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Uwnbuwlununyejwt funnigywépp

Unbuwfununipiniup . pwnugwd £ wnwowpwuhg, bpbp  qifuhg,
Ggpwlwgnipiniuhg, 127 wunlt  gpwywunypjut  gwulhg: Uwnbuwfununiyejwu
punhwunip dwywip 114 ko k, npnd wnlw Gu 49 uwp b dbY wnynuwy:
Uwnbuwlununipejwt pnjuunuynipiniup

Unwowpwuh dti9 hhduwynpywd L woluwwnwuph  wpnhwywuniygniup,
Suwybpyyws U uywwnwlubpu ne fuunhpubpp, huswbu twl' wWwounwwuniejwl
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ubpywjwgynn  hhduwlywu npnypubpp:  Lbplwjwgwd Gu  woluwwmwuph
ghwnwlwt unpnypp W gnpduwlwu wndbpp:

Unbuwjununyejwt  wnweohtu  gntfup  udppywéd £ Jphdwlwgpwlwu
Jtpndnipyniuuiph - dhongn  dwpnne - ElGlunpwupunwgph . b gjtunintinh
nwnhnhwwfuwiht wgnwupwuubph htnwgnundwup:

1.1 wwpwgpwpnd ubpluywgyws Gu YEuuwwgnwupwuubph wnbuwlubpp L
hphduwywt  wwpwdbwnpbpp, npwtug gpwugdwu L dowydwu  hhduwywu
Gnwuwyubpp:

1.2 wwpwgpwdpnd ubipyujwgywsd Gu uwyblnpw) b pwpdp Yupgh uwbhunpw
(phuwybYwpw))  Jbpindnyggniuubpp’ npwbu - wgnwuswuubph  Jhwlwgpwlwu
Jtipinwnipjwu dbennubn:

1.3 wwpwgpwdpnu vjwpwgpws Bu EUSF gpwugnwdp U dbpindnigniup’
uwhnn wwwinthwuh dbennh Yhpwndwdp: Snyg £ wpdb, np wju nbiwypnid
wbuwubih £ nwnunw upwnh nhedh nhuwdhlwu:

1.4 wwpwgpwdpnid uyupwapyb E pwpén hwéwluw)hu
Ytuuwwgnwupwuubph  gpwugdwu  hwdwp  dowlyywsd L wwwpwunywsd
wyhywwnpwiht wunbwih Yunnigwdpp b wwpwdbinpbpp: Snyg £ wpdws,
np wyu hpbu npulinpnud £ npwtiu niuwlwght nghs:

1.5 wwpwagpwdnid wwhywwnnpwihu wuwnbuwyny gphwugqwd
wqnwuowuubtiph  phuwblunpw)  dbppndngniup gnyg £ wdb, np dwpnne
glflunintinn - wpdwquwupnwd £ dwpnnit wpdwd  pny;  nwnhn - hwwfuwhu
wqnuwuowuht: Sfup dwwunwihu hwnjwdhg gpwugywd wgnwupwuubpnud Ywu
unp uwbwnpw) pwnwnphsubip, b npwup fwwbu wwppbpynd Gu dwpdup wyg
hwwnywdubiphg gpwugywsd wgnwupwuubphg (nbu LY.1):

1.00 1.00
(p)
0.75 0.75
| 5
0.50} 5 050
[2a]
0.25 0.25
0.00 0.00
18 19 20 21 22 18 19 20 21 22
f; (U<g) fi (U<g)

Uly. 1. (w) pnutiphg, (p) dtinphg qpuitigywé wqnwlpwbblbph phuwblyypp
(B-fi wipnyliighw)
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1.6 wwpwgpwdnu ujwpwgpjwd bt dwpnne nwppbp  hngbpwuwlwu b
$hahywywu yhdwhubph quwhwwndwu wpryniuwybinnygniup (Ywufuwnbudwu
hwywuwhnigniup)  wwppbp  wignpphpdutipny  dbpbuwjwlwu  nwnigdwu
Uppwndwu nbwpnd®  dbpbuwjwlwu  nwngdwt  hwdwp  npwbu  dnunpwyhu
ndjuiutp  Jbpgubind - glunintinh - nwnhn hwwfuwht  wgnwuwuutph
phuwbunpwy  dbpndnyggwu wprynwuptbpp: Uphbunwwu  nbYnipbun
ubjpnuwghu guwugtiph Yhpwndwu nbwpnid Ywufuwwbunwdubph
wpryniuwybnnyegniup hwubi £ dhusl 85%:

