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UuchUSuLLh CLKULNR ALNRBUSHMD
Wluwwnwph w wlwunipniu

Lhunwup opgqwuhquh Yhuuwgnpdniutinyzniuu wwwhnyynud  k
Ytunpnuwywu tywpnwiht hwdwywpgh dhongny: Opgqwuhqdp qguwjwpwuubph
dhongny 2opswlw dhowdwyphg uwnwund b wgnwulubp, npnup, YGpwdybiing
EiG4wpwlwu  pdwynyutbph, Gwpnwpeblipnd  tnfuwogynd  Gu o gjfunintinhu:
Qfuninbinp, dowybing gqujwpwuutphg unwgywd hupnpdwghwt, nGlwywpnu £
opqwuhgqup gnpdniubinyeyncup’ Ujwpnuebtpny hwdwwwunwufuwu
wqgnwuowuubn ninwnpytiiny opgwuubphu:

Ujuwhuny' dwpnne (4eunwuny  Yeunpnuwlwy  Guwpnwiht - hwdwlupgp
wwpniuwynd £ opqwuhqiph  YGuuwgnpéniubingejuult  wnbsynn  nng
huqnpdwghwi:

Chwnbwpwp' huwpwynp £ opgwuhgdh  Jhdwlyh dwuht  dwupwdwuu
hubnpdwghw unwow] gpwughind L Jbpndtng Yalwmpnuwlw Gwpnwh
hwdwlwpgh  bGhwpwlwt  wgnwuowuubpp: Uwlwiu  bwpnwebiGphu
wudhowlwu hwuwubhngniup Yuwywd £ nipe ndwpnieniuutiph hbwn, b
htwnlwpwn’ win wqnwuwiubipp gpuitgbip swihwquug pwnn futnhp £ Pwgh
wn’ YEluwwgnwuswiubpp, npwbu Yuunu, ninblgynwd Bu wndnyubpny, npnup
(e fuunhpubp U wnweowgund  Uwpnwiht  hwdwYupgh  EGyunpuwlut
wgnwiowutbpp ny hujwghy  bnwuwyny gpwugbine  hwdwp:  <enbiwpwp'
ghwugywd YEuuwwgnuigwu-wndnty juwnunipnhg oquiwlwp  hudnpdwghwu
Unpgbint  hwdwp  wuhpwdbtiom  F Juwwpb]  gpwugwd  wqnulpwup
pwqgdwynniwup yhdwlwgpwlwu JGpindnigyniu: Mbwnp £ hwoyh wnub) uwb
wju, np oguuwlwp hupnpdwghwt gpwugwd wgnwupwuh dbe Ywpnn Lk
wuwpniuwlylb) ny ph pwgwhwn, wy' «Ynnwynpgud» LWHwd «Swdljwgpywd»,
husp wytih £ pwpnwgunid ogunwlwp hupnpdwghwh ytpdwunup:

Uuwhuny'  wwppbp  YEluwwgnwiowutbph  gpwugndp L pputg
ytpndsnpywt dhongny opqwiuhqdh yhtwyh dwuht hugnpdwghwih unwgnuip
swihwqwig Juplnp £ hwnuwbu npnp  hhdwunnygmubph wpwg b Ghown
wlunnpnadwu hwdwn, husp Ywpnn £ hpybp hhdwunhtu ud, wnujwqu, wqunb
wuhwpdwpnipiniuubp ywwnbdwnnn pwpn b Gpupwnl hbnwgnunenitubinhg:

Muunwhwlwu wypngbutbph yhéwlwugpwlwu ybpndniejuu wdkuwlwplnp
L wibiwwpryniuwybin  bnwuwYubphg deYp  uwbBYunpwp Ybpindneynivu L
Uwlwju hgnpnipjwt uybYupw] fjunnggniop sh wwpnibwynwd  hudnpdwghw
wgnuwuowuh uwblunpw] pwnunphsubph  thnybph dwupt, hGnbwpwp' 2w
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nbwptpnd wju sh Jupnn jhwpdbp uupwgph] ywunwhwlwo wypngbup: Wu
pwgp npn2 swihny Yupnn £ pugyty wwnwhwlwu wpngbuh pupdp unpgh
uybiyunpw) Jepndnipywl, dwutwynpuwbu' phuwblnph dhongnd [1, 2]:

Cunphhy  uwblwpw| Jbpndnigjwu  wundwdp niibgwd  npnawlp
wnwybinpgniiubph’ phuwblunpwy  Jepndnyeggniup wyunpbt - Yhpwndnd |
wdbuwwmwppbp  nnpotbpnd,  Jwutwdnpuwbu' YEUuwwgnwuswuubph
hGwnwgnundwt dbe: Ybtuwwgnuuwuubpht nintygnn wndnlyubpp unynpwpwn
gwniujwu punyph Gu, W npwug pwpdp Ywngh (n=3) uwyblunpubpp gpnjuywu Gu:
LGnlwpwp opgwuhgunwd wbinh niutignn wju wpngbutbpp, npnup Ywpnn Bu
obint] Yhuuwwgnuwupwu-wndnty fuwnunipnh pwofunwip qunwjwuhg, Jupnn Lu
wnwppbpwidt] - wonwpwi-wndndy - fuwntnipnh - pupdp - Yupgh - uyblnpug
ytipinwnipjw dhongny:

