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J_~Zdpbhgguc kh\_| we_dljhgghlh "mjgZezZ ©Pbnjh\Zy wdhghfbdz?2

- ]__\:e_dkzg”j B\Zgh\Wwaqg ]_g_jZevguc *bj_dlhj BgklblmlZ wdhghfbqg_kdbo
I_1bc azZ\_“mxsbc dZn_"jhc GBYM ©OFBNB?2 ijhn_kkhj zZdz~_fbd J:?G

- :nZgZkv_\ FbozZbe Xj¥Mwgga\_"mxsbc eZ[hjZlhjb_c ijbdez~ghc wdhghf_lI
jbdb PWFB J:G

- 7Z[Zyg ?\]_gbc ;hjbkH\lmgjZevguc ~bj_dlhj GI ©:]_glkl\h gZmqgqguo b ~_eh\u
dhffmgbdzZpbc?

- ;Zolbabg :ev[_jl JZmxadébghjj_kihg”r_gl J:G ~w g ijhn_kkhj J:G ~bj_dlhj
PWFB J:G

- <hcgbdz@rkgZ :gZlhevtg¥ g\_"msbc gZmqgguc khljm~gbd BgklbImlz ijz\z |
jZa\blby <RWdhedh\h

- <heugdbgZ FZjbgZ <ezZ"bfbdjh\giz dihj GHQM <IH ©Bgklblml|l ImfzZgblZjgh]h
h[jZah\Zgby b bgnhjfZpbhgguo.l_ogheh]bc

- =mj*mk :e_dkzg”j HkdZmn\dpbg d 1 g ij_ab”_gl ]ljmiiu dhfiZzghc © &RPSDQ\?2

- >bfbljh\ Beby >bfbljktdkhegbl_evguc "bj_dlhj GDH ©:kkhpbZpbb We_dljhgc
Lhjlh\uo lehszZ~hd?

- ?j_rdh N_ebdk B\zZgh\lbg ijhn_kkhj az\_~mxsbc hl*_ehf bghhjfZpbhggh
gbkebl_evguo kbkl_f B<K <P J:G

- DZeylbg <blZebc Het fhxbgijhn_kkhj Bkke_~h\Zl_evkdhlh p_gljZz gzZklgh]h
ijZ\Z ijb lj_ab”~_gl_JN bf K K :e_dk__\Z

- DblhAHev]&bdlhjh\gZ2 w g -d @ aZ\ dZn_"jhc BgnhJMMdb Fe<
oZgh\z

- Dhaujv Xjbc <Zkbex”"\WaogdeZ\gugZmqguc khljm~gbd PWFB J:G

- Eb\Z~guc ?\]_gbc :e_dkZgdjhgpg d x g Jmdh\h”bl_ev ijh_dlh\ ih bgl_ee_d
Zevghc kh[kI\_gghklb =hkm~*ZjklI\_gghc dhjihjZpbb ©Jhkl_o?2

- FzZzdzjh\ <Ze_jbc E_hgh2dXBgfbd J:G gZmqguc jmdh\h”*bl_ev PWFB J:G

- 1Zjbgh\ K_j]_c B\Zgh\bag JeZ\guc gZzmqguc khljm~gbd PWFB J:G

- JZcdh\ :e_dkZg”™j Gbdhe2 dbqgijhn_kkhj \_~"msbc gZzmqgguc khljm~gbd Bgklbl
ijh[e_f mijz\e_gby J:d5 jZevguc "bj_dlhj HHH ©:]_glkl\h gh\uo kljZl_]bc?

- K_fyqdbg >fbljbc :e_dkzg#tjmfbg ~bj_dlhj :kkhpbZpbb ©HIdjulZy gZmdz?2

- K_jlh :glhg =_ggzZ™w" Wogijhn_kkhj dZn_"ju Z\Ihjkdh]h ijZz\Z kf_"guo ijz\
b gzklghijZ\h\uo ~“bkpbiebg Jhkkbckdhc Jhkm~ZjkI\_gghc Zdz”~_fbb bgl_ee
kh[kI\_gghklb J=:BK

- Kheh\v_\ <ezZ”bfbj Blhjf~Wwaogg jmdh\h~bl_ev ~_iZjlzf_glZ ZgZebazZ ~Zgguo i
gylby j_r_gbc b nbgZgkh\uo | _ogheh]bc NbgZgkh\h]lh mgb\_jkbl_IZ ijb IjZ\k
JN

- RZgzZgbg :e_dkZg”j :e_dkZd¥bqgfbd J:G ih HI* e _gbx fZl_fZlbg_kdbo gZmc
ijbdez”rgzy fzZIl_fZlbdZ b bgnhjfZlbdzZz > @ azZ\_"mxsbc dZn_~jhc ZgZebaZz
r_gbc NIFB FNLB> @ gZmgguc jmdh\h~bl_ev hl*_e_gby ©Fh”~_ebjh\Zgb_ k
wdhghfbg_kdbo b wdheh]bg_kdbo ijhp_kkh\®@ NBe_8MQWEBHUQDWLRQDO
Academy of Sciences and Humanities =hgdhg]

- Njheh\ <ezZ~bfbj GbdhezZ”\Wwqg ijhn_kkhj gZmgguc jmdh\h~bl_ev ijh_dlI
«Copernicus Gold».

- Ohoeh\ Xjbc ?\]_g¢d\mfg g ~hp_gl ij_~k_"Zl_ev Kh\_1Z ~bj_dlhjh\ Bgklblml
jZa\blby bgnhjfZpbhggh]h h[s_kI\Zz zZdz”_fbd Jhkkbckdhc bg _g_jghc ZdzZ"_

- L_j_eygkdbc 1Z\_e <Zkheéw\dpqg ijhn_KlkZlguc gZmgguc khljm~gbd GZmqggh
bkke_"h\ZI_lkMkhigklblh| MijZ\e_gby pbnjh\hc IjZgknhjfZpb_c ,wdhghfbdb
N=;HM <H =hkm~*Zjkl\_gguc mgb\_jkbl_I mijz\e_gby



Fbkkby "mjgzZez

Fbkkby "mjgZieh22~_j b\ZIlv \ukhdbc gZmqgguc mjh\_gv "bkdmkkbb h pbnjh\hc wdhgl
Ih"Zo __ bamqgq_gby b jZza\blby \h\e_dZy \ wilhl ijhp_kk gzZb[he__ d\Zethlnbpbjh\Zgguc
ke_"~h\Zl_e_c b ijzdlbdh\ ~hghkblv gZmqgh_ agZgb_ h kZfuo keh pubevghzki_dlZo *
ijbgbfz_I j_r_gby b l_o dlh bo bkihegy_| H~”gh\j_f_ggh "mjgZe gZijZ\e_g gZ h[_ki_c
ghklb ey h[f_gZ fg_gbyfb f_""m ijhn_kkbhgZevgufb bkke_~h\Zl_eyfb

GZa\zZgb_ b nhjfZl barZgby

GZa\Zgb_ ©Pbnjh\Zy wdhghfbdz2 ih~rq_jdb\Z_1 f_"~bkpbiebgZjguc oZjZdl_j "mjgz
hjb_glZpbx gZ gh\u_ f_Ih”u bkke_"h\Zgby b gh\u_ nhjfu ih”"Zgb fZl_jbZeZ \haghbdrl
pbnjh\hc wdhghfbdhc < kh\j_f_gghf __ ihgbfZgbb pbajh\Zihevdhghdbk Zdlhj

wdhghfbdb gh b gh\u_ f_Ih”u k[hjZ bgnhjfZpbb gZ hkgh\_ pbnjh\uo I_ogheh]bc ikbo
ivxl_jgh_ fh~_ebjh\Zgb_ Z 1Zd _ bgu_ f_Ih~u wdki_jbf_glZevghc wdhghfbdb

L_fZIbdZ gZmqgguo b gdmggjguo klZl_c

Hkgh\gmx I_fZlbdm "mjgZeZ ij_"klZ\eyx| gZihgmeyjougZkigésnhb gZoh~ ysb_ky \
ij_~f_lghc h[eZklb pbnjh\hc wdhghfbdb bgnhjfZpbhgghc wdhghfbdb wdhghfbdb agz
gZijZ\e_gb_ "mjg@wélz klZlvb hk\_sZxsb_ ijbf_g_gb_ ih~”oh”hRlbki\Ilggho gZmd
fZzl_fZlbg_kdbo fh~_e_c |_hjbb b]j b bgnhjfZpbhgguo I_ogheh]bc Z 1Zd" _ bkihevamxs
b f_Ih~u _klI_kI\_gguo gZmd \ Ihf qbke_ [bheh]bb Zgljhiheh]bb khpbheh]bb ikbohe

< "mjgZe_ 1Zd _ im[ebdmxlky klZlvb h pbnjh\hc wdhghfbd_ b gZ k\yaZggu_ k g
gbke_ “hkimigu_ ~ey ihgbfZgby ex”_c¢c g_ bamgZxsbo ij_~f_lgmx h[eZklv b ijbf_gy
bkke_"h\Zgby gZ ijhn_kkbhgZevghf mjh\g_+HKkaghAgBy b_fZa\bbblgh]h wdhghfbqg_
kdhlh ijhkljzgkl\Z Jhkkbb b kljzg :LJ Kx”Z fh gh hlg_klb klZlvb ih h[km ~Z_fuf \hij
fbazZpbb bkihevah\Zgby j_kmjkh\ b Jhkm~ZjklI\_gghfm j_]Imebjh\Zgbx 1ih klzZzg~zZjlzf \
ghfbd_ K_]h~gy beb hg_gv kdhjh witfgkdZ@p4Eflumfguc ~hf mfguc IjZgkihjl bgl_jg_|I
\_s_c¢c pbnjh\u_ ieZlnhjful_wwgbeh]l]bb mfgu_ jugdb mfgu_ dhgljZzdlu djZm~khjkb
diZm~nZg”~bg] b fgh]l]b_ ~jm]b_
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@mjgZe aZj_]bkljbjh\Zg N_~_jZevghc kem [hc ih gZ~ahjm \ kn_j
gheh]lbc b fZkkh\uo dhffmgbdZpbc

_ k\yab bgnhjfz
K\b™_I_evkl\h h j_1bkljZpbbNKWE <

hi bxey ]
J "ZdpbhggZy dhee_]by

Dhauj_\ G x]ez\guc j_"Zdlhj
Ibgq_kdh_ fh~_ebjh\Zgb_

N wfgg dmdh\h”bl_ev gZmqgghlh a&ZZjzZ¥&_gby
] gk PWFB J:G
<_"mlz@+x"wg

ijhn_kkhj az\ dzZn_~jhc kljzl_]bqg_kdhlh
iheblbdb nzZdmevl_I1Z JThkm~Zjki\_gghlh mijzZ< e Edbkgthfk g\z F
=ZlZmeebg 4"Fw g -d @ aZzf
mgb\_jkbl_IZ mijZz\e_gby
Dblh¥ :. £d | ¢

ieZzgbjh\Zgby b wdhg
Abj_dlhjz P_gljZ pbnjh\hc wdhghfbdb =hkm~ZjkI\_

aZfh dzZn_"jhc BgnhjfZlbdb ih gZmdgghM pd[hd_< le_oZgh\z
Dhklbg :+d w §_"msbgZmqgguc khljm~gbd PWFB J:G

Em]Zq_\ EBw gjhn_kkhdzZn_njWdhghfbqgq_kdhc bgnhjfZlbdb Wdhghfbg_kdh]h nzdr
I_1Z F=M bf_gb F < Ehfhghkh\Zz
Fzdzjh\ Ktd w g \_“msbc gZmqgguc khljm~gbd PWFB J:G
G_\hebg Bexw g \_"msbc gZmqgguc khljm~rgbd PWFB J:G
Ghzdd G&kig \_"msbc gZmgguc khljm~gbd PWFB J:G
Kdjbidbg RcEw g

“hp_gl dZn_"ju Wdhghfbg_kdhc bgnhjfZlbdb Wdhghfbq_kdh]h
F=M bf_gb F < Ehfhghkh\Zz
IbkzZj_\Z H#d w g

aZ\_"mxsbc dzZn_"jhc fZI_fZlbg_kdbo f_Ih~h\ \ wdhghfbd_ b m
>bj_dlhj BgklbImlZ bgnhjfZpbhgguo kbkl_f N=;HM <H =hkm~Zjkl\_gguc mgb\_jkbl_lI
=MM

Q_kghdh\ xjegdh\h”bl_ev ijh_dlZz :G

<k_ jz[hlu him[ebdh\Zgu \ Z\lhjkdhc j_~Zdpbb

Dhfihabpby gZ h[eh'd_ khklZ\e_gZ ?ebaZ\_lhc <_jrbgbghc
Ilh~ibkZgh d him[ebdh\Zgbx \ 2288.2pg6 L\I

i_qg e
KZcl jzaf_s_gby im[e btZ/pdatal-economy.ru/
Ak j_~"Zdpbb Fhkd\Z GZobfh\kdbc ijhkR0dI

dhfg

Ijb bkihevah\Zgbb fZl_jbZeh\ kkuedZPdjhNjydedhghfttbdZ Z\IhjZ kiZlvb h[y
aZl_evgdZ mke httegtive commons).
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Kfheyd KKIhbfhklgZy hp_gdZ fZrbg ih"\_j]Zxsboky 1ZffZ ijhp_kkm

N NJZNZPBR €& &R LR L LR KL K €K«

Q_jgZ\bg I BNI_jij_Ibjm_fu_ j_rZxsb_ ijZ\beZ dezZkkbnbdZpbb gZ hkgh\_
AN jJ_\Z k_dmsbo ]bi_jie hdkwddrkd « & « « « « « «

Jhah\ : K Lxrd_\b&KIekIFfZ ih"*_j db ijbgylby j_r_gbc ~ey ih\ur_gby
wdhghfbq_kdhc wnn_dIlb\ghklb h[jZah\Z]l_evgheadik&kgdaZ pdb ««

JZIfZg E | Kh\f_kIbfhklv kibfmeh\ b Ijhibgq_kdZy ]_hf_ljby \ fZjd_Ibg]_

kljhbl_evghc dhfiZQgadodxae « « « €« « @€ « «
=bevfmi®"bgh\ L : Ilh*e_kguo > : JZajzZ[hldZ ]b[jb~rgh]lh f_Ih*Z \_jhylghklg
ihbkdZ b \_jbnbdZpbb aZibk_c \ [ZaLO«XEAFHUE w« « « « « «

Ghzdd G < Dhklbgz L : J_amevlZlu ibehlgh]h bkke_~h\Zgby \hkijbylby hl\_
Ghzdd G < DhklbgzZz L : BB dZd lheh]ljZnbg_kdh_ «dhdgklb\gh_ a_jdZeh «
<Z\beh\z > > DzZkzldbgz ? < NZcameebg J < DZ"ju ey pbnjh\hc wdhghf

rdhevghc kdzfvb dlh [m~_| kha”*Z\Zlv BB« dhkkhh% «« «
?j_rdh N B KZjzZz_\ < G LdzZq_gdh : < H dhgk_gkmk_ yaudh\uo fh”_e_c bl
bgl_e e_dlZ(((((((((((( LA UELELEK KKK KL «
Bevbg G B Q_jg_gdh\F < R_j_f I : : Fh~_ebjh\Zgb_ ~hklb _gby gZphbt

p_e_c jZa\blby j_]bhgZevguc Zki_dl \ mkeh\byo pbnjh\ke ljZgknhjfZpbb «
=mf_jh\' F N Bggh\ZpbhggZy ljZgknhjfZpby gZ j_]bhgZevghf mjh\g_ k ihaby

wdhghfbg_kdbo Kbk «k @@®« «« LKL
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Keh\h j_~zdlhjz

>hjh]b_ gblzl_eb i_j_~ \Zfb IjbApZIv ~_\yluc k gZqZeladughkdZ ithlge Itgbc
\ wihf ]h”m ghf_j "mjgZeZ ©Pbnjh\Zy wdhghfbdz?2 Iljhreuc 1h” fu aZ\_jrbeb \uimkdhf
ghlh ghf_jZz iheghklvx jZzaljmab\ ©ihjln_ev2 ]Jhlh\uo klZl_c b ij_"iheZ]Zy kf_gblv \ w
gbgq_kdmx [Zam Z 1Zd _ \hafh'gh eZhjKZIlcgmdkg#lhl ijhp_kk b~_1 gh g_ kh\k_f lzd
ij_~ihezZ]Zehkv GZ wlh _klv g_kdhevdh h[t_dlb\guo ijbgbg

Dhebq_klI\h klIZl_c ihklmizZzxsbo \ j_~Zdpbx m\_ebgbehkv djzZlgh KhhI\_IkI\_g
gZ]ljmadZ ih j_p_gabjh\Zgbx b hl[hjm klZl_c ~ey \dexq_gby \ hq_j_"ghc ghf_j < wlh
gm ~_gu eb[h hidehgylv [hevimx qZklv ihkilmiZxsbo klZl_c ihd@hjfgeklyiefxitjbag
gb_ lj_[h\Zgbc d hnhjfe_gbx g_ihegh_ khhI\_IlklI\b_ I_fZlbd_ b I » eb[h i_j_oh”bl
ijbgpbiu jZ[hlu

?keb jZzgvr_ gzZf ijbrehkv hldZazlvky hl ijzdlibdb jZzaf_s_gby klZl_c gZ kZcl_ "mjg
Z\lhjzZfb qglh j_rZeh jy” ijZ\h\uo b |I_ogbq_kdbo ijh[e_f Ih I_i_jv fu \ugm ~_gu hldZs
ij_™"\Zjbl_evghlh jzaf_s_gby ihemqg_gguo klZl_c j_~ZdIhhhZ ik iwhk&[_kBA ihkl_
i_gguc hloh” hl ijbgpbih\ ijh\haleZr_gguo ijb kha”“Zgbb "mjgZeZhlghhbadgdwmgm *_ggu
dZg_kI\_ ©Z\lhjh\2 klZeb j_]bkljbjh\ZIvky [hlu ijbrehkv hldZazZlvky hl jZaf_s_gby b
jbZeh\ Z\lhjzfb Gh I_i_jv wih]hifiZjgh Z\ldju imlzZxI| jZaf_s_gb_ klZlvb gZ kZcl_ k im]
ebdZpbd ~jm]lb_ \dexqzZx!| \ klZlvb njz]f_glu azZ ijZ\hf_jghklv im[ebdZpbb dhlhjuo gZf ¢
[u hI\_qzZlv

< n"Zgghf \uimkd_ fu \ugm™~_gu jZaf_klblv khh[s_gb_ j_~Zdpbb h j_IljZdpbb h~gh
hrb[hgqgh him[ebdh\Zgghc \ jZa”~_e_ ©Fg_gby? gZr_]lh "mjgZeZihkdhevdm kgZ
[ueZ iheghklvx knhjfbjh\ZgZ |I_ogbqg_kdbfb kj_~kI\Zfb bfggmf bgd_teked dktki\_Fu
ihklzjz _fky [hevr_ g_ hiZza”u\Zlv k ijh\_jdhc dh]*Z klZlvy \uau\Z_| khfg_gby dzZd [u
HrgzZdh | _fZ ©bkdmkkI\_ggh]h bgl_ee_dlz2 BB ~Ze_dh g_ bkq_jiZzgzZz < ~Zgghf \
gh klzZlvb h[ h~ghc ba dhlhjuo ohl_ehkv [u \ukdZaZIlvky hkh[h ihkdhevdm hgZ gZ
\iZ~"Z | k ihabpb_c "mjgZez
J _qv ihc”_| h klZlv_ Ij_o Z\lhjh\ ih® gZa\zZgb_f ©DZ”ju “ey pbnjh\hc wdhghfbdb
kdzZfvb dlh [m~_I kha”rz\zZlv BB \ Jhkkbb"2 Ke_"m_I hif_Iblv qlh klZlvy ih*]hlh\e_gZ
\_IkI\bb k Ij_[h\Zgbyfb "mjgZezZ gZibkzZgZ ]jZfhlgh_p_kdubjhZddBgbdkidbc fZI_jbZe
HrgZdh k \u\h”~Zfb Z\Ilhjh\ h kbkl_fghc bgl_]jZpbb fh me_c BB \ h[yaZl_evgu_ klzZg"Zz
gby \dexqgZy rdhevgh_ h[jZah\Zgb_ kh]eZkblvky dzZd fbgbfmf keh'gh < rdhe_ gZ~h
A Ib aZ hqg_gv j_"dbf bkdgxqggimqgfZlky [_a mqbl_ey Z wlh ij_"~_ \k_]h fzZl_fZlbdZ |
g_ Ih glh fh gh ©bgl_]jbjh\ZIv \ kms_kl\mxsb_ ~“bkpbiebgu gZqZevgh]h h[s_]h h[jZa
bljh\u_ nhjfZlu beb ijh_dlu ~ey jZkrbj_gby djm]hahjzZz \ h[ezZklb BB2 <dexq_gb_ fh"
klZzgzjlu h[jZzah\Zgby hagZgqzZ_| m~Ze_gbh kmdhgbaghlgo ]hkiv k_cqzZk Ohjhrh _keb wlh il
emqgblky fnblkdexg_gby ~jm]bo gh\hfiMgudltijakZ IhedgimedZ j _nhjfZlhju h[jZah
\Zgby ij_~u"ms_c \hegu K_cqZk fgh]l]b_ hg_gv g_Jemiu_ ex”b ibrml h kh\_Ikdhf rdhev
gbb dZd emqr_f \ fbj_gZ Ih \j_fy b ]hjZza~h emqr_f q_f kh\j_f_ggh_ jhkkbckdh_ D2zd
thi*_evguc \hijhk Gh ohl_eb hkMbilbikd aZijhkzf \j_f_gb dzZd b k_cqZkck fh*meyfb B

: g_ hlklZlv hl fbjZz \ h[eZklb ,BBrfh lyih j_"Zy wlhl fbj \ h[eZklb fZI_fZlbdb GZf
gZ"h \_jgmlv \ h[hjhl Jem[hdb_ fzZI_fZIlbg_kdb_ b~_b mki_rgh bkihevam_fu_ hl_qg_KkI\_
Ibdzfb \ j_r_gbb ijhba\h~klI\_gguo b mijZ\e_gqgq_kdbo az~Zq jZgvr_ aZiZ"guo dhee_]
j_"v j_qv b~_lIblgppi_ “\hckl\_gghklb ihemqgb\r_f k_]h”~gy rbjhdh_ ijbf_g_gb_ \ ijbeh’
ljhibg_kdhc ]_hf_Ijbb : Ijhibg_kdZyrbfhgglibhh qlh azf_qzZl_evgh jZ[hlZ_I \ h[eZklb
kharZgby g_cjhgguo k_I_c Lzd _ flhv dhlgZjihfgtDhefh}hjjph&gv~rZ gZ hkgh\_ dhlh
jhc k_cqzZk kha*zZxdkylbEBl_fZlbdZhlebgb_ hl fimkdzj_\zZ_| f_"~e_ggh Z glh[u __ ih
gbfzZlv gzZ~h mqgblv ~_|I_c fzZI_fZlbd_ k ~_lkI\Z ihlhf [m”~_Il iha~gh

s_
kh

<k_f ihl_gpbzZevguf gblzl_eyf ~_ezZx dzd \k_]*"Z m\e_dZIl_evghlh b g_ \k_]"Z e_]
j_~zZdlhj "mjgzZeZz ANwg : G Dhauj_\
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KlhbfhklgZy hp_gdZ fZrbg ih”\_j]Zxsboky ]ZffZz
ijhp_kkm ~_1jZ~Zpbb
Kfheyd K : PWFB J:G Fhkd\z

B cTaTbe paccMaTpuBaeTCs OfHA 13 NPO6/IEM, CBSA3AHHBIX C OLLEHKOW PbIHOYHON CTO-
MMOCTU MallUMH U 060pyAoBaHus (fasiee — MallVH), MOABEPralolyXcs Aerpajauum B npo-
Liecce MCMo/b30BaHUs Mo HazHauyeHuto. Jerpagauys MallviHbl OnNucbIBaeTCA raMma—TnpoLec-
COM, OIHUM 13 MPOLLeCCOB JIEBM C HE3ABUCUMbIMW HEOT PULAT E/IbHBIMI C/TyYaiiHbIMK Npupa-
LWEeHVsMU (CyBopAMHATOPOM), UMELUMI FaMMa-pacnpeaeneHe. B n3BecTHbIX MeT0oAax
CTOVMOCTHOM OLEHK/ CTOMMOCT b MallWHbI U OCTATO4YHbI/i CPOK €€ CyX6bl CBS3bIBAOTCS
C ee BO3pacTOM W1 HapaboTKoi. Mbl CBA3LIBAEM UX C Bbirogamu (4oxoAamum) oT 3Kcn/ya-
Taumu. Vicnonb3oBaHue 06LLYX NMPUHLMNOB OLLEHKV CTOMMOCT M ak TUBOB M METO/I0B TEeopum
BEPOSITHOCTEl NO3BOMISET MOMYUNTh AaHAIMTUYECKNE BbIPKEHUS A1 CPEAHEr0 Cpoka
CNYX6bl MaLLUHbI 1 KO3I(MLMEHT A ero Bapualyu, a Takke UHTerpasibHoe ypaBHeHve a/ist
3aBMCMMOCT M CTOVMMOCTMW MalLMHbI OT €€ COCTOsHUS.

<\_~_gb_ Hkgh\gu_ ihgylby

GZklhysZy klzZlvy ihkl\ys_gZ h”ghc ba ijh[e_f k\yaZgguo k hp_gdB&cbjpughgghc klhl
b h[hjm~"h\Zgby 2Z2rbg ih™"\_jlZxsboky kemqgZcguf ijhp_kkzf ~_1]jz~Zpbb ?_ fh gh
kfZljb\Zlv b dZd ijh~he  _gb_ b "Zevg_cr__ jZa\blb_ b”_¢ j_Zebah\Zgguo \ klZlvyo Z
2020; Kfhey@021lb > _]jzZz~Zpbx fZrbg fu hibku\Z_f kemqgZcguf ijhp_kkhf jZkkfhlj_gguf jz
\ jy*_ jZ[hl ih I_hjbb gz~_"ghklb gh g_ bkihevah\zZ\rbfky \ jZ[hlZo ih I_hjbb klhbfhkl
Ilhwlhfm \gZqzZe_ fu ~Z_f g_h[oh”bfugbkip thykg gby d bkihevam_fuf ihgylbyf

H[t_dlZfb gZr_]h jZzkkfhlj_gby [m~ml fZrbgu wlbf I_jfbghf fu ho\Zlu\Z_f I1Zd _ b
gu_ \b”u h[hjm~h\Zgby b mklZgh\hd Ijb wihf dZz"~Zy fZrbgZ jZkkfzZIljb\Z_lky h~gh\j_f

e dzZd ijh*mdl g_dhlhjh]lh fZrbghkljhbl_evgh]h k_jbcgh]lh ijhba\h~klI\Z

e dZd h[jZsZxsbcky gZ jugd_ Ih\Zj

e dZd h[t_dIl bg\_klbjh\Zgby nbgZgkh\uo \eh™_gbc k p_evx ihke_"mxs_]h ihel
wdhghfbqg_kdbo \u]h”

FZrbgm ba]lhlhle_ggmx b ih”]lhlh\e_ggmx d ijh”Z HoBopm X ZfrlmpgZnmuWdkiemZlb
jh\Z\rmxky g_dhlhjh_ AjoggpxanHoii Gh\u_ fZrbgu ijh”ZxIdepBigidom jugd_ ih”_j
"ZgguztgBTOPUYHOM.

>ey m~Mh[kI\Z fu [m”~_f jZa”_eylv ddgpbgdi dZ ~uc xlgZvwapkm D h~ghc fZjd_ fu
hlghkbf fZrbgu ba]lhlh\e_ggu_ ih h*rghfm ijh_dIm <k_ gh\u_ fZrbgu h”ghc fZjdb fu kc
Ibggufb ?kIl_kI\_ggh qglh \k_ hgb bf_xI hAgh b lh *_ gZagZqgq_gb_ | _ ij_~gZagZg_gu
hrgbo b I_o "_ jZ[hl Ihgylb_ ©jz[hflw dZrdblggdj_Ibabjm_f gh “himkdzZ_f qglh jZ[hlZ fh"_
[ulv ©mdjmgoghc? khklhys_c¢c ba g_kdhevdbo ©we_f_glZjguo jZ[hl® hi_jZpbc dzZ ~Zy
fh™_I \uihegylvky \ hijgtdhd ityij*d_ beb g_ \uihegylvky Ijbf_jhf fhliml [ulv ©i_j_f_s_gb_
]Jimglza ©i_j_dZqdZ "br"dhklb2 beb ©nj_a_jh\Zgb_ azZ]lhlh\db@ D h~ghfm \b”m fu hlighlk
xsb_ h~gh b Ilh °"_ gZagZq_gb_ LzZdb_ fZrbgu fh]lml [ulv jZaguo fZjhd b ke_~h\ZI_e\
Im “_Zjhlm jZagufb kihkh[ZfDb

Dzd ex[hc Ih\Zj bf_xsbc ihe_aghklv "ey mqgzZklgbdh\ jugdzZz dz ~"Zy fZrbgzZ bf__
fhklv b fh™ _| y\eylvky h[t_dIhf klhbfhklghc hp_gdb Klhbfhklghc hp_gdhc fZrbg b ~jm
azZzgbfzxlky ijhn_kkbhgZevgu_ hp_gsbdb H[sb_ iheh _gbygih KkHhptbfdlkl\gbaep
]Zxlky \ f_""mgZjh~guo klZzg~ZjlZo hp_gdb FKH gZpbhgZevguo klZg”~ZjlZo b fghlhgqg
gbdZo gZijbf_j \ N_"hlh\Zz HIf _Ibf qglh bf__Ilky fghlh \bAh\ klhbfhklb gZijbf_
gZy mlbebazZpbhggZy b bg\_klbpbhggZly #lhg¥XdhoijlbgmgzZyo dh]”rZ |_jfbg ©klhbfhkly
bkihevam_Ilky [_a "~hihegbl_evguo hij_~_e_gbc ih” gbf pbingindd Kkhb fithielwd h
(market value).

Fug_ [m~_f ~Z\Zlv kljhlh hij_~_e_gby wlhfm ihgylbx hlif_Ibf ebrv qglh jughggZzZy
h{t_dlzZz gz hij_¢gec fhf_gl \j_f_gb hg gZaul\Z_lky ©~ZIZ hp_gdb? hljz Z_1 h”rgh\j_
1) wdhghfbg_kdb_ \ulh?u hl jZpbhgZevghlh \ezZz”~_gby h[t_dIhf ihke_ ~Zlu hp_gdb r
kdhc j_Zevghc beb \bjimZevghc k~_edb kh\_jrz_fhc k h[t_dlhf gZ ~ZIm hp_gdb f_~
ihdmizl_egf az\bkbfufb b *hklZlhggh ohjhrhggk¥b fibggufb mqgzklgbdzZfb jugdz \_
"msbfb k_[y wdhghfbg_kdb jZpbhgZevgh

lhdmizl_e_ed”\ evp_\ fZrbg fu kqblz_f dhff_ijjg "kidbfllbyfb Z g_ qzZklgufb eb
pZfb b Ibibqgufb mgzZklgbdZfb jugdZ bkihevamxsbfb fZrbgu ih gZagZq_gbx

Bf__Ilky fghlh jZaebgguo f_Ih~h\ klhbfhklghc hp_gdb h”gzZdh \k_ hgb hibjZxlky g



KIhbfhklgZy hp_gdZ fZrbg ih~\_j]ZxsijlopyklmiZ _1jZ~Zpbb

k\_~_gby h ozZjzdl_jbklbdZo h[t_dIZ hp_gdb b _]h ZgZeh]h\ Z IZd _ gZ jughgqgu_ p_g

<k_ gh\u_ fZrbgu h~ghc fZjdb b”_glbggu ihwlhfm bo jughqggkyhbltnkilvklv ~Ze__
hp_gb\Z_Ilky gZ hkgh\_ p_g i_j\bgghlh jugdZ p_g ijhba\h”bl_e_c beb ~be_jh\ WIh
ijbgpbibZevguo Ijm~ghkl_c H~”gzZdh \k_ ih"_j Zggu_ fZrbygghhhgdlzgizzjikly Khpm] hl
Aim]Z ih k\h_fm |I_ogbqg_kdhfm khklhygbx b ijh*Zxlky ih kms_klI\_ggh jZaebqZxsbfky p
bo hp_gdZ ij_"klz\eyabkxjvjh[e_fm GZb[he__ m~h[guf hdZau\Z_Ilky hp_gb\Zlv ih~_j°
fZrbgm bkoh”y ba klhbfhklb gh\he fZdZgdblhgh\h]lh ZgZeh]Zz

Ihkdhevdm \uihegy_fZy jZ[hlZ bf__I| ihe_aghklv "ey mqZklgbdh\ jugdZ hgzZ bf__|
fhklv Klhbfhklv jZz[hl b mkem] fh _I hp_gb\Zlvky k bkihevah\Zgb_f I_o "_ ijbgpbih\
b klhbfhklv bfms_kI\Z ohly \ klZg”~ZjlZo hp_gdb wihémglglh mg¢bEdglhky Bgh]~*Z gh
g_ \k_172Z klhbfhklv jZz[hl fh™_I [ulv hp_g_gZ ih jughqgguf p_gzZf jZ[hlu ih j_fhglm Z\I
beb ih i_j_\had_ ]Jjmah\

Hij_"_ebsbirogpl gbklu_ “hoh”u hl wdkiemZlZpbb fZrbgu \ g_dhlhjhf i_jbh”_ dzd ki
\uiheg_gguo _x \ wilhf i_jbh~_ jZ[hl aZ \uq_Ilhf hi_jZpbhgguo azZljZl gZ bo \uiheg_gb
\ulh” ijb 1Zzdhf hij_~_e_gbb h~gh\j_f_ggh hljz"Z_1| b Zj_g~gmxjkghggpmezidrbgu
azZ Zj_g™m fZrbgu \ khhI\_lkl\mxs_f i_jbh”_ azZ \uq_Ilhf azZljZl hkms_kl\ey_fuo Zj_g”"h
kbkl_f_gZpbhgZevguo kgq_lh\ JKGKzZd _ hp_gb\Z_Ilky klhbfhklv ih~_j Zgguo dZiblZevg
Zdlb\h\ \ulh”u hl wdkiemZIZpbHEZxdkh\ D fihgdh 1Zd gh bf_gmxlky mkem]Zfb \eh _ggh
Zdlb\ dZiblZzezZ Ilhkdhevdm fu jZkkfZljbA&kife mEZpZgkibgu \ g_ij_julghf \j_f_gb
gZf [m~_I m~h[g__ bkihevah\ZI|wihehZva@ocTemprnHocumbix eto Boirog hljZ Zxsbc \_eb
gbgm \u]h” ijbghkbfuo \ fZemx _~bgbpm \j_f_gb

KhklhyghZrbguf_gy_Ilkyijhp_kk_ wdkiemz4Zpbblh]*Z dh]*Z hgZ ijhRVZIb\Z _|I
ijb\h~bl d baf_g_gbx hi_jZpbhgguo ozZjzdl_jbkjlbafZ*bguevghklb b bgl_gkb\ghklb
hi_jZpbhgguo azZljzl hljz Zxshoilm¢tgy _fuo \ _~bgbpm \j_f _gb \uihegy_ fuo jZ[hl b jZa
f_j k\yvazZzgguo k wibf hi_jZpbhgguo azZljzl KhhI\_IkI\_ggh f_gy_Ilky b klhbfhklv fZrbgu
hi_jZpbhgguo o0Zjzdl_jbklbd fZrbgu ih kjZ\g_gbx k __ gh\uf ZgZeh]hf \ I _hjbb gzZ”~_"g
perpagauvein Z mf_gvr_gb_ klhbfhklb fZrbgg ghhXjkh klhbfhklvx gh\hZhpZgaéhlb
bf_ g m»becueHeHnem.