1.7 wwpwgpwpnid wdihnthynid Gu 1-htu gifup hhduwywu wpryniupubinp:

Bpypnpn gniup Udhpywsd £ Ykunwune wpnwpebijwiht - hwdwlywpgbph
EiGywpwnhuwdpiwlwyu  wwpwdbnpbph  hbnwgnundwup'  wbpwhbpgwghu
whpnypnu:

2.1 wwpwgpwpnu ubpyuwjugdwd Gu tywpnuwiht hwdwywpgbpnud gnpdnn
EiGYwpwywu wgnuyubph wwpwdbnpbpp, nwwpwddwu nwuwlwu dGuwuhqdp,
huswbu uwl' pwpdp hwbwhwhu (FPL, S<g, hY) EEYwnpwdwquhuwlwu
wihpubph  dhongny  hudnpdwghwih  thnfuwugdwu  huwpwynpnigyniutbipp
YEuuwpwuwlwu hwdwlwpgbpnud:

2.2 wwpwgpwdnd nnunintinhg ybipgwd hwwndwsdp nhunwpydb) £ npwtiu
udny  thnpdwpwpwlwu  hGnwgnungyniututph  hwdwp:  Nnunintnh - udnp
wbnwnpyb £ wkdinut Ynwbwnh dbg, nph wwwbphg dtyh ypw wnbnunpdws Gu
Ynidpwdb LiGYwnpnnutp, udnipht wpwnwpht jwpnd Yhpwnbine hwdwp (LY.2):

Stpyntik phptn

Zwnnpnwjwp

Unppuntk juipp
nkdnt phptnh

hwljwnwly onumd bll. 2. ijn[llb[ﬂh
wunpbiph Gunmgywdpp
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23 wwpwgpwdnw  ubpyuwjwgws Gt dwdwuwlwihu  whpnyeh
nbipwhbpgwiht uwyblunpndbnph  woluwwnwiuph  wnwuduwhwwnynieniuubpp L
nnunintinh udnh nhppnpnonwp uwytlnpndbnph S<g thugh whpnyenud udniph
wwpwdbwnpbpp swihbhu (nbu LY. 3):

Sttt phptatitn
EEywupny-1

Ejyunpnn-3

I
]
I ; -
: SZg thmug
» ~ I
‘%’9; E : Ekywnpnn-4
P, \
91,% ) (
A : 1 Nnunmntnh
d ulney
N, N,
. > >
I
| N\
Eikjuipng-2

UYy. 3. Nnuninbinp udnigh nhppp S<g thugh blywpdwdp

2.4 wwpwgpwdnw plipdwd U nnuninbinh  udnph  wwpwdbinpbpp S<g
whpnypend’  dwdwuwluiht - whpnygh  S<g  uwblupndbupn  Yuwnwpws
swihnwiubiph wpryntupubiph hhdwtu dpw: LY. 4-nud ywwnybpqwd Gu nunwpy b
htunwgnuynn  udnipnd  |gywd  Ynwbwh  dhony wugunn S<g  hdwynyup
dwdwuwwihu nbupp b upw uwbYunpp:

8nyg £ wipdb), np nnunintinh udniph wwpwdbwptipp S<g whpnyenid Ypnd Gu
Fwwu  inthnfunggniutp,  Bpp udnpht' Yuwpnwpebibph nunnupjwuu
ninnwhwjwg Yhpwnyws £ 50 Y/ud-hg dbd hwunwwnniu bYunpwlwu nwow, huy
Uywpnuwpebitph nwuwynpjwdnipjut ninnniginiup hwdpuyunwd £ S<g hdwnruh
EiEyupwlwu nwonph nipnnugjwu htn (LY. 3): Ttwonp Yhpwnbing  npnp
dwdwuwl wug S<g hdwyniuph uwyblwph gudp hwbwjuwiht dwund wnwowuntd
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E funpp nbgnuwtuwiht Ywunwd, huly dnin 1 S<g-hg pwpdp hwbwfuwihu
pwnwnnhsubph hgnpnyeyniut bwwbu wén LY. 5, LY. 6:

