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Uwnbttwpnunipyut  phdwt  hwunwndlp £ 22 4L Pdohulbiuwpubului
Uhowqquyhtt hbnpnithwljub ntuntdtmub YEunpnund:

Qhunwfwb nEudup’ Ykuu. ghwn. nijunnp, ypndtunp
U.L. Zugpuy knjul
NMuownnbwub punnhdwjnubkp Ykuu. ghw. goljunnp, ypndtunp

U.G. Qupupjul
dhquwp. ghwn. phljuwsdni, nngkun
9.1, Pujubipupui

Unwowinwp juquuljtpynipnt’ Zujuuwnwth Uqquyhtt Ugpupuyght
Zudwuwpul

Uunkuwjununipjut yuwownwwinipniup mbnh Ynitktw 2013p. ubwywubdptph 17-hb,
dudp  14%hu, Gphwth whkunwjwb bwdwjuwpuimd  gqonpénn 22 PN2-h
Yhtuwdhghluyh 051 dwubwghnwlwi junphpph thunnd (0025, Gplhwb, Upkp
Uwiniyjui th. 1, N2, jhhuwpwinipjui duljninbn):

Uwnbktwpnunipjwup Jupbkh b Swinpwbw; Gphwih whnwlwit hwdwjuwpwih
qpunupuinid:
Uwnbktwpnunipjui ubndwughpt wnwpyws £ 2013p. hnijhuh 4-hi:

051 dwutimghinwlwb junphpnh ghinwuui
pwpuiniquy, Yhtu. ghwn. ngnljuinp, ypndtunp L.Z2. Lujuuwpnjui

Tema  guccepramum  yTBepxZeHa B  MeguKo-OMONIOTHMYECKOM — MEXJyHAapOSHOM
IIOCTBY30BCKOM yue6HOM nerTpe mpu MOH PA

HayyHbI#f pykoBOZUTEB: JOKTOp O61oJI. HayK, mpodeccop
C.H. Aiipanersan

OdunnanapHble ONIIOHEHTHL: JOKTOp O61oJI. HayK, mpodeccop
A.E. 3akapsaH

KaHauAaT Gus.-MaT. HayK, JOLEHT
B.II. KananTapsau

Benymas opranusamnus: Hanyonanensiit ArpapHsiit
YHusepcurer ApMeHUM

3amura mucceprauuu cocrourcs 17-oro cemtsabps 2013r. B 14% wacoB Ha 3acemaHuu
CnennanusupoBanHoro cosera buodmsuku 051 BAK PA npu  Epesanckom
rocygapcrBenHoM yHuBepcureTe (0025, Epesan, yn. Amexka Manykana 1, ETIY,
GuosormuecKuil GaKyibTeT).

C puccepramueli MOXXHO O3HaKOMUTHCS B Ombianoreke EpeBaHCKOrO rocyzapCTBeHHOTO
YHHBEPCHUTETA.

Asropedepar gucceprauuu pasociaaH 4-oro mioss 2013r.

VYuensrit cekperaps CrienuanusuposarHoro coeta 051,

JOKTOp 610 HayK, mpodeccop JI.A. HaBacappsau
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LEUoNkE3NRL

Zhfbwhiinph wpnhwlwimpembp: Lipjunudu ghnwnbpthjuljubt weweppwgp
phiplp E opewlw dhowjwiph puquulnniwih wpnnnjusnmpput’ hwnjuybu Uks
Juwbg E ukpuyuginid gpuduquitkph dwipbwpwbtuwi wnnnndwusnipniup:
Uyt hwpnigynud | dwbiptutph Ynnuhg, npnip dwppjuig b Yeuguihubph dnwn jupng
kb Uh pwpp Jwpulhhs hhjuinnipmubtph wowowgiwi yuwngwn hwinhuwbug
unbnsdting pujulwuhu LY Juunhpubtp wnnnowwwhwlw i}
hwdwdwpwljupwtuut  nbkuwtlynithg: Uy wwwdweny dJwbpkubphg oph
dwppdw hwpgp hwdwpdmd £ duwdwbwlulhg qhunipjut qunpw) juughpubphg
Ubyp, nptt wpdwbwgpus £ 3NRLEUYO-h b Unnnowwwhnipjut Zudwopiwphuyht
Guquuljtpynipjut (U24) hudwyuinwupiub npnonidubpnid (Jackson 2008): Uju
uungph  usdwt hwdwp  pwquwphy hbtwwqnunnubp o ukpgpudqdl;, npnig
bywwnwlh £ dowll] opughtt hwdwlwpgh dwipbwqpédwt tnp dbkpnnubp, npnup
gihukt  dhtwbuwybu  owhwybn U, np wdbkbwlwpbnpt bt Eyninghwlui
nbkuwilniithg htwpwynphtiu wdnwig (Mokrini 1997; Wesley Eckenfelder 1992):

Ubkpumdu  wpwlunplumnud  gpujuqubibph  dwppdwt tyunwlng  qugh
Yhpwenipinit niukt phrhwwi dbpngubpp’ dwubwynpuwbu pinpulph b H202-h
Yhpwunduwdp:

Lnpugnidlt wjt hhdtwlub b juyt mwpwsdnd niilignny Ubkpnnph £ (Kotula et al,,
1997), npu oquuugnpdynid k hiywhu fudbnt oph, wjiwybu b pwthnbuwghtt gpuyht
hwdwlwpgbph dwbipbwpwiwljwt dnthwnnphugh hwdwp (Sisti et al., 1998): Uuljuyu
wyu Ukpnnh hhdttwlwb phpnipmniip juywind | bpubnwd, np dwipkwqbps tplunh
npubnpdwt  hwdwp wihpwdbon t Yhpunt] pbwgktinh hwdbdwnwpup  dbs
nugkunnpughwikp, b pugh wyn pppugdwt hbnbwbpny opuyhtt Uhpwduypnid
gnugwsd wdwhgujukph odnjws ELu whw& hnwuny, hyyhu twbh bpwbg
dbwgnpnuyhtt pwbwljubpp Jupnn Gu npnowlh Juuubg tkpyuyugut) Jupnne b wy
Jkunwih opquithquukph hwdwn (Richardson et al., 1998):

Qnubsth whkpopupnh (H202) Yhpwonipmniup, npybu  hwwpwlunbphw; b
hwnljuwwbtu npwku 9oph  dwppuwtt  dheng, ppugdwt  hwdbdwwn  niuh
wnwybnipnibtp Byninghwjwi wijunwiqnipjuit nbuwblniihg (uyih wpwq k
pujpwyynid  dhowquyph qnpénuttph wqpbkgnipjui wwl), uvwluyt hthg wyy
hwwnlnmpiniut § wquyjdwiynpod £ wyu dkpnnh hhpdtwwb phpnipiniup, pwuh np h
hwjn E qujhu hwdbdwwnwpwp dbs putwliutph jhpurdw withpudbonnipnii: Uy
wuwngwnny wyu Ukpnnp Yhpwnth dhwgh oph ns dbé swjwjibph dwppuiwi hwdwp
hwoiuh wnubing tpw Swhuwnwpmipmnitp: Zwdwh wju dbpnnh Yhpurnipmnitp
hwdwlgnid & wy) gnpénuubph htw, hywhuhp L ogqnup, nyupudwiniywljuqgniyi
Sunwqujpnidp, kpljuph hnbuubpp® H202-h phuhwlwh wijnhynpniup pwdpugubkint
tywunwlny: Uwluyl wju gopéntubpt hpkug hbppht jpugnighy hutwbuwluin
dwijuubp Eu wwhwgnid (Mokrini et al., 1997):

Qpulwinipjut nfjuitphg hwynuh £ np CO2-h npnowljh Ynugktinnpughwubpt
niwy L dkdwgubnt dwipkubph swihbpp Yud swjuyp (Debs-Louka et al., 1999): Rooh
dSuwh dbdwgnidt hp hbpphtt Bupunpnud b punuipnid woliu $niulyghniug
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wlwnhy vhwynpubpp Juwd nkghywunnpubph pyh dkdwgnid b peonid nbnh niiignn
nipwhnuwbwluyht gnpdpupugubnh winhjugnid (Ayrapetyan and Arvanov 1979;
Kumagai et al.,1997): Uju wdkiup htwpwynpnipmb wnykg bupwnpbkny, np CO2p
Jupnn E pupdpugit) pujubtphwibph pbjunibulnipniop duipbuwuyw iynipbph
wjiyhuh guwdp Ynughtnpughwitph tjundwdp, npnup unynpuwpwp Yhpunkih sk
oph  dwbpbtuqbpddwt hwdwp: Zhdp pugmitbnd Jbpp tpqusp  wnwewplykg
oquuugnpsdt] nsy Yphnpjului  Ynughtnpughwny wshuwppnt quqp  opwsth
wkpopuhnh (CO2/H202), huswhu twlh wshiuppnt quqp jujghnidh hhuynpinphwnh
(CO2/Ca(ClO)2) htwn  hwdwunkn, onipll  Eynnghwwybu  wopwyl] widiwu b
dhtwtuwy biu pwhwybn knuwwlyny dwpptnt hwdwn:

‘Uknpyuynidu, pugh oph dwppdwt phuhwlut dkpnnutphg, dbs nipwnpnipnit u
thpuyuginid - wju ubgph  msdwbh - wpnbpbwnpy  mnhukph  thnpongpp
dwutwynpuybu  bhghjuljutt gnpénuutph Yhpwndwdp: Npny hEkwwgnunnubph
Unnuhg oph  dwppdwt thnpdbkp o wpdl]p hwunwnnitt dwqthuwlui b
htyunpudwguhuwljut nuownkph Yhpwndwdp, uwluy dwbwwnhy
niunidtwuhpnipniiubpp Equljh B gpuljwinipiut dky:

Zuyunuh E np $hghjulub gnpénuutipp, huswhuhp ki qgipgusp hwdwnipjudp
htyunpudwgqhuuut nuontpp (¥82 EUY) b dbjuwthjuljui tmmwnwinidubpp
hubpwdwjughtt whpnypnd (US bS) Quwpnn &b thnjul) oph  Yuwunbpuyght
Junnigyudpp phpkiny opmu CO2-h imiskjhmpyub b ppwsih wiwnhy dukph (EUR)
pwtwljutiph thnthnjunipjut (Ayrapetyan and Markov 2006; Chaplin 2011; Klassen 1982;
Voikov 2006): Uju gopénbikpt wqpnid G puwlubphwitph wdh dpw, wyy huy
wwwdwneny tpwbp bu Jupny B ghuwpydl] npybu htwpwynp dheng onipp
dwbpbwpwwlwh wnnnnuénipniithg dwppkint gnpénud:

Zhnbwpwp, pphthwlut b dpghjujwb Enwibwlubpny opp dwipbwpwbwlu
dwppdwt  tnp  dbpnnubph  dowlnudp  Yuplnp  wpwbwlnipmibt  nibh
wnnnowwwhwlub b nbnkuwfwh mkuwlniuhg:

Uomwwnwiph twyuwwwlhp b mumdbwuhpynn  juighpubpp:  Unbkiwinuwulub
wpuwnwiph byuwnwly £ dowll) phupwlut b bhghjuljut Enuwtwlutpny eonipt
Eyninghwybu wpwdt] widuwu b $htwbuwy v swhwbn dwppdw unp dkpngubp,
huswlu twlb wupqupwil] wy dkjpwhqdutpp, npnup piws i wju Enuwbwlubkpnyg
onh dwiptwqbpsdwt gnpéplipugibph hhupnid:

Ushmwtnwiph  tyuwuwlhtt  hwdwywunwupwt  nunidbwuppdl] B hbunbyuyg
futighpubpp.

o Munuwlbwuhpyl) E CO2ny H20:-h gquép Ynughunmpughwibph tjuwndudp
pwyunbphwitph  dnwn  qqunitnipjutt pwpdpugdwi EpEjunbbtpp b
pugwhujnyty CO2-h b H202-h wjt owyunnhdwy Ynbughkunpughwbpp, npny
htwpwynp k bl puunbphwibph wép:

e Munulbwuhpyk) £ CO2-ny Ca(ClO)2-h gwdp Ynugkunpughwitph ajuwndwdp
pwlwnbphwitph  dnwn  qqumitnmipjut pwpdpugdwt  EdEjunmbbtpp b
pugwhuynyt] CO2-h b Ca(ClO)2-h wytt owyyinpuwy Ynugktnpughwubpp, npny
htwpunn k. §uoty Escherichia coli K-12-h wdp:
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Thunwpydly  E o pohoubph  hpppuunwgdwt - ppp CO>h gudp
ynughunpughwibpny  pwlubtphwibtph  dnn  whnwhwihs  Wnpkph
qquniinipjul pupdpugdwt gnpénid:

ElEyuipnuughte dwbpughunwlh oqunipjudp wupqupwigty kl
Jupniguspuyhlt npnp thnthnjunipnibbp puljnbphwitph dnw, npnup wbnh
Eu nibunid  H202-h, CO2-h b Ca(ClO)-h gwép  Ynughkunpughwibph
ubkpgnpénipjul wpyniupnid:

Nuunmudtwuhpdty £ US-wt (8 Ud whnuowpd) b @82 EU-h (0.4 US)) 2-102g

hwdwpimpniithg jwhws npnuiyh b winignuih  wqpkgnipiniiibpp
pwyunbphwitph wgh b YEuuwgnpdniubnipjut ypu:

Usolhuwnwiph ghnwljwmb inpmjpp:

Uwuwgnigyty E np COxp ns-Yphunpljuljub Ynughtnpughwny jupwind k
opujhtt wjwqubtbph dwppdwt hwdwp Yhpwnyny poyjuwnpbih okdhtt dnn
nugkunpughwyny H20:2-h b Ca(ClO)2-h pntuwynp EhEjwnutpp puljntphwubph
Unwn:

Zuunwwnyl] k, np CO2-h jupwihy wqpbgmpmnip wuydwbwynpqus b bpwu
hhnppuunwguny hwnimpjudp, npt k) phpnud b pwlubphwy pohoubinh dnw
potuwynp yniptph Wyuwndudp qquniinipyub pupdpugdub:

EiEjunpnuughtt dwipunhnwlh dhgngny juwnwpyus nrunidbwuhpmipiniitnh
wpniupnid - hwunwngt] k np phdhwlwb  gnpénutkph  wqnbgnipniup
npubnpynid £t pooh  wpwuwphtt pwnuiph puwlwint  Jwunniggwusph
tnthnfumpnititipng b pooh  ubpunid  wwppkp  nyupulwupnigusputnh
wnwowguwup:

Unwghtt wbqud nundtwuhpdly E coli K-12-h  wdh dpuw  2-102g
hwfwhwlwiuyht whpnyph ny hntwgunn punyph $hqhjuljut gnpénuibph
(@82 EUT L US) Jhtuwpwiwljub wqpbgnipjub npujuwlijut b pubwljuljwul
wnwbdbwhwnlnipmibibpp b gnyg t wpdlp Epynt  hwdwpwulwbwgh
«qquinnthwitinh»' 42g b 82g qnnipinilip, npnig nhypnud nhnynud B nupnuijh
b wiuninnujh wankgnipjut mbuwbikih thnthnjumpiniutp:

Uwnwugdws ndjuubpp Jipnusnipniup hiwpwynpnipni mtg wnwewplljng
wpynitwgbnn b pwhwdbn  unp phthwlui  dkpngubp  dwibwpwbwlu
wnunnunjudnipinithg oph dwppudwt hwdwp:

Ushwwnwiph wkuwljui b hhpwowljwh bowbwlmpnibip:

Unktwpjnuwljuit wppunwipnid winugqué wpnyniipubptt niukt wkuwlut
owbwlnipjni, pwth np tnp  htwpwynpmippiiubp o unbndénud
puyunbphwitph ypu gudp Ynughunpughwubpny mwppbp poibwynp wynipbph,
hswbu twl ny hnbwgunn punyph dhqhlulub gnpéntubph wqpkgnipyu
Ubkjuwthqubph wupqupwidwb hbnwqu ntuntdbwuhpnipegnibtbph hwdwp:

Uohiwtnwtiph nmith twlb Yphpwrwlwb tpwbwlnipmitp, npp Juyuinwd b
tpwinwd, np dpwldws unp dbkpnnubtpp Ywpth E Yhpwnb]p  eomipp
dwipbwpwiwluwh wnununjwsdnipniihg Eyninghwybu widunuwig tnubwlng
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dwppbnt bywwnwlny: Ujt bwb hbwpwynp L hupdwptgutb) gnnipmnit niikgnn
onh dwppdwi Uniu dbkpngubph htwn:

o  Uohwwnwiplt wpdunpynid k tub nbinbuwlw wpniuny, putth np dowldus tu
hwdbdwwnwpwnp phy Pptwbuwlut sSwhubp wwhwbenn dbpnnubp opuyht
wjuquitbph dwtbwqbpsdwi hwdwp:

NMuwonuywbm pjwih wpw wd hpiy 1elbpp:

e CO2/H20: hwdwlgyus hwdwlupqt wydth wpynibwdbn L Luonud
punbphwitph wép, wmpwtdht jhpunynn H202-h wqnignipjub hwdbdwwn:

e CO2/Ca(ClO): hwdwlgwsd hwdwlwpgu wdbh wpynibwdbn b Luonud
pwyunbphwitph wép wowudhtt Yhpwnynn Ca(ClO)2-h hwdbkdwwn:

e Puljntphwbph wdh Jpu CO2/H202 It CO2/Ca(ClO)2 hwdwljuipghph Ynnuhg
npubnpynn wowlb] wpnwhuwynguws guonidp wuwypdwbwynpjuws t CO2-ny
hwpmigws pohoubnh hhnpuwwwghuyny, npp phpnud £ H202 b Ca(ClO)2
dwbtwuyut  mptph  tjuwndwdp  pwlunbphwibph qquniunipjub
pwpdpugdwi:

e Swdp Unugkunpughuyny H202-p b Ca(ClO)2-p Gwpnn kb peoh wpwwphl
punuiuph phwlwint Jwonigusdph thnhnjumpjuuttph b ubkppeowyhu
wnwpphp nyupuwenigusputph wpwewgdw yuwndwn hwinhuwbw:

o Pulunbtphwubtph Jpu 2, 4, 6, 8 10 Zg hwfwjuwlwiwght whpnyph ny
hntwgunn punyph $hghluljut gopénuubph (¥82 EUT L US) Ynnuhg
wiunipnujh b nmipnuih wqpbgmpjut wpyniipnid ghndmd £ wnwgby
wpnwhuynduws 2 "wuwunthwibph”  wolumpmbt' 4 b 8 Zg
hwdwhimipniuubph nhupnid:

e 8.7g EUT L US-u Lupnn wgntgmipnit kb ponunud £ coli K-12 w&h Ypuw, wyl
nhypnd tpp 42g US-u gupnud, huly 42g EUD-u punhwlwnwlp’ upwinud k
puwinbphwibnh wep:

Uunbkiwinumpmt jpnpdwpbimpmbp: Upfjuiwnwiiph hhdtwljwb  wipnnitipbpp
putwpldtyp o 22 WAL ARdhulbuwpwiwlwi  dhowqquyhtt  hkwnpnthwljub
niunidtwlwi YEtnpnuh wuppbpwljwt ubdhttwpubpbpnud b hknlyuy vhowqquyht
ghunwdnnnyubpnud, pwbwynp fud uvnbiunuhtt qiynygubtpny. “The Sixth annual
conference on the physics, chemistry and biology of water” (Vermont Photonics, USA,
October 20-23, 2011), “The impact of emf and infra-sounds at higher background ionizing
radiation" (Tsakhkadzor, ra, october 12-15, 2011)" 2 pwtwnp qtlnyg, “2" International
Biophysics Congress and Biotechnology at GAP & 21% National Biophysics Congress”
(Diyarbakir-Turkey 5-9 October 2009), “Advances in Environmental & Geological Science
& Engineering. Proceedings of the 2" WSEAS International Conference on
ENVIRONMENTAL and GEOLOGICAL SCIENCE and ENGINEERING (EG ’09)”
(Transilvania University of Brasov, Romania, September 24-26, 2009), “7t» IASME / WSEAS
International Conference on HEAT TRANSFER, THERMAL EMGINEERING and
ENVIRONMENT (HTE’09)” (Moscow, Russia, August 20-22, 2009), UNESCO/WHO/ONRG
SEMINAR, ELECTROMAGNETIC FIELDS: “MECHANISMS OF ACTION AND HEALTH
EFFECTS” (24-26 October, 2008, Yerevan, RA):
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Zpuuwpuljjws  woiwnwbpbbpp:  ZEknwgnuunipyut hhdtwlwb  wpyniupubpp
wpunwgnus ki 11 ghnwfwd hpuwunwpuynipniiubpnud, npnughg 6 hondus

wpunuwuwhdwiyub gpuijunuynn ghnwljuwt wduwgpbpnid b 2 wpwnntwghp:
Ushuwwnwiph Junmgduédpp b dwjuyp: Unbkiwhinuwljub wopwwnwipp juqudus £
ubkpwoédnipniihg, qpuljut  wltwplhg, donpdwpwpuluit dwuhg,  wnwugus
wpnnitputbphg b npubg putwpynidhg, Eqpuiwgnipniihg, qpuhwiugnidutphg,
oquuugnpdjwsd gpujuinipyui guulhg, nph dke tkpundws ki 167 wunit hynudubp:
Uohiwwnwbpnmd  thpuyugdus Eu 29 ujwpubp: Uju pwpunpjws L 102
Ubphuwgpuiljwt kobiph Ypu:

LNRETGL &Y UTENYLED
Umiphlp: Bnpws gnipp (02) unnwugyby k udknt $npulh gnipp popdwl uwppny® DE-
4-2M (wpuunpjus b niuwunwth guotnipmniund, Unudu, MEn. Unwbnupn
64-1-72-91) popbnt wpyniupnud: Q-1 niukgh) k pH=5.8 gpwstmlju gnighs: Uniu
pojnp nudnypubpp wyuwnpuunyby ki 02-ny:

Pplijh uhtnhjjughnt puntnipyp wupnitwlk) k1 L-h hwpgwplng 200 uj Epwung,
4 ¢ PPO (2,5-nhdtuthjopuwqoy, Yick-Vik chemicals & pharmaceuticals, 2pimunwiy), 0.2 g
POPOP (1,4-np-(5-pkuh-2-opuwmqny pkuqny), Yick-Vik chemicals & pharmaceuticals,
Ohttwunwi), 60 q twypwihtt (Xummez, () b wybjmgykny 1,4-nhopuwmb (2,5-
nhdtuthjopuwqny, Yick-Vik chemicals & pharmaceuticals, 2piwunut) Swjuip hwugyt
E1L-h:

Npubtu  pwlubphwibph wddwb  uwbiguyhtt dhpwduyp  oquuwgnpdyl; k

uliipuiyniptpny hwpunugdus wpquwy (NEB), npp wwpnibwl) Eybywnnt 15 g/,
twwnphnwdh pinphy 6.0 g/), nunduyht tpunipuyun 3.0 g/, pH 7.5 = 0.2, 37°C-nud, b
ullinuiyniptpny hwpunwugdus wqup (NEA), npp wupnitwyb] B NEB + 1.5% wqup
(Difco), pH 7.1 £ 0.2, 37°C-n1d:
Zhnwgnudwh  opiup'  pwlubphwy swwdp: Npybu hhnwgnudwb  opkljn
Jtpgnyty k Escherichia coli K-12 Juynh oviwdp (Uhipnphninghuyh htunnpuinin, @UU,
22): Uju ghpuquig dngl) b wju wpwwnwipnid hbnwgnuumpynibbp junwpbne
hwdwp, npnghtnb £ cof-t quyt wwwpwdnid nibh  pumpjut dbg, opuyhl
hwdwlwpgbpnmd® hwnjuwbu tpjpuqunh wphwnwpdught opowtiitpnud, b tpw
wupngkl Abtpp hwinhuwinud Eu 9ph wjpinnuindw hhdtwlub suthwithy:

Uwpptph b hnpdkph tjupugpmipyniip

CO2/H202-n] 1 CO2/Ca(ClO)2-ny dpwldwt hudwp Yhpunjws vwppuwynpmidubpp b
thnpdh Ujwpugpmpmip: Ogquwugnpdyws uwppuynpoidp punugus t 50 |
wnwpnnnipjudp CO2-h punuthg (uf. 1 w), onwwnwp fnnnjulhg, hp Jupquynpng
thwljuiny (Y. 1 p) b “CellStar” CO2-h hwdwp twjuwnbugws huynipwnnphg (uy. 1 q)
(USA, Model: SWJ500TV BA), nputn wbnunpynud tu CO2-hp dpwldwit hwdwp
twhwnbuw]ws winbbpp: Ponp Wwdnipbbpp, npnup wbknunpdbtp o “CellStar”
huynipwnnpod, dowljyty ke CO2-nY" mwppkp duwdwbwljuyhtt dhowljuyptpnid (0; 5;
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10; 20 1 30 pnuk): Uwninighy tdnipubipp bu mbnunpynid Eu CO2-h huynipwwnnph dby,
puyg thwly Jhgwlnid: CO2-p punihg onuuwp unnnjulyny jgynud £ hulnipuwnnph
Ukg, junnnjulih dwyphtt mbnunpyws E hwfjub, npp phiwuynit £ pupdp Lupdwp
(. 1 ), b wyn thwhwih Jpuw nbqugpus b dwindbnp (W4 1 &), npp
htwpwynpnipnit £ nwhu swiht) duonudp: Cun npnud dupnudp puynunwd jupnn k
1huty 5.0 YNU-hg dhtgh unpudw) dpunnpuughtt gupnd, b thnpdkph pupwugpnid
Luonidp Yupquynpynid £ b yuwhynid hwunwnnih wpdbph Jpu:
. 1 Y. 2

Yunquujnpnn 500 g

vwimfbwnp () hwlwb @)
ghptpuyhl ym pnnipu (37°C) !

1T Su
4.54; 107 hwgnpruljub tnupugmitnp 2
| 5 - mlmb p
CellStar GO,
bblpunnnp (@) £ 7T
Ubhnuppnt quigh [ s ] 6 s b 4]
pwynt (u) || 1495 p 1mbhy -
fnupugnud
1
. 100

Vhwp 1: Puljubphw) Ynyunipugh dby CO2-h dwwnwluwpupdwi b puljnbphuyg
Ynipnnipwgh hwenppujwi inupugnidubnh ujubdwnhl wuwnltpnudp:

Ljwp 2: @82 EUY b US-ny udnpubph dowldwb hwdwp twhwnbufjws
uwppuynpdw ujubdwnhl Wywpugpnipiniup. (1)7 ud wpwdwgdny b 50 Uy Sujuyny
wwywlk hnpdwinp, (2) Jpppunnnp ) wndjudbnups nidkngupup Biophys PA, (4)
hwdwpnufuwbughl gkbkpunnnp I'3-118, (5) Zkplhnjgh onwyakp; (6) waounnps (niip 2
phpp: TL I, npinkny IFEU} & II-US):

a8z EUT L USn] Wwljdwi hwdwp twpwnbujuws uwppudnpdub
jupugpmpniup: Fhpgusp hwdwpnipyuit EUM-h b US-h wnpmipp, nph vhongny
pwyunbphw)  Yoyumpuwd  dowldwb t bupwpldl], wwwupwundlp b QUU
nwnhndhqhluyh b EiEjupnuhjuyh htunhunnunh dwubwgbnibph Ynndhg (ul. 2):

7 ud npudwigédny b 50 U] Swjwny wywlk thopdwnpep (1) bhpuyty L Jhppwinnpp
ppuwlubphtt (2), npybu US-wbt wnpmip b unyb swihbph thopdwinpp npdl b
zkpdhmgh 2 onulukph dke' npwhu 82 EU-h wnpnip (5): <hppunnnpp b §ndp
dhwgqwé Lt gqhubpwwnnphu (4) (I3-118, wpunwunpdus 1), npp jupquynpoid &
upwig wohtwnwipp: Uqpuyp qunid k ghyh dhwging b whgwwnnn uwpp, nph nith 2
nhpp' 1-htt nphppp wwihu t EUY, hull 2-pyp’ US: Qkubkpwwnnpp wpwgwgund k
hwpUnuhl wqputpwl, wndudtndhy nidbnupupp (6) (Biophys PA, wpinunpus” 22
QUU nwunhndpghluyh b EEYupnuhluyh httunhwunnin) ndbnuginmd £ owg b
nquplinud  Up  npbhwypnud  Zhpdhnngh  onwljukpptt  (5), hul] dmu  nhwypnd
hwfwhpwlwiughtt Jhppwwnnpht (2) wewowgubing US: dhppwwnnpp wmwhu k
hubpwdwjtughtt whpnyph ninpuwhwjug nwwnwinidubp: Swwnwinudubpp (8 WU

8
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nbknupwpd) hwunwunnit wwhbnt hwdwp  Jhppwinnpp hbnwunupd  juyny
dhwgyws E nidinugnighsht (3): EUY wnwowtnid k Yn&nud (5), npp upqudnpynud
Et ghubpwunnpny b gubdp-dwjiughtt nidbnugnighsny: Zkjdhnigh onuljutph dhol
wnwowunid £ hnunghktt dwquhuwlut guown (0.4 dS)): Ujuyhuny, onulubpnid
wnwowunid k hwdwutn (mupuswljui hdwuwnny) thnthnjuwlui (pun dudwiulh)
EUY: ZEpdhnigh onuljubpp juquws ki kplynt hwjwuwp onulught Yngkphg, npnup
nuuwynpus i hwdwlknpnt b qniquhtn, hull tpwig dhol hEnwynpnipniup
Juqunud k 50 Jd: Undbpp wwihu L qquih wnbkup 154 dd mpudwgdny b 100 WU
pwpdpnipjudp:
Uwbptubph pwbwlh quwhwwnmdp: £ coli K-12-h YLunwh poheubiph pwbwlp
qghwhwwnyl] £ oquwgnpsbny nuwuwlut dwiptwpwbwlwb dbpnn (qunnipubp
Atwynpnn dhwnpubph hwoquply (¥QU jud CFUs) jmipwpwignip dpihihunpnid):
Quhdwt wnkjuthjuwt tkpwpnid E hwenpnuljut tnupugnidubp b guupu NMbEwnphp
pwuphlutph Ypw, pun npnud Yhpptiwjub tnupwugnidhg htnn juwnwplby E guipu
Mtwnphh 3 pwuhlubph Jpu: Ujunthbnl wyy pwuplubpp nbquidinpudl B
ptpununnwn b hanipugyty dnwnn 18 dwd (37°C): Ujunthbwnb juwnwpyk) k qunmpubp
Atwynpnn dhwynpubph pdh hwoquwpl: Unyt dnnbgnidu b oquuugnpsybtp bl
uwnnighy mwppbpulnud qunniptbp dtwynn dhwynpiubph hwyqupdwt hwdwp:
Pugh 92U-tpph  hwpquplhg pwlunbphwibkph pwbwlp quwhwwndl; b
uyhlpnpndninndbnphly  dbpngm] 590 Wl wihph  piupmppub  whpnygpnd
punbphw) jupunyph oyhwnhljuwlwh pinnipjut guwhwndwb Lwwywphny:
funhnulnp] - wpywés  [*Hl-phuhnhth  oquuugnpdnud  peoh  wpmhdkpughwib
quwhwwnbm hwdwp: dhpnbojw) dowlnmdubph dudwbwl peoh wpnhdkpughwi
qghwhwwnbnt hwdwp pwlinbphuwy Ynyumput wdkgdlp £ 100 ) ubinught
dhowquypnud, 18 dwd 37°C-nud: Ujinthtnl wyn ghokpuyhtt Ynipuninipuyghg Jpgpyty &
1y (101 CFUsAlp b wkjwugyky 30 U hinnily uttiquyhtt dhpwduyypnid, npp twpiwwbu
wupnibulty £ 40 p PH/phuhnht (1.3 pCiAl) (6-£H/phuhnht, PerkinElmer, Boston,
MA, 14.4 Ci/ddn)] uytighdhly wljnhynipnil): fH/phuhnhtt wwpnibwlnn tunipubpu
wjunithbnlb Upwldty ki b whnuthnygl) phpdnunnwwn, npnkn diwgkp Eu 18 dwd,
37°C-nul: Puympughuyhg htwnn fAH/-phdhghuh dnunpp nhwh pehy nunupkgdty £
oquuugnpstiny uwnp bEopinppugujiwppnt (10%, GLL): Ujunithtwlb tdnipubpp
dhiinpyty B 0.45-pd-wbigptp niikgnn $hpwpny (Sartorius) b (Jugyty 3 wuqud 4.5-hg
55 U] uwnp GLL-nJ (10%), nphg hbkwn udnpubpp wnbknunpdb)] Eu hwwnnly
twhwnbuw]ws thnpdwinputpnid b jpipupwbyniph Ypuw wybpugyl) k3 U] Fpkjh
uhughyjughnt Ynlunt] b punhnwlnhynipmiip gpuigyl) £ oquuugnpsting Wallac
1450 htnnily uhtighjjughn hwpghsp (Turku, Finland):
Uhoujuypmd CO2-h Ynughbwmpughuyh quubwwndwb dkpnn: Uju dkpnnh hhupnid
pujws k CO2ny dhowquyph ppdujinipjut skqnpugdwi hwdwp oguuugnpdjus
hhuph pwbwlh hwpduwt ulqpniuipp, tokd, np npytu hpup oquuugnpéyt) £ NaOH
(Portier and Rochelle 2005):
Eitjupnuught | dwipughunwlny  pwliubphwiutph dnn  dnpdninghwlub
thnpnjumpibubph  quwhwnmd:  Fuljpnbphwy  peohoikph  Unpdninghwljwt
9
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thnthnpunipnibibpp  quuwhwwnygl] £ BEyunpniwghtt dwbipunhnwlh  oqunipjudp:
Nuupuinipp Yupdusdpubpp unwugynid ki “Reichert” “Ultracut-Young” uwipph
Uhongny Jupywsépubp wukny b nipwbh; wgbnmwnh b Juwwph ghwpwnnyg
qniiwynpdwin dhongny: Uju nyupwbmipp upuspubpp niunidbwuppdmud B
htywnpnuwghtt  dwipwghunwlyng Tesla BS-500 (Czechoslovakia):  Uwnwugus
wuwwnltpubpp ujwiwynpyl) i b wyunithtnb dowljyty Corel Draw (versions 11) b
Photoshop  (versions 8) hwudwlwpgywyhtt Spwqpkpny, hull wwwnlbkpukpp
hwdwlwpgsughtt Unpdndbnphl] b vnbphndbnphl] wbwihqutpp hpuljubwugyty Eu
“Video Test Structure-5, nanotechnology” hwuwljupgswyhtt Spugqpny:

Upmymibiputph  Jipwpuunpmpymi:  Ponp tinpdbpp Ypludl Bo 9 wbquud:
Qpudbhlubpp Yuenigyl] G oquuwgnpdhiny wyn 9 wulwp thnpdkph dhoht
wpdbpubpp’ hpkug vnwinupn shnniudubpny:

Jhéwljumgqpuljut JEpmsmpinii: dhdwjugpuljun Jhpmbdnipmitp juwnwpyby b
SPSS 17.0 &pwqpny: By dhohukph Uhol wmwpphpmpiip  qhwhwwndl k
oquuugnpstiny wdniptitiph hwdbdwwndwi 7ptuwnp b wunnhlubph (%) oqunipjundp
qpudhlubpnid wuwwnltpyt) Eu wfjuwutph hwjuwunhmpiniup (¢ P<0.05, ** P<0.01, ***
P<0.001):

ULBNORLRLEL B LLLUMUNRT
CO2-nJ H202-h pmiiunnp Ephjnnutiph ppwinid dwiuptiubtph dnn® npybu tnp Jkpnn
opp  dwbptwpwiwlwi Jwppdwi hwdwp: Ukplunuiu  H2O2-h puipdp
Ynughunpughwibpp (>3%) b CO2-h Yphnpjulwb pwpdp Ynugknpughwibpp
(SCCO2) oqguugnpdynid Lt npyjtiu hwljwpwluntphuwy dhgngutp: Uju thwuwnp, np CO2-
p 03 Yphnpljulub pupdp Ynugktnpughwbtpny jupny t jupwit) paljnkphwitph
twnwpnjhl whnpnippmtp, hul s ynqhg hupnith k np opuhnpstbph® hiswhuhl
E H202-h wqnlgnipiniup, Jujuduws b peoh twptwlwt dknwpnihy Jhdwmlhg, wyw
wnwewpljytg CO2-1 oquwgnpst] npwbku HxO2h ujuwwndwdp pulunbphwibph
qquyunipiniup pupdwuginng dhong: Uju quplush unniquut hwdwp ntunidbwuhpytg
H202-h pniuwynp hwwnlmpniuubtpp £ coli K-12 quyph owwdh dpw, CO2-ny
hwpunugqus dhowjuypnid: Lwith np CO2p usynud E dhgwduypnud, phpkng
dhowquyph ppytgdwi, wowewgubing peotubp, wyw bpw ninpuljh wqpkgnipniup
wupgbnt hwdwp wihpwdbon b wuwhwwit] vhowquyph pH-p hwuwnwwnnii’
puguntiny Yytipohthu wqnpbgnipmniup puljnbphwibph htwuhjugdwd ypngbund:
Uhowdujph pH-h Juynit wpdtpubpp wwywhnyyt; it NaOH (0.1 Uny/)) wybjugubnt
qubwlny CO>ny Upwldwl nhypmd: Lokd, np dhgw]uyph pH-p wwhily k
hwunwwunnit 6 wpdipmd (pH = 6.0), npnyhtinl wyju wpdbph nhwypnwd £ coli-u
gnigupbpmd £ dwpuhudw) wd (Presser et. al., 1997): Ujuwhuny, CO:2-h nipnulyh
wqplgnipniip gnuknt hwdwp bwh ntunudbwuppyt) E CO2-h wqpbignipniup £ coli
K-12-h Jpw pH-p 6 wpdliph wuydwbbkpnud (pH = 6.0) (CO2 = 0.55 uny/)) (Wl 3, m
unttwljubtp): Lnyb tjupp bu gmguppnd E CO2-h wiminnuljh wqnbkgnipniup
pulnbphwibph  Jpw, dhgwjuyph  pH-h  wwppkp  wpdbpukph  pkwypoud®
hwdwywnwuppwtwpwp 0 yuwh (pH = 7.29; CO2= 0.11 Uny/}), 5.0 pnyt (pH = 6.34; CO2
10
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=0.51 uny/7), 10 pnuyk (pH = 5.66; CO2= 0.81 uUny/y), 20 pnuyk (pH = 5.65; CO2= 0.84 uUny/p),
30 pnytk (pH = 5.61, CO2 = 0.85 Uny/p) (uly. 3, p wnibwlukp): Uhowduypnid nisdus
CO2-h pwiiwaljp npnoyty E mhunpdwil dkpnnny’ oqunwugnpéyws hhuph putwlynipjut
hwoqunpyh hhdwi pus:

ul. 3 ul. 4

90

| o
o I I g w
_ 70
5 " "
g i 22
S I s
= I N
o = 40
g. M 30
¥4 - =
3 1 :
] I o
E P E E r E S5 38 g EEER
0 5 10 20 30 5 ®o®o8 B8
co;-h wqnhgmpub dudwwlp (poyk) H,0; -h §ntugkinnpughwh (%)

Vhwp 3: £ coli K-12 pulunbphwitph wdp (%) Juhdus CO2-h wqnlgnipjui
nlinnnipnihg (0, 5.0, 10, 20 b 30 pnyk) hwdkdwwnws unnighsh htwn (0 wuh), (w)
untbwljubpp gniguppnud ku CO2-h nminnuijh b (p) wnibwlubpt winmnnulh
wqnkgmpiniup puntphwubph wsh Jpu: SYjuy dpwljdwt p wpdtpn 0.01 (**), 0.05 (¥)
£l whiljwa (inpdkph phip 9:

Lhwup 4: H2O>-h wmwpplp Ynughinpughwibph wqnbkgnmipniin £ colf K-12 wddw
Ypu (%). Fpudbhlnid yunltpyuws b 9 wuljuju thnpdtph vhohtt wipdtpubpp:

Muniduwuhply Gup £ cofi K-12-h wép npybu dniuljghw CO2 wqnbkgnipjui
wnbnnnipiniihg: Ykinwuh pohoutpnh pwtwlp hwdbkdwwnyl) £ CO2ny drwlnivhg
wnwy (0 yuwh) b htwnn nt wyb ubpuywugyt) k wnlynutikpny (uly. 3): CO2-ny Upwlnidhg
htwn wdniputipp wbknunpyty tu ppununwn 20°C 2 dwd wbnnnipjudp, wjtinthknb
Juwwpyby £ guupu b nphg htinn Mkwnphh puuhlubtpp wknunpyt o phpununun
37°C, 18 dw, wyinthtwnl hwoydly k qunmiputp dhwdnpnn dhwnpubph phyp (101
QAQUALY: Upmljumt 0 wyuhp, wyuhlipti wjtt wywhp, Epp dhpwduyn sh ukpdmégl) COy,
pupniudl] £ onpwbu uwinighs: @npdbph pupwgpmid tjuwndbp k np peohoubph
htwinpjugdwt nnlnup wybkpuinwd £ CO2-h mqpkgnipjut mbinynipjut dkswugdwt
qniquhtn, b pulinkphw) Ynipunniput 30 pnyk CO2-ny hwuwnwgbinig hkwnn nhnyt
E Unwn 50 % pujnbtphwitph wsh Lupnud:

Zzwgnpy funidp thopdbpmid niumdbwuhpytg H202-h wqnbgnipmiup £ coli K-12-h
wddwl Ypu: Zwjnth kE np H2O02-h wqpbigmpiniup £ coli-h Jpu jupudws b upu
Ynugthunpughuyhg: Opuhnhsh gwdp Jud pwpdp Ynbghnpughwbpp phpnud Bu
pRYwsth wliwnhy dukph wnwewgdwi, npntp b b phipnud Eu peoh dwh Eplnt vnwuppkp
Ubkjuwthquubpn]' guwdp Ynughtnpughwikpt wnwowginid bu  phyudbunitp,
wyuhuipt pohoknp Yhuykjnig skt hinwunid, hull pupdp Ynugktinpughwtpp pipnid
Elu pohoiinh dwjwih thnppugnid, tpwbp Ysyynid L (Asad et al.,, 1998; Brandi et al,,
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1989; Hegde et al., 2008): Uju woiwinwipnid thnpd wpytg dkswgul) puljnbtphwubph
qquyniunipniip  H2O2-h  thnpp  Ynbghbunpughwibph  tuundwdp’  dhowduypp
twhwwybu CO2-nY hwpunwgibnt Enuwbwlny: Munlbwuppyl] £ twb H202-h
wnwpplp §nughuinpughwibph wqpbgnipmniup £ coli K-12-h wddwb Jpu  (uy. 4):
H202-ny pulubphwitph dywlidwt hwdwp twjpwnbujus dujpuljui psnygpp
wuwwpwunyl] t widhpwwbu thnpdbpp uljulijinig wpwe b wykjmgyk] pulntphuy
dhowquyp' Jhpotwjut Swjwnud hwdwywunwupwt Ynughtinpughwitpny® 0 -
16.2 Uuny/1 (ud 0.055 - 0.01%): Upwlnulhg hkwnn tdnipubpp nbnuhnh]k B
pipununnun b wjnnbn duwugt) 2 dwd 20°C-h yuydwbubpoud: Pulnipughuwjhg htnn
hpwlwbwgyt] £ guupu Nkwnpph pwuphlubph Jpue Cun npoud wobd, np Nhwphh
pwuplutpp wbknuithnhygl] o phpudnunwun b wynbbkny duwgkp 18 dud  37°C-h
wuydwibkpnud, nphg htnnn hwoquplyt) b qunniputp dbvwdnpnn dhwdnpubph phyp:
H202-ny dpwljyus uunipubpph @U-tpp hwdbdwwngtk) £ 0 wwhhu (unnighy) @U-h
htwn b wpinwhwyngt) wnynubibpny (Y. 4): Puyybu tplnwd £ uly. 4-hg hugpwt pupdp &
H202-h  Unughunmpughwt  wjipuwtt ks Lt pwlubphwibph huwlunhdugdui
wunhdwip:  Zhknbwpwp  wihpwdbon  Ep qutl]  wjtwhuh  wypbnpuipught
Ununbkgnid, npny httwpwydnp Yihukp pupdpugiul] puljubkphwibtph qquyniunipeniup
H202-h gwép Ynughunpwghwibph tjuudwdp: Ujp ywwndwpn] wnwowplykg
oqgunugnpsty  CO2/H202-h  hwdwljgdws  hwdwluwpgp b nuumdbwuppl]  wyu
hwdwlwupgh hwjwpwlubphw wqpkgnipmiup £ coZ K-12 puljuikphwibtph wddwi
Ypu: Thunygk) kE H202-h gwdp nughinpughwbph wqnbgnipmiun £ coli K-12-h Unwn 30
powt wbinpmpjudp CO2-nY hwpunwgus dhowduypmd (uly. 5, (), b CO:2
swyyupniuwlnn dhowquypnud (uhy. 5, (#)):

uly. 5 uy.6

90 ;