L_ogbqg_kdh_ khklhygb_ fZrbgu ijpZeMbpjleiZy wdkiemZlZpby g_\hafh gZ beb g_"I
imklbfZ ih khh[jZz  _gbyf [_ahiZzkghklb Z \hkklZgh\e_gb_ ~h jZ[hlhkihkh[gh]h khklhygh
beb g p_e_khh[jZagh gHdmepdaHbikly Kjhd kem ™ [u fZrbgu ~h ~hklb _gby ij_"~_evgh]h kh
klhygby gZau\@uikdageckum cpokom cnyxbel H”*gZdh fZrbgu g_j_~dh \u\h”ylky ba wdkiemzZI|Zp
“h ~hklb"_gby nbabg_kdh]h kjhdZ kem [u \ klyab k wdhghfbq_kdhc g_p_e_khh[jZagl
r _]h bkihevah\Zgby Kjhd kem [u fZrbgu _hwdhhghxfdlmc kdb jZpbhgZevghfm bkihevah\z
gbx gZau\a&sgHomnueckum cpokom Cnyxobl.

FZrbgu \u\h”"bfu_ ba wdkieml&ipdbibjmxIky_jl*ZlIky*eybkihevah\Zgby \ #jm]mx
kn_jmh bghfm gZagZoaihpkf_j \ dZq_kI\_ gZ[hjZz aZiZkguo qZkl_c fzZl_jbZeh\ maeh\
e_c eb[h \ dZg_kI\_ mqg_[gh]kjmkh[b¥hjy \ wlhl fhf_gl hgb i_j_klZxl| [ulv fZrbgZfb -
h[s_f kemqZ_ mlbebazZpby fZrbgu Ij_[m_I jZkoh”~h\ b fh" _1jikghxbliky " d h Mz
rbgZ mlbebabjm_Iky flgh\_ggh <u]lh?u hl k\h_\j_f_ggh lydphzhbeebhZiphbar
ghklv f_"~m ~hoh”Zfb b jZko hedfdZiplbhnj_"_ ey yTunnsaumoHHyto ctoumocTb fZrbgu
(salvage value). Kljhlh Jh\hjy mlbebaZpbhggzy klhbfhklv fZrbgu azZ\bkbl hl Ihl]h \ dZdhf |_
khklhygbb hdZzazezkv fZrbgZ mfhébglZpbb H”*gZdh h[uggh mlbebazZpbhggZy klhbfhkl\
kbl_evgh g_\_ebdZmb ff kgblZlyme_\hc

Bkke_~h\zZgbx ijhp_kkh\ ~_]jz~"Zpbb fZrbg ihk\ys_gZ [hevrZy ebl_jzZImjz Hkgh\gh.
ijb wihf m~_ey_Ilky hp_ogghklgzb kj_~g_lh kjhdzZfxrdong [bilbfbaZpbb iheblbdb bo I_o
gbg_kdh]lh h[kem b\Zgby j_fhglZz b azf_s_gby Ijh\h*rylky 1Zd" _ fgh]lhgbke_ggu_ bkke
p_kkZ nbabg_kdh]h bagZrb\Zgby hi~_evguo we_f_gfiAkbgnagh\g "fZZbgc\ p_ehf
H”rgZdh \h \k_o kemqZyo \uy\ley_I|ky qlh khklhygb_ b”_glbgguo \gZqZe_ h[t_dlh\ bk
f_jgh \ h*"bgZdh\uo mkeh\byo kh \j_fllgy fhEafghgyn Wlh ihal\hey_|I| kgblZlv qglh ijhp_kk
AN_ljz~"Zpbb fZrbgu bf__I \_jhylghklguthwZhZehl _jh gZklh hibkulZxl kemqgZcgufb ijhp_k
kzZfb jZaebqguo Abdal\Hameed, 1975; Kahle et al, 2016; Noortwijk, 2009; Ye, Chen, 2014; Wang et al,

2016; Wang et al, 20 >\Z |bizZz IZdbo ijhp_kkh\ ijbf_gbl_evgh d az~Zq_ klhbfhklghc hp_gt
“Zgguo fZrbg jZkkfZljb\Zebkv \20R0th elg fih e y2821b).

?kl_kI\_ggh qlh nbabq_kdb_ kjhdb kem '[u fZrbg b bo hl*"_evguo we_f_glh\ hdZau
gufb \_ebgbgzZfb AZdhgzf bo \_jhylghklgh]lh jZkij_~_e_gby 1Zd _ ihk\ys_gZ [hevrZy
Hij_~_eggh_ \gbfzgb_ \ I_hjbphkZ® m~_ey_Iky b ijh[e_f_ hilbfbazZpbb kjhdh\ kem ' [u |
wlhf dzZd ijZ\beh bkihevamx| djbl_jbb hilbfZevghklb ©aZzljzlgh]lh Ibiz& gZzijbf_j fl
kj_~gb_ azljzlu gz ijbh[j_I_gb_ b wdkiemZzZlzZphk fgzZzbgtb\gpdkyg \j_f_gb beb _~bgbpm
\uihegy_fhc jZ[hlu H”gzZdh |Zdb_\dibégibd fg j hljz Zxl wdhghfbg_kdb_ bgl_j_ku \eZz
N_evpZ fZrbgu azbgl_j_kh\Zgghlh \ wdhghfbq_kdibkjhpbhgZegmhflj ~klZ\ey_Ilky
glh wim az~Zgm g_h[oh~bfh\yardZdak\Zq_c klhbfhklghc hp_gdBditzahg”~oh” \ eb
I_jZImj_ ih gghklb gbdh]*Z g_ bkihevah\Zeky WIh k\yazZgh k I_f qlh klhbfhklv fZrb
ey _lky dzd jZa ijbf_gbl_evgh d wdhghfbg_kdb jZpbhgZelwiihfew ahjZm bk m
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h{_ki_gb\Zxsb_ \ez”"_evpm gZb[hevrb_ \u]lh4b &l&dhghflyg_kdb jZpbhgZevghfm kjhdn
__kemJu

ljb kemqgzZcghf ijhp_kk_ ~_1jz*"Zpbb fZrbgu kjhdb kem [u IZd _ [m"ml| kemqgqZcgufb
jZ[hl ihk\ys_gguo \uykg_gbx azdhgZ jzkij_"~_e_gby kjhdZ kem [u fZrbg dhgdj_lguo f
dZddb h[sbo j_dhf_g~Zpbc ih wihfm \hijhkm g_| Z gZd*ZdgyZfjilx &ebopuf agZq_
gby b dhwnnbpb_glu \ZjbZpbb kjhdh\ kem [u fZrbg h”"gh]lh gZagZq_gby ihjhc jZaebq2>
kbevgh

< kbkl_fZo gZpbhgZevguo kq_Ilh\ ~_1jz~*Zpby fZrbg hibku\Z_lky kh\_jr_ggh bgzZqg_
kem™[u ZdIb\h\ jZkkfZljb\Zxlky dZd kemqZcgu_ Ijb wihf ZdIlb\u \ aZ\bkbfhklb hl Ih]t
Ihj_ wdhghfbdb hgb bkihevamxlky h[t_~bgyxlky-\dighekkb _b]jheiyudZ ~*h]h dezZkkzZ az
ANZ1lky k\hizkij_~_e_gb_ kjhdh\ kem ' [u \ jZaguo kljZgZoj#atyHfnKmslkil\ihggh
glh I_ogbg_kdb_ ozZjzdl_jbklbdb zZdlb\h\ ijb wihf g_ ijbgbfzZxlky \h \gbfZgb_ 1zd qlt
ihiz~rzxl gzijbf_j \k_ fZrbdevéki_fu_ \ obfbg_kdhc ijhfure_gghklb H[hkgh\Zgghfm
[hjm jZkij_~_e_gbc kjhdh\ kem [u jZaebqguo deZkkh\ Zdlb\h\ \ kbkl_fZo gZpbhgZevgt
s_gh fghlh jZ[hl gZi{Erémpan, 2008; Nomura, Suga, 2018; Rincon-Aznar et al., 2017). < dhg_qghf
kaql_ \ dzZz ~hc kljZzg_ ey dZ ~"h]lh dezZkkz Zdlb\h\lhugZjZhdky johZdbhlkklghlh jZkij_
N_e_gby kjhdh\ kem '[u h[uggh bf hI\_gZxl dhwnnbpb_glu \ZjbZpbb kjhdZ kem [u [eb
ihjhc kbevgh jZkoh”~blky k wdki_jbf_glZevgufb ~Zggu\fblki\idkxkBgdodkEAkkh\ >Ze_ _
dZ ~uc deZkk Zdlb\h\ ih”*jZza~_ey_Ilky gZ dhlhjlu h[t_~bgyxsb_ Zdlb\u k h”bgzZdh\
kem'[u b "ey dZ '~"hc dh]hKy k\ifgdepmmHnpoBaHHad aZ\bkbfhklv ijbghkbfuo ZdIb\Zfb
]h~h\uo \ulh”™ hl \hajzklz 1Zd gZau\Z_fuc ijtvmbed Nh\ajtzkiv L _f kzZfuf ih kmlb ijb
gbfZ_lky qlh dZ ' ~hfm ZdIb\m \ fhf_gl _1h \\h”~Z \I|Wwdkd em Z tHubh xh fjilbhahf gZagzZqgz_|
kjhd kem [u b hI\_qzZx®smhckphldhm \_kv ihlhd \u]h”™ hl _]h ihke_~mxs_c wdkiemZIZpbb I]j
g_ kelhf j_Zebklbgghf “hims_gbb hilk&ZiQads) NNghkbl_evgh ijhklu_ludka\h
eyxl "ey dZ ~h]lh dezZkkzZ zZdlb\h\ jZkkqblZlv dzZd baf_gy_Ilky k \hajzZklhf klhbfhklv .
dhlhjlu b kj_~gyy klhbfhklv ZdIb\h\ deZkkzZ \ p_ehf | _ ihkljhblv “ey g_]h azZ\bkbfhl
kj_~gbo dhwnnbpb_glh\ JTh*rghklb ZdIb\h\fuLihdbtZetbkohtjbf_gblv \ Kfhéay.d
H~rgZdh ihemqg_ggu_ aZ\bkbfhklb g_ hg_gv ohjhrh khl]eZkmxlky k jughggufb ~Zggufb
gZ~ ghklb fZrbg

ljhba\h”~bl_eb fZrbg h[uggh khh[sZx| ~“hklZlhggh ih*jh[gmx bgnhjfZpbx h ozZjzdl_
gh\uo fZrbg h~gZdh bgnhjfZpbb h o0Zjzdl_jbklbdZo ih~_j Zgguo fZrbg kms_kI\_ggh f
_Iky [hevrh_ gbkeh im[ebdZpbc ih hp_gd_ gZ”~_"ghklb hi*_evgwdwegz” glhhklZrbg h~"
fZrbgu \ p_ehf bkke_"m_Iky gZfghlh j_"_ 1jZdlbgq_kdb m ex[hc fZrbgu bf_xlky ZgZeh]
\uihegylv Im *_ jZ[hlm H~”gZdh fZrbgu jZaguo fZjhd bf_xsb_ h~gh b lh °_ gZagZqg_ghb.
ih fghlbf oZjZdl_jbklbdzZf b h[uggh ¢)Zda\Z¥kVgh ba gbo \eby_| gZ ijhp_kk ~_1jZ~Zpbb
Ilhfm °_ o0ZjzZdl_jbklbdb fZrbgu gZklh aZ\bkyl hl IThl]h \ dZdbo mkeh\byo hgZ bkiheve
wlbf klhbfhkligmx hp_gdm ih~_j°Zgguo fZrbg ijboh”blky ijh\h~blv bf_y fbgbfZevgmx b
h ijhp_kk_ 1jZ*Zpbb

Fu m _ ]Jh\hjbeb qglh klhbfhklv ih?_j"Zgghc fZrbgu m~h[gh hp_gb\Zlv bkoh”y ba k
gh\h]lh ZgZeh]Z >ey wlh]lh h[uqgh klhbfhklv gh\h]l]h ZgZeh]Z eb[h mf_gvrZ _I|ky gZ d
ijhp_gdbecueHeHnas ©nbabq_kdh]h bdegie&aidbn eb[h mfgh Z_lky gZ dhwnnbpb_gl beb ijh
p_gtogHoctn hlghkbl_evghc klhPétckhbGood Factor) L_hj_Ibg_kdb ijhp_glu h[_kp_g_gby
beb ]h~rghklb hgb “hihegyxl #jm] *jm]Z "~h "he gu hij_~_eylvky \ aZ\bkbfhklb hl |
khklhygby fZrbgu H* glzeMrbgkl\kemqgZ_\ hp_gsbd g_ bf__I| \ha®b[dhhbklf_dBbv
I_ogbg_kdh_ khklhygb_ fZrbgulmznpbdBgbph\Zgguo f_Ih~h\ 1Zdh]lh baf_j_ _gby ihdz _.
g_| Thwlhfm hp_gsbdzf ijboh~blky hibjzZlvky lhevdh gZ |_ oZzZjzdl_jbklbdb fZrbgu dF
xlky baf_j_gbkk[uggh whajzZklijhba\h”~bl_evghklv hi_jZpbhggu_ aZzljZlu b “hoh”u

H~rgZdh fZrbgu h~rgh]lh \hajzklz fhlml gZoh”~blvky \ jZaghf |_ogbq_kdhf khklhygbb |
klhbfhklv ihwlhfm a~_kv fh gh ]1h\hjdpbgnéh &ttdbfhklb fZrbg hij_dgk]h \hajzklz
beb qglh'lh h kj_"~gbo agZqg_gbyo ijhp_glh\ h[_kp_g_gby beb JhA"ghklb Bkihevamxl| "\zZ
ghle_gby IZdbo dhwnnbpb_glh\

ljb i_j\hf f_Ih~_ \gZqZe_ ih ~Zgguf i_j\bggh]h jugdZ hp_¥b\ZghWibbflalv
jZklz e_| fzZrbg Z azl_f kh[bjzxl "Zggu_ h p_gZo ih~_j Zgguo fZrlgd jdbgh]h \hajZk
f_jgh h*gm b Im “_ ~ZIm hp_gdb b kljhyl j_]j_kkbAtgonmboag\lgkbfikljzklZz Bkdhfu_
dhwnnbpb_glu hij_~_eyxl "Ve_g¥_f H~gzZdh ijb wihf mimkdZ_lky ba \b"m qlh IZdb_
nbpb_glu az\bkyl hl Thl]h \ dZdbo mkeh\byo fZrbgZ bkihevah\ZezZkv jZzg__ ihwlhfm i
kbfhklb g_ hI\_qgzZx| ©kj_~dbf wk&hemzlzZpbb fZrbg Kflheyd

<lhjhc f_Ih® hkgh\Zg gZ bkihevah\zZgbb fZI_fZlbg_kdbo fh”_e_c ijhp_kkZ h[_kp_g.
fh~_eyo ijb wihf az~Z_lky \b” a¥tbkbffjkib\d” azZ\bkbfhklb ijbghkbfuo fZrbghc \u
1h~ hl \hajzklz |Ijb wlhf gzZklh ijbgbfZz_Iky qlh \k_ fZrbgu h~ghc fZjdb bf_x| h"bgz
kem [u \ dhgp_ dhlhjh]h hgb mlbebabjmxlky LZdh_ ~“hims_gb_ g_ kh]l]eZkm_Ilky k bf.
pb_c h \_jhylgthtkkbzZjzdl_j_ kjhdh\ kem [u fZrbg

< n"Zgghc klzZlv_ fu jzkkfzljb\Z_f fZrbgu khklhygb_ dhlhjuo oZjzdl_jbam_Iky bgl_
ijbghkbfuo \u]h”® “~hoh”h\ Z "~_ljz~"Zpby dhlhjuo highp\XKkikkfy hzffdykgy_f



KIhbfhklgZy hp_gdZ fZrbg ih~\_j]ZxsijlopyklmiZ _1jZ~Zpbb

\_jhylghklgh_ jzkij_~_e_gb_ kjhdh\ kem [u fZrbg b aZ\bkbfhklv jughgghc klhbfhklb fz
khklhygby b \hajzklz

=ZffZ ijhp_kk ~_]jZ"Zpbb fZrbgu

Fu jzkkfzljb\Z_f I1Zzdhc \b™ ~"_1jZz"Zpbb fZrbgu__ijbzd&lhjhbklbdb k I_q_gb_f \j_
f_gb kemgZcgh mom~rzZxlky |I_f kzZfuf ij_"ihez]zZ_Ilky qlh fZrbgu g_ ih?\_jlZxlky dZil
ZgZeh]lbqguf \b~rZf j_fhglh\ kms_kI\_ggh memqgrzZxsbf __ I_ogbq_kdh_ khklhygb_ L_
r_gb_ ozjzdl_jbklbd fZrbgu jZKklfkaijdXd kemqgZcguc ijhp_kk LZdh]lh jhrZ ijhp_kku \ I
\_jhylghkl_c bf_gmxlky km[hj*&k&a phjflbgbjh\Zggufb ijhp_kkZfb E_\b

KemqZcgZy nmgdpbyXty gfZagb\Z_Iky ijhp_kkhf E_\b _keb __ ijbjZs_gby gZ g_i_j_k
xsboky hlj_adzZo \j_f_gb g_azZ\bkbfu Z ijbjZs_gbX(tve)X{th gzhex kKkizhlj_ad_ “ebgu
s bf_xI h~rgh b Ih_jhylghklgh_ jzZkij_~_e_gb_ Iljhp_kk E_\b gZaulZ_Ilky km[hj*bgbjh\
km[hjr*bgzZlhjhf _keb \k_ ijbjZs_gby wlh]h ijhp_kkZ g_hljbpZl_evgu FZI_fzZlbqg_kdb_
Ah[guo ijhp_kkh\ ih*jh[gh baeZ]Zxlky \ ki_pbZevghc ebl_jZImj_ gZobbéhpz\ ;_ey\kdb
2013).

Fu hibku\z~fljz~r"zZpbx fZrbg h”gbf ba ba\_klguo I1Zdbo ijhpabwahipouechbf_ggh
com <\_~_f g_h[oh~bfu_ hij_~_e_gby

Kdz _f qlh g_hljbpZl_evgZy kemqZ¥gdy \l ¢bFRAHKIj_"_e_d3Akm Kk iZjzZ
f_1jZzfb nhjfuk b fZkrlZ[@ _keb hgZ bf__1 iehlghklv jZkﬁ%@_A@E_g]b\L kbf\hehf

h[hagZq_gZ j@affgdptb¥jzZf_Ij nhjfk +[_ajZaf_jguc Z izZjzZf_lj fZkrbZ[Z 1 Im ~_
jZaf_jghklv ofh v_jhylghklv khKetxbayZ\bkbl IThevdh hl highr bgby fu [m”~_f h[h
angZvas_QT:L3@éGA<EXCEL’\ey \ugbke_gby agZq_gby nmgdpbb b iehlghklb jZKkij_"_e
GAKkm bkihevamxlky nmgdpbb =>xmJ:Kb =:FF:J:Kdtk;m khhi\_IkI\_ggh
G_Iljm~gh ijh\_jblv qlh
e _keb kemqgZcgzy \Xdbigbb¥yzkij_"_e Gitkm Ih_fzl_fZlbgq_kdh_ h b"Zgb_
jZ\gH =?L G| Z “bki_jk&y?L GI8
e _keb kemqgZcgzZy \XdbgbbzZkij_"~_e GNkm |h kemqgZcgZy \hxtg®gz
bf_ | jZkij_"~_e GPtkhm < gZklghkhbbf | jZkij_"~_e Gilk,1);
e _keb g_az\bkbfu_ kemqgZcguX AYebghkbpzkij_~_e_@Allgm KGA(,m), Ih
bo kmffz bf__1I jZkij_"GA(k¢lm).
Klzg~rzjlguf ]1Zffz jzkij_~_e_gb_f gZau\Z_lky jBRHK_"_leigjrf Ijhf fZkrlZ[Z
m ?keb kemqgzZcgzZy XlebqgblgiZzkij_~ e Gitkm |h kemgZcgZy \Y/eblgtbhgZ klZg
AZjlgh_ 1z2ffzZ jzkij_~_@AMb). Nmgdpbx b iehlghklv IZdh]h jZkij_~_e_gby [m”~_f h[hagZ
khhI\_IkI\_ggh Q0Oik a lo(x,k).
KemqgZcgZy nmgdpbyY®) ofZ gh hljbpZl _evghc thembh&b\zZz_Iky ]ZffZ ijhp_kkhf k
iZzjzf_ljZzflm,m _keb
1) Y(0)=0;
2) ijbjzs_gb¥t gZ ex[hf hlj_ad_ \j_f_gb “ebs$ befvaghllkij_ ~_ e @GAlas, m);
3) ijbjzZzs_gb¥t gZ g_i_j_k_dZxsboky hlj_adZo \j_f_gb g_aZ\bkbfu
Ki_*g__ ijbjZzs_gb_ IZdhc YingdpWbfy[m~_| jZ\ats. 1ZjZf_ljaijb wlhf bf__|I
jZzaf_jghklv _~bgbpm \j_f_gb @-itmzY_ljzaf_jghklvY.gihfblbf hkh[h qlh kemqgZc
gZy nmgafitbyk _]*Z [m~_1 g_m[u\Zxs_c
Kizg~rzjlguf 1ZffZ ijhp_kkhf gZau\zZ_Ilky 1ZffZ ijhp_kk k iZjZzm Ijhf?kBkrlZ[Z
Yt) - 1ZffZ ijhp_kk k izZjzf_lg@mfb IME/m [m”_| klZzg~rZjlguf ]ZffZ ijhp_kkhf k iZjZf_Ijhf
nhjfua
>ey "Zevg_cr_]h gzf ihgz~h[b1gh kshckl\h 1zffZ jZzkiggtioe\_ebgbg h@klv
tg_dhlhjzZzy dmkdgydhzZzy nmgdpby jZ\pDy JAkkkfhljbf ijbjZs h@ghh(z-u) wihc nmgd
pbb gz fZehf hljzad_ Hqg_\b~gh qglh k lhgghklvx "h \_ebgbg fZewo wHhkjgg_gbx k
jZs_gb_ jzhhOju | _ hij_~_ey_Ilky ih\_~_gb_W@mddpbb e_\hc hdj_klghkdb Ihgdb
Kh\k_f bgZy kbimzZpby fh™ _| \hagbdgmlv _keb ZgZepemhgm ijkyZsh\ghy gqiimgdpbb
ijb kemqgzZcegtpegHem fZehf ijbjZs_gbb Zjimf_glz JZkkfhljbf kbimZpbx dh]"Z ijbjZs_gb
Imf_guZ kemqgZcgZy \_ebqbgZ bf_xsZy jZGAja? e b0 fZehLh]*Z fZeuf [m~_I b
kj_~g__ agZq_gb_ wlhc kemqgZcd&fw=amebgbmgllhc kbimZpbb
; *DV,FDVFT, 0y
6DV, FDVFQ?L + T A'—YAe@a—
4 -
AZf_qzZy gYW&YLsk lhgghklvx ~h fZeuo [he__ \ukhdh]h ihjyrdZ wlh jZ\_gkI\h fh"
ibkzZlv ijhs_

oDV FDVF Q2L =Y LH2212¢ 10 Re@g @
HdZau\Z_Iky qlh klhysmx \ ijZ\hc qzZklG° k M edhlym ~h fZeuo [he__ \ukhdh]h
ihjyrdZh gh azf_gblv gz
MI\_j"~_gb_ Imkhgz) +g_dhlhjZy dmkdhgydhZy nmgdpby jZklmsZy ih fh mex g_ [uklj_
ex[hc wdkihg_glu jZ\gZsp,uijbemqgZcgZy \_ebqgbgZ bf_xsZy jZGAa? e Ldd~z
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ijb ex[hf nbdkbjh\Zgghkflhgghklvx ~h fZeuo [he__ \ukhdh]h ihjy~rdZ ih kjzZ\g_gbx k
6DV FDVF Q2L = YIML:'OEA’E@E @)

>hdzZazl_evklI\h wlhlh mI\_j"~_gby Ij_[m_Il bkihevah\zZgby keh ghlh Ziizjzlz |1_hjl
kl_elzd gZzaulZ_fhc nhjfmeu Blh ;_ey\kdbc >Zgbghuh ih"~I\_jrblv kijz\_~eb\hklv
nhjfmeu fh'gh ke_"mxsbfb g_ hqg_gv kljh]bfb jZzkkm ~_gbyfb

AZf_Ibf \gZzqzZe_ qlh ihMugl_ljZevgZy nowgdpbf_\Il ij_~_ehf ijZ\mx ijhba\h”
gmhk(z-0) \ lThgdz lhwlhfm bgl_J]jAedhg_qguc >ey ~hdZaZl_evkI\Z mI\_j"~_gby ~hklZIh¢
ihdZzazbMh ijb fZzehjZaghklv bgl_]jZeh\ klhysbo \ ijZ\uo gZklyo b fzez 1j_"klz
\ ke_"mxs_f \b"

|°°U'9U|oeTvoe@'F ooUI‘?:l?e Re@T wL;JWe ResO Fs@a

lj_~KklzZ\bf klhysbc kijz\zZ bgl_ljZze dZd kmffm bgl_]jZeh\ hl Ihc “_ ih~ugl_J]jZevgh
ih hlj_adZ&aYaxuaVe ;ahdz" _f qlh \k_ Ijb bgl_]jZeZ fZeu 1jb wihf mql_[0,5lh gZ hlj_ad_
;201287

hlghr_ gbi hljiZzgbg_gh b[h nimdokbygleZz " "dZy

GZ hIJ_QQj_)lh"ugl_]jZevgh_ \ujZ" _gb_ hljZgbg_gh 1zd glh khhI\_IklI\mxsbc bgl_]jZ
bf Iv  ihjy~hd ljib  <x<z ijhba\_"_gb_w? hljzgbqg_gh z
T Fs QI=T<Y’ FsaW Fs=L 1:YHY. Lhl *_ ihjy~hd bf__| b bgh_HjZedmn.

Ijb TRV\_ebqb®AFT, h[]ZSZ Iky \ gmev Z Ih]"Z

i° e 10 Es;@u DV A°ee *@TGh k jhkdhf ~h nmgeﬁp—%—y kgzZqzZeZ jZkl_

Z azl_f m[u\Z_I ~h ngd_y.sFJbY NAhgZ ijbgbfz_| fZdkbfZevgh _ —&gclzepng%_

bf_xs__ ihjy*hthwlhfm gZ emmyhgZ g_ ij_\hkah” bllh]"
DV A°ee'? @IQ DV, =Y A @U=YDV, &' L 1.V,

LZdbf h[jzahf \k_ Ijb mdZazZgguo bgl_]jZzez fZeu qlh b “hdZau\zZ_I kijzZ\_"eb\
mi\_j " _ghy

Dzd \b~bf I_i_jv JezZ\guc gqe_g kj_"g_]lh agZq_gby ijPASE ®bBAF n;Mgigpbb
AN_ey_Ilky ih\_~_gb_f nm\ddplbbc h[eZklb ke_\Z Al Ihqdb

JZkkfzZljb\Z_fzy ~Ze fh~_ev hibku\Z_1l ijhp_kk ~_]jZz"Zpbb fZrbg h~*ghc fZjdb ih
fbg ©fZrbgz? keb wih Ki prevgh g_ hlh\hj_gh [m~_1 highkblvky lhevdh d fZrbgzf 1
gbfzZ _Iky qlh \k_ fZrbgu bklhevamxlky ih gZagZq_gbx ZKhguh{gm Z A1 hloafm _f
bgl_gkb\ghklvx ijbghkbfuo zx Kuhklhygb_ gh\hc fZrbgu [m”*_f hW[hBaZgdlgb _
khklhygby fZrbgu kh \j_f_g_f fu hibku\zZ_f ]ZffY Fj\Wp LKKkRFd ;dhkdhevdm wdkiem
ZlZpby fZrbgu ijbghkys_c hljbpzZl_evgu_ \u]l]h”u wdhghfbqg_kdb g_jZpbhgZevgZ fu ij
ijbz= fZrbgZ \u[u\Z_1| ba wdkiemZIKkihbdh&lv klZgh\blky gme_\hc

>Ze__ gZf [m~_|I m~h[gh bkihevah\Zlv mkeh\gu_ _“bgbpu baf_j_gby i_j f gguo A
f_gh_ \ fu ijbf_flre_| Z az _~tkdbpfihklb _+k/r jm[ Lh]~Z _~bgbpZ bgl_gkb\ghklb
\ulh®  _ b\ khkiZhbll iZjzf_I|j nhgyZza~_eblkyr gZ klz\dZ ~bkdhglbjh\Zgby klZg_|I
jZ\ghc

Baf_g_gb_ khklhygby fZrbgusdZzi\jvfymi*bf_Iv jZkij_"_e Gh(as, nmgdpb_c
jZkij_~_e_gby wlh]h baf_g @B’gzm—ﬁ Zlh kj_~g__ agZq_gb_ b "bki_j&by khklz\yl

Kjhd kem ' [u fZrbgu

Hg_\b~gh qglh wdkiemzZlbjh\Zlv fZrbgm wnn_dlb\gh Ihevdh |h]*Z dh]”Z hgZ ijbgl
I_evgu_ \ulh”u Ihkdhevdm kh \j_f_g_f bgl_gkb\ghklv ijbghkbfuo fZrbghc \u]h”® baf_
gZcgh Ih b kjhd __ kem [u [m~_Il kemqgZcguf

JZkkfhljbf fZrbgm \ khkthygbddv kemqgZcguc hklZlhgguc kjhd __ kem ' [u GZc"_f
\_jhylghklgh_ jzZkij_~_e_gb_ >ey wlh]h azf_Ibf qlh kjby ikemkhk fZrbegu b
lhevdh _keb azxWbYgfygkb\ghklv ijbghkbfuo _x \u]h" mf_gvrblkyZ_GWhr mdZafZggh _
mf_gvr_gb_ bgl_gkbkgbkipzZcgzZy \_ebqng bf_XxsZy nmgdpbxGAaxji_"b & jdby
ylghklv Ih]h qgqlh hgzZ hdz _lky\fggvbo h[hagZq_gbyoQkhxZ\hiZzdhc ~_ [m~_1 b
\_jhylghklv kh[u¥ky

Hp_gbf l_i_jv kj_"gbc kjhd kem [u "ey qilhauputZrbegy ih”~_j Zggki@ lhqgguc
fZrbgur(a, 2).

