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u uph wpnhwlwunipiniu

dbipght tnwphtbiphtt qquih wnweptpwg b ujuingnud dwpnnt wnnnowljw
yhtwlh danwnhnwpldwt hwdwp bwhwnbudwd vwpptph ninpund: Wnwhuh
duwdwuwlwlhg vwppbipp huwpwynpniggnis By nwihu gpwighp Jwpnne dh owpp
opquuwiptt  hwdwhwpgbph  Yhuwwgnuwiowuubp U npwug  Jbpndnipywt
dhengny quwhuwiinb wyn hwidwywngbiph $hahninghwlwt Jhéwlyp:

Uwpnnt opquiwght  hwdwlwnpgbpp ubpin juwywd Bu  dhdjwtg  hbwn,
htnbwpwp' upwughg vbyh Ywd dh pwuhuh Yh6wlyh dwupt dwbpwdwut
inbnyniggniiiph wnluyneywt nhwpnd htwpwynp £ punhwlnip
wwinybpwgnud Yuwqdl) dwpnnt nng opquthqih wnnnewlw Yhdwlh dwupt: Ujn
hdwuwnny swihwqulg Yuwplinp £ nwnuduwuhpl) dwpnne opqutthqdh dh pwtih
hhduwhwt opqwwiht hwdwlwnpgbp, dwulwynpwwbu' dwpnne glfuninbnh L
upwh, huswybu twl nputig hin wudhowlwt wnusnipiniu mutignn hwdwlwpgbpp
(uwpnwht hwdwlwng, uhpn-wunpwiht hwdwlwng b wyt), pwuh np uhpinp
wwjwhnynw £ dwpnnt opquithquh gnpdniubiniejwt hwdwp wuhpwdbown Wnipbph
2powtwnnyaniup, huly gifunintinp Yuwnwdwpnd £ opgquithginud inbinh niubignn
hhduwlwu  gnpdpupwgubipp: Lodwd  hwdwlwpgbpnd  wniw  Judwjwlwl
wwpninghw npnawlih huinbgpu) htiwp £ pnnunud nne hwdwlwpgh wotuwmnwuph
Ypuw:

Unnnowlwt Jhbwlhh daunwnhunwpynud hpwlwtwgubjhu wugwith wplinp £
hwnwagnuynnh hwdwp wwywhndby hwpdwpwybn wwydwuubp, husp wwhwugnid
b n-htdwahy undhsubiph Yhpwnnud, hul Ubpbuwihu ng-htdwahy ndhstinh dhengny
dhawn sk, np htwpuinp £ unwtiwg puwdwpwp wpryniuplbn:

Wuwhuny, Jwpnnt opquhgqdh yhGwlhh wdpnnowlwl wuinybiptt unwbwine
hwdwp fupunn wpnhwlw £ opquuhgih hbnmwgnndwt b danwnhunwpldwt
hwdwp wuhpwdbon YEluwwgnuwipwttbp gputgnn inwpunbuwl wndhsubph
tpwhynuwip L hbnwgnundp: 2Quihwqwtg  Jwpbnp £ twl unwgduwsd

A



wqnuipwtbph dawynudp, htusp htwpwynpniegnits Yuw ipwgnighs hu$npdwghw
unwtiwg hbmuﬁnmt{nq onpquwitwiht hwdwlwpgh Yhdwyh dwupl:

Unyu  woluwwnwupnud hhdtwlwundd dowlyby U hbwnwgnindby £ wndhsubiph
tpynt wbuwl' wyhyuwwnnpwiht (hywuht wbnbtw) b dhwotipn hwppe Ynéh
Ypw hhdugws unhsubin:

Pwpéphwéwfuwihtt  (Jbquhbpguht)) whpnyend  glunintinh  Eblunpuljwt
wywhynipjwl gpuigdwt hwdwp hhduwlwund Yphpwndb) £ wwhwnnpuhu
wlnbbwu: Pnpdwplyty B bwlb dhwrbipn hwpe Ynbbp: Uhwobipn hwpe Yn6h
Upw hhdugwsd oughpuinnp-inihsubipp wnwybpuwwbu Yhpwnyby bU uhpuo-wunpwihu
hwlwhwpgh hbinwgnndwt huwdwp: Wu hwdwlwpgh hbnwgnindwt hwdwp
ogqunwqgnpdijty b bwl Ynuinwlunwht ndhstubp:

Upfuwwnwlpnd  Yhpwndh Gu  wdhsubiphg  unwgwé  wqnuitipwltbiph
Yhbwlhwgpulwt Jbppmdnygjwt 0h pwuh Jdbpenanubp’ huswbiu il nwpwdnd
quwd, wiuwbu £ npnawih  dwultwydnp  nbwpbpnd Yhpwngnn:  Ypuwitighg
hhduwlwit m  wibbwnwpwddwsdp  wWwnwhwlwt  wpngbuh  uwblunpug
Jbpndnigjwt depennt b Uwlwj wju dtpnnh Yhpwndwt nbiuypnud wqnwlgwlh
hwpdnuhly pwnunphsubph thnybph dwuht wbintiwwnynyeyniup Ynpsmd £ Upn
wuwwndwnny, npuytiu uwblunpuwg Ybpnidnipywt ipugnud, wtuwnwupnd hpwngby
£ Uwl phuybynpwy Jbpndnyejwt dbpnnp, npp htwpwydnpnygnit | nwihu
wqrutiwih wwppbn hwéwhuwiht pwnwnphstbiph dhelt huwpwynp Ynptiwghnt
Yubph wnlujnipywt nbwpnd pwgwhwynt win Yuwbpp, wjubtpt' poy &
nwihu unwtw] wawyby Yndubipu nbnbundnpni Jepmdynn wqruwbowuh
dwuht: uywd wyt pwiht, np dbpanp pudwlwt wwhwbshnn £ hwodnnuljwt
nbuniputibiph Uyundwdp, wiinwedblwgupyg wib wit Ghpwangagniu E qubg oh 2wpp
ninpunbbipnud,  pswhupp B wwnbbipubph  dowlnidp,  nwnhnnbinnpnadwt
wqnwlwtubiph dwlynulp, Yhtuwwgruugwutbph hbnwgninnyegniitbpp b wyju:

Uptuwinwitipnid Yhpwndb) b bwl <ppbpon-nwtgh dLwthnfuneut (HHT)
dbpnnp: Ubtpnnh hhdpnd puljwd £ wqnuwlipwlbph tnfuwlbpynup wjuwbu
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Ynsywd «ubppht dnnuiht $nilyghwbiph», husp htwpwdnpoyeniu £ nwihu
wbdhowwbu unwbiw) wgnuwiwuh dwuht hwwhiwiht nbnblwwndneinie: Uu
dbpnnp h ulgqpuit dowlywsd b ng-utnwghnuwp b ng-qowht wqnuiipwiittiph hbin
wotuwinbnt hwdwp, b Upw Yhpwnnwp YEbuwwgnutpwbubph dowldwt nbupnud
hwybyw; htwpwynpnggniiitp £ nwihu wonuiipwutbph wnwdbp pungpyniu
Ybpnidniput hwdwp:

Ugluwinwpnud  thnpdwpwpwlwt Gnwtwlny hbnwgnindly Bu Yhpwnywd
indhsubiph  hhduwlhwt  wwpwdbupbpp:  Uwubwdnpuwbu,  hGnwgnindl)  Bu
dhwgbipin hwpe U Yhuwudbiphy punnipnhy Ynétiph dwqubuwlut nuawntiph
unpdwy U wwbgbughw; (Yn6h Jwlbplnyph  thwndwdp) pwnwnphstbipp:
Zwibdwindb By nwppbp swubpng Ynbbph dwqthuwlwy nuonbiph pwgfunwdp,
hush hhdwt Jpw gnyg £ wpgty wn Ynébiph’ npubu wdhsh qquyni wwpp
ogunuwgnpdiwt bywinwlwhwpdwpnygniup:

Chnwgnudlp Bu bwb hywluwiht  (wwhluwnnpught)
wwpwdbnpbpp: Snyg E npdby, np wyyhlwnnpuht winbuwt woluwnnd £

wnblwih

npuwbiu nitwlught ndhs b Yupnn B hwonnnpjwdp Yhpwndb) pupdphwéwfuwht
YhEuuwwgnutpwbbph ng-huduahy bnuitwlny gpuitgdwt hwdwn:

Lbpluwynudu 2unn wpwg quipquunud b Yhpwnniginiu Bu ginunud wphbunwwt
ubpnuwhtt guwugbph Ypw hhdudws ndyuiutiph dowldwt hwdwlwpgbpp:

Unbindyty £ hwdwlwpg  dwpnne nintnhg  unwgdwd  Eiblupuut
Luqmu'uzwﬁ'ubph Ybpnidnipyut L npuwtig wpryniuptbiph hhdwu Jpw depbuwjwlwu
nwmgdwt dhengny dwpnnt dhghninghwlwt Jhtwlp quwhwinnn ubpntwht
guwlgh dnnbi unwtwnt hwdwp:



n nw

1. <hwnwgnunby wwpplip whugh wihsubiph Yhpwndwl
huwpwynpniginiitbipp’  guéphwéwfuwipt  Yhluwwgnutpwutbph  gpwglwl
hwdwnp:

2. <bwnwgnunbip dwpnnt upnwghpp pnwgnn wwnnthwih bnwtwlng' upunh
yh6wyh opjtiynhy quwhwindwl hwdwp: ‘

3. <bwnwgnnbp  niwluwiht  wdhgubph  Yhpwndwlt  hbnwblwplbpp'
nwnhnhwéwhuwiht YEluwwgnuwiwuubph gputigdwt hwdwp:

4. <bwnwgmninb hwpp Ynébiph Yhpwndwl htwpwinpnyegnitp’ npwtiu s
nwnhnhwéwfuwjhu whpnyph Yaluwwgnuipwbutph gputgdwt hwdwp:

5. Lwhuwgdb| b wwinpwunb nwnhnhw6wluwh nhpnypeh nwpptip nhwh
whsubip dwpnn gluninbinh nwnhnwgnutiywitbtpp gpuitigbiine hwdwp:

6. dbpmidh) gpwlgqwd  wqnulpwlubpp b hhdubing  bppnidnyejwt
wpryniupubiph  Jpw  doull  dbpblwjwlwlt  nwmgdwt  wignphpd’  dwpnnt
$hahninghwywl Jhbwlyh quwhwndwt hwdwp:

Wn bywiinwyhts hwutbiine hwdwp gpdt Bu hbnlyw) uunhptbipp.

¢ Luwjuwgdl L wwinpwuwnt) tnwppbip inhuwh inyhsubip

YEtuwwqnugwbph gpwugdwt hwdwp:

e Luwhwgdl) b ywnpwunb) hwiwlywpg' Jwquhuwlwl nwonp gpwlgnn
wnyhsubiph wwpwdbnpbph swihdwy hwdwp:

Luwjuwgdh U wwwpwunt)  hwdwlupg  nwnhnhwéwluwht
wqnwlwuubiph nidhsubiph wwpwdbnpbph swihdwt hwdwp:

¢ Luwhwgdly b Yunmgly hwdwlwpg' Yeuuwwgnuibipwtbiph pywihu L
yhbwhwgpwlwu Ytipindnipiniu hpwljwiwgtbint hwdwp:

e Uunbndti hwdwlwpg' nintinh wqnutipwltbph Jbppdnyewt b nputg
wpryniuputiph hhdwt Jpw bypnuwiht gwtigp nwnigwtbine b dwpnnt
dhahninghwlwt  Jpéwlyp quwhwwinn  Ubpnbwht  guugh  dnnbyg

unwbwnt hwdwp:
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Shunwlwl unpnypp

1. 8nyg k wpybiy, np Jhwabipin hwpe Ynébpp b wwyhluwnnpuiht winbuwb
Yupbh £ Yhpwnby nwnpninhpnyph YEluwwgnutowbph, dwubiwynpuybu’
g{funintinh wqnwugwutbiph gpwigdwu hwdwp:

2. Unwgoht wuqud dhwobtipin hwpe Yndkph dhongnyd gpuwtigyt u gluninkinh
Yondhg  wpdwhdwds  pwpdphwdwpwiht  whpnyph - (5-30  U<g)
nwnhnwaqnuuwuubp:

3.  Minbnhg Yhtwlwgpulywl
dbppdnegniup gnyg £ wiwihu, np bpwtg punypp fubun uiudws £ dwpnn
hngbiljwl b $hghninghwlwl Jhéwlubphg: Unweownldb k Yhpwnb) dbipbuwwlwu
nwnigdwl dbpnnp’ bpdwd Jbpindnygginiuiiph hhdw pw nintinh Jhéwyh dwuht

unwgyud nwnhnwgnuwwutbph

bgpwhwugnuiubp wubnt hwdwp:

4. Snyg k wpdby, np dhwobipnn hwpp Ynbbph Jpw hhdudws indhsubiph
dhongny pubpwlhg unwgywsd wanuupwutbph b wjwinuwliwt EUS-h pdughtu
yepndnigymiuuph - dhongny  huwpwynp £ pwgwhwjinky - uhpuin-wunpujht
hwdwlhwpgh  wghuwnwiph  wnwlduwhuwwnlnpyniitbp, npnup Ywpnn B
ogqunuwlwp (hub tnwppbp hhjwnnggniiubiph wiunnpndwt hwdwp:

Mupunuwtinipyut bbplwjwgydnn hhduwlwt npnypubpp

1. Uwyhhwwnnpwyht wlnbuwh dhongny nintinhg
wqgnwuowlubph Jbopdnepudp  pwgwhwjndty £ upwug  nwnhnhwéwfuwht

utnwigwd

uuybiunpwy punwnphsttiph dheli Ynpliughnt Yuiwyp' nwpplip wuwydwbbbpnud:

2. bunnywhy Yn6lipp Ywpnn G Ghpwndby nputiu ng-hugughy nyhsubp’
opgwuhqinwd  wnlw  Jhypnhnuwltptubph  nwnhnhwéwhuwht  wqnulubph
gpwugdwl hwdwp:

3.  Upwpbipnn hwpp Ynébipht punpng b nwpwdwlwl 06§ mdntiwlynyanit’
thnihnfuwlwt Jwqupuwlwu nuonbiph nwtgbughw| pwnwnphsubiph gputgdwt
nbwpnud:



4. Cwpp YnGbipp Ywpnn Bu Yhpwnyb) npubu unipp indhgutp’ dwppn uhpwn-
wunpuwiht hwilwywnpgh wynwnhly wqnulpwitibph gpwugdwt hwdwp:

Uinbbwfununipjw hhduwlwl wpryniipibpp wiywgpdty bu 6 ghunwlwu
wfuwnwuputipnd: 3 woluwnwlp qblymigyt| £ Showqquiht ghunwdnnnyubipnud:

Snpdtwlwl wpdbpp

Unyt winblwfununipjw ppgwtiwliubipnd Yuinwpyws hbnwgnuinyeyniuibipp
gnyg bu wyby, np hivnwgnngwsd nitwlwiht b hunniynhy ndhstubipp Ywpnn bu
hwonnnipjwdp  Yhpwndby pb’ gwdphwbwhuwhy, L pb nwnhnhwéwfuwht
wnhpnypubtph Yiluwwgnupwitbph gpuiugdwt hudwp:

Oquuwgnpdtiny Eilnpwupunwgph U pubipwljhg unwgywd wqrnuwbipwulbph
PYwihl Ybpinénipyniutiiph wpnyniupubipp’ dbpbwjwlwl nwunigdwl Yhpwndwdp
Yuptith £ puwgwhwynby upnh woluwwnwlph npnawljh wnwudtwhwulnyeyniulbp,
hugp Yuywuwnh upinwiht hhywunnuajnitiubiph wpwg b 6hown wlunnpnpnudubipht:

Uhwatipin  hwpp Ynébiph L wwhYuwnnpwht wlwnbbwih  wwpwdbwnpbph
hEnwgnuinyeniiubiph wpryniuputiphg htinbinad £, np nnwup Gupnn bu gpughy
qifuninbinh nwnhnwqnuwlwlutipp: Spwtgdwsd wqnuugwutbph Jhtwlwgpulw
Jeppdnipjwu dhongny Yuwpbijh k hu$npdwghw unwtw| gifunintinnui  wkinh
niignn wpwq wpngbubiph dwuht, hugp swihwquitig Ywplnp £ nintinh b ninbinh
htin  Gwuwd  hhdwunnyeniubph  whunnpnpdwl,  huswbu  twl nintinh
wfuwunwph Ybpwpbipjw) wdpnnowlwl wwinlbpwgnul Yuqubin hwdwnp:

Wluwwnwiiph tbpyujwgnidp

Uinbuwfununipjwts  hhdbwlwt  wpryniuptbpp  gbynigyty Gu  International
Conference on Microwave & THz Technologies, Wireless Communications and
OptoElectronics, 2022, Yerevan, Armenia L International Congress on Advanced
Cardiology and Cardiovascular Research, 2022, Vancouver BC, Canada dhowqquyht
ghunwdnnnyubpnul, htgwbu bwl << GUU Nwnhnhghlugh b ElEyunpnuhlwgh
huunhunnunh,  dhghlulywlu  hbwnwgnunyeyniiubiph puumhiinunh L EML