6 0
(w) (3) (r)
s (1 o
2 -20 )
30
—~ 0
= L -40-
= 2 2 £
- o -50
o 4 _60-
= -70
8 -80
-10 90 ! .
363 -362 -360 -358 -357 0o 05 1 15 2 25 3 35 4 45 5
t(wy) f(S<q)

UYy. 4. S<g hdwynyup (w) dwdwbwluyht i(nbupp b (p) hgnpnigywt uwyblypp, 1, 3
- nwyiply Ynftaph U 2, 4 - hbgrugnipynn bdniph dhony wiigithu

T 0 3) ®)
075 (1) (w) R
10
05
0.25 -20
0 (4)
S 025 30
s U @
= 05 ) £ 20
§-075 o
o -50
125 -60
15
-70
175
-2 | -80 | _
363 -362 360 358 -357 0 02 04 06 08 1 12 14 16 1.8 2 22 24 26 28 3
t (w) f(S<q)

LY. 5. S<g hdwnyup (w) dwdwbwluyht inbupp U (p) hgnpnuygywt uwblyppw
fupnyayniip, 1, 3 - bwifupwt upnid Yhpwntyp U 2, 4 - 3 p ipbnnnipyudp jwipmd
Yhpwnbtymg htippn

2.5 wwpwgpwpnid wdthnthynid Gu 2-pn gtuh hhduwlwu wpryniuputipp:



075 (1 (w) » (r)
05 7 (4
0.25 20
o
5 025 =0
= 0 @
= 05 ) =0
075 o
g -50
125 60
15
70
175
-2 -80- i H 1 1 1
363 -362 -360 358 -357 0 02040608 1 12 14 16 18 2 22 24 26 28 3
t (wd) f(S<g)

UYy. 6. S<g pdwynyup (w) dwdwbwlught inbupp U (p) hgnpnipywl uwGlypuy
fupnuygynitip, 1, 3 - bwipupwtr upnid Yhpwnbyn U 2, 4 - 5 p ipnnnipyudp jwpnd
Yhpwnbynig htpn

Gppnpn gifunwd Ywwwpytp £ nnunintnh udnigh S<g whpnypnd wpwd
thnpdwpwpwlwu  hbGnwgnunigniuutiph  pupwgpnd  unwgywd  wnpryniupubiph
dtpndnipyniu: <wodyby £ hbnwgnuynn udnph pydwu gnighsp: Ywnnigyt &
S<g whpnypenu Ujwpnwpebwihu hwdwlywngh ng gdwiht uppp punipwgpnn
dwpbdwunhlywywu dnnb):

31 wwpwgpwdnw  uqwpwgpjwd  Gu wwpnwiht  hwdwlwpgbpnud
wqnwuowuubph thnfuwugdwu dGjuwuhgdp pwgwwpbint hwdwp wnwowpyywsd
dnnbjubpp, hwdwpdtp EiGYwnpwywu onrewubipp L npwug
wnwuduwhwuwynieyniuutipp:

3.2 wwpwgpwpnud Yuwwpjwd Gu hbnwgnindnn udniph pbldwu gnighsh
hwodwplubpp: PEYdwu gnighsh hwéwfuwihtu Ywiujwdnipniup  twiu npnayb) |
udniyny wugws S<g hdwniuh uwbiywpw) pwnwnphsubiph thnywiht nwgdwu
dhongny: dbipinidnipjwu wpryniupubipp gnyg Gu wdbi, np udniphtu otidwihu 50
d/ud-hg pwpsdp EEYunpwlwu nwon Yhpwnbine nbwpnd nnunintinh  udniph
ptydwu gnighsp S<g whpnyend Ypnwd £ Ewlywu thnthnfuniyeyniuubp. udnipp
ybpwdynu £ wuhgnunpnwy U nhuwbipu dhowywyph: Lwpnwd Yhpwnbint pupwgpnid
ptydwu gnighsp npnawyh hwéwfunyeniuubph ypw punniund £ unyuhuy 1-hg
thnpp wndbiputip (nbu LY. 7): Uw tpwuwynu £, np nnunintinh udnipny wugutijhu
S<g hdwynyup Gupwpyynw £ wjuyhuh duwthnfunygywu, np upw uwblwpnud h
hwjin Gu quihu npnpwyh pwnwnphsubip, npnup wnwe Lu pulwdé unyuhuy
nwwnwpy Ynybinnngd wugws S<Lg hdwnruubiph hwdwwywwnwuluwt uwyblyupuy
pwnwnphgutinhg, hugn ng dh gdwjht hwdwlwpgnud huwpuwynp sk
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<hnbwpwp' nnunintinh udngny  wugunn S<g  hdwniunid wnwy puljunn
uwtlupwy pwnwnphgubiph wnlwjnyginiup sh Yupnn pwgwnpdty dhwju tdnigh
pbldwt gnighsh thnihnfudwdp b wy] pwgwwnpnipiniu £ ywhwugnid:

9

—Lwhipwl jwpned
8 ; Uhnwintin
7 :\\ = =4 pwlnnniRjwdp
: Y wpnud Yhpwntinig
6 AN hbwn
4 E “_‘_‘\
LR T TS e UL 7. Udnigh pluit gghsp
ke e hwbwfunyaynithg  Jupduws'
2 11
H (quwnyyp  hné) - bwpupwit
1 L ]
. ' wpnu hhpwnbyp b (Gupdpp
0 05 1 15 2 bbywaghs) - 4 p (punnnupywdp
f(S30) (wpnid Yhpwnbnig htiyn

3.3 wwpwgpwpnud Jbpndting unwgywd wpryniupubpp' gnyg £ wpdtg, np
np  hGunwgnnynn  udniph  dnunpwihut S<g  hdwnyup  hwdwwwwnwufuwu
uwyblywpw) pwnwnphsubpp  udnigh  dhony  wwpwdynd Gu ng L |nyup
wpwgnteniuhg Ukd wpwgnpjwdp, wj udniph ny qéwihu  hwwnlyniegniuttiph
ounphhy wybh onun Glwd gudp hwdwluwihtu pwnwnphsubiphg gbubpwgynid Gu
hwlwwwunwufuwt  hwbwfunyejwdp  unp  hwéwfuwiht  pwnwnphsubn, npnup
wnwye LU pulwd dnunpwihu S<g hdwnyuh hwdwwwwnwufuwt  hwwfuwhu
pwnwnphgutinhg:

Suwhwwndb) £ bwl udniph dhony wugwsd SLg hdwnyuh tubipghwu: Ldnhu
jwpnw  Yppwnbing hbwnn wju ufund £ gqquipnpbu ujwgb]' dnn 0,8 S<g
hwéwfunigjwu 2nipe funpp YJlwudwu wwwéwnny, pwjg npny dwdwuwl wug
(upnwip Yhpwnbinig dnn 2 pnyt wug) S<g hdwnyup tubpghwt ulund £ wék
ounphhy unp’ pwpép hwlwfuwiht uyblwpw| pwnwnphsubiph gbubpwgdwu:

3.4 wwpwgpwdnu nnunintinh udnh wwpwdbnpbpp hwdbdwwnybp Bu hp
htiin  npnowlyh  Yunnigwdpwiht  Udwunigyniuubp  niubignn  dbnwnwywu
nhdpwlghnu gwugh htw: Snyg b wpdb, np pE dbnwnwlwu gwugh, pbH
nnunintinh udniph nbwpnw S<g hdwnyuh gwdp hwéwluwiht pwnwnphsubipp
gnigwpbpnd GU dhwudwt Jwpp, uwlwju h wwppbpnuygyntu nnuninbnh udnigh,
dinwnwlwu gwugh nbwpnud syw  fupun  wprnwhwunjws nbgnuwuuwhu
Ywundd, hul pwpdp hwbwfuwht uwblnpwy pununphgubph wé pninpnyht
uwwnynud:
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3.5 wwpwgpwdnwd  Yuwwwpywd Lt nnuninbnh  udniph ng gdwyhu
hwwnynipniuubph hwdwlwpgswiht  dnnbwynpnd, npwnbn - Uwpnwebitnny
wugunn hnuwuph /(1) funneniup’ Yujujwsd S<g hdwniuh @) biGlupwlwu
nwownhg ubipyuywgyt £ wunhtwuwiht swpph wnbupny.

