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We dljbg_kdb mijZ\ey_fuc hilbg_kdbc ki_dljZevguc nbevlj gZ
fmevibie_ _dkbjh\Zgguo fgh]J]hkehcguo g _h”~ghjh”"guo DI@D ~bnjZ
kljmdImj
X.:.:elmomMA F Qm[Zjh\ > K JEkGupPgjZg]lh\bg
GZmqgqguc jmdh\l*bff ge¥ H>he]bj_\
Lhfkdbc J]hkm~ZjklI\_gguc mgb\_jkbl_| kbkl_f mijz\e_gby b jZ~k
Jhkkby ] Lhfkd ij40B3495Q Z
E-mail: ualtuhov7 @gmail.ru

Electrically controlled optical spectral filter based onmultiplexed multilayer inhomogeneous
PDLC diffraction structure s
Yu.A. Altuhov, D.M. Chubarov, D.S. Rastrygi6.N.Sharangovich
Scientific Supervisor?h.D.,V.O. Dolgirev
Tomsk State University of Control Systems and RadioelectrdRicsia, Tomsk, Lenin stdQ, 634050
E-mail: ualtuhov7 @gmail.ru

Abstract. This paper presents the diffraction characteristics of electrically controlled multiplexed
two-layer holographic diffraction structureformed from polymer encapsulated liquid crystals.
Theresults obtained demonstrate the possibility of using multilayer holographic diffraction
structures as the main element of electrically controlled optical spectral filters for CWDM
communication netwas.

Key words spectral filters, multiplexing, diffraction, CWDM.

<\_"_gb_

Fmevibie_dkbjh\gggmkehcgu_ g _h”ghjh~rgu_ ]Jheh]jZnbq_kdb_ ~|
kljmdImju FG=>K \ gZklhysau\XxIfygl bjkke "~h\Zl e ¢ kh \k_]h f
;eZlh~Zjy k¥bmffZzdpbhglgwWhfckl\Zzf ~Zggu_ kljmdImju bgl_j_ _kgu k Ih
ihkljh _gby gZ bo jZlkgh\gguo hilbg_kdbo mkljhcklIhilbgZi4dboj
ki_dljZzevguo ngEviihkljhckihheyz™ gby bgnhjhdpphE  _gb_ijb[hjghc
iZg_eb Z\Ihfh[bey\lgZ kdhfill. Zd _ bkihevamxlky hlkgnghlhh we f glZ
"ey | _ogbg_kdbo j_r_gbc bgl_]jZevghc hilbdb

ljbf _g _gbheh]jZznbgq_kdbo “bnjZdpbhgguo kljmdIimj =>K knt
dZikmebjh\Zgguo ihepffghfqg_kdboédbo djbklZeeh\ [R] @ _I
\hafh ghklv "bgzflhaijkcdhegbybnjZzdpbhggufb ozZjzdl_ljbkbodEIfiondImj
k ihfhsvx ifjbeggh]lh we _dljbqg_kdKkeildyxzZghh ijh\_~ gdhjZ[hl
[3], ijh~_fhgkljbjh\Zehjbglha”_ckl\bb \g_rg_]h we_dljbg_kdjgdh \ha
DiI@kxehbh gh mijZz\eylv mjh\g_f “bnjZdpbhgghcWnn_dlb\ghklb

>ey khanzZgby ki_dljZevgh]h nbevljZ hilbg_kdh]h baemqg_gby ij_
kbkl_fm Ihgdbo DI@D keh_\ jZa”_e_gguo [mn_jgufb kehyfb
]Jheh]ljZznbg_kdhjtbjh\Zgby b[le knhjfbjhdzgbnjzZzdpbhgg r_Id
ljb kgblu\Zgbb |Zdbo kljmdImj hilbg_kdbf baemqg_gb_f \hagbdzxl
wnn_dlu f_""m “bnjZdpbhggufb kehyfb qglh kihkh[klI\m_ | hkh[_g
k_e_dlb\ghklb

<b” m]eh\hc k_e_dlb\ghklb |IZdbo kljmdImj ij_~klzZ\ey_1| kh[h
fzdkbfmfh\ b fbgbfmfh\ dhebqg_klI\h b rbjbdz kihhhgho_adyb kmin _jgh]
b ~bnjZdpbhggh]h Ilkelh f\ ij ~klZ\e_ _gby ehdZevguo fZdkbfmfh\
ijhimkdzZgby "¢ylglhgdebg \heg ijb hldehg_gbb hl mkeh\bc "bnjZdpl
bkihevah\ZIlv IZdb_ kljmdImju ~ey ki_dljZevghc nbevljZpbb hilbqg_|I
ba \hafh guo kihkm[rtb\j_gby ihehku ijhimgdeygbhky aZibkv
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fmevlibie _dkbjh\Zgguo FG=>Kf_ xhlmwubj &b m]Jeh\luo b ki_dljZe
o0ZjzZdl_jbklbd azZ kq_| aZibkb g_kdhevdbo ~bnjZdpbhgguo kljmdln
yley |ky bkke_™bZjgZmpbhgguo oZjzZdimjdbklibice dkbjh\EgGgoe&K
knhjfbjh\Zgguo \ DI@D

Wdki_jbf _glZevgZy gZklv

ljb gbke_gghf fh™_ebjh\Zgbb khklhygb_iheyjbaZpbb kgblu\Zxs_
kgblzZlv kh\iz"Zxs ¢ k khklhygb_ f iheyjbaZpbb kh[kI\_gguo g_hludg
"ey dZ "h]lh "bnjZdpbhgghdd kehyb qbke_gghf jiklgkihe\ad\Z
hr"ghkehcgZymbkehcgZy =>K k h~”ghjh”rgufb ijhnbeyfb ihdzZaZzZl e
aZibkang@gzZ "ebg_ \hegu gf bijb O ~ 1jZ"mkh\m]eu ijb
ihke_~h\Zl_evghc aZibkb Ilxo j ~efirhevibie_dkbpuoZygly 1ZjZf_Iju
"ey fh™_ebjh\&gby gf +"ebgZ kqgblu\Zxs_c@hegfdf tlhesbgZz
"bnjZdpbhigigepn Wy afdfxlhesbdmn_hdhken <ur_ijb\_"_ggu_ iZjzf_lju
[ueb ih”h[jZgu IZdbf h[jZzahf qlh[u ehdZevgu_ fZdkbfnCW" '&hkhI\_IklI\
jZaghkhf dz@agh\ \

GZ jbk ijbh_RjZ\g_mbebdk_e dlib\gthKhhkbl_evgh "e&ddpNMheg
"bzizamgZA bkbfhklv \ujz " _gz \ *; hlghkbl_evgh bgl_gkb\ghklb baen

} ------- MynbtunnekcposaHHag MHITC —— O6blunass MHITAC —— MynbTunnekcuposanHas [[1C —— Ob6blyHas I'L_lCJ

LleHTpanbHble ANWHbI BOSTH KaHanoB, HM
1291 1311 1331 1351 1371 1391 1411 1431 1451 1471 1491 1511 1531 1551 1571 1591

n,Ab

-10 -5 0 5 10 15 20 30
Yron cuntbiBaHuA, rpagychbl

Jbk Kjz\g_gbehkok e dlb\ghtkb Kb FG=>K

Ba jbk \brgh i1pb bklihevah\Zgbb fmevibie dkbjh\Zgguo kljmd
Ah[blvky mrbj _gby ihehku ijhimkdzZgby ki_dljZevgh]h nbevljZz gZ
dhebqg_kI\m aZibkZgguo "bnjZdpbhgguo j_r_Ihd

GZ jbXij_"klz\e aggZbkbfhkIvimeaVIbi&bgh\Zggh@=>Khl agZq_gby
gZijy _gghklb \g_rg_]h we _dljbg_kdh]h ihey b m]JeZ kgblu\Zgby
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Jbk AZ\bkbfhklv >W hl gZijy' _gghklb \g_rg_]h we_dljbg_kdh]h ihey b m

Dzd \bAgthla j>W kgb Z_Iky ih mjh\gx ijb \ha*wekldbjibdgkdd]hh
ihey qlh 1zd _ ihalhey | mijzZ\eylv ihehkhc ijhimkdZgby ki_dljZev¢

AZdexq_gb_

< N"Zgghc jZ[hl_ \ j_amevlZl_ gbke_ gdhpEv filnd 2d4lg\VZZ §bgfh ghk
m\_ebqg_gby ihehku ijhimkdzZgby we_dljbqgq_kdb miQgvégZfimkgiilbq _
fmevibie _dkbjh\Zgguo fgh]l]hkehcguo g _h”ghjh”"guo DI@D[#/bnjZdp
<"Zgghf kemgZ_ m~Zehkv “h[blvky m\_ebqg_gby ¢blkeZ"&ZglZ[aiy\ghc
FG=>K ”“h "ey fmevlibie _dkbjh\Zgght HGEFK dhebgb kZ\gwmuaZi
kljmdInmjzd _ [ueZ ijhr _fhgkljbjh\ZgzZ \hafh ghklv baf_g_gby ihehk
ihfhsvx \ha”_ckl\by \g _rg_]h we _dljbgq_kdh]h ihey
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Ki_dljZzevgu_ aZ\bkbiftkbZ| ey ih]eh\sdglbklZe eiKioOs:Cu
2.2 0iZkv ,\@;. ;mMm ,\\ZQ KZeqZd :QZsbgZ
GZmqguc jmdh\Whpl gda-f.g, F.= Dbkl_g_\Z
Lhfkdbc J]hkm~ZjkI\_gguc mgb\_jkbl_| kpxk*bhwe]Zdlghgbyhbb
Jhkkby ] Lhfkd ij40,6340b@ Z
E-mail: apaseva04@gmail.com

Optical spectra of LINbO3:Cu crystals
A.E. ApasevaCh.B. BuduevaA .H. Salchak, AYa. Chashchina
Scientific SupervisorAss. Prof., Ph.DM.G. Kisteneva
TomskState Univesity of Control Systemand RadioelectronigRRussia, Tomsk, Lenin std0, 634050
E-mail: apaseva04@gmail.com

Abstract. We present theoptical absorption spectra afindoped andCu-dopedlithium niobate
crystals These crystals were diffusiatopedunderan argon atmospherat temperatures of 60&K
and 700 K The dependenced optical absorptionof doped crystals are characterized byolad
bands in the spectral range= 315600 nm.

Keywords lithium niobate absorption spectral dependencgsansmission

<\_"_gb_

DjbklZeeu gbh[ZIZAINDDIhWW[eZrZxsb_ we_dljhhilbg_kgbdghb g_e
hilbg_kdbfb k\hckl\Zfb gZoh”yl ijbf_g _gb_ \ mkljhckl\Zo hilb
bgnhjfZzdhb<\_~ _gb_ \ gbh[Z] eblby ijbf_kguo p_gljh\ k we_dljhggu
\brbfhc h[eZklb ki_dljz )H KiXafibslddphilbg_kdb_ k\hakdtz
nhhexfbg_kp_gpby nhlhj_njzdlb\gu_ k\hcklI\Z hilbg_kdzZy dh*ghjh:
baemqg_d&x P_evx ~Zgghc jZ[hlu weki lkyf glZebbghe "~h\Zgb _
ki_dljZzevgub\bkbfhkihdZzazl_ey ih]Jehs_gby \ g_e_]bjh\Zgghf b e
f "vx djbklZeedDa /L1

Wdki_jbf _glZevgZy gZklv

<wdki_jbf_gdkilhevah\Zlébkvibg kdb ihebjh\Zggu_ igdbhklllizdd ba
eblbX-kj aBf xsb_ jzZaf _ipl ff leZklbgz hklz\ZezZkv g, €\ ]bjh\Z
ieZklbgub ijh\h”*beZkv “bnnmabydZ *mx Eh\GjHoghkWlbo ieZklbg
gZghkbekkw\mo klhighmggdb f Nbesbghi gf f _ITh~hf fZ]g _Iljhggh]h
jZkiue _gby >bnnmaby ijh\BNMh&kanky Zj\hgmh[gZlhc we_dljhi_qgb
dZj[brhdj_fgb_\uo gZ]j_\Zl_eyou ]h[iZpkikeb ] \Zdoekkh kdhjhklvx
5 fKfbg ~h I_fi_jZImjfK b CfkhhI\_IkI\_glgh”“he bl _evghklv "bnnma
khklz\eyeZyZzkh\ k ihke_ "mxsbf _kl_klI\ _ggulfzdol& "glgb f gZkh\
lhke_ “bnnmabb hklZldb iezgdb m”Zeyxdblkikl Zke\dh \b kdlgegnkd h\Zgb _f
70% \h~gh]lh jZklI\hjZ mdkmkghc dbkehlu ijbKli_fdljZémgu_agZKbkbfhkl
dhwnnbpbijglizlnkdZgbgy g _e ]bjh\Zggh]h b e _]bjh\Zgagupy @bjkdaph\
"bZiZahg_ ~ebgAaAhegfgi_dljhnhlhfShimadzu Uv2700.

Wdki_jbf _glZevgu_ ki_dljZevgu_ aZ\bkbfhklb dhwnnbphb_glzZ i
ij_~klZ\e_gu g4. bkh[jZap_ ALKE2 e_]bjh\Zdgmghlf_fi_jzZImj_ fK
gZ[ex"Z |Iky mf_gvr_gb_ hilbg_kdh]h ijhimkdzZgby \ ki_dljZefvghf ~b
ih kjzZ\g_gbx kh agzZq_gbyfb gZ[ex”Z\rbfbky ~h ijhéy” hdpdapdbnn)
e Bjh\Zggh]lh ijb I _fi_jZImjdhwnfAKpb gl ijhimkdZgby sz [h&vr_ k¢
\ "BZahg_ * gf ijhimkdagfb gvrZ _|ky [he 60¢ ifhgkjZ\g gbx k
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g_e_|bjh\zZgguf h[peypmlh]h h[jZapZ mf_gvr_gb_ ijhimkdZgby ijh
"ebgZo \hkeg gf
80
60¢
=40 3
2005

800

400 600

A, HM

JbK. Ki_dljZewgaZ\bkbfb#hwnnbpbijhliZzZnkdZgjyk|Zeeh\ fL1LER e ]bjhuZgg
h[jZa2m e ]bjh\dgfg "vijbL =600 fKb J= 700 fK

>eyZkqzZki_dljZevguo aZ\bkbfhkl_c ihdzZaZzZlk(g bkiithdeab\fdlykv
\ujz" _gbeyhwnnbpb_glZ ijhimkddgbhyjuc hij_"~_ ey |Iky kiidilghr_gb_f
1 RZexp( kd) )
1 RPexp( 2kd) ’

ih nhjfme_ Nj_

]J*Rxdhwnnbpb_ gl hljdxlgdybgZ h[jZapZ
Dhwnnbpb_gl hljz" _gby fh _1 [ulv \ugbke_g
ghjfZevghlh i44_gby
2
rR N1 @
@ 11
]"ntihdZaZl_ev ij_ehfe_gby
Ki_dljZevgZy aZ\bkbZrekKdhv ey ih]e&kbh¥sflgby [ulv ihemqg _gZ ba
4 Q
«g_ ih %_ i, >
ko LtpgoRO*J 1 ©ROI 3)
d ., 20 R° O a4° O
>
1

«

Ki_dljZzevgZy aZ\bkbfhklv dhwnnb®Rb_ ghZj Mj2y dky nhjflmehc
"bki_jkb_c ihdZazl ey if_ehfeygjiiskg_1ZeydjbklZegth[ZIZ ebdby

bkihewaZebhjfmezZ A_evfey_hfudgh\_gghdh emqz
0,11768 0,02716%, (4

n® 4,9048
A 0,04750

1" "ebgZ \he\gyyzZz Z_Iky \ fdf
Ki_dljZzevgu_ aZ\bkbfhklb ihdzZazZl_kKy \h]lghe_ glbjh\Zgmghf
e _]bjh\Zgguo f_"vx djbkhZzlezZzebhhleynqg ggu_ k bkihekhh\glgb obc
b wdki_jbf_glZevguo “"Zgguo “ey dhwnntbphj giklZjleingludggby

(2) +
i b k2.



400 600 800
A, HM
JbRR. Ki_dljZewgaZ\bkbfhklb ihdZaZl ey ih]Jehs_ glbNb®:djkglZzedBph\Zgguc h[jZa_p
b te_]Jbjh\Zggu_ f_~vx ijbZK b L 2K

Bajbkmgd rgh e@lhlbjh\zZgb_ fijhwux=600 fk h[mkeZ\ebhd\e_gb
rbjhdhc ihehku ih]Jehs_gby \ ki_dljZevghf ~bZiZdghihh\ur _gb
|_fi_jZImju hl"™hZ ZKjb\h”~bl d m\_ebq_gbx ilebhanddbgzgghf
"bZiZahdZd b"hZiZahg_ gf lhyl\e _gb_ wlbo ihehk y\ey I|ky ke _
ijbf _kgh]lh ih]Jehs_gby p *gbjZ&X[6,k XFZdkbfZevgh_ bafhdZgBl ey
ihlJehs_g\byjbklZERDbO: KX e_Jbjh\Zgghl_fi_jZImp =600 fK khklZ\beh

\_ebqgbgknu G Kf gZ ~ebg_ \hegu gf >eyjbklZelgNbOs KX
e _]bjh\Zggjblla= f.KagZqg_ hae kfgZ "ebg_ \hegu gf
AZdexq_gb _

LZdbf h[jZahfibjh\Zgb_ f_~vx dgbkliZzd&Ze bjlbyh*bd ihy\le_gbx
rbjhdhc ihehku ih]JehskighiyjAevghf ~bzZiZahp60 gf b ihehku
ithlehs_gby~*bZiZahg_ gf Bgl_gkb\ghklv wlbo ihehk m\_ebqgb\Zz
ih\ur_gbb I_fi_jZImju méob ~h L.

JZ[h1Z \uiheg_gZ ijb ih~~ _j°d_ Fbgh[jgZmdb b \ukr_]h h[jZah
N _~ jZpbb \ jzfdZo =hkaZ0Z¥by 9Z:0+  |]
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2. =hj_exdK lylur_\ X, Kb”"hjhG <Nhlhexfbg _kp_gpby gbh[ZIZ el
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djbklZeeZo gbh[ZlZ eblby | ogheh]by b ijbf_g_gb_ |

XXI F_“~mgzZjh~ghc dhgn_j_gpbb ih Jheh]jZnbb b ijbdez~Agufthilbg
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Bkke_ "h\Zpgbpbbjh\zZzgdbph Ijhgghlh jZzajy*Z \ nhj\Zdmmfghf ieZaf_
bklhggbd_we _dljhgh\
<?:jdZIhY < DZazdh\:1Zgqg_gdh
Lhfkdbc Jhkm~ZjkI\ _gguc mgb\_jkbl | kbkl_f mijZz\e_gby b jZ"k
Jhkkby ] Lhfkd i) ,B3495Q Z
E-mail: valerii.e.arkatov@tusur.ru

Investigation of initiation of a magnetron discharge in a forevacuum plasma electron source
V.E. Arkatoy, A.V. Kazakov,N.A. Panchenko
Tomsk State University of @trol Systems and Radioelectronics, Russia, Tomsk, s&Rid0, 634050
E-mail: valerii.e.arkatov@tusur.ru

Abstract. The initiation of a planar magnetron discharge in a forevacuum plasma electron source
has been investigatedhe increase of accelerating voltage and gas pressure leads to a decrease in
the delay of the magnetron discharge initiation.

Keywords Plasma electron source, forevacuum pressure range, magnetron discedgarge
initiation,

<\*_gb_

leZzaf _ggu_ bklhggbdb we dljhgh\ k fZ]g Ijhggh dEEhprghc |
bkihevam_Ilky fZ]g_ljhggtey jkdjy**Zgby wfbkkbhggMMtl ifdfmiu
h[_ki_qgb\pHe_\ukhdmx iehlghklpyZdmpnyd Khhi\_IklI\_ggh [he__ \ukhc
iehlghklwWdZhwe dljhggh]hhikjg@dg ghbiezZaf opuklhggddh gZ hkgh\_
le_xs]hzZajygbd hljz Zl_evghlhijbatyr& gb3#0! 1Z[1,2]. <3@ Z\lhjZfb
jZkkfzZljb\zZ _1ky \ebygb_ gZ gZijy _iglxgZgghbhzdgbyg ljhggh]lh jZa]
bhgghitmgdl bg dlbjm_fh]lh \ jZajy*gmx kbkl_fm fZ]g _ljhggh]lh jZa]
]ZaZ g 8 102 1Z MklZgh\e _ghijbg[hf[Zj~*bjh\d_ dZIh”~"Z bhgZfb mf_g\
gZijy _gb_ azZ b]lJzZzgby ih f_j_ m\ _ebq_gby wg _ jJbb bhgh\ Z 1zd _
aZ\bkbfhkNyg gby aZ b]JZgby hl IhdZzZ [Bh ¢kin]h domlgldlZx nhj\Zdmmfg
ieZaf_gguo bklhggbdh\ we dljhgh\ y\ey Iky aZ b]JZgb_ \ukhdh\hev
<LJ \ mkdhjyxs_f ijhijbmjbdeh’  _gbb \ukhdh]h gZijy  _gby “ey ba\
mkdhj _gby wehHd.IBhgguc ihlhd nhjfbgmaJfijbgbdzZy \ jZajy*gmx kbkl
nhj\Zzdmmfgh]lh bkhjggbdd\zZ | f_@Xijy _gédZ blZgby le_xs_]h jZajy
k iheuf dzlhfdhf< nhj\Zdmmfghf bklhqgglbkiihevjbh\Zgbb ieZgZjgh
fZ]lg _ljhgghlh jZzajy™"Zzd2KJkI\_ bklhggbdzZ WI IZzd ~_ fh | gZ[ex"Z]
<LJ gZ bgbpbbjhRZgh ev gZklhys c¢ jZ[hlu aZdexgZeZkv \ bkke_ "h
<LJ gz \j_fy az”_j db alFdblXgbhwj\Zzdmmfghf iezZaf_gghf bklhc
bfimevkgh]h we dljhggh]h imgdZz

Wdki_jbflZevgZy qZklv

Ko_fZ bfimevkgh]h nhj\Zdmmfgh]lh ieZaf_ggh]h bklhgqgbdZ we
kbkl_fheZz hkgh\_ ieZgZjgh]h bZ]lgo IfZgavdki_jbidglzgz jbk
:gh”"gZy qZklv jZajy*gho rkké&hjyxsijhf_"nhld hibkzZgwe @ <f_klh
dZllg’hlh maezZ \ jZajy*ghc kbkl_f_ bklhg§®@dZbkhhekadydgkyg >
fZ]g_ljhg f_~gudZIithf(fbr_gx "bzf_Ijhf ff #ZdkbfZevgZy gZijy _gghk
fZ]lgblgh]h ihjeyoab dzZlh”r"Z 2h33IbflzeeZblZgb_ fZ]g_ljhggh]h jZajy
hkms_kl\eybhikwevkguf [ehdhf iblZgby jZajy*Z h[_ki_gb\Zxsbf ij
bfimevku gZijy _gby k ZUiebhm~de Ihke_azZ b]Jzgby fZ]g_Iljhggh]t
gZijy _gbsg gz jZajy~rghf ijhf_"mld_ mf_gvrZehkv ~h gZijy _gby |]r
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<ukhdh\heviguc bklhjygbdbgzh[_ki_qb\Ze ihklhyggh_ mkdhjyxs__
Ua >Z\e_g]Zaz Zahl \ \Zdmmfphokdlzdgpd we \&|jpigh\Zehkv
hi5 ~h 1Z Mkdhjyxs__ gZijyUzdgbgZijy _gb_ gZ jzZajy~ghf ijhf_"m
Usdhgljhebjh\Zebkv \ukhdh\hevilgdffhb gighfgb gby 7 (6 7#18HF 91 d
fZ]lg_ljhgghlh jLiapwfZjyeky ljZgknhjfZIhjGZijihdDHky, Us b Ihdg
nbdkbjh\Zebkv hkpbeek]jirfhsvx dhlhhh]h"_eyebkv fhfihglgb
bfimevkZ k [ehdZ iblZzdpmyZ (B4 dBEFg |jhgojtd]djy AZj\fyaz™ _j Wb

aZ blzZgby fZ]g_ljhgghijiogbégzekHf "mlhd \j_f_gb f_"~m fhf_glhf ih~
bfimevkzZ gZijygZgjtyajy~guc ijhf_"mlhd b fhf_glhf dh§4jZajlyadgbdze
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JbKL. Ko _fZ wdki_jbf_glZevghc mklZgh\db

J amewl ZI

GZ |jbk, Z ij_"klZ\e_g 1]jZnbd aB\bkpfhklJjh f gb az”_j db
bgbpbbjh\zZgby fZ]g_Iljhgghih h]Zafjiybdm”ru bfimevkZ gZWhy _gby
h[_ki_qb\Z _fh]lh [ehdhf iblZgbwn jARghj¥Zxs ]h gZ{g= @by fy
azZ™_j'dmf_gvrzZ lkfy jjh m\ _ebg _gby Zieblppgubaf ggdflj fig
mf _gvrZ lky ih f_j jhklZ "ZBE jdiky i]jZAaKIZ\e _gu ]jZnbdb aZ\bkbfh
kj_~g_)p_f_gb azZ”~_j'db bgbpbbjh\Zgby fZ]g_ltshgghrhkkdjggks"h
gZijy _gbyijbUgp = 600 < <j_fy az”_jtadiaf_gvrZ_Ilky ih f_j_ m\_ebq._
gZijy _dhy Z 1Zd _ ijb m\_ebq_gbbzZazZz\e gby

< fZ]g_ljhggdajywhc kbklijh m\_ebqg_gbb gZUyg mgbgbgb\Z_Ilky
\_jhylghklv bhgbaZpbb féGe&lfmeqrieEZ dljhgHhijb\hbld m\_ebq_gbx
kdhjhklb bhgbazZpbb fhektdmlé JERZbgh mf_gvr_gbx \j_f_gbtsaZ”™_j
bgbpbbjh\Zgby jZahbyyd_ mkdhjyxs _]h dzigQ) _deyZz” jWdik\yazZgh
k <LJ \hagbdZxsbf \ mkdhjyxs_ f ijhf_"mld <lbkihgebdBlkyhk
jhklhtla b "Z\e _gpky \ j_amevliZl_ m\_ebgb\Z_I|ky b bhgguc ihlhd |
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jZajy~rguc ijhf_"mlhd q_j_a wfbkkbhgguc we_dljh® bklhggbdZz
mf_gvr_¢dp f gaz”_j db bgbpbbtyh¥Zdgbyjhggh]lh jZajy”rZ

5000 5
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Jbk. AZ\bkhklv \j f _gb azZty hildbiebIlm”u bfimevkZ gZigyijbmby 1Z Ba=0(Z
baz\bkbfhklv \j_f gb &ZN nkdhjyxs ]h gZijy.ijpby=6 < [

AZdexq_ghb

l[jh\_~ gu bkke_ _~h\Zgby bgbpbbjh\Zgby iezZgzZjgh]h fZ]g_|ljh
nhj\Zdmmfghf ieZzaf_gghf bklhggbd_ we_dljhgh\ IhdZazZgh gqglh m
gZijy _gby b ~Z\e _gby ]ZazZ ijb\h”*bl d mf_gvr\hgogb dagbhi\Z gbdby\Z
fZ]lg_ljhgghlh jZajy”rZ

JZ[h1Z \uiheg_gZ ijb ihWkkipdkdh]h gZmggh]h nh2p28-00442_d I

Kibkhd ebl_jZImiju

1. >h\[gy G AZdmkbg J_r_lgwd= JhfZkvdh <hedhenXhn
DjZkgh]helr\:plhemqg_gb_ fhsguo we_dljhgguo imgdh\ \ fZ]g_Iljhg
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Influence of the accelerating gap configuration on the emission current in a forevacuum
plasma electron source
V.E. Arkatoy, A.V. Kazakov,A.V. Tyunkov
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Abstract. With a noncoaxial arrangement of the holes in the emission and accelerating- multi
aperture electrodes of a forevacuum plasma electron source, thei@missrent is higher at a
pressure of less than 10 Pa and a pulse repetition rate of below 3 Hz. At higher pressure and pulse
repetition rate, the emission current becomes greater with a coaxial arrangement of the holes.

