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:gghlZpby k\yab k j_ZebaZpb_c dhgp_ipbb we_ dlfbq_kdabd
Abfhklv h[_ki_Qqulglbbdhc gZz~_"ghklb we_dljhf_oZgbqg_kdbo i
\Z gufb dhfihg_glzZfb Z\bZpbhglgkkflkibklgfkljmdIimjguc khkl:
oZgbg_kdh]h ijb\h”Z b \b”u _]h g_bkijz\ghkl_c [Ijb\_~_gb
g_bkijz\ghkl_c¢c we_dljhf_ozZgbq_kdh]h ijb\h”~Z hkgh\Zgmhed
ljhf _ozZgbqg_kdh]lh ijb\gZzZgbéba_ kb]gZeh\ Ahijlnpizkisb o im
gbjh\Zgby we _dljhf_ozZgbq_kdh]lh ijb\h~Z Z 1Zd"_ ]b[jb”"igulc
h[Z wlbo ih*oh”Z Bkke_ _"h\Zgu ij_bfms_kI\Z g_ "HKkiZIglpkb
ebgguo ih*oh”~h\ Hkh[h_ \gbfzZgb_ m~_e_ ghwfe | dthff ~dzZdb
ijb\h"h§Z hkgh\_Jem[hdh]h h[mqilgdw ekl hjuz\IhfZlbg_kd|
h[jzZ[Zlu\Zlv kbJg4dedebah\Zlv dhfie_dkgmx ~bZ]ghklbdm ~g
klz\e _diZgp_ipbwygbg_kdh]h h[kem b\Zgby Z\bZpbhgghc | _
ljhf_oZgbqg_kdbo ijb\h~h\ gZ hkgh\_ hp_gdb |I_ojmbhgh&hdpnt
hklZ\r_]lhky kjhdZ ihe_agh]lh bkihevah\Zgby k p_ewgilhk?nc
bo ihyle.gby j r_gby ijh[e_fu |_ogbg_kdh]h h[kem b\Zgby
gZ hkgh\_ ijh]jghabjh\Zgjlyy Ybfjbe*gano ih”bjibAhY g h[ahj hlgc
gugZajzZthd h[ezZklb Z\bZpbhgghc *bZ]ghklbdb k ijbf_g gb_

Dexq_\u_ ke&\ZZ|_evguc Ziizjzl we_dljhf_ozZgbqg_kdbc ijb\h” Al
ghkl_c hp_gdZ |I_ogbg_kdh]lh khklhygby

BBEJEHUE smx kj_"m b ih\ur_gbx gZ~_"ghklb e_

lh ZiizjzlzZz E: Bkihevah\zZgb IWIE:
Dhgp_ipby we_dljbg_kdbo kzZfhe KW\\kkj[he__ jZkijhkljZg_gguf gh b
ijhgbo memaqr_gbc |j_[m_I ihkl_i_gdhf_@zfgyu aZf_"egZlkyjBgbg_ggh]h h
]b”rjZ\ebq_kdbo ijb\h~h\ we dljhf_oZ4gbly lhdsitb aj_gby [_ahiZkghklb b gz~
ijb\h~Zfb e_l1Zl_evguo Ziizjzlh\ WIE3ZKldwisi__ \j_fy \ hkgh\ghf h]jBgbqgb)
ju_ kfhlml h[_ki_qgblv agzZgbl_evgu_KijfBftmsg_djblbggufb "ey [_ahiZkghk
kI\Zh kjZ\g_gbx k ]b”jZ\ebq_kdbfb ijppholty ihke_~kl\by azZf_gu Jb™Z\ebc
ijb mijz\e _gbb ihe_ Ihf > @ Kgblzkbky_fginh 1| we_dljbg_kdhc Zevl_jgZlb
dzZy azf_gzZ ijb\_~_| d agZqgbl_evghfai_R§y bbxevah\Zgby j_ZebaZpbb fl
\_kZ agZqbl_evghc wdhghfbb &lihbfhkdb_"w@a&d_ ghklb b [_ahiZkghklb h[h
ghlpbdeZ gvr_fhha”_ckl\@ahdjm zx <hagbdZxl ijh[e_fu dhlhju_ f_g__ \Z
]brjzZz\ebq_kdbo ijb\h~h\ 1zZdb_]dzd

gblgzZzy kh\f_klbfhklv f_oZgbq Zkdh_

"Bkke Ah\Zgb_ qZkibqgh \uiheg_gh aZ f« gb_ b ijh[e_fu k i_j_jaZ2\hulbtadbo Ihdh
]h gZmggh]lh nhg”Z {i§%00464). [3]. >ey ih~"™_j"db bkihevah\Zgby WIE:
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Abfu gZ”~_"gu_ ijh]lghklbg_kdb_ bgkdjmkipdughkl_c gZ hkgh\_ f_Ih M\ ]Jem
h[_ki_gb\Zxsb_ lhggmx hp_gdm bo nZddby kdh]ldeZkkbnbdZpbb jZaebqggu
khklhygby b hklz\r_]Jhky kjhdZ vhe_aWhEh bkihdkihevah\Zgb_f jZaebqguo
ah\Zgby H[sbc h[ah]j WIE: Z 1Zd _ kdyaepghppwo kk_|_c¢ 1Zdbo dzZd Z\lhwgdt
gbfb \hafh ghkl_c b ijh[e_f ijjdh~blkyhtzZ\e_gb_f k_Ilv Jem[hdh]h ~h\_jby
1Z M, 5]. g _cjhggu_ k_Ib < hlebgb_ hl IjZ*"bpl
l[jb\h~u y\eyxlky \Z gufb k lhqgdb lafthdbyk ihfhsvx f_Jéamhhdh]h h[mqg_g
[_ahizkghklb dhfihg_glzfb Z\bZpbhgfhuogtkbkb\e_dZlv wnn_dlb\gu_ kjbag:
b g _h[gZjm  _ggZy g_bkijZz\ghklv ijb\ipn2¥gHkli_¢ ijyfh ba kb]J]gZeh\ fhgblhjb
ijb\_klb d k_jv_aguf ihke_"kl\byf ihgHhjfni_Yeyh \uihegylv deZkkbnbdZpbx
ih\ur_gby ijhba\h”bl_evghklb "WhlE: gBR] c > @
klb [_ahiZzkghklb b kgb  _gby aZzZljzl gPheox*hZlihlu y\ey Iky bkke_ ~h\Zghb
ijbf_g_gb_ |I_ogheh]bb |I_ogbqg_Kdh]hkhi{kefmglguo ih"oh”~h\ d *"bZ]ghkdbd_ t
gby ih khklhygbx jh\Zgbx | _ogbqg_kdh]h khklhygbhy we_
Nmg~rzZf _glZevguf bgkljmf_glhf jZgg RdhYh ijb\h~Z e 1Zl _evgh]h ZiizZjzZl
y\le _gby g_bkijZ\ghkl_c WIE:b&bZgh\kikyIb\ghklb b Ijm~Aghkl_c ij_iylkl\n
\Zpbhggu_ f_Ih”heh]bb ijh]lghaBjh\ZgZklbysb_ \j_fy bo ijZzdlbg_kdhfm ijbf
lJlgohklbdb \ hkgh\_ dhlhjuo e_"bl gbke_ ggh fh
N_ebjh\Zgb_ Kbkl_fu ijhlghabjh\Zgb4 CtPYKTYRHbIA COCTAB 3NIEKTPOMEXAHWYECKOIO

e_gby jzZ[hlhkihkh[gh kPvognogigd and NPUBOMA M BUAbI EFO HEUCTIPABHOCTEM
Health ManagementPHM) +wlh hlighkbl_evgh—gh

\Zy h[eZklv bkke_~h\Zgbc "ey mbZ]ghkhledbbfgkd\h WIE: khklhbl ba k_j\h"\
s_]h I_ogbg_kdh]lh khklhygby b ijh]loveabdhbfghledhtc kbeh\h]h ijb\h”*"Z_f _o0Z
\j_f_gb hldZazZ b hklzZ\r_]hky kjkdZ ikdbagdhlfiilbg glh\ [ehdZ mijZ\e _gby |
ihevah\Zgby kbkl_fu beb dhfihg_glZggdhlhigb\lbih\ ~"Zlgbdh\ > @ We
ihklmiZzxsbo hl gbo kb]JgZeh\ > @ Lxthleh\klkbklijduh” ihemqZ | kb]gZé& hl [e
ihalheyxl azZieZgbjh\Zlv I_ogbqgzZkdh_e hgbgmijb\h~hf b \u”rZ_ | khhl\_Ikl\mxs
gb_ "ey h[_ki_q_gby [_ahldZadh]lh fincgdipdhoenj ijb\h*Z k_j\h”*\b]Zl Zey K
\Zgby kbkl_fu gZ hkgh\_ gZ[hjZ qbkd_gguig_fH}Zam | we dljbg_kdm¥ wg_|j
e_c dhlhju_ “he’gu [ulv ijZ\bevgh gBfljkdgx b ijb\h~bl \ ~ _ckl\b_ bkihe
"ey \hkijhba\_~_gby ih\_~_gby WIEmKIjhkgt\Z dhlhju_ \ aZ\bkbfhklb hl
aj_gby klzZlbg_kdhc b ~bgZfbg_kdho 4j\dpglbly ih*jZza” _eyxl gZ fnmZgbe
gZijbf_j Ihdh\ gZijy _gbc kdhjhklbZliheeslgh]lh ih\hjhlgh]h b \jZsZ] evgh
gby brl B@ K wlhc p_evx "hekgh [udbyh[Iljb j_ZebaZpbb mijZ\e_gby k h]
i_g_gh fh”r_ebjh\Zgb_ jZ[hlu WVE: \ avfZ &/ IE: h[fuggh mklZgZ\eb\Zklky *.
guo mkeh\byo Z 1Zd"_ ijb gZebqgbb ajZjlghhrZkdpab Z ~ey dhgljhey khklhyg
ky g_bkijz\ghkl_c¢c J_amevliZliu _| _g”~"dpdbtbdbabigplhjbg]z
gby b ijh]jghau fh”_eb \ p_ehf "Ae ' gu [gIWIE: \u”_eyxlky ke_"mxsbk \b"t
| evgh ijh\_j _gu gZahhkly[g\uo b h[rbj ijZ\ghkl_c g_bkijZ\ghklv "\b]ZAl_ey
guo gZ[hjh\ wdki_jbf_glZevguo "ZgggbtkIlRbjwedhdljbg_kdh]h kbeh\g]lb ijb\
jZkijhkljzg _gguf f _Ih~rhf ijbfA_¢gyofufijZ\ghklv f_oZgbqg_kdbo dhfihg_glh\ >
bg _g_jguo ijbeh” _gbyo dhihju_ \dexglzkijZ\ghklb "\byZkel\ghf \dexq
jZajz[hldm gh\uo fh”_ e _c¢ "~ey fhgbdhjgpkijg\ghklv ih~rbigbdh\ g_bkij
mijZ\e _gby vyl\ey |lky wdki_jbf _glzZzevbhEihhligh\kjdkhjZ b g_bkijZ\ghklvkjhlhjz
fh~r_e_c gZ bkiulzZl_evd¥o kl_g”"Zo ijZ\ghklyf ih~rbigbdh\ hlghkylkyy bagh
ljb ~bZ]ghklbd_ g _bkijz\ghkjloc WpE:y dhjjhaby b jZajmr_gb_ k_iAjZIhjZ
f_gyxlky Ih~ru h[jZ[hldb kb]gZehh b kigZHhkkd ih~"rbigbdh\ fhlml ijb\_klb d "b
g_kdb_ bgkljmf_glu k jZaebqgubbb IbilZfobyzZlbg g_ghjfZevghc \b[jZpbl qlh
dh\  [ukljh_ ij_h[jZah\Zgb_ Nmjv_ ngZiKbipguwkdv b ijhba\h”bl_evghklv *\b]
ZgZeba \b[jZpbc -\Zklgbdihc ZgZeba sbkizZ\ghklb h[fhldb klZIhjZ \dexqZxl
@ H~”gZdh ijbf_g _gb_ wlbo fZIhAhh[fhidb adhjhldh_ azZfudzZigpju\bhl[fh
gylv fghlh \j_f gb [ulv Ijm~h_fdbf bdd_ d&Zaqgh \ualZg [hevrbfb imkdh\ufk
guf < ihke_~gb_ ]1h”u jZa\b\Z _Iky ghM\\WbdZh”ehb ijb\h”*bl d j_adhfm Rgb _g
d Z\IhfZlbaZpbb ~“bZ]ghklbdb b ijh]gbbpjhi\tziglgtZ WIidE: ®@dhfm m\_ebq_gbx
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dh\ h[fhldb Dhjhldh_ azZfudzZghu \ hklgdYgmixilky “ey "bZ]ghklbdb khklhyghb
aul\Z Iky "ebl_evguf | _ieh\uf kiizj_gbkh[dhkjlb WIE:
\h~bl d m\_ebqg_gbx Ihdd hifhldbgbx lj_bfms_kI\Z ~“bZ]ghklbdb g_bkijzZ\g
Mb]zl_e f [nédhrebg_ KlN\i#Z G _RAkijZz hkgh\_ fh”r_e ¢ aZdexgZxlky \ ke_~mx
ghklb jhlhjz ~\b]Zl _ey \dexqgZx| wdkp_gKjbkbdgb_ IThgghc fh”_eb kmbs_kl\n
\ZeZ jhlhjzZz b jzZafzZ]lgbqgb\Zgb _gjhlhjkad_fwdkpkh[klI\m_I| ihgbfZgbx nbabq_
[jbkbl_1 \ZeZ gZjmrZ_| we_dljhfZ]gblgagbpd&€zd&azbfh”_ckl\bc \ g_c Fh~"_
b \uaulZ_| g _ghjfZevgmx \b[jZpdbx \hg\jbkyj4\ghkl _c¢ iha\hey_ | ] _g_jbjh\ZI\
[hlu JzafzZ]gbqb\zZgb_ jhNuy&ZuhZuglgh "ey h[mqg_gby Z\IhfZlbabjh\Zgguo z
i_j_li_\hf M\b]zZl_ey qlh ijb\h”Abl d kKglihgbX\Zgby g_bkijZ\ghkl_c "ey |_
DI> M"\b]Zl_ey b m\_ebqg_gbx Ihtlz kIblhjjZ\g Igby Ze]hjblfh\ ~bZ]ghklbqg_k
i_jZImju "\b]Zl_ey ]Johklbgq _kdbo ijhp_~mj b nmgdpbc > ¢
Hkgh\gu_ g_bkijzZ\ghklb \ webdljbg_%kdhdmkevIZlu ihemq_ggu_ f_Ib"rZfb
eh\hf ijb\h”~_ dhjhldh_ azZfudZgb_ b dfjubNdZzabh\ gZz hkgh\_ fh”_eb fh]lml
we_dljbg_kdh]lh fhklz Z 1zZzd _ gque_dhphtmRgjgudrbgzZfbg_kdhc fhr_ewx Z ¥k
N _gkZlhjzZz bklhggbdZ iblZgby jh™~ _gby kbkl_fu fh _I [ulv ihemqg_g
D jzZkijhkljZzg_gguf f_oZgbqg_kdbf &jbWjfHby aghddgihg gby iZjzf_ljh\ fh
ghklyf hlghkylky qj_af_jguc baghk ebdp2thy \yahd
gb_  h[jZzah\Zgb_ \fylbg gZ f_IZeebq fkdb* uih hkgh\Zggu_ gZ fh”_eb g_
\_joghklyo \ IThgdZo dhglzdlz k \ukhdhe&wrai)jly ' dhebq_kI\Z |I_dmsbo NZgguc
gb_f aZdebgb\zZgb_ h[jZlghl]h dzZgZei® b jieheZguo mkeh\byo “ey lh[mq_
kfzad@j_af_jguc baghk \ hkgh\ghf \lihgbdZ]ghklbdb g_bkijZ\ghkl_c Bkih
gZ rZjbdglh\hc iZj_ b ih~rbigbdZo kgg[hevrh]h h[h[f@gZxsbo ~Zgguo fh"
b guf dhgphf K_jv_aguc baghk "ZZybdihjhrb_j amevlZlu h[mg_gby b
\bglh\hc iZju fh™ _I ijb\_klb d \uoh”~m[2Bla kljhy
\k_c kbkl_fu WIE: <udjZrb\Zgb_ \ hk#iltM\ghdh hkgh\Zggu_ gZ fh~_&yo f_
\uau\Z_Iky ih\_joghklghc mklzZethklvx]dhklbcktbghldZah\ ~ey WIE: bf_xI| ke
\Z | \b[jZpbx WIE: AZdebgb\Zgb_ d[{alglZ]lkb
dZgZeZ ijhbkom®I® bmhjfZpbb \ha\jZlgheey dZ ~hc ba dhgdj_lguo fh*_e_.
[jm[u beb fmkhjzZ ijbebir_]h d fha\jAiphjm Ifuo kbkl_f g_h[oh”~bfh jZajZ[hl
[_ glh fh™_1 ijb\_klb d mom”r_gbx njbdib\mgygdb_ fzZIl_fzZlbg_kdb_ fhrleb (¢
]h khklhygby WIE: \u”_e _gbx [hevrhkly bbbghc aZz~Zg_c¢ Lhqggu_ “bgZfbqg
kiI\Z | _ieZ b j_adhfm kgb _gbx_| iegZkdBAfbhg[mx| bgl_gkb\guo \ugbke gbc

kdbo ozjzdl_jbklbd G_"hklZlhqgzZy b"\e4dFyhbg\ukdhdy |j_[h\Zgby d \ugbk
kfZzadZ m\_ebgb\Z | Ij_gb_ b baghk Wijhxa\h~bl _evghklb
tF_ozZgbaf \azbfh”_ckl\by we_dljhf

kbeu |_jfbg_kdh]h gZijy  _gby b f_o02

2. METOAb! AUAFHOCTUKWA HEUCNPABHOCTEM JNNA 9Zijy' _gby \h \j fy jz[hlU WIE: keh

lhggmx fzZIl _fZlbgq_kdmx fh”_ev kha”ZzZl
21 ) yui j_amevlZl_ bkihevamxlky mijhshggu_
Ilhju_ hljz zZxl oZjzZdl_jbklbdb bbabqg._
F_Ih~u “bZ]ghklbdb g_bkijZz\ghkl_d&IWfIEjbfeb  _ggh < wlhf kemqZ_ hkgl
hkgh\ghf ~_eylky gZ f_Ilh”u hkgh\Zgguwr gB fhth~u ~"bZ]ghklbdb g_bkijzZ\gh
eyo f_Ih*u mijZ\ey_fu(DataZDyyery,b hij_~_eblv ijhbahrezZ eb g_bkijzZz\ghkl
\ dhlhjuo kbkl_fz jzkkfzljb\zZ_Iky dgd g_jdlujonl IThggh hij_"~_eblv g_bkijZ
ysbd b Jb[jbfgih"18=20]. ihg gl >ey [he__ IThqghc "bZ]ghklibd|
l[jbgpbi hkgh\Zgguo gZ fh”_eyo f_IlHr\kitbevah\ZIlv ih?jh[gu_ “bgZfbqg_kd
Jghklbdb g_bkijz\ghkl_c aZdexgZ_Ilkyg2 kibjdodthfihg_glZ
ghf aZimkd_ fh”"_e bcjwWwa&vghc kbkl_fuF_Ih”u ~bZ]ghklbdb hldZah\ hkgh'
WIE: aZzZl_f hp_gb\Z_I|ky jZaghkIv f *Z2oggkd]gg_ |j_[mx|] kha”“Zgby kbh guc
eZfb khklhygby fzZl_fZlbg_kdbovih”_e_ d&db¢_ZR " e ¢ hwWbkale_dZxl| ijbagzd
gufb kb]gzZezZfb khklhygby WIE:_ dhlhpy "b&ffghklbdb |I_ogbg_kdh]h khklhy
jyxlky jZaebggufb ~ZlgbdZfb bbkh[bjIkzek\ kh[jZgguo k "ZIlgbdh\ > @
kl_fhc k[hjZ "Zgguo <uoh”gu_ g_\yadbbkpbohkdbs g bkijZ\ghkl_c WIE: b
bfblZpbhgguo fh*_e_c b j_Zeviguo kibkd_H[jZ[hldb kb]J]gZeh\ DZqg_kbh bkc
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guo b dhjj_eypby f_""m kb]JgZezfb b \gkihidipZ\dih [h\Zgby d \ugbkebl_evghc
klyfb kbevgh \ebyxl gZ wnn_dlb\ghkkbkZefllhjb
fh\ ~“bZ]Jghklbdb Mkeh\by jZ[hlu WIEFFQdktMu mijzZ\ey_ fu_ Nagufb |j
f_gyxlky ~z°_ \h \j_fy ghjfZzevghc jZ[imkd \pkhdhc gzZklhlu ~bkdj_IbaZpbb
N eZ | kb]JgZeu khklhygby kbewgh g khlZhlygd¥jgLZdbf h[jZahf [ehdbmijz)\
fbo b g _i_jbh?bg_kdbfb >ey mkljZg_4db4¥hfedblygbyg bf Iv fhsgmx \ugbkebl _
jZaebqguo mkeh\bc wdkiemzZlZpbb ijZigybogkiyxsmx kihkh[ghklv
Ilh~ i_j_"~bkdj_IbaZplkbgdjhgbaz@Zzbb kb]Jgey ~bZ]ghklbdb g_bkijZ\ghkbh_c W
eh\ k \u[jZggufb dexqg_\ufb kb]®zZezfb g@xlikhzd  _ ]Jb[jbrgu_ f_Ih*u ~bZ]gh
f_j \jz[hl_ > @ \ ijhp_kk_ bade_q gglhkijbadkl_c dhlhju_ khqg_IlzZxIl \ k_
dh\ k ihfhsvx jy*Z f_Ih~h\ h[jZ[hldb kbbBzZet¥d f_Ih~"h\ hkgh\Zgguo gZ "z
\uyleyxlky gZklhlu g_bkijz\ghkl _c \ Kb]Jg@Zbvgh&gh\Zgguo gZ fh*_eyo GZi
NZgguo kbgojhgbabjh\Zggu_ kbiheh]_gbjZpbb g_h[oh~bfuo ~"Zgguodf ijbf_g
1Z1_ey Ijb ihfhsb f_Ih”~h\ balet q_glhg”b Mkgh\Zggu_ gz dB"_fetx Ih2tu
_"bg_gby ijbagZdh\ \U[bjizx|g@lolh hkgh\Zggu_ gZ ~Zgguo “ey h[jZ[hldk
ju_ hlghkylky d j_“bfm hldZaz Z §ZgguaaZd@wguo b j ZebaZpbb %bZ]gh
ijbagZdb bkdexqgzZxlky |Ijb bale_q_gbigZjphgRah\
"ey ~“bzZ]ghklbdb g_bkijZz\ghkl_c WIE: rbjhdh
bkihevam _|ky-Aj digZlah\Zgh26].> 229 yui
Bkihevamy ijbagZdb khklhygb_ jZ[hlhkihkh 106
ghklb WIE: fh gh hij_~_eblv ijbkihfhsb deZz
kbnbdzZlhjz ~ey "bZ]ghklbdb hlkzZzah\ ?kjghbptde@ggu_ f_Ih~u fZrbgghlh h]
kbnbdzlhj ih~Zxlky ijbagZdb g_ k\nbgBdbuijbk gyxXi&y ~"bZ]ghklbdb\g_bki
hrb[dhc wlh ijb\_~_| d gbadhc kdhjighl It i8&HE: Ih”jh[guc h[ahj wlbo
ohfm wnn_dIlm h[mqg_gby Ijb ihfhsb fijbAhZbJ&¥Z\\hl> @ H~*gZdh bale_q_gl
guodhfihg_gl fh gh \u”_eblv ijbagZdbag2dkk \ wlbo ljZ*bpbhgguo ihg*toh”Z
nbdZpbb k\yaZggu_ k g_bkijZvwghklwuob giaf "gZgguo hkms_klley Iky \jm
rblv jZzaf_ju \_dlhjZ ijbagZzdh\ F_Ihhjh@Zk%kwo\ agZqgbl_evghc kl_i_gbd azZ\b
dhfihg_gl ihal\hey_ | ozZjzdl_jbah\zZIv\Zjbkllkewgmo agZgbc ~bZ]ghklbqg_kdh
ijhp_kkzZ imjhfpbjh\Zghemq_gdgdo keh guo f_Ih~h\ ij _h[jZah\Zgby kb]JgZz
gw)\ ijhkljzgkl\h f_gvr_]lh jzZzaf_jz WIlhi_f yhéyxlky Ijm~h_fdbfb b higbfzZxl
mf_gvr_gby jZaf_jghklb khojzZgy_ | dhjif_e@ppbx wnn_dlb\ghklv “bZ]ghklbdb
f "~m baf_j gbyfb hilbfZevgufdh[jZzaZAbkibl hl \u[jZgguo o0ZjZd!|_jbklbd g
kbjmy baf_gqb\hklv *Zgguo > @ klb 1jb gZebqgbb ~hklZlhgguo h[mqgZxs
HrgZdh f_Ilh~u ~“bZ]ghklbdb WIE: fhkgébZ]l]em[hdh]h h[mq_gby ih&\heyx
gu_ gZ "~Zgguo bf _xI ke _"mxsb_ ljm&dhkIb[jZ[Zlu\Zlv bkoh”gu_ kb]gZeu
ijbf_g_gbb \Zlv dhfie_dkgmx bgl _ee_ _dimZevgmx
tLj_[mky[hevrhba[t_f ~Zgguo igab jZg_bkijZz\ghkl_c¢c Gh ihkdhevdm MWIE: |
ebgguo kl_i_gyo b IbiZzo hldzah\ ~egempmgligpW \ukhdhgzZ”~_"ghf b djblbc
Zelhjblfh\ ~bZ]ghklbdb Wnn_dlb\ghlglvf *d&yghfi_ahiZkghklb h[hjm~h\Zgbb
klbdb kbevgh azZ\bkbl hl dZq_kI\Z "Zg@e@ gkitjhAddggu_ ~Zggu_ h j_ZbfZo
\ [hevrbgkl\_ kemqz_\ kiafimed_¢éulglv Kjm~gbl_evgh > @
g_bkijz\gufb WIE: ihwlhfm ~Zlggu_ h<gZbhl_ > @ ”"ey h[gZjm _gby b b:
ijZ\ghklyo ihemqgblv keh gh HIlkmlklbkij2WhgHkl_c WIE: ijbf_gy_Iky fh”bn
guo wdki_jbf_glZevguo *"Zgguo y\ey VKgghevhifc ev "helhc djZldhkjhgghc i
[fm~ghklvx \ bkke_"h\Zgbyo Fgh]b_Lodg Bhoti-lerm Memoyy/ 67 0 wnn_dlb\ghkl
ijhreb Thevdh |I_hj_Ibg_kdmx ijh\_jdnmf_dabz[ubdI\_j"~ gZ hidjulufiNASAggufb
ijh\_j_gu lhegAZgguo ihemmalkuo G_cjhggZy k_Iv "~he]lhc djzZldhkjhqg
gh\_ fzl_fzZlbg_kdh]h fh"_ebjh\Zgby ij _"~klzZ\ey_ | kk[He J]Jem[hdh]h h[mqg_
¥ljb gZebqgbb k_jv_aguo rmfh\uo ihf_®gBabZq_ggmx “ey bamq_gb¥ “he]
keh guo kbkl_f h[uggh I|j_[mxl&y mkinkbfhkl ¢ ihkdhevdm \ g_c fh _1 Kkl
kiI\h\Zggu_ f_Ih~u h[jZ[hldb kbijgzZeMgbhbhjZZ2pby \ |I_gq_gb_ ~ebl_evgh]h \
jblfu bale_q_gby ijbagZdh\ < j_amevEhl f 3h"@ "~ey |lhgghc ~"bZ]ghklbdb
"bzZ]ghklbdb gZ hkgh\_ ~Zgguo qgZklhklijc*"WlEyxh[t_"bgbeb g_kdhevdh Z\It
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k rmfhih~"Z\e _gb_f H~”gZdh wlib f_Ihfugedijjyrbh\ qlh[u \uihegylv h[gZjm  _
jZ[hlZxl IThevdh ijb “hklZlhgghfZdheb&KkkjlX\ghkl ¢ b bo baheypbx gZ hkgh
guob k[ZeZgkbjh\Zgguo \u[hjdZo qlfh "Nm~*ghzq_dByZb_Iljhdhlhju_ bwaf_j
j_Zebah\ZIlv \ [hevrbgkl\_ kp_gZjb_\ 2b&fghklbddbbb agZq_ghwbm izjzf, ljh\
g_bkijz\ghkl_c¢ k\yaZgguo k WIE: dhlhjujZzkkgblu\Zxdkhhwgdh”~ _jhfv J _an
>ey \u”_e_gby ijbagzdh\ ijb g_k[Zddgkithjh jdb ih" I\_j " ~zZxl qglh ij_"eZ
\ZgguwoZgguo bkihevamxlky k\_jhqguf bh’cjimhal\hewnn_dlb\gh ~bZ]ghklbjh\ZlI
gu_ k_Ibjzghl > @ ij_"eh’ _gzZz ~"\mf_hgyg¥\ghklb WIE:
k\_jlhqgZy g9g_cjhggZy k_Iv b hilbfbabgshjzpghlzy> @ Z\lhju h[t_~bgbeb ]t
fhr_ev gZ hkgh\_ nmgdp8SRIWHD\ZDPdp hkljZgkl\_ggmx b % _tkbggomhgbabjh
"bZ]lghklbdb rZjbdh\uo \bglh\ WhHE: k \Zigiggmxaj _dmjj_glgmx _“bgbpm Z»Z hk
\Zgb_f kb]JgZeh\ |Ihdz ~"\b]Zl_ey \ gbyamkiyhpl "mjzZfb ~_dhfihabpbb Kk
memqr bgahe _q_gb_ b deZkkbnbdzZpbyljijpagXwh\*Zgguo b |Jh" fhgkIJth\Ze
ijb jZaebgguo jZ[hgbo gZ]jmadZo brb k¢ mgZewlZKlu dZd \ *bZ]ghklbd_ g _b
g_k[ZeZgkbjh\Zggufb h[jgamZf3B] < 1Zd b \ ijhljghabjh\Zgbb g_bkijZ\ghkl_:
[uebbkihevagu@ _dhgljhebjm_fu_ vZjZee_<jZ[hl[ @ hibku\Z _|ky bfblZpbhgg
gu_ "~"Zggu_ b jgZébdhdBKkIRME: k N ev WIE: b ZgZebabjmxlky Ibibqgu_
ihfhsvx jZaebgguo ~Zlgbdh\ gZghkghyhkkb_WhE:
ghc g_cjhgghc k_Ib H”gZdh wlB f_Ih*"&F"_e¢bjh\ZWYHE: jZa~_e_gh gk Ijb
XI ijh[e_fm ~bZ]ghklbdb \ mkeb\byo rMZeevgau \ qZklb \ khhlI\_Ikl\bb k g]h kh
[hjdb ojhgguc "\b]Zl_ev k ihklhyggufb fZ]gl
< jZ[hl_ > @ ey “bZ]ghklbdb g_b¥mj\ghklrZjbdh\uc \bgl
\ mkeh\byo g_[hevrh]h jZaf_jZ \u[hjdb gBgoidgguc ~\b]Zl _ev k ihklhygguf
\b[jZpbhgguo kb]JgZeh\ ij ~ez]ix_ IkyIthihre’Vaebjm Iky mjz\g_gbyfb
\ZIlv] _g jZlbkdtklyazl evgmx k _Ev Khklya i
| _evgu_ Z\lhwgdh”_ju bkihevamilky Aay Ryjg h|-[-|d— PrZmliq
ah\Zgby Z\lhwgdh”_jh\ \' -]_g jZIb\gh

khklyazZl_evgu_ KiZlwv> <@ ij_"klz\e ?%% Z Li, P.Z.\

] g jZlbkalklyazl evgZy k_Iv gX hkg FFﬁCkeLhd a PoZml o
gh\ZjbZpbhggh]h Z\Ihwgdh" jZ ey j_o _gby jjh a

[e_fu g_k[ZezZgkbjh\Zgghc \u[hjdb \ rKaé’qug—u—”b BZ, 15R\ iy J dtm BZ ,

mkeh\byo jZ[hlu < jZ[hl_ > @ "ey j_ Zebaﬁpbb
gZ”"_"ghc "bZ]ghklbdb g_bkijzZ\ghkl _ q/\"@yuXV|IE| +wd\b\Ze glgh_ gZijy _gl
k bkihevah\Zgb_f lhevdh kb]gZéh\ \b\“ pDQEelj guc lhd khhi\\Ikdbkdgh
eZ]Z |ky dhfie_dkguc ih”oh” hkgh\ fh | jhihjz k dhj bgZl
AZgguo h[t_"bgyxsbc \hafh ghklb k }1 ‘b thg_gl jhihj by

: b\ze glgh_ khijhlb\e gl hJ[f
g_cjhgghc k_Ib “ey bale q_ gbyaljba \fe-alg J _9
fh ghklyfb ihemdhgljhebjm_fhlh h[rﬁ'@r@béfy wd\b\Ze_ glgZy bg" mi bxghki
l_g_jZpbb ~Zgguo khklyaZl_evgh]h @bkremwgidijrih&xkh\ "\B]Zf eoyZgbq_kdZy
ijb jZaebgguo mkeh\byo jZ[hlu b g_ !ﬁ/]?e@]&zybkfurljhklv\thlmwa\b\Ze glgZy
\Zgguo \u[hjdEbZIv @ ij_"eh” _g f_Ih
h[gZjm  _gby g_bkijZ\gh-Rbog It jbod h fZ]lgblgZy g luoh”ghc we_dIljhfZ]gbl
j_~Zgb hkgh\Zgguc gZ Jem[hdhk k_Il6h4hyljbyb]BU £wd\b\Ze_glgZy bgd jpby
ihevah\Zebkv qZklhligu_ ki_dlju h[tsrw@dyggmmiZz "\bBZt ddywwnnbpb_gl »_f
gZ[hjZ "Zgguo kh[jZgguo k g_kdhevdibgh\ZpgpoydhhTThjZ dhf[bgbjh\Zgiduc

GZebgb_ bafulhqguo "Zgguo m¥_ghadhifhlb\e_gby gZ]jmadhb
gZljmadm gZ ijh]jzffgh_ b ZiizjzZlgh_ hilh Kilghjbjh\Zgbb |jZgkfbkkbhgghlh
gb_ < jz[hl_ > @ "ey h[jZ[hldb gZiexd&Z fyogby b ~jm]bo \ebyxsio nZzd

"Zgguo b bale_q_gby jZaj_"_gguo oEjZAllhdbkbwy fh~r ev j_ Amdlhjz bf_ |\
bkihevam_lky ihemmijzZ\ey_ fuc\jZaj_"_gguc Z T/N,
lhwgdh” _j iha\lheyxsbc ih\ukblv lhgghklv \u” b b

e_gby g_bkijZ\ghkl_c ijb h”gh\g_f_ ggthkhdmOhAgh m]leh\h_ kf_s _gb_ j_
S_gbb gZ[ex~Z_fuo ~Zgguoe_ kjijfhgg N

kIjZgkI\_ggu_ \azZbfhk\yab bkkeZAmxllfiv ?”_ﬁ‘fh\&‘ _s_gb_\uoh?ghlh \ZeZ
gZevghc F&70vx “ey ihkljh_gby fh~_eM \tj “Zlhqgh highr_gb_ j_"mdlhjZ
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?keb ij_g_[j_qv aZahjhf \bglz "~ _(SANEZbbmqgqZ_Iky \uihegylv Z*2Zilb\gh_ &
[j_gb_f b A"jm]bfb \ebyxsbfb nzdlhjzftwgigdlo ~ZIlgbdh\ gZ m _ kh[jZgghf ¢
fZlbg_kdzZy fh” _ev rZjbdh\h]h \bglZ bduol W™ jZs f ghjfZevgu_ jZ[hgb_