I(t) = a1 E(t) + azE?(8) + azE3(t) + a,E*(£) + asE5(t) (€]

Uu nbwpnuwd  hGwnwgnngnn udnignud - wnwowgwd  hnuwupubipp
Yytipwbwnwaquw)petiu S<g hdwyntu, nph nuwowp ninhn hwdtidwwnwywu £ hnuwuph
(hnuwuph funnijwt) puwn dwdwuwyh wdwugjwihu.

d
Eaut(t) & El(t) (2)

Cwdbtdwwnngyniup gnyg £ wwihu, np (1) pwuwdund unyuhuy dhwju
pwnwinwwiht wunwdny uwhdwuwthwyytint nbypnd dnnbwdnpdws hdwniup
uytiywph hwéwhuwiht Ywjudwdnigjwu punypep unyut Lk, hus udnynd wugwd
hdwnyupup’ jwpn Yphpwnbing 2 pnyb wug (nbu LY. 8):

-10
-20

£ .
30 f ! L N
: v

-40 1 N .

P(nF)
’

-50 - LY. 8 nNnumintnp  tdnipny
v whbgwé S<g hdwynyup

----- Lwhupwl wpnid Yhpwnbip hqnﬁmpjwa uu/bl/t{)pbbpg

-70 = = Lwpnud Yhpwrebineg 2 pwlg UW/UQLUU lejanhtl lwﬂ”“f

-60

=< Unnbwdnpdwé wgnulizwl l//varzbm, [wplfwb l/hpwnntlf/?g
L e s e, 2 pnub whg b dnnbyudnpdws
F(s2g) wqnuwtpwbh uwblppp

3.6 wwpwgpwpnud wdthnthynwd Gu 3-pn glup hhduwlwu wpryniupubipp:

<hduwlhwy Ggpuljugnipyniuubp

Uwnbuwlununipjut spowtwyubpnud uwwwpywsd hbunmwgnunnieyniuutipp gnyg
GU wwihu, np

1. Uwpnnt EGlwnpwupunwgph uytyupw) bW phuwblunpwg yepndniegyniuubph
dhongny’ uwhnn wwwinthwuh dbennh Yphpwndwdp huwpwydnp § unwuw) upunp
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woluwwnwuph Ybpwpbipjup (pugnighs oginwwn wnbkintynieniuutip, npnup Ywnpnn
Ehu suwwnygby blGYunpwupwnwaghpp wugbu wspny quubint nbwpnud:

2. Jhtwhwgpwywu dJbpndnypjwu htn hwdwwnbn - Yhpwnbing  uwb
dbpbuwjwlywu nwnigdwtu wignphpdubp' huwpwdnp £ hwjnuwpbpb EUS-nd
wniw  wnwuduwhwwnynyeniutipp, husp Yoquh Ywwwnbp upwnh wpwg bW
owwnhdw| wiunnpnonid:

3. Gfunintinh EiEYunpwlwu wlywhynieniup gpwugbine b gbpinstiine hwdwn
dowlyywsd hwdwywpgp glfunintinhg unwgywsd nwnhnhwéwfuwjhu
wqnuwuowuubiph yhbwlywgpwywu ybpndnigyniuubiph wpryniupubiph hhdwu gpw
Ywpnn £ hwjntwpbptp qfuninbnh  wpdwqwupp  dwpnnt Jpw  wnwppbip
ubpgnpdnieniuttiph nbwpnd:  Unwoht  wuqwd gpwugdl) £ gjfuninbinh
wpdwquwupp peny| nwnhnhwéwluwht wgnwuywuhu:

4. Qjtuninbinhg gpwugywé nwnhnhwéwfuwiht wgnwuwuubph phuwbyunpwy
doppndnipyniuubph - wpryniupubpp’ dbpblwjwlwu nwnigdwu wwppbp
wignhphpdubph Yppwndwdp, YJwpnn Gu oguwgnpdyt] ninbnh  wpfuwwnwuph
ybpwpbpjw) wdpnnowlwu wwwnybpwgnd Yuqdbine b dwpnne hngblwu nu
wnnnowlwu Yypdwyh quwhwindwu hwdwp:

5. Ubkunwuhubph nnunintinh udnh LGYwpwnhtwdhjuywu wwpwdbnpbpp
hpdundpu  thnfudnd GO Ywpnwpebltpht ninnwhwjwg 50 J/ud-hg  JbS
hwuwnwunniu bEYnpwlwu nwownny gpgntijhu:

6. Gpp S<g hdwnyuh EEYunpulwu nuownp pubnwgywsd b wwpnwebtiph
nwuwynpwodnipjw  ninnnipjwup gniqwhbn, W Gpp udnipht Yhpwnynd k
wpunwpht hwuwnwnniu fEYunpwlwu nwwn, h hwjn Bu quihu nbgnuwtuwhu
Ylwunwiubp wmwppbp hwbwfunyeniwutiph Jpw, npnup thnfuynd Gu dwdwuwlyh
pupwgpnid: Upwnwpht jwpnwip Yhpwnbjhu npny dwdwuwly wug (dnwn 5-6 pnwb)
udniyny wugwsd S<g hdwynyuh wwpwdbupbipp nwnwpnud Gu thnthnfuniyeyniuutip
Unti:

7. Upwnwphtu jwpnwt wugwwnbingg dnin 1 dwddw pupwgpnd  udniph
EiEyunpwnhuwdhluwlywu  hwwynyeniutipp uwhnit Ybpwnwnunid  Bu - hpbiug
ulygpuwlywu wpdtipubphu:

8. Nnunintinh udnipht ~50 Y/ud-hg UGS wpunwpht hwunwwnnit EEYnpwywu
nwown Yhpwnbint nbwpnwd nnunintinh udniph pbldwu gnighsp SLg nhpnyenid
Ypnw £ bwlywt thnihnfunyeyniuubp® udnipp Yepwdynud  wuhgnunipny W nhuwbipu
dhowydwyph: Unwn 4 p mbwlwu Yhpwndwt nbwpnid, pEldwu gnighsp nwnunw £
unyuhuly 1-hg thnpp, wjuhupt udnipny wugwd S<g hdwnyunwd wnwowund Gu
uwbtiwpw) pwnwnphsubip, npnup wnwy Gu pulwd udnh dnunpwihu hdwnyuh

-17 -



hwilwwwunwufuwu uyblywpw) pwnwnphsubiphg, husp gdwiht hwdwywpgbipnid

huwpwynp sk:

9. Lywpnwpebtph ninnnuejwul ninnwhwjwg bEYwnpwlwu nwown Yhpwntint
ntwpnd nnunintinh udnu hpbu wwhnd £ npwbiu ng géwjht hwdwywng, tpp
S<g hdwnyuh EEYupwlwu  nwonh  ninnnuggniup hwdpulund £ udnigh
Uwpnuwptitiph ninnniejwl hbwn:

10. Unwnpwjhu S<g hdwynyuph hwdbdwwnwpwp hgnp gwdp hwbwfuwihu
uybtiywpw) pwnwnphsubpp Yuwuynwd Gu nnunintinh udnigh Ynndhg L udniph ng
gdwjhtu hwuwynipniuubph gunphhy gbubpwgunud® nwppbp hwdwfunigyniuubpny
unp  pwnwnphsubip, npnup wnwe bLu pulwd dnunpwjhu S<g  hdwnruh
hwlwwwuwufuwt  hwéwfuwiht  pwnwnphsubiphg:  Anunintinh  udniph  Ypw
puyunn b upwuny wugwd SLg hdwynyuubiph uwblwputiph hwdtidwwnieniuutipp
unyuwbiu hwuwnwwnnw Gu win igpuywgnieniun:

11. Nnunintnh udniph Ypw wpunwpht hwunwwnit jwpnd Yhpwnbnt nbypnud
pwgynd Gu Nwudpbh hwugnygubph pnuwjht wugninpubpp' Ywpnwpebtpp
nwnpaubiny jnipwhwwnndy hwnnpnhs (wnbp, npnup wdpnne udnip Ybpwdnd Gu
ns-qdwihu hwwnynigyniuttipny odindwsd nhppwlyghnu gwugh:
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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 parameters 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.