0 0

6::é\/§Li T@<eeQT:L¢ T@Fp<eP T2L F+ T @<eP T=L
4

00 0

p<aePT:@t+ 3\@1:'[@1:—+ 3PP
<Ihjhc fhf_gl kjhdZ Kisz [gZoh~biky ZgZeh]bqgh
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l 6V |_+ T @<eeQCG-L *

[ ]

p<aePT:tT@IIt+ T3Va:T@'[
4
?keb h[hangtBl\X/aP@E Ma |

ihA\_

4

0

i1Zxsibhlopy KhfZ _

TG@st<a-:P THLFE T @<eeP T=L

+ P3VlRO®

P3V5P@E’O V;alh ba ihemqg_gguo nhjfme \ul

jZ>_gby "ey kj_"g_]h a(g)th_dgwaynnbpb glZ \Z®» &XptbdZ kem [u fZrbgu
6: éVL—é RVL§6C'FS ©)
=jZnbdb nmowz) bt(z) ij_"klZ\eugZ jblkZ.
\ L
1k 5
0 S . =
0,7
0,6 \ 3 /
05 I
o , /
0,3
o ) /
0,1
0 T T T 1 Z 0 T T T iz
0 1 2 3 4 0 1 2 3 4
Jbk AZ\bkbfhklv dhwnnbpb_glz Jbk AZ\bkbfhklv kj_"g_]h kjhdz
pbb kjhdZ kem ' [u f@rhgibg fZrbgu(z) hl bgl_gkb\ghklb i
I_gkb\ghklb ijbghkbfuo _x kbfuo _x \u{®ANjba=1.
(2).
DzZd fu \b”_eb \_jhylghklgh_ jZkij_~_e_gb_ kjhdZ kem [u fZrbguaaZhbkbl hl izZjzf
wlhfm hdzZaulZ_Ilky m~h[guf \\_klb \ jZkkfhlj_gb_ hlghkbl_evguthkgtd_lgédm [u

kjhdZ kem™[u d _]h kj_~"
T=L | <eOT6&V.=L sF3:V&EGV.T, LsF3:\Va:VT;a
WIZ nmgdpby g aza\bkb]jAahbdjb jZagwadj_

P Hluggh hp_gsbdb bf_xI bgnhjfZpbx h
O; — jughgghc klz\d_ ~bkdhglbjhihdbhklb
08 " gh\hc fZrbyy kj_~g_f agZqTgbbdhwn
0,7 ;:'—C —\v=035 nbpb_gl_\Zjb2khbdZ_kem [uE_cn_]j
0,6 / == V=05 Gh bgl_gkb\ghklv ijbghkbfuo _x \u]h”
g'i UL PO v=0,65 hgb hp_gblv g_ \ khklhygbb Ihwlhfm izZjzf_
03 o fh" _el bzp g_ba\_klgu QIlh[u gZclb bo ijb
02 _.-'/’/ f_gbf jZ\_gkI3Z d gh\hc fZrbg_ Lh]*Z ih
0,1 ,."',"/ ke ijhkluo ij_h[jZah\Zgbc ihemqz_f
0 namz=t ‘ ‘ | x ec;|- Ai
0 05 1 15 2 2,5 LsEF&aoc-L—a
Jbk Nmgdpby jzZkij_~_e_gby hlghk I_j\h_ ba wlibo jZ\_gkl\ iha\hey_1 hij_~»
kjhdZ kem [u fZrbgu ijb jzagu €bl¥, \lhjh-a
nbpb_glZo \ZjbZpbb kjhdZ k ?keb ba\_klgZ klhbfhklv gh\hk fZrbgu
jm[ Ih fh gh hp_gblv b \lhjhc iZjzf_1j ijh
p_kkz __ "~ _1jz~Zpbb ih@d#eWdim_k Gh klhbfhklv gh\hc fZrbgu BhklZ\&y |
ihwlhfaN | L 8V; B L-N8V;jm[ ]h~
?keb "_ bf__Iky “hihegbl_evgZy bgnhjfZpby h ijbghkbfuo gh\BdniZrblgylhc \ul]h~Zo
Ih jZkq_lu mkeh gyxlky < wlhf kemqZ_ “he 'gh \uihg gyWvkyjbZaZd&ld v bvo
wlh jZ\_gkl\h fh™_| g_ \uihegylvky Mqgblu\Zy qglh gZbf_g__ ~hklh\_jghc y\ey_Iky bcg
dhwnnbpb_gl_ \ZjbZpbb kjhd& klemiflo~_hlpy gb\ZIv iZjZfaliyzo bvo ba kbkl_fu
iZ\_gklI\
‘jf' LsElﬁa»rL Slan LA ALy 4 4)
AZ\bkbfhklv klhbfhklb erbggkt’nIkI_hygby
Klhbfhklv fZrbgu \ khkkhlptbdogZgqW¥i) Hqg_\b~gh V@M ijbz>0, V(z)=0 ijb z<0.
>ey mklZgh\e_gby g_ba\_klgiz) Wk gldgwadm _fky ijbgpbihf hbrZgby \u]lh® mihfbgZ_

gh ih”*jh[gh g_ jZkdju\Z_fhf \ kIEg gdlZoFKH < gZr
\u]h~tkemqgZcguc b a~_kv m~h[gh bkihevah\Zlv ke
2020b).

g_fmM(®Agdpgh gdkhf nmgdpb_c jzkij_»

A"klZ\e _g gZ3jbk

f kemqgzZ_

1iZ~Zpbb

_dzxl \u

_e_gby HKKdm~_|

_ ihlhd ijbghkbfuo fZrbgl
_“mxsmx nhjfmebjh\dm wlh]h ijbg

PC malluuHbl Ha JaTy OLEHKU paBHa MaTEeMaTUYECKOMY OXUAAHUIO CYMMbI JUCKOHTMPOBAaHHbIX BbIFr0f,
0T Hanbonee ath(heKTUBHOI O € NCMO/b30BaHUS B TEYEHME NPOrHO3HOM 0 Neproga u ee PC B KOHLLe Neproja

(paccmaTprBaemoli Kak 0T Ae/lbHas eAVHOBPEMEHHAS BbIrofa).
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?keb kgblzlv ijh]lghaguc i_jbh” g_hljZgbgq_gguf b mq_klv qglh wdkiemZlbjh\Zlv f.
gbyz0 g_wnn_dlb\gh hlkx*"Z ke_~m_Il qglh kjhd kem '[u fZrbgu "he _g azZ\_jrzZlvky d
b\ghklv |Jbghkbfuo _x \ulh”™i_j kIZg | [ulv iheh bl_evghc < 1Zdhf kemqgZ_ fZrbgzZ ¢

\ fhf_gl \j_f_gb \ khklhygbmf_gl \j_f_tgbm~_1 ijbghkblv \u]h”u k bgl_gkb\ghklvx
*fSTA&F $:R=8;= Mgblu\Zy qlh \ \u[ngguo _"~“bgbpZo klz\dZ ~"bkdhglbjh\Zgby jZ\gZz k
wlhc fZrbgu hij_~_eblky ih nhjfme_ fzZI_fZlbg_kdh]h h b”rZgby

8:V: L 6Jt «f SraVF $: P, We@HKa

4
Ilh~ agzZdhf fzI_fzZlbg_kdh]h h'b”rZgby a~_kv klhbl \a\_r_ggZy kmffZ g_hljbpZl_ev
xsbky \ gmevzgb g_m[ulZxsbo b \uimdeuo \gbaznnggdpjbdumZxsboihwlhfm b

V(z) [m~_l I1Zdhc _ D IBi¥Qi, VW°@PV
Imklg>0, >0 +fZehljbf_gbf ijbgpbi h brZgby \ulh~ d fZrbg_ ¥ bhiZendgmb
i_jbh~m ~ebl_evghWd wlhl i_jbh” fZrbgzlijughkm 2 dhgp_ i_jbh”"Z hdZ  _Iky \

kemqgZcghf khkbhydbls- kemqgZcgZy \_ebgbgzZ bf_xsZy jZ&GNatDelLob*Z k Ihq
ghklvx "h fZeuo [he__ \ukhdh]h ihj8~dZ b¥E :sfF YV;68:VF Q? HIkx"Z ke_"m_1l qlh k
Ilhgghklvx ~h fZeuo [he__ \ukhdh]h ihjy~rdZz
S
VF 8:V, L—,c’)>8'v F 8 VFQ%a

Bkihevamy mlI\_j " ~_gb_ mkeh\byf dhihjhlh mAh\g2)I\hihyemagnmygéipbjZz\_gkl\h
fh gh azibkzlvvizarv L =ii 700 ge@aihkdhewdan  ijbz<0, hikxAZ \ul_dZ_I mjZz\
g_gb_ "ey nm¥gdpbb

8:V, E =i, KNE@E=8V'5:V L VA (5)

]’\_'5:\/5Li?’%é@irbgl_]]Zengy ihdZzazl_evgZy nmgdpby agZq_gby dhlhjhc \ugbkeyxIky
guf nhjfmeZzf
Ilhkdhevdm nmy@pblyajzZzklZxszy bgl_ ]jZe \ nbjfmreeh bl_e_g a@2\yhkl

=8V,'5:V, OV WIlh ihal\hey_|I hﬂ(_)glb\lvlorﬁ\/owa

Ba\_kligh 'ql‘thH@Aijb fZeum Gh Ih]*"Z \[ebab gmeyY(@magklpbyy_ [uklj__ q_f

iT:i;20:i78;

@A 1Zzd MAb/z: ijbz: ,Z ]jZnW) dZkZ_Iky hkb Z[kpbkk \ IW¢y=0. | _
>Ze__ m”~h[gh ij_7~klZ\blv mjZ\g_gb_ \ bghf \b”_ >ey wlh]h h[hagZqghbf

VL+' VFT_BVFT, A’e@T
) WY Fav

b azf_Ibf qlh

"8:VF8IVFT, 2 i VFT_8:VFT; A’e sF AT
+ ————— K e@tsv+ I-{/E @ISV\—E)Va
4 T 8V

Wilh iha\hey | ij_~klzZ\blv \ [he__ m’\h[ghf Ney jZkq_lh\ \b"_
. i
8'\/’L5>OB/4 %>A| ca ©)

H[jZIbf \gbfZgb_ qlh nwgdpbmdez \gN@)4D. IThwihfm highr W#/z jZkl | k
jihklhz B(2)>0.

Wdki_jbf_glZevgu_ jZkq_
Hkgh\ghc p_evx jZzkq_lh\ [ueh gZoh *_gb_ ayZ2g gbraehgdpbechf_jghc k_Ildb k
az”Zgguf rZRhAi_ebqgbywV(nh) bGa=G(nh).
I_j_"gZgZehf bl_jZpbc ihke_ \u[hjZHH&bhgzx&@y2Zkv \kihfh]Zl_evgZy IZ[ebpZ agZ
g_gbc nmgHpWb\k_o g_h[oh”~bfuo IThgqdZo \dexqZ% b '\ #Ebglzkyg | ijhba\h~beky

ih nhjfme_ Auvgghyke _gby agZm(xgbkihevah\Zebkv ba\_klgu_ ij_"klZ\e_gby wlhc nmg
pbb \ \bA_ jy*Z b p_ighc *jh[b =jZ~rl_cg Ju bd nhjfmez Oh\Zgkdbc
(11.8)):
COFTP e
's:T; L F%FHIF | — L 5 a
v O F TESF =
TEUFTE Wz
1~ C « -ihklhyggZy Wce_jZ

Ijb wlihf ihgZ~h[behkv \W\h”~blv azZbVklyidih]BAl_evgu_ \_eBgbgugbkey_ fu_ ih
j_dmjj_glguf nhjfmeZzZf
e ijbx<2:
T LF%FHJ’ET$5a<><$(;Lsa<$aLsF $a>5a<JOO,,
e ijbx>2
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KIhbfhklgZy hp_gdZ fZrbg ih~\_j]ZxsijlopyklmiZ _1jZ~Zpbb

2é 6
'5:T; L?MCLTEOMéLTEtJFSF$ &J0OO0;a
5 4>5
>hklZlhggZy Ihgghklv ijb wihf h[_ki_N§$2®eZkv ijb
Kbkl_fa)-(5) j_rzeZkv f_lh~hf bl_jZpbc < dZq_kI\_ gZqZevgh]h ijb[eb’_gby ijbgb
)éLréBQLB:\é;LEpA—'“JWO— Ijb \ugbke_gbb bgl_G{z)e6As mgblu\Zehkv qlh hlghr_gb_

A>3

driciin y . S| X gy I
a éc-av ijbx: bf__1ij_7_ehf ijhba\hPgmbe— F- L;H@T’Alhwlhfm hp_gb\Zebkv ijb
[eb _ggu_ agZq_gby wibo ijipa\hAg&o

A @%FSA’ R

A Ta JL s;a

A 5 ) :
& p @ 's0JOO0a

Ot7crsFt7co6a  :JLO:a
Bgl_1jZ&zn)=Gn gZoh"bebkv ih nhjfme_ IjZi_pbc
a?5s5 2 ([
D74 T JFE_8, A
JaLodd EohE | & e Brg AT
t g J . J & E
Ilhke_ wlh]lh jZkkgblu\Zehkv hq_j_"~gh_ ijWfeb _gb_ ey
BLsFUSE=AE), FRE
1Zjzf_1j ih~[bjZeky 1Zd qglh[u h[_ki_gblv ~hklZlhggh [ukljmx koh~bfhklv bl_jZpbhg
p_kkZz
GZ jbk ij_~klZ\e_gu aZ\WkpfitkKilbgblZgd@Zgguf f_Ihf*"ew=1, 2 b3.
\%

5 "

4

---a=1
—a=2
..... a=3

2
3 4 5 6

Jbk AZ\bkbfhklv klhbfhklb fZrbgu hl bgl_gkb\ghklb ijbghkbfuo _x \u]lh” “ey jZagu
gbc izjzf_1jZ nhjfu D

G_j_~dh ijb hp_gd_ fZrbg g_ihkj_"~kl\_ggh ijbghkysbo “hoh”u hibjzZxlky gZ dhwn
iblzebazptbdghr_gb_ klhbfhklb d Jh*h\hfm “hoh”m dhlhjuc fh™_| [ulv hp-g_g ih *"Zggl
ZgZehlh\ AZ\bkbfhklv ZgZeh]bqgghdl)=\Wa/Zazh|elyr _gby klihbfllkbgl_gkb\ghklb
ijbghkbfuo \uftdzZazglgdlc gkb\ghikldhzazgz gz jbk

Dzd \b~rbf dhwnnbpb_gl dZiblZebazZpbb fZrbgu kms_kI\_ggh aZ\bkibkbhl bgl_gkb\g
fuo _x \ulh” ihwlhfm bkihevah\zZlv "Zhgde hifBkbchimklbfh IThevdh _keb hgb g_ kebrdl
kbevgh hlebgzZxlky ih ©baghr_gghklb® b ~Zxl ijbf_jgh h*bgZdh\u_ “hoh”u

C
0,8
e |
=======s=ssccoes
: SR ——
OY4 G S R e
0’3 - T e s =
S e T
2 e :
0,0 | | ‘ ]
0 . 2 3 4

Jbk AZ\bkbfhklv dhwnnbpb_glZ dZiblZebaZpbb fZrbgu _ \ hl bgl_gkb\ghklb ijbg
\u]h” "ey jZaguo agZq_gbc iZjZf_1jZ nhjfu D
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Ijbf_j Kiz\dzZ ~"bkdhglbje\Zgbyh~"KIhbfhklv gh\hc fZx¥gu feg jm[ Ih
NZgguf ijh_dlghc b wdkiemZlZpbhgghc "hdmf_glZpbb erngfh _I h[_ki_gblv ihemq_
oh~Z \ulB& feg jm[ ]1h™ Kj_"gbc kjhd kem~ [u Zdbe ertbrgwnnbpb gl \ZJprbb
kjhdZ kemzQ5s. Hp_gb\zZ_fZy ih"_j ZggZy ifjbrgk | qbklu_ “hoh”u k bgl_gkb\ghklvx
B feg jm[ ]1h” Hp_gb\Z_Iky __lkbhwfhkimqgl_f qglh 1/r=\0 e_|I

1. Bgl_gkb\ghWh”™ gh\hc fZrbgu khklzZ\ey_| feg jm[ ]h” Gh hgZ hiI\_qZ_I| dhwnnl
\ZjbZph#0,5 Lh]*Z \ khhI\_Ikl\bb k nhjfmehc b jbk hgZ #hz8gZbkhx8Z\eylv
k _\ k 1h~ lhwlhfm hfuggu_ b mkeh\gu_ "bgbpu kilhbfhklb khhighkylky dzd
2. Kj_ gbc kjhd kem™[u gh\hc erbgu thlzeey _\>ey wlh]h ~he“gh \uihe

gylvky \lhjh_ ba jZ\_gddlL 6: éM,L— LZdh_ JZ\_gkI\h h[_ki_qb\Aa=1l48/ ijb

3. ljh\_"y jZkq_Ilu baeh _gguf \ur_ f_Ih~hf gzZc~_fvaxijblkebId&lv< gZklghklb
ihemqgbf Klhbfhklv gh\hc fzv@2@)r1,68 _ Khwlhfm h[uggu_ b mkeh\gu_ _“bgbpu klhbfh
klb b bgl_gkb\ghklb \ulh” khhlghkylky dzd b khhI\_IkI\_ggh Mgblu\Zy wlb
ihemqgbf qlh bgl_gkb\ghklv gbkluo “hoh”~h\ hp_gb\Z_fhc fZrbgu \ mkeh\guo _"bght
z=2,5/10 16,8=4,2.
4. Bkihevamy gZc*_ggmx aZ\Wihfhkly_gbf klhbfhklv fZr b\y(r)=2,90
b\ feg jmJ[

AZ\bkbfhklv klhbfhklb fZrbg hl \hajzklz
< wlhfjzar_e_ fu [m~_f kqblZlv ba\_klgwfbziZiZfZtju nmy@pbyleyxsmxky

j_r_gb_f mjz\g_ gby H[hagZgtb fik§_jkja "gxx klhbfKglvfZrbg \hajztkbzkhhl
\_ IkI\mxsbc kj_~gbc dhwnnbpb_gl bo ]h*ghklb

<havf_f gh\mx fZrbgm gZ ~ZIm hp_gdb \ fhf_gl \j_f_gb Baf_g_gb_ __ khklhygb
hibku\zZ_lky ]Zififp _ k k hef(t)=z0-B(t,a IZd glh kemqgZcgZyz\z(§=B@Gadybf__ | jZKij_

N e _gBA(at KhhI\_lklI\mxs_c nmgdpb_c jZkij_~_e_gby \ gZrbo IQ(katgZgh gbyo [m"_l
wlhfm k \_jhylghdgsat hgzZ fh' | ij \ukdblb hdZ" Ikyz(tqlh Gh Ih]*Z fZrbgZ [m”_
mibebabjh\ZgZ \ \hajzkl_ f_dvrZ f*hg\HajZkjlzklh g_ ~h b\_| lhwlhfm gh\Zy erng
ARb\_I A“h \hajZkIZ jhylghkQgz,at).

JZkkfhljbf I_i_jv fZrbgu “~h b\rb_ ~ht\hag¢¥kdbo mf gvr gb_ bgl_gkb\ghklb ijbgh
kbfuo \u]hk#fz(t)=B(t,a [m~_| kemchghc \_ebqgbghc JZkIJ = _e [Qgmlhle gZ »hdj cad _
nmgdpbx jZkij_"_&@3gBy¥.P, QT=L EElechb iehlghklv jZkij_ W—%y

D Ilhfm ° keb jZagthHxlvIkEt)=z0x Z klhbfhklv fZrbguZh»gZ Ihwlihfm kj_~gyy
klhbfhklv fZrbg ~hklb]rbo \hz{rrZ’kIZJZ\gZ

R Liy s\gFT:ffjg@a @

KhhI\_lklI\mxsbc kj_"gbc dhwnnbpb gl Th~rghklb ijb wihf khklz\bl

GPLAQ Ll’*j 8)

ljbf_j JZkkqgblz _f aZ\bl«I(t)‘rklfI_\/\g lh dhwnnbpb_glZ hrgdk Itba |be jzl
\hajZklK gh\hc fZrbgu wlhc fZjdb kthbfeglvim[ kj_“~gbc kjhd kem™[u e | dhwnnb
pb_gl \ZjbZpbb kjhdZtkemfu gZqZe_ wdkiemZlZpbb hgZ ijbghkbl \u]h~u k bgl_gkb\g
feg jm[ ]h” Ijb klz\d_ ~bkdhglbjh\Zgby ]h~r m [Zdbo fZrbg iZjzf_Ij nhjfu jZkij

a=1,48.
Bkihevamy ihkljh_ggmx ~ey IZdbo fZrbg azZ\bkbfhklv kiMEhklbhifrk@kklhygby

fh gh jZkkqgblZlv azZ\bk@fhkiIvig_lh dhwnnbpb_glZ Jh~ghklb hl \hajzZzklz HgZzZ ij_"klZ\e._

jb k6.

0,0 T T T T T T T ot
0 4 8 12 16 20 24 28 32

Jbk AZ\bkbfhklv kj_~g_]h dhwnnbpb_glZ ]h~ghklb fZtbuhl \hajzklz

DZd \bAbf k \hajzklhf kj_~gb_ dhwnnbpb_glu JThAghklb m[u\Zx| ~h\hevgh f_“e_gg
\bl_evgh \\b~m ~hklZlhggh [hevrh]h jZa[jhkZ kjhdh\ kem [u
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KIhbfhklgZy hp_gdZ fZrbg ih~\_j]ZxsijlopyklmiZ _1jZ~Zpbb

AZdexq_gb_

HAghc ba \hafh guo fh~_e_c ijhp_kkzZ ~_1jz"Zpbb fZrbg fhijhbkkkn bjluf]Zffz
gbl_evgh d IZdhfm ijhp_kkm gZc”_gu y\gu_ \ujzZ _gby "“ey kj_"g_]lh kjhdZ kem [u fZr
pb_glz _1h \ZjbZpbb Z 1Zd _ ihemq_gh bgl_JljZevgh_ mjzéplgjzlngj_ hbbEZggh]lh \
r_gb_ dhlhjh]lh k\yaulZ_I jughqgmx klhbfhklv fZrbgu k bgl_gkb\ghklvx ijbghkbfuo _Xx
hlkmlkl\bb bgnhjfZpbb h ijbghkbfuo fZrbghc "hoh”~"Zo hp_gsbdb hibjZxlky gZ "Zggu_ F
bfhklb ZgZeh]bqguo fZrbg Ih]h “_ \hajZkho &hwltbdlpihevah\Zlv ihkljh_ggmx azZ\bkb
fhklv kj_~g_c klhbfhklb fZrbg hl \hajzklz 1jzdlbqg_kdh_ ijbf_g_gb_ khhiI\_lkl\mxsbo f
Ijm~rgy_lky hlkmlkI\b_f gZ~_"ghc bgnhjfZpbb h dhwnnbpb_glZo \ZjbZpbb kjhdZ kem™]
oh”"Zo \ulh”"Zo ijbghkbdfgsdafb h~ghc fZjdb fh”_eb fh~ bnbdZpbb
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1. ;_ey\kdbc = B >Zgbeh\Z Gjkp_kku E_\b H[haj_gb_ Ijbdez~ghc b ijhfure_g
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Sergey Smolyak . Valuation of machines subject to degradation described by the gamma process

.H\ZRUGYV
Machinery and equipment, benefits, degradation, gamma process, service life, valuation, income approach

DOI: 10.34706/DE-2026-04-01
JEL classification: D46, C44

$EVWUDFW

We examine a problem associated with assessing the market value of machinery and equipment (herein-
after referred to as machines) that degrade during their intended use. Machine degradation is described by a
gamma process, a Levy process with independent, non-negative random increments (subordinators) that have
a gamma distribution. In established valuation methods, the value of a machine and its remaining service life
are related to its age or operating time. We link them to the benefits (income) from its operation. Using general
principles of asset valuation and probability theory methods, we can derive analytical expressions for the aver-
age service life of a machine and its coefficient of variation, as well as an integral equation for the dependence
of the machine's value on its condition.
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i rzZxsb_ ijZ\beZ dezZkkbnbdZpbb gZ hkgh\_ ~_j \Z k

Q_jgZ\bg IBgl_jij_Ibjm_fu_

M > 004.85

Bgl _jij_Ibjm_fu_ j rZxsb_ijZ\beZ deZkkbnbdZpbb
gZ hkgh\_ ~ j \Z k_dmsbo ]bi_jiehkdhkl_c
Q_jgZ\bg | ?dzl_jbg[mj]

B cTaTbe aHaM3npyloTCa pasnuuns Mexzay MHTepnpe TUpyeMbiM 1 O6GbSCHUMbIM KC-
KyCCTBEHHbIM UHTEeNIeKTOM. [1Ba 3TUX MOHATUA pacCMaTPUBaO TCA aBTOPOM Kak pas/iny-
Hble, XOT S Y B3aUMOAOMO/HALLME NOAXOAb! K peLleHnio 3a4ay MallMHHOro 0byyeHus. Ha oc-
HOBaHWW NPOBEAEHHOIO aHa/iM3a asTopPoM NnpefnaraeTcs NpeAcTasATh pellaoLye npa-
BMMa 418 3a4a4y knaccudukaumm B Buae APeBOBUAHON CTPYKTYpbI, HO B €€ y3/1ax 1Cnosb30-
BaTb He OTAe/bHble BXOAHbIE MpU3HaKW, a CeKyLume runepnaockocTu. Takoi noaxos no3so-
NAeT oueHuBaTb MHAOPMATVBHOCTb K&KA0ro BXOAHOIO Mpr3Haka B 0T Ae/IbHOCT U 1 BCeil
COBOKYMHOCT Y NPU3HAKOB B KaXKA0OM y3/1e 1 NoslydaThb UHTepnpeTupyemMoe peLuatLLee npa-
BW/IO B LLE/IOM /151 BCE MOLENN C BbICOKMMW MEeTpPYKamM/ KayecTBa pellatllero npasuia.
MpuBeaeHbl NpUMepbl NPaKTUYECKUX 3a[a4, PeLleHHbIX fJaHHbIM cnocobom. Bo Bcex cnydasx
No MeTpVKam kayecTBa JepeBo CeKyLUMX rMnepnaiockocTel NpeBocxoanno AepeBo peLle-
HWiA, NOlyYeHHOe T PaauLMOHHbIM cnoco6om, n nmeno AUC ROC conocTasuMyto CO Cryyaii-
HbIM NIECOM.

MjyZevkdbc n_~_jZevguc mgb\_jkbl_I

<\_"_gb_

AgZgby b bgnhjfZpbx qgZklh kljmdImjbjmxl gZ hkgh\-Dwbfifftee :ddhnz
(Lankow < "Zgghc klZlv_ ibjzfbnrzZ ',.: bkihevam_I|ky dZd dhgp_ilmZevgZy jzfdz il
kljmdImjbjh\Zlv Ij_[h\Zgby d bgl_jij_Ibjm_fhklb fh~_e_c¢ Z g_ dzZd nhjfZzevgZy f_lh~"
hkgh\Z ihkljh_gby bgl_jij_Ibjm_fuo j_rZxsbo ijZ\be >ZgegZy ilmjhflod V¢ "Zev
g_crbo jZzkkm™ A _gbc \b~_ ij_"klZ\e_gZ \ LZ[ebp_

LZ[ebpZ IbjZfb"r"Z :d®wfZ[ eeZ \ I1Z[ebqghf \b"

< Mjh\_gv| Hij_~_e_gb_ < q_f kmlv GZ dZdhc \hijhk
ibjz \_qz_lI
fb u

1 KblgZeu FZI_jbZevgh \hiehs_ggu_| Ex[u_ baf_jy_fu_ bfimey ©Qlh ijhbkoh”bl

khh[s _gby kj n~ va
2 >Zggu_ | Kh[jZggu_ kb]gZeu GZ[hj nZdlh\ beb gZ[ex’/ ©DZdb_ agZq_g
[_a bgl_jij IZpbb ihemgbeb"?

3 Bgnhjfz
pby

>Zggu_ h[jZ[hlZggu_ "ey
ih\ur_gby \_jhylghklb ijz
ghlh j r_gby

KljmdImjbjh\Zggu_ ~Zgg
\uyle_ggufb k\yayfb dh
klhf b agZq _gbyfb

©Qlh hagzZqgz_|I

4 AgZgby

F_ozZgbafu bkihevah\Zghby
nhjfZpbkbgkljmdpbb Ze]
jblfu j p_ilu

Kihkh[u ijbf_g_gby bgnh
pbb ey “hklb™_gby j_an

©DZd wlh bkihe
\Zly"2

5 | Ihgbfz

lhgbfZgb_ ijbghkgh”klI\_gg

HkhagzZgb_ ©ihg_fm?2 b |

©lhg_fm wlh 1zZd

gb klya c ijhlghabjh\Zlv ihke "kl\
G_kfhljy gZ agZgbl_evgu_ mki_ob \ jZa\blbb bkdmkkI\_ggh]lh bgl_ee_dlZz BB \ i
Ibe_Ib_ \ gzZklhysbc fhf_gl "hklZlhggh ohjhrh hk\h_gu lhevdh g_luj_ i_j\uo mjh\gy il
_klv kms_klI\mxl| jZaebggu_ f_Ih~u ZgZebaz ~Zgguo ihg\heyXxsdh h\gZhbRghx_j_
rzxsb_ ijzZ\bez Jli dhihju_ fhlml ijh]lghabjh\zZIv \_jhylghklv dhg_qgh]lh j_amevizl|z
e_gghf gZ[hj_ b agZq_gbyo \oh”guo ijbagzZzdh\ Lzdb_ JI ~Z°_ \ emqr_f kemqZ_ y\ey:
gbyfb gZ hkgh\_ dhlhjuo fh 'gh khandpdblyw hggljilu dhfivxl_jgu_ kbkl_fu gh [_a ihyk
g_gby ijbgbg ihg_fm ke_"m_I| ~_eZlv bf_ggh 1Zzd Lh _klv fgh]lb_ JI g_ ~ZxI| hI\_1Z
g_fm"2 < jyr kemqgZ_\ wlh]h \iheg_ ~“hklZlhggh gh _keb j_qv b”_I| h \ug_k_gbb kn
ijblh\hjZz nm~rgdgbb "bag_ggh \Z'gh]h hjl]ZgZ beb mgbqglh _gbb kZfhe_1Z gZjmrbl_ey \ha“
kljzgklI\Z 1h ebpm ijbgbfZxs_fm wlh hI\_IkI\_ggh_j_r_gb_ \ [hevrbgkl\_ kemqgz_\ aZz
Zilmf_glZpbx ihg_fm \k_ "_ wlh ke_“m_I| ~_eZlv Thwlhfm \gpdlelhghbb figfZigZ\ha
e_gb_bgl_jij_Ibjm_fuc BB b Ij_[h\Zgby h[ h[yaZl_evghc bgl_jij_Ibjm_fhklb BB m™_ \g
azdhgh~zZl_evkl\h jyrZ kljzg < ]hAm ij_~klZ\bl_eb kljzg ih~"ibkZeb ©;e_Ilqgeb_\k
pbx2 dhlhjZy ijbaulzZ_1 d f_""mgZjh~dhfnklkimljlongklZgh\e_gbx Jeh[Zevguo klZg”~Zjlh
"ey BB m”_eyy hkh[h_ \gbfZgb_ wlbqg_kdbf Zki_dIZf bTheBlejdtley Dpdarition) b

G_kfhljy gZ g_h[yazZl_evguc 0Zjzdl_j ih~h[gu_ ~_deZjZpbb nhjfbjmxl ijZdlbdm
smx \ebygb_ gZ\Hghply j_]Imeylhjh\ b gZ~ahjguo hj]JZgh\

Bgl_jij_Ibjm_fuc b h[tykgbfuc BB

HIf _Ibf glh \ ~Zgghc klZlv_ Zdp_gl [m"_| k~_eZg gZ aZ"ZqZo deZkkbnbdZpbb Ke
ihgylby bgl_jij_Ibjm_fhklv fh*_e_c b j_rZxsbo ijZ\be BB b bo h[tykgbfhklv >Zgguf ij
ihk\ys_gh [hevrh_ dhebq_kl\h gZmqguo jZ[hl dZd m gZk \ kKEgdh\;bjxdh\
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<hjhgph\ RImdzZImjh\ 1Zd bGariirjgn2019h Killer, 2019; Samek, 2019; Marcus,
2020; Molnar, 2025; Gilpin Hkgh\gu_ jZaebqgby ih fg_gbx Z\lhjzZ klzZzlvb f_"~m bgl_jij_I
fuf b h{tykgbfuf BB ijb\_~_gu \ IZ[ebp_

LZ[ebpZ KjZ\g gb_bgl jij Ibjm fhlh b h[tykgbfh]lh BB

Djbl_jbc Bgl_jij_lbjm_fuc BB H[tykgbfuc BB
Qlh wlh Fh” _ev ihgylgZ kZfzZ ih k_[_ Fhr _ev lj [m_Il\g_rg_]h h[tykg_g
1jbf_ju fh ](Egbhg\—‘f(ﬁ]\zyg—j“\—hk'j‘bry geblig—dcegzhk—kg)zni =em[hdb_ g_cjhk_Ib Zgkzfleb ;*
-e_c imdeufb h[hehqdZfb Random Foresf)
] . . <g_rgb_ ijh]ljzffu ZgZebaZ ehdZe
Ki_~KI\Z ih %glz.f)bakddhz""”gblpb.i—.g'lg\ bk””;f]'iwé“t Jeh[Zevghc bgl_jij_Ibjm_fhklb /|
gbfzgby i"hf'zqf_f e Y gzgjbé‘z p v (m Ikg SHAP, Grad-&$0 $QFKRUV b Aj <
Il y £9 9 H_tm_Iky ijb\_~ gu \ZjbzglZ ijh]jZfi
ljhajZgghk| IlhegZy Z¥ER§YHgZ \k_o wlZiZo QZklbggZy -EBDKMNMJ[tykg gb_f
libf b Djblbg_kdb_ h[eZklb f_"~bpbgZ nlf Keh'gu_ fh~_eb ]~_\Z°gZ lhqgqghk
1079991 §iZ\n gm-gh hltykg gb
LZdbf h[jZatmfrepnpeTupyemoctb £ wlh ihgylghklv kZfhc fh”_eb H[tykgbfhklv hagZqgZ_
glh ~Z°_ _keb fh”_ev kehjgzyg psiyd fu fh™_f ihkljhblv \g_rgb_ kj_"kI\Z h[tykg_gby

_j_r_gbc < gZklhysbc fhf_gl _klv "\Z \azZbfhk\yaZzgguo gh kZfhklhyl_evguo gZijz\e
ij_Ibjm_fuc BB ,QWHUSUHWDEOH $, b H[tykgbfuc BB ([SODLQDEOH $, H”gZdh
khh[s_kI\hf jZa]jZzgbagulgb ihgylbc hlkmlkI\m_I ?klv Ihgqdb aj_gby qglh bgl_jij_Ibjm_f
yley_Ilky gZklvx h[tykgbfh]h ;bjxdh\ >MohdbC _klv ijhlb\hiheh gu_ mlI\_j
“N_gbWamat evs, 2022; Yuan, 2021; Rahimi A b _klv fg_gby qglh gq_Idbo jZaebgbc f_""m wlb
ihgylbyfb gArya HIf_Ibf qglh \ jy~_ fhf_glh\ fg_gby klhjhggbdh\ jZaebqguo \aley"t
~ylky

1. DZqg_klI\h j_rZxsbo ijZ\be \ h[hbo kemqglkyohhp_epddfb klzZzg~Zjlgufb f_Ijb
dzfb $8& 52& $FFXUDF\ 3UHFLVLRQ b Ii >Zggu_ f_Iljbdb hp_gb\Zxl ij_~kdZaZzl_
fhr_eb gh g_ yl\eyxlky *“hklZlhgguf mkeh\b_f "ey __ bkihevah\Zgby \ j_Imebjm_fuo |
gylby j_r_gbc

2. H{tykg_gb_ beb bgl_jij_IZpby “he gu [ulv ihgylgu ki_pbZebklm \ dhgdj_lghc h[e

?keb \i_j\hf kemqzZ_ \k_ ihgylgh TIh \lhjhc ihjh™~*Z_1 [hevrh_ dhebqg_klI\h \hijhkh\
fh gh baf_jblv kl_i_gv ihgbfZgby g_eh\_dhf" <b”bfh lhevdh ba h[sbo khh[jZ _gbc b k

K IThgdb aj_gby Z\lhjz bgl_jij_Ilbjm_fhklv baf_jy_Iky kljmdImjgufb f_ljbdZfb fh”_ek
jbdb hibku\Zxl gZkdhevdh e_]dh ihgylv kZfm fh”_ev Ilhwlhfm bo fh gh \ugbkeblv ijhk
fh~_eb b _keb fh~r_ev khhI\_IkI\m_I wilbf f_ljbdZf Imh&Z bglZ jijbodj jij_Ibjm_fh_
j_rZxs__ ijZ\beh >Zggu_ f_ljbdb ijb\_~_gu \ IZ[ebp_ b gZp_e_gu gZ ZgZeba fh"~_e

LZ[ebpZ F_ljbdb bgl jij lbjm_fhkib

< F_ljbdz Bgl_jij_lZpby
1 Qbkeh bgnhjfZib\guo \( Q_f f_gvr_ \oh”guo ijbagzdh\ |_f \ur_ bgl_jij_lbjm_f
guo ijbagzZdh\
2 JzZaf_j fh~_eb Q_f f_gvr_ Jem[bgZ ~_j_\Z ebklv_\gZ ~_j_\_ qge_gh
guo jZa"_ebl_e_c b 1l |_fijhs_ bgl_jij_Ibjh\ZIv
3 Kh[ex”_gb_ h'b”Z_fuo| AZ\bkbfhklv hldebdZ hl ijbagzZzdZ g_ ijhlb\hj_qgbl a*jZ
kbfhkl_c GZijbf_j jzZkl_I "hoh”~ghklv agZgbl jzZkl_Il jbkd M\_g¢

kI\h e _cdhpblh\ m\ _ebqgb\Z Iky \_jhylghklv aZ[he \Z
KlZ[bevghklv h[tykg gl Q f f gvr_ baf gyxlky h[tykg gby ijb fZeuo baf g gl
lhgbfZgb_ kljmdImju \| NhjfZebah\Zggh_ jZa[b_gb_ \oh”~guo *Zgguo gZ hl”_g¢
NZgguo \ ijhkljZzgkI\_ bl mijhsZ_1 \hkijbylb_ b ihke_"mxs__ ijbf_g_gb_ j_rZxs
fZlb\guo ijbagZdh\ Q ff gvr_ [m”™ 1 1Zdbo h[eZkl c¢c | f emqgr_

