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UCruUSUu~~C~'l<U~n~rPuONa-U~~rc 

U2tuw111wbpb wpq.bw~wbnL!jtJnLb(! 

lib'uri.wup opq.w'cipqup ljbuuwq.npbm'ubmiaJmu'u wuiwhnl{l{nul t 
ljbumpn'uwljw'u UJWflfl.WJp'U hwuwljwpq.p up2ngnl{: Opq.w'upqt.i(! qq.wjwpwuubpp 

up2ngnl{ 2r2wljw up2w4.wJppg umw'umu t wqri.wljubp, npn'uQ, l{bpwb4_btn4. 

ttb41.11rwljwu puuimtuubpp, 'uJWflrJ.Wf3btbrn4. t.j'lntuwugl{mu b'u q.Ltum11.baji'u: 
q.Ltunt'l.b'l.(!, u2wlJbLn4. qq.wJwpwuubppg umwgl{wb pu~npt.iwgpw'u, 11.bljwl{wpnul t 
opq.wupqup q.npbm'ubmiaJm'U[!' UJWflfl.Wf3hLbrn4. hwuwuiwmwutuwu 
wqri.wu2wuubp m11.wr4btn4. opq.wuubppu: 

UJuuipunl{' uwpri.m (ljburi.wum) 4bu1.11pnuwljwu UJWflfl.WJpu hwLlwljwpq.(! 
uiwpmuwljmLI t opq.wupqLlp ljbuuwq.npbmubmiaJw'uu wnu~4.n11 n112 
pu~npLlwgpwu: 

(b1.11U.wpwp' huwpwl{np t opq.wupqLlp l{p6wljp Llwupu Llwupwuwu'u 

pu~npLlwgpw u1.11wuwt' q.pwugb[nl{ LI. l{bp[mbhLn4. ljbumpnuwljwu UJWJlfl.WJpu 

hwLlwljwpq.p tth4mrw4wu wqri.wu2wuubp[!: Uw4wJu uJwpri.wrahthrflu 
wUL1p2wljwu hwuwlibtflmiaJm'u[! ljwUjl{wb t LnLf12 ri.ctl{wpmiaJmuubpp hb1.11, LI. 

hb1.11U.wpwp' WJfl. wqri.wu2wuubp£! q.pwugbm ~wt.j'lwqwug pwpri. tutiri-tir t: Pwgp 
WJfl.' Ljbuuwwql').wu2wuubp[!, npuibu ljw'unti, m11.b4g4.mLI bu w11.Llmljubpnl{, npn'uQ 

LnLf12 tuuri.pp'ubp bu wnw2wgtlmu 'clJWfll'J.WJpu hwLlwljwpq.p ttblJ1.11pwljwu 
wqri.wu2wutlbp£! n~ p'ul{wqpl{ b11.wtiw4ml q.pwugbLm hwLlwp: (b1.11U.wpwp' 
q.pwtlgl{wb ljbtluwwqri.wu2wti-w11.um4 tuwnumpri.pg oq.1.11wljwp ptl~npLlwgpwu 

ljnpqb[nt hwLlwp w'uhpwd-b21.11 t ljw1.11wpb[ q.pwl:Jgl{wb wql').wl:J2wl:Jp 
pwqLlw4n11.Llwup l{p6wljwq.pwljwl:J l{bp[mbmiaJml:J: l'flbmQ t hw24.'1 wnuht l:JwlJ. 
WJ'u, np oq.lllwljwp ptJ~npLlwgpwu q.pw'ugl{wb wqri.wtJ2wl:Jp Llb2 ljwpn11 t 
uiwpm'uwljl{h[ n~ iab pwgwhwjl.11, WJL «4nri.wl{npl{wb» W4wLI «bwbljwq.pl{wb», 
p'um w4.hL'1 t pwpri.wgl:JmLI oq.1.11wljwp ptJ~npuwgpwJp l{bpbw'umLI[!: 

UJuuipunl{' 1.11wppbp ljbuuwwqri.wtJ2wtJ'ubpp q.pw'ugmLI[! lJ. ri.rw'ug 
l{hp[ntOntf3JWU Llp2ngn4. opq.wupqLlp 4.f16wljp tlwupl:J ptJ~npLlwgpwjp u1.11wgmt.I[! 

~wt.j'lwqw'ug ljwplJ.np t hw1.114wuibu npn2 hpl{wtJri.mraJm'u'ubpp wpwq. lJ. 6'121.11 
wtu1I1npn2uwu hwLlwp, fll:Jm ljwpn11 t t.j'lpljht hpl{wtiri.pti 4wLI, wn'ul{wql:J, wqwmbt 
wuhwpLlwpmraJmtluhp uiw1.116wnn11 PWflfl. lJ. hpljwpw1.11U. hb1.11wqn1.11mra1mu'ubppg: 

l'flw1.11whwljw'u Ulflngbuubpp 4.f16wljwq.pwljw'u 4_bp[mbmiaJwu wtlfitiw4wplJ.np 
lJ. wub'uwwpl).jnt'uw4_b1.11 b11.w'uwlj'ubppg uhlj[! UUjOljl.llJ1WL 4.bp[ntbntjajnt'ul:J t: 

UwljwJ'u hqnpmia1w'u uuib4mrwL tummiaJm'u[! ~'1 uiwpml:Jwljmu p'u~npuwgpw 

wqri.wtJ2wup uuih4mrwt pw11.wri-rti~'ubpp Lj1mfirliUWuFti:Yif:ilriuwpwp' 2wm I 
ij:l:&t:::ru1iiUS!.flEltS~1·rtH'..l'tu : 
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f).bUjJ:lbrnu.I WJl:J ~P ljwrn11. t.Pwrctbp l:Jljwrwq.rbt UjWlllwhwljwu UJrngbu[!: UJu 
J:!W9(! nrn2 ~wi.pnq ljW(ln'l. ( Lf1Wg4_bt UjWlIIWhwljwu Uj(lngbup pW(lO(l ljW(lq.p 
UUjbljlllflWL l{b(ltntbnttaJWU, Llwuuwl{nrwUJbu' ppuUjbljlil(lp up2ngnq [1, 2]: 