T b khklhygby g_bkijZ\ghklb qglh h[_

Xg Z_SH"’ kgb _gb_ jzZaf_jghklb b k ZIb_ ijb kt

\Z guo ijbagzdh\ Ihke_ wlh]h j_]j_kk

1" X *\uoh®gh_ kf_s_gb_-\bgJbdhc ™ "' "o /670 Kk Iv %L/670 Khkihbl
i_j_"Zqk, Zoh” rZjb\blglh\hc i_j_"Zgb ghtSTM b fh~_eb ~\mgZijz\e _gghc j_d

GZ hkgh\_ wlhc fh"_eb ~ey MNMZ]ghldbdd gjhlgghc k_Ib h[mqgZ_Ilky k bki
ijZ\ghklb ijbf_gy_Ilky f_Ihr k bkihevadgdgyd ififbagzZzdh\ ghjfZevgh]h Khklhy
g_cjhgghc SAEIRLSTM; _]h kljmdIm4Z ij_ju_ ijbf_gyxMey ihkljh_gby fh”"_ @b \j_
klZz\e _gZ gZ jbk Himqg_gb_ k_| ¢ jwilhgg9hlkly thbkdzZ jZaghklkag fgufim
Z\lhghfghf j_"bf_ k ba\_klgufb ghjfdewgadfh ggufb agZg_gbyfb ghjtZevgu
"Zggufb b "Zggufb h[ hldZaZzo H[mfhgguwo kZdlyuo GZ hkgh\_ ihemqg_ggl
azZljm Zxlky \ [hjlh\mx kbkl_fm ~ey hlj_kihhd\ gBy\mxsbo Ibih\ hrb[hd deZkk
hgezZéfZ]lghklbdb b h[gZjm _gby g_bKijeakgh\_ 6RIWPD[ h[mgZ _Ilky "ey c

kl_c hrb[hd
F_Ih~r "bZ]ghklbdb g_bkijz\ghkl_c Wikeya*bZ]ghklbdb g_bkijz\ghKl_c ij
dexqZ_ Iky \ ke _"mxs_f ky Ijb k_Ib ihemqg_ggu_ \ ijhp_[kk_ h]
¥>Zggu_ kh[bjZxlky b ij_"\Zjbd_evgBE[phdQgu_ ~Zggu_ fhgblhjbg]lZ ZkgZq-
ebamxlky \ *bZiZahg_ > @ xlky gq_j_a k_Ilv 6%( ey mf_gvr_gby

f<uihegy_Iky h[mg_gb_ k_lvbbale"dggliy i bale_q_gby ijbagZzdhh azl_
agZdh\ gZ hkgh\_ jZaj_"_ggh]lh ZShtwgldBi'STM \ugbkeyxljkyaghkib ~m
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hrghrzZ]lh\hc hi_j "Zxs_c¢ hp_gdhc b bR _gh ihemqgblv g _kdhevdh hinbevl
gufb ~Zggufb b _keb jZaghklb ij \urkZ]igihgh\ k jZagufb fZkrlZ[Zfb Dheb
]h\h_ agZq_gb_ khh[sZ_Ilk9ZgjghrbhdlZedbabjh\Zgguo kb]JgZeh\ k\yaZgh Kk
ijhbahr_~r_c hrb[d_ i_j ~Zxlky \ k_Iv_@RIWPWDyfb bamg_gby ijbagzZdh\

ney deZkkbnbdzZpbb hrb[db FZl_fZlbg_kdh_ hibkZgb_ fgh]lhfZl
ihgb Zxs_cky ”~bkdj_IbazZpbb \x]ey”bl

239 yui sbf h[jZahf

0 jk

& 2 v/ 1 | de]d’%’
< jZ[hl_ > @ ”"ey "bZ]ghklbdb g_ bliZ\gth J§| Jlkl

WIE: ij_"eZ]Z_lky f_Ih™ fgh]hfZkriZ[ghg Kdhivnnbpb _gl fzkriZ[bjh\Zgby
lhgghc g_cjhgghc k_Ib kebygbynljbagzxiév b&fMg gby ijbagZdh\ ihke_ ihe
juc khklhbl ba q_ Iu1 o ihke_ _~h\Zzl Z1h\
fghlhfzkriz[gh_ ij_h[jZah\Zgb_b am 1,24 k jZagufb fZkrlZ[ZfL
agZdh\ h[t_~bg_gb_ ijbagZdh\ b de/\Zblqmn
g_bkijZ\ghki_c JZ[hIZ WIE: hkms_kkye xg)@ﬁowjb 'hefnzﬁuggﬁ’(\ hﬁ]qggzueou
keh guo mkeh\byo k\yaZgguo k baf g4€ b lj kdlp__
jhklb b gZ]jmakbevigthf rmf _rg_c Kl b keh_\ h[t_"bg_gl
Au <g_"j_gb_ fgh]hkarIZ[gh]h ij_ h[]Zg(h\Zg(by

\ k\_jlhggmx g_cjhggmx k_lv iha\hey PL'm@hqr28y ~ey h[mg_gby \ jZaguo

. . '
jzaghh[jZab_ b \azbfh~hihegy bihkiv, 0ZIZAL 1 2(z0 < qzkighkib fey ki
klbd k\yaZgguo k g_bkijZ\ghklyfb N .

FghlhfzkrlZ[gh ii_h[jzah\ZiQ\g_ jZagufb fzZkrlzZ[Zfb _bde_I_baZprb_bkl
ey | kh[hc \u[hjdm Kkb]gZeZ k JZagI‘fc}( RPAVYYy y"iZ K\_jldb jZaguo jZa

~_izebazpbb >ey ~zgghlh h~ghf %t%]\ fe Jzeelhee"rg:‘élt\Ojé?ggluﬁb‘j
X Aeng g_kdheth ihke_Ah\ZI_ZEVgU%u b k'hUhgbadthklhlgUO IJbaﬂd_h\

ehWWk Kk jzaghc ki_i_gvx "_IZeZbaZpBLbf ng'mquy "bZ]ghklbg_kdb_ o0ZjZ

xlky k ihfhsvx ijhklh]lh ijhp_kkZ |hgb y
qZklhlu ~bkdj IlbaZpbb GZ jbk I“-lﬁ% Kp-1Thagu_ ®épot”, c1t

kb]JgZe \ lj_o jZaguo f{ZKHZ[Zo bf_xI ’\ebgm kbNgReZN/4 khhih_
FZkrlZ[ b FZK)IZ][ kI\_ggh ¢2y*hc i_j\hc k\_jldb jraf_j
\_Ikl\mxs_]h y?jZ k\_jldb mf_gvrZ_ Ik

m\_ebq_gby algZqlhglyhkh[kl\m_I emqr
Macura6 1 @ @ @ @ ¢ 2 0900 0 0 bale_q_gbx ihe_aguo ijbagzZdh\
s sey dz ~hlh kdy§z&z1,2,4 ihke
Macurra6 3 keh &% b PLX 1 g jbjm _Iky hij ~ e
dhebq_kl\h gh\uo dZzZjl ijbagZdh\ Zl_
' l A ijbagzdh\ bklhevamxlky \ dZq_ gl\ \ G
OVJ UL“L'JILM L guo "dxyehglz , hi_jZpbb ih\lhjyxlky b ]
1 0200 400 600 800 100017001400 lcoolxuomoo g_jbjmxlky gh\u_ de|U ijbagZdh\ Lhec
k-2 u"\ ’ l k _keb ij_"iheh‘blvkechQBk\ bkihevamx
-Uﬂ LJH ’LU.W“ MJM‘ J,r” KyK y~ j k\_jldb \uoh”hf kehy h[t_-
] 0 100 200 300 400 300 600 700 800 900 1000 k . .
T ! ‘ ' ' r P1® yley_ kKkghluo dZjl ijbagzZdh\
k=4 0 Ml J‘ K
,ﬁ" \ |'| Al ) | ] .
% M‘L }‘M'*MJ F ?ul_‘trl vhlA\ LA\‘ q ml, le ’n<
0 50 100 150 200 ’S(J 300 350 400 450 500 HdhquI_eVg h_ IJ_/\klz\e_CgHDf_lJIbag‘
ljb jZaguo fZkrlZ[Z
Jbk F_Ih~ fghlhfZkrliZ[ghc ihgh Z b'bkdj IbazZphb 1 42 g??
cblgzez ~ | oninfzkrizighe theb zxs_c J_1bazp 9 9.97.9%,.

NMPOBNEMbI YIIPABIIEHUA Ne 3 " 2024 9



@ OB30PHI

Ke_"h\zZl_evgh ih kjz\g_gbx k ljZ"b@bdhpwubgbfbabjh\Zlv agZgq_gb_ nm
hrghfzkrlZ[guf ij_"~klZ\e_gb_f fghlhiZkwlZfh~_eb g_h[oh”bfh hilbfbabjh
gh_ bamqg_gb_ ijbagzZdh\ bf__| [hevridpzkhhdiXxahg g _cjhgghc k_Ib Ik hilbf
ho\zZlzZ ijbagzZzdh\ qglh kihkh[kI\m_I| bedeam_¢bxey wlh]h Ze]lhjblf h[jZlgh
"hihegbl _evguo ijbagzZzdh\ b hig ki_qgdjZgl geom
rbcwnn_dl *"ey ke _"mxs_]h rzZ]Zz deZkkbnbdZ;%b
g_bkijz\ghkl_c arngmL fx; Ty,

< dzZqg_kI\_ wnn_dlb\gh]h f oZgbafZ kebygby
ijbagZdh\ bkihevam_lky f_oZgbaf \ghfZdby hht¥Yevguc iZjzZf_Ij fl(; _+eb

fh‘_l\\u\[hjh%ghhmbkbh?jb\bzwhih(\eé_)a|gu Wbl?hfﬂvby t\uoh”gh_ agZq_ghb
Ne uyle r ih~rz v )
| gvguy -9%y [ Y %_ _ang gb_ fh~_eb khhiI\_IkI\ ¢

T [pJe @ ijb\h7Ayl M\mf_jgmx \
>ey \uiheg _gby deZkkbnbdZpbb b .h}e %%rgl | hp K2 dezrkbnbdzobb |

dhf[bgZpby iheghk\yagh]h kdjulh]h by
A qlh kgZqgzZeZzZ \u[hjdb
Softmax GZ \oh iheghk\yaghl]h kehyﬂq%s ?;TJb bkoh"gh]h KblgZez i j f

\_dlhj ijbaggdhihemq_gguc gZ ij_"u” j—Za" ebfus,abkih f_j_ ijhon " hgby k
wlzZi_ Kdjuluc kehc UQeUUe\vaimgl kI\_ Ik bk i h k Keh
nmgdpbb ZdIb\Zpbb \ \uohAghf keh_ . aﬁrﬂ Q7 ey xixle Jokihke kehy
n m g d sbfymax. XKy ©_ jm] J
ImkIY ij ~klZ\ey | kh[hc f_ldm dzﬁ” %hjbia
khklhygby WIE: 1j_Aiheh bfn dZH \k

%h > @ ijb\h~ylky wdki_jbf_
lhjbc. 1 ~ey \oh~ghc \uw{hjdbylghklv amevIZ|u

dhlhju_ ihdzZau\zxl gqlh\

Ih]h qlh iflg@Zre ddzl Jhibmij A k kbevguf rmfhf b i_j_fog@gwfadZib
ey Iky ke Amxsbf h[jzahf ij_"ez]Z fuc f_Ih” bf_ | emqgrtmx ijh
- - | evghklv qg_f IZdb_ kh\j_f ggut f_Ih
exp Tx kibdb g_bkijz\ghkl_c¢ dzd k\_jlhqgu_
pY dxT softmax fx ———— k Ib k rbjhdbfb y~jzfb i_j\h]h mjh\g
:exp'Jﬂx fghlhfZkrlZ[gu_ k\_jlhgqgu_ g_cjhggt
i1 [41].
1" T >T ,T } . T+izjzf_1j dhlhjuc g_h[ah
N 3. NPOrHO3MPOBAHUE TEXHUMECKOIO COCTOAHUSA
Abfh bamgblv \ Ih’llgpr'fjrx) +ghjfbjh IMNA
j1
3L # % !

n
\ZggZy nmglbllﬁbgt.
j1
>ey ex[hc aZz”"Zgghc \oh”ghc \u[hjdbgtghZbhiu ih | _ogbq_kdhfm hfkem b
fzkriZ[gZy k\_jlhagZy g_cjhlgoZy kij b\bh’\blh heh20+ h[sbo wdkiemg@lzZpbl
ij_"kdzZau\Zlv j_amevlZl >ey |Ihdh gl U’o'jZQB Ah\ Hilbfbazpby azljzl gz |
azggh_ agZq_gb_ fh"_eb fZdkbhZevgh kdmtnlXdy  kzfhe Ih\ \peZ]hydjy
\Zeh bkibgghfmioh~bfh fbgbfbabkh\ZIVh[Eem b\Zgby gZ hkgh\_ ijhjghhbjh\z
kihygb_ f_""m ij_"kdZaZgguf a@Zq_g§zf Rybklfyhihgbke gguo bkk471."h\Zgb

guf agZq_gb_fnmgdpbx ihl_jv lj_~ihez]Z_lky qlh h[kem'b\Zgbh_
a ijhJghabjh\Zgby [m”_I ijh\hAblviky ijb
1 MK exp -EX Abfhklb \ aZ\bkbfhklb hl I _ogbqg_kdh]l
LT = 1A klog :z dhfihg_glZ k p_evx ij_"mij_""~_Hby g_
m. L " « kl_c¢c ~h bo ihyle_gby Z g_ ih \j_f_gb

exp Tx :
I R hl |_dms_]h khklhygby >ey j_debaZr
J B \Zgby gZ hkgh\_ ijh]Jghabjh\Zgby g
]"mxdhebqg_kI\h ijh[ beb jZaf_j \oh"ghic 1€7xszy hp _gdz | _ogbq_kdh]h k
Ibbl ~ tnmgdpby bg”_dkz ijhJghabjh\Zgb_ hklzZ\r_]hky kjhkdZ ihe
1, _keb k ihevah\zZgby dhfihg_glh\ b ih~kbkl_f \
I k- @8’— \j f gb gZ hkgh\_ fh~ _e ¢ gZ hkgh\_
, _keypzk k ihfhsvib[jbrguo f_Ih~h\ > @ Hkg
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Jbk >\mf_jgZy \bamZebaZpby ijhp_kkigheaZEkbirzfdBEpbikd _jlhgghc g_cjhgghc k_Ib

ij_bfms_KkI\Z b g_"hklzZldb jZaduo f_IKRE[hI1@ ij_"~klZ\e_g f_Ih” h[gZjm
km > ~Zebkv \ < jZ[hl_ > @ ij_"eZ]Z jlkydlho hldZah\ “ey ijh]lghklbg_Edh]h
Ih~ jZgg_]h h[gZjm _gby b bg_dlbnbdBypblbzZfhe Ih\ k ijbf]legmgbdli]h 4b[jb
ijZ\ghkl _¢ WIE: gZ hkgh\_ fh~r_eb IghTMezZhZmqg_gby gZ hkgh\_ g k[ZeZcg
fuc f_Ih” ijh]jghabjh\Zgby kihkt[_g WZ[dli@Zn”~Zgguo 1j_"eZzZ]zZz_fZy fh~_ev
pbjh\zZlv ZghfZevgh_ih\_* gb_ WIEMZbwt¥md Z\lhwgdh”_j ~ey h[gZjm  _
ijh]j _kkbjmxsbo hldZzaZo qZklbgghfkfh \bldrk\_ jlhggmx g_cjhggmx k_Iv k
\hf azZfudZgbb nzZau klZlhjz b klZlbe_ kdhffbowdijz\ey fufb j _dmjj_glgufb
p_gljbkbl_|_ jWBkijZevah\Zigd e c "ey(Zg]aidirectional Gated Recurrent UniBGRU)
hp_gdb I _ogbqg_kdh]h khklhygby b ijiighaibhjydabyh\Zgby ke_~mxs_]h \hac
hklz\r _]Jhky kjhdZ ihe_agh]h bkihevidihyZgly ~gZ]Z_ fuc f_|Ih® hp_gbVZ _ Iky
[hjlm Ij_[m_1 IsZl_evghc ijh\_jdb wlbahiZybe fc*Zgguo j_Zevghc kbkl_fu |_
< jZ[hl_ > @ hibkzZg bkiulzZl _evfguc kh[gemeb\Zwgby kZfhe |h\ J améewlZlu
i_jbf_glZevghc ijh\_jdb fh*_e cdWIE*\Igd¥kI\mx|l qlh f_Ih® wnn_dlb\_g ~
gZevguo mkeh\byo Z 1zZd _ ijbzZgZebabjh\Zgjhy *hidZah\ dhfihg_glh\ \ | _q_
xsboky f_ozZgbqg_kdbo g_bkliZdbphidizdhij_~_e_ggh]lh agZgbfh]lh i_jbh?~zZ \j_f_
baf g gb_Ij _gby b newrdbhg§ \gjb "mdlh < gZklhys_ _ \j_fy \ ebl_jZImjZ jZKkl
j_ _Iky Jez\guf h[jZahf ijh]jghabjh\Zgb _
ljbf_g_gb_ f_Ih~h\ fZrbggh]h h[mgkdbyh*"kgklihygby b hklzZ\r_]hky kjhdz
ijhlghabjh\Zgby |I_ogbg_kdh]h khklihykbhhevah\Wwgby Z\bZpbhgguo255b]ZI_e
pbbkhijy ' _ghykhfijh[e _f > @ Wd4dkienraly j_r_gby ijh[e_fu hp_gdb hklZ\r_]l
pbhggu_ ~Zggu_ ]_g_jbjm_fu_ kbkl_fhe laghlhg bkihevah\Zgby [ue ip *"eh’
kdhl]h khklhygby E: djZcg_ g9g_k[Zedbkpgpm\Ziguroh”h\ hkgh\Zgguo gZ n|
ihkdhevdm hldZau dhfihg_glh\ E: ijhbkohe’wd bhZgZeba_ ~Zgguo < aZ\bkb
\j_fy ihe_Ih\ gqj_aluqZcgh j_~dh b ~dggic kibi bgnhjfZpbb h[jZ[Zlu\Z_Ilk:
s_gu \ klhjhgm ghjfZzevghc jZ[hlu < wijEfifkghugZbgnhjfZpbb h[t_~bgyxlky
g_h[oh”bfu ki_pbZevgu_ f |h~u ZgZdebaeh  kjh jZaebqgu_ Ibiu ]b[j@*guo
kh[gu_ ijhlb\h”_ckl\h\ZIlv “~bk[ZeZgklmj "Lgghd@dgguc rigfb\glikZevghc bjh]ghl

>im]Zy ijh[e_fZ azZzdexqZ _ I|ky \ hikmlgl\bbdhba[6h”_eb g_ kms_KkI\m_I| b _ _ \i
Ahklmiguo gZ[hjh\ ~Zgguo qlh K]jZghlghtZgdj blguo o0zZjzdl_jbklbd hl?*_evgl
ke_"h\Zgby \ wlha6h[eZklb > jb\Zz _fuo ih"kbKk]_f >
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>ey j_r_gby ijh[e_f \ h[eZklbZjh]ghajzjh\ljh\ hldZah\ dZ ~uc ba dhlhjuc
gby I _ogbq_kdh]h khklhygby b hklZ\lmijlhrkye kglgdiZ hildZahf b ~"ey oZj&Zdl_jk
ihe _agh]h bkihevah\Zgby WIE: \ gzZkebyguo ¥YZkrlZ[h\ hldZaZ ijbgbfZ | ag:
fy hlkmlklI\m_| ~hklZlhqgh_ dhebqg_kRih j_ ZmVgludaf_g_gby iZjzZf_Ijh\ hldZz
NZgguo h[ hldZaZo \ mkeh\byohwdkielmAlZphkv ih\_~ _gb_ bkihegbl_evgh]
kdhevdm bkihevah\zZgb_ WIE: \ E: \ hxkgébglguo mkeh\byo <h \j_fy ijh]gl
hljZgbgb\Z _Iky kbkd tdbbbggufb ~eyjhp_"mju aZimkdZeZkv FF k g_dhlhjt

[_ahiZzkghklIbldZau hq_gVhjwMNdfiopb iZjZzf_ljh\ hldZah\ GZoh ~_gb_1I\_dlhj
f_gyxIKez\guf h[jZzahf f_Ih~u gZ hkghi\ HhdZah\ ijb dhlhjud_jZaghjhggh

N e_c abjm_fufb b nzZdlbg_kdbfb |_g’Z gpby

lhqgh fZzez ihalhey_I, hjjbkodbBlv eb

32y yui k[hc dzZdh]lh jh*rZ k[hc b dzZdh\ _]h f:

+ % 4 Zelhjblfz hilbfbazipb[jZlv [Zdhc \_dlf

iZjZf_ljh\ hldZah\ dhlhjuc fbgbfbabjr

Alhju kIZIvb@> bkke_"mxl| bgklljmf_gmxhnmgdPbx \Zy nmgdpby bf__| \b~
gZjm  _gby b b~ _glbnbdZpbb g lbkijZ\ghkl ¢ W

E: gZ hkgh\_ fh~_eb k bkihevah\Zgb f ]_g_IbqI Imv i TRM.i

2

kdhlh Zelhjblfz 1j_~ez]Z_fuc ih”oh” I_kIb%k » > T
\Zeky "ey h[gzjm' _gby g _kdhekdbo gzb[he _ jz 'Rmi§
ijhkljZg_gguo hldZah\ HIf_qZ_ Vky kihkh[ghkl 'T ©

ij_~ezZlZ_fhc kljzZl_]1bb lhgqgh hp_gb\Zlv jZ[hlh
kKihkh[ghkbkl fu ijb gZebgbb g _kdhevd#wmj Plrui £l_dmsb_ \uoh®u fh"_e_c
"bfh\ hildZazZ \ebyxsbo gZ h”gb b |I_b50kkhdpZ\edklI\\gfdtf _gl \j_fi gbipbg
h~rgh\j_f_ggh H~gZdh Ij_[m_fh_ \j_fyZ\ugpke\Z*jZIbggZy hrb[dZ oZzjzdl
gbc ~_eZ | kljZl_]bx ijb]h~rghc "ey h[gdpghprnybag¥y_ gbwyfdh "mibo fh”_e_c
b br_glbnbdZpbb g_bkijZ\ghkl ec WIET zkdihbgl_]jbjh\Zgby
gy _fuo \h \j fy ieZgh\h]h |_ogig_kdh]HAItjkejz\gb\Zx| jZzagu_ f_IZw\jbklk
"b\Zgby gh g_ “ey hp_gdb g_bkijz\gbkhjkelfuj hkgh\Zggu_ gZ [bhl_ogh
Zevghf \j _f gb bf _ggh
<jZ[h14358,59@ Z\lhju bkke_ "mxl ijbft~bnn_j_gpb@ew\d e x p g ] Bifferen-
g_gb_ [bhbgkibjbjh\Zgguo f_1Zw\]jhbtial iyolltiol dE) + dhgp_ipby wlh]lh Ze]lhjl
Zelhjblfh\ ~ey j_r_gby az”Zgb h[&k2jmMmglby kl_klI\_gguf w\hexpbhgguf i
kdjuluo g_bkijz\ghkl_c¢c azZjh ~Zxsbol6®, G8tdZah\
b bo ijh]j_kkbjh\Zgby \ ijhp_kk_ wdkiethdl&ibeZ pjlny gZklbp Pargde Swarm
p_evx ij_"hl\jZs gby ihl _gpbZelkgh H@ikigatoniPSO)tgZb[he__ qZklh bkiheva
dZah\ Ibibggh]h [hjlh\h]h WIE: Zelhjblf jh_\h]h bgl_ee_dIlZ \ dhlhjh;
BaaZ Ihlh qglh hldZau WIE: j_"db bkh[Zev@uj_ "~_eylv hilbfZevgu_ j_r_gb
NZggu_ ihemqgblv keh gBE[hEZX h@k b h[f_gZ bgnhjfZpb_c f_""m \qakidpmp\arfb
ihevah\Zeb ~Zggu_ ihemq_ggu_ gZihkgh\ghfhbrfamqg_gb_ "~\b _gby ilbqgvbc
ebjh\Zgby wlZehggh¢Zdghereferbnece dhkydh\ j4,[65%
mode] RM) k \ukhdhc lhqglokdvx» Xfh”_eb zhilbfbaZpkxjh]h \hedZ Gréy Y¢olf
fhgblhjbd¥4] eonitoring modelMM), k gab Optimization GWO) + Ze]hjblf hilbfbazkpbb |
dhc lhgghklvx ijb ihfhsb dhlhjlZc fhgheEjhguc gZ b”__ "_kldhc b_jZjobb k
gb\uihegyehkv ihqglb \ j_"bf_ j Zevghjmeypbb Hkh[b k [he__ \ukhdbfb
f gb @ Wdki_jbf _glZevgZy ijh\_jddjkthleh[e_gghklb bf_xI [hevr__ \eb
ijh\h~"bezZkv ijb ihfhsb wdki_jbfkglZeMgp]lhkk hilbfbaB,®db >
iulzl_evgh]lh K. g"z J_amevliZlu kjzZ\g_gby kj_~g_c hrb]
Fh” _ebjh\Zebkv gZb[he__ djblbggyp_gl&y Wey dZ ~h]h j_"bfzZ hidzaz "e\
E: hldZau kmoh_ Ij gb_ exnl Zdhjhlldhbl@Afud *klZ\e_gu gZ jbk bey dz
gb_ wdkp_gljbkbl_I jhlhjZ b 7~j _cn 4phihjgBhZ kfh”_ebjh\Zgu "\Z jZaebq
gZevgh]h dhwnnbpb_glZz mkbe gbyebgbBs \ *"bZiZahg_ hl ~h \ukhe
j_]ImeylhjZdZau fh”_ebjh\Zebkv ijb ipgbragdbc
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Jbk Kj_"gyy hrb[dZ \ ijhp_glZo ey ddZh¥h"Neyh#ZZadfpuo Ze]hjblfh\

:elhjblf “bnn_j_gpbZevghc wkhexpijB\ghd&klb d ihbkdm Zelhjblfh\ h[_Kki_
aulZ_| g_fghlh f_gvrmx hrb[dme q_f dedkikbnbdZpbx k [hevr_c Ihgghklvx
Jhjblfurey kb]JgZeh\ gbadhc bglegkb\ghkike : ijh\_~ ggh]h ZgZebazZ \ dZqg_
lhjblf hilbfbazZpbb k_jh]h \hedZhhdZaa\Z_WwWwyn[dlb\gh]h \u[jZg ih”oh” d if

e__ lhgguf "ey hldZah\ \ukhdhbh mjE\pkyZflgedijdeZkkbnbdzZlhjh\ \dexqgqZxsk
f j dhjhldh_ azZfudzZgb_ b ijhihjphbsthgZ&vidhu

mkbe gb_ cefhljofliazpbb jhy gZklbp hd kemqgZcgh]l]h e_kZ mf_gvrZxsbc
au\Z_Iky gZb[he__ lhqguf ey hrb[hidjekpmf \gby

p_ehf \ukhdh]h klZlbg_kdh]h wdkp_glibfigthllHketbcguc i_jk_ibdégklk kBkdm

gbadh]h ijhihjpbhgZevgh]l]h mkbe gbkl\ LgZguo g _ c;hgguo k | ¢ ijhA _fhgk
amevlZlu k\b” _|_evkli\mx!| qlh f IZw\r]ltndelkqthﬁ[tghklv gZoh’\va ijb[eb” _ggl
Zelhjblfu hg_gv gm\kl\bl_evgu | ihk¢dbgRrdyj _a\ugZcgh keh ' guo azZz”Zq
"Zqb gb h~bg ba bkke_"m_fuo Ze]lhjblfhj\Zdb lgilguc [mklbg] h[jZ[Zlu\ZXxsk
kh[_g ij_\ahclb *"jm]b_ \ ex[hc hbIimZpplZzevg®t_ ijbagZdb b g _ebg _cghklb
sbf Zelhjblfhf h[_ki_gb\Zxsbf gZbemgmkh\ jr_gkl\mvdhdgfnZzelhjblfZZ ]j
j_amevlZlu "ey kemqgZy fgh  KklI\_ggud hdbtgtgi\ [miZklbg]Z nhdhhelkksvqlh
IZzd®_ gZb[he__ wnn_dlb\guf ZelhjblfghkdviedtkkkbnbdZpbb

aj_gby \ugbkebl_evguo aZzZljzl y\ey |kylZ&jla[jbllZggZy kbkl_fZ deZkkbnbdZ

hilbfbazpbb jhy gZklbp eZ k\hx i_jki_dlb\ghklv 7ey ijhfure
\g_"j_gby [ezpvadlhc klhbfhklb b \ukt
gZ™_"ghklb

4. OTEYECTBEHHBIE PA3PABOTKHU " pbZebklu Fhkdh\kdh]h Z\gZpbh

kKilbImlzja[hl[72@ jzZkkfzZljb\zZxl g_rlZlg
_g_klI\_ggu_ bkke_~h\zl_abMijbf_kjyixiZzpbb k\yazZggu_ k hldzZazfb ijb\l
oh"u gZ hkgh\ g_ CJhgguo k_I_c bmfiZZbggbably b Ze]lhjblf h[gZjm Zgby |
h[mqg_ g‘hz)y‘bZ]gthbdllg)h]ghabjh\IZgby ah\ hkgh\Zgguc gZ j_r_gbb azZ2zZqb
gbg_kdh]h khklhygbw@a\Ww]ghheg®e > pbb fhr_eb "\b ' _gby E: b azZz”~Zqgb deZz
70@ b WIR#§. ijbagzdh\ hldZaghc kbImzZpbb k ijl
_pbZebklu I_jfkdpblihgZebkhklh g_cjhk_I_\uo f_lh~h\ < jZ[hl_ ZgZe
"h\Zl_evkdh]h ihebl_ogbqg_kdh]h mglgb_jWNZIAlIdZah\ ijb\h~h\ hj]Zgh\ mi
jZ[hl[71@ ijb\h”yl j_amevlZlu dhfieildkgh]wnn_dlb\ghklb ijb\h*"Z ©azfhj:
ZgZebaZ bkihevah\zZgby f_Ih~h\_fZrbgjbhh® 2 \mfdhf_gl \hagbdgh\_gby g_rlzZI
gby ”"ey “bZ]ghklbdb Zkbgojhgguo ZpPWwhzb_&hqg_IZgb_ wlbohhtb@ahIbihb
we_dljhijb\h~Z gz eZ[hjZlhjghf kl_gh”*_&hXhggbb hlidZaz ijb\h"Z mijzZ\e:
hij_~_e_gby bkijz\ghklb "\b]zZl_ey k\héghkybdijhba\h”*blky fh” bnbdZpby
[bgZjghc deZkkbnbdZpbb “ey dZ " "h]hbdbkdlo bdhwnnbpb _glh\ kh”"_j"Zsbc
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hldehg_gby wlhc ih\_joghklb J_Zebak\Bgultml_ ijh[e_f mijZ\e_gbZ bf
ko_fu ij_h[jZzah\Zgby dh]*Z i_j_f_ggZygbldi\Z Jhkkbckdhc Zdz”"_fbb gZm
"ZsZy hldehg_gb_ mijZ\eyxs_c ih\khafhkdiggh k P:=B \_~mlky jZ[hlu ih jZe
ijbkmlklI\m_1 \ Zwjh~bgZfbg_kdhf dhwhklibeb*lZgbx |_ogheh]bc f_Ih*h\ b
y\ghf\bg_y\ghf \b”~_ HJ[t_dlhf fhh_eb NoKI]g_gby kbkl_fu jZgg_c ~bzZ]lghklbd
kilbdb y\ey |ky-bEfhebll Fev 1jb f oZgbq kdlkdb f k bkihevah\zZgb f fZr
N _ebjh\zgbb ihe_1zZ \ kbkl_f_ mijz\e]lgblyfmgbdby P_evx wlbo jZ[hl y\eyxl
\Zxlky Z\lhibehlu m]ez zZlzZdb 1Zg]lzZ\ZbmbdjZpgly Ze]hjblfh\ fZrbggh]h h[m
hi\_gZxsb_ azZ \u”_j b\Zgb_ azZ”"ZgghhbhkdlghhjhjfZebazZpbb aZdhghb _jghk
iheh _gby E: Fh~_ev ~\b _gby ij_#“hlkyeayd f_""m dhgljhebjm_fufb izZjz
kh[hc kbkl_fm h[udgh\_gguo “bnn_j hgpbydemgule ijh]Jghahf |_ogbqg_kyh]h
mjZ\g_gbc Hibku\Z |ky j ZebaZpbywgbébghfgdhilybg kdbo kbkl f

j_r_gby az~Zqgb Dhrb ey wlhc kbkl_fu smjj\hlgi@® hibkZgzZ jZzajzZ[hldZ b \_
f_Ih~hf IJmgDPmMu q_I\_jlh]lh ihjg~rdZ pb% gZ hkgh\Zgbb klZlbg_kdbo d "bg.
gufb gZ[ex™ _gbc yleyxlky agZq_gbyZdh]ehRlbod gZlmjgh]h h[jZapz fzZIl _f
kdhjhkl_c b dhfzZzg~rguo kb]gZetb\ hl fth2rg2édh\nke _\h]h k_j\hijb\h~rZ KI "€
kl_fu mijzZ\e_gby JzZkkfzZljb\Z _Iky ik}ohg¢_JhbzZ~bmkz ~_ckl\by \ae_lguf \
dhhjhf jZkihagz\zZgb_ijbagzZdh\zhlidZ&ghcekbliin *"gZagZq _gZ ~ey kha®Zgby
pbb ijhba\h~blky gZ hkgh\Zgbb gzZ[gxt_¢bZ]@iklibdb g_bkijz\ghkl_b KI
nmgdpbyfb -djhkkeypbb m]Jeh\uo kdhjihkRiZgZz az*ZqZ hp_gdb khklhygby KI
<aZbfhk\yav f_""m izjzfb m]eh\uo ckadhkkkhbadZpbb gZ hkgh\_ Ze]lhmblfh\
fh gh hp_gblv dhebg_kI\ _ggh bbij "kkZe\Wwdghlh\ZgZebazZz ~Zgguo |j_"eh’ _gZ
A nmgdpbb Ijb \hagbdgh\ _gbb hldkeZfZjbhhjfZzjh\Zgby b ZgZebaZ ~"Zgguc
hjl]ZzgZ mijz\e_gby wlzZ \azZbfhk\yav |l g&dgmgqZktkyh khklhygby KI

>ey deZkkbnbdZpbb hldzZah\ ijbAh~h\ bkihjgylalid®s 76@ ij_"eh _ggZy kov fZ b}
ky g_cjhk_|I \u_ fh® _eb nmgdghblc djakk Iky ~ey ihkljh_gby Ze]hjblfh jZgg

dhjj_eypbb m]J]eh\uo kdhjhkl_c "_gby hldzah\ WIE: k\yaZgguo k b
< P_gljzevghf Zwjh]b”*jhr"bgzZtbq_kdédbkklglb\guo ihl_jv \ f_ozZgbq_kdhf |
Iml_  P:=B jZajZ[hlZg ih”oh” d bkidbfhabyh jZ[hl_ WIE: inthjfdoé¢hVZebkv

