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N 1,2
> mfzZ_\ 3 KBGL?ABJH<:GGHC J?QB

YHHH ©E?JM: F?JE?G <HKLHD? HkIkkdhtkdh] Fulbsb Jhkkby
2: elhjh~rkdbc ]hkm~ZjklI\_gguc gZpbhgZevguc bkke ~h\Zl _evkdbc mgh
me Ih[_"~u 7 ;_elhjhn Jhkkby

e-mait art2371@yadexu

:gghlZpby

Kbgl _abjh\zZgb_ j gb gdzMkgdhlh | _dklzZz y\ey |Iky ZdImZevghc &
kh\j_f _gghklb lIzd dzZd kbgl_abjh\ZggZy j_qv bkihevam_Ilky \ jZ
Nyl _evghklb g_eh\_dz d ijbf_jm \ kbkl_fZo ]Jhehkh\h]h kZfhh[k
Z\IhfZlbazZpbb ijhp_kkh\ |1 e _nhgguo hijhkh\ kharZgbb ha\mqgdb
h[mgZxsbo fZI_jbZehhhWwlhfm az~ZqZ hp_gb\Zgby dZqg_kI\Z kbgl_abjh)
b kjz\g_gby kbkl_f kbgl_az f_"~m kh[hc y\ey_Iky ZdimzZevghc azZz"Zq
kms_ klI\m _| agZgbl _evgh_dhebqg_kl\h bkke_ _~h\Zgbc gh ~ey [hevrbgk
km[t_dlb\ghklv hp_ghd < 7~Zgghc klZIv_ ijh\_7~zg djZldbc ZgZeb:
ih~oh~h\ ihemq_gby h[t_dlb\ghc hp_gdb dzZq_kI\Z j_gb b ~ZgZ hp
ijbf _g _gby jZkkfhlj_gguo ih"oh”h\ ~“ey hp_gb\Zgby dZq_kI\Z kbgl_abjl

Dexg_\u_ kehH\Zh”u hp_gdb dzq_kI\Z j gb kbgl_a j_qgb j_q \u_ |
nhjfZglgu_ f_Ih”u hp_gdb fh”meypbhggu_ f_Ih”u hp_gdb
>ey pblbjh\zZzgbynfz \ : ; F_Ih~u hp_gb\Zgby dzZq_kI\Z kbgl_abjh\Zgg

GZmgguc j_amevlzZl BgnhjfZpbhgguL | _ogheh]bl3-#2. DOI:
10.18413/2518-1092-2021-6-4-0-1

METHODS FOR EVALUATING OF THE SYNTHESIZED

1,2
Jumaev A.B: SPEECH QUALITY

D//& ©/(52< 0(5/,1 92672.2 2VWDVKNRYVNRH KLJKZDMVLDO\WLVKFKL
2) Belgorod State National Research University, 85 Pobedy St., Belgorod 30883% R

e-mail: art2371@yadex.ru

Abstract

Synthesizing speech based on a given text is an urgent task of our time, since synthesized speech
is used in various fields of human activity, for example, in voice self-servicensyswhen
automating telephone survey processes, creating voice-over interactive traininiglsnatar.
Therefore, the task of evaluating the quality of synthesized speech and comparing synthesis
systems with each other is an urgent task. There is a significant aofioesearch in this area,

but most of them are characterized by subjectivity of assessments. Tdies @ndivides a brief
analysis of existing approaches to obtaining an objective assessment of the gqsalgabf and
assesses the possibility of using the considered approaches to assess the qualitgsifesinth
speech.

Keywords: methods of speech quality assessment; ttegpeech synthesis, voice technology;
formant evaluation methods; modulative evaluation methods.

For citation: Jumaev A.B. Methods for evaluating of the synthesized speech quality // Research
result. Information technologiest L < P.13-12.DOI: 10.18413/2518-1092-2021-6-

4-0-1
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K fhf_glZ ihy\le gdoy h*X¥ \_dZ kbgl_azZlhjh\ j_qgb ihdhe _gby
kbgl_az j_qgb klzZeb jza\b\zZlvky [ukljufb |_fizfb ;ezZ]h~Zjyh]lhzZza\b
kbgl_az ihy\bezZzkv \hafh 'ghklv ha\mqgb\Zlv azZjZzg__ g_ ih~]lhlh\e_g
\uoh”_j _qv [ebadmx ih dZq_kl\m a\mqgzZgby d _klI_kl\yagd&htjjfgbgd]k
fbjZz | _ogheh]by kbgl_abjh\Zgby j_qgqb y\ey |ky i_jki_dlb\ghcdghog\ey
"bagb gq_eh\_dz \ k\yab k wlbf ijh[e_fZ hp_gdb dZgbkMNe&y kiblgd! &t
kbgl _aZzZ,jhlkogh\Zgguo gZ k_e_ dib\g\tefykbigy ZadimZevghc

Khl]ezkgh ©=HKL-J | _j _"~ZqZ j_qb ih ljzdlzf k\yab F_Ih”u hp_
jZa[hjgb\hklb b magzZ\Z_fhklb2& \u”_eyxlky *\Z djbl_jby hp_gB\Zgby
jZa[hjgb\hklv j_gb b dZg_klI\h j_gb > @

©JZa[hjgb\hklv jh4ddphRbl_evgh_ dhebqg_kl\h \ ijhp_glZo ijZ\b¢
we_f_glh\ keh]Jh\ keh\ njZa Zjlbdmeypbhgguo [Z[ebp? > @ < &
j_q_\uo hlj_adh\ nhjfbjmxlky hkgh\gu_ \b”u hp_gb\Zgby j_qb

©DZg_klI\h j \qebffbgZ o0ZjzZdl_jbamxsZy km[t_dlb\gmx hp_gdm
bkiulm_fhf ljzdl_2 > @

ih kjzZ\g_gbx kh a\mqzZgb_f \ dhgljhevghf |jZdl_ ijbgylhf azZ iylv
ih kjzZ\g_gbx kh a\mqzZgb_f j _gb \ A~jm]hf IjZzdl_ \ ijhp_glZo ij_~"

>ey i_j\hc ihebXbgudZ hkgh\guf djbl_jb_f dZq_kI\Z kbgl_abjh\Zgc
ihdzazl _ev _z jzZalhjgb\hklb GZqgqbgZy k dhgpZ \hkvfb”_kyluo ]h-
mjh\gy jZa[hjgb\hklb b [he__ ZdImZevghc ijh[e_fhc klZeh hi
_kl_kI\_gghklb j_qgb Bkke_"~h\Zgby \ h[eZklb ikbohZdmklbdk
©jh[hlbabjh\Zgghklv® kbgl_abjh\Zgghc j_gb yl\ey |ky nzdlhjhf \eb
\hkijbylby Ih wlhc ijbgbg_ iheghklvx jZa[hjgb\Zy kbgl _abjh\Zgg
mfheqgZgbx hij_~ eylvky dzZd \ukhdhdzZqg_kI\ _ggZy > @

< gZklhys__ \j_fy ba\_klgh agzZqbl_evgh_ dhebqg_kl\h bylh~h'
jZa[hjgb\hklb j_gb > @ < jZfdZo ~Zgghc jZ[hlu jZkkfhlj_gu
jZkijhkljZzgzgguo f _Ih~h\ hp_gdb b baf_j gby jZa[hjgb\inkgthklbgt ok
ijbf_g_gby ey hp_gdb jzZa[hjgb\hklb kbgl_abjh\ZgghqgZ[hgb fJZkk&zZI
fh gh jZa[blv gZ ~\_ ]jmiiu jbk

Jb.1.F_Ih”u hp_gdb jZa[hjgb\hklb j_qgb
Fig. 1.Methods of speech intelligibility assessment
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F_Ih” hp_gb\Zgby jZa[hjgb\hklb j_qgb ijb ihfhsb wdki_jlZz

H~rgbf ba f_Ih~h\ yley Iky wdki_jbf_gl \ dhlhjhf mgZkiXmbij bz
"bdlhj Ijbf_jhf ~Zggh]lh f_Ih"Z y\ey Iky ©L_klbjh\Zgb_ jZ~bhklZg
F_""mgZjh~rgh]h DhgkmevliZlb\gh]h Dhfbl_IZ ih JZ"bhk\yab FDDJ 2 :

Wdki_jbf_gl khklhbl ba \azbfh”_ckl\by ~bdlhjZ b Zm”blhkjZlhGZ |
ljzdlz i_j ~ZxsZy klhjhgz "bdlhjhf azqgblu\zZz_Iky | _dkl Z k ~jm]t
ljzdlZ ijbgbfZxsZy klhjhgZz Zm~”blhj \uklZ\ey | hp_gdm ~Zggh]lh IjZ«
"h

G _kfhljy gZ 1Ih glh ~Zgguc wdki_jbf_gl \ bagZqgZevghf \Z]j
ijhoh ~ _gb_ "\mfy ex”vfb jhev "udhgdyfhkylijh]jzffhc ~ey kbgl_ab
j_qgb Y\guf g_~hklzldhf “Zggh]h ih*oh”Z y\ey |ky Ih qlh nbgZevgl
aZ\bkbl hl nbabheh]bq_kdbo hkh[_gghkl_c |I_klbjmxsbo q_f emqr_
Zm~blhjm jZah[jZlv | _dkl b gZh[hjhl

cevl_jgzZlb\hc "Zgghfm f_Ih"m fh"  _| y\eylvky ijh\_~ gb_|_klZ h
(mean opinion score (MOS > @ >Zgguc \b™ hp_gdb gZklh bkihevam _ |ky "¢
jZal[hjgb\hklb kbgl_abjh\Zgghc j_gb < jzZfdZo wdki_jbf _glZ ]Jgmiiz Z
aZibkZggu_ hljuldb j_gb \ azZ\bkbfhklb hl Ibiz b p_eBZlvkhkbjh\Zd !
p_eu_ ij_"eh  _gby 1Zd b g_k\yaguc gZ[hj KOB\th@b gldeh |\ Z> Z@ | k
gbkeh\uf agZq_gb_f \ ijhf_"mld_ agZq _glmhadh_ "tZqg JKI\h fHbadZy h
5 +\ukhdh_ dzZqg_klI\h \ukhdZy hp_gdZ Fbgmkhf ~Zggh]lh ih*oh”~Z y\
\hkijbylbb dzZq_kI\Z ]hehkzZ -ax"wibh]lh lga fh _| kqblzZlvky h[t_dlb
mkljZg _gby wlh]h g _~hklzldzZ \ gZklhys__ \j_fy kms_klI\mdhljjt ijh]
ihalheyxl ijh\h~blv Z\IhfzZVMEO§ Kkpnpdm kbgl_abjh\Zgghc j_gb ijbf_jz
ijhljzff y\eyxlky $SSDUH1HW 9RLFH %UL[ 9R,3 OHDVXUHPHQW 6 X

LhgZevguc f_Ih™ hp_gb\Zgby

LhgZevguc f _Ih” y\ey |ky jZagh\b~ghklvx f _|Ih~*Z Zjlbdmeypbb
f ITh~_ bkihegy | ] _ g _jZlhj gbkluo Ihgh\ Hkgh\gZy p_ev ] _g_jZlhj
nhjfbjh\Zgby a\mdh\uo ~Z\e _gbc gZ qZklhlZo |jbF kKhhi\_TklI\m>
lhgzZevghf f_Ih”r_ Zm~blhj hp_gb\Z_| gZebqgb_ kb][6geZ gZ aZz”~Zgguo

Ji.2.1jbf_j qzZzklhl ]_g_jZpbb kb]JgZez \ IlhgZevghf f_Ih”_ hp_qgb\.
Fig. 2. Example of signal generation frequencies in the tonal method

>ey hij_~ e _gby gZebqby kb]JgZeZ gZ aZ”"Zgguo qZklhlZobhkms_
_]h keurbfhklb azZlmozgb_ a\mdZ "h mjh\gy bkg_agh\_gby a\mdz
mjh\gy kb]JgZezZ ~h ihy\e _gby _]h keurbfhklb GZ hkgh\Zgbb ihemq.

keurbfhklb kb]JgZezZ \ugbkey |Iky bo kj_"g__ agZq_gb_  dki\hjh_
j_amevlZlZ baf_j _gby
GZ jbkmgd_  ijb\_" gzZ IZ[ebpZ ih dhlhjhc hij_~_ ey Iky nhjfZg

\ aZ\bkbfhklb hl ihemqg_ggh]h mjh\gy kb]JgZeZz
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JbF KhhiI\_IklI\b_ nhjfZglghc jZa[hjgb\hklb j_gb b mjh\gy keurbfhkll
Fig. 3. Correspondence of the formant intelligibility of speech and the level of audibilite cignal

H[sZy nhjfzZzglgZy jZa[hjgb\hklv hij_ "~ ey Iky dzZd kmffZz khklz\
ke "mxs_Jh \ujzZ _gby > @

(1)

>ey hij_~ e _gby jZa[hjgb\hklb j_gb ijb[_]ZxI d hij_~ e _gbx ke
jbk HgZ jzZkkqgblu\Zz_Iky gZ hkgh\_ agZg_gbc nhjfZlghc jZa[h
dZ ~hc gZklhlu ih IZ[ebp_ khhlI\_IklI\by nhjfZlghc b keh]h\hc jZa[hjqgk

Jbk LZ[ebpZ keh]h\hc jZza[hjgb\hklb
Fig. 4. Syllabic intelligibility table

Hkgh\gufb “hklhbgklI\Zfb IlhgZevgh]h f_Ih*"Z y\eyxlky
hlkmlkI\m_1 ihlj_[ghklv \ AbdlhjZo
\ukhdzZy kdhjhklv baf_j _gby \ kjz\g_gbb k *"jm]bfb f_Ih~Zfb
"ey hp_gdb g_ Ij_[mxlky Zjlbdmeypbhggu_ |Z[ebpu

D g_"hklzldzf ~Zggh]h f_Ih~Z hlghkylky
\ukhdbc mjh\_gv Ij _[h\Zgbc h[jZah\Zgghklb baf_jyxs_Jh i_jk
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g _\hafh ghklv Z\IhfZlbazZpbb ijhp_kkzZ

NhjfZglgu_f _Ih~u hp_gb\Zgby jZa[hjgb\hklb j_qb

Bg”_dk ZjlbdmAstiphddtion Index Al yley_|ky h”ghc ba jZagh\b
nhjfZzglguo f_Ih~"h\ hp_gb\Zgby jZa[hjgb\hklb j gb <i_j\u_ ~Zgguc
=Ne_Ilg_jhf \ ]h m > @ Ijb hp_ghl\¥Zgkwo ofZklhhhguc *"bZiZahg jZa:
gZ g_dhlhjh_ dhebg_klI\h ihehk kzZfufb jZkijhkljZgzggufb " _e gkt
j_q_\h]lh kb]gZezZ gz jZ\ghZjlbdmeypbhgguo ihehk -hdliZ\guo i
ithehk > @ < ij_"*_eZo \u[jZggh]h *"bZiZahgZ hij_~_ey_Ilky hlghr_gby

JZkkfhljbf bkihevah\Zgb_ ~Zggh]h f_Ih~Z JZa[hjgb\hklv jbgb hi
ke _"mxsbo khhlghr_gbc > @

(2)

3)
1~ dhebq_klI\h gZklhlguo ihghiklghklv gZoh ~ _gby nhj¢ZgZklhINhc
ihehk nmgdpby jZkij_~ e _gby \ _jhylghkl _c¢c gZoh ~ _gby nhjfZgl
fbgbfZzevgZy qgZkthgZKWNhlghc ihehkiZzdkbfZevgZy gaklhgZkNMIighc
ihehku \_jhylghklv hlkmlkl\by fZkdbjh\db j-hgeb gakfiimnfighcN iheh

dhwnnbpb_gl \hkijbylby j_qb

GZ hkgh\Zgbb f_IhrzZ ©Bg”"_dk Zjlbdmeypbb? jZa[hjgb\hklv
\_jhylghklyf gZoh ~_gby nhjfZzglu \ aZz*Zgguo qZklhlguo ihehkZo b
fzkdbjh\db j_gb rmfhf \ aZz*Zgguo gZklhlguo ihehkZo

F_Ih™ hp_gb\Zgby jZa[hjgb\hklb j_gb ©Bg”_dk Zjlbdmeypbb?
ZgZeh] jZajzZ[hlZzgguc G ; Ilhdjh\kdbf < hlebgbb hl f_Ih*"Z ©Bg”" _ «c
G ; Ihdjh\kdh]h \ dZg_kI\_ dhwnnbpb_glZ \hkijbylby j_qb ijbf_gy_Ik

(4)

ljb \ugbke _gbb jzZa[hjgb\hklb 7~ey i_j\h]h kemqzZy "\Z"pZlb |
ihehk bkihevam _ I|ky ke_"mxs__ \ujZ _gb_ > @

(5)
1" jZaghklv f_""m ibdh\uf agZq_gb_f mjh\gy j gb b wnn_d!

fZkdbjmxs_]h rmfZz
LzZzdbf h[jZahf ZihkredkbfZpbb dhwnnbpb_glh\ ihemqgqzZ_f ke_~mxs_

(6)

>ey i_j_kqzlZ bg”_dkzZ Zjlbdmeypbb \ keh\_kgmx b njZah\mx |z
liZnbd az\bkbfhkl_c keh]h\hc b njZah\hc jZa[hjgb\hklb hl b _dkz Z
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Jbk AZ\bkbfhklv keh]lh\hc b njZah\hc jZa[hjgb\hklb hl bg”r_dkZ Zjlb
Fig. 5. Dependence of syllabic and phrasal intelligibility on the articulation index

GZ jbkmgd _ ijb\_~ gu ijbf_ju ihemq_gby jZaebqgqguo hpuaghd ¢
agZg_gbc bg”r_dkzZ Zjlbdmeypbb b Ij_[h\Zgbc wdki_jbf_glZz

Jbk Ijbf_j hp_gdb ih bg”_dkm Zjlbdmeypbb
Fig. 6. Example of evaluation by articulation index

F_IhAl ohjhrh ijbf_gbf ~ey jZkqgzlZ b ijh_dlbjh\Zgby Zdmklbdb i
hg g_ ebrzg g_~hklzldh\ hkgh\zfb g_"hklzZldzfb y\eyxlky §_I\taZdh
ijb gZebqbb g_kdhevdbo Ibih\ rmfz Z 1zd _ ijb dhf[dgpbiZh\lZgbl
ljhfdh]h\hjbl_ey

Ko fZ bg”_dkZ Zjlbdmeypbb gZ ijhly  _gbb ~"he]lh]h \j_ f gt

mkh\_jr_gkI\h\ZezZkv J_amevIiZlhf ijh\_~zgguo bkke_~h\Zgbc klZel
gZa\Zgguf bg”r_dk jZa[hjgb\hklb j_gqb 6SHHMAKIIQWHOOLJLELOLW\

Fh meypbhggu_ f_Ih”u

Bg” _dk i_j_"Zqg%®pdgechtransmission indexSTI) twlh ihdZazZl_ev dZg_KkI\Z i
j_gqb >Zgguc f_Ih™ gZijZ\e_g gZ baf_j_gb_ nbAdheKdib¢_ iMagha B\ ] Zc
kihkh[ghklv dzZgzZzez ljzZzgkebjh\zZlv k\hckl\Z j_q_\h]h kb]JgzZez
azZj_dhf_g”*h\zZ\rbf k_[y h[t_dIb\guf kj_~klI\hf ijh]Jghabjh\Zgby Ih]h
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dzZgZezZ i _j "ZgqbgXepZx[lhjgb\hklv j gb > @ <ebygb_ dZgzZeZ i_j_ "
j_gqb az\bkbl hl

lihfdhklv j_qgb

gZklhlgzZy ozZjzZdl_jbkjlbdzZ dzZzgzZeZz

g _ebg _cgu_ bkdzZ _gby

agZg_gb_ nhgh\h]lh rmfZz

dzZqg_kI\h ]_g_jZlhjZz a\mdh\h]h kb]gzZeZz

woh hljzZz" _gby k azZz™_fjkdhc !

\i_fy j_\_j[_jZpbb

ikbohZdmklbg_kdb_ wnn_dlu fZkdbjmxsb_ wnn_dlu

>ey hp_gdb jZa[hjgb\hklb j gb bkihevam _ |ky ke _~"mxs__ khhlgh

(7)

Hij_~_e_gb_ agZq_gby hp_gdb jZa[hjgb\hkb¥ jhikgdh\znghégya aka
\ugbke _ggh]lh agZqg_gby hlghrmdby Xbhgde aabdkbjh\Zgby kb]JgZez G
ijb\_~ g ]jZnbd iha\heyxsbc hij_ "~ eblv agZq_gby ba2zZ\ ki hikljb "NZlc
agZg_gby hlghr_gbwmkINR.Ze

Jbk <azZbfhk\yav agZq_gbc hlghmf$Ny bbhgZedkz i_j_"~Zqb j_qb
Fig 7. The association between the values of the signabise ratio (SNR) and the speech transmission index

Qbkeh\Zy f_jZ hp_gdb dzZq_klI\Z dZgZeZ k\yab \Zjvbjm _lkyhkh]e
ihegZy g _jZa[hjgb\hklv “h hlebggZy jZa[hjgb\hklv |Z[ebpZ

LZ[ebpZz
LZ[ebpZ hp_gdb dzZq_kI\Z I _klbjm_fh]h dZgzZeZzZ i_j_"Zqb j_c
Table 1
Table of evaluation of the quality of the tested speech transmission channel

AgZq_$Mm, RASTI,
STITEL, STIPA

Hp_gdZ hg_gv iehozZy ihkj_"klI\ ohjhrZy hlebggZ

jZa[hjqgb\hkl iehoZy

« « «0,6 « «

Lhgghklv f_BitZaz\bkbl hl ~bkdj_lguo agZgrmgfbc qKls]gZ¥ek ]h
hij "~ eyxlky agZg_gbc dhwnnbpb_glZ <uqgbke _ggu,_mkjaggyxlg bl
ki_pbZevghc f_Ih~bd_
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F_IhMRASTI, STIPA, STITEL[13,14]

F_Ih™ [ukljh]lh bg”_dkzZ i_j_"ZRgdm jAcgistiés Speech transmission index
(RASTI y\ey Iky khdjZzszgghc \_jk&l c H_IWRASTI ihalhey | mqgblu\Zl
J_\_j[_jZpbhggmx ihf_om gHtlegogbHceNvZggh]h f_Ih*"Z y\ey |ky bkke 7t
\' "\mo hdlZ\guo ihehkZo ©p_gljZzevgu_ qZklhlu dhlhjuo bf_xI a
khhi\_IkI\_ggh Ijb ijbf_g_gbb ~Zggh]h f_Ih”"Z ihehkZ ijhimkdZgh
ihal\hey | “hklZlhggh dhjj_dlgh mqgblu\Zlv ihdZaZl _eb g _ebg_cguo |
rmfZ bf_xs_]h g_j_]meyjguc Kki_dlj G_kfhljy gZ mdZaZRApllc g_“’
azZqZklmx ijbf_gyxl “ey hp_gb\Zgby g _h[oh”bfhklb wdjZgbjhi\lzghy
[ulv bkihevah\Zg “ey hp_gdb kbgl_abjh\Zgghc j_qgb

>ey kbkl_f a\mdhmkbe_gby jZajZ[hlZzgZz fh~bhblkdhZplhyj f* lle”gba
bgr dkz i_j_"~Zgb j_gb \ kbkl_fZo a\mdhmkbe_gby 6SHHFK HMM Q)
6\VWHPV 67,3% Hlebqgbl_evghc g_jlhc f_IQMZ By ,ih&\\Whey |IkAgFrebab
jZa[hjgb\hklv j_gb \ ihf_s gbyo mqgblu\Zy ihdZaZl _eb j _\d4[_pdpbb
j_gb \ gbo \ hlebgbb hl f_Ih"Z 67, b 5%$67, Iljb wlhf_dybkdke -
mijhs_gguc kb]g&e ]h nhjfbjh\Zgby ijbf_gy_Iky g_ [he__ ~\mo qZkl
dZ "hc ba k_fb bkihevam _ fuo hdlZ\guo ihehk Ih”oh”~u ijbflhyyZ fu_
67,3% ZgZeh]lbqgu ih*oh”zf ijbf_gy fuf ijb j_ ZebazZpbb f Ih*"Z 67,