Key words:Plasma electron sourcejectron emissionpulsed electron beanprevacuum pressure
range,accelerating gap.

<\*_gb_

Bfimevkgu_ieZaf _ggu_ bklhqgbdIBW kh Kéjhg\itceb k _lh)gghc
klZ[bebazZpb_c ]JjZgbpu wfbkkbhgghc ieZafu h[_ki_qgb\Zxl ]_g_jZph
jZaebdlghihi_j ggh]lh k\ qhgbxlhggh rbjhdhf *"bzZiZzahg_ izZjzZf_Ijh\ |
"ebl_evghlkivmevkzZ b *7j LjZ@pbhggu_2a2"hBVMZIhggh mklhcqgb\l
nmgdpbhgbjmxI| ijb ih\urh gilglEfg_d&hboklhggbdzZfb gZ hkgh\_ |_jfhdZzl
NZ\e _gbb/HE®ZAZ hjbbkihevah\Zgbb Zdlb\guo JZah\ 1Zdbo dZd gZij
b ZahlzZkijhkljZzg _gb_ we _dljhggh]h imgdZ q_j_a ]JZah\mx Kkj_
nhjfbjh\zgb_f imgdh\hc iezZzafu Il iehlghklv dhlhjhc azZ\bkbl hl
]1Za2Z\e _gb Z |iddyguc ihlhd ba Il RdXabygdb_ gZ jZ[him b ozZjzdl_jt
©ljZz"bpbhgguod3IBWnhj\Zdmmfghc h[eZklIfl#Z\dZglkeblghklv 1]
\ur_ ih kjZ\g_gbx k ~bZiZahghf @7Xébgbbgdapw “HA0 1Z \
j_ameviBlhd bhghi\lthadZau\ghd _kms_kI\_ggh_ \ebygb_ gZ nmgdpbhc
nhj\zZdmm fiidu/d4].

Dhgnb]lmjzZpby mkdhjyxs_]lhlzdhffhmidzchdzZzau\Zlv \ebygb_ gZ i
bhgh\ ba Il dhlhjuc jZkijhkljZzgy Iky \ klhjhgm jZajy”*ghc kbkl_fu
< k\yab k wle¥ gZklhys_c jZ[hle ZkkddokeZ "h\Vegdygbiywgnb]mjZpbb
mkdhjyxs_Jh ijhf_"ihdZAvglzkkbb we _ dlfjimgedk\gihfj\ Z d m m i WV

Wdki_jbf_glZevgZy qZklv

< Bkke_"h\bdgikihevah\dbdkywevkgnltj\ZzdmmdgeZaf wgbklhggbd
we_digh\ gZ hkgh\_ “m]h\h]h jZAajyYblkBgb_dhlhjh]lh ij_[5klZ\e_g
<hlebgb_ hl dhgkljmdpbb ®Bi®@kzZgghLklhys c wjibkkKbhggh_ hdgh
jZajyrghc kbkl_f_ bklhggbdz i_j_djulZehkv fghjmtzjibjhikgggtf
we_dljh~hf b bhikegh f_edhkljmdimjghc kildhc 3f dhlhjZy
jZkihez]lZezkv kh klhjhgu jZajy®*ghc kbkl _fu b [ueZ iehlgh ijb ZIlZ
we_dljh m I_jnhjbjh\Zgguc we_dljh” kxk kidihec wifbkkdbVlegiguc we _dl
>bzf_Ij hiI\_jklibc \ i_jAgpghh we dkphNZ\eyef dhebq_kl\h hl% jkibc
313. K_lhgguc mkdhjyxsbc we_dIljh” [ue aZf_g_g gZ fgh]lhZi_jlmjgu
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we_dljh” k 1Zzdbf “_ ~bzf_Ijhf hI\_jklbc b Zxo \dWwélblgk ki grgfhf .we _d|j
<wdki_jbf_glZo bkihevah\dhegmkdvlm)Zpbb jZkiheh  _gby we_dljh~h\ n
ijhf_"mldzxhl\_jklby \ wfbkkbhgghf we _dljh”_ jZkiheZ]Zebkv khhk
mkdhjyxs_f we_dbk"[;2 £hl\_jklby \ wfbkkbhgghf we_dIljh*_ jZkit
g_khhkgh k hiI\_jklibyfb \_fm kudeh g kjd b k \. JZkklhygb_ f_""m
i_jnhjbjh\Zggufb we _dljh~"Zfb mkdhjyxs ]h ijhf_"mldZ khklZ\eyeh

Lhdg *m]h\h]h jZajyprzki_qgb\Z_fuc bfimevkguf [ehdhf iblZgby
khklZ\eye : ijb "ebl_evghk5bb0 hdikmegKEKIhlZ ke _ _¢hbZgbevkh)
fbaf_gyeZkv \ "bZiZahgp Mdhjyxs_ _ gZijyUadthklZ\eyedd< Lhd
jZajyNZ b Ihd wfbkkbaf_jyebkv IljZgknhjfzZzlhjzfb IhdZ We_dljhgq
ijbgbfZeky f_IZeebq_kdbf dhZee dbjjdaz Zahl \ \Zdmmfghc dZf
bklhggbd_ we_dljhgh\ baf_gwelzkv hl ~h
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Jbk Kaovdki_jbf_glZevghc mKI¥aghbBtidbh _ jzkiheh  _gb_ fghlhZi_jlrhjguo we _dlj
khhkgh_ [ b g_khhkgh_ \

J amevlZlu
ljb g_baf_gghfy Mmdlh\h]lh jZajy*Z \_ebagbg2b4ldZZz_Iky ih f_j_ jhi
NZ\e_byZad hk\yaZzggh k h[jZlguf bhggbfa ihd.dihb ~Z\e_ gbth

ijb[ebabl_evgh I1Z Ihd wfbkkbb hdzZaulZ |ky \ur_ ijb g_khhk
hi\_jklbc \ fgh]lhZii_jlmjguo we_dljh~"Zo dj jZkid efhi]bbk\h hk gohcf

dj . HA*gZdhbp ! |ZIhdle wfbkkbb klzZgh\blky g_fgh]lh \ur_ ijb K
jZkiheh™ _gbb hlI\_jklbc \ vwenddWhBiobb azZ\bkbl 1Zdf kbl gAKIdby
bfimevkhjb p IZb qZklhfl ke _"h\Zgby bfirm@vkip\hdwfbkkbjb

g_khhkghf jZkiheh™ _gbb we_dljh~h\ [hevr jZkjh®hjb gkiith k g)h f
HrgZdh ijb ~Zevg_cr_f mi_lébg wfblkikdBgh\blkhyevr_ ijb khhkghf
jZkiheh _dbb jklbc \ we_dljb*&bhifib bkihevah\Z[gthdhgnb]mbz
we_dljhithde wfbkkbb mf_gvrzZ _|ky ih f_j_ fijhklZ gZklhlu

GZ[ex"Z fu_ aZ\bkbfhklb \ _jhylgh k\yaZgu k ~_khj[pb_c ]JZaZz
ih\_joghklb mkdhjyxs_]lh we_dljh?rzZ ih”~ 2 _ckl\b_f [hf[Zj*bjh\c
ljb g_khhkghf jZkihehhl\ghlloc \ we_dljh*"Zo qZklv ihlhdZ we.
wfblbjh\Zgguo g_j_a hl\_jklby \ wfbkkbhgghf we dljhgb Mamkdhj _
[hf[Zj*bjm_| mkdhjyxsbcobweadhNad khj[pbhZazZglh ijb\hdbdhdZevghfm
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m\_ebq_gbx ~"Z\e_gby ]ZazZ \ mkmhdyxsglh iyhk\hx hqg_j_~v ijb\h”~bl 0
lhdlg 1jp> lz\dez” ~_khj[bjh\Zggh®H[|za2 ~"Z\e_gb_ ]ZazZ \ mkdh
ijhf_"mld_ hdzZau\Z_Iky gb[preesrbfkms_kI\_ggh_ \ebygb_ hdZau\Z_
ba 11 nhjfbjm_fhc \ ijhkljZzgkl\imddddrkdihevdm "ey nhjfbjh\Zg
Z[khj[bjh\Zggh]h kehy ]ZaZzZ Ij_[m_Ilky hij_~_ e _ggh_ \j_fy |Ih ih f_
fmf _gvrZ |Iky dhebg_klI\h Z[khj[bjh\Zgguo fhe_dme ]JZaZ b ih\_
we_dljh*"Z hgbsZ_ |ky dhebmeklI » HKiZjggpuo fhe_dme mf_gvrZ_Ilky

20 T v T T T T T M T M T 15 T . T d T - T ¥ T . T . T . T
18 F . 14+
] —a— | 1 - —a—1
16 ——12 1 13 ——2
< [ < I O
L 14} 1wt
~¥ ~
12_— i al
10+ 1
L | 10
oy 4
i a) ] 9t 0)
6 1 " 1 " 1 " 1 " 1 . 1 1 1 Il 1 Il 1 1 1
el 6 8 10 12 14 0 3 6 9 12 15 18 21
p, lla £, T
Jbk AZ\bkbhwfbkkbb~Z\e mbFaz fijb =p mZklhluke _"~h\Zgby bfimevkh\
ijbp 1Z[ jzkiheh  _gb_ hI\_jklbc \h fghlhZi_jImj@u&hn&ghtig "Eohkgh _
AZdexq_gb

BkkehYZhg \ebygb_ dhgnb]lmjZpbb mkdhjyxs_]h ijhf_"mldz
ieZaf_ggh]h bklhqgbdZ we dljhgh\ gZ wfbkkbx we _dljhgh\ 1Ijb g_
hi\_jklbc \ wfbkkbhgghf b mkdhjyxs_ f fgh]hZi_jlmjguo we_dljh”"Zo
ijb "Z\e _gbb f_g__ gZWKlhlb ke _~h\Zgby bfimevkh\ g_[he_ _ =p
NZ\e _gbb Jerd bagzklhl_ ke_"~h\Zgby bfimevkh\ Ihd wfbkkbb klzZgh\
khhkghf jEkihgbb hI\_jklbc \ we_dljh*Zo

JZ[h1Z \uiheg_gZ ijb ih~A~r_j°d_ 1jzglZz Fbgbkl _jkI\Z gzmdt
h[jZah\Zgby Jhkkbckdhc N_~ -3@86012 )(:0
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Replay attack protection mechanisms for fanet ilfNS-3 simulation environment
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Tomsk State University of Control Systems and Radioelectronics, Russia,, Temsk,str.,40, 634050
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Abstract This paper presents a method for protecting against replay attacks in FABHADrks.

The proposed method improves security by embedding timestamps in transmitted packets, allowing
receivers to verify the data's relevance and reject replays. An implementation in t{Be NS
simulation environment demonstrates its effectiveness igatmig attacks with minimal impact on
energy consumption and communication latency.

Key words:Replay attackTimestamgased DetectionfFANET,LTE,NS3.

<\_"_gb_

AZ ihke_"gb_ ]1h”u rbjhdh_ jZkijhkljZg _gb_ [ _kibehlguo e |z
1E: klZédhafh guf [eZ]h”Zjy ~hklb" _gbyf \ | _ogheh]bb mijzZ\e_ g
oZjZdl_jbklbd ihe_1Z b mkh\_jr_gkl\h\Zgguf f_Ih”*zf i_j_"Zqb
h] _ki_gq_gb_ [_ahizZzkghklb ;IE: ijhlb\ ihl_gpbZevguo m]jha hklzZ Il
ihkdhevdm wlb kbkl_freyyaadfialz Jemr_gby beb ZlZd k ih" _edhc

Hkh[h keh'ghc az~Zq_c y\ey_ Ilky ]Zjzglby [_ahizkghklb \h
\azbfh” _ckl\by f_""m ;IE: ]~_\Z gh h[_ki_gblv g_ lhevdh gzZ~_"g
gh b mq_klv \ebygb_aZsblguoilljoZgbagbhh\ wg jlbb dzZ ~uf mkljhcl
Kh\j f ggu_ ih?”oh”u d h[_ki_q_gbx [_ahiZkghklb gzZklh b]Jghjbjmx|

gZ wg_jlhihlj _[e_gb_ qlh fh _|I kms_kI\_ggh kgbablv Z\lhghfgl
Ihwlhfm jZajzZ[hldZ wnn_dlb\guo j_r_gbc\ukhddic gbj\it\x govo[ _ahizZkgtl
ijb fbgbfzZevghf ihlj_[e_gbb wg_jlbb > @ bf__| j rZxs__ agZq_c

jZa\blby b mki_rgh]h ijbf _g _gby ;IE: \ jZaebqgguo h[eZklyo

>ey bamqg_gby 1Zdbo j_r_gbc rbjhdh bkihevamxlky f_Ih”u
ihal\heyxsb_ hp_gb\Zlv jZaebqggu_ kljzZl _Jbb aZsblu bgnhjfZpb
NS3 kem bl fhsguf bgkljmf_glhf ~ey fh"_ebjh\Zgby k_I|I_\uo \azZbfh”
|  dhlhju_ bkihevamklk¥o\ mbzZ\e gby ;IE: > @ WIhl bgkljmf_g
ZgZebabjh\zZIlv bgnhjfZpbhggu_ ihlhdb f_""m maezZfb kbkl_fu b h
jZaebgguo nzZdlhjh\ gZ wg_jlhihlj_[e_fibh*m&bjjihdKidbiynkp gZjb _\ ZI

Bkihevamy \hafh ghkWWw | Z6vgh fh”_ebjh\Zlv gbadhmjh\g_\u_
fh gh ijhZzgZebabjh\Zlv dzZd baf_g _gby \ ijhlhdheZo i_j ~Zqb *
[ ahizkghklb \ebyxl gZ h[s__ wg_jlhihlj_[e_gb_ kbkl_fu <
jZkkfZljb\zZ _Iky f_ozZgbafl aZdZblih\lhjghc i hkdBEgbgguc gZ h[gZjm _
\j _f _gguo f_Timdstampbased Detection

Wdki_jbf_glzZzevgZy qZklv
Hibkzgb_ fhA"Hégbf ba wnn_dlb\guo kihkh[h\ aZsblu hl ZzZlzd
\hkijhba\_"~_gby y\ey_Iky f_Ih” gZ hkgh\_ \j_f_dgsed Cetdttidn). 7L P H"’
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>Zgguc f_Ih” hkgh\Zg gZ \dexq_gbb \j_f gguo f_Ihd \ i_j_~zZ\Z_fu
ihalhey | ijb_fgbdm higdMmegemwghklv ihemg_gghc bgnhjfZpbb b ij.
ih\lhjgh_ \hkijhba\_~ _gb_ mklZj_\rbo khh[s_gbc

ljbf g gb_ f Ih~Z ZdIimZevgh \ k _lyo )$1(7 ]~_ h[f_g "~Zggl
lj_[m_I \ukhdhc gzZz~_"ghklb b aZsblu hl zZl1Zzd Bkihevah\zZgb_ \j_f
bkdexqgblv \hafh ghklv ih\lhjghc i_j ~Zqb i_j_o\Zq_gguo “Zgguo act
kzfuf kgb Zy jbkd g_kZgdpbhgbjh\Zggh]h \ha”_ckl\by gZ k_lv

| _j\uf wlzZihf f_Ih~"Z y\ey |Iky ] _g_jZpby MjlifZggh&nfhjlfotbgm |
iZzd_| "Zghlwah[Z\eyg Ifdh \j f _ggmx f_Idm

2 L k&b

1" &+i_j_~rzZ\Z _fu_ "Bgdu f ggzZy f_IdZ hlijz\bl_ey \ fhf_gl hlijz\db

Azl _fizadilj ~Z Iky ihbkijblgbfzZ Iky-mhaehdz!| 4eljfo ihemqg_gbb

iZd _1Z MaZebku\Z | | _dms&b\Nufpkey | jZagbpm
6L 6 F 6y
?keb jZagbgoZ g _ ij_\urz _| mklZgh\e _ggh]h Ahimklibfh]h
6os 1Zd_I| kgblZ_Ilky \Zeb~guf < ijhlb\ghf kemqZ_ iZd_I hldehgy_I
ih\lhjghlh \hkijhba\_tjgbyo fh _I [ulvZrZilb\guf b aZ\bk_Ilv h

oZjZdl_jbklbd k_Ib az”_j _d jZkijhkljZzg_gby kb]JgZezZ b \hafh
kbgojhgbazZpbb gzZkh\

J amleZlu

< oh”_ wdki_jbf_glz fh~_ebjh\Zeky kp_gZjbc \ dhlhjhf fh[bevgu
ijyfhebg_cghc |jZz_dMhjllZgpdbx df \azZbfh”~_ckl\my k [Zah\hc klZgpt
bfblbjmxsbf ZlZdmxsmx klhjhgm Kl\yav hkms_kl\eyeZkv q_j_a ij
ihemq_gguo ~"Zgguo ij_"klzZ\e_ ggha\hedbebkjZ\gblv jZ[hlm kbkl_ fu
j_"bfzo k ijbf_g_gb_fZ aoZggda hl ZIzd ih\lhjgh]lh \hkijhba\_~_gby b

J amevlZlu wdki_jbf _glZ ihdZaZeb qlh bkihevah\Zgb_ f |h~Z
f_Ihd ijb\_eh d m\_ebqg_gbx h[t_fZ i_j ~Z\Z_fuo ~Zgguo b ~hiheg
ma_e H~”rgzZdh g_kfhljy gZgwlh\jkihdjEsz\Ihghfghc jZ[hlu hdZaZ
10fbgml f_gvr_ ih kjZz\g_gbx kh kp_gZjb_f \ dhlhjhf Z1ZdZ [ueZ mk
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AZdexq_gb_

Lzdbf h[jZzahf f_Ih” gZ hkgh\_ \jyfegglkoy fwhmd dib\guf j_r_gb
"ey aZsblu hl zZlzd ih\lhjgh]lh \hkijhba\_~ _gby \ )$1(7 gh I|j_[m._
bkke ~h\Zgby \ gZklb memqr_gby kbgojhgbaZpbb b zZ~ZilZpbb d
k_Ib >Zevg_crb_ bkke_"h\Zgby fh]lml [ulv gdmZ\Ne[jogOggd fZa&hZhhI
hit _"bgyxsbo \]_f ggu_ f _Idb k djbilh]jZnbqg_kdbfb f_oZgbafzZfb Z
wg_jlhihlj_[e_gby ey ih\ur_gby Z\lhghfghklb ;IE:
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D\ZaBBF ij_h[jZah\ZIl_eb ihklhyggh]h gZijy _gby
> G :hg”Zj gdh

GZmqguc jmdh\h”bl_ev”™iljign _EKKhj<hjhgbg

HHHo\Ihghfgu_ | _ogheh]bb

Jhkkby ] FFRkkd\gbdb :

GZpbhgZevguthbhXkeevkdbc mgb\ _jkbl | ©OFWB?2
Jhkkby ] Fmed\bjzZkghdzZaZzjf _ggZy

E-mail: BondarenkoDN @yandexru

Quasi-PWM DC voltage converters
D.N. Bondarenko
Scientific Supervisor: Prof., DF.P. Voronin
Autonomous Technologies LLC, Russia, MoscMmnevniki, 17,123308
National Research UM H U \Mo¥¢aw@ower Engineering InstituteRussia, Moscow,
Krasnokazarmennaya str., 14, 111250
E-mail: BondarenkoDN1@yandex.ru

Abstract Quastresonant switching is a way to reduce dynamic losses. @esanant soft switching

modes can be implemented if the transistor isched at zero switch current or voltage.When the
current passes through zero at a Aero voltage, switching occurs under ideal conditions without
power dissipation and switching losses should be considered equal to zero. The second method of
soft switchiig is to switch the transistor at zero voltage.

Key words QuastPWM, DC voltage converters, soft switching modes, switching losses.

<\_"_gb_

J ]mebjh\Zgb_ \uoh”~gh]h gZijy _gb_ hkms_kl\ey Iky iml_f ba
\uoh”guo bfimevkh\ hkh[_ggh qZklh wlh j_Zebah\Zgh iml_f b
gZijy _gby k rbpHlglevkguf j_ ImebjH)lzZgmsf kI\mx| kihkh[u mf_gvr_c
"bgZfbqg_kdbo iRl fjmbjh\Zgb_ b d\Zabj_ahgzZgkgZy dhffmlZpby <
dhffmlZpbb j Zebam_ fuo k ihfhsvx ~ finbjh\Zgby ijb \dexqg_gbb
mf_gvrZxl kdhjhklv gZjzZklZgby IhdZ dexqZ beb gZijy _gby "e
"bgzZfbg_kdbo ihl_jv J-jbabhgZgkghc fy]Jdhc dhffmlZpbb \hafh gh hi

ijb "\mo mkeh\byo |I_j\uc wlh i_j_dexqg_gb_ ljZgabklhjZ ijb gme _\lI
kemqz_ \ fhf _gli_j oh”Z IlhdZ q_j_a ghev ijb g _gme_\hf gZijy _gbk
\ b Zevguo mkeh\bwglhyafhZgkklb b ihl_jb gz i_j dexqg_gby ke_ "~

jZ\gufb gmex <lhjhc f_Ih” fy]Jdhc dhffmlZpbb khklhbl \ i _j dexqg_c¢
gme_\hf gZijy _gbb

Wdki_jbf_glzZevgZy qZklv

;ueb bkihevah\Zgu ke_~mxsb_ f_Ih~u gZmadgle]hklkkikedZ pbZgb
kbgl_a ;ue”Z ijh\_"~_gz kbkl_fZlbazpby kms_kl\mxsbo f_IF
DI>ij_h[jZzah\Zl _e ¢ ihklhyggh]h gZijy _gby b kbgl_a mgb\ _jk
ihal\heyxs_]h ihemqgblv mkeh\by fy]J]dhc dhffmlZpbb ~ey IhdZ beb
k\h_ ijbf_g_gb_ b h\ezpkbhgZgkguo f_Ih~ h\ dhffmlZpbb

JZagh\b”ghklb-RB&ab _h[jZah\Z|l_e_c gZijy _gby

JZ[hlu d\Zabj ahgZgkguo j_]Jmeylhjh\ gZijy _gby hkgh\ZgzZ gz
\oh”Z \ gZ]jmadm gZdhie_gbb __ \ [mn_j_ k ihke_~mxs_c i_j_"Zq
we f glh\ ijb gme \uo IhdZo yeb ghijhb gbb mkeh\bc gme _\hc dhf
"hklb]z_ITky az kqg_l \\_~_gby ~hihegbl_evgh]h iZjZee_evgh]h |
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j_ahgzgkgh]l]h dhglmjZz Fh~bnbdZpby bfimevkgh]h ij_h[jZah\ZI_ey ¢
dko_fhl _ogbg_kdhfm j_r _gbx kmlv dhlhjh]h khklhbl \ ih*dexq_gbb
ijb hij_~ e _gghc dhgnb]jmjZpbb khklhygbc mijZ\ey_ _fh]h dexqgZ b
gme _\uo agZg_gbc IhdZ b gZijy _gby

<hafh gh ihemqg_gb_ ko_fu d\Zabj_ahgzZbkeph]hmlijfh{jifahe _gb
LCwe f _glh\ \ bfimevkguc j_]Jmeylhj jh~rz Ko _fz 1Zdh]h jh~Z h
dhffmlZpbb \ gme_ |hdzZz LEM&\é_ _glh\ \ bfimevkguc j_]Jmeylhj
h[_ki_gb\Z | dhffmlZpbx \ gme,uagZiijphZgbgbabjh\ZDXZ&DB FZ
ij_h[jZah\Zl_e _c ihklhyggh]h gZijy _gby Ney Ibih\ j_ahgZg
ihke _"~h\Zl _evgh]lh b iZjZee _evgh]h IbiZz

Ko _fZ ihgb Zxs_]hRBWajb h[jZzah\Zl_ey hlebqgZ _Iky hl j_]ImeylhjZ
glh \dexgzZ | ihke_"h\Zl _evguc | _ahgZgikhgiaZdghglgd jokmgd_ gl
Bg"mdlb\ghklv nbevljZz klhbl gZ \oh”_ ko _fu ihke_ bklhgqgbdZ iblZg
klhbl gz \uoh”_ j_Imeylhjz qglh khhI\_IklI\m_1 bkoh”~ghc Ihiheh
lhemq_gb_ d\Zabj_ahgZgkguo oZjZdl_jbkiIdd[Zh&kl gty ThkeaZ'tk\Z| e
bg"mdlb\ghklb nbevljZ j _ ahgZgkgh]h dhg”_gkZlhjzZ b ihke_ _~h\ZI_e\
j_ahgzZgkghc bg"mdlb\ghklb

Jbk.Ko_fZ ihgbh Zxs_]hRB\RZdap h[jZah\Z| ey

Ko_fZ ijhoh”bl ihke_~h\Zl_evguo khklbygbykAkalZygkbfdlelxqZz
"bh~Z Dh]"Z dexqg gZoh”blky \ ijh\h*"ys f khklhygbb b *bh” azi_jl
ijbkh_"bgy_ Iky ihke ~h\Zl _evguc j_ahgZgkguc dhglmj >hklb]Zxlky
N"ey j_ahgZgkgh]lh ijhp_kkZ qlh ijb\h~bl dgmejullihxd@exqgZ ijb

Keasu- 830HaHGC HOenngper

is \

t1 t3

JbR. >bZ]jzffz IhdZ b gZijy' _gby dexqZ ijb dhffmlZpbb-RBFgbj Z$Z&Daab

ljb ih~"dexq_gbb j _ahgZgkgh]h dhglmjzZz d ko_f_ |hd dexqZ gZq
"hklb]zZy k\h_]h ibdz \ fht_ghZXje f glj_fblky ~“hklbqv gmey Ijb ~h
lhdhf dexqZ agZg_gby IhdZ gZ]jmadhk \\dlexgyd \kyf "dth™ b Ihd de
nbdkbjm_Iky gZ ~hklb]Jgmlhf agZg_gbb ~h dhgpZ bfimevkZ Dexq
\j f gb \ mkeh\byo hdhehgme bthcNdh§flmlkhpdZ b gZijy _gby i_j_djul
gh gZjzZklZxsbc njhgl gZijy _gby dexqZ az\Ze_g \ k\lyab k qgq_f i
mf _gvr_gu ih kjZ\g_gbx k [Zah\hc ko_fhc ihgb Zxs _]h j_]JmeylhjZ g

Jbk.Ko_fZ ih\urzZxs_]hFBEalp_h[jZzah\ZIl_ey
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AZf_gZ \uoh”ghcCnfdmd&\b\Ze glghc _c _fdhklvx bklhggbdZ iblZz
hit_~"bg_Kkbijhlb\e _gby gZ]jmadb b fZehdrbg/ Nbdjlbégh&lld gl ihalhe
themqgblv ko_fm ih\urZxsRBFD)Zla[gZah\Zljbeydexg_gghf *bh”_ ~Zgg
ko fzZ iha\hey | ihemqgblv hlghkbl _evgh mijzZz\ey fh]h dexqZ iZjZ
dhglmj kha”Zxsbc mkeh\by dhffmlZpbbIybghuedexy@ippbb gbiyjZ\ey fh]
dexqZ g9ZgbgzZ_I|ky j_ahgzZgkguc ijhp_kk >bh” gZoh”blky \ ijh)\
aZ\bkbfhgXvjy  gby gZ dexq_ ijbh[j_1Z_| j_ahgzZgkguc ozZjzdl_j G
gZjzklz_|I ~hklb]lzy k\h_]lh fzZdkbfmfz 2z azl_f kiz*"zZ_1| klj_fy
l[jb\udexq_gbb "bh”"Z gZijy _gb_ dexqgZ hklZ_Iky nbdkbjm_Iky gZ ¢
ke "mxs_c dhfbmlZgbkqg | ~Zggh]h j _ahgZgkgh]h ijhp_kkZ dexq
d\Zabj _ahgZgkguo mkeh\byo aZ kq_I| gmey gZijy _gby <dexq_gt
gbadhc kdhjhklvx gzZjzZklzgby IhdZ dexqZ Ohlv njhglu IhdZ b gZij\
fhf_gl gZjzklzgby nmhdaglzihl_jb gZ \dexg_gb_ hdzZaul\zZxlky f_g\
ZgZeh]bgghc ko_f_ih\urZxs _]h j_]ImeylhjZ gZijy _gby

;Zah\Zy Ilhiheh]by jZzkkfhlj_gguo ij_h[jZah\Zl _e_c k\h”blky d v
"ihkk _ev b dhg”_gkzZlhj JzZkkfhlj_gb_ \ur_hibkZgabc dhe fZ gtecy
ihal\hey | ijbclb d \b"m ko_fu ijb dhlhjhf dhg”_gkZlhju ij_"kl.
bg"mdIib\ghklb aZzdhjhldm KhhI\_IklI\_ggh hgZ kh”_j bl ebrv "\Z
ijhp_kkh\ g_az\bkbl hl jZ&iwehf gkh\k\yab k jZkiheh Zdkb\gyo
we f glh\ b jZ[hlu mijZ\ey _fh]l]h dexqZ j_]meylhju jZaebq
lhiheh]hBah\u_ Ihiheh]bb kh~ j"Zsb_ j_ahgZgkgu_ we f glu |
jZkkfhlj_gguo ij_h[jZzah\Zl_e_c k\h”~ylky d \b m ij_~klZ\e_gghfm g

z [
Jbk :Zah\u_ lhiheh]btRBFZiGbh[jZah\Z| _eilcgbZZxs_Jhif\urzxs _]h

J amevlZlu

;ueb ihemqg_gu [Zah\u_ |hiheh]PBF"ejy hdiZab\Zl_e_c ihklhygg
gZijy _gby Bkke_"~h\Zgb_ jzZkkfzZljb\Z_fuo iDChZjizadd| eéha\lgebet
jZkrbjblv k_f_ckl\h d\Zabj_ahgzZgkguo ij_h[jZzah\Zl_e_c

AZdexq_gb_

lj_h[jZzah\Zl _eb gZ hkgh\_ D\ZabRBF ihalhey | "hklbgv mkeh\
fyldhc dhffmlZpbb bkihevamy \k_]h mijZ\eyxsbc dexqg \ hlebql
f Th~h\ _[mxsbo g_ f g __ "~\mo dexqg_c >Zggu_ ko _fu iha\h
RBFmijZ\e_gb_ azZ kq_l baf_g_gby dhwnnbpb_glZ aZiheg_gby m
baf _gyy hkgh\gh]h Ze]lhjblfZz b [_a ijb[_]Zgby d gZklhlghfm j_]Jmeb)]

Ko_fzZ ihgb ' Zxs_]h ij_h[¢gah\2Nihqlbl_evg__ q_f ko_fZ ih\urz
ihkdhevdm \h \Ihjhf \ZgBEZgXZehogby \oh”gh]h j ahgZgkgh]h ~jhkk e
imevkbjmxs__ ihlj_[e_gb_ IhdZ hl \oh”gh]h bklhgqgbdz
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The dependence of the occurrence of modes in a cylindrical waveguide
on its radius and frequencyof the signal
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Abstract. The article discusses the effect of the radius and frequency of the signal on the mode
structure of cylindrical waveguides. The relevance of the research is duegoowing demands on

the performance and efficiency of communication systems, which requires a deep understanding of
the mode characteristics of waveguides. For the analysis, the modeling method in the COMSOL
Multiphysics software was used, which allowaducting numerical experiments with high accuracy.