Z\bZpbhgguo bkihegbl_evguo f_ozZdbafhisvxeyzl fZlbg_kdhc fh”_eb b \de
ijh\_jdb jZ[hlhkihkh[ghklb bkiulm_fhjAjZjb\lhh\ GZ hkgh\_ ij_"eZ]Z_fh]h
NZ ijb "bgZfbq_kdbo \g_rgbo gd]jmadZjchjZkhihdhhjfZlb\guo ijbaghBth]\Jueb
kI\mxsbo jZaebqguf j_ "bfzB@heldhZ >q lujizjzf |jZz \ dZq_kI\_ \oh”~h\ g_oc
juc ihemqgb\ jZza\blb_ \ gzZklhys_ _ \k fhp ipbifjh\_~_gh h[nlgg gbjhgguo k_I|_c
gy _|kdzd ~ey hlez~rdb Ze]hjblfh\ *"bZJudtkkbdb evgu_  wdki_jbf _glu ihdZa
g_bkijz\ghkl _c¢ ljZ"bpbhgguo k_j\hdeZghggagdb_ dhebq_klI\Z \oh?*gu@ iZjZf{
]b~Ajhijb\h~rh\ 1Zd b ey WIE: k bkihevMedb&lybmf gvrblv dhebqg_kl\h g_cjhgh
g_cjhgguo k_I_c¢c P_evx wdki_jf_glkeljgwkdvbh[mqg_gby g_cjhgguo k_I_c
iulZzgbc we_dljhijb\h~h\ y\ey |ky \uy\lagbke gbc
AhklzZldh\ dhgkljmdpbb ijb\h~*Z beb gZkhHedB7@ ij "klZ\e_gZ jZajZ[hldZ
kbkl_fu _]h mijZ\e_gby BkiulZgby bkbhfdtgblihdkdZ bgnhjfZlb\guo ijbagzd
guo f_oZgbafh\ ijh\h~bfu_ \ P:=B ijhjgdabjh\Zgby | _ogbg_kdh]h khklhy
d\Zebnbpbjh\zZIlv ke_"mxsbf h[jZzahf K wlhc p_evx ijbf_fgykrky ZgZebaz \j
+ bahebjh\Zggu_ bkiulZgby bkihegblgevagyyg”h\ b ] g Ibg_kdb_ Ze]lhjblf
f ozZzgbafh\ b bo we_f_glh\ Z 1Zd _IKgpoZevZedbjblfu bkke_"h\Zgu B \_jb

iml_c kbkl_f mijZ\e_gby ihe_Ihf gu gZ ~"Zgguo ihemqg_gguo k bXiheve
thljZ[hldZ bkihegbl_evguo kbkl_f IhtZjbghkdhc fh”"_eb WIE: b \ _j_ame
klb E: “"ey mijZ\e_gby ihe _Ihf kmjkguo kl_g”~h\uo bkiulZzgbc [_kdhe

+ 1 _klbjh\Zgb_ dhglmjZz mijZ\e_gbweoH[ihd\b]ZI_ey ;IE:
mijZ\e _gbkbkl fZ mijZ\e bgblyegbu e Wnn_dlb\ghklv ij_~eZ]Z_fh]lh ih~oh?”
gh_ mkljhckl\h?a kljh_gby ZelhjblfZz hij_~ e _gby 1I_o

J ameviZlu wibo bkiulZgbc fhyml [Kkihhkbkisby WIE: gZ hkgh\_ g_cjhgg
ah\Zgu dzZd nhjfZevgh_ hkgh\Zgb_ MekilgbXgbsbo nhjfZebaZpbx aZdhgh
i _j\hlh k_jlbnbdZlZ e Ighc ]Jh~rghklb \ "Zgguo bkke_jaihlk§@ 1j_~klZ\e_qg:
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ko _fzZ hil[hjZ bgnhjfZlb\guo ijbagZdh\sgZ Wkdfly\ ey bkke_ _"h\Zgbc blgiheva
©h[_jlhgguo? f _Ih"h\ ey h[mqg_gbygws cjhbgimg_ggu_ gZ hkgh\_ fh”~ _ebjl
k_Ib Ijb\h~ylky ~Zggu_ wdki_jkf_glb&vglizd evguo kl_g”*Zo GZ ijzdlbd_ |
ke _"~h\Zgbc hij_~ e _gby | _ogbqg_kdhijh etz h yfauoy ih~*oh~h\ fh™ | hdZaZzZlvk
WIE: bkijZz\gh _ ij_"Z\Zjbcgh _ Z\&pbcghlb\gufazbalebygby j Zevguo mik
k\yvaZzgguo k baf_g_gb_f exnlZ b kmowjhkigmgblwpbb WIE: b \g. rg_c kj_"u
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MODERN APPROACHES TO PROGNOSTICS AND HEALTH MANAGEM ENT
OF AN AIRCRAFT ELECTROMECHANICAL ACTUATOR

E. L. Kulida* and V. G. Lebedev**
Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

*  elena-kulida@yandex.ru, **  lebedev-valentin@yandex.ru

Abstract. In connection with implementing the concept of electric airplanes, it is neceass
ensure the high reliability of electromechanical actuators (EMAS) as importapooents of
aviation systems. The structural composition of an EMA and the typesfatlilts are considere:
Fault diagnosis methods based either on EMA modeling or the analysisaksigceived during
EMA operation, as well as hybrid methods combining both these approachesjiened. The
advantages, disadvantages, and difficulties in applying these approacimgeatigated. Specie
attention is paid to EMA diagnosis methods based on deep learning, whigsgisignals inla

tomatic mode and implement complex fault diagnosis. The conceptcodifaiequipment healtl
management (in particular, EMA health management) is presented baseskssirgsthe tdc

nical condition and prognosticating the remaining useful life in dprevent faults before the
occurrence. Several hybrid approaches with prognostics are highlightsolve the aircraf
health management problem. Finally, Russian R&D results in the figfcholine learning-base
aviation health management are reviewed.

Keywords: aircraft, electromechanical actuator (EMA), fault diagnosis, health maresgeprognostics.
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bgkljmf_gl Ij_[mxsbc dZeb[jh\db b ~hjZ[hldhed]_ijbhcghmH]
pbb

Dexq_\u_ kebfElZpbhggh_ fh”~_ebjh\Zgb_ kbkl_fgZy ~bgZfbdz 2z
kdbc dzZiblZe bggh\Zpbhggu_ ijh_dlu

ke ~h\2Z\\ iZjzZz"b]fu Z] _glguc bth*oh”
BfblZpbhggh_ fh~ _ebjh\zgb_ zdlb\ghfgmx "bgZfbdm

gy _lky 7ey bamqg_gby jZaebgguo kiibklzédggn "bgZfbdZ ih*jZamb \Z_|

wdhghfbg_kdbo b khpbhl_ogbq_kdbol k®k@hf \skhddgc mjh\_gv Z[kljZdpbb

lj_bfms_kI\h whiWldh~Z khklhbl \RhafhigfdZo ih~"oh”Z bkke_~h\Zgbh_ jZaebc

kib hih[jZ  _gby fh”_ebjm_fhc kbkl_flukmgs_kz\ey_lky \ |_jfbgZo aziZkh\ b

ebgguo mjh\gyo Z[kljZdpbb qlh iha\heg bjofpnhdh\ Z hi*_evgu_ kmisghklt

eyf \uihegylv hibkzl_evgu_ ijhhghkiblgfudn_ jZfdZo Z]_glghlh ih~"oh"Z q:
ij_"ibku\Zxsb_ nmgdjZalgupZ lhjbahglXxdZley fu_ hl”_evgufb ZdlhjZfbhkbkl_
ieZgbjh\Zgby p_kkh\ azZ”~Zgu \eh _ggufb oZzjzdl_

Lib hkgh\guo iZjZ~b]fu bfblZpbhgd&fkofraZiZkh\ b 4@hdwihb ih*oh” ihe_
N ebjh\Zgblkbkd fgZy ~bgzfbdz - ~bkdjbidhkke_"h\Zl_evkdhc jZ[hI_ \hhlghr
kh[ulbcguc b Z]_glguc ih*egZ\h~Zj® kLevguo kbkl_f gZijbf_j ijb ZgZeba_
jZaebgbx aZeh' _gguo \ gbo ijbgpbih(‘JJffdeZ(Mijﬂ_kdbO ijhp _vkilbH\_fbehte h [ b g
f _glh\ h[_ki_gb\Zxl rbjhlm h[eZklb ijkfibp dbg”"_gdbc]>glguc ih"oh” gdhgp_
bfblZpbhggh]h fh~_ebjh\Zgby & dhglibdm®lIkjz gZ ih\_~_gbb b \aZbfi~_ckl
kfhlj_gbgbyglhyeh\ q_ lkidhpiZezbg guo Zdlhjh\ \ Kbkl _f_ khklhygb_ dhlh

dmlghklb nhjfbjm | khklhygb_8lk_c k

" Bkke ~h\Zgb_ \uiheg _gh ijb ih~Ar_j°d Ez | tpnk_[_ Z]_glguc ih~oh” *hklZlhq
gzmdb b \ukr_]h h[jZah\Zgby Jhkkbckahc N sz%bb]hha\hey | fh”_ebjh\Zlva kbkl_
ANZjkI\_ggh_ az"Z¢gB2024- hl ebggujh\g¥dkljZdpGEfdZih~oh Z
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kljZzdlghklv fh~_eb ijb\yau\Z_lky d hHdkhmj*kihfm Keh\Zjx\_q_kddiblZe
AN _ebjm_fhfm \ dzg_kB\hZ&jzglz_| ijbhij_~_ey_|Iky dzZd ©gZzZ\udb dhlhjufb
i_j_oh~_ hl ehdZevguo dhgdj_kguo 4Z[pglgbdle khljm~gbdb b dhlhja_ jZ
AN ¢ klzgdh\ mkljhckld peth[Zevguf Zxlky dZd j_kmjk beb ZdIlb\ ij_eijbylb
kljzdlguf zZ]_glzf ij_"ijbylbyf Kk ]bhgZéggh hij_~_ e _gby \dexqzZx!l ihfbfh
m~rZjkINZfib Tk ihgylby agZgbc g_y\g8® anghdbcdPbh)
I j_oh~r d Z] _glghfm fh~_ebjh\Zgbbglh efghdimzZevghc kh[kI\_gghklb Z |
Jhf fh™_ I [ulv k\yazg k I_f qlh_ih?jXagf_\E ~Z"_ a”hjh\v_ Bhljm~gbdh\ >
fu_ \ jZzfdZo ijhgbo iZjZz"b]f h[sghklv IQ kéjh_q_kdbc dzZiblZe qzZklh k\yau'
Jhklv ijz\b& "~ gby fhlml hl]jZgbqgq gghgijbff _glhf agZghBcjZ2\e _gb_f \ mijZ\e
gylvky \ mkeh\byo hlke_"b\Zgby |_g4j gyibkeylb]ljf \ dhlhjhf g_eh\_q_kdbc
gbg_ggh azZ\bkysbo hl g_eh\_q_ _kdh]JEkkdEzéjbdBEy Iky ij "~k IVkgqdh aj_gby wi
gZijbf_j \ h[eZklb wib* d@hem}gBdhi\ jlguo agZgbc khljm~rgbdh\ ba gZzZ\L
hjlZzgbam_fuo b mijZ\ey_fuo kizkl_f2o0 khgZa ub\f g_y\guo agZgbc < wlhf dh
xlky f gz~ _d\Zlgu dhlhjufb bkke_ _~h\Zl _eyfb g _eh\ _g_kd
Ihlj_[ghklv \ hlke_"b\Zgbb ~bfgzfbd \dzZjizkkfzljb\zZIvky \ Ihf gbkeg dzd
ghlh \ebygby khpbZevgh]h dhfihg_glZeé_&immZevgh]h 1A bldkelhjuc \i dhgp_
Ib\ghklb bggh\Zpbhggh]h ijh_diz \ pigb_KIZghh[mqgZxs_cky hj]ZgbaZkbb ki
hjb_glbjh\Zgguo kbkl_fZo dhfzg~Zoghyjgpufllhkihggbdhf ijb[ueb ij Xijbylby
ij_"~ijbylbyo b ]jmiiZzo ij_"ijbylxc \uihd@w\blb_ gq_eh\_q_kdh]h dZiblzZzez y
sbo ijh_dlu klZeZ hkgh\ghc ijh[e_fhgufiZkiZ dlhf ~_yl _evghklb kh\jbf ggu
e _gghc \ gzZklhys ¢ jzZ[hl_ BfblZpbhafmbc fh¢ jZaebgguo \hkijbylbyo dhg
ebjh\Zgb_ iml_f ]b[jb"bazZpbb ] _glghTf bglk agZgbc hg l|jZiddagHkm ih
kl_fghbgzZfbg_kdh]lh ih?"oh”Z [ueh \uJZx4dphklb \ yihgkdhc ~hdljbg_ jZa\b
dzZqg_kI\_ kihkh[Z jzZajZ[hldb bgkljmf gglZhVey kdbc dZiblZeg_fimm \uj¥x Z
]ZgbazZpbb IZdh]h hlke_"b\Zgby J_asteoMdyluj jZYh \§_]Jha agZgby b lgzZ\ud!
lu 1Zzd>_ iha\heyl h[hkgh\ZIv p_gghklymtrgdhyy yley Iky “bgZfbq_kdb jZa
kdhl]h dzZiblZzezZz ~ey nhjfbjh\Zgbty mklki¢mbimghic \ khklZ\_ hj]ZzgbaZpbb m¢
kl_fu j_ZebaZpbb bggh\Zpbhgguo ijhlhjlmé ijhbkoh~bl \ hlbgh¥ghifiklhyggh]h
Lzdbf h[jzahf ihklzZ\e_gZ p_ev jBfpfjZdEIAlvZgRY@Ib >Zdhc ih*oh” gZijZ\e
bgkljmf_glZjbc ~ey hlke_ "b\Zgby ~bgahsdbgihh dhffmgbdzZpbb b i j ~Zqgkb
_dlh\ k mqg_Ilhf khklhygby q_eh\_q_kdfh]jbdiZgbdZgzdhgp_ipby \ k\hxghqg_j_
kbkl_fu Khanz\zZz_fzZy fh”_ev ijb ijbf_Igbjgbblky §Z g_ihkj_"klI\_gghf ®ijz\e
mkeh\bglogdj_lghc ijhhjblg@lbjh\Zgghgbyfb k ihfhbeypgbazZpbhgguo b nbgzg
kbkl_fu "he gZ iha\heblv jZkkflj_ IvjbrijhlZg klbfmebjmxsbo jZa\blb_ agZc
ebabjh\zZIlv jhev g_eh\_gq_kdh]hbdZibhEkekhdmjljEeh]jZgbg_ggh]h djm]Z bah]]
aZpbb bggh\Zpbhggud& fYmadlhhq _d ajdhlhju_ i_j_"Zxl \h\g_ g_ klhevdh agz
gby kgbam \\_joml_ IfZgZebi&dX_~_gby dh j_amevlZl| bgl_ee_dlmZevghc "_yl
hi*" evguo Zdlhjh\ bggh\Zpbhgguo ipghp\KkpM\zZ \Wrgh Bl.Ih ~_ >
dhgl_dkl_ _]1h \ha”~_ckl\by gz jzZkkfzKbj)\zfdfio ~Zggh]h bkke_~h\Zgby bk
ijh_dlu b k\gba .Iliml_¥ZgZebhbhaZ%_ h[_ mihfygmlu_ \ur_ dhgp_ipbb Kqgbl
kiI\byeh[Zevguo ihdZazZl_e_c bggh\Zpihhlygdhcgd_ g_eh\_g_kdh]h dZiblzeZz
yl_evghklb ij_"ijbylby ij_jram&vilh agZgbc h[_ki_gb\Z_Iky dzd iml_f i_j_
Ib\ghkkb wnn_dlb\ghgdb\Zpbhggud ijhhl [he__ hiulguo beb agZxsbo khljm~¢

lh\ gZ q_eh\_g_kdbc dzZiblze g__ hiulguf beb agZxsbf |Zd b g_j_a
gh\h]l]h agZgby mkbebyfb h~gh]lh khlj
1. OCHOBHbIE KOHLENLWUW U TPEEOBAHMS K MOLENM hliZgbq_gghc ]jmiiu khijm~gbdb\ L_]
g_kdb 1zdb_ ijhp_kku ]_g_jZpbb ag:

11 % gZau\zZwdkl_gkb\lgifyl gkb\gkufhl\_|

I.:)hgp_i.pb)./. q__eh\_q_kdh]h dZibIZe%xfoi(h@nﬂﬂs‘ﬂ%@ti%nary.iURL:www.oed.com(\ZIb[jZ
rbjhdh_ jZkijhkljZg_gbOQ\ dK¢peZkghs ghby9.02.2024).
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kI\_ggh \ i_j\hf kemqZ_ bg”_dk q_I&wm\ gg hH{dhTfh [m~_| knhjfbjh\ZIlv hlt
dZiblzezZ hjl]ZgbaZpbb [m~_| ih\urZkyvkeh\ingl_Kdh]h dZiblZeZ khljmkgbdh\
jZkijhkljZzg_gby ba\_klgh]h agZgby 2ZmhksWbjhkgh\guo dhfihg_glh\
iml_kharZglhyh]h agZgby Hqg_\b*gh qllag@édbc gz\udih\ m\l ebgb\Zxsbo q
ijhp_kku ~“he'gu [ulv klyaZgu b kh]egkh\ggkidbl}c dZiblZze iml_f i _j ~Zgb a¢
ijhib\ghf kemqgZ_ jhkl g_eh\_q_kdhlh|pdtiglzeehd ~jgzdli\zf 1Zdb_ agdgby w
g_\hafh _g LZdbf, h[fZlagbazZpbb fh kb\gufb
ijhbkoh”blv "\b"_gb_ agZgbc gZ\udh\ g 7@deo gz\udih\ m\l ebgb\Zxsbo o
nhjf bgl_ee_dImZevguo h[t_dlh\ \ kh&kh¥\q &d®R dziblze [eZ]h*Zjy ibhy\e ¢
\_q_kdh]h dZiblZez qlh h[_ki_qgbl |bkgh}mb*e&yjZgbg_ggh]lh djm]Zgebp
nhjfbjh\Zgby bggh\Zpbhggh]h4jihl_gpbdfefghlh gq_eh\lhdZgbke_ ihemqg_gguo

< hl_q_kI\_gghc gZmd_ Zdlb\gh jZwadklMZgklk¥gho agZgbc iZguah\zb Il
bamgZ_lky dhfi_I_glghklguc ih”"oh” djh “ag¥gbykb\gufb
Ihhg ijbf_gy dkyjZah\Zl_evguf ijhp_kkZfaahjh\vy b ijhgbo nzdlhjh\ q_eh\
[15]. JZa\b\Z_fu_ m h[mqgZxsboky dhigz|lhgPdd g highkysboky d agZgbx
aznbdkbjh\Zgu \ h[jZah\ZI_evgdo klZgh4ijjliZzebBzZpbb gZ mjh\g_ h[s k& fh~_
gZdh eh]bq_kdb ih?oh” fh™_bighfi gy\Ykyzgghc datrfdthdhgdj Ighc hjjZgbaZp
eh\_q_kdhfm dZiblZem hd}ag baglpforef £ < kh\j_f_gguo bkke_~h\Zgbyoyijh\h’
ih ijbgbg_ Ih]h qlh gdhifilhjgpbb h[hab f "Am bkke_~h\Zl_evkdbfb iph_dlzZ
agZqZxlky dzd ijhn_kkbhgZevgg_ b \klyh[Rdbl\dzibpa@htWwlih ihalhey | ih”|
gh hjb_glbjiZdakihevah\Zgb_ hijhnakkP zdimzZevghklv ij_~eZ]Z_fh]h bkke
gZevghc ~_yl _evghklb \WbjjZladgB&dha
guo mgjghc :dimZevgu_ hI_q_kkI\_ggu b 12 5 § ) )
ke _"h\Zgby 1zd" ijh\h~yl k\lyav f_ " m dhfi

_glghklguf ihAoh~hf b g_eh\_q_ kdbf dq”ﬂ%qaky Ayl _evghklv \ kh\} f _gg
\ Ihf qbke_ \ bggh\Bpbhgldhh\Zgguagjhghfzi_evkI\_ yley_lky ZdImZevghc
dhfiZzgby® I¥@ Bamq_gb_ dhfi_I_gpbg|jZf gghc ijzdibdhc >ey jy~rzZ j_
ihroh~BEy hp_gdb q_eh\_q_kdhjh dZmijeeZ_ghb_ ih ijbgpbizf ijh_dlh\ hdZ
l1ZgbaZpbc Hkh[_gghklv ihalheyxsZliye bahehnh dib\guf q_f ljZ"bpibhggh_
\Zlv bo hl jZg__ hibkZgguo agZgbc bhgghudmijZz\k gb_ H~gbf ba dhgl_dk
kihbl \ IThf qglh dhfi_|I_gpbb g_\hafhjgd ijhgpbiu ijh_dlgh]h mijZ\e _gby
AZIv Ajm]bf khljm~gdl A ety xIky gm\_jijbf_g_gb_ yley |Iky bggh\ZplwhggZy
ghc o0ZzZjzdl_jbkibdhc hl~c_evgh]lh khighklybd@Zj%d|_jbamxsZyky |jZ"bpbhgg
fhr_eb q_eh\_q_kdh]h dZiblZeZ ihljmim\gky &\hij_~_e_gghklb b hlkmlklI\b
azlv dhfi_I_gpbb khljm~rgbdh\ b bo kdgagdlhrely j_JeZf _glh\ ijble_b_gb_
lhlh qlh[u ihemgblv Z~_d\ZIgmx hp_ W \EhyRoyb \ kemgZ_ mki_ozZ kr
b i j ~Z\Z fuo b g i j ~Z\Z fuo ag_\zeg})d’cg 2z §Z dhgdml gpbx @ h Wyt etbk >
eh\_q_kdbc dZiblZe hj]ZgbazZpbb gghk'b ggh\ZpbhgghC "_yl_evghkl

lib wihf g_h[ohAbfh mqblu\Zlk b A ti)q“i bggh\Zpbhggu_ ijh_dlub qZkit
i diu q_eh\_q_kdh]h dziblzez k\ya i Zaihemg_gb_ ijbgpbibZevgh

i . kdbo | _ogbg_kdbo beb hj]:

\k_]kh a”~hjh\v_f khljm~gbdh\ Ihh[e_ u  ameviZIh\ Aey dhihjuo hi
q_kdh]®h@>b f g|2e\@@]raﬂmh\vyAkh|

baylD  KIZgnZilu beb ZKijhkl|:
gbdh\ Zdib\gh bkke Amxlky \ dypgl_ —rlq') g\;’ Tibdb Kr{hl\_lkl\_Jgth E

gby gz q_eh\_q_kdbc dzZiblze kZzZ° gh\ 0y dfguc ih”"oh” iha\heyxsbc A}
f_lblv qlh mq_I dhgdj_lguo nZdlhjhygq H‘&EN fikib b ]b[dhklb ~_yl_evghk
Ijm"Z beb ijhn_ kkbthevguo jbkdh\ \lp,y]egj @ y jZ[hl hdzZau\Z Iky mf_klI_
mjh\g_\hc bkke_"h\Zl_evkdhc fh~" e@zzRZHyrg g 1z Ivpb\h ylky mgbldﬂevgu
ihkdhevdm m]Jhau fmbaa’bfqhkdohlj’m A e _gbggh\Zpbhgghlh ijh_dIZ by g_
gbdh\ fhlml kms_kI\_ggh \ZijjZl\ZIVKMphIgIhdZ lhgghf hij_~ e _gbb ]JyZgbp

gbazpbb d hj]ZgbaZpbb lby 1j_~ez]Z_Iky kgblZIv bggh\Zpbh
Khhi\_IkI\_ggh ijb jZzajZ[hlihebfh”_ebzfb kbkl fu f_jhijbylbc ijx*mkfz
q_eh\_q_kdh]h dzZiblZez \ bggh\ZpbEhgulo cighvdimghfbq_kdh_ ijZ\h\lZ b h
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pbhggh_ h[hkgh\Zgb_ bkihevah\Zgbykyj cardbagldglHguf mkeh\byf hI* _evguo
gZmgghc 9gZmglydp _kdhc b bah[j_1ZI _ i¢vkidbglbc gh ijb wlhf hljZz ZIlv h[sb
Nyl _evghklb ~ey kha”rZgby ijbypbibgbhtgjghkib jZa\blby q_eh\_qg_kdh]h d.
ih nmgdpbyfihbretbjf _  ijhmdlh\ mkem]zZbbaZpbb bggh\Zpbhgguo ijhgdlh\
kihkh[h\ wdkiemZI|Zpbb ijh*mdpbb eb[Hklj]Zzgbaglgh_ fh”_ebjh\Zgb_ahdZa
pbb ijbgpbibZevgh gh\uo ijhp_"kkh\ ephga\ir_IZevguf H~rgZdh \ dzZq_KkI\_
KI\Z ijhAmdlh\ b B@®em]b>jZkkfhlj_ghbbjki_dlb\ jZajzZ[hldb fh _I [ulw ijbgy
| jfbgZ \uyleyxlky g_dhlhju_ hkh[_gpgbRigh _ dfth® _ebjh\Zgb_ kh\f_sZxs_ _ k
lhju_ g_h[oh”bfh mqgblu\ZIlv ijb ihkljRbgZbbfdm b Z]_glguc ih"oh” ~ely mlhc
N _eb Ilhjuo kbkl_fguo \azbfh”~_ckl\bc
<ur_ m _ [ueZ h[hafZhhkd¥ mqg 1Z q =b[jbrgh_ fh™_ebjij\2gbZ\ey | kh[hc
eh\_q_kdh]h dzZiblzezZ ijb jzkkihlj_ghthkihdghggmx iZzjz~b]fm \ jZfdZo bfbl.
pbhggh hjb_glbjh\Zgguo dhfiZzgbc bfh’keelt\Zgby =b[jb*gZy fh”_ev kh'
| evgh \uihegy fuo bfb bggh\Zbbhggup ijdp kdhevdh hlI*_evguo [Zah\uo
Ih\16@ LZdhc mq_| hjbhklgeywZlv ijbf bfblZpbb qlh h[_ki_qb\Z_1 ihdjulb_
ggb_ ij_"eZ]Z_fhc fh”_eb bf_gmgh dklhdgl\zhdjZgbq_ggh]h ijhkljzgkI\Z fh*
hgguf ijh_dlIZf NZzZdlbg_kdb wlh h[tykigoyklIlkfy hjlohwlhf ijbf_gylvky wlhl f_Ih”
[ _ggh \ukhdhc jhevx q_eh\ g _kdh]hlldeaithzedht kemqgzZ_ dh]~Z ~hklb™_ gt
\ujzZz" _gghlh ij_"~_\\khllhgpbZe_Z]_g_#%_ebjh\Zgbyhafh gh ijb ijbf_g_gbb dz
pbb gh\h]lh gZmqggh]h ‘agyZgkygtgklb beb[h ba [Zah\uo iZjZ*b]f > @
gh\Zpbhgguo dhfiZzgbc \ p_ehf b ijb j_ZedAWkibdhklb hl khq_lzZgby f_Ih~h\
bggh\Zpbhgguo ijh_dlh\ \ 3@klgihklb \:afh ghklb ]b[jbrghc fh”_eb Khq_IZ
ihez]lZ_lky qlh ih~"h[gZy 0ZjZdZ jbklidph]h blgygdh~rZ b fh~_ebjh\Zgby \fl_jfbg
pbhgguo ijh_dlh\ ij _~ty\bl ke _"#‘xsbgh¢ Ph\gZfbdb bkihevam_ Iky ey hibk.
gby d jZajz[Zlu\Zz_fhc fh™_eb \ dhlhjuo g_dhlhju_ Jeh[Zevgu__ih”jh
g_eh\_q_kdbc dZiblzZze "he Iy hddZebvallvjheZggu_ aZdhghf_jghklb p_gu
ygb_ gZ kbkl_fm bggh\Zpbhgguo ijh dmiggz Jkjlv*kdb_ bgnjZkljmdImju h]
wlZiZo bo j_ZebaZpbb liZnbg_kdb_ azZdhghf_jghklb k\yau\Z.
dZ ~uc ba wlZih\ j_ZebaZpbb bggh\IpPhtighldoevguo bg”b\brh\ beb h[t_
ijh_dlh\ ~he _g ih*jZamf_\ZIv \ujhylgrdvhiKiZgbazZpbb b ij_"ijbylby bhi"_e
\Z ijh_dlZ \\b"m \ebygby jZaebqguo pbZdewjhu_\beb Jhkm~ZjkI\_ggu4, h[jZe
Ilhf gbke_ b nzZdlhjh\ k\yaZgguo k ®5@&n\Bf_w@hfih ijbgbg_ \azZbfh”vckl\b
dZiblZehf hjl]ZgbazZpbb g_~hklZlhd agZgybrZdihph\ b dhgdj_lgud_plhgIre\Z +
db ijb jzajz[hld); b I dhfiZzgbb jZ[hlgbdh\ hljZkeb khpbZe
dz ~uc ijh_dl “he’ _g hdZaugdv \eébpydZkkfhlj_gbb \hijhkh\ jheb q_eh\
q_eh\ _q_kdbc dZiblZze hj]jZgbazpbb dihiihldgyy \aj_ZebaZpbb bggh\Zpbhgg

iZk agZgbc khljm~gbdh\ lzdZy dhf[bgZpby ih®oh”h\ ijbf_gbfZ
WIb h[sb_ 1j [h\Zgby ij ~ihehk bl _evdtZqpf h[jZahf bfblZpbhggh_ fh"_e
Z\ey ARy d\Zlguf bgkljmf_glhf

ijhkljZzgyxlky gZ \_kv ki_dlj bggh\Zpbk! L j_
ijh_dlh\ Z ihlhfm ih~oh~yl ~ey \_jogg&)jh\bﬁkﬁ\:e_gghc ijhfe_fu b blkke_"h
bfblZpbhgghc fh~ _eb >ey ihkljh_gbll fhoue \@Zbfhklya_c gq_eh\_q_kdh]h
k\yaZzgguo k bggh\Zpbhgghc ~gyl eWw@wiiN&pihgguo ijh_dlZo KIzZ\ylky "\ _
dj _lguo hj]Zgbazpbc ihlj_[m_lky mlhgg\ughegblv [Zah\mx fh”_ev gZ yaud

j_gbke _glguph\zZgbc ghc “bgzfbdb
"hihegblv [Zah\mx fh”_ev Z] _glgu
13. 86 $ g_glhf ey mlhqg_gby ~bgZfbdb hI"_

f_gguo k\lyazZgguo k gq_eh\_q_kdbf dZz
<h \W\_~ _gbb ih~jh[gh hibku\l\Zebkv ~\_ gZklh

ijbf_giu_ iZjZAb]fU bbeZpbhggb]h fh™ e 2. ONUCAHUE MOAENHX
in\Zgby kbkl_fgZy ~bgzZfbdZ bbz]_ gtgh—Fh>—e
jh\Zgb_ ;Zah\Zy fh~_ev \ jZfd2Zo jZ[hly \uih « 4

gy_lky \ 1_jfbgZo kbkl_fghc “bgZfbdb wlh j_r
gb_ h[mkeh\e_gh Z[kljZzdlguf \_jog_mpreWyg \\ybg_mjh\g_\h]h Z[kljZdlgh]h
oZjzZd!l_jhf fhr_eb Fh~_ev “he gz zZ "Zgbph\iZbgbfZ_Iky mijhs_ggh_ \hkijby
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ebjm_fhc kbkl_fu < dhgl_dkl_Zbkl dolgh® bitbgij ~klZ\e_gu aBjZkdlu: fh”"
fbd hi* _evgu_ ijh_dlu g_ h[eZdzZx| megpbd¥ed/lglhjuo gZdZieb\Zxlky Z] glu
fb q_jlZzfb b h[hkh[e_ggufb agZm_gbkfdmglZb[ ijh_dlu Rbjhdb_ klj_edb f_
lh\ dzd gZzZijbf_j \ Adhqdijlblgghf fhr ©L_fi ih~"Thlh\db LA2 ©L_fi jZz&ajZ[hl
ebjh\Zgbb b \uklmizZxl bkdexgbl_ evgiZaoXjgtl dibjh\ZgibbshphdgZgzxl ihlhc
jbklbdzfb azizkh\ b ihlhdh\ \gmljb fhir _jelmh”~Z ijh_dlh\ ba h”gh]h khklhyghb
< dzZq_kI\_ [Zah\h]h rZ[ehgZ h_Zebamphbd #rfdZzo fhr_eb IZdb_ i_j oh”u
IZpbhgghc fh”® _eb ijbgbfzZz_Iky fhr _evrk]l]hmdbhgpy Igh]lh ijh_dlIZ hkms_kl\ey:
@Main Chain® ij_"klzZ\eyxsZy kh[hcZp_ih§dggr | ijh_dl hibku\zZ_ Iky ~bkdj_lgu
iZkh\ kh_~bg_gguo ijhf_"mlhqggufb ipHhd&fblhbyg@aZizZkh\ Djim]b ©<j_fy i
hfuggh bkihevamxszZyky ey \bamZeldbh¥pbhaZjhtbkz2 ©OH[sZy |_ogbq_kdZy
\h~kI\_gguo p_#ipg_d > b I i h[hagZqgZxl hkgh\gu_ nzZdlhju
K mq_Ihf ij_~tyle_gguo d kbkl_f_lgzZhZggbclju i_j_oh”~h\ f_"~m khklhygt
(\ebygb_ g_eh\_q_kdh]h dzZiblZzez gZ dilkhlo wlZiZo
j_ZebaZpbb ijh_dlIz \_jhylghklv kju\Z ik_dlialgadb \ fh~_eb azZ”Zxlky ke
\k_o0 wlZiZo \ebygb_ dzZ ~h]h j_Zebammggphphfbhjhkhqg [Zxsbfb \ebyghy nzZd
_dlZ gZ q_eh\_qgq_kdbc dZiblZe hj]Zgmazgmuo kh4vlb¥ ihlhdhf ;hevrZy qgZzZkl\
"hihegy Iky fghl]hgbke _ggufb H”*_ evadfBxdgho i_j oh”u f ’\m hkgh\gufb
\ jl_jzZfb i_j_f gopuifblhdzZfb \ubh”ys kljmdIlmMair©Chain? hibku\Z _Iky nmgdpb
fb ijh_dlu ba kbkl_fu ~h bo azZ\_jr_ghy~Djexd i_j\h]lh ihjy~rdZz k mkdioj_gb_
\ufb \uoh”~gufb oZJZdI_jkabde\b kbkimtsby k bgl_]jZevghc hp_gdhc g_el
eyxlky ijbg _k _ggZy ijbJuev b jhkl q_eahidibdZkd&h]bbih\Zy nhjfmeZ “ey \uqgbke
dzZiblZeZ ih blh]Zf mki_rghc j_ZebaZgplhd ibgligthX 1Zdh\Z
pbhgghlh ijh_dlZz I t)
;Zah\zZy fhr _ev Z lzd _ _Z]Ngiheg_gb_ ft) @©—, @
guf dhfihg_glhf kharZgu \ kj_~_bfblZpbhggh]h
fh~_ebjh\ZApplygic. LZdbf h[jZ&ahF_ev ]*_() £bgl_]ljZevgZy h[sZy hp_gdZ c
ijbh[j_1Z_1I \b™ ij_"klZ\e_gguc gZ jbkkdh]lh dziblZlkiz gl \j_ft;g®) +tagZq_gb_
AN kv d\z~jzlzfb kh kdjm]e_ggufip_~kleygsb]lh ihlhdm azizkz \ fif_gl \
gZijbf, ®AZijhku \ h[jZ[hld_2 ©4jh_d2BphiAZ j dZ
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NhjfmeZz k _kl_kI\_ggufb baf\ggdpbyfbldzZzaz \ jZzajzZ[hld_ hldzZaz hl
ijbf_gbfz d I_fim azijhkz |_fim ihafhhkhRdbh\h ~_gbb
| _ogbg_kdh]l]h az*"Zgby a”_kv dgbgl_J]jZ2eyghic"hpbjh\Zgby g_eh\_qgq_kdh]h
d_ g_eh\_g_kdh]h dzZiblzez ~ey mkdZjal\thy ifinthded |j_[m_Iky “hihedbl_ev
"h[zZ\eyxlky agZq_gby | _ogbqg_kdhc ghldhhgtdhklbjbc fh*_ebjm_1| *bgzZfbdm qg_
hp_gdb \ebygby aAddagqbklX_+tmkdhjblagZgbc gZ\udh\ b g _bgl _ee_dlimZevg
ijbgbfzZz_Iky kj_~gyy \_ebgbgZz |_fizgkhjbflbjma~*hjh\vy >ey [Zah\hc Bh”_ el
\Zgby | _fiz jzZajzZ[hldb I_fiz wdkggrnZiBkblighc "bgZfbdb ijbgbfZ_Iky \
\ebygb_ ijhgbo nZdlhjh\ a”*_kvbZgZdhtbedhhtZlv k ihfhsvx h~rgh]lh dhfihg_
kZgghfm 7~ey ih”]hlh\db |_ogbq_kdh]hz pZHggtby fthr _eb \_kv g_eh\_q_kdbc
ihlhdzZz ©]hlh\uc ijh_dl®? ]Zgbazpbb Mihfygmluc hifhfithg\lgt