Bg”r dk i_j ~“Zgb j_gb ey | _e_dhffmgbdZpédch grarcsmiskikn _ifdex

Telecommunications 67,7 (/ >Zgguc f_|h” 1Zd ~_ y\ey |ky khdjZsZ&Bygbc \_j
gZijZ\e_g gZ hlh[jZz  _gb_ bkdzZ  _gbc \ kbkl_fZo kX$HRKf «lImlebqZlxlhl
fhrmeypbb bkihevamxsboky \h \k_o k_fb ihehkZo ijbf_gy ilky Ih

hr"ghc \ dZ ~hc ba hdlZ\guo ihehk Bkke_ _"m_fuc kb]JgZe kh”_j bl
Z ZgZeba ijhba\h”blky h~gh\j_f _ggh F_Ih™ 67,7(/ g_ ihalhey_ | mqkt
ihf _ om b g ebg _cgu_ bkdZ _gby

Bkihevah\zgb_ f Ih~"h\ "ey hp_gb\Zgby kbgl _abjh\Zgguo ]Jhehkh'

Kihbl hif_Iblv glh hibkZggu_ f _Ih”"u hkgh\Zggu_ gZ \uqbkebl
nhjfZlgu_ b fh meypbhggu_ fh]lml bkihevah\Zlvky dh]*"Z kbgl_abjt
dZgZe k\yab b g_ ilmpolgdb kégl_az j_qgb \ p_ehf WIh k\yazZzgh k I_f
mgbdZevgh]lh beb emqr_]h wlZehgZ j _gb Z ~ey kbkl_fu kbgl_azZ j_ql
oZjzZdl_jbklbdb gh b j_ZebazZpby \ _jog_mjh\g_\hc khklZ\eyxs_
hdhggzZl _evgh_dZg_klI\h

>ey hp_gdb km[t_dlb\gufb f_Ih”*Zfb ijb[_]ZxI d wdki_hkdicl Hpa g
ijh\_~ gby | _klbjh\Zgbc b aZiheg _gby hijhkgbdh\ <k_kms_kI\
hp_gb\Zgby mjh\gy jZa[hjgb\hklb j_ gbkighklZjedhfky ' g9Zpbb ©F “~"mgz
khxaz we_dljhk\lyab ,QWHUQDWLRQDO 7HOHFRPPXQLFDWLRQ &
hp_gblv kbgl_abjh\Zggmx j_gv g_ lhevdh kh klhjhgu ki\ZZja[dlhgbsh
jZfdZo ijh\h~"bfuo bkke_ _~h\Zgbc hp_gb\Zxlky |1Zdb_ ihdZaZl _eb
_kl_kI\_gghklv kemoh\h_ mkbeb_ jZa[hjgb\hklv | _fi b bgu_oZzjzdl

HrgZdh "~Zgguc \b” bkke_~h\Zgby gZ hkgh\Zgbb wdki_jlgh]
[jm~hzfdhc azZz"Zq_c¢c K p_evx khdjZs_gby \j f gb ihemq_ [db¥gly [m
bgkljmf_glZevgu_ f_Ih”u hp_gb\Zgby dZq_klI\Z kbgl_abjh\Zgguo ]Jhe
f ITh~h\ bkihevamxlky ijhp_"mju Z\lhfZlbabjh\Zggh]h kjZ\g_gby j_a
]Jhehkhf ~bdlhjz y\eyxsbfky wlZehgguf \ jzZfdZo ijh\h~bfh]h bkke
Z™N _d\Zlghklb bgkljmf_glZevguo f_Ih~"h\ bo g_h[oh”~bfh kjZ\gb\Zlv k
km[t_dlb\gufb f_Ih”"Zfb

LZdbf h[jZzahf i_jki_dlb\guf ih"oh”~hf hp_gb\Zgby dzZq_klI\Z k
yley Iky dhf[bgbjh\Zgb_ wdki_jlguo b fZl_fZlbqg_kdbo ih~oh”h\
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A:DEXQ?GB?
< jZ[hl_ jZzkkfhlj_gu f_Ih~"u hp_gb\Zgby dZqg_kI\Z kbgl_aljih\zZgg
ijbf _g _gby jZkkfhlj_gguo f_Ih~h\ b ihemqg_gby [he__ “~hklh\_jguo
dZq_kI\Z kbgl_abjh\Zgghc j_gqb p_e_khh[jZagh bkihevahdZhp dgd[bg
Bkke "~h\Zgb_ \ "Zgghf gzZijZ\e_gbb y\ey |Iky ZdimZevghc aZ”"Zqg_c
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>brdh\kdZy F < Ijh” Dbk \: G204,
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:gghlZpby

GZ fbjh\hf jugd_ ihke_"g__ ~_kylbe_Ib_ Zdlb\gh klZeb jzZa\b\ZIlvky
f ITh~u b~ _glbnbdZpbb ebgghklb >Zggu_ f_Ih”u klZgh\ylky \k_ Al
\g_"j_gb_ ijhbkoh”bl \k_ gZs_ \ ih\k_~g_\ghc "bagb ex”_c¢c b klZgh\yl
qgZklvx h[s_kI\Z < ~Zgghc klIZlv_ [m~ml jzZkkfhlj_gu kms_kl\m)
br _glbnbdZpbb ebqgghklb [bhf_Ijbg_kdbfb f_Ih*Zfb bo ij_bfms_kI\Z
hkgh\gu_ ijbgbgu bkihevah\Zgby [bhf_Ijbb dzZd b”~_glbnbdZpbb ebc
jZaebqgu_ f_Ih”u dzZd gZ fbjh\hf jugd_ [1Zd b jhkkbckdhf

Dexq_\u_ kehhBf Iljbp~ _glbnbdZpby ebigbhkliiby elpahiZzkghklv
mya\bfhkbkdbhf_Iljby JetlaZzgzZldb iZkvigZldZ;lj@g2aZ gZy h[hehqdz
lezaz

>ey pblbjh\Zzdbmavfbguo ? K FZkelyZeba b kjzZ\g_gb_ [bhf_Iljbqg_kdb
kihkh[h\ b”"_glbnbdZpbb ebgghkllZmehcdyZ ameviZl BgnhjfZpbhgg
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over the past decade. These methods are becoming more accessible, and their implersentation i
happening more and more often in people's daily lives and are becoming aal iptgrof
society. This article will consider the existing methods of identificatioa pérson by biometric
methods; their advantages and disadvantages; the main reasons for usingickioaset
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K jZa\blb_f bgnhjfZpbhgguo | _ogheh]bc ihy\ley Iky hkljZy g_h]
Nyl evghklv gZk_e _gby kljZgu hkh[_ggh wlh g_h[oh”~bfh kb
k\h_\j f ggh]h ij_k _g_gby ex[uo g _aZdhgguo ~ _ckl\bc dZpgmkbjjhg c
ij_klmie_gby b I ~ ;ezZ]h”~Zjy ihklhygghfm m\_ebq_gbx dZzZf kjlj¥g* hg
kbeh\uf kljmdImjzf klZzgh\blky \k_ [he__ ijhs_ gZoh”blv ex®_c b j.
ljhbkoh” bl wlh [eZ]h”Zjy [bhf_Iljbb ebpzZ hli_qzZldh\ iZevp_\ >GL
JZKkkfhljbf kms_klI\mxsb_ \b”u [bhf_Ijbb nmgdpbb ~“hklhbgkl\Z b
bkihevah\Zgby [bhf_Ijbb gZ fbjh\hf jugd_ b jhkkbckdhf > @
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HKGH<G:Y Q:KLV

;bhf _ljby wlh kbkl_fZ jZkihagzZ\Zgby ex”_c¢ ih h~ghc beb [he_
ih\_~ gq_kdbf qg_jlzf 1zdbf dzZd ljzof_jgZy nhlh]jZnby ebpZ b be
hli_gzZldb iZzevp_\ jbkmghd \_g jmdb ]jmiiZz djh\b Kki_pbZe¥gh< nt
h[eZklb bgnhjfZpbhgguo | _ogheh]bc [bhf_Ijbg_kdb_ ~Zggu_ bkihev
mijZ\e _gby b” _glbnbdzZlhjzfb ~hkimizZz b dhgljhey “hklmiz LZd _
bkihevam_Iky ey \uy\le_gby ex”_c¢ dhlhju_ gZoh”ylky ih™ e¥peX” ¢
> @ | d hli_qzZlhd iZzevp_\ y\ey |Iky mgbdZevguf mahjhf

JZkkfhljbf hkgh\gu_ \b”u kms_kl\mxsbo [bhf_ljbc KzZfzZy i_
[bhf _Ijby [ueZZdlbehkdhiby hihagZgby g_eh\_dzZ ih hli_qgzZldm \[_j_|I
Dblz_]~_ __ bkihevah\Zeb “ey ih~ibkzZgby "hdmf_glZ >Ze y \l _og
dijbfbgZebklbd_\ < _ebdh[jblZgbb \ ihkem2rnXxsbg_ghke | [ueZ \g_"j
\k_ o0 kljZzgZo b bkihevam _Iky ~h k_]Jhrgyrg_ ]Jh "*gkeb @h BkadZg
bgnhjfZpbx h[ hli_gqzZldZo b _z e_]dh fh gh [ueh ihl_jylv dihdguo\ _d
| ogheh]lbc wlzZ ijh[e_fZ bkq_aeZ \_"v _klv h[sZy [ZaZ "~Zggluo ]
bgnhjfZpbph\tk_o ij_kimigbdZo b bo fh gh [m”~_| hihagZlv \ expHf ]hj
keh ghkl ¢ < gZklhys _ \j fy ~ZggZy | _ogheh]by \g _7~j gZ "ey
fh[bevghf I _e_nhg_ Hqgq_gv m~h[gh jZa[ehdbjh\Zlv | _e_nhg ihghli_qZz
dZdted[h \Z ' guo hi_jZpbc \ | _e nhg_  gZijbf_j ijb \oh~_\ fh[bev
ieZl_"_c¢c hgeZcg LZdhc \b” aZsblu hl g_kZgdpbhgbjh\Zggh]h ~
ijbeh” _gbyf hq_gv \ukhdbc

Ke_"mxsbc Ibi [bhf_Iwdb =2GD wdki_jlbaz dhlhjZy hI\_qzZ_ |
bgnhjfzpbb b i_j_~Zgm __ hl ihdhe_gby ~h ihdhe _gkdh & ijjhdphfdd ptk
jZa\blby b nmgdpbhgbjh\Zgby “b\dlo Kjliaghaix\ g _ fh gh gZclb k
jh~kI\_ggbdz ~Zggmx \hafh ghklv bf_ | Ilhevdh >GD wdkggjhkkZ
g_eh\ _dz ih am[zZzf dhklyf q_exklb b |~ >7ZggZy wdki_jlbaz
hlghkblky d mgbdZevghc [bhf_Ijbb g_eh\_dzZ G_ 1Zd ~Z\gh gZmqgbeb
wlh hg_gv keh'gh b gb dZ ~uc ijhn_kkbhgzZe fh™ | wih KY¥_eklw IhZc
glh h*bgZdh\uc >GD fh]lml bf_Iv h*ghycp_\u_ [ebag_pu L_mghleyh])\by
[bhf_Ijbb ohly b y\ley_ Iky b~_Zevghc [bhf_Ijbg_kdhc o0zZjzdl_]
bkihevam_ Iky ey mklZgh\e _gby jh”klI\_gguo kl\ya_c¢c gh wlh hqg_gv
_ bkihevam_Ilky ijb hitmagzZdgbbijhiZ\rbo beb g_hihagZgguo |I_e dhlh
hij_~_eblWjim]lhfm > @

Lj_Ibc Ibi [bhf_Iljwbh tk _lqzZldzZ \gz&diZ ggyy h[hehqdZ ]JezZaz y\
i _jbn_jbq_kdbf hI®_ehf ajbl_evgh]h ZgZebaZlhjz > @ HgZ bf__
jZ"m - ghc h[hehgdb J]JezZaZz Bkihevam_Ilky \ [bhf_Ijbb 7~ey Zml_.
ih*ebgghklb ebgghklb > @ B” _glbnbdZpbx ebqgghklb ihewah§zZId k
1930]h”*Z dh]”~"Z [ueh mklZgh\le_gh qglh kljh_gb_ ktkkm?mh\ exhhjjhagZeh
1950) [ueh mklZzgh\e _gh qlh ~Z° m [ebag_ph\ g_kfhljy gZ h”"bgZdh
kh\_jr_ggh jZagzZy b ke_"~h\Zl_evgh __ fh gh bkihevah\Zlv "ey
g _eh\ dz

>Zgguc Ibi b~ _glbnbdZpbb y\ey Iky h”gbf ba emqgrbo ?keb
dhlhjuc h*bgzZdh\ m [ebag_ph\ hli_qzZldhf iZzevpZ hl dhlhjhjhzfh g
dhlhjmx fh gh baf_gblv k_IqzZldm JeZaZ gbdzd g_ baghfhlvh _Iglgfua
p_eyo Fbgmku ~Zggh]h f_Ih*Z khklhyl \ Ihf qglh[u jZkihagZlv k
g_h[oh”~bfh ki_pbZevgh_ mkljhckl\h b glh [u q_eh\_d gZoh”dblkm g _i
glh hlebgz_Iky hl jz"m db ]JeZaZ dhlhjmx fh 'gh kqblZlv gZ [hevrhf j

>ey ~Zgghlh f_Ih~Z ijbf_gy |Iky | _ogheh]bb ~bgzZfbg_kdh]h ko
kdzZgbjh\zZgb_ Ih]h dzZd q_eh\_d fhj]z_I glh ~h[zZ\ey_I| ~hihegbl_.
[ _ahiZzkghklb > @
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Q_I\_jluc f_Ih”™ [bhf_ Wjhb[Ehf_Ijby ebpZ dhlhjZy y\ey_ Iky \lhjh
jZkijhkljzg_gby kihkh[Z b”~_glbnbdZpbb ebqgghklb ?_ \l hkgd\gt
kzfhklhyl _evguc \b” Z ijbf_gyxl \ dhf[bgZpbb k ~jm]bfbk *dD"Zfl
hli_gzZldhf iZevp_\ beb k_IlgZldhc ]JeZzaz ?_ iexkhf y\ey_ Iky |Ih ql
br glbnbpbjh\zZlv gZ ~h\hevgh [hevrhf jZkklhygbb Gh ijb wlhf bf._
fh gh baf_gblv gzZijbf_j keb g_eh\_d h”"_e hgdb gZgb Hhjhdmy b h
LZzd ~_ \ jZzkihagZ\Zgbb ih ebpm f_rzZxl I1Zdb_ nZdlhju dZd m]he gZ
hk\_s_gbz"Zxs__ 9gZ ebph b I~ L _ 7~ZggZy |_ogheh]by ~Z_1 gbad
[hevrhc ijhp_gl eh 'guo hij_ e gbc > @ Ohly _keb g _h[oh”~bfh kjZ
kihkh[ y\ey_Iky hg_gv ohjhrbf JeZ\gh_ qlh[ nhlh]jZnby [ueZ dZq
ihimeyjgh bkihevah\zZIlv [bhf_ljbx ebpZ ijb \urZq_ aZ]jZgbqdbDh iZk
ID-dZjlu dm”Z \[b\Z_Iky \ky g_h[oh”bfZy bgnhjfZpby 1Zdh_ mkljl
ihA" _eZlv IZdhc "hdmf_gl ijZzdlbg_kdb g_\hafh gh

<h fgh]bo kljZgZo "~ZggZy |_ogheh]by bkihevam_Ilky ih\k_f
h[_ki_q_gb_ ijh\h~bl baf_j_gb_ ]_hf_Ijbb ebpZ gZqgbgzZyzhbh jhAkklh
ihAThjh~rdZ ~h e[Z “h mr_c b | » bkihevamy [he__ lhqgu_ iZjZf_1Iju
"Zgguo mkh\_jr_gkl\h\Zgguc Zelhjblf ij_h[jZam_| bo \ i&Zribkyh\Z
kb]J]gZImjm ebpzZz Kh]eZkgh ijh\_*_gghfm bkke_"h\Zgbx b hlgzim &
fghl]b_ Ihjlh\u_ p_glju fzZ]J]Zabgu m _ \g_"jbeb kbkl_fu jZkihalgg\zZgtl
hij_~_ezgguo ]jmii ihdmizl_e_c Iljbgpbi jZ[hlu 1Zdh]h \b~Z kbkl_
1Zj] _Ibjh\Zgghc j_dezZfhc p_evadhllhcijzihql _gby b ij_"eZ]Zlv
j_e \Zglgu_ Ih\Zju > @

G _kdhevdh e_ | m " ~Zgguc f_Ih” bkihevam_ | nmgdpbxhgZXohag
ihevah\Zl _e_c¢c b klzgh\blky \k_ ihimeyjg__ Hg ijh\h”bl jZa[ehdbjh\
ebpzZz qglh hg_gv m~h[gh b bf__ I \ukhdmx kl_i_gv aZsblu hl \oh”Z \ |

J?AMEVL:LU BKKE?>H<:GBY B BO H;KM@>?GB?
lib jZkkfhlj_gbb hkgh\ghliRevam fhc [bhf _Ijbb \ h[s_kI\_ fh gh |
kIZIbkibdb ijhzgZebabjh\ZIlv __ ijbf_g_gb_ b jhkl \g_~j _gby \ h[s_KklI\
JZkkfhljbf baf_g_gby \bAh\ [bhf_ Ijbb jugdZ \ fbj_ aZzy ihkfe ~g
i b k1).

JbKl.Baf_g_gb_ jugdzZ [bhf_Ijbb \ fbj_
Fig. 1. Changes in the biometrics market in the world

G_hlt_fe_fuf izjzf_Ijhf \ [bhf_Ijbb y\ey Iky __ hdmiz_fhklv b ~t
hl __ \g_"j_gby b bkihevah\Zgby
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=h~h\hc ~hoh” hl ijh]jzffgh]lh h[_ki_q_gby ih jZkihagzZ\Zgbx
fbjh\hffugd_ - 11 fegcf jbk Ba ]jZnbdzZz \b”gh gZkdhevdh
"ZggZy | _ogheh]by b dzZd klj_fbl_evgh b”_|I __ jhkl > @

Jb.kR.=h~h\hc "hoh” IH ih jZkihagzZ\Zgby ]JhehkZ b j_qb
Fig. 2. Annual revenue for voice and speech recognition software

?keb _klv kijhk b ijhr\b" _gb_ ex[hc |I_ogheh]bb |Ih h[yazZl_evc
kn_j_ Ih fbfh bah[j_| _gby b \g_”~j gby g_h[oh”bf ihklhygdwux idhgljh
\g_"j_gbb ex[hc ba \b”h\ [bhf_Iljbb LZd dzZd fhr_ggbdbeyk e] &l bgpz
azZjZ[hldh\ b djz'b ~"Zgguo b IH Lhfm ih?I\_j "~ _gb_ ~Z]1h ki\aAlkhkld
mjh\gy fhr_ggbqg_kI\Z k bkihevah\Zgb_f Jhehkh\uo dZgZeh\ k\yab kf

Jb8.=h*h\hc mjh\_gv fhr_ggbq_kI\Z k bkihevah\Zgb_ f Jhehkh\uo d:
Fig. 3. Annual level of fraud using voice communication channels

Kijhk | _ogheh]bc [bhf_Ijbb b \g_~j gb_ bo \k_ [he__ \hdp#klZ |
1Zd b gZ jhkkbckdhf jugdl  kf jbk
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Jblt. Jhkl jugdZ [bhf_Ijbb
Fig. 4. Growth of the Russian biometrics market

>hey Jhkkbb gz fbjh\hf jugd_ aZ ihke _~g__ ~ _kylbe Ib_kM  _
kfjbks)[7].

Jblb. >hey Jhkkbb gZ Jeh[Zevghf jugd_[bhf_Iljbb
Fig. 5.Russia's share in the global biometrics market

A:DEXQ?GB?
Ba \ur_ ijb\_~ gghc bgnhjfZpbb fh gh k~_ezZlv \u\h” qglh \k_
[bhf_Ijbb ohjhrla\hhfm b bf_xI f_klh \ jZaebqguo h[eZklyo g_ Ilhe
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ih\k_"g \ghc "bagb ex”_c¢ JZkkfhlj_\ bpofheghuilbgybymdkzdb_ Kkihkh[!
g_]h bkihevamxlky dzZdb_ kihkh[u [he__ i_jki_dlb\gu_ _dPHodwvdlih*gh
hlke "b\Zgby ]jZ "Zg gh b ey aZsblu “"Zgguo bgnhjfZpbb b ex”™_«c
wnn_dlb\gu_ kihkh[u b”_glbnbdZpblh dbgfhlybly €bpz b ]JeZaz ;bhf
jZ"m ghc h[hehqd_]eZaZ gZ ~Zgguc fhf_gl y\ley Iky h~gbf ba gZb]|
br _glbnbdzZpbb b Zml_glbnbdZpbb ebgghklb : _kebalkhk% dddibih [bhf
Ajm]lbf f_Ih~hf Th b~ _glbnbdZpby ebqgghklb [m~_I klj_fblvky d
jZajzZ[Zlu\Zy Ih beb bgh_ mkljhckl\h ey kh\j_f _ggh]h fbjZ iulzZ_Iky
| _ogheh]lbb \ Ihf gqbke_ b bkihevah\Zgb_ [bhf_Ijbb \ mkljhcklI\Zo
lhevdh bggh\Zpbyf gh b kZfh_ ]JezZ\gh_ aZsbl_ ebqgglekiduob§ndygirep
glh y\ey Iky h*ghc ba \Z'g _crbo aZz”~Zq h[s_kI\Z > @
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:gghlZpby

JZKkkfzZljb\Z Iky az"zZqZz Z\IhfZlbq_kdh]h ijhlghabjh\zZgb _ g_dh
_|I_jfbgbjh\Zgguo kb]gZeh\ LZdb az”"zZqgqb \hagbdzxl dzd \ I_hjbb
mijZ\e _gby IZdZdoel:iqguo ijbeh” _gbyo 1~ lj_[m_Ilky |hemqblv ijh
gZ[ex’\Z fhc j_ZebaZpbb DeZkk jZkkfZljb\Z_fuo \ klZlv kb]gZeh\ ~h

>ey j_r_gby ihklZ\e _gghc azZ”~Zgb bkihevam_Ilky jZaeh _gb_ w
i_j_ ’\Zlhqghc nmgdpbb \ jEZ]jagTZglih kI_i_gyf i_j_"Zlhgghc nmgdp
j_Zebam_fh]lh ~bnn_j gpbjmxs_]h a\_gZ diijhdkbfbjm_fZy i _j_~Zlh

yley_Iky ljZgkp_g”_glghc b [_kdhg_qgghf_ Jghc JZ-&eMjZgbhz \ jy»
ihalhey | hkms_klI\blv j_ImeyjbazZpbx g_dhjj_ dlgm]cgmaZb’]angblthghkl
fh™ | Julv m\_ebq_gZ azZ kq_I| izjzf_I|jZ j_]meyjbazZpbb Z IZd _ aZ kq
ge_gh\ jyr"Z ;nEjZZjghHy Z ljb\h” ylky j_ameviZlu fh” _ebjh\Zgby ihkljh_
klzlv_ zZ\IlhfZlbg_kdh]h ijh]lJghazlhjz 1jb\_~_ggu_ j_amevlZlu ihdZa
lhgghklv ijhlJghabjh\Zzgby |Ij _~eh” _gguc f_Ih” kbgl _azZ zZ\IhfZlbg_kdb
fh™ | [ulv ijbf_g g “ey ~jm]bo deZkkh\ kb]JgzZeh\ \ Ihf gbke_ "ey i
aZrmfe_gguo kb]JgZeh\

Dexg_\u_ kehXXlhfZlbqg_kdjln]jghabjh\Zgb N | _jfbgbjh\Zgguc kb]gz
i_j_"~ZlhggZy nmgdpby “~bnn_j_gpbZlhj

>ey pblbjh\Zgbwe \kdbc : < Ojbimrbg > : :\IhfZlbg_kdh_ ijh]Jghabj
AN | _jfbgbjh\Zgguo kb]JgZeh\ GZmgguc j_amevizZl BgnhjfZpbhggu_
< 4,2021+K 20-26. DOI: 10.18413/2518-1092-2021-6-4-0-3
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gghlZpby

The problem of automatic prediction of a certain class of deterministic signals is considered. Such
problems arise both in the theory of automatic control and in various applications wisere it
required to obtain a forecast for the observed realization. The clagmalssconsidered in the
article is quite wide. To solve this problem we use a Bourman-Lagrangeafeghesexponential
transfer function in terms of the powers of the transfer function of the eddiiifferentiating
plant. The approximated transfer function is transcendental and infinite-domahsiThe
Burman-Lagrange series allows the regularization of an incorrect problem. €Hitipn
accuracy can be increased due to the regularization parameter, as welinesehsing th
number of terms of the Burman-Lagrange series. The results of modeling of ttmeatc
predictor constructed in the article are presented. These results show goodopredictiracy.
The proposed method of synthesis of automatic predictors can be applied to ottes ofas
signals, including the prediction of noisy signals.