This 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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NUCCNELOBAHUE DNEKTPOMATHUTHO AKTUBHOCTW HEMPOHHbIX CETEM
AHHOTAUMA

[vcceptauma  noceAlleHa  UCCNEAOBAHWIO  3NEKTPOMArHWTHbIX  CBOMCTB
61onornyeckmnx HelMpOoHHbIX CUCTEM.

WccnepoBaHuA, npoBeAeHHble B pamKkax [AUCCEPTaLMM, MOKasbIBalOT, 4TO C
MOMOLLIbIO CNEKTPaNbHOro N BUCMEKTPanbHOIo aHanu3a aneKTpokapavorpammbl (K
YenoBeKa C UCMONb30BaHMEM METOfa CKOMb3ALLETO OKHa MOXHO  MONy4uTb
JOMONHUTENbBHYIO MONE3HYIO MHopMaumio o paboTe cepaua, KOTOPYHO HEBO3MOMHO
HabnoAaTb MpU UCCNEf0BaHUN INEKTPOKAPAVIOr PaMMbl HEBOOPYMHEHHBIM rNasoM. DT
JaeT BO3MOXKHOCTb C BbICOKOW TOYHOCTBIO BbIABNATL pasnuyHble ocobeHHocTu KT,
NPUMEHAA anropuTMbl MalUMHHOTO OOyyeHUA B COYETAHUW CO CTaTUCTUYECKUM
aHaIM30M.

PaspabotaHa cuctema pna  peructpauum M aHanusa  dNeKTPOMarHUTHOM
aKTMBHOCTM MO3ra B AuanasoHe BblCOKMX YacToT (BY). C nomolubto ctatucTuyeckoro
aHanusa BblABNE€Ha peakunAa Mo3ra Ha pasfinvHbie BO3,I],eﬁCTBI/IF|. an HaxoMaeHnuun
jobpoBonbla B COCTOAHMM  (PM3MYECKOrO U MCUXONOrMYECKoro — cTpecca
peructpupoBanacb M aHanu3MpoBanacb akTUBHOCTb Mo3ra B juanasoHe BY, c
UCMONb30BaHMEM MaLLUMHHOTO 0byyeHUA HapAjy CO CTaTUCTUYECKUM aHau3oM,
PEKYPPEHTHbIE UCKYCCTBEHHblE HEWPOHHbIE CETW Kak METOf MalUMHHOrO obyyeHus
Janu Haubonee TouHble pesynbTatbl — Jo 85%. C noMoLLblo aHTEHHbI-annauKatopa
permcTpupoBanacb peakuua Mosra Ha BHeLWHWI curHan yactotoii 20 MIy. B otanuve
OT CMEKTPalbHOTO aHanu3a, bucneKTpanbHbI aHann3 BbIABWA HOBble CMEKTPaibHble
KOMMOHEHTbI, KOPPENUPYIOLLME C BHELLIHUM CUFHANOM, YTO yKa3blBaeT Ha TO, YTO MO3T
pearupyeT Kak HeNvHeliHaA UM NapaMmeTpuyeckas cuctema.

PesynbTatbl MOryT ynyylunTb Halle MOHVWMaHWE MO3rOBbIX MPOLLECCOB U MOMOYb B
AMarHOCTUKE W NeYeHNM HEBPONOTMYECKNX paccTpoiicTs. [lanbHelilune uccnesosaHus,
pacKpblBaloline CBA3WM MeEXAY PajguoOTKIKaMM W PasfMyHbIMU  MaToNOrUAMU
rONOBHOrO MO3ra, MOryT MOMOYb B pa3paboTke MeAMUMHCKON [AUarHOCTUKM |
cTpateruii neyeHua.