Ilhlhdb ij_"klZ\eyxsb_ hldZa \ "ZgvaktZ\e gguc gZ jbk
ijhjZz[hld_ fh~"_eb rHebdhdba ijbgbg fh < kv fh mev gZ jbk gZijZ\e_g 9:

N ebjmxlky ih nhjfme _ \Zgb_ _~bghc bgl_]jZevghc hp_gdb q
f,t) HdIi@), dZiblZzeZ \ebyxs ¢ gZ wlZiu j _ZebaZz
]*_0+bgl_ljZevgZy hp_gdZ \ebygbypbhgoja\ijh_dlh\ kf jbk GZ g_f h

\g rg_c kj_"~u \ Ihf gqbke_ b \_jhylghkin_KikirhegZZevgu_ b ih\_~_gq_kdb_ d
azdZaqbdZ gZ dhgdj_lghf wlzid j_Zebkdepxodlijevgh bgl_gkb\gu_ wZelhju |
1Zp £\ _jhylghklv hidZaz hl ijhjZ[hldb\ ifh kdlilZlh dZiblZeZ agZgby b gZ\ud]
kh klhjhgu bkihegbl_ ey gZ dhgd& Ightbfybzsb_j dzZzd bgl_gkblguc 1Zd b wd
ebazpbb ijh_dlz oZjzZdl_j mjh\_gv a“hjh\vy khljm~gb
LZdZy nhjfmeZ k jZaebqgufb ag¢gyy_ighklfbbo nZdlhjh\ hp_g_gguo \ g
\oh”guo i_j_f gguo ijbf_gbfZ ~ey ihlhluh\eih \ nhdhgklZgl beb ihklhyggh b
djZs_gby h[jZ[hldb aZijhkZ ij_djZs_gbpokiykI'bgzZfbq_kdbo nzZdlhjh\ gZijb
e_gby | _ogbqg_kdh]l]h az~rZgby hldZagbhgZlevdlbjhkhklhygb_ khljm~gbdh\
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Fh”A _ebjh\Zgb_ ihlhdh\ ey fh2mey fmp_bpbgdpd q_eh\_q_kdh]h dziblzZez
eh\_q_kdh]h dZiblZez \h fgh]hZ hkgh\ZdghfmZktiljm~gbdm LZdZy ehybdZ |
eb[jh\hqguo dhwnnbpb_glZo ijg\yazZzggkno [d aihkeh\gh \_jghc ihkdhevdm
dj lghc fh~_ebjm_fhc kbkl_f_ Lzd gg&hjbjui \_jhylgu_ kdjulu_ azdhgtl
ijbjhkl a~hjh\vy hibkuhZmélc gZijbf_j kdjuluc hilbfmf gbkeZ khljm

fot) k!l kP, hij_~ e _gguf mjh\g_ f g _eh\_g_kdh]h
]/\_k1 bk, (ky + kp = 1) idZeb[jh\hqgu_bdhwn'h/\gz_dh ijbgylZ “himklbfhc "ey Z[kljZc
pb_gluthp_gdZ bffmgbl_1Z khlj@rgbdmMify\g_\hc fh”_eb _
gbazpBbt hp_gdZ nbabq_kdhc zdIib\ghkibl4hiZ[Zlur\Z_Thf Z]_glght "kiheg_
lim~Agbdh\ hjJZgbazZpbb %h\ghc fhr_eb \ qu__kI\A_ Z] gl ijbg
>ey m]em[e_gguo fh”" e ¢ \e_bygby—%VBHF g_eh\_d khijm~gbd hpb gb\Z
kdh]lh dZiblZeZ (Zdb_ hp_gdb WifmgiZpPby Abm ijbkmsb I_~_ dhfihg glu
q_kdhc zdlb\ghklb fhim!l [ulv ~bgzfb&§M@dgshoinklib bo baf_g_gby qlhvb \ 7
j_f_ggufb baf_gyxsbfbky \ khhb\_IkIHy khAme_ gh hgb hp_gb\Zxlky A ijb
gZfbdhc ih\_~ _gby b hkh[_gghkl_c "Iy &Mghigipd_eh\_dm 1jb wihf m\_eb¢
khijmAgbdh\" gh \ \_jog_mjh\g_\hc ?&RJ@ZH gnc' he gZkib A\ dhlhjhc wik
fh~r _eb 1ZdZy ~ 1Zebazpby khqlagZ g? 6__€Ek}ﬁ_\ﬁk_z'ky_©de'_'9Kb\J¢U<“WS_
ghc b |ml_f jZKijhkljZg_gby Z g_ 1Lg_jZy

QZklv ihlhdh\ wih]h fhamey fir_ebK¥zdhemp_gb_t khhl_lkIimxsbo khh]
ku\Z_Iky az”_j dzfb i_j\hlh ihjyrdz VIgklPiPrghe9!h) N
\b”_beb k mkdhjbl_eyfb kf nhjfmem LZ2db[Zizahf A\ ij_neZ]Z_fhi Z]_gl
fb Thlhdzfb yleyxlky hilhdb ih\_~_gd'&dd¥ef dhfihg_gl_ ijhbkoh?yl ke_
ijhn_kkbhgZevguo dhfi_|_gpbc hiihdP8§2BBck@b_ baf_g_gby hkghiguo
momA~r_gb_ a”hjh\vy ihl_jy dhgi_I|_ogoplbd!hjp _ N
pbibZevgh_ hlebgb_ hl hilhdZ k\yazgh KiP fmkjyrghf az\_jr_gbb ijh kdlh\ \
ihl_j_  dhfi_|_gpbc fh~_ebjm_Iky mljZEX!kRaQi4pby b gZ\udb gZ[hjZ aZ”_ckl
gbdZfb dhfi_|_gpbc \ k\yab k bd g_bkfRdVAh\yY4gibZ&KlemgZcguo Z]_glh\ m
f \ Ih \j_fy dzd hilhdb \ Ihf gbkeZlp94i}iihy\ey_Iky \hafh ghklv i{f_ gy
| _glghklgu_ hibku\Zxl moh” khyjmrg®bd®9ufbkpgZgbyfb h[f_g ijhbkoh”bl k
aZggh_ k wibf kgb  _gb_ gq_eh\_q_kdhikveazigfzlkys_c hl mjhigy agZgbc |

lihgb_ \oh~gu_ ihlhdb Fhhi_ghklz Z£1_91Z _ _
agZgbc b gz\udh\ |_fiu jhklz ih\_~_gqlikd®a™"Zaghf aZ\_jr_gbb ith_dlh
ijhn_kkbhgZevguo dhfi_|_gpbc nhjfB8jHkxygB*hjh\v_ gZ[hjZ aZz”_ckl\h\Zgg
dhfi_|_gpbc khljm~githdhlebimxlky dz\df \ZjbZglkemgZcguo Z]_glh\ h[mke
kh\hdmigZy hp_gdZ ihablb\gh \ebyxsik®dofehhbtadkdbf gZijy-agbgf nbezqgh
nZdlhjh\ ~ e ggZy gZ kh\hdmigmx JhyZ ePdrk P b]

Ib\gh \ebyxsbo gZ ihlhd nzdlhjlm\ k dZeB[ph\mljZ[hld_ dZ ~hc _“bgbpu fh”"_
gufb dhwnnbpb_gl@fh[igh”*"bfhklb \j_f_gb I_jy_Ilky gqZklv agZgbc b gZ\u

Ke_“mxs_c azZ”Zq_c fh~_ebjh\zgbhmAgyeémkyv h[mkeh\e_gh ~ebl_evghc
"hiheg_gb_ fh~_eb Z]_glguf dhfihg ddllhfiZyegb\_ebjm_lky mki_rgufb ijh_«
mlhgg_gby “bgZfbdb q_eh\_q_kdh]hl_dZiBkbezx agZgbc \ujzZklzZxl dhfi_l_
jzfdZo kbkl_fu khijm~rgbdh\

ljib dZ ~hf gh\hf wilzi_ ijh_dlZ m\_

) azZiZkz dz ~h]lh ihke_~h\Zl_evgh]lh wl
pbb ijh_dlh\ hkms_kl\ey |ky ] _g_jzZp!

gZ[hjz az”~_ckl\h\Zgguo \ [Zah\hf \

GZ jbk ij_~klZ\e_g h[sbc Ze]hjblkeingZcguo Z]kgbh\dklhjhc \_jhylghkl
gby Z] _glZz q_eh\ _dZzZhybijglujljNizgghdgb fhlml ihemqgblv agZgby b gZ\ud
kbkl _f_ \ jZaebqguo fh”_ebjm_fuo kbkmadgbylby\ey_Ilky 1Zd _ \hafh ghklv
| _jfbgZo ghIEZRMNb(Business Process Model k] _g_jbjh\Zggufb agZgbyfb h[f_g ijhl
and Notation). \_jhylghklvx azZ\bkys_c hl mjh\gy ag

Kmlv \\_~ _gby Z] _glgh]lh dhfihg_gljzh\whyk blghZ
azf_g_ “hihegbl_evghlh fhAmey hp_gdbljh _ethdmag _gbb Z] _glhf \ [Zah\hf \Z
kdhlh dzZiblzez L_i_jv bgl_ljZevgZyklepngdiZggf eh[f_ggh]h khh[s_gbky m g
\_g_kdh]h dZiblzez [m~_1 ij_~kfZ\eyl XhpgyZ &y b gz\udb
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LZd _ g_h[oh”~bfh hiIf_Iblv qglh az ijGZ ejbkb Hp_ ogfB8IQDPjZevgZy hp_g
Zelhjblfz ij_"klzZ\gZgghhjhbkoh”~bl g_eh\_q_kdh]h dZiblZzez \ kbkl_f_ L
ijb_f b m\hevg_gb_ khljm~gbdh\ k hiugbkeywdhky gZ hkgh\_ hl* _evguo hp,
i_jbhrbqghklvx LZdhc ihlhd ab”Z |y kdhiheglZziblZeZ hi~_evguo khljm~gl
| _evguf fh me _f kbblgZghg_kdhc fh™ _febe

jbk <gh\v \oh”ysb_\ kbkl_fm khljm~gbdb 4
bf xlI [Zah\u_ agZq_gby \k_o oZjzdl _jbklbd ag N : j
gby b gZ\udb ijhn_kkbhgZevgu_ dhfi_I_gpbb 1 J1
ih\_~ gg_kdb_ dhfi_|_gpbb a”“Hgh\v_ oZzZjzdl_j ill 4
kilbdb moh”~ysbo khljm~gbdh\ |_jyxlky N
1" _j *agZq_gbh djbl_jby hp_gdb qg_eh
“Ortenxa UK> kdh]h dZ_it(lazgeZZgby b gZ\udb ijhm_kkb
@— <Onenxa UK> gu_ dhfi_I_gpbb ih\_~_gg_kdb_ dh;
\ O a“hjh\v_ i-?eykhljm~rgb#ddhebqg_klI\h kh
4 UHMCIeHHOCTH COTPY/HUKOB |j m"g bdh\
m[:Z:\>D:Zt>© J_Zebah\Zggu_ ~bZzZ]jzZzffu khkghyghbc
= Hlaifiig 3 T———— [h\ \ |_jfbé&yogic \uiheg_ggu_ \lkhhl\
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Jbk >hihegbl_evguc fhamev baf_g_gby gbke_gghkihj_~klZ\e _ggu_ ~bZ]jzZffu khklhyghbc
i_ikhgZeZ dmighkh ckl\mxgb”reyhl? _evghBlhglZz
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Jbk >bz]jzffu khklhygbc Z]_glgh]h dibfihg_glZ fh~_e

Z "ey \k_c ihimeypbb Z] _glh\ czZf dbtb mibklhjzfb \ khhI\_Ikl\bb k Ij_[h\:
guc jZg__ "hihegbl_evguc fh"mev hghgdp Ighdim kemh#Zxg Jg.by

\_g_kdh]h dZiblZzez [Zah\hc fh”_eb \xHK§ygdy kljmdimjz [Zah\hc fh~_
kbkl_fghc *"bgzZfbdb I_j_oh”u \ "bZ][jdfFiZmkketh g _gZ \ oh”_ dZeb[jhedb fh
klhygbc aZ~"Zgu mkeh\byfb \ klyab kermlyemih_glkhhi\_Iki\by dhgdj_lghc i
khh[s_gbc beb khklhygb-fbgbkdqfghhjb glbjh\Zgghc kbkl _f_ fhlml [ulv

kdhc fh™ _eb ihjy~db az”_j°_d hibku\l\Zxsbo nmgd,
dh\ baf_g_g gZ[hj nZdlhjh\ \gbyxsb

23 i | ) # dj_Iguc i_j_oh~f ""m khklhygbyfb b
xljZ\bezZ "~bgzZfbdb q_eh\_q_kdh]h

Fh~r_ev ij_"~klzZz\ey_| kh[hc dhgp_fhm@deviahv i_j _kfhlj_gu gZ \_jod_f mj

hljz° _gb_ hkgh\guo \uyle_gguobgZ hikdjpadpdhze&gh | [ulv \\_~ _gh h[s__ be
aZ bklhggbdh\ b hiulzZ Z\lhjh\ bkke_bRfZgbymhZ nzdlhjh\ g_eh\_qgq_kdh]h d:
lhjh\ \aZbfgh]h \gbydhhyqg_kdh]h dZibdheX |zl _ jZaebgqguo fh”r_evguobkhklh
ijh_dlghb_glbjh\Zgghc kbkl_fu gnbjfu_jdhmemqgr_gb_ gZ\udh\ hI* _evguo Z
khjpbmfz ijh_dlghc dhizgfy«Z bwin_ g _m~Zggh j_Zebah\Zgguo ijh_dlZo ~
Ib\ghklv \uihegy_fuo bggh\Zpbhgguohijh~déh\gghc WKllzirbb
Ih ijbgbg_ dhgp_ilmZevgh]h oZjzZdI_jZFAii”*l gllv baf_g_gh \azZbfghd \eby
g_h[oh”bfh k*_eZlv jy® aZdhbihgbc hlhjh\ \ qZklghklb ~h[Z\e_gh g_ebg_c
[Zo dhlhju_ fh]lml [ulv ih*\_jlgmlu ihjirkieMgmo nZdlhjh\ gZ bgl_]jZevgu_
ijb ijbf_g_dfthd _eb gZ ijZdlibd_ "“ey h@Zdtp a~hjh\vy \ h[s_c fh~_eb_ijbgy
jheb gq_eh\_qg_kdh]h dZiblZzeZ % dhg#j\lguebyixs ]h gZ bgl_]jZevgmx hp_g
_dlghjb_glbjh\Zgguo kbkl_fZo khh[jZzagh k "jm]bfb ndddlkjorfkz \Iky Z
xFh™ I [ulv i_j_kfhlj_g b baf_g_g d&ZjAfhodhjj _dlguf ~ey kbkl_f jZajZ[hl
g_f mjh\g_ gZ[hj nZdlhjh\ \eb¥xsboZpdhiggiTeijh_dlh\ h~rgZdh ~"ey kbkl
f_lju [Zah\hc fh”_eb ~bgZfbdb ijh_dbk\dhfzby _euo ijhn_kkbhgZevguo aZz
fhlml [ulv h[hkgh\Zggh \ khhI\_Ikl\blheb plj eyhixsbo bkdexqgbl_evgh jZ[hlu
fh~_ebjh\Zgby bkdexq_gu beb azf_g[ga neaflhjghklb i_j _oh”"Z gZ m~Ze_gg!
a“hjh\vy | _ogbg_kdhc Jhlh\ghklb ijgbapbylbygziZzdhyZ a~hjh\vy fhliml h[g
\hajzklz b ~j fh”~_ev fh _I [ulv “hihbgl gZZfjMgmx hp_gdm g_eh\_qgq_kdh]h
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<l _dms_f \b~A_fh”_ev bf__| jy® h]jggél\ gbkdhf dziblZe_  Lzdbf h[jza
h[mkeh\e _gguo __ dhgkljmdpb_c¢c LZdgdghé¢ bgkbmf gl ihalhey | ~hklbqv
ihal\hey_| hp_gblv mgbdZevgmx “bgZfhdnwZhggkllh fh”*_ebjh\Zgby -\ ij
ijh_dlz beb fZehc ]jmiiu ijh_dlh\ iHwbhfgbjh\Zgguo kbkl_fzo q_f Zjb bk
ZN _d\Zlghklv gbadzZ ~ey kbkl _fik g [gbbrhZkkifblj gguo ZgZeh]h\ h~”gZdh
g_klI\hf ijh_dlguo kmsiihrklee g dhf_ ki_dIb\u memqr_gby iml_f “hiheg_gb)
Am_lky d ijbf_g _gbx \ djmiguo igbydIgihfiglh\fh” eb kl\yaZgguo k q_e
hjb_glbjh\Zgguo kljmdIimjZo ntjfZo kdh§lkdjiplzZehf
mfZo ijh]jzffguo dhfbli IZ®jhf_ Ih]h
fhr_ev yley_ |ky \_jog_mjh\g_\hc Z[KIjZdpb_c
ihlhfm g_ iha\hey_ | h[_ki_gblv lukhdmx Z~ d\Z
ghklv ijb fZehf gzZ[hj_ wfibjbg_kdbo “Zgguo "ey .
\Zeb~"Zpbb b dZeb[jh\db fh~_eb >hihegbKl!glyiis"eh _gZz bfblZpbhggzy fh
hljZgbq_gb_f z~_d\zZlghklb fh~r_eb yWeWidkgXpLy jhev q_eh\_q_kdh]h dZik
gqlh kljmdimjz fh”"_eb gqZklbqggh hkgh\ezkgazzgabhbalg_h\zr)bhgguo ijh_dlh\
Z\lhjh\ Z ihlhfm mgb\_jkZevghklv ij "&hZqfklba_kdhc qzZklb jZ[hlu jZ}
dhgp_ipbb ih”e_ bl h[km'~_gbx d &K@h\WjwLhgp_ipbc q_eh\_q_kdh]h dZi
ijh_dlghb_glbjh\Zgguf kbkl_fzf lzdzyZegrgguo ijh_dlih\ b bfblZpbhggh]h
fZ fh _I hdzZazlvky keZ[h ijbf_gbfz ‘Wodfdhkinhjfmebjh\Zgu hkgh\gu_ Ij_]
j_g_gv 1Zdbo kbkl _f gZ | _dms_f wIZikhFZ\zZL\Z[_hfI@‘B fh"_eb < oh”_ j_Zeba:
fhr_eb yley dkhij_~_e .gbuki_dib [uez ha_’\ZgZ \ "\mo_bklheg_gbyo \
gufbgZijZ\e _gb%¥Zlevg crbo bkke_ ~h\ZBbceb iheghklvx \uiheg_gghcb\ |I_jf
ih fg_gbx Z\lhjh\ fhlml klZlv mg ~_ W _jfighc ~bgZtbdbb”_ ]b[jb*ghc fh"_e
\_jkZebaZhmyp _ipbb b jZkkfhlj_gb_ \AR¥Reg_gghc Z]_glguf dhfihg_glhf d
ghkl_c ijbf_g_gby ij_"~eh _ggh]h bgkfhrﬁfn_fe%ulldl g_fm \uiheg_gghfm \ 1_jfl
jZaebgguf kbkl_fzf kbkl_fghc ~bgZfbdb Fh"_ev \Zeb”"b
Ke Am_I| hif_Iblv 1zd _ ij_bfms_kI\@ZfhimepZgguo ij_"hklZ\e_gghfm g_
ih kjzZ\g_gbx k ~jm]bfb bgkljmf_glzfbil4xPazpb_c ih ~\m# \jyTZfgimem
nZdlhjZ q_eh\_gq_kdh]lh dzZiblzez \ Mkj rg@ghkfgbah\Zgguo ijh_dlh\ b ij
dhfizgbc Ba\_klgu ijbf_g_gby Z] gl§Kinranc j_ZebaZpbb ijh_dlh\ qlh ih
ebjh\Zgby ~ey h[f_gz 2ig@gbzfhze £"_d\Zighklv.fh”_eb _ ]
Z]_glgu_ fhmegthamq_gby \ebygby hi~_EQguev yley_lky \_jog_mjh\gb\hc 2
nzdlhjh\ gzijbf_j kI_i_gb \azbfgh]hCrrd ifgpfm fh' 1 [ulv *hiheg_gZ b ml
[286@ gZ i_j_~Zgqm agzZgbc \gmljb AN zgPdApbsby ijhp_kkh\ dhgdj_Ighc h
:1_glgh_ fh~_ebjh\zZgb_ \ p_ehfzy\eyhjkgabggpbb HIh[jZ " _ggu_ \ fhj*_eb
lhgqgh jZkijhkljZgbgllimf glhf ~rey fh~@hkKlb b hkghigu_ nZdlhju q_eh\_q_kd
ebjh\zgby q_eh\_q_kdh]lh dziblzez TR]Zlgddppledhij_dibjhiZzgu ijb ~hjZ]
gqlh eh]bggh \ul _dZ | ba )[2n28@ h2hBag_gbb fh"_eb
ihlhfm i_j _gbke_ggu_ \ur_ gZklgu_ fh” eb fh
Iml ~hihegylv h[smx dhgkljmdpbx b pypieporepac \
jZ[h!_ ]b[jbrghc fh~_eb < jZkkhhlj_ egegweo—ZF
lZazgZeh]Zo \ijhg_f g_ \\h*ylky dh Py . F hekmgh\kdZy F < :mjempdz
[]bA.g.UO th_e_C Z |Zd\_ hIkakI\m_? _bbé)pt%?%I%t_)ggzy bfgbIZpbhyggZy fh"iebv p/\bgyz
gz ijh_dlgmx ~_yl_evghklv ihlhfm \ @dbh@ledhlelhijzkeb bgnbEglkdzmaoe: L
ijbeh™ _gby fh~ _eb d-hjjjo_dllbhh\Zgguf « +K  6%. [Gintciak, A.M., Bolsunovskaya, M.V., Bu
hgb f_g__ ihe_agu <f_kl_ k |I_fonhjfZéutskpys, ZW, iPetryaeva, A Aigh-level simulation model of
kZzgb_ ijhp_kkh\ k\yaZgguo k d_eh\_ ¢pured industlyZdynamics / Business Informatias2022. +
1Zehf \ jzkkfhlj_gguo ijbf_jZo fh~_e ¥ol|}§qe 3.+15367. (In Russian)]
b Jem[ _ Z ihlhfm bgl_]jZpby k 1Zdb¥b hakmodyk¢zy=trgpyd ,: F_"y_\kdZy b>"W

23 AKMIOYEHVE

S - A D —dKkgh_ fh~ _ebjh\zgb_ ijhp_kkhZg_nl_-
th _I k_jv_agh mkbe\blv " eZ‘r]Z__fuce t?ek_%;ibc hlahj A\IlhfZlbazZpby b bgnh
f_gl Km__s_kl\mxsb____ ZgZeh]_tg th—E .+t (595). £K 62. [Bolsunovskaya, M.V.,
gu_ gZ '_J_h_dlgh_ mijZ\e_gb_ jk& 9 Z diftdiak) A M., Fedyaevskaya, D.Eet al. Complex modeling
[h1mM30Q]), ij_"ez]zZxl agZqgbl_evghty f_g_ qof thd Bil production processes: Analytical review // Avtamat
dj_lguc ih”oh” d hibkzZgbx "bag_gghidsiypintbendtizatsiya TEHK+2023. £No. 2 (595). + 1
ijh_dlz 1zd _ dhgp_dgjjbfmykk_dB& 5162. (In Russian)]
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A HUMAN CAPITAL SIMULATION MODEL IN INNOVATION PROJ ECTS

S. M. Beketov*, K. N. Pospelov**, and S. G. Redko***

Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russia

*  salbek.beketov@spbpu.com, **  kapiton.pospelov@spbpu.com, ***  redko_sg@spbstu.ru

Abstract. The main aspects of re concepts Ruman capital, innovation projects, and siaat
tion modelingt are considered, and a simulation model is proposed to detiwilbole of humar
capital in innovation projects. This high-level abstraction model is intetalstudy the role o
the social component in the organizational structure of an innovation tpiggeneral contex
(at the level of an economic sector, an enterprise, or part of an enterprisdjeated primarily
as a tool for tracking the dynamics of projects considering the statentdn capital of the sy
tem. The model consists of two main components, namely, a bagitason model in syster
dynamics terms and an agent-based component of the model desauimiag tapital dynamics
The model is a conceptual tool that requires calibration and refinement whgrirbplamented
in aparticular organization.

Keywords: simulation modeling, system dynamics, agent-based approachnloap#al, innovation m-
jects.
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BgklbIml ijh[e_f mijZ\e _gby hfZk aghdh\Z J:G

gusvbr@ipu.ru

:gghlZpbyzkkfhlj f@Z _ev kbgl_azZ mijz\e_gby kbkl_fhc \hii
\ZxsZy kbgojhggh_ baf_g gb_| _ogheh]bqg_kdhg kZjljbddwm \big
LZzdhc Ibi fh*_e_c fh'gh o0zZjzdl_jbah\zZlv dzd fh”_ebjyudhf
dhk\ ggumbjZ\eyxsbfb k\yayfb < kemjga_ jgZejpdiarh”kI\_ gg
kh\ ijhp_kku baf_g_gby mijZ\eyxsbo izjzf_Ijh\ b ij_h[pddba
k\va_c "he’'gu ijhbkoh”~blv h~Argh\j_f_ggh Ihemqg_gu big\2jt
hit_fzfb azljzl b AUWigmkdhljZke_\hc wdhghfbdb WIh ihalhek
nhjfZebah\zZggh_ ij_"khZ2\ebglkljmdImjgh]l]h mijZ\e _gby kbKVI|
kiI\Z < j_amevlZl_ebg _cgmx fh”_ev \hkijhba\h”*"kI\Z ibgjc_
ghc Ijb\_~ gu j _amevlZlu gbke_gguo jZkqg_Ilh\ ey hjemghgg
bkihevah\Zgb f j _Zevguo ~Zgguo fgh]lhhljZke \hevIWwadhjglaith
lh\ ijh\_~ g kjZ\gbl _evguc ZgZeba ihemqg_gghlt*freh ¢ bkhbjhbb
aZpbb kbkl_fu \hkijhba\h”klI\Z

Dexq_\u_ kekbgl_a kljmdImjgh]lh mijZ\e_gby g_ebg_cgZy fh™klék
ij_h[jZzah\Zgb_ |I_ogheh]lbq_kdhc fZljbpu hilbfZevgZy j_kljmdImjb

BBEJEHME aZ\bkyI hIPipg_@ kth\_IkI\mxsb_ \b’\U.i
"mdpbb Baf_g_gb_ p_g b h[t_fB\ \uir
Fh~r_ev |_ogheh]bg_kdh]lh y~Zz \hikkkpBA¥h |ky \_dIhjZfb bg" b dig™_pko\
kI\Z hljz ZxsZy khklhygb_  fgh]hh\jzr&dhc

wdhghfbdb gZ hij_~_ e _gghf wlZi_ fh‘_IVimk\%(Wy\(kl, Pk Pk/ipkl’ i 1.

\ZIlvky gZ ~Zgguo h[ bkihevah\Zgbb j_Kmjkh\ b

mkem] > @ KlZg"ZjlgZy frtuiewk@azljzHihagZgbf Ziji fZljbpm[t_fh\ azljzl

ij_~ihez]z_ | glh ijyfu_ aZzZljZlu ebg_cg - kyl: Coe

hi h[t_fh\ \uimkdZ b p_g < lzdht ijﬁ;*t%h@%m Vijhp_kk_ \hkijhbainskiiz -
gbb ihkljh_g jy* fhr e c mijZ\te_gb%{iﬁHBkﬁJﬂ. hljZkeb bkihevamxslZc i i
dhc \ qzKlghkiéh' gguo \zazH. _ ] kmjk ghWwlz fZIjb.pZ ihal\hey |
lib fZeuo baf_g_gbyo mijz\eyxsbo iZjz&Plyndhwnnbpp dluihju_ \ugbkeyxIk
wlh ij_7~iheh _gb_ fh gh kgblZIlv kijZih Yethj¥ufe

H~rgZdjfb dhg_qguo “"bZiZahgZo baf_g_gby wlajo Zj/\'f, i,j 1..n,

iZjzf_ljh\ ij_~iheh  _gb_ ebg_cghklb g _dhj

j_dlgh ihkdhevdm \_ebgbgu h[t_fh\ b p[j@gamxh I_ogheh]bq_kdmxgfZljbpm
Kj_~kI\_ggh \ebyxl gZ hp_gdm \bebabg I, o8hehl q1j gz[hj kh[kI\_ggBo agz
g_kdbo dhwnnbpb_glh\ "ey thI\_IkIl‘hn@ésla%bQ _bkihevam_lky Aey hij ~ e

jZke_c o _ ij_h[jzah\Zgbc | _ogheh]bq_kdhc fZIjb
Imklv klhbfthKtv fZ \uimkdzhljZkeb o7 mklhcgb\h]h \hkijhba\h”kI\Z

Vi, fghlhhljZke_\hc wdhghfbq_kdhc KBKkifbvam fky hij ~_&jhdn cFl b g@

bf xs mhljZzke_c¢ h[jZamVI \Hdthfu klb wdhghfbq_kdhc kbkl _fu dzZ#8hhlghi

azZljzZzl b \uimkdzZ \ klhbfhklghf \ujz _[johlke Iggdhc klhbfhklb d ijhf_"mlhqguf
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EVY/Z I1"Y x\Zeh\Zy "~h[Z\e_ggZy klhdbfdklAdo \uimkdZ b p_g beb fhlghlhgq
<<| Zxtkmffghf_ "mlhqguo aBljdkz kljZevghfm jhkim \ Z[khexlguo \_ebqtl
eyf H[hag¥qBfh\hc \uimkd |h]ZZ fZI_pdj h[jZah\Zgby ihjh ~Z fu_DOZljbp
eh_fdhakz/V,V=Y+Z hlkx"Z ~eydijh*nmbC, bf_ x| g_kdhevdh bg\ZjbZg hh Ki_«
Ib\ghklb kijz\_~eb\h khhlghrtlgb_ & emqg_gguo ihke_ ij_h[jZah\Zgby fZljb

P_e_gZijZ\e_ggZy j_kljmdIimjbaZplyy blafoglyaeif WIb ij _h[jZzah\Zgby fh gl
]bg_kdh]h y*jZ gZijZ\e_gZ 9gZ m\_eb&hob\_Iklh lg@ghfguf b p_gh\uf \jZs_gby
Amdlb\ghklb 1jb ihkljh_gbb fh”_e_c »xbay @&Z ~h]lh \_dlhjZ bgp bdkhlkg g
mijZ\e_gby kbkl_fhc \hkijhba\h~"kI\Z\\ diBf_kGr dkh\ \uinkkdZ\ Tki\mxsbc
mijZ\eyxsbo iZjZi-djhVjZkeb fhkgh bmklhcqb\hfm khklhygbx kbkl_fu \hkijt

ihevah\ZIlv h[t_f \MimkpdZgR gZ ij k fzdkbfzZevguf kh[kI\_ggafl_cphgkheshf
"mdpbx ]bg_kdhc fZDQbau
Klzg~zZjlgZy fh”_ev LazZmkda 1j_ x:gZeh]bggh ”"ey dzZ ~h]lh \_dlhjz

ihez]Z_1 qlh ijyfu_ aZljZlu ebg_cgh\@igdk#dHif hllky \ _dlhj bg” pdkbAhd\ g
h[t_fh\ \uimkdZ b p_g H”gZdh_wlh kjl\tmkethc mklhcgb\hfm khklhyglkx kbk
gb_ g_dhjj_dlgh >_ckl\bl_evgh \ ijjhshedm™kI\Z k fZzdkbfZevguf khkkI\ _g
gbb ebg_cghklb gZ dz ~hf wlZi_ mi¢A¥elyoghléh]bg kdhc EZA¢Ghbpu
\ha”_ckl\by dhwnnhpbijgtiheZ]Zxlky xKh[kI\_ggu_ gbkeZ mklhcgb\d]h kt
g _baf_ggufb H~gzdh gm'gh mqaalu\ZlPK/k*t}}I'l?—'kZb' b g_ az\bkyl hl fZIljbp ij_
f g gb_f mijZ\eyxsbo izZjzf_Ijh\ | _o _ _
kdzy fzIljdpZd _ [m~_I| baf_gylvky hl wikFzn@jfZpby I|_ogheh]bg_kdh]h y*j
wlZim ijhbkoh”~blv ijb baf_g_gbb fZljlnpu ij
< klyab k wlbf |I_ogheh]bq_kdh_ yHqlyuich &ZZJZIZE“, g yleyxs fkmebl
AL A . .
ih™"\_j1ZIvky A“\mf Ibizf ij_ h[JZala\Zgbc b%i’flbt{g&ngIjbf i ijb \g_~j_gbb gh