Cunrhr4. UUjbljlllflWL 4.brtmbmraJwl:J l:JljwlIILlwup mubgwo nrn2w4r 
wnw4.btmraJml:Jl:Jbrp' ppuUjhljlllflWL 4.hrtmbmraJml:l[! tw1unrbu 4tirwnl{mu t 
wubl:Jwlllwrpbr ntnrlllubrmu, Llwul:Jwl{nrwUJbu' ljbl:Juwwqri.wu2wul:Jbrti 
hblllwqnllluwl:J ub2: 4bl:Juwwqri.wl:J2wl:Jubrpl:J m11.bljgn11. w11.umljubrC! unl{nrwpwr 
q.wmu1wl:J pl:JmJrafl bl:J, Lt ri.rwug pwrllr 4wrq.ti (n:2:3) uUJbljlilrl:JhrC! qrn1wljwu bl:J: 
(blllliwpwr orq.wl:Jpqt.lmt.I lllb'l.P ml:Jbgn'l. WJU Uj(lngbul:Jbr(!, nrnl:Jj;! ljwrn'l. bl:J 
2h11.bL ljbl:Juwwqri.wu2wl:J-w11.umlj tuwnl:Jmrri.ti pw2tumt.I[! q.wmuJwl:Jpg, ljwrn11. bl:J 
1I1wrpbrw44.ht wqf1.wl:J2wl:J-w11.Llm4 tuwnl:Jmr'lP pwror ljwrq.ti UUJbljlilflWL 
l{brtmbmtaJWU up2ngnq: 

4bl:Juwwqri.wu2wul:Jbrp ub2 wnwMl:Jwhwlllmlj lllb'l. bl:J q.rwl{mt.I 
t[bljlil(lWU(llIIWq.(lnttaJnLU(! (tU'l-) lJ. ([bljlil(lWnL'l.h'l.wq.rmtaJnLll[! (tnl'l-): .f2w'!Jp nr 
tth4lllrwur1I1wq.pr[! ljwqumu t orq.wupqumu lllb'l.P ml:Jbgn11. tth4lllrwljwl:J 
UJrngbul:Jbrp Lip Llwu[!, wll.jw l:Jrw hwuwljn11.uwl:Jp 4.hrtmbmra1ml:J[! LlbJ:lbl:lw1wljwl:J 
mumguwu Ubtanl').l:Jb(lp ljprwnuwup ljW(ln'l. ( trW9nL9P1 Opjbljlllpq p'!J~n(lUWgpw 
lIIW[ orq.w'!Jpqup qp6wljp uwupl:J, pl:J1[! l:JbpljWJnLUU [upulll Wfll').pwljwl:J (; 

Ulllbl:Jw[unuwljwl:J w2tuwlllwl:Jpmu ppwljwl:Jwg4.bt bl:J tuq...p UUjbljlllflWL Lt 
ppuUjbljlllflW[ qbptntOnttaJml:J'!Jbp' uwhn'l. UjWlllnthwup Ubtanl').p ljppwnt.!wt.lp, pl:Jm 
hl:JwpwqnpmraJml:J t lllwtpu l{bpow'!Jbt uplllp w2tuwlllwupp f1.pl:Jwuplj 
t.Pnt.PntumraJml:Jl:Jbp[!, npnl:Jp ljwpn11. tpl:J 1l:Jljwll14.bt tLJq...p ctwuwuwljwJpl:J 
UjWlllljbp[! l').plllwpljbt.Pu: 

LJwpf).nt opq.wl:Jpqup qp6wljp uwupu wnwl{bt ubo pl:J~npt.lwgpw ljwpn11. t 
Ulllwgl{b[ tflLC}- t.lp2ngnq, uwljWjU tnlq...U 1P ljwrn'l. LPWf1dOJ2 pl:J~npt.lwgpw lIIW[ 
q.ttum11.b11.mu ljwlllwp4.n11. pntnr q.npO[!l:Jrawg'!Jbpp Llwupl:J, pwl:Jp nr WJU q.rwugmu t 
upwjl:J m11.b'l.P gwbp hw6w[uwjpl:J wql').wl:J2wl:Jl:Jbp[!: Uwljwj'!J UJWfll').WJPU 
hwuwljwpq.mu lllh'l.P ntl:Jbgn'l. Up 2Wf1Q Ujpngbul:Jbp (Oflpl:Jwlj' U00W0Wl{W[ 
pl:J~nruwgpwJp wpwq. t.Pntuwuwljmt.I[!, u2wljmu[! Lt qbp[mbmt.I[!, q.rwl:Jgmu[! Lt 

4.brwrlllwl').pmu[!, lllflWUwpwl:Jwljw'!J ulllw6n11.mra1m'!J[!, hp2n11.mra1mu[! lJ. WJLU), 
bl:JtaWl').flnLU OU pu~npuwgpwjp t.Pnfuw'!Jwljuwl:J 2Wlll wl{b!.P UOO wpwq.mraJml:Jl:Jbp: 
(blIIUWpwp' q.Lfum11.b'l.P w2[uwlI1Wl:JQp qbpwpb(ljW[ wupn11.2wljwl:J UjWlllljbpwgmt.I 
ljwqub[nt hwuwr wuhrwctb2l11 t pl:J~npuwgpw mllbuwt l:Jwu upwl:Jmu lllh'l.P 
mllbgn11. pwpllp hw6wtuw1pl:J Ujpngbutibpp uwupl:J: 

Untjl:J w2tuwlIIWl:JQnLU u2wljl{b[ t hwlllmlj hwuwljwpq. UW(ll').nt 4.flw lIIW(lpbp 
wqf).bgmraJmll'!Jbpp l').bUjJ:lntu q.Lfum11.b'l.P wljlllpl{mraJmll[! nwri.pnhw6wtuwJpu (5-
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100 LJ(g) lllpflmJramu n~ pl:Jqwqtiq h11.wtiwljnq q.pwl:Jgbtm hwuwr: LJwrrlnt 
q.Lfum11.b'l.Pg ulllwgqwo wqri.wti2wti-w11.umlj tuwnumrri.P l{p6wljwq.pwl1u1l1 
(ppUUjbljlllpwL) qbp[nLOnttaJWUp hWjllll:Jwpbpl{b[ ( q.Lfunt'l.b'l.P W(lOwq.wl1pp 
wplllwpp'!J ramJL nwri.pnwqri.wl:J2wupl:J: 

u1wrri.wJpl:J hwuwljwpq.mu q.np6n11. ([bljlllpwljwl:J puUJmtuubpp 
UjWflWUOlllflbr[! uwupwt.!wul:J hblllwqnllll{bt bu, npnl:Jg hpuwl:J 4.rw UIIIO'l.04.bt hl1 
up 2Wf1Q Unl').b(ubp WJI'). pUUjnqul:Jbpp t.Pnfuwl:Jguwl:J t.lb[uwl:JpqU[! pwgWlllflbtm 
hwuwp [3]: (wuwllwJ'!J wnw4.bt hw6wtu ljprwnl{n11. Llnf1.btllbpp' l:J1wr11w1tiu 
hwuwljwpq.bpmu wnljw ([bljlllpwljwl:J lIIWlllw'!Jmullbpp hw6wtumra1mul:JbrC! ~bti 

q.bpwqw'!Jgmu ublj ljwu up pwl:Jp ljp[nhbpg(!, pulj t.Pntuwl:Jguwl:J wpwq.mra1muubp[!1 

