40
ISSN 2075-3810 (Print), ISSN 2075-3829 (Online)

BIO®I3UYHUI BICHUK, 2022, Bun. 47 BIOPHYSICAL BULLETIN, 2022, Iss. 47

JIA OIBUIHUX DAKTOPIB HA FIOJIOI'TYHI OB'€KTH
Opucinanona cmammsi
https://doi.org/10.26565/2075-3810-2022-47-04

VIIK 57.042:577.352

BIIJIMB IMITYJIbCHUX MAT'HITHHUX I1OJIIB HA/THU3bKHUX YACTOT HA
H,0,- TA Fe**-IHIYKOBAHE BLIbHOPAJIUKAJIbHE OKUCHEHHS JIITIIIB B
JIIIMTOCOMAJIBHHUX CYCIHEH3IAX

B. C. MapTunwk ', FO. B. Lleiiciep
Kuiscoruil nayionanonuti ynisepcumem imeni Tapaca lllesuenka, eya. Borooumupcoka, 60,
M. Kuis, Yxpaina, 01033
e-mail: mavispublisher@gmail.com
Hapiitia o penakuii 13 kBitasa 2022 p. Ilepermsayra 10 uepsus 2022 p.
[puitasta 1o npyky 15 yepsus 2022 p.

AxTyajbHicTs. TpuBanuii yac B eKCIeprUMEHTaIbHIN 010JI0T1T 1 METUIIMHI PUIUISETHCS 0COOIMBA yBara
BUIBHOPAUKAJIBHUM ITPOIIECaM 33 Y4acTIO aKTUBHUX (OpM KHCHIO. B enekTpomarHiTHiit 6ionorii iHTepec
JI0 BUTBHOPAIUKAIGHOTO OKHCHEHHS B 010JIOTIYHHX MeMOpaHax 3HAYHO IIiIBHIIHUBCA 3aBISKH BiIKPUTTIO
CIIHOBMX MeEXaHi3MiB Iii MarHiTHHX TOJIB Ha BUTPHOpagWKaibHI mpouecu. Ha manuii gac came mi
MEXaHi3MH pO3TJLINAIOTh B AKOCTI KIIOYOBHX y IMpOIlecax MAarHITOpENemniii B JKHBUX OpraHi3Max.
JlimocoMu, K HaWMpocTimi Mojaemi OioNOTiYHMX MeMOpaH, YacTO BHKOPHUCTOBYIOTH MJISi BHBUCHHS
MEepBUHHUX MeXaHi3MiB mii (akTopiB pi3HOI HPHUPOAM HA CTPYKTYPHO-(QYHKIIOHAJNBHI BIIACTHBOCTI
KITITHHHUX MeMOpaH. OlHaK BIUIMB MarHiTHUX IOJiB HaJHU3BKHX YacTOT, II0 MAIOTh NIEBHE €KOJIOTIUHE
3HAYEHHS, HA BUIbHOPAAMKAIbHE OKMCHEHHS B JIIMOCOMAJIBHUX CYCIEH3iIX BUBUEHO HEJAOCTATHBO.

Mera poboTu: 3’sicyBaHHS OCOOJNMBOCTEH BIUIMBY IMIyJbCHUX MarHiTHHX nousiB (IMIT) HagHHM3BKHX
qacror Ha H,0,- i Fe? -inyKkoBane mepexucHe OKHCHEHHS MPUPOAHHEX (OChOIIMLiB y TMOCOMaNbHIX
CyCIICH315X.

Marepianu i Merogn. B poGoTi BHKOpHCTOBYBaJIM JinmocoMmaibHi cycnensii y ¢ocdatnomy Oydepi
pH=7,4. 3rigHO naHuUM JiTepaTypu 1 BIACHUX DPE3yJbTATIB IO CBITIOPO3CIIOBAHHIO CEpEIHIH JiameTp
ninocom 6ys 6ina 500 A. HancnaGke cBiTiHHSA MMOCOMANbHHX CYyCHEH3iH pPeecTpyBajiH 3a JOMOMOTOIO
npwiagy, SKAH TIpalfoBaB B pEXHMI paxyHKy OKpPeMHX KBaHTIiB CBiTiHa. BiH ckmamaBes 3
CBITJIOI30JTIOI0YOT0 KIOBETHOTO OJIOKY, JIe PO3MIITYBAIX JOCITITHI 3pa3KH, a TAKOXK AaTUHKA TEMIepaTypH
Ta COJICHOIa, 3a IOTIOMOTOI0 sIKoro cTBopioBany IMIL. OnTudHMit KOHTAKT 3pa3KiB 3 (POTOCTEKTPOHHIM
MOMHOXXYBa4eM 3/IHCHIOBAIM 3a JONOMOIOI0 CBITJIOBOAY. PeecTpyroua cucrema ckiajgamacs 3
mupokocMyroBoro aerekropy cBimia — @DEIN-130, skuit 3Haxoauees npu temmepatypi -20°C. [{ns
BIZIOKPEMJICHHSI KOPHCHOTO CHTHAJly, 10 BIiJNOBiZaB peecTpalii OKpEeMHX KBaHTIB CBITJa
XEMUITIOMIHECICHIIiT, BUKOPHCTOBYBAJIM aHaiizatop iMnynbciB Al-256. Hanpysxennst na ®EI noxgasanu B
niana3oHi BojbramnepHux xapakrtepuctuk OEI, B skomy BUMIaakoBi ¢uiyKTyamii Harmpyrd MiHiMajabHO
BIUIMBAJIM HA BUMIPIOBaHHS KOPHCHOTO cHrHaiy. KiJIbKiCTh KBaHTIB CBITJIa, Ky PEECTPYBAJH 3a IEBHI
IHTEpBaJM 4Yacy, XapakTepHu3yBaljia 3arajbHy IHTCHCHBHICTb IPOLECY BLIBHOPaAMKaJIbHOI'O OKUCHEHHS
JMiAIB y JOCHIIKYBaHHUX 3pa3kax. IMITyJlIbCHE MarHiTHe IoJe CTBOPIOBAIN 3a JOIOMOTOI0 COJICHOITHOT
KOTYIIKH, PO3TALIOBaHOI B KIOBeTHIH yacTuHi. IMII cTBOpIoBaiyu 3a JOMOMOTOI0 CepiliHOTO reHepaTropa
I'6-28. Immmynscu MaraiTHOTO O OyNH MPSIMOKYTHOI (popMu 3i 3MIHHOIO TOJISIPHICTIO 32 OJUH IEPiox
komBaHb. [HAykmito IMIT koHTpomoBamm MikporecitameTpom [-79. Bubip cepii HagHH3BKHX YacTOT

Ax nuryBatu: Maptuaiok BC, Leiicnep IOB. BB iMIynbcHUX MarHiTHHX HOJIB HAZHW3BKHX YacTOT Ha
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(5-80 Tu) i imaykuii (5-500 mxTx) IMII GyB 0oOyMoOBiIeHHI IX EKOJNOTiYHOW 1 (i3i0IOri4HOIO
3HAYYLIICTIO.

