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were not exposed and located in the CO:2 incubator; 14 experimental (n=36) — MSCs of RBM and ASCs which were
exposed to a single 50 and 100 pulses of nanosecond pulse-periodic microwave radiation with pPFD 140, 210 and
310 W/cm? and pulse repetition frequencies of 8 and 13 Hz. A pulsed laboratory generator based on the MI-459
magnetron was used as a source of nanosecond PMR.

According to the obtained results, the most effective modes of influencing PMR were identified. Exposure to
PMR (50 pulses, 8 Hz pulse frequency, 140 W/cm?2) significantly reduces the MSCs of RBM proliferation rate, with
a maximum effect of 67% three days after irradiation. High MSCs of RBM proliferative activity (37% after 24 hours
and 52% after 72 hours) was observed after exposure to the cell culture to 50 pulses of PMR with 13 Hz pulse
frequency and 140 W/cm? pPFD. PMR (100 pulses, 13 Hz pulse frequency, 140 W/cm?) significantly slowed down
the cell growth of ASCs with a maximum effect of 100% after just one day. Stimulation of the ASCs proliferation
rate was observed after exposure of cell cultures to 50 pulses of PMR with pPFD 140 W/cm2 and frequencies 8 and
13 Hz.

Thus, nanosecond microwave pulses with specified parameters are able to directionally regulate the rate of
cell division, providing the practical scaling of stem cells in vitro. This expands the prospects for their use in
regenerative medicine and biotechnology.

The work was carried out within the framework of the state task of the Ministry of Science and Higher
Education of the Russian Federation (FWRM-2021-0002).

AKTUBHOCTb 3EPKANbHbLIX HEAPOHOB MPU BbIMONMHEHUMN
KOPPEKTHbIX 1 OLULMUBOYHbIX OEUCTBUU
MowkuHa M.B., BaBununa B.E., CBetnuk M.B., Bywos 10.B.
Tomckun rocyaapCTBeHHbIV yHUBepcuTeT, ToMck, Poccus, moshkinamv989@gmail.com

https://doi.org/10.29003/m5210.sudak.ns2026-22/198-199

B HacToswee BpemMsA HEACHO, Kak MMEHHO pearvpyeT cucTema 3epKaribHbiIX HEWPOHOB Ha KOPPEKTHble U
OLWMBOYHbIE OEWCTBUS U KakOBa POfb pPasHbIX TUMOB 3epKarnbHbIX HEMPOHOB M MHAOMBUAYaNbHbLIX OCOBEHHOCTEN
YyerioBeka B 9TUX MpoLieccax.