120 uf4.-C! [4]: UwljwJ'!J, 4.hr2pl:J l/lwutiwu1wljl:Jbpmu, hpt.ll:J4.htn4. 'UJwrri.wrabtbrti 
ljwnmgl{wopwJpu wnwtilluwhwlllljmraJml:Jl:Jbpp, 1wt.Pbpp Lt tthljlllpwljwl:J 
UjWflWUblllpbpp 4.flw, (!Ulll up 2WflJ;l hblllwqnllln'l.llb(lp, pu~npuwgpwjp 

t.PntuwtiwljmU(! UJWfll').Wfabtbrn4. ljwrn11. t prwljwuwgtlbt wuhwubuwlll wl{bt.P ubo 
wpwqmraJmul:Jbpnq' lllhpwhbpgwJp'!J (S(g) Lt p'!J~pwljwpupp (t"i4) lllppmJral:Jbrp 
([bljlllpwt.!wq.l:Jpuwljwl:J wt.Ppubpp up2ngnq, nplllb'l. UJWfll').Wfahtbr[! ljwpn11. bu 
ownwJbL npUjbu wt.PQwlllwpl:Jbp [5, 6]: Ql:JwJWO '!Jpwl:J, nr wnw2wr44.bt bu 
l:JjWfll').Wjpl:J hwuwljwpq.bpmu pl:J~npuwgpwjp lIIWpwMwl:J unr Unf).btl:Jbp IJ 

ubtuwupqul:Jbp, uwljWJU ubq hWjllll:Jp 1bl:J S(g lllppmJramu lljW(ll').Wfabtbflp 
ttb4lllflWf1.pl:Jwupljwljwti hwlllljmraJml:Jl:Jbpp mumuuwuppuwl:Jl:J m11.11.4.w6 
t.Pnpllwpwpwljwl:J hblllwqnlllmraJml:Jl:Jbp: 

S<g wt.Ppl:Jbpp up2ngnq opq.wl:Jpqumu pl:J~npuwgpwJp t.Pntuwl:Jwljuw'!J 
hl:Jwpwl{nrmraJml:l[! i.pnpll'tawljw'tanpbti hblllwqnlllbtm hwuwp wnw4.bt hwpuwp t 
Oflll.jOU UUnL2 Oq.lllwq.npbbt ljb'taf).W'tam n11.l:Jm11.b'l.Pg 4_bpg4_w6 WJ'taUjpUp hwllll{W6, 
Ofl(! pWf'lljWgWO ( UpUJW'tag qmq.whbn l').WUWl{np4_w6 UpW'taUWU lljWfll').Wfabtbflpg: 

Uny'ti wlllb'tiw[unuwljw'ta w2tuw1I1W'taQmU i.pnpllwpwpwljw'ta 6w'tawUjwphn4 

hblllwqnllll{bt t ljbl:Jri.w'tim nri.tim11.b'l.P 'tiJWflf1.wrabtWJpu hwuwljwpq.p 4.wrgn 
lllbpwhbpgwJpll hw6wtumra.iml:J'tabpfi lllppmJramu: (blllwqnU1mraJmul.Jbp[! 
ljwlllwpl{b[ b'ta ctwuwtiwljwjp'ta lIIPflnLJfaP S(g UUjbljlllpnublllpp up2ngnq' 0,1 -3 S(g 
hw6wtuwJpl.J lllppmJramu: 

Uztuwinwbpb b~wanw~o 
1. Swrpbp lllpUjp qp6wljwq.rwljw'ta 4.brtm6mraJm'cn.Jbrp up2ngn4 

hblllwqnlllbL ([bljlllpwurlllwq.p(l[!1 uwpri.m uplllp w2tuwlllw'taQp qbpwpbpJUll 
1J1Wgmgp1 oq.lllwljwr lllb'l.blJmiaJml:J'tibp ulllw'tiwtm hwuwr, 
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2. lIW(ll'J.nL qllunu1b11.ti 

wql'J.wti2wtititi, titirn 4wrbl/l 
qb(lLnLbmtaJWli up2ngnq 

W(10wqwlis;2nLU t (3nLJL nWl'J.pnhw6wtuwJpli 

t qrwtigbL wql'J.wti2wtitibrti ppuutb4mrwL 

3. ~blil'J.wlim n11.tim11.bl'Jl! wruiw12titi hwuuiwuimti Lwruwti w11.ql'J.bgmraJwti 

uiwlj wljuipqwtimu t' l'J.rutmrbLntl wtipqnuirnut IJ. n~ qbwJtiti hwuiljmraJmtitibr 

uibrwhbrgwJtiti uitirmJramu, titi~ti wruiwhwJuiqmu t S(g tiiiutmLuti uutb4uirti 
gwbr hw6wtuwJtiti pw11.wl'J.rti~tibrli mctb11. nbqntiwtiuwJtiti 4Lwtil1wt!p IJ. pbljuwti 

gmgti~ti twljwti 4imtmtumraJwtlp: 
4. (wuuiwuimti LWflnLU 4tirwnbLmg 1-2 rnutb wtig ljblil'J.wlim n11.tim11.bll.ti 

tium21! qbrwbqmt! t n~ qbwJtiti 1'J.li!l>rw4gtinti gwtigp: q.btJbrwgqmu bti S(g 

uitirmJrati tinr' pwror hw6wtuwJtiti pw11.wl'J.rti~tibr: 

U2tuwmwbpb bbp~WJwgnu.to 
Pwqupgu qbljmgtlbL t bruwtiti utbuiwljwti hwuwluwrwtiti fupqtiljwJti 

titiuuipuimuiti IJ. n-wl'J.pn!ppqtiljwJti IJ. tLb4mrntiti4wJti wt!ppntiti uhuptiwrtibrmu, 

Swrpbfl uti2wqqwJtiti qpuiwctn11.nqtib11mu. 
Advanced Cardiology and Cardiovascular Research, Paris, France, 2022, 
International Conference on Microwave & THz Technologies, Wireless 

Communications and OptoElectronics (IRPhE 2022), Yerevan, Armenia, 2022, 
International Conference on Microwave & THz Technologies, Wireless 

Communications and Optoelectronics (IRPhE 2024), Yerevan, Armenia, 2024 

lihr4wJwgtlbL t LIJ.nti OrpbLm wtiqwti fupqtinlnqpwJti titiuuipuimuimu IJ. 

f<Tmtmqli hwuwluwrwtiti (wuwljwrq~wJtiti qpuimraJwti titiuuipuimuiti 

LWJ!n(lWllln(lpWJP MINDS qpuiwljwti tuuppti : 

<pwwwpw~nul'bbpo 

Sutwqrqwb hnf').qwbtibr. 
1. "Time-Frequency Analysis of Electric Cardiograms", B. A. Oganisyan, T. N. 