=
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Shahluwjh hbunhunnush nwnhnbhahlush U blnpnuhlugh wiphnth ghuwyuw
ubdhuwpubpmud:
Cpwywpwlynuiubkpp
Uwnbbwpununipjuwts hhduwlwt  wpryndiplitipp tnwwgpdbp Bu 6 ghnwlwt
wtuwwnwupubpmd, npnug gmgwlp ubpyuwywgdwd E ubndwgph Ybpend:
Uwnbbwhununipjui Ywnnt
Unbbwfununiginiup - pwnugwd £ wnwowpwuhg, bpbkp  qjluhg,
Ggpuljwgnipniuhg L 107 wuint wwpniiwlnn gpuljutingejut gwtlhg:
Ugfuwnwiipnud Yuw 39 tlywp b 3 wnnwwly: Upfuwinwph punhwung dwdwp
Mtok:
uchulsutuep PNYULIUIUNRISNRLE

Unwowpwih dby hhduwdnpywd L wpluwinwlph  wpnhwlwtnigniup,
duwybpwywsd Bu bywwnwlubpu nu juunhputpp, huswbu twle wwunuwunipjuwt
ubipyuwywgynn hhduwlwu npnypubpp: Lbphwjwgywd U bwl wobuwnwuph
ghunwlwt unpnypp b gnpduwlwt wpdbpp:

Unwohtt gniup  Wlppywd £ wpluwwmwupnd  Yhpwndwd  whsubph,
dwutwnpuwbu’ dhwsbipn hwpe Ynabph b nitwlwiht wndhsh’ wwyhwnnpught
wlinbuwgh ywpwdtnpbph hinwgnundwup:

1.1 wwpwgpwdnwd  Jhipmddwd £ dwpnne opquitiughtt  hwdwlwpgbph
htiinwgnindwt L danwnhunwpldwt hwdwp wiunpit Yppwnynn dh pwh
uwppwynpnwiubiph wotuwwnwupp, npnugnd oguwgnpdymd Bu wnwppbp inhuwh
inhsubip: LEpyuywgywd Bu winbbwunuwwt wotuwmnwupnd  hitnwgnunynn
whgubipp:

1.2 wwpwgpwdpmd  ubpluwwgdwd £ wwyhluwnnpuht wtnblwih
Ywnmgywdpp,  wpjuwwnwuph  ulgpniipp:  Munpnhwéwfuwh — whpnyph
Ybuuwwgnwugwulbph  gpwugdwtu  hwdwp  wyhlwwonpught wtnbuwh
Yppwnidwt whunwbbjhneniup b bywnwlwhwpdwpnyegniip wwpgbne hwdwp



4. Cwpp YnGlipp Ywpnn Bu Yhpwnyb) npubu unipp indhgutp’ dwppn uhpwn-
wunpuwiht hwilwywnpgh wynwnhly wqnulpwutibph gpwugdwt hwdwp:

Unbbwfununipjw hhduwlwl wpryniipibpp tiwywgpdty bu 6 ghunwlwu
wfuwnwuputipnd: 3 woluwwnwup qblymgyt| £ dhowqquiht ghunwdnnnyubipnud:

Snpdtwlwl wpdbpp

Unyt winbbwfununipjw ppgwtiwlubipnd Yunwpyws hbnwgnuinyeyniuibipp
gnyg b wby, np hivnwgnngwd nitwlwiht b hunniyinhy ndhstibipp Ywpnn Lu
hwonnnipjwdp  Yhpwndby pb’ gwdphwbwhuwhy, L pb nwnhnhwéwfuwht
whpnypubph Yiluwwgnupwitbiph gpuigdwt hudwp:

Oquuwgnpdtiny Eilnpwupinwgph b pubipwlhg unwgywd wgrnuwbipwulbph
PYwihl Jbpinénipynittiiph wpnynupubipp’ dbpbwjwywl nwunigdwl Yhpwndwdp
Yuptith £ pugwhwynby upwh woluwwnwlph npnawljh wnwudtwhwulnyeyniubp,
hugp Yuuywuwnh upnwiht hhywunnuajnitiubiph wpwg b 6hown wlunnpnpnidubipht;

Uhwatipin  hwpp Yn6biph L wwhluwnnpwht wlwnbwih  wwpwdbwnpbph
hEnwgnuinyeniiubiph wpryniuputiphg htinbinad £, np nnwup Yupnn bu gputighy
qifuninbinh nwnhnwqnuwlowlutipp: Spwtgyuwsd wqnugwuubph htwlwgpulw
Jeppdnipjw dhongny Yuwpbih E hu$npdwghw unwtw| gifunintinnui  wnkinh
niignn wpwq wpngbubiph dwuht, hugp swthwquitig Yuwplnp £ ninbinh b ninbinh
htin  Gwuwd  hhdwunnyegniutbph  whunnpnpdwl,  huswbu  twl nintinh
wfuwunwph Ybpwpbipjw) wdpnngwljwl wwinlbpwgnul Yugqukin hwdwnp:

Wluwwwiph tbpywjwgnidp

Uinbbwfununipywi  hhdtwlwt  wpryniiplbipp qtiynigyt; bu International
Conference on Microwave & THz Technologies, Wireless Communications and
OptoElectronics, 2022, Yerevan, Armenia L International Congress on Advanced
Cardiology and Cardiovascular Research, 2022, Vancouver BC, Canada dhowqquyht
ghunwdnnnyubpnud, hugwbu bwl << GUU Nwnhnhghlugh b ElEyunpnuhlwgh
huunpwnunh,  dhghlulhwlu  hbwnwgnunyeyniutbiph puumhwnunh L BML
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Shahluwjh huunhinnunh nwnhnbhahlush U blnpnublugh wiphnth ghuwluw
ubdhuwpubpnud:
Cpwwwpwlynuivbkpp
Uwnblwpununipjuwts hhduwlwt  wpryndiplitipp tnwwgpdbp Bu 6 ghnwlwt
w2tuwwnwiptbipnd, npng gnigwlyp bbipluwgdws | ubindwgph Jbpenid:
Uwnbbwhununipjui Ywnnt
Unbuwfununipiniup - pwnugwd £ wnwowpwuhg, bpbkp  qiluhg,
Ggpuljwgnipniuhg L 107 wunt wwpniiwlnn gpuljutingejut gwtilhg:
Ugfuwnwiipnud Yuw 39 tlywp b 3 wnnuwly: Upfuwinwph punhwung dwydwp
Mtok:
uchulsutuep PAYULLUNRISNRLE

Unwowpwih dby hhduwdnpywd L wpluwnwlph  wpnhwlwunigniup,
dhwlybpyywsd B Bywwnwlubpt ne futnhpubpp, huswbu wl wwonwwlnypwu
ubipyuwywgynn hhduwlwu npnypubpp: Lbphwjwgywd U bwl wofuwwnwuph
ghwnwlwl Unpnypep b gnpdtuwlw wpdtpp:

Unwohtt gniup  udppywd £ wpluwwmwupnd  Yhpwndwd  whsubph,
dwutiwynpuytiu’ dhwobipn hwpe Ynétiph b nitiwlwiht ndhsh” wuyihjwnnpuwht
winbuwgh wwpwdbnpbph hinwgnundwup:

1.1 wwpwgpwdnd  Jipmdywsd £ dwpnne opquiiughtt hwdwlwpgbph
hiinwgnindwt L danwnhnwpldwt hwdwp  wiunpbit Yppwnynn dh pwh
uwppwynpnwiubiph wotuwwnwtpp, npnugnd oguwgnpdynud Bu wnwppbip inhuh
nhsubip: Lbpyuywgywd Bu winbbwfunuwlwt wotuwmnwupnd  hitnwgnungnn
wihsubipp:

1.2 wwpwgpwdpmd  ubplupwgdwd £ wwyhluwnnpuht wtnblwh
Ywnmgywdpp,  wpjuwwnwuph  ulgpniipp:  Munpnhwéwfuwht — whpnyph
ybuuwwgnwugwulbph  gpwugdwtu  hwdwp  wyhlwwnpught wtnbuwih
Yppwnidwt whunwbbhneniup b bywanwwhwpdwpnyegniip wwpgbne hwdwp



thnpébu.luw'unphh hbwwgnuby B npw  hpduwywt  punypwgptipp,
dwubwynpuybu’ hwlwhuwiht punewghpp:

Unwgywd wpryniuptbipp Jyuwynd B, np wwyhljwwnnpughtt wunbbwl hpbu
nnubinpnud £ npuybiu niiwlught tndhs b Yuipnn £ hwonnnipjwip Yhpwnyby npwtiu
punniuhs’ dquhbipgwjht whpnyeh YEluwwqnuupwlubph gputgdwt hwdwp:

1.3 wwpwgpudp udhpywd b iwppbip swihutiph U dutiph punnnhy Ynébiph
wwpwdtwpbph b npwbu YEluwwgrnubpwiutiph udhsubp npwug Yppwndwl
huwpwynpnieiniiibph htinwgnindwup: <bnwgnnyty k Jdwquhuwlwl nwawntph
pwpfunuip'  Unébiph  wudhowlwl  opowljwiphg  uluws, dhtsh  upwlg
bpypwswihwlwu swihbiphg Uh pwih wuqwd dbé hnwynpnipniutbipp:

Pnpdwpwpwlwt hwdwlywpgnu npybu Jwquhuwlwt nwaup gputignn gnuun
oguwgnndytiy £ thnpp swihbipny dwquhuwlywl wunbw, npp gnpuwgnud £ dhwju
hp wnuwugpny ninndwd  Jwquhuwlwt  nwonbpp:  2ntnp Yuwpnn £ wqun
wbinwowndyby hitnwgnnynn Yn6h opgwljwypnid b wnndby hp widpwgdwl Yhwnh
2ning: Wuwjhund, uzquwd gnunh dhongny huwpuwinn £ swihby dwquhuwlwl nuyinh
PP pwnwnphglbinp Ynéh nng 2ngwiljwpnul:

Quuithnuitubiph wpmyniiplibpp 12 0 npwidwgdny b 18 U npwdwgdny hwpp
Ynébiph nbiwpnud ubplujugyws bu Llwp 1.1-nu:

Buyht  hwdbdwwnyeniup gnyg £ wwihu, np hwpp Untbpp  npwbu
thninfuwlut Swqbhuwyuis nuznh udhs Yhpwabint Rbwpn, Gwqbhuwlw
nuwuwbiph wnwiigbighw| punwnphsubnp gpwtigbihu thnpp swihtipny Ynébipp
Uniubuwt wybih J6& ndnnwlwunyegniu, puts 6 swihbpny Yn6bpp:

L4 wwpwgpwdnd  Ubplupwgyws £ wnweht gllund  Yuwwpwsd
htwnwgnunnyejniuibiph wpnyniuptibph widthnthnudp:

Gplpnpn ginifup yhpyws | dhuglipn hwpp Yn6h Ypw hhdudws wwpptip
nbuwlh wnyhgubiph hnwgnundwup:

2.1 wuwpwgpwhbnud ubiphuywgyws b dhwobpn hwpe Ynttiph Upw hhdugwsd
whsubiph Yhpwndwl hhdtwlw ninputbipp:

b=
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L. 1.1: (2) nwpwnh inwbgbighw) pwnwnphsh pwztunp (a) 12 00 hwpp Yn6h b (b) 18 0d hwpp
Yn6h nbwpmd’ Yuhuwd Ynéh b dwquhuwljwl gnunh dhele bnwd hnwynpauypiniuhg (hnd
Yuwuwnywn ghd' 0 ud, punhwuynn Gugnyn ghd' 2 ud, Yuwnyn lnwghd * 4. ud, hnd Yupdhp
qhd' 6 ud, punhwinynn Yuipdhp ghd' 8 ud, Guipdhp Yhwnwghd' 10 ud):

2.2 wwpwgpwpnd hbnwgndby £ dhwobipin hwpe Ynéh Jpw  hhdugwsd
dwquhuw-nuonwiht whsh  oqunipjudp  gpuyht dhowduwyph  gnunwinpdwt
wnwybpugnyt wpynibwybinn funpgeymiup: Uwquhuw-nwanwiht nghst hpbuhg
ubphwywgund E hwpp Ynéh Jpw hhduwsd gbubipwinp, nph hwéwfumpniup
hwibdwwnynid | dbl wyp bWwbwwpyy' hbbwlught gbubpwnnph hwlwfunip)wl
htiin: Swppbpught hwéwpunyeyniup Ywpnn £ thnfudly hwpe Ynéh dpw wpunwpht
wanbignygimiiutiph nbiypnud: - Lwp  2.0-md - bbpluwywgdwd | nwppbipught
hwéwhunipjwt thnthnfumpiniup’ Ywiudwsd spwihtu sbipinh  hwuwneiniuhg, bpp
uifhsh qquyntt tnwpp hwunhuwgnn 8 U4 npwdwgdny hwpe Ynép hyyws & oph
obipnp vwhdwbwihwlnn wwwnht: Cun suhnuwubiph wpryniupubiph'-120  dd-hg
wybith opwiht gbpwnh nhiypnud hwbwhunyepwl thnhnfunyeindup  hwdbidwnth |
swipdwl ufuwih hbiin, hinbwpwp, gnunwynpdwl funpnyggniup gpnud Yuplih ©
hwdwpby ~100-120 G

Chnbwpuwp,  dwqubuw-nuanught widhsubpp Yupnn  Bu oguwgnpdiby
Ybbuwpdalwlwt hbnwgnnngpiniubbpnud, uwljuys hwply £ gby, np ppwlw
yEbuwpwbwlwy  hnwdwdpubpp  nunduwuhpbine pbwpnd,  wpryniuuwBn
gnunuynpdwt funpryenip Yihuh wybh ginpp' wuydwbwynpywd hymugwdpubph

-]1=



q1n[15'[lu.ll.|wbl'l!1hll hbwwgnuby B npw  hpduwlwt  punypwgptipp,
dwubwynpuybu’ hwlwhuwiht punewghpp:

Unwgywd wpryniuptbipp Jyuwynd By, np wwyhljwwnnpughtt wunbuwu hpbu
nnubinpnud £ npuybiu niiwlught indhs b Yuipnn & hwonnnipywip Yhpwnyby nputiu
punniuhs’ dbquhbpgwiht wnhpnyph YEluwwqnuupwlubph gputgdwt hwdwp:

1.3 wwpwapwhp Ldhpywsd b nwpptip swihubiph W dlbiph hunanhy Ynsbph
wwpwdtwptiph L npwbu YEluwwgrnupwiutiph udhsubp npwug Yhpwndwt
huwpwynpnygjniiibph htinwgnindwp: <nwgningty k dwquhuwlwl nwowntiph
pupfunuip'  Unébiph  wudhowlwl  opowlwiphg  uluws, dhtsh.  Upwlg
bpypwswihwlwl swihbiphg dh pwih wugwd dbé hnwynpnipniuibipp:

Pnpdwpwpwlwt hwdwlywpgnu npybu Jwquhuwlwt nwaup gputignn gntn
ogunwgnpdytiy £ tnpp swihbipny dwquhuwlywl wunbw, npp gnpuwtgnu £ dhwju
hp wnwugpny ninnwd  Jwquhuwlwt  nwonbpp: 2ntnp Yupnn £ wquwn
nbnwawpdyti| hbnwgnnynn Ynsh opowljupnud L wunwnyb| hp wdpwgdwt Yhnh
2ning: Ujuujhuny, upquwsd gntinh dhongny htuwpwynp £ swihty dwquhuwlwt nuwnh
pAinp pwnwnphgubpp Ynéh nng 2ngwiljuypnud:

Quuthnuitbiph wpryniiplibpp 12 0 npwidwgdny b 18 U4 npwdwgdny hwpp
Ynébiph nbiwpnud ubplujugyws bu Llwp 1.1-nud:

Guht  hwdbdwwnniginiup gnyg £ nwihu, np hwpe Ynébpp  npwtu
thnipnfulul dwqUhuwyuits nugnh wdhs Yhpwnbint nbupn, duqUhuwlut
nuwuwbiph nwigbighw| punwnphsubnp gpwtighihu tnpp swihtipny Ynébipp
Uniubbwt wybih d6& ndnnwlwunyegniu, pwts 6 swihbpny YnGbpp:

L4 wwpwgpwdnd  Ubplujwgws £ wnweht gllund  Yuwnwpwsd
htwnwgnunyejniuibiph wpyniuptibph wdthnthnudp:

Gplpnpn ginifup yhpyws | dhugbipn hwpp Yn6h Ypw hhdtudws wwpptip
wnbuwlh wyhgubiph htnwgnundwup:

2.1 wuwpwgpwhnud ubiphuywgyws b dhwobpn hwpe Ynttiph Upw hhdugwsd
whsubiph Yhpwndwl hhduwlw ninpuntbipp:

o e
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L. 1.1: (2) nupnh inwbgblighw) pwnwnphsh pwatundp (a) 12 00 hwpe Yn6h W (b) 18 dd hwpp
yn6h nbwypmd’ Yuhwd Ynsh b dwquhuwljwl gnunh dhele bnwd hnwynpaupniuhg (hnd
Ywuynywn ghd' 0 ud, punhwuinn Guynygn ghd' 2 ud, Yuwnyn Gnwghd * 4. ud, hnd Yupdhp
qhd' 6 udl, punhwinynn Yuipdhp ghd' 8 ud, Guipdhp Yhwnwghd' 10 ud):