Uhluwwgnwuowtubph  db9  wnwuduwhwwnlyy whbn o gpwynud
Elywpwupwnwgpnyeniup (EUS) L EiEYunpwnintinugpnyeniup (EMS): Lwup np
EiGynpwupunwghpp Ywgdnwd £ opgqwuhgind  wbinh  niubignn - ElGlnpwlywu
wpngbutbiph Jh dwup, www Upw hwdwynndwuh yepinsnieyniup dbpbuwjwlywu
nwnigdwu dbpnnubiph Yhpwndwdp Ywpnn £ pugnighs optiljunhy hudnpdwghw
wnw| opquitihgdh yhéwyh dwuht, husp ubplwinwdu fupun wpnhww k:

Uwnbtwpunuwywt wouwwnwupnd ppuwlwuwgyt) Gu EUS-h uybGlhunpwp L
phuyblywnpw) Jbpndnyegmiutbp’ uwhnn wwwnihwth dGpanh Yhpwndwdp, hugp
huwpwynpniginit. £ wwjhu dbpdwtlp  upinh wpfuwwnwuph  nhuwdhy
thnthnfunugyniuubpp, npnup Ywpnn  thu suwwdty EUS-h dwdwuwlwihu
wwwnlbipp nhnwnlbihu:

Uwpnnt opqwuhqih ypbwyh dwuht wnwyby d6d hudnpdwghw Ywpnn b
unwgyb] EMNS dhongny, uwlwiu EM3-u sh wpnn (hwpdtip hupnpdwghw wwg
glfunintinnud Juwnwpynn pninp gnpdpupwgubph dwuhu, pwuh np wju gpuugnud |
dhwju  nnbnh  gwdp  hwétwhiwht  wgnwuowtubpp:  Uwluwjiu  Uwpnwihu
hwdwluwpgnud  wbnh  niubignn dh owpp  wpngbuubp  (ophuwl'  JGdwdwyw
hubnpdwghwih wpwg thnjuwtwynuip, dowlynwdp b dbpndnuip, gpwugnwip b
Ytpwpuwnpnup, npwdwpwiwlwy dunwdnnnyeniup, hhennnejniup W wyju),
Gupwnpnd Gu hudnpdwghwih thnfuwtwldwu 2w wybih 46§ wpwgnyeniuutin:
Lhunlwpwp' gifuninbnh wofuwwnwuph Jepwpbpjw wdpnnewlwt wywwnybpwgnid
Juqadtint hwdwp wuhpwdbon | pubnpdwghw nmubuw| twb Upwunwd wnbnh
ntubkignn pwpép hwwluwihu wpngbuubph dwuht:

Unyu wofuwwnwupnud dowlyt) £ hwnnly hwdwlwpg dwpnnt ypw nwppbip
wgnbgnipniutbph nbwpnud guninnh whwnpynieintup nunhnhwéwluwhu (5-
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100 U<Lg) whpnypnd ny hujwghy bBnwuwlyny gpwugbine hwdwp: Uwpnne
glfunintinhg  unwgywd wgnwiowu-wndnly  fuwnunipnh - yhbwlwugpwlwu
(phuwtlnpwy)  Jtpimdnigyudp hwpntiwpbipdlp £ gfunintinh - wpdwqutpp
wpunwpht pny| nwnhnwgnwuowuhu:

Ljwpnuwihtu hwdwywpgnid gnpénn  biltyunpwlwu hdwnyuubph
wwpwdbiinpbpp dwupwdwut hGnwgnuyb) Gu, npnug hhdwt Ypw unbindyb) Gu
dh owpp dnnbjubp wyn hdwynyutbph hnfuwugdwt dbfuwuhgip  pwgwnpbn
hwdwp [3]: <wdwdwju wnwyb] hwbw Yhpwndnn dnnbubpp’ Gjwpnwht
hwdwlwpgbpnw wnlyw fGYwnpwlwt mwwmwunwubph  hwdwiunyeiniuubpp sbu
gbipwquugnu db Ywd dh pwuh Yhinhbpgp, huy hnfjuwtigdwt wpwgnygniiubpp’
120 J/J-p [4]: Uwlwyu, dbpghu wwutwdjwlyubpn, hpdudbind ujwpnwebbph
Junnigywdpwiht  wnwuduwhwunynignitubph,  swihbph b EEYunpwlwu
wwpwdbwnpbph  Jpw, pun Jdh pwpp  hGunwgnnnnubph,  hudnpdwghwih
thnfuwtwynwip tjwpnwebtpny Ywnnn £ ppwywuwgyt] wuhwdtdwwn wybih dbd
wpwgnuenuubpny’ wbpwhbpgwihu (8<g) W hu$ppwlwpdhp (h4) nhpnypubiph
EiGyunpwdwqupuwlwu  wihputiph Jdhongny, npunbn Gwpnwpebibpp Ywpnn Gu
Swnwjt] npwbu whpwwnwnpubp [5, 6] Wwjwd upwu, np wnwewnlybty Gu
Uwpnwiht  hwdwlwpgbpnd  hubnpdwghwih  wwpwddwt  unp dnnbjuGp L
dbjuwuphqdubp, uwlwju dbg hwpwntuph 6t S<g  whpnypend Bjwpnwpbitnh
EiGyuwnpwunhuwdhlulywt hwuwnnigyniuubiph nwnwibwuhpdwu ninywsd
thnpdwpwpwlwu hGunwgnunniyeniutbp:

S<g wihpubph dhongny opqwuhguind hudnpdwghwih  thnfjuwtwldwu
huwpwynpnipynup thnpduwywunpbiu hbnwgnunbint hwdwp wnwyb) hwpdwp |
npwbiu Udny oguwgnpdt YEunwunt nnunintinhg Ybpgywd wjuwhuh hwwnyws,
npp pwnlugws £ dhdjwug gniquhtin nuuwynpdwd dhwudwu tywpnwiebiBnhg:

Unyu wunbtwlunuwwt wojuwwnwupnd thnpdwpwpwlwi dwluwwwnphny
htwmwgnnyt] £ YEunwunt nnunintinh  Gwpnwpebjuwht  hwdwlwpgh  Juppp
wbpwhbpgwiht hwéwlunyeynitubph whpnypenud: <Eunwgnunnyeniutubpp
Yuuwpyb) Bu dwdwlwlwiht whpnyph S<g uybywpndbnph dhongny' 0,1-3 S<g
hwéwuwjhu whpnypnu:

Wluwwnwuph twwwnw

1. Swpptp  whwh  yphdwlwgpwlhwu  Ybpndnyeniaubph  dheongny
htwnwgnunb  ElEhupwupunwghpp' dwpnne upnph - wofuwnwuph  Jepwpbipgwg
(nwgnighs ogunwljwp wbintynuygniutbip unwuwne hwdwp,



2. Qpuwugh; U hbwwgninbp  dwpnnt Gwpnwiht hwdwlwpgh,
dwutwynpwubu' giluninbinh EibYwnpwlwu wynpynieniup  nwnhnhwéwfuwht
whpnypnu,

3. <Lbwnwgnub dwpnnt hngbwu ypdwlh quwhwndwu huwpwynpngniup
dopblwjwlwu  nwmgdwu  dhgngnd'  hhdudbin  qjunintinhg  unwgywd
wqnwupwutbiph ypwhwgpwywu gbpindniginiuubph wpnyniupubiph Ypuw,

4. <bhwwgnwb]  YGunwunt  nnunintnh wpnwebjwht - hwdwlwpgh
EiG4unpwnhuwdhlwlwu hwnynyeniuubipp hwéwfunyeniiubinh S<g whpnypentd,

5. <bwnwgnunt) YEunwunt nnuninbnh  Gwpnwebjwht  hwdwlwpgh ng
qdwiht hwuwnlnigyniubipp:

Un tywwwyhu hwutbnt hwdwp npdbg Gu hbnlyw fjuunhpubpp.

1. Uyt  EEywpwupunwgph  gpwugdwt,  wptwlwtu  qudwd,
pywuwgdwt b Ypbwlwgpwlwu  Jepnidsnyggniutbph ppwljwtiwgdwu
hwdwlwpg,

2. Upwlyt|  gjfuninbinh EiGYunpwywu wywnhynip)niup L [eny|
nwnhnhwéwluwht  wgnwuowtht  gunintnh  wpdwgwupp  gpwugkint b
ytnnstint hwdwlwng,

3. QUwhwwb] dbipbuwjwywt  nwmgdwu  wwppbp  wignphedubiph
Yhpwndwt  wpryniwwybinnegniup - gjfunintnhg unwgywd  wgnubwuubph
yhbwlwgpwlwu  JGppnwdneniutbph - wpryniupuph hpdwt Jpw dwpnnt
hngqblwu yhdwyh quwhwwndwu hwdwp,

4. Uwbndt] hwdwlwpg Ybunwunt nnuninbinhg  udnpwndwu  hwdwp,
dowlb S<g dwdwuwlwiht whpnyeh uwbYwpndbnpnyg hbnwgnundwt hwdwn
hwdwwwunwufuwu Yngbn' udnpht wpnud Yhpwnbint huwpwynpnigjwdp,

5. Uswlyb; hwdwlwpgswiht  Spwghp' dwdwuwluwihu  whpnyeh
uytupndbinphg  unwgywd  wnjjwjubiph  gpwugdwl, Jbpnwdngniiubph b
wpryntupubph dowlydwt hwdwn:

Shuwlwl unpnijep

1. 8nyg £t wpdb, np  dwpnnt upnmh wofuwnwuph  npng
wnwuduwhwwynyeniiubp, Jwulwynpwwbu' nhpdh nhuwdhlwu, Yupbh k
ytipdwub ElEYunpwupnwgph  hwwuw-dwdwuwlwiht  Jbppnidnygyw hhdwu
Upuw:

2. Lwwnty dowlyqws ublunpubiph b wgnwuowup ybppndnn hwdwlwpgh
dhongny wnwoht wuqwd gpwugyb| Gu gjfunintinh EEYunpwywt wlwhynienip
nwnhnhwéwluwjhu whpnypnud L glfunintinh wpdwgwlpp eny|
nwnhnhwéwluwiht wgnwuwuhu:



3. Unweohu wuqwd thnpduwlwunpbu  hbwwgnndt)  Gu Yhunwunt
Ujwpnwjhu hwdwlwpgh EiEywnpunhuwdhlulwu hwwnynieniutbpp
hwéwlunigynitutiph S<g wppnypend: Snyg L wpdb, np npnpwlh ptidwjhu
wpdbiphg dbGd  hwuwwwnt jwpdwt  wgnbgnipjwt nwly nnunintinh
Uwpnwpttpp ybpwdynid Gu jnipunbuwly ng gdwihu hwnnpnwjwpbph:

4. Unwshu wugwd thnpduwlwunpty gnyg bt wpyb, np  Yunwunt
nnunubnn wpnwpht hwunwnnt wpdwt wngnbgnygyut nwy whnhywund B
npulinpbind  wuhgnwpnw W ny  géwjht  hwwlnygyniuubp  wbpwhbpgwhu
whpnypenw, husu wpunwhwynynw £ S<g hdwnyuh uwblunph gwdp hwwfuwihu
pwnwnphsubph ndtin nbgnuwtuwiht Ywidwdp b nnunintnh pGldwu gnighsh
Ewlwu thnihnfuniypjwdp:

Qnpéduwljw wpdbipp

Ywwnwpywd  hbnwgnnnenilubpp gnyg Gu wwhu, np dwpnnt
Eleyupwupunwanh wnwppbp inhwh dhéwlwgpuyw ybpinsnuyegniuttiph dhongny
huwpwynp £ unwuw] upinh wpluwwnwuph Ybpwpbpjw) pugnighs  oguwlwp
wbintYyniejniuubn, npnup Ybpdwubiny  dbpbuwjulwu nwnigdwt  Yhpwndwdp,
huwpwynp £ pwgwhwjnb) upnh npngwlyh whunwthpubp, npnup Ywpnn thu
sujuwnyt Elyunpwupunwghpp wugbu wspny quubiine nbwpnid:

Sfunintinp  EiGhwpwlwu wlynhynyeniup gpwogbne b ybpndbine hwdwp
dwyjws hwdwlwpgp wwpniwwynd £ dbpblwjwlui nwungdwt  wwppbip
wignphpdubp, npnug dnuwnpwiht wpdbipubpp  gfunintnh  nwnhnhwéwfuwjhu
wqnwupwuubph  yhbwlwgpwlhwu Jbpmdnyeniuutiph wpryniupubpu Bu: U
hwdwlwpgp Yupnn £ oquiwgnpdyty  qifunintinh - wafuwwnwuph  Jepwpbipjuy
wdpnnowlwu  wwuwybpwgnuw  Yuqdbine b dwpnne hngblwu  h6wlh
quwhwundwu hwdwn:

Cwlwlunpiniuibph S<g inphpnypend YEunwunt nnunintinh tjwpnwebjwhu
hwdwlwpgh  EEyunpwnhuwdpyulwu  hwnynginiiubph hBnwgnundw
wpryntupubpp Yoqubt hwuljwuw) nne Ujwpnwiht hwdwlwpgh wofuwwnwpp,
husp Jupnn £ owwn oguwlwp [hub] opquuhqund nwpptip hhjwunnyeniuubph
Jwn wiunnpnadwu b pniddwu hwdwp:

Nuunywunipjui ubkpywjwgynn hhduwlwy npnypubkpp.

1. Upwnh woluwwmwuph npny wnwuduwhwwnynieniuubn, Jwutwydnpuwbu’
nhpdh nhuwdhlwu, hiwpwynp Lt Jbpdwubp  dbepbuwjulwu  nwnigdwu
Yhpwndwdp' EGYunpwupnwgph hwbwhuw-dwdwtwluiht Jepnénygiwt hhdw
Upw:



2. Uwpnnt  guninbnt wpdwquwupnid £t pny  nwnhnhwéwfuwht
wqrwtpwuht, hugp  Yupbh b gputgl)  wgnutpwtutiph - phuyblnpw
ytipinwnipywu dhongny

3. Ubunwunt nnunintnp wpwwpht hwunwnni jwpdwt wngnbigniejwi
nwl whunhjuund £ npubnpbin wuhgnnpny b ng gdwjht hwwnynggniutbp
wbpwhbpgwiht wnppnyenu, hust wpwnwhwjnynd £ S<g hdwniyuh uwtlywnph
gwdn hwbwhuwiht pwnwnphsubiph ndbin nbignuwuuwiht Ywudwdp b pbldwu
gnighsh bwywt thnthnfunipjwdp:

4. <wuwnwwniu qupnd Yhpwnbing 1-2 pnwyb wug YEunwunt nnuninbnh
udnipp Jybpwdynwd £ ny qdwihu nhdpwlhghnt gwugh: StGubpwugynd Gu S<g
whpnyeh tnp’ pwnap hwiwluwiht pwnwnphgubin:

Uzluwwmnwtph ubpluwjwgnuip

Pwqdhgu qgtymgybk; b Gplwuh wbunwlwtu hwdwpuwpwuh  Shahlwih
huuwmhwnunh b NtwnhndhghYwih U ElGYwnpnuplwih wdphnup ubdhuwnpubpnud,

Swippbin dhowgquihtu ghwnwdnnnyubpnid.