Keywords: automatic prediction; deterministic signal; transfer function; differemtiat
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Dzd ba\_klgh ex[u_ ijhp_kku beb y\e gby o0ZjzZdl_jbamxlky g _«
k\yab k wibf \h fgh]bo h[eZklyo \hagbdzZxl aZz~Zqb ijh]Jghabjhgbgby i.
p_gu gZ dgllhhcnbgzZgkh\luc bgkljmf_gl ijh]Jghabjh\Zgb_ gbkezZ aZzZ[h
[he_agvx ijh]lghabjh\Zgb_ | _fi_jZImju \ha"moZ beb dhebq_kI\Z hkZz”
d j_r_gbx IZdbo az”~Zq hkgh\Zg gZ ihkljh_gbb fZI_fZIb\gXXsbwo ft
yle_gbc beb ijhp_kkh\ GZzijbf_j k ihfhsvx fzZl_fZlbqgdkdbighfh ke \c\
Zlfhkn_j_ b hd_Zg_ [ueb jZajzZ[hlZgu ]b~jh*"bgZfbqg_kdb_ f_I&Z%dh ijh]
[Zdhc ih”oh” |j_[m_I| khebk@ybdyzl_fZlbg_kdbo fh”"_e_c¢ Z |IZd "~_ agZz
oZjZdl_jbamxsbo jzZkkfzljb\z_fh_ y\e_gb_ beb ijhp_kk WIib ]
hljZzgbgb\zxIl ijbf_g_gb_ hibku\Z_fh]h ih*"oh”Z

< ijbdezZ”~guo bkke_ "h\Zgbyo g _j _~dh \hagbdzZxl kbImZpbb
fh™ _ebjh\Zgb_ hkgh\Zggh_ gZ bkihevah\Zgbb Ilhgguo aZdhglylh hdZ:
jZkihjy  _gbb bkke_ "h\Zl e ¢ hdZaulZ _|Iky j _amevlZl gZ[ex™ _gbc
ijhp_kkZ beb y\e_gby < wlbo kemqgZyo ”"ey j_r_gby azZ”~Zq ijh;
bkihevah\zZgu f Ih~u hkgh\Zggu_gZ ZgZeba_ gZ[ex"Z fuo iZjzZf_1Ijh

< "Zgghc kizlv_ jzZkkfzZljb\zZ Iky f _Ihn Z\IhfZlbg_kdh]h
N | _jfbgbjh\Zgguo kb]JgZeh\ hkgh\Zgguc gZ ijbf_g_gbb Z\ImhAlbqg_
rbjhdh]h deZkkZ kb]gZeh\

HKGH<G:Y Q:KLV

P_ev jZ[hlu

Li_[m_Ilky ihkljhblv Z\lIhfzZzlbg_kdh_ mkljhckl\h ijh]lghabjh\zZghb
ex[h]h kb]JgZeZz , Lzdbf h[jZzahf ijh]JghazZlhj "he  _g gZoh”"blv
ih ba\_klguf agZq_gbyf ijhba\hevgh]’h_kbl]gzezz \j_fy mij_"~_gby >
Ke ~m_| hif _Iblv qlh ijh]lJghazlhj ~“he g hkms_kl\eylv Z\IhfZlbq
ijhbal\hevgh]l]h azZjzZzg__ g _ba\_kbghpeXkkkg@zZeZz

HibkzZzgb_ f Ih~Z j r _gby ihklZ\e _gghc azZ”~Zqb
>ey j_r_gby ihklzZ\e_gghc azZz”Zgb jZzkkfhljbf jZa&hy gh_clh]jgze
hdj_klghklb thgdb

f )
.1 9 ® R
at R, R (1)
libf_gbf d jZ\_gkl\m ij_ h[jzah\Zgb_ EZiezkzZ Lh]*Z mqblu\Zy

EziezkZ ihemqZ f ke _~mxs__ jZ\_gkI\h \ dhfie _dkghc h[eZklb

f k o
cpe” 1 ¥ ap) G, (p)y @

k'0 = . 7

A™ kv 2 bah[jZ _gb_ ih EZiezZkm :kb]gZzézze] [jZbg_kdbc fghlhg
Zjlmf_glzdhwnnbpb_glu dhlhjhlh hij_~_eyxlky agZq_gbyfpo wlhf

LZzdbf h[jZzahf 7~ey hkms_kl\e_gby Z\lhfZlbg_kdh]h ijh]JghaZz
[j_[m_Ilky j_Zebah\ZIlv i_j_"~Zlhggmx nmgdpbx ljZgkp_g”_glgh]h [_kd
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FZl jbZeu b f_Ih~u bkke_~h\Zgby
JZkkfhljbf nmgdpbx dhlhjZy y\ey |Iky ZgZeblbg_kdhc \ g_.dhlhjl
Jy* L_cehjzZ "ey nm&dpbdljhf \ IThgdf_ | \b~

f f (n) N (n)
<! apar ! S @eay 15 @pay pa, @

no n o . no

1~ thklZlhqguc ge_g jy*Z L_cehjz

n!

(4)
+g _dhlhjuc azZfdgmluc dhglm) B KESbjczZ\sbc Ihigdb >ey gZoh ~_gb
dhwnnbpb_ gkh\i_gghyhz gZjy™m k nhjfmehc
<" (a)

LT, (5)
fh gh \hkihevah\zZIvky ke_"mxsbf \ujzZz _gb_f > @
,NeZ,. (6)
HIf _Ibf qglh nhjfmeZz fh™_ I [ulv ij_"~klzZ\e_gZ \ \b"_
<@ <uPa) w(pa), N-Z (7)
| A 2 hlj_ahd jy*Z L_cehjZ bebgyZklbggZy kmffZ ihjyYZdlz cehjz
N <(n) a N
<@a) 1= Bpay Nz, ®
no .
>Z"bf hp_gdm hklZlhggh]h ge_gZ jy*"H[bag&lyjsf gj4"bamk djm]Z
ZgZeblbgghklb nmghlpjZikkfhljbf ijhbal\hevgh_ gbkef djm] 1~

2 jjhba\hevgh_ gbkeh? hmdkhv ghklv Lh]rZ \ ex[hf djm]_
bf f hp_gdm > @
KN *M(R ¢
v(pa) d—m——=.
Cw(pa) d=——
AN kv 2 fzZdkbfmf fh mey nmg\ddpb]_
GZc”™ _f |l _cehjh\kdh_ jZaeh  _gb_ nmgdplpb gljhf \ ThqdNmgdpby
b \b~

(9)

yley |lky ZgZeblbg «d&kthem nhjfmeu hqg_ ghl]h khhlghr_gby
nawW
den =WneZ,
dp” |,
ihemqgz _f
C, E’,n-zo.
n!

Lh]~rZ jy» L_cehjzZ ~ey nohgdip bd"
T W
Cn Iipn
nIOn!
b \ kbem ZgzZebli&ggimiglbpbhy” koh”"blky ey ex[HM]h_gdZ hklZlhggh]h
jy*"Z L_cehjZz Ney nimigdpbeéy Iky g _jZ\ _gkl\hf b bf_ | \b~
K" *M(R¢
' 10 di!
W (PO) A==
2 fZdkbfmf fh mey nmdydging _
Ke_"m_I| hif_Iblv ke_"mxsbc \Z'guc nzdl > @ qiklBqbZyehkpzf

(10)

nmgdpbb ijb yley Iky mklhcqgb\uf fgh]lhge_gbf__iljb"M\Z
dhfie_d¥kghjy gguo dhjgy iydey Iky g_mklhcqgb\uf fghlhge ‘khf ijl
gmeb jZkiheh  _gu \ h[eZKklb , 1~ 2 "pbgkl\ _gguc

iheh bl _evguc dhj_gv mjZ\g_gby
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J amevlZlu bkke_"~h\Zgby b bo h[km *_gb _

>ey j_r_gby ihklZ\e_gghc azZ”~Zqgb ijh]lghabjhdZd blyl fk lgyJhezdekdrs \u
[j_[m_Ilky j_Zebah\Zlv i_j_*Zlhgqgmx nmigdgbxZd wIlZ nmgdpby
[ kdhg_qghf_jghc b IljZgkp_g”_glghc |h hkms_kl\blv g_bwkjg kl\_
ihemgblky >jm]hc kihkh[ j_ZebazZpbb fh _I [ulv k\lyazZgbk Ziijhdkb1
hlj _adhf jy*"Z L_cehjZz Gh b wlhl ih*oh” g_ iha\hey_ | j_rblv idzZ”~Zq
kl_i_gyfijb\h~bl d g_h[oh”bfhklb j_ZebaZpbb b”~_Zevgh]h ~bnn_j_
i_j_"Zlhgghc nmgdpb_qlh dzZd ba\_klgh g_hkms_kl\bfh > @ H~*gZc
jZaeh  _gb_ \ jy» 'mjfZ&Z4Zg Z ih kl_i_gyfiZphlogZevguo \ujZ _gbc
az”~"zqzZ fh™ | Julv j_r_gZ

Blzd jZkkfhljbf ZiijhdkbfZpbx i_j_~Zlhgqghc nmgdpbb- k i
jZpbhgZevguo \ujZz" _gbc K wlhc p_evx [m”_f bkihevah\Zly 4y2u
ihe_agh_ ey ijbeh  _gbc h[h[s_gb_ jy*h\ L_c&Zjl4ZzgyZ v ;mj@Z giZe tn q .
ijb jZaeh™ _gbb h~ghc ZgZeblbq_kdithc kimigdyyhb*jm]hc ZgZeblbqg_kdhc

f N
< (p) ] dw(p) L dw(p) “(pa). (11)
no n o
Nhjfmeu “ey dhwnnbpb_glh\ ¥ jZajfZg¢Z +@ bf_ x| ke_"mxsbc \
(12)
ljb nhjfmeu fh gh ij_~klz\blv ke_"mxsbf h[jZzahf
(13)
Nhjfmeu b "ey dhwnnbpb_glh\ ®Z2FzgmzfZihZzmig gu i
ij_~iheh _gbb qlb ijZ\bevgu \ g_dhlhjhc lhgd_kms_kl\mxl b dhc
ij_~_eu b ijbg_f bf__I \ IThggmev i_j\h]lh ihjy*"dzZ AzZfdgmlu

hljZzgbgb\Zxsbc g_dhlhjmx \[o4EkIMky 1Zd gdh{uj ZeZ Ihqdin_
nmgdpbb [ueb ijZ\bevgu B qlhJu ijbgbfzezZz k\hb agZq_gby ebrv h
HIf Ibf qlh _keb |Ih nmgdpbxfh ' gh jZzkdezZ”u\zZlv \ jy® ih kl_i_gyf

<uji‘_gb_ "ey hklZlhgghlh ge_gEZ4yyzg mjz gz xb”"

(14)

G _Ijm~gh azf_Iblv qglh ijbhjfmeZ ”"ey hklZlhggh]lh ge_gZ jy~Z
EZ]ljZg Z kh\iz~Z 1 k nhjfmehc ~ey hklZlhqgh]h qe_gZ jy*Z L_
dhwnnbpb_glh\ kh\iz*"Z | k Z jZaeh _gb_ ij_"klz\ey |
nmgdpbb LZdbf h[jZzahf jy® BYfZoZ & y\ey |Iky h[h[s_gb _f jy*Z L _ce¢

JZkkfhljbf "Ze_  jZaeh _gb_ nmigdkbbi_ gyf : ijb
LhlnrZz

k
e” 'zz (15)
(/B <
Bf_ _f Ilh nhjfme_ ijbf_gyy nhjfmem E_c[gbpZ “bnr
ijhba\_~ _gby "\mo nmgdpbc ihke_we_ f _glZjguo ij_h[jZah\Zgbc iher
W|l i |§P
D Clﬁ— k t1, (16)
klulo
| , G _Ijm~gh ijh\_jblv qlh dippvnnbpb _glu jy*h\ L _ cel

mfZgZBEZ]jZg Z kh\iz~"Zx!| ilhemqz_f j _ Zebam_ _fh_ jZaehh gb i gyf
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< wlhf kenfgzZgh jZzkkfzljb\zZIlv dzd izZjzf_lj j_]meyjbaZpbb ij
j_r_gby g_dhjj_dlguo aZ”~"Zq > @

Ihkljh_gb_ Z\IhfZlbgq_kdh]h ijh]ghazlhjz

K ihfhsvx jy~r"Z gZc™_f i_j_"Zlhqgmx nmgdpbx Z\IhfZlbqg_kc
wlhc p_evx ij_"~klz\bf jZaeh _gb_ \ ke_"mxs_f \b"_
k
e” 'Q W(P), (17)
(/B DL
1~ 2 hklzZlhgguc ge_g jy"Z E@djfZzgZZ 4jb , b nmgdpbb
Fh gh ihdzZzazlv qlh \ ex[hfkfim] f klh jzZ\_gkl\h
lim . (p) O. (18)
lhwlhfm i _j ~Zlhqgmx nmgdpbx ijh]ghaZIhjZ jZkkfhljbf \ \b"™ _
k
WL (P) 'Q (19)
" (/B 1
< kbem ijb bf_f "ey \k_o Ilh _klv Thgghklv ijh]jghaZz

ih\urzZlvky k m\_ebqg_gb_f gbkeZ qe_ &R\jjZ¢dZZ;mjfZgZ =
GZ jbk = ij_"klZ\e_gu j_ameviZlu fh™ _ebjh\Zgby ijh]l]ghlZlhj:

Jbk :fieblm~rgZy-gZ&hhlgZy ozZjzdl_jbklbdZ ijh]lghaZzlhjz
Fig. 1. Amplitude phase-frequency response of the predictor

Jbk :fieblm~rgzklhlgZy o0zZjzdl_jbklbdZ ijh]jghaZzlhjz
Fig. 2. Amplitude-frequency response of the predictor



“PTEAOQIE]I  -a‘aa nOEOOUED  “a.a - TA
CEOEOIEPEONAADPDPDPEI OEEDPADRA OEEOIR
OE@DPNIN mEds2021

OEUE
5

ONT
OAD —

Jbk NZadhzklhlgZy ozZjzdl_jbklbdZ ijhljghazlhjz
Fig. 3. Phase-frequency response of the predictor

Jbk J _amevlZl ijhljghazZ kb]JgzZeZz
Fig. 4. Signal prediction result

A:DEXQ?GB?~?

< klzlv_ j_rzZezkv az”~"zZzqzZ ZzZ\lhfZlbg_kdh]h ijh]lghabjh\Zgb_
Abnn_j_gpbjm_fuo ~_|_jfbgbjh\Zgguo kb]JgZeh\ LZdb_ azZz”zZqb \h
Z\IlhfZlbg_kdh]h mijz\e _gby 1Zd b \ jZaebgguo ijbeh” _gbyo ]*_ Ij_|]
gZ[ex~"Z_fhc j_ZebaZphbb >ey j_r_gby ihklZ\e_gghc azZ”Zgpgb Dbki
wdkihg _gpbZevghc i_j ~“Zlhgqghc nmgdpBbj2\gj¥rihmkfZgzmgyf i _j ~ZIt
nmgdpbb j_Zebam_fh]h mklhcgb\h]l]h ~“bnn_j_gpbjmxs_]h a\_gzZ Ke
jZaeh  _gb_\ jyr-BZjfiZgnZZ ihal\hey | hkms_ kl\blv j JmeyjbaZpbx g _c
Lhgghklv ijh]lghabjh\Zgby fh™ | Julv m\_ebq_gZ azZ kq_lzizz4df l|jazj
kg | m\_ebqgq_gby gbkeZ ge_ glhX]jyyZ zZmjfZagZeviZlu fh™ _ebjh\Zgby ihl
kizlv_ zZ\IhfzZlbg_kdh]h ijh]jghazlhjzZz ihdZau\Zxl ohjhrmx |hqghl
lj_ “eh” _gguc f _Ih” kbgl _azZ zZ\IlhfZlbqg_kdbo ijh]lJghazlhjh\ fh™ | [ulv
deZkkh\ kb]JgZeh\ \ Ihf gbke_ "ey ijh]lJghabjh\Zgby aZrmfe_gguo kb]c¢

Kibkhd ebl_jZImju
1. FZjgmd €QBke_ggu_ f _ITh”~u \ ijh]Jgha_ ih]h?u E = Bo/ flZfigimdb a™ £
k
2. B\Zog_gdhDbf jg _Ibg_kdb_ ij_~kdZaulZxsb_ mkljhckl\Z = B\Zo
D ©GZmdh\zZ "mf@E3Fc. *
3.;_cd_j =iijhdkbfZpbb 1Z~_ > ; _cd-Fhljjbk Fe\k Fbj 5024c.
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4. > \ylh\ ; GbgZzZfbdz jzZkij_~_e _gguo ijhp_kkh\ \ | ogheh]bqg_|
jZkij_~_e_gguc dhgljhev b mijZ\e_gb_ 7 G >_\ylh\ G > DBjZkghgpdd <
DjZzkghyjkdh_ dgb\lg 976 812 c.

5. EZ\j_glv_\ HF:lh?u | _hjbb nmgdpbc dhfie_dkgh]h i_j f ggh]h F
s <RZ[ZI F£ GZmdZ 688c. +

6. EhalzZzq_\ =\IBhfZlbg_kdb_ “bnn_j_gpbZlhju ihkljh_gb_ b ijbf_g_
mijZ\e_gby =B Eha]Zeg \kdb<hjhg -~ -Ba«hjhg_ ~ JHKE mg =+ k

7.LbohghGF _Ih~u j_r _gby g_dhjj_dlgh ihklZ\e _gguo aZ"Zq : G Lbol
F GZmdz kK
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Abstract

This paper presents an algorithm for compressing data that has been encrypted orsisddikn, a
as capturing performance: the average time it takes to encode and decode (compress /
decompress) a lossless file up to 30%, using the Huffman coding algorithm.

Keywords: lossless data compression; Huffman algorithm average time analysis; Huffman
coding; data protection with data compression; efficiency of lossless data compression.
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K_\Zklhihevkdbc ]hkm~ZjklI\_gguc mgb\_jkbl_|I me Mgb\_jkbl_IlkdZiykkby ] K
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:gghlZpby
< ~"Zgghc klZlv_ ij_"klz\e_g Ze]lhjblf k’Zlby “Zgguo dhlhju_ [ueb a.
kdjulu Z 1Zd°_ nbdkbjh\Zgb_ ijhba\k{fbtgeVlgh¥lbf #b azZ dhlhjh_

ijhbkoh”~bl dh”bjh\Zgb_ b ~_dh”bjh\Zgb_ FRPSUHVYV GHFRPSUHYV
k ihfhsvx ZelhjblfZ dh”*bjh\Zgby OZnnfzZgZz

Dexg_\u_ keWk\ZIb_ [_a ihl_jv; "ZgdHeiwa kj_~g_Jh \j_ f gb Ze]hjblfZz

OzZnnfZgdh”bjh\Zgb_ OZnakspxtz ~Zgguo k ihfhsvx k' Zlby "Zgguc

wnn_dlb\ghklv k™Zlby “"Zgguo [_a ihl_jv

>ey pblbjh\Zghlyklbdh\ < : FZkeh\Zz F : K 'Zlb_ aZrbnjh\Zgguo b k

NZggudNbdkbjh\Zgb_ kj_~g_]lh \j_f_gb ijb ijh\_~_gbb Ze]lhjblfZ dh

OZnnfZgzZGZmqguc j_amevlZl BghhofgZdphiidpu 4, 2021 +K 27-33

DOI: 10.18413/2518-1092-2021-6-4-0-4

INTRODUCTION

The current problem is the space occupied on the storage medium. Strange as it may seem, it is t
fact that the data that is on the media can be reduced by up to 30% without data loss. Therefore, |
implementing this compression algorithm, it is possible to save your resources. The only question is
"how much time is needed to compress the files?". Of course, a lot depends on the processing power
the machine you're working on and the amount of data to be compressed. Nevertheless, based on the f
to be stored on the server, you can calculate the average time of compressing files.

This solution is necessary because compression allows and performs the function of hiding data c
the server. Such a solution has already been considered as a stegochannel or audio file hiding, Therefc
this measure is important as well as hiding the image or audio file on the server [1, 2].
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Fig. 1. Data compression using the Huffman coding method (%)
Jbk K ZIb_ ~Zgguo k ihfhsvx f Th”"Z dh”bjh\Zgby OZnnfzZgZz

Therefore, it is necessary to understand what can be compressed and in what volumes. Within tt
framework of this article such factors of data compression algorithm will be considered as: efficiency,
speed and practicality. Of course, the efficiency and practicality considered, which proves how muct
information can be compressed without data loss. At this point, it is necessary to consider and fix th
average operation time.

MAIN PART

In order to determine how fast the file data can be compressed and decompressed - a series of te
will be conducted in the form of a cycle of repetitions and measurement of the average operatiol
execution time of this Huffman algorithm. This test is subjective and may have different values for
different PCs, as the measurement is related to the computing power of the machine. When programmil
it is necessary to consider first of all the components of computer: central processing unit (CPU), mai
memory (RAM), storage device - hard disk drive (HDD) or more modern storage device - flash drive
(SSD) [3].

When the program is started (in our case everything happens through the PyCharm IDE), thi
program execution data is copied from the permanent secondary (additional) memory to the mai
memory of the PC. After booting up, the CPU will start executing the program. Let us consider this stef
from the technical side - the CPU follows the "fetch-execute cycle" operation, which translates as "fetch
execute cycle" [4]. Initially the first rule is fetched from memory, then it is decoded to define the essence
of execution of this program fragment, then it is fetched and decoded completely and then the next rule
executed. l.e. the main principle of calculating PC is the execution of the cycle. Therefore, the powe
(speed) of calculation of these or those files, mainly depends on the constituent parts of the PC.

You should also take into account the fact of your PC workload - free disk space, other executabl
files that can influence the speed of calculations (compress/decompress). Also you should take int
consideration the state of the operating system on which the computation tests are performed.

Before testing for average data compression rate using the Huffman method, it is necessary t
imagine what kind of PC composition is being acted upon:

SURFHVVRU &38 ;3200 BRUSOLRAGHZIE L

2. Installed memory (RAM): 8.00 GB,

3. System type: 64-bit operating system, x64 processor,

4. Operating system (OS): Windows 10 Home.

There is no more information about testing. The PyCharm IDE (Python 3.9) is also used. This
information will be used further to denote computing performance.
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We use the Huffman code which is based on the condition that some file data can be esed mo
often than others. This principle allows compressing file data considerably (up to 30%) (considered a
*.txt format). The main issue besides efficiency is its execution time [5].

Thus, we have a number of factors that directly influence the computation of the machine and
consequently, the compression time is a variable, but nevertheless, having the initial configuration, &
well as the estimated values and possible changes during the power conversion both in the whole VM al
OS, we can determine the values that we will get at the output, depending on the use of a particular mee
of VM and OS. Statistical data will be obtained, which will allow us to focus on the average execution
time of the program performing the coding function of the Huffman alguorith

RESEARCH RESULTS AND THEIR DISCUSSION

The following results were obtained as a result of the test, which was created using the "while'
loop:

- average encoding time (comress) is - 18.020284133 seconds for 100 (one hundred) passes,

- average decoding time (decompress) is - 20.72587044 seconds for 100 (one hundred) passes.

Fig. 2. The result of the average time spent on the implementation of coding by the Huffman method
(compress / decompress)
Jbk J _amevlzZIl kj_~g_Jh \j_f gb aZzZljZzq_ggh]h gZ \uiheg_gb_ dh”bjh\Z¢
(compresg decompress)

For a more objective analysis, it is also worth mentioning that the program was executed 10C(
times to get the average time for the Huffman coding process (compress/decompress).

