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Upprunnumliph phnhwbnip phmypughpp

Uwnktwhinun pjul wpnhwlwim pmip

Uwnktwpnunipmip Jykpupbpynmd £ wpnh ghnmput dh pwduh, npp
quinnud t dudwiwlulhg nkjuinnghwibph qupqugiub wpwetwgsnid, wyh
wqnuipwbibph dlwynpiwt b dywldwi phwquyunh: dhpohtt wwphtbpht
hwnjuybku wju nnpnh  wpwoptpugh htn b juwynd npwquulub b
punupughwuljut Yhpwnnipniuaubpnid oquuqnpdynn nwnhnnljughnt
Jujubkph  ((FLY) qupqugnudp:  Ldwb  hwdwlupgbipp  Yhpundnd G
widunwiqnipyui, huljdut, twdkph @ wjundbptiwitph hwjuwpupughtt b wyy
hwdwlupgbpmd, hbsybu twb ulul] ki dbs hbnwppppmpmt wowewghty
hutnhuwtugng whoenpnptwl U thpunwlikph nwy Yetnubh  wppiutg
hwjnbwpbpiwt  twuwwnwyn]  hpuednn - gopspputp  [1-2]: Ujuwhuh
hudwlupgbpnid wgpuiowubkph dowluwt wnwyl] ptpl nt wpynibugbn
Enubwlutph oqgnuugnpénudp kwjuwinptt pupbjuynid k gputlg hntuwjhnipyniup
b juunwupnnuljunipniup:

dJudwbwlulhg pwnghnniughnt hwdwwupgipnid  fhpundnd G
wqnuipwbph dowldw hqnp b wpynitwdbn Enubuwlutp, npnup yuwhwienid
bkt putupdbp vwppuwynpmudubp b s hwpynnqujub phuniputbp: dhpehthu
htwnltwtpny tdwbt hwdwlupgbpp gueund Eu junsnp, Eikpquunwup b puttlupdtp,
husp vwhdwbwthwlnud k tpwtg jhpurnipniiitph nnpup, wytthy, Ywb dh owpp
ninpubbp, npnbn opp b ympwhp pwyupbph jhpwendp Yihtkp ehun
gubluh: Ynipwlhp pwuguplbpp, gun hwgwhe' bukny jhpuewb npppabbphg,
htwpwynpnipni skt nitbund uil] guighg b vnhyquws Eu uidl) ubhwljui
dwpulnghg: Upmymiipnid  uwnwugdnud t, np wlwb  thoppwdwyw), Edwb b
Fubpquipntiuynn hwdwljupgbp niibtuwynt hwdwp withpwdbon ki wgnuipwibph
Upuljlwl tnp wnwfby phpl wignphpulikp, npnip skt yuwhwgh pwllywpdtp
vwppuwynpoudubp mu Uké  hwoynnuljut nbumipubbp, puyg wnwydbjugnyiu

wpynitwybnnpkb §insku hpkig wnel npyws funhpubpp:
3
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Pusywhu huwynth L pwhywpuwht hwdwlwupgh Ynndhg qpubgdus
wqnubgup punjugus b ony dhwyt oguuwfjup, wyp wlb ppgwlju vhgwjuwyphg
winpuupdws wqpuipwihg, iwtiquipnititphg, b wy) wnunijukphg [3]: Spgwlju
Upgwjuyphg winpunwupdws hgnpoipyuts dugnudp, wndmlikph wqnkgmpyub
uqkgmup b oguuljup wqpubpwih qunidp punhnniughnt hwdwlwpgkph
wqnpuiowbibph dowldwb hwbgnygh YJwpbnpugnyt gnpdwnnyputphg bLu:
Ujuywhuh  wjgnphpdutph  nuunwlbwuhpdwitt ot gputg wpynibwdbn
hwdwnpnipmitttph puguwhwyndwit b tdhpdus L uyu wpuwnwtpn:

Uwnkbwunun pjub iywwnwlp
Unbktwpnunipjut tywwwlih Lt hbwnwgnul]  pwunhnnlughnt

wqpubpwtbph pYuyhtt dbwynpdwt b dpwlidwb wpynmbwdbn Epubwljubp,
npnup  poy)p  Juwbt  wqpubpwbtbph  dpwlmdp  qupdub]p wdbh o dpgppun,
pupdpugut] hwdwlupgh junwpnpulwinipmniit nu hntuwhnipmniup: LoJus
tyuwwnwlht hwubbnt hwdwp wnbkbwjunumput dbe ppdbp Bu hknlbjuyg
Jutmhpitpp’

1. Ywnnighk] géuwyhtt hwdwpuyhtt dnpnyugdwdp wupunhwn gnpénnmipju
(¥2U-U9Q) ppwjwul punhnnjughnt juyub b juwnwpk] jupnpuwnnp b
qupnwht hopdwpynultbp  hudwlwpgh  wbhdhwlul
htwpuynpnipniuubpp ghwhwnbint hwdwp:

2. Nuunuluwuppl] hwdwlupgh junwpnqujuinipniip vwhdwbwhulng
hhdtwljwut gnpéntubpp, quwhwnk] tpwig wapkgnipmiip hwdwljupgh
Juwnwpnnuljuinipjut nt hntuwhnipjut Jpu:

3. Upwlh] wyy wqnbgmpynibbbph ntd  wuwgpwph'  hwoynnuiwb  phy
ntunipuikp wwhwbgnn, wpynibwdbn tnutwlubp: NMunmduwuhply wyy
wignppputph  htwpujnp  hudwgpmpmibtbpp wewdbjugnyl
wpniuwy bnntpynit wywhnytnt hwdwp:
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Unwouwplynn bnwbwlubp Yhpwnek] nwnhninughnt wqnubpwbubph
wljdwt  tjuundwdp:  Ppuubwgul] nuonwhtt  thnpdwpynudubp
wjujuynn wpyniiputpp hwjuwunwgpbnt hwudwnp:

Shuuljwb inpniypp

Unwowplyty L wnwbg unpnmjjughwjh, wbpbghwwn gnpénnnipjub
nunupbbph hwdwp nwnwinquijuit punyph swpdmdubp Juwnwpnn
phpwuiibphg winpuyupdws wqpuiswih qudwi tnp kqubwl hhdigws
punwyniuuyghtt pugnithstbpnid Yndwpu nipykh wpwug dhwthnjunipjui
(PU) Ypu: Uju bnwbwlhh Yhpwndwl ounphhy httwpwynp b punund
nupubgwink] hwdptpug pwpdynn opjuntikpp wuwnwinjnn opjklntitphg:
Unwouwplyl) bt qdughtt  hwdwhughtt  dnpnyugdudp  wptnhwn
qnpénnmipjutt (¥2U-UQ) npwnwuph hwdwp  wbnughtt  opytljntkphg
winpunupdws hqgnpmpjul £oodwb np Enwbwly  hhdfws wpwig
Unnnijjughuyh . hwndubmd swhyws ponujbput hwdwhimpjut
oqunugnpduwt Ypw: Uju knubwlp pniy B wnwhu hpujubuguby nknught
opfilntbph  twputwywt  quond hbpwwghlin]  phpwlultph
hwpntwpkpdwi wignpppih htnwqu wpwnwbpp:

Unwouwpldl) Lt qdughtt  hwdwhiughtt  dnpmyugdudp  wipinhwn
gnpénqmpjubt - (32U-UQ)  punuph  hudwp gwdp  dhgwibljun
hwwhimipyudp pugnitidwt dbpnn, npp poyp E nmwjhu gusphwdwhiught
$ihytpuyghte hqnp wnunijukphg b hwunwinmb pununphyhg unuwhtyne
otnphhy Ubswght] wqnuipwh wnuml hwpwpbpnipniip hnbwpwp
Ukbwugubny huyntwpkpdwt hEinwnpnipiniup b hwjwbwlwunieniup:
Upwguplyty £ U (LU-h wqquigwibbkph dpwldwb Jkpnhhopug wupg
bwiwyukph Yhpundwh npnpwlh hwgnpruubmpmt’ hwdwlwupgh
ntuniputibph wpnnibwybn oquiuugnpdlmi i1 wnkuhjuljuu
wupwubnpbph pupbjuydut hwdwp: Uju Enubwlubpp skt qquhwbenid
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UkS hwoynnquljut ntuniputitp b Yhpwekh b juduyujut hwdwidwt
hwdwlwunpgnud:

- Lwpuugdty b Juomgdky £ dmnhly wppnyph  gsuyht hwdwfuwght
Unpmugdudp  wbpughwn  gopénymipjutn (R2U-UQF)  hpulub
nunhnnughntt uywb ((PLY9): Uju gopénd t puquulh phpwpttph
hwjnbwpkpdwt nkdhunid:

Qnpslwljub wpdtpp

Yupnigywué wupunhwwn gnpénnnipjut nwnhnnjughnt juywup jupnn
oquiuugnpdyt] wijunuignmpjutt hwdwlupgbipnud dhtish 34d ownwynny
htunpnunutph b wpwbuynpuwghtt dpongubph hwyntwpkpdwt hwdwnp:
Gunphpy Ynuyuln ywbph b phpl puph wjt Jupkh b hkpnnipudp
wnbtnuihnjul) b ogunugnpst) judwjuwwlut vhpwyuyypnid:

[runhninughntt juyuih wbkjpthjulwt wywpudbknpbph pupbjuddub
wowguplpnn - bqubwliukpp  Jupnn - B0 jhpuedl] wbpbnhun
gqnpénnnipjul NLY-ubkpmd, husp Ypwpdnpuguh tpwig
Juunuwpnnquljuinipinitt nr hntuwhnipyniip:

Nuwonuuim pyuip tkphwywgdnny hhdtwlwh npnypuk:

. Punwlniuughtt  pugnibuhstbpnd Yndykpu  SUR-h oqunipjudp
hpwjwiwgyny  wwnwtnquijwt - pnyph  pwpdnudibp - junwpng
phpwhutikiphg winpunupdws wenubpwih qudwb tnp Enubalh punphhy
Yupbih Eudugut) hudpipwg gupdyng phpujutph hwpnbwptpnudp:
Stnuyht opjkljnutphg winpunupdws hgnpnipjut Lupdwb unp tnubwlh
2unphpy Yupkih £ fwubnpbi jujugul) gupdynn b wbgupd opjkljnubph
tnwpwigwwnnidp, U hwutbk] owpdyny phpwjuttph  hwjntwpkpdwut
wgnphpUtutph hwoynnquljut nhunipukph tquqbgdwi:

8wdp vhpwlju) hwfwpimipjudp (82U) punnitdwt ptnphhy htwpwynp £
wquungt] - $thltpughtt hgnp wdmbubph b hwunwnmt - punugphsh
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wnwewgnus ndqupnipjniuitnhg i1 Ukdwiguby hwdwljupgh
hwjntwpkpdwt htwpwynpnipniuubpp:

4. Ugqquipuibkph  dpwldwl  tpJwd  wwpq  Enwbwhubph  &hon
hudwypniput hpwedwb punphpy jupkih B pupdpugity hwpynnuljub
thnpp  nhuniputkp  niukgnn  (LY-h  juwuwpnnqulubtnippiat o
hntuwhnmipjniup:

Ugluunwph tkplhuyugnudp

Uwnbkuwjununipjut hhdtwlwt wpyniupubpp puquhgu putwpldlp tu
frunhndhqhljunh b HEyupnthluh hiunhununh Uqqubpubitph duljdet o
QRZ uvwppwynpmdubph jupnpuwnnphwibph ubdhttwpbbpnid b bkphuyugyty
Uhgwqquyhtt ghwwudnynyniu:

Suyyugqpm pinibitkp
Unktwpinunipjut phduwyny nwugpyl] £ 5 wphmuwnwip, npntighg 3 hnnpdus b
Uhguqquyhti ghnwudnnnynud tbpljuyugws 2 qtlnyg, npnug gmguyp phpfus k
uniju ubnuwqpnud:

Uunbliwjunum pjut junmgjuépp
Unktwpununipniip  punugws t ubkpwénipnithg, tpkp qnijutitphg,

Eqpuljugmipnithg b 105 hnpnud  wwpnibwlnn  gpulwinipyut  guilhg:
Ushiwtnwph punhwnip swduyp 109 te L b wupnitwynwd £ 51 ljup:

Uwnktwumumpyut pnjwbnulmpniup
‘Ukpwénipyju ko hhdtwnpus k wnbkbwnunipjut

wpphwiwbnipnitp,  dbwlbpyws Lu  woiwwnwiph tyuwwnwlutph m

junppubphp, hwswbu  bwl, wwonwwinipyut tkplujwugynn  hhdbwlwh
npnypubpp, tpdws k uinugdus wpyniupubph ghnwlwi tnpnypnp b gnpswfuh

wpdtpp:
Qniju 1-nud ubpuyugqué b phdughtt Jtpwpbpynn  qpujuinipyui
hwhpd wdthnthnud: 1.1, yuwpugpudnud tbpuyugqus tu dhiy wydd gnynipniu

7
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niukgnn nwphnnjughnt jujubtubph mwpunbuwlubpp, btputg tywbwlnipniup
b oquugnpéuwmt ninnmpiniuubppn: Lubwpyjws ku thnppubwqu], hwdwhiugh
Unpnuyugdwdp wipiinhwn  gnpénnnipjutt (ZUUS) nwunupubph  hpundwi
ninpubkpp,  bpwbg wpwybmpniutbptt ot phpnipmmibtbpp hwdbdwnws
tdwbwwnhy wy] mkuuninghwutph htwn:

1.2 yqupugpudpnd nhunwpljuws t pwnupibph tukpghnhl ynnbkughwp
hptwjwlub phwypmd, b ppu Ypws hothnjumpnibtbpp opgwljw dhgu]wyphg
winpunupdws hqnpnipjub (Jjunbkph) wejunipjut yupugquynid: Lutwpldus
ki @2U0-UQ nunuph hwdwp huynbwpbpiut wnwdbjugnyi hkpwynpnipniip
Uwybplinypuyht - Yrunkph  wolwjmpjut phygpmd b Jpghthu - npng
wupuwdtnpbph jupwénipiniip juiggupnh nkuwlhg [3]:

Zuwupundul
Tu(/f) £ Py

Zwnnpnud
wqruibipwl

Chnniliwd
% / wqnubigub

Af, Jo

Zwéwhunipnih

“Fnuy muxi/

otnnud

>

dufwliuly

Fuipwunn
wqrubigwl

>

fhx{wq

Fuwpwifunn
hwéwpinipnih

dudwbiuly

Ul 1. @20 UQ nunuph wphunwbiph uljgpniipp

8
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NMuwpugpud 1.3-nud vhpjuyugus . @2U-USX punwuph woluwnwiph
punhwimp  ulgpoitpp, Ujwpugpuws i 2T wqpuiowih  dbwdnpdwub
tquiwlikpp  puquutyunwlughtt hwpunbwpbpdwt hwdwp,  phpwpuh
htpwynpmpjut &  wpugnipjut  swihdwt  dbkpnnubpp b hwodupldwb
buiwlbkpp pubtwdlitp (1) b (2):

cTm
R= BAf, (fus. + fug) (1)
A
V=7 (g — fus) 2)

UY. I-nud wuunlbpjws t @2U-UQ punguph woluwinwbph pughwinig
uygpnibipp  dbunfnplws Q20 wqpubpwbh,  pigmidws  wqpipwih b
hudwywwnwupwb pupwhinng hwwhimpjui wkupkpp [4]:

NMupugpud 1.4-nd tbpjuyugus ki pnipulpp, @20-UQ pnunupughl
hwdwlupgh Yuwpmgudpp b twjuwgsnudp:  Ljwpugpus ki whwnbbuygh,
mdbnupupibph, gkikpunnpubph, hudwlwpgh juengjuspuht upubdwgh by
punugnighs dwubpp punpnipyut hhpdtwdnpoudubpp: LY. 2-nud yunlbpdws &
hunfwlungh pny bl

[ne———
winaking
Fupdpugmi

16 92g-hfp
nEYmmpnn na >
1egh S

nhwh 1

Upwmuun-
UEphy
Uqnuiipubikph <
PYwhb

izwlmd
N Pykgaui
Uhnkmshpnye

Alppoud

(Mpngkunp)

Ul 2. @2U UG nunpuph pinlj upubdwi

9
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Qniju 2-p wdhpdws k nunhnnjughnt wqnubpwutph pyuyhtt doujdub
Enqubwljutppt: 2.1 gqupugpudnid tbhpjuyugynd k pugnitdws wgnuipwbibph
pYuytwgnudp, uyklunpuyg funnipyut npngnudp, phpwuttpht
huldwyuunwupiwtng . whykph  hwpntwpbpmdp: 8nyg £ wpdoud, np jatghpp
Fuwybu puppuiund E puquulh phpwtbph wnfuynipjui nhypnid, pwih np @20
wddwl b tJuquuwb ywuppbkpnipnitubph dudwbwl gnudws uyblnpuwy whykph
qnughpph puupmpjut ny Jhwpdbpnipmniip hwighgund E htnwynpnipmnii-
wpwugnipnil winpnonipjut wpwowgdwp: Ljwpuqpyus b bwb wyy juunnph
pudiwt bpubwlyp wwppbp wwppbpugppudp @20 wqpubpwbbkph Yhpuniwl
dhongniy, nph knipniip wuwwnlkpuynp Yipynyg gnigunpus Ealy. 3-nud:

3 [

= =

& &

3 2

Z, =

£ =}

s

=

=

2

E

5

3]

Junfwinuly Zhnunjnpmpimb
) B

o3 i o A

= -

= ke
g =

£ g

= ]

g oo’
5

o

=

=

£
s R .

drunlmboly ZEpunnpmpmni
q) 1)

VY. 3. Puquuphpwhu juunph Enipjniip b npu nisdwi knubwlyp, w) b q) — Unpnijugunng
wqnuipwbibph wkupkp, p) b ) - wpugmipiniu-hnuynpnipnit jupudusnipniuttpp
hwduywunwupwbwpwnp w) b q) Unpnijugunn wgnupwbbph wupuquynod

10
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Uju yuwpuwgpudnid ppuljubiugyus | bwb puquuphpwju pugph pisdw
wgnphpUh hwdwp ywhwieynn gnpénnnipnititinh b hwoynnulju nkunipuikph
qhwhwwnnud:

Nwpwugpup 2.2-nud ghnwplfus E junkph wejumput ghypnid
juunph  pwppugnudp, npp wuydbwdnpués o wbnuyhtt | opkljwnbbpht
hudwyuinuupiwing - whikph  wpwewgdwt  htwnbwbpn] — wwhwbgyny
hwsynnuljut phunipuubph Yupniy wdny: Ljwpugqpus L mknuyht opkljwnubkph
Supdwt  ungnphpdukp, npnup pny] E wwjhu hpwlwbwghl] Jkpohtiukphu
twibwyulb qunid npngwhhnpbl phplughbing hpudh&wyp:

Zuipuluinn - whitph qpojugdwi (212) wygnphpuh  wphuwwnwbiph
uljgpniipp juyuinud t unygb hwdwpnipjudp b unyt hgnpmipjudp whlbph

wpunwpudwl Ukg: Upu wignphpdh Jhpuodwb yuthwthop tkplujugjus & (3)
pwtwdlnid, b wwwnlkpuwdnp YEpwnyg gnigunpdws k uly. 4-nud:

Uhgujuyphg @ hpwuitkphg Uhpuiurihg
] ] 1 Zwdwfunipiui
=]
& wéknt
% wupphkpoipnii
)
.~
&
S ----------
d“ [
hwdnfunyepnt it
E ZwEmfuntpyuin
% gk
b it
_g Wupphpatpind
=
&
3
i~ A I I TP
L L L hwdwpmipm:

‘UY. 4. Sknuyhti opjjinitiphg wunpunwupdws hqnpnipjub Lupdwh wignphpd
11
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L b{ |fuci = fujugi| < 6F

s A i = Apyggj =0 (3)
| Qi = Atgjurgs| < 54 BT g

Zwgnpy  wignphpuh  twyuwwnwlp  bu  pwpynn  whikph  quoundt E
wlpwpdutphg, puyg wyu waqud wpnbt Epwwywppkpwith wqpuowh Yhpundwh
Uhongny, nph wnbkupp wuwwnlkpjws t bl 5-nul: 2unpnipugqué 1 wqnubowh
dudwbwl  gpugjuws  gnukpput hwdwjnipjut - ogumpyup  Yuphih  E
wpwbdiwgul]  wyb uwybupwg  whykph  qoygkpp,  npatp jupnn - &
hudwyuwunwupiwtly gupdynn - phpwpibkpht: 9@nygqkph pnpdwi swihnpnyhy
wuydwbp ppjwd £ (4) pubwdtngd, hul) wignphpuh wpuwnwbph uqpnitpp
gnigunnlusé Euly. 6-nud:

Zfz}mqlbp — & < |fum’.i - flu[zuq.jl < zfqmqlbp + &f (4)
Uju wwpuwgpudnd gnyg b wupjws twl, np twptwjubt qudwb
ytpnhhojuy  wignpppdutpp wwhwienid  th  wowyl] phs  hwrynnuljui
ntuniputikp, hush sunphhy pny; ki wnwjhu twlwiunpkt ywwlwubkgubt] whlykph

nhwwpldnn - qougkph  pubulp b phplught)  Ykpowlwb - wignphpih
woluwinubipp uqkghting wwhwigynn hwoyynquljut phuntpuikph gnidwpughi

pwbwlp:

Unnnyughbn mqnuibipub

Judwlul

VY. 5. Unnnijugunn tpwyywpplputh wqpuibipwh wnkupp

12

© National Library of Armenia



'‘BE
I
b
/‘
B
&

¥ =

gt bqupnipnth (3F)

il

%

g » =R R Nl S TRl TR | el T R A - R R i R T
Zwawhmpmih (. 1)

b s fog.

VY. 6. Inykpyut hwdwhnipjut hpundwudp supdynn phpwhitbph quuuw wignphpuh

uljupwugpnipniup
Nwpugpud 2.3-mu phbwpljus b hwdpbpug swpdynn phpwpilbph’
nwnwbnnuljut suipdnmidubp Juwnwpnnubkphg nwpwbowndul

httwpwynpnipniip: 8nyg b wipdws, np muwnwbnnujub supdnidubp juwnwnpnn
pPhpwhthg winpunupdws wqnubowip pwnwlniuughtt phnnithsh  Gpnud
mubklum  hknbyu) nbkupp’

Re(®) = Bett ) (o) emar ©)

S

Ujughuny  Yndyipu $U2  Yhpundwh phypmd  nwnwinguijwui
2updnuiitphtt hwlwygwinwujuwiing wqpupwih uwblnpp Yihup uhdbnphy,
wyuhtipt’ Ymbiktw  uyhlunpw  punugphsttp  Upbtngt - hwdwungembikph
hiswbu npuljub, wbybu b pugwuwlut whpnypttpmd, wjt gypnud Gpp
hundptipug pwpdynn opjuntitph ypmd uwyklnpwy punuphsp welw Yihuh
hwdwumpmbtbph thugh th whpnypmd jujjws swpdiwh npnmpynihg:
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Swinwtnnuiub b hudptipwg swupdynn opjkljnniknh uhdnijjughuyh wpyniupnid
unugyws uyklnnpkpp phipdws G vl 7-nud:

2.4 yupugpupnud nhinwpljws kb dhghwgdwi dh puth knubwljibp,
npniig hhpundwb wpynibpmu jupkih b ujuqbgity Yind whtph putwyp b jtns
nwuqtuyh hwjuwitwwinipniip: Unwehtip peoujhtt Uhohtiwmgdw wygnphpdt L,
npp pny] b wwhu  wpwbdbwgul]  phpwhp dnnwlw Juwnbpht
hudwyunuupwing  $nbhg: Umu bpimt nupuswlut b pun whuadph
dhohtiwgdwl, wgnphpdutph Yphpwndwb unphhy Yupkh b qquihnpkb
thnppugul]  nwpwnbuwl  wiuwniinipmibibph U puqUwdwnuquypugh
nwpusdwlt  wwnfwony  Wjuwnwyny  220-h wfdwbh b Wjuquwb
wuppkpnipnibubpnid - uwygbijupu) wihudwywunuupwinipmibibpp b
wpmmbpnud wuuukglby $intnniughutpng wuptwbunpdus Yns whyph
wnwowgdwt hwjutwljwbnipniup:

1)
UY. 7. Zwdpipug b nuthwinnujut supdnudibphtt hwdwywnwuppwbing wgnubpywibbph
uyklupkp, w) - hwdpipwug, p) - nunwinnuljuh
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Qniju 3-p wdpnponyhtt whpdws b twpuwugdus b junnigqus ¥2U-US
nwnhnnjughntt juywuh dvhongny hpwljwbwugqué hbwnwgnunipniuutphtt b
unwgyus wpiynipubphi:
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Zgmpmpga (5P
B s Q2

G @ b 6 B0 100 L3 140 180 160 o b Mo 20 ;O 00 0 W0 0 MO G0 4N M0 40 40 300 S0
s (. gy

r
Ul 8. Uqnuiipwiibiph uyykljinptpp wignphpedutph jhpundwh wpyniipnud, w) —pun

wiuulpih Uhghtimguw wignphpd, p) - pegwghtt thghimguw b 219 wgnphpu

NMupugpud 3.1-nud gmguypus b dp owpp guonughtt swthnudukph,
hswhu twl ppubg Gyundwdp Ghpunjws wignphpuibph wpyniipkp npng
wpnniuptp unpqus tu 1. 8-nud: Ywwnwpguws tu hwdbdwnnipniiubp b
tupwnpnipynibiibp wyy wignphpdubtph  hudwintndwb punphhy - hudwlwpgh
wpyniiwytnnipjut pupdpugdwt nngmpyudp: Unwgwpljws t Jtpnhhoyug
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wgnphpdutph Jhpwundwt npnowlh hppwlwbnipnil, npp Gjuknyg gnigunpus
wprynitplibphg hwph woltin] Yhns nwgbuh hujubulwinpmip, nbqught
opijunnuikph Supuwlt i} wuwhwigynn hwoynnuljuis nhuniputibph
pwiwynipnittibpp, b wy] wuwpudbnpkp, hwinhuwinud Ewdkiwwpyniow]bup:

NMupuqgpud 3.2-nud wnwowpnlynid tE  hEnwhwnnppulgujub
punniuhsubpnid  qujunpkt  ogquuwugnpdynn gwép dhpwulju) hwdwhunipjudp
pupniudwt tnutwlh Yhpwenwdp gnuiput punhninughnt hwdwupgbpnid:
Uunuwugdws thnpduwlwt wpmynibpubpp gnyg kbt wdbk), np stuywd Jhpunqus
wgnphpdutph  dkS  wppynitwybunmputp,  hwjnbwpbpdwt swithdus
htowynpmipjnip ghe htont £ hp wliijupyny unbuwfwi wwhidwihg, npp
wuplwiunpluws £ wnwgjws wqpuipwi-wndml - hwpwpbpnpjudp:
qhpnisnippniip gnuyg b viwghu, np g htwbwip £ Yhpunqws nugnuijh jud
qpojulul  dhowllywy  hwdwhmippudp  plgmitwh bnubwhh hupath
ptpnipniuttph: Uju tnubwlht pinpny hwuwnwwnni panunphsh wejuynipiniup
U hqnp gwdphwdwhughtt $ihljtpwghtt wndnidyubpp, npntp pljuws &u npngynn
mutput  hwdwnipmnibitiph whpnypnud, juhunn  wwhdwbwhulnud  Bu
hudwlupgh  hwjnbwpbpdwt - ptdp:  Upnu Ynndhg  pupdp dhgwitljuy
hw&wunipinibtkph (101000 UZg) whpnypenid nigquih $nipgk dbwthnpunipynip
npp qouipl b updws phpnipnibibphg, wwhwienid £ ks, hqnp b publupdtp
wpngkunpttp, npntg Yhpwenwdp wbpunmibh o dwwngkh b pyoipuljhp
huwdwlwupgbpnud: Uju ugph nsdwt hwdwp ghuwpydl E wjuybe Ynsdws,
gusp Uhgmbljjw) hwdwumpjudp pugnihsubph juengguspp, npuntn dhgwblyuy
hwdwpmipniup pinudkup dh pwh wiqud E ghpuquignud  wqnupwuith
uykupp:

Smgunpqus E np wju bnubwhh Ghpwedwb punphhy - whuu]ng
hupnpuwghntt wqnutpwip gusphwdwjiwiht whpnyphg Yupkih b nbquihnpuly
Upqwd  dhgwtlyuy  hwdwjmipjut whpnyp, nph wpynipnd htwpuynp £
Juntuwtht] hqnp  gwsphwdwpiwght $ihykpuyhtt wnunijuph b hwuwnwnnda

pununphsh wpwowgpué ndjupnipniiitphg [5]:
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Uoyws bEnwbwlh phpwluwbwugdui hwdwp . 2-nud wuunlbkpjus pny
ufubduymd Junwpyty ko hnthnjumpniibp’ hasybu wwnlbpgws o, 9-mu:

<
IR &' Pupapugmd
e 16 @2g-h dpm
122gh
s R
BN
0
O
Skukpuwnn
17 v 15 Q2g
e Swmbp UZ

L]
b by QElkpunnnp

Ul 9. Swdp Uhgwtilyju) hwwuntppundp phnntinfwh jpugnighs pnY upabtul

Uju  upjubduyh  ogumipjudp  hpwljuwiwugynd L hwfwwdngnyjwus
wqnuiowih huybjuyhtt iyt thnyuyhtt dupnd” wpwg wpwnwphtt qupsutph, b
wpryniipnid uinugynn wqpuibpwip nbkinud Ehnbyjw) whupp

Ty (t) = cos[(wys + w, (t) + wyp)t] (6)

npnkn gudp wyep whknp E UES (hth poupub wpwybjugnyi
hwlwhinipiniihg:

Bqpuiljugnipinih

L Lwpmgdlk, Juemgllp b qopduplpft; b puquulh  phpufutbkph
hwjntwpkpdwt nkdhund qnpénn dnwnnhl whpnypeh gdwjhtt hwdwhiwgh
Unpmyugdwdp wipighwn  gopénnmipjutt (R2U-UQ)  hpulub
nuighnjnjughnt juyub (RLY):

2. U@ 0LUYU-mud @2U L uUntnppniwwnply hwnjusibpny brwwywppbpuh
hudwljgus wqnuipwith oquuugnpénidp tywuwnnud t YEnd phpwhitkph
twubwut quiwip b hwdwjwih gnygiph dbwnpdwbp, hgp pougp k
wnwihu tuyl)] hwdwlwupgh hwoynnujub b hbwbwpwp twb ukpgbnhly
nkuniputikpp:
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3. Ununppndwwnpl wqnubpowtth Jhpundwt dudwbwl pwnwlniuwghb
punniuhsutinh ogunugnpéudwt b Yndjybtpu $nipjkh wpwgq dbwhnpunipjut
hpwjutugdw punphpy upkh b nwnutinquljub pinyph gupdmuttpp
wnwbdbwgul) hudptpwug pupdnidutphg:

4. U% OLY-nud dhohtmgdwt wygnpppdubph Yhpwenwdp pny; b wwhu
ujuqlguk] ny unwghntwp Juubpny wyuydwbwynpjus uwybljnpuy
dntjuuiniughwbkpp b thnppugul] ppuig wwwdwnny gqpuigynn Yhnsd
wnwquuyh hwjuwbwutnipyniup:

5. Uqqubpwbubph  dpwhuwb  tpqws  wwpq  bpubwlikph  &hown
hudwypnipyut jhpwodwi punphpy] Jupbih © pupdpugul) hwpynnului
thnpp  nhumipuubp  nibkgnn  0LY-h  juunwpnnulubimpmniih oo
hniuwhnipiniip:

6. 8wén dhowbljuy hwdwpmpjudp pugnibdwt punphhy htwpwynp E
wquuyl] $hytkpughtt hqnp wnUmjutkph U hwunwwnnit pununnphsh
wnwowgnuid ndjupnipjniutitinhg i1 Ukdwguby hwdwljupgh
hwjntwpkpdwt htwpwynpnipmnibutpp:
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[IPAMOM ITU®POBOM CUHTE3 1 OBPABOTKA CJIOXXHBIX
PATMOJIOKAIITMOHHBIX CUTHAJIOB

AHHOTAUUS

BypHBIit mporpecc B COBpEMEHHBIX MHKPOBOJHOBBIX U IU(POBBIX TEXHOJOTHAX
IIO3BOJIAET CO3/aBaTh MajorabapurHsle mnepeHocHsie PJIC, koropble MOryT OBITH
IIpUMEHEHBI B CaMbIX Pa3HOOOGPA3HBIX BOEHHBIX M TPAXAAHCKUX O0JIACTAX, TAKUX KaK
CHCTeMBI ~OXpaHBl U HAGIIOfeHWdA, CyZOBble U  aBTOMOOGIJIBHBIE  CHCTEMBI
IIpeAyNpeXeHus CTOJIKHOBEHUH, Ype3BbIYaiiHble CUTyalluu, OMOMeAUIIUHA U T. fI. DTO
0GCTOATENICTBO CTABUT HA IOBECTKY [AHA 3aady CO3JAHHUA HOBBIX U 0OJee JIETKUX
MeTOZOB Iu(pOBOil 06pPabOTKH pafMOTIOKAI[MOHHBIX CHUTHAIOB, KOTOpHE OyIyT
a¢deKTUBHEL, HO He 6YAYT Tpe6OBaTh GOMBLINX BEIYUCIUTETBHBIX PECYPCOB.

Llensio pabGoTel sABAsgeTcsA HccaefsoBaHHe 5(b(PEKTUBHBIX METOZOB IH(PPOBOTO
CHHTe3a U 06paboTKM PafuOTOKAI[OHHBIX CUTHAIOB. JI7IS JOCTIDKEHU YKa3aHHOM IieIH

B AMCCEPTAM ITOCTABJICHBI CIeAYIOI e 3aJaIm:

1. TlocTpouTs peanpHyIO PaJMONOKAIMOHHYIO CTAHIIUIO HEIIPEPHIBHOTO M3TydYeHUT
C JMHeHHOW YaCTOTHOH MOAYJIAIMel ¥ BHIIOTHUTH JAGOPATOPHEIE M IIOJIEBHIE
MCITBITAHUSA JJ1S OLeHKY IIOTeHIIMAIA CUCTEMBEL.

2. BsIIBUTH OCHOBHBIE (PAKTOPHI, OTPAHUYMBAIONIYE IIPOM3BOJAUTEIBHOCTD CUCTEMEI,
OIIEHUTH UX BIMSHYE HA IPOU3BOJUTEIBHOCT U HAaZE@XXHOCTD CUCTEMEL.

3. Paspaborats addekTuBHBIE U MaJIOpeCypCHbIE METOZbI IS IIPEOOTIEHHS
BBIABJIEHHBIX  (akTopoB. MccimemoBaTe  BO3MOXHBIE KOMOMHAIIMM — STHX
QITOPUTMOB JJIS JOCTHKEHUSI MaKCUMAaJIbHON 3P PeKTUBHOCTH.

4. IlpumeHHTH IIpe/iIo’KeHHEIe MeTOZIbI B 1rdpoBoit obpaboTke
PaJyONIOKAIMOHHBIX  CUTHAJIOB. DBBIIOJIHUTH  IIOJIeBble  MCHBITAHUA  JJIA

YAOCTOBEPEHHS B JOCTHIKMMOCTH JK€JIa€MbIX PE3YyJIbTaTOB.
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B AUCCEpPTalU IIOJTy9I€HHBI CIIeAYIONI€ OCHOBHBIE PE3YyJ/IbTaThl:

CrpoexTHpOBaHa, IOCTPOEHA U UCIIBITaHA peajbHasd PafHOIOKAIIMOHHAL CTAaHIUA
(PJIC) HempepsIBHOTO U3JTyYeHHSA i OJIDKHETo JeficTBUA C JIMHEHHOM
gactoTHOM Mogynanueir (JIYM) paGoratomeii B pexuMe OGHAapyXKeHHUA
MHO>XKEeCTBEHHBIX IIeJIeH.