Oganesyan, and A. 0 . Makaryan, Journal of Contemporary Physics (Armenian 

Academy of Sciences), 2020, Vol. 55, No. 4, pp. 371-375 
2. "Study of the Brain Response to the MHz RF Signal", T. N. Hovhannisyan, 

Journal of Contemporary Physics (Armenian Academy of Sciences), 2022, Vol. 57, 
No. 2, pp. 182-186 

3. "Biosignal processing using machine learning methods", A. Mkoyan, A. 

Manasyan, A. Makaryan, B. Hovhannisyan, T. Hovhannisyan and S. Khachunts, 

International Conference on Microwave & THz Technologies, Wireless 
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Communications and OptoElectronics (IRPhE 2022), Hybrid Conference, Yerevan , 

Armenia, 2022, pp. 4-6 
4. "Investigation of Nerve Fiber Network in THz Spectrum Range", l 

Hovhannisyan, A. Makaryan, Armenian Journal of Physics, 2024, vol. 17, issue 1, pp. 

17-20 
5. "lo'lccneAOBaH11e napaMerpoe HeHpOHHOH c11creMbl cn11HHoro M03ra o 

reparepu,oeoi;l o6nacrn 1.1acrnr", T.H . OraHeCRH, A. 0. MaKapRH, aKaAeM11K P. M. 

MaprnpocRH, Reports NAS RA, 124(2) (2024) 16-23 
6. "Nonlinear properties of biological nerve fiber system in THz spectrum 

range", T. N. Hovhannisyan, Reports NAS RA, 124(3-4) (2024) 7-11 
7. "Investigation of Nonlinear Properties of Animal Spinal Cord in THz 

Range", Tigran Hovhannisyan, Armen Makaryan, Radik Martirosyan , IET Conference 

Proceedings, vol. 2024, issue 32, 2025, pp. 19-22 
8. "Statistical analysis of the electroencephalographic signals", Babken 

Hovhannisyan, Tigran Hovhannisyan, Armen Makaryan, Eduard Sivolenko, Vanand 

Mkhoyan, IET Conference Proceedings, vol. 2024, issue 32, 2025, pp. 23-25 

q.puiwctn11.ml.tibrti liJnqahr 
1. "Deep statistical analysis of ECG", Advanced Cardiology and Cardiovascular 

Research, Paris, France, 2022 
2. "Biosignal processing using machine learning methods", International 

Conference on Microwave & THz Technologies, Wireless Communications and 

OptoElectronics (IRPhE 2022), Yerevan, Armenia, 2022 

3. "Investigation of Nonlinear Properties of Animal Spinal Cord in TH1 

Range", International Conference on Microwave & THz Technologies, Wireless 

Communications and Optoelectronics (IRPhE 2024), Yerevan, Armenia, 2024 
4. "Statistical analysis of the electroencephalographic signals", International 

Conference on Microwave & THz Technologies, Wireless Communications and 

Optoelectronics (IRPhE 2024), Yerevan, Armenia, 2024 

UmbbwtynuDL(.itJWb ~wnmg!J.wbpQ 
UuihtiwtunumraJmli[! pw11.ljwgwb t wnw2wpwtipg, bphQ qllupg , 

bqpwljwgmraimtipg, 127 wtimti qrwljwtimraiwti gwtiljpg: Umbtiwtunumiaiw\1 

[!'c.lr).hwlim(l bwqWLI! 114 t2 t, nrmu wnljw bti 49 tiljW(l U ublj wrun~uwlj: 

Umbbwtunumr.ctJWb pn!J.wbnw~DL(.itJDLbQ 
Unw2wpwb~ uh2 hpUtiwlJ.nrqwb t w2tuwmwtillti W(ll'J.pWljwtimiaimup , 

OIJ.wljbruttlwb bti liutwuiwljtihrti m tutil'J.tirtibrl!. titi~uthu tiwu' utw2uiutwumraiwl1 
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2.3 UjWpwcu1w!pnuJ tibr4wJwgl{wb b'cJ ctwuw'cJw4wJp'ci mppmJiaP 
mbpwhbpgwJp'ci ul4b4mrnubmpp w2tuwmwtinti wnwM'cJwhwm4miaJm'cJ'cJbp[! U. 
n11.tinu1br[i Mm2ti 11-tirnnrn2mu[! ul4b4mrnubmpp S(g LfltJ2ti mppnyiamu tium2ti 
UjWpwubmpbp[! ~wlflbLtiu (mbu u4. 3): 

< "' 
Sh:J>tnbt. p~p1.-qbl.p 

~ 

Sl.9 lltmb~ 

1::1 l.qUl(lnI)-4 

uf./. 3. nfll:Jntfl/J'lft 1Jtfm2f1 'lf1f112{! S<g t.fttJ2f1 tJf./wl{ltfwtfp 

2.4 UjWpwq.pw!j>mu p.bplj_wb b'cJ n11.tim11.br[i Mm2p Ujwpwubmpbp[! S(g 

mprmJiamu' ctwuwtiw4wJp'ci mppmJiaP S(g ul4b4mrnubmrn4. 4wlilwpl{wb 
~wlflmU'cibpp wr11-Jm'cJQ'cJbpp hpuwti l{rw: -u4. 4-mu Ujwm4hrl{wb h'cJ IJ.Wlilwr4 Lt 

hhmwqnmtJ.n'l llum2n4_ L94.wb 4Jmlj_blilp up2nl{ w'cigtin11. S(g puUjnL[Up 
ctwuwllw4wJpll lilhUQ[! U. tirw ul4h4lilrC!: 

5mJg t lilpl{h[, nr n11.tim11.hr[i Mm2ti Lllwrwuhlilphp[! S(g lilppmJiamu 4rmu hti 
tw4wll LflnlflntumiaJmllllbp, hpp Mm2pti' l1Jwr11-wiahthrp m11.11.miaJwlltJ 
nl'l.'l.WhWJW9 4ppwnl{wb t 50 4./uu-pg ubb hWUUlWUlnLtJ tth4lilpW4WtJ IJ.W2Ul, pu4 

l1Jwr11-wiabthrp 11-wuwlj_nplj_wbmiaJwll m11.11.mroJmll[! hwu[!ll4llmu t S(g flulllmtur 
ttb4l11PW4wll 1].W2l11P nl'l.'l.nLjaJW'ci hhlil (u4. 3): 'tW2lI1[! 4flpwnb[mg npn2 
ctwuw'ciw4 wllg S(g pUUjnL[Up UUjh4lI1PP gwbr hw6wjuwjp'ci uwumu wnw2wtimu 
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t junp[! nbqn'cJwlluwJpll 4tw'cimu, ru4 unlil 1 S(g-pg p.wr<'lr hw6wtuwJpli 
p.w11.w11-rti~tihpp hqnrmiaJm'citJ twlllbu w6mu t' -u4. 5, -u4. 6: 
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uf./. 5. S<g f1t5Ujnt[Uf1 (w) dwtfwtJwf./w1f1tJ l[IUUjl(! lL (p) hqn(lnt(itjWU UUJUl./1[1(1W[ 