Fig. 3. Average encoding time (compress / decompress) by Huffman method
Jbk Kj_"~g__ \j_fy dh”b¢dmgrgdsy decompresst_Ih*"hf OZnnfzZgZz
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Fig. 4. Average encoding time (compress / decompress) by Huffman method
Jbk Kj_~g__ \j_ fy dh~”bg¢gtmagregdsydecompressf |h"hf OZnnfZgZz

Let's calculate how much time it takes to compress (compress / decompress) 1 KB of informatior
using Huffman's method. Based on the data obtained in the study of data compression efficiency, you c:
determine how much time it takes to compress 1 GB of information. To do this, we obtain the file
compression rate, using the following formula to find the value of A (Speed Compress File):

(1)

(2)

According to the data obtained, we can say that the compression rate of the file is
, Which is a good indicator. Knowing this parameter, we can calculate how much
time it takes to compress a file with the required weight. Then determine how much time it takes tc
convert a 1 GB file, knowing the compression rate of the file (A):

®3)

(4)

It is assumed that given the need for compression, for example, a text file (with *. txt extension)
a file with a speed of it is possible to convert in about
which is, of course, a rather average value. At use of the received data it is necessary to be defined
necessity of compression of the given format with the given volume of the information. Next, let's look at
the next very important parameterthe ability to determine how many data files can be converted,
knowing the preliminary weight as well as the time:

(5)

(6)

Thus, it is possible to estimate the amount of data to be compressed, as well as to calculate tt
possible actions, knowing the capabilities of your PC and OS. At the same time it is necessary t
remember that this factor is fundamental.
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A tmeasurement of quantitative data per second, how much data can be converted per seco
(Speed Compress File, data/sec);

V +in what time it is possible to convert a file with information with a certain weight, knowing
the data conversion speed (Time For Wanted Data, time);

S +how many units of data files can be converted, knowing the file weight and measurement time
of quantitative data (Number Of Files, units).

Due to the fact that mostly compression time is considered both encoding and decoding
separately. In some cases exactly decoding time can decide a huge role, although in other cases, may
play a role at all [6]. In our case, however, the difference between encoding and decoding is small, abo
13%, which is 2.70558631 seconds. Due to the fact that the data are supposed to be stored and "pulled
necessary, these figures are insignificant.

So, for comparison, to understand how much information is compressed for 18.020284133
seconds, which is as much as 3446 KB, then complete work of Leo Tolstoy "War and Peace" in Englis
and Russian is - 2011 KB, and only English text of this work is - 755 KB data [7]. It can be noted that the
data is sufficient for such a file extension.

These results and indicators are not bad, but they could be improved with more powerful
computing equipment. For this purpose it is necessary to compare the estimation of processc
performance.

For our processor Intel Core i5-8400 - the figure is 5467.65. Taking into account the fact that new
processors have been released, the compression result of 18.020284133 seconds is satisfactory for
figure. Let's consider what features processors of next generations have. Let's take the avéigbe and
(benchmark) in comparison, orienting, with the help of rating [8].

Table
Comparative characteristics of central processors
LZ[ebpZz
KjZ\gbl evgZy ozZjzZdl jbklbdZ p gljZevguo ijhp kkhjh\

: Year of Cores/
< CPU Overwall rating | Frequency release threads
1 | AMD Ryzen Threadripper 3990X 51363.66 2900 MHz 2020 64 /128
2 | Intel Core i9-11900KB 15217.57 3300 MHz 2021 8/16
3 | Intel Core i5-8400 5696.89 2800 MHz 2017 6/6

Fig. 5. Processor power rating
Jbk J_clbg] hp_gdb fh ghklb ijhp_kkhjh\

As can be seen from Fig. bthe power of processors is different, but as practice shows, despite
the high score, the statistics cannot be calculated with the help of the evaluation rating, and, accordingl
it cannot be estimated. It is assumed that from the data presented in Fig. 5, it is possible to speed up
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code, namely on average from 5% to 40%, with the help of processor (CPU) computing technique, bt
also RAM and other components.

Thus, it is offered to check in practical way and fix average speed of conversion (compress |
decompres) of files by means of Huffman method. Also there is a possibility to optimize code, using
built-in functions, as well as Numba and Cython code, which speeds up at least 4 times the code, whic
will significantly increase productivity [9, 10].

CONCLUSIONS

The given indicators of speed of work of the program of conversion (compress / decompress) 0
files by means of the method of Huffman have shown, that average time of coding (comress) makes
18.020284133 seconds for 100 (hundred) passes, and average time of decoding (decompress) make
20.72587044 seconds for 100 (hundred) passes; the values allowing assuming possible labour input, tir
and speed of work of a code, and also efficiency and practicality of compression of Huffman dode itse
were calculated: 1. ,

2. , 3. :

Also, the work identified the main factors on which the outcome of the average speed of
computation: the central processing unit (CPU), random access memory (RAM), the hard disk drive
(HDD) or flash drive (SSD), as well as parameters such as the OS. It was considered the prospect
improving this coding Huffmantcode optimization, which can eliminate the additional processes that
also affect the speed of calculation, as there is a possibility of using the already built-in functions o
calculation and conversion and use of the following possible solutiddgmba and Cypthon. These
solutions will give better results in the long run, with the same resource costs.

Thus, summarizing all told above, using all possibilitiggrogram and technical, it is possible to
accelerate the code in times with its use everywhere without restrictions. At this stage it is reasonable
use the code for data up to 10,000 KB to save time and wasted resources.
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< |l_dkl_ ~Zgghc klzZlvb jZzkkfzljb\Z _Iky ijhp_kk ijbfhft gdghflhih~Z kbk
bfblZpbhggh]h fh_ebjh\Zgby ~ey j r_gby aZ~Zqb hilbfledXpbdbb hj]jZgb
ijhp_kkh\ijdZ j_ nmgdpbhgbjh\Zgby kljmdImjguo ih”*jZza”_e_gbc \ukr_
azZ\_"~_gby JzZkkfzljb\Z_Iky ijhp_"mjz j-hebdlgmeb bkbkdpbdlgghc
fh~_eb jZkij_~_e_gby “Zgguo h kim”~_glZo ih kljmdImjguf ih*jZa”_e_¢c
< dzZq_kI\_ \hafh'guo bgkljmdkkgzZjb\AxIky jy® kh\j f gguo ijh]jzffguo
kbkl_f ihal\heyxsbo j_rzZlv az*~Zgb fh™_ebjh\2glen\ljdghm Zkkpkhhggh
Dexq_\u_ keh\zhp_kkfh”_ebjh\ZglbfblZpbhggZy ;fhkbé&Vv_fu
ijh_dlbjh\Zgby
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functioning of structural divisions of a higher educational institution. The guveefor the
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< kh\j_f_gguo j_Zebyo kjiyaZlgigu\o k mq_Ihf dhglbg]_glZ \ mqg_][g
\ukr_]h b kj_"~g_]h h[jZzammzZiglhy kI\h hkh[_gghkl_c \ i_j\mx hq_j_"
baf_gyxsbfbky Ij_[h\Zgbyfb d *Zgguf mq_Ilguf _"“bgbpZzf

GZgbgzZy k i_jbh”~Z ih”~]lhlh\db d gh\hc ijb_fghc dhfiZzgblp b ~h
kbem ijbdZah\ h aZzgbke_gbb kim~_glh\ kms_klI\m_1I fgh _kl\h hj]JZgt

JZkkfzljb\Zy ijhp_kk mq_IZ \k_]h dhglbg]_glZ ohl_ehlgh\w_h[jZ
jZg__ 9_ bkihevah\z\rb_ky fhgblhjbg]lb hljZz Zxsb_ dZjlbgm h[mq.:
jZaj_a_ jZaebqguo h[eZkl_c¢c ihdzZzazZl_e_c¢c djbl_jb_\ LzZd °~_ k\hz
hlg_Ilghc bgnhjfZpbb bf_xI kh\j_f_ggu_ ijh[e_fu khpbZevghc kr
aZlhe \Zgbc DH<B> wib” _fbheh]bqg_kdZy h[kl\AhgHhkidi2® \gIiphbhnkzZzd
kim”~_glh\ ba khp g_h[_ki_g_gguo k_f_c b | i ?kgbplyzZlnag\bhugz!| fgh
n_ " jZevguo |j_]bhgZevguo fhgblhjbg]Zo bkihevam_ fu_ k\_"_gby
Z[blmjb_glz \ fhf_gl ih"Zgb ~hdmf_glh\ < ih~z\Z_fuo DPI dhgljh
hljz zZxlky dhebq_kl\h ih"Zgguo aZy\e _gbc gZ ihklmie_gb_ lkhgdn
h[mg_gbx gz [x~ _lghc hkgh\_ b gZ dhff_jg_kdhc ]h~ b j_]bhg
h[jZzah\Zgby dZdhc ijhp_gl gh\uo kim”_glh\ kh kj_~gbf [Zeehg [[lhevr
h[jZah\Zgby b kj_~gbc [Zee ih ?=W 7ey ihklmiZxsbo gZ \ukree iln[jz
[x*" _Im dhff_jpbb

Lzd " g_fzZeh\zZ _g ijhp_kk ijb_fZ Z[blmjb_glZ b "hdmf_gdhd m
NZggu_ jZkij_"N _eyxlky \ jZaebggu_ ih”jZa”™ _e_gby mgb\ _jkbl _1Z
ijhly” _ghlk_]lh i_jbh”~Z h[mqg_gby

DE:KKBNBD:PBY IJHP?KKH< MQ?L: DHGLBG=?GL:

JZg__  \ k\hbo jzZ[hlZo Z\lhju d\Zebnbpbjh\Zeb ijhp_kku mc
hjl]ZzgbazZpbhogghu_ < ~Zgghc jZ[hl_ d d\ZebnbdZpbb ohl_ehkv [u
mq_1Z klm~ _glh\ dhglbg] _glZ \ mqg_[ghf azZ\_~ gbb \ h[s_f kfuke _
g_h[oh”~bfh ihgbfzgb_f _klh b ijbf_g_gb_ jZaebqgh]h hktZfd Z gjdwso \
]hvhjy _klv ihlj_[ghklv \ \uy\e_gbb kh”_j Zgby hkgh\guo_ ehl\Aih\
ijhp_kkzZ b _1h hij_~ e _gby

LZzdbf h[jZzahf \oh~gufb ~"Zggufb hij_~ e g iZd_|, ihkiimgZevlgao o
hl iZkihjlgu_ ~"Zggu_ KGBEK BGG mjh\_gv jZg__ ihemqg_ggh]h
h[jZzah\Zgbb ]jz ~Zgkl\h

ljb ih~Zq_ “hdmf_glh\ gZ h[mqg_gbb gzZ dhff_jg_kdhc hkgh\_
hdZaZgb_ ieZlguo h[jZah\Zl _evguo mkem] ijbk\Zb\Z Iky ghf_j ~
lhke_\g_k_gby \ur_mdZaZgguo "Zgguo ijhbkoh”bl ]jmiibjhi\dZZg blm
ihemqg _ggh]h h[jZah\Zgby \u[jZgguo gZijZ\e_gbc ey h[mqg_gby |
kibkdZo ijhbkoh”bl k mq_Ihf kj_~g _]h [ZeezZ ZII_klZIZ kmff_ |
Z\IhfZlbgq_kdb khjlbjm _| ~Zggu_ ih ijbagZdm ©kj_"~gbc [Zee i1h ZI
\kImibl_evguo bkiulZzgbc? hl [hewr fllgvargZm_gby

>ey j_r_gby IZdbo hj]J]ZgbaZpbhgguo azZ~Zq p_e_khh[jZagh b |
bfblZpbhggh_ fh”_ebjh\Zgb_ >Ze hibr_f hkh[_gghklb _]h
hjl]ZgbazZpbhgguo ijhp_kkZo b aZ hkgh\m \havf f kha“Zeggby ¢Zomdb
kilm”~ _glZo ih ih*jZza”_e _gbyf mgb\_jkbl _IZ
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Jbk Fh” _ev ijhp_kkZ jzZkij_"~ e _gby “Zgguo h klm~_glZo ih ih*jZa™_e_
Fig. 1.Model of the process of distributing data about students by university departments

Fh” _ebjh\Zgb_ y\Wwyghbkyba kihkh[h\ j r gby ijZdlbqgq_kdbo aZzZ’
j_r_gb_ ijh[e_fu g_evay gZclb iml_f ijh\_~_gby wdki_jbf_dlb\ kI
jZajmrZlv beb \ghkblv baf_g gby \ m _ bf xsmxky bgnjZkljmdImji
“hjhlh hiZzkgh beb ijhklh g \hafh'gh < 1Zdbo kemgZyo p_e_kht
j_Zevghc kbkl _fu | _ hibkzZlv _  gZ yaud_ fh” _ebjh\Zgby%Z 3Zgg
i_j_oh” gZ hij_~_e_gguc mjh\_gv Z[kljZdpbb himkdzZy g_kms _hkl\_g
lhlh qlh kgblz_f \Z guf Kbkl_fz \ j_Zevghf fbj_\k_]*"Z keh g__ k\h_

G_ kms_kI\m_| mgb\ _jkZevgh]lh kihkh[Z bfblZpbb DZ ~uc ba
ij_bfms_kI\Z b g_"hklzZldb b hjb_glbjh\Zg gZ kha~Zgb_ fh”_e_c hij_"~

F_Ih™ bfblZpbhggh]lh fh~ _ebjh\Zgby gZ hkgh\_ ijhp_kkgh]h Kk
ihal\hey | h[_ki_qgqblv hg_gv \Z'gh_ \ ih*h[ghc kbImZpbb koh”kl\h ki
bkke_"h\Zgby > @

;hevrbgkl\h bamqzZ fuo b ih"e_ "Zsbo fh”_ebjh\Zgbx h[t_dlh\
kbkl_fzfb 0OZzZjzdl_jgu_ ijbagZdb kehgghttafdbliglhKlv §Zkkfhlj_gby hl’
dZ "hl]h we_ f glZz [ a mklZgh\e _gby k\ya ¢ k ~jm]bfb we f gl
g_hij_"~_e_gghklv ijhyleyxsZyky \ [hevrhf qgbke_ \hafh ' guo Kk
g_hij_~ e _gghklv ~hklh\_jghklb bkoh~ghc bgnhjfZpbb jZaghhlj
"hklb® _gby dhg _gghc p_eb nmgdpbhgbjh\Zgby kbkl_fu zZMNzilb\gh!
kbkl_fu d \hafmszZxsbf nzdlhjzf \ha”_ckl\by \g_rg_c kj_"u Wlib +
g_h[oh”~bfhklv bkihevah\Zgby f_Ih*"hehylZle blalzklijbghharZgbb bfblZ|
fh _eb keh gh]h h[t_dlZ >ey ZgZebaZ keh guo h[t_dlh\ b ijhp_kkh\
gZijZ\e _gby \dexqgZxsb_ \ k_[y ke_~mxsb_ | _jfbgu kbkl_fguc
bkke_"~h\Zgby kbkl_fguc ZgZeba > @

I JHMDLBJH<:GB? B J:AJ:;HLD: BFBL:PBHGGUO FH>?E?C
KEH@GUO H;T?DLH<
Hkgh\gu_ klZ”~"bb b wlZiu \ klZ*byo ”"ey jZajzZ[hldb dhfivxl_jg
kbkl_f dzd jZzagh\b~ghklb ijh]jZzffgh]lh h[_ki_q_gby beb flhgmHhjfzpwb hg
djzldh ij_~klzZ\e_gu ke_"mx2bf h[jZahf
lj_"ijh_dlgzZzy klzZRZyby nhjfbjh\Zgby ||j_[h\Zgbc d Z\lIhfZlb
kbkl_f
twlzi jZzajzZ[hldb dhgp_ipbb Z\IhfzZlbabjh\Zgghc kbkl_fu
twlzi jzajz[hldb b mI\_j "~ _gby |_ogbqg_kdh]h az”~Zgby
KlZz~by ijh_dlbjh\Zgby b jZajz[hldb ijh]jzffgh]lh h[_ki_q_gby
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T wlzi jZzajzZ[hldb wkdbagh]h b I _ogbqg_kdh]h ijh_dlZ Z\IhfZlbabj

twlzi ijh_dlbjh\zZgby ijh]jzffgh]lh h[_ki_q_gby

twlzZi ijh_dlbjh\Zgby bgl_jn_ckZz

twlzZi j_ZebazZpbb ijh]jzffgh]lh h[_ki_qg_gby kha”zZgb_ijh]jzZffgh]

twlZi kharzZgby b hnhjfe_gby “hdmf_glZpbb

3. KIZ*by \g_"j_gby

| _jbh”~ khijh\h "~ _gby beb ihevah\Zl_evkdbc i_jbh~"

WIib klZ~"bb kha~zZgby Z\lIhfZlbabjh\Zgguo kbkl_f beb ijh]jzffgh]
lzd " "ey jZajZ[hldb dhfivxl_jguo mklZzgh\hd "“ey fh” _ebjh\Zgby
ijh_dlbjh\Zgbx bgnhjfZpbhgguo kbkl _f ij_"ihez]Z_I kha~Zgb _
bgnhjfzZpbhgghc kbkl _fu hibkulZxs_ ¢ \k_ g_h[oh”"bfugbpKiZghby _
ljbf_g_gb_ fh”_e_c iha\hey_|I| khdjzZlblv kjhdb ijh_dlbjh\ZgblyZ a2z mc
kgzl mkljZg_gby [hevrh]h gbkeZ hrb[hd \ j_ r _gbb klIjzZl _]bg_kdbo
klZz"byo jZ[hlu 1jb kha~Zgbb IZdhc fh”_eb h[uqggh ijbf_gy_|ky nmgc
HgZ ij_"ihez]zZ_| jZzkkfhlj_gb_ kbkl_fu \ \b”_ gZ[hjZ nmgdpbklhdj_h][
bgnhjfZpbb \ \uoh”ghc

KH<J?F?GGU? KBKL?FU BFBL:PBHGGH=H FH>?EBJH<:GBY
ljb\_~ f ijbf_ju emqrbo ba ihimeyjguo bgkljmf_glh\ bfblZpbhgg

ijhp_kkh\
1. ARIS 2 ih”~hc”zl ijh"\bgmluf b gZqgbgZxsbf ihevah\Zl _eyf <
kj_"kI\Z hp_gdb b hilbfbazZpbb klhbfhklb ;I bgkljmf -klukl*"dy Agy”*

dhgljhey \uiheg _gby

2. ELMA 2 kbkl_fzZz [ZabjmxsZyky gZ kha”~Zgbb fh”"_eb q_j_a gz
ghlZpbb %301 D keh\m ghlZpb_ ¢ gZau\lZxl gZ[hj agZdh\ 7~ey ]jZ
[bagijkhp_ kkRANFusion Process Modeler2 kbkl_fz k ihfhsvx dhlhjhc fh gh
hibkZgb_  ZgZeba fh” _ebjh\Zgb_ <dexqgZzZ _ | klZzg”~Zjlgu_ f _Ih~heh]bl

3. UFOModeler 2 bggh\Zpbhggh_ ijhljzffgh_ h[_ki_gq_gb_ 7e
ijhba\h~kl\-lgolyheh]bg_kdbo b hj]zZgbehApbhighgp_kkh\ gZ hkgh\_ hjb]t
kbkl_fdtit dlgh]h ih"oh”K n®ogwpH@t dl?

4. AnyLogic 2 ih””™ _j"b\zZ | Ijb ih*oh”Z d kha~Zgbx bfblZpbhgguo fh"
hjb_glbjh\Zgguc ~bkdj_Ighkh[ulbcdbgzflkgkkdfgh b Z] glguc Z 1zZd’
bo dhf[bgZpbx =jZnbq_kdbc bgl_jn_ck $Q\/RJLF bgkljmf_glu b [b[¢
kharz\zZIlv fh~_eb ”"ey rbjhdh]h kihldIfjz" aZtjh§zZzgby ijhba\h~kl\Z eh
[bagikhp_kkh\ ~h kljzl_]bqgq_kdbo fh”_e_c jZa\blby dhfiZzgbb b ju
dhjihjzlb\guf klZzg~Zjlhf -gE [ ledbghkZgb_\h fgh]bo ljZgkgZpbhgZevgl
rbjhdh bkihevam _ |ky \ §§]jZzah\Zgbb

5.Arena 2 kbkl _fZ ~“bkdj_Igh]h fh” _ebjh\Zgby Kn_jZ hkgh\guo ijbe
bfblZpbhggh_ fh”_ebjh\Zgb_ ijhba\h”kl\ _gguo | _ogheh]bqg_kdbo
hilbfbaZpby h[kem ' b\Zgby deb_glh\ \ jZaebqgguo hhjhkpguwf $[WHQ h}
hjb_glbjh\Zgguf bgl_jn_ckhf b h[ez~Z_| \hafh ghklyfb zZz~ZilZpbb d
h[ezklyf

6. AutoMod 2 ij_"~gZagZq_gZ "ey fh”_ebjh\Zgby kbkl_f eh]bklbdl
ljh]ljZzffgh_ h[_ki_q_gb_ jZajzZ[hlZgh 7~ey ™ IZevgh]lh ZgZebaZy hi_
Zjobl_dImjz $XWRORG iha\hey_| bkihevah\zZIv __ \ rbjhdhf ~bZiZah
Zwjhihjlh\ ~h ijhfure_gghklb ihemijh\h~gbdh\

7. Deneb / Quest?2 |j _of _jgZy kj_"Z ~ey bfblZpbb b ZgZebaZ ihlhqggt
]b[dZy h[t-djghglbjh\ZggzZy kj_"*Z bfblZpbb ~"bkdj_lguo ijhp_kkh'
\bamzZebazZpb_c¢c b kbkl_fhc bfihjlZz wdkihjlz fh"_e_c ljhba\h”kl
f_g_" _ju fhlml jzajz[hlZIv b ijh\_jblv \ZjbZglu ihlhdh\ gZ bfblZpbhg
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8. ExtendSim 2 bgkljmf_gl bfblZpbhggh]h fhr _ebjh\Zgby ([
fmevibkbkl_fgZy hdjm ZxszZy kj_"Z lhalhey | fh”_ebjh\ZIwv g _ij
kh[ulbcgu_ hkgh\Zggu_9Z Z] _glZo ebg_cgu_ g _ebg_cgu_ b kf_rZq

9. Entei'prise  Dynamics 2 ijh]jzffgzy ieZlnhjfz ~eyfhfbadjk\Zgby
ihal\heyxsZy ZgZebabjh\Zlv b hilbfbabjh\Zlv | _dms__ b [m~ms_ _
bgnjzZkljmdImju h[gZjm b\ZIlv madb_ f_klZ hp_gb\Zlv \hafh glZzklb b
ijhlJghabjh\zlv jZza\blb_ kh[ulbc JZajZOQhlfimdlatiogl 8RODPXGNLRQV =hec¢
KZcl 2ZZ LQFRQWUROVLP FRP

10. Flexsim 2 kbkl_fz bfblZpbhggh]h fh” _ebjh\Zgby ij_"gZa
fh~_ebjh\Zgby b \bamZebappblkkhag)BH[VLP iha\hey_| hij_~_ebly
fhsghklb ij_"ijbylby [ZeZgk ijhba\h”kl\_gguo ebgbc \uy\bgsh\madb _
f Ih~u ieZgbjh\Zgby hilbfbabjh\Zlv ijhba\h”kI\_ggu_ ihdZa:
dZiblZeh\eh  _gby

11. GPSS World 2 wlh mgb\_jkZevgZy kbkl_fZ bfblZpbhgghl]h
ho\Zlu\ZxsZy \_kv pbde DbfblZpbhgguo bkke_ "h\Zgbc hil ihk
A"hdmf_glbjh\Zgby j _amevlZIlh\ Hkgh\gu _ hkh[_gghklb kbkl _ft
bgl_jzZzdIb\ghklb ijb ijh\_~_gbb bkke_~h\Zgby mijhs_gb_ [Zajginldl
bkke_"~h\Zgbc [hevrhc h[t_f I_dklh\hc "hdmf_glZpbb b hi_jZlb\guo i

12. L7TKLQN bipWHDayZq_gh “ey fh”_ebjh\Zg¥kadj_iljgyo\gjthp_kkh
lh kjzZ\g_gbx k L7KLQN \ 6WHOOD bf_xlky \hafh ghklb ih ihklj
jZaf_jghklb b bo k\_jldb Hi_jZpbhg@G@GR XY DBDuODFLQWRVK