?keb fhr_ev wlibf f_ljbdzf g_ khhI\_IkI\m_I Ih hgZ g_ bgl_jij_Ibjm_fZ gh fh™_| ~Z
fh_ j_r_gb_ Fh'gh kdZaBbgcHmidtTs twlh kha~rZgb_ bgl_jij_IZpbc ey g_ bgl_jij_Ibjm_
fuo j_r_gbc Ilhwlhfm ZgZebabjmxlky j_r_gby “ey hl*_evguo ijbf_jh\ ehdZevgZy h[tyl
_keb gZ hkgh\_ IZzdh]lh ZgZebaz fh gh khanzZlv g_dhlhjh_ p_ehklgh_ h[tykg_gb_ Ih it
gZy h[tykgblwthkLzdbf h[jZzahf h[tykgbfhklv baf_jy_Iky dzZq_kI\hf b kliZ[bevghklvx h[ty
j_amevlZlh\ \u~rZgguo 3q_jguf gsbahi"hIK_Iblv qglh ij_~eh’_ggu_ f_ljbdb g_ij_I_g”~mx
gZ iheghlm h~gzZdh ihalheyxl nhjfZebah\zZlv bgl_jij_Ibjm_fhklv dZd k\hckl\h kljmdImj
dzd km[t_dlb\gh_ dZq_klI\h h[tykg_gby Ihke_7~gbc imgdl LZ[ebpu Ij_[m_I hl*_evguo

Bgl_jij_Ibjm_fhklv f_Ijbdb dZq_kI\Z j_rZxs_]h ijZ\beZ kljmdImjZ ~Zgguo

H[uggh ijbgylh kqblZlv qlh _klv g_dhlhjh_ ijhlb\hj_qgb_ f_"~m bgl_jij_Ibjm_fhklvx
b _1h IhqgghlArya 2019; Gilpin, 2025; Molnar >hklzZlhggh qZklh mI\_j"~Z _Iky qlh keh gh b
|_jij_lbjm_fu_ f_Ilh~u 1Zdb_ dZd g_cjhggu_ k_Ib beb kemqgZcguc e_k bf_xI f_ljbdb d.
xs_lh ijz\beZ [he__ \ukhdb_ q_f gZzZijbf_j j_r_gby ihkljh_ggu_ gZ hkgh\_ ebg_cguc
e_c beb [eb Zckbb_~_ ¢ GZ kzfhf ~_e_ \k_ aZ\bkbl hl kljmdImju ~Zgguo GZijbf_

SIS
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Q _jgzZ\bg IBgl jij Ibjm _fu_j rZxsb_ ijZ\beZ deZkkbnbdZpbb gZ hkgh\_~ j \Z k

fgh _kI\Z ebg_cgh jza”_ebfu Jbkmghd Ih bkihevah\zZlv ~Z"_ ijhklh ~_j_\h j_r_gbc
kI\_ kemqgzZ_\ [_kkfuke_ggh |_f [he__ kemqgZcguc e_k ?keb "_ fgh _kI\Z \hh[s_ g_ev:
\Zlv Jbkmghd Ih ex[hc ba f_Ih~h\ g_ ~Zkl bgl_jgjbybjmz_fhitkgbrf Ijbdb dZq_klI\Z

deZkkbnbdZpbb [m"ml \ukhdbfb < ihke_~g_f kemqZ_ gZbemqrb_ j_amevlZlu *"Z"m]l f
khk_~_c beb ihl_gpbZevguo nmgdpbc gh bo g_evay gZau\Zlv bgl_jij_Ibjm_fufb 1zd
h{s_c dzZjlbgu g_ khhI\_lklléimxl kZ WIh h[tykgbfu_ f_Ih”~u ihlhfm qglh hgb ~ZxI lhevc
ehdZevgmx h[tykgbfhklv gZ hkgh\_ dhlhjhc \jy®» eb fhgh ~hklbqv iylh]l]h mjh\gy ibjz

Dwfi[_eeZ
200 200 4 . .
150 s ¢ 150 o % Ve e g o
° =’
100 ge °p° 8,0 100 @ s L 1 AR
50 e o 50 ° 2 X A '.' ¢
o o % 0 ° % b °
0 20 40 60 80 100 c 2 40 60 80 100
Jbk Ebg cgh jZza”_ebfu_ fgh'_ Jbk Fgh' kI\Z [_a kljmdIm]

lhijh[m_f gZ hkgh\Zgbb \k_]h \ur_ kdZaZgghlh knhjfmebjh\ZIlv Ij_[h\Zgby d ohjhrt
Ibjm_fhfm Zelhjblfm deZkkbnbdZpbb

1. \ukhdb_ f_Iljbdb bgl_jij_Ibjm_fhklb
\ukhdb_ az~Zggu_ f_ljbdb dZq_klI\Z deZkkbnbdZpbb
\ukhdZy ehdZevgZy b ]Jeh[ZevgZy h[tykgbfhklv
hp_gdZ bgnhjfZlb\ghklb gZijZ\e_gby b kl_i_gb \ebygby dZ ~h]h ijbagzdZz
. ihgbfZgb_ fh gh eb \oh?gu_ ~"Zggu_ kljmdIimjbjh\ZIv

ljbg_f _keb ijbgylb_j r_gby fh gh jZa[blv gZ wlZiu maeu Ih knhjfmebjh\Zggu_ |
"he gu \uihegylvky \ dZ°~hf mae_ 1|h fg_gbx Z\lhjZ h~”gbf ba IZdbo Ze]lhjblfh\ fh™ |
jblf ihkljh_gby ~_j_\Z k_dmsbo ]bi_jiehkdhkl_c

> j_\h k_dmsbo Jbi_jiehkdhkl_c

>j_\h\b~gZy kljmdImjZ ZelhjblfZ h[uggh ohjhrh \hkijbgbfZ_Ilky ijZdlbg_kdbfb ki_p
ba jZaebgguo h[eZkl_c _keb bf__| fZeh maeh\ b \_IBach, 2083h\dqirtak, 2025).
Ebg_cgh_jZa”_e_gb_ fgh  _kI\ ]bi_jiehkdhklvx Ih*_ ohjhrh bgl_jij_Ibjm_Iky ihlhfm q
dhwnnbpb_glh\ ]bi_jiehkdhklb i_j_~ \oh~gufb ijbagZdZfb fh gh ihgylv gZijZ\e_gb_ \e
dj_Ilgh]h ijbagzdzZz Z ih agZq_gbyf _keb \ohBpuzZdZgohgylyhkfl_i_gv wlih]h \ebygby
gZ \uoh”~ghc j_amevlZl H[t_~"bgmpbihwdbédh\ ijb gZebgbb \h \oh”guo "Zgguo "Z"_ keh"
kljmdIimju Jbkmghd ihal\hebl ihkljhblv j_rZxs__ ijZ\beh k ]hjZa~h f_gvrbf dhebqg_k
qg_f ijb dezZzkkbqg_kdhf ihkljh_gbb ~_j \Z j_r_gbc 1Zd dZd ihke_~g__ yl\ey_Ilky gZklgu
j_\Z k_dmspbi_jiehkdhkl_c >Z"bf ]jZnbgq_kdmx beexkljZpbx ihke_~h\Zl_evghklb ~_«
mkeh\ghf ijbf_j_

UcxoaHble aaHHbie MNepBoe oTceyeHMe :Jzan_kdzy beekuJZpby mllh
sZ_| h[tykg_gb_ j_rZxs_]h
ijZ\bezZ aZzdZagbdm bkke_"h\Zgby
Dhg_qgh ~Zlv iheghp_ggmx ]jZ
nbg_kdmx beexkljZpbn ~ey
f_jghlh ijhkljzgkl\zZz ~hklZz
Ihggh azZljm~gbl_evgh gh h[uqggh
\iheg_ ~hklzZlhqgh h[tykg_gby
glh fgh™ _kI\h gZ[ex”~_gbc \ ijh
kljzgklI\_ ijbagzdh\ fh gh jZa
[blv gZ hI*_evgu_ h[eZklb _keb
\f_klh ebgbc bkihevah\ZIlv ]b
i_jiehkdhklb dzZ ~Zy ba dhlhjuo
bf__ | dhgdj_lghpfmem H~*
gbf ba kihkh[h\ ihkljh_gby IZ
dh]lh j_rZxs_]h ijz\bezZ fh™_lI
[ulv ke_"mxsZy fh”_ev

AW

Jbk BeexkljZpby ihke_~h\Zl_evghklb ~_ck
mkeh\ghf ijbf_j_ Fh~r_ev ebg_cghlh ijh
liZfftbjh\Zgby k qZklbggh [m
e _\ufb i_j f_ggufb ~ey ihkljh_gby ~_j \Z k_dmsbo ]bi_jiehkdhkl_c
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lhkljh_gb_ j_rZxs_lh ijz\bezZ ~_eZ_lky bl_jZpbhgguf kihkh[hf GZ dZ ~hc bl_jzZpbb
"ey dZ ~h]lh dezZkkzZ hij_~_eyxlky dhwnnbpb_glu ]bi_jiehkdhklb ~Zxs_c fZdkbfZevgr
\bevguo hlk_g_gbc Ba “\mo ]bi_jiehkdhkl_c \ dZq_kI\_ k_dmsfZzdRbfBe&Z glhyxy "ZxszZ
"hex ijZ\bevguo hlk_q_gbc HIk_qgq_ggu_ gZ[ex”_gby bkdexqzZxlky ba ~"Zevg_cr_]h jZ
ijhp_kk hlk_qgq_gby ih\lhjy_Iky ~h |I_o ihj ihdZ ~“hey g_jZa”_e_gguo gZ[ex”_gbc klZg
"Zgghc \_ebgbgu beb [m”_I \uiheg_gh gbkethazZz®2Zgguo bhpZkk \k_]12Z koh~blky _keb
g_| Z[khexlgh h*"bgZdh\uo gZ[ex”_gbc h~gh\j_f_ggh ijbgZ~e_"Zsbo "\mf dezZkkzf FZ

>Ze__ [m~_I| bkihevah\ZgzZ ke_"mxsZy kbkl_fZ h[hagZq_gbc

>ey hibkzZgby \oh”guo ~Zgguo

5 bexfgh _kI\Z gZ[ex~_gbc dhlhju_ g_h[oh”bfh jZa”_eblv

++fgh _klI\h ijbagzZzdh\ dhlhjufb hibkulZ_Ilky gZ[ex”_gb_

2yvi-uc ijbagjZldlh gZ[ex”_gby

6 fgh _kI\h bl_jZpbc ey hij_~_e_gby dhwnnbpb_glh\ jZa”_eyxsbo ]bi_jiehkdhkl_c

I _j_f_ggu_ hij_~_ey_fu_gZ dZ ~hc bl_jZpbb

=%- dhwnnbpbt-lg¢ 1bi_jiehkdhklibhtkyijbagZdZ ey hlk_q_gby deZkkZ

> k\h[h~guc qtehg ]bi_jiehkdhklb ey hlk_q_gby deZkkZ

Ve [me_\Z i_j_f_ggZy nbdkbjm_I jZkihé@hgZgdx”_gby gZijZ\e_gb_ highkbl_evgh
]bi_jiehkdhklb ey hlk_q_gby dezZkkz

- dhwnnbpbt-lgt 1bi_jiehkdhklibhtkyijbagZdZ ey hlk_q_gby deZkkZ

> k\h[h~guc qtehg ]bi_jiehkdhklb ey hlk_q_gby deZkkZz

Vg [me_\Z i_j_f_ggZy nbdkbjm_I jZkihé@hgZ§dx”_gby gZijZ\e_gb_ highkbl_evgh
]bi_jiehkdhklb ey hlk_q_gby dezZkkz

0sb0§ +gbkeh g_ijZ\bevgh deZkkbnbpbjh\Zgguo gZ[ex”_gbd¢hRZ WWhjE phetz kkZ gZ

@b@+"hey ijZ\bevgh deZkkbnbpbjh\Zgguo dZtmdhbt eZlpld gz

GZ dZ ~hc bl_jZpbb \uihegyxlky ke_"mxsb_ ~_ckl\by

Hij_~ e _gb_dhwnnbpb_glh\ k_dms_c Jbi_jiehkdhklb *ey deZkkZ

I pWEEXE. O R' FD s &#D6 s;
(PA
I 0= E>XQF' FD,,&#D6 :t;
(PA
i \&LoOS PD6 :u;
YA
e ce0S
Hij_~ e _gb_dhwnnbpb_glh\ k_dms_c Jbi_jiehkdhklb *ey deZkkZ
I U5 EXR' FD s #D6 :v;
PA
I W05 EF. U\ QF FD,,#PD6 :w
PA
i \&LO§ PD6 :x;
YA
e ce 0§
Hij_~_e_gb_ ~he_c ijZ\bevghc deZ&&k-thrcbdZgBpbb
087 F 0¢ i oai A A
@LW 0 FAOEBENATACEAIEAOOES
?5
@Lﬂ%gyﬁ 04 FAOESARRTACEDEAOOE

< dZqg_kI\_ k_dms_c ]bi_jiehkdhklb \u[bjZ_Iky bf_xsZy gZb[hevrmx “hex ijZ\bevg
nbdZpbb Dhebqg_klI\h g_ijZ\bevgh deZkkbnbpbjh\Zgguo \ wih dezZzkk_ mf_gvrZ_lky d
\bevgh dezZkkbnbpbjh\Zgguo \ "jm]hf deZkk_ hklZljkydgnjvaf* gguZ j_ r_gbc ey
mkeh\ghlh ijbf_jZ ijb\_~_gZ gZ jbkmgd_

Ke_"m_I| hif_Iblv qlh kljmdImjz ~_j \Z k_dmsbo iehkdhkl_c fh _I [ulv jZaebqghc
hl kljmdImju "Zgguo bkihevam_fuo ebg_cguo jZa”_ebl_e_c b Ze]hjblfh\ ijbgylby j_r
>ey aZ”Zq hlghkbl_evgh g_[hevrhc jZzaf_jghklb g_kdhgwdhohikyh_gg[exevIZIu
ANZ _1ijb\_~_ggZy \ur_ fh”_ev ;he__ ih*jh[gh I1Zdb_ fh~_eb h[tykg_gu \ Q_jgZ\bg
NZq [hevrhc jZzaf_jghklb \f_klh [me_\uo i_j_f_gguo emqr_ bkRekval® ZlyZhbgdpbx
2023).
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I_j\hgZgqZevgh h[Z ih”"oh"Z
[ueb Zijh[bjh\Zgu b kjZ\g_gu k
Aim]bfb f_Ih~Zfb fZrbggh]h
h[mg_gby gZ hkgh\_ ~Zgguo ba j_
ihablhjbycCl (UCI J_
amevlzZlu jzZzkqg_lh\ ijb\_~_gu \
Q_jgZ\bg GZ ijzdlbd_
jZkq_lu gZ hkgh\_ fh~_e_c eb
. g_cghlh ijh]jzffbjh\Zgby k [m

HeT / N e _\ufb i_j_f ggufb bkihevah

' \Zebkv "ey j_r_gby az~zq f_"b

s 5 pbgkdhc “bZ]ghklbdb ihA[hjZ
Zai1*xi+b1>0 |_ogheh]bq_kdbo izjzf_ljh\ ~ey
ihemq_gbykhdhdzZg_kI\_gghlh
Zlehf_jZIZ b ijhlghabjh\Zgby
. nhg”h\uo bg”_dkh\ Lzd dzd
A deZkku [ueb kbevgh g_k[ZeZgkb
jh\Zggufb |h hpjoamdev|Zz
Ih\ih ijZzdIibg_kdbf az~Zqzf ijh
Jbk >_j_\h k_dmsbo iehkdhkl_c ~"ey mkeh\ ba\h"beZkAUhROC b j_amev
1Zlu ijb\_~ _gu \ IZ[ebp_

et/ ‘\\g’-"-a|

LZ[ebpZ J ameviZlu f _Ih~"h\ gZ I _klh\uo \u[hjdZo ijZdlbg_kdbo azZ"Zq
GZa\zZgb_ az~Zqgb > j_\h k_| >_j_\h|RF LD SVM LR KNN NB
dmsbo j_r_
=bi_jiehk| gbc
dhkl_c
>bZ]ghklbdZ ]bi_jl_gabll 79.6 69.6 71.6 78.8 77.8 78.7 72,5 76.3
>bZ]ghklbdZ ]bihl_gabb| 74.3 67.5 73.3 73.9 70.4 71.9 71.1 62.2
>bZ]ghklbdZ kbg~jhfz o| 74.1 67.0 77.3 73.3 75.0 72.7 65.3 74.3
kdhc mklZehklb
>bZ]ghklbdZ Im[_jdme_4 97.8 78.0 96.9 77.0 81.4 81.4 72.8 79.4
l_c
>bZ]ghklbdZ Im[_jdme_4 96.1 80.9 76.3 66.6 63.5 68.3 66.1 60.4
\ajhkeuo
Ih~"[hj | _ogheh]bq_kdbo| 80.5 65.3 83.1 68.7 69.2 715 64.2 60.8
f_1jh\ ijb ijhba\h~kI\_ f |
emjlbg _kdhlh Z]ehf jZI2
lihjghabjh\Zgb_ bg~_dk] 85.2 47.2 46.1 455 473 46.2 47.1 51.1
S&P500
H[hagZqg_gby \ I1Z[ebp_
RF tkemqgZcguc e_Kk LR teh]bklbg_kdZy j_]j_kkby
LD tebg_cguc “bkdjbfbgzgl KNN £f_Ih” [eb Zcrbo khk_"_c
SVM £f_Ih” hihjguo \_dlhjh\ NB +gZb\guc [Zc_k

<uf[jZggu_ ijZzdlbg_kdb_ az”~Zqb ozZjzdl_jbamxlky jZaebgghc kljmdImjhc *Zgguo b
k[ZeZgkbjh\Zgghklvx deZkkh\ qlh ~_eZ_| bo ihdZzazZl_evgufb “ey hp_gdb dzZd dzZq_kl
I1Zd b bgl_jij_Ibjm_fhklb j_rZxsbo ijZ\be :gZeba IZ[ebpguh NhjdZBudZdmhsbo iehk
dhkl_c gZ hkgh\_ fh~_eb ebg_cgh]h ijh]jzffbjh\Zgby k qZklbggh [me_\ufb i_j_f_ggufb
\k_1rz ~z_1 j_amevlZlu emqgr_ q_f ijhklh ~_j_\h j_r_gbc gh bgh]”Z ijhb]Jjul\Z_1 kemg
Dhg_qgh wlb j_ameviZlu g_ev&y\k[hkeadgZgo gh fh gh k~_eZlv \u\h”® qglh \ bf_ggh \ 1
az”"zZqZo ~“zZggu_ fhlml [ulv kljmdImjbjh\Zgu gZ hkgh\_ ebg_cguo jZza”_ebl_e_c

AZdexq_gb_

ljb\_~_gguc \ “Zgghc klZlv_ ih~oh™~ d j_r_gbx az”~Zq deZkkbnbdZpbb hI\_qzZ_1 jzg
jh\Zgguf Ij_[h\Zgbyf d ohjhrh bgl_jij_Ibjm_fuf fh*_eyf b gz _]h hkgh\_ fh gh ihemq.:
bgl_jij_Ilbjm_fu_ j_rZxsb_ijZz\beZ =jZnbqg_kdb_ bgl_jij_IZpbbeZ rzxd _ihhg bjfZ2\ b
gb_ kljmdImju \oh?~guo ~Zgguo Z nhjfmeu k_dmsbo ]bi_jiehkdhkl_c iha\heyxl hp_gbl
ghklv ijbagzdh\ gZzZijz\e_gb_ b kl_i_gv \ebygby gZ dZg_kl\h deZkkbnbdZpbb Bkke_-
gZijZ\e_gbb ijh*he Zxlky 1h fg_gbx Z\lhjhguif_ykeydlky bkihevah\Zgb_ \ maeZo ~_j_\Z
[he__ djmiguo kljmdImj dhfbl_Ih\ _~bghleZkby b \uimdeuo h[hehq_d fgh _kI\ D gb
f_IhrZ ke_"m_1 hlg_klb Ih qlh hg ohjhrh jZ[hlZ_| gZ aZz~ZqZo hlghkbl_evgh g_[hevrt
>ey m\_ebq_gbyjgBEkfb j_rZ_fuo azZz”~Zq bkke_"m_Ilky \hafh 'ghklv bkihevah\Zgby ~jm]b
guo jZa”_ebl_e_c
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The article analyzes the differences between interpretable and explainable artificial intelligence. These two
concepts are considered by the author as distinct, yet complementary, approaches to solving machine learning
problems. Based on the conducted analysis, the author proposes representing decision rules for classification
tasks in the form of a tree structure, where the nodes contain not individual input features but separating hyper-
planes. This approach allows us to evaluate the information content of each input feature individually and the
entire set of features at each node, producing an interpretable decision rule for the entire model with high deci-
sion rule quality metrics. Examples of practical problems solved using this method are provided. In all cases,
the cutting hyperplane tree outperformed the decision tree obtained using the traditional method in terms of
guality metrics and had an AUC ROC comparable to that of a random forest.
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M>D :378.1

Kbkl _fzZ ih~™ _j db ijbgylby j r _gbc "ey
ih\ur_gby wdhghfbgq_kdhc wnn_dlb\ghklb
h[jZah\Zl _evghc hj]J]ZgbaZpbb
Jhah\ : K Lxrd_\bg G F JLM FBJW: ] Fhkd\z

B cTaTbe paccMaTpuBaeTCs NPo6/iema NporHo3vpoBaHus MOCELLLAEMOCTY B 06paso-
BaTe/IbHbIX OPraHM3aLmsiX U CBA3aHHbIE C Hel 3KOHOMMYECKUe pUCKU. B KauecTBE OCHOBHOIO
VHCTPYMEHTa [/19 pelUeHrsi NOCTaB/IEHHON 3a4aun npeanaraeTcs BHeApeHve LndpoBr3a-
LMK B yNpaBieHYEeCKNii Coli, B HaCTHOCT U CUCTEM NMOALEPKKN NPUHSIT VS peLleHnit. MNpoBe-
[EH aHa/n3 yxxe CyLLECTBYIOLMX CUCTEM, B TOM Unc/ie 3apy6eXHbIX M OTEe4YeCTBEHHbIX, a
TaKke MeTOA0B MaLIMHHOIO 06y4YeHUsl, UCMO/b3YEMbIX NPV MPOrHO3MpPOBaHUM. Mo pesysib-
TaTam cpaBHeHUs 3HEKTVMBHOCTU a/iIropuTMa YHUBEPCA/IbHOTO PELLEHNS BbISIB/IEHO He
6b1/10, B CBSA3Y C YEM MpuW paspaboTKe NPOTOTUNA CUCTEMb! UCMOMb30Ba/ICS aHcaMb/1b MO-
[eneii, NogkpeneHHblli MexaH!3MOM rofI0COBaHMs. Pa3paboTaHHblii NPOTOTUN CUCTEMbI
no3Bosisie T 06y4aThb MOAENM HA KOHKPETHbLIX AaHHbIX, MOfyYaThb NPOrHO3 MOCELEHNs U
HarnsAHO AEMOHCTPUPYET NepeBoj pe3y/bTaToB NPOrHo3a B KOHKPETHble METPUKY, B
TOM UMC/ie U IKOHOMUYECKMe nokasaTenu. Pe3ynbTaTbl UcCnefoBaHUs MOTY T MOCNYXUTb
OCHOBOI A/l pa3paboTku 6osee KOMMIEKCHbIX CUCTEM MPOrHO3MPOBaHUA U MPUHSTUS pe-
LUEHWIA HA OCHOBE a/IfOPUTMOB MALLVHHOFO OGYYEeHNs.

<\_"_gb_

< kh\j_f_gguo mkeh\byo \ukrb_ mg_[gu_ aZ\_~_gby nmgdpbhgbjmxidhzd keh gu_
ghfbg_kdb_ kbkl_fu \ dhlhjuo h[JZah\ZI evgZy "_yI evghklv | _kgh k\yazZzgZ k \hijhk:
ieZgbjh\Zgby nnggkh\hc mklhcgb\hklb b wnn_dlb\ghklb blihrkeyvahnl\Zq;bQ/Z@Z XS
Jhkl gqbkezZ Z[bImjb_glh\ m\_ebq_gb_ JZaghh[JZaby h[jZzah\ZI_evguo ijh]jZff b mkeh’
aZpbhgghc kljmdImju mgb\_jkbl_Ih\ ijb\h”*yl d g_h[oh”bfhklb [he__ IThgghlh mijZ\e_g
nhg~hf ij_ih*Z\Zl_evkdhc gZ]jmadhc dofbgpkdpZkAfb b khimlkl\mxsbfb azZljzZI1Zfb
;hjsh\z Baguzova < 1Zdbo mkeh\byo \hijhku ihk_szZ _ fhklb ijbh[j_IZxl g_ lhevdh
gh_ gh b ijyfh_ wdhghfbg_kdh_ agZq_gb_ ihkdhevdm bf_ggh hl nZdlbg_kdhc azZ]jm
| _evghc bgnjzZkljmdImju aZ\bkbl jZpbhgZevghklv jZkij_~_e_gby [x”~  jl1Zgbmjh\_gv ba’
azZpbb

K wdhghfbq_kdhc Ilhgqdb aj_gby gbadZy beb g_jz\ghf_jgZy ihk_szZ_fhklv khanzZ_|
ihke_ "kl\bc-i<jluo kh”_j Zgb_ baJulhgguo Zm~blhjbc mq_[guo ihf_s _gbc b h[kem"'l
bgnjZkljmdImju ijb\h~bl d \hagbdgh\_gbx ihklhygguo aZzZljZgkbdmbhljluy_ kdrhldhfi_
kl\mxs_c hi*Zg_-tlhgho g_wnn_dlb\gh_ jZkij_~_e_gb_ mqg_[guo ihlhdh\ azZljm~gy_ | hi
pbx jZkibkZgby b ih\urZ_| \_jhylghklv g_jZpbhgZevgh]h bkihevah\Zgby jZ[hg_]h \j_f_
\Zl_e_c b z*fbgbkljZlb\ghlh i_-lhtvbenz hdkkid _ k\h_\j_f_ggh]h ZgZebaZzZ ihk_sZ_fhklb
kgb Z_| dZg_klI\h mijzZ\e_gqg_kdbo j_r_gbc qlh fh _Il ijb\h~blv d kdjuluf ihl_jyf k\ya:
A gb_f mki_\Z_fhklb jhklhf jbkdZ higbke_gby b dZd ke_~kl\b_ mf_gvr_gb_f ~hoh”~h'
ghc hj]j]ZzgbazZpbb Lzdhf hihk_szZ_fhklv ke_"m_| jZkku|Jb\Z|V g lhevdh dzd ihdzZazl_
pbiebgu kIm”~_glh\ gh b dZd \Z'guc bg”bdZlhj wdhghfbg_kdhc wnn_dlb\ghklb ~_yl_e

Hkh[h_ agZg_gb_ ~Zgguc \hijhk ijbh[j_1Z_| \ mkeh\byo pbnjh\baZpbb E_hgh\

h{jZzah\Zgby dh]~Z mijz\e_gb_ hjlZgbazZpb_c \k_ \ [hevr_c kl_i_gb thJZ Iky gz
gZ bglmblb\gu_ beb jZajhag_ggu_ gZ[ex”_gby <g_"jg@biiblgkyub_yfji_hr"_’g_tqc iha\h
ey_| Z\IhfzZlbabjh\zZIv k[hj b h[jZ[hldm k\_~_gbc h ihk_sZ_fhklb \uyleylv mklhcgb\u_
ghklb b ijh]Jghabjh\zZlv \hafh gu_ hldehg_gby hl ghjfZevgh]lh j_"bfZ mqg_[gh]h ijhp_kk.
hg_j_~v kha”Z_1 hkgh\m "~ey [heZgblihdqgobly j_kmjkh\ kgb _gby Z~fbgbkljZlb\guo aZzZlj
b ih\ur_gby ijhajZqghklb mijz\e_gq_kdbo ijhp_kkh\ Bkihevah\Zgb_ ijh]Jghaguo fh”_e
azZjZg__ \uyleylv ]Jjmiiu jbkdZ ijbgbfzZlv f_ju ih m"_j‘Zgbx klm~_glh\ b ij_~hI\jZsZIv w
kdb_ ihl_jb\yaZggu_ k bo \hafh guf hlqgbke_gb_f DZazZdh\Zz

>hihegbl_evguc wdhghfbgq_kdbc wnn_dl hl |h h[guo kbkl_f klyazZzg k \hafh ghklvx
j_Zdlb\gh]h mijz\e_gby d ijhZdlIb\ghfm 2keb ljZz"bpbhgguc ihAohn ij_~iheZ]Z_| nbdk.
bahr_~rbo ijh[e_f Ih ijhlghabjh\Zgb_ ihk_szZ_fhklb *Z_I \hafhjgh&kvj _&Zj&ylv
j_kmjku dhjj_dlbjh\Zlv mg_[gu_ ieZgu hilbfbabjh\Zlv aZzgylhklv ihf_s_gbc b kgb ZIv
n_dlb\guo jZkoh”~h\ Djhf_ Ihlh ZgZeba ihk_sZ_fhklb fh _I bkihevah\ZIlvky dZd bgkl]
ihl_gpbZevghc aZ]jmadb h[jZah\ZIl_evddmgubignjaklgmgby j_a_j\h\ "ey \g_"j_gby ~hihe
gbl_evguo ieZlguo h[jZzah\Zl_evguo mkem] qlh jZkrbjy_| bklhggbdb “hoh”Z hj]l]Zgbaz
ahf ijbf_g_gb_ pbnjhluo bgkljmf_glh\ ZgZebaz ihk_sZ_fhklb kihkh[klI\m_Il g_ lhevdt
dZq_kI\Z h[jZah\Z)heifgp_kkZ gh b ih\ur_gbx wdhghfbq_kdhc mklhcgb\hklb h[jZah\Z
hjl]Zgbazpbhb

< klyab k wlbf jZajz[hldz kbkl_f ijhlghabjh\Zgby ihk_sZ_fhklb b bo bgl_
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K Lxrd_\bg G F Kbkl_fZ ih~~_j db ijbgylby j_r_gbc

mijZ\e_gqgq_kdbc dhglmj mgb\_jkbl_I1Z ij_~klZ\eyx| kh[h<jZdlimg ekdymx @mZnZggrh :d
ImZevghklv "Zgghc jZ[hlu hij_~_ey_Ilky g_h[oh~bfhklvx khanrZgby bgkljmf_glh\ dhlhj
k\yaulzZlv j_amevlIZlu fZrbggh]h ijh]j]ghabjh\Zgby k dhgdjkdgidb hdddragZHf eyfb b bk
ihevah\Zlv bo "ey h[hkgh\Zgby mijZ\e_gq_kdbo j_r_ghbc

Hkgh\gZy qzZklv

Kbkl_fu ijh]lghabjh\Zgby ihk_sZ_fhklb

K[hj "Zgguo h ihk_sZ_fhklb b "Zevg_crbc bo ZgZeba rbjhdh bkihevam_Ilky \ mqg_
fghlbo mgb\_jkbl_Ih\ Kms_kl\mxsb_ kbkl_Starfisd (20B6), FAB Navigate (2026), Civitas
Learning Student Impact Platform (2026) bkihevam_fu_ aZ jm[_"hf ihalheyxl| ijhba\h~blv fhgblhjk
ihk_szZ_fhklb kIm~_glh\ hp_gb\ZIv jbkdb hlgbke_gby gZ hkgh\_ bklhjbg_kdbo ~Zggu
iZlhjh\ b ij_ih~zZ\ZI_e_c h[ mom~rZxsboky ihdZazl_eyo kilm~_glZ b bgl_]jbjh\ZIv Zg:
p_kkuhdkmevibjh\Zgby b ih*"~=hj\lWjly h[ hl_q_kI\_gguo ZgZeh]Zo \ mkeh\byo fZeh]h jz
kljZzg_gby dhff_jgq_kdbo jZajz[hlhd \ "Zgghc h[eZklb fh gh \u”_eblv ijbf_g_gb_ K
(2026) b bkihevah\Zgb_ hiBlewigwdnhjf G_kfhljy gZ wlh kms_kl\m_l [hevrh_ dhebqg_Kkl
ehdZevguo ijh_dlh\ b jZzajz[hlhd d ijbf_jm ijh_dl ©Lhfkdh]lh mgb\_jkbl_IZ kbkI_f mij
"bhwe_dljhgbdb?2 ~ey ijh]ghabjh\Zgby mki_\Z_fhklb hkgh\u\Zykv gZ42088._ sZ_fhklb kiIn

JZa\blb_ kbkl_f ijhlghabjh\Zgby I_kgh k\yazZgh k jZza\blb_f bkdmkklI\_ggh]h bgl_ect
ghlh h[mqg_gby Bgl_ee_dIimZevgu_ Zelhjblfu ihfh]Zxl \uy\eylv kdjulu_ aZ\bkbfhklb &
ijyfh beb dhk\_ggh \ebyxsb_ gZ j_amevlZlu ijh]Jghah\

:e]lhjblfu ijh]ghabjh\Zgby

K lhgqdb aj_gby az”~zZq ijh]ghabjh\zZgby ihk_szZ_fhklv \ h[jZah\Zl_evghc hjl]ZgbaZz
ihke_"h\Zl_evghklvx "Zgguo \ I_g_gb_ hij_~_e_ggh]h hlj_adz \j_f_gb <ebygb_ gZ w
aul\Z_1| [hevrh_ dhebq_kI\h nZdlhjh\ gZgbgZy hl dhebq_kgl@ bbe@bzelbgjZa@ddZpqgb
\Zy hlghr_gb_f h[mgzZxsboky d dhgdj_lghfm ij_ih~zZ\Zl_ex Bkoh”y ba wlh]l]h gZ[hj nZ
sbo gZ j_amevlZl ijhljghazZz “~he’_g kh”_j Zlv izZjzZf_lju dhlhju_ ih""*Zx(ky h[t_dlb\ghc
n_jh\ lhl1Zih\Z ).

:elhjblfu fZrbggh]lh h[mqg_gby ihal\heyxl \uy\eylv ih*h[gu_ iZjZf_lju b bo \ebygb_
Aim]Z qglh \ k\hx hg_j_~v mijhsZ_| ihbkd gZb[he__ agZgbfuo aZ\bkbfhkl_c¢c H~*gZdh
fhlml \urzZ\ZIv jZagu_ j_ameviZlu \\b m kms_kI\_ggh]h jiZagmbhizy \bde [ hNuo
(Ydmgbg b ~j).

