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WUCTOYHUKOB, 3HAYMMOCTb 3TUX MCTOYHWMKOB ANngA ynpasneHua VMK n BblgeneHne 3TUX UCTOYHUKOB PasfnvyHbIMU
meTogamu ICA. 5 13 BblAEMNEHHbIX UCTOYHUKOB METOAOM pelleHuss obpaTtHow 3agaun O3 Obinm paHee
nokannsoBaHbl B NEPBUYHON COMATOCEHCOPHOW 30HE MEeBOro u npasoro nonywapuin (SIL,SIR), gononHUTensHON
MOTOpHOM obnactn (SMA), B npemoTopHon kope (PRM) u B npeaknuHbe (PRC).OHU MMEIOT BblpaXKeHHbIe MUKU
CrneKkTpanbHOM MOLHOCTM B anbda-gnanasoHe. Ewe gBa mctouHuka (SIRb, SILb) nokanusoBaHbl 65M3Ko K
NepBUYHOM COMATOCEHCOPHOW 30HE W AOMOMHUTENbHO MMEKT BbIPaXEHHYI aKTUBHOCTb B OeTa-gnanasoHe.
B3anmopenctene mexagy MCTOYHMKaAMKU U3y4anocb C NMOMOLLBbID BEKTOPHOMW aBToperpeccuoHHon (BAP) mogenw.
Beibop nopsigka BAP mogenv onpedensincst CXoXKecTblo CnekTpa akTUBHOCTU UCTOYHWKOB MO CMEKTPOrpaMme U no
BAP wmopgenu. lNokasaHo, 4TO 3TO CXOACTBO pgocturaeTcsa npu nopsake BAP mopenn 6Gonbwe, yem 100.
WccnegoBanocb kak HeHanpaBneHHOe, Tak M HanpaBrneHHOe B3aMMOAEWCTBME 3TUX WMCTOYHMKOB, C MOMOLLbIO
CNEeKTpanbHON KOrepeHTHOCTU M U30NMpoBaHHOW korepeHTHocTu (iCoh). Haubonee crtabunbHO MNO pasHbIM
UCMBITYEMbIM M 3KCMEPUMMEHTarbHbIM CECCUAM AJ1S KaX4oro UCMbITyeMoro obHapyXmBaeTcsi B3auMOOENCTBUE
uctouHmkoB SIR mn SIRb. lNMoka3aHo, 4To akTMBHOCTL SIR nopoxaaeT akTuBHOCTL SIRb ¢ BpeMeHHOoWM 3agepkKomn
78mc. Kpome Toro, obHapyxeHo B3ammogencTeme nctoudHmnkoB SIR, SIL n PRC. Obcyxaaetca duanonornyeckoe
3Ha4yeHVe B3aMMOAEWCTBUS yKa3aHHbIX WCTOYHMKOB. Paboma ebinonHeHa rnpu nod0epxke epaHma
PO®®I 20-015-00370 a.

INTERACTION OF EEG SOURCES, SIGNIFICANT FOR CONTROLLING BRAIN-COMPUTER INTERFACE
BASED ON MOTOR IMAGERY
Kerechanin Yaroslav V.2, Bobrov Pavel D.?, Frolov Alexander A.?
IMoscow Physical-Technical Institute, Dolgoprudniy
?Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;

BITUAHUE HAHOCEKYHOHOIO MMMNYJIbCHO-NEPUOONYECKOIO MMKPOBOJTHOBOI'O U3NYYEHUA HA
MPOLIECC 3AXKUBIEHUA OXXOIoBbIX PAH
Kepes A.B.'2, lNocTioxuHa A.A.%, Bonbwakos M.A.23, KyteHkos O.M.1, PocTtos B.B.!
1 UHcTUTYT cunbHoTouHOM anekTpoHukn CO PAH, Tomck, Poccus;
2 CnMbupcknii rocyaapcTBeHHbIM MEAULMHCKUIA YHUBepcKTeT, Tomck, Poccus;
8 HaumoHanbHbIM uccnegoBaTenbckuin TOMCKWI rOCYyAapCTBEHHBIN yHMBepcuTeT, ToMck, Poccus;
kereya2l@mail.ru

