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:ghlzZpeW klZIle ij_~klZ\e_ge* j_ameviZZgbemlthofiip” gegy dth ' gZ \bdhjbklih\m\ZIb ~ey hpe
gx\Zggy aZljbfhd ljZzgkihjlgbo aZkh[e\ yde- jmonIvgkckabIth(’\/kdg)ro\zgp\ﬂbﬁmg/@
gbavdh]lh gz\ZglZ'ijgggvhfm ]Jhmlhbk[mll”-h q_ jlh\hlh i_j_oj_kly \ ieZges dhhjrbgZp+€ -
IZggy hljbfZgbo \ jh[hle aZe_"ghkl_c } "m _ ZdimZewgbd g Nhlg@ei€-jhjhkbhjirlehnhj
gZ \mebygh gec f_j_ "« fekl dheb } "eeygdb a [ebavdh jhalZv[\N&dBfb kihi&revhpdbfb
ngjyfdhf ijh\_~_ggy “hkeer"_gv } _dki_jbf_glZevgZ gZjedlhdgbjh dh\ee gbdbagZqg_ggy
j_"gvh€ azZljbfdb ljZzgkihjlgbo aZkh[ *\ sh jmozZxlwlkogyd RtithHykvgboZ §Dfbklj¥ee ¢ azZ mfl
€0 ]jmih\h]lh ijb[mlly “h i_j_oj_klv

Dexgh\s kehAgZe«lbgge fh"_e+ ]jmika_eijggmdhpey iZgdZ Z\Ihfh[ee*\ ieZg dhhj*bgz
ihjlge aZljbfdb

<kImi <bdezZ” hkgh\gh]h fZl_jeZem
M k\elh\ec ijZdlbpe hjl]Zg+saZp+€ "hjh e hijmmomib m k\h}fm ihgZldh\hfm \
H>J hAgbf <a hkajbighoe\l _n_dib\ghRklZ\e gZ \[3hhhljfmez fh>_ \bdhjb

\ijh\z~" _ggy 1Z hpegx\Zggy kbkl_fkihij@\2kglgy Ih~e dheb i_jeh”b jZggvh]h -
KM Kk\lelehnhjgbfb h[f}dIZfb KH gd4djbfkvidpo*hzZisj_oj_kly eskgmxlv hrghgzZkgh
kljZzeyo FF ijbcgylh A2 ZIb azZljbfdbbljZzgi¢kjfh _ \bgbdzZlb \ jZae ydsh ljb\Ze-
Ighbho azZzkh[s\ LA ijb ih*heZgge gbfbhkidphHgYoeggmzab } f_grhx azZ ljb\Ze+klv nZz
gbo njz]f_gle\ \mMablggpivhe€ f_j_ "+ <shF \aZ]lheeg_ } gbfhkv g_a\bgzZcgbf Ijb pv
[1-5]. h{h\ yadh\hx mfh\hx fh eb\hkle h*"ghqgzZkgh]
GZ "~Zgbc gZk hkgh\lgbf A" j ehfZdegy Mb h[eZkl _c } ihljZieyggy « ihgZldn
fZzggy \_ebqbgb azljbfhd LA ijb ih*hez\ggh\thhmjgh€ nZab \ k_j_"gx qZklbgm \e"j
gh\Zgbo "~eeyghd FF } aZkh[b fedjhlebimldy pr€hjmom EI ITh[lh
ljZgkihjlgbo ihlhde\ LI HljbfZge aZ jZqgqmghd \
dhjbkiZggy *felZp€ jmom LI J_amevIZIer H[Jrﬁbr h - oY dsiy, W@y . (1)
gh\hx ~ey hpegdb _n_dlb\ghkle \|Jh\Z" ggyo bo \blZ"dZo A
g_gmevh\m ~h\'k
/\hkdthe gay |eZg o\ dth/\ngp € dj -Z h[eZkI c |]b \oh”e akm)
N ° —
g_az\'"b pej_amevlZlb ih\ghx fe Jh hPhZI QH]\ |hablb\gm gZklbgm agZq_g
xlv j_Zevge mfh\b jmom LA dhh]"bg _gge a yley}lvky h[eZkIV |
dzfb FF gZijbdez” ]jmih\_ |jb[mIIy LA m |qu- <hgZ *kgm\ZIbf_ az\'”

gbo azkh-a_jIhihlh i_j_o]_kly dth ]%hﬁkm\m \ihablb\ghfm gZijyfs = Ae
"eeygdb FF ’\b -k \ZIbf_ihablb\ z Zkm h
:gZesa “hkee"ingie-dZpRy meth\;0 gm iha g_ag<49q_ggy q m

P
KIZIly } ijyfbf ijh~Ah\'_ggyf jh[hib > » a7 fm@ue ~h\"bgb ngab El

ij_~klz\e_gh j_amevIZIlb ZgZesam -k m'i’q\_% di.appdbx p_ g_ ah\kef \+jgh a ih]e
nhjfm\Zggy ID a mjZom\Zggyf hibkm!fHA\k§nhAL9db qZkm hgedm\Zggy hkd-ev
[mlly I]nglhjlgbo’HthUhhj"bgh\Zgboopd]em hif_"_gZ c +kgm} h[eZklv isagvh]h
0] Klv Ihfm \ AZgec kiZlls g_ f2} ihiEAD Rpp\ledlslv \bgbdZ} \«rjzam iskey Ih]h
ZgZeslbggbc hley” hklzZgge C Apkesr €300 VL gaﬁgl%ab.’\hky]Z} ihgzZldm gZklm

aZ h[jZghx | _fZlbdhx dem Ih[lh ihq jehAm ijb[mlly LA ~h
IhklZgh\dZ az\"Zgl@yklzhmdhqg_gdyy HI _ m fhf_gl dheb

jhajh[e_gbo m klZlle > @ ZgZe«dlqggbo fh’\_e_c Wty Ly, @)

"gZ \bdhjbklh\mpzde\Z &gy _~ge+o azZljbfhd

ljZgkihjlgbo aZkh[*\ sh jmoZxlvky \\iZgldox by &~ gh§Zkgh h[b”\e h[eZkle ijb[ml]
o\beADPazZ mfh\ gbavdh]lh azZ\ZglZ _@@yjlxfddhhh"bd fZggy =+ icagy H[eZklv jZggv
gh\Zgbo "eeyghd FF ijb[mlly jhalZrh\m}lvky m klZjlh\hfm pbde

< =hj[Zgh\ | N Ex[bc/ < 2@Beec H K 5
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ghfm H[bA\e \hgb fZxIv ha¢| | o
1Z ih\bgge fZlb h~bg qzZk | 5 N A~
ydsh aZe_ “ghkls . S /N AN
e _ge \ k[ZIh4jbfZgh ijZ\bevc| 25 J AR AN SN
lekey is~klZgh\db \ , \ ,' \
ij_~kiZ\e_g+ \ kIZIl+ > @ a| 20 - ; ; |
es\hih\hjhigheynzab, =\« | K v K
ih\erAgbo eegecgbo i_j_I\hj_ \ ’ ' )
jbklZggyf a\ yads\ fe© e f | 10 LS )/ \ p
f glZfb k\elehnhjgh]lh pbc vl NV
[meh hljbfZgh sh 5 % 134
tp 0
T T" T W E (3) 0 10 20 30 40 50 60 70 80 90100 3 tk 12C
Py lhqdzZ ihagzZzqz} fhf_ Jbk AZe_‘geklv k_j_"gvh]h qZkm hqgedm\Zgg:

fz} afegblbky ~° _j eh \bgh Ah i_j_oj_kly sh dhhj*bgm}lvky m kdezZ"e i.
hgedm\Zggy "ey_e_°\hih\h}ah kb]J]gZem sh “ha\hey} EIl \¢® akm\m ee<\hih\h

h[ezkle jZggvh]h ijb[mlly L ihgzZldm pbdemTas0mtfF\30clZWw=14c
gvhlh pbdem gZ h[eZklv icagvh]h ijb HljbfZges aZe “ghkle Ah[j_ sexkljmxIvky \
[mlIly LA m gh\hfm pbde- \en

, \eAgbf ]jZnedhf aZ \ekkx Z[kpbk ydh]h \eAde
Ih[fm~h\zgZ \ 1zZdbc kihke] aze—a%givek\hlm“\hjh|gh€ nZab \eAghk®h ihgzldm
gvhlh qZkm hqgedm\Zggy fhf_gim \\+#dg 79@Y K\ @}ABYZ4gec qZk hgqsdm\Zggy ~hal
ghlh kblgZem 7“ey EI "ey LA yde ijhym YZdYV-El "ey LA sh ijb[m\Zxlv gZ i
j_oj_kly sh dhhj*bgm}ivky m kdeZ r><'ﬁ20qdd°-% 8% gmevh\h]h akm\m ee\hih'
1ZjZzt_lj+\ pbdem kislehnhjghlh j_Imexic@dVny 4y shan ihqzidmtpbyed dheb

kmfdm fZ} 1Zdbc \bley” ) . .
k_j_"gec qZk hgedm\Zggy “ey ee\hih\hjhlgb
Iy" "' HT o', pdsh W Td

p )
T . . (@ th VW1, |
© ‘'p
Z[h .
AZ, W 0 qZk hgedm\Zggy m klZjlh\ec I
tpe o Ahje\gx} gmigx0 =« \az]Zes \bdhgZggy p-
o HT W 5«0 2, mfh\b ijba\hAblv Ah gZy\ghkls ijhfs de\ ea
. y oW \bf qgZzkhf hqedm\Zggy gZ \e*jeadm akm\m
TP Woig FazZy awWdg g JuE W k_dmg” jBZ je\gh€ Ijb\Zehkle i_jehne
., 0 aB’W d phiwp! ijb[mlly « jha €a”m LA \e~jeadb a gmevh\bf
o dm\zZggy i_j_I\hjxxlvky gZ lhgqdm sh \e~h
t I
v 5aP Wolzyyaz il 1W“{§p Vi {WT d a[*] fhf_gle\ ijb[mlly iZqdb 1Z \\efdg_ggy ~h
< %, af W d BhiWp! gh]h kb]JgZem “~ey gbo Ih[lh hilbfZevgbc q
ldm pbdem jbk
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JbkK.AZe_"geklv k_j_"gvh]l]h qZkm hgedm\Zggy LA ydshijbim\ZxdmPWkyj oj_kly
m kdeZ”e iZgdb AO \\efdg_ggy kb]JgZem sh “hajhbyR€EnZat* akm\m e<\hih\h
\erghkgh ihgqZldm pbderi0og® -mbk\ZWw=25c
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Jbk AZe_"geklv k_j_"gvh]lh gZkm hgedm\Zggy LA yde ijb[m\Zxlv ~h i_j_oj_
sh dhhj*bgm}ivky m kAl@ZAr«fdggqdlgy kbl]gZem Eh VY"Hadkeym
e*\hih\hjhlgh€ nZab \e~ghkgh ihqZTdr0ghe¢eihcbZAvm At

HljbfZge gZ ijbdezZ”s ee\hih\hjhlgblklvLAhadkhevgh]h kb]J]gZem gZ k\elehnhje
ijb[m\zZxlv ~h i_j_oj_kly m kdez”e dhddhb P Zplrtees ~ey 1Zdh€ ]jmib fZ} [mlb
iZzqdb aZe_"ghkle qZkm hqedm\ZggygRkféggglgyhtiilapmlily gZ i_j_oj_kly gZ ydhf
evghlh kb]JgZem fZxlv aZ]Zevgbc o2{Aakly jaZHkhlfckbydb iekey ihy\b \ ID fhf_glm \
hohiexxlv fmdw \ZjeZglb I|jb\Zehkles gi_gogy*¢haleevgh]h kb]JgZem ~ey iZqdb sh i
ijb[mlly 1Z jha €a”"m LA Z IZdh" fhfisghfhxjmznidgkhf ~h\'bghx fh gZ hpegblb
iZzqdb 1Z \\efdg_ggy "haleevgh]h kb]ghenyzZkjmjh"aghe _Igi%kzZldh\e LA a *"jm]hjy~
sh \ke \hgb ijZpxxlv leevdb \ jZa+s g8ehgknjyZig¥ « iZqdZ LA sh jmoZ}Ivky dht
I[jb\Zeesklv *haleevgh€ nZab ey EIl  ghpeh™myiglmHE \ a\hjhlghfm gzZijyfe \e~ih
izqgdb AO [m~_ f_grhx azZ ljb\Zeeklv xiicvinhh mihlledd Ihfm peedhf fh'gZ \bdhijl

Wt T ) \m\Zlb ey hljbfZggy hpeghd gZkm €o0g*0 a
: \hgb } \_evfb agZgmshx gZklbghx \keo aZzZljt

Py mfh\Z \ j_Zevghkle \bdhgm}lvkybgBd2ZblvammljZ [1Z h[h\ yadh\h fZxlv \jZoh\
om\Zggyf h[h\ yadh\h€ gZy\ghkle \ pbdegalidjhpm@dbZalb]l]h _n_dlb\ghkle gZ klZ"ey
ey ~jmlhjy~ghlh gZijyfm \e~rkmligeklimihglyyhalgZqy)_ZecaZp-€
[Zdh™ ¢ \e~rkmlgeklv EI hkdeevdb Ih*e ihH2pZtbs[mfeevrh€ agZgmshkle hljbfZge
ijhklh gedm”~b Py nZazZ g_ fh'_ ih}*"gmkizelgkd[a\Zixtv i«* gZk \bdhjbklZggy \ ijhk
ghx a “"\ho "haleevgbo nZa "ey LA sthjmoZxIpkE fih)thlb klelehnhje\ m fekvdec <
kljZeex :e_ i*" gqZk jhaley”m e<grbo WblewZgegZjehnjzZ]f_glZo +a [ebavdh jhalZr
\hlh ijb[mlly ~h j_]Imevh\Zghlh i_j_ojKKHIyO@gZ eeZZjge pvhifm iblZggx « ijbreey}lvi
fZ]*kljZevgh€ dhhjrbgZp+€ |_hj_Ibggh]Zhhem\ZKblmkes gZy\ge gZ kvh]lh”ge f_1lh’
Zpe€ dheb mfh\z g_ \bdhgm}ivky\hM pghfiZ]jgddizZibvgh€ dhhj*bgZpe<€ jh[hlb
je[gh \W\h~blb "h~Zldh\e h[f_"_ggy gZ*"YbdlgibglZggydbo hilbfeazZpecgbo Ze]lhjblfz
hljbfZgbo aZe_ "ghkl_c¢ ey hpegdb @Zkmnmdvdnm\Zgyyfdm Z\lhje\ aZ]Zevge \blI]
"haleevgh]lh kb]JgZem LA sh ijb[m\Zxig2\lgbithi\ jjmom gZ h[ }dle "hkee"" _ggy
gvh]h kdhhjrbgh\zZgh]lh i_j_oj_kly gZy\gbc "hk\e® j_ZeeaZpe+€ ih”"e[gbo Ze]hjl

M kbImZpeyo ~_ sh \bgbdZxlv malhbevhZjbof ZHdh€ dhhj*bgZp+€ qZklh ijZdIbqc
aZe_ "ghkle fh gZ \bdhjbklh\m\Zlb g _alpexldikky edy*hptbgZcgh€ jh[hlb ehdZevgbo
gx\Zggy gZkm aZzZljbfdb ee\hih\hjhlighd ta& g k¢dbély pbdezfb
hpegx\Zggy aZzljbfhd "h~zZldh\bo LA y®#e Ijo}*gnyZk hljbfZge aZe_"ghkle ihdZz
xlvky ~h iZqdb gZ g_jlh\hfm i_j_oj_klh aZ IKdghojhgeyah\Zgh€ jh[hlb kmke~rgeo k\el
iZgdb LA ydZ jmoZ}Ivky dhhjrbgh\ZpghdaefZib khjfgezedh\h€ |Ijb\Zehkle akm\b ihqZzZl
ma\hjhlghfm gZijyfdm ~ey ydh€ fh[f_aillbk \feffdyvh \ieb\Zxlv gZ azZljbfdb LA gZ
g_ggy a_e_ghlh kblJgZem +« jhajZomgkliybcaqlZkniijbbf ijb[mllyf sh ~Z} afh]lm \
[mlly iZgdb fh mlv g_ a[e]Zlbky GibHb\itbfZeange fhf_glb ihqgZldm pbdem gZ ¢
Ihlh sh[ hpegdZ aZzZljbfhd azZ hljbfZgbfbogzZkle gak \e*hfh]l]h azZ”~Zgh]h qZkm ih
lyfb [mezZ zZ~_d\Zlghx ihlje[gh sh[[ihlbdihiAj_¢dvh]h i_j_oj_kly >ey pvh]lh ihl

ijb[m\Zxlv gZ i_j_oj_kly g_ [m\ [_dtgpfiagh¥ZIE kmfZjgbc ddlA ashljpmhoZz
nhjfm\Z\ky k\elehnhjhf gZ ihi_j ~gvkfwky § aijpkljeqgbo gZijyfdZo ih h~ghfm i_
kle e chlh \ ydhfmkv gZ[eb _gge fih g2\ Hidekmkz*gefb j_]lmevh\Zgbfb i_j_oj_

*ZIb je\ghfejgbf mijhAh\> qzkm ijb[mBykdgewdgzkbevgh aZe_ “blv kmfzjgZ aZzlj
ihlhqg_ i_j_oj_kly az ydbc fh gz ijhkgym ifilg\ZZdm pbdem fdkg_ \b~gh a
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Jbk AZe_"geklv kmfzZjgh€ azZljbfdb LA sh ijb[m\Zxlv ~h i_j_oj_klv
gZ degpyo i_j_lhgm \mebpes a jhajZomgdheBfjgzgbpeijh€a"m k
\ fhf_glZo ihqZldm KP gZ i_j_oT=I60ydpaZ0 ol =20 c
Jbk ih[m~h\Zgbc ey "eeygdb f_j "« laZldblzg_ \Zjlh aZ[m\Zlb ijh I_ sh mfh\k

e*klx ih€a~db g_x k gZ ihgqzZldm |a g@bpwdiegfpeg¥dbglZz° _ggyf gZe_ “Zlv \ hkgl
ijZpxxlv k\elehnhjb a h”"gZdh\bfb pbldevdb "Zjg@eqghlh i_jeh”m ~h[b sh IZdh" ¢
f Ijb ydbo aZihabqg_gv¥da\pb¥gh “eyrpboijh\_* ggy g_h[oe”*gbo kihkl_j ~ gv A
mfh\ aZzZljbfdz fh™_ a[eevrm\ZIbky \ gjZabke\p*ghkghbgb _dki_jbf _glZevgZ i _j \ejoc
€€ fegefZevgh]lh agZq_ggy sh ~ fhdKbbo 222 "gbkl _c m°_ h[f_~ _gZ aZ k\h€ft
jhde ihl_gpecge fh eb\hkle "ey f_j_"\hkdyhblbfgazfh _ 1ZjZgIim\ZIb hljbfZggy [_a
pe€ reyohf ihkeerh\gh]lh jharbj_ggydh\hTh kldihdij\dm ijh €ogx Zz~_d\zZlgeklv
"bgh\Zgbo k\elehnhje\ m gZijyfdm \e®r N"Mjl2dedhlijlmZpe€ ~"hpeevgh \bdhjbklh\n
"bgZp+*€ AZ 1Zd_ "~ _j_eh fh ' mlv \bkindZ+b oZifhpdlglyggy hpeghd azZljbfdb gZ j_]m
"bgh\Zges ~eeygdb FF Z[h dexqgh\e \iZghdéin klyj_oZ kle aZ ~hihfh]lhx hljbfZgh€ fl
njzlf_gle <>F a [ebavdh jhalZrh\Zghp ghd'dfdp 82 \"_ \erhfbfb fh”r_eyfb sh ieNI\_
hrghlh KH Ijbjh~rgh sh 1Zdes ijhklhjhdZ njZiflbpld k\hx Z~_d\Zlgeklv ;_aZevl_jg:
f_j_"e ih\bgge \e?ih\e~rZIb aZ]Zevgbf{zik]ZdyNZdh]lh ihje\gyggy } nhjfmez <_[k!
nhjfm\zZggy ID « g_ fZlb g_j _Jmevh\Zhgko i §€lbg+bc *h*"Zghd > @ sh \«*l\hjx}I
dhgdmjmxgbo ihlhde\ mgZkgbde\ jmoariegghfm \b]Jey”e \ ZgZeh]eqgbo nhjfmeZo r
GZ 1Zdbo I_jblhjeyo 1Zdh™ fh ' mlv\\plpb &k gz&kgbo d_je\dhd@ alH»Jg_ }"bgZz
NZqge \bagZq_ggy jZpehgZevgh]lh akmjbmlggZa[ MalZfev] Zj@Zlb\ghkle nhjfmeb <_ [k
ljvhfz Z fh eb\h + a gqhlbjfZ kmkergyhdfm_JjboZ~"dm dheb hpegdZ azljbfdb ~Z}
lyfb dheb "\Z Ijb a gbo m _ fZxlv adhX gothca vidkllele azZ\ZglZ"  _ggy
gbc qZk ihgqZldm pbdem \ dhhj*bgZp+€ Jydbs_avZzZP4} gEkE€ hljbfZgh azZ ~hihfh]h
ijb[mllyZghd ~h h~rghlh jhahZewxwgdhMZpecgh]lh _dki_jbf_glm [Z]ZIh jhde\ \bdhj
i_j_oj_kly ajeagbo gZijyfde\ M IZdbWweaeB "ZfZighZr\hmxlv \bdhjbklh\m\ZIlb \ mk
fh'gZ mkiergh fegefeam\Zlb kmfZjge a¥lljbfdbhkdhagzZ djblbdZ pe}€ nhjfmeb \ijh"|
Ahihfh]lhx hljbfZgbo aZe_ “ghkl_c Ivho »_kylbeelv €€ ekgm\Zggy klhkm}lvky g_
HklZggef Zki_dlhf hpegdb aZljbfdB€LAZ&hhkim\Zggy aZ je\gy azZ\ZglZ  _ggy [
[mM\ZxIv m kdeZ”es iZqdb “h j_Imevh\@gh]h iZgdhojhkjyfZgh€ gZ €€ hkgh\le aZe_ "¢
\ mfh\Zo gbavdh]h gzZ\ZglZ" _ggy } hheg@smiZgdoh\ Zjilg\izehkle KP sh ~Ze_dh g_ a:
kle hljbfZgbo aZe_"ghkl_c P_ az\~"2ApgglvidB]|gEediZsh]lh j_amevIiZIm 1 kzf_ \
‘mqgb gZe_"blv “h _dki_jbf_glZevghldZohkkepfmegv<_[Kkl_jZ aZagZeZ dhjblm\Zgg
Ze \ "Zghfm \biz*dm €0 ijh\_" ggxgdbd\dhxP[gbdZo a[_je]rb ijb pvhfm \ g_afe
-g_agZggZ deevdeklv j Zevgbo Kkb]egriqdpknbe "h*"Zghd ydbc fh'gZ e _]dh ij
kbgojhggh yde ie”"oh”ylv "ey kihkl_j*h mgfdy\ jmom a gbavdbf gzZz\ZglZz _ggyf ijbj
-eklhlgbc \ieb\ gZ j _amevlZIb hpdgtith\eggb\e imdZagbd je\gbf
Zevghlh klbex \h”reggy Z\lIhfh[eeekle\ shZH \ghob\ Z\Ilhj j@@ IthIFbfZ\rb ijb
a\h”~blb “h agZqgbo \e*obe_gv nzZdlipyhlifh agZZzek mgijlblv "ey k_j_"~gvh€ azZljbfdb L
[mlly ~h i_j_oj_kly \e* chlh jhajZomgeihlipp@Ay ~h j_Imevh\zZghlh i_j_oj_k
9_99y yd m [-d ch]h a[-evr_ggy [Zdp \a{ip&lgyd8% m ~Zgec jh[hls ihagZq_ggyo f
-g_hJoergeklv \lIjmgZggy \ jh[hIm Ktﬂe'\)ﬂ"y h'pegx
\Zggy aZljbfhd \ mkvhfm ~«ZiZahge ajmr_gv sh g_fh"
eb\h j _Zeeam\ZIlb \ j_Zevgbo ID g_j_a “hjklde nmgdp(T p
hgZevges a\ yadb fs> mkefZ ch]lh “ey glzfb az ydbo—F=—- (8)

afegb h~Aghlh akm\m ihljs[gZ i_j_[m~h\Z \kvh]h ID 2Tp
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>ey dhj_dlgh]h ihje\gyggy *\ho fhZdb]lk @Zlhde*dm sh \ke LA \ iZgpe ijb[m\Z;
o*~gh aZ[_ai_qblb \erih\ergeklv ihjj\gxj\Adbadjhlpy]hf i_jeh~m jZggvhlh ijb[mlly I
ghd fe* kh[hx hkdeevdb hljbHgegd¥ jkh[hle 110 ©)
j_"gvh€ azZllbdbiZzgpe i*” gZk ]jmih\h]h ijb H = 0 ™
[mlIlg$ ~Z} lhgdh\bc j_amevlZl "ey dhgdjehbwkagZ*g ggy qZkm hgedm\Zggy *h
g_gv gZkm ijb[mlly iZqdb €€ ~“h\"bdb]gzemkmz\iphdmllyf iZgdb ~hpeevgh ijh\_Kk
g_ggy a_e_gh]h kbl]gZem ~ey8g~E} evghémeaki jbf gl ea \bdhgZggyf mfh\b
hpegdm k_j_"~gvh€ azZljbfdi Bhb\dphgghjZom\Zlb azZljbfdb ey jeagbo akm\e\ gZkn
dh\h ijb[m\ZxIv "h i_j_oj_kly < h[hdZAfdps\dhhd-ijgh jhaih"ee _gbo m f_"Zo KP
aZljbfdhx jhamfexlv jeagbpx fe° qZkhf m\efdg_ggy
a_e ghlh kbjgZem « qZAkhZeb[mNyiz dm <bkgh\db
a8 p_ mk_j_"g_gZ azZ \kefZ ijb[mllyfb a@fjhfedeZ 4 e«\hih\hjhigbo LA sh jmoZx
(5 €€ mk_j_"g_gh g_ az ijb[mllyfb k&l eazZ2 « 0ddbjP®NO kdhhj*bgh\Zghx ~eeygdhx
jhaih”ee_gbfb LZg@c-ijb[mllyfb €€ g[mmk\¥gs ZgZe-lbqges aZe_"ghkle gZkm hq-t
Ag_gh Djef Ih]Jh 5hgeglddv m kh[e aZ{igyfddgy ~haleevgh]lh kb]JgZem ydes fZxlv a
LAa h[eZkle icagvh]h ijb[mlly yde goZAKdbtilep hik€-evdb hohiedex\Zjp@gib Ijb
0Zlb gZ i_jrbc "haleevgbc kb]gZe k\ZehkirjZ_ jylbad ijb[mlly IZ jha €a”"m LA Z
m8 g_fz} f_gle\ ijb[mlly iZqgdb AO I1Z \\efdg_ggy “ha\:
LZdh™ "ey dhj_dlgh]h ihje\gygg¥bhpZemdkwZehnhjm
Mhfz fhn_eyfb j_amevlZlb jhajZomgde\<bBdhjbkdzbfy hljbfZgbo \ jh[hle azZe_ gl
os”gh ijb\_klIb m \eMih\ergeklv a hpegdhn™ _hZdi'mA&vgbf gz ijbdeZ dhijpkidhjh
ghx az Ih[lh kI\hjblb iZgdm fegg¥Z4e€gfhtb\KH gZ <>F fekl dheb } "eeygc
"bgb sh[ \bemqgblb h[eZklv icagvhlavdjib[jmblyzrie\zgbfb k\slehnhjzZfb
hljbfZlb hpegdm mk_j_"*g_gm aZ ijb[mlinNzéeyby g&Zijyfdhf ijh\_~_ggy "hkes”" _
A ih]Jey”m hljbfZgh€ Iml fh”_e- ifqdidi frigtfgexevgz i_j_\+jdZ jhajh[e_gbo Zg
gh€ “h\"bgb hagZqZ} sh \ke LA A €&§bbkdfth?2"e ad \[YWZq_ggy k_j _~gvh€ azZljbfd
ydh]h akm\m \kIbJgmlv ijh€oZIb gZ kjmjgZelkkyelkahhjrbgh\ZgbfbFFeeyagdZfb
sh "hal\hey} &f dryoty : p_ ijbal\h”"blwmth\b €0 ]Jjmih\h]h ijb[mlly ~h i_j_oj_klv

KIBKHD E1L?J:LMJB

1. Ex[bc [ < :gZeea f_Ih~e\ nhjfm\Zggy ieZgrhjdbhbjhlhfr€ Kmghkge |_ogheh]-€
rbgh[m”~m\Zgge |Z |29k ill®8It22https://doi.org/10.36910/automash.v2i19.909.
2. Ex[bc [ < =hj[Zqh\ I N F_Ih~"bdZ hpegdb gZknai_ogg hdoy prhdihfrpghlh jmom iZ¢

Z\lhfh[ee*\ gZ dhhj*bgh\Zgec "eeygpe fekvdh€ fZ]-higZeZ KhhdEkev I« o gBEH]€
https://doi.org/10.30977/VEIT.2022.22.0.2

3. =hj[Zgh\ I N Ex[bc [/ < leroe™ "h hpegx\Zggy i@Zhjb-Rhoh lij@hkihdhgljobgzZpe€ K
|_fb mijZ\eeggy gZ\e]Zp-+€ |Z -89 fpichtips://doi.org/10.26906/SUNZ.2023.2.015

4. =hj[Zgh\ | N FzdzZjeq_\ H < R_\g_gdhaxljbfhd jmokhpg@diz Imevh\zZgbo i_j_oj_klyo
\mebpv *a ljbnZagbf pbdehf j_Imex\Zggy :\Ih44 [30e89g htips:/jdoigdkdM QI30977/AT.2219-
8342.2019.44.0.30

5. National Academies of Sciences, Engineering, and Medicine. (204BrISiiming Manual+Second Edition. Washington,
DC: The National Academies Preb#tps://doi.org/10.17226/22097.

6. WebsterF.V. (1958). Traffic Signal Settings. Road Research Technical Pape®Noor®don: Department of Scientific and
,QGXVWULDO 5HVHDUFK j

7. National Research Concil. (2010). Highway Capacity Manual. WashinD@©nTRB j
8. Institute of Transportation Engineers. (2008). Canadian Capacity Guide for Sgnhidtersections. Canada, Ottawa: ITE.
232 p.

9. Austroads. (2020). Guide to Traffic Management Part 9: Transport Control Systmategies and Operations. Publication
No. AGTM09-20. 271 p.
10. Fegv < > l*"\bs_ggy _n_dlb\ghkle hjl]ZgeaZpg&ihhipbovidbhgZomfklyz ~bk_jlZp
Ahdlhj neehkhne€ OZjde\ OG:>M k
S5HFHLYHG GZ062023Z
$FFHSWHG IRU SXEOLFDWURBR@.203dcgylZ ~h

Analytical modeling of transport delays at signalized intersections
in condition of group arrival of vehicles

Peter Horbachov, Yevhen Liubyi, Oleksandr Kolii

Abstract. The article presents the results of updating analytical models thbeased to estimate the delays of vehicles
moving along coordinated sections of city highways in low traffic itimmd and when they arrive in groups at the next intersection
in terms of coordinated timing plaihe use of the dependencies obtained in this work is very relevahefexample of spatial
coordination of traffic lights on cities road network, when there i@&sawith closely located traffic light& further direction of
research is the experimental verification of the developed analytazils for determining the average delay of vehicles moving
along coordinated sections of city highways, under conditionsoofgarrival at intersections.

Keywords: analytical models, group arrival, green wave, platoon, coorditiatéty plan, transport delays.
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l:dpehg_|b\ZjbkI®OMd|Z€ gkXelZag ipyeMdjZ€gZ
2GZpehgZemghb\c jkhithj kmpkihjh~hdhjbk mMGGEDDEMdjZE€gZ
3> j~Z\gbc mge\_jkbl_I egnjZkljmdImptb €8 dj 2oz h]e-c

FH>?EX<:GGY G:>1CGHKL1 LJ:GKIHJLM
< ?DKLJ?F:EVGBO MFH<:O0O NMGDP1HGM<:GGY
YD KBKL?FB F:KH<H=H H;KEM=H<M<:GGY A IJ1HJBL?L:FB

ghlZpsy klZIle ij_~klZ\e_gh efelZpecgm fh~_ev kbkl_fb fZkjjhix]h hekemkldhBmijZogy a
jbl_Ihf ydz fh _ \bdhjbklh\m\ZIlbky “ey mijZ\eeggy gZ"eogmkiin\ZjZ g kkimjgplbookhb kfl_f
_gv Jhajh[e_gZ <felZpecgZ fh"_ev ih}*gm}ii]pllgd djby ptbilbd kbligheyp+€ « “halhey]
\qZlb kbkl_fb fZkh\h]h h[kem]h\m\Zggy \ qZklbgjghkllZgh\efhdgghkddbghfkem]h\m\Zg
\erfh\b \brlh\om\Zggy aZzljbfhd qZkm i_j_[kéZgoymrZgigybe idaheje\ q_jlb ihjy~rdn
ifm\Zggy q_jlb ijb gZ~oh”~"_ggy \bfh] jeagh]lh ijehjkéstm_gv jhlgmfeewdZleZe_"ghkle <fh\e
kle hfkem]lh\m\Zggy \bfh] \bsh]h ijehjbl_Im aZe_"ghhedZsphdkbdghKEZ d [&egviih\m\Zgg
efh\ejgekle h[kem]lh\m\Zggy \bfh] gb ghlh ijehjbl_Irklah¢kegHherh\-gdgygkiZ\dlikem]h\im\z
\bfh] \bsh]lh ijehjbl_Im efh\ejgekle ©\brlh\om\Zggyh ateKfoH_VbfRpfhd Zzfb]\bsh]h ijeh
jbl_Im azZe_"gh \e”" egl_gkb\ghkl_c h[kem]h\m\Zggy 1Z iggjdh~"Imggy \bfh] \bkhdh]h
Dexgh\e kehlyZgkihjlgZ kbkI] fglg_ fh*_ex\zghyecg_ fh"_ex\Zggy kbkl_fb fZkh\h]h
Ih\m\zZggy Z[khexlgbc ijehjbl_I egl_gkb\ghkle h[kemlfth\mj\dZokdy m[gZmdhtm\ggygy « \b
rltlhfom\zggy -<fh\ejgeklv h[kem]h\m\Zggy \bfh]

j_rlb iZkZ bjkvdbo ih€a”e\ fh eb\h Kkie\\:

<klImi r_ggyf \Zjlhkle mkeo ijhrZgbo d\blde\ gZ il
FZI_tZIbqgZ |_hjey fZkh\h]lh h[kg&fh\ymdEg@prb\ky ~h gzkm chlh ijb[mlly gz
agZcreZ rbjhd_ azklhkm\Zggy ijb fhijbag¥agggywmljb \ZglZ gbo i_j_\_a_ggyo g

gdpehgm\Zggy j_Zevgbo kbkl_f[l]legnhifiZipleddbiocZzxlv hkh[eb\h \Z eb\e \ZglZ + ~e:
h[gbkex\Zevgbo g _j]l_Ibgd¥o [fheébgfh\pgh€ |1Z h[hjhggh€ f_Ib Z j_rim \ZglZ s\
]leagBd ljZgkihjlghxd1Z «grbo ijehjblbam\zlb kie\\e~ghr_ggyf \Zjlhkle pbo
< kn_je lIjZgkihjlm aZklhkm\zZggy f\INhegdkmjegdbc } \ gZy\ghkle “ey €0 ~hkl:
fZkh\h]lh h[kem]h\m\Zggy } ~hklZlgvhpiEZrjbpochbfggy A mjZombadigghyo\bagZq_
Ze_ ih”e€ Z]j_kb\gh€ \ecgb jhke€ ydmle\hgZ*\\b'sh]phfh gb gh]h ih\bgge ijbcfZIt
MdjZ€gb ijhly]hf jhde\ afmrmxdt im_ggy sh”~h \bdhjbklZggy h[f_"_ghlh iZjdm
\hfm nhjfmex\Zlb ijzdlbgge azZ”Zq- fhthdejhaafyerhijZ\e_ggy ih€ae\ \erih\erghb
xlvky a aZklhkm\Zggyf pbo f_Ih”e\ alhldjle#Z[%okbRBIh\Zgeklv 1Z r\b~deklv pbo je
fZo fZkh\h]h h[kem]h\m\Zggy KFH & ¢juwtbbhjhkip ydsh azZklhkm\zZlb fzZI_fZlbq
<eckvdh\e 2e€ \ MdjZ€ges g_h~"ghjZdmiHbfZabprt€ KFH a ijehjbl_IZfb
Ilhx jmcgm\Zggy aZeesagbqgh€ egnjZkljmM Indjbb oAKH&Hh ydsh m g_jae agZoh”ylvky
jbggbo 1Z | _ogheh]eggbo ijbgbg gZ mdiaghklycjblalzefd Ih jZger_ h[kem]h\mxlv
agbpyo "ey i_j_\_a_gv \bdhjbklh\m\Zbftkpo _& \digh¥hijenjbl_Ihf Ijthjmllvib
ae\ fZc'_ m jZab [sevr_ ge | _ieh\hmtb A[khiedgdfb gb \-MKEdbfb Z[khex
Abkijhihjpe€ | _ieh\hab g_ fh 'mlv aldfettblibjehjkh_1Zfb h[kem]h\m\Zggy \bfh]b
iZjd _e_dljh\hae\ g_hJoe~gbc "ey \bdhptzgphijhkeomi i_j_jb\Zxlvky ydsh m p_c
j_\_a _gv gZ _e_dljbnedh\Zgbo eecgeybcnefzufhydstoglzlh ijehjbl_Im <bfh]Z h[k
pbo ijbibgy}lvky _e_dljhihklZzqzggy \m¥dggyfhydgx [meh i_j_j\Zgh ih\_jlZ}Ivky
fh eb\h i_j_\_klb \ke ih€a”b «a ajmclghtbhybloemghtdh}ivky gb h[kem]him}livky aZc
jbnedh\Zgbo @Zgegc _e _dljbnedh\ihgdhéesged&heb m qg_jas g_ aZebrz}lvky \bfh]b
a\fyadm a \baljghdjZkx j \_a_gv fe  {pschjbl_Im
ijZ\gbdzlfd h~_j"m\ZqgzZfb M KFH a \e*ghkgbfb ijehjbl_1Zfb \bfh]Zz
Lh”re \bgbdZeb ©azZ”Zqe+ a gZhjjibl giZfbc¢reZ m dZgZe h[kem]h\m\Zggy azZ\ ' ”*b
dezZ” gZ ydbc fZjrjml ydbc ih€a” \«dijpKyeyilh dydeply gZ\lelv ydsh m p_c qzZk gz
ijhimkdgzZ a~zZlgeklv fZjrimlm 1Z deeffd«lar \bIsbhfihehjbl_Ihf
Ib\e\ i_\gh]h Ibim h]fb pghfijrhjbl_I Hdj_fm€\Z]lb aZkem]lh\mxlv KFH \ ydbo
geklv \e7ijZ\e_ggy ih€a”s\ fh _ \bag@kibkkleah[keam]h\m\Zggy « gZAbh” _ggy \
gbfb djbl_jeyfb hdj_fh "ey iZzkZ bjkshiloitehilglzim fZee Lh[lh gl_j\Zeb qZkm
‘gbo i_j_\_a_gv fh]Zzfb m \oer*ghfm ihlhpe « |_jfegb gZkm h[
ljehjbl _Ib izkZ bjkvdbo i_j \_a gWgwgwiZ\dbo \bfh]G\Zigbdez”~ ijb \kec €0g-c
agZqblb gZijbdez” yd \eckvdh\e i_g \i_d_0bdamREphhkle \erhfh sh +gl_j\Zeb q
\h]h kdeZ”m i_jrhg_jlh\m |_jfegh\mm2XZAfhZ esdx jnzcgmxlv egnjZkljmdimjm Z Ij
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€g&+"gh\e_ggy \e*ghkgh \_ebdes ihje\gygM phptit]jaZijhihgh\Zges f_Ih"b I_hje€ fZk
eZfb fe° ih€a”zZfb 1Z ljb\Ze<klx i_j_W\hdhghk[keghjh\m\Zggy fZjdh\kvdh]lh 1Z g_fZ
fZevgbo fbjgbo mfh\Zo Lh”e ijehjbldigiinfbbkiZxXlery fhr_ex\Zggy ijhlb”«€ i_jkhgZ
kzf_ i_j_\_a_ggy ih\fyazges a \e*"ghhgbgagh\ftbkgZc J]jmie a \biZ*dh\hx deevdek
kljmdImjb « kZf_ ey aZ[_ai_q_ggyglpdpoe\i_m_YjmieghZ jeagbfb kihkh[Zfb hj]Zg-«:
kijyfhimxlvky ehdhfhlb\b 1Z «gre j_kig#éblh i_jkhgaevhke+" _diyghaley”rz
M dh ghfm ijehjbl_Ie fh™ _ [mlb hdlviky fZilb fZIbgge fh*_ees kbkl_fb fZkh\h]h

khd jZg 'bjm\Zgbo \bfh] « k\hy q_jlZ 1xk\WmihZlgsha fkib_exxlv ijhp_kb g_rlZlgbo kbln
kdm gb gh]h ijehjbl _Im h[kem]h\mxIvXkpyeteejbodb jek@g [gg* _qgbo \ZglZ «\ aZe+aghb
hklZzggvihth]lb «a kibkdm \bshlh ijehjlglhflmZgleihjlhf Z ijBdhkeed\e”ZmeEeh

mkeo \bfh] i_j ~[ZqgZ}Ivky sh ijhp_kpgghahy aggwgbo gZkeeséd+\ |1Zdbo ih"
\bfh] g_aZe_"ge imZkkhgh\kvde « g_ azZM_"Zgsafhpbe "hkekbkm}fZkh\h]h
\Zehklh[kem]h\m\Zggy h[kem]h\m\Zggy a q_jlhx « \e*ghkgbf ijehjbl

KFH «a ijehjbl_1Zfb ~hklZlgvh \b\gaeébkdhi§hgZ~oh”ylv \bfh]b \bsh]h « gb gh]h
lylhf Ijb\Zeh]h gZkm AZ "hihfh]lhx IZiZ\Zdnrgil_jgkb\ghklyflb_jfegb h[kem]h\m
I\hj_gv EZieZkZ hljbfZgh aZe_"ghkhZgtgyhbihggihdZah\e a «gl_jgkbrgiklyfb —
g_ggy oZjzZdl_jbkIKBEHZdyojeagbo ~bfikdEi \bsh]h ijehjbl_Im ydZ gZ~escreZ m KFI
eeg h[kem]h\[®\Zighgy*hke+s~" _gg- KFHh&om}2d \bfh]m \bsh]h ijehjbl_Im iekey a
agbfb ijehjbl_lgehjbl_1Zfb [_a i_j_jbyZggy €€ h[kem]h\m\Zggy ¢ aZcfz} fekp_ |
h[kem]h\m\Zggy « a i_j jb\Zggyf h[kedshhiimdZglghh€Zv m q_jae gZ h[kem]h\m\Zg
A"hhlkem]h\m\BEQgbdyZgh aZe_"ghkle shyth qaigld ijehjbl_Im ydZ [meZ \brlhlogmlz
oh”” _ggy k_j_"gvh]l]h gZkm hgedm\ZKgyHm g jrekekm]jhVm\Zggy ydsh m gq_jae fek
gvhlh gZkm i_j_[m\Zggy nmk-kibkifshyb\lkfE} m q_jlm ydsh.fekp_ ekgm}

I 1§d]. Hkh[eb\eklixhihgh\Zgh]h _dki,jbf_glm
M fhgh]ljZ8i«<€z "hihfhlhx k_j_"~b jhajhfadbghghf_Ihx ~“hkee nmgpdpehgm\Zggy
efelZpecgbo fh”_e_c ODWK/DE 6LPXOLQs }eh [dbebk €€ \o*” gZ”oh”blv ihled
dzfb 6LP(YHQW « 6WDWH)ODZ "hiK&sxNvmyZeZIibhggZkZklewrdb sh kmll}\h \ieb\z

fhrbnedh\EBHA I|hdZazZzgh sh az ~hihdimdgdprhgm\Zggy pgZijthdle£* af_grmxlv
gZfeqgbo ijehjbl_le\ hrghjZah\h i\ bghlgkibpgijkhy h[kem]h\m\Zggy \ kbkl_fe I
jbl_1 [_aijehjbl_Igh€ azy\db ijb pvhEng clfhl\bjgitidivc ihled \bsh]h ijehjbl_Im fZ]
h[kem]h\m\Zgagxypbhd a[evrm}livky HdpbgZddhiZ gl gkb\geklv m ihje\gygge a ihlhdh
0ZjzZdl_jbklbdZ KFH yd cfh\ejgeklv hijleadpb]lh\imm\Zg gylj_[m} agZqgbc qZk “~ey hJ[k
ihlhdm \oe*gbo aZy\hd af_grm}ivky hxdeggviddH] anvkhh ihlhdm
jbl_lge aZy\db h[kenh\mxdZkijehjbl _Ige KdeZ~geklv j ZeesaZp+€ ZgZeelbggbo f_|
AZ ~“hihfhlhx k_j_"b jhajh[db «feljZ2p&tplrdb fhfZkh\h]h h[kem]h\m\Zggy h[mfh

N e_c $QV/RILF ea [*[echllZ2gkbjmDh{B}Bge nhjfb fzZl_fZlbggh]h ~hibkm nmgdj
f_gle\ I_hje€ fZkh\h]h h[keh]\mhZly\ddggy KFH Lhfm ijb jhalfyaZgge ihklZ\e_g
Abkdj_digihte}\hjhbgpbie\ ijh\h*"bebkv dhklk}Fh az\*Zggy ~"hpeevgh \bdhjbklZggy

A-

_ggy | _ogheh]eggbo jbabde\ [Z \erfiinfifixl[ZgkhEhkbfmeype£€

lghbo 1Z eh]eklbggbo[9% b®I MZjo amevIZle :

\kIZgh\e gZ azdhghfsjgsklv \ieb\m d-eviWi@IfdgFe:{!Zpocgh€ fh"_e+ KFH
h[kem]h\m\Zggy gZ k_j ~gx +gl_gkb\geklv h[kemThhRd_lgbfb \bfh]Zfb

\Zggy aZy\hd ijb g_afeggec kmfZjgec sGh’gkdbAghhklih[e_gh gZ hkghih*#lbkdj_Igh
gZ"oh”" _ggy Ip<dZphindkbkl_fe H~ArgZdhhh”rZZ Z]_glgh]lh ijbjdpbhejh[pe fh"r_e-
gbo "hkee”” ggyo g_ \jZoh\m\ZezZkuxbdhhhklhhgr\kdebkv klzZg~Zjlge [ehdb [<[e
azy\hd Process Modeling Library

sink2
source_2 q_2

P

2 q_Bi hold_big 2 I delay sink
49 - sO_Big L
N N
source_1 115 IGG 66 66 q_1 61 60 60
64 3 hold_1
T N source_out sink1
113 64 60 60 A

1 1
Jbk.=heh\g_ \sedgh «fslZpecgh€ fh~ e« \ k_j_~h\bse $Q\/RJILF

>ey fh eb\hkls nhjfm\Zggy ijehjblihigh&ypak Z]_ gl-\MyWgéhtra ~"h~"Zgbf iZjZ
fh]gZ hkgh\e [Zah\h]h dEikynkIZHj gd ¥ _Ijh priority.
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Ijb fh”_ex\Zgge dh gec glitrt_\Dbjfthae df ((9_2size()+q_1.size() < places)}

\eZkgx\ZIbkv je\_gvmjehjbl_|I hold_big.unblock();
priority =2,0 £\bfh]bbsh]h ijehjbl_Im <a ag}Zr
g_ggyf izZjzf_Ijm Nmgdgunyhold_big) j_Zeeam}lvky ijb dh’
priority = 1,0 +\bfh]lgb ghlh ijehjbl_l@mhtm gZ”oh” _ggdhEntbfhibq_dBig
agZqg_ggyf izjzf_Ijm Z[h [eldlay :e]hjblf nmifyd ekl _bid) i_

Kbfmeypey gZ”ohZ hjgkkeym]h\mbZggy\ejy} aZlZevgm deevdd«kljyartbKh]H <+ ydsh
fhlihgbgZ}lvky asduded2N\Aource 2 yde nhdeevdeklv ThohlaZXklZgh\edgewd «flekypv
jfmxlv \bfhdb gh]h 1Z \bsh]h ijehjbl_rhe\q\saces Ihjha[ehdh\m}Ivkhold éigd
ih\ergh 1jb \boh”e a]_g_jh\Zgbo &]_ig hep_ Adadld]big.unblock().
[ehdsburceiZjZf ljmmority ijbk\hx}Ivky agzZ < fh"_ee 1Zdh" j_Zeeah\Zgh ZelhjblIf ij
g_9ggy je\gx ijehjbl\HgH]k]e AT ggy Z]_gle\ mmbkhj_~bgm kbkl_fb ©az ije
Ney Z]_gle\ \bfh] igbhphllHm jbl_Ihf2 « \brlh\om\Zggy azZ f_"+ kbkl_fb Z
©DJHQW SULRULW\ a\bfhlgb gh]lh ijehjbl_Im Z]_glZfb\b\bfh]Zfb
ey Z]_gle\ \bfh] \bsh]h ijehjbl_s$m]hijehjbl_IAmZagZq_gbc Ze]hjblf j_Zeeah\:
©DJHQW SULRULW\ aZ "hihfh]lhx [ehdeldfoidnl) 1Z "h~ZIldh\h€
>ZeZ]l_glb \bfhﬂthienyv "h az]zZrewgln€ogic HighPr()edavadh”hf

J]b B|g >ZgbC _ gl \bdh]bklh\thVK(M23|%m+q 1s|ze())_
nhjfm\Zggy aZ]Zevgh€ g_jlb +a \bfh] stplacksedim Lwize() > 0)
|chfZIbkv KFH 1Z h[jh[eykMdiBmgec if (q_Big.size() > 0 &&

g_ } _glhf KFH sh ~hke-agmghvky O-PooeOprony==at
"blvky 5270 210 KEH o O
SOUI’CE_OUt.InJeCt )
Q_jlz \ _egf_Big;Inhjfm}Ivky aZ aZlZevghbf hold_big.unblock();

ijbgpbihf ),)frst®, firstout?* ~a \jZom\Zggyf }

ijehjbl_IghWi#h]lz fh~_evghlh gqzZzkm ]_4" jZp-

\bfhlb Lh[lh ijbgpbi ),)2 \bdhjbklh\m}l\ﬁk& Zef]hjblrhhfblz“dm gzZ"oh”"_ggy "h KF
“Zobfh)lbsh]h 1Z gb ghlh ijshjbl_le\ Zlkygkmjb\bAtloh]h ijehjbl_Im 1Z ijb \eAkmlgh
nedZp+€ ijhp_km nhjfm\Zggy q_j]b Kkey \eguppf@gelgpv m q_jas KFHgZ]_gl \bfh
ijh i_j_[m\zZggy \Wtiblvky m |_dklh\ghithe ijehjbl_Im ©\brih\em}gvkyB KFH

qbf \bs_ aZiblkamZevghfm \eAh[jZ _gleshdffrhz aZfegx}lvky \eMih\ergbf Z]_glhf
\Zggy q_jlb jbk lag Zebh~plvky \bfffh]Ilex \bsh]h ijehjbl_Im a azZ]Zevgh€ q_j]b
Ah \boh"m aq[RihdmnhjfZpey ijh \ke \QBigb

ij_~klZ\e_gZ m &ihgyrdh\bc ghf_j ] g_j2zeyekbfmeyp+€ h[jh[db Z]\bgdkjbkbfh]
\bfh]b je\_gv ijehjbl_Im_\GhH]lbevgbclh¥r}Ivky Delaydea h~rgbf fekp_f h~gbf ijbez
] g jZp+€ ®fh]b Ahf h[kem]h\m\Zggy :]_dkbsh{hfhjdh

jbl_Im h{kem]h\mxIvky \ i_jrm q_jlm 1Z ihkl
hhjZzam a e@htdm[ehkelay [_a aZljbfhd

[~ 59]2.0]46.25755548555329

nhjfm\Zggy | 62]2.0]48.1663569634813 GZ~oh”"_ggy Z]_gl-gb\¢phhh ijehjb |
q_jlB\bfh] 63 ] 2.0 | 48.453920530276484 |_Im j_]mex}lvky nmgdpehgZevgh azZ "hi
\bsh]h = 65]2.0]49.55600857118395 [ehdold_1 1Z nmgtupsgic_LowPr() « dava
ijehjbl Im | 66]2.0]50.80820062272476 dh~hf

6712.0]51.056665195592

69| 2.0 | 52.57789533847726 df (q_2.size() == 0 && q_Lsize() > OX

hold_1.unblock();

231 1.0 | 18.74180565204156 Ve
ChifmZ 2411.0 | 19.891553009613112 - i
1) 995 | 57|1.022.500494831050226 lib ijhoh”~> _g&l glhf \bfhlhx [ehdm
a_jlb @ \bFhi 50110 22046753825482073 | hold_1az ~hihfhJavadh~m [kdiddl [ehdm
~glalh 31 1.0 | 23.632296483761976 HvKy -
ijehibl_Im | 35)1.0]2513147214439839 thold_1block():  r

— 35]1.0|27.67875914479366

NgqzZk fh~r_ex\Zggy a[bjzZzxlvky "Zge sh?
JbkK. <eamZevg_ \e hpEjfmy\d@dyggy q_jlb\ejghkle h[kem]h\m\Zggy Z[h \brlimdm\Zggy
m [e lypBig aZ]lZevgbf ijbgpbihf
Hkdeevdb \ kZfec KFH deevdeklv fekpv \ q_jae-l_ox%oom”e
h[{f_~ gZ azZ”eygbc f oZgeaf RZiZjjzp+€ \bfh] U
jbl _Ihf « nhjfm\Zggy hdj _fbo mZz]\bka \WBhixecosstgvdekly ih"«€ sh [meb h[jh][
rbf « gb gqbf ijehjbl\eZiberdehdb2iz e_ge \ kbkl_fe Z[h \blbkg_ge «a kbkl_fb
a_d K_iZjZpey \aflmtkgx}lvky _e f gh®ptaZ]ZevgZ deewdrtkfv€ a]_g_jh\Zgbo
sO_Big Ijhoh”"_ggy \b&ahdZ]ZevgheBig_jjb" qZk fh"_ex\Zggy
Ah q_jlb KFH a”eckgx}lvky az "hlhfh]ﬁ}('f[éhbfmnh]fm}lvky kl1ZlbklbggZ +gnhjf

Ibinhold (hold_big jbk) :e]hjblf j_Zeeam$h/ky k_j_~gvhlh jhafejm q_j] 1Z qZkm i_j_
g_j mmvadh” azZ ~hihfh]hx \[m"h\Zgh\bfm]lTWﬂ-_€- fZkh\h]h h[kemdh\Inkegqyy
fun_hold_bidg): ]him\zZggyf Z[h hgedm\Zggy
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2. _amevlzZlb _dki_jbf_gle\

Kbkl _fb mijZ\eeggy gZ\+¢]Zp+€ kA a\ yadm

Hkgh\ge j_amevlzIib fh"_ex\Zggy gz\_*
IZ h(Ih\hj_ggy j_amevizia\jbk 8=2g. bk - klstazly il eh +ihicig
. . e m\Zggy S ijehjbl_Im af
>ey "“hke+""_ggy azdhghfejghkl_g r”‘}:\ %4%b" _ggyf -gl_gkb\ghkie h[kem]t!
a_jJzethisjghkl_c h[kemJhim\Zggy m\ kAflibsHiR ij-njbi_1m ~n libghfm ©lhqc
N ie i i . N . . — .
\_"_gh k_jex —dk'—be—g/\l \ gRrqetebicklVima g7 ihgzidm af_gr_ggy efh\ejghkls ¢
1zjzf_ljngh af-gx}lviky-"gbbl-d \bfhlyhgz)jvky m thf_gl je\gh\Z]b +gl_gkb\ghkl_

\bshlh ijehjblylm @

ijb j-aghe_z@%@

1Z h[kem]h\m\Zggy \bfh] \bsh]h ijeh]

q_ggyo <gl_gkb\ghkh{k&eghhh i\ Zggy Ih[lh m pec lhqp-
[0,001;0,5]).1gre \bos7Zgpe _dki_jbf_gle\ ih*Zge
mi Z [l @ -
LZ[eblpy<boe”rge iZjZf_ljb _dki_jbf_gle\
. . Mfh\g J Seevgekl
1Zjzf_1j fh~_ex\Zggy ihagZzd >eZiZahg agZi ihaihnee
1gl_gkb\geklv gZ*oh” " \bgsgylAbifkljbl_Im + H 0,001 +0,5;djhd _dkihg_gl
1gl_gkb\geklv gZ”oh” glgogyhYhfhkrhjbl_Im L 0,5 *const _dkihg_gl
1gl_gkb\geklv h[kem]h\mbaggly ijbhljbHigm) -+ 0,001 +0,5;djhd _dkihg_gl
1gl_gkb\geklv h[kem]h\ng\&Z gy h\b fhHjflow)m + 0,5 *const _dkihg_gl
Deevdeklv dZgZees\ h[kem]h\m\Zggy 1
Deevdeklv fekpv \ q_jas KFH 4
Deevdeklv ijehjbl_1le\ 2
H~bgbpy fh”_evghlh gZkm lJh~rbgZz
Lib\Zeesklv fh”_evghlh qZkm fekypel\ 1h
\O
© 1
o". oo ..;:O ° "o"\'
g 019 ° -.:. .*w.‘ © :‘Q‘:}.’.::. ®
o8 ¢ X X Y
& 08 Tals RO 1 :"':‘.-f‘.".'
. ...o O~3: o P )
— 0,7 o':.o. o o 0de
— ° ° .\1-: ‘ "“:0.'”" o,
06 Joms - YO8
~ ° LU \o~m.
:t't ~ 05 ee .:.‘..:‘.’.‘ ) “'&. y o
Uhtal R ST,
- ° .po'q L) L) ‘.
n* 04 EACIT . Wy
< . o CTAAS, i :
03 |» o SN N o
) ' o g %ww . . .
To02 | LA EEE I
S 01 | %2 .
@ ":‘ N L)
(A s SYFLETET L NIV S
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5
3&/1 &- & -/= & 5(¢( &&A % ( S (H, (, 111U
e H=0.001 « H=0.1 o .H=0.2 H=03 ¢ H=04 o H=05

Jbk.1fh\ejgeklv h[kem]h\m\Zggy \bfh] \bsh]h ijehjbl_Im
aZe_"gh \en egl_gkb\ghkl_c €ogvh]lh gZ”"oh”" _ggy IZ h[kem]lh\m\Zggy

KiZ"gZ qZklbgZ aZe_"ghkle efh\ejghKleamjeehy]lh ZijhdkbfZpe€ kimi_g_\bfb az
\m\Zggy \bfh] \bjah]lbl_Im jbk steMgh_jeh~e\ iZ2reggy <fh\ejghkle h[kem]h\m\:
hibkm}lvky kimi_g_\hx nmgdpe}x \b~th] \bsh]h ijehjbl_Im aZe_"gh \«" &€gl_gkb\gf

UL ¥ h[kem]lh\m\Zggy |Z gZz*"oh” _ggly ih*"Zgh gZ |
’ A hljbfZgbo gZ jbk nZgbo fh gz azZibk
N _Q@Z?xdh_nepe}glb

Neys=0,1:y = 0.0994709%8 °PF’G Ay @1' Q y
Neys=0,2:y=0.203%0%] ® ", L o
~eys=0,3:y=0.306%"%" s L :
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1
0,9 o
0,8
0,7
0,6

0,5 <
y = 0,0994 998
0,4

Zo A 1UGDSEO |
03

0,2
0,1
O L
0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55
38/ &- & -/= & 5( &&A % ( :( (M, (, / /11U ,

e H=0.1+ H=0.2 ¢ H=03

y = 0,3067R97
Zo A iUBB6D

(11

1 (

& -/= (-#1 (1

305 (

Jbk.:ijhdkbfzZpey kimi_g_\bfb aZeslyhRlyZBeggy *fh\sjghkle h[ke m\ts\nihZigglyjbbfhrh
aZe 'gh \+n gl _géem dkem]h\id Zggyoh”" ggy

Ydsh hdjm]eblb &g¥hg” glggllh hljb,,[Px
fz}fh

C 0,9
P, @, @ (¢

lh hkiZlhggh
R: 01 1@ 21..@5¢
R, 02 L@ 22..@5 06
Rs 03 @& 23..,@5( s
AZe_“geklv +gl_glkhkekith\m\zgg4 \ ||
fh] \bshlh ijehjbl_Im \+~ Fh\jgdiklgk

\ghklegZ”~oh”  _ggy \bfh] \bsh]h ijsh®
NZgh m 1Z]e

0,8

0,74,

0,2
LZ[ebpyAZe_ _"geklv \_ebgbghb 0.1
\*\_ebqPglZA
Ph A 01| 02| 03| 04 | 05 0,1 0.2 03 04 2 07
1.00 G 0.10 | 0.20 | 0.30 | 0.40 | 0.50 , . -
Jbk.=jZne+d aZe hkled\eeb ki pb
0.90 G 0.09 | 0.18 | 0.27 | 0.36 | 0.45 Jszl,o;pH:oﬁ;gH G@:‘&?g“‘? Y
0.80 G 0.08 | 0.16 | 0.24 | 0.32 | 0.40 _ .
070 | ¢ | 007 | 014 | 021 ] 028 | 0.35 b‘:JhZ]E.q' ;]f_fg)\l‘llgmk"‘%be’?]E\(“\/\Zggly \Etir\]]hk
0.60 0.06 | 0.12 | 0.18 | 0.24 | 0.30 gb q tjeh)bi_Im aze_ gh i+% *gl_9g 9
- kem]h\m\zZglgly gZz*oh”"_gdyfh] \bsh]h
0.50 G 0.05 | 0.10 | 0.15 | 0.20 | 0.25 A : _
ijehjbl_Im ih~"Zgh gz jbk
030 | e | 003] 006 009 ] 012 ] 015 | \pfh] gb gh]lh ijehjbl_Im fZ} kiZ~gbc 0ZjZdI_
0.20 G 0.02 0.04 0.06 0.08 0.10 thm ©j-ad-k|va OZJZC”_]m |Z/\oggy h[_Jg_g
0.10 G 0.01 | 0.02 | 0.03 | 0.04 | 0.05 pecgZ e+<gl_gkb\ghkle h[kem]h\m\Zggy \bfh]
ijehjbl_Im
=jZnedb aZe_ "ghklec\e&ndbgegl g Jhaleyg fh nm@tdpmpeXxe "gh \e® egl_gkb\
kb\ghkd®epn=1,0;Py=0,7;P4 =03 ghklae qZtkml/ gl _j\Zem fe  \bfh]Zfb \b

ij_"klzZ\e_gh gZ jilxe A jbk \brgsh]lshjehjbl_Im \os~ghlh ihlfPdm } Mmgdp-ey
ey aleevr_ggy \P€lsqlkgly_h[oe"gh apeepe}x e<fhlejghkle [_alerfhlgh]h h[kem]h\r
r_ggy \_ebgbbzd "ey a[*PvgZggy g_\bfh] gb gh]lh ijehjbl _Im ydZ fZ} eegecgbc
h[oe*g_ a[*evrgc gdy ijbc=01 1ijb I _j K_j_"~gec gZk [_a\e~rfh\gh]h h[kem]h\m\
c=02+gZ cli ¢&fFO5aleevr_ggy klZghh] ~hje\gx} iehse sh h[f_"PgZ e<ge}x
\blv \eN jhi_j_"ge0 agZq_gvVv hkyfb dhhjFo@ ZIZ.
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» o . L]
- _ 07 = > SO,
_2 -, B Tl
[=2] 0.6 s ."c ‘:b" Yool o°

-~ -, * °% o . ..'P:'..a'o.o~
# o~ 3 v e O .
' 0,5 . ‘\s "..—./. '. o T “‘..‘:é ..
- = .:. t.. vy -T . ‘:’:"’.ﬁ.",‘
0o« 0,4 * _'\.. ".;:'. .. % o
\I '..o ) y““-:.. . o vy e

0,3 R =g R T s S
oa. * .':-"..' 'F‘?“':\a.

0,2 . s, ’e,_ .

’ -, L e o
— “ el Tl e
L 0.1 L L . ‘.'.a",; DL Y %
P ! .. > de ° \"o..l-. . '.’ Sooq
0 . o 8o, RN Lo ML A D s
1 KN O T T S, N N . U I SRS S, | X Rz
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 C
38/ &- &&I5( &&A %( -(((*, H//1U,
- H=0.001 - H=0.1 - H=0.2 H=03 « H=04 - H=05

Jbke. 1fh\ejgeklv h[kem]R\Wb¥hddyghlh ijehjbl_Im
aZe_“gh \+” s+gl_gkb\ghkls h[kem]h\m\Zggy |sth[kemih}m\Z2gqgy \bfh]

AZe_"geklv \_ebgbgb Rih\hgdekhe]ih[kem]h\m\Zggy \bfh] gb gh]h ijehjbl_Im ¢
\m\Zggy \bfh] gb ghJh ijehjbl _Im \e”reg} afbrghfklE€ogvh]h h[kem]h\m\Zggy
wh[kem]h\m\Zggy \bfh] \bsh]h ijehjbl_Im pbl§b\Z\b~rgh sh ijb af_gr_dge \_ebqgb
ehkle egl j\ZetmfgZbimfb \bfh]Zfb m \d*P.(tn, 1) = const gb \_eb@lftgbn ijb
ghfm ihlhpe ih"Zgh gZkigkh -a a[eevity gdPRQVW \ BelagiPBRZ 4;R af _grm}lvky
\_ebgbghlaf_grm}livky k_j_"gy ljb\Ze<klv>tepkafrevr_ggy \Pé&hgbdgilhb i \ghfm
]him\Zggy h”rghgzZkgh a pbf ea a[sevagdgu§d- abagdgh a[<evr_ggyn\_lalhidbgb
waf_grm}lvky <gl_j\Ze fe  \bfh]Zfb [meVoe~~ghfmkb\lg_ h[kem]h\m\Zggy \bfh] \
ihlhpe \bfh] \bsh]h ijehjbl_Im sh ijhp\thjbbIlMmh
a[eevr_ggy k_j_"~gvh€ deevdhkle 1Zdbo G hBkVh[jZ  gh ]jZnedb aZe “ghkle cf
~"h [sevrh]h azZ\zZglzZz _ggy dZgZem hdjgehrk]h\b\Zly\goym)iZ'gdgfyn]3gb qghjshjb
sh m k\hx q_jlm i_j_rdh”~"Z} gZ”oh”l_Iggx m dZgZe

1ol (s 14)

091!
0.8]\
0,7
0,6
0,51
0,4
0.3
0,2

0,1

3 4 5 6 7 8 9 10
t,, O. yacy

Jbk =jZnedb aZe_ ghkl_Pufth\«jghkl_ebg kg
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[e)) ® ee 0".. °
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IR A S
o’ . ...o.'
] N ° :' e ®
S, T,
et o ..
ey
. 1%, ’: o o g
PO 8.~ 7 TN
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,!
38/ &- & -/= & 5( &&A %( -('(HE*, (, /11U ,
e H=0.001 « H=0.1 « H=0.2 H=03 ¢ H=04 o H=05

JbB. 1fh\sjgRk@\brih\om\Zggy? a- K§tHghGhpdhjbl_Im \bfh]@kbdh]h ijehjbl_Im aZe_“gh \s"
«gl_gkb\ghkl_c h[kemZhy@rBhgy\fgdbkhdh]h ijehjbl_Im

ljhp_kb yde ih\fyazZges «®/af>ehr_FgyaljbfZge aZe_"ghkle cRPh\+Zgjhdkb
evgh hibkzZge \bs_ ®jpkeyg9hky]g_fhd¥xgh iheeghfhf rhklih]h kimi_gx \b”m
€€ fZzdkbfmfm ih\fyazZgh «a af_gr_ggyf deevdhkle \

b
fh] gb gh]h ijehjbl_Im « azZ\ZglZ" _ghkle ngZem)/hP(s)é3 - ax G
kem]h\m\Zggy FZdkbfZev®him"alg\2qg_gox, | ; r
epelglb iheeghfe\ sh Zijhdkbfmxlv e
"z} \_eba&gZicosey \bagZa_ggy \;ERRAIP ebqbabeisderklZ\e _gh B.IZ[e

LZ[ebP¥Dh _nepelglb ihesphzijhdkbfmxlv sfh\ejghkls ©\brih\om\Zggy?
KFH \bfhdbavdhlh ijehjbl_Im

Dh_nepe}gl iheeghfz H=0.1 H=0.2 H=0.3 H =04 H=0.5

4 -1767609 97550.53 4593.061 1980.917 983.323
Z 431830.5 -54236 -3453.6 -2276.31 -1392
4 -42096 10862.98 857.173 966.0881 721.876
4 1791.001 -1046.51 -114.584 -212.099 -184.777
YA -34.143 48.5078 8.249455 23.6418 23.30407
4 2.292621 1.042772 1.748402 0.770417 0.615751
4 -0.00172 0.004007 -0.0002 0.017116 0.019575

?dklj_frifse000 0.071 0.135 0.198 0.2628 0.328

AgzZggy _dklj_fmfe\ cfh\ejghkl_cihlbdf\otm h[kem]him\Zggy \bfh] \bsh]h 1Z ¢
\Zggy \bfh] gb gh]h ijehjbl_Im 1Z \e”7ijrbejbdble\gbsh ~“hal\hey} ijbcfZlb [sevr h[%o]
egl_gkb\ghkl_c \oe~gh]h ihlhdm [Z hikgemh\ggy dey mijZ\eeggy ih”"eJgbfb kbkl_
\bfh] \bsh]h ijehjbl_Im fZ} ijbdez”~g_ &g2d\gfygZ g_h[os~geklv \bdhjbklZggy
gZijbdez”® 7~ey ijbcgylly jer_gv sh"hghagie~dbnqgtbfb f_Ih*Zfb egkljmf_gle\ ofelZ
€a”e\ jeagbo ijehjbl_Ile\ \eA[m~ h\gbofhZk&xbdggygbahdj_fZ jlZajhfe-gBfi¥gZ
\ZglZz gbo e+grbo \b”e\ ih jeagbo \md&pechz fiZjfimk}™gd¥} Z] glgbc 1Z-~"bkdj_Igh
IZo ljZzgkihjlgh€ f_j_"e ih~e}\bc ijbgpbib kbfmeype+€ « “ha\hey} \b\c

kl_fb fZkh\h]h h[kem]h\m\Zggy ijb gZ”~oh
<bkgh\db \bfh] jeagh]h ijehjbl_Im Z kZf_ \ qZklbge \

1. A mjZom\ZjgzghMbqgghhtk\efimgdpere_ggy aZdhghfejghkl_c
gm\Zggy 1Z aZ[_ai_q_ggy gZ~ecghkle aZe~fdgbjgghkd IgZzgh[kem]him\Zggy \«~fh\b
ihjlgh€ kbkl_fb \ _dklj_fZevgbo frefth\ZIh \dhdgdogy
jmcgm\Zgv 1Z \e~*gh\e_ggy cs6npzbljhmd ImjdZljbfhd gZkim[m\Zggyf m g_jae i*" h]J
gZkmzjdm ljzgkihjlgbo aZkh[e\ aZijhklegh\iAgh\ hdgyf
jfZeeam\Zlb nmgdpehgm\Zggy pe}€ kbkltiflojwydm Fthjdim\Zggy qg_jlb ijb gZ~oh”""_
ijehjbl_1Zfb ea afeggbfb izjzf_ljzA\bfhbijsgdb]lh ijehjbl_Im
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tjihafeje\ gq._j]b | _Im ljpb\Zehkle egltgiZembfb \bfh]Zfb m

3. HljbfZge aZe_: ghkle \oerghfm ihlhpe

- efh\ejghkle h[kem]lh\m\Zggy \bfh]-\BAskbgbgb <gl_gkbl\ghkle h[kem]h\m\Zg
ijehjbl_Im aZe_"gh \¢” egl_gkb\ghklflc] 8bghhhhijgEfbé\btrm «fh\ejgPrklld gl _
oh”_ggy I1Z h[kem]h\m\Zggy gkb\ghkle €0 gZ"eh”~" _ggy

- efh\ejghkle h[kem]h\m\Zggy \bfh] gbMghlbameviZle ZijhdkbfZpe€ _dki_jbf_¢
ijehjbl_Im azZe_"gh \e~ egl_gkb\ghkdbohfKgimghafrh\ejghkle h[kem]h\m\Zggy \bfh]
\Zggy IZ h[kem]h\m\Zggy \bfh] \bsh]ihehjphljblimimzZe “gh \e” egl gkb\ghkl_c €og\

- efh\ejghkle ©\brlhlom\Zggy? a« chPH_Y9gh]1Z h[kem]h\m\Zggy eegecgbfb a:
gb ghlh ijehjbl_Im \bfh]zZfpApslh]im alxfb \klZgh\le_gh sh
e_"gh \«" «gl_gkb\ghkl_c h[kem]h\m\Zggy IZ gZ~oh ,
A ggy \bfh] \bighHjbl_Im P K@, €@

- \_ebgbgb <fh\Hghkle\ _ebgbg °gl_g = Pp 1, Q .
kb\ghkle h[kem]h\an\\idhdgy\bsh]lh ijehjb G
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Modeling the reliability of transport under extreme conditions d operation
as a queuing system with priorities

M. Katsman, V. Matsyuk, V. Myronenko

Abstract. The article presents a simulation model of a queuing system (QS) with a queakatwel priority, which can
be used to manage the reliability of transport systems under resounsteaints. The developed simulation model combines agent
and discrete-event simulation principles and allows studying queustegnsy in terms of establishing regularities: probabilities
(service, failure, push-out), time delays (waiting in a queue, undecagrgueue sizes, order of queue formation upon arrival of
clients of different priority. As a result of the research, dependencies htairexl for the probability of servicing higher priority
clients depending on the intensities of their arrival and service; phitiealof servicing lower priority clients depending on the
intensity of service and servicing of higher priority clients; the probalofitpushing out" lower priority clients from the QS by
higher priority clients depending on service intensities and the arfithato priority clients.

Keywords: transport system, agent modeling, simulation modeling, queuing sysh=okita priority, arrival and service
intensity, service and push-out probabilities, client service pratiedil
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D= Dh\p@j= 2kdh Zgh\Z

1OZzZjde\kvdbc gZpehgzZevgbcrZj\hhdm¢eengrh jkbl, Md)ZEd)A
2DZaZokvdbc Z\IhRfhjheggd gklbiml «f E ; =hgqZjh\Z :efZlb J_kim[e-d

[11>01> >H <B;HJM EVL?JG:LB<B
KIHKH;1< :>J?KGH2 >HKL:<DB

ghlZpswW klZlle jhaleygmle Zevl_jgZlb\ge kihkh[b a”“eckg_ggy Z"gdzZkgh§dhhlxfz\db |
Z\Ihfh[ee_f "hKhZ\dZ \_ehkbi_AHfierddmjf}ihd "hkee”"_gge \bagZg_ges nZdlhjb sh q
\ieb\ gZ \Zjleklv “hklzZz\db >ey dhgdj_Ilghbo mfh\ "hpellizddb vagdiphdnigjvzZzdhb\pzrey Z"j_k
"hklz\db vyde aZ[_ai_qZlv _dhghfeqgm _n_dlb\geklv vgietel~idgm YdieicgioklyedZ khpe.
_n_dlb\ghkle aZijhihgh\zZgh \bljZIb gZ ~hklZ\dm 1Z qgZkmaklZhdbfhImlk[Z\l gbdhjbk
[Zge ie”ijb}fkliBKBZgZevgbdZfb Ih\Zje\ \ ydbo hjl]Zgeah\Zgh IZ \ijh\Z~"_gh Z"~j_kgm *
Dexgh\e kehaAZ_kgzZ "hklz\dZ qzZk ~hklz\db \bljZlb gZ hjlZgeakpeeVaXIZ\db jha”
“Z ljzZzgkihijl

<klmi :gZeea "hkee”" _gv e imA\[dedZip?c
\bs_ggy _n_dlb\ghkllkejh[pdbrhklZ\db \b

IlhgbgZxgb a \_kghy_j_ajazZijh\z~gbgdz} gZ ijZzdlbpe ji51bIAYgbf a I1Zdbo
gy \ MdjZ€ge dZjZglbggbha]alt_KmdvidbdZgv } \bagAgh[ggymglm¥igopnz ~hk
]Jhkihr"Zjx\Zggy i_j_feklbeb k\hx Ihj]leAedkmae J@ZhgZevgbf §2y)dekyglZf
pehgZjgbo fZ]Zabge-\fZtgbabjgh! M a\ gaeimddjsZgls\ "hklZ\db « aZjhahiki ggy
pbf m gh\bo e<dghjjg\pe\ \bgbdZeh [Z]feld\ "hklZ\db Fh gZzZi Woedlkih\gbo
iblZga ijb\h"m hj]ZgeaZp+€ Z"j_kghEimkhilA\dbl ZaghieZblm¥y a~-ckg_ggy Z"j_kgh#
fhie_gbo Ih\Zje\ dee-}glZf "hklz\db

:Nj_kgZ ~hklz\dZ Z[h ~hklZ\dZ hklZgfva&hfbre\ghklz\dZ ~ey \keo aZfhle_gv
tp_ nZaZ eZgpx]*\ ihklZgZgv sh \meehdm} PEgewv hklzZ\dmf rgg¢erd kim}Bjm
geklazZ "hihfh]lhxIlydh#® neabqgh i_j_\fASah a~eckgblb Yd ihdZam} ~“hk\e” ijh\e”g
xlvky ~h aZfh\lghdvc ezZgpx] ij_"klz\€gkvithbo |1Z dZaZokvdbo |hj]Je\_evgbo dhfiZz
led IT1h\Zjm fe¢° dhfiZzgeyfb |Z [BZfhkgbdBEtlgyllyf pvhlh jer_ggy ihlje[gh ijhZgZe-al
I1ZqgZevgbdZf ihkem] ~hklz\db ~“h\h*glaZklymkdbdZbkijjhihgm} [_adhrlh\gm Z[h [e¢€
a*s kdeZ~ghsZfb 1Zdbfb yd jha[e geklwmklkhzdidmbklihjhggec ihklZgZedgbd ihke
jhaih~ree@glZ hhljbfm\Zqe\ \_ebdZ sdeékdedikdy_glb g_ ijhihgmxIlv [_adhrlh\gm ~
g _\ _ebdbo azZ jhafejhf azZfhle_gv jdmghifzdglklg<Z lih\geklx \bdexghblbqm ¥ kihke[
afegge \bfh]b kih b\Zqg-\ qZk * j_kmjkb ey j _deZfb pe}€ ijhihabpe€

KIVhj_ge kbkl_fb Z~j_kgh€ ~hklzZ\gbggBA\Evk]phfh ' meldhfiZge€ sh[ ~halheblb
ge s_ \bfZ]zZxlv m~hkdhgZe ggy q_jijh[gbadmZikdgmdx[_adhrlh\gh€ Z~j_kgh€ ~h
qw©\madd fekpm\keo mgZkgbde\ [Zdh&ekybkt*"fbs_ggy ydhkle h[kem]h\m\Zggy de-
[2, 3] peevgbf } \ijh\ZN_adtyr i@ " j_k§ hk

LZd ihdmipe qZklh klbdzZxlvky &z\ftb[eHIHfbd ihlje[gh fZlb gZ m\Zaes sh djr
"hklzZz\db 1Zdbfb yd\aZhikdZdpes \&jZIZ*\_evge ieZImiZjdbbgqgh g_ gk aZiwlh
fhle_ggy ihrdh”*ZJlygy ajmqgge YkiZkgbgm ~hklzZz\dm "ey [sevrhkle dee}gle\ AZa\
\db>hklz\dZ ~h imgdlm kzZfh\b\ham IZzkhv 2&dlh§gZhklZ\db \'_ \dexq_gZ \ hkgh)
Ib\ge kem'[b ~hkhztmdle az[_ai_qgblb Ipkdvrih\Zjm LZdbf gbghf gZ\elv 1Zde djmi
ajmggbc 1Z gZ~ecgbc kihke[ hljljhZzgdp Iy ZBPD]RQ agZoh~ylv kihke[ klylg_ggy
NZ\pe © qZklh klbdzZxlvky a IZdbfb ithkdZfdfb yd
\bkhde \bljZIb gZ ~"hklzZ\dm Z[h kdezZ~g«K{lvathhldlgvcdhZz "hgIZ\ddb "Hh\Zje\
pe€ "hklz\db "ey dee<}gle\ G_ kees” dZdbZlbikrkijhfhdh [mlb \ijh\Z”~" _gbc ydsh r
eh]leqggm kdeZ”"h\m LjZ"bpecge kihkhdge€hkbzhdkbfhbf_Ih\Zjs\ Fh gz \ijh\z
"mlv fZlb g_]Zlb\gbc \ieb\ gZ ~h\de®lely] gaghalA\gm ~hklzZ\dm 7~ey Ih\Zjs\ a \Dbl
ebdm deevdeklv \bdb”e\ \m]e_dbkehjdhlefbam_ HjYgZdhd \e” ijh*Z " m [m"_ [eevr
Zevl_jgZlb\ge kihkh[b ~hklZ\db [Zdabldz\belgkbi*MiglZ\dm :e_ 1Zdbc kihke[ kly
dmj }jb Z[h _e_dljbqgges Z\lhfh[ee+ fhemllly foagbalbhp\blbkv g_ ajmgghd_tes de-}gl
\bdb”b \m]e_dbkeh]lh ]Zam 1Z ajh[blig_"ajkl&Zhd rgfleekzf_ ijh~mdlb fZxlv [_adhrlh
_dheh]egghx \gm ~hklzZ\dm

HI"_ iblZggy “hke+”" _ggy Zevl_jgZ[begltholh\BlzklZz\dZ dheb des}glb ~hky]
kihkh[¢hklZ\db yde fh mlv agbablbxlblfjZdbfZezvgh€ Ihgqddp dmimiesihrbj_gbc
AhklzZ\dm 1Z ajh[blb ijhp_k "hklZ\dbkjh&ef khyldibzZlb ieZzlm az zZ~j_kgm ~hklz\
\gbf 1Z ajmqgbf ~ey ijh*"Z\pe\ I1Z €0 dkedpdtd\ Bzdd kbkl_fZ aZzhohgm} \_ebde il
ImZevgbf iblzggyf kvh]h”_ggy fh'gZ j_dezZfm\Zlb yd \b]h"m :e_ ijb pvhfn

18 ¢ Dh\pmj D = ?kdh, 28]
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o**gh h[h\ yadh\h ijh\h~blb j_Imeyjgbc fhoggkrejbeg\Zjlhkle 1Z _n_dlb\ghkle >ey
\bljzl sh[ fzZlb afh]m ihje\gx\Zlb higbhZge~"gh \b\gblb \Zjleklv 1Z _n_dlb\geklv «
oh”b a \bljzZ1Zfb gZ ~"hklzZ\dm kihkh[m ~hklzZ\db GZijbdez” ydsh dmj }jk
+}"bgbc IZjbn ~"hklZ\db “~ey \keold)dZm}dPMhHjh qghx ge<  ihrlh\Z Ih fh'gZ jha]e
dee}gle\pt gZcijhklerz kljzZl_]Jey "~eylbgZeZrbhrklv \bdhjbklZggy ihrlh\h€ ~hklz\d
\Zggy ;eevreklv i_j \eagbde\ gZ~"Zxalgb negdah\Dgjrd |
\Zjleklv Z~j_kgh€ ~hklzZ\dbr_Deml@ b je~ <b[ej hilbfZevgh]h kihkh[m ~hklzZ\db
xlvky Ze_ Ibf g_ f_gr [Z]ZIvhf des}fdZEe«amitihhj_[ dee}gle\ jbgdm IZ \Zjlhkle
[Z}Ivky nedkh\ZgZ iezlZ azZ ~hklz\dib\ghikla dh gh]pekihkh[m ~hklzZ\db g_h[o¢’
\bljzlb } "h~Zldh\hx KIZII_x \bljZl ajd#HbghdldbfZzevgbc kihke[ “hklZ\db ydbc aZz
7 hklz\dZ gZjZoh\m}lvky aZ mZfgyd_ihdyf[& dee}gle\ 1Z } _n_dIlb\gbf a lhqgd
hr"gZ a gZckdez”gerbo kbkl_f ~ey yZjEklmlZgpgdkm ~hklZ\db
ihykg_ggy ;Z]Zlh-f4jlzagpgk\ \bdhjbklh\m .
xIv KZf_ p_¢ Kihke[ <eg ]ZjZglm} sh 1jzgkPfj§d” nkahighlh tZ1_j-Zem
\bljzZlb ih\geklx ihdjb\ZxIvky azZ \kefZ agil\eanmxqb jh[him kem [ Z~j_kgh€ *h
gyfb M [eevrhkle hi_jZlhje\ } kbkl_fln'§3Z, aZpgZgblb sh h”ge}x a \Z eb\bo mfh
evghfm gZkes “ey jhajZomgdm \Zjlhklg M&yZ\db dldyghkle Z~j_kgh€ ~hklZ\db
dee}gle\ H~gZd dee}glZf p_ aZa\bqaZ d\hih gy }liklj_[ dee}glZ a gZcf_grbfb \lI
ky 1Zd*"jKIZ\dZ ~ey gbo \boh~Bblivh Hjth pey [Z]ZIvho dees}gle\ I_jfegh\eklv 1Z \
j*\gygge* a nedkh\Zghx klzZ\dhx "hklz\db } hkghaglhfihf ijb \b[hje >ey pvh
A mjZom\Zggyf "bgZfegqgh]lh jhRa\bhdon Rgdfghl h[jZIb kihke[ Z"j_kgh€ ~hklZ\
"hklz\hd 1Z e<ghjjg\des \ peehfm \k_ dgZeyrevr aZ"h\hevgylerthgjlefelZ g_k_ f_g
jhev m \b[hje ijh]jZfgh]lh aZ[_ai_q_ggy\l18kbdmj }j
kvdbo kem [ \e7e]jZ} fh eb\eklv jhajZohMnaXIpadmm a pbf \bgbdZxlv i_\ge iblZgg
leklv "hklz\db Z\IhfZlbqggh \bagZq_ggy jZpehgZevgh]lh Ibim ljZgkihjlgh
:gZe*a kmqgzZkghlh klZgm jha?je[dmE€IZh)pAme VkIZ\db 1«* gZk \b[hjm Ibim I]
\h~blv \Z eb\eklv \ijh\Z~r" ggy Z7j_kigthg§hrBKKh\cdh \jZoh\mxIv r\b~rdeklv « |_jfegh
\ jha”je[ge Ihj]e\_evge f_j_ "o \db je\_gv a[_j*lZggy \ZglZ s\ ajmqgeklv
Hkh[eb\h Jhkljh klZ\ i_j_o+" jhagy*tpdba_fHgy j_Imeyjgeklv i_j_\_a_gv dh
j_ “hdhf_jpe€ \ mfh\Zo g_fh eb\hklgeawdigegqnlh\m\Zggy IZ egre ydekges 0ZjZdl
gy hneZlkdmihd sh klZeh ZdImZevgbf gkhipABjbaeklv Z"j_kgh€} "dk¢xXXdéb\-
iZg”"_1{6]€ rbf maz]zZevgxxgbf ihdZagbdhf sh ozZjzdl.
J amevlZlb skgmxqgbo kbkl_f hjjZdhaghfsg§gmKKlihjhgm ~eyevghkle kem '[b ~h
\db \ jha”je[gbo Ilhjlh\bo f_j_ "Zo ildZazZem[js}Ivky ydeklv. mke}€ jh[hlb
ekgmxqe i**oh”b \bagZq_ggy \Zjlhkle "kkZg\tdboyeggh€ hkgZs_ghkle
h[% jmglhaZ\dbagZqg_ge *glm€lb\gh eh]ekkifibiegwb\bdhjbklZggy hkgh\gbo azZkh[e\
oh”yqgb a ,p¥thgkevgh jhajh[blb aZoh”bjs\hglv aZklhkh\m\Zgbo ghjfZlb\e\ \bljZI
i*"\bs_ggy _n_dlb\ghkle Z~j_kgh€ "™bKIA\fbkmpkej\Z
omghd \b[hjm jZpehgZevgh]h \ZjeZglm K& fb\ZhiklZdlbdZz
db "ey dhgdjmfgborhklZ\db \ aZe_"ghklediktv mijZ\eegkvdh€ ijZpe
0ZjZdl_jbklbd jZchgm h[kl&Zmiti\ihZ @iy [Z]Z1h sgrbo 0ZjZdIl_jbklbd 1Z ihdZagbd-

ZAj_kgm ~hkiz\dm ienijb}fki\Z
AZ]lZevge \bljZlb gZ hjlZgeaZpex Z"j_Kk¢
IhklZgh\dZ az\"Zggy |Z\dbh gZ ij_~kIZ\BUDf qbghf
F_1Z jh[hibe*\bs_ggy _n_dlb\ghkle nmg .
dpehgm\Zggy kbkl fb Z~]_kgh€ Ahklz\db \zgl8 .B'" B? (1)
jhanje[gh€ |hj]le\_evgh€ f_j_ "¢ aZ jZomghd jZpehgZz

evghlh kihkh[m ~hklz\db \ az~Zgbo mfB26 +ihklecge \bljZIbBYfjgrafeggs
l+noe~ ~h \b[hjm Zevl_jgZlb\gbo \lgihkpf+\;z"
j_kgh€ "hkiz\dexgZlb gZkimige djhdb "= 1)) . jha\_ a_ggy azfhle gv des}gl
gZeca Ih|j_[ de-}g|-\ >ey |h] f%\Pém%#g\El i_j_\-agbd IJngthI . jha/\j.
"Sb

felb yde Zevl_jgzlb\gs kihkh[b ~hK ne "
[mib \bdhjbkiZgs g_h[os"gh aZa’3g;luAV £pmodpry "Zghlh ijhp_km fZIb

ihlj _[b 1Z \bfh]b dee<}gle\ GZijbdeZz ygsh [cev

reklv dee}gle\ ijh b\Z} \ feklZo 1Ih fh gz jhale9 ..\, " R
gmlb fh eb\eklv \bdhjbklZggy dmj }jkvdh€ ’\ﬁkl_Z\Bbllb : B *'o min, (2)
'gZeea jbgdm <Z eb\h \b\gblb yde kihkh]b 1

AhklZ\db \bdhjbklh\mxlv dhgdmj_glb lZnydgal | Q. s e .
N _gpe€ gZ jbgdm GZijbdez” ydsh [-'gzvr-k Y, &kgdrr]n\ "gh aZ]Zevg- ihkl-cg af
j_gle\ \bdhjbklh\mxIv ihrih\m ~hkIz\dbdjZItp fliZgkihjlm i~ qZk jhal_a_ggy \ZglZ
jhaleygmlib fh eb\eklv \bdhjbklZggyhjdmj ¢pobonehghd jhanje[gh€ f_j_ "+ ~h o
"hklZ\db ~“ey aZ[_ai_q_ggy dhgdmj_gly&hf {RIbZjrimlIZfb Jipgtdeevdeklyv
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fZjrjmle\ sh h[kem]h\mxlv dez¥dgley h~" Al~L
deklv imgdle\ aZ\_a_ggy h~ Anp 100 12
JhaibkZ\rb kdezZ~h\s \bljZl \ nhjfme- f2}
fh N L £1ZjbngZ klzZ\dZ \e*jZom\Zgv "“h nh
ihkl af L= 22%.
B B"" Ty B 1az 3) Ydsh h[jZlb nedkh\Zgm \Zjleklv :> 7~ey c

I1Z g_aZe_"gh \en \enrklZge |1Z \Z]b aZfh\e_
ATy £qZk jh[hlb gz fZjrjraky ]l ]Zevdee}gl [m~_ kieZgm\ZIlb \h”e}\e aZ ch]lh ijZjy
gbc ijh[*] IjZgkihjlgh]h aZzkh[m df @aZjh[elgZ ieZlIZ \h”ey [m”_ klZgh\blb
AZ]Zevgbc ijh[*] jhajZoh\m}Ilvky aZ nhjfmehmn Q6§ 13
Lazilo I \zh (4)
N1, xohehklbc ijh[elyzdfijh[] a \ZglZ
_f dig xtgmevh\bc ijh[e] df

A S tnedkh\Zgz \Zjleklv ~hkizZ\db 1jg
QZk "hklZZdab_‘va\’/\ 1Zdbo iZjzZf_lje\

. . jh
QZk jh[hib gZ fZjrimle jhajZoh\m}lvky az Wik (ki S &) (14)
jimehx _lLj xdh_nepe}gl mobem gZ reyldim jmom
Tt timot i, ®)  mgzkgbdz jharjs[gh€]h_jlew}gkz Mlg-
| h{kem]h\m\Rggydh_ne-pe}gl g_ijyfhesgecgh
timo ~25 (6) :
\Y klekihemqg_g¢fy +\+"klZgv -1 mqZkgbdz
AV xk_j_"gy r\brdeklv jmom gZ fZjrignlarjidfghé€ f_jj-1h dre<}g¢z hge h[kem]h
.&mijglcq(‘Zk i_j_j\ m jmke \bagZqAkvkyy adf
nhjfmehx :Nj_kgZ ~hklz\dzZ fh _ \eA[m\Zlbky h*g
t o tot ) ZevI_ngIb\gbf kihkh[*\ reyohf ~hklZ\db &
' "R e _ggy _]dh\bfb Z\lhfh[eeyfb a ~\b]mghf

Nt,+qZk gZ hgqedm\Zggy de-}glZ Z[hrﬁYBﬂi'ggifhaégﬂy \_ehkbi_nZfb "hklZ\dZ f

\e _ggy thh*qzZk gZ ~hklz\dm ~h A\_IZd<ZjeboJ}l@4¢bf ljZgkihjlhf ©ihimlgz2 I1Z isrz
ydshihlj [Z ]1h~? [Z\db m f_"Zo feki¥YKESRIZGJ lhsh

Afegge \bljZlb \jZoh\mxlIv ghjfZIb\g-Uang_qJ _gZomgdm \keo \bljZI| “hklZ\db re

gy \bljzl gz df ijh[¢]m IZ aZ]ZevgbL:JJ_jh_[a ggk e_ldh\bf Z\lhfh[-e_f g_h[o-"g

lecge \bljZIb \dexqZxlv \bljZlb gz a2himighb i@k kiZlle fh eb\bo \bljZl >h gt

'm \eAg_KlIb \bljZlb gz izeb\h \bljzlb gZ fzZk

<bljzZlb ih azZjh[+lgec ieZls \hr+€\TkbelzZ2RIvkRIiZID gZ \e"ghle_ggy aghkm -

ca azZjh[+lgh€ ieZlb i 1ZaZim-lghe |(ebng|129|§'zh1|9h]|2 ’c_lkahh[lmI Z\blkJ_Zhl_t: %%hl_ozgk}:

ggy gl ljzgkihjlg a
az _dkiemZWpe-x ij_f-€ a nhg”"m aZu,fkf"J Zfhjlbazpecge \+AjZom\Zggy 1Z h[t
ie ZIbA; AhAZidh\h€ aZjh[«IQRE leZ|thZom\Zggy pbpAZeWV\HE \erih\erZevghkle
) \eZkgbde\ ljZgkihjlgbo aZkh[e\
Al A Q  Ae N w (8) <bljZlb gZ iZeb\h ~“ey e _]dh\bo Z\lhfh[s

mghf \gmljergvh]h alhjZc \bagZgZxlv
sey \hne€\ 1jZgkihjlghlh azkh[m a2 hf95% \@pli-ravhih ajhjzggy \bagza

I1Z aZ 1Zjbnhf ~hje\gx} S G R (19
A (O A G +ghjfzib\ge \bljZlb iZeb\Z gZ df e
AN Ket[Zah\Z 1ZjbngZ klZ\dZ dmj }jz &% Régp-gZfa¥ e«lj iZeb\Z Jjg
e_ggka lig h? <bljZlb gZ fZklbevge fZl_jeZeb \bagZqZ:
Adgki Kar . (10 iy Gt 1, ff
_ Kqrt k1Z\d2Z deehf_Ij az]Zevghlh ijh[e]jm 100 (16)
Kar i@t St . 1jf. &frd.f.’

lj_fey az \bkhdhydekg_ \bdhgzggy az\"¥Jgy 100
!J:bCfZ}Ivky ih ijbC@ZlHC"ijb}fkldb-kl_f-/\_Gf ;+£ghjfZ \bljzI fhlhjghlh fZkeZ gZ d
ij_fex\Zggy ijh[*]Im &;¢ £ ghjfz \bljZl ljZgkfekecgh]h

A 1—(')0 1) fZkeZ gz df ijh[€m=ehjfz \bljZI
dhgkbkl_glghlh fZklbeZ gz Bf jjh[+]m d]
ANl £\erkhlhd ijl &5 %. : . ke

GZjZom\Zggy aZ khpeZevg_ kIJZo'#nf\ZggS} jﬁéPZgZ thihjghlh 1jzgkf-k-cgh]t

oh\m}lvky aZ nhjfmehx Zk_e « dhgkbkl_glgh]lh fZklbeZ \«*ih\e”~gh
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<bljzlb gz \e*"gh\e_ggy aghkm djzI1Zliglijfbg*hklZ\pe \_ehkbi_~hf GZ les p
ljZzgkihjlghl]h aZzkh[m \bagZqgzZxlvky iZevg_ jha\blhd \_ehkbi_"gbo dmj }jkvdbc
g_k_1Zdh™ ¢« _dhghfegqgbc ihl_gpeZe Hkgh

& RO (17) j_\Z]hx ~hklZ\db Z\lhfh[se_f } r\bAdeklv ~hk
1000 gZ \_ebdklzge Z 1Zdh  ih]h~ge mfh\b g_ |
NG, +xghjfz aghkm gz df ijh[«]mZXly 9drdhfnhjl jh[hib dmj }jZ

. klZ\dZ \_ehkbi_~Zfb jha\bg_gZ m \kec
Pr 2pegZ h"g-}€ rbghy zldgevd-klv dR/Ied'jEZ%ZIgaDZaZokIng A Y fh ebleklv 1Z g
[_a mjZom\Zggy aZiZkdb h" geklv ih~e[gbo \b”e\ dmj }jkvdbo ihkem] |

<bljZlb gZ I_ogeqg_ h[kem]h\m\Z\ggnKBiirfhddevl jgzib\gbf ljZgkihjlgbf az}
ljZgkihjlgh]lh aZkh[m \bagZgZxlvky sh kijby} hohjhge gzZ\dhebrgvh]h k_j_~h\b

ieAljbfpe _dheh]e€ fekl
Gy t Lt v L
<3 f LH ————, (18) lkgmxlv 1Zde i_j_\Z]b dmj }je\ gZ \_ehkt
- 1000 + r\brdeklv ~hklZ\db <_ehkbi_~ \bagz
N Gy ¢ L 2ghjfz \bljzZl gZ LH « _dki@Agigpdf [jZgkihjlhf m k\ele gZ \e"klZgy
o 5 df
gbc j_fhgl gz df ijh[sIm 1]jg ddf .
<BljZib gZ ZfhjlbaZpecges \+AjZom\ g_gzi\/ZIhﬁb\t\)leb\lev gZ qZk_ehklkd\db

ﬁ%%ﬂ]fn}"’ky gz ih\g_ \-"ghle_ggy Z\IhThl-ep gd1.q4lkiv < ehkbi_~ge dmj }jb o
J exxlv iZeb\h 1Z g_ aZ[jm~gxxlv gZ\dhebrg}
G "h\bs
ZfS  z\It _
<zt 100000 ' (19) +\k_hky 'geklv < _ehdmj }jb afh mlv ~hkl
N azZfh\e gydm™y ierhoe”ge \mebpe kdez”"
sz+thfZ ZfhjlbazZpecgbo \e7 JZomI\]%gv g gk/'%flhsh
\g_ \+*gh\e_ggy Z\lIhfh[eey gZ ; dft gbdvldZ \Zjleklv <_ehdmj }jb g_ \bljz
PZ\”ijbgdh\Z \Zjleklv Z\Ihfh[eey J]jodhrlb gZ iZevg_ Z ZfhjlbaZpesy \_ehkbi_":
:fhjlbaZpecges \+"jZom\Zggy gz "dZiVZev@bcZ\lhfh[-ey
j_fhgl ljZgkihjlghkh[m gz df ijh[s]Jm AZ]Zevge \bljZIb gZ hj]Zg+aZpex \_eh”
\dexqgqZxlv dmieVWgygZfh\ _ehkbi_"Z thj|b
- diC z\ir 20 aZp+y \_ehkbi_~Z aZzjiez|Z dmj }jm

Zt 7100000 ' <sMih\sAgh ~h hkh[eb\hkl_c i_j_km\Zggy
. . . Ahf_h[%jmglh\Zgh dexqgh\e |Jbgpb|b ieZ

N_Gqgj tghjfZ ZfhjlbaZpecgbo \-"]Zomggq‘ve 4<b 2 Agh€ f_j *+ Ah ydbo gZe_ “Zlv
ielZevgbc j_fhgl Z\Ihfh[eey AZal\bqgZc |iﬂde)}fI3/dxng ijyfheegecgeklv reyoe\ ijl
Ggj=0,02. ]Zgg¥[fZJerlm . AR W7 oz
al_q_ggy alllyag s T_J_ Yy 0

H[h\ yadh\_ KkljZom\ZggyjZdbhhreyv ) . .

\eAih\eAZevghkle \ezkgbde\ IjZgkihjl Bﬂ 'V?khfh \© erXAL .Zerbam;ﬁ'? |Ih'€i/r\nd\r£ [
df ijh[*]m jhajZoh\mxlvkgxaZz nhjfm grbo nnj I 99

hje }glh\Zg eklv gZ f_Im ih€a~db « Ibib dl

klj_z\InP \Zge\ ydZ j_ e-am}lvky aZ jZomghd dhf[e

<k1j_2z\Ih L. d_' (21) hjlZgeaZp+€ jmom + \b”"ee_ggy jeagbo je\g
I fj e

_Pyij_zur £\Zjleklv kljZom\Zggy |Jng|h\JJ|§ﬂm\Zggy je\gy neabqgh€ jh[hlb g_h
Ney j_ZeeaZpe+€ ih€a”db aZ jZomghd \b[hjm
Ih aZkh[mLjjgtjeqgbc ijh[e] |ng|(Ihj|cQ«rh]\h ggy \_ehkbi_Aghlh fZjrjmim s« egl_]j

aZkh[m df lihfZAkvdbf 1jZgkihjlhf
H[h\ yadh\_ kljZom\Zggy \h”e€\ \eragZ[s2kgh]Bgy [_ai_db jmom \_ehkbi_"bk
\bizAdm gZ IjZgkihjle jhajZoh\mxlvky ahjhBgfraépxy ~hklmighkle f_j_"+ ~ey \_e
. Abkle\ m [_aihk_j ~gec [ebavdhkle ~h h[T}d

M Pgij_\ gy
Sy T (22 ¢ . .
jod ZdkbfeazZpey _n_dlb\ghkle kI\hj_ggy nj:
. . Im \_ehf_j_"e aZ jZomghd €€ ijehjblbaZp-€
_Prij \ £\Zjleklv kljZom\Zggy \h"+€\ ]Jjgh gz \e~agzZhmhdh\ge dZl_]hje€ nZdlhje\
deevdeklv \h"e€\ sh ijZpxxlv \b[hjm reyom jmom

LZdbf gbghf kmfZjge \bljZlb gZ hj][;@Ua,ﬂé . X

AhklZ\db Z\lhfh[se_f jhajZoh\m}ivky az hhfjikhenx _
neabqgZ kdez"geklv i_j _km\Zggy

<zvih <i St F Sf LH 23 >ey hpegdb agZgmshkle dh ghlh a ihd.

<zt Il zuih <klj -\ g_h[o-"gh‘gZ"ZIb d-gvd-kg- hpegdb nZdII

ghlh \ dh gec dZl _]hj*€ [meb \b”"ee _ge* iZ

>hklz\dzZ Z\lhfh[ee_f fZ} agZqgghrelpemr jmidm yde fh ' mlv [mlb \bjZ _ges dee
Ijzl ~ey Ihjlh\h€ f_j ¢ ydsh ihje\gk¥Zlb «a \b
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*[_ai_dZ r\b~deklv fhlhjbah\Zgh]h HEKlgkeb\hklyfb jmom \_ehkbi_~gh]h IjZg
jlm deevdeklv e<\bo ih\hjhle\ azZ]lZmvpad_desetvdeklVvZ ydhx fh _ i_j_km\ZIlbky
ih\hjhle\ seevgeklv \mebqghl]h iZjdrkbZghy} ag@kbgdh [sevr jhal]Zem _ghx g+ f_j
reyom sh ijhoh”blv ih neabggh \ertZdjhfl[e«gevcglhdh [jZgkihjlm Lhfm ijb fh”*_ex'

njZkljmdlimje fh eb\bo reyoe\ jmom \_ehkbi_~bklZ g_h
t kdez”rgeklv fZjrimIm ijhly ' geklvderg&lblggZdes _e_f_glb f_j_ "¢ yd ~hje’db
gZ\ZglZ" _ggy isrhoe~ge IZ \ _ehkbi_"ge fhklb |Z sgre e f

tdhfnhjl deevdeklv j_]Jmevh\Zgbo i_jjmj*kkVzZ\pe fekvdbf iZkZ bjkvdbf ljZgki
>ey nhjfZeecaZp+€ ihdZagbdZ nedibfg@hhhiegBizZagm|f}jhf \bljZlb gZ aZjh[slgm
I1Z° _ggy 9gZdhibg_gh]h amkbeey g dmpPhighijphaleyoe~ghkle ieZlZ aZ ijh€a™
gmlb yd \eA[m\Z}Ivky ijhp_k ijb\_~_gbgaA\dbeakbi bIv \eN \errZe ghkle jhanje[g.
\ jmo aZ ~“hihfhl]hx neabggh€ kbeb g¢x™bdhb diéelhglZ
geklv g_h[o**"gZ "ey jmom gZ \_ehkbi_Ydsh nmgfijgehjbkim}livky fekvdbf iZkZ"
hihjm ih\eljy hihjm dhg_ggx <+ kobedhbdjKig&ihjhjm Ih 1Zdh™ \ieb\Z} ]jZned jmo

- th _ \bjZ ZIbkv j-[yggyf kZ bjkvdhlh IjZgkihjIm
5 - . AZa\bgZc dmj }jb oh”ylv gZ \e*klZge* g_
Ny [KaTV VW™ mg(s @I V, 49 g.o . f \er |hqdb jha”je[gh€ f_ j ‘s 71

"Ny £ihlmogekiv \_enkbi_tBkIZdiel (0T DR Re TR0 ey xiv - vibe dm] J;-
nepetgl Z_jh~bgZzf-qgh]h NWihgm\bd] {0y eamiv Z\In[mkhf Z[h gZ\-Iv IZdks Yds
deklv jmom \_ehkbi_¥VpkizZ\bfdeklv apy An\]h g_fZ} » dmj }j khiedlyxhlwkyab
kljsgghlh \eljm #kknfZ fZkb \_ehkbi_falblZri§Zngm ieZlm az g_k\h}qZkgeklv Z[h
\_ehkbi_n% #ijbkdhj_ggy kbeb ly%egdy " fhVolbkv \«* aZfh\e_ggy
ChAARL e A ene <bljzlb gzZkm h[mfh\lexxlvky r\b~ dekl
s *iha®hligec mobe "hGRIBAN_NP3Ql\ iy kiv jmom ierhohrm aZe “blv \en [
hihjm dhqg_ggx nzdlnhis\
AZagzqz}lvky sh ribrdeklv amk'i‘qﬁnﬁ@-ﬂ\"da"b \eAhdj_fexxlv 1Zds ihdZa
aZe_ “blv \e~ Z[khexlgh€ r\brdhkls |;\kg\zdih>kfmAe- j+agbo dZI ghjec exr_c > ‘
jm r\b~dhkle IZ iheh  _ggy \_ehkbi_"z/\éy kﬂ,’{g Abo ex” ¢ _\°dhfhd‘h\ T+
r_ggx ~h gzijyfdm \eljm R\b"d-kIVS(?fn hheagh] -
\eljm \ ~Zghfm ~hk\edéxgggh hkdeevdbale oc]e A A e +
g_} ihklecghx \_ebgbghx :_jh"ngf?)-ﬂ@/ﬁ )gmgglehhj\ de\ -t ]h ey ghd =+
hihjm azZe_ “blv \«~ jhafejm \_ehkbi_* Zf r ] e\ ihgz~ dhdmy +
iheh® _ggy gZ \_ehkbi_"e h”y]lm |_fi_j7d ]P_%E?% fZxlyeagm k_j _~gx r\b~
+ \hehlhkls ih\+ljy >ey fokvdh]h_\_erLp“V_"lpI,ﬁgm ggy 9Z ljZgkihjls Aey jeagbec
areckgx} Z~j_kgm dthkhZpdhgl Z_jh"baztelo \pae\ [jZgkihjim 2€ f_ " feklylvky \
ghlh hihjm j_dhf_g~h\Zgh ijbcgyiipZ ,, \.a df JTh~ ~h df Th™ aZe_“gh \en fek
\Zggyf pvhlh je\Zyglgy _ [mlb kijhs_B®&y ah[p 1Z gbadm <gréio nzdlhje\ >
“hlzdh]h \d7ey”~m >ey fh”_ex\Zggy kbkl_fb Z~j_kgh€ ~hk
2 H(~ ; \bdhjbklzZzge o0zZjzdl_jbklbdb gZc[eevrh€ jhe
Nu (KA VS mB(s Gl V. @ lhjl*\_evgh€ f_j "+« \ MdjZ€gs Py mdjZ€gkyv
Fh gz ijbimklblb sh \ ghjfZevglkenimffAgdo 1«\ } gZc[eevrhx yd aZ Ih\Zjhh[e]
\_ehkbi_1bki_ jmoZlbky m ljZgkihjlghfaz igbwehf Ihjlh\_evébbhqZdgdhif dZjzg
a nedkh\Zghx r\b~deklx "hkylg_ggyltygdo oh[f\bfZQv dhfizgey \erdjbez i_jrbc \
12} gZz~fejgbo amkbev Ydsh ijbimklihgb «gh j&m)Zajpg ih\ghlh pbdem Z hil'_ « ibl
g_h[os*gh r\brdh "hklZ\blb aZzZfh\gqzgelygzkhHhpe€ Z~j kgh€ ~hklZ\db « \bdeb

Ny Nmax 'h”e \b3Zafz} \b]gy”" < ydhkle jZchgm h[kem]h\m\Zggy \aylzZ |
f Ozjdh\z Ko_fzZ jZchgm h[kem]h\m\Zggy

Vi Nimax . (269 9Z 9gZ.}bk
KaVZ mys G ¥ Kk 1 leA jZchghf h[kem]h\m\Zggy kes” jhamf

N . jblhjex f\"Zo ydh€ ihklZzgZevgbd h[kem]h\m
QZk ijhoh”"_ggy "-eygdb gZ hkghy\=\hINKidgh& jhafej jZchgm h[kem]h\m\Zgg
ribrdhkle \bagZmZ}lakyZevgh\aZefhXaze “Zlv \er [Zdbo nZzZdlhje\ yd fekp_agZo

g ki i*Nijb}fkIN\Z o0ZjzZdl_jm ijhihgh\Zgbo Ih\Zje\

Lh”e neabqgZ jh[hIZ \_ehkbi_"bkhi g *eygp-
f_j_"+ fh gZ \bagagblb A\bqZcgh as a[sevr_ggyf \erklZge fe  f
W, Np t. (27 jhalZrm\Zggy \¢"ijZ\gbdZ « h®_j"m\ZqZ afe-e

ky \Zjleklv ~"hklz\db LZd ~ey jhajZomgdn
: kmfzZjgzZ neabqgZ jh[hlZ Z[h gzZdgkilzadB_irr®mzjdh\m a hley”"m gZ agZqgm
kbeey gz fZjrimle ~hje\gx} sm jhajh[e_gh [Z]ZIvfZ dhfizgeyfb jy~ 1Zjl
W, I w, . (28) ahg « ey ~hklz\db \_dh‘gm a pbo ahg \«

! \klZgh\ex}lvky k\ec |Zjbn
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Jbkl.Ko_fZ h[T}dIm "hke+s""_ggy

M dh gh€ kem [b ~hklZ\db \eZkgbc<ikmepZlggbo mfh\Zo ~_ydeklv gZ~Zggy
IZjbnge ahgb ¢ k\ec I1Zjbngbc ieZg "&yjldkghf anpibodhghfeqgbf ihdZagbdzZf hi
ahg ;eevreklv ie?ijb}fkl\ gZpeex} jiH@XmghUdh}lf€jh[hlb kem ' [b ~hklzZ\db klZ} kz
eh]eklbqgh€ kbkl_fb gZ fZdkbfeaZpeRxhkbZmdOdm

>ey hjl]ZgeaZp+€ Z"j_kgh€ ~hklZ\dbey jhdiodmgdm \bljZl gZkm \_ehkbi_~
ljZgkihjlgbf azkh[hf aZijhihgh\Zghi_{hmé" e2hbbdb ijbgdklmigs agZq_ggy r\b”
iehsm feklZ gZ hrgZdh\bo jZchge\ dBEk&Zdjeiblb aZz
dh gbf a gbo Z\lhfh[eev >hklzZ\dZ a~eckgklMgky g¥b~rdeklv \_ehkbi_~m \ fekl
jhaleaghfm fZjrijpplmbagZqg_gge azZ]Z&dfhhR
Ah[h\h]lh ijh[slm g_h[os~gh \jZom\ZIb Kkhj rgpys¥db~rdeklv fhi_~"286 dffpkte +
g_ijyfheegecghkle ~hjh 'gvh€ f_j "¢ shkl\pagdyZr\b”~deklv oh”v[b 7ey gheh\eg
}vky \e~rghr_ggyf nZdlbggh€ ~h\"bgi5afrjmim ~h
"h\'bgb fZjrjmIm \bagZqg_gh€ ih @Qih\eljkgeyc "apygr&€Brdeklv Z\I40f4{ Jey* +

LZzdbf gbghf \bagZq_ge* "\Z ihdZagbh®ZKkzZ}hidE\db \_ehkbi_~hf fhi_~hf 1Z i
hjl]ZzgeaZp+€ Z"~j_kgh€ ~hklzZ\db jeagtefdpZ kZxkhk¥fbhZ mfh\b \bdhgZggy ~hklz\d
"hklz\dbfegge 1Z ihklecges \bljZIb shaZZh\eflylgy a h~g<}€ Ihjlh\h€ lhqdb
hpegblb _n_dlb\geklv ITh]h gb egrh]lh kinkbh¢fzl}dokgk *hims_ggy sh h”bg \_ehkl

g_ggy Z"j_kgh€ jhkA)z\db Abkl \h~ec fhi_"Z 1Z dmjY}j sh a~eckgx} 7
ierdb azdjeiexxlvky azZz dhgdj_lghx Ihj]Je\_«

<bljzlb Jjg fek Ilhgdhx a ydh€ [m”_ a”~eckayyZfgjHhe gklzZ\dZ

35000 1Z[4).

30000

25000 LZ[eblpyJ_amevlZlb jhajZomgde\ \bljZl qZkm

20000 Z"j_kgh€ ~hkizZ\db h*ghlh aZfh\e_ggy

15000 1Z kh[e\Zjleklv i_j_ \_a_gv
10000 . <bljZlb qZk| Kh[s\Zjlekl
5000 Kihke[
: N gZ \bdhgzg Ahklz\db
hklz\db
0 azf

azZfh\e_ggy lig
aBTOMOOLIP  BEIIOCHIIE] MoIIe]| IIKH
. . 82
Kihkh[b ~hklz\db \lhfh[-e_ 10
Mfh\ ih Z 3MiHHi Iocriiiai Fhi_7hf 38 20
g ° | ag q_. MIHH1 BUTpaTH m [locTiHHI BHTpaTn
< _ehkbi_ 39 24
Jbk. AZ]Zevge \bljZlb >3
gZ hjlZgeaZpskxgh€ ~hklz\db az feKypy!°rdb 51
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<boh”ygb a ij_"klzZ\e_gbo jhajZdkegpdkogZcFfhklz\db [m~_ h~rgZdh\bc sh ]t
grm kh[e\Zjleklv fZ} ierZ ~hklz\dZ Zgh fljbebbhtkjv \bdhjbklZgdghadmirv*klZ
kihkh[m Z~j_kgh€ ~hklz\db kee" \jZod\mbAlkihtktHrh Z~j_kgh€ ~hklZ\db
dee}glZz Z hkgh\gbfb djbl_jeyfb \b[hjm } g_ I-evdg kah\db
\Zjleklv Z s_ « gZk ~hklz\db >ey pvh]h g_h[o-’\gl?l 9
jhaleygmlb \bfh]b dee<}gle\ ~h Z"j_ kgh<€bdhjlbliZ\ddgy ij_"klZ\e_ghx f_Ilh~bdb
ijhAmdle\ 0Zjgm\Zggy ijhjZg m\ZIb hklglMghrpdpdllb \Zjleklv a*eckg_ggy Z"j_kgh#
jo.€ jeagbfb kihkh[Zfb a mjZom\Zggy ihlj_[ de<}

GZ hkgh\e _dki_jlgh]lh f _Ih"m [ZevgbEZempegikddmxgbo kihkh[e\ hj]ZgeaZp-£€
dh® g a kihkfe\kgh€ ~hklz\dbk\fezlIBhklZ\db ~Z} afh]m \b”"eseblb hkgh\ges a gbo
klmiegv aZ djbl_jeyfb H[bjZ}Ivky Ihe Kihk\gfbhEAZhfh[eeyfb a ~\b]lmghf \gmljerc
\db sh fZ} gZcfkiZpgbrZg] alhjZzggy \_ehkbi_nzZfb fhi_~Zfb IZ ierz ~h

AZ j_amevlZlb jZg °m\Zggy \bagdqgfghZosthktzay
\bizrdm dheb dee<}glh\e g _h[oes~gh |_jfHd'lw\thf& hikigh\gbo djbl_je€\ sh ozZjzdl_jt
\blb Ih de*}gl h[bjZlbf_ kihke[ "hklZ\dbdE\Ngfk[y \ijh\Z~"_ggy Zevl_jgZlb\gh]h
e f Z hl”_ i _jrbc kihke[ "hklzZ\db flZnibZ j\lkgm€ ~hkhirddjleklv ~hklZ\db 1Z qZk
hpegdm gZ a“*ckg_ggy 1Zdh€ ~hklz\db

>ey \biZ"dm dheb m dees}glZ \ ijeh]jbrZevgBt gZijyfdhf ijh\_~_ggy "hkee+"" _
A r_\rbc kihke[ "hklZ\db |h \eg h[_jlilndehgydd&yZ_n_dlb\ghkle \bdhjbkdZggy gZc
\dm Kee” aZagZqgblb sh dheb \bljEthHkeg?d <hd&imgbo dmjf}jkvdbo kem [ 1Z \ijk
j*\ghagZqgges "ey dee}glZ |h kmfZjghyx \pZKbbhE Zé&y_kgh€ ~hklz\db
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An approach to selecting alternative methods
of home-refill delivery
Kateryna Kovtsur, Nazgul Eskozhanova
Abstract. The article considers alternative ways of making home-refill delivargh as delivery by car, delivery by
moped, bicycle and on foot by courier. The study identifies factors thagric#uthe cost of delivery. For specific delivery condi-
tions, rational alternatives for home-refill delivery are propdbatiwill ensure cost effectiveness, environmental sustainability,
and social compliance. Delivery costs and delivery time are propesaa efficiency criterion. The presented results can be used
by enterprises-providers of goods in which home-refill delivery is orgariad implemented.