The created twalimensional model of a cylindat waveguide with a radius @ mm and an air
material made it possible to study the mode characteristics when varying the input frequency from 1
GHz to 10GHz and the waveguide radius frolnmm to20 mm. The results showed that changing

the radius of the waveguide affects the frequencies of occurrence of various modes, with noticeable
transitions between the main and higher modes irirdggiency range from GHz to8 GHz.

Keywords cylindrical waveguides, mode structure, electromagnetic waves, signal frequency,
waveguide radius

<\*_gb_

Pbebg”jbq_kdbfb \hegh\h~Zfb gZaulZxl gZijZ\eyxsb_ kbkl _ft
f I Zeebqg_kdbo pbebg”jh\ Ijm[ ihh]h lmghjhgk]ly _gby aZiheg_gguo '
beb "jm]bf "bwe [HIPbédbg~jbg_kdb_ \hegh\h?u y\eyxlky \Z gufb wi
kh\j_f_gguo kbkl_fZo i_j_~Zqb we_dljhfZ]gblguo \heg ijbf_gy_fuo
hilbdZz jZ~bhk\yav b nhlhgbdAzZHgWwnm[_dlib\gth _ gZijZ\e_gb_ b mij.
\hegh\ufb ijhp_kkZfb qglh djblbggh ey \ukhdhkdhjhklghc i_j "Z«c
| ogheh]bc b k_gkhjguo kbkl_ f HMN@hZfobd)phbredgjbg kdbo \hegh\h”
yley |Iky bo fhrh\Zy klIjmdIimjz dhlhjhy BgB\go dkfo jh\IZdbo dzZd
jZ"bmk Z 1Zd _ wli giZRIA\NZ_fh]lh kb]gZeZz

:dimZevghklv bkke_ _"~h\zZgby az\bkbfhklb \hagbdgh\_gby fh~
\hegh\h”_  hl _]1h jZ"bmkZ b qgZklhlu h[mkeh\le _gZ jZklmshbf
ijhba\h~bl_evghklbnn bdlbwghklb dhffmgbdZpbhgguo kbkl _f <
klj _fbl _evgh]l]h m\_ebqg_gby h[t _fZ i_j ~Z\Z _fhc bgnhjfZpbb b g_h]
dZzq_kI\Z k\yab ihgbfZgb_\ebygby wlbo iZjzZf _Ijh\ gZ fh*h\u_ 0Zj:
klZzgh\blky hkh[_ggh \Z guf iwWdhhagZlgbZzajz[Zlu\Zlv [he__ hilbfbab
kljmdImju ~ey jZaebqgqguo *"bZiZahgh\ gzZklhl qlh \ k\hx hg_j_"v ki
wnn_dlb\ghklb i_jg@zqgbb”Zgb  _gbx ihl_jv kb]JgZeZ

< \hegh\h~guo kbkl _fZo fh]lml \ha[m ~"ZIlvky |Zaelbqpguxshbky \h
kljmdimjhc we _dljhfZ]gbig®]h<itheggh\h~*gu_ fh”u gZoh”yl ba j_r_gb
FZdk\ _eeZ ijlb_kkiIhmxsbo ]jZgbqgguo. mkeéh\bgdd Agbh”u bo j_r_gby
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hibkZgu \h fgh]l]bo mq_[guo ihkh[byo H”"gZdh gZf gdeynl@dekkayhgzcl
kljmdIimguwkihevah\zghBuffk”_ebjhCBfbtydioSuiteih ijbgbg_ azZ\bkbfhklb
\hegh\uo khijhlb\e_gbc fhhtu hkhpgllthzx! Ijm~rghklb nhjfbjh\Zgby
khlezkh\2zWbty fh gh k~»_eZlv gh lhevdh ~ey hl® _evghc hethk b \ h
gZklhk jzfdZo ~Zggh]lh bkke_"h\Zgby bkihevam_ likn]jizffgebjh\Z
dhfie_d&2062/ OXOWLSK\VLFV dhlhjuc iha\hey_ | ijh\h~blv gbke ¢
ZgZebabjh\Zlv fh”*h\u_ kljmdImju pbebg”jbg_kdbo \hegh\h”~h\ k
&2062/ ji_"hklzZz\ey | fhsgu_ bgkljmf_glu ey j_ r_gby mjZ\g _gbc
thal\hey | bkke_"~h\Zlv \ebygb_ jZ*"bmkZ b qgZklhlu gZ \hagbdgh\_g
\hegh\h”"_

Wdki_jbf _glZevgZy gZklv

>ey fh~_ebjh\Zgby [ueZ kha”ZgzZ ~\mf_jgZy fhAheghplhedbg”ijl
ij_~klz\eyxsZy kh[hc k_q_gb_ \hegh\Kk"ad h\hjreohgkzd g kilfo rh Ky fb
<dzq_kI\_ izjzf_ljh\ \hegh\h”~Z [ue \ayl jZ"bmk jZ\guc ff b fzI1_jl
"bwdjhlg _kdZy ijhgbpzZ_ fhklv jZ\ghc ljb wihf fh~ ey \Weelgdgpnhg~Z mq
jZkijhkljzg _gb_ \"hev ijh”zhevghc hkb

=jZgbggu_ mkeh\by [ueblhkbEgHEeehfplth gdb \hegh\h”~Z fh* _ebjh\Z¢
dZzd b”_Zevgu_ dph\imigdbh\b_ ihegh]h hAphA™gdicy ihjl [ue kfh”_ebjh\Zg
bklhggbd iehkdhc \hé@xsbltajwe _dlgifilgu_ ihey \gmljb \hegh\h”*Z

>ey ZgZeHBHazZd!|_jbkhBdijh\h*"behkv \ZjvighkZigllu_\oh”*"gh]h kb]gZe
"bZiZahg_ hl ==p “~h ==p k rZ]hf ==p b jZ"bmkZ \hegh\h?”
AROff k rZ]hf ff

< jZfdava ki_jbdlZ [ueh az"BRghl\Ndpu_ fheyu ZgZdbalZ\gZy HM)Z
\ukrzy fhZi_j\Zy \ukrZy dh"Z

K_1dz ”"ey qbke_ggh]h j_r_gby J[ueZ k]_g_jbjh\zgz 2zZ\Ihfzl
mgblu\Zebkv h[eZklb k \ukhdhc baf_gqgb\hklvx ihe_c

J amevlZlu

ljh\h~"bebkv fh” _evgu_ wdki_jbf _glu ih hij_»_ eihdkbkygpghbdkbf
jZkijhkljZg (pydpggatiorconstant jy*Zh”~ hl gZklhlu b jZz*bmkZ \heg@h\iZ1i4d
fh"r _ebjh\Zgby ihddZadZ dbke "h\Zehgihb§Zkihlk gxip_ "~ _eyxl| ki_dlj
\haglgh\ _gby fh” bo ihke_"h\Zl_evghklv b dezZkkbnbdzpbx ih i
\ukrb.% j_oh”u f_""m hkgh\gufb b \ukrpdbbfip&xXt@ fu \ "bZiZahg_
gZklhl FFEp “h==pjb jZ"bmk _ jbfd).

o
Global: Propagation constant (rad/m)
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JbK.<hagbdgh\_gb_ fhA Kk gkl @Nogdingfred) ijb jZAbmk _ ff
gZeba aZ\bkbfhkib fhAh\uo 02zjzdl jbkibd hl jZAbmkZ \h
glhm\_ebq _gb_ jZAbmkZ kihkh[kI\m_| ihy\e gbx [he _ \ukhdbo fh

gZklhl bo \hagbdgh\ _gby yGzZyb&bkfZ h&kgh\gfhy Hi1 ©ihy\eye Zjlbv?a
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qZklhl_ h@llkelp |h]*Z dzd ~eg0jfZ ohzkZhBZ edZklml hik_@dbeh
88==p Z fhab @ij_klZeb jZkijhkljZgy28ky jbk

Global: Propagation constant (rad/m) @ Global: Propagation constant (rad/m)
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JbkK <hagbdgh\_gb_ fh™ ijb jZ"b Jbik3 <hagbdgh\ _gbjb fZ”"bmk _ f

I
4

lhemq_ggu_ j_amevlZlu ihdRA\ jkrgux]l jag\bkbfhkizf |jZ
jZkijhkljzg _jgliypdkhegh\h~*Z b wEk[kl\_ggfind\hegh\h "HWWIHK _|h~"
fh~r _ebjh\Zgby | \Z'gh_ agZq_gb_ "ey ijfghdhkighZgbyg \hegh\h”~h\
jZaebggufb izjzf_ljZfb keh _\

AZdexq_ghb

< oh”_ ijh\_"* _ggh]lh bkke ~h\Zgby [ueZ bamq_gZ aZ\bkbfhkl
pbebg”tjbg]Rbdegh\ail jz"bmkZ b qzZklhlu i_j ~zZ\Z _fh]h kb]gZeZ
ijh]ljzffghlh h[_ki_q_gby &2062/ 0OXOWLSK\VLFVYuiyhaWwietxegh Wwnn _dl
0ZjzZdl_jbklbdb \ebyxghklgZgj4k_ \heg \ \hegh\h”"Zo

J amevlZlu gbke_gguo wdki_jbf_glh\Zeph” gfilhgklgbj\ gb_ jZ™b
\hegh\h”"Z kms_kI\_ggh \eby |I gZ qZklhlu \hagbdgh\_gby fh*"
kKihkh[kI\m_1| ihyle gbx [he__ \ukhdbo fh” b baf_g _gbx gZklhl
ihA\ _j°~Z 1 I _hj_Ibg_kdb_ ij_"ihex”® _gby \GZZiZahghl gqZkHp
"B ==p ihdZaZeb agzZgbl_evgu_ i_j oh”u f_""m hkgh\gufb b \uk
ih~rg_jdb\zZ | \Z ghklv mq_I|Z wlbo izjzf _Ijh\ ijb ijh_dlbjh\Zgbb
| e dhffmgbdZpbhgguo kbkl_f

lhemq_ggu_ ~"Zggu_ bf _xl ijzdlbq_kdh_ agZhjilgbbaBpw4gdgud[hl
\hegh\h~h\ qlh fh™ | agZgbl_evgh ih\ukblv wnn_dlb\ghklv i_j ~Zc
ihl _jb \ kbkl _fZo k\yab >Zevg_crb_ bkke_"h\Zgby fh]lml [ulv gZ
\ebygby ~jm]lbo nzZdlhjh\ 1Zdbo dzd |_fi_jZlmjz tZl ljbgdektegh\
hkh[_gghklb qglh iha\hebl _s_ [hevr_ memqrblv o0zZjzdl_jbklbdb
kh\j f gguo dhffmgbdZpbhgguo kbkl fZo

Kibkhd ebl_jZImiju

1. lhemobg XRdebg”jbg_kdb_ \hegh\h”u mqg_fgbmcjbkh\b_
Dmcf[ur_\kdbc Z\bZpbhgguc KWgldhjmé, A®71.£72 k

2. Fh™u ;hevrZy jhkkbckdZy wgpbdehi2024y = KRL
http://lwww.dpnews.ru/informatsionnytekhnologitv-zhurnalistike.html nNZIZ h[jZs_gby
09.02.2025)



XXII

M> [637.533.9

We dljhgeghq \Zy iZcdZ Zexfhhdkb”ghc d_jzZfbdb k IblZghf
K F < joZeZgp_Yg"mjZ K EZjbg
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Electron beam soldering of alumina ceramics with titanium
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Abstract The present study presents soldering of alumina ceramics with titanium by electron beam
method. PRS2 solder and aluminium foil were used for soldering. Soldering temperature was

700+ f& W LV VKRZQ WKDW LQ ERWK FDYV It¥ toNdfria YURcGoB HU P L
of the metal and ceramic parts.

Keywords Electron beam, solder, soldering, prvacuum

<\*_gb_

< kh\j _f _gghc ijhfure_gghklb f IZeeu b d_jzZzfbdZ y\eyxlky h~gl
dezkkh\ fzZIl_jblgéh\\_jghf ih~[hj_ we_f_glh\ b ijZ\bevghifo kh_~"k
dhf[bgZpbyez”~Z |1 klhcdhklvx d \ha”_ckl\bx \ukhdbo | _fi_jZImj
gZijy _gblef  Nukhdmx f_oZgbq_kdmx i\Wwldpghkdg gkIhnZoh*"bfu "ey
Zwjhdhkfbg_kdhc Z\bZpbhgghc bjhfweedbbhlgllhfclZeemjlbb b
Z\Ihfh[be _Kkljhl.gby

LiZ"bpbhgdulh”u ihemqg_gby \ukhdhl_fi_jZImjguo kh_"~bg_gb
d jZfbdkb ihfhsvx ieZ\e _gby klZedpp\Zxfikyjhke f \hagbdZ»xasbo ba
jZaebghbyfH_oZgbg_kdbo KRIhcWI\b ijh[eyfleyxlky ijbafibpgkgb  _gby
ijhqghklkh_~bg_dbygZb[he__ jZkijhkljZzg_gb_f kihkh[Zf kh_"bg_gb
f 1ZeezZfb fh gh hlg_klb “bnnmabhggmx k\Zjdnk\ZpdZna jgngpb K\Z]
MdZ ~h]lh ba wlbo f_Ih~h\ _klv k\hb g_7hklZI@&b nlZrd a ghzg glhfc_jk\ 4 jod
ijhbkoh”bl gZzZ]j_\ \k_]1h h[jZzapz ~h | _fi_jzZiKj ZzhjyZ2d'Z |j_ [m_Ik
ijbeh” _gb_ ~Z\e_gb_ qlh h]jZgbgb\Z_| bkihevah\Z48blhgkhfoymidb
\hagbdz | ihlj_[ghkl¢h\hi_b gz~ “ghf f_Ih”_ kh_"bga gbhihjludghbf
yley lky we ddphggtry i&ZkcdZgghc jZijhlrklZ\e gu |j_ami&xclklu
Zexfhhdkb~ghc d_jZfbdb k IblZghf k bkihevah\Zgb_f ehdZevgh]h
ieZaf _gguf bklhggbdhf knhdmkbjh\Zggh]h we _dljhggh]h imgdz

Wdki_jbf_glZevgZy qZklv

IZcdZ ijh\h~*"beZkv imgdhf ghadwg _wle |ldljhgh\ kxwgdwkbd \c
Zlfhkn_j_ ]_eby ijb ~Z\e_gbb \ jZ[hg_d4 dzBkjhggWwd Zdljhgh\
mklZzgzZ\eb\Zeky gZ \Zdmmfgmx dZf_jm hldZgb\Z_fmx f_ozZgbq_kd
"h ~Z\e _gby k lihke "mxsbf pEZijmkhdg ]h ]JZazZz ] _eby ~h g_hJof
"Z\e_gb¥cdZ hkms_kl\eyezZzkv azZz kq_l gZ]j_\Z kh_"bg_gguo \f_
ihfhsvx [helh\h]h kh_~bg_gby ieZklbghd d_jZfbdb ijbihy b f_|Zee
ijh]j_\Z bkihevah\Zezé&¥ we\dJJhggh]lh imqdZmhkdjp\Zzaf_jZfb klhjh
272 ke L_fi_jZImijzcdb khklZ\eyeZ hl fK~hljb ~hklb  _gbb | _fi_jZIm
ih\_joghklb d_jzZfbdb gzZ]j_\ ij_djZszZeky b ijb wlhc I_fi_jZImj_ hJj-
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| g _gb_  fbgml L_fi_jgdbmgpkibh\dhgljhebjh\ZeZkv bgnjzdjZkguf il
5D\WHN ~bZikZahghf baf_j8600yf KKo_fZ mkliZgh\db ij_~klz\e gZ gZ jb.
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h[jZaph\ \"hev h[eZklb iZcdb ij_"klZ\e_gu gZ jbkmg@ZokglbfdZlohhl
fh gh azfvigplldhjZgbpu jZaNjeithy b d_jZfbdb < |h ~_ \j_fy gZ ]j
Zexfbgby jbk k IblZghf gZ[ex*Z_lky dZd nhjfbjh\Zgb_ “bnnmab
bgl jf IZeeb”~guo Mmghaghigbhgbghk[jZah\Zdpy jf 1Zeebgdd\jZgbp _
jZa®_eaZxy\ey_ |kZklI\hj_oA03 k h[jZah\Zdgb [fh]hZzkI\hjHAALO] [5].
GZbl[he__ \_jhylgh h[TégédD®\Zglhkdhevdm dZd6]bla\d&kygmyksed |ky
jZ\gh\_kgh&Zahd¢jb |_fi_jZImjhd _800 f& b h[ez”"Z[he_\ukhdhc
jZkI\hjbfhklivwhlghr_gbx,dq_fTiAlL Ijb |_fi_jZImj750f & Zdpby "m

Al203 bbgl_jf_1ZeebTiaAfbg_kdhevdh h]jZgbq_gZdpaFZI&O hlkmlkl\m_|
\h\k 7],>ke_"~h\zZI_d¥dh_ \hafh ' gh bafklgklghZhevdime ijhgbpZ_fh]h
fZI_jbzZ&iZAl ijb hoez ~_g6lZ ]jZgbp_ ,jbiklblZgzZ ikih_fIKJ372
gZ[ex"Z_ hkyfbjh\Zgb_ b]hevgZluo djbklZeeh\ f _~b b ijhgbdgh\_¢
ijbihx ijzdlbg_kdb ~h ]jZgbpu k d,jZ®dhdj4bk_ d_jzZfbdb k IblZgh
ihfhsb ijbilig gh azf_Ibgkh f_~v KIhsZyky \ ijbgE[ex”Z \Ikhjkgh\ghf
mljZgbpubihy k d_jZfbdhc b IblZzghf GZ h[jZap_ d_jzZfbdb k IblZzgh
Zexfbgb_\hc nhev]b \brghgAlewx1BIAgy 1Zd _ \ h[eZkkbthaibjgh
ijhbahreh h[jZah\Zgb_ bgl_jf_|IZeebfbgghbo rkZalbZephfh 1j_ [m _|I
NZevg_cr_]lh bamghfgbyhlihb bkihevah\Zgbb Zexfbgb_ \hc nhev]b \
ijbihy \ nhjfbjm_fhf i_j oh~ghf keh_ gZ[ex”Z _|ky h[jZah\Zgb_ ihj &
<hafh glho ihyl\e_gb_ k\yaZgh k mkeh\byfb ih~"Jhlh\db h[jZaph\ b il
r\Z \ ijhp_kk_ rebnh\db

AZdexq_ghb

< j_amevlzZl_ ijh\_~ gguo biklkeendhybgkb ~dgjZdbdb gZ hkgh\_
hdkb”r"zZ Zexfbgby k IblZghf k bkihevah\zZgb f dizy Idi2f|¥ag lbdh]h
Zexfbgb _\hc nhev]b < h[hbo kemgZgmkeh\bybgBlpberhg gby b \j -
\u”_j'db ihemg_gu kh_~bg_gby f IZeebq_kdhc b d_jzZfbq_kdhc qZk

JZ[h1Z \uiheg_gZ ijb ih~~_j°d_ 1jZglZ Fbgbkl_jkI\Z gzmdl
h[jZah\Zglwlkkbckdhc N_~ jZpbb \ jZfdZo020289d12jkZ )(: 0
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Wdki_jbf_glZevgh_ bkke_"h\Zgb_ qgq_luj_oklethfdghidaghdZevgh
kljmdImju \ “bnn_j _gpbZevghf j_ "bf_
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Experimental study of four-layer reflection-symmetric structure in differential mode
S.V. Vlasoy M.S.Murmansky
Scientific Supevisor: Ph.D. Y.S. Zhechev
Tomsk State University of Control Systems and Radioelectronics, Russia, Tomskstedid&34050
E-mail: Lukashinkal2@gmail.com

Abstract A fourlayer reflectionsymmetric struiire has been experimentally investigated in
differential mode. Results in both the time and frequency domains show a bandwidth of 947 MHz
and aUWB EMI suppression 09 times The discrepancy between the results is attributed to the
influence of connecter used for measurement. Also, there are no pronounced resonances at
2.5,3.7, 4.2, and 5.8 GHz in the simulation, which affect the amplitude of theddimain
responses at the end of the structure.

Keywords electrodynamisimulation time domairanalyss, differential pair.

<\_"_gb_

Kdhjhkil_j_ ~Zgb ~Zgguo \ kh\j_f _gghf fbj_ ijh~he zZxl| jZzklb b ~»
|Zdbo \ukhdbo kdhjhkl_c bkihevamx| “bnn_j gpbEéevwgms_ &bb\ghbli_j_
mkljhckI\Z b bgl_jn_cku nmgdpbhgbjmxsb_\ “bnn_j gpbZevghf
bgljin_cku /9'6 dhlhju_ gZoh”yl rbjhdh_ ijbf_g_gb_ \ kh}il. f_gghc
HrgZdh 1Zdb_ mkljhckI\Z ih”?\_j° gu \ebygbx dhg"mdlb\guo we ¢
\dexqZy \g_rgb_ we_dljhfZ]gblguhgihdmlckidykl\_ggh kgb Zlv dZq
i _j_"Zqgb guAp@ >ey h[ _ki_qgq_gby kijZ[héwghjz*"bhwe _dljhggh
ZiiZjZImjlW: g _h[oh” bfh ijbgbfzZIvefyajisul JW:hlwe _dljhfZ]gblguo
ihf _o WFID ijbf_jnB] bkke ~h\Z®\bkbnn_ j gpbiZéeigtey ih"Z\e gby
k\_jorbjhdhihehkguo dhg"mdlbqd4luojbWrRy_Iky fZrbggh_ h[mqg_gb_
kbgl adexqg_\uo iZjzZf Neédhyxsbo gZ ih~Z\e_ _gb_ dhg”mdlb\guo
"bnn_j gpbzZ&viguidgzZdh jZih\ " gb_ eZ[hjZlhjgh]h wdkjdijefvghz
kbff Ijbgg AK kljmdImju ~“bnn_j gpbZevghf | "bAqb i kibJgZezZ g_
jZkkfZljbhEedhwlhfrmp xeyZ[hlu y\eyijlkly * gdZ[hjZIlh]jlghkke "~hy¥Zghb
AKKljmdImj@bnn_j gpbZevghf j_ "bf_

Wdki_jbf_glZevgZy qZklv

AZ hkgh\m \aylZz gq_luAKKklemdddyyj ~"klzZz\e gddy GZ jHk
ij_"klZ\e_ijhlhlbi balhlh\e_gghc i_qzZlighkt eZZhyziygklZgh\dzZz ~ey
baf_ j _g®yzZjzf _|jhGZIl jzZkiheh  _dpm]Jeu_j _oh”gu_ hl\_jklby dhlhj
g _h[oh”bfu "ey aZa_fe_gby “\mo pEqIjZjgvpgppuaemdki jbf gl ijh\_~
gZ \_dlhjghf &flh¢b p_«:P J F181.
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JbK. Balhlh\e_gguc ijhllhIbb” k\_jom Z b KghadeZhjd hjg

ymklZgh\dz

Ihkebaf_j gby gZagZR _§b¥jzf Ijh\ fh gh kdhf[bgbjh\ZIv ijb ihfl
kbkl_fu Z\Ib&Bh\Zgghlh ijh_dibjh\Zgbishekrdblv gZ \uohf4xAaZljbpm

J amevlZlu

lhke_ dhf[bg&pdbjzf_Ijhbkke_"m_fzZy kljmdliphZgpedabjhhzgz
\j_f_gghc b qzZklhlghc hfgZklygpih¢debd b dhwnnbpb_gl \i_j_"Z
"bnn_j_gpbZevdhf(|fuwi]) i1j_"klZ\e_gu gZ gbkzZq_kI\_ ihf_oh\h]h kb]g
bkihevamZokllikmexkkrbjbghc ki_dWZ=p khhI\_Ilkl\mxsbc hij_*_e_g
k\_jorbjhdhihehK&HcW F I[6].
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JbR. <j_f_gghc hldehBlp] [ "“ey bkke_"m_fhc XIjbrddmjjugpbZevghf j_"bf_

:gZebapjmemqg_ggu_ j _amfewighu k™ _eZlv \u\h” glh j_ame
fhr _ebjh\Zgby b wdki_jbf_glzZz f_"~m kh[hc o hjjhrhh7khdglejhk D g bkoy
ihehkz ijhimkdzZgby bkke_~m_fhc klj99dFwju KEhKk|B\wedki_jBf_gl_

947 F=p :gZeba \h \j_f_gghc h[eZklb ihdzZau\Zz_I| qlh ZfiebIm~"Z
wdki_jbf_gl_ b fh”_ebjh\Zgbb khklZ&bekzhhI\_bkl\_ggh JZagbpz f
j_amevlzlzfb fh _|I [ulv h[m&kkeyhdb_fHzjzat_fh\ ~"ey ybafLgdgb
hlkmlkI\myjldh \ujZ ' _gguahgdgg§gZ qZklhlZo ==pbb

fhr _ebjh\Zggbkh h[mkeZ\eb\Z_ Ihjdafbgpguo\ hidebtgdo k\hx hq_j ~v
hg gv kbevgh \ebyxl gZ ih"Z\e _gb_ KRI WFI ihkdheesdrbl| \ wjBKklhlc
"NbZiZzahg _