L_igalgﬁgy'\ "n'ﬁﬂ'zl\gﬁg—gbx bk baf_g_db b L Yheb iTb baf o gbb &lmdl

Iib baf_g _gbb bg” _dkh\ \uimkdz fﬂ%};h“—[?—gpy

. N n ZqZ j_kljmdImjbaZpbb \uimkdZ
kijz\z b kenfgn'z_lky gz ~bZlt@zevgu ', " S T T 070 (thgzo eb

jbpuD b D" k dhwnnbpb_@§zfy b A eb E_hglv. \Z > @ JZkkfhljbh [beb

D1 1/v; khhI\_IkI\_gjgh baf_g_gbb b “_ev kijmdimjghc hilbfbaZpbb \hkijh

A dkh\ p_g fAjkGZ\Z b kefgh z Iky Pfihg_glu \_dIhjZ azljZl Ghgagu" ki

gZ “bZlhgZevgu_KBljbgudhwnnppb _ n _

1ZfiCj B bCly Up khhi\_lkI\_ggh Z Ziy 3Y.ijLe.n @)
2keb fZIjbAdZ+ rmjh\kdZyaxp < 1), Lt

kKijZ\_"~eb\u ke_"mxsb_ mlI\_j°~ gby > <@ogyy ljZgbpZ dhwnnbpb_glZ ijyf
x?kelZ + fZdkbfZevgh_ kh[kI\_ggh_\ dbkeéheh' _gbb aZ\bkbfhklb dhwWnnbpl

fZljbpd,r +fZdkbfZevgh_ kh[kI\_ggh | _gbKeth_fdhklb hl h[t_fh\ \uimkdz hij

fZIjbp®L, Ih kbkl_fZ \hkijhba\hxkl\z & ikhhighr_ghby

gb\Z b \ klZ[bevghf khklhygbb m~h\e_ I\hjy_|I oy
mjZ\g_gbyf ait gV
av Av - e _ _ _
’ AZ~r"ZgZ hilbfbazZpbb klIjmdIimju \ui
rp Alp. bf_ I \b~
. mina )
Mklhcgb\hklv kbkl_fu \hkijhba\h”~klI\Z a”_kv aVv

h[_Ki_gb\Z_lky mklhcgb\hkAv fZIjbpu . .
gbfz iky dZd kohAbfhklv bl JZpbhgghgi yiﬁ*hlbe_rk\lpf’ j_Zebam_fthklb hilbfZev

k
a4 Tw o TL

” ” leZzgjh]lgha jZa\blby wdhghfbdb \ h]
dhlihjuc fh gh bgl_jij_Ibjh\Zlv dzZd ihwdZigdlcj@k«kqgblu\Z_ |ky ke_~mxsbf h[
ijhp_kk i_j_oh”Z d klZ[bevghfmgkhklhmdbx Bkbhevah\zZIlv djbl_jbc jhklZ h]
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imkd¥l/a |jhp_k&kq_I|Z bg*bdzZlkb\ghcewlZitey khhl\_IklI\mxsbepmdZxbky
gZfbdb h[t_fguo ihdZazl_ e _c ijb\h~rykbl@wisz_lgudbkeZkbhI\_IkI\_ggh
kbfmfm wlh]h djbl_jblkgZz wlzi_bf
1 \b~ 1. MOAUOULIUPOBAHHAS HENMHEWHASA MOAEND

max J Y CTPYKTYPHOM ONTUMW3ALIMW BOCNIPOU3BOACTBA

VKt Ak . Mq_| azZ\bkbfhklib dhwnnbpb_glh\ f
) y 3  _fdhkaép hl mijz\eyxsbo iZjZf_ljh\ ijb\h

bav® dlk o d g _h[oh~bfhklb i j oh"Z d g_ebg_c

K1 ky 1p kMK ° < ij_"~iheh _gbb g_ij_julghc aZ\bkbft

A** (D¥) 'A'DK, ;

wnnbpb_glh\ fZl_jbZeh _fdhklb uhl h[t
]71 +\_dlhj khklZ\e_gguc ba _~bgbp imkdZ \ mklZgh\b\r_fky j_"bf_ &bgojh

lih[e _fZ azdexqZ Iky \ Ihf qlh | _ofg@e®@byy iihf_ mlhgguo aZljZl b \jZs_
kdZy fZljbpz baf_gy_Iky hl bl_jzpbb @hghllzpbedbo klya_c ihemqgbf bg\Zjb,
Ilh \j_fy dzZd \gmljb az”~Zqgb haz kqgbl? Iky g_b
f_gghc < ij_~_e_ ijb fZeuo ~himklbfuoMb\gli ['_gb_ljb kbgojhgghf ij_HE[jZah
\ZeZo baf_g_gby bg” dkh\ \uimkdz wdhbrniiyhhkly h[t_fgh]lh \jZs_gby I_og
1ZIv hijz\"Zgguf HA”gzZdh ijb dhg_qglkdhe dB4ibpu b ebg_cghf baf_gngbb
gZo jZaf_jZ wlbo bgl_j\Zeh\ j r_gb !'hkagygp\gilyZ! hlghr_gby f_""m aZzljZl
g_ lhgguf WIh ihlj_[h\Zeh fh2bnbpbjsimkgdhgrihklihyggu b bf_xI \b"
hljZgbg_gbc az”~Zqgb 2

AZAZ4qZ j_kljmdimjbazpbb \ kihbfhkighf  Zki G\ /%
\ujZ"_gbb A 0y0; \/,0 2 0 50 \,0

H[t_f \uimkdZ Y@\ _glhwnnbply glu 1 -« ZM/ M &V Y Za, 20 V0

gZqZevgu_ agZq_gby dhfihg_gl azljzl

ij_h[jZamxl&nkp. beb
Dhfihg_glu \_dlhjRagajZhba\h~kl\h . 00 A0
j_kmjkh\ jZ\gu Zi  aiM M Y Y
"o >hdZazl_evkI\h wih]lh mI\_j°~ _gby ij
R %1 3Y. | L..n ijbeh>_gbb
I Ke ~kl\bJZkkfhljbf ijbf_g_gbb bg\Z
< _jogyy liZgbpzZ dhwnnbpb_ glZ k_ _kIhbfhk?b
khij_~ ey Iky ba khhlghr_gby 9lz &y | .
n 1
eV p dl! avyp < j_amevlzZl_kbgojhggh]h \jZs _gby
i ]bg_kdhc fZljbpu ihemqgbf
Ih]~Z aZ”~ZqZ hilbfbaZpbb bg”_dkh\ p_g gZ hl*_g n
ghf wiZi_p_g bf__I \bA Z I LRV
j 1
minc, ]
c,p n

n N g VIV Y 1/i\{ iK; %
L -

A d)an. @ | |
J 1"g g YO/\° . %

Kip @, K12 Ke ~ki\b < j_amevIZl_ h[t_fgh]h \]j
b ohh az ke A e wkzi 28Ry Jib \_dihj_T\winhkiZke _\u_ dhwnn
i ri'zl_J_olk_\gf Feﬁg&@r;XSA;A\g |oI PO Ig iinlizamxiay Ay FIY 10
_hlizam_lky \ Tl c7ed )i «n 1jb_wihf mkeh\b_ \hkijhball
kljmdimjbazpbb \uimkdZ b j_kljmdimipazpgn p_g
p_e_khh[jzagh j_rzZlv ihke_"h\ZI_evgh="jm] aZz n
Ajmlhf 7~ey Ihlh glh[u ij_~_evghc mjh\_gv ij av?® t I %\{2_
"mdIib\ghklb ~hklb]Ze [hevr_]h agZq_gby Lh]"*Z ih

0 0 OW 0 0 o
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>ey bgr_dkh\ \winkyz 1" d, KB/ P? 4B/ P R R P :
gZqZevgu_ agZq_gby dhfihg_gl azljzl
Zi 11y fl‘f <\bAm Kbff ljbb ihklZgh\db aZ”hq
J dzazl_evki\h wlih]h mI\_j°A gby ijhoh

mkeh\b_ \hkijhba\h~kI\Z bf__| \bA ot qih Ahdzazl evkith md\ A

n gh 1zd" _ nhjfmebjmxlky b ’\heIZau\Zx
av,zt : l‘a\fz kiI\by kbff_ljbggu_ ke _3kl\byf =+
j1 Ke_"~klI\bJZkkfhljbf ijbf_g_gbb bg\Z]

n
17 Z1i_1g1uZ 1y a YOIV 1 Zglz Ry ! R.
Lzdbf h[jZzahf k mg_Ihf tihadzq_gby i1 | |
lhjzk d\Z~jz1Zfb dhwnnifpbglg\AYy nhj ., - 1-amevlzl_kbgojhgghlh \jZs_gby

. . : _ kdhc fZljbpu ihemqbf
fmebjh\dzZz az”~Zgb j_kljmdIimjbazZpbb ijbgbfz_I

\b~ R PO/P'I}QFE/FQZ

n

n
R g P/P P UR k2
i1 i1

1"G 3§ FD/IJ:p.i

max J,
Jvi

vk 2t BX vk 2

N0 O O O O O O\W 00 0 0 0 0 o

| vk dITk 1,3, 5,.. (5)
o Ke ~kI\b_< j_amevlZl_ h[t_fghlh \j
ok o, o, gby ijb \_dlhj_ \WinhkpfiZke \u_ dhwnn
i % i 7, pb_glu ij_h[jZanexRKP \ ]A,j «n.
lib wihf mkeh\b_ \hkijhba\h”AkI\Z bf__|
B! D% 'B¥DK n
cR? t LG FJ>2
Ke ~kl\b_ljb T & j_r_gb_ az”zqb i1
?_ij_j#\gh aZh\bbklb{ hl iZng_kIG}Zth\) >ey bg~_dkh\ \pinfdZ mkeh\bk \h
—evgh i_j_oh~ j_r_gb_az"zq hba\hAkI\Z bf__I \bA -
>~ ckI\bl evghT=ijb] r gb f \ h[nhbal P2
kemqgZyo [m”~_1 _"“bgblggukb\erdItjjZg cpzt | lﬂ Iq2
1 !

q_gby
| vk dITk 1,3, 5,..
. | 17 Z1i_ 1 iug B2 PPt
\_dihy"I_f [eb" 1 dq_f f_gvr_ljb wihf JZkkfhljbf ijhp_kk jZkq_1Z bgibdzll
hilbfmf p_e_\hc nmgdpbb \ h[hbb kergafy@®bhApPtd fguo b p_gh\uo ihdBaZl e

dh\ b jZ\_g Aysbo d kh\f_klghfm [ZeZgkm \uimkdh
P LIy, A f bkihevah\Zlv djbl_jbb jhklZ j_glZ
by r 1/c:
lib T 4@ agZq_wgbhzd _ klj_fylkp d _~ maxr .
gbp_% rP

>ey aZ”Zqgb j_kljmdIimjbazZpbb \ kIhbfthgBrﬁ 2 (g™ ™M 2
\ujZz" _gbb kijz\_~eb\h ke_"mxs__ mlI\_j " '
ZgZeh]lbggh_ miI\_j"~ _gbx m

MI\_j°A_gb Ijb kbgojhgghf ij _E[jZah\ L™ diKkm 2,4,6,...
gbb p_gh\h]h \jZs_gby | _ogheh]bq_kdhc fZ|Jb%U oo™ i
khhighr_gby f_"Am azljz1zfb b \uimkdhf bf L
x| \b~ ja,

Re P/ R ™! cm ‘Bren

00 0 0 0 o

(6)

0 0 0 0 oW

o\
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_r_gby az”~Zq \uihegyxlky M&kgegudh\]jZgbpZo =jZgbpu baf_g_gb
|_evgh ijb az~Zgghc \_jod_KI1]jf2gbp_p_g hij_*_eyxlky ba Ij_[h\Z_gbcg"himI«
j_glz[_evghkibbg”~_dkz ijhf_"mlhqgh]heypbb beb *_neypbb <ulhdZdbigibpu
i [e_ghy GZ IzdIfh]ml [ulv ihemq_d 9_¢ ]JZgbpuAbg“_d_kh\ hagzqk _1 q
h[t_fu bg”bdZlb\guo \uimkdh\ bl p_g Q_ZCLM'&ZQ ij_"mkfhlj_gh g Aumrk_gvr_
guo _"bgbpZo

A - : A JZkkfhljbf ijbf_j kh\f_klghlh ieZgbj

Ke_"~klI\b_Ijb Kd j_r_gb_ az”zZqgb | Jot_) —Ktghln gnj
g_ij_julgh az\bkbl hl iEjzf KgZZh\ ru[tj_zfmq\luhl\mkliléijkpq_gIZva\nglblg(;SSZg
'—e"gil\'b—ll—OhAhb' .\.é—. gbb fZA\Zr?bhblbjmxlky dzd bgr_dku h[t_fh\ wimkd

>_c evghk ijb j_r_g [Nbohegy fuo mkpmiZdz bg~ dku p ty HIj

N
kembqZ{mO‘_ bgbqgud¢ \<dkbgem th]ngq gby gZ gbo \ ij_Aiheh  gbbklh m[u
9_9by \_IkI\_ggh bf_xI \b~

| p* dK k 1,3 5,.. V() tL p® Lit L..n

\_dihgkl_f [eb 1 dq_f f_gwr_Ijb wilhf >ey "Zgguo ih fghlhhljZzke \hc wdh
hilbfmf p_e _\hc nmgdpbb \ h[hhd kemdZyo HhdDglueb ihemqg_gu djb\u_ bg”"b

dh\' b jZ\_g "bgZfbdb bg”_dkh\ \uimkdz b p_g |
1/min b g_j_a hij_"~_e_ggh_ gqbkeh rZ]lhg d k[Z
ro2imin s Dji. ghc kljmdImj_ qlh khhI\_IklI\m_1 fZ]b

J wnn_dlm “ey hilbfbaZpbhgguo bh*_e_

lib Kd agZq_mbyd" _ klj_fylky d _ dH6].
<ugbkebl_evguc ijhp_kk j_kljmdlr

gbp_% . -0
lihp_~mju jZzkq _1Z j r_gbc g_ebg_ jza\ll&félzj _d(db nhjfbjm_1I Ijb ]jmllu. hi
fhiml [ulv ihkljh_gu iml_f fhA b%l'?ep k' jhklhf \uimkdZ bg\_kibjm_
f 1h~AZ ijh_dpbb ]jz*b_glz > @ aljb Pk-g pPg\_kibjmxsb_ b k thklhy¢

f bv khklhvl baZfdkh\ 1i bmZ |mkd f b p_gZfb gZ ijhmdpbx g _c
~9-99Y Y a2fdbh! 112Dbe KhleZkgh baeh’\ jgghim @ ~ey Z_Zeb:

2T? z 1zd'azf_g_ hi_jZpbb ijbk\h_gh¥bi bg\_kibpbc \ hijZkeb k jZkimsbf
amevibjmxsbo \_dlhph\gZ \_dlhju fh™ | [ulv ij_~eh _g f_oZgbaf Zdpbagt

v2iz p2i "ey thZke c k jZklmsbfb p_gZfb
klhevah\Z hf kibkd_ HD<
_ DbZ2d b "ey ebg_cghc fh*_eb kh]%l‘ém Yo ¢ M bgg\jgklbjm fup hljz
iZjZ p_g b h[t_fh\ \uimkdz \_"_| k_[w% 'Hk Kd 7 [hevr ’\bgbp_u m bg\
h[jZahf ihkdhevdm bg”_dku j_ g|2[ hlll<l\) |

IRe % bg” _dku p_g [hewrey ihiegbpu

k _qu\ qbke ggh]hj amevlzlz ilq')bf_gy
_jki h uc ijhljzffguc iZd_| j_r_gby

ijhf_"mlhggh]lh ihlj & V\gltbly kemdzZ
gZdh\u *ey \k_o hljZzke_c qlh bi
\h~bl d jzZ\ghf_jghfm j&dhiglihtdqg_ kdh cg ]h |Jh]Jfoth\Zgby b Ij h[jZ
kbkl_fu [1Zd gZau\Z_fuc fZ]bkljZevg c fZljbp Ko _fZ \azb
> @ Hr"gZdh dzZd b ~ey ebg_ cgh c Ij IZ\e gZ gZ jbk

gZgZevguo wlZiZo ebd\b"Zpbe’\bklj E%‘c kkqblu\Z Iky ijb h]jZgq_ghb
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A COMBINED MANAGEMENT MODEL FOR RESTRUCTURING A REP RODUCTION SYSTEM

V. B. Gusev

Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

gusvbr@ipu.ru

Abstract. This paper considers a management model for a reproduction systerthevisin-
chronous change of the technological matrix during its restructiBingh models can be chare
terized as models with combined (direct and indirect) control links. In tleeadgsroduction e-
source reserves, the processes of changing control parametearar@idrming technologice
links should be simultaneous. Invariants are obtained for the relatidvestiwpen the volume ¢
inputs and outputs of a multi-sector (diversified) economy. As dt rése formalized represemt
tion of the structural management model of a reproduction systemdi$ied, and the linearer
production model is replaced by a nonlinear one. The results of numetadatans using this
model and the real data of a diversified economy are presented. Babedresults, the obtaine
model is compared with the original restructuring model i@production system.

Keywords: structural management, nonlinear model, reproduction system, traatifin of the technolag
cal matrix, optimal restructuring process.
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:gghlZpbly ~klZ\e hghkZgb_ih”"oh”h\ e “Zsbo \ hkgh\_ jZaj
J:G BgnhjfZpbhgghc kbkl_fu ZgZebazZ gZmqgghc \"h{eé Z&Vig HK
mijZ\e_gby HibkZgZ hglheh]lby BK:G> hjb_glbjh\Z &kdB&y aogZ
\ h[eZklb I_hjbb mijz\e_gby dZd gZmqgh]h bég g pA\ e h g bhye
agZgbc klyaZgguo k gZzmqgghc ~_yl evghklvx Z]]ZghaZphbxc
gZeh\ dhgn_j gpbc b hl® _evguo bkke "h\Zl_ e «c g2 Zykyg g\
Ilheh]bb Zjobl _dlimju BK:G> dZd keh ghlh ijh]jZffgh]lh dhfi
k[hj o0jZzg_gb_ b ZgZeba im[ebdZpbc b bo f_I|EblgmigxL mab
gbo bklhggbdh\ HibkZg Ze]hjblf ihkljh_gby | _fZlggokhijpod
im[ebdZpbc mq_guo hj]J]ZgbazZpbc "mjgviékZguhlyghmp d&p!
ijb ihfhsb BK:G> ijhp_kku h[jZ[hldb |I_dklh\ b \hafh gqiZklbl
kZgu hkgh\gu_\hafh ghklb bkihevah\Zgby BK:G>

Dexq_\u_ kelAgZeba gZmqgghc ~_yl_evghklb |_hjby mijZ\e_gbgekb
kbnbdZpby hglheh]by |I_fZlbg_kdbc ijhnbev [_fZIlbggkdh[jZjh kil
klh\ ZgZeba k_I_c

BBE[JEHUE ebdZpbc b bo Z\Ihjh\ bg”~_dk Objrz

gZmqgqguo "mjgZe h\n zZalflitzjd |

imjguc jhkl gbkeZ gZmqguo im[ebdZpbxc _ijkeh gufb bbkke_~h\Zggufb y
"he Zxsbcky \ | g _gb_ ihke_"~gbo "ekxlhky &¥*Zgb ZgZebazZ kh”_j dgby
ihjh~rbe kijhk gz jzajz[hldm dhfivx!| kjghho Kokl_f 1Zdh]lh jh~Z JThjzZza~h f_gv
kl_f Z\lhfZlbabjmxsbo jZ[hIm kk[hevhbffblbfl&z Zf_jbdZgkdmSekhiritic $amolar
kb\Zfb im[ebdZpbc Ex[Zy 1ZdZy kb k(lwhZsehimatiagseholar.org ki_pbZebabjmxsmx
kh”_j°ZIv [Zam im[ebdZpbc b khho\ZIl#hfiggh jguo gZmdZo b f_~bmbg_
kj_~kI\Z ihiheg_gby b khijh\h ~_gby jW[htdpzaGBM iFBRK (https.//issek.hse.ru/
HrgZdh khklZ\ ZgZeblbq_kdbo bgkljifofaglhdhjBjBy \ijhgq_f jZ[hlZ_I g_ |
lu k im[ebdZpbyfb \ jZaguo kbkl_fZogizagdgfby im[ebdZpbyfb gh b uk iZl_
hij_~ ey lky p_eyfb dhlhju_ klzZ\yl ighgghichftgZeblbdhc b *j
khanzZl_eb IZdbo kbkl_f Ohjhrh ba\_klgaj4zaw\z\ fBgklbIml_ ijh[e \f mijz

Web of Science, Scopus J B G®oogleScolar, Re- e_gby bf: kjZi_agbdh\z J:G BIM J:
searchGate, OpenAleR ~j J]eZ\gZy p_ev dhiIBjpuohgZpbhggZy kbkl_fZ ZgZelaZ gz
ZgZeba pblbjm_fhklb im[ebdZpbc gZ_rekghklBdlG> |_klh\Zy \_jkby dhlhj

jhlh \ugqbkeyxlky gZmdhf_Iljbg_Kdb_ kmigpdl Zim_ Kitps://isand.ipuu, ij_"klZ\ey |
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kh[hc kbkl_fm hjb_glbjh\Zggmx gZ DdggLdw Zkihqggu_ b -dIjZadhZl _evgu _
N _j7Zgby gZmqguo im[ebdZpbc \ih |_imjpb MmighZmqgu_ dhgn_j_gpbb_ WIb
e_gby ;ZazZ im[ebdZpbc kbkl_fio kh” kb dfiz kkZzau\ghlklyeyfbdhlhjuf ijhk\
\u im[ebdZpbc khljm~gbdh\ BIM, J:G sk g jZ3a" _e ©OL _fZlbg_kdb_ ijhnbeb g:
klZlvb "mjg@khVe fu mijzZ\eagby® + dlh\® GZ hkgh\_ ihkljh_gguo ijhnbe,
11 Ad®ancesin Systems Sciencend Applica- f_ BK:G> j_rzZxlky dhgdj_lgu_ azZ”Zqb

tions? (ASSA) a 20172020, 2022+ ]1 b 7~ k\lyaZggu_ k mdZaZggufb h[t_dyZfb g
"hdezZ”u dhgn_j_gpbc ©MijzZ\e_Bgb_ [heevhhkl®Zijbf, jbkke_~h\Zbgdyj km_I
kl_fzfb2 20@9 ], 20112018, 2021023 ]] ihbkd im[ebdZpbc ih az”~Zgghc *_fZlb
©OMijzZ\e_gb_ jzZa\blb_f djmighfZkrlzkbwo nkgj_"~_gby fh  _| ithgZ~h[blvky i
kl_f{MLSD) aZz * 11 b 7j t "ZephZebklh\ Kk mdZazggufb dhfi_I|_gpbyf
r_fij_"ihez]zdZlkyns_ klI\_ggh_ jZkrbj_gdbmqggh]lh "mjgZeZ beb hjl]Zgbgzlhjz
wlhc [Zau ajZ lkgki_dlb\ghc bgnhjfZpbpbbalj [m_Iky dhfi | _glguc j_p_la_ gl
Aim]bo bklhggbdh\_J@deyjgh_ __ ihihlg gZzmqgh]lh |_dkl4jlof lju IZdbo az”:
gb_ b ih~A"_j"Zgb_\ ZdimZevghf khklhjodbb_gu6)

< hkgh\_ [hevrbgkl\Z aZz*"Zq X\yaZgduoé_lvhy _jZa”_eu klZlvb ihK\ys_g
ebahf kh” _j"Zgby gZmqguo |_diklh\ @gbxXxbjlobhadIimlbkl fu BK:G> Z bzd" _
pbhgbjh\zZgb_ | IdkHbdq_kdhf ijhkljZz |_ee_dlmZefvdhtzZf ZgzZebaz Ibd&klh\
kI\_ LjZz"bpbhggu_ f_Ih”u kljmdIimjbjkb\XgdgybdZxyspdba_ h[t_BK:\G>
|_fZlbg_kdh]lh ijhkljhgki\ZjkZevku_ deZ
kbnbdZlhljuiz M>ID@> f_""mgZjh~"gh]h deZ 1, PA3PABOTKA OHTONOrUUA UCAHA
kbnbdzZlhjz 2(@' ®eZkkbnbdzZlhjz Jhkkbtkdh

]h gZmggh]lh3@hgscdGI@ b "g_Hiheg_ Hglheh]lbghjfZevgZy ki_pbnbdZpby
khhi\_TklI\mx|l az~rzqzf j_rzZ_fuf kbkkhflZggghhh hibkZgby dhgp_ilmZlebaZp
AMmf ijbgbgzf |1 _j\Zy ijbgbgZ j¥Ze ghc h[ezZklWdh =ijm[_jm > @ jZajZ[z

ghklv ~hklhbgkI\Z dhlhjhc h[hjZzqb\ZXWy]jmithc wdki_jlh\ b bgl_jij_Ibjm_
klZldhf kebrdhf djmiguf qe_g _gb_fffHbmgygudZd b q_eh\_dhf Bgufb keh\
gZijZ\e_gbc b khhiI\_lklI\_ggh kebrehfblkezjhcklZ\ey_| kh[hc nhjfZédbah\Z
"bnn_j gpbZpb_c¢ jZa”_eh\ wlbo gkZjgbe kibjJeZkh\Zgguo wdki_jlZfb ihgy
<lhjzZy ijbgbg&E~gthf jghklv k\yaZggZ2Zy eglghc ij_~f_Ighc h[eZklb jzZajzZ[hlZ
kljh]lbf kh[ex” _gb_f IZdkhghfbgb kdh]h*djbeggZgqgh]h ihgbfZgby dzZd e»"vfb
iZ dZ ~uc h[t_dl deZkkbnbdZplb "hgZfly oBAEZ 2QWRORJ\ /DQJXDyaud2:/
| jbah\Zlvky jh\gh h”ghc \ _jrbgkhc ~ij_*2hdedguc dhgkhjWword fWide Web
kbnbdZlhjz WIh Ij_[h\Z\gbo aHhAlym~g Consortium : & dhlhjuc kem bl ijZdlbq_
| deZkkbnbdZpbx f_"~bkpbiebgZjgubj_jZH{hhf Z2ey kha”~Zgby dhgdj_lguo Kkl
\R\lhjuo g_ ~Z_I1 \hafh 'ghklb hibkzZIWwZiglgw@dhglheh]bc iha\heyxsbo nhjfz
glh gZzZijbf_j ~\Z ki_pbZebklzZz 4Z[hlZgsbpby h g_dhlhjhc ij_~f_lghc hjeZkll
ghc b Ilhc °_ h[eZklb gh bkihevamxaboZgbafuteZzkkh\ hlghr_gbc thg”b\b
fZl _fZlbg_kdbc ZiizZjzZl ih kms_&l\m gbfkdkbdojzh]jZzgbg_gbc Hglheh]bb 2:/ |
gu_ dhfi_l_gpbb dhlhju_ \ |_fZlbqg_Ik[dhf ipgnhjfZpb_c dzd f_""m ex"vf
kljZzgklI\_ ~he gu J[ulv ihabpbhgbjh\Zgéd¢mihijh]jzffgufb Z]_glzZfb h_Kki_
jZaghfm IhwléZkkbnbdZlhj BKZ@p \hafh ghklv ih\lhjgh]h bkihevah\Zgby
[h1Zgguc \ kbkl_f_ BK:G> y\eyj Iky flghlhf b\zZxl \u\h”® gh\uo agZgbc b Yy
guf b hkgh\Zg gZ kh\j _f gguo ijbgpbinzkahhktjHrey ihkljh_gby [Za agZgbc b
_gby hglheh]bc < _]h hkgh\_ e_"bl iguoekbkygiZyhkgh\Zgguo gZ agZgbyo
\'jZ[hl> @ I|j_of_jgZy hglheh]by\gZmd HRZajidghldzZ ij_<Yfjbigdlbjh\Z Oyt e
e_gbb Ih~jh[dhbkZgbdeZkkbnbdZlhjZglheh]bpZzkkfZljb\Z_KbmgdexqzZ_1 \
BK:G> kh”™_j blky k [y ke_"mxsb_ wlZiu

GZebgb_ deZkkbnbdzZlhjz kljmdimjgbjmZseblgh [h\Zgbc b kp_gZjb_\Zbkihe
| _fZlbg_kdh_ ijhkljZgkl\h iha\lbey | gdZjdginhjfZpbhgghc kbkl_fu
ah\Zlv \ 1 _jfbgZo wlh]h ijhkljZgkl\Z Rkghegwgb_ hkgh\gud de&akkm|h\
h[t_dlugZmqgghc ~_yl _evghklb , im[ebygdZplglbc f_""m deZkkzZfb hij_"_e_g
gZmqguo khljm~gbdh\ bkkeZmmg\@u_ekdbo h]jZgbqg_gbc gZ deZkku b k\hckl'
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3.NhjfZzebazpby \ jzZzfdZo \u[jZgghlhhhjadbdZzIl2 |_fZlbg_kdh]h ijhklj¥gklI\Z
OWL. XSs_Cc j_Zebah\Zlv \alJey”® gZ khdhdmic¢
4. <Zeb”™Zpby b | _kibjh\Zgb_ hglhehpwo gZijzZz\e _gbc k hij_~ e _gghc Ihqgd
5.JZa\ qu\Zgb b bgl JjZpby hglhehZdb_ hljZablv \hafh 'gmx fghlhd_fghk
6. |lh~"_j°dZ b h[gh\e_gb_. hglheh]bbgh]h ~hdmf_glZ beb fgh]lhh[jZab_ dl
JZajz[hldZ hglheh]bb BK:G> ~MdZd bmg_ghkh OzZjzdl_jbklbdhc h[t_dlz \
kI\_gddhgnhjfZpbhgghc kbkl_fu fhlib\byh\ogga\_ y\ey_Iky \_dlhj gZau\Z_fuc
aghkzfb ke_"mxsbo ihl_gpbZevguo ihefvah\ZHIf_Ibf qlh wlhl deZkKbnbdz

e _€Z]_ghh\ klbggh hljz ' _g \ im[ebdZpbb >zZ@ ki
xbkke_"~h\ZIl_eb [him @ b mqgblu\Z_I| [he__ jZggb_ |
Xj_"Zdpbb gZmqguo bmj@gaezihju ih I_jfbgheh]bb I_hjbb mija8e_gby >

gZmagguo dhgn_j_gpbc Hglheh]by gZmqggh]h agZdpbWMNK:G>

xjmdh\h~blg2mqguo b h[jZzah\ZI_ev@yalhlkhlhc kms_kI\_ggh jZkrbj_ggmx
]ZgbazZpbc ih”jZza” e _gbc b dhee_dlbhﬁh]bb |_hjbb mijZ\e_gby ijjZ[h " _gc

xhjlZzgbazZlhju.gZmdb > @ HgZz bf__1 q_luj_omjhlg_\mx
Bkke ~h\zZl eyf \Z'gZ kh~_j»zI w@i]i? gbpdhlhjhe djhf_ gb g_Jh ij_"I
A j°dZ bo gzZmqgghc jZ[hlu \ Ihqubke dpd_yh Mjh\gb gmf_jmxlky qbk

ImZevguo gZmgguo gZijZ\e_gbc bam _g(IBm‘i‘d_e\k1 mjh\_gv kh”_j bl b_luj_
\uo ihgylbc b b~_glbnbdZpby \gby!l HOZ ergu ©H[s_gZmaqgZy ijhle.
Ih\ bkke_~h\Zl_e_c “mjgZeh\ jdhgn©f 'ptf)% bg_kdbc Ziizjzl*  ©I]_"f_lc
]ZgbaZpbc b gZmgguo im[ebdZpbc vd ©Kn_jZ ijbf_g_gby? Ij_"iheZ]
J ~Zdpbb "mjgEdEgbazlihju digpgn_jlib \hafh guo jZkrbj_gbyo hglheh]bb
pbc klj_fylky h[_ki_qgblv khhI\_Ykl\b ufvwglz baf_gy_Iky Hg hljz"Z_1 g_
e _gguf@l _jbZehmjgZes[hdhgn _j gpbb !_ hibb mijz\e_gby Z jZaebqgu
gZclb d\Zebnbpbjh\Zgguo j_ p ga_glA¥™mAgyie bkke_nh\Zgbc fzIl_fZlbg_kc
pbZevguo mqgZklgbdh\ dhgn_j_gpbb bkihevam_fuc \ bkke_~h\Zgbb |I_hjb:
Jmdh\h~bl_eb azbgl_j_kh\Zgu \ ihbded \ ghyu%hl«l cij_~f_lgmx h[eZklv |
khljm~Agbdh\ b mqgZkligbdh\ ijh_dilh\ \9Zz§!dEax pibdez~gmx |_hjbx Ibhjbx
ImZevghklb gZmqguo gZijZ\e_gbc \ghliAlhmqaiiéle_gby ZgZeba ~Zgg!
beb h[jZah\Z|_evghc hj]ZgbaZpbb mijzZ\e_gby \ hjjZgbaZpbhggwo bkbkl
>ey hjlzgbazlhjh\ gZmdb zZdImzev@hgdhijgrux kn_jm ijbf_g_gby id"\b" g
k\yaZggu_ k hj]ZgbazZpbhggufb kljmélll'mj'zlhtg’a\tﬂ kiI‘h  wg_j]_Ibdm ntbgZgk
1ZgbazZpbb ih”jza” e _gby gZmqggu 9@kee<dibdgupgme_\h]h mjh\gylZyZah\
bkke _~h\Zl_eb k ijh]ghahf b tip_ gdWchdhhﬁfu
Ib\ghklb gZijZ\e_gbc gZmgguo bkke "AhZZ4uh¥ @ \_jrbg gme_\h]h mjh\gy
wnn_dlb\ghklb ~_yl _evghklb z]_glh\ dhjg_ £ _fZIbg_kdh]h ipzKdju\zxs_]h
Lzdbf h[jZabgtheh]by BK:G> hjb_glbjh kh"_j Zgb_  GZijbf_j UFAZfpl\h
\ZgZ gz ij_"klZ\e_gb_ b k[hj angbQ: kdRge ZKYAIZT_j Bl jrbgrl _hjby ¥]j
| _hjbb mijz\e gy magh]h abgbheh _j\uc mjh\_gv b *_IZebabjmxsb_ _.
]Jby |_hjbb mijzZz\e _gby 1Zd b angbc\lmm&zwammhjbg_dhhi_JZIb\gL{/O blj
gZmagghc ~_yl_edyhglhx \ ~Zgghc h[elRkib KhhIN_TkI\_ggh iwny"_yf \lg Ay
hjl]ZzgbazZpbc “mjgZeh\ dhgn_y_gpb&Zkyvhjr"ke ijhagdhe _j bl \_jriigmhjby
guo bkke ~h\Zl e c mijZ\e_gby \ hj]ZgbaZpbhggho Kbkl _f
JZkkfhljbf hglheh]bx gZmqgghyh agggabimxigsb\_jrbgu \lhjh]lh mjh\dgy gz
lheh]bx gZmqgghc ~_yl_evghklb \ I_hfbb Wijg¥@gbafu ieZgbyh\Zghh "_j_\h

gby UKn_jZ ijbf_gylkhy j bl \_jrhiig ]
,, . Ibdg(i_j\uc mijh\_gilhbgZy wg_jly lbdZ
L1 - : : (\lhjhc mjh\ Dg&" ~uc nzdlhj gb g hh \It

