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OmnucaHbl FeHEPaTop 030Ha IS IPOBEACHHUS MEIMKO-OHOIOrHUECKUX IKCIIEPUMEHTOB C UCIIOJIb30BAHHEM O30HOBBIX TEXHOJIOTHIT 1
Kamepa it 00pabOTKM pa3IMYHBIX IIPEAMETOB 030HHPOBAHHBIMU PACTBOPAMH C YJIBTPa3BYyKoM. B reneparope 030Ha IpUMEHEHa
paspsigHas TpyOka 6e36apbepHOro THIIA, KOTOpas YCTOWYMBO paboTaeT MpHU MOBBIICHHOH BIQKHOCTH HPOIYCKaeMOTo 4epe3 Hee
raza. [Ipu pabore ¢ YUCTHIM KHCIIOPOZOM I'eHEpaTop 030HA 00ECIEUHBACT KOHIICHTPAIMIO 030HA B 030HO-KHUCIOPOIHON CMECH 110
20 mr/n, mpu pabore ¢ BO3AyXoM — 10 8 Mr/i. BenmunHa ra30BOro Motoka uepes paspsaaHyro Tpyoky 0,1-6 n/mun. O6opynoBanue
MOXXET OBITH HCIIOJIb30BAHO YISl HACBIIICHUS 030HOM Pa3jIMYHBIX PACTBOPOB, HPOBEJCHHS SKCIICPHMEHTOB [0 CTUMYIHPYIOLIEMY
JeHCTBHIO Ha OMOJIOTHYECKHEe OOBEKTHI MaJIbIX 03 030HA M VISl CTCPHIM3ALMU PA3JIMYHBIX IPEAMETOB BHICOKUMHU J03aMH 030HA.
ITpuMeHeHHEe ONMCAaHHOrO 00OPYIOBAHUS MILTIOCTPUPYETCS IKCIICPUMEHTOM MO CTUMYJSLMH POCTa MallbIMH J03aMH 030HA
MHKPOOPTaHH3MOB.

Knrwwuesvle cnosa: 030H, TEHEPaTOPbI 030HA, OMOJOTHYECKOE JeiicTBHE 030HA, 030HOTEpANuUs, CTUMYJISALHS IIPOLECCOB
KU3HENICATEIIHOCTH.

OnucaHo reHepaTop 030HyY IS IPOBEICHHS MEIUKO-010IOTYHUX EKCIIEPUMEHTIB 3 BUKOPHCTAHHIM 030HOBUX TEXHOJIOTiH i Kamepa
JUIsl OOpOOKH pi3HUX MPEIMETIB 030HOBAHUMHU PO3UYMHAMH 3 YJIBTPAa3ByKOM. Y I'€Heparopi 030Hy 3aCTOCOBaHa po3psaHa TpyOka
6e36ap’epHOro THUILY, sIKa CTAJIO MIPALFOE IPH i JBHUIIEHII BOJIOTOCTI rasy, 110 IponycKaeThest Kpi3b Hel. [Ipu poOOTi 3 YNCTHM KHCHEM
reHeparop 030Hy 3abe3redye KOHIIEHTpALil0 030HY B 030HO-KHMCHEBil cymimti no 20 mr/i, mpu poOoTi 3 MOBIiTpsiIM — 10 8 MI/I.
BennunHa ra3oBoro notoky Kpisbs pospsaHy Tpyoky 0,1-6 n/xB. OGnamHaHHS Moxe OyTH BHKOPHUCTAHO AJIsl HACHYEHHSI 030HOM
PI3HUX PO3YHHIB, JJIS TPOBEACHHS SKCIICPUMEHTIB [0 CTUMYJIFOIOUii i Ha 610JI0TiIYHI 00’ €KTH MalIuX 703 030HY 1 [Tt CTepUITi3alii
PIi3HHX MPEIMETiB BUCOKUMH J03aMH 030HY. 3aCTOCYBaHHsI OMKMCAHOTO 00JIaJHAHHS LTIOCTPYETHCS EKCIIEPUMEHTOM 110 CTUMYJISILIT
POCTY MIKpOOPTraHi3MiB MaJIUMH T03aMH O30HY.

Kniouosi cnosa: 030H, reHepaTopu 030HY, Oi0JIOTUHA /i 030HY, 030HOTEpAIlisl, CTUMYJISLISI HPOLECIB KUTTEAISIIBHOCTI.

There has been described an ozone generator for medical and biological experiments using ozone technologies and the chamber for
different objects treatment with ozonized solutions and ultrasound. In ozone generator a barrier-free discharge tube is applied, which
is perfectly operating at an increased humidity of gas passing through. While working with pure oxygen the generator provides ozone
concentration in ozone-oxygen mixture of up to 20 mg/ml, when working with air this index makes up to 8mg/1. Value of gas flow
through a discharge tube is 0.1 to 6 I/min. The equipment can be used for ozone saturation of a number of solutions, in the experiments
on studying the stimulating effect of ozone low doses on biological objects and for various objects sterilization using its high doses.
Application of the equipment described is illustrated by the experiment of microorganisms’ growth stimulation by low doses of ozone.

Key-words: ozone, ozone generators, biological effect of ozone, ozone therapy, stimulation of life activity processes.