DneKTpopMHammyeckue napameTpbl obpasiia CrMHHOrO MO3ra MBOTHbIX (OBLbI U
CBUHBM) bbINK UccnepoBaHbl B Teparepuosom (TIy) amanasoHe vactot (0,1-3 Tlu) ¢
UCMONb30BaHMEM TeparepLoBOro CMeKTpoMeTpa BO BpeMeHHo obnactu. Bbino
NoKasaHo, YTO KOrja BHELLHEee NOCTOAHHOE aneKTpuyeckoe none — 6onblie 50 B/cm -
npuknagbiBaeTcA K obpasuy CMWMHHOrO Mo3ra MeprneHAVKYNAPHO HanpaBieHnto
pacrono}eHnA HEPBHbIX BOMOKOH, a BEKTOp anekTpuueckoro nona Tl u-umnynbca
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napaineneH, TO  3NMEKTpPOAMHAMWMYECKMe  napameTpbl  obpasua  WM3MeHARTCA
KapauHanbHo. B uacTHocTu, npu nopaye HanpameHuAa Ha obpasel, noABnAeTcA
CUNbHOE pe3oHaHcHoe mnornoweHne okono yactor 0,8 Tru. [locne npunomenwa
HanpsMeHuA B TeyeHue 1-2 MUHYT pe3OHaHCHaA 4acToTa MNaBHO CMeLLaeTcA B
cTopoHy 6onee Huskux vactoT (go 0,6 Tl'y) npu nopaye HanpaxeHua Ha obpasel,. 3a
3TO BpemsA 3HEeprua 4YacTOTHbIX KOMMOHeHToB 6onbwe 1 Ty, yeenuumBaetcAa u
pgocturaet pasHuubl  go 20-25 ab no cpaBHEHMIO € COOTBETCTBYHOLLMMM
KomnoHeHTamn Tlu-umnynbca, npolleillero yepes obpasel, JO MOJAYM BHELLHEro
HanpsxeHua. [locne OTKNIOYEHWA BHELLUHETO HAMpPAMEHUA 3NEKTPOAMHAMUYECKME
CBOICTBa obpasla NnaBHO BO3BPALLAOTCA K WMCXOAHbIM 3HAYEHWAM B TeyeHue
npumepHo 1 yaca.

Bbino nokasaHo, 4TO NpU Nofaye BHELLHEro HanpAMeHuA, obpasew, NpeBpaLLaeTca
B aHW30TPOIHYIO U AMUCTepcHyto cpefy. Pe3oHaHcHble 0cobeHHOCTU Obinu 3ameyeHb!
TaKkiKe B MoKasaTene MpenoMIEHNA OKOMO aHanormMyHbix 4YacTtoT. [NpumepHo uepes 4
MUHYTbI MOAAYN BHELLHEro HanpsXeHWA MoKasaTenb MPeNoMIeHUA CTAHOBUTCA fame
MeHble 1. 3TO O3Ha4aeT, YTO OTAENbHblE YACTOTHblE KOMIMOHEHTbI OnepeKaroT
COOTBETCTBYIOLLME KOMMOHEHTbI Mafatollero Tlu-umnynbca, 4TO HEBO3MOMHO B
NNHEWHbIX CUCTEMAX.

JT0 ABneHWe obObACHAETCA cnepylolMM obpasom: Mpu Mojaye BHELLUHEro
NOCTOAHHOTO HaMpPAXEHWA Ha obpaseL, CMMHHOIO MO3ra MOHHbIE KaHasbl B Nepexsarax
PaHBbe oTKpbIBatoTCA, NpeBpaLlas HepBHble BOIOKHA B Crieuuduyeckne HenmHeliHble
NPOBOAHWKM, KOTOpble NpeobpasytoT Becb obpasel, B AUGPaKLMOHHYIO PeLLETKY C
HennHelHbIMU  cBocTBaMn. OTHOCUTENIBHO MOLLHbIE HW3KOYACTOTHbIE YaCTOTHbIE
KOMMOHeHTbI Mapatolero Tlu-umnynbca nornoLiatoTca obpasL,oM CMHHOTO Mo3ra U,
bnaropfapa HenuHelHbIM CBOMCTBaM obpasLa, FeHepupyIOTCA HOBblE KOMMOHEHTbI C
APYrMMM  4acToTaMW,  KOTOpble  OMepealoT  COOTBETCTBYIOLLME  4acTOTHble
KOMMOHeHTbl napatowiero Tluy-umnynbca. CpaBHEHWA CMEKTPOB MajaloLLero w
npowepwero Tl u-uMnynbca Takke NOATBEPHAAIOT STOT BbIBOA,.

-22 -