2.2 wwpwgpwdnd htinwgnindly £ dhwpbipin hwpe Yn6h pw hhdudwsd
dwquhuw-nuonuwiht wihsh  oqunipjudp  gpuyht dhowduwyph  gnunwinpdwt
wnwybpugnyt wpynibwybin funpgeyniup: Uwquhuw-nwanwiht ingdhst hpbiuhg
ubpyuwywgund £ hwpp Ynéh Jpw hhduwsd gbubipwinnp, nph hwéwlumpniup
hwdbdwwnynd | dbYy wy) bwbwwhyy' hbbwlught gbubpwnnph hwlwhunip)wl
htiin: Swppbpught hwéwpunyeniup Ywpnn £ thnfudly hwpp Ynéh dpw wpunwpht
wanbignypiniiitiph nbiypnut: - Lhwp  2.0-md - bbipluwywgdwd £ nwppbipught
hwéwluniejwt thnthnfumpinup’ Ywiuwsd spwihu sbpnh hwuwmneiniuhg, bpp
uihsh qquynt tiwipp hwunhuwgnn 8 dd npwdwgdny hwpe Ynbp hyywsd & oph
obipnp vwhdwbwihwlnn wwinht: Cun sunhnuwubiph wpryniupubiph'-120  dd-hg
wybith opwiht gbpinh nbiypmd hwbwhunyepuu thnhnfunyeiniup  hwdbidwnth |
swihdwl ufuwih htiin, hinbwpwp, gnunwynpdwl funpnyegniup gpnud Yuplih ©
hwdwpby ~100-120 du:

Chnbwpwp, Jdwqupuw-nwoinwhtt  ndhsubpp Yupnn  Bu oquwgnpdyti
Ybbuwpdolwlwt hbwnwgnnngpiniubpnud, uwljugs hwply £ gty np hpwluw
YEbuwpwbwlwyu  hnwdwdpubpp  nunuwuhpbine  pbwpnd,  wpyniuwyn
gnunwynpdwt fjunpnieyniup Yihth wybih tdinpp' wwjdwtwdnpygwsd hymuwdpubiph

-11=



Lityunpwhwnnppulwunipjudp, hymuywéputipnid wnljw

wuhwdwubinnggniuttipny, Yrutinwing b wyju:

Ll 2.1: Mwnpnhwéwpiuwht  dwqbbuw-nwonwht

nihsh hwwhunipput mhnfunipjuwt nhuwdhlw’'

Frvgmars Sl kil
[
T

Yuwuwd gpny (gywd upyuliubinh pwiwlhg

ol

wl i 14
R

.

i
[] T VEN oM
©ramabatbee Nomiler: of the § yaprivs

2.3 wwpwgpwhnud hinwgnndud | dhuwgtipin hwpe Ynsh Ypus hhdugws unhsh
wwpwdbinptiph Ypw ng-dwquhuwlwt hwnnphsubiph b opquiwlwl opjbilpnutiph
wgntignpjnitip: Vwubwynpuwwtiv, wdhsh hwpe Ynépt’ dwhbplnypht gniquhbn
nhppny wnudk phetin Yuwd dwpnnt dknpp dninbigubihu Uwngnud £ uhsh
hwéwfunipywl hrhnfunenit (nbiu Lljwp 2.2):

2700
2600

1

|l i
L
R}

o
r

»
a b

Ll 2.2: Mwnpnhwbwhught  dwqbbuw-nwanught wijpsh nwppbipught hwéwhnpuwb
tnthnfunipgnitp’ wnuat phptinp (a) L dwpgne dtinpp (b) whsh dwqubuwlul R
2undtijhu:

Abinpp hwppe Ynéh dwltipunyphg 2-3 U htinunjnpnipjwt Ypw wwhbihu mdhsh
nwppbipuwhtt hwéwfunyeniup dund | npngwlh Yugnits dheptt Ypbwlwgpuiljut
dwhwpnwynd, nph Ypw bpmd Gu hwéwlumpwt tnpp b Yubnbwygnp
(inthnfumipgnitiibip’ upnh Ydynuiubiph nhpdny (nbu Lwp 2.2 b, wnwbdbwgywd
hwwnywdp): wjnuhup
Yuiuwdnipinius muh dbnph thnpp qupltipwlh ubhgingpudh nbup: Wuwhuny,
hwpp Yn6tiph dpw hhdudwsd wnhsubipp Yupbih £ oquwgnpdt) dbfuwthlwljwt
punyph $hahninghwlwl wqnuawitibp ng-hudwag] Ypwyny gputigbne husdusp;

; 2500

£ 2400 f
> 2300 |
2200 .t

2100

i »
~ ——
J
|
|
1
{
Frequency shifi, kHz

20w 2000
¥ Teme

Cwhwfunipju nwunwtnuiubiph  dwdwbwljuht

b
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2.4 wwpwgpwdpmd vbplupugdwsd | dhwgtipn hwpp Ynth Jpw hhduwsd
Jwquhuw-nwownught b JEjuwthyuiwt  nwnwinnqujwt hwdwlwpgbpny
unhsubiph dhengny Yhuuwpwbwlwb hnudwdpubiphg, dwubwynpuwbu' puwiht
quplybpwlhg unwgywd wanuitiawibph nwnwWbwuhpnyeniup:

Puwjhu qupltipwyh ubhgungpuidubinp’ gpuitigywd dhugtipn hwpp Ynéh Ypw
hhiuyjwd Yhppwghnt nihsh dhengny ppduwd Bu Ljwp 2.3 (a)-nud:

Syhsubiph pwpdp qquynyajul unphhy gpuitigyuwd ubhqungpwdh Ypw huwnwl
bhwunud B upinp pwpwjunuiubiph  pwqdwphy hudbyw)  pwnwnphsubip, h
mwppbpnyenit wywunwywt  dbpapnyd  gpwiigynn  ubhgungpuadh,
wuwinybpyuws £ Ljwp 2.3, (b)-mud:

w Ll 2.3: Puwiht quplbpwyh ubhgingpudubp:
(@) Uqnuipulibip,

npp

‘ npnup  gpubgyly Lo
L: [} "‘ ogquwgnpdbipny]  dhwybpn hwpp  Yndh  Jpw
s hhdujwd  dbjuwuhlywljw
hwiwlhwpgny Jhppwghnt wnidhsh oqunipjuiip,
m (b) npnup  gpuggl;  Lu
unynpwljwt udhsny: Upwpbbpp gnyg b tmwghu
pwpap hwéwumpwl nwinwundubph wwhbpp'
Yuwwywd wnpnw thwlwih twljdw htn:

Luwght  qupltipwyh ubhgingpuidh gpwugdwt dwdwbwl  Swjbwpldwl
niypnd  dwybwghtt wwwnwunwp  dbpwnpyndd o onuitinun - u$hgingpu$hly
nwnwundubiph ypw (nbu Lhwp 2.4):

Wjuwgpuny, dhwobipin hwpp Ynéh Ypw hhdugwsd ngdhsubpp gnigwpbpnd Bu
pwpdphwiwhuwiht pudupwp qquniungeini’ gpuitiglipne huswybiv dwjbwpuwpbiph L
npwlg powujuwnnn nhgnuunnnpubiph mwwnwbmdubp, wbybu £ Jbgbnwmpyg

Freguency shifl, kHs

inwinwbnnuw iyt

wignubpwuubip,

55 Time s

wwpwdbnpbp (wpwnbiphwy Gugdwt woyuwiht wihputp, upnh pwpwiundubph
hwéwlunipynit, 2uswnnipjwl nhpd), npnup niubt hunwl wishwnwljwl punype:

w3



Eiyupwhwnnpruywunipudp, hymudwdpubpnid winljw

wuhwdwubinnggniuttipny, Yrutnwing b wyj:

LY. 2.1: Mwnpnhwéwpiwiht dwqbbuw-nwonwht

unihsh hwwhunippul mhnfunipjwt nhuwdhliwt’

Frogmars b ke
[
T

Yuwuwd gpny (gywd upyuliubiph pwiwlhg

ol

wl i 14
i1 s

.

i
[] T vEeN oM
©ramabatber Nomilee: of the § yaprivs

2.3 wwpwgpwhpnud htinwgnnyws £ dhwztipm hwpe Ynéh dpw hhiugwsd unjhsh
wwpwdbinptiph Ypw ng-dwquhuwlwt hwnnpihsubiph b opquiiwlwl opjbilpnttiph
wqgntignpjnitip: Vwubwynpwwtiv, whsh hwpe Ynépt’ dwhbplnypht gniquhbn
nhppny wnudt phptin Yuwd dwpnnt dknpp dninbigubijhu uljwngnud £ uhsh
hwéwfunypywl hnhnfunpnit (nbiu Lljwp 2.2):

2700
2600 e el

B

|

12
=gt/

: 1300 S

»
a b

Ll 2.2: Mwnpnhwbwhught  dwqbbuw-nwanught uidpsh nwppbipught hwéwunpub
thnipnjunipgniup’ wnuat phptinp (a) b dwpgme dkinpp (b) wihsh dwqubuwlul qunn
2wndbijhu:

Abinpp hwppe Ynéh dwltipunyphg 2-3 U htinunjnpnipjwt Ypw wwhbihu mdhsh
nwppbipuwhtt hwéwfunyeniup dumd | npngwlh Yugnits dhehtt Ypbwlwgpuiljwt
dwhwpnwyn, nph Ypw bpmd b hwéwlumpwt tnpp b Yubnbwynp
tnthnfumiggniuiibip’ upnh Ydynuiubiph nhpdny (nbu Lwp 2.2 b, wnwbdbwgywd
hwwnywdp): wjnuhup
Ywiudwdnipymit muh dbnph tinpp quiplipwlh ubhguingpuidh nbup: Wuwhuny,
hwpp Yn6tiph dpw hhdujws wdhsubipp Yupbih £ oquwgnpdty dbfuwbhlulul
punyph $hahninghwlwl wqnutpwitibp ng-hudwag] Ypwyny gputigbine husdup:

£ 2400 f
: 2300 t’
2200 f

i »
———
|
|
1
{
Frequency shifi, kHz

2100

J0um) 2000
Tm Tomae

Cwhwfunipju nwunwtnuiubiph  dwdwbwlught

L
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2.4 wwpwgpwdpmd vbkplwpugdwsd | dhwgtipn hwpp Ynéh Jpw hhdugwsd
Jwquhuw-nwownught b JEjuwthyuiwt  ownwinnujwt hwdwlwpgbpny
unyhsubiph dhengny Yhbuwpwbwlwb hnuwdpubiphg, dwubwynpuwbiu’ puwiht
quplybpwlhg unwgywd wanuitiawiubph nwndbwuhpniyegniup:

Puwjhu qupltipwlh ubhgungpuidubinp’ gpuitigywd dhusgtipn hwpp Ynéh Ypw
hhiudwd yhppwghnt inhsh dhengny ppduwd Bu Ljwp 2.3 (a)-nud:

Syhsubiph pwpdp qquynuajul 2unphhy gpuitigyuwd ubhquingpudh Ypw huwnwl
Uhwunud B upinp pwpwjunuiubiph  pwqdwphy hudbyw)  pwnwnphsubip, h
nwppbpnyenit wywunwliwt  dbpnpnyd  gpwtigynn  uhguingpuidh,
wjwinybpywd £ Lwp 2.3, (b)-mud:

W Ll 2.3: Puwihtu quplbpwyh ubhgingpuidubip:
(@) Uqnuipuwlibip,

npp

npnup  gpubgyly  bu
’ oqungnpdbipny]  dhwybpn hwpp  Yndh  Jpw
hhdujwd  dbjuwuhlywljw
hwiwlwpgny Jhppwghnt wnidhsh oqunipjuidp,
il (b) npnup  gpuigdl; b
unynpwljwt idhsny: Upwpbbpp gnyg b tmwghu
pwpap hwéwunpwl nwinwundubph wwhbpp'
Yuywd wnpunwy thwlwh thwldw hb:

Luwiht  qupltipwyh ubhgingpuidh gpwigdwt dwdwbwl  Swjbwpldwl
nbwpnd  dwjbwhtt wwwnwunwp  dbpwnpynud o onutinun - u$hgingpu$hly
nwnwundubph ypw (nbu Liwp 2.4):

Wjuwghuny, dhwobipin hwpp Ynéh Jpw hhdugwsd ngdhsubpp gnigupbpnd Bu
pwpdphwiwhuwiht pudupwp qquniungeimit’ gpuitiglipne husuybiv dwjbwpuwpbiph L
npwlg pnpowujwinnn nhgnuunnpubph nmwwnwbmdubp, wbybe £ ybgbnwmpyg

La s s

Froguency shifl, kHs

unwinwbnnuwljwt

wignubipwubbip,

i s 40 45 EY ] 55 Time s

wwpwdbnpbp (wpwnbiphwp Gugdwt wnyuwiht wihpubip, upnh pwpwhumdubph
hwéwlunipynit, 2ugwnnipwl nhpd), npnup niubt hunwl wuhwnwljwl punype:

« e



i 2.4: Puwhu quplbpwlyh

“@l“ll“’ W seere, B B

0,373

dbuwthljwljwl wnwnwunnuljwl
hwdwywpgny  Jhppwghnt  inhgnu:
Ubhgingpwdh  dpw  Jbpwnpdusd |
£ | wwppbipwlwlnpbu LpYuen
o 4 Suybwpliwl  wpryniupmd  wnwowgnn
; puwpdphwéwluwihl pwnuwnphsp:
Lbpnbpp gnyg £ wwihu dwjbwpldwl

N whnhynipjwl plinuiidusd dbl huonfws:

2.5 wwpwgpwhp hpdwsd t gpubgud wanuwbpwbtbph Jpéwljugpuljwt
Ybpndmpywtp, npt wuhpwdtiow | udhsh ubithwlwt wndmubiphg wquudbine b
unwgywd wpryniupubiph hhdwt Ypw bgpuhwugnuiubp Yuwunwpbine hwdwp:

Ywwnwpdby £ ogpuwigdwd  ubhgingpwidubph b $nbught  wqnuwbzwbtbph
(wndnilyh) uyblinpuy Jepindnyeiniu: Sntwghts wndniyh hgnpnipywt uwblpnpp dh
pwuh hwpynip wugwd wwlhwu E ubhgingpuwidh hgnpripjwl uwblynph hwdbidwe:

P nwpptipnyginiu dhwatipin hwpp Ynéh pw bhdugwd Jhppwghnt ingdhsny
gpwugywd uphgingpwih (Lwp 2.5, (a), Ynp 1), wynwinhly ndhgny gputigusd
wqnuwuwbl hpbuhg Ubipyuwjwgunud £ uhgingpuidh nh$bipbugywsd wnbupp, L
wpnwhwynnd £ wpniiwnwp wbnpnd 6ugdwl thnthnfunipiwll wpwgnipyniup
(Lywn 2.5, (b)):

Froquency shift, Mz
©
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L. 2.5: Uhwpbipin hwpp YnGliph (pw
hhdugwd dbluwuhwljw
oo nwnwbnnuiljuwb hwidwljwpgny
P yhppwghnu (a, ¢) b whymuwhly (b, d)
unjhsubipny gpwbigiwd
udhgungpwiubipp b npwlg

hwidwywinwufuwt vwblmpubpp:

Frmcperny 1z

Qpubigwd  wanuipwlbpp Jepmddk) B bwb Yppwnbind  <hpbpn—
<muwbgh  duwihnfumpnitp,  dwubwynpuwbu' pw dwu  Yugdng  Edwhphy
dnnuyht inpnhdwt depnnp:

w1
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Edwhphly dnnuiht wipnhdwt dbpnanp poy; | oowhe wnwtdbwguby upinh
wfuwwnwuph nppdh (nbu IMFI0 Lijwp 2.6, (a), (c)-md) b uswnnipjwl nhpih
(IMF12 Llwp 2.6, (a)-md L IMFI13 Llhwp 2.6, (c)-nuwi) htin Ynpbipughw nibtignn
pununphsubin:
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LY. 2.6: Puwhu qupltipwyhg Jhppwghnt (a, b) b whnwwnhl (c, d) dhwptipin hwpe Ynétiph
Ypw hhduud inghsubinm] qpwugywsd uphgingpwdbipp b npuwlg hgnpmipjw uyblupbpp,
ubithwlwl Ubkippht dnnuyht $niblghwbipp (a, c), b ppubg uyblnpubpp’ wqnubpwblitpp
Edwhphly dnnwght wpnhdwb Gupwplimg hiun:

Lbppht  dnnuiht $niuyghwbiph  uwbilppwy  Jlippmdnpywts wprympubipp
huinwly gmguwnpnud BU wgnwbpwbtbpnud wnljw gqudphwbwjuwhtt (10 <g-hg
thnpp) nwwnwunwiutipp: <nbwpwp, wu udhsubipp Yupnn Bu hwennmipjunip
ogunugnpdylyp  dwpnm inbnh  mubignn
gudphwlwluwht wpnglivuliph hinwgnundwl b dpunwnhunwpldwt hwdwp:

2.6 wywpwgpwhnud Yumwpuwsd £ gfund tywpwgpwsd hnwgninngegnitibiph
wthnthnud:

uppin-winpwiht  hwdwlwpgnud
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1 by 2.4: Puwhu quplbpwlyh
ubhqungpuip, npp  gpuligwd |
dhwpbipin hwpp  Yn6h Jpw  hhduwsd
dbjuwthljwljwl wnwnwunnuljwl
hwdwywpgny  Jhppwghnt  ihgn:
Ubhgingpwidh  dpw  Jbpwnpdwd &
wwppbipwlwlnpbu UpYuen
Suwyuwpldwl  wpymbpmd  wnwgwgnn
puwpdphwéwluwhl pwnuwnphsp:
Lbpnhpp gnyg £ wwihu dwibwpldw
wlnhympyuwt pnugtnfwd dbl hwngws:

2.5 wwpwgpwhp hpywsd t gpubgud wanuwbpwbtbph Jpbwljugpuljwt
Ybpndmpywp, npb wuhpwdbtiow | udhsh ubithwlwt wndmyubphg wquudbine b
unwgywd wpryniupubiph hhdwt Ypw bgpuhwugnuiubp uwunwpbne hwdwp:

Ywunwpdbp £ ogputigwd  ubhpgingpwdubph b $nbught  wqnuwbzwbbph
(wndnilyh) vyblinpwy Jepindnyeiniu: Sntwghts wndniyh hgnpnipjwt uwyblpnpp dh
pwuh hwpynip wuguwd wwlwu £ ubhgingpuwih hgnpripjwl uwblynph hwdbidwe:

b nwpptipnyginiu dhwatipin hwpp Ynéh Ypw bhduwd Jhppughnt ighsny
apuiligdwd uphgungpwdh (Liwn 2.5, (@), Ynp 1), winunhl ndhsnd gpuitigud
wqnuwbwbl hpbuhg Ubiphuwjwgunu £ uhqingpuidh nh$bipbugywsd wnbupp, L
wpnwhwynnd £ wpniiwnwp wbnpnd 6ugdwl tnthnfunipiwll wpwgniyeniup
(Lywp 2.5, (b)):
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L. 2.5: Uhwplipin hwpp YnGliph Jpw
hhuudwd dbluwuhywlwb
o tnwnwbinnuiljul huwidwljwpgny
. o yhppwghnu (a, ¢) b whmuwhy (b, d)
unjpsubipny gpwbgiwd
udhguingpwiiubipp b npwlg

hwidwywinwufuwt vwblnpubpp:

Frmpeency 1z

Qpubigwsd  wanuipwlbpp Jopmddly b bwb Yppwnbind  <hpbpn—
<muwbgh  dbuwpnfumpnitp,  dwubwynpuwbi' pw dwu  Ywqdng  Eduhphy
dnnuht inpnhdwt depnnp:
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Edwyhphy dnnuiht wpnhdwt deprnp poy; £ wwhue wnwbdbwguly upinh
wfuwwnwluph nppdh (nbu IMFI0 Lijwp 2.6, (a), (c)-md) b uswnnipjwl nhpih
(IMF12 Llwp 2.6, (a)-md L IMF13 Llwp 2.6, (c)-nuwi) htinn Ynpbipughw niitignn

pusnunphsutip:
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LY. 2.6: Puwhu qupltipwyhg Jhppwghnt (a, b) b whnwwhl (c, d) dhwptipin hwpp Ynétiph
Ypw hhduud indhsubinm] qpwigywsd uphgingpudbipp b npwlig hgnpmipjwt uybljuplbpp,
ubithwlwl Ubkppht dnnuyht $niblghwbipp (a, c), b ppubg uyblnpubpp' wqnubpwblitpp
Edwhphy dnnuiht wpnhdwb Gupwplimg hiun:

Lbippht dnnuyht $niiyghwibtiph  uwbijopw)  Jbippadnpywts wprymipubipp
hutnwl gmguwnpnud BU wgnubpwbtbpnud wnljw guwdphwbwjuwht (10 <g-hg
thnpp) nwwnwunwiutipp: <nbwpwp, wu whsubipp Yupnn Gu hwennmipjunip
ogqunugnpdylyp  dwpnnt inbnh  mubignn
gqudphwlwluwht wpnglivubiph hinwgnundwl b daunwnhunwpljdwt hwdwp:

2.6 ypwpwqgpwhnd Yumwpwsd £ gilunad bywpugpywsd hbinwgninnigniiibiph
wdthnthnud:

uppin-winpwiht  hwdwlwpgnud
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Lhwpnu tipind | uwbilyoph thnthnfunyeyniup dwiwlwlh pupwgpnu, hush
2unphhy  Ywpnn bl upnh  wluwwnwuph  npny
wnwbdbwhwwnynipymiiutip, npnup Ujwwnbih sbu bibynpwupnwgph unwbnupn
ybpimdnipniuubph nbiwpnud:

3.3 wwpwgpwpnd ubpluywgwsd  wphbuhwlwh ubypnbwght gwugliph
dawynuip’ gpuiigfwd wqnwlpwltbph hhdwbt Ypw dwpnn $hahninghuwlywt
Yhbwlyp quwhwwnbiint hudwp:

Uwpnni  gilunintinhg  wuyhlwwnnpught wbwnbbugh  dhengny  gpuitigwd
Yhluwwqnulipwlbpp pwdwlnjby b ubigibunubiph, npntp oguwgnpdybip kb
npujbu Ubpnbwght gwigbiph dnunpuwiht tjuubp: Unwgyws ubiqubuwnubiph 80%-
0 oguwgnpdybi| | prit mumguwits husdwip, 10%-p Yhpuwnyb k ubpnbiwgh guiigbph
hhwbpwwpwdtinptiph npngdwt b Jubpugdwl hudwp, huly duwgws 10%-p
Uppwndby £ dbpght  thaynd  ubjpnbughli - guiigliph  bipwht  njwibbiph
wprynibwdbnniput b wpryniiptbiph 2gpuinipywt quwhwindwl hwdwn:

Hhuwplyb £ ubipntuwht guiigliph snpu dnnt.

* TD_DNN (dwidwlwlwiht wbiuph dnunpuijhls wnfjuutipng funpp ubjpniught
guiig)

* FD_DNN (hw6wuwjht inbuph dnunpushts injwiibipny funpp ubjpnlwhu gulg)

* FO_RNN (hwéwfuwhl inbiuph dnunpuihts nnjunubipny funpp nbynipbiin guilig)

* TD_CNN  (dwdwbwluih  wbuph dnunpwjhti - uiywiibpny Ynuynymghnl
ubijpnbiught gwlg)

pwguwhuwjnyby

Fuwhunnyb Bu nhinwplydwsd dnnbubph wprynibwybnnegniitbpp: “Hwp
Yuqub| bU hwiwwwnwufuwbwpwp' TD_DNN - 70%, FD_DNN - 80%, FD_RNN -
85% L TD_CNN - 67%:

Wuwhuny, dwpine qilunintinhg  gpuitigyws  wqnuiipwlitbpp dwibing L
U2wlwl wpryniupubipp npwybu dnunpuight nijuiubip oquwgnpdtiiny, Ubpnbwght
guitigtiph munigdwl dhengny huwpwynp £ Yunmgly dwpnn hngliyh6wlp dhugl

~85% Gannipjwip quuhwinnn Ubpntught gwigh dnnb:

w [ 8=
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3.4 wuwpwgpuwdpnud  wdihnthyby
htwnwgnunypjniuiph wprynupubipp:
<hULULYUL BRPUYUSNh@3NhLLEN

£ Gppopn qundd - hpulwliwgyws

Ctnwgnungeyniutbiph - wpryniiptbipp Yyuynd - B, np - wyhywnnpwiht
wlwnbbwy b dhwobipn hwpe Ynébpp Yupbih £ ogquwgnpdty dwpnnt opquithguinud
wbtinh niubgnn pwpdphwwhuwhu bEGupwiwt b dwquhuwlwu Gplnypubph
gpwugdwt hwdwp:

8nyg k wpdby bwl, np dhwobipin hwpe Un6bph Jpw hpdudwé dwqupuw-
nuonwiht b dejuwthyulwt  nwnwunquiwt  hwdwlwpgny  Jhppughnu L
wynwinhly  wdhsubpp  Ywpnn Bu Yhpwndlp  opquuhquinud  wbinh  niulignn
gnpdpupwgubiph, dwubwynpwwbiu' dwpnnt puwihtu qupybipwyh ubhgingpwidh
gpwgdwl hwdwp: —

Uwhnn wwwnnthwth depnnny  Eelwpwupunwgph  Jepnidnipjut dheongny
Yuwpnn U pwgwhwynyby upinh wofuwnwtph npn? wnwbdtwhwanlnyeniuitip,
npnup buwnbih skt BElunpuwupnwgph unwtinwpm gepndngegniitiph nbwpnud:
qlunintinh
Yhbwlwgpuwljw

Uyhywinnpwiht - wuwmblwgh  dhengny gpwligywd  dwpnnt
dbquhtinguwihu whpnyph
ybpndnipyniiiipp gnyg B wnwijhu,

nwnhnwqnwawlubph
np  wqnuwtgwuh npn2  hwlwluwh
puwnunphsbiph  dhglt wnlw U Yopbipwghnt Ywwbp, npntg  punipwgptipp
thninfudnud BU' Ywhudwd  dwpnne Shahninghwlwt  JhGwihg:  <hdudbinyg
unwgywd  wpryniuptbph  Jpw'  dwldl] Bu wphbunwlwt  ubpnuwhu
hwdwlwpgbiph snpu dnnbutp, npnup dhindwsd Bu dnunpwjht wqnwipwubph
hhdwt dpw dwpnne $hahninghwlwt  dhbwlhh quwhwwdwlp: Ywnnigws
widblwwpryniudbitn dnnbip gnigwpbipty £ ~85% Gawunnygyniu:
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UCCNEAOBAHUE PA3HBLIX TUMNOB CEHCOPOB AJ1A BUOUMWIPKUHTA
AHHOTALMA

B nocnegHue rogbl HabniogaeTca 3HauyMTeNbHbIN Nporpecc B obnactu yCTpoiicTB,
npegHasHaveHHbIX ANA HabnoAeHUA 3a COCTOAHMEM 3[,0POBbA YENOBeKa.