Llenbto HacTosLero mccrnegoBaHUs SBAUIOCH U3YYeHWE aKTUMBHOCTU 3epKalibHbIX HEMPOHOB Y MYXXYUH K
XXEHLUMH MpW BbIMONTHEHNW KOPPEKTHBIX U OLIMBOYHBIX AENCTBUNA, CBA3a@HHbLIX C y3HABaHWEM KOPOTKUX UHTepBaros
BpemeHu. B nccnegosaHnax yyactBoBanm npakTM4ecky 3gopoBble toHoWwM (15 yenosek) n AesyLwiku (15 yenosexk),
«MpaBWwWu» C feBbiM «peyveBbiM» nonywapueMm, B Bo3dpacte oT 18 go 23 net, yvawmecs TOMCKMX BY30B.
WcnbiTyemblM  npegnaranace 3agadva Ha y3HaBaHuWe aTanoHa (CBeTnbIi KkBagpaTr €O CTopoHou 3,5 cwm,
nosgsnawwmnca Ha 300 mMc B UeHTpe 9KpaHa MoHuTopa). [lpeaBaputenbHoO 3TanoH He MmeHee 10 pas
npeabsaBnseTcs WUCMbITyeMOMYy ANis 3anoMVHaHWs, 3aTeéM COBMECTHO C AEBMAHTHbIMW CTMMYyMamu, KOTopble
OTNMYalTCS OT 3TanoHa B 60MbLUY0 M MeHbLLYIO CTOPOHY Ha 150 mc. CTuMynbl NPeabABMAAIOTCA MHOTOKPATHO (He
MeHee 50 pa3) B criyyanHOM nopsiake ¢ MeXCTUMYIbHbLIM UHTepBanom 5 — 7 c. MNpeasaputenbHble 3KCNEPUMEHTbI
nokasanu, YTo Mpu TakoW pasHuUe Mexay 3TaroHOM U AeBUaHTHbIMU CTUMYNamMun UCMbITYeMbI pasnuyaeT 3TanoH
B 70-90% cny4aeB. B cOOTBETCTBUM C MHCTPYKUUEN MCMBLITYEMBIN HaXMMaeT Ha knasuwy «[poben» cpegHum u
yKkaszaTenbHbIM nNanbuamMyv Bedylled pykM Mpu MpeabsBneHun 3TanoHa W MpornyckaeT curHanbl Opyrown
anutenbHoctn. 33l permcTpypoBany ¢ NOMOLLbLIO 24-KaHanbHOrO anekTposHuedanorpada «3SHuedanaH—131-
03» B nobHbIx (F3, F4, Fz, F7, F8), ueHtpanbHbix (C3, C4, Cz), BucouHbix (T3, T4, T5, T6), TemeHHbix (P3, P4, Pz)
n 3atbinoyvHbix (01, O2) oTtBeameHuax no cucteme «10-20 %». B kadectBe pedbepeHTHbIX 3SMNeKTponoB
ucnonb3dosann oteegeHns A1 n A2. MNpu obpabotke S3I-gaHHLIX MCMOMb30BaNCA MeTon 3NeKTPOMarHMTHOMN
ToMorpadun Huskoro paspelleHus (LORETA), noacumTbiBanmMCb OLEHKU CNeKkTparnbHON MOLLHOCTU MIO-pUTMa Ha
KOpPOTKUX (2 C), NULLIEHHBbIX apTedakToB, oTpe3kax 3annucn I3l 3a 2 ¢ go ctumyna (atan «PoH»), NpU BbINOMHEHUU
KOPPEKTHOro AewcTBWSA, Mpu MpoMycke LUerneBoro CTUMyna, a Takke Mpu OWMOOYHOM HaXaTuu Ha KnasBuLly
KomnbtoTepa. Mpu oueHke CTaTUCTUYECKON 3HAYMMOCTU PasnnyniAi UCMONb30BaNN MHOFOMEPHbLIA CTaTUCTUYECKUIA
aHanu3 u t-kputepun CrblogeHTa. Pasnunuusa cumtanncb cTatUcTuyecku 3HadmmbiMu npy p <0,05. C uenbto
«HOpManu3auum» nccrnegyembix nokasatenen ncnonb3osanu npeobpasoBaHue duiiepa.

OGHapyXeHbl CTaTUCTUYECKM 3HAYMMblEe Pas3nuuMsa B akTuBauuMW 3epKalbHbIX HEMPOHOB MPW BbINOMHEHUN
KOPPEKTHBIX M OWMNBOYHBIX AENCTBUIN, CBA3AHHbLIX C y3HaBaHMEM KOPOTKUX WHTEPBAaroB BPEMEHU, 3aBUCUMOCTb
9TUX pasnuynii OT Nora UCnbiTyembiX.
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Currently, it is unclear how exactly the mirror neuron system responds to correct and erroneous actions and
what role different types of mirror neurons and individual characteristics play in these processes.

The aim of this study was to examine mirror neuron activity in men and women during correct and erroneous
actions related to recognizing short time intervals. Participants included apparently healthy right-handed males (15)
and females (15), with a left hemisphere dominant language system, aged 18 to 23, students at Tomsk universities.
Subjects were given a task of recognizing a standard (a lighted square with a side length of 3.5 cm, appearing for
300 ms in the center of the monitor screen). The standard was first presented to the subject at least 10 times for
memorization, then along with deviant stimuli that differed from the standard by 150 ms, either longer or shorter.

198


mailto:moshkinamv989@gmail.com
https://doi.org/10.29003/m5210.sudak.ns2026-22/198-199
mailto:moshkinamv989@gmail.com

International Congress
“Neuroscience for Medicine and Psychology”
Sudak, Crimea, Russia, May 30-June 10, 2026

The stimuli were presented repeatedly (at least 50 times) in random order with an interstimulus interval of 5-7 s.
Preliminary experiments showed that with such a difference between the standard and deviant stimuli, subjects
recognized the standard in 70-90% of cases. According to the instructions, the subject pressed the space bar with
the middle and index fingers of their dominant hand when the standard was presented, skipping signals of different
durations. The EEG was recorded using a 24-channel Encephalan-131-03 electroencephalograph in the frontal
(F3, F4, Fz, F7, F8), central (C3, C4, Cz), temporal (T3, T4, T5, T6), parietal (P3, P4, Pz) and occipital (O1, O2)
leads using the 10-20% system. Leads A1 and A2 were used as reference electrodes. Low-resolution
electromagnetic tomography (LORETA) was used to process the EEG data; mu-rhythm spectral power estimates
were calculated for short (2 s), artifact-free segments of the EEG recording 2 s before the stimulus (the
“Background” stage), during the correct action, when the target stimulus was missed, and also when a computer
key was pressed incorrectly. Multivariate statistical analysis and the Student's t-test were used to assess the
statistical significance of differences. Differences were considered statistically significant at p < 0.05. A Fisher
transformation was used to "normalize" the studied parameters.