/ul[lnt(itjntU[!, 1, 3 - tJwfu12wtJ [W(lntU 4f1f1wn/Jm lL 2, 4 - 3 (1 l[IUnf[nt(itjWUp [W(lntU 

f./f1(1wn/J[ntg hb'l[ln 

2.5 UjWpwq.pw!j>nuJ wuLflnlfll{nu.1 bti 2-r11- q.[jup hpullw4w'cJ WPIJ.JnL'ciQ'cihp[!: 
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3.5 uiwrwq.rw~nu.1 4w111wrqwb t nrttmtrtbr\P 'cH..lm2r n~ q.bwJrti 
hwl114nLfajnLt.Jtlbf1p hwuw4Wf1q.~Wjpt.J Unfl.btwqnf1nLU, nfllllb'l. t.JjWflfl.Wfab[bflnq 

wtigtinrt hnuwtiQp l(t) tummraJmtl[!' 4wtuqwb S<g ruuinLLur E(t) ttb4mrw4wti 

ri-w2mrg tibr4wJwgtlbt t wump6wtiwJrti 2Wf1QP mbuQnq. 

l(t) = a1 E(t) + a2E2 (t) + a3 E3 (t) + a4 E4 (t) + a5E5 (t) (1) 

UJU ri-bUJQmLI hbmwqmntlnrt 'cH..lm2mu wnw2wgwb hnuwtiQt.Jbfl(! 

4qbpw6wnwq.wJrabti S<g PUUJnL[U, nrr fl.W2l11(! mr\Prt hwubuwlllw4wti t hnuwtiQr 
(hnuwtiQr tulllmraJwti) (!Ulll ctwuwtiw4r wbwtigJwtrti. 

d 
Eout(t) OC dt l(t) (2) 

<wubUWlllnLfajnLtJ(! gmjg t l11WtrU, np (1) pwtJwl\lJ.mU t.JmjtJpu4 UpWjtJ 

QWnw4muwjptJ wtiri-wunq uwhuwtiw!.Jiw4qb[m fl.bUjQnLU Lln!'].b[wqnpqwb pLIUjnL[up 

UUJb4l11f1P hw6wtuwJrti LJwtuqwbmraJwti pt.Jmjfa(! t.Jmjt.Jt.J t. rti~ tillm2nq wtigwb 
PUUJnL[Uptl[!' LWflnLU 4rrwnbtmg 2 pnUjb wt.lg (lilbU u4. 8): 
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• • LwpnLu 4hrwnbtnLg 2 p wllg 

• •l!nl)btw<tnr<twb wqriwll2w1J 

o.s 1 1.5 2 2.5 3 
f (Qg) 

LL{. 8 nrzttmrzb'lfi tttfm2m/. 

wttgwa S<g f11fU(mtuf1 

hqn(lnL(ctjWLJ UU(bi{1[1(1Ub(I[! 

t.Jwfu12wtt tttfm2f1t.J /W(lnttf 

4f1f1wnb[[!, [W(ltfwtt 4f1f1wnmtff1g 

2 (lnU(b wt.Jg LL tfnfJ.btwt/.n(ltjwa 

wqfJ.wtJ2wt.Jf1 UU(bl/1{1(1[! 

3.6 UjWflWq.pw~mU WU!.Jin!.Jiqmu bt.J 3-pl']. q.Ltup hput.Jw4wt.J Wflfl.JnLtJQtJbp[!: 

<bdtiw~wb bqnw~wgml'tJmbbbp 

UlllbtiwtunumraJwti w2wtiw4tibpmu 4WL11Wf1qwb hblilwqnlilmfOJnLtitibp[! gmjg 
bti l11Wtru, np 

1. LJwr11m tth4l11f1wupl11wq.rr uUJh4l11flWL u. pruUJh4l11f1WL qbrtmbmraJmtitihrr 
Llp2ngnq' uwhnrt UjWlilmhwtip Llbtanfl.p 4rrwnuwup ht.JwrwqnJl t UlllWtlW[ Ufll11P 
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w2tuwl11wtiQr qbrwpbflJWL lflWgmgp~ oq.lllw4wr lllhrtb4mraJmtitibr, nrntiQ 4wrnri 
trti ~ti4wlllqb[ tth4mrwurmwq.rrC! wtiqbti w~untl qtitlbtm ri-hUJQmLI: 

2. 4.p6w4wq.rw4wti qbrtmbmraJwti hbm hwuwlilhrt 4rrwnbtntl tiwu 

UbQbtiwJW4wti mumguwti Wtq.nrrralltibr' htiwrwtlnr t hWjlilt.JwpbflbL tuq.-mu 

wn4w wnwtilltiwhwl114mraJmtit.Jbfl(!, rtim 4oq.tir 4wl11Wfl0[ Uf1l11P wrwq. u 

OUJlilpLlwt wtul11nrn2mu: 

3. C\-Ltumrtbr\P tth4l11flw4wti w4L11pqmraJmtl[! q.rwtigbtm u qbrtmbbtm hwuwr 
LI2W4qwb hWLIW4Wflq.[! q.[tumrtbr\Pg Ulllwgqwb nWf1.pnhw6wtuWJplJ 

wqri-wti2wtitihrr qr6w4wq.rw4wti tlhrtmbmraJmtitihrr wrri-JmtiQtibrr hpuwti tlflw 

4wrnrt t hWjlllt.Jwpbflb[ q.Ltumrtbr\P wrllwq.w'c.IQ[! UWflfl.nL tlrw l11Wflpbf1 

tibrq.nrbmraJmlitibrr ri-hUJQmLI: Unw2rti wtiq.wu q.rwtigtlhL t q.Ltumrtbr\P 
wrllwq.w'c.IQ[! ramJL nwri-rnhw6wtuwJrti wqri-wti2wtipti : 

4. q.Ltumrtbr\Pg q.rwtigqwb nwri-rnhw6wtuwJrti wqri-wti2wtitihrr pruUJb4mrwL 
qhrtmbmraJmlitihrr Wflfl.JnL'c.IQ'c.lbfl[!' LlbQb'c.lwJw4wti mumguwti l11Wflpbr 
W[q.nflpfOU'c.lbflp 4PflWnUWUp, 4wfln'l. bt.J oq.mwq.nJlbqb[ mrtbrtr W2tuWL11WliQp 

qbrwpbfljW[ wupn~w4wli UjWl114hrwgmu 4wqLlbtm u UWflfl.nL hnq.b4wti m 
wnn~w4wti qr6w4r q.tiwhwl11Llwti hwuwp: 