Keywords: home-refill delivery, delivery time, delivery costs, retail networkasgort.
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> jZ\gbc mge\_jkbl_ | egnjZkljmdImjb 1Z | _ogheh]ec Db€\ MdjzZ€gZ

JHAJH;D: FH>?E1 =EB;HDH2 G?CJHGGH2 F?J?7@1
>EY HP1GDB KL:GM FHJY G: HKGH<1 JMOM KM>G:

:ghlZpeyr_Ihx jh[hkbjhajh[dZ fh~_ee+ Jeb[hdh€ g_cjhggh€ f_j_ "« ~elykgh¥gdmdmhzZgm f
km~rgZ a \bdhjbklZggyf seevgh ih\ yaZgbo a]hjldteyadQ\bsjhggpd faij_db 1Z _n_dlb\gh
Ilhgghkle aZe_“ghkle |Z "bgZfedb hpegdb klZgm fthjyde@kbBbtdZmy yddaZze&ZZ\"Zgv j_1j
j_amevlZle ih[m~h\b fh~_ee ]Jeb[hdh€ g_cjhgghjg faZ_h ditp\eg prbokd Zign gBE | e b hljbfZg
j_ameviZkbhgZldm [meZ jhajh[e_gZ Zjoel_dImjZ fih\ yagZghtgd]trejlgddtebophg_cjhggbo f_j
'"HQVH1IHW a mgedZevgbf ih}*gZggyf fh*bnedZp+gd fhrzjp\eklZ dz ZdgbbNgllijbH\n\ZIk
aZe_"ghkle « "bgZfedm jmom km~gZ sh ijba\h”*blv Mhjthvrjimfgh€ hp g fiinekd Zggihg _gZ
i*"lhlh\e_gbf ~Zgbf jmom km~gZ azZ ~“hihfhlhx hiJBfeaztm[pXgbamegtipndergth ~h az\~Zg
hpegdb klZgm fhjy Lj_gm\Zevgbc ijhp_k feklb\ gZjeXrim\EZfpqyZ ek }iz4jZZ hpegdm ijh"
Ib\ghkle fh~_ees azZ I_klh\bfb ~Zgbfb Ih Ij_I} fhZgbitbh\bigkiBeéZ,ky aZ ~hihfh]lhx \e”ih\
A"gbo f_ljbd m aZe_"ghkle \e~ dhgdj_lgh]h az\"Zgby dprgdbykbZd@gfsh pgye ZBBEn+dZp+€ \b
Ih\m\Zezky fZljbpy Ihgghkle « ihfbehd Z %key_ag9zZgfkhehjlg@€hob[dZz 0$( e« k_j_"gy
IbggZ ihob[dZ dhj_dyme6/(ZIlb ih[m~Ah\b fh”_ee« Jeb[hdh€ g_cjhggh€ fiyjgZ Hleghhpegdb |
jmom km~gZ iM\_jA " mxlv €€ _n_dlb\geklv ¢ agZgbfeklvm\&gdyl|bZtdhiEeth™_ggWZ AclIH
kzf_ \ dhgl_dkle hpegdb klZgm fhjy <bkhdZ lhqgeKkbv[meygdth Kihi\rig}zZrrijlggiZze ijh]lgh
am\Zlb fh eb\e afegb \e~ih\ergh ~h fhjkvdbo mfh\ sHmbgbHd&RHYOYZygygbaZzeZkghkl_c

e "bgZfedb jmom km~gZ ~ha\hey} fhr_ex\Zlb ¢ ZfegiXmiVAkip kgh*heMbrs\mlsikeh]h I_ogheh]
gekIMZ _n_dlb\geklv <bdhjbklZggy 1Zdh€ fh”"_e+ kijby} i-"\bsk_lggbhj[k_vwligdmiI_ZJZ_pn-_chb\(
hilbfeaZpe€ \bdhjbklZggy j_kmjke\ « aZih[e]Zggy flhgdb\bhZ\&yeyé&b Lhzdht=f g_cjhggh€
j_"* jhajh[e_gZ ~ey hpegdb klZgm fhjy gzn hdigbd cgkodojmk gMgiZ m}kn_je [_ai_db 1Z _n
Ib\ghkle km~rghie&\kbt\WZjbklZggy kijby} [sevr lhggbf ijh]lghazf « ijbcgyllgvh[$ajmglh\Z
\Z eb\h "ey fhjkvdbo hi_jZpec » aZ[_ai_q_ggy peahfthb km~rghiez\kl\Z \

Dexqh\e kehl&b[hdZ g_cjhggzfti*rjewZ f_jhpegdZ klZgnmmfhjkmAsg&vgh ih\fyazgZz
alhjldh\zZ g_cjhggz f_j_"Z

hkh[eb\hkle ih\ yaZge a hpegdhx klZgm fhj

<klmi km~gZ
IhklZgh\dZ ijh[eHpbgdZ klZgm fhjy } \Z\IhfZlbaZpey + Ihqgeklv <bdhjbklZggy
‘eb\hx « ZdimZevghx ijh[e_fhx \ HheZkldbfdhjlgvcehhggbo f_j_~ ~halhey} Z\lhfZlba

km~rghieZ\kI\Z « gZ\+]Zp+€ KlzZg fhjyjimphkekperddb kliZgm fhjy « jmom km~gZ s
dbc ki_dlj n-abngo iZjZf _lje\ « y\By khzddboco nyZidlhj « ie*\bsm} lhggeklv j_am
o\bee \el j | _ge€ ee” 1Z sgre nZdlhpebshdrieb\Zigge f_j_"« fh ' mlv \byleylb ki
gZ [_ai_dm IZ n_dlb\geklv fhjkvdboaZdhghéejghkleshe aZe_"ghkle \ *Zgbo jhley
ggZ 1Z ~hklh\e ng hpegdZ klZgm fhjy fAjr \pZ reLgh o Ihqghx
agZq_ggy “ey ijbcgylly h[%jmglh\Zgbo jerbyke a@fyalZ deZkbnedZpey h[ }dle\
i_g_ggy [_ai_db km~ArghieZ\kI\Z 1Z highfojdm-cfhj_jZ fh mlv _n_dlIb\gh \by\eylb |
pec gZ fhje kbnedm\Zlb jeage h[ }dIb \ fhjkvdhfm k_j_
HAgZd hpegblb klZg fhjy kdezrghdgxgZxogdr»edMdZ[es o\bee ee” |Z egre _e_f
nzZdlhje\ Ih i_jr_ fhjkvd_ k_j_~h\bsfht p[ml'bbgﬁjbkgbf Ney gZ\+]Zpe+€ [_ai_db
feqg_ e fegeb\_ k_j_"h\bs sh \bfz]g2\udjireotmyZddly k_j_~h\bsZ 1Z <grbo Zki_dle\
gZkh\bo « ijhklhjh\bo dheb\Zgv iZ{hf€ lljsdg-eidb
Aim]_ [eevreklv ekgmxgbo f_Ih”e\ hpegdblkiddgdm_thgy ijhlgham\Zggy 1Z ijbcgylly
aZkgh\Zges gZ neabggbo fh”r_eyo yde_fhv mleb[imdb g_cjhgge f_j_"+ fh mlv ZgZe
ih\gbfb Z[h ijb[ebagbfb Djef Ih]h <K]jhjpdglz*Zge 1Z \by\eylb ijboh\Zgs a\ y:
ZgZee+a \_ebdbo h[ky]e\ jeaghje~rgbofhZghbdjZspdhgbvZligeklv ijh]Jgham\ZIlb IZ ijb
NZlgbde\ } kdezrgbf az\*Zggyf M k\ites pdy KhielzNgEgm fhjy 1Z jmom km~rgZ |
se\ \bdhjbklZggy ]Jeb[hdbo g_cjhggbpbmibjdhjigkgh ey fhjkvdbo hi_jZpec ieZgm)
klZz\ey} i_jki_dlb\gbc gzijyfhd "hkeeprjnge\réphlpham\Zggy ih]h*b IZ egrbo "h"Z
jer_ggy ijh[e_fb hpegdb klZgm fhjy =gmqgdeklv 1Z Z~Zilb\geklv Jeb[hde g_
<bdhjbklZggy ]Jeb[hdbo g _cjhggbé_f_je fXXy Jgmqgdeklv 1Z Z~Zilb\geklv ey ¢
eZklse hpegdb klZgm fhjy « jmom km~§Zgta} \jyi*aiglho\R] j_~h\bsZo |IZ a jeagbfb Ib
H[jh[dZ kdeZ~"gbo « g_kljmdImjhp\Zagbdorihghd gZeZrim\Zlb « gZ\qblb \bjerm)\
leb[hde g _cjhgge f_j_ "« “halheyxlv di_tdb\gh\tjZggy sh jh[blv €0 ihbn 'gbf gk
px\Zlb a \_ebdbfb h[ky]Zfb ~Zgbo VO8é&XglZxgpaklZgm fhjy « jmom km~rgZz
[iZ° _ggy jZ”*hehdZpecges \bfejx\Zggy *Anhdeylkn @Z pe i_j_\Z]b \bdhjbklZggy ]
khjge ~Zge P_ ~ha\hey} \jZoh\m\ZIbgjcalyggbodfhjb '+« *halhey} agZqgh- i« \bsblb
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Ib\geklv ¢« lhggeklv hpegdb klZgm Hhjydh fimam akmglg4djh\Zgbfb "ZlgbdZfb jmom « ki
gZd \Zjlh aZagZgblb sh “ey gzZ\qZggy-¢lgZfidphcjbx glylly jer _gv gZ hkgh\e *Zgbo
e_c ihlje[gZ "hklZIgy deevdeklv NZeggpboH"ZgtZxdha hjggdh\gbho nmgdpec '66 } hpegdZ Kkl
gbc \b[*] Zjoel_dImjb « f_Ih"e\ ie'gdhgyd_hkghR\AE\r*Zgbo \bfejx\Zgv a "ZIgbde\ ijbk
gb lh az\~rZggy deZkbnedzZp+€ qgb azZx®xgdymholZglgs€ pvh]h az\*"Zggy kihjx}lvky
<bdhjbklZggy ]Jeb[hdbo g _cjhggbg fcjjngo\zZhf[ j "Zyé&ZlgzZ\qZ}Ivky gZ ~Zgbo ft
eZkle hpegdb klZgm fhjy ijh*h\"m} ZdlEW\Z glgsa\bMZklZIle > @ ij _"~klZ\e g+ ihqZlc
Ibky « ijhihgm} deevdZ i_jki_dlb\gbojm&iihydde\f_gZz <« \ ydec jhalJey”Zxlvky mgef
ijbdez” fhjkvde o\bee a hibkhf ki_dlje\ -216:$3 |
FmevibfhrZevgZ <gl_]jZpey "ZghwhfrimhahdpekfiZ}Ivky r\b~rdeklv jmom \i_j_~
f_Ih~he\ egl_]jZpe€ jeagbo |bie\ "Zgbo]sMldbwgydepdh*«hl_hje€ km”~_g )'6 ijh\h”blv
ehdZpecge ah[jZ _ggy hilbqge ah[jdm\Zagwyfmehibevghfm [Zk_cge Z hljbfZge- j_
k_gkhjge "Zge 1Z «gre \ }*bgm Jeb[hddhgbkli\ggxivky ~ey i_j_\ejdb ijh]Jghae+\ h
j_m P_ ~Zklv fh eb\eklv [sevr ih\ghk\Zoom YAjl j66 (
age Zki_dlb « hkh[eb\hkle fhjkvdh]h k_jM*R\BEZ »jb@ ijhihgm}ivky gh\bc i**oe”
hpegpe klZgm ¢« jmom km~gZz gdb klzgm fhjy ydbc hljbfz\ gZza\m 6SHFW
A\lThfZlbgg_ \by\le_ggy 1Z dezZkbaZddp¥zgjpr@a gZ \bdhjbklZgges ki_dljh]jzZzf « ]e
gbo h[ }dle\ m fhjkvdhfm k_j_~h\bse glZ\djiZg yd lkri@ggZjmom dhkfeqgh]lh ZiZjZIm i
o\bes e*” jb[Z IZ «gre P_ fh _ kijbxlbkly dikpedIigZ]jZzfb aZ ~hihfh]l]hx dhjhldhqZz
\e¢]Zp+€ |Z hohjhge gZ\dhebrgvh]h k_j_j*hH\b$Zggy Nmj } Ihlef ki_dljh]jZzfb h[ }’
IlhdjZzs_g_ ijhlgham\Zggy 1Z ijbxdgkVly gh\e ah[jZ _ggy yde ih*Zxlvky \ A\h
r gv jhajh[dZ f_lh”e\ Jeb[bggh]lh @ihqlu\gdevoey g _cjhggm f_j_ "m "ey deZk
ijhlgham\zZggy fhjkvdbo mfh\ [Z jmokdZigm”"flgjygZzl h&kmevlIzZlb _dki_jbf_gle\ ihdZa
gh\e eklhjbggbo ~Zgbo \dexqgZxgb \tdhjbkhggyZgjbc ie*o” aZ[_ai_gm} \bsm lhqc
dmj_glgbo g_cjhggbo f_j_~ I1Z fh"_e kbrdd\Zip€€dhgh™ egre f_Ih”"b azZzklhkh\Zge ~h
Idhkljhdh\h€ izf yle /670 P_ fh  ghbtdhihZgphd gZkh\bo jy”~e\ Djef Ih]lh Ihqgg-kl
hi_jzlhjzf ijbcfzZlb [sevr h[%jmglh\Zg=dZmpe fgn[k2vrm}Ivky ae a[eevr_ggyf deevd
hilbfeam\ZIlb hnrhjge hi_jZpe-£€ gh\Zgbo ~ZIgbde\ :gZeea gmleb\hkle ihdZa
GZ\qZggy gZ jhaje™" _gbo ~"Zgbokrjilzdph[dKif\\e*ghr_ggy ah[jZ _gv fZ} agZ
Ih~e\ Jeb[hdh]lh gZ\gZggy a”“Zlgbo _hiebl\bygh|h@peklv deZkbnedZp+£
\Zlb a h[f_"_gbfb 1Z jhaje”""_gbfb "Zgbély delzkbnedZp+€ klZgm fhjy \bdhjbklh
fh™_ [mlb \Z eb\bf m dhgl_dkle hpegfemndkd ZigirhfhjyZe \hgb \bfZ]Zxlv agZgqgbo
N_nZge fhimlv [mIb g_"hkimigbfb Zglw #Zlbkh¢fmzZlZpecgbo \bljZl Z IZdh™ \_eboc

_gm egnhjfZpex kex\Zevgbo ihim ghkl_c¢c M klZlle > @ aZijh
:gZe*a gZkh\bo jy”e\ jharbj_ggh\Xbfdijb&v deZkbnedZpe+€ klZgm fhjy gZ hk
I1Zggy Jeb[hdbo g_cjhggbo f_j ~ "eydhylz ¢goa\gZ9fyba \bdhjbklZzggyf ah[jZz  _gv fl

gZkh\bo jy”e\ ih\ yaZgbo a hpegdhxatkiZegmg hffmjyrelZdZahge KI\hj_gh 1Z ijhl_klh\
dbo yd izZjzf_ljb jmom km”~_g ih]l]h*"gZgbbheh[jizbigv klZzgm fhjy sh fekliblv
eb\b 1Z egre nZdlhjb P_ fh _ ~hihfh][pz\ _[gevazZirhihfh]l]hx kmqgzZkgbo deZkbnedZp
gghfm fh"_ex\Zgge 1Z ijhlgham\Zgg¢_lelZgm ]ehjkvd_ gZ\qZggy I|hdZazZzgh sh fh:
dhlh k_j_~h\bsZz gh\e afeg m ihgzldh\hfm [ehpe fh”_ee *RRJ,
GZ\gZggy a i**djeie_ggyf azZklhKid}zZidgyhkle deZkbnedZp-£€ shi_j \bsm
Ilh~e\ gZ\gqZggy a i*"djeie_ggyf m dlegitbdkfim*hpegdDjef Ih]l]h azZijhihgh\Zgz fh"
klZzgm fhjy sh[ fh”_ees fhleb \gblbky f@4zg\hjhrghd@dkm gZ gZ\qZggy ¢« fZ} dhgdmj
a\ yadm vydbc \hgb hljbfmxlv < j_ZlhbwZldbZgZcgmgbd b deklv
gZ\dhebrgvhfm k_j_"h\bse |Z mfh\Zo < jh[hle > @ azZijhihgh\Zgbc ]Je[jbrgbc i
Pe gZijyfdb jha\bldm ~ha\heylv jHéarhjllddbbki_dljZz o\bev gZ hkgh\e ZgZeh]-
dhjbklZggy Jeb[hdbo g_cjhggbo f_j_\bfh[m¥kfkl<bdmhjbklh\m}Ivky ih}*gZggy fZrb
gdb klZgm fhjy « jmom km~rgzZ i\ bsgplldpZidhgpg «khwabgghlh f_Ih m a mjZom\Zggy
Necgeklv ¢ _n_dlb\geklv 1Zdbo kbkl_fi_HVMgZ2AdawgbolZamgdpec HIjbfZgh g_izjzf_
dh™ \bfz]zZxlv ih*"Zevrbo “hkee""_gvhphgimjddbi I&ljZz kijyfh\Zgbo o\bev azZ ~hihfh
\Ze*"Zp+€ fh " _e_c gZ jeagbo gZ[hjzpdingKogl ZcphfdhdE® f_j ~¢« Jhajh[e_gbc f_Ih
_dkiem2zlzp+s€ H~*gbf a gZc[eevr Zdlngheagblh gi\impivky gZ ~Zgbo hljbfZgbo a
de\ \ ~Zgec ij_~f_Igec h[eZkle } \bdhjb¥kiZaggyhlyRhf ~\ho jhde\ J_ameviZlb ihd
dh_n_dlb\gbo seevgh a\ yazZzgbo a]halghdbo ophecjirgggy \ ihje\gygges a |_j\bggZz

gbo f_j_~ [_a h[f_"_gv
:gZesa hklZggeo “hkee”r"_gv >him[edZg+ZIle > @ [Zdh" jhaley”Z}lvky is~oe”"
kblv agZqgZ deevdeklv jh[el m |_i_jegbecgqZkZijbgkdhfm gzZ\qzZgge ~h hpegdb klZc

g_gZ \b\q_ggx ijh[e_f \bdhjbklZggyZd2kepgjgchhho\bevh\bf [m}f <bdhjbklh\mxqgb
gZ\gZggy “ey hpegdb klZgm fhjy > Iqbde\ km~rgZ [m\ ajh[e_gbc ijh]ljgha klZgm

LZd m jzfdZo kisevgh]lh "hkeerglkpXdm]ithjijhgxKinmky fhr _es \ qZkh\ec ¢ gqZklhlg
BHWUR/DGXQJ jhajh[eyxlvky \Z]HKllyochidbrfrjzlo\idg2zggyf Ihqghkle gZ~ecghkle |2z
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\Zevgbo \bljzZl =eb[hde g_cjhgge f_j_ "« gZ\qZ
mjZom\Zggyf \ieb\m jeagbo iZjZf _hj+\ 1Zdbo fz‘i(;é : —gg,\th‘k?,\h\\gh]h
IgZ “bkdj IbaZpey » ~h\’bgZ \b[+jlb Ihqzldh\ZZjek*4€M e g9y
dimjz ZzZ"Zilh\ZgZ i*” ihkee~h\ge NAQge iMdZ&fHeZ &jzZsle ij ~klZ\e _gZ gh\Z Zjo-l
ijhAmdlb\geklv <bdhjbklh\m\Zehky [ZflZjhazZ"Za@gijhg@dh\ZgZ Z\Ihjzfb azZkgh\Zc
gZggy sh ijba\_eh ~h djZsh€ a"Zlgékdvgth imazbZZegbo alhjldh\bo g _cjhggbo f
g_9gy |Z f_grh€ g_\bagZqg_ghkle & peeOQVEHIKIWI ghk? peZevgh Z~Zilh\Zgbo "ey
f_ggbc f_Ih~ ~_fhgkljm} [eevr \bkhdm gjhd*jpm bmgkinlv_g ey hpegdb klZgm fhjy "ey
o f_gre \bljZlb gZ h[gbkex\Zevg_ gZ\gdgxZ\"Zgv deZkbnedZp+€ 1Zd « aZ\"Zgv j_

ljbdez~b klZl_c ih\ yaZgbo a \bdhpokh2d@nfley jhajh[db p+}€ Zjoel_dIimjb \
Zjoel_ddmMHiQVH1IHW \ jeagbo azZ\"Zgghhod®> 1Zil@ jbk

HjblegZevgZ KklIZlly > @ \ ydec Zjaqfkjdit@mgbo ijh jmo km~gZ I|h[lh egnhj
'"HQVH1HW [meZ aZijhihgh\ZgZ \i_jrijhijjealglZN@jgbdjb jmom km~gZ 1Zde yd r\
"hdezZz”~gbc hibk Zjoel_dImjb « j_amedhZllmpkm_jigbkdEjZgdyjbklbdb orbev < |
gle\ gZ ~_deevdho gZ[hjZo "Zgbo dhfi xI_ljmihlh egym[jh[dZ ~Zgbo ijh jmo km~g:
Jhl[hlz > @ ij_"klzZ\ey} is"o*" godvihfligh\leZiel®Zge \e~neevlijh\Zge klZg"Zjlba

[hdh]lh gZ\gZggy “ey hpegdb klZgm fthjy » Ageijhhh\gRih\e~gh]h nhjfZlm ~ey ih~"Zqg
\ZgZ \ jh[hle fhr_ev 66(1(7 \bdhjbklh\nc}jHglghtE ith j "«
\ yaZg- a]hjldh\- g_cjhgge f_j_"¢ fh*mesJhejhhd@Zdgo+l _dimjb f _j "¢ sh~h hp:
ee\ « fh*mev m\Z]b nmgdp+€ “ey hpegbdghbkilnljly « AZijlyihgh\Zgh gh\m f_j ~ \m 2z
fdm o\bev Z 1Zdh™ ~Zgbo ijh jmo kmigidn FaZ2k§hiVzdgZm gZ seevgh ih\ yaZgbo a]hj
am} dhgdmj_glge j_amevlZIb \ ihje\gylyggba fgripflzoe '"HQVH1IHW a "hrz\zZggyf
AohnZfb o ~_fhgkljm} _n_dlb\geklv ggbo ZZjwgb@ A "bnedZpec ~ey djZsh]lh az”h
[hjZzo ~"Zgbo \bfh] sh”h hpegdb klZgm fhjy

Lzdbf gbghf ~hkee”"_ggyf ih \bdhjbkKZjggx\_ gZ\gZggy fh”_ee+ hpegdb klZgr
\bkhdh_n_dlb\gbo seevgh a\ yaZgbo:johjldhhhsd 4 _jc "« gZ\qZ}Ivky gZ i*~]hlh\e_
jhggbo f_j_~ "ey \bjer_ggy az\"Zgvghhpeggh jkidghm~rgzZ \bdhjbklh\mxqgb hilbfea
fhjy gZ hkghle jmom km~gZ h”ghqZkgm dlheed bljajmeaZ[jZge \e”ih\ergh ~h aZ\";
\"Zgv deZkbnedZpe€ 1Z j_]j_ke+€ \ "Zghb @ZXgjhalejygmlh
g_ \ ih\ghfm h[kya- HpegdZ j_amevlZIle\ gZ\g_gh€ fh™_e-

F_lhx klZl}ejhajh[dZ fh”_e+ Jeb[tkdEgnmy fojy aZz ~Zgbfb jmom km~gzZ ?n_dlb
jhggh€ f_j_"« "ey hpegdb klZgm fhjhwgZg h&ghe emdmpegx}Ivky aZ ~Zgbfb |_kle\
km~rgZ a \bdhjbklZggyf seevgh ih\ yayplyadm]hrKidHVvbk j ~gx d\Z~jZlbggm ihob[dn
g_cjhggbo f_j_" ~ey i*"\bs_ggy [_ai_dhb hZpehgldtb | jFeizpr €
\ghkle lhgghkle aZe_"ghkle 1Z "bgZfapl MNzmegabjh jmo km~_g } \Z eb\hx qZk
klZzgm fhjy ~ey \bjer_ggy yd azZ\"ZgiyhgeXkbmprgpoE klZgm fhjy azZ ~hihfhlhx ]e
I1Zd « az\"Zgv j_]j_ke-€ g_cjhggbo f_j_°

®
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Jbk MaZzZ]lZevg_gZ kljmdImjzZ f_Ih~heh]+€ jhajh[db Zjoel_dImjb
leb[hdh€ g_cjhggh€ f_j_ "+ "ey hpegdb klZgm fhjy gZ hkgh\e jmom km~gZ
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>7ge ijh izjzf_ljb jmom km~gzZ r\bKdjktgvidpnl Zdjph f_~eZgZ F_1Z ihey]Z} \ mkm
jkm ijbkdhjogpAddl_jbklbdb o\bev } d&egh\bfbmfe\ yde fh mlv kihl\hjx\ZIlb ~Zge
Ney ZgZeeam  fhr_ex\Zggy fhjkvdh]h\Elj_dBh\bhsggeklv hpegdb klZgm fhjy
R 4 % A R4 - GhjfZeeazZpey « klZg™ZjlbaZpey lekey I
&Lbarama: pe€ ~Zge fh mlv [mlb ghjfZesah\zgs Z[h kIZ
N5+ r\b~rdeklv <bfejx\Zggy r\brdhklyxZigm*gh[} tjb\_klb €0 ~h i_\gh]h ~«ZiZahgm
gbf a hkgh\gbo iZjzf _lje\ jmrey >eyZzZgwhkhjfhgwhlh agZq_ggy P_ “halhey} \klZ
\bdhjbklh\m\ZIbky jeage ~Zlqgbdb <« kpkdhibc fZ&sI¥fl "Zgbo « aZih[*]Z} ijh[e_fZf
$FRXVWLF 'RSSOHU /RJ $'/ *36 ghIBEDI@ -3RVAW IHOLBRPZp}x "Zgbo
6\VWHP ,QHUWLDO OHDVXUHPHQW 8 &lb\Ww\g0W&gl@zy gk Plf "g4Zpsy AZe_"gh \e
lgbdb a~Zlge \bagzZqzZlb r\b~deklv kme"ggZg\degggb@ag\2zZggy fh™ _ex\Zggy fh gz a.
ijyfdZo « \e~rkl_"m\ZIlb €€ afegb \ qZRZIb f_Ih~b \bje\gx\Zggy * k_]f_glZp<€ ~Zg
* £ dml dmjkm km~gZ ydbc \bagiy@adeHyZijgZkd\s jy*b ~Zgbo ijh jmo km”"_g
ydhfm \hgh jmoZ}Ilvky >Zge ijh fthml [drhkbjkngy®2 \ gZzke Z[h k_]f_glh\Zges gZ r
"gZ hljbfZlb azZ ~hihfh]hx dhfiZke\ ]bjin\keikivZ[hh[ aZ[_ai_qgblb hrghjergeklv "Z
*36 Chlh agZggy \Z'eb\h "“ey \bagg@\ggggryeyojm e
fZjrimlm km~rgZ Z 1Zdh® “ey ijh]lJgham\ZgA e&Wredbgy ~Zgbo F_Ih”*b a[eevr_ggy
\bo afeg gZijyfdm jmom "mlv [mlb aZklhkh\Zge ey a[*evr_ggy jeag
# + ijbkdhj_ggy <bfejx\Zggy ijbké&hyg Iggly[lkkyim ~Zgbo P_ fh' _ \dexqZlb ]Jhjba
NgZ “ha\hey} \bagzZgblb afegm r\bAdAKi\\jhzkrevgey \e*h[jZ _ggy “"Zgbo ~h"Z\
pvhlh fh mlv \bdhjbklh\m\Zlbky [mkiZfdhApho ,;08f«\ Z[h kihl\hj_gv Z IZdh" ]_g.
yde fh mlv \byleylb afegb ecgecgh]h slohmgtb\ch JAZiglblo gZ hkgh\e ekgmxgbo ~Zghb
dhj_ggy >Zge ijbkdhj_ggy "hihfzZ]Zxdvglyys gthlih) 2} ie*\bsblb gzZ”escgeklv fh"_
gZfedm arzZlgeklv "h maz]Zevg_ggy dheb g_~hklZl
;£ 0ZjZdl_jbklbdb o\bev yde \balklZ2qlZx]vkgh\fZgelghkle "Zgbo
ih\e~gh ~h \bfh] sh \bagZqg_ges \@[hlZo *h”ee gZ gZ\qZevge |IZ I_klh\e ajZadb
lhi_j_~gy h[jh[dZ ~"Zgbo \e"e]jZ} \@Zdkbi\WdpjhaVvZlghkle fh”_ee ~Zge fh'gZ jhan
m \bdhjbklZgge seevgh ih\ yaZgbo gipdbviwe IgZ ¢_klh\e \b[ejdb GZ\gqZevgZ \b
jhggbo f_j_ * ~ey hpegdb klZgm fhjy dijppbkldvgginky ~ey gZ\gZggy f_j_"+ \ lhc ¢
jh[dZ ~Zgbo i _j ~ih~rZg_x gZ f_j_ =~ \Wo\b\b[*hdXh*halhey} hpegblb €€ lhqgeklv
ey} i*"\bsblb _n_dlb\geklv fh"_ee« « yWaKlZ ¢vagmedllz gZ gh\s ~Zg-
I\ :e]hjblf ydbc \dexqgZ} f Ih~ b IZ ie"ohtbegkm\Zggy deZke\ Ydsh ~Zge fZxlv
i_j_"~gvh€ h[jh[db "Zgbo m pvhfm dhelZgklde Zkz\\ "gfihbdezZz” jeage klZgb fhjy fh
gZ jbk ij_"klZ\e_ge* g_je\ghfejgh fh™_ agZ~h[blbk
NeevljZpey ~Zgbo « mkmg_ggy edghmABBdhégZkb sh[ aZih[e]Ib afes_ggx f
hljbfZlb qbkle 1Z gzZ~ecge \bfejx\Zghd [Pevihihrbj_gbo dezZke\ Pvh]h fh gz ~F

\dexqgZlb aZklhkm\Zggy neevlje\ gbavéehohZ[hetblkfhedtdo i_j_ "bkdj_IbazZpe€ Z[h a
gZklhl zZ 1Zdh® 1Zdbo f_Ih”e\ yd neeM phy-p\Zha\@Zgoy deZkm \ gZ\qZgg-
®
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Jbk Maz]zZevg_gZ kljmdImjz Zelhjblfm ihi_j_~gvh€ h[jh[db
NZgbo ]Jeb[hdh€ g_cjhggh€ f_j_ "¢ ~ey hpegdb kIZgh fhjy gZ hkgh\s jmom k
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ljb jhajh[pe f_j_~_\h€ Zjoel_dimjb Lmlgfdgbghf p_c klZg”Zjlgbc i**0o*” hib|
klZgm fhjy a \bdhjkaZggyf seevgh ih\gvaXgtg@agh}zZgboJdyde\ fdidljp\ ~_ dh™ g
Idh\bo g_cjhggbo f_j_°~ 'HQVH1HW _&\lfhjply\eyllkh[hx h~*bg a iZjZf_lje\ jmom k

aZijhihgm\zZIlb gh\e fhrbnedZpe<€ Z[h KidbeZyd grbrddklv dml dmjkm ijbkdhj_ggy
ey djZsh]lh aZ”~h\he_ggy \bfh] *Zghjb lditbgidj ol\dpredsr aZ
NZqge Jhaleyg_fh fh eb\e fhrbnedZp+€ ydAThjlgh\*grZzjb DeevdZ alhjldh\bo rZzZje\
klb \ Zjoel _dimjm f_j_ " "mlv [mlb \bdhjbklZge ey \bemqg_ggy hkhJe
>h~ZIdh\e alhjldh\e rZjb >h~Zldhdlm”a2)hjiddrhe km~gZ Dh'_g alhjldh\bc rZj fh
rZjb fh mlv [mlb ~h~Zge "ey ihecir_gogygeaehdeghjdelZ y*jz alhjldb ~ey \b”"ee_ggy
f j_ "+ \blylm\Zlb nmgdp+€ a ~Zgbo ijhdimo «aybog IP_~klZ\bfh a]hjldh\s rZjb \ ~:
Ahihfh™_ ihdjZsblb a~Zlgeklv fhr_edhigy\aklb gZkimigbf gbghf bgapigedpm”_
\breeylb \Z eb\s azdhghfsjghkle 1Z avbcth gdijf e jinfalglZ2qlbofhoghdreydih ghlh alhjldh
NZgbo \hlh rZ@m chlh \bo+s~ ZdIR\ZpagZoh\m
H[ }*9Zggy rZjs\ <dexq_ggy r¥lvkyhfelyohf azklhkm\Zggy hi_jZp+€ a]hjld
gZggy fh'_ ~hihfh]lb af_grblb jhafejgs lf'\ﬁg“\zrg]bmrzj'm Z[h \os~"gbo ~Zgbo
klbkgmlb egnhjfZpex a[ j*l1Zxgb \Z eb\e 0ZjzZdl_,jb
kibdb P_ “halhey} i+~\bsblb _n_dlb\g-klv ! akz B9 UbBs E
geklv maz]zZevg_ggy fh~_ees Z 1Zdh _Iagfjglglb\@ﬂgya]h]hldh\h]rBijimnmg
deklv iZjzflEplbkex\Zevgm kdeZ~rgeKIRy ZdIb\Zp-€ azZklhkh\ZgZ9thtdhZgh]h rZj
Seevg_ a }"gZggy rZjs\ H~ge}x labwyh{eb\akhjldh\s gIpZzafhgnldh\h]h rZjm
| ¢ '"HQVH1IHW } seevg_ a }"gZggy rZ&j-x . ddn ag-ezjggy GL]:hVa]’hQ'Wdh\h]h
fZ} ijyfe a\ yadb a dh gbf ng|m|gbrf21mEmfs+PZdlb\Zp € ihi_j_"gvh]h rZjm \oh”
kijby} djZsec i_j_"Zqe sgnhjfzZpe€ feZdXhXZp<€iithi_j_"gvh]h a]thIdh\h]h rZjm
djZsm} ihled ]jZ7e}gle\ ijb a\hjhlghfm iHibjZggy a]Bpldb,Bs yley} kh[hx ie km
ihfbedb < Zjoel _dimje f j "o hpegdbfhkNIghgihyjy pmlide\ neevlijmxgbo _e_f_gle\ a
\eZklb\eklv fh gZ ihkbeblb ~h~rzZ\Zgg¥ydb¥hrddhabbb "Zgbfb _e_f_gle\ Z[h ZdIb\Z
ijyfbo a\ yade\ Z[h a[eevr_ggyf seevghkKigvalhyadim Ihlef aZklhkh\m}lvky nmg
fe' rzjzfb Ib\ZpB€T; sh[ hljbfZlb hklZlhqgDZdlb\Zp-£
J dmj_glge rZjb M jZae dheb "@yR]lhimjmodkih]lh rZjm
AgZ } qZkh\bf jyrhf j_dmj_glge rZjb 1Add&-dpdl qBghf alhjldh\e rZjb ~halheyxlv \
/670 /RQJ 6KRUW 7HUP OHPRU\ fHbmiwthmidbidhex \oe~gbo ~Zgbo ijh jmo km~
g_ge \ Zjoel _dlmjm f_j "+ P_ ~“ha\hebbAhifveyehpjgdb klZgm fhjy
oh\m\Zlb azZe_"ghkle o ~bgZfedm \ ~Zgbtl[ $hgfhZevgbc rZj lekey a]lhjldh\bo r
[mlb \Z eb\h ~ey Ihggh€ hpegdb klZdgl §Zjy'h~"Zlb rZj h[ }*gZggy sh[ af_grblb j
AZilb\gZ ZdIb\Zpsy + ghjfZe-agpkyv rZigbo » a[_j_]lb \Z eb\s hkh[eb\hkls
M\sfdg_ggy rZje\ Z~Zilb\gh€ ZdIb\Zhe® rZ4dBB[FBROLQJI fh gz \bdhjbklh\m\Z
rZib 6(/8 fzkrlz[h\Zge _dkihg_gpedhjmegZogeevr agZgmsbo agZq_gv m dh'g
hrbgbpe Z[h OLVK Z 1Zdh" ghjfZe-aZpglyorzMy\dihdid }*gm\Zevgbc rzZj \ ~Zghf
yd rZjb izZzd _lIgh€ ghjfZeeazZp+s€ fh imikl4hihdhflgbghf oGlwhd Imgdmxqgb rZj
Ijbkdhjblb gZ\qugy I1Z ihdjZsblb klZhesyvZrikik €12lh yd
j_ "« P_fh _ [mlb hkh[eb\h dhjbkgh ijb phdpldm ghlh rzZjm, ivbesd h[gbkex
ebdbfb kdeZ"gbfb gZ[hjzZfb ~Zgbo xlvky reyohf aZklhkm\Zggy hi_jZpe+€ imem *
MgedZevg_ ih}"gZggy pbo fhAbneti@phtheajBjttin\h]h rZjm Z[h ZdIb\Zpsc
Zjoel _dlmje f j "« ~halheblv iheeirblb a~ZzZl k|_v 2KK'p-|LSBpD5E 5
fhr _ee hpegx\Zlb klZg fhjy gZ hkgh\- NZgbo ifh
kmA g Lzdbf qbghf dhgdj_lges dhf[e g@pig\bWRBnZode\]prEJm h[ }*9Zggy 3RRO
pec + rZje\ \ Zjoel_dimje f_j_ "« fh° mifiadfpeVz ik} 9299y ydZ fh- _[mlb gZijbde
\ aZe_"ghkls \+~ dhgdj_lghlh az\"ZgdP ny.-§&b [@hhi_jZp-}x k_j_~gvhlh h[ }”
fhjy » 0Zjzdl_jbklibd gZy\gbo ~Zgbo 9488y YHHUD W%RROZ@JZ[QZ fZljbpy
jeZgl fh eb\h€ mgedZevgh€ dhf[e gZpé/eﬂsrlhA\tbrdTui@bU&\m}lﬁkifh fEym h[ }"gZggy
rZje\ yde fh gZ \bdhjbklh\m\zIlb \ Zpo<t \ditdpj pfes_ggy af-&_ ﬁ;@yrzfreyh[}
j_ e "ey hpegdb klZgm fhjy \ az]Zegh8® ddgk+ \oh~b Z[h ZdIb\Zp+€ ihi_j_~gvh]t
_gv \oe~rgbo ~Zgbo :joel_dihfjlr\hihjrZjm
fh*_ |hqngIbky a \oe~ghlh rZjm ydbc ifbciZp~wz§{ }"gZggy *Z} afh]m af_grblb
ijh jmo km~rgz 1Zde yd ribAdeklv dmd &hVjRRahDdKIHiZ\rb gZc[+evr agZgms+ ag.
i_ggy ozjzdl_jbklbdb o\bev lhsh FZAtduribd@®aos
Agbc rzj fh gz ij_~klZ\blb 1Zdbf qbghL_ S°evg_h]ah}“g}ZAggzy rZJ'°\Z_ fdexzq_z%?y_ i|
) Ca s om oA T pbim seevg a gZggy rZje 0Zj _jg
* L >TEaT-aaaaat:? 'HQVHL1HW ~ha\hey} kI\hjx\ZIb ijyfe a\ yad
A +x N\ _dihj \\_"_ggy \oe"gbc rZj “gbf ihlhqgbf rZjhf « dh gbf gZklmigbf rzjh
TEaT-a&aaadlhjge _e_f_glb sh ijp kikd¢Ism} ihled ]jZ~e}gle\ « ihe_Jrm} h[fe
xlv agZq_ggy iZjZf_lje\ jmom Km~rgZjfZpe}x fe' rZjzZfb My\efh ijbgpbi seevgh
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a }"gzZggy rZje\ \ ~Zghfm dhgl_dkle 1@Gdbjbdbdghf "y az”Zqe j_]j_k*€ nmgdpe}x \
\Zcl- rZjb \ Zjoesl_dIlmje '"HQVHI1IHW [mhldgKlitgfhZjydZ ihfbedZ 06( ydzZ \bfejx} ki
*cagaasadh _g rZjhljbfm} \oe~rge ~49ge ge"obe_ggy fe ijh]lghah\Zgbfb 1Z nzdlk
leevdb a ihi_j _~rgvh]ysZ2imlZdh® a mka@Zih _ggyfb >ey azZ~Zqe deZkbnedZp+€ fh'g.
i _j_"ge0o rZje\ \m\Zlb dZl_]hjeZevgm i_j_oj_kgm _Jgljhiex yc
jeagbpx fe* ijh]ghall&kdb§gbf dezZkZzZfb
< kv ijhp_k gzZ\gqZggy f_j_ "+ kdezZ"Z}Ilvk
N_*p = Zdlb\Zp+€ GploefZjm 'HQV 2|‘b\(\7h€ hilbfeaZp+€ \Z] az ~hihfh]hx h[jZc
>§aeaaapa5‘i* h[ }"gZggy Zdlb\Zpe-c \ b'P-d \hjz « nmgdpe+€ \IjZI F_j "Z azZimkd:
Ngeo rZjR\ = hi_jZpey dhgdZIT;¢Zpmegdeyge ~Zge q_j_a k\h€ rzZjb ihje\gx} ijh]ghab
Pey Zdlb\Zp-€ aZkIhkh\ZgZ gb ﬂ”zgl’g]waZhr@Zq_gngqubkex} agZq_ggy nmgdp
ljbpy \Z] G4k rZjm + \_dlhj afes_ggy\lj&fii* Ihlef ]jz~e}glb nmgdp+€ \IjZl h[gbkexx
S_ggy e rZjm,s+ Zdib\Zpey ihi J_Ngcvmj]mklh\mxwky hilbfeaZlhjhf "ey hgh\e_g¢
rZjim \of3\fh rzZjm e P_c ijhp_k ih\lhjx}Ivky ijhly]hf ~_d
LZdbf gqbghf ijbgpbi seevghl]h ac}ﬁ‘gzgggvj AR Ibo i j ithdb g_ [m~_ "hky]gmlh
alhey} dh ghfm rZjm hljbfm\Zlb egnhyp£@+X[a imkgh]lh mfh\b amibgdb
ihi_j_7geo rZje\ sh kijby} [*evr ih\gec iLZdbdqkimkh[hf gZ\qZ}Ivky Zjoel_dImjZz f
\bdhjbklZggx sgnhjfZpe€ \k_j_"bge fgjz hkgh\e aZza”Ze ]*~v i**]hlh\e_gbo ~Zghb
J_dmj_glge rZjb Ydsh ~Zgegijtkmm@z kmer[«j hilbfeaZlhjs\ « nmgdpec \IjZI
ij_"klZz\e_gs m \bJey”e gZkh\h]h jy~mykih\ebm\ e yh ~h f_Ib hpegdb klZgm fhjy
AZlb ihlhqgge rZjb 1Zde yd rZjb /670 athéld dhjhte n_dib\gh \bly]lm\Zlb egnhjfZ
dhqzkgz izf ylv Z[h *58 azdjblZ j~dmbogtg¥gibtky gZ a\hjhighfm ihrbj_gg-+ ih
gbpy Pe rZjb “halheyxlv \jZoh\m\Zh[ aZiekydbklrilbfZevgbo ihdzZagbde\ ijb h
1Z "bgZfedm m \Zrbo "Zgbo RZj aZdibZzlylh fhpynj>@y hpsgdb fh~_ee ydZ hpegx}
ghlh [ehdm \ pvhfm dhgl_dkle ~e} 1Zdjf ghghfe fAddm km~gz hkh[eb\h dhjbkghbf
Glkcrzj *58 ihagZgbfh 9lWFh ydky dh'[mIib IZde ihdZagbdb
ghlh rZjm7, ch]l]h \b®@sM[gbkexxlvky rey DeZkbnedZpey
ohf hghle_ggy klZImkm \(XKZH®D WIH kDAYHIhggeklv hpegdZ qZkldb ijZ\bevgh deZ
UHVHW IZh\W\b keblb gh\bc eZl_BlgbYZgbbgijbdezZz”e\ ea aZ]Zevgh€ deevdhkle ijh
a-9 [ : T o £ f_ ljbdZ ihdZam} aZ]Zevgm a”*Zlgeklv fh™ _e-
Vbbewgtsit? g ba dezZzkbnedm\ZIlb jeage fhjkvde mfh\b
N"_& t nmgdpey ZdIb\Zp-€ kb]fh\b"gh€ kixANEPD 18dghkls « ihfbehd gZ~Z} egnhj
ijbdeZORJLVWLF VLIJPRLG ijh deevdeklv ijZ\bevgbo « g _ijZ\bevgbo deZ
Hi_jZpey hgh\e_gg¥ #hglimkenx} ydmeygdh ghlh klZgm fhjy >ha\hey} [sevr A _|Z
nhjfZpex kee” hghlex\Zlb Z hi_jZpey ZkpbZg®\WZ bl 4iimmdib\geklv fh”r_ee ih dh ghf
N\bagZqz} ydm egnhjfZpex kee” aZ[mlb a phi}jj_Ksgvh]
kl1Zglp,5 Gh\bc ijboh\Zghlp kHZpZoh\m}Ivky+k_j_~gy Z[khexlgZ ihob[dZ 0$( hpegdz
gZ hkgh\s hghle_gh]h klZgm « gh\bo Yghh]h Z[khexlgh]h \e*obe ggy fe  ijh]ghah
LZdbf gbghf rZj *DWHG S5HFXUUWYHDW ggQ@ibWih~*58« 1Z nZzdlbggbfb agZqg_ggy:!
“hal\hey} fh”_ex\ZIlb aZe_"ghkls « "hgZdpdari¥x q@flylb Ihggeklv fh~r_ee ijb ijh]g
\bo jy*Zo ~Zgbo ijh jmo km~gZ sh flZzggklZldi \j giXgbo agZq_gv iZjZf_lj*\ jmom k
Jh~e \ azZ\"Zgge hpegdb klZgm fhjy *58 gk "Z} gy @ihz~jZIbqgZ ihob[dZ 06( \bf
\eklv azizf ylhAm\ZIb sgnhjfZpex gZkhkghXjliglZgeAobe ggy fe ijh]ghah\Zgbfb &
“halheyxgb \jZoh\m\ZIbZdkihlj-akl qZghfb [z nZdIbngfb agZq_ggyfb 06( “~ha
\bo "Zgbo "ey [+evr Ihqgh€ hpegdb fhjkwdymmefd\\h j_Z]m\zIb gz \_ebd- ihfbed
:MZilb\gZ Zdlb\Zpey 1Z ghjfZecaZp*y [MEib\dIKjbkgh dheb \Z" eb\h fs egefeam\zl
Zjoel_dlmje f_j_ "« ZAZilb\ge je\ge Zd\bAZIpe€gdFde-iylghazo
6(/8 fZkrlZ[h\Zge _dkihg_gpecge ecgecgZz whab\gZoh\m\ZIb ki_pbnedm azZ\*Zggy
Z[WK fh'mlv [mlb \bdhjbklZge "eynadi_aZgbodgh jmo km~gZ ijb \b[Hjs f_Ijbd ~
[revr ieZ\gh€ Zdlb\Zp+«€ 1Z [eevr klih[~eyghBrzigdez”r ydsh az\ Zggy hp gdb k
qzZggy Fh'gZ 1zZdh™ \\efdgmlb rZjb \QfAzgsaipr€h€ Ihqghkls ijb deZkbnedZp-€
IZde yd rZjb iZd_Ilgh€ ghjfZecaZp+€ dey KiZ[1gpadBpifi\lfazgs a lhqgekiix * fZljbp.
ghjfZecaZp+€ \b\h"m rZzZje\ ehd fh mlv [mlb gZc\Z eb\erbfb Ahegrh]h [hc
ljb gZ\gqZgge f_j_"+\Z eb\h \b[jZIaND§yayZihey]Z} \ ijh]gham\Zgg- [vai_j_j\gb
Ihj ydbc [m”_ fegefeam\Zlb nmgdpexi¥ljZi_¢cjhgmem km~rgz djzZsbfb fh mlv [mlb
\ZIb \Z]b f_j_"+ gZ hkgh\s ]jZ~<}glghjh Ikiﬁg(dm|].btﬂ)g-30(5(o$(
hilbfeaZlhjb IZzde yd klhozZklbggbc ]jZ”+}glgb
kimkd 6* $GDP Z[h 506SURS fh mlv \bdhjbk<bkgh\db
Ih\m\Zlbky \ aze_-ghkle \e* ki_pbnedb aZzA4Bg@y gh¥bj amremZhdb azijhihgh\Zz
fh] ~h gZ\qZggy gh€ leb[hdh€ g_cjhf_j > \h€ fh~_es hpegc
LZdh  \Z eb\h \b[jZIb \e”ih\e*gm npnhggdprzxlidlde i j \Z]b
ydZ \e~rh[jz z} f_Im az\"Zggy hpegdb kkhkndZhiYhqgeklv Fh~_ev a”ZlgZ ~h
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\bkhdh€ Ihgqghkle \ hpegpe klZgm fhjydrXIhkigmigd¥Z gbgm fhjy « jh[blv fh*_ev [e
ijh jmo km~rgzZz P_ ~ha\hey} ijbcfZlbi[béghx*WklimfFh\ sh afegxxlvky
jge jer_ggy « ijhlgham\zZlb fh eb\s afegb 1mfkbsbogy [_ai_db [Z _n_dlb\ghkle <
mfh\ jbklZzggy 1Zdh€ fh”_ee« ~Z} fh eb\eklv i*"\bsl
<jZom\Zggy aZe_"ghkl_c « "bgZfedtn «jonml ddb\geklv fhjkvdbo hi_jZpec ;ee\
ImjzZz f_j_"« gZ hkgh\e seevgh ih\ yazpbgdd Kjlldaghbbhjy *hihfz]Z} \ ijbcgylls h[%o
g _cjhggbo f j_° '"HQVH1IHW “ha\hghp jpZobVvmeZdbh[+]Zgges fh eb\bo Z\Zjec ¢ h
aZe_ "ghkle ¢ ~bgZfedm jmom km~gEe€ sbdhhjdkZzaggy j_kmjke\

KIBKHD E1L?J:LMJB

5HLQHU &DUO 'HWOHIVHQ 20H DQG 0R\ORESIMHYEG RO DO NER® U@ G MK BWID V
RQ 1XPHULFDO 9HVVHO ORWLRQ 'DWD ,GQWSHQBWHRERY REHDY WRIE BRIOD @ GQJ
6KDQJKDL &KLQD -XQH 85/ KWWSV RGHGHWDRVRWIDBWE3,(623(& $SORF23
"ZI1Z a\_jg_ggy

. &KHQJ * /L 5 6NXOVWDG + =KDQJ BOBF& BRIHPP OSHF WERYBROXWHLWRQDO
6WDWH (VW EROWLRQKH WK $QQXDO &RQIHUHQFH RI WKHW(((6.QGEPBWUHDO (OE

GRL (&21
8PDLU 0 +DVKPDQL 0$ +XVVDLQ 5L]YL OHBRQD0L® $ 1RFEROBBE /BOUQLQJ
6HD 6WDWH &ODVVLILFDWLRQ 8GLERHIMUXDO 5D KMAWSSAD , BRLHRUJ V\P

8OULN ' 1LHOVHQ ODOWH OLWWHQGRUIVSHERWUQ R KNVRV L'ADMWMHR @ WFRRIQKEDLDW L RIDYHH

EDVHG RXWSXW XVLQJ WKH ZDYH EXR\ ORHDORJ\ ODULQH,6BWUXFWXUHV

KWWSV GRL RUJ M PDUVWUXF RP VEKWRABEAMM DXIZW MO GEHGLUHFW F

ODOWH OLWWHQGRUI 8OULN 'DP 1LHOVHQ HADUWWP LGHQWIDPFDIWAWRE BWRQX P}

FRPSDUDWLYH VWXG\ EDVHG RQ LQ VHUNMLEH DWW WRHD PROWPHQHU YHVVH
KWWSV GRL RUJ M PDUVWUXF

1LHOVHQ 8 ' 6HD VWDWH HVWLPDWLRQ EDNHSS RBROVMVHPHAWRQRIFRDYSHOLY |

1LHOVHQ 8 ' $ FRQFLVH DFFRXQW RI WHRMYQLWXHNVIW.FPIDODLERGH | RUHDIQL S@& RO

+ K

7TDNHNXPD . 2Q WKH (YDOXWLRQ RI 6HJH G SHAVEUDRBEDLRIDE R QAWK Hg@ZHIDNWV gh[m~
+ < + K

+XDQJ * /LX = 9DQ 'HU ODDWHQ / 'HAEVEPMBGROQODHFWHG &RQYROXWLRQDO 1

RI WKH ,((( &RQIHUHQFH RQ &RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ ¢

© &KHQJ * /L $ / (OOHIVHQ 6 &KHQ $ 1RYHIODCHQMHBQG &R QEEKDEWHG &RQYR

1HWZRUN IRU 6HD 6WDWH (VWLPDWLRQ7&\DLAMIDEKULLR ORWRR QQDWIDX PHQ WD W LR Q
QR S BHSW GRL 7,0

/DL =KLFKHQ HW DO OXOWLVFDOH ZDYHARW BQLGEHQ BUPS K HFR B RO K Y [RR @0

6HQVRUV -RXUQDO

S5HFHLYHG GZ7ecreZz
$FFHSWHG IRU SXEOLFDWLRQ IjbcgylZ ~h

Development of a model of a deep neural network for assessing #tate of the sea on the basis of the ship's motion
,U\QD +DQQRVK\QD

Abstract. 7KH DLP Rl WKH ZRUN LV WR GHYHORS Bl \GW HFSD @/H QU D'DK €@ FMWZIRW N R R &
PRYHPHQW RI D VKLS XVLQJ GHQVHO\QFRQZRHAWHE RFR DS B R XM MRKID U DQ HWU D@ G
SHQGHQFH DQG G\QDPLFV RI WKH VHD/ MWPIMHL R § WSLLPFOEALHRRY/ IRQGV B B YW BV VAARD)
EXLOGLQJ D PRGHO RI D GHHS QH XU DIOK®HWHDIR BN VIRG B Y WHR/N IPQRIY WKHQWW R WIH YRH \
ZHUH REWDLQHG LQLWLDOO\ D QHW ZRUG HIWAKAL WAHRFQ\QH WV BBV FR QY ROKSHER EDY
1HW ZLWK D XQLTXH FRPELQDWLRQ R WPRKLIWIHFFDWAKLLRHD M | DHFGV DD DY \F REXVAKG B Q VD)
QDPLFV RI WKH YHVVHO V PRYHPHQW ZKLFW 8HKWH W R DWRR B H VDK IF XWUHIDA K/ HDFVR/C
WUDLQHG RQ SUHSDUHG YHVVHO PRWLRQ/ G/DBI\® B PWH G JL R SIFIFFRLY B D) IHD & L VRV W K
VWDWH RI WKH VHD 7KH WUDLQLQJ SURFHHW VP L QLFQDIX BHIG) KWK\ L RQ &K I HIGOD\Y P .
DJDLQVW WHVW GDWD WKLUGO\ WKH PRGSSURBVYLIDYWH REWH GFM B P SHQHS IWHV R/C
DVVHVVLQJ WKH VWDWH RI WKH VHD DWULH[PRS B K VW &H DF FXKHD FOD Y @ LH IURRWL R G
HUURU 0$( DQG URRW PHDQ VTXDUH HUURMDWE ( 7XKHUBIHX\XIOGV VR R VE K H OUGHLIQUH B \
PRGHO IRU HVWLPDWLQJ WKH VW DW HDRY HAVR/HH ® HFIR @ DL\UHPGL R/QY W K H FRYRLYYHHPGHHOWY IQ
SXUSRVHV 7KH DSSOLFDWLRQ RI VXFK DDRR/GIN® LIQJ LWPISR VAWWDWWH IRQ WKH ¥RDQWH
HVWLPDWH KHOSV WR PDNH PRUH UHOLDE OB FGERBIGO@RNY LK SUKKE VFWD § R QGILEQ
RFFXUULQJ LQ WKH PRYHPHQW RI WKQF YHV\D-)G &RED/AIGHURQ W WH HY IBH\SHIAD @ P R Y
DQG DGDSWLQJ WR FKDQJLQJ FRQGLVDIERQUWAKLGE HOEBHBYHV TKH/ ¥\DHD R | DIFVEX U
WKH VDIHW\ DQG HIILFLHQF\ RI RIIVKR VR XUSFHHYD WDIQRQ § U R 'S MWQ WL SHR WWKLHE XN HD RF LLG
QHWZRUN PRGHO GHYHORSHG WR HVWLPRYHP WKWN RWD W H\RY HOKIHY VIH® HEIDN F\G LR ®
HIILFLHQF\ Rl QDYLJDWLRQ ,WV XVH FRGWQULRXNWHGE &HRFERURIQDFBXUQ W HZ KRB K AD.
LWLPH RSHUDWLRQV DQG HQVXULQJ WKH VDIHW\ Rl QDYLJDWLRQ LQ JHQHUDO

Keywords: GHHS QHXUDO QHWZRUN QHWZRUN P RREH OV LIHKIV @ W DRXHS B WV W LFPROQA LRRX
QHWZRUN
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H 1 >m[bg_pv
> jZ\gbc mge\_jkbl_ | egnjZkljmdImjb 1Z | _ogheh]ec Db€\ MdjzZ€gZ

F?LH> L?KLM<:GGY G?CJHGGH2 F?J?7@1 =EB;HDH=H G:<Q:G(
>EY JHAJ:OMGDM REYOM KM>G: < J1AGBO G:<1=:P1CGBO KBL

cghlZpeyF_IhxlIZlle } jhajh[dZ f_Ih"m I_kIim\Zggy g_cjhggBE&qZgjgy+*"pab[ha@ahZlomgdm
reyom km~rgZ “ey i*\bs_ggy ijh*mdlib\ghkle \e~ih\ergh®§ Zobkeh\hEb dhkbém Appyadgbmh
kee”" _ggy * jhajh[dZ f_lh”e\ ieM"\bs_ggy lhgghkdbdhaggdmgglgy fZegV\jer _ggy azZ\~ Zgv
ieZ\Zggy H~"gbf a i*”~oh”e\ "h ie"\bs_ggy lhqghkles gbgkgleo }f\bdhjleblhgdyhggZ)qZggy
G_cjhgges f_j_"+ ]Jeb[hdh]h gZ\qZggy a”~Zlges fh”_dkh¥XZlbga2klx ghfidxla AbkHhZ]b \ ijh mc
Ib\ghkle ihje\gygh a IjZ*"bpecgbfb is”"oh”Zfb H~"gZd hleafhfdZ \egZ\lldp2gghdZadZ\"Zgg}
\bfz]zZ} ~h~Zldh\bo "hkees”*"_gv \i_jrm q_jladgaylh&kdhedhhrkl\jZomrf_Igh€ h[eZkls Z ¢
evgh\e~rhfbo i*”oh”e\ sh*h I_kIim\Zggy Jeb[hdbo gvgjluhdmokiigkklX\maghZef_Ih~"
|_kIlm\Zggy g_cjhggh€ f_j_ "« Jeb[hdh]h gZ\q&gam key‘gHFajZeaglongiZ\+«]Zpecgbo kblm
kgh\Zgbc gZ ihi_j_~gvhfm \bdhjbklZgge *felZpecgh®h&hheg} fimbrme X\dMyFeapr gZ\«]Zp
kbimZpe«€ HIjbfZgh Ijb deZkb gZ\«]Zpecgbo kbIimZpe+Zeygbo m§x\Xoh ktkjie@dbl Apje€ ki
>ey fh”_ex\Zggy j_]lmeyjgbo o\bev \bdhjbklh\mxlvkyjd{£bitmjsk vagldy er\drec\gh€elb[indZ g_ «
jhggzZ f_j_"Z gzZ\qZ}Ilvky gZ ~"Zgbo hljbfZgbo a «fklHdpm¢ ke fhety eph]ghldhjZzggy jZ}dl
jmom km~gZ Lhqgeklv g_cjhggh€ f_j_"+ hpegx}liykyghaydhd ijgridyirdy €om km~rgzZ h
fZgh€ a efelZpecgh€affhévezib \bijh[mM\dZhavZzeb sh g_cjhggzZ f_j_"Z fh _ Ihggh ijh]ghan
}dlihjex jmom km~gZ \ jeagbo gZ\«]Zpecgbo kbimEZjbklZgbclhéyfthpesdeobblhlgdhkle g_cjhc
f_j_" leb[hdh]h gZ\qZggy “ey jhajZomgdm g2yqmbplkmngdigd kragipeyo

Dexgh\e keh)ZajZomghd reyom km~rgZ I|hqgeklv g_cjhggedy | Teled(dgh]lthgzev |_k
Im\Zggy gZ\e¢]Zpecge kbimZp-£€

<klmi km~rgZ gZ hkgh\e g cjhggbo f_j_ " ]Jeb[hdh]h
} ZdimZevgbf az\*Zggyf

IhklZgh\dZ ijh[e>like+s”" ggy * jhajh[d@gZeca hklZggeo “hkee”r"_gv €Zm[edZp
f Ih”~e\ ieM\bs _ggy lhgghkle jhajZomgdegbdZyxdk 4kgm} agZqgZ deevdeklv "hkee"
ebd_ agZqg_ggy “ey \bjer _ggy az\"zZgwhjihklZegyzydyljZ"bpecgbo ie*oh”e\ [Zd -
HArpfa |Zdbo azZz\*Zgv } hljbfZggy dhogjxxjpgobbekp_j_~ ~ey \bjer_ggy jeaghfZgelgl
agZoh”'_ggy km~rgZ \ mfh\Zo dheb ¥YAgvrghajgfoixgdm reyom yd gZ*\h*gbo 1Z
\Zggy g_"hkimige S_ h~"g_ azZ\"ZggygbobkawyZogg ggy fe@ ,_aihk_j_"gvh \bdhjbkl
ky jhalZrm\Zggy km~gZ azZz ~hihfh]lhxhjoalgdd Zlglkeb[hdh]h gZ\qZggy m \e”ih\eA?
de\ Lhggeklv jhajZomgdm iZjzf_lje\ {YholgekmZgeansbiehhaleyrZ}lvky \ jh[hlZo >
\Z} gZ lhqgeklv \bagZq_ggy chlh dhhj*bgdl mifbiple > @ jhaley”Zxlvky i«*\h"gs
gbo aZ ~“hihfhlhx gZ\*]Zpscgh€ kbkl abieZ\mqgeklx yde \\Z Zxlvky i_j_~h\bfb ie:

Lhggeklv jhajZomgdm fh gZ\ifer\bdbdbrey fZkrlZ[gh]h hk\h}ggy hd_Zgm H~
hkgh\gbfb reyoZfb ies*\bs_ggyf lhqgbkh]m Xilgddgh \ieb\Zxlv hd_Zgeqges |_qe+€ -
e« \"hkdhgzZe ggyf Zelhjblfe\ h[jh[db_lFgyYohjhpZ®Omgdm reyom } g_gZ~ecgbfb G.
<bdhjbklh\m\Zge m |_i_jergec gqzZk zZE]hjbbflyg _hhiklZlgs ~ey Ihggh]h ijh]Jgham\zZg
[db egnhjfZpe€ [Zamxlvky bpZ ljZ*dbepelkkbh iheh _ggy sh \bdebdZ} \_ebdes Ijm~ gl
H~rgZd \hgb fZxlv ~_yds g _~heedb « Ybywez\ggb iZyWg*gbo pee_c >ey ijh]Jgham\Zc
Imxlv “hklZlgx lhqggeklv " _ggy i**"\h~gbo iezZg_j*\ Z\lhjb aZijhihgm\z

>hi_jki_dlb\gbo ie”oh”e\ \eAghkblIWhk¥pdocdhbo f_Ih” hpegx\Zggy ydbc [Zam}lv
klZggy g_cjhggbo f_j_" ]Jeb[hdh]h gZqgqZghy _gd-ijdigham\Zggy -z ] fjjibdgy
Ige fh”_ex\Zlb aZe_"ghkle a \bkhdhxflhggoek]lx[jefzalhjldh\h€ g_cjhggh€ f_j_"« a
xlv i _j_\Z]b m ijhrmdlib\ghkle G _cjhlg\gzehx jdhiphidhgZkghx iZf ylIx :gZeesa j_e
]Jeb[hdhlh gZ\qZggy = p_ |bi Zelhjbltin_fdkibghhlblnZ\ilsdhzZe[jb”rgZ g_cjhggZ fh
gZ\qzZggy ydbc fh'_ \gblbky gZ \_ebdley hgkypz@g2 2z \bdhjbklZggyf *Zgbo i*"\h'
gbo ¢ jh[blb ijhljghab M pvhfm \biZrdmbg fhjikygbo \bijh[m\Zgv « afh”_evh\Zgh
f j_"Z gzZ\qz}Ivky gZ ~Zgbo ijh fbgmjeabam mfd'kmnhrgz~[Zgblb r\brdeklv ieZg_jZ Ih
\bdhjbklh\m}Ivky 7ey ijh]lgham\zZggw-izZainrllgwrph jhajZzoh\ZgzZ az fZjrjmlhf a
jmom km~rgZ HAgZd jhajh[dZ « I_kIim\Zggyflidbbpfeggbo ie"oh”e\
m azZ\"Zggyo gZ\e]Zp+€ \bfZ]Zxlv "hrzZMHKIZdl k@ jhaley*Zxlvky iblZggy Z\lh
AT gv M ii_jrm g_jlm p_ klhkm}lvky pjZomhgygygakhZghfZeec jmom km”_g "ey ke
[eb\hkl_c ij_~f_Igh€ h[ezZkle Z g_ afd)jRgdbhie1Bfhipb[_j_"gh]h jmom >ey \bjer
ie"oh”e\ sh~h |_kIm\Zggy ]Jeb[hdbo gpdihgqZd*Zggy \bdhjbklh\m\Zebky f_Ih*b Je
\ maz]Zevg_ghfm k_gke LZdbf gbghdZ\haglgpdzakhdj KZ alhjldh\e g_cjhgge f_j_~
Im\Zggy [eevr lhgqgbo fh”_e_c¢ jhajRemgdmZglkylpn\ZjeZglb gZ[hje\ *"Zgbo sh f

<« >m[bg_p\08:


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/dead-reckoning
https://www.sciencedirect.com/topics/engineering/anomaly-detection
https://www.sciencedirect.com/topics/engineering/deep-learning
https://www.sciencedirect.com/topics/engineering/deep-learning
https://www.sciencedirect.com/topics/engineering/convolutional-neural-network
https://www.sciencedirect.com/topics/engineering/convolutional-neural-network
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\b[ejdb fZjrjmle\ km”_g \erghkgh azZ[hjhg_Ildk€ kdBEf jhajh[dZ f_Ih m |1_klim\Zgg
m \bJey”e ah[jZ _ggy m ]jZ"Zp-yo kghthhggh€afhjl "+« Jeb[hdh]h gZ\qZggy "ey
dh\bo g _cjhggbo f_j ~ a jeaghx kljgpdimjleyom&im~rgZ ~ey i*~\bs_ggy ijh mdlb\
gZ\g_ge* "ey ihrmdm gZcdjZsh€ kljmdhmj"tgh\équileaztk‘ﬁwi fhr _ee \ jeagbo gZ\e]Zp-
nedZpe+€ ZghfZeec >hke+”"_gh \ieb\Zpagbo iZjZf_

je\V f_j_ 7 \bo kljmdImj gZ aZ]Zevgm lhggeklv
nedZp+€ >ey djZsbo f_j_ ° [meb \b\g_ge dh f;o?c’?é(?fen%g}hﬂg?h\gh]h
ijhJgham\Zggy deZks\ AZ|Jh|hgh\Zgh djzsm i -9gy

dh\m g _cjhggm f_j "m "~ey \by\le _ggy ZhiBec kimo\hZggy g_cjhggh€ f_j_ "¢ Jeb]
km~rbg AZijhihgh\ZgZ &11 ihje\gx}lgkygdgdydeey jhajZomgdm reyom km~gzZ jk
dhfz [Zah\bfb ZelhjblfZfb gzZ\q_gbfibkg\mPlykiymrey i_j_\ejdb ch]h ijZzp_a”Zlgh
gZ[hjs "Zgbo agbo gz\¢]Zpecgbo kbimZpeyo yde fh mlv f.
M jh[hle > @ jha]eNggarylhi«ak\_~_dgag¥evghkle

ljZ}dlhje€ gZ~\h~gh]h km~"gZ a g_"hklzIl@zA«jBprtgZ h[klZgh\dZ QDYLJDWLR
afh” _evgbfb iZjZf_Iljbggbfb g_\bagZq09ghklgfboaZzgZzdl_jbkibdb \e¢ljm « o\bev yd-
gZy\ghkle g_\e~hfbo hd_Zgeqgbo |_dgeylhwekyorhghgdjZz Ighlh km”~gZ \ ch]lh ihlhqgh
kbg_geklx 1Z h[f_"_gbfb j_kmjkzZfb iigZZgegy ]&jtzgZ feklblv m kh[e "Zge ijh dml
glmxqgb ijb pvhfm \erkmlgeklv a<ldg_gokgh]lyZeljeb " chkivr\dAddh™ dml dmjkm « \b
gbf km~rghf \erih\eAgh ~h Fe'gZjh*gba&hjd\lmébaeZihGZ\+]ZpecgZ h[klZgh\dZ \bagZ
[*1Zggy acldg_ggyf km”~_g gZ  ;fhmgR4APK _ggx ~h dhgdj_Igh]lh km~gZ « \ieb\Z}
Ah m\Z]lb ijZdibdmmFpAAKNn “hdmf_glejijbih
gm}lvky kljZl_Jey \bjer_ggy ijh[e_fb mgbdgjhdgly Bpheh]eqgZ h[klZgh\dZ K\GUR
ldg_gv ijb gZy\ghkle amkljeqgh€ kblitudR®DRJ I<hD &Sy 4t DX LR Qljb \eljm + o\bex
jeagbo _1Zis\ kbimZpe+€ acldg_ggy ijWggmpvky\gblh4hf_gl gqZkm Kx”~b \oh”ylv
nmgdpe€ ihl_gpecgh]lh \eArlhlom\Zggy\badkghAZdgpZL\'gA h]h \eljm \bkhlm ol\bev -«
i_j_ieZgm\Zgge ehdZevgh]h reyom |Zhd hblgjhfggyh\ dhgdj_lghfm jZchge gZ\«]Zy
ihl_gpecgZ kbezZ klI\hjx\ZgzZ Zelhjblfthfifijbchginldn]eqgZ h[klZgh\dZ <kgm} g_aZe
jer_gv [_aihk_j_"gvh \ieb\Z} gZ ihqadmnkrmZ2gZgm ozZjzZdl_jbam} klZg fhjkvdh]
[jZ}dlhjex \e”obeyxqb \ezZkg_ km~rgh\Bexy HelyfkggyyZ a g _jmohfbf d_jfhf « J\bglk
egkljmdpec \e*ih\ergh ~h h[f <<'pdhFdARKbklIbdb d_jmxqgh]lh \ieb\m %RI@WURO DF
\rb kljmdImjm \e~rkl_"_ggy reyom m kZIglac RbNd~k|fa ]j [gh]lh ]\bglZ « dml| gZobe
ihgm}lvky gh\bc Zelhjblf gZ\e]ZpecgAlhegnhPeftpg# *5 \bagZgZxlv h[mj_ggy
a mgbdg_ggyf asldg_gv fe° km*"Zfb GZLYINX&EEbO@FdHNyd Z jh~"bgZfeqgZ kbeZ vy
jelge ijhihgm}ivky azZza”Ze_]*"v \bamZzgkm? ghljd _dlygergvh]h k_j ~h\bsZ Fh gz
mijZ\esggy ijh*mdlib\gekix ijhly]hf de\gkg\i\hdgZkmpe iZjZf Ijb \ieb\Zxlv gZ jmo
a jhalhjlzggyf gh\bo Zkbf_ljbggbo dhheHghtd dmy\ ihlhggbo gZ\e]Zpecgbo mfh\;
ijhibkm\Zggy ihfbehd \-"kl_‘_ggy reyomzdbf gloghf nhjfZevgh [m”~_fh \\Z ZlIb
\bagZq_gbo dhjbkim\zqg_ h[f "_gv ijb h~ghg *
ghfm af_gr_gge \bdb”e\ i_] gbo j_qh\b D?gfl‘ S E%AL &
lhlh ~ey a[eevr_ggy _n dlb\ghkl- \ mfthé’%f ivaqyZ ~Z} fh eb\eklv jhajh[blb de:
g_ghkle fha_es 1Z ah\gergeo i_j rdhd2Ap@pjdLIREmZdl_jhf ih\_"<gei& \IgZ k-
}vky f Ih~ g _cjhggh€ f_j "+ jZAheZeWdHa fhaw\gh@hlebOZJ-Zglb
nmgdpe€ 5%hliljr_ ijhihgm}lvky kihkl_j«%#L ?KJOPIIP } ihklecgbfb \ qZke -
1Zg a[mj_gv g_cjhggh€ f_j "¢ Ajm]h]& ithjyradm/fahlef
gZ hkgh\e i _j ~"[Zgm\Zgbo dhfie_dkgbo a{#iL gKJPP=2P& L "=NE=>HAhI
jhley}lvky zZ~Zilb\gbc dhgljhe_j a \BthdoKlzggyf
f _o0Zgeafm kijZpvh\m\Zggy ih”e¢ihZ 1Zdh %#4to =NE=>BIA ...‘ee—fe-

_j_gqgbo nmgdpec  f_Ih” a\hjhlgh]h djh%mL TARNE=4HA "=NE=>HA
aZgh sh az "hlhfh]hx aZijhihgh\zgh€ fl_lndedWwZjkzgl fh gz \\Z ZIb kiE[*evgbf
kblgZeb \ aZdjblbo kbkl_fZo gzZis\]leH[@egroZNgkfe abfitilpicg r\bkde \
jgh h[f_~ _ge Z ihfbedb \erkl_~ ggy mZh\Eohirtrkkodgh]h \eljm m kihdecgec \h"e |;
Aylvky “h azZ”~Zgh€ yd azZ\]lh~gh fZeh* hpefgkl afag xkdygpy
\bc qZk Djef Ih]h ijyfbf ieroh~hf Eyimgh\VZ]bh\hZj+Zgl fh gZ jhaley~Zlb yd pbj
"dvky ekgm\Zggy fegefZevghlh qZkmpescgbceyWmngllz pbjdmex} ijb ihklecghfm \elj
dbf gbghf mgbdzZ}Ivky ih\_7egdZ A dpltgZc D2y rlZjBfeMjaZebrZxlivky ihklec

ijh\h~rylvky _dki_jbf_glb ~ey i_j_\ejddbfin_dlb\gh
kle 1Z 0Zjzdl_jbklbd aZijhihgh\Zgh€ kIjE|_]*€ W4jZAgl + ijb[ebagh klZ[sevgbc
eeggy oZjzdl_jbkibxdba[_je]Zxlvky g_a\Z Zxgb gz

:e__ m jhalJeygmlbo jh[hlZo g_ "h&y|gm#Z hhhjj ggy gZijbdez” \ j_ "bfe jmevt
[gZ ijh*mdlb\geklv \e~ih\ergh€ gbkemMhj&Z\dgogy \ je
agbo gz\e]Zpecgbo kbImZpeyo sh fzZxIl@_f¥kpbcij\wjeZgl £+ afeggbc dheb afeg:
jmke km~gZz pees d_jfZ « r\b~rdeklv J\bglZ afegxxlvky a
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gZkm 1Zjz#*58jlzdh” fh mlv afegx\Zlbky XHaleygmle \DjsZjhkhgm}ivky h[ }*gZlb
aZebrzZlbky ihklecgbfb \'Ijb dezZkb IZ[e

LZ[ebpyOZjzdl_jbklbdz\deZk

<« deZk HagzZdle ljZ\bezZ fh"_ex\Zggy

& ijb[ebagh ihkl%#fh @lv Z[h afegx| *5 dhgklZglZz Km~gh IjbfZ}Ivky
Z[h g \ aZe_"ghkle \e® gZeZrIlm\Zq jke ijb ihklecgec r\b~rdhkle ]j_[gh
*5 ihklecgz Z[h afeggzZz AZ"Zxl
J\bglZ « dml gZobem d_jfZ vyd-
afegghbfb i*” qZk ieZ\Zggy km~g
*5 ihklecgZ Z[h afeggZ R\b"d-e
Y% #Hafegxxlvk& aZegx}lvky a qZkhf li_[ghlh ]\bglZ « dml gZobem d_
iebghf qZkm az i_\gbf aZdhghf

%#\ k_j_~"gvhfm ihklecges a iebg&faf9
gxxlvky a qZkhf

LZzdbf gbghf hljbfmxlv Db ydlezflkb® T, + k_j g} agZq_ggy \biz~dh\bf gbghf h
"gZ kihkl_je]Zlb \ j_Zevgbo mfh\Zo fHkedhbd Zam-Zgkigv \«~ih\e~*gh ~h |Z][e
rgZ #a A # isadgai =+ Zfieelm”b ¢ i_jeh”b i _jrh€
>ey fh”r _ex\Zggy plod delZfkrd*gh \Bjm]h€ « |Ij Ivh€ JZjfhged \e~ih\e~gh
rblb jy” iblZzgv \ Ihfm gbkees \bdhjbklh\m\pzld AjthgedZ £+ p_ ]Jheh\gZ o\bey <h¢
fZlIbggm kbkl _fm klZ[secaZp+€ kmrghdrphgynZ gidfkdihdm « gZc[eevrm Zfieelm” m
jke \ ydhkle Ze]lhjblfm Z\lhicehlm \bdhjbkihtmidvk¥jfhgedb djzZlge ]Zjfhgedzf |
11> j_]meylhj dh_nepe}glb ydh]h \jZ\dig\n XBAxInkbdZklhlb djzZIlgh€phZkhrgledb
dekl& e« \bdhjbklZggy ~Zlgbde\ \biZz~rdtiebbmég¢bkegrbo 1Zjfhged f_gr_ [Z§liz«Im~Db
Ney fh”r _ex\ZHgijyhly]lhf mkvh]lh j_ckmjthgmdiz
jZf_ljb aZebrzxlvky g_afeggbfb \ qZke <jphlahlZApfhgedZ £ p_ o\bey g#Z fZ} qZKk
[bjZzxlvky aZ ~“hihfh]hx ~ZIgbde\ \bizfhdW\Bo jdlab_é_j_ _\bsm} qgzZklhlm i_jrh€ ]Zjf
je\ghfejgh]lh jhaih”eem a e<gl_j\Ze*\ <laggaadgZph ZdberIM*m ydZ "hje\gx} iheh\bge Z

1Z[e

>ey fhr_ex\Zggy j_]Jmeyjgbo o\bev \bphipgKlhihgedm qgZklh gZab\Zxlv ~jm]hx
\mxlvky ijbims_ggy eesgecgh€ |_
ljbimklbfh sh djmlbad¥ odhed j_ Lj_

\bsm}

M pvhfm \biZz~rdm kijZ\ ' gec
fZevgh \bagzqzyteksCydC + ijbkdhj_ggl€Zifhgedb

a4dZomghd kbeb ly eggy

h€zZjfhgedb

i jehNZP\Edienmrm ydZ ~hje\gx} hrgec Ij_

Lj_

hje€ fiZjfk odZe vod\lvevo\be _x

ly 1ZjfhgedZ *
m 1jb jZab i_j_\bsm} k@Rlthgedb

IXx 1Zjfhgedm gZklh gZab\zZxlv Ij_

Ydsh5 afegge |h iZjzf_ljb \eljm - oqt)_eq,lz(azlghx o\be_x

p_

o\bey ysliZz fZ} qzk

“Zxlvky afegx\ZgbfMAZqTKZ ahf F_'+ jhaleygmlbo Zfag&l#lZ i_j-h"b
isdddd gZ\_"~_ge m |Z[e
TRLTLE#&-cttePls B HAbgbpe \bfsjm ZfiesIm” ijbcfZxIvky
HeeciteRig E #eceteRi; A ihdzazgh \ 1Z]e
LZ[ebpylZjzf_Ijb ]Zjfhged \_ebgbg sh ozZjzdl_jbamxlv
rZ 1Zjfhdz 1Z1zjfhdz ly 1ZjfhdZ
GZcf_gm\z ~ — —
my Iy ny Iy nmy Iy
&a > @ 1h~" > @ o\ £]1h~" > @ F o\
- > ( I s a A o\ £ ]hA
D > @ 1h~n + + + +
-a > @ ]h~ * + + +
a > 1h” + * + +
LZ[ebpylZzjzf_ljbsh [_aihk_j_"gvh oZjzZdltejbamxlv
1ZjZf_1j GZcf_gm\Zg HAbgbpe \bfe F_"e agZq_
GZijyfhd kijZ\"gvh]h \eljm -ca liZ"mkhb >
KijZ\"gy r\bAdeklv \eljm 8 a f k > @
GZijyfhd a[m~" _ggy a\<~db [_ -a ]1iZ"mkb >
>h\'bgZ o\be- a f > @
<bkhlZ o\be- D f > @
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>eycs ey i_jrirgmi€Zjfhged i_jjeh™ Fh*r_ex\Z@&Yj_lvh]h deZkm i_j_"[ZqZ} s
gZijyfdm <klbgghlh \eljm fh™_ \e~jeadmllbgX¥obém_d_jfZ « r\brdeklv J\bglZ afegxxl
jeh~m \e~rih\ergbo ]JZjfhged “ey chkinfr\egidheklgh *h 1Zdh]h aZdhgm

\thrrr:ey g_ [+evr_ g+ gZ ]h~ . K B LhuWecetem ;4P L
‘N g e E o eam -
>eyD ey i_jrh€ ]ZjfhgedbaifsjghMb Lidoettiis EoctePiy n

khib o\bes fh'_ \eAjeagylbky \en i jeAr)P afeighheh”jafegb dmlZ gZobem d_jfz

rh€ ]Zjfhgedb <kilbggh€ r\b~Adhkle \eljmJgRZ & iebhggmfegb r\brdhkle ]Jj_[gh]h J\bgl

sh g i_j \bsm} ih fh*mex ]h" GZcf_gre agZq_ggy pbo agZq_gv \b[bjzZxl]
>ey, "ey i_jrh€ ]ZjfhgedbaifegthyDh”ryqgb a h[f_"_gv kbeh\h€ mkliZgh\db =« j

ijyfdm a[m”°_ggy fh'_ \erjeagylbkydhiére idken~m

afegb i_jrh€ ]ijhg edb gZijyfdm kijz\" gGKth\sﬂngq ggy \Mege i _j \bsmxlv qZ

gZ \_ebgbgm sh g_i_j \bsm} ih fhAYd@gy Yhdh gec kbImZp-€

—

3303CThCR KINBKICTE HABITALIMHIK CHTY AL
ANA KOEHOMD i3 TPLOX Knacis, a

TaKes# TPMBANICTL KOMHOT CHTY awil

MogenoTees YMOEN NNABAHHA CYOHA Ha NPOMIKEY Yacy
<ELELT
TPHEANOCTI {HABITALIMHA CUTYALIR QHOM

i3 TPbOX KNACIE BANOB{OHO
MogenoEaHHRA P A
3 Tabn. 1).
» | YIMOE NNEE3HHA ) ! )
- YMOEM BUSHEYAITHCR NAPAMETPAMM BITPY Ta XEWMIDBAHHA,
YA pesxuMom poboTH

PYLUIAHO-KEQMOE0ND KOMNNEKCY CYAHa,
@ TAKO# NOYATKOBOID KIHEMATHEDK (KypC,
KYTOES T NiHINHE LWEMOKICTE)

Ha ocHoBi imiTauiiHoi
BraHayeHHA MOOeNi BMSHAYAEThCA TPAEKTORIEKD pPyXY CYOHA
TpaekTOpIl Ha ocHoBI HERpOHHDT Mepeki TndoRorn HaB4aHHe
NMaEaHHA cyaHa ANA YACMEHHA WNRXY CYAHA BMIHAYAETLHCR TPAEKTOPIN pyxXy
cygHa

PosrnAxnyTo 3303HY KINbEICTE HABIMALIRHIY CHTY3LIR

Bur3H3LaKTECA HANSINbILE T3 CEPEOHE 3HAYEHHA MAKCHMYMY
BW3Ha4aTLCR MOAYNA HEB'ASKM (33
3HAYEHHA MaKCUMyMYy Yac NNagaHHA 3333aHoi
MOZYNA HeB'A3KW Tpmsa.1uf:ri1 ¥ BCiX POSMAHYTIX
HAEBIrALIRHIY CHTYaLLiAx

Jbk KljmdImjz f_Ih m |_kIm\Zggy
g_cjhggh€ f_j "« ]Jeb[hdh]h gZ\qZggy “ey jhajZomgdm reyom km~gZ
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lgrbfb keh\Zfb gZcf_gre agZq_gegyoin &b \ jeagbo gZ\e]Zpecgbo kbImZyg
ih\bgge [mlIb 1Zdbfb sh[ kbeh\h jmevdhdkhghdEfgbcdkZ ihi_j_~gvhfm \bdhjbklZgg-
fe] €0 i*Mljbfm\ZIb GZc\bse agZq_ggh€\ fadbgbgjimom km~rgZ ydzZ “halhey} fh™_«
\bgge [mlb 1Zdbfb sh[ km~gh fh]eh gX\[ZIpstQeekbImZpe-£€
[*evr_ gZkm \ dh'gec kbimZp«€ G_cjhggz f_j_"Z gz\qZ}lvky gZ ~"Zgbo
Maz]Zevg_gZ kijmdimjzZ f_Ih*m IgkbtmazZdglZmecgh€ fh® _ee <« \bdhjbklh\m}Ilvk
jhggh€ f_j "« ]Jeb[hdh]h gZ\gZggy A]egmaJmaZ@@mgﬂZﬁdth-€ jmom km~gZ Lhqggekl

reyom km~gZ gZ\_"~ gZ gZ jbk f j_"¢ hpegx}lvky reyohf ihje\gyggy €€ ijh]g

M peehfm f_Ih” | _kim\Zggy “ha\hépg}digejgbxbjmbom km~gh hljbfZgh]lh a «felZp:
ggeklv g _cjhggh€ f_j "+ Jeb[hdhjh gZ\@®Zggy "“ey

ajZomgdm reyom kmA gZ \ jeagbo gZ\- ]Zgac:rgeb/dZItblthjh[m\ng ihdZzaZeb sh g_

peyo f_j_"Z fh _ lhqgh ijh]lJgham\ZIlb IjZ}dlhjex jm

NgZ \ jeagbo gZ\+¢]Zpecgbo kbImZpeyo
<bkgh\db F_Ihn fh _ [mIb \bdhjbkiZgbc Aey hpsgd!
M ~Zgec klZIle ij_~klZ\e_gbc f_Ihgthklklm\Zjdhgywbo f_j_~ ]Jeb[hdh]h gZ\qZggy

g _cjhggh€ f_j "« ]Jeb[hdh]h gZ\qZggyjZemdhamjZeshgdnkm”~gZ \ jeagbo gZ\*]Zpecgh

KIBKHD E1L?J:LMJB

%DRFKXQ 4LX ODRID :DQJ +RXZHL /L /L QD=KRXTXBQHQRSPHQYW=RXK)BULG QH X
FXUUHQW IRUHFDVWLQJ PRGHO E DV HAGHGHDHES UFW N R Q LRI XMW KR 6 WRIW D BE)GHL
LQJ 9ROXPH 3DUW

%DUWRV] & DSOHZVNL ODULXV] ']ZRQNRZVRISHY WRMNCRDEBQRBPK \M[ROPIONQ B X
VHO PRYHPHQW DQRPDO\ GHWHFWLRQ DQBHFODVVLIBPDWVYRQ ,6$ 7UDQVDFWLR
-DZKDU *KRPPDP /DPLD ,IWHNKDU 0DDURXLGD BB Q \WUHQONZWW KJ R E YV W® DIV B YR
WXDWHG VXUIDFH YHVVHO FRPSOLDQW ZLWK &20HEWFPRQRQIMDL @RY XPKHRU\ D
*ZDQJ +\HRN &KRL :RQKHH /HH 7DH ZDRQ.XFLQR\®\D RISFVSPRDUWIPPLQJ ZLWK
EDVHG URXWMDO RI &RPSXWDWLRQDO 'HVLJ® DQG (QJLQHHULQJ YRO QR ¢
+LURWDGD +DVKLPRWR <XXNL 7DQLJXFKL UDLMVFKR R D)& MIHD V % (BHDW HR EWSYR\L B Q Q2!
LQRXRQWHPSRUDU\ ,GHDV RQ 6KLS 6WDELOLW\ YRO Ss

$JHOLNL \WDULRORX 1LNRV 7KHPHOLV |IRKHF DRWWEZHR S\ HRIL @ DW DRIDQED R
ULPRXUQDO RI 1IDYLJDWLRQ SS

OLFKLR )XMLL +LURWDGD +DVKLPRWR <6UXDW [7D\@LBRPKY D OLLGHKWLREBDRDBKLR\D.
RFHDQ JRLQJ VKLSV XVLQRXVDW B ORI LOWDH) $Q6H BFWBQFH DQG 7THFKQRORJ\
&KDQJ<-D® (DQIDUEHUU\ $ PHWKRG IRU VHDUFKLQJ RSWLPDO URWWHMY ZLWK
FKDUWW -RXUQDO RI 1D¥LJDWLRQ

*NHUH& RQ/®]DNLY $ QRYHO GDWD GULYHQ KHXULVWLF |UDPHZ® W R JILRQH MY V\
L@

.RED\DVKL ( +DVKLPRWR + 7DQLJXFHKIG<RSRQAGIHG ZHDWIGHWD QRXWLQJ IRU DQ
3URFHHGLQJV RI WKH LQWHUQDWLRQDOZRVDRBFERQILRHY R| BQDIKHN XSBHV RI

S5HFHLYHG GZ"ecreZ
$FFHSWHG IRU SXEOLFDWLRQ IjbcgylZ ~h

$PHWKRG IRU WHVWLQJ D GHHS OHDUQLQJ QHXUDO QHWZRU
WR FDOFXODWH WKH WUDMHFWRU\ RI DWHVVHO LQ YDULRXV QDY

0. 'XE\QHWV

Abstract. 7KH SXUSRVH Rl WKH DUWLFOH LV VW5 GHDHOQR § D PHWDRG QI IRW 2VR KN E
VKLS V SDWK WR LPSURYH WKH SHUIRUPD®HG RQ WBHLRRXYUG D 8 RIDLICRIQQWXIP\M X/ D A
YHORSPHQW RI PHWKRGV WR LPSURYH FDOFMXADWRBYQLDBEFYXDYIFIDIWL R Q JSUHEND H F
SURDFKHY WR LPSURYLQJ WKH DFFXUDFQIRQIQIEREHDD QHWERUXNWH 'RIIHS HO4SDO B D (
PRGHO GHSHQGHQFLHV ZLWK KLJK D PRXWDFHN \D Q & HLD WH [$E IUWR. BRRID@F B SS&R D FK H V
DQG WHVWLQJ RI VXFK QHWZRUNV LQ QDYEKD\SURPDWDRON ¥ QJ MTHLRN R | DREREQLWALIGRHQ.
VXEMHFW DUHD UDWKHU WKDQ ZHOO NQ®H QY ZRBENAR D © KB \J HADRH WIHVIW/IHGBI \GHMSH Q
WHVWLQJ D GHHS OHDUQLQJ QHXUDO Q&8WDRIURXR UQ B OFX\U DRWY L W/XDHIWMKRLGEV VL ¥
XVH RI D VLPXODWLRQ PRGHO RI VKLS PRWIDRQJIZWLRKQ VQWKDW VRPXODWWULBH ¥D
VLWXDWLRQV DUH REWDLQHG WKDW FRGLEHMLREVHUKH® L QXP S @ RAKL R R B/H B DOWLC
DUH XVHG WR PRGHO UHJXODU ZDYHV GDGHH & EQMXIUDHG QW E ROU N LIPK QDWW LR ® & R
WKH VKLS V WUDMHEWRU\ 7KH DFFXUDFRR B WKHQ HXW/D SUGISWEZW UR QLW ZDLWAVK] WWKHL
IURP WKH VLPXODWLRQ PRGHO 7KH WHVWFDIQVEPMK\W NWR DN G WKDLVF W KHK I XU B ¢
QDYLJDWLRQ VLWXDWLRQV 7KH PHW®XKWRIFFRQ EHHSYE 8DW R LHYID Q b B WIHOWEKHHWIZR U N
SDWK LQ YDULRXV QDYLJDWLRQ VLWXDWLRQV

Keywords: VKLS SDWK FDOFXODWLRQ DFFXUDF\ O®MHR @ HPIRGALOD JWH/XWLDYD Q@D
WLRQV
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M>D GRL 681=
H <ZjzZgh)\
> jZ\gbc mge\_jkbl_ | egnjZkljmdImjb 1Z | _ogheh]ec Db€\ MdjzZ€gZ

I JH=GHAM<:GGY <1>FH< KM>GH<BO G:<1=:P1CGBO KBKL?F
A <BDHJBKL:GGYF F?LH>1< F:RBGGH=H G:<Q:GGY

:ghlZpey_Ihx klZBehajh[dZ f_lh~ m \bdhjbklZggy \biZz~dh\h]Qggee ket fhaykmhydhbm\z

gZ\+]Zpecgbo kbkl_f a \bkhdbf kimi_g_f lhgghkle "etyjeie’ Kim&ghysy dZeei] Zodr age kbkl_fb
NeljZxlv \Z eb\m jhev m [_ai_pes km~ghieZ\kI\Z <hgbgnd}ZXxpyxdijhe Zag ZfklomagZoh™™ g«
ihlh~"m 1Z egre mfh\b yde fh 'mlv \iebgmlb gZ [_apesdgr kibRZAb HknyZdy dZ'®ljZ kobevg:
a[h€\ Ihfbedb \ gZ\e]Zpecgbo kbkl_fZo fh mlv ijbalggyblZhegrbdgggl adZgmiro kbImzZj
M klZlle aZijhihgh\Zgh \bdhjbklh\m\ZIb Ze]hjbyf|1b]§hdh1\‘hZ]ggq-km\f’he§ km~rgh\bo gZ\e].
gbo kbkl_f :elhjblf \b|Z"dh\h]h eekm = p_ |_ogedydZZfbgglifhbg XAdApkIZgZ ~ey ih[m:

fhr_e_c a”Zlgbo i_j_"[Zqblb cfh\ejgeklv |h"-€ M ~Zghfm gBENZP A ciih €} k biklbbb & e
]hjblf \b|Z"dh\h]h e-km ijZpx} reyohf ih[m~2h\IDhygm ~_j_\hjgerggv [m m}lvky gZ ie"\b]
NZgbo IeM\b[ejdZ "Zgbo a”eckgx}lvkylhBtZZdgbligblghhfrgm} i_j_"[Zg_ggy \Eyo ~_j_\ jer

hljbfZggy hklzZlhggh]lh ijhlgham M klZlkhe sjh~Zdhigjlollifnr\BiZ~dh\h]h e<km fhZgblamlb \bdhj
Ney ijhlgham\zZggy \e~fh\ km~gh\bo gAbEpetkbmiklgk|f fhajghkle <bdhjbklh\m\zZ\ky gZ][:

aZibke\ GZ[ej "Zgbo feklb\ "Zge achdrhglhydkX \AA2ZmMhZ&Z gb [meZ gzZ\ghapecgZ kbk
gZ lhc fhf_gl gZkm Fh”_ev [meZ gangrggbgzZz Z gHhhjhjm ~Zgbo [meh \hdjjilbklZgh ~e
Ilhgghkle fh~r_ee Lhqggeklv fhr_ee gkdeKEAhfm ¢Zdhs gbghf j_ameviZibhpdZamxlv s|
\biz~rdh\h]h eskm fh _ [mlb \bdhjbklZgbcategbi«gXbfhjgg®A ch]h “hihfhlhx $RfgZ azZih[<]l
\Zf gZ\*]Zpecgbo kbklI_f km”~_g sh fhggydZidaZthlile agtdd 1Z «grbf g_[_ai_qgbf kbimzZpeyf
Dexqh\e kehkZkl_fZ gzZ\e]Zpe€ km”~_g Zelhjblf \biZzArdh\h]h\eekmi_if]ghafm\jZzgdy \+~
rbgg_ 9Z\gZggy Ilhggeklv _n_dlb\geklv

<klmi F_Ih~b fZrbggh]lh gZ\qZggy fh ' mlv [mlb '
jbklzge ~ey ijhlgham\zZggy \*~fh\kgZ\+]Zp-c
IlhklZzgh\dZ ijh[eGEB*]Zpecge kbKkIIfdF km~_g a \bkhdhx Ihggeklx P_ fh™_ ~hihf
ANgZ \eneljZxlv “bll}\h \Z eb\m jhev nih[«Hib afdmgflEbkl fb sh \ k\hx g_jlm azZih[
_n_dlb\gec _dkiemZlZp+*€ km~gZ <Hdb _g@g4yZxkzZlhdes ggyf 1Z egrbf g [ _ai_qgbf
IZgm km~gZ egnhjfZpex ijh fekp_agZphy¢f_©ogyf lhijhik f ITh~b fZrbggh]h gZ\gZggy f
r\brdeklv km~rgzZ Z 1Zdh” gzZ\dhebrg}\bdhjbkibhd§m\Plbky ~ey ieZgm\Zggy h[kem]l
"halhey} dZielZgm ijbcfZlb ijZ\bevge Knm @y djlgZ\e]Zpecgbo kbkl_f P_ ~hal\hey
yd d_jm\ZIb km~Aghf sh[ mgbdgmlib \Zibdd_gygeqggZlithikem]h\m\Zggy kbkl_f ~h \b
e_ggy 1Z egrbo g_[_ai_d H~*gZd gZ\elZprcgh kizih[k)Z} jZilh\e a[h€ AZ]Zehf f
km”~_g kobevge "h a[h€\ Pe ihehfdb fhogdtu]imygtz\pBehy fh mlv [mlb \bdhjbklZge
dZge jeagbfb ijbgbgZfb 1Zdbfb yd agVbks_ggiyjZ\baivghd 1Z gZ~«cghkle km~gh\bo ¢
_dkiemzlZpey ah\gerge \ieb\b Dhebgdd\K&ZiplecfgzPkbh> ijb\_klb ~h agb” ™ _ggy j
I_fZ \boh”blv a eZz"m p_ fh _ ijba\_kdbldd¢ lgvjchZbghie ggy |Z grbo g [_ai_qgbo
gZkeenrde\ 1Zdbo yd \ljZIZ fekpy jhalZrmyZegs kwldggeo “"hkee”' gv ehm[eedZp:
aeldg_ggy a egrbfb h[ }dIZfb aZlhiekbbw agZqgZ deevdeklv jh[el \ "Zgbc gqZk ij
ljhlgham\Zggy \e~fh\ gZ\+]ZpecgBb\gbghxf kim[e f \bdhjbklZggy J]Jeb[bggh]h
_0 * azZz\"Zggy yd_ iheylZ} \ hpegpgzafdyejghyklijhpdham\izZzggy \e~fh\ jZz~reh_ e d
fhib kbkl_fb \ fZc[mlgvhfm P_ jh[bkbky_ fewndlgbo ljZgkihjlgbo kihjm" > @
alhjm ~Zgbo ijh fogmem ih\_~egdm kbkiGhijbdedhjb klZlle > @ jhaley”*Zxlvky jea
klZggy pbo ~Zgbo ~ey gZ\qgZggy fh"_fertigggly gb\gZggy yde fh mlv [mlb \bdhjbk
\gZggy Ihlef fh”_ev fZrbgghlh gZ\\bWZyggygdh « "«Z]ghklbdb g_kijZ\ghkl_c ~\b]n
[mIb \bdhjbklZgzZ "ey ijhlgham\ZgoghiehklpghiMekliZIle [Zdh™ ij_"klZ®Z g+ j_ame
afhx kbkl_fb \ fZc[mlgvhfm klhkm\zZggy pbo f_Ih~e\ ~“h j_Zevghlh gZ[hjn
ljhlgham\Zggy \s~fh\ gZ\e]Zpecgb&IEblel ihd*kddLZgh sh f Ih~"b fZrbggh]h gZ\qZ
}\Z etb\f a deevdho ijbgbg Ih i_jr_ pmih\bdhmjbklh\m\zZIbky ~ey \by\e ggy g_Kkijz
ihfh]lb azZih[+]lb a[hyf kbkl_fb sh aZXihm]gZZd @ZldzZzggec klZ"«€ sh ~"haihey} \"b\Z
g_ggyf azZlhie_ggyf 1Z <grbf g_[_aishgdb€okmlkmZzg ggy ~h Ilh]h yd \hgth ijba\_"m
peyf Ih Ajm]_ p_ fh _ ~hihfh]lb ijb iagddwm\idlgjgee_h[ Djef Ih]h ~ey ~eZ]ghklbdb Ibim
kem]h\m\zZggy kbkl_fb sh “ha\hey} aWileklgnihZiblu_\dghjbklh\m\ZIbky fZrbgge f_Ih
g_ hlkem]h\m\Zggy kbkl_f "h €0 \bdlWahhayd2A"blbshrenvZz Ihqgbo aZoh”y\ sh "h €€
ih[*]1Z} jZbllhaphf Thij_1} \hgh fh™_ AhibflamevlZlb ij_"klZ\e_ge \ klZIlelhihdZamxlv
I'b \ hpegpe jbabde\ ih\ yaZzgbo a \bdBijbglghdbydZdg¥ggy fh mlv [mlb \bdhjbklZge
]Zpecgbo kbkl_f km~gZ ~halheyxqb igbicfldy W% jomgklbdb g_kijZ\ghkl_c "\b]mge\
Ih\Zge jer_ggy ijh I_ yd d_jm\ZIlb kmfgh¥ki\e P_ fh _ ijba\_klb ~h agb’ _ggy \bl

< FZjzgh\ ,H02%
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|_ogeqg_ h[kem]h\m\Zggy IZ j_fhgdyZIhZdh' fir*\ley §$5; sh[ i_j_~[Zgblb \boe" '9/
[_ai_db “hklz\db Ah\"blb «gl_]jh\Zgm gZ\ ]Zp X 1_j_\ejdzZ _n_
M kiZlle > @ ihje\gx}Ivky deevdZ KirhalZojHdithglhhZzgh€ ko_fb G:JDK JDN ijh\h”*b
evh\Zgbo Ze]hjblfe\ fZrbggh]h gZ\qZQ@kb\gZ’HZbgjl:ecZ"a-[ngbo km~rgh\hx _dki_jbf_c
H;WUHPH *UDGLHQW %RRVWLQJZ ;%bRIRYWX % |b6qo¥ g>ephglygje\gyggy \ _dki_jb
f_j_"Zf_Ih™ hihjgbo \_dlhje\ Z IZdh" lIZ&hbkihjeqogexxlvky jeage f_lh*b J_amevlZlb
j_li_kecges f_Ih~b fh~_ex\Zggy r\b*adhkilegldhimdghkixlv sh 1$5; 5.) fh _ _n_dlb\gh
km~rgZ KihqgzZldm ij_"klzZ\e _gZ aZ]ZevgBamh\AdmpDd«hi'9/ « agZgqgh djZs_ g+ e<gre
j_~gvh€ h[jh[db "Zgbo Jeage fh™"_e+ gZ mkihh\«kfZppghajh[dZ f_Ih~ "m \bdhjbklZgg
ghlh gZ\qZggy gZ\qZxlvky yd aZz _dkiémzZrdh\dhgbfteikin ~ey ijhljgham\Zggy \+~fh\
f_1jzfb km~gZ 1Zd « aZ f_l_hjheh]eqpbdgblZ kibdkl ZG«qn~_g a \bkhdbf kimi_g_f Ihq
gbfb mgH GZ hkgh\e ih\ghfZkrlZ[gboi¢Z\dtso dgy [_ai_db gZ fhje
fejx\Zgv a-<[jZgbo gZ "\ho IbiZo \fijbevgbo km i- A
\kvhfm k\sIm ihjs\gxxlvky iexkb  hegmkb jeag %I?J ZZ gg,\th‘k?,\h\gh]h
iblfs\ fZrbggh]lh gz\qZggy “ey fh~_ex\Zggy \b d—hJ em € 99y
r\brdekgbo 0ZzZjzdl_jbklbd km~rgz Gzj €bdhg}fbvnhjfZevg_ \bagZq_ggy azZ”"Z
*ERRVW a gZcdjZshx ijhAmdlb\gekIx o\ daloy Ne¢fh\ gZ\e]Zpecgbo kbkl_f km’
ZgZeesam gmleb\hkle q_j_a deevde)iv RKERLMMyDO ]IS 4I_fZIbggh]h \bjZam aZkg
km~Agh jhajZomgdh\bc i_jeh” qZkrZ ~dyhdh€gltoch khBp-hg
jgh€ fZjrjmlgh€ |lhqdb \b[ejdb "Zgbo sh XdblIk[*] &Zgb&kdeZ"Z}Ivky a hagZd
\m}Iivky ~ey gZ\qZggy fh”_e+ 1Z thmegdbBZ pieeyih\rhogZfedadddbl oZjZdl_jbklb
eZcg ijhl]gham\Zggy _n_dlb\ghkls dZfb gzZ\+]Zpecgh€ kbkl_fb km~rgZ yde fh™m
<bljzlZ iZeb\Z )2& } hkgh\gbf dhfjbglZgdhfrey ijhljgham\Zggy \+*fh\b Peevh
\bljZl ~“ey hi_jZlhje\ km~_g gZ gvhlh; iypegzyxdy ikigsrx cfhlejgeklv \boh"m a eZ”m
aZlZevgbo _dkiemZlZpecgbo \bljzZlp icagly® & bjkl] gftbakm” gz
Y2& fh'_ ~hihfh]lb hi_jzZlhjzf km”~_g hilbfsagAZlty fhB yee fh mlv i_j_~[ZqZlb p-
k\h€ hi_jZpe€ 1Z af_grblb kih'b\Zggy é¥bb\Zafshdiey gh\bo ~Zgbo B Fh™meéw
a\_"_~h agZqgh€ _dhghfe€ dhrlehje>hllkelt ijgdlklZ2\@ g jeagbfb kihkh[Zfb 1Zdbfb
\gx} ijh*mdlb\geklv jeagbo fh™_e_c fIZ«slbldgylhd jgd)_key ~_j_\Z jer_gv Z[h \biz~d
gZggy “ey ijhlgham\Zggy )2& <bdhjbkbhsmdivikegjglglkjh f ITh*m [m”~_ aZe “Zlb \e*
NZgbo _dkiemZlZpecgbo ~"Zgbo km~gZghdevixab aZ&"Zggy
r\brdeklv gzZ\ZglZ" _ggy IZ ih]hrgdmfh\bM FahZ"2qZyp ijh]gham\zZggy \*~fh\ gZ\e«]Z
[meb jhaleygmle \dexqgZxlv ~_j_\Z jskbRgh_f\bmZ*dh\bdhjbklh\mxlvky je@age "Zge* a
e*kb fZrbgb hihjgbo \_dlhje\ « g_ephggeydesj agZaihrbj_gerbo Ibis\ ~Zgbo feklylv
\byle_gh sh fh”_ev \bizArdh\h]h eskm azZf”2@peqih &kdZg kbkl fb egnhjfZpey ijh
djZsm lhggeklv ijhlgham «a k_j_"gvhxyZhollZ[phxgh€ kbkl_fb | _fi_jZImjZ Ibkd klj
1gre fh~_ee 1Zdh™ ihdZamxlv ohjhre jijam&vIiZIlb e<a k_
j_"gefb ihob[dZfb . Ney N_j_\ JerZpw ijh ijh~mdlib\geklv kbkl_fb egnhjf
ieMjbfmxlv \_dlhjges fZrbgb ¢« g_cjhgge-ijfnjijr "mdilb\geklv gZ\e]Zpecgh€ kbkl_fb |
\ergh J _amevlZlb ihdZamxlv sh fh" fekgZalg@Zothlh g@gy qZk \e*Imdm 1Z je\ _gv it
\gZggy fh'mlv [mlb \bdhjbklzZzges ~ey ijh\g¥YZagm\Zjdhgy¥bdhjbklZggy kbkl_fb egnhjf
)2& a \bkhdhx lhgqgekix P_ fh'_ [mIbjAbdhdbkdEbhggy gZ\+]Zpecgh€ kbkl_fb Ijb
hi_jzZlhjzfb km”~_g “ey hilbfeaZp+€ kjhgmlbhigiZphdZIZbdhjbklZggy IZ Ibib hi_jZp:
af_gr_ggy kih"b\Zggy iZeb\Zz GZ ~h~Zlhd ~h pbo "Zgbo fh ' mlv \bdhjbk
M ie~\h”"gbo gZ\e]Zpecgbo kbkl_fHokygrghrjf2Zyge gZijbdezZ” ijh gZ\dhebrg} |
leh[Zevgh€ gZ\e]Zpecgh€ kmimlgbdh\Wb&s kbkh]fibm=GKke m]h\m\Zggy kbkl_fb Ihsh
g_fh _ [mlb \bdhjbklZgZ ~ey gZ\+]Zp+€ IHKgmahizZiggy \*~fh\ km~gh\bo gZ\«]Zp
IhAhf ih[mAh\b i*A"\h~Agh€ gZ\+]Zpedgh & kiolkIf_ fABIhig\Z eb\bf az\rZggyf yd_ fh°
fgbo ie”"\h~gbo Zizjzle\ :Gl: } ~hie_fmh\kibdibe\lebblb [ _ai_dm gZ fhje 1kgm} [Z]ZI
><E a \bdhjbklZggyf kljeqdh\h€ g_jpiBEesghZrgdyhph gZ\qZggy yde fh gZ \bdr
pecgh€ kbkl_fb 6,16 H~*gZd hkdeevdbz18/ Jepjbigh]gham\Zggy a[h€\ 196 >_yd
A"hf gZklhlghlh ~hie_jes\kvdh]h akm\m [*eyr\bhim&Zgaglyo f_Ih”e\ fuklylv > @
r\brdhkle gZ gvh]lh e_]dh \ieb\Z} ah\gerg} jk\Z fdr_gv £ p_ Ibi Zelhjblfm fZrbgog
\bs_ M kdez”rghfm i«*\h~ghfm k_j_"hdBsq2dpoy” ydbc fh'gZ \bdhjbklh\m\ZIb ~ey
e_J]dh aZzZ[jm~gx}lvky \bdb”Zfb Z[h g&i\Zgoy_dPhE\ 196 :e]hjblf ijZpxw reyohf
}vky M > @ azZijhihgh\Zgbc gh\bjZegth)th\VZgbdZgZ\eydhfm dh _g \mahe ij_"klZ\e
pecgbc Zelhjblf azZzkgh\Zgbc gZ fh"_eb\lddihdh]dhggd¥Z ]eedZ ij_~klZ\ey} jer_ggy
gZggy “ey mkmg_ggy g_kijz\ghkl_c 'Ot _gvhgZlmiv \lmIlb \bdhjbklZge "ey ijh]ghai
dhjbk Thimcl_ 5.) gZ hkgh\e ZelhjblfmchmAkjlZlyklFZbdh "m kbkl_fb a eZ"m gZ hkgl
eZgh[*kZ "ey mkmg_ggy \bdb”e\ e iljiaf€Zfpgdmem*ih\_"regdm
g_eesgecgh€ Z\lhj_]j_ke+€ _dah]_ggébh \oh*"mbilzsdh\«dreekb =+ p_ s_ h~bg Ibi Ze]h
9/ “hklmigbc Dheb '9/ i_j_jb\Z}IvkyZrbgdhtjbtk gZ\gZggy vydbc fh gZ \bdhjbklh
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Ney ijhlgham\zZggy a[h€\ 196 <biz"

xlv [m "mxqgb deevdZ ~_j_\ jer_gv « | Ih:]ZIhd
amevlizZlb P_ “hal\hey} \biz*dh\bf X X
['EVI’ Ihqg' |Jh]ghab g.\ A_j_\z j-r_ Nhjfm\Zgggzy\quvghI]_fklh\g]Zf[hjm
Eh]eklbggZ j_]j_key + p_ klZIb} L
ydbc fh'gZ \bdhjbklh\m\ZIb ~ey ijh]c Ih[m~AhiE”_@dbiZzrdh\h]h e<kn
\ejghkle ih~e€ F_Ih” fh™_ [mlbc Medl |
ijhlJgham\Zggy cfh\ejghkle \boh”"m ki lihJgham\Zggy psevh\h€ af
hkgh\e "Zgbo ijh €€ fbgmem ih\_"eg ;
lerjbfdZz \_dlhjgbo fZrbg 9HF) . R
6XSSRUW 690 + p_ Ibi Ze]hjblfm Ho<idhaddkih® e

1

gZggy ydbc fh'gZ \bdhjbklh\m\ZIb
AZgbo 690 fh mlv \bdhjbklh\m\ZIbk[ AZd-gaq ggy

dZpe<€ "Zgbo ijh \e"fh\m 196 sh fh'_ j3h1u Maz]zevg gz kijmdIimjz f_Ilham ih[mAh\b f

j_"[Zgblb a[h€ ijhJgham\Zggy \*~fh\ gZ\e]Zpecgbo kbkl_f km
G _cjhgge f_j_ "« £ p_ Ibi Ze]hjt gZ hkgh\s \bizAdh\h]h eekm

ghlh gZ\qzZggy ydbc fh'gZ \bdhjbkl

N ex\Zggy kdezZ~gbo \e*ghkbg fe \¢ Fhr _ev \biz~dh\h]h eskm [m "m}Ivky r¢

NZfb G_cjhgge f_j_"¢ fh mlv [mlIb \tih[m”Ah\b ~_j \ jer _gv gZ i*"\Db[ejdZo gZ\q
fh"_ex\Zggy \az}fha\l yadm fe° ~Zgbfgh bgB.asgPh g~ _j _\h jer _gv [mMm m}Ivky
196 « cfhlejgekix \erfh\b sh fh _ “\biZz~Adh\ec ie*\b[ejpe hagZH. &higthjbghb

ijhl]gham\Zgges a[h€\ amevlzZlb \keo ~_j_\ jer_gv h[ }*gmxlvky sl
<bizZMdh\e eekb fZxIv jy™ i_j_\Z] ifZlb hklZlhqggbc ijh]®ha jbk

f_Ih~rzZfb fZrbggh]h gZ\qZggy Ih i_j

eekb klecde “h \bdb”e\ P_ hagzZqZz}

evgh \iebg_ gzZy\geklv \bdb”~e\ m "Z¢ x\

iZzhdh\e eekb jerr_ i_j_h[eZz"gmxlvky

\hgb g_ [m"mlv aZzgzZ”~lh "h[j_ \e”ih\« (
ANZgbf e afh mlv Ah[j_ i*"kmfm\Zlb //’\ ;N T ? T /f\
\biz~rdh\e eskb fh mlv jh[blb [eevr It 4 &)
ge egre f_Ih”b fZrbgghlh gZ\qZggy .K.’ .,x ..K‘..A..?\ e ‘,
M j_amevlZle \biZz~dh\e e*kb jha] \ [ ik ah A
gec jh[hle yd djZsbc f_|Ih™ fZrbggh]h eoeee0e®e®e 000 0000 ®0 O 00
ijhl]gham\zZggy \«~fh\ gZ\«]Zpecgbo k
agZqbfh fzl_fzZlbgqgbc \bjzZza “ey j_

g_9ggy * \b"ee_ggy hagzZd yde fh ml EZl fZ1b : A
A : _ ggZ nhjfmeZ ~ey hpegdb lhgghl
ifhJgham\Zggy \+"fh\ km"gh\bo gZ\* ;7 nqp\ne thr e« eekm gZ | _&bh\bdehgh bge

I L 6424 #8488 1474613 ~Z} 1zZd

Nt fgh‘ng hagZd yde [meb h[jZg- /#77QNtlé—AT98Q—QléLléJ
\Zggy \e~rfh\ gZ\e]Zpecgbo &kl _fikp? g YR D R ¢oe
Imj2 + Ibkd+ kljn8f + gZijm#Z+ IhgqgekMvl{ £kijZ\'gy peevh\Z afeggZ Tey \b[ejdb
\bagZq_ggy fekp_agZ6k "gZkgys"Pmdr LI+tijh]lghah\ZgZ peevh\Z afegdiZ ey \b[ej
qZklhlZ ihfkeehd ljb\Zesklv jhoThtbqzZl a:lL YJ+teg”bdZlhjgZ nmgdpey ydZ “hje\
Ih1Z \bdhjbkIZh3¥ \b”"b \bdhgm\Zgbo 1, yds (4L U} 0 £\ egrhfm \biZz~dm

Pe hkh[eb\hkle [meb \eMe[jZge gz Lhggeklv fhr_ee \biZzrdh\h]h eekm fh™_ [
g_ggy "ey ijhlJgham\zZggy \~fh\ gZ\«djZs_gZ reyohf a[eevr_ggy deevdhkle ~_j
km”~_g <hgb [meb h[jZgs gZ hkgh\s a[*evr_ggy deevdhkle hagZd m dh 'ghfm ~_j
i_j_"geo \e~rfh\ gZ\e]Zpecgbo kbkl_fgr_ggy jhafejm ie\b[ejhd gZ ydbo ih[m~h\
gZ hkgh\e _dki_jlgh€ *mfdb i_\z

F_Ih~"bdZ ih[m~h\b fh”_e« ijh]lgh ?dki_jbf_glZevgZ mklZgh\dZ kdezZz”~Z}Ivk
fh\ gzZ\e]Zpecgbo kbkl_f km”_g gZ hi]Zpecgh€ kbkl_fb km~gZ « gZ[hjm ~Zlqgbd-\
eekm a \bdhjbklZggyf h[jZgbo hag.xlv jeage iZjZf_Ijb kbkl_fb [1Zde yd |_fi_jz

Jbk.=jZneqg_ ij_"klZ\e_ggy fh~r_ees \biZz~dh\h]h

_1Zibjbk : Ibkd kljmf e gZijm]Z GZ[j "Zlgbde\ \klZgh
1.GZ[+j "Z§Beeblvky gZ |Ij gm\ZegZ km~gh « a[bjz} ~Zge aZ i_\gbc ijhfe hd
[*j&aaua | _klh\bc &Ziei lef "Zge a[_je]Zxlvky \ [Zas “Zgbo
2.GZ lj_gm\Zevghfni gpdimjm rh\Z <b[ejdZ "Zgbo kdezZ"Z}Ivky a gZ[hjm aZi
fh~r _ev \biz~dh\h]h e<km " g aydbo ij_"~klz\ey} h~bg fhf_gl qZzkm D

3.<biz”rdh\Z fh”_ev eskm \bdhjbkibk feklblv #Zge a "Zlgbde\ Z |Zdh" feldm 'y
ijhlgham\Zggy peevh\h@yafled@imE. gb [meZ gZ\e]ZpecgZ kbkl_fZ kijZ\ghx \ lhc
4. Lhqggeklv fhr _ee hpegx}lvky gZ gZkm <b[ejdZ ~Zgbo a[bjZ}Ivky a [Zab .
[N gec eblvky gZ gzZ\qZevgbc gZ[ej < |_klh\bc




&RQWURO 1DYLJDWLRQ DQG &RPPXQLFDWLRQ 6\VWHPV,661 1R

GZ\qZevgbc gZ[ej \bdhjbklh\m}Ivkykbkl_f km”~_g sh fh _ aZih[e]lb acldg_ggyf
fhr _ee fZrbgghlh gzZ\qzZggy Z I~kyhe ggyf IZ egrbf g_[_ai_qgbf kbimZpeyf
hpegdb lhgghkle fh" _e-

~ aihk_j ~gvh gZ ijzdibpe fhA_ev fzrbggh]h <Pkghldb
gZ\qZggy ijhoh”"beZ gZ\qZggy g@@Z[hje:épPgbof dbiZz*dh\h]h eskm fh>_ [mlb _n_
aZibke\ GZ[e] "Zgbo feklb\ ~"Zge a "GllybtdbdhjBEkIZghc ey ijhJgham\Zggy \e¢~fh\
feldm ydzZ \dZam\ZeZ qgb [meZ gZ\bpZpZdglZpelwlglbdZkbkl f a \bkhdbf kimi_g_
kijzZ\ghx gZ Ihc fhf_gl gZkm Fh”_eklsfZFhggeyhfh '  [mlb \bdhjbklZgZ ey ie"\I
gZ\qgZggy ih[m~h\ZgZ a \bdhjbklzZgg)f Zie]dhbgfznfhge 2€ \bdhjbkl&Zgidyfelha\hey}
izr"dh\h]h l&thmmezZ gzZ\q_g9gZ gZ gZ[hemfhXxghbgzZ\e]Zpecgbo kbkl _f km”~" g GZke:-
4 gZ[hjm ~Zgbo [meh \bdhjbklZghdhEy ieNohNmb} af_gr_ggy cfh\lejghkls \bghb
Ilhgghkle fh~r_ee Lhqggeklv fh”_ee gZ &ekdig\lgimm gZ|Hjegglyo [_ai_qlglblonZp-c
kdezez P_hagZqZzZ} sh fh™_ev i Fhr _ev fZrbggh]lh gZ\gZggy fh gZ iho
[ZgbeZ kijzZ\geklv gZ\e]Zpecgh€ kbklsblb af[eevrb\rb jhafej gZ[hjmHa\dbo P _
de\P_ hagZqZ} sh fh”_ev fh'_ [mlteblv fh”_ee gZ\gblbky djZs_ jhaicagZ\Zlb
Ney ijhlgham\zggy \e~fh\ gZ\e]Zpecgyde ih\ yaZge a \e~fh\Zfb gZ\e]Zpecgbo kbkl
a \bkhdbf klmi_g_f Ihgghkle Fh”_e'Fh~_ev fZrbgghlh gZ\qZggy 1Zdh™ fh _ [mll
dhjbklzgz ~ey i*"\bs_ggy [_agE€hbhg jZs _gZ aZ “hihfh]hx [eevr kdeZ”*gh]h Ze]hjb
fhlhx fh gzZ azZih[e]lb \e~Afh\Zf gzrbgghlh gZ\gqZggy
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S5HFHLYHG GZ7ecrez
$FFHSWHG IRU SXEOLFDWLRQ IjbcgylZ ~h

BUHGLFWLRQ RI IDLOXUHV RI VKLS QDYLJDWLRQGW\VWHPV XVLQJ PDF
2 ODUDQRY

Abstract. 7KH SXUSRVH RI WKLV DUWLFOH LV WR G RYHHOHRGL BW HIWICRG HR/URX WIKQ..
VIVWHPV ZLWK D KLJK GHJUHH RI DFFXUDLR\DWR R® S/VRW H PAD BHO/D\ D\ V PSR B WIDQ /!
7KH\ SURYLGH VKLS FDSWDLQV ZLWKZHDMKRDWRLRG RWRXW RKGIE UWALRRDMWW R QW
YHVVHO +RZHYHU WKH QDYLJDWLRQ W\@X\WHPW RU URKUWS L @ WQHD DIQI\DRY B RI@ Q/H VIWRI R
IORRGLQJ DQG RWKHU GDQJHURXV VLWXQWRRQR URKM DWW REOQ W ISR RVSR 8 H M GALR WX \
WLRQ V\VWHPV $ UDQGRP IRUHVW D OJRK MKIPWL ¥DO) FEIH- KNVGIIGE GHRD BRILQG WRIG K G
SUREDELOLW\ RI DQ HYHQW ,Q WKL FOIVHLIJWWHRQY NQWHP WKH IDDQERP IRIUW)
FRQVWUXFWLQJ D VHULHV RI GHFLVLRQ WDPSOH (RIFKBMELSXEYDPSBHQIV RA XEDW
7KH DOJRULWKP WKHQ FRPELQHV WKH SUHGWRWLRQU MR E DB GLEWHREIRGQ RTK W D) MAL K
UDQGRP IRUHVW DOJRULWKP FDQ EH XVRIQ@G WRWHRMG ZEW K [OL ®X UK \G RJ UWHH. R IQD K|

UHFRUGV ZDV XVHG 7KH GDWDVHW FRQW DL Q B BH®DW ©DIW R &/KAHD WHHEGY RKIWW R |
ZDV KHDOWK\ DW WKDW SRLQW LQ WILWHK H7&BWRGHD DM\G W U RI QWHCHRED WDR/HW ZI
RI WKH PRGHO 7KH DFFXUDF\ RI WKH PR GWICH RIGH WXGIWW HWKAR X/ MWK W W K H TKDXQ G R
XVHG WR LPSURYH VDIHW\ DW VHD ,W \F D@DEH JOWHLAR @ R/ \YWWHHYPH/Q VE K D IO X D IDVSRIIHY
DQG RWKHU GDQJHURXV VLWXDWLRQV

Keywords: YHVVHO QDYLJDWLRQ V\VWHP UDQGRPPIRIUNWMW H O DRHWW KFPD HRILQ M WD
FXUDF\ HIILFLHQF\
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KBGL?A G?€@PQL1LDH=H J?=MEYLHJ:
A G:E:RLM<:GGYF =?G?LBQGBF :E=HJBLFHF

:ghlZpe¥_Ihx klZH4ha]Jey™ f_Ih~"bdb jhajtglddeigghdjhj_ImeylhjZz GGJ a gZeZrim\Zgg
iZjzf_lje\ ]_g_Ibqgbf Zekh)bHfipfZge j_ameviZIib is*I\_jr"mxlv ijZp_a”Zlg+klv f_Ih~bd
eyxlv ajh[blb \bkgh\hd ijh 1g_gHhldoccjh]meylhj ijb \erih\ergec gZeZrIim\Zggy aZ[_ai_«
eklv jh[hlb kbkl_fb d_jm\Zggy m Ihfm gbkee ¢« aZ _g¥ydghkbgXbhidotb\bp JaImjAZijhihc
\ZgZ m klZlle f_lh~"bdZ kbgl_am GGJ ijhl_klh\ZgZ J\mm\fthdZ’og b of *Zoghd hg BYgZevgh€ \b]
jhafej ydh€ g_ \ieb\Z} gZ ydeklv jh[hlb Ze]hjblfhjvhohllgZigvigv*NEZZ[h+\ \b[ejdb sh
knhjfm\Zlb ~eZiZahgh_4fy% §_geldbo afeggbo Z ~Zee hilbfZevge agZMj ggweiv"[bjZxlv
IZlgyhajh[e_gh Zelhjblf kbgl_am j_]meylhjzZ IZ ]_g_Ilbggp «Z]d]hyhrf glZe\Zrim\z
Dexqh\e kehdZqeldbc j_]Jmeylhj nmgdpey ijbgZe_"ghkle-g? qnlidbecerjsdDieenthjg _Jcjdn_
Ibggbc Zelhjblf

<Kkimi Z~_d\Zlgh \bj4kr_<g~*kmligeklv kbkl_fZlbggbo
f_ITh~e\ \b[hjm agZq_gv ”"ey [Z]Zlvho iZj
G_h[oes”rgeklv \bjer_ggy ZdimzZevgbmewhyZzhwkgh\ghx i_j_rdh~hx ~ey azZ”h
Z\lhfZlbgghlh d_jm\Zggy "bgZfeqglofib \thffhjddzim\Zggy
ijb ~e€ jeaghfZgelgbo \biZ~Adh\bo a[mj Y[ \Wjegdk pe ijh[e_fb azZ ~“hihfh]lhx ]_c
ler_ \bfZz]Z} aZklhkm\Zggy <gl_e_dlrmZzegpyb & &]Hppdidfe\  Bhtmaxhvim 1Z iZzjzf_ljb
fZl_fZlbgghlh fh* _ex\Zggy |Zdbo ydhglpgrédZZeh]ejhfhkhfgm ihkee~rhigeklv o \lI
dZ ] _ g _Ibgge Ze]lhjblfb =: g _cjhggkvinmgodpen[\erih\erghkle yd nmgdpex \bfl
}*9Zggy g_cjhggbo f_j_* =:1Z g_qvdbkdrZe]hjbl
fe\ “ha\hey} \bjerm\ZIlb azZ\"Zggy jeagh€-Rde\Z2rghk&Z"Zgm ijh_dIm\Zggy fh gz
I1Z g \bagZq_ghkle Ze g¥rgB kbAxtVvhjblb gZ azZz~"Zgqm fegefeaZpe€ peevhlh€ nm
mge\_jkZevghf egkljmf_glhf ~ey h[jhfb IpZflihggh®d§]lhjZ
g _ih\gh€ gb g_qge+ldh€ egnhjfZpe€ > @ Hkdeevdb ]_g_Ibqgges Ze]lhjblfb \bdhjbklh
AZklhkm\Zggy <gl_e _dimZevgbo €brrhramigldpitx \e~ih\erghkle \ ijhp_ke hilbf
[m~Ah\e kbkl_f d_jrhexggy} kmll}\h aghgbIbh miv \bdhgm\Zlb p_c ihrmd 1ggh)
\ieb\ g _\bagZq_ghkle gZ ydeklv kbkih}{ ¢ Zjogo\wZ ekgmZgbo f_lh*«a H_gmhZeggy
IZdh® dhfi_gkm\Zlb [jZd Zijehjgh€ edrfhjfZetjbgzzfb fh _ klI\hjblb ihilm gbc -
_1Zie ijh_dIim\Zggy kbklgf gel@hfm dKljmf_gl ey \bjer_ggy j_Zevgbo ijh[e_f d_]
\Zggeevdeklv g _h[oe*"gbo g _qeldbo @jyz\yd endREAHH m
_dkihg_gpecgh < p_ y\bs_ \erhf vyd ijEdgyllygptba Zelhjblf =: } ij_~f_lgh g_
fejghkle Z[h ijh[e_fZ \b[mom dhf[.gZIlhjghfrrgikzimf_glhf Jeh[Zevgh€ hilbfeaZp-«¢
\beZ Lh”e kl1Z} g_h[os~gbf kdhjhg_dgygpRhwb yigh\the h[j_ \erhfZ « ~ey \bjer_ggy
<\Z Z}Ivky sh deevdeklv ijZ\be ih\bigZgEf[mjltbggh]h gZeZrim\Zggy g_cjhggbo |
gr_gh 1Zd sh aZebrZ}lvky ebr_ fege®&Fevgh g_hJ[
0°"gZ deevdeklv ijZ\be yde s_ feklylv <dtdhgklkfomdy =: ijb kbgl_ae g_cjhggh]
jfZpex shhhb]legZe§gab OhqgzZ "“ey peygelylhjz GJ i_j_"[ZqZ} sh dh ghfm \Z
\bdhjbklh\m}lvky deevdZ |_oged > @ZjZfdbje\y@J \meh\+«*Z} k\hy ojhfhkhfzZ >ey
\bc f_Ih” g_cjhgge f_j_ "+ f_Ih” jhadfybdighkgh€ ijbrZlghkfhkhfb g_h[os”gh
Ih~"b deZkl_jbaZpe€ Ze_ “h~gZ a gbgZygb }ydb\g-iklx o«"gXi¢) gbp\eRih\erZ}
aZ"h\eev®haz\"ZdgbygZ \bjerdB ~hihljb a\bgZcghfm jhafeje ihimeype+€ \ khilge -
fhlhx gh\hlh f_Ih~m kbgl_am g_qe-ldojinfdkjmni\EulgeyigZ "m _ \_ebdZ deevdeklv _
:gZesa ecl_jZImjb 1Z hley” ckgmxfglgdejersyvjh[blv g_h[o<*gbf \bdhjbklZggy
Jhajh[dZ kbkl_fb d_jm\Zggy \dexqzZp-c&h§ fHZ]ZFhh[ }dIZ Ijb pvhifm Abgbdz} )
iblZzgv 1Zdbo yd klZ[eevgeklv kbkl_fb lydékll&ptcgZ fh~_ev fZ} [mlb ~hkblv r\
o**ghlh 1Z klZeh]h klZgm I|hsh Dlhyz «gZ[kr_f4jZd h[gbkex\Zevgbo j_kmjke\
agZgghx fejhx azZe_"blv \e~ kljmdIim{Mblinz} idbj&hijbhklZggy =:
je\ kbkl_fb d_jm\zZggy 2) ijb jhajZomgdm \e«*ghkgh€ojihbrZlghkl-
Djef Ih]h ie” qZk ijh_dim\Zggy dhkphdekgmh*il\jZoh\m\ZIlb g_fbgmgm g_ih\gm
j_dhgZlbky sh dhgneedlb fe  djbl \p/NFoklydifklZpecgh€ fh”r_ee IZ h[ }dIZ

< [\kegZ G H DZqgZgh\ | H ,2023Zk_gdh F < 41
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LZzdaz*"2\@Z}fhih\ yazge ,lqqhin by g_qgeldh]h \bkgh\dm GZc[sevr gZklh
ger_ hibk h[ }dIZ 1Ibf f_grZ r\bAdh”ey \bdhjbkih\m}lvky f_Ih” p_gBm ly dhkle >
gzZ\iZzdb |Ijh[e_fZ g_ih\gh€ \e?rih\erAghklDpH@}djE\IZ _ggy |I_kIm\Zggy kbkl_fb a
fhr_es \bgbdzZIlbf_ ijbjh~rgh < \Njp d GA\ZBlgky \bkgh\hd ijh klecdeklv
Zevghfm fZkrlZ[s gZkm Djh@ Jhajh[dZ =: ey gZeZrim\Zggy iZ
AZkgh\gybhlj«€ g_qeldbo fgh'bge E fAIZN _g_qeldh]h j_Imey¥lfdjiZo klZg~Zjlghlh
ANdj_kex\Z\ sh \bfh]b ~h lhgghkle Hjbhpmkm[hligbZZggy hilbfZevg®]lh jer_ggy >
d jm\Zdgymlv [mlb agb™ g aZ jZomghd nfj¥fm\Zggy ihgZldh\h€ ihimeyp-€
s _ggy *gl_e _dimZevghkle kbkl_fb d_jm\Zghgy\ZGihdhlgigh€ ihimeyp<+€
j_Imeylhjb } ijbdezZ~hf 1Zdh]lh i*"oh”m HhHh§ZlZ J_g_Ibggbo hi_jZIhje\
g_Ibgg_ gZ\gZggy deZkbggbo g_qeldbo jhymzglh\bo ojhfhkhf hi djj hajm
ih\ yazg_ a ~_ydbfb ijh[e_fZfb ydbo g_ifZ}\¢+jdZ mfh\b amibgdb
gzZ\qZgge* G1J amibgdZ _\hexpe€
<jZoh\mxqb ajh[e_ge aZm\Z _ggy peeldiibfigbvg_ jer_ggy
jh~rgbf } i_j_oe™ \en GIghlgeddle]h j_ImeyNhjfm\Zggy ihgZldh\h€ ihimeype+€ \bdhg
lhjz GGJ gZ djiBpef_"e |_jfe\ \oe~gbo IZ \boe*gbo afs
M GGJ hgbgjhg \bdhjbklh\m}Ivkygbey ih
"Zggy h~rghlh g _qgeldh]h ijZz\beZ YdshD\thahijlghhh* ggy | _kim\Zggy =: gZeZrlir
\m\ZIlb "~ey ij_"klZ\e_ggy |_HZmkddgdbegy iZjZf_lje\ g_qeldh]h dHmbygkhjZz
ijZ\beh fh'gZ ih"Zlb ydndobpMzgBaF |_jfe\ >ey pvhlh \b[bjZ}Ivky I_klh\_ d_jn
Ney j_ZeecaZpe+€ GGJ fZ} [mlb ~\hrZj)gZ eoh*Z &kl _fb 1Z \bdhgm}lvky gZeZrl
Aim]lh]lh rZjm ihey]Z} m \bdhgZgges nhjgdptie\"GdzZ\aadrh\\kgdhghhe gbo gZ djhpe
nedZph§agbke_ggy kicevgh€ "e€ \keo ijAYlreg_gv f_" m azZ”rZgbo ~«ZiZahgZo €0 \.
Hkgh\gZ i_j_\Z]Z \bdhjbklZzggy @®@éviBdl \le~klm\Zggy fZ} ihdZazlb dhj_dlge-k
ghr_ggx ~h GJ ihey]Z} \ IThfm sh GGJlR[lhjedle«"h\g_ gZ[eb _ggy "h jZpehgz
IZde dhjbkge \eZklb\hkle g_qgeldh]hjejr_JagsyZhhzmyidzjzf_lje\ GJ
ijbjhrgm zZ~Zilb\geklv o keZ[dm gmleb\dkjw8 @ ZieZrim\Zggy iZjZf_lje\ g_qeldh]h
rdh” ImeylhgZ ~hihfh]hx =: ~ey azZz”~Zghlh \b"m
F_lhx klZJejhalefyNh~phajh[db g_gh€ U®£€
jhg_geldh]lh j_ImeylhjZ a gZeZrim\Zggpfjhdl®]k\iZ2 ggy \ dcjgellmdeyhrjgh]h
jZf_ljs\ aZ ~hihfh]hx nhjfZevghlh g_cjhgZ sh “ha\hey} ijb ih]
. j_,amevliZim j_amevimxqgh]lh az”~zZ\Zlb \Z]m
celhjblf kbgl_am fZI_fZIbqghif£7\hez <gzkeerhd pvh]h a yley}ivky kiljmc
fh~_ee g-gjlgeldh]h j_[meylhjZrg qeldh]h j Jmeylhjz
agZeZrim\Zggyf ]_g_Ilbggh]h Ze]lhpQhftm L _kIm\Zggy-@_@ihdh]h j_Jmeylh
; A A il ghibgbaggbo \Z]Zo ijZ\be Ydsh j_ame
| Djhd. IN[mAR\Z fZ1_fZIbggh€ fh~_ ﬁ}l%%gy T ok A A Zbnt dThdm
_Im\zdgy\bj-r_gmg”zq- kbgl_am j_ W%yl \ gl j\Zes \eA _Ah 1Zdbf qbghf
dezkbqgbf f_Ih~Ahf Ihi_j _~gvh g_h[d¢ (ﬁ Iﬂftf |Ip9t_1tc€ . abg
: - : : . a ib _]J-Z}f j_amevlzl jh[hlb kbkl_fb d_
kljmdlm/J\m ]__]mg—ylhﬂzubj_]m_ele_JZb tgy'\r?% 3(%"%@1 l'}‘ TbAm \oea@hiiy\bd kym
~ z "Zzes jhajzom\zlb gb ie"e[jZIECHTh dh ng JjEph jh[blvky \bkgh\hd ijh
; ; : fihy «klv ih”"Zevrhlh ihdjZs_ggy ydhkle
Djh@. 1jh\_~_ggy |_kim\zggy |h[ﬁwgﬁ‘\ ) !
kbkl_fb djhth A+ZiZahge fh eb\bo j " #.R%eji% d_jlm\Zggy
[hib 1Z i«"I\_j*"_ggy klecdhkl- HIjbfZlggy yeZAggy az~Zq- kbgl_am fZI_fzlb
quZhe]\;lg_h% \b[°|jhd.t£ \bdhgZggy ijhp_"mjb kbgh_&m g-@gimeldh]lh j_ ImeylhjZz
J_Imeylin] i
Djhd MoiZe ggy jor_ggy ijh kIjmdIra?”_%Ze_qu.lm\Zggyf ] _g_Ibggh]lh Ze]lhjblf
ldhlh j_]meyhhigZcijhklerhfm \biZAdm p <[mhp_ke \bagZq_ggy hilbfZevgbo iZjZf
kljmdInmnjZg \odM kg \boe”r Areckg_ggyhipraimjb g_qeldh]h j_]JmeylhjZ sh aZ|
jm eeg]\sklbggh]lh hibkm ~ey \oe~rgh]h g+fZevg_ agZq_ggy djbl_jex ydhkle ijhZc
\oe~rgbo IZ \bo+"dplwg _af-lgin]h j gako_fZ gZcihrbj_gerh]h g_qge-ldh]h ~bkdj_
eylhjZznZaasn+dZ@+*y M [ehpes ©nZaalndgplhjiZz \ ydhfm } fbXI)\ohttbedZ
feklblvky g _qgeldbc hibk \oe~rgh]h I|ZA\bo‘2glyhZi£€ afegZ
jZf_1jZ m \blJey~fgh bhfygb ee<g]\eklibggbo &K =el i e N 1)
afeggbo DeevdeklVvbdgpga¥Z}lvky _dki jIhf\ Ad ekl
\bohAygb a hkh[eb\hkl c jha\ yaZgg§ dz"Pqd-klv
Djhd GZ is~klZ\e ~"Zgbo gZ\qZevgh€ \b[ejdboek) = &K/ &
kdez"Zxlvky ko_fb eh]sqgbo \bkgh\gshaBg dushdgC jm\Zgfy _glb qZkm
[Zae ijZ\be \e~ih\ergh ~h eeg]\eklbggh]h hlbkrrl( gz
djh B K N,
Djh&. <b[ej \b"m "~ _nZagsame\plzZdm;W iZ] "bkdj_IbazZp+£€
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JbK. LijbdmIgzZe kbgle_INgR\enmgdp+€ ijbgZe_"ghkle
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Jbk Ko fZ g_qeldhjh]freylhjz

Dh_nepe}flLbKysg <« Ky g_qeldh]h- I> ;ZaZ ijZ\be sh gz~zZgz \ 1Z fz} I
j_Imeylhjz g_ fh mlv [mlb h~*ghagZaghq\lwagyZq_g-
HI"_  7"ey g _geldh]lmeéylhjZ ihlje[gh \bN-g_]JZIb\g_

rm\Zlb azZ”*"Zgm hilbfeaZpe€ Z kZf_ azZX*goguyevAb[hjm
agZq_gv aZagZg_gbo dh_nepe}gle\ sPR-fhgbflmmxlv
djbl_jec ydhkle i_j_oerghlh ijhp_km ijopNBbdhglZdjgeg_1ZIb\g_
hif_~_gv NM-k_j_~g} g_1Zlb\g_
ljb \bagZq_gge hilbfZevgbo izZjzfzZEjefebravd_ "h gmevh\h]h
kljmdImjb g_qgeldhlhmeéylhjZz agZoh”~yIRMyk_j_~g} ihablb\g_
iZzjzZf_ljb eegecghjh]lmeylhjz gZklmigPB-\_ebd_ ihablb\g_
djhdhf } ijb\_~_ggy g_4qgelldhéglithpm ~h ljb hilbfeaZpe€ dh_nepe}lgle\ g_qeldh]h
eesgecgh]h 1Z \bagZq_ggy ch]l]h dh_nejpelgeslhjz k-fh™gegvgZ ihfbedzZ g_ klzZ\Ze
M ijhp_kZo fh"_ebAZyiglyfeaZpe€ ghbdly_
jbklzZge "\Z Ibib g_qeldbo j_]Jmeylhje\ >ey €€ agb’ _ggy [meh ih[m~h\Zgh fh"_
G_qgeldbc j_Imeylhj I> iernrZ}vkyghlidbfeby pjn€eylhatdfjZ\beZfb
\ IThfm \biz~*dm dheb hilbfeaZpey g_qeldhbh4}e]fhely ex\Zggy kbkl_flgzZzd_jm\Zggy
lhjz 1> g_ azZ[_ai_gm} g_h[o**gh€ dj&lsiZl«_iZdpey*gZ h~bgbqggbc kljb[hd [meZ
ghlh ijhp_km ijb
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gZ\qZlb 1zd kzZfh yd < a\bgqZcgm gdepkdogggbffbj " fmeylhjZfb “~halheyxqgb \jZol
ydsh \bdhjbklh\m\Zlb maz]Zevg_gbda[Ze]hglghf a\th \Z"dh Z[h g_fh eb\h nhjfZee-
jhlghlh jhaih\kx”~" _ggy iB@edky> pvibh
g_h[o*”*"gZ gZ\qZevgZ \b[¢jdZ m \bley <bdjhjb&iZglgy dhgkljmdp<€ kbkl_fb g_c
\_dlhj #Zehggbc \bos~rgbc kb]JgZe yd4nikXx\Zggho 1Zfgj cjhh€ fh~_ees ~halhey}
hljbfZgzZ i~ qZk kihkl_j_ " _ggy aZ jARE®Zigh)xZjh{h\eZklb\h&KIZilb\geklv 1Z gZ\q_
Ihx kbkl_fb geklv sh azZ[_ai_gm}lvky aZ ~hihfh]hx _\he
<bkgh\db Ihi-"oh™m
< mfh\Zo \e*kmlghkle \boe~gbo ~Zgbo |
AZklhkm\Zggy ]_g_lbggbo Zelhjglfevgm€ihlPejdb jhajh[e_gbc ] g lbqggbc 2z
gZgge a I_hje}x g_qeldbo fgh'bg 1ZIZIdhjafhg_c\bdhgZlb k\h} az\~*Zggy Il-.evd
jhggbo f_j_" ~ey kbkl_f ihdze@gbly ahgb ~ey agZq_gv f_~ | _jfe\ ihlje[gh aZ"Z\:
ki_dlb\geklv 1Zdh]h ie?*oh”m jrbfh [_a ijb\ yadb ~h agZqg_gv gZ\qZevgh¢
1felZpecg_ fh”_ex\Zggy ihdZaZelb siA pblkrecdy djhde\ jZomgdm ] _g _Ilbqggh]h
Ihj gZ hkgh\e g_qgeldh€ eh]jpdZlfd}jjWleevrblvky m khlge jZa-\
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Synthesis of neuro-fussy regulator
with adjustment by genetic algorithm

Natalia Yevsina, Petro Kachanov, Mykola Tarasenko

Abstract. The purpose of the articleis to consider the method of developing a neuro-fuzzy regulatb the adjust-
ment of its parameters by a genetic algorithm. The obtainedsesulfirm the workability of the technique and allow us to-con
clude that the neuro-fuzzy regulator, with appropriate settings, snisigte quality of the control system, including in the pres-
ence of random disturbances to a dynamic object. The methoduad-fuezy regulator synthesis proposed in the article was
tested under the conditions of a limited volume of initial dtta volume of the training sample), the size of which does not
affect the quality of the algorithm. Two or three values of the samplarameters are enough to form the ranges for the bounda-
ries of the terms of the fuzzy variables, and then the optimal valueslected by genetic algorithmAs a result an algorithm
for the synthesis of the regulator and a genetic algorithm for amdjlts parameters were developed.