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

Lbpywjwgybp £ Lunu Oppbijnt wujwu dShghnnghwih  htunpwinunnd b
fonynigh  hwdwuwpwuph  <wdwlwpgswiht  ghwnygjwt  huunhwnninh
(wpnpwwinphwih MINDS ghunwlwt fudpht:

Lpwywpwlynidubpp
Swwgpywsd hnnjwdubn.

1. “Time-Frequency Analysis of Electric Cardiograms”, B. A. Oganisyan, T. N.
Oganesyan, and A. O. 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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5. “WccnepoBaHue napaMeTpoB HEWpPOHHOW CUCTEMbl CMMHHOTO Mo3ra B
Teparepuosoit obnactu yvactotr”, T.H. OraHecaH, A. O. MakapaH, akagemuk P. M.
MaptupocaH, Reports NAS RA, 124(2) (2024) 16-23

6. “Nonlinear properties of biological nerve fiber system in THz spectrum
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Hovhannisyan, Tigran Hovhannisyan, Armen Makaryan, Eduard Sivolenko, Vanand
Mkhoyan, IET Conference Proceedings, vol. 2024, issue 32, 2025, pp. 23-25

Shunwdnnndubiph ujnuyebin

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
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3. “Investigation of Nonlinear Properties of Animal Spinal Cord in THz
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Uwnbuwlununypjwt funnigwé

Uinbuwlununyeniup pwnlugwd £ wnwowpwuhg, bptp  gifuhg,
Ggpwlwgniyeniuhg, 127 wunt  gpwlwineywl gwulhg: WnGUwfununipiwu
punhwtnip dwywip 114 k9 £, npnud wnlw Gu 49 uljup L dbl wnnuwy:

Uwnbtwhinunyejwt pnduiinulynipjniup
Unwowpwup dbg hhduwynpyws £ wpluwnwuph  wpnhwlwunyeniup,
Slwlbpyywsd Bu bywwnwlubpu ne juunhpubpp, htuswbu twl' ywounwwunyewu
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ubpyuwjwgynn  hhduwlwu npnypubpp: LEpYuwjwgdws  GBu  woluwnwuph
ghnwlwt unpnypp b gnpduwywu wndtipp:

Uwnbuwfununipyjwu  wnweohtt  gnifup udhpwsé £ Jhbwlhugpuwlywu
Jyepnsnyeyniuuph - dhongny  dwpnne - EEywmpwupunwgph b gfuninbinh
nwnhnhwéwluwiht wgnuwuwltbph hGunwgnundwup:

1.1 wwpwgpwpnd ubpyujwgyws U YEuuwwgnwuswuubph wbuwlubpp L
hpduwywt  wwpwdbnpbpp, npwug gpwugdwu L dowydwu  hhduwlywu
tinwuwubipp:

1.2 ywpwgpwdpnwd ubiplujwgywsd Gu uwyblnpw) b pwpdp Yupgh uwByupug
(Phuwblywpw)) Jbpnwdnyeniuubpp’ npubu - wgnwowuubph  Jhdwwagpwlwu
ybpndnipywt dbpnnubp:

1.3 wwpwgpwdpnd ujupwgpdwsd tu EUS gpwugnup L Jbpndniygyndup’
uwhnn wwwnthwh dbpnnh Yppwndwdp: Snyg £ wpdb, np wju nbypnid
wbuwubh £ nwnunwd upwnp nhedh nhuwdhlwu:

1.4 wwpwgpwdnud uyupwgpyb £ pwnpan hwéwluw)hu
YGuuwwgnwupwuubiph  gpwugdwu  hwdwp  dowlyywd U wwwnpwunywsd
wyhlwwnpwjht wunbtwih Yunnigywdpp b wwpwdbinpbpp: Snyg £ npdws,
np wju hpsu npubinpnud £ npuytiu nibwluht inghs:

1.5 wwpwgpwdnd wwhjwinnpwhtu wuwnbuwiny gpwugyud
wqgnwtowuubph  phuwblywpw)  Jbpnwngeniup gnyg £ owndb, np dwipnnt
glfunintnp - wpdwgwupnud £ dwpnniu wpwd  pny; nwnhn hwéwluwiht
wqnwupwuht: $fuh dwywunwihu hwndwdhg gpwugywd wgnwuswuubpnud Ywu
unp uwbwnpw) pwnuwnphsubp, W npwup bwwbu wwppbpdnud Gu dwpdup wyg
hwunjwdubiphg gpwugywsé wgnwupwuubnhg (nbu LY.1):

Uly. 1. (w) pritiphg, (p) dtnphg qpuibigiwé wanwlputtph phuwblypp
(B-fi uypnjtilighu)
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3.5 wwpwgpwdnd  Yuwwwpdwd L nnunintnh Udniph ng gqdwjhu
hwwnynienwiubph hwdwlwpgswht  dnnGjuynpnd, npunbn  wpnwebtipng
wugunn hnuwuph /(t) lunngniap’ Guujwd S<g hdwnuyup E8 LiGlupulwu
nwowhg Ubpyuwjwgyt| E wunhbwuwihtu swpph nbupny.

/(E) = )+ 2£2( )+ 3E3( )+ 4E4A()+ £ () 1)

Wu  nbwypnud  hGwmwgnnynn  udnpnid - wnweowgwd  hnuwupubipp
Yubpwbwnwquw)ebu S<g hdwntu, nph nwownp ninhn hwdbdwunwlwu E hnuwuph
{hnuwuph funnigjwu) pun dwdwuwlh wdéwugjwihu.