5. ltb'c.11'].wtipt.Jbflp nrttlmrtbr\P tillm2p ttb4lllflWfl.ptlwup4w4wti UjWflWUblilflOfl(! 

hputinqpti !.Jintuqmu bti' tiJwrri-wrabtbrrti mrtrtwhwJwg so 4./uu-rg ubb 

hwulilwlllmti ttb4mrw4wti ri-w2mnq q.pq.nbtru: 

6. bflp S<g ruUJmtur tth4lllrw4wti ri-w2L11C! pubnwgqwb t tiJwrri-wrabtbrr 
ri-wuwqnrqwbmraJwti mrtrtmraJwtl[! qmq.whbn, u bflp Mm2rti 4rrwnqmu t 
WfllilWQptJ hWULnWlilm'cJ t[bljll1flW4WtJ fl.W2L11, p hWJL11 btJ q.WtrU nbqnt.JwtJUWjptJ 

4Lwtimutibr mwrpbfl hw6wtumraJmtitibrr qpw, nrntiu !.Jintuqmu bti ctwuwtiwljp 
[!tlrawgQmLI: UfllllWQpli [WflnLU[! 4rrwnbtru nrn2 ctwuwtiwlj wt.lg (Llnlll 5-6 rnUJb) 

tiUm2nq wtigwb S<g ruuinLLur UJwrwubL11flbfl(! ri-wri-wrmu bti !.Jin!.JintumraJmtiubp 

4rbt: 
7. Uflll1WJ2ptl twrmuti wti2wL11b[mg Llnl11 1 ctwuqw [!tlrawgQmLI Mm2r 

t[bljL11flWfl.ptJwup4w4wtJ hWL114nLfajnLtJtJbfl(! UWhmtJ qbflWl'].WntJmu btJ Pflbug 
uljqptiwljwti wrctbptibrrti: 

8. nrttlntrtbrtr tJumzptJ rv5Q 4./uu-pg Ubb WJ1l11WQptJ hWULnWL11nLlJ t[bljll1J1WljwtJ 

fl.W2L11 4rrwnbtm fl.bUJpmu nrttlmrtbr\P Mm2r pbljuwti gmgr~C! S'g L11PflnLJtamLI 
4rmu t tw4wti !.Jin!.JintumraJmlltibp' 'cH..lm2(! qbpwbqmu t wtipqnL11J1nUJ u ri-ruUJbflu 
up2wqwjf1p: Lfnl11 4 fl L11uwljwti ljppwnuwti fl.bUjpmu, pbljuwti gmgrm ri-wntimu t 

timJtiru4 1-rg !.Jlnf;!p, WJurtipti Mm2ntl wtigwb S<g rLIUJmtumu wnw2wtimu blJ 

UUjbljlllflW[ PW'l.Wfl.flr~tibp, npntiQ wnw2 bti [!tl4wb tiUm2r UnLL11£lWJpti ruuimtur 
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hwuw~Wl/lWutuwu u~blJIIl!'lWL PWl'J.WrJ.l'lti~ubrtig. tium q.OWJPU hwuwljwrq.brmu 

huwrw4.nr ~t: 

9. l.iJWl'll'J.WtabLbrti nLl'J.l'J.nLtaJWUU mri.ri.whWJW9 tLblJIIl!'lWlJwu rJ.W21Il 4tirwnbLnL 

rJ.bummu nri.umri.bl'J.ti uum2u tirbu ~whmu t nr~bu n~ q.0-wjpu hwuwljwrq.. brp 

S<g tiu~mLuti tLblJIIll'lWlJwu rJ.W21IlP mri.ri.mtaJnLU[! hwLl[!uljumu t uum2ti 

u1w11rJ.wrabLb11ti mri.ri.mra1wu hblil: 

10. Lfml1lnw1tiu S<g tiu~mLuti hwubuwlilwpwr hqnr gw0-11 hw6wtuw1tiu 

u~b41Ill1WL PWl'J.WrJ.l'lti~ubrl! 4Lwuqmu bu nri.umri.bl'J.ti uum2ti ljnri.utig LL uum2ti n~ 

q.O-w1tiu hwl1lljmra1muub11ti 2un11hti4. q.bubrwgumu' IIlwrpbr hw6wtumraJmuubrn4. 

unr PWl'J.WrJ.l'lti~ubr, n11nu12 wnw2 bu [!UljwO- UnLIIl!2WJPU S<g tiu~nLLUP 

hwuw~Wl/lWutuwu hw6wtuw1tiu PWl'J.WrJ.l'lti~ubrtig: nri.umri.bl'J.ti uum2ti 4.rw 

[!uljunri. LL urwunq wugwO- S<g pu~mluubrti u~blJIIl!'lubrti hwubLlwlilmtaJmuubrl! 

um1u~bu hwulilwlilmLI bu WJl'J. bqrwljwgmra1mu[!: 

11. nri.umrtbl'J.ti uum2p 4.1'lw W!11IlWj;!pu hwul/lWIIlnLU LWl'lnLU ljprwnbLnL 1'].b~12mu 

pwgqmu bu rtwuqpbp hwuq.mjgubrti pnuwjpu wugml'J.tiubrl!' UJWl'lrJ.WtabLb!'l[! 

rJ.Wl10UbLn4. Jmrwhwlilmlj hwri.nrrJ.ti~ LW!'lbr, n11nu12 wupnl'J.2 UUnL2[! 4.brwO-mu bu 

n~-q.O-w1tiu hwl1lljmra1muub11n4. octlilqwO- rJ.ti!l>rwljgpnu gwugp: 

<:Q.1.bub qpw~wbml1PJnLb 
[1) A. Swami, G. B. Giannakis, and G. Zhou, "Bibliography on higher-order 

statistics," Signal Processing, vol. 60, no. 1, pp. 65-126, Jul. 1997, doi: 

10 .1016/S0165-1684(97)00065-0. 

[2] M. S. Bartlett, "An introduction to stochastic processes: with special reference to 

methods and applications," Cambridge University Press, 1955. 

[3] A. L. Hodgkin and A. F. Huxley, "A quantitative description of membrane current 

and its application to conduction and excitation in nerve," j Physiol, vol. 117, no. 

4, pp. 500-544, Aug. 1952, doi: 10.1113/jphysiol.1952.sp004764. 