CucTembl OPraHoB YenoBeka TECHO CBA3aHbl Mem/y CobOM, No3ToMy Npu Hanu4Kuu
noapobHO WHGOPMALMKM O COCTOAHUM OAHOM MM HECKONBKUX M3 HUX MOMHO
cocTaBuTh 0bLLEe NPeAcTaBneHne O COCTOAHWMM 3[,0POBbA BCEro OpraH1ama YenoBeKa.

[nA nonyyeHua KOMNNEKCHOW KAPTHHBI COCTOAHMA OpraHu3Ma 4YenoBeKa BecbMa
aKTyanbHbl paspaboTka W uccnefoBaHWe pPasfuYHbIX  CEHCOPOB, CMOCOBHBIX
peructpupoBath 6uocurHanbl, Heobxopumble AnA obcnefoBaHWA W MOHMTOPWHIA
opraHusma. “pesBbivaiiHo BawHa Takme 06paboTKa NONYYEHHbIX CUrHANoB, YTO
MO3BONUT MONYYUTL AOMONHUTENbHYIO MHPOPMAUMIO O COCTOAHWW MCCreayemoi
CUCTEMbI OPraHos.

B Hactoaweit pabore bbinu pa3p36mlaub| M MCCnenoBaHbl B OCHOBHOM fABa Tuna
[aTYUKOB: anmnAMKaTOPHbIE (KOHTAKTHBIE) AHTEHHBI U AATYMKKM HA OCHOBE OAHOCIOMHBIX
nAockux Karywex. [lokasaHo, 4TO AaHHble TUMbl JATHUKOB MOTYT ObiTh KCNONL30BAHL!
B KayecTBe CEHCOPOB A/IA PerucTpauny pasHbix TMNos GuocurHanos.

[na peructpaumi M UCCNEAOBAHWA AKTMBHOCTW CEPAEYHO-COCYANCTON CUCTEMbI
yenoseka ObinM NpUMEHEHbI aBTOreHepaTopbl Ha OCHOBE OAHOCNOMHONM NNOCKOW
Katywku. [MokasaHo, 4YTO perucTpupyemble C MOMOLLBIO [AHHOrO TWNA CEHCOpPOoB
curHanbl Moryt copepwatb bonbiie uHcbopmauum ob uccnepyemom obbexte, Hem
CUrHaNbl, NONYYEHHbIE TPAAMLMOHHBIMU METOAAMM MCCNEA0BaHMIA.

B pabote 6binv MCNONb3oBaHbl HECKONBKO TUMOB CTAaTUCTMMECKOrO aHanusa, B
YacTHOCTW, MeTof, OMCNEeKTPanbHOTO aHanusa, KOTOpbli  NO3BONAET BbLIABUTH
KOPPENALMOHHbIE CBA3W MEMAY PasHbIMW CNEKTpanbHbIMW KOMMOHEHTaMW CUrHana.
Bbin ucnonb3oBaH TaKkme METO, IMNMPUYECKOW MOAOBON [AEKOMMNO3UUUK, KOTOPbIN

NO3BONAET Pa3fenATb CUrHan Ha 4YaCTOTHbIE CErMEHTbI B peaibHOM BPEMEHW.

R



Annnuuarop'Haa aHTeHHa Bbina ucnonb3oBaHa ONA PErMCTPauuM BbICOKOYACTOTHLIX

INEKTPUYECKUX CUrHANOB ronoeHoro Mosra. Tlpu nomowwm GucnekTpansHoro aHanuaa
NOKa2aHo, YTO MEH[y YacTOTHbIMW KOMMOHEHTaMU PerncTPUPOBAHHBIX CUTHANoB
NPUCYTCTBYIOT KOPPENALIMOHHBIE CBA3W, NPUPOJA KOTOPbIX MEHAETCA B 3aBUCMMOCTM OT
COCTOAHWA YENOBeKa. '

[Ana ananuaa nocTynalouwMx OT FONOBHOMO MO3fa YENOBEKA 3NEKTPUYECKMX
CMIHANOB, WCMONb3YA METOAbI MAlLMHHOMO o6yuveHus, bbin paspabotaHbi mopenu
MCKYCCTBEHHbIX ~ HEWPOHHbIX  CeTeld, OlueHMBalOLMe MO  3TUM  pesynbTatam
chuaronoruyeckoe cocTosHne yenoeexa.

OcHOBHbIe pesynbTatsl paboTsi:

1. Bbino nokasaHo, 4TO OAHOCNONMHbIE TMNOCKWE KATYWKM W aHTEHHa-
annaMKkatop MOryT MPUMEHATbCA ANA  perucTpauun  6GuocurHanos
Pafvo4acToOTHOrO AManasoHa, B YaCTHOCTM, CUTHAMIOB FONIOBHOMO MO3ra.

2 Bnepeble C NOMOWILIO  OAHOCMOWHBIX  MAOCKWX  KaTywexk  6binu
3aperucTpUpoBaHbl  BbICOKOYACTOTHbIE  PAaAMOCUTHANbI,  U3Nyvaembie

ronosHbiM Mo3rom (5-30 MIy).

5,0

Cratuctnyecknii aHanu3 paguoCMrHanoB, PErMCTPUPYEMbIX OT FONOBHOrO
MO3ra, NOKAa3bIBaeT, YTO MX XapaKTep CMAbHO 3aBMCWT OT MCUXMYECKOrO W
hU3NONOrNYECKOro COCTOAHUA uYenoBexa. Bbim npumeHeHbl metob
MalwnHHoOro obyyeHua ANA OUEHKW COCTOAHUA FONOBHOMO MO3ra Ha OCHOBE
PerucTpUpyemMbixX CUrHanos.

4, MokasaHo, 4TO € MOMOLbLIO CEHCOPOB, OCHOBAHHLIX HA ORHOCHOMHBIX
NAOCKMX KaTylKax, MOMHO BbIABUTL OCODEHHOCTM paboTbl CEpaedHO-
COCYANCTOIl CMCTEMbI, KOTOpblE MOryT ObiTh MONE3HbI AIA [UArHOCTUKU
pasnuuHbiX  3aboneeaHnii nyTem NPOABMHYTOrO UMPOBOro aHanusa

PerncTpupyemMbix CUrHanoB.
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INVESTIGATION OF DIFFERENT TYPES OF SENSORS FOR BIOIMAGING
ANNOTATION

In recent years, there has been significant progress in the field of devices designed
to monitor the state of human health.

Human organ systems are closely interconnected, so if you have detailed
information about the state of one or more of them, you can get a general idea of the
state of health of the entire human body.

To obtain a comprehensive picture of the state of the human organism, it is very
important to develop and study various sensors capable of recording biosignals
necessary for examining and monitoring the organism. The processing of the received
signals is also extremely important, which will proevide additional information about the
state of the organ system under study.

In the present work, two types of sensors were developed and studied: applicator
(contact) antennas and sensors based on single-layer flat coils. It is shown that these
types of devices can be used as sensors for recording different types of biosignals.

To record and study the activity of the human cardiovascular system, self-oscillators
based on a single-layer flat coil were used. It is shown that the signals recorded using
this type of sensors can contain more information about the object under study than
the signals obtained by traditional measuring methods.

Several types of statistical analysis were used in the work, in particular, the method
of bispectral analysis, which makes it possible to reveal correlations between different
spectral components of the signal. The method of empirical mode decomposition was
also used, which allows dividing the signal into frequency segments in real time.

An applicator antenna was used to record high-frequency electrical signals from
the brain. With the help of bispectral analysis, it was shown that there are correlations
between the frequency components of the recorded signals, the nature of which varies

depending on the state of the person.
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To analyze the electrical signals coming from the human brain, using machine
learning methods, models of artificial neural networks were developed that evaluate
the physiological state of a person based on these results.

The main results of the work:

1. It has been shown that single-layer flat coils and an applicator antenna can be
used to detect biosignals in the radio frequency range, in particular brain signals.

2. For the first time, high-frequency radio signals emitted by the brain (5-30 MHz)
were recorded using single-layer flat coils.

3. Statistical analysis of radio signals recorded from the brain shows that their
nature strongly depends on the mental and physiological state of a person. Machine
learning methods were applied to assess the state of the brain based on the recorded
signals.

4. It is shown that with the help of sensors based on single-layer flat coils, it is
possible to reveal the features of the cardiovascular system, which can be useful for

diagnosing various diseases, through advanced digital analysis of the recorded signals.
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