Pesyabratn. IMII pisuux gactor 3 immykmiero 5 i 50 mMxTn me Bummsano (p>0,05) ua H,0,- i Fe?'-
iHIlyKOBaHE OKHMCHEHHs JIMiJiB B JINocoMajbHUX cycneH3isx. CratuctuuHO 3Hauymii 3MiHu (p<0,05)
Oynm 3apeecTpoBaHi TIIBKU MPH €KCHO3HUII] JimocomansHuX cycnensiit y IMII 3 imgykmiero 500 mMxTo.
Bceranosneno, mo ais IMII gactototo 8 I'm 500 mxTn mocroBipHO mpurHigyBana H,O,-iHayKoBaHHH i
nigcumoBana Fe?'-innykoBanuii cruteck xemimominecuenuii. Lleil edeKT MOB's3aHMil 3 NPUTHIYCHHM
po3many i HAKOMUYEHHM TifporepekuciB ¢pocdoimiiB, IKi y IPUCYTHOCTI 10HIB Fe** posmanaroTses i
PEKOMOIHYIOTb, IO CYHPOBOIDKYETHCS OUTBII TOTY)KHOIO XeMilfoMiHecueHIlieo. JlocmimkeHas
3JICKHOCTI TUHAMIKH 1HTEHCHBHOCTI XeMiltoMmiHecteHmii Bif yactotu IMII cBiguuTh Mpo HAsIBHICTH
neBHOI 3ayie)xHOCTI edekTiB y amianasoni go 30 I'm. Ilpu npomy iHriOyroumit Brmms IMIT Ha H,0,-
iHyKoBany a3y OKMCHEHHS He 3aBXKIH CYIPOBODKYETHCS TOCTOBIPHAM MiBUIIEHHSM amrutityau Fe?'-
3aJIKHOr0 CIajaxy XeMUIIOMIHECUEHII{, 10 CBIAYMTh MpO 3arajbHui iHrioytoumit B IMII Ha
OKPEMHX HaJTHM3bKHX YaCTOTAaX.

BucnoBkn. IMII HagHW3BKMX YAcTOT JOCTOBIPHO BIUIMBAE HA BUIBHOPAJAMKAIBHE OKHCHEHHS B
JIITOCOMANBHUX CYCIICH3IAX TUTBKH MPH IHAYKIIAXK, SKI NEPEeBUIIYIOTh JEeKiTbKa COTeHb MikpoTtecna. Lle
BKa3ye Ha Te, II0 B yMOBaxX BHOpaHOi MeMOpaHHOI Mojeni BB IMII Ha BinmbHOpaAWKaIbHI MPOLECH
pealtizyeTsCsl IepeBakKHO Yepe3 CIIIHOBI B3a€EMOJIL, SKi BH3HAYAIOTh PEKOMOIHAIIIO BUTBHHAX paJHUKalIiB.
3HMKCHHS 1HAYKIIi Ha OIMH-ABA MOPIIKH, a TakoxK 30unpmenas yactota IMII Bume 50 ' mpu3BoauTh
JI0 3HMKEHHS €(PeKTHBHOCTI BIUIMBY IBOTO (Pi3MIHOTO (haKTOPy Ha iHTCHCHBHICTH BUTBHOPAIUKAIEHOTO
OKHICHEHHS JIMIAIB B JINOCOMaNbHUX cycreH3isax. Haloinpm ayTnuBoro nankoro 10 BiumBy IMII € H,0,-
IHJYKOBaHE BIIBHOPAINKAIILHE OKUCHEHHS JIITIJIIB.

KJIFOUOBI CJIOBA: BinbHOpaguKalbHE OKHCHEHHS JIMIJIB;, IMIOyJbCHE MArHITHE IOJE;
xeMinoMiHecHeHwis; Gocdoimiau; TinocoManbsHi CycneHsii.

TpuBanuii yac B eKCriepUMeHTaIbHINA 010JI0T11 1 MEIUIIMHI TPUAUISETHCA 0COOIMBA yBara
BUTbHOPAIMKAIBLHUM TPOIIECaM 3a y4acTio akTUBHHX GopM kucHio [1-3]. Jlo akTuBHUX hopm
kucHiO BigHOCATE OHe, Oze-, HOOe, H,O; i O* (cuHrieTHuidl KuceHb). Y MepeBaxHii
OLTBIIOCTI POOIT BKA3yeThCS HA TMOMIKOXKAYIOUY Jil0 KUCHEBHX paJMKaIiB Ha O10JOTIYHI
cTpykTypu. OJHI€IO 3 TONOBHUX MIIICHEH aKTUBHUX (DOPM KHUCHIO € Jimiau O10JOTiYHHUX
MeMOpaH. IX BibHOpaJUKaNbHE OKHUCHEHHS IIPH3BOAMTL JO YTBOPEHHS IIEPEKMCHUX
IPOAYKTIB, 110 CYTTEBO 3MIHIOE€ BIACTUBOCTI O10JOTIYHHMX MeMOpaH 1 mopyurye ix 6ap’epHi
¢dbynkmii. J[aBHO moOpe BiOMO, MO aKTHUBAIliS BUIBHOPAIUKAIBHUX IPOIECIB 32 y4aCTIO
aKTUBHHUX (DOPM KHMCHIO BiJIOYBA€ThCA MPH PI3HUX MATOJOTIYHHMX CTaHaxX 1 HacaMIepen mpu
pi3HOTO poAy 3amalbHHX Tpomecax [3—-5]. OmgHak OKpeMi JOCHIJIHHUKH BIIMIYaIOTh
MO3UTUBHUHN BIUIMB KHUCHEBUX DPATUKANIB, SKi BUKOPHUCTOBYIOTHCS KIITHHHHUMH CHCTEMaMU
JUTSL PI3HMX 3a/1a4, 30KpeMa JIJIsi eHepreTHuHux [6].