[4] M. DeMaegd, C. Stadele, and W. Stein, "Axonal Conduction Velocity 

Measurement," Bio Protoc, vol. 7, no. 5, 2017, doi: 10.21769/BioProtoc.2152. 

[SJ G. Liu et al., "Myelin Sheath as a Dielectric Waveguide for Signal Propagation in 

the Mid-Infrared to Terahertz Spectral Range," Adv Funct Mater, vol. 29, no. 7, 

Feb. 2019, doi: 10.1002/adfm.201807862. 

[6] K. Yang, "Characterisation of the In-vivo Terahertz Communication Channel 

within the Human Body Tissues for Future Nano-Communication Networks.," 

Queen Mary University of London, 2016. 
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INVESTIGATION OF ELECTROMAGNETIC ACTIVITY OF NEURAL NETWORKS 

ABSTRACT 

This dissertation is devoted to investigation of electromagnetic properties of 

biological neural systems. 

Research conducted as part of the dissertation shows that through spectral and 

bispectral analyses of the human electrocardiogram (ECG), using the sliding window 

method, it is possible to obtain additional useful information about the work of the 

heart, which could not be observed when examining the electrocardiogram with the 

naked eye. This gives an opportunity to detect various features of ECG with high 

precision by applying machine learning algorithms in combination with statistical 

analyses. 

A system has been developed to record and analyse brain electromagnetical 

activity in high frequency (HF) range. With the help of statistical analyses brain 

response to various influences have been detected. When a volunteer has been under 

physical and psycological stress, brain activity in HF range has been recorded and 

analyzed, using machine learning alongwith statistical analyses, artificial recurrent 

neural networks as a machine learning method gave the most accurate results - up to 

85%. Using an antenna applicator, brain response to external 20 MHz signal has 

been recorded. Despite spectral analysis, the bispectral analysis revealed new 

spectral components correlated with the external signal, indicating that the brain 

reacts as a nonlinear or parametric system. 

The results may improve our understanding of brain processes and help in the 

diagnosis and treatment of neurological disorders. Further studies revealing the 

correlations between radiofrequency responses and various brain pathologies may 

help in the development of medical diagnostics and treatment strategies. 

The electrodynamic parameters of an animal (sheep and pig) spinal cord sample 

have been investigated in terahertz (THz) frequency range (0.1-3 THz) using a THz 

time domain spectrometer (TDS). It was shown, that when an external constant 

electric field - greater than 50 V/cm applied to the spinal cord sample is 

perpendicular to and the electric field vector of transmitted THz pulse is parallel to 

the direction of nerve fibers arrangement, the electrodynamic par<ihleters of the 

sample change fundamentally. Particularly, after applying the voltage to the sample, 

strong resonant absorption appears around 0.8 THz frequencies and after 1-2 

minutes, the resonant frequency shifts smoothly to lower frequencies (down to 0.6 

THz) when voltage is applied to the sample. During that time, the energy of 
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frequency components bigger than 1 THz goes higher and reaches up to 20-25 dB 

difference compared to the corresponding components of THz pulse transmitted 

through the sample before applying the external voltage. After turning off the 

external voltage, the electrodynamic properties of the sample smoothly return to 

their original values within about 1 hour. 

It was shown that when an external voltage is applied, the sample turns into an 

anisotropic and dispersed medium. Resonant features have been seen also in 

refractive index around similar frequencies. About after 4 minutes of external voltage 

applied, the refractive index becomes even less than 1. This means that some 

frequency components precede corresponding components of incident THz pulse, 

which cannot be possible in linear systems. 

Th is phenomenon is explained as follows: when an external DC voltage is applied 

to the spinal cord sample, the ion channels in the nodes of Ranvier open, 

transforming the nerve fibers into specific nonlinear conductors, which transform the 

entire sample into a diffraction grating with nonlinear properties. The relatively 

powerful low frequency frequency components of the incident THz pulse are 

absorbed by the spinal cord sample and, due to the nonlinear properties of the 

sample, new components with different frequencies are generated, which precede 

the corresponding frequency components of the incident THz pulse. Comparisons of 

the spectra of the incident and transmitted THz pulses also confirm this conclusion. 
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l-1CCI1EAOBAHl-1E 3JlEKTPOMArHl-1THOt1 AKTl-1BHOCTl-1 HEt1POHHblX CETEi-1 

AH HOT AL.ll-1.A 

,[l11ccepTa411R nocBRll!eHa 11cc11eAOBaH1110 311eKTpoMartt11THblX caoi1CTB 

611011or11•1eCKl1X Hei1pOHHblX Cl1CTeM. 

l-1cc11eAOBaHl1R, npoBeAeHHble B paMKax Al1CCepTa41111, nOKa3blBalOT, 4TO c 

noMOUJ,blO cneKTpallbHoro 11 611cneKTpallbHoro aHa11113a 311eKTpoKapA11orpaMMb1 (3 Kr) 

4e110BeKa c 11cnOJ1b30BaHl1eM MeTOAa CKOJ1b3RUJ,ero OKHa MOIKHO no11y41ffb 

AOnOJ1Hl1TeJ1bHYIO no11e3HYIO l1HcpOpMa41110 0 pa6oTe cepAu.a, KOTopyto HeB03MOIKHO 

Ha6JltoAaTb np11 11CCJ1eAOBaHl111 ::rneKTpOKapA110rpaMMbl HesoopylKeHHblM flla30M. 3 TO 

AaeT B03MOIKHOCTb c BblCOKOH T04HOCTblO BblRBJlRTb pa311114Hble oco6eHHOCTl1 3 Kr, 

np11MeHRR a11rop11TMbl MaWl1HHOro o6y4eHl1R B C04eTaHl111 co CTarncrn4ecKl1M 

aHal11130M. 

Pa3pa6oTaHa c11cTeMa AJlR perncTpau.1111 11 aHa11113a 311eKTpoMarH11THOi1 

aKTl1BHOCT11 M03ra B Al1ana30He BblCOK11X 4aCTOT (BL!). c noMOUJ,blO CTaTl1CTl14eCKOro 

aHal1113a BblRBJleHa peaKU.11R M03ra Ha pa311114Hble 803AeHCTBl1R. np11 Hax01KAeHl1l1 

A06poso11b4a s cocTORH1111 cp113114ecKoro 11 nc11xo11or114ecKoro cTpecca 

per11cTp11posa11acb 11 aHa1111311poaanacb aKrnBHOCTb M03ra a Al1ana3oHe BL! , c 

11CnOJ1b30BaHl1eM MaW11HHOro o6y4eHl1R HapRAY co CTaTl1CTl14eCKl1M aHal11130M, 

peKyppeHTHble 11CKYCCTBeHHble Hei1pOHHble cern KaK MeTOA MaWl1HHOro o6y4eHl1R 

Aal111 Ha116011ee T04Hbre pe3y11bTaTb1 - AO 85%. C noMOUJ,blO aHTeHHb1-ann1111Karopa 

per11cTp11posa11acb peaKU.11R M03ra Ha BHewH11i1 c11rnan 4acToToi1 20 Mru.. B orn11411e 

OT cneKTpMbHOro aHaJ1113a, 611cneKTpallbHblH aHaJ1113 BblRBl111 HOBble cneKTpallbHble 

KOMnOHeHTbl, KOppe1111pytow,11e c BHeWHl1M Cl1fHallOM, 4TO yKa3blBaeT Ha TO, 4TO M03r 

pearnpyeT KaK He1111Hei1HaR 111111 napaMeTp114eCKaR c11cTeMa. 

