COD (mrin)
6.30
50 - %
1. 00

———f
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3pperTeHoCcTE: 100.0% rvbenun ackapug

M34 pna 99% rmbenu: 118 mr-cew/n
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PucyHok 6 — MHTepdeiic uMdpoBOro cuMynsTopa A1l UCCIIeA0BaHUS NpoLiecca AerefbMUHTM3aLMM BOAHOM CycrneH3nm
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5. KHonka «Paccuntate» ans 3anycka Bbluncne-
HUA.

MNMocne HaxaTus KHOMKM «PaccumTaTb», nNpo-
rpaMMa BbIBOAMT Ha UHTepdeNC cneayoLyo UHhop-
MaLMio:

1. MporHosupyemyto 3dp@eKTMBHOCTL 06paboT-
ku B npoueHTax (Hanpumep, «100.0% rubenun acka-
pua»).

2. M3 (MuHMManbHyto aphekTUBHYO A03Y) ANs
99% rnbenun B Mr Ha cek/n (Hanpumep, «118 Mr Ha
cek/n»).

3. M'paduk, rae no ocn Y oTobpaxkaeTcs addek-
TnBHOCTb (%), @ N0 ocn X oTobpaxkaeTcs BpeMs 06-
paboTKn (MUHYTHI).

Mpy BLIGOpE OMpeaenéHHOM TOYKM Ha rpacduke
BbIBOAWTCS BCM/IbIBAIOLLEE OKHO C A€TanbHON MHGOp-
Mauwmelt no achdEKTUBHOCTY U BpeMeHU 06paboTKy.

[aHHas nporpamMMa MO3BONSET MOAENMPOBATb
pasnnyHble cLleHapun 06paboTku 1 U3yyaTb BAUSHUE
napameTpoB Ha 3(PPEKTUBHOCTb AereNbMUHTU3ALMM.
Pa3paboTaHHbIi MHCTPYMEHT MOXET O6biTb noneseH
MpU Hay4HbIX UCCEAOBaHMSX B 061aCTN BOAOOUNCT-
K1 Ans onTMMM3auumM NpoLeccoB AerenbMUHTU3aUmMK
1 pa3paboTkn HOBbIX METOAMK 06paboTKM BOAHbBIX CY-
CMEH3MM.

BoiBOAbl. B Xxoae wuccnepoBaHus aBTopamu
6bina paspaboTaHa MaTeMaTuyeckasl Modenb, Onu-
CblBatoLLasl BO3AEMCTBME 030HA Ha KJIETOYHbIE CTPYK-
TYpbl ackapuabl Buaa Ascaridia galli. Mopenb
BK/IOYAET cucteMy anddepeHUmnanbHbIX YpaBHEHUI,

YUMUTBIBAKOLLMX KUHETMKY OKUCIIEHWUS NUNUAOB, AeHa-
Typaumun 6enKkoB M MOBPEXAEHUS KNETOYHOW MEM-
6paHbl. MpoBeAEHHBIN aHanM3 No3BOAWI ONpeaesnTb
KpUTUYeckne napameTpbl (KOHLUEHTpauMsi 030Ha,
BpPEMSI 3KCMO3ULMKM), NPU KOTOPbIX MPOUCXOAUT HEO-
6paTMMoe paspylieHne KJeTKM napasuta. Tak, npwu
3(hekTUBHOM KOHLIEHTpaUuM 030Ha 570 mr/n npwu
Temnepatype 20°C Bpemsi rubenu ackapva CoCTaBuT
nopsaka 54 c.

Ha ocHoBe paHHOM MaTeMaTu4yeckol Moaenwu
6bI/1 CO3/1aH CreLuanM3npoBaHHbIi NPOrpaMMHbIN C1-
MYNSITOp, MO3BONSIOWMIA B PEXMME peasibHOro Bpe-
MEHM MOAENMpoBaTb MpPOLecC AereslbMUHTU3aLUK
BOZHOM cycrneH3uu. MNporpaMMa NpeaocTaBsieT BO3-
MOXXHOCTb UCCNEeAO0BaHNS BNUSHMS pa3finyHbIX napa-
MeTpoB (KOHLIEHTpaLUusi 030Ha, BpeMmsi 06paboTku, pH
cpeabl) Ha 3D HEKTUBHOCTb YHUUTOXEHMS Napa3nTos,
YTO 3HAYUTENBbHO PACLUMPSET BO3MOXHOCTM MPaKTK-
YeCKOro NpUMeHeHus! pa3paboTaHHOM MoAENM.

MonyyeHHble pe3ynbTaTbl COrNAacytoTCs C 3KCne-
PVMEHTaNbHbIMWU AaHHLIMU, YTO NMOATBEPXKAAET afeK-
BATHOCTb MoAenu. JanbHeilumne nccneaoBaHns MoryT
6bITb HampaB/eHbl Ha YTOYHEHUE NapaMeTpoB Moje-
NN ANs UHbIX BUAOB Mapa3svToB M MX SUL, @ TakXe
Ha M3y4yeHne KOMOMHMPOBAHHOMO BO3AENCTBMUSI 030Ha
C ApPYrMMM aHTMNapa3uTapHbiMK areHTamu. Pa3pabo-
TaHHbIA CUMYNATOP MOXET CTaTb 3(PEKTUBHBIM UH-
CTPYMEHTOM KaK A/i Hay4HbIX UCCNEeAoBaHUIA, TaK U
ANS ONTUMM3aLUMK NPAKTUYECKUX NPOLECCOB Aeresb-
MUHTM3aUMMN.
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CBegennsa ob aBTopax
ApTtem BuktopoBuu Ky3uH — acnmpaHT kadeapsbl anektpudukaummn, ®egepanbHoe rocyaapCTBeHHOe brofkeTHoe
0bpaszoBaTesibHOe yupexaeHve BbiCLLero 06pa3oBaHms «SpocnaBCKuii roCyAapCTBEHHbIV arpapHbIi YHUBEPCUTET»,
spin-koa: 4720-4520.
Bnagumup Buktoposuuy LLIMUrenb — JOKTOP TEXHUYECKUX HAYK, npocdeccop, npodeccop kadeapb! anekTpudm-
kauuun, ®efepanbHoe rocyaapcTBeHHoe brofxeTHoe 0bpasoBaTenbHOe yypexaeHne Boicliero obpasoBaHus «5po-
CNaBCKMI roCcyAapCTBEHHLIV arpapHblil YHUBEPCUTET», spin-koa: 5673-4145.
EneHa BnagumuposHa LllewyHoBa — KaHAMAAT TEXHUYECKMX HAYK, AOLEHT, AeKaH WHXeHepHoro dakynbTeTa,
®epnepanbHoe rocyaapcTBeHHoe 61oaKeTHOe 06pa3oBaTeibHOE YUpEXAEHME BbiCLLIEro 06pa3oBaHus «SpocnaBckuii
roCyAapCTBEHHbBIN arpapHblii YHUBEPCUTET», spin-koa: 4860-1126.
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