Keywords: fuzzy controller, membership function, defuzzification. neuro-fuepylator, genetic algorithm.
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F C AZiheh\kwvokbcF_a_gp 1\ ;He_gdh IHeenej
GZpehgZevgbc | _ogeqgbc mge\ _jkbl | ©0Zjde\kvdbc ihdrdD§gdgbc gklk

HILBF1A:P1CG: FH>?EV LY=H<H=H :KBGOJHGGH=H ?E?DLJHIJB
>BA?EWMH2A>L: 22 >HKE16@Y

:ghlZpeyhaleygmle ie*oh”b ~h ih[m~h\b kbkl_f d_jm\Zggy Id]lphhbjb\hkihdotbggkfl
ih€ane\ 1jh\_~_gh ZgZeesa fZI_fZlbggbo fh*_e_c 1Z ébgv Kbk fitmkZglgya memdjlghi
jb\h~hf "bdh€a”Z < hkgh\m hilbfeaZpecgh€ fZI_fZlbgqgh€ fh*_gh Ze]lljbhfjb\h"nm ihde
\_dlhjghdhjm\Zggy FZI_fBlMbeyZ_e_dljhijb\h*m \dexqzZ} \ k_[_ fh~_ev liy]M\hlh ~\b]m
klzZ\e_gzZ \ "\hnZage+c hjlhlhgZevgec kbkl_fe dhhj~bgzilhlhpet}gbh\izg ggnZ Hidrhjhf
fZlbgdgm”®_ev jmom-ifbaa’e®y kbgl_am mijZ\eegv aZijhihgh\Zgh \bdhjbklZggy f_Ilh*m \.
e_ggy reyohf jer_ggy aZl]Zevgh€ azZ~Zqe+ EZ]jZg Zq_>gehyo afgho 9B Aoy’ o a\digh izh
gh\zZge f_Ih~bdb ih"heZggy pvh]lh g_"heedm "Zgh\Zdghh hrhjb RZeyho hif Mh/mijZ\eegv m \
Jey”Ne ZgZeeslbggbo kie\\erghr_gv yd kdeZ”h\bo jer_ggy- ‘hdmhjjcgohZle veghbhfimr\ghdly
jer_gujh\_~_gh ~hkee”"_ggy aZijhihgh\Zgh€ fh”"_ees ydkdelBddb €£hfim" €E\EZRIdazZlghkm
\Zggy "ey pee_c kbgl_am mijZ\eegv J_ameviZlb "hkee«\ijlgyw_g7Z"Zghjad |\ bjjetyd snam
\bo afeggbo 1Z 1Z[ebpvVv

Dexgh\s kehRiZkI_fZ d_jm\Zggy Zkbgojhggbctba-ehglaiyb\heé]lhjblfb \_dlhjgh]lh
\Zggy fzZIl_fZlbggZ fh~"_ev aZdhgb mijZ\eeggy kbglZp R®YZ2HZYM gfZlINbBhgzigbfea
gfgh ' gbdZ]jZg Z "hkes” _ggy

<klmi ghlh d_jm\Zggy ihlhdhaq_ie_ggyf 1Z _e_dl
Ilghf fhf_glhf <bdhjbklZ}fh px «*_x ¢ "ey k
AZeesagbqgbc ljZzgkihjl } h~rgbf caalmkgiglbdb\lkd_jm\Zggy _e_dljhijb\h"m a Z
Ne\ 1jZgkihjlm Mdjz€gb Chlh |_ogeg@ddc \d]ngghftbaz mfh\b hilbfeazZpes€ _g_j]_
ag@qgzldhghfeqggm _n_dlb\geklv i _j \\BjZv\ Hp\L ke jhalhgmh€draZ eyd h[T}dIZ
e_ggy aZesagbqghlh ljZzgkihjim i_j_d[Z2qAdFqby-r_g
gy iblzZgv i**"\bs _ggy chlh gZ~ecghkle |hkiglytr\dyh aZz*Zqe « ZgZe+a \+~hfbo im
kle _n_dlb\ghkle ¢ ~h\]h\egqghkle > @.c AMdyfth\\h ehdihh h[T}dl d_jm\Zggy hibkm
fhib\e\ aZeeagbggh]h ljZgkihjim \ Ikbklgbioes*bmb_gp-\gylwe ~jm]h]h ihjy*dm
a_einh€anrs\ kdez”Z} lylh\bc _e _dljhilib\hey kbgl_am kbkl_fb d_jm\Zggy fh eb\h
Yd kee"m} @ > _jki_dlb\gbhf \bAhA\AdYyhhf_Ih"*b \ZjeZpecgh]lh gbke_ggy ahdj_f
\hlh _e _dljhijba@®magbqgh]lh ljZzgkiaylmZ]lXevgh€ azZz*Zqe EZ]jZg Z Z[h ijbgpbi
Ihfm gbkees AAibh&aév\ } _e_dljhijb\h” @feggh]h
kljmfm a \bdhjbklZzggyf lylh\bo Zkbgojhreygblo[\dbls\ d_jm\Zggy [*evr \bkhdbo ih
]Jmge\ L:> =« kbkl_fhx \_dlhjghlh d_jim\2QYly \bdhjbkdBdy_fz f_Ih" ZgZeelbqggh]t
Hkh[eb\_ fekp_ ijb kl\hj_ge I1Zdh]hhgktpmx\eZaggy j_]meylhje\ aZ djbl_je}f ma.
l[jhijb\h"m gZeibldggyf jhajh[e_ggy GbEIjf[hlb
d jm\Zggy _e_dljhijb\‘ihmarBalZzedhfie H"gZd e<a ZgZeeam f_lh"e\ \ZjeZpecgh]t
dkgbf ~hkee”" ggyf €0 _n_dlb\ghklgya klthef'drb} aslhmijbmkipgleagv \bgbdzZxlv ib
_dkiemzZlZpecgbo azZljzl hkh[eb\h ldpghfs®~hgaplhoh” _ggy ~_ydbo nmgdpec
j_kmijke\ 1Z kI\hj_ge kbkl_f d_jm\Zgd¥xikwbgljmdadmim ~hihfe 'gh]h nmgdpehgZem
jZ\eegv yde azZ[_ai_qgmxlv p_c ijhpjkImRbjglaja([e¢_jogy ic*oh”e\ |Z fhr_e_c "ey f
\Zgv vyd ijZ\beh a”eckgx}lvky gZ hggpby fZl_fZIb
ggbo fh~_e_c h[f}dIm sh ~“hkes*"m}IvKky 1Z@<*hhfh sh ijb jer_gge aZ]Zevgh€
\ergbo f_Ih”e\ hilbfeaZp+€ EZ]jZg Z \bdhjbklh\m}lvky ~hihfe'gbc nmg
>ey |_ogheh]sqgbo ijhp_ke\ dhljgZié \b]eyx'im
aZ[_ai_q_ggy \bkhdbo *bgZfeqgbo ihdZagbde-\ ydhk]e
\ i_j_oe~rgbo j_"bfZo 1Z i<"ljbfZggy ihlj-[gj1€qG L (P, (t)]dt
r\bAdhkle h[_jlZggy jhlhjZ L:> Z agZgblv « r\b" jlll J
dhkle jmom-itb@a”ed \bdhjbklh\mxlv \_dlhjgm ©°
kbkli_fm d_jm\Zggy _e_dljhijb\h*hf A~ G +nmgdpehgZe vydbc fog&Xt)anylivky
Jeage \Zj\Zdglihjgh]lh d_jm\Zggy a(bkaIBEr&\Z

g+ gZ _e _dIjBRhazo Gef_qqAy2S102 _9g+ fgh gbdb ER)jZYHE_j_gp-c
1kiZgeR_ R\_cpZjsR:0Q ;_ev]ew* je\gyggy sh hibkmxlv kbkl_fm MijZ\ee«g
|_ieh\h&B8OMAC KR: Di F? Gef_ggdbh”ylvky reyohf jer_ggy je\gygv ?ce_jZ \b
gZDr Negeyg”ey IH «§rbo Ilhimxgb ~“hihfe’gbc nmgdpehgZe

Hkg\gz <~_y \_dlhjgh€ kbkl_fb d <miZidhdy ijbgpfididkbfmfm ~hihfe gbc
Zkbgojhggbf "\b]lmghf ihey]Z} \ j_Zeavaggdp€hjhae fer} \bley”
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n gle\ fh~r_e_c¢ \bdhjbklZgh gzZklmige agZq_g
Ho 1 Of6.Y; ), f _lje\ h[f}dlZm\Zggy -théaex
i1 Ke&Z_gektba_-etlv€EarZ Jheh\gbo \Z]hge\ ¢

A o ARihfo® . ijbgeigbo \ZJhge\ *
_<jt) £~hihfe"gZ nmgfd(gey; ) tnmgd >+Zf_the kZ ih djma+98@IfZygy +

pe€ sh hibkmxlv fZI_fZIibggm fi*tev kbklj_ffizlg=~ghr_ggy lylh\h]lh j3™Mmdihjz

. A . . 3.69.
nzahis dhhj"bgaipijzie-ggy FZkzhjh gvhkihjy~  _ghlh \Z]hgZ Jheh\
< aZ]Zevghfm ieZg- gh]lh "ba_evighdhdk ijbqe+igHpooad]
X f05.U) ). FZkZheh\ghhg!Z  _gh]lh \Z]hgz ijb jha
b : jZomgdh\hfm az\Zgle30dy+ ith ghfegZz
Yd ijb jer_gBlevgh€ aZz"Zqe+ EZ]jZgv@hfllZdaz\ZglZ80000gc¢] +ijb fZdkbfZevgh
ijb agZoh”~"_gge maZ\Veridvih]lhx ijbgpgnnaz\ZglZz 82990 d#
fZdkbfmfm hkgh\ge Ijm~Aghse \bgbdZxIvFZ&y \ijhgZigh]h \ZglzZ' _gh]lh \Z]hgz ijb
q_ggt) - <;(t) yde yd ijZa\gJEdnh"ylvkyZOamgdh\hfm aZ\ZgEMZSQ.g'q;- ifth ghdeg
jr_ggy kbkl_fb Abn_j_gpecgbo je \gyf%vggérz%a+ ;6 Ing?j?}@Q;d]iub fZdkbfZevgh
fbf } gZgZevge mfh\b .
n jbkdhj _ggy \ZglZ® _gh]Jh€al& ev
Py ijh[e_fz fZ} fekgeregigh aZ Zqs ﬁdAh A N
gl_am aZz "h|hfh]hx f _Ih~ m cﬂgg&dydrbmgg »

Z r\brdeBFv] R
\Zggy j_]meylhje\ az deI je}f maz] Zequ?%kém@li1 %ﬂ]h e dljh\i‘]\b]mMZ >

IblZggy \bagZ@tygyb kbgl_a- m”Z\+dekbfZeeggZoch_gZijm]Z<i
eegvVv reyohf jer_ggy azZ]Zevgh€ az”"ZfgeeEdljiZ]H-lgbc fhf gl fzdkbfZevgbc
agZoh”ylvky \ knadphigjhKkthx fZI1_fzZIlbqghES
fh~_ee« h[T}dIm d_jm\Zggy tnZ@bc imkdh\bc kljmf eglZjifhigec

<bang ggy ih\Qtrdghbeb\h q_j_adec g_ [-evr :

"hfe agZq_ggy mijZ\esgv Yd |JZ\beh ‘rﬂ\ﬁ&l\nelzgg _ilZggy jhihjz tZdkbfZevg
yleyxlvky nmgdp-@th \2"nZah\bo dhthbleZf_”b ko fb aZfes_ggM :3%jb

gZl Ih fh _fh \bjerblb a\hjhlgm az”*"Zgm=@gZoh

AT_ggy ih\_réegiimZ ~hihfh]hx fh”_ex\Zggyg"mdlb\geklv jhakex\Zggy)kizZlhjZz

q_j_a \e hfe nmgdp+€ mijZ\eegyv 1,611*10° =g

F _Ilhx jh[hMkI\hj_ggy hilbfeaZpecgh€tfg"mdlib\geklv jhakex\Zghy) jhlhjz
A_ee sh ~hal\heblv ijh\h~blb jhajh[qugyoskhd<l fb
d_jm\zZggy _e_dljhijb\{ih@a~Baaewdhjbksizd|p\ bc hisj h[fhidb klZIhjEf +
IZggyf f_Ih~m \Zjezpecghlh gbke_ggy szyphigne hiej h[fhidb jhlhjHft

_99y aZ]Zevgh€ az"Zq+ EZ]jZg'Z aZ miAk fblg3kiv dhgimjm sh,pZfZ]geqm}
q ggy azZ”~Zgh€ ydhkle d_jm\Zggy \Qnggl%ég hllbf-aZp-
~g_jl_Ibagbo \bljzl A ijhp_k- chlh é?;fZIbqu fhA_avkhgojhggec kbkl_
Zgh€ r\b~rdhkle azZ i_\gbcjh@dkgn _ mdhh "k]Z\\g}ungyfb e _dljbqgbo
I1Zdh® ijh\_~_ggy ~hkee”r' _gv IZ hIJb q%%béj RN

: : . . jhihjz \ kbkl_fe dhhjrbgZl sh
0Zjzdl_jbklbd jh[hlb kbkl_f m|JZ\e°?R/yk b—"dgkol)(jl&\ A gz m \bleyAe kbkl f
fha_ex\Zggy a \bdhjbklZ ¥aJfABZd Im -

Ao j p Zevgbo J¢\gygv
Hkgh\gZ gqZklbgZz d<g

>ey jhajh[e_ggy hilbfeaZpecgh€ fzI fa@lbqghés e 3k 1 < es
fhn_e- e_dljhijb\hih €a&aZ e\\bdhjkaZglvu<2
Zelhjblf \_dlhjghlh migRkbegaggggbf e de—> Usp a<g akgyp < s

ljhijb\h~hf a L:> fzZl fZlbqggZ fhn_eve )%h]h

ij_"klz\e_gz \ kbgolhgg c kbkl_fe dhhjg_ﬁ_gZIarer; ak<g (sZ KvyoZ
\eAfegm Ve~ azZdhge\ nhjfm\Z gy lihijZ\esgdt + (1)
fdb ihklecgbo azZ”~Zgbo agZq_gv ihlhddah<s fhf Im
L:> yd p_ IjZ*bpecgh \bdhjbkih\m}Ivkys \Gaz gz 3% <s2 (s < Fnu-
ijh}dlm\Zggy ijb aZklhkm\Zgges Ze]hjbPFfm 3_glhj
ghlh mijZ\eeggy \ fh”*_e+ ydZ ijhihgm}ZM/kygp Z‘érlﬂ<sz <s1<r2),
Aylvky mijZ\eeggy yde fegefeamxlv _g_J]_|I
1iz1b dZ
>ey AhkesA"_ggy kbgl _ah\Zgh€ Kkbktgfb Jcﬁ ij)
\Zggy \bdhjbklh\m}Ivky fzI_fzZlbggzZz fh”_ev L: .
kbgojhggec kbkl fe dhhjrbgzl vydz J_zLemé%\zrgCtmbfz\Z qZklhlz gZijm]b "ble_g
kh[Zfb iZdMATHAB >ey jhajZomgdm dhlzZhRpZ}L:>pifd; Z £tdmlh\Z r\b~deklv jhlh
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JZ o <2 <11 <2, USl' USZ * \"\lh\'l\gh d<r2

: 9
ijh_dp=€ \_dlhj=\ ihlhde\ kIZIhjZ « jhihjz 1Zazijm K F )< Rére ®)
Ib "ble_ggy gZ hke &hhf BgHhl nep-}glb

e e PO g g, T L #\eineAgh ijh_dpe€ \_dlh
I—hej—ZdJ z]g-lghlh al yadm A-nih\e7gh Kl jm‘tz-\]%[%ﬂlhd KIZIhjRe Ralhz
] ] Ib\ge hihjb h[fhlhd kIZIhjZ « jhihjZ
Ls Lm Lye L Ln Ly, & L_m Ks L_m Je\gyggy “ey _e_dljhfAfgglgh]h
S S 3 kR
2 _p_(<r1<52 <sl<r2)- (10)
r oL 1 "2 J lihp_k jhajh[e_ggy hilbfeaZpecgh€ fh~,
1 . . dhjbkiZggyf +A_€ Zelhjblfm \_dlhjghlh d_
& g7 b tizjzt_lib ko_l}ﬁey]Z} \ gZkimighfm Ydsh Ahimklblb sh

- . i ./\ .. i N L4
azfes_ggy Lg>Tr £\="ih\-"gh —e—dljhpzlgﬁjMT#Iﬁ%I%yﬁﬂEhthQ b|?12\I l:jlm\jlzimzridma e
lgZ ihklecgZ qZkm KIZIh|Z +Zhjigkhg2- A a7 hk e T \Re€Z fhame |
dh_n-p-}gl jhak+m\Zguki+cgbe _dh_n-@fh}bfl‘ij—h gdp.y e \1.k3y99j3f\gy99y Thinax
L:> qbkeh izZj ihéxkhf_gl <g_jp-€ Qbipn \ Ginhj ihlhdhaq_ie_ggy jhlhjz [m~_
evge agZg_ggy i ZjZf_1je\ ko_fbl-e@@ﬂ's-cg«gm.kdeZ"h\m
gyL:> Lg= 0,093331;L 4= 0,092819; k, = 0,98816; Je\gyggy az mfE\b Zsh ijbcfmlv gz
ke =0,98274; Ty =1123117; T,=1,3730621; Kkimigbc \bley~

C=0,028896; ag= 30,813233;a, = 25,204152. d<g

— <,Z RglqU 11
Afegge ih bkyfUy, \bagZgzZxlvky je\ dt s25< TSTd T4 1D

gyggyfb ey \bizrdm kbgmkh€”rZevghlh \bdgé/z’\m gz
ijmlb gZ klZlhje L:> T <g9Z< Rglg Uyg; (12)

Ug Upgcos®kZ Lt L d <

rm .

Up Umsink&L 4Ot &k, dt
AUy xZfieelm”~Z i_jrh€ ]Zjfhgedb nZagh€ gZijm F )<m Rd 2 O; (14)
b gZ klZlhjeZ:#dmlIh\Z r\brdeklv h[_jlZg mpk "
gy hk_c dhhj%g®Zihqzldh\Z nzZazZ gzZijm]b d —p  mer (15)
"bl\e_ggy <bdhjbklh\mxqgb je\gyggy a\fyadm

M  \bizrdm kbgojhthdghllhggy hk_c )
s £k * ihgzZldh\ZipZadh nmgdp-€ aZ"Zgg<)f/ il Iskm: <5 Ids Il (16)

gZijm]bpz ihklecg_ agZq_ggy gZijmhdibbXeéfhggy

\_ebgbdhxih his « gmevh\_ $h hke 1 L,
Kbkl_fm je\gygv fh eb\h aZibkZlb \eAghWr T < 's?-
gh ijh_dpec \_dlhjs\ kljmfe\ ydsh \jZom\Zlb sh '
2
g (@s<g akg<y)/Rg 2) <o 14 L_m<r |Sﬂ;
L B
ls2 (As<g akpr< ) Ry 3) '
@ <1 ak <s1) Re; (4) s lebs Ki<n 17
2
lr2 @ <2 dk<s2) Rs. (5) N L.'= L L_m.K _L_m
— S S ’ r
<bdhjbklh\mxgb je\g¥ggyyde hibkm L Ly
xlv ijh_dpe€ kljmfe\ q_j_a \e"ih\e"ge ijha dhpjZo M\INgmlyjif me j\gyggy L:>

de\ kbkl_fm je\gygv fh eb\h ij_"KlZotrhbv\\B ey
kimighfm \b]Jey~e

dISl d<

=Sk K o Ly Z R U, 0;18
dd<tsl < Z Rgl g Usg; ) at S gt 2bs 4< da [ (18)
d< Y2 ¢z K< Rig Ug 0:(19)
_dtsz <a4 Rsle Ug; (7) dt ° o

d< R LnR

d< —m Y < | g —m T 0; 20
Sy B )< Rl (8) a1 T e (20)
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Mj amevj?\l jmom fZ} \b]Jey”
B R,Lm|32 0. 21) j_ jRlgeyggy j } \bley
L dZ pi
— —(4Myi 1334.3 2.25_7j):
N E £ p . dt Jr
m = 0.002814 0.0004Z; 0.2t (26)
Ivld pTKr rm|52- (22) .

GZ jbk jbk ijb\_~_ge ijhp_kb yde 0Zj:
<j_ameviZjeIl\hj_gv hljbfZeb kbkli_fmamxlv Z~_d\Zlgeklv fh” _ee |Z ~"bgZfedm
\gygwh ~“halhey} nhjfm\Zggy _e_ dIjRpAIGREERNZjh "h\" gZzkm k \ ijhp_ke
fhf_glm L:> ydbc } \bagZqZevgbf \Agfklen* ggiMaz mfh\b \bdhjbklzggy fzI_f:
\Zggy “ey ijb\_"_ggih€daz evh ch]h fgmom. | 1> \ kbgojhgg+c kbkl_fe dhhjrbgZ
P_ kmdmigeklv je\gygv ydZ#\bagZgZirtfthtm azdhge dUffmbAgegyihajZomgdh
“mev ihlhdhaq_ie_ggy + _e_dljhfZ]gedobepfdhgolaz\zgiz-iggg~realjevpvhim
sh aZe_“‘ZIv \en mijZ\.e-gv .\ ydhkle ﬁ_/glgg_bb H'Fﬂfbjbk kI_Zgh\b\ gZ je\g-
lg*lsy ijh_dpe<€ \_dihjm kijmfm klZIhjgHh Zpdfhébc fhf_ o) +jbk Gf dhlazZg
db L:> Djef pvh]lhlklpmfb} \bagZqzZegy qZklhlb gZijm]b “A\eblgpy K,
gbfb ~ey \az}fghlh a\fyadm a nZafimeypziphiaghimg_iedglgy jbk < ijhp_ke
Ug *Usp LZdbf gbghf hljbfzeb fzlihalhgym -ev€aZ atz= 6Zk ijb azdhge mi
fh~r ev _e_dljhijb\hAm ydz "ha\heyiz\\ﬁ"ggﬁs;{ mf =P ~hkylgmlZ r\bAde«klv jmor
: : : = 63 (df a Ijbkdhj _ggyf 2 «flkebqgz
jz\erggy klignky) +tp_ j+\gyggy “iihcA_ghlh reyom kiZgh\bez f  Pe ihd:
hdj_fh fh”_ev “ey nhjfm\Zggy gz?im]Ph\‘??@_fQP-Y\-Aih\-A2x|v | _ogeqgbf jhajzo
L:> \ aze_-ghkle \e® mijZ\eegv j*\Q}%9g¥jzdl [bkibdzZfimda*Zv sh ijb\_~ g
- < degp_\hfm mbjZVelg@y 89Zq_gg¥.r '\ 7Zgec jhlhle « "ZxIv fhieb\ekiv ki\_
Zfieelm”~b - qZkIth ngJm]b b\e_gg\)z| Z>|'h B\Zlgoklv fhn ge o ijh\ A ggy a
IZ gZijm]b "ble_ggy \bagZqz}lvky 9¥hTr1.<>9 NpKEY8Ydggy mijzZlesgv \ azZfdgmlec
gy \bagzqz}lvky je\gyggyfls) <dklimfhdgy e dijhijb\hAm gz hkgh\e L:>
« r\bAdhkle h[_jlZggy jhihj
< ijhp_ke+ kbglijZhesgv jhaley”rZ} e N
nZqZ fegefeaZp+€ _g_j]l _Ibggbo \bljzw / M,
]hgm Ab'ah_%a//\z Nh aZ"Zgh€ r\b~rdhkw ! 3000
\bdhjbklZgh je\gyggy r\b¥dhkle jmom i/ e —
AZ \erkmlghkle [hdkm\Zggy r\brc/f e o /
ihjpecgz dmlh\ec r\b[*dhkdgy jhihjz i/ =
ImgzZz & Je\gyggy jmom fZ} \b]Jey®r ™ : 1 ™A

50 | 1 S00 l

dz e L e
E ?p(MT M o ) , (23) 0 10 20 30 W 0 10 20 30 40
Jbkl. =jZned afegb Jblk2. =jZned afeghb
A My zlylh\bc fhf_gl ~be€aeg =fh nZaghlh kljmfm L:> fhi_glim

f_gl eg_jpe€-th@a®k =fhf_gl hihjm j~

Pt 25 T
omJr mR ;m tfZkZ "bdh€a +jZ e 1 L
mk dhe_kz L/ f
Lylh\bc fhf_gl ftih&€advZ miVhjxxlIy, /

lbjb "\blmghb L:> 1/ .

Mt = 4* M4 *i, i |
/\_i i|_J_I\Z\Zevg_ qbkeh j_"mdlh]Z 0 10 20 30 -m‘& 0 ;() 20 30 -m“‘
. Fhf_g| hlhjm af_’rl'd\lgh IjZ\be ly]h\boJJtplé:]Zn°d dh\aZggylbkd. =jZne«d
jZomgde\ qZklhlb gZijmgb ggy ihlhdhaq_ie_ggy

M Wy Gy = 9. 1+0.12/)*m,

o Rk WoGn=98R (L1+0.12)"m (24) GZkimigbf _1Zihf jhajh[e_ggy hilbfeaZp:
ljbjhajZzomgdh\hfm azZ\ZglZ _ge th~ e« kbkl_fb d_jm\Zigmyl xa mijZ\esgv « €
M, = 1334.0 + 2.257. (25) Agl;e-“‘f_gg%bed ke-r?r?gf-aj-\gygghy ) \t
. afe Ne i caZpe€ ij m j
_ Hkdeeugpnibc fhf_gl nhifm}lvky Qg%éb_bavheagAgz } _e_dyljhfZ]g-Igtr)Jc fhfj_gpl L:> J)
*j_"mdlhjz Th « r\b"dek|uIN[ZIZgqYipkm}lvky je\gyggyf 1Z r\b~rdpklx h[_jl
fZl_fZlbggec fh~_ee+ ih\bggZ \jZoh\nihZhhEky jgo%pgy < k\hx q_jlm _e_dlIjt
oh”e j_A"mdlhjz \ aZe_“ghkle \en i _jlogBtzé0§hdhi>gb\bagzZzqz}livky q_j_a kdezZ”h

keZ j_~"mdlhjz kljmfi, 1Z fh2mev \_dlhjm<ihlhydbc
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fh™ _fh \bjZom\Zlb aZ ~hihfh]lhx je\gyYg@y @ +tg\\bagZq_ge fgh 'gbdb EZ]jzg'Z
aZe_"ghkle \en kdeZ Hyh€LkymfAmydhddzonryivky «a kbkl_fb ~"bn_j_gpeZevgbo js
mijZ\edgvU, fh _fh \b[jZlb kdeZ~h\s kljmfm

@ a O(a X4 2 0; 34
lg 1Zlg  Lh[Wy =lg; Up= 1, < j_amevlIZle 9 & ©O@s 2PX (34)
fZl_fZIlbggZ fh”_ev h[f}dIm mijZ\eeggy fZ} \blJey~2 af, O. (35)
d<m R _ | R . :gZee«a fh eb\h]h \b”mQ megalpf=§
N 1 11] 11— ’ (27) . . .
dt L L r_ ggy\pyggy ==p_ kmdmigeklv _dkihg_gpe<Z

47 gbo nmgdpec a* k\h€fb ihklecgbfb «gl_]jm\

i+0_000432_+0_254_0_0125< U, =0.(28 fh eb\h \bagZqgblb ijb aZz~Zgbo gZqZevghbo

dt J m U2=0.(28) \eAih\eAgh]lh “bn_j _gpecgh]lh je\gyggy \ g

la \jZom\Zggyf agZq_gv _e_dljb@gdddmzjrAgydyy yd jer_ggy h~ghje~ghlh

j*\ ko_fb aZfels:>g@§¥l_fZlbgqgZ fh~_el\gyggy * nmgdpe<€ \bfmr_gh]h jer_ggy j-
dljhijb\h~m ij_~klzZ\ey}Ivky m \b]ey~"e yd_ \bagzZqz}Ivky \bXhffhmmgdp$e€

X; aX; aU; 0; (29p hihdhag_ie_ggy
) < j_amevlZle milg\lemggyh \e*rmdm\Z
X2 Xy & aXU, 0, (30) b \ fgh'bge kmfb _dkihg_gpeZevgbo nr
d< dz kdeZ"hjeroggy h"ghje~gh]h je\gyggy - kde
A Xy=—m, )'(2:_1; X1= < X2= Zj; \h€ \bfmr_ghlh jekbgby EmgXp-€
) dtL . dt :gZe+a fh eb\h]h \bAm @nmegyhphie
y=—T; a,="1T", jer_ggy je\gyggyp_ kmdmigeklv _dkihg_gp-.
L Ly evgbo nmgdpec as k\h€fb ihklecgbfb gl _]
AmjZom\zggyf iZjzZf_lje\ ko_fb azfds_gg¥oh”ylvky ca gZqZevgbo mfh\ ~bn_]
L:> j*\gyggy Lml fz}fh leevdb kdeZ”~h\m j
ay = 0.728;a, = 0.067;a5= 0.00043; h~ghjs~ghlh j-\gyggy

B o < j_amevlZle mig\gmdggyh \er*rmdm\Z
% =0.254:35 = 0.0125. Ib \ fgh bge Ah[mldm _dkihg_gp+Zevgbo |
Hkdeevdb h[f}dl d_jm\Zggy hibkigdezkyh\blokjer _ggy h~ghje~rgh]h je\gyggy -
b R b L R LAt
| m nZa ‘s
fham ev \_dihjm ihlhdhaq_ije_gggy thh'lPZ Y('ﬁ\éh I%h,f mij DyetpghZ xlv fkgze_h
MblmgZ _e_dljhijb\hAm 1Z r\b’\duklv%'j.kﬁ?\}n é%%é‘vm.;jvlzsg’gnbrﬁp\é’ .r(':"dlﬁd\.e‘\gbva
ih€ath “ey agZoh”'_ggyUnkBléhgy 9 ohf jer g%g/gt)-’\ih\-g"gh]h g’\ghj-’\éh]h e
[mlb. aZklhkh\zgh f_Ilh~" \Z]'Zp'Cgh]fbif/bgﬁ_gg}yd’PW]m \bagZqblb qZk "«€ pe}€
oM 50y selgsnns a2 e ALt mapincod 8] 0L A o
z1 | yd Ih1R ihlj [m} f Tha ATibFea2 I agdzzyqmy klimdimim \bleys mijzie-g
\bJey~s d\Z”jzIbgqgh]h nmgdpehgzem@9Z0dZxqgb Teyohf jer_ggy "bn_j_gpecgbo |
NeabqmhjzZ\e-dgyU, +p_ ijh_dpgs€ . nm gl p &C

. : . A \bjer, @ady*Zqge agZoh”  _ggy mijZ\es
lso \_dlhjm kljmfm klZlhjgh€ h[fhIdbijhi\EE%]%li\J/k%/Znglmigbc A

\eNih\enrge hke dhhj*bgZl . <bdhjhklhimxqgb fZl_fZlbggm fh”~ _ev L
NmgdpehgZe ydbc fegefeam} _9 db;|BAEZAPN%&bgojhggec kbkl _fe dhhjrbgzl
Ib az”Z}lvky m \b]Jey”"e \h \bagzZgblb ih\_~egdm ijh_dp<€ fh mey
T kljmfm klZlhjgh€ h[fhldb ~“\b]mgZ a]e~gh \

J C(Uf Uzz)dt. aZdhgm d_jm\Zggy

>ey Zijh[Zp+€ ~Zgh]h is"oh”m2AbdhjbklZ
o dhg d_jmWWifggonstijb i_\ghfm |_fis jha]h
>hihfe"glmongdpehgze sh \dexqZlg@_\PZG4m qZklhlb gZijm]b . b\e_ggy L:>
q_g+ fgh gbdb EZ]jZg Z aZibkm}lvky ydzq ijb ~hkes”  _gge azZUmfMeb sh

to

2 2y Ay < =p ijb | _fis gZ[hjm qzkphkb ijh_dpe€
HO (Ui U2) @ aXy aly) 5\ gihjm kijmim gz hke dhhjrbgZl fZxlv \b-
Xy aXy ay asXUp) ijb\_~_gh gZ.jbk

. . . .. P i i o**gbc ijh k "e dh ghlh ea k
<bdhjbklh\mixudyggy ?ce_jZ m”%r\eé%?(‘ﬁ( i_jJ_’\kIZ%blb Jrepy?)hf j-?/ ggzyg"]bn i_g
. A — — Y
Up +Uz agzoh?ylvky yd evghlh je\gyggy ~jmlhih ihjyrdm
U a,@2; (32) y by cy A

Uy as@Xy/2, (33) ~AbcAzihklecge dh_nepe}glb
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J _amevljZtbggy pvh]lh je\gyggy fh ebdgBEqg_THgwbagzZqzZ} i_jeh” ]Zjfhgeqgh€ ni
\bdhjbklh\m\ZIb yd \bley”t; miUjpz\eedp+€ kdeZ”h\h€ jer_ggy h~ghje~gh]lh ~bn_

aZe “ghkls \en dhbwesp nrg bedps€ ghlh-\gyggy
AZ mfh\b sh AgZq_BgyD \bagzZqzxlv \bfmr_ge+ kdeZ
Ah\e jer _ggy “bn_j _gpeZevgbo je\gygv
i la Y2 ls2s agZoh?ylvky \ ijhp_kes fh™ _ex\Zggy aZ hag
hlibfZth fer Kahle ielavay gefeazZp+€ \b[jZgh]h djbl_j*x hilbfeazZps€ \
JpTZHh Jer_@@hkohis jigyg \bizAdm fegefeaZp+€ _g_jl_lbggbo \bljZI
i b oay A (36) Lzd_ ij_~klZ\e_ggy Wip@ye*dYy fh
Vo by oY, A (37) “eb\eklv ijh\_"~_ggy hpegdb \ieB\m izZjZf

, ) kdeZz”~h\bo d_jm\Zgv gZ o*” ijhp_-km jha]hc
_9gy “bn_j_gpeZevgh]h je\gydgyeanz
t dat doty v Hkdeevdb a]e”gh je\gyggy nhjfz az
wt) G < Ye mijZ\esgv \bagZqgZzZ}lvky kmfhx kdeZ"h\bo
AN yg ¥\bfmr_gZ kdeZ”h\Z jer_ggy “bghjhgpeX®efimr_gh]h jer_gv “bn_j_gp*Zevgh
ghlh je\gyggy < ~Zghfm \biz~dm \bm{ggg/z WdbzamevIZIl jer_ggy fh eb\h ij_"klZz

\Z agZoh”blvk)A ydonsjb \bJeyne
e Ala. y(t) Besin(zt) B (39)
< j_amevlZle jer_ggy je\gygyv ~ B, B£,Zt}i\dPhgk|Zg|b
N -
ley ' _ Ijb pvhfaZz ~hihfhBhXh eb\h azZz”~zZ\Zlb
wt) e (Gelt &) y Zfieelm~g_ agZq_ggy aZ\"Zg®y #mijZ\eegg
bat jbat ibat agZg_ggy \bfmr_gh€bkde b rdrk€v aZlm
2(t) e (Ge CQéb ) B oZggy \bagZqZzZ}lvky a jer_ggy "“bn_j _gp-
A /12: b / 4c); /¢ j*\gyggy
- B b s (s s Ala Djef Ihlh ijb ~hkee”"_g* fh eb\h az”rz\Z
by A/c; b =by=0.5. gZk i_j_oe~rghlh ijhp_km h~ghjergh€ kdez?
\bagzZqgz}lvky gzZklhhjkmeZzZ ljb ijh

< ijhp_ke ~hke+""_ggybh{bFEWH 1i7¢5.c | zeeazp-€ \bAm kb]gZei AZ\ Zggy
g =¢=02,¢,c, tihklecge *gl_]jm\Zggyklgde \$gy h~rghjergh€ kdeZ~h\h€ yd
agZgzZxlv ozZjzdl_j kdeZ~h\h€ jer_ggy h'\ghj'Agi‘]Qin(zpi/Tt),
j*\gyggy o y
KdeZ b\=bs \bagZqzxIv \bfmr_g_ “J-Lig\ ebgbgZ fh eb\h]h i_jeh"m ijhledZgg)
o/\ o N\ ° N N
gy AZ “hihfhlhx pbo kdeZz~h\bo az4. |v19}‘]#1fé km \e%ihle"gh *h kdeZ"h\h€

g - . hjen yagy
g_<a§ZZ]qZ_egvggyh;T]nqujit}‘]e_ag)glgg\f/y\gyggy \p < gZrhfm \bizAdm ijb ~hke+" _ggyo [r
agzqz}lvky yd =40 k .
ljb “hkee~" gge kbkl_fb d_jm\Zggy mij.
y(t) b5(eb3tsin(Qt)1) (38) gW; *U, nhjfm\Zebkv reyohf jer_ggy “bn_j_«

:gZeh]eqgh « ey pezevgbo j:\gygv - . :

GZ jbk  + jbk  ijb\_~ _gh ]jzn+db A9ZON 780 YQ Th eb\h 1Zdh" - q_j_a
nmgdpe€ \erih\erAgh ~h je\gyggy Ve fjee AP0 agyzy aZdhge\ mijZ\eegv hkdee)
g_gv kdeZ”h\bo “bn_j_gpecgbo je\gyafrgb kdjmfe\ mijZleegv \e/rih\erZxlv + a:

G 4 b Kk5: afegb fgh gbde\ EZ]jZg 'Z aZ mfh\b ihkle

y=((sin((2*pi*t/T1)))*(D 1*exp(-0.25%)))+D2; agzZzgq_ggy fh mey ihlhdhaq.ie_ggy jhlhjz

D1 =D2 =100; T1 = 40. P_ ~z} afh]m ijb IZdhfm ij_~klZ\e_gg-

GZ jisk eblb kdezZ”h\e jer _ggy “bn_j gpeZevghlh j

y=((sin((2*pi*t/T1)))*(D1*exp(-0.25%*)))+D2; hrghjerghlh « \bfmr_gh]h Z agZqblv « ¢

D1 = 300; D2 = 100; T1=40. mfh\b ~ey kbkl_fb ~bn_j_gpecgbo je\gyg

hibkmxlv "bgZfedm ih\_"egdb g_\bagZq_ghb
gbde\ EZ]jZ@+ 5.

:égk 14(1& A egrh€ klhjhgb azdhglmijg\eeggy
80 150 p_ijh_dpe+€ly, fhamey \_dlhjm kljmfm gZ h}

80

y. A YA

jg a0 dhhjrbgZl \bdhjbklZggy ytlagZdhadhgey}

20 Lo 20 L o kdezZz~"h\bo fh"mey \_dlhjm gzZipPgm]b "ble_gg
015 30 33 0 5 10 15 20 25 Uy, ale”gh je\gygv . <bdhjbklzZggy

Jbks. =jZned Jbks. =jZned gygay nZ} afhlm \bagzZqgblb qgqzZklhIm
nmgdydd€g-Zgl nmgdyd€zZjezgl "b\e_ggy L:>
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Lzdbf gbghf \bdhjbklh\mxqgb fh eb\®Zg®edjbj ijhp_ke\ afegb _e_ dljhfZ]gel
ijh_dpec fh mey \_dlhjm kljmfm a]-"fgﬁ_j.g‘lmydg\./y\ey}lvky maZzZ]Zevg_ghx ozZjzdl_
i agZoh."bfh kdez~h\e fhimey \_@lfim 9£pjiThRivky gz hkgh\e kis\\eAghr_g
ble_ggy L:> _ _ih\gh€ hkgh\gh€ fh”_ee L:> « kis\\eAghr_g

MijZ\esggy a j_lmex\Zggyf gZijgyp A € fh~_e+ gZ hkgh\e Ze]hjblfm \
gy \bfzZ]zZ} nhjfm\Zggy thh]thevg]khoakprﬁ; @690 - )
\_dihjm gZUmtxfieelm”Z i_jrh€ JZjfhgdiy noqp ijzdibgqgh kis\izAZxlv sh ~Z} f
nZagh€ gzZijm]b gz klZlhje L:> \e"ihdpfod " RdRB1b jjh 2z~ _d\zZIgeklv tha e _c

ee aJe"gh “bn_j_gpecgbo je\gygv * < ijlhp EEeRKE&K A gV o0Zjzdl_j ijhledZgg
Ihib ~ ijhp_ke\ \bagZqZebkv \sAih\sAgh ~h |_o0geq
Nhjfm\Zggy kdezZ”h\bo \_dlhjm th'lmﬂ‘beb,\m\x \_ebgbghx ijbkdhj_ggy i*" qZ
e_ggy L:> \bf?]f\‘g”ll}l'v"y a \bdhlhbl';'d%ﬂgm NP2RBfzevg_ ijbkdhj_ggy ~h r\bA
Z Z . . Z . i - -
acm [ esazp-€ IhIhdm i 1ha Kizgh\bIv@  fib pvhim qzk jha
Ug Rslg lelsZ; 40) 1hgt=60 k « degp_\Z r\bAdeklvh€baZev
L s V=60df ]h~
Up Rio Z&<m—> K. (41) < 1Z[e « ijb\_"_gh agzq_ggy \bfmr_gb
lLm  © kdeZ”"h\bo azZ”Zggylaqntjid\edgvgh \bjZz
Nhjfm\Z gk h b +a21): a-\ . yde \bdhjbkIZigke\stjh mvke
. Hazl) lib pvh T =40

Z=A( E+p2), (42) < 1Z[2ijb\_~_ghamevlZlb ~"hkee”r"_gv kb
kl_fb d_jm\Zggy aZ mfh\b \bdhjbklZggy \+~
g Bl A +dh_nepelgl az ~hiftHPRA€@v+le \ iihp_k+ jhalhgm “ba_ev ihe€s
Lr <rm \ ijhAh\> gZkm je\ghfm k R\bAdeklv ijb |
ydh]h ijb fh” _ex\Zgge fh eb\h azZz”rZ9Zlbh|f fing\ZeZkv Ilhje\gyggy j_ameviZle\ _
[hjm gZklhlb "b\e_ggy L:> ghkle aZdhgm mijZ\eeggy hpegx\ZeZkv a
Knhjfh\Zge agZq_ggy gZklhlb gZinmeldhqgblgbe agljZqg _gh€ g _jl*€ gZ h”~bg f_Ij
gy * fh mev \gdijmjb "ble ggy L:> \bldhrjoyd?t8 Djef hpegx\Zebkv hljbfZge agZq
klhimxlvky yd \oe"ge nmgdp+*€ mijZ\gygue 2\Zdl_ fghlo afeggbo fh~_¥e fthb~rdeklv
qgec fh~_e+ _e_dljhijbXih@agZahkghtmev \_dlhjm ihjhdmdh\azZggy kljmfb
i*\gygv (6), £1). i . i
A d\zZlgeklv dhfifxl_jgbo fhﬂ_e_(éﬂ’%'iz nkghroIhfzlg-lgbeMaf_gilibfz
kbkl_fb je\gygv Iz fz] fZlbqght fHPCALANG d_juiNZgh)"gh 1Zdh€ hpegdb \_
\bdhjbkiZggyf Zelhjblfm \_dlihjgh]tbgP \E‘ﬁéifq—gm _9_J]-€ gZ h~bg f_1j i
je\gygv) i«A\_jA milvky j_ameV¥THfb Zevgbf \Zj+Zglht } azdhg d_jr
fh~a ex\Zggy ijb \bdhjbklZgge azdhg® ndhzad\gdy Iy "l =210 1jb
Uf=lonst1Z ihje\gygge agZq_gv oZjzdpvjlyfow adddg d_jm\Zggy \ degpUfibc fhf_gl o
gbo r\b~dhklse ijbkdhj_ggy Iylh\h]h<fhg_gbh g_ aZi_j_gm} a \+~hfbfb j_ame
nZagbo kljmfe\ 1Z eg a jhajZomgdhaBtmjigboi "fyke+""_gv j_Zevgh]h h[f}dIm d_
fm aZ\ZglZ _ggihEld Zev <|Z[e8 +« ijb\_~_gh j_amevlZlb ZgZeh]+q
Djef IhJZ jbkijb\_~ gh m \bJey~+ hjkers _gv aZ mfh\b az Zggyomipydiegv
deVoZjzdl_j ijhp_ke\ afegb _e_dljhfZdgrlahIymkiv jha]-theasra& envh r\b~rdhkle
f_glmgy. V=60df ]h™ 1Z \jZom\Zggy fh eb\h]h ZfiesIm
lh agZqg@gyn]b "ble_ggy L:>
t M, Hwm Al**gh |I_ogeqgbo mfh\ gZ L:> eegecgZ
"bl\e_gby klZgh\blv < :fieelm~g_ agZq_

3500
// gy nZagh€ g@jjmib*_ klZgh\bkb sh

3000
"hkylz}lvky \ degp_\bc fthf6Q@k qZXka¥

g_ggy \_ebqgbgb pe}€ gZijmibiR\Z4E

2000 / \ZjeZglm © 2 azZ\"ZggyymiiZ\dtlgvpvh

1500 l fm gz fh”_ees hljbfZgh agZq_ggy oZjzdl_

2500

J ¢
p_ke\ jhalhgm €0 agZq_ggy yde mklZgh\b¢
1000 / r\bAdeklv "bidm€anz Hf |hA
500 ijhcr_gbc reyo ft
I, c fh*mev \_dlhjm ihlh&m %

0 10 20 30 40 ijh_dp+€ fhmey \_dlhjm Ihdm klzZlhjzZ g
JbKk7.=jZn+d afegb _e_dljhtz]g-lghlh fht Gl K7 dhhitgzl +
ijib AhkeJ-A‘_gg- o7 A_hiﬁfh]]hx fgl_?‘zmngng ~dlihfZ]g-lgbc fhf—gl LG 1
\ kbgojhggec kbkl_fe dhhjrbgZl « \bdhjbkbagyibklZgZ ihImOgr&Lo’ +<I
Zelhjblfm \_dlhjghlh d_jm\Zggy azdhg jh alhdm
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LZ[ebpy<ZjeZglb azZ\"Zggy mligjZ\Ng*gvVv

MijZ\esg]| 1 2 3 4 5 6 7
lg 200 19.0 20.0 21.0 22.0 22.0 20.0
ls2 220.0 220.0 230.0 220.0 220.0 230.0 210.0
LZ[ebpy)_ameviZhke+""_gv |_fi gZ[hjm gqZklhlb gZijm]bA1¢ ggy L:>
x
i d;/’]h" S f <m» < E, ct lg, : lso, My, Gf <|I|:'107 P1/;
1 66.1 513.7 2.36 9.08 120.0 2725 2883.0 0.919 17.87
2 62.0 481.8 2.25 9.51 121.8 268.6 27060 0.820 17.23
3 68.5 533.2 2.37 9.45 127.4 281.5 2982.0 0.991 18.58
4 70.3 545.9 2.48 8.70 118.9 276.0 3060.0 1.028 18.83
5 74.5 578.4 2.59 8.35 117.7 279.2 3240.0 1.135 19.60
6 77.3 600.3 2.59 8.70 1245 288.7 3355.0 1.225 20.40
7 63.6 493.9 2.36 8.71 113.2 263.3 2780.0 0.848 17.15
LZ[ebpy<ZjeZgbZ\"Zggy mijZI\g-ty
MijZ\esg| 1 2 3 4 5 6 7 8 9 10
lg 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 30.0
lso 420 380 348 321 298 278 261 244 231 186
LZ[ebpx)_ameviZlb "hkes260gf 1h"
ci gt A ST | Sme< | EBR | dat | e ,\édf <|P|<’1o7 U< =
1 60.09 474.0 1.83 18.14 235.5 319.0 2570 0.948 11.90
2 60.06 471.9 1.88 15.09 202.8 309.3 2582 0.892 12.25
3 60.1 470.7 1.95 13.79 177.1 300.0 2598 0.853 12.65
4 60.1 469.5 2.02 12.24 156.0 289.0 2608 0.823 13.10
5 69.01 467.7 2.1 10.94 138.0 278.5 2615 0.797 13.57
6 59.99 466.7 2.19 9.87 124.5 268.5 2621 0.778 14.07
7 60.08 466.6 2.26 8.98 113.5 259.2 2631 0.766 14.58
8 59.99 465.3 2.35 8.20 103.7 250.0 2632 0.751 15.1
9 60.1 465.6 2.44 7.54 96.0 241.7 2641 0.744 15.64
10 58.5 461.7 2.50 5.10 65.0 184.2 2000 0.699 15.0
i « N : . oTe °
j]_I?)qlé]To%_{(b ¥ zh|k\e)ba§g_zngqmzq;?h f agZthzg_fm_\ga gy m \pokahidb
leyne 1.Jhaleygmle ie”"oh”b ~h ih[m”~h\b kbkl_
U/f = var jm\Zggy Ilylh\bf Zkbgojhggbf _e_dljhijb\!
N i N e
gz i_jeh*m "€ kdez“h\”"@g”““—@@yaﬁﬁr{/ﬁi_g\bc ZgZe+a f_Ih~s\ \bdhjbkiZggy
Thi-\gyggy " _ | f d_jm\Zggy _e_dljhijb\h~hf a lhqdb al
YO = sin(2*i*t/T1)*(D 1*exp(-0.25%)); _ndlhghkle <klZgh\e_gh sh \ a\fyadm a |
UJf = const+ gZc[eevr hilbfZzevghx a lhqgdb ahjm az[_ai

"bgZfeqgbo ihdZagbde\ IZ r\brdh7e€ } \_dlIt
shl\bagZgmpNZggy |h Zelhjblf f_Ih~ m \_dlhjg
jm\zZggy fh™_ [mlb ihdezZz” _gh \ hkgh\m jh

\ ihfrZevrhfm \ ijhp_Kke
\bfmr_ghx kdeZ”h\hx

jhalhgm
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hilbfeaZpecgh€ fzZIl_fZlbqgh€ fh”_ee« _e_ dMhaj)fylradm a Ibf sh kbgl_a mijZ\eeg
Am “baihe&w”Z ihfhlhx jer_ggy aZpZevghr€EZ]jZg Z i_j_N"
2.1jh\_"~_gh ZgZee+a fZl_fZlbqgbpZgdh)* agZoh”  _ggy g_\bagZq_gbo fgh gbd:
_e_dljhijb\&aMm> 1Z jhajh[e_ggy fZl_tZlbqgqgl&]Zevghfm ieZgs qZkh\bo nmgdp-c
fhr_ee kbkl_fb mijZ\eeggy Ily]h\bf _jer ddptyijlbhkl_f “bn_j_gpecgbo je\gygv \ ydl
"hf a \_dlhjgbf d_jm\Zggyf HIljbfZghhffZlgZabegvges mfh\b azZijhihgh\Zge f _Ih~b
gm fh”r _ev jmomh€hédZeaZ mfh\b kinmeZggyagghtheé¢dmhihlh*m
\Zglz _ghkle \ ijhp_ke ch]lh jhalhgm ~hRa¥0BgHE"_ex\Zggy hljbfZgh \b*b mij
r\brdhkle ydm fh eb\h \bdhjbklZIb "eywaraZkonfhgly \bdhjbklZ ggdh et hdhjm
kbgl _am mijzZ\eegv kbkl_fb d_jm\Zggy¥gg¥f=1lonst sh ~"Zeh afh]m agZclb ZgZe-lt
3. GZ\_" gkl _fZ ~“bn_j _gpeZevgb&ips\gyghr_ggy m \b]Jey”e Ibih\bo kdeZ”h\bo
ydZ \dexqz} \ k_[_ fzl_fZlbggm fh” ggv bre_j_f\rZevghlh je\gyggy vyd jer_ggy
nZagec hjlhlhgZevgec kbkl_fe dhhjrigZh <hyb¥gihlgdh]h je\gygv ¢ \bdhjbklh\mxq!
gec aZ \_dlhjhf ihlhdhaqg_ie_ggy jhllgpz i2zZfZI1j§Z kie\\e~*ghr_gv agZoh”blb mijz
Ibggm fh”_ev jmeim€ad& ewde gZ*ZxIneydhf fh”r_ex\Zggy vyde aZ”h\hevgyxlv \b
fZIbggbc hibk g_h[oe~gbc “ey \bdhigdgfgnzZkb§l_amj]_Ibggbo \bljZlI
mijZ\eegv _e_dljhijb\h”~m afegghlh kljmfmjA\\Bdbh ~hkee”""_ggy azZijhihgh\Zgh
jbklzggyf kmgzZkghbo f_lh”e\ hilbfeaZpe€« yd a lhqdb ahjm €€ zZz~_d\ZIghkle 1zd
<boh”ygb ¢a kljmdIimjb fZI _fZlblagghEZkihkmd<Zggy "~ey pee_c kbgl _am mijz
kbkl _fb d_jm\Zggy “ey kbgl_am mijZXéegv_aq@d¥hihfegefeaZpex _g_j]l_Ibggbo \b
gh\Zgh \bdhjbklZlgfym \ZjeZpecgh]h gdrkevbhlp "hkee”" gv gZ~"Zgh m \b]Jey”"e ]jZ
reyohf jer _ggy aZ]Zevgh€ aZ”"Zqes ED|jkg\VZ oZj¥dlhkjgbo nZah\bo afeggbo 1Z 1Z
nmgdpehgZeZ sh hilbfeam}lvky 4JjhaydpdZyxky*dy2Z2 gbkeh\s agZq_ggy oZjzdl_]
jZlbggbc nmgdpehgZe ydbc azZ*"h\hgbgpykBbbifhflb de jm\Zggy \ aZe_"ghkle \en ki
gefeazZpe€ _g _jl_Ibggbo \bljzl \ ijhpkhki{gjhadhogmjZ\teggy

a_eh€anz
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S5HFHLYHG @2406.2023Z
AFFHSWHG IRU SXEOLFDWL3R@8.202BcgylZ ~h '

HSWLPLIDWLRQ PRGHO RI WUDFWLRQ DV\QFKUWRQRBNWVHOHAWULF GULYF
M. Zapolovskyi, M. Mezentsev, O. Balenko, M. Olifir

Abstract. Approaches to the construction of control systems for the tractiontasyrotis electric drive of diesel trains
are considered. The analysis of mathematical models and thgosetefcthe method of synthesis of the controls of the electric
drive control system of the diesel train were carried out. The optimizatitrematical model of the electric drive is based on
the algorithm of the vector control method. The mathematicakhwfdhe electric drive includes a model of the traction motor,
which is presented in a two-phase orthogonal coordinate system, orientgdha@amector of the rotor flux coupling, and a math-
ematical model of the movement of a diesel train. For the ssintbé controls, it is proposed to use the method of variational
calculus by solving the general Lagrange problem. Techniqueséocaming this shortcoming of this method are proposed for
finding undetermined Lagrange multipliers. By means of modelingyphestof controls in the form of analytical ratios abe o
tained as components of the solution of the differential equatiomeg@eneous and forced solutions. The study of the proposed
model was carried out both from the point of view of its adeqaadyits applicability for the purposes of the synthesis of man-
agement. The research results are presented in the form of graphsesigs®@f characteristic phase variables and tables.

Keywords: control system, asynchronous electric drive, diesel train, vector cahgaiithms, mathematical model,
control laws, control synthesis, optimization methods, Lagrange problem, untagaamge multipliers, research.
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< 1 Ghkdh\ K X =Z\jbe_gdh < < Kdhjh*}eh\ F < =_cdh
GZpehgZevgbc | _ogeqggbc mge\ _jkbl | ©0Zjde\kvdbc iheel _o0ogeqgbc sgklk

JHAJH;D: F?LH>M HP1GDB IHD:AGBD1<
LY=H<B®E?DLJHI?J?>:QLHGHFGBO EHDHFHILB<

:ghlZpeyW~rgbf a hkgh\gbo gbggbde\ yde \bagZqgzZxlv ydekh¥hjlb\ZI} PAIhghfgd]tlghd
i_j_"Zqz L?I ey hpbgthbbktdhenxIvky ih€€ggbhillb m j_"bfZo Iy]b I1Z _e_dljbgghlh ]
\Zggy Yd ijZz\beh hp€azdlyjh\j_itE9»"blvky azZz iBdBBlgbdZfb yd mklZgh\le_gzZ 1Z Ijb
ihim geklv _e_dljhh[eZz”gZggy dh_nkpedgl dMjiDggh&|Zd€ aZijhihgh\Zgh_IB " [%jmglh
ydekgh€ hp glulaely]jhj\hl j_&2AtdhjbklZggyf «gl_ljZevghlh ihdZagbdZ ihim ghkle Hpeg
ihdZzagbde\higEh\dIjhi_j_itEigegm}Ivky \bdhgm\ZIlb gZ jhajh[e_gec dhfifxl_jgec fh”_e-

Dexqgh\e kehyZh\Z _e_dljhi_j _~ZqZ +gl_]jZevgbc ihdZagbd ilmtmeghkle dhfifx|_jgz

<klmi <bagZq_ggy _dkiemZlZpescgbo \bljZIl iZe
. . .dhfhlib\hf \bdhgm}lvky ih nhjfmes ydZ \e~

Lylh\zZz _e dljhi (L?MZgZsckgx} i_]j . a
AZghmIm ghkle “ba_ey ~h jmrecgbo g@y’] kmkage \bljZlb h Iylh\h€ jh[hlb ehdh
“blv ~h hkgh\gbo kdezZ”~h\bo yde \b ng x-tv ydeklv
jh[hib ehdhfhlji\pdvhfm fZ} \bdhgm\ZIbky gb n
adZ \bfh] ih\fyazZgbo a j_ZeecaZps}x Iy]lh\h]h amkb,ekblyp"Lt L
yd h[f_ "~ _gh aq_ie_ggyf dhe_kzZ a j_cdZzZfb Wh\q;Z'l—omin, (2)
i_j_ "quZIm ghkle "l}ageyZIhJZ gZ hke ehdh P 1
thb\Z \ aZ”~"Zghfm ~eZiZahge r\b~rdhkl_c jmom aZ[ 511 ait L

~_g_ggy jh[hlb "ba_ey azZ _dhghfe ngfb oZjzdl_
Ibdeb \ klZlbggbo « "bgZfeqgbo j_“HfHoxibh¥{é \d3|JZ|Z iZeb\Z \ aZz”"Zghfm j_"bf
kgZ hpegdZ L?1 \+~e]jZ} \Z eb\m jhev Bbzkh@j @egedv ~ba-ceyhgbp+€ dhgljhe_jZz
ehdhfhlb\e\ 1Z €0 _dkiemZIlZp+€ fZrbg-«KkIZBA,

'gZe+a e+l _jZHpprlgdZ ydhkle jh[hib @\thbIhfZ \bIjZIZ iZeb\Z ijbF g&-aZp-£€
ghfghlh ehdhfhlb\Z \bfz]Z} \b[hjm ¢ZIhRBAFRgIm
\Zggy \e~ih\e~gh]h djbl_jex Z[h peevh\h& ddkgihdhdbaogaihabp-€ dhgljhe_jzZ fZrbg-
az]Zevghfm \bizAdm 1Zdbf djbl_je}fKliZfegefmf \b
ljZlb iZeH\¥d] :gZe+a \bjZam sh \bagZPgzjhpmcgeklv sh j_Zeeam}lvky gZ dhe_k
djbl_jec ihdZamjyfoh]aZe_"g+klv \+* 1Zdbo EL)p AP P K 3)
nZdlhje\ yd _n_dlb\geklv jh[hIb "ba_ey DD>
\bljzlb g _jl*€ gZ \ezkzpgihlj_[b N _Jixihim geklv sh \e~[bjZ}Ivky gZ \eZkg-

ljib kI\hj_gge+ 1Z _dkiemzlzp+€ Z\Ihglbfghé kefihdh\Z
fhib\e\ \bgbdz} gbadz iblzgv ih\fyazdbbdlmpeykdnxba_ey ydZ \«""Z}Ivky gZ |
hkgh\gbo nzZdlhjs\ sh \ieb\Zxlv gZ €0 ydsRP>inhdkzd!ljhi_j_"Zqe \dexqZxqgb ly]h
gbdb j_"md[&]7]

lkgmxlv jeage f_Ih~b ~hka€eé dv Iylhylh\Z _e_dljhi_\jMghdkdIvky ~h hkgh\
jhi_j _~"Zme+klZlbggbmgZfeqgbo j "bfz@Dbjh nZdlhje\ sh \ieb\Zxlv gZ yd+klv jh[hlb
[hib Ze_g_ \ke \hgb ~Zxlv ~hklZlgVithIR\g}dIb\gm 1Z
gZhqggm <gnhjfZpex ijh 0Zjzdlhgp&lbdb Ilyphi_j_I\hj_gge f_oZgeqgh€ _g_j]<€ "ba
dljhi_j ~Zqe Z fZl _fZlbgges fhh_ e ShEoIhqEmMxPy jl*Xx jmom ehdhfhlb\Z ih\bg_«

"hkblv kdez~ge \Zlbky jy® \bfh] ih\fyaZgbo a j_ZeeaZp-}x
< ~Zgec kIZIle ijhihgm}ivky ijh\hapikbgaykghif_"_gh]lh aq_ie_ggyf dhe-k a
hpegdm hglke\ dljhi_j \*Zgofzo ly]b Izihkgh€ i_j_"Zqe ihlm ghklg_{BEhj&v\ aZ

evim\Zggy a \bdhjbklzggyf +gl_ljZzeVeghghfmdz4ghalygs r\brdhkl_c jmom az[_
ihim ghkle Z hpegdm “bgzZfeqgbo \elKb\hk&_eyypZ _dhghfeqgbfb oZjzdl_ kalt
\h€_e dljhi_j ABdhgm\Zlb gz jhajHi&lbagbogzisqgbo j_"bfZo

dhfifxl_jgec fhr_es GZ jbk ijb\_~_gZ kljmdImjgZ ko_fzZ L~
- - lhjghlh \Z]hgZ- im&arev->?ELy]h\bc ]_g_
Hkgh\gZ qZklbgZ jZlhj ydbc h[_jlZ}Ivky, \»~j ~@abeéjyfgm

M az]zZevghfm \biz~rdm \ ytaxlepebkl§onvdr@\lhghfges <g\_jlhjb gZijm]b :1G
gdb ydhkle jh[hlb ehdhfhlb\Zz \bdhjbkjig\m}lbktille-Zkbgolhgg' lylh\e ~\b]lmghb

evh\Z nmgdpe.y \bdpZibfdZeb\z
<eM |lylh\h]lh ]_g_jzZlhjz 1Z i_qZIkhjx\Zqg-\

W B mim, (1) Ihib \ezkgbo ihlj_ [ 1Q<! “bleylvky ~hihfs
A <+\bljZlb iZeb\Z kih"b\Zqe _g_j]*€
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Lyl]h\_ amkbeey m pec h[eZkle \bagZqZ}
| Ceneparop | Hrzers | izaht
F  PAaV. 6
>| AIH2 / , ()_
Bunpsimaa G_h[oe*gh aZagZqgblb sh jharbj_ggy r\l
yCTaHOBKA gh]h "eZiZzahgm aZ jZomghd agb™_ggy ihIm’
> ATH1 g_ijbimklbfh
i :gZeh]eqgbf gbghf ij ~klZ\ey}lvky 0Zjzd
klbdzZ ehdhfhlb\z \ j_"bfe _e_dljbggh]h ]z
ITYBIT [ v \Zggy dheb f_0ZgeqgZ _g_-jijrgah¥om "ba_e
Yy j_a L?l1 ]Zkblvky gZ ]Zevfelgbo j _abklhjZo
r | |ATOL || ATI2 ljb pvhfm fh eb\_ €€ \bdhjbklZggy “ey
: e_ggy “hihfe'gbo gZ\ZgiZe gwy iZkZ bj

kvdbo \Z]hge\

=jZgbggZ ]Zevfel\gZ 0ZjZdI_jbklbdZ ehdt
B f(V) gz\_"_gZ dg349b®.

Iljb _e_dljbgghfm ]JZevfm\Zgge :L> ijZpxxlv
m j_"bfe ] g _jZlhje\ e g_j_ a :1G :1C B4
xlvky gZ ]Zevfh\bcRy[&8bklhj

=jZgbggz Ily]lh\Z oZjzZddh gthifhdl & Xr
F f(V) (jbk) feklblv h[eZklv imkdm
ihklecgh€ ihIm2pgHkikh\_ amkbeey \ |
imkdm h[f_"m}lvky ~himklbfbf agZ(gmn
e _ggy dhe_kZ a j_cdhx > @

Jbk KljmdlmjgzZ ko_fz
L?1 fhlhjghlh \Z]hgZ h&a" 282 E

0 v, 7, Vs V¥

Jbk =jZgbqggZ ]Zevfe\gZ 0ZjZdl_jbklbdZ ehdhfk
(<min £fegefZevg_ ]Zevfelg_ _e_dljbgg_ amkbee

=Zevfe\gZ 0Zjzdl_jbklbdZ jbk fZ} de
eyghd ydes \bagzZqzxlvky izjzf _ljZfb L?I
hfezklv h[f_ > _ggy fz]gelghlh ihlhdm Iy]
"Mblmage\
h[ezklv h[f_"_ggy ]Zevfe\ghlh amkbeey
—» \Zo aq_ie_ggy dheek a j_cdZfb
Vr Ve ¥ h[ezklv h[f_"_ggy ]Zevfe\gh€ ihIm ghkle
Jbk =jZgbqgZ ly]h\Z 0zjzdl_jbkibdz N[eZklv h[f_"_ggy dhfmlZp-€ ~ey DL>
(Fi timkdh\Z Fyp ljb\ZeZ ly\b~d-klv Ydh€ aZalbgZc \bdhgm}ivky je\gyggy
\eAih\eAgh 7ey L?1 a dhe_dlhjghfb ~"\b]lmgZzZfb
VmaxidegkbfZevng r\brdeklv jmjog;m ehdhf]hlg\z V2 (0,7.-0,8) Vinax:- (7)
lib ajhklZggerdhkle ehdhfhlb\Z ]Zevfs\gZ
>ey L?1 ea dhe_dlhjgbfb ly]Jh\bfbif\h]ogtdf_grm}livky \e~ih\e~gh a gZklmig
DL> ihkeerh\gh]lh a[m”~ _ggy dh_nepbjgatafqg_ie_ggy

% \bagZqZz}lvky aZ \bjzahf P]/V const ®)
I 0,25 L 4 ljb agb”™_gge* r\brdhkls ehdhfhlb\Z ijb[eb
100 V AW-  df 1Th~ _e_dljbgg_ ]Zevfh kl1Z} g__n_dlI
Lylh\_ amkbeey ijb pvhim [m~_ e\eA[m\Z}IvKky i_j_oe” gZ ig_\fZlbgg_ amit

F | G 5) ]Zevim\Zggy

’ HArgbf ea ihdZagbde\ ydbc \bdhjbklh\n
NG xfZkZ ih€anrz ijb ihje\gyggs LYklIZgh\e_gZ ihim geklv _e_c
>ey L?1 a :L> dh_nepe}gl aq_ie_dglymklZhdgm\iZzggy ydZ hpegx}livky yd \e~rghr
kdm \ jZab \bsbc g+ a DL> sh amfldve _agdZhklgy imkdh\h€ Iy]lb gZ fZdkbfZe

eb\hklyfb _e_dljhf_oZgeqgh€ oZjzZdd-kdkibddhfhbb\Z ~h ihim 'ghkle “ba_ey sh '
ImgHB[eZklv ihklecgh€ ihim ghkle fZ}hhmgEZhkd Vvéy ly]b

h[eZkle imkdm 1Z deg_pv gZ fZdkbfZevhgkdeedaivdbhikikdh\e Ilylh\e amkbeey ehdhfl
ehdhfhlb\z agzZgzZxlv kljmfb \ _e_fh&lZodlyhh\j_
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NZge Z fZdkbfzZevgZ r\b~rdeklv \bagZqgzZzpgyijmgpmh[dpb adhfifxl_jgh€ fh"_ees [meb
ihdZagbd i_\ghx fejhx 0ZjZdl_jbam} jbkekidlgb gg\g yigy).
Im geklv azZdezZ”_gm \ _e_dljhmklZldm\ZgeogyZgq_ggy fhf_MIm liyhip_ke jmom ih
A\fyahd fe" iZjZf_1jZfb L?1 1Z oZEAAIZ jbkdbkgx}Ivky \e”rih\ergh ~h je\gygvVv
dzZfb ehdhfhlb\Z \bdhgm}ivky q_j_a
f oZgeqgm gZklbgm ijb\h™*m M FV) R (13)
i_j_AZ\ZEVg_ QbkEh, j_AmdlhjZ E 981G (102 1 J a> Wh ' 14
"'Zf_lj dhe_kZ max ) ( 8max 0 » ( )
\ >jmh]|bf ihdkfagbdhdfI “hehy[ thje\gyggw IFa} E\tlyq%z lc()ZjZdI jbklbdz L?I
ZeZ ihim geklv _e dlj ezZ™gZggy VY, Z+%- % kbe_e ‘b ihalhge
yd \e~ghr_ggy “h[mldm agZq_gv Ijb\Zerﬂaﬁ‘Fy]ghg%%ié?]& ‘g y”:;{€ Jka] gh h[_jlZx
dkbfZevgm r\b~rdeklv “h ihim ghkle ’\b_a&ﬁy ¢t ih - -

dZagbd 0Zjzdl_jbamydr[eZkidhfmib\ fh” . . .
iij?(\ZIb IJJb\ZEJbC qzyk [ amax tfZdkbfZevg_ ijbkdhj_ggy ih€anz

< AZgec jh[hle ijhihgm}ivky ijh\hAb\{\@<ihdh-End°rH°}glfhh'fhjml.de?mde:f.aﬁhallt‘g'
ly]hh€e dljhi_j e@dpfhib\e\ aZ «gl_]jZevgbhtd29-99Y _glymdwpm ijhp_ _
ylhhee_dijhi_j_ 91— ]jmor% ih€anrZ a”sckgx}lvky \e~ih\ergh ~h |2
ihdZagbdhf ihlnKjghyidec \jZoh\m} dh n-%;}glh
dhjbkgh€y1‘hi€€_e_dIjhi_j_o/‘Z_qoZgoqgh_équ
klbgb ijb\hAm Iy]h\e 1Z r\b~rdekges 0ZjZdl_jbkMd9.81T R, i G, (15)
ehdhfhlb\Z =« } \eAghr_ggyf iehse Iy]h\h€ 0Zjzdl_
jbklbdb ~h ihim ghkle "ba_ey Wy L1 0,012°V 0,00025 V2, (16)

1vmax APl xdh_nepe}gl mobem dhe«€ “ey ]lhjbahgl:
Kp — 3Fav. (9) eygdbl).
Pry o Al**gh a \bjzarime jhajh[e_gh
o ] ‘dhfiﬂxl_'f.hn‘_ev "ey h[gbke_ggy r\b~dhkle
>ey ihje\gyevgh€ hpegdb L?I \ J_éJaf“Z_E\_éi J “ghkle \en izjzf lje\ L?21 1Z mfh
gghlh J]Zevfm\Zggy fh 'gZ \bdhjbklh\ Zlhd\ebjzz}l kyh fiq pekted gy fhifyJdd m
ydhfm azZfeklv Ilyl]h\h€ \bdhjbklh\m} Mk_ygﬂﬁ'{ieh\fﬁf\gﬁom [ehdm h[gbke _ggy dh_n-

oZjZdIl_jbklbdz e [ehdm +gl_]jm\Zggy jbk
1Vmax
K — 3 Bdt. 10
53 O T
m PV Mc[—

AZijhihgh\Zgbf f hipsdX\Zggy [meh ! i
\_"_gh ihje\gygdveE lgldYjhi_j_ _eHEdhfh /-
Ib\e\ a jeagbfb “\b]lmgzZfb « \byle_gh Mc i
ly]b *gl_]jZevgbc ihdZagbd a :LZ \\bs — ¥
j_"bfe _e_dljbggh]h JZevim\Zggy \bs_
a DL>

>ey ydekgh€ hpegdb ~bgZfeqglo \¢ P | m
]hh€e dljhi_j eMzdprfhlb\e\ [meb \bdhg plv Mt K
kee"” ggy gZ dhfifxl_jgec fh"_ee "bg
a_eih€anrZ->?8 jeagbfb IbiZfb ly]lh\bo P Rk | Rk
Ne\ Mt Rk K

Yd \erhfh fZl_fZlbqgZ fh”_evhjmo
€a”Z hibkm}lvky je\gyggyf \b"m |_ X

1 <
5 MM (11) *s
Jbk Dhfifxl_jgzZ fh”_ev

A J+fhf_gl +g (b€ R, ney h[gbke _ggy r\bAdhkl«ifrEamz~ba_ev

Rg*jZ”*mk dhe_kZ _ . .
GZ jbk ijb\_"~ _ge ihje\gyevge ly]h\e 0Z

&+dmlh\Z r\b"(ZkVYyRy), jbklbdb yde hljbfZge jhajZomgdh\bf reyoh
M £fhf_gl ly]lb \bdhjbklZgge-}bg_gA&lmj4fb 078 ihlm"

Mkxfhf_gl hihjm jmom geklx d<l| o fZdkbfZevghx gZijm]hx ]1_g_j
Vir\bArdeklv jmomihiEar&v ickey \bijyfgh€ mklZgh\db < ~ey jeagbo

R\b~rdeklv "bih€a®*Z a mjZom\Zgdyfl ®Zbjhajh[e_gec dhfifxl_jgec fh*_ e« [mel
gbpv \bfejx\Zggy sh \bdhjbklh\mxIwky* \g¢Zy9mken*""_ggy ~bgzZfeqgbo ozZjzdl_jbl
\biz~dm \bagzZqgZ}lvky kie\\erghr_ggyfein€arzZ->?B jeagbfb Ibizfb L?I

~ GZ jbk gZ\_"~_ge* 0ZjZdl_jbklbdb ijbkd
V. 367ZRy. (12)  a=t(v) "ba -eh€arz
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ajeagbfb I1biZfb(l®d \bdhjbklZggyf :L> \eA ch]h r\bAdhkle ijb \bdhjbklZylg=):L>

2+a \bdhjbklzggyf DL>
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Development of a method for assessing the indicators of traction poweansmissions of autonomous locomotives
Valentin Noskov, Svitlana Gavrylenko, Volodymyr Skorodielov, Maksyeiko
Abstract. One of the main factors determining the quality of autonomous locaengperation is traction power transmission

(TPT), which is assessed using indicators of its operation in traction andcebeakiing modes. As a rule, the assessment of TPT is
carried out according to such indicators as the installed and consimower of electrical equipment, efficiency, etc. This article pro-
poses and substantiates a method for qualitative assessment of TPanusitggrated power indicator. It is proposed to evaluate the
dynamic characteristics of TPT using the developed computer model.

Keywords: traction power transmission, integrated power index, computer model.
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RI 8NUDLQH 3,JRU 6LNRUVN\H HyV, RDaWHFKQLF ,QVWLWXW

CONTROL MODEL OF A GROUP OF MANEUVERABLE UNMANNED AERIAL
VEHICLES TAKING INTO ACCOUNT THEIR FLIGHT SAFETY

Abstract. The article deals with the urgent scientific problem of creatinglgarithmic support for an automated
situational control system for group maneuverable unmanned aerial vehékesg into account the possibility of
improving their flight safety. To realize this possibility, the authorpased a non-linear flight model of group formation.
This is the basis for the synthesis of nonlinear control laws for theseftailtra difference of the proposed approach is
taking into account the influence of changes in the speedieextion of wind flows on the laws governing the movement
of aircraft in a group. Promising areas of research are considereelyntim application of the results obtained to jystif
the requirements for the design characteristics of control systems and thethmigosupport in terms of not only
improving their flight safety in group formations, but also ensuringspieeified performance indicators for a wide range of
possible flight tasks by a group of maneuverableafirc

Keywords: mobile unmanned aerial vehicles, control system, control law, aircraft grdopnation channel, flight
safety, group flight, wind effects, control laws, model flight safety.

through the creation of algorithms for the operation of
the control system of these moving objects. Today
Today, the dominant advantage of using moderappropriate automated control systems for the group use
unmanned aerial vehicles (UAVSs) as part of groups isof UAVS (complexes of mobile aviation systemsg ar
significant increase in the probability and effectivenedseing developed, but it is advisable to pay more
of flight tasks, while the disadvantage is theattention to the issue of increasing the level of flight
impossibility of ensuring the necessary level of flighsafety during intensive maneuvering under the influence
safety during intensive maneuvering under the influenagf the state of the atmosphere, and especially variations
of the state of the atmosphere and especially variatiomsthe speed and direction of wind flows. Therefore this
in speeds and directions wind currents. A promisingcientific article is devoted to the solution of this
approach to overcoming this shortcoming is theelevant applied task.
appropriate organization of the process of managing the . .
simultaneous use of a large number of UAVs in a groupAnaIySIS of recent research and publications
IOLJKW 7 grdupWiid K Réfiects the process of A significant amount of scientific research, the
simultaneous, compatible, coordinated, synergistresults of which are reflected in well-known
(organizationally interconnected) functioning of severipublications, is devoted to the modeling of management
aircraft (which as a rule have different flight ancprocesses in complex, dynamic, large organizational
technical characteristics load functional purpossystems, which undoubtedly include groups of aerial
equipment configuration etc.) with a clearly definewvehicles and especially unmanned ones. It is appropriate
purpose flight task. Current flight tasks, theto focus attention on the Ilatest achievements of
effectiveness of which increases significantly with th scientists in this field and analyze the results of their
group use of UAVs, today include: surveillance with th research, which are reflected in their published scientific
accumulation or operational real-time transmissién (works. In [1] describes an approach to planning the
the necessary information about ground and air objec IOLJKW SDWK RI1 3XQPDen pr€setdidJ LD O Y+
search and detection of objects, constant monitoring model of a group of aerial vehicles, which shows the
them with the necessary and possible information aipossibility of modeling movement along trajectories
energy or other effects on their functioningapproximated by arcs of constant and variable
transportation of oversized cargo; performance icurvature, as well as Pythagorean Hodographs. The
aviation and chemical works; fire extinguishing;advantages and disadvantages of modeling the
carrying out special monitoring; retransmissionmovement of UAVs and the conditions for applying the
switching, routing and transformation of departmentispecified approaches to the approximation of
radio communication signals; solutions of applietrajectories are shown. The article [2] analyzed the
scientific tasks on the study of the earth's surfacexisting approaches and features of UAV control,
parolling etc. The implementation of the appropriatidescribed its mathematical model, and proposed a
management organization for the simultaneous use onumber of different approaches to controlling such
large number of UAVs in a group flight with theaefal vehicles. The main ideas, terms of use,
provision of a given level of flight safety duringadvantages and disadvantages of the proposed
intensive  maneuvering under the influence capproaches are illustrated and discussed. The structural
atmaspheric conditions is proposed to be ensureschemes of the UAV as a control object using aerobatic,

Introduction
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navigation and automatic control methods araccount turbulent phenomena in the atmosphere, the
considered, the architectural components of thedmplementation of which in algorithmic and software
schemes are describedhe article [3] examines the syVWHPV IRU DXWRPDWH®@ndFsRipMtUR O R
existing methods of evaluating the effectiveness of tHer decision-making on piloting will increase the safety
use of unmanned aircraft systems and proposes afthe flights of these aerial vehicles.
improved methodology for evaluating the effectiveness . . .
of the use of formations of unmanned aircraft systems Presenting main material
under the conditions of unauthorized influence of  In nonlinear models, which sufficiently fully and
various factors not only directly on the devicesaccurately describe the flight processes of UMAVs in
themselves during their flight tasks, but also on grouggroup application and which have recently been
of unmanned aircraft complexe#t is indicated that increasingly used for the synthesis of situational
since the UAV control process is stochastic, it isionlinear laws of control of these complex dynamically
suggested to use probabilistic indicators to evaluate thigspersed objects, it is advisable to take into account
efficiency of the use of units of these aerial vehiclesuch a situational factor as variations in atmospheric
namely: the probability of successful completion oprocesses [1]. As the in-depth and comprehensive
flight tasks, the guaranteed probability of completinginalysis of the experience of using groups of unmanned
tasks, the probability of completing a number of taskaerial vehicles shows the influence of variations in the
from their total number, the average guaranteed resudly environment causes significant, but not always
mathematical expectation of the number of successfulpredictable changes in the aerodynamic forces and
completed flight missions by UAV complexes. Inmoments of aircraft. This significantly changes the
scientific works [46] the authors comprehensivelyeffectiveness of managing these air assets, and
considered the features and specifics of group use @fpecially in group use. At the same time the main
UAVs. A probabilistic method of justifying the choice emphasis should be placed not only on the performance
of a control system for a group of unmanned aeri@f the flight task by the formation of unmanned
vehicles is proposed which is based on Markomaneuverable aircraft but also on ensuring their flight
probabilistic models of changes in discrete states #afety in a group [2-7].
continuous time. The possibility of differentiating the It is known that a large number of factors influence
intensities of event flows depending on the states ihe dynamics of atmospheric processes. It is proposed to
taken into account. The difference between the resuliske into account the most significant of them for
obtained by the authors in these works is theonducting research, namely: the geographical location
consideration of the widest possible range of possibtsf the flight area of groups UMAVs , the type of the
application circumstances: the only requirement for thgarth's surface, the flight height of aircraft, the season,
functioning of thH UAV group -REMHFW R D Sif®©df Bdy Vdit teriperature variations [8, 9]. Therefore,
system is to ensure compliance of the random flow adlfie air environment is a complex nonlinear object, for
events with Markov conditions. The article [7] presentwhich it is problematic and not always possible to
the approaches and results of the study of effectigynthesize an adequate and accurate model of
online planning of UAV logistics in emergencyatmospheric processes when organizing the
situations. These studies are based on the use nonagement of UMAVs in a group [6,10]. The
optimization algorithms. The paper [8] proposesonducted studies show that possible turbulent
approaches to the synthesis of the UAV control anghenomena in the atmosphere can be represented by
monitoring subsystem, and the article [9] describes @&propriate nonlinear mathematical models. Among
secure voice control system for this aerial objecthem, according to the authors, the greatest interest for
Scientific works [10-12] are devoted to the constructioachieving the goal of a systematic synthesis of
of mathematical models of the movement of UAVs asituational control systems for groups of unmanned
dynamic objects, taking into account the characteristierial vehicles is represented by mathematical models in
features of actions and tactical and technical capabilitigghich it is sufficient to take into account variations in
of the aircraft for the synthesis of the control systeratmospheric turbulence affecting the profiles of wind
with support for decision-making regarding the planninflows. As you know, they are especially characteristic of
of optimal UAV routes. fast-moving air currents near the Earth's surface [1].
Thus, the analysis of the results obtained in recent  The study of the reaction of the group UMAVSs in
studies shows that scientists are now paying group to the fast-moving situational factors of
considerable attention to the problems of organizing thetmospheric turbulence variations was based on the
control of UAVs and the synthesis of control systemtheory of statistical dynamics. For a complete, accurate
for these structures. But in the known works, thand adequate description of possible management
approaches to ensuring the safety of flights of groups situations, in which the influence of the existing factors
UAVs, whose control systems provide for theof atmospheric turbulence is taken into account, models
possibility of compensating for wind effects onof the UMAVs in a group are used in the form of
maneuvering such aerial vehicles, are not sufficientiyonlinear equations that describe, in addition to the
covered. dynamic states in flight of these aerial objects, also the
The purpose of the article is to solve the task gfower plants of aircraft and their servo drives. This
synthesizing the laws of control of groups of unmanneshade it possible to synthesize the functioning
maneuverable aerial vehicles (UMAVS) taking intoalgorithms of the synergistic control systems of the
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UMAVSs in a group. Their implementation will ensurejoint flight of UMAVs in a group of two aircraft. In this
the self-organization of situational control by taking intanodel, we will include equations that describee th
account the specific features of various variants of thafluence of the processes in the signal-forming filter for
flight task for the UMAVs [11, 12]. a given wind disturbance and predicted control of the
When solving this problem, one of the possibl&JAV. To simplify the analytical modeling, the
approaches to assessing the impact of air turbulenceassumption is made that the processes of controlling
proposed. We will use the obtained results to descrimmanned aircraft are stable. This will make it possible
the general laws and determine the necessay determine the integral quadratic estimatgsof the
reqwremer;tshforumivsyn\t/cﬁss of thua}tlonal Clor.]trc‘irocesses in the control systems of the UMAVs group
systems of the S en conducting anayncawhen conducting an analytical study.
studies we will assume that the air environment is . L .
homogeneous and isotropic. Then, for all points of the Amplitude-phase  characteristicsy j&  and
airspace in which the flight of the UMAVs group isW, j& shaping filters of signal processing in control
predicted to be implemented such characteristics
mathematical expectation dispersion and density of tkt?g
distribution of the random component of the wind speed

stems of the UMAVs which adequately correspond to
e spectral densitie§; & and S, & are described

will be the same. by functions of the form
It is known that the variations of the longitudinal 2
component of the speed change of the UMAVs taking S & W j& § & 4)

into account the influence of a homogeneous isotropic . . .
medium along the trajectotly of the movement of this Where SX & . tspectral density of the input signal of
aircraft, should be representegt the spectral density the shaping filter.

Taking into account (4) and acceptirgy &,

5 (1) we find dependencies for determining the amplitude-
1 &LV phase characteristics of the shaping filters of signal
processing in the control systems of the UMAVs

2/2Lv 1
51 & —U-—°

where /2 + dispersion of the velocity of the
TRE ; .2 o2

angltudlnal component of the windy *UMAVs |W1 i | S& ,|W2 j | S& . (5)

flight speed; & tthe frequency of the components of a

random signal, adequate to the change in wind speed, Then the differential equation describing the state

which can take a value& > : L #the distance Of the first signal processing filter will have the form

traveled by the aircraft. u, VLl /o vLl o, (6)

The verticalu, and horizontalu, components of

. L and the second filter
changes in the speed of a UMAVs taking into account

the effects of intense variations in atmospheric . 132

: v.| lo v2L2y| | VL
turbulence (normal to the vector of the UMAVSs flight 1 il | |
path and Iying_ in its_ structural plang of symmetry and in Yz 1 aLl|Ye L1 v2'
the plane of its wing) are determined by the spectral u
density from the expression

(7)

Y

1 /2

. 1
whereY, u, ¥ 2V L% © %,/ VLt

a2’
Ll_z" _ 2 The output signal for the second filter, which must
1 &l1& 27 be transmitted to the input of models of control objects
© of wind action signals;uy is Y. The input signal of

To describe the dependence of the disperfipnof  poth filters as well as in extended models of control

signals X, (which identify the UMAVs group as a Objects is a signal which we denote by
complex dynamic nonlinear system) on the spectral First, it is advisable to present the flight model of
density Sy RI WKH 3ZK typé Hcti@droh Yhe |input  the UMAVSs group in general

of this system and the corresponding integral catadr X AX Gu, (8)
estimate of the impulses of these signals, we will use a

classical statistical dynamics mathematical model where X zthe state vector of the UMAVs which
b consists of the parameters of their autonomous flight

i Sl - (3) and the parameters of the coordinates of the relative

In order to use expression (3) in the synthesis §PSition of the aircraft during group movement;
the laws of situational synergistic control, it is proposed A *matrix of coefficients which describes the
to create models that describe the shaping filters for thdMAVS as a complex object of management;
transformation of control signals with the spectral G +the matrix of the efficiency coefficients of the
densities described by expressions (1) and (2). Next, itfluence of control signals on the implementation of
simplify analytical studies, we make a model of aircraft maneuvering processes) #*the vector of
dynamic system containing nonlinear equations of eontrol signals of the UMAVS.

s, &2LvY
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In equation (8) we present the matrix and G in  the rotors of the UMAVs engines, which are equivalent t

this form the increase in their thrustiy »\, />, *deviation from
A; 0O O G O the balancing positions of the engine control b&dig,

A0 A, 0f, G |0 G. (9) % =*deviation from the balancing positions of the

Ay Ay Ag 0 0 UMAVs stabilizers. The rest of the designations in siod

(12) and (13) meet the requirements accepted in the
Taking (9) into account, equation (8) will beaerodynamics of aircraft [13, 14].
represented by two systems of equations. The first of |dentical in structure matrices, which are included

them will look like in model (10) are proposed to be presented in the form
X1 AiX; G, a7 0 0 O O
Xy AgpXy Gy, (10) a1 8 a3 0 agx
A1 |ag1 agx azz 0 ags), (14)

Yo ArXe ApXy Ak

0 ay ay3 ayy ags

o In the system of equations (10) the following is O 0 0 1 0

indicated:
X1, Xo =n- measurement vectors that reflect the gy O

state of autonomous movement of the first and second 0 0y

UMAVSs, respectively; 0 (15)
Y, = -measurement vector of the coordinates of G Ys2/-

the relative position of the UMAVS; 0 9n
Ui, U, *r-dimensional vectors of variations of 0 0

control influencs; N _ The elements of the matrices (14) and (15) are
A1.-Agz xmatrices of coefficients of internal determined by numerically differentiating the complete

connections in the UMAVs model; nonlinear equations of the flight of the UMAVs by the

G, G, +matrices of UMAVs control efficiency elements of its state vector under their flight parameters.

coefficients which are included in the block matrices O'Il'hese parameters correspond to variations in the current

the form (9) for the mathematical model (10). values of the alrc.raﬁ balan_cmg process.
The second system of equations in addition to the We emphasize that wind speed variations are taken

mathematical model (10) is represented by equations gjo account in mo_dels (12), (14) and (15) in the second
column of the matricegy; and Ay, .

the form
X A X Gyl (11) Let's introduce vectors to take these influences into
cl 17ct b account, marking them a$ , $ . At the same time,
Xc2 ApXcz Goup. the influence of the vertical component of wind speed is
It consists of isolated equations of motion of £€S¢rbed in the mathematical model by the fifth

single UMAYV from the group. column.

To compile a complete mathematical model of the The possibility of describing this action is based

UMAVs flight using (10) and (11) we decompose th&®" the fact that the equations that_ describe _the
expressiongs that gd(esc)ribe t(he) dependencr:a of t ovement of the UMAVs are drawn up in the velocity

elements of the matrices included in these equations 6 ordinate system. At the same time the angle of attack

the flight parameters. For example, let's consider trf2 the aircraft is determined from the equation

most typical flight situations of the use of a group of . # A
UMAVs namely the mode of longitudinal movement 1
and simultaneous turning in the horizontal plane. Iwhere . UV ~.

longitudinal motion, the vectors of their state, which Equation (10) which describes the joint movement
correspond to the equations of autonomous motion, ¢ UmMAVs taking into account the processes of

represented by matrices of the form managing their state, as well as signals that are adequate
- L :
Xy WV 1 & 1 for variations U, , can be presented in the form
T .
X1 PV 5 & o ( (12) )_(1 Dy 0 0
. X G)Kyy D GoKosu
The control vectors of the UMAVs in the group 2 2h2l m22 Zh2
will be presented in the form Yhi Fa1 g 0
W >1Mh g, U 22M 2 (13) X, vi $ ™
In expressions (12) and (13) the symbijsand i, Xy vz $ Uy | (16)
indicate increases in the relative frequency of ratatib Yhil |0 0 v
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where  Dyy Ay GiiKyy  Dgp Agp GpKipp RD, DR B. (21)
dimension matricesn un of models of controlled . . .
autonomous movement of the UMAVS. It is appropriate Then the value of the estimatg; is determined
to present the model (16) in the form from the dependence

Z DZ yu $ 1uy, (17) lj Zn to PZn fo . (22)
In the general case, equation (21) must be solved
L .
where Z X1T Xg YhLIi +vector of the state of the 2n once. At the same time, at each step of the

solution, new valued; of matrix elements are set.

The second (simplified) approach to the solution of
T T . : AR .

Tq a . Tea this problem, which consists in the fact that instead of
Y 31 2 - $ 5 Ts -, tvectors of equation (21), we will solve equations of the form

closed control system of the UMAVs dimensign ;

aircraft control coefficients taking into account wind - T - T
speed components, -u,; D *matrix of coefficients PDp DnP 20 % 20 b - (23)
of the closed control system of the UMAVs. Then the score we are looking for is determined
In order to take into account the influence of drom the expresen
random signal on the flight of the UMAV control 5
9 9 l; B P. (24)

model, which is adequate to the variations of wind
disturbances, we transform (16) and (17) into the first | et's consider the fairess of such an approach.
extended model of the form Substitute the expression for determining the malix

z| Db % z ‘o ‘| | from (21) into (23) and obtain
U [0 wvLl uy |on' " i  AD, DIR ..P. (25)
where g N \A:VL 1; *coefficient of effectiveness of After transformation (24) we obtain the following

WKH LQIOXHQFH Rltyme §igr1élLWé—|wi(DF@9UlﬁFPﬂ
evaluate the results of the action of a random wind = T = T
lj  PD] DP R Z § Z b . (26)

disturbance signal taking into account (16) and (17) on
The conducted analytical studies confirm that it is

the basis of the second extended model, namely:

7| ID 0 $v 1 Z1 1o enough to solve equation (23) once to determine the
elements of the matrixP . In this matrix, its first
diagonal elements2n are equal to the valud;

i 1,2,..7 .

3/2 al Thus, the proposed and considered approach
where gy 1yVL?! 14 VLY, +vector of allows to algorithmically take into account the influence

- of such situational aspects of the dynamic state of the air
coefficients characterizing the effectiveness of thenvironment as the turbulence of atmospheric flows in
LQIOXHQFH RI D 32QRURpOdigialGFat ktheAsituatpRdl Yddtpol systems of groups of unmanned
ease of simplification in relation to conducting atiahl  aerial vehicles.
studies, let's present equations (18) and (19) irotime f

Zn Dnzn gn ' (20)

Y| [0 0 VALY ol | (19)

. j’
Yol |0 1 LYo |9n

Conclusions

The conducted analytical studies of the
When calculating the values df, included in peculiarities of the group use of UMAVs under the
expression (3), it is suggested to use the followingpfluence of atmospheric variations allow us to draw the

approaches. following conclusions. Thus, a necessary condition for
The first of them is that in equation (19) the actioimproving the safety of group piloting of aircraft is
of the signal t is replaced by a non-zero initial taking into account variations in the speed and direction

" . of wind flows (with the possibility of their adaptive
condition Z, fy g, and grades are determinedyompensation) in the functioning algorithms of the
situational synergistic automated control system for the
group use of unmanned aerial vehicles. To fulfill this
the system (19). requirement, nonlinear mathematical models of the

To calculate the valud;, a matrix with a single flight of a group of unmanned aircraft are proposed.
norrzero element is specifieB: , the location of which Based on these models, the possibility of compensating

) ) ] wind flow variations is taken into account during the
corresponds to the location of the coordinadgs in the  gynthesis of the laws of control of the maneuvering of

vector Z,,. After that the matrix equation is solved the UMAVSs.

f .
L 3 Zrﬁ dt along the trajectory of free movement of
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Thus, it makes it possible to form a priori the According to the authors of the article, it is
requirements for the structure of the algorithmic angromising to use the obtained results to justify the
software of automated control systems for the group usptimal functionality of the group's devices, the
of unmanned aerial vehicles, to specify technical taskequirements for the design characteristics of the flight
for conducting research and development works on tformation sensors of UMAVs from the point of view
creation of situational control systems, to form potentialf increasing not only the safety of their flights in group
opportunities for the use of non-linear models for théormations, but also a significant increase in the
study of complex processes of group use of UMAVsfficiency of performing a wide range of possible flight

and organization of management of this use. tasks.
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$FFHSWHG IRU SXEOLFDWLR®.203dcgylZ ~h

Fh~_ev mijZ\eeggy ]jmihx [_aisehlgbo fZgo\iZighBle\»bkaemgbom\Zggyf €0 [_ai_db ihevhle\
I F 1Z\e_g/di KZf[hjkwdbcDjboh\_p¥dbKZf[hjkvdbc

:ghlZpey klZlle jhaleyr"Z}Ivky ZdimZevg_ gZmdh\_ azZé&?}&jdd e g lth lalXhj agag_ggy
Z\IhfzZlbah\Zgh€ kbimZlb\gh€ kbkimfb\fijZAkbrylgm\Zggyf fZg_\j_gbo [_aicehlgbo eclZevgl
mjZom\Zggyf fh eb\hkle ie"\bs_ggy [_ai_db €0 ihevhlséb\hé&ys jZWE{ZZp-&Zpghlibgih\ZgZ
g_ee+sgecgZ fh”_ev ihevhIm ]jmih\h]h nhjfm\Zggy <hgzgkcightojaodlifyckbmlijAvesggye pbi
ih\eljygbfb azZkh[Zfb <e~feggeklx aZijhihgh\Zghlh ie~oh"WZj}Zp<Zoo m\iZgdtykNiebd gZijyfe\
\eljh\bo ihlhde\ m aZdhgZo mijZ\eeggy jmoffnei=lZ&ivabeoy gmnd;Zile)kim dlb\ge gZijyfb "hkee”"
kzf_ azZklhkm\Zggy hljbfZgbo j_ameviZle\ ~ey h[%hHoiglimddopygbdabfdhgdjzdl_jbklibd kbk
mijZ\eeggy ¢ €0 Zelhjblfeqgh]l]h aZ[_ai_q_ggy <a ih]lgy”fo g _aébdb gZeuht¥bsmg]jmih\k
nhjfm\Zggyo Ze_ e« aZ[_ai_q_ggy azZz~Zgbo ibdZagddy\rbphdhhhgkkldl}jm fh eb\bo ihevh
azZ\"Zgv ]jmihx fZg_\j_gbo e<lZevgbo ZiZjZle\

Dexqh\e kehfhieevge [_aicehlge eclZevge ZiZjZlb kbkl_fZ mijZjmiggegela2Bdghomijz\
ZiZjZls\ egnhjfZpecgbc dZgZe [_ai_dZ ihevhbh\e Jijebbtdbadidaglb mijZ\eeggy fh”r_ev [.
ihevhle\
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H= >jxgdh<HR_n_jJ; ;hjyd DF ;hjha"*g =ZeZ& AlZoZjq_gdh
GZpehgZevgbc mge\ _jkbl | ©lhelZ\kvdZ iheesl_o0gedZ f _ge Xjey Dhg”"jZIX

JHAJH;D: FH>ME?C L?JFHJ?=MEX<:GGY
>EY AHGGH2 1?J?JH;DB IE:KLBQGBO F:K ?DKLJMA1/X

:ghlZpeyhajh[e_gh ijbkljec d_jm\Zggy "ey \klZgh\e_ggy |1Z ghivhékx\Ziygly\Zjhm]ere x hl _i
ey _dkljmaecghlh dZgZem i_j_jh[db ieZklfZkboa¥Zgh€ gitljlr\bhgb \DDfhj\m j_"bfe\ ~ey k
j_ggy mfh\ klZ[eeeaZp+€ _n_dlb\gh]lh ijh\_~_ggycl hoghehdgygh¥dpheE mhkle _dkljm
dhgkljmdpecgbo hkh[eb\hkl_c \blhlh\ey}fh€ ijh*mdp+€ finkgh\gklhc crhhtkidhgZlhk]:
hkgZs_ggy ijh"mdlb\ghkle ch]h jh[hlb kIimi_gx i**]inlh\e_ jghglreim kemadZ\maog q_ggy
jh{gbpl\Zz A]e~gh KEZ®OZBY m \ ydhkle hihjgbho ZgZee<lbgqgbo kb]gZee«\ \ jhajh[pe \bd
ih\erge klZg”~Zjlge agZq_ggy jeagbpe ihl_gpeZee+\ Ibih\bo ]jZ"mx1BegboDh4[d§mpv |_jf
\Zggy k_j_"gvh€ |I_ieh\h&hhim\phklvky gZ]je\gbdZfb \ hdj_fb-ol nogdehrggbughh
gZa”"eckgx}lvky nZah\bf f_Ih~hf

Dexgh\e kehi\Z_jh[dZ iezklfzk f_Ih® _dkljma+€ ijhneev |I_pfh kdkljnib emgji]\e dgzogyZ e
dhgkljmdlb\ge hkh[eb\hkle

<klmi \_~ _ggy ijhp_km \e~rghkgzZ ijhklhlZ dhgklj

ihje\gygh g_\_ebdbZ_f IABhazljzlb Pbf ih

M a\ yadm aes ajhklZggyf h[s}fe\ \pkkdbpkyZrbhjhd_ \bdhjbklZggy _dkljm~_je\
eef _jgbo fZl _jeZee\ \ _ebdh]h agZq lJggeynmagZ[mdZKklevgec oe<feqgec o0Zjgh\ec IZ o
iblZggy ih\ yaZge a* ki\hj_ggyf \bkhdhijlgpbmdibjahpe ihesf_je\ \k_ gZkler_ \bdhj
i_j_jh[gh]lh h[ezZz~gZggy 1Z \"hkdhgzZdhymgxivklygghhhabpecge fZl_jeZeb gZih\g
K_j_~ gbke_ggbo kihkh[e\ i_j_ jh[db [[Aggfbgd g&Zclmxqge ~h[Z\db yde kmll}\h af
ihrbj _gerbf } f IThA dkljma*€ AZ hpngdbdhoZg-pgr 0ZjzZdl_jbklibdb kbjh\bgb J
gZ kvh]h~gergec ~_gv "~h k\elh\h]h_gloph [glplVBf_glm iheef_je\ kmll}\_ a[eev
ieZklfZk i_j_jh[ey}lvky kZf_ pbfifeyh/ofgwhe]h \bjh[gbpl\Z ihlj_[mxIv kI\hj_ggy \k
12} \ ijhrZ\ex\Zgges fZl _jeZem a \bkhidh2madjhdighlph mlz j_kmjkh_g_jlhhszZ~gh]h
jerdhfm klZge q_j_a nhjfmxgbc e-gkljgZfagy “edkgmi_j_jh[db m gZcjeaghfZgelger
ascgm ]Jheh\dm neev}jm a f _|lhx hippbfZg@y Gghfmhph*gergec ~_gv ijb _dkljmac%
ihi_j_qgbf i_j_jeahf ihlje[gh€ nhjfb >r@hdh]a AMbHdhjbklZggy gZ[meb h~rghqg_j\Tyq
evrbfb hoheh”” ggyf dZees[jm\Zggyf pm”™ 2jb<hbkjbk > @ \ ydbo ijhp_k az\zZglZz
I1Zggy rg_dh\bo ZizZjzZle\ ijb i_j jh[pteihe-fggybolhfh] _geazZpe€ 11 kivhj _ggy |
fZl_jeZes\ h[mfhle_gh €o \bkhdbfb &no\ghedy-ggblfb\bdhgmxIlvky h~rgbf jh[hqgbf F

ihdZagbdZfb Jheh\gbfb a ydbo } rgadhjf jugekfwdhf

, !
R —— r;—#c:uﬁ:[Y

o o I I N
e

JbK. Ko_fZ h~ghrg_dh\h]h _dkljm”_jZ [_a ahgbod® j]igaXp-E£be-@”jihjh gbgZzZ
"ey pbjdmeype€£g\h]jb\Zge_reldZ a keldAftbhjfmxgZ Jheh\dZ-11lodheH]ktjge ahgb

> 1Zevgh ih\_7egdZ fZl_jeZem ihkeef"hidt€ gkbjh\bghb hkh[ebhhhgdjpmigh
dh ghfm _1Zie _dkljmae<€ hibkzZgzZ \ >ij@neevh\Zge fh gZ ajh[blb \bkgh\hd sh 2t

G_"heedhf h~rghklZ”ecgbo q_j\Tydobohf dkbjgpge jhafejb iheef_jgh€ ijh "mdpe£
A je\ } ijb\fyadZ \keo pbo ijhp_ke\ Hobg AbiE~"dEDh aZ\bs_ge>gZ @ <k_ p_
Ihfmg_~hkdhgZee+klv ydh]lhkv ea gboihjfigelizdhiva g "hkdhgZesklIx ekgmxqgbo |_oc¢
afegb iZjzZf _Ilje\ egrbo klZ~ec sh ageggb méde&a2thj g+ gZ [Za* h"ghqg_j\Tyqggbc
gx} d_jm\Zggy gbfb « mg_fh eblex}j€0 IhblbpvdZm \bgbdzZ} iz _ijhaglz\ gy
pex IjhZgZeeam\Z\rb | _ogeqge mfh\baghlhbsaglye&alv aZz]hlh\hd q_j a imevkZpe-

64 < >jxqdh=, R_n_H <, ;hjyd J, ;hjha~FgD, =Ze%cF, AZoZjq_Jgd,R02:



ISSN 2073-7394 Kbkl _fb mijZ\eeggy gZ\*]Zp+€ kZ(78\ yadm

ahge "ham\Zggy Mkmg_ggy dheb\Zgv dokdhzI*Z4Zath]ihZ ch]lh i_j ferm\Zggy N
af_grblb "himkdb gZ ijh*~mdpex Z phapba&\ggy jhaieZ\m \ ahgm nhjfm\Zggy fh™
kmll}\h€ _dhghfe€ \boe~rgh]h iheef_jalb qgg jjIv&qglhydATyadekgbc gZzkhk ydbc \b
\bljZzqz}Ilvky gZ chlh i_j_jh[e_ggy Hfukyr moyjdZglZzo deZkbqgh€ _dkljma<€ Z
evdhkle [jZdm ydZ ihlj_[m} mlbecaZmpeEl_j_ggbc gZkhkR ajblkjkldhx gZisjghx
<erhfh sh gZ Ibkd « ydeklv ijhp_&BjZdIdjb\leMfchhx R_kl_j_ggbc gzZkhk \ 1Zdh
\Zxlvky \ _dkljm~_je \ieb\Z} ijbjh*Z jmljZjgmbhdm} ih*\ecgm jhev o fZ} deevdZ
jbggbc kdezZ”™ kbjh\bgb dheb\Zggyihl fi_jzda@mydbydb agZqghfm \gmljergvhfm hih
r\brdeklv h[_jlZggy q_j\TydZz afegzZ\¥ftkadhkltkihdheb\Zggy Ibkdm I1Z ijh*mdlb\
eZ\m ¢ |Ibkdm \ k_j_"bge _dklIjm*_jozZdhikbhisepklylwZ ihi_j_~dgjm]lklZfeyo ih
hklZggeo ijba\h”blv “h dheb\Zggy KikfdnggbhL §adlkhk azZ[_ai_qm} klZebc Ibkd I1Z
nhjfmxqgh€ Jheh\db « ijh*mdlb\ghkle \@elplv [ydigKkjee*gvh gZ \oh”e nhjfmxgh]h hj
Ahd ijba\h~blv *h g_h[oe”*ghkle \klZgh\@Zegwn dZdblyheh]leqggh]lh ijhp_km _dkljmc
s_gbo “himkde\ gZ ]_hf_Iljbgge jhafeja\hdb\jmb¥lBIb oZjzdl_jge ~bgZfeqge hkh[
Jer_ggyf \dZazZgbo ijh[e_f fh _ [mMKkdjmbdhzZ yd h[ }dIZ mijZ\esggy <klZgh\
jbklZzggy dZkdzZ”rgbo ko3, #@dKijm\&=€iphieh\bc klZg hdj_fbo ahg _dkljm~_jzZ \bag
p_kb jha”reeyxlvky gZ hdj_fe hi_jZpeE dbe€dbljilmibh\dx _g_jle}x gZ]je\Zq-\ 1Z _
fh eb\eklx hilbfeaZpe€ ijhp_ke\ az jgdohbgthdyZMMhky \ iheef_je aZ jZomghd \ yadl
ghfgh]h d_jm\Zggy KZf_ Ihfm ~hpeed ghodbjdhjbkhdf \az}fhlieb\m _e_f_qgle\ 1Z I_
\m\ZIb [sevr mge\ _jkZevg_ h[eZ"gZgayg edklim*hiz
db iheef_jdZkdzZ"rge _dkljm”_jb gZijbdeZ”> @RklZgh\le_gh sh jhae]je\ ¢ ieZ\e_g
2 > @ P_ ~halhey} \klZgh\ex\ZIb fiZijgblogZ2Nk geZjee\ \ ieZklbdmxgbo _dkljm~"_
"bfb jh[hlb \b”ree_gbo hi_jZpec ijb yehdEghky \\ hkghlghfm azZ jZomghd ”“bkbi.
A _gge \kvh]lh I_ogheh]eggh]lh ijhp_kmM '\ peehflniez gZ sh \bljZzqZ}Ivky [sevr_
< IZdec ko_fe i_j_"[Zq_gh \b”ee gaggyh¥ haj_jfl*€ Z gZ chlh i_j_km\Zggy \blj.
hi_jzpe€ "~hah\Zg_ "bl\e_ggy ieZ\e_[ggyrlZ ]Jhfhjb grvhfm dhjimk _dkljmaecgh€ f
azZpey kl\hj_ggy Ibkdm [Z ~“ham\Zgig¥dlikgghijoklj\kéc ~h\ bge ijZpx} \ j_"bfe \
hkgZs_ge hdj_fbfb ijb\h~Zfb a fh ebB\&b&y 4\llrZz az \bgyldhf ihgqZldh\bo "eey
ghfghlh d_jm\Zggy ijhp_kZfb yde \ gpmwiZd2¥xtZgZgahgm azZ\XFlZXs lyigyklyfb
>hah\Zg_ "ble_ggy “bkdh\hlh _dkljB7@Zdh*"gZ\meyz]Zevgblb kihkh[b h[e]je\m _d
j_Imex\Zlb {f jBlzgeqg_ gZ\ZglZ  _ggylZgkbjilaif j Jmex\Zggy | _fi_jZImjb \ €0 nmg
eZ\ aZ jZomghd fh eb\hkle afegb h[epagbomkhdjAd]h<klZgh\le _gh sh gZc[eevr ijb
_dkljm~_jzZ ijb g_afeggec ijh~mdlb\glkkhkhpthf Il]h]j*\m ijhfbkeh\bo _d_Ijm~"_je\ }
I1Zd_ ~“hah\Zg_ “ble_ggy “ha\hey} | _zZeagbd Zdkhkk[* aeYbdhjbklZggyf kiejZevgbo |
Abki_jlh\Zghlh iez\e_ggy _g_jlh_n_Hb\g«<kldIylddhE])\\Zge\ hihjm aZeblbo \ Ze
N_deevdZ jZae\ \bsZ g ijb \bdhjbk[BDdb ifjh\dbjely€s gZie\dee_pv sh hohiexxlv
fhr _ee iezZ\e_ggy ydzZ |j Zeecam}lvkydkYjmile 4kbihgbloec *h\"bge ahghb
qg_j\Tyqgbo _dkljm”~_jZo =hfh]_geazZp-y:jlzeieaz\\bdrjbklZggy <kgmxgbo jhajh[hc
[m\zZ}Ivky \ jh[hgbo aZahjZo \_ebgegm Zglhe #®hJdgd_ieh\bf j_"bfhf \ _dkljm~"_
afegx\Zlb dhgkljmdlb\gbfb hkh[eb\hkdyfdom} ghjfh ebleklv mkierghlh ih}*gZggy
fhx rg_dzZ gZijbdez”~ i_j fesmxgb "bgdh ZgZéh]h\blo kgegdhbo jer_gv \ dhglmje
AZ"Zq_x jhaiedhdkiZqZazZlhjz } meigA\eecggy pbnjh\bo fedjhdhgljhe je\
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JbkR. <ZjeZgl kljmdimpghpehgZevgh€ ko_fb ZiZjZImjgh]lh hnhjfe_dlgy_ dkZjkdZ ghbh@g_dh\
l1+~haZlhj +_dkljm%kljj_oggbc gZkhkijb\h”~b h[_jlh\bo hj]l]Zg+\ _dKhmmd_jZ +

8 taZ\ZglZ " m\ZevgZ ]hjéhj\pbgbc jk[hgbc aZahj "bkdh\h]h nhijkihkhzevigbc cgkljmf_gl

11 £tfh~"mevge ahgh\e gZ]je\Zqe a "Zlgbdzfb |_fi_jzMajgbit idjkdmFhigd d&b & fi_jZImjb
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>ey klzZ[eecazZp+*€ hkgh\gh]lh |_oghedhigdgh]h €& gvh]lh jhalZrm\zZggy 1zZd a\.
jZf_ljZjhp_km _dkljiméie§ZImjb jhaieizden dmeyjgh€ kljmdimjb Hkh[eb\hkle ih
iheef_fmhajh[eyxlvky Ze]hjblfb dhj_ldipm&8iimjfgbo _e_f_gle\ iheef_je\ m I|_ieh\hf
i_jZlmjgbo j_"bfe\ kleghd \ nmgdpehgmélgeoxlavh Do a~Zlgeklv "h j_ezZdkZp-£€
[Zlheh\pe a mjZom\zZggyf \bfh] \bjh[lgbldle\fBhijboih~blb m ihi_j_~gec klecdbc klZ
eh\hlh j_"bfm h[jh[db iheesf_jm Lzadyllyb&[phjxxgh€ "e£
aZ[_ai_gmxlv a[_j_~_ggy _e _dljh_g jl=teyZe-dgetlybo ihee+f je\ jeagbc jhalblhd
smxlv Ijb\Zeesklv _dkiemZIlZp+€ gZ]j*)\Zeg2dkZp+€ ~ha\hey} \b”eeblb Ijb fh eb\s ki

GzZ\_~_ge \e~hfhkle k\erqZlv ijh kdeDNged&hihdl[gbc sh \e~ih\erZ} gbavdbf |_
gljhey gZ]je\Zggy \ _dkljma<€ Ijb pvhimz§zZeZebls ebr_ijm ge * nhjfZp-€
\Zggy |_fi_jZIimjgbo j_"bfe\ \bfZ]Z} \jZomijhdggh_ezZklbggbc ijb ydhfm fh eb\e
g_ leevdb \b"m kbjh\bgb sh h[jh[espdtivky_ nhgfZmge€ sh ijb agylle gZijm]b ihk
hkh[eb\hkl_c dhgdj_lgh]lh gZy\gh]lh hpddivgdggy GZ
\bjer_ggy qZklbgb \dZazZgbo ijh[e_f « [mélyakdhi_dmqgbc o0ZjzZdl_jbam}lvky ieZ
fhiZge "hke*~"_ggy Z\lhje\ pe}€ jh[hfib *shhlbe@Zsydb sh a[_j*]Zxlvky i*key agyl
xlvky ea "\ho \azZ}fhih\eyaZgbo qZkIbhgglZ  _ggy aZebrdh\bfb

IlhklZzgh\dzZ az\"Zdbx ijh\_~_gh€ jh[hPe klZgb eegecgh]lh iheef_jm jhalZrh\m
Ib } \b\g_ggy hkh[eb\hkl_c dhgljheyegZ\\rfZghyfiljZImjgbfb ahgzfb | _fi_jZImj
_dkljmas€ jhajh[dZ ZzZ\lhghigjbbj fhmmeéem\Zggy IZ I_fi_jZImjhx iebgghkls
ex\Zggy ~ey ahggh€ i_j _jh[db ieZklbgghidKdkeadbptbffi_ jZImjb kdem\Zggy « ieb
f Ih~"hf aeykm\Zggy “hfegmxgbo nZdhg\ Yileb\m dih~h\b fZdjhfhe _dme iheef_jn
ijbcgylly jer_ggy a ijh_dIim\Zggy jhaja{fibjbHEgh\lgeh”exlv kdeZ~gbf eZgpx]hf fh
"h gbo \bfh]b fh~ mevgbc ijbgpbi h rghlibighkbdb m \ yadhl_dmqgbc klZg ydsh
e ]Jd_ i j gzZeZrim\zZggy \ aZe_ “ghkllfi\ejZliphgh?dbgghkle \bs_az |_fi_jZImjm ~*
\boergh€ kbjh\bgb 1Z \b”m « dhgkljndddb8€gbéoo hikhfedbgh]h oe<feqghlh jhaiz"m <t
\hkl_\]lhlh\ey}fh]lh \bjh[m azZ”*h\eevelalytkphdbfhj_Zdlb\gbfb gzZ \e~rfegm |_jfhie
NeZiZahg \bkhde gmleb\eklv ¢ |hqgegbobfiedfZfidgiboaZ j_oh”~blb deevdZ jZae+\ a h’
AZghlh I_ogheh]leqgh]lh iZjzf_Ijm fzZgi I\ fghbx {gajosfeqghlh jmcgm\Zggy
pey gZ”ecgeklv \erl\hjx\Zgeklv ijhklihlZhrakfiZjph\add k\h€fb f_oZgeqgbfb \eZklb\
mijZ\eeggy h[kem]h\m\Zggy \_ebdbfd j\kMpejkgpx[ltvioy Ve~ egrbo I\_jrbo « d\Za-l
JhalJey”™ \keo pbo iblZgv } \bdexqgh lZeelk\ddZa ghg _a j_eZdkZpecges y\bsZ sh kl
db ahjm ihdjZs_ggy ydhkle \b]Jhlh\ewh\dExliylkymdZeEhg ghjfZevgh€ ijm ghkle =mc
i*"\bs_ggy _n_dlb\ghkle jh[el i qZKZdegh dmkihgdgywgbc Ihfm sh \erghkgzZ *_nl
I1Z fh™ _jgeaZpe+€ _dkljmaecgh]h h[eZageqggdgpIVZ\m" "h&K]dHvho afeggbo
gZe _ggy chlh I_ogheh]eqgbo j_"bfe\ H17 1 W

<bdeZ” hkgh\ghJh fZl_jeZem "hkeml.o@@¥gz »_nhjfzpey 60 O 7 A I_fi_jz
>ey ijZzdlbggh€ j_ZesaZp+€ ihklzZ\A ghpwazag8Z2ggzZijmlZz W A gqzk GZc[-ev
gy \b\g_gbc gZdhibg_gbc ~hk\er \ hf2FHKl-fii_jjiZlim[jZ afegxxgb klZg eegecgh]h i
db \bkhdhfhe_dmeyjgbo iheef_jgbo kihehdmaZhdbehhg_gh€ [_jfhf_o¢Z&Ipgh€ djb\l
osfeqgbo ijhp_ke\ ih\_~egdb « nZah\8@ iijp Ihkjileggec f _0Zgeggec gZijmae 1 * qZ
kdez~gbo aZ [m~h\hx | _jfhieZklbggbd  ggyyhW Xé&+"m} sh aZebrdh\e ieZklbqgg-
Ib\gbo dhfihabpecgbo gZc[eevr \"b\BggdoaghdjAZXlv ijb | _fi_jZImjZo \bs_ | _fi_jZ
ee\ ijhp_ke\ jmom IZ |_iehh[fegm giebggbgbeo Li¥eh  ihdZaZgh sh ijb \bkhdbo
f jgbo k_j _"~h\bs \ mfh\Zo nzZah\h]hZlimjjZzohNm[édbam | _fi_jZImjb iebgghkle ij
dZzgZeZo _dkljmaecghlh h[ezZ”rgZggy”_kihj&Zpry Abogdbdz} ijZzdlbggh fbll}\h <« a
fb I_ogheh]leqgbo i_j_I\hj_gv hkh[dBdKIle igEjlklZggy ~ iezZklbqgbo [Z ijm
Im\Zggy jh[hlb _dkiemzZlZpe€ ijh*"maddklbgbo *gnhjfZpec \eA[m\Z}Ivky \ gZke
jlh}fghkle kmqgZkgh]h |_oghehleqgh]lh Hk&dZégWgdy dhgljhex gZlje\m.\ _dkljm
ch]h eggh\Zpecge I_g~_gp+€ jha\bldnKdez~geklv ihklZ\e_gh]lh azZ\~"Zggy s_ « \ |
<boe”gpkhdhiheef_jb ij_~klZ\eyxlgdhkgZhahgZ gZ]je\Zggy pbeeg”jzZ _dklIjm~_j
A"m’ _ \_ebdbc Zkhjlbf_gl peggbo dhdlgmmfipbhagbb ff GZ dh'gec ¢a gbo fh'gZ
fZI_jeZee\ 20 aZklhkm\Zggy \bfzZ]ZlaadZlbgy_€pm\éZd_jZImjm Ze_ klZg"Zjle\ 2
Ib\hkl_c 1Z €ogvh€ afegghkle aZe_ “ghm\eZgmyhAijZ\bevgh€ | _fi_jZImjb" g_ skgm
jh[db 1Z _dkiemZlZp+€ ghx mfh\hx } klI\hj_ggy gZ i_jrec |Z sgh?ne
AZ "ZgBi® pPheef_jb yleyxlv kh[hxakdeZa'ggZ2q_ggy |_fi_jZImjb [ebavdh€ ~h ih
kbkl_fb ih[m~h\Zge a fZdjhfhe_dmedshfApgmbkb jhaieZ\ gZ \boh?"e [er[ej |_f
xlv fe' kh[hx Z fzZzdjhfhe_dmeb kdeZ4BZaZekybdve¥s hkh[eb\hkl_c ihesf_jm 1Z d
ghd sh ih\lhjxxlvky « a }*"gZge ofedpgb€brg\daddad_Jmex\Zggy gZ]je\Zggy ijh\h"
fb Fe'fhe_dmeyjg_ aq_ie_ggy aZe_ nbfiv\Xad* [mm klilb\gh€ | _ieh\e~rrZqe ~ey aZil
eZgpx]e\ o \feklm \ gbo ]jmi sh aZfeisZx]Jpe\h*rgJ\imex\Zggy ijh\h~blb g_ijhklh
Zlhfb <aZzZ}fh”ey fZdjhfhe_dme ijbalimtbyazZgh\ahg_fh eb\eklx dhgljhex gZ]je\m
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\m \¢~ akm\gbo amkbev yde jha\b\ZxlidiybrggtbhfizéZfb \dexqgZ}lvky hoheh”™ gg
aZe_"Zlv \e”N r\b~rdhkle ih*"Zqge ]jZgmEgm *"Z\Z8pgy€]l gi_jm} aZc\_ fekp_\_ gZ]j*\Zg
eh\h€ ijh\e~rghkle \a”h\" pbeeg”jZz ahge Lml ihlje[gh \e?j_ Tmex\ZIlb |_fi_jZImj
lekey klZ[eecazZpe€ _dkljmab\gh]hzZighp gkhj-\Eg=\ Z[h aZfegblb rg_d gZ [eevr
f_j jhae]je\Z}Ivky s_ c \e® \gmljergvigBckblebdhgkyjmdp+€ 1gh”e kee”™ \ieb\ZIb
I1Z akm\m 1gl_gkb\geklv \b*ee ggy Il_ife ZjaldrejZflblvge™ g_h[os"gh "“ey jhaieZ\m
[mM~h\b rg_dZ Ibkdm jhalbg_gh]h \ dhghppk]hZz}\kpaevg gZ]je\Zggy fZl _jeZem \e
dhkle iheesf jghlh jhaiez\m GZ " lwdbd akmyghlZ@amkbev rg_dZ M IZdhfm \bi.
hlfezrgzZzggy I_fi_jzZImjz fh _ i_j_\b8mdgybl flddjZImjhx fZI_jeZem aZe_"blv \«" d
kbfZevge agZq_ggy M I1Zdhfm jZa+dpri§<fg_dHolzeh\bglh\bo dZgZ&ihkHkh[eb\h
At_ggphighfm _dkljm”A_jm g_h[o**gbdZRVv&kyl ifb \bdhjbklZgge* [Z] }jgh]h rg_dZ
i_jZlmjgbc j_"bf ey ydekgh]lh gZ]je\m *e¥i\bhAZbAqg_ggy |_ieh\h]lh ihlhdm \ g_mk
jg_ ihe_ \enrih\erg_ h~rghfm \b"m h[eidhpZkgy egdrdxfZkler_ \bdhjbklh\mxlv f_Ilh”"b
[mMm~"_ g_"~hpeevgbf P_ klhkm}lvky gZA¥dv gZghldbijgblr}€ qb egrh€ \_ebgbgb sh
mklZgh\bdfi_jZImjg_ ihe_ pbeeg*jZeg@Zjpectlgleklv L_fi_jZImjZ leeZ klegdb pbe-«(
s_ ¢ \e~ kiIVhjx\Zgh]lh Ibkdm \ Jheh\pm~ dKljm¢hf@d \biz*dm \by\ey}Ivky gZc[eev
kilmi_gy aghkm rg_dZ « pbeeg”jZ gdhdlsbfgvrey mblidjx\Zggy iZjzf_Ijhf >ey \bfe
I1Z neatmdheqgbo \eZklb\hkl_c¢ h[jh[\@oggh]li_jZImjb ih\_joge pbeesg”jZ m aZzijh
fZl_jeZem 1 ie~[e] ©ijZ\bevgh]lh ag@lyfnydyjeZdflie \bdhjbklZgexbjlef \ev_jfh
jZImjb pbeeg”jZ \bagzZqZz}lvky f_Ih*hZjigh[ydgEotZlgbd jhaley”Zlb yd gZis\h[f_"_
\mxgb afegb I_fi_jZImjb r\b~deklvihhdZdZogklv |_ieh\h]h ihlhdm sh \eArZ}]lv
rg_dzZ 1Z afegm ijhp_ke\ _dkljmae€ f_jghfm _dkljm~ZIm \e~ afegb | _fi_jZImjb il
GZ nNeeygpe \ ahgZo gZ]je\m ~_\byNeMdykwkhNdhhagZgghx nmgdpe}x
fh]_geazZpey iheef_jm |1_fi_jZImjz ih\bgl@dd2kige\e\bjh[gbge Z]j_]1ZIb o0Zjzdl_jba
ANZIb I_fi_jZImjzZf ieZ\e_ggy iheef_jhbkidhxX\dZiamZImjghx hkgZs_geklx ¢ gZcq
\bjh[gbd \ I_ogeggec "hdmf_glZpe€ MdbhZzghidhydbge Z[h ijh\h”*blvky a \bdhjbkl
I_fi_jzZImjb azZagZq_ge ihklZzgZevgbdaff qgleazZg\lhifZlbazpe€ Z[h ih\geklx Z\Ih
gmxlv ydekgbc ijhp_k _dkljm"m\ZggyZg&o Kibhhidrlgwik€o Z\lhfzZlbazpe€ [Z]ZIlh \ ¢
dhjblm\Zlb kZfhklecgh “"blv \e” pee_c 1Z az\"Zgv yde klZ\blv i_j_
ljZzdlbdZ k\e~rgblv sh dhjhlde _dibljmi¢gbjd \a®* h[e¢}fm k_jecghkle Kki_pbneqg
kie\\erghr_ggyf /' \en ~h -4 fihxdbpl\Z gZy\lghkle \erih\ergh]lh mklZlidr
ahgb gZ]je\m ;eevr ~h\]e mklZgh\dblma_ d&y-\jyhngtkehgZesafm i_jkhgZem sh [_]
r_ ggyf [/ '- gZklh fZxlvwhg gZ]jeymch]h jh[hle gZy\ghkle gZe "gh€ | _ogeqgl
Am>_ ~h\]e a kie\\er*ghr_ggyf /' glZpl&vijb ijh\_* _gge "hkblv ijhklbo I _ogl
fh mlv fZIb ~h gZ]je\Zevgbo ahg ghogthi_g&plecf \bljZlb gZkm <« dhrle\ gZ ih\g
i_jZIlmjb gZ ~eeygdZo pbeeg”jZ ih]ejiaibZxé¢X[fbVvmlv agZggh i_j_\bsblb 1Zde \|
geklv 1Z _n_dlb\geklv jhaiezZ\e_ggwzZfdjhjeZemgyZ€o ahNbyahkigZifh «a azZzklhkm
aZc\h \bkhdes ijba\h*ylv ~"h jhadez "Zgpmpy fihedklgh\h€ Z\IhfZlbazpe€ Lhfm ijb
Z[h ~h ijh[e_f \ ijhp_kes hoheh”"_ggy*hpeevghkle 1Z kimi_gy Z\IhfZlbazZp+€ g_h]|
Ajhamfeeh 2ey gZeZrim\Zggy | ofh\pAlzipghZide nZdlhjb yd fh eb\eklv ijh\_
ijhneex dZgZem _dkljm~_jZ dhgljhex\ZjEpledi[ {Z aZkh[+\ Z\IhfZlbaZp+€ jharbj,
Imjm jhaieZ\m \Z dh Z aj_rlhx gZVlelb\HEljgh -®Mymxgh]h h[eZ"gZggy 1ihdjZs g
J\bglh\hfm dzZgZee rg_dzZ az\'~b kibklZjZlprldgkhy ihdZagbde\ mklZgh\hd
i_j_iz™~ | _fi_jzZlmjgbo agZq_gv DjZs_ dhyljhepbc “hdezZ”rgbc ihi_j _~gec ZgZe-
\ZIlb I_fi_jZliimj@de_\h]h dhjimkm pbedgb\h k€& c dkljmaecgh€ |_ogheh]«€ i_j_jh
ijhkler_ klZ[eeeam\ZIb Dhgljhev gZlfZkm sphkplgliZl_ogeqgbo azZkh[e\ €€ \e/|\
ijh\h~blvky az ~hihfh]lhx |_jfhiZzjgbasyKhdEdgy hkgh\gbo aZzdhghfejghkl_c ijhp
J_Zevgbc \ieb\ I_fi_jZImjb f_IZe_\hE iidhhjébgemgdZz ieZtbeedgpr\ m ]J\bglh\bo
h[jh[ex\Zgbc fZl_jeZe hihlacj:edh\XdZgZeZo ieZklbdmxgbo _dkljm~_je\ \byle_
[m2Aydhfm \biz*dm g_h[oes~rgh kl\hjbldp khgpewvglbae ahg h[jh[e_ggy kimiegx \ieb\
j_"bf h[jzgh€ |_fi_jZlmjb "ey h[jh[nbdIig4dy\ghzE |_fi_jZImjm klegdb pbeegnjz I1Z
dhfihabpe€ NZdlbggh \bfejx}lvky |_Ym jihlerifZjnh \b[m~ "h\mxlv dhfie_dk \bfh] ~h
\_joge* pbeeg”jZ Ihfm kee” s_ c \jZahapikdb kdeEZ™h\bo dhfihg_gle\ ZiZjzZlgh]h
klZ[eeca&Zpv&vghlh \ieb\m gZ jhaiezl_q_ggy < jha”eee ihklZgh\db az\*"Zggy "hl
?dkljm~_jb ae* rg_dZfb hrgZdh\h& rdhjgmegwi¥hpe€ hkgh\ge \bfh]b "h aZkh[*\ a
Ze_ a jeagbfb ahgzZfb gZ]je\m \bfZ]Zkhvgglijb\Zhmy¥evey i*"ljbfdb azZ”~Zgbo jh[hq
ghl]h ie~A[hjm |1_fi_jZImjgbo j_"bfe\ ghghlglghgbp_ j_"bfe\ Hibk kljmdIimjb nmgo
gZlje\Zggy azZ\ZglZz' m\Zevgh€ ahgb rngZgbd fhh[h\gbpmozjzdl_jbklbd jhajh[e_gh]
\ZIbky g_j_a \bkhdbc je\_gv kibkg_gewd{hhi\MfimX$éhm [Zdh]h ki_peZeeah\Zgh]h i
\g_k_ggy fZl _jeZem 1 gzZ\iZzdb ohehjbdhetbdvkysgdvg
gbc fZl _jeZe ijhkebaz} ih klegdZo \maedhafZRfddZijbkljhx ~ey gZeZrlm\Zggy | _f
gy |Z hoheh”"m} pbeeg”j Ydsh gZ hirgZdnrjghallhg iphdhex _dkljmaecgh]h dZgZem
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jh[db ieZklbggb®Zgzkihgh\Zgh ijhklbgmXiggy aZkh[m ~h[j_ ma]lh*"m}lvky a -of
Zgl ijbkljhx d_jm\Zggy “~ey \klZgh\e_pmlgdehAbf [fmephijhp_khjgbf d_jm\zZggyf jh[h
\Zggy ijhneex |_ieh\h]lh ahgh\Zgh]lh iregZzfldKljireadfZkhh[fegm
ghlh dZgZem i_j_jh[db ieZklfZzk \ mZe_"ghfhlZ+fNBkNhx3 jHKam}lvky gZ nZah\hfm
\boer*gh€ kbjh\bgb \b[hjm j_"bfe\ ~Meyh&d\hd_pmVZggy ihim gekix sh is*\h”~blv]
mfh\ klZ[seecaZpe€ _n_dlb\gh]h ijh\_* egqljboghehgZdje\gbdes\ hihjm m \e~ih\e~rgb
ghlh ijhp_km ¢ h™_jZggy aZ”~"Zgh€ ydhkggbdkdjmgZdZ dkljmaecgh]h pbeeg”jm -
dhgkljmdpecgbo hkh[eb\hkl_c \blhlhYéykih€aijghzhzdgbdz I_fi_jZImjb i_j\bgghlh
pe€ fh eb\hkl_c ¢ "hkdhgZehkle hkghxghdz « “hlighdZz |_fi_ giimijdexf_e_\h€
ghlh hkgZs_ggy ijh~mdib\ghkle ch]h ljhjfthliizjb LO: \maeZ \e"gedZglykghd<

< kbem <g”b\e"mZevghkle 1Z fZeW®nh)lhjxaZghgh]lh hi_jZpecgh]h ie*"kbex\Zq
kle gZeZrim\Zgv j_"bfe\ _dkljmaecgbm\hZhjijZktphx 1jb]_jZz RfellZ LR ]_g_jZlh
hkgh\m iheh _gbc Z\lhghfgbc ijbgplkrghdgbfha@dhghf afegb gZijm]b =EAG "ey
<oe”gbc kb]JgZe az”ZlqbdzZ \ dh ge-g-gm\Zg-oy alnddb ijbkljhx a gZklhlhx gZijm]
\b[bjz}Ivky \boh”~ygb a I_fi_jZImjghlh de¢¥iZehgiagdZzlhjz ;= kbeh\h]h [ehdZ |
I[Z[ebpe 1Zjm\Zggy-Zephff_evih€ |_jfhibBjbgrbdZp+€ j_"bfe\ jh[hlb ijbkljhx ko_fb
@ \erih\ergh ~h I_fi_jZImjghlh ijhndZpegbidrjdA\nZ dhez |_jfhi_j_I\hjx\Zzqz izjzf
_dkljm~_jz ~ey dhgdj_Igh]lh \bjh[gbpghlh Wh[gdpaBhlhjZz "\hiheyjgh€ gZijm]b "b\e

)4 -220 8 4

] I 1 Ip

KY i b 87

Py
Hazpibruk
TXA r ]

JbKB. KljmdImjgZ ko _fZ zZ\lhghfghlh fhAmey |_jfhjhgnmiek\Zygyp tegkdbggbo fZk _dkljmas}

GZijm]lzZ az”zZlgbdz I_fi_jZImjb a ij_lgbaméighe]h
hihjghlh ~°_j_eZ ih~Z}Ivky gZ <g\_jimxqgbg \o<" tu. .
\maeZ \./\g.fzggy \bo< < \bo=EAG \_jdhj

Hihjge agZq_ggy |_ogheh]eqgh]lhgdzjBéhm Ijb]_jZz RfellZ ml\hjxxlvky ijyfhd
dh gec dhgljhevgec dZgZevgec lhqgpefif¢vkblmaa¥yez njhgl ydbo Anedkl\Zgbc’ -«
xlvky gZijm]lhx agZq_ggy ydh€ \bagdegpllivikh[hbhdhZie\i_jeh"m gZijm]b “ble_gg:
jlgbfb ~Zgbfb ]jZ"mx\Zevgh€ |Z[ebpe'vaZZk i ghkdec njhgl Aafesm}Iivkyénijb afege
I_jfh?2JK \e~r | _fi_jZImjb-Zogkff_evihi®ob[db \ kbkl_fe \erkeerdh\m\Zggy |_jfhj_1n
| _jfhizZzjb Ibi9@ >lZ dhjblmxlvky hilpfegbkZjhx Ijyfhdmlge <fimevkb sh nhjfmx
gbfb agZqg_ggyfb azZ j_amevIzZIZfb hpbodxJEQoRFaHEZ_ d_jmxlv jh[hlh}x glejlzdbg]
j_"geo |I_klh\bo \bijh[m\Zgv dhgdj_Ildhja _g&k\bohhe ydhlh afy\eyxIvKd]Ak _je€ <fin
\Zgg¥Z chlh g_eg\_jlmxqgbc \oe*” ijbévgBExgabohlghx sh \erih\erZxIv Ijb\Zehkles ijy1
f_ewexf_e_\zZ |_jfhizjz ydZ \\_"_d@baon <éizrgewids\ -]Jebdphhj aZklhkhim}lvky *e
]Jreh\ghlh dhglmjm g_]Zlb\gh]lh a\hjhZgk}Egagfhdh mhalfyam\Zggy dheX d_jm\Zgq
kbkl_fb j_]mex\Zggy <b[e] €€ IbigzkdmdghkXe] dmexxgh]h ijbkljhx azZ ~hihfh]hx
ijbjhrghx ijZdlbggh eegecghx aZe_ ~gwdghldKjXgknhjfZlhjz 1fimevkb aes \lhjbggt
| _fi_jZImjb ydZ ozZjzdl_jgzZ ~ey _e dbljjZgknhjfdjiihdbh]g_jZlhjZ d_jmxlv nZahx
f_eZexf_e_\bo kiez\s\ A=Zjygbc” kiZdjb\iZbgZ kbeh\h]h Ibjbklhjgh]lh \_glbey :
jb jhalZzrh\m}lvky [eey gZ]je\gbdZ c »ahelZldbkygbghf ijhihjpecg_ d_jm\Zggy k_j_
gdbf rzjhf |1_jfhklecdh]h 2e_e_dljbddm Jekdbpmy¥]lje\ZqZ Ih*"ZgqZ _g_gk€ \ h[T}dI
gZijm] az”~Zlqbdz « I_jfhizZzjb } kb]lgHeky thmolb@hbej ihdb I_fi_jZImjZ gygvhfm g_
GZ \oh”e dZkdZ"m ma]h”" _ggy kblgze ilybbliddbgXkdedggy Ijb pvhfm gZijm]Z gZ \k
NZYlvky a gZijm]lhx nhjfm\ZgqZ eegeggbpacghdh€-gibex\ZqzZ gzZ[eb Z}Ivky "h gme
ijmlb \bc \_glbev azdjb\Z}Ivky ijbazdjb\Z}Ivky
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Kbkl_fZ ih\eevgh ijhoh”blv gq_j_a gbddnm ilaikZem\Z blb sh \bagZqgzZxgb izZjzZf
"h\gbo d\Zae+[ebavdbo klZge\ \eM\hjkkigimaaZd&lgmihlhdm g_ijyfbfb f_Ih”"Zfb ¢
\_ebgbgm I_ogheh]eggh]lh iZjZf_Ijm hghahg3ohXhji¥dly ~h”~ZIdh\e ihob[db g_ ih\
gyljbkljec a 1Zdbf eegecgbf ~h”rZldh\bfifeEdEZxbhtfbfejx\Zgbo \_ebgbg >h~"Zldh\e i
g_J1ZIb\gh]lh al\hjhlghlh al\eyadm \by\dip} akei\dw xdvZley ijbims_ggyfb 1Z kijhs_gg
"geklv \enr g_klZ[eevghkle \boe*gbo ditlih gjbglfsZxdvikly ijb _fiejbgghfm jhaley”e« ijh
\_ebdec ]Jeb[bge g_J]ZIlb\gh]lh a\hjhlgimamaiflyaedmh[dZgm g_gvxlhgh\kvdbo k_j_~I
ihim geklx azZ[_ai_gm} g_ leevdb \bkhpgim\Zggecybkif{s\ ca iheef jgbo fZl jeZe-\
dh_nepe}glZ i _j "Zge Ze_ ¢ keZ[dm aZe_ "geklv \g%-k" h\db
gh€ ihim ghkle \e® dheb\Zgv gZijm]b “b\e_ggy 9

I _j \Z]hx ~Zgh]lh kihkh[m ijb |_ogeqdhajlcbdhgh ijbkljec d_jrmkEZhph\e ey
j_ZeeaZpe*€ m kbkl_fe d_jm\Zggy gZlgy\dZdZfbmmexhzggy ijhneex I|_ieh\h]h ahgh
pehgZehgihgheh]eggbo ahgZo azZ \+«"obeygggkljmfaecgh]h dZgZem i_j_jh[db ieZKkl
i_jZlmjghlh izjzf_1jz ijb \bjer_gges ehKihleleg\h€ \b*m \boergh€ kbjh\bgb \b[hjm
aZ"Zd+\bdhjbklZggy m kbkl_fe azZ”zZItybdy Kli\djjZigdy mfh\ klZ[secaZp+e€ _n_dlb\gh
jZ c esgecgh]lh g _]Zlb\ghlh a\hjhigh]h_adwddmghéhiegqghlh ijhp_km ¢ h”_j Zggy
"gh€ eegecgh€ aZe "dghlKde oljhjffheydhkle _dkljm~Z1Z dhgkljmdpecgbo hkh[eb'
Zexf_e \bo kieZ\e\ \e” jeagbpe |_fi_ jblmjeyEihgziph"mdpe€ fh eb\hkl_c ¢ ~hkdr
gh]l]h « oheh~gh]h kiZz€\ ydZ kvh]h~drkgh\ghdhjbkimimfe gh]lh hkgZs_ggy ijh"mdl
}vky \ “hArghfm ih~e[ghfm ZgZeelbqgbhitnmh[daZlkhklmi_gx ie*]hlh\e_ghkle h[kem]l
Kihke[ aZiZl_glh\Zgbd¢l@@®| hjzfp y\ey} ldhgli_jkhgZem ~h azZ[_ai_qg_ggy \bjh[gbpl\Zz
j_k aZ ko_fgbf » dhgkljmdpecgbf rey &4 "\mEG 60584 \ ydhkle hihjgbo ZgZe-
ijh[e_fb nhjfm\Zggy aZdhgm j_ ]Imex\bggypo kbljgzes\ \ jhajh[pe \bdhjbklZge \e~
Imjb h[T}djEZklbc a \bkhdhx gmleb\<KK g *aZhjpe agZq_ggy jeagbpe ihl_gpeZee\ Ib
rhx jhajeagx\Zevghx a”Zlgeklx J_Zera\delvghodZ[ebpv [_jfhizj LO: Ibi D Dt
kmgzZkgbo dhfie _dimxgbo _e f glZo\Zydey K_jrcydvhE I_ieh\h&€h hiki\Vighikivwky
]Jhlihleyxlvky ¢ fh™_ [mlb aZijhihgh\zZgdld-t*glydbibh\ hdj_fbo nmddpeghehé¢vagh
jbklZggy ijb \bjer_gge ZgZeh]leqgbo agbhr@@h@Zeckgx}lvky nZah\bf f_Ih~hf
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Development of thermo-regulation modules
for zone processing of plastic materials by extrusion

O. Dryuchkq O. ScheferB. Boriak N. Borozdin V. Galai R. Zakharchenko

Abstract. A control device has been developed for setting and correctimgafile of the thermal zoned field of the ex-
trusion channel of processing plastic masses depending on the tygve wiaterial; selection of modes to create conditions for
stabilizing the effective implementation of the technological process anchiogtéiie specified quality of the extrudate; struc-
tural features of manufactured products; possibilities and perfectiore aghéin and auxiliary equipment, productivity of its
work; degree of preparedness of service personnel to ensure prodActiording to IEC 60584 1:2013, standard potential dif-
ference values of typical TXA thermocouple graduation tables (type K) wertkas reference analytical signals in the develop-
ment. Correction of the average thermal power supplied by heatwggam functional technological zones is carried out by the
phase method.