https://doi.org/10.29003/m1085.sudak.ns2020-16/247-248

HecmoTps Ha 3HauuMTernbHOE KONMUYECTBO WCCREAOBaHWUA, NOCBALLEHHbLIX BOCCTAHOBIEHUIO MOBPEXOEHWIA
KOXWN C MOMOLLBI XUPYPrnyecknx, hapmakoriormyecknx U Opyrux MeTogoB, a Takke KOPPEeKUUM U CTUMYNSuuu
pereHepaumn paH C MCMNONb30BaHNEM pPa3NuMyHbiX unsmdecknx akTopos, Nnpobnema pereHepauumn KoXu nocne
TEPMUYECKMX OXOFOB Y YenoBeka OCTaeTcs akTyarnbHoW. [lepcnekTBHbIM SBNSETCA CO3[4aHue HOBbIX
OpUrMHanbHbIX METOAOB BOCCTAHOBMEHUSI OXOroBblX MoBpexaeHun. OnpedeneHHbIn UHTepec npeacTaBnstoT
OaHHble O paHO3aXUBNAKLEM OEACTBUM HAHOCEKYHAHOrO WMMYNbCHO-MEPUOLMYECKOTO  MMUKPOBOSIHOBOMO
nsnydenus (UTMMW), koTopoe npu onpedeneHHbIX napameTpax CTUMYNMpyeT pereHepauuio NOSTHOCIONHOWN KOXHOMW
paHbl Yy MblLLER.

Llenbto wnccnegoBaHns €ABMASAMNOCH W3YyYeHUE BIIUSHUA HAHOCEKYHOHbIX WMMYMNbCHbIX MUWKPOBOSH Ha
pereHepaLmio KOXHbIX OXKOroBbIX paH y TabopaTopHbIX KPbIC.

OkcnepumeHT BbinonHeH Ha 30 nonoso3penbiX kpbicax-camkax nuHum «Wistar» (250-280 r). >KvuBoTHble
pasgensanucb Ha KOHTPOSbHYIO 1 2 ONbITHbIE rpynnbl. Bcem kpbicam Moagenuposarncs oxor Il cteneHn. 2KMBoTHbIE
OMbITHLIX TPYNMN MOCNe MOLENMPOBAHUS OXOora B TedeHue 4x AHeW nogsepranucb nokanbHOMy B obnactu
OXXOroBOW paHbl 06nyyeHnto HaHocekyHAHbIM ATTMW ¢ nukoBbIMKM NnoTHOCTAMKM noTtoka mowHocTr (nlMMNM) 140 un
1500 Bt/cm?2, ¢ yacToToi noBTOpeHus umnynbcoB 8 INy. Tepmuyeckume oxorn MOAENMPOBaNMUCL Mo CTaHA4apTHOW
MeToauKe ¢ nomoLllbto pasorpetoro Ao 100°C meTannuyeckoro CTepXHa guameTpom 2 cM. B kauecTBe UcTovHuKa
HaHocekyHaHoro VMMW ncnonb3oBancst MMMynbCHbI nabopaTopHbIvi FeHepaTop Ha ocHoBe MarHeTpoHa MI-505.
Cratnctnyeckass obpaboTka nonydeHHbiXx pe3ynbTaToB MpoOBOAMIIACbL MO CTaHAApTHbIM - npoueaypam
MaTemMaTU4YeCcKon CTaTUCTUKN C UCNOSb30BaHNMEM BO3MOXXHOCTEN nporpammbl Statistica 8.0 for Windows.

Y KpbIC KOHTPONbLHOW rpynnbl He nonydaswmx sosgencTeue UIMMW, nnowaab OXOroBblX paH MOHOTOHHO
yMeHbLlanacb B TedyeHue 32 pJHen HabrogeHus. Y 0O6ny4YeHHbIX KpbIC Mnocre 4X-KpaTHOro  JloKarbHOro
Bo3gencTeusa MIMMW Ha oxoroBble paHbl ¢ MHTEHCMBHOCTLIO 140 BT/cm? ¢ 19 cyTok aKcnepumeHTa oTMe4vanochb
CTaTUCTMYECKN 3HAYMMOE OTHOCUTENbHO KOHTPOMbHOW rPynnbl YMEHbLUEHWe nrowaan paHbl C  MOMHbIM
3aXVBIIEHNEM BCEX OXOrOB K 28 CyTKam aKcnepuMeHTa. Y Kpbic, 0bnyyeHHbIx MMW ¢ 6onbluen MHTEHCMBHOCTBIO
1500 BT/cm? cTaTUCTUYeCKM 3HA4YMMOEe YMeHblueHue nnowaan paH Habnwoganock ¢ 19 AHA nocrne HaHeceHus
oXora C OKoHyaTenbHbIM 3axusneHmem k 30 cyTkam wuccnegosaHus. [lpu  cpaBHEHUM pe3ynbTaToB
paHo3axuBrneHns obenx OOMy4YeHHbIX TpPynn BbIACHUNOCb, YTO BO34EWCTBUE C MEHbLUEN WHTEHCUBHOCTBLHO
crnocobcTByeT 6onee apHEKTUBHOMY YMEHBLLEHMWIO NIOLWAaaN paHeBOW NOBEPXHOCTM.