UncenpHi JOCTIDKEHHS  JIOBENM, IO BUIBHOpPAaIWKabHE OKHCHEHHS  JIIITiJIiB
CYNMPOBOKYETHCSA HAATO CIIA0KHUM  CBITIHHSIM. Moro mOXOmKeHHS TIOB’S3aHO i3
peKoMOiHaIl€l0 TEPEKUCHUX PaJuKaliB, YTBOPEHHSIM MPOMDKHHUX MPOIYKTIB Y €NEeKTPOHHO-
30ymkeHoMy cTaHi. [lepexim B OCHOBHHMH, He 30Yy/H)KCHUH, CTaH CYIPOBOKYETHCS
BUIIPOMIHIOBAaHHAM KBaHTIB CBiT/a. llepekucHe OKMCHEHHS JMiMiJiB B KHMBHX CHCTEMax
BIIOYBAEThCSA TMOCTIMHO 1 Tomy 1me y 60-x pokax mwuHYyjJIoro cromrtts TapycoB b. H.
3alpOINOHYBaB BUKOPUCTOBYBATH IHTEHCUBHICTh HAJTO CJIAOKOTO  BUIPOMIHIOBAHHS
010JIOTTYHMX TKAaHWUH Y SKOCT1 OJTHOTO 3 MOKa3HUKIB roMmeocTasy [7]. Ha mei yac HalOimbIn
JOCIIJDKEHUMHU € MEXaHI3MHU HaJICIa0KOro CBITIHHS MPH MEPEKHMCHOMY OKHCHEHHI JiIMiJliB B
Olosoriuanx memOpanax [1, 8, 9]. [ocmimkeHHS KIHETHKH BIIbHOPAIWKAIBHUX IPOIIECIB
[0Ka3aJlo, 10 IHTCHCUBHICTb XEMITIOMIHECLEHIII MOXHa BHUKOPHUCTOBYBaTH Yy SIKOCTI
IHTETPaJbHOTO TIOKA3HWKA, KWW XapaKTepH3ye IIBUIKICTh PEaKIiii NaHOTO THIY SK Y
pO3umHaX, TaK iy OionoriyHux TkaHuHax [8, 9, 19].

B enextpomarHiTHi#t 0ionorii iHTEpeC 10 BUIBHOPAAMKAIBLHUX IMPOIECIB B O10JOTIUHUX
MeMOpaHaX 3HAYHO IiJBUIINBCS 3aBISKH BIJKPUTTIO CITIHOBUX MEXaHI3MIB BIUIUBY
MOCTIHHMX MarHiTHHX IMOJIIB Ha pekoMOiHaIifo BimsHUX pamukanis [10, 11]. Ha meit yac came
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Il MEXaHI3MU PO3TJISAAI0Th B SKOCTI KJIIOYOBHX B MPOIECaX MarHiTOpeleniii y pi3HuX
TBapuH [12, 13].

Jlimocomu, sSIK HAWMPOCTIIIT MOJEITBHI CHCTEeMH O10JOTIYHUX MeMOpaH, YacTo
BUKOPUCTOBYIOTH JJISl TOCTIIKECHHS TIEPBUHHUX MEXaHi3MiB il (pakTopiB pi3HOI IpUPOAH Ha
CTPYKTYPHO-(PYHKITIOHATIBHI BJIACTUBOCTI KJIITHHHUX MeMOpaH. JlocaiKeHHs MOKa3aiu, 1110
MOCTIiHI MarHiTHI MMOJIs BIUTMBAIOTh Ha OKMCHEHHS JIIIMOCOMaNbHUX cycrnen3ii [14]. B iHmmx
JOCJIIJDKEHHSX BCTAHOBJEHO 3MIHM BJIACTUBOCTEH OUTIMIAHOTO MIapy JIMOCOMaTbHHUX
MeMOpaH TiJ BIMBOM €leKTpOMarHiTHuX mouiB [15, 16]. OnHak BIUIMB MAarHiTHUX IOMIB
HU3BKAX 1 HAIHM3BKUX YacTOT Ha BUIbHOPAIWKAIbHE OKHUCHEHHS B JIITOCOMAIBHUX
CYCIIEH315X XEMUTIOMIHECIICHTHUM METOJIOM BHBYEHO HEJIOCTATHBO.

VY 3B’s3Ky 3 IIUM METOO JOCIIKEHHS OYI0 3’5CyBaTH 0COOJMBOCTI BIUIUBY IMITYJILCHUX
MarHiTHux nojiB (IMII) HagHu3pkux dvactoT Ha H>0,- i F62+-iH,Z[yKOBaHe MEPEKUCHE
OKHUCHEHHsI MPpUPOIHUX (HOCHOMIMIAIB Y JIMOCOMATBHUX CYCIIEH315X.

MATEPIAJIM I METOAU

JlinocoManbHi cycnensii ¢popmyBanu 3 GocdomimiiiB S€YHOTO KOBTKA, SKI OTPUMYBAIN
srigao [17]. JlimocoMu OTpUMYyBaidM aBTOPCHKHM 1HXKEKI[IHHUM METOJIOM, IPHUHITUI SKOTO
6yno B3sto B [18]. CrmproBi posumnn ¢ocdomimigie rorysamn y xommentpauii 107 M.
Bkazani po3umam 00’emom 0,3 M 3a JOMOMOTOI0 1HCYJIHOBOTO INMpUIly Ha 1 M 3
BHYTpimHIM niametpom roaku 0,15 mwm 31 mBuakictio 0,15 mu/c BHocnmm y 29,7 mn 0,1 M
docdarnoro Oydepa pH=7,4 % oxpazy mepemimyBaaud HpoOTAroM 2 cek. BiamoBimHo 10
pe3yabTaTiB HAIIMX BIACHUX BUMIPIOBaHb METOJOM CIIEKTPY MYTHOCTI [26] 3a Takux yMoB
dbopMyIoThes Timocomu chepruunoi GopMH 3 cepeIHiM miamMeTpoM mpubmmsno 500 A,

Hancnabke CBITIHHS peecTpyBalid 3a JIOIIOMOTOI0 peecTpyrouoi cucremu (puc. 1), mo
noOy0BaHa 32 OJIOKOBUM IPHUHITUIIOM 13 CEPIHHUX PEECTPYIOUHX MPHUIIAIIB, sIKa MpaIfoBayia B
PEXUMI paxyHKy OKpeMHUX KBaHTIB cBiTiIa. CUCTeMa Majia CBITIIO130IF0I0UMi KIOBETHUH OJIOK,
JIe PO3MIIIYBaJIA 3pa3Ku, 10 JAOCIIHKYBAIMCh, & TAKOX JaTYUK TEMIIEpaTypH 1 COJICHOI, 3a
noromoroto  sikoro  yrBoproBanin  IMII.  Temmeparypa BcepenuHi jgaHoro  GJIOKY
MiATPUMYBAJIACh CHCTEMOIO HAa OCHOB1 BOJTHOTO TEPMOCTATY.