Keywords: plastics processing, extrusion method, thermal extrusion channegépoaofiltrol systems, design features.
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Yevgeniy Bodyanskiy, Olha Chala

Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

ADAPTIVE DOUBLE NEO-FUZZY NEURON AND ITS COMBINED LEARNING

Abstract. Thesubject of the studyin the article is the process of data classification undeditions of fuzziness and
a limited volume of training sampl&he goalis to enhance the double neo-fuzzy neuron withifrdmaework of solving
the data classification task with constraints on taming sample volume, processing time, as well as figza and non-
stationarity of input datalhe tasksinclude improving the double neo-fuzzy neuron to enbahe system's approxima-
tion properties and developing a combined system leamietfpod to ensure fast performance in an online mote.
approachesused are lazy learning, supervised learning, and saifiileg. The followingesults have been obtained: the
double neo-fuzzy neuron has been modified by introdugiogmpressive activation function at the output, creatimg
ditions for building a neo-fuzzy network capable of adapto non-stationary input data in an online mode amiding
the vanishing gradient probleronclusion. A combined learning method for the double neo-fuaeyron has been
proposed, involving parallel utilization of lazy learnirsgipervised learning, and self-learning with the "Winhiakes
All" rule, followed by automatic formation of membergHunctions, enabling fast online classification in thesgnce
of outliers in the input data.

Keywords: fast data classification, online classification, fuztassification, short sample, neo-fuzzy neuron, combined
learning.

. problems [8, 9]. What sets a neo-fuzzy neuron apart is its
Introduction integration of nonlinear synapses in place of traditional

Today, artificial neural networks (ANN) have beersynaptic weights, with each synapse embodying the F-
widely used to solve a wide range of problems related tecansform [10]. This approach facilitates universal
Data Mining, primarily due to their universal approximating properties using a system of kernel
approximating capabilities and their capacity to adjushembership functions, including conventional triangular
their parameters (learn) by optimizing the adoptetiinctions that satisfy the conditions of unity partitioning.
objective function (learning criterion). The mainlt's noteworthy that the neo-fuzzy neuron also offers
Juilding block” of ANN typically comprises elementary piecewise linear approximation, the quality of which is
perceptrons by F. Rosenblatt, each using a particulsignificantly contingent on the count of membership
nonlinear activation function (most referred to as th&nctions within each nonlinear synapse.
Squashing activation function). Often, no more than A further progression in the evolution of the neo-
three layers are required to achieve the necessary levefu#zy neuron is the Double Neo-Fuzzy Neuron (DNFN)
approximation accuracy from a different perspectivgll, 12], which distinctively incorporates a non-linear
However, the training of ANN with a squashingsynapse at its output (as opposed to an activation
activation function encounters significant computationdunction), supplementing the non-linear synapses at the
challenges, often referred to as thanishing gradient inputs. Importantly, the F-transform at the neuron's
problem, which leads to a halt in the training processutput can accommodate various forms of traditional
causing networkparalysis. Consequently, modern deepactivation functions, including squashing functions,
neural networks (DNNJ1 8] have abandoned squashingwithout disrupting the vanishing gradient.
functions (such as sigmoid and tanh) in favour of Both in NFN and DNFN, the number of
piecewise linear functions (ReLU, PRelLU, etc.) whoseiembership functions in nonlinear synapses is
derivatives are commonly used as activation functionpredetermined  (usually = based on  empirical
most of which do not yield zero values. considerations), evenly distributed along the abscissa

Since such activation functions do not fulfil theaxis. Enhanced approximation quality can be achieved by
conditions of G. Cybenko's approximation theorem [4dynamically determining the requisite number of these
ensuring the required accuracy necessitates DNNs ftonctions and adapting the positioning of their centres
encompass a substantial number of layers, neurads, dhis necessitates an augmented training procedure that
synoptic weights. Consequently, this demands dncorporates adjustments to the number and centres of
expansion in the volume of training samples and setupembership functions. This innovation is anticipated to
time. Although the application of adaptive piecewisedin augment the precision of DNFN in comparison to
activation functions can expedite the learning prefgls systems with predetermined counts and shapes of
the need for substantial amounts of training datsigter  activation functions - membership.

This situation can potentially be enhanced through  The primary objective of this article is to
the utilization of advanced nodes in lieu of traditionainvestigate and propose an alternative approach that
neurons, with one such alternative being the neo-fuzgyercomes the limitations encountered in traditional
neuron (NFN) [6, 7]. The advantages of neo-fuzzgrtificial neural networks (ANNSs) and their training
neurons have been showcased in addressing variousthodologies. In particular, we aim to address the
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challenges associated with the "vanishing gradient” Architecture of the Double neo-fuzzy neuron
problem, which impedes the training process of ANNs . . P

with certain activation functions. Additionally, we seek The DNFN argh|tecture IS ShOW” in Fig. 1 and
to enhance the accuracy and efficiency of the adaptif@nsists o 1 nonlinear synapsdss, i 0,1,...n the

learning process within neural networks. scheme of which is shown in Fig. 2.
K
% (K)o NS U (%(K)
Uo (K)

%,(K)—— NS

U, (%,(K)
Fig. 1. Double neo-fuzzy neuron

P m( Triangular ones satisfying the Ruspini conditions
v A are most often used as the membership function in NFN,
: due primarily to numerical simplicity, although the use
I\< _ of other functions, such as B-Splines, is not excluded.
T /&/ s If the input data is pre-encoded on the interval [0,
' 1], and their centers; and c,q evenly spaced on the
: : abscissa axis' ¢cj 1 Cpj, it is easy to see that
[ - . 1 i
My e Cp1i Cpi (a 1) 7, namely, these functions can
Fig. 2. Nonlinear synapse be written in the form
1 .
The input information for training is a sample of R(X) éczi x)g ~ifx [0, ¢l 3)
vector observationsX {X1), X2),..., X(K),...,X(N)}, <9 otherwise
SCRCIC IO O K %1% 1)’
wherek or the observation number in the sample, if it is & 1ilGi G

o

specified a priori in the batch form, or the number of the .
moment of the current time, if the training is carried out o 1

online as the action information is received for Ri(%) & 1 NG 1 Gi) (4)
processing. Each nonlinear synapse contaigs if X *[CpirCp 1l
membership functions (4), p 1,....0; i 12,.n; 0 otherwise

it X *[Cp 1is Cpil,

o

o o

and A, (ug) in the output layer and tuned synaptic
weights (one for each membership functigg) andWg, .

é(xi G 1)l G 1) !

In this way, nonlinear synapses implement the

i (% if % o i i1 5
transformation adaptive double neo-fuzzy neuron G (%) ® ! >q (G 2 1L ®)
(DNFN) its combined learning. £ otherwise

- q . . .
for the input layer of nonlinear synapses. For a nonlinear
(% I p :
;’u, 05 (k) pI1 RBi Ox(R) wi (B, synapse DNFN can be written
® 1)
oy b R i Coo Up)Cao if Ug [0,
)T Ro(to(K) Wi K. Ro(U) (6)
- p1l 0 otherwise
It is also easy to write down the transformations ) 1
implemented by DNFN as a whole: Luo 5 10(Cpo S 10
. I q : if ug *[cp 1,0 Cpd:
(k) oA (R, °
8OI( ) i !Lp|1 pl()f(k))vY)l(Ig (2) PpO(u) @Cp 10 UO)(Cp 10 Cpa 1 (7)
g@" ? I| I q o if Ug * [Cpo, Cp 1,0.",
YK 1, PO fpi()ﬁ(k)) Vi (B g B .0 otherwise
p 1 1p
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- 1 Finally, the transformation implemented by DNFN
S(UO Cp_l’o)(l % 10 can be implemented in the form
RolW) ® if ug *[Cp 101, (8)

0 otherwise Y09 ay(K( : a(Rx(h Hh &k (14
i1

a feature of the membership function used in DNFN |§1 ; . : . Lo
. : : X t is, iecewise linear roximation of som
that at each time instarit only two neighbouring al 1S, @ PIecewise Tinsar approximaion of Some

functions are-fired. Suppose that the component of t@ggngdsfur(l)crfm?h els fdﬁvéifdbfth?eggﬂlgz ?{Je%hr:;?ng
inputvector - x(k) bglongs to 'the '”tef"a' functions) g, the location of the centres of these
Cpi %(K) Gy g, thatis, only two adjacent functions ¢ netions™ and (n+1)q synaptic weights, which is

are fired /(% (K) and A 1;(x (k). adjusted during the learning process.
It is easy to calculate that the signal at the input of A training procedure
the i-th inputN§ can be represented in the form: of the Double neo-fuzzy neuron
q The tuning of DNFN synoptic weights is
uO§(K) | R Or(R) wi (B implemented by gradient minimization (tutored learning)
p1 of the objective function, which is commonly used in
pi 5 (KW (K P 1 (x(R) w4 (B training and ANNSs.
o1 %G 3 Gi) " wi(B ) EW (MK 9B (YB
. . . 1 _ q n q §
%09 @)% 1 i) “v 1( Lo L Pl wpo)? £ (15)
g (K)x(K b(R pl I 1p 1 ©
where I 8§
. (v & | ax(k p &
Bk (w1 (B wi(R(G 1 &) i1 ©
® Cp 1iWpi(K § 1 (10)  where y(k) -external reference signal.
,?(k) CoiW, 11 (K (%1 Gi) ™ The learning process at each moment k is
pip LW © : . D ;
implemented in two stages: adjustment of the synoptic
and the signal at the adder input: weights of the original nonlinear synapli&, setting the
K fl‘ 11 weights of input signalNS, i 1,2,....n
Uo (k) illa(k) X(B PO (11) At the same time, it is noticeable that only the

weights corresponding to the membership functions are

_Then the DNFN output signal in general can begjusted /; and A y; , which are currentl have zero
written as '

values.
.. q At the same time, the learning process can be left as
W) p:1 Ro(U(K) vpo( ¥ itis
00 (Uo(K)Woo(K P 1o ud B) W, 1.4 B Wo(k 1) wo(k) p (KICKK o(UR),
10 UG 10 G0 TWpdh  (12) & pp 1 (16)

. Wok ) wo( 1z pzp 1,
(Uo(K) o)(G 10 G0 "W 14 B

where | (k K) YOK =learning error (k) !0 +
learning rate parameter, which means speed of
where convergence.
i} 1 This process can be optimized for speed by using a
gaO(k) (W 100K Wo(B)(G 10 G0 modification of the Kaczmarz-Widrow-Hoff algorithm
© g o 10%ol® 8 P
- 10 i) -
- cooWp 10K P X0 P ook 1) wo(K
It is easy to see thatlS,at the DNFN output does : (k) Ao (u(k)) 7
not play the role of an activation function in o Zo0U(k) P25 1 o(u(K)
F. Rosenblatt's neuron, and in some sense is close to the ® K 1 K (17)
; . \ Wp 10(k 1) Wy 10(K)
PReLU function popular in DNN, however, in our case, o
this activation function is configured, implements the F- o I(k) A 1,0(u(k))
i i ° 2 2 :
tsrsgsgc.)rmatmn and can accept you are a complicated ° 0o(U(k) P25 1 o(u(k)
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In the case when the input data is disturbed by Itis possible to improve the approximate properties
interference, an algorithm with additional filteringof DNFN by adjusting not only the synoptic weights of

properties can be used [15] linear synapses, but also the number of membership
functions and the location of their centres. Self-learning

Wpo(k 1) wpo(K) methods without a teacher and lazy learning based on the
Z 6(k)|(k)l( pO(u( k)), E)r::SCIp'e of 31HXURQV DW [E]IW be Bgéd.fQ'W V'’
wp 10k 1) wy 10(K Usually, the number of membership functions in
® o (KIKK 5 1 o(U(K) (18) nonlinear synapsesq is given by p empirical
o p 10 ’ considerations and the weights are placed uniformly with
olﬁ(k) ( ({*d(k 1) ? Fo(u(k) an interval '. Let us consider the threshold of
° 1 indistinguishability of two neighbouring centre§
< P p 1,0(u(k)) = let's start the learning process with the entry into the

) . system of the first observation of the training sample
where0 /gd 1is a forgetting factor.

1 1), ..., 1), ... The first functi
To adjust the synaptic weights of the first layer otx( ) 4 _) ¥ @ ,)ﬁ ) enrs .unc on
nonlinear synapsesNS, a standard S-rule training ©F P€Ionging o /;(x (1)) is formed so that its centre

method can be used. Ci(%(@). Then with the arrival of the second
Let us consider the derivatives of the objectiv@bservation x(2) the condition is checked

function. |%(2) g (2)] € and if it is performed for some
E(k) I(k)Wﬂ)k) ~ Wi (K) components of the input signals, then new centres are not
WA wy (K) VW formed at these inputs.
wo (K) (19) If the condition is fulfiled (on several inputs)
I(k)ao(k)o— |%(2) ¢ | %, coefficients of centers,; adjusted
! acording to the self-learning rul@Vinner Takes All
and Gis an error. [17], introduced by T. Kohonen
&k)  1(k)ap(K). (20) (2 @ AAKXE ¢ @) (24)
It is easy to write down the gradient learning  with the learning threshold parametég(2) 1 if
procedure the inequality holds for some components
;Wii(k ) wk KK & ex(R), 2G %(2) g (2), then the second membership
& p.p 1L 1) function is formed at the i-th input/g with centre
:Wii(k ) wk lzpzp 1l Csi %(2). During the second learning cycle, the

o _ _ number of membership functions in synap$S may
Optimized versions of this procedure take shapge gifferent. On the N-th self-learning step with input

accordingly signal x(N) membership functions are solved for each
;Wpi(k ) wy(K nonlinear synapsethe membership function- winner is
° (K)G pi (% (K sought F*ﬁi (%(N 1)) for which the distance
: 2pi (x (k) P 2p 1 (x(K) ' 22) [ % (N) Coi (N 1)| is minimal and the following rules
E@Vp 1i(k 1) Wy 1] (K are checked:
o (K)Gp 1, (% 6K) I%(N) Gi(N 1)dG
° 2 2 ' ° *
= “pi6(K) P 1 (6(K) ® 1%(N) (N )z, (25)
and 26 |%(N) (N 1]
Wy (k 1) (K) _ o
° X after which at the i-th input in the linear synaps§ or
: KK) &) pR%(K), is not formed or adjusted or a new (and last) membership
Wy ik 1) wy 45(K function is created/g; (%) with the centreCq; . Thus, in
z@ /f(k) & oA (x(K), (23) each nonlinear synapse, the number of membership func-
° . ’ tions can vary from two (in the case of binary input sig-
:/{(k) (KiKk 1) %#W(k)) nals) toN (in the case of a small indistinguishability
. 3 1 threshold/ Similarly, the membership functions of the
o p 1i(x(K) ~ nonlinear synapse can be configurbié, at the output
0 K1 d where DNFN.
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weights of nonlinear synapses, along with the automatic
formation of membership functions, all implemented in
To enhance the widely known neo-fuzzy neuromeal-time online mode.

(NFN) referred to as the Double neo-fuzzy neuron, which  Importantly, the proposed method doesn't
exhibits enhanced approximative capabilities whenecessitate substantial amounts of training data. Instead,
compared to its prototype, a novel combined learningls characterized by its computational simplicity,
approach is introduced. This approach is grounded fendering it applicable in diverse scenarios. This method
tutored learning, self-learning, and lazy learnindolds promise in creating a double neo-fuzzy system
principles. Through this methodology, the aimcapable of effectively adapting to phasing systems, even
is to achieve optimal rapidity in configuring the synoptiavithin the constraints of a limited training dataset.

Conclusion
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NZilb\gbc ihM\ecgbroZpar g _cjhg IZ chlh dhf[egh\Zg_ gZ\qZggy
/. < ;h*rygkvdb& QZeZ

:ghlZpeyj_~f_lhAb\g_ggy \ klZlle } ijhp_k deZkbns¢d\Zgpes§rdlgbkleo &Z mif_"_gh]lh h[T}fr
gZ\qZevgh€ \BF[eljld m~hkdhgZe_ggy ih™~nZghthgachhgZ \ jZfdZo \bjer_ggy a&Z"Zqes deZ
NZgbo ea h[f_"_ggyfb sh”h h[T}fm |jdbdm\gZadphi€b\bpejlZzdh” g_qeldhkle 1Z g_ klZpehg.
\o**gbo "ZAgb\d*Zggm~*hkdhgZe_ggy ih~nZghthggchhgZ "ey ihdjZs_ggy ZijhdkbfZpecghbc
\hkl_c kbkl_fb Z 1Zdh" jhajh[dZ dhfmg@XXghdlyyf Kihkl_fb ~ey aZ[_ai_q_ggyj r\brdh€ \
"bfe <bdhjbklh\miZygdoHbZfb eegb\_ gZ\qZggy 9Z\gqZggy a mlglgy HIjdbKZOihgZkdmige
j_amevizZzibhr"bnedh\Zgh ih"\engbasgghcjhg azijhihgh\zZgh f_Ih"® dghddogyh\ElahdB[gd\
i_gm} hilbfZzevgm r\b”rdeklv ijb gZeZrqgbd d@q kb ghiilllbf ZIbgg_ nhjfm\Zggy hmgdpec gZe
hgeZg¢g bfe aZ mfh\ h[f_"_gh€ gZ\qgZebgpgE\diNi*hilbdhgZe _gh ih™~\nZghe g_tbtjhg rey
ohf \\_~_ggyf klbkdZxqh€ ZdIb\Zpeogi"e nsrhg B P\hf xg¢ Zm\fh\b ~ey i-m[areae\th_¢g_he a fh
"eb\ekIx Z~ZilZpe€ "h g_klZpehgZjgdd mdhAgbjd [hdagblohgeZcg j_"bfe Z [jAfd_fimnmgbdgmlb
agbdzZzxghlh ]jz”re}glm AZijhihgh\ZghhdhdE\giz\&Zgy ech\eemgBhdlmegghcjhgm ydbcec i_j_"[Zqz
iZjZe_evg_ \bdhjbklZggy esgb\h]lh ga\giggpdy e gZ\gdZlighihgZ\qZggy aZ ijZ\laghib ©I1_j_fh"
jiZ} \k_2 a ih"Zevrbf Z\IhfZlbggbf nhjfc\gdeyf gmkgdpsh ~Z} fh eb\eklv r\b"&dh€ deZkb)
j_"bfe hgeZcg aZ mfh\b gZy\ghkles \bAbdHe\ m \oe"*gbo

Dexqh\e keh\BE*"dZ deZkbnedZpey "Zgbo deZkbhbteZpgyqvelWlgedegkibnedZpesy dhjh
\b[ejdZ -gZhae+ g_cjhg dhf[egh\Zg_ gZ\gqZggy
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<,; <Z bgkvdbc LdzZqgh\
OZjde\kvdbc gZpehgZevgbc mge\_jkbl | jZ~2eh_e _dljhgedb OZjde\

IJH;E?F:LBD:;?AI?DBRA.: DJBL?J0G:>1CGHKL1
FMEVLBOF:JGHKQJ?>H<BS

:ghlZpe¥_1Z kiZHishagZchfblbky a ijh[e_fZlbdhx [_ai_db fmevibofZjgbo\kbj_"h\bs « i
ijbgbgb \bgbdg_ggy pbo ijh[e_f knhjfm\Zlb gZ €0 hkgh¥. deZbge d{bHej\& {_iph_q
[e_fb IZ djbl_je€ gZ~ecghkle fmevibofZjgbo k_j_"h\bm "emehzle\vta]lytEdojgBElge feg
ijh[e_fb vyde fZxlv a\ yahd AZ\WZh\igyoElgZecam\ZhMd{mgnhjfZpecge * _j_eZ aZ gZijyfhf
\eMih\erghx I_fhx hdj_keblb ijh[e_fb 1Z ih\fyaZg+s a hylefbkaZpitzghh€jbadidbdb\ ijhZgZe
am\Zlb hkgh\gbo ijh\Zc”™_je\ ofZjgbo ihkem] jheedkygkmbZggkigAlpddpdm Mi_klib “hpee
\bdhjbklZggy i*~oh”m fmevlbofZjghkle knhjfm\ZIb \eZKgg bdjkib i} €d n av | Zldh khk

e*™ _ggy pec klZlle ijb agZchfkl\s a ofZjgbf k\elhf ¢ eklhje}x chbhjhlagbdde @ay_aZ 1Zc
ijbafm jha\bldm ihimeyjghkle ofl4] d"ydlykle_21Lge ekgmxqge jbabdb 1Z aZ]jhab \bgbdg._
Nejhd [_ai_db \ ofZjghfm k_dlhje yde kih\eevgxxlwghmkéjseb cHjitbdk\bgm chhig"Zf_glZevge
[e_fge fhf_glb jh[hlb ofZjgbo h[gbke_gv \ egnjZkljmehmjbc IZgZe~agbhzdibigygerbo kmq
gbo ofZjgbo kbkl_f sh az”~zZxlv |_fi egrbf hjlZgeaZipkgt ofgy Mhppegdmklv 1Z h[eZklv
dhjbklZzggy ofZjgbo k_j_~h\bs AZijhihgh\Zge aZ]Zevygtedjph]he6fgrghtlghikiémidim gz
hkgh\e ijbgbg \bgbdg_ggy ijh[e_f fmevibofbkphd hd 7delr\bsgh hkgh\m ~ey ih~Zevrh]h
[mlgeo "hkeer" _gv[odZjdh€ jhajh[db jer_ggy ih aZ[_ai_q_ggx gZ~*cghkldhg#ZZjgbo kb
e_ggx gZy\gbo dhfihg_gle\ ofZjgbesgyndgklgm]adkm)\elL

Dexgh\e kehfnZevlibofZjg_ k_j_0hXbgZ [_ai_dZ ofzZjge h[gbke_ggy fmevibofZjgeklv
Necghkle de[_jaehgbojdpkljhdimjZz

<klmi jbgdm kih b\Zge\ yde g_ "Zxlv rZgkm jhajl
ijh_dle\ Z[h klZjlZie\ ohgZ [ gZ k_j_"gec je
IhklZgh\dZ ijh[eGfbjhsm\Zggy h["}fedevgblb \bfh]b ~h [_ai_db LZdbf qbghf f
pbnjh\hlh dhfz \eA"[m\Z}Ivky \ g_dhgEhevh\fgZg-€ \ fZjd_Ibg]lh\ec Jhgpe aZ ]Jjhr
hf Ijbggec ijh]j_k+€ Ihfm gZ kvh]lh™~gmlvjbakidhdAgHjZgZlb j_imlZpex dheb de-}
aZebrZlb \Z eb\e \erhfhkle gZ ehdZegphthmkkely g&y[eevr \b]Je*gbo mgedZevghb
pbo \biz~de\ \"_ klI\hj_gbc Ibl_igh}gdgh dhgdmj_gle\ AZjZa yd gedheb p_ Zdli
ghlh k_j ~h\bsZ Ijbdez”~hf \bs_hilgkkXgkihh¥th€ dhgdmj_gpe+€ fe-1]l omglmeh]+qgb
\deeey } 0fZjZz €€ ijhklbc kihke[ _dlilefrozdApizeyigfly dee}gl fZ} fZdkbfZevgm \b
dhj _dlgh gzZeZrlh\Zgbc ~hklmi "h jHZoamghZlghéghgZzkgh€ \az}fh"«€ jeagbo ofZ]
gec h[ }dl*\ klZgh\blv aZ]jham gZ~r&cdhRleeghjZ&lkmklImjhx 1Z ieZlnhjfZfb k_j\
I_fb LZdh' ae a[*evr_ggyf deevdhkIYdsflZ ffdbdZijhfh ijh fZkrlZ[b peeh€ hj]ZgeaZy
Amdle\ ajhklZ} kdeZ~rgeklv €0 +glih]jZep€kldhmjxbhexa gmey gh\e jer_ggy 1Z \e”Nih\e
ajh[db |1z aZ[_ai_gq_ggy _n_dlb\gh€ kKHZFdd0wyhd_|Z [hab "~ey [eag_km azZ\'*b az
i_qgh€ jh[hlb | _j jZoh\Wge fflagydshx€dw * \*hkdhgZexxlv ekgmxqgb-Kijgb_]€ \ 7
g_ \bjerblb Z[h gqzZkldh\h g_ af_grblbog&ijgdeZI'b\gdmevibofZjgeklv AZ\*"ydb ofZ]
\ieb\ fh mlv i_j _I\hjblb gZ~«€ 1Z |Zjhpd«djmelmjgh dhjbkim\zZqge-fh nijy g[dn"v
kle jh[hlb \ 0Zhk M j_amevliZle g _ jyehRilgighKimimb~h ofZjb \ ajmggbc gZk \t
aZ[_ai_q_ggy _n_dlb\ghlh je\gy [_ai\rdbZZfhExoin¢4&mges j_kmjkb ~ey ~ec ijb \bdh
lgeklv \bdebdZlbfmlv k_jchages azZg_ ahhjpledywy s \WZgv AgddblyZambVvZz gqzZk
\IjZlb Z[h \blhdm ~Zgbo hjl]ZgeazZp-€lbgE&Z e \ighshe A¥ydbc [mi-geriAkigind 1L
jZa 1Zdh> \ gZrhfm kmqgzZkghfm k\ele [Bidnjbeagdh-yggb ~_deevdho ofZj fh _ klZlb
kiblb dh™_g a[_j_~_gbc [*] sgnhjfZptlexekbildle[f@x <« Hdj_fh ohqg_Ilvky gZlhehkb
gZy\ge i*”oh”b Z[h m jZas g_h[os"ghkié¢ZAbdgnbblbdh'ghfeqgbf ly]Zj_f "~ey xjb~bq:
\lIjZgq_ges nZceb Ijb [mjoeb\hfm jha\bhdee pFBpghlebgv } kdez”geklv aZ[_ai_q_go
| _oghehlec 1Z [Z Zgge [sag_kf_ge\ gwrahklphMdpbo < ofZjgbo ijh*mdlZo ijb
\eZkgbc ijh~"mdl fZdkbfZevgh e _]dbT l@gajmigggbo h[gbke_gv kie\jh[eslgbdZf dh
fZeh ijbreeyeb m\Z]b *h [_ai_db GZiZagdek§hiAng®d agZgv IZ "hk\e"m sh[ i_j_\
nZdlhjzfb kih\eevg_ggy \bjer_ggy iblEgl_glhis@gmjZkljmdImjb is” [_ai_dhx A\
\k_s_ } ex?kvdbc nzZdlhj g_ \b]JergerelZZob hiflormgleklv [eevr "_I1Zevgh “hkee""m
Ib\ghkle aZjZ”"b aZobklm ijh"mdim 12 kd@gZipprk by jdaagbo [hde\ \ ieZge [_ai_db IZ
ieZ_gkm a mjZom\zZggyf eg”b\e"mzZklvgbiZjh[6Z fx "mfdm qbf [eevr_ ydekgb
dhfizge€ \ aZe_"ghkle \en aZ\"Zggy OfzZgw thk_arelorfh Ibf r\b” r_ gZre ijZpes "2Z"
\[m h\mxIvky \ gZr_ “blly « | _i_j a dhZghkf\djldhito ihlhgge ijh[e_fb Z[h af_grblb
€0 jha\bldm dhjbklim\Zqge i_j_dhgZgkZglycAdbl\ gkAbjm Hkleleb\rb gZkmsge ijh
ijZ\~"Zgbc | _fi ih\ yazZzgbc a ihlj_[Zfpe_ B «[@gd hcghkle ofZjgh]lh k_dlhjm =« gZz
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ijbgbg €0 \bgbdg_ggy g_h[o**"gh d@Zexk|djlslh jag eyggy oflZjdsZevgbc rZgk
[_ai_ggh€ ofZjb sh[ \hgb klZeb hje}ghfjhd ey agdb~dh 1Z aZ g_agZqgm \Zjleklv
oh”” _ggy Z[h klI\hj_ggy m fZc[mlgvhhkinfi M mZedjZsbo "h~"Zlds\ m k\h€c ]Zen
[_ai_g_gd@gyecghkle ofZjgbo kbkl_f AdZkghhglm[dhgne”_gpecgh€ egnhjfZpe€ yd.
o**gh \jZom\ZIb jh[hIm egrbo "eyqge\ NekyinN*d&Xjrh]hhqgbgZ} ajhklZlb aZg_ihdh}gc
ydekgh]h 1Z mgedZevgh]h ~hke«*" gdgyv'mGlh]hb\g¥gdkevdb [ _ai_qgbf } p_ k_j_~h
gZ gh\bagm | _ogheh]«€ ih\fyaZghx a o3B[Zifto\gvk¢b 4« Thggh jhale_ _"e+lb \kx Jeb]
ihrZevrhfm h[h\fyadh\h [m~ mlv g_aZjfrpgbffbibljefgh ohgzZ [ ih\_jog_\h \e~ih\ek]
deevdZ jhde\ 1Z fh eb\h klZgmlv qZk]p9tehlphy\doo\itblZgv
gZohne\ Ze [_a jer_gv kmqgZkgbo ijh[el)fAoqAjheiihgZeZky «~_y ae kl\hj_ggy -¢
jki_dlb\b aZebrzlvky g_a”eckg_gghxptjicgh€ ofZjb « yd "Zee+ \hgZ jha\b\ZeZky \
:gZesa hklZggeo "hkee”r" gv < im[eddBpicdeevdb aZjZa \Z eb\s ofZjges |_og
\_{kZcl> @ klbkeh ijhl\drRdogdikeyofZj "ey gZk » ydZ h[eZklv €0 aZklhkmg\Zggy gZ
ghfm k\eIm MgedZevge klZIbklbqgge ®HARghkje\&'yle a " _
j_ez > @ + 1Zf “_ \hgb ""_I1Z@ZgidhhibkPg®Ih } Theh\gbfb ihklZgZevgbdzZfb ofZj
klzlly > @ gz~Z} gZf Jhlh\bc j_amevkZljZgAésdm jeagbo
ofZjgbo ijh~mdle\ gZrh]h gZzkm ?e_dljhfglrdq_ckmpkxlv ieZzgb i_jki_dlb\b I1Z rzg
> @ jhaih\e~Z} ijh ZdimZevgeklv |Z ghhZevrgpfkiviey\dfZjgh]lh gZijyfm"
dhjbklZzgges fmevibofZjghKkhlZa@ _ike | _j_" ihkee*h\gh€ \efih\eArx gZ i_j_jZol
dZam} gZy\ge “hdmf_glb ih ofZjgdpf iblZggyf d§Zs_ ihgZlb a fZze_gvdh€ <klhjbq
| jg le > @ hibdgdghbec jharee dhfixtdighZ \bagZopfgpydo h[gbke gv
[_ai_dbp_#ai_dZ ofZjgbo h[gbke_ gv Ale~gh a \bagZq_ggyf GZpehgZevgh]h -
F_1Z klzHishagZchfblbky a ijh[e_fklIBdhZjls\ « |_ogheh]*€ 1,67 KR: OfZjge-
[_ai_db fmevlbofzZjgbo k_j_"h\bs e« djlghgyZd-anZ\ile &ORXGp&RRS)EW la@J_2&
\rb ijbgbgb \bgbdg_ggy pbo ijh[e_fikghjggowdhdkx”*ghlh 1Z ajmggh]h “hkimim gz
gZ €0 hkgh\e \eZkge djbl_je€ [_ai_qgqgh§ @afZjh. "m ~h kieevgh]h imem h[gbkex\Ze
. kmjke\ sh ietey]Zxlv gZeZrlm\Zggx gZijbd
<bdez” hkgh\ghlh fZl_j*Ze@ntmg.dzpecgbo f j ° k_j\ je\ azkh[s\ a[_
Ex*klI\h iekey pbnjh\h€ j \hexps&ZLdghgmighileZ”gbo ijh]jZf IZ k_jleke\ ¢ yde
klhjeqqy 1Z j_ZeeaZp+€ dhgp_ip*€ oflljpbbih[gbkghgyZz~Zge |IZ \b\eevg_ge- a fege
gZkleevdb ijbr\b~rrbeZ k\ec | _ogheh]migBterjhRydibfb azljzlZfb [Z a\_jg_ggyfb ~
sh \bcrez gz gh\bc je\_gv fh eb\hkhZe”_ jiZjZe@bf "_ djhdhf ~h \lee_ggy ofZjgbc
evgh a gbfb afyleyxlvky gh\e Z[h iHpgbkelvkwy fE gZ \W\Z ZIlb ihy\m $63 $SSO
ger_ g _\bjer_ge* ijh[e_fb gZ~”scghklservigmpro¥der«igh\Zc”_jb ihkem] “hkimim ~h ~h
GZijbdez”® _n_dlb\geklv ihim gbo fldj\" mgbpmatx iheh\bge- o jhde\ $63 fh'g
\Zjleklv h[eZ”"gZggy |Z ijbkljh€\ a[_jqlbgh9gbfhjda i_jrbo 6DD6 k_jleke\ [ZevfZ
[db Z 1Zdh® g_hJoe~rg_ fZkrlZ[g_ \[mAm\onAE€goylWelk_j\ekm _e_dljhggh€ ihrlb \«#
ImZeeaZpe€ KZf_ 1Zde "hkylg_ggy kHRWRD Lhxgh&m Yekmlgeklv gZ Ihc qZk rbjh
ijh[e_f-a& ih\fyaZgbo a gbfb ihl_gpsgbbg dzlZha _ogheh]ec \ejimZeesazZp+€ klZel
IZ jbabde\ egnhjfZpecgh€ [_ai_db ydrgpkmaZmisv kmnlghkle ribrdbo 1Z klZ[eevgbo
neggbfb “ey ofZj 1Z h[gbke _gv <Zjrglaj@grilbhjigrklm\zZge g_ fh]leb hljbfZlb ydel
}*"bgZ i_jrZ kdezZ”h\Z gzZ\dhebpgvhdgrewJoimZ+[_a |_ogheh]ec \ejlmZesazZp-€ g_fh
nhjfzpey g_h[f_"_gbc ~"hkimi "h g_€_kizdldeéglghvhfgmagdh jhaih®eeylb j_kmjkb |Z
ih"e}x m kmqgZkgec *klhje€ Lhfm -aZjma ZIdh Kki_zj &b rfilk\ -

A
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< p_c fhf_gl "hgZdlighkblb sh ofZjhgA®#]ZevgZ [.&iydAfm fekpe gZ"ecgerbc
aZebrzxlvky ZdimzZevgbfb Ihfm sh agZolkkhleY ggdgbo \ ehdZevgbo ijbkljhyo Z|
aZ"h\hevgyxlv aZiblb [eevrhkle dhjbkZm\fda k<h\ghzZzo"
p_ "h\_eb g_ leevdb \ I_hje€ Ze_ « \ k¥thdcijB\thdM ~Zge dhjbklim\zZqge\ fZxlv
]eh[Zevghfm \bfeje onJg- k_j\ekb jhlai@ikom ijg \gmljergvhfm d_jm\Zgge a <grh
[Z]Zlvho ]Zemayo <a2ihdemgd \bf jhgi\Zc” jb ofZjgbo ihkem] \b]Je~*gh a[_je]Zxl

ehf i_jr_ fekp_ ihkk~d}hlL AjmJeesgm ~h\ejm ¢ “ey pvh]lh \bdhjbklhimxlv ¢
kn_jZ negZgkh\bo ihkem] *_j Z\gbl¢"kkImigbc je\ _gv [_ai_db <Z eb\h \jZom\ZI
k_dihj PR]. nhjfZpey dee+}glZ neabqgh agZoh”blvky \ jec
gdZo k\elm Lhfm i_j ~azZklhkm\zZggyf ofZj
XmapHi cepsicu 3a c$pepoi0 BUKOPUCTAHHA ke_gv g_h[o*~gh \jZom\ZIb fh eb\s aZ]ljhab
abdb « *ey ijhlb”e€ €f ihlje[gh i_j_\ejblb g:

A il e f_oZgeafe\ 0fZjgh]h aZobklm IZ dhgljhex

B G rarecand cenTop, rpRySI G_"hklzZlgeklv j_kmpde\e1@&_ a\_jlZz

= epmana i xgb m\Zlm gZ I_ sh [eevreklv 1L ijZpe\ghbd

smxlv klec "hk\e”r dhfiZzgeyf kdezZz~gh agZclb
ghlh 1Z \Z]1hfh]lh nZo*\py gZ jbgdm ijzZpe <

Croopowd M0PON'R, $0 DAL TG

T Osuire ImZpe€ | _ogheh]e€ \bi_j ~"Zxlv jbghd Ihfm
B Bpotansrsa r\brdhkle aZk\h}ggy gh\ddgnkéZeg@zkleevdb
sh kijz\"ge ijhn_kehgZeb ijhklh s_ g_ \klb]e

g e 6 S NSNS,

sancrs jhkib \ jh[hghfm iezZgs <bkhde \bfh]b ih \bje
I1Z g _dhj_dlgZ hpegdZ ihklZ\e_gh]lh azZ\~"Zgg
Jbk Jhaih\kx" _geklv ofZjgbo k_j\skm?*ydm deevdeklv gZ*Zgbo j_kmjke\ Kicevg

aZ kn_jhx \bdhjbRlZgehn, C3)) klZggy j_kmjkgbf ihl_gpezZgBENZX3jhhéei@h
khibc ~“hklmi klhjhggvhfm dhjbkim\Zgm m j:
>ey i_j_jZom\Zggyf nZdlhje\ \bgbidhd hyly wenjdhjblly reyom ~h kZfbo j_kmjke\

[e_f1Z €0 kZfbo a ih"Zevrbf hibkhf \Zasd\» AhljZIlb m eofgpejhi[slgbdb 1Zde-

ZgZesam\Zlb ijh[e_fofZpgpyjr"mdlbydAjhajh[gbdb \fbdZxlv ofZjgbc k_j\ek a h[f_
dh ghx ofZjhx klh€lv k\ec ijh\Zc”_j §4Kkhfm€ZjazZ[m\Zxlv ch]l]h \qgZkgh \bfdgmlb
Zee g_ [Z2]1Zlh hkgh\gbo ihklZgZevgbdh)ihaZosgh &ZAR 2} kfelly 1Z rmf m ofZjghf

klbdb ijb[ebagh ~\e [j_Ibgb jbgdm azZygym ijpddIigfb\bdhjbklh\m}Iivky @Zg kf _gb
\_ebdbo dhjihjZpec IZdbfb yd $PD]R@®\:ZxEv6 KU YdfZldge ijh_dlb g_ h[h\ yadh\h ]
Microsoft Azure, Google Cloud Platform. xlv _dhghfex \bljZl Z~"_ hj]l]ZgeaZp+€ ihex

GZ €0 ijbdezn~e fb fh _fh ih[Zqgb|h[bdevazZilhs j_a_j\m\Zggy Z[h iheesgblbky ajl
kmqgzkgbo ijh[e_f ofzZj Ihfm s\tbjhy] dyflEdrE] 1Z Z\IhfZlbaZpex ijhp_ke\ \eZkgbo \
gbdb azjzZza az”Zxlv I_fi jha\lbldm ofZkj@shj\opdgt ihimeyjgeklv e«”_je\ ihklZ\d]
Iz[e [3] jgbo ihkem] \Zjlh g_ azZ[m\Zlb sh \ aZe_~

gZkm g_fz} 1Zzdh]lh fekpy dm~b g_ fe] ~eklZ
LZ[ebpylhimeyjges ihkem]b ofZjgbo h{gbkeZpy m gZrm pbnjhdsi_jarehgybg_pv EZdhfbf

ji_eh > & @ rfZlhqdhf ey aeh\fbkgbde\ } ofZjge k_j\ek
Google Cloud Amazon Web Microsoft Azure ijb\_jlZxlv m\Z]m oZd _je\ ijb gZy\ghkle \ gb
Bi i Conl::)TJ'tg)]:ﬁ]gine Se];gges Virtual Machines *a az ] J ha 1Z J babd-\ of Zj 9 he [— al - db
ipTyasbHi .
MALTHHH - \IJZIZ Z[h \bled Ango
XocTuur App Engine Elastic Beanstalk Cloud Services - ihjmr_ggy peeckghk;le kbkl_fb
T, S A R —— - \_ebd- n+gZgkh\e \bljZIb
HeTeMn ontainer Engine ontainer ontainer Service N
KoHTeiiHepiB ) Service - \+7kmlg-klv gZe_ gh]h azobklm -
Bazu gannx Cloud Bigtable DynamoDB CosmosDB g_ijZ\bevg_ Z[h g_dhj_dlg_ gZeZrIm\:
AHAI3 JAHNAX BigQuery Redshift SQL Database of ZJ gh€ kbkl_fb;[_ai_db
Obpotka Cloud Functions Lambda Functions - o k gm } | PRV dTJ q_z kildh\bc dh g | J hev 1Z
e \z fZjgbf ~h\deeeyf
basn panux | Cloud Datatastore DynamoDB Cosmos DB ggy o 19 g eey
36epiranus Storage S3 Blob Storage - kao-cg- n-abqg- ihfbedh\y ihrdh”"® (

- aZgZ"lh \_ebdz g_[_ai_dz \bdhjkaZg

GZijbdez”™ g_sh”~Z\g} “hkes”"_gdye6 WD Wdh Rl "WKIkthim ~h agZgm;sbo gZklbg
&ORXG ijh\_~_g_ dhfizge}x )OH[HUD -ihdZadedgeksh A\jZ\h\h€ fe'gZjh~rgh€ kijZ

jhpe |Jngcfg gZ jbgdZo _dhghfelggtkljt &dXbigmljbfdb m ofZjgbo iblZggyo
Ibo djz€g “~hey hjl]ZgeaZp-c sh \bdhjbklhkokxéwvgekdvy ~h jeagh]lh \b m o0Zd_jkdbc
evdZ ofZjgbo ihkem] jeagbo hi_jZlhje\ fhkyjefh eb\h gZ\_klb aZ]Zevge djbl_je£€
ljb[ebagh Ih]h ° \bkgh\dm "ecreb o gh& eflbjbb ydm fb ohqg_fh hljbfzZlb \ j_a
Gartner2 g_sh”~zZ\gh ijh\_~_g_ hibIm\Zgkiywrgh€ jh[hlb fZc[mlgvh]h f_Ih”m
klz\gbde\ _dki_jlghlh k_j_~h\bsZ ijhr>fylNmh fb ih ijehjbl_Im IZ k hibkhf
\Zeh sh j_kihg”™ _gle\ ijZpxxlv a ™hftz &bjfagbo klhjeg djbl_je€ [_ai_db fme
evr_ ijh\zZc~_jZz€n] > gbo k_j_~h\bs
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GZy\ge e*p _ga<€ ofZj « €€ \e"ih\eijgdibdz-ajgef\Zblv "h g_fh eb\hkle i_j_oh
dhgzf 1Z ghjfZf [ Eap dpam\Zggy p_ gbWKkmvd®pZz ~h egrh]lh ihklZgZevgbdz /~bghbf
fZjd_Ibglh\ec 0*” gZ ydhfm fh'gZ agpyf[pMh]hzibhZggy } jhajh[dZ _n_dlb\gbo 1Z
IZdbc i*”0o*™ \bijZ\"h\m} k_[_ \ ieZggblo &iZdhZjdkly+ ki_pbned
\eNih\erZevgeklv aZ ydeklv ijh*mdIim ihde XKW} ZklypgZpey &ORXG 6HFXULW\ $0O
jhajh[{gbdz Z[h ihklZzgZevgbdZ ydshbeZ"&PRKYGIERQWUROV ODWUL[ P_c ~hdr
em]Z Afy\ley}llvky ehyevg_ \bjeafZhgy [ZgZkvghgmxgbo |I_ogheh]ec sgnhjfZpecght
jgbablzgm ijZ\h\hfm ihees 1Z a[eevrm}ydkyfhmdyZ[mlb \bdhjbklZge \ ofZjgbo k_j\«k
"h kZfh]h \bjh[gbdZ Z[h \eZkgbdZ ™ &de nZoes\pe \\Z Zxlv sh ey mijZ\esggy 1

:jImf_glh\ZgZ ~"hpeevgeklv \bdhjbKh2Ym\y oefZfb 6DD6 fh mlv [mlb \bdhjbklZge Kk
Ib\gh hilbfeah\Zge \bipAhyj AKAjinldMipm ,62 1Z ,62 \k_ " g_h[o*"gZ jhajh[dzZ
\hx dheb ihlje[gh aZhsZ”"blb aZ\""b [nmpeZd\§bo &iKig"Zjls\ "ey ofZ[Fbo h[gbke_gv
\'j_kmjkZo ihlef dee}gl rmdZ} reygh ey _dhghfe£ *<bkah\db
“Zev [cevreklv “_jl\mxlv ofZjghx [_ai_dhx kbkl_fb 9
azZjZ"b €€ r\b~rdh”e€ |Z ickey ZIZdb gZ <ghiZdel¢magZmjdh\ec jh[hle fb ih\_jog_\h
jhamfexlv sh \hgb \ljZlbeb [sevr_ g jbeleBeLiRd~gm |_fZlbdm « *hky]eb ihklZ\e_
\bs_hibkZg_ klhkm}lvky ijZpe\gbde\ @&Zebeppkgbdyienighf >ey pvh]h jh[hlZ [meZ ]
ghlh nZoe\py i j \Z Zxlv deevdekgm g4 AZimevadlhegaklbg dh'gZ a ydbo eh]eqgh
Ib\e P_\Z eb\h yahhfmthfiZg+€ yde al\bbeb*heA\gx\ZeZ ihi_j_"gx lekey fhlb\Z
gm\Zlb « ijhjgham\ZIb k\h€ \bljZlb jhafykg_ggyf kmgzZkgbo ijh[e_fgbo h[klZ\b

GZ~Z}lvky [eevr_dhgljhev gZ” ijgendlafi_"ceyo\*rhklje€ fb ljerdb ihagZchfbe
djZsh€ ch]lh .ydhkZevgbc lhc ihklZgdédgbdeklhje}x 1Z \bagZqg_ggyf ofZjgbo hJ[c
ydbc ~halhey} dhgljhex\Zlb gZc[seMrimf dyeviheRhMZf gZf \"Zehky q_j_a ijbafm
ijhp_ke\ azZkh[s\ 1Z "Zgbo \ ofZjs <bkkmge khzlhbkdpdy h[eZkle aZklhkm\Zggy of
ofZjhx ~"Zklv fh eb\eklv aZ~h\eevgblbjtitaghliZz\g¢jpZgZecah\Zgbo gZfb ofZjgbo ij
ihlj_[b gZijbdez”~ az\'~b fh gZ hljblfZdbgih\eZi\geklv \Z]hfbo aZ]jha 1Z jbabde\
fe_ggy ¢ \gZkgh gZ gvh]h \e?j_ ZIm\ZQIh€ g[hirdbZevgh
gZeZrim\ZIlb iheelbdm ~hkimim ~h ofZjb>h"Zldh\h gZ\_eb \e*hfhkle “hpeevghkle

KIVhj gh a\e” \e~rdjblbo fe'gZjh*ghm\KIigZogy*K]jZI|_]+€ fmevibofZjghkle gZ ijZdlk
le\ IZ ki_pbned ih ofZjgbf iblZggay \dh[élZ&kbe MTmg"rZf_glZevge ijh[e_fb [Z ih\Ty
i_dbeevreklv ijh\Zc”_je\ ofZjgbo ihkehibfzgxch_ge aZ]ljhab [Z jbabdb yde ihlj_]
k\h}fm ©Zjk _gZe+2 \eZkgbc f_oZgeafZeewybigh]jzfddb\gbo « ZdimZevgbo jer_gv C
\Zggy vydbc fh'_ [mlb azZz*hdmf_glh\hgbl[b2d \éeZ&Ge hagZdb gZ~ecgh€ ofZjb
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Security issues and reliability criteria of multiple cloud environments
B. Vazhynskyi, \ Tkachov

Abstract. The purposeof the given work is to shed light on the critical and actual riétiaproblems of multi-cloud
environments. In this scientific article, we outlined the main problemsehiadility criteria of multi-cloud environments for their
further analysis. For this purpose, priority mini-problems related to the mailepr®lvere highlighted. The work is divided into
three small parts, each of which complements each other and fidblsehe subject of the article. In the first part, the problem of
multiclouds is described in detail, what is its state, the causes of its occulvenceelevant the problems are for users of any
clouds and why they need to be solved in the near futureyaedhe considered possible consequences of ignoring them. Also,
the connection of problems with practical and scientific tasks was drawrouger to offer solutions in cases of a combination of
cloud products from different providers in the IT infrastructure. In thergkpart, we got acquainted with the basics of the cloud
world and the main providers of the cloud market, using their examplésted various risks and threats of clouds that caused
key reliability problems. In the final third part, the formed criteria secure cloud with multicloud are offered to your attention,
which can become a guide for choosing a universal methoddarieg the reliability of multicloud or similar systems. Of course,
for the uniqueness of the scientific work, a specific goal was giverte well-known works of other figures in the direction of
this topic were analyzed. Further details and results can be seen in thisicoscsection.

Keywords: multicloud environment, cloud security, cloud computing, multidloteliability criteria, cybercriminal,

IT infrastructure.
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M>D GRL 681=
H : =hjghklZev K X =Z\jbe_gdh
GZpehgZevgbc | _ogeqggbc mge\_jkbl | 30Zjde\kvdbc iheel _ogeqgbc <gklb

F?LH> 1>?GLBN1D:P12 KL:GM DHFI XL?JGH2 KBKL?FB G: HKG
:GK:F;E?<BO DE:KBN1D:LHJ1< A IHDJ:S?GHX
IJHP?>MA X =HEHKM<:GGY

:ghlZpewW][ }dlhf "hkee""} gigypw_k *~_glbnedZpe+€ klZgm dhfijxNfidhE Nbkkd+Fb _ggy

} f_Ih”"b «~_glbnedZp+E_KhZghhloeke " }gig9\bs_ggy ydhkle 1Z r\brdh”e€ ZgkZf[e_\bo deZl
reyohf hilbfeazZpe€ ijhp_"mjbHhlom\Zgdlydhjbklh\mixIMky fZrbgghlh gZ\qgZggy ZgkZz
[e_\e deZkbnedZlhjb f_lh” h[jeadb ZgkZf[es\ Z{aipbghjlh dh2h kifj\lfdgy j_amev

IZlb jhajh[e_gh ZgkZf[e_\bc f_Ih” ¢~ _glbnedZpe+€ dhfi fxl1Z gbe] kjbkfmf [g4d-gkar\ki_p-Z
evghx ijhp_"mjhx af_gr_ggy deevdhkle [Zah\bo deZkdpyn-cdhlkhgr'1ZgB8o pZgim\geklv jeac
ie"oh”e\ h[jeadb [Zah\bo deZkbnedZlhje\ gZ hkdts\egyj YWdheklegh_ P2 edhyblIfm Jha]eyc
jeage \b”b f_Ih”e\ jhajZomgdm \Z]h\bo dh_nepesjofith YeghknZeqgy € \d\dhjbklZggyf je
f_ljbd ydhkle 2?dki_jbf_glZevge "hke+s”"_ggy "ha\lebed" hprdjblth jhal&yddmlieI\_jrbet
_n_dlb\geklv €0 dhfie_dkgh]hbikagjhj\mkd ZgigyamevlIZIZfb *hke+s~"_ggy aZijhihgh\Zgh m~h
ZgkzZfle_\bc deZkbnedZlhj «*_glbnedZp+€ klZgm dhfi XNEZ jfé}hjlbbkh_{b]egdg] hkdbee\p"jes
gy}lvky \er \erhfbo dhfie_dkgbf \bdhjbklZggx f_lhkbh+o[Zdapd Fh&ki\tfesddZ \bdhjbklZgg
ijhp_~mjb zZ~Zilghlh a\Z _gbf lhehkm\Zggyf adyjde@dighue ch2Ihk chh yZZee hky i**\bsblb ch
ggekhMh I_jki_dIb\Zfb ih"Zevrbo ~hkee+~ _gv fh' _ [mIbgigy[pFzdBE\gZ ederZiibnedZIhje\
\bdhjbklZggyf jeagbo f_Ih~e\ fZrbggh]h gZ\qZggy

Dexgqh\s kehd&ZkbnedZpey fZrbgg_ 92Z\qZggy Zgkzfj&m\EZglgg] hd)jZzadg Zpkezf[es\ |
ggeklv r\b~rdh~"ey

<klmi keeN \jZoh\m\ZIb \ ijhp_ke «~ glbnedZpes€ \
ZiZjzZlgm dhgnelmjZpex h[ky] hi_jZlb\gh€
M kmqgzZkghfm egnhjfZpecghfm knkdigbkiNAgdhfijhp_khjghlh j_kmjkm gZy\ge
i xI_jge kbkl_fb 1Z dhfi xl_jge f_j_fe kIZerlylgo \RQYHBR\e_gv ijh]jZzfghlh aZ[_ai_q_ggy
ghx gZklbghx ih\kyd~_ggh€ ~eyevghkibmédxgagy IZ jhj]Z\bo iZjzf_lje\ egl_gkb\geklv
geaZpec <hgb \ene]jZxlv dexgh\mmplreppkl Zeggy jkek nmgjke\ f_j "¢ hkh[eb\hkle \bdhijt
hk\ele [Z egrbo ]Zemayo ex"kvdh]h “bkblkl fgbgpwhhmgdpec 1Z <gre > @ :dimZevg-
ajhklZggy aZemqg_ghkle egnhjfZpecghphp dkgmehpyx]a} peaZ[_ai_q_gge _n_dlb\ghk
kn jb ijba\h~blv ~h ihklecgh]h ajhklZggg¢bkpre[htghkkdk|_fb \gzZkghfm \by\e_gge* fh
I1Z jeaghfZgelghkle f_j ~ \bo |I_oghehijic[e Zf IZ[dh\jZReb\hkl_c Z 1Zdh" \"hkdhgZe
af[eevr_ggy h[ky]lm egnhjfZpe€ sh i_jknzjKHgkyh \bdhjbklZggy GZ ijhp_k «*_glbne
LZde y\bsZ vyd 1gl_jg_Il j_qg¢ ,R7mlofXijgbhgmjgth afegb \ ZiZjZlghfm azZ[_ai_q_
ke_ggy |Z jhaih®ee_ge f_j_"+ klZeb &)\bighog thfph ke gFggyo gZeZrim\Zggyo [_ai_d
rhfm ih\kyd~_gghfm “blle « p_ ijbal\azW2dvgkdeolbdhgm} dhfi xl_jgZ kbkl_fz Zz
\bdebde\ m ]Zemas+ «* _glbnedZpe+€ |ZkZogkpmhmdh\d gkl 2GjmgZggy \ jh[hlm dhfifxI_j
dhfi xI_jgbo j_kmjke\ KmqgZkges kbkl_fb 1€ [m}v dhfm \biZzA*dm pe ih"e€ \erh[jZ"
klbdZxlvky a jbabdzZfb de[_jZlZd a[Hh&ghdgithe dZhAdIZjbklbdZo €€ jh[hlb
i_j_\zZglz® _gv sh fh'_ ijba\_klb "h k_jcheaybd gdbnedZp+€ klZgm dhfi xI_jgh€ |
keerde\ gZijbdeZ” ~h ijhklhx [sag_Rbdhpbklei\hzx\oky jeage f _|Ih”"b deZkbnedZp:
Ihdm dhgne®_gpecgh€ egnhjfZpe€ > i@i_jP "gjhMhiketBb _ggy ihdZaZeb sh gZc[-e
I1Zggy *~_glbnedZp+€ klZgm dhfi xI_gbblw }kbkkZfi[eZ\s deZkbnedZlhjb :dimZevg-
f_j_ " djblbggh \Z eb\bfb 1kgm} ]hkbjkdzZggly[o2g¢kZf[e_\bo deZkbnedZlhje\ ihey
geklv m jhajh[pe gh\bo IZ \"hkdhgZe agd@dotkigimxidlwigZfsblb lhqggeklv 1Z klecdeklv
Ih"~e\ o~ glbnedZpe€ IZ dhgljhex klZgmydhfiik}” podoggy ~_deevdho [Zah\bo deZkbi
kbkl_f 1z f_j_° yde “ha\heylv hi_jZIbhghhibfyAeZ)bagbablb \ieb\ \biZz~*dh\bo ihfbe
IZ mkm\Zlb ijh[e_fb sh \bgbdZxlv i**\bsblb aZ]Zevgm |Ihqgeklv ijh]jgha+\ > @
H[ }dlhf “hke<""_gbp_} <*_glbnedZpH€gbf a ihimeyjgbo f_Ih"e\ ZgkZf[ex\Zg

klZgm dhfi x| _jgh€ kbkl_fb [ ]*g] ERRWVWUDS DJJUHJDWLQJ PHWKI
Ij_~f_Ihf "hkee”"_gdhb 1Z aZkh[hmP \b[ejdb ~Zgbo a]_g_jh\Zges f_Ih~"hf [m
glbnedZp+€ klZgm DK \b[ejdZ a ih\lhj _ggyf “ey gZ\gZggy "~ _d-e

Hley” ih\ yaZgbo gZmdh\boljm[eadXpbeocdeZkbnedZlhje\ P_c ie”0o*™ kijby} ac
p_k ¢~ _glbnedZp+€ klZgm dhfi xl_jghiekbkI\bbZztdMbo ihfbehd 1Z i*~\bs_ggx a:
klZz\ey} kh[hx ijhp_~mjm a[hjm egnhghZptiEqgkin ijhlghae\ J_amevlZlib jh[hlb p
Ilhggbc klZg 1Z iZzjzf_ljb kbkl_fb 1Z @€dZdEjeramlaf fZ]j_]Imxlvky azZ ~hihfh]hx ]h
Ilhx aZ[_ai_q_ggy hilbfZevgh€ ijh*"zdboyglakhe hilfybke_ggy k_j_"gvh€ hpegdb
[_ai_j_[*cgh€ jh[hlb Hkgh\l\ge 0ZjZdEZgbklddbp_yd}h ijhljgham > @
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<b[ej ZgkZf[e_\bo deZkbnedZlhje\ [ZdboAYA [ g+glhehkm\Zggy a Z~Zilb\gbfb \z
m ihje\gygges a egrbfb f_Ih~"Zfb fZrbgdh]hvighgZgldy's ijbk\hxxlvky jeage \Z]b dh ¢
h[mfhle_gbc gbadhx i_j_\Z] yde jeley[Za&hlboijbdeZdkbnedZlhje\ \ ZgkZf[ee % jmglr
\bfb "ey [Z]ZIvho deZkbnedZpecgbo aZ\d@gv ih@mdIb\ghkle gZ gZ\qZevgec 1Z \Ze
Klecdeklv ~h i_j_gZ\qZggy H~"dblxjdZlkgh\Zilb\g_ ijbk\h}ggy \Z]b ~hal\hey
gbo ijh[e_f m fZrbgghfm gzZ\qZgge }ieyroZ\gugdyevr lhqgbf deZkbnedZlhjzf st
fhr e ¢ gZ lj_gm\Zevgbo "Zgbo shmpbadZelvgmhlhgqgeklv ZgkZf[ex
ih]Zgh€ maz]Zevgxxgh€ a~Zlghkle gh\bo ~=aAghdm\glggy a \Z]Zfb azZkgh\Zgbfb g.
fle_\e f_Ih"b \dexqzZxqgb [_]eg] ijZmpxdvrggbbk M pvhfm f_Ih”e \Z]b dh gh]h de
gh\es dhfihabpe€ ~ _deevdho fh"_e c IdljZatbggdEyLxXhvky a mjZom\zZggyf oZjzdl _jl
\ejgeklv i_j gZ\qZggy |Z i*"\bsm} klexedgkde "Zgbo yd hl €0 kdezZ"geklv gb ih”"e
Ilheeir_ggy klZ[eevghkle 1Z maZhadhgyxkqlgdnqgder_ gZeZrlh\m\ZIlb \g_khd
a”rZlghkle :gkZzf[e_\e f_Ih"b ih}*"gmdéeZkpmlglzdbhjZ m ie*kmfdh\_ Jhehkm\Zggy
deevdho [Zah\bo fh”" _e_c¢ sh "halhey} agatelyjmébBygy \i_\g_ghkle P_c f_Ih" |
ZghfzZeec IZ rmfm \ "Zgbo P_ ijba\lihbdgbrch gZedhj_dpex \i_\g_ghkle a ydhx Z
klZz[eevgbo ¢« gZ”ecgbo i_j_"[Zq_gv jhiblidjgs]gma@]Z _ hkh[eb\h dhjbkgh m \b
evgxxlvky gZ gh\e ~"Zg- dheb ZgkzZf[ev Zdp_gIlm} m\Z]m gZ g_ijZ\be
le"\bs_ggy lhgghkle Dhf[egm\Zlpgyagt]ghZes[jm\Zggy \i_\g_ghkle ~“halhey
as\ deevdho fh® _e ¢ fh'_ agZqgh ihdgjZldbyddkivgekh¥ejgekgbo ijh]jgha-\
deZkbnedZpe€ :gkzZf[e_\e f_|Ih~b |1Zde ydF[ IP@gd\dhggy a f_IZhagZdZfb M pvh
a\heyxlv agbablb ~bki_jkex ihfbedb Ih2«isVb\disjibllblh\m}Ivky ~“jm]bc je\_gv ZgkZf[e
aZ]Zevgm lhqgeklv fh"_e- gzZ\qZ}lvky gZ hkgh\e i_j _~[Zq_gv i_jrh]lh js
Jh[hlZ a jeagbfb IbiZfb [Zah\b@pZfhZggycrhalhey} \bdhjbklh\m\ZIb «gnhjfz
:gkzf[e_\s f_Ih*b fh mlv aZklhkh\m\NZlbidy dd  jgpadeZkbnedZIlhj ijZpx} gZ jeagbo
gbfb [Zah\bfb fh~_eyfb 1Zdbfb yd \BroZesh§eilteeirblb ier"kmfdh\e i_j_~[Zq_ggy
j_\Z eegecge fh”r_es f_Ih” hihjgbo \_dIAp\NHEZ jegYgvhx hpegdhx gZcdjZse j_ameyv
P_ ~hal\hey} \b[bjZlb gZcdjZse [ZalkWw]ZklvkeesijbegZklhkm\Zgge a\Z _dgd]lh Jhehkn
dhgdj_lgh]lh az\"Zggy \Z1Zfb sh [ZamxlIvky gZ ijh*mdIb\ghkle dh gl
FZkrlZ[h\Zgeklv :gkzZf[e_\s f_lbidecZIdh\ 1Z I_ogedb h[jeadb Zgkgf[ee\ a \I
fZkrlZ[mxlvky fh”~_e_c sh jh[blv €a@yifbrZgdwfthpeghd ydhkle deZkbnedZlhje\ >
Ney ZgZeecam \_ebdbo h[ky]e\ ~"ZgbojHn&dedy gthkeaZ ggy ihey]Z} m dhfie_ dkc
\NZgv dhjbklZgge pbo f_Ih”e\ \erAghkgh kI\hj_ggy [
ljhklhlZ j_ZeeaZpe+€ ;eevreklv &hkkf{2ghblo « IThgghlh ZgkZf[ex deZkbnedZlh
f_Ih~e\ \dexgZxgb [_]*g] \e*ghkgh ipikhedZpv& «kdZgm dhfi xl_jgh€ kblkd_fb Dhf[e
pe€ IZ ihlj_[mxlv g_agZqgh]lh gzZjgZrlimA¥gopn RhdkZsblb Ihqggeklv ijhp_~mjb Jhehk
sm} €0 \bdhjbklZggy m ijZdlbggbo allA”aZhggwo_qblb [eevr gZ”Mecge j_arievIZIb ien
JZahf \ayle pe i_j_\Z]b jhleylv ZgddZApe€\klfZgm dhfi xI_jgh€ egnjZkljmdIimjb
Ih*b 1Zde yd [_]°g] ihim gbf IZ mgea¥_jkdbélvgidkegh[hlb hljbfZgh€ kbkl_fb «~_glt
kljmf_glhf “ey \bjer_ggy jeagbo az\"Z2g\j Zdezdktad afZgr_ggy deevdhkle deZkbnedZzZl
pe€ H~”"gZd yd ¢ a [m"v ydbf egrbf f_Ih~hf fZrbg .
ghlh gz\qZggy \Z'eb\h ijh\hAlol|oa_o||<i_jbf_'dfftﬁ’yg iefoh”e\ 1Z f_Th7 e\
gZeZrim\Zggy iZjZf_lje\ ~ey hilbfeazZpe+£€Kijhgtzdlg\ ijhkl_ Jhehkm\Zggy \ [_]*g] Z
ghkle fh”_ee "ey dhgdj_Ilgex aZ”"Zq A adhgdj”r[ghd}\bhe\gbc \g_khd dh gh]lh a [Za
o**gbo "Zghbo aZe_"gbo dezZkbnedzZlhje\ 1jhl_ \bagZq_gg}
IhklZzgh\dZ ijh[e Hbgh\ghx f_Ihx iéhhh nepe}gle\ dh'gh]h deZkbnedZlhjm vydbc
gghlh "hkee”"_ggy } i*"\bs_ggy lhggbtklejéZghbrtipeghd ch]lh ydhkle fh mlv i~
Ne€ [_]*g] deZkbnedZlhje\ aZklhkh\ghhfly &\ "ZglgZfrex > @ Je\gyggy “ey jhajZo
glbnedZp+€ klZgm dhfi xI_jgbo kbkhhfih thi_neperglzZ } IZdbf
gZre "hkee~r” _ggy [meb ih\fyazZzge a ihi_j_"gvhx hJ[ 2ANB
jh[dhx "Zgbo ydZ kmllI}\h \ieb\Z} gZ Ihggeklv d%(z.lkbz\ﬁ% 'S;
nedZpe+€ klZgm dhfi xl_jgh€ kbkljHb AZjZa f_lhx p@g AN
[hib } “hkee~" _ggy _n_dlb\ghkle \bdhj®ktzZgbgZaigZ 2z Zilb\gZ \Z]Z L ]h deZ
gbo |_oged ijhp_"mjb Jhehkm\Zggy UgKZ2fA&§BhboplcgdZ ydhkle L ]Jh deZkbnedZ
]11*9] deZkbnedZIlhje\ A@2ANB kmfZ hpeghd ijh*mdlib\ghkle mkeo
H[jeadZ ZgkzZf[ee\ P_c f_Ih" \deaZdBje\\b
agZq_ggy hilbfZevghlh gbkeZ [Zah\bo M e/itkheddH _jey hpegdb ydhkle deZkbn:
je\ yde ih\bgge [mlb \dexq_ge* \ ZgkZfjéw \bdhyjpl\im\ZIbky gZkIlmige ihdZagbdb
ijh\h~blvky hpegdZ ydhkle ijh]Jgha+\ de2kb6&Fd&RA Rjm nmgdprM WRZ2QH /RVYV
gZ \Zes~Zpecgec \b[ejpe "ey jeagh]h IXkEW ldR@kbnedZehsZ ie" 52& djb\hx 52¢
Ihje\ 1Z \b[bjZ}Ivky hilbfZevgZ deevalFRIWH[ZahWgdpey eh]Zjbnfeqgbo \ljzIl /R
fhr e ¢ ZgkZf[lex HJ[jeadZ ZgkZf[dXNQFMWhRZQZ} a[ZeZgkh\ZgZ Ihggeklv % DO
mgbdgmlb i_j gZ\qZggy IZ i*"\bsm} 6FRFiURNb" "dh"ex
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o S,é" ) Nhjfmex\Zggy |_hj_Ibggbo héskdm\Zgyv
aS:Ua.SUL—JI Up,; & gh\ght ¢~ _1Ix [_]*g] deZkbnedZlhje\ } ih[m~h
v@s dh€ deevdhkle g _aZe_"gbo [Zah\bo deZkbn:
N _Bs¥&Ut nmgdpey \I[JZHAHUR 2QH 9R\ZxIvky gZ jeagbo gZ[hjZo "Zgbo KZf_
IXQFWERdevdsklv kihkl¥jt ‘ijghghah kP mZhjb fh miv jh[blb jeage ijh]ghab Dje«f Il
gbc \boe" deZkbn4dZIhkhbgg agz@PZ4Rag-klv deZkbnedZp+€ ZgkZf[ex fh"_ \|9

h ZkbnedZIhj jh[blv \e] Zkpeg2lpelkmizagy th'_ i-"1bsblb Ihqghkls 2
dheb deZkbn-d j ih[blv \ejgm de ng]ch}Z%‘m\Zggy kdezZ~gbda\dZkglkzZ€[e xh

) Bnegalee [hib JZahf ea Ibf a\Z'_g_ ]lhehkm\Zggy ihlj
S 4 sy } 5, 1.4 ....evr_ggy gZkm gzZ\gqzZggy |Z sh gZclheh\gel
L F5 U@.é,b®2¥%EL$Fu®Z.S%FYJ,a.u, f gGy azkm A glbnedZpe€ DK ZA%  ier q:

A BnenagenNmgdpey eh]Zjbnf-q\I_;bmi-‘dj/Z\IZggy g_h[oes~rgh \jZoh\m\ZIb \Z]h\e. ah_n-p-

deklv kihkl_j ¥ +gijh]ghah\Zgbc \bo-ghfe%rlk/\b—e'
—- = <bjerblb px ijh[e_fm fh eb\h aZ jZomghd

nedZlhin+ -klbgg_ agZq_ggy jeadb ZgkZf[ex sh ijba\_~_~h af_gr_ggy d-
Bod-l—2 g 00 4 [Zgh\bo deZkbnedZlhj+\ > @ Dhfie_dkg
°®t "62E(0 60E(2 kI'Zdgy gZ\_~_gbo ie”oh”s\ ie”\bsblb lhqge
N Byog nmgdpey a[ZeZgkh\Zgh€ IhqghWdb Zg8Zf[exeijb g_agZqghfm a[-evr_gge q.
deklv ijZ\bevgh i_j "~[Zq_gbo ihabKPBgobZpte.c
71+ deevdeklv ijZ\bevgh i_j_"[Zq_gbo g_4 \ « A dAS
ihnec )3 + deevdeklv g ijZ\bevgh i_j_"[Zq'_% y jl%gpgciéevr? d|'ﬁ,'\‘ehk|.—ggy
Ib\gbo ih~sc )1 + deevdeklv g _ijZ\bevgh i_j_ 0 *g - 9
gbo g _]Zlb\gbo ih~ec | jrZ qzklbgz _dki_jbhegl@} m \bdh
Hkgh\gZ <~ vy h[jeadb ZgkZf[e_ \bjdbkl&glgbnkd@Zgndb a\Z _ghlh ]Jhehkm\zZggy *
je\ ihey]Z} \ Ihfm sh[ ih[m"m\ZIb ZgkZfdey glhagékls deZkbnedZp+€ Zgkzf[e_\h
gbo deZkbnedZlhje\ a \bdhjbklZggyf dfe ZX izre]jchqbhymhh kle \boe*gbo ~Zgbo \bdhjbk
[ _1°9]1Z Z ihlef hpegblb \g_khd Z[h ijhlmmoddb\gtkpv dh\Zge agZg_ggy a \_ebdbf \fe
‘ghlh a deZkbnedZlhje\ m azZ]Zevgbcfs\ asheviZimxhbemdZagbdb nmgdprhgm\Zgg}
gblb gZklbgm gZcf_gr ijh"mdlib\gbo -ajhyleo @z ijRp&ffg_ aZ[_ai_g_ggy yd_ kihg
ijZ\behf > @ sh af_grblv qZk gz\§@@agklzgoeZjbdbe [_1+g] deZkbnedZlhj GZ~.
nedZp+€ DK >ey hpegdb ijhAmdlb\ghkim}ivkyz2ddaih ydhkls dh gh€ «a [Zah\bo fh
klhAm\Zlb Z[khexlgm lhqgeklv |Z hpegd@moh\BKRUkM *ey gbo \Z]h\e dh_nepe}glb gZ

62E 60 agbo ihdZagbde\ ydhkls €0 jh[hlb lhggeklv
#72 QN =244 a ) :WFRUH nmgdpey \IjZI =HUR 2QH /R\
62E60E (2E (0 iehsZ i+" 52& djb\hx 52& $8& 6FRUH nn
BO?KNA L eh]Zjbnfegqgbo \ljZI /RJ /RVV IXQFWLRQ
L t L 62 4:x. \Z9Z lhggeklv %DODQFHGJ$EMXUVIZFA 6FR
S S 62EraWw2E(O; "’ "hkee~ _ggy ij_"klZ\e_ge* gZ jbk =
>NA PEOEXKA=HH
lhagZgbfh h[b”\e 0Zjzdl_jbklbdb F1 Score vs Selected Dynamic Weight Calculation Method

kle yd 3HUI Lh”e nmgdpey \b[hjm [:
evghlh deZkbnedZlhjzZ [m”~_ \blJey~ZIl ©°%1
ZgkzZflex aZ i_\gbf agZq_ggyf ijh™"m

jZa e "ey h[jeadb ZgkZf[ex aZ \en" 0907
dlb\ghkle \er k _j ~gvh]h agZq_ggy

BL2ANBP 2ANSB

N B+ nmgdpey sh \bagzZqz} g_h[o*/ gl
I1Zggy Q ¢ deZkbnedZlhjm m negZev
B3HUI Q £ hpegdZ ijh*mdlb\ghkle Q .|
3HU4+ aza”Ze_]*"v h[jZg_ ihjh]h\_ ac

BL +2ANB2ANBr Q 2/ANB :z;

N Bx nmgdpey sh \bagZqZ} g_hl[os &
IZggyc@eZkbnedZlhjm m negZevghfn R
B3HUI Q + hpegdZ ijh~mdlb\ghkle Q Q\@&‘
3HdJ+ k_j_"g} agZq_ggy hpegdb ijh”
deZkbnedZlh jT \+ 2 Z e_] ey h [J ya g_ selected Dynamic Weight Calculation Method

agzq_ggy AZ"Z\rb ihjhlh\e agZq_ggy 14 pli£AEP 84v f 1jbdb ) 6FRUH zgkzflex
€0 "hihfh]l]hx ydekge [Zah\e fh™ _e- g_h%o\-.’)\gm[jffb}g’\]hf ”T/\Jm jha)jZomgdm \Zg]h\b[o
gZlb €0 “ey negZevgh]h Jhehkm\Zggy dh_nepe}gle\ ey Jhehkm\Zggy

0.883

1 0.877 0.877 0.877 0.877 0.877

F1 Score
[=]
=)
@
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Train Time vs Selected Dynamic Weight Calculation Method AZ j_amevlZlhf ijh\_~ _gbo _dki_jbf_gle\
.45 fZgh sh \bdhjbklZggy ijhp_"mjb a\Z>_gh]h
\Zggy “ha\hey} i=*\bsblb Ihqgsklv jh[hlb Zg
R T gz agZq_ggy ) ©6FRUH gZz ag
4401 3UHVLFLRQ gZ 1Z agZq_ggy 5HFDOO
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16 1553 AZ j_amevlZIhf ijh\_~_gbo _dki_jbf_gle\
kI\_j~"m\Zlb sh \bdhjbklZggy ijhp_~mjb h
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[hlb ZgkZf[ey gZ agZq_ggy ) 6FRUH gz
081 g _ggy 3UHVLFLRQ gZ I1Z agZq_ggy 5H
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Jbk AZe_"geklv gZkm Ij_gm\Zggy ZgkZf[ex \*~ h[jZgh€ |_oge+db h[jeadb
h{jZzgh]lh ihjh]lh\h]h agZq_ggy I1Z f_lh~m hhaj<oigdm”ed]plpd ldnm\Zg

Jbk AZe_"geklv gZkm +~_glbnedZpe+€ \¢® h[jZgh€ | _ogedb h[jeadb
h[jZgh]lh ihjh]h\h]h agZq_ggy 1Z f_lh”"m hhajZocigdmred]hed idn\Zggy

AZ j_amevlzlhf ijh\_~_gbo _dki_jbf_gle\ hljb
fZgh sh dhfie_dkg_ \bdhjbklZggy ijhp_"mjb h[j-<bkgh\db
adb ZgkzZffenz  _gh]lh Jhehkm\zZggyf "haWMhjgadfidZo “hkee”"_ggy [meh ijh\_~_gh Zg
peehfm ie*\bsblb ihdZagbdb ydhkle adgglizokhim®dEDHe a7 i**\bs_ggy _n_dlIb\ghkle
ijhihgh\Zgh]h ZgkZflex $FFXUD)F\ dteZgkbnedZlhje\ ey «~_glbnedZpe+€ klZgm dh
6FRUH + gZ BUHVLFLRQ + gZ kbl 5WFDOO + gZ
ljb pvhfm \erfeqZ}lvky a[eevr_ggy gZknMljydgmkVZ g\dyoe*gbo ~Zgbo \bdhjbklZgh
ZgkzZf[ey ~h k_dmg”b q j a g h[oejgklyh\BgZeamhy ggy a i**\bs_gbf \feklhf
i_\gbo deZkbnedZlhje\ 1Z jhajZomgdsh \eZ}hhixdvdithdzeagbdb nm@dp ¢imeh\Ziggy
pelgle\ A egrhjedndmggy gZkm | _klké&Zyhgywhhl_ogedm a\Z _gh]h ]Jhehkm\Zggy

k_dmg”b } g_ agZqgbf IZ ijbcgylghZgeyfjraghbond_Ijbd ydhkle deZkbnedZIlhje\
dZpe+€ klZgm dhfifxl_jgbo kbkl_f a sodb dhogtglbfZajphp_"mjZz af_gr_ggy deevdhkl
jhf klZlbklbggbo ~Zgbo deZkbnedZlhje\

J_amevlzZlb _dki_jbf_glm ier\_jrbdph\is™\ge ~hkee”r"_ggy i*"I\_j~beb ijbi
s_ggy ydhkle deZkbnedZp+€ aZ jZomghdy\bsdhjb\lZggy *bgZfeqg_ Jhehkm\Zggy |
ijhp_~mjb a\Z _gh]lh JThehkm\Zggy gZgtkkkdhae\ nkmjdpgx4€ i \bs_ggx ydhkle deZkbr
eh]ZjbnfeqgbolXIhEjleadb ZgkZf[ex aZkghl\lhd'm ihdebdZge aZ[_ai_qblb [sevr gZ™e
gZ \bdhjbklZgge Ihgqghkle m ydhkleqdjblsfexglijbedZpex klZgm dhfi xlI_jgh€ kbk
gylly jer _ggy a ihjhlh\bf agZq_ggyf \Z eb\h ey k\h}gZkgh]lh \by\e_ggy ZghfZe-

LZdbf gbghf ijhp_~mjb h[jeadb ZlgkZf[es\ a je
agbfb |I_ogedZfb 1Z ihjh]lh\bfb agZg_ggWHh-adZzZdlykzf[ee\ djef ie*\bs_ggy lhqgg
f_ IhA"bdZ a\zZ'  _gh]lh ]Jhehkm\Zggy "Zxly sthhe'wmklZ eb\m i_j_\Z]m kdhjhg_ggy
ie"\bsblb _n_dlb\geklv jh[hlb Zgkifdgx\Zgjby gZ |_klh\ec \b[*jpe P_ hkh[eb\
pvhim €0 dhfie_dkg_ \bdhjbklZggy evgd\heyWwblmjpeyo ~_ r\b~dh”ey } djblbggkt
fZlb fZdkbfZevg_ agZqg_ggy f_Iljbd ydhkIimkjkerghém«_glbnedZp+€ klZgm kbkl_fb
Ibfhfm ie"\bs_gge qZkm Ij_gm\Zggy I1ZAgZgnmh]h Khhdm a\Z _g_ ~bgZfeqg_ ]heh!
\Zggy gZ”"Z} fh eb\eklv lhgger_ \jZom\ZIb ijh"mdlt
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dh ghlh deZkbnedZlhjzZz \ ZgkZf[es Hkhp&bjhav@éebZlZfb ~hke<”"_ggy hljbfZgh -
\hx } Jgmgdeklv m \b[hjs nmgdp+€ hipegikiy ydbHhjblkldZggy f_Ih~e\ fh _ [mlb dhjt
fh™_ [mlIb Zz~Zilh\ZgZ ~h dhgdj_lgh]hegkNmZfggy Zfb ~ey i**\bs_ggy lhqghkle 1Z g

Dhfie_dkg_ \bdhjbklZggy h[ho f_Ki®«¥Z3dlg@ZecdZp€ klZgm dhfi xl_jgbo kbkl_
[*evrbc ihablb\gbc _n_dl =jm[Z h[jedbdE Y gkitf{2e\ gZy\ghkle "Zgbo sh agZoh’
kdhjhgm} jhafej ZgkZflex I1Z ijbkdhjx} ithjhak demdZggy deZke\ HIjbfZlye j_amevl
kbnedZpe+€ Z a\Z _g_ ~bgZfeqg_ ]Jhehkiwv\Zodgly \Z[ebAtfi}d_je\gbpl\hf ~ey ijZzdlIbd
ydeklv fh~_ee LZdbc dhfie_dkgbc i®hdeee’agdfdeali_qm} ijZ]lgmlv is*\bsblb _n_dl
gZcdjZsm _n_dlb\geklv «* glbnedZpjpE[Hbz§mMedhfdeZkbnedZlhje\ \ ZgZeh]eqgbo

| _jgh€ kbkl_fb gbo az~ZqZo
KIBKHD E1L?J:LMJB
6DWKL\D 'HYL 6 5DMDNXPDU 5 1HW ZRURWV VY QDU VY QR Qo6 DRAMIGF 8\ IR @ N&\D
3DQGLDQ $ )HUQDQGR ; ,VODP 6 06 HGV,RRFERWHKUHLHERERYNW %W D D@

&RPPXQLFDWLRQV 7THFKQRORJLHV_YRGRL BBULQJHU 6LOBDSRUH KWWSYV
Q_eZd < < Jhajh[dZ f_Ih"m «~_glbnedZp+€ klZgm \d¢hdi_ gtldpo€ "kbkl jtb_@X hkglk =Z\j
e_gdh 1Z < < Q_eZzd KbklI_fb mijzZ\eeggy gZ\e]Zp<«€ |hZz|Z\¥yaM thj Z<eg i k d * Kk
KWWSV GRL RUJ 681=

$QGUHD &DPSDJQHU 'DYLGH &LXFFL )HEBVLF® BRQ¥HWED HSOHDHUIPWVOLUR @ PRGJ
,QIRUPDWLRQ )XVLRQ 9ROXPH RUJSS M L ®&MWXWSV GRL

2 +RUQRVWDO DQG 6 *DYU\OHQNR 3HYHORSFPIHYWHRY VDDRHWKR R 6 RIFRSX WERIQ W
EDJJLQJ FODVVLILHUV™ $ , 6 YROKWW)RY GRL RUJ'HF

2 +RUQBVWDYU\OHQNR DQG 9 &KHODN (QVHPEOH SRRWRADLRX] %W H G HRQV k4D B

&RPSXWHU 6\VWHP 6WDWH i, .QWHUQDWRRQ D@ G FOLHHVQWRORF\6$N & R VY DXQFF
6R]JRSRO % XOJDULODWWSVSSGRL RUJ 00%

- $ 6iH] DQG - / 5RPHUR %pMDU 32Q WKH Q8MAEDHN ZWW R | %% L GIH QO LIQMBHV |
ODWKHPDWLFV YRO QR S RUJ -XQ PDWKWWSV GRL

$ 'RJDQ DQG ' %LUDQW $ :HLJKWHG 0DMRWULEQ DRWL QB BYE V, RDE\E-OUHQ HINELLRRIDIFXK !

HQFH RQ &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ 8% .S 6DPVXQ

KWWSV GRL RUJ 8%0.

3LQWR ) 6RDUHV & OHQGHV ORUH(QDHPEOHV ZiWKQDEWBOHDIURILQJ ,Q 6F}

.LWWOHU - HGV OXOWLSOH &ODVVLILHU 6\VWHPV O0®RRO / FEFSW K Q BIH UR V&I 2

KWWSV GRL RUJ B

6DQQDVL &KBNIUDBSDMBEKXUX (QVHPEOH %DVHG :HLJKWHG 9RWLQ@LBRIURDFK IR

EHWHV OHOOLWXV ,Q .DUUXSXVDP\ 3 OWRARPW 9 HWERIUNY [HIBG/ $86XQWHDL\YDEQ

'DWD (QJLQHHULQJ DQG &RPP 7HFKQRORUHHKWYRYY GEFSWURQJIJHUBG6LQJ

'HQ\X =KDQJ 'RQJTL <DQJ 6KXDL VHPBEOH$RBAEX\EIWM K WHRWLQJ EDVHG RXWOL

VDPSOLQJ IRU FUHGLW VFRULQJ ([SHUW 6\VWHPW SV WK BIS RAULFDWLRQH VORI X F

/L ' =KDQJ = :HQ * &ODVVLILHU VXEVHW WGWHB AN RRQDBIV AGSE @ HFQ DY Hi

WHOO KWWSV GRL RUJ v [

6 .ZDN DQG + .LP 3&RPSDULVRQ RI HQVHVROED SILDQILRQ P HMW K EGVYIX QUG J- RDXNW

.RUHDQ 'DWD DQG ,QIRUPDWLRQ 6FLHQF® '®RFL HVP\G YRMRUPD@R RQ R LHQFH 6R
KWWSV GRL RUJ MNG L

*HRUJH ' & &DYDOFDQWL /XL] 6 20LYHLUD UKDDXR - &RPRKXQDQ J>)GLOKHIRNV 9

HQVHPEOH SUXQLQJ 3DWWHUQ 58§RJQLW KROQNSMW WEHRILY RBROXPH M SDWUHF

SHFHIGG Z A *creZ
$FAWHG IRU SXEQ@FDW nRAM 1jb

OHWKRG RI LGHQWLI\LQJ WKH VWDWH RI D FRPSXWHU V\VWH|
EDVHG RQ HQVHPEOH FODVVLILHUV ZLWK DQ LPSURYHG YRWLQJ

20HNVLL +RUQRVWDO 6YLWODQD *DYU\OHQNR

$EVWUDKMWREMHFW RY WHMHBURKHVV RI LGHQWLI\LQJ TWdH WXEDMWM A VWR IRW K H VAR
LV WKH PHWKRGV RI LGHQWHI\SQUSWYH FWODMRHEPISBIRYH WKH TXDOLW\ DQG SHUI
FODVVLILHUV E\ RSWLPL]LEHWKRIE ¥ BIVHQIQSURFBGREUGI PHWKRGY HQVHPEOH FO
PHWKRG ZHLJKWHG DGDSWHYWHYRXW WY ZHLRFHRGWAIMEXHG PHWKRG RI LGHQWLILFD
WHPV EDVHG RQ WKH EHJJLQJ PHWD DOURGXWK®JIJZWWHK Q XPEHL RO BM\RIFH 5 D W VILE
ZDV GHYHORSHG 7KH HIIHFWLYHQHYV VDRI F FOIIRXM DHUYRPFKHE R@® G HKIQWLIQRIQEW
RI WKH PHWD DOJRULWKP ZDV LQYHVW LEDOFX® D'WILB U HZGWJI WWIHM FR P HWKREQMWNR
RI ZHLJKWHG YRWLQJ XVLQJ YDULRXV TXDONWO RMWGILHW DWH R RIQF LVER UHY®D OX §
SURDFKHY VHSDUDWHO\ DQG DOVR FR QUIDWPKIEGQWEEN W IRIDVE LRYG QVH\HY URH VX O ML RUIC
DQ LPSURYHG HQVHPEOH FODVVLILHU IRU LGEDYWGI\RQ MWW K HE M WIR\Y Bl RH WVIX HD G RS
ZKLFK GLIIHUV IURP WKH NQRZQ RQHV L®VWRK HE BR P B GIH[V\PHE ®RH FOOVIVQ JLPHIW KORQ ¢
ZHLJKWHG YRWLQJ SURFHGXUH 'XH WR WK$RVFV/EERHHW R Q\Q FRU HDK/H EOVD/VD E FLXHID |
IXUWKHU UHVHDUFK PD\ EH WKH VHOHFW LR 9DQ & X)/G RXNRALRHHQ @H R IU BD Q@ L FP FOVIK\RU

.H\ZRUGWDVVLILFDWLRQ PDFKLQH OHDLU® WHE GNEHAMEREID ISV X B QUL @IF F X UD F\
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THE HIGHER EDUCATIONAL INFORMATION SYSTEM: MANAGEMENT OF THE
TIMETABLE SCHEDULING AND LOGISTICS OF THE EDUCATIONAL PROCESS

Abstract. In modern conditions, one of the important areas of developmemthadher educational institution is the
automation of educational activities through the implementation ofrgplex information system. In order to increase the
effectiveness of simultaneous management of various aspects of edalcaittivity, the information system should
combine a wide range of functionality, including the timetable sdiremodule. This paper is dealing with the one of the
important issues of the most significant university administrative procegsestable scheduling. This module should
support working with big data and have the appropriate software and teédhfrastructure, analytical tools, reporting
units and error detection units. The article discusses some aspedctstiaigtable module. A description of the software
and technical infrastructure of the business process of forming thersity schedule is given.

Keywords: | nformation system, higher educational institution, schedule, curricsuients, system architecture.

| ducti Almaraz et al. [4] define the digitalization of HEI
ntroduction This research is focused on digital transformation
In modern conditions, society have been facing withhallenges in higher education institutions. Jackfs
the need of an ongoing digitalization of the atgiim all ~ presents the research into managerial stratedgli$iand
sectors activities of the economy, including treddfiof pivots of digital transformation. The issues redate the
higher education as a central venue for the creafimew theoretical model of digital transformation in tHé&l is
knowledge economies for the 21st century [1]. Urtder presented in research [6]. The authors of the phfier
influence of the rapid expansion of COVID-19 epidem consider five general assumptions that hinder tgeat
the russian federation's military war of aggressigainst transformation of HEIls. In [8], the authors consitlee
Ukraine higher education institutions of Ukrainee ar problems of the digital transformation of higheueation
undergoing digital transformation. The informationafter COVID-19. Paper [9] considers a key aspedhef
technologies and systems, learning technologies adiital transformation of higher education - theation of
digital platforms are actively implemented to mée¢ a digital learning space.
needs of students and faculty, since these needsitical The Bologna process, proposed in 1999, tends to
for teaching and learning. Trying to absorb theckho harmonise HE systems throughout Europe in order to
students, academic staff, and administration engidladk ensure compatible degree structures, equal academic
a fast experimentation and learning process on twmw qualifications and enhancing the attractivenesi®aign
teach, learn and administer digital education [Phe students to study across Europe [10]. Structural
study plan is the main foundation of the education@onvergence of HE systems in Europe, generalizex vi
process in any academic institution that determihes of characteristics in HEIS, more complex and steided
content all training activities that each studentism HEI systems, became an important task of univessiti
undertake during its university career. The stuthnp [11]. Globalisation of HE stimulates the use of eor
specifies a list of educational components and thgical advanced information and communication technology
sequence according to the state educational sthnddid2]. Universities and colleges of many countriéshe
implements the basic principles of subject selactioworld are constantly searching for tools used toraate
regulates the total academic load and the volume eflucational processes. Such tools are mainly focase
academic disciplines, the student's workload bijogderof the selection of educational process managemeiensys
study, forms of final control. Given the complesusture electronic  document flow management systems,
of the study plan, the generation of the schediilth@® educational activity support systems, virtual l@agn
university's educational process is important campbof environment for providing distance education.
the educational process, its quality and efficiency Information systems in higher education institution
Considering the lack of automated information systén  are designed to manage and organize the vast arabunt
universities the process of building student's doleeis data that is generated in these institutions. Thgseems
considered one of the chronic problems facing therovide a platform for storing, processing, andigeing
educational process in many educational institstif#). data related to student records, financial aiddeeéc
The university course schedule is the main, fitmhming programs, faculty, staff, research, and adminis&at
document that regulates the educational work afestts operations.
and educational staff. The problem of drawing ap Usually, educational institutions use corporate
schedule at the university is to distribute a $etomrses information and analytical systems (IAS) [13], whiare
according to the curricula within the given numlaér usually commercial products and require considerabl
classrooms and time periods (pairs). costs for the purchase of licensed software (so#wa
The informatization of universities has become onproducts of automation of the process of creatind a
of the main issues of higher education managemethiei management and examinations of MedMe, BeAxi from
digital age. KindGeek, (England) [14], software for the develgmn
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of the system of accounting the student body Lotus 3. In the university management:

Notes/Domino from IBM, (USA) [15]). The main * management of the processes of collection,
disadvantages of using such information systems fetorage and processing of information about theensity
Ukrainian universities are the English-languagerface, facilities, data search and analysis;

high cost and the failure to take into accountgpecifics ¥ provision of automated control of the execution
of domestic institutions of higher education. of decisions;

Some of the key information systems used in higher 1 improvement of educational institution
education institutions include: management planning;

t Student Information System (SIS): SIS is a T improvement the efficiency of the use of
comprehensive database that stores and manageststudinancial and material and technical resources.

related data, such as registration, enrollmentjegraand But in their implementation, information systems
transcripts. It also includes features for coucdeduling, have two groups of problem, namely technical ana- no
degree audit, and student communication. technical [18].

T Learning Management System (LMS): LMS is The technical aspects related to systems itself,
an online platform used to deliver and manage eoursamely the quality of technical information system.
content, assessments, and communication betwegltyfac In contrast, the non-technical aspects are assdciat
and students. It also includes features for trackindent with the perceptions of users op an informationtesys
progress and performance. that cause them to accept or refuse to use anriafan

¥ Financial Information System (FIS): FIS is usedsystem.
to manage financial data related to tuition feggricial At present, universites of Ukraine have
aid, scholarships, and grants. It also includetufea for implemented and are using a number of automated
budgeting, accounting, and reporting. educational process management systems, namely [17]

¥ Human Resources Information System (HRIS): f $FDGHPLF ,QIRUPDWLRQ 6\WWHP %
HRIS is used to manage employee data relateditghir 352)2 > KWWS JDYDK FRP XD@

payroll, benefits, and performance evaluation. Igoa f :,6 ©LUHNWLYD?2 >KWWS ZZZ NLWV
includes features for tracking employee attendaanue T 1,6 ©8QLYHUVLW\2 >SKWWS ZZZ XQL
leave. T A package of computer systems of "Polytek-

¥ Research Information System (RIS): RIS is usesbft" PE [http:// www.politek-soft.kiev.ua.];
to manage research data related to grants, funding, ¥ 3URJUDP FRPSOH[0$7¢370%
publications, and collaborations. It also includestures [http://www.direct-it.com.ua];
for tracking research progress and outputs. ¥ :,6 +hed Educational Institution”

These systems help higher education institutions fbttp:/ndipit.com.ua];
streamline their operations, improve efficiency,dan ¥ 1S "University" [http://iww.kspu.edu];

enhance the student experience. They also provide 1 The electronic management system of the
valuable insights into institutional performance &elpin  XQLYHUVLW\ ©6RFUDW?2 >KWWS YVDX Yl

decision-making processes. T Program complex "Automated educational
However, quite often the automation of higheinstitution management system" [https://mkr.ord.ua/
educational institutions builds on disparate tdbkt are The information systems listed above automate the

not combined into a single system for solving fiomal main structural divisions of the higher educational
problems. Moreover, separate software tools haee thinstitution - the dean's office, the academic depant,
own information bases for each functional probldmnot the admissions committee, the personnel departrtient,
cover all objects and processes of the HEI actiaityd do  accounting and financial department, etc.

not take into consideration the peculiarities @laticular The main processes that can be automated in the
university (a comprehensive educational schedulingresented automated systems include:
system UniTime [16]). ¥ management of the educational process;

The use higher educational information system ¥ management of the introductory campaign;
should ensure [17]: ¥ management of information resources;

1. In educational activities: T management of financial and economic

T creation of a modern distributed educational andctivities;
methodological environment university; T management of scientific work.

T use of Internet technologies in the educational The analysis of the information systems of the
process; automation of the activities of the higher educslo

T e-learning; institution carried out in the article [17] allow tletermine

¥ export and import of educational services in théhe following characteristics of higher educational
international educational space. information system:

2. In scientific activity:

¥ presentation of the scientific potential of the
university in the global information space;

T access of scientific staff to the information
resources of world scientific centers;

T implementation of joint research and projects as
part of international consortia.

open architecture;

modular designs;

cross-platform architecture;

minimization of client software requirements;
differentiation of user access rights;
simultaneous access by multiple users;
network security controls.

+ +H+ H+ H H+ H
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The purpose of the article is the description and
development of the timetable scheduling module of tt
hight educational information system.

list of university classrooms;

list of education programs;

list of departments of the university;

list of academic disciplines;

information about academic staff and employees
iZETA is an automated system of planningof the university;

+— +H +H+ +H H

Systems design

organization, management and control of the edvmalti T list of full-time and part-time positions;

process in higher educational institutions. Theesysis T hourly wage tariff grid;

designed to create, support, process and savenation ¥ categories of administrative documents;

about the components of the educational proce: t templates of printed forms etc.

automation of document flow in planning, organizafi The access of authorized users to work with system

management and control of the educational proce modules is regulated through the administration uteod
information and analytical support of all units tffe  With the help of a multi-level system of accessutatipn
educational institution. The system covers alletafgjom in one information field, users of different depaents
the formation of educational plans to the prepanatif the and departments of the educational institutioniceamact.
timetable scheduling and the formation of accogntiata The system has a modular structure. Each
for the completed teaching load by the teachinff sfa submodule is called by the main module, and each
the university. The purpose of creating the soféwa submodule completes a relatively independent fancti
package is to obtain reliable and complete infoionat Each submodule can be developed, tested, and eubdifi
about the educational process in a timely manmewadl independently and finally forms the whole systemtle

as to reduce the labor intensity of inputting andlyzing system has good scalability. The system is divitéol
accounting information, increasing efficiency, detency twelve modules:

and reliability of data. A software package implemee ¥ Management of the study plan;
on the basis of client/server technology. The detab T Editor of the study plan;
server uses the MySQL DBMS version 5.0 and highe Tt Consolidated educational process timetable;
which ensures high reliability of data storage iatelgrity. ¥ Management of the Consolidated streams;
Work logs make it possible to monitor each uset 1 Teaching load calculations;
access to certain system data. With the help of t T Teaching load distribution;
"IZETA-Updater" tool, system modules are automdlica T Timetable scheduling;
updated. ¥ Management of the teaching load,;
Primary data is formed through a system ¢ ¥ Business trip manager;
directories that make it possible to accumulate tt ¥ Management of publishing of printed products;
following information in the database: ¥ Administrative documents management;
¥ list of educational institutions (branches of thi ¥ Printing documents on higher education;
main educational institution); The system structure is shown in Fig.

Fig. 1. Top level components of iZETA

88



ISSN 2073-7394 Kbkl _fb mijZ\eeggy gZ\¢]Zpe+€ IZ a\ yadm

The server part of the iZETA is the intermediarcurricular needs: accessible workforce, courses,
EHWZHHQ WKH GDWDEDVH DQDBL &appropriated classrooms, labs, and working days of
tasks of the server part are transparent accedenfsto DFDGHPLF VWDII DQG VWXQ@WeW 37KH
the database, ensuring the simultaneous operati@i o resources to specific objects being placed in spares in
users and synchronization and data exchange betwsuch way as to satisfy as nearly as possible aofset
users. The architecture of the software is desigmedch desirable objeg LYHV VXEMHFWHG WR FRQ
a way that all users work in a single informatipace. So, presence of knowledge for creating timetablingveaife
the changes made by one user are instantly visb##l has led to new insights, like improved methodolsgiad
other users. more comprehensive models [19]. Timetable must raeet

The interface handles the different menus, formnumber of requirements and should satisfy the elesif
data management, schedule management (Web site \all entities involved simultaneously as well as gilois.
schedule for students and academic staff), repiThe timing of events must be such that nobody hai®e m
management, and user management. than one event at the same time [20]. The architeaif

Schedule formation is computationally compleithe program module Timetable scheduling Module
problem of distributing sets of resources to supfioe consists of such main components, representedyir2Fi

Fig. 2. The main component of the Timetable scheduling Wed

This structure allows meeting the specific 1 Data layer: This layer stores all the data needed
requirement of the system, including scalabilityd anfor scheduling, such as course offerings, acadestaitf
maintainability. This programmer Timetable scheuwli availability, room availability, and scheduling esl and
Module is able to handle large amount of data &dble  constraints. In the presented system, the modtéeairts
to adapt to changes in the scheduling requireme&his. with the database, calling the following data refees:
module performs the main functions, such as: Student Data, University Classrooms Data, Education

¥ formation of a list of university classrooms withprograms Data, Departments Data, Educational B,
the selection of their types - lecture classroomCourses Data, Positions Data.
laboratories and seminar classrooms, multimedia a ¥ Scheduling engine layer: This layer includes the
computer classrooms (Fig. 3); algorithms and rules that optimize the scheduledas

1t formation of the schedule for the currenthe input data and constraints.
academic year for the corresponding education T Reporting layer: This layer provides report on
institution in a semi-automatic mode; various aspects of the scheduling process. Thesetse

T analysis of the formed schedule for the presen help managers to make informed decision about resou
of critical inconsistencies for each academic stadfnber; allocation and course offering.

T analysis of the workload of the classrooms fc ¥ Integration layer. This layer allows for
the specified period; integration with other modules of iZETA (Fig. 2}t |

¥ Dblocking in the schedule for the academic staenables the module to exchange data, ensuring
member due to his business trip or vacation; consistency and accuracy across the entire system.

T generating printed forms of relevant document ¥ User presentation layer. This layer provides the
exporting them to MS Excel file format. user web interface for the module, allowing users t

The architecture of a Timetable scheduling Modulinteract with the system and schedule. The layer
includes several layers or components, such as: distributes information through a browser. So teerican

T User interface layer: This layer provides the usisend requests to the server, and display the sestlirned
interface for administrators or scheduling managers by the server.
input data, configure scheduling rules and comgBai t Error handling layer. This layer is responsible
view schedules, and generate reports (Fig. 4). for identifying, reporting, and handling errors that occur
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during the operation of the module. It provides na@isms error is detected, the error handling layer generates
for detecting, reporting, and handling errors, enguthat — error message that describes the nature of the &iner
the system operates smoothly and efficiently. When ierror message is displayed on the user interfacegJig

Fig. 3. The interface for choosing the university classroo

Fig. 4. The interface for scheduling managers to inpu dat

Fig. 5. The interface for error handling
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During the formation of the schedule, the systel ¥ None of the lecturer should have two classes at
monitors three important components of the moddle- same time slot
WHDFKHU V HPSOR\PHQW WKH)G T Every classroom must be scheduled exactly once
the group's employment. If the system identifieseamor — at same time slot.
in at least one of the three components, then esur: t The working hours should be according to
cannot be held at a given time in a given audiencteaching load.
Employment for each component is marked by color. F The schedule adjustment capability enables Schedule
example, in the figure, the purple color indicatae Managers to manually fix schedules in order to yappl
group's employment, the pink color indicates ttaehier's constraints that are not implemented by the autedider
employment. To avoid creating conflict situationstlie function of the systa.
schedule grid (for example, when the teacher atinee The architecture of the software module is designed
time is engaged in several groups). With any cheutge in such a way that all schedule makers work innglsi
the schedule grid, the schedule are automatichlipged information space. Changes made by one schedulermak
for all users. According to this approach, the aispers are instantly visible to all other schedule makers.
that make up the schedule can track changes inimeal According to this approach, the dispatchers thdtemgp
and see any kinds of overlays errors. In Timetabthe schedule can track changes in real time andcsge
Scheduling Module there are some constraints thet ikinds of overlays.

detected using the Error handling component [21]: The key actors for the proposed program module
¥ Lectures should not have timeslot clashes. STLPHWDEOH VFKHGXOLQJ’ LQFOXGH
¥ None of the room could be used for two differer Education department, Schedule Manager, Head of

lectures at same time slot. department, Lecturers, and Students (Fig. 6).

Fig. 6: Use case diagram

The Administrator manages the application, acce The schedule manager is responsible for scheduling
rights and data warehouse. The Education Departigenand managing the overall Timetable Module. Studants
responsible for education planning: study plarschiZng Lecturers, and other guest users in general may vie
load, students data and academic staff data. Tschedules through the relevant website.
responsible employee of this department is engaged
updating data in warehouse, creating, and editithe
study plans, monitoring the distribution of teachipad. An automated system (iZETA) was provided for the
Report management enables the users to view ot piprocess of planning, organization, management and
schedule reports. Students and Lecturers managen control of the educational process in higher edocak
allows the Education Department to edit other fdssi institutions. The paper explains the work of then@iable
users of the system. Scheduling Module of this system.

Conclusions
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The paper has contributed directly to improving thgeneral automation of the activities of a higheraadional
work on scheduling by automating the work of thinstitution, including the work of the educational
Schedule managers. The program can be used for department.
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USING JAVA AND C # PROGRAMMING LANGUAGES
FOR SERVER PLATFORMS AND WORKSTATIONS

Abstract. The paper analyzes the features of the use ofrkipoegramming languages Java and C #, and thein ssftware
development for server platforms and workstati@ihgir main advantages and disadvantages are gatestj some differences in
their syntax are compared. Based on the existingrdics of popularity, the prospects of Java andp@®gramming languages are
shown. By comparing a simple synthetic test, ty@eds were compared on the Java virtual machisievd..8 and the Microsoft
.NET Framework version 4.5. As a result, recommigrafor further use of Java and C # programna@ingliages are offered.

Keywords: Java, C #, JVM, .NET, programming.

. primarily due to its cross-platform nature (thdigbfo run
Introduction on different operating systems) [2]. Using the Xdama
Nowadays, two popular and rapidly developingplatform allows you to use C # to develop applaaifor
competing programming languages are Java and @A Ewarious operating systems, including Android. Altgb
though C# appeared much later than Java, theyddte the system is quite new and at first glance veoynising,
in common, but as they say, nothing is perfect. it is not known exactly how long it will take rodthis is
This case is not an exception, and in this artife, due to the fact that Microsoft sometimes closegritslucts
analysis of the advantages and disadvantages bfdafac if it sees their futility. This can be easily vesd by
them is carried out. When comparing C# and Java, virestalling their main tool for developing Microsoftsual
must start with their origin stories. What is tieason for studio software. If you compare their versions, gan see
this? Well, mainly because of their similarity, wini that older versions contain such tools for program
explains the many similarities you face today betwe development, which are excluded in more moderriorss
these languages. C # and Java languages appearedf 8Microsoft visual studio, such as J # [3]. Irstapproach,
different times. The Java language was createddefye  Microsoft has both advantages and disadvantages. Th
C #. Under the name Oak Java was developed by Samlvantages are that to maintain the relevanceodfipts, it
Microsystems in 1990, and in 1995 the first betaiva of is necessary to spend company resources that casete
Java was released. The creation of C # was anmbumceto develop more promising products. The main
2000, and in 2002 the first version of the .NETifplan  disadvantage is that the programmer will have &onle
supporting C # was released. Thus, if Java wagecteaanother language and start all over again, whiobtigiood
based more on the experience of Objective C arttle®, for him, as well as for the company's reputatiohiineyes.
for C # such support was C ++ and Java itself. Aiedpite The strictness of the language helps to avoid roamipus
its name, C # turned out to be closer to Javatth&h++. mistakes. Java, according to statistics, rankd fins
From the developer's point of view, Java and Cetivary  popularity. The scope of this language is verydaagd it
similar. Both languages are strictly typed and ctbje supports the ability to run programs almost anyeher
oriented. Both incorporate much of the C++ syntax, almost all operating systems, personal computersess,
unlike C++, are easier to learn for beginners. Botmobile phones (using Java mini), Android operating
borrowed from C a set of basic keywords and servigystem, GPS navigators, VCRs, satellite syst@mssure
symbols, including curly braces for delimiting iscBoth  meters, heart rate monitors, even bracelets touredse
languages come with rich library collections. Buguality of human sleep, etc. According to official
languages also have their features and differencafeveloper data, Java is used on more than 3,000(ID0
strengths, and weaknesses. C # took into accouny mdthree billion) devices [4]. The approach of Jageedopers
shortcomings of Java and corrected them in itg the field of stability is completely opposite Microsoft.
implementation. But Java does not stand still,\érglin ~ New Java components are tested long before theylre
parallel with C #. Kick Redek of Microsoft conside€ # marketed and are not removed after they are release
to be a more complex language than Java. Accotding Undoubtedly, this method has a significant disathge
them, ‘Java was built to keep a developer from shootinthe novelty of the product is introduced very skowl
himself in the fodt and 'C # was built to give the Despite this, nowadays, the latest version of theaJ
developer a gun but leave the safety turned ecn @ language is almost not inferior in innovations t[g].
The purpose of the articleis analysis of Java and C Regarding the comparison of the performance of
# programming languages' functionality. Consideting programs written in Java and C#, we can say that th
advantages and disadvantages of each languagenidete comparison is a synthetic test, and its purposdois
the best option for software development. compare how long it will take programs written i# (et
4.5) version "Release" and Java (1.8) to compéetiestin
the Windows 10 operating system. For example, densi
C# is a product of Microsoft and the main directiorthe process of creating the same class a given eruafib
of this language is products for the operatingesysbf the times, for example, 1,000,000,000 times, in whibk t
Windows family, both for desktop computers and fosame mathematical functions are performed. Programs
mobile devices. The Unity 3d game engine, on whictvere run not from editors, but from created filefich
many games are developed, is also gaining popuylaritvere created not as Debug versions, but as Release.

Presenting main material
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As a result of the test, you can clearly see that personal devices and the growing importance of ortw
perform the same operations, the program in Ckiaare  security. [3]. Prior to the creation of C #, Mionfts
time than the program in Java, ie a program in Javaodified Java (creating J ++) to add features thdy
performs the same operation several times fasger ¢h work on Windows, thus violating the Sun Microsystem
program in C # [3]. license agreement. The development of these two

There is a set of libraries for both languagesclvhi programming languages, as well as their APIs, Esar
allows you to build a user interface for deskto@mnd execution environments, is governed differely is
applications. In the case of Java, these are thiegSamd defined by ECMA and I1SO standards, which speci®y th
SWT multiplatform libraries, as well as the platfor syntax of the language, the format of the execetabl
JavaFX, which allows you to create RIA applications modules (known as CLI), and the Base Class LibiEme.

For C# on the Windows platform, the main platformstandards do not include many new libraries, sueh a
for developing desktop graphical applications arébraries for databases, GUIs, and web applicatidres
Windows Forms and WPFThere is a special WinRT date, no component of the Java environment is
platform for development under Windows 10. For pthestandardized by Ecma, ISO, ANSI, or any other staisl
platforms, the gtk # library, created as part & Mono organization. While Oracle retains unlimited exulas
project, is used. Developments that are originadiged on legal rights to modify and license its Java tradésngd].
Windows are usually built on Windows Forms, their
transfer to another platform becomes time-consuri#hg
C# development in the Mono environment using gik# i ~ Today, Java is more popular than C# and
ported, but much less. There is no implementatiothe@ considering the popularity graphs, the situatiofi not
WPF platform within the Mono project, so WPF pragsa change in the near future. C # attracts primardganise
are not portable to Linubased operating systems. you can write anything on it, thanks to the .NEatform

C #, along with Java, is gradually becoming popula@nd a huge number of frameworks. However, desfsite i
on several Linux and BSD-based operating systemms. Taffinity with C ++, it is quite friendly to beginners. The
implementation of the Mono project was a legallinjgss Syntax of C# is more concise because signs are used
process, as the CLR and C # languages are starethinli instead of long words. Its special advantage isitiléy to
Ecma and ISO, and anyone can implement them withadivide classes into separate parts and files with t
worrying about the legal side of the case. At treestime,  instruction “partial”. In terms of software deveiognt
it should be noted that a program written in a Wimgl speed, C# is once again the leadgis possible to write a
environment can have significant problems runninden  Simple program using GUI (graphical user interfdasjer
another OS [1]. For server software developmemtseth than Java [5]. If the program must be cross-platfahere
two programming languages are closest to beirgye no options when choosing between C# and ddasa
considered competitors. Java with its J2EE (Jaya (@il be better in this case. In the speed of thedooted
Enterprise Edition) platform and C# with its ASPN&re synthetic test, Java won by a significant marghus] we
at odds when it comes to creating dynamic web abntecan conclude that if you need stability, crossfptat, and
and applications. Both programming languages adelyi speed of the program itself, it is better to wiritdava, and
used and supported in this market, along with afseils  if you need to write a program that will run on \§inws
and related products created in JavaEE and .NET [2]  then it will be more profitable to choose C #. émgral, do

Since the creation of C #, it is constantly comgarenot worry too much about this choice. C # was patly
with Java. There is no denying that C # and its CLicreated as an analog of Java, so the languageguitee
control shell owe much to Java and its JRE (JavaiRe Similar. After all, a programming language is jastool,
Environment). It is arguable that C # developmenthe and C # and Java are like two tools that are theesa
result of Microsoft's recognition that the Java-tamhtrol purpose but from different companies. Therefore,ntiain
code shell has many benefits in a growing networkething is to learn how to use this tool, and whicte gou
world, especially with the advent of the Internatrmon- have specifically is not so important.

Conclusions

REFERENCES

Jeffrey Richter CLR via C #. Programming on thefgoft. NET Framework 4.5 in C #: Print2prin2020. +896 p.
Andrew Troelsen, Philip Jepix C # 6.0 programmangguage and .NET 4.6 platform: Apres2016. £1440 p.
Joseph Albahari, C# 10 in a Nutshell. The DefipifReferenceO'Reilly. #2022 +1058p.

Herbert Shieldt Java 9. Complete Gui@®Z m d hKk bed+2023 +752p.

Robert Laforet Data Structures and Algorithms waJ®&rint2print+2016. #04 p.

grwbdE

Received G Z "+ cJ 2052023
Accepted for publication (jbc g/ 1 22 h" jm g 18.09.2023

<bdhjbklzggy fh\ ijh]jZzflavazl@g@y ~ey k_j\_jgbo ieZlInhjhtdbo klZgpec
L : >fblj_§da&h >_jdZqg : H >fblj_gdh

:ghlZpeyx jhl[hle ijh\_~_gh ZgZeea hkh[eb\hkl_c \bdhjbklZgg&gyddafiZz€ fh\Zijh]jZfm\
\bdhjbklZggy €0 m jhajh[pe ijh]jZfgh]h aZ[_aiigZbugyjf "EX jloihghgbklZgpec >hke+s" _gl
hkgh\ge i_j_\Z]b 1Z g_~heedb ijh\_~_gh ihje\gyggy *_ydbko \GZ:hklgkl-ceky i aqkkEg "bdk f
ihimeyjghkle ihdZazZzgZ i_jki_dlb\geklv JheliZ@]jZfméxghy ijhklh]lh kbgl_Ibggh]h I_kIim [
ijh\_~ _gh ihje\gyggy €0 r\b~dhkl _Javgvrtual Zraching_jk+€ Midrdsoft NET Frameworkl _jke€
< j_amevlZle aZijhihgh\Zgh j_dhf_g”~Zpe+€ sh”h ihAZewjizfim\BDeNgiR#¥Zggy

Dexqgh\e ke JaAC#JIVM, NET ijh]jZfm\Zggy

94



ISSN 2073-7394 Kbkl _fb mijZ\eeggy gZ\¢]Zpe+€ IZ a\ yadm

UDC 004.65 doi: 10.26906/SUNZ.203.3.095
Y. Zhyvylo !, V. Kuz?

!1DWLRQDO 8QLYHUVLW\ ©<XUL .RQGUDW\XN 3ROWDYD 3RO\WHFKC
2Kruty Heroes Military Institute of Telecommunication and Information Technologies, Kievirgkra

TECHNICAL REQUIREMENTS FOR THE PHYSICAL AND APARTMENT
INFRASTRUCTURE OF THE MOBILE DATA PROCESSING AND STORAGE
SYSTEM FOR THE DATA PROCESSING CENTRE OF THE CONTAINER TYPE
OF FINANCIAL INSTITUTIONS, ENTERPRISES, ORGANISATIONS

Abstract. In modern conditions, the amount of information is constantly &#sing, and at the same time, the speed of
doing business is increasing. According to Gartner Group estimategoliad average amount of user data per company is
120 terabytes. In turn, according to IDC calculations, last year 35 hillEssages were sent in one hour in the world. If
WKHVH QXPEHUY DUH WDNHQ LQWR DH BPREEFRW Q WW WRUU D ¥ SRIORWL RVIKWWMWOR Q H P\HF
be successful, companies not only have to operate with largme®lof data, but also process it quickly and efficiently. At
the same time, according to the opinion of the world's leadingtexpleere are about 40 key macrotechnologies in the
world today that determine the level of the economy. These preossse significantly influenced by the specifics of the
formation, constant development and transformation of cyberspacthese areas, breakthrough achievements are
predicted, first of all, in artificial intelligence, cloud technologies, inteofi¢hings, productivity and nature of computing
devices, possibilities of storage, processing and transmission of large amiaya ahd information (Big Data), means and
technologies for their implementation on radically new principlée capabilities and vulnerabilities of almost all modern
infocommunication and cybernetic systems increasingly depend, inoaddin the growth of the interrelationships of
various information systems and control systems among themselves in raoi@h@c, multidimensional cyberspace and
their informational and cybernetic interpenetration, interaction and intmdepce, etc. Therefore, taking into account the
above, it is necessary to focus primarily on the creatioreshanently functioning data processing centers (data centers),
and under the conditions of our state's opposition to the aggressatry, to develop appropriate data processing and
storage systems on mobile platforms. Another, quite significant andinggkdncomponent is taking into account the
modern structures of information protection and cyber security systems, whidhe the use of a fairly powerful line of
tools, both at the technological and software levels, the use of extensiantelshitectures, protection methods aimed a
prejudice, detection and response to potential cyber threats.

Keywords: information, data processing, asset, cyber threats, cyberspace, doationrsystem.

access to information, and in the worst case, it will be
irretrievably lost. Therefore, it is extremely important
Problem statement. The unique capabilities of for all financial institutions of our country to develop
data centers (DC) guarantee the efficiency anand implement the relevant technical requirements (TR)
uninterrupted operation of any organization, helping tior data processing and storage systems (DPSS) of
solve most of the problems inherent in any type ofontainer mobile data centers, as well as to ensure the

Introduction

business. stable operation of the corresponding subsystems in the
Multicomponent systems provide: conditions of the existing risk of violation of banking
- high reliability of information storage at a fully operations through cyberspace.

justified cost; Understanding the needs of the present day for

- significant cost savings due to a variableeonducting business, there is a rather urgent gquestion
selection of services and opportunities, which isegarding the creation of an effective and reliable data
especially relevant when implementing new IT projectsgenter (data center), and in the conditions of our

- reduction of costs for renting premises, service afountry's war, to foresee the development of appropriate
equipment and payment of electricity; the DPSS on mobile platforms. The basis of the

- creation of conditions for smooth operation andmplementation of such solutions is the principle of
interaction of the head office and the network oficcess to corporate network resources and

branches; virtualization, which will allow to rationally distribute
- the possibility of organizing a reserve office inthe load on equipment and ensure uninterrupted
case of need. operation of applications. The development and

Modern DC allow you to work with a large flow of implementation of the specified systems (centers) will
information, organize centralized data storage, increas@sure data storage, backup and data recovery,
the reliability of the entire information infrastructureguaranteed accessibility to all corporate assets. At the
and ensure communication between the DC and userssame time, the territorial location of data and servers

An improperly designed and deployed DC, savinggdoes not matter at all, you can work with data from
on life support systems: the subsystem of ventilation, anywhere, having an access interface and an Internet
conditioning, fire extinguishing, access control andonnection. If necessary, it is possible to organize work
video surveillance, this can cause negativieom mobile devices.
consequences. Violation of stable functioning or DHVHDUFK S XEEDduRmyWthdr Gtdble
technological processes of DC operation can blodkinctioning of electronic communication systems and
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networks of financial institutions of Ukraine in special The above-mentioned regulatory documents and
conditions and ensuring uninterrupted operation dftandards provide requirements for the minimum
departmental information systems in conditions ofiecessary package for the creation, development and
martial law, data storage (information), ensuring accesse of information systems, networks, resources and
to information resources of subjects and users is carriegdormation technologies, which are built on the basis of
out in accordance to the current legislation of Ukrainghe use of modern computing and communication
regulatory acts of the National Bank of Ukraine, takingechnology, as well as the creation, implementation,
into account international standards, generally acceptezthnical support (TS) and improvement of the
international practices and principles [1], in particular: management system of information security and cyber

- Law of Ukraine "On Electronic protection [4].
Communications" (current edition dated 03/31/2023), At the same time, more and more organizations are
document 1089-IX; also realizing that traditional security solutions and

- Law of Ukraine "On Basic Principles of Ensuringmanual procedures are no longer sufficient to
Cyber Security of Ukraine" (Verkhovna Rada Bulletinjmplement and maintain financial sector security
2017, No. 45, Article 403, with amendments), documergolicies. In this context, organizations (institutions,
2163 VI, enterprises) are not prohibited from building up their

- Law of Ukraine "On banks and banking activity"capabilities in matters of information and cyber security.
(information of the Verkhovna Rada of Ukraine, 2001But, taking into account the principles of ensuring
No. 5-6, Article 30, with amendments), document 212Jinformation security and cyber protection generally
I, accepted in international practice, financial institutions

- Law of Ukraine "On Financial Services and Statenust manage cyber security risks in their activities, on
Regulation of Financial Services Markets" (Publicationthe objects of the critical information infrastructure of
of the Verkhovna Rada of Ukraine (VVR), 2002, No. 1the banking system [5], in accordance with international
Article 1), document 2664-IIl; standards, standards of the European Union and NATO.

- Resolution of the Board of the National Bank of The most leading compliance protocols (their
Ukraine dated September 28, 2017 No. 95, documergieases and components) that financial organizations
v0095500-17, "On approval of the Regulation on thean no longer ignore are [6]:
organization of measures to ensure information security 1.The Payment Card Industry Data Security
in the banking system of Ukraine" [2]; Standard (PCI-DSS). A security standard for protecting

- National Standard of Ukraine on Informationpayment data throughout the payment lifecycle.
Security DSTU ISO/IEC 27000:2015 "Information 2. The Sarbanes-Oxley Act (SOX), the modern
Technologies. Protection methods. Information securitgatabase (DB) on “reform of open joint-stock
management system. Overview and dictionary"; companies and investor protection” and "corporate and

- National Standard of Ukraine on Informationaudit reporting and responsibility”.

Security DSTU ISO/IEC 27001:2015 "Information 3.The Monetary Authority of Singapore-
Technologies. Protection methods. Information securityechnology Risk Management (MAS-TRM).
management systems. Requirements" [10]; 4. General Data Protection Regulation (GDPR).

- National Standard of Ukraine on Information 5. Gramm-Leach-Bliley  Financial = Services
Security DSTU ISO/IEC 27002:2015 "Information Modernization Act (GLBA) is protection of records and
Technologies. Protection methods. Compendium dfformation about clients, the procedure for
practices regarding information security measures”; modernization of cyber security systems of financial

- Internal Statutes. institutions.
The supply of SOZD mobile data center of the Therefore, programs, tasks, projects and
container type is carried out on the basis of: informatization works aimed at the creation,

- the Law of Ukraine "On Information" development, integration and support of information
(information of the Verkhovna Rada of Ukraine (VVR),and communication systems, networks, resources and
1992, No. 48, Article 650, with amendments), documeribformation and communication technologies [7], as
2657XII [3]; well as the fulfillment of security requirements are

-Law of Ukraine "On the Protection of contained in a wide set of standards regulations,
Information in Information and Communication mandates, and guidelines that include PCI-DSS, SOX,
Systems" (information of the Verkhovna Rada ofind MAS-TRM.

Ukraine (VVR), 1994, No. 31, Article 286, with The purpose of the articleis to formulate the
amendments), 80/94-VR,; general technical requirements for the DPSS mobile

- Law of Ukraine "On Electronic Trust Services"data center container type of institutions, enterprises and
(Verkhovna Rada Bulletin, 2017, No. 45, Article 400, asrganizations of the financial sector of the state.
amended), 2155-VIII; . .

- Law of Ukraine "On the National Informatization The main material
Program" (Adopted on December 1, 2022, entered into  Justifying the purpose of the article, it is proposed
force on March 1, 2023), 22807-IX; to outline the main material of the study according to

- Law of Ukraine "On Protection of Personal Data'the following structure:

(Vedomosti Verkhovna Rada of Ukraine (VVR), 2010, - general requirements;
No. 34, Article 481, as amended), 2297-VI. - requirements for the DPSS;
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- requirements for hyperconverged infrastructure. manufacturer, described in the documentation and
- requirements for the hardware platform of theserially produced as a single system.
data backup and recovery system. The manufacturer's technical support service must
General requirements (Table 1) The DPSS act as a single point of entry and must not redirect the
equipment must be assembled, mounted, configured acastomer to any other technical support services for
tested by the supplier in a container-type mobile datoftware or hardware components included in the
center. The DPSS should work in 24x7x365 mode. Thswlution.
DPSS must be provided with warranty service, technical A single monitoring point (single interface) of all
support and software license updates. The supplibardware and software resources of the complex should
performs design, debugging, maintenance and suppbse provided. The monitoring system should display all
of servers and the DPSS exclusively by qualified anldardware components of the complex in the form of a
certified specialists. All equipment and systems as lagical structure.
whole must comply with current environmental, The monitoring system must support integration
sanitary, fire and explosion safety standards, as well asth VMware vCenter and display the relationship
other applicable regulatory documents of Ukraine. between certain hardware resources and hypervisors.
Requirements for the DPSS (Table 2) The The monitoring system must ensure the compliance of
DPSS must be designed and supplied by a singlee installed versions of the manufacturer's microcodes
manufacturer and consist of two subsystems, namely: and software, as well as ensure the security settings of
idata processing and storage (hyperconvergedl components are checked in accordance with the

infrastructure); specified corporate security policies.
idata backup and recovery. The system architecture should eliminate a single
Requirements for hyperconverged point of failure. Servers, network infrastructure, power

infrastructure. The software and hardware complexdistribution of all equipment and control systems must
must be delivered in the form of a hyperconvergefe fully duplicated.

infrastructure. That is, the server equipment, data Hyperconverged infrastructure should ensure
storage subsystems, virtualization environment armbmpatibility and automation of network parameters in
control systems of the complex must be supplied in thértualization environments ESXi (VMware), Hyp¥r-
form of a single integrated physical device (solutionjMicrosoft), Openstack (RedHat, Ubuntu), Docker
compatible with the existing solution of the financiallKubernetes) container environment, as well as in the
institution (Dell EMC VxRail AllFlash). The combination of several hardware virtualization
architecture of this solution must be standardized by thmatforms within the data center.