>ey kjzZ\g_gby [ueb \aylu g_ebg_cgu_ Ze]hjblfu >Zggh_ j_r_gb_ [ueh ijbgylh \\b”
ijb ijh]ghabjh\Zgbb ihk_sZ_ fhklb \ mgb\_jkbl | _dexg_\mx jhev b]jZxl keh gu_ g_2Z"’
\bkbfhklb b \azZbfh~_ckl\by nZdlhjh\ dhlhju_ ebg_cgu_ iklreohmtu H[jZ[HeVZh]h
h[t fZ jmgghc bg  _g_jbb ijbagzZdh\ < bksieg Michihg ledrnidg to predict student retention

from socio-demographic characteristics and app-based engagement metrics» (Matz et al f_lh~u fZ
rbgghlh h[mq_gby ijbf_gyebkv ~ey ijh]lJghabjh\Zgby hlgbke_gby kim~_glZ ihke_ i_j\h]t
g_cgu_ b g _ebg_cgu_ fh*_eb [ueb azZz”_ckl\h\Zgu ijb h[jZ[hld_ ~Zgguo [he__ kin

ebg_cgu_ ih*oh”u ihdZaZeb [he__ \ukhdiw WigZkdgbgbk\ gZ[hjZo "Zgguo k [hevrbf
dhebq_klI\hf \azZzbfhk\yaZgguo ij_~bdlhjh\ Ijb [Zddggkdo mbelbd_cguo fh”_e_c \ukhd
jbkd i_j_h[mg_gby

Ij_~klzZ\bl_eyfb g_ebg_cguo Z)dsjiatifét al yleyxlky Zgkzf[eb ~_j_\v_\ F
Ih~ kemqZcgh]hRanddnZ Forest) (2026) b ]jZ~b_glgu_ [mklbg]b e_]dZy ]jZ*"b_qglgZy [mklbg]
fZrbgZightGBM) (2026) dZIl_]lhjbZevguc [GakBdogt) (2026)).

< oh~_ ZgZebazZ wnn_dlb\ghklb Zelhjblfh\ Z\IhjzZfb [ueh ijh\_~_gh kjzZ\g_gb_ jZg_
luo Ze]thIfh\ Ij_"kIZ\e_ggu_ fh~_eb kjzZ\gb\Zebkv gZ iylb jZaguo gZ[hjZo “"Zgguo \
li_kkbb b deZkkbnbdZpbb ijbagZdh\ < azZz~Zq_ j_lj_kkbb kiZyggk\Z¢bkexighbdb k
hrb[db b dhjgy ba kj_~g_d\zZ*jZlbgghc hrb[db < azZz”Zq_ deZkkbnbdZpbb ]Jez\guf h[jZ
\ZeZkv koh™_klv b jZaebgb_ \u”_ey_fuo ZelhjblfZfb ijbagzZdh\

Gb" |j_"kIZ\e gu “Zggu_ ihemqg_ggu_ ijb kjZ\g_gbb wnn_dlb\ghklb fh~_e_c \ az
kbb \ qZkIgthb ijb ijhlgha_ ijhp_glZ ihk_szZ_fhklb < az”~Zq_ j_]lj_kkbb k\yazZgghc |
gb_fijhp_glZ ihk_sZ_fhklb &DW%RRVW ijh?_fhgkljbjhhe \julkmdév|dluwmkilhdagaz\
emqrb_ agZq_gby f_Ijbd gZ qzZklb bkke_~m_fuo gZ[hjh\ "Zgguo <f_kl_ k |I_f h~rghat
kZzevghlh j_r_gby \uy\e_gh g_ [ueh gZ hl*_evguo gZ[hjZo “"Zgguo emqrb_ j_amevlZl]
kljbjh\Zeb 5DQGRP )RUHVW b /LIKW*%"_WZhviha\the h IThf qlh ijb j_r_gbb azZ”~Zqgb
ijhlghaz ihk_sZ_fhklb \u[hj fh*_eb ~he _g hkms_kl\eylvky k mqg_Ihf hkh[_gghkl_c dhg
guo b ijbhjbl_Ighc f_Ijbdb dZq_kI\Z

>Ze__ kjzZ\gb\ZeZkv Ihqghklv deZkkbnbdZpbb fh~_e_c gZ |_o "_ gZ[hjZo "Zgguo
amevlZlu ij_"klZ\e_gu \ |Z[ebp_
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"Zggu

Ke_"h\ZI_evg

hrghc fh”_eb \h \k_o

gg%ﬁfaégguﬂmg—gb— ljhlghaht LZ[ebpZ Lhqgghklv deZkkbnbdZp
| _j\uc gZ[hj "Zgguo ]blfh\_ -
Fh~_ev 0$( kj_~ 506( dhj_g :e]hjll\)lf Random LightGBM CatBoost
gyy Z[khex| ba kj_~g_d\z Gz Zggy Forest
gZy hrb[dZ jZlbgghc
hrb[db 1 09322 | 0.9482 0.8261
1 | Random 7.096 8.592
Forest 2 0.4231 0.333 0.3476
3 | CatBoost 7.149 8.747
<lhjhc gZ[hj “"Zgguo 4 0.742 0.741 0.740
1 | CatBoost 15.863 20.242
2 | Random 15.939 20.312 ° 0-854 0-802 0865
Forest
3 | LightGBM | 16.129 20.490 < azZ”"Zq_ deZkkbnbdZpbb jZaebgby f_"*m fh~_ey
‘ Lji Ibc gZ[hj ~"Zgguo I1Zzd>_ azZ\bk_eb hl bkihevam_fhlh gzZ[hjZz
1 | LightGBM | 15.926 20.058 ILIJKW*%0 b 5DQGRP )RUHVW qZs_ ihdZau\Zeb ¢
2 | CatBoost | 16.126 20.309 rmx lhgghklv [h]*"Z dZd h&ZW2ZeRRVeWqrbf
3 Eandom 16.167 20.333 lhevdh gZ h~ghf ba gZ[hjh\ ~Zgguo
orest : : j_amevlZlu dezZzkkbnbdZpbb g_ ih~AI\_j*~zZxl| | _abk
Q_I\_jluc gZ[h} "Zgguo keh\ghf ij_\hkohAkI\
1 [ CatBoost | 11.341 17.390 [_amkehight ij_\hko — N SN ED
2 | LightGBM | 11.106 17.530 ke_mqu_o 4 de_au\ZxI gZ g_h[oh bf_hkl_v ih~"hjz .
3 | Random 11.435 17.859 lhjblfzZz ih” dhgdj_lgmx az~Zgqm b dhjgdj_Iguc gz
Forest ijbagzZdh\
lyluc gZ[hj "Zgguo
1 | CatBoost 0.041 0.059
2 | LightGBM | 0.068 0.101
3 | Random 0.089 0.142
Forest
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< iylhf gZ[hj_ ~Zbigu®M \u”~_ebe hlebgguc hl *jm]bo fh~_e_c ijbagzZzd h~gzZdh iho
koh™_klv \ 1jZz"ZQetBookt \ |h \j_fy RahdomForest h]jZgbgbe dhebq_kl\h agZgbfuo ijbagzZdh\
~h

:gZeba agZgbfhklb ijbagzdh\ ihdZazZze qlh jZzagu_ fh”_eb \h fghlbo kemqgZyo \u
gZbl[he__ \Z'gu_ izjzf_lju h~gzdh jzkij_~_e_gb_ \dezZ”~Z hklZevguo ijbagzZdh\ fh™_I
ebgzlvky Wih k\b”A_l_evkIi\m_I h Ihf qlh bgl_jij_IZpby ¢g_abhhevidh Il aZ\dokbbd gh b
hl \gmlj_gg_c eh]lbdb jZ[hlu dhgdj_lgh]lh ZelhjblfZz < k\yab k wlbf ZgZeba agzZgbfhkl
"m_I| jzkkfzljb\ZIv dZd bgkljmf_gl "hihegbl_evghc bgl_jij_IZpbb fh~_eb Z g_ dZd hk
ghagZqgh]h \u[hjZ h~rgh]lh Ze]hjblfz

Kbkl_fz ih~A~_j db ijbgylby j_r_gbc

< oh”_ jZ[hlu [ue khanZg fbgbfZevgh “bag_kihkh[guc ijhlhlbi kbkl_fu ih~~_j'db
j_r_gbc gZley~rgh ~_fhgkljbjmxsbc dzd ijh]Jghabjh\Zgb_ mqg_[guo ijhp_kkh\ b \ gzZkl
_fhklb hljz"Z_lky gZ wdhghfbq_kdhc khklZ\eyxs_c h[jZah\WI_evghc hjlZgbaZphb

>ey j_ZebaZpbb bkihevah\Zeky yaud ijHldr @028y gbyZd  _ nj_ cfShegamlit
(2026) ey khanrzZgby \bamZevghc gzZklb kbkl_fu

<\b”m Ihlh qlh \ oh”_ ZgZebaZ wnn_dlb\ghklb fh~_e_c g_ [ueh \uy\e_gh Ze]hjbl
s_]h mgb\_jkZevguf gZ[hjhf ij_bfms_kI\ [ueh ijbgylh j_r_gb_ bkihevah\zZlv \k_ jZkkf
fhr_eb \ \b~_ ZgkZf[ey b "hihegblv bo f_oZgbafhf Jhehkh\Zgby

GZ jbkmgd_ ij_"klz\e_g bgl_jn_ck ijhlhlbiZz kbkl_fu Ilhke_ aZ]jmadb bklhjbqg_l|
ihevah\Zl ev fh™ | \u[jZlv p e \mx dhehgdm b aZimklblv ijhp kk h[mg_gby Jbkmghd

ynpaaneuuecme
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CrommocTs oysenus (pyS/ron)
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& Upload
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180000
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ﬁ merged_dataset.csv ©

B ontumuzauus
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BuiepuTe KONOHKY C LeNeBoi nepem
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B Monenu ycnewno obyvensi! NepexoauTe Bo BKnaaKy «lLiar 2: MporHo3upoBaHme:

Jbk AZ]jmadZ bklhjbg_kdbo "Zgguo b h[mg_gb_ fh*_e_c
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>ey dZ ~hlh klm~_glzZ jzkkqgblu\Z_Ilky kj_"~gbc ijhp_gl ihk_sZ_fhklb gz hkgh\zZgbb
fh~_e_c nhjfmeZz 5 5 5
2y E ZapE 2
u

Zogl 'S;

N¢—
>

vt ijhlgha fh” CatBoost;
stijhlgha fh” LightGBM;
Zg 4axijh]ghéh”_eRandomForest.
F_ldm ©ih”I\_j"~_gguc jbkd2 aZibkv ihemqZ_1I ijb mkeh\bb qglh dzZd fbgbfmf ~\_ fh~
jbkd kms_klI\_gguf nhjfmez
\"(UL ]sa EOIEl_B(z|&,O|gRt "

NK¢

AN
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Ihke_ h[mg_gby fh”"_e_c ihevah\Zl_ex klZgh\blky "hklmi_g jZa”_e k ijhlghabjh\z
jhf hg 1Zzd _ fh _I aZ]jmablv ZdimZevguc nZce k *Zggufb b ijhZgZebabjh\Zlv hkgh\gu

baf_g_ gbb mIJZ\e ggq_kdbo izjzf_Iljh\ iZg_ev ke_\Z "bgdghbqgXdbljZ ogyx k¥ bk
oh”y ba ijhlghaZz

Deploy

YnpaeneHueckune I1porH03 nocewaemMocTu M onTUMU3aLua ayauTopHoro
napaMmeTpbl ¢0Hna
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Ml Pacuet puckos u onTUMM3aLUA pecypcos

B Ontumuzauun
ayauTopuii

Wi B pacnopsmeni

B 3ddexTnsHocTs Nnowageit

3arpy>

74.9% 56,565 py6/4

& P

Jbk JZkq_| jbkdh\ b hilbfbazZpby j_kmjkh\

< nhjfme_ ij_"klZ\e_gh dzZdbf h[jZzahf jZkkgblu\Z_Ilky nbgZgkh\uc m[ulhd hl ihl_c
hlgbke_gby kim~_glh\

N

]()0E0¢h[s__ dhebq_klI\h klm”_glh\ k ih~I\_j°~_gguf jbkdhf

faobklhbfhklv h[mqg_gby \ 1h?

Ijb hilbfbaZpbb ZmA2blhjghlh nhg”~Z \ i_j\mx hqg_j_"v jZkkqgblu\Z_Ilky ijh]lghabjm _1
kIVh ijbkmlklI\mxsbo nhjfmeZz

¢uad- Ooeo naoUw U

- O . .
O0x&id- :@3 p. v,
>Ze__ ijhbkoh”bl jZzkqg_I| dhwnnbpb_glZ bkihevah\Zgby iehszZ”_¢ nhjfmeZz
0x~'~
™ob ,~A'ci-|srr" W
NAU

N

‘nagEh[sZy \f_kIbfhklv \k_o ~hkimiguo Zm~blhjbc dhebq_kI\h Zm~blhjbc mfgh _gc
q_kI\h f_kl
M[ulhd hl g_azZ”_ckl\h\Zgguo ijhkljZgklI\ jZkkgblu\Z_lky ih nhjfme_
Coonodrk nadF Oxai@H iEoemAO e
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1"

icoemagaZljZlu gZ kh”_j"Zgb_ h~rghlh imklimxs_]h f_klzZ \ qzZk

Dhebq_klI\h baJulhgguo Zm~blhjbc jZkkgblu\Z_lky ih nhjfme_

ceed onadh n‘xAAlo Y;
EAT

1"

eqagEh[s__ dhebqg_klI\h Zm~blhjbc

‘earkj_"gyy \f_klIbfhklv h*gh]lh azZzeZz

ljb "_e_gbbiig@Z gziijhbkoh”~bl hdjm]e_gb_ \ [hevrmx klhjhgm qlh[u bkdexgblv kem
ihevah\Zgby iheh\bgu azZez

Gb _ gZ ~Zgghc kljzgbp_ fh" gh/kryalgadhfrbdvIZIZfb jZ[hlu Ze]thIfh\ b j_amevlIZIlzZfb
lhehkh\Zghb Ih”jh j amevlZlu i ghaz ij "klZDe gZ jbkmgd

B [eTtanbHblii nporHos no cryaeHTam

Finalrade CB_MporHos LGB Mporkoz RF_MporHos CpepHuii_nporHos_% lonoc_CB  lonoc LGB  Ton0c_RF  CyMMa_ronocos < MopTeepsaeHHbIA_PuUck

69.3 77.2 64
743 7.2 64
70.5 T1.5 64.7
69.3 T7.2 64
743 T7.2 64.3
X 715 64.7

69 E 64

747 5 64.7

733 . 64.7

69.5 d 64

Jbk Ih~jh[gu_ j_amevlZlu ijh]lghaZz

AZdexqg_gb_
lh blh]zZf ijh\_~_gghlh bkke_~h\Zgby fh gh k~_eZlv \u\h” h Ihf qlh pbnjh\baZpby h
g_ hljZgbqgb\Z_Iky \g_”"j_gb_f bgnhjfZpbhgguo kbkl_f Z kh\_jrZ | i_j_oh”~ d mijZ\e_g!

AZgguo JZajzZ[hlZgguc \ oh”_ jZ[hlu ijhlhlbi kbkl_fu by*{_j_dbdjbopdZaulz_I| dzd
ijhlJghabjh\Zgb_ ihk_sZ_ fhklb fh™_|I \ebylv g_ lhevdh gZ mqg_[guc ijhp_kk gh b \uklImi
bgkljmf_glZ nbgZgkh\h]h dhgljhey

< oh”_jZ[hlu [ueh mkliZgh\e_gh qglh mgb\_jkZevgh]lh Ze]lhjblfZ ey ij_"~kdZaZgby
A _glh\ g_ kms_klI\m_1 dZ ~uc ba ijhl_klbjh\Zgguo ih*oh”h\ &DW%RRVW /LIKW*%
ijhyley_ | k_[yjZlmghfm \ aZ\bkbfhklb hl ki_pbnbdb *ZgwlurfmBbkglydwieth\Zgb_ Zgkzf
[ey fh”r_e_c k f_oZgbafhf Jhehkh\Zgby klZeh gZbl[he__ gz”~_"guf j_r_gb_f iha\lheyxs|
ath\ZIv hrb[db b ij_~\aylhklv hl*_evguo Ze]lhjblfh\

JZajZ[hlZgguc gZ hkgh\_ \ur_mdZaZgguo Ze]hjblfh\ ijhlhlbi gzZley~rgh ~_fhgkljbjm
j_amevlzZlh\ ijh]lghaz \ dhgdj_Igu_ f_Iljbdb iha\lheyxsb_ jmdh\h”~kl\m hj]ZgbaZpbb wn
gbjh\Zlv mqg_[guc ijhp_kk b fbgbfbabjh\Zlv m[uldb <g_"jmgbglih*bh@§gzoepgkiz”
fbgbkljzZlb\guc i_jkhgZe hl jmlbggh]h fhgblhjbg]Z b kgb Z_| \ebygb_ g_eh\_qg_kdh]h r
h[jzahf ij_"ezZ]Z_fuc ih*oh” iha\hey_| h[jZah\Zl_evghc hj]l]ZgbazZpbb g_ ijhklh gZ[ex’
guf ijhp_kkhf Z ]b[dh Z~Zilbjh\ZIgkyId j hZleMbabjh\Zlv hi_jZpbhggu_ jZkoh”u b gZot
Ablv j_kmjku ~ey jZa\blby gh\uo h[jZah\ZI_evguo gZijZ\e_gbc
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This article examines the problem of attendance forecasting in educational institutions and the associated
economic risks. The introduction of digitalization into the management layer, specifically decision support sys-
tems, is proposed as the primary tool for solving this problem. An analysis of existing systems, including foreign
and domestic ones, as well as machine learning methods used for forecasting, is conducted. A comparison of
algorithm effectiveness revealed no universal solution. Therefore, an ensemble of models supported by a voting
mechanism was used in developing a prototype system. The developed prototype system allows for training
models on specific data, obtaining attendance forecasts, and clearly demonstrates the translation of forecast
results into specific metrics, including economic indicators. The results of the study can serve as a basis for the
development of more comprehensive forecasting and decision-making systems based on machine learning al-
gorithms.
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JzIfzg E | Kh\f_kIibfhklv klbfmeh\ b ljhibg_kdZy ]_hf_ljby \ fZjd_lbg

M > BB89.138; 519.83, 658.8.012.12

Kh\f_klbfhklv kibfmeh\ b Ijhibgq _kdZy ] _hf_ljby \
fZjd Ibg]_ kljhbl_evghc dhfizgbb
JZI1fZg E N=;HM <H =:M=G ] Fhkd\Z Jhkkby

WccnepgoBaHa BO3MOXHOCTb MPYMEHEHNsI METO0B TPONMYECKOi (MAeMNOTEeHTHO)
MaTeMaTUKN 1 Teopun COBMECTMMbIX CO CTUMY/IaMU 3KOHOMUYECKMX MEXaHU3MOB B peLle-
HUM HECTaHAAPTHBIX 33/la4 MapKeTUHra, rae cTaHAapTHbIe 3KOHOMUYECKEe NoKasaTenn
M0X0 NOAXOAST ANs onpeaeneHus adhheKTUBHOCT Y MapKE TVHIOBbIX MEPONPUSTUA. VMK
He/b3s1 BOCNO/Ib30BAThCSA BBUAY TOr0, YUTO OHW HE UMEIOT KOIMYECTBEHHOI O BbIPAXEHUS U
He JaloT 0GbEeKTMBHOI OLEeHKU. Moka3aHo, Kak B YCMOBUSIX LdpoBU3aLMK Npeaiaraemble
noAxoAbl NPYMEHUMbI B TPaAMLMOHHOM 0T pac/v (Masioa TaXHOEe CTPOUTEe/IbCTBO).

<\_"_gb_

< klzZlv_ jzZzkkfzZljb\zZxlky g_ bkihevam_fu_ ~h gZklhys_]h \j_f_gb \hafh ghklb ih\i
n_dlb\ghklv f_jhijbylbc k\yaZgguo k pbfizjjd\bldgpb\hcc ~_yl_edghiddpbc ij_"ez
]Zxsbo hij_~_e_gguc Zkkhjlbf_gl ijh~mdIh\ b beb mkem] Ih\ur_gb_ wnn_dlb\ghklb fZ
N_yl_evghklb IZdbo dhfizgbc ij_~ihezZ]Z_lky ~hklb]Zlv azZz kq_Il ijbf_g_gby g_ lhevdh
pbnjh\uo bgkljmf_glh\ gh b gh\hc fZI_fgkbdb k&hkklgl\_ Ijhibg_kdhc ]_hf_Ijbb b I_hjbb
ihkljh_gby kh\f_klIbfuo kh klbfmeZfb dbdhfihdBgbkfh\ KzZ\WNdezZih\ lj_n»
ezZ]Z_fuc wdhghfbg_kdbc f_ozgbaf g_k_I \ k_[_ g_jlu ZkkHKlenipegdrg20DB) ZgpldpbhgZz
Z~Zilbjh\Zg d mkeh\byf pbnjh\hc wdhghfbdb b dhgdj_Ighc hljzkeb fZehwlZ ghlh kljh

Bkihevah\Zgb_ ljhibg_kdhc ]_hf_ljbb b klyaZgguo k g_c dhgkljmdpbc iha\hey_|I
yjdh \bamZebabjhazMevuzkke_"h\Zgwadhghfbd_ b Ym]llkdé\_gguo gZzmdZo gZijbf_j
\ khpbZevghc ikboh@hah_ \ GhzZdd DhE)LbWFrkms_kI\_ggh h[e_]qZ_I| hkfuke_gb_ ih
emqg_gguo j_amevlZlh\ gh h~rgh\j_f_ggh gZdezZ~u\Z_1| hij_~_e_ggu_ h]jZgbqgq_gby < ¢
kz_Iky jzaf_jghklb jzkkfzZljb\Z_fuo ]_hf_ljbg_kdbo h[t_dlh\ beb iqbken¥Zie i f_gguo
gbkeh i_j_f_gguo k\_"~_gh d fopbibgfrkdZy ]bi_jih\_jagihklvjhibg_kdZy ijyfzZy

>h\_jb_ dzZd ~_e_]bjh\Zgb_ dhgljhey

< dzZq_kI\_ ijbf_jzZ jzZzkkfzljb\Z_lky kljhbl_evgZy dhfizgby ij_"eZ]ZxsZy k\hbf ihl,
guf deb_glzZf dZd ]hlh\u_ fZehwlZ gu_ kljh_gby ©ih” dexq?® 1Zd b g_aZ\_jr_ggu_ ©
ijhA"mdlu fhlml [ulv j_Zebah\Zgu k ijbf_g_gb_f Zkkhjlbf_glgh]l]h ZmdpbhgZ LZdb_ Zm«
ijh\h~"bebkv \ :glebb gh bo ijh\_~_gb_ khijy _gh k jle_§bléZzydZyija igto
[e_fZ ~h\_jby d ebpm dhlhjh_ ijh\h~bl Zmdpbhg ?keb Zmdpbhg ih jZa~Zq_ dj_"blh
:glebb Ih \hijhk h “h\_jbb ihemqgzZl_d&_rzZdpgnmbjhthjbgq_kdbc Z ~h\_jb_ [ZgdZ d deb_g
h[_ki_gb\Z_1 kh\f_klbfhklv kh klbfmezZfb bkihevam_fh]h wdhghfbq_kdh]lh f_oZgbafZz

?keb Zmdpbhg ijh\h2~bl kljhbl_evgZy dhfiZgby Ih \hijhk h *h\_jbb d g_c kh klhjhg
guo deb_gdwlh mki_o g_ Ilhevdh ZmdpbhgZ gh b ~_yl _evghklb dhfiZzgbb \ p_ehf : ihll
hi~_evgh]h jzkkfhlj_gby Bkihevah\Zgb_ |_jfbgzZ ysh\c jjZz[hI\ dgZklIm_| ihykg_gby
< deZkkbqg_kdhc ikbohf_Ijbd_ ~h\_jb_ ihgbfZ_Iky dZd k\hckl\h mklZzgh\dZ baf_jy_fZy
(96 &RQIHUHQFH %RDUG < gZklhys_c jzZ[hl_ fu hibjz_fky gZ ih\_~_gq_kdmx Ijz~"

;_eygbg Abgqg_gdhkh]ezZkgh dhlhjhec “h\_jb_ ijhy\ey_Iky g_ dzZd kl_i_gv Z dzd Z
Iby jbkdZ Ljhibgq_kdZy \bamZebazZpby nbdkbjm_I g_ bgl_gkb\ghklv kylgalol\Z Z kljmd
Zdlh\ ijhyle_ggh]lh “h\_jby \ ihimeypbb deb_glh\ <u[hj dhfie_dlZpbb ©ih” dexqg? bgl_
dzZzd ih\_~_gq_kdh_ 2hjbglylb_ jbkdZ b ~_e_]bjh\Zgb_ dhgljhey ih*jy*gbdm [h]*Z dZ¢
©dhjh[db? hljZzkBojZg_dkboheh]bg_kdh]h dhgljhey gZ” nbgZevguf kzZfuf ebqguf wlZih
N_edhavlih ihalhey_I| i_j_clb hl \hijhkZ ©kdhevdh ~h\_jby"2 d \hijhkzZf ©]*_ b dZd kh\_
ijbgylby jbkdz"2 b ©dzZdb_ \ha”~_ckl\by fhlml k"\bgmlv deb_glZ \ ehdmk_ [_ajZaebqghby
_Iky kj_~kI\Zfb Ijhibg_kdhc ]_hf_Ijbb

Djzldb_ k\_~_gby h Ijhibg_kdhc ]_hf_Iljbb b ijbeh”_gbyo d Zkkhjlbf_glguf Zmdyg
Lihibg_kdZy ]_hfthibgyZ ba \_I\_c b~_fihl_glghc fZI_fZlbdb Dhauj_\ ihy\b\rz,
hlghkbl_evgh g_7~Z\gh Keh _gb_ \ g_c b~_fité glgh]”l® tklgZd b”*_fihl_glgh]h
keh _gby ?keb ]lh\hjblv dhgdj_Igh h ljhibgq_kdhc fZl_fZlbd_ Ih jhev keh _gby fh _1 b]
fZdkbfmbzb fbgbfmfzZ jhev mfghh[ugtgyh_  keh _gb_ jhev _“bgbpu b]jZ_I| h[fuqguc ghev
jhev gh&y _keb keh™ tghi_jZpby fZdkbfmfZz belkeb keh +#gthi_jZpby fbgbfmfz
>Ze__ \_a”_ bkihevam_Ilky i_jl\uc \ZjbZbgli_jBpbylvfZdkbfmfz
Lihibg_kdZzZy ijyf®yh j_r_gb_ mjZ\g_ghby

=6 Té > UL 74
]~ & +hi_jzpby Ijhibgq_kdh]h mfgh _gby | _ h[uggh_ keh' _gbfZlGZIpabd h[uqghc
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wlh hagzZqZ_I| j_r_gb_1lj_o mEZRg >EBEL=ETL 2 >EUL ? WIb |Ijb mjZ\g_gby hij_~_eyxl

Ijb ijyfu_ i_j_k_dZxsb_ky ¥BA4dEUL ? GZ ljhibg_kdhc ijyfhc g_I f_klZT&Yey lhqg_d
=ETL>EUO?=ETL?0>EUb>EUL ?0=ET Ilhwlhfm \ ]_hf_Iljbg_kdbo ihkljh_gbyo bkihevan
xlky g_ Ijb ijyfu_ p_ebdhf Ztpbgerkbz bkoh”ysb_ ba lhqdb i_j_k_q_gby Hgb ~_eyl
dhklv gZ Ijb h[ezZzklb 1h]*"Z dZd h[uggZy ijyfZzy ~_ebl iehkdhkl@Zhjdkdthgdz ~\_ qzZkl
ljhibqg_kdzy ijyfZy jZza~_ey_1| gZ Ijb ]Jjmiiu mqZ&hgbdby Zkkhjlbf_glgh]lh Zmdpbhgz g
dhlhjhf ijhrZxlky mkeml]b ih kljhbl_evkl\m bg~*b\b"mZevguo "hfh\ ©ih® dexqg?® b ©dhjh|
gZy bgl_jij_lZpby wlbo h[eZkl_c ijb fh~_ebjh\Zgbb kejhkZk gEnitn\zhgbfZgb_ bo

dzZzd ahg h*ghagzqggh]h \u[hjZ =jZgbpu IZdbo ahdg”"\ %edyghd kimgdadu\zZx| baf_g_gb_
kijhkzZz kdZqdhf ijb baf_g_gbb p_g Kh\hdmighklv IZdbo [[[ApbpebfZyamHd eZd mkz
l_e_g I_f quAh_ey_| \k_ \ZjbZglu mkeh\bc gZijbf_j khhlghm”~glupbgbgikem]b
dh]”~Z \u[hj g_h"gh@adwin,and Klemperer, 2014, 2019).

kkhjlbf_glguc Zmdpbhg beexkljZlb\guc ijbf_j

lh ijZ\bezf Zkkhjlbf_glghlh ZmdpbhgZ ihdmiidl "ez]delbpdbwZ Jhlih\uc ~hf
b gZ dhjh[dm Hgb khhi\_IkI\mx| dhhjrbgZ1Zf p\_Iguo djm dh\ Ihlhf gZ hkgh\Zgbb a.

ij_"ezZ]Z_Il1_psbu ih dhlhjuf ijbh[j_IZxlky iheghp_ggu_ ~hfZ beb dhjh[db
Lhl nzdl qlh azZy\dZ ibr_Iky k p_gZfb b ey dhjh[db b ~ey iheghlh "hfZ g_ "he
Lzf 1~_ o _lgu hl ihdmizl_ey KklZ\blky ihemqgZ_lky djm hd g2z kbkZ[kjgblgizl beb gz
Pbnjz jy*"hf k p\_lguf djmnddebqg_klI\h ~hfh\ \ aZzy\d_ beb dZd \Zjbzgl dhebqg_kl\h h” b
azZy\hd

LhgdZz ba dhlhjhc bkoh”yl Ijb emqgz
khhI\_IkI\m_1 p_gzf ijb dhlhjuo \Zjb
Zglu ©dhjh[dZz@ b ©ih® dexqg® h”bgZdh\h
ijb_fe_fu ~ey ihdmizZl_ey b "ey ijh
NZ\pZ+ kljhbl_evghc dhfiZzgbb ?keb
p_gZ ihdmizZl_eyijbbfe_fuo "ey
ijh~"Z\pE gZ "hf b ghsgZ dhjh[dm
Ilh hg gbg_]h g_ ihemqZzZ_|I

< l_hjbb ihdmizl_eb ih~"Zxl aZy\db \
aZi_qZlzZzgguo dhg\_jlZo b g_ agZxl p_g
Ajm] A“jm]Z Fh~_jzZlhj gZ hkgh\_ ZgZebaZz
aZy\hd gZagZqZ_| h*bgZdh\u_ p_gu gZ ]h
lhiu_ ~hfzZ ©ih” dexq? "ey \k_o ihdmiZz
|l e ¢ b h*bgZdh\u_ p_gu ©dhjh[db? ijb
g_f \ Ihf b *jm]hf kemqgqZ_ wlb p_gu g_
om _ Z dZd ijZ\beh emqr_ aZyle_gguo
GZijbf_j _keb _klv azZy\dzZ « VoV
rbg_ ehdmkzZ Ih hgZ m~h\e_I\hjy _Iky ih
ij_"~_evghc p_g_ ijh"d\plZevgu_
aZy\db m~h\e_I\hjyxlky ih emqrbf “ey
gbo ih kjz\g_gbx k aZy\e_ggufb p_g2zf
Ilh wlhc ijbgbgmiiadld eb gbg_]h g_ \u
b]ju\zZxl gb hl aZ\ur_gby gb hl aZgb™_
gby p_g Ih _klv azbgl_j_kh\Zgu ©]h\h
jblv ijz\ma& WIlh b hagzZqgZ_I| kh\f_klb
fhklv kh klbfmeZfb < j_Zevghklb wlZ
ko_fzZ g_ \k_1"Z jZ[hlIZ_¥hyh evigZy bklhjby

< ijbgpbi_ fzl_fZlbg_kdZy |I_ogbdz bkihevam_fzy \ Zkkhjlbf_glghf Zmdpbhg_ k
ijh~mdlh\ ijbf_gbfz b d [he__ rbjhdhfm gZ[hjm ijh*mdlh\ beb mkem] gh wlh kms_KkI\
N _fhgkljzpbx ij_~ezZ]Z_fuo b"_c ihkdhevdm a”_kv hqg_dv\bahgZreb atrevphEkoh”guo
NZgguo b ihemqgZ_fuo j_amevlZlh\ Z “ey wlh]h \ZjbZgl khMfpANjZemdhzfb ih”o

FZjd_Ibg] b *h\_jb_ d dhfiZzgbb

Kljhbl_evgZy dhfiZzgby \jy® eb fh _1l ijh\h~blv Zmdpbhg \ deZkkbqg_kdhf \ZjbZgl_
azZi_qzZlzZzgguo dhg\_jlZzo H”gzZdh \ kh\j_f_gghc wdhghfbd_ _klv #jm]b_ \hafh ghklb b
g_kdhevdh bgu_ ko_fu bkihevamxsb_ Im “_ fZI_fzpglkdaZplghgguum]bjbapltiu JZam
f__lky _keb ]Jh\hjblv h j_Zevghf fZehwlZ ghf kljhbl_evkI\_ Th ~_eh g_ k\h~blky d ~\n
Ahf fh™_I bf_lv jZagh_ gbkeh dhfgzl wlZ'_c bl i lhwlhfm p_gu g_ fhlml [ulv h*bgZdh
ihdmizZl_e_c lhlh\uo ~hfh\kbo*élydmizZzl_e_c ©dhjh[hd? H”gZdh ijbgpbibZevgh_ jZa:
bf_ggh \ kl_i_gb ]lhlh\ghklb "hfZz 1Zd dZd hgh k\yazgh k “h\_jb_f d dhfiZzgbb =hlh\u_
I_ dih ~_e_]bjm_I dhgljhev aZzflghjéxh _dbg klI\hf kljhbl_evkI\Z dhfiZzgbb Z dhjh[db it
dmizxl I_ dlh ohg_Il dhgljhebjh\Zlv ijhp_kk gZ jZaguo wlZiZo HklZevgu_ jZaebqgby g
0zjzdl_j Z ihlhfm fhlml [ulv k\_*_gu d "\mf ihdZaZzl_eyf 7ey ]hlh\uo ~hfh\ b "ey ©Odt

>ey ijh\_~_gby Zkkhjlbf_glgh]h ZmdpbhgzZ k ~\mfy i_j f_ggufb kljhbl_evgZy

Jbk :kkhjlbf_glguc Zmdpbhg Bklh\ggb i
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bkihemmxsZy kh\j_f_ggu_ pbnjh\u_ j_r_gby bf__Il \hafh ghklv kha”Zlv khhI\_lklI\mxsm:
gmx dzZfizgbx \ k_Ib bgl_jg_I p_evx dhlhjhc hdZ mlky aZy\db deb_glh\ "_eZxsbo il
Zmdpbhg_ ih ijbh[j_I_gbx ih*jyrZ gZ kljhbl_evkl\h ~hfz ]%klzZdeplvghukprhtoyl \u

m~h\e_I\hjyxsb_ bo azZzy\dzZf ih jZzaf_jm ~hfZ dhebqg_kl\m wlZ _c b klhbfhklb Z hjlzgb

kfh™ _I'ij_"~eh blv dZ"~hfm \ZjbzZgl kljhbl_evkI\Z dhlhjuc m~h\e_I\hjbl _]h \hafh ghklb
ghklb < dzZq_kI\_ aZ]lheh\dZyijbKid&eMan¥ZIv keh]Zg ©lhkljhc “hf gZ k\hbo mkeh\byo?
ihl_gbZevguc mqgzklgbd ZmdpbhgzZ [m”~_Il i_j_oh”blv gZ kZcl hjlZzgbaZzZlhjZ b ijhoh”Dbl

I1Zzfb hIN_Ih\ ih ~_ez_fuf izjzf_ljz¥dexfdZy p_gm <hijhku gZ dhlhju_ ij_~klhbl hI\_Ibl
[mM*"ms_fm AZdzZagllhdmezZ_fZy iehszZz~v dhebqg_klI\h wlZz _c kmffZz dhlhjmx Jhlh\ ihljZI
_gl zZ dhfizgby \ k\hx hq_j_"v ihklZjzZz_Iky m~h\e_I\hjblv fZdkbfmf Zz~_d\Zlguo aZijhkh
pbyo khhI\_IkI\mxsbo \hafh ghklyf ihl_gpbZe v bdripofazx diZoaLgbydineHT ykasbl-

BaeT B3aVMOUCK/IOYAIOLLMIA BbIGOP — LieHy 3a «nog, kaou» VIV ueHy 3a «KopobKy». (Ha mexaHusme WJ1A-

WV cTponTcsa ayKuMoHHas MexaHuka) Mocne c6opa Bcex 3asBOK U BbIYMC/IEHNS LieHbl 0T CEYEHNS, KoMMa-

HMSA CMOXEeT NpefoCcTaBUTb NPeA/IoKeHNe No LieHe, KoTopas OKaxeTCs KIMeHTy 6onee BbIrogHon. Ecnu

nokynaTesb ykasblBaeT TO/bKO OAUH BapuaHT, TO BO BTOPOM NpW pacyeTax aBToMaTW4ecks nosss-

€T Cs HyNeBas LeHa, Kak ¥ B KNiacCnyeckoii cxeme.