£0 ()« /() 2)

Lwdbdwwnnieniup gnyg £ wwihu, np (1) pwlwéslbndd  unyuhull dhwju
pwnwlynwwjht wunwdny uwhdwuwthwyybine nbwypnud dnnbjwynpdwd hdwniup
uybtiyunph hwiwhuwjht juwujwdnipjw punypep unyuu £, hus udnipnd wugwsd
hdwnyupup' jwpnd Yhpwnbing 2 pnyb wug (nbu LY. 8):

UYy. 8 INnbninbnp  bdnpny
whgws S<g hdwniup
hgnpnipjwt uyybilippliipp
bwpipwt  udnppti qupnif
bhpwnbyp, wpdwt Ghpwnnwhg
2 pnwb wlg b dnnbuugdnpdué
wiqrnutipwlip uwblippp
3.6 wwpwgpwpnud wdthnthynwd Gu 3-pn giuh hhduwlwu wpryniupubipn:
Lhduwlwu gpujugnipiniuub
UwnbGuwlununigjuu opowtwlubpnd juwmwpdwd hbnmwgnnnipiniuitpp gnyg
GU wwihu, np
1 Uwpnnt fiG4unpwupunwgph uyblupwp b phuwblupwp ybpindnyggnitubph
dhongny’ uwhnn wwwnthwuh deennh Yhpwndwdp htwpwdnp b unwtw) upnh
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w2tuwnwuph Ybpwpbpuw) pugnighs ogunuljwp nbnbynyeniuubn, npnup Ywpnn
Ehu sulwwnydby EiGyupwupunwghpp wugbt wspny quubine nbiypnud:

2. Jdptwlugpwlwu dgbppndnigywu hbn hwdwwnbn Yppwnbind  uwl
dbpblwjwlwu nwmgdwt wignphpdubp' htwpwydnp b hwpntwpbpl EUS-nd
wnlw  wnwudbwhwwlnigniiubpp, husp Yogquh Ywuwwphbp upnp wpwg L
owwnhdw| wiuwmnpnnid:

3. Htuninbinh EiEYunpwlwu wywhynyeiniup gpwugbint b gbipinstiine hwdwn
dowlyyws hwdwlwnpgp glfuninbinhg unwgywsd nuwnhnhwéwuwhu
wqnwupwuubiph yhbwlhwgpwywu ybpnidniggniuunh wpryniuptubiph hhdwu pw
Ywpnn £ hwpwntwpbpt  gjfunintnh - wpéwqwupp  dwpnne Jpw wvwppbip
ubpgnpénieynitiutiph nbwpnud: - Unwoht wuqwd  gpwugybp £ gfunintinh
wpdwgwupp enyp nwnhnhwwluwiht wqnuwuwuhu:

4. G{juninbinhg gpuugywsd nwnhnhwdwiuwht wqnwuowtubph phuwbyunpw
Joninsnigyniuubph wpryniuptubpp’ depbUwjuyuu nwngdwt wwppbp
wignpphpdubph  Yppwndwdp, YJwupnn Gu oguwgnpdyb] ninbnh  wafuwwnwuph
ytpwpbpw] wdpnnowlwu wwwnybpuwgnd Jugdbine b dwpnne hngbljwt no
wnnnowlwu Yyhdwyh qguwhwindwt hwdwp:

5. Ubkunwuhubph nnunintinh tdnwh EEGwnpunhtwdhulwt wwpwdbunptpp
hpdundhtt  thnfudnd  BU' Wwpnwpeblbpht nipnwhwjwg 50 Jd/ud-hg  dbs
hwuwnwinniu EEYunpwlwi nwownny gpgnkijhu:

6. 6pp S<g hdwnyuh EEYunpwlwu nuowp pubnugyws £ wjwpnuwpebbph
nwuwynpyuwdnipgjwl  ninnnyjwup gniqwhbn, U Gpp Udnipht Yhpwndnd k
wpunwpht hwunwnni fEYunpwlwi nuwn, h hwjn B quhu nkgnuwuuwjhu
Yjwunwiubp wwppbp hwdwfunyeniwutiph Ypw, npntup thnfudnd Gu dwdwuwlyh
pupwgpnd: Upwnwpht jwpnuip Yhpwnbijhu npny dwdwuwy wug (dnwn 5-6 pnwyt)
udnipny wugwd S<g hdwnyuh wwpwdbnpbpp nwnwpnd Gu thnthnfunyenitutip
Unbiy:

7. Upwwpht wpnit wuswwnbing dnin 1 dwddw pupwgpnd  udnph
EiG4upwnhuwdhlwlywt  hwwynyeniutbpp uwhnit JGpwnwnunud Gu - hpbug
ulgpuwlwu wpdtipubphu:

8. Nnuninbinh udniphti ~50 Y/ud-hg db& wpunwpht hwunwnnit fiEYnpwlwu
nwown Yhpwnbint nbwpnud nnunintinh udnph pblidwu gnighsp S<g wnhpnyenid
Ypnwd £ bwlwt ginthnfuniggniiubp’ udnp Jepwdynid £ wuhgnupny W nhuwbipu
dhowdwyph: Unuin 4 p inbiwwt Yjhpwndwt nbupnud, plidwt gnighsp nwnunw
unyuhuly 1-hg thnpp, wjuhtupt Udnpny wugwsd S<g hdwnyunid wnwowunu Gu
uybiunpw| pwnunphsubp, npnup wnwy U puwd tdniph dnunpwiht hdwniup
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hwdwwwunwufuwt uyGynpw] pwnunphsubphg, htusp gdwht hwdwlywpgbpnd

huwpwynp sk:

9. Ljwpnwpebiph ninnnejwut ninnwhwjwg EEYnpwlwt nuown Yhpwntine
nbwpnud nnunintnh udnu hpbu wWwhnd £ npwbu ny gdwjht hwdwlwpg, Gpp
S<g hdwynyuh  EGYwnpwlwt  nwownph  ninpnegniop hwdpuyund £ udngh
Ujwpnwph|tph ninnniejwu hbwn:

10. Unwnpwjhu S<g hdwnyup hwdbdwnwpwnp hgnp gwdp  hwbwfuwhu
uybtiywpw] pwnwnphsubpp Jwuynwd Gu nnunintinh tdnigh Ynndhg W udniph ny
qdwiht hwwnynieniuubiph sunphhy ghubpwgunud® wiwppbp hwéwfuneyniuubpng
unp  pwnwnphsubp, npnup wnwe LU puljwd  dnunpwihu  S<g  hdwnyup
hwdwwwunwufuwt  hwwluwjht pwnunphsubiphg:  Nnunintnh  udnph  Ypw
puyunn b upwuny wugwd SLg hdwnyuubph uwblwpubph hwdbdwnnyeniuubpp
unyuwbiu hwuwnmwinnd GU wjn Ggqpuijugnieyniup:

11. Nnuninbinh udnh Ypw wpunwpht hwunwwmnit wpnd Yppwnbine nbypnud
pwgynwd Bu Nwudhbh hwugnygubph pntwiht wugninhubpp' bywpnwebtpp
nwpdubiiny jnipwhwwnndy hwnnpnhs wptip, npnup wdpnne udnipp Ybpwdnd Gu
ns-qdwhu hwwnynigyniuubpny odinyws nhppwlyghnt 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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WCCNENOBAHUE DNEKTPOMATHUTHOW AKTUBHOCTU HEMPOHHbLIX CETEM
AHHOTALMSA

Iucceptauma  MOCBALLEHa  WCCNEAOBAHUIO  3EKTPOMArHUTHLIX  CBOWCTB
61oONOrNUECcKUX HEMPOHHbIX CUCTEM.

WccnenosanuaA, npoBefeHHblE B pamKax [AUCCEPTaLMM, MOKAa3biBaloT, YTO C
MOMOLLLbIO CMEKTPANbHOrO N BUCMEKTPANbHOIO aHanm3a snekTpokapanorpammbl (3K
yenoBeka C  WCMONb3OBAHMEM METOAA CKOJb3ALLErO OKHAa MOMHO  MONy4uTb
JOMOAHWUTENbHYIO NoMesHyto Hopmaumnio o paboTe cepila, KOTOPYHO HEBO3MOMKHO
HabntogaTh NPU UCCIEAOBAHUU 3NEKTPOKAPLMOrPaMMbl HEBOOPYKEHHBIM FNa3oM. 37O
JaET BO3MOKHOCTb C BbICOKON TOYHOCTbIO BbIABAATL pasfnyHble ocobeHHocTn KT,
NPUMEHAA aNrOPUTMbl MAalUMHHOTO OBYYeHUA B COYETAHMM CO  CTaTUCTUHECKUM
aHann3oMm.

PaspabotaHa cuctema pna  peructpauMuM M aHanusa  3NEKTPOMAarHUTHON
aKTMBHOCTM MO3ra B AManasoHe BbiCOkMx vacToT (BY). C nomolublo ctatucTuyeckoro
aHanM3a BblAB/EHA peaKkLMA MO3ra Ha pasnuyHble Bo3pelicTsuA. [pu HaxomaeHum
Jobposonblia B COCTOAHMM  hU3NYECKOrO U MCUXONOTMYECKOro  cTpecca
perucTpupoBanacb M aHanMsupoBaiacb aKTMBHOCTb Mo3ra B JAuanasoHe BY, ¢
UCMONb30BaHUEM MaLLUMHHOTO OOyYyeHWA Hapagy CO CTaTUCTMYECKMM aHaIn3om,
PEKYPPEHTHbIE UCKYCCTBEHHblE HEWpOHHble CeTW Kak MeTo[, MallMHHOro obyvyeHuA
Jann Hanbonee TouHble pesynbtatbl — Jo 85%. C noMoLLblo aHTEHHbI-aNMIuKaTopa
perucTpupoBanach peakuua Mo3ra Ha BHelLHWI curHan yactotoii 20 MIy. B otnuuve
OT CMEKTPaNbHOrO aHanu3a, OUCMEeKTPabHbIN aHanus BbIABUI HOBblE CMEKTPaIbHbIE
KOMIMOHEHTbI, KOPPENVPYHOLLME C BHELLIHUM CUTHAIOM, YTO YKa3blBaeT Ha TO, YTO MO3I
pearvpyeT Kak HenlMHeilHaa UK napameTpuyeckas cuctema.