THE INFLUENCE OF NANOSECOND MICROWAVE PULSES ON THE HEALING
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Despite a significant number of studies on the repair of skin lesions using surgical, pharmacological and
other methods, as well as correction and stimulation of wound regeneration using various physical factors, the
problem of skin regeneration after thermal burns in humans remains relevant. Promising is the creation of new
original methods for the restoration of burn injuries. Of particular interest are data on the wound healing effect of of
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nanosecond repetitively pulsed microwave radiation (RPMR), which, under certain parameters, stimulates the
regeneration of a full-layer skin wound in mice. The aim of the study was to study the effect of nanosecond pulsed
microwaves on the regeneration of skin burn wounds in laboratory rats.

The experiment was performed on 30 sexually mature female rats of the Wistar line (250-280 g). Animals
were divided into control and 2 experimental groups. A burn of the third degree was modeled for all rats. The
animals of the experimental groups after modeling the burn for 4 days were exposed to local radiation in the area of
the burn wound by nanosecond RPMR with peak power flux densities (pPFD) of 140 and 1500 W/cm?, with a pulse
repetition rate of 8 Hz. Thermal burns were modeled according to the standard method using a metal rod 2 cm in
diameter heated to 100 ° C. A pulsed laboratory generator based on the MI-505 magnetron was used as a source
of nanosecond RPMR. Statistical processing of the results was carried out according to standard procedures of
mathematical statistics using the capabilities of the program Statistica 8.0 for Windows.