?kl_kI\_ggh qgzZklv azijhkh\ hdz _lky \ h[eZklb \gmljb Ijhibg_kdh]h ijyfhm]hevgbd
m~h\e_I\Vhjy_| gb hrghfm ba mkeh\bc ZmdpbhgZ Z ~jm]b_ [m"ml jZa”_e_qgu ljhibqg_k
emgb\rb_ ijhA*mdlu jZaghc kl_i_gb aZdhgqg_gghklb

Qlh[u f_ozZgbaf jZ[hlZe dZd p_gh\hc Zmdpbhg aZzZy\db “he'gu kh[bjZIlvky \' I_q_gb_
\j_f_gb j_dezfghc dzfiZzgbb gZzZijbf_j ~\mo g_"_ev |I_j_" klzZjlhf dzZfiZzgbb dhfiZgby
kh[kI\_ggmx fhsghklv gZ i_jbh” kdhevdh ~hfh\ hgZ kihkh[gZ ihkljhblv Khhilghr_gb_
k h[t_fhf ihklmib\rbo aZy\hd hij_~_ey_1| blh]l]h\u_ phgwMhkc odhfbg_idlZpbb

Deb_glm g_I kfukezZ \jZlv ijb ijhoh™~_gbb hijhkZ 1Zd dZd AZdZagbdb ihgbfzZxl ql
bo \hafh ghklb |_f [he__ dZg_kI\_gguc b aZdhgg_gguc ijh~mdl [m~_I ihemq_g \ dhg
[hevr_c ijhajZzqghklb bf__I| kfuke \uimklblv d Zmdpbkglmg rihjifizepgdx _ endgimjZy kh
A j'bl nbdkbjh\Zggu_ jZkp_gdb gZ | _beb bgu_ jZ[hlu b fZl _jbZeu qlh[u ba[_"ZIv kbl
dhfiZzgby ih~"lJhgy | k\h_ ij_"eh”_gby ih” aZijhk AZdZagbdZ iml_f aZ\ur_gby jZkp_ghd
dZ ~"uc mgZklgbd ZmdpbhgZ hemgbbd Mhmikegh\byo qgq_f \ur\bgmlu_ bf

GZijbf_j AZdZagbd ijb ijhoh ~_gbb d\baZz \u[bjZ_I \ZjbZglu kljhbl_evkI\Z b klZ\]
IhjZzy ij_\urZ_1 klhbfhklv "hfzZ \ j_Zevghklb gZzZijbf_j mdzZaulZ_I qlh JThlh\ ihljZIblv
Z “hf dhlhjuc aZijZrb\Z_| AZdZaqbd Kklhbl feg kP hfiZod yk h\[y ajbeh”_gby d ~h]h
\hjm khklzZ\blv kf_Im gZ ~"Zgguc “hf \ dhlhjhc [m*ml| mdZaZgu j_Zevgu_ jZkp_gdb gZ
Zeu dhlhju_ AZdZaqgbd kfh™ _| k\_jblv k *hdmf_glZpb_c ijbeh’_gghc d Zmdpbhgm

3peck paboTaeT He TO/bKO CBEPKa CO CMeT ol Mo nTorav cbopa Bcex 3asBOK KOMMaHus onpegenseT
MVHVMaUTbHYIO LieHY MO KaK4ol KOMMAeKTauumn, Npu KOTOPoi CyMMapHbIli 06beM NPUHATbIX 3asBOK 3ano/i-
HAET 3asB/IEHHYI0 MOLLHOCTb. BCeM, KT0 nonasn B YNCO NPUHATLIX, AeNaeTCa Npea/ioxeHne nocTpouThb
[IOM M0 3T 0l MUHUMasTLHOM LieHe, a He TOM, YT yka3aHa B 3aaBke. (TO eCTb, ecnv 3aKa3umk npeaaoxun 12,
a A1 3anosiHeHNa MoWwHOCTKU XBaTUT 1 10, TO No hakTy KOMNaHus fenaeT npefsioxeHne nocTponT €
3a 10). BnpoyeM, Ty T BO3MOXHbl BApUaHTbl.

Djhf_ Ih]h \ ~Zgghf wdhghfbg_kdhf f_ozZgbaf_ bf__I| f_klh nZdlhj ~h\_jby ihl_gpb?Z
_glz d dhfizgbb Q_f \ur_ mjh\_gv ~“h\_jby I_f [hevrmx gqZlklZdkjagkhD iehdhjm I
ihljzlblv gZ kljhbl_evkI\h *hfZ hg Jhlh\ aZieZlblv kjZam ih”ibkZ\ “hlh\hj gZ fZdkbfZe
dhfie_dlZpbb g_h[oh”bfh]h "hfZ <bamZebazZpby aZy\hd k ijbf_g_gb_f Iljhibg_kdhc ]_
ey | \b~r_Iv I1Zdb_ wnn_dlu Z ihlIpHvZ|ZgjiZeabadv!|Zlu klZgh\blky ijhs_

<u\h”u

LZdbf h[jZahf gZ hkgh\Zgbb ijh\_~_ggh]h ZgZebaz fhkgh_rmagh ~khYj_dlhy
guo pbnjh\uo |I_ogheh]bc b gh\uo fZl_fZlbgq_kdbo f_Ih~h\ gZ hkgh\_ Ijhibg_kdhc fZl_fZ
kh\f_klbfuo kh kibfmeZfb wdhghfbg_kdbo f_ozZgbafh\ ihal\hey_| kms_kI\_ggh mkh\_
fZjd_Ibglh\mx ~_yl_evghklv kljhbl_evguo hdenMahgbgihBog_kdhc fZI_fZlbdb \ fZjd_
Ibg]h\hc ~_yl_evghklb kljhbl_evghc dhfiZgbb ihalhey | k*_eZlv dZq_klI\_gguc rzZ] \i_j
\Zgbb g_dhebq_kI\_gguo b g_nbgZgkhtuo ihdzazl_e

Ijbf_g_gb_ f_Ih~Z Zkkhjlbf_glghlh didiphhghez]222ky \hafh ghklv bkke_"h
\ZIv mjh\_gv ~h\_jby p_e_\hc Zm2blhjbb \ ex[hc kn_j_ [bag_kZ ij_"eZ]Zxs_c jZaebq¢
ijbh[j_I_gby mkem] b Ih\Zjh\ ij_~iheZ]Zxsb_ “bnn_j_gpbZpbx ehyevgh®lb p_e_\hc Zi
fghlb_ Zki_dlu wlhlh gZijZ\e_gby bkke_~h\Zgbc _s_ \i_j_~b L_fZ ~h\_jby \ wdhghfbc
eyjgZ kj_"~b wdhghfbklh\ gh h[uggh hgh nb]lmjbjm_I| dZd nzZdlhj baf_jy_fuc ih hijhkz
rb\Z_fuo g_I| klbfmeZ jzZzkdju\Zlv k\h_ Hhggdj dghfoh ij_~f_Im [Zgdm beb dhfiZgbb j_q
fh>_1 bAIb h g_~hklZld_ ~h\_jby f_""m fZeuf [bag_khf bJZgd@Zghhjh\Z beb
h deZkkbnbdZpbb ihljamg™b\gZz Mkix Z20BYZ \ j_~dbo kembEZypaf_j_gbb mjh\gy ~h
\_jby DZgb_\Z Lihibgq_kdzy fZ1_fZlbdZ hidju\Z_I a~_kv gh\u_ \hafh ghklb ~ey \
j_amevlzZlh\ baf_j_gbc _keb hgb \hafh'gu ”"ey bo ZgZebazZ b hkfuke_gby
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$EVWUDFW

The possibility of using methods of tropical (idempotent) mathematics and the theory of incentive-compat-
ible economic mechanisms in solving non-standard marketing tasks, where standard economic indicators are
poorly suited for determining the effectiveness of marketing activities, is investigated. They cannot be used
because they are not quantifiable and do not provide an objective assessment. It is shown how, in the context
of digitalization, the proposed approaches are applicable in the traditional industry (low-rise construction)
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M >:004.6; 004.89

JZajz[hldB[jbrgh]h_ Ih*2Z _jhylghklgh]h ihbkdZz
b\ jbnbdZpbb aZibk _c \ [ZaZo “"Zgguo

=bevfml~bgh\, Ih*e_kguo:> Fhkdh\kdbc nbadglthqg_kdbc bgklblml
gZpbhgZevguc bkke_"h\ZlI_evkdbc mgb\_jkbl_I >he]hijm”~guc Jhkkby

Llenb nccnegosaHus — paspaboTka rmépuaHoro MeTofa BepOSS THOCTHOIO NOMNCKa U Be-
prdbrKaLmm 3anncein B penisiumoHHbIX 6a3ax AaHHbIX, NO3BO/IAIOLLEr0 CONOCTaBNATb CTPOKO-
Bble aTpMby Tbl, COAepXallue onevaTKu, COKpalLeHnss U pasHouYTeHns. MeTogonorus 6asu-
pyeTcs Ha BblMMCEHUM HOPMWPOBAHHOIO pacCcTOoAHWA JIeBEHLWTeHa 418 Kaxk4oro aTpu-
6yTa, hopmmpoBaHMn 6alieCOBCKOW OLEHKM anocTepropHO BEPOATHOCT MW COBMNaAeHNs 3a-
MMUCKN 3 BHELLHErO NCTOYHMKA C 3T a/IOHHOW 3anucbio 1 BbIGOPE KaHAMAAT @, MakCUMU3npyto-
Lero aTy BEPOATHOCTb. [1/19 NOBbILLEHUS NPOU3BOAUT €/IbHOCTU NPUMEHSITCa C-pacium-
peHus (bnbnmoTeka rapidfuzz), orpaHmyeHne yncna KaHaMaaToB Ton-20 Hanboee NOXOXNX
3anuceli no ®UO, BekTopusauma onepauuii c NOMOLLBI0 pandas 1 npeaBapuTenbHas Hopma-
nm3aums cTPoK. KnoyeBble pe3ynbTaTbl: pa3paboTaHHbIi MeTOf AeMOHC T PUpYeT yC T Ol-
UYMBOCTb K UCK&XKEHUAM BXOAHbIX JaHHbIX, YU T biBAET O4HOBPEMEHHO HECKO/ILKO aTpnby T 0B
(PNO, ngeHTUdMKaTOPbI, HAMMEHOBaHUS)) U He TPebyeT pa3MeyeHHOl obyyaroLllei Bbl-
60pKN, B OT/IMUME OT K/aCCUYECKOro BeposSTHOCTHOro noaxoga Fellegi—Sunter. 3kcnepu-
MeHT a/lbHas NpoBepKa Ha 3T asfloHHOI 6a3e u3 250 ThicaY 3anuceli U TecTOoBOl BbIGOpKe 13
159 nckaxkeHHbIX 3annceli nokasana BpeMs 06paboTku 62 cekyHapl Ha CTaHaapTHOM 060py-
[LoBaHuW. BbiBOA: NPefNOXEHHbIN TMOpUAHbLIA METO4 coyeTaeT MMOKOCTb HeYEeTKOro cpas-
HEHUSA CTPOK U BEPOSATHOCTHYIO OLEHKY, YTO fenaeT ero aphekTuBHbIM 15 3a4a4 UHTe-
rpauum n O4NCT KN JaHHbIX B KOPNOpaTUBHbLIX MHOPMAaLNOHHBLIX CUCTEMaX.

<\_"_gb_

ljh[e_fZ khleZkh\Zgby jZaghjh”guo "Zgguo \hagbdeZ azZz~helh ~h ihy\le_gby kh\j_f
jZIb\guo kbkl_f < o0 lh~"Zo k jZa\blb_f j_eypbhgghc fiiCodd197@gddeh hq _
\brgh qglh ~Z"_ijb kljhlhc ko_f_ "~Zgguo j_Zevgu_ hi_jZpbhggu_ kbkl_fu g_ba[_"gh ih
gZldb khdjZs_gby b jZaebggu_ nhjfZlu aZibkb h~gbo b I_o "_ kmsghkl_c WIh ijb\_e
gbx gzZijz\e_gbc HQWLW\ UHVROXWLRQ UYHHRMU @bO LKMNIyHH | Ic\yaulZgb_ aZibk_c |
GHGXSOLFDWLRQ "_"miejlzdApbZxstzalp\gh o ]Jh~h\ \ jZ[hlZo , 3 )HOOHJIL $ %
: ( :LQNOH YFdlletyj, Sunter, 1969; Winkler, 2006).

<Z'guf wlZihf w\hexpbb f_Ih”~h\ bgl_]jZpbb klZeZ klZg”"ZjlbaZpby nhjfZIh\ h[f_gZ t
g_kdh]h hibkZgby- < o ]h”"Zo ~ey f_"dhjihjzlb\gh]lh h[f_gZ \ eh]bklbd_ b nbgZgkZo ¢
ijbf_gylvky klZg~Zjlu (',)$&7 b 6:,)7 dhlhju_ j_lezZf_glbjh\Zeb kljh]lb_ kljmdImju khh[:
hklZ\eyeb ijh[e_fmldhlg khihklZ\e_gby kljhdh\uo ZIjb[mIh\ gZ mjh\g_ ijbdeZ~guo kb
jZa\blb_f \_[ | _ogheh]bc b dhgp_ipbb(Baed-Qxe/ Hendlét,Eassila, 2001) \hagbdeb klZg
AZjlu 5') 2:1 Z azZl_f bgbphnked \Datd (Bizer, Heath, Berners-Lee, 2009) Hj]ZgbaZpbb 2%$6,6
jZajZ[hlZeb ki_pbnbdZpbb 8%/ Z dhgkhjpbmf 5RVHWWDI1HW ij_"eh be kljh]lb_ keh\Z]
ehlbgguo hlj2zkeG ckfhljy gZ nhjfZebazZpbx k_fzglbdb gZ ijZdlbd_ agZqbl_evgZy qZk
ijhrhe Z_1 ihklmizZlv \ \b”_ g_kljmdImjbjh\Zgguo beb keZ[hkljmdImjbjh\Zgguo I_dklh\
\ha\jZzsZ_| bkke_"~h\zZl_e_c d az~zZqzf \_jhylghklgh]h khihklzZ\e_gby

< gZklhysbc fhf_gl h*ghc ba dexqg_\uo ijh[e_f ijb bgl_]jZpbb b hgbkld_ ~Zgguo \
guo bgnhjfZpbhgguo kbkl_fZo y\ey_I|ky gZebgb_ bkdZ _gbc b jZaghql_gbc \ kljhdh\u
IZnj_cfh\ D 1Zdbf bkdZ _gbyf highkylky hi_qZldb \ NBH jEREQQgub” ndljtbm bgdZ
pbhgguo ghf_jh\ KGBEK BGG khdjZs_gby \ gZbf_gh\Zgbyo hj]j]ZgbaZpbc DeZkkbqg._
jh\Zggu_ f_Ih~u nmgdpby <1J \ 06 ([FHO f_lhZ imdBDdu\XIxS O &divx iheghlm b Ij_
[mx] IThgguo kh\iz*_gbc Ihwlhfm g_h[oh”bfh jzZkkfhlj_Ildbh]lhf VhjthAlghlkdgh]h ih
bkd@dDmag_ph\ ,GIm_¥jfhebd R_\q_gdh |_JpPe2RdZy

F_Ih~"heh]by jZkklhygb_E_\_grl_cgZ b ghjfbjh\ZggZy hp_gdZ koh _klb

Hrgbf ba gZb[he__ jZkijhddjZgh~oh~h\ d hp_gd_ koh _klb kljhd y\ey_Iky Zelhjblf E
rl_cgzZ j_"~Zdpbhggh_ jZkklhygb_ >729ggZy f_ljbdZ hij_"~_ey_| fbgbfZevgh_ dhebq_|
\klZ\db m~Ze_gby b aZf_gu kbfi\heh\ g_h[oh”bfuo "ey ij_h[jZah\Zgby h”ghc kljhdb \
i_glgZyhjfmeZ ~ey \ugbke_gby jZ&khygyns b 5 bf__1 \b”"

1 OASIS Universal Business Language (UBURL: https:/mww.oasisRSHQ RUJ FRPPLWWHHYV XEO 2ZIZ h[jZs_gby
23DQGDV 85/ KWWSV SDQGDV S\GDWD RUJ ~ZIZ h[jZs_gby
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A réeEraF r

A BFragr
FEraf r ]
&y A &vs; S a
Al EJL & say; S MaB &R r

o) &usays; | 15E8%F;

1"_5 S5 xbkoh”gu_ kljhdb
&y twe_f_gl fZljbpu jZkklhygbc ~eBkbf\hebdX b i_j\udkbflhehs
| :=&> +nmgdpby klhbfhklb azZf_gu _keb kbf\heu jZ\gu bgZq_
>ey ihemq_gby hp_gdb koh _klb "\mo kljhd \ ijhp_glZo ijbf_gy_Ilky ghjfbjh\Zggh_
j_Zebah\Zggh_ \-BhPeWRQ d_ UDSLGIX]]
kK3 @:d; R@d ; ¥%1.4 ;0544
N=PE&E&; BBE; ROE !
]"_ N=PE&; tnmgdpby hij_~_e_gby kl_i_gb koh _klb kljhd _keb hgb b”~_glbqgu
5 % +tbkoh”gu_ kljhdb
HA3, tnmgdpby bale_q_gby “ebgu kljhdb
AgZq_gb_ khhI\_IkI\m_1I iheghc b”_glbgghklb kljhd

;Zc_kh\kdZy ihklZgh\dZ az~Zqb ihbkdz

Ij_"eZ]Z_Ilky ijb khihklZ\e_gllmgh&kdZibkb k wiZehgghc [Zahc "Zgguo kjZ\gblv aZib
g_kdhevdbf djbl_jbyf bkihevamy \_jhylghkldm&lefrtbdkidZ  _ggZy aZibkv ba \g_rg_1lh
nZceZ kh”_j"Zs_]lh Zljb[mlu D5&dZfg~"k"*Zl gZ kh\iz~*_gb_ ba hkgh\ghc [Zau "Zgguo G
oh”bfh gZclb 1Zdmx &1 zibkvjZy fZdkbfbabjm_| mkeh\gmx®:56jkighdeKlkgh nhjfme _
;Zc_kZ

9 I=T2:56;, I=TR2:5 @:65,

17_2:5;xZijbhjgzZy \_jhylghklv aZibkb \ [Za_
2:65 £\_jhylghklv Ihlh glh wiZehggZy azZibkv 6 fhleZ [ulé bkdZ _gZ ~h \b"Z

< nZgghc jZ[hl_ij_"ezZ]Z_Ilky ZiijhdRbEbjd¥Alvjhbal_~_gb_ g_aZ\bkbfuo \_jhylgh
kl_¢c kh\iz®_gby ih 1 dexq_\uf Zljb[mlIZf
2:65 AS N=PEHKNJ:6,&, ;
]" N=PEKNJ:=&; tnmgdpby koh _klb kljhd D E ghjfbjh\Z¢ggBy \ ~bZiZahg
LZdbf h[jZzahf nhjfbjm_Iky fh”_ev dhlhjZy kgb Z_1 blh]lh\mx \_jhylghklv ijb g_khl
aZibk_c b \u[bjZ_| aZibkv k fZdkbfZevghc \_jhylghklvx kh\izZz®_gby

J ZebaZpby b hilbfbaZpby

GZ hkgh\_ \ugbke_gby \_jhylghkl_c kh\iz*_gby Zljb[mlh\ j_Zebah\ZgZ j_dhf_g~:
kl_fZ gz hkgh\_ dhg_qguo zZ\IhfzIh\ dhlhjZy \ha\jZzszZ_| |_dklh\u_ ijbf_gZgby ey dh
klI\bc ihevah\zZl_ey bgnhjfZpbhgghc kbkl_fu jbk x

Jbk JZ[hlZ j_dhf_g~Zl_evghc kbkl_fu ih \_jhylghklghfm ihbkdm \ [ZaZo ~Zgg

>ey h[_ki_q_gby ijb_fe_fhc ijhba\h”~bl_evghklb g#Zp ZByguo hxf_jy " hi
IbfbazZpbc
& jZkrbj_gby [b[ebhl_dZ UDSLGIX]] j_Zebam_| Zelhjblf E_\_grl_cgZ gZ yaud_

35DSLG)X]] *LW+XE 85/ KWWSV JLWKXE FRP UDSLGIX]] UDSLGIX]] ~ZIZ h[jZs_gby
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kjZz\g_gb_ kljha& \ jZza ih kjZ\g_gbx k qbklh 3\WKRQ j_ZebaZpbyfb
- HJ]jZgbg_gb_ dzg”~b”Zlh\ ~ey dZ ~h]h NBH bsmlky Ihevdh Ihi ihoh"bo azZibk_c

NZevg_crb_luzkg'mlky lhevdh ih wihfm h]jZgbg_gghfm gZ[hjm

hgbkldz kljlhdljZzniEkxquihegyxlky k ihfhsvx \_dlhjguo hi_jZpbc

nmgdpbb qlh khdjzZzsZ_| gZdezZ~gu_ jZkoh”™u ¢

[Zau
- <_dlhjbazZpby
SDQGDV DSSO\ b \kljh_ggu_

Python (10).

- 1j_™"\Zjbl_evgZy h[jZ[hldZ ghjfZebaZpby \k_o kljhd \uihegy_Iky h”"bg jZa gZ wl:
Z g_\dzZ ~hc bl_jZpbb

AZgguo

- ;ukljZzy aZ]ljmadZ wlZehgghc [Zau

X aZibk_c aZ "heb k_dmg~u

Wdki_jbf_glZevgu_ j_amevlZlu

NZggu_ ojzZgylky \ nhjfzl_ SLFNOH qglh iha\

>ey |_klbjh\Zgby ZelhjblfZ [ueZ ij_"~hklZ\e_gZ wlZehggZy [ZaZ "Zgguo gZ luky
aZibk_c b blggZy \u[hjdZ gZ aZibk_c G2z I_klh\hf kl_g”_ ijhp_kkhj 5\]HQ +6
5%$0 "5 xF=p h{jz[hldZz azgyeZ fbgmlim k_dmg~tu jbk x
Jbk Kdhjhklv h[jZ[hldb_ggthZh nZceZ
< 1Z[e x ijb\_"~_gh kjz\g_gb_ dexq_\uo ih"oh~h\ b klzg”~Zjlh\ mihfygmluo \ j_Ijh
ij_rez]lzZz_fuf ]b[jbrguf f_Ih~hf \_jhylghklgh]h ihbkdZz
LZ[ebpZKjZ\g gb_dexg \uo ih"oh”h\ b klZg”~Zjlh\ k ij ~eh” gghc f Ih~bdhc
L_ogheh]lby ih Lbi ljbgpbi jZ[hlu lj_bfms_kI\Z H]ljZgbg_gby
oh”?
DezZzkkbq_kdb_ | >_|_jfbgbjh\Zg| Kjz\g_gb_ ih Ih IjhklhlZ \ukhd] G_ jZ[hlzZx] ijb
|_jfbgbjh\Zggu] guc ghfm kh\iz”~_gb| kdhjhklv ijb b~| hi_qZldZo khd
f_Ihru <I1J h~ghlh beb g_k| Zevgh gbkluo ~ gbyo jZaghqgl_
merge) dbo dexqg_c guo
EDIFACT, SWIFT K1Zg”~Zjlu h[f_g Kljh]lb_ nhjfZlu| H[_ki_gb\Zxl b¢ G_ j_rzZxl ijh
khh[s_gbc nbd| jhi_jZ[_evghklvl [e_fm g ldhklb
jh\Zggu_ b~_gl| dhgdj_lguo hljZ \gmljb ihe_c
nbdZlhju eyo
RDF, OWL, Linked K_fZglbg_kdb_| Bkihevah\Zgb_| =em[hdZy k_fZ¢ Lj_[mx] ij_"\ZjH
Data gheh]lbb hglheh]lbc k\ya IbdZ \hafh ghk |I_evgh]lh fh”_e

gb_ "Zgguo q_j
lizn

eh]lbgq_kdhlh \u

\Zgby g_ jZkk(
IZgu gZ ©]jyag
| _dklh\u_ ~Zgg

OASIS UBL,
RosettaNet

HljZke_\u_ keh
\Zjb b ijhp_kku

K1Zg~Zjlbabjh\j
gu_ [bagMtkdm
f_glu dh”u de
kbnbdZlhju

MgbnbdZpby "Z
gZ mjh\g_ ~"hf_

G_ mqgblu\zZxl b
" _gby \hagbdZz
sb_ ijb \\h~_

DeZkkbqg_kdbc
ylghklguc ih”?oH
(Fellegi iSunter)

<_jhylghklguc

KjzZ\g_gb_ ih

gZ[hjm ihe_c k
kzfb \ugbkey_
fufb gZ hkgh\_
h[mgZxsbho "Zg

Mgblu\Z_I g_h"
jh~rghklv dZq_k
ihe_c |_hj_Ibg
h[hkgh\Zg

Li_[m_Il jZzaf_q |
guo “Zgguo "ey
gZkljhcdb \_kh

lj_~ezZ]Z_fuc ]b
[jb~rguc f_Ih~

=b[jb~rguc \_jh
ghklguc j_"ZzZd
hggh_ jZkklhyg

;Zc_kh\kdZy hp
ih g_kdhevdbf
[mIZf ghjfbjh\Z
gu_ jZkklhygby
\_grl_cgzZ h]ljz
q_gguc i_j_[hj

dZgrbArZIih\

JZ[hlZ_I [_a h[
xs_c \u[hjdb

mklhcgb\ d hi_q
dzf mqgblu\z_lI
kdhevdh ihe_c
\j_f_ggh e_]dh

Z~"Zilbjm_IKy

ljhba\h”bl_ev

ghklv kgb*Z 1k
ijb hg_gv [hevr
[ZzaZo

Ij_~ez]Z _fuc f_Ih~ khq_IZ_| ~"hkihbgkI\Z \_jhylghklghdhkithendBo meb[mlh\

]b[dhklvx gldgglh kjz\g_gby kljhd
\byo j_Zevguo dhjihjZlb\guo ~Zgguo
/ILQNHG 'DWD

g_kdbo klzgnrz

jlh\ 5')

j_"Zdpbhggh_ jZkklhygb _

]"_ bkdZ _gby b jZaghql_gby g_ba[_"gu
hg g_ Ij_[m_1Iij_n\ib)h ehgh kb jid heethyl b g _

Z ih kjz\g_gbx k ~_1_jfbgbjh\Zggufb f_Ih~Zfb h[_ki_qgb\Z_I \ukhdmx iheghlm ihbkdZ

glh ~_eZ_1 _1h wnn_dlb)
< hleb

L

\_jhylghklguc ih"oh"+pBK@QOWMHIW Ij_[m_I| jZaf_q_gghc h[mgZxs_c \u[hjdb ey hp_gdb \_

[mlh\

klhygby qglh mijhszZ_| \g_"j_g

b

Ih]~Z dZd gZrZ fh”~_ev bkihfe\jgm_1ZjZhbhgu_ \_jhylghklb b ghjfbjh\Zggu_ jZk

Hkgh\guf h]jZzgbq_gb _IkfikijfEba\h~bl_evghklv ijb jZ[hl_ k [ZaZfb kh~_j Zsbfb fbee

hgu aZibk_c
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rbjhdbo [Z[ebpZo fh _1 ihlj_[h\ZIlvky ~hihegbl_evgZy bg”_dkZpby gZzZijbf_j k bkihe
[ehgqguo f_Ih~h\ < [m”ms_f ieZgbjm_Ilky bkke_~h\Zlv \hafh ghklv ijbf_g_gby f_Ijbd
guo d i_j_klZgh\dzf keh\ b bgl_J]jZzpbx k \_dlhjgufb ij_"®IGL& gbyély KHPEHDbq_
kdhlh khihklZ\e_gby

AZdexq_gb_

JZajz[hlzg ]1b[jbrguc f_Ih~ \_jhylghklgh]h ihbkdZ b \_jbnbdzZpbb aZibk_c hkgh\zZg
kh\kdhc hp_gd_ k bkihevah\zZgb_f ghjfbjh\Zggh]h jzkklhygby E_\_grl_cgZ F_lh” g_ I]
s_c \u[hjdb mklhcqgb\ d hi_qzldzf b khdjZs_gbyf mqgbbliddh\ p gthhjevdgghlj Wdk
i_jbf_glzZzevgh ih~I\_j"~_gZ _1h jzZ[hlhkihkh[ghklv gZ [Za_ ba X aZibk_c h[jzZ[hld
\u[hjdb aZgyeZ hdheh k_dmg” Ij_~eh’ _gguc ih”oh” fh _I [ulv j_dhf_g~h\Zg ey az”®
b hgbkldb ~Zgguo \ dhjihjzZlb\gimwbbggtpf kbkl_fZo ]~_ ljZz*"bpbhggu_ ~_1_jfbgbjh\Zgg!
f_lh~u g_"hklZlIhggh wnn_dlIb\gu

Kibkhdbé_jzZImj

1. <ZoeZdh\ > < F_evgbdh\ K X I_j_kuidbg < : FghlhwlZiguc f_lh” Z\lhfz
dhjj_dpbb bkgduo I_dklh\ Ba\_klby X'ghlh n_"_jZevgh]b_mgb{g_jkdhd_ [z
gZmdb < 4.

2. Dmag_ph\ F : Glm_g L L FzI_fZlbg_kdb_-fhRmébhihbkbBd\ZKibc
kdbc "mjgZe mijzZ\e_gb_ b \ukhdb_ I_dghehKkbi30.

3. Yjfhebd < G R_\g_gdh G : I_ljh\kdZzZy < < F_jZ hlebqgby “ey mijzZ\ey_fi

ghklguo I_klh\ >hdez”u ;=MBJ <« K #60.

Berners-Lee T., Hendler J., Lassila O. (2001) The Semantic Web // Scientific American. 2001. Vol.

284, No. 5. P. 34 #3.

5. Bizer C., Heath T., Berners-Lee T. (2009) Linked Data +The Story So Far // International Journal on

Semantic Web and Information Systems. 2009. Vol. 5, No. 3. P. 1 22.

Fellegi I.P., Sunter A.B. (1969) A Theory for Record Linkage // Journal of the American Statistical

Association. 1969. Vol. 64, No. 328. P. 1183 11210.

7. OASIS Universal Business Language (UBL). URL.: https://www.0asis-open.org/committees/ubl  "Z1Z
h[jZs_gby

8. Pandas. URL: https://[pandas.pydata.org "ZI1Z h[jZs_gby

9. RapidFuzz. GitHub. URL: https://github.com/rapidfuzz/rapidfuzz ~zZI1Z h[jZs_gby

10. Winkler W.E. (2006) Overview of Record Linkage and Current Research Directions // Statistical Re-
search Division, U.S. Census Bureau. 2006.

5HIHUHQFHY LQ &\ULOOLFV

1. Vakhlakov D.V., Mel'nikov S.Yu., Peresypkin V.A. (2020) Mnogoetapnyy metod avtomaticheskoy
korrektsii iskazhennykh tekstov // 1zvestiya Yuzhnogo federal'nogo universiteta. Tekhnicheskie nauki.
2020. No. 7. S. 35 #4.

2. Kuznetsov M.A., Nguen T.T. (2013) Matematicheskie modeli poiska veb-resursov // Prikaspiyskiy
Zhurnal: Upravlenie i Vysokie Tekhnologii. 2013. Vol. 22. P. 25 130.

3. Yarmolik V.N., Shevchenko N.A., Petrovskaya V.V. (2022) Mera otlichiya dlya upravlyaemykh
veroyatnostnykh testov // Doklady BGUIR. 2022. T. 20, No. 6. S. 52 #60.

Dexq_\u_ keh\Zz
\_jhylghklguc ihbkddhy_d&jz\g_gb_ kljhd jZkklhygb_ E_\_grl_cgZ jZaj_r_gb_ kmsg
k\yaulZgb_ aZibk_c [Zc_kh\kdZy hp_gdZ UDSLGIX]] SDQGDV hqgbkldZz ~"Zgguo bg

neMyTAnHOB TuMyp ApTyposudy, MarncTp
MOCKOBCKMIA (PU3UKO-T EXHUYECKUIA MHCTUTYT (HauMoHaubHbIV NCCNeaoBaT ebCkuii yHUBEPCUTET),
ORCID 0009-0006-8462-2481,
timurgilmutpr@gmail.com

P

o

MoanecHbIX AMnTpuii ApTypoBuY, AcnnpaHT
MOCKOBCKMIA hN3NKO-TEXHUYECKNIA MHCTUTYT (HauMoHa/bHbIA UccneaoBaTeNbCKUA YHUBEPCUTET),
ORCID 0000-0001-5992-0248,
podlesnykh.da@mipt.ru

Timur Gilmutdinov, Dmitry Podlesnykh . Development of a hybrid method for probabilistic search and
verification of records in databases

.H\ZRUGV
probabilistic search, fuzzy string matching, Levenshtein distance, entity resolution, record linkage, Bayes-

ian estimation, rapidfuzz, pandas, data cleaning, data integration.