13. OpenMVLShell 2 hldjulzy kj_~zZ ~ey fh”_ebjh\Zgby keh guo "bgZ1
ZgZeh]l]bggZy 2SHQORGHOLFD Kj_"~Z ij_"klz\ey | kh[hc gZ[h] fh
fZl_fZlbg_kdbo azZ”~Zq \hagbdzZxsbo ijb fh~_ebjh\Zgbb fgh]hdh
"bgZfbg_kdbo kbkl_f IThevah\zl _ev fh | azZf _gblv kms_kl\gwysbc
hklZevguo b ijh\_jblv ijZ\bevghklv b wnn_dlb\ghklv ij_*eZ]Z_ fuo kh

14. ProModel (ProModel Solutions)2 bgkljmf_gl *"bkdkjh][lgilbcgh]h fh” _ebjh\Zg
lzd"_ iha\hey_| fh~_ebjh\zZIlv g_ij_julgu_ ijhp_kku 3URORGHO b
ieZgbjh\zZgby b ijh_dlbjh\Zgby ijhba\h”"kl\ kdezZ”bjh\ZggZy eh]bklbc

15. Renque 2 ijh]jzffgh_ h[_ki_q_gb_ dhlhjh_ iha\hey | ihevah\Z
"bkdj dgh[ulbcgh_ fh” _ebjh\Zgb_\ ]JjZnbq_kdhc hdjm Zxs_c¢ kj_~_ 1
g_h[oh~bfu_ \hafh ghklb “ey ihkljh_gby Ilhqguo bfblZpbhgguo fh"_e_
kbkl _fu beb ijhp_kkzZ S5HQTXH ij_"eZ]Z_ | jZpbhgZevguc ihevah
mgb\_jkZevguc kbfmeylhj *ey fh*_ebjh\Zgby

16. SLX 2 yad fh” _ebjh\Zgby h[s_]h gZagZq_gby H[_ki_qgb\zZ_|I
fhr e ¢ b bo jZkrbjy fhklv ;hevrb_ kdhjhklb \uiheg_gby 7*Z° i
dhfie_dkghc fh~_eb 6/; ij_"ez]zZz_| fgh]l]hmjh\g_\h_ ijb[eb _gb_ d
kharZzgbb bfblZpbhgghc fh”_eb JZajzZ[hlgbd fh”_e_c fhmjh\gb[b]j
ijh]jZffbjh\Zgby ~ IZe _c glh iha\hey | ihkljhblv gZb[he__ nn
fh~r_ebjh\Zzgby > _\ba jzZajzZ[hlgqbdz ©6/; ~Z_1 bgkljmf_glu <klh qll
\Zr_ \hh[jZ _gb_2 Y2™hh_Wi/;qb\Kljhbl _evgu_ [ehdb Z jZkrbjy fuc
ihal\hey | hkms_kl\eylv [he__ ijhklhc i_j_oh” d [he__ \ukhdbf mjh\gy

17. TRUE 2 ijh]jzffgh_ h[_ki_qgq_gb_ kbkl_fghc ~bgzZfbdb bg
bfblZzpbhggh]h fh"_ebjh\Zgby ZgZebazZz b hilbfbaZpbb "bgzZfbg_kdbo

18. Vensim 2 bkihevam_Iky Ney lh]h glhfu khanrz\zZlv b
\ukhdhdzq_kI\_ggu_ ~bgZfbg_kdb_ fh~_eb h[jZlghc k\yab gldleyZbzZ |
ey ihkljh_gby djmiguo b keh guo fh”_e ¢ Fh”_eb kljhylky ]jZnb
j_"ZdlhHkh[ _gghklb gZebqb_ ~bgZfbg_kdbo nmgdpbc fgh _kb\Z Z
FhgtDZjeh hilbfbaZpby h[jZ[hldZ “"Zgguo ijbdeZ”gu_ bgl_jn_cku

19. Withess 2 iZzd_| fh~_ebjh\Zgby ijhba\h”kl\_gguo -kjpkd_ kkb\ [b
ljbf_gy_Iky "ey
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a. ZgZebaZ \oh”~guo "Zgguo b j_amevlZlh\ wdki_jbf _glZevguo ~Z
b. \uy\e_gby ijZ\be b kljmdImju “Zgguo
c. ih\ur_gby lhgghklb fh™ _e _c

A:DEXQ?GB?~?

< kh\j_f_gghf bfblZpbhgghf fh*_ebjh\Zgbb kms_kl\mxlI ljb izZzjz"l
mjh\g_f Z[kljZzdpbb ijb kha”“Zgbb fh”_eb kbkl_fgkly[dhbogcaftodd 2k
fh~r_ebjh\Zgb_ Ijb ihkljh_gbb keh ' guo fh”_e_c¢c wlb ih"oh”u fh]lml
"hklb" _gby ijZzdlbg_kdbo j_amevliZlh\ g_h[oh”bfh agZlv hk¥h]hg @plaklb
kms_kl\mxsbo ih*oh”h\ d ihkljh_gbx bfblZpbhgghc fh”_eb bJédghj Ih
hfmkeh\e_ g kldhevdh ij_~f Ighc h[eZklvx kdhevdh bf _xsbfbky \
bkke_"h\Zl_ey "~Zggufb b g_h[oh”bfhc 7~ey iheghlu bkke_"h\Zgbhb\
hibkzZgby kbkl_fu

Ki_dlj bgkljmf_glbib*2gpbhggh]h fh”_ebjh\Zgby ~h\hevgh rbjhd -
mgb\_jkZevgufb vyaudzfb ijh]jZffbjh\Zgby b kbkl_fZfb bfmEZpbhg:
ke_"m_I mqgblu\zZlv qglh ~ey kha”Zgby mgbdZevguo fh”_e_c dh]*Z
ijh]ljzffu ij_~ihqglbl_ewdjdeixlky mgb\ jkZevgu_ yaudb ijh]jzZffbjh\Z
j_r_gby Ibih\uo az”~zZq p_e_khh[jZzagh \u[bjZlv kbkl_fm bfblZpbt
ij_"hklZ\eyxsmx g_h[oh”"bfu_ dhgkljmdpbb b nmgdpbhgZevgu_ \hafh

E:=H>:JGHKLB
Bkke_ "~h\Zgby \uiheg_gu ijb nbgzZgkh\hc ih”**_j°d_ ijh_dlh\
nmg~*Zf_glZevguo bkke 27\0g90¢19-07-00111.

Kibkhd ebl_jZImju

1. ;h_\ < > Dhfivxl_jgh_ fh”_ebjh\Zgb_ ihkh[b_ ey dmjkh\h]h b “~bie
;h_\'< > Dbjbd > B Kui&lpdhBi _ IggZy ZdzZ"_fby 432p&b

2. ?f_evygh\ : : BfblZpbhggh_ fh” _ebjh\Zgb_ b dhfivxl_jguc ZgZ
ijhp_kkh\ mq_[gh_ PHkeMygh\ : : ?2f evydhhe Ggkidyk\ jkmf.

3. FZebdh\ J N ljzZzdlbdmf ih bfblZpbhgghfhieHhduebjibhkZgfbX kj_~_ $Q\/

mqg_[gh_ ihkh[b_ J NVMRZeRdh\=1M K

4, PulJ]Zgdh\ K G BfblZpbhggh_fh” _ebjh\Zgb_ mq_[gh_ ihkh[b_ Pu

DjZkghyjgkath KNM K

5 Ydbfh\ : B L_hj_Iblgkd&khlu | _ogheh]bb bfblZpbhggh]h fh”_ebjh\zZgl
j_r_gbc \ bgnhjfZpbhgguo kbkl_fZo ijhfure_gguogid_RhjbkdZgb ~Wrkqg_ghc k
"hdlhjz |I_o gZmd Ydbfh\ :gZlhebc BdZghg\bgmd < B :\_jg_gdh\ N=;lI
©;jygkdbc Jhkm~ZjklI\_gguc | _ogbqg_kdbc mgb% jkiki_I2 ;jygkd

6. GZpbhgZevgh_ h[s_kl\h bfblZpbhggh]h KAgdebjnWwidby + PRL:
http://simulation.su/static/ru-soft.html.
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Mjkhe 3 <
Q _jghfhj_p2% :
;he]lh\z 2 <
Q_jghfhj p? i
DHHHoljhfure_ggu_ we _dljhggu_ kbkl _fu2 me FboZceh\kldh_rhkk JhkEby ; e

2: e]lhjh~kdbc Jhkm~ZjkI\_gguc gZpbhgZevguc bkke ~h\Zl _evkdbc mgk
me Ih[_Au A 1 :_elhjh? Jhkkby

KLIMDLMJ: BGL?EE?DLM:EVGHC BGNHJF:PBHG(
L?0GHEH=BB KM;BGL?J<:EVGH=H KDJULGH=H
<G?>J?GBY BGNHJF:PBB < BAH;J:@?GBY

e-mail: ursoldenis@mail.ru, chernomorets@bsu.edu.ru, bolgova_e@bsu.atariafl13ch@yandex.ru

:gghlZpby

JZ[hlZ ihk\ys_gZ j_r_gbx azZ”~Zqb ih\ur_gby mjh\gy kdjulghklb \g_*"j
bah[jZz  _gby gZ hkgh\_ ijbf_g gby ih*“oh”h\ bkdmkkI\_ggh]h bgl_ee _d
jZ[hl_ kljmdImjZ bgl _ee_dimZevghc | _ogheh]bb zZz~Zilb\gh]h km[bgl _j
\g_"j_gby bgnhjfZpbb \ bah[jZz _gby gZ hkgh\_ ZgZebaz qzZklhlguo
k\hcklI\ bah[jZz  _gbc ihalhey | hp_gb\Zlv b baf _gylv agZqg_gby iZj
km[bgl_j\Zevgh]h kdjulgh]h \g_~j _gby k ihabpbc ~hklb® _gby \ukhd
kdjulghklb \g_"jy_fhc bgnhjfZpbb

Dexg_\u_ kehkdjulgh_ \g_#%j bgth[jZ" -gthgl cg km[bgl j\Zevgu _
fZljbp,kh[kI\ _ggu_ \; HBdhpdghklv \g_"bgdbge dimZevgZy | ogheh]by

>ey pblbjh\Zgdykhe > < Q_jghfhj_p : : ;helh\z ? < Q_jghfhj_
KljmdIimjzZ bgl _ee _dilmZevghc bgnhjfZpbhgghc | _ogheh]bb km[bgl_ j\:
\g_"j_gby bgnhjfZpbb \ bah[jZ  _gby GZmqgguc |j_amevlZzl Bo
| _ogheh]hb . £K 41-47. DOI: 10.18413/2518-1092-2021-6-4-0-6
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Abstract

The work is devoted to solving the problem of increasing the level of secrecy of deed#ng
into images based on the use of artificial intelligence approaches. The proposaarestof
intelligent technology for adaptive subinterval hidden embeddingnformation into images
based on the analysis of frequency subinterval properties of images makes it possibladte
and change the values of the parameters of the subinterval hidden embeditting from the
standpoint of achieving high levels of the embedded information secrecy.
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data embedding; intelligent technology.
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Kdjulgh_\g_"j_gb_ ~Zgguo \ bah[yZgZklhys  \j fy rbjhdh ijbf_¢
h[ezklb aZsblu Z\lhjkdbo ijZz\ gZ pbnjh\u_ bah[jZ _gby >ey kgb _
bkdZz  gbc bah[j&@dhggbyg jZ ih\ur_gb_  mjh\gy kdjulghklb \g_*j_
p_e_khh[jZzagh kh\f_klgh k mq_Ilhf hiulZz ki_pbZebklh\ ih kd¢jwlghf
ih*oh”u hkgh\Zggu_ gZ bkdmkkl\_-@@hf bgl_ee_dl_ >

< jZ[hl_ ij_"eh  _gZ kljmdImjZ bgl_ee_dimZevghc bgnhjfZrg
ihal\heyxsZy ih\ukblv kdjulghklv bj mhevddNkIvg_~j_gby ~Zgguo ih
ijb ijbf_g _gbb f Ih~rzZ z~Zilb\gh]h km[bgl _j\Zevgh]h kdjulgh]h \g_
bah[jZ _gby & gZ hkgh\_ ZgZebaZzZ qZklhlguo km[bgl _j\Zevguo k\hck

< jZajZ[hlZgghc kljmdImj_ bgl_ee_dimZevghc |_ogheh]bb zZ7Zi
kdjulgh]lh \g_"j_gby bgnhjfZpbb \ bah[jZz _gby gZ hkgh\_ ZggdebaZ c
k\hcklI\ bah[jZz _gbc ijbkmlkl\mx| dzZd [ehdb h[jZ[hldb bah[jZ _gbc
agZgbc bgl_ee_dlmZevguc ij_h[jZah\ZIl_ev dhlhju_ j_Zebam_1 b
[ZaZ agZgbc [ehd ijbgylby j_r _gbc h agZqg_gbyo iZjZ§ Ig\ \
bgl ee _dilmZevguo | _ogheh]bc h[_ki_qgqb\Z | mki_rgh_ j_ r_oggphl aB"Zc
g_q_Ildhklb bkoh”guo "Zgguo \ZjbZ[_evghklb b g_lhgghklb oZjzdl_j

Hkh[_gghklvx jZajzZ[hlZgghc kljmdIimju bgl _ee _dimZevghc |_
km[bgl_j\Zevgh]h kdjulgh]l]h \g_”"j_gby bgnhjfZpbb \ bah[jZ _gby
mdZaZgguo we_f_glh\ bgl_ee_dImZevguo | _ogheh]bc

GZ jbkmgd_ ijb\_~ gZ kljmdimjgZy ko _fZ bgl _ee _dlmZevghc
km[bgl_j\Zevgh]h kdjulgh]h \g_7j_gby bgnhjfZpbb \ bah[jZz  _gby \
\b~_ij_"~klzZ\e _gh nmgdpbhgbjh\Zgb_kbkl_ fu

Hkgh\gufb khklZ\eyxsbfb jZajzZ[Zlu\Z _fhc bgl _ee_dimZevghc |_
km[bgl _j\Zevgh]h kdjulgh]h \g_”"j_gby bgnhjfyZepblRybkéd [ xgby [ehc

< [ehd_ nhjfbjh\Zgby bkoh”~guo “"Zgguo \uihegyxlky ke_"mxsb_ ’

AZ"Zgb_ \g_"jy_fuo ~Zgguo hkms_kl\e_gb_ bo ij_h[jZ:
ij_"klz\e_gb_
AZ"Zgb_ bah{dhglgbyg_jzZz hij_~_e_gb_ _1h jzaf_jghklb

< ~NZgghc jZ[hl_ jZkkfZljb\Z _ Iky p_eb ijbf_g_gby jzajz[zZ!]
kdjulgh]h \g_"j _gby

>hklb™_gb_ \ukhdh]h mjh\gy kdjulghklb ijb ihke_"mxs_f \hkkl:
NZgguo [_a bkdzZ  _gbc

>hklb™ _gb_ agzZqbl_evguo h[t_fh\ kdjulgh \g_7jy _fuo ~Zggu
\hkklZgh\e _gbb \g_"~j_gguo "Zgguo [_a bkdZ  _gbc

>hklb”_gb_ \ukhdh]h mjh\gy mklhcqgb\hklb kdjulgh]lh \g_"j_g¢
jZajmrZxsbf \ha”_ckl\byf \ \b~r_ Z~A~2blb\gh]h rmfZ
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;ehd ;ehd \ugbke
nhjfbjh\Zg km[bgl j\Ze . . ]
bkohAgui—>| 0Zjzdl_jbkl Bg _g_jih ag:
NZgguo bah[jZ -gb
dhgl_cg_j{ {
| i ;ehd nhjfbjh\zZg
> agZqg_gbc izZjzf._
< \g_"j_gby
P _ev Py :
\g_"j_gby ' Jmqgh Bgl_ee_dImZ |
Agzq_ | i_'bf i ij_h[jzamzI |
o L NZJZE i =
5 ;ehd kdjulgh{ \g_"j_gi yj izlh :
> \g_"j_gby "Z(<— I ;ZaZ agZghb
cehd nhjfbjh\z|| § (R a
\ha”_ckl\by {| § 1| Eh]lbqg_kgd §
bah[jZz" -gb_| | | T [ehd [ef |
dhal cqg | || | ; \ulhjz
\4 ! > g agzZq_gh
H[t_dl \ha’_ck | g | izjzf_1jh
bah[jZ" -gb | | Lo \g_"ji_9gb
dhgl_cg_j || | | A
o § | Ehlbg_kdbc
J g | lehd hp_gb\
‘ehd ;ehd \ugbke| | § J—aT.eWZlhi
bale_q_g| hp_ghd § \g_"j_gby ||
\g_~j_ggu jamevIZIf b =
NZgguo \g_"j_gby
| Ilhevah\zZI_

JbkKIjmdIimjZ bgl_ee_dlmZevghc |I_ogheh]bb Z~Zilb\gh]h km[bgl_j\Zevgt
bgnhjfZpbb \ bah[jZ _gby
Fig. The structure of the intelligent technology of adaptive subinterval hidden embedding
of information into images

< [ehd_ \ugbke_gby km[bgl_j\Zevguo 0ZjZdl-dbkgllbdg_ pah
\uihegyxlky ke_"mxsb_ ~ ckl\by
<uqbke_gb_ km[bgl_j\Zevguo fZljbp khhI\_Ilkl\mxsbo jZae
ijhkljZzgkl\ _gguo.qZklhl
<ugbke_gb_ "he_c wg_jlbbdhmdh§jz |Zgby jZaebgguo ih”h
ijhkljZzgkl\_gguo gZklhl
<ugbke_gb_ kh[kI\_gguo \_dlhjh\ b kh[kI\_gguo gbk_e km[bgl
<uqgbke_gb_ fgh _kI\ ijh_dpbecdbgh[¢d jgbyZ kh[kI\_ggu_ \
km[bgl _j\Zevguo fZljbp
< [ehd_ bale_g_gby \g_7~j _gguo "Zgguo \uihegyxlky ke _"mxsb _
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GZ hkgh\Zgbb ~Zgguo h ijbf_g _gguo 7ey kdjulgh]h \g_*"j_
fZljbpZo b bo kh[kI\_gguo \_dlhjZo \ugbkeyxlky khhiI\_lklI\mxsb_ |
dhgl _cg_jZz kh™_j°Zs ]lh \g_"j_ggu_ “Zggu_

GZ hkgh\Zgbb kjzZ\g_gby agZq_gbc khhl\_IklI\mxsbo ijhy dpbc
bale _g_gguo \hkklZgh\e _gguo "~Zgguo \ "\hbgghf \b"™_

Hkms_ kl\ey Iky ij_h[jZah\Zgb_ bale_q_gguo MzZ¥yhHuvo \Ibad ~»
khhi\_Ikl\mxsbc bkoh”rguf \g_"jy_fuf *"Zgguf

< [ehd_ \ugbke_gby ameghdlh\ \g_"j_gby hkms_kl\ey Iky \ugbk
f ] ozZjzdl_jbamxsbo kdjulghklv \g_"j_gby b mklhcgb\hklv \dg_"j g
jZajmrZxsbf \ha”_ckl\byf

Hkgh\gufb [ehdZfb kljmdImju jZajZ[Zlu\Z _fhc | _ogheh]bb y\eyxl
agZqgq_gbc izjzf_ljh\ \g_"j_gby Z 1zd _ [ehd kdjulgh]h \g_"j_gby ~Zc

< [ehd_ nhjfbjh\Zgby agZq _gbc izZjzf_Ijh\ \g_"j_gby ij_"mkfhlj_
agzZq_gbc iZjzZf_Iljh\ gZ hkgh\Zgbb jmggh]lh j_"bfZ bg gby hk
bgl ee _dilmZevgh]h ij_h[jZah\Z| ey

< jmqghf j_"bf_ hi_jzZlhj ijbgbfzZz_1 j_r_gb_ h agZq_gbyo izZjzZf_
"hklb" _gby ihklZ\e_gghc p_eb \g_"j _gby

< bgl_ee_dimZevguc ij_h[jZah\Zl_ev \oh”yl [ZaZ agZgbc eh]b
agZg_gbc izjzf_ljh\ \g_"~j _gby b eh]bg_kdbc [ehd [ehd hp_gb\Zgby

<dexq_gb_ bgl_ee_dImZevgh]h ij_h[jZah\Z]l_ey \ kljmdImjm jZa
kdjulgh]lh \g_"j_gby ij_"~ihezZ]Z | ijb\e_qg_gb_ bg _g jZ imZagdhby
nmgdpbhgbjh\Zgb_f

;ZaZ agZgbc \dexqgZ_ | \ k_[y jZ[hgmx izZfylv f_oZgbajfulghRhzZ ¢t
km[bgl_j\Zevgh]h \g_"j_gby ~Zgguo 1_j\hgZqZevgh \ jZ[hg_c iZfylb
bkoh”"gu_ nzZdlu |j_[h\Zgby ih kdjulghklb \g_7j _gby |[|j_[h\Zgby |
NZgguo l[j_[h\Zgby ih mklhcgb\hklb j_amevlZlh\ \g_"j_gby ©\|
jZaf_jghklv bah[jZz  _gby h[t_f \g_ "jy fuo ~Zgguo hp_gdb j_ame
F_ozZgbaf \u\h"Z [Zau agZgbc hkgh\zZg gZ ijyfhf \u\h®_ b hijp_"_e
ihjy~d_ bo jzZzaf_s _gby \ [Za_ ijZ\be ;ZaZ ijZ\be kdjulgh]h km[b
ANZgguo \ bah[jz  _gby kh”~_j'bl ijhmdpbb k]jmiibjh\Zggu_ ih wlZi
\u[hj jZzaf_jghklb bah[dBglgby_jZ \u[hj bahdhdfl_glyjZ \u[hj dhebqg._
gZklhlguo bgl_j\Zeh\ \u[hj dhebq_kI\Z ih~rfgh _kI\ ijh_dpbc \ul[hj
\u[hj agZgq_gby dhwnnbpb_glZ \g_"~j_gby b *j

< eh]bg_kdhf [ehd_ [ehd \u[hjZ agZq_gbc izZjzf_ljh\ \g_"j_
ijbgylb_ j r _gby h agZqg_gbyo izjzf_Ijh\ \g_"j gby gZ hkigZk\&Zgdb b |
ijZ\be

J rZxs__ ijZ\beh zZ~Zilb\gh]h \u[hjZ j_dhf_g"m_fuo “ey hkm:
\g_"j_gby g_bgnhjfZpbhgguo ih~fgh _klI\ ijh_dpbc bah[jZ _gbc \
kh[kI\_gguo \_dlhjh\ km[bgl_j\Zevguo fZljbp b khhl\_Ikl\mxsbo dhf
dhlhjhf bkihevamxlky agZgby ihemqg_ggu_ \ j_amevlZIl_ bkke_"~h\Zc
bah[jZz -gthgl cg jh\ ~ey hij_ " e gby \ _ebgbgu mjh\gy agZgbfhklb
hkms_ kl\ey |ky zZ~Zilb\guc \u[hj g_bgnhjfZpbhgguo ih~fgh  _kI\ khhl
b dhfihg gl bah[jZz  _gby dhlhjuf khhiI\ _IklI\m | g _kms_ klI\_ggZy bgnh

J rZxs__ ijZ\beh zZ~Zilb\gh]lh \u[hjZ bgl_j\ZeZ ijhkljZgkl\_gc
j_dhf_g"m_Ilky "~ey \g_"j_gby bgnhjfZpbb \ _]h g_bgnhjfZpbhggu_
dhlhjh_ hkgh\Zgh gZ mqg_I|_ j_amevlZlh\ ZgZebaZ |Zd gZaudbBcfhc
ijh_dpbc az”~Zggh]lh bahgZ cgbjZ \ jZaebqggud @lZkH& kgl

J rZxs__ ijZ\beh ZzZ~Zilb\gh]lh \u[hjZ ihjh]l]h\h]h agZqg_gby
j_ZebaZpbb hi_jZpbb hlghkbl_evghc azZf_gu khhl\_Ikl\mxsbo ijh_dy
hkgh\Zgh gZ ijbf_g _gbb agZgbc ihemqg_gguo \ juamlem[blgl| Z\gZeaimgau
k\hckl\ bah[jZzdhgdycg jZ Z 1Zzd"_ mq_IlZ |j_[h\Zgbc nhjfmebjm_ft
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dhgdj_Ighc az”zZqb kdjulgh]l]h \g_"j _gby ih kIl _i_gb kdjulghklb
\g_"j_gghc bgnhjfZpbb b mklhcgb\hklb d jZajmrZxsbf \g_rgbf \ha”_c