B PJIC HempephIBHOTO HU3JTy4eHUA C TPEXIIEPUOAHBIM KOMOMHHPOBAaHHBIM
curHanom ¢ JIYM u MOHOXpOMaTHYeCKMMHU IIePHOJaMH BO3MOXKHO OCYIIeCTBUTH
IIpeZiBAPUTEIbHYIO (IUIBTPALIUIO JIOKHBIX ILielel ¥ (OpPMHPOBATH YAaCTOTHBIE
IIaphl, ITO, ABIAACH 6OJIee IPOCTHIM METOZOM O0OGPaGOTKH, ITO3BOIUT COKOHOMUTD
BBIYMCJIMTE/IbHBIE A CIeZ0BaTeIbHO U SHEPreTHYeCKHe PeCypChl CUCTEMBL.
BoBpemsa wm3nydeHHMS MOHOXPOMAaTMYeCKMX CHTHAJIOB, IIpH IPUMEHEHHUH
KBaZpaTypHBIX [IeTeKTOPOB M HCIIOJIHEHHH ObICTpOro Iepeobpa3oBaHuA Qypse
JJIA KOMILIEKCHBIX CHTHAJIOB MOXXHO Pa3jIMyaTh IIOCTyIaTeJbHBIe JBIDKEHHS OT
KOJIe6aTeIbHbIX.

B pammonOKanMOHHBIX CTAHIMAX  HENPEpPBIBHOTO HU3Iy4YeHUSA IpUMeHeHUe
yCpesHSAIOmMUX aJTOPUTMOB II03BOJIAET YMEHBIINTDH CIEKTpaJbHbIe (QIIIOKTyaIluu
06YCIIOBIEHHBIE HeCTaIJMOHAPHBIM KJIaTeEpOM u MHOTOJTy4eBbIM
pacIpoCcTpaHeHHeM, U BCIEACTBHE OTOr0 obecreuyuBaer Oojee HU3KYIO
BEPOATHOCTH JIOXXHON TPEBOTH.

B  wmamopecypcubix PJIC  wncmosnbp3oBaHMe — IIPaBUJIBHONH  KOMOHHAIIUU
BBILIEYKA3aHHbIX IIPOCTHIX aITOPUTMOB I[U(PPOBEIX 06PaGOTOK JaeT BO3MOXKHOCTh
IIOBBICUTD IIPOM3BOJUTEIBHOCTD M Ha/IeXKHOCTD CHCTEMBL.

B PJIC mpumeHeHue MeTOZa IpueMa C HHU3KOHM IIPOMEXYTOYHOIH YacCTOTOH
II03BOJIAET U30aBUTCA OT MOIIHBIX HU3KOYACTOTHBIX (JIMKEP ITYMOB M TEM CaMbIM

IIOBBICUTH IIOTEHIHKAT 06Hapy>1<eHH;1 CHUCTEMBI.
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DIRECT DIGITAL FORMATION AND PROCESSING OF RADAR COMPLEX SIGNALS

SUMMARY

Rapid advances in modern microwave and digital technology make it possible to
create compact and portable radars, which can be used in a wide variety of military and
civilian applications, such as security and surveillance systems, ship and vehicle collision
avoidance systems, emergency, biomedicine, and even in everyday life. This puts on the
agenda the task of creating new and easier methods of digital processing of radar signals,

which must be effective, but will not require more computing resources.

The dissertation is devoted to investigation of effective methods of radar signal
digital formation and processing. The use of effective methods can increase the overall
performance and reliability of system, leading to a better resolution of system and
accuracy of target distance-velocity detection. To reach the stated aim the following

steps have been made:

1. Construct real, linear frequency modulated, continuous wave (LFM CW) radar
and performs laboratory and field tests to evaluate technical capabilities of the

system.

2. Find out main limiting factors of system performance, evaluate their influence on
system performance and reliability and develop effective methods against these

influences.

3. Develop effective and low computing resource requiring methods for overcoming
the identified factors. Investigate the possible combinations of these algorithms

to achieve maximum efficiency.
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Apply the proposed methods in digital processing of radar signals. Perform field

tests in order to verify the feasibility of desired results.
During research work the following main results have been achieved:

Short-range LFMCW radar system working in multiple target detection mode is

designed, built and tested.

In LFMCW radars with combined 3-periodic signals, with chirp and
monochromatic periods, preliminary filtering of false targets can be implemented
and the frequency pairs can be formed. Such method of signal processing is
simple enough, and its application will save the computing and hence the

energetic resources of the system.

During the monochromatic signal periods, when using the IQ detector, and the
complex fast Fourier transform (CFFT) is implemented the signals corresponding

to translational motions can be distinguished from oscillation ones.

In LFMCW radars the application of averaging algorithms will reduce the
spectral fluctuations due to unsteady clutter and multipath propagation, and

therefore provides a lower probability of false alarm.

In radars with low computing resources, the use of the correct combinations of
the aforementioned simple algorithms of digital signal processing allows to

improve performance and reliability of the system.

The use of a low intermediate frequency receiving method in radar applications
allows to get rid of the powerful low-frequency flicker noise and thus increase

detection capability of the system.
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