B nocnennee BpemMs Ha OCHOBAaHUU JKCIEPH-
MEHTAJIBHBIX U KIMHUYECKHX HCCIIEeIOBaHUHA OBLIO
YCTAHOBIJIEHO, YTO O30H B MaJIbIX KOHLEHTpaIHIX
(mopsiaxka 100 mr/m*) meiicTByeT Kak Tepames-
TH4yeckoe cpeactBo. OH MposBIsLET UMMYHOMOXY-
Jnupylollee, NPOTHBOBOCTATUTENbHOE, OaKTepH-
LUIHOE, BUPULUAHOE, PyHTMIUIHOE, AHAITU3UPYIOLIee
U psin Apyrux neictsuii [6, 7, 9]. Ilocne oTkpeITHS
yKa3aHHBIX CBOIMCTB 030HA B Pa3HBIX CTpaHax CTaJH
pa3pabarbiBaTh METOJMKH JIJIsl IPUMEHEHHs 030HA B
JIe4eOHBIX NENSIX W MPOU3BOIUTH amiaparhl 030HO-

Basing on experimental and clinical studies ozone
in low concentration (about 100mg/m?®) was recently
found to act as a therapeutic mean. It shows an immune
modulating, anti-inflammatory, anti-bacterial , anti-viral,
fungicide, analgesic effect and a number of other [6,
7, 9]. Having discovered the mentioned ozone properties
many countries started producing the ozone therapy
devices and elaborating ozone application methods for
therapeutic purposes. Germany produces “Ozonosan”
equipment (Dr. Hansler GmbH Ozonosan) and “Ozon
C-90” (Zotzman&Stahl GmbH). German experts are
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Tepanuu. B I'epMaHun BBIYCKAKTCs anmnapaThl
“Ozonosan” ¢upmsl Dr. Hansler GmbH Ozonosan u
“Ozon C-90” ¢upmsl Zotzman&Stahl GmbH.
HeMmenkue cnenuanucTsl CUUTAIOTCS MHOHEpPaMH B
001acTH UCCIeI0BaHNs BO3MOXKHOCTEH TPUMEHEHHS
030Ha B MEIUIUHE U pa3padOTKe 030HATOPHOTO
000pyIOBaHUs MEAULIMHCKOTO Ha3HaueHus. [lonbekas
¢upma “Cryo Metrum” BbIIyCKaeT MEOUIIMHCKHE
osonaropel ATO,. B Uranun mMenunuHckoe 030Ha-
TopHOE 00OpymOBaHMe MPOU3BOAUT Gupma “Multi-
ossigen”. B Poccum Ha psne mpennpusTuil paspa-
OaTpIBaeTCA M CEpUHHO BBIMYCKAETCS O30HATOPHOE
000pyI0BaHNE MEIUITMHCKOTO HAa3HAYEHHs, KOTOPOe
cepTuUIIMPOBAHO M BHECEHO B peecTp MuHHC-
TepcTBa 3paBooxpaHeHust Poccun. 910 030HaTOPHI
“YOTA-60-01” (dupma “Menozon” — r. Mocksa),
“AOT-H-01-Ap3-01/1" (r. Ap3amac-16), “AOT-HCK-
01-C(®-16)” (Beepoccuiickuii penepaibHbINA HEHTP —
Bceepoccuiickunit HUU skcnepuMeHTanbHON GU3HKN),
“A-c-I'OKC}-5-02-O30H” (OAO “JIEIICE”,
r. Kupos). B Hmxuem HoBropone Boenno-menuiint-
CKH{ HHCTUTYT (eZepatbHON MOTPAHUIHOM CITYXKOBI
Poccun u Huxeroponckuii Hay4yHO-HCCIIEA0BATENb-
CKH{ WHCTUTYT TPaBMATOJIOTHH U opTonieann M3 PO
paspaboTaiy MeIUIWHCKANA 030HATOP 7S TPUMEHe-
HUS B TIOJIEBBIX YCIOBUAX [3].

Kax BuiHO U3 IpHUBENEHHOTO NIEPEYHS, Ha PHIHKE B
HacCTosIlee BpeMsi UMEETCs OCTATOYHO MHOTO
030HATOPHOTO 000PYAOBAaHUS MEIULUHCKOTO Ha3-
HaueHHusA. B mpakTuyeckoil MeIMIIMHE amnmnaparsl
030HOTEpANHUU HCIOJB3YIOTCSA IS HACHILEHUS
030HOM BOABI U (DU3HOJIIOTUYECKOTO PacTBOpa, IS
00paboTKu ra3000pa3HBIM 030HOM OTKPBITBIX TOBEPX-
HOCTEM U OTKPBITHIX IOJIOCTEH, paH, 0’KOrOB, KPOBU
(Oompmias u Manas ayToreMoTepanusi), AJs1 O30HUPO-
BaHUA Macen [6, 7, 9]. K MeaumuHCKIM 030HATOpaM
MPEIbSBISIFOTCS TPEOOBAHHS YHCTOTHI M CTAOMIILHOC-
TH TIOTOKa 030HO-KUCIIOPOTHON CMECH, CTaOMITBHOCTH
KOHIIGHTpAIK 030HA. B MeIUIIMHCKHUX 030HATOpAX,
KaK Te€HepaTopsl 030HA, UCIIOJIB3YIOTCS pa3psaHbIe
TpyOku GaprepHOro Tuna. s HopManbHOU paboThI
TaKOH pa3psAHON TPyOKH uepes Hee ClleAyeT MpoIyc-
KaTh JOCTAaTOYHO XOPOLIO OCYLIEHHBIN ra3 [2, 5].