! ) ]h mjh\gy oZjzdl_jbam_Ilky nbdkbjh\z
Hglheh]by gZmqgh]h agZgby ij_"gZkfgZgflgghtey
kbkl_fZlbaZpbb b deZkkbnbdZpbb agZgbedkkpedldblhj ihkljh_g wdki_jlZfb
| _hjbb mijz\e_gby |Ij_"ezZ]Z_fuc dezZk&kpnbdgbhy mijZ\e_gby gZ ~Zgguc
kf hibkzgb_ \ jz[hl_ > @ y\ey_ lkyWexlgzkll Ahk_[y mZduhjZ gme_\h]h mjh
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nzZdlhjz i_j\h]h mjh\gy nzZdlhjjalhjhpd, @ Mhitps://www.ipu.ru/education/
mjh\gy [he__  Tj_o lukyqg |_jfbgdidssark f
https://www.ipu.ru/sites/default/files/page_file/Classifi
erCS.xlsx Njz]f _gl ]1jZznzZ deZkkbnbdzZIlhjzZ ijblYy j -1 .
"_9 gZ jbk
Hglheh]by gZmgghc ~_yl_evghklb i
ﬂ;;cbcbepeuuuansnble MM — Pa;locrfi'ueypasuemm... g Z "e y hibkZz g b y Z ] _9 I'h\ h J ] Z g baz p b
/ / \\\g;/ldmerpa.nmueypaaHeH.‘. [ _j kh g b J _amey IZIh\ ba _/d_mﬂxz\bb a —
/ o B "~ AnreGpa BeickasbiBasu... kby hglheh]bb \dequ_I \ h[SA-E keh
I(/Iaremanmecmﬁ 1 KOM... JIorm(a n;e,uuxa-roa ... deZkkhVZdkh g h(ngZ‘.)I J b f_J ©lm [ e b)d Z p b Yy
/ q>y/u.<u.w,,/§m.,maﬂam,, /Teopuianropumos 23 h[t_dlguo k\hckI\Z gZijbf_j),@\eby_
I\LlaTi;naT/xzqecxaxnorux ’,//Tg)pm/?s'roma'roaucu |Jhk|u0 k\hckl\ ngjbf_] @gza\Zgb_a
/Teoplm aﬂropn'rmos .| CDopmaanble A3BIKH M T... H g lheh ] b®e Xq Z _ | \ k _ [ y N _ \ y lv de
MaTeMaTH‘{eC\’KHH {nﬂ)-,// Teoplm BepOﬂTHOCTeH — Teopux BepoATHOCTEIT \_J og _] h m J h\ gy \ |hde a b I@:l_ g | a
«\\\ \\v 2 Teopmlrpma\\—Ma'remamleCKaslcraTn“ ©>_Ck|\b_a ©J_ameV|Z|a @@]mz '\/_a] Hq b)
\\ . KombuHaropuka Teopus ciyyaitHbIX 11poO... © | J h n b e \G Z JbZ( | h d ZaZ g ya g _ [ h evrZ y q
W\ S Teopi reoneparion.. hglhehlbb k hkgh\gufbbdieXlalyZbo\_j
\\\\ ~ Teopus llrg\\\» n/:l'eoplrljl'(oonepa'msﬂmx... g _] h m J h \(d V e ihe gzZy \_ ] kld:fy +
\\ - https://www.ipu.ru/sites/default/files/page_file/isand_r
\\ LA e a_ontology.pdf) DeZkk ©:]_gl2 fh~_ebjm_|I

\b mZevgu_ b dhee_ dlb\guhj]Egsag hkl

Jbk NjzZ]f_gl 1jZnZ deZkkbnbdZlhjZz pby ih/\jZa/\_e_gb_ meqgucl\dhee_

WIilb kmsghklb \uihegyxl d#eZkkibg> _
Dexq_\uf I_jfbgZf I_hjbb mijZ\e_gbkl\thdshehjhba\h”y |I_ beb bgudgZhkne\
|_jfbgh\ [ueb ~Zgu hij_"~_eZgby @J habrkevIihl®*deZkkZfb deZkkzZ @:] _gl?
gby \ dhlhjuo [ueb ihklZ\e_gu ]bi_jkkked®Bg b\bn"?2 ©l _jkhgza B ©Ijt

Aim]lb_ | _jfbgu ~Zgghc kbkl_f£kfihgybuec:]_gl2 ©Hj]ZgbazZpb®Khh[s_klI\h?
\\_/ S‘llx'l')clas_s; Subclass
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Jbk. Hkgh\gu_ dezZkku hgdEehjhbc ~_yl _evghklb
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©GZmggucDhee_dIbD*elEklk ©Hj]ZgbazZpky2\hafh ghklv \hkihevah\ZIlvky we_
mqgqZkli\m_I \ jZaebqguo hlghr_glbyo kk”jhbjloZbb| ey ihemqg_gby ~Zgggo "e\
iZfb kmsghHRl gozklghdketzkk k\yazZzg g nhgZpbhgguo kbkl_f

highr_gb_ ©yl\leyhlfRkQdezZkkhf ®I_jk :jobl_dImjzZz kbkl_fu y\ey_ Iky fgh]lhm

gZ Dezkk ©DZI_]hjby? iha\hey_| [|_BZbkgh&ddm _| REJuebtesponse”ey 4]
deZkkbnbpbjh\Zlv ~jm]b_ kmsghklbglhaiZipdbib]btazbfh® ckli\by f_""m dhfil
gZijbf_j j_amevlZlu ~_ckl\bc Hkgh\gu_ ih*kbkl_fu b k\yab f~"m g

< p_ehf dezZkku \ hglheh]bb bbk\yaklZ\é”“muggZ jbk
fb khhi\_IklI\mxl f_Ih~"heh]bb gZmqgghc ~ yl e
ghklb kf fhgh]L&hbx

130 0§100 "
)

Hglheh]lbb vyleyxlky HhEXghalg&Zgbc
BK:G> | _Zebah\ZgghBDRKo\jlt'gbebsZ
(Resource Description FramewQriRDF +wlh gl Z
ANZjl o & ey hibkzgby f_1zZ2rZgguo j_kmjkh\ \
k_Ib bgl_jg_I ihalheyxsbc bgl_]jbjh\ZIv b
mijzZ\eylv ~Zggufb ba jZaebqgguo bklhqgbdh\
OjZgbebs_ ih~A”_j°b\Z_| h[jZ[hldh alijhkh\
yaud_ 63%$54/ kha~zZgghf ki_pbZevgh "“ey jZ[hlu
k 5'32Zggufb b h[_ki_qb\Zxs_f Ab[dh]| mijZ
e_gb_ k_fzglbdhc b f_lzrZjpehfb <| |
ghybkihevamxsb_ IZdh_ ,djdgdeds]dh
Z~Zilbjh\Zlvky d lydhgdheb]lbq_fikdhc
N _ebHibkZgb_ kljmdimjb RZggd&Zggu|
h dhgdj_lguo wda_fieyjZobahiempg [gn
ba ojZgbebsZ h”bgzZdh\h WhZ]_thngJhbk T T BRI GS
agZgbc azgbfz | p_gljZevZgbbl fdkib - Lee = :

BK:G> hibkZgdhjhc ijb\_~_gh X ke_"m . , . .
s fizjzlizn_ < jZfdZo \gmlj_gg_]lh dhglmjZz BK:

jbk fhgh \u”_eblv g_kdhevdh hkg
kbkl_f

2. APXWUTEKTYPA HCAHA xnZceh\h_ ojZgbebs_ b ihAkbkl _fZ
BK:G> ij_~klZ\ey | kh[hc keh gucZ9pHo°

ljzffguc dhfie_dk h[_ki_gb\zZxsbc k[h{[4AZ agZgbc
g gb_ b ZgZeba im[ebdZpbc b bo f_|zB<_(j%hMLPi<ﬂmftZ bgl_ee_dIimZevghgh Zg
dhlhju_ ihklmizZx!l ba \g_rgbo bklhqgbdh¥Zpbb

Kbkl _fz jz[hlZ_1 k "\mfy \g_rgbfb ihki@Zzkpkl_fZ wdki_jbf_glZevguo f_lI
bgnhjfZpbb |_j\uc iwlhdaZ]jmad#z bafh"_e_
lhggbdh\ "Zgguo I[Zdbo dzZd “mjgZeu Xdmgbkl_fZ j_a_j\bjh\Zghby
pbb ba”rzZl_evkl\Z b we_dljhggu_ [b[ebdk_jdbkwHgbjZ[hldb,*"Zgguo
ij_~hklz\eyxl k\hx [Zam im[ebdZpbc "eyk&ZZ]jBKdBG >
\ BK:G> < aZzZ\bkbfhklb hl \haflgghkl_ckklimZceu im[ebdZpbc beb mZceu
gbdzZ ihemqg_gb_ ~Zgguo fh _I| [ulv dizhjfiZmh\afh im[ebdZpbyo \ Ihf gbke_
1Zzd b j_]meyjguf <lhjhwihhla@bgh”_ Zjob\u ihklmizZx!| \ ihAkbkl_fm az]jma
kiI\b_ ihevah\Zl_e_c k kbkl_fhc\Hgb Jfh]nhighbhkBojZgyxlky \ k\h_f bkoh~ghf
eylv b dhjj_dlbjh\ZIlv ~Zggu_ h k\hboibijmelkgZzp [ehd kljmdImjbjh\Zgguo ~Z
yo Z 1Zd _ ihemqgZlv j_amevliZlu ihb#ddz"byZigZlethaZpby bg”"_dkbjm_llky b
bgnhjfZpbb >ey wlh]lh ij_~hklZheyxIKy dahgH\ < kemqgZ_ Zjob\Z hgb ZBIhfzZll
kiI\mxsb_ f_Ih~u kZclz Djhf_ Ihyh ijjZ2kKd¥\@Z hl*_evgu_ nZceu Im[ebdZp
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kljmdImjbjh\Zgguo ~Zgguo “hklimigu bHikbdewgifiqg klI\m |j [m _Iky ~hghegbl
gZklyf kbkl_fu Ihevdh ~ey ql_gby nhjfZpby gZzZijbf_j we_dljhggZyihqglZz
>ey dZ "h]lh nZcez ih~kbkl_f& azl]ljmmaddxzltjju \g_rgbo kbkl_f \ Ihf gbke
f gy | f Ih”u ba [ehdZ bgl_ee_ llImz&y Fodpusziuther,” 5HVHDUFKHU,' e QZKkl
aZ bgnhjfzpbb dhlhju_ ijh\_jylxl _]Jgbp_ewgkhc bgnhjfZpbb h ©I_jkhig_2 \ i
ghklv yaud b dh”bjh\dm Z azl_f kofgglldjetxlhgz ijhib\hj_qgbjZam@wvlhfm
im[ebdZpbx gZ hil® _evgu_ [ehdb LZ4dbaZfijjiaib \hagbdZxl "m[ebjmxsb _
fh gh gza\zZlv i_j\bqgufb Ba \Z'guo k*ghoghthVhc "~_ kmsghkkbwIb fio\yiat[ e
im[ebdZpbb fh gh hkie_IbhvwxslyZa&\ fZfb;Aihkljh_gZ 1zd qlh \k_ iMgmiZxs
gb_ dexqg_\u_ keh\Z [ZdbhdjZnbqg_kddu_ ojZgylky k mq_Ilhfbbiklnyikedfby
kkuedb >hihegbl_evgh i_j\bgg_ f_Ik"d ZgA¢ fy h*ghc ba az~Zq f_dh”~h\
azZ hij_~_eyxl khklz\ b dhebq_klI\h InhfbHpmhbbga\ley |ky \uyle _gb_ "m[ebdz
bkihevam_fhc hglheh]bb gZmqggh]h _dadgdggyp kmsghkl_c
[ J_amevlZlu jZ[hlu "Zggu& f_lh*h\hkklokl _fZ ZgZebazZ bgnhjfZpbb y\¢
gyxlky \ kljmdImjbjh\Zgghf [ehd_ b jhdeddmgdpbhgbjh\Zgby kbkl_buifK:G>
kimigu hklZevguf dhfikbgklgfdf G_h[ohfh i_j\bgghc aZ]jmadb b \uyle _gby “
Abfh “h[Z\blv qlh BRZ&bP\ZxsZypky kj_Zebam_I| \uqbke_gb_ |_fZlbg_kdbo i
kl_fz \ dhlhjhc w\hexpbhgbjmxl fh*_teb dbgZeb@azZdlmZevgmx h[jZ[hlddn "Zg
bgnhjfZzpbb b ijhbkoh”bl mlhgg _gb_bhlgdheddbbdIimZevguc ZgZeba &k lZec Kk
gZmggh]lh agzZgby \ gZklb |_jfbgh\ ah\@ZgdMzjgduc [ehd \ \b"A_ k_j\kRkh\ j
deZkkbnbdZpbb |Ihke_ 1Zdbo maf_gshlb&kyZ gbkdhevdbo k_j\ jZo
gu_ f Ih™ru ZgZebaz kbkl_fu [m"ml \wHhghcgba \Z guo azZ”"Zq BK:G> )
ih\lhjgh ey \k_]h kljmdImjbjh\Zggh]hijZjdkizZ\e Igdke ~h\zZI_eyf \hafihZghklb
Ke_~m_I| hif_Iblv qlh gzZklv dklhggham\zMnz k\hb gh\u_ fh”_eb b f_Ih”u
guo ij_~hklz\ey | bgnhjfZpbx g_ \ \bRmanzZdémd K ki_pbZevghuckb&khdfZ wdki
|_dklhf im[ebdZpbb Z m _ \ k_]f_gjbihyZgghduo f_Ih~*h\ b fh~r_e_c >Zg
\bAr_  LZd dZd nhjfZlh\ ~Zgguo Ygh]hbd ijl MkHKImi d g_im[ebqgguf ~"Zgguf b
e _ggk _]Jf _glu \ gbo jZzaebggu Ih ijbfglgyZ[kyZ | \ bahebjh\Zgghcj kaevl |
Aim]Zy qZklv i_j\bgguo f_Ih”~h\ bdhlhjlayifbefy gngby wlbo f_Ih~h\ g_ iRiZ*"Zx
\ jkZevghklb ihke_"mxs_c h[jZ[hldb igmk[jZakh im Ijb wlhf \ kemgZ b mki_
bo\ ~bguc \gmlj_ggbc nhjfzl azZpbb hgb fhlml Julv i_j g _k_gyu m™_
7ZaZ agZgbc ;A o0jZgbl bgnhjfZpblx de]ljdimhZevgh]h ZgZebaZ bgnhjfZpbtk
\hf \b”A_ kh]ezZkgh fh”_eb ij ~klzZ\e_gbyktZigluggh "ey khpddpiegbydhc h
RDF >ey hij_~_e_gby kmsghkl_c b haghrZgdlcc bgnhjfZpbb j_Zebah\zZzgz |
f_"~m gbfb \ ;A bkihevamxlky hglhehhbh\giEhhgdhibjh\Zgby BgnhjfZpby ba
]h agZgby b gZmqgghc ~ _ii_evghklb kfZgbebsZ b ;A "m[ebjm_Iky gZ hl" e
khhi\_IkI\_ggh >ey ihiheg_gby bgnhjfZpbb \
;A bkihevamxlky j_amevlZlu i_j\bqguo>éylihfhki_qgq_gby h[s_]h ~hklnpbizZz d ~
h[jZz[hldb jzZkiheh _ggu_ \ nZceh\hf &jZfbdb$_Ih*Zf h[jZ[hldb bgnhjhZzpbb
\h \gmlj_gg_f nhjfzl_ H[_ki_qgbh\Zxs\Zghghg”Zjlbabjh\Zgguc ijh]jzffguc b
e _gb_ [ZHG _]meyjgh h[jZsZ _ Iky_\ ih”Af Kdpplication programming interface gZ hkgh\_
fm nZceh\h]h ojZgbebsZ b ihemqgZ_1| kibklhe gRESTofepresentational state transjer
ihklmie_gbc LZd dZd “Zggu_ ihkimiZk[jbs_pghbagub k_j\bkzf ba \gmlj_gg_]
bklhggbdh\ Ih i_jbh*bg_kdb \hagbdZ4jHbklbbimMBpbk ijhHiIdRerd ba \g_rg_]h i
dh]*Z ihy\leyxlky "m[ebd&@ZjjlZlgguoijhlhdhldTPS.
jZg__ 1_j_™ aZ]ljmadhc ijhbkoh”~bl dhtiZ2ZddkgiZBEST APl jZ[hlZ_| kZcl BK:G>
ijh\_jdB~_glbgghiklbimiZzxsbo kmsghkidllhjuc ij_~hklZ\ey_| ihevah\Zl_ex
m _ kms_kl\mxsbf \ ;A gh Ilhggh_ khlhkhbge kgtbc ~hkimi \ kbkl_fm KZcl
g_ fh™ I [ulv \uiheg_gh Z\IhfZllkg_kdiphkiffAgb\ZIlv f _1ZbgnhjfZpbx h im[ebd
oh~bl wlHaZda_iheghlu ihemqZ_fuo 41ZageolZlu jZ[hlu f_lIh~"h\ ZgZebaz .
?keb jzkkfhlj_Iv kmsghklv ©Il_jkhgz®zZtHbjh\ZAlv bgnhjfZpbx h im[elbdZpby
a_fieyjo_evay khihklzZ\blv lhevdh ih kiZzfiblelbbh2\ ihemqg_gguo ijb j_JbkljZpt
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3. TEMATUYECKUE NPOOUNIA HAYYHbLIX OB EKTOB

hibkZggZy jZfy_dhlhjZy iha\lhey _

j_gb_ [he_

DeZkkbnbdZlhjhf \ kbkl_f_BK:G> ﬁ(euy&d
hglheh]by gZmqggh]h_ hagﬁgbnleZ\e gb ?
3%% thkmffbjm

AZf gzZgb”Zevg_cr_f \hafh ' gH jZkk!
_ keh guo f_lh”~h\ hij_~"_
Ihf gbke_ hkgh\Zgguo gZ k_I
im[ebdZpbc
\y gZoh ANijbbBey i _j\h]lh mjhlgy im
f ey dZ ~"h]lhgrzfid | hjz

\hafh gmx fgh]hl_fgEkigqguo h[t h

Ih~r gZmagufb h[t_dIZfb \ ~Zgghf jZa %zd fihg_gl tihnbey tlnihin mihigy
bf Iv \ \bAm eb[h Z] glh\ mq guo R % % g ' J
"mjgZeu dhgn_j_gpbb eb[h indebdZpbb OZ(jZ X}, %} X,

|_jbklbdhc dZz ~h]h ba wlbo h[t_dlh\ \ |_fZlIbg

kdhf ijhkljZgki\_ yley Iky \_dIhj

|_fZlbg_kdjhinbe. f

GZihfgbf kf 1t qlh hglheh]by
mijzZ\e glhfy | g _luj_omjh\g_\mx
f IZnZdlhju nZdlhju

Fgh  _kl\h \_jrbg
fuo nzZdlhjzfb h[hagZbf{vg «jVv.h

ljb wlhify \_jrbgZ i_j\h]lh mjh\gy k\yamgZk¥ 1j of

fgh' _kIVhY ={vy, « v, * \_jrbg
mjh\gyihAnzdlhjh\

_hjb&zdhg_p
i d kMg im[ebidElmbfbjm f Aey dZ Ahc
ihAnzdlihju 1jjfdgujrbg gme_\h]lh mjh\gy agZq_ghb
Mjh\gb gmf_jmxlky qbkeZfb hl Ah
i _j\hlh mijh\gy

H[hagZabh[g_j a

gzpa_uqz_ng;, leL,ieN

j.l
"ey gZdhhnbghygme _\h]

ijhnbey i_j\h]lh mjh\gy hl\_gZxsbo k\y

O9Z adi\Zjrbgzf i_j\h]lh mjh\gy

Lzdbf h[jzahf dz'~Zy im[ebdZpby

_jguf \_dlhjhf ijhnbey g
\lhjhlh mjh\gwyn-f_jguf \_dlhjhf ijhnbey i_j\h
mjh\gy-f_jguf \_dlhjhf ijhnbey \lhjh

gbkeh ih"nZ:chhthkhi. ][nbjh\gy <k _Ijb y\dyxjky klhozZbklbg_ Kk
. . - : . GZ hkgh\zZgbb ijhnbe_c im[ebdZpt
Lj_lbc mjh\_gvh=\_jrbgufbgu Zo ij, eblgv ijﬁnbebJ ’\jm]_bo gZ[mqgug
jZdl _jbamxiddtnzZdlhju DZ ~uc | _jfbg f{lzéngguo K im[ebdZpbyfb
ijZ\b_eh onZdI_jba'm_I h~blg . |‘h’g_nZdIhJ kgh\ ZArblb\ghlh ijbgpBiz Z]
dhlhjuoI kkemquo Aj_\h\b”rghklv hglh%%ﬁjzfﬁtl] —|€;b|hbeb \Ihjhlh b i_j\h]h m]
gZjmrZlvky g
lib\_~ f ~z&elhjblf jZkq 1Z ijhnbeli(lhmq_ghﬂ)rklhevamy fZkkb\ _Jh im[ebd
gZmqguo h[t\dkihI\_I1kI\pd[ Kkl HEO]. | Zkli
H[hagZqgbf A o
K #fgh>_kI\h mqg_guo Yi X keK, jeN,i* N
L +fgh”_kI\h im[ebdZpbc ' : : Zk, |
G, tkmffmbkeZ \oh A _lgbdm[eRd e r
pbx [Zah\uo | _jtRgihvnzdlhjz YK Lyﬁ, ke K, ie N
1, k&b cmg_gucyley | _ Iy
S l[jhnbev gme_\h]hhimjh\ew_ Ikybkmff
kK,\1Z ® I-c im[ebdZpbb jh\Zzgb _f ey dZ ~hc ba Ilj_o \_jrbg
° . mjh\gy agZq_gbc dhfihg gl ijhnbey
O, \ijhib\ghfkemqz_ mjh\gy hI\_qgqZxsbo klyaZgguf k g_c

r() tdhebq_kI\h Z\thjm{ebdZpbb

i j\hlh mjh\gy

< khhI\_Ikl\bb k ZelhjbIfhf hibkZgguf2ejhij ~ ebf ijhnbejyzZeX dhlhjhf
[h1[10] hij_~_dpifnbev \lhjhlh mjh\gy bhm[ebdh\Zgu jZ[hlu mqg_d&uoL #mklv
ebdZpbb fgh  _kI\h jzZ[hl him[ebdh\Zgguo \
X X} %} s ¥ peP ] +fgh" _kl\h "mjgZeh\ Lb]*"Z ij
eb hij_~_eyxlky ih nhjfmeZzZf
1" % ————. <L, jeN ,ieN DX
N WP ST P, je i* N
P T P N |
i 1
Hg _\bAgh glh wihl \_dlhj yley Iky kihozkidgnuhu
| o jo
kdbf _|_:‘><Iij 1. WP jkw{’, pe P, ie N.
1] oN;
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JZaf_jghklb ijhnbe_c¢c "mjgZeznlzZd ghjkvglljmdIimjguo we f _glh\ b -hlkml
"ey ijhnbey \lhjh]lh bmjhAgey ijhnbey eb[h ba gbo b jZaguc nhjfZl gZibkZg
i_j\hlh mjh\gy h~rghlh kljmdImjgh]l]h we_f_glZz d Kkl

GZjy"m k |I_fzZlbq_kdbfb ijhnbeyfbwazfgdlkzf hlghkyl b~_glbnbdZlhju
0ZjZdl_jbklbdhc "mjgZeZ y\ey_Ilky kdBéwy_ X1lhjh\ ZglghtZpbx
him[ebdh\Zgguo \ g_f jZdhébf_kl\h we F_Ih”u \u”*_e_gby kljmdIimju IkdklZz
f_glh\ \ fgh ™ _WKI\_ gh\u\zZIlvky gZ ljzZz"bpbhgguo Ze]lhjbl

AZf qZghgZeh]bggjhnbex “mjgZzZeOptical Character Recognition Hgb ij_"klZ\eyxl|
fhgh jZzkkqgblZlv igizmbeyhc dhgn_j gpieb k_[y f_oZgbg_kdh_ beb we_kljhgg

Ilhkdhevdm ijhnbeb im[ebdZpbb m\ggph]h*hAmf_glh\ \ ijb]Jhrgu_ "ey j_
]ZgbazZpbb "mjgZez dhgn_j giEbb fhhmkd4ivZggu_ D wlbf Ze]hjblfZf hlg
AZgu \ \b”A_ klhoZklbq_kdfthog\n ddhjh\lh” rZ[ehgh\ ]jZgbgguc ZgZeb& ahg
ghh[jZagh jzkkgblu\Zlv kl_i_gv [ebahldbZgby*mkljmdImjguc f_Ih* H~"gZd
wibfb gZmqgufb h[t_dlZfb 1j_"rez]z ikyohbd g_ y\eyxlky Z\IhfZlbqg_kdbfb
gylv ke_~mxs__ jzZkklhygb_ f_"Bm Magfgghhrevgh]lh \f_rZl_evkI\Z "“ey gZ
eyfb az~z\zZ _fufb klhoZklbq_kdbfb dhjfidjBfb\db ih~ jZaebggu_ nhjfZlu

D ) bq 1L E im[ebdZpbc
DR ERAR F IhAu Z\IhfZIbgq_kdh]h \ur_e_ghby *
no E” \ Thevrbgkl\_ kemqgzZ_\ hjb_glbjh\zZgu
dDEL mn D;ET | Dy | _evgh gz bkihevah\Zgb_ | _ogheh]bc
i1 i1

h[mg_gby ihkdhevdm 7ey h[_Kki_q_c
HIf Ibf qlh wlz f _Ijbdz y\ey_ Iky Wgklghb\ghklb w\jbklbg_kdbo f_Ih”h)\
kemqzZ_ f ohjhrh ba\_klgh]lh \ |_hjbb \i4aldgmlEiZ cfgh _kI\Z ijZ\be mqgblu\Z:
jZkklhygby h[s_c \ZjbZpbb b ijbgbfz \hafdzgugbhkh[_gghklb dZ *h]h Ibiz
hl ~h \dexqgbl _evgh guo we f _glh\ <Z gh hif_Iblv qglh wl
AZf _qZgB_]dh m[_~bdfkyZ[H16M), g_ \k_]7Z h[_ki_gb\zZxl \ukhdmxvlihqggh
qglh \ ~Zgghc f_Ijbd_ jZkklhygb y f “~AkIghmhdhjzy 1Zd _ fh _| aZ\bk_Iv hl
fb i_j\h]lh mjh\gy \k_]7Z g_ [hevr_ jdKkihyglegibkZgzZz khhI\_lklI\mxsZy in
f *~m ijhnbeyfb \lhjhlh mjh\gy b g¢g[17¢1§vr_
jZkklhygby f_“~m ijhnbeyfb gme \h]h mjhiglhll&@ Z\lhju ij_~klihVboe* ih

_ h[t_dlIh\ bale_q _gbx f_1Z~Zgguo ba aZ]lheh\dh
k dbjbeebq_kdbfb kbflhezfb I1hrohA \
4. VIHTENNEKTYANbHAS OEPAGOTKA TEKCTOB k_[ykharzgb_ ~ZIzk_1Z &25( bale_q_
ba 3:-hZcek ihfhsvx mlbeblu SGHOLQH!
4.1 ) L 1) 1% )¢ $ ke_~mxs_c Ihd_gbaZpb_c b h[mqg_g

GROBID (GeneRatiOnof Blbliographic Datg b

GZ ~"Zgguc fhf_gl nmgdpbhgbjh\ZgBILSBWK (Bidirectional Long Short-&rm Memory
k\yvazgh k "\mfy ijhp_kkzZfb h[jZz[hldeykjdkdhbjbyamevIZGA[hj "Zgguo &25(
\ur_e_gb_ f_IZbgnhjfZpbb ba |I_dklZijmfakbdZelybl ~Zggu_ gZmqgguo imJ[ek
bij_~h[jzZ[hldZ |I_dklh\h]h kehy ~ey \kigblbibagbfy 1Z"Zgguo b iheguo Z _dklh

ijhnbe_c BJ. T rbggi[jz[Zlu\Z_fhf nhjfZl_ >Z1Zk _|I
AZ~ZqZ Z\IhfZlbgq_kdh]h \u”_e_gbyzggodIlgduj kmjkZo 3XEOHG &HQWU
gZmqgqguo im[ebdZpbc \hagbdZ_1| ijb Sybdefoditt®ddb & Rref[R0] khklhbl B%3

klb kbkl_fZlbabjh\ZIv b ghjfZeb@ah\ZIvhgdZdhiggdgh\ ihemqg_gguo ihke_ nbevl
gu_ "Zggu_ k jZagufb p_eyfb Zhjfbjdbylgdbeb§ _kdbo bkoh”guo "Zgguo ih vy
au “"Zgguo im[ebdZpbc k \hafh ghklvgbiZwbkehZebbdzlh\ hl[jZku\Zgby | _o ~
g_c ihkljh_gb_ ]jZnh\ pblbjh\Zgby idhlIjueblh_ y\eyxlky gZmqgufb im[ebd:
liZnbg_kdbf kkuedzZf bkihevalm\zZgb_ »Za&f_q jZkkfhljbf dzZd kljmdInjjZ gZ
guo "Zgguo “ey h[mg_gby yaudh\uo ébtiZpbe Hj_~ ey I|lky \ BK:G> A~"_kv
gZ ba ]JeZ\guo ijh[e_f ey j_r_gby wlhkldZdhb\ +2*Zgguo \uklmizZxl im[ebq
[hevrZy jZajhag_gghklv \ kljmdbmj_ kj#gbem$Z H[s_ _ dhebq_kl\h &ZZI c
dZpbc WIlh fh _I| [ulv b jZagZy ihkéhfhdZIlg2ibkZgby gZklhyskktckljZ\[eyah
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26 bkdexgqZy “m[ebdZlu b ih*haj]iZgeNgugu_ kh\j f ggu_ Zjobl _dlmju
klZlvb Ihke_ bkdexq_gby nZceh\ k rbppgZglhy f khhlI\_IlklI\mxsb_ azZ”*zZqZzf
ih\j_"~_gghc dh”~bjh\dhc b hlknmlkI\bl fdkldkl]
\h]lh kehy hklZehkklZIvb \dex§2y >hkimigu_ g_cjhggu_ fh~_ebfldexq
klZlegZ jmkkdhf yaud_ [bgzZpbx f_lh~h\ |Ibiz &5) b Jem[hdh
AIhfZlbg_kdh_ bale_qgq_gb_ kljmdImjgwo gwéc g cjhgghc k_Ib "he]lhc djZ
f _glh\ gZmgguo im[ebdZpbc hkgh\u\ZZikM g WG/670 >ZggZy dhf[bgZpby
kijmf_gl_ k hldjuluf bkoh?rguf dh~hf BiflZTM't&5) bkihevam_Iky kh \klZb\Z¢
dhlhjuc ij_"klzZ\ey_K\kbhlihgh jZkiZhklj ~_eb Jeh[Zevguo \_dlhjh\ ~ey ij_"klz\
gy _fmpb[ebhl_dm hhmgZ gfiglehyauqg(dg]eGlobal Vectors for Word Representatjon
im[ebdZpbyo "ey Z\lhfzZlbg_kdh]h *®©aR&Hq_ gkby*hihegbl_evguf dZgZehf
kljmdimjguo we K lmfiH\hafh ghklv ~h wf[_~bg]Zflyaluadh\hc fh*_eb (/OR b |
hfmg_gby gZ dhjimkzZo | _dklz. "jmgZ&ljpagdhb¥b Zjobl _dimjzZfb gzk hkgh
*52%," bkihevam_| dzkdz” fh~_k_c jéakbjff Idb kh keh_f Zdlb\Zpbb &5) beb
ke ~h\Zl _evghkl_c "ey ZgZebazZ "hddhflhgtz fbhZmhcobkihevah\ZIlvky \jdzZq_
fh mevguc ih?"oh” iha\hey | ZMZilbjgZdbhwuhdbg cgh]h p_igh]h f_Ih*"Z &5)
gZxsb_ ~Zggu_ nmgdpbb |_dklh\u_ ij<~kZik\bys__ \j_fy ~ey iheghl_dklh\
gby b fh” _eb d jZaebqgguf b_jZjobq &dbfgkljkms klI\m _| g _cjhgghc fh”_eb
Imjzf ~hdmf_glz 1j _"ez]zZ_ fZy fh™_dvohygay Ilkkke ~h\Zl _evghklb "ey wl|
jZkrbj_gb_f az~Zqgb jzZkihagzZ\Zgby bKepbhdBf§dguebdb ~ey ih~"_j b\Z_fuo \ ¢
kmsghkl2lk bh mfheqZgbx gb_az~ZqgYy _fy Zjobl _dimj Jem[hdh]h h[mg_gby
\uihegy |ky k ihfhsvx klZg”"Zjlguo d&ZtMxygh ihklZzgh\dm ijh[e_fu g_h[oh?
©iehkdh]lh? fZrbggh]h h[mqg_gby [ZabjwmxsdwKykihevah\Zlv Zevl_jgzZmb\gu _
gZ ebg _cghf p_ighf f Ih”_ mkeh\guojkkgdmmZicdgulh h[mqgq_gby kh kdhevays
ihe c¢ Z@dmditional Random Field &5) " H | »
gZdh \ *52%," fh'gh bkihevah\zZIlv fh"_ebyf4¥Za[hjZ gZzmqgghc im[ebdZXZpbb *
dbjh\db ihke_"h\zZl_evghkl_c Jem[hdhhrewdmqgl gbdkdz~ fh~r_e_c¢ fzZjdiZjh\db
h[mqg_ggu_ k ihfhsvx [b[ebhl_db "HHISeMDWQIQJj_"klZ\e_gguc gZ jbk
Framework for Text (DeLFT). DeLFT? wlh ileZ jZ b izjzf_Ilju kljmdImjguo we_f_glh\
nhjfz . HUDV b 7THQVRU)ORZ "ey h[bXjhkedMam_dkbzf_Ihd hl h[t_fzZ ~hkIimi
hjb_glbjh\ZggZy gZ fZjdbjh\dm ihke xXdBdI*"ggbho hl \j_f_gb \uiheg_gby
kl_c b deZkkbnbdzZpbx |I_dklZz dhlhjglycjgZei@Zdyivib Ihqghklv b |

Jbk DzkdZ” kljmdImjguo we f_glh\ \ *520 "
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Fhr e&¢ |f _glZmptkkihevam_ |ky ~"ey hipZ9guo ;-0WZceh\ b gZ[hjhf nZce&h\ [_.
e_gby hkgh\guo kljmdImjguo weg_f_gkiby gbdymf0/ kh”_j Zsbo kibkhdZhd_g
I1Z 1Zdbo dzZd IblmevgZy kljZzgkpzZ pZdhgbkhbddzZfb ~ey h[mq_gby Ihke_
gh\gZy qgZklv kghkdb [b[ebh]jZnbq ikdp_ kkZa’h[ewg gby [ueb ihemqglgu ag
b I~ H[gZjm _ggu_ fh~_evx k_]Z_glZjdb hidddZazZggu bp lzdélhju_ hljz zZxl
klb azZz]l]heh\dh\ i_j_~Zxlky \ fh*_ev whhheHbdghklv fh"_e_c
Fhr _ev azZlheh\dh\ h[mqgZ _Iky jZkihagZ\ZIlv IZdmx
bgnhjfZpbx dzZd gzZa\zZgb_ Z\lhju ijbgzZ"e_ f - *5204
ghklv ZgghlzpbyGbdhlhju_ fh{dbeb f
jh\db fhlml bkihevah\zZlvky \ g _kdhqd Fh"_ev *52%,1 fl fbdh | f1 fZdh

"hdmf_glz Gzijbf_j fh~_ev ~Zlu b W) e
“ey k_]f_glZpbb bkoh”ghc ~Zlu gZ [hfuizhzigypu az]| 80,95 73,25
bl ~ b h[_ki_gq_gb_ ghjfZebazgbb AZta—\—khh

\_IkI\bb kh klZg~Zjlhf ,62 \uau\z |Iky KHfag!Zpby| 8395 70,33
A"Zlu b”_glbnbpbgmxlikgvdh \ h[eZklb |aZ]hj k hj]jzgbaz 82,71 78,29

eh\dZ gh b ijb jZza[hj_ ahgu kkuehdr—gZehlbeagagh
fhr _eb jbkmgdh\ beb I1Z[ebp ijbf_gyxltﬁil—g’zeya%]heh 93,97 87,71
kijmdimjbjh\Zgby \k_o jbkmgdhm b I[Z[ebp [Yhgizpby | 9118 81,01
f glz Kljmdimjbjh\Zgb_ h~gh]lh b If]hbl_jibmZguo kK
kmsghklb az\bkbl 1Zd _ b hl ihabpbb—wthrckmrsgh

kIbGZijbf_j \ rzid_ kiZlvb h[ugbh mdZay\Zxpoptzgby agzq gbe jZKEbh b
2
bf

ky ihegu_ bf_gzZ Z\lhjh\ b hgb k\yaZz N :

iZfb znnbebZpbb Z\IbfhyZ kljhd_ kkJ%H:j e A

ehd hluqgh gZzfghlh dhjhq_ b gbdh]"Z,g, khgzy kij@dzbygb_ d\zgih\uo wnn_

\Zxlky k bgnhjfZpb_c h[ ZnnbebZpbb gz jjn\h~abfhklv gzZghkljmdimj B\Zgh\ :
F_Ih” h[mq_gby [b[ebhl_db *52%," ;ijbdb~rhjh\z- Ehkdh\kdbc nbadbglthq_kdbc

g_gguigh khanZgbb BK:G> hkgh\u\ZbdkwlenZ >helhijm~guc Jhkkby 2

ij_~iheh _gbb h klZ[bevghklb kljmdImju AdihlagczggZy kljhdZz

"mjgZeh\ \ I _q_gb_ \j_f gb < khhil\_lkd\®dba\Kgh©<ebygb_ d\Zglh\uo wnn_dl

wlibf ij _~iheh  _gb_f ijhba\_~ g ZgZebbdh¥XiZhfhklyagZghkijmdImj

jZzaguo bklhggbdh\ k ihke_“mxs_c ]jmii®jB\dHe©B\Zgh\ ; ©F_Ijh\ ; ;CRbh

b \uyle gb_f gzZb[he__ qzklh \kljl3Zxspoky

rZ[ehgh\ GZqZevgZy nZaZ h[mq_gbyk(}g8>§%‘Efbﬁbfp@':hkqh\fdbc -dgagdqa_

1Zdbo rZ[ehgh\ ijbf gy fuo ~ey h[md °§ pIml >helhijm?guc Jhkkby

7993 gu

noe_c A Ihf gbkeémxstrfehgur I 0 keh\Zo<ebyghod\Zglh}u@#nn_dlh\2

"Zggu_ azZ]lhedKdZf_glZp@y®_k Bj] gz @ijh\hrbfhkIgzghkljmdI@BaZgh\a

gbaZp,b@*Bf_gZ aZ]helh‘@lld_ajf_gIZpbyC@: :,201 _1jh\%®; ;,%© Kb hjh\@& < ®FKk

ebl_jZImjguo kkuehd?® < oh”_ \kdki_hbﬂ\kgb@nbab@mgbq_kd©bgk|b1n©shb]

ihevah\ZebkwnZx'¢u klZl_c ey km"Zgihmrlyu,c®Ihkkbyalhd _gh\

gZxsbo ~Zgguo ijb ihfhsb bgkljmf_glZgzdb ij_ibgZ@hw?s © ©3 ©2 ©3

*52%," <g_k_gb_ dhjj_dlbjh\hd \@au\lhdhgh\

lim~rghklbabah]jZgbq_gbc \ f_Ihtbd_ bkipzblhlh  keh\Z agZdb ij_ibgZgby

e _gby h[mgzZxsbo nzZceh\ 2?keb \ h[hm¥zxs f

nZce_ hlkmlkl\h\ZeZ qzklv |_dklz ba kfzagpba “h .