100 - g0
80 70 4
60 |
60 - 50

40 10 |

30
20+

E coli K-12 -h m&p (%)
E coli K-12 -h wép (%)

20 |

0 P : 10 |

6T

o 0.01. 0.05 ) 0.1 ' 0.15 . 02 . 025 -0-5
Ca(€10); (g /)

‘Luwp 5: H202-h nmwpphp Ynugkinpughwibph (Udn)/) wqpbkgnmpmiun £ colf K-12 (%)

puyunpbphwitph wddw ypu 30 pnyk CO2-n hwpunwugyus dhowuypnid (o) b CO:2

syupniiwynn vhpwquypnud (¢): p=0.01 (*), p=0.05 (*), n=9:

Lhwp 6: Ca(ClO)2 -h muipplp Ynughinpughwubph (Ug/)) wmqnbgnipniup £ coli K-12

(%)-h wddwt Jpw 10 pnyk CO2-nd hwpunwgwsd dhowduypnid (m) b CO:2

syqupnitwlng dhowjuypnud (¢): Unpkpp Junnigyl] o dowldwt wpnynibiptitpp

hwdbdwwnbinyg uninighsh htwn (100 % wd), hul] hwjwunhnipniip 0.01 (%) &
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Uwnwugws wpynibpbbpp (uf. 5) hunnwuly gnyg L tiwhu, np CO2-ny htwpwynp k
pupdpugul] HeO2-h pnibwynp hwwnlmpiniutbph tqundwdp  pulunbphwbbph
qquyniunipiniip b wyu dkponnp htwpwynp E jhpwet] wphbunwljut opujuquiitkph
onipp  dwbpbwpwiwlut wnununubdmpiniithg dwppdwi hwdwp:  ZEnbwpwp,
CO2/H202-h hwdwljgdwus wgngnipnitit niith ny dhuyt dnitinudbinnuy b mbuwlju
Juplnpnipynit, wy) bwl pujwlubht hkpwblupught jhpupwlub Gowbuaympmned
Eyninghwybu wifunubg tnwhwly opp dwipbuqbpsdw hwdwp:

CO2-ny Ca(ClO)2-h poruwynp Epbljnubph jupwimd Escherichia coli K-12 Unwn: Giuking
wylt thwuwnhg, np Ca(ClO)2-p hp wqnbgnipjut punypny bu opuhnhy E, upwnpytg, np
upw wqnlgnipniup peoh ypw unyuuybu Yupajws Yihh peoh twpnbwljw dbinwpnihy
Jhdwlhg: ZEknwbwpwp, wewewpldtg wjuntn bu oquuuugnpst) CO2-p tpw pnibwynp
hwwnlmpiniuutph  quundwdp £ coli K-12-h  gmgupbpws qquniunipjub
pwpdpugdwtt hwdwp: Zwjnth E op pinph wjunnwhwihy wqpbgnipmiup jupudus
tpw Ynugkunpughuyhg (Cho et. al, 2010; Virto et al, 2005): G pwlh np wju
wouwnwph bywwnwl kp quil) dheng, npny htwpuwygnp Yihubkp pupdpugub
pioph gwdp Ynughtnpughwbph tuundwdp puljnbphwibph qquniunipniup,
wyw ntunidtwuhpytg Ca(ClO)2 (Ug/)-h gudp Ynugkunpughwubph wqnkgnipmniip
dwtptutph Unwn 10 pnytk CO2-ny hwpunugdus dhgwduypnid b CO2 syyupniiwlyngy
Uhowjuypnud (. 7):

VY. 7-hg Juphkih E wbubbl], np CO2nYd hwpunwgnidi pughwinip wodwdp
hwigkgunid E puinbkphwitnh ypw Ca(ClO)2-h “awwithy” hwwnlnipmnibibnh wykih
unpp gpulinpdw: Uwljuyl wyy wmwppbpnipniat wowdl] guypnnit E gpubnpdnod
Ca(ClO)2-h hwdbdwwnwpwp gwdp Ynughinpughwiubph (<0,1 dq/) nbhypnud, wju
ntypnud, bpp dhoht Ynbghtwnmpughwibph dwdwbwl (0,1-0,25 dg/) dumd E
hudbdwwnwpwp  junit dwupgpuyh dpu (15%) b wjugod  § pwpép
nugkunnpughwbp Yphpwnkihu (50,25 dq/): Uju wdjuubpp pnyp B wnwhu
Eupunpbny, np htwpwynp b wjunbn gopdnud ki 2 wwppbp dbjuwthquubp:
Unwowplynud k, np CO2-ny Ca(ClO)-h hwdbkdwwnwpwp gusp Ynughinpughwbph
tjundwdp pwlunbphwibtph  Unn  qquyniinipjut  pwpdpugnudp  Yupnn b
wuydwbwynpusd (hukp CO2-h dhgngny pooh wnipwihnpuwbwlnipjud jupwidwudp
Jud pooh Swywh ubkdbwgdwdp, b npu b hwinphuwind L npuybtu Ca(ClO)2-h
wqpkgmpjutt  hhdtwlwbt  phpwht:  Ujn  hull wwwdwpny nrunwdbwuhpytg
pwyunbphwitph wép mwppbp oudnjwpnipnit nitkgnn dhowduwyptpnd (0 - 600
UOu): Cury npnud vhowjuyph oudnjupmipiniuip thnpudby £ dhpwduypnid vwhiwpnqu
wybkjugdwdp, pwtth np uyb sh jpipugynid £ colf K-12-h Ynnuhg' npybu wshuwsih
wnpnip (Smith and Parsell 1975): Uhtitinyt dudwtwl) wyh sh upnn thnjul] wpunwpht
dhowuyph hntuyhtt midp, pugp pwwn  Yuplnp E o dbpdkunubph  unpduyg
qopéniitnipjutt hwdwp: Unte Ynnuhg uvwjuwpngp snith peoh hwdwnp ny vh oudn-
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wuownwuwithy hwnynipniuubtp, wyt dhuyt Jupnn b ok wpnwphtt dhowguyph
ouunjwpnipjniip:
uy. 7 uy. 8

=
1=
=3

80

60

E roli K-12 -h mép (%)

0 100 200 300 400 500 600 Y 001 005 01 015 02 025 05
Uhguijmyph ondnjmpmpyniisp (dOud) Ca(C10); (dq /)
Lwn 7: £ coliK-12 -h wdp (%) nuppkp oudnjupnipinil niikgnn dhowduyptpnud (0-
600 UOud): p mipdtpp tnipikph 0.05 (+) k (wdnipibpp hwdkuwwnby ki utinnighsh htn
(300 UOuu-nid uuingty k dwpuhdwy wé (100 %)):
Uhwp 8: Ca(ClO)2-h wwpphkp Ynugkiinpughwibph (Uq/) wqnkgnmipniip E. coli K-12
puyunbphwitph wdh Jpw (%) hhynwuntuhy dhowduypnud (150 dOud (m))
hhytpunntuhy dhowuypnud (500 dOuld (e)): Uswlnudubph p wpdtpp 0.01 (*) L (100
UOud-nud b 500 UOud -nid unnwygus wpdtpubpp hwdbdwingby L uinnighsh htiwn):

Pooh hhnpuwnwughuh wunhdwih dkbwugdwdp wuydwbwynpyus Ca(ClO)q-h
tjundwdp pujntphwikph qquniunipjut dkdugdwut dkjuwthquubkpp hwuljwbune
hwdwp pulunbphwitpt wdkgytghtt hhwn- & hhytpunnuhly dhgwjuwyppnud: dEphnd
ujupuqpjws thopdbph wpyniupnid wwupq ngupdwy, np 300 UOud p £ colf K-12-h
hwdwp hwdwpynud £ wyt dhowuypp, npunkn tpuip gnigupkpnid G jujugnyb wg
(uly. 7), hknnbrwpwip 150 UOud-n Yupkh E plinniib] npubu hhwnwnntihly, huly 500 UOud-
p npwhu hhykpunthy dhowduypbp £ coli K-12-h hwiwp: Pwlunbphwibtph wép
qhwhwwnyl) t uytljunpndnnndbnphl tqutwulng 590 wd wihph tpjupnipjub mwly
oyunhluljut pnnpjut gqhwhwndwt dhgngny (ODsw): Ujuwhuny ykpntgyug
Juplwsh  wwpqupwidwt bhwdwp  nundbwuhpdig Ca(ClO)-h wiwpphp
nugkunnpughwbph wqpbgnipmiip  dwbpkutph dnwn  hhwn- (150 UOud) L
hhytpunthy (500 WOud) vhgwluypbpnud (uly. 8): Puywybu btphmd E b CO2ny
Uowljdwt nhwypnid (1Yy. 7), b hhynwnnuhl vhpwduypnid (Y. 8) Ca(ClO)2-h poLuwynp
Eptjunttpt wdbjh tjuwbh &u poph topp Ynughbnpughwubph' > 0,25dq/
nhypnud: Zknbwpwp, gpulijuinipjui dky wnljw wyjuutph (Debs-Louka et al., 1999)
L ubpjw  wylwwnwuph  opowbwlubpnid  hpwlwbwgquws  ghwwithnpdtph
wpnniupubph hhdwb Jpu htwpwynpnipmnit unbknédtg kqpuljugubknt, np CO2-ny
hwpnmigqws  hhppuunnwugdwtt wunhdwih  tntnjunipmpoiip wyt - hhdbwlwb
Inttinudbunw Ukhiwthqut b, npp pipnud | dwptubph dnwn Ca(ClO)2-h ujuwndwdp
qquniinmpjult  pwpdpugdwi: Uy Jupnn b ppwlwbwbuwy; 2 hhdtwfwb
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Swbwwywphn]'  pegh ninshguwdp  Ukswgikny  Ukdppwibkph htn uuyus
ptiunnkghwywnputph phyp (Ayrapetyan and Arvanov 1979) Jud wlwuhjugubing
ubppoouyhtt ympwihnpiwbwljuwht gnpépupwgubpp (Kumagai et al.,1997; Parsegian et
al, 2000): By wju dhundkup Ywpnn E oquuugnpddt; dhowjuypnid 9nipp
dwipbwpwiwlwh wnunnnguénipiniihg Eyninghwybu wiuwu kyubwynyg dwppdwi
hwdwnp:

E. coli K-12 -h Unwn CO2, H202, and Ca(ClO)2-h wnwowgpwd uUnpdpninghwuljwi
thnpnjumpibubph  nmundbwuppmpmibp GEjupnbughtt - dwipunghunwlng:
QUpwiljyws £ coli K-12-h Ynyunipugh Juwd uwnnighsh niunmdbwuhpnipnibbpp
htywnpnuwght dwipuphnwlngd gnyg L wdk), np pohoubptt nmibbku wjtuhuh
nynpuljurnigyusputp, npnup punpny ki qpud-puguuwljuwi puljnbphwbpht (.
9 () b (p)):

wu P
Uhwp 9: Eikljnntughtt dwipunhnwlng dnpbninghuljut ntundwuhpnipnibtbp
twwnhy £ coli K-12-h: (w) — pugwuwjui gnibwynpnud b (p) nyjunpuinipp jupusp:
Quthdwtt vhowljuypp (w, p) = 1

Ecoli K-12-hp nyupwlunnigquéph wbwihqp gnyg L wwhu, np wwpphp
whnwhwthy Wniptpp hywhuhp Eu CO2, H202 b Ca(ClO)2, wnwy btu phpnid
dbdppwitbpnid b ghunyjuquuynid nipunpuljuenigjusputph thothnjunipeniuibp:
CO2-ny dpwlnidp wnwye phpmd E poowpunuph Junnigjuspuyhtt puthwinidubp
(uy. 100w, pay 11 w, p, q):
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Uhwp 10: Eikhpunntughtt dwbipunhnwlny £ coli K-12-h unwn CO2-h wnwgwgpuis
Unpdninghwljut thnhnpjumpnitbkpp: (w) - pugwuwluwi gnibwynpond b (p)
nuyupubnipp jupdusp  qipgpdtp Eowpuowpht punuipn b whphuyjuqdunpl
nuwpwdnipniup: Quhdwi dhgwluypp (w, p) = 1pd:

w P 4
Uhwp 11: BiEjunntwhtt dwbpunhunwlng £ colf K-12-h dnin CO2-h wnwgwgpus
Unpbninghwljutt thnthnpumpnitiibpp: (w) - pugwuwluit gnibwynpnd b (p)
pohoutiph Uhol wnwowgnn Yuudpowlubkp, (q) nyupuwinipp jupjusp: 22uihdwil
Uhguijuypp (w, p) = 1ju:

8nyg kL mpyk) twb H202-h mqpbgnipniuin £: colf K-12-h Ypu: Uj hu winwgwgunid
E wpunwpht punuiph Jurmgjuspudnighnbiw thnthnjumpnibibp dhswgibing
punuiph puthwughihnipniup (aly. 12 w, p):

=

w F

Vhwp 12: Bjunntught dwipunhunwlny £ cofi K-12-h dnunn H202-h wnwowgpus
Unpdninghwljut thnthnpumpnitibpp: (w) - pugwuwluit gnibwynpnd b (p)
nyupuimpp jupdusp  Jipgpdl) Eowpunwpht punuipp b whphuyjuquunhl
nuwpwénipniipn: Quthdwb vhpwuypp (w, p) = 1ud:

Umwe Ynndhg gnyg wpgkg, np Ca(ClO)-p unyuwbu £ coli K-12 -h uUnun
wnwewgunid E wpiwpht punuiph jurnigyuspuyht thnthnunipinibuubp: Fugh wn
ghunnyjuquuynud tjunynid ki gpuiniyjup jueniguspubp (uy 13 w, p):
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# i =

w F
Uhwn 13: Ejkljnntughtt dwipunhwnwlng £ coli K-12-h dkwn Ca(ClO)2-h winwgwugpuis
Unpdninghwljut thnhnpjumpnibkpp: (w) - pugwuwlwui gnibwynpnd b (p)

mpnpubmpp Yupjudp  bpgpdbp b owpwpht puquipp b whphujuglunhy
nwpwénipniup: Qudwi dhgwluypp (w, p) = 1pd:

Nunhnulunpy /3H/-phuhnhth YJhpuenipniip npybu CO2/H202 L CO2/Ca(ClO):2
hufwlwpgkph wqpbgmpmup pulunbkphuy peoh wpmhdbpughuyh qhwhunmiwb
bnutwmly: AH/phdhnhtip oquuugnpédyk; E Ybpnhhojw) dpwlnmdubkph dudwbwy
pohouibiph wpnihbtipughwt ghwhwwnbknt hwdwp b hywbu Eptnwd £ uly.14-hg pojnp
nhypbpnud byt b puunbphwibkph wh £upnud: CO2-p upnid E puljinbphwitph
wdp 49%-ny hwdbdwinwé unnighsh htiwn, H202n' 27%-ny, CO2/H202 hwdwljupgp®
68%-n1, Ca(ClO)2-n* 19%-ny, hull CO2/Ca(ClO)2-hwdwljupgp’ 30%-ny (uly. 14):

150
100
50
0

250 -
.
.
-
°
T = E
] s
8
&
o0
uunnighg CO2

H202 CO2+H202 Ca(ClO)2  CO2+Ca(CIO)2
Ujwp 14 Pulubphug peoh  wpnthpbpughwgh  quwhwnnudp — FHjphihnhth
oqunmipjudp: Fpwdhlh Jpu wuwnkpjws wpdtpubpu hpkughg ukpluyugind G 9
wtljwh thnpdtph dhohtibpt hpkug unwinupwn sknnudukpny:

200

CPM
9% LT

TuE-h htw punhnuljnhy LH/phuhnhth juydwb dbpngp npuybu puljuntphwbkpp
wéh Jpu @82 EUh b US-h wqpigmpmip quubwwndwb dbpny: Uhkplujugynn
pudunid putwpyynd b hwdwpunipniithg Jupqus @82 EUN-tph JEluwpwbwlui
wqnlgmpinitip, npuybu ny hntwgunn dhghjuywb qnpéntt vhwpehe hwdwlunpgtph
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Jpu: 8nyg k wpyk], np hwdwjunipniihg jupws @82 U Jupnn k upwil) jud
&uol pulunbphwitph wép: Uwluyl, wji dkjuwihqdp, pun nph @82 EUY wqpoud |
pwinkphwy pohottinh Ypw nhn yhpotmjuwubiu yupquputdws sk: Unwowpynid k,
np gpuyhtt dhgunjwypp Yupnn £ swoewyk) npuybu phpwhe, nph dhongnyd hpujwbwbnud £
Q82 EUT Jhuuwpwiwlwl wqpkgnipniup dwipkubkph dnn: Uju quplush vnnigdwi
hwdwp  nwnwlbwuhpylg  pwlunbphwibtph wdp Jupgws 82 EUD
hwfwhwlwunipniihg (2, 4, 6, 8, 10 2zg, B = 0.4 S}, 30 pnwhk) tpynt hhdbwlwi
nhyptph  hwdwp' nunwdbwuppdbight @82 EUY-h mqquih b winupnulh
wqpkignipniitipp: Minquijh - wopbgnipjut  dwudwbwl  pwlubphw)  ubinught
dhowquypp b puljnbphwitph qunniptbpp ubbnuihtt dhpwjuypnid Eupuplynud Eu
owljuwtt EUY-ny, hul] whmnnuijh wnpbgnipjut pbhwypnid puljnbphwy ubinught
dhowquypp twpiwwbu  dowlynd t EUY-nyd, wjunthbunb juuwpnd L owyy
Upgujuypnud. puljnkphwy Ynipnnipugh hingmyjjughw: Bohgutph wpnihdtpughwi
quwhwwnyt) k nwnhnwlnhy £H/phuhnhtt vhongny (hwoqupljyk) £ count per minute
(CPM)): Ujuyghuny, ubpjuyugyny wnkwnunpniunid wnwehtt waquiud gniyyg wnpytg
Q82 EUM-tph 2, 4, 6, 8 10 Zg hw&wjumpnibubphg Jujujws wqpbgnipmniip
pwyunbphwitph wgh b Yhuuwgnpdniubnipjut Jpu Jud peoh wypnihdtpughuyh Jpuw,
nnh wqptkgnipyut Ukwthqup ghin qupqupuidws sk Jipptwljut b gpujuinipjui
Ukp swwn phy wfjuikp Eu hwjnth: Zwjnuh b, np JEuwwpwbuuwt hudwlupgp
wuwunwupwinmd E EUYh  wopbignipjuip  wwpphip  dund' Yuwpuws  wihph
hwfwhinipiniihg b ptnnkuhynipinithg (Goodman et al., 1995): Uju wmqnkgmpiniuuitpp
wnwppkp opquuhquubph Udnwn wwppkp Yhpy Eu gpubnpdnud’ jupudws  peoh
$nuyghniiw Jhdwljhg b opquithquh juquuynpdwd wunh&wihg (Fojt et al., 2010;
Mittenzwey et al., 1996; Strasak et al., 2002): EU}-h (2, 4, 6, 8, 10 2g hwdwunipnil, B=0.4
US| hntuhynipjnil, 30 pnub) wqpkgnipniup pulunbphwitph wéh Jpuw gnigunpdus
Euly. 15-nud:

. 15 . 16
250 140
" EUD =US
LU 120 Us-U
200
Uwmnighs
— 100
5 150 g\
= £ 80
™ Uwnnighg E
o 100 U 60
an
- 40
50
20
0 0

229 47g 6 2zg 8z 10 zg 10 zg

Lhwp 15: @82 EUY-h hwdwhnipniuhg jujws wqpgnipmniup puljnbphwubkph
Unwn: Fpuwdbhyh Ypw mipwpwiymip Y hwdbdwwngl] L uinnighsh htwn (100 % wd
(count per minute (CPM)), npp dpwljqusd sh tnky:

18

© National Library of Armenia



Uhwn 16: US-wl wnwpphp hwdwpimipmniiibph wqnbkgnipniipn pujnkphwbph wgh
Jpu: Fpuwdbhlh Jpu mipupuwignip Yhn hwdbkdwwndb) £ unnighsh htwn (100 % wd
(count per minute (CPM)), npp Upwiljqws sh tnky:

Munidtwuhpyg twb hwdwpnipniihg Yupws hudpwdwyiughtt whpnyph
Ukjpwhjujut nwnwidwt wpbgnipmiup £ coli K-12 puljunbphwitph wsh b
JEuuwgnpdminipyutt Jpu’ nwnhnwlwnhy AHFphdhnhth Yhpundwdp: @npdh
wpnniipnid wuipqytg, np US Jwupny b jud upwil] jud gupl) puljnbkphwubtph
wdp: Uuluyl, UsS wqnplgnipjui Ubkjuwuthquubkpp puubphwbphp
Jhuuwgnpéniibnipyut Jpu Jhpptwjubwwbu wupqupwiqus sk: Ujunbn lu
wnwowplytg, np US-wlt hhdtwlwbt Yhhuwpwbwlwh wqplgnipniup Jupnn b
unyuwybu hpuwjuuibwiw) wpnwpht opuyhtt thpwduyph dhongny: Uju Juplush
unnigut hwdwp niumdbwuhpytg hwdwhinieiniuhg yupdws US-h (2, 4, 6, 8, 10 2g,
8 Uu wmbknupwpd) wqpigmpniip pwlunbppwibtph wédh Jpu Epynt wmwppbp
Unnbkgnidutpny. US nipquljh wqptgnipjudp (Uowlynud E pulnbphuw) Ynynniput
utiinujhtt dhwowjuypnid dhwdwdwtwl, (US)) b US wiunminnuljh wqptgnipjudp
(Uowljynd Lt pwlunbphwy ublguyhtt  dhpwduypp  bwhwwybu, wjunithtnb
hunynyugynid E pulunbphw) Ynrnnipui, (USU)): US-wh wqptgnipniun (2, 4, 6, 8,
10 2g hwdwunipnil, 8 Ud mbknuownd, 30 pnwk) £ coli-h wddwb Jpu gnigunpdus k
uly. 16-nu:

SYjw;  tphnt  dhqhiwlwib gnpénuutph wqpigmpnitt wykh  wbkuwtbh
gnigunphint b hwdkdwunbknt hwdwp bpuip yunybpdt) b kY gpudhlynod (uy. 17):

uh. 17 uy. 8

80 77.2

250

aus
Us-uU

ukUT

EEU-U|

60

40

uwnnighy

-20 -13.1

-40 -34.3
50 _60 uUs - UsU

= KU - EUMU
-80

2 dESnipyniuukph mwppkpoipynian (%)
(=]
¥

05 429 629 829 10 2g 229 4z 629 829 10zg

Ljwp 17: 982 EUYh b US-wb wqpbgmipniup pulubphwitkph wldw Jpu:
Yuunwpyl) ko 9 wiwju thopdbp, b gpudhlh Jpu wunltpqus wpdbpubpp wn 9
wtljwh thnpdkph vhohtt wpdbpubpt kbt uvnnwtnupun vppwubkpnd:

Vjwp 18: US-USU n1 EURM-EUTMU  wnwpphpnipniiibpt wpnwhwjndws
wnnlnuikpny:

Upwnidutiph dhol wwpplpnmipmniip wydbjh wbkuwbbkh gnyg wwnt hwdwp
pwyubphuwy ympunmpuyh dwljws thnpdh wpynitipubphg (nnnuyh wqytgnipynit)
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hwidtp t dhowduypp twhiuwybu  dpwljdus thnpdh wpdbpubpp  (wininnuijh
wqplgnipinill) © wpnwhwjndws wnnlnuttkpng (. 18):

Ujuwhuny gnyg t wpdt, np US b EUY -p (2, 4, 6, 8, 10 2g hw&wjunipjuudp, 8 Ud
wnbknuowpd U B=04 US| hunmbuhynipjudp hwdwywunuwujuwbwpwp, 30 powyhk)
pwyunbphwitph Jpu niukt hswhu jupwing, wjiybu b £uonn hwnlnipmibbbp
JuwhiJws nfju dhqhuljub gnpénubiph hwdwhnipiniihg (ul. 17):

8nyg E wipqws, np 82 EUT U US mubkt hwuml] hwdwhiwlwbught
“g@uunithwtkp”, npnup YJwpqwés i wpunwphtt  dhpwduyph Yud  pooh
bhqhjuphdhulutt Yuquhg (Adey 1981; Belyaev 2005): Uju wplwtnwipnid
thnpduwut fwhwwywphny hwunwwndt] k np 4 b 8 Zg-tpp wyt hhduwluib
“g@uunithwtbp”-t bu, npnup gmgupbpnid B JEuuwwpwbwlui wqpbgnipmiu
Udwbptukph Unn’ 8 2g USny b EU%M-n] pwlubphwibph dpwlnudp phpmd E
putpinbphwibph wah gupnd, wyt nhwpnud, kpp 42g EUY phipnud £ wgh ipuidwd,
huy US-p &upuwi: Uju $hqhulwi gnpdnbitkph hbnwqu ntumdbwuhpm pinip bu
htwpwynpnipnit Juuw qupqugul) $hqhjuljui dkpnnubp opuyhtt hwdwlupgtph
dwiptwpwbwlwl dwppuiwt hwdwp Jhpunking tpubg wjit hwgwunm pnttbtkpp,
npnip phpnud Eu puljukphwubtph wéh guonid:

Udthnthknd  wdpnneg  wphiwwnwipp, Yupkh E Wk, np  juunwupjws
htwnwgnumipnitiinh wpyniipmd gnyg b wpyl) puljnbkppwitph pu dh pwpp
$hqhjuljuts b phuhwlwb gnpénuubph wowdhtt Yud hwdwlgdus wqptgnipmiup b
unwgws  wpynibpttpp  hwwpwlunbphw) wwonwwinipjut  wpynibwdbn
dhongutiph owppmid Jupnn ku quul] Yhpunnipnit b wpynibwpbpnipyui dby, b
JEuuwnbjuuninghwynd, b pdoinipjubt dbg: Zwnljuwbu unp htwpwynpnipmniubp
Eu  unbndynd opuyhtt wjwquibpp dwbpbwpwiwlut  wnununygwsnipiniihg
Uwppuwl  hwdwp  Yhpwnkn]  wpwewplyny  phupwlwi b $hqhiulwi
Unwnbkgnidubpp:
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Baruzuvenhuuer

. CO/H202  hwdwlgdué hwdwlupgp wdbih  wpynibudbn § gupnud
puyunbphwitph wdp hudbdwwnws wnwudhtt H202-h wqptignipjui htwn:

. CO2/Ca(ClO)2 hwdwlgyws hwdwlupgp wydbh wpynibwdbn b guonid
punbphwitph wdp hudbdwnws wnwudht Ca(ClO)2-h Yhpunnipjubip:

. Puljubphwiutph w&h dpu CO2/H202 b CO2/Ca(ClO)2 hwdwljwpglph Ynnuhg
npulinpynn wrwyl] wptnwhuyngus wéh guonidp yuydwbwynpyws £ CO2-ny
hwipnigws pohouinh hhppuwnwghuwyny Yud swjuwh Ukbwugdwdp, npp phpnud
E H20: b Ca(ClO): dwipbwuwywl umphph tjuundwdp pulunbphwibph
qquniinipjut vkswgdwi:

. 8wdp Unughnpughuyny CO2-p, H2O2p b Ca(ClO)2-p Ywpnn &b pooh
wpuwphtt punubph phwluint jwpnigusph thnthnpunipjububtph b
ubppoouyhtt  wwppkp nyupujuenigyusputph  wpweowgdwt  wWwwndwn
hwunhuwbiwyg:

. Puljnbphw) pohouikph Yhuiuwmgnpéniibnipjut Ypw ny hnhiwgiing $hghfuljui
goapénbbph (282 EUY b US) fhuuwpwhwlub wqpkgnipniup hhdbwuwinid
hpuljwimbnud £ opuyht vhgwduyph npuybu phpwpu fund dhotnpy dhengny: 2,
4, 6, 8, 10 2zg hwgwhwwbwhtt mhpnypnd ns hnttwghng punyph $hqhfulju
gopénibpp (@82 EUN b US) wnwowgunid ki 2 hhdbwlw hwdwpiuwiugh
"wunnithwtkp” 4 b 8 Zg hwdwnipnibtkpnud:

.4 b 8 zg EU b US-u nubkt wqpbgmpjut wwpplp dbjuwihquubp
puunbphwubph wddwt dpu: 8 2zg US-nd b EUM-nY pwlunbphwibkph
dowlnudp phipnud E puljnbkphwitph wgh uond, wyt nhypnd, Lpp 42g EUY
phipnud £ wdh jupwbtdwl, hul US-p' ghpuwi:
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MAPTHUPOCAH BAPCUK CAMBEJIOBHA

BIIMAHUVE OU3INYECKUX 1 XUMUYECKNX PAKTOPOB HA POCT U
YKU3HECITOCOBHOCTDL BAKTEPUH

PE3IOME

Kmiouesste cnoBa: FEscherichia coli K-12, mepexucs Bomopoza, MaxaHUYeCKHe KOoJeGaHus,
BJIeKTPOMarHI/ITHBIe I10J14, FI/IHOXJIOPI/IT KaJIb1ud, MI/IKPO6I/IOJIOFI/I‘{eCKOe BHFPHBHQHHQ BOJBI.

JaHHas guccepranusa HaIpaBleHa Ha M3ydeHMe MeXaHM3MOB, IIOCPEICTBOM KOTODBIX
XMMHUYeCKue BelllecTBa (coyeTaHus guokcuza yriaepoga /CO2/ u nepexkucu Bogopoga /H20z/,
a taxke /CO2/ u rumoxmopura kambuusa /Ca(ClO)2/) u HemoHu3MpyIoUe (U3MIeCKHe
¢dakTops! (cBepxHM3KO4YacTOTHHIE dyekTpomarauTHble moat /CHY DMII/ u mexanudueckue
xosebarus /MK/ mubpasBykoBoro nuamasoHa) BIMAIOT HA POCT U XKU3HECIOCOGHOCTB
GakTepuii.

WccnenoBaHue STHUX MeXaHH3MOB IIO3BOJNMJIO HaM, C IIOMOLIBIO BhINIEYKa3aHHBIX
dbaxTopoB, pa3paboTaTh SKOHOMUYECKM BBITOJHBIe M Ge30macHbIe [JIi 3[0pOBbA UeJOBeKa
XUMHYecKue U GU3MIecKrie METOIbI OUMCKY BOJABI OT MMUKPOGHBIX 3arpsasHeHuil. B kadecTse
SKCIIePUMEHTaJIbHON Mofeny Oblia BbIOpaHa KuineuHas majnouka K-12 guxoro tuma ms-3a
ee IIMPOKOTO pPAacCIPOCTPaHEHUA B OKpyXKaiollell cpefe (BKIIOYas BOJHBIE CHCTEMBI).
Hanuune ee maToreHHBIX GOPM ABIAETCA OCHOBHBIM KDUTEPHUEM 3aTPA3HEHM BOJBL.