DOI: 10.34706/DE-2026-04-05
JEL classification: C88

41



PBNJH<:Y WDHGHFBD: 4 (39) 2026

$EVWUDFW

The purpose of the research is to develop a hybrid method of probabilistic search and verification of records
in relational databases, which allows matching string attributes containing typos, abbreviations and discrepan-
cies. The methodology is based on calculating the normalized Levenshtein distance for each attribute, forming
a Bayesian estimate of the a posteriori probability of matching a record from an external source with a reference
record, and selecting a candidate who maximizes this probability. To improve performance, C extensions (rapid-
fuzz library), limiting the number of candidates to the top 20 most similar entries by full name, vectorization of
operations using pandas, and pre-normalization of strings are used. Key results: the developed method demon-
strates resistance to input data distortion, takes into account several attributes (full names, identifiers, names)
at the same time and does not require a marked-up training sample, unlike the classical probabilistic Fellegi £
Sunter approach. An experimental check on a reference base of 250,000 records and a test sample of 159
distorted records showed a processing time of 62 seconds on standard equipment. Conclusion: the proposed
hybrid method combines the flexibility of fuzzy string comparison and probabilistic estimation, which makes it
effective for data integration and cleaning tasks in corporate information systems.
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M > [0569.9; 81.42; 004.8

J amevlZlu ibehlgh]h bkke_"~h\Zgby \hkijbylby
hi\_h\BB
Ghzdd G < Dhk|/WIEFIB:G Fhkd\Z

MunoTHoe nccnegosanune (n = 17) npoBepseT, kak TWUN peyeBoro cTuna oreeTa U
B/INSIeT Ha COXpaHeHWe Nonb3oBaTeNleM UHTEepnpeTauroHHOW areHTHOCTU B IMYHOCTHO
3HAUMMBbIX CUTYyaUMsX MPUHATUSA PeLleHniil. YH4acTHUKM OLEeHUBaIN YeTbipe BapuaHTa oT-
BETa, Pa3/IMyatoLLMXCS MO ANUCT EMUYECKON MOAAIbHOCTW: OCT OPOXHbIN, HENT pabHbIN, An-
PEKTUBHBIA 1 NogaepXuBatoLmii. LleHTpanbHbiil pesynbTaT: 65% yyacTHukoB (11 n3 17)
Ha3BasIM OCTOPOXHbIV CTW/b SIYHLUMM A1 COXPaHEHUS NpaBa Ha camocTOSATeNbHOe peLle-
HVe, TOorga Kak No KpuTepuio KOMGopTa OCTOPOXHbIN 1 NOALEPKUBAIOLLMIA CTWUAN OKa3a-
NMcb Hepazmuumbl (Mo 29%). O6Hapy)XXeHHOE PacXoXAeHNe Mexay aBTOoHOMMEN 1 Komdop-
TOM SIBNSIETCA NEPBbIM SMNMPUYECKUM CBUAETENLCTBOM (DEHOMEHA W/IMO30PHON areHTHO-
CTW, ONUCaHHOr0 TeopeTMHYeCKN B NpeawecTByoleid paboTe aBTopoB (Hoakk, KocTuHa,

2026).

<\_"_gb_

GZklhysZy jZ[hlZ y\ey_Ilky ijh~"he _gb_f k_jbb bkke_~h\Zgbc \Rkipbddhy_Z]_glghkll
k BB gZqzZlhc\ Ghzdd DhklbgZz < Ihc klZlv_ [ueZ jZajZ[hlZgZ |_hj_Ibqg_kdzZy f

IZpbhgghc Z]_glghklb ij_"eh _g Bg”_dk khlezZkh\Zgghklb bgl_jij_lZpbhgghc Z]_glg
knhjfmebjh\Zgu k_fv bkke_7~h\Zl_evkdbo ]dZfl kaZl&Zkj\huyce wfibjbg_kdbc rz] gz
imlb d ijh\_jd_ wlbo ]bihl_a

Eh]bdZ ~"\mo jZ[hl 1Zdh\ZI| 1hj\2Zlyg_kdZy fu h[hkgh\Zeb ihqg_fm j_qg_\hc klbev hl\
BB "he  _g \ebylv gZ Ih hklZ_lky eb ihevah\ZIl_ev Z\lhjhf kh[kI\_ggh]h km ™~ _gby beb
j_"Z | wim jhev fZrbg_ zglbhkhywszyj ~klzZ\ey_ | j_ameMdiZhdgh]h bkke_~h\Zgby dh
Ilhjh_ [ueh kijh_dlbjh\Zgh 1Zzd qlh[u ihemqgblv i_j\bggu_ ~Zggu_ h |Ihf dZd j_Zevgh \h
g_luj_Ibiz-BB_1Z hklhjh'guc g_cljZevguc "bj_dlb\guc b ih*" _j'b\Zxsbc Ijb Q 1
fh™_f ijh\_jblv \k_ ]bihl_au \ kibeggmudh b _klv aZ~ZqZ hkgh\ghlh bkke_~h\Zgby d dhlt
ibehl hldjul\Z_I imlv Gh jy®” dZq_kI\_gguo iZIl _jgh\ m _ h[gZjm b\Z_Iky “hklZlhqgqgh hlc
kh~_j°Zl _evgh h[km ~ZIv bo

< dzZqg_kI\_ jZkrbj_ggh]h dhgl_dklZ bkihevamxlky ~Zggu_ ~“\mo ~hihegbl_evguo
Hijhk $QNHWRORJ Q ihal\hey_| hp_gblv gzZkdhevdh gzZklh jhkkbyg_ h[jZsZxlky
ijhkzfb b glh gm\kl\mx!| ihke_>Z4gQ_ <PBHildZau\Zx!| wlhl °_ n_ghf_g \j_ ij_a_glZz
Ib\ghf fZkrlZ[_ H[Z bklhqgbdz ~ZxI| ihgylv qglh wfhpbhgZevgh tdaZZfifbgZkeMb_ k BB
gZy ijzZzdlbdZz Z jZklmsZy ih\k_"~g_\gZy j_Zevghklv bamq_gb_ dhlhjhc ZdImZevgh

L_hj_Ibg_kdZy jzZzfdZ b ]bihl_au
Ilh~jh[gh_ baeh” _gb_ I _hj_ Ibg_kdbo hkgh\Zgbc ij_~klZ\e_gh \ ij_~r_kl\mxs_c jZ[h
DhklbgZz a”_kv fu ijb\h~bf ebrv ITh qlh g_h[oh”bfh ~ey bgl_jij_IZpbb wfibjbqg_kd

Q_luj_j_g_\uo klbey =bihl_au bkke_7~h\Zgby

< hkgh\_ bkke_~h\Zgby e_"bl Ibiheh]lby j_q_\uo kIXmgZEhhagdZyBB\IhjZfb ijb
f_gbl_evgh d kbimZpbyf ijbgylby ebqggh]h j_r_gby \ mkeh\byodghdj®@adujc g_hij_"_e
klbey jZaebqzZxlky ihhfbimgbdZlb\ghlZ $XVWLQ 6HQLhOKkhhlighkblky k [Zolbg
kdbf ihgbfZzgb_f \ukdZaulZgby dZd h[jZs_gby d >jm]hfm jZklhdbllogghlhgdZzozZdlb\gh
ghb? ;Zolbg Hklhjh guc klbev phZigbhewzrl gby - ke _dkbb g_cljZewvoptic
dhgklZlZpbb ~bj_dtbhydcibkZgby Z ih**_j "b\ZrghbBc[_amkeh\lghc \Zeb”Zpbb Klbeb
jZaebqgzZxlky 1Zd>_ b ih 0ZjzZdl_jm wibkl_fbq_kdhc fh”"Zevghklb 1Z"mqg_\Z +\0DQ

Kibev $hklhjh guc BB q_klgh_lijiblgggdbqg_gghklv k\h_]h agZgby h kbImZpbb dhgdj_
g_eh\_dz b \ha\jZzsZ_ | bgbpbZIb\m g_j_a hldjuluc \hijhk ©Keh'gh kdZazlv qglh bf_gg
<hafh'gh _&_ gzZklze fhf_gl “ey Zdlb\guo ~_ckl\bc Qlh "ey <Zkglleqidkgbgny_ _
khijhlb\e_gby beHdZukb ijbgylv j_r_gb_"2 Ebg]\bklbg_kdb_ fZjd_ju kfylgZxsb_ h]lh\
©keh gh kdZazlv®d ©\hafh gh® hldZa klZ\blv "bZ]gha \HjkiBB dhgbbglKmlv ijb
pbZlb\m gq_eh\_dm

Klbev 24 _cljZevguc BB hibku\zZ_I| Ih qlh ijhbkoh”bl gzZaulZ_| \hafh'gu_ h[tykg_g
\u[bjZ_I f_"~m gbfb ©GZ i_j\uc \aleyrthgnlgh\kZ \gmdjllhi? <u ohlbl_ ihgylv wlh
kljZo bglmbpby beb ijhklh g_"_ezZgb_ f_gylv ijb\uqgh_2 FZjd_ju i_j_qbke_gb_ [_a i
jh\guc Ihg gbdZdbo hp_ghdZ KehBvbighhjfbjm_I Z g_ kh\_Im_]I

Klbev & “bj_dlb\guc BB \ughkbl dZl_lhjbgguc \_j~rbdl b ij_”"ibku\Z_I| ~_ckl\b_

1<PBHF G_cjhdbghkljmf_gl Z g_ fZ]by : g Z e b2085. #dR1 ¢ httdss/fvciom.ru/analyticaleviews/analiticheskii
obzor/neirosetinstrumenta-ne-magija
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khijhlb\e_gb_ y\gh mdzZau\Z_I b~lb \ wih k_cqZk g_evay? FZjd_ju gb h~ghc h]lh\hjdb
©y\gh mdZaulzZz_I12 ijbdZagZy dhgklkmdpbybX dBBpazZdju\Z_|I ijhkljZzgkl\h ~ey jZa
"mfbc

Jbk Dhgp_ilmZevgZy fh®_ev j_q_\hc klbev BB b Ibiu bgl_jij_IZpdbhgghc Z]_glgl
ij_"u“ms_c jZ[hlu Z\Ihjh\ ibehlgh_ bkke_~h\Zgb_ ijh\_jy | p_gljZevguc f_oZ

Klbev tih**_j"b\Zxsbc BB ©]eZ”bl ih JTheh\_2 g_ \gbdZy \ kbimZpbx ©<u Z[khexl
glh g_ lhjhibl_kv b kemrZ_I_ k_[y <u \u[bjZ_I_ awilghkhiphhkhHebl2 Gb \hijhkZ
gb ZgzZekaghklh lieh_ ©fheh”_p?

FZjd_ju [_amkeh\gh_ h~h[j_gb_ wfhpbhgZevguc yaud ihegh_ hlknflkI\b_ \hijhkh\
g_eh\_dm ijbylgh ~mfzZlv g_ gZ”h

Ba k_fb ]bihl_a knhjfmebjh\Zgguo \ij_~u”ms_c jZ[hl_ ibehl k Q kihkh[_g *"Zlv
dZg_kI\_gguc fZl_jbZeorey Ij

+ Hklhjh guc klbev k h]h\hjdzZfb hldjuluf \hijhkhf hldZahf hl *bZ]Jghaz hdz _|I
dhlihjhf g_eh\_d \ gZb[hevr_c kl_i_gb khojZgy_I| azZ kh[hc jhev bgl_jij_IzZlhjz i_j_jZ[
\_|I kjzZ\gb\Z_1 kh k\hbf ihgbfzZzgb_f nhjfmebjm_I kh[kI\_ggmx ihabpbx

+ Ilh~”r _j"b\Zxsbc klbev_kk&ArAzhrdm q_eh\_dm ijbylgh b I _ieh gh bf_ggh ihwlhfm
j_kizZl "mfzZlv ~Zevr_ Dhfnhjl \wERhjhdb\ghklv ij_~eh blv Zevl_jgZlb\gmx bgl_jij IZpbx
iz"zZ _|

+ >bj_dlb\guc klbev ijh\hpbjm_I khijhlb\e_gb_ Dh]~Z BB ]h\hjbl ©g_evay b Ilhi
mgZklgbdh\ \dexqzZ_Ilky "_ezZghtih\h&jgZ gblhivkzZzfZ nhjfz ij_~ibkzZgby az~_\Z_| bo ijZz\h g.
kh[{kI\_ggh_ km ™ ~_gb_

HklZevgu_ gq_Iluj_ ]bith+_aubkl_fZlbqgq_kdh_ kjz\g_gb_ mkeh\bc + jhev k_fbhlbq
liZgbpu dzd f_~bzlhjz + fh~_jZpby bg”b\b"mzZevgufb jZzaebqbyfb + Znn_dlb\gzZ
\ "bgzfbd_ *"bZehj]lZmx| iheghp_ggh]lh "baZcgz Q - f_"ljmiih\h_ kjzZ\g_gb_ klzg*
\Zggu_ rdZeu klZlbklbg_kdbc ZgZeba f_~bZlhjh\ b fh~_jZlhjh\ Ibehl wih]h g_ ~Z

>bazcg ibehlghlh bkke_"h\Zgby
<u[hjdZ b f_lh~bdZz

< ibehlghf bkke_"h\Zgbb ijbgyeb mqgzZklb_ g_eh\_d aZihegb\rbo hijhkgbd q_j_a
(2025 + <u[hjdZ m~h[gZy p_e_gZijZ\e_ggZy Khklz\ _gshbg fm gbg
jZkl - e_k q_e 44 + q_e 54+ q_e fezZ"r_ kih
g_e h[jZzah\Zgb_ Yukmg e mqg_gZy kl_q_ev g_azZdhgq_ggh2 \ukr_ _

g_e kj_"™~g9_q_e <Z2°gZy oZjzdl_jbklbdayZaghjkbguc hiul \azbfh”_c
kiI\by k Bbdh]®Z h[jZsZelkkvqg_e + jZaZz q_e bghk]™"@_e
i_Imeyjgh q_e Ki_~g__ “h\_jb_d BB dZd ebqghkk¥ %54 (Md 250,50 =

k \ujZz>_gghc [biheyjghklvx gZb[he__ qzZklhlgu agZq_gby b
FZgbimeypby g_azZ\bkbfhc i_j_f_gghc |Ibi j_q_\h]h klbey hi_jZpbhgZebabjm_Iky
gb_ Mi_ dhffmgbdZlbhdghlliz BMBustin, 1962; Searle, 1969). Q _luj_ klbAyD) b bo ebg]\h
ijZ1fZlbg_kdb_ o0zZjzdl_jbklbdb hibkZgu Epgdrtblelbg_kdb_ fZjd_ju dZ ~h]lh oh”~Z ijhreb
g_azZ\bkbfmx ebg]\bklbg_kdmx wdki_jlbam gZ khhI\_Ikl\b_ aZz*Zgghc wibkl_fbq_kdhc f
dhgkljmdpby iha\lhey_| bahebjh\Zlv \ebygb_ bf_ggh dhffmgbdZlb\ghlh *_ckl\by
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i_jp_ilb\gu_ kljzlI_]bb ihevah\ZIl_eykenkdEbwyZayZ ggu_ k jZaebqgb_f \ kh”_j Zgbb "ebg_
beb e_dkbg_kdhc keh ghklb hI\_1Z < ~“baZcg_ ibehlgh]h bkke_"h\Zgby nbdkbjh\Zggu
yle_gby klbe_c $:%:&:' \ukljh_g hl wibkl_fbqg_kdb gZbPhel_gzibdheigh]hhjbqg

ghffC) \ZjbZg(mzZ\_jrZy Znn_dIa¥eth "bjmxsb)) qlh fbgbfbabjm_1 jbkd hklZgh\db gz i_j
\hf ijhgblzZgghf hI\_I_ [_a hagZdhfe_gby k Zevl_jgZlb\Zfb GZ hkgh\ghf wlZi_ ihjy~hd
fbabjh\Zzg Z fzZgbimddyfpmgbdZlb\gh]hlblzgZ Iky _~bgkI\_gguf kbkl_fZlbg_kdb \Zjvbjm_
fuf iZzjzf_ljhf klbfmeh\

ljhp_"mjz

J_kihg”_glzf ij_"eZ]lZeZkv ke_"mxsZy bgkljmdpby ©Ij_"~klZ\vI_ ¢olhk\u h[jZsZ_I_
kbkl_glm ihlhfm glh ohlbl JZah[]Z|ka \'k_[_ Z g_ihemgblv h{t_dIb\guc kh\_I >ey
\Zf ij_"~eh ZIl q_luj_ \ZijgIZ hiv\_1Z <u[_ jbl Ilhl dhlg@ke[hkeqblZihroh?ysbf b
djZldh h[tykgbl_\u[hj AZI_f hp_gbl_ \u[jZgguc hI\_I ih g_kdhevdbf rdZezZf b hiI\_Ivl_
blhlh\uo \hijhkZ Bkke_"h\Zgb_ aZgbtZnl 2

DZ ~uc mqgZklgbd gblZe Ijb [ulh\uo kp_gZjby h[t_"bg_gguo h[s_c I_fhc ©Gm gh i
gb_ gh-kHhhgmljb khijhlb\ey_Ilky2 ihdmidzZ d\Zjlbju \ bihl_dm kf_gZ jZ[th \ulhj k_
j [_gdZz >ey dZ ~h]lh kp_gZjby ij_"tyleyebkv qg_luj_ b\lzmlengz kkﬂlh]_erEkB

kl_glz jZaebqgZ\rboky ih Ibim j_qg_\hc kljZI_]bb $ % & ' MgZklgbdb agZeb qlh

"bzZeh] k BB Z ki_pbZevgh jZajzZ[hlZggu_ \ZjbZglu hI\_1Z

Hijhkgbd \dexqgZe ke_"mxsb_ [ehdb \u[hj gZb[he__ ih”*oh”ys_lh \ZjbZglZ hI\_
gmluf h[hkgh\Zgb_f 1Ijb hidjuluo \hijhkZ qlh [ebadh \ \u[jZgghf qglh g_ mkljzb\zZ_1\
gqlh [u baf_gbeb beb ~h[Z\beb \hk_fv rdZevguo NBA|jkghgl A uij ZrgigdEDdh(3)
Ijb hp_gdb dh]gblb\ghc gZ]jmadb az~Zgby g_luj_ blhlh\uo \hijhkZ h Ihf dZdhc \Zj
hi\_gzZ_1 dz"~hfm ba djbl_jb_\ ihfhsv \ ihgbfZzgbb khojZg_gb_ Z\lhghfbb dhfnhjl ~_«
ablv

< Yg”_dk NhjfZo mqzklgbd \u[ije g_ [md\m $ % & ' Z iheguc I_dkl hiI\_IZ BB
g_eh\_d \b" e bf_ggh Ih qlh \u[bjzZz_| Z g_ zZ[kljZdlgmx f_Ildm Fbgmk Ih"_ hq_\b”*_g
dh"bjh\Zgb IZdh]h \ul[hjZ g_ k]Z[hIZeh M bhae h g thg) Zk\lg[hd \Z b Zgl1Z2@ hdZaZeZkv
imklhc beb g_h~ghagZqgghc

Ilhwlhfm \_kv dhebqg_kI\_gguc ZgZeba kljhblky gZ gq_luj_o blh]lh\uo \hijhkZo aZzil
\k_o dZzdhc \ZjbZgl emqgr_ ihfh]lzZz_1 jZzah[jzZlvky khojzZgy_I ijZ\h j_r_gby gZb[he__
\uaulZ | *_eZgb_ \hajZablv

J _amevlZlu ibehlgh]lh bkke_"h\Zgby
P_gljZzevgu_ dhebqg_kI\_ggu_ j_ameviZlu bkke_"h\Zgby k\_~_gu \ IZ[ebp_ b jbkn
>Zggu_ ij_"klzZ\e_gu ihfqdjllulj_jbyf hp_gdb \ZjbZglh\ ihkdhevdm bf_ggh hgb aZihe
"ey \k_o mqgZkligbdh\

LZ[ebpz JZkij_~_e_gb_ ij_~ihqgl_gbc ih gq_luj_f djbl_jbyf hp_gdb \ZjbZglh\ hi\_I1Z B]
=17)

<ZjbzZgl kibev Emqr_ ihfh]Z| KhojZgy_I ijZ\] GZb[he__ dhf| <ual\Ze "_eZgb_|

jZah[jZlvky j_r_gby nhjlguc \hajZablv

A tHklhjh guc 9 (53%) 11 (65%) 5 (29%) 2 (12%)

B +G_cljZevguc 2 (12%) 2 (12%) 4 (24%) 3 (18%)

C £>bj_dlb\guc 3 (18%) 2 (12%) 1 (6%) 4 (24%)

D +lh~""_j"b\Zxshbc 2 (12%) 1 (6%) 5 (29%) 3 (18%)

Gb h~rbg g_Il 1Zdh]h + + 1 (6%) 4 (24%)

Hkh[h_ \gbfzgb_ h[jZzsZ_| gZ k [y jZkoh ~_gb_ f_"~m djbl_jb_f Z\lhghfbb b djbl_

nhjlz 1h djbl_jbx ©khojzgy | ijz\h j r_gby2\ZjbZgl $ eb”bjm_1I| k [hewmgZklju\hf ba
gbdh\ lh djbl_jbx dhfnhjlz $ b ' |hemquI hAbgZth\w_ éip\_gldb dz ~uc

WIlh agZgbl glh ih*™_j 'b\Zxsbc klbev ' \hkijbgbfZ_Ilky klhev ~_ ijbylguf #*dhev b hklh
gh ijb wihf ebrv mqgZzZklgbd ba kgblz_khejdgrigfbyez\lhghfbb Bf_ggh wlh jZkoh™#
gb_ b hibku\Z Iky |_hj_Ibq_kdhbjdzd @thirdZ2 beb beexahjgZy Z]_glghklv Ghzdd Dh
2026).

>bj_dlb\guc klbev & aZzgbfZ_| hkh[mx ihabpbx hg \ua\Ze gZb[hevr__ ~_eZgb_ \haj

b ijb wihf _1h j_~_ \k_]lh gZau\Zeb dhfnhjlguf g_e <f_kl_k I_f mqZzZklgbd
_1h dzZd emqrbc ~ey ihgbfZghy\ kily@pbb_ dlh thoghl lghklv b ykghklv [hevr_ q_f
hidjulhklv bgl_jij_IZpbb G_cljZevguc klbev % jZ\ghf_jgh jZkij_"~_e_g ih \k_f djbl_jby
aZgbfzZy djZcgbo ihabpbc

Q_luj_ mqgzZklgbdz hiI\_Ibeb ©gb h”bg? gZ \hijhk h “_eZgbb \hajZablv WIlh agZgbf
\k_ hgb \u[jZeb \Zjbzgl $ ih djbl_jbx ihgbfzZzgby b Z\lhghfbb HIkmIkI\b_ ~_eZgby Kk
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\ukhdhc hp_gd_ Z\lhgjhfbtbev khl]eZkh\Zgghc Z]_glghklb ihevah\Zl_ev g_ dhgnebdIm_
Ihf ihlhfm qlh Ihl b g_ij_l_g"m_I| gZ nbgZevgmx bgl_jij_IZpbx

Jbk JZkij_~_e_gb_ ij_"ihgl_gbc ih klbeyf BBh @_luj_f djbl_jbyf \u[h}Z ;
rdZevgu_ hp_gdb \hkijbylby \u[jZggh]h \ZjbZglZ

MgZklgbdb hp_gb\Zeb \u[jZgguc \ZjbZgl ih \hkvib rdZkdh "Qgb_ k h{tyk
gy_Ilky ijhims_ggufb agZq_gbyfb ih hi*_evguf rdZ&Xlic IA[gjpigZkligbdb ijbgyeb
[_a \gmlj_gg_]h khijhlbAkf dbgh dhfnhjlgh gbdlh g_ ~Z\be Gh ijb wlhf hgb g_ ©jZkl\
ebkva \ hi\_I_ BB hklZehkv hsms_gb_ qlh fh gh b g_ kh]eZkblvky qlh ijhkljZgkl\h ~

hldjulh
LZ[ebpZ RdZevgu_ hp_gdb \hkijbylby ij ~ihql _ggh]lh \ZjbZglz#6\ 1Z BB Q
RdZeZ \hkijbylby <ky \u[hjg Bgl_jij_IZpby
(n =14 #6)
Dhfnhjl gl_gby M =8,19 <ukhdBdh?I\_j"~Z_1| ijbgylb_ \u[jZgghlh \Zj
ljhkljZgklI\h ~ey \hajZ _gb| M=7,81 Hsms_gb_ k\h[h?u g_kR]eZloyjzdl_jgh ~ey
j_dlb\gh]h klbey
Hsms_gb_ hI\_1Z dZd k\h_| M=6,71 Mf_j_ggh_ ijbk\hzgb\_| \hkijbgbfZ_Ilky dzd
dbc gh gm hc
AZklZ\be kjzZ\gblv k ihgbfZ M=6,69 Mf_j_ggh Zdlb\bjm_I| j_nieg dki®brdhf g_ ke
dhf fZeh
>h\_jb_ ljzdlh\d_ BB M =6,12 DZeb[jh\Zggh_ ~hxgjb[ amkeh\gh_
BB lhgqg__ f_gy M =5,00 G_cljZevgZy IhgdZjbagZ_1| ij_\hkoh~kI\Z fZ
@_eZgb_ \hajZablv M =3,88 Gbadkij_~ihqgl_gguc \ZjbZgl ijbgyl [_a dhg
GZ\yau\Z_1| ljzdlh\dm M = 3,38 Gbadhkg_ \hkijbgbfZ_Iky dzd ~Z\e_gb_

HI”_evghlh \gbhfZgby aZkem b\Zxl "\Z mqgZklgbhdZ dhlhju_ \u[jZeb \ZjbZgl ' ih \k_
Dhfnhjl gl_gby m gbo Z[khexlguc h[Z ihklZ\beb ba Gh ijb wlhf hgb “_ hlf_lbe
©azklzZ\be kjz\gblv k kh[kI\_gguf ihgbfZgh_f?2 b\&e *beZfh @hwgZablv? ba

Bf _ggh wlh khg_IlzZgb_ b _klv Ih qlh fu gZaulZ_f beexahjghc Z]_glghklvx q_eh\_
jZkkeZ[e_g ghhlt*gmljb r_\_eblkdhe ©ih~ h ~*bl_ vy [u kdZaZ&hblgjhg_@gb \h glh g_
ij_\jZzsZ_lky Gb \ \hdgphki_j_jZ[hldm gb \ kh[kI\_ggmx ihabpbx

Dhlgblb\gZy gZ]jmadz \k_]h az~Zgby mf_j_ggZy mfkl\_ggZy gZijy _gghklv 0
mkbebc 0 njmkd gopdyZy 0 WIlh \Z'guc f_Ih~"heh]bgq_kdbc \u\h® az”Zgb
ijbgbfZzehkv dzZd Ij_[mxs__ "mfzZlv gh g_ qj_af_jBPHWIh&RQWILh 5 gZau\Zxl ijh
A"mdlb\guf dh]gblb\guf IthjbbffZevguc mjh\_gv ey f_Ih~bdb HidhlhujhABijhku
tqlh [ebadh \ \u[jZgghf \ZjbzZgl_ qlh g_ mkljzZb\Z_1 \ hi\_jlgm#d@xiglhafthbaf_gbeb
ghklv ijh\_klb dZq_kI\_gdhzZgbth~bfh ko_f_ fZjd_jh\ bgl_jij_lZpbhgghc Z]_glghklb ba ij_
A"ms_c jZ[hlu

Mgzklgbdb ij_~ihqglb\rb_ \ZjbZgl $ Q & ih djbl_jbx ihgbfzZgby |_dklu gZkus_gu
ih~ebgghc Z]_glghklb :ljb[mpby k i_j_jZ[hldhc ©< hI\_I_ : g_I Ilhgguo bgl_jij_I.
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ih\_~_gby Z _klv ebrv ij_~iheh _gb_ b ij_~eh _gb_ \u[hjZz?& j_KkKi ©Hg "Z_1 \u[hj
GZijZ\ey_I12 j_Kki F_I1Zj_ne_dkb\gu_ km ~_gby ©Fg_ dzZ _Iky BB g_ ~he _g ~Z\
j_ki ©BB g_ \u[bjz_I| az I_[y Z "~_1 lhgqghlh jhfhydy IhI[1_¢yqgr_ ihgylv k_J[y?
j_ki NbdkZpby k_fbhlbg_kdBhlizhgbpu &BB gbdlh _]lh f_oZgbaf ijbgylby j_

r_gbecfzl_fZlbg_kdbc Zelhjblf b klZlbklbdzZ Y g_ fhlm \u[jZlv j_r_gb_ dhlhjh_ az f_
jh[hi2 j_ki < hI\_jhgluo \ZjbZglZo mqgzZklgbdb kbkl_fZlbg_kdb djblbdmxI| *bj_dlIb\ghklI\
ij_1Zpby b h[tykg_gb_ fh_]h ih\_~_gby?2 |h qlhjgkimklj@HRA_J]Jgmlu_ hI\_lu ~Zxl

dhgdj_Ilguc kh\_I2 j_KkKi WIihl iZll_jg khhIA\_IkI\m_I I_hj_Ibg_kdb ij_~"kdZazZgghfm ij
kh\Zgghc Z]_ glghklb

lj_~ihqgql_gb_ \ZjbzglZz % Q 8 H[Z mqzklgbdZ p_gyl jZpbhgZevghklv ©lh~oh”"
iZpbhgZevguc 1Zd dzd hg ihfh _I j_rblv ijh[e_fu? j_Kki <ZjbZgl $ hgb hI\_j]lzxl dz

gZluc2 b dzd ihiuldm i_j_eh blv hI\_IkI\_gghklv gZ «ZfMWhhikbaVviahAZljm]hc Ibi gq_
eh\_dzZ _fm gm _g g_ hldjuluc \hijhk Z dhgdj_lguc ieZzg ~_ckl\bc >ey IZdh]h ihevah
ghklv BBg_ m\zZ'_gb_ d _1h Z\lhghfbb Z mdehg_gb_ hl jZ[hlu GZ[ex”_gb_ g_[hevrh
I_evgh_ hgh mdZau\Z_| gz thhzj@lIhjgk\yazgguc k ]bihl_ahc + ba ij_~ufms_c jZ[hlu
p_gghklv hklhjh gh]lh klbey azZ\bkbl hl dh]Jgblb\ghc mkiZgh\db Ihlh dlh gblZ_I

lj_~ihql_gb_ \Zjbzglz & Q 8§ A”_kv j_ne_dkbb ihglb g_| MqgZklgbdb ijbgbfzxl
h{hkgh\u\ZxI \u[hj I_f qlh hgzZ ©kh\iz~Z_12 k bo kh[kI\_gguf hsms_gb_f ®©Ih"I\_j ~"Z_
fg_gb_2 j_Ki ©>_ckI\h\Zlv agmlv |hatw1‘h jlnkd\Zewgh "\ BB \hkijhba\_"_gguc
keh\h \ keh\h [_a fZe_cr_c i_j_nhjfmebjh\db Hkh[_ggh ihdZazZl_e_g j_Kki hg djbll
"'aZ ©dzZIl_lhjbgghklv® ijb wlhf \u[jZ\ & dhlhjuc g_ f_g__ dzZl_]lhjbg_g Q_eh\_d g_ a
\hj_qgby \ kh[kI\_gghf \&phjh Ibibgguc ijbagzZzd ~_e_]bjmxs_c Z]_glghklb j_r_gb_ ijbg
gm-h_ gh hnhjfe_gh dzd k\h_

Ij_~ihgl_gb_ \Zjbzglz ' Q ih djbl_jbx ihgbfZgby ih djbl_jbx dhfnhjlZz WIh k
dZazl_evguc izZll_jg \h \k_f ibehl_ 1_j\uc mgzZklgbd h[tykgy_I \u[hj gq_j_a gm\kl\h ©
aulZ_1| qglh wlh ijZ\bevgZy kljZl_1by HI wihlh _klv m\_jjggHkfvhgjhRi_jl1Zz_| $ dzd
©g_j_rbl_evghklvd Z & dzZd &@rbztZelzaflPwlh Zi _eebjmy d kh[kI\_gghc k\h[h" \heb C
azf_qzZ_1 glh\u[jZgguc '"\hh[s_ g_ ZgZebabjm_I kbimzZpbx hg ijhklh Jh\hjbl ©lu fheh
aZsbsZ_| k\hx Z\lhghfbgfkeb Iml ~_ hirZ_| klbex \ dhlhjhf g_I gb \hijhkZ gb kh"_
gby Wlih b _klv beexahjgzZy Z]_glghklv \ qbklhf \b~

<lhjhc mqzZklgbd j#i¥jm]lhc kemqgZc GZ \hljhk |hq fm \u[jZg bf_ggh wlhl \ZjbZg!
aZ"mful\ZeZkv® GZ \hijhk h "h\_jbb d BB ©Keh'gh kdzZazZlv G "h\_Jyx BB& Q_ eh\ (
Jh\hjbl qlh g_ ~h\_jy | fZrbg_ \u[bjZ_I Ihl kZfulcglldZeh]® ZgZeblbq_kdh]h kh”_j'Z
gbylhevdh | _ieh_ ©<u ijz\u2 B \ wlhf _klv k\hy eh]l]bdZ _keb BB g_ ij_l_g"m_I| gZ
mljih~Z_1 G_I Z\lhjbl_IZ dhlhjhfm fh gh ih*gbgblvky _klv ijhklh khleZkb_

Blh] ih \ZjbZglm ' Gb h”bg mqgzZklgbd \u[jZ\rbc ' ih ex[hfm ba djbl_jb_\ g_ knhjf
hlidjuluo hI\_1Zo gb h~ghc Zevl_jgZlb\ghc bgl_jij_IZpbb kbimZpbb gb h”gh]lh djblbqg_k
\ Z7j_k kZfhlh hI\_1Z BB Gb h~rghlh ©Z fh _I [ulthbgdA[ex"WIhuigybg~bdZIlhj Ih]h
glh bgl_jij_IZpbhggZy Zdlb\ghklv ijb ihA”_j"b\Zxs_f klbe_ kgb Z_lky "h gmey

>ZgguWQNHWRGRBHF
Ibehlgh_ bkke_~h\Zgb_ [ueh kijh_dlbjh\Zgh ey ex”_c k ex[uf mjh\g_f hiulZ \azbf
k BB QIlh[u ihgylv gZkdhevdh jZkijhkljZg_gu ijZdlbdb dhlhju_ fu bamqgzZ_f h[jZIbfky
gbl_evguf bklhggbdzf "Zgguo
Hijhk ijh\_dguc gZ ieZlnhjf_ $QNHWIRORJ \dexgbe mgbdZevguo j_kihg”~_glh\
ba kh[jZzgguo hI\_Ih\ [ueb bkdexq_gu gZ wlZi-agbgldbegyhdbuaZbreeg_gby dexq_
\uo \hijhkh\ >Zggu_ bgl_jij_Ibjmxlky dZd ibehlgu_ bg~bdddhkubjZKipgHkbzg g_

dZd ]_g_jZebam_fu_HifipZzsgdgb_d BB k ebggufb \hBakZfraqgZklgbdh\ qg_eh\_d
khh[sbeb glh ohly [u jZa h[jZsZebkv d BB k ebqgufb beb wfhpbhgZevgh angbfufb !
j_"b\zZgby hlghr_gby ijbgybbcj Kj b wlhc ihM\u[hjdb qg_eh\_dZz N eZxl wlh j