AZdexq_gb_

< jZ[hl_ ij_"~klz\e_gh fh~_ebjh\Zgb_ b eZ[hjZlhjguc wdki_jbf_
AKkljmdImyurbnn_j gpbZevghf j_ "bf_ J amevlZlu ihdZaZeb qlh
wdki_jbf_gl f_"~"mokhlihlc kh]leZkmXklkZ[e gb_ KRI ihf_dd kjibklZ\
fhr _ebjh\Zgbhza Z ijb wdki_3BfZgilghkbl_edfgabImwtk Ihehkz
ijhimkdzgby ijb fh”_ebjh\Zgbb Khkpz\lzezZijb wdki_jbf_BEp
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FzdkbfZevgh_ hkeZ[e _gb_ \ ihehk_ aZz]jz'~_gby khklZ\ey | ~
wdki_jlgiZbgmk bfbgrdk ~: khhi\_IkI\_ggh

JZ[h1Z \uiheg _gZ \ jzfdZo ijR024Z )(Fbgh[jgZzmdb. Jhkkbb
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Predictive control of complex technological systems based on digital twins
V.l. Gorohoy A.D. Ryazanov
Scientific Supervisorsenior lecturer E.A. Potapova
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Abstract. This paper presents an advanced model predictive control (MPC) approach for complex
technological systems utilizing digital twin technglo@he proposed framework integrates reale

sensor data with historical process information to continuously train and update a predictive model.
The digital twin enables the system to adapt dynamically to changes in process parameters through
the appliation of advanced optimization algorithms and MPC techniques. Experimental results
GHPRQVWUDWH VLIJQLILFDQW LPSURYHPHQWY RYHU WUDGLW
LQ FRQWURO HUURU B GHFUHDVH LQ H QdHability Wi eauxed SW LR
downtime periods. The methodology has been validated through extensive simulations and is
applicable to a wide range of industrial processes, providing a solid foundation for future research

in adaptive and seliearning control gstems

Key words predictive control, digital twin, model predictive control, industrial optimization,
adaptive systems

<\*_gb_

< kh\j_f gguo ijhfure_gguo mkeh\byo | _ogheh]by pbnjh\uo "~\h¢
j_"bf_j_Zevgh]lh \j_f _gb\hKkillhbadh~blv b ijhlJghabjh\zZIv ih\_~ gb_
hit _dlh\ > @ Bo ]JezZ\gh_ ij_bfms_klI\h azZdexqZ_ Iky \ \hafh ' ghk
| dmsb_ ihdZazZgby "Zlgbdh\ |1Zd b gZdhie_ggu_ bklhjbqg_kdb
\ukhdhlhqguc ZgZeba jZaebqgub jZ[hgbo kp_gZj

li_~bdlb\gh_ mijz\e_gb_ ORGHO 3UHGLFWLYH &RQWURO
wnn_dlb\guo f_Ih~h\ hilbfbaZpbb mijZ\eyxsbo \ha”_ckl\bc mqgb
khklhygb_ kbkl_fu b ijhlJghabjm_fu_ [m"msb_ hldehg_gby > @ Khg
Mhcgbdzfb hieya\l g_ij_julgh Z~Zilbjh\ZIv iZjZf_lju mijZ\e_gby ijb
o0ZjzZdl_jbklbd h[t_dlZ b \g_rgbo \hafms_gbyo

P_ev "Zgghc iZRljZ[hlZIv dhfie_dkgmx f_Ih~bdm ij_"~bdlb\gh]h
bkihevah\zZgb_f pbnjhl\uo ~“\hcgbdh\ ~ey lhqggh e ydsjhodMbjhRidib cm\jZ
ijhfure_gguo kbkl fZo k "bgZfbqg_kdb f_gyx9bfbky iZjzf _1jZfb

Wdki_jbf_glZevgZy qZklv

>ey j_r_gby ihklz\e_gghc azZz~Zgb jzZajzZ[hlZgZ fgh]lhmjh\g_\Zy
"hcgbdz \dexqZxsZy “bnn_j_gpbZevgu_ mjZ\g_gwfib}bgZkidtb ij
aZ\bkbfhklb iZzjzf_Ijh\ b kZfhh[mgZxsb_ky fh meb 1ZjZf_Ilju fh™_eb
hkgh\_|j Zevguo baf_j gbc b gZdhie_gguo "Zgguo %D\HVLDQ XS(
ijhlghakzl_fZIbqg_kdh_ ij_"~klzZ\e_gb_ fh~_eb bf__I| \b~"
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] x(k) £\ _dlhj khklhykbtymijZz\eyxsb_\ha” y(kk BMbwoh”~gu_i_j f ggu_
K) £\ _dlhj izjzf_ljh\ fiwk_éik) trmfu ijhp_kkZ b baf_j _gbc

l[j_~bdlb\gh_ mijZ\e_gb_ 03&

Hkgh\m mijZ\lehiglzyey | j_ r _gb_ azZ”~Zgb hilbfbaZpbb gZ ih™\b"
Ij_"kdZaZgby Ijb wihf mgblu\Zxlky h]jZgbqg_gby gZ mijZ\eyxsb_ b
> x @ < deZkkbg_kdhc ihklzgh\d_ p_e \Zy nmgdpby bf__ | \b"

c ¢?5

,Li >UGEE4G FNGEE?3 U GEFE4G FNGEE?EI Q:GEE'4QGEE4

]"_QE)%méQ(_V?UDMméL,L_V’m tlhjbahgl ij_AkdE(L@Iaer)gtta)Z"Zggu_ \uoh”gu_
i j_f ggQ@DbR x\ _kh\u_ fZljbpu

HilbfbaZpbhggu_Ze]lhjblfu

>ey j_r_gby \hagbdZxsbo \ j_ Zevghf \jJ f gb azZ~Zq hilbfbaZ
memqgr_ggu_ f Ih”u \gmlj _gg _c lhgdb > @ b dhgmkgulLljgh4iueb ijb
Ney rljZznzZz uvh WIlh h[_ki_qb\Z | \ugbkebl _evgmx wnn_dlb\ghklv
hljZgbq _gbyo bghXhfoj khklhygby ~h=hjbahgl ij _~"kdZaZgby \ Ibi
wdki_jbf_g*ZorZ]lh\ b \_kh\u_ dhwnnbpb_glu ih*[bjZe\Zkab f ZIhHihf d]j

:~NZilb\gh_ h[gh\e_gb_ izjzf_Ijh\ pbnjh\h]lh “\hcgbdZz
< hlebgb_ hl deZkkbqg_kdh]h 03& ]"_ iZzZgxflkhjuiHhkhh yegby kfdb |\
pbnjh\hf “\hcgbd_ dhwnnbpb_glu . b 2 j_]meyjgh mlhggyxlky gZ
hldebdZ kbkl_fu >ey wlh]h fh™_| bkihevah\zZlvky ]JjZ~b_glhih~h[gh
ez L roB>A &
Ruz L Rolc >ARA
]"_ G. b 02 \ugbkeyxlky ih j_amevlzZIZf kjzZ\g_gby ij_~kdZaZggh]
j_Zevguf hrb[db b~ _glbnbdizwhbbpb gl k]eZ b\Zgby
Ilh~"h[gZy kljzl_]by iha\hey_| dhfi_gkbjh\zZlv dzd j_adb_ baf
hit_dlZ 1Zd b gZdhie_fgb* dé&bpihLigby
Kjz\g_gb_ f_Ih~h\
Wnn_dlb\ghklv hp_gb\ZezZkv "ey ljzo \ZjbZglh\
IB> _]meylhj
deZkkbgMR@bca pbnjh\h]h "\hcgbdz
3YMPC k pbnjh\uf "\hcgbdhf ij_"ez]Z_fuc ih”oh”

J amevlZlu

JZkqzlu ijh\h*bebkv \ kj_~_ 3\WKR Qbj etbki h edva &\¥; @k f< dZq_kl
hit _ dlZ bkke_"h\Zeky ~bkdj_Ibabjh\Zgguc ~"bgZfbg_kdbc ijhp
i_j_dexq_gbyfb izjzf_Ijh\ b klhoZklbg_kdbf \hafms_gb_f >ey
mijZ\e _gby jZkkqgblu\Zebkv bgl _]jZe Z[khexlghc hrb[db (®RHUWY j]
KjiZ\g_gb_ ij_"~klzZ\e_gh \ 1Z[e x

LZ[ebpZ
KjzZ\g_gb_ ihdzZazl_e_c ijb jZaebgguo f_Ih*"Zo mijZ\e_gby
F_Ihn IAE Energy
PID 2,062869 2,342292
MPC_noTwin 2,148391 2,263260
MPC_DigitalTwin 1,516017 2,232657




XXII

<b”rgh qlh bgl_]jZpby pbnjh\uo ~\hcgbdh\ ~Zzl memqgr_gb_ Ih
(IAE kgb Z |ky gZ x ih kjzZ\g_gdgimeklhB> b mf _gvrZ | wg_jlhaZljZlu

AZdexq_gb _

lj_"eh _gZ b wdki_jbf_glZevgh h[hkgh\Zgz f_Ih*bdZbiy "bdl
keh gufb | _ogheh]bg_kdbfb kbkl _fzfb hkgh\ZggZy gZ bgl_]jZpbb
Zelhjblfzfb 03& lhemq_ggu_ j_amevlZlu ihdZau\zZxl kms_KklI\
wnn_dlb\ghklb mijzkebgbglwg jlhazZlj4ki_dlb\u "Zevg_crbo bkke_~h\
k\yazZgujzZa\blb_f kzZfhh[mqgZxsboky fh”_e ¢ pbnjh\uo ~\hcgbdh\
fghlhdjbl _jbZevguo nmgdpbc klhbfhklb ~ey [he__ lhgdhc gZkljhcdb
[ukljh f_gyxsboky \g_rgbo mkeh\bc > @
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<ebyghZajy*Z gZ gZ]j_\ wfbkkbhggh]h we_dljh*Z nhj\Zdmmfgh]h
bklhggbdZ e _glhggh]h imqdZ we _dljhgh\
@ WZ]ljh < >eh\Z
GZmqgqguc jmdh\h”bl_ev ijhnKKkéahfh\ 1 g
Lhfkdbc J]hkm~ZjkI\_gguc mgb\_jkbl_1| kbjkKa™hhwi¢Z\dd | gdlyd b
Jhkkby ] Lhfkd ij40,6B6340b@ Z
E-mail: joelericdagri@gmail.com

Effect of the discharge on the heating of the emission electrode ofaevacuum plasma source
of a ribbon electron beam
J.E Dagri, A.V. Dolgova,
ScientificSupervsor: Prof., DrA.S. Klimov
Tomsk State University of Control Systems and RadioelectrdRiussia, Tomsk.enin str., 9, 634050
E-mail: joelericdagri@gmail.com

Abstract The dependences of tleenission electrodéemperature on the discharge current in a
forevacuum plasma electron source are presented. The pressure rangel6fRalis investigated

when the source is operating in a helium and air environment. It is shown that the temperature of
the emission eleatde is determined by the discharge current, the duration of operation of the
source and the working gas used, as well as the range of operating pressures. The highest
temperature of the emission electrode is observed when operating in helium and high.vacuu

Key words Glow discharge hollow cathoderibbon electron beamnthermalcondition

<\*_gb_

Bklhqggbdb e_glhgguo we _dljpgdggboyimgthl\g gb_\ jZaebqgguo hl
gZmdb b | _ogbdb Ijb\e_dZl _evgh bkihevah\Zgb_1Zdbo imgdh\ ~
h[jZzah\Zgby [heembBEZ" b k izjzf_l|jzfb iezZafu ijbl]h~rgufb ey hkm:
ieZafhobfbq_kdbo j Zdpbc ljZ\e_gby Ww&kZildjgdpc |jhdebgh\Zgby
K<@aemq_gby[lh Winn_dlb\gZy bhgbaZpby ]ZaZ gZijyfmx aZ\bkbl
we dljhggh]h imqdz 7~Z\e _gby b jh~Z ]ZaZ HilbfZevguc ~"bZiZah
imgdh\hc iezafu e_"bl \ bgl _Jwé_ \ [Zdhf "bdiZldggbdb we_dljhgh\
ieZzaf_gguf dzZlh~hf ijZdlbg_kdb g_ bf_ x|l Zevl_jgZlb\u Nhj\Zdm
bklhggbdb e_glhgguo imqdh\ khojZgyx!| jZ[hlhkihkh[ghklv \ mdZaZc¢
b ihalheyxl kha”~zZ\Zlv imgdb we_dljhgh\ k Ihdhf ~dw< fehs20g |
k_gq_gby IZdbo imgdh\ gZijyfmx aZ\bkbl hl iehsZ”~b wfbkkbhgghc if
wfbkkbhgguc we _dljh® \uihegy_ |ky ijhly" gguf Kk iehszZ~vx g_
d\z~jZlguo kzZglhA _Ighijhp _kk_ jZ[hlu bklhqgbdZ iheuc dfZZk*kly Zgh
\ha”_ckl\bx ihlhdh\ bhgh\ b we_dljhgh\ qglh ijb\h~bl d bo gZ]j_\
hkms_ klI\blv wnn_dlb\guc | _iehhl\h® hIDwibo Mgzdjjh™~Mfibkkbhggh]h
we_dljh~rzZ fh_ | Julv aZ kqg_Il h[jZlgh]h bhggh]h ihlhdZ \bla[eZXalfu h
ljZgkihjlbjh\db we_ dljhgghk_ imgwdznzZdlhju fhlml g _]Zlb\gh kdZe
ijh~he bl _evghklb jZ[hlu bklhggbdZ < gZklhys ¢ jZ[hl_ ij_"klZ'
gZ]j_\Z wfbkkbhggh]h we _dljh*Z nhj\Zdmmfgh]h ieZaf_ggh]h bkl
jZ[hl_ \ kj_~_ jZaebgguo ]J]Zah\ \ *bZiZahg3] "h\gebfgdogb ff oZgbafh)
gZ]j_\Z b jzkij_~_e gby | _fi_jZImju ih ih\_joghklb Zgh~Z iha\hel
jZ[hlu bklhggbdz \ az\bkbfhklb hl Ij_[m_fh]lh IhdzZ we_dljl
ijh~he bl _eVighE[hlu
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Wdki_jbf_glZevgZy qZklv
Wdki_jbf_glu ijh\h~"bebkv gZ fZd_|_jZajy®ghc kbkl_fu nhj\Zdm
we_dljhggh]h bklhggbdZ e_glhqgh]h we_dljhggh]h imqgqdZ jbk

wfbkkbhggZy i€

I _jfhiZju
dzZlh”~ hkgh\ghl]h \
Jbk Ko fzZ iezaf ggh]lh we dljhggh]h bklhgqgbdZ \ZdmmfZz
FZd | khklhye ba iheh]lh dZIh”"Z hkgh\gh]h jZajy”"Z pbebg”jbq_

theh]lh dzZlh"Z jZkineZZdhZzebWudhfh]Zl _evgh]lh jZajy”*Z 1Zd _ \ \b"*_ pbe
bklhggbdz ij "klZ\eyeZklHjgpm k \gmlj ggbf hoeZ " gb f < p_gljZz

leZklbgu \"hev __ ijhly _ggh]h jZaf_jZ [ueh \uiheg_ghhpufbkkbhg:
jZ[hlu ijhbkoh”"beviKkbhgghc ieZklbgu b k_ldb jZkiheh _gghc gZ g
N"ey klZ[bebaZpdth gighc bljpgdaf_j_gb_ I_fi_jZImju wfbkkbhgghc ie

hkms_ klleyehkv EfffkiZzdZq_kI\_ jZ[hlgbdklihavah\Zedblke b \ha”“mo
>Z\e _gb_ mklzZzgZ\eb\Zehkv gZ mjh\dhd hkfhdgh]hldadad]ygweky \
ij_ N eZox f: k rZ]hf f.dlhhihegbl _evguo j4dpj9"bB¥Za f:

J amevlZlu

ljb jZ[hl_ nhj\Zdmmfgh]h we_dljhggh]hi_j@dhhjggbadZbklkkbhggh
ieZklbdaf jyeXKvqg gb fbgml k bgl_j\Zehf |l jhiBgmlbl_evghklv jZ[hlu
bklhggbdlzg gghl\urZ | mdZaZgguc bgl_j\Ze gh “ey hij_~ e _gby I|_
[ue \u[jZg bf_ggh ihemqgZkh\hc bgl_j\Ze \J f gb DZd ihdZaZeb wd
kdhjhklv jhklzZ |_fi_jZImju gZ[epuZ ky fogml jZ[hlu jbikbqg_f
| fi_jZImjz \ H[gbkldbo "Z\e_gbc hdZaulZ_Iky gb"_ gZ g _kdhevdh

Jbk AZ\bkbfhklv I_fi_jZImju wfbkkbhggh]lh we_dIjh*Z hl Ye¥_jdmébj gy JjZahy"
brZ\e_ghbee 1Z 210 1Z <ha"mkdehrgZy ebgbyihgebblhd jZajyMz+ f:,
2,27« f: 3¢ f:
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K jhklhf IThdz jzajy~rzZ |_fi_jzZImjzZz h b”~Z_fh ih\urzZ_Ilky Klhb
| fi_jZImjz wfbkkbhggh]h we_dljh~rZ 7~ey \k_o bkke_"~&\Agguo
p_gljZevghc qZklb hdZau\Z_I|ky gZ g_kdhevdh ]jZ*mkh\ \ur_ q_f g
agZgbl_evgh f _gvrbf | _iehhl\hAhf ba wlhc h[eZklb Djhf_ \eb:
| _fi_jZImjZ hdZaZeZkv kms_klI\_ggh aZ\bkys_c hl jh*Z ]ZazZ >ey
g f "ey \ha"moZ ijb 1| _o _ agZg_gbyo "Z\e_8bc b |hdZo jZajy*rZ |

Jbk. AZ\bkbfhklv I_fi_jZImju wfbkkbhggh]lh we_dIjh”Z hl lhdZ jZaty &b%tey jZael
[t\ha"mo >Z\e_ghzajy~izhd f: = f: % f:

;he__ \ukhdh_ agZqg_gb_ I_fi_jZImju \ h[eZklb gbadbo agZq_ghbh
| iehhl\h~"Z aZ kq_| dhlgg\ kdpbjly gZ gbadh_ ~Z\e gb_ dhg\ _dpbhg
\Zdmmf_ \k_ ~_ bljzxl jhev \ I_iehh[f_g_ WIh 1Zd _ ih?I\_j *"Z_
agZq_fgb_fi_jZImju wfbkkbhggh]lh we_dljh”*Z ijb jZ[hl_ \ Kkj_"~_ ]_c¢
[he__ gbadbf agzZzq_gb_f I_iehijh\h~ghklb \ gbadhf \Zdmmf_

AZdexq_ghb

WIZ bkke ~h\Zl _evkdZy jZ[hlZ ihal\hebeZ gZf magZlv h \ebyghbl
gZ |_fi_jZlmjm we_dljbgthdlb gv gbadhf ~Z\e_gbb |_fi_jZImjz ih\
aZ\bkbfhklb hl bkihevam_fh]lh ]1ZazZ < aZ\bkbfhklb hl \Zdmmfz
wdki_jbf_gl fh gh gZ[ex”"Zlv “"jm]h_ ih\_~ gb_ :lIfhkn_jgh_ "Z\e ¢
\ZdmmfZ hdZau\zZxl \ebyghggmXx Wwdi dlZImjm we dljhgh\ ihklmiZz
ieZaf_ggh]h bklhqgbdZ we_dljhggh]h imqdZz

JZ[h1Z \uiheg_gZ ijb ihA*_j°d_ 1jZglZ Jhkkbckdh]h gZ280a869.h nhg”Z
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<ebygh_hf_ljbbbhdmkbjmxisbkl_ fueZaf_gghkihqggbw& dljhgh\
gZ'bzZf_limgqdZnhj\ZdmmfghezZzkMZ\e gbc
: <>he]h\Z: A_gbg
Lhfkddbokm”ZjklI\_ogbé¢_jkiklo Kl mijz\e_ dhx "bhwe_dljhgbdb
JhkkbyLhfkdj E_gbdg&634050
E-mail: weatheraregood@gmail.com

Influence of the geometry of the focusing systemof a plasmaelectron source
on the beamdiameter in the forevacuum pressurerange
A.V. Dolgova A.A. Zenin
TomskStateUniversityof Control SystemsindRadioelectronicRRussia,Tomsk,Leninstr.,40,634050
E-mail: weatheraregood@gmail.com

Abstract. This studyshowsthe possibilityof using3 differentmagneticfocusingsystemso focusan
electronbeamduring its propagationin a forevacuum.lt was possibleto achieveelectronbeam
diametervaluesof 4-7 mmat an acceleratingvoltageof 10 kV.

Keywords electrorbeamsurfacing pre-vacuunpressuraange,ceramicgpowder focusingsystem

<\_"_gb_

L ogheh]bwe dljhegly \hagZiezZz\dbij ~"gZagZg geZmijhqg _gby
\hkklZgh\ebgbybnbdzZphb joghklihé*\_j]Zxsbdblgy_gkb\galf_ kkb\guf
\ha”_ckl\kygfZzklhysj fybkke_ ~mhllygkijbf g gbyoghehy\dbdljhggh
emq_\pgZiez\dZd mkeh\b\Wwad mnIB] [Zdb ijb \u\h”we_dljhggdgm]dd z
\ ZIfhkn _[48].

HArgbba _jki_dlb\gludh*"hwe _dljhgotg_\ditiez\th _I|klZlgZiez\dZz
d _jZfbg_kHdholZeehd_jzZfbqihjthbdh\gzZf_IZeeu nhj\ZdmmfigheZklb
NZ\e _g@BaB0 1Z |1 _j_ohA mdZaZg@QbZizahg\e ghblka\heyh[_ki_qblv
wnn_dlb\ghkW@Wbfh” _ckWkydljhggml(pdEZ ihjhrdh\ufzZl_jbZehZkqzl
kgb  _g&¥jy dibhrd[B] \ijhp_kkllgzZiez\dbhj\ZdmmhdJeZk?rZ\e_gbc

>ey hkms_kl\e gjbybabhggWwe dljhgeoghg \hgZiezZ\dlg_h[oh”bfh
h[_ki_gbdthdmkbjhwkemdljhggimgdZey*hklb ™ gblygbfZevghdhZg _gby
"bzf_ lwe _dljhggmpldah[ezZklBhazZzbfh”_ckkfiby_gvx

P_evkZ[hlw\ey lhyj_ "~ e g§ébyghyhf Iljbbhdmkbjmxisbikl fgz
"bzf_We_dljhggmpdahj\ZdmmhdeZktrZ\e_gbc

Wdki_jbf_glZeggdKiw

Wdki_jbf_glzemMgZgh\gdZdhlhjhigh\h*"bebkdki_ jbf_ghbaf j gbx
"bzf_ljhqdBdZaZhgbkl. We _dljhghblkichggbldklhbl Zajy”ghlek| _fx
itheh]dzIh7A4z\ \b™» pbebg”j2hkdhfgh’8Zk wibkkbhgdufghfA dhlhjhf
jZkihez]zZi lkyhjbjh\Zgawec dlipghkh120 wifbkkbhgghlfb jkibyfbbZf Ijhf
0,75ff dZ "hbwdkljzdbhyBhjf mk_q_gdhpmKzahjfbjh\Zgguec dljhgguc
imghddnhdmkbjh\Kekihsvxnhdmkbjmxlsblcl fi ij ~"klZ\eyxshak [y
pbebg”jbq_kRbdkbjmxsdmxd mrdm

>eybaf j gbpzf ljgmgdBkihevah\Zekly*hp_gdibhnbeymqdX
ithi_j_qgkfqg_gkbfhsvxmkljhckk\ZZsZxsbflayhg” 8f7]. <ijhp _kkZ[hlu
mkljhcklihkms_kl\edZgbjh\ZigbhgdZhg~hkb]gZlk ahg”Z Jbkljbjm_Ilky
hkpbeeh]jzZifhfi_j k_q_ghqdahghl[bjZ glZzklIshdZmgd€dhg_qggko |
aZj_]bkljbjh\Ziglyluctew e Z\bkbfhiklazhlh[jZgghalthg”hiil dhjitbgZlu
kh\iz"Zxs kcgzZijz\e_gb*"\b" _gbwhg”"X bamqzZ_fithfi_j gghK_qgq_gbb
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Ilhihemg_gdkipbeeh]jzfihadiZjhl _dzZxs dhj_ahgfh ghhp_gbtbzf _Ij

imgdZ hlhjudiij_ "~ ey bB&ihem\ukhjlZkij "~ e d¢bdgZKnhdmkbjh\Zgguc

we_dljhgogmghidhiZzrZeZdhee ddh]® kihfhsvxzfi_jf _IjZ ]bkljbjh\Zehkv

agZq_gbeuhdZdjbghkbfhyle _dljhggm§d.hf
1

JbK. Ko_f@dki_jbf_glZewigZghldbiheudZIh?2 tbaheylB8fZgh4 +i_jnhjbjh\Zgguc
we _dljbxrwe_dljhggmghedtwdkljZdIAjtnhdmkbjmkeRYy f&@+\jZsZxsbckhwhcghc
ahg9+tdhee_dlhjtbklhggbdZghbjyajyN\h tbklhggim&kdhjyxsgdhjy _ghly +tbklhggbd
iblZzgbyndmkbjmkbdke fl £Zfi_jf_Ijrepaf_j_dbdahee_dlhjz

lih\h~beblkvibwdki_jbf_ gldjZaebgguodmkbjmxsthkd ND ND
ND, izjzf_Udhihjuig_~kiz\e \JA[el. Q_j hij_~_e_gighf _"mldp_f_gb
nbdkbjh\Zagky bhd@fbkkbkpbeeh]jahfdiZjhl _dZxs glhj shgfjb
agZq_glbjy' _gbgdmkbjhydm[oh~bfrefy hkibybybgbfZevghhaf IjZ
imgdZjhkkh\_j_

LZ[eblpZz
1ZjZf _ljunhdkibjmxshklokl f
<g_rgbaozf I] <gmlj_ggbg .
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Ilhemqgbue dljhggmghldibgbfZevgtudzf_Ijmir*ZehKkowbkihevah\Zgbb
nhdmjknxs kbkl_fND ~"bzZf_limgddZdhkemqgiZZoh”beklyzZiZahts ff
"B ff GZb[hevagZq_o¢b¥f Iywe dljhgghyggZ[ex”Zeihlkbkihevah\Zgbb
nhdmkbjmydbkd fNMD bkhklzZ\e¥ efh
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Jbk. AZ\bkbfhkbZf |jzmqdZ I hdZvfbkkbdyZaebqgulf ljbchdmkbjmkbké fu
1+ND;2+ND2;3£NDB
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Ih\j fydZdjb bkihevah\Zdgbkbjmxsbkd MD bND kjhklhfhd&fbkkbb
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Fraud detection using KolmogorovArnold Network
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Abstract With the rise of mobile payment services, new opportunities for illegal activities and fraud
have emerged, prompting technology companies and financial institutions to prioritizdefnaayod
detection. This research presents a financial fraud detection model based on the Kolrfogoidv
Network (KAN), a novel neural network technique developed by MIT researchers in 2024. By using
the Synthetic Financial For Fraud Detection Paysimadat from Kaggle, we achieved notable
performance metrics: 9% precision, 97% recall, 97% F1 score, and 9P6 accuracy. These
impressive results indicate that the KAN model can effectively identify fraudulent transactions with a
high degree ofeliability. For banks, this means enhanced security measures that can significantly
reduce financial losses due to fraud. By implementing such advanced detection systems, financial
institutions can not only protect their assets but also build greatetr ritis their clients.

Key words: fraud detection, Kolmogoresrnold Network (KAN), Paysim, financial transactions,
deep learning.

Introduction

The expansion of mobile money payment systems in Africa and elsewhere is accompanied by
an alarming increase attacks against operators and their subscribers. For example, hackers recently
wiped Orange Cameroon user accounts by exploiting vulnerabilities in the Orange Moné&}; app |
To counter these threats, machine learning (ML) and deep learning (DL) techmageesmerged as
effective solutions. Classical models such as logical regression (LR) and SVM have demonstrated
satisfactory performance on synthetic datasets such as Paysim3, while advanced approaches such a
recurrent neural networks (RNNs) and KolmogeArnold networks (KANs) improve the accuracy
and interpretability of prediction2[3].