< eh]bg_kdhf [ehd_ [ehd_ hp_gb\Zgby j _ameviZlh\ \g_"j gby
j_r_gby h kl_i_gb “hklb _gby p_e_c¢ j_r_gby az~Zgb kdhikgghh \
ihemqg_gguo hjpagheiv!iZlh\ \g "~j gby < kemqgZ_ ~hklb™ _gby p_eb
ithemq_ggu_ j_amevlZlu i_j_ _~Zxlky ithevah\Zl_ex _&nmjdvbAa b th ge glm\Z_
i _j_"Zxlky \ eh]l]bq_kdbc [ehd \u[hjZ agZg_gbc izZjzZf_ljh\ \g_"j_gby

< [ehd_ kdjulgh]h \g_"j_gby ~Zgguo \uihegyxlky ke_"“mxsb_ *
agZg_gbc izjzf_ljh\ \g_7~j _gby knhjfbjh\Zgguo \ [ehd_ nhjfbjjrh\\Zgb
\g_"j_ghby

H[t _dlIhf \ha”_ckl\by \ jZajzZ[Zlu\Z _fhc | _ogheh]bb y\ey Iky
dhgl_cg_j \ dhlhjh_ hkms_kl\ey_ Iky kdjulgh_ \g_”"j_gb_ azZ”"Zggl
N _ckl\bc ih”lhlz\eb\zZ_fuo \ [ehd_ nhjfbjh\Zgby \ha2dbakl\boyggg bah|[
< [ehd_ nhjfbjh\Zgby \ha”_ckl\byddhglbak[jg\ughhegyxlky ke "n

N ckl\by

- \ugbke_gb_ g _bgnhjfZpbhgguo ih~fgh  _klI\Zo ijkdhdpbecg bjah[gZ
kh[kI\_ggu_ \ _dlhju aZz”~"Zgguo km[bgl _j\Zevguo fZljbp

- ey \g_"j_gby \ bahdjyl _gly j [bgZjguo agZq_gbc \g_"jy_fhc
azZ™"Zxlky khhl\ _ITkl\mxsb_iZju ijh_dpbbgbahdj4Z @ty kh[kI\ _ggu_ \
azZz”"Zgguo km[bgl_j\Zevguo fZljbp b \uihegy_I|ky hlghkbk eZd gduad
iZj ijh_dpbc bah[jdhgdbyg _jZ \ khhlI\_Ikl\bb k jZajzZ[hlZ§dguth_ gikeh
gme_\h]h b ~bgbggh]h agZq_gby.\g_"jy_fuo ~Zgguo

LZdbf h[jZzahf ij_"~eh  _ggZy kljmidkmhXheyekhkkyZgby bgl ee dlm
| ogheh]bb z~Zilb\gh]lh km[bgl_j\Zevgh]h kdjulgh]h \g_"j _gby bgnh
hkgh\_ ZgZebazZ qzZklhlguo km[bgl _j\Zevguo k\hcklI\ bah[jZ _gbc Z
\ukhdbo ihdZzazZl_e_c kdjulghklb \g_"jy_fhc bgnhjfZpbb

Bkke_"h\zZgb_ \uiheg_gh ijb nbgzZgkh\hc ih**_j°d_ JNNB \ jzZfdZo
< -07-00657.
Kibkhd ebl_jZImju
:1liZgh\kdbc : < KIl_]JZghl]jZnby pbnjh\u_ \h*ygu_ agZfZ phkkdhzZghZ¢
F <mah\kdZy dgb]Z k bet
=jb[mgbg < = Pbnjh\Zy kl_]Zgh]jZnby < = =jb[mgbg B GKhidtig\ I
ij_kk +k
DhgZoh\bg = N Dhfivxl_jgZy kl_]Zgh]jZnby L_hjby b ijZdlbd
: X Imauj_gdbb_\ ©FD=*I1j_kk?2 k =+
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Q _jghfhj_p :: H[ bgl_ee_dimZevghc bgnhjfZpbhgghc | _ogheh]b
AZgguo \ bah[jz _gby :: Q_jghfhj_p ? < ;he]lh\Z : G Dh\Ze_gdh > <
VI F_""mgZjh*"gtZemeglglogbg_kdhc dhgn_j_gpbb ©BgnhjfZpbhggu_ [_ogh
h[jZzah\Zgbb b ijhba\h”ki\_ BLGHIhjhr K B12.

Q_joghfhj_p :: H kdjulghf \g_7~j gbb ~Zgguo \ \b”_hihlhd gz
km[ihehkgh]h ZgZebaZz . Q_jghfhj_p ? < ;helh\Z > : Q_jghfhj_
BgnhjfZpbhggu_ | og202hithb + K -51.DOI:10.18413/2518-1092-2021-6-2-0-7

Q _jaghfhj_p : : H[ mklhcgb\hklb km[ihehkgh]h kdjulgh]lh \g_"j gby
hkgh\_ km[ihehkguo fZljbjp hdhkdlg\dkby .. Q_jghfhj_p ? < ;helh\z >

=hehsZih\Z WdhghfbdZ BgnhjfZlbdz3. +K *620.DOI 10.52575/2687-0932-2021-
48-3-610-620.
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:gghlZpby

Kbkl_fu mijz\e_gby hk\_s_gby jZa\b\zZxlky b kh\_jr_gkl\mxlky \
10- e_| HIf _g_gh qglh jughd mfgh]h hk\_s _gby [m”~_1| lhevdh jZklb \ |
LiZ"bpbhggu_ Ze]hjblfu mijzZ\e_gby jzZkibkzZgb_ "Xkljhgh¥nbd ~ZIqgl
ijbkmlkl\by g_ \ khklhygbb h[_ki_qblv gb Ij_[m_fu_ mjh\gb ajbl_evg
hilbfZevgh_ wg_jlhihlj_[e_gb_ kbkl_fu hk\_s_gby Djhf_ Ih]Jh Kklhl
| g~ gpbb ih\ur_gby kh klhjhgu kh\j_f gguo ihevah\zZl_ e ¢ |Ij_
i_jkhgzZebazpbb mkeh\bc hk\_s_gby b ]Jb[dhklb bo baf_g_gby HI
gkdhevdh gZzZijz\e_gbc ey jZa\blby kbkl_f mijz\e_gby hk\_s_gb_f
hk\_s gb_ kgb™ _gb_ wg _jlhihlj _[e_gby hjb_glZpby gZ ajbl_evgl
fzl _jbze_ ij_~eh _gh jzZkkfhlj_Iv fZrbggh_ h[mq_gb_ dzZd i_jki_dlIb'
ih~oh” \ kbkl_fZo mijzZz\e_gby hk\_s_gb_f IjhZgZebabjh\Zgu kms_kl'
mijZ\e _gby hk\_s gb_f b gZmqggu_ bkke_ _~h\Zgby \ wlhc h[eZklb ih bo
FZrbggh_ h[mg_gb_ hl[ez~Z_| jy~hf ~hklhbgklI\ b g_"hklzIdh\ i_j\
\g_"j_gb_ ~hklZlhggh keh gh_ gh ijb _]1h ~Zevg_cr_f bkihevah\.
agzZqbl_evgh mijhklblv gZkljhcdm b wdkiemzZlZpbx kbkl_f mijZ\e_gby
Dexg_\u_ kelH¥zbggh_  h[mg_gb_ zZ~AZilb\gh_ hk\_s gb_ kbkl_fu m
hfmqg_gb_ fh~_eb [bh*bgZfbg_kdh_ hk\_s_gb_ wg_jlhwnn_dlb\gh
dhfnhjl bkdmkkl\_ggh. hk\_s_gb_

>ey pblbjh\Zgblykeydh\Z K < 7jZ]lbgZ L < A_feygh\zZz ? B Dhjhl
F_jdmeh\Z | : EZmrdbgz : : Nbebiih\ B F H \hafh ghklyo ijbf_g_gl
h[mqg_gby \ kbkl_fZo mijZ\e_gby hk\_s|_ gmdvIZIGBggypuiZpbhggu_
| _ogheh]db K#8-63. DOI: 10.18413/2518-1092-2021-6-4-0-7
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Abstract

Lighting control systems have been developing and improving in the last 10-20 years. The smart
lighting market will only grow shortly. Traditional control algorithmsHhgdule, astronomical
schedule, motion and presence sensors) cannot provide either the required levelslof visua
comfort or the optimal energy consumption of the lighting system. In addition, itdsheuloted

that there is a tendency for modern users to increase the requiremegrgsstoralizing lighting
conditions and flexibility in changing them. There are several directions for develmpitigg

control systems: biodynamic lighting, reducing energy consumption, focusing on \dsufaktc

The article proposes to consider machine learning as a promising and new approachmn lighti
control systems. The existing lighting control systems and scientific reseatbfsiarea are
analyzed in terms of their orientation. Machine learning has several advantages and
disadvantages. Its initial implementation is quite complicated, butpossible to simplify the

setup and operation of lighting control systems significantly with its further use.

Keywords: machine learning; adaptive lighting; control systems; model training; personalization
energy efficiency; visual comfort; artificial lighting.

For citation: Roslyakova S.V., Bragina T.V., Zemlyanova E.l., Korotkova D.V.,
Merkulova J :, Laushkina A.A., Filippov I.M. On the possibilities of applying machine legrnin

in lighting control systems // Research result. Information technologdies < +
P. 48-63DOI: 10.18413/2518-1092-2021-6-4-0-7

<<?>?7GB?

Kh\j f ggh_ bkdmkklI\ _ggh_ hk\_s gb_ [hevr_ g_ h]jZghbfdgpb\Z |
\hafh ' ghklyfb 1Zdbfb dzd ijh*e_gb_ k\_Ih\h]h ~gy b m\_ebg_gb_ i
g eh\ _dz \ \_ g _jg__ b ghqggh_ \j_fy JZa\blb_ bgnhjfZpbhgguo
ijh_dlbjh\zZlv keh gu_ kbkl_fu mijZ\e_gby kihkhiguhf_ [jbonedxdin\Z |k
ki_dljzevgu_ izZjzf_lju k\_lh\uo ijb[hjh\ gZ hkgh\Zgbb [hevrh]h dF
NZgguo Jughd kbkl_f mijzZ\e_gby hk\_s gb_f jzkl_| g_kfiblpy\gZz
h[s_fbjh\hc wdhghfbd_ > @ WIh k\yaZgh k ihklhygguf m\_ebqg_gb _f
b m™» r \e_gb_f kbkl_f mijZ\e_gby hk\_s gb _f

K_cqZk \ kbkl_fZo mijzZ\e_gby hk\_s gb_f bkihevamxlkyg_gbkdhe
beb z~ZilZzpbb nhlhf_Ijbg_kdbo b ki_dljZevguo ozZjzdl_jbklibd k\_
\u”_eblv ke_"mxsb_ ih”oh”u d baf_g_gbx beb Z~ZilZpbb hk\_s gby

1. JZzkibkzgb_ 1_j_~ fhglZz hf kbkl_fu mijzZz\e_gby kha”zZ_hky jZ
beb k \hafh ' ghklvx "h[Z\e_gby baf_g_gbc \ ijhp_kk_ jZ[hlu hk\_Ibl_e

2. :kljhghfbqgq_kdh_  jZkibkZgb __ <dexq_gb_\udexq_gb_ b j_ ]n
ihlhdZ ijhbkoh”bl ih ]jZnbdm dhlhjuc k\yazZg kh \j_f_g_fhjzk&hilz
baf_g_gb_ k\_Ih\h]h ihlhdZ k\_Ibevgbdh\ ijhbkoh”bl Ilhevdh ~\Z jZaZz
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3. Mgzl _klI_kI\_ggh]h hk\_s gby < IZdbo kbkl_fZo ijbf_gyxlky
Aey lhlh qglh[u j_]Imebjh\Zlv beb \dexqZlv \udexqgZlv hk\_s_gb_ \ az\
k\_1z

4. >ZIlgbdb ~\b" _gby b ijbkmlkl\by Kbkl_fZ mijZ\e_gby hk\_s_

nbdkbjm _| i _j_f s gb_ beb ijbkmlklI\b _ ex™ _c¢ Z azl _f
\dexgZ_| \udexqgqZ_I| j_Jmebjm_1| hk\_s_gb_
5. Bg"b\b"mZevgh _ baf_g_gb_ hk\_s gby Lzd _ kms Kkl

bgrb\b"mzZevguo baf_g gbc hk\_s gby q_j_a ijh]jzffu th\Zjpkeh _
k\_Ih~"bh”~guo eZfi k bgl_]Jjbjh\Zggufb mkljhckI\Zfb mijZ\e _gby

Hkgh\gu_ ijhba\h”bl_eb k\_Ihl_ogbdb b mfguo ]z~ _Ih\ 3KLOL
> @ "zZ\gh azZgbfzxlky jZa\blb_f kbkl_f mijZ\e_gby k by \[d"miZev
"hfZrg_]h hk\_s gby < IZdbo kbkl_fZo mijZ\e_gb_ iheghklvx igbgz”
fh™ | baf_gylv mjh\_gv hk\_s gghklb b ki_dljZevguc khklZ\ hk\_ s gbhb

celhjblfu mijzZ\e_gby hk\_s_gb_f ij_I_ji_\Zxl agZqgbl_evgu_ b
baf gyxlky aZzZijhku hl ihevah\Zl _e ¢ WIh k\yazgh k |_f qlh kt
hdjm™ _ggu_ pbnjh\ufb ]z~ _1Zfb \u”\b]zZxI| ih\ur_ggu_ I|j_[h\Zgby d
i_jkhgZebazZpbb hk\_s gby Hrgh\j f ggh k wlbf bkke_ ~h\Zgby
f_ "bpbgu ~hdzZau\zxl glh [bh”bgzZfbgq_kdh_ hk\_s_gb_ [eZ]hI\
ikbohnbabheh]bg_kdhf khklhygbb q _eh\ dzZ > @

HibkZggu_ \ur_ ih”oh”~u d baf_g_gbx beb Z~ZilZpbbb\gk\ s
ijbf _gyxlky \ kbkl _fZo mijzZ\e _gby <Z gh hif_Iblv qlh ijb mNbebqg_
kbkl _f mijz\e_gby hk\_s gb_f > @ mkeh gy |ky ijh]jzffbjhkZdgb_ b
glh ijb\h~"bl d m~hjh Zgbx \k_c kbkl_fu hk\_s gby \ p_ehf KKl fu
bgl_Jjbjmxlky \ zZ\IhfZlbabjh\Zggu_ bg _g_jgu_ kbkl_fu a”Zgbtm$ ¢
ihklhyggh mkeh ' gylvky Bf _ggh ihwlhfm ij "ezZ]Z |ky jZkkfhlj_Iv
[Zdh]h f_Ih~"Z ZgZebaZ "Zgguo dZd fZrbggh_ h[mqg_gb_ “ey mijZ\e_

FZrbggh_ h[mqg_gb_ dzZd jZa”_e bkdmkkl\_ggh]h bgl_ee dlZz
ki_dljm az~Zq hkgh\ghc p_evx dhlhjuo y\ey_ |ky deZkkbnbkghpby b
ihdZzazl e _c ij_~f _lIghc h[eZklb > @ Bgl _ee_dimZevgu_ kbkl_fu hi
k_1f_glhf k fZrbgguf h[mqgq_gb_f >ey Ih]h qlh[u kha”~Zlv hilbfZevg
lZzdb_ kbkl_fu “he gu mqgblu\Zlv jZaghhihpXagugbnzdjhfuhql _gby khk
ihevah\zl _ey gZebqgb_ _kl_kI\_ggh]h hk\_s gby hkh[_gghklb ijhkl
wlbo nzdlhjh\ \ j Zevghf \J_f gb

Mgblu\Zy ]b[dhklv b Z\lIhfZlbabjh\Zgghklv fZrbggh]l]h h[mqg_gby
dhgdmj_gpbx SdeZkkbq_kdbf’ ihroh~Zf jZkibkZgb _ Zklj
"Mb _gby ijbkmlkl\by \ kbkl_fZo mijzZ\e_gby hk\_s_gb_f > @ Fh’
l[j_g~h\ \ kbkl_fZo mijzZz\e_gby hk\_s _gb_f [bh~"bgZfbg_kdh _
wg_jlhihlj _[e_gby hjb_glZpby gZ ajbl_evguc dhfnhjl b jZkij_~ e _gb

P_ev "Zgghc iZjakkfhlj Iv \hafh ghklb bkihevah\Zgby fZrbggh]
kbkl _fZo mijz\e_gby hk\_s _gb_f ih Ij_f JezZz\guf |j_g~zZf HkghWVhc =
ij_"reZ]lZ fuo ih"oh”h\ d mijZ\e_gbx hk\kmsgkl\fmxhgtZjyugd_ b ij "eZ
gZmqggufb bkke ~h\Zgbyfb >ZggZy jZ[hlZ ij_"~iheZ]Z_ | hij_fhéblv ¢
hfmg_gby \ kbkl _fZo hk\_s gby k \uyle gb_f 2~hklhbgkI\ b g_~lI
mijZ\e _gby

1. ;bh~bgZfbgq_kdh_ hk\_s gb_

L dmsb_ ij_~eh  _gby gZ jugd_ mfguo | _ogheh]bc ihdZau\Zx
ihevah\zZl e ¢ \ 1Zdbo Zki_dlZo dZd a”hjh\v_ wdheh]by ]b]k
ikboheh]bg_kdhfm khklhygbx b i _jkhgZebaZpby kbkl_f hkiv_sqggiby
bkdmkkI\_ggh_ hk\_s_gb_ \eby | gZ nbabheh]bq_Ilkdtgb b iilkkdwvale\b ¢
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lhwlihfm g_h[oh”~bfh jZajz[Zlu\ZIv 1Zdb_ k\_Ih\u_ kbkl_fu dhlhju_ k
[ZeZgk f_""m a”hjh\v_f ebgguf dhfnhjlhf ihevah\Zl_e_c¢c b
wdkiemZzZlZpbhggufb k\hcklI\Zfb hk\_Ibl_evghc mklZgh\db

?klv Ijb agzZqbl_evguo ij_bfms_kI\Z ijbf_g_gby "bgZfbqg_kdl
ihevah\Zl e c \bamzZevgh_ wfhpbhgZevgh_ b [bheh]bq_k\dth_
iha\hey | [he__ Ilhggh ih”*kljZb\Zlvky ih”~ fzkrlZ[ b keh ghklv " _I.
ihevah\zl _ey b h[t_dlZ \aZbfh”~ _ckl\by WfhpbhgZevgh_ ij_"ihe
ikboheh]bg_kdb_ hkh[_gghklb ihevah\zZl_ey h[_ki_gb\Zy gm\kl\h
i_jkhgZebazZpbb ;bheh]bg_kdh_ h”gh ba gZb[he_ _ bgl jd&xkzolky_
ithimeyjghc |_fu \ gZmqghf khh[s_kI\_ gZgbgdjdE*guo Jhrh\ > |
Bkke_ "~h\Zl _eb h[gZjm ' beb \ J]JeZaZo gh\uc Ftbinhhhdhm\kl\bllhjeaxgu
]Zglebhagu_ de_Idb k_IqZzdibtrinsic8l¥% * ghotosensitive retinal ganglion cell),
j_]mebjmxsb_pbde kgZ b [h*jklI\h\Zgby LZdbf h[jZahf k\_Zr\ellhy |
nbabqg_kdh]h b wfhpbhgZevgh]h khklhygby Z 1Zd _ gZ dh]gblb\¢
G _ijZ\bevgh_ hk\_s gb_ fh I \ua\lZlv m ihevah\Zl e _c¢c \bamZev
"bkdhfnhjl Z 1zd _ kgbablv ijhba\h”*bl_evghklv Ijm~zZ > @

Kh]l]ezZzkgh hlg_Im him[ebdh\Zgghfm =eh[Zevghc ZkkhpbZpb ¢ hl
hk\_s_gby ~hklb]eb [hevrbo mki_oh\ [eZ]h”"Z]jy memqr_gbx dZq_kl\z
bgl ee _dimZevguo kbkl_ f hk\_s gby > @ < ~hdezZ”_ kh” _jgbh\ky ij
wlbo | _ogheh]bg_kdbo ~hklb _gbc k\_Ih\Zy kj_"~Z ~he gZ w\hexpl
bklhggbdh\ klZlbggh]h hk\_s _gby ~h kbkl_f hk\_s_gby hjb_glbjh
h[ezklb ijh_dlbjh\Zgby hk\_s_gby rbjhdh ba\_klgz gh_#A gdhegpZ dgh
hjb_glbjh\Zggh]lh hk\_s_gbhyQWXPP QLJKWLQJ dhlhjZy qZzZklbqggh
aZijhku ihevah\zZl_e_c¢ k\_Ih\uo ijh®@ jzZgkd¢\gwc |Ibi kbkl_fu hk\_s_gb)
mqgblu\Zlv g_ lhevdh nZdlhju hdjm Zxs_c¢ kj_~u 1zZdb_ dzZd g _Kghc
ebggu_ nzdlhju 1Zdb_ dzd ih\_~ gb_ a”hjh\v_ b wfhpbb ihevah\ZlIl_
g _h[oh”bfu ~“hihegbl _evgu_ bkke_ "h\Zgby \ebyghyhjhXgghd&khkleklkdh
5HVHDUFK h'b”~Z Iky qglh d ]hAm fbjh\hc jughd wlhc |I_ogheh]l
"heeZjh\ > @

:NZilzpby ih” g_eh\_dzZ \ mkeh\byo fgh]hihevah\ZWwlavgdbighighk
"hihegbl _evgZzZy- hipgby*Z | hq_\brgu_ ih~""Zxsb_ky dhebqg_klI\ _gghc
Bkke_"h\Zgby ihdZaZeb qlh khljm~gbdb gZoh”ysb_ky \ wfhplbhgzZ
dhfnhjl_ fhlml wnn_dlb\g__ jZ[hlZIlv b ijhimkdZIlv gZ ijhp_glh\ f_g

>h gZklhys_]h \j_f_gb 04| jegddimZevguo ijh"mdlh\ g_ [ueh
i _jkhgZebabjh\Zgghc kj_~u hk\_s gby ihlhfm qglh gZ ~Zgghf wlZ
deZkkbnbdzZpbb g_h[oh”bfuo ~Zgguo Z |Zd _ ieZlnhjfZz 7~ew kbgl
rbjhdhfm djm]m ihevah\Zl _e ¢ H”*gZdh k ihy\le _gb_f fZrbggh]h hJ[
bgl _ee_dlZ klZeh jZajz[Zlu\ZIlvky \k_ [hevr_ jZaebgguo mkljhckl\ \¢
mkljhcklI\Z ~bgzZfbdb b kfZjlnhgu dhlhju_ fh gh bkihevah\Zlv ~ey [I
bgnhjfzpbb h khklhygbb ihevah\zZl_e_c¢c > @ Ihemqg_ggu_ "~Zggu
ihfhsvx Ze]hjblfh\ fZrbggh]h h[mqg_gby ”“ey hilbfbaZpbb b Z*ZilZpt
khhi\_Ikl\bb k Zdlb\ghklvx b wfhpbhgZevguf khklhygb f ihevah\zZl_e\

2. Kgb™ _gb_ wg_jlhihlj _[kljgbey b _d wg_jlhwnn_dlb\ghklb

Ilh hp_gdzf ki_pbZebklh\ gZ hk\_s _gb_-ljZIblkyujlzd@édm\Z_ fhc
we_dljhwg_jlbb _keb jzZkkfzljb\zZIv jzkij_~_ e _gb_ we_dljhwg_j]b
ijhkljzgkl\zZo H~rgbf ba |j_[h\Zgbc d kh\j_f_gguf kbkl_fzf hl
wg_jlhwnn_dlb\ghklv Wg_jlhwnn_dlb\ghklv aZ\bkbl \j f gbudkihe
ijb[hjh\ mjh\gx hk\_s _gghklb
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>ey wdhghfbb we _dljhwg_jlbb \Z°'gh __ p_e_khh[jZagh_ bki
g_h[oh”~bfhklb \ bkihevah\Zgbb [hevrh]h dhebqg_kI\Z bkdmkkMgyygh]l
AZgZklmx \ hnbkguo ijhkljZzgkl\Zo b "hfZo kha”Z |ky qgj_af_jgZy hk
[j _ [m_fu_ ghjfu hk\_s _gby Ihjhc ijhbkoh”bl IZd qlh hk\_s_gb_ nm
g | ex® c \ ihf_s _gbb Z wlh agZqgbl_evgh m\_ebgb\Z _ba@ZljMdhgafh
we_dljhwg_j]lbb gZ hk\_s_gbb a”~zZgbc b ihf_s _gbc kha\mggh h
klj fe_gbx d kgb _gbx wdheh]bg_kdh]h ke _~Z hl g_eh\_dhklI\Z F
mijhklblv b j_Zebah\Zlv wdhghfbx we_dljhwgheMrin]h \ dhkeng ki
hk\_Ibl_evguo ijb[hjh\ djmigZy k_|Iv gZjm gh]h hk\_s _gby \ JThjh™_ b
a"zZgb_ Mki_rgu-ijiwgdlph bkihevah\Zeb fZrbggh_ h[mqg_gby "ey
ijhljghabjh\Zgby \j_ f gguo jy”*h\ ihlj [e_gby wg”~¥Zddpu Ghhidhkrbdu Kkc
khklhygbb h[t_dlh\ kh[bjZebkv \ j_"bf_ j Zevgh]lh \j f gb k khFfhsvx
dhlhjzy [ueZ mklZgh\e gZ \ a”~Zgbb b bkihevah\ZezZkv 7ey h
j_ameviZlb\ghklb klZlbklbg_kdbo f _Ih~h\ b f_Ih~"h\ fZrbggh]h h[mqg_g

3. Ajbl_evguc dhfnhjl b kbkl_fu mijZ\e_gby gZ hkgh\_ yjdhklb

JZkij_~ _e_gb_ yjdhklb \ ihf_s_gbb \eby_ | gZ \b”Abfhklv hhtldlh\
Fghl]b_ bkke_"h\Zgby ihdZau\Zxl glh mijz\e_gb_ jZkij_~_ye gb.
agZgbl _evgh \eby | gZ \bamZevguc dhfnhjl q_eh\ _dZz

gZeba b deZkkbnbdzZpby djbl_jb_\ "ey hp_gdb \bamZevgh]h dt
we f glhf ey hij_~ e gby wnn_dlb\ghklb hk\_s gby \ ihf_s _gbyo N
jZajZ[hld_ Ze]lhjblfh\ mijZ\e_gby hk\_s_gb_f iha\hebl jZajZ[ZIu\ZIv |
kbkl_fu hk\_s_gby \ Ih "~_ \j_fy h[_ki_qb\Zxsb_ \ilhldizdaz| _dedbg hkh\ sg @
[11].