In rats of the control group not treated with IPMI, the area of burn wounds monotonously decreased during
32 days of observation. In irradiated rats, after a 4-fold local exposure of RPMR to burn wounds with an intensity of
140 W/cm? from the 19t day of the experiment, there was a statistically significant decrease in the area of the
wound relative to the control group with complete healing of all burns by 28 days of the experiment. In rats
irradiated with RPMR with a higher intensity of 1500 W/cm?, a statistically significant decrease in the area of
wounds was observed from 19 days after applying the burn with final healing by 30 days of the study. When
comparing the results of wound healing of both irradiated groups, it turned out that exposure with less intensity
contributes to a more effective reduction in the area of the wound surface.
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M3yyeHne reTeporeHHoOCTn acTpornmMm CnocobCTBYET WM3MEHEHMIO MPEACTaBlEHUN O HENpO-rnmanbHbIX
OTHOLLEHMAX, a Tawkke opmupyeT HOBbI B3rns4 Ha pasnuudble natonormm LIHC. OgHum m3 dakTopos,
obecneumBalLNX TrEeTEPOreHHOCTb acTpornuMu, MOXeT ObiTb AunddepeHumanbHas akcnpeccus Genkos
KOHHEKCMHOB, obpasyowmx wenesble KoHTakTbl (LK), Llenbto paboTbl SBNSNOCH KOMMMEKCHOE UCCnefoBaHue
aHTUreHHON aKTMBHOCTM Bernka WweneBbiX KOHTakToB acTpornun KoHHekcrHa 30 (Cx30) B pasnuyHbIX CTPYyKTypax
ronogHoro mosra (M) kpbic. >KMBOTHbBIM NpOBOAWNWM TpaHcKapauaneHy nepdysmo, M wnssnekanu,
nsrotasnmeanv 40 MKM BUDpPaTOMHbIE Cpe3bl, KOTOpPble WUHKYOMPOBanuUCb C NepBUYHbIMKU aHTuTenamm k GFAP
(Sigma-Aldrich, CLLIA) n k Cx30 (Invitrogen, CLUA), 3aTeM C KOHbIOrMPOBAHHLIMW C (OryOpeCcLEeHTHON MeTKOW
BTOpPUYHbIMK aHTUTeNnamn (Sigma-Aldrich, CLLUA) 1 nccnegosanucb ¢ MCNONb30OBaHNEM Ma3epHOro CKaHUpytoLero
Mukpockona (Zeiss LSM880). [Ona 3nekTpOHHOW MMMYHOMMCTOXMMUM B KayecTBe BTOPMUYHbLIX WCMONb3oBanu
aHTWTena, KOHbIIMPOBaHHbIE C MEPOKCMAA30M XpeHa, a BbISBIIEHWE MMMYHHbIX KOMMMEKCOB MNpoBOAUNN C
ucnonb3dosaHneMm DAB+ Chromogen (Dako, Oanwus). Janee cpesbl obpabaTbiBany cTaHAapTHbIMWM MeTogaMu Ang
9MEeKTPOHHOW MUKPOCKOMNWMW, N3roTaBNnBany yrnbTpaToOHKME Cpesbl, KOTOPble KOHTPacTPUPOBanIM U NpocMaTpuBanu
nog 3NeKTPOHHbIM MuKpockornoMm Jem 1011 (Jeol). MNpu wnccnegoBaHum dpoHTanbHbIX cpe3oB M nomumo
BblpaxkeHHon peakumm Cx30 B cepom BewecTtBe M KpbiC, 4TO paHee oTMevanacb ApPYyrMMuM aBTOpamu, Hamu
BrepBble Obino BbigBreHo npeobnagaHue Cx30 B acTpouutapHbix 060M04Kax BOKPYr OTAEMbHbIX KNETOYHbIX TEN B
Henponune kopbl 'M n 3y6uyaTon n3BunuHbl rnnokamna. Npy ynbTpacTpyKTypHOM MCCNefoBaHMM 3TUX 30H ObIo
nokasaHo, 4TO npoaykTbl pegko accouummpoBanmcb ¢ LK. Cx30 nokanu3oBaH B TOHKUX nepudepmnyeckmx
OTPOCTKax acTPOLMUTOB, fexallmx B HeMponunie Mexay Helputamu, B NepuBacKynapHbIX acTpoumTapHbIX MydTax,
a Takke B acTpoLMTapHbIX Nepudepuyecknx OTPOCTKax, OKPYXKalLMX Terna OTAENbHbIX KNEeTOK B rpaHynsipHOM
cnoe 3ybyaTon M3BUMMHBI rmnnokamna. Takum obpasom, pacnpegeneHne Cx30 B HOpMe B MO3re sBMseTcA
HEO4HOPOAHbLIM, OOHAKO NMPUYMNHBLI TAKOW HEOAHOPOAHOCTU eLLE HUKEM He Bbinn nccrnegoBaHbl U PyHKUMOHANbHOE
3Ha4eHune aToro heHoMeHa Hen3BeCcTHO. Paboma rnoddepxxaHa epaHmom PO®U Ne 19-015-00325.

ANTIGENIC ACTIVITY OF CONNEXIN 30 IN THE RAT BRAIN
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The study of the astroglial heterogeneity contributes to change the ideas about neuro-glial relationships,
and also forms a new look at various pathologies of the central nervous system. One of the factors ensuring the
heterogeneity of astroglia may be the differential expression of connexins proteins that form gap junctions (GJ).
The aim of the work was a comprehensive study of the antigenic activity of the astroglial gap junctions protein -
connexin 30 (Cx30) in various structures of the rat brain. After the transcardial perfusion of the animals, the brain
was removed, 40 ym vibratome sections were made, which were incubated with primary antibodies to GFAP
(Sigma-Aldrich, USA) and to Cx30 (Invitrogen, USA), then with secondary antibodies conjugated with a fluorescent
label (Sigma-Aldrich, USA) and examined using a Zeiss laser scanning microscope (LSM880). For electron
immunohistochemistry, antibodies conjugated to peroxidase were used as secondary antibodies, and immune
complexes were detected using DAB + Chromogen (Dako, Denmark). Next, the sections were processed by
standard methods for electron microscopy, ultrathin sections were contrasted and viewed under a Jem 1011
electron microscope (Jeol). The studying of the frontal brain sections, in addition to the pronounced Cx30 reaction
in the gray matter, which was previously noted by other authors, we firstly revealed the predominance of Cx30 in
the astrocytic membranes around individual cell bodies in the neuropil of brain cortex and the dentate gyrus of
hippocampus. An ultrastructural study of these zones showed that products were rarely associated with gap
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