B cBs131 ¢ onrcaHHBIMU B TUTepaType 3 dhexramu
CTUMYJISIIUU OMOJIOTHYECKHUX MPOLECCOB MaJIbIMU
J03aMH 030HA BO3HUKAET MHTEPEC K MCCIIETOBAHUIO
BO3MOXXHOCTEH MPUMEHEHHUSI 030HA B PA3IHYHBIX
ouoTexHonorusax. Takue nccieaoBaHus BeIyTCs HAMHU
B 00J1aCTH KPHOOHMOJIOTHH U JJIS 3TOU LENTH pa3padboTaH
KOMILIEKC COOTBETCTBYIOIIEro o0opyaoBaHus. B
KpHOOMOJOTHH MOXXHO BBIJENHUTH JIBA acleKTa
MIPUMEHEHHS 030HOBBIX TEXHOJIOTHH: 1) HCIIOJIB30BATh
030H B MalblX J03aX KakK areHT CTUMYJSLUH
MPOLECCOB XU3HEAEATCIHbHOCTH OMOTOTHUECKUX
00BEKTOB IOCJI€ IPOBEACHUS TEXHOJOTHYECKOTO
LMKJIa KPHOKOHCEPBUPOBAHUSL; 2) BHICOKHE 103bI 030HA
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known as pioneers in the trend of ozone and its
equipment application in medicine. Polish “Cryo
Metrum” company produces ATO3 ozonators. In Italy
medical ozonator equipment is produced by “Multio-
ssigen”. In a number of factories in Russia there has
been elaborated and serially produced ozone equipment
for medical purposes being certified and registered by
Ministry of Health Care of Russia. These are “UOTA-
60-01” ozonators (“Medozon”, Moscow), “AOT-N-
01-Arz-01/1” (Arzamas-16), “AOT-NSK-01-S(F-16)”
(All-Russian Federal Center All-Russian R&D
Institute for Experimental Physics), “A-s-GOKSf-5-
02-OZON” (“LEPSE” Ltd, Kirov). Military-Medical
Institute of Federal Border Service in Nizhniy
Novgorod jointly with R&D Institute of Traumatology
and Orthopedy of the Ministry of Health Care of Russia
have elaborated the medical ozonator to be used for
field conditions.

As is it seen from the list enumerated, there is
quite a lot of ozonator equipment for medical use in
the market at the moment. Ozone therapy devices
in practical medicine are used to enrich water and
physiological solutions with ozone, to treat the open
surfaces and areas, wounds, burns, blood (auto-
hemotherapy) by gas-like ozone, for oils ozonation
[6, 7, 9]. Medical ozonators are required to have
the flow purity of ozone-oxygen mixture, ozone
concentration stability. In medical ozonators as ozone
generator the barrier type discharge tubes are used.
For normal functioning of such a discharge tube one
should pass quite a dissicated gas through it.

In terms of the described in literature stimulating
effects of biological processes with ozone low doses it
is of interest to study the possibilities of ozone
application in a number of biotechnologies. Such a
research is being done by us in cryobiology and
therefore a complex of special equipment was
elaborated. In cryobiology we can underline the two
aspects for such technologies application: 1) ozone
usage in low doses as a stimulation agent for biological
objects activity after completing the technological cycle
of cryopreservation; 2) high doses of ozone are
reasonable to be used for sterilization technologies of
cryobiological equipment. Nowadays the problem of
biological material sterility at different cryopreservation
steps is paid attention to. A number of organisms are
capable of surviving the liquid nitrogen temperature
and could cause contamination of cryopreserved
material [8, 10]. Gas-like ozone is convenient to be
used for sterilization of large sterile low temperature
storehouses, containers and other cryobiological equip-
ment, which is not allowed to be sterilized by heating.

In our first experiments we used ozonators with
barrier-type reactors, similar to those applied in ozone-
therapy devices [1]. When working in re-circulation
regimen of ozone-air mixture such ozonators were
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MEPCIEKTHBHO MCIIOIb30BATh JIJISl pa3padOTKH TEXHO-
JIOTHH CTEPHIM3ALUH KPUOOHOIOTHYECKOTO 000py/I0-
BaHUSI.

[Ipobneme cTepUABHOCTH OUOTOTHUYECKOTO
MaTepuaia Ha Pa3HBIX CTaJAUAX KPHOKOHCEp-
BHUPOBaHMSA yaensieTcs 00IbII0e BHUMAaHNE. YCTaHOB-
JEHO, YTO MHOTHE MHKPOOPTaHU3MBI CIIOCOOHBI
MEPEHOCHUTH TEMIIEPATypy >KUAKOTO a30Ta U CIIYKUTh
MPUYNHON KOHTaMUHAIIMY KPHOKOHCEPBUPOBAHHOTO
marepuaia [8, 10]. O30H B ra3oBoi ¢asze yao0OHO
HCIOJIB30BATh JJIsl CTEPUIM3AIMH OONBINNX HH3KO-
TEMIIepPaTyPHBIX XPAHWIIHI, KOHTEHHEPOB U APYTOTO
KPHUOOHOJIOTHIECKOTO 000PYIOBAHHMSI, KOTOPOE HENH3S
CTEpUIIN30BATh HAIPEBAHKEM.