However, these models face major challenges:

x Class imbalance: The rarity of fraudulent transactions biases predictions.

X Evolving tactics: Fraudsters constantly adhptr methods, requiring frequent model updates.

x Model opacity: Complex approaches such as MLPs lack transparency, hampering
practitioners' trust.

In this context, we propose a model based on KANs, a novel architecture developed by MIT
researchers in 2024. KANs outperform traditional MLPs by combining increased accuracy and
improved interpretability. Tested on the Paysim dataset which is a syndagsiset simulating
realistic financial transactions, our model aims to reduce false positives while adapting to emerging
fraudulent patterns.

Research methods

The architecture of the KAN is based on the construction of a deep neural network using the
propertiesof Kolmogorov networks and Arnold algorithms. This method applies the insights of the
theorem to build predictive models for complex, hdimensional datasets. KAN uses the idea that
any multivariate function can be decomposed into sums and cdropssf univariate functions.
This allows advanced ML techniques to be applied to solve complex adtheanproblems3].

We implement the Kolmogorernold model using the weknown synthetic financial dataset
of Edgar LopeZRojas generated by tikaysimsimulator We created the notebook code of our model
using Kaggle. First, we installed pykan and implemented the KAN model by following the
documentation of the PythofPI available from the source&]. Next, toanalyze WKH 36\QWKHYV
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was followed by data prprocessing, which included outlier detection, outlier management and data
cleaning. After this analysis, the data was ready to be used for nnaithehd. We then built the

model, performed prediction calculations, optimized and evaluated the model using the prepared data.
Fig. 1 shows the general architectafé& AN . Creating our KAN architecture consists of determining

the number of functions, lks, nodes, and layers that we need to position in this general architecture

in order to have a higperformance modeThen Fig.2 shows the final architecture of our proposed

KAN model.

Learnable activation functions
on edges

R

MDA NIRME 0
N W

sum operation on nodes

Fig. 1. General architecture of KAN

/] |/ AN AN DN

Vol Y

Fig. 2. Architecture ofProposed KAN model

The width parameter, set to 5 and 2, specifies the network’s structure, indicating that the first layer
contains 5 nodes and the second layer has 2 nodes. This configuration allows the model to effectively
capture complex relationshipgithin the data. The grid parameter, with a value of 10, defines the
resolution of the input space, enhancing the model's ability to learn from local patterns in transaction
data. This is particularly beneficial for identifying intricate details in the siRaydataset.

Thek parameter, set to 3, represents a hyperparathatenfluences the depth of function composition
within the network, allowing it to model more complex interactions by utilizing up to three levels of
composition. Finally, the device parameter specifies the computational device (such as CPU or GPU)
on which the model operates, ensuring efficient computation when handling large datasets.

Results

In order to measure the performance of the model in classification problems, confusion matrices
are created and for this purpose, true positive (TP), trueive@@), false positive (FP) and finally
false neghave (FN) values are calculatetlVhen evaluating models for fraud detection with the
Paysim dataseb], it is crucial to interpret metrics with caution. Accuracy alone can give a misleading
picture of malel performance, while F&core provides a more balanced assessment by considering
both precision and recall. Studies show that to optimize fraud detection, it is fundamental to pay close
attention to recall and Fdcore to ensure that fraudulent trangatgiare correctly identified without
overly penalimg legitimate transaction$,[7]. Table 1 shows the expressions of the performance
metrics, and Tabl2 shows the values we obtained after the prediction calculations.



Expressions of performanoeetrics

Performance metric Equation
TP TN
accuracy accuracy
TP TN FP FN
. s TP
precision precision
FP
I recall i
recal FN
2 precision recall
Flscore
Fl-score precision recall
Table 2
Performance of proposed KAN model
metric accuracy precision recall F1-score
percentage 97 % 97 % 97 % 97 %
Conclusion

To conclude, this study demonstrates the effectiveness of the Kolme§orodd Network
(KAN) in detecting financial fraud in mobile payment systems. By utilizing the Synthetic Financial
For Fraud Detection Paysim dataset, we achieved remarkable performance metrics, including a
precision, recall, F1 score, and accuracy o¥@7

These results highlight the model's potential to significantly enhancémeafraud detection
capabilities, theby contributing to improved security measures for financial institutions and their
customers. Future research should explore enhancements to this model and evaluate its effectiveness
across different datasets and fraud types.
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Study of photostability of silicon dioxide nanoparticledor application in passive thermal
control systems of spacecraft
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Abstract.The resistance of thaptical properties of silicon dioxide nanopowder (ngit® the action

of solar spectrum quanta (SSQ) with an intensity 3 times exceeding the solar one, i.e. 3 equivalent
solar irradiation (ESI), 1 ESI = 0.139 J/é&A were studied. The diffuse reflectaspectra were
recorded in high vacuum before and after irradiation at the irradiation site (in situ). ThexnSiO
nanopowder has high reflectivity in the spectrum range from 200 nm to 2500 nm, and the
corresponding value of the integral absorption coefficadrgolar radiation is.s= 0.145. The nSi®
nanopowder can be used as a modifying additive in the development of new materials with increased
resistance to radiation for space, accelerator and nuclear technology.

Keywords spacecraftthermal controlcoatings photoresistance, nanotechnology, silicon dioxide.

< ijhp_kk_ jZajzZ[hldb dhkfbq_kdbo Ziizjzlh\ D: h”ghc ba \Z
hlf _ki_g_gb_ “himklbfuo | _fi_jZImjguo j_"bfh\ wdkiemZI|lZpbb gz \_
kms_klI\h\Zgbye ~lhb [he__  >Zggh_ 1j _[h\Zgb_ ~hklb]Z_Iky Zdlb\gu
kbkl_fzZfb |_jfhj_]mebjh\Rgiyk b\guf kbkl_fzZf hlghkylky |_jfhj_]Jme
ihdjulby LJI dhlhju_ gZghkyl gZ \g_rgb_ ih\ _joghklb D: khklh
hij " eyxsbo wdkiregualZpbdzZjzdl _jbklbdb b klyamxsbo ij_~gZag
kharZgby \ukhdhc zZ~]_abb dzZd f_""m qZklbpzZfb ib]f_glzZz 1Zd b f_
LJI LZdb_ ihdjulby ”"ebl_evgh_ \j fy ”“he'gu khojZgylv bkoh
we _dljbg_kdb_ f_oZgbqg_kdb _KkIbZ "immib”~r_ &Kkhd_ f jZaebqguo bae
dhkfbq_kdh]lh ijhkljzgkli\Zz K dzZ ~uf ]h~hf Ij_[h\Zgby d LJI \hajZkl.
"ebl_evghklb ihe_lh\ D: g_h[oh”bfZ jZajzZ[hldZ gh\uo ihdjulbc
kms_ kl\mxsbo H~gbf ba i_jki_dlb\guo kinkhpHkb ihXdbZgbohgghc
klhcdhklb kl\yamxsbo b ib]Jf_glh\ fh _I [ulv bo fh~ bnbpbjh\Zgb_ ¢
I j_"~ memqr_KklhcfdhklBl d ~ ckl\bx baembgh’gbfc fhi*rbnbpbjh\Zgby
dhfihg hdl gZghqgzklbpzZfb ke _“m_1| ijh\_klb dhfie_dk bkke_ _~h\Zgbc
nhl-hb jZr"bZpbhgghc klhcdhklb kZfbo gZghihjhrdh\ IThwlhfm p_ev:
yley |ky bkke_~h\zZgb_ hilbg_kdbo k\hckl\ b mSiOhkélycdhklb éhjdhbgZ
\hafh ghkllth ijbf _g gby \ dZq_kI\_ fh*bnbpbjmxs_c¢c ~h[Z\db LJI

Wdki_jbf_glZevgZy qZklv

< jZ[hl_ bkke_"~h\Zg gZghdljterthldh @6LIZ HHH ©leZafhl_jf2 Jhk
kj _~gbf jzaf_jhf gzklbgpf b m~ _evghc ih\ _joghkl#X GzZghihjhrhd
ihemqg_g &kgb] f 6L &®a"mrghc ieZaf_ < obfbq_kdbc khklzZ\ gZghihjht
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(99,8 b &<0,2 >ey gZghqzZkiwZj@6lL2jgZ \ukhdZy hljZz Zl_evgZy kih
\ kheg_qghf ~bZiZzahg_ ki_dljZ [hevrZy m~_evgZy ih\_joghklv
Zdlb\dkk glh ~_eZ_| bo i_jki_dlb\gufb ~ey bkihevah\Zgby \ dZq_Kkl
"h[Z\db k p_evx ih\ur_gby jZ*bZpbhgghc klhcdhklb

H{emqg_gb_ h[jZaph\ hkms_kl\eyeb \ mklZgh\d_ bfblZlhj_ m
ijhkljzgkl\z ©Ki_dlja k\_Ihf dk_ghgh\hc “m]h\hc ezZzfidzZtmsmhklvx
2 10°% Ihjj ijol_fi_jZImj#45fK bj_f _gb h[emq_ghyl_Jgk*tjZ@bx ki_dljh\
I hkms\&yeb \ \Zdmmf_ LQ VLWX "h b ihke_ h[emg_gby DKK Bz
f_kl_ h[emqg_gby ihjdheydin h[emqg_gguo h[jZaph\ \ ZIfhkn_jm
bkdZ  _gb_ ihemq_gguocddadbhi*bakl\by h[jZahlhghum HIhZazZfb
Zlfhkn_ju

J amevlZlu
Ki_dlju “bnnmagh]h hl}zZ ~dby ihke_ h[emq_gby 93i@ghihjhrd

Ijb\_*_gu gZ jbkmgd_ Lzf ~_ ijb\_~_g ki_dlj baemqg_gby Kheg
h[emqg_gby djZc hilbg_kdh]h ih]Jehs _gby gaZj [&Vjthjen rikpb glua
aZij_s_ggakgwSi®; khklZ\eyxs_c w < gf > @ GZb[hevr__

aZj_]bkljbjh\Zgh \ \bArbfhé¢hlbgdKIb gpZ "ebg_ \hegu gf K "Zevg._
m\ _ebq_gb_f “ebgu \hegu agZq_gb_ dhwnnbpb_glZ hljZ " _gby jZ\c
59 ijb = gf< [eb’g_c B@®Zklb ki_dljz azZj_]bkljbjh\Zgu ihehku ih
ijb gf h[mkeh\e_ggu_ kHMhHH{®hOAg pjuwibZfb gZ
ih\_joghklb ihjfaidh\

H[{emg_gb_ DKK ihjhrdZ Q6L2 ijb\h”bl d kgb -gbXxbHlgZzhcgby
h[eZKkl®Z jbkijb\_~ g ki_dlj gZ\_~ _ggh]lh ih]Jehs _gby h[emq_gb _f D
gZghihjhrdZ ihemqg_gguc \ugblZgb_f ba ki_dljZ ~h h[emqg_gby Kki_c
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xiheh bl_evgh azZjy _ggufb Zkkbf_ljbqgufb dbkehjh~rgufb
ET(A6GIVo"i6 DA

x"bhdkbkbezZgh\ufb ]jm#gSitO)A6 L

X" _ n_dlzf gZ g_fhklbdh\uo ZIh{f®BdOilbkehjh"Z

Bgl ]JjZevguc dhwnnbpb _ gl ihlJehs _gby kheg \ely]hl kiya b fgih o bys
hkgh\guo jZ[hgbo o0Zjzdl_jbklbd LJI Hg ihdZaulZ_| dZdmx "~he:;
ki_dljz ihlehsz_| fzZl_jbze JZkq_| dhwimrelgplyg_ glZkhhlI\_Ikl\bb |
f ""mgzZjh~gufb klzg”zjlzfb > @ hg khklzZ\be Lgldh _ ag
skhhi\_ITkI\m_1 klzg~zZjlzf LJI deZkkzZ ©Ohilbgq_kdbc khé@2ngguc hl
Baf_g_gb_ bgl_]jZevgh]h dhwnnbpb_glZ ih]Jehs_gby .khelgkegghlh
h[emqg_gby khklZ\beh

AZdexq_gb

<uiheg_ggZy jZ[hlZz iha\hey | i_j clb d jzZajz[hld_ LJI fh
gZghgZklbnsgbbb bkke ~h\Zgbx \ebygby bo dhgp-_lgljZpbBpdh grgmi ik
klhcdhklv 1Zdbo
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Abstract In the modern world, the task of recognizing human skin in photographs igelf&eant

in various fields. This article is devoted to the results of solving the problem of segmenting
photographs of newborns using theNét neural network. The results obtained can be useful in the
field of medical work and research.

Key words:photo £gmentation, tNet neural network, human skimgackground newborn mask
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JZkihagz\Zgb_ doeh\hidZ® _ezgghlhglZ[tbdhdjzZz +gbebZkkbgykd
azZ "Zdhfivxl_jgh]lh aj_gbgbaHRg_j ]*_ j_ameviZWwihaZ"gh®Wlb\gh
\g_"jyxlky b ijbf_gyxlky y\ey |ky f “bpbgZ K jZa\blb_f | _ogheh
azZz”"Zgb k_]f_glZpbb bgEEZ _eglydh[jZ _gby gZ hI”*_evgu_ ]jmiiu ibc
klZzeb ijbh[j _IZlv ijbdeZ”~ghc 0ZjZdl_j H~”ghc ba IZdbo ijbdeZ”guo
k_1f_glZpbb nhlh]jZznbc gh\hjh *zgguo

P_evx jZ[hlu y\ey |ky j_r_gb]lf @dZdahb nhlh]jZnbg_kdbo bah[j
gh\hjh°"*zggyda”™_e_gb_ ibdk_e_c¢c bah[jZz _gby gZ "\Z deZkkZ
gh\hjh ~zggh]h?d

Wdki_jbf _glZevgZy gZklv

>ey jZ[hlu [ueZ bkihevah\ZgReg UNdik- KVzj8hqgZy g_cjhggZy k_
ij_"gZagZqg_ggZy ey [ukljhc b Ihgghc k_]f _glZpbb bah[jZ _gbc
International Symposium on Biomedical ImaginglHW aZ\h_\ZeZ g_kdhevdh gzZ]jz~
emqr_ \k_o kijZ\bezZkv k k_]f_glZpb_c j_gl] _gh\kdbo bah[jZ _gbc >

U-1HW kqblz_Iky h~rghc ba klzg~Zjlguo g_cjhgguo k_I|I_c¢c "e:
bah[jZz" _gbc HgZ mf__| g_ lhevdh hij_* _eylv deZkku gZ \bamZ
k_1f_glbjh\Zlv h[ezkadbhz\Zlv khkdm dhlhjZzy [m~"_| \bamZevgh jZa”"_
gZ g_kdhevdh dezZkkh\ :@HWdMikZb]®& | \u”rZxs _cky ijhba\h”bl__
lhgghklb \ kZfuo jZaguo ijbeh _gbyo [bhf_~bpbgkdhc k_]f_glZpbb

K_Iv h[mgzZ_Ilky f_Ih*hf klhdgxibggkgh]h kimkdzZ gZ hkgh\_ \
bah[jz ' _gbc b khhI\_Ikl\mxsbo bf fZkhd <ukhdzZy Ilhgqghklv ~hkl
gZ”e_ "Zs_]h h[mg_gby ih”oh”~ys ]h gZ[hjZ "Zgguo b ijZ\bevgh]h \t

GZ[hj "ZggeodZg_KkI\_ gZ[hjz ~"Zgguo alh\edgubkihkwvjZnbqg_kdb
bah[jZz  _gby gh\hjh"*zgguo ihemqg_ggu_ \ j _amevlZl_ hnbpbZevq
jh*bevgufb ~hfzfb Gz fhf_gl gZibkzgby klZlvb \ gZ[hj_ ~Zggu
bah[jZz  _gby _~ _~g_\gh ihihegy Iky
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>ey jZ[hlu k g_cjhgghc k_hkwv lihé¢mgklv fZkdb h[mgzZxsbo bah[
Gahkgh\_ ktR2l3@ ([uezZ ij_"ijbgylZ ihiuldz zZ\lhfZlbabjh\Zggh]h ihe
bah[jZz ' _gbc h*gZdg _Hhaghjhrghlh nhgZz gZebqb_ kdezZ”hd 1_g_c
p\_Iguo h[t_dIh\ jhah\uo djZkmudhbh "hidlkidghlElyd Ihtdtg_ih" éab

< j_amevjlZzdf _1dZ bah[jZz _gbc ijhbkoh”bezZ \jmggmx k ihfhsvx
©&RPSXWHU 9LVLRQ @ RVDWWLCRRgKIRMROD gl Shalhey | kha”rz\zZl
bah[jZ _gbc b \u]jm ZIlv bo "eyZ[MZleivg _cr_c j

J amevlZlu

=jZnbd h[mqg_gby g_cjhgghc k_Ib ijlr"klAdwee gl ZZj4bklu g _cjhgg
kK_Ib ihke_ h[md~ gblygikljbjig\Zzg®kGZz \k_o bah[jZz  _gbyo k gh\hjh 7z
ijbkmlkiI\mxIl aZzZdjZr_ggu_ [bjxah\pmgdHeZklBhzZdlbjhGdZgphk Ivx
azZdjZr_ggZy h[eZklv jzkihagZgZ dzZd dh Z j_[zgdZ b \u”_e_gZ q
hibjZzykv gZ bah{jzkdgbih p_gljm

JbK. =jZnbd h[mg_gby g _cjhgghc k_Ib

Predicted Masked Image Itog Masked Image

Processed Image

" Jbk
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[ZeZzgkhf b jZaebqgufb ihazfb gh\hjh *zggkKog jlkevrbf jZafulb_/1
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Jbla J amevlZl jZ[hlu g_cjhgghc k_Ib jZaebqgu_ ihau gh\hjh *zgguc

AZdexq_gb _

;ueZ j_r_gZ azZ™ZqzZ knihlhglliZmbg kdbo bah[jZ  _gbc gh\hjh™/
Ilhemq _gguc j_amevlzZl fh | Julv bkihevah\Wwkke\ "WXEghpyorb&lhb
hif _Iblv qlh g_dhlhju_ ithemqg_ggu_ \ dZq_kI\_ j_amevlZIZ bah[jz

NZevg_cr_c h[jZ[hldb ~“ey bkdexqg_gby k_]Jf glh\ g_ y\eyxsboky d
jbkR jhah\u_ \dexqgljgdde_ fu \uaulzZxl yjdb_ p\_IgbhahAptlhdldjZzkgh]h
"_elh]h[_"_\hgh\ g_dhlhjuo kemtg#EyezghlhlZ
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H[_ki_qgq_gb_[_ahiZzkghc aZ]jmadb \kljzb\Z_fh]lh ijh]jzZffgh]h hJ[
gZ bahebjh\Zgguo mkljhckl\Zo
? H DZebgbly ;_eydh\ > K ;jZ]bg
GZmqgqguc jmdh\Whipl_elv d: I: gDhg _\
Lhfkdbc J|hkm~Zjkl\_gguc mgb\mjikBlel gbklbfjZz*"bhwe dljhgbdb
Jhkkby ] Lhfkd ij E_gbgZz
E-mail: keo@csp.tusur.ru

Ensuring secure loading of embedded software on isolated devices
E.O. Kalinin D.S. Belyakov, D.S. Bragin
Scientific SupervisorAss. Prof., Ph.DA.A. Konev
Tomsk State University of Control Systems and Radioelectronics, Russia, Tomsk, Lenin str., 40, 634050
E-mail: keo@csp.tusur.ru

Abstract.Secure firmware updates are essential for protecting embedded devices. However, isolated
devices face verification challenges when digital certificates expire or get revoked, making traditional
certificatebased methods ineffective. This paper exploresraltive verification mechanisms for
secure firmware loading in such scenarios.

Key words Internet of Things, Firmware, Trust

<\_"_gb_

; _ahizkgzy azZ]jmadZ ijhrb\hd y\eyxlky \Z ' guf f_ozZgbafhf h[_k
b aZsblu kbkl_fu hl g_kZgdgupdHgdjbZgbc H” "gZdh \ kemqgZ_ k bah
mkljhckI\Zfb ijhp_kk \_jbnbdZpbb ijhrb\db fh™ _| klhedgmlvky k k_]j
_keb bkihevam_fu_ k_jlbnbdZlu klZzgh\ylky g_~_ckl\bl_evgaiZb WI

bkl_q_gby kjhdz ~_cki\by k ]JHbmiediZZZbeb hikmlkli\by \hafh ghklb

p_ihgdm ~h\_jby 1 _j \uimkd mkljhcklI\ IZd _ klZgh\blky g _\hafh g
mkljhcklI\ [hevr_ g kmgZiKbimijblaaz [ZgdjhlkI\Z > @ < 1Zdbo
ljZ"bpbhggu_ f_Ih”u ijh\_jdb ih”"ebgghklb ijhrb\db klZgh\ylky g _ijb
[ ahizkghklb b wdkiemZlZpbb mkljhckI\Z > @

< k\lyab k wlbf \hagbdzZ | g _h[oh”bfhklv \ jZajZ[hld_ Zevl_
\ jbnbdp dhlhju_iha\heyl h[_ki_qgb\zZIlv [ _ahiZkgmx aZ]jmadm ijhr
g_"_ckl\bl_evguo k_jlbnbdzlh\ < dzZq_kI\_ wlZehgghc fh"_eb |
[ ahizkghc aZ]jmadb ijhrb\db ij_"klZ\e_ggZy \ ki_pbnbdzZpbb
Firmware Loadef3+ @ < ~Zgghc jZ[hl_ jzZzkkfhlj_gu ij_bfms_kI\Z b g_~*
ko fu Z Ilzd _ ij_"eh” _gh \hafh 'gh_ j r_gb_\uyle _gguo ijh[e_f

Wdki_jbf_glZevgZy qZklv

Kh]l]eZzkgh ki_pbnbdzZpbb *OREDO3ODWIRUP 2SHQ )LUPZDUH
ijb [_ahiZzkghmaadZ]jijhrb\db "he gZ kh”_j Zlv ke_"mxsbo mqgZklghb
2)/ ijhljzffzZzihj 35* balhlh\bl_ev mkljhckl\ )$& jZajZ[hlgbd
p_glj k_jlbnbdZpbb &, < ijhp_kk_ [_ahiZkghc bgklZeeypbb ij
p_ihqdzZ k_jlbnbdzZdhA\eijgtdZy gZ jbk

CepTudukar Ceprudukar Ceprudukar
H3roToBuTens yCTPOUCTR Llentpa Ceprudukanmm Paspa6oTumKa NpOLIMBKH
FAC CI IDS
I I
CepTudurar CepTudmkar
YerpoiicTea TIporpammaropa

OFL PRG

Jbk P _ihqdZ k_jlbnbdZIh\




52 XXII

djbilh]jZznbg_kdbo h[t_dIh\

< |zZ[e ij_"klZ\e_gh jzZkij_~_e_g
hlh mgzklgbdz \azbfh”_ckl\b

az]jmad_ ijhrb\db ~ey dZ ~h]h ZdIib\

b_
g

LZ[ebpZ
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AZdjulu_ deX SK.OFL SK.PRG SK.IDS SK.FAC

KhlezZkgih pbnbdzZp®REDO3ODWIRUP 2SHQ )LUPZDUH /RDGH
ihrdexq_gby mkljhcklI\h i_j ~Z | ijh]jzffZzZlhjm mgbdZevguc b"_
3$57B180% (5 gZ hkgh\zZgbb dhlhjh]h hiijjijj2ifZIihj\hafh ghklv
NZevg_cr_]lh h[f_gZ "~Zggufb >ey aZsblu hl -Z1Zd ikh\IhkZjhdkH\SC
bkihevam_I|ky ki_pbZebabjh\Zgguc kqg_lgbd agZq_gb_ dhlhjh]h
$7. 2)/ lj_"eh _ggZy ko_fZ ba ki_pbnbdZpbb bf_b IgjywhafhghliZllxd h
\uiheg_gby ijh\_jdb p_ihqgdb k_jlbnbdzZlh\ azZ]jmadZ gh\hc ijh
g_"hklmighc qlh ijb\h”bl d mya\bfhklbZ nhkkjmtkiNzy bkdh_\j_f_gg
h[gh\e_gby aZsblguo f_oZgbafh\

J amevlZlu

GZ hkgh\Zgbb \uy\e _gguo jb]jdpgdbeyv ggocc ko fu aZ]jmadb i2tbBb\db g
1j_"klz\e_gZ fh*bnbpbjh\ZggZy ko_fZ Zevl_jgZlb\ghc aZ]jmadb dhlhjz
fghlhdjzZlgh]h bkihevah\Zgby mkljhckl\Z H]jZgbg_gb_f Zevl _jgZlb\gh
gZebgb_ ~h\_jdgghéx \azbfh”~_ckl\by f_"~m ijh]jzffzlhjhf b ba]lhlh\bl
"h\_j _gghc klhjhghc miheghfhg_gghc \uihegylv nmgdpbb ba]hlh\b
ijhba\h”"kl\_ggh]lh pbdez

YcrpoiicTBo [1porpamMmarop Msroroeutens
OFL PRG FAC

Belunc/ieHue ciyyaiisoro uucia
Randppg

3anpoc anbTepHaTHBHOH ayTeHTH(HKAIHK
H nepejaya yucina Randppe

Brruucnenue cayuaitHeix uMcen
Randgy, Randgy
I

Berunciiente a(heMepHOro uncia Homepa
naprui: E_BN = encrypt(Kpy)[Randgy | BN]
|

Briukciense a(peMepHOro yKcaa Homepa
uzgenns: E_SN = encrypt(Kgy)[Randgy | SN]
|

BripaboTka obujero cexkpeta mmdpoBaHus Ha
oCHoBe XelI-cymmbl Randgy 1 SN
|
Beipa6oTka ofujero cekpeTa ayTeHTHQHKALAN

Ha OCHOBe Xelll-CyMMbI Randg 1 RandSN

I
®dopmuposanue ceprudukara ATK.OFL co

3HaueHreM Randpp ¢ nomousio SK.OFL

Tlepenaua ceprutukaroB ATK.OFL,
CERT.OFL, CERT.FAC, —>
snavenuii E_BN u E_SN IMepejiaya 3Hauenunii E_BN, E_SN u
Homepa naptud PART_NUMBER

Jbk GZgZeh ko_fu ihke_~h\Zl_evghklb ijb Zzdyhrhgdbb\ghc aZz]jmadb




YerpoiicTBo ITporpammarop W3rorosuresnsb
OFL PRG FAC

Boiuncnenue kmoua KPN Ha ocHoBe xelll-
cymmbl PART_NUMBER # constpy

I
BbIunc/ieHne 3HaueHHi

Randgy, BN = decrypt(Kpy)[E_BN]
|

Beluncienne kmoua Kpy Ha 0CHOBe Xell-CyMMbl
BN ¥ constgy e
I

BhIuHC/IeHHe 3HaueHHii
Randgy;, SN = decrypt(Kgy)[E_SN]
|

ITposepka Haimnuust SN B peecTpe U3rOTOBUTE/s
|

BeipaGotka o61jero cekpera lnppoBaHus Ha
0cHoBe Xell-cymmbl Randgy 1 SN
1
Bbipabotka o6Ljero cekpera ayTeHTHQUKALMK

Ha OCHOBe Xel-CyMMbl Randgy 1 Randgy

INepejjaya cekpeta wuppoBaHua n ___ |
ceKperta ayTeHTH(HKaLH
TTpoBepka Lienoyku cepTuUKaToB
CERT.FAC ¢ nomouipio PK.CI,
CERT.OFL c nomoupto PK.FAC,
ATK.OFL ¢ I'IONIIOIle}O PK.OFL

TMposepka 3HaueHust Randpp; 13
ATK.OFL
|

l«—

IMepemmmdpoBanme 06pasa NPOLIMBKH U CeKpeTa
ayTeHTH(HKALIMK Ha OCHOBE KJTIouei,
To/Ty4eHHbIX OT 0611jero cekpeTa MH(pPOBaHHS
ITepejiaya 3aMdpoBaHHOro
06pasa npouIMBKH,
3a1n(poBaHHOr0
CeKpeTa ayTeHTH(HUKaLH

PaciidpoBanme 06pasa NPOLIMBKH U CEKpeTa
ayTeHTU(UKALIMK Ha OCHOBE K/THOUe,
NoAYUeHHbIX OT 0611ero cekpera mM(ppoBaHUs

CpaBHeHHe CeKpeToB ayTeHTH(UKaLun

Jbk l[jh*he _gb_ ko_fu ihke_"h\Zl_evghklb ijb Zevl_jgZlb\ghc azZ]jmad

AZdexq_gb_

< j_amevlzl_ijh\_~ ggh]h bkke ~h\Zgby jZajzZ[hlZgZ Zevl_jg
ijhrb\db h]_ki_gb\zZxszZy \hafh ghklv ih\lhjgh]lh bkih2valkyZgby
h[gh\e_gby ijh]jzffgh]lh h[_ki_q_gby
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<ebyghve dljhgeghg_\hc h[jZ[hldb gZ r_jhoh\Zlhklv ih\_joghklb d_
gZ hkgh\_ "bhdkb”"Z @gbfdjhdEggh]h hdkbr"hf Zexfbgby
= : DZkvygh\Eufzg ? 1_Ijh\
GZmqguc jmdh\hYon _kkhj : K Debfh\
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Effect of electronbeam treatment on surface roughness @luminum oxide-reinforced
zirconium dioxide ceramics
G.A. KasyanovA.A. Lyman, A.E. Petrov
Scientific supervsor:Prof., A.S. Klimov
Tomsk State University of Control Systems and Radioelectrétussia, Tomsk, Lenin str., 40, 634050
E-mail: gleb.kas.1990@mail.ru

Abstract. Modification of surface morphology of ceramics based on zirconium dioxide reinforced
with aluminum oxide during electron beam treatment has been carried out. The resultsattaiw th
temperatures above 1608 a significant increase in the grain and pore sizes begins due to the
phenomenon of diffusion mass transfer, at which the componehts siflid body acquire mobility.
The processing regime was determined, at which the roughwes observed to have the optimal
value to obtain a higkevel of biocompatibility (D27 P

Key words:electron beamtreatment, roughness, zirconium oxide.