Table 1 +Key characteristics of the solution

Name Requirement
hysical parame{The hyperconverged system must be compatible with"anb@inting cabinet for server equipment and consissefver"
nodes with processors of the x86 architecture with dssipility of replacing the server without stopping tiperation of the
lentire system. The servers must be equipped with cai@miaers for ease of maintenance.
Fault toleranceHardware redundancy of power and input/output busesh Egstem node must be equipped with hot-swappahiem:
supplies with 1+1 availability level.
Network interfac{Each server node must have at least four SFP+10Gl&gmat one 1GbE port for management.
Management ojA hyperconverged system must be equipped with alhéeessary hardware and software tools to implemerfoliogving
a hyper-  |main components:
converged | the provision of a single management interface floequipment included in the system via the Web. Rekriction of
system ladministrator rights;
- the control system must be fault-tolerant and brdvsare-reserved. Complete failure of the contrattayn should not lead
to simple functioning;
- the monitoring the performance of the used servers.pbsibility of remote installation of software ne@egsfor the
loperation of the server, including the operatindesys
- the management at the level of policies integratigtd VMware vSphere with the possibility of perfornt@ control;
- the system should provide management of event logamaigisis of the cause of the incident. The everlyacg system
must be integrated into the VMware environment.
Data access [The data storage subsystem should be based on sottefared data access architecture technologies wéhability to
infrastructure jpalance load and fault tolerance between all hamlvemmponents at the hypervisor core level and iesh fdrive
requirements technologies, deduplication and real-time compression.
If it is impossible to implement the subsystem at theelyisor level, it is necessary to add additionahgoting resources
for virtual machines (VM) that must provide this functidime system must include All Flash disk space based Brd&Rs,
hich can be configured in different levels of datatection: without protection, in a mirror, in autide mirror, in fail-safe
groups 3+1 and 4+2 using erasure coding technologerdling on the criticality of the data and use ttheaa write
loperation. Availability of data encryption functality and "stretched" functionality between clustatadcenters. The dat
storage subsystem must provide logical segmentation afadaess at the level of each VM or VM file (a datzess failure
lof one VM should not affect the work of others).
It should be possible to assign a protection levehtthé/M file and set access priorities to disk resaifbandwidth). The
data storage system (DSS) must support the creati@n sifigle cluster on the scale of two or more datdecenwith
simultaneous access to data on both resources. TherDStSorovide data protection at the level of failofeat least one
disk or server node.
IThe system must be able to scale within each node afubter and by adding additional nodes. The dataggasubsystem
ishould include the possibility of synchronous asghahronous replication between various systenth, dmftware-defined and
classical, based on controllers.
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End Table 1

IAppropriate replication software should be provides part of the solution. The I/O subsystem must suppitware-
defined file access with support for file protocol81 NFS) and management by VMware. Support for dataygtion at
the datastore and VM level.

Virtualization
platform
requirements

IThe platform must support:

- operation of the required number of VM users and Véhagement system and applications;

- centralized management of the virtualization plaitf and automation of administration processes;
- load redistribution mechanisms between cluster nodbsut stopping VM operation;

- mechanisms for changing VM configuration;

- provision of mechanisms for snapshots of guest systems;

- integration with the VDI control system;

- creation of a hierarchical structure of pools ahpating resources (CPU/RAM) of physical servers withasgignment of
priorities or a dedicated resource reserve;

- "hot" addition of processor cores and RAM for a vimgkguest OS;

- creation of clones of working VMs with changedwnetk parameters and entry into the MS Active Diregtbomain.

'VMware license|
that must be
included in the
software and

Provide for the availability of VMware vSphere Emése Plus, VMware vRealize Operations Advanced licefsesll
processors of the software and hardware complex, felw@enter Server. software subsystem of software t&fitorage,
with support for deduplication and compression, aedrancluster for all processors of the software-hardveamplex. All

hardware compl

licenses must have technical support.

Requirements for a hyperconverged infrastructure serustec!

The total number of processor cores in the cluster semet including Hyper-Threading or similar technoloigyat least 784 cores.

[The architecture and performance of the processorvgonge than Intel CPU GOLD 6348 2.6GHz.

[The total amount of RAM per system is at least 7168 GB.

[The total raw of

the disk system is at least 322 TB.

Server nodes that are mounted in a hyperconvergesinfcture

Processor per

node is at least two Intel Xeon Gol® @38G, 28C/56T processors or equivalent.

The memory p

er node is 512 GB, memory slots are at3@a5B. The possibility of increasing the amount éiMRat least up to 4 TB.

Storage device|
per node

At least two 400GB NVMe drives, U2 G4, Intel Optd?®&B00X (or similar) and support for the "hot" eg@ment function. A
least six 3.84TB SSD drives, 2.5" with parametersvorse than 1DWPD and support for the functiothot" replacement. Th
possibility of installing at least 24 drives of 2 &AS/SATA/NVMe) and 4 drives of 2.5" HDDs (SAS/$A). The node
supports a disk space of at least 184 TB.

Boot disks are

2x M.2 SATA 480GB RAID1 with support foe "hot" replacement function.

Power supply units are at least 2x 1400W 250v witB-C14 cables connected to the PDU.

Connecting to g
Ethernet netwol
switch per nodj

At least 4 10/25 Gbps Ethernet Opt SFP28 ports, withsitg PCle expansion slot. At least 4 optical moduleB+SSR
Optic, 10GbE. At least 4 optical cables OM3/4 LC/LCedFilCable 5 meters long. Expandable by adding additibCle
NICs.

Management
requirements

The server must have software and hardware from the searerfacturer for configuring management and monitpthre
operation of all components.

Management
mechanism in
conditions of
lack of physical
access to then

Graphical interface/Remote power management/Platiod@pendent text or graphical console for displgyiemote serve
activity management/Command ribbon and scripting inte/8SL encryption. Ability to diagnose CPU and sern
DNS\DHCP support. Ability to update IPMI microcode vl network. Ability to connect images as local diskices.

Support for hypervisd V. DQG YLUWXDOL]DWLRQ PDQDJHPHQ® HQYLURQPH(

Technical
support

- at least 36 months of warranty and service suppari the equipment manufacturer;

- support must be provided 24*7*365;

- the response time to a service request is no later4Haours from the moment the request is received &ysémvice
department;

- warranty support should include replacement ofedaicomponents, access to software updates and suppuarttiie
technical support center of the equipment manufagturer

- service, if necessary, is carried out at the locatiohevétjuipment;

- availability of a single call center of the eguipnt manufacturer for receiving service requests.

Implementatior
requirements

- physical installation of equipment on site accogdio specifications;

- installation of OS, drivers, embedded software, veafe for virtualization, hypervisors, cluster managerd
SupportAssist agent;

- deployment and configuration of the system in acawdawith the requirements described in the manufacsy
documentation;

- sending configuration data to the technical supgervice.

Table 2 +tRequ

irements for the DPSS equipment located in a separate segregateda

<

Equipment
name

Unit | No. Technical and quality requirements

Server

Number of central processors: 2 pcs.; Central processlaast 32 cores;

RAM: at least 512 Gb; Hard Drive: No worse than 10RMRSAS 12Gbps 2.5in Hot-plug;
Total capacity of hard drives: at least 18; TBpe of supported disks: SATA/SAS;

Size and maximum number of HDD slots: 8x2.5; Numbié€digabit Ethernet ports: 2;
Chassis type: Rack; Number of power supply units:2; fRower, W: 1000.

pcs.

Server

Number of central processors: 2 pcs.; Central processlaast 16 cores;

RAM: at least 64 Gb; Hard Drive: No worse than 10KMRBAS 12Gbps 2.5in Hot-plug;
Total capacity of hard drives: at least 12; T§pe of supported disks: SATA/SAS;

Size and maximum number of HDD slots: 8x2.5; Numbédigabit Ethernet ports: 2;
Chassis type: Rack; Number of power supply units:2; fRower, W: 1000.

pcs.
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Backup and recovery system hardware platform ¥ WHFKQRORJ\ WKDW DOORZV IRU W
requirements. The software and hardware complex of datanique data from the PC server or client to the system,
backup and recovery should be delivered as ansioitenf and also provides the ability to manage data replication
the existing solution with the possibility of datplication between similar systems;
from different sites where the equipment is locafHke ¥ XVH RI VHIJPHQWY RI YDULDEOH

hardware part of the complex (Table 3) must support improves the level of deduplication and compression;
¥ GDWD LQYXOQHUDELOLW\ DU F KL Wihi2WiduplicatioK lirknkedidt@y AftaH tie
data integrity throughout the entire life cycle; backup flow enters the system and save only unique
T DQ DUFKLWHFWXUH WKDW D @emBrisvo tieXlisf R UHGXFH WKH ORDG

on the disk subsystem due to the transfer of all data
processing processes to the processor and RAM,;

f KLJK UHFRYHU\
verification and recovery of data integrity [9].

Table 3 tHardware part of the complex

Name

Requirement

Control module

ith high-speed deduplication function at the lewélvariable-sized blocks without the process of hirdfg non-
deduplicated data on disks. Write cache must be dtgdiaan non-volatile memory. The system must withstangepo
outages without a UPS and resume operation aftenéad periods without power.

Software IThe system management software should work orottieober of the storage system, without the neaalldcate an additional serve
for this task [10]. GUI over Web, command linetifstee over SSH protocol must be supported. Sufisadbmmand scripts.
Scale IThe system must provide copy speeds of at least 15 foBthansfer protocols (CIFS, NFS, VTL) and at leasT8h for
requirements (no jprotocols with a distributed deduplication functidwdress the physical capacity of 280 TB of usableesgacluding hot-
less) swap drives and RAID redundancy [10].

Storage devices

60 discs 4TB or more 7.2K NL-SAS. The system must sugpmrswappable disks that are used system-wide. T
number should not be less than the number of diskehelithe system.

Data protection

RAID-6 and support for checking data integrity usaugtent hash

Connection ports

At least 4 10 Gbps Base-T ports and 8 10 Gbpsrgh8FP+ ports. At least 8 optical cables OM3/4.0Fiber Cable 5 meters long

Support of the
main
functionality

IThe deduplication technology should ensure theajlekclusion of duplicated blocks and their reaogdin a single storage
pool, regardless of the use of protocols, the aymenumber of virtual devices, and the type of daieage. The deduplicatio
technology should provide functionality expansigntkansferring part of the load to the server & backup system usin
protocols compatible with OST. The system must sapihe function of endls-end data integrity, including checkingeth
correctness of recorded data in real time. Theesystust provide a constant background check of ideggrity, with the
condition that each block must be checked at Bast a month. The system must be available 24/Gackup and recovery
Service procedures should be launched no moreathes a week and should not block basic functionalibhe system must
provide support for a synthetic full copy of thetadlaThe system must have High Availability confifion settings at the
controller level. In the absence of such an oppdstuprovide for the storage of additional copiéslata on a separate syste|
with technical characteristics, licenses and sersigport similar to the main system.

Support of the
additional
functionality

Availability of WORM functionality (Retention Lock)f images and data encryption. The system mugtostithe mechanism
of quotas and logical isolation of data, which tarthe logical volume of backup copies and acae#isem. The system mug
provide remote distributed replication of data fjeggion must be performed over IP channels and prasvide simultaneous
deduplication: only unique (non-deduplicated) blbokdata from media servers and OS agents muspbeated. The systen
must support extended functionality for data repian under the control and on demand of backufwaoé using OST-
compatible protocols. A replication bandwidth cohtmechanism must be provided. Support for two-aathentication of
users and quotas for folders and all network aquesecols. Support for role-based administratibbarkups and the syster|
as a whole. Support for filtering access by IP BNS name. Support for encryption of backup andaatibn traffic.

Support for data access protocols using IP CIFS, NF§, OST, NDMP without the use of additional devices.

Support for  [To cache metadata and ensure a full start of the VM ldckup. The presence of a separately installed haedadapter
caching on SSD [responsible for data compression. Availability of aste2 SSD drives with a volume of at least 3.84TB eacbafching.
Monitoring Statistics of occupied space by customers, auto gererdtservice requests.

Licensing and
service support

- the system must have all necessary licenses to fulfiitloge requirements;
- all licenses without exception must be given in possessi

- technical support for all equipment for a peridd86 months with a service level of 8*5, a responsa gervice requesi
within the next working day; the system must suppataitation in a standard rack;

- if it is necessary for the organization of the norrhalctioning of the system or the implementation of eyst
management involving other software products, suchna®% or a database, then all necessary licenses fdroadti
software products must be included in the offer. fEnm of technical support for such components shooida less than

the term of technical support for the disk system &wirgy backup and archive copies.

The software part of the complex must be from thstorage (NAS) and direct attached storage (DAS);

same manufacturer as the hardware part, and be
integrated into a single system or be an extension of thraries, virtual tape libraries, disk arrays, deduplication
"Veeam" backup platform available to the Customer.

The software part of the complex (Table 4) should

provide:

1. Centralized backup and recovery operations for
complete control of data protection across multiplearallel-local
computing and storage environments.

- virtual and physical environments;

- critical business applications;

- data storage networks (SAN) [8], network attached

storage systems, and cloud object storage.
2. Virtual synthetic full backup.
3. Starting the VM directly from backup.

and remote with
protection for recovery at any point in time.

one console.
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- backup storage options, including tape drives and

4.Data replication, namely local, remote and
continuous data

5. Management of several software products from

6. Monitoring and analysis and search capabilities.
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7. Authorized project administrators, developergloud and IT resources based on their roles and
and users to order new IT services and manage certaiivileges.

Table 4 £The software part of the complex

System software |- Backup system management support via WEB, GUI and CLI.
functionality for data| - Support for VMware and Microsoft Hyper-V virtualfrastructure hypervisors.
backup and recover] - Availability of clients for Windows and Linux OS (6eOS, Debian, Fedora, Oracle Linux, Red Hat, Subentu).
- Availability of clients for UNIX systems (AIX, Solaris, HBX).
- Availability of agents for the following applidgah systems and databases: Exchange, SharePointQUSS2P 1Q,
SAP, SAP HANA, Domino, Oracle, IBM DB2, InformixyBase ASE.
- Consistent database backup with distributed dechtpin and integration with native backup tools.
- Availability of backup indexing tools and data séapcganization for all created backups.
- Support for authentication when working with baglstorage devices.
- Support for encryption of backups and data whansferred to the backup device.
- Provision of reading and writing data directlyrfreclients to the backup storage device with the g service
information on the backup server.
- Providing integration with the backup storage fplah using data transfer optimization protocols, supgor
distributed deduplication and creation of virtuglr{thetic) full copies.
- Support for VM startup technologies directly frometsecure backup storage platform, providing simultas
writing and reading from the secure platform.
- Provision of advanced backup and recovery capiasilof VMware virtual environments, such as: changledk
tracking technology (CBT), instant access to VMs, grantécovery of objects. To minimize backup and rego
time, the use of modified block tracking technolégynandatory for both backup and recovery.
- Ensuring the possibility of continuous data protecfior VMware workloads by performing synchronous arsel to
it (RPO no more than 1 min.) VM replication. Contirus protection of VMware workloads should provide &bility
to protect both individual VMs and simultaneous protectf selected VMs collected in protection groups jaravide
the ability to restore the operation of VMs to any delécecovery point within 24 hours.
- Provision of automatic collection and analysis ohitaring data and reporting.
System software | - Providing multi-threaded backup and recovery.

performance - Support for multiplexing data streams when creatakbps.
- Support for dynamic allocation of file system backasgks to several threads.
- Support for deduplication at the source (befoamgmission over the network to the backup storagee)ewith
recognition of repeating blocks and support for idieation of variable length blocks.
Reliability and - The software should perform automatic protection ef stored backup directory, provide the possibilitytheir

integrity of further recovery, and also be able to notify in aafsfinding errors in the backup.

information - Provision of integral backup of application pragsaand databases.
- Support for restoring interrupted backup sessions &dmown integrity point.
Integration with othe| - The solution should provide extensions that allategration with own management interfaces: VMware viRe
management interfad Automation, VMware vCenter, System Center.
- Integration with vSphere with the ability to mgeabackup and restore operations from the virtualremwment
management console.
- Support for data exchange via REST API with oystems.
Software Licensing,| - Licensing type is per active physical processors (68tkets) or per volume of data to be backed up (FETB).

Warranty and |- The minimum number of required licenses are 28 sock&fS®FETB.
Deployment - All licenses without exception must be given ingeEssion.

- Technical support for a period of 3 years wileavice level of 8*5, a response to a service r&ghe next working day |
- Provide opportunities to use all types of agentsttier OS, databases and application servers listed in fiveas®
functionality requirements.
- The granted licenses must ensure the protectionoofuptive data, application programs and databaseswtitmy
restrictions: both functionally and in terms of the nembf objects.
- Backup system components and/or additional manageseesrgrs must support Windows or Linux deployment.
- If the installation of any components of the backyptem requires the involvement of other softwarelyets, such
as an OS or a database, then all necessary licenses fiwreddioftware products must be included in thenflhe
term of technical support for such components mustbeoless than the term of technical support for theiga
software.
- If for the normal functioning of the software itriecessary to install additional components that reqyire separat
hardware resources (for example, servers performirggdiatuplication), such hardware resources must bedexdlin
the offer, with a technical support term no less timentéchnical support term for the backup software.

If the supplier already has a modern backupransactions, account information and private
SODWIRUP 329HHDP" LQVWD O OH GerddmaGdatb>xoQpawneRt @drds,) paynheém processors,
extensive security and security functions, as well as thetc.
ability to access data from anywhere in the world [11],  Modernization of the structures and topologies of
then the company can put forward additional technicalectronic communication systems and networks of
requirements for the IT infrastructure, services anfinancial institutions is influenced by the development
equipment, this is Table 5. of technologies, changes in the financial security
environment, forms, methods and technologies of using
cyber influence and new achievements in this. At th

Summarizing what has been said, it should bsame time, this circumstance is complicated by the
noted that today corporations and institutions lef t constant change in the volume, speed and variety of
global financial market process and store a fairlpttacks, which vary from denial of service to malicious
powerful array of confidential data, such as cusiom theft from the inside.

Conclusions

100



ISSN 2073-7394 Kbkl _fb mijZ\eeggy gZ\¢]Zpe+€ IZ a\ yadm

Table 5 +Additional technical requirements for IT infrastructure, services and equipment

Functionality of thg The backup platform must have a distributed and hot@tly scalable backup architecture, have the ghiditback up
backup platform |itself to restore settings, provide a Rest API for rencotefiguration and management, and ensure the useerfiteal
management server as a license distribution server. Batkiyg.
The backup platform should provide the ability tolbap VMs at the image level, with the ability to copyly changed
blocks and save the state of applications, as well &outiinstalling specialized applications inside the .M¥e backup
platform must support backup transfer, both overtthasmission network and over the storage networkydirod
backing up VMs directly from NFS storage. The backigtf@rm must support a mechanism for automatically chan
the speed of the backup process when the read redjioes@creases at all levels of the storage systemthttability
to define response time thresholds. The backup pfatfeiould have deduplication and compression mechanis|
backup, the ability to exclude blocks of OS serviles, as well as folders and files specified by theruto speed up th
backup process, as well as to reduce the amount @fsttatage. The backup platform must be able to uselai&Bvare
shapshots for backup, with the ability to ensureieppbn integrity within the VM. Interaction shoulte implemented
using specialized APIs at the storage level and witinstialling additional software on them.
Testing the integrity and ability to restore VM bagku
The backup platform should be able to create antesblanvironment for the customer's production infuastire, with
the ability to use it for automatic backup testingto create test zones. The backup platform shoulditide to
automatically test the functionality of the backofpthe VM. Verification should be performed by rungiassociateq
backup VMs and/or DSS hardware snapshots in an igoktgironment on a schedule, with the ability to tést
performance of applications and services insidedéserved VMs. It should be possible to use both built-iifieation
scripts and the ability to use custom scripts.
Backup of network resources.
Provide the ability to create a backup copy of mekwesources to which public access is providedSKE (including
SMB v3) or NFS (including NFS v4.1) protocols. Sugifibe ability to create VSS snapshots when backmdata using
the SMB v3 protocol to ensure consistency. Have ftimetionality of storing historical versions of filegjth the
possibility of downloading the oldest versions to aoseary backup storage. Support the ability to us& B&rdware
snapshots as a backup source for file resources, avdidihgcking limitations. Interaction should be impiented using
specialized APIs at the storage level and withougllisg additional software on them [12].
Storage of backup of VM.
The backup platform must integrate with specializekijastorage solutions (deduplication disk storageceégvEMC
DataDomain via DDBoost protocol, HPE StoreOnce vitalyat protocol, as well as Quantum DXi, ExaGrid angitsu.
A backup platform should be able to encrypt backups. Backup platform must be able to integrate with Libased
machines to use them as secure backup repositories, rajlaata immutability settings to be set to protect resq
deletion and modification of backup data blocks dospecified period of time. The backup platform mustbke to
combine different physical DSS into a logically sengcalable backup storage pool, to combine thdabla space o
individual DSS. A backup platform must be able to $fan backups between different repositories with thiéty to
specify a new storage depth for the backup. Whemsfearing backup copies between repositories, th&upacopy
platform must be able to restore transfer of backopies between sites using compression mechanisms and
deduplication of traffic, and hashing of informatiat both sites on specialized servers. The backup phatfarst suppor
backup to tape libraries, including multi-streamitigg ability to pool tape drives from different tapedities. The backu
platform must be able to create a synthetic full bgzkvhen writing to tape from backups available indis& storage o
an incremental full backup cycle, without creatmtgmporary synthetic full copy on disk.
Possibilities of replication and disaster recovery bf.V
The backup platform should support direct VM replmatfor Microsoft Hyper-V and VMware vSphere platfts,
without using intermediate backups, with the abilidyensure the creation of multiple recovery poinid #re transfer o
only changed blocks. The platform must ensure theyiiityeof applications inside the VM during replicat, without
installing specialized applications inside the VMh&¥ replicating VMs between repositories, the baghafform must
be able to restore replicas between sites using congmasechanisms and global deduplication of traffitj &ashing
information on both sites on specialized servers. Theupaplatform must provide switching to the replicatéd with
the possibility of automatic IP address change. Tlekumaplatform must provide failover to a VM that iplieated even
if the backup server is lost.
Continuous replication and disaster recovery for VMweSphere VMs.
The backup platform must support continuous replicabébnvMware vSphere VMs, without using virtualizati
snapshots, which ensures minimal data loss within 2 sec®hé platform must continuously replicate the I/Orapens
of the VM and store them in a special log on thgdadatastore for several hours specified in the gbam storage
policy, in order to ensure the possibility of resigrthe VM to a certain point in time with a givetep. The platform
should provide the possibility of creating additioahtrol points of VM recovery, which go beyond tsleort-term
replication policy, taking into account the stafettmose working inside the application and ensurimgjrtconsistency
without installing specialized applications inside YHd.
Support of virtual | Support for backup of virtual infrastructure basedthe VMware vSphere 5.5 and higher platform,udiig VMware
infrastructures |vSphere 7.0 U1, availability of VMware Ready forAl$ certification. Support for copying virtual infsiructure base
on the Microsoft Hyper-V platform starting from Windows Ser2@88 R2 SP1 and higher, including Microsoft Hype
2019 and support for 64 TB VHDX. Support for backimg vApp containers, VMs and their metadata, as we|
restoring them directly to the vCloud Director infrasture. Support for automating tasks and ensuriegattility to
work through the self-service portal for VMware vGioDirector.
Integration with | The solution should provide extensions that allovedgmtion with its own management interfaces: VMwarealRe

other tma}nagemen Automation, VMware vCenter, System Center. Supportiéda exchange via REST API with other systems.
interfaces

Software Licensing Requirements for technical support and updating thieupasystem.
Warranty and | 1st level technical support should be available udtiple languages. Technical support should includepthesibility of
Deployment | updating to new versions of the basic software. Techsigaport must be provided 24 hours a day, 7 daysek, 365
days a year. General requirements for the supply bf/acd.
The license should not have any technical and fumaticestrictions, as well as restrictions on théhterr increase in th
number of protected environments. The supplier mase lofficial partner status from the software marntufac. The
supplier must provide an official authorization lethe®m the manufacturer confirming the possibility safpplying the
software as part of the procurement procedure. Wipplier must provide a license certificate for thisvgare.
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The creation of permanently functioning datdanto account the technical requirements for data
centers is a guarantee of business stability in thgrocessing and storage systems of container-type mobile
conditions of martial law. Their implementation will data processing centers of institutions, enterprises and
ensure data storage, backup and recovery, guaranteedanizations of the financial sector of the state is a
accessibility to all corporate assets. Therefore, takimgquirement of today.
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COMBINED METHOD FOR PROTECTING USER PRIVACY
WHEN USING A WEB BROWSER

Abstract. The article examines the issue of digital kiag, which allows users to be identified using cookies and digital
fingerprints. A comparative analysis of current web tracking methods stimtsapproaches based on detecting and
blocking web trackers are less effective than methods using value sutrstithese approaches do not protect against
passive fingerprinting techniques and are easily detected, making tiieerable to user identification. To solve this
problem, a hybrid method of forging transmitted data is proposed, inclafiggm generain and data fusion, as well as
detecting trackers for immediate protection. Attributes with a wide range dbleogalues and complex compatibility are
proposed to be replaced by real values with minor distortions.

Keywords: security, confidentiality, web browser, digital fingerprint, cookiegirprint, web tracker.

. Sometimes they can be used together to increase the
Introduction accuracy of identification. A cookie is a piece of data

One of the most common privacy vulnerabilitiesthat websites store in the user's browser and process

on the Internet is digital tracking, the slow, constaneach time they connect to the site. Cookies often store a

and relentless accumulation of user data [1]. Thunique user identifier assigned to him by a web

components of this vulnerability are browsing historyresource, which can later be used to personally identify

application usage, online purchase information, arthe user on other web resources. Cookies are classified

geolocation information. These insignificant individualaccording to their expiration date: persistent - such

data can be combined into a significant whole, whiccookies can be stored from several months to several

DOORZV \RX WR pLGHQWLI\ Wk years and session cookies, which are deleted aftep the

clicks, views, clicks and transitions and create extensibrowser is closed. A cookie-based tracking mechanism

behavioral profiles, for example, to show targeted ads consists in hosting a thirdarty server script on a

optimize website performance. However, thiswebsite by adding a piece of code. Such a script will

information can reveal political preferences, religioucall JavaScript code hosted on a third-party web server.

beliefs, race and ethnicity, education level, monthlThis code can perform various functions, for example,

income, consumer habits, as well as physical and mendownload and display an advertising banner of an

health, and in the hands of malefactors can be used affiliate advertising network or upload a special\safe

discrimination, blackmail or propaganda [2]. For thidibrary for developers to the site. It can also contaide

reason, the issue of protecting one's own privacy that allows this server to install third-party files time

particularly acute. To increase the confidentiality of useuser's browser and track them when this scriptaddd.

data, various legal, organizational and techniciThus, the tracking web server can place its tracker

measures are taken. These methods include detectdifferent websites and receive data about the user's

and blocking the execution of the web tracker prograibrowsing history, time spent on certain pages, @hdro

code, as well as the substitution of data transmitted data that is provided by a website with an embedded

the web resource in order to create a false user profile.tracking script (Fig. 1). The disadvantage of tréeking
Analysis of recent research and publications. method is that the files, and therefore the identificati

Analysis of the works of leading scientists whcinformation about the user, are stored on the suséte.

expressed their opinions in materials published iThis feature leaves the user the option to delete coom

magazines, collections of reports of conferences Ineld files, thereby temporarily stopping digital tracking.

our country and abroad, gives confidence in the

relevance of the researched issues. |. Sanchez-Rol

Santos investigate the problems of automatic analy

of web tracking. C. Giuffrida, S. Bardin, G. Blan

consider features of detection of intrusions a

malicious software and vulnerability assessment [

G. Gebhart, B. Cypher study aspects of the use

information technologies for corporate tracking [2

R. Laperdrix, W. Rudametkin, B. Baudry analyze tt

method of redirecting modern web browsers to cre

unigue browser fingerprints [3]. Fig. 1. K R R-Ndset tracking

Main part Therefore, the mechanism of taking a digital

Web tracking mechanisms mainly include twcfingerprint or fingerprinting is often used as a web
methods of tracking: the use of COO files [3, 4] and thtracker. A digital fingerprint is a set of information

creation of a digital fingerprint of the device (browser)about the software and hardware-software configuration
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of a client device connected to a web resource. Tlaccelerator or sound card used in the device. These
basic concept of digital fingerprinting is the initial andtechniques include Canvas Fingerprint, WebGL
re-identification of a user based on device-specifiFingerprint, and Audio Fingerprint.  softvear
information. Sources of information for the formation olconfiguration of a client device connected to a web
digital fingerprint are: data about user settingsresource. The basic concept of digital fingerprinting is
equipment characteristics; operating systerthe initial and re-identification of a user based on
characteristics; browser characteristics; user behavior.device-specific information.

Digital fingerprints are classified by source and are ~ Canvas Fingerprint is a method for getting device
divided into: passive based on informatiorcharacteristics that uses the HTML 5 Web Technology
automatically transmitted by the browser in the conteiCanvas element. This element is a surface capable of
of the HTTP header and active - collected whedisplaying 2D graphics in a browser using client-side
executing JavaScript code on the client side, to obtacode. The essence of the method is that some graphic
information provided by various web browserelements and text are drawn on the element hidden from
programming interfaces (API). In addition, there arithe user. The result of rendering the same code in this
modern complex techniques for the formation of digitecase may differ, depending on the operating system,
prints. They are the most efficient, because the result font library, video card, driver version, browser engine,
their work depends on the hardware configuratioand so on. The resulting image is represented asg stri
parameters of the device, for example, on the graphiencoded in Base64 (Fig).2

Fig. 2. Canvas Fingerprint

WebGL Fingerprint is an evolution of Canvas The essence of the method lies in the fact that third
Fingerprint. In this case, the web tracker code causes fparties rely on the stability of digital fingerprints to
browser to render scenes using 3D graphics technolo@ssociate them with one device. By sending random
which are also superimposed with various graphivalues instead of real ones, the collected fingerprints
effects. The resulting image is translated into thbecome so different and unstable that the tracker cannot
resulting byte array, which will differ depending on theidentify devices on the network. The downside is that
hardware and software configuration of the devicerandomizing inappropriate combinations of certain
Audio Fingerprint is to generate audio signals. Thparameters can result in lower user privacy.
characteristics of such signals may also differ due to  Unification assumes that the transmitted data is
differences in the hardware or software used. Thbrought to uniformity for each user. The problem of this
method is implemented using the Web Audio APl welmethod is the inability to change some attributes, for
browser interface. In general, this fingerprintingexample, the characteristics of the hardware
technique is a sequential chain of nodes for workinconfiguration of the device. The presence of unmodified
with audio in the browser and occurs in three stageunique attributes becomes a serious security
generating an audio signal, analyzing the characteristivulnerability for the user, especially if they are
of an audio signal, and hiding an audio signal. incompatible with unified data. To solve the problem of

Most browsers do not protect user information bcounteracting digital tracking, a variant of a hybrid
default. This means that they allow you to store cookieapproach to replacing transmitted data is proposed,
including those received from third parties, and also cincluding both randomization and unification of some
not limit in any way the existing interfaces used in thdata. The choice of the data spoofing method is
formation of digital fingerprints. Blocking third party determined by the fact that it provides protection against
cookies will prevent the user from being uniquehall the considered methods of forming digita
tracked by third party websites. The task of incmegsi fingerprints, and it also lacks the stage of detecting a
the user's protection against fingerprinting is much motracker, which allows for instant protection. With the
difficult, since in this case the countermeasureproposed varnant, characteristics that have a wider
provided by the browser are very limited ancrange of possible values and are difficult to unify
ineffective. (Canvas, WebGL, Audio) will be replaced by real ones
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with the addition of small distortions. In turn, the The data buffer can contain the values of the
attributes that must comply with the value adequaccoordinates of the vertices on which the drawing takes
property and whose change may disrupt the site will kplace, or the values of the colors. For Audio Fingerprint,
subject to unification [3]. it is proposed to replace the software implementation of
At the same time, it is planned to take into accoursome nodes that receive the characteristics of the
the connectivity of the parameters with each other, igenerated audio signals. In particular, it is proposed to
well as the adequacy of their values. It is proposed change the analyzer node (AnalyserNode) and the
unify the following parameters: HTTP headers (Useroutput buffer node (AudioBuffer) (Fig).3
Agent, Accept-Language, Content-Language, DNT) and
global JavaScript browser settings (navigator userAgel
navigator.appVersion, navigator.userAgentDatz
navigator.vendor, navigator.platform, navigator
language, navigator.doNotTrack, screen.heigh
screen.width, screen pixelDepth). First of all, befor
sending an HTTP request with the required headers
the requested web server, the value of the descrik
headers will be replaced and transmitted already in
modified form. Thus, Protection against passive digit:
fingerprints will be provided.
Then, after the page starts loading, but before ai
other scripts are loaded and executed, a script will |
injected and executed that will replace the values of tl..
globally available JavaScript parameters listed earlier. Fig. 3. Audio Fingerprint protection
After that, all other scripts on the site will be loaded.
Thus, all web trackers, when trying to get the values of
the characteristics through the browser API, will receive  The possibility of violating the user's privacy when
already changed values. working with a web browser using web trackers is
The next step is to provide protection against thshown. The main mechanisms of digital tracking are
well-known fingerprinting techniques described earlierconsidered, the principles of their operation, varieties
The general principle of protection operation for eacand modern implementations are described. It was
method of hiding is the same. The security script wirevealed that tracking using digital fingerprints pose the
override the JavaScript implementation of the methocgreatest danger, since they cannot be effectively blocked
used in fingerprint generation. In the future, when by the browser. A hybrid method for counteracting
website tries to generate a digital fingerprint, whefingerprint tracking is proposed, which consists in
using methods, the overridden code will be executed. unifying simple characteristics while observing the
The algorithm of fingerprinting technology usingrelationship and adequacy of values, as well as
WebGL is similar to the previous one. However, in thirandomizing complex characteristics that depend on the
case, noise will be added to the rendered scene dhardware configuration of the device and are not subject
buffer, which is subsequently used to form a fingerprinito unification.

Conclusions
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THE OBJECTIVE NEED TO IMPLEMENT AN INFORMATION SYSTEM
TO AUTOMATE DAILY TASKS IN RECRUITMENT WORKFLOW

Abstract. This article emphasizes the demand and significance of the implementadigmegration of an information
system for the nowadays recruitment process optimization. The artidduoés the inherent characteristics and nature of
information systems and outlines an essential range of tasks thg@edarm in the context of recruitment. This research
examines and determines the direction of implementation of informatibndlegy systems, automation, and regular
recruiters' routine tasks and processes optimization using artificial intelligessestance. The primary objectives of the
implementation of the proposed information system are quality imprawsmtauman resources saving, unification of the
processes, and introduction of the eéadnd solution for candidate interviewing. The weak sides of existingegses,
solutions, and the correlation between the effectiveness of thétmesmtiworkflow and work automation are determined.
The article conclusively proves that the introduction and utilinatib new information system tools and solutions are
indispensable conditions for successfultoqmate recruitment and it would be significant input into businegsla@ment
strategies since it will help to not only save human resources but awavklfor the company's market brand, reputation
gain and significantly decrease risks of wrong hiring.
Keywords: systems, information systems, information technologies, automation, artiftelfijience, recruitment,
optimization.
the real level of competencies using a previously created
role competency matrix (RCM) [1].

The critical component of every modern company is A role competency matrix is a structured tool that
a person or rather a professional in his field. Butompanies use to assess and determine skills, actual
professionals do not appear in organizations byualification levels, and competencies relative to
themselves, they appear in the recruitment procesgpecific positions and levels within the company. The
Recruitment is an integral and essential part of mumanain purpose of the role competencies matrix is to help
resource management. The main task of recruitmeat isit making mindful and informed decisions regarding the
find, evaluate and further hire candidates most daitabassessment of the level of qualifications of the
for a specific vacant position. The history of retngint subsequent hiring, and promotion, as well as for the
goes back thousands of years, the first mentions oénstruction of a further self-development roadmap [9].
recruitment date back to ancient Egyptian and Roman Analysis of existing information systems.
times. However, each of the eras of recruitment iedn Usually, every company has a number of tools that are
by a common need to modernize processes to adaptued to create a bank of candidates and further manage
changes in society and technology in order to amze them, prepare for interviews, directly conduct
efficiency [1]. interviews, etc. But the main problem with these tools is

In the recruitment process, the interview of théhat they are not united in one single system that would
candidate is perhaps the most important stage, beeausallow you to do the work from start to finish in one
high-quality interview is an opportunity to determiat environment, and also have structured historical data.
an early stage whether the candidate is really saifabl Based on our own experience and according to the
a specific position or not. Unsuccessful selection of survey of recruiters in several IT companies, we can
candidate, or a negative impression of the company ceonclude that the following tools are mostly used:

Introduction

lead to derivative financial or time losses, a dase in " a bank of candidates is usually created using
team productivity, a deterioration of the working climateinternal CRM systems or using "Google Sheets";
and additional risks. An established candidate irg@rvi » for the management of the role competency

process is the company's investment in the prediityabil matrices and the subsequent creation of a unique
of mutually beneficial and harmonious cooperatiomnstance of the interview by copying the document of a

between the company and the potential candidate. VSHFLILF 5&0 3:*RRJOH 6KHIHHWY LV WKt
An ideal interview process consists of severghows an example;
stages. According to the best recruitment practices, the * various pre-trained Large Language Models

interview begins with introductions between preserflLMs) are used to generate texts relevant to the
participants and a story from the interviewer about th@terview process. The Large Language Model is a

project and its features. After completing theneural network model deeply trained on a large dataset,
introductory speech, the candidate can ask questiowkich is capable of fast and efficient analysis and

that interest him. All this makes it possible to reduce therocessing of linguistic structures. The main advantage

level of stress and mentally prepare the candidate for ttse the ability to recognize and generate human-

most difficult stage of the interview. After completingunderstandable texts [7];

the answers to the candidate's questions, the most " 3*RRJOH &DOHQGDU" RU DQ\ RWK
responsible stage for the interviewer and the mos¥ XFK DV 32XWORRN &DOHQGDU ™ LV XVXI
difficult for the candidate begins - the determination ofleadlines, reminders, and scheduling.
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Fig. 1.Example of the interview instance basBdQ 5&0 LQ 3*RRJOH 6KHHWV" ILUVW URZV

Each of the above-mentioned tools performs itievels, even more, each specialist has his own vision.
atomic task well, but due to the lack of interconnectionrder to unify the requirements for candidatessfuecific
between them, problems arise at each stage of thesitions and for specific levels, companies userdle
interview that reduces the efficiency and productivity o€ompetency matrices. Also, RCM tends to change over
the process as a whole. time. According to the aforementioned informatiore w

The research purposeThe purpose of this article can conclude that we will need to develop the feature for
is to analyze existing best practices in the recruiting arwleating and editing role competency matrices. Qitleeo
hiring process, identify weaknesses and bottlenecks, aadvantages of our solution will be that all the pamy's
search for innovative technical solutions to improveole competency matrices will be in a centralized place,
and/or automate processes. which will make it possible to unify quality standarat
. the company level and facilitate the interviewer's

Main part preparation for the interview. Also due to the fHuwat

Taking into account the results of the analysis dhstead of a large number of different not conneuetéth
existing processes, solutions, and best practices, ti@igch other matrixes in "Google Sheets", the compalhy
article proposes to improve the interview process byave unified role competency matrices for differeféso
implementing an information system that will allowand skill levels, which will allow companies to cooperate
organizing an ends-end interview process, which will in the development of common high-quality RCMs,
significantly positively affect the quality of each ofinstead of many matrices of the average quality of eac
stages of this process for each of the participants in thiglividual interviewer which will lead to significan
process, including the candidate. The proposegliality improvements.
technology solution in this article will be a web The combination of the candidate's profile and
application that will include the following key features: competency matrices within one information system will

management of the bank of candidates (profilesjllow system users to create a unique copy of the
including the possibility of reviewing the historgf interview very quickly and conveniently. In orderdtart

previous interviews for each specific candidate; an interview, the user needs to select a candidatey go t
» management of role competency matrixhe candidate's profile, click the "Create interview"
instances; button, in the dialog, select the competency matrix

" creation of a unique instance of the interviewcorresponding to the candidate's position from ttup-d
based on the candidate's profile and competency matrigtpwn list and click the "Start interview" button.
the possibility of filling out and editing a According to interview best practices, before stgrt
unigue instance of the interview; with the atomic questions from the competency mgatnie
the possibility of automatic generation ofinterview should start with general questions aljuast
feedback and a road map of further development basexperience and relevant questions from both the
on the results of the interview powered by generativieterviewer and the candidate sides. This allows th
artificial intelligence; candidate to reduce the level of stress, therelpymizing
the possibility of sending feedback directlythe side effect of emotional fluctuations during #mswers
from the application using contact data from théo questions from the competency matrix. But thisail
candidate's profile; stage of the interview is no less important becdhise
regular automatic reminders about thestage helps to understand candidates' pattermmsn&ing,
feedback deadline for the recruiter and interviewer.  how the candidate resolves real business problemds a
Candidate bank management is necessary to be abieracts with the team, etc. All these details tioé
to create an individual profile per each candidatee T discussion should always be noted down. Quite often
candidate's profile will contain full name, e-mail, arinterviewers keep notes separate from the intervigvich
optional field for phone, a CV in the form of anlegrded leads to the fact that these notes are quite dfEn To
file, and a "Notes" field for other notes. It will alk® resolve this problem, the interview instance wilve a
possible to view the history of previous interviewsl anbuilt-in separate field for summary notes, whicli allow
start a new interview on each candidate's profile. the notes to be saved directly with the other arswather
Each company has its own standards dhan in a third-party document that will not beedily
requirements for different specialties and differskitl  related to the interview.
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After the introductory stage of the interview, thest  generative artificial intelligence technologies. néeative
responsible stage of evaluating the candidate'petance artificial intelligence in the modern world has bee a
begins with the help of a series of questions pestiened powerful assistant in every field of society in foem of
in the company's role competence matrix, whichdwéie chatbots such as: "ChatGPT" from OpenAl, "Bing'hiro
interviewer to determine how deep the candidateMicrosoft, "Bard" from Google, and many others [6].
knowledge relative to the specific position anceleWhen These assistants are only the tip of the icebetigerform
creating an instance of an interview, a copy of R@&M of a convenient user interface. Taking as an exaropé
with additional columns "Scores" and "Answer nbtesi Rl WKH PRVW SRSXODU FKDWERWQ@YVY WRG
be created from the competency matrix, which Wilva see that behind the scenes of this user-friendiljico is a
the interviewer to assign a score to each answeradd large language model that has its own API, thamkeghich
answer notes during the interview or after its cletqm. WKH 3&KDW*37" VHUYLFH KHOSV SHRS
Those two fields are needed to allow further aiglgad problems of varying complexity using a familiar tha
evaluation of the candidate's suitability or urghility to a  interface. Since creating a Large Language Model is an
certain level in his specialty. This step is exidm extremely resource-intensive and expensive proeess,
important not only to reduce risks and provide &ebe suggest using already trained neural networks, namel
evaluation for the company itself but also to bé&edb one of the language models from OpenAl. To sohee th
preserve historical artifacts after the intervieWhese task of automating the creation of feedback, we takke
historical artifacts first of all will give an oppanity to the LLM model from OpenAl and the corresponding API
create high-quality feedback and also if the caatdidloes for integration with our product as a basis. One e&f th
not pass the interview the first time, the artgaetll allow  many examples of the use of LLM, namely "gpt-3.5-
for subsequent attempts to compare the resultseolast turbo”, is the scientific study "Large Language Msde
interview with historical data, so the company caake (GPT) for automating feedback on programming
constructive  conclusions about the candidateassignments”, which was conducted in 2023. Thisystud
developmental progression or lack thereof. fully and completely confirms the effectiveness and

After the interview is over, regardless of whetheappropriateness of involving artificial intelligende
the candidate is a good fit for the position or ribis automate the generation of feedback for programmers
important to provide feedback to the interviewerbased on initial data. In our case, we will havéedint
Feedback usually consists of two parts combined & ofnput data and expected final output results [10].
message: feedback from the recruiter and feedbaaok fr Thanks to the integration with the API of the "gpt-
the interviewer. Usually, recruiters are more accunate a3.5-turbo" large language model, we will create toe
responsible in terms of providing feedback, becdtuse interviewer and the recruiter the possibility ohgeting a
in their direct interest to close the position. Intevwers, “draft” version of the feedback, which will save timajor
in turn, quite often do not take feedback serioesigugh part of the time for writing the feedback. It isgortant to
and provide very low-quality and superficial feedb@ar note that the "gpt-3.5-turbo” model will perfornetiole of
do not provide it at all. Even though interviewers aran intelligent assistant and is not designed topbetely
usually experienced professionals in their fieléréhare replace a person, because artificial intelligencesdnot
many reasons why problems can arise during thguarantee an ideal result, so there is a needirdal f
interviewer's feedback stage, the main oneggein moderation by an interviewer and recruiter and, if

» the consistently high workload on the QHFHVVDU\ PDNLQS-WKDBDRH$33ISOWORZV
interviewer, which forces the interviewer to saveetifor  definition of the detailed context before the resjua the
the main projects, or, on the contrary, to sa@iffte time RXWSXW :HYUH JRLQJ WR GHWIQH WKH
allocated for the main tasks for the sake of writingnterview instance and then request detailed fesdba

detailed feedback; (Listing 1). The interviewer should be the firsteoto
the human factor in the form of laziness or lackkcomplete his feedback because based on it, theitescr
of attention; and CEO will analyze and make further decisionsiatie

lack of knowledge and understanding thatandidate. However, the recruiter will be able dit ¢he

providing feedback at the end of the interview 8gm of interviewer's feedback before sending it to thedichate,
professionalism for the company and as well of abecause they have the necessary best practices of
interviewer. communication and soft skills that make feedbaclonty

In the last few years, it was absolutely proven ionstructive but also pleasant for the candidakéng into
practice that businesses without unification, optimiati account various psychological aspects.
and automation of the processes would be less Due to the presence of the candidate's profile, in
competitive and non-efficient in the market. Everwhich there will be a mandatory field "E-mail", we
traditional business models such as restaurant basingsopose to implement the possibility for the recruite
nowadays require modernization by information systensend final feedback from our web application from the
introduction in all processes, especially in regulatine  page of the interview instance. The integratiosesfding
tasks to be able to supply high-quality service vigtiver email letters to candidates will allow recruiters to aisva
resource consumption [5]. In recent years, artificiause unified branded letter templates, and replaceuata
intelligence technologies have turned into everydagopy-paste of the before prepared in the system &&db
assistants. Recruitment is no exception because ¢hef usbecause manual copying increases the probability of
technologies and various tools allows for significantl errors and enforces recruiters to do manual forngattin
increased productivity, accuracy and quality wiéssl each individual feedback in the email clients theg. lis
expenditure of both time and resources [2]. our case, feedback text is going to automaticallynfit

This article offers a solution to the above-merdbn the predefined email letter template, so no extra
problem of lack of detailed feedback using moderformatting is needed which will save a significantoamt
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of time. This functionality will allow not only to makthe to standardization, to maintain consistently high-gyal
process more reliable and resources saving butdlso, feedback and work for the company's reputation.

import  openai

openai.ChatCompletion.create(

model=" gpt - 3.5 - turbo ",

messages=[

"role ":" system"," content ":" Automated Interview Feedback

nt "" "1

{
{
{
{" role
{" role
it
{
{
{

cal Question 3: Implement a binary search algorithm.
content ":" Candidate's Response: ... "}

content ":" Feedback Request: Please provide feedback on the candidate's responses.

Listing 1. ((DPSOH RI WKH BSHOSUER 3J83W XV D JH

Sending feedback can be considered the end of the Every information system which works with sensitive
interview lifecycle, after which the interview instan user data takes responsibility for secured datago In
becomes read-only even for the interviewer anduieer our case, the system is going to have sensitiae ataut
to prevent post-facto changes. the company's standards and at the same timeegdatd

In addition to the quality of the feedback, it isof candidates (contacts, CVs, history of intervieets.).
equally important to provide it in a timely mannethin  To protect confidentiality and privacy, our appiica will
the terms agreed in advance with the candidatebaekd be secured by following industry standard best tjpes
delays sometimes lead to significant candidate stnass dsuch as Advanced Encryption Standard (AES) encnypti
to uncertainty, which also affects the subsequerf(6 HQFU\SWLRQ LV WKH SURMHDQ@®D\ WR
impression of the company, so it's really importtnt business data safe. AES encryption is used worklwid
meet agreed deadlines [8]. including by the US government. One of the mos@usu

Even if the feedback is extensive and detailed, buse cases for AES encryption in web projects isuage
sent with a significant delay, this will be a sign ofof the Secure Sockets Layer (SSL) which is the fnasic
unprofessionalism, and it will also be a blocking factoEXW VWLOO YHU\ LPSRUWD/QIW fEVHE /WU L
for the further steps of the recruiter regarding thiSSL helps to encrypt transmitted data betweendbeand
candidate because the recruiter cannot take regidpsi the browser. SSL helps to prevent a wide rangeyloére
for the results of the interview with the interviewe attacks, where Mam-the-Middle (MitM) Attack is one of
without provided feedback by the interviewer. Aldwe t the most often used to attack web projects witB@&lt [4].
delay in feedback imposes the risk that the candidiite
accept an offer from a company that reacted faster and
provided feedback with an offer for further coopiera Every solution should have its objectives. Based on

Given that it is important not only to meet deadlinethe research we have made we have found that soime o
but also to provide feedback as soon as possible recruitment processes need to be modified and aftoin
minimize the chance of accepting an offer from bheot Our primary objective of the information system eleped
company, there is a need to constantly remind bah tko be applied for recruitment interviews is é¢ndknd flow
interviewer and the recruiter that a specific intawvie organization including automation of the regulantire,
instance is still not completed and waiting for feedbackut still very important parts of the process suah
Of course, you could delegate the responsibility deedback generation through Al GPT models. Those
reminders to a recruiter, but there is nothing mor@novations should rapidly enhance business dfiigie
valuable than a person's time that can be put todatey and decrease time and money consumption per each
benefit than constant reminders. To solve this bl interview with remaining high-quality standardssa|l the
we suggest using cron jobs to solve this routine taskaplementation of this system benefits both therinewer
Cron jobs are tasks or programs that run on a regukad the candidate because of the streamlined user
basis at a predetermined time interval [3]. experience and great final result.

In our case, utilizing cron jobs, we will be able to By integrating generative artificial intelligencegth
implement the automation of regular reminders to theompany gains much quicker, more accurate evalisation
interviewer and the recruiter about the presence of the candidates. Also even if the candidate washwot
interview instances that are waiting for sending of thpest fit for the specific position, automation will pnetb
final feedback to the candidate. The daily interval willeave the candidate with the impression of a profesisiona
be selected as the default value but can be changedcgmpany because of expanded feedback which leads th
the system settings. The inevitability of regulacompany to a bolstered reputation in the marke
systematic reminders about the deadlines for providing This automated information system offers multiple
feedback will also be a psychological incentive for théundamental advantages compared to classic processes.
interviewer and the recruiter not to postpone the proce$ae combination of the bank of candidates, matriXes o
for a long time. competencies, interviewing, and feedback generation

Conclusion
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helps to build relative relationships between entities The product proposed in this article would be
which leads to the swift processing of candidatesngeeipossible to scale further to be used not only ia th
the history of evaluations, and in general resotegsilar recruitment processes of new candidates evaluaiizh
issues of unconnected between each other servicds ubiing but as well for regular performance revievighe
for recruitment. If we go deeper, as a positive sfflece employees to evaluate their knowledge changesuatiobf
we receive advanced coordination and predictabilityelf-development roadmaps generation on a regakis.b
ensuring that staff involved in the interview pracbtasa 6 R WKHUHfVY D SHUVSHFWLYH@WHD IR
standardized and fair evaluation process per eadevelopment in this area to cover not only theuigoent
candidate. The history of the interviews helps toya@al but wider human resources tasks relative to knayded
historical data to detect whether candidates made aeyaluation which exists in nowadays companies.
progress since the last interview. In conclusion, the information technology system
A detailed review of existing articles and literaturedesigned for the organization of the dneend flow of
relative to the field of recruitment defined the objectivénterviews and final feedback generation empowened b
demand and driving influence of Al and technologias Al = is definitely beneficial for any forward-looking
up-to-date recruitment processes. Based on analyzethanization. The core of its significance is inatslity
information we've found the growing trend of automati to save both financial and human resources, btieat
to streamline evaluations and Al usage for furthesame time enhance the quality, accuracy, and efficienc
feedback. That proves that our idea of automation amd candidate evaluation and of the process itsélfoldgh
incorporating Al into the interview and feedbackpois the integration of this solution, companies wouddable
actual and will help to make recruiters' and interéesh to optimize their processes and get great people
daily jobs easier. onboarded quicker with fewer risks.
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H[(T}dlb\gZ g_h[os"rgeklv \ijh\Z~"_ggy *gnhjfZpecgh€ kbkl_fb
Ney Z\IhfZlbaZp+€ sh”_ggbo az\"Zgv m jh[hghfm ijhp_ke j_dIjmlbg]m
H Dhe_kgedh\ = =heh\dh

:ghlZpeyy klZlly ier"dj_kex} g_h[oe~geklv hZZYVZ egm\y kllZ igl_]jZp+€ sgnhjfZpecgh€ kbkl
hilbfeaZpe€ kmqgzZkgh]lh ijhp_km j_djnKfZldymagZd&hfdemea \eZklb\bfb oZzijbjhBkbodzfb |
egnhjfZpecgbo kbkl_f Z IZdh" hdj_kea}laZ\"@gWnZyelb \hgb a”Zlge \bdhigMhiib I@d gAgfmdkle
i_jkhgZem M pvhfm “~hkee<”"_gge jbdbeaattdkiwkeyl@ \ihpR\Z~" _ggy egnhjfZpelcgtkd ki_dgheh]e
Z\IhfZlbazpe€ Z 1Zdh" hilbfeaZp+€ [ijp doboj_aimzgjshN az ~hihfh]lhx rimaqldkyh\gdlfbe_d
azZ\"Zggyfb \ijh\Z"" _ggy aZijhihgh\Zgh&bkdnhjfZpdegtbs_ggy ydhkle _dhdmijlge\ex*kvdbc
mgenedZpey ijhp_ke\ IZ \ijh\Z"" _gagw@gyKejypagh\h”jggy kis\[_ke" a dZgtbkzZ[id kihayghy
ekgmxqgbo ijhp_ke\ jer_gv Z 1Zdh Z¥by\eekdh ijiyfehltelghkle jh[hgh]lh ijlZp ZkhhfZl8pZIp & |
jh[hlb KIZIlly i_j_dhgeb\h ~h\h~blv gghlAa2igdhibklgggy gh\bo egkljmf_ghg¥Zpercgdwo 1Z <g
kbkl_f } g_h~fegghx mfh\hx mkierghlplekkm g Zkjgrhlfh gililm 1Z klZg_ \_ebdbfe&gjhkedbfidm kljZI
[*rag_km hkdeevdb p_ “hal\heblv g ke/r_jalkmgiZblbe exs ijZpx\ZIb az\teph jljagidm Zibgdh
ihdjZs_ggy j_imhZipegg€ Z 1Zdh" agzZqgh af_grm\Zhb gibattdb KgZ\MNZ eh] _dhgeb\h ~h\h~blv
azZijh\z~" _ggy 1Z \bdhjbklZggy gh\her_sgklpmhihgiZpecgh€ kbkl_fb } g_h*fedahgZkghlhx ~e
ie"[hjm i_jkhgZem 1Z klZg_ \_ebdbJe€gjhkalibfidm KkjiZd_km hkdeevdb ~bBidfthi'h ex"lkedde aZzh
j_kmjkb Ze_ c ijZpx\Zlb gZ jbgdh\bie"\bg gdyfiZgm€Zp+€ I1Z agb’ _ggwZlwamds\ ih]Zgh]h

Dexqgh\e kehRiZkl _fbgnhjfZpeklgkl _fb e<gnhjfZpecge | _ogheh]e«€ Z\lhfZlbaZpey rimg
j_djmlIf_gl hilbfeaZpey
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K Dhjhkl_&vbh\ =mq_gBh l:j dj:kk Gedel*BH <Z"mjeg
Dj f ggmpvdbc gZpehgZevgbc mge\_jkbl | «f ge FboZceZ Hkljh]jZz~kvdh

FH>?EV DHJIHJ:LB<GH2 F?J?7@1 ;:AH<:GH2 G: Y©OGHEH=1
1GL?JG?LM J?Q?C I1>1JB/FKL<: A ?DHEH=1QGBO >HKE1>@ ~

:ghlZpsPAZjZa m k\ele nedkmxlvky agZqge _dheh]eqge atgbb\-Pidgmlge\h Mdjhzthg=qgd- af
jZae ljb\ZdgZ 1Z \e"[meZky _dheh]leqgZ dZIZkljhnZ m h\§yckiér M? Khntyga\d gg W¥clO A r
1Z afeghx jmkeZ >geijZ \eA"[m\Z}Ivky fe]jZpey gZk_eslydpd&bjd hla Zpfyglhemgdhmp_gljZ)
1Z ehdZpeyo \bdb”e\ m ZIfhkn_jg_ ih\eljy Lhfm ahlkehrnielekgh¥dshd kgl Z[m ijh\_~
"hkee~” _gv _dheh]egqgh]lh klZgm ih\eljy >ey aZ[_ai"ly_gdywe hihkdgbeo_ ¢hkevBlfhlgv Z 1Z
Neya[eevr_ggy je\gy Z\lIhfZlbaZp+<€ a[hjm a[_j_"_ggy h[hhpdhfbhidDdzgy\a\kh€Z lihly g\tz]g *
a klzgpec ihkle\ kihkl_j_"_ggy ZdImZevghx aZz"Zq@iZjZlghBj-gulyjfirpljZdtPe kbkl_fb
"hkee”” _ggy ahk_j_ " _g_ 9gZ kl\hj_gge fh® egnhjiZjzldgdptet gfbk hb gibf] gy m &LVFR
Packew 7UDFHU sheighl]pZmex jhamfgbo ijbkljh€\ ~ey ijh\Z~"_ggy iphgplkjbgldheh]leqg
H[f}dIhf pvh]lh ~hkes~"" _ggy } ijhp_k fh~_ex\zZggy dHjfihljzf\gkes ¥ jggy Jjfh”_ex\Zg
gy Zjoel_dImjb dhjihjZIb\gh€ f_j " a i*~ljbfdhx lqogh®h]shihgi]ig &mVjFR 3DFNHW
F_Ihx ~“hkee”"_ggy } \eM\hj_ggy fh~_ees ZgZeelbqgh jhajzohr\agh€hdmjhihxlb& W€ R
3DFNHW 7UDFHU sh ~ha\heblv ijhl_kIim\ZIb f_j “mmmjfegithoime bif Zh fhh2gblo gZ
eZrlm\Zgv i_j_~ €€ neabqgghx j_ZesaZpe}x M oh”e "hke™"éxyhygybdhabllgh fhlhyd fin
\ &LVFR 3DFNHW 7UDFHU 1Z ijzdlbggh jhaih”eee_gh\Ze&yglhlfbf «]jbehjhZd s g b3 & nind § bx
gh\bagZ jh[hlb ihey]Z} m Ihfm sh m i_jr_ jhdgHpaghE fh{] ‘evadirjibfdhx |I_ogheh]ec
I _jg_Im j_g_c i*"ijb}fklI\Z a _dheh]egqgbo "hkee""_gv sh"\gZ*\jrihgm*apge Prithe hize
h[f}*"g9Zge m ihqZldh\bo \maeZo [_a”jhlh\hx f_jrimWIsmM\VZhaihleg} hdede neabqgh [el
ieAijb}fkI\Z [_a g_h[os~ghkle fhgijnlm 1jp\ZgHfb ijbfes Mgytibs "hkes”r" _ggy azZ ZgZe
Ibqgbfb jhajZomgdzZfb ih[mAh\Zgh fh”_ev f_j_ "+ m &LYH Rm3D KINHWN ghwDEH Uk ‘g agd
gl "ey i**"dexqg_ggy ehdZevgbo ijbkljh€\ |Z knhjfh\ZhglglZéihijblif ik~"Zevrh]lh
Dexgh\e keW$Z Dhfifxl_jgz f_j_~Z 7R,Eth8retll h Cisco Packet Tracer.
<klmi + kl\hjblb \ezZkgm fh”_ev ijh}dlh\Zg
dhfifxl_jgh€ fm &eVFR 3DENHW 7UDFHU
IlhklZgh\dZ ijh[eMfimgZkghfm k\ele kihbagZqblb hkgh\ge hkh[eb\hkle jhalhj
kl_jelZ}Ivky adghed-afggbsh hkh[eb\hH _j "« j ~ €€ neabqgghx j ZeeaZpe}x
ihfelge MdjZ€ge "_ |jb\Z} \ecgZ + klZeZH}fldlhEh]i§ ~f | "hkeM[Y}dVhf "hk
ggZ dZlZkljhnZ \gZke+s"hd jmcgm\Zerdy Oa@whlkvihE k fh”r _ekjihgghb\gh€
]*~jh_e_dljhklZgp+s€ < MdjZ€ge \gZkg¢es"hda \rcdbbfidhx | _ogheh]ec 1gl_jg_ Im |
afegb jmkeZ >geijZ \e~"[m\Z}Ivky fe]jgpsy dHk ~akegegy ggy } fh”r_ex\Zggy Zjoel
I1Z i_j_g_k_ggy [*ag_km sh \ieb\Z} dgajidthjzdbydhZpek j "¢ a i*~ljbfdhx |_oghel
IZ fekpy \bdb”e\ m ZIfhkn_jg_ ih\eljyglPjg ijmajhg_c aZ ~hihfh]l]hx &LVFR 3DFNI
Ablv ~h ajhklZggy \bfh] sh”h ydhkle deehMdtbki®hk&s”" Mgoph”e “hkee”" ggy \b
fZkrlZ[m ~hkee”"_gv _dheh]eqgh]h kthgikiBygHjy_|h” fh~r_ex\Zggy neabggh]lh h]
A f_lhx aZz*h\he_ggy \bfh] *h _dBReNFRgBDPNMHW 7UDFHU 1Z ijZdlbggh jhai
keer” _gv IZ azZ[_d\lufzggwnZp+€ al[hjnkbaf+ 'jehdZevgbfb h[gbkex\Zevgbfb ijbkljhy
1Zggy hljh[db 1Z nhjfm\Zg'&ywflakllZ\ aZ GZmdh\Z gh\bagZGhlhbamgZz jh[hlb ih
gpec 1Z ihkle\ kihkl_j_"_ggy klzZ} ZaypzZemglth¥mazZsh m i_jr_ jhajh[e_gh fh"_ev
"Zgq_x jhajh[dZ ijhWjZfghgh€ egnhjfZpZelgVgth€ f_j_ "+ a i*~ljbfdhx |I_ogheh]sc 1gl
kbkl_fbdheh]eggbo "hkleg®™ gvZecaZpex ¢ i*”"ijb}fkI\Z a _dheh]eggb®h*hkee”r" |
ijhljZzfgh€ qZklbgb egnhjfZpegglh§okigll \#Bfegm \e” egrbo fZ} ~\e A~ j \hih”e[ge
Agh Kijh}dIm\zZIb ijh\_klb fh*_ex\Zde§ hZT} "d2¢gs m ihqZldh\bo \maeZo [_a”jh
am\Zlb Zizjzilgm qZklbgm f_j_"« vydZ aZ”hs\heMgallbey} h[eZrIim\ZIlb ~\Z \e~hdj_
f_ihklZ\e_gm azZz”Zgm a Z\lhfZlbaZpr€abqpehhdb~ijb}fkI\Z [_a g_h[oe*ghkle fhg
F_1Z 1Z az”~Zqe "hké&eNhxgvihkebzZ m 1gl-fghlle\ ijb\ZIgbfb ijbfes_ggyfb
AT_ggy } \enrM\hj_ggy fhr_ee ZgZeelbgghjpddpggid Zpeggeklv hljbfZgbo j_amevliZl
gh€ dhjihjzZlb\gh€ f_j_"« aZ "hihfh]h ZdUVERZ3IP>PYHMW hljbfZgbo j_amevIZle\ il
7TUDFHU sh ~“ha\heblv ijhl_kIm\Zlb KI\hj migmgjramlyapehgZevgh€ fh”_ee+ dhjihj:
j_"bfzZzo jh[hlb IZ knhjfm\ZIb ime j_dgh€gfhj\ZgbEt€ gZeZrim\Zggs yd ~ey _dkie
gZeZrim\zZgv i_j_" €€ neabqghx j_ZeltaZp*h&km 1Z hilbfeaZpe+€ jh[hlb hdj fbo ijb
>ey “hky]g_ggy ihklZ\e_gh€ f_kheygkm[fokYh€ \azZ}fh*«€ m h~rghfm ehdZevg
\bjerb gZklmige azZz”Zq- fZpecghfm ijhiHhfe_ ex\Zggy f_j_"e ijbagZz
+ijh\_klb ZgZe+sa ckgmxqgbo jer_gwy_g_ “ey ihi_j ~gvh€ hpegdb hilbfZevghkls
ta”sckgblb ZgZee«lbgges jhajZomgtb\AdhhjZIip\e i_j ~ €€ neabqghx j_Zeeaz
gh€ f_j_ "o ie"ijb}fklas _dheh]eggbo *“hkee""_gv

< Dhjhkl_evK\=mq_ddt |I_j_dj_kIE, GedelegZ, <Z"mjdBH, 2023 111
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) . . jbklZghz\qzZe¥gth~bqgge ihke[gbdb 1Z fhgh]
rgZeca ih”e[gbo jer_gv 7,47 yde feklylv hibkb 1Z kljmdimjb dhfi
AZ\*ydb fZfj "Zesam}lvky rbjhdZ ddeovdeklv « ijbgpbib €0 jhajh[db
11az™NZhe "hkee*b\rb fZ|_jgZebdmf ljbg Hkgh\gbf_j kef/rey ijh}dim\Zggy ijh]jZz
gbo [ZaZohklZgge iTylv jhdézehyXaelldgh€ gZklbgb egnhjfZpecglifigkbidntly }
Zevgbo ijZpv ih\fyaZgbo a ijZ hpkXg gD fiBlegXl pec fhghljZne<€ jhaleygm
dhfifxl_jgfbg_ °~ ey dhgdj _Ighbo az~Zgn_dlb\ge djbl_je€ f_Ih~"b 1Z fh~_ee« "ey d_
Mih~e[ghfihke+s”" _gge ijh\_~ ghfmjmNBA[moh\bfb jh[hlZfb a \bdhjbklZgc
cevimrozZz "y [meZ jhajh[e_gZ dhfidixfifiglZjgh€ i<~ljpbdoyllyr_gv 1jbg
kbkl _fzZ _e_dljhggh]lh Zjoe\m\Zggy “elyib IZZjflZih""p \bk\ele_ gfzxhv dlyfhdegbc
Im hohjhgb a~hjh\fy Geg \¢e€ F _IlhbhlpghtZerhlegs «gl_jij_IZpe€ 1Z \bdhjbklZg
At ggy [meh klI\hj_ggy _e _dljhggh€ jKoegh [fibe Zjoe divp\ghj€ Zp « dgohkd _fbdheh
\Zggy 9Z hkgh\e dhfifxl_jgh€ f_j “e]vgphJfiljp2yrpilglm ydZ [m”_ nmgdpehgm\Z
pecgh]h \bdhjbklZggy >hkee”"" ggy ihjdld@zegsshZpZjzZigec f_j_"gec egnjZkljmdlr
kbkl _fz fzZ} ihablb\gbc \ieb\ gzZ Z~fegekéjZlihphgrmiim\Zggy ZiZjZigh€ gZklbgb eh
jh[hlm kijhsmxgb ijhp_k Zjoe\m\ZgdyjlZe-ajs1*]@)fkI\Z a _dheh]eqggbo "hke+""_|
gy “hdmf_gle\ » hnepecgh€ dhj_kihgthglplEh\m\Zee/pkyx ijZpe FB,bbllyrdrgBohi
gb ijhklej ydbc jZger_azZcfZeb izZi_jdxxInZdh&klyh\ge gZijyfdb dhfifxlbg]lm ahd
l[jhl_ ~Zg_~hkee”" _ggy g_ fh  _iijlm\gdkikxZ9ggy jhajh[dm 1Z fh*_ex\Zggy jea!
dhjbklh\m\Zlbky ~ey j ZesaZpe<€ f_jlgbo- lihhd¥kNZfiTx|_jgbo Pfy je*l_jZImjZ
a _dheh]eggh]lh fhgelhjbg]lm hkdeeviddhyjbklh\miZgeZky gZ ihi_j_"~gvhfm _I1Zie j
gh \bdhjbklZggy hdj_fbo k_j\_je\ ~eyjE\IRfDIbY ghg dethlagdo mgldjihjZIb\gh€
lh a[bjZggy |Z a[_je]lZggy "Zgbo asfkjZogp[Zdhyrgth€ gZ |_ogheh]leyo 1gl_jog_lI
jbglm ih\eljy LZdh' g_ \jZoh\zZge ZiZ}ZlgfkinEma _dheh]eqgbd6l*hke«""_gv
ghkle ~ey ijh\_~ ggy jhajZomgde\ IZ ijlrlephdimrZgryyZggy kijh}dlh\Zgh€ f_j_ "« |
afeg dheh]s€ \ "hkee*"m\Zghfm k_jghhihbséhkeer"_g- a \bdhiplimdZgpgh
GZ\ " "Mhkee”" ggy fZ} k\hx pegg&kly frh\d&iZVFR \bdhjbklZgh f_IhAbdm ydz
| _dkle jhajh[db ZiZjZlgh€ qZldhgh]fgE \eihke[dbdnip P_c ihke[gbd gzZ~Z} [Zah)\
ghlh ie?ijb}fkaedhlje[gZh~rZIdh\dhgneijbgpbib hjl]ZgeaZp+€ ie"dexq_ggy nmgdp-
ImjZpey f_j_ "o ale”gh \bfh] ~h kljmdl@jbhygAhjbe\|mZ|_ogheh]e€ 1gl_jg_Im j_q_c
egl_jij_1Zpey gZ\_"~ _gbo ie”"oh”e\ "efhJihxdekqg dhybsz fh”r_ex\Zggy &LVFR :
ijbkljh€\ ~h f_j "¢ sh[ aZ[_ai_qblbUDHHDI gk ZgMhjimaley” ZxIvky f_lh~b aZobk
kfm]lm ijhimkdZggy “ey is~"dexq_gdm keNrZel\gbwl_jg_Im j_q_c « gZ*Zxlvky I_
klZgpec "hkeer" ggy ih\eljy \erhfhkle ijh _dhkbkl_fm Jhamfgh]h [m~b
Ih~e[gbf "h pvh]lh } "hkee”r" ggy d_dREablqg-©UhZzas\db sh”h neabggbo h[f}dle\
ajh[dz egnhjfZpecgh€ kbkl_fb gmdjZyalegdlp " mlv [mlb i<*dexqg_ge* q_j_a f_
dhfifxl_jghx f_j " x He _dkzZg”je\kvdh € Ah)\hevghL VFR 3DFNHW 7UDFHU
hk\elgvh€ R-dhelb Kimi_ge\ ¢« He_ dkZg”je\kvd - A AN
jZchggh€ ZAfegekljZp+€ Dejh\h][Z"kvdhe h[eerﬁZ-L—J Zeb "“hke<""_ggy
M i_jrhfm jha~eee Z\lhj jhaley”rz} @Z]ihévge"gvhim _I1Zie [6hké\y_gv
ijbgpbib ih[m~h\b ehdZevgh€ fjjage nZaegeamkljmdIimjm f_j_"+ _dheh]eqggh]h ie”"
kljmdImjb \dexgZxgb h~ghljZzgges |XZ«}jBko-lglg®_ex\Zggy dhfifxl_jgh€ f_j_"« |
gZ”Z} hkgh\ge 0Zjzdl_jbklibdb | _ogh%®hdec EMHFAIsLiZh\h*blvky \ ijh]jzfe &LVFR
dh® ijh\h~blvky hley” gZy\ghlh f_j 7UBR]AHN] ek
gZggy jhaley”zZxlvky jeage lbib af}*gzdvZ kllgmXZovdy k_j\_je\ ~ey ofZjgbo h[qg!
hibk f j_° \bo hi_jzZpecgbo kbkl_f m fh” _ee dhjihjzlb\gh€ f_j e« ~halhey} a[_j
>im]bc jhdhke+""_ gipk\yq_gbc hitkjpm[eylb \_ebdes h[ky]lb ~Zgbo sh a<[jZg-
ijhljzfghBizjzZlgh]h dhfie_dkm dhjinjiboegZ8lhfZlbggbo klZgpec kitekzerh™ _ggy
ehdZevgh€ f_j "¢ 1Z gzZ~Z} j_dhf_g~rZpeEkshidhidzgmeljy P_ ~Zklv afh]jm j_Ze
\Zggy <gnhjfZpecgh€ [_ai_db \bagZaihdpZdfeg_redskrgh q_ggy "ey ijh\Z""_ggy klZ
]h h[eZz*gZggy |Z gZeZrim\Zggy Z[eZ®ddbhgdgZeyam \byleylb |I_g”*_gp+€ |Z azZdl
eeazZpe€ f_j_ "o sh ih\fyaZges a \bdb"Zfb ie”ijb}fkI\ 1Z gZk_
ljhl_  kijh_dlh\zgz f_j_ "z g_ \jZdhimkin gjgd\hj_oh~_ev dhjihjZIb\gh€ f_j_"-
geklv k_j\_je\ ~ey a[_j*1Zggy |1Z hijzpxakiyay} eZZdb@i_qblb p_gljZeecah\Zgbc af-|
\e~r ah\gergeo klZgpec _dheh]eqgbo kHEgeprT §& itkllsd ~hkee""_gv
dh™ g_ i_j_"[Z9gZ} gZy\geklv egnhjfZpecE®kpkll_fbgheh]eqgh]h \e~r*eem az |Zdl
r"ey Z\lhfZlbggh]lh nhjfm\Zggy a\elghlpl«€ f_j afh mlv \er""Ze_gh dZee<[jm\ZIb Z\Ihf
. N ah\Zge klZgp*€ _dheh]eqggbo “hkee”"_gv il
L_hj_IbalgaZz “hke+""_99Y ¢ ihndzagbdb a kmkeAgefb anrsckgx\Zib \eA.
MjZoh\mxgb jhaleygmle ~hklkekd” gpgy_ah[kem]lh\imXggogylb \klZgh\e_ggy ~h"Z
Im\Zggy dhfifxl_jgbo f_j_~ “"ey jhajdpdbof *Zl'pbde\ “ey jharbj_ggy deevdhkle f
ierijb}fkI\Z a _dheh]egqgbo “"hKRédh gh\wehlhd
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Ney -A_glbn-d'p.§$ i; §$ _i\_ig
ijbkljhev \ f_j b <SIT 3 |
>ey \aZ}fh”re€|s5a , &1 11
LICE YRR 32 Routerl @ %

egrbfb ijbkljhy
fbo mf_j_"¢ -,3 7
Z~j_kz fZ} [nmilb
ijbagZzq_gz dh°
fm f_j_"_\hf
ijbkljhx \ [Ihf
gbkee dhfifl_j Q

k_j\Zf fZjrim | Pe I
lbaZlBje+grb) t _
Lzd+ ijbkljhe |\ (
f_j_"+ gZab\Zxllv o . |
ohklzZfb 12

AZ ~hihfhlh L/ S @B\H D @\H
fZkdb ieNf_j_ e X <>- < I
\bangZ}|ka fiZd S |
kbfZevgh fh eb Q@g o Q@B . _%@ .
qbkeh ohkle\ m [ difi@Reossewer sebrii pPC17 PC14 hels
dj_lgh€ f_j_"»

Djef pvh]h
fZkdb ieNf _j e
"halheyxlv jha”e
eblb hrgm f_j_"m
gZ "_deevdZ ienf_
J_

>ey dhj_dlgh
1h fh~_ex\Zggy
egl_jn_stkohkle\
ijbk\h}glZIibqgge
,3 ZNj_fit _evh
\Zghfm h[ez"gZg
gx P_ \djZc g_h]
o*"gh "ey ZzZ" _d\ZI
ghlh jhaih”ee_ggy
h[gbkex\Zevgbo
az~zq fe k_j\_jz
fb h[jh[db ~Zgbo
Iz ijh]Jgham\Zggy
_dheh]eqgbo afeg
l[jbk\h}ge kiZIbqge
,3 Z™j_kb gzZ\_~_gh

. R |

i
b
A

Jbk NeabqgZ kljmdImjz f_j_ "« _dheh]sqghlh is”ijb}fkI\Z

m 1Zle Jbk. Fh”r _ev ijh}dlh\Zgh€ dhfi{xImgkh€ f*"h\bse &LVFR 3DFNHW 7UD!|
LZ[eblpyLZ[ebpy \bdhjbklZgbo ,3 Z"j_Kk
1fqy ienf Deevdeklv h[eZ N KZ et ¢ >eZiZahg Z"j FZ«dZ
1 8 172.16.0.0 172.16.0.1-172.16.0.30 127
2 9 172.16.0.32 172.16.0.33-172.16.0.6 127
3 4 172.16.0.64 172.16.0.65-172.16.0.94 127
4 4 172.16.0.96 172.16.0.97-172.16.0.12 127
5 2 172.16.0.128 172.16.0.129-172.16.0.11 127
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Kee” aZagZqgblb sh ii_j_"~[Zg_g* hkhJe k| .
jhalhjlzggy fh~_evh\ZdjE mfegbggec j_Z 2b¥gh\db 1Z nilh\hj_ggy
ecaZpd€dbfb <bdhjbklZggy |_oghigh]tjch}®Imm\Zgg-

+dZ[_ee+ ih\bgge [mlIb aZobs_ge i\®W]jatabiggBogigtrhjfZpecgh€ ktrkd\Hhb
ihrdh~™ _gv \ljmgZggy g_mih\gh\zZ eptbeZ\hkkfZIbZmifHp_kh[bjZggy h[jh[db
\ieb\m gZ\dhebrgvh]h k_j ~h\bsZz ijhlgham\zZggy 1Z nhjfm\Zggy a\elghkle aZz

+ h[eZrgZggy f_j "¢ g_h[oe~gh dEZfpe]Z\lihfhlbllgdgpec _dheh]leqgh]lh fhgelhjl
Ki_peZevgh \er\_~ gbo fekpyo aZobg]mbo KefbywiktZ[_ai_qgq_ggx _n_dlb\gh]lh d_j
\m ah\gergvhlh k_j_~h\bsZ 1Z g_miZy\gihd _kfd ie~ijb}ekl\dheh]eggbo “hke-

hkel AT gV
+h[eZ”rgZggy f_j "~ g _h[oe~rgh j Im&yjyhghd jh[hle afh”_evh\Zgh qZklbgm |
kem]h\m\Zlb nhjfZpecgh€ khrkI\bfpey~e dhfifxl_jgh€ f_j_

<enih\erZevgBfth[kem]h\m\Zggy IZemkrkgj g*h\bse &LVFR 3DFNHW 7UDFHU
gy ijh[e_f jh[hlb f_j_“« } mih\gh\Z gl+jhj@pé8ez jfk ehdZevgbf h[eZ gZggyf
gbdb |_ogheh]eqgh]h \e~rheem _dhehplggh]hkighijbdfih~rZevrh€ jhajh[db ijh]jZfg

ki\z aZ[_ai_qg_ggy “ey jhaih”ee_gbo h[jZomgde\
K_j_™ €0 h[h}fyade\ jgbo ihim ghklyo
tgZeZrlm\Zggy |Z i*~ljbfdZ jh[hlb f M _ik?NZevrec jh[hle iedgabldykyj_Ze-
mkeo €€ dhfihg_gle\ aZpey k_j\_jgh€ gZklbgb pe}€ dhfifxl_jgh¢

tieMjbfdZ ijZp_a~Zlghkle jh[hgboLKlZtypaZieZgh\Zgh ihgZlhd ijh}dIm\Zggy -

tfh” _jgeaZpey ijhljZfghlh 12 ZiZljZpge]hjre]fZfgh€ qgZklbgb egnhjfZpecgh€ Kk
[_ai_g_ggy Z 1Zdh® ieZgm\Zggy ch$h fimkgdingZéb fgiliblgyp miZzo 1z f_Ih~Zo \b
gy k\ele_gbo m Dim{ir[8K
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A model of a corporate network based on iot technologies of améronmental research enterprise
Arsenii Korostelov, Mykola Guchenko, Andrii Perekrest, Alyona Nikitidgrylo Vadurin

Abstract. Significant environmental changes are being reabetteund the world. Environmental changes arequéatily
noticeable in Ukraine, which is currently experiagca war and an environmental disaster due taléiséruction of the Kakhovka
hydroelectric power station. Due to the war andctienge in the Dnipro riverbed, population migra@md business relocation are
taking place, causing changes in the concentratimhlocation of air emissions. As a result, reqnésts for the quality, quantity
and scope of air quality studies are increasingnéet the requirements for environmental researcheli@svto increase the level
of automation of data collection, storage, procesairdjsemi-automatic generation of reports on data #tations and observation
posts, the creation of a software and hardware infiwmat/stem is an urgent task. This study focuses atimgea model of the
hardware part of the information system in the fafmra network in Cisco Packet Tracer, which suppossiritegration of smart
devices, for the environmental monitoring proc@d$we object of this study is the process of modglbncorporate network. The
subject of the study is modelling the architectura corporate network supporting loT technologieagi§lisco Packet Tracer. The
purpose of the study is to recreate the model of aiytaadly calculated corporate network using Ciscokeadracer, which will
allow testing the network in different modes of igtien and forming a pool of recommended settindarbats physical implemen-
tation. In the course of the study, the method odl@tling a physical object in Cisco Packet Tracer wsesl and the addresses were
practically distributed among local computing degicThe scientific novelty of the work lies in theetf that for the first time a
model of a corporate network with support for lo€hieologies of an environmental research enterprisbdas developed, which,
unlike others, has two tree-like topologies conrteatethe initial nodes by a wireless network, whiltbvas to equip two physically
separate blocks of the enterprise, without the nedastall Internet wires in private premises. le tourse of the study, based on
analytical calculations, a network model was hnil€isco Packet Tracer, a pool of static addresspsred to connect local devices
was determined, and an algorithm for further netviaskallation was formed.

Keywords: LAN, Computer network, TCP/IP, Wi-Fi, Ethernet, 10T, Cisco Packet Tracer.
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1 Dmey]eg
GZpehgZevgbc Z jhdhkfeqgbc mge\_jkbl | «f ge F / @mdh\kvdh]h ©0:1

<BDHJBKL:GGY JHAI1IAGHKHHPAEZD G?Y<GHNH>;?DM
>EY J?DHF?G>:P1CGH2 KBKL?FB

:ghlZpsydimZevgeRlvj _a ajhklZggy pbnjh\eaZpe+€ fbkZ ZIQZ iihkjlZxIggy f_jkb\ghkle i
gZk \az}fh”e€ dhjbkIm\Z gxteadédrédlif Bktb_ ph¥ F_Ih~"b "hke+s~'=glgyhdZ g_cjhggzZ f_j_"Z
arzZjzZfb azgmp aldyldhdZcjhggzZ f.F 1Z klZlladjZs_ggy \**"[hjm gZc[eevr j_e_\Zglgbo
aZ “hihfh]hx \bdhjbklZggy jhaicagZgbo _fhpec dhfjkdm\ A qgZ dpdf gg’VAphdben kbkl_fe \
Zevgbo dhfihabpHtibfZzge j_amevidéth jhajh[e_gh kbkl_fm ~ey deZkbnedZpe€ _fhpec d
\er_h ih"Zevrh€ dZevdmeype+€ _fhpecgh]lh kdhjbg]lmaglZg\lgdtyjBkyadpghke hd j yAgdmhhhnan[_
Ney j_dhf_g”*Zpecgh€ kbkl_fb \e~[hjm gZc[eevr j_e_\ZgloglZoe g athlZfjdhya kp\dcj _glgy \ej
}"gZggy ij_"~klzZ\e_gbo f_Ih”e\ “hal\heblv ihdjZsblb i_jkhgZeeaZlphktf f dhkb\gé¢KIlyeg 1K ¢
\azZ}fh”e€ dhjbkim\Zqgz a \-jdmidbagptixfBygh\hichajh[e_gbc m jh[hle ie?0oe” fh _ [mlb \lI
jbklZgbc "ey ihdjZs_ggy <lfZjkbkdlgkdecazp+€ j_idhfggdkzZ\mz}fh”+€ dhjbkim\ZqzZ a kbkl.
extended realityfb k| _pl\hf

Dexgh\e kehledb[hdZ g_cjhggZ f_j_"Z a rZj&ftbnded geality gfyjkb\g8Rla]lhjldhdZc

jhggz f_j_"Z

\
]

<klmi Zevghx om”~h gvhx dhfihabpe}x JhaicagZ\Z
[iZ° _ggy fZjd_jzZ \e~[m\Z}Ivky gZ k_j\_je 1lel}
M j_amevlZle ajhklZxgh€fphhjp\ted&gpr€Zggy kbkl_fZ ih\bggZ \b[jZIb \e*_h
INZ gh\elgeo kihkh[e\ \aZ}fh”e€ dhjbkdmnz ' id\pW} \ih*"h[Zggyf dhjbkIim\ZqZ
jZfb fbkl_pI\Z \bgbdZxlv ijh[e_fb &ghifhdihepgghx ]Zfhx dhfihabpe}x lhsh <e
gyf n_dim azZgmj_ggy i*” gZk \azZ}fa*~eckdhjbkdmezmzZom\zZggyf y\gbo kih”*h[Z
a kbkl_fZfb jharbj_gh€ j Zevghkle ih®mbpty glbbye j_clbglh\Z hpegdZ "h~ZIldh\
geklv Z[h kilmiegv aZgmj_ggy \ k_j_6hybgbo } geddghbkim\zg *h*b\b\ky \e*_h ~h
\bf _e_f_glhf kbkl_f ;5 fbkl_pl\Z hkhligldnhddhhjkekim\Zg ahk_j_~"m\Z\ky gZ dhf
fh\Z c¢c~_ ijh fh[sevge "h”~ZIdb Ilhsh ne~r[dhjbkim\Zqge\ >ey pvh]lh fb \bdhjl
| _jki_dIb\gbf gzZijyfdhf } ih}~gZgldymbith]e[jbrgm j_dhf_g~Zpecgm kbkl_fm >
ibkm 1Z | _ogheh]ec 95 $5 05 \3]ZzfdZo ;8hqZldh\_ \bagZq_ggy \ih*h[Zgv dhjbkl
Ilh}*gmxgb IjZ*"bpecge | _ogedb fZareZggyltavky aZ ~hihfh]lhx ZgdhlmkZggy yc
ogheh]eyfb \ejlmZevgh€ ~hih\g_gh€lb\M affhrZgha€ih\gblb gZ ihgqzZldm \bdhjbklZ
Zevghkle om~h'gbdb 1Z jhajh[gbdb FhZiblv Ad\hjramevIZI|Zidd phnnAdgyjh
\Zlb «f_jkb\ge IZ aZohieb\s \jZ ' _ggy mesx djpkdbhmZ gz ~h~Zxlvky ~Zge yde fh'm
ge\ P_ aeblly "halhey} dhjbkim\ZgXZlbzgn¢hilhky_m\Z]lklZAd-\ydl mex[e_gbc
\ejlmZevgbc k\el A~ \hgb fh 'mlv \azZiithejylmeaxpdbnge Zgjb "b\hibkm 1Z <gre > (
jh\bfb I\hjZfb fbkl_pI\Z ~hkee* " m\ZMp[\»jimévdjhebdzZ ydbc gZc[eevr_ \e”ih\e
1Ze _j_€ Z[h gZ\elv [jZIb mqgZklv \ eghhiZdoVydhdimfkim\Zqz [m~”_ \bjer_gZ azZ ~h
kl _pl\e AZ\2ydb \bdhjbklZggx ;5 f_Je dlRT_rg<aoprkoiokd o f
gbf « pbnjh\bf fbkl_pl\hf klbjZxlvky \eMdpbtczjh[hle fb ijbimkdZ}fh sh ihdjZs_
xqb gh\e fh eb\hkle ~ey I\hjghkle 12A*6ph}m gvdhdfireevr\Zglgbo \e~_h 7~ey klI\hj_gc
\bjz" _ggy > @ \ejimZevghkhZjabpe€ aZ "hihfh]lhx j_dhf_g”
HAgbf ea Zki_dle\ ihdjZs_ggy _peadmo &bmdzZ ~hky]lb reyohf \bdhjbklZgg:
i_ggy \ fbkl_pvde kbkl_fb } ZrZilZpeyhdHgagdlgbdz_fgpec dhjbkim\ZgZz yd g_y\gh]
I_jn_ckm ~h ihlj_[ » \ih~"h[Zgv dhjb&hfhh2g2[_Amddhjbklim\ZqZ
j_fz \bdhjbklZggy g_y\ghlh a\hjhigh]h &\fiYakimdIe®d *Zgh]h ~“hke+""_ggy ihey]Z
jbkim\zqg_f fh'_ kijbylb ie*\bs_ggx _Zlkdlimiggdgm ihdjE[ehlpZc[-evr j_e_\Zglgbo
ji_ggy 1Z kijhs_ggx egl_jn_ckm dhjbkeimzaZ ~“hihfh]hx \bdhjbklZggy jhaicagZzZg

Ibf i_j_gZkbg_ggy kbkla\thhiggdfa\ pac dhjbkim\ZqZ yd g_y\ghlh neA[_dm \ j_dt
dhf fh'_ agbablb je\_gv aZgmj_ggygtzZ kbklI\Zg\ZjlmZ-evgfblmwaB.plec
blb -gl_jn_-2k > <bdez” hkgh\ghlh fZI jeZem

GZrZ peevjhajh[blb fh[eevgbc ~h”~Zlhd
ydbc [b ~ha\hey\ dhjbkim\Zqg_\e kdZgrm\ibvgeanffdghpdkI m\Zge\ PeggZ <gnhj
_gg¥Zjd_j aZ ~hihfh]lhx dZf kjgom Jyw\ ZfeZpey ijh ih\_~egdm dhjbkim\Zqge\ ydZ “ha
AR-ydhj € \eAh[jZ Xeth h azZ\ZglZ g a@aZrbjb €oge \ih*"h[Zggy IZ <gl_j_kb <hgl
\_jZ gZ fekpe "Zgh]lh ydhjy \dexqZlb jeaghfZgelge ihdZagbdb 1Zde yd |

DZjlbgb \ fma_cgec dhfihabp+€ \bdhgm\ZltmBaZ\_jr_geklv i_j_ley”m qZzZklhl
jhev fZjd _jgbo ah[jZ  _gv Kmdmigekd%ogB[]Z qlyggre j_dhf_g"Zpe€ ZgZe+a \+"]
IZ ~h~rZgh]lh ~h gvh]h Ve~ _h [m~” _-fh ]JgZlab\g@ ] h\ 3| m@
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?n_dlb\g_ \bdhjbklZggy g_y\gbo tYhRdgvhihj®Zrz kbkl_fZ j_dhf_g~Zpec Kkijy
kim\Zqges\ fh™_ j _\hexpehgeam\ZIb jh[lgldin\p[djht_jgdhf_ g Epkxc$yde gZcdjZs_ \+"
pecgh€ kbkl_fb Gz~Zxqgb [*evr_ sgnhhfizpZ2glvjh Aipecghfm klZgm dhjbkim\zZqZzZ i-
"h[Zggy dhjbkim\ZgZ g+ y\ge \er"Imdby" gZ\dpdez"
hpegdb gb \e*lmdb \hgb kl\hjxxlv \bsbcLpdbgwlbghf ohqgzZ ijbkljh€ "ey kdZgm\Zz
jkhgZeeazZpe€ P+ "hnZIdh\e ~"Zge "teddpey X¥lhv mkbk [ nfkb ihl_gpecgh dhjbkgbfb ~e
hljbfZlb Jeb[r_ jhamfeggy \ih*h[ZgvVv fddghkIMm\IZewgerbigh*Zfbmecgbc klZg dhjbk
e« hl°_ gz~zZ\Zlb [sevr lhqge I1Z pee_kmyZh¥Zgwehghbdly ihlje[ge "ey gZrbo dhgdj_
f grZpe-€ e ¢ AZfeklv pvh]lh fb ahk_j ""m}fhkv gzZ

len gZk \ijh\Z~" _ggy alhjm g_y\ghad gdrj@fbmi\dhg cjhbd§ | "¢ey ZgZeeam \-
pvdbo ne*g doe*gh j | _evgh jhaleygymlhzZbpde deZkbnedZpe€ _fhpec yde \"_ ¢
\Z eb\e Zki_dlb >Z\Zcl_ jhaleyg_fh KlZjdvha -gmthjfZp+€ ~ey kbkl_fb jkdhf_g~*Zp-

Dhgl_dkIG_y\gbc nth[_daZe_"Zlb Reé¢bkl_pl\Z
dhgl_dklm \ ydhfm dhjbkim\Zqg \azZ}fh*estmdphhfedfy kbevgh dhj_ex} a jmohf h
Z[h dhgl_glhf QzZk "h[b "~_gv Ib gy AZle _ihdhg\g¢ iltnlh gb \bdhjbklh\m}Ivky gqZkh
Ne€ fh miysalghfm \ieb\Zlb gZ «gl_j_kiftzphjbkthnimo h[ebqgqy jbkb h[ebgqy fh gZ c
\Zqge\ dm\zZlb yd klZlbgge Z[h “bgZfeqge |_jrbc vy

Lbi \azZ}fhQd«&age Ibib g_y\gh]Jthnegh\dimfm \dexqzZ} ]_hf_Iljbgges h[f}dlb 1Z hkh]
‘mlv fZIlb jeag_ agZq_ggy "ey j_dhfahtdpgudhB Whlky m fh gZ hljbfZlb aZ ~hikt
| _ fb GZijbdez™ "~h”Z\Zggy ijh"mdim]hpldbbdftn egrbo neevlje\ gZ\qgZggy hklZ
k\e~rgqblb ijh [*evrbc gl _j k dhjbkimWprih\ggeipgZz fh® _ex\Zggy “bgZfeqgbo \eZl
klh i_j_ley”™ klhjegdb ijh*mdIm I ¢ jmom h[ebgqy fh mlv [mlb jhajZoh\Zg

GhjfZeeazZpey nOijllkhm\zZqge fh mivrghzaz ~hihfhlhx hilbggh]h ihlhdm Z[h «g
}fh~eylb ea kbkl-jfghfm + p_ kee” YhZ'eh\m
\ZIb i*® qZk hpegdb agZqg_ggy g_y\gh]lhDrheelp_din*ybky Ijb\bfejge alhjldh\e g_cj
| _fb j_dhf_g”"Zpec fh 'mlv ghjfZeeami\Z4lb 8p &AGbc\bemqg_ggy “\ho jeagbo Ibis\ h;
a\hjhlgbc a\ yahd ihje\gxxqgb ih\_7eg]dm Ziydjo Albjh  klI4B2]e ]rbf
dhjbkim\ZgZ «a kmdmighx klZlbklbdhx gHBrihje\lgiZgAiIm\ZIlb Ijb\bfejgm alhjldh\n
a egrbfb dhjbkim\zZqgzZfb g _cjhggm f_j_"m ~ey deZkbnedZpe<€ \e~_h

Fhgelhjbg] afeg m ih\_"egpe &iZjbKdlZ\ 4 €loser Lookat Spatiotemporal Convolutions
eb\eklv g_y\gh]hfhe~[ admgx\ZIbky a fgZAdtidn Recognitio? > @ sh[ \byleylb _fhpe€ |
aZe_"gh \e«~ ihlhggbo *gl_j_ke\ dhjbllghn\Zige\m\ZIb €ogx ihkee*h\geklv yd g_y\gh

<Z]b ey jeagbo " _j_#re{jbdgbodhjbklm\ZqZ \ gZrec kbkl_fe j dhf_g~Zp-c
dhf_g~Zpecgbo kbkl_fZo yde \bdhjbklhGiZxJbkyd yhdZaZge rZjb hjb]legZevgh€
gbc 1zZd « g_y\gbc ne*[_db fh _ [mIBDAZ gh\h BZtjiZZz]g_fh ZAZilm\Zlb “ey jhaiea
\ZIlb jeage \Z]b jeagbf IbiZf ne~r[_de\ _fhpec

< +X < .RUHQ « & 9ROLQVN\ nPykih€ceklgl@dpx} a \¢~_hihlhdhf ydbc "b
@ollaborative Filtering for Implicit Feedback Datastts Ibam}lvky gZ hdj_fe dzZ~jb ~ey ih~"Zevrh]h

> @ “hkeer"mxlv px |I_fm jhabhlegyxNs~fhh h[jh[ey}lvky aZ ~hihfh]lhx Ijb\b
N _ev ydZ \bdhjbklh\m} g_#%é&égbtbagZlhdldh\h€ g_cjhggh€ f_j_"« ' &11 "ey de
qg_9ggy \ih*"hdBpokim\zZqgzZ =« ij_"~klZ\edZlwe® h\bhpec dhjbkim\ZqgZ 1Z \bagZq_ggy '
f_Ih~"b hpegdb ~ey IZdbo kbkl_f deZkbnedh\Zgbo _fhpec <bdhjbklh\mxgb

G_y\ge \e*Imdb dhjbkim\Zqge\ } ihlfm gBf\bgljklh\m\ZIb Ijb\bfejgbc neevlj ~e
f_glhf "ey \*hkdhgZe_ggy kbkl_f j dhHggggpe-a]lhdlend « idAKkhjh€hh[jh[db \«*_h
€0 ke j I _evgh ijhzgzZeeam\zZlb VYjZghoémxgb dhg
I_dkl jeage Ibib \aZ}fh”e€ g_h[oe~gekI\GEghjflZé=adFhpej€ "gvh€ h[jh[db fb gZeZrlIn
\eAlmde\ afegb \ ih\_negpe dhjbkim\g@gkVhlmhbZfir\me+~_h jhafejb afbkfyb\rb rbjl
\Z]lh\bo dh_nepe}glZo ~ey jeagbo " _\jblehksm\mdeh "h_ iedk_ee\ « k_Jf_glm\zZel
"hal\heblv gZeZrim\Zlb kbkl_fm 1Zdbé"pelaghof kshdmg”~b <b[e¢j hilbfZevgh€ gqZklh
gZ”"Z\Zlb dhjbkim\zqgzf gZc[eevr ZdImjdewgrejjdhfbgerZevgm jhev m gZrec kbkl_
NZpe€ Pe ijbgpbib \ere]jZxlv dexgh\evilep _m*tiijihfz]z} fegefeam\ZIib azljbfdm j
\Z~"" _gge IZ hilbfeaZp+€ \bdhjbklZgg¥Zpg g glZo itedj]Zsblb azZ]Zevgm ijh "mdlb\gek
de\ dhjbkIm\Zge\ m j_dhf_g~Zpecgbopkihkm fgdklhlZ dZ”je\ ih\bggZ [mlb ~hklZlgyv

M gZrhfm "hkee”~” _gge fb h[f_"m}fthkygbbbhgtegb \ h[ebgqe dhjbkim\ZqgZ
klzggyf \e~A_h~Zgbo "~ey jhaicagzZ\Zggy Hfjdphcd2oYjgZ\ k_dmg”m yd aZ"h\eevgm
ijbkljh€ ~ey kdzZgm\Zggy h[ebqqy Irh&-flytl _&bkl_fb
jhaicagz\Zggy h[ebgqqy 7UXH'HSWK dhljlefgANEYMAZIB11l "ey ZgZeesam ihkee
klZxlv \k_ [eevr ihrbj_gbfb \ gZr qZk"Rghidkigh€&€z~je\ ~_ dh” _g dz”~j \\Z2"Z}Ivky
fh mlv gZ”~Zlb [eevr » |IZevgm e<gnhj®fgEdh\iphi d¢hdhfd P_ ~halhey} fh" _ee« jhai-
fedm IZ fhpecgbc klZg dhjbkim\ZgZegnhjfZpex ydZ ihrbjx}Ivky a qZkhf gZzZijt

HrgZd “ey gZrbo dhgdjjlgthd @e "bgzZfedm \bjZam h[ebgqy sh } djblbggh \:
pe@AR k_kec "~ey fbklepd\Z\er h~rZgbdey jhaicagzZ\Zggy _fhpec
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« afes_gv kijbgbg_gbo jeagbfb dn
Imjzfb 1Z mfh\Zfb a[hjm 1Ihlhqgb
gZ[*j "Zgbo fZ} kbevg_ \[m~h\Zg_
S_ggy Z \e"ih\e~rge aZijhihgh\Zg-
Ilh~b ihdZamxlv sh mfh\gbc jhai
Nnee cfhlejghkl_c fe° gZ\gZevgbfb
I_klh\bfb gZ[hjZfb ~"Zgbo \+*jeag
}vky > @

H{ebgqy gZ \** h ZgZeeam}l
" &11 ydbc gZ\qg_gbc jhaisagz\Zz
_fhpe€ aZ "hihfh}p26&&0&Z
[*j ~"Zgbo OXOWLPRGDO &RUS
Sentiment Intensity (CMU-MOSI¥ p _
dhe_dpey \eNr hdecie\ sh \bke
exxlv "mfdb Dh'g_ \e?"_h a "mfdl
AhrzYlvky \ ~rez3Zlahge >

Hkdeevdb fb Z2Zilm\Zeb hjb]eg
evgbc ' &11 ~h fh™_ees ydZ fh"
deZkbnedm\ZIb _fhpe€ fb \bdhjb
\m}fh ch]lh ey h[jh[db dhjhldbo k
1f_gle\ \e~_h k_dmg”~b dh _g '
i*"\bs ggy Ihqghkl- hdj _fh Ze]lhj
Ifeqgh h[jh[eyxgb j_amevIZIb dez
nedZpe+<€ dh ghlh k_]f_glZ Fb \bdl
}fh px Nex “ey \eA_h a i_j_"gvh€
f_jb dhjbkIm\ZqgZ i~ qZk dh ghlh
Zgkm $5

GZ[*j "Zgbo km\hjh Zghlh\Zgkt
feldZfb ~ey km[f}dIb\ghkle e<gl_g}
ghkle gZkljh€\ Zghlh\Zgbo \eamZ:
0Zjzdl_jbklbd az dz”~jhf « dh ghx
fdhx Z 1Zdh® Zghlh\Zgbo a\mdh
0ZjzZdl_jbklbd azZ feeek_dmg”b >

J_amevlZlihf pvh]lh djhdm } \I
agZqg_ggy _fhpe€ 1Z €€ <gl_gkb)
"ey h[ebgqy dhjbklm\zZgz \ dzZ"je
i_j_I\hjblb pe ~Zge gZ g_y\gbc a\h
lghc al\fyahd fb jhajh[ey}fh _fli
pecgm hpegdm ~ey dh ghlh k_Zgk
m ydhfm fb ie*kmfh\m}fh \bfejx
\Zggy _fhpec dhjbkim\ZgZ \ h”~g_
eh\_ agZq_ggy "ey k_Zgkm vyd_
[mIb ihablb\gbf g_cljZevgbf ZJ}I
g_J]Zlb\gbf Fh~_ev sh ij_"klZ\ey
\oe~ge "Zge ihdZaZgZ gZ jbk

Sh[ i_j_I\hjblb \boe~rge ~Zg-
fhr_ee \ _fhpecgm hpegdm (6 k
$5 a 1 dZ'\JZfb fb fh™_fh \bdhjbk
IZIb IZamjfmem

'5 L :A§ o0 00

"e? agzZq_ggy _fhpey g_]Z
Ib\gbo "ey g _cljZevgbo nNey

Jbk RZjb hjb]egZ3D/ONIN abIb\gbo "ey,st’\jZﬁeb\-kIv
_fhpec "ey idX®m ~h

GZ[*j "Zgbo )(5 )DFLDO ([SUH
tp_ gZ[*j "Zgbo ydbc rbjhdh \bdhj
gzZ\qZggy |Z hpegx\Zggy fh™_e_c¢ "e
agZ\Zggy \bjZam h[ebqqy <-<g ‘kdeZ"Z £ A ; A .
ah[jZ  _gv m \erlegdZo kejh]h a \bjzazfb h‘y[e q ex t§-2ghe inke-"highki
A ¢ Hkgh\ge ijh[e_fb yde \bgbdzZxlv i-’GZZkjhpajih [ZagdIMmka e _gges \*~_hihlhdn
[db kbkl_fb )(5 klhkmxlvky g_y\gbogEkhfébfinilZzjb yde h[jh[eyxlvky az “hihfh
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&11 "ey deZkbnedZpe+€ _fhpec h[ebqghy dhkbkidW\ZAphZ _afmlb ihablb\gbf g_cljZevcg
Ahihfh]lhx gZ[hjm ~"Zgbh»6 &08Z j_amaviiZIb\gbf HIZ_hkgh\s pe}€ qZklbgb fb fh™ _
I1Zfb pvh]lh _1Zim fb hljbfm}fh \bagZoknggym\ihipe§apj fhpecgbo \bfejx\Zgv ydbc
€€ egl_gkb\lghkle “ey h[ebqqy dhjbkbemPZm\ZIlb dajdlib\gbf <gkljmf_glhf "ey a.
Sh[i_j_I\hjblb ps "Zge+ gZ \e*"Imdb fh_[ggy bh ¥bgh]h a\hjhigh]lh a\fyadm \ kbkl_
jbklh\m\ZIb kbkl_fm ie*"jZomgdm _fhpgsZypra [Pe\ mek\hx g _jlm fh" _ a[eevrblb a
dh gh€ k_ke<€ $5 m ydec fb ierkmfkbl}fhb \djfZpx j_Z]m\ZIlb gZ \ih*h[Zggy |Z |
\Zggy _fhpec dhjbkim\ZqzZ \ h*g_ gbldhhbklagZg--9gghhagbc ijhp_k ihdZazZgh gZ jb

JbKB.1h\gZ ihkee”rh\geklv kbkl_fb

G_cjhgge f_j_"+ yde ZgZeeamxlv g2 agZpyrydhjb Jeb[hdm g_cjhggm f_j_"m a
kilm\zZgZz 1Z jhaicagzZxlv _fhpe€ fh minZjEldhzZsbdb pdexgb\rb agZqg_ggy _fhpecgh]l
amevizZlib j_dhf_gkbgichHbebdhjbklh\mpogqbyd g_y\gbc ne*[_d m \oe"rge "Zg-

"&11 ey \by\le_ggy _fhpec m \er_h fbAd\hjpdibhjgmqgdhkle kmqgzZkgh]lh ZiZjZIm ¢
hkgh\m ~ey ] _g_jm\Zggy g_y\gbo dhfibkimkkigetibbhheb\bf ih}*gZIlb jeage i*"oh”
Al_de\ LZdbc i*"o*™ ~hihfzZ]Z} a<[jZkb\REZ @dynj_«dhf_g~Zpecgbo kbkl_f \ jZfdZo
nhjfZpex ijh _fhpecgm j_Zdpex dhjbkim\Ze«=\ BB fera*Zeb ~\e hdj_fe Jeb[hde g_cjh
gbc dhgl_gl AZ ~hihfh]lhx nhjfmeb _fhpeé¢thflnrkédlh THXUDO &ROODERUDWLYH
jbglmey dh&h k_krlE fh™_fh deevdekghbhkpr\mxlv egnhjfZpex ijh \eZklb\hkle $5 k_
gblb _fhpecgm j_Zdpex dhjblgm\AfgZeg@ahdfzZpex ijhneex dhjbklm\Zgz ~ey \b[hjm
f_g "h\@R k_kex P_ "halhebeh gzZf ihdjZsblb ydeklv j_dhf_

Fb fhrbnedm\Zeb gZrm klZjm fhrydwv flp[hbfgftmE\ZIbf_fh \e~ kbkl_fb
j_dhf_g*"Zp«kdki€fb ydz ih}*gm} \ kh[sRZib*"klZjh€ ]e[jbrgh€ fh"_ee ydm fb Z
kiecevgh€ neevljzZpe€ f_Ih” j_dhf_g”"Zphk chdazzakzgde\ g@bijcb k

Jbkt. RZjb ]+[jbAgh€ fhr_e-

LZdbf gbghf iekey h[jh[db j_ambvi¥ikmldhkle _fhpec sh m k\hx g_jlm g
&11 "ey jhaicagz\Zggy _fhpec m \e" libfa hgppgdok]hfheb\Zggy \Z]b ne~r[_dm Z
pecghkle "ey dh gh€ k_k+€ $5 fb "h pifabj \kiZghl\&l_gdy \_ebdbo \Z]
g_y\gbc ne?pji_‘doergh€ fh”_ees gZrh€ j_dkb 884Zdm}fh sh \ j_ameviZle gZrbo "hke
pecgklgkl_fb G2zZrz fihl&rBjblb fh”_ev e*hgh\e_ggy kbkl_fb j_dhf_g~*Zpec \*"ZKklvk
ANZ\rb gh\bc \oe*gbc izZzjzf_Ij _fhpecghZhbkdj\bgs]lnggy lhgghkle j_dhf_g~Zpec <b
sh[ \bdhjbklh\m\ZIb ch]h yd g _y\gbclagfly Hpegdb jhaicagZgbo _fhpec gZ \¢~_h y

<bdhjbklZggy ljvho fh eb\bo \ZjaXlgjkighfh a\fyadm 1Zdh" ~ha\heblv kbkl_:
pecgh]lh ne*"f dmmlb\gbc g _cljZzevgbcajhatlfelb \ih"h[Zggy dhjbkim\zZqge\ « j Zd
gbc gZ \e~rfegm \er M\ho g_J]Zlb\gb\dekihaPlb\glbc ~hihfh]lb kbkl_fe j_dhf_g~:
NZklv gzf [eevr_ ]Jgmqgdhkle ijb \b&dWgbblge[seA]b ~_1Zevgbc ijhneev dhjbkim\z
pvh]lh \eAlmdm :~°_ g_cljZevgbc _fhggsglbc[rnevf_id jkhgZesah\Zges j_dhf_g~rZp-£
\bdexqz} ihfbedh\e hpegdb i*® gZk ih\eB&Zghgchhlklefhpecghfm klZgm
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Ib\gbc ihablb\gbc sh ~Zklv [sevim ]Jgmqgd:
<bkgh\db \bagZq_gge \Z]b pvhlh \eAJmdm

:meh azijhihgh\Zgh \bdhjbklh\m\ZIWhjajdheyvgbc is”os” fh'_ [mlb \bdhjbklz
1ZIb ljb\bfejgh€ alhjldh\h€ g_cjhggh€dgyjihdjZs1ggy f_jkb\ghkle 1Z i_jkhgZe-aZz
Ney ZgZeeam \¢~_h 1Z jhaicagzZ\Zggy_9gfmpes dtjbkdk \aZ}fh”+€ dhjbkim\ZqZz a
\ZqZ yd ~"Zgbo ~ey Ze]lhjblfm hpegdbH[WH QGHE W HKDO LW\ fbkl_pl\hf

Ilh~"Zevr_ azZklhkm\zZzggy _fhpecgh€ hphgdevyed ghkes” " hppevgh ijh\h~blb m
y\ghlh ner[_dm[jbegh€ j_dhf_g~rZpe-chhigykbk"9Z9ggy *kgmxqgh€ kbkl_fb a ]_g_jZy
| fb jilmzZevgb-daiZzfilhabpec a f _|Ihx a[eevr_ggy \b]

LZdh ijhihgm}lvky \bdhjbklh\m\Zkbb |jbdfthf_g"Zpec I1Z ge\_ex\Zggy h[f_"_gh€
eb\e \ZjeZglb _fhpecgh]h a\hjhlgh]h khs yldigm Zg vigh bkI\hj_gbo \«jdmfieagbo Zjl
\gbc g_cljZzevgbc ihablb\gbc gaZZeRMe "\ho
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Using recognized emotion as implicit feedback
for a recommender system

A. Kuliahin

Abstract. Topicality. Due to the growing of digitalization of art, the tasks of improving @rsiveness during user inter-
action with extended reality art systems arfigesearch methodsDeep Neural Network with Immersion Layers, 3D Convolutional
Neural NetworkThe purpose of the article Improving the selection of the most relevant videos by using rexedjniser emo-
tions as implicit feedback in the recommender system of virtuabampasitionsThe results obtained.A system was developed
for classifying the user's emotions in the video, further calculating tbé@ral scoring and using the obtained value as implicit
feedback for the recommender system for selecting the most relevarg fddeceating virtual art compositions. The combination
of the presented methods will allow to improve the personalization of meondations and increase its immersiveness during user
interaction with virtual art composition€onclusion. The approach developed in the work can be used to imghevmmersive-
ness and personalization of recommendations during user interadtioextended reality art systems.

Keywords: deep neural network with immersion layers, extended reality, immersivelessn8olutional neural net-
work.
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&RQWURO 1DYLJDWLRQ DQG &RPRPXQLFDWLRQ 6\VWHPV,661 -

M>D @ - GRL 681=
H 1 EZdlehgh\ ; J ;hjyd GH F *\%gHgdhFboZcee+q_gdh
GZpehgZevgbc mge\_jkbl_| ©lhelZ\kvdZ iheel_ogedZ f_ge+ Xjey Dhg”"jZIXx

H=EY> :E=HJBLF1< DHFI XL?JGH=H AHJM
>SEY <BY<E?GGY G?;?AI?QGBO H; /IDL1< >JHG:FB

:ghlZp+*W~reckg_gh I_hj_Ibggbc h]ey” Ze]lhjblfe\ deZkbnedZpe«€" ey ciH[mkerVb \ggijn\e"
g_[_ai_ggbo h[f}dls\ Knhjfh\Zgh nhjfZevgm éeZkllZpll\dimE€ag\{Zggyqdbo h[ }dle\ "ey i
\b deZkbnedZpecgbo fh”_e_c¢ <dZaZg_ azZ\"ZggVyh\bjdraZ}{bhydiZepctgfboh fim» _e_c <gklj
glzfb fZrbgghlh gZ\qZggy Z[h g_cjhggbo f_j_ ~ Kde?pgXkjlx-hderjb gagaryjhlgyh€ f_j "
ahje}glh\Zgm gZ deZkbnedZpex ah[jZ _gv sh ih*ZAZgimipykWKIFZAe€Gadp-Zjo=|j dimjb g
jhggh€ f_j_"e aneckg_gh aZ "hihfh]lhx [¢[esh]l_d QHhW\WAhROU&H hAPR&®SORWAEEg® ihkl
\dm az\~Zggy “h kl\hj_ggy deZkbnedZpecgbo fh’bkéZgs mhtZepmimg?mWhkiedhj_ggyo yd
a nmgdpec “jhgZ “ey \by\e_ggy g_[_ai_qgbo h[f}dls\ \ mfh\Zo [hch\bo "ecC

Dexqh\e kehd&fi xI_jgbc a<j ~jhg g_cjhgge f_j_"¢ jhafegm\¥Xgyy€ \e~*ghle_ggy [hct

<kImi Jh[hl fh™_ ijbcfZlb jer_ggy azZ ~hihfh]h
egkljmf_gle\ gZ\qZggy a i*~djeie_ggyfb < |
IhklZgh\dZ ijh[e GBrz ~_j Z\Z ihijhp_k ihlj_[m} gzZy\ghkle \bkhdhd\Zeen-d
[m} jhajh[db gh\bo \asjpe\ | _oghehldki gjde\h&kghrAm _ negZgkh\h azZljZlgbf
rimgghlh gl _e_dIm lkgmxqge ~“hkee~"_ggy g_ fzZxlv h”ghag
H~rge}x a gZc[eevr \Z]hfbo ijh[e_itNddhmbkz j_dhf_g~Zpec sh™h \bdhjbklZggy
I1Zggy rimgghlh egl_e_dim } a[¢j \bkbdhyekigbo d"Zp+€ g_[_ai_qgbo h[f}dle\
gbo ¢ klI\hj_ggy \e?ih\ergbo fh”-e H[fdhfidggy jhykgxxlvky \er*kmlgeklx ydekgbo
ghlh ahjm a fegefZevghx \bljZlhx gZkml\ @gZqghx \bljZIhx gZkm gZ ih[m~h\m f
ljhp_k klI\hj_ggy fh~_e _c¢ rimgghjh~dpdfehxdinmfh\ [ZeZgkm deZke\ g_[_ai
N \oe"gbfb ~Zgbfb } ah[jZ  _ggy Jhh¥ftdhdbc c
ihlj_[m} agZqggbo \bljZl j_kmjke\ 1kgmKbkf_kbhimZ pe€lmZesam}livky iblZggy sh”h
gZy\ghkle g _a[ZeZgkh\Zgbo ~"Zgbo de@kbstrdihiphetgho Ze]lhjblfe\ |Z ie~"oh”e\ \bd
xlv a[eevr_ggy deevdhkle aZ”*Zq ¢ "y AldbhaBEgbrmfEe]hjblfe\ gZ ~jhgZo dhlje \b
dhlje ihlje[gh \[Zom\ZIb > @ \m\ZIlbfmlvky \ mfh\Zo [hch\bo 7ec ”“ey jh
GZmdh\pyfb a”eckgx}lvky ihrmdjlcafplgajhZddy h[f}dle\ Ihsh
gh\bo deZkbnedZpecgbo f_Ih~e\ ahdj fZ I'Zey'hHkeai¢ _ggdeea . kgmxgbo Zelhjbl
agzZ\zZggy h[f}dle\ gZ ah[jZ  _ggyo > f@ fZrbgghlh gZ\qZggy "ey deZkbnedZp-£€
AZijhihgh\Zges f_Ih”b Ze]hjblfeanpble HEf}dde\ P_ ~Zklv afh]lm knhjfm\Zlb ©f
gxxlv > @ "ey |hdes ggy \byle _ggyelzZ\lWfdZkdnrdZ- gkljmf glZjex ~hkee""_gv |
pe€ \eA_hh[f}dle\ gZ ieZlnhjfZo -g_Iifm 14 g€ hffloe~gh]h qZkm ”~ey i*~]hlh\db al
[*evghkle ih[m~h\b fh”_e_c c¢ jhajh[db kbkl_fb ie"Ij
lkgmxlv gZ\elv peee _dhkbkl_fb ijbcdoihlkl jjer]Zgv \bagZq_ggy Ibis\ g [_ai_
}vky kbg_jl*€ gZeZrim\Zgv h[eZ"gZoyi_&IBbkh{§gdhl A jjin[hHh f
]h ijbcgylly jer_gv ~jhghf \aZ}fha\ﬂyadm A A
AjhgZfb Z[h ~jhghf 1Z a_fe_x ¢ Jgmgdh]h %}5%524% .gljb Z{zge.dz gg€y
\Z fhamee\ > @ Ijhi_ \dZazge kbkl th a[-evrmq € n Pe
gay e J g A
xIv deevdsklv h[gbkex\Zevgbo ijhp_ke\ ~ 9glrpd.Mlgbo h[ }dlie\ *jhgZfb
gh m~rhkdhgZex\Zlb ijh]jzfg_ ¢ ZizZjzZIgK jaZ[_a@iZc[sevr h[]lh\hjx\Zgbo gZijyf
q_gagy dhfifxl_jgh]lh ahjm \b”*eeyxlv deZkbnedZp-ex
KZf_ lhfm > @ aZijhihgh\Zgh gh\egZjdgdgylmjgea\ 1Z k_]f_glZpex
jer_ggy dhlje ieM\bsmxlv ijh*mdib\geklIWha[hdg\Z\Zggy h[jZas\ h[f}dIs\ kb]gzZe
Njhge\ aZ jZomghd €0 dhfmgedZpe&xechg\BglZ[hgglyp_ke\ = p_ azZ\"Zggy *"_
h[gbkex\Zevgbo ijhp_ke\ Jha\ZglzZ hggmn I ghlkhexbagZgq_ggy [m”v ydbo ch]h \eZ
\Zevgbo ijhp_ke\ } gm~h\hx <*_}x Zbh ggZy\ghlkleah[jZ _ggyf hilbgg_ jhaicagZ
ANjhgeV 1Z jh[hle\ yde ijZpxxlv m ]jmiZ[P ZmhahbB&ybkhf Zdmklbgg_ jhaicagZ\Zg¢
_n_dlb\ger_ ijbcfZlb jer_ggy a’eckigxaApZdjhjbklbdzfb > @
Jghab ih~ec lhsh K_1f_glZpey = ijhp_k ihrmdm h~ghje~rgbc
:e_ \ mfh\Zo [hch\bo "ec g _h[o**"gh ¢ _jg2[adhZ]jZ _gge > @ <e+~ih\ergh ~h i
Ib kbkl_fb de[_j[_ai_db ~jhge\ 1Z jh[Rbhkes~"_ggy ©Hley” Zelhjblfe\ dhfifxI_jgh]
Djef deZkbqggh]lh \bdhjbklZggy ZeYaybAhr¥\dedgy 9g_[_ai_ggbo h[T}dls\ ~jhgZ
kbnedZp+*€ m > @ \b”eeyxlv g_cjhgZmdin dhljfzdlabjeydpc _1Zi *hkee”"_ggy i_j_~
Ih\ZgZ gZ ijhp_k ijbcgylly jer_gv jZiimlagfehfe_ggy a [Zah\bfb Ze]hjblfZfb o
gbfb aZzkh[Zfb dZp-«€

<« Ezdlemgh\hjyd J,1_"~q_gGHF, >\+jgRA :, FboZce-«qHgdR02:
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P_ ~halheblv ajhamfelb [Zah\e Zki_gdlbjhdggeet j_ "o
AT _ggy ¢ \by\blb ijh[e_fge fekpy dhe_dlb\b f_lh~e\ Z[h ZgkZf[ee [mkleg
AZ "hihfh]l]hx deZkbnedZpe<€ \DbjPrmglivky aZz
\"Zggy ijbgZe_"ghkle h[f}dls\ *h h*gh]lhZadhaZa}¥Zegbfb g_cjhggbfb f_j_"Zfb d
]*~v \erhfbo de@kHIT3dl fZ} jeagm n™lamqgjgmpech® g@
ijbjh"m > @ ahdj_fZ m azZ~Zqes deZkbnbdiZfpt&€-fgl€adgnhjfZpe€
ggbo h[Y}dle\ h[f}dIZfb } ah[jZ _ggy glblihdinogpghips€ Zdlb\Zp+€ g _cjhge\
h[f}dle\ dhlje g_h[oe*gh kI\hjblb Z[h dBIEQ[ZZhibfe g_cjhggbo a\fyade\

ekgmxq- Ibihf kljmdImj g_cjhge\
H~rgbf ea kihkh[e\ hljbfZggy \oe~*gbodhevdhidix} rZje\ g cjhge\
j_ihablhje€ > @ Ibihf "bkdjbfegZglgh€ nmgdpe+€
Jhaleyg_fh nhjfZevgm fzZI_fZlbggm iijblgZlyin\f kbgl_am
dm az\"Zggy deZkbnedZp-£€ Ilhiheh]e}x a\fyade\

G_oZc gZ[*j.'" W ["LH ah[jZ  _ggy g_oZjzdl_jhf a\fyads\
[_ai_ggh]lh h[1}"dldedAk g_[_ai_qghlh h[dZJZdl_jhf ih~eem a\fyade\
feklbl¥ah[jZz _gv h[T1}dIZ “hkee”"_ggy Ibihf f_Ih"m gZ\qZggy
G_h[oe*~rgh klI\hjblb deZkbnedZpecgoZjZdt_jadv gZ\qZggy
I [ dhljZz m ydhkle \oe*gbo ~"Zgbo ijbtfHdhf gad\qZggy
[iZ°_ggy h[f}dle\ “hkee”"_ggy |Z deZkbmitdfmdZkmf _
€0 gZ [_ai_qge* * g_[_ai_qg- azZe kg \e™ \jZom\Zggy ihi_j _~gvh]h klZ
ljhljghah\Zges h[ }dlb ZgZeeam\ZIWff | ex*"bgZ dh
IjZ ijbcfZ} jer _ggy aZ dhgdj_lIgbfb djbl _lpMfbjha\fyam\Zgbo azZ”Zq
Px az”"Zqm jha\ yaZlb fh'gZ jeagbfbhfekikiXxfdZklhkm\Zggy
fZrbggh]h gzZ\qzZzggy ~_ fh'gzZ \bhdj_tolp NZAjoesl_dImj g_cjhf_j_" \b*reeyxlv f

f ITh*"b> @ e |Z[e > @
f Iljbgge [eb gvh]lh kmkerZ 1Z ch]lh [fAZdhsdh\bc i_jk_iljhg
pe€ f j_"Z ajz”reZevgbfb [Zabkgbfb nmgdpe)
hihjgbo \_dlhje\ g_cjhgge f_j_"¢ sh kzZfhgz\qzZxlvky
N_J_\Z jer_gv cfhlejgekge g_cjhgge f_j_ -
klZlbklbqge [Zc}ke\kvdbc deZkbnedglimjedhllok g_cjhgge f_j_ =
Ibggm j_]lj_kex f_j_"e Z~Zilb\gh€ j_ahgZgkgh€ |_hjs€ 12
LZ[ebpy¢DZIl_lhj+€ Zjoeb djlmfj j_ "> @
< GZa\Z Zjoel_dlmjb f_j_ "o GZe_"geklv "h deZkm Zjo-l|
[Z1ZlhrZjh\bc i_jk_iljhg }"bgZ Zjoel_dImjz
f j_"Z a jZ"«Zevgbfb [Zabkgbfb nm I"bgZ Zjoel_dIlmjz
g_cjhgge f_j_"¢ sh kZfhgzZ\qZxlvky dezZk Zjoel_dImjb
cfh\ejge g_cjhgge f_j_" = deZk Zjoel_dImjb
j_dmj_glge g_cjhgge f_j_ "~ deZk Zjoel_dImjb
f_j_"e« Z~Zilb\gh€ j_ahgZgkgh€ |I_hj deZk Zjoesl_dImjb
leb[bgges g_cjhgge f_j_ " dezZk Zjoel_dImjb

Dh _g dezZk Zjoel_dimj g_cjhf_j kbl@Zj&ohfimimlv ijbcfZlbky jer_ggy \ Ihfm q
ierdeZkb >ey jhamfeggy klIjmdimjklhkhaghflpis\ g_[_ai_qgbo h[T}dle\
jhaleyg_fh ijbgpbi klI\hj_ggy ljZneggh]hjhikfdgogWn]jZfm klI\hj_ggy Zjoel_dImjb ¢
Zjoel_dIlmjb g_cjhf_j_"« i>jl@ ilydd@ fijhggh€ f_j_"+ fh gZ jhajh[blb aZ ~hihfh]hx
\oe~gbc \boe~rgbc 1Z ijboh\Zgbc rZjbeehl_d QHWZRUN[3Z@PDWSORWOLE

NhjfZevgZ ihklZgh\dZz az\~"Zggy im&agZ}ghm\e”r azZ\~*Zgv "hkes~" _ggy sh”h
kiVhj_gge ]jZnZ azZ ~hihfhlhx [¢[esh\bdhde@QKHWZBRDPN[cgbo fh”_e_c "ey “hkee"
dhljbc "_fhgkljm\zZlIbf_ \az}fha\fyadéifggbe H[H}dle\ ]jZneqgZ ko_fZ Zjoel_dlIn
I1Zfb Zjoel_dImjb jhggh€ f_j_ "« “hal\heblv knhjfm\ZIlb \boes~gn

KIjmdIimjZz g_cjhf_j_"+ kdezZz"ZOIvkyjma Zoel_dImjb f_j_ e
< < \oh”b ¢ \boh”b \erih\eAgh ijboh\Zge g,cCj b A e A :

G Ga nmgdp-yfb ZdIb\Zp+€ 5H/8 5HF&L¢I]:\¢-E‘(?;]C/-L itﬁtPu€ h nhjfmiZzggy
$FWLYDWLROQ a . jmf_glZjex “hkee""_ggy

KljmdImjZ g_cjhf_j_"e i_j ~[ZqZ} sKHmAlbggyoel_dimjm g_cjhggh€ f_j_"« ahj
\Zlh\bo dh_nepe}gle\ GZ hkgh\e agZgmgyZ\eaeVWglpgy deZkbnedZp+€ g_[_ai_qc
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Hkdeevdb \oe*gbfb h[f}dIZfb ~h fh"_e<bajgad[gh deZkb dZl_]lhjec Zjoel_dImj
"_ggy g_hJos~rgh \bagZgblb reyob pbdlb ja nhlh

Ilh[m~h\Zges fh~_ee fh gZ \bdhjbklih\m\ZlbhaleydmHhh ]jZneqg_ ij_"klZ\e_ggy Kkljn

fhlhx aZkh[e\ i_jkhgZevgbo dhfifxl_ge\cpHh jaZ¥ZgZkh[Zfb QHWZRUN][ I1Z PDWSC

I1Z"m\Zlb [_aihk_j_"~gvh ~h dhgljhe_jzZ Hljbhf\hAgblb_ameviZlb ~hke+~"_ggy } |_hj

_dki_jbf_gl jh[hlb ghx hkgh\hx ~ey ijh\_~ ggy fZc[mlgeo "“hke

<bkah\db m gZijyfe deZkbnedZp+€ g _[_ai_qgbo h[f}d

9 fb dhlje \bdhjbklh\m\Zlbfmlvky \ mfh\Zo [F

ljh\_~ gh ZgZeea *gkljmf_gle\ deZicbn<d@yphfmgc ihey]Z} ijZzdlbggZ agzZqbfek

[_ai_ggbo h[f}dle\ *"jhgZfb AT ggy

KIBKHD E1L?J:LMJB

6RRIULSUWLILFLDO ,QWHOOLJHQFH ODFKLQH /HDBRERW IDRYG $HIHEY L HEZ U OPIF W
VRXUFW@®KVHQ 6RRUL %HKURR] $UH]JRRJQERIDYHDSWERWLFV + + OR
FHWWWSYV GRL RUJ MGBRJU RI DFFHVV + 7LWOH IURP VFUHHQ
3DQLEBDWRFYVLRQ VXSSRUW V\VWHP IRU HVWLPDWROSDIQG (RMFHWDRWLB JUWW
5RPDQ 3DQLEG\YWRY UHVHDUFK DQG LQIRUPDWLRQWHFKQRORIGHVRI+DF
FHWKWWSV GRL RUJ - VULWDWH RI DFFHVV + 7LWOH IURP VFUH}!
OXOWDRVN OHDUQLQJ IRU GDQJHURXV REMHFW QG F WHFNVRIXRIGDHI@S. B X Y FSHR\B B XV @G
PDWLRQ 6FLHQFHV + 8 ++ 9ROORGH RKWMFHWV GRL RUJ ®MDVQW RI DF
FHVV + 7LWOH IURP VFUHHQ

,PSURYLQJ KDQGJXQ GHWHFWLRQ W KWR}INK DQEEPNHESHRYWQ R (OHFAMIYREYHD UH
5X1§DQWDTXLWHULD 3MHMWHDQ @5HFRJQLWLRG + + ORGH RI DF
FHWWWSV GRL RUJ M SDWHFRR| DFFHVV + 7LWOH IURP VFUHHQ
5HSRUW RQ 8* FKDOOHQJH 7UDFN  $WLI\HR QE WOBWUG WK A ¥ WLR Q PISQU®R YD D \
VWUDLQHG PRELOLW\ SODW I FRWARN D> (oM MUNEBHPS MW MEOIEVH®Q DQG ,PDJH 8QC

+ 9RO S8 + ORGH RIKBWWBVY GRL RUJ MGPYW.N RI DFFHVV
7RZDUGYV D IUDPHZRUN RI NH\ WHFKQRORJLHBVYGIR U RXDRFHHRNY >HWREROR R § IV R UM
OLFURV\VWHPV = 8 + 9RG ORGH RIKMAKFBHVY GRL RUJ M FAFWHRRI| DF
FHVV *+ 7LWOH IURP VFUHHQ
‘'\QDPLF FRPSXWDWLRQ RIIORDGLQJ IRURPURXQYOWH RIIOWWJI DRE RWW X B[ RBQ |
UHVRXUFIHKEED kUL >HBRMESXWHU 6FLHQFH 5HYARI@ =3 + ORGH RI DF
FHWWWSYV GRL RUJ M BRPWIHRI DFFHVV + 7LWOH IURP VFUHHQ

/HB : '"HFLYRBRLQJ LQ EUDLQV DQG URERWYVYV = WKHAKFB®MHFRW B Q BEYQHNVIRXUY/FH. 8
/IHH %HQ G6H\RRKXWHQW 2SLQLRQ LQ %HKDYLRUDO+36FtHQFHVORGH RI+*DBRO
FHWWWSYVY GRL RUJ M EPEBHKRI DFFHVV + 7LWOH IURP VFUHHQ
:gZeesa kbkl_f jhaicagZ\Zggy h[jZaes\ kljmdIimjbBydhfith§jhlldhj thgh]Kimoeyd | > Fbdblb
: = Fblgbd FF + L_jghieev L_jghicevkvdbc gZpehgZevgbclilmegyggbc mge\_kkbl_1I e
Dhghgh\zZz D X FZrbgg_ 9Z\gZggy f_Ih~b 1Z fh~_kje\ isfgmkigbd |Zegyh[dbdi-dZneehkhne
ki_peZevghkle ©?dhghfedz® D X Dhghgh\Z =Z[ajdX OGMz*f_gk< G D
FZpm]Z H F GZ\qZevgbc ihke[gbd ~h \b\g_ggy drmjkfh jBapratjZXpggygehl[idgh\e >L_dk
HF FzZpm]zZz X F :joZg]_evkvdZ G F /j_s_gdh + >k J<< >GM

(XURSHDQ (QYLURQPHQW $JHQF\ V KRPHXBRIH DQOMPVULURQPH QW VWRIXQFN & KRP}

DFFEKWWSYV 7727 HHDGDWR D B RKFHHY V + 7LWOH IURP VFUHHQ

Km[[hleg K H G_cjhgge f_j_"¢ |_hjey 1Z ijZdlbdZ g@Z\ad @hklHfbj K<b¥ KmHhIF_ghd
+ k

L_j_cdh\kddbrRImqgge g_cjhgge f_j_"¢ [Zah\e iheh _ggy >PeLdjjlcgdbleviblemjk @ mrm}\ I

L_j_cdh\kvdZ + J_ " bKWHHBBVDANELWVWUHDP $11 SGMZI1Z a\_jg_ggy

'L*UDSKLUHFWHG JUDSKV ZLWK VHOI ORRSV = 1HXWZAHRQUWDWLREHY (OHFWURQGR

I1HWZRUN; GRFXPHQWDWLRQ +* 1HWZRUN; GHY ORGH RIKGRAFPRHNGWO WLR

QHWZRUN[ UHDGWKHGRFV LR HQ ODWHOWWH WRH IBBHKVFH FODVVHV iGTUWDSKI KR/ G

5HFHLYHG GZ7ecreZz
$FFHSWHG IRU SXEOLFDWLRQ IjbcgylZ ~h

2YHUYLHZ Rl FRPSXWHU YLVLRQ DOJRULWKPGURQBWHWHFWLQJ KD]DU
20HNVDQGU /DNWLRQRY %RKG\DQ %RU\PNLADARH@HGFKHQNR 2O0HN

Abstract. A theoretical overview of classification algorithms hasrbeonducted to construct relevant research mod-
els for the detection of hazardous objects. The formallpmlstatement for the classification of hazardous objexishleen
formulated to build classification models. This taskddr@ssed by constructing classification models usinghinadearning
tools or neural networks. The complexity of the reseaieh ih selecting a neural network architecture tailoredirfaage
classification, which will be used as input. The graphiepresentation of the neural network architecture isléemented
using the networks and matplotlib libraries. This allows dacomprehensive understanding of the overall taskreéating
classification models. The models will be used in fattesearch as one of the functions of a drone for diegedangerous
objects in combat conditions.