Statistically significant differences in mirror neuron activation were found during correct and erroneous
actions related to recognizing short time intervals, with these differences depending on the gender of the subjects.
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BTtopass nonosuHa XX Beka u Hayano XX| Beka — 3TO 3Moxa WCKYCCTBEHHOro uHTennekrta. Beigensior
WHTENNEKT HACMeACTBEHHbI UNU MPUPOOHbIA, €CTECTBEHHbIN — 3TO UHTENNEKT YerioBeka M UCKYCCTBEHHbIA —
CO3[aHHbIN YernoBeKoM. MHmernnekm Jyeso8eka — 3T0 CNOCOOGHOCTbL A4ENCTBOBATL Pa3yMHO, paLMOHanbHO MbICIUTb
WU XOPOLWIO CNpaBnsATbLCA C XU3HEHHbIMU CUTyauusaMmKn, aganTupoBaTbCA K OKpyxarwowen cpefe. VcKycCcTBeHHbIN
WHTENNEKT co3aH YeroBEKOM B BMAE KOMMbIOTEPHBLIX CUCTEM, CMOCOOHbLIX HA OCHOBE anropuTma. T. €. TOYHON
nocrefoBaTenbHOCTM LWaroB, Afs peleHus onpedenéHHoW 3ajauun, Bedylen K CO34aHUI0 KOMMbHTEPHbIX
nporpamMm, CrnocoOHbIX BBIMOMHATE U HAXOAWTb PELUEHMSI pasHOW CTeneHu CnoXHoctu. B HacTtosiwee Bpems
TEXHOMOrMM UCKYCCTBEHHOMO MHTENMEKTa HaXOOAaT LWMPOKOe NMPUMEHEHUE B pasnuyHbIX cdepax Xn3Hu YenoBeka:
9KOHOMUKE, MeauLmHe. obpa3oBaHUN. MapKeTUHre. TpaHcrnopTe 1 T.4.

OOWwmM Onst MHTENneKTa 4YenoBeka W WCKYCCTBEHHOrO MHTENneKra sBnseTcd MbiwneHue. MblwneHne
YyernoBeka — 3TO MCUXMYECKUIN Mpouecc, pe3ynbTaT (PyHKUMM HEPBHbIX KNETOK BCEeN Kopbl 60MbLIMX nonyLapui
rofioBHOro Moasra, obecnedvBaloLLnn €ero MHTENNEKTyanbHyl0, MO3HaBaTENbHY AesATeNbHOCTb. JIMYHOCTHBIN
acnekT MbILMEHNS OCYLLEeCTBSeTCA Yepes onepaunn MbICIMTENLHON AeATEeNbLHOCTU: CpaBHEHUE, aHanNn3, CUHTES,
abcTpakunio n obobuieHne. Yepes abcTpakumio 1 0b6obLLueHMe MbICib YenoBeka MOET K MO3HAHWIO, KOTOpoe
COBEpLUAETCH B MOHATUAX, CYXXOEHUAX U YMO3akrniodeHusX. VICKYCCTBEHHbIN MHTENNEKT — 3TO MaTemMaTudeckas
MOZenb MbILEHUSA, CO34aHHasa YenoBekoM. JTO MoAernb MMUTauUM onepauui MbICIUTENbHOW OeATENbHOCTU
MO3ra 4enoBeka, HampaBfeHHas Ha Cco3gaHve nporpaMMm, CHOCOGHbIX pewaTtb 3agjadu, Tpebyowme
WHTENNEKTYyanbHbIX CMOCOOHOCTEN, KOTOPbIE, KaK NPaBuIio, CBA3aHbl C YENTIOBEYECKUM UHTENIIEKTOM.