EBegeHHA
po3vnHy abo
cycneHasii

MpuuTep
[ |
KouTponep ) ) :
TemnepaTypu 8 % L Ananisatop
oL " ®
% g : wee ] iMAYNbCIB
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of L |9 |
leHepaTop AnA T
cTeopeHHA MM _|— - —i cghl:;:g fvualn'-ni,qcumouaw
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Puc. 1. Cxema npuamy Ajs peecTpallii XeMUTIOMIHECTIeHITIT B peXXUMi paXyHKY KBaHTiB.

Fig. 1. Scheme of the device for registration of chemiluminescence in the mode of quantum
counting.
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Puc. 2. AMmiiTytHHI po3monin iMIyIbCiB, ki HaaxoaaTh 3 DEI] Ha BXin aHanizaropa iMITyJbCIB.
CrpinkamMu 1oka3aHo poOOYMH jAiana3oH IMIYJbLCIB, SKMH BIJIIOBIA€E XEMITIOMIHECLIEHTHOMY
CHTHAJY B PEXHMI «OJ1H (OTOH — OJAUH IMITYJIBC).

Fig. 2. Amplitude distribution of pulses coming from the photoelectronic amplifier to the input of
the impulse analyzer. The arrows show the operating range of impulses, which corresponds to the
chemiluminescent signal in the mode "one photon — one impulse".

OnTuyHMl KOHTAKT 3pas3KiB, L0 JOCTIKYBAIH, 3 (OTOETEKTPOHHUM IMOMHOXKYBaueM
3MIACHIOBAIM 32 JOMOMOIoI0  CBITIOBOAY. Peectpyroua cucrema ckiaganacs 3
MIPOKOCMYToBoro nerektopa cBitina — DEII-130, skuii 3HaXOQUBCS MPH TeMIEpaTypi —
20°C. ImnynbcHI cuWrHamu, SKI BUHUKQJIM BHACHIIJIOK B3aeMoiii (OTOHIB cCBiTia 3
dorouyrmBuM 1rapom @DEIl, Hamxomwnmu Ha Y3TOKYIOUHMA MiACHIOBaY 1 Jami — B
aHaiizarop iMmynbciB Al-256, 3a HOMOMOTOI0 SKOTO OTPUMYBAJIM PO3MOAUI IMITYJIBCIB 3a
pI3HMMH KaHaJaMH 3aJie)KHO BiA iX ammumityad. lle 103BONMMIO BIZOKPEMUTH KOPUCHHIMA
CUTHaJ, SIKIM BIJMOBIZAB peecTpalii OKpeMUX KBAaHTIB XeMITIOMIHECIeHIli Ha ¢oHi
iMmoyiabcHoro mymy mnocumoBada 1 @DEIl  (puc.2). Yac HakonuueHHS IMITYJIbCIB
BCTAHOBJTIOBAIM €KCIIEPUMEHTAIBHO 3aJIEKHO, 3 OJHOTO OOKY, BiJ MPUPOAN 1 KOHIIEHTpAIil
PEUOBHH, K1 BCTYIAJIU B PEAKIIi0, a 3 IHIIOTO — BiJl EKCIEPUMEHTAIBLHUX YMOB 1 BUMOT, SIKi
3a0e3mevyBaii aZieKBaTHY PEECTPAIII0 YaCOBOI TMHAMIKH JOCIIKYBaHUX IPOIIECIB.

Hanpyxenns na OFEIl nogaBamum 3 TakuM poO3paxyHKOM, LI00 BOHO BiANOBiAaIo
niana3oHy BoJibTamnepHux Xapaktepuctuk OEIL, B sskomy Bumaakosi (uykryariii Hanmpyru
MiHIMaJIbHO BIUIMBAJIHM HA BUMIPIOBAaHHS KOPUCHOTO CUTHATY.

JlaH1 TIpo KUTBKICTh IMIYJIBCIB Y KOXKHOMY KaHaJIl aHaJli3aTopa y BHAUIGHOMY Jliara3oHi
BUBOAWIMCh HAa CHEI[AIbHUNA TPUHTEP 1 CYMyBaldWcCh. [akuM YHHOM OTPUMYBAJIU
1H(opMaIliro po KiIBKICTh KBAaHTIB CBITJIA, K1 MOTPATUISIIA Y CBITJIIOBOJ, — CBITIIOCYMY, sKa
y CBOIO Yepry XapakTepu3yBaja 3arajbHy IHTEHCHBHICTb NpOILECY BiIbHOPATUKAILHOTO
OKHMCHEHHS JIIIAIB Y JOCTIAHUX 3pa3Kax.

IMmynbcHe MarHiTHE TIOJ€ CTBOPIOBAJIM 3a JOMOMOIOI0 COJICHOIAHOI KOTYILIKH,
po3ramoBaHoi B KioBeTHOMY 0ol (puc. 1), Ta cepiitHoro reneparopa ['6-28, sxuii mo3BosIsIE
CTBOPIOBATH MArHiTHI TMOJs BCTAHOBJICHUX 4dYacTOT 1 amrunitya. Immynscu MIT Oymm
OpSAMOKYTHOI (OpMH 31 3MIHHOIO TOJIIPHICTIO 332 OAMH Mepioa KoiuBaHb. IHaykmiro IMIT
KOHTPOJTIOBAIM MiKpoTeciameTpom [-79.
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Bubip cepii nHagam3pkux uyactoT (5-80 I'm) ta iaykmii (5-500 mxTa) IMII Oys
OOyMOBJIGHHMH 1X €KOJOTiYHOI0 1 (i310JOTIYHOI0 3HAYYIIICTIO. 30KpeMa, Ha ILed dac
BcecBiTHs opranizailisi OXOpOHHU 370pOB’Sl 1 HAyKOBa T'POMAJICHKICTh aKIEHTYIOTh yBary Ha
ToMy (aKTi, IO eJNeKTPOMArHiTHI TMOoJii HAaJHU3bKUX 4YacTOT € OJHUM 3 (hakTopiB
3a0pyAHEHHsS] HABKOJIMIIHHOTO CEPEOBUINA, SKHM MOXe BIUIMBATH HA 3J0pPOB’Sl JIOJUHU
[22, 23]. BogHowyac 3 1uM, €JICKTPOMArHITHI MOJS HAaJHU3BKUX YacTOT, K OIl0JOTIYHO
aKTHUBHUN GI3UYHHN (PaKTOp, BUKOPHUCTOBYIOTh B MEIUIIMHI, OCOOJIMBO ISl KyITyBaHHs 00,
IPUCKOPEHHS 3arO€HHS TKaHUH, TOIIO [24, 25].