Keywords: computer vision, drone, neural networks, demining, reconstructioataperations.
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. 1E_\l_jhY:.de}oh\Z. <<Dhkledh\Z HQ_j_| _gdh
OZjde\kvdbc gZpehgZevgbc*ZjhhdghEe engph, {kDjldiAdjZ€gZ

:G:E1A <J:AEB<HKL?C IEHSBGB SDEBOMGDP1HG:EVGBO
FH@QEB<HKL?C A:KH;1< F:JRJMLBA:P12 SH>H IJHLB>12
FH@EB<BF :L:D:F

:ghlZpesyjh\_~bgZgZevjZaeb\hkl_c iehsbgb ~Zgbo 6'1 « nmgdpeshgZevgbo fh eb\hkl_c
gh€ fZjrjmlbazZp+€ sh”™h ijhlb"e€ fhilkd\bdygaileddf f_"Zo iehsbgb ~Zgbo hkgh\ge Ibih\e
[_ai_db \dZaZge+ €0 ijbgbgb 1Z fh ldbdkZg 4 k&kipmZiqedl _ogheh]+€ aZolBONnGZhsbgb "Z¢
NZ9gZ maZlZevg_gZ deZkbnedlZp€y \qZa2d\hjblklddb

Dexqh\e keh'Z f_Ijbdz [_ai_dzZ \[&/&8b\eklv

<Klmi <dZaZlb gZ \jZaebmgdpehgZevgbo aZkh[Z
ijb[ @ _gghf&ZjrimlbazZp+€ sh”~h ijhlb”re€ fh'eb
<kvh]lh” \kge[eevr \bdhjbklh\mxIv\iZidZIfZdEfklZgh\dZ aznZmkdhgZEebdb
j_"geZjoel _dimjb vyd ijdhi@fglmjh\zZge-i_fqgm fZjrimlbaZpex aZ jZomghd agb _ggy
j _ " e(SoftwareDefined Networking SDN. M kmqgZkijh[e_f [_ai_db
ghfmk\ele jha]lhjlZghNeyZ]jhab de[_j[_ai_db .
Aey 1Zdbo fsh\bfz]zjhajh[dm 1Z ~hke. <PdezZ” hkghighlh fZl_j-Zem
AT _ggy gh\bo ki_peZeeah\Zgbo jer_gv $h4jh[hd#\bjhZgZeesah\Zgh gzZ0\ 1B _ge m |Z]
s_ggy je\gy f_j_"gh€<[jRfhikbijh\h" blviky ijh[e_fb [_ai_db IZ h[f}dlb Z1Zd m f_".
"hkee”" ggy nmgdpehgm\Z§BN aZ pojd sdigbj *Zgbo "gbo ijbkljh€\ sh d_jmxlvky dl
om\zZggyf a[eevr_ggy deevdeklv ihl_gphhegh®DN jHq \b~rgh sh h[f}dIZfb ZIZdb f
gbo ZlZdijypdrryv ~h gh\bo ijh[e_b[_aimdv [mlb jeage ijbkljh€ f_j_ "« <hgb fh ml\
:gZesa im[esdZpkmgzZkghfm _I1ZiphadAdxbh\Zge gZ jeagbo je\gyo f_jZ ¢ :joel_
ldm Zjoel SDNnj\elgbagyges 1Z egha_ f§EONNHK&dhje\gIhREZm fh gZ deZkbnedm\Zlb az
gbdb \WZ Zxlv sh Ibih\e ijh[e_fb [_aijhaélb m djhpe gZ jeagbo je\gyo < jh[hle ZgZ
liZzfgldhgnelmjh\Zgbo f_j_"Zo i_jr aZza¥jhahy¥ peZyZgh[f}dle\ ZIZd « ihl_gpecgbc
eyxlvky \ 1Zdbo Zki_dlZo rde?eb\_ijlmijgfg sk’ _ia*\bs_ggy je\gy f_j_"gh€ [_ai_
i_q_ggy \jZaeb\eklv dhgljhe_jzZ e _Jellhsdglkl*ZPHm a
]h~" _geklv ijZ\be ihlhde\ ijh[e fZ klZgtZjdbafpgthf fh gZ ajh[blb \bkgh\hd sh
ie\geggh]h egl_jn_ckm [_ai_dZ dhfmgbdZprEgbojhkdekz"Z}Ivky a dhfmlZlhje\ 1Z -«
\bdhjbklZggy i*\"_ggh]h eglljml.ckm jlZ gbgo ijbkljh€\ Hkgh\ghx nmgdpe*}x } |_ sl
F_1Z 1Z ihklZgh\dZ FaZdhZqlelZIls } ge~ih\erZ} aZ h[jh[dm ~Zgbo €0 i_j_kbeZg
h[oe”rgeklv ijhZgZe\jZméDbA\bhkle yde \b\ghd Z 1Zdh” a[+j klZlbklbdb lehsbgz ~Z
xlv Vehsbgb "ZBPNabdhjbklh\m&xgibeslbpx} gZ hkgh\e ijZ\be ihlhde\ yde gZ~Zxlvky
gge* 1Z ihje\gyevge f_Ih~b 1jh\_klb ZgZéfafIpihdbdhaleyg_fh ijh[e_fb [_ai_db n
ijh[e_f [_ai_db \dZaZlb ijbgbgb 1Z slh[d¢dlbgEdbz\d”ih\e*gh *h > @ IZ[e

LZ[eblpyLbih\e ijh[e_fb [_ai[®)eIb ZdZ{bqb §h

ljh[e_fz [_ai_db H[T}d!l ZlZzdb ljbgbgz
\lhjbah\Zgz zZ\lI_glbnedZp F_j_"g_h[ezZz~gZggy MijZ\eeggy “hklimihf
IjZ\hfejgeklv ijZ\be ihlhdeY 1jZ\beZ ihlhde\ MijZ\eeggy “hkimihf
Malh”~™ _geklv ijZ\be ihlhdq 1jZ\beZ ihlhde\ ;joel_dI PR
DoSDDoS Z1Zdb LZ[ebpe ihlhde\ :joel_dImMpPAN aeh\fbkgzZ Z
:1Z2dZ klhjhggefb dZgzZezfh Dhgne”_gpecgeklv ~ Aeh\fbkgz zZ1zdz

1.:\lhjbah\zZgz zZ\l_glbnedZpey Ih knDpefglhl]jr ydsh dhfmlzlhj \klZgh\ex} a
\ge iehsbgb ~"Zgbo \e*kmlgec _n_dlIm\ghpgyfaodigadjfhe_ jhf [_a Z\l_glbnedZp+€ <
Z\l_glbnedZpe€ fe " f_j_"gbf h[ezrgZglyfyfhr dhdyljm\ZIb aeh\fbkgbc dhgljhe_j sh
e_jhf Lzdbf gbghf fh ™ mlv \bgbdgmiljiba\_kdk ffhnZevkbnedZpe+€ egnhjfZpe€ |Z[e€
[e_fb Z kzf_ \b”Z\Zggy hkh[b aZ sgdm\hkh[imbl&\ g azlrAgbh@ mgrbo ijh[e_f
dhggbc "hkimi Ae3DNihgindzZlhj fh™_[[_ai_.d6_ \e~ih\erge d_jmxqge egkljmdpe€ ft
g_jm\ZIlb ie~jh[e_gbc Z[h nZevrb\bc klibglbgbotboem|Zgbgm \ |Z[edhgdyol2hdhde\
f_j_"e fZgeimex\ZIlb Z[h i_j_\ejylb \jffe\dZ[iZaihll\j ~gvh &ljjbabdb ihjmr_ggy
NZgbo e \erobeylb "halhe_ge+ iZd_Ib[”2dQghdb P_ fh _
ijba\_klb “h ihjmr_ggy peeskghkle "Zgbo el jZébfpjgldklv « ma]h? _geklv ijZ\be ihl
gZ “hklmigeklv iehsbgb ~Zgbo } h~rgbfb a Jheh\gbo ijh[e_f gZ je\ge ieh:

< E_\l_jhLl:lejoh\Z.=Dhkledh\Z Fq_j_I|_gd2a3 123



Control, Navigation and Communication Systems. 2023. No. 3 5187394

NZgbo ljZ\hfejgeklv ijZ\be ihlhde\ kihkm}dbk yHB&@EIDDoS Z1Zdb fh mlv agZqgh ih]e
\fbkgh]h Z[h g_\ejgh]h \ijh\Z~" _ggy jijENMbejhlirhdIb\geklv f_j_ "«
de\ A+ k\h]h [hdm ma]h”~  _geklv ijZ\bedihlBdZ\ Kithjlhgg+fb d3BQNe &b qZk i_
gh\ghfm \delfgZki_dlb > @ I+~ gqZk ijhgohkdmv]ijb\lZIgrhgne”_gpecgm eginhjfZpex >
g_jZp+*€ nmgdpehgm\Zggy agZgqgh€ MEONAHkb{malBkijftkmdgm gZijbdez” Zljb[ml
de\ fh _ \bdebdZlb dhgneedlb Z[h idh \Pre§g2q€g\dydhgZggy jeage <bdhjbklh\mx
ijZ\be ihlhde\ ler gZk ijhp_km \bimkdmhiggelhle ihzgzZezfb aeh\fbkgbd fh _ hlj
Ilhde\ azZljbfdZ i_j_"~Z\Zggy Z[h aeh\fbldyahogmZygdyj_"~_x egnhjfZpex ijh klZg ¢
fh™_ IZdh" kijbgbgblb €ogx g_malh*'dg®kbgrdhjfdipex 1Z[ebpe ihlhde\ i_j_\ejyxq
gljhe_jhf « dhfmlzZlhjzfb Ae k\h]h [h'dnd hHghzm oy idghhgdj_Ighlh Ibim iZzd_1Z ~Zgbo
\e_ggy *gepex} kbgojhgeaZpex ijZ\beebghdih\ltide\efh _ kijbgbgblb ijh[e_fb a \bll
agbfb dhfmlzlhjzfb Kee” aZagZqgblbZgho "BDhggh¥1Zdb gq_j_a klhjhgge dZgZeb
e_ggy ijZ\be+\WSDN ijba\h”rylv gZijbdew™ g_ \ieb\Zxlv gZ ~hklmigeklv dhgne”_g
\eArfh\b \maee\ f_j "¢ i j ~"ZgqZ kemZMhdheglgZdv ~Zgbo \hgb fh mlv \bdebd:
1Z°_ggy Z[h I_ogeqg_ h[kem]h\m\Zgeyr*t_ZIlZdbq_j_a
sh izd_Ib [Zgblbfmlv g_ma]h”?"_ge my\eLgdlyffgbghf \W\WZ Z}fh g Zdp- fddimf
sh” € ihlhqghadgm LZdbf gqbghf ydsBElIbAdijllbgbgZfb ijh[e_f [_ai_db } \eZkg_ Z]
NZgbo i_j_"Zxlvky \erih\ergh “h gh\Hodlrk$RPNooDihEb \bgbdaZhlgerg4zZdbb
\be ihlhde\ Ih fh™'mlv \bgbdgmlb IZdhljpHpe}fhb gythklZligeklv dhgljhex “hkimim I
©qghjge ~ejb2® pbdeeqge reyob Z[h i\ _AZmjl@d\Zggy
f j_ e L _ogheh]e€ 1Z i**oh”b aZobklim iehsbgl
3.DoSDD0oS-Z1Zdb Iljhklej 1Z[ebpe ihSDU-m\eyx|Zamxgbkv gZ ~hkee~" _ggyo |lbih
f_"_gbc ijhl_ az a\bgdZygthe jhafejgrjkiljpe _f [_ai_db klZ} hg_\b~gbf sh p_gljzZe:
[Z[ebpe ihlhde\ dhfmlZIhjZ \eNih\erZ}d\GMYZdgyjlZ nmgdp-€ ijSDNGIZVZZgH k|«
kbezZggy iZd_le\ "Zgbo HDpd@DdSmfhehdfbkgbdzf ihim ge IZ ajmqge dZgZeb ZI.
Z1Zd aeh\fbkgbd kI\hjx} gbadm g_azZihrdpgbo_"hikdmjbklZggy 2pbdledZdiljEdIbp-e
e ijhklej IZ[ebpe ihlhdm i_j_ih\gx}Ivkjphgol¥eckidtofdpy [_ai_db \k_ [sevr ihfelgbfb |
ijZ\bezZfb ljZnedm > @ WNmjZakipvbhMge ckgmxqge |I_ogheh]«€ aZobkISDNiehsbgb *
agZggm deevdeklv j_kmjke\ |Z[ebpe itnZhd4\ g2 RVEfZCcg-
ijZ\bezZ ihlhde\ g_ fZxlv ~hklzZlgvh fekpy "ey

LZ[ebdp¥lkgmxqge | _ogheh]s€ [_ai_db nSDHflbges ~Zgbo

L_ogheh]ey aZobklm ljh[e_fzZ [_ai_db
<byl\e_ggy ihfbehd m f_j_ " IhfbedZ dhgnelmjZpe-€
DeZkbnedZpey ijZ\be ihlhde\ ljZ\hfejgeklv ijZ\be ihlhde\
Nhjfzevgbc fZI_fZlbggbc ZgZe-a ljZ\hfejgeklv ijZ\be ihlhde\
<by\e_ggy a\fyaghkle Malh”™ _geklv ijZ\be ihlhde\
FhAmev Z\l_glbnedZp+€ ¢ Z\lhjbazp ‘\lhjbah\zZgz zZ\l_glbnedZp-y

1. <by\e_ggy ihfbehd f_j_"e« fh _ [gylbjZ\Besihlhde\ a ghf_jhf \l.jke€ lhsh >
ah\Zgh az ~"hihfhlhx Zelhjblfe\ \by\e_g4d.yFhi*adevgZ\l_glbnedZpe+€ c Z\IhjbazZp+€ f
ijbdeaNICE> @ gzZz~Z} I_klh\m ko_fm ddbghh¥XghZ bz RAPDIUS "ey Z\l_glbnedZpe€
kbf\heeqggec fh”_es \bdhgZggy a f_Ihx*igjbvwsdBlhqB ohklZ Djef Ihl]h fh eb\_ a
kiVhjx} ijh]ljzfz \_jogvh]lh je\gy g_imagddy d\gdogdh\h€ djbilh]jZzne€ ~ey jhajh[db g
klzg f_j_"s H~gZd pe f_Ih"b g_ } jeh_glgyfhZps€Zpeseckghkle > @ AZagZqZ}lvky
evghfm gZke fZxlv \_ebdm azljbfdmzhhjdh{dp [’iZ2%b [_ai_qgbfb ge¢ I[jZ*"bpecg-
khdbc je\_gv aZible\ LZde jer_ggy g€ogh njiv\Zjb'g ggy fh _ [mlb ~hjh gbf
pbih\h mkmgmlb \ieb\ dhgnelmjZpecgbb. AlhghllDddOD0S Z1Zd m iehsbge ~Zgbo
gZ f_j_"m fh>_ [mlb ljZgknhjfh\ZgzZz \ aZz~Zgqm hilbfeaZz

2. lh~ee ijZ\be ihlhde\ Jhaih”ee “hbaphehllhth\

NZIde\ gZ hkgHke ijlmfbpbl_Im h[f}dIZ } hkgdy ie*\bs_ggy f_j_"gh€ [_ai_db sh |z
gbf f_Ih~hf \bjer_ggy ijZ\hfejghkle [Zkiha&klh v Igjh "SDN hkh[eb\_ fekp_ gzZ~Z}Ivky
kle ijZ\be ihlhde\ >halee ijZ\be ihihmlndhreZzeyfZjrimlbazZp+€ Ijhlhdheb ihlj_[r
}vky azZ |Zdbfb f_Ih~Zfb yd pbnjh\tkbk+*fgk€jhA kdhhj*bgh\Zgh€ \azZ}fh”e€ h
ih~ee jhe_c « deZkbnedZpey nmgdpedgh bgb f_j_"gbo _e_f_gle\ LZdbfb _e_f_gl
3.<byl\e_ggy a\fyaghkle fh _ [mI|ISDN dlefrahXligjth ZdZglhhjdf j_ "+ ie" qZk

jeagbfb aZzkh[Zfb gZijbdez” reyohfnihdmj\Zigi@dygyhajZomgdm reyoe\ « ijZ\be i
I_ogheh]*€ \e¢jimZecah\Zgh]h h[fegmDlaeb_fbx\gdhjfbklhhgwlily ihlhlche\fZ}fh

e_ggy f_j_"+ gZ cahevh\Zge njzZ]f_glh2 mAdhaybghfdbo fZ} aZz[_ai_gm\Zlbky g_F
aZih[*]Zggy dhgneesdIm ijZ\be ihlhdeybe gbo giv.dZgt_db azZz h[jZgbfb ihdZagbd:
afe\ \byle_ggy peeckghkle iZd_le\-gZdhkkighiyfith}*gZg
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;_ai_qgh€ fZjrjmlbazZpe+€ ijbreeqdgiiv fhlxihex aZ \klZzgh\e_ggyf ijh]jZzfghlh
m\Z]b \ gZmdh\bo \b"Zggyo <_ebdZ_deegwdekiv*kmigeklv dhgljhex gz~ h[jh[dhx
Ibggbo ~hke<tZ_g¥vmdh\bbijikryqg_gZZggyf f_"~*ZnZcee\ \er"kmlgeklv dhgljhex g:
pvhfm gzZijyfdm >ey jhal\fyaZggy |Zfgbd aAYVaAagqhbdd_gZe_"gbc dhgljhev “hkimir
jbklh\m\zZebkv yd gZdijhlbg®jeZgjlb ~heedb \ ijhp_"mjZo dhgljhex “hklmim g_g
r_guzZdkbkl_flgilbfeaZpediegehne\ aZibk I1Z Z[h i_j_ley”™ aZibke\ kbkl_fgh€ "eye

LZd m jiE@lsjhajh[e_gh 1Z "hke+sZ”™ ghZflybc dhgljhev gZ” dexqgZfb rbnjm\zZg
N ev [_ai_qgh€ fZjrimlbaZp+€ a [ZeZgkiAlDggwuleg@d\Zggy h[jh[dZ 1Z Z[h \bjer_g
glz” _ggy \ f j "Zo gcDWANhLe ogheh?e gle\ [_ai_db Z IZdh® g_zZ~ _d\Zlgbc fhge-l
qg_ azZ\*"Zggy [_ai_qgh€ fZjrjmlbazZprg-qdiZedagtdhb\gokle aZkh[s\ dhgljhex [_ai_
gyf 9gZ\ZglzZ" _ggy [meh knhjfmevh\Zgh Gn<phafsbbhhkle [ _ai_j j\ghkle [¢ag_km IZ
IbfeazZpecgh€ az”Zqe a d\Z"jZlbqggbffadglgly jghfifZil\gbo \bfh] g_"hj_qgge \e~km|
fZevghkle LZdZ nhjfzZ djbl_jex "hal\beyd4 a{Zegdgkiihp_kb ~ey gZe_"gh]h mijzZ\e-
\Zlb gZkldb ihlhde\ sh i_j_~Zxlvky \gf-babd@fl® g_z"_d\Zlg_ ieZgm\Zggy [_ai_
klz\e_gzZ fh~_ev [_ai_ggh€ fZjrimlb&kpp€a@[RenZigkmec m jZae \bgbdg_ggy gZ~a)
\Zggyf gZ\ZglzZz" _ggy a Z"blb\ghx f_Ippdpxc\jZokZdh" g_Z~_d\zZlgbc fhgelhjbg] |
\m} ijh~mdlib\geklv « [_ai_dm f_j_"« \4hih\\réghkln_dl je\gbf iheelbdzf « ghjfzf
Ib\ger_ \bdhjbklh\m\ZIb gZy\ge f_j_"ge*Mj_[KKhZkbho kn_jZo i_j_jZoh\Zgbo Iml
IZdh™ \jZoh\m} cfh\ejgeklv dhfijhf_IEpg@gydZ@aed\hkle djblbggh aZe_bblv \en o
a\ffyadm i*" gZk ijbcgylly fZjrjmlgbodjejr\gbplI\Z |1Z ih"Zevrbo ~ec LZde f_Ih”b

Mjh[hl4 3@ ijhihgmxlvky ihlhdh\b_fhfx eZgd_Im\Zggy i_j_ley”™ ihi_j_"ge+0 hp
fZjrimlbaZpe+€ a mjZom\Zggyf jbabd-abdpZEpiZpblcigdv@ibo alele\ Z IZdh™ dhgljhev
[_ai_db az ~hihfh]hx [Zah\bo f_ljbdkdlhjibdbgqdhgbe kijbyxlv kiI\hj_ggx miy_dlb\gh]l
\jZaeb\hkHkgh\m fh”" _ee kdez”Zxlv meh\beZ gerZnlm \jZaeb\hkle
azZpe€ -hl’Zghz]Zlhreyoh\h€ fZjrimlbazZpe<€lhallejyg_fh [sevr ~_IZevgh kn_jm 1_og
"_ggy ihlhdm 1Z azih[e]Zggy i_j_\ZoljZagohkdZgzZ<b*ZIgbf j_kmjkhf } gZpehgZe
e\ a\fyadm fag”™2qZ [_ai_qgh€ fZjrivdigedZ pjtE \jZ a NS kNational Vulnerability
IZzdh™ knhjfmevh\ZgZ yd hilbfeaZpe+cDB&@abasgNVD), * \e*ih\ergZ aZ]lZevgZ kbkl_fZ hp

<Z eb\bf } ZgZe+sa KVB§sZ}hmdeevdpZaeb\hkiCanmonVulnerability ScoringSystem
kghlh jhajZomgdm je\gy \jZaeb\hkles (GU8$\ eh ihky §NISTNR Ilhke[gbd ea \ijh\Z
glbnedZpey \jZaelp\hkjhp &« \by\le ggy '\igdgVvSY3 #9.NVD £p_ \bq_jigbc kibkhd \e
eb\hkl_c yde fh 'mlv [mIb \bdhjbklZg™hdEdjhaaddbqhdywy \jZaeb\hkl_c kbkl_f Zizjz
aZih~eyggy rdh”b Zdlb\zZf <jZ&ke\P&jk]pZzfgh]lh azZ[_aiCyS9g¥[_ai_gm} \e~d
fekp_ Z[h g_"heed m ijhp_"mjZo [_jbimdkljobklimim ~ey i_j_"Zqe o0ZjZdl_jbklbd
ijh_dIim\zZgge j_ZeecaZpe€ Z[h \gmljekbko_@ZSEhthZgZdh} \jZaeb\eklv yd ihfbedm ¢
l[jhex yde fh mlv [mIb \biZz~dh\h Zdle\dd\Zge Z[[hlZ Z[h \erdjbleklv ijh]jZfb kbk
\fbkgh \bdhjbklZge i gZk \by\e_ggyjakjhxalmb<kjhj\ekm sh fh _ ijba\_klb ~h .
[hle jhaleygmlh dZl_]hjs€ \jZaeb\hkdhoghZ"ijh@gZoghekle peeckghkle gb "hkimighk
ah\Zgh i**oh”b ~h «~_glbnedZp+€ 1Z "hdimf_dhmC¥8JyZfZ]Z}Ivky aZ[_ai_qblb ih
\jZaeb\hkl_c Z Izdh" h[]lh\hj_gh \bdhjpkiZg«gyZghqgges \bfejx\Zggy h~rghgqzZkgh *
pehgZevgh€ [Zab "Zgbo WNaiembWhk| gk dhjbklim\zqzf i_j_Jey~Zlb [Zah\e 0ZjZ
nerability Database(NVD). Ibdb \jZaeb\hkle yde \bdhjbklh\mxlvky *e

MaZ]Zevg_gZ deZkbnedZpefh\jZaecblilykd bkeh\boCNBSghtZ} aZ]Zevgm kbkl fm
[mlb ij_"~klZ\e_gZ gZkimbgbf gbghf >\bfejx\Zggy ey ]Zema_c ijhfbkeh\hkle hj]Z

1.L_ogeqge \jZaeb\hkle g “~heesdb \ZihjgjYr\peyde XbfZ]Zxlv Thggbo ¢ ihkee*h\gb«
ecazZpe+€ 1Z Z[h dhgnelmjZpe<€ ijh]jZzfdbih jdX|Zaigy \|Fgyeb\hkl_\ddBE\@ogvh]h
1z Z[h ZizZjZlgbo dhfihg_gltfbddgliggh aJhamfed$S "ha\hey} hpegblb rbjhdbc
ijhljzfof az[_ai_q_ggyf bdbikh]lfgflgf ki_dlj \jZaeb\hkl_c yde \ieb\Zxlv gZ kbkl_f
aZ[_ai_q_ggyf dhfigjdiprefeaz[_ai_lh]lh kbkl_fZlbah\ZgZ ko_fzZ ~ey hpegdb \jZ
g_ggyf h[gbkex\HvAhdZggyf dhfmgre\S$4cdhjbkghx ~ey jhajh[db ih”~e[gh]h kbk
gbfh[eZ g Z ggyh~h\Z g bjfdk ] hfy ghlh ie*oh”m ~h egrbo \jZaeb\hkl_c 1Zdbo

2.<jZaeb\hkle kijbgbg_ge “eyevgikhfyaz’drgd hjljZgeazZpecgbfb iblZggyfb ihe:
aZe_"geklv \e~ i _\gbo hke[ ijh]Zebgihhp hfrmjgZghihl*neabgghx sgnjZkljmdIimjhx
I1Z gZ\qZgge ijh]Zebgb \ "bkpbieeges GZ kvViZNh f=jrg€¥/SSrigphdh ijbcgylbc « \b
h{f_"_ggy “hklmim dhjbklh\m\zZgbc i*”0o*” GZijbdezZ” \bdhjb

3. Neabqgge \jZael\tiklzeb\hkl4 ~hCVSSj_dhf_g"mPekydeevdekgh]h jhajZomgdm
\bsZ g_"hklZlgec dhgljhev neabqgh\dy Gllkkdebwmkb f_ j "gh]lh B[€Z~"gZggy >
\"Ze_ jhafes_ggy h[ezZz”gZggy g_\"ih\PDYgbg dBl§bdkieklblv IZdgm egnPjfZpex
jhev I_fi_jZImjb \heh]hkle 1Z g_gZe_"g- midegtDepwdibc keh\gbdh\bc 4fZaglbnedZlh
gm\Zggy m ijbfes_ggyo ~_agZoh”blelkyh kil e& g bggomshmonyYulnerabilitiesand Ex-

4. Hi_jZpecge* \jZaeb\hkle \e~rkmlgoklire(@Bm\Zg
gy afegZfb g_gZe_"gbc jhaih”ee -h[h\Tyddek \\jZ&keh\hkle.
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-ihkbeZggy &kZ &l 1Z «gre ihkbeZgdyhkgh\e 0ZjZdl_jbklbd \jZaeb\hkle GZijb
nhjfZpe}x ih\fyaZghx a;\jZaeb\eklx IjbdZ \_dlhjZ ZlZdb \dZam} qb fh'gZ ZlZc

- f_ljbd®vsS Iblb \er"*Ze_gh gq_j_a f_j_"m gb q_j_a 1gl_j

F_ljbdb azZ]Zevgh€ kbkl_fb hpegkdzZlpZakb\ok j_a f_j_"m ~h ydh€ ie"dexqg_g
I_c €VSS 1kgm} f Cs8 jha~ee_gbg_aeB ZIZdb 1Zd « peevh\m kbkl_fm fZ} [mlk
ljvhfzZ JjmiBlfbM [Z3é_j_ee<qhdp_fe ihdaZ "hihfh]lhx ehdZevgh]lh \oh”m Z[h \bfZ].
agbdb IZ ihdZaZgh je\ge \bagZq g+ gbyhdhhighhhma gbdZrbgb Qbf \e~r"rZe ger ZI.
M dh ghfm \bizZz*"dm je\ge \dZaZge \ePegrc\b'shjherZlzdb fh eb\_ Z hl _ Ibf k_
gZcgb ' gh]lh Th kmle ier"jZomghd [Zeprird vjZegedi\viklw Py egnhjfZpey } [_apeggh
lzdbf gbghf "“ey dh gh€ \by\e NMDE \¢xXxdoébihlahhey} dhjbkim\Zgzf ajhamfelb 02Z]j
gZ™"Z} je\_gv “ey dh gh]lh ihdZagbdZb\dpzgEeeb)jkie

LZ[ebpyAZ]ZevlgeZZkbnedZpey f_I[Bld &966

=jmizZ [Zah\bo f_ljbd L =jmiz f_ljbd
Fh eb\eklv \bdhjbkl <ieb\ jmiz gzkhibo f_ k_j_"h\bsz
<_dlhj zZlzdb <ieb\ gz Ajeesklv dh"m _ <bfh]b
-F_j_Z dhgne~_gpecg{- G_ \bagZq_gbc dhgne® _gpecgh
-ljbe_Jlebc -<bkhdbc -<bkhdbc -G_ \bagZq_g-
-EhdZevgbc -Gbavdbc - Nmgd p « hggtizee v -<bkhde
-Nebggbc -G_fz} ->hdZa dhgp_ip*€ |-K_j_"ge-
KdezAgeklv ZIZdb . -G_"h\_"_gbe - Gbavd:
-Gbavdz <ieb\ gZ pee-k N
- <tkhdz -<bkhdbc Je\_gv \bijZ\e_g <bfh]b peeskgh
-Gbavdbc -G_ \bagZqg_gbec -G_ \bagZq_g-
G_h[oe"geklv ijb\|- G_fz} -H[os~gbc reyo -<bkhd-
-G_fz} -Lbfgzkh\_ \bijZ\e |- K_j _~ge
-Glavdz <ieb\ gz -Hnepecg_ \bijZ\e_d- Gbavd-
- <khdz Ahkimigekly
<aZ}fhhey a dhjbr<bkhdbc >hklh\ejgeklv a\ls <bfh]b ~hklimig
-G_fz} -Gbavdbc -G_\bgng_gZ -G_ \bagZq_g-
- <bfZ]Z}Ivky -Gz} 'L‘F)\f%“\lﬂ%zz , _bkhd:
Z . -H[%]jmg 9 -K_j_"g-
HlezZklv aZkIhkm\_Z;g_%ygafgg S G _\eARfZ - Ghavde

Yd ihdZazZgh \ Idhe g je\_gv f_ljbdblfg} g ©gldawtdbfZzah\e ijb\ee_€ dhjbklm
hibkh\m gZa\m > @ CM3&iffblddEqz} gbkqz -+ ©\thigh8ibejz\z zZ~fegekljZIihjZz
eh\_ agZqg_ggy aZ rdZehx \o" ~h -<azifhrgZ @ dhjbklm\zg_f \dZam} qgb fz
k_jchagerhx ijh[e_fhx [_ai_db QbkmegXkllhpegrdlr dhjbkim\zZq djsf aeh\fbkgbdZz
Ney ihdZagbde\ m ]jmie [Zah\bo ihdizagb€.X|izdbsZ
xlvky \ je\gyggy \b€YZ ygl  KI\hjx} km2. <ieblimpact pe ihdZagbdb \dZamxlv gZ |
dmigbc [Zah\bc ihdZagbd [_ai_db \ fegai 2adéigem\«dZ hkgh\lge peergheai gdb ct
Nh geklv peeekgeklv ¢ “"hkimigeklv M dh ghfm
;Zah\Z Jjmiz fijljbkd Z\ey} \gmljergiZdd&s\ hpegdZ \e h[jZ Z} gZc]ejrbc j_amevl:
jZdl_jbklbdb \jZaeb\hkle yde } g_afemgbfbgihh]Jyéhf_ g h”bg dhfihg_gl >ey dh
gZkm 1z k_j_~ dhjbkim\Zges\ <hgZ kdjehbzplvkyca\lphgdh&kly]eqge agZq_ggy \ieb\
gZ[hje\ ihdZ&gbde\ ©\bkhdigle® ih\gZ \ljZIZ dhgne+~_gpecghkles p
1. Fh eb\eklv \bdhjbledplgigppiity pekghkle Z[h ~hklimighkleslow2©ghbadgdbc
ihdZagbdb \e~h[jZ Zxlv e_]deklv « [\lggdthg= @)\ kmlge-kilevb\m
aZ "“hihfh]lhx ydbo \bdhjbklh\m}lvky \REZKebjZklaZklhknSc@megy p_c ihdZaghbd
IlhdZagbdb agZoh”bhkvkjynis [Zah\bo ihdZagbde\ ohqZz
-<_dlhj Zl1Zzdb ydbc \dZam} gZktieshdd azeZgbf \¢” j<pl®lhjm}livky arz
gbf fh™_ [mlb aeh\fbkgbd \¢* mjZaelyghlhledhiahgb\hkle \ h*ghfm dhfihg_gles ijh]j:
glz aZ[_ai_qg_ggy \ieb\zZlb gZ j_kmjkb sh \bol
-Kdez~rgeklv Z1Zdb i_j_"Z} je\_gW_TledeZ}glikkleb\hkl_c Z[h gZ ijb\ee_€ 1Ijbd
g_h[os”gbc aeh\fbkgbdm ~ey \bdhjb Kl XjgZggye bj\rabsbih \ejimZevgec fZrbge ydZ ~ha
kle iskey e~ _glbnedZpe+<€ peevh\h]h dhfbtkkg bgld \K82&¥Ib nZceb \ hi_jZpecgec kbk
geklv hpegx}lvky yd \bkhdzZ ydsh kleh\fbkgbd g_
fh™_ aneckgblb ZlZdm azZ \ezZkgbf [Z ZgAZ&\lZeZcifhZzah\e |1Z gZkh\e f_Ijbdb \bagZ
\bg g "hdezZklb i _\gbo amkbev "ey izqhéridtdzZAph [Wbe | g\ \jZaeb\hkl_c¢c ihklzZ
dhgZggy dZfb ijh]jZfgbo azZkh[e\ [_ai_db Z[h ijh]jZ1
-G_h[oe"rge ijb\ee_€ 0ZjzZdl _jbamx[~faklmi gidy hkdeevdb \hgb fZxlv djZsm
lje[gbc aeh\fbkgbdm ”~ey \bdhjbklZggyx\jZaebbotiZjlecdl jbklbd \jZaeb\hkl_c ge< d
AgZq_ggy fogefZijb\ee_ch\Zgbc "hklagHggZzd ihdZagbdb sh klhkmxlvky k_j_~*
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\bagzZqzxlvky dhjbklm\zZqgzfb hkdeevdlrh¥kipgbejgukdv\afejm} kimiegv \i_\g_gh
djZs_ fh mlv hpegblb ihl_gpecgbc \id&b\ \jZagegb\Bgge+ \jZaeb\hkle IZ ~"hklh\ejgekl
kle m k\h}fm \eZkghfm k_j_ _~h\bse I_ogegqgbo "_IZe_c
=jmiZ qZkh\bo ifi_WbkldZ\ey} o0Zjzdl_jbkjmiz f_ljlbdj_~h\bsZ nedkm} o0ZjzZdl_jbl
Ibdb \jZaeb\hkle yde afegxxlvky a q2ktdb YEaed\hkke ih\kygZzgh\bs_ f dhjbk
j_"~h\bse dhjbkim\zZqZ <eg kdeZ"Z}IMk\ZAaqgvHPo ihdZ afhlm ZgZeeslbdm gZeZrlim\
agbde\\bWMZ~dm db&b_ggy I1Zdh€ f_IEBaZe_"gh \+" \Z eb\hkle 2 Zdllgp\mh
\bagZq,phé ihdZagbd ke<” ijhimklblbéeyjhiJ¥YgeazZp€ dhjbkim\ZqZ \bfejygh]h a
hpegdb dhgne” _gpecghkle peeckghkle 1Z "hkimighkl
Ajeecklv dh m _dbirghxdlihlhqggbc klZg kah\db
f Ih~re\ dkiehclm Z[h "hklimigeklv dh™m AZ]Zevgh"bn 9
kImigbc ijhklbc m \bdhjbklZgge dh” _dkikdhkflZiadhjfh[hle ijh\btZgZeca klZg
evim} deevdeklv ihl _gpecgbo aeh\fbRgbl@SSsthékqdeevdekgh]h jhajZomgdm je\gy
xgb g_d\Zeenedh\Zgbo hke[ Ibf kZflefbihkibstmxgbgh]h h[eZ*gZggy 1Z "h\_"_gZ
k_jchageklv \jZaeb\hkle Je\ge \e~rh[j@eIvlIvck]mivmdhjbklZggy i gqZk jhajh[db |
"hkimighkle 1Z ijb~rZlghkle _dkiehclZ2 ~"ggWbdhibkdlb\gbo i*"oh”e\ "h [_ai_qgh€
IZggy \jZaeb\leKlegv \bijZ\ebfgy} kimjmlbaZp+s€ m iehsbge "ZgbbgnhlnghyAa
iegv “hklimighkle \bijZ\e_ggy gbo f_j_°
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Analysis of vulnerabilities of the SDN data plane and the functionatapabilities
of the routing tools in relation to preventing potential attacks

A. Levterov, G. Pliekhova, M. Kostikova, S. Ocheretenko

Abstract. Problem. The article is devoted to the analysis of the vulnerabilities ¢3¢ data plane and the functionality
of secure routing tools in terms of countering possible attacks. The mizial sgcurity problems, their causes and possible targets
of attacks are considered within the data plane. Existing SDN data jptatection technologies are described. A generalized
classification of vulnerabilities and their characteristics is provi@edl. The purpose of the article is to analyze the vulnerabilities
of the SDN data plane and the functionality of secure routislg to counter possible attackéethodology. Analytical modeling,
formalization and comparison. Task statememb improve secure routing taking into accoti@ basic metrics of the criticality
of vulnerabilities.Results. An analysis of the vulnerabilities of the SDN data plane and thatidmality of secure routing tools
against possible attacks, as well as the existing technologies anddms o protect the SDN data plane, has been carried out.
Conclusions: Thus, the paper analyzes the CVSS standard for quantigdtiviation of the level of vulnerability of network
equipment and proves the feasibility of its use during theldpment and research of promising approaches to secure routing in
the data plane of software-configured netwofbsginality. Systematized and analyzed the vulnerabilities of the SDN data plane
and their functionality in terms of secure routing and countermeaaym@sst possible attack®ractical value. Computer-config-
ured SDN networks are considered within the data plane, the mainl tygicaity problems are found, their causes and possible
objects of attacks are indicated.

Keywords: SDN, metrics, security, vulnerability, CVSS.
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DEVELOPMENT OF A MOBILE ROBOT PROTOTYPE
WITH AN INTERACTIVE CONTROL SYSTEM

Abstract. One of the most urgent tasks of robotics is to perform work in conditiehere a person cannot work, in
extreme conditions. At the same time, the goal is to find a persandistance, often a considerable distance, in safe
conditions. From this follows the need to create robots that will leetalwork by themselves either in autonomous mode
or in remote control mode. At the same time, the task of detectimgesoaf combustion, which can be solved by a mobile
robot equipped with specific sensors, is extremely urgent. Theréfieréask of developing an interactive control system
for such a robot becomes urgent. The subject of this study ibiéemabot control program. Thgurpose of this article is

to improve the efficiency of the fire safety system through the developai a mobile robot with appropriate sensors, as
well as an interactive control system. To achieve the goal, iceseary to solve the followingsks analyze the methods

of creating prototypes of mobile robots, develop a structural diagfaa mobile robot, choose components, choose the
necessary sensors based on the goals of ensuring fire safety, developraated control system based on a modern
single-board computer and intuitively develop clear operator inter@meclusions as a result of research, a structural
diagram of a mobile robot was developed, its components were seliéaies assembled, equipped with sensors, and
software was created that allows you to control it interactively. The gmelorototype of a mobile robot will reduce the
risk of fires and the need for human intervention, ensuring an opektesponse to danger. In addition, a mobile robot
with the ability to independently navigate and recognize dangeemsure the optimization of work processes at various
enterprises, or to check dangerous areas, improve the safety of workeopler ground and reduce material costs. The
result of the work is a functioning robot prototype with an implememtdactive control system

Keywords: mobile robofignition source, control systeffire sensor.

. device capable of moving in the environment and
Introduction interacting with the user. The mobile robot will be able
In modern production, considerable attention i receive commands from the user, as well as respond
paid to ensuring human safety and reducing the risks tf them, perform tasks and provide useful information.
emergencies, including reducing the risk of fire due t&n important aspect is a user-friendly interface that will
various causes. In order to prevent the spread of firellow easy and intuitive interaction with the robot. In
explosions in general, as well as explosions diddition, the prototype will have additional functions
equipment, damage to workers, and minimize costs, itiglated to monitoring the temperature in an industrial
necessary to extinguish a fire as quickly as possible, rom and detecting open flames in it.
even better, to prevent it. For this purpose, it is Analysis of recent studies and publications
advisable to use mobile robots equipped witfhere is a growing trend of emergencies in Ukraine and
temperature and fire detection sensors. Such robdte world [1].
should constantly monitor industrial premises and  The main areas of fire safety are the elimination of
transmit information to the operator in real time. fire conditions and minimization of its consequences.
The aim of this work is to improve the efficiencyFacilities must have fire safety systems aimed at
of the fire safety system by developing a mobile robgireventing exposure of people and material assets to fire
with appropriate sensors and an interactive contrbiazards, including their secondary manifestations [2].
system. Based on the requirement to ensure the safety of
A prototype of such a mobile robot will be people as much as possible, a progressive idea was the
developed, as well as an interactive control system fose of mobile robots to detect abnormally high
the mobile robot based on the Arduino board and themperatures and sources of fire in production. Many
use of sensors that will enable the mobile robot tauthors offer their own experience in developing both
perform its tasks. The idea is to create a robot that canch robots and remote, preferably interactive, control
move independently and recognize dangerous situatiosystems for them [3-7].
such as the onset of a fire and rising temperatures. A whole galaxy of researchers [8-11] suggest
The developed prototype of a mobile robot willusing the Arduino board to create firefighting robots, as
reduce the risk of fires and the need for humawell as those that detect fires. That is why we chose the
intervention by providing a rapid response to danger. rduino Mega 2560 board in our work.
addition, a mobile robot with the ability to Purpose of the work Improving the efficiency of
independently navigate and recognize hazards wilhe fire safety system by developing a mobile robot with
optimize workflows at various enterprises or to inspeappropriate sensors and an interactive control system.
hazardous areas, improve the safety of employees or The result of the work will be a prototype of a
people around them, and reduce materialscost mobile robot with interactive control. It is a functional
The result of the work will be a prototype of adevice capable of moving in the environment and
mobile robot with interactive control. It is a functionalinteracting with the user. The mobile robot will be able
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to receive commands from the user, as well as respond
to them, perform tasks and provide useful information.
An important aspect is a user-friendly interface that will
allow easy and intuitive interaction with the robot. In
addition, the prototype will have additional functions
related to monitoring the temperature in an industrial
room and detecting open flames in it.

1. Selection of mobile robot components

This article proposes the development of a mobile
robot with interactive control that can be used in
industrial, warehouse, or residential premises to monitor
and obtain information about temperature or fire.

The central component of the system is the .
Arduino Mega 2560 R3, which provides sufficient NS platform also has a battery compartment,

computing power and the ability to control variougVhich simplifies the integration of the power supply

aspects of the robot. It serves as the basis and "brain"sé{IStem into the robot structure itself. This ensures

the project, allowing you to program the logic of theconvenient and compact battery placement, which is

robot and process data from sensors or sensors. especially important for mobile robots.
An example of the board is shown in Fig. 1. The next element will be the MB-102 solderless

breadboard with 400 points. One of the key advantages
of the MB-102 breadboard is its convenient design. The
breadboard is shown in Fig.

Fig. 2. Single deck robotic platform

Fig. 1. Arduino Mega 2560 board

The Arduino Mega 2560 board is one of the key
components selected for the development of a mobile
robot with interactive control. An important advage of
the board is its functionality. It is equipped with a Fig. 3. MB-102 solderless circuit board
powerful Atmega2560 microcontroller, which provides
enough computing resources to implement complex The board has 400 contact points, which provides
algorithms and control various devices. The board a|$3nough space to connect various components, wires,
has a large number of digital and analog I/Os, whicind connections. This allows you to conveniently
allows you to connect various sensors, actuators, aggrange circuit elements and make the necessary
other peripherals. connections for testing and design. The breadboard also
The Arduino Mega 2560 supports a variety ohas high contact reliability and stability. Each contact
software libraries and the Arduino IDE, which siifigs  point on the board provides a reliable electrical
the programming and development process. It is als@nnection, which helps to avoid malfunction problems
compatible with a large number of extensions angnd ensures stable operation of the circuit.
modules, which allows you to expand the functionality The bridge driver plays an important role in the
and capabilities of the system. It also has a fdoly management and control of motors. The L293D bridged
cost. This board is widely available on the market. motor driver was selected to control two bridged meto
The next important component for a mobile robopn example of a bridge driver is shown in Fig. 4.
is the platform on which all the elements are located.
We chose a mobile 3-wheeled transparent robot
platform for robotics. Its appearance is shown in Fig. 2.
The platform is equipped with two motors with a
deceleration ratio of 48:1. These motors provide enough
power and torque to move the robot. They operate at 3-
6V and have low current consumption, which is an
energy-efficient solution. Three wheels, of which two
are drive and sliding motors, provide stability and
maneuverability of the robot. This allows for efficient
movement in different directions and turns. Fig. 4.L293D bridge motor driver for collector motors
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The bridge driver ensures smooth and precise For communication and connection to wireless
movement of the robot. The L293D provides stable amketworks in the mobile robot project, the ESP8266 Wi-
reliable motor control. It has built-in overload and baclEi module of the ESP-01 version was chosen (Fig. 7).
EMF protection to help prevent damage to componenthis module provides a wireless Internet connection,
when changing direction or braking the motors. Thahich opens up a wide range of possibilities for remote
bridge driver also allows you to control the direction otontrol and data exchange
rotation of the motors and adjust their speed.

To connect all the components to the board, you
also need a set of mother-mother and fatheto-
mother jumpers. An example of a set is shown in Fig.

Fig. 7. Wi-Fi module ESP8266 version ESR-

The ESP8266 ESP-01 is a compact and cost-
Fig. 5. Jumpers set effective  Wi-Fi  module that offers sufficient
performance and functionality to implement Wi-Fi

Next, we selected the necessary sensors. First, l&@mmunications. It is equipped with a microcontroller
look at the ultrasonic sensor. This is a component th@fd a built-in antenna, which ensures its autonomous
allows you to measure the distance to objects based @P€ration. The module allows remote control of the
the principle of ultrasonic wave reflection. The HC-.Mobile robot using a smartphone, tablet, or computer. It
SR04 we have chosen is one of the most popul§fn also be used to collect data from various sensors on
distance sensors and is widely used in various robotii€ robot, such as distance, temperature, humidity, and
projects. Its appearance is shown in Fig. 6. other sensors. The collected data can be transferred to a

remote server or cloud storage for further analysis and
processing.

The KY-033 line sensor (Fig. 8) is a device
specially designed to detect and follow lines on a
surface. It is equipped with infrared sensors that respond
to reflected light from the surface and allow you to
determine the position of the line.

Fig. 6. HC-SR04 sensor

The sensor consists of a transmitter and a receiver
module. The transmitting module generates ultrasonic
pulses that travel to the object and then are reflected
back. The receiving module registers the reflected
pulses and determines the time of sound wave travel.
Based on the sound travel time and knowing the speed Fig. 8.KY-033 line sensor
of air, the distance to the object can be calculated. The
HC-SR04 can measure the distance to objects in the The line sensor allows the robot to detect and
range of a few centimeters to several meters. Thisllow a line on the floor or other surface. This can be
makes it versatile and applicable in a variety ofiseful, for example, for creating a linear route or an
scenarios. The sensor also has a simple connection @womatic navigation solution. It can be used to detect
communication interface with a microcontroller. Itobstacles in the robot's path. If the line is interrupted or
works on the basis of the echolocation protocol, whicbhanged, the robot can react by changing its direction or
simplifies programming and integration into projectstaking appropriate action. If the robot is moving on a
The selected instance is available at a low price andpgatform with edges or cliffs, the KY-033 line sensor
readily available on the market. This makes it aean help it avoid falling or colliding. The robot can react
attractive option for developing projects with a limitecto changes in surface color and adjust its movement to
budget. stay in the safe zone of the platform
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The next sensor we chose was the KY-026 flameomplementing the information received from the flame
sensor (Fig. 9). It is a module designed to detect tlsensor. This can be useful for determining flame
presence of a flame, based on a photo-sensitive elemariensity or monitoring temperature changes in the
that responds to changes in the intensity of light createdivironment. The thermal module can also help detect
by the flame hot spots or objects with elevated temperatures in the

environment. This can be useful for detecting obstacles
that could cause damage to the robot or other objects, as
well as for determining temperature changes within
certain areas.

Fig. 9. Fire sensor

A sensor can be mounted on the robot for early
detection of fire or other sources of flame in the
environment. If flames are detected, the robot can Fig. 10.Infrared thermal module
activate appropriate safety systems or take action to : :
prevent the spread of the fire. If the robot is used in 2. Assembling a mobile robot
areas where fires or dangerous situations are possible, The structure of mobile robots depends on the
the flame sensor can be integrated into a warnirigsks that the robot solves, but regardless of the tasks
system. being solved, the main components of the mobile robot
When flames are detected, the robot can activag#ucture can be identified.
sirens, flash lights, or send an alarm to alert others to the A block diagram is shown in Fig.l.

presence of danger. Development of a circuit diagrarithis circuit was
The last module to be installed on our mobile robggreated using the online tool Tinkercad, which allows
is an infrared thermometer (Fig. 10). you to design electronic circuits in a virtual

An infrared thermometer is designed to measurenvironment. The main components of the circuit are
the temperature of objects using infrared radiatiofwo motors that are responsible for driving the robot's
emitted by them. wheels.

It can work together with the KY-026 flame sensor ~ The circuit also includes two ultrasonic sensors
to more accurately detect and measure heat or flarti@at are connected to a breadboard and then to an
sources. In our case, the use of these two sensors allédwguino Mega 2560 R3 board.
us to measure the exact temperature of the flame source, The circuit is shown in Fig. 12.

Fig. 11.Block diagram of a mobile robot

131



Control, Navigation and Communication Systems. 2023. No. 3 5187394

Fig. 12. Schematic diagram of the circuit

The connection to the prototype board is shown ithrough a browser. The user, being in a local RiVi-
Fig. 13 and 14. network, opens a browser on his device. The mobile
robot equipped with the ESP8266 module creates a web
server on the module that listens for incoming HTTP
requests. A web page with the robot's control interface
is displayed in the user's browser. The user clicks
buttons on the web page to control the robot. The
browser sends a corresponding HTTP request to the
robot's IP address and port. The ESP8266 module
receives the request and interprets it as a command to
control the robot's motors. The module transmits signals
to the L293D bridge driver, which controls the robot's
motors. The robot moves according to the commands
received from the user via the browser. Thus, the user
Fig. 13.Connecting to the prototype board can control the mobile robot in real time (interactively)
by clicking buttons on a web page in the browser, and
the ESP8266 module transmits commands to the robot's
motors through the bridge driver. The developed
interface is shown in Figure 15.

Fig. 15. Example of a robot control interface
Conclusions

Fig. 14.Connection with sensors As a result of the above research, a prototype of a

mobile robot has been developed that will reduce the

Thanks to the Wi-Fi module ESP8266, we carrisk of fires and the need for human intervention by
theoretically realize the control of a mobile roboproviding a rapid response to danger.
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In addition, this mobile robot has the ability toinspect hazardous areas. Such a robot will improve the
independently navigate and recognize hazards, whisafety of employees or people around them and reduce
will optimize workflows at various enterprises or tomaterial costs.
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Jhajh[dZ ijhlhlbim fh[eevgh]lh jh[hlZ a <gl_jzZdIb\ghx kbkl_fhx d_jm\Zggy
1 R G_\eXK¥zZdkbfh\z H F Debf_gdh F X ;eehmkh\

:ghlZpe¥H~ge}x a gZcZdimZevgerbo azZ\~"Zgv jh[hlhl_ogedb ¥»\bghdghggyijhdx\Almfh\Z
ex”"bgzZz \ _dklj_fZevgbo mfh\Zo 1jb pvhfm fZ}Ivkexgdbgh IlgZaglkhZgegogyZklh gZ agZq¢
[_ai_qgbo mfh\Zo A pvh]lh \bieb\Z} g_h[oe~rgektlv kidhinlggw/ prliekzZfy ijZpx\ZIlb Z[t
Z\lhghfghfm j_"bfe Z[h \ j_"bfe \errZe <ghflle d_jodkogd”a\bqZcgh JThkljh klh€lv azZz\"Zggy
fekpv aZcfzggy vyd_ fh _ \bjerblb fh[eevgbc jh[hl hkgzbdgdhblt kHlpbnZqgdimibe*ghg klZ}
az”"ZqZ jhajh[db egl_jzZzdlb\gh€ kbkl_fb d_jm\Zgjgyf2eyf Zzghlh Yhklek2  _ggy } ijh]ljzfz
d_jm\Zggy fh[eevgbfHh[h¥hZgh€ khd¢Pr\bs_ggy _n_dlb\ghkle kbkl_fb azZ[_ai_q_ggy ih _"g
aZ jZomghd jhajh[db fh[eevgh]h jh[hIZ ea \e~ih\ergbfpZdbl\ghdeZ flbbkEZ fllZ dch jmyZggy >e€
"hkylg_ggy ihklZ\e_gh€ f_Ib g_h[o*"gBE\\BpgiphZ gZZedrsam\ZIb kihkh[b kI\hj_ggy ijhlhll
fhleevgbo jh[hle\ jhajh[blb kljmdIimjgm ko_fm fh[eeVighlmkfrIZh[hZjBlly_ch[o+"ge ~ZIgh
\boh”yqb <a pee_c aZ[_ai_q_ggy ih _"gh€ [_ai_db pkdjHpbld_yhmigZgdEam\KommZkgh]h
hrghiezZlgh]h dhfe xhajh[blb egim€lb\gh ajhamfeebc e<g&bjlng lc\ld\thji_améyzZzle "hkee” _gv
[meh jhajh[e_gh kljmdIimjgm ko_fm fh[eevgh]ifijgh[tdld xgfjZatjZlgphch]HZhdbdZZ gh
kiI\hj_gh ijh]jzZzfg_ aZ[_ai_q_ggy yd_ “ha\healp gbfjZlbjlyfe dghmlijhlhlbi fh[eevgh]h jh]
“halheblv agbablb jbabd \bgbdg_ggy ih"_" 1Z g_h[os~gekivgertkviih]jiZI\d)omZggydpax|[ga
g_[_ai_dm Djef Ihlh fh[eevgbc jh[hl a+s a”Zlgeklx kBBhkdogD\ZIQgZys]medlwmzZzapg[_ai_q
hilbfeaZpex jh[hgbo ijhp_ke\ gZ jeagbo i*?ijb}fkI\Zd_&[hgdley *-¢y\ehdb idhdjzZsblv [_ai_
ijZpe\gbde\ Z[h ex"_dzZgafidyethlv fZI_jeZevigeam2hd ZIhf jhimigdpehgmxqgbc ijhlhlbi jh[hlZ a
j_Zeeah\Zghx «gl_jzZdlb\ghx kbkl_fhx d_jm\Zggy

Dexqh\e kehfhZeevgbc jHpkbp_ aZcfkggly fZ d_jmAZbglyd \h]gx
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DEVELOPMENT OF AN INTELLIGENT ROBOT CONTROL SUBSYSTEM

Abstract. The subsystem should provide the following fumwdilities: planning of trajectories of movemenanfintelligent
robot in an a priori uncertain dynamic environmehbperation: representation of opposing objectdefenvironment and
functional and executive nodes of a mobile robatgia fuzzy configuration space; formation of a mment trajectory with a
fixed level of confidence; updating the environmerdp when exploring new areas of the operatingrennient; real-time
operation of the scheduler; modularity and scalghif the subsystem. To successfully navigate irtespténe robot control
system must be able to build a route, control maregrparameters, correctly interpret information alibetworld around it
received from sensors, and constantly track its coordinates. The paper investigates the developaf@aintrol subsystems
for an intelligent robot. To achieve this goal, ihiGal data were analyzed, the general princiflewlding a simulation model
of the robot was described, and a structural diagrfattme control system of an intelligent robot wiaseloped.

Keywords: intelligent robot, sensor, navigation system, interface.

are made only by the subsystem itself; the operator
cannot change these characteristics manually.

The subsystem under development is designed to The subsystem should provide for updating
plan the targeted actions of an intelligent mobile robot idecision-making methods due to the object-oriented
an a priori uncertain environment [1]. It is difficult to structure of the information and modeling complex, i.e.,
develop such a subsystem based only on a rigid algoritmecomposition without changing the basic relationships
for working out a given trajectory of movement of thebetween modeling objects.

][obots executive subsystems (RS). T_he_ absence of 1 General principle of building a robot
eedback on the operations performed indicates a low . .

flexibility of the system as a whole, which significantly simulation model

reduces the possibility of using the RP in real conditions  In accordance with the traditional model of modglin

of automated production. The direct operation of sucha@ganization, when information flows are exchanged
system faces the following problems between the researcher-designer and the simulaitalel,

- the need to create a flexible distributed structurkeedback on the results of the simulation is prediddy a
of flexible production modules; chain external to the simulation modeling systenperson

- solving the problem of time coordination ofwith the involvement of auxiliary tools and softear
several robots performing a single task; methods. At the same time, the researcher-designer

- the need to change the control program wheperforms the function of information transformatiarhich
moving to new unstructured production areas, where it ®nsists in interpreting the results and makingsitats on
difficult to enter the trajectory of the robot's technologicainanaging experiments and generalizing informatotiné
operation. knowledge base of an intelligent robot. Automatiofi

The main disadvantage is the strict requirement faxperiment management involves the creation obsedl
the accuracy of the reference trajectory, the violation sbftware-implemented control loop of the simulatioodel
which during operation leads to a disruption of the entingithin the framework of external softwaifé 8]. The
technological process (TP), and this situation is difficulstructure of the model is shown in Fig. 1.
to automatically correct, requiring intelligent action
planning [25]. The subsystem should provide the
following functionalities:

a) planning of trajectories of movement of an
intelligent robot in an a priori uncertain dynamic
environment of operation:

1) representation of opposing objects of the
environment and functional and executive nodes of a
mobile robot using a fuzzy configuration space;

2) formation of a movement trajectory with a fixed
level of confidence;

3) updating the environment map when exploring
new areas of the operating environment;

b) real-time operation of the scheduler;

¢) modularity and scalability of the subsystem. Fig. 1. Structure of the information and control model

When filling the knowledge base, the operator is
responsible for selecting the general characteristics Targeted series of experiments, in accordance with
(name, code, etc.) of known objects. Object travers#iie set goal of the robot's functioning and taking into
parameters are recorded as additional object parameterscount the constraints of the configuration parameters,
Changes to the trajectory in the object knowledge basee organized by modules that are specifically included

Introduction
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in the external software. In general, these modules mugdiject, but also indirectly through other elemenftghe
set the initial data sets, initiate model runs as a wholebject (robot) that are connected. As a result,aed other
process the results, and make decisions about the furtireticators change. In addition, restrictions carinpgosed
development of experiments in accordance with then the values of some parameters, in particulamesof
implemented modeling control algorithm. them can be fixed, i.e. set declaratively. Thistmareflected
Such an algorithm, directing the experimentsin the formation of initial data sets and initialiion of the
searches for such a combination of parameters in the fighitial states of the knowledge system modelingess.
of permissible values of parameters that would ensure the Considering a simulation model as a means of
optimum of a given quality indicator, i.e., essentiallypurposeful transformation of information in accordance
solves the optimization task: with a certain system of prescriptions, it makes sense to
@ talk about a simulation modeling algorithm. Then the
formal interpretation of the requirements under

where f +the objective function represented by theonsideration can be written as follows:

f © ee0 max,
0

algorithmic simulation model; o 4, {,...., | = S Q 8 C (2)
vector of parameters of the modeling objectta set of \yhere S + input word of the simulation modeling
valid values of input parameters. algorithm; Q +a set of valid sets of robot parameter

Thus, a set of algorithmic and software t00ls thafajyes; K +the scope of the simulation modeling
provides the process of automated modeling forms #4orithm definition.

simulation automation modeling system (SAMS). Sihee The input wordS specifies a set of initial data of a
user _does not enter each set of |n|t|<_':1! data E)nth('g run of particular dataset, i.6& (i, j,...f ; ), where each value
the simulation model and only specifies the goatiberion
and the range of parameter variation, while theckefor ~ / corresponds to a certain value of a certain paemoé
valid solutions to simulation problems is performedhe modeling object. The domain is determined by the
automatically by the SAMS, the definition of areifigent ~ software implementation of the simulation algorithmgl a
simulation system can be applied to the lattereikample, it can be formed by the sB, of input alphabet sets. All
the functions of the SAMS in the control loop dfexible  values f that have a permitted realization of the modeling
production system generally consist in analyzitgyahtive object U. Thus, expressions (1) respectively define the
options for robot behavior after making a particpessible  conditions for matching S with the simulation modet
decision on dispatching and operational planning @figorithm. The task is to develop an apparatus fondb
information and motion actions, etc. analysis of the consistency of changes in semalgtical
The effectiveness of these functions is due to thsterrelated parameters to ensure that the varidties not
replacement of the rigid control logic of an irigeht robot, Vviolate condition (1) and does not lead to changéséd
which involves the use of specified and fixed retio$ in  parameters. At the second stage, the automation of
certain situations, with a flexible and dynamic hmdsm experiment management and the construction of a
that ensures decision-making not only on the balsis knowledge system is carried out, and the followingesta
similar analysis of the current state of the robot, also are solved:
taking into account the prospects for its develapimEne - development of principles, interaction of the
problem of automating the management of experimentsgical inference system and numerical optimization
synthesizing knowledge and building a knowledgelzas procedures;
be represented by the logical structure of the-lsyestep - selection (development) of an apparatus for
solution of individual tasks of an intelligent rapas shown implementing logical inference from combined
in Fig. 2. At the first stage of automating the tconof  algorithms for managing experiments;

experiments, two tasks are solved: - development of effective inference algorithms
- structural and algorithmic construction of thebased on the proposed apparatus, taking into account the
control module itself is performed; specifics of interaction with numerical optimization

- forming the substantive basis and formaprocedures.
requirements for the organization of information  This stage solves the problem of developing
exchange with the simulation model. optimization procedures used in planning extreme
The task of structural and algorithmic
construction of the experiment contrc
module and synthesis of the knowledc
system is solved in the following sequenc
the composition and structure of the modu
are determined (the conditions of interactic
of its components and position in the overe
structure of the SAMS are developed).
When performing a series of simulatio
model runs, a targeted variation of parame
values occurs, which can affect the value of t
objective function not only through direc
influence on the functioning of the modelin Fig. 2. Automated modeling of an intelligent object
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actions. At the same time, the issue of developinigtelligent robot, with an adequate response to
algorithmic support can be considered for specifiancontrolled environmental changes and unpredictable
aspects of object modeling, namely drift of the robot's parameters. To fulfill the main task of
- automation of experiments management undeéhe ICS during operation, it is necessary to solve many
conditions of linguistic uncertainty of parameters, foadditional tasks that interact with each other. The
example, "degree of similarity/difference..." has nanalysis of these tasks and the specifics of controlling an
natural numerical measurement; intelligent robot led to the construction of a control
- organization of extreme experiments in thesystem in the form of a three-level hierarchical structure,
problems of one-parameter optimization with a&hown in Figure 3.
significantly uneven location of points in the middle of At the first level, the ICS makes a decision on the
the interval, for example, a unimodal response functiopossibility or impossibility of movement, determines the
and fixing the corresponding states in the model of theomposition of electromechanical devices (EMDs) used
knowledge system; for movement, and builds a general plan of movement
- reduction of search time with a significant(maneuver). At the second level, EMD control programs
duration of the simulation model run, which is importanare formed, their control models are determined, the
for multi-iterative search algorithms, full search ofcurrent situation is recognized, and self-learning is
options, etc. performed during operation. At the third level,
. controlling influences are formed to perform movements
2 Block diagram of the robot control system in an optimal way: for a minimum time, with a given
The main task of an intelligent control system (ICSaccuracy, quality of transients, etc. with the necessary
is to physically implement various movements of amadjustment (adaptation) of EMD control models.

Fig. 3. Structure of an intelligent control system for an intelligent robot

The structure is focused on the realization of IRbstacles to movement in the workspace, as well as
movements in real time, in which the interactiotwsen information from the second and third levels of control,
levels occurs according to a limited number of nmaeet block 3 determines whether the specified movement can
parameters: linear speed position coordinates, Y, be performed or not. In case of a positive decision, the
heading angl& (angle between the main axis of the IR andoordinates of the points of the trajectory ending at the
one of the coordinate axes); angular velocitiegtafels and target pointX; , Y , Z are calculated. These coordinates
motors & . In the proposed system for controlling theare transmitted to the second level block 5.
movements of the IR, the current goal of the moveroe In block 5, according to the incoming coordinates
movements is received from the upper-level cosystem and knowledge about the properties of the currenkingr
(external computer) in the form of parametésy;, Z , or  space of the intelligent robot and the location médi
parameters defined regarding the obstAgler,, Zo. obstacles in it, as well as knowledge about how this goal

The movements are controlled as follows. Block 3vas achieved in the past, the desired linear spgetd
receives a request to perform the movement of the tRe desired steering ang& of the steering device (if any)
(movement of the IR in the workspace, location of thér the next point of the trajectory are determirteat. this
working body of the attachment, or performing theseurpose, the information coming from the navigation
actions simultaneously). Based on the data of blockss¥stemX,, Yy, Z, or the subsystem for determining the
and 2 on the current location of the intelligent robot andosition of the robot relative to the obstaXle Yo, Z, as
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well as the knowledge accumulated in block 4 by expertsonitor the angular velocity of wheels or motors. If the
during the design of the system and during theodeof disturbances go beyond the permissible limits, the current
operation of the robot is used. In the absence dfjation  trajectory planning system at the second level or the
subsystems and an obstacle positioning subsystem, ttecision-making subsystem at the first level is accessed
current trajectory planning subsystem uses its owh pao make a decision on further control.

calculator to determine the coordinates of its position  During operation in block 7, the parameters of
based on data from wheel rotation sensors, motors, automatic control systems are identified using real data
special travel distance sensors. from block9.

If Vgand gare calculated, then in block 4, based on  These parameters are processed and accumulated in
information from the upper-level systems and therimal block 4. They are then used to determine the initial
state of the robot, the current situation is recoghamed conditions of the adaptive control subsystems when
adaptive EMD control models adequate to the curreperforming subsequent movements in similar conditions.
situation are selected. These models are sent tk 6ldn In addition, all data are stored for subsequent
block 6, the angular velocities of the motdig, ..., &g  processing to determine control errors and develop
participating in the movement, are calculated. Thmethods for their accounting. In the simplest case, when
sequence &g ng B time represents the controlmoving repeatedly along the same trajectory, this
program for the corresponding motor (motors) and isubsystem determines the average values for the desired
stored in block 4. Thus, block 4 accumulates thparameters of each trajectory point.
movement programs that the system uses in the édosen
malfunction of the navigation subsystems. In addijtion
these programs include programs for maneuvers (funhs To successfully navigate in space, the robot control
movements) in a limited space that are not desciilyed system must be able to build a route, control movement
smooth continuous trajectories. parameters, correctly interpret information about the

The calculated angular velocities are sent to blockworld around it received from sensors, and constantly
of the third level. The task of the block is to generatrack its own coordinates. To achieve these goals, we
control influencesn;, ..., mi on all the motors involved have developed an architecture and a generalized
in the movement. Block 7 implements the functions odlgorithm for controlling a mobile robot and a block
parametric adaptive automatic control systems thadiagram of the robot control system.

Conclusions
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Jhajh[dZ i"kbhklijZThe_ggy *gl_e_dlmZevgbf jh[hlhf
F = KlIZjh*m[p_\ < < G_\ex*h\Zz F H < _kg_\kvdbc K < Rb[Zgh\
:ghlZpsyerkbkl_fZ fZ} aZ[_ai_gm\Zlb 1Zde nmgdpehgZevges fh ebihklkmi&ggm\Zggy
egl_e_dIlmzZevgh]lh jh[hlZz \ Zijehjgh g_\bagzZg_ghfm Mgg@dpaphimzdkgy "h\bjsea_glZp:
ijhibrexgbo h[ }dle\ k_j_"h\bsZ IZ-\bnlggprhly@ e\ngde+\ fh[eevghlh jh[hIZ a \bdhjbklZggy
dhgnelmjZpecghlh ijhklhjm nhjfm\Zggy ljZ}dkihjZgbfjjRp\Zdh¥eabnddgh\e_ggy dZjlb k_j_~»
ijb "hkee""_gge gh\bo *eeyghd k_j_~h\bsZ nmgdpshgm\Zgg@y\ j_Zkefvgh[fmbqgizkzeg mhZ eneg/lga k
e gZjhsm\Zgeklv ie"kbkl_fb >ey mkiergh€ gzZ\e]Zpe<€ \ ijhkllg«itk\bkggZZ \faipZ\ergmgVZib
fZjriml d_jm\Zlb izZjzZf_ljZzfb jmom ijZ\bevgh -<gl_jijjh lmXXdin elrdiftr kk\el h”_j m\Zge \
ANZlgbde\ ¢ ihklecgh \e”rkl_"m\ZIlb \eZkges dhhj*"bgHEkR+< _jafiplajhjhdb Niegkbkl_f mijZ\eeggy
egl_e_dlmZevgbf jh[hlhf >ey “"hky]g_ggy f_Ib ijmMZdbghhdgk2gh \db]Zabpbc ijbgpbi ih[m
efelZpecgh€ fh~_ee« jh[hlZ « jhajh[e_gh kijmdIimjgm «lgd_émdimikde¥lgniijE [k kgfgy
Dexqh\e keh'gd e _dimZevgbc jh[hl ~ZIgbd kbkl_fZ gZ\«]Zp+€ -+gl_jn_ck
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FH@QEB<1KG: FH>?EV
D:MA:EVGH=H A< YADM IH <01>G1C AF1GG1C
>EY IH;M>H<B IHYKG?&6AQG®BL?E?DLM:EVG1C KBKL?F1

cghlZpeyj_~f_IlhAAb\g_ggy \ klZlIle } ijhp_kb ih[m~kVbljithfkogbog¥ egl_e_dimZevgec g
nhjfZpecgec khki_@go _Ihxih[m~h\Z fh”_e+ ijgbgdkgg’hdh\bo azZ\ yade\ *ey ih[m~h\b ihy
\ mfh\Zo g_\bagZq_ghkle sh®h klZgedgndiljfEpedtypze vikgk€ _fb ydsh hklzZggy ij_"klz\
m \b]Jey”e ghjgh]My¥sbaigZkyjmdimjbazZpey ihykg_ggy a mjZom\Zdhgwf bk heEb Yyl _c
evghkle ex”bghb nhjfm\Zggy g_h[o<@ ghfh\Z shkhzZdgwhaZevgh€ aZe_“ghlkle yd kde?Z
g_ggy a \bdhjbklZggyf |_hje€ fh eb\thklelc\-KkbhEhfthZ_ e+ dZmaZevgh€ aZe_“ghkle
\oergh€ afeggh€ ydZ \jZoh\m} g_\bag<Adqgeg:lelvdsimZle kg k& Kkibjlblk Ifb\m\Zigdfb

ohnZfp i*”oh”b ~h ih[m~h\bm hdKklgeglw\gec "eyevghkle ex*bgb i aohykg”lyvitmim"h\
ihykgx\Zevghfm rimgghfmHdghf2gdlikimijgamevIiZKbjmdImjh\Zgh ihykg_ggy yd _e_f_
dh]gelb\gh€ ~eyevghkle ex*"bgb IhdgdpZ@h_ §mlihykog*kdzZ\e_gh \ "\ho Zki_dlZo dh
Zevghfm reyohf ihje\gyggy \os*gh@ mggh i K€l _fdrx kagZgv ex*bgb lemfZgghfm
ihje\gygge \eZklb\hkl_c \oe*gbo h[ \JAdh\ fIA2Zihheikgh g_h[o*"gZ |Z "hklZb®zy mfh\b "e
evgh€ aZe_"ghkle gZ [Za+ h*rge}€ kosbdh €\ dfegly\r€ihglkg_ggy AZijhihgabZgh fh~_e
\ekgh€ dZmaZevgh€ aZe_"ghkle "eylirph rd\dInmy&gg gghkibki\d#sZmdh\Z gh\bagZz
hljbfZgbo j_ameviZle\ ihey]Z} AgidkimgohZgh fh~_ev fh eb\ekgh€ dZheaZeevgh€ aZe
\oe~rghx afegghx 1Z j_amevIZIhf jh[hhtE sigdkle fdhlmshevig}*gm} g_h[oe*gm mfh\m dZm
m \b]Jey”e je\gy “h\ejb ~h \ieb\m \oprgme&vdelgpgh€hgkdZligx mfh\m dZmaZZed ghkle m \
kbfZzevgh€ fh eb\hkle \ieb\m agZq_g§yg¥Xoj"gmevdZzlgghl_e_dIimZERgh€vkdX]}_fb
fheb\eklv knhjfm\ZIlb dZjmegdbVgh_ ihykg_ggyadd eackghV\eergh€ afeggh€ « hljbfZgh]
amevlZim \ mfh\Zo g_ih\ghlb agzZgv #tlgt_evddmZekyghgmkbkl_fb

Dexgh\e kehgd_e_dlmZevgZ ¢gnhjfZpecgZ kbkl_dEgdghZkegs"gdywbcjla\ yahd dzZmaz
gZ aZe_"geklv dh]lgelb\gZ ~eyevgeklv

. Lh[lh egnhjfZpey sh”h \gmljergeo klZge\
<klmi | fb m AZghfm \biZAdm } g_ih\ghx Z[h \s"kn
KmgZkge gl _e _dimZevges kbkl _fb riNBUBq¥bdhhjfm\Zggy inWdkdegmy\h]h
jbklhimxlvky ~ey i~ ljbfdpbjiprggge ijh*mdimey]Z} m \bagZq_gges dZmaZevgbo &
kdez~gbo azZ”Zq ihrmdm egnhjfZpe-kl_cklffZohovZ2gdpyb afeggbfb |Z hljbfZgbf j_a
eedm\Zggy m [Zgde\kvdec |Z \eckvdhXdbifkijZz\e Ilhsh
<bdhjbklZgogyl _e_dimZevgbogkbkl_f2dgZ az~ZqZ \bjerm}lvky \ mfh\iZo g_\I
ijhahjbo Ze]hjblfe\ sh [Zamxlvky g@hkdrbgrytfndhgdj_Igh€ j_ZeeaZpe€ ijhp_km
gZ\qZgge aZ[nhifmhidggy dhfie_dkgjbo_ggy \ *gl_e_dimZeygskc kbkl_fe
amevlZle\ yde g azZ\'~b } ajhamfeebfblirelkgdiyjykiynd AdegxgZz} \ k_[_ ihkee”h\
\Ze\ I1Zdb&bkl _f G _ijhahjskivev)Zie\geklv djhde\ sh h[%jmglh\mxlv yd kbkl_fz
k\hx g_jlm fh _ ihjh~"m\ZIb kmfge\leadZ"ly ihhhejgih]lbgy P_c i*”o+” ihlj_[m} egnl
dhjbklm\2dp jer _gv gl _e _dimZeygh€jfkipkE fdh*h \gmljergeo klZge\ egl_e_dImZe
yd gZkee”hd h[f_"m\Zlb j_Zevg_Il\bhjbklZggy
hklZggeo < aZlZevghfm \biz"dm ihykg_ggy yd ijt
Lhfm ijhahjeklv 1Z ajhamfeecsklv @4\ ¢b \hjpdolh\Zgh gZ h[%jmgim\Zggy hl]j
kbkl_fZo } \Z eb\hx mrithihhdkh Ejiz dibg j_amewvlZIm
ghlh aZklhkmp\Zggy >Zgbc ie”o” a\fyam} ~«€ ea ijbcgylly j
Ajhamfeeeklv jer_gv 7“ey dhjbkimkzgeh\lekxkiqlf aZe_"ghkle fe* gbfb
rimggh]h +gl_aZplmi_gm}lvky \bdhjbklZighgotf gbghf ihykg_ggy fZ} ij_"klZ\blb

ihykg [8]v aZevgm aZe_"geklv Z[h ihkee~h\geklv dZ
Ilhykg_ggy jhaley”Z}Ivky \ ~\ho &4k«é_dyh&l_¢d sh h[% jargyabhmdxfv’ \oh~hf
degp_\bc ijh*mdl 1Z yd ijhp_k I1Z \boh~hf egl_e_dImZevgh€ kbkl_fb \ mfh)

Ilhykg_ggy yd degp_\bc ijh~ mdl\gjhlklizaeh}fZpe€kigZip®h kbkl_fb m ijhp_ke
dhjbkIm\Zg_hfos~gmhjfZpex ~ey jhamjbggylly jer_ggy
ijbcgylbo egl_e_dimZevghx egnhjfZpectimxgxbkd ic”*oh”b ~h ih[m~h\b ihykg_gg
fhx jer_gMzZdlbggh 1Zd_ ihykg_ggy Wiggh\&gh \ jZfdZo BEptplgiddtde Artificial
a\ yadb fe® \oe~rghx egnhjfZpe}x 1Z \mielfgence [6fnh
jfZpecghx kbkllhflm~h\Z 1Zdh]lh ihykg_bgge ic*oh”b \bjermxlv ~\e az~Zqge fh'
[Zam}lvky gZ ij _"klZ\e_gge kbkl_fb\Adggdy]l&kypocgnily ihykg_gv ex”bghx |1Z ih[r
ghlh ysbdm ihykg _gv
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< jzfdZo \bjer_ggy i_jrh€ azZz~Zqe- \bagZz X : oy i
ky hkh[eb\hkls 1Z ijingmbibb ihykg gv ¥ifMdimjbazp+y ihykg_ggy

ex"bghx m ijhp_ke icagZggy gZ\dhé’Bjrg—v%—]-ltu—glm dhlg-Ib\gh€ ~-yevghki-
k\eI[@y 7]. Fh~_ex\Zggy ihykg_ggy \ mfh\Zo g_\bs
Ijb \bjer_gge ~"jm]h€ azZ”Zqe+ al-"ghkibapZamplvky gZ \b~ee_gge ch]h \eZklb
jZger_ ijbgpbie\ jhajh[eyxlvky f |Ih~beihf[ngtm\idh]gelb\gh€ ~eyevghkle ex*bghb
ihykg_gv Ale~gh ~hkee”""_gv m kn_je dh]gelb\gh€
lhykg _ggy [Zamxlvky Z[h gZ [_aeth§ "ideckdagggy } g _\e"T}fghx kdeZ”h\hx
|_jij_1Zpe<€ ijhp_km ijbcgyMBljZrlhgg¥i-agZggy
yl\ghfmbg_y\ghfm ij_~klzZNhefibpsdevgbo HklIZggec feklblv I1Zde dexgh\e nZab
[9-11] 1z dZmaZz@xghoaZe_"ghkl_c sht hljbfZggy kijbcgylly egnhjfZpe€
ih\fyamxlv \oe~ge ~Zge 1Z j_amevlZl >2&[jhdddgyfd[_je]Zggy *gnhjfZpe€ 1Z agZz
sh~h \bdhjbklZggy hljbfZghlh jer_ggy *WdZjbtklZggy *gnhjfZpe€ 1Z agZgv
\bdhjbklhimxIlv ihje\gyggy e<ea Zevl_ jG6ZIb\4dfbc nZaes ah\gergy egnhjfZpey |jZc
[6, 14]. jfm}lvky m \gmljerg} ij_~klZ\e_ggy
HAgZd skgmxqge i*”"oh”b g_ ijbreeyx®&Z Akmhdtc nZaes egnhjfZpey i_j_I\hjx}lv
gvh m\Z]b ih[m~h\e dZmaZevgbo aZa&gZghkl ydY hbfdigZgzZxlv aZe_"ghkle fe* hlj
\Zo g_\bagZq_ghkle ijb [Z]ZIh\ZjeZgZghKlecfmZds "Zgbfb
\bo jer_gv ¢ \enih\lergh [Z]ZIh\ZjeZgldhXk|é¢Zidhyk nZas ~ey jhamfeggy kmlighkls
g_gv sh”h pbo j _amevlZle\ egnhjfZpe€ reyohf \klZgh\e_gg¥e+eazZe_ "ghkl
< Ilhc "_ gZk ijb ij_"~klZ\e_gge gt _d_dlhmfbe¥Zgbo \bdhjbklh\mxlvky ihykg_c
gh€ kbkl_fb m \b]Jey”e ghjgh]lh ysbdzZGZhykdeggyZaes hljbfzZzge 1Z al[_j_~_ge* a
hi_jm} ea fgh 'bghx \oe*gbo afeggbo \lagiZjbkdglyymxdbloy ~ey ijbcgyldyhihjmv
\ieb\Zxlv gZ j_amevlZl \eMih\ergbo ~ecC
Lhfm ZdimZevghx } aZ~"ZqZ ih[mAh\kbddbpqthZen ij_~klZ\e_gh€ kijmdimjbaZzj
aZevgbo az\fYyade\ yde \jZoh\mxlv phkeb\hlag Aggly hklZggec ij_"klZ\ey} kh[h>
\m dh gh]h agZq_ggy afeggh€ gZ hipdfEfgboegyglkgbdgylly jhamfeggy a[_j*]Zg
ImZevghx kbkl_fhx j amevlZl rmdm h[jh[db IZ \bdhjbklZggy cgnhjfZp-€
F_IThx klZl}eih[m~h\Z fh”_ee+ ijbqgdg'dlgh x
gZkee"dh\bo azZ\ yade\ *"ey ih[m~h\b ihylhdmgvhykgfhggy azZ[_ai_gm} a”Zlgesklv
\Zo g _\bagZg_ghkle sh~h klzZge\ dglibémdrzmizevndhE[eylb e<gnhjfZpex ¢ agZgg
egnhjfZpecgh€ kbkl_fb ydsh hklZggppdjZtklZ\¢gyZecah\m\ZIlb \e*ih\<bge jer_gg

}vky m \b]Jey”~e ghjgh]h ysbdZz dhjbklZzggy ihykg_gv m ijhp_ke iecagZggy
>ey “hky]lg_ggy ihklzZ\e_gh€ f_Ibm\fthivbnmelwilkfbke ggy gZ\dhebrgvh]h k\eIm
lzde aZ”Zq- nhjfm\Zggy agZgv ¢ ih\_~egdb ex”"bghb

tkljmdimjbdBApkyg_ggy a mjZom\zggy&e-Hkh\e*gh ihykg_ggy \**¢]jZ} h”*gm a
[eb\hkl_c dh]gelb\gh€ ~eyeyvghkle ex®Mpghhe_c ijb \e~djblle gh\bo agZgv 1Z } \Z
tnhjfm\Zggy g _h[os~gh€ 1Z ~hklZégvhglmffhhamfeggy h[ }dle\ Z[h y\bs m ij
sh h dZmbh&&wg ghid<kdeZ”h\h€ ihyggc didg A
a \bdhjbklzZzggyf I|_hje€ fh eb\hkl_c >hkee”" _ggy \ kn_je dh]gelb\gh€ ikbol
tjhajh[dZ fh eb\ekgh€ fh”"_heGaZd Z\klaZhgemgxxlv a\ yahd fe¢  iesagZggyf IZ ihyk
e_"ghkle ey h~gh€ \oe*"gh€ afegghf® nyddhbjZodi\m}Zo dhgp_ilmZevghfm I1Z |
g _\bagZq _geklv sh”h klZge\ gl _e dimZeNfgh§hkbklpbo Zki_dl«4y_ihkylkdeggy
fh gh \ 1Z1e

LZ[ebpylhje\gyggy kljmdImjgbo _e_f_gle\ ihykg_ggy yd kdeZ”h\lr€eachbgdb\gh€ ~eyevghk

cki_dl ihykg_ggy|/KljmdImjge _e_f_glb ih <e~fegghkle 1Z \bfh]b

Dhgp_ilmZevgbc sh| Dhgp_ipey ihykg_ggy | <bdhjbklh\m}lvky gZ[¢j “himklb
gZ \e?ih\erghkle ih geklv fe® \oergbfb ~Zglf \e~[bjZ}Ivky ihykg_ggy a pvh]
nhgh\bf agZggyf ex/ \e~rih\e~rZ} nhgh\bf agZggyf

;Zah\e nhgh\e agZd Ilhlj_[m} ihklecgh]l]h mlhqg_ggy
ij_~f_lgh€ h[eZkle \bo agzZgyv

LemfZqgbc sh \bdh 1gnhjfZpey ijh \eZklb\| <klZgh\ex}Ivky Ibih\eklv jeagh
ihje\gyggy \eZkll gbo h[f}dle\ ih~e[geklv \eZklb\hkl_c h[ }dle\
~da_fieyjel \os"gbo [ ggizke-rdh\e a\gy <-~[bjZ}Ivky ©gZcdjZs 2 ihykg_
dZl_lhjbazZpe€ h[ }dle\

Mi_jrhfm Zki_dle icagZggy ex"bgtp poaylgdyhkgh\hx gzZ\qZggy |Z fejdm\Zgv -
}vky yd ijhp_k ih[m~h\b dhgp_ilmZewgbaih\hklZ\Ah[m~h\b dhgp_ipec sh”h ihll
e _gv gZ\dhebrgvh]h k\lelm < ~Zghfim_ZKkilgH€ nHelZkle.
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Ahdj_fz \ jAbl@«ipb jhaley”e kijbgdy]lyamevlZl klZgh\blv [_aihk_j _“gx pegg
dhgp_ipec ex”vfb ihdZazZzgh sh g_kpoeBglhx exhbgzZ jh[blv hpegdm pvh]h ihykg
\hx “ey jhamfeggy ij_~f_le\ 1Z y\bs } M¥iKkdetgy yd ijhp_k p_ dh]gelb\gZ "eye
geklv dhgp_ipec [Zah\bf Z[h nhghydZ ndhgapyhykg_ggy yd j_amevlZl < jzZfd
ex”_c sh~h gzZ\dhebrgvh]lh k\eIm |Lghdkdes \fH'ih\¢mIb knhjfh\Zgh h~g_ Z[h ~_d-e
geklv ~Z} fh eb\eklv h[%jmgIim\ZIlb ykgggjv dmgp/lZ]e\
pex reyohf \bdhjbklZggy h”gh]lh ea gZ[bZmbfhjinghf ihykg ggy \ dh]gelb\gec "
Ibfbo ihykg _gv Jhalblhd I1Zdbo dhgbkleipex*"bgdm}dem}ivky gZ fgh'bge aZe_ "ghk
ky gZ ih[m~h\e |Z j _kljmdIimjbazZpe€hklylmkdvagyZ2¥fm \oe*gm egnhjfZpex agZ:
ex”"bgtg.> Abgb ijh ij_~f _Igm h[ezZklv Z |IZdh" jer_gg

M Ajm]lhfm Zki_dle dexqh\Z m\Z]pyijb%¢bdbygldvkipwcfZz} A pe}x fgh'bgb aZe_ g
©lemfzZzqghfm?2 fbke_ggx aZzZkgh\ZghiiimjfgidlvikymtZ\WwazZevgZ aZe_"geklv ydzZ -
dZmaZevgbo aZe_"ghkl_c ijb ihje\g¢ygyej\amiedbhkqgh]h lemfZq_ggy < mfh\Zo
I_c \o*~gbo h[ }dls\ m ijhp_ke dZIl_hhjbaFIps€hiagZfgvh g_h[o+*~gh knhjfmex\ZIk
_aihk_j_~gvh dZl_]lhjbazZpey \er"[méZAbwkyc &hkighgx mfh\b sh h[mfhlexxlv ft

gZcdjZshlh ihyRa. ggy > \eklv ih[mAh\b 1Zdh€ aZe “ghkle
Ijh\_~ g+ \ j§Th@ _dki_jbf_glb ihdzaz .
eb sh \bdhjbklZggy - gibk@ggm\bo ihyk Fh ebl\-kg"_ev

g_gv ijb dZl_JhjbaZp+€ ~Z} fh eb\-klv JZMAZeyY9h€ aZe_ ~ghkle yd hkgh\b
Ibih\eklv jeaghfzgelgeklv [Z ihne[geklvitdA@naikyg!_e_dimZevgec kbki_fe

|_c \b[jZzgbo dZI_Jhjec LZdh" mazZ]Zevqpgpy ¢4\ Ilhrn j angévéziimzevghe
J-c feklblv hagZdb-igEgbgyhh\bo a\ﬂylé‘tpkl\ fb maz]Zevg_ggyf ihk_e-_"h\g-hkl- ijbql

Lh[th \ *Zghfm Zki_dls "hkes"" m}dz'ﬁdé J2RHYBIN yads\ sh \eAh[Eh]BxIv ijhp.
gZ hkgh\e ih[m~h\b- ngqud:)-g‘gJIM\bo a\m §¢x

g e ih\ yam} \eZklb\hkle \oe~gbo
sh ihykgxxlv \e~hfm ihkees~h\geklv 'HIJthZggf”\' e _dimZevgec kbkl _fe jer_gg
jyrdh\Zgbfb m qZk- y g gg y gZ hkgh\e \eZkIb\hkl_c \osAg

LZdbf gbghf \ dhgp_ |ImZevghfm gw i<} \ ydec fejs agZq_ggy dh gh€

g_ggy jhadjb\Zxlv a\ yadb f.- gh\bfbafd %Be'%é’ﬁPZ} 9Z hljbfzg_ \ kbkl fe jer_gc¢
I1Z skgmxgbfb agZggyf sh”~h ij_~f _Igh€ e‘ﬁg g R \bagZq_ggy g_ h[osAgh€ ¢ Ak

"z} fh eb\eklv h[%jmgIim\ZIb IgZh\--gldhngpn_\lp\e dZmaZevgh€ aZe_"ghkle sh \bag
]im\Zlb €0 ea <kgmxqgbfb agzZggyf

Zki_dle ihykg_ggy aZ[_ai_gm}odZdh lge%pwg 487 Tamevizim ey hrge}€ \o:rgl
cgnhjfZp+€ gZ hkgh\s \bdhjbklZggy dtgma f%%’bz’é 4%} fgh bgm fh ebibo agz
e _"ghkl_c sh az”Zxlvgiikebyd\dba\qy 0¥%.
feo \eZklb\hklyfb \oe*gbo h[ }dle\ 1Z d4{kdRewdb ijb nhjfm\Zgge ihykg _ggy sh?
pbo h[ }dle\ ameviZlm gl _e _dimZevgZ e<gnhjfZpecgZ
< h[ho \biz"dZo \bdhgm}Ivky \b[+jj gAag)\eyhil\Wy] ey ©qhjgh]h ysbdm?a I|h g
ihykg_ggfyghabgb fh eb\bo gZ hkgh\epfgfxgiyd sh "h \gmljergeo klZge\}pe}€ kbk
\erghkle nhgh\bf agZggyf ijh ij_"f_lgmirdamagh%[h
" agzZggyf sh™h \eZklb\hkl_c 1Zh@2I_]hjkraZim4€rgh \ieb\ dh gh]h +a \o*~gbo ac
die\ gZ degp_\bc j_ agﬂeelZdlImZevgh€ egnhjfZpe
< peehfm fh'gZ ajh[blb \bkgh\hcghaszmzhywy q_j_a ghjfh\Zgm hpegdm
g_ ggy az"Zxlv iibgbggtdh\e afifyadb
_glzfb agzgv ex"bgb \ mfh\Zo g_\bagZq_ ghQ<I5>§d1
h"h agZgv ijh ij_ Igm h[eZklv \ p-ehfm Z h L) . A
hdj_fe h[T}djidfdZo u_ f Igh€ hpgrrkle pe hfxgdZyd ijZ\beh \+"h
ihykg_ggy q_j_a \bagZqzZ>dy gjdlqdg\yja 7} cfh\-Jg-kIv \bdhjbklZggy agZq_ggy
sh jhaley”"Zxlvky ex”bghx LZdbc dZma:ZeevgbacZ]ajex,ghfm \biz~"dm ~ZgZ hpegdZ
ahd fh™_ [mlb \klZ8k\e_gh . - AR 7o R _
treyohf \eAih\ers gZ iblZggy IbinP Y& Zz3R §n N1iZ 2} TebZmamgz -gl_j
fm [meh hljbfZgh ihlhggbc j_amevIZIZ€Rilzg jer g

gy lIhsh " Ahdj fZ ydsh ijb nhjfm\Zgge ihykg_gg)
tyd km”*"_ggy yd_ "_lZecam} th"bZ’i]HJIthEthgh]h j_dhf_g~Zpecghx kbk
lhc gb egrbc j_amevliZl ghmli[mdZz aXsfg«ckdblv agZq_ggy lbie\ 1Z ihdh

Zkie AgBa'hk j_"gvh q_j_a ko 'fme-'d\t)qH% khjz pvhlh ghmI[m&Z I|h hpegd
I LZdh" ijb nhjfm\Zgge ihykg_gv Jma_A,any")g\Zlb cfhlejgeklv \b[hjm ghmiI[mde\
ij_~klz\e_ggy ihykg_ggy yd \Z eb\hfR " ey @kZfgpa \bagZqg_gff.ijhp_khjh
j_amevIZIm sh fh _ [mlb hpeg_gbf extgghb*ghz sh \ kbimzZpe€ dheb m j_dhi
ihykg_ggy yd[iPhp _k ghfm dhfifx!l_je } ijhp_khj ydbc gZcqZkler,

lhykg _ggy yd j_amevlzZl p_ ijZ\bph\Zs§hm\bggtZo dmie_gbo ghml[mdZo ihykg._
gZ} ijbgbgb hljbfZgh]lh jer_ggy Lh[Kibijeykgvomd fh~r_ev pvhlh ijhp_khjZz
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Lhilh ihykg_ggy kibjZ}lvky gZ \e"feggdikleeen hpSghdrey dh gh€ fgh'bgb
e L 3 AT T
Ihylé;gz_i?l?c}dehz]’g.Iibh\;?\khJjng;thgfl\(%pe.xcgb.%bkbkPj ’\Sx‘.’l t Sy, t.t S . (4)
IA_efy. ?gzh‘hbkggbh\i.jhfph_fﬁj.-eﬂzﬁ%k'?jn?;.bgg\rk])lfjlhr:jrt])kﬁg\.-kl% "ey dh'gh€ i-"fgk bgb

\

dmie_gbo jZger_ dhfifxl_jZo \bagZqz}lvky yd €€ \_jogy ]jZgv
{x 7_13ihdhe<+ggy7[_12L ih 3 supSx; . (5)
x, i7_1lihdhesggy7_10 ih} '

Fh eb\ekgZ hp+gdZ fgh bybbagz

\ Ihfm \bizrdm ydsh j_dhf_g"h\Zghgz Kivkshd/dfkerh[jZ  _ggy kmdmighkle fh eb\
Iblv dhfi xI_je\ mihjy*dh\m}lvky a f"QhZB@(j\Zggzgyél_jEZLe
fh~r_ee ijhp_khjz azZ it6kzagbdhf .

HAgZdib gZy\ghkle m dhjbkim\zqz j_dhf_g %3 BL. (6)
nZpscgh€ kbkl_fb ~h~Zldh\bo kljmdlérkjkhw_ bo agZgv
shrh _e_f_qgle\ dhfifxl_jgh€ I_og-d Z ihyk
g_ggy fh _ \jZoh\m\ZIb « dhgp_ilmzZevgbc zRi*dI0

ithykg_ggy § : )
GZijbdez” ijb ihy\e m j_dhf_g”*h\Zghfm kid X sup3 X .
kdm dhfifxl_jz a ijhp_khjhf i © 1
i7_l1llihdhe- DZmaZevgZ aZe_"geklv fZ} \klZgh\ex\Zz

, ahd fe' agZ gyf \oe*gh€ afeggh€ [Z hljb
|2 ~h~"Zldh\bo agZggyo dhlbk'm\ZqZ-%WJW ARK VIR kb k) 1o i _amevizihf
ih\e?ghhfejgh€ pegb "Zgh]h ijhp_khjZ,d)ykg89¥gekiv \bdhjbklZggy \efih\eAgh]

|

gZ hkgh\e fh” _ee ijhp_khjZ h[% jmglh\ fdhlgzpb_h *%h
iiZ1fZ1bqghAphm d' 1 By '
©@him- gbc dhfiTeZ jhamfgnf pegm X0 hizm Sx; tSx, . (8)

- LZdbf qbghf ihykg_ggy \bagzqz} fppeR\wlyz19y mfh\z ~ey gzy\ghkls dzn

j_dhf_g~Zpe€ dhfi xI_jzZ a gz rxikgh\-aazgez_q_gg,g(y. fe' agxg_kZgyljbfzgbf j_
LZdbc ie”o” i_j_"[ZqZ} h”~ghqgZk bdhjhb '

1Zggy fgh'bgb adzqray \bang_ggyé ‘ev\Z?hfJ ||F1ey.]Z} \ Ihfm s&k;agda_ggy

eb\ekghjbkm ihykg ggy ihlhgghfm -gl_j\Ze{ny&tkrhZdkbfZevgbf
AZagZq_g_ k\ergblv ijh ZdimZevgeklv \bdhj

lzggy |_hje€ fh eb\hkl_c ey nhjfm\Zggy g_hJ[os*

gh€ ¢ "“hklzZzlgvh€ mfh\b ~ey dZmaZev P]€,\ I*Fe—‘ghhlk'IZI

o . A . : \] el gy mfh\Z \bagZqZzZ}lvk

;yf\o "ghx afegghx hljbfzgbf \ kbkle—y%iﬂl q8h€ i+ntgh HbplheyZdImZevgho
Jhaleyg _fh nhjfZevgh fh eb\ekgndfh phfiGohbm «di_j¥gHdo

A"gh€ afegPh€a mjZom\zZggyf |I_fihjZzev@hlh[oer*gZ mfh\Z ~ey gZy\ghkle dZmaz

nzdlhjm g_‘ghkl- a \bdhj.kaZggyf I_hjs€ fh eb\t
+fgh bgX kdez Z}lvky +a i-XfghlfgTyazgz =a “hisjhx “h Ih]h sh agzq_gg)

. NZgbo \ieb\Zxlv gZ hljbfZzgbc \ <gl_e_dIm
yde \bagZqgzZxlv \ke fh eb\e ang_nglaf:gjgl'éﬁ:neg,qﬂ

%jk?, miax.S‘xLi . (9)

jeagbo +gl_j\ZeZo qZkm LZdZ ~h\+jzZ \bagZqz}lvky Ibf yd gZklh
N . S hpegdhx [meZ \bdhjbklZge agZqg_ggy "Zgl
X, N, ZXo T e, (1) ~ey hljbfZggy j_ameviZIm

_ oA GZijbdez” yd qgzZklh \ gZc]ejrhfm \bizZ"c
IbgzZxlvky i_jkhgzZeeah\Zghlh i_j_eedm dhfi xI_je\ \ j_
. NZpecgec kbkl_fe
mzjT T,z% @) Pymfh\Z fh°_ [mlb knhjfh\ZgZ a \bdhjbk
+er_glbgge agZg fhgmiv amkijeqzdBip 94D g_h[oW ghkirj-€ fh eb\hki_c
. . ' . . >7297 hg\- dzZ gz fgh bge fh eb\bo i«~fgl
9;}2'_39“ gl_j\zezo -« gze_ ZIb jo3a0h iy /951 Rky gzkimight}degmmfz
J > _ggyf _e_f_gle\ fh'eb\bo iX;fggZbg
MZj:iX, X, @) egl_j\Zel:
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L, o, (10 X, i7_12ihdhes
aZ mfh\ ijhp_khjm fZ} gZc[eevrm c$k\-jgaklv
N £ 0, mfh\b sh “ey \keo egrbo agZqg_gv pvhlh ijh
. . 11 Xj,l i7_l3i hdhese;
N"§ X; , inf N 3 X X z % @y . .
© sy © 1 X5 i7_llihdhes

Ale"gh hpgdZ g_h[o+s”*ghkle aZ”Z}Ivky “ey;, i7_10ihdhe-

i_j_lbgm \-"hfbo i-Mghlodbc i="0=" 4R 07 cipvejgekiv \b[hjm dhfifxl_jm \bsZ
ih[m~h\e ihykg ggy ~Z} fh eb\eklv \izOum bZiRi *Klhgeo «gT_jVZeZo
jex agZq_gv afeggbo ~“ey hljbfZggy j_ameviZIm \
egl_e _dimZevgec kbkl_fe <bkgh\db
<bjza k\ergblv ijh | sh je\_gv "h\e

\+jb . . .
N h kijmdimjbazZpex ihykg _ggy yd
th eb\hlh dzZmaZevghlh a\fyadm \bapr%iq%i\gl?ﬁ)\ R AT M AL TS

fegefZevg_ agZq_ggySdZagybmfd\b §hyyy ggy fh'_ [mlb knhjfh\Zgh gZ hkgh\e
ang_gjg){meh \bdhjbklZzgh gz ihlhqglvfgrgyghgjl-\’l;gr;f Z-[ghnr‘]jfzzp.hgk .ha\ .-l?]gnlthx K
a vV ex o | L] o

\Ze®k Ih[lh ~"Zg_ agdzhdigyyevgbf p9€gshAh \egklb\hkl_cg\o.Aggbo o }Jdlg\ygg
Lh~e "ey dZmaZevgh€ aZe_ ghkls g AlFligni@§h\$Hlh fh eb\ekge g h[o+AgZ 1Z
js\_gv ~h\ejb "ey ihlhqgh€ i*"fgK bglyypadfh\8Vrey dZmazZevgh€ aze ‘ghkle gZ
[m\ [eevrbf g+ hpegdZ g_h[os~ghkIo-[YghE pfiegh€ sh e_"blv \ hkgh\e ihykg_
Ah\sjb ~h \keo \+~hfbo i*~fgh'bg <e+r"ihG2§ho+*§gZ mfh\Z azZ~Z} je\_gv ~h\ejb ~h

h[oe”"gZ mfh\Z fZ} \b]ey~” ghkle fe> \oerghx afegghx 1Z hljbfZzgbf j_an
Ilhf >ZgzZ mfh\Z \bagzZqz}lvky gZ hkgh\e ih
i Sx. N X'§ 12) fegefZevgliB\ejghkle \bdhjbklZggy “h\eevgh

ji N

e agZq_ggy \o~*gh€ afeggh€ ~ey hljbfZggy j
: m ihlhggec ie~"fgh bge adKgo gh Eeb\ho
A mjZom\Zggyf g_h[os~gh€ | Z*Ah&hz g9 q_9gv
mfh\ dZmaZevghkle fh eb\ekgZ fh~_ewhdAmazkloghgZ mfh\Z ihdZam} sh "Zg:
aZe “ghkls ih\'nyam}Yj_—egﬁge/lmmZe}/wvell}k\g;I “fey hljbfZggy j_amevlZim \ «gl_
kbkl _fb ea agZz f \oe%ghEZ s gide C _Te
» 9£4-99Y 9 o’ >hklzlgy mfh\Z \bagzZqgz}Ivky q_j_a fh'e

qbghf hpegdm agZq_ggy afeggh€ Lh[lh *"ZgZ mfh
K [, < WUXH sh ij_"klZ\e_g_ agZq_ggy } gZc[eevr cfh\
o mfh\hx hljbfZggy j_amevlZIm \ e<gl_e_dlIn

iff kbkl _fe
. § (13) AZijhihgh\Zgh fh~_ev fh eb\ekgh€ dZmas
11 Sx; tN - X7, aZe_“ghkle ey ih[m~h\b ihykg_ggy \ +gl_e

) gec kbkl _fe

2.Sx;, 3X . >ZgZ aZe_ "geklv \bagZqgZzZ}lvky q_j_a fh’

g_h[oe*gm ¢ ~"hklZlgx mfh\b gZy\ghkle dZn

K_fZglbdZ ij_~klZ\e_gh€ fhr_es aheyddm mshpo”"Z} fh eb\eklv knhjfm\ZIib dzZn

nee_gge* fZdkbfzevgh fh eb\h]h gzd{kd@lhdZm.jihykg_ggy sh”h al\ yadm \o<"gl

ghlh agZg,g\wy"gh€ afegghe€ a\emfr\hIjbfZgh]lh j_ameviZim \ mfh\Zo g_ih\ghl
Ah afeggh€ sh”h klZzgm <gl_e_dimZevgh€ kbkl_fb

HkiZggy ihey]Z} \ Ihfm skfgregf r2h"Zevrbc jha\blhd ~Zghlh ie«~oh”m ih\\
kWb [hjm agZ g€ afeggh€ gz ihhaghth, \PagZd_ggyf dZmaZevgheé aZe_ -
9 J 9<%, 97 99 9 ’\_ng-evdho \oe*gbo afeggbo a Ibf sh[ hl]
*gl_j\Z&e i_j_\bsm} fegefZevgm cfhheijgjykldth\zg_ ij _~klZ\e_ggy sh”h \ieb\m
pvhlh agZq_ggy gZ ihi_j_~geo «gl_j\ZeB@yzknd hljbfZgbc \ <gl_e_dIimzZevg-c
GZijbdez™ ydsh agZq_ggy j_amevlZl
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A possibility-based model of causal relation for input variable
in explanation construction within an intelligent system

Serhii Chalyj Volodymyr Leshchynskyi

Abstract. The DUWLFOHYV VXEhd précassPDoi\cuvisirlcting explanations for ¢eesibns made by an in-
telligent information system. Thgoal is to build a model of causal relationships for explanatmmstruction under condi-
tions of uncertainty regarding the states of the intefligeformation system, especially when it is considered kck box.
The tasks structuring explanations considering the specifics of dnurpgnitive activity; establishing necessary and suffi-
cient conditions for causal dependence as a componeexpdénations using possibility theory; developing a possibil
model of causal dependence for a single input variablectivesiders the uncertainty regarding the states of the iretlig
system.The used approachesapproaches to explanation construction in human cognititndtg@nd approaches to expla-
nation construction in explainable artificial intelligendéhe obtainedesults are as follows: explanations have been struc-
tured as an element of human cognitive activity. It heentdemonstrated that explanations can be repredartied aspects:
conceptual, through comparing input information with ¢lesting human knowledge system; interpretive, throtmhparing
the properties of input objects. Possibility-based necgssal sufficient conditions for causal dependence basedsingle
input variable, which forms the basis of explanaticewenbeen proposed. A possibility model of causal dégrere for ex-
planation construction in an intelligent system has beggestedConclusions The scientific novelty of the obtained results
lies in the following: a possibility model of causal deagence between an input variable and the outconaa a@ftelligent
system's operation has been proposed, which combiae®tiessary condition of causality in the form of canfick level in
the impact of the input variable on the outcome andstifigicient condition of causality in the form of the maximpossible
influence of the input variable's value on the outcarhéhe intelligent system. The model enables the ftiomaof causal-
oriented explanations based on the connection bettireimput variable and the obtained result in conditions@implete
knowledge regarding the state of the intelligent system.

Keywords: intelligent information system, explanation, causaltieteship, causal dependence, cognitive activity.
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.KYgdh<: DjZkghjZ}K KZ[_evgidh\z

1'GZpehgzZevgbc mge\ _jkbl | ©lhelzYkvXlDhyeiZldg&tZ\Z MdjZz€gz
20Zjde\keglZpehgBemges\_jkbl | «f ge < GODjApXaMydjZ€gZ

F:L?F:LBQG: FH>?EV G:>1CGBKRLIIXL?JGBO KBKL?F
NMGDPIHGMB(Ox FH>MEYJG1C KBKL?F1 QBKHEH HXGH<1
<BDHJBKL:GGY IJBGPBIM |I:KB<GH2 <1>FH<HKL1CDHKL1

:ghlZpeyjh\_"~ gbc ZgZee+a klZgm I1Z i_jki_dlb\ jhalbldm kmqgZkygoiddEZiax\ jgho kb
ijh[e_fZ ie"\bs_ggy \e~fh\hklebd@thkhx gl ecghkle g_ fh _ [mlb _n_dlb\gh\Bbjer_gzZ ih
dhjbklZggy ljZ*"bpecgh€ ~\ecdh\h€ ihabpecgh€ kbkl_fb qgbkegeddhphdeiggbjr ibdyagrb
gbde\ DK HIljbfzZge \ j_ameviZle ijh\_~_gbo "hkee""_gv IZAbihdjZzadmxlihabjkigdiplame\
geklv \bdhjbklZggy fh*meyjgh€ kbkl_fb gbke_ggy FKQ Hlely i 9\DSecaydik \ee Bf K\ hX de dick
gh\gbc ihdZagbd ey hpegdb gZ~ecghkle nmgdpehgm\Zighdy XKbathijhb bh gklWzZ § haletifh b k
\gh€ jh[hlb A \bdhjbklZggyf nhjfZeeah\Zgh€ fDK_jfemeZ thkrell™cdhkllez hljbfZzgz fzZI_f.
ggZ fh~r_ev gZ~ecghkle DK nmgdpghAggxlibodh)\bkKZYygy ijbgpbim iZkb\gh€ \erfh\hklec
>hkee””_ggy fh”_ee ihdZaZeh sh aes a[sevr_ggydZjZdghkihw DKa mj\mKQggyy "\hfZ dhgljt
gbfb hkgh\zfb i«*\bsm}livky ~h ihje\gygh a ihljh}gm} D\ cd/d\Zn \brdehjp ké¢lgm kbkl_f
gbke_ggy

Dexgh\e kehafh\ejgeklv [_alerfh\gh€ jh[hlbfHZleMZIblyyEeyjgZ kbkl_fzZgbke_ggy
kgz fhr_ev dhfi xI_jgZ kbkl_fzZ izZkb\gZ \e~fh\hklecdeklv

<klmi \Zggy i_j_™[ZqZ} j_ZeesaZpex kmdmighkle
Zelhjblfe\ ~ec IZ hi_jZpec kijyfhlZgbo gZ
:gZeea f_Ih”e\ o Zelhjblfe\ \bjer_qggy \e~fh\hklecdhkle DK
h[jh[db egnhjfZpe€ kbkl_fZfb nmgc Yd hkgh\gbc ihdZagbd ey hpegdb gzZ~ec
ihabpecgec kbkl_fe gbke _ggy ihdZa gdpehgm\Zggy 1DK aZzZijhihgh\Zgh \bdhjbk
fm je\ge jhal\bldm e<gnhjfZpecgbo mo cfh\ejgeklv [_a\erfh\g®§. jh[hlb
\Zggy |Zdbo kbkl_f g_ fh _ ih\gekl <boh”ygb a \eZklb\hkl_c FK® g_aZe_
\bdhgZggy ajhklZxgbo \bfh] sh"hmg.fZehjhajyrdHEkje\ghijzZz\ghkles aRlebftde\
gmle ~h dhfi xlI_jgbo kbkl_f DK <\ejgeklv [_a\erfh\gh€ jh[hlb DK \ #KQ fh'gZz
\bgbdZ} az\~Zggy ihrmdm i_jki_dhb\ klZ\blb yd cfh\ejgeklv [_al\e~fh\gh€ jh[hlb
kdhgZze _ggy DK h~gbf ea ydbo }2b IKQ ~ey \biZz*dm dh\lagh]h j_a_j\m\Zggy a g
"tpecgbo kbkl_f gbke_ggy Z~ZilbXgkgbf j_a_j\hf1l)bk
\"Zgv yde \bjermxlvky DK Yd ihdZz
\ pvhfm gzZijyfdm h~”ge}x a |Zdbo
fh™_ [mlb g_ihabpecgZ fh"mevgzZ |
FKQ [1] H[%jmglm}fh fh eb\eklv \
FKQ ~ey kl\hj_ggy gZ”scgbo 1Z \«/f
Jhajh[dz fzI_fZlbggh€ fh”*_e+ \
nmgdpehgm\Zggy DK m FKQ sh “h:
jhajh[blb f_lh~b i«*"\bs_ggy \e~fh\t
[_a agb’_ggy ijh mdlb\ghkle h[jh][c
kbgl_am\Zlb \eAfh\hklecdes kljmdImj
"hky]lb fzdkbfZevgh]h agZq_ggy \-
az mfh\b \bdhgZggy az”"Zgbo h[f_ _gvjpi «hjlRaf@fyz ko_fz gz~ecghkle DK \ FKQ
\eragzZqblb sh ie” \e~rfh\Zfb DK \ K
1‘;]IbkyI deKg_IEiJZ\g-[ILI%/ \h[_iﬁ?lgzlggfq(“ . >eckgh-iipr_ [my’dbc egnhjfZpecgbc LH1
Ihg_g °a J 1l y o AFRi ©Tn .
fZp € LH1 sh \ ~mlv ~h ihy\b phf DK SN \enfhitbhkghi( Ln) fh™_ [mlb
i_ggy sgnhjfzZpe€ aZ_f-g_gbc gX¥dbe”kijZ\gbc dhgljhevgbc LH:
F_lhx klz+hajh[dZ fzI_fzIbggh DKih hkghie

gZ”ecghkle nmgdpehgm\Zggy DK m m nilnk:m m
\bdhjbklZggy ijbigkibimgh€ \e~rfh\hklec J ’ B
Kljmdimjgz ko fZ Anek t\erih\ergh deevdeklv egnhjfZpecgbo |Z

Ao AT jhevgbo hkgh\ FA@] ih\ks 1jZzdlb DK yd =g
gznecgekgh€ fh"_e« DK\ F i cge 1Zd « dhglihevge hrgkhqzZkgh g.
Alsevr_ggy gZ”ecghkle DK nm¢h?gzZdh\h [_jmlv mqgZklv m h[jh[pe egnhjfZpe
FKK azkgh\Zg_ gZ \bdhjbkiZgge iZkb\ghEZ@Z2ZgZjb&  kljmdimjgZ ko fZ \eAi
[_a i j [m~h\b kijmdimjb DK m mhpgZA+agrggpehth® e+ BkegnhKi@pecgbfb »
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k dhgljhevgbfb g_aZe “gbfb hj@dlZjfbdmD cfh\ejgeklv [_a\s~fh\gh€ jh[hlb h[ez~"
a"sckgx} dhgljhev nmgdpehgm\Ziggy\eglkegiz *H hrgh]h “\ecdh\h]h:jhajy*m ~h
dZggy ljZzdle\ sh \eAfh\beb gZ ij¥p_a~Zlgs Jhaje o
g_fh yd \bdhjbklh\mxgb azZijhitkgh\Zgm gz~.cgR(®) e €)
gm fh"__ev fh'gZ jhajZom\ZIb c1‘h\-jg-glv Hf?ébp]-h:lg[ficlh\hIIchh\ cigeklv
fh\gh€ jh[hlb DK \ F.K.Q [_a\-"fh\gh€ ih[hibAhje\gx}
G_o0Zc az”"ZgZ \ihjytrdm\Z2gZF&KQ
gZ[hjhf \az}fgh ihiZjgh ijhkibm &bk e R €9, 4
My M1 « B "n ek \erih\ergh deevdiklv,e ol .
fZpecgbo 1Z dhgljhevgbo hkgh\ Z df Ig-'k\i/ FKQ . )
\bagZqgblvky \_e&mgbghx cfhiejgeklv [_ale~fh\gh€ jh][
M pvhfm \bizAdm nhjfmeZ ~ey \ba%z ih /)A}gclTﬁ fZ- thlzlgh€Sh|ﬁ'”k“bm/Jb
\ejghkle [_a\erfh\gh€ jh[hlb DK m FK %ﬁ _Zeygbc fZ hjblZjgbec _®e_f_gl ~h
ley"m \bjZam

PM ot Ryt BRZt 2Rt
16t it ®)
| Co 1) e 3 2e .
cknjf”' 1! el g,
i o >eyDK\ FKQcfh\sjgeklv [_a\eAfhhgh€ jh]

. i . N .
A 3N Ricthiejgeklv [_a\erthighe ] h'['higl_:m\hb[db gnrJ:‘(Zp: a “hisevgh€ hk
LH1 a gZc[eevrh€ gZcf_gr gzmﬁ@ghn& kn h\b agzqzilvky y
FKQ @Quitegl_gkb\gekih\ h[eZ*gZggy LH1 \
FKQ a gZc[eevrhfimhkgh\b
Kis\\er*ghr_ggy fh™  [mlb \bdhjpinZzg_ "ey
jhajZzomgdm cfh\ejghkle [_a\er"fh\gh€ jh[hlb DK m

Rt e @H1 (6)

FKQ ijb gZklmigbo ijbims _ggyo Rt e Pndl 7)
£\eAfh\b 1jZdls\ DK i=Aihjy~dhgzZgs _dkihg
peZevghfm jhaih”feem _ 4 K [|092 my g 1] £.

tdhfmimxqjpbkljec *~_ Zevgbc Hh[lh _a\er"fh\ghBKjhFK®

g.
:1- g I;Iv [_a\e~rfh\ghkle Jh[h|b dhfmlz ngzlb \|g,>§( \-"lh\- g@).~h \bjZam
"bgbp- hA A
L gh[Z&BK 1 LhA. a
tegnhjfZp-cg. 1LH1 1Z dhgljhe % %Z@g]ghyf djbl_jex fegefZevghkle ZiZjz

ih[db sgnhjfZp+€ DLH1 DK [h{gHhg
cth\ejgeklv [_a\erfh\ghe jh[hlb \k-o 'R‘BS%FKQ‘ gZ ih~aib\bleyZh
Im|g o hkgh\

ijbcfZ}lvky je\ghx cfh\ejghkle ‘h-" M
Ib&) IjZdlm DK az ch[-evrh€n1Mggh\b FK&Q3 m 4 m 5m 7, m 1l
sh fZ} gZcf_grm cfh\ejgeklv [_ a\-"fh\gq€bjh\m#
[4];
+g_ \jZoh\m}Ivky fh eb\sklv \&Zgh\e_ggy Ij4
dls\ DK sh \+Afh\beb \ FKQ —m 42012 25¢ 8)
AZagZqbfh sh j_ZevgZ gZ”scgeklv DK miEKQ
[mMA_ \bshx ge¢ [Z sh \bangZ}ngylf gp Kie 1
gyt hkdeevdb AZgZ nhjfmeZ & _ Zdo%\r%} e kicevgbe GEvgha
\eklv aZfegb h~Agbf dhgljhevghbf Ijde‘thy . kpmrfm \biZzAdm ki\\¢T)gdr_ggy
m h~ghlh Z[h h~ghqgZkgh deevdho ghijZp v&yabo
egnhjfZpecgbo ljzZzdle\ aZ mfh\b 1 .
q Prkqt BR't 4Rt
mjt_—l”k’ (2) elbit 5 ge 4t
|
"q +fZdkbfZevgZ deevdeklv jh[hgbo IjZWldyzqlth 8 1jb pvhfm \f§zab
hrghqzkgh azfegxxlvky h~gbf dhgljheMa i
aZlgbf IjZzdIhf ihmhkgh\e (B) th sz dZRukz1b
l[jh\_~ fh ihje\gyevgbc ZgZe-<a gZ’\-cgthp|
IJh}ghlaabp-c@rKﬁa N ZevdgBfhjblZjgbf
_glhf 1ZnKKQa *"_ZeuwddbmIZlhjhf a . 0D t5
[ a\-’\fh\ghkl- azklhkh\mxqgb jhalJeygmiIm d:ﬁ,%’chtg RGm 5 4e S (11)
fhr_ev lhagZqbfhO©ggj_gkb\geklv \e~fh\
h[eZ"nggy \erg_k_gm ~h h~rgh]h ~\ec(M |Z[ebpe \fes_gh agZq_ggyacfh\ejghkl
"h h~bgbp- Jhajy"@mﬁ]kd@bhfm *bi:\e~rfh\gh€ jh[hlb

9)

e2 (3 2801 (10)
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Pt e @ (12) Ney h”gh[Zclh\h€ g _j(lp_ljbhdZgh€vgh€
j_a_j\h\Zgh€ m ihabphkbgtcfabke_ ggy
Ney g_j_a_j\h\Zgh€ h~rgh[Zclh\h€ ih IKQ 1Z dhfi xkhglz fh"meypgbkl_fe
LZdh" \eAih\eAgh ~lf1QbjFla*DK ,, qbke _ggy a iZjzfbljan 2k 1+ ]jz
“ey DK m FKQ a h”ge}x dhgljhevgh Jaw7e “ghkle "2V
1Z ney DKnmeypkbkl frbke ggy\hfz  —5€= 9 2HV). . o
Shatin A AR g A ~Zghlh ]jZnedZ \b~Agh shkbkfi x| _jgz
gljhevyg 9 ’ | f2\ fh meypkbkl frbke ggy'\hfz dhgl

<e”ih\ergh "h "ZgbgZldp&kj "KIZ\ . Ao rhailtd
e g- ]jzn+db aze ‘ghkl _c jhevgbfb hkgh\Zfb gZ~ecgeiihailhpjlcijghee

kbkl _fb ,, ¢ gZ”ecger_ #bkil xfhAjpgx
Pt F*t eyjgh€ kbkl_fb qgéklke*gdy dhgljhevghx hk
gh\hx

JbR.=jZn+db aZe ‘HBKIDK

LZ[ebpyJhajZomgdh\e "Zge gZ~ecghkle DKZ[ebdpyIhajZomgtlZge ijh deevdeklv

m IKQ |Z FKQ "h~rzZldh\h]eZrgZggy
IKQ FKQ IKQ FKQ
o
I I 11 v I 1 1 v
0 1 1 1 1 Deevdeklv
8 24 15 19
0,2 0,819 0,912 0,926 0,986 h[ez"gZgy(
0,4 0,670 0,746 0,775 0,922 >hAZldh\_
AN - 0, 0, 0,
06 | 0549 | 0573 | 0613 | 0816 hlez"gZgg 200% | 87,5% | 137.5%

0,8 0,449 0,424 0,468 0,687

1 0,368 0,306 0,328 0,558 kka bf;%fll sh dhhfi éﬂbkgr%ﬁ?fﬂ"mehypghk -
— e_ggyh”nge}x gljhevgnx 9 X
1,2 0,301 0,225 0,254 0,439 .., gZ~scgerZ g+ kibkjh¥gz\ ihabpbcgec
1,4 0,247 0,151 0,187 0,337 kbkl_foke_glgy
HI"_  FKiharbjx} h[eZklv agZq_gv W

A . A . ijb ydbo e<kgm} \bljZr m ihje\gyggfe a g_j_c
A\.C'V(Ijhl\ﬁgi jlqu_ajI;IAZm\e_Ag_yd.gZA\z_g._?\dh ghx ihabpecghx , DK m [_a\<*fhighkle
deklv h[ez~gZggy G: g _h[osrgh]lh re C_0%6&217n.e
jhaleygmlbo f_Ih”e\ isA\bs _ggy gZz”eca M- pvhﬂmZ".dm FKQ fh gZ ih~Zlb m \b]Jey
dZamxlv sh azklhkm\zZggy dh~e\ 19Z[him gZklimigbo hkgh\
\bkhd_ agzgfhygghkle [_a\e~fh\gh€ jh[hib m 3 m 4m 5
LH1 ijb f_grec deevdhkle "h”rZIdh\h \\—A—gh]rhrth,rrg 11, m 13

eZN"gZBpy
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>ey "Zgh€\BKZ@1 azibr_fh IZd dbo DK IhdZazgh sh ijb kbgl_ae DK ih
FKQ fh gZ hljbfZlb ydekgh gh\e ¢yZmdh\e 1I.

2
Prkot Rt Ibgges j_ameviZlb sh ~ha\heyxlv\ihdjZsblb
N (13) 1Zd1b b ghg Zjzdl_jbklbdb kDK \eAfh
2 2 ge *qge 0Zjzdl_j N
uR"t 6R(H: R() @51 R() lecdeklv gZ~dhgeklivaZz jZomghd fh eb\hkls
o hjlZgeaZp+€ ijbgpbih\h gh\h€ kigndIimjb D
Z[ klhkm\Zggy gh\bo hjb]JegZevgbo f_Ih”e\ |Z
o g5 G0Ent 2 fe\ h[jh[db «gnhjfzp-e |
o2 > ox <« 1 >hkee""_gh 1Z hljbfZgh a \bdhjbklZggy
Fkel @ o5 - opn € I jizecah\zZghe fhh_es \+AfiN@EctBGDE P
6e le « OEOOBHLEZI fZlbggm fhA_ev gZ~recghkle DK s

. ._gdpehgmxlv m FKQ \ihdhkipkieggy ijbg

LZzdbf gbghf a- afeevr_ggyf diZppim izkb\gh€ \eAfh\hklecdhkls >hkes"" _gc

\m\Zggy gZ”necgeklv DK i*"\bsm}lvkyes jhdzazZeh sh ae a[sevr_ggyf djzZlghkle
aZlevgec |_hje€ gZ~+cghkl- \Zggy gZ +¢§IRBAOEODE @i «@EDENIvky

<bkgh\db sh \erjih\enZ} aZ]Zengd‘-Ic_dh’kE- Z DK m

FKQ a "\hfz dhgljhevgbfb hkgh\zZfb gzZ~ecg

M klZlls "Zgh gZmdh\_ h[%jlbNgInihljh}gBK \bdhjbklh\m} ihabpecgm kbkl_fm

kle \bdhjbklZggy FKQ "ey klI\hj_gg'e ggy ~hlec
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Mathematical model of the reliability of the cs operating in the MNS
based on the use of the principle of passive fault tolerance

Alina Yankaq Victor KrasnobayewPolina Sabelnikova

Abstract. The analysis of the state and prospects for the development of modern corrgiatas §€S) showed that the
problem of increasing fault tolerance, which is the basis of reliabilihnatabe effectively solved based on the use of the tradi-
tional binary positional number system without worsening the resteofethnical and economic indicators of the CS. In the
positional numeral system (PNS), the execution of an arithmeti@atope involves the sequential processing of the digits of
operands according to the rules determined by the content ofatetiop, and cannot be completed until the values of all inter-
mediate results are sequentially determined taking into account atbtinections between the digits. Thus, PNSs, in which in-
formation is presented and processed in modern computers, havefiaasiy drawback+the presence of inter-bit relations,
which impose its imprint on the methods of implementing arithmetic tipesa complicate the equipment and limit the speed.
The results obtained as a result of the conducted research and pnsdive results show the perspective of using the modular
number system (MNS) to increase the fault tolerance and reliadfilihe CS. The use in the CS as a number system of the MNS
allows to positively solve the scientific and applied problem of ensdhi@dault tolerance of the CS without reducing the user
productivity of information processing with significantly less, thathenPNS, the additionally introduced amount of equipment.
It is proposed to use the probability of no-failure operation as #ie imdicator for assessing the reliability of the functioning of
the CS. Using a formalized model of fault tolerance of the CS tlaematical model of the reliability of the CS operating in the
MNS was investigated and obtained based on the use of the printipdssive fault tolerance. A mathematical model of CS
fault tolerance, which, unlike the known ones, is based on thef tise properties of modular arithmetic, by taking into account
the peculiarities of the functioning of information processintg& the MNS, allows increasing the reliability of the. TBe
study of the model showed that with an increase in the multipb€itgdundancy, the reliability of the CS in the MNS (with two
control bases) increases to 25% compared to the tripled CS using tienpbeumber system.

