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AHOTAIILA

Maxonin M.B. Meton BU3Ha4YeHHs MapaMeTpiB T'€HEPaTOpy METUYHOTO
030HY IS €(EeKTUBHOTO MIJIBMINCHHS HOro mpoayKTUBHOCTI. — KBamidikariiina
HAyKOBa Ipallsd Ha MpaBax PyKOIUCY.

Huceprailist Ha 3100yTTS HAYKOBOTO CTYNEHs KaHAMJATa TEXHIYHUX HAyK
(moxTopa dinocodii) 3a cnemianbHicTio 05.11.17 «bionoriuni Ta MeAUYH1 IPUIATN
1 cucremu». — HamioHanbHMH TEXHIYHMIA  YHIBEpCUTET «XapKiBCbKUI
MOMITEXHIYHUHN ITHCTUTYT», XapkiB, 2019.

Huceprauis Maxonina M.B. npucBsiueHa BUPIIIEHHIO OJIHIET 3 aKTyaJIbHUX
HAYKOBO-TEXHIYHUX 3aJa4 Cy4aCHOTO MEIWYHOTO NpUIaAo0yayBaHHSI —
HiABUIICHHIO €(EeKTUBHOCTI TE€HEpaTOpy MEIUYHOIO O30HY 3@ PaxyHOK
BU3HAUEHHS TAapaMeTpiB pO3pAIHOI KaMepH, HANpyrd KUBJICHHSA Ta BUTPATH
KHCHIO.

Ha nanwii yac y cBiTi aKTUBHO BUKOPUCTOBYIOTh 030H Ta MOTO CyMIillI Jist
MIMPOKUX TOTpeO pi3HUX Tamy3ei. (s oTpumaHHS O030HY BHUKOPHCTOBYIOTHCS
CHeriajgbHl TEeHepaTopu O30HY PIZHHX THIIB y 3aJeXHOCTI Bim chepu ix
3actocyBaHHA. L{i reHepaTopu BIJIPI3HSIOTBCA PO3MIpaMU, KUJIBKICTIO O30HY, IO
TeHEPYETHCS 3a BIAPO30K yacy Ta iHMI. OCOOIMBICTIO K TeHEPATOPIB MEIUYHOTO
O30HY € Te, 110 HEOOX1IHO MIATPUMYBATH 3aJ]aHl apaMeTpyu OTPUMYBAHOT 030HO-
KHCHEBOI CyMIIIl Ha MPOTA31 YChbOr0 4acy MPOBEAEHHS MPOLEAYPH, a y SKOCTI
po6oUOro razy BUKOPUCTOBYETHCS MEIUYHUI KuceHb. Lle no3Bossie peanizoByBaTu
METOJMKH 030HOTEpaIii AJisi MAaKCUMaIbHO €(h)eKTUBHOTO JIIKYBaHHS TAIlI€HTIB.

TunoBi mapameTpu 030HO-KMCHEBOI CyMIllll, SIKi IOBUHEH 3a0e3MevyBaTH
MEIUYHUI TEHEpaTop O30HY PErIaMeHTYIOThCsl B YKpaini «MeTtonukamu s
3aCTOCYBaHHA O030HY B MEAMYHIM MpakTHii», K1 Oyaud 3aTBepKEeH1
MinictepcTBOM 0Xx0poHHU 310poB’s B 2014 pori. 3rigHo cy4acHOi pemakiiii mux
METOJMK KOHIIEHTpAIlisi 030HY B 030HO-KHCHEBI1M CyMillll TOBUHHA 3MIHIOBATUCH Y
niama3oHi Bia 0,1 mo 80 mr/n, a Butpara cymimi Big 0,1 qo 1 1/xB.

MeauuHi TeHepaTopu O30HY AaKTHUBHO BHUKOPHCTOBYIOThCS Yy KaOiHeTax

030HOTEpamnii Ta MEAWYHMX ycTaHOBax Ykpainu, kpain CHJI, a Takox kpain
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Jlatuncbkoi Amepuku. IlopiyHO y CBITI NOpPOBOAWTHCSA BEJIMKAa KUIBKICTD
KOH(EpeHIliif MPHUCBSIYEHUX O30HOTEpamii, Ha SKUX BOHA OTPUMYE CBI
NoJANbIINK pO3BUTOK [IpakTHyHE BUKOPHUCTAHHS T€HEPATOPIB MEAUYHOTO O30HY
CBITYUTH, IO OIIBIIICTh amapaTypw, 10 BHKOPUCTOBYIOTHCS, MOTpeOye
BJIOCKOHAJICHHS JJI 3a0e31eueHHs1 poOOTH Ha OCHOBI Cy4YaCHUX MEIUYHHX PIIICHb
y JikyBaHHI. ToOTo po3poOka cydacHOro TreHepaTopa NoTpedye He TUIbKU
BIJIMOBIIHICTh TIApaMETPIB CYy4aCHUM BHUMOTaM, a ¥ Ie 3amac Ha PO3BUTOK Ta
MOXJIMBICTh 30UIBIIECHHS 3HA4Y€Hb KOHIIEHTpaIlii 030HY. KpiM Toro, y OUIbIIOCTI
MEJIMYHUX TEHEPATOPIB O30HY CIOCTEPIraeThCs HEBIAMOBIAHICTD 3asBICHUX
napameTpiB 030HO-KHCHEBOI CyMIIII Ta 3HaYEHHS MTPOTYKTUBHOCTI IO O30HY.