PesynbTaThbl MOryT yny4lIUTL Hallle MOHUMaHUE MO3rOBbIX MPOLLECCOB U NMOMOYL B
JMarHoCTUKe W NIeYeHUM HEBPONOrMYeckux paccTpoiicts. JanbHeililuue uccneposanua,
pacKkpblBalolMe CBA3M MemAy PafvoOTKIKaMM U Pa3IMYHbIMM  NaTONOrUAMM
rOJIOBHOrO MO3ra, MOryT MOMOYb B pa3paboTke MEAWNUMHCKOW [AMarHOCTUKM U
cTpateruii neyeHvs.

SneKTpopMHamMnyeckue napameTpbl obpasLa ClMHHOIO MO3ra MMBOTHbIX (OBLbI U
cBuHbM) bblnn nccneposaHbl B Teparepuosom (TTu) ananasone yactor (0,1-3 Tlu) ¢
UCMoNb30BaHWEM TeparepLoBOro CreKTpomeTpa BO BpeMeHHoi obnacTu. bbino
MoKa3aHo, YTO KOrAa BHELLHee MOCTOAHHOE 3MeKTpudeckoe none — bonble 50 B/em —
npuknagpieaeTcA K ob6paslly CMNMHHOrO Mo3ra MNepreHAVKYIAPHO HarnpasaeHuto
PacroNOMEHUA HEPBHbIX BOMOKOH, a BEKTOp anekTpuyeckoro nons TIu-umnynbca
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napanneneH, TO  3NEKTPOAMHAMWuYecKue napameTpbl  obpasua  U3MeHAIOTCA
KapanHanbHO. B 4acTHOCTH, NpU nojayvye HanpAXeHuA Ha o6pa3eu, NnoABMAAETCA
CUNbHOE pe3oHaHcHoe nornoleHne okono uvactot 0,8 Thu. [locne npunosenua
HanpaMeHna B Te4YeHune 1-2 MWHYT pPE3OHaHCHaA 4acTtoTa MnJaBHO CMELLLAETCA B
cTopoHy bonee Hn3kmx yactoT (#o 0,6 Tlu) npu nopgaye HanpameHua Ha obpasew,. 3a
3TO BpemMsA 3HEeprua 4YacTOTHbIX KOMMOHeHToB OGonbwe 1 Tl yeenuuuBaetcA U
jgocturaet pasHuubl go 20-25 ab no cpaBHEHMIO C  COOTBETCTBYIOLLMMY
KoMrnoHeHTamu Tlu-umnynbca, NpolleAwlero Yepes obpasel, JO NMOJAYM BHELLHETO
HanpsaseHus. [locne OTKMIOYEHWA BHELLHETrO HamNpAMEHUA SNeKTPOAMHaMUYECKNe
cBoiicTBa obpasua MnaBHO BO3BPALLAKTCA K WCXOAHbIM 3HAYeHUAM B TEYeHue
npumepHo 1 vaca.

Bbino nokasaHo, 4TO NPU Nojave BHELIHEro HanpAMeHusA, obpasew, NpeBpaLLaeTca
B aHW3OTPONHYIO N AMCNEPCHYIO Ccpeay. Pe3oHaHCHble 0COBeHHOCTM Obinn 3amedeHbl
Takke B MoKasaTene MpenoMIeHWA OKONMO aHanorMyHbIx 4actoT. lMpumepHo uepes 4
MWHYTbI MOAAYN BHELLHEro HanpsKeHWA MnoKasaTenb NpenoMneHua CTaHOBUTCA faxe
MeHble 1. 3TO O3HayaeT, 4YTO OTAENbHbIE YacTOTHbIE KOMMOHEHTbI OnepeKatoT
COOTBETCTBYIOLLME KOMMOHEHThI Mapatoliero TlU-Mmnynbca, 4TO HEBO3MOMHO B
AIMHEWHbIX CUCTEMAX.

J10 ABneHue obbAcHAeTcA cnepylowum  06pasom: Mpu  Mopjave BHELLIHero
MNOCTOAHHOrO HanpAMeHnA Ha o6pa3eu, CMUHHOIO MO3ra NOHHbIE KaHallbl B Nepexsatax
PanBbe OTKpbIBakOTCA, Npespallad HEpPBHbIE BOTOKHA B cneu,mcbmqecnme HeNnHeHble
NPOBOAHVKM, KOTOpble NpeobpasytoT Becb obpasel, B AUGPaKLMOHHYIO PeLLETKY C
HenuHelHbIMM - cBolicTBaMn. OTHOCMTENBHO MOLLHbIE HU3KOYACTOTHbIE YacTOTHble
KOMMOHeHTBI Mapatowiero TTU-MMNynbca NOrnoLaTca 06pasLloM CMHHOTO MO3ra U,
bnaropapa HenuHeliHbIM CBOWCTBaM obpasua, FeHepUpYIOTCA HOBbIE KOMMOHEHTbI C
JPYTMMM  4acToTamu,  KOTOPbIE  OMEPEMAKdT  COOTBETCTBYIOLME  YACTOTHbIE
KOMMOHeHTbl nagatowero Tlu-umnynbca. CpaBHEHMA CNEKTPOB NajaioLlero U
npowepliero Tl u-umnynbca Takme NOATBEPHAAIOT 3TOT BbIBO,
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