Kak wHTennekT 4yenoBeka, TaK W WCKYCCTBEHHbIN WHTEMNNEKT OCYLIEeCTBNAT [OEATEeNbHOCTb 4epes
MHOrOypOBHEBbIE (PYHKLMOHNPOBAHNSA HEVPOHHBIX ceTen. OCHOBY HEMPOHHBIX CETEN MO3ra YernoBeka CocTaBnsieT
CTPYKTYPHO — (PYHKUMOHANbHAsA efuHuLA HEepBHOW CUCTEMbl - HEpBHAsA KreTka WM HeupoH. BaxHenwmmu
cneumpu4eckuMn PyHKUMSMN HEPBHOMW KNETKU SABNAETCHA reHepupoBaHWe noTeHuuana OencTsus, nposefeHue
BO30Y)XOEHUSI MO HEPBHbIM BOJIOKHAM MW Nepefada ero Ha [Opyryld HEpBHYH KIeTKy 4epe3 CuHancbl —
crneunanvanpoBaHHble CTPYKTYPHO — (DYHKUMOHanbHble 0b6pa3oBaHUs C y4acTMeM HevipomeauatopoB. HepeHble
UMNYNbChbl, NOCTyMawLlne B TENO HEWpoHa, WU3MEHSIIOT npoueccbl OuocMHTE3a B HEM, B pesynbTaTe 4ero
obecneynBaeTca CUHTE3 HENPOMEAMaToOpPOB, HEMPOrOPMOHOB, CreLMdUYEecKkMx OEenkoB U UX OeATeNbHOCTb B
BO30YXXOaKLMX U TOPMO3ALLKMX cMHancax. Bece cneundmdeckue cusmonornyeckme yHKUMM HEMPOHA MO MPUEMmy,
nepepaboTKe, COXPaHEHUID U BOCMPOU3BEOEHUID WH(OPMaLMM HACnenCTBEHHO 3anporpaMMMpPOBaHbl B reHax
monekynbl AHK aapa Tena HenpoHa. OHKM ABNASOTCSA reHeTUYECKON OCHOBOW (POPMUPOBAHUSA MCUXUKM YETOBEKa,
KOTOpasi CnoXHa U MHOroyHKUMOHanNbHa NO CBOMM MPOSIBNEHUSM, CPeadu KOTOPbIX BbIAENSAT TpW rpynnbi:
NcuUxXmMyeckne npoLecchbl, B TOM YUCEe MbILUNEHNE, NCUXUYECKNE COCTOSIHUS (SMOLMM M 4YyBCTBA), MCUXUYECKME
CBOWCTBa (TeMrnepamMeHT, XxapakTtep).

VICKyCCTBEHHbIN WHTENNEKT — 3TO TOXE HEWPOHHble CeTW, HO Ha OCHOBE MaTeMaTU4YecKoM MoAenu,
UMUTUPYIOLLEN CTPYKTYPY N (PYHKLMIO HEPBHOW KNETKW YenoBeka. HeMpoHHbIE CeTU UCKYCCTBEHHOIO WHTENNeKkTa
paboTalT Mo NPUHUUMNY MO3ra 4erioBeka, MX OCHOBY COCTaBMAKT TakKe HEMPOHbl, HO TOMbKO WMCKYCCTBEHHbIE.
HelipoHHas ceTb, WCNONb3yss anroputMbl WM nNporpaMmmbl  obecneveHusi, obpabaTbiBaeT MNOCTYMaloLLYyHO
WHpopmMaLmio, BbIIBNAET 3aKOHOMEPHOCTH, BbIAAET pe3ynbTaTbl HA OCHOBaHUM aHanu3a AaHHbIX, pacno3HaBaHum
06pa3oB, 00pabOTKN TEKCTOB U T. A.

B 4ém xe npeumyLLecTBa UHTENNEKTa YenoBeKa No CPaBHEHUIO C UCKYCCTBEHHbLIM UHTENIEKTOM?

McKyCcCTBEHHbIN MHTENMNEKT HA OCHOBE MaTeMaTU4eCKOW HEMPOHHOW CeTW, UCMOMb3ys anropuTMbl, MOXET
obpabaTbiBaTb OrpoMHble O0BEMBLI MHGOPMaUMK. cCOo3faBaTbh MNpPOrpamMmbl, KOTOpble OTAMYarTca B paboTe
ObICTPOTOM M TOYHOCTbI, KakK [OCTMYb HeobxoguMmoro pesynbraTta, msbexartb owmnbok u 1. A. OpHako
WCKYCCTBEHHbIA MHTENNEKT HE MOXET 3aMEHWTb KOHTaKT YesloBeKka CO CrneunanucTtoMm Tam, rae OH KU3HEHHO
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