[Z\e _gb_ [ueh g \hafh gh qudeZe[fﬂ | 2d"Fc bKTbggu_ iheh bl \dyglhd_du k
- A A . eyxs Za\zZgb_ klzlvb bf_gz ZzZ\lhj

g_ijbJh"guf ney himq_gby < j_amevlZ], hlﬁ]jh’\ b kljzgm ijZ\bevdh hlg

ju_ rZ[ehgu [ueb bkdexg_gu ba Ij_gb\ﬂl -E\\qrg( hdeI Ihibyf -

>hh[mg_gb_ *52%," ijhbkoh”bl §Z hkgh\grpj eh gu_ iheh bl eMgmlki\mx|

\Zjbl_evgh ijhZgghlbjh\Zgguo W[mMQgZxsb®TN'Zokibggu_ hljbpZt \&kvgagZdb ij

guo Dz ~Zy klZlvy "ey "hh[mq_gby iiblglZh\ey dkhyf K*"\mo azZiyluo \ ZnnlbebZpb

PDF-nZcehf gZ[hjhf ij_~\Zjbl_evgh ZghjmhhMZjgu dZd ©g_ hlghkysb_ky d f_IZ"Zgg
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o Precision(lhgghXx P /(TP + FP) = 100 %. xJZkihagZggZy kljhdz
o Recall(ihegRIZP /(TP + FN) = 100 %. 0 g A\Zgb®&eywords: Deep learning, Naturalnla
oFlscore:2*(1*1)/(1+1)=100% % guage processing, Text analysis

I _j\uc ijbf_j ~ fhgkljbfmZéevgur ke o Z\lhju g_ hij_~_e_gu
gZc ]*_ \k_ we_ f glu \dexqZy gZa\Zz@pkZnnbighgpoy hij_"_e_gZ
bf _gZ Z\lhjh\ gZa\Zgb_ bgklbl@lz ]hpihdn giij
gm [ueb bale g _gu b dezZkkbnbpbjh\z uke\h_é\l@ﬁ?ywordlsav @eep?, @arning® @law-
Wlih khhi\_IKl\soord 100 mdZau\Zy gZ (ala, nguageé, @rocessing @ext? @nalysis?(8 |hd
khdmx lhqghklv fhA_eb g )

Iibf | QzklbggZy hrb[dZ

xBkoh~gZy klj@@&&\u_ ih"oh”u d fZrbgghfm

?
h{mg_gbx :\lhj Kfbjgh\z 2 > Bgklbiml kbKI lgﬁw %kmlkl\mxl

S . ) a (o
ijh]jzffbjh\zgby J:G Fhkd\Z Jhkkby OFN: <k_ Ihd_gu \dKeygdgs® @eep?

0 agZdb_ibgzZgh®? ©2 ©2 lhd ;g9z
o blh]h Ihd. gh\

xJZkihagZggZzy kljhdz @arping? b 1~ g _ijZ\bevgh dezkkbnbpbjh\Z
o0gZa\Zg®wGh\u_ ih”"oh”u d erh@ghfm\hhe[\gu [ueb [ulv hlg _k gu d dzl _]hjbb ¢
g_gbx® _ e keh\d®b ©g_ highkysb_ky d.f_1Z~Zgguf?
0 Z\Ihju©Kfbjghiz 2 > . oFP: <k_ Ihd_gu hrb[hggh hlg_k_gu d
o0ZnnbebZp®Bgklblml kbkl_fghth |Jh]jjgb ©gzal\zgb_a
fojh\Zgby J:phjh” b kljZgZ ijhims_gu oTN: HikmIkI\mx| 1Zd dzd \k_ lhd_gu
xLhd_gu _ d dZdéke[h dZI_]hjbb
0 keh\Zo6Gh\y_@ih*"oh@*d2©fZrbdg 0 < bkoh~ghc kljhd_ lhd_gh\h 73
fnf, ©h[mq_glex31hj2OKfbjgh\Z? > ©H d gu hlg_k_gu d g_ijz\bevghc dZl_]hjbhb
kKibIml®©kbkl_fgh®idh]jzffbjh\ZgeyW G2  pp= 1),
©Fhkd\BIhkkby?lhd_gh\ 0 Precision: TP / (TP + FP) =0/ (0 1) = 0 %
0agZdb ij_ibgZ@»®?3 @3 ©% ©  h oRecall: TP/(TP+FN)=0/(0+11)=0%
d_gh\ o Flscore:2*(0*0)/(0+0)=0%%
0 blh]H4+5=19 Ihd_gh\ Lj Ibc ijbf_j ihdZau\zZ_| djblbqg.
x:igZeba hrb[dnkljhdZ k dexq _\ufb keh\Zbb [ue

gbb bgklblmlZ deZkkbnbpbjh\Zgu \_jgh ZnnbebZpby g [ueb hij_~ e _gu \h\k

OFN: Lhd_gu ©Fhkd®dhkkbyd[hqgh kfe q%VF%UH [Z\ggh mdZau\Z | gZ g.
g

hlg_k_gu d dzZIl_]hjbb ©g_ hlghkysh_ky d u .
B HIkml kD mx ] K T9%h~_eb kijz\blvky k az"Zq_c

0TN: HklZevgu_ lhd_gu agzZdb ij_ibgkj Byj/\ljhimkq bgnhjfZpbb A
keh\h ©:\lhj @ deZkkbnbpbjh\Zgu dzd ©g_ KPPy GfY Kli@dbf_g_gb_ f_Ih"h\ ZgZe
NZgguo f “bpbg_ : I_ljh\ GZBAggh\

ky d f_1Z~"Zggujgh

0 < bkoh~ghc kljhd_  Ihd_gh\ _highkyKky '2I_evkdbc bgkibimi bf_gb G B It
1zZAZgguf ba gbo  jZkihagzgu \_pgh 73 XJ4kjhagZggZy kijhdz ]
s _gu )1 0gZa\Zg®Iljbf_g_gb_ f_Ih*"h\ ZgZeba:

guo \ f_~bpbg_2
o0 Z\lhju©: 1_Ijh\@; B\Zgh\?
0ZnnbebZpby hij_" e _gZ gZalZgb_

o Precision: TP /(TP + FP¥ 11/ (11 + 0) = 100 %
oRecal: TP/(TP+FN)=11/(11+2% ,62%.

o F1 score: i
9167%. + ?mllz_hhdrb[hqgh g_ hlg_k_ghhd ZnnbebZphb
<lhjhc ijbf_j beexkljbjm_|I qgzZklbggmk-9"

. . 0 keh\Zoljbf bot Ih~"h\®ZgZebaza
.h.rb.[dm 1~ ]hjh’\.b kljZzgz \ ZnnbeQ@Z\%%B,u@\'j:‘a%@#_,\_bgp_bgg@}{©|_|jh,\g©a,
ijhims_gu G_kfhljy gZ wlih stoeb[dMmgp\zgn\@Gzmggke ~h\ZI_ evichoddb|mia
hk|Z_|ky Ahk|Z|hqgh \ukhdbf hid&ideh ©Obf_gle*G B@Ibjh]lh\Z2 Ihd_gh\

dzd §wrZy qzZklv bgnhjfZpbb bale_q_g% ablvidb ij_ibgzeh®s ©2 © |hd_gZ

j_dlgh 0 blh]H5 Ihd.gh\

ljbf_j Hrb[dZ \ hij_~_e_gbb we_f_glZz X:gZeba

xBkoh”glilyhdZ&eywords: Deep learning, Nat o0TP: gZa\Zgb_ klZlvb bf_gzZ Z\lhjh\
ral language processing, Text analysis OFN: <k_ Ihd_gu gZa\Zgby bgklblmlz

52 CONTROL SCIENCES No.3 " 2024



NHOOPMALINOHHBIE TEXHOINOIM B YNPABNEHWA

oFP: HIkmlkI\mxl| ijh\h~"ysbo Ihd_gbazZpbx \oh”gh]h [_dl
0TN: HklZevgu_ I|hd_gu agZdb ij_ivAZgkwWIh ke _~m_| ba Ihlh qlh bglimb
lhqdZ deZkkbnbpbjh\Zgu dzd ©g_ZhIghkd'§lekyoﬁbfpbjh\zw keh\h dh]~Z hgh i
"Zgguti_jgh evdh h~gbf |hd_ghf <\b”m [hevrh

o >himkibf \ bkoh*ghc kijhd_ h lhd é‘h\h‘\gbkuhevam _fhf keh\Zj_ 1Zdb_ y:
:(J.B;]Iikr:sdg;ﬁ;z Zgguf ba gbo JZk'hangu \—é% ?Imxl angbI_evguo azZlyzl iz
o Precision: TP / (TP + FP) = 10 / (10 + 0) = 100. % qb_keb'—e"g“o j_kmjkh\ ~>ey yaudhi
o Recall: TP / (TP + FN) = 10 / (10 + 5) = @&, %. fhinhehlb_c fh”_eb "he’gu ojZzgblv |
0 F1 score:2 * (1 *0,6667) / (1 + 0,6667) = 80 % pbx h dz"*hc \hafh ghc keh\hnhjf_
Q_I\_jlugbf_j ~ fhgkljbjm_| kémgz&&p'\Z alh m\_ebqgb\Z_I jzaf_j keh\Zjy
imkdZ bgnhjfZpbb ]~_ gzZa\Zglo_ bgM@lmLZyHﬂ#Z jZa < dzZq_kI\_ Zevl_jgZ
(hagh g_ hlg_k_gh d Znnbebzpbb WA 4ubkiBeEm_Iky Ihd_gbazpby I_dk
kgb _gbxVFRUH ~tihAgq_jdb\zZy \zZ ghkf/'iy”" kihysbo kbflheh\ gzZau\Z_ fuo
dhjj_dlghc dezZkkbnbdZpbb wegf_glhR sypwygrdbeord pieces Wih ihalhey 1 fh”

guo eb hi_jbjh\Zlv keh\Zj_f h]jZzgbg_gguo
>hkimi d azlheh\dzZf b ZgghlZpbyfl2R @z aH" "gglhbkihevah\zgbb IzZdhc kij.
| _ciha\hebjh\ klBEgZebakoh”kl\Zjkk lhd_gbaZpbb g_h[oh”bfu ~hihegbl_e\

f g gb_f f_Ijbd IZdbo dzZd jzkklhyg®Pakuzhht_"bg_gby \_dlhjguo ij_"klzZ\i
<bgde_jZ E_\_grl_cgZ b dhkbgmkghkaﬁzewm ggihd_gh\ khhi\h/1gfhnkes bro
:gZeba j_ amevIZlh\ ih~l\ _j"be \ukhd VE lhgghklv _ )

khhi\_lkl\by aZ]lheh\dh\ b ZgghWpbc \ fZZfdg%Z\ dhj_n_jwdpbbZ£Zqz h[jZ[hl]
[iZgguo f_ljbd < qzklghklb fh~ eb_kZdb'\ _@ag4o yaudh\ < az"Zgghf |I_d
©F 1Z"Zggu_ aZ]lbedKdZIf glZpby? Agb\ZxTky Jjmiiu bf_gguo ]Jjmii keh\ be
kib]Jeb agZgbl_evguo mki_oh\ m f gkhfd_g 'Zgbﬁh h[hagZgZxsbo h”bg b Ih
]b_ fh~_eb \ qZzZklghklb ©:7j_k hj][z‘b@_azlﬁb?)'a ez]Z_lky qlh az”"Zqz fh"
©Bf_gZ azlhethehd 3f _glzpby ebl jzim§Z [ _ Ihggh ijb bkihevah\Zgbb I
guo kkuehd?2 \uy\beb ihlj [ghklv \iRnjhekeh\Zf AZ"Zqz hkeh gy_Iky g
| _evghf memqr_gbb “ey ~hklb® gbyklvxegeZLM(bnbpbjh\Zlv g_ keh\2d Z bf

j_amevlizlh\ iu Hjmiiu |h’\jy’\ klhysbd®ehd BK:G>
B ijbf_gy_lkyr_gb_ az”~Zqgb dhj_n_j_gpl
42. 8) Ji "g bkihevah\Zgbb Ilhd_gbazZpbb ih ih*ke

\ugbke gby “ey dZ ~hc iZju Ihd_gh\ ~

lj_~h[jZ[hldZ |_dklh\h]h kehy *ey \UugjhKg lpygdZ \ujZz Z | \_jhylghklv Ih]
ijhnbe_c khklhbl ba hi_jzZpbc ij_h[jEdh§Zghgh”ryl \ hrgm bf ggmx ]Jjmii
keh\ \ gb 'gbc j_]bklj e_ffixhbaZpddy hp_gdZ \ujz Z_I| \_jhylghklv Ihl]h qglh
keh\ d ghjfZzevghc nhjf_ klmikZb\ gbyoh?yl \ ~\_ jZagu_ dhj_n_j_glgu_
keh\ agzZdh\ kbf\heh\ dhlhju_ kzZflhklihyl_lKkgth s gb_ "\mo hp_ghd iha\h
g_ g_kml gbdZdhc kfukeh\hc gX]jmadbliIvhh”*ékih_r _gby aZz~Zqb dhj_h_j_gr
dbh[s_]h keh\Zjy ey \k_o “hdmZd_glhj\Zyijghkje _~m_1 \k_ ij _bfms_kI\Zbfh"_e
ah\Zgkgh\ \ \_dlIKjuihfhsvx nj_cf\hjdZ&azZpb_c ih ih”keh\zf f_gvrbc jzZaf_j

S\WRUFK k dhlhjufb mf__1| jZ[hlZ][heg _cjhggZy jZ[hlZ k yaudZfb k [h]Z]I
k_Iv Hkh[_gguc bgl_j_k \vuaul\Z_I| azZMZg&Z dhj_n

j_gpbb dhlhjmx g_h[oh”bfh j_rZlv "eyFhf_kiv dhj_n_j _gpbb hkgh\ZgzZ gZ
g_gby iheghlu ijhnbey Illhlh qglhju md_dkl gz _kl_kI\_gghf yaud_ ij_~klz\

lu\Zebkv g_ lhevdh \k_ mihfbgZgby HibkiZgd dgh ckl\bc beb khklhyghbc jZa
lzd"_ b _]h dhk\_ggu_ mihfbgzZgby dtlhk Bf kdgZy ]Jhiketh\hkhq_lZgb_
g_Jh V' I_dkl_ bkihevam_Ilky f_klhbf_gdZxéebkkbgh h[t_dl \g_yaudh\hc ~_cl|
gbf klb gZau\Z_fuom _j_glhBf_ggu]ljmiiu
Klzg~zjlhf j_r_gby fgh]l]bo az”zZq h[jdghdbujz Zxlky \ I_dkl_ ihke_"h\ZI_
|_dklh\ k\yaZgguo k deZkkbnbdZpb ba kierh$s \kl\bl _evgh]h b kbglZdlgbq_kd
kI yley_I|ky bkihevah\Zgb_ yaudh\gwo fhfm &kehh\ ?keb ~\_ bf_ggu_ |l Jjmiit
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ky gZ h~bg b Ihl °_ j n_j gl Ih hgbadpde\ZxihkygZeh\ bkiyaZgguo f_""m Kk
dhj_n_j _glgufb AZ~ZqZ dhj_n 4 gphBaeBdgugb k\yayfb Ikfl_f kZfufZhl]j
_lky \ ihbkd_ \k_o iZj dhj_n_j glguemxislggiko Ilv Maeu wihc k_lb fhiml [i
Jimii pblbjh\Zgb _f h~gZ im[ebdZpbw pblb
| _j\h_ ihemq_ggh_j_r_gb_ dhj_ j]_ng@bbztlhjkl\hf Z\lhj k\yazg ki k\h_
eh hkgh\Zgh gz ij_~iheh' _gbb th Ay GhethZdlhjkiVhf  Z\lhju h~ghlc b Ih
qzklb izZj bf_gguo ]jmii \ |_dkl_ fh §RdgRHR b | N
anggh hij_~ eblv gZebgb_ beb hikmIKN\@Nc g gZ2blhe__ ijhkluo bygZ]ey
"j_glghc k\yab ijb ihfhsb kbkl_fu |12\t'§¥ kiplv KhZ\IhjkI\Z < g_c maeZfb y

emq_ggZy Kbkl_fz ijZ\be hIk|ZIg)\Ze Z 9- gZijz\e_ggZzy ~m]Z f_""m =
bf gguo ]jmii hAghagzqgh hij_ ag\Z (%Zebqb ohly [u h~glic kh\

— . gﬁ(bﬁ’ Iv khz\IhjkI\Z iha\hey |
gZebgb_ beb hikmiki\b_ dhj_ _]_

L . ah[jZzablv kljmdIimjm imJ[el
thZevgl;\uo i1Z] _bklhevah\ZeZkv gbibq ng bq KAZdXo gZmqguo |h"jZa" (
ghc az”Zqb kljzZI_]by kjZ\g_gby \_dIRiK\ {j ap hdzazlvky ihe_aguf \ jy~
dh\ "\mo bf_gguo ]jmii < wlhl X_ d|h (trbibjj rey gh\h]h kh|jm gbdzb beb
eZkv bgnhjfZpby h iheh”_gbb bf_gghc Jdymjijuj¥xar e gby JIzZ&Rthlkbb ij
|_dkl_ ]1jZzffZlbg_kdbo b kbglZdkbq_ kdjtzokéJb’%xsbc lizn gz dhlhjhy mae:
dZo bo JeZ\guo keh\g_@hlBgZy "jm]Zyky khljm~gbdb h~gh]lh ba j_Zevgu
G_cjhggzZy k_Iv khklhysZy ba a@Z[hjihrjEaghk\this).
guo kehmij_~ eyeZ blhlh\mx hp hgdm \ _jhylg
klb gZebgby dhj_n_j_glghc k\yab >{Zgguc ihoh”
bf__ I ke_"mxsb_ g_"hklzldb hg hjbjZz_Iky gz
klhjhggb_ j_r_gby kbglZdkbg_ktéh]h b fhjnheh]
g_kdh]h ZgZebazZz gZ[hj aZ*"Zgguo g¥ wlZi_ kha”~Zgby
fh~"_eb ijbagzdh\ bf_gguo ]jmii ih| dhlhjuf
hij_~ ey |ky dhj_n_j gpby fh I [ulVy g_ihehg

< ~Zgguc fhf_gl bkke_~m_Iky ih*oh” hkgh
\Zgguc gZ \uklzZ\e_gbb dzZ ~hc dzZj_ |hd_gh\ |_
klZz hp_gdb \_jhylghklb Ih]h qlh h[Z|Ihd_gZ gZoh
A"ylky beb \ hrghc bf_gghc ]Jjmiihh beb \ "\mo d
j_n_j_glguo bf_gguo ]jmiiZo Hp_gdZ hkgh\ZgZz
gZ fh*bnbdZpbb f_oZgbafZzZ-atgbtiohg b y -vH-OH
b bkihevam | lhevdh \_dIhjgu ij_ """

r

a Pl SO I

a—’_

o ) w387y "I<”|v khz\lhjkI\Z khljm~gbdh\ gZmqghlh
d gh\ ~ey ijbgylby j r _gby LZdhc |h|’hoj Aih abh
ey | j_rzZlv h~rgh\j_f ggh b az~Zgm hij_» e _gby

bf_gguo Jjmii \ I_dkl_ b az”Zgm dhj <‘"b_"Jg_r§po]bh liZn yley lky k\yaguf
f_""m gbfb < gZklhysih®"dhMybf__I g f £hklZlhqgh iehlgufb WIh hagZqz
ke_"mxsb_ g_~hklZldb \hafh ghklv jZZlylgethtjzihjbb khljm~gbdb ~hklZlhg
dh \ h]jZgbg_gghf hdg_ lhd_gh\ g_VHabfMfh&kvV\mxl ~jm] k ~jm]hf ijb ih
h[mqg_gby gZ [hevrbo dhjimkZo b g_ kiph[Jehb d Zhpdojc

Ib_ bf_gguo ]jmii lhevdh gqZklv_Ihd_ghl\bdhj fjm]hc \ g_dhlhjhf kfuke_ ij
j_glguo ]jmii ihemqgZ _| \ukhdmx hp_gidhmh ihké¢jkbImZpbb ijgZkjlzke g
~ggZy fh~_ev h[ez~Z_| \ukhdhc Ihqghklvx gh g_

yley_lky ~hklzZlhggh iheghc WIh mdiZau\Z_1| gZ

glh fh~_ev gZoh”bl lhevdh fZemx qZklv ijZ\be

guo iZj Ilhd_gh\ gh ihqglb g_ hrb[Z _IKky

5. UHTENNEKTYANbHbIA AHANWU3 CETEW

GZmqgZy ~_yl_evghklv ihjh ~Z | goZehkyagkh k_Iv khz\lhjkI\Z khijmrgbdh\ gZmqg!
ebq_kI\h h[t_dlh\ im[ebdZpbc bz\IhjRAZaHiPzEpy
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AN kv bf_xlky g_kdhevdh dhfihg_gjuk\yDagHluld ihA*nzdlhj hij_~_ey_Ilky |_
\ Ihf gbke_ \dexgZxsbo \ k_[y bahedhthhZyguueb \u[jZgu wdki_jlZfim khh!
maeu WIlh fh™ | hagZqZlv glh hl*" _ewgbo Jg@amggwo h[eZkl ¢ LzZdbf h[jZal
NZgghc eZ[hjZlhjbb jZz[hlzZzx]l Z\lhghfgbvx BK:G> fh gh ihkljhblv ijhnbev mc
:gZebabjh\zlv k_Ib khz\lhjkI\zZ fhdghhjmckihdzZ  _| gZkdhevdh gzZkZh ~Zg
lhgdb aj_gby \uyle_gby h[sbo aZdhglbfkljghklhevam_1| | _jfbgu ba khhi\_lI
JZkkfhljbf \hijhk h Ihf dzZd gZebqgb_ &BuUfihkhdum ih*nzZdlhjh\
im[ebdZpbc khhlghkblky k jZzkklhygb fNmgdpHhgZevghklv kZclZ j Zebah\
fZlbg_kdbfb ijhnbeyfb Z\Ihjh\ jZa”_eZo |jbk
GZijbf_j kj_~g__ jZkklhygb_bf_""m ijhn
eyfb khljm~gbdh\ BIM J:G yl\ey I|ky| *h\hevgh
[hevrbf b khklzZ\ey_ | \ kfuke_|f_Iljbdb
hibkZgg\ht3). Wih hagZqZ_I| gqglh im[ebdZpbb
khlijm~gbdh\ highkylky \hh[s_ §h\hjy d jZaeb
guf h[ezZklyf | _hjbb mijZ\e_gby
Hij_~_ebf djbl_jbc gEkdwgdblyc klyab
f_"A"m "\mfy Z\lhjzfb kms_klI\m_1I Ijllbc Z\Ihj
dhlhjuc bf__| ohly [u h*gm im[ebdZpbx k i_j\uf
Z\lhjhf [_a \lhjh]h b ohly [u h"gm im[ebdZpbx
kh \lhjuf [_a i_j\h]h kVlyaZg hI*_evgh Kk
dz ~uf ba “\mo Z\lhjh\ HdZau\Z _Iky qlh ijh
nbeb Z\lhjh\ kh_"~bg _gguo kbevghe¢ klyavx \

kj_~g_f [eb"_ ~jm] d “jm]m Kkj_"~g_| jZkklhygb_
gifhnbeB\lhjh\ k\lyav dhlhjuo ¢g_ vy
ey |ky kbevghc kj_~g__ jZkklhyghb | b wlh

jZaebqgb_ y\ey_ Ilky klZlbklbg_kdb agzZgbfuf WIh
gZ[ex™ _gb_ hljz"Z | gZebgb_ \azZbfhk\yab f_""m
A\mfy ihgylbyfb [ebahklb \ZWhjke =+
jZkklhygby f_"~m ijhnbeyfb \ | _tzZlbqg| kdhf ij

kljZzgkI\_ I_hjbb mijz\e_gby b \ykfuke__jZkklh
gby f_""m maeZfb \ ]jZn_ khzZ\IlhjkI\Z

Jbk JZ[hqb_ hdgZ BK:G>

6. BO3MOXHOCTM UCMONb30OBAHUA UCAHA 61 %

GZ k_]lhAgyrgbc ~_gv BK:G> ij_~hki¥48y_fp ©L_fZlbg_kdbc ihbkd® i
ke "mxsb_ \hafh ighdjb _gb _ |_fz|bqh|h[jZ|V J_e_.\Z.gIgu_ |m[e_bdebb mq
kdh]h ijhnbey mg_gh]h beb ih~"zzar ®Z§%ydhgp bihgigbaziplbjhitzazs
lbg_kdh_ jZg bjh\Zgb_ mq_ghlh bebdihr@Fa*Z@guf nZdlhjzf i_jluc bnjhl_c
gby kharZgb_ ijhnbey k\yaghklb |_fd_§gBR dggkkbnbdZpbb ih”*nzdlhjZf
ijhnbey gZ 1jZn JehkkZjby ih I_hjbb miPX\el_§piba_kdhc deZkbbhbjdBpHED
Z 1Zd _ bkke_~h\Zgb_ ijh_dpbc ijhnb'e_d:th(ﬂl'g%be—gby Hg ij_~ihezZ]Z | i_
gZ "\mf_jghf ijhkljZgklI\_ guc \u[h] h*gh]h f_IZnZdlhjZ ba q_luj.

GZihfgbf kf gqlh kbkl_fz bkiheva¥hl[s_9ZmaqgZy ijh[e_fZlbdZ
hglheh]bx ih |I_hjbb mijz\e_gby khkihmiénf_b&Zy h[eZklv
g _luj_o [ehdh\ h[s_gZmqgu_ I1Zjfbgu xfZl_fZlbg_kdbc ZiiZjZI
Ibq_kdbc zZiizjzl ij_~f_lgZy h[eZklv %krknjZjZjbf_g_gby jbk
ijbf_g_gby H[s_gZmqggu_ |_jfbgu \dekezxmxsbf wlzZihf ij_~iheZ]Z_lky \L
| _jfbgu dhlhju_ \klj_gZxlky \ jfaebgfgubagfZm”eh’ _ggh]h kibkdzZ k \hafh'g
guo |_fZo HklIZevgu_ ljb [ehdZ \dex®RAEZnnlZduh Z 1Zd _ khjlbjh\db I_f ih Z
ju dhlhju_ \ k\hx hq_j_"~v ~_eylky g ihrmegyjahklb jbk
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Jbk <u[hj f_1ZnZdIhjh\ "ey |_fZlbgq_kdh]h ihbkdZ

Jbk <u[hj nzdlhjh\ ~ey | _fzIlbq_kdh]h ihbkdz

>ey mlhqgg_gby \u[hjdb fh]lml [ulwl®ad8Zgd \hijhku dZdb_ im[ebdZpbk
lZzd”_ ih~nzZdlhju b | _jfbgu gZ ZpgZehpwdpdhe b j e \Zglgufb \u[jZgglZc |_f:
| _jn_ckZo db_ mqg_gu_ ij_bfms_kI\_ggh azZgbfzZx

<u”rZqgqZ j_amevizZlh\ ]jmiibjm _AdAky ilghien[lebdc gZ dZdbo dhgn_j_gpbyo
pbyf zZ\lhjzf ]hjh*zZf "mjgzZezf hj]lZytgZpbkydurzliv "hdezZ”u ih ~Zgghfm
b dhgn_j _gpbyf0 jbk \urZq_ j_amevighx\ \ dZdbo "mjgZeZo klhbl im[ebdh
ihdZau\Z_Ilky dhebqg_klI\h |_jfbgh\ gihcaZzydeogguf |I_fZf b gZdhg_pb \ dZz
fZzl _jbzezZo k mq_Ihf ijbf_g_gguo nbhZphkhhd b ]hjh*"Zo jZ[hlZx] mq_gu_
]jmii LZdbf h[jhahfguc fh | ihemqgbkvwZggufb gZijZ\e_gbyfb
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Jbk Hlkhjlbjh\Zgguc kibkhd j_amevIZIh\hbK&Zkih kofiglhd ZfRyh Z\IhjZf
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< ijhnbe_ im[ebdZpbb \u\h”ylky yiZaeZghklv \u[jZlv hl*_evgu_ jZ[hlu

ZgghlZpby b Z\lhju jbk jZ[hlu z\lhjzZ

Ihkljh_gb_ | _fZlbg_kdh]h ijhnbey ~Z Klein€ gZ \_jlbdZevghc hkb ~bZ]jz
ah\Zl_ex \hafh ghklv m\b”~_Iv ijhnbevklky IUjjfbgu klhe[_p ~bZ]jzZffu ihd
jzdmjkh\ ij_~f_lgZy h[eZklv fZ|_f@hedgkdkidth \oh A _gbc \ im[ebdZpbb

ZiizZjzZl kn_jZ ijbf_g_gby h[s_gZmg&kZlye[pge*bz]jzffu fh  _I [ulv ijb\_~_gh
fZlbdz \ ~"bz]jzffZzo ih nzdlhjzf ih~nHadlihjldf ko _f hlh[jZ _gby
| _jfbgzf jbkzZx\khhI\_IkI\_ggh ¥ ©:[khexlguc \_dlhj2 hljz " Z_1 km1
L fZlbg_kdbc ijhnbev y\ey Iky wndhebgkiif\h \oh ™~ _gbc | _jfbgh\
bgkljmf_glhf ~ey j_r_gby fghlbo azZ*"Zgt ZgKltwazk Ibqg_kdbc 2\[kdldxtgsd \_
gZmgghc *_yl_eg@hjdb j+ ey |_fZlbdhj k ghjfZebah\Zggufb klhe[pZfb
kdhl]h ZgZebaZ gZmgguo Jjmii ¥ O;me_\ \_ddijfhyg _glu wlih]h \_dlIt
fhiml ijbgbfzZlv "\Z agZq_gbykelbftdgbp
o, ebg_kI\h |I_jfbgh\ [hevr_ agZqg_gby ©h
62y 1% )# | jfbgzfa b ghéklZevguo kemqgZyo
f ©lh dhebg_kl\m bkihevah\Zgguo |
< oh”_ gZmqghc "_yl_evghkllb j_]me&ybglgN\iZdgghexligh]h \_dlhjz dh]~Z ©h
dZx!l kbImzZpbb dh]*Z g _kdhevdh gzZmgfbgZfdhmebjz | | klhe[pu ]*_ ©mg
Ib\h\ azZgbfzZxlky bkke_~h\Zgb_ f h~rdh¢fbagdbrzfbgvr g f agZq_gb_ ©hlk,
Wih fh™ _I ijhbkoh”~blv dzZd \ jZzfdZo hlsjfplg4dfd < kemqZ_ Z[khexlgh]h \_dlI
_dlz 1zd b \ ijhp_kk_ j_kljmdImjbaZpbdb gZihqyujdbgzfd jzZ[hlZ_| k h[sbf
ihr"jza” _e._gby ieZgbjh\Zgby gZmggHoh?* gbc | _jfbgh\ \ ~Zgghk kiegngZ _
I_evghklb g_h[oh”bfh ihgbfzZlv _ dZdd#e vighuff
| _gpbyfb h[ez~ZxI| khljm~gbdb Tt OL_jfbguhkfhlj I _jfbgh\
lj_~eZ]Z |ky hij_~ e gb_ gZijZ\e gb<upkikenjh\gy hagzZgZ | \u[hj mjh\c
"h\zZgbc gZmqguo dhee_dlb\h\ gZ hkghkkgpty [tZ | _jfbgh\ \ khhlI\_lkl\bb
bo im[ebdZpbc ;he__ " _IZevguc ZgZldhafkjpoh"ddky kjZ\g_gb_ im[ebdZpk
gZmgguo ]jmii ijh\h~blky k ihfhsvx gr_dhlehgdq_gb_ mjh\gy h[_ki_gqb\W _I| [h
djbl_jb_\ ijb\_"~ gguo \ wlhc jZ[hl_ guc ZgZeba HIk_g _gb_ih dzZl Bhjbyf
>Zgguc jZa”_e ij_"hklzZ\ey_I| \hafhggfkhv[bhz_| fbgbfZevgu_ ijb\_~_ggu_
kljhblv b kjz\gblv | _fzZlbg_kdhu_  ijhgkdln \k*_eZlv ]jZnbd [he__ \ujZat
[[Zgguo mqg_guo >ey ihkljh_gby kjzZQgWl[hakg@Mgblu\Zlv h[s_gZmgdu_ | _
Abzljzff i_j\uf rZ]hf g_h[oh”bfh \u[j4EWeZd | \ \u[hjdm keh\Z hlghkysb_ky
lhjh\ "ey kjz\g_gby Ijb \u[hj_ Z\lhjpimgh&lyh[e_fZlbd_