<\_"_gb_

D_jzfbg_kdb_ fZl_jbZeu gZ hkgh\_ ~“bhdkb”Z pbjdhgby klZ[bel
blljby p_jby b 7] h[ez"Zx|l \ukhdhc ijhqghklvx b \yadhklvx jZ:
wnn_dlm IljZgknhjfZpbhggh]h mijhgg_gby Z 1Zd _ gbadbf dhw
obfbq_kdhc klhcdhklvx b [bhidgdjilghkkixdhc [bhkh\f[lklbfhklv

HikmlkI\b_ j Zdp\mé kj]j]Zgbafhf ihalhey | ijbf _gylv [bhbg_ jlgmx
gZ hkgh\2\=dlzg kI\_ azZf gu iZj lj_gby IZah[_"j_gguo kmkddb\dh\ b p
dhgkljmdpbc \ hjlh*eybhwvlibo p_e_c \ hkgh\ghf ijbf* gybjlklyghphdk
klZ[bebabjh\Zdbac 28:3(3Y-TZP)[2. GZ mjh\_gv ijb " b\Z_fhklb dhklguo |
gZijyfmx \eby | r_jhoh\Zlhklv ih\_joghklb Ba ebl_jZImju ba\_klgh
"bZiZahg "ey gZbemqgr_c kibhbhklke\f Kkilhfihh_~ eZofdf[3]."h

< gZklhys__ \j_fy 7"ey h[j\Z]lolgltbkIthhwe_ dljbq_ka&lbgbZeh)\
ijbf_gyxl ke _“mxsb_ f Ih~"u f_oZgbdkdbdbcgzZabflogqgb ihdjadbc
we _dljhgohg _\Zy fh bnbf&gplhyzjy dhlhjuf baf _gyy fhjnheh]bx ih\
fh gh "h[b\ZIvky \ukhdh]h mjh\gy bjfbedgdhfhklb

Bkihevah\Zgb_ we_dljhggh]h imgdzZ jzZkijhkljZzgyxs_]Jhky \ nh
NZ\e _déjciha\hey | g _ithkj_~klI\_ggh h[jZ[Zlu\ZIv d_jZfbdm ehdZe\
_ih\_joghklv ijb IThgghf dhgljhe _\_ebgbgu wlh]h \ha”_ckl\by

P_ev gZklhydhtéu jAZdexgZebkke\"bWZg\lebygby we-edhjd g\dic
h[jz[hldb g_ij_julguf imgdhf gZ rh[balg\ Zdbklojoghkibq_gghc d_.jZfbdb

Wdki_jbf_glzZzevgZy qZklv
Ko_fZlbqgh_ bah[pwdkighbf_glZevghc mklzdBA\dbgh dZ jbk



JbK. Ko_fzZ wdki_jbf_glZevghc mklZgh\db

WHKi_jbf_gl ih h[jz[hld_ ih\_joghklb d_jZfbg_kdbo t[gZaph\
h[emdbghlhdhf mkdhj_gguo we_dljhgh\ \ nhj\Zdmmfghib h¢&Xg&hs 2

m\_ebqg_gbb fhsghklbl imgdZh <I ke_7kl\b_ §hdbdZeh | _ieh\h_
\ha”_ckl\b_ gZ kljmdImjm ih\_joghklb fZl_jbZeZ b hkms_kl\eyek
jZaebgdddkbfZewdufi_jZ(Tagd) 1400 1800 - .

ljb | _fi_jZImjZo [he_« agZgbl_evgh ih\urz Iky \ihhEZghlklv
jZajy"Z \ we_dljhgghf bllh kglZdidmh\dayzZ\edgf_ j  \uabgdgulob\guf
]Zah\u”_e_gb_f hl gZ]j_Ihdhhhijjdgpkd\m_| "Zevg_cr.c h[jZ[hld_

ljb ~“hklb™ _gbb fZdkbfZevghc | _fi_jZImju fhsghklv imqdZ ih”"
mjh\g_ iha\heyxs_f klZ[bebabjh\zZIlv wim |_ffbpdhimjm \ |_q_gb_

>Ze _ h[jZapu hkim Zebkv azZ kq_| iez\gh]Jh mf_gvr_gbyZfhsghlk
Ah Ahklb™ _gby | _fi_jZ¢tmjd ~Ze__ \ \Zdmmf_ ~h dhfgZl¢ghdjhKivjZIm
9Z]j_\Z \ kj_"~g_f khkbzZ\eyeZ kdhjhklv hklus\Zfgbgy

lhke_ h[jz[MHpbmqg_gihXyjoghkh[jZzapkke "h\ZgeZKddiZgbjmxs _f
we_dljhgghf fbdjHikdmiTM-1000 ijb m\_ebql@bhbjzl >ey bkke_"h\Zgkt
r_jhoh\Zlhklb bkihevah\Zekljhn bted f KiljperViewW1.

>ey wdki_jbfuehZz\aylh ki_g_gguo b hlihebjh\Zgguo h[jZaph\ [
hkgh\_ “bhdkb”zZ pBjtthigh¥gghc hdkb"hf fZgd BAGBYSB-E. H[jZapu
bf _eb nhjfm [jmikgdZl0%E rbjbgZ b \uhfliz

J amevlZlu
<lzZzp ij_"klzZ\ekgbfdb[jZ[hlZgguo d_jZfbg_kdbo.ih\_joghkl_c

LZ[ebpZz
Kgbfdh_jZfbq_kdbo ih\_jogtdRighgmxs_]h we_dljhggh]hhkiedjHhKgafiizidb

FZdkbfZevgZy |_fih |2 phjizeb
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Ih ihemqg_gguf bah[jZ  _gbyf \bAgh -githq Ww&ydhjljggmldZ ijb\h~b]
m\_ebq_gb_ kj _~g_lh jzaf_jZ @hj*ywsbbkyhjf_‘¢Zn djbklZ2&eglZib
baf_g _gby ijhbR&k~Ayki\b_ \lhjbgqghc | djbklZeebaZpbb ih\ joghk
dhihjZy bf__lijbkllhfi_jZImjZo [hee _

GZ jbkij_~klz\e gz | fi_jZImjgZy aZ\bkbfhkRy r_jhoh\ZIhklb

Jbk.L_fi_jzZImjgZy aZ\bkbfhklv 5

Bajbk \b4gh qlh kms_KkI\_gqgiéxf jjhkl_j g gZqbgzIlky jZImju
1600+ dhlhjZy h[mkeh\e _gZ i_j_oh~hf |_fi_pZdlniijgjzdnjdgbdifZgz
ijb ~"hklb>_gbb dhlhjhc dhfihg_glu I\_jAh]hiH e ghkifj_ 2% ~bhdkb”
pbjdhgby Zjfbjh\Zggh]lh hdkhMgzZZexibgby'bZiZahgh hle [5].

AZdexq_gb _

We dljhegig _\Zy h[jZhhjld&Zp ATZ-3YSB-E d_jZfbdb nhj\Zdmmfghc
h[ezZklb ~Z\e_gbc ijb\h” bl d_hhabdbhdZbklih\ joghkldgl _gkb\guc jhkl
ki _~"g_c r_jhoh\Zlhklb gZ[ex"Z _1ky ijbi*hklihjugbib _jofhhklb [he_
1600 » glh h[mkeh\e_gh jhklhf jzZzaf_jh\ &Zggud \ZfbklgzZaph\ 1Zd"
fh gh bkihevah\Zlv “ey ihemq_gby fZl jbZez "eywelZfietZegrm gkZc
r_jhoh\ZlhRdv \oh”~ysZy ¥a&bg@ihilbfZevguo g2 fdfh\g_ fdf ~ey
"hklb® _gby ijb_fe_fh]h mjh\gy [bhkh\f_klbfhklb

JZ[h1Z \uiheg_gZ ijb ih~~_j°d_ 1jzZglZ Fbgbkl_jkI\Z gzmdl
h[jZah\Zgby Jhkkbckdhc|RidZ§Zphddm k20240006
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Review of artificial intelligence methods in oil field exploration
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Abstract.The article considers modern methods of artificial intelligence usegtimize the process

of waterflooding of oil fields. The possibilities of machine learning, neural networks and optimization
algorithms in predicting reservoir processes and water injection control are described. Examples of
successful implementation ofiAlthe oil and gas industry are given, and the existing limitations and
prospects of the technology are discussed. The conclusions confirm that artificial intelligence is a
promising tool for improving the efficiency of oil production.

Keywords Artificial intelligence methods, waterflooding, oil fields, machine learning, production
optimization

<\~ gb_

BkdmkkI\ _gguc bglBde igl*"klzZz\ey | kh[hc bggh\Zpbhggh_ |
ihal\heyxsb_ ih\ukblv wnn_dlb\ghklv g _nl_~h[u\Zxsbreghibklhjh"
Ah[ulZxsb_ dhfiZgbbjbfbijfifhisb fZrblddhimq yghd _ITh~h\ ihbkdZ b ZgZel
"Zgguo dhfivxl_jgh]lh "gmpoioyl b*h\ bkdmkklI\_ggh]h Khgi[seZex|dh]
m\_ebqg_gbb ijhba\h~bl_evghklb ijt "ijbdly gbb azZljZzl gZ h[kem b
b jfhgl g5 Z lZzd"_ mf_gvr_gby ijhklhy h[hj#0%)\Zgby gZ

Hrgbf ba gZb[he_ _ ijbf_gy fuo ih"oh”~h\ d m\_ebqg_gbx ~“h[uqgb
g_nlyguo ieZklh\ WIhl f_Ih~ ihfh]Z _1| ih\ukblv dhwnnbpb _gl bale_q
wdkiemzZIZplbhjh * gbc ?]h bkihevah\Zgb_iha\hey | [he__ jZpbhg
j_kmjku kgb ZIlv azZljzZlu b ih\urzZlv wnn_dlb\ghklv “h[ugb qlh hk
ihargbo wlzZiZzo jzZajzZ[hldb f_BlkijhevalgbZzgb_ BB \ ijhp_kk_ az\r
yley |ky \Z 'ghtq aZz 1Zzd dzd ihal\hey_| hilbfbabjh\Zlvdhdaphkm kd
hkgh\u\Z |ky gZ h[jZ[hld_ [hevrh]h h[t_fZ ~Zgguo bgnhjfZpbb h i
\u[hj_ gzZbemqrbo izZzjzf_Ijh\ j_"bfh\ azZzdzqgdb[2.j_Zevghf \j_f_gb

HrgZdheZklv ijbf_g _gbg BB Yh[u\ZghsljZzkénjjhfgZ Fgh]b_az”~Zqgl
k\yvaZggu_ k h[jZ[hldhc |I_dklh\uo *"Zgguo ]jZnbdh\ nhjfme b IZ[e
h[u® _gghc az¥edyg BB Zd ijh]jghabjmx| wohki_ jdu ]bRdmkklI\ _gguc
bgl ee_@8he _qulv kihkh[\_klbkeh guc Ykhdhdzqg_kI\_gguc ZgZ
f_klhjh ™~ _gbc b ijviediZ g~Zpbb ih _1h wnn_dlb\ghc jZajZ[hld_

P_evx "Zgghc klZlvb hyfeehjf Iky*h\ BBf_xsbo ihl_gpbzZe "ey
bkihevah\Zgby \ aZz~ZqZo aZz\h*g_gby g_.nlyguo f_klhjh ™~ gbc

Wdki_jbf_glZevgldy q

F _Ihau bkdmkkI\_ggh]h bgl _ee dEZkbghm "dh[glgb gb_ b ZgZeba
FZrbggmh[mq_ ¢ghachinelearning ML) ij_~klzZ\ey_ | Kh\hadmighklhh\*ey
hilbfbaZpbb keh guojlipagkk\ ij_"ijbylby khklzZ\e_gby ij_~bdlb\ghc
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b ihbRWilbfZevguo j_r>dgguc ih*oh”™ hkgh\Zg gZ k[hj_ b ZgZeba_[h
dhlhju_ fh]lml ij_~klzZ\eylv kh[hc ihdzZazZl_eb ~Zligbdh\ \b” hZg
| _ogbq_kdb_ k_j\bku |_ogbq_kdbc j_"bif "jZ3Rlipb kML Zithag\hey |
hp_gb\Zlv wnn_dlb\ghklv aZzdZqgdb \h”u \ jZaebqgu_ ieZklu kd\
gZijZ\e_gby dhjj_dlbjh\db aZzdzZqdb \h”u

< J[hevrbgkl\_  kemqgZzZ_\ "ey bkihevah\Zgby gbrdoghkly h
dhehkkZevgu_ h[t_fu bgnhjfZpbb dhlhju_ fhlml g_ [ulv ey j_r_qgkt
: Ney k[hjZ IZdh]h h[t_fZ bgnhjfzpbb fhlml ihlj_[h\ZIvky Jh”u jZ]JlI
agZqbl_evguf h]jZgbq_gb_f “Zgghc |_ogheh]bb <«kKidpovkdmh&Zyo
ihr*ohilbfbazpbb ijhp_kkZz

G _cjhggu_ k KemqgZyo mdh]ka[jgh hj [hevrbo "Zgguo iha\lheyx
ijh\h~"blv bkke_ "h\Zgby b ZgZeba \hafh ' gZ jZajzZ[hldZ g _cjhggh
g_cjhggzZy k_IvtfBIGKZIbq_kdzZy fh”_ev [bheh]bq_kdhc g_cjhgghc k.
ih ijbgpbim hjJjzZzgbazZpbb g_cjhgh\ kh_"bg_gguo f_FWmM_&Wh[hc
hkgh\u\Z_Iky gZ ijhp_kkZo ijhl_dzZxsbo \ g_eh\_q_kdhf fha]_ L
h[jZ[Zlu\ZIlv [hevrb_ h[t _fdpbbnhyuy\leylv aZdhghf_jghklb b kdju
g_eh\_q_kdh]h ]Jezaz \aZbfhk\yab \ g_aZ\bkbfh ijhbkoh”ysbo hl ~j

Kh\j_f _ggu_ \_"msb_ hljzke_\u_ dhfizgbb \h \k_f fbj_ KklZjZx
g_cjhggu_ k_Ib ”"ey hilbfbaZpbb [hevVjtpgKlkB\ [bjadijbylby LZdb
Jhkkbckdb_ dhfiZzgbb dzZd ©=Zaijhf g_nlv®d ©Emdhce? ©Jhkg_nlv?
BGK 7"ey ZgZebazZ bklhjbb nmgdpbhgbjh\Zgby kki\Zkblyjzfakl|hdh "
hij ~ e gby i_jki_dlb\guo g _nl_]Zah\uo aZe j ameMhzI\ dhg\lggyh f
"hklbqv khdjZs _gby ©jmqgghc? jZ[hlu khljm~gbdh\ ij_"ijbylbc gz ~_

HilbfbaZpbhggu_ f_ HithifbaZpbhggu_  f _|h”u y\ey Iky ijh\_]
j_r_gb_f "“ey az”~Zq gZoh ~_gby hilbfZevgh]lh j_r_gby b fh~_et
kp_9gZjb_\g Fkjdp_kkh\ LzZdb_ f_Ih”u bkdmkkl\_ggh]lh bgl_ee_dlZz
Zelhjblfu =: w\hexpbhggu_ kljZl_]lbb WK beb f_IhthhlhepalZpbb
memqrblv ijhp_kk jZajzZ[hldb g_nl_]Zah\h]h f_klhjh ™~ _gby b ih~"
agZq_gby ey kd[HIbg

J amevlZlu

ljbf _g_gb _f deZkkbg_kdh]h bkdmkkI\ _ggh]h bgl _ee_dlZ \ g_nl
Jhkkbb 1Zd b \h \k_f fbj_ bkke_"h\Zl_eb b bg _g_ju azgbfzxlky m~
ZgZeblbq_kdhfnMondar Intefligence fbjh\hc jughd ®BBBI\]Zmp gb\Z Iky \
$3fejr \ ]h m b ih ijh]jghazf wlZ pbnjzZ ijb@bdaepikd d hlfhAoh_\
glh ~ _fhgkljbjm_1 kj_~g_]h”~h\hc |_fi%ojikZzZz"flggguc fhf gl gZb[hevr
gZklv \g_"j_gby bkdmkklI\_ggh]h bgl_ee_ldldlIhj caZzgbiZah\Kc\_jg.
f_jbdZ ;ukljhjZklmsbfb \ ~"Zgghf gZijZ\e_gbb kighbdBkbkyZghtZdk
j_]bhgBB Zdlb\gh azf gy | IljZ"bpbhggu_ f_Ih~u ihbkdz jzZa\_*
f_klhjh '~ _glgthh\ukdhhgghklv b kdhjhklv ZgZebaz [H&drbokgbgbeo
\_jhylghklv ihyle _gby hrb[Hd8.\ jZkqzlZo

Ki_"b g_"Z\gbo bkke_"h\Zgbc ohyhelyf lilkgfhphfah\gdgbjhgguo
k I ¢ \ ijhp_kk_ az\hhhg_ ghgkljbjh\AgklZlvO:®]hjblfu hi_jZlb\gh]h
mijZ\e _gby aZ\h”gijpd _§ kb _f nbadmdhfbjh\Zgguo g _cjhgguo k_|I
Z\lhjh\ < ? < _jrbgbgZ b J X [4lhghfiz[HE jh[gh hibkZgu \hafh ghkl
bkihevah\Zgby g _cjhk_I _\h]h fh” _ebjh\Zgby b fZrbggh]h h[mqg_c
aZ\h~"g_gby b mijz\e_gby ieZklh\uBkkE\&hdhl_eb bkihevamxl ij
kZfhh[mqg_gby j _dmjj_glguo g _cjhgguo k_ | ¢ /670 /RQJ 6KRUW 7F
S5HFXUUHQW 8QLW gZ vdkiZghi¢Wdgeodkib_ f aZdexqg_gbb ijb\h yl
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bkihevah\Zgb_ 1Zdh]h ih”oh”Z ihe\fpley jFkkqglblfZ2av j_"bfu jZ[h
gZ]g_1Zl _evguo kd\Z bg b "hihegbl_evgh m\_ebqgblv "hfugm g_nlb
HrgZdh dZdxphc ~“jm]hc |_ogheh]bb m bkdmkkI\_ggh]h bgl_e
hl]jZgbq_gby D hkgh\guf h]jZgbgb\Zxsbf nzdlhjzfg hhg hkgdhhhch]:
hljzkeb \ dalhjuvhafh gh bgl_]jbjhigZlv _gbB>ey 1Zdbo fZkrlZ[guo
baf g _gbc g _h[oh”~bfh [hevrh_ dhebqg_klIHjXjgbdggthbbd*ygey Iky
N nbpbhNZebnbpbjh\Zggh]lh ihgkhjZgdbltu kDBBf_ Ih]lhh[e_fhc fh _I
klZlkeh gh_klbjh\Zgboghehbhbbkhdb_ Ij_[h\Zgby d [_ahiZkghklb
H[sZy |_g”~_gpby ihdZaghXul_oglhetiph~"he Z_ | Zdlb\gh \g_"jylv
\_"msbfb g_nl_]Zah\ufb dhfiZzgbyfb b rbjhdh_ jZkijhkljZg_gb_ I
\hijhkhf \j_f[50ab.

AZdexq_gb

BkdmkklI\_gguc bgl_ee_dl bl]jZz_| dexg_\mx jhev \ ih\ur_gb
ijhp_kkh\ azZ\h~g _gby g _nlyguo f_klhjh '~ _gbc Bkihevah\Zgb _
h[mqg_gby g_cjhgguo k_I|l_c b hilbfbaZpbhgguo Ze]hjblfh\ iha\l
[hevrb_ h[t"Zwyguo ijh]jghabjh\zZlv iezklh\u_ ijhp_kku b hilbfbabjh
azZzdzZqdb \h~u ;eZlh~Zjy wlbf |_ogheh]byf dhfiZzgbb fh]ml ag
dhwnnbpb_gl bale _g_gby g _nlb khdjZlblv wdkiemZlZpbhggu_ aZ
g_JlZlb\gu_ ihke_"klI\bdgglwhm aZ\h”~g_gby

G _kfhljy gZ kms_klI\mxsb_ [Zjv_ju |1Zdb_ dZd g_h[oh”bfhklv
"Zgguo \ukhdzZy klhbfhklv \g_"j _gby b g_o\zZldZ d\Zebnbpbjh\
| g™ _gpbb ihdZau\lzZxl glh jZa\blb_ BB \ g _nl_]Zah\hc hljZkeb i
kKh\_jr_gkl\h\Zgby Ze]hjblfh\ b "hklimighklb \ugbkebl_evguo fhsghk
[mMAmIl jZkrbjylvky h[_ki_gb\Zy [he__ lhqgu_ ijh]lJghau Z\lIhfZlbabj
ih\ur_gb_ wdhghfbqg_kdhc wnn_dIlb\ghklb jZzajz[hldb f_klhjh ~_gbc
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Abstract. This article presents an analysis of existing methods and twmotufomating threat and

attack modeling, as applied in the field of information security. Threat and attack modeling
methodologies are examined. A comparative analysis of popular automation tools is conducted, with
a focus on their functionalities and ltations. Based on the analysis, directions for developing a
new threat and attack modeling automation tool are proposed.

Key words:automation attack, threat, modeling, modeling method.

<\_"_gb_

< mkeh\byo g _ij_julgh]h jhklZ db[_jm]jhay\ewghb dlb\ghgZeb:
ihl_gpbZevguo mya\bfhkl_c \ bgnhjfZpbhgguo kbkl_fZo y\ey_ Iky djb
GZ jugd_ ij_"klzZz\e_gh fgh  _klI\h bgkljmf_glh\ "ey Z\IhfZlbaZpbb w
[hevrbgkl\h ba gbo nhdmkbjmxlky gZ \bamzZelb&@dpbhb B bZ(jzd glZdtk
h[ez”"Zxl ~"hklZlhgghc nmgdpbhgZevghklvx "~ey iheghp[mymhth ZgZzZ
jZajZ[hldb kj_~kI\Z fh~_ebjh\Zgby m]jha b Zl2dZzZd b {ghtbiZhy Zjhh a kb
kms_ kl\mxsbo kj_"kI\ "ey \uy\e _gby gZb[he_c¢c wnn_dlb\guo nmgdph

Wdki_jbf _glZevgZy gZklv

>ey ihke_"mxs_c jZajZ[hldb kj_~kI\Z zZ\IhfZlbazZpbb fh~_ebjh\:
oh" ZgZebazZz g _h[oh”bfh mq_klv ke _~mxsb_ Zki_dlu h[_ki_q_g
ghlzZp ML, BPMIN, Archimated k \hafh ghklvx bfihjlZ b WwdhkijhjZaebqgguo
f Th"heh]lbc "ey fh® _ebjh\Zgby hllZedb\Zykv hl hkh[_gghkl_c¢c dhg
ZgZeba jbkdh\ mqgblu\Zxsbc |I_ogbqg_kdb_ mya\bfhklb \_jhylghkl
ms_j[ ihalheyxsbc ihevah\Zl _ex j _Zebah\u\Zlv jdaebjdhdb” "bkp bgaZjt
hp_gdm bgl_jzdlb\gh_ fh”_ebjh\zZgb_ dhlhjh_ iha\hebl iheval
baf _gylv b i_j gzZkljzb\zZIv izjzf lju kbkl_fu b gZ[ex~Zlv aZ ba
\hafh'guo mya\bfhklyo ]_g_jZpby hlq_Ilh\ k *_IZevghc bfdgwrkhyfaZpb _c
jbkdZo b dhgljf_jZzo \ "Zevg _cr_f \hafh ghklv j _Zebah\ZIlv bgl_jzdl
ih~“jh[ghc \bamZebaZpbb kbkl_fu b _z mya\bfhklb

< N"Zgghc jZ[hl_ jzkkfzljb\Zebkv |Zdb STRIDE M} PABTA, Attbcid
Tree[2]. LZd _ [ueb jZkkfhlj_gu m _ kms_kl\mxsb_ kj_:/MusRiskZ\IhfZIl
ThreadModeler Microsoft Modeler Tool b yaud ijh]jZffbjhMAQHY] k ihfhsvx
dhlhjh]lh fh gh ihemqgblv [he__ ~ IZevgh_ b kljmdImjbjh\Zggh_ hiblk

J amevlZlu
ljh\_ " ggu@Zeba ihal\hebe dhfie _dkghkjj2kk¥BIjfhH¥ _ebjh\Zgby
f Th"heh]bb b \uy\blv dZd kbevgu_ 1Zd b keZ[u_ klhjhgu dZ ~h
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fhr _ebjh\Zgby

[ueb

jZkkfhlj_gu

|Zdb_

izjzf _lju

dzZzd Zjobl_dIm
br glbnbdZpby m]jhakdhd Zé&bafhbghklv ] g _jZpbb. hlg>EW ZigZfebaZz

f_Ih~heh]lbc [ueb hij_~_e_gu ke_~mxsb_ iZjzf_lju "ey jZkkfhl
ij_bfms_kI\Z g _"~hklzldb b ij_bf2hs_ kI\Z |Z[e
LZ[ebpZ
KjzZ\gbl_evguc ZgZeba kj_~klI\ Z\IhfZlbazZpblhhfdr’b_EbZd\Zgby
FhAmev IriusRisk ThreatModeler Microsoft TMT MAL
> kdlhi
.jobl_dimjZ H[equ%ZOyb]t KIZg Bl _ >—kndh'g"nﬂ' Yaud @ull
~1£10obYy ghlZpbb
<bamZe . - ;
FhA_ebjh\zd bfihjl wdkih| <ba”.".zhek|hh“29 <bh"’:,thT'| '-J—[rl?l—.' }9—1
Ib[dh 1 dhfihg_glu bgkljmf_g
B~r_glbnbdZz \lh jmqgghd Jmgghc \u[| JmqggBTRIDE NhjfZevgh|
mljha STRIDE, PASTA f _Ih~"heh]bb nhdmk hibkZgb_ Z
. A\ITh ML, hlgzly Jmgghc ihemZ IJmqgghc ihemZ Lj_[m_I \g_r
‘gZeba Jbk \bamZe higzlu NET bgkijmf gl
gzl Ny Z e NhjfZlu NhjfZlu AZ\bkb! h
1b[dhklv h1jZgbq Pp& h]ljZgbq Pp& bgl_ljZpbh
LZ[ebpZ
KjZ\gbl_evguc ZgZeba f_lh~h\ Z\IhfZlbaZpbb fh”_ebjh\Zgby m]jha
F_IhA HibkzZgb_ ljbgpbi jZ[hl lj_bfms_KkI\J G_"~hklzidl
STRIDE Nhdmkbjm _Ilky g :gZeba dhfihg ljhklhlz G_ ho\Zlu\Z
dzZl_]lhjbyo m]|] gZ ih~\_j " _gg ihgbfZgby Ibiu m]jha
ihAr" _edz ih~f] dZ ~hc ba r_| kdhjhklv ZgZ \k_]~Z ih~oh
hldZa hl Z\lhjKk dZl_]lhjbc m] ho\Zl dexq_ "ey keh gu
jZkdjulb_ bgnhijf mljha kbkl_f
hldZa \ h[kem b
ih\ur_gb_ ijb\be
PASTA :gZeba hkgh\Zg Kbkl_fguc Zgi Kbkl _fguc ihA Keh ghklv
ihr"oh”_ 3hl p_ \dexqZxsbc| \uy\le_gb_ kdj j_ZebaZphb
kj_~klI\m”~ hp_| hij_~_e_gbb\I\ myal\bfhkl_|{ Ij_[m_I Jem]
Zdlb\h\ m]jha br _glbnbdZp ih~oh”~bl ~e|] agZgbc b [he
mya\bfhkl_c m]jha hp_g keh guo kbk dhebqg_kI\?Z
mya\bfhkl_c \j_f _gb
fh~_ebjh\Zgb |
> j_\vy Z <bamzZevgh_| Ihkljh_gb_ ~_ GZley~rgh_| Fh™_ I [ulv
ij_~klzZ\e_gb_ i 1" mawdZiu | ij_"~klZ\e_gb_| keh guf "ey
ZIZdb ihdZau\Z Z1Zdb \-I\b| ihfh]Z I ihgy [herbo kbkl
A _ckl\by \ZjbzZglu ~_ck| ihke_"~h\Zl_e lj_[m_lI
aehmfure_gghb N _ckl\bc ih~ hij_~ e _gg
"ey h[mqg_g gZ\udh\
ihkljh_gby
"pbZljzZff
AZdexq_gb _

< j_amevlzZzl_ "ey ~"Zevg_cr[m"jdahk[hedah\ZIvky \bamZevguc
n*ey fh” _ebjh\Zgby Zjobl _dimju kbkl_ flthreaiMadelebc 1gd" _[m” ml
j_Zebah\Zgu ke_"mxsb_ nmgdpbb ZzZ\IhfZlbabjh\ZggZy b”®_glbnbdZz

ZgZebaZ jbkdh\ ihalheyxsbc bkihevah\Zlv jZaebqgu_ f _Ih”~bdb
iZjZf_ljh\ \hafh ghklv \u[hjZ jZaebqguo f_IhSTRDEBey gdjipbh_|
ZgZebaZ kbkl_fBASDADbrey [he_ _ ih”jh[gh]h ZgZebaZ ] g _jZphb
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ihA™ _j"b\Zxsbo jZaebggu_ nhjfZlu nhjfZebazZpby hibkzZgby Zlzd

ijh]jZffbjh\Z tyly.
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Dhgp_ipby kbkl_fu ih~A”"_j°db ijbgylby j r _gbc "ey mijZ\e_gby ikbc
debfZlhf \ dhee_dlb\_
: Dmebld K G_djzZzkh\ B > <ZjZgdbg
GZmqguc jmdh\h”~bl_ev L K Kbfhgh\
Lhfkdbc JThkm~ZjkI\_gguc mgb\_jkbl_ | kbkl_f mijzZ\e_gby b jZ"k
Jhkkby ] Lhfkd ij E_gbgZz
E-mail: tim.sim4@yandex.ru

The concept of a decision support system for managing the psychological climate in a team
A. Kulik, K.S. Nekraev, I.D. Varankin
Scientific Supervisor: T.S. Simonov
Tomsk State University of Control Systems and Radio Electronics, Russia, Tomsk, Lenin str., 40, 634050
E-mail: tim.sim4@yandex.ru

Abstract. The article presents the concept of the software system for analyzing and improving the
psychological climate in the team. The concept based on collecting user requirements using interview
and questionnaire methods. The system includes psychologicabtebeoretical materials and
exercises for employers. Statistider management, predictive analytic and personalized
recommendations are offered. The system is aimed at HR and employees for independent
development.