Keywords: probability of failure-free operation, mathematicabdel, modular number system, reliability model, com-
puter system, passive fault tolecan
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X H:g*jmk_,gdhk N_k_gdh

OZjde\kegiZpehgBemg+\_jkbl_I| jZr«QgdbOdljhe\ MdjZ€gZ
=J1*+?0GHEH=12 < JHAIH>1E?GBO H;QBKEX<:EVGBO K?J?>H<I

tghlZpew klZlle jhaleygmle kmqgZkge |_ogheh]«€ sh \bdhgbrtk[ldphieckVE g vrg bjt &i hj* «eh g
\bsZo F_Ihx KliZh\_~_ggy ihje\gy2gyge¥g+1Z ofZjgbo |I_odgZetdagZqg_ggy hkh[eb\hkl_c
=jeN_oghehsf ameviZle ijh\_~_gbo\bhgEqgi*agbpy f+ ofZjgbfb h[gbke_gygfth 1Z =je»
ke_ggyfihley m dhjbklimidZaZgh sh <kgmxlv deZkb az\"Zgv ydd _gpVedti-€Zj_\Z]lm =j
evgh jhaleygmle ijhp_kp_kimgikrreeZnh[gdkerghfh]hx|l=pghehindjfmevh\Zge iblZggy

sh \bgbdzZxlv ijb \bdhjbklzZIggoyghehéy€ieZgm\Zggy g_klZpehgtZ[j%hm KhgZ §Zo

geklv I1Z ZdimZevgeklv jhajh[db gh\bo fh”_e_c¢ Ze]hjblfe\ 1Z kIf4¢"]ec hj]ZgeaZp-€ ie

Dexgh\e kelGRID-I_oghehjlrgih~ee_gZ kbkl_fZ ofZjgZ |I_odghkimjky\ jhaih”ee

<kimi f‘ey gZmthklee*gbo azZz\~"Zgv \l:')j-.r_ggy yqlbo
j_[m} h[ }*gZggy deevdho kmi_jdhfi xl_jgb
Jhaih”~ee j_ kmhjllgehkex\Zevgbo k_nhjf A egrh]lh [hdm ofZjge h[gbke_ggy hje]
sZa dh gbf jhdhf aZcfz} \k_ [sevr a [*evr_@A \bjer_ggy hdj_fbo gd\jzfHyv Z
Kn_jZ 1Z je\_gv €0 \bdhjbklZggy ~"hg_glg_ gZ~Zggy i_\gbo k_j\eke\ degp_\bf dt
gZijbdeBhflbfZevgjlhaih?ee j_kmjke\ \qZf <hgb aZ[_ai_gmxlv "bgzZfeqgbc jhaih”s
hr"gm a \bagZgZevgbo ihabpec ijb gbo j_kmjke\ "ey Ih]h shl[ad¥dgai\gjplb
r ggifbdezZ”~gbo gZmdh\bo aZ\~"Zgv ch\Z@Z\ZglZ _ggy k_j\eke\
keh\h€ kn_jb ex*kvdh§heievghklkn 13. L_ogheh]*€ sh jhaley~zZxlvky fzZxlv
|I_" azZcfzZ} h”"g_ a gZcijehjbl_Igbo felaz}fh\erghkbgb a ihklZgZevgbdaflb j_kmjke)\
lkgm} [Z]Zlh |_ogheh]ec jhaih”qgbke_ggy %jmglmxlivky gZ ihgylleAsjlmZevgl
e _gv dhlje jhaih”eeyxlv gZy\ge h[gkpec sh \dexqzZxlv deevdZ jeagbo hd&j_fbo hj].
jkb Ibf Z[h egrbf.dbighfZldmklhjeqqy gqgeldbfb ijZ\bezZfb \azZ}fh”e€ fe* gbfb « qeldbf
[*evr ihimeyjgbfbGRIZEEboghellBE i IbdzZfb gZz~Zggy i{BlZ4¥Zdhbo j_kmjke\ Dhgp_
key07jhdm \k_ [eevrm ihimeyjgeklv ipey ofZjgbo h[gbke_gv aZ[_ai_gm} fh eb\s}
\m\ZIb ofZjge |_@glehjk€Zgg+f qZkhydh€ dhfiZzg+€ \bdhjbklh\m\ZIb ofZjges ihkem
j_ZeeaZpe+€ ijh}dle\ 1gl_jBiglbatgjlga cjer_ggy aZ\"Zgv hieZgmxgbmgkh[oe"g-
jh[gbdb \k_ gZkler_ ihgZeb a\_jlZlb 14. >Zge+ |_oghf@kx]v€ jeage kn_jb azZklhkm
| _ogheBl#0]. :e_ ~Zgm | _ogheh]ex fh \Zggy =eZlnhjfb gz~Zxlv hkgh\m 7“ey jha]
ey™"Zlb yd ijhrZjhd fe¢" degp_\bfb dhjlZggy h[gbkex\Zevgh€ egnjZkljmdIimjb OfZj
ofZjhKl1l]. :e_jeage aZ”Zqe ihlj [mxlve_ggy gZ”Zxlv gl_]jh\Zgbc i*”0*" gZ \keo |
IZggy jeagbo | _ogheh]ec Ih[Ilh az\"*"*Zggy *gnhjfZpecgbo j _kmjke\ ,DD6 3DD6
gdb h[jZgh€ |I_ogheh]ltEx WIZBrjh\_ Fh eb\hkle ey jharbj_ggy deevdhkle
N _ggy ihje\gyedghdieg+1Z ofZjgbo |I_in_cke\ dhjbkim\Zig[mybkée"ggy kijyfh\Zge gz
eh]ed& \bagZq_ggy hkh[ebhh&§heljj*cgz~rZggy jeaghfZgelgbo h[gbkex\Zevgbo j_kr
N I _jh]_ggbo h[gbkex\Zevgbo k_j\bth\bsZo "e
J_amevlZlb "hke-""_gv r_ ggy dhgdj_lgbo az\rZgv LZdbf gbghf g
Ihje\gyevgbc ZgZdZaofpjgbo | =j”" hje}glh\Zge gZ \azZ}fh”ex h[gbkex\Zevgh
gheh]e& ihley”m dhjbkim\ZqZ jeagtkljmdimj neabggh aZ ~hihfh]hx $3, ydbf fh™_
gbfb 1Z =htgbke_ggyfb ihey]Zlbf_\ klZIbky leevdb ijhn_kecgbc ijh]jzZzfekl OfZjge-
1.1.0fZjge ieZlnhjfb nhdmkmxlvkye_ggy jhajh[eyxlvky IZdbf gbghf sh[ gZ"Z\Z
©\k_ yd k_j\ekh[gbjke _ggy nhdmkm jn_ckb degp_\bf dhjbkIim\Zg%fklomi_A[h_[
ijhfe ghfm ijh]jZzfghfm aZ[_ai_q_ggq_j_a $3, GZ dh ghfm rZje g@daa3ggy ihker
}vky m \blJey”e \e~rdjblbo \boe*ghbo 3DD6 6DD6 gz~ Z}Ivky \eZkgbc «gl_jn_ck
]Jey”~e JThlih\bo iZd _Ie\ Ijb pvhfm ieZ je\gy Z[kljZdpe€ ~halhey} azZ[_ai_qblb azk
} ebr_ h~ge}x a nhjf gZ~rZggy =j*” ofZjgbo h[gbke_gv yd gZ je\ge hdj_fbo dhjb
pbf ofZjge h[gbke_ggy nhdmkmxlvklZd « gZ je\ge dhjihjZIb\gbo desyghHt\ AZ]Zeh
ieZlghfm gZ”~Zgges egnhjfZpecgbo j kgbke_ggy aZ[_ai_gmxlv h[ }*gZggy 1_I_jh]_c
dhjbkim\zZqg _\s Ijb pvhfm ijhfe g ikex\Zevgbo j_kmjke\ \ }*bg_ h[gbkex\Zevg_
[_ai_g_ggy yd_ [ “hal\hebeh azZ[_e¢\bs_ P_algh]h ihgbgzZxlvky « gZ ghfm % jmgl
\eZkgh€ ofZjb ihdbhgbj~gn" _ ofZjge h[gbke_ggy OfZjge h[gbke_ggy aZ[_
1.2. =jen 1Z ofZjge h[gbke_ggy \l[eevr \bkhdbc je\_gv Z[kljZdpe€ gZ~"Zxqgb |
xlvky “jewlgolbie\h[gbke _gv KihqZHim\Zevge j_kmjkb degp_\bf dhjbkim\zZqzf qgb If
gbke_ggy [meb hje}glh\Zge gZ \bje dee}glb gb hjl]ZgeaZp+s€ m \bley”e k_j\eke\
azZ\"Zgv aZ ~“hihfh]l]hx kmi_jdhfi xI_j HI°_ [Zgbfh sh e<kgmxlv dezZkb az”Zzq
"Zgbc qZk =je® h[gbke _gggy [*evr_\Zge yd gZ ofZjge |_oghehe€ogzehdegz =je"
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Jhaihpelemjke\ 1Z h[qlae gihfh]t x ]Jgmqde f_oZgeafb jhaih”eem j_kmjke\
*5," |_oghehjb€rhklimies \bdhjbklZgg- x jhalbg_gzZ kbkl_fZ dhgljhex \bdhjbklh)
Neee j_kmjke\ \ g_klZpehgZjgbo jhagh gbo j_kmjke\
gbo h[gbkex\Zevgbo k_j_~h\bsZo \ x jhaih”ee_gbc “hklmi "h jeagbo j_kmjke\
I[jm~ghse p_ kl\hjx} *h”*ZIdh\m kdeZ gZxqb \e” ijh]jZf nZce-\ I1Z
Im\Zqge\ ihklZgZevgbbzthklEmZlesgbd: x "Zgbo aZdeggmxqgb dhfi xI_jzfb k_gk
kem] Dhjbkim\zqzf ~Zge gZz~Zxlvigy 1Z f_j "~Zfb
I_jg_I Hkh[eb\h kmIll}\h phanmidibm_k x jeage fh”_ee+ \bdhjbklZggy j_kmjke\l \e’

jke\ Ney de Zikde 43F& q dhjbkim\ZpvibhajZ2bdh\Zgbo gZ [Z]Zlh dhjbkIm
Jhaleyg_fh flZZehjblfb ieZgm\Zcqges\ \e” \bkhdhijh*mdlb\doj 2y f&leh
dhgZggy h[gbkex\ZeagbdihfRihx | \dexqZxlv j Imex\Zggy ydhkle hike m]lh\m\Zq

oghehlpl€ ieZgm\Zgge h[gbke_gv i_jr gm\Zggy i_j_jhaih?ee I1Z \_~_ggy h[eedm j_I
o*~gh \bagzZqblb i_j_eed az\"zZgv 1Z >hke*”” _ggy 1Z jhajkfjek_4e/h\bsZz
kibjzxqgbdkzZh[jZzges djbdijbfaZyE>ey pvh ijbal\_eb ~h g_h[oes~ghkle jhajh[db ijhlhdhe-
\bdhjbklh\mxIlvky "\ Ziwkagth\gb&lBthyy(ke\ |Z egkljmf_glZjex kijyfh\Zghlh gz
"bgzfdpgljb klZlbgghfm ie”oh”e jha] X jer_ggy a [_ai_db sh is*ljbfmxlv mij
0Zjzdl_jbklbdb ijhp_khje\ hi_jIlpelcgeeggy k_jlbnedZpe}x |Z

>ey ih*"heZggy g_]Zlb\gbo gZkees"ds! x iheelbdZfb [_ai_db

ke\'\ g _klZpehgZjgbo jhaih”ee_gbo ] x ijhlhdheb mijZ\eeggy j_kmjkzZfb 1Z k
kex\Zevgbo k_j_"h\bsZo \bdhjbRbh\ kzZfb sh ie~ljbfmxlv [_ai_qgbc \e*"Ze gbc "t
gZfeqg_ ieZgm\Zggy h[gbke_gv Z h[gbkex\Zevgbo j_kmjke\ 1Z j_kmjke\ ~Zgbo
aZ"h\hevd@RiDvM _ogheh]«€ i_j_jhaih”ee jeagbo j_kmjke\

Hkgh\g_ az\"Zggym@¥h«*2 ¢gbc jha x ijhlhdheb aZzZiblm egnhjfZpe€ 1Z k_j\ek
j_kmjke\ 1Z \bjer_ggy% m#h\ZgvibgzZfe aZ[_ai_gmxlv gZeZrim\ZggyklZgfiingjelkhpbg]
[Z]1Zlhijhneevgbo \ejimZevgbo hj]Zge jke\

Jhaih”ee j_kmjk«g_=zijhklh h[feg n. x K_j\ekb h[jh[db "Zgbo sh aZ[_ai_gmx
Z ijyfbc “hklehhfAhxl_je\ ijh]jZfgh]lh armd [Z i_j_"~Zqm gZ[hje\ *"Zgbo fe  kbkl_fzf
g_ggy "Zgbo I1Z sgrbo j_kmjke\ &ede ]Zggy "Zgbo 1Z "h" "ZIdZfb
ghlpha\ yazZzggy aZ”Zq Dh'gZ a \bs_ i_j jZoh\Zgbo <l _jZpe+€ |

>h hkgh\gbo i_j-\ZbghieMpy¥ jhaleblvky gZ jeagbo je\gyo Zjdeloghmhbe&jer
NZYfbo azZ\¥hZg¥ \+~glktb jbk

5ljbdeZ”~gbc je\_gv $SSOLF
egkljmf_glZjec "eyGRIDhIb a
I1Z dhjbkIm\Zevgbpvde ijh]jZz

4Dhe_dlb\gbc je\_gv &ROOHFWL|YH
mijZ\eeggy dZlZeh]Zfb j_kmjke\ ~eZ]gh

3J_kmjkgbc je\_gv 5HVRXUFH
j_Zeeam} ijhlhdheb \azZ}fh"e€ «a j_lkohjlgbke xhAp e _g
gbokbkl _f 1Z ch]h mijZ\eeggy

A\ yamxgbc je\_gv &RQQHFWLYLW\
\bagzZqgz} dhfmgedZpecge ijhlhdheb IZ ijhlhdheb

;Zah\bc je\_gv )DEULF
feklblv jeage j_kmyjBbdhiZadel _jb ijbkljh€ ~eyfaf_j«]Zlggykhjb 1Z o

JbKL. Je\ge Zjoel G@GRIDjIb ogheh]-€

GZ [Zah\hfmgje\YragZqgZxlvky ker J_kmjkb izf yle ij_~klZ\eyxlv kh[hx ijh
aZ[_ai_gmxlv [_aihk_j_~gec "hklmi “~ey a[_j*]Zggy ~Zgbo >ey “hkimilm ~h j_km
jbklZggy ydbo jhaih”~ee_gh az ~hihf\bdhjbklh\m}lvky ijh]jzZfg_ aZ[_ai_q_ggy ijhf

GRID. je\gy sh j_Zeeam} mgenedh\Zgbc ygl_jn_ck
H[gbkex\Zevge j_kmjkb gzrzZxlvl1lzZz i_j_~Zqe “Zgbo
*5," 1 _ogheh]s€ ijhp_khjge ihim ghkl lgnhjfZpecges j_kmjkb « dZlZeh]b } hk

evgbfb j_kmjkZfb fh mlv [mlb yd de \bAhf j_kmjke\ iZf yle <hgb kem ZlZ "ey a[_]
j_fe jh[hqge klZgpy8Z ;mtbkex\ZevgZ gzZz~Zggy f_lzZzrZghojflZpe€ ijh egrs j_kmjkb
fh™_ jhaley”~Zlbky yd ihl_gpecgbc h F j "gbc j_kmjk } kihemqghx eZgdhx f
j_kmjk *5," | _ogheh]«€ aih~ee_gbfb j_kmjkZfibkl =fjp~ Hkgh\ghx
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0ZjzZdl_jbklibdhx f_j_"ghlh j_kmjkm Dhe_dlb\gbc jYa~igMe~rZ} aZ ]Jeh[Zevgm -«
j_"Zqge "Zgbo | ]1jZpe+x jeagbo gZ[hje\ j_kmjke\ « §h”°_ \dex«

A\ yamxqgbc YeagiAqZ} dhfmgedZpekem '[b dZIZeh]s\ kem [b kicevgh]h \b”*ee_g:
dheb < ijhlhdheb Zml_glbnedZp+e€ a\Zggy IZ jhaih”eem j_kmjke\ kem”™pb fhgelhjk
AZgm ~Zgbo fe' j_kmjkZfb [Zah\h]lh Z]ghklbdb j_kmjke\ kem'[b j_iesdZp+€ ~Zgh

j*\_gv =j*™ aZkgh\Zgbc gZ kl_p=e ijhl GZ ijbdezrghfnmhjahgsh\mxlvky ~h~ZIdb
1gl_jg_I ,3 ,&03 dhjbklm\ZgZ <hgb fh mlv \bdhjbklh\m\ZIlb |
liZgkihjlge ijhlhdheb 7&3 8'3 sh agZoh”ylvky-ydbdnmgtw geo rZjZo Zjoel_d
ijbdezZ”ge ijhlhdheb '16 265) Imjb *5,& jogef rZjhf \ Zjoel _dimje } rZj dee}¢

J kmjkgbc je\Zgvam} ijhlhdheb s < gvhfmalZrhimxlvky jeage dee}glb yde aZ[_
gmxlv \bdhgZggy gZklmigbo nmgdpe xlviaz}fh*dhjbkim\ZGRID& j ~h\bs Z G
malh”~”_ggy iheeslbd [_ai_db \bdhje\ge k_j\ekghlh rZjm azZ[_ai_gm}lvky i« ljbfc

jkm ggba }*gzZgv Z\lhjbamdp§lbhhedZpe€ dhjbklm
ijhp_"mijgepeZpkijkm \Zqg-\
fhgelhjbg] klZgm j_kmjkm Hkgh\ge iZjZf_ljbgge hkhiébArhlklec=je"
dhgljhevjgEmjkhf I1Z €0 \e~rfegghkle \e” egrbo |I_oghgB&]ec ie knm
h{eed \bdhjbklZggy j_kmjkm jbk

Hkgh\gZ \e~rfe@rekl@ghehim€eb\eklv Z]j_Im\Zggy
IZ kieevgh]h \bdhjbklZggy \_ebdbo gZ[hje\ ]_I_jh]l_gdbo j_kmjke\
jhaih”ee_gbo fe ]_hjlhaneqgybfb h[eZklyfb

~_~

>h \bkhdh]_I_jh]_gghlhnhpihZZgigh jhaih~ee_ghlh k_j_
\z dh gZijyfm azklhkm\Zlb 1jZ~bpscges f_Ljbdb ijhAmdIb\ghkle
r\bAdeklv h[gblkeijghmkeighfh geklv dZgZem

~_~

<bdhjbklZigigp+Ze+ah\Zgbohfpdgld ydhkle k_j\eke\ sh gZ

Jbk Hkgh\ge iZjZf_ljbqge hkhfetb\h&lc=j"

3. <bdhjbklZggjyN _oghehle§ ieZgm \bljZI ijh\Zc™_je\
\Zggy g_klZpehgZjgbh® KiblalgZqg_geklv m ileZj_~gvh]lh gZkm azZdegq_ggy jh[el
gm\Zgges j_kmjke\ h[gbkex\Zevgbo kbkl kf jz*"gehhhbgzkm hqgedm\Zggy ihgzZldm \
Ifb sh ijZpxxlv \ mfh\Zo g_klZpehgzZjphdlthsth ydh€

ijb\h~ylv G_h[o*Abph[e_ggy nmg~Zf_glZevgbo hkc
\bfh]Zz _ezZklbqghkle h[gbke_gv ieZgm\Zggy g_klZpehgZjgbo j_kmjke\ €0 Z
afegZ ozZjzdl_jbklbd fZrbg ajh[dZ gh\bo Z~Zilb\gbo Ze]lhjblfe\ "ey jeag

\ejlmZesazZpey h[gbke_gv ijb keZg[dhEm a\ yadm
jh[el a egnjZkljmdImjhx gZ ydec \hgb \bxbhdgmbxkVkggy qgqzZkldh\bo jer_gv jhajh[e
"bgzfeqgZ feljZpey jh[el yd ey klZpehgZjgbo 1Zd « ~ey ~bgZfeqghb
afegZ qZkm gzZ”~Zggy j_kmjke\ ijba\h~blv ~h g_h[oe~ghkle kmll}\h]h ~hhi
g_lhggeklv hpegdb gZkm \bdhgZgddgpy/*Ze]lhjblfe\ "ey dh gh€ <kgmxqgh€ kbk
afeggeklv qZzkm h[jh[db |Z i_j_""ZghydjZzéges ghfkdeb \bdhjbklZggy sh kmll}\h [
\er \bdhjbklZggy j_kmjke\ egrbfb dhjekim\ZWAjBIb [Z |_jfegb \ijh\Z" " _ggy pbo kt
\ZjeZlb\geklv jh[hghlh gzZ\zZglZz  _dg¥
jeaghfzZgelgeklv gZkh\bo h[f_"_gv h[th[Hpo¢bgh jhaley”ZIlb ie*oh”b ~h \bjer_

j_dlib\gbo |_jfege\ jeagbo klhjeg
afegZ ijhimkdgh€ a~Zlghkle hgeZcg Zelhjblfb
a[h€ de[_jzZlZdb |Z «gre y\bsZz iezgm\Zggy jh[el [_a ~hklh\ejgh€ egnh

HilbfeaZpey \ 1Zdbo kdeZ”gbo kbkjhfizojZh\bjdpgkbkl_fb jﬁ[hlb Ilhsh
\jZoh\m\Zlb g_ leevdb ijh~mdlb\gek HI° _~ey hijZpx\Zggy g_klZpshgZjgbo kb
geklv \bdhjbklZggy j_kmjke\ @dhjbkhg_h[os*gbc dhfie_dkgbc i**0o«® ~h ih[m”~h\b

Im\Zqge\ sh”™h gbo iezgm\zZevgbde\ 1Z fZI_fZlbqgbo fh”_e_«
ydhkle h[kem]h\m\Zggy oh\mxlv \e~kmlgeklv lhgqgbo agZgv ”"ey nhj
\Zjlhkle ihkem] ieZgm jh[el
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Lji_[Z ijh\_kIbdhfihabpex ag\?2 499y Zelhjblfe\ 1Z kljZI_]ec hj]ZgeaZpe-€rieZgm\Zg
kldh\bo az\~"Zgv sh \dexqZxlv Hkgh\gbfb az\*"Zggyfb ey “hkylg_ggy pvhlh

f jhajh[dm dhgp_ip*€ ieZgm\Zggy x ZgZeesa kmqzZkgbo i**oh”e\ "h ieZzgm\Zz
pehgZjgbo h[gbkex\Zevgbo k_j_~h\b:m g_klZpehgZjgbo h[gbkex\Zevgbo kbkl_fZo

¥ kIVhj_ggy kmgzZkgbo fh~_e_c Iz x jhajh[dZ fh”_ee =jer ydZ g_ ihlj_[m}
\Zggy 1Z hilbfeaZpe€ j_kmjke\ \ méh\ jgh€ egnhjfZpe<€ ijh iZjzf_ljb k_j_"~h\bszZ 1z
I_jbklibd kbkl_fb dhgZggy jh[el

¥ jhajh[dm f_Ih”e\ AbgZfeqgh]h i€ x jhajh[dZ Zelhjblfe\ _n_dlb\gh]h ieZgm\
oZgeafzZfb Z"ZilZp+€ ~h afeghb iZjZIfZ|1 g _aZe "gbo iZjZe _evgbo jh[el ey jeagbo kp
g_i_j _"Zgm\Zghkle jh[hgh]h gzZ\Zglz x hljbfZggy |I_hj _Ibggbo hpeghd dhgdmj_

¥ kI\hj_ggy i*”oh”e\ “h ih[m~h\b [ZZijhdkbfZpecgbo nZdlhje\ ey kiZlbgghlh
kl_f iezgm\zZggy iZjZe_evgbo jh{tZ sgh]h |1Z z~Zilb\gh]lh ieZgm\Zggy a jeagbfb d
kriZz[mxlvky hilbfeaZpe€

¥ ieMjbfdz f_ozZgeafe\ ZNZilZpe€ "h j-aghfZg-Igh<bkgh\db
kle ozjzdI_jiKkbddhjbklim\zZzqges\ IZ \bfh] *h €0 \b
dhgZggy aZ “hihfh]hx jeagbo je\ge\ F < j_amevliZle ijh\_~_gbobakEeiglv

L_hjey ieZgm\Zgdykyhejit\ yazgz agbpy fe* ofZjgbfb h[gbke_glglfbkleZ gj"
"bgghx miZdh\dhx kfm] ydzZ\X<dlZf2Z fygyfb iehlJey m dhjbklimdZeZ gh sh <kgmxlv
[Z]1Zlh j _Zevgbo aZklhkmgde\hBapd. deZkb az\"Zgv yde gZ*"ZxiV_oghéBA]mE =jen
xlvky yd kfm]b Z azZkdhiymfdgdimbgbdt>_1Zevgh jhalJeygmle ijhp jkbnjhkei\h'2 emj
khlZ 1Z rbjbgZ ydbo je\ge \erih\ePghgbke_a& "hihfhlhxl=pghehméjfmevh\Zge
g _h[oer*ghfm gbkem ijhp_khje\ 1jb IiblZggy sh \bgbdzxlv ijb \b'dhjblklZggy
aZ\"Zggy jer_ggy rmdZxlvky a hje}gl ghehle8 ieZzgm\Zggy g_klZpeh#4{9@gjo kbkl_f
0ZjzZdl _jbklbdb ijtgijzjfglgh€ +gnjzkljglh\Z@Z h[os*geklv |Z ZdImZevgeklv jhajh[dtL
I1Z "h~Zlde\ dhjbkim\ZgqZ >ey |Zdbo fh*_e_c Ze]hjblfe\ 1Z KkljZI_]ec hjlZgeaZp-
| _hj Ibgge j_amevlZlb ydsh gZk \bi\Zggy \.=Meferkmfdm KldZggZZlb sh m kmqgzZkghb
AZgh yd \ hneZcg 1Zd « \ hgeZcdiklp =j_ogheh]eyo fh eb\eklv azZ\_jrblb \bdhc
fh mlv ih\ghx fejhx ie~ljbfm\ZIb n_chagZqg_gh]h h[ky]lm jh[hlb fh _ [mlb gZ\elv
pehgm\Zggy k _j ~"Zo a g_klZpehgZjcrbf g+ ijbkdhj_ggy hljbfZzg_ azZ ~hihfh]hx I
dzfb HI g h[oe~geklv jhajh[db gh\k\bdhgZggy
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GRID technologies in distributed computing environments
Yuliia Andrusenko, Tetiana Fesenko

Abstract. The article considers modern technologies used in distributed computingnements. Article purpose is con-
ducting a comparative analysis of GRID and cloud technologiesantifying the features of Grid technologies. As a result of
the research, the difference between cloud computingrishdomputing from the user's point of view wasedmined It is shown
that there are classes of tasks that prefer Geftht#ogy. Detailed processes of resource allocatidrcalculation by GRID technol-
ogy. The questions that arise when using GRID tdolggdor the plan-wave of non-stationary systemdamaulated. The necessity
and relevance of development of new models, algorithms andygtsaté planning organization in GRID is substantiated.

Keywords: GRID technology, distributed system, cloud technology, resource distributio
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HX. AZdh\hjhlgbt Hjeh\Zz
GZpehgZevgbc | _ogeqggbc mge\ jkbl | 30Zjde\kvdbc iheel_ogeqgbc egklb

IHJ1<GYEVGBC :G:E1A
OF:JGBO L: LMF:GGBO K?J?>H<BS 1GL?JG?LM J?Q?C

:ghlZps¥ _|hx klZHishje\gyggy ImfZggbo 1Z ofZjgheoy Mighkeg_¢m j_ g c Z IZdh® hljbfZgg
gZc[sevr_ egnhjfZpe€ ijh fh eb\hkle 1HEprhgydygpbR&¥gg_~"hetd €0 \bdhjbklZgmevIZIb
"hkee"' _dbyzZjzZdl_jbadfZjgg k_j_~PHbEjZdI_jbalmizfgg_ k_j_tbédgZadepeghle \e~fegghkle
ImfZgghlh 1Z ofZjgh]h Kejy Molbgg_ImAjhdecoghkgh\hdhjbjhajh[pe 1gl_jg_Im j_g_c g_h[oe"
aje\gylb ofZjge 1Z ImfZgges h[gbke_doynwzZkthfAddhfjBkeMgh "hkimige fh eb\hkdpdZg\bkhdbc ihl
ghlh k_j_"hhdbsEmfekghfm \bdhjbklZggtbhfhogle azZ¥ihkmgdb h[jZgh€ kbkl_fihdih*qg_Im j_q
eblb gZ Ijb g_i_j_keqge qZklbgb [IecestdBbmhbmiZiyglyfin k_j_~h\bse Ie¢ kbhN2fpzaeyi_j_"Z
h[jh[db m ofZjghfm k_j_"~h\bse 1Z adkighomig[dh[dhdhfizgbo qzZkldh\h m IfnZfZge qgZkldh\h m

Dexgh\e keho\fZjge h[gbke_ggy ImfZggidi[gbkeé jggyc

<klmi x \gmljergec egl_jrkbd&kl_£Z a[_jelZggy
NZgbo ¢ h[jh[exxqge kbkl _fb yde fh ' mlv [mlk

IhklZzgh\dZ ijh[eGhde \bfh]b "h kege yd \e” ijbkljh€\ dee<}gdZkllZghb ek\dee*Z

gbo I_ogheh]ec } jmohfhx kbehx jha~h\bp aihk_j_ ~gvhokZjfth€

pecgbo | _ogheh]ec 1gl pgg ihklqgcgh 4 Pe "e gZklbgb kbkl_fb \azZ}fh~exlv fe™ k

klzxgqzZ eg”"mkljey ydZ \bfzZ]Z} [eevr aZ ~hihfh]hx [_a”jhlh\bo a }*gZgvVv

kh[e\ mijZ\eeggy i_j "Zq_x egnhjfZg L ogheh]ey oth4qgpke _gv gZ~Z} jeage \b"b

NZgbldh]l]gham}livky shjimpe deevdeklivihkem] yde fh gZ g/ kjdblbde hKghibg e

exq_gbo ijbkljgk\g jInq_a[eevrblvky x ihkem]b egnjZkljteddnt>""Ze gbc
feevyjnrel <ke pe ijbkljh€ feklblbfip_glj h[jh[db "Zgbo a 1Zdbfb jhamjkZfb 1y«

deevdeklv "Zgbo hyidr[éjythdb~dh |Z aj s _ggy "Zgbo h[gbkakmGeudzf | "

gbf kihkh[hf [Ihfelb\rb \bkhdbc ihil x ieZlnhjfZ yd ih(PeaBkdha\blhd ieZ

kljh€ +gl_jg_Im ~h ofZjgbo h[gbkelnhjfb a ijbkljhyfb 1Z dhfihg_glZfb “ey Kkl

"hrzZ\NZIbky ImfZgge h[qbke_ggy AZj ggy | _kilm\Zggy 1Z aZimkdm aZklhkmgde)

jbkibdzfb ImfZzgge h[gbke_ggy gZ\elge\ 0fZjb

jge hl _ 1j_[Z \by\blb yd_ k_j_"h\b x ihkem]b ijh]jZfahah_q_d%aa$ *

lgh€ kbkl_fb [m”~_ [eevr kijbyleb\bf Jhlh\_ ijh]jZzfg_ aZ[_ai_q_ggy Zdilmlj_ \e~ih\e
:gZeca ecl_jZligopdhjbklZggy |j [ZddhjbkIm\Zqge\ ofZjb

jgbo k_j_~h\bs jhaleygml[t8h Jh[hI& Ydsh dhfiZzgey \b[jZeZ ofZjg_ koh\bs_

[46] hj}glh\Zge gZ ImfZgge k_j_"h\b«\hgaljbfZ»hkImi ~h \bs_\dZaZgbo ihkem] a

gbo jh[hlZo \e*kmlgec ihje\gyevgbc gh]h fekpy jhalZrm\Zggy gZ deevdho ijb

ogheh]ec hje}glh\Zgbc gZ 1gl_jg_I HI°_ ~hklimigpklvyheh\gZ i _j \Z]Z Djef Ih]h
F_1Z1Z az”"Zqe+ "hkreeMxgWZgh]l]h g fZ} g _h[oe~ghkle ierljbfmi\zKbmH ] ofe

e*”" _ggy } ihje\gyggy ImfzZzggbo 1Z fh gz g_ a\_jlZlb m\Z]m gZ g_"“haz\zZglz" _

e_g¥ey 1gl_jog_Im j_q_c Z 1Zdh" hljl_fb Z[h gZ €€ i_j \Z9WZ pggylmj[hlb \eZ
[*evr_ egnhjfZpe€ ijh fh eb\hkle "ZgkddZ ofZjghlh k_j_~h\bsZ
ihje\gygigy _\24F g_"hetd €0 \bdhjbkl 1gl_1ljZpey °gjl_ggealofZjgbf k_j_"h\b

>ey "hkylg_ggy ihklzZ\e_gh€ f_Ibs_fgZ kvh]lh~rge [_akmfge\gh } h~Agbf ea fh
jerb lZde azZ"Zqg- \b]ebpjer_gOfZjge k_j\_jb aZ[_ai_gmxlv g_h

thozZjzdl_jbam\Zlb ofZjg; k_j_"~toe~rgm fekldeklv « Jgmqgdeklv "ey mijZ\eeggy
thozZjzdl_jbam\Zlb ImfZgg_ k_j_ ae¢[jZgbo "Zgbo a i**"dexq_gbo ijbdljh€\ \ [l
t\bagZqgblb dexqgh\e \emifgglgklh ki_peZevge ieZlnhjfb 1Zde Wduregdljjbdez”
ofZjghlh k_j_"hélps¥gl_jg_Im j_qg_c Suite, IBMWatson $:6 *RRJOH OfZjZgZey ,R7
. . : . AXlvijhajh[gbdzf fh eb\eklv kl\hj_ggy ydek
OZjzdl_jbklbdZ ofZjgh]h k_j 7 ihkmgde\ [ _a \_ebq_aygbjh &g~ @y
AZ]Zevge \eZkMaRkZevg_gb¢l _ogeqg_ aZ[_ai_q_ggy
fegOofZjk¥deZ\ky \"_ \erghkgihadgXqgt 12.1_j_\Z]bfZjghlk_j_"~h\bs&ygl_
kbkl_fm sh kdez”~Z}Ivky a *_deevdljg Imj_q.&Zd yd ie*dexq_ge* ijbkljh€ h[f_"mx
i xI_je\ o kK_j\_je\ a }*gZgbo fe" kh[/fekldeklv « h[gbkex\Zevgm ihIm geklv |h eg
g_| L&xdj_~h\bi$i__ [mlb mfilgde_@Z ijbkljh€\ a ofZjgpf h\bs*hfihfh _ az[_a

e qZklbghb i_qbllzdes fh eblhkle

x ah\gergec egl_jmjbdkdjk€ dee}gl. x ihdjZs_ggy nmgdp-fryo\dgag p\ y
ydbo fh 'mlv [mlb \dhdifkxlgtb ieZgr ahd fe' ~ZlqgbdZfb 1glg jg IEnmkbkl_fZfb hJ
fhieevge | _elh&fgb jh[db "2gbo
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x fekldeklv ~h[j_ fZkrlZ[h\Zg_ - LmfzZggebke_ggy } ihk_j_~gbdhf fe® h[eZ
fekp_ ey a[_j°]lZggy Kk_j\ek ydh]h gzZzggyf « \er"*Ze gbfb k_j\_jhAfbk M ImfZgg
a }"gZlb ¢ jhaih”eeblb \_ebg_pmgbc F*h\bs\bagzZqgzxlv ydZ egnhjfZpey [m”_ \enijjz

x h[jh[dZ ~Zgbo \e~""Ze_ge* p_gljgZ k_j\_j Z ydm egnhjfZpex fh'gZ j_"Z]m\
gbo aZ[_ai_gmxlv g_h[f_"_ge \¢jlmZ dZevgh LZdbf gbghf ImfZg fhygg jhaley”Z

h[jh[db aZ \bfh]hx | e dimZevgbc rexa dhljbcofEamzgdZ m}

x af_gr_ggy \bljZl eep_gaecge [_ai_gqm} [eevr _n_dlb\gm jh[him |Z ZgZe-a
ge \Zjleklv h[eZz”"gZggy gZ ihdZddhhl ce_ lj_[Z \erbdlgZogb ImfZigpg “"h\bs_
ihklecg_ h[kem]h\m\Zggy g fZ} hdj _fhj@el_dlmpb aZfegx} bghge

13.G_"heedb \bdhjbbfZgdytk_j ~h ke_ggy Z r\b”~r_ ~hih\gx} €0 fZdkbfZevgh
\bsZ”ey 1gl _jmgj lg.c<ofZjgedcogheh]s Zxgbkv "h ~° j eZ egnhjfZpe€

_yde g_"heedb yde fh ' mlv [mIth]e’ LmfzgdZoghehydy kvh]lh™ghgkljm}
kem]h\m\zZgge ijbkllihgEllm_c gZc[eevrbc \ieb\ gZ jLaglcjy[m~rh\Zge je

x \bkhhdtgzZzk hgedm\Zggy a@klhkr_ggy rimgghlh egl_e_dIim |IZ * hkdeevdb
g_mj_q_c \k_ [eevr_ \bfZ]zZxlv sh[gedheb jZger_ \bfZ]zZxlv r\b~rdh€ 1Z [_ai_j._
\Zggy pd\fh'gZ gb'q_ Ze_ ofZjzZ g_jh[hIbZ \azZ}fh”e€ m j_Zevghfm qZk-

Im\ZIlb paZekagmxqghlh jhajb\m fe ijl 22. 1_j_\¥bImfzZgghRhj_~h\b&Z&ygl

dee}glzZz 1Z p_gljzfb h[jh[db *Zgbo |_jgimj_q.c<bdhjbklZggy ImfzZggh]h k_j_*I
x gZk ijhk{hxogeqge ijh[e_fb 1Z a\bsZ Z[h azZzImfzgzZ\lZpalZ!|!h i_j \g] "ey 1

ji_"Zo fh mlv klZlbkydhgmpMvgbgb-\ | _jgnm g c \_ebdbo "Zgbo ¢« ZgZeelbdb "Z¢

ydec kbkl_fe ydZ \bdhjbklh\m} 1gl_Zevghfm gHtklghhoi _j_\ZAmmfZgghlgbk

glZ fh mlv ihkljZz ~Zlb ijb \e*dexq_g e_gv fh'gZ \e*g:klb I1Zde-

sh[ mgbdgmlb ijh[e_f [Z]Zlh dhfiZc x fh eb\eklv ijZdlbggh€ j_ZeecaZp+€ h[jh]
\mxlv deevdZ dZgZee\ a\ yadm a Z\ gbo m j_Zevghlimf@ZResh]ljZneqgh [eb 'q_ ~h d

fhihklecd)yklx jbklm\zZqge\ « anZlgbc azZ[_ai_qgblb fbll}\bc \e~"
x [_ai_dZ 1Z hkh[bKkIZ egnhjfZpey x g_fz} ijh[e_f a ijhimkdghx a~Zlgeklx
nhjfzZpey i_j_~Z}Ivky q_j_a ]Jeh[ZeelFklbgZ egnhjfZpe€ Z]j_Im}lvky \ jeagbo Ihqg

jZahf ea Ibkyqzfb Je]Z[Zcle\ egnhjlfdp \eNijZ\ey}lvky \ h*bg p_glj ih h*ghfm dZgZe
\Zqge\ Ih{blk|_KkZZ} g [_ai_qghx MeZg\U¢g x ijZdlbqgh g _fhlgBE\Z a }*"gZady -a
Z[h fh™_ g_ \ljbfzZlb de[_jZIZdm [imHbe\_ebdh€ deevdhkle Zevl_jgZlbdgbBgZreyoe\ |
gZkldh\h \bjer_gZ azZ ~hihfh]lhx Je[hb’gbo dZgZe-\
kI\hj_ggy hkh[bklh]h ofZjgh]h koh\bs x \bkhxtje\_gv [_a(”dbhe h[jh[eyxlvky
. ° ° NQO e 1

2 0Zjzdl_jbklbdZ Imfzggh]h k_l\(_br-_;(kquf_.aghx deevdeklx \maee\ m kdezZ"gec jt

2 AZ]lZevge \eZKklLb\h«gla®ZzgaZ[h x_ihdes_gbc egl_jn_ck dhjbklim\zZqgz fh
ImfZgb{gbke_ggy [m\ ijbcgylbc &,€E\eklv j ZeecaZp+£€ \fNdlbidhr " k mkdla Z
jhpe IThfm \eg } gh\bf "ey [-evrhklbeljbfhdn ngZeZo)a\‘ﬂyadm

ofZjgr[gbke_ggy \aZ}fhih\ yazZiysjb" X _jl_IbggZz n_dlb\geklv mjbn_jecg:
jh~e ImfZg [eb g_ ~“h a_fee qgbf-lbf@j aeb \bdhjbklh\mxlv m jh[hle \bkhdh_n_dlb\g
gheh]Jec \er[m\Z}Ivky |I_ ~ kZf Imf.:dheb |Zdeetpdth%=LJEHHOZXPRy=

[eb g_ ~h degp_\h]h dhjbklm\ZqZ i 23.G_"heedb \bdhjpkihzfggghRhj

\eklv ofZjgbo h[gbke_gv degp_\hfm (’\h\sz‘ey 1gl _jmgj lg.dOhqgqZ ¢ ImfZzggZ |_o
<bagZq_ggy fh _ a\mqgzZlb higgbkligheh]ey g_ fZ}dpw”y\gbo g_"heesde\ Ze_ \k
e_ggyzxjharbj_ggy ohiggke_gv sh |1Zdb fh gZ \b”eeblb ~_yde g ]ZIlb\ge fhf_gll
A"ZYlvky a deevdho ]jZgbggbo \maee\\bdhjbklZey 1gl_mp_d:c
"dexq_gbo "h neabggbo ijbkljh€\ x kbkl_fz ImfZgglbloe [gevr kdezZ”"gZ
LZde \maeb neabgqgh gZ[Z]Zlh [Ihfm slmfzZg "h~ZldhYZfihfm kbkl_fe h[jh
kljh€\ m ihje\gygge a p_gljZecah\Zg [db IZ a[_je]l]Zggy ~"Zgbo
jh[db ~Zgbo Ihfm \hgb a*Zlge aZ[_ x “h~Zldh\e \bljZlb gdmliortgltb ~h
ggh fhf_glZevge a }"gZhdybkAxy\Zeg ~ZIldh\_ h[eZ”gZggy i_jbn_4{prlcm¢_jjbkljh€
ihim geklv i_jbn_jecgbo \maees\ ‘hhafZjrimlbaZzlhjb rldysdb
klecgh \bdhgmijZldmethdh [}feAZgbo x h[f_"_gbc fZkrlZ[ \kWNieggefZjb
\enNijZ\eyxgb €0 gZ \e~""Ze gbc k_j\ |
LmfZgge h[gbke_ggy 1Zdh" \dequxIv o lggDhe);\qth\. \f'ZAf r?ghhkkl'_ _Ah\bsz
hlgbke ggy\t ebde I1Z Ahkblv ihim g p_gljH % ] ofZjgh] s
[db "Zgbo jhalZrh\zZge gZ ]jZgbqgh thZ dhgp_ip*€ ImfZgghdggbkefZgbo
j_"e 20 f_Ihx } ie”ljbfdZ j_kmjkhRafgt "m _ koBFe\k_ " 1Zdb fe  gbfb } jeagbpy az '
klhkmgde o\ yde g_ ihlj_[mxlv kigge@2ydbfb izjzf_ |jEZmgZgbfh hkgh\ge \e~fegghk
agbfdbHkgh\gZ jeagbpy fe° ImfZggb sh ekgmxlv fe* gbfb yde flmmbvb[frolbb
gbfbhgtke _ggyfb ihey]Z} \ IThfm sh h[jh[pe "Zgbo 1gl_jg_Im j_q_c
kh[hx p_gljZeeah\Zgm kbkl_fm Z In 1. Yd [mienldZaZgh \bs_ hkgh\gZ jeagbpy
jhaih”~ee _gm ~ _p_gljZeeah\Zgm e¢gnj.ImfZggbfb 1Z ofhjglkkb ggyfb } Zjoel_dIimjgz
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Ih[lhofZjzZp} gljZesadh\iZgk| hfx I1h”e yldn 7. Ijb ImfZgghjgobke _ggyo qZk aZzZljbfdb
fZg azZ\"'Nihngih"ekxQ p_gljZedwb\ZmgjZ aZ\ "bgbavdlZfe ijb ofZhdbwke gg¥o
kljmdImjhx :joel_dImkdeafZiblvky a \ a\bgzZc \eg } \bkhdbf
p_glje\ h[jh[db "Zgbo vyde fh 'mlv [m 8. OfzZjgzZ kbkl_fz fh _ ajmcgm\ZIlbky ijb
\kvhfm k\lelm [Z h[kémkphdm¥ihb gZ\el fh\Zo f_j "¢ 1gl_jg_| hlghkZggygy \bdhjb
chge\ dhjbkim\Zqges\ :joel_&ldejZ"Zhlifd klh\mxlv jeage ijhlhdheb « klZg”Zjlb Ihfm j
\_ebdh€ fghgbglebdbo \maes\ sh yda~fh\bgdgzZ[Z]Zlh b q
fh gz [eb q_ ~h ijdkljhj®\ Im.j _q_c 9. LmfzZgg_ k_j _?HYesr [ _ai_qghx kbkl_
2. LmfZgg_ k_j_"h\bs_ m \@dZZZdvfhx g ofZj@mZ ch]lh jhaih”ee _gh€ Zjoel_dImj
jhaley~Z}ywkyhk _j_~gbd fe' p_gljZfb h[jh[db -
AZgbo + ZiZPAIMBh[ZTIb + \eAih\ergh chlh dhf 2KghYdb 1Z h{Ih\hj_ggy
ihg _glb kmllgbhiq_ ~h degp_\bo dhijl LmfZglylgbke_ggy } h”gbf ea jer_gv m jh]
Ydsh g_fZ} rZjm ImfzZgm |h o6Zjgz a ijbkljhyfb 1ghijg_lchfhsh\hgb fh mlv
ijyfma\ yam}lvky a ijblkd]hydblm j_q_aZAh\heng”J ihlj _[b ihklecgtheaytllkZixqgh€
fh>_ azthpz]Zlh gZkm ierdexq_gbo ijbkljh€\ M ImfZgghtbm k_j_ ~h\
3. ljb j_Ze<aZpe-€ ofzjgbohlm[rq[bjkzdhjbklh\ﬁk)gda\hdZevg- Z g _ \errZe ge dhfifx
"Zgbo \eA[m\Z}Ivky m \eArZe gbo p_j_kmjkb sh jh[blv ijh*mdlb\g- eklv [cevr _n_
gbo H[jh[dZ 1Z a[_j*]Zggy ~Zgbo ijghx I1Z ihim ghx Z IZzdh ™ af_grm} ijh[e_fb ¢
gbke _gv a”eckgx}lvky gZ ]jZgbggh imkdghx a*Zlgeklx

j_~+ dhljbc agZoihjmgkya ~° _j _ehf e g_a\Z Zxgb gZ p_ m ~_ydbo \biz~"d

fZpe€ sh fz} \bjerZevg_ agzZq_ggy J9_ k_j_"h\bs_ fh"_ [mlb [sevr ijbcgylgbf

“bfmj_Zevghlh qZkm "Zxgqb gz " _yde g_"heedb ijb \bdhjbklZgg- |
4. Ofzjg_ k_j_"~H¥4Eglh\zZgh } [e" HI"_ ijbjhajh[pe 1gl_jg_Im j_q_c g_h[oe:

gdpehgZevghf g+ ImfZggmRefghh\haje\gylb ofZjgs 1Z ImfZgges h[gbke_ggy sh|
agZgmsbo j_kmjke\ « fh eb\hkl_c a[ kIh\m\ZIlb fZdkbfZevgh "hklm|g- fh eb\hkle
5. OfzZja\bqzZcgh kdeZa Zplankgho ckhdbc ihl_gp§Zghlh k_j_~Hibskmfek
gbo k_j\_jgbo \maes\ LmfZg \dexq;ghfm \bdhjbkliZgg- thsnfh‘_q';_Z“laZklhkm
deevd«klfgho \Inae- gdb h[jZgh€ kbkl_fb 1glihgihrmeg¢bdbcgZ
6. M ImfZggbo h[gbke_ggyo \bdhljb g_i_j_keqges qZklbgb I+ sh \bdhgmxlvky
Idhkljhdh\bc ZgZe+a gZ ]jZgbqgghfm ImfZgghfm k_j_"h\bse le sh \efjZam i_j_"Z
«aaZ fbll}\h]h \eAdebdZ \ Ilhc qzk y “ey h[jh[db m ofZjghfm k_j_~h\bse 1Z aZzkl
gbke ggyo ijh\hHha|wkip\Zebc Jeb[hd dhfie_dkghx h[jh[dhx "Zgbo qgZkldh\h m Im
esaaAh eb\hkle [sevr ih\eevgh]h \en kldh\h m .0fZje
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Comparative analysis of cloud and fog environments of the Internaif Things
Oleksandr ZakovorotnyiTetiana Orlova

Abstract. The purpose of the article is to compare fog and obmmlputing for the Internet of Things, as well@sbtain as
much information as possible about the possilslitiethese calculations, to compare the advantageslisadvantages of their use.
Research results. Characterized cloud environmemta@aterized foggy environment; the key differertoetsveen fog and clal
environments for the Internet of Things are definedias concluded that when developing the Inteofi@ hings, it is necessary to
balance cloud and fog computing in order to userthgimum available opportunities and high potemtfahe chosen environment.
With the combined use of both environments, thdiegapns of the selected Internet of Things systembeadivided into three non-
intersecting parts: those that are executed orthyifiog environment, those that immediately transaté €br processing in the cloud
environment, and applications with complex dataessing: partly in the fog, partly in the cloud.

Keywords: cloud computing, fog computing, Internet of Things.
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o X.<egl_gdh: Kfejg?hl K Dh\Z€& _ddhKfejg?hDH ;mjZ\g® gdh

Y1:L 3GZmdhBph[gbg_ i*”ijb}fkl\h, BJABtgbpvdbc MdjZ€gZ
2P _gljZzevghmdjzZz€gkvdbc gZpehgZevgbc | _ogeggbc mge\_jkbl | Djhib\gk

>HKE1>@?GGY <BFH= F1@G:JH>GBO KIEG6& :JL 1L<IEC 62138
AJHAJH;DB IJH=J:FGH=H A;?AI?QIP&GNGHIF:P1C-®EGRJIMXQBO
KBKL?F :?K <:@EB<BO >EY ;?AI?DB

:ghlZpeyGZ kvh]h”~gergec "~ _gv agZqgZ qZklbgEZ\beh[ehblykh€Z]lpfgihéb _e dljhklZgpey
:lhfgz _g_j]l 4pd2* _r_\bc _dhghfeqgh \b]e~rgbc 1Z adliedileqggbgykihkj[[ ex*bgb _e_dljh
g_jl*}x JZahf a Ibf p_ \bjh[gbpl\foisl\dkdX gaZp gi hg_ggy aZobklm ex”~bdd jlZ gZ\dheb
Ah\bsZ \en shgeamxgh]h \bijhfegx\Zggy*y¥"™a4ghdhjfZebyh€ _dkiemZ|IZp+€ klZgp+€ 1Z ijb
Z\Zjecgbo kbImzZpec :lhfge _e_dljhkVZ\gmeeed m?&Keefrkdlylv h[@Z[giggy gy | _ogheh]eqggbc
ijhp_ke\ 1Z \bdhgZggy nmgkpkltxjh [dilbdp *hkee”"_ggy \bfh] “h nhjfmpdgieyn biKghlh

gbo _I1Zie\ ijh_dIm\Zggy ¢« "hdmf_glmAggvaiijhligdghdhfifixl_jgbo kbkl_f mijg\eeggy ZI
dljhklZgpec |IA DKMhAKdhgmxlv nmgdp+€ [_ai_db dZIQKfsxIEh]bSh2 L sh \bdhgm}
nmgdpe€ [_ai_db dZl_]hje€ ©:2 gHEIim"kIlgegVEGbgZjI@YX FOHDU S R&tlicheStation@il V

control systems important to safefBoftware aspects for computerDVHG VA\VWHPYVY SHUIRUPLQJ FPWHJRU\ $
A"h IA sh \bdhgm} nmgdp+€ [_ai_db dZ\_7Thjo€ \Of«<2gZjhky hfilBCI6IZg"@LIXFOHDU SRZHU
plants xInstrumentation and control important for safefgoftware aspects for computer-based systems perfpoatagory B

RU & IXQFWILIRIW 3 hke«"} iglgy_k jhajh[db ijh]jZfghlh aZ[_ai_4_jgdyw kéykIdHfnixZ\
eeggy 2K~ f_Ihff "hkee”"_ggy \bfh] fe'gZjh"glEG & |Z ghZECIE\ a jhajh[db ijh]jzfgh]h
aZ[_ai_q_ggy *gnhjfypxgdlo kbkl_f :?K \Z eb\boM*gyammeavldib "hkgha]legygynl|Z az
]ZevgZ kljmdIimjZ \bfh[ERBZg"2HEEC\6 \bagZqg_ge ]jmib mgzZkgbde\ vyd-e|hjbjhf[pxlv mqZKkl
IA DKM :?K jhaih”ee_ggy \b”e\ "eyevghkle a fibhgjidib Aifa\_pbgbc ZgZee«a \bfh] azZ]Ze
\bfh] I1Z \bfh] *h _1Zim jhajh[db ki_pbnhkhdZlZi®nlAh\dfm\Zggy |Z j_Ze<dZpm€\1pb \bfh] ~F
NedZpe+€ e<gl_ljZpe€ |Z \Ze+"ZpeKld2Gh\efhdghh _IdinemZIZp«€ 1Z fhrblz{@bpyEjhlaihjfh\Zg:
Nee_ggy \bfh] ~h IA “~hkee”  _ge aZktip ¥bagiZglg@-§hpe_fZ hpegdb \erihBghkle klZg
kgh\dBe"gZjh~ge+ kIZECHjIb |IZEC6 feklylv \Z eb\s \bfh]b ~h \keo _IEZiDKMajAKdb

\Z eb\h]h "ey [_ai_db <bfh]b klhkKihpe¢logdyoyid IiZjgxgdad « |_ogeqgbohfbiktZg\"zZ412Fgh a

dh g_ i*nijb}fklI\h sh apcdildky 1A DKM :?K fZ} \bagZqgbldejprptarlyjmibessah\m\ZIb jear
_1Zib @P ijh_dlm\Zggy j_ZeeazZphy KlZgnZdpegy lfrklylv \bfh] ~h dgi\dgZcka\ dhfink
h~rgbf a gZijyfde\ gZklmigbo "hkee<"]bgvgkhdgimlgZz\ihftgbo KHEGBEZjl+®1XFOHDU SRZHU
plants +Control roomst$SSOLFDWLRQ RI YLVXDO GLWS@DP\ijKKIINVEV\«DHB\Z AEQHRE4S mZZ
©1XFOHDU S RCohitdl BaEnbtQamputerEDVHG SURFHGXUHV2 ©DhOfifx|_jZam\zgefhjbplZ2mjb?2
ema_\bo ghjfZlb\gbo *hdmf_gle\- 1Zd® ¢ YROIBHEHP QWHUIDFH 'HVLIXDBHMPHWZ *X L GH(
egl_jn_ckes\ ©d¥*bgzZz2 8 6 1XFOHDU 5HIJXODWRWIZREZPIZVWVL Rpa§RqZ}Ivky aZ]lZevg
gylbo f_Ijbd sh \dZamxlv kimisgv*Zdbi\ktghkEjIZX <boh”~ygb a pvhlly dhzgXbliigdmdazp
hpegtimih\erghkle 1A 1Z DKM \ peehfm \bfhlfgll Xg\Wjpdrh \izkgm f_lh~bdm 1Zdh€ hpeg
f_lhx gZklmigbo "hke+”~"_gv } \b\q_d&kgypdakdpp- pelgfidd f_Ijbd dh” m IA Idjmj+€\ ih\gt
\Zggy IA yde fh'mlv [mlb \bdhjbklZgfZeeghbafjhildtbathpegx\Zggy 1A \bfh]Zf klZg"Zjle\

Dexgh\e kehi}fZ]jzfg_ az[_ai_q_ggy dhfiTxl_jges kbkl_IECEO$ED, 6EQ 6AL38: ? K

<klmi gZesa hklZggeo "hkee""_gv Nmm[eedZp:
gdpe€ [_ai_db \ aZe_ "ghkle \er gZkeerde\ \o

IlhklZgh\dZ ijh[eGfb kvhlh~gergec[ghflv KijZpx\Zggy deZkbnedmxlv azZ dZI_]h

agZqgZ qZklbgz _e_dljbggh€ _g_jj*~&@ghbjlglgyZlbkgbo “hdmf_glZo deZkbnedZy

Zlhfgbfb _e_dljhkiZgpeyfbfgz _g_jlpec [_ai_db fh _ \erjeagylbky M \e”rih\erghk

IbdZp_ ~_r_\bc _dhghfeqgh \b]ergb@Zzh”dh&hKkbgg ECH f ©DKM :?K <;

gbc kihke[ aZ[_ai_q_ggy ihlj_[ ex~"bgdbaib”ddjanZgdZ|_]hjae@biN%eyxlv dZl_]h

jl*}x JzZahf a Ibf p_ \bjh[gbpl\h ih\fy&aBggdpgcH[ ai_db ©:2 ©<?2 |Z ©K& M \«"

o*~geklx aZ[_ai_q_ggy aZobklm ex"@mgphljiZZdg\dbheBbhdmf_glhf Fafety Cs®-

gvhlh k_j_~h\bsZ \e~ ehgeamxqgh]h fibatieonfefgStntyrmpySystems and ComponernitsNu-

yA _jghlh iZeb\Z i qZk ghjfZevghg€ clebk Power PrapisSpecific Safety Guidélo. SSG 2

gpe+€ 1Z ijb \bgbdg_gge Z\Zjecgbo kbb@Zpbéeeyxlv dezZkb [_ai_db © 2 © 2 |Z ¢
:lhfge e _dljhklZgpe€ :?K fekdylhhX mpgbhg_ggy "m[ex\Zggy deZkbnedZp-£€ ¢

evdeklv h[eZ”gZggy “ey aZ[_ai_q_gdFgkcoghZhd-ggbo \bdhjbklh\m\Zlbky ihagZc

ijhp_ke\ 1Z \bdhgZggy nmgdpec [_aildbhjec aZ “hihfh]lhx esl_j ©:2 ©<2 [Z ©F

<« <egl_gdh ; X Kfejgh\ H :.KDh¥KZfejghdhK: : ;m[¥ZNg2083ih 155



Control, Navigation and Communication Systems. 2023. No. 3 ISSN 2®2-73

\dZazgh \ KIE§®Zjl+ Nmgdp+€ dZl_]hj-€G@j#ZIb\ges ihkbeElgghya~r+es h[ho klZg
} gZc[eevr \Z eb\bfb ~ey ihi_j_ " _gd¥j[hfakZibbvky i_j eed ghjfZlb\e\ sh fZxlv
klm ie" qZk Z\Zjecgbo kbimZpec Bifmghp-&dy I hhjhaj@d[db 1A DKM :?K \Z eb\bo
1z ©Ka fzxlv f_grbc kimisgv \Z eb\hKlesai_db P_ KklZ¢C§1408, IEC 61513

<ks ijbkljh€ kbkl_fb « dhfihg_ glHEQ@exqZyuhzib\ge ~hdmf_glb F:=:L? Ilhsh
ijhljzfg_ azZ[_ai_q_ggy IA "ey dhgljhéyjf-gtijZA \bagZq_ggy kdhhad-g9y
e*ggy sh yleyxlvky e f glzfb \Z ebhbhhlw xdZ d*Ajls\ \bagZqZxkey \bdgyjldy
i_db ih\bgge [mIb \bagZq_ge Z ihleflde@Zklrkyd h\Z ghjfm\Zgge \bfh] K_j_" pbo
gZ hkgh\s nmgdp+*€ sh \bdhgm}lvkyge=\\IZ abtgkdeg "egw g _h[oe"gh \e~felblb gZc]h
[_ai_dH]ey” deZkbnedZpe+€ dhfifx|l_jypo _kbEkevigZz fh\Z -hjpplglhgyhgz fh\zZz |z
mijZ\eeggy DKM =« ijh]jZzfgh]lh azZ[ gar_qjhpgh[elAg_ IA Z\IhfZlbah\ZgZ ] g _jZp
m \eAih\eAghkle ea klZg~ZjlZfb « ghjf@ld\ewgbgbtydmih~ m kZfhdhgljhev jeaghfz
f_glzfb gzZ\_"J1@bc m lhsh

IlhklZzgh\dZ az”~"Zq "hkesMx @dgy Mjha~eee h[ho klZg"Zjle\ gZ\h"blvky k
gh€ klZlle } "hkes~ _ggy \bfh] "h nhjfdnbddp\m\Zgbo kdhjhq_gv IZ Z[j_\+ZImj
I}\h]1h pbdem hkgh\gbo _1Zie\ ijh_dIm\Z2gbZevgehdmftfhilmbgZxgb a jha”eem \
f_glm\zggyf ijh]ljzfgh]lh az[_ai_q_gdyhohkf&xg"gZjlZo gZ\h”*blvky hkgh\gZ qZzZklb
gbo kbkl_f mijZ\eeggy Zlhfgbo _e_ dlhklZigpdd 1/
DKM :?K sh \bdhgmxlv nmgdp+€ [_ai_&bi8zZzIAlnjpc"Z&KdIAdg~Zjlb jhajh[db IA
©:2 ©<2 |Z ©K2 <bfh]b ~h IA sh \b@Ky§m}dnghpseyxlv ijh]jZfg_ aZ[_ai_q_gg
[_ai_db dZl_]hje€ ©:2 gz\_~ _ge \ felgZhhhghijdpktn_ IA 1Z ijbdezZ”g_ IA Dh g_
g"ZjleC 6 ®uclear power plantginstrumenta- dhjbklhim} dhgneJmjZpecge ~"Zge yde 1Zdh
tion and control systems importaiat safety +Software xIvky gZ dZl_]hje€ g_afegge } qZklbghx k
aspects for computer-based systems performing categd®y € ijh_dIm 1Z afegge fh mlv [mlIb afeg_g-
A functions® &@ \bfh]b ~h IA sh \bdhghgbhmg#pe€Zehf \ g_h[os"gbo f_"Zo
[ _ai_db dZl_]hje€ ©<2 « ©K2& gz\_~ g<I\Zifs gzhhi}\h]lh pbdem KlAg"Zjl
ghfm kIZglELjés  ®uclear power plantgin- IEC6 hibkm} "bll}\bc pbde @P DKM \ pee
strumentation and control important for safeigoft- |Z \bagZqZ} aZoh”b yde fZxlv \eA"[m\ZIbk)
ware aspects for computer-based systems performingcgthlh _1ZiZo AJe~gh dhgp_ipec pvh]h klZg".

egory B or C functiond #. liZzfg_ azZ[_ai_q_ggy } g_\+"T}fghx gqZklbgh
. . . @P IA lekgh ih\fyaZgbc a @P \ke}€ kbkl_fb

AzZ]zevgz kljmdImjAAQfEjI+\ |y pxmce  1ZEC6  feklylv \bfh]b Ah
IEC 60880 | ZIEC 62138 @P IA 1Z dhgdj _Ibamxlv \bAb ~eyevghkle s

H[eZklv aZklhkmMZjhgy'ses h[hokklZéy ~h jhajh[db IA <hgb jhaley~Zxlv jh
AZjls\ h[eZklx aZklhkm\Zggy \dZamxvkjyZ \gthiblZrtijh]jZfghlh azZ[_ai_q_ggy yd
IA dhfifxl_jgbo kbkl_f mijZz\eeggy sévibdhlymxKb yde h[T}*gmxlvky gZ _1Zie gl
nmgdp+€ [_ai_db dZIEC|®j-€ @:®<2 « OKa< |Z[e gZ\_"_g+* _IZib @P DKM :?K \b”b
(IEC6 F 1Z pbo “kiikhj_ggy 1A \bké&wvghkle a jhajh[db \ f_"Zo pbo _IZi*\ IZ gh
dhlh kimi_gx gZ~ecghkle yd_ fz} feghti?eegmkiZgBE6I-\ |1ZEC6 sh hib
geklv gZy\ghkle ijboh\Zgbo ijh]jZfgbbmxly \dieh]b ~h \erih\ergh]lh \b"m ~eyevghk

LZ[ebp¥?1Zib @P 1Z \b”b ~eyejhglik[dm IA DKM :?K

. A A . *rjhanee e jhanee
?lzi @p <b yevghkl IEC 60880 IEC 62138
D_jm\Zggy jhajh[dhx 5.4 6.2.1
<ke _IZib <bdhgZggy \bfh] ieZgm aZ[_ai_q_ 5.5 6.2.1
D jm\Zggy dhgnelmjZpe}x IA 5.6 6.2.3
leZgm\Zggy aZobs _ghkle 1A 5.7 6.4.4.4
Jhajh[dZ ki_pHleZgm\Zggy aZobklm Ve~ \e~rfh\ a g 13 6.12
\bfh] ~h 1A <b[e]j |1Z ZgZe+a ijb"ZIghkle jZger_ 15 6.3
Jhajh[dZ ki_pbnedZp<€ \bfh] ~h gh 6.1-6.3,"h" ©] 6.4
<b[ej egkljmf_glZevgh]h IA 14 6.2.4
. . <b[e¢j fh\ ijh]jZfm\Zggy "hh O 6.2.5
lJth].‘”‘z[g.Zaz':)rjy KI\hj ggy ijh_dim IA "hA ©< 6.5
- J_ZeecaZpey gh\h]lh IA "hh ©«< 6.6
KI\hj ggy "hdmf_glZp-£€ 7.4 6.5
<ke IZib < jbnedZp-y 8 6.2.2
1gl _]jZpey kbk{1gl ]jZpey IA "h DKM 9 6.7
<Ze+*"Zpey kbk|<Zee”Zpey IA \ kdeZ”s DKM 10 6.8
<klZgh\e IA gZ fekpe _dkiemZ
<klzZzgh\e_ggy GZ\quggy_%gjykthgem Pe - 12 6.9
FhrbnedZpey ki:gZe+a aZible\ gZ fh oz ey 11 6.10, 6.11
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Kee” \e~felblb sh ihkee”h\geklv ie ihjatie2s\ jbnedZp+€ IZMAEkgbmdE sh
yde hibkmxlv \b~rb ~eyevghkle \ f_"Zo\ddhgmphlv liZijm\ejdm IA gZ \keo _1ZiZo @P
\ kIZg"Z)EZ 6 | ZEC 6 A_sh \eNjeagy =x]jmiZ egl_JlaprZkgbdb yde a”eckgxxly
xlvky h[f}*gZggy Zizjzlgh]h IZ ijh]jZzfgh]l]h azZ[_a
<bkgh\dbboh”ygb a klijmdIimjb \bfh]}*hgjphakbkl fm
jh[db ITA DKM :?K fh gZ \b”eeblb hdj_#£4jinmzibijh\zZz~"_ggy |1Z kimipgidkdbndb
mqgqZkgbde\ pvh]h ijhp_km IZ ihfm"mdEIbBzZKoafmghexdy dhgljhev gZ”™ \klZgh\e_gg
fhhe€ fo gbfb < gZklmighfm jhaneeeg@ZfiekpeghdkieZzmZIZp+€ \bdhgmxlv nmgdp-«¢
evgbc jhalJey”™ pbo Jjmi gzZ\qZggy i_jkhgZem afe¢j egnhjfZpe+€ ijh '
i i L] N L] L]
=jmib mqzkgbds\ yde ijbcfzxiv il RIM, Nlihldz azibled gz thobnsdzpex
. . . oK e eNfe _ s f g_ f_gI]Jm|b\_\
\ jhajh[pe IA DKM =~ nNedZpe+€ 1Z \Ze+*~Zp+€ ih\bg_g [mlb g_aZe_
< jhajh[pe IA DKM :?K fh gZ \b"egblb fggkimegrbo Jjmi m \biZ~"dm jhajh[db I/
ige]jmib mqgzZkgbde\ ]hjec ©:2 |Z ©<?®
x]jmiZz d_jm\Zggy jhajh[dhx |Z dhglKloexXZa¥azZ}fh”e«€ fe* pbfb JjmiZfb IZ €0 h
[_ai_q_ggy ydhkle f_gm@Zikghdb shbbb "eyevghkle gZ\.2 g+ gZ jbk
dhgmxlv d_jm\zZggy ijh_dlhf IZ dhgljhewblkdih§Higpf a j ameviZle\ *hkee”" ggy
ieZgm aZ[_ai_q_ggy ydhkls fh] klzg”rZjle\ ~h jhajh[db IA DKM :?K } jhe
+]jmizZ ijh_dim\ZggyZKkgbdb sh bljpgy mqgzZkgbde\ jhajh[db gZ nmgdpehgZe
fmxlv ki_pbnedZpex kbklI_fb |_ogeqd_aZAPZihgebVZklv kl\hjblb dhe_dlb\ mqgZk¢
nhjfmxlv ki_pbnedZpex \bfh] ~h A \erih\e~rgbfb dhfi_I|I_gpeyfb 1Z kijh_dIm\ZIb
x]jmiZ jhajh[dbmi®kgbdb sh jhafilmgeydZpex fe° kh[hx GZklimigbc jha”ee hib
xlv ijh_dl 1A 1Z \bdhgmxlv ch]lh j_ZeebXpex\Ejrigl jhaih”sem \b"e\ ~eyevghkle
\ergh ~"h ki_pbnedZpe+€ \bfh] [db IA fe  ]jmiZfb

JbK. Ko_fZ \az}fh~jeniZib jhajh[db IA DKM :?K

Jhaih”se _ggy \b~e\ ,\.yevghktﬁg' _|Zib/\@P IA \b”b "-yevg\hkl- a jhajhJ
LI Sy 1b klZgMEQS\ IZEC6 fh miv \
a jhajhfdb TA fe" JjmiZfb " {7 gec fejo kiIhkm\ZIbkv hdj fbo ]jmi
<boh”ygb a Ihl]h sh \ jhajh[pe A DKMj¢PKIH\g_ \erghr_ggy _IZis\ @P \b~e\ *
jmlv mqgzZklv jeage ]jmib \bdhgzZ\pe\ghlkge W @llj $ho Jjmi gzZ\2.» _ge \ IZ]e
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LZ[ebpyJhaih”ree gi@ys\ @P\b2+\ Aeyevghkiajh[db IA fe* JjmiZfb

?21Zi @P 1A <b”b "eyevghkle \ f_"Zo _I1Zi*\ @ =jmib mqgzZkghbd
D_jm\Zggy jhajh[dhx

<ke _1Zib Dhglihev \bdhgZggy \bfh] iezgm az[ 4 -9-" f-9l

<b[ej 1Z ZgZe<+a ijb"ZIghkle jZger_ jhaj
Jhajh[dZ ki_pbnedlleZgm\Zggy aZobs_ghkle IA =jmiZ ijh_dIm\Zggy
\bfh] *"h TA lezgm\zZggy aZobklm \e” \erfh\ a aZ]Z({=jmiZ jhajh[db IA

Jhajh[dZ ki_pbnedZpe+€ \bfh] “h gh\h]h
:gZee+a ki_pbnedZpe+€ \bfh] *h 1A
Dhgnelmjm\Zggy jZger_ jhajh[e_gh]lh I
<b[e¢j egkljmf_glZevgh]h IA

Jhajh[dZ ijh_dIm 1] <b[ej fh\ ijh]jZfm\Zggy

|1Z j_ZesaZp-y Jhajh[dZ ki_pbnedZpe+€ gh\h]lh IA
J_ZeecaZpey gh\hlh IA

KI\hj_ggy “hdmf_qglZpe-€

:gZeca j _amevlZle\\ jbnedZpe<€ gl ]j
< _jbnedZpey j_amevliZle\ dh gA]lh _1Zin=jmiZ \_jbnedZpe-€

=imiz jhajh[db IA

<ke _IZib

<Zee*"Zpey IA i*~ qZk jhajh[db =jmiZ jhajh[db IA

. . . . =jmiZ «gl_JljZp-€
1gl_]jZpey kbkl_fb{1gl_ljZpey IA ~h DKM -imiZ jhajh[db IA
<Ze*"Zpe-y kbkl fb|<Zee"Zpey IA \ kdeZ”s DKM =jmiZ \ jbnedZp-€

<klZgh\e IA gZ fekpe _dkiemZIZp< _. . . .
<klZgh\e_ggy kbkl GZ\quggy_gh%ZjZIbg\]gh]h IiO_thgZem P =ImiZ \ijh\Z""_ggy
Hnhjfe ggy aZible\ gZ fhAbnedZpex IA|=IMiZ jhajh[db IA
:gZeea aZible\ gZ fhrbnedZpex IA =jmiZ ijh_dIm\Zggy
FhAbnedZpey IA =imiz jhajh[db IA

FhAbnedZpey kbkl_

Kee” aZagZgblb sh jhaih”ee_ggy \bfhhadzZg”rgdgy \keo ki_pbneqggbo |_jfege\ |
jlm fe> mgzZkgbdZfb g_ mkm\Z} g _h[dgbpkhaagd chvk
INZ hdj_fbo mgzZkgbde\ a ih\gbf afeklhf WbklhzZklZogy |hlh yde f_Ih~b azZkh[b |
AZjlm 1jhl_ Thebkgddpd hlh jhaih?eeijgdhpeZ aZzklhkh\mxlvky “h ydbo \b~e\ Neyev
\dZam} gZ |_ sh ijb i*~Jhlh\pe *h jhajh[tib ZA+aZpjZd \keo _1Zis\ dhfi_|_glgbfb hk
om\Zggyf \bfh] kIZEC&Z jl«\I14AEC62138 a H7Zggyf €f \erih\ergbo j_kmjke\
mqgZkgbdb Jjmi fh mlv \bagZqgblb yde jhE&kle2dhIE \dgy IZ h[%jmgIim\Zggy \*"obe
fhlb klzZg~Zjle\ \b”~b ~eyevghkle klhkmbhivkyZ§6 Zijlm
rhg_jlh\h Zhjtlk j ~dh\Zgh tfh”"bnedZpey \"'_ aZI\_jr _gbo "hdmf_gl

< gZklmigbo jha“eeZo ~Zgh€ klaAlkghdZ\ge¢lkdhkly \bagZzq_ggy dhgdj _Igbo afe
[*evr » IZevgbc ZgZe<+a \bfh] mkeo jheaemlZKlaZgAZjM*\ ggy

'gZeea \bfh] aZ]Zevgbo \bfh] 1Z gﬁg].fgh tbfhl kizgnzjlm ]_amevizlb bd

f

“h _1Zim jhajh(db ki_pbnedZpféd R Jaygy 0007 YOl Xty Imib b

< AZghfm isAjha%ees ijh\h~blvky ~hkEefh\dgyy dhgnelmjzZKdxg"Zjl

hkgh\gbo \bfh] klZHC& jl+\I2EC 62138, IEC6 |ZIEC 6 \bfz]zxlv az[_ai_gm\ZIlb
yde klhkmxlvky _[Zie\ "eyevghkle she} \QHOnZ@Zpahkfbkeo \ _jkec IA ~hdmf_glZp-€
IZ ie*"]hlh\gbfb ~"h j_ZeecaZp-£€ ljZgkeylhje\ 1Z egrbo e<gkljmf_glZevgbo ijt

D_jm\Zggy jhajh{ghx Khajh[db IAZ [mlb \klZgh\e_gbc a\fyahd f«° hdj_fbfb
fz} [mlb jha”ree_gbf gZ ~"_deevdzZ _Nib\IA?I1ZibNih\er*gbfb ~h gbo \_jkeyfb ~hdm
‘mlv Z[h \ieb\ZIlb gZ gZklmige Z[h gp€_"IhNg X+t _jkey ijh]jZfghlh ijh~*mdIm ih\bc
i_j_"geo <ke _IZib fZxlv [mlb hnepghgbZ\dplgZ24_glbnedm\Zlbky \ _jkeyfb ih\gh]
gbfb “h”gbc a gbo g_ fh' _ [mlb ijhidhSfilgdpcgl®»*yA sh \oh”ylv *h gvh]h [A sh
evgeklv \ f_"Zo _1Zie\ ih\bggZ kie\\eMghkBWbkyjlmajh[pe fZ} [mlb \eMrnee g \e/r |A
\gbf "blI}\bf pbdefbfFE]Z}Ivky sh[ "ddZhZ \_jbnedZpey ydh]lh \"_ azZ\_jr_gZ
‘ghlh _1Zim [meh \bagZqg_gh 1Z aZz*"hdmAZplhsZghkAvIZ aZobs_ghkle 1A [Z2 ~Z

+f_1Z 1Z \bdhgZ\p- gbamg_fh eb\blb “hkimi ~h IA IZ ch]h nm(
tafekl IZ \eZklb\hkle \oe*gbo 1Z dbmihdbb\ZZ gbfb hkh[Zfb Ale*gh klZg
gbo IEC6 aZ[_ai_q_ggy aZobs_ghkle 1A } qZk
>hdmf_glb sh hibkmxlv dh gbc aZZiajih@jhggy aZobs_ghkls DKM
[db fZxlv ZgZeeam\ZIbky IZ i_j_\ejylbk®p]lergh \bfh] kKIZEC&jIm "ey |IA dZI|_

leZzg aZ[_ai_q_ggy ydhXklpZzpAye+o Jhd«®:2 g_h[os~g_ h[h\fyadh\_ ijh\_~_ggy Z
iZo @P |IA fZ} [mlb kl\hj_gbc ieZg @[ gpiecggbmpgwnzZ]ljha GZ hkgh\s ZgZesam f
ydhkle 1A ydhlh g_h[os?gh ~hljbfm\XlbHkjfh\KZedmdéZlk]b ~h ijh_dIm IA a f_lhx feg
gbdZf ijhp_km jhajh[db < gvhfm fZN\NXbbhZ\jZlb&ly\hkle

tgZy\geklv hibkm \keo g_h[o**gbo AhdpetgbfaZxlv [mlb j_Zeeah\Zge
ijhp_~"mj ~ey dh ghlh _1Zim taZobkl \e~ afeg IA hi_jZlhjhf
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th[f_"_ggy ijZ\ "hklmim dhjbklm\Zg+s\ “h n
dpehgZevgh g_h[oe~gbo .
+\klZgh\e _ggy [_ai_qgbo "¢Zigheohg-\ ne

B%eca \bfh] ~h _1Zim
)j/h_dlm\Zggy |1Z j_ZeecaZpe<€ IA

sh afegxxlvky hi_jzZlhjhf <bfh]b ~h jZger_ jhajh[e >gdnjhj |A
t\erkeerdh\m\Zggy fhrbnedZpec IQalp&Eh]\bfiZ] ~h ijh]jZfgh]l]h aZ[_ai_q_ggy
JZE_1je\ [mlb \bdhjbklZg_ jZger_ jhajh[e_g_ IA JI/

taZoh”b ijhlb gZy\ghkle ijboh\Zgbbihnmgdpgch[os~gbf \bfh]zf P_ fh _ [mlb
I1Z aZkh[e\ gZ\fbkgh]h aZ[_ai_q_ggyaghKkZ gldat¥reghyZ\ _ebdbo [¢[e*hl_d ~h \_eb
ghlh “hklmim ijh]jZfgbo ijh~mdle\ <bdhjbklZggy JIA fh"_
>ey IA dZl_]hje€ ©<2 ©K?2 \ klZgpe2pMZobgsrghd g  jhajh[dZ gh\h]h hkhJe
amxlvky dhgdj_lge \bfh]b "h aZobs_ghfke\biZz*dm ydsh p_ JIA \"_ ijhcreh \Ze-
KZfhdhgljhew]ergh \bfh] klZg™&jjs\bdhjbklZggy \ ZgZeh]sqgbo kbkl_fZo
IEC6 [ZEC 62138,1AdZI_]hje€ ©:2 |1Z ©<? JWA fZ} \e~ih\e~rZIb \kef \bfh]Zf klZg"Z]j
\bggh dhgljhex\ZIb I_ogeqgbc klZg pPayh|db\eX kKM :?K \e~ih\ergh€ dZI_]hje€
ih\_~egdm m \bagZq_ge* ijhfe'db gZkm Nevygidpbe§ydlhygjer ggy ijh \bdhjbklZggy JIA
jhex ih\bgge \byleylb \e~fh\b ZiZjZligb[ghaWikadZ\gblb ch]lh ijb~rZlIgeklv fey \bdhgZ
ihfbedh\m ih\_7egdm IA Z[h ihjmr_goppighp_kmgdpec Ihlje[gh \e~Afelblb sh "ey \
j_"Zqe "Zgbo < ijhp_ke kZfhdhgljhdZggy Jmbfh”  [mlb g _h[o**gh \bdhgZlb ch]
j_"[Zg_gbc Z\IhfZlbggbc a[e*] "*Z]ghlhhmibgEgyghpj Z~ZilZpex 1gnhjfZpex ~ey \b
fZpe€ ~ey ih"Zevrhlh ZgZeesam |Ijb \ty\&lghgte ihljmmg h[os*gh hljbfZlb a ch]h ~hc
r_ggy fZ} \eA[mlbky j_Zdpey m \e?rih\pghklpzakh gihh[oe*ghkle ihlje[gh bjh\_klb ~h
_dIm kbkl_fb ZgZeesa < “hdmf_glzZpe+€ fZxlv [mIb hibkzg-
I_jeh~bqgge I_kImYAggyl _Jhje€ ©:2nimgdpe€ nhjfZlb "Zgbo h[f_"_ggy lhsh
\bggh fZIb a~Zlgeklv ~h ijh\_~_ggy i_je&*"pgadbojbcgylly ihablb\gh]h jer_ggy ijh
kim\Zgv \keo nmgdpec [_ai_db 7~ey dbyb&lDHyyy [M’A g_h[oe~g_ ijh\_~ ggy hpeg
ydbo \e~Afh\ FZ} [mlb j_Zeeah\Zgbcyd@hlkistzZIBgghacrZqZ fh™_ [mlb jha\fyaZgZ gZ
afej "*Z]lghklbggh€ egnhjfZpe€ ijh ijRg_ gy hdznf_glZp+€ a k_jlbnedZpes€ 1Z ZI_
amevlZlib I_klm\zZgv 1A dZI_]hjs€ ©FkIbhNpwghzZzez2Eh\Zgh ieZg aZ[_ai_q_ggy yc
I1Zdm a”~Zlgeklv ydsh p_ g_ ijba\h”*bMhdimfclylilb gZ"K?_pbnedZpe€ ijh_dim j_Ze:
jgh€ kdezZ”ghkle amevlZle\'\_jbnedZpe+s€ >hk\e a _dkiemZIZj
Ki_pbnedZpey \bfh] AR [AamevIZIBEY9_ggyf ~h egnhjfZpe€ gZ hkgh\s ydh€ ijb
ZgZeesam \bfh] ~h 1A ih\bggZ [mIb kl}#j_@gykijhpbhth aZklhkm\Zggy 1gnhjfZpey
dZpey \bfh] P_ ~hdmf_gl ydbc hiblem} dkieshZliBhpe«€ } [eevr \Z]hfhx ydsh gzZd|
\bggZ jh[blb ijh]jzfz Z g_ |I_ yd \higE\Zle\bggZkp_gZ \_ebdec deevdhkle DKM Ih
jh[blb Ahdj_fzZ \ gvhfm ih\bgge [mlb \dZ§gZge* ijbcgylly ihablb\gh]lh jer_ggy ijh
* aZlZevge oZjZdl_jbklbdb jhajyhgbkiZgglyibdIA \hgh fZ} [mlb \\_~ g e~

h[fegm \Zggy dhgne]lmjZpe+}x >ey \bdhjbklZggy i
+ \bfh]lb ~h I_ogeqgbo aZkh[e\ Z[[mlhKibad gy gk-y JIA sh [meZ ZI|_klh\zZgZz
gZ \*~ih\e~*gbc "hdmf_gl ieZge aZ[_ai_qgq_ggy ydhkle DKM fZxlv [mlb
+ ijbdezZz”ge nmgdp+€ sh \bdhgmxlvdy ijAp_"mjb hgh\e_ggy JIA gZ [*evr gh\l
= Ibib ih\_negdb IA j_"bfb ch]h jijphibgbdg _gge g _h[os~ghkle
+ egl_jn_ckb IA a dhjbkim\zZq_f IZ «grbdbfklybghf a ~hkee”"_gv \bfh] klzg~"
kl_fzfb IEC6 | 2EC 6 fh'gZ ajh[bbdkgh\hd
+ iZjZf_ljb 1A sh fh mlv [mlb afsth geyhibdhgZggy nmgdpec IA \keo dZI_]hje
jZlhjhf DKM :?K fh gZ \bdhjbklh\m\ZIlb JIA Ze_
+ |_ogheh]eqge |Z nmgdpehgZevgijm\[fA gggyZgZesam ch]lh ijbr"ZIlghkle 1Z hp
+ \bfh]b ~h kZfhdhgljhex [Z mknkye giopy\b&kggy dZIl_]hje€ nmgdpec [_ai_db
eenrde\ \e~fh\ “hjkldeklv \bfh] ~h JIA h[T}fm ~hdmf_glZ
+ \bfh]lb ~h k_j_"h\bsz jh[hlb IZijkhlZg®@jli_j \+jhd
ghlh TA AZ]Zevge \bfh]b "h egkljmf_glZevgbo az

<gZkee”hd \Z eb\hkle ~Zgh]h _kaidhjbijhzgdgy egkljmf_glZevgbo aZkh[e\ af_
\klZgh\e_ggy ki_pbnedZpe+€ \bfh] fZgvfdrkdvkihlipethd \ ijhp_ke jhajh[db i¢”\bsm]
IZ hnhjfe_gbf "hdmf_glZevgh Ki_pbgekddZdzyk\dfjfhlgm} gZk jhajh[db LZdbfb azk
fZ} [mlb h*ghagZgghx i*”*ey]Zlb \_jkhidZpeghfidh lijh]jZzf aZkh[b dhgne]lmjm\Zgc
kim\Zggx Z 1Zdh™ “hky 'ghx "ey | Kegaylpe@hfsdegydhjb azZkh[b Z\IhfZlbazZpe-€ |
fZz} [mlb "hkimighx azZfh\gbdm de-<}gHmljhkgp_jkden jh[hlb a *Zgbfb lhsh
dhjbkim\Zgm J]jmie jhajh[db \_jbnedZp>€y hpgkdjdbf 1g1Zevgbo aZkh[+\ jhajh[db
e*p_gam\Zggy gdpehgZevgh€ [_ai_db ©:2

<bkgh\dDB_jm\Zggy ijh_dIim\Zggyf ieiddmmggZ [mlb ijh\_~ gZ \_jbnedZpey |Z |
\Zggy 1Z kI\hj_ggy ki_pbnedZpe+€ \bfdfhehglhklle Nd_k_ggy gbfb ~_n_dle\
p_kzZfb yde } ie~]lhlh\gbfb ~h kI\hj_ggyzifih} @dmblghajh[e_gZ 1Z aZklhkh\m\Zlbky
j_ZeeaZpe+€ |IA jhajh[gbdzfb "mjzZ Zl_klZpe+€ :l_klZpey fZ° \bagZgblb «f
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Ihlh sh egkljmf_glZevgZ ijh]jzfz \g_k_AZWZaMb"tbfh]b KEZ §0&Ash~ h fh\
IA Z 1Zdh" gZkee"db \g~2kngdlVZtBoigEkiZfm\Zggy ”~ey kl\hj_ggy IA dZl_]hjs€ ¢
ZI_klzpe€ fZ} \jZoh\m\ZIbky egnhjfZpAilfeigejhajh]
gbdz egkljmf_glZevghlh azZkh[m ch]lh £hhNEfijhllFa¢m\Zggy ih\bggZ fZlb qeldh
I_klm\zZggy |Z \Ze+*~Zpey Z 1Zdh  "hkdgZgbdbhjbKIZdhymf_glh\Zgbc kbglZdkbk 1Z
<b[e] egkljmf_glZevgbo aZkh[e\ glZapk[ddgyAdh” m
nmgdpehgZevgh€ [_ai_db ©<2 [Z ©K?2 fZ3d&jmgem\EZkbkyh\bg_g \bdhjbkth\m\ZIbky
gZ i*M\_jr"_gge €0 ydhkle Km\hjekl\jhdpfgpch yatkbfZevgh ©[_ai_qgbcd \ZjeZgl f
aZe_"blv \er \Z eb\hkle nmgdpec « k_jchrdlghklejR]j@dfm\Zggy ih\bggZ fZlb i_j_\e
dle\ yde fh mlv [mIb \g_k_ge* \ 1A pbdbacZkiZ[gleylhj
<bdhjbklZggy dh gh]lh egkljmf_glZevgh]mgaX jkZevgihlo]fhfim\Zggy
kh[m fzZ} [mlb ~hdmf_glZevgh hnhjfe_gijehFxlvfZz} \er*Z\ZIbky jhaih\kx”~"_gbf
[mIb geldh \dZazg- ijhp akbnigZjkikdpaZ[wevghijbcgylbf fh\zZf ijh]ljZzfm\Zggy
aZkh[m ch]lh \ieb\ gZ ]J_g_jh\Zgbc dh~zligehplrl_§jHZ} \errZ\ZIbky fh\Zf ijh]jZfn
p_kb jhajh[db ch]h aZobs_geklv \eMNZigiye hiwk haiglh je\gy
kzgdpehgh\Zgbo ~«c lhsh +ijh]jzfZz gZibkzZgzZ h[jZghx fh\hx ih\bc
FZ} [mlb geldh \bagZq_gZ \_jkey [hibhgni{imkZzbey gblZggy
dh gh]lh egkljmf_glZevgh]h aZzkh[m >eyFhAzZdgh]jEjfe€\Zggy ih\bggZ azZ[_ai_gm\Z

©:21Z ©<2 i_j_o0o*" gZ \bdhjbklZggy gh\biof A ¢kiekfix}i_j \ejdb Ibie\ 1Z f_~ agZq_
\er[mM\ZIbky ickey i\ _j~" ggy |h]h ashggb@mzZ \_j
ke€ g_\ghkblv ~_n_dIlb \ ijh]jZfm tfh eb\eklv i_j_\ejdb gZ \boer azZ f_"+ fZ|

>ey \g_k_ggy jeaghfZgelghkle yd azkfth[mebiWlly \e~*kee*dh\m\Zggy ihfbehd
s_ggy gZ”ecghkle 1A fh mlv \bdhjbkippcthaZM Ky gejZp+€ \bdexqg_gv ijb \boh”"es aZz
age *gkljmf_glZevge aZkh[b sh fZxlkbhig Z\dhd\mjbrkhihjgge g_cgepeZecah\Zgbo afeg
dpehgZevgeklv 20 jeaghfZgelgeklv NZYlgejagdpimspo jhajy”e\ gbk_e g_kie\iz"
hljbfZzggyf €0 \e* jeagbo ihklZgzZevghBdbo jljbgvibfm aZzkh[b fhib g_ ih\bgges gZ
ijhp_kZfb \bdhjbklZggy jeagbfb fh\ZZblhfE]pAhfgh ©\bijZ\blb2 ihfbedm
\Zggy lhsh taZ[hjhgm \bdhjbklZggy g_y\gbo i_j_I\l
LjZzgkeylhjb 1Z dhfieeylhjb sh \ddhjbklh\m
xlvky g_ ih\bgge [_a ihi_j_ ~" _ggy \b"ZwepmldmaZobeZjZpex afeggbo
kge nmgdpe€ sh ~“h*"Zxlvky ijh]jZfeklhfx\Wdbje&EZggy ~h\]bo «f _g afeggbo IZ nm
pey dh™*m sh % _g_jm}lvky dhfieeylhjhftig] \h\dnggbie\ ~Zgbo f_"« fZkb\e\ Ihst
mkdezZ”rgx\ZIlb chl]h >ey dh”m ydbc_ilZieydBYihehpg=€ ijh]jZzfb Z g_ €€ \bdhgZgg
azZpe€ fZ} [mlb i_j_"[Zq_9gZ \_jbnedZpeyd¥ij\e¥Bhty}glh\Zgbo ifh}jZfm
<bkgh\htigkljmf_glZevget@mZkg[b[\Zggy
o*”ge dhfihg_glb \ jhajh[pe IA dh _g a sdhdjdbklZggy klzZzg~Zjlgbo ihagZqg_gv |
mfh\ klZg~Zjle\ jhajh[db A fZ} [mlb éH{}gmgbdbhhZ29hbpv
h[jZgbc \_jbnedh\Zgbc I1Z ZI_klh\Zgbc *fh eb\eklv jha[blly ijh]jZfb gZ fh "me-
<b[ej fh\ ijh]jZfm\Zyggy jhajh[db 1A +g_\bkhdZ kdeZ”ge+klv _e_f_gle\ a ydbo
\bkhdh€ ydhkle \Z eb\h h[jZIb IZdm Hivky ijh]jZfh
\Zggy sh ~hal\heblv j_Zeeam\Zlb \ke gt\Rfa&armig=kiy nmgdpehgZevgh g_[_ai_qg
fhlb ~h ITA KlZg”Zjlb jhajh[db IA fDKM :?K
IEC 6 | AEC 6 feklylv j_dhf_g~"Zpe€ shfjihklZ kljmdImjZ dh*m sh ]_g_jm}lvky
\b[hjm fh\ ijh]jZfm\Zggy <hgb ih”e®kgZtvi fh\\Z "gh eegecgZ
ijhljZfm\Zggy gZ "\Z \b”b mge\_jkZevgenhgfzjhijea]jZzfb fZ} [mIb ajhamfeebc "ey |
fghhje}glh\Zge Mge\_jkZevge fh\b ijhgbbmnzZggypw4\ yde g_} nZoe\pyfb \ ijh]jZfm\
aZlZevghijbcgylbfb K K VHDL,Jdw | ljbdez~hf ijh[ehfghglh\Zgh]h aZzkh[m jh
Python Thsh Dh”~ gZibkzZgbc pbfb fh\jffofddihl'A ~ey D K}lRadig Rlatform Configura-
[mlb [_aihk_j _~gvh az\ZglZz  _gbc "horh[Gdoke xjpZa&p[e gbc I:L G<|I ®©JZ"sc?
gbo ijbkljh€\ IZ \bdhgm\Zlbky gbfb https//radiy.com/radics/).
ljh[e_fghje}glh\Zge fh\b ijh]jZfm\Z4gyZevge \bfh]b KEZH2¥38sh h fh\
\bdhjbklh\mxIlv f_Ih”*b nhjfZeeaZp«+€ fjyjihfan\Zggygyey kl\hj_ggy IA dZIl_Jhjec C
hi_jZpec 1Zde yd 7~¢Z]jZfb [ehdb 1Z @K§J¥ kitbigfe"
gbfb P_ ~Z} fh eb\eklv klVhjx\ZIb ijh_dtéhAnBEoih]jZfm\Zggy ih\bgge fZlb qgeldh
pyf sh g_ fZxlv gZ\bghd gZibkzZggy a®Z2q gh regedkbhdm |Z k_fZglbdm
kZevgbo fh\Zo Hnhjfe_ggy ijh]jZfb aZ 2hihfhgdhx fZ} gzZ"~Z\ZIbky hijh[el hfgh
ijh[e_fghhje}glh\Zgbo fh\ } [eevr gZ\2®pbfdghizf
"h ijbdeZ”~gh€ h[eZkle =_g_jZpey ijh]lj2eghfZIdhjmE€ ©<2 \\h~blvky jy® *h~Zldh\b
Ney azZ\ZglzZz® _ggy ~“h h[gbkex\Zevgbo ¢tjklEljhE§Z\IbieaZp-y
pvhfm jZae \bdhgm}lvky Z\IhfZlbggh +i_j_"Zgm\zZgZ ih\_negdZ ijh]jzZfb
> yde j_dhf _g~Zpe<€ \ klZg™ZjlZo gZ\GZyjlvtkgZeyg "hpeevgbf } i _j jb\Zggy |
h[ho \b~e\ fh\ tfeenddb ~ey hrgh]h \biph]jZfb "ey ijhp_"mjb ©a[bjzZzggy kfelly?2
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t\bdhjbklZggy fh\ gbavdh]h je\gy gZbbhd&ZZg~"ZjlEE 6 "hHhajh[db ITA
Zk_fle_je\ fZ} [mlIb h[%jmglh\Zgbf dZI_]hjec ©<2 ZfO&K2 km\hjbfb 1Z ijb\_~_g-

<bfh]b "h j_ZeecaZHkEhldbf _1Zihf\*ahjfe aZ]Zevgbo j_dhf_g”Zpec
yevghkle ijb kI\Vhj_gge ijh]jZfgh]lh azZ[_@ieywyw18gphtj_Zeecah\Zg_ a \bdhjbklZggyf
j_ZeeaZpey >_lZevges \bfh]b ~h j_ZlZzavgph6 th\jeidlgyiZfm\Zggy \bfzZ]Z}Ivky \b
xlvky \ aZe_ “ghkle \er deZkm nmgdpthggevigdh€ble aihdm\Zggy GZ[+] ijZ\be fh _
IA « jhaley~Zxlvky \ f_"Zo \e~ih\erghQh fbhggdpin\ aZe_"ghkle \eN fhib ijh]jZfm)

AZ]lZeVlgfh]lb kIZgM"ZHC0880 *h j_Z KljmdImjZ ijh]jZfb ih\bggZ [mlb ykghx IZ aj
ecazZp+*€ IA dZl _]hj*€ nmgdpehgZevghhex [Jaidhdfb g@mM}livky ~hljbfZggy fh "mevgh]

gZklimige pbim kljmdIimjb IA \bdhjbklZggy ijbgpbie\
tkljmdImjz ijh]jzfb ih\bggzZ [mlb kph&ylpx€lZ<bfz]Z}Ivky mgbdzZlb \bdhjbklZgg

ajhamfeehx ggbo hkh[eb\hkl_c fh\b ijh]ljZfm\Zggy gZ
zijh]jzfz 2} [mlb ih[m~A"h\ZgZ gZ khVhmehNghym A

ijbgpbi- ljb \bdhjbklZgge ijhhé¢}aim\Zgbo fh\
+ijh]jzfzZ ih\bggZ j_Zeeah\m\ZIb ipmjpadfmm¥€z &gy \bdhjbklZggy “hdmf_glZevgl

fhdhgljhex fe_gbo ijZz\be dh"m\zZggy \bfzZ]Z}Ivky "ey |
+g_ j_dhf_g”m}livky \bdhjbklh\m{BAjb€ kdegdpgehgZevgh€ [_ai_db ©<?2

ijbchfb j_dmjkex klbkg_ggy dh”m e~ qZk j_ZeecaZpe+€ |IA klZg™Zjlhf \bfZ]

t\boe*gbc dh” ijh]jZfb ih\bg_g [m]b\ajhamys *hdmf_glZevgh hnhjfe_gh€ \ _jb
ebc "ey d\Zeenedh\Zgbo ijh]jZfekle\< yjbngdZpeymfiX} kihkm\Zlbky yd ~hljbfZggy
mqgZklv \ jhajh[pe dh"m\Zggy ”"ey IA dZl_Jhje€ ©<2 |Zd « \e"
t[m2yde \e~robe_ggy \*" \bfh] klZ9rZ}kmdbZijh]jZfb ki_pbnedZpe+€ \bfh] ~h IA
xlv [mlb h[%jmglh\Zg- <bkgh\hdbfh]b klZg~Zjle\ ~h jhajh[db IA
> |Zevge j_dhf_g"Zpe€ IECHHBWjlmgZqgh \eNjeagyxlvky \ aZe_"ghkle \eN dZI_"
A“h jhajh[db IA feklylvky \ ""h " ZdmZgd ZjIEC 6 ah[h\ yam} ~hljbfm\ZIlbky ijzZ\b
fh'gzZz \\Z"Zlb ]heh\gbf dhfihg_glhfdkl'ZgVZdbw 1Z gZ\h”~blv \_ebdm deevdeklv
IEC60880 sh klhkm}lvky jhajh[db A dZl dhfs§ ZFec KIECE Zjl feklblv aZ]Zevge
< Iz[e aljmih\Zge 1Z gZ\_~_ge dZI_]hyjb€hjlbdbfrgNbfZggy ijZ\be dh"m\Zggy [_a €
pec i_j_e+sd €0 kn_j aZklhkm\Zggy |4 dggydeklv j_dhf_
ghZpec \ dh ' ge@ kdesgwvdeklv j dhf _g~Zpe- . A . . . .
ISR e el YZe-a \bfh] ~h _IZim \_jbnedZp-€
gl _JiZpe*€ |Z \ZeeNZp-£€

LZ[ebpyDZI|_lhje€ 1Z kn_jb aZklhkm\Zggy < i*"jha”eee ijh\h”*blvky "hke*"" _ggy hkg

j_dhf_g~Zpec kIZIECBY88O “h IA DKM :?K \bfh] klZg"HETH | ZEC 6 yde klhkm
DZI_1hj+] _ xIvky _1Zie\ \_jbnedZpe€ e<gl _]jZp+€ 1Z \Ze-
i _dhf_ g~z Kn_jb aZklhkm\Zgg < jbnedZpeyAlA Ihx aZ[_ai_q_ggy \i_\g_

ghkle m \e~ih\e~rghkle 1A g_h[oe*gbf ihdZagk
kle \bfz]z}Ivky ijh\_~_ggy ijhp_"mj \_jbn
\oer"gbo IZ \boe~rgbo "Zgbo IZ j_amevlZle\ \
dh ghlh _IZim @P IA

Fh eb\eklv fh2bnedZp-£€
leroe™ A"h jhajh[dbrPEd AT
<_jbnedZpey ijhfe’gbo j_|
Fh2rbnedZpey \ ijhp_ke jh

AZlZevgbc
ijhp_k
ijh_dIm\zg

AZlZevgZ kljmdImjZ ijh]
Fhmevgeklv

KljmdImjZ |[<bfh]lb ~h hi_jZpecghlh |
1A QZk \bdhgZggy ijhl]jzfb
<bdhjbklzZggy i_j_jb\Zgy
Ih[m~h\Z Zjbnf _Ibqgbo \

<bdhgzZggy \_jbnedZpe+€ fZ} \bdhgm\ZIbl
e _"ghx ]Jjmithkh[Zfb yde g_ [jZeb mqgZkle \ ¢
j_ZeeaZpe+€ >ey \ _jbnedZpe+€ IA dZI_]hje€ n
gh€ [_ai_db ©:2 1Z ©<2 hkh[b sh ijh\h~ylv
dZpex fZxlv [mlb Z~fegekljZlb\gh g_aZe_ g

ajh[gbde\ fZIb jeag_ d_je\gbpl\h ijZpx\Zlb
gbo i**jha”eeZo gqb hj]ZzgeaZp-yo Kieedm
]imihx \ _jbnedZpe+<€ 1Z jhajh[gbde\ ih\bggh \
Ibky \ ibkvfh\hfm \bley”e a aZ[_ai_q_ggyf

| j_\+jdb Ahkih\=jghkis
. |;_ai_gqgZ \boe"gZ +sgnhjf

KZihdhglih o eva afekim izfqyle

| j \~jdZ gZy\gikleZ ihfb

\hkle i_j_\ejdb

>e€ a \_jbnedZpe€ fZxlv \eA"[m\ZIlbky \en
Ah ieZgm \_jbnedZpe€ P_c ieZg kl\hjx}lvky
dZpecghx ]jmihx < gvhfm fZxlv [mlb ~hdm
evgh hnhjfe_ge \ke \bdhjbklh\m\Zge djbl_je%
L kim\Zggy 1Z egkljmf_glb Z IZdh" \ke "€ yde \bdhgm

Jhal]Zem  _ggy « pbdeb
le~ijh]jZfb

> |Zevg_ |[<dezZ”™_g-* kljmdImjb
ijh_dIm\zZg|:"j_kZpey * fZkb\b

e dh*m\ZgdKljmdImjb ~"Zgbo
>pbgzZfeqgZ afegZ dh”™m

ViNRroOroOBMBDMPROOENNOOR AN Z

~ . hpegdb dh ghlh h[T}dIm
Ihkee~h\geklv hibke\ hnh . .
GZy\g:k"lgthbfZggy ijZ\b{ <_jbnedZp-€ is"ey]Zxlv
+tki_pbnedZpey \bfh] ~h 1A
tki_pbnedZpey IA
tieZg \Ze*"Zp+€ |A
+tj ZeeaZpey "ey IA dZIl_]hje€ nmgdp-t
[ ai_db ©:2

J_dhf_g”"Z|

.5 1\Zggq
sh aZze " ZI 1 _

\e " Fh\z zk_fle |z
Hh1JZTmAZe, e tghje1gih\Zge fhib
\lhfZlbggZ ] g jZpey di

A hOODMD
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<_jbnedZpsypbnedZpe+<€ \bfh] "h ijh]jZziglhevIiZlb \_jbnedZpe+s€ <gl_]ljh\Zgh€
azZ[_ai_qgfgapywklzgh\blb \i_\g_geklv fizxhndgmkb "hdmf_glZevgh hnhjfe_ge M a\e|

nhjfm\Zggy \bfh] ~h 1A \e~ih\eArgh "h[@adDbZédgbddbc i_j_eed ZiZjZlgh]lh azZ[_ai_
fh] kbkl_fb IA \bijh[m\Zevgh]h h[ezZ”"gZggy iZjZf_ljb £
<_jbnedZpey ki_pbnedZp+€ ijh]jZfrdhm\Z@Z [ ZaliZdty'dpmbyle_ge+ ~_n_dlb 1Z g_\-
g_gd¥} klhkm\Zlbky ih\erghkle
tZgZeeam \e”rih\erghkle "h ki_pbnedZ&x€-YEPPYAIA | ameviIZIZfb gl _]jZp+€ k
tajhamfeehkle "ey jhajh[gbde\ |_fb \bfZ]Z}Ivky ijh\_~_ggy I_klm\Zgv \ €€

tfh eb\hkle | _ogeqgh€ j ZecaZpe&lhgnelmjzZp+€ \dexqZxqb degp_\m \_jkex IA
tjha[blly gZ nmgdpehgZevge fh "mdZ f&lyidgZl\jtylbky aZ ~hihfh]hx fh”_ex\Zg¢

j*€ ©:2 "gbo kb]gzez\gbd vyde ckgmxlv i qZk _dki
>ey |A dZI_]hje€ ©:2 "h~rZIldh\h \WZp|Z&} IMky Nejdhx fZ} [mIb hohie_g-
jbnedZpey chlh j_ZeeaZp-€ +\ke nmgdpe€ sh j_Zeeamxlvky \ IA

< _jbnedZpey IA dZI_]hje€ ©:2 sh j_ Zékah\eZgZashgb kb]gzZee\ 1Z iZjzZf _lje\
\bdhjbklZggyf mge\_jkZevgbo fh\ ijh]jZemYzaigyz Ze]lhjblfb jh[hlb
kdez~zZ}Ivky a gZkimigbo djhde\ taZobkl \e~ ihfbehd hi_jzZIhjz 1Z \e~rfh\ »
tZgZeea |Z I_kim\Zggy \boe"gh]lkbkh”~in :gZe-a
fh™_ \e~r[m\ZIbky a \bdhjbklzZzggyf Z\IhfZAZah\@ZmkolZIZfb \Zes~Zp+€ fZ} [mlb klI\h
egkljmf_gle\ dmf_glZpey ydZ ih\bggZ \dexqZIlb \ k_[_ \k
tnmgdpehgZevg_ | _kim\Zggy fhrmesariR\¢ghhkld [Z » n_dlb
fZ} i*~I\_j~blb sh fh"mev \bdhgm} \ke<bpkhhddbkey aZ\ _ jr _ggy j_ZecaZp+€ IA
nmgdpe€ 1Z g_ \bdhgm} g_i_j_"[Zg_ghjogbdzfb fZxlv \eA"[mlbky _1Zib \_jbnedZp-«€

tegl_JljZpecg_ I_kim\Zggy fh "meb\]jPpecE dphdh DKM [Z \Ze*"Zpe€ IA \ kde
fz} ijhr_fhgkljm\Zlb sh fh mee \ejghF\&Z}fhbzetv_j_ \ejblb ydeklv jhajh[e_gh]lh I/
h~"bg a hrgbf IZ \eMih\ergeklv ch]h ki_pbnedzZycdEc\bfh] ;r

<_jbnedZpey j_ZecaZp+€ |IA dZl_]hjZ&€ f:2 khHhjblb <l _jZpex \ ijhp_ke jhajh[d
Zesah\Zg_ a \bdhjbklzZggyfj-iljhlle\Zghby\e _ge »_ n_dIlm < pvhfm \biZzAdm e<gnhjf
fh\ ih\bggzZ \e*"[m\Zlbky aZ “~hihfh]lhixgX<camgbuegh€n_dl ih\bggZ [mlb i_j_~ZgZz
i_j_\ejdb Z[h aZ "hihfh]lhx Z\IhfZlbggbdZQgkANmMéy ZgZeesam IZ mkmg_ggy i*key i
glZzevgbo aZkh[s\ Pe aZkh[b ih\bgge[hzllbk hike\dhelglZ i_j_ \ejdZ
afh™ _ex\ZIlb jh[hlm ijh]jZfgh]lh &4] ai_qg=@lghbgZ \_jbnedZp+€ 1Z \Ze+s"Zp+€ aZe_
“bfe \ereZ]h”" _ggy Iljhp_k \_jbnedZpkZl fZR}ji€ "IANmgdpehgZevgh€ [_ai_db IA G
j"blb sh \ke _e_f_glb IA j_Zesah\Zgh™Mgfgh hkdbddbo hkh[eb\hkl_c \_jbnedZp<«€
gmxlv g_h[o*"ge nmgdpes€ \erih\erghj«ehCt phjpodDpk€v \_jbnedZpe+€ ch]h j _Zee-a
\bfh] ~h IA o¢l_dImjb 1Z \boe~gh]h dh”m

LZdh  \_jbnedZpe-€ is"ey]Z} dhgneImjZpsy | r A :
jhajh[e_ghTh IA sh zI_klh\zg_ 1Z \bdhjbzﬂ%‘%&@%nf}?h] h _1Zim \Ak|Zgh\6_ggy
\ ijh_dl* <_jbnedZpey fh _ \+A[m\ZIbky f_ Hh&I@MZIZpe€ 1Z fhhbnedZp-€

\eamZevgh€ i_j_\ejdb azZ ~hihfh]hx \bdkjblKIZg\ey agy 1Z _dkiemkZdy pag\_j
kljmf_glZevgbo aZkh[e\ Z[h reyohfrdidrgmiiedgy ZecazZpe€ e<gl_JjZp€ 1Z \Ze-
f_Ih~bd gbgz}lvky _1Zi \klZzgh\e_ggy DKM 1Z ch]h _

J_amevlZlb \_jbZexdZphéhjfex\ZIbky€ gZ :?K KIZELEZjlb [ZEC6 hib
"hdmf_glZevgh |Z ZgZesam\Zlbky jhlamxlybdiAtbba ~th \klZgh\le_ggy \aZ}fhnMe€ fo°
lhx mkmg _ggy \by\le _gbo g _\e~ih\e~glhkZfb 1Z 1A DKM vyde klhkmxlvky mklZgh\c

1gl_]jZpey IA "h?DAKMgl _]jZpe+€ isjghkle ~ey |IA dZl_]hje€ ©:2 gZ\gZggy hi
[ZgZ} h[9N}"gZggy \_jHdhedhe\gBoZjZlgh]BEdh™ ~ec m \biZ~dm \byle_ggy ZghfZe-c
aZ[_ai_qg_ggy IZ 1A \ }*bgm azZ\_jr_gm «bfA]Zkvkyegsh[ ickey \klZgh\e_ggy 1A |
fZ} \er[m\ZIlbky aZ ihi_j_7~gvh jhajh[kpghfdkéEZqlZflZp+€ [meZ i_j_"~[Zq_9Z ijhp_*
ljhp_k <gl_]jZpe€ \er"[m\Z}Ivky aZ g\Zdogw gdfbh shjngdpehgZevghkle
dzfb <Zeb\hx kdezZ"h\hx aZzZ[_ai_q_ggy [_c¢

ta[bjZggy 1Z af}"gZggy fh mee+\ BKMZ}ghl}h miZjzZlhjz Lhfm klZg~ZjlZfb \bfZ
[_ai_g_ggy m \e~ih\erghkle ~h ijh_dIlmh\_~_ggy gZ\qZggy hi_jZlhje\ :?K 1Z egrh]
ta[bjZggy aZ\_jr_gh]h IA a ijh]jzkggdefmh~andhgljhex 1Z d_jm\Zggy dhjbkIim\Zz

ee\ kemlh\m\Zggx IA \ g_h[oe*gbo f_"Zo leZz
taZ\ZglZ  _ggy IA \ 1_oge+qge aZkifhggyeylythotiex\ZIb yd ghjfZzevge 1Zd -
\hgh jhajh[eyehky mfh\b _dkiemZlZpe€ Ahdj_fZ hi_jzZlhj fz} \
i_j_\ejdZ \erih\erghkle IA ki_pbnie@daggZi€lijhzghfZe«€ \ jh[hle A >ey gZ[mlly
dim jhf g_h[oe”*gbo gZ\bghd gZ\gZevgbc ieZg f:
i _j_\ejdZ egl_jn_cke\ fe* ZizZjZlgpZIbZyighl_hj_Ibgge agZggy 1Zd « ijZdlbqg
liZzfgbf az[_ai_q_ggyf Neggy jh[hlhx a IA gZ mqg[h\ec kbkl_fe Z[h |
i _j \ejdZ nmgdpehgm\Zggy |IA g4dZbhgydde Iifmexxlv ih\_"~egdm j_Zevghlh IA
ZiZjZlghfm azZ[_ai_q_gg- "gZggy
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\er"obe_ggy ch]lh ih\_7egdb \er hqedm\Zgh® \bfZJZ DZI_Jhjey

}lvky kdeZ~_ggy ijhlhdhem ijh ZghfZe+sx sh fekbyhyz =

A 1Zevgm egnhjfZpex ijh ijh\_A_ge A+€ 1Z gZke+~db ©:]0< oK

Pe ijhlhdheb ie”rey]Zxlv ZgZeeam ijh dIim\Zevghd
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MaZzZ]Zevg_gh pe \bfh]b fh gz a\_klb ZhJhIdzpey" &X1g ggy g

[m2ydbo ~ec a IA fZ} [mlb azZ[_ai_qligZ inkegdptumgZggy dh gh| ©~ | * | *

evgZ [_ai_dZ DKM GZijbdez” IZd-[2n@inyfddhikemdpn\mameviz | , | |

\Zggy fh~bnedZpe+y qb hgh\e_ggy A dh gilh \Bditmg m

\zIbky ijb jhl[hl+ :?K gZ ihlm ghkl+ |Q_j_a p_ieiflg az[_ai_q_ggy ydhkl-

\bgge [mlb i_j_"~[Zq_ge* fh eb\hkle [EII%IHhﬁggg lI\l.kj__o \b"'\ Aoy e

fbo nmgdpec IA \b"Zqe+ Z\Zjecgh€ kih]g{f L L

jhgZ Z[h \bdhjbklZggy hdj_fbo <gl_ Bh@ﬂﬁT\gl‘Z‘e\ﬂgék\bang g9

h[kem]h\m\Zggy gqb fh*bnedZp<€ LZdh «A€bsdzpeh \keo gkl + | + | +

\Zxlv gZ aZobs geklv fZxlv \bdhgm\&abkkjy\hiz fZ1h€o azklhkm\

jhf leevdb a \bagZq_gbo fekpv gZijlxeZ " \bgagAbdtgy ki_pbne | . | |

gm\Zlbky a g _i_j _~[Zq_gbo jh[hgbo kfliZHm-J:g\Ia'Z-i‘h‘ing_gV

e gbfd_ jm\Zggyf G_h[oe*geklv \-"ke-"dh\.m\ + |+ |+
FhAbnedZpey IJAlylhf \kvh]h @P|l1A9y \keo ijhfe fazZ[ ai |

fh>_ \bgbdZlb g_h[os~geklv fh"bn-d%’ﬁ/?r}ﬁ\”%\ i?y" obe_gv| . [, |,

. . L j!

gbg afegb nmgdpehgZevgbo \bfh] | AT e R ghih im

i_g_9ggy Z[h \by\e_ggy ZghfZe-c i-"L gkjg % +

Z[h _dkiemzZlzp+€ >ey \bdhgZggy oy X )

[mib jhajh[e_gZ ~hdmf_glZevgh hn |fe 9z F.%Zoe"g Qbfh]b h jhajh[db |

Amjz d_jm\Zggy fhAbnedZpe}x JhaTh”ee _‘ggy IA 1Z dhgne] | , |,
< jZas \by\e_ggy g_h[os~ghkle \ Qbﬂrgzribbr{be LA

7} [mlIb ki\hj gbc aZibl gZ fhAbnedPpdd \Zag¥% AbgnelmiZpe}x | + [+ [ +

fZ} \dzam\ZIbky ijbgbgz h[ezklv TR E ARV JA " qZk jhe + | -

. . [T Zecazpsy 2hihfhlhx mge\{ + | + | +
egepeZlhj azZiblm <bfz]zZ}Ivky sh] =% 85101 l’\lhlhfh]hX hjlLl
ijhZgZesah\Zgbc jhajh[gbdZfb :gZelmzég} e x R

N d * T H L] ]
g%lktl)b\glé IEbklhpf)belvthhklv afeg fh eb)\ c.\leo\ pa gbn-de-y \bfh] ~h 1A
< jZae mo\Ze_ggy jer_ggy ijh ijh _’f"_@?kg GRPY \bfh] fZ} \b
nedZp+€ \hgZ \bdhgml}lvky a ih*"Zev|! ﬂl_bij‘h\'_ ]J_{;f&yfz g_ 1 yg+ |+ |+
ijhp_~mj \_jbnedZp+€ IZ \Ze+"Zp-€ ‘R]j%.l&él.ligﬁ BN A "
gZ yde fZ} \ieb\ Ydsh fh*bnedZp-y LT |hr\|l|)|j,\|ﬁlr\¥zloﬁ-\ hkle 1A ¥ :
H L i) SI g
h[eZz*"gZggy sh agZoh”blvky \ jh[hl <d W aEhe LZLI'h'd‘thJhex Al + | +
|_kim\zevgbdb ijh]jZfghlh ~aZZxhi [GpU@% ~n i [-nrbgghln I_|
fZlb “hklmi "h ZgZeh]eqgh€ dhgn-]méép:@ [eZ‘ gzZggy +
"ey \_jbnedZpe<€ |Z \Ze+"Zp-£€ <bfh]b "h aZobkim \en \enf[ 1 [
<ke "hdmf_glb gZ yde \ieb\Z} fhtpoythbpey fZ
xIv [mlb afeg_ge* 1Z azZj_}kljh\Zge \|Zjoe\e alfﬂijdzi\n\Zggy 1Z | _Ze+sazZpey
esggy fhAbnedZpeyfb ijh_dIm A evabe_ 1ibapbi 1hT
<bkgh\d¥mgdpehgZevgz [_ai_dZ M‘PA L a T
i_gm}lvky aZ mfh\b \ejgh]lh \klZgh\e |Jh’-]JEN6-‘?Z§l' [mlb ijhKl
dh\Zgh€ _dkiemZIlzZp<€ €€ ijh]jZfgh]pfagl_al_q_ggy _ +
fh eb\h az\*ydb ihklecghfm dhgljhe W@bdﬁd%@@;f hﬁ(dezl\ g_gbo |
gZ fekpe _dkiemZlZp-€ d\Ze-n-dh\Zgztgfgyi_jkdilrngkeaf©k|bkg g
| _jkhgze sh _dkiemZIim} DKM ih\bgDg~rfzinjjakgyfahderih\enZ| + |4
a ij_"klzZ\gbdZfb jhajh[gbdZ ~ey i_jl1Z2geh gnhjfe gbfb ijZ\be]
pe€ ijh \by\e_ge+ ZghfZe+€ \ jh[hle 1Z[@ZyX&Khb thrah@ »hdmf_gl [, |,
_dkiemZIZp+€ kbkl_fb ghlTh IA
. ThA Al lgkljmf_glZevge aZkh[b
LZ[ebpy jhaih”ee_ggy \bfh] ~ bl%'hdz yd-klv T T
< j_amevlZle ~“hkee"r _glEKEBE®Zj>rhavdbc jbabd \g_k_ggy N + | + | +
|ZIEC62138 ~h jhajh[db IA DKM :?K \Zhembe” glbn-dZp-y + |+
"ey [_ai_db €0 hkgh\ges \bfh]b4a\_~|:gbkWpdZ[& k_jlbnedZpey | + | -
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ljZ\beZ ijh]jZzfm\Zggy vyde dhgne]mjZpey +"_glbqgZ ]
nedm\Zlb LT <_jbnedZpey 1Z \Ze-"Zpey| . | , |,
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ljbfz \bfh] pbo klZzg~Zjle\ “ha\hey} kl\hjl
3Zger_jhajhle_g_ IA ibfZggy 1p 9"Zj y} ]
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<_jbnedZplkjowiZz g_ feklblv
[[Zeb mqgZKklv \ j ZeeaZp-£€

< _jbnedZpecgZ J]jmiz zZ"f
g aZe_ 'gZ \e” ]jmib jhajh]

< _jbnedZpey ki_pbnedZp-£€
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< _jbnedZpey ijhp_km gl ]

GZy\geklv ijhp_~mjb \bijZ\
dle\

<Zes"Zpey

<bdhjbklZggy klZlbgghlh
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L_klm\zZggy \erih\e~rghkle 1
dl_jbklbd 1Z «gl_jn_ckm IA
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\bkhdh]h kl_i_gx gZ~ecghkle

>ey "“hljbfzZzggy \bfh] klZg~Zjle\ ien qZk j
[db g_h[os~gh ~hljbfm\ZIbky i_\gbo ijZ\be
xgbkv gZ "hkee”"_ggy pbo \bfh] Z IZdh" ¢
Z\lhjzZ is~ gZk jhajh[db IA DKMbPAK gZmdh\
[gbgbf ie”ijb}fklI\hf ©JZ~ec® f Djhib\gbpvo
Mdjz€gz fh gZ knhjfm\Zlb hkgh\ge ijZ\be:
Abdb 1Z aZoh”b yde aZ[_ai_gmxlv kl\hj_gg
dh€ ydhkle

GZ _I1Zie kl\hj_ggy ki_pbnedZpe<€ \bfh] "I
“eb\e gZklmige nZdlhjb

thljbfZggy \+® aZfh\gbdZ ih\gh€ 1Z \k_hl
ki_pbnedzZpe€ \bfh] *h DKM

+qgeld_ \bagZg_ggy \keo nmgdpec fZc[n
ijhAmdIm

+~_1Zevgbc hibk \keo \bfh] \ ki_pbnedzZp
jZlgbo azZkh[e\

+~_1Zevgbc hibk \keo \bfh] ~h 1A

+tgeld_ ieZzgm\zZggy _1Zis\ jhajh[db m \e'
ghkle ~h I_ogheh]ec sh \bdhjbklhimxlvky

tihklecgbc al\fyahd a ij_"klZ\gbdzfb a
gbdZ ~ey mlhgg_ggy fh eb\bo aZiblzgyv

GZ _1Zie ijh_dlm\zZggy IZ j_ZeesaZpe+€ IA
gZklmhgedlhjb

+gZy\geklv
d\ZeenedZp-£€

tgZy\geklv “hklZlgeo |_ogeqgbo azZkh[e\

th[%jmglh\Zgbc 1Z k\e~hfbc \b[e] fh\ ijh
fm\zggy 1Z egkljmf_glZevgbo aZkh[e\

t\bdhjbklZggy gZcdjZsbo ijzdlbd ijh]jz
\Zggy ZdImZevgbo klzg~Zjle\ dh*m\Zggy ~
coding-guides®ey h[jZgbo fh\ azZklhkm\Zggy [_a
gbo ijbchfe\ ijh]jZfm\Zggy

jhajhijgbjasfekls\ \bkhdh€
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tihklecg_ I_klm\Zggy dh”m 1Z1Zfb \e~ih\ergbo _I1Zie\ GZijbdez”™ \ ki_rg
t\bdhjbklZggy ©]Jgmqgdbo? I_oghehg§tbipjlfth 1A fZxlv [mlb \dZaZge ijbdeZ"¢
fm\zZggy 1Z \az}fh”e€ \ dhfzZzg”~e gZijpd€Z4H_ \bgthgmix€vky IA + gZy\geklv pvh]h

SCRUM [§; j_\*jblb
*\bdhjbklZggy i€lfGh (Quntinuous Inte- Hpegdm \e”rih\erghkle ©l_ogeqgbfa \bfh]:
gration/Continuous Deployment); dj _fZ ijZ\bevghkle \b[hjm fh\b ijh]jZfm\Zgc
tqeldZ <~ _glbnedZpey \ _jkec IA |4 ZredmZpgEZpA€ fh gZ \bdhgZlb reyohf ZgZe
"h gvhlh Aghlh dh”m ijh]jZfb 1Z chl]h nmgdpehgZevg
GZ _|XijbnedZpe€ |Z \Zes"Zpe€ \IMAErggZHjm pvhfm \erih\ergeklv IA \bfh]Zf
ige qbggbdb pbnedZpe+€ fihjgkejblb ihkee*h\gh i_j_ \ejy
+N 1Zevg_ \b\g_ggy ki_pbnedZpe&gbfhke"gZyKd» nmgdpe€ IA Z \erih\enrgeklv
1z 1A liZfb ijZz\bezf dh~m\Zggy fh'gZ hpegblb Il-e
zih\ghlz I_kIm\zZgv IZevgh ZgZeeamxgb dh” ijh]jZfb >ey ijh\

zieMljbfdZ ihklecghlh a\fyadm a jBgghe[gdnd zdib m ijh]jzfb gz]z~zZ}fh p_ klhk
tnhjfm\Zggy ydekgh€ “hdmf_glZpdElathje@a@mevlid\ZeenedZpey nZoe\py ydbc \

[Zfb i_j_\ejhd j_\ejdm \ dhgdj_lgec fh\e ijh]jZzfm\Zggy fZ
GZ _I1Zie \ijh\zZ"" _ggy 1Z _dkiemZizpkEz\ghabded\ZeenedZpe}x ijh]jZfekle\ sh
gZklmige gbggbdb am\Zeb IA
tydekg_ \bdhgZggy fhglZz m kbkl_fb YaA\hkbhghdh gZ \«~felblb sh \ klZg™ZjlZ«
\e_ggy IA jhajh[db IA DKM :?K g_ gZ\h~blvky dhgdj_I¢
tdhgljhev aZ \_jkeyfb I1Z dhgne]mjBpbldk Ngbgdb |Z f_Ijbd \erih\erghkle A pbf
\e_ghlh IA jl1zf <boh”yqgb a pvh]h hpegdZ \e~ih\e~rghk
+gZ"Zggy i_jkhgZem :?K ih\gh€ fidmklgp2 i€\ \dexqzZ} km[f}dIlb\gm kdez"
gZ \ke dhfihg_glb DKM e_"blv \er f_Thnre\ i_j_\ejdb sh \bdhjbklh\m

tydekg_ 9gZ\gZggy i_jkhgZem "ey\jdhhlyldj ald>KMjlZgeaZp-£€
+ hljbfZzggy ihklecgh]lh a\fyadm fe  i_jkhgZz
ehf :?2K 1Z jhajh[gbdZfb DKM Aey a[hjm sgnhjfzp-&Pkghidb
ijh "hk\er _dkiemZlZp+€ ijh[e_fb 1Z aZiblgyhy ogrhklZd2Zglb |2EC 62138
\bgbdzZxlv Z 1Zdh™ hi_jZIb\gh€ h[jhfdbklvZibhZ\eg¥ \bfh]b ~h \keo _1Zie\ jhajh[c
fhrbnedZpex DKM :?K \Z'eb\h]lh ey [_ai_db <bfh]lb Kk
<bkgh\hvdd ijbdez”~ ~hljbfZggy \b¥iyKkyZyd hjjZgeaZpecgbo iblZgv 1Zd | _og-
AZjle\ jhajh[db "~halhebeltjlglfiodhidle\ Ale~gh a pbfb klZg”Zjlzfb dh g_ is”i
ieMijb}fkl\m ©JZ7~ec? ijh\ergbfjhgjZgl\tnf sh azcfzZ}Ivky jhajh[dhx IA DKM :?K f2
feklhf ydh]lh } Z\Ihj jhajh[blb I1Z ihkleZdBbb o ghpge Jjmib yde [mAmlv j_Zeeah\r
deevdeklv DKM gZ :?K MdjZ€gb ;he]ZljZ€b DABZ"Bh:jdim\Zggy | _ZeesaZpey \_jl!
]_glbgb 1Z egrbo djZ€g klZghf gZ |hghd Pe DKM
mkiergh _dkiemZImxlvky ijhly]hf [Z]ZIvHigljhjthe\ckb dhjbkIK\NZgZZjlb g_ fek
. . Ivi Abfh] "h egl_jn_cke\ dhjbklm\ZqzZ 1A L
lih[e_fZ hpegdb \e"ih\e*ghkle Kkl tng%JbrEijyfd-\ gZKimigbo AhkesA' _gv klZg
lekey jhajh[db A DKM :?K \e?ih\fhglh ~gyribo fe'gZjh”gbo KKHEQGLZTR.\
fh] klZzg”4gECA | ZEC 6 \bgbdZzZ} g_®luclear power plant&Control roomszApplicationof
o*"geklv hpegdb \erih\erghkle ijhp_kwsydi dighlpgl bnitE(RYWs 2 ©<eamZevge ijbkljh€ \e
fhlh ITA pbf klZzg”rzZjlZzf Hpegx\Zggx fh[[ZTshgw9@ >IIEC 62646 ®luclear power
1Z1b yd {ydbwe hdj _fbc _1Zi @P |A phkdts+Conkal roomstComputer-based procedufes
ijhp_k \ peehfm ©Dhfifxl_jbah\Zge ijhp0@mijbalZdh” \b
Ale*gh “hkee~” _ggy afeklm klZg"Zhll*h ]&e mefhibo ghjfZlb\gbo ~hdmf_gle\ [z
fh gz jhaih”eeblb gZ ©Z~fegekljZIb\NUREGZ ©|_@Eugrwen-System Interface Design Re-
gge? ©:~fegekljZlb\ge2 \bfh]b klhEm wienk @uitp]ideg®2© Ih[m~ "h\Z <gl_jn_cke\ ©ex”bg:
pe€ jh[hgh]lh ijhp_km afeklm jeaghfAgrlpdA3.SNdaotetr Begulatory CommissionK R :
le\ \azZ}fhne€ fe* ]jmiZfb jhajh[gbde\1thsh ¢ klhkm
xlvky i_j_\Z gh _I1Zie\ klI\hj_ggy ki_pbnegpZgd& \e"ih\erghkle 1A kIZdgNZPZf
fh] \_jbnedZpe€ \Zee"rZpe€ -gl_JljzZzpA22@ mi\halwZqz}lvky azZ]Zevghijbcgylbo
©L_ogeqge2 \bfh]b klhkmxlvky _1Zie\sh_ \deZsama@ pkE khimiegv \erih\erghkle A "Zgbf
[Afm fh\b ijh]jZzfm\Zggy kl\hj_ggy ijhlafim<bdh”r¥qb a pvhlh dh gZ hjl]ZgeaZp-y
ecaZp*€ I|A dhgdj_Ilgbfb fh\Zfb ijhgyadfmpZgdm \e~ih\e~rghkle IA IZ DKM \ peeh
Ih[lh i_j_\Z'gh _1Zim ijh_dIm\Zggy ]Z& klZg®ZZIpt€ ih\bggZ klI\hjblb \eZkgm f_|I
A IZdh€ hpegdb
Hpegdm \e”rih\erghkle ©Z~fegekljZlb\dhffm ffHhx gZkimigbo "hke*~ _gv } \b\c
1Z2f klZg~Zjle\ fh gZ ijh\_klb \b\gZxal kid«kltapdgdb ki_pbnedZpec \bfh] f_Iljbd
dhgZggy dh gh€ \bfh]b djpl_js€\ ih\ghlb I_klm\Zggy IA yde fh ml\
>ey pvhlh ihlje[gh ijh\h~blb ZgZedbdlyjb kiZih ey jhajh[db nhjfZevgbo f_lh"l
jh[hghlh ijhp_km 1zZd « afekl “*hdmfggl?\gg¥ ljAameh]Zf klZzg”*Zjle\
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Study of the requirements of international standards IEC60880 antEC62138 for the development of software
for information and control systems of NPPs important for safety

Boris Vintenkq Oleksii Smirnoy Anna KovalenkoSerhii Smirnov, Kostiantyn Buravchenko

Abstract. Today, a significant part of electrical energy is produced by nugpteaer plants. Atomic energy is a cheap,
economically beneficial and ecological way of meeting people's maddglectricity. At the same time, this production is con-
nected with the need to ensure the protection of people and tihereneint from ionizing radiation of nuclear fuel during normal
operation of the plant and in case of emergency situations. Nuclear ptants (NPP) contain a large amount of equipment to
ensure technological processes and perform safety funclibespurpose of the work is to study the requirements for the for-
mation of the life cycle, the main stages of design and documentditiba software of the computer control systems of nuclear
power plants (softwar€CS NPP), which perform safety functions of categories "A", "B" and "C". Rements for software
performing category A functions are given in the international stannB&&0880 "Nuclear power plantsinstrumentation and
control systems important to safehSoftware aspects for computer-based systems performing categongtifis”, software
requirements , performing category "B" and "C" safety functions, seddifithe international standard IEC 62138 "Nuclear power
plants tInstrumentation and control important for safeioftware aspects for computer-based systems performing category B or
C functions".The object of researchis the process of developing software for computer control systemsle&npower plants.
The subject is a studyof the requirements of international standards IEC 60880 and IEC €21iB@ development of software
for information and control systems of NPPs, important for safefya result of the study the general structure of the require-
ments of the IEC 60880 and IEC 62138 standards was considergdotips of participants who participate in the development
of the software of the NPECSand the distribution of software development activities among tiresgps were determined, the
analysis of the requirements of the general requirements and the requiremémsstage was carried out development of the
software specification, requirements for the stage of design and implemenfaftware, requirements for the stage of verifi-
cation, integration and validation and requirements for the stagstaflation, operation and modification, a table of distribution
of requirements for software was formed, means of implementation of requirementstwiged, the problem of assessment of
compliance with the standard was determir@ohnclusions The international standards IEC 60880 and IEC 62138 contain im-
portant requirements for all stages of the development of the safety-criticald®8l system software. The requirements concern
both organizational issues and technical aspects. According to thetsrdsaeach enterprise engaged in the development of NPP
CCsSsoftware must define working groups that will implement various stages of thédse&iBn, implementation, verification,
etc.). The standards do not contain requirements for software user interfaces.réhersf@f the directions of further research
will be the requirements of other international standarii&C 61772 "Nuclear power plantsControl roomszApplication of
visual display units (VDUs)" ("Visual display units") and IEC 62646 "Nucleavey plants+Control roomstComputer -based
procedures” ("Computerized procedures"), as well as the requirements stfyn@gulatory documents, such as NUREG-0700
"Human-System Interface Design Review Guidding"Construction of human-machine interfaces" (U.S. Nuclear Regulatory
Commission, USA ). The standards do not define generally acceptedsristicndicate the degree of compliance of the software
with these standards. Based on this, each organization that perfoamsessment of the compliance of software and CSU as a
whole with the requirements of the standards must create its own methofimlsggh an assessment. Therefore, the goal of the
following research is to study the means of evaluating requirementicgiens, software code metrics, completeness criteria of
software testing, which can be used for the development of formal soéwatemtion methods for the requirements of standards.