B mepBbIX 3KCIepUMEHTaX MBI UCIIOJIB30BATH
030HATOPBI C PEaKTOpaMu OApLEPHOT0 THIA, HOA00-
HBIMH TE€M, KOTOpbIE MPUMEHSIOTCA B ammapaTrax
o3oHotepanuu [1]. [Ipu pabore B pexume peuup-
KYJISILIMH 030HO-BO3AYIIHOM CMECH TaKHe 030HATOPHI
OKa3aJIUCh JOCTATOYHO YYBCTBUTEIHHBIMU K BIAXK-
HOCTH Bo3ayxa. [Ipomyckanue depe3 pa3psaHYIO
TpyOKy pabodero rasza, CoAepKaIiero mapsl BOJEHI,
MIPUBOJTUIIO K DJIEKTPUIECKOMY MTPOOOIO0 B pa3psaHOi
TpyOKe, YTO BBI3BIBAIIO HEOOpATHMBbIE TTOBPEXKICHUS
B Heil. bonee HaxexxHbIMEU TpH paboTe ¢ pabouum
ra3oM, CoOJIepXalluM Napbl BOJABI, OKa3allHCh
reHepaTopsl 030HA C peakTopamMu 0e30apbepHOro
tuna. Hamu ObIIM MOCTPOEHBI a0OpaTOPHBIN
reHEepaTop 030HA € TNIA3MOXUMHUUYECKHMH PEaKTOpaMH
O0e30apbepHOro THNa U KaMepa ais o0paboTku
pa3NUYHBIX 00BEKTOB 030HOM B ra3oBoil daze u
030HUPOBAHHBIMHU PacTBOpamH. BbLTH TaKke U3roToB-
JICHBI TTPOTOYHBIC Ta30BbIC KIOBETHI JUISI H3MEPEHUS
KOHIICHTpAIlMM 030Ha B ra3oBoil (aze mMeTomoMm
CIIEKTPOGOTOMETPHH.

Crenyer OTMETHUTH CYHIECTBEHHbBIC MPEUMY-
[eCTBa T€HEePaTOPOB 030HA 0e30aphLEepHOTO THUTIA 10
CPaBHEHHIO C TPaJIUIIMOHHBIMH T'€HEpaTOpaMu: BO3-
MOHOCTh CHHTE3a 030Ha U3 00BITHOTO BO3MyXa (6e3
€T0 CIIEIHAIBHOTO BBICYIIIMBAHMSA ); TIPU CPBIBE PA0OTHI
B pe3yJIbTare CITy4aiHbIX MEKTPHYECKUX IPOOOEB peak-
TOP HE MOBPEKITAETCSA, a IPOUCXOIUT CAMOCTOSTEb-
HBIM BO3BpAT 030HATOpa K pabouyemMy pexumy;
MPOTOYHAs YaCTh IUIA3MOXHMHYECKHX PEaKTOPOB
MMeeT HU3KOE ra30JHHAMUYECKOE COIIPOTUBIICHHE, TAK
KaK B TaKUX T€HEpaTOpax OOJBITION MEKIIEKTPOIHEII
MIPOMEKYTOK; TEXHOJOTHYHBI B U3TOTOBJICHUU — HE
TpeOyeTcsl MPEeMU3nOHHON 00padOTKH AIEKTPOAOB
PEaKTOPOB; KOMIAKTHBI U HMEIOT MOJYJIbHYIO
CTPYKTYpY, 4TO MO3BOJISET ONEPATUBHO CO37aBaTh
yCTaHOBKH HEOOXOIUMO# PON3BOJUTEILHOCTH.

Be3baprepHast 030HaTOpeHas yCTaHOBKA MEUKO-
OMOJOTUYECKOTO HAa3HAYCHUS BKIKOYAET OT/AEIb-
Hble (YHKIIMOHAJIbHBIE OJOKU, KOTOPHIE CBS3aHBI
MEXAy cO00l B €IUHYI0 TEXHOJOTHYECKYIO CXEeMY

(puc. 1).
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found to be quite susceptible to an air humidity. Working
gas while passing through the discharge tube, containing
water vapors caused the electric break in a discharge
tube, that resulted in irreversible impairments in it.
Barrier-free reactors in ozone generators occurred to
be more reliable when operating with water vapors-
containing working gas. We designed the laboratory
ozone generator with barrier-free plasmochemical
reactors and a chamber for ozone (gas form) and
ozone solutions treatment of various objects. There
were also produced the flow gas cuvettes to measure
ozone concentration in a gas phase by spectrophoto-
metry.

One should note considerable advantages of barrier-
free ozone generators comparing to the traditional ones:
possibility of ozone synthesis of an air (without its
special dissecation); during failures as a result of
accidental electrical break-downs the reactor is kept
undamaged, while ozonator returns to the working
regimen; flow part of plasmochemical reactors has low
gas-dynamic resistance, as such generators has a high
inter-clectrode distance; easy production. No precise
treatment of electrode reactor is needed; have compact
and module structure, that enables an operative
construction of equipment of the required effec-
tiveness.

Barrier-free ozoning equipment for medical and
biological purposes comprises separate functional
blocks which are united into a technological scheme
(Fig. 1).

High voltage of direct current is characteristic for
barrier-free ozonators. This greatly simplifies the design
of high voltage power supply and reduces the
parameters of mass and dimensions and, correspon-
dingly, ozonator in the whole. This statement is true,
as when producing the current sources for barrier-
free ozonators the voltage transformation at high