[TpoTokon HoCHiAKEHHS JO3BOJISIB OTPUMYBATH AOCTATHI JJIsi OTPUMaHHS HOPMaJIbHOTO
pPO3MOATY CTaTUCTHYHUX BHUOIPOK OTPHUMaHUX JaHUX. ToMy cTaTHCTUYHY OOpOOKY
MIPOBOJIUIIM 32 JOTIOMOTOI0 TMAapaMETPUYHHMX CTATHCTHYHHX METOJIB. B SIKOCTI KpuTEpiro
JIOCTOBIPHOCTI PI3HHUIb Mi’K TIOKa3HUKaMU BUKOPUCTOBYBaH t-kputepiit CT’1oeHTa.

PE3YJIbTATU TA OBI'OBOPEHHS

JlocmimKeHHs TUHAMIKM IHTCHCHBHOCTI XEMUTIOMIHECIHCHINII MOoKa3aao, IO J0JaBaHHS
MEPEeKUCY BOJHIO Yy JIMOCOMAallbHI CYCIEH311 BHKJIHMKAJIO CIajaxX CBITIHHS, SKUU cragaB
MPOTSATOM TEPIIMX XBWJWH, TICIAS YOrO CBITIHHA CYCHEH31H BUXOIWJIO Ha HOBHUH
CTalllOHApHUH piBeHb, KU MEPEBHIYyBaB MOYATKOBUN (POHOBHUM piBeHb MpuOIM3HO y 1,5
pasu (puc. 3). Lle Bkazye Ha Te, 1m0 BHeceHHs 3% po3unny H,O, y minocomanbHi cycneHsii y
crniBBigHOMmEHHI 1:10 akTHBYe BiIbHOpAaIUKAIbHE OKHUCHEHHS JIMiMAiB, MICIs 4OTO MpOIleC
BUXOJWTHh Ha BIAHOCHO CTallilOHapHUHW piBeHb. Taka MOBEMIHKA € THUIOBOIO ISl CUCTEM, IO
MOJICTIOIOTh BUIBPHOpAAWKAIbHE OKHCHEHHs B OlomoriyHmx 3paskax [l, 19]. Buecenns B
CHUCTEMY 10HIB 3aiiza Fe®* y BUIJISIAI PO3YMHY Cynb(aTy 3aji3a B KIHIIEBIH KOHIICHTpaIlii
10*M, MmO € NOTY)KHHM KAaTagi3aTopoM IEPeKHCHOro OKHCHeHHs mimimie [1, 19],
MIPU3BOJIUJIO JIO 1€ OLIBIN CHIIBLHOT aKTHBAIlll BITbHOPAIUKAIBHOTO OKUCHEHHS (oChOTiImiTiB
1 BUXO/ly CUCTEMH Ha OibIII BUCOKHUII piBEeHb CBITIHHSA (pHC. 3).

3 caMoro moYaTKy BaXKJIMBO BiAMITUTH, 110 IMII pizaux "actot 3 inaykiieto 5 1 50 mxTn
He BruBaio (p>0,05) ma Hy0,- i F62+-iH,Z[yI<OBaHe OKHCHEHHS JIIIAIB B JIIIOCOMAIbHUX
cycnensisix. Craructuuno 3Hauymii 3miHE (p<0,05) Oymm 3apeecTpoBaHi TIIBKH TPH
excno3uuii minocomansHux cycnensiii y IMII 3 ingykuiero 500 MxTa (puc. 3). Tomy y
MOJAJIBIIOMY MOBa OyJie UTH TUTBKH MPO PE3YJIBTATH JOCHIKEHHS 13 BruiBoM IMIT 3 mumu
napaMeTpamu.

BcranoBneno, mo giss IMII wacrororo 8 I'm mocroBipHo mnpurHivyBaza HpO;-
IHIYKOBAaHUN 1 MiJCUITIOBAIA Fez+-iH;[yI<OBaHH171 cruieck xeMmimoMinecteHii (puc. 3). [pu
[IbOMY CTaIllOHapHI1 PiBHI CBITIHHSI Majo BIAPI3HAIUCA OJWH BiJ OJHOTO. Taka pPI3HMIIA
OKHCIIOBaIbHOT cuctemMu Ha BumB IMII mnorpebyBama MOAANbIIOro  YTOYHEHHS
MarHiTOYyTJIMBUX JIAHOK TIEPEKUCHOTO OKMCHEHHS JimiaiB. Tomy Oys0 MpoBeACHO BUBUYCHHS
mudepentiiinoro BruBy IMII, To6To a6o mig yac po3BuTKy HoO2-1HAYKOBAaHOTO OKHCHEHHS,
a00 mpu BHECEHHI 10HIB 3aji3a, sIKi IHIIIIOBAIM pPO3MaJa IMEPEeKUCYy BOJHIO 1 OpPTraHIuHUX
HIEPOKCH/IIB.