[IponyKTUBHICTH T'€HEpaTopa O30HY, B CBOI 4Yepry, 3aJeXHUThb BIJ:
napameTpiB po3psSAHOI KaMmepu, MNapaMeTpiB HANpyrd JKUBIICHHSA, NapaMmeTpiB
poOouoro raszy. BupimeHHsM npoOieMy MOIIYKY ONTHUMaJIbHUX 3HAUYE€Hb LUX
napamMeTpiB  JUIs  TIJABUIIEHHS €(QEKTUBHOCTI poOOTH TreHepaTopa 030HA
3aiiMaroTbcad 0OaraTo HAyKOBIB, CEpell SKUX MOYKHA BHJIUJIUTH SIMOHCHKHX,
HIMEUIbKUX Ta HaykoBmiB 3 kpaiH CHJI. Ane Ha naHuii MOMEHT III€ HE ICHYE
YHIBEpCAJILHOI MOJIEJIl PO3PaXxyHKy MapaMeTpiB reHepaTopy.

Takum ymHOM, 3a7aya MIABHIICHHS €()EKTHUBHOCTI pOOOTH TeHepaTopa
MEAMYHOTO O30HY 3a paXyHOK BH3HAUEHHS HalKpallMX MapameTpiB HOro BY3IiB,
0 JO03BOJUTh MIABUUIUTH SKICTh MNPOLEAYpP O30HOTEpamii € akTyalbHUM 1
NEPCIIEKTUBHUM HAIIPSIMKOM PO3BUTKY T€HEPATOPIB O30HY.

VY nuceprauiiiHiii poOOTI Bmepine MoOyAOBaHO MaTeMAaTHU4YHY MOJIEb
CHHTE3Yy 030HY B PO3pSAIHIN Kamepi reHepaTopa MEAMYHOTO O30HY, SIKa BPAXOBYE
BITMB HE TUTbKH MapaMETPIB €JICKTPUYHOT €HEPTii, a TAKOK MapamMeTpiB PO3PSIHOT
KamMepu Ta pobouoro razy. OTpuMaHi 3aJIEKHOCTI BIUIMBY MapameTpiB
CJICKTPUYHO1 €HEPTii Ha CHHTE3 030HY Y PO3PSAIHINA KaMepi Ha OCHOBI ITPOBEICHOTO
aHali3y Ta 3 BHUKOPUCTaHHSIM KOMIT'IOTEPHOTO MojemoBaHHs. Otpumana
NOJAJIBIIMN PO3BUTOK MOJIENb MPOLIECY reHepalli 030Hy B Oap'epHOMY po3psil,
sKa, Ha BIIMIHY B1J] ICHYIOUO1, BpaXOBY€ HE TUIbKU apaMeTpH HANPYTH KUBJICHHSA

1 pO3MIpU KamepH, ajie 1 MPOIEeCH, 0 BIAOYBAIOTHCS B PO3PSTHOMY MPOMIXKKY.
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3anpomnoHOBaHO METOJAMKY PO3PaxyHKY OCHOBHHX IapaMeTpiB TeHepaTopa O030HY
pu HOTo po3poOIIi, 10 JO3BOJISAE MIABUIINTH €(PEKTUBHICTE CHHTE3Y O30HY.

[IpakTuuHe 3HAaYEHHS OJEPNKAHUX PE3YNbTATIB MOJIATAE Y OOIPYHTOBAHHI
MEPETiKy TapaMeTpiB, IO YHWHATh HAWOUIBIINN BIUIMB HA MPOMYKTUBHICTH
reHeparopa MEJUYHOr0 030HY; 1HKEHEPHUX PO3paxyHKax MapameTpiB reHeparopa
MEIUYHOTO O30HY, SIKI JIO3BOJWJIM OINTHUMI3yBaTH KOHCTPYKI[IO TeHepaTopa 3
3aJaHUMH TapaMeTpaMu; peanmi3allii eKCIepUMEHTAIIbHOTO 3pa3Kka TreHeparopa
MEIUYHOTO O30HY 3 BJIOCKOHAJIEHOI) CHUCTEMOIO aBTOMATHYHOI'O PEryJIOBaHHS
BUTPATH Ta3y, IO J103BOJIMIIA 3a0€3M1€UNTH BUKOHAHHS IIIMPOKO CIEKTPY MPOLEAYP
O30HOTEpanii.