Key words Psychologicalwell-being HR analytic employee health monitoring, software system
concept, cognitive behavioral therapy.

<\_"_gb_

< kh\j_f gguo mkeh\byo dhjihjZlb\gZy kj_"Z klZedb\Z _ Iky k jZKk
ihAn _j°d_ ebgghklgh]h [eZ]hihemqgby khljm~gbdh\ iKmh\]e¥Z kygh fimkk e
kljZoh\uf [jhd_jhf SHPLQG b dhfiZgb_c ,QBRIOTRVho [thefiZgbc m"
\g_"jbeb jZaebggu_ nhjfu ikboheh]bg_kdhc ihfhsb {e¥gbjmkkigzZeZz
k" eZlv wlh \ [eb Zcr__ \j fy > @ Kh]JeZkgh bkke "h\Zoplyyf ijl
khijm~gbdh\ \ebyxl gZ ijhba\h”~bl_evghklv Ijm~Z b dhjihjZlb\gmx ijb
klj _kkZ b ij_"~hl\jZsZy \u]lhjzZzgb_ khljm~gbdh\ > @

GZ jugd_ m _ kms_kI\mxI| j_r_gby 1Zdb_ dzZd ©:glbklj_kk?& ©OC
Aim]lb_  Fh[bevgu_ ijbOHGHNMWRSLD?2 hj ©ChRUBE$Xx] bgkljmf_glu "e
j_eZdkZpbb b mijzZz\e_gby klj_kkhf glh g_ j_rz_|1 az”~Zgb ]
ikboheh]bg_kdbo Ijm~ghkl_c¢ Djhf_ Ih]l]h hgb g_ ij_"eZzZ]zZxl f_g_"
kbkl_fgh]lh fhgblhjbg]Z b ijhljghabjBeZgthyhwkhgbhyygby khlijm~gbdh\

Jhkkbckdzy ieZinhjfz ©:glbklj_kk& hkghVByZ*g@qdkpPokcld\ghibb
ij_~ezZl]Z_1 h[h[szggu_ hlgzlu ey f_g_"~"_jh\ gh g_ \dexqzZ_I| i_
j_dhf_g~Zpbb f_g " _jzZf

P_ev "Zgghc tZZbfj@Z[hlZIv dhgp_ipbx ijh]jzZzffghc kbkl_fu dhlhjZz
dhfie _dkgmx ihA” _j'dm ikboheh]bg_kdh]h [eZ]hihemqgby khljm~Agbd

Wdki_jbf_glZevgZy qZklv

Hkgh\guf f_Ih~hf k[hjZ |j_[h\Zgbc [ueb ]Jem[bggu_ bgl_jl\vx k
ihevah\zl_eyfb Hgbbikh\nhkbe Ih*"heh]bb &XVWRPHU 'HYHORSPH
dhlhjuo [ueb ijh\_j gu gZqgZevgu_ |]bihl_au 1Zdb_ dzd ©DhfiZg!
fhgblhjbg]_ ikboheh]bq_kdh]h khklhygby khljni*rgb8h\fhf CdlhHy M A
az”"Zgb k\yazZggu_ k ihdzZazllbeyfd"jilm\ | _ddrigjuk fh gh Z\IhfZlbabjh
©Dhfizgby g_k_I hI\_IklI\_gghklv azZ nhjfbjh\Zgb_ a”“hjh\hc



64 XXII

©O©Wnn_dlb\ghklv khijm~gbdh\ aZ\bkbl hl bo wfhpbhgZevgh]h b ikbo
<k _]1h [ueh ijh\_~ _gh bgl-fi\gx"k_p&b bgl_j\vx k ihl_gpbZevguf
dhg_qggufb ihevah\Zl_eyfb

Lzd _ \ oh”_ k[hjZ Ilj_[h\Zgbc [ueh ijh\_~ _gh Zgd_Ibjh\Zgb_
©=Zaijhf ljzZzgk]Zza Lhfkd?2 :gd_Ibjh\Zgb_ ijh\h*behkv "*ey ZgZ
dhjihjzlb\ghc ihA*_j°'d_ < \u[hjdm \mftghbdh\ lrljdhlhfmoqbg b
40 " _gsbg <hajzZklgh_ jzkij_~_e_gb_ khljm~gbdh\ hl “h €
gZb[hevrmx “hex Z bfhilgdgbhh\ ~ZeZ ]jmiié&_ |

J amevlZlu

Bkoh”y ba ijh\_~ gguo bgl_j\vx khljm~gbdb azZbgl Nekxh\Zg
ih\ur_gby ebqghklgh]h [eZ]hihemqgby L_f \j_f g _f dhfiZzgbb azZbgl_
azZljzZl k\yaZgguo moh”~hf p_gguo khljm~gbdh\ Bkoh”y ba wlh]f
kgb™ _gb_ mjh\gy \u]hjZgby b "jm]bo ikboheh]bqg_kdbo ijh[e_f khljm

Bkihevamkl kim -#5g_ 7~ _j kfh _I ijh\h~blv ikboheh]bqg_kdb_ 1_k
khijm~gbdh\ kh[bjzZlv klZlbklbdm ih j_amevlzZIzZzf | _klh\ b gZ _z hk
b ZgZeba ijbgbg \ulhjZgby ih hl*_eZzZf ;m-Aml ij_~“mkfhlj_gu
f_ g_"~f_glz dhfizgbbx kmpmegw_gby ikboheh]bq_kdh]h debfzlz \
Khlijm~gbdb ihemqgZzZl bgkljmf_gl *ey kZfhklhyl _evghc ijhjZ[hldb ikb
< khhI\_IklI\bb k \uy\e_ggufb I|j_[h\Zgbyfb [ueh hibkZgh \azZbfh~"
ihevah\zl_e_c \ \b~_ ~bZ]jgfhy bjalp[jZ _gghcl.gZ jbk

Mony4uTs aHanus
n ¥ . N MocMoTpeTs
QCMOTPETE OTBETUTL HB 23REKY NPHUMH CHIKEHNA HazHaunTs OTnpasnTe 38RBKY oByUROLUE
PWESIEI-_'IF:J:;L?*S:B " COTpYAHWEA fnarononyuus ECTPEMY ncxonory WaTepHank: Mpoiit anpac
COTPYAHHKOE
YNPEKHEHHA

COTPYOHMER

Moeeaexyeckue
TvuHEIe NPHUMHEL » YNPaKHEHUA
COTDYOHWEA BhINonH1Ts
yNpa#HeHue

TMpUUMHL B Penakcauus
NPOLECCax COCTORHUA Mpoiitu
KOMNAHHH MocMoTpeTs COTPYAHHUEOR TecTHpoBaHue Mposectu
CTATHCTHEY MposecT onpoc
e

MCHXOMOMMYecKoro = -
TecTuposaime ancude

COCTORAHMA . KorHMTMEHeIe
COTPYAHMKOE YRpaHEHUA
MonyuKTs
NonyunTs pe3yNLTaTE!
DPEKOMEHELIMN

Jbk >bZz]jZffZ ij_p_"_glh\ kbkl_fu

Kbkl _fzZ \dexqgzZ_| \ k_][y hkgh\guo 1biZz ihevah\Zl_e ¢ khljm
ikboheh] Khljm~gbd fh | \uihegylv mijZ g _gby ijhkfZljb\ZIlv h[n
hlijz\eylv aZkbaodtheh]Zf ijhoh”blv | _klbjh\Zgby b hijhku F_g_"~"_ju f
khlijm~gbdzf \klj_qgb ijh\h~blv hijhku khljm~gbdh\ ihemqZlv i

khljm~gbdh\ +5 fh | ijh\h”blv | _klbjh\Zgby ijhkfzZljb\Zlv kIZIbklbc
khklhygby khdph~gihemqgZzZlv ZgZeba ijbgbg kgb  _gby [eZ]hihemq
Ikboheh] fh™_I ijh\h~blv | _klbjh\Zgby ijhkfZljb\ZIv klZIlbklbdm

khklhygby khljm~rgbdh\ j_ameviZlu | _klh\ b \uiheg_ggu_ mijZ g_ghb:
ZgZeba kgb _gby qe¥]khhjemtgbdh\ hl\_qZlv gZ aZy\db hklZ\e_ggu._

JZajzZ[Zlu\Z_fh_ ijbeh  _gb_ -kf j\ljdelx _globl_dimjm Deb_glkd:
khklhbl ba $QGURLG ijbeh _gby gZ yaud_ ijh]jzZzffbjh\Zgby .RWOLC
ijh]ljzffbjh\Zzgby &zLz¥ _ ~hklmigzZ \ «ipyeh’\ dby gZ [Za_ nj_cf\hj
Nextjs < h”~ghc ba ij_~u“msbo im[ebdZpbc ih "Zgghc | _f_deb_glkd:
ih*jhfgk @ K_j\ _jgZy qZklv jZajZ[Zlu\Z |ky gZ yaud_ ijh]jZffb
bkihevah\Zgb_f nj_cAWj®%, )B dZq_kI\_ KM;> bkihevam_Ilky 3RVWJ
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>ey hij_~_e_gby ikboheh]bg_kdh]h khklhygby khljm~Agbdh\ ihf
| _klh\ [m”~ml bkihevah\Zlvky aZiheg_ggu_ ~g_\gbdb khljm~gbdh\
azZdexqZlky \ hij_~_e_gbb wfhgkddozegghgbdidy mjh\gy ~_ij_kkbb
\u]lhjZgby mjh\gy \h\e _q _gghklb >ey ZgZemWaZhkdZ\dgbBdhXglgaro [n
bkihevah\zZlvky h”gzZ ba ;hevrbo yallu&#h\udhkimigudPlih LZd" _
jZkkfZljb\Z _1ky \hafh ghklv LM _ Neybiyhsb \ hij_~ e gbb wfhpbc
aZiheg_gbb*"®lAgbdZz

?° _~g_\gu_ azZ”"Zgb [m"ml ij_"eZ]ZIvky ihevah\zZl _ex ey f_|h”"b
dhgl_glm ijbeh’ _gby >ey ] _g_jZpbb _"_"~g_\guo azZ”~Zq ihevah\Zz
hglheh]bq_kdzZy fh _ev >ZggZy fh”_ev dhlhjZzy [m”™_| mqgblu\Zlv k
| _dhsbc ijh]j_kk ~ey hij_~ e _gby ke_"mxsbo mijZ g_gbc

Lzd _ jZajzZ[Zlu\Z_|ky g_q_ldzy fh~_ev "ey hij_~ e _gby \_|j
khljm~gbdZ ih _]1h ebgghklguf ozZjzdl_jbklbdzf Blh]h\Zy \_jhylghkl
jZkkgblu\Z _1ky dzd kj_"~g__hZjbni*mbwofhdbhgZevguf bklhs_gb_f j_
ijhn_kkbhgZevguo “hklb™ _gbc b ~_i_jkhgZebaZpb_c >ey hp_gdb e
[mM~ | bkihevah\ZgZ iylbnZdlhjgZy fh™_ev

;bag-fk® _ev ijh_dlZ hjb_glbjh\ZgZ gZ dhjihjZpbb azZbgl_j_ kh\z
ikbbeh]bq_kdh]h debfzlz kgb _gbb klj_kkzZ b ih\ur_gbb fhlb\zZ
P_gghklv ijh*mdlZ "~ey hj]J]ZgbaZpbc aZdexqZ_lky \ khojZg_gbb
ih\ur_gby bo wnn_dlb\ghklb aZ kg_| memaqr _isneyngbygghtkligd hujmgpH
ijh_dl#Zwlh fydgu_ ih”~ibkdb ey hj]J]ZzgbazZpbc Ih”ibkdb ih®_e gu gZ
jZkrbj_gguc fzZzdkbfZevguc DZ ~uc iZd_| hlebgZ_Iky mjh\g_f ~h
ij_~hklz\ey_ fuf nmgdpbhgzZehf "ey f_g_~"f_glzZ dhfizgbb

AZdexq_gb _

JZajZ[hlZggZy dhgp_ipby KbkjZfuigheél”_yeh gZijZ\e_gZ gZ ki
dhfie _dkgh]h bgkljmf_glzZ ey ihA™ _j"db ebgghklgh]h [eZ]hihemqgby
\dexqZ | fh*mev ~ey kZfhklhyl _evghc ijhjZ[hldb ikboheh]bqg_kdbo
mijZ\e_gby ikboheh]bq_kdbf debfZIhBRikddeaeh\&idph_f_|h*h) dh]gb
ih\_~_gq_kdhc I_jzZibb ij_"~bdlb\ghc ZgZeblbdb b i_jkhgZebabjh\zZ,
f g ~"f _glz ihalhey | g_ lhevdh \uy\leylv ihl _gpbZevgu_ ijh[e_fu
hi_jzZlb\gh ijbgbfzlv f_ju "ey bo ij_"hl\jZs_gby

lezgbjm _|ky Zijh[Zpby kbkl_fu \ jy~ dhfiZzgbc dhfiZgbyo 7
nmgdpbhgZeZ b hp_gdb wnn_dlb\ghklb ij_"~eh ™ _gguo j_r_gbc Ih |
kbkl _fZ [m~_| ~hjz[hlZzgZ Z fh™_eb "hh[mqg_gu gZ kh[jZgguo *"Zggu
ijh_dlz ijheiz]Zz_| fzkrlZ[bjh\Zgb_ gZ djmigu_ ij_"ijbylby jZkrb
bgkljmf_glh\ *ey ZgZebazZ b ih"_j'db Z 1Zd _ bgl_]jZpbx k dhjihjz
"ey m~Mh[klI\Z bkihevah\Zgby
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QzZklgzZy fh~_ev "bag_ggh]lh pbdeZ ijhp_kkZ jZajZ[hldb ehdZevgh
hjlZgbazZplijbau bgnhjfZpbb
L >E hg g&hKdbfh\_p
GZmgqguc jmdh\h~bl,dvl ¢hpDbb_\
Lhfkdbc Jhkm~Zjkl\_gguc mgb\_jkbl_| kbx*bhwe|Zdlghgbdbb
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A private life cycle model of the organization's local documentation development process
and information threats
T.D. LeonenkoS.S.Yakimovets
Scientific Supervisor:Ass Prof., Ph.D.A.A. Konev
Tomsk State University of Control Systems and Raelitronics Russia, Tomsk, Lenistr., 40, 634050
E-mail: leonenke0D404@mail.ru

Abstract The information system lifecycle was divided into 2 parts: developmenpanration. This

study examines the process of developing an organization's local documentation. To do this, the
process was divided into several stages, as well as additional stages were identified. Next, a list of
information threats was compiled for eachthe stages of the organization's local documentation
development process.

Key words development process, operation procéiseats to privacy and integrity.

<\_"_gb_

< mkeh\byo kh\j_f _ggh]lh pbnjh\h]h fbjz ]~_ db[_jm]jhau KkI.
keh gb b jZaghh[jZagufb g_h[oh”~bfh jZajzZ[hlZlv wnn_dlb\gu_ ih”
"bag_gguf pbdehf bgnhjfZpbhgguo kbkl _f k Zdp_glhf gZ [_ahiZkgh

P _evx bkke_ "~h\Zgby y\ey Iky ™ ZjhdijZdblpdby ehidZevghc "hdmf_¢
hjlZgbazZpbb 7~ey ihke_"mxs_]h [he__ kljmdImjbjh\Zggh]h khklZ
[ ahiZkghklb bgnhjfZpbb

ljb jZkkfhlj_gbb "bag _gguo pbdeh\ bgnhjfZpbhgguo kbkl_ f Ji
N e_gbbag_ggh]lh mplzdezqzklb hi&a4zp wdkiemzZlzZpby Ijhp_kku jZ
jZkkfZljb\Zebkv gZ ijbf_j_ ehdZevghc “hdmf_glZpbb hj]ZgbazZpbb

J amevlZlu

lh blhlm ZgZebazZh]thmpmdaggnhjfZpbhglgbkl uf [uez khklz\e_gz
"bZ]jZffZ "bag_gghjBagpbBpleldb ehdZevghc "hdmf_glZpbh).igbazZpl
fh~r _ev hkgh\Zgz gz ih~oh”_ [d]. “eh”_gghf \

< oh”_ jZ[hlu [ueb \u”_e_gu hkgh\guo wIlZih\ “bag_ggh]h
ehdZevghc "hdmf_glZpbb hj]J]Zzgbagppbzphbgb nhdjZm e bjjh\glygbc
jZajzZ[hldZ ijbgylb_ \klmie_.:bghd [ukbeva” e gu "hihegwlZed guo
ijh\_jdzZ ~“hdmf_glZ gZ ZdimZevghklv b ihbkdhahplmdlkdiaguhrinlizdu
"bag_gghf pbde_ [ueb \u”_e_gu dzd wlZiu ijh\_jdb \h \j_fy
h[gZjm blvky qglh “hdmf_glZpby bagZqZevgh [ueZ k hrb[dZfb be
hrb[dbhy\bebkv \h \j_fy _z jZajZ[hldb

GZ dz ~uc wlzZi khk]lB\kagglgbhpbdezZz [ue khklZ\e_g i_j_q_gv
dhgnb” gpbZevghklb b p_ehklghklb bogmiztZg b\bl.2d 8 hjjmau [ueb
knhjfbjh\Zgu ih ijbf_jm hljZ42.gghfm \
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M]jhau gZ wlZiu ijhp_kkZ jZajZ[hldb ehdZevghc *hdmf_glZpbb hj]Zgt

W3MEHeHne
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HanucaHue

Jbk

aKTyanbHOCTb

BHeCeHue NpasoK

WIlZiu jZajZ[hldb ehdZevghc "hdmf_glZpbb hj]ZgbazZpbb

LZ[ebpZ

WIZi M]jhaZ dhgnb”™_gpbZeyvV M]jhazZ p_ehklghklb ijh]jZz{
ijhljZzffghlh h[_ki_q_g h[_ki_qg_ghby
BgbpbZpby JZkdjulb_ bgnhjfZpbb h lhyle_gb_ hrb[hd ijb kha”*ZzZ

ghjfZlib\gh]h ~hdmf_ gl

ghjfZib\gh]lh ~hdmf glZ

Nhjfmebjh\Zgl

JZkdjulb_ bgnhjfZpbb h I]

AZ~Zgb_ 1j_[h\Zgbc ih |_Jel

lj_[h\Zgbc [_ahiZzkghklb ij_"ty\ey | ijhp_kkh\ h[_ki_g_gby [_ah

"hdmf_glZpbb ghjfZlb\gh]lh ~hdmf_glZ kh

hrb[db dhlhju_ ijb mkeh\b

h[gZjm _gby beb g_ bkijz\e

klZlv ijbgbghc ihyle gby any

JZajzZ[hldZz JZkdjulb_ bgnhjfZpbb h k| <g_"j_gb_mya\bfhkl_c \ ~hd
"hdmf_glZpbb oh”_ _z jZajZ[hldb

ljbgylb _ Obs_gb_nbabg_kdbo gh G_kZgdpbhgbjh\Zgguc “hklImi

bgnhjfZpbb

"hdmf_glZpbb

<klmie_gb_ \

JZkdjulbgnhjfZpbb h KhA_
Ahdmf_glZ ~h _]h \kimie_

G_kZgdpbhgbjh\Zggh_ baf_g
Ahdmf_glZz “h _1h hnbpbZevg
kbem

ljh\_jdZ ~hdm
gZ ZdimZzZevgh

JZkdjulb_ bgnhjfZpbb
g_khhl\_lklI\byo h[gZjm~
jZajZ[Zlu\Z "hhldanf_glZpb

bkijz\e_gb_ h[gZjm~ _
g_khhl\_Ikl\bc

G_

Ihbkd eh]bq_K
hrb[hd

JZkdjulb_ bgnhjfZpbb hJ
\hagbdrbo ijb jZajzZ[hl
"hdmf_glZpbb

G_ bkijz\e_gb_ h[gZjm~ _ggy

AZdexq_gb_
;eZlh”Zjy khklzZ\e _ghwehbd]jZidfijhp _kkzZ jZajzZ[tblaldp kfgpbde

bgnhjfZpbhg

bklufihemqgbehkyv

\u”_eblv dhgdj_lgu_

m]jhau

dZ ~"h]lh ba wjlZzphkkZ "Zevg_cr_f wlh ihalhebl wnn_dlb\gh \uy\eylv
jZaebgguo wlzZiZo jZajzZihbd b kbkflhIfif lyu ih aZsbl_bgnhjfZpbb

Kibkhd ebl_jZImiju

1. Dhg_\ Fbg_ \Z L ? Kheh\vz\ F E R_emiZgh\ : : Kb
"bag_ggh]lh pbdez kbkl_fu aZsblu bgnhjfZpbb ;_ahiZkghkly
| ogheh}@l8. £L < +K  #41.

2. =HKL J + AZsblZ bgnhjfzpbb JzZajkphlidzijhpZifZgh]h
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<ebyghve dljhgeghq_\hc h[jZ[hldb gZ r_jhoh\Zlhklv d_jzZfbdb ba *
pbjdhgby klZ[bebabjh\Zggh]h hdkb”hf blljby
: - EufZg : DZkvygh? 1_Iljh\
GZmqgqguc jmdh\h”bl_ey™iljign Kk khg b fh\
Lhfkdbc JThkm~ZjkI\_gghbk miglbkl jk mijZ\e_gby b jZ"bhwe _dljhgl
Jhkkby ] Lhfkd ij40,66340b@ Z
E-mail: 11010820011 @mail.ru

Effect of electron beam treatment on the roughness of yttrigtabilized zirconia ceramics
A.A. Lyman, G.A. KasyanovA.E. Petrov
Scientific SupervisorProf., PhD. A.S. Klimov
Tomsk State University of Control Systems and RadioelectrdRissia, Tomsk, Lenstr.,40, 634050
E-mail: 11010820011 @mail.ru

Abstract. The modification of zirconium dioxide ceramics with a plasma forevacuum electron source
at different processing temperatures was studied. It has been established that increasing the

processing temperature makes it possible to increase the heightuagithess of the ceramic surface.
Keywords: ceramic, zirconium, plasma, roughness.