Sk mokazanm pe3yabTaTH JOCTIIKEHb, MArHITOUYTIMBOIO JIAHKOIO MEPEBAXKHO € CTafis
H,0z-innykoBanoro oxucHeHHs (puc. 4). ToOTo, SKIIO TPOBOAUTH BiTHBHOPAJAUKAIIEHE
OKHCHEHHsI TIEPOKCUIOM BoJHIO 0e3 BBy IMII, To mpu BrumBi mporo (izuyHoro gaxropy
TIIBKA Ha F62+-iH,Z[yI<OBaHy CTa[il0 OKHCHEHHS JOCTOBIPHHUX 3MiH I1HTEHCHBHOCTI
XeMUTIoMiHeCIeHITlT He BiOyBaeTbes (puc. 4). Jlanuii ¢hakT MOXXHA TOSICHUTH TaKUM YHHOM,
mo npu HyO-ingykoBaHoMy okucHeHHi BIumB IMII wacrororo 8 't mpurhiuye posman i
CTUMYJIIOE€ HAKOTHMYEHHS T1APONMEpPOKCUIIB (GochoimimaiB, AKi Mpy JOAaBaHHI 10HIB Fe®*
MiJIaI0ThCSl  TOJAIBIIOMY OKHUCHEHHIO, IO CYNPOBOKYETHCS OUTBII  MOTYXKHUM
BUIPOMIHIOBAHHSIM KBaHTIB CBITJIA.
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Hpumimku: tadpaMu OIS JTiHIA BKa3aHO CepeHi 3HAYEHHS Ta MOXHUOKH CepemHbOl KUTbKOCTI
KBaHTIB CBITJa 3a 4Yac chajaxy 3a 25 CeKyHHI, y CKOOKaX — BEJHWYMHA CHTHATY BiJIHOCHO
KOHTPOJIbHHUX 3HAUYCHb.

Fig. 3. Dynamics of H,0,- and Fe?" -induced chemiluminescence in liposomal suspensions for
control conditions (solid line) and for the mode of continuous exposure to PMF 8 Hz 500 uT (dash
line).

Notes: The numbers next to the lines indicate the mean values and mean errors of number of light
quanta during the flash in 25 seconds, in parentheses — the value of the signal in % relative to the
control values.
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KOHTPOJIbHHUX YMOBax (CyuijbHa JIiHIS) Ta y pexumi aundepenuirioBanoro smiamBy IMIT 8 I'm
500 Mk T (ITpUX-TiHis).

Ipumimxu. udpamu 0114 JTiHIM BKa3aHO cepeiHi 3HAYEHHS Ta MOXUOKH CepeHbOI KIIBKOCTI KBaHTIB
CBITJIa 32 Yac cranaxy 5 cexyHi, AiamazoHu BIumBY IMII mo3HadeHi cTpiikaMu B3IOBXK OCi gacy.

Fig. 4. Dynamics of H,0,- and Fe**-induced chemiluminescence of liposomal suspensions for control
conditions (solid line) and for the mode of differentiated influence of PMF § Hz 500 uT (dash line).

Notes: The numbers next to the lines indicate the mean values and mean errors of number of light
guanta during the flash in 5 seconds, the ranges of the PMF are indicated by arrows along the time

axis.
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AHaJi3 OTpUMAaHHMX pE3YIbTaTiB B KOHTEKCTI CyYaCHHMX YSBJIEHb MPO MEXaHI3MHU il
MarHiTHHX TOJIB Ha BITbHOPAJAWKAIBHI MPOIECH O03BOJISIIOTH 3POOUTH TPUITYIICHHS TIPO
nepBuHHI MexaHi3mu aii IMIT ans ganoi moaeni nepekrucHoro okucHeHHs. IMIT HagHU3BKUX
4acTOT MOXHA PO3MIIAJATH SK KBa3icTaTHYHE, TOMY IO TPUBAJIICTh MAarHiTHUX IMITYJIbCIB Ha
0arato MOPSIIKIB MEPEBHIIYE Yac )KUTTS PAIUKATFHUX Map y KOMipKax po34rMHHUKA. Takum
yuHOM, BIUMB IMII Moxe 3iiiicHIOBaTHCS 32 MeXaHi3MOM CIiHOBOI 3aboponu [10, 11].
Januii MexaHi3M 0a3yeThcsi Ha ToMy, mo MII o pi3HOMY 3MiHIOE YacTOTY Tperiecii CIiHIB
OKpEeMHUX paauKaliB y paJuWKaJbHIM mapi, M0 3MiHIOE BIpOTifHiCTh iX pekombOinarii. Lle
MPU3BOJIUTE JI0 3MIH yTBOPEHHS THX YW IHIIWX TPOIYKTIB peakiii. s minmocomanbHOT
MOJIeNll MOXHA MpUITycTUTH, o IMII HaZHU3BKUX YacTOT CIpHsie€ peKoMOIHAIlE JiMmiIHUX
pamukaniB Re 3 pagumkamamu HOQOe, mo mnpus3BoAWTH A0 3pPOCTaHHS KOHIIGHTpAIli i
HAKOTIMYEHHs rigponepokcuais ROOH, posmax skux Katamizyiors ioun Fe?*. ITpu mpomy, Ha
pekoMOiHaIio Takux pagukaiib, sk ROe, ski y OUTbIINA KUTBKOCTI YTBOPIOIOTHCS MPH Fe?'-
iHAYKOBaHOMY OKHcHeHHi, IMII, iMOBIpHO, CYTTEBO HE BILIUBAE.

Onnak, Moxe Oyt ¥ iHIIE TOsicHeHHs. 3okpema, sikmio IMII migBumrye BipoTiIHICTH
pexomOinanii HOe-panukasiB, 0 yTBOPIOIOTHCS MPHU PO3Majli MEPEKUCY BOJHIO, TO 1ie Oyae
€KBIBAJICHTHUM 3HIDKCHHIO BHUTPAT TIEPEKUCY BOJHIO, SKMA € HEOOXIMHMM JUIsl 1HIimiarii
BUTbHOPAJNKAIBHOTO OKHCHEHHS Ta HOro 30epekeHHs y MoNeKyisipHiid ¢opmi. Tomy
3HI)KCHHS IHTEHCUBHOCTI XeMutioMiHecteHii y ¢a3i HyO,-1Ha1yKoBaHOTO OKMCHEHHS MOXKE
OyTH HACIITKOM TaKOTo iHTiI0YyI0Uoro («aHTHOKcHIaHTHOro») BIMBYy IMII. BHeceHHs 10HIB
3aji3a B PO34YMH OyJe MPHU3BOJUTH JO PO3MAaay HE TIIBKM OPTaHIYHMX TMEPOKCHIIB, aje i
MEPEKUCY BOJHIO, SIKUH HE MpopearyBas, M0 Y CBOIO Yepry 3a0e3meunTh OilbIill IHTEHCUBHE
BUIbHOpaIMKaJIbHE OKHUCHEHHS 1, SK HACIIJIOK, — TMIABUIIEHHS IHTCHCHBHOCTI Cranaxy
XEMUTIOMIHECIICHIIIT.

Jloriuno mpumycTUTH, 10 BKa3aH1 nusixu BIumBy IMIT Ha mepekucHe OKMCHEHHSI JIIITiTiB
pearnizyroThCsl OIHOYACHO.