Ajbl_evguc dhfnhjl hij_~_ey_Iky \ _\jhi_ckdhf klzg~zZjl_ (1
khklhygb_ \bamZevgh]h [eZ]hihemgby \ualZggh_ \bamZevghc kj_*"
aZ\bkbl hl ke _"mxsbo ihdZaZl_e_c¢c nbabheh]by qg_eh\_q gkduh ]
hibkul\Zxsb_ dhebqg_kI\h k\_IZ b _]h jzZkij_"~_e_gb_ \ ijhklgZghl)\_
bklhggbdzZ k\_1Z Qlh[u ihemqgblv ij_"klZ\e_gb_ h Ihf dZdbf h[jZa
hk\_s_gby \ebyxl gZ Zki_dl \bamZevgh]h dhfnhjlZz qgzZklh blkighgam>
hp_gdhc ]J*»_ hp_gb\zZxl jZ\ghf_jghklv [ebdb dhebqg_kl\h k\_1Z b p\

LZdbf h[jZzahf "ey jZajZ[hldb zZ~Zilb\guo kbkl_f mijzZ\e_gby hl
jZ[h1Zlv k [hevrbf h[t_fhf "Zgguo mqblu\Zlv bg*b\b"mZevguc ih”oh
ihevah\zZl_ex b h[ez”~ZIv hij_~_e _gghc ]b[dhklvx "ey bkijZ\e_gby
fbjZz Bf_ggh "ey bkiheg_gby "Zgguo azZ~Zq \g_"jy_Ilky fZrbggh_ h[m

F:L?JB:EU B F?LH>U BKKE?>H<:GBY

Ih ZgZebam kms_kl\mxsbo |j_[h\Zgbc ihevah\Zl _e ¢ ykgh
mijZ\e _gby hk\_s _gb_f agZgbl_evgh jZkrbjy Iky FZrbggh_ hl[lmqg_gk
jZagu_ Zki_dlu mijzZ\e _gby hk\_s gby gZijbf_j khg IZlvgbyh~gl
hk\_s gby z~Zilzpbx ih ikboheh]bq_kdbf izjzf_ljzf ihevah\Zl_e
hilghkbl _evgh _kl_kI\_ggh]h hk\_s gby Kbkl _fZ mijZ\e_gby hk\_s_
jZ[hlzZlv k jZagufb ~Zggufb h~gh\j_f ggh k ~Zggufb ikbahek]bqg.
NZggufb hl ~Zlgbdh\ hk\_s _gghklb k bah[jZz _gbyfb \b~_hdzZf_
[bheh]bg_kdbfb ~Zggufb-ljk dnbhy_khevah\zZl_e_c¢c Gb _ jzZkkfhlj_gu
ijbgpbiu jZ[hlu kbkl_f mijZ\e_gby hk\_s_gby \ aZ\bkbfhklkbkll_fhjb_
mijZ\e _gby hk\_s gby
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1. ;bh~bgzZfbq_kdh_ hk\_s _gb_

;ueh ijh\_"~ _gh g_kdhevdh bkke_"h\Zgbc \ h[eZklb jzZajzZ[hldb L
mijZ\e _gby hk\_s gb_f dhlhju_ hij_~ _eyx|l \b™ " _yl evghklpZIb\Z©kIh
j_"bfu hk\_s_gby khhiI\_IkI\_ggh ihlj_[ghklyf ihevah\Zl_ey ;|
khkj_~hlhgbeb k\h_ \gbfZgb_ gZ kbkl_fZo mijzZ\e_gby hk\ nsjhgbg¥ d
hk\_s_gghklb \ azZz\bkbfhklb hl \b”"Z aZgylbc b \azZzbfh”lhikldby_ gbh[ft_
g_eh\ _dz \ ijhkljzgkl\_ > @ D ~Zgghfm qbkem jZ[hl hlghkb
hk\_s_gghklvx dhlhjzZzy h[t_"bgbeZ | _ogheh]bx h[s_]h hk\_s_gb
| ogheh]b_c jZzkihagz\Zgby f_klhiheh  _gby ihevah\Zdue mihfylykijdgk
bkke "h\Zgby ij_~eh beb kihkh[u dhlhju_  zZ\IhfZlbg_kdb mijz\
h[ _ki_qgb\zxl jzZ\ghf_jguc mjh\ _gv hk\_s gghklb gZ hkghdah ’bgogthgfZz
ex” ¢ \ ijhkljzgkl\_ Ih*h[gu_ kbkl_fu mijZ\e_gby hk\_s gb_f fhlm
\bamZevguc dhfnhijl gh bg”b\b"mZevgh_ mijzZ\e_gb_ hk\_s gb -
j_Zebah\Zgh

G \hafh ghklv bkihevah\Zgby i_jkhgZebaZpbb azZdexqZ_ Ilky \
khklhygbb dZ ~h]h ihevah\Zl _ey \ fgh]lhihevah\Zl _evkiektzZd nijhflul j Zek I\
bgl _ee_dlmZevgh]h mijz\e _gby hk\_s gb_f gZ hkgh\_ /LIHORJ >
dhgljhee j ey hk\_s _gby dhlhjuc fh™ | j_ Jmebjh\ZIlv izZjzZf _lju mijZz
h[mg_gby k ih~dj_ie_gb_f ~Zgguo dZkZxsboky wfhpbhgZevigh]h
bgnhjfzZpbb h[ hdjm Zxs_c Kkj_"_ dhebq_kI\Z \azbfh”_ckl\bc Kk
hk\_s_gghklb b p\_lh\hc |_fi_jZImju

Qlh[u j_Zebah\Zlv ieZlnhjfm ”~ey mijZ\e_gby i_jkhgZebabjh\z
hkgh\_ /LIHORJ bkihevah\Zebkv | _ogheh]bb fZrbggh]h h[mq_gby
ij_"klz\eyxl kh[hc f_Ih® ihemq_gby h[jZlghc k\yab jbkmghd
kms_ klI\mxI| \ jZaguo nhjfzZlZo klzZg”*Zjlbabjmxlky b ij_h[jZamxlky \
fZrbggh]h h[mg_gby GZ wlZi_ ZgZebaZ ba “Zgguo \u[bjzxlky |I_ dt
khklhygbx ihevah\zZl ey b hdjm Zxs_c¢c Kkj_"u AZlI f bgnhjfZphb
kjz\gb\Z _|ky b ZgZebabjm_Iky qglh[u \uy\blv ih\_~ gq_kdb_ bly*beb
fhr _eb bkihevah\Zgby k\ _Ih\uo ijb[hjh\ >Ze  mklzZgzZ\eb\Zxlky rZ]
baf_g_gb_ p\_Ih\hc I _fi_jZImju hk\_s_gghklb \dex¢hgdbdhek\hlde
lhke_ \g_"j_gby gh\h]lh j_"bfzZ kh[bjzZxlky |j_Zdpdbdijbievahj\Zdyeb c
j_dhf_g"m_fhc kj_~u hk\_s _gby baf_g_gby hk\_s gghklb beb p\_IF
h[jZlghc klyab bamqZxlky k ihfhsvx fZrbggh]h h[mqg_gby Z ihke_ hl
fh~_eb ~ey hilbfbazZpbb b z~ZilZpbb ih” q_eh\_dzZ Wjhjuljdtp_gkh[h\I
ih\ukblv dzZqgklxkVh fu
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Jbk Ijhp_kk mijZ\e _gby bgl _ee_dimZevguf hk\_s gb_f b dhgnb]mjZpby
Lifelog [14]
Fig. 1. Smart lighting control process and platform configuration based on Lifelog [14]

Kms_kl\mx|l agZgbl_evgu_ ijh[_eu \ hilbfZevghf bgl_]jbjh\Zgbb
Z"Zilb\gu_ kbkl _fu ih~kljZzb\Zxsb_ky ih” ikbohwfhpbhgZevgh_ khk
NZgghf wlzi_ kbkl _fu g_ h[ez”zZx| ~hklZlhggufb ~Zggufb qglh[u ]l
h brzZ fhec ~_yl _evghklb ihevah\Zl ey b _]Jh ikbohwfhpbhgZevghf
nhlhf_ljbq_kdbo ozjzdl_jbklbd \ zZ~Zilb\guo kbkl_fZo b kihkh[h\
khklhygbb ihevah\zZl e ¢ ihk\ys g jy”™ jZ[hl bkke_"~h\Zl _evkdhc ]jm
1, @ < gZmgghf ijh_dl_ [ueh j_Zebah\Zgh baf_g_gb_ p\_lh\hc
hk\_s_gghklb jZ[hg_]h ijhkljzgkI\Z \ I|_q_gb_ ~gy >ey memqr_gby h
b dzZg_kI\Z jzZ[hlu khljm~gbdh\ \ fghlhihevah\Zl_evkdbo ijhkljzgl
ihklhygguc g _bg\Zab\guc k[h]j "Zggue dedhkXbnh)\guceiyhqg jd Lzd _
hijhkh\ h ikbohwfhpbhgZevghf khklhygbb [ueb kh[jZgu |Zdb_ "~Zgg
ihg _jdZ b Zm~"bh”~Zggu_ WIlb ~Zggu_ klZgml \Z guf “hiheglfd f ij
jZ[hlu [m"ms_c kbkl_fu bgl _ee_dimzZevgh]h hk\_s gby

< [m"ms_f ih*h[gu_ | _ogheh]bb [m~ml kihkh[kI\h\ZIv h[mqg_gb
khklz\e _gbx ijhnbey ihevah\zZl_ey [_a _]h g_ihkj_7~klI\_ggh]h \azl
Bkihevah\Zgb_ | _ogbdb fZrbggh]h h[mqg_gby iha\hebl jZ[hdgdwo kh [he

aZzZqZo Zdlb\ghklb b ikbohwfhpbhgZevghf khklhygbb q_eh\_dZz
hilbfZevgmx k\ _ITh\mx kj_~m ~ey dZ ~h]h ihevah\zZl _ey \ fgh]hihevah!

2. Kgb _gb_ wg _j]lhihlj_[e_gby

< kh\j_f gguo mkeh\byo aZ[hlu h[ wdheh]bb \k_ [hevr_ ij_"ijl
klzjzxlky m”~_eylv \gbfzgb_ wg_jlhk[_j_" _gbx b wdheh]bqghklb
mklhcgb\h]h jZa\blby

Kgb  _gby wg _jlhihlj_[e_gby hk\_s _gby b ih\ur_gb_ wg_jlhwnn_
fh™ | jZza\b\Zlvky \ "\mo gZijZ\e_gbyo |1_jwlh @ZifjZzd2 lgbfb& hk\ _Ibl_
ijb[hjh\ kf_gZ ezZfi gZzdZeb\Zgby gZ wg_jlhk[_j_]Zxsb k\béb*"hbddms _
bklhggbdb k\_1Z M k\_Ih~bh~guo bklhggbdh\ k\_1Z _klv jy~ ij_bfn
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bklhqgbdzfb hk\_s_gby 2zZ\Wkhdghn kAlhihhi*ZqZ gbadh_ wg_jlhihlj_]
kjhd kem ' [u b "jm]b_ ij_b#ms_kI\Z >

<lhjh_ gZzZijzZ\e_@bh #bf g gb_ zZ"Zilb\guo kbkl_f hk\_s gby
iulzxlky j_Zebah\u\zlv zZ~Zilb\gu_ kbkl_fu dhlhju_ [m"ml g_ lhevi
we dljhwg_j]l]bb azZ kg_I| hij_~ e _gby ijbkmlkl\by ex”® ¢ Z |zZzd _
j_"bfhf hk\_s _gby k mqg_Ihf \ha”_ckl\by gZ gZkljh_gb_ KkEfhplgdhKI\t
dhfizgbc MklzZgh\dZ kbkl_fu mijZz\e_gby hk\_s_gb_f \ujhbggulo lijgHb
aj_gby wdhghfbb wg_jlhj_kmjkh\ b khdjZs _gby azljZl gZxwe_d
bkke "h\zZl e ¢ zZ"Zilb\gu_ kbkl _fu hk\_s gby fhlml m\_ebqgblv
agzZqbl_evgh fh | ihfhgv hj]ZgbaZpbyf klj _fysbfky d wdh
wg_jlhwnn_dlb\ghklb azZ[hlblvky g_Ihevdh h[ wdheh]bgghlgllbdhdh b

[6].

Bkke_"h\zZl_eb KzfzZjkdh]h ]Jhkm~ZjkI\_ggh]lh |_ogbqg_kdh]h mgl
\hijhk h ih\ur_gb_ wg_jlhwnn_dIb\ghklb b wdhghfbb wg_jlHy_kmj
jZkkfZljb\Zeb wg_jlhk[_j_"_gb_ hk\_Ibl_evguo ijb[hjh\ \gmlj_gg_1h
]Jhjh~"kdbo we_dljbg_kdbo k_I_c :\lhju bkke_"h\Zgby > @ ihe
wdhghfbqg_kdbc j_amevlZl ijb ijbf_g_gbb kbkl_fu hk\hsihg'\By j ¢hZrejZ
mjh\_gv hk\_s_gby j_]mebjmy kbem k\_1Z k ihfhsvx Z\lhfzZlbq_kd]|
hk\_s_gghklb b ~Zlgbdz ~\b _gby \ kbkl_f_ h[s_~Wwfh\hghehevah\Zg
d\ZjlbjZo khklZ\beh ~h Z kZfuc f_gvrbc wnn_dl [ue ihemqgq_g
hk\_s_gb_fwlh - < kbkl_f_ mijzZ\e_gby |Zdhc kbkl_fhc bkihevat
"Mb'_gby b ~Zlgbdb hk\_s_gghklb 1jbf_g_gb_ 1Zdbo kbkl_f \kdbh "gh q
wdhghfbg_kdb gh b ih\urz_I| dhfnhjl ijb wdkiemZlZpbhdimiZsfhgle
lZdbo kbkl_f khklz\ey_1 *~h e_| Ijb jhkl_ p_g gZ we_dljhwg_]j
bg\_klbpbc [m ml ihkl_ i _ggh kgb Zlvky > @

G_ 1zd ~z\gh bkdmkklI\_ggZy g_cjhggZy k_Ilv- $UWDbI £ Etdg@ hQ F
h[mqg_gb_ klZeb bkihedadq\KIVky §gkljmf_glh\ ih wdhghfbb wg_j]lbb \ a
hilbfZevgh]lh mijz\e_gby wg_jlhihlj_[e_gb_f mfguo ~hfh\ |_fi_jZIm
kijhJghabjh\ZgzZz k bkihevah\Zgb f | ogheh]bb $11 b [ueh \uiheg
kgb™ _gby wg_jlhihlj_[e_gby dhg”bpbhg_jh\ ijb ih””_j "Zgbb dhf

ij_"~ihgblZz _fhc “bevpZfb ~hfz > @ >ey ih’\]hlh\d_b fhr_eb if
h[mg_gby dhlhjmx \ k\hx hq_j _"v fh gh bkihevah\Zlv “7ey ij
we_dljhwg _jlbb fh _|I hibjZlvky gZ ~\Z nZzZdlhjZ ijhlghaZ ih]lh”gl

ihlj_[e_gby we_dljhwg_j]bb \ jZagu_ k_ahgu ]h*Z "gb g_"_eb > @

Bkke ~h\Zl _eb ba FZeZcabb \ k\h_c klZlv_ ij_"eZ]Zxl bgl_e:
kbkl_fhc hk\_s_gby k bkihevah\Zgb_f bkdmkklI\_gghc @_chbgghlzak plt
aZl _fg_gby mjh\g _c k\ _Ibevgbdh\ jZkkfZljb\Z |ky dZd ]eZ\gZy /hdng
" hgb mqgblu\Zeb b ihe_ aj_gby ~ZlgbdZ hk\_s_gghklb 1j_"ez]lzZ_
ijhl_klbjh\Zg gZ [Za_ bgklblmlzZ \ FZeZcabb |Ih j _amevlzZIZf igZeeh"
hlebqgu_ j_ameviZlu Mjh\gb azl _fg_gby khhlI\_IklI\mxl|l _\jhil.ckdhf
Djhf_ Ihlh hg fh™ _I kwdhghfblv ~h wg jl]bb > @

3. Ajbl _evguc dhfnhjl b kbkl_fu mijZ\e_gby gZ hkgh\_ yjdhklb

Ajbl_evgh_ \hkijbylb_ g_eh\_dZ y\ey Iky keh guf f_ozZgbafhf k
g_ebg_cguo ijhp_kkh\ Khanz\zy fzZI_fZlbg_kdb_ fh®_ebhemZ\gbbby
ajbl_evgh]lh dhfnhjlz fu klZedb\zZ_fky k km[t_dlIb\ghklvx djbl_jb_\ >
bklhggbdh\ ihke_"~gbo e_| ihdZau\Z_| qlh ~ey j_r_gby ih*hJlguo a
fylJdb_ \ugbke _gby VRIW FRPSXWLQJ \dexqgZxsb_ \ k_ [y | _ogl
g _q_ldhc eh]bdb g_cjhgguo k_ | ¢ b ] g Ibg_kdbo Ze]lhjblfh\
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Fyl]db_ \ugqbke_gby \ hlebgbb hl “zkldbo \ugbke gbc gZijd\e
g_lhgghklyf j_Zevgh]h fbjZ b ey hibkZgby “Zgghc kbkl_fu g_ Ij_[m
> @ ?keb kjzZ\gb\Zlv fy]Jdb_ \ugbke gby k IjZ"bpbhgguf bikkimk&xl\ _
6RIW &RPSXWLQJ hjb_glbjm_Iky gZ h[jZ[hldm g_lhgghc g_hij_"~
bgnhjfZpbb b [Zabjm_|ky gZ ZgZeh]l]byo ba j_Zevgh]h fbfjza _ebhmj|fy
jZkkm™ "~ _gby gZ hkgh\_ eh]bg_kdh]h \u\h*zZ ~ ~“mdpby bg~"mdpby
ZgZeh]bb b | ~

< gZklhys__ \j _fy jzajz[Zlu\Z _lky fgh  _kI\h i_j_~h\uo kbkl_f mi
hkgh\Zgguo gZ jZaebqguo iZjZf_ljZo o0ZjZdl_jbamxsbo ajbl_evguc
iZjzf_ljh\ y\ey_ |ky yjdhklv Kh\j_f_ggu_ kbkl_fu mijZ\e_gby Zhk\_s
b& j_gbb beb ZgZeba_ jzZkij_~_e_gby yjdhklb \ ijhkljzZpklkbklijfekl
ZgZebaz baf_j _gbc yjdhklb ih ~Zgguf kgyluf k bagud dgbcjhaznl
dZqg_kI\_\oh”gh]h kb]JgZeZ ~ey dhgljhee jZ

ljb jZzajz[hld_ dhgljhee_jh\ ijhba\bxXikly gtz Ijb ijbgpbiz

Ajbl _evguc dhfnhjl
<bamZevguc dhfnhjl ihevah\Zl_e_c y\ey_Ilky hkgh\ghc az”~Zq_
bkdmkklI\_gguf hk\_s _gb_f >bffbjh\Zgb_ b j_]mebjh\dZ yjdh
iZjZf_ljh\ ~"he gu ijh\h”"blvky hlghkbl _evgh ihlj_[ghklb ihevah
Bkihevah\zgb_ kIl _kI\_ggh]h hk\_s gby
Hkgh\ghc \dez~ \ mjh\_gv hk\_s_gghklb \ghkbl _kI_kI\_
bkdmkkI\_ggh_ hk\_s gb_y\ey Iky ebrv "hiheg_gb_f
3.=b[dhklv b gZ~_"ghklv
Kbkl_fZ mijz\e_gby mMHe&\gkvky ijhklhc b ]b[dhc glhJu k“
fzdkbfzevgh “hkimighc ey \g_"j_gby \ hnbkgu_ b "beu_ ihf_:
nmgdpbhgbjh\zZIv \ khhI\ _|kl\bb k az~Zgguf Z\Ilhghfguf Ze]hjbl
jZajzZ[hldb b \g_”"j_gby “Zgguo kbkkbkfhreviZme IghyfZrbggh_ h[m

Hrgbf ba ijbf_jh\ kbkl _fu mijzZ\e_gby hk\_s gb_f hkgh\Zgghc g
bkke "h\Zgb_:eb Fhlzf_~Z EhjEqb KdZjl@adbgb > @

| _j\uc |_klh\hc Ze]lhjblf kbkl_fu jbk S5HIHUHQFH g& R QWh\R © (
yjdhklb gz jzZ[hg_c ih\_joghklb k ihfhsvx mklZgh\e_gguo dZf_j
hij_~ ey | mjh\ _gv yjdhklb b kjzZ\gb\Z | _]1]h k mdzZazZgguf kKZg"Z]
\bamZevgh]h dhfnhjlz \ ~Zgghf ihf_s _gbb >Ze  Zalhjbdffhph)Zgdy
hk\_Ibl_evguo ijb[hjh\

<lhjhc I_klh\uc Ze]hjblf kbkl_fu jbk $GYDQFHG &RQWUF
\ugbke _gby g _q _ldmx eh]bdm >Zgguc Ze]lhjblf ihkljh_gguc gZ f_|I
gZijZ\e_g 9gZ mkljzg_gb_ \_jhydgh&bllhihy\le ~gg \gh]h k\_1Z 'D\OL
SUREDELOLW\ '*3 Z 1Zd"_ gZ memqgr_gb_ wg_jlhwnn_dlb\ghklb k
glh ihlj_[ghklv \ we_dljhwg _j]lbb \lhjhc kbkl_fu gZ gb™_ i_j\hc
mijZ\e_gby hkgh\Zgghc egpdbgd g itddicrgh ij_"hl\jZsZ | “bkdhfnhjlgu
hl [ebdh\ ij_~hl\jZsZy \_jhylghklv bo ihy\e_gby
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Jbk ;eh&o fu dhgljhee jh\ bkihevam_ fuo \ I _klbjh\Zgbb kljzIl_]b
Fig. 2. The block diagram of the best-practice controller used asreéestrategy and the block diagram
of the advanced controller used as test strategy [10]

J_amevlZlu ijZdlbg_kdhc jZ[hlu "Zggh]h bkke_~h\Zgby gZ]ey”~gl
bkihevah\zZgby fZrbggh]h h[mqg_gby \ jZajzZ[hld_ kbkl_f misf\¥eb gby h

J?AMEVL:LU BKKE?>H<:GBY B BO H;KM@>?GB?