Cucrema YBC
Control, interlocking and
signaling system

N N2
CurcTema BbICOKOBOSBTHOIO
nuTaHus
High voltage supply

Cuctema noAroToBkv BO3ayxa
Air processing system

Bo3ayLuHbIn komnpeccop
Air compressor

2

Brok cuHTesa o3oHa
Ozone synthesis block

N3

O6bekT 06paboTkm
Object under treatment

N

Brok gectpykuuu o3oHa
Ozone destruction block

Puc. 1. briok-cxema Ge30aprepHOi 030HATOPHOH YCTaHOBKH.
Fig. 1. Block-scheme of barrier-free ozonatory device.
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OcobeHHOCTBIO 0€30aphepHBIX 030HATOPOB
SIBJIIETCS TO, YTO OHM IHUTAIOTCS BBICOKOBOJIETHBIM
HanpsOKEHUEM TTOCTOSHHOTO TOKa. DTO 3HAYHTEIHHO
YIPOIIAET KOHCTPYKITHEO BRICOKOBOJIETHOTO HCTOYHHKA
NUTAaHUS U YMEHbIIAeT ero maccorabapuTHEIC
[TOKA3aTeJN, 8 COOTBETCTBEHHO M 030HATOPA B IIEIIOM.
JlaHHOE yTBEpkACHUE CITPABEIMBO ITOTOMY, YTO TIPH
pa3paboTKe MCTOYHUKOB MUTaHHS 0e30apbhepHBIX
030HATOPOB BO3MOXKHO MTPE0OPa30BAHNE HATIPSHKCHHUS
Ha BBICOKHMX dacToTax (mopsaka 20-50 xI'm), a
HaMpsDKEHKE Ha BTOPUYHON 00OMOTKE TpaHcdopMaTopa
MOXXET COCTAaBJISATh HECKOJIBKO KUJIOBOJBT C ITOCIe-
JOYIOIIMM YMHOXXEHHUEM KaCKaJHBIM YMHOKHTEIEM
HaIpsDKEHUs. DTO 3HAYUTEIbHO YMEHbIaeT rada-
PUTHI BELICOKOBOJIBTHOTO TpaHCchopmaTopa. [1o Harmmmm
JaHHBIM, Hanbollee MpUeMIIEMON cXeMOol mpeo0-
pa3oBaTelsl HaNpsHKEHUS SBISETCS CXEMa IOJIy-
MOCTOBOTO KBa3HUPE30HAHCHOTO UHBEPTOPA, KOTOPBIH
obnamaeT “MArKoil” Harpy304HON XapaKTePUCTHKOM,
MaJIBIMU TIOTEPSMU B ApoOccene KoieOdaTelbHOTO
KOHTypa U Aake 6e3 crennaibHBIX Mep 3aIIuThI 00ec-
MIEYNBACT HAJCKHYIO pabOTy BO BCEX PEKHUMAX: OT
TOKa XOJIOCTOTO XO/1a 10 KOPOTKOTO 3aMBIKaHUS [5].

PaccmoTpuMm xapaktepucTuku 0e30aphepHOTO
030HATOpPa, NPUMEHSIEMOr0 JUISI MEAUIUHCKAX U
Omosormueckux menei. Kak M3BeCTHO, MPU MaIbIX
CKOPOCTSIX MpoToka pabouero rasza (zo 20 cm/c)
KHHETHKA CHHTE3a 030HAa OMHICHIBAETCS ypaBHEHUEM
bekkepa [6] nis uaeadbHOTO CMELIMBAHUS B peak-
TOpE, KOT/a KOHIICHTPAIIUH BEIIECTB, KOTOPEIE peari-
PYIOT, BBIPABHHBAIOTCS 110 BCEMY O00BEMY peakTopa

3a c4er z[I/I(b(i)yE:HH:
o1-B 58

rie O, — KOHIIEHTPAIKsl 030Ha Ha BBIXOJIE 030HATOPA;
O, — KOHUIEHTpalMs KMCIOPOaa; k, — OTHOUIEHHE
KOHCTaHTBl 00pa30BaHMs 030HA K BBIXOJAHOW KOH-
LIEHTPAIMHU KUCIIOPONIA; k, — CyMMa KOHCTaHT CHHTE3a
Y TUCCOIMAIIUHN 030HA; W — MOLITHOCTD, BIIOYKCHHAS B
paspsan; Q — pacxon rasa [4].

U3 puc. 2 BuaHO, 4TO pU MaJOM SHEProBKIIAE B
eIMHUIY 00BeMa ra3a KOHIEHTPAIKs 030Ha Ha BBIXOZE
peakTopa pacTeT JUHEHHO B 3aBUCHMOCTH OT
yIAeTbHON MOIITHOCTH B IMANa30He KOHIEHTPauui OT
0 1o 3 r/™’. OmHako mpu OoJiee BEICOKMX 3HAYCHHIX
SHeproBkiana (M 0ojee BHICOKMX KOHIICHTPAITHSIX
030HA) CHHTE3 MPOTEeKAaeT ¢ OOJLIIMMH IHEPTO-
3aTpaTtaMH U He OIHChIBaeTCs ypaBHEHHEeM bekkepa.
3TO CBA3aHO C TEM, YTO NMPH YBEIMUYEHUH Pacxoja
rasza 4acTh DHEpPIrHH, KOTOpas OTBOJMTCS CTEHKOM
peakTopa B OKPYXKamIIyI0 Cpery, YMEHbINAETCS, a
4acTb, KOTOpas BBIHOCUTCS M3 pas3psiga ra3oBbIM
MIOTOKOM, yBenuuuBaetcs. IIpu ckopocTu ra3zoBoro
notoka Oounbiie 20 cM/c TEMI00OMEH CO CTEHKOH
peakTopa YMEHbIIAETCA M IMOYTH BCS DHEPTUS
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frequencies (about 20-50kHz) is possible, while
secondary winding voltage may only make a few
kilovolts being multiplied then by a cascade voltage
multiplier. This considerably reduces high-voltage
transformer dimensions.

According to our data the most appropriate voltage
transformer scheme is half-bridge quasi-resonance
inverter of a “mild” loading characteristics, low losses
in oscillating contour throttle and even without specific
protective measures provides a reliable work for all
the regimens: from no-load current to a permanent loop
[5].