Keywords: software, computer control systems, nuclear power plants, IEC 60880, IEC 62138.
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> F. KZfq_¢gdhF Lbo ?gHEh. Ahame®G Pb[mevgbd

!Db€\kvdbc gZpehgZevgbc mge\ _jkbl | [m~e\gbpI\Z ¢« Zjoel _dlmjb Db€\
2GZpehgZevgbc Z\eZpecgbc mge\_jkbl_| Db€\ MdjzZ€gZz

SFegekl_jkI\h hk\elb « gZnbdEWMddEDg Z

“Dj _f _ggmpvdbc gZpehgZevgbc mge\ _jkbl | «f ge FboZceZ Hkljh]jZz"kvdl

IJH/DLM<:GG¥E?DLJHF:=G1LGBO ?DJ:G1<
=:J:GLH<:GH2 ?N?DLB<GHKL1 >EY =:EMA?C
PB<1EVGH2 ;?AI1?DB L: ?E?DLIJHF:=G1LGH2 KMF1KGHKL1

:ghlZpsyhaleygmlh aZzkz”b ijh_dIm\Zggy dhfihabpecgbd filljp{gbtb a_JnZjdIgl\o\Zlgb
lyfb Gz~Zgh hkgh\ge kie\\erghr_ggy "“ey hpegx\Zggy _frzld]bXglmkl«=hjdh\glthXxZmg h hh x
hljbfZggy fZl_jeZem a fZebfb dh_nepe}glZfb \e~[blly _ feldl]hyfgd] go-\lydwhdbh bre\hithgrd ih
\_jog_\hlh rajmihimeljy JhajZomgdb ihdZaZeb sh “ey aZ[_ai_q_ldpgghfegepZeylgh ijbc
\enr[blly * e "hklZlgefb dh_nepe}glZfb ih]JebgZglo¥20¢é; dlzhfEZ(m*brk€x_dZI_
j*Ze ih\bg_g [mlIb [Z]ZIhrZjh\bf a k_j_"~gef rZjhf \\ekhidbdhki]ebgZ evagdo ai_gm}lvky c
\bkhdhx _e_dljhijh\e~rgekix Fh eb\bf \ZjeZglhf } fhghjhggab q gtblol Ag gk oEHl_c
gergvh€ ih\_joge "h \gmdjgrghvfloe*ghkle h*ghgqzZkghlh _djZgm\Zggy véjZdljhkhdpgrligh]h i
I1Z \bsbo gzZklhl 1Z fZ]gelgh]lh ihey gZ*gbavdbo gzZhildhdd ijhripk ¢lAjfBodvd €€Z]IZjtZe ih\bg
feklblb fZ]gelgbc gZih\gx\Zg Ch]lh h[ }fgZ deevdeklv \bagZ\kZdhkly a¥h nigpmlegH x\ H" _
[blIly m pvhfm \biZz*dm \bagZqgzZ}lvky kis\\e~rghr_ggyf Z[ldhgxdgh€ fihgbtdhkjllz ~«_e
og_\h]lh rZjm >ey kijhs_ggy ijh_dIm\Zggy fZlkjbhelh gZjhigxdZlpz ghabgge [mlb _e_dlI
ahevh\zZgbfb 1Ijb pvhfm jZ~ehih]l]ebgZevgbc fZI_jeZe Z{BlIbzZin fEljimdZmir jihdbderg _g-
dheZz ijh\erghkle M ijhp_ke ijh_dIim\Zggy fZI_jeZemyiah h\}bfj 2 g\gZ2 dd \jbpayhgh\leevdb »
e_dljbgqdjpogbdghkfiZic jeZee\ Z c 1Zg]_gke\ dmle\ ~e_e_dljbggbo \IjZI

Dexgh\e keh\& dljhfZ]gelgbc _djZzg dh_nepe}gl \e~[blly "e_e_dljbgge \ljZIb

<Kkimi M jh[hle > @ 1Zdh" jhaley”Zxlvky 1jzZl
kljmdImjb Ze_ \hgb klhkmxIlvky _e_dljhfZz
AZ[_ai_q_ggy _e_dljhfZ]gelgh€ [ihesdbnextjZ\mkhdbo « \bsbo gzZklhl AZ k\t
\bjh[gbgbo 1Z ih[mlh\bo mfh\Zo } h~gklbhhijkhiibbI\Ngb ijbagZg_ge+ ey _djZgm\Zg
gbo gZijyfe\ “hkee~" gv a pbleevgh€ fhgididdgko hgZklhl m aZe_"ghkles \e* jhaf
gZk jha\blhd \bkhdbo |I_ogheh]esc ijbdthdblv ~h \djZc
\bkhdh€ gZkbg_ghkls \bjh[gbgh]h k_j "KvpZevigZgkdjZgb a ijbcgylghx mge\_jkZe
ihjlgbo aZkh[s\ _e dljhgghx ZiZjZImgAxjbdeZ " m>g@ \bjh[e_ge* gZ [Za+ fZ]g-lgh
kijbyleb\hfm _e dljhfz]gelghfm hlhqg Lgghe fhZ|_jjZeb kdeZ”ge m ijZdlbgghfm azZKkl
px\Zlb g_klZ[sevgh P_ \bfz]zZ} jhajhf&xdgy ce\djdrmz\Zjleklv q_j_a \Zjleklv dheh€”
A ggy _n_dlb\gbo aZkh[+s\ aZobklimaghkgnc gZtli@Ze~az 1kgm} [Z]ZIh “hkee”"_
gZggy \+* e _dljhfzZ]gelgbo \ieb\e\ MlZhziZhoj\Bédshdbki_dhfaZobkl®@]. > *
"dZo aZ[_ai_q_ggy _e_dljhfZ]gelgh€ [_ae_dbhlkzy]Z}ldky aZ jZomghd \_ebdh€ Ih\:
jhfZ]gelgh€ kmfekghkle } "\h}*bghx alZ4ZfHem H Ajb pvhfm "~ey aZ[_ai_q_ggy f
yde g _h[oerge iZjZf ljb aZkh[e\ \bjer epgydh hoe@Zkligle\ \e~[blly fZI_jeZe ih\bg_g [
dle\ pe}€ azZ”Zqe g_ kieliz~rzZxlv P_ KlAKMANKP\Pd a4tz ie""Z\ZIbky ki_peZevgec
evgbo _n_dlb\ghkl _c aZobkgbo fZl_jmzéZ\gelkhhgkljmdees a f_Ihx aZ[_ai_q_ggy -of
pec 1Zd » hdj_fbo €0 \eWiklbdhkhrcg#ily\_jog_\h]lh rZjm sh gZ[eb Z}Ivky ~h ihdz
aZobklm azZ jZomglizdihd®ltbd yggdljhfzih\eljB77 Hf Ljm~ghse ea aZ[_ai_q_ggyf rb
]gelgbo o\bev qgzZklhlgbc ~eZiZahg adlbbkhhh\hkkh]iZglZ jeZem h[mfhle_ges jeaghbf
jblge ihdZagbdb Ihsh Pe iblZggy g_hdgbétbgh emZAdhabdbb _djZzgm\Zggy gbavdhqzZkl
e jhajh[bhhy~high_dIim\Zggy aZkh[s\ adokdkdmggKlhlgbo _e_dljhfZ]ghlghgbhe-\
azZkz”~"Zo jhamfgh€ ~hklzZlghkle gbghf p_ klhkm}lvky fZ]gelgh]lh ihey ijhfb
: gZklhlb « _e_dljhfZ]gelgbo ihee\ mevljZ\bkt
KmgZkgbc kiZg iblZggy |\ Loy djZgm\zggy fZ]ge-lgh€ kdezAh\he
;eevreklv _djZgi@xgjpdee\ « dhgkljfiakighth€ gZklhlb fZl_jeZe ih\bg_g fZlb gZih
ijbagZqg_ge "ey _djZgm\Zggy _e_dliagjbklylgEfilgflz]gelgbfb ijhgbdghklyfb Z ~¢
ghlh 1Z _e_dljhfZ]gelgh]lh ihee*\ , i_xdhié qxkkhhglbo ihee\ Jheh\gbf nZdlhjhf } i
kfm]gpZklhl Z[h gZklhlgh]h ~«ZiZahgnyeklv fZ|_jeZem
Lzdih[hlZ > @ klhkm}lvky fZ]gelgh€<kdeFZdgh§hdb \bdhgZgh gbadm ~hkee«""
_e_dljhfz]gelgh]lh ihey ijhfbkeh\h€ @fk|jdbbIhdddbc djZgmxgbo i@\ _jphjav >
jhaley~zZxlvky J]jzZrgXJlele dhgkljmdpe@hkymih\eklv *hky]Z}Ivky \fes _ggyf m iheef_
aZfbdZxlv gZ k_[_ kbeh\e eege«€ fZ]gljlghyhfZhgylghlh fZIl _jeZem fZ]g_Iblm 1Z ]

<« Kzfgq_gdh >Lbo_gdh HAhamey Eb[mevgBd023 167
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\bkhdh€ ijh\e~ghkls M ydhkls \ y'mqgh]h>fey \pEledh@zZklhigh€ h[eZkls _e_dljhfZ]
klhkh\m}lvky ]jZnelbah\ZgZ kz Z ARi\bkjzdlg@ cdZebk djblbgghx } ~eckgZ kdez"
gbo \eZklb\hkl_c pe+ fZl_jeZeb fZxle \blibdgh&Zjhgbdghkle
leklv AZ gbavdbo _e_dljhijh\e~ghkl_c dh_nep:-
Lhfm €0 azZklhkm\Zggy ijbcgylg [btey ®&Z[dlahfZ]gelgbo o\bev aZ ihim geklx
g_ggy _e _dljhfzZ]gelgh€ kmfekghkle g&}tMklyggdh]lh h|
eZ”"gZggy \_ebdh€ \Zjlhkle
;eevr ijhkls aZ kdez~hf fZI_jsZeb gZ je~dsc hk 1§
gh\s nZj[b a \feklhf dhgp_gljZIm aZeecagh€ jmK‘Fb IZ\/*—1©
emkdZlh]h ]jZnelm ~ey [Z]ZIlvho \bjh[gbgbo mfh\ fZ
xlv g_~hklZlgx _n_¢@@a0yAdZqghx fejxiy +\erghkgz ~+_e_dljbggZ ijhgbdgeklv fZI_
1ZzdZ kbIimZpey h[mfh\e gZ g_ ’\thZIgvhbe&ﬁmy{‘% 8 pvh]h kis\\eAghr_ggy "+ _e_ i
kix 1_hj_Ibggbo 1Z _dki_jbf_glZevgbighaypkig”kiv iA\ jog \h]h rZjm aZobkgh]h fZ
Im\Zggy fZI_jeZes\ "ey aZobklm exXfh\® glgz ajdllrifegefZzevghx I|h[lh gZ[eb Zlb
g_ggy _e_dljhfZ]gelgh€ kmfekghkle ,_hqj_zdalgtb%gzhih_\iﬁ)y
_e_dljhggh]h h[eZ"gZggy : ijb pvhim g_h[os~rgh aZ[_ai_qblb ~h}
F_IZ jh[hthhajh[e_ggy f_Ilh~heh]e F-\ijbxdm eb Zggy g_jl*€ _e _dljhfZ]gelgh
Im\Zggy _e_dljhfZ]gelgbo _djZge-\ *a|R ﬁZ;ng é T -
gbfb \ezZklb\hklyfb ijbr"ZIghfb ~ey aZ[ pa ihJebgZggy nmgdpehgZevgt
_e_dljhfZ]gelgh€ [_ai_db ex"_c 1Z eb_IQ/ll\h_f‘ZﬂtQI'ljﬂH‘ég e_dljhijh\erghkle fZI jeZen
kmfekghkle I_ogeqgbo aZkh[e\ ghfm jead_ ajhkliZggy dh_nepes}glZ ih]JebgZe
A cAZYlwky ijb Ahky ghkle i_jdheypejr@h]lh _n_dl
<bdez”_ggy hkghighlh fZ1_j d%]%ﬂl'ajthZggy _e_dljhijh\e~rghkle aZ i_\gbo
M azZ]Zevghfm \biz*"dm kimiegv _gh4gd@VZPbiyh\e gh]h |Z ijh\e~gh]h dhfihg_gl.
dlijhfZ]gelgh]h ihey \bagZ]ZeNdby ne | j.7s]
pelglhf _djZgm\Zggy IZ dh_nepe}glhf \e"Hblkygzexedhdhf afegm 72« e dljbggh€ ijh
jhfZ]lg+lgbo o\bev [_ajhafejge \_ ebggaRl PALYem m [+d i*~\bs_ggy sh fh gz
geklx _djZgm\Zggy 1jZ"bpecgh \Z'gppvkiaj2@@gdhf a aZklhkm\Zggyf kis\\eAc
q_ggy izZjZf_ljs\' m eh]Zjbnfeqgbo hEbaRpPY&eZ4y 1Z M j_ameviZle i+A"\bsm}lvky
LZd azZ]ZevgZ _n_dlb\geklv _djZgmhzagyglL & dldhtZlsh } g [Z Zgbf m [sevrhkle

gelgh]h ihey eZ"gbo az”Zq
1§ AZe “geklv dh_nepe}glZ ihlJebgZggy \e*
SEr  10lg — Te f IZee\ "bki_jkgdk0xXdfgZ\_~ gh 4Z jbk
?n_dlb\geklv degm\Zggy aZ jZomghd \e~[Dblly
18
S 10lg —
Er 91 Re'

Lh[lh ~ey klI\hj_ggy _e_dljhfzZ]lgelghlh _djzgz
g_h[oe*gh€ _n_dlb\ghkle ihlje[ge agZq_ggy dh_nep-}
gle\ ijhoh”"_ggy _e_dljhfz]gelghdh_ihey
nepelglzZ \+Rblly

M ijhp_ke ijh_dIim\Zggy aZobkgh]lh fZl_jeZem
Z[h dhgkljmdpe+€ kee” \bagZqgblbky azZ ydbf izZzjzf_
jhf \bagzqgz}lvky _n_dlb\geklv _djZgm\Zggy M jZa-
hpegx\Zggy afeg gZijm _ghkle _e_dljbggh]lh ihey
i_j_" agdayhff_j_lvky dh_nepe}gl Ydsh hpe
gxxlvky \ljZIb ihIm ghkle \bijhFegk\Zggy
[_j_Ivky dh_ne-pRrEJI M ijZdlbggec ~eyevgh
kle \bdhjbklh\mxlvky mke aZagZq_ge deevdekges hpegdb
afegb iZjzf_lje\ _e_dljhfzZ]gelgbo ihee-\ aZobkgbf

fZl_jeZehf :
- . . . g eklv dh_nepe}glZ ih]lJebgZggy
>ey *-_e_dljbggbo 1Z]_j+Ze-} aZoAbk_ _ ?jﬁ#‘f;}% ghlh \bljhf gx\Zggy mevljzZz\bkhd
kle \bagZqgzxlvky €0 dhfie_dkghx . %A \fekim f_1Ze _\h]h ihjhrdm
ijhgbdgeklx -
- . .V >ey \bjer_ggy pe*}€ ijh[e_fb “hpeevgh aZz
R Hi eL 'hz(_g-/ \m\ZIb [Z]ZIhrZjh\m kljmdImg&n MFfh\Zfb
\ghkle }
N HtnNe e dljbggZ ijhgbdigelhifviz ijh\en ah\gergec rZj ih\bg_g fZlb fegefZevgm
gekl& + pbdeeqgZ qzZklhlZ \bijhisgx\BEgdhibggm ijhgbdgeklv ijbcgylgm ~ey azZ[_:
_e _dljbqggZz klzez f_ozZgegqgbo \eZklb\hkl_c

168



ISSN 2073-7394 Kbkl _fb mijZ\eeggy gZ\+]Zpe+€ 12 a\ yadm

\fekl jZ~ehih]ebgZevgbo gqZklbghd Z[hZkl\pgmEbrejh\erghkle
dimj ih\bg_g aZ[_ai_gm\ZIlb fhghlhgg_ ajhkZzygekimysahevh\Zgbo h”"gZ \«» h”*ght
\gh€ kdeZ”h\h€ _fe ddbddpteqgh€ ijhghbdghzklbghd
kle \e~ ah\gergvh€ ih\_joge "“h \gmljergvh@z[ fZdkp ggy a]zkzZggy _e dljhfzZ]g
fZevg_ a]JzZzkzggy _e_dljhfZ]gelgh€ ol\ben A ZZoyghd ™ e dljbggbo \IjZI
\gmljergvh€ ih\_joge <gmljergx ih\_jogx afdg@fhévgzZ jeagbpy o\bevh\bo hihjs\ g
os”ghkle \bkhdh€ _n_dIb\ghkle _djZgmpZ0ian¥X-jyPrWVgBgy fZI _jeZem
ajh[blb f_IZe_\hx Lh\sbgb rZje\ maJh™|pXINKyjRgge fZl _jezem fzZljbpes dhfihab
mjZom\Zggyf egl_jn_j_gpecgbo y\bs gh]h fZI_jeZem ke~ \jZoh\m\ZIlb g_ lsevdb

"bki_jkecgZ aZe_"geklv ih]ebgZgpy iqddg®dgHklZgg gdmles\ ~« e dljbggbo
|Zfb ih\bggZ aZ[_ai_qblb ijbcgylgm\jt¥ghBpdtkteesz%_ dljbgge ijhgbdghkle ihee«kl
ihlJebgZggy aZ mke}x kfm]hx qZklhljhé&m[Zidg@dkgleoehjb m [ebavd®?aZ agZq_g
kmll}\e \eA[blly gZ ]JjZgbpyo jha”“eem|pZje\+ \eAih\eAgh ZedmliZg] eglddjb

M [Z]ZIvho \biZ*"dZo h"ghqgZkgh @gidd ZAPMZgeMi}\h \erje2rp0fxIZky 2
\bkhdhgZklhighlh _e_dljhfZ]gelgh]h \khew\edhgh [m}
_djzgm\zZggy _e_dljhfzZ]gelg_ ihe_ gZ gh@wdhe§ uklih\e_ggy jZ~-hilhdebgZevgt
Ihlb ijhfbkeh\h€ [Z €€ ]Zjfhged < jpll-NZofhBRAdhgZklhlgec h[eZkls ki_dljZ ih
Ydsh a _e_dljbgghx kdeZ”*h\hx IZdb@méhe¢psr ifipfeknfili}\e i j \Z]b
g_ \bgbdZ} q_j_a ijh\e*rgeklv jZ"ehih]ebdZz¥I®blyldec jh[hle a jhajh[e_ggy aZo
rZzim Ih _djZgm\Zggy fZ]gelgh€ kdedfthha®podjal[Mimgdpeyfb _djZgm\Zggy fZ]g:
gZy\ghkle m fZl_jeZees gZih\gx\ZqZ aehX|gzhygufdvidenk qzklhlib azklhkh\m}lvky eZl
kIb\hklyfb m a\bgqZcghfm klZge fZ} ~«_e_dljbggm ijhgk
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AZklhkm\Zggy pvh]h kis\\eAghr_g ]h'ﬁ‘é § kmfers Lh{lh m ijhp_ke ijh_d
Ige j_ameviZlb ~ey mkvh]h ~+ZiZah gk k‘#b%‘b'lmd'b\g' jer_ggy g_hfo-"
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g_fh eb\eklv ch]lh aZfegb g_h[oe*gekd¥[bhiMNibsegdhhfZ]gelgbo o\bev fZl _jeZe ih
_n_dlb\ghkle Ihsh [mlb [Z]ZlhrZjh\bf Z[h IZdbf m ydhfm aZzZ[_
ihklmih\_ ajhklzggy _e_dl4hafalphagglre
<bkgh\db ah\gergvh€ ih\_joge "h \gmljergvh€

1. =heh\ghx aZz~Zqg_x ijh_dim\Zggy _® ®éphtizrghgzZzkgh]lh _djZgm\Zggy _e_dlj
]Jgelgbo _djZge\ ihlje[gh€ _n_dlb\ghkdbo}imea]hmevljZ\bkhdbo [Z \bsbo gzZklhl -
geklv o\bevh\bo hihje\ ih\eljy IZ ih\_jogo Vher\ragftigbavdbo gZklhl m fZl_jeZe ~h"
fZl _jeZem Keer \jZoh\m\ZIb i j \Z dllgelgied\ggdrzha@gx\Zq >ey kijhs_ggy jhajZome¢
obkge \eZklb\hkle m \bkhdhgzZklhlgecthdgZKl-ggy dhdljhneabqggbo iZjZf_lje\ de
fZ]lgelghlh ki_dljZ "eckgh€ kdeZ*h\h€ZdhjfidethkdhEg2kge qZklbgdb ih\bgge [mlb
_edljbgghegbdghkle fZIl_jeZem eahevh\Zge 1jb h[bjZgges fZI_jsZem fZljbpe

2. >ey "hkylg_ggy \bkhdbo aZobkgh\on\étlkip\hleevdb ~+_e_dljbgge ijhgbdghk
kl ¢ fZl _jeZem h~”ghqZkgh a fZebfbZem _nfp-}d9dflgk dmlzZz ~+_e_dljbggbo \IjZI
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Design of electromagnetic screens of guaranteed efficiency
for civil security and electromagnetic compatibility

D. Samchenko, O. Tykhenko, L. Zozulya, N. Thibulnik

Abstract. The principles of designing composite materials with guaranteed (required) effiarenoynsidered. The main
ratios for evaluating the efficiency of the designed material are givenmain condition for obtaining a material with low reflec-
tion coefficients of electromagnetic waves is the approximation of the keaistance of the surface layer to the air resistance.
Calculations showed that in order to ensure a minimally acceptable reflegéfiitient (0.2568.30) and sufficient absorption
coefficients of electromagnetic energy (-20 dB in power), the materialssheuhulti-layered with a middle layer of high absorp-
tion properties. This is ensured by its high electrical conductivityogsiple option is a monotonous increase in electrophysical
properties from the outer surface to the inner one. If it is necesssirptltaneously shield the electromagnetic field of ultra-high
and higher frequencies and the magnetic field of ultra-low frequeficisstrial and its harmonics and interharmonics), the ma-
terial must contain a magnetic filler. Its volumetric amount is determin@tejevsky's formula. The reflection coefficient in this
case is determined by the ratio of the absolute magnetic andiitigermeabilities of the surface layer. To simplify the design
of the material, the ferromagnetic particles of the filler should be @altyrinsulated. At the same time, the radio-absorbing
material (or material layer) must have branched conduction circles in the strietine process of designing the material, when
choosing the matrix, it is mandatory to take into account nigttba dielectric constants of the materials, but also the tangents of
the dielectric loss angles.

Keywords: electromagnetic shield, reflection coefficient, dielectric losses.
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ASSESSMENT of DEAD ZONE OF JOINTLY OPERATING RADARS

Abstract. Research relevanceWith the emergence of unmanned aerial vehicles, the assignmentsnludting them
have also become significantly more relevant. Today, operationatemneasures against UAVs are of great importance.
Modern UAVs are capable not only of conducting video reae@sance in a certain area, but also of observing a specific
object for a long time and striking it. After detecting and identifyil§Vs by RLS, it is necessary to take measures to
neutralize them. In the paper, a mathematical model of the &wvalwaf the dead zone of RLS working together for the
effective detection of unmanned aerial vehicles was established anthbartmmn of the dead zones was made on concrete
examples. Theurpose of the research work is to solve the problem of effective placenfigoindy operating RLS by
mathematical methods for nonobserved remaining part of them inadahvolume and to select the necessary placement
scheme. The followingasks are solved in the article: analysis of the characteristics of the radard@éslelopment of a
mathematical model for evaluating the dead zone of joint rad@orss; evaluation of some accommodation options. The
following research methodsare used to solve the issuttgoretical analysis, mathematical modeling, comparative asalys
The followingresults were obtained: it was observed that the dead zone was reducé&dtinyek. in the four-station square
arrangement scheme, and by 1.3 times in the three-station taergjuangement schem€&onclusions: From the
comparison of the obtained numbers, it can be concluded thetettgon of a radiolocation area by placing RLSs on the
vertices of equilateral triangles (in the form of a checkerboard) is esor@mically profitable, as it requires fewer stations.

Keywords: unmanned aerial vehicles, dead zone, radiolocation area, \effegfliection area, radiolocation station.

. In order to increase the probability of detecting
Introduction targets (increasing the effectiveness), the minimum size
Analysis of the 2020 Patriotic War and the ongoingvolume) of the dead zone is one of the main conditions.
Russian-Ukrainian war, as well as recent occuring local  This task was considered in [5]. In this work it is
wars and conflicts, shows that the detection of UAVs ishown that one of the problems of modern radio
one of the main issues for combating them [1-4]. For @ngineering troops is the impossibility of detecting low-
more effective fight against UAVS, it is important factoraltitude small-sized air objects over the position of a
to quickly detect them both at long distances and in thfadio engineering unit. This is due to the presence of a
dead zone [5-7]. dead zone (funnel) of surveillance radar detection zones.
Modern local conflicts, where high-precisionThe solution to this problem can be the use of mobile
weapons and military equipment are more involvedsmall-sized vertical sounding radars.
impose new requirements for conducting combat In [11] the issuesf assessing the visibility zone
operations. UAVS, in turn, at the present stage of thef radar station in a noise-free environment and under
development of science and technology are beirthe influence of interference are considereth
developed more and more, creating many difficulties falgorithm for complex estimation of radar parameters
air defense system$hese difficulties are related to theis proposed. The relatioof the tactical characteristics

following factors: of the radar with its technical characteristics and the
- small effective reflection area, i.e. smalltargets is considered.
radiolocation visibility (effective reflection area 0,01- In [12] the new generalized indicator of the

0,001 nd), visual detection less than 100 m (in ideatechnical and economic analysis and a choice of
weather conditions), the hearing of the sound is 15-50 mptions of creation of land radio engineering means of
W UDG ROPDVO a special purpose on the basis of convolution of
- low flight speeds (10-30 m/sec), wide diapasoindicators tactical and technical (power) and
of movement speedpgerformance of flights at low and operational technical characteristics is offered.
minimum altitudes using the terrain; In [13] the problem of creating a continuous field in
- to have the little time for obtaining information the army's operational range by ground-based radars with
about the type of object according to its spatiahlower boundary height of 300-500 meters in front of the
(geometric) characteristics and making a timely decisiofgrward edge and in tactical depth is considered. At the
- in the characteristics of the RLS, there are ssame time, the height of the upper boundary of the radar
called "dead zone" with a radius of tens of kilometerdield, as a rule, is not set and is determined by the
where it is impossible to detect and track aerial objectsipabilities of the radar, which are in service with air
[8-10]. defense units.
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However, in the above works, the method for 2. Radiolocation stations are used to conduct
selecting radar layouts to reduce radar dead zones is natonnaissance of the air enemy in a circular search
consideredTherefore, the problem of assessing the deadode. The detection of air attack vehicles by RLS in the
zones of jointly operating radars is relevant. vertical plane is limited, which leads to the presence of

The article presents a mathematical model foso-called "dead zones" in the field of vision, where it is
estimating the dead zone of joint radar stations fompossible for RLS to observe air targets.
effective detection of unmanned aerial vehicles and The following requirements must be met when
compares the dead zones on specific examples. Téreating a grouping of RLSs for the detection of UAVS:
purpose of the study is to solve the problem of effectiy - in the most probable flight directions of the
placement of RLSs by mathematical methods and chocenemy's air attacks (in front of the front line) the far
the necessary placement scheme so that the unobselborder of the detection zone should be set;
part (dead zone) of the joint radar stations is minim - the continuous radiolocation area must cover the
(maximum visibility). entire area at the possible altitudes of the enemy's air
attack vehicles flight, and the probability of detecting
targets at any point of the radiolocation area must be at

A dead zone (DZ) is a section of space above a Rileast 0.75;
that is outside the radar's observations and in which 1 - radiolocation field should have high durability;

RLS cannot detect air targets (Fig. 1). The presence of a -the radiolocation area should be created with the
dead gap is determined by the appropriate selection of th@ximum saving on the number of RLSs.
orientation diagram in the verical plane of the radar  Choosing the optimal value of the height of the
station, which depends on the relief of the area in the aresver border of the radiolocation area is one of the most
of influence of the station, the nature of the position, thimportant conditions for fulfiling the above
height of the antenna and the technical parameters of tigguirements. Two neighboring stations provide a
RLS. It is impossible to detect and track aerial targets #Fontinuous radiolocation area only starting from a certain
a dead zonfl4]. minimum height (khin) and the smaller the distance
between the RLSs, the smaller the lower bound of the
continuous field (Fig. 2).

Radar area and scheme of the dead zone

Fig. 2

Fig. 1 The smaller the height of the lower boundary of the
radiolocation area, the closer the RLSs need to be placed,
The area of view of radiolocation stations isso more RLSs will be required to create a continuous
determined by the design of the RLS antenna and adiolocation area (this is contrary to the above
operating characteristics (wavelength, transmissiarequirements). In addition, the lower the altitude of the
power, and other parameters). lower boundary of the radiolocation area, the smaller the
When creating a grouping of RLS for the detectiofiar boundary of the detection zone at that altitudé [15
of UAVs, the detection zones of radiolocation stations  Currently, the state and trends of the development
have the following important features that must be takesf UAV require the creation of a radar site at a height of
into account: several tens of meters (50-60 m). In this regard, a large
1. The boundary of the sighting zones of theumber of RLS will be required to create a radiolocation
radiolocation stations indicates the diapason of targatea with this height of low boundary. Calculations show
detection depending on the target's flight height. Thibat when the height of the lower boundary of the
earth's surface significantly affects the formation of theadiolocation area is reduced from 500 m to 300 m, the
direction diagram of radiolocation stations for meter andeed for the number of RLSs increases by 2.2 times, and
decimeter ranges. This means that the terrain will haveadoen it is reduced from 500 m to 100 m, it increases by
significant effect on the area of view of the radiolocatiof@ times.
station. As a result, the detection ranges of the same type As a rule, the height of the upper border of the
of air targets at the same altitude can be different madiolocation area is not determined, they are determined
different directions. by the capabilities of the radiolocation stati¢nb3].
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Problem statement

8oL TOU@V L
The development of a general methodology for S ;ééi@@Aj eva
calculating the values of the intervals and distances @ ie b @)
between RLSs, which contain different types of L eﬁi 'V Fyo¥
io

radiolocation stations in the radiotechnical grouping, and
the nature of the terrain does not significantly affect the = However, it is clear that to estimate the dead zone
radar area, constitutes the issue. Taking this into accou(@one excluded from observation) of radiolocati@tishs
it is required to create a radiolocation area with the heighperating together the formal sum of the quantities
RI WKH ORZHU ERUGHU RI WKH U Demnmnedbl hejarrru@s (2)chnDot @ takes ishiue
Thus, depending on the location of radiolocatiotto the fact that they have intersecting parts.
stations in the area, the dead zone (zone outside of To solve the problem, it is necessary to reduce the
observation) will be different. The purpose of thevolume of each radar station's dead zone (zone outside of
research is to investigate the issue of evaluating the dezloservation) by the volume of the part that other radar
zone (zone outside of observation) depending on tlséations can see this zone. Let's calculate this volume for
place of radiolocation stations in the area. the E th radiolocation station. For other radiolocation
stations, the dead zone (zone outside of observation) is
expressed as v .y ¢ Then it can be written the following
formula for the sought volume:
We will assume that radiolocation stations operate
in a fairly limited area, so we can ignore the curvature of &L,  @TeuvavVv ()
the Earth's surface when describing the location area. To ealaAg, 0760
give the place of the radar stations relative to each other Considering that the sets3, v. -y E L sata &4 a G

in the area, let us introduce tHeT Upésitively oriented g not intersect, we can write the following formula for

rectangular coordinate system with related to the groupde evaluation of the dead zone (zone outside of
[16, p.73], traditionally, thel Vaxis can be considered opservation) for all radiolocation stations:

Mathematical formulation
and solution of the problem

perpendicular to the Earth's surface, pointing vertically b

upwards. Let's assume that it is planned to tazenber . ..

of radiolocation stations in the area. 8LI8 )
Let us denote the coordinates of the locations of the uves _

radiolocation stations relative to thd T U ¥ystem From a mathematical point of view, the problem of

through <Ti @ ya E L sa t&&éc@ding to the the minimum dead zone (zone outside of observation) of
requirement of the problem, the distance betwedidiolocation stations operating together can be formed
radiolocation stations is required to be at minikhlin ~ as follows:

other words, the following inequalities must be satisfied - itis required to find such coordinate3ia ¢4 /
relative the coordinates of the points: for which the conditions (1) are satisfied and in this case
6 6 6 the functional (4) takes a minimum value.
k¥F To E kiJF Yo E kdF o R k& ) Note that the functional (4) is defined in the non-
EAFLsataaaGca I convex set- 3, v.iryand it is very difficult to give a

As mentioned above, in general, the characteristgéneral solution to such minimization problem.
indicators of radiolocation stations may differ from eactf herefore, the value of this type of functional is
other. Let us denote the target sighting distance ofthe c@lculated by numerical methods. On the other hand, the
th radiolocation station ag and the characteristic angle!ocation of radiolocation stations cannot be arbitrary
of its unobserved sector 4$,;E L sS4 t4A & G according to the existing infrastructure. Taking into

,Q JHQHUDO D GHDG FhQ\%@?ﬁ’“m Y\/@%pps @gn&aqie it is suggested to find a
observation) is a three-dimensional space figure, we wifttional solution to the problem. Thus, the best of the
consider that the evaluation of these figures can be doR@SsiPle options proposed for the location of the stations
based on their volume. can be considered as rational solution. In order to find a

It is clear that geometrically the dead zone (zon@t'on_al solution, a dl_screte version of the model (1)-(4)
outside of observation) of the i-th radiolocation statioff Written and functionals (4) are calculated for the
taken separately can be described as a truncated conePf@Posed location options and compared with each other.

us denote this cone as; Then the heighéOf the coney Examples on location option evaluation
is calculated by the forrr_1u|@,L @...—6/00” take |r.1to 1. Suppose that four RLSs of the same type are
account that the coordinates of the radar station aggced at the vertices of the square geometrically (Fig. 3).
‘T 44 3/ the cuted cone gcan be expressed as Considering that the minimum distance (side of the
6 square) between the radar stationsisl swG |, the
.t pTaua YEUQ %:V F ¥h ébé dead gap angle of each RLS ¥ Lsurland the
detection distance of RLS i€ 5sL urGIl, we can

rQVvFER b find the volume 8, of the dead zone of each RLS
its volume will calculated by the following formula [17, considered separately and the voluBwef the dead zone
p. 347]: which is caused by the joint location of these stations.
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Fig. 3. Schematic representation of the placement
of RLSs at the vertices of a square geometrically

According to the data of the problem

surt
D Lur...%’iév N suG|

and if we apply the formula (2), we obtain

ur® 58
8 L él—\}) + VOWsttwtGI’A
SV 4

&NXx{VWGI"AE L satauava

Then
8

8LIi8yNtyyzsGI'A
U@s
Thus, when comparing, it can be seen ®istabout
1.6 times less thaw &

H L srG| the angle of the dead zone of each RLS is
U Lstr, the detection distance of the RLS8g4« L

uWwG |, it is possible to evaluate the separate dead zone
of each RLS8, and the total secto8.

Based on the datd) Lu w.. 5—,2411N tr G| Then

uw® 64
84Lélﬁpi V@Wtwxw I’
4

8 Nszux¥GI"AE L satau
and
SLu®BwwrzsIl’%

Thus, comparingu § and 8it can be seen that the
total dead zones of RLSs are reduced by about
1.3 times.

Aspects (opportunities) of practical application.

The mathematical model for assessing radar dead zones
does not impose additional conditions and restrictions
related to the geography of the coverage area or the
frequency of the operating range of the radio equipment
used.

Therefore, if the task of estimating radar dead
zones is being solved, the proposed approach can be
applied in other areas of radar application.

The discussion of the results

It should also be noted that the proposed approach
is based on the assumption that radar stations operate in
a rather limited area and are located on a conditional
plane.Comparing it with widely used radar systems, as
well as with other methods for detecting flying objects
(aircraft, helicopters, UAVs, missiles, etc.), we can draw
the following conclusions:

- this method does not require the installation of
additional equipment and antennas on the radar that
implement radiation patterns;

2. Suppose that 3 radi(_)location statio_ns of the_same - the mathematical apparatus is simple and easy to
type are placed at the vertices of an equilateral t”a”%‘ﬁplement for assessing the dead zones of jointly

(Fig.4).

Fig. 4. Schematic representation of the placement
of RLSs at the vertices of a triangle geometrically

operating radars, depending on their layouts.

Conclusions

From the comparison of the obtained numbers, it
can be concluded that the creation of a radiolocation area
by placing RLSs on the vertices of equilateral triangles
(in the form of a checkerboard) is more economically
profitable, as it requires fewer stations.

Although advantageous in terms of cost savings,
Fig.4 grouping does not satisfy other critical
requirements. For example, the failure of any of the RLSs
leads to the formation of large gaps in the radiolocation
field. Losses of air targets during tracking will be
observed even with the correct operation of all RLSs,
since the "dead zones" in the sighting zones of RLSs are
not closed.

If we also take into account the distortion of the
visual zones of RLSs as a result of the influence of the
nature of the relief around the positions, we can generally
conclude that the grouping in Fig. 4 can be used only in
exceptional cases- with an acute shortage of funds and in

Taking into account that the minimum distancesecondary areas, but their use at the forefront is not
between radiolocation stations (side of the triangle) iffective.
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COHERENT DEMODULATION OF SYNCHRONOUS MUTUALLY NOT
ORTHOGONAL DIGITAL SIGNALS WIT H MANIPULATION
IN THE MINIMUM SHIFT KEYING

Abstract. The article presents the synthesis of a mathematicabhafdthe compensation procedure for coherent
demodulation of synchronous mutually non-orthogonal digitaladgywith manipulation in the minimum shift keying.
In the absence of interferemthis procedure degenerates into the procedure o$icdscoherent demodulation of
digital signals with manipulation in the minimum shift kegi With a significant excess of the instantaneous pafver
interference over the instantaneous power of usefulaigignals with manipulation in the minimum shift keyirg t
immunity of reception of the latter approaches the immuoftyeception in a channel with additive white Gaussian
noise without interference. This mathematical model lsarused in the development of modem compensators that
ensure repeated use of the frequency resource, dawiel the development of promising interference -protecaelio
communication devices.

Keywords: radio communication, coherent demodulation, synchronous noogorihl digital signals, minimum shift
keying.

the currently known methods of interference protection
are becoming insufficiently effective.

In the development of modern radio equipment, the It should also be noted that it is obviously
problem of reliable reception of a digital signal inimpossible to protect digital lines of military or civilian
conditions of limited radio frequency resources, fadingadio communication from a wide variety of powerful
multipath, doppler frequency shifésd the influence of interference using any one method. In this regard there
various structural disturbances remains urgent. is a need to choose some rational set of them among the

Therefore the search for ways of effective use ahultitude of technical methods of combating
the radio frequency resource and demodulation of usefaterference which will ensure the fulfillment of modern
digital signals under the influence of intentional orequirements for interference protection of special
unintentional interference, including those similar inpurpose digital radio communication lines.
structure to the useful signal is relevant within the limits It is obviously impossible to solve a calculated set
of this problem. A huge number of works have beenf problems for the development of error-proof
devoted to this for more than half a century (foprocessing algorithms within the limits of one work. A
example, [1#4]). It is not yet possible to assume that thimumber of tasks can be solved sequentially.
problem has been solved at least theoretically. It can A separate important class of problems of
assumed that an effective way to solve it is to create interference-protected reception of a digital signal are
least two-stage procedures. At the first stage, it problems related to the demodulation of a useful digital
necessary to perform the task of evaluating the sigrsignal with angular (non-energy) modulation under the
and interference situation. The second is to implemeinfluence of strong interference+ synchronous,
one or another rational, in some sense, fault protecti asynchronous (plesiochronous), similar in structure to
algorithm. It is clear that such an ideology involves ththe useful digital signal.

Introduction

creation of some library of processing algorithms thi Similar to [1,4,7,941] it is suggested to use
can be applied in the receiving device at this secoicompensation procedures in the modems
stage. (demodulators) of the receiving devices to improve the

Broadband signals adaptive modes of operatiiimmunity of the reception of a useful digital signal
(for example, according to MIL-STD88141, received under conditions of additive influence of a
MIL-STD-188110B standards), pseudo-randonpowerful similar interference. It should be noted that
adjustment of the operating frequency (for exampldigital signals with manipulation in th@inimum shift
STANAG 4444), methods of spatial-polarizatiorkeying (MSK) are widely used to ensure data
processing [5, 6], modem compensation methoitransmission in a limited frequency band [13, 14].

[4, 78], interference rejection in time and frequency, The purpose of the research and the main content
and a combination of these approaches. However théthe article is to solve the problem of synthesizing a

rapid increase in the number and power levels of radinathematical model of the compensation procedure of
radiation sources of various origins, the development ebherent demodulation of synchronous mutually non-

radio-countermeasures and, as a result, the improvemerthogonal signals with BK. At the same time it is

of the quality and speed of adaptation of interferencaso necessary to check the performance of the received
parameters created by these means lead to the fact tmaidel.
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Methodology for the synthesis The general form of the possible probability

of a mathematical model of coherent functionals of a collection of discrete parameters of
demodulation of synchronous mutually mutually nonorthogonal digital signals for the case of
non-orthogonal digital signals with MSK ideal coherent reception when convolution on one clock

interval is similar tg4] written in the form (the number
Signal with MSK have a manipulation index equabf the clock interval is refuted):
to 0.5. At the k clock interval such a signal is
represented by the following expression [14]:

S k.t Acos WQ:U W, teX 1t , wherethe components determined by the energies of the
(1) signal and interference of the species

where rQ 1%, 1 1, 01,k 1,23., + K Ni § r.tdt Ni3$2 td, i 12, [4], as
0 0

I, 8exp EiU .5 @ 1,50 ()

information symbal ECE tfrequency deviation independent of the states of the information signal
refuted as being the same for all likelihood functionals

Ao tsignal amplitude with MSK and therefore will not affect the operation of the

k1 k 1 GEQ @k b N« Fn  decision ruler, about the states of the information
Kk = Y U b 1" —— O 1 1

2i1 2 i1 2 symbolsr; of the useful signal.

tis the initial phase of the signal at the- clock In (2) 3 +some normalizing factor,
interval. For ease of recording, both definitions of the i
information signal rO 1" used in previously b n Ni 3yt S ptdt £the ratio of the
known publications [4, 12] are used. Oty 4

From this it can be seen that the signal depends dBubled scalar product of the input observation and the

the values of the information symbol not only on thgsefyl signalS, K.t on the length of the clock interval

k -clock interval but also on its values on all previous , )
intervals[12]. B} 1.ty to the one-sided power spectral density

Let's assume that the signal withSK is useful AWGN;
S .t and powerful structural interferenc® n,t t

2 .
spread in a stationary radio communication channel, by 12 N_o 3y 1S nyt dt xthe ratio of the
their frequency positions and clock points coincide, and %1
the non-informational parameters are precisely knowsoubled scalar product of the input observation and the

[1144]. interfering signalS, n,t on the length of the clock

Then we will present the observation model on the .
duration of the clock interval as follows: interval ¥ .t to the one-sided power spectral

density AWGN;
yt § it S bt nt, i

1 .
where n t  +addtive white Gaussian noise (AWGN R, No 35, n,t S; rpt dt +the ratio
1

with one-sided power spectral densily.
9f the scalar product of the useful sigrgl f,t and

It is quite appropriate for phase methods of binar
manipulation to form a decision about the state of theterfering signalS, r,t on the length of the clock
information parameter of the useful signal based on the .
comparison of phase shifts at adjacent clock interval'sn.tervaI % 1l o the one-sided power spectral
This significantly simplifies analytical proofs and, as alensity AWGN.
result, technical implementation. In particular, the need Let's write down all possible probability
to integrate (convolution) observation quadrature ofunctionals of the information signal vector of mutually
adjacent clock intervals is simplified to two-fold (morenorrorthogonal digital signals:

recisely, sequential) convolution on the same intervals \

gnd seq)lljentgl memznrization of the result for the length /11 3 £1 oE1 2 4%
of one clock interval (in delay linest zero-order \
extrapolators) followed by multiplication result - inghi /11 3exp E1 E 1 2 8 8

case we are interested only in the answer to the question |
about the sameness of the adjacent values of the /11 e E 1 2Bl 2 51%
representative parameter of the useful signal the
coincidence (non-coincidence) of the values of the
adjacent convolutions. But this is not the case when . L - .
dejmodulating a signal with 8K - the optimal solution Starting from (2), within the limits of this work, we

CVUDFKEATVHG B SURFRYVLGS D YiT RS B M e e

two adjacent clock interva[g1, 13. criterion of the minimum average probability of error in

®)

/ 1, 1 3%xp E 1 LE1 2 51, &
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the estimation of the useful signal, but it will allow to
check the principle possibility of compensation of
interference similar in its structure to the useful signal
with MSK in the demodulator of the receiving device.
Write in explicit form according to model (1) the
ratio of the mutual energies of the useful signal with
MSK and the interference with MSK at a certain time

interval t e+ ®,t, to Ny

, 1 3%exp E 1 E1 2 8%
/11,1 3%exp E1 L,E1 2 & 2 (7)

/I 11 3%xp £ 1 E1 2 8 B

Using (3) we write down the rule for making a

where their information yenision about the transmitted information symbol of

symbols are unchanged: the useful signal with MSK:

t2 cos & W: wul
ARy & at "

R11 .
No y Wos & W: W3 expb, 1 R1 17 exhh 1 @®
A
Li}oscgau 3 ueprzl Pl'l szz
4 o & 1 expb, 1 R 11gs
a .
2 : .
usm 0 ! 4) where rect xt0O 1, rect x 0 0 = decisive
sin 2 & : 5 MW sin g3 4B function.
To reduce the argument of the decisive rule (8) to a
ucos 2 & : W cos 2 (& Zi\Rl)l’4 combination of terms of functionsh x, ch x from
AALE b 3 3 the arguments we multiphy , 1, , R g, 1, all the
—— =< "tos . . .
2Np cTa components in argument (8) by the expression:
o In order to reduce the argument of the decision
Similarly, rule (8) to the combination of terms of functions from
2 cos W us the arguments we multiply all the components in the
R 1 1 AcAa 3 % w “dt argument (8) by the expression:
N : )
0y Wos & W: We3 L b1 b 1 bl g
AA, exp — L«
%os o 35U 3 2 b 1 2RL1 2R LS
4 5 &9 1
] . a As a resultwe get:
usin2 & : Wsin2 g&:, W (5) o1 b 1§
c_ ° S
OS2 o a8 ° r =rect @h f@)u
sin . 3, 3 «
cos 2 D& 1 1 a
0 - >724 uch %&h R1, 1 R11«
A t. © 4 (9
Afal B oo g . g ©)
2Ny b1 b, 1§ 2%
. b,1 b, 18§ sh =—=——" u8
AA,2 ch —+—"—" « 2 © »
R, 1 R 11 —% 3cos & W: Wu 2 ©« »

0y
wos & Wi, W, 3 -&%: |, Fm
4.8 ol
usin 2& W sin 2 & Wsin k3 u3 (6)

A Aa
4: >N0

ucos 2& W cos 2p& W, u

utos 3 3 sin2: yWsin2 5, W

sin 3 3 cos2 4Wcos2 5 \&

Can be seen from (4) and (5) that mutual energy
R11 R 1 1,then (3)rewrite as follows:

/1,1 3fxp E1 ,E1 2 8%

& rectbxph 1 %xpb, 1 R 11

h R1, 1 RL1_ 3
Now let's divide all the components of (9) by
1 1 - 1 1
ch ®2 i ch 5 %
© 2 1o 2
«wh R, 1 R11.

As a result we get:

. s b1 1
e rect @h b1l b 18
(10)
1 1 v
sh 2t 2 18 00y R11 Y
2 © o
<

Considering that the function is odd, we write
down the decision rule (10) in the form:
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* ° 1 1 * ° 1 1
e rect ®—bl b 13 e rect ®—bl b 18
- 2 © hd 2 ©
a V(ll) 1 18 y (12)
1 1 ‘ . N 2
Arth th u'gth R1L, 1 RL1«y, sign b 1 bpif R1, 1 R11 3,
2 o 3 2 o S

The structural diagram of a coherent demodulatovhere sign x Ot 1, sign x O 1 <+ signal
for extracting synchronous mutuallyomorthogonal  f,nction.
digital signals from MSK is shown in Fig. 1. Representation (12) of the separation model (11)
If the modules of the quantites, 1 b, 1  allows a simplified demonstration of the procedure for
significantly exceed unity (that is, the components dgfompensation of a powerful interference similar to a
the interference in terms of the instantaneous power ageful signal with MSK. The demonstration of the
much more than the useful signal) the decisio@peration of the decision-making rule (11) is given in
rule (11) can be significantly  simplified the table 1 (in the table &rgrect x =+decision rule

(th x 11 |1Lith x 1| 1) argument (11))

Table 1 £The demonstration of the operation of the decision-making rule (11)
f ry bl b 1 bp 1 b1 arg rect x &k

2 2

0 0 R1L,1 K 1 R 1,1 R 11 R 1,1 B 21 ¢ h? 1 0
0 1 R11 K 1 R 11 R 11 B1 R 11T ¢ h? 1 0
1 0 W1 R1L, 1 R 1, 1 R11 R1L 1 B 11 ¢ h? 1 1
1 1 "1 R11 R 11 R11 K1 R1 1 h 1 1

N
¥ N T =1
-t
S -
e

S, Lt
e
—X~
&

<
{%
|
(@8]

2 b 1

No

Fig. 1. Structural diagram of a coherent demodulator for separatingreymls digital signals withMSK

When compiling the table 1 for the purpose oflescribes the procedure for compensating the influence
transparency of explanations of the presence of noiséinterference similar to the useful signal with MSK at
components at the outputs of the correlators of thee input of the correlator of the signal branch of the
scheme of Fig. 1 was not taken into account. demodulator.

C luSi At the same time, the compensating voltages
onclusions are formed on the basis of reference oscillatiohs o

The essence of the proposed mathematical modéle signal and interference, and their signs arthet
of coherent demodulation of mutually non-orthogonadutput of the interference branch of the
synchronous digital signals with MSK is that itdemodulator.
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A distinctive feature of this mathematical model However, it is expected that provided the average
from the well-known classical coherent demodulation gfower of an interference similar in structure is
the MSK signal is the presence of a compensation pa#ignificantly higher than the power of a useful signal
At the same time, unlike procedures synthesized hwyith MSK and there are no errors in the estimation of
linear or non-linear filtering methods, the compensatiooontinuous interference parameters, the asymptotic
chains are directed not in the reverse but in the forwanthmunity of this mathematical model will be the same
direction. as in the absence of interference in the communication

The developed mathematical model is not optimalhannel when processing on one clock interval.
according to the criterion of the minimum average error  The synthesized mathematical model can find
probability per bit of the useful signal (moreapplication in the implementation of frequency resource
precisely,even the idealized version given in this articleeuse programs and in the development of promising
which does not contain procedures for evaluatinmterference-protected radio communication toofs.
continuousorrinformative parameters of the signal andseparate publication will be devoted to the task of a
interfererce) detailed analysis of the fault tolerance of model (11).
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Dh]_j_glgZ ~_fh"meyp+€ kbgojhggbo \az}fgh g_hjlhl]hg@2evgbo pbnjh\bo kb]g:
a fegefZevghx qZklhlghx fZgeimeype}x
<N /jhoeg</Il_e_rhd< HAZem'gbc
:ghlZpeyM klZIle ij_"~klZ\e_gh kbgl_a fzZl_fzZlbggh€ fh~_ees dhfi_gkdlghcEgh€ ijh
AN _fh meype€ kbgojhggbo \az}fgh g_hjlhlhgZevgbo pbnhx\bpZKkdih]lghee«\fhd mfegprZrevgAZ
\erkmlighkle azZ\Z"b ~ZgZ ijhp_"mjZ \bjh*"m}livky \ ijoplghemimfhlledkhged  whjlh\bo kblgz
fegefZevghx qZklhlghx fZgeimeype}x Ijb kmlI}\hfm i_j_\bs_gZeZ~NblIgWre fihlhghkle
ihim geklx dhjbkgh]h pbnjh\bo kb]gZees\ a fegefZevghx qZKRIhdgbhbsfggkimepjpcixinaz\
hklZggvh]lh gZ[eb Z}Ivky "h aZ\Z”"haZobs_ghkle ijbchfm \Zdkg¥Xlewdhbf Zrmbfibf glbfa [a&REZ b
>7Z9Z fzZI_fZlbggZ fh~_ev fh _ \bdhjbklh\m\ZIbky ijbi jb&aphge\fhs*h fabp aih gmxlv ih\lhjg.
\bdhjbklZggy gZklhlghlh j_kmjkm Z I1Zdh" ijb jR@yyHpZdbpkighlobagkd [a¥ jZr«ha\fyadm
Dexqh\e keh¥2eha\fyahd dh]_j_glgZ "_fh"meypey kbgojhgdebbghé¢lh]tigizddev pbdnj
gZklhlgz fZgeimeypey
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H Dh\ZéwyEd Dmagd}Hx\ Dhehfecp > DZjeh\

1OzZjde\kvdbc gZpehgzZevgbc mge\_jkbl _ | Ih\eljygbo Kbe «f ge 1\ZgZ Dh"
2GZpehgZevgbc | _ogeqgbc mge\_jkbl_| 30Zjde\kvdbc iheel_ogeqgbc gklt

A;?2AI?Q?GGY A:>:GH2 KL1ICDHKL1 KMIJH<H>@?GGY
IH<1LJYGBO H; /DA14:>1:EVGHX R<B>D1KLX?:EVGBO
MFH<:0 IHRBJ?GGY 1 <1>;BLLY J:>1HEHD:P1CGH=H KB=G:EM

:ghlZpeKKmijh\h”"_ggy ih\eljygbolH[§}dtKgx}IMKY¥YIhdZgZevgbfb jZ*"«hehdZpecgbfb ki
yfb 1Z azZ[_ai_gm}lvky ie*kbkl_fZfb \bagZq_ggy "ZevighkdimlIhXpbezekbjd g¥d”dhklmfh\
ydsHH kmijh\h~"_gglykhdhfzg_Xp gllh \er[m\Z}Ivky kmlI}\_ agb _ggy lhgghkle « klecdh
AT_ggy \e*ghkgh ~eeygdb \erkmlghidZ a2\ mhkdypdy Ijb\Zehx M jZae \bgb@dfh ggy ihfbe
aZklZjeeh]h "h fZg_\j_gbo bZpZ&lZjbrk\EZdgy Zelhjblfe\ keerdm{gba kY|l I\_ ajh

klZggy ihfbedb kmijhNH gZgor¥eygpes a”sckg_ggly fflZgijhh_ kM ajb\m kmijh\h”~" _ggy aZzZ
jZomghd agZgqgh€ ~“bgzZfeqgh€ kdgzZhpipébitkibedbkls kmHRAi}thilggly\Zgh \bdhjbklZggy
_d\e\Ze_glgh]lh jhafejm Zi_jlmjb "bkdjhblgbpbcglhi€\oFrgdm \ieb\m iZjzZf_lje\ klhoZklbqc
fhr_ee jitkbmfh”_ees kihkl_j_"_gv IZ i_jeh”m \bfejg\Z kdyc dhidl y" tixgid | h &g’z " «gZgeyv g h x
r\brdeklx < j_amevlZle ijh\_~_gbo "hkefh ehpVehlfvyNayPekrh€ hpegdb "hpsedvghkle Z"Z
fZg_\j_gbo ozZjzdlIHbklpz*"Zggy j_dhf_g~Zpec sh™h \b[hjm i_hkhi*g\XbZ { X \ZdiZogyZ e v

gbo jZz*"ehehdZthjZp_gh sh kipwpgekim kmijh\hH agey "blv \e~ Thgghkle ihlhggh]h \bfejx\Z
jZ"eZevgh€ r\b~dhkle ydZ i_j_\Z gh \bggEOZ}d¥k¥dklzbkkbdzZfb mzahdmZz prichglim
o\bees jZrehehdZpecgh]h kb]JgZem <pdmflAgboZlyégr&imZmi[me_glgbo g_h~ghje*ghkl_c
kn_jb ozZjzdlIZghhjiml 1Z \e~[bllyf jZ"eho\bev \e” a_fghk€\ Zjjdgthj&ZAh€_gh ijhihabpe€ sh”
\jZom\Zggy \dZaZgbo nemdIimZpec IZ af_gr_ggy €oadeviggyg K mdjtkintibrgyggy
Dexgh\s kemMbki_jkey ihfbékihZiheype€ jZ"eZevgZ r\b~rdeklv kbkl_fZ Z\IhfZlbqghlh
kee dzeng \bfejx\Zggy KklZIbklbgge 0ZjZdl_jbklbdb kmijh\h"" _gpyglmemdIimZp+€ nZah\l

<kImi fheb\hx lhqgeklx hkdbagdlysd} ydeklv \bdh
gZggy hkgh\gbo _1Zie\ kee”dm\Zevgh]h \bfej;
Klecdeklv kmijh\h~" _ggy ih\eljyghlhYRipkJlglmhlhgghlh hpegx\Zggy jZ**Zevght
IH ih\fyaZzgZ «a aZ[_ai_q_ggyf lhgdhkheijH]ghtamkihkl_jedZ§lXkzldZidhghf
\Zggyf ch]h iheh® _ggy 9gZ gZkimigbggakimdahisxh€hkljmdrmhlehdZpecgh]h kb]gZer
dZpecgh]h kihkl_j_"_ggy A~*Zlgeklv IZkimNpYyZfefgboblv \«” nnfto\_oghg e ¢
h[T}dle\H sh*h a”~eckg _ggy fZg \jm\Zgdyyydk\bmfhlexx\ilvgbdg_ggy nemdImZpesc nz
dhjbklZggy fZebo ¢ ]jZgbggh fZeboatbkhh mbaghitblgZem
kijby} kmll}\hfm mkdeZ”~g_ggx €0 kmijhkiWZagglfb mfh\zZfb fh gz \WZ ZIb ZIfhk
Hkgh\ghx ozZjzdl_jbklbdhx klecdhigtg _kKmighjhgdrkdbgeklivih fZg_\jm\Zggy 1Z
At _gghH } cfhlejgeklv \erkmiglkkitjibV\ireb\ ie~klbevgh€ ih\_joge ijb kliHkI_j_"_gg
At _ggy ijhly]hf i_\gh]lh «gl_j\ZemZgZdkmfZletffln dmlZfb fekpy
[_ai_g_ggy ihlje[gbo agZqg_gv \dZazZgh€L&fhbsjgbigtufgeevghih)_"_ghgZeesam
aZihjmdhx klecdhkle kmijRH\H\"g@ddy klecdhkle kmijh\h~ " _ggy f2ld_ ajgmgdo
a\fyadm <a g_ee+gecgbfb o0zZjzdl_jbkEwdxfbb dddkbfikh\gBEklIhdg*bkdjbfegZlh
gZlhjs\ sh \bagZqgzZxlv ]jZgbgges mfhjb\ plhkdedhghkrh\mxZhyehdZpecgbo klZg
mhljbfZgge jer_ggy \aZaZgppty peyo JEKKglbf_ljh\h]lh ~eZaZglkg@mggyf
AZ mfh\b ydsh ihfbedz _dkljZihighpr&blpthjs\h*h agb ™ _ggy \ieb\m mfh\ ihrbj
gyghx a gZis\rbjbghx ZbkjdphjfegZpedgh®e [b]BehehdZpecgh]h kb]JgZem gZ lhqg-
0ZjzZdl_jbklbdb >0 |Ih q_j_a g_e-gldcpeklh oApegxNZggy jZ"*ZevdHE r\b rdhkle
jbklbd "bkdjbfegZlhje\ seevghkle jhaih®¢tgZ\eecdhiklZgg+so *hkee"" _gv:gZm[esdZp-
jghkl_c ihfbehd hpegx\Zggy ¢ _dkljZémawkmge\dma'milxZjzdl 1l kphehdZpecghlh
Ahkblv ihfelgh \erjeagylbky \eN ghjfXkeliglhg_"Higgd ~_gm[l] Z iblZggy sh”h
g_h[oe~rgbf } ijh\_~_ggy "hkee""_gviiklecdekldlmm@dpec nZah\h]h njhglm jZ~ehet
ijh\h~" _gdW. AZagZq_ge h[klZ\bgb ~palhelix]lgZem jha]Je@dZxlvky m
ijh\h~blb rbjhde “hkee”"_ggy \ieb\m kljMB@GNEZighihghlZlgtbdm \bagZqg_ggy ned
iZjZf _lje\ Zelhjblfe\ hpdgx\dkdpdihe§ kh\Zgbo iZjZf_ljs\ Zelhjblfe\ kmshh\h"" _gg
dhhjr"bgH#HIgZ klecdeklv kmijh\h" " _gg&zZ\[_kabiklgm} kmlI}\_ ie*\Dblkblgeyry dkir\cZddgy
fZo sh \bdhjbklh\mxlv i_\gbc Ibi "bKdpikirgghhkmijh\h”" _ggy IH .ihbt*Zggghkle
N"ey ydhlh h”ghjZah\h jhajZoh\Zgh _kp«=\gx@ Zglgy &Ipcdhkle kmlphatz” ™ hglyih
afej Zi_jlmjb >0 Jhx _d\e\Ze_glgh]h jhafejm Zi_jlmjb 0ZjZ«
ANZIgelHvh fZg_\jm\Zggy I|h[lh "hlihmbnmbekibfegBBiEd gnéh m
agbf ijbkdhj_ggyf h[mfh\lex} g_h[os*gekIKihthghgh]jkmijh\h~"_ggy \bkhdhfZg_\j_gt
hpegx\ZglghjZreZevgh€ r\b~rdhkle a fZzddiBEfZ2Eeghghx r\b rfehxfh\dbagzZqz}lvky
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Ihggeklx ihlhggh]lh \bfejx\Zggy qZklhlb 2ZjZidé_jEkibd nZearmhtbdm ZgegZ ehefimevke\

gdb jZzrehefimevke\ ydZ \bdhjbdkidkimahdkyZIigvh jhaley@dllh m >

"m\Zevgh]h kblJgZem JEK 7ey aZ[_ai_q _coyeVYbEdjk ~ gh€ hilbféappe€gh

\Zggy jZ"+Zevgh€ IrNbvaZkIZ2ghx IhggafpPom\ZIlbefhjblfZo kmijh\h”~"_ggy \bkhdhfZ¢

Fh eb\hfm agb’ lhgigphkle \bfejx\Zggy dqZkdibldl aZ jZ*«Zevghx r\bAdeklix a f_lhx ie"

>hiie_yZgh]lh jZz"ehkb]gZem |Z jZz"eZesvghEy rEm dhkidkib\ghkle

IHkihkl_j_"_ggy ijbk\yqg_[&8].jh[hlb F_Ihx klzllzgZesa fh eb\hkle ie*\bs_ggy
<dZaZggzZim ~_gbo jh[hlZo ihfbedbklesiddhkle kmijh\h~"_ggy \bkhdHfZg_\j_gbo

gh]lh \bfejx\Zggy gZklhlb >hiie_jZ « jYd ZeesVghX \DAAglX"Zggy ijhihabpec sh”h

egh€ r\brdhleh[mfhle _gh nemdihZa{yélvr_ggy Ilhqgghkle €€ ihlhgqgh]h \bfejx\Zgc

jZ"ehefimevke\ ijbcgylh€ iZgdb yde \bgbdzZxly, Z .

kesAhd \ieb\m j_Zevgbo mfh\ €€ ihrbj ggy |£*\§g-9\hb@fz'—l‘ze

[blly Lhfipgom\Zggy fhBglddmZpec gZ _|12ey hpegdb klecdhkle kmligh\HWbk ggy

i_j\bggh€ h[jh[db jZ"ehehdZpecgh€ djghphfczpZ€hh ogeqgbo kee*dmxqgbo kbkl_f

al\heblvagZzqghfm kimi_ge ihdjZebtbdh]h ihjy*dm azZ cfh\ejgeklix ihljZieyggy ih:

klecdeklv kmijh\h~> ggybfdfld. \jmxq _dkljZiheypes€ dhhj2bgZlb mk_j ~bgm ¢
HilbfeaZpex ihlhggh]lh \bfejx\Zgd¥y/ZZR)RBb@ aZijhihgh\Zgh \bdhjbklh\m\ZIb _

>hiie_jZ iZgdb reyohf \jZom\Zggy kZ2|bdkidpmodekghdgm ZijhdkbfZpex. >O jbk

M >0
Rbjbgz Zi_jlIr —n
: : *~ghr_gg
_d\s\Ze_glg . . ! ghr_9
0zjzdl_jbklb it~ A *kblg/Zemf
Abkdjbf-gzw/;/g/ 7 SRR G O
I P RN \
[ 1 7 H . \
I . H \ N
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SN \\Q2
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\‘ \\
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——-_.\ ~
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N | | ‘
SO\ i i Rbjbgz fe
N i ; fZdkbfmfZft
O\ | | 0Zjzdl_jbklk
NN i ; ~bkdjbfegZlh
\\\\’\E_/;l LO /
\x_ '9‘/ !

Jbk >bkdjbfegZpecgZ 0ZjZdl_jbklbdZ ~bkdjbfegZIHjZ HiZ fb& &Zjh dkbjiZiheyp+€ dhhjrbgZIib
M>} +fzl fZlbqg_kih~"ABAdggbgbgb \bos~gh€ gZijm]b AbkdjbdByzIhjz

Ydfh gZ ih[Zgblb m eegecgbo keesZdmdgblgrkbfkh”_ EH jkiokh _fZIbggZ kdezZ~h\ZzZ
I_fZo ihfbedb kmijh\HM _gdkljZiheyphrEbedb ~hjeggxéx « \bjZa gZ[m\Z} \bley”

Gf fzZxlv ghjfZevgbc aZdhg ,jh@h"2em > a
L

cfhlejgeklv agZoh”'_ggy ihfbedb _dkljZiheyp+€y\ erf X . (2
f “Zo gl _jtZ&miy \bagzqz}lvky nmgdpe}x 22 g«
ihfbehd M i_jrhfm gZ[eb' _kZg+ fh'gZ kijbc

9,51 0 85 a fzlb yd \bjZab ~ey \bagZq_ggy cfh\ejghkle \
Rx 0,5 erf « 72 T, erf ‘;/Z)r(/ ™, (1) kle ajb\m kmijh\HMijadgwlhf hrghlh «gl_]j

“ e ¥ W¥e 4 \Zef, t, t,q fe  jZ~AehdhglzdIHbGZ

A" m, xfZ1_fZlbgqg_ kigyKiigl _fZlbqgz Kbedlbpe 1Zd_ gZ[eb _ggy [m~_ "Z\ZIb Z"_

AM\Z Y tk_j_~gvhd\zrjzibgg_ \+~obe_ bedMAYbeWdHbLx Ihllh Hp 1.

dkljZiheyp+€ dhhjrbgzZlb Mfh\B, 0,9 \erih\e~rZ} kbIimZpe+e dheb ih
M \biz*dm ydsh Zelhjblfb hpegx¥fbeggy c didkZiheype+€ } ihje\gyghx a gZie\rb

jZiheype€ keerdmxgh€ kbkl_fb fzx@wvjlkljldjdlmhmelgh€ jeagbpe seevghkle jhai
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Nege\ cfhlejghkl_c ihfbehd hpegx\Zgg#llejmdikbjkzdhj _ggy g_ fh' _ ijE¥dZWIbky m

iheype€ ey hpegdb cfhl\ejghkle \er"kmHplEklrilbfZ\ewgh€ eegecgh€ neevljZpe€ n

kmijh\h~' _pHyfh gZ \bdhjbklh\vbjyZhtbgbf [Z]ZIhisdh\bc jhaih”ee cfh\ejghkl_c yd

1) 1z ydsh \ gbo _d\e\Ze glgbc jkefejzZid)\ZIgh \eAh[jZ Z} o0Zjzdl_j afegb |

Imjh, \klZgh\ex\Zlb a mjZom\Zggyf \=9@Wr[glgyyvho fZg IHmaglhogx}ivky _d\e

Slo1q Zremf” \Ze_glgbf ghjfZevgbf fhaih”~eeh

1gZremt’q. lib pvhfmHkdeZ~h\bo \_dlhjm ijbkdhj_gg
lib \b[hjsL, 1Theh\gbf djbl_je}f ydbciH&@¢Zadz}Ivky je\gbf gmex Z k_j_~gvhd\zA

Im} fh eb\sklv \bdhjbklZgglZ \bjYeye \hpe"0be_ggy h[gbkex}Ivky gZkimigbf gbghf

gdb cfh\sjg\nkkmlighkls ajb\m Z\Ihkmijh\h""_ggy

IH fz} [mlb a[*] j_amevIZls\ kiZlbkibggbo \bih[ma=(1 4R R), 3)

\Zgv klecdhkle kmijh\h~"_ggy kbkl_fb a j_Zevgbf

"bkdjbfegZlhfBgZelbggbo jhd6ZomgdA\ Wy Nmaxd ¥ fZdkbfZevg_ agZq_ggy ijbkdt
Ih~"Zevre “hkee""_ggy klecdhkle kmijh\f " 'h@g@dh\e g_ fZg_\j_gbfb fh eb\hkly:
Neo . i a -0 - —

:qlngx (ilz(\gbxj);;/.k\y-(z)a \bdhjbkizggyf \bal%g‘?zgﬁgf%e%%bfb i \Zgl&.)g 8y kb
G_~hesdhf jhaJeygmlh€ f_|hAbdbifh\'ﬁ%'ﬂ‘éjmﬂ\a "gl_gkblgwikdx R

sh~ h ijh\_~ ggy kd&BA{gHgh]h klZlbk 6%“‘“!9‘“ ¢kmlighkle f29_\jm - _

ghlh ~hkee”" ggy H~gzd leevdb p_ frPhJé%fEZzﬁHmZ nmgdpey \_ebqbl ijbkdhj_i

\ZIb ~hklh\sjige&kiveviZls\ sh ~zxlvky 2§ 2&Npby fZ} gZkimigbc \bJey”

gbfb jhajZomgdzfb cfh\lejghkle \eAkmlighkle ajh\ T

kmijh\h~ i) «(2). R P, @
FZdkbfZevgZ klecdeklv kmlifih\g@& '~ dgyklZez fZg_\jmMZgd¥ } \_ebgbghx a\h

fh eb\h ih[Z@blb Ahkyl]Z}lvky \ kbjilgEo ~h qZklhlb fZg lXfim\Zdgkd¥Zgh\blb

/fz“bfZ_engO az d_j.b|_j°\}f fegefmfm k—\j'AAlg’leéqu/\Z‘h "_kyldﬁ\ik‘_bdklin_gk-y agz

jZ1Z ihfbedb kmijh\h”" _ggy .. .
1. FhA_ev jmom fzg \JMxHtkdsevdh-9V libkdhjiHggy

hkgh\hx ~ey ih[m~h\b fh~ e+ jmom hjgE&lanp hjkhedZ\Wiklk m\lZHggyh miv afe

aZdhg Gvi9gyggy deg_fZlbdb ydegx\gyhkyaphdbo f_"Zo

fo' kh[hx \_dlhjb ijbkdhj_ggy ihdHdhkligZejakmgdhZ \bjZRAmdZam} ,gzh | _

T_ggyH ebgbgZaZe_"gh \e~ kis\\eAghP_¢gy fe°

\
Fh"_ev jitbW[eevrhkle ijZdlbggbo ibjZ4, . . . .
de\ [mA"mxIv gZ hkgh\e d-g_fZlbngof’?-\'gﬁSv Mz 1gfe 9x\@tbkplv rbjhdbo f_

Ibggh€ fh~_ e« ijbkelfizlg¥Zlbggh]h hibddn _ _ .
jmokmqgzkgdjhihgm}lvky azklhkh\m\zigbdhjbkih\mixdb” nhjfmxgh]h neevljz
A ev jmdgn \mxdb@l3, \ydec kdez~h\fR_@Z aZibkdhwZklibfgdmj_glg_ fZljbgg_
lhjZ ijbkdhjlggidez~rZxlvky \azZ}fgh I\ Gyad yZ dm, 14

‘gbfb _dkihg_gp+Zevgh dhj\baZhUhgbfb %t T,) ) (T,)Xt) BK(E,)

\bfb ijhp_kZfb +a [Z]Zldviedhikbx jhaih ’ ()
Neeafh\ejghkl_c2)jbk N Xt ), X(t, T,) £ihlhgg_ 1Z gZkimig_ agZqg_gg
dhhj"bgZHb \eAih\eAYR,) *i_j 0ergZ fZI
P ow jbpy klZgm az jz~«Zevghh B brodkIx

+fZljbpy a[m”"_ggy azZ jzZz~«ZevdHx r\brdekl
Kt,) tihkees”"h\geklv rmfe\ apmmewmypf

K_j_rogldbki_jka(T, ).

Po | j_oenrgZ fZljbpy klZgm azZ jzZz"«Zevghx |
o kiIxIH1Z ~bki_jkey rmfe\ a[m”"_ggy \bagZqZz:
P * \erih\ergbfb \bjZazZfb \b]Jey”"m
1 71,8
YTW)= o (6)
le
Winax 0 Whnax w VATn) %@ v?), @)
JbR. ;Z]Zlhieddd&@vgekhaih®eem cfh\e T _ _
jghkl > _j_e[h3] AN_Ue ™ xdh_nepe}gl dhj_eyp-€ agZq_gv i

dhj_gg¥ +gl_j\Zee kihkl_j_"_gv
Kbgl_a Zelhjblfm hpegx\VHgigly KIZgm2. Fh~_ev kihkl_j. <«ghfh Ssthoe"rgZ
dec seevghkle jhaih?eem cfh\lejghkl\_ebkbgZ "hbkajbfegzZlhjzZ fh _ [mlb \bagZqg.
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Ahhfh]lhx |Zd\h)jiz 418, 15, 16: "V,V £fZljbpe "jm]bo p_gljZevgbo fhf_gle\
tOF 'x.t.a ft., g) \Zj+Zpefhljbpe ihfbehd hpegx\@klggih
Y % fn o . ®) eyp+€ kIBgmtih\s~gh

AN FI%(t,) *FH\_ebqgbgb \bos~rgh€ gZijm|M2aljbl{® 1415 iZjZzf_ljZfb yde i-"ey
) . . Zxlv azZz\~"Zggx ¢ \bagZqZxlv ydeklv nmgdp:
thkez.;bh\?npéh\:f\r’\\\bﬁirllkll;‘:_"jb_g‘ﬁggzl}f;t.;iZ\h./\g%:Vqp’fd_\i_g\@fiklb\hdH \bagZqZzZxlv "b

gs®0 g —+=P8r L] n)e ST jkex rmfe\ a[meATLODYZ 1j_tder \_eb
\bagZqgzZeklgnZpecghx OZJZdl—ljkabbhq?gb-"ghr g9y *kb]gZ2 FEZf IjHd]b
frgZIhjZe(th) X(th) Xe(tn) ihfbedZ _dklfgy7\hi7z TbhagBkizjkex rmfe\" kihkl_j_*_ggy
iheype€ dhhj2rbgzlb [Ih[lh \_ebqbgz\,fgrr)ma]h"‘_ghklo
fo' Neckgbf ¢ _dkljZihevh\zZgbf z fb. dhhjrb
0ZIbH, -GEAIneyegnt 292899 ER Tk mijh\h A 1Hg g dhjbkin\mxIvky

AZagZq_ge h[klZ\bgb mél)a\mjmyq(gm@ﬁ’lhlb”b aLhnf'd:;h\thhX fZgbp_ZX dh_.nz-.pz-f}gl
jha\fyadm &psgdb kl-ckiwmkjlh\hA‘_gé<>PE_g|‘§(§ﬁ)- m.fd qger_aZagzq_g* iZjzf_
ih\eljyghlh h[YBdhmbklh\m\ZIlb esg_ ZjbaR¥Zigme"Zxlv j_Zevgbf oZjzZdl_jbklbdZf a
_d\e\Ze_d@mmfZlbggm fh~_ev Abkdjtyf~qXiapXe\ Ibf [eb q_ lhqggeklv Kmijh\h~" _g

fhr_ev kihkl_j ° gv ydZ hibkm}lvkyhiddbt pe\aghty ~hky ghe€
gyf 4.:9gZe+a klecdhkle kmgpghph”*shl_og-
. qoghx keerdmxghx kbKILKKaZ jZ"eZev
Yyt xh) fitn. ©)  ghx r\bAdekEx [hAbdm sh [Zam}Ivky gZ aZKkl

>ey jer_a@y'AQagZq_ggy rbjbgb z1Z9&ip_d\*\Ze_glghlh jhafejm Zi_jimjb ~bke
_d\s\Ze_glgh€ 0zZjZdl_jbklbdb Vbokdjbifpgg[h728],ijhihgm}IYkghjbkbZey hpe
JjbkIh\m\ZgZkygtHZfZIbf9Z_eNbkdjb gdb cfh\ejghkle \eAkmlghkle ajb\m kmijh\h
fegZlhjZydec [meb \gAlQEYDqge _n_dIQHSBHLKKZ jzreZevghx r\[a9de«klx
\bgbdZxlv ijb \boh”e ihfbedb kiHjAVh"" igigshdIimjz Ze]hjblfe\ hpzgx\klggih
f_"+ eegecgh€ 2Cygdb eyp*€ dhhjtHg#jhaleygmlbo kbkl fZo az~z
3.KljmdImjZ e<gecgbo Ze]hjblfe\ hprgRgZ99y gbfb \bjsZzazii15. 1ZjZf_Ijb
c _dkljZiheypi§yggy fh”_es kihkd_j Zepjblfe\ kmijh\h”"" _ggy \bjbhZghby a
fh gz aZibkzlb yd ZgZeeam fZg _\j _gbo fh eb\hlkH acrkjmqZkgbo
< < om\zZggyf k_j _~gvh€ ljb\Zehkle fZg_\jm 1Z
Yh tXh %t Tt Q0 o he Vgl gkb\ghkie
ANH (10) +fZljbpy kihkl_jaZfveZaxg \ ’\‘]‘hajgzylo{nb%dhb Cf\hZ\.i)gkhkl.Z\.h:':‘(Z‘lm\ZI]?xhkl. ajb\n
- TR AhNT g gm\Zebky aZsmifhj\hfx
r\bAdekId; xe(tn).i\_dlhljlh\l_pv___dklj%{b KbkIkfmijh\hA' ggy yde h[mfhie g+ j\g
evh\Zgbo 7~h ihlhqggh]h \bdhjxj\Zooddyfmi1-15),\\z Zebky ih\gekIix Z~ ft\ZIgbfb
k1Z girh. eyfimohm (5 1Zzkihkl_j_ * 16V12 20].
ce]hjblf keerdmxqgh€ tkidkfZBV@YE M |Zdhfm jzae ijb \bdhjbklZgge klhoZklb
?ril;l_j[-}lfbf;}gg{(y;;;njk_jl_;}gﬂ\éh]h df\bZ“hJZ_lé-ih@be@khhm_j_‘_lgvAbki_jk-€ ihfbehd
_ [m ibkZ _glg yggy : b
gx\Zggy ¢ _dkljZiidZphgh \bfey H/E Ahje\gxxlv _e_fvglZAljbphfbehd _dk
ljZiheype€ \ kd Zgum[12].

X % t,  K(t t, 11 o , . .
b %t Kyt a1 >ey i j \ejdb ~hkihwggkklbgqgbo j_
X(tg7 ) )T Mt , (12) ameviZls\ m jy~s dhgljhevgbo lhghd cfh\ejgc
B . kmlighkle ajb\m kmijhdhVWaggdgZeZky rey
" K(t,) xfZljbpy dh_nepe}gle\ is"kbe_omdyf ijh\_~ ggy ijyfh]h klZlbklbggh]h _dki_
FZIjbpK(t,) jhajZoh\m}INa&dbjadmj_ 9Im M oh”e ijyfh]h _dki_|blfagtd\ oy
" [ aihk_j_~gvh klhoZklbqglsf j\fyyhdyf

glgbprigng ibklh\m\Zebky fha e j Zevgbo. bkdjbfegZ]
K t, GZc[eevr ih\ghx o0ZzZjzdl_jbklbdhx \ieb
. ; 1 (13) klecdhkle kmijh\h'H g&gyh eb\hkle JEK }
V tg+r N t g v t'iQ; cfhiejgeklv \e2rkmlighkle ajb\m kmijh\h~" _ggy
. I egl_j\ZemTgZkm ~“hje\gx} k_j_"gec Ijb\Z
Vitg, V.t V(t)g u ehkle kmijh\h~'H:ggy
HV t oHT T VAR ) e
_toiuvat g _ PRT. —R,T,, (16)
nl

Ve(tn Tn)

YT V@) ) BT ) B (15)  ~_Ry(T,) tcfh\ejgeklv \erkmlghkle ajb\m kmi

\h~"_gdW aZgzreZédwg\brdelk gZ ijhdy
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hrghlh «gl_j\Zem \bfejx\Zggry d¢dh¢vb@gZzth\hevgy} mfh\e cfhiejgeklv i_jrh]h
deklv sgl e}kIdjh\h~" _ggy ih\sljyghlh &ffDdivke® k_dmg” kmijh\h”*"_ggy IH azZ”h\
Ydsh evg)l hf_Ijbgghfm aZdhgm jhaih”eem
T, consl Qe T, (1 RYR T, (18)
1z N"ey ydh]h k_j_"gec gZk ~h ajb\intHkmijh\h~""
Py T. Ry, \bangZ}g\ZIkymlg\ﬂ:ﬁZa:hf
jhaih~+@ i_j_I\hjblvky ~h 1Zdh]h gZcijhklerh]h Ty —2T,. (19)
\bJey~m 1 R
P T, FiXTc/Tn. (17) =jZnedb aZe_"ghkle k_j_~gvh]h gZkm ~

kmijh\h~'_BgWRZ jZ~+Zevghx r\bAdeklx ih\el
<boh”yqgbr aijh\_~_gh jhajZomgdb. ¢cf \h-jh TYehm jehAm \bfeij h
ghkRgge \+ kmighkle idjbljygh]h h[aZdJr}{gHj [T)etn_j Pty 2089y _ g

. . : J bk
100k “ey kbkl kfrbijh\h""_@ay jZ"*Zevghx
r\brdeklIx ameviZlb ydbo @Z\j.bk& gh T oA
o ] N I I ]
i Vo i i
0 e s R
Paoo <77 T : Vo : i
K N 1 1 1 11 1 1
AR ' ! : - i i
09F------ - = === . \‘. 1 ' '
\ N i B S e S
o) I S W PP ] L ! ! !
o8 AN U A
0,7f------ e TSR W BERRE RREEEE il . : :
] 1 [ 1 :|_OZ ______ JI' ______ K== JI. _______ : ________
! ! L : i N . .
0.6p=-=--- Hl i . S i P\ P ; ;
| i by i i \ N ' i
05F------ a------ - M- --m o ------- Y PN i i
| i “E i 10t f---X--d--oN-- e S Rt -
1 [ L 1 1 . 1
0,4f--=-==d=-F---- e - i ;
| Pl N : ' -
1 1\ |“ : ________ : - —— ____:
03 f-e- £ W o w 1Te ) B e S R bl
1 1 \ 1 “ 1 : 1 : 1
02f----- o Rt e St R R S DU R B AN
! [ 0 005 01 015 0,2 "
T e e e S Tn:©
' ! \\.: i Jbkd. AZe_"ghkle k_j_~gvh]lh qZkm ~h ajb\m
00 005 01 015 0.2 Tn,c' kmijh\h~" _TQgweZ jZ*«Zevghx r\b”rdeklx
\eNr i_jeh”m \bfejX\Zggy
JbkB. AZe_“ghkhdejghBde \e~Akmighkle ajb\m A j_eh jhajhpalljo)fb
kmijh\h~r" _ggy ijhlykh¥bfejx\Zggy
dhhjrbgZl \en i\GFXNZ gy A ZgZeeam gZ\_~_ghj@mZ{bkh eb\h
(" _j_eh jhajhfelhg@)fb aZdexqblb sh ijb fZebo \e~ghr_ggyo 3kb]gZ

o i{bcgylgbf } fegefZevgh fh eb\bc ey [Z]ZI]h
Kmpeevghx esge}x ij_lKIZ\eb dfey dyghe JEK i_jeh” \bfejx\Zggy dhhjrbgzl Z |
"thr_ggy *kb]JgZe 1ntf" tljbomgdibjghyyzk Ah ajb\m kmijh\H4]b ggipklZgge i je

+  MlZimgdlbjghx %, . hAm \bfejx\Zggy fh _ kliZgh\blb mkvh]h ebr

A gZ\_"*_gbo ]jZnede\ fh'gZz ,\bag%%lﬁl.bk S&m.lgb sh } g ijbimklbfbf

fZebo \e"ghr_ggyo 2kb]JgZe rmf" «gl_j\Z&ez\bA*jf. | ameviZIb hljbfZgh ey \biz~"
_\Zggy dhhjrbgzl |h\-IJygg]_h|h[ﬂgd_lgn|0_h/\\_ggy \er JEK ihl_gpecgbo ihlhggbo hp:
j_\bsm\ZIb k nezZevgh€ r\bMdhkh{lh hpeghd yde\ hijbfzg-

 Hljbtzge j_amevliZib ~halheyxlvj WhRdAdhdbqziinhghe hijh[db jZ~-hehdZp:
hhg_ -a 3keZ[dbo BfRpkbklydz kmlH"@Wh kb]JgZem az gZy\ghkls ebr_ Z~blb\gh]
AT _ggy azZ jZ"eZevghx

Yo\ dis)d R IR gmjergeo rmfe\ ijbcfZevghlh ijbkljhx

h[f}d([2022. _ _ 5. ljhihabp+€ sh”h agb _ggy \ieb\m mfr
‘lgrhx \Z eb\hx oZjzdl_jbklibdhx rgphddy tz \er[j@mtyhehdZpecghlh kb]jgZem

k_j_"gec gZk "~h ajb\m kmbh\r\hy'dhdtlgy |nqggekiv ihlhgqgh]h \bfejx\Zggy jZ eZev

h{f}dIm , r\brdhklleH, J_Zevgbc ijhp_k jZAsheehdZp-cg
M \biz~dm dheb cfh\lejgeklv \-’\kmhg(hkj-\ajgbdw Z jh by fatgkgx}Ivky \

kmijh\h#"_ggy ih\<ljyghpz e[dl}dMde« nin\Zo \ieb\m g_h~ghjs~ghkl_c k_j_~h\bsZz

T, n.T, kx"" _gg¥~eho\bev
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LZdh" kees” \eMragZqgblblHar&hgeZWy « Wwo,1..1k
dhgm\ZIlb az\"Zggy aZ ijbagZq_ggyf gZ fZebo 1Z ]jz
gbqggh fZebo \bkhlZo a h]lbgZggyf j |£v'}hh1'_ﬂ~kk'ﬂ§\h
kle 1jb pvhfm ajhklZggy €og+0 fZg_\j_gbo fh\lﬁ%})4,8...9,7j22\
\hkl_c h[mfh\ex} \bgbdg_ggy _n_dIlm [emdZggy jZ
ANehehdZpecghlh p_gljm ih\eljygh]h hijfi}thm bgh adib&-
kl_je]1Z}IWgZ ke+~hd r\b~A"dh€ afegb iheh ' _ggy 3.5Kf > @
ch]B[ebkdmgbo lhghd” <dzazg_ } ijbgbghx \bgb(? ] ]
g_ggy nemdimZpec nZahohjakmjggém >€y 9Z\_"_gbo "Zgbo jhajZoh\Zgh kdeZ’
ijb \eA[blle ch]lh \er fZg_\jmxgh]h VW\'-H’W?&?IY jZ"+Zevgh€lHbstdhimfh\
hiff}dim sh kihkl_js]Z}Ivky i*” fZepfie d9@ Db forfb rmfZfBad@\bfb nemdImZp-yfb
1Z h[mfh\ex} gzyhgr&lye\kvdhlh rmfm’ §¥\iZghdaghdeevdekix jZ"ehefimevke\ HIjb
ljygh]h h[f}dIm fZzge j_ameviZlb k\erqZlv ijh Inemh agzq_g
<dZaZg_ kmll}\h \ieb\Z} gZ yd-kIVM#APr§gBe kgeZ"h\bo KDI anZligs gZ ihjy~h
ghd jZ~reZevgh€ mWrAhkik kee”r gZ kiedddkiym\ZIb kdesthimfhle_g- \ieb\hf
ch]kmijh\h~  _ggy \gmljergeo rmfe\ ijbcfZevghlh ijbkljhx JEK
Yd ~h\_~ [Gh~my kmqgzZkgbo JEK \"Rkn\Zlp f«k _ . .
j_Imeyjghlh \bfejx\Zggy gZ lhgg-klv rprg&hdh\py¢ \ieb\ fEHyIZjrme"[blly jZ
qZklhbthiie jiZgdb jZAehefimagRg\gm [+*ho\bev \«*ierklibevghh iijbaj\o ks .
evrhfm kimi_ge \ieb\Zxlv klZlbklbggkMdZj\hdh pdrevr_ggy "Zgbo \_ebgbg <e<"ih\
Ibdb nemdImZgZ€ -mEtimevke\ g \eA g\ ZHpy Klhkhigh \ieb\m g_h~ghjerghkl_c
skb]gZe rmf” Iffm pkh_~_gh sh ~ey DEK §Z agb _ggy lhqghkls \bfejx\Zggy qZkl
«fimevkgbf ahg”"m\Zggyf nZah\s nemd®miZpiidhjzr.gbfm > @
imevke\ ijbcgylh€ iZgdb jhaihree_g- azliPhitrze\ghfdge ih\«ljygh]& hhietdD
azdhghf Z €0 dhj_eypey m[m\z} \+~P<G ek ki Ml _ojf@ml gy m hjey ™rofnkm
evkm aZ agZdhafeggbf aZdhghf ijh\h""_ggy¥y\geklv nemdimZp-cgh€ kdez"h
<bs_ \bdez”_g_ i I\_j* _gh j_8EPIxhFTix\Zggy ch]h jZ"<Zevgh€ ribrdhkl
_dki_jbf_glZevgbo A8~ \ygdhkle j2<mll}\h |h]-erIp ydeklv \bdhgZggy h.I_JZp'
NehehdZpecghlh \bfejx\ZgqZ [meh \bdH38aP£EghljRkAl iZ"*hehdZpscgh€ «gnhjfZp-€
rh\Zgm gZ mal[_j_ "'+ :ah\kvdh]h fhj&qbng,?_asl_dnhFBameth\h“‘_ggy az jZ"eZev
HIjbfZgZ dhj_eypecgZ nmgdpey nZalo hmakidzp.c _
ijbcgylh]lh kb]lgZem [meZ Zijhdkbfh\ZgZhHfrHe¥ @&f_gr_ggy \ieb\m \dZaZgbo nzd
ghx aZe Ixgek !Jhlh_gm Ivky “~h \t_)dhjkaZggy hllbfZ_evg_bc_
M> @ “h\,_&hg&[-evr_ggy Abki_jkJ_@lAthh:ﬁlqgth\\bf\-_J;\Zg\gZy qukIhlbd>|h|Ze_JZ|€
L. JZ7eNneTinevkKel a \JZ0Mm ggyr nem masipec
\bo nemdimgmz ihjy~hd \ hleZkls fz\‘%boo ®84 sh £z} ijzdlbggm \Z ebleklv "ey

q_gv azZggy aZ\’\Zggy_ kmijh\h~" _ggy kdeZ”*gbo Z_
2 qgbbH sh fzg_\jifi8 .
(Vi 0,01.01jZ%) lib pvhfm \Z eb\bf } azklhkm\Zggy \dZ

. . ilpbfeaZpe€ ~ey “hleevgh]h \b m dhj_e °C
fZzc'_ g_\ieb\Z} gZ afegm \_ebqbgh 21323_' h fab|3/n2p-c oh ]h[mfh\e th_ the ek
edb \bfejx\Zggy qZklhlb >hiie_jZ |Zq|g|t;(12f.- L ljs\ AZgh€ dhj eyp-_cgh€ nmoe

evke\ . ;
o \gZkee"h eNih\ergh€ afegb mfh\ jZ~eheh
Al-evr_ggy "“Zgh€ "bki_jk-€ 9Z 'hi%e)\t‘rﬁﬁ-\_ %_%%;g%zf-ngo ih\eljggbbz h[1}dle\

'\‘g'?'z'i:jbzo agzq_gv yde th-mlv fZ1b fekp, |V iy fZebo \bkhlZo a \bdhgZgg
! 0 \jm\Zggy
(V’ZM 1..10 jzZR), AZ j_am2®izi\_~_ghlh gbk_evghlh hpegx

\ZggwklZgh\g stim a\bgZcgbo mfh\Zo nmgdp:
ijba\h~blv ~h ajhklZggy "bki_jke€ ihge\@lydpfdjxK i**\bs_ggy lhqgghkle \bfejx\Zg
\Zggy gqZkdhlbe jiZgdb jZM"ehefimevkeV\ogZeVigh€ r\bMdaiZlejZomghd \jZom\Zggy nZe
jy~rhd o [eevr_ \bo nemdIimZpec m aZe_"ghkle \eA \b*"m €0

>ey \dZaZgbo [Bfhperg_gh fh eb\enaggdp+€ } g_agZqghx IZ fh _ klZgh\blb «
g_ggy kdezZ”h\bo k_j_~gvhd\Z"jZlbagpdh€ ihfbedb
KDI\bfejx\Zggy jZ"*Zevgh€l\ by'dihkbe < mfh\Zo i_j_\Z gh]h \ieb\m nZah\bo ne
gbdZxlv \gZkes~hd \ieb\m diejmdimZZ@meoc I|h[lh \gZkee"hd h[mj_gh]lh klZgm ZI
nZajiZz"ehehdZpecgh]lh kb]J]gZemhpspgx*ka\ih\hwjh \ieb\m a_fgh€ fhjkvdh€ ih\_joge-
\Zlb klmiegv agb _ggy _n_dlb\ghklesgZaldybilfrdliiafl } hifkdeZz~gh]h fZg_\jm\Zggy
ijh\h~" _ggy IZ \by\e_ggy fZg_\jm NZg_ i*"\bs_ggy lhgghkle fh’ _«*"B&y]ZIb
>ey JEK kmijh\h*H g@ggy*ZevghklygZatpll].
yle _ggy «df g_h~ghje~rghkle Ijhihkn_jbh Zikédf qbghf \dZaZge ijhihabpe€ arZlge
fejhf f a~Zlge \bdebdZlb nemdIimZpegdIbhzabraldgh_ i**\bs_ggy klecdhkle kmijh\t
j\Zehf dhj_eyp-£€ \bkhdhfzZg_\j_gbo bh\m[Jjydh Ze_ p_
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ihlj_[m} hljbfZggy ~hklZlgvh ydekgbo hpeghd kI'Z.,IbOOl..0,0&:.
kilbggbo ozZjzdl_jbklbd nemdImZpe-c nZah\h]h njhglm

o\bgZ~+hehdzpecgh]h kb]gzZem -4 Af_gr_ggy “bgzZfeqgh€ kdeZ~h\h€ ihfbe
ijh\h~" ggy IH az jZz~«ZevghkfhViebdklx
<bkgh\db \bf reyohf \"hkdhgZe ggy zelhjblfs\ kmijl

1.Jha\blhd fZg \j gbo fh'eb\hkl_ & kédyzkgbdhjbklZggy Z~Zilb\gbo Ze]hjblf
IH ihlj_[mipegdb kijhfh gjizkiertl_ogeqabr@gh]lh i_jeh”"m \bfejx\Zggy dhhjrbgZl
keerdmxigthkdfb gz ij_~f_| klecdhkle kmiphthemdImZp+€ nZah\b}bhepfitghrahdz
A ggy IZdbo hpelydihrpegdb klecdhkle kn¢igRIA kblgZem \e~[blh]h {MHZAg_\jmxqgh
A _ggy ih\eljyghlh fYgl\m azkihkh\m\Zevgbo mfh\Zo ihrbj_ggy¥284*hoXbeyv
f lhAbdm ydZ agkogw\d&gbklZgge _d\ddhdhgagbbhdg-klv ihlhggh]h \bfid¥Zggy
ghlh jhafejm Zi_jlmjb 0zZjzdl_jbklbdbevpgk&jssogdhkle h[T}dIZ « yd kee" af_grk
Ihjz jgeklv \erkmlighkle ajhmjhehlh_glgy

2. < kbkl_fe kmijh\nNH ag@yjzZ"+Zev@mxevlZlb gbk_evgh]h ZgZeeam k\e"qZlv ij
r\bAde ka |Thb'01c hkgh\ghx kdeZ"h\hxg|'H<f|b’ ihrmdm f_lh”e\ agb"_ggy \ieb\m nem

ca a2 iney - 1 “bo2riapn umaRg D TIRSIT olbe 2 henazp caih
ix\zggy dhhj"pgaLlc, sh\bdhjbklh\m} ylxreggs 9 g_\J

mkmqZkgbo}J&EK _ebddyf kmijh\hn" ggy \é)lo"\bs _ggy klscdhkls kmijh\h~" _ggy \bk
khdhfzg_\jlbbaz jz"eZevghx r\bAde lf@(glj\li) glb—baZiZ"-Zevghx r\bAdeklx ~"hAZldh\F

fZebo~ghr_ggy *kblgZe rmf’ fh* Hmlb aZ[_ai_q_gh aZ jZomghd \jZom\Z
3.1jb T, 0lc 1Z fZebo \e"ghr_ggyo gkiblo \bdjb\e gv nZah\h]h njhglm o\bes jZ
gZe rmk_j _~gec gZk ~h ajb\m kmijh\m*cglylgy kiv]gZem reyohf ijh\_~_ggy klZIb}

\eljygh]lh h[f188ImZ*«Zevghx r\GhdeklkilbfeaZpe€ ch]h hjfhgdbfm \dZazZgzZ hilb
kdeZklb ~_deevdZ k_dmg” I|h[blik}l_krhd&}dpf_¢ghalhey} azp*\bis qbdly Ihgghkle
j_"gvh]l]h gZkm agZoh” _ggy kmlijhdhBfejx\Zggy jZ"*Zevgh€ |IHBhdhKkibdeevdZ

At gglehfm ijb fZehfm \erghr _gge 3kbdgz\e Zaf p_ \bfZ]Z} hpegx\ZggyKlZIbklbqc
1Z fzg_\jm\Zzggrpeevgh af _grm\zZlb i dkhjbkbbd dhj_evh\Zgbo nZah\bo nemdImZp
fejx\ZgghhhjrbdghlagzZq_gv dhx Ihggeklx
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Providing the specified resistance of tracking of aerial objects by dhal velocity
in real conditions of radiolocation signal propagation and refletion

Andrii Kovalchuk, Oleksandr Kuznietsov, Oleksii Kolomiitsev, Anton Karlov

Abstract. Tracking of aerial objects is carried out by multi-channel radar stasiodss provided by subsystems for
determining range, radial velocity and angular coordinates. If the traokiegts are highly maneuverable, then there is a signifi-
cant decrease in the accuracy and stability of the tracking relatitie erea of lack of maneuvering, which is quite long. In the
event of erroneous or outdated parameters of the tracking system'siaigptiitere is a significant increase in the error of tracking
the aircraft in the area of the maneuver, which can lead to the breakddracking due to a significant dynamic component error.
In order to assess the stability of tracking, it is proposed to esgjthvalent size of the aperture of the discriminating characteristic.
The influence of the parameters of the stochastic model of the aircraftm@oiehe observation model and the period of coordi-
nate measurement on the stability of tracking according to the raltiaityevas evaluated. As a result of the conducted research,
it becomes possible to further evaluate the feasibility of adaptatidre tmaneuverability characteristics of aerial objects and
provide recommendations regarding the selection of the cotedimeasurement period in multi-channel radars. It is noted that the
stability of the tracking process depends on the accurac a@iutinent measurement of the radial velocity of the object, which is
mainly determined by the statistical characteristics of the fluctuations dfi#ise front of the radar signal wave. The influence of
these fluctuations is due to the presence of turbulent inhomogeéities atmosphere, the nature of the object's maneuver and
the reflection of radio waves from the earth's or sea's surface. Propoggilsarto take into account the specified fluctuations
and reduce their impact on the quality of solving the task dfitrgair objects. Increasing the stability of tracking highly maneu-
verable air objects at radial speed can additionally be ensured hy ilatdraccount random distortions of the radar signal wave
phase front by performing statistical optimization of its processing.

Keywords: extrapolation error variance, radial velocity, automatic tracking systerawfoib measurement, statistical
characteristics, tracking, phase front fluctuations
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:ghlZpeyha\blhd I_e_dhfmgedZpecgh€ JZema&s Wkiggigyfdmhajhflol£Zggy deevdhkle ie~rde
Ah o f_j_"e ijbkljh€\ o Z[hg_gle\ M nhjdgsm\Zgogecgh€ Jdafmae fZ}fh ijh]jZfgh ‘plagZqg_ge f_j.
ecazZpex f_j_ " _\bo nmgdgeq_tgd_jg Kvh]h~ge ijh"mdlb\gm jhphtmgblo & _fh'frhA ddik| _f

ea aZ[_ai_qgq_ggyf gZe_"gh€ ydhkle Kbj\pk[l-\agaZtklabknm\2ggy |_ogheh]ec HJhzedghjblfe\ rl
I_e_dIm c \bdhjbklZggy \e”*ih\ergh]h ijd]gdfghHkeZdeaijh]ljzfb 1Z gZ\qZevgbieZgb a i
g _9g_j*\ a l_e_dhfmgedZpec mdjZ€g&kxldbbimgibygdibh\m\ZIb kmqzZkge |I_g~_gp+€ jhalb
h\Zpe€ m |_e_dhfmgedZpecgec [Zeeyate "G hddbm\ Blohfdiind\Zeesnesdh\ZgblfhZgdlwgdmj_glh
i_peZeeskle\ a |I_e_dhfmgedZpec g_hfegbgh dg\dkdbvidheyagtghjzfm\Zggyf [_ogheh
JeyflZgZeeam 'ZZgbmgghlh gZ\eZkdgkm\Zpgye_c f_lh~e\ |Z Ze]hjblfe\ rimggh]h +gl_e_d
e_dhfmgedZpecgec ]Zemaes M kN\Zljl»ZzgZi\dhekgh'ghgh\+~ih\e*gbo "bkpbiefg?h gZ\qZevghb
Dexqh\e kehl\2 _dhfmgedZpecgZ *g _g_j*y ZgZee<lbdZ \_ebdbo mage <fdrbegagl gZ\o
[_a”jhih\Z f, pf Fkb\g_ gZ\qZggy

g
k

<Klmi GZ\qZevge ijh]jZfb \bsh€ hk\elb a |I_e_dhfn
ih\bgges g_ leevdb ij_Rkl@Xx&gkbl_e_dhfmg-
IlhklZgh\dZ ijh[e Lfbe _dhfmgedZpeddpbcge |_ogheh]*€ Ze_ c jhalb\ZIlb Jgmaqgd
k_dlhj m k\ele kljefdh hgh\ex}Ivky 1ZA)yHa\gWRhMkkImMN\fggghbj_ZIm\Zlb gz fZc
<erih\ergh ~h pvh]h \bgbdzxlv gh\e[ibldebafbyipjerm\ZIb fe *bkpbieegZjge azZ"Z
ihgmxIlvky gh\e fh eb\hkle |Z | g~ _gpe€MgBegd&k\Zje fb h[]lh\hjx}fh gZc\Z eb\e
Ih a\ldb m\zihmihlhggbc i _jeh”™ 1Z magZgbmigde \eA"[m\Zxlvky m ]Zemae |_e_dhfi
j hd 11]. ijhihgm}fiadbf gbghf \jZom\ZIb €0 m hk\el
Jha\blhd | _e _dhfmgedZpec \ Mdihdg2fdb\0d _¢@gZ\qZevgbo ieZgZo "ey ihdjz
areckgx\Zlbky r\b~rdbfb | _fizfb AZalgggMdiZfgd\bldm ijhn_kecgbo gZ\bghd kim
ljh I_e_dhfmgedZpe€ \bagZqZ} hkgh\ge ZkZ2n . .
gZijyfb jha\bldm | e dhfmgedZpe-cgbo f_jf‘ab‘i(Esz hkghighlh fZI_jeZem
evghlh dhjbkim\Zggy ¢ dhgp_ipeRk jha\lden dhémdedZpecgzZ f_j_"Z gZklmigh]h
fmgedZpec L_e_dhfmgedZpecge f} j €=gty KHEKI fWb }*"bgm egnjZkljmdimjm =« i
g_\en }fghx gZklbghx \bjh[gbgh€ [|Zn kdlpsgévigh§gmqdh gzZz~Z\ZIb jeaghfzZgelge
egnjZkljmdIimjb MdjZz€gb e« ijbagZq_lged®eydaZzliaabj gbc fh[eevgbc rbjhdhkfm]
qg_9ggy | _e_dhfmgedZpecgbdbjbkkmmM]gffyahd gzZ~gZ~ecgbc al\fyahd «a fZehx aZz
jeagbo dZIl-]mjabggbo 1Z xjb"bggbo a\We«fafthkh\h]h fZrbggh]h Ibim <hgZ 1Zdh"
1Zge\ ~"_j Z\gh€ GZmbhlbgeqg_ azZ[\bBpggZ i**ljbfm\ZIb kie\¢h&kimxiga& deevdh
qg_ggy nmgdpehgima&\ddednc | _e _dhfmdZdKigeg”ZjlZfb 1Zdbfb yd -jL /%(dhhl
areckgx}lvky reyohf hjlJZgeaZpe€ gZbphh\bib ~hkeph]_ggm f_j_"nbiZfpeagbfb
AT gv \ijh\zZ”~" _ggy gh\bo | _ogheh]pZ2ahdbazkhig\pec %6 gZijbdez”~ fzdjh
I_e_dhfmg*f@Fpeigh\Z~"_ggy egnhjfZpncgltho iedh ;K 1Z jeaghfZgelge ijbkljh€ dhjbk
I_oghehfsth”s\ fh"_e_c IZ ZelhjblfeNZriphdphfb > @
]h egl_e_dim m I_e_[dhfmdodfhZEZlb ihMZHkgh\ges |_g”_gp+€ jhea\lWhifmgedZz
evrbc jhalblhd ]Zemaes Lhfm \e?ih\epgad ieyhéhmid€ 6'1 bjH]j2fgh \bagzZq_gZz
\bkhdhd\Zeenedh\Zgbo ki_pe¢Zeekle\ fmj]ZEm&41l_ej dtklZ\ey} gh\m 2Zyoel_dimjn

fmgedZpec } \Zeb\hx 1Z ZdimZevghix jaAZggyxf\h_ "~ x \e~rhdj_fe_gh \eN i_j kb
sbo gZ\qZevgbo aZdezZ”"-\ NZgbo9® F_j_"Z jha“ee_gZ gZ Iljb je\g-
:gZesa hklZggeo "hkees”"_gv IZ \im\eiedLdegh "Zgbo je\_gv iehsbgb d_jr

Jhaley”m iblzZzgv \bdebdes\ gh\blz fhZz@pihlkdezZz”rgbc je\_gv Je\_gv iehsbgb ~zZ
I_g”_gpmcl_e_dhfmgedZpecghfm k_ddti¢ZzNZBkiky a ijh]jZfh\Zgh€ f_j_ "~ _\h€ egnj
gmxlv k\h€ im[eedZpe+€ aZjm[e g |Z I\mlpb al@ydi-€ZhFimbzlhjb [Z fZjrimlbazlhjb J
[145]. \_gv iehsbgb d_jm\Zggy feklblv p_gljZe-a
IhklZzgh\dz az\"Aggdm}lvky sh jdlagbjhe_j ydbc d_jm} f_j_~ \bfb ijbkljhyfl
Ilhd hkgh\gbo |_g” _gpec m kn_je lhkghhfragidlpep\gy *"h*Zlde\ IjbdezZ”gbc j
ijhljzfgh \bagzZq_ges f_j_ "¢ 6'1 \piinfZlepazpeyf_j_"_\e kem [b ih\geklIx j_Ze
f j_"_\bo nmgdpec 1)9 aZklhkm\z\ggiyhl]iZzégheh]a€[_ai_q_gge ijZpxxlv « Kisec
*1Z rimqgghdh e_@InIjb\ZIbf_ ¢ gZ~Keea p_gljZeecah\Zgbf dhgljhe_jhf
Pe afegb fZxlv [mlb \e~rh[jZ _ge \ gZ\qZevidim&ZeéplmaZpey f_j_ "~ \bo nmgmpec 1)9
liZzfZo i«~]hlh\db g g gedhamgedZgph\& |_ogheh]ey \ | _e_dhfmgedZpecgbo
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1)9 \ejimZeeam} IZ p_gljZesam} ~_ydhjfm\Zgyy nphd Zgyscevge f_j_ "¢ a g_\_ebdb
dp*€ 1Zde yd m~hkdhgZe_g_ 3DFNHW &RjHZ{(B& fZHh\ghc 0,02 a dhfmgedZ
Multimedia Subsystem (IMS)*evyhilbfeazZpb&h ijbkljecjbkljec " fmevibal\fyahd ofZjg
jbklZggy =<gnjZkljmdimjb gZijbdezf j_ZyZ{3hg'ti&kImim 5%$1 feeef_Ijh\e o\bes-
j_kmjke\ <ejlmZecah\Zge nmgdp-+€ ij@gkxdiv_cinmpjbghpgbke 1oy Ihsh >

h[jh[db ~Zgbo gz klzg~Zjlghfm dhf_jpedghfiglhlh q_c ijlR¥h\ blv kljefdh jh

\hfm hl[eZ~gZgg- &276 azZfeklv ja\diMAbkygh]lhkghl\ghfm azZ\"ydlTItogheh]+€
azZizZl_glh\Zgh]lh h[eZ”"gZggy Hkgh\gbfiorgarscagb\gZz | _g~ gpey | _e _dhfmgedZp-
fb kbezfb \ijh\zZz”~" _ggy 6'1 « 1)9 }akgmgfdeklivied hkdeevdb * IZdh ™ az[_ai_qt
egnjZkljmdIimjb 1Z hje}glh\Zge gZ ijl)\jixdy ijl@algkfas ihkem] ,R7

i_q_ggy *ggh\Zp+€ sh ijba\hZkM2Z*h \bleh€gZe bt f _j "¢ neabggbo ijbkljh€\
[h\Zghkle _dhghfe€ dhrle\ « kdhjhq_ig0dexfkmgbdch mhgl_jg_Im P« ijbkljh€ fh'n

gZ jbghd gh\bo ihkem] edm\zZlbky h”bg a h”gbf ¢ h[fegx\Zlbky *
LZdbf gbghf ZiZZlgmi_q_ggy jhéajihjzfb ,R7 |ZtdemtghfZrgijbkljh€ 1Z
ey}lvky fe* jeagbfb f_j ~ \bfb nmgdpe.wfpheilpdgEbfbo ijbkljh€\ \"_ \bdhjbklh\mxl

kilx j_Zeesah\Zgbfb ijh]jzZzfgbf aZzZ[ kai kyhdlgyd-
Hkgh\ghx i_j_\Z]hx 1)9 } _eZklbqgZ I&XxZZ&kblZklv ,R7 ihey]Z} \ fh eb\hkle \en/
[h\ZgZ Zjoel _dIimjZ sh ~ha\lhey} g_eb}fh aZzhklsZiimnh [Zah\bo klZgpec ¢ p_glje\
\Zlb dZislZevge &$3(; 1Z hi_jzZpeeghgbabljZébreklv migekghdmgetdZmecg
(OPEX) Z c a[*evrm\ZIlb ~hoe*” hi_jzIMidkiijj€ rhkBEeylv \ijh\Z~"_ggy ,R7 sh[ \bdtl
jZomghd r\b”rrh]lh \boh"m 8Z jbghd >m\zZIlb i_j_\Z]b yde gZ"Z} py I_ogheh]ey
OhgZz 1)9 « 6'1 } Z\lhghfgbfb | _oghKhjlpyfbb\Z jlne&Z[_ai_q_gge egnjZkljmd]l
€0 ih}*gZggy ijbahhdplewdho kbg_ j]l ibbdgdojg_Im j g _c¢c ydm |_e_dhfmgedZpec
_n_dI® &zZijbdez” az "~hihfhlhx p_dfR&asmn\\BbcdjZzsbfhgfbdhalheblv hi_jZlh
ghlh f_j_"_\hlh egl_e_dIlm vydbc gzZ4Z} BIimdmg&#\ZIb \eZkges ihkem]b 1gl_jg_Ir
Abgzfeqgh i_j_fesm\ZIb f_j_~_\m nmdgdlpitxgm\ZAphEl ihklecgh ajhklZxghfm jbgdn
p_gljm h[jh[db ~Zgbo fhaegrhlpb\Zggylm j_dhec nzZdl sh ]jzZ\pe |I_e_dhfmgedZp:
h[kem]h\m\zZggy Djef Ihlh f_j_ "~ _\e JjZ&mpeblZghh[} ghkeyfb ie~dexqg_ggy “h 1¢
o*"ge "ey \erih\erghkle ~_ydbf djblbgeogdZqizZljZfsH 1Zemav \eMe]jZ\PHbB¥_MZ eb\m
jZf gZijbdez”™ r\bA~rdeklv i_j_"Zqe "2Agjhd ZZ[h @&djkZ jhalhjlZzgges ,R7
fdz fh mlv "bgZfeqgh jhaih?eeylbky aZOthjpfhhigbkeijgdl\ m\ZIlbfmlv ~hfe
6'1 gZ azZibl f_j ° \h€ nmgdp+€ Z[h igmjzZfb gZ j®Ogdpges h[gbke ggy klhkmxlvk
L_ogheh]eylZy_ hkghdghk c”_ gZal je]Zggy 1Z ~hKlzZgbo ~hijh]jzf gq_j_a 19
jrm klZ~ex \bdhjbldBEygyihdheeggy fH[jgvI] <HhHBbv[Z]Zlh i_j_\Z] 1Zdbo yd fZkr
gbo f_j_~ * gZ \e~rfegm \e™ egrbo _IZjk\Zdhlelxpe€gmqgdekliv M jhpe s_ [eev
fh[eevgbo f_j_~ 1Zdbo yd * « * *diiohdbdZpeLgbo dhfiZzgec i_j_c"mlv gZ ofZ,
jZfdb \bsbo r\brdhkl_c i_j ~"Zqe "ZgboQeg\Zhixgb gZ |_ sh ofZjge h[gbke_gg
evghlh 1gl_fj8, 14@ > * kl\hjx} gh\bcgHbhix |I_g”~_gpe}x px I_ogheh]ex \k_ s_ ih
f_j_"¢ ydzZ ijbagZq_gzZ "ey af}l”"gZdplycfidrilizgdhh\Zz”»" m\zZlb «gl_gkb\gh ¢ rbj
\keo ¢ \kvh]h jZzahf \dexqgzZxgb fZrbgbh[ YWahdbklhAm\ZIb €€ i_j_\Z]b
ijbkljh€ L_e_dhfmgedZp- cidhhcjmoz}hvkejlm
;_a”jhlh\Z 1_ogheh]ey * ijbagZqZzavgbey_az" -« \+"[kl\Zidbicyj_o+" ihk
[_ai_q_ggy \bsh€ iedh\h€ r\b~rdhkle iZ§2%eqbdz\gbhhokem& @3 TyhdofZjb
m deevdho =[¢l k gZ~"gbavdh€ aZljbfdicZlsbwrkeh]hZge [eevreklv | _e_dhfmgedz
Necghkle \_ebdh€ ijhimkdgh€ a~ZlgthkfrZfyejc ‘ihdeZ2”"Zxlvky gZ dhehkZevgm h[
\bs_gh€ ~hklmighkle 1Z [eevr hrghjenvggrhheghkXktpmdIimjm ~ey jh[hlb a jeagbfb
Ney [*evrh€ deevdhkle dhjbkIim\zZqge\ fZlbsZmjh2\edglyy ~Zgbfb 1Z klylg_ggy ieZz
\geklv « ihdjzZzs_gZ _n_dlb\geklv kiI\hhkelm]lghVb¢_o*” gZ ofZjm agb m} \bfh]b ~
Ahk\er "ey dhjbkIim\zZqge\ ¢ ierdexqZxewghlh [Zignalgh]h az[_ai_qg_ggy 1Z i_jkhg:
* aZijhihgm} aZkh[b aZobklim \egrmhlelidAxdhblp+s€ 1Z hi_jZpecge \bljZIlb Z h
ihiblm gZ jharbj_ggy fh[eevgbo ihkemVJrea} dglhgkbihoh”e\
gbf \bdhjbklZzggyf ijhimkdgh€ a”“BElghkleM [Zdbjphps ofZjge h[gbke_ggy ijh*h\ m\.
AZlde\ yd ' \ejimZevgZ9j5 ZeMghRbv AV jhalb\Zlbky <« jhaih\kx"" m\Zlbky \ ]Z
$5 + aferzgzZ j_2MR)g<\k™v_h \bkhdh€ peédhkhfmgedZp-c
lelZ sqaZ[_ai_q_ggy \bfh] "h g_cfh\ejgh DZ[*+jdgbo ®IZemav |_e_dhfmgedZpec az\
0 0 ih\erhfe_gv “ey I1Zdbo ihkem] [pdeZegdlghegeg/d \jZaeb\hx fer_ggx "ey de[_
hohjhgzZz a~hjh\fy lhsh FZc[mlge \bfhjjbohhmiobckd _fbebqg_age h[ky]b dhgne”_gp-c
*m _ [meb \bagZq_ge gZ deevdho ngpmfzZeh a[_je]lZxlvky \ jeagbo kdez~gbo f
Kbkl_fz a\fyadm * [m~m\Eklgfh\lstkyo ggiveh]ey * kl\hjx} gh\e aZ]jhab [_ai_p-
IZdbo | _ogheh]ec gZjeadZ \ejimZeddZmgrdZifrjcgvgdhfiZge€ ih\bgge i**"]hIm\Z
i_jbn_jecdgqgbke_ggy fZkb\gZ kbkl_figyab¢_abkeyg_ijyfbo de[_jZlZd P_ \bdebdZzZ}
dhfz \oh”~zZfb 1Z ~_deevdhfZ \boh"Zid"@sKBAhj_'ggy Z"_d\ziggmh€kljimdimjb |Z
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€€ ih}"gZggy a KZjVthkgftkkzZfb ey ieMpgtbo fh mlv ~hihfh]lb i*~jha”eem a _dkie
db[_ai_.ddbn_dlb\gZ de¢[_j[_ai_dZ ih\blggz \dgexqgh]h h[kem]lh\m\Zggy hljbfzZIlb \.
gZlb \ijh\Z~" _ggy \by\le_ggy aZ]jha jerllgVe\ijh[Z]nf ¢« knhjfm\Zlb ijh]lghab gZke
\Zggy gZ sgpb”_glb I1Z f_Ih”e\ aZih[«120g¥ Zrbgg_ 9Z\qZggy O/ =« rimggbc -<gl
F_j_"« a i*™ljbfdhx 1gl_jglleevirqg: fh mlv ~hihfh]lb jhadjblb g_\«~hfe \eZk
\jZaeb\bfb \_ebdbo de[_j\lhjlg_gv c<klaehm*ghVh\bo f_j_~ \by\blb dhj_eyp+€ 1Z
G_"hklzZlgvh aZobs_ge* ijbkljh€ |Zde.§diygkgmi[findbfh ih[Zqblb ie® gqzZk i_j_\ejdt
fZjrimlbazZlhjb-dAf[jb Z\lhfh[eee k@KijHbhgm\ZIlb gh\e kihkh[b hilbfeaZpe+€ jha]
"hfZrgvh€ [_ai_db Z[h fZrbgh d.od_ljgjhfhlb f_j3Le >
fh mlv [mlb i_j I\hj _ge oZd_jZfb gZ a[jhgZeca \_ebdbo ~Zgbo m |_e<dhfmgedZp
Lhfm ey | _e _dhfmgedZpecgbo defidgZ§Z b Zxlv dhfiZzgeyf | e _thhfmgedZp
\h \ijh\Z~blb \e”ih\e~rge aZoh”b de[_jklja€ db eb\eklv hljbfZlb ijZdlbggm e<gnhjfZy
OfzZjge kbkl_fb ie~ljbfdb PS8y ckmeagZlbkv ijboh\Zge azZdhghfejghkle :gZe-s
ieZlege ieZlnhjfb ih\bgges fZIlb \bkhdhgbidZgAd#Zm hi_jZIlhjzf a\fyadafeg_ leevdb
[h\NZgeklv o ijZpx\ZIlb a \_ebdbfb h[kplEib€ dgpbp+€ gZ jbgdm Ze_ c aZijhihgm\
OfZjge ieZle ge ieZlphjddnmggbc « _nln\ByZf ydekgbc k_j\ek hje}glh\Zgbc gZ de-]
gbc \b” [eeeg]m vydbk éhdhlimgldZpecghf e dhfmgeddpriZgpfExlv gZcdjBEs
dhfiZzgeyf \bklZ\eylb jZomgdb k\h€fhHerpegi2f~ray ZgZeeam \_ebdbo "Zgbo az\”"
ihkemlb 1Z ijh]jzfb yde \bdhjbklh\myglbfky[kw]fZfje*Zgbo \hgly _g[beZfxliv "« hi_
BSSijhihgmxlv |_e_dhfmgedZpecghZlthfiZzBe egnhjhZpjdyneee 1Z ijbkljh€ dhjbk
yf egkljmf_gl ~ey is*ljbfdb \_ebdh€im\dlykbkl]_fforehdZpex ajBddbegh\<"egdd-
sh jha\b\Z}Ilvky dchjey~gharbj ggyl I& dhfmgedZpecg- (Liicfdedl g « €EAT&T,
r\brdh]lh jha\bldm | _e_dhfmgedZp-c geuipZieknBwisscom, T-Mobile, VodafoneZ +d "~ _
1f_jkb\ge I_ogheh]e€ m |_e_dAZfmMghdZpeed ZgZeslbdm \_&dhb & «y2glgekirv
klhkm\zZggy |_oghiemkevgh€ ~hih\glhghEajlzkdimlh ijhljzfghlh azZ[_ai_q_ggy AZzZ\
aferZzgh€ j_Zelwph&kldhfmgedZpeyo fZpvffrgbltbgb fh mlv djzZzs_ i_j_"dZqgihlb ihibl
]1Zem&wn_jzZfb aZklhkm\zZggy lefopkie\lgoo]b [Z \e~rled dee}gle\ ieZgm\ZIlb hilbfZev

]Jec ml_e_dhfmg2dZ}e.yo } > I1Z°_ggy gZ k\h€ f_j_"« IZ Jeb[r_ jldamfelb k\e
gZ\qZggy i_jkhgZem =heh\gbf azZz\*"Zggyf hi_jzZlhjZz a\fyadm r
mijZ\eeggy h[kem]h\m\Zggyf g4 foakgge ydhikdm] } hilbftajZpey GZ kvh]h
\eANZe gZ i*MljbfdZz ANge i_j_\Z Zxgbf ie*oh”~hf } g_aZe_ "gZ hilbf
egkljmdpe€ a h[ezZz”*"gZggy a \bdhjjbkbdbgdekdhA\bo ihdZagbde\ _n_dlb\ghkle

jgelmj “hih\g_gh€ j_Zevghkle \bdhjbklZggyf g_\_ebdh€ deevdhkle " _j_ e "
I _ogeqgg_ h[kem]b¥mhXgdye eklhjeEer ggy yde ijbcfZxlv 012 azZ ~hihfh]tf

I_ogeggh]h h[kem ]h\eZ\Zpdggy jeagbo egkljmf_gle\ ZgZeeam ~"Zgbo a”_
Zm~blhjkvde i g \edhbbklZggyfazZze_"Zlv \+~ dexqgh\bo ihdZagbde\ _n_dlI

gelmj (KPl) gzZdhibgq_gbo m jeagbo fekpyo « gqZkll
kiVhj_ggy <gl_jzZdlb\gbo dhgljhjevgboeaz0i2 fh mlv fZlb “hklmi ~h \_ebqg_

ke\ "ey aZ[_ai_q_ggy "hljbfzggy \ldeevg hk]e*gdlbo a+ k\h€o \ezZkgbo f_j_ ~ « \

djhde\ ie” qZk i_j _\ejdb e\ :gZeea \_ebdbo ~Zgbo yde [_jmlvky a

8) g\ _glZjbaZpey jh[hlZ as kdeZ""Wf hjleZ"dhadlyeblv hljbfZlb rbjr_ jhamfeggy
Hi_jZlhjb kmqgZkgh€ fh[eevgh€ fgho «g DV hfbo agZq_gvjd@ekbyfhbN\o/ hfe
fZxlv \bjerm\ZIlb kdezZ”~ge aZ\"Zggy &Eh™hee AZdbth\j _eype€ <+ yd j_amevlZl aZij
gh€ _dkiemZlZp+€ f_j "~ a™Zlgh€ a@hp aZaobib tgmge~\bs_ggy ijh*mdlib\ghkle

deklv h~ghqzZkgh azZ~h\hevgyxgb \bthgbk\ d_gZpMdbglyo f_j_°
jeaghfzgelgbo ihkem] Ijh[e_fb az[_ai_HkgoVyghdbk gzijyfzfb azklhkm\zZggy Zg
ghlh h[kem]lh\m\Zggy \bgbdzZxlv ijBZpheorbi_lgge dhfdfb{dZpe-yo

ahgb ihdjblly ihklecgh ajhklZxqgbc kdhjbghpiegdZ jbabde\ 1Z cfh\ejghkl_
ihim ghkle f_j "¢ Ze_ ijb pvhfm ne gZklZggy ih"e€
} h[f_"_gbfb Z j_kmjkb 1Zde yd k ] _hzZgZeslbgiZe¢a ljZnedZ |Z ehdZp-£€

xIvky ~_nepblgbfb :\lIhfZlbazZpey jee\e~rdjblly gh\bo h[ }dle\ jharbj_ggy f_j
nmgdpec kleevgbdh\bo f_j ~ [mea 'fZ]Zabge\ ijh\_"~_ggy dhj_digh€ dhfmge
]Jheh\gbo Imj[hl hi_jZlhje\ a\fyadm ihl_gpecgbfb dee}glZfb

gy hi_jZpecgbo Ablljizddb ahjm hi_j. 1Zj]_Ibglh\e dhfmg=gZlpjf@n\Zggy
\bljzl 1_e_dhfmgedZpecgZ kbkl_fZpeevh\h€ Zm~*blhje€ skhhekZ¥bojhihab
jhamfghx kzZfhk\er"hfhx kzZfhz~Zilbpec |1Z Zdp-c

fh eb\eklv _dhghfgh aZimkdzZIlb f_j_ Zglbnjht™Mbs_ggy je\gy [_ai_db de-

I1Zdh™ Z\lhghfgh d_jm\ZIlb 1Z _dkiem }gle\

AZ ~hihfhlhx ZgZeeam \_ebdbo ~ZIMSI Checlgt k_j\ek i_j_\ejdb mgedZevgh]
\bdhgm\ZIb ijh]jghag_ 1Z ijhZdlb\g_+~_glbnedZIlhjZz Z[hg_glZ ,06, ydbc ~hit
gy _e f gle\ f j "o < ebdbc h[f}f agbablb jbabd rZojzZckl\Z ih\ yaZgh]h ¢a
deklv gZ”"oh”” _ggy ~Zgbo *eZiZahSIM-dZji ~"_j e
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i_j_\ejdz i_j_z"jxkZpe€ydbc egnh \byle _ggVye"ih\enrglBq 1Z f_j_bo\
jfm} gb gZ ghf_je aZz azZiblhf \klZghfleg¥dZ [_am
fh\gZ i_j_Z"j_kZpey gZ egrbc ghf_j I _e_hdyde _ggy ihjijhrlhdle kehZ [k_j\eke\
NZ\geklv ZdIb\Zpe€£ghkljZZ hpegdb3) ij_~bdlb\gZ ZgzZezithb@Z gZ\gq)Zggy
"blly Z[hg_glz \ f_j_"+ azZkgh\ZgzZ gz #&pwdhlkhsm\iZgdgydm 1Z-aZIhj
ZdIb\Zpe€d&,jlbgz~Z}Ivky m \blJey”~e kdhjldbgdhjbklZggy j_kmjke\
]m ae \klZgh\e_gbfb ~«ZiZahgZfb QoS,

SIM-counter+i_j \ejdZ deevdhkle mgedZevigbad'egdZ dhjbkim\zZzqz
ghf_jed\ e _nhge\ yde \bdhjbklh\m\Zebky fzZfd[jmIg} jhalZrm\Zggy
evghfm ijbkljh€ ~_ \klZg+hh2jlgZ a6,0 g_kijzZ\ge ijh[e_fg- e f glb h[eZkls
ghf_jhf azZz aZipZhz}Ivky m \b]ey"-€<ajg1‘vjmg\ gZ _n_dlb\ge- kiv f. e
]m aes \klZgh\e_gbfb ~eZiZahgZfb 4) ij_ deb|Ib\gZ ZgZee+lbdzZ rinpkqgbc «gl_e
ih[m~h\Z ihjlj_|Z dasbjglZdee}glz \ZjeZglb jer_gv 1Z Z[h ieZgm\Zggy s
Ahalheblv ijZz\bevgh knhjfm\ZIlb KklgZjs3deb gXejilmZeeazZpe€ i_jbn_jecgbo h[qg

NZggy ihkem] \ieb\ dh gh]h \ZjeZglZ jer_ggy |1Z Z[h ieZgm
6) HLR Lookup tihkem]Z <~ _glbnedZp+€ g4deZg jharbj_ggy f_j_ =

"ghkle Z[hg_glkvdh]h ghfnghh-’\ag\/rgchm ieZg \bdhjbklZggy j_kmjke\

hi_jZlhje\ Md]Z€gb ijhihabpe€ sh™"h dhjblm\Zevgbo "ec

Fh{eevge hi_jZlhjb fZxlv “hkimi ~h Dhgdphbeox\Zggy i"4gdaizqz} aZzklhkm\Zggy
h[ky]e\ "Zgbo yde fh'gZ JgaNteddid gihp_ "mj mijZ\eeggy ~"Zgbfb ZgZeeam "Zg
ah\geryzde3]. gZggy \*"ihd%egh

<gmljerge *Egyazge a f_j_ ~ x 1Z Z[hMijgd\eeggy "Z@dth ®Zgbo hqgbs_ggy ~Z
Izfb Pe ~Zge fh mlv [mlb kIdeIthngbfrb-dZIJgZp y "Zgbo dhj_eypey "Zgbo -
kljmdIimjh\Zgbfb AT j_e ihrmd \e~rih\ergbo ~Zgbo MijZ\e-g

KijmdImjh\zge \gmljekdhkhmpgov ky fgbfb } hkgh\hx ey \bdhgZggy ZgZeeam "Zc
j_"* |1_ogeqge a[h€ ~hklimigeklv af}*"gzZzg@ge-allfigZae-a gZ jeagbo je\gyo ]Jeb]|[hb
f_j_"+ klZImk IjZgablgh]h a\fyadm %{&k jkagbb\epeggayx GZijbdez” \bkhdh]lh je
afirgZggy"jEdkb klzZlibklbdz ihlhdnkdljagdmjh*mdlib\geklv kbkl_fb Z[h ~_IZe
j*\gy ~Zgbo ijhlhdhe ¢ gl _jn_ck jelgygHh]lhim\&gfigyw!lZ f j ¢« dhjbkim\ZgqzZ fekj
ljZned aZ Ibahag fjh]jZzfhx ~Zge jhalhdrag@wgy gZkm :8§ZdkahZgbo } hkgh\hx
NZge k_gkhje\ 1Z Z[hg_gle\ ~Zge dhfregedibpgd |lly[¢sdhdy |1Z \bdhgZggy "ecC
aZibldee<}gl *klhjey \bdhjbklZggy jhalZrmbdigg¥ggy **€ i_jhamhdgggdy ijh~mdlb
rZ[ehge+\ \bdebdes\ fh”_ees fh[eevghklagtkdt_j "¢ 1Z ydeklv JoE)e™NbhagZq_ggy

G_kljmdImjh\Zges \gmljskbrkrZbwkly j_ ° \bo ZghfZe-£ \bdhgZggy hilbfeaz

ljZzgkdjbile\-plhgeljm |_dklh\bo ih\erhZeh\gvijhlgham\Zggy ijh mdlb\gekle a[h€
NZgbo hkh[bkifrRfgbdZ lIhsh \bfh] zZz\IhfZlbazZmikZ\eeggyh[hlb [Ih[lh
Ah\gerges aZlgjzxlvky \e~ |j_leo klhhddhhg29qgy kzfhgZeZrim\Zggy kzfhhilbf

IZdh® fh'gZ jha”+eblb gZ MbkjddImjhjkEfh\e~gh\eklglgly.fb

\ZgerZger_fhljZneqge "Zge dZjlhljZneqgkgkfogref glb |Z f_Ih~"heh]e€ yde fh'gZ a

j_evin \gmljerge [m~e\ee |hsh imQ\erghgd "ByeZgZecam \_ebdbo ~Zgbo m | _e_

"hjh gec jmo ih]hgZkljl@dImjhVZge yo f |h"b \bagZq ggykRihatysfghZgbo

NZge khpeZevgbbadebpok, Twitter hgeZcdZ ijhklhjm hagZzZd-+gdjlbf\ghfgh bggh

nhjmfb |_dklh\e *hdmf_glb *RRJORf[Jebhjylkg_egalqgZggy gZ \_ebdbo ~Zgbo ft

jhgge ebklb \e~ _h |lhsh gy g_\bagZg_ghkle \eN[ej ajZade\ dez
KljmdImjh\Zge+af{ZjgiZ}lvky \ j _eypeggtheZkl jbaZpey |Z g

[ZaZo “"Zgbo m \b]Jey”e IZ[ebp[ \ ydbdidhihggbcikhg!| elzdiZrbgg gZ\qZmggy

dhehgdz fZ} gZa\m Z a\fyadb fe  IZ¢elbpyfbg}dypemggbc gl _e dI :1 1z fz

\bagZqg_gbfb G_kljmdIimjh\Zge "~ZgsbgbZogdigiMgy\ene]jZ\ZIbfhklv [eevr

dhe@_gljm ih\er*hfe_ggy lhsh aZa\bagg@£qgm dhejw m |_e_dhfm{dagny >

]Zxlvky \ j_eype cgbo [ZzaZo "Zgbo \byleylb ijh[e_fb af _j_"_x \bdhgm\Zlb kZ1
>h \_ebdbo NZgrbI(mZkIhkh\m\IZIdbkgh\e ggy Z[h aZobsZlb f_j “e \er rZojZckl\.

\b”b ZgZe-am :11Zdh” fh™_ ijhihgmAZlee \bdhjbk

1) hibkh\zZ ZgZe-lbdZz I1Zggy 1Z ih\_~egdb \ jh[hle h[eZ”*gZggy Z[h
ijh "mdlib\geklv f_j_"e Ne€ a dee}glZfb LzZdbf qbghf p_ fh _ ~hi
i_jki_dlb\b Z[hg_gle\ _n_dlb\ger_ \bjerm\lb fb ihl_gpecgbo
i_jki_dlb\b 5%1 ZiZjzlgbo ~_n_dls\ Z[hdgh}leleib yde fh
fh"r _ev fh[eevghkle "mlv \iebgmlb gZ jh[him dhjbkIim\ZqZz
ijhneev IjZnedm L_ogheAl]lte mlv *hihfig\bhfZlbam\Zz
\bfejx\Zggy .3, .4, Ib az\r"Zggy ihdjZsblb ijhp_k ijbcgylly jer

2) "eZ]lghklzpgZedib gZ~Z\ZIb i_jkhgZeeah\Zge ihkem]b
\eArmdm\dgighnijbgb,ghb M jhpe afeevrblvkyijdrlg ¥ e v
\bagzZq HgtyfZaetc j_ " ggh]lh gl _e _dim \' | _e _dhfmgedZpecgec ]Ze1
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\h gZhle\ ¢« \ejimZevgbo ihfeqgbdes\ dee}ghXjZa gZajeeZ g_h[oe*geklv knhjfm\ZI
0/ « $, . M\Z "m _ ilgkljgnf_glb dJlgp_ipex hk\elgvh€ ijh]jZfb [ZdZeZ\j+\ a-
azZklhkh\mxlvky “gegyy ad”dep\Zggy \_edddhkle L_e_dhfhzgedZph€ "ogrdGLM
fb h[ky]Zfb ~Zgbo hkh[eb\h "ey ijh]J@hlam\Egldwy IZvh]lh klZeb 1Zde gbggbdb |_
gZ~Zggy ijhihabpec gZ hkgh\e gZ[hjjha\bgtbom KmgdHE&bo [_e_dhfmgedZpec \e"g
0/ jhaley~rZ}lvky yd is”~ijhklej rimqgghlikid «g[elemijclirgle\ \bfh]b kl_cdohe”_je\ ~h
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]Z2vg_gZ kbkl_fZ rImgghlh <gl_e_dlrpecgbo oZjzdIl_jbklbd « \ezZklb\hkl_c I_e_d
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lgkljmf_glb 0/ « $, fh ' mlv ZgedamdZklybfb I_g”_gpeyfb jhalbldm m_e_dhfmg
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\eNe]jZxlv \k_ [sevr \Z eb\m jhev m |_lgvdhtefnigreldZpbylZz gzZ\gZevghlh iéZgm ~_ f
<boh”yghdzygmlh]lh \bs_ \Z eb\bfjdd@ddzlb \bfh]lb kimfh[hkhr*EZApe\ Z 1Z
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IT and technologies of artificial intelligence
in the training of telecommunications engineers

L. Nikitina, N. Dzheniuk L. Borysova

Abstract. The development of the telecommunications industry in recent yealsebasn the direction of increasing
the number of devices and subscribers connected to the network.forrtegion of the telecommunications industry, we have
software-defined networks, virtualization of network functions, therifret of Things and 5G. Today, it is impossible to imagine
the productive work of telecommunication networks and systems ensweipgoer quality of services without the use of artifi-
cial intelligence technologies and algorithms and the use of appropofiteare. Educational programs and curricula for the
training of telecommunications engineers of Ukrainian universities shouldppyotake into account modern development
trends and innovations in the telecommunications industry. Iropimion, in order to train highly qualified and competitive
specialists in telecommunications, it is necessary to make certain changesurricula related to programming, data analysis
and machine learning technologies, the application of modelthoals and algorithms of artificial intelligence in the telecom-
munications industry. The article proposes the inclusion of relevant digsiptirthe curricula.

Keywords: telecommunications engineering, big data analytics, machine leaaniificial intelligence, wireless net-
working, immersive learning.
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