]Jmeyjgh g_eh\_d+bgh]*Z hklZewvgibah”~bq_kdb
J_Zdpbb gz hI\_I<BBhk ~himkdZe fgh _kI\_gguc \u[hj ijhp_glu jZkkqblu\Zxlky hl

\u[hjdb_o dlh h[jZsZeky d BB Q GZbl[he__ qZ®HIgdyihfidblgymndIimjbjh\Zlv
fukeb? g_e WfhpbhgZevgu_ j_Zdpbb jZkij_~_e_gu ke_"mxsbf h[jZahf ©KI
lj_\h]Z kgbabeZkg? e hl ih~\ul[hjdb hl h[s db\u[hj ©lhgm\kl\h\Ze Z
k_[y ihgyluf ht 2q_e hl ih~\u[hjdb hl h[(s_c \u[hjdb WIb *Zggu_ mdZau\Zx

Ilh  glh dh]gblb\gZy nmgdpby BB kljmdIimjbjh\Zgb_ ij_h[ez”~Z_1 gZ” Znn_dlb\ghc \ \h
ah\Zl_e_c h~gZdh h[_ ijbkmbdygbkhc f_j_
<ebygb_ gZ fg_gb_ b j_rGgb\hijhk ©;u\Zeh eb 1Zzd qglh hI\_I BB baf_gbe \Zr_ fg_

beb j_r_gb_ ohly \u bagZzqzZevgh "mfzZeb bgzZqg_"2 jZkij_~_e_gb_ hI\_Ih\ 1 [ueh |
©>Z 1Zdh_ [u\MZeh} e ©Gbdh]xza gq_e ©>Z b wlh f_gy [_kitAdhbl?
_e ljhims_ggu_ agZag: gdye

Lzdbf h[jZahf hdheh mqzZklgbdh\ hif_qZeb \ebygb_ hI\_1Z BB gZ k\h_ fg_gb_
lib wihf ebrv hrbg q_eh\_d y\gh b~ _glbnbpbjh\Ze wlh d2whjHPe&kofiguc dbul f_~m
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jZkijhkljZzgghklvx wnn_dlZ b gbadbf mjh\g_f j_ne_dkbb h _]h ihke_~kl\byo kh]eZkm_I
g_kdbf hibkZzgb_f ©beexahjghc Z]_glghklb2 baf_g_gb_ ihabpbb fh _I ijhbkoh”blv [_
i_j_"b\Zgby ihl_jb zZ\lhjkI\Z

>h\_jb_d BB dZd d ebgghfm kh[_k_"~gbdm Fu ijhkbeb hp_gblv *h\_jb_ d BB ih rdZz
g_ “h\_jyx& ~h ©"Mh\_jyx dzZd [ebadhflky_d'geh\ ag@a®_gb_ 0 § F_"bzZgz 0G
Klzg~rZjlgh_ hldehg_gb_ ®Mhj§Zevgh kj_"gbc [Zee hdZaZeky jh\ghhihtkel_iybg_
I_ jdb Gh azZ wlhc ©kj_~g_c I_fi_jZlmjhc? kdju\Z_Ilky j_adZy iheyjbazZpby JZkij_"~_e_g
NZevguc oZjZdl_j gZbl[he__ gZklhlgu djZcgb_ agZqg_gby glh hljz zZ_1 ihey]j
\hathl ihegh]h g_~h\_jbkhMdhtuk!l_i_gb “h\_jby H”gb dZIl_]hjbg_kdb g_ ]hlh\u \imkdZlv
\' “mrm ~jm]lb_ ~h\_jyxl _c ihqlb dZd *jm]m WIh agZgbl qglh \ ebgguo \hijhkZo m ex”
ghlh? hlghr_gby d BB wlh \k_]*Z hkhagZggZy ihabpby eb[h ihegh_ ©g_I2 eb[h iheg

>Zggu_ $QNHWRORJ dhg_qgh g_ ij_Il_g”mxl gZ kljhlmx khpbheh]lbg_kdmx j_ij_
hgb hlebggh ihdZau\Zxl JeZ\gh_ jZalh\hju kiBBhOWh _"mrzZwdahlbdz Z fzZkkh\Zy ijzd
Ibdz B [hevrbgkl\h ex”_c g_ azZf_qzZxl dzZd wlb jZalh\hju f_gyxl bo fg_gby b himqgzZx
klhyl_evgh Bf_ggh ihwlhfm gzZf 1Zd \Z°gh bamqgzZlv dzZd bf_ggh BB hi\_qZ_I WIh g_
\bklbdzZ HI dhgdj_Ilgudrikgh\aZz\bkbl hklZg_Iky eb gq_eh\_d Z\lhjhf k\hbo j_r_gbc beb |
iZkkb\gh khlezkblky k |I_fkdgldzefm

Jbk WfhpbhgZevguc hiul \aZzbfh”_ckl\by k BB $QNHWRORJ Q j_Zdpbb gz
jZkij_~_e_gb_ ~h\_jby ;
Ilh ~Zgguf j_ij_a_glzZlb\gh]h hijhkZ <PBHF Q jhkkbyg bkihev
g_cjhk_Ib ba gbat\ p_eyo h[s_gby b wfhpbhgZevgh&thk¢ \bddZ q_IdZy aZdhghf_j
ghklv 1_ dlh ihevam_Ilky BB j_]lmeyjgh bsml m g_]h ml_r_gby \ "\Z jZazZ qZs_

Jeygme h~bg jZa ba ex[hiulkI\z
Kzfh_ \Z ghwlh ijb\yaZzgghklv Ex”b dhlhju_ ihemqgbeb hl fZrbgu wfhpbhgZevguc

ohlyl \ha\jzZzszZlvky d g_c kgh\Z b kgh\Zz hp_gdZz ba >ey kjz\g_gby |I_ dlh BE
hp_gb\zZxl k\h_ "_eZgb_ gZ I\_j*mx gq_I\_jdm AIZghZi~v dahgklb 8§Z ~uc iyluc \
\hajzkl_+ e_| bkihevam_| BB dZd ebggh]h ikboheh]Zz

Kji_"b _"_g_"_evguo ihevah\zZl_e_c wlZ ~“hey \"\h_ \ur_ ijhib\ kj_"b I_o

ijh[h\Ze BB ebrv h*"gZ "u GZb[he__ agZqgbtibejvameEZVviZ2b h[jZsZxsb_ky d BB aZz
wfhpbhgzZevghc ih~"_j°dhc ~_fhgkljbjmxl gZb\ukrb_ gZf_j_gby ijh*he Zlv bkihevah)
ijhib\ milgevah\Zl_e_c Fhleh2 e_|I| h[jZsZ_lky d BB wfhpbhgZevgh qZs_

\k_1h

WIib pbnjindZau\zZxl gblkeithevah\Zl_e_c¢c "ey dhlhjuo ZdimZevgZ aZ”"ZqZ khojZg_c¢
| _jij_lZpbhgghc Z]_glghklb \ *"bZeh]_ k BB jakIZhh[ee¥d ©beexahjghc Z]_glghklb?
--wlh ih\k_"g_\gZy j_Zevghklv fbeebhgh\ ex~_c Hgb gZoh”yl m fZrbgu ihgbfZgb_ b ij
d g_c bf_ggh ihlhfm qlh k g_c ijbylgh ©DhfnhjlgZy eh\mrdz2 dhlhjmx fu m\b”~_eb
mqZklgbdZo jZ[hlZ_1 b Xd2krl&ZlkljZgu
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Jbk WfhpbhgZevgh_ bkihevah\Zgb_ BB ih "Zgguf <PBHFRi®Q \hajzZklinx ;:
j_lmeyjgu_ YV jZakVeZge [m"ms_]lh bkihevah\Zgby

H{km ~_gb_
=bihl_azZ #hklhjh guc klbev klyaZg k gZb[hevr_c kh]l]eZkh\ZgghRIVvxjZZglghklb
_Iky Th djbl_jbx Z\lhghfbb \ZjbZgl $ gZa\Zeb mqgZklgbdh\ hidjulu_ hI\_lu \u

gZkus_qgu fzZjd_jzZfb ih”"ebgghc bgl_jij_lZpbh#g¢hlbk{glkdb wih dhg_gqgh g_ ~hdZaZz
| _evkl\h q_eh\_d fZeh ]jmiiu kjzZ\gb\Zlv g_evay Gh iZlldbg g@lkilhjdvdh am fu
khojZzgy~éy ihegh]h “baZcgZz

=bihl_azZ #ih”"”*_j"b\Zxsbc klbev dZd ©dhfnhjlgZyibbmyddZ® ih"Zemc gZb[he_ _
bgl_j_kgh_ ih”~I\_j"~_gb_ Lh kZfh_ jZkoh ~_gb_ dhlhjh_ hilgkZdh \djZzdpfbylgh
b hg i_j_ klZmfZ+t_i_jv \brgh \ ~Zgguo L_hj_Ibg_kdb wlh IjZdlIh\Zehkv gZfb dZd kghb
I_jij_1Zpbhgghc Zdlb\ghklb ijb Znn_dlb\ghc ih~~_j d_

=bihl_azZ #~bj_dlb\guc klbev ijh\hpbjm_1| dhfi_gkZlhjgmkhZI\ _glgBklky qZ
klbggh <ZjbzZgl & dZd m’_ ]h\hjbehkwua\Za”g&b[hevr__ ~_eZgb_ \hajZablv
H~rgZdh mqgZklgbdZ \u[jZeb _]1h dZd emqgrbc *ey ihgbfZgby agzZqgbl "~bj_dlb\ghklv \h
ihe_agZy qZklvx Zm~blhjbb WIlh \Z gZy fh*bnbdZpby | _hj_Ibg_kdh]h ij_~kdZaZgby A~
g_ h~rghagzZqgghthghth® | khhiI\_IkI\h\ZIv aZijhkm |I_o dlh bs_| ykguc hI\_I Z g_ hldju
ijhk

=bihl_au + + + + g_ fhlml Julv hp_g_gu gZ ibehlguo ~Zgguo + Ij_[m_I| kbkl_
kjz\g_gby mkeh\bc + f_ "bZlhjgZy jhev k_fbhlbq_kdhc JjZgbpu Ij_[m_I dhk\_gguo
f j + fh™_jZpby bg”b\b"mZevgufb jZaebgbyfb |j_[Zgdulol AgYgbaih\ + Znn_d
Ib\gZy kbdhnzglby I|j_[m_I baf_j_gby\Migemfbd Z g_ gZ hkgh\_ _“bgkl\_ggh]lh hiI\_IZ

Kji_~b \u[jZ\rbot® |I_ dlh p_gbl hldjuluc \hijhk ijbgpbibZevgh ©BB g_ “he _g "Z\.
\_lua b I_ dlIh \hkijbgbfZ_1 _]1h gbklh mlibkeBAhijogh ®mzZBZezZ~gh ijh~he _gb_ ke_
Am_l2  Kj_"b \u[jZ\rbl I& dhfm ~_ckl\bl_evgh gm 'gZ dhgdj_Ilghklv b I_ dlh ijhklh i

gm hc \u\h® gZa\Z\ _]lh ©k\hbf2 ©ih2AIkhfg*rZgh+fthhly khfg_gb_ knhjfmebjh\Ze BB
LZdbf h[jZzahf j_q_\hc klbev g_ hij_~_ey_|I Ibi Z]_glghklb_yZikefmbyghg kha”rz
glh gq_eh\_d k wibfb mkeh\byfb k~_eZ_| aZ\bkbl hl g_]h kZfh]l]h H~”bg b Ihl “_ hklhjh
hrghlhijbleZr_gb_ "mfzZlv "eyHydalhh ZxsZy g_hij_ggteklv WIh agzZgbl qlh \ hkgh\
ghf bkke_"h\Zgbb [Zabm®b\b"mZevguo jZaebgbc fu jbkdm_f mkj_~gblv ijbgpbibZevgh

wnn_dlu

Ibehlgh_ bkke_~h\Zgb_ \uy\beh jy” ijh[e_f dhlhju_ g_h[oh”~bfh j_rblv \ hkgh\ghf
\Zghbb

I _j\h_ 1_ogbg_kdbc ~"baZcg hijhkgbdZ <hijhk h \u[hj_ \ZjbZglZ ihdZau\Ze mqZk

I_dkl hIN\_1Z BB Z g_ [md\m Q_eh\_d \b"_exhalhggh Klg[hbjEej_Zebklbgqgh Gh Yg

N_dk Nhjfu g_ kfhleb ghjfZevgh aZdh”bjh\ZIv 1Zdhc \u[hj m ba mqZklgbdh\ dh

hdZazZezZkv imklhc beb fmlghc < blh]_ \_kv ZgZelbabkhjihheky\lyifhkZlaujZz g_ gZ ijy

fhf \u[hj_ ih kp_gzjbyf J_r_gb_ ijhklh_ \ hkgh\ghf bkke_~h\Zgbb \hijhkt"he _g ijhkb

$ % & beb ' L_dklijb wihf ¥hlglhyhkfzrey dhgl_dklZ gh hI\_I nbdkbjm_Ilky h~ghc [m
<lhjh_ bgkljmdpby d kbimZpbyf G_kdhevdh mqgzZklgbdh\ gZibkZeb qlh g_ ~h dhg

gm _g BB \ hibkZgguo kbimZpbyo beb kgblzZxl kbimZpbb kebrdhf ©[ulh\ufb® WIh md

oh~bfhklv memqgrblv \\h~guc dhgl_dkl MqgZklgbd "ZegZeZ[utegh fZZ¥h]JhdgBB g_

azZ kijz\dhc b g_ azZ h[t_dlb\guf hI\_Ihf Z qglh[u jZah[jZlvky \ k_[_ ;_a wlhc jZfdb hklh

$ \hkijbgbfZeky dzZzd ©jzZkiew\idZhdm® glh g_eh\_d "~Ze dhgdj_lguc kh\_| Z _fm az"z
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\hijhk < hkgh\ghf bkke_~h\Zgbb bgkljmdpby ~he gZ ijyfh Jh\hjblv ©<u h[jZsZ_I_kv
glh ohlbl_ ihgylv k_[y Z g_ ihemqgblv Jhlh\h_ j_r_gb_2

Li_lv_ rdZezZ ~h\_jby d BB "he gZ ij_"r_kI\h\Zlv hkgh\ghfm azZz~Zgbx < ibehl_ rdz
klhyezZz \ gZzqZe_ b wlh [ueh ijZ\bevgh Gh ijb Q fu g_ fhleb jZza~_eblv ex"_c gZ ]
Ah\_jb_2 b ©gbadh_ ~h\_jb_2 \ dZ ~hc yq_cd 8Bhd2du\dehkly khz\gb\ZIlv bo [_kkfuk
e_ggh < hkgh\ghf bkke_~h\Zgbb ~“h\_jb_ “he 'gh jZ[hgAhl vV ey dvifth}h pgdhhgZ \u[hjdZ
\ dhlhjhc dZ°~Zy ]jmiiZ kh”_j bltohby ét\_d

Q_I\Njlh_ hildjulu_ \hijhku gqZklbggh g_ kjZ[Zlul\Zeb QZklv mqZklgbdh\ ibkZezZ ©G
©Keh gh kdzZzazlvd b wlh g_ ihlhfm qlh bf g_q_]h [ueh kdZaZlv_eZgihihfimfyglh Vhijhk i]
D fhf_gIm hldjuluo \hijhkh\ g_eh\_d m ' _ mlelZge jma rdiZen b fhlb\Zpjmgyn]HAa\
hi\_qzlv iz"ZezZz J_r_gb_ i_j_g_klb hldjulu_ \hijhku kjZam ihke_ \u[hjZ \ZjbZglZ "h

lylh_ \hijhk h “_eZgbb \hajZablv ke_~m_1| jZa”~_eblv gZ "\Z < ibehl_ © _eZgb_
©  _eZgb_ "hihegblv?® [ueb h[t_~bg_gu \ h*bg djbl_jbc Gh wlh jZagu_ |kboheh]bq kd
‘_gb_ij_"ihez]Z_1 g_khlezZkb_ k kh”_j Zgb+¥f_ehglbegjZgdrbjblv ij_~eh _ggh_ < hk
gh\ghf bkke_"~h\Zgbb bo jZza”~_e_gb_ ~Zkl [he__ “bnn_j_gpbjh\Zggmx dZJIbgm Ibih\ Z]

R_klh_ g_h[oh”~bfh \W\_klb f_ju bg”b\b"mZevguo jZaebgbc Ibehl h[gZjm be hl”*_e
gbdh\ k mklzgh\dhc gz » ckI\b_ \u[hj % dZd ©jZpbhgZevgh]h?2 “ey dhlhjuo hklhjh"
gbfZ_lky dzZzd keZ[hklv >ey ijh\_jdb + hkgh\gh_ bkke_"BlZgljZltilhe gthZ\ee xh
lj_[ghklb \ ihagZgbb 1)& b [Zah\hc Ij_\h'ghklb Z 1Zd" _ hiul bkihevah\Zgby BB dzd
i_j_f_ggmx

Bgl_jij_lZzpbx BKB: \ dhgl_dkl_ i&hzddf Dhklbgz

AZdexq_gb_

Ibehlgh_ bkke_"~h\Zgb_ iha\hey_I| knhjfmebjh\ZIv Ijb \u\h”Z bf_xsbo agZq_gb_ d
“he _gby Wfibjbq kdhc ijh]jzffu 1Zd b ey ihgbfZgby n_ghf_gzZ \azZbfh”_ckl\by gq_eh\
1. JZkoh® A _gb_ f_""m Z\lhghfb_c b dhfnhjlhf hibkZggh_ \ur_ jZa"_e gZlex"Z_ f

gb\h N_ghf_g ©dhfnhjlghc eh\mrdb® hibkZgguc |I_hj_Ibgq_kdb gZoh”bl i_j\h_ w

ih~I\_j° ’\_gb_ ihA" _j"b\Zxsbc hI\_1 ijbyl_g \'lhc "_ f_j_ qlh bgWhmbdb¥Ymsbc b

gh kbkl_fZlbg_kdb g_ Zkkhpbbjm_Ilky k khojzg_gb_f Z\IhjkI\Z
n

2. J_g_\u_ fzjd_ju Z]_glghklb \ hidjuluo hI\_1Zo “bnn_j_gpbjmxl| Ibiu MqgzZklgbdb \u]
A_fhgkljbjmxIl ZIjb[mpbx k i_j_jZ[hldhc f_IZj_ne_dkbx b nbdkZpbx k_fbhlbg_kdhct
MgzZkligbdb \u[jZ\rb_ ' dZd ihdZaZgh \ JZa" e g_ nhpf\niejkgmlbl\ggibch"ghc Z

bgl_jij_IZpbb WIlh g_ihkj_"~kI\_ggh gZ[ex"Z_ fh_ jZaebqgb_ \ bgl_jij_ 4Zpbhgghc Zc
ijbgpbibZevgh \Z gh_ "ey hi_jZpbhgZebaZpbb BKB: \ hkgh\ghf bkke_ ~h\Zgbb
3. Ibehl mdzZzau\l\Zz_| gZ g_h[oh”bfhklv mqg_I1Z bg”b\b"mZevguo jZaebgbc dzZd fh"_jZlhj
gbdh\ \hkljbgbfz I hklhjh'ghklv BB dZd p_gghklv ©hg £dZd \WwgBE[hklvjnmdizy
j_dezZ”ru\Zgb_ hI\_IkI\_gghklb® ; _a mq_IlZ wlhc g_h~*ghkke"gthkibg b k gjtb\kgdhm _ b
©mkj_"gblv?a |1bgpbinevgh jZagu_ wnn_dlu Dhgdj_lgu_ j_dhf_g~Zpbb ih ~hjZ[h
knhjfmebjh\Zgu \ jZza™_e
>Zggu_ $QNHWRORJ b <PBHF ih"I\ _j nZxl wfhpbhgZevghtjARlhbsSHEY) fcad\b_ k BB
kh\zy ijzdlbdz zZ __ ihke_"kl\by ey bgl_jij_IZpbhgghc Z\lhghfbb ihevah\Zl_ey g_ hk
rbgkl\hf dzd ijh[e_fzZ WIh ijbrZ_1I ijh]jZff_ bkke_"h\ZgbZ gjizfdllblg_Rdimk”"ggm x
aZ jzZzfdb zdz~_fbg_kdhc ikboheh]bb

Kibkhd ebl_jZImju

1. ;Zolbg F F ljh[e_fu ihwlbdb >hiAHh_KkdhlkdZy Jhkkby k

2. ;Zolbg F F Wkl_IbdZ keh\_kgh]h I\bad_kNE Bkdmkkl\h k

3 @ij\e_\ : E  K_jlb_gdh ? : Dhgp_ilmZevgu_ ihkljh_gby kh\j_f_gghc i
gZklv Ikboheh]bq_kdhc "mjgZeKH#5.

4. AgZdh\ < < Ikboheh]by \hafh gh]h Kb[bjkdbc ikbahehk gt kdbc "mjgZe
20.

5. Ehlfzg X F H "\mo fh”_eyo dhffmgbdZpbb \ kljmdImj_ dmevimju Lim~u
kbkl_fzZkui K #32.

6. EhlfZzg X F L_dkl \ 1_dkl_ Lim~u ih agZdbhiuf kbdsBO.fZf

7. Ghzdd G < <hedh\Z : > DhklbgZ L : KhpbZevgu_ ij_~klZ\e_gby jhkkh
kI\Z h[ bkdmkkI\_gghf bgl_ee_dl_ Pbnjk\Zy wdKgh8hdz

8. Ghzdd G < DhklbgZ L : <hkijbylb_ Z] _glghklb \ ~bZeh]_ k BB Pbnjh\
\'i_gzlb

9. 1Z"mq_\zZ ? < <ukdzZaulZgb_ b _]h khhlg_k_gghklv Kk " Yakitiol _evghklv;
kez\ygkdhc dmevimju k

10. MrzZdh\ > < BkdmkkI\_gguc bgl_ee_dl dZd bgkljmf_gl ikboheh]bg_kdh]h

Kb[bjkdbc ikboheh]bg_kddc "ndjgZ#£00. DOI: 10.17223/17267080/90/11.
11. MrZdh\ > < L_ogheh]bb bkdmkklI\_gghlh bgl_ee_dlZ \ ikboheh]bb WdKki
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ke_~mxsbf h[jZahf

e 5L :GA&G;+tkeh\Z ij_~eh  _gbc gZ \oh~ghf yaud _

; h[mgqzZ_fZy bebh[md¢_ggzZy \_dlhjbazZpby keh\

e L T:&&;-3L:M&&; +\_dlhju keh\ \oh~rgh]h ij_~eh _gby

; liZgknhjf-djbilh]ljznljZzgknhjf-gh~bjh\sbd
<L :M& &%, tdhgl_dklgu_ \_dlhju keh\
; liZgknhjf-4y_djbilh]jZm_dh”bjh\sbd ihoh™ gZ djbilh]jZznZ b dh”bjh\sbdz
e ; L:y&d); £\ _dlhju keh\ \uoh”ghlh ij_~eh _gby
7 1_09_jZpby keh\ ba ihkljh_gghc yaudh\hc fh”*_eb
el :H& &Y ;keh\Z ij_~eh _gby gZ \uoh~ghf yaud_

Bkihevah\zZgb_ dhgk_gkmkghlh ljZgknhjf_jzZ ij_h[jZam_Il ijhp>&EBTke gZ bgl_j\Ze_
"mxsbf h[jZzahf

1. < fhf_gl W djbilh]jzn khijy _gguc k dh”bjh\sbdhf ij_h[jZam_I| "Zggu_ gZ yaut
\oh”gu_ "Zggu_ ihke_"mxs_c yaudh\hc fh*_eb gZ _kl_kI\_gghf yaud_

2. GZ bgl_j\Ze_ ®EsNoh~gu_ ~Zggu_ gZ _kl_kI\_gghf yaud_ yaudh\Zy fh~*_ev &K
'"HHSG6HHN [ljZgknhjfbjm_I \ \uoh~gu_ ~Zggu_ yaudh\hc fh*_eb gZ _kl_kI\_gghf yaud._

3. >_djbilh]jZzn khijy _gguc k ~_dh”bjh\sbdEs\ijfhHf[jglam_I| \uoh”~gu_ ~Zggu_
yaudh\hc fh”_eb \ keh\Z ij_"eh _gby gZ fZrbgghf yaud_ “ey ihemqg_gby "Zgguo gZ vy
bljh\hlh ijhp_kkzZ \ ijh~he _gb_ blju

F _"bpbgkdbc Zkkbkl_gl

lj_~eh”_gguc ih~oh”~ ih nhjfb
jh\Zgbx dhgk_gkmkghlh ljZgknhjf_jz
ihalhey | ij_h[jZah\Zlv idl aoglgh
gbq_kdh_ j_r_gb_ I:H K[_j[Zgd bgl_e
e _dimZevguc f_~bpbgkdbc?® Zkkbkl_gl
ke _"mxsbf h[jZzahf jbk

lj_~eh _ggh_ I_ogbq_kdh_ j_r_
gb_ fh _I kihkh[kI\h\ZIlv [he__ wnn_d
Ib\ghc jZ[hl_ pbnjh\hlh bgl_jzZdlIb\
ghlh f_"bpbgkdh]h Zkkbkl_glzZz ~ey h[_k
i_q_gby dhgkmeviZpbc ihevah\Zl_ey
L _ogbqg_kdbf j_ameviZlhf yley Iky jZk
rbj_gb_ nmgdpbhgZevguo \hafh'gh
kl_c ijb nhjfbjg\izdb bgnhjfZpbb h
a“hjh\v_ ihevah\zZl_ey azZ kq_I| h[_ki_
g_gby bgl_jzdlb\gh]h ~“bZeh]Z k [hev
rhc yaudh\hc fh”_evx h[h]ZsZxs_c
hi\_lu gZ hkgh\Zgbb bgnhkflZpbb h
klhyghhevah\Zl_ey ihemqzZ_fhc \ j_
Zevghf \j_f_gb

Jbk Dhgk_gkmkguc ljZgknhjf_j
f_"bpbgkdh]h Zkkbkl_glZz
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3. ?j_rdh N B NhjfZzebazZpby f_ozZgbafh\ ijbgylby j_r_gbc gZ ijbf_j_ bfblZp

b]j >hdez” MijZ\e_gb_ jZa\blb_f djmighfZKWLEDguo kblkjmfu <hk_f
gZ"pZlhc f_""mgZjh~ghc dhgnFj_ghdlbIml ijh[e_f mijzZ\e_gby bf <
LjZi_agbdh\zZ J:G

3 Bgl_ee_dIimZevguc f_~"bpbgkdbc Zkkbkl_gl b kihkh[ ij_~hklZ\e_gby ihevah\Zl_ex bgnhjfZpbb h |
bkihevah\zZgb_f izl_gl JhkkbckdZy N_"_jZpby < azZy\e him[e yXe
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ljhlghagZy hrb[dZ gZ ]lhjbahgl_ N e_I mlhgqgyezZkv k ihfhsvx dhwnnbpb_glZz

kgljh’)éb
A%L@ 3

< gZklhys_f bkke_"h\Zgbb "ey mijhs_gby bkihevalg\gZZeyZkhvp iit N
5'Hs&w)ey ]hjbahglz e_lI

<_jhylghklv ~hklb _gby p_eb 3 jZkkgblu\ZezZkv \ ij_~iheh _gbb ghjfZevghlh jZki
ijhlJghaguo agZq_gbc

>ey ihdzZzazZl_e_c 1"_ p_e_\ZygjhbigzZzKDdZ 1 @

5I|Jh]L5 H” SE E

2L sFo12-=2f%n :v©’h]p )
[ %in)

>ey ihdZazZl_e_c ] _ p_e_ \ZykbbdZétbdZ mjh\_gv [_~ghklb > bgb

2L 0122y @)
131
I"_ -+nmgdpby klzg~Zjlgh]h ghjfZevghlh jZRijy2keZ@bZjlgZy hrb[dZ ijh]ghaZ
kdhjj_dlbjh\ZggZy gZ ]lhjbahgl e_l ;hdk >"_gdbgk IhArdhjulh\Z

'gZeba ihdzZzazl_e_c ih Fhkdh\kdhc h[eZklb
GZ jbkt ij_"klZ\e_gu nZdlbg_kdb_ agZq_gby \j_f_gguo jy*h\ IjZ_dlhjbb p_e_\uo
b ijh]lghagu_ hp_gdb ih ihdZazl_eyf ozZjzZdl_jbamxsbf khojZg_gb_ gZk_e_gby \ Fhkdl
Hgb gZ]ley”~gh k\b”_I_evkl\mxI h khhighr_gbb I_dms_c "bgZfbdb ihdZazZl_e_c bo
q_gbyo b khhilghr_gbb k mklZgh\e_ggufb p_e_\ufb IjZ_dlhjbyfb

KmffZjguc dhwnnbpb_gl jh ~Z_fhklb
1,8
e KmffZjguc

dhwnnbpb gl
jh "~z _fhklb

L=

=P e \u_ agZq

1,7

1,6
15

14

13 y'=-0,0109x + 23,481
tAUqUOaPTVX
1,2 e |jh]gha
O = N M < 1D O™ 00O O 1 N M T WO O© N~ 00 o O
o AN AN AN NN AN AN NN ANOM
O O O O O O O O O O O O OO O O O o o o o
AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN NN N

Jbk >bgZfbdzZ kmffZjgh]l]h dhwnnbpb_glZ jh"*Z_fhklb \ Fhkdhikdhk] hkezZklb
ebg_cguf lj_g”hf b ijhlJghahf ~h ]

H b~rZ_fZy ijh*"he bl_evghklv "bagb e_lI

— ' hNZ fZy
ijh~he bl_ev
klv "baghb

78
y =0,3106x - 554,34
508

74
79 —P_e_\u_
agzZq_gby
68
2010 2015 2020 2025 2030
Jbk >bgZfbdZ h'bAZ fhc ijhrhe bl _evghkib “bagb \ Fhkdh\kdhc H[elZlelbh \

g_cguf Ij_g~hf b ijh]jghahf ~h ]

84












_jh\ F IBggh\ZpbhggZy ljZzgknhjfZzpby gZ j_]bhgZevghf mjh\g_ k ihabpbb

LZ[ebpZIlhdZazZl_eb nmgdpbhgbjh\Zgby ih”"kbkl_f oZjZdl_jbamxsbo jZa\blb_ wdhg
fbdb J_kim[ebdb LZIZjklZg b Jhkkbckdhc N_"_jZpbb k ihabpbb \hle_qg_gghklb \ ijhp_
\Zpbhgghc ljZgknhjfZpbb & 11

Ny Ihdzazl_eb 2019 | 2020 | 2021 | 2022 | 2023 | 2024

1 | Bggh\ZpbhggZy Zdlb\ghklv hjlZzgba] Ihq_q| 91 | 108 | 119 | 11 | 1.3 | 125
H N 1 N '

2 kj_~h\Zy ihAkbkl _fz . J!Jhbkl e 11 | o0 | o8 | 12

3 | Bggh\zpbhggzy zdIb\ghklv hjjZgba] Ihq _q| 17,4 | 249 | 29 32 | 336 | 341
: . z9 U

2 | im[ebdzIZjklzg hit_dlgZy ih~kb J!Jhbkl s | a1 5 6 | os

5 | >hey bggh\Zpbhgghc ijhAmdpbb \ h| Ihg _q| 53 | 57 5 5.1 6 6
6 | ijhba\h”kI\Z \ wdhghfbd_ JN ijhp_H ijb

kbkl_fz ihkl 04 | 07 | 01 0,9 0

7 >hey bggh\Zpbhgghc ijh~mdpbb \ h| lhg_g| 18,1 18,1 18,3 19 19,8 20,4
8 | ijhba\h~kI\Z \ wdhghfbd_ JL ijh_dI[ ijb

kl_fz jhkl 0 02 | 07 08 | 06

9 Hlghr_gb_ bggh\Zpbhgghc Zdlb\ghklb \ j_]

ihdzazl _ex ih kljZgljhdz  kljhdz 191 | 2,31 | 244 | 291 | 297 | 273

10 Hlighr_gb_ ~heb bggh\Zpbhgghc ijh"mdpbb
h[s_fm ihdZazl_ex ih kljRighdz kljhdz | 342 | 318 | 366 | 3,73 | 330 | 340

11 >hey bggh\Zpbhgghc ijh~mdpbb hj]ZgbaZp
g_l_gZ _"bgbpm bo bggh\ZpbhgghckZjhldX({ 0,58 0,53 0,42 0,46 0,53 0,48
kljhdZz

12 >hey bggh\Zpbhgghc ijh~mdpbb hjl]ZgbaZp
iZkg_l_gZ _“bgbpm bo bggh\Zpbhgghc Zd| 1,04 0,73 0,63 0,59 0,59 0,60
kljhdz kljhdZz

13 Hlighr_gb_ ijbjhklZ bggh\Zpbhgghc Zdlb\g

d ijbjhkim h[s_]h ihdZaZI_ey—j—h kljadZz - 4,41 3,73 | -3,33 5,33 0,42
kljhdz

14 Hlghr_gb_ ijbjhklZ ~heb bggh\Zpbhgghc ij
]Jbhg_ d ijbjhklim h[s_]h ihdZaZI_eEy ikljlogzr - 0,00 | -0,29 7,00 0,89 0,00

kljhdZz

15 libjhkl “heb bggh\Zpbhgghc ijh*mdpbb hj]
kljZgu \ jZzkq_l_ gZ _“bgbpm ijbjhklZ bo b R 0,24 0,64 | -0,11 3,00 0,00
Zdlb\ghkfb kljhdz kljhdZz

16 libjhkl “heb bggh\Zpbhgghc ijh"mdpbb hj]
IbhgZ \ jZkq_l_ gZ _"“bgbpm ijbjhklZ bo bg . 0,00 | 005 | 023 | 050 | 1,20

Zdib\ghkfb kijhdz kljhdz

Bklhggbd khklZ\e_gh Z\lhjhf gZ hkgh\_ "Zgguo Fbgbkl_jkI\ wdhghfbdb b pbnjh\h]lh jZa\blby .
LZ1ZjklZg b =bgylmeebg =mf_jh\

>ey [hevr_c gZley~ghklb "bgZfbdb hlghr_gbc lhg_qguo agZq_gbc ihdZaZl_e_c b
ijbjhklh\ \ jZkkfhlj_gghf i_jbh~_ ij_~klZ\e_gu \ \b”_ ]jZnbdh\ GZ jbk ij_"~klz\e_gu
"bgzZfbdb ~ey hlghr_gbc Ilhg_gqguo. ihdZazZl_e_c

Jbk4. >bgzfbdZ hlghr_gbc Ilhgq_qguo i Jbk5.>bgzZfbdZ highr_gbc ijbjhklh’

ih~Akbkl_f 1_1jZz~u hibku\Zxs_c wdhg I_e_c ih~*kbkl_f I_1jZ*u hibku\Zx

jZa\blb_ LZIZjklZgZ b Jhkkbb k ihab| ghfbg_kdh_ jZa\blb_ LZIZjklZgZ b

hgghc ljZgknhjfZpbb abpbb bggh\Zpbhgghc ljZgknhjfZyg
Bklhqgbd jzajz[hlZgh Z\Ihjhf
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