< oh”_ ijh\_"~ ggh]h bkke_ ~h\Zgby [ueh mklZgh\e_gh qlh i
hfmqg_gby \ kbkl _fZo mijz\e_gbyo \hafh 'gh b jZaghh[jZagh M _ k_
j_Zebamxl ihl_gpbzZe fZrbggh]lhhki[mgggby KMkgh\gZy hkh[_gghklv
h[mqg_gby azZdexqgZ_Ilky \ |Ihf qglh wlhc |_ogheh]bb ijbkmsb g_
bkihevah\Zgbb \ kbkl fZo hk\_s gby gh b kms_klI\m_1| jy”~ ijh[e_f
dzqg_klI\h kbkl_f mijz\e_gby hk\_shgbkhibfhkhhuk<hafh gu_ ijh[e._
bkihevah\Zgby fZrbggh]h h[mqg_gby ~ey kbkl_f mijZ\e _gby hk\_s gb_

x Keh ghklv \uy\le _gb_ dexqg_\uo nzZdlhjh\ dhlhju_ \ebyxl g
hk\_s gby

X G_h[oh”bf k[hj b nhjfbjh\Zgb_ dZqg_kI\_gguo gZ[hjh\gyVvZggu
ijh~he bl _evgh_\j_ fy

x Keh' ghklv Ze]hjblfZz b hilbfbazpby fh”_eb ijb [hevrhf dhe
Gzijbf_j _keb gm gh mgblu\Zlv ikbohwfhpbhgZevgu_ iZjZfgHju q.
hk\_s gb_

LZd dZd "Zggu_ k dhlhjufb jZ[hlZ _| kbk'dfaZZ bikBlehlgdx " Ad & b k
p_ehf ~"Ze__ hibkZgu hkh[_gghklb ~hklhbgkl\Z b g_"hklZldb ih |
mijZ\e _gby hk\_s gb _f
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1. ;bh~bgzZfbq_kdh_ hk\_s _gb_

G _khfg_gguf iexkhf y\ey Iky |Ih qglh fZrbggh_ h[mqg_gb_ b]jZz
ih\ur_gbb Ihgghklb j_dhf_g”*Zpbc ih hk\_s_gbx adgkgbVy 2dgegbaZz
ikbohwfhpbhgzZevghf khklhygbb ihevah\Zl e ¢ b h[jZlghc k\yal H"
jZ[hlu zZ~Zilb\gu_ kbkl_fu hk\_s_gby "~he'gu [ulv khkj_"~hlhqg_g
dhgdj_Igh]lh iphip fkkh*Z fZrbggh]h h[mq_gby 7~ey h[_ki_q_gby i_jk
kj_~u b khanrZgby j _dhf_g~Zpbc ey baf_g_gby j_"bfZ hk\_s _gby > ¢

G _khfg_ggh gm ' gZ h[t_fgZy kbkl_fzZ ~ey k[hjZ o0jZg_gbyghbwyijz\
"Zgguo wfhpbhgZevgh]lh kikkibeyghyZdgd b h[eZqggh]lh ijhkljZgkl\Z
fZrbggh]l]h h[mqg_gby glh[u h[_ki_qgblv hilbfZevgmx kf_gm jh\Vbfh\
\k_klhjhgg ]h ZgZebaz wfhpbhgZevgh]h khklhygby Zdlb\ghklb
ij_ "ihez]Z |ky ihemqgzZlv h]jhfguc wyAdyksbZggukeh ghc bgnhjfZpb_
h[jZ[hldb

>hklhbgkl\hf lZdbo kbkl _f yley Iky nmg~Zf_glZevguc 0.
bgl _ee_dimZevgh]h hk\_s_gby lj_"itheZ]Z_lky glh  fh'gh bgl
bgl ee_dilmZevguo Ze]hjblfh\ \ _~bgmx ohjhrkljmrighmddbjhikjgdmit
j_ZebaZpbb gZ bgl_]jbjh\Zgghf fbdjhdhgljhee_j_ > @ Djhf_ Ih]h b
\ kbkl_fu hk\_s _gby bf__| h]jhfguc ihl_gpbZe \ g_ij_judgi\fgdfib ki _
"Zggufb h khklhygbb q_eh\_dzZ qlh ]Jh\hjbl h f_""bkpbiebgZjghc h[e:

LZzd _ \Z gh hilf_gblv qglh ijb \azZbfh”_ckl\bb kbkl_fu mijz\e
f_~"bpbgkdbfb ihjlZIb\gufb mkljhckI\Z ke_"m_I m”~_eylv \gbd¥gbo k!
NZgguo Ijh]ljzffgh_ h[_ki_g_gb_ b kbkl_fu i_j_ QaZ@lsZN¥gigybkbhgZe oo
NZggu_  Z ihjlzib\gu_ f_~bpbgkdb_ mkljhckl\Z “he gu [ulv aZsbs_
\hafh 'guo k[h_\ < kemqgZ_ ijh[e_f k [_ahizZzkghklvx ex[hc qZklb
hk\_s_gby \hafh 'gu g_]ZIb\gu_ djzZldh\j_f_ggu_ iwkehéka\\yI| ey cat
ml_qdZ bgnhjfZpbb

2. Kgb  _gb_ wg _jlhihlj_[e_gby

D iexkzf wg_jlhk[_j_" _gby bgl ee_dimZevguo kbkl_f hk\_s_
Abffbjh\Zgb_ hk\_s_gby ihkj_"kI\hf "Zlgbdh\ hk\_s_gghklb b ~Zlgbd
wdhghfblv we dljhwyg kiégbxzf \ez” _evp_\ dhfiZzgbc dhlhju_ m"_ kfh
kbkl_fu bgl_ee_dlmzZevgh]h hk\_s_gby m k_[y  \hkdmbilzg d b kiljh kjhDdlolRA 2
Ahiylb e | > @

Fbgmkzfb kbkl_f hk\_s _gby j_Zebah\Zgguo k ijbf_g_gb_f |_
hfmqg_gby vy\ley Iky Ih qglh kms_klI\_ggh]h kgb  _gby wg_jlhihlj_[e ¢
ijb fZkkh\hf \g_"j _gbb IZdbo kbkl_f gZ ijhba\h”kI\_ \ hnbkgud ijhkl
I~ > @ ;ueh hlf_q_gh qglh ijb baf_ggb\hklb ih]h*guo mkéhblc *Z
jZ[hlZlv g_dhjj_ ihiglhyggh baf_gylv hk\_s_gghklv \ ihf_s_gbb qlh
jZ[hlgbdh\ > @

K h~rghc klhjhgu _keb jZkkfzZljb\ZIlv kbkl_fu mijzZ\e _gby hk\_:
wg_jlhihlj_[e_gby \ J]hjh~rkdhf hk\_s_gbb Ih "eyZdHaokn _eapghffh ]k[hj{
ihlj _[m_Iky g_f g__ JhrzZ LzZd dzd |lj_[h\Zgby d ihdZazl_eyf ex]l
nmgdpbhgZevgh_ beb \ iZjdh\uo ahgZo aZ\bkyl hl ih]J]h~guo b
g_khfg _gguc g_~hklzlhd kbkl_f mijzZ\e_gby k fXrbjggihfc h'[m dl lyjd gfu
"hklhbgkl\hf y\ey |ky Ih qglh _~bghjZah\h jZajzZ[hlZgguc madhki_p
]hjhrkdh]h hk\_s _gby fh gh \ i_jki_dIb\_ bkihevah\ZIlv "ey | _o "_ azZ
ijhkljzgkl\zZo
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3. Ajbl_evguc dhfnhjl b kbkl_fugbngiZhekgh\_ yjdhkib

Ajbl_evguc dhfnhjl ihevah\zZl_ey nhjfbjm_I|ky bkoh”~y ba jZaghh
\g_rg_c kj_"u 1Zd b km[t_dlb\guo hp_ghd b \hkijbylby ijhkZjZgkl
h[ezZklv bkke_"h\Zgbc Ij_[m_I \g_"j_gby ~hkbafith\g§arikgedhdluoh [Aeqhpt
ihkdhevdm 7~ey gZkljhcdb kbkl_fu zZ~Zilb\gh]l]h hk\_s _gby “he gu
jZaghh[jZaguo nhjfZlZo b jZagh]lh ijhbkoh » _gby >ey I|Zdh]h jh
fZrbggh_ h[mqg_gb_ k ih~dj_ie_gb_f g_ [m”_| wnjn ~"didbAgudfv-ehXdihe v
ijZ\bevguc j_amevlZl b az”Zlv wlZehggu_ agZq_gby \ Ze]hjblf_
Hkgh\gZy ijbgbgZz g _\hafh ' ghklb bkihevah\Zgby h[maexgzy Ikyihrdhfi
glh dhg_qguf j_amevlZlhf \ "Zgghf kemaqldu dAgeyklkyggB]Bf hk\ s
ih*oh”ysb_ dhgdj_lghfm ihevah\Zl_ex dhlhju_ aZzZjZg__ g_ba\_Kklg
wnn_dlb\ghklv ihdZau\Zxl keh gu_ Ze]lhjblfu fZrbggh]h h[mq_gby
]lem[hdh]h h[mqg_gby dhlhju_ fh]lml kijh}gabjz\Zfv ljgu Hlk\h s gby
hkgh\_ ihemg_gguo ~Zgguo K bkihevah\Zgb_ f wlh]h bgkljmf_glZ
ihdzazl_e_c dzZq_klI\Z hk\_s_gby hjb_glbjh\Zgguo gZ kmgudlb\g
ihevah\zl_e_c¢ Djhf_ Ih]lh Ze]lhjblfu ]Jem[hlkelyphl tkhhdg gloly iilkgzf |
hk\_s _gby b yjdhklib \h \g_rg_c kj_~_ b Z~Zilbjh\Zlv ijh]jgha k mq_Ih

lj_bfms_kI\Z ~Zggh]lh ihwidhhAEath ghklv mqg_I1Z nzZdlhjZz km[t_dlk
ijb ijhlghabjh\zZgbb izZzjzf _Ijh\ hk\_s _gby b "hklZlhggZy wnn_dlb\ghk
nZggufb \ nhjfzl_ bah[jZ  _gbc b \bA h L _f g_f g = kmsdlkl\lmxl
ijh[e_fu ijb bkihevah\Zgbb |Zdh]Jh ih?*oh”"Z < wlphmg HM@hj*bhkiv
\ukhdhl_ogheh]bgghf h[hjm~"h\Zgbb “ey hkmsgXhevghfy h\lugbk & Zglya c
Djhf_ Ihl]h kms_klI\mxI| jbkdb g_dZqg_kI\_ggh]lh \u[hjZ jZajzZ[Bddb b
ke "klI\b_ ihemq_gby g lhgguo ijh]jghah\

Bkihevah\Zgb_ Zelhjblfh\ Jem[hdh]h h[mqg_gby \ h[eZklb ajbl_e
"hklZlhqguftbfms klI\Zfb b ijb mq_|_ fbgbfbaZpbb i_j gbke _gguo |k
mki_rgh \g_"j_gh \ kh\j_f ggu_ zZ~Zilb\gu_ kbkl_fu hk\_s gby

A:DEXQ?GB?

< oh"  ZgZebaZz kms_kl\mxsbo bkke_"h\Zgbc gZijZ\e_g
bgl ee _dilmZevguo kbkl _f hk\_ s dBybgogh]ihkdgfiitmg gby [ueh mKklZ
ke _"mxs_ _

1. Kms_klI\m _| ihlj_[ghklv \ j ZebaZpbb Ze]lhjblfZz gZ hkgh\_fm:
ihal\heyxsbo Z~Zilbjh\Zlv hk\_s _gb_ ih” ikbohwfhpbhgZevgh_ khklhy

2. G_h[oh”bfh khq_lZgb_ fhgblhjbgdyhlb\_mijgbef gtey dhjj_dlbjt
nhlihf _Ijbg_kdbo oZjzdl_jbklbd ijb "bgzZfbqg_kdhf baf_g_gbbnN&jzf_Ijh

3. >hklbgv fbgbfZevgh]h \f_rzZl _evkl\Z ihevah\Zl_ey ”"ey ih~™_
jZ[hlu kbkl_fu

Bkihevamy ij _bfms_ kI\Z [hevrbo ¢dhdguorbqgfZgiby fh gh hilbfbab
b h[mgblv kbkl_fm mijzZz\e_gby hk\_s gb_f dhlhju_ \ihke_ _"kl\bb fh]
ijhp_kk \azbfh~_ckl\by f_"~m ihevah\zZl_e_f b k\_lh\hc kj_"~hc ;
A"hklbJgmlv \ukhdbo ihdzZazZl_e_ cghwid jlAwiizd dlb)\ Zebah\Zlv dhfnh
[ _ ahizkgmx k\_Ilh\mx kj_m G2Z k_]h”gyrgbc fhf_gl Z\lhju ijh~he Zx
kbkl _fu hk\_s gby j_rzZy azZ”~Zqm Z\IhfZlbg_kdh]h mijZ\e_ glby hk'
nmgdpbc kbkl_fu
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Wlh bkke_ _~h\Zgb_ [ueh j_Zebah\Zgh k ihfhsvx f_""mgZjh~
ijh]ljzffu 3K\ _Ilh\hc "baZcg” b GZpbhgZevgh]lh p_gljZ dh]gblb\lgZuo j
BLFH \lhju ohl_eb [u \ujZablv hkh[mx J[eZ]h”"Zjghklv jmdh\h~"
SDh]gblb\gZy g_\ _j[2éimdHe Hh\bgm ;Zkh\m ~hdlhjm | _ogbqg_kdbo
nZdmevl _|1Z pbnjh\uo ljZgknhjfZpbc Mgb\_jkbl 1Z BLFH
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:gghlZpby
< ~"Zgghc klZlv_ jzkkfhlj_gh bkihevah\Zgb_bgnhjfZpbhgguo |I_ogheh]
d az~zZqzZf mijzZ\e_gby ijhfure_gguf ij_7ijbylb_f f_Ih”u ih~"_j db

j_r_gbc k bkihevah\Zgb_f bgl_ee_dimZevguo bgnhjfZpbhgguo |I_oghe
Zelhjblfu b f_Ih~u ijh]Jghabjh\Zgby ijhba\h~kl\Z k bkihevah\Zgb_f g_c
NZevg_cr_f ihemqg_ggudu jfhapmelv [ulv bkihevah\Zgu "ey jZajZ[hlc
ijhljzffghlh ijh~mdlZz

Dexg_\u_ ketb\@l ee dimZevgu_ bgnhjfZpbhggu_ | _ogheh]bb g _cjh
f_Ih~u ijbgylby j_r_gbc ijb ijh]Jghabjh\ZghbbgphhtXpdkidgdu

| _ogheh]bb \ ijhba\h”~kI\_

>ey pblbjhb¥gKdjbibgZz B B AZcp_ \Z L < Imlb\p _\Z G I Kdjbil
Bgl ee_dimZevgu_ bgnhjfZpbhggu_ | _ogheh]bb '\ mijZ\e_gbb ij
ijhfure_ggufb ij_"ijbylbyfb GZmqguc j_amevlZl BgnhjfZpbhggu_ |
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Abstract

This article discusses the use of information technologies in relation tasteeof managing an
industrial enterprise, and specifically methods of decision-making supping untelligent
information technologies. Algorithms and methods for predicting production using al neur
network were developed. In the future, the results obtained during the writing of ¢theecati be
used for the development of a software product.
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< mkeh\byo ©bgnhjfZpbhggh]h h[s_klI\Z2 hkgh\hiheZ]Zxsbf ijb
jZ[hlu ex[hc hj]l]ZgbazZpbb y\ey |Iky mf_gb_ hp_gblv dZg_kl\hklvhbghl
Ahklh\_jghklv
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JZkkfhljbf hij_~ e _gb_ bgnhjfZpbhgguo | _ogheh]bc ©BgnhjfZp
wlh kh\hdmighklv f_ITh~h\ ijhba\h”kl\_gguo ijh{d_kkh\g kdiho]jKffdk
h[ft _“bg_gguo \' | _ogheh]bg_kdmx p_ihgdm h[_ki_gb\Zxsmx kibkdgZz
h[jz[hldm \u~Zgm b jZkijhkljZzg_gb_ bgnhjfZpbb ~ey kgb _gby I
bkihevah\zZgby bgnhjfZpbhgguo j_kmjkh\ ih\ur_gby bo gZ~_ "ghklb b

Ba ij_"klzZ\e_ggh]h \ur_ hij_~_e_gb_ \b”gZ \aZbfhklyayhte ¥ f
b wdhghfbdb ;hevrhc lheqghd d jZa\blbx bgnhjfZpbhggu_ | _ogheh]
Ilhlh qglh ihevah\Zl _eb klZeb \hkijbgbfZlv bgnhjfZpbx dZd h”bg ba
wnn_dlb\gh]h mijZ\e_gby

Kh\j_f _ggu_ ijhfure_ggu_ ij_"ijbylby \k_ [hevr_ ijbf_gyxl \ k\F
jZaebqggu_ bgnhjfZpbhggu_ | _ogheh]bb dzZd \ ih\k_"*g_\ghc ~_yl _ev
dzd kljzl_]bq_kdh_ mijz\e_gb_ M\ _ebq_gb_ dhebqg_kI\Z h[jZ[ZIlu\Z_
ihyle _gbx gh\uo | _hjbc b kljmdImj mijZ\e_gby &ZMAOPHRWDI® % XD O% W
BURFHVV B5HHQJLQHHULQJ > @ b bkihevah\Zgbx g_ lhevdh
| ogheh]l]bc gh IZdbo dZd bgl _ee _dimZevgub[jlZ[ddte hl1BEgga@Zeb&Zc
f_ ITh~h\ b bgkljmf_glh\ dhlhju_ fhlml mqgblu\Zlv mkeh\by g_hij_’
g _h[oh”~bfh ijbgbfZlv j_ r _gby ey wnn_dlb\gh]h mijZ\e_gby ij_"ijbylt

H~rgbf ba IZdbo bgkljmf_glh\ y\eyxlky kbkl _fu ihA™ _j db ijbgyl
bkihevah\zgby f |h"h\ o0ZjzZzdl _jguo ”"ey | _hjbb mijZ\e _gby hgb |
fzl _fZlbg_kdhf b bfblZpbhgghf fh”_ebjh\Zgbb b yl\ey Iky fdp_ hkih
jmdh\h~bl_ey \ ijbgylbb j_ r gbc > @ Iljhp_kk ijbgylby j r _gby ij_ "kl

Jbk Ijhp_kk ijbgylby j_r_gby
Fig. 1. The decision-making process
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<kx ~_yl_evghklv ij_7ijbylby fh gh jZaANjleplkkyzZ hWbghf kha dhlh
yley_Iky ijhlghabjh\Zgb_ A yl_evghklb BgnhjfZpbhggu_ (I
ij_h[jZah\u\Zlv bkoh”guo j_kmjku \ g_h[oh”bfuc ij_"ijbylbyf j _ameyv
ihA™_j°db ijbgylby j_ijbgbghlghabjh\Zgbb ijhba\h”~kI\Z dhlhjuc ij_"
jbkmgd _

JbR.F_Ih”~ ihA™_j°db ijbgylby j_r_gbc ijb ijh]jghabjh\Zgbb
Fig. 2. The method of decision support in forecasting

Ilhke_  bkihevah\zZgby jzZkkfhlj_ggh]lh f _Ih~Z b ZgZebaZ ihe
i _j_oh2~bf d ijhp_"mj_ijh]lJghabjh\Zgby k bkihevah\Zgb_ f bg¢ Zed adZlm
bh[jz[hldb ~Zgguo H~*gbf ba wnn_dlb\guo kj_"kI\ ~Zgguo |_ogh
g_cjhggu_ k_Ib Wlh h[mkeh\e_gh |_f glh ~ZggZy | _ogheh]b)
i _j_JjZ[Zlu\Z_| bf_xsb_ky \ bgnhjfZpbhgghc kbkl_f_ ~Zggu_ > @

Hibr_f k ihfhsvx ij_"klzZ\e_ggh]lh gb"_ Zelhjblfz ijh]Jghabjh\Zg
NZgguo b nhjfbjh\Zgby [ehdZ \oh”~ghc bgnhjfZpbb hkgh\Zgguc gZ \
ij_"Nijbylby b mgblu\Ixdbkh|[_gghklb ij_~klZ\e_gZ jbkmgd _
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< gZqZeh >

< >Zggu_ ih ij_"ijbylbx béj—_—]-bhg—m———ﬂl

v |
JZkq_| agZdgilghzazl_e c
\ebyxsbo gZ ieZg, Y'\eiym kdZ——- ‘
\u[jZgghlh j_]bhgZ
v

|
|
|
|
:
i=1..N :
|
|
|
|
|
|

Nhjfbjh\Zgb_ kijhdb-Tggulo ) .
Ih\Zjz l
1 o

KlezZ b\Zgb_ "Zgguo k|ihflhsvx
kj_~g_]h agZq_gbyHh-1---= ;>(IH)
3lhgdzmkljZzg_gb_ \0[jhkh

<u[hj \b”"Z \oh”guo ~"Zgguo

<u[hj Ih\ZjZ ~ey ijh]lgh:

}S%

bjh\Zgby

Nhjfbjh\Zgb_ h[mgZxs_c b
| _klh\hc \u[hjhd

( dhg b ) ‘

Jbk :elhjblf ij_~h[jZ[hldb “"Zgguo b nhjfbjh\Zgby [ehdZ \oh”ghc bgnhjfZp
Fig. 3. Algorithm of data preprocessing and formation of a block of input information for the@esger

BgnhjfZpbhggZy kbkl _fZ \dexgqZ_| \ k_[y dZd ihlhdb IZAdgduo
| _ ogbg_kdb_ b ZiizjZlgu_ kj_"klI\Z : ~ey hjl]ZgbazZpbbzjaA[d"yl$_ fhk\
khklZ\ bgnhjfZpbhgghc kbkl _fu bkihevamxlky g _ihkj_"~kI\_gah jZa
| ogheh]bb qglh ihalhey | ijh_dlbjh\Zlv hI*_evgu_ we_ f _glu kbkl_fi
p_eh_ > @

P_ev b o0ZzZjzdl_j ~_yl_evghklb ij_"ijbylbc b hj]ZgbaZpbc
bgnhjfZpbhggmx kbkl_fm b bkihevah\Zgb_ Ihc bebl_boghce IbjdobhjfZ d Bt
\b” bkihevam_fh]lh bgnhjfZpbhggh]h ijh~mdlZ gZ hkgh\_ dhlhjh]h |
mijZ\e_gq_kdb_ j_r_gby Wnn_dlb\ghklv ijbgylby mijZ\e_ggokdb«
nmgdpbhgbjh\Zgby BL \ hj]l]ZgbaZpbyo jZaebqggh]h [IbiZz h[mke
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jZaghh[jZaguo bgkljmf_glh\ ZgZedaZyckbgggkkt\h®_yl evghklb ij_*
hkgh\Zgguo gZ ijhEiZZfighghf dhfie_dk_ bgnhjfZpbhgghc | _ogheh]bb =

<g_ j_gb_ ijbf_g_gb_ b jzZa\blb_ g _cjhk_|I \uo | _ogheh]bc "¢
dhgdj_lgh]lh ijhfure_ggh]h ij_7ijbylby ijb\_~ | d ih\ur_gbx ijhba\h
ij_"ijbylby b khdjZs_gbx kjhdh\ kzZfhhdmiz_fhklb kj_~kI\ ihljZc
bgnhjfZpbhgguo | _ogheh]bc ihA™_j db ijbgylby mijZ\e_gqgq_kdbo b ieZ
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