Here are the characteristics of barrier-free ozonator
used for medical and biological purposes. At low rates
of working gas flow (upto 20 cm/s) ozone synthesis
kinetics is known to be described by Bekker’s equation
[6] for an appropriate mixing in reactor when the
concentrations of reacting substances are leveled along
the entire volume of reactor due to diffusion:

R

where O, ozone concentration at an ozonator outlet;
O, oxygen concentration; k,—ratio of ozone synthesis
to output oxygen concentration; k, — sum of ozone
synthesis and dissociation constants; /¥ — power put
out to discharge; O — gas consumption [4]

Fig. 2 shows that at low energy contribution into a
unit of gas volume ozone concentration at reactor output
grows linearly depending on a specific power within
the concentration range 0 to 3 g/m’. Although at higher
energy contribution indices (and higher ozone
concentrations) synthesis occurs with more energy
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Ozone concentration, g/m?
N

KoHueHTpauus o3oHa, r/m?

0 200 400 600 800
YnenbHasa MoLHocTb, BT/m3
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Puc. 2. 3aBUcUMOCTb KOHLIEHTPALUKU O30HA OT YAEJIbHON
MOIIHOCTH B reHepaTope 0e30aphepHOTO THUIA MPH

pa3sIMYHBIX MOTOKaX rasa, M>/u: 4 —0,03; 00 - 0,36; A —
0,18.

Fig. 2. Ozone concentration dependence upon specific
power in barrier-free generator at different gas flow, m/hr:
€ -0.03; O0-0.36; A —0.18.
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BBIHOCHUTCSI M3 peaKTopa MoTOKoM rasza. Kpurnueckas
CKOpPOCTh Ta30BOTO MOTOKa OOBSICHIETCS HATHIHUEM
“3JIEKTPUYECKOro BeTpa’, KOTOpbI oOpasyercs B
pe3yabpTaTe B3aMMOAEHCTBUS MTOJIOKUTENBHBIX HOHOB
C HEWTpaNbHBIMU MOJIEKYJaMHU Tra3a U CIYKUT
3¢ (EeKTUBHBIM NEPEHOCUYNKOM SHEPTHU Ha CTEHKH
pa3pAnHON KaMephl. YBEIWUYEHHE CKOPOCTH rasa
MIPUBOJUT K YMEHBIICHHIO B 00II[EM [TOTOKE ra3a J0JIH
MOJIEKYJ, KOTOPbIE IO/l BIUSIHUEM ““DIEKTPUUECKOTO
BeTpa” OCYIIECTBISIOT HANpaBIECHHOE IBI)KEHUE
BJIOJTb PA3PSAIHOTO MIPOMEKYTKA H TOCTUTAIOT KaTo/1a.
[IpencTaBieHHYI0 Ha pUC. 2 3aBUCHUMOCTH KOH-
LEHTPalMi 030Ha OT YAENbHON MOIIHOCTH MBI
WCIIONIB30BAIH /ISl BEIOOpA ONTHMAIBHOTO PeXnMa
paboThl TeHeparopa 030Ha.

TexHuueckue xapakTepUCTHUKU pa3pabOTaHHOTO
030HaTOpa AJIs1 HPUMEHEHUsI B ONOJIOTHH X MEAULIHE
MIPEACTABIIEHBI HIKE: TPOU3BOANUTEIBHOCTB 110 030HY —
1o 1 r/4; MaccoBast KOHIIEHTpanus 030Ha — 110 20 Mr/n
(ma kucnopoze), 10 8 Mr/it (Ha Bo3ayxe); pacxos pado-
4yero rasa — 1-6 JI/MHH; 9Hepro3arparthl Ha 1 T 030Ha —
25 BrXy; pabouee Hanpsprenne — 12 kB; pexxum pabo-
THI — IOTOBPEMEHHEIN, HE MeHee 6 4 HeIpephIBHOM
paboThl; moTpebiseMast MOITHOCTE — He 601ee 50 BT;
HanpspkeHne nutanus — 220+£20 B; oxnaxaerune —
Bo3ayIIHOE; Tabaputel — 500%x470%170 mMm; macca —
6 KI.

Ha puc. 3 npexncrasieH 030HaTOp B OTKPBITOM U
3aKpbITOM BHJe. KOHCTpyKLHs reHepaTopa 030Ha
MO3BOJISIET UCIIOJIB30BATh €r0 Kak 0a30BYI0 MOAEIb
JUTS IEPEHOCHOT'0 METUIIMHCKOTO ariapara 030HOTepa-
[HHU, a TAKXKE MOTYYaTh 030HO-KUCIOPOIHYIO CMECH.

KonueHnTpamnus 030Ha MOXKET IIJIaBHO PEryJInpo-
BaThCs. I'eHeparop 030Ha yCTOWYMBO paboTaeT mpu
OTHOCHUTEJHbHOH BIIAXXHOCTH Bo3ayxa mo 80%.
OnucaHHBIN 030HATOP COMPSTAETCs C TePMETUIHOMN
KaMepoi W MOXKET MPUMEHATHCA il 00paboTKu
OMONOTHYECKUX OOBEKTOB, CTEPHIIN3AINH HHCTPY-
MEHTa M Kpuobmosorndeckoro obopymosanus. Ha
puc. 4 MoKa3aH BHENTHUN BUJ] KaMePHhI i1 00paboTKU
Pa3IUYHBIX MaTEPUAIOB O30HOM.