OTpumaHH1 NPaKTUYHI pe3ybTaTH AUCEPTAIIHHOI POOOTH BIPOBAIKEHI
Ha HBII «ExoHika» npu po3poOli Ta BUTOTOBJIEHHS CYYaCHUX T'€HEpaTopiB
MEAMYHOTO O030HY, a TaKOX PO3pOOJECHUI MAKETHHH 3pa30K MPOWIIOB MEIUYHY
anpoOariii y MenuuHomy 1eHtpi «llymbc-meauka» Ta y [HCTUTYTI MeaudHOl
pamiosnorii iMm. C.I1. I'purop’eBa.

Knrouoei cnosa: Oap’epHMil po3psa, TEHEpPaATOp MEAUYHOTO O30HY,
eJeMEeHTapHUld 00’eM, e(EeKTUBHICTh CHUHTE3Y O30HY, O30HO-KHCHEBAa CYMII,
O30HOTEeparis, po3psaHa KaMmepa.
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ABSTRACT

Makhonin M.V. A method for determining the parameters of a medical
ozone generator to effectively improve its performance. — Qualification scientific
work on the rights of the manuscript.

Thesis for the degree of candidate of technical sciences (PhD) in the
specialty 05.11.17 “Biological and medical devices and systems”. -National
Technical University "Kharkov Polytechnic Institute”, Kharkov, 2019.

The thesis is devoted to the solution of one of the current scientific and
technical problems of modern medical instrument making - increasing the
efficiency of the medical ozone generator by determining the parameters of the
discharge chamber, the supply voltage and the oxygen consumption.

Currently, ozone and its mixtures are widely used in the world for the wide
range of applications. Different types of ozone generators depending on their
application are used for ozone synthesis. These generators differ in size, the
amount of ozone generated by the time span, etc. The peculiarity of the generators
of medical ozone is that it is necessary to maintain the prescribed parameters of the
resulting ozone-oxygen mixture throughout the entire duration of the procedure,
and medical oxygen is used as the working gas. This allows us to implement ozone
therapy techniques for the most effective treatment of patients.

Typical parameters of the ozone-oxygen mixture, which the ozone
generating plant should provide, are regulated in Ukraine "Methods for the
application of ozone in medical practice"”, which were approved by the Ministry of
Health in 2014. According to the modern version of these methods, the
concentration of ozone in the ozone-oxygen mixture should vary in the range from
0.1to 80 mg /I, and the flow rate of the mixture is from 0.1 to 1 I / min.

Medical ozone generators are actively used in the offices of ozonotherapy
and medical institutions in Ukraine, CIS countries, as well as Latin American
countries. A large number of conferences devoted to ozone therapy are being held

annually in the world in which it is further developed. The practical use of
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generators of medical ozone shows that most of the equipment used needs to be

improved to provide work on the basis of modern medical solutions in treatment.
That is, the development of a modern generator requires not only compliance with
the parameters of modern requirements, but also a stock for development and the
possibility of increasing the values of ozone concentration. In addition, in most
medical ozone generators there is a discrepancy between the stated parameters of
the ozone-oxygen mixture and the value of ozone productivity.

The performance of the ozone generator, in turn, depends on: the
parameters of the discharge chamber, the parameters of the supply voltage, the
parameters of the working gas. Many scientists, including Japanese, German and
scholars from the CIS countries, are engaged in solving the problem of finding the
optimal values of these parameters for increasing the efficiency of ozone generator
operation. But at the moment there is still no universal model for calculating the
parameters of the ozone generator.

Thus, the task of increasing the efficiency of the medical ozone generator
by determining the best parameters of its nodes, which will improve the quality of
ozone therapy procedures, is an urgent and promising direction for the
development of ozone generators.

In the dissertation, for the first time, a mathematical model of the synthesis
of ozone in a digital chamber of the medical ozone generator was constructed,
which takes into account the influence not only of the parameters of electric
energy, but also of the parameters of the discharge chamber and the working gas.
The dependence of the influence of electric energy parameters on the synthesis of
ozone in a discharge chamber was obtained on the basis of the conducted analysis
and using computer simulation. The model of the ozone generation process in the
barrier discharge has been further developed, which, in contrast to the existing one,
takes into account not only the power supply parameters and camera dimensions,
but also the processes occurring in the discharge gap. The method of calculation of
the basic parameters of the ozone generator during its development, which allows

increasing the efficiency of ozone synthesis, is proposed.
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The practical value of the results obtained is to justify the list of parameters

that have the greatest impact on the performance of the medical ozone generator;
engineering calculations of parameters of the generator of medical ozone, which
allowed to optimize the design of the generator with the given parameters; the
implementation of an experimental model of the medical ozone generator with an
improved system of automatic regulation of gas consumption, which allowed to
ensure the implementation of a wide range of procedures for ozone therapy.

The practical results of the dissertation work were introduced at the
Scientific-Production Enterprise "Econika" in the development and manufacture of
modern generators of medical ozone, and also a prototype sample was developed,
was tested at the medical center "Pulse Medika™ and at the Institute of Medical
Radiology N.A. Grigoriev.

Key words: barrier discharge, discharge chamber, elementary volume,
medical ozone generator, 0zone-oxygen mixture, ozone therapy, ozone synthesis
efficiency.
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