Jbk DZjlhqdZ im[ebdZpbb
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Jbk L fZlbq_kdbc ijhnbev gZmd@gmpd HipsiiZ"nZdlhjel_jfbgu

Hipby ©<u[_jbl_ imlv® iha\lhey_| mblhfpbbv beb ihA*nzZdlhjh\ \lhjhx mjh
| _fm\thjhc mjh\_gv ]1jZnZ JehkkZyby IbjgfkdbZ deZkkbnbdZpbb Mjh\_gv a.
rdZeZ iha\hey | \pHiZlmlhd \j f gb "gZebaz \ khhl\_Ikl\bb k bkihevam_
kjZ\g_gby im[ebdZpbc Bf__Iky \Hehklghblyw GZ gme_\hf mjh\g_ k fZIb
mlem[e_gghlh kjzZ\g_gblihmhmdbelhgzf kbnbdZpbb \u[bjzZxlky f_|IZnZdlhju gZ
\IThjh]lh mjh\gy jbk nZdlhju gZ \lhpinZdlhju jbk

6.3. % 64. i

< N"Zgghf jZa”_e_ ihevah\Zl_bv ihem@gglukijZa”_e iha\lhey_| malgZlv c
khd j_e \Zghguguo hlkhjlbjh\Zgguc iihedah\Zighybgh\im[ebdZp\WwpZggh]h
ebg_klI\m bkihevah\Zgguo |[|_jfbgh\ AVUlfZggA@ijZrb\Z_fZy bgnhjfZpby hlh
nZdlhjh\ i_j\uc mjh\_gv |_fZlIblyg_kdhdbdeZlfknz _]1h \_jrbgZ khhiI\_IklI\m_
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Jbk

KjzZ\g_gb_ ijhnbe_c mqg_guo ih ihAnzZdlhjzf

Jbk

L fZlbq_kdh_ jZg ' bjh\Zgb_

Z j_[jhkha\f_klghfm mihlj_[e_gbx
hr"ghc im[ebdZpbb

lhkljh_gb_ ]jZnh\ k\yaghklb
\h~blky ih Z\lhjm \u[hj dhlhjh]h jZkjilye hih ghlhjhfm ijhba\h~blky ZgZeba
\_jog_f ihe_ bgl_jn_ckzZ 1jbf_g_gb_ GZlnmjgdZ deZkkbnbdZlhjzZ \u\h”ylky

©OHIk_q_gb_ ih qE&lhky | \u\h~lvlv IhedZeb[jh\Zggu_ ih qZklhl_ bkihevah\

60

|_jfogh\ukhdhqzZklhlgu_ |I_jfbgu
g_gby b hlk_dzlv gbadhgzZklhlglh_
bkihevam_fuc mjhA_gv ]

ijb M\ _eb

lajfbgah\ijthdgzqz |
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fh™ _| [ulv ijbf_g_gh ~\Z \b~Z &gZgbfkgZpZ]lehkkzZywdhp ¥zZn kh~_jl Zdbc
p\_Idb ih dhebg_klI\m \oh ™~ _gbc b iguheblgykiBmibiz ©OHij_~_ey_ |ky q_j
k\ya_c RdZeZ agZq_gbc jZkp\_ldbhijgaf eszZgbbyl bfikdz qZ_lky lajfip
kijZ\Z hl h[eZklb ]jZnZz | _jfbg@a kh_"bg_g k I|_pmghfz\e _gguf
HIh[jZ  _gb_ j [_j b gZa\Zgbcr\eby !l [¢gZf\g _
gbc \b™ ]jZnZ b ~h[Z\ey_I| gZa\Zgby b j_[pafdrX]hf \u[bjZ_Ilky Z\lhj \ \_jog_
rbgzf |I_jfbgh\ e_ b gZ l]jzZzn_ ih"k\_gb\Zxlky \k_ 1_jf
<dexqg_gb_ h[s_gZmqguo | _jfbgh\ jdtsh[Z2€¥hjlIbkihevah\Ze \ jZ[hlZo Z 1
Ilhgdb h[s_gZmqgguo I_jfbgh\ gZ ]jzZn fibkKm gbfb
. lhe_ ©GZzZke_"h\Zlv hl2 iha\lhey_1| \u
6.5. A . fbg q_j_a dhlihjuc [m~ml hij_~ je_gu
>Zgguc jZa”"_e y\ey |ky gZlewrguffbguiljmém[bgZ ijhjZ[hldb gZke_"~h\Zg
Ihf hih[jZz _gby bkihevam_fuo I_jfbghkHhkhflghf ihe_ k gbkeh\hc rdZehc
mijZ\e_gby 7ey \u[jZggh]lh mqghgh]h Bg bif y)2kp\_Ildb j_Zebah\Zg \ khhI\
klZ\ey | \hafh dtkkklee ~h\Zlv hdy_klghikl~_eyxs_c kbehc IhjgihgZgd_fbdhe
| jfbghjZzaguo ihjy~dh\ >hklb]Z _ Iky wlhkli\dl If jfbgh\ dhlhju_ hij_*_@_gu
ihkljh _gby hjb_glbjh\Zgghlh ]jZnzZ \g@ubflhkihbgb d dhebqg_klI\m I_jfbgh\ q_j
| _jfbgh\ gZ hkgh\Zgbb JehkkZjby IjbzZgphufc\l_jjfbg hij_~_e_g

rbgz JjZzaakZhhI\_IklI\m_1 lajfihglm ghbj ?keb \u[jZlv nmgdpbx ©Ilh”k\ _Iblv |
\Zggh_ j(@jb tbkihevah\Zgbx lajpfbgzlh [m~_I| ih*"k\_qg_g \u[jZgguc |yjfbg |
hij_~ e_gbb IbjfbgZz sbfbklj edzdb jfbgZ®dhlhjuhij "~ e _gu
Jbk Ihkljh_gb_ ]jZnZ deZkkbnbdZIhjz
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_j_a g_lh b \oh”ysbfb klj_eddfb hl I_o I_jf 6.6. f

h\ g_j_a dhlhju_ hij_~ e g \u[jZgguc | _jfbg

J_"bf ©<k_]"Z hlh[jzZz Zlv gZa\Zgby | sjébgk¥bc ij_"klZ\ey_I| kh[hcbk[hjgtl
ihalhey | \b”~_Iv gZa\Zgby |_jfbgh\ghg\ZlI_Jjgnb mijZ\e_gby b bo hibkZgbc

q
g

j b KL6). | Z d "https://www.ipu.ru/education/glossary
Jbk L_jfbgu Z\IhjZ \ ]jZn_ JehkkZjby
Jbk =ehkkZjbc
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3. DeZkkbnbddlkkbckdh]h gZmqgghlh nhg”~zZ J
SAKMIOYEHHNE URL: https//rscfru/contests/classification *Z1Z h[jZs_gby

; . ; 4.04.2024). [Klassifikator Rossijskogo nauchnogo fonda
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Abstract. This paper describes the approaches underlying ISAND, an informaticensyst
scientific activity analysis in the field of control theory and its applicatitB&ND is being @-
veloped at the Trapeznikov Institute of Control Sciences, the Russiaergarf Sciences. Th
ISAND ontology is oriented toward the representation and collection of knowledbe field of
control theory and its applications, namely, scientific knowledge (the ogtofogontrol theory
and knowledge related to the scientific activity of agents (organizatioms)ajs, conference:
and individual researchers) in this fielBased on this ontology, the ISAND architectureai
complex program system to collect, store, and aegdyblications and their metadata from:- ¢
ternal sourcesThe ISAND algorithm for building the thematic profiles of scientific objeptdp{
lications, researchers, organizations, journals, and conferences), as V8HJND text processin
and network analysis capabilities, are presented. Finally, the main possibiflitissrg ISAND
are considered.

Keywords: scientific activity analysis, control theory and its applications, infoonatystem, classificatior
ontology, thematic profile, thematic space, term, text processitgorkeanalysis.
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F B FZdZzZjh\
BgklbIml ijh[e_f mijZ\e_gby bf < : LjZi_agbdh\Z J:G ] Fhk

maxim.i.makarov@gmail.com

:gghlZpblj_~klZ\e_g Ze]lhjblf ehdZevgh]lh ieZgbjh\Zgby iml
Ahjh gh]h ihehlgZ Hg hkgh\Zg gZ \Zjvbjh\Zgblhijlly _kd iptkfobdy
_ff_Ih~"Z ihl_gpbZevgh]lh ihey b h[_ki_q_gby ]ezb dhligltbk bH e
gh\hc kbkl _fu dhhjrbgzl J ZebaZpby ZelhjblfZz hkgh\u\gh
fbazpbb p_e_\h]h nmgdbbhgre\Zz |ky j_r_gb_ azZ”Zqbdiijédll
jh\zgbimlb [_kibehlghc IjZzgkihjlghc ieZInhjfum N&y ®pa¥hgylv

azZjzZzg__ ih~lhlh\e_gghc Jez~dhc |jZ_dlhjbb ~\bkj_QlYZIj\Z gk
j_Zevghlh \j_f_gb k mqg_Ilhf \hagbdzZxslbbkhbjZzgllkbbdé pez"id
ihevah\Zgb_ gh\hc kbkl_fu dhhjrbgZl ~Z_ | ij_bfnlse & l\db ¥h

jblfz ih kjz\g_gbx k _]1h jZ[hlhc \ ~_dZjlh\hc kbKkdIff | &kehja
gZ yaud_ 3\WKRQ <u”™_e _gb_ JhjbahglZ ieZgbjh)\Zygety ipe
ih~"ohk jZaebqgufb ZelhjblfZzfb ke_~h\Zgby ih imkb [_dHlhjjunr
x|l f_Ih~u h[oh”Z ij_iylkl\bc fbkebglm\tzgb_ \uiheg_gh ~"ey
ijbf_jh\ ih dhlhjuf fh gh hp_gblv wnn_dIlb\ghkIMijplfZh"_gg

Dexq_\u_ keth&Zgbjh\Zgb_ imlb kbkl_fZ dhhj*bgZl Nj_g_ [_kibeh
BBE[IEHME azZjZg__ kljhblky p_e _\hc fZjriml ih e
jhlh jh[hl "he _g "\b]lZdky kemqgZyo
hit_a” ij_iylkl\bc hI\_gZxl aZzdhgu mi

K mqg_Ilhf ihke_"~gbo "“hklb _gbc \ heakZixsd_gZ [hjiml@[hdZjZ[hl_i k djn
N"Zjghc |I_ogbdb \ukhdhijhba\hNbl_evgpuwfd JjZgkihjlgufb kfb~ "kIKZ gZijbf_j
g_kdbo ijhp_kkhjh\ b fZrbggh]lh h[m@\lgdn[BE&hfbijbbihyle glgh\uo mkeh\bc
ghfgu_ | _ogheh]bb ij_I_ji_\Zxl| j_\hexpddlymad h]jZgbg_gb_ gZ rbjbgm iheh
baf_g_gby dhlhju_ ihalheyx!| j_Zebagb¥lv " dg\Zifbg_kdb_ ij_iylkl\by b \uk
\hafh ghklb Hkh[_ggh fghlh gy ZIklyyhklv “"\b"_gby "Zggu_ ih”"oh”u_ klZg
[_kibehlguf ljZzgkihjlguf ieZlnhkhzf 4elyf gbfu \ kbem bo \ugbkebl_evghc ¥k
arzZgby dhlhjuo g_h[oh”bfh j_rblv p_&hdjjy*gbdid ih~*oddthfh~he _globbkyZ
nmg~rZf_glZevguo |Zd b ijbdeZ”*guo gdéZg_"“MigE¢dh\ yley |ky ~_dhfihabj
ba dhlhjuo y\ey_ Ilky ieZgbjh\Zgb_ imlbd_e&dhZ@Z ehdZevgh_ 1ieZgbjh\Zg
khklhbl \ Ihf qlh[uwZbdguy h[ hdjm ZmijZ\e_gb_ ~\b _gb_f ih wlhfm imlb
s_c kj_~_ ihemqg_ggu_ k jZaeblguo reZZ2gbdhZgb_ mqgblu\Z_| ~Zggu_ h[ h
kljhblv ehdZevgh hilbfZevguc imlv hkfi_a”Z ilfjemqg_ggu_ kb KljgtbdhahdZevg
iylkl\bc \ j_Zevghf \j_f_gb hklZ\Zyklvilbf[d2gguc imlv h[t_a”*Z ij_iybkl\bc |
pZo “hjh gh]h ihehlgZz b g_ koh”y R _kkholi™kh]d Ij [m_fuo h]jZgbq_gbc J
fZjrimlz aZ"bgmijZ\e _gby ¢ _&h qlklew *h\Zgb _

< jh[hlhl_ogbd_ Zdlb\gh ijinffogyxlkih wlhfm ehdZevghfm imlb k fbgbfZe
Au lhevdh ]Jeh[Zevgh]h ieZgbjh\Zgbydiemld_ gblyfbz
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leZzgbjh\Zgb_ ehdZevgh]h imlb \ fNjdlZgB®idhc ]’s +*ebgZ “m]b hlkgblu\zZ
kbkl_f_ dhhjrbgzl KD hdZau\Z_IlkhZl @ZgEezgkihjghc djb\hc ijh*hevgh_
m~h[guf \ klyab k Ijm~ghklyfb hibkzZghd t\idhd bjffgdpgh _ kf_s _gb_ highkbl _evgt
]h jZzkiheh  L&kby'hjh]l]b b \hagbdZxsbodijjp\hc jbk Bgufb kehipghfbbkoh”~bl_i_]j
iylkl\bc < klZ@& \\h~blky ihgylb_ kbllh7fu\ kbkl_fm dhhjrbgzZl ijb\yaZggm
dhhjrbgzZl Nj_g_ KM\ \dkelhjhrce h” ghfm ihehlgm+tWyth “ebgZ ~“hjh gh]h ih
gblLKaz~Z |ky dzZd imlv ijhc”_dgguc \ghdM gZpZevghc Ihgdb drKf dmgbc Z
g__ azZ”Zgghc ]JezZz~dhc djb\tcihihihjghlghkbl _evgh _z p_gljZz GZ jbkmgd._
j_gqghkf_s_gb_ hlghkbl_evgh g_b qllZ\émfgtbey \ kbkl_f_ Nj_g_ azZ*"Z Iky
gZ]ley~rg__ hibku\zZ_I| \hafh 'ghklb fzZzgfbjh\ LK 1jb “\b" _gbb ahdhhjbbg&l|Zz
ij_"~_eZo "hjh gh]lh ihehlgz Lzf _ ijgZeW&]Zf ikyb [m~_| gd=blaf_ggZ
\Zjvbjh\zZlv ihi_j ggh_ kf_s _gb_ k ~bkdé¢ylduf oh”~Z \ kbkl_fm Nj_g_ kgZq
rzlhf qlh hlebggh ihéghtbybygzrzZq az”Zlv hihjgmx djb\mx dhlhjZy b [m
mijzZ\e_gby "\bfilghZz\lIhfh[bevgluff eylv wim KD Imklv bf_,lkjyp tez~dZ
12zf 1Zd dzZzf#ihhglhhkms_ kl\eylvky lhevghijihhulgh “bnn_j gpbjm_fZy djb\Zy \
azZjZg__ \u”_e_gguf ihehkzf < kem&Zybbkdhfl*Zdhhj*bgZl k gZIlmjZeevghc
ihehku hlkmlki\mxl b *“\b _gb_x\hafhag@mpbpep(s Lh]*Z kms_klI\m_I hfh[jZ _
[hf f_kl_ ~hjh gh]h in&RPZ ehdZevadhzxs  ij _h[jzah\Zgb_dIjgZbrhtkg_d
ieZgbjh\Zklygh\blky \ugbkebl_evgh kghp@he¢ ~ dzjlh\hc kbkl _fu dhhjrb
1Zd dzd rz] kf_s_gby klZgh\blkmjfZeibjzt &
_lky fgh™ _klI\h \hafh ' guo |jZ ddittibc "ey
]h ba gbo >jm]b_ ih"oh”u ebr_ggu] wlhJh g_"h
klzldz gzZijbf_j I_ qglh hibjZxlky gZ|mijZ\e_gb _
k ijhJghabjmxsbfb fh”_eyfh IjMIfaxb (@
dzd fh'gh Ihqg__ \hkkha”~zZIlv pbnjh\mx fh*_ev
LK dhlhjuf gmigjzZ\eylv qlh g_ \k_]”Z ijh
klh k~_eZlv gZ ijZdlbd_ hkh[_dgh _|keb ij_"ihe
]2 _Iky bkihevah\Zlv jZaebqgbrufm °

<

lihfhardbbp_kk i_j jZzkqg_IlZ ihklhygdh i_]j
aZimkdzZ_lky qlh[u h[_ki_qgblv Ilhggh_ ke_"~h\Zgb_
ih 1jZz _dlihjbd _ _keb gZ imlb g_ ihyleyxlky
gh\u_ h[t_dlu

< ~Zgghc jZ[hl_ ij_~iheZdh jdy

r_gbxaz”"Zqb ehdZevgh]h ieZgbjh\Zgby imlh \ : :
kbkI_f_ dhhj*bgzl Nj_g_ dhlhjuc eﬁn?__ggs Jiinjrlfjlggghid?Bbe_zli gnzhj?t?jjrr;L_sZ\y Idhmdk;ﬁﬁb_lgélth
gbke_gguo \ur_ g_"hklZIdh\ J_ir_ghb_ihiajZdghgiokh s_gby highkbl_evgh hih]phgbpib\hc
Ibfbazpbb k ijbf_g_gb_f nmgdpbb rljghz IMha\paiezimik inkihyggdiibj®bgztzb
ey | h[_ki_gblv h[t_a” ij_iylkl\bc ~knojZgb\

lez”rdhklv ihemqgZzZ_fb]lk\iklb rzZ§q ~b 12§ # ) |

dj _lghklb ihi_j_qgh]h kf_s_gby d [Ij_[m_fhc '

lhgghklb h[_ki_qgb\ \j_fy jZ[hlu Ze]ij'”_Zdelh\hC kbkl _f_ dhhjrbgzl ih

ijbf_gbfh_ \ j_Zevghf \j_f_gb ex[hc Ihqdb bkoh”~ghc djb\hc hij_~_ ey
mk_dihj dzd wih hih[jZ _gh gZ jbk
1. NEPEXOAbI MEX[Y CUCTEMAMM KOOPAMHAT eh” _gb_ Ihqdb djb\hc \hkklZgZ\Bb\Z
f_ljm
1Lyt - lihba\hevgZy PhkidjizZ”b\mK | hjht

Kbkl _fZ Nj_g_ iml+wZyp kbbg ba kih"€MaZ_Iky ba keh”_gRybd,dInd,\
kh[h\ az~Zlv iheh _gb_ h[t_dIzZlgZ iéhjidBRbimeyj_g dZkZl_evghc d hihjg
ghkbl_evgh hihjghc djb\hc k ihfhsvxinddso ¢heyxs_cky [eb Zcr_R d lhqgd_
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jbf b h[jzZlguc i_j_oh”~ Hg iheimqzZ_I
hij_~_e_gby dhhjrbgzl Ihgdb hihjghc
AN _dzZjlh\hc kbkl_f_ dhhj*bgZl bg iZjZf
ghlh mjz\g_gby djb\hc bikh][jZ\eg o)ty
kf s _gby

X2 00, . asin

« »y

yp(ﬁ (—()/31714 P CC(’(S.-B

2. NOCTPOEHWUE FOPU3OHTA B CUCTEME KOOPANHAT
OPEHE

=hjbahglhf [m~_f gZaulZlv mihjy”*

gZ[hj dhhj*bgZl nbdkbjh\Zggh]k jZaf_

Jbk lj_n~klz\e_gb_ ~hjh]b bah[pk , ygtbkigZ  sbcky qZklvx ]Jeh[Zevgh]h imlb ~ey

dhhj*bgZl Njsg#£ hihjgZy djb\Zy az”~ZxsZy gh\mg k . .
dhhjrbgZtghjfzev d hihjghc djb\hc nhjfbjmxsZy\lh_jthldk'&C fhf_gl \j_f_gb \uihegy_lky e

b +]jZgbpohjh ghlh iheldg@ + imlb k ihklhyggufbieZgbjh\Zghb _ >ebgZ J]hjbahglzZ hij
dhhj"bgztzfb d=4 rZevghkhMvxekl\Bg _rgbo k_gkhjh\Z i _j_

xsbo ~Zggu_ h \g_rgbag Ih[tudbke
<\_~_f, R, tmlhe gZdehgZ dzZkzl_dyvgugudb fhsghklyfb W<F Kbkl_fZ dt
Lo _ _ Nj_g_ hdZaulZ_Ilky m~h[ghc ey jZkq_
hihjghc djb\hc \ ~_dZjih\hadiSp \ < Azggmb\k  h[t _diu aZ~Zxlky bo iheh
ib), 4 +mlhe gzdehgzdy,_dlhjzz i 9% “hih ghf ihehlg_ , gzdghpblijhs_
. A . . hlj_l’\\ e)&lv e_bl eb ij_iylklI\b_ g2z 1_c
j_oh \ iml_\mx kbkl _fm dhhj*bgZl \u_]&plhj%% ,e\b‘,_\gbryf gbke_ gZ bkdjb\e

"mxsbf h[jZahf mqzkidZo 1jZ_dlhjbb < gh\hc hjlh]hg
s, Ry, Jhjbahgl Ziijhdkbfbjm_Iky dmfbg_ke

_ kiezcgzZfb
dp=sign T F|d. Lji_[m_lky ihkljhblv Jhjbahgl 1Zdbf

glhfu hg h[_ki_gb\Ze h[t_a”™ kldlbg_k
ki\bc < jZzp@®_j2kkfZljb\Z _Iky h[oh” ij
ki\bc b k]l]ezZz b\-kgéZcgh\hc djb\hc iml
\ZjbZpbb Ilhg_d \ ijhbal\hevghf gkZijz\e
oh~rghf ~_dzZjlh\hf ijhkljZgkI\_ \ <hkih
rbkv wibfb j_amevyhNZfbZjvbjh\gdlv Ih
db kieZcgzZ \ ihemqg_ggbcljplg\Hc ey

mf_gvr_gby dhebqg_kI\Z \Zjvbjm_fuo i
"hklzZlhgqgh h]jZgbgblvky \ZjbZpb _c
hkte Iheh gkt lhgdb \ kbRhHhj*bgZl

Nj_g_ [m~_I bf_tv $a d s d,
17 d £\ZjbZpby ihi_j_qgh]h ikd_chhjby
AbgZlu highkbl _evgh hihjghc djb\hc

Ba j_amevlZIh\4jZ@hlke_~m_I| qlh
Y | j oh” f "m ~ &OIb\KD Nj_g_J + mf_gvr_gby djb\bagu djb\hc highkbl ¢
ijhbalhevgZy lhqdz \ ijhkljZigikijgZy dib§zy KD ke_"m_I fbgbfbabjh\Zlv kmffm d

[eb Zcrzy IhddZ dihjghc djb\hc

ghjf \_dlhjh\d, bd, 2d d, azkz
sbokhhI\_IkI\_igghmx b \Ihjmx ifhba\h

13§ 4 |
y b gu_ nmgdpbb dhihjhc hdphiy v Iy
! kmffZ aZibku\z Iky dZd
lhkdhevdm blh]h\uc imlv “he?_g [ulv ij_ T
KiZ\e g \ ~_dZjlh\hc kbkl_f_ dhihjrbgzl jzkkfah G(H )& (1)
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I 1Zzd*_ g_h[ohmigbHu\ZIv djZy ~hjh gh]h

T . n T . n ehlgzZz qlh ~hklb]Z _Iky h]jZgbg_gb_f
Hy CiCuHp» R'" Hy GG, Hp BT, Abzizahgz \ZjbZpbbdizifq |fzrey dZ

dy, dp, dy,..., &y, "hc lhgdb fh gh mdzZazlv k\hb RjZgbp

[ _ ggh ZdImZevgh \ mkeh\byo jxaghc

110 0 .2 jh ghlh ihehlgZ < |_o kemqgZyo dh]

G 01 10 .5G-R"DM "hjh]lb g_ba\_klgu \\h~blky rljZn az t
« hl hihjghc djb\hc qlh h[_ki_gb\zZ_lI

1 2 1 0 0 .a .
C, 01 210 .$ce-R"2n M d, dd,. (4)

«

\[ebab bkoh~gh]h Jeh[Zevgh]h imlb

«
=t

K mg_Ilhf \ujz(l#bp_e_\hc nmgdpbh
>ey dhgljhey ih~\b ghklb hi*_evglm*1hdfdlv \b"
\\h~"blky nmgdpbhgZe rljZnZ azZ \ZjbZpbx lhq 1
hij_~_ey_fuc nhjfmehc N o Sl —Scﬁ ¢ S Pd )

P(d,) o Dd, D R, ) U S &b d IM o d,,

1~ d, d,d,..d +ihi_j_qgZy \Zjbzpby Ihy_da, d d’ dj,...d° +gZqgZevgu__kf_s
lhjbahglZ irb’\bZ]thengy fZljbpz webfy gt _e _gghlh JhjbahglZ hlghkbl_e\
dhlhjhc ijhihjpbhgZevgu rljZnm azZ dzhblZpbx kemqZ_ kh\iz~ _gby Ilhg_d

khhi\_lkl\mxs_c lhqdb hihjghc djldhcd j 4,.n.
. HlukdZgb_ JhjbahglZ k\h~blkp d az
3. OTTANKMBAIOLUMI NOTEHLMAN fbazp@ibhbkdm fbgbfmfz

< ~AZgghc jZ[hl_ jZkkfZljb\ZxIky lhevdh ®h argming - o S0, ,

g_qgu_ ij_iylkdbbh[t_a” h[_ki_gb\Z _Iky im .
| f khanrZgby ihl_gpbzZevgh]h ihey \hdjm] h[Pgdgd’ d o ¢ R,

_Iky "\mfy dhhjrbg/ztZfb DZ ~Zy Ihqd2Z ~hc lhgqdb hihjghc djb\hc ~h [eb Zc

Z ijzZ\h he 1jz mhijh"
iezgbjm_fhlh JhhbidghgwZhf Ih°_ azAz_ Igg kh”hlt fk,? 35}1 ¢ lizgbp_Mhih-c

......

(6)

Mmfy dhhjrbgZ§zdb (S, S:S.- §) _gb_ az~Zqb fbgbfbazZpbbsnmgd
Lh]~Z ihl_gpbZe ih \k_f h[t_dIzf hl fR’ _OI |dejdh\ZIv algzgbyglZ wlhdh nm
lhjbahglZ bf | \b~ pbhgzZeZz Ihkdhevdm \lhjenbd nxilHay j
o gu_ kf_s _gby khhl\_Ikl\mxsb_]jZ"b_
Uhor(%’dh) \b~
1 Mobj N ) (3) 'S dh 2 |_h H2 dh’
Kl Texp @ sf (@ g7,
2 ]Illll Pdh' ZFUh,
]"_KO, n £tdhebqg_kI\h h[gZjm _gguo ij M d,’ 2d,,
Iylkl\bC Tobj N )
LZzdbf h[jzahf q_f ~Zevr_ lhgdb ]hjbahy)Zs,, d, ::Kd' d u
gZoh”ylky hl h[gZjm  _gguo ij_iylkl\bc [_f jira

f_gvr_ \_ebqgbgZ ihl_gpbZevgh]h ihey texp( 6’ s Y d dy .

4. LENEBON OYHKLMOHAN

5. AliIFOPUTM BbIYUCNEHUA FTOPU3OHTA

JZg__ m _ [ueb \\_" gu nmgdpbb—az*~zZxsb_
rljZnu aZ djb\bagm b "ebgm imlb b k[ebBkgjbhgadyK b”_y ZelhjblfZ aZ#éexqZ.
k ij_iylkl\b_f < [hevrbgkl\_ iaZd&fg~ghevah\Zgbb \ dZq_kI\_ gZgZevghlh
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]hjbahglZ ihemgZggihMu"ms_c bl_jzZpbb<\_~_f bgMmdkhj*bgZ&lu ]Jhjbahgl_
\uiheg_ogbg]hjblfd_j_g_k_ogdbZdZevguokhhlI\_IklI\mxkbecs_gbsx M[_j_f \k_ i_j
dhhjrbgzl \ I _dms__ f_klhiheh'mgb_\b_itkkkghdb ]hjb%itrgkd)-c \dexqgbl_evgh
xsbf ijhre_gb_f imlb "h gm ghk ~ebgu j_f_klb\ IZdbf h[jZahf gZqZeh fZkkk
Ilh~1hjbahglf[m~_f ihgbfZlv migjy*hdm khhiI\_Iki\xnkishj*bgZl_ >hiheghbf

ZThi \ dhhi : ]Jhjbahgl “h gm > ghc “ebgu "~h[Z\b\ \ c
guc gz[hj \_dihjkd ohAbfu_ dhhjrbgizhdhe Zy hkiZ\rbcky |
T k azr"Zgguf r&]tf klZ\y \ iZjm ihke_ 7

H h K .. K R ba\_klgh_ihi_j qgh_kf_ s gb_

RzZ] J_ rzZ f ihklZ\e_ggmx azZbzZgm

aZpeh, bkihevamy Zelhjblf tjhelgZ
jZx=hev”~nZiRZ g gBFGS.

RzZ] I_j_\h~bf ihemqg_ggu_ dhhj”*bg.
jbahgHzn[jzIigh \ ~_dZjlh\m kbkl_fm dh
| _j_"Z_f bo gZ \oh” ZelhjblfZ k&_"h\Z
_dlhjbb

RzZ] Ih\lhjy_f rzZ]lb £ Zelhjblfz ~h

ihj ihdz g_ ~hklb]g_f dhgpZ hihjghc «

Jbk ljhp_kk nhjfbjh\Zgby gZqZevgh]h #Wb[eb" V\QG)thfbb \uqbkebl _Qvguo j_kmjk_h\ a
Jhibahgldjmleu_ IhqtbhjgZy 1jZ_dlhjby Ij_m]hevghl §Zpbb Ze]hjblfZ ijhba\h”*blky ijb il
lhjbahgl ihemqg_gguc gZ ij_~u”“ms_f wHEiu Ee]hjlgIhZ\h]h |J |yIkI\by beb m’ Ijb Ijb[eb‘
lhgdb k \ ZqZed\ tbcpchlgyh Zd b — —

ineayash S N g e ey PRI g gpm | _dms_]h |hQmithgiZdavh dhgpZ

BgbpbzZebhaZ@pbyh” ih~"Z |ky aZjZg__ ih 6. YACNEHHbIX NPUMEP
]Jhlhle _gguc fadkkbhhg d nhjfbjmxsbT
Jezrdmx hlhjng dijb\mx k jzZ\guf jZkkrleyglh ktbjh\Zgby ij_"eZ]Z_fh]h Be]hjbl
f *Am khk_~gbfb IHgdZ& Kf_s gb jh\Zgby [m~_f bkihevah\Zlv klhjhggbc Ze

A ™h\zZgby ih k]_g_jbjh\Zgghfm Jhjbahglm >
I\ZZE\‘; hihjghc djbitbclfeyb fZKkb\Z hlhjghc djb\hc bkihevam_lky gZ[hj Ihq_d
Is. _ . ba ZJ *gghlh gZ[hjz dhhjhjtbgZbb*dB 6
RZ] IThemqz_f f_klhiheh _gb_ LK \azmti Bguo \ ijhp_kk_ ~\b _gby LK i_j_
lhihc kbkl_f_dhhjrbgZl o kbkl_fm 870 b k]ez _gguo f_Ih~hf ij_~kl
RZ] H[oh"_y ‘\k_ Ihqdb. hlh‘jg,hC qh@\[rﬂm AN Ve R™ +AhZlhgZevgzZy fZljbpZ
gZoh”bf gmpf[egb Zcr_c d iheh _gbx adZzq gbyfb 7 ' gZ ]lezZ\ghc ~"bZ]hg
lhgdb b jZkk”dMgU\h g_ s, d GZ jbkihdZzazg imlv ihkljbkjye\xsk\
- —=P 7P gb_f agzqi&jEd_h\J 0,5 K2 brljznzaz
psd. hidehg _ gby hl hihjghc djb\hc > @ ihwlhf
[14 _fy klj_fblky \_jgmlIvkyjZighghjgh
RZ] BgbpbZebabjm_f ]hjbahgl ke S’P{/&g A TR
h[jZzahf
;
S §% 'S.. § nl'% )
H P R2",
d d. .. d «

p p p -

glh ozZjzdl_jbam_1 "\b"_gb_ \"hev hihjghc djb\hc
kkhojzg_gbkadh?dghhi_j qgdihldehg.gby
RZ] Ih\lhyfrzZ]l]b b
Rz] Jzkkfhljbf "\_ \hafh gu_ kbImZpbb
xKf_s_gb_ \*hev hihjghc djb\hc hdZaZehkyv
\g_ |I_dmghjbhahglZ Il _dms__ kfSs_gb
g_ kh”~_j blky \ +ZljlbhplhjyrZ 3.
xlheh™ _gb_ LK gZoh”blky \gmljb | _dms_1h

: JbI6 Imlv ijhch_dgue@ ih bkohArguf IhqdZf fZjrjmiz
IhjbahglZz 1_dms__ kfss kel _j bIky 3 b anniq qgiioiylki\bRe@ b AZevg crbf
\ fZIij- ieZgbjm_fuf Jhjbamg®ht 87dhhj*bgZlZo
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GZ jbk ijb\_~_g kemqgZc \ dhlBjhf kpjbjrmghlkey k jZaebqggufb f _Ih”*"Zfb ke 7~
q_gb_ dhwnnbpb_glZ hI\_qzZxs_]h _aZ k(g _dhjobkbpP dhlhju_g_ j_ Zebamxl f_Irf
e_\hc IjZz_dlhjb_c b \\_"_gh h]ngbq_gbi_j_ gy7_||<r|b\jlp(gm
ARjh]be =2.D R'™ +t7pzZ]lhgZevgZy fZljbpZ

kh agZq_gbyfb ~ " gZ leZ\ghc *ZitgZeb—<
wihf kemqz_ [ueh kh\_jr_gh i_j_k|jh_gb"“1'iﬁ\ﬁﬁm arz

ij_iylkl Mb® ijh~he” h k 4 hlhjhf
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A LOCAL PATH PLANNING ALGORITHM FOR AVOIDING OBSTAC LES IN THE FRENET FRAME

72

M. I. Makarov
Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

maxim.i.makarov@gmail.com

Abstract. This paper presents a local path planning algorithm in the coordinate syStém
roadbed. The algorithm is based on varying initial trajectory poiintg tise potential field mét
od and ensuring the smooth resulting path in a new coordinaésrsyBhis algorithm is execute
by minimizing an objective functional. The problem is solved wjbiplication to path plannin
for an unmanned transport platfarinis necessary to changd/ K H Y Hdgtob& enhb§ithl traje
tory points in real time while maintaining smoothness and avoidimgrging obstacles. Qo
pared to the Cartesian coordinate system, the new coordinate systerantgéusin terms of
the execution time of the algorithm. The algorithm is implementdeython With a planning
horizon being specifiedhis approach can be combined with various path-following algorit
that have no obstacle avoidance methods. Computer simulation resufisogided to deme
strak the effectiveness of the proposed algorithm.

Keywords: path planning, Frenet coordinate system, unmanned vehicles.

CONTROL SCIENCES No.3 " 2024