Kamepa 1mo3BoiisieT MpoOBOJIUTHh CTEPHUIU3ALHIO
MEIUIIMHCKOTO HHCTPYMEHTA ra3000pa3HbIM 030HOM
WJIM WCTIOJI30BAaTh HACHIIIEHHBIE 030HOM BOJHBIC
pactBOpsl. B kamepe nmeercs (hruaHer it yCTaHOBKH
YABTPa3ByKOBOTO H3JIy4aTelsss OT yJIbTPa3ByKOBOTO
nucnepraropa Y3JH-1. Ilpu B030yXaeHuu B
030HHMPOBAHHON YKUAKOCTH YIBTPa3BYKOBBIX KOJIEOAHNI
3G PEKTUBHOCTh HEHTpAIM3aU MUKPOOPTaHU3MOB
Bo3pacTaeT. O30HOBBIE METO/IBI CTEPUIIH3AIMHA MOTYT
O5ITh 3¢ (HEeKTUBHBIMU 11 00PaOOTKH B TE€X CIyYasX,
KOTJla HeBO3MOXXHA CTEPUIIM3aIusd KPpUuoOuoo-
TUYECKOTO 000pYI0BaHUS HATPEBOM.

PaccmoTrpum npumep npuMeHeHHs pa3padoTaHHO-
r'0 HaMU 00OPYIOBaHUS JUIS UCCIIEAOBaHUS IEHCTBUS
MaJIBIX /103 030HAa Ha KUHETHKY poCTa OakTepui
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consumption and is not described by Bekker’s equation.
This is associated with the fact that when increasing
gas consumption the amount of energy directed by a
reactor wall into an environment is decreasing, while
the one which is taken from a discharge by a gas flow,
increases. Critical gas flow rate is described by the
presence of “electric wind” being formed as a result
of positive ions interaction with neutral gas molecules
and is an effective energy transporter to the discharge
chamber walls. Gas rate increase causes the reduction
in part of molecules in the entire gas flow, which is
affected by an “electric wind” directly move along the
discharge space and reach cathode. Presented in Fig.2
ozone concentration dependence upon the specific
power was used to search for an optimum working
regimen of ozone generator.

Here we present technical characteristics of the
designed ozonator which is to be applied in biology
and medicine: capacity on ozone —up to 1g/hour; ozone
mass concentration — up to 20 mg/1 (on oxygen); up to
8 mg/1 (on air); working gas consumption — 1-6 I/min;
energy consumption per 1g of ozone — 25 W/hr;
working voltage — 12 kV; working regimen — long term,
not less than 6 hours of discontinued work; consumed
power — not more than 50 W; current voltage —
220£20 V; cooling — air cooling; dimensions —
500%x470x%170 mm; weight — 6 kg.

Fig. 3 presents the open and closed images of the
ozonator. Ozone generator design allows its use as a
base model for a transportable ozone therapy medical
device, as well as for obtainig the ozone-air mixture.

Ozone concentration can be smoothly regulated.
In this case ozone generator is constantly functioning
at a relative air humidity of up to 80%. Described
ozonator is adjusted to a sealed chamber and can be
used for biological objects treatment, instruments and
cryobiological equipment sterilization. Fig. 4 shows the
chamber for different materials treatment with ozone.

The chamber allows to sterilize medical equipment
by ozone and also use ozone-saturated aqueous
solutions. The chamber contains an ultrasonic vibrator

Puc. 3. O30HaTOp IS MEITUITUHCKUX M OHOJIOTHYCCKUX
Leei.

Fig. 3. Ozonator for medical and biological purposes.
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Esherichia coli. baktepun BBIpanuBaiy Ha MSCO-
nenToHHOM arape npu 37°C B Teuenue 6 4. Jlozupo-
BaHHOE KOJINUECTBO 030HA BBOAWIIN B POCTOBYIO CPEAY.
1151 3TOr0 HCnoabp30BaNy (HU3NOIOTMYECKUN PACTBOP
C PacTBOPEHHBIM B HEM 030HOM M3BECTHON KOHLECH-
Tpauuu, KOTOPYIO0 ONpEeAessUIn CIEeKTPO(OTOMETPH-
YECKHUM METOJOM, M3MEpssl MPU MOMOIIN CIEKTPO-
¢doromerpa Specord UV VIS skcTuHIUIO Ha mosioce
riorsionieHus o3oHa (247,3 um) [2]. Kunernuky pocra
OakTepuii HAONFOAANM TTyTEM PETUCTPAI[H ONTHYEC-
KO TIOTHOCTH POCTOBOW cpellbl ¢ TOMOIIBIO
konopumetrpa KOK-2-VXJI-4.2. Jluneiinas daza
pocTa HacTynama depe3 4-5 4 mocie moMenieHus
KyJIbTypBl OaKTepuil B POCTOBYIO cpeny. Bpems
BBIX0O/1a KHHETHYECKOM KPUBOHM pOCTa HA JTUHEHHYIO
(asy 3aBHCENO OT KOHLIEHTPALMHU 100aBJICHHOTO 030HA
(Tabnuma).