Slkmio Taki MOSICHEHHS € TPAaBWJIBHUMH, TO BeJIMYHMHA 1HTIOyIOYOro e(ekTy MOBHHHA
CWIBbHO 3anexxatu Bin iHaykuii IMII, ame wmamo 3amexaTd BiJf 4YacTOTH y Jiama3oHi
HAJHU3BKUX YacTOT. SIKk Oyno BKa3aHO BWINE, B €KCIIEPUMEHTAX 3 HU3bKOIO 1HIYKIi€0 IMII
edexTH Aii 1poro GaxkTopy OynM MPaKTUYHO BiFCYTHI. AHaNi3 JTepaTypHUX AAHUX TOKA3YeE,
10 MOMITHUM 1 CTaTUCTUYHO 3Hauymui BB MII Ha BinbHOpaaWKaIbHI XIMIYHI peaKii
nounHaeThest 3 iHAYKIIT MIT 100-200 mxTn [11, 14], mjo TakoXk CHOCTEPIranoch y Hallux
eKcrepuMeHTax. TakuM dunHOM, BcTaHOBIEHI (pakty BBy IMII ingykmiero 500 MxTn Ha
BUIbHOPAJMKAIbHE OKUCHEHHS (pOCcgomimiiiB, 3a€ThCs, LIJIKOM MOXKHA MOSCHUTH y paMKax
BUIIICHABE/ICHUX TEOPETUIHUX TTOTJISIIIB.

TuM HE MEHI, JOCTiI)KEHHS YacCTOTHOI 3aJIeKHOCTI OKPEMHUX XapPaKTEPUCTUK TUHAMIKA
IHTEHCUBHOCTI JIFOMIHECIIEHIIIT TOKa3y€e HAasIBHICTh MEBHOI 3aJI€KHOCTI €(PEKTIB Yy Jiana3oHi 10
30 T'q (puc. 5). IIpu ubomy iuriGyrounit Brmus IMII Ha HyOo-inaykoBaHy ¢a3zy OKMCHEHHS
HE 3aBXKOM CYIPOBOIKYETHCS JOCTOBIPHHMM TIiJBMINEHHAM aMIIIiTyam Fe'-3amexnoro
cnayiaxy xeminromiHecteHlii. [Ioka3HUK CBITIOCYMH TaKOXK JEMOHCTPYE 1HTIOYIOUHI eeKT
Ha cranii HyOp-1HimioBanoro okucHeHHs docdommiaiB y cmysi yactor A0 10 I'm. OnHak Ha
gacrori 20 'y iariOytoumii BrumB MII cnocrepiraerbest aast 000X BapiaHTIB OKHCHEHHS,
T00TO Mt HoO,- 1 F62+-iHI[y1<OBaHOFO OKHCHEHHsI (puc. 5).

Crig BiIMITUTH, IO HASBHICTH MEBHOI YaCTOTHOT 3aJIe’KHOCTI BKa3ye Ha Te, IO B OCHOBI
MEePBUHHUX MEXaHI3MIB BIUIMBY MOXYTh JIeXKaTH Pi3HI (izuuni sBuma. Jo6pe BimomMo, 1o
MarHiTHI TOJISl 3MIHIOIOTh MIBUIKICTh peKoMOiHarii BinkHUX pamukaniB [10, 11]. [itoun Ha
paauKalbHI TTapy MarHiTHE MOJie MOXKE 1HII[IIOBaTH a00 TaJIbMyBaTH iX CHHIJICT-TPUILICTHY
KOHBEPCIIO 1, SIK HACTIJOK, BIUIMBATH Ha iX PEKOMOIHAIIO 1, BIAMOBIAHO, HAa IIBUAKICTH
YTBOPEHHSI MPOYKTIB BUIBHOPAIUKAIHLHOTO MIPOIIECY.
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Puc. 5. Yacrorna 3anexuicts BBy MII 8 I't ingyknieto 500 MxTn BiTHOCHO KOHTPOJBHHX
3Ha4YeHb HA aMILTITYy cranaxy (A) i cBiTIocyMy (CyMapHa KiJIbKiCTh KBaHTIB 32 5 XB. 3 MOMEHTY
po3Butky cmanaxy) (b) H,Op- i Fe®*-inmykoBanoi xemimominecnenmiio. 3a 100% mpuiAHATO
KOHTPOJIbHI 3HAYCHHSI.
Hpumimru: * —p<0.05, ** — p<0.01.

Fig. 5. Frequency dependence of the effect of PMF 8 Hz 500 uT (in % relative to control values)
on the amplitude of the flash (A) and light sum (total number of quanta in 5 minutes after the flash
start) (B) for H202- and Fe2 + -induced chemiluminescence. Control values were taken as 100%.
Notes: * — p <0.05, ** — p <0.01.

IBUAKICTH CHHIIIET-TPUILIETHOI KOHBEPCIi TUM BUIIE, YUM Olnblie pi3HULS g-(aKkTopiB
JUISL TIApW BUTBHUX PAJHMKATIB 1 BHINE HANPYXKEHICTh MArHiTHOTO MOJS. Y BUNAAKY HAIIOTO
EKCIIEPUMEHTY IMIYJIbCHE MAarHITHE IOJIe, IO 3MIHIOBAJIOCH 3a HAIMpPsIMOM Yy Jiama3oHi
HAJHU3BKUX YacTOT, JIJIS peani3allii JaHOT0 MEXaHi3My MOKHA PO3TJIsIaTH K KBa3iCTaTHYHE.
Came ToMy MpH HU3BKOMY HAmNpyKEHI Mar"iTHOro mojs y amiamazoHi 5-50 mMxTn mu He
CIIOCTEpIraju JOCTOBIPHUX €(EKTIiB HOTO BIUIMBY HAa BUTbHOPAAUKAIbHE OKUCHEHHS JIMIIB B
minocomax. [luTaHHS 100 MEXaHI3MIB YaCTOTHOI 3aJIe’KHOCTI BIUIMBY MAarHITHOTO TOJIS
iHaykmiero 500 MxTn 3anummaerbcst JUCKYCIHHUM 1, MOXIJIMBO, IIOB’S3aHO 3 1HIIMMH
NEPBUHHUMH MeXaHi3Mamu BIUTHBY. Cepell TakuxX KaHAWJATIB Ha IO POJIb MOXYTh OYyTH
TakoX (i3WuH1 SBHINA, sSKI TOB’S3aHI 31 3MiHAMH BIJIACTUBOCTEHW BOJHOI (a3u 1 3CYBY
rizpodinbHO-TiAPoPoOHOr0 OanaHcy, IO 3pPELITOI0 MPOSBISETHCA y 3MiHAX IOBEPXHEBO-
aKTHUBHUX BJIACTUBOCTEN (oChOMmiaiB, a TaKoX TiApOodUTEHOCTI/TIAPoHOOHOCTI TTOBEPXHI Ta
iHmMX (Gi3udHuX BaactuBocTed MemOpan [20, 21], 1m0 y CBOKO Yepry MOBHHHO BIUIMBATH Ha
KIHETUKY BUTbHOPAIUKAIBHUX MPOIIECIB B OLTIMITHOMY IIapi MEMOpaH.
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BUCHOBKHA