Pe3y11bTaTbl MOryT y11y4w11Tb Hawe noH11MaH11e M03rOBblX npou.eccos 11 noMO'-lb e 

Al1arttocrnKe 11 11eYeH1111 Heapo11or11YecK11x paccTpoi1cTB. ,[la11bHei1w11e 11cc11eAOBaH1111, 

pacKpb1Ba10w,11e csR311 Me1KAy PaA1100TKl1KaMl1 11 pa311114Hb1Ml1 naT011or11RM11 

roJlOBHOro M03ra, MOryT nOMOYb B pa3pa6oTKe MeA11U.11HCKOH Al1arHOCTl1Kl1 11 

cTpaTerni1 11eYeH11R. 

311eKTPOAl1HaM114eCKl1e napaMeTpbi 06pa34a cnl1HHOro M03ra IKl1BOTHblX (OBU.bl 11 

CBl1Hb11) 6b11111 11cc11eAOBaHb1 s Teparepu.osoM (Tru.) Al1ana3oHe YacT~T (0 ,1- 3 Tru.) c 

11cno11b30BaH11eM Teparepu.oeoro cneKTpoMeTpa so speMeHHoi1 0611acrn . 6b1110 

noKa3aHo, 4TO KOrAa aHewHee nocTORHHoe 311eKTp114ecKoe none - 6011bwe 50 B/cM 

np11K11aAb1eaeTCR K o6pa3U.Y cn11HHoro M03ra nepneHA11Ky11RpHo Hanpaa11eH1110 

pacno1101KeH11R HepBHblX so110KoH, a seKTOp 311eKTp114eCKoro no11R Tru.-11Mny11bca 
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napanneneH, TO 3JleKTPOAHHaMl11.1eCKl1e napaMeTpbl o6pa3L\a H3MeHRIOTCR 

KapAHHanbHO. B 1.1acTHOCT11, np11 n0Aa1.1e HanpR>KeHHR Ha o6pa3el.\ noRenReTCR 

CHJlbHOe pe3oHaHcHoe norno~eH11e oKono 1.1acrnT 0,8 Tfl.\. nocne npH11o>KeH11R 

HanpR>KeHl1R B Te'leHHe 1-2 M11HYT pe30HaHCHafl l.laCTOTa nnaBHO CMe~aeTCR B 

cTopoHy 6onee Hl13K11x 1.1acrnT (Ao 0,6 Tfl.\) np11 n0Aa1.1e HanpR>KeHHR Ha o6pa3el.\. 3a 

3TO epeMR 3HeprnR 1.1acrnTHb1X KOMnoHeHTOB 6onbwe 1 Tfl.\ yee11111.111eaeTCR 11 

AOCntraeT pa3Hl1L\bl AO 20-25 A6 no cpaeHeHHIO c COOTBeTCTBYI0~11Ml1 

KOMnoHeHTaMl1 Tfl.\-11Mnynbca, npoweAwero 1.1epe3 o6pa3el.\ AO n0Aa1.111 eHewHero 

HanpR>KeHl1R. nocne OTKJllO'leHl1R BHeWHero HanpR>KeHl1A 311eKTpOA11HaMl1'1eCKl1e 

ceoiikTBa o6pa3L\a nnaBHO B03Bpa~alOTCR K 11CXOAHblM 3Ha'leHl1RM B Te1.1eH11e 

np11MepHo 1 1.1aca. 

6b1110 noKa3aHo, 'ITO np11 n0Aa1.1e BHewHero Hanp11>KeH11R, o6pa3el.\ npeepa~aeTCR 

e aH1130TponHy10 11 AHcnepcHylO cpeAy. Pe30HaHCHb1e oco6eHHOCnt 6b11111 3aMe1.1eHbl 

TaK>Ke B noKa3aTene npe110MJleHl1R OKOJlO aHanOrH'IHblX l.laCTOT. np11MepHO 1.1epe3 4 

Ml1HYTbl n0Aa1.111 eHewHero HanpA>KeHHA noKa3aTeJlb npe110M11eH11R cTaHOBHTCR Aa>Ke 

MeHbWe 1. 3rn 03Ha1.1aeT, I.ITC OTAe11bHble 'laCTOTHble KOMOOHeHTbl onepe>KalOT 

COOTBeTCTBYIO~He KOMnOHeHTbl naAalO~ero Tfl.\-11Mnynbca, 'ITO HeB03MO>KHO B 

1111HeHHblX Cl1CTeMax. 

3TO RBneH11e o6bRCHReTCR C11eAYI0~11M o6pa30M: np11 nOM'le BHeWHero 

nocrnAHHoro Hanp11>KeH11R Ha o6pa3el.\ cn11HHoro M03ra HOHHble KaHanb1 e nepexeaTax 

PaHBbe OTKpbtBalOTCR, npeepa~aR HepBHble BOJlOKHa B cneL111cj:>111.1ecK11e He1111HeHHble 

npOBOAH11Kl1, KOTOpb1e npeo6pa3ylOT Beeb o6pa3el.\ B A11cj:>paKL\110HHYIO peweTKY c 

He1111HeHHblMl1 CBOHCTBaMl1 . 0THOCl1TeJlbHO MO~Hble Hl13KO'laCTOTHble 'laCTOTHble 

KOMnoHeHTbl naAalO~ero TfL1-11Mny11bca norno~alOTCR o6pa3L\OM cn11HHoro M03ra 11, 

6narOAapR HeI111HeHHblM CBOHCTBaM o6pa3L\a, reHep11py10TCR HOBble KOMOOHeHTbl c 

APYrHMl1 1.1aCTOTaM11, Kornpb1e onepe1Ka10T cooTBeTCTBy10~11e 1.1acTOTHble 

KOMnoHeHTbl naAalO~ero TfL1-HMny11bca. CpasHeH11R cneKTpos naAalO~ero 11 

npoweAwero TfL\-HMnynbca TaK>Ke noATBep>K.AalOT 3TOT BblBOA. 

'lfl.f rf"' ?,~2 lf.;.,,(, 
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