Onrtrdeckas MIOTHOCTb, KaK U3BECTHO, SBISETCS
MoKa3aTejleM KOHIIEHTPALUH KIETOK B POCTOBOM
cpene. [lpu maneix goszax ozoHa (0,062 mr/m u
MEHbIIE) ONTHYECKAsl MIOTHOCTh HCCIETYEeMBbIX
00pa3IoB B mpejieax MOrpelHOCTH dKCIIEPHMEHTa
HE OTJINYAETCS OT ONTUYESCKON TIIOTHOCTH KOHTPOJIb-
HOTro 00pa3na OakTepHii, He 00pabOTaHHBIX 030HOM.
Oddext cTuMyIsIrE pocta GakTeprii HaOMFOIASTCS ITPU
no3ax o30oHa 0,12 u 0,35 mr/n. Do3a o3omna 0,57 mr/n
BBI3BIBAET YTHETCHUE POCTa OaKTepHid. YTHeTaomee
neiicTBue OOJBIIMX JO3 O30HA Ha pa3IMUHbBIE
MHUKPOOPTaHU3MBI SIBJISIETCS TOCTATOYHO U3BECTHBIM
¢akToM. CtuMmynupylomee ASHCTBUE MalbIX 1103
030Ha Ha OMOJIOTMYECKHE CHCTEMBI MCCIIEI0BAHO
3HAYUTEJIILHO MEHbLIE. DPPEKT CTHUMYIUPYIOIIETO
JeWcTBHS MajblX 03 030Ha Ha OHMOJIOTHYECKHE
CHCTEMBI MOXET MPEJCTABIATh MPAKTHICCKUN
WHTEpeC ISl Pa3IMYHBIX OMOTEXHOJIOTUH U MOXKET
OBITH peaNn30BaH MPHU MOMOIIN Pa3paboTaHHOTO
000pyIOBaHHMS.

B Ge30apbepHOM 00BEMHOM pa3spsijic BOZMOKEH
3 dexTHBHBIN cHHTE3 030HA MaJOd U cpeaHei

3Ha4YeHUs ONTHYECKON INIOTHOCTH CyCIICH3UN OaKTePHi
Esherichia coli B Msco-TIeNTOHHOM arape Ha JIMHEHHOH da3e pocTta
Values of optical density for Escherichia coli suspension in beef-

extract broth on a linear growth phase

P i S Y
Puc. 4.Kamepa ni1st 00paboTkn OGHOIOrHYIEcKOro Mareprana
U MEAUIUHCKUX MHCTPYMEHTOB 030HO-KHCIOPOJIHOU
CMECBIO B Ta30BOH (paze NItk 030HUPOBAHHBIMH JKHIKOCTAMH.

Fig. 4. Chamber for biological material and medical
instruments treatment with ozone-oxygen mixture in a gas
phase or ozonized fluids.

adjusting flange of UZDN-1 ultrasound powder
dispenser. While stimulating ultrasound oscillations
in an ozone-treated fluid the microorganisms
neutralization efficacy is increasing. Ozone-
sterilization methods are thought to be effective for
cryobiological equipment treatment when heat-
sterilization is impossible.

Here is the example of elaborated by us equipment
for investigating small ozone doses on growth kinetics
of Esherichia coli bacteria. Bacteria were grown in
beef-extract broth at 37°C during 6 hours. Dosed ozone
amount was introduced into a growth medium. With
this aim there was used physiological solution with
diluted in it ozone of known concentration, determined
spectrophotometrically (Specord UV VIS spectro-
photometer) [2] by measuring the extinction in ozone
absorption band. Bacteria growth kinetics was found
by optic density recording in a growth medium using
KFK-2-UKhL-4.2 colorimeter. Linear
growth phase started in 4-5 hours after
placing bacteria cultures into a growth
medium. Time of reaching the kinetic

growth curve depended upon the concen-

KoHIeHnTparus o30Ha,
Mr/A
Ozone concentration, mg/1

Bpemst pocTa KyAbTYPBI,Y
Growth time of culture,
hour

Onruyeckast IAOTHOCTb,
YCA. ep.
Optical density, rel. units

KonTpoas (6e3 o3oHa)

Control (no ozone) 4 120,02

0,013%+0,0015 4 1,2+0,02

0,062+0,01 4 1,2%+0,02

0,12=+0,01 4,5 1,4%+0,03

0,35%+0,02 5 1,5+0,04

0,57+0,013 4,5 1,18+0,01
KPMOBHONOTMM 77
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tration of ozone added (Table).

Optical density is known to be the cell
concentration index in a growth medium.
At small ozone doses (0.062 mg/l and
less) within the error limits it does not
differ on optic density in the control
bacteria sample non-treated with ozone.
Effect of bacteria growth stimulation is
noted at ozone doses of 0.12 and 0.35
mg/l. Ozone dose of 0.57 mg/1 causes the
suppression of bacteria growth. Inhibiting
effect of high ozone doses on a number of
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KOHIICHTPAIMHN U3 OOBIYHOTO BO3AyXa 0e3 crerma-
JIEHOT'O €T0 OCYIIICHHUS.

BbiBOABI

Takum 00pa3om, pa3paboTaHbl U U3TOTOBICHEI
reHepaTop O30HA U Kamepa s 00padOTKA 030HOM
Pa3IUYHEIX peaMeToB. O00pyI0BaHHE MOXKET OBITh
HCIIOIB30BaHO JJISI HACBILIEHUSI 030HOM PAacTBOPOB,
MPOBENEHUSA DKCIEPUMEHTOB 10 CTUMYJIMPYIOILIEMY
JEMCTBUIO MajbIX 03 030HA Ha OHMOJOTHYECKHE
00BEKTHl M AJS CTEPHUIM3AIUU MEIUIIUHCKOTO
000pyIOBaHUS BHICOKHMH JTI03aMH 030HA.
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microorganisms is a well known fact. Stimulating effect
of low ozone doses on biological systems may be of
practical interest for various biotechnologies and may
be realized using the produced by us equipment.
Thus in barrier-free volumetric discharge there is
possible effective ozone synthesis of low and high
concentration from an air with no requirement for its
special dehydration. Specific energy consumption for
ozone synthesis makes about 25W per 1 g of ozone.

Conclusions

Thus we designed and produced the ozone
generator and a chamber for ozone treatment of a
number of objects. The equipment can be used for
ozone saturation of solutions, experiments of a
stimulating effect of low ozone doses on biological
objects and also for medical equipment using high ozone
doses.
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