IomyyenHsle [JaHHBIe IIOKa3aad, 4YTO 06paGoTka OGakTepuil AMOKCHAOM YTIJI€poja
IPUBOJUT K yBEIWYEHWIO UyBCTBUTEABHOCTH MuKpoopranusmoB k H202 u Ca(ClO),
mogasnAs pocT Gakrepuii. MsBectHo, yro mpm pactBopeHuu CO:2 B Boze oGpasyrorcs
KHCJIOTHI, YTO IPUBOAUT K IOHmKeHMio pH cpeasr. Takum o6pasoM , A1 OGBACHEHUA
MaxaHu3MoB BiausHus CO2, MBI, IIyTeM BBIPAUIMBAHUA OAKTEPHiL B Cpefie IPK IIOCTOSHHOM U
nepemenHoM pH, peurmn ucciemoBate Bompoc o ToM Biauer au CO2 HampaMyio wiu
KOCBeHHO (uepe3 moHwxeHue pH cpeznpr) Ha pocT GakTepuil. DKCIEPUMEHTANIbHO GBLIO
IIOKa3aHO, YTO KMCJIOTHOCTB CpeZbl He 3aBUCHUT OT BpeMeHH sKcnosunuu CO2. [Toxydennsre
JaHHBIEe He I03BOJIAIOT YeTKO OOBACHUTH GMOOTUYECKUI MeXaHU3M JaHHOTOo GpeHOMeHa, HO
OCHOBBIBAfICh HA JIMTEPAaTypHBIE JaHHBIE MOXHO cKaszaTh, uTo CO: TIIpUBOZUT MIH K
HaOyxaHUIO OaKTepUil I K U3MEeHeHUIO GYHKIMOHAJIBHOTO COCTOAHUA KJIETKH, IIOBBILIAL
TUAPATAlMIO KJIETKH, YTO B CBOIO OdYepelb IMPUBOAUT K YBEIMUYEHMIO UMCJIA CBA3AHHBIX C
MeMOpaHO# aKTHBHBIX €IMHMHIl - PeleNnTopoB. VIMMeHO mociemHMI MeXaHU3M ITO3BOJIHIL
HaM CJeJIaTh 3aKJII0YeHHe O TOM, UTO y GaKTepuil yBeaudueHUe yyBcTBUTenpHOCTH K H202 1
Ca(ClO): mop Bausumem CO2 sBisgeTcs pe3ynbTaTOM yBeJIWYEHMS YHUCIA CBI3AHHBIX C
MeMOpaHO# aKTHBHBIX PEeLeIITOPOB, KOTOPhIE BEPOATHO, UMEIOT YHUBEPCAIbHOE CPOJCTBO K
HU3KUM KOHIIEHTPAIIMAM Pa3IHYHBIX XMMHYECKUX BeulecTB. /Iy OGBACHEHMS IOBBIIEHU
YYBCTBHTEJIBHOCTU KJIETKU BCIEJCTBUU ee THpaTalliy, ObLIO TakKe UCCIefOBaHO BIMSIHUE
Ca(ClO)2 Ha 6akrepuu B runorornyHoi (150 MmOcwm) u runepronnyroit (500 mOcm) cpezax.
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DBIO IOKAa3aHO, UTO B TUIIOTOHUYHON Cpefie, The KJIeTKM HMEIOT OTHOCHUTETIBHO
Gonbmioii 00GBEM, TO eCThb THUAPATUPOBAHBI, TakKe HAOIIOZAeTCs  IOBBILIEHUE
gyscrBuTensHOCTH K Ca(ClO)2. Takum o6pasom, GBLIO IPeAIONIOKEHO, YTO yBeIUYeHUE
COz2-unpynuposanHoro Toxcudeckoro BausHus Ca(ClO)2 o6ycioBIeHO yBenWdIeHUEM
CTelleHM THMIPATALUH KJIETKU, IIPUBOJfAIlee K YBEIMYEHWIO UMCIA CBA3AHHBIX AKTHUBHBIX
penienrtopoB MeM6paHsl. C IOMOIIBIO 9JIEKTPOHHOM MHKPOCKOIMU OBLIO TaKXe BBIACHEHO,
9TO BBIIIECKA3aHHbIE XUMUYECKHUe BElIeCTBA IIPUBOAAT TAKKe K U3MEHEHUAM B CTPYKTypax
KJIeTOUHOM MeMO6pansl 1 nuTomnasmsl. ITosTomy CO2/H202 u CO2/Ca(ClO)2 cuctemsr 65u1u
IpeAJOXKEeHbl B KauyecTBe IOAXOAANIMX METOZOB JJIS OYMUCTKH BOJBL OT MUKPOOHOTO
3arpsA3HEHHdA, U ABJIAIOTCA SKOHOMHYECKH BBITOZHOM M OKOJOTMYEeCKH Oe30IacHO
aIBTEPHATHUBOI CYLIECTBYIONIIM MeXaHI3MaM OYHCTKH BOJBL.

Brur0 TakKe MCCIe0BaHO BIUAHME CBepX C1abbix dusmueckux dakropos (CHY DMII u
MK) Ha xusHecmocoGHOCTH OakTepuii. IIpenmosarasock, YTO OHH KMEIOT IIpAMOe U
KOCBeHHOe (MMIIEHBIO fABJIAETCA BOJHAsA Cpefia) BIMAHME Ha pPOCT OakTepuii. Bruro
nokaszano, yro MK u CHY SMII (uacrora 2, 4, 6, 8, 10 I'u, capur 8MM ¥ MHTEHCHUBHOCTH
B=0.4 wmTn, 30 mwmH) uMeoT #ABOMHON 3ddeKT: CrIoCOOGCTBYIOMMIA ¥  IIO/ABIAIOLIMIA.
DKCIIEpUMEHTANIBHO ObLIO HOTBep:KZeHo, uto yvacrorsl 4I'm u 8w sBisrorcs “OCHOBHBIMHU
OKHaMM~, IIOZ, BO3ZEHCTBHEM KOTOPBIX IIPOSBJIAIOTCA Ouosormdeckue dddekTs: 06paboTKa
Gaxrepuit MK u CHY OMII uvacroroit 8 'y npuBOAUK K IIOABIEHHIO UX POCTA, B TO BPEMs
kak 4 I'm; CHY DOMII —cmoco6erByer pocty, a mpu 4 I'm MK pocT 6axrepwuii mojaBigeTcs.
JanpHeiiniee wucciemoanue Ouosnorndeckux 5ddexToB sTHX (HsMyecKux (axkTopos
IIO3BOJIUT Pa3BUBATh HOBBIE (PU3MYECKHMe METOZABI OYMCKH BOJBI C NPUMEHEHHEM 4YacToT,
IIOJaBJIAIOIIUX POCT GaKTepHUIL.

TaxuMm 06pa3oM, SKCIIepHMeHTaIbHbIe JaHHBIE M HOBBIE IIOAXOABI, IPeJCTaBIeHHBIE B
JAHHOM NYCCepPTAIMH IT03BOJIAT YCIENIHO PEIIUTh IP06IeMy OYHUCTKH BOZABI OT MUKPOOHOTO
3arpA3HEHMA OKOHOMUYECKM JOCTYNHBIM IIyTeM U, eCTEeCTBEHHO, OTHOCHUTEIBHO
6e30macHBIMM GU3NIECKIMHI U XMMHYECKUMU CPeICTBAMIL.
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MARTIROSYAN VARSIK SAMVEL

THE EFFECT OF PHYSICAL AND CHEMICAL FACTORS ON THE BACTERIAL
GROWTH AND VIABILITY

SUMMARY

Keywords: Escherichia coli K-12, hydrogen peroxide, mechanical vibration, electromagnetic
fields, calcium hypochlorite, microbiological water pollution.

The dissertation is aimed at the study of mechanisms by which chemical factores (e.g.
the combination of carbon dioxide /CO2/ and hydrogen peroxide /H202/; and combination of
CO2 and calcium hypochlorite /Ca(ClO)2/) and non-ionizing physical factores (e.g.
extremely low frequency electromagnetic field /ELF EMF/ and mechanical vibrations /MV/
at infrasound frequency) affect the growth and viability of bacteria.

The investigation of these mechanisms allowed us to develop economically
advantageous and safe chemical and physical methods of water disinfection from microbial
contaminants by using these chemical and physical factores, to improve both ecology of
water bodies and reduce the risks imposed on human health. Escherichia coli K-12, wild
type, was used as an experimental organism, because of its’ abundance and wide distribution
in environment (including water systems), and especially in tropical regions; and the
existence of large variety of pathogenic forms, the presence of which is the main criteria of
water contamination.

Our data demonstrated that pre-incubation of bacterial culture by COzleads to increase
of sensitivity of microbes to H202 and Ca(ClO):2 leading to inhibition of microbial growth.
As it is well known upon the dissolution of CO2in water carbonic acid is formed, lowering
the pH of the medium. Therefore, we have attempted to investigate whether the COzaffects
the microbial culture directly (by CO2) or indirectly (by the resulting acidity) by growing
the microbes under constant and fluctuating pH conditions.

It was experimentally demonstrated that the final acidity levels of the growth media was
independent of the exposure time of CO2. Although the obtained data did not allow us to
make final conclusion on the nature of the mechanism through which the CO2 poisoning
metabolism could increase cell membrane sensitivity to H202 and Ca(ClO)2, the existing
scientific data suggest that either CO2-induced swelling of microbes, or a change in the cell
functional state leading to enhanced cell hydration and subsequent increase of the numbers
of membrane associated active units or receptors, might be responsible for it. This type of
receptors probably has universal affinity to low concentrations of different chemicals.

The further investigation of the enhancement of cell sensitivity as a result of increased
cell hydration by evaluation of the effects of Ca(ClO): in hypotonic (150 mOsm) and
hypertonic (500 mOsm) environment demonstrated that in hypotonic environment, where
the cells have large volume and are in increased hydration stage, the toxic effects of
Ca(ClO)2 as more pronounced. Therefore, it was predicted that CO2-induced toxic effects of
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Ca(ClO)z2 is due to increase of cell hydrated stage, which leads to increase the numbers of
active membrane receptors. The structural changes in cell membrane and cytoplasm during
the treatments were further proved using electron microscopy.

Therefore, CO2/H202 and CO2/Ca(ClO):2 systems were suggested as suitable methods for
water purification from microbial pollution, providing economically advantageous and
ecologically safe alternative to existing water purification mechanisms.

The effect of extremely weak physical agents, such as ELF EMF and MV, on microbial
growth and variability was also investigated. It was predicted that they have direct and
indirect effects (with water medium as a target) on the growth of microbes. It was shown
that MV and EMF (2, 4, 6, 8, 10 Hz, 8 mm displacement 1 B=0.4 mT intensity,
correspondingly, 30 min) have dual effects on microbial growth — stimulation and inhibition.

Experimental data revealed that 4 and 8 Hz are the main frequency “windows”, which
have pronounced biological effects on microbes: 8Hz MV and EMF treatments lead to
inhibition of microbial growth, while 4 Hz EMF has stimulating and 4 Hz MV has
inhibiting effects. The further investigation of the biological effects of these physical factors
will allow developing new physical methods for water disinfection by application of
frequencies with inhibitory effects.

Thus, the experimental data and new approaches obtained in the current study allows to
successfully address the issue of water purification from microbial contaminants by
economically affordable and naturally relatively safe physical and chemical means, the
further development of which will additionally increase the efficiency of suggested
methods.
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