Takum umnom, IMII HagHU3BKHMX YacTOT JOCTOBIPHO MPHUTHIUYE BIIBHOPAIUKAIbHE
OKHCHEHHSI B JIIMOCOMAJILHUX CYCHEH31SX TUIBKH MPH IHIYKIIISX, SIKI IEPEBUIIYIOTh JEKIIbKa
coTeHb Mikportecina. lle Bka3ye Ha Te, 10 B yMOBax BHOpaHOi MeMOpaHHOI MOJElNi BIUIMB
IMII Ha BiBPHOpAIUKAIBHI MPOIIECH Peai3yEThCS MEPEBAKHO Yepe3 CIHOBI B3aEMO/II, 110
BH3HAUYAIOTh PEKOMOIHAIIIO BUTLHUX paguKaIiB. 3HIKEHHS 1HIYKIIIT HA OJWH-IBA MOPSIKHU, a
TakoX 301mbreHHsT yactotu IMII Bume 40-50 I, mpu3BOAWTH 1O CYTTEBOTO 3HUKEHHS
e(pEeKTUBHOCTI BIUIMBY LBOTO (hi3MuHOro (hakTopy Ha IHTEHCHUBHICTH BUIBHOPAAMKAIBLHOTO
OKHUCHEHHSI JIMIAIB Y JIIMOCOMAIBHUX CyCleH3iaX. HalOiabIn 9yTIIMBOIO JTaHKOO /10 BIUIUBY
IMII € HyO,-inayKoBaHe BiIbHOPAIUKAIBHE OKUCHEHHSI JIITiIiB.
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Background: For a long time, special attention in experimental biology and medicine is paid to free
radical processes involving reactive oxygen species. In electromagnetic biology, the interest in free
radical oxidation in biological membranes has increased significantly due to the discovery of spin
mechanisms of magnetic fields on free radical processes. In the present day, these mechanisms are
considered to be key in the processes of magnetoreception in living organisms. Liposomes, as the
simplest models of biological membranes, are often used to study the primary mechanisms of action of
different factors on the structural and functional properties of membranes. However, the influence of
ecological significant extremely low-frequency magnetic fields on free radical oxidation in liposomal
suspensions has not been studied enough.

Objectives: The elucidation of the peculiarities of the influence of the extremely low frequency pulsed
magnetic fields (ELF PMF) on H,O,- and Fe?*-induced peroxidation of natural phospholipids in
liposomal suspensions.

Materials and methods: The liposomal suspensions in phosphate buffer pH=7.4 were used. According
to the literature and own results on light scattering the average diameter of liposomes was about 500A.
Ultra-weak chemiluminescence of liposomal suspensions was recorded using a device that operated in the
mode of single photons counting. It consisted of a light-insulated cuvette unit where the test samples were
placed, as well as a temperature sensor and a solenoid, which was used to create the PMF. Optical contact
of the test samples with the photoelectron multiplier was carried out using a light guide. The recording
system consisted of a broadband photomultiplier tube detector — FEU-130, which was at a temperature
of —20°C. The pulse analyzer Al-256 was used to separate the useful signal that corresponded to the
registration of single chemiluminescence light quanta. The voltage on the photomultiplier tube detector
was applied in the range of current-voltage characteristics of this detector, in which a random voltage
fluctuation had a minimal effect on the measurement of the useful signal. The number of light quanta that
were recorded for defined time intervals characterized the overall intensity of the process of free radical
oxidation of lipids in the experimental samples. The pulsed magnetic field was created using a solenoid
coil located in the cuvette part. PMF was created using a serial generator G6-28. The magnetic field
pulses were rectangular in shape with variable polarity for a period of oscillations. The induction of PMF
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was monitored using microteslameter G-79. The series of extremely low frequencies (5-80 Hz) and
induction (5-500 pT) of PMF was chosen due to their environmental and physiological significance.
Results: PMF of different frequencies with induction of 5 and 50 uT did not affect (p>0.05) H,0,- and
Fe?*-induced lipid oxidation in liposomal suspensions. Statistically significant changes (p<0.05) were
revealed only when liposomal suspensions were exposed to PMF with induction of 500 uT. It was found
that the action of PMF with the frequency of 8 Hz 500 uT significantly inhibited H,O»-induced and
enhanced Fe?*-induced chemiluminescence. This effect is associated with inhibition of the decomposition
and with the accumulation of phospholipid hydroperoxides, which decompose and recombine in the
presence of Fe?" ions, which is accompanied by stronger chemiluminescence. The study of the
dependence of the dynamics of the chemiluminescence intensity on the frequency of the PMF indicates
the presence of a certain dependence of the effects in the range of up to 30 Hz. However, the inhibitory
effect of PMF for the H,0O,-induced oxidation phase is not always accompanied by a statistically
significant increase in the amplitude of Fe®*-dependent light flash of chemiluminescence that indicates the
general inhibitory effect of PMF at a certain frequency.

Conclusions: PMF of extremely low frequencies statistically significantly affects the free radical
oxidation in liposomal suspensions only at inductions exceeding several hundred microteslas. This
indicates the effect of PMF on free radical processes for the conditions of the selected membrane model is
realized mainly through spin interactions that determine the recombination of free radicals. The decrease
of induction by one or two orders of magnitude, as well as increasing in frequency of the PMF above
50 Hz, leads to a decrease in the effectiveness of the influence of this physical factor on the intensity of
lipid-free radical oxidation in liposomal suspensions. The most sensitive to the influence of ELF PMF is
the phase of H,0,-induced free radical oxidation of lipids.

KEY WORDS: lipid free radical oxidation; extremely low frequency pulsed magnetic field;
chemiluminescence; phospholipids; liposomal suspensions.