<\_"_gb_

GZ k_]h~rgyrgbc ~ _gv h~”gbf ba \hklj_[h\Zgguo b rbjhdh |
fZl _jbZeh\ y\ey |ky fOajZ2fiblddkb~Z phjdergoygufZl jbZezZr e k\h_
ijbf_g _gbjZaebqgguo hljZkeyo gZmdb b | _ogbdb I1Zdbo dZd fbdjhw
Zwjhidfibg _kdZzZy ijhfure_gghk]3. DmgdpbhgZevgu_ b kljmdIimjgu_ k
pbjdhgb_\hc d_jzZfbdb \h fglhpHf_azZfb®jhkljmdkimkuhygby ih\_joghkll
ihwlhfm jZddzg f_Ih~h\ fh*"bnbdZpbb ih\_jbkyhk\Z ghey az”"Zq_c
bkke "h\zZB&dckms_ kl\mxsbo f_Ih*bd~ bhdkbhdb pbjdhgty \u®_eblv
g_kdhegdb[he__ ih”jh[gh ij_"klZ\e_gguo \ gZmAagdhc dBEld jr&lbmh\dZ
ih\_joghkibkdhkljmddzyhlddbfbq_kdjiz\e _gkrZa_jgdidimdIimjbjh\Zgb _
ih\_joghRBlb< wlihf hlghr_gbb i_jki_dlb\gufb kgblZxlky emqg_\u_ |_og
bkihevam_ fu_"ey H[jIZ[hdbkieZ\4.\ >

Kh\j_f_ggu_ mkdhjbl_eb we_dljhgh\ iha\lheyxkevhlumsgkl\eylv
jZaebgguo fzZl_jbzébhfi_fAhimj iezZ\e_gby . b< \bkgh\ghf fh~ bnbdZpb:
we _dljhggufb imqgdzfb ijhbkoh”bl ijb ~"vhg_ {M3.oPineydhXklhys ¢ jZ[hlu
aZzdexqgZ |ky \ hij_~ e gbb kl_i_gb \emyggblcwhe[jd]pHdjbgh kilg\u__
k\hcklI\Z d_jzZfbdb ba "bhdkb”Z pbjdhgby klZ[bebabjh\Zggh]h hdkb"

Wdki_jbf _glZevgZy gZklv

ljhp_kk we_ dlghhggghhc h[jZ[hldb dhkafibdbkl\eyeky k ihfhsv>
we_dljhggh]lh imhqéiZim_fhRp\ZdmmfgeZaf_ggliklhgdidfdve dlghdh
imgdef. We _dljhgguc imghd ihiz*"Zy djzZR\phigghtkibte z d ehdZevgl
gZ]j_\b_jzZfbg_kdb_ h[jZapu jzZafiZabébWb]\e >Z\e gb_ \ \Zdmmf
dzf_j_ khklz\eydld Z \ dzZq_klI\_ jZ[hq_]h ]ZaZ bkiheweaah\\edkeyh] e
ihAn j"b\Zlv klZ[bgddhmwe dgjdhh]h bklhagdbdjZz fyjhp_kkh\ h[jZ[hldb
fZzl _jbzZekzjzf lju we _dljhggh]h imqdZ j_]Imebjh\Zebkv k ihfhsvx
nhj\Zzdmmfgh]h ieZzaf_ggh]h bklhqgbdZ we _dljhgh\

< bkke_ _"h\Zgbb bkihevatbh@elkly dhf[jZapu ba "bhdk®0OZ pbjdh
klZ[bebabjh\Zggu_ hdkbi®@f khltby Zgb_ hdkbSA584lfbg dhlhju_
[ueb \uiheg_gu \ \b™_ ijyfhm]hevguohi\ZyZedehet ibff rbjbghc b



XXII

\ukhlhi& ff K ihfhsvx we_dljhggh]hskd&Z gbjpnh k Hiteichi TM-1000 [ue b
ihemq_gu bah[jZ  _gby ih\_joghkl_c¢c ba”_ebc kgylu_ khxkl_i_gv
R_jhoh\Zlhklb ih\_jogeéklgcgu k ihfhiskg kdh]h ijhnbehf_ ligly 6 XSHL
W1-Chotest Technology IncHij "~ e &b _"g_c \ _ebjggegujZ a_jgZ ijhba\h”"be
khleZzkgh 2HRK3375 ijbgpbi jZkg_1Z dhlhjh]lhhh&lgh\gigbgih~kgblZgguc
liZgbp agiZdebgmk g _gghc k_dms_c ebgbb

GZ]j_\ h[jZzaph\ hkms~kllefieky¥ hmhj Ah f& k rZ]h&
\u™_jdhc qlgb fbgmBafg_gb_|_fi_jZImju h[jZ[hliJbothabadibkq |
\Zjvbjh\Zgby ke _"mxsbo izZzjzf_|jh\ mkdhpaxdhd ¢gZalpyBZgbe gb
\ jZ[hg_c dBfGjZ jdkij ~klz\e _gZ ko _fzZ wdki_jbf _glZevghc mklZgh\c

Jbk  fZowdki_jbf vglZe mklZgh\db

J amevlZlu
< 1Z][]e ij_"klZ\e_gu bah[jZ _gby ih\_joghkilhemd [ gZeaoh\
jZaebqgguo | _fi_jZImjZa h[jZ[hldDb

LZ[ebpZ
Bah[jZ _gby ih\_joghkl_c ihke_ h[jZ[hldb ijb jZaebqguo |I_fi_jZImjZo
L fijiZlmjZ h[jZ[Mdb
1500 1600 1700 1800 1900 2000

Bkoh”y ba ij_"klZ\e_gguo bah[jZz " _gbc fh gh k~_eZlv \u\h”
m\_ebgb\Zxlky k jhklhf I_fi_jZlmju H[mkeh\e_gh wlh \lhjbgghc j_
dhlhjhc ihl&€)\_jr_gby\bigghc j_djbklZeebazZpbb d2phdikelwglulc jhkl
hi*" _evguo aZjkg | ihlJeh[fhhegbyf edbo djbklZeeblh\
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GZ jbX ij "k\&_gZ azZ\bkbihkdiu fzdkbfZevghc b fbgbfZevghec
g_jh\ghkd_2Zbkj_~g_1h jzafjj@l[ h! |_fi_jzIhfZ[hldb

60

40

d, MKM
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T T T T T T ' T T T
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TemnepaTypa, °C Temnepatypa, °C
Z
Jbk L fi_jzZImjgzZzy az\bBhthklIdi _jZImjgZy aZ[\bId([)'lkIv

AZdexq_gb _

MklZgh\e _gh qlh wemdljhdymh[jZ[hldZ ih\_joghklb d_jzZfbq_kdl
ba "bhdkb”Z pbjdhgby ijb\h”~bl d j_djbklZeebaZpbb bWafhy_ jolphklg
jZzaf_jz a_jdlglhjh_ h[mkeh\e_gh \lhjbgghc j_ith\bkofddblmZphZébdb
Lzd _ ij_"klZ\e_ggu_ j _amevbdhuijbhdZaiZzgblmj_ KufKgzZgbgzZ Iky
agZqbl_evgh_ m\_ebqg_gb_ \ykKlafajhpjl\gdhlhjh_ k\yaZghi ljdjhc
Lzffzgz ijb ~hklb  _gbb dhlhjhc dhfihg_glu I\_jAhjh*\bég@hkjllvh[j_I
>ey "bhdkb”Z pbjdhgby hgZ e_"bA\ AMbZiZlehg_ hl

JZ[h1Z \uiheg_gZ ijb ihA~r_j°d_ 1jZzglz Fbgbkl_jkI\Z gzZmdt
h{jZzah\Zgby Jhkkbckdhc|RidZ§Zphddm k20240006,
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HilbfbaZpkghevays_ ]h j_"bfzZ mijZég _d\y*jhdhil_jZ
k bkihevah\zZgb_f Ze]hjblfz 62
KA FZc
GZmgguc jmdh\h~bl_ev ijhB i k®hrZrdgkdbc
Lhfkdbc JThkm~ZjkI\_gguc mgb\ _jkbl_ | kbxk*bhwejzZdlghgbyhbb
Jhkkby ] Lhfkd ij40,B634950 Z
E-mail: maixuandung85@gmail.com

Optimization of Sliding Mode Control for a Quadcopter Using the 3SO Algorithm
X.D. Mai
Scientific Supervisor: Prof., DI.A. Hodashinsky
Tomsk State Universityf Control Systems and RadioelectronRessia, Tomsk, Lenin std0, 634050
E-mail: maixuandung85@gmail.com

Abstract. This article presents the application of the 3S Optimizer (3SO) algorithm to optimize the
parameters of the sliding mode control{&MC) for controlling the altitude and state of a UAV in the
form of a quadcopter. The optimized controller significantly improves system performance compared
to the conventional controller, particularly in terms of rise time, settling time, and ss¢ae\error.
Keywords 3SO algorithm, sliding mode controller, optimization, Quadcopter, UAV

<\*_gb_

D\ZAjhdhik wlh Ibi [_kibehlgh]lh e_I|ZIl_evgh]h ZzZiizjzlz ;IE:
\ukhdhc fZg_\j_gghklvx b rbjhdh bkihevam_fuc \ jZaebqgguo h
fhgblhjbg] gZmggu_ bkke_~h\zZgby |IjzZzgkihjlbjh\dZ ihbkd b kizZk_
baaZz keh guo "bgZflb@jKdbobklbd b \ha”_ckl\by fgh _kI\Z g_hij
nZdlhjh\ jzZajzZ[hldZ wnn_dlb\ghc kbkl_fu mijZ\e_gby "ey d\Z’
g_ljb\bzevghc abAZfjhdhil_j khklhbl ba q_luj_o ~\b]zZl_e_c k ij
jZkiheh  _gguo kbff_ljbgqgh ih kWwlZ kdéklklfZ bf__ | \hafh ghklv mijZz
Mb® _gb_f ih r_kilb klI_i_gyf k\h[h”u \dexqgZy Iljb ihkimiZl_evguo
\jZsZl _evguo "\b  _gby \0X,j@Y] Ok Fh™ _ev "bgZfbdb d\Z"hhkkdgyZz
\ujZ  _gby3b

Kdhevaysbc j_"bf mijZ\e ydby IkyMvnn_dlb\guf j r_gb_f ijbf_g:
"ey mijZ\e_gby d\zZAjhdhri@jzZzth*gZdh wnn_dlb\ghklv kdhevays_
mijZ\e _gby agzZqbl_evgh azZ\bkbl hl \u[hjZ izZjzZzf_|ljh\ kdhevays _c¢
ih\ur_gby dZg_kI\Z mijz\e_gby \ 2gdBclklZbkihigvah\Zgb_ Ze]hjbl
> @ “ey hilbfbazZpbb wlbo iZjzf_Ijh\

F_Ih™ hilbfbazpbNk bkihevah\Zgb_f ZeB®jblfz

celhjblf 62+ f_|h™ Jeh[Zevghc hilbfbazZpbhb h[t_~bgyxsbc
wdkiemZlZpbx b ]Jeh[Zevgh_ bkke_ _~h\Zgb_ 7~ey [ukljhc b Ihgghc
ihimeypbx gZ Iljb ]jmiiu b bkihevam_| iylv kljzZl_Jbc ihbkdZ qlh
koh”bfhklb b ih\urZ_| wnn_itdbhgBlbklb/bh> @

ljb ijbf_g_gbb Ze]h$0l&Z"ZqgqZ hilbfblaZpihb | [ulv hibkZgz dzd
azZ"ZqgqZ ihbkdZ wdklj_fmfZ k h]jZgbqg_gbyfb P_ev aZdexqZ_Iky \ h
j_ImeyltZ [(kin kg (kiy ko) (ki, ko) (ki ko9)]") 1Zd qlmijZ\eyxsZy hrb[dZ
(E(t) = [eft) ext) e (1) eokt)]") [ueZ fbgbfbabjh\Zzgz ijb wihf m~h\e _I\hjyy h]jzZ
Angfb®_ = [(POTz, tsz, trz) (POT¥ ts¥ tr@ (POT, ts, tr) (POT% ts% trO)]T) |h
i _j_j_Imebjh\2Zg3x72\j f_gb gZjzZklZhgbwjcf gb i_j_ _o®@d®2ajhp_kk
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hilbfbazZpbb hkms_kl\ey Iky q_j_dtiess §dim rEfgtdgib®. G_h[oh/ bfu _
iZjZf _lju ~ey ihkljh_gbyfiness dyipb* ©eyxlky gZ hkgh\ .ko fu gZ jbk

Jbk Ko fZ mijZz\e _gby d\Z~jhdhil_jhf b hij_~_e_gb_ iZjZf_Ijh\ nmgdpk

AN _I) =[z(t) %) o) %O]T £\oh”rgh_ ag2fft) ghn) %) m®) %O +
\uoh”ghc hldebd

J amevlZlu

>ey ijh\_jdb b kjz\g_gby j_amevlzZlh\ fu bkihevah\zZeb izjzf_1
KJMhim[ebdh\Zggu_ \ bkke_ "~h\Zgbb > @

1Zzjzf _lju Ze]lhjblfz 62 ijbf_gyebkv dh \k f q_luj_ f dZgZe.
ke "mxsbf h[jZzahf dhebqg_kl\h hkh[_c \ ihimeypbb jZ\gk20, dheb
jZaf_j h[eZklb ihbkdzZ hip#00.ey lIklyp_kk_ hilbfbaZpbb [ueb ihen
hilbfZevgu_ dhwqlubpblmeylhjZ ~ey m]eh\ WceéZ216 ku kHBY,
kie= 72 koe= 368, ki =75, k2 = 384, kio= 21, ko o= 84.

J amevlZlu ijh\_jdb b kjZ\g_gby hldebdZ \uoh”~guo ~Zgguo dZ
\oh”_ \ \b”_ _~bgbgghc kimi_gqBtH¥azZygougd@ZbhbXzZq_kI\h jZ[hlu
Khhi\_IklI\mxsbo j_]Imeylhjh\ ij_~kilZ\e_gh \ I1Z]e

1 A 17— — == ‘
- % L.——
4 / T
/' I ’_,.l"‘ I /:/
0.5 — o * 0.5 j——" ~ ‘- i 1

'I 1 /,./' | | I /./
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| E =T g | | | |

0 1
7 I
I it
| //'
0.5t Z
1 7
e
4 |
0 - ,T —
0 1 4 5

JbR <uoh”ghc hldebd dZgZeZ \ukhlu b m]Jeh\ Wce _jZ ijb _*“bgbgghf klmi_gq.:



LZ[eblpZ

IhdZzazl_eb dzq_kI\Z j_Imeylhjh\

DZgZe _ . IhdZzaZzZl ev
mijz\e g '—J—Jzoi);“eblh\ <j fwzjzkiz{ <j_fymkiZgh\e Mk'hzr%?;bz”z—
KIMd&hwnnbpb_glZfb hilbfbabjh\Zggufb k ihf3GvkJEI&EjbIfZ
<ukhkz 0 0,0206 0,0361 5 x 107
M]h¥ 0 0,2088 0,3278 43 x 107
M]he 0 0,1881 0,3025 2 x 10°
M]h e 85 x 10° 0,0484 0,0814 65 x 107
KJM k iZjZf_ljZfb ba > @ KJM
<ukhlZ ] 0 0,7422 1,3485 2x10°
M]h¥ 0 2,1713 3,8593 34 x 10°
Mlhe 0 2,1713 3,8593 38 x 10°
Mlhe % 0 0,6745 1,1943 31 x 107
AZdexq_ghb
ljbf _g _gb_ Ze]hj@fhal\hebeh gzZf hij_" _eblv hilbfZevgu_ iZjZf

kdhevays _]h j_]ImeylhjZ qlh agZgbl_evgh ihl\ukbeh wnn_dlb\ghklv n
DZd ihdzZzdZgebp _ |Zdb_ ihdZazl_eb dzd i_j_j_]mebjh\Zgb_ b mklz
h[hbo j_]meybhgifzZfevgu b ijZdlbg_kdb jZ\gu gmex <j_fy gZjZklZgby b
ijhp_kkzZ 1Zzd _ agzZqbl _evgh memqgr_gu ih kjZ\g _gbx k g_ hilbfba
j_]Imeylhjhf WIb j_amevIZliu ih?I\_j"2Zxl wnn_dlb\ghklv ij_~eh” _ggh]f
fu iezZgbfnmthjz[hlZIv j r _gb_ "ey \k_o r_klb dZgZeh\ mijZ\e _gby d\z
bkke_~h\Zlv ijbf_g_gb_ ~Zggh]h ih*oh”Z 7~ey jZajZ[hldb kdhevays_
eh]bdhc qglh ihal\hebl kgbablv wnilm\wk\jy dZZgp ykiI\h mijZ\e_gby
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Digital meter control circuit for testing photonic integrated circuits using the SPI
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Abstract. In the present study, we developed thecephand layout of a smadized sourceneter

with a digital control unit to improve the testing efficiency of photonic integrated circuits. This digital
control unit is designed on the basis of the B2RAnicrocontroller, is programmed in the Arduino
language and communicates with other circuit devices using the Serial Peripheral Interface.

Key words Source Measuring Unit, SPI, Signal converter, Photonic Integrated Circuit.

<\_"_gb_
< gZklhysbc fhf_ gl | _klbjh\Zgb_ bgl_]jZevguo ZgZeh]h\uo |
bkhggbdhdaf jbl e ¢ 608 6RXUFH OHDVXULQJ 8QLW bf_ | jy~

1Z[ZjblZzfb bklhggbdh\ dhebq_klI\hf baf_jy fuo ihjlh\ ~bZiZahg
az”r"z\zZ_fuo agZq_gbc Ilhdh\ b gZijy _gbc GZijbf_j "~ey ihemq_c¢
gZijy _gbc "2ehdikg\h]h hilbg_kdh]h i_j_fgh bl_ey fZljbp g_h[oh”bf
ijhba\h~blv hi_jZpbb ih"Zgb b ihemqg_gby kb]gZeZzZ k ihjlh\ qll
| klbjh\zZgby LZd gZijbf_j ebg _cdzZ fh”_e ¢ 608 .H\VLJKW hl Z
.HLWKOH\ ij "kld\eybkltkkdqigbdb iblZzgby F qg_lujzod\zZz~jZglgufb
gZijy _gby hl~h <40 A ~h . H”rgZdh gbkeh h[jZ[ZIlu\Z _fuo iZjZe
dZgZeh\ h[uggh h]jZgbgb\zZ Iky "\mfy qlh g_ ~Zzl \hafh ghklb ijh
h[jZz[hldm fbdjhko_f k d{dhebrpfkl\hf \u\h~h\ G_~hjh]lhc 608 hl d:
nbjfu 1IDWLRQDO ,QVWUXPHkQWY B[[A[ZIu\ZIv "h dZgZeh\ ijb w
[hevrmx ]JZ[Zjblghklv LzZzdbf h[jZzahf jzZajz[hldZ mgb\_jkZevgh
bklhqgthdaZ jbl_ey k [hevrbf WYbi&afahyg_fuo Ihdh\ b gZijy _gbc
g_[hevrbo 1Z[Zjblh\ fh™ _I ih\ukblv Jukljh® _ckl\b_ \ |I_klbjh\Zgbb |
NBK > @ Bkoh”y ba IsZl_evgh]lh bkke_ _"h\Zgby ZgZeh]h\ gz fbjh'
\u\h” gqlh "ey h[_ki_qg_gby [ukljhlu dlhigdjjh&y dfZzg_k[oh*bfh jZajZ[h]
mgb\ _jkZevgh_ mkljhckl\h k rbjhdbf "bzZiZzahghf Ihdh\ b gZijy _gbc
1Z[Zjblu b g _[hevrmx klhbfhklv LZdbfb j_ r _gbyfb aZgbfZxlky ij
bkoh”y ba dhgdj_Ilguo izZjzf_Iljh\ dhlhju_ Iljghmba &ZdllZaqgbad_ gt
ij_"eZlZ_| eZ[hjZlhjby bgl_]jZevghc hilbdb ijb LMKMJ

Wdki_jbf_glZevgZy qZklv

GZ "Zgdht_gl jZzajz[hlZgZ ko_fZ 608 khklhysZy ba fbdjhdhglj
812 we _dljhgguo baheylhjh\ kb]JgZeZ fmevlbie_dkhjh\ k~\b]h\u
Pl JZajzZ[hldZ ko_fu gZgZeZkv k jZkij_"~_ e _gby ih~"dexq_gby we_
6SODQ >Ze__ \ijh]jzff_ 6SULQW /D\RXW J[ueZ jZajZ[hlZgZ jZa
gZ jbk >ZggZy ko_fZ ij_"gZagZq_g9gZ ~ey bkiheg_gby \ dZqg_kI\_ fZ«



Jbk JZa\h~dZ fZd _1Z ko_fu pbnjh\h]hb[@fhd&l b&yhqgbdzZ

< dzZg_kI\_ fbdjhdhgljhee_jzZ ieZgbjm_Ilky bkihevah\Zgb_ (63
ijhba\h~bl_evghklb b rbjhdh]lh \u[hjZ ih~*_j"b\Z_fuo bgl_jn_ckh
>eyW[_ki_q_gby dhffmgbdzZpbb”nisbfmfb\ddjhdhgljhee_jhf b \_~hf
mkljhckI\Zfb \ \b"-Zgwbejhh\h]h b -gh&Zjghhplh ij_h[jZah\Zl_eyfb [u
ijbgylh bkihevah\zZlv bgl_jn_ck 63, <u[hj 63, bgl_jn_ckZ [ue h[mk
lj_[h\Zgbyfb d wg_jlhihlj_[e_gbx \ hl&PHR0[2] hl1?sz&hbgh \b~gh_
Ij_bfms_klI\h £8kihevah\Zgb_ Ilhevdh q_lujzo \u\h~h\ ”“ey ih~dex
\ "msbf b \_~hfuf dhfihg_glh\ qglh h[_ki_gb\Z | [hevrmx dhfiZdlgh
mkljhckI\Z <uoh”gu_ ihjlu 63, gZ iezZl_ (63 ihhtinxgaxekyhidmpbay
kgb™ _gby \gmlj_ggbd3]rmAmRAl_f k ihfhsvkZgZevguo fmevibie_ dkh

ADG739BRUZ 5 ((/ jZ[hlZxsbo \ j_"bf_ ~ _fmevlibie_dkhjh\ [m~_1 ij
mfgh™ _gb_ &6 kb]JgZeh\ Zdlb\bjmxsbo \_~hfh_ mkljhckl\h ~h g_
LzZzdZzd h~rghc ba hkgh\ghc az~Zqgb EBHJ y\ey_ |ky h[_ki_q_gb_ |_Kkl

i _j_fgh' bl _e_c¢ fZljbp "bFhh[lkhgZklblv mkljhckl\h iylvx fmevibie_
ADG739BRUZ 5 ((/ 6&. kb]JgZe bkihevam_Iky ~ey kbgojhgbaZpbb ijb
RbgzZ 026, ij_"gZagZq_g9gZ "ey ihke_"h\Zl _evghc i_j_"Zgb ~Zgguo |
< ko_f_ d ~Zgghc rbg_ ih"dexgdgZeylhpbaojhj_h[jZzah\Zl_ev $'

ZgZehlpbmjh\hc ij_h[jZah\Zl_ev $' % &3= Rbgz 0,62 ~Zgg
ij_"gZagZq_g “ey ihke_"h\Zl_evghc i_j_~Zgb "Zgguo hl \_~hfh]h d
lZzd ~_ bkihevam_I|l-ggaghhchij_h[jZah\Zl_ev $' >72%&3=jhba\h”blky
ihrdexq_gb_ &6 dZgZeh\ d fghl]hdzZgZevghfm P:1 HI[PIdhkib]gZe
agZg_gby ij_h[jZzam_Iky \ gZijy _gb_ b b”zl gZ fbdjhko_ _fu k gZ
mkbebl_ey “ey m\_ebq_gby ih”"zZ\zZ_fh]lh gZijy _gby brbhglZ Kteguhij_
ihrz\z _fhlh gZ gZ]jmadm \ \b”~_ | _klbjm 5fh]6 zZihylZ govBKgZ ihjl_
hij_~_ ey |ky k ihfhsvx bgkljmf_glZevgh]h mkbebl_ey AZl _f agZ
Pl gZ dhgljhee | Ij_h[jZah\uipilghh _\ agZq_gb _ Qlh[u hij_~™_
dhjj_dlghklv ihrz\Z_fh]lh kb]J]gZeZ gZ NBK kb]JgZe ij_hJ[jZah\Zgc
ihklmiz | gZ k”\b]h\u_ j_]bklju 61 +& ' b hlh[jZ Z Iky \ \b"_
kblgZzezZ gz k\_Ih~"bh”"Zo ih”dexqg_gguo d \uofetguf ihjlzf j_lbkljh\
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J amevlZlu

< j_amevldhlujduez jZza\_" _gZ fzZzd _lgZy ko _fz gZ ff "ey
8fb dzZgzZeh\ >h[blvky I|Zdbo jzZaf_jh\ m~Zehkv k ihfhsvx mf
ijh\h~gbdh\ b jzZkklhygby f_"~m gbfb #h jZfafbjhbkihevah\Zgby
fmevibie_dkhjh\ k dhebqg_klI\hf MupliAh\gfMhn iha\hey | mf_gvrblv dhet
dhfihg _glh\ gZ ko_f  Hk\h_gZ dhffmgbdZpby pbnjh\uo fbdjhdhg
P:1 :Pl k ihfhsvx ijhlhdhezZ 63, |Ih ijhlhdhem 63, [ue mklZgh\e.
dhglzdl k $PI b P:I 0&3 >Zggu_ k :Pafijb_dbb gZijy _gby |
ihfhsvx i_j_ f _ggh]lh j_abklhjzZz i_j_\h”"bebkv \ [blguc ~bZizZahg
agZg_gby[blghf "bZiZahg_ ~ey 0&3 gZ \u\h™_ P:1 ih~dexqgzgc
ZgZeh]lh\uc ihjl \ $UGXLQR Lzd ~_ \ dzZq_kI\_ |I_kIW®jh\[Ageby jZ]
ijh\_~zg wdki_jbf_gl kh k\_Ih*bh~hf \ j_amevlzl_ dhlhjh]h
<:0k\_Ih~*bh~Z

AZdexq_gb_

< j_amevlZIl_ijh\_~ gguo bkke "h\Zgbc [ueZ jZajZ[hlZgZ b jZa'
baf_jbl_ey h[_ki_qgqb\ZxsZy ih*"Zgm kb]JgZeZ gHEqggudggealdk\uj& og.
bfblbjmxsbo ihjl NBK Bkihevah\Zgb_ bgl jn_ckZ 63, ihalhey | ac
ijhp_kk \azbfh”~_ckl\by f_""mbaklhimigedfifb |_klbjm_fufb mkljhckl
h[_ki_gb\Zy [ukljmx b wnn_dlb\gmx i_j_ ~"Zgm "ZggugZyx f_dmbdiZI| _
fh™ I [ulv mki_rgh ijbf_g_gZ \ gZmqguo bkke_"h\Zgbyo b ijh
hilbfbazZpbb ijhp_kkh\ | _klbjh\Zgby b ih\ur_gby dZg_KkI\Z nhlhgguc
>Zevg_crb_ bkke_~h\Zgby fh]lml [ulv gZijZ\e_gu gZ memqr_gb_
NZgou b jZkrbj_gb_ nmgdpbhgZevguo \hafh ghkl_c¢c ko _fu qlh ih:
mgb\_jkZevghklv b z~Zilb\ghklv d jZaebqguf mkeh\byf |_klbjh\Zgby

JZ[hl1Z \uiheg_gZ ijb nbgzZgkh\hc ih~~ _j°d_ Fbgbkl _ jkI\Z gZ
h[jZzah\Zgby JN \ jZfdZo ijh_d+DOK:0
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Analysis of the characteristics of a differential transmission line
in the form of an internal spiral
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Abstract. The study investigates the impact of an internal spiral conductor routing scheme on the
characteristics of aifferential transmission lin€TL). A timedomain and frequenegomain analysis

was conducted, demonstratimgterferenceattenuation by a factor of,33(10,46dB). The signal
integrity was analyzed at data rates of 1 and 2 Gbit/s, revealing an improvienties signaito-noise

ratio with increasing speed. The obtained results confirm the effectiveness of the proposed routing
method in enhancing the electromagnetic interference immunity of differential TLs.

Keywords microstrip transmission line, usefsignal integrity, interference attenuation

<\*_gb_

Kdhjhklb i_j_"~Zgb ~Zgguo \ kh\j_f_gghf fbj_ ijh~he Zxl| jZklb
|Zdbo \ukhdbo kdhjhkl_c¢c bkihevamxl ~bnn_j gpbZeEgu_ ebg
Hgbhalheyxl wnn_dlb\gh i_j_"Z\Zlv kb]JgZe gZ [hevrbo kdhjhkly
h"bghqggufb ydbgth|[_ki_qgb\Zy ijb wihf emqrb_ o0ZjzZdl_jbklbdb ihf_o
HrgZdh 1Zdb_ ebgbb hklzxlky ihdHgfmdigutué_dljhfZz]gblguf
ihf _ ozZWFIL LzZd \ > @ jZkkfzZljb\zZxlky “~bnn_j gpbZevgu_ EI
we_ dljhfZ]gblghc k\lyavx f_""m bo @Id2efib m&mqgr_gby ihf_ohih”"Z
bkihevam_ |ky we_ dljhfZ]gblguc ih]Jehlbl_ev < jZ[hl_ > @ ijb
hfmqg_gBH "ey hilbfbaZpbb o0ZzZjzZdl_jbklbd “bnn_j _gpbZevguo E
ihdZzazZzeb qlh FH mkdhjy_I| wlhl ijhp_kk < > @klgeyp kgt o glhy
memqr_gby ihf_ohih~Z\e_gby bkihevah\Zebkv re_cnu f_""m ijh!
ij_"eZlZeZkv ljZkkbj\h\BZ EVNgmlj _gg_c kibhZeb p_evx HZgZdh
"Zggly kkbjh\dz EI bkke_"h\ZeZkv Ihevdh \ h*bghqghf jBohf yi_ j_~
ba wlh]l]h p_evx ~“Zgghc jZ[hlu y\eyljlkkkbkk\ed A\ BEg§b \gmlj gg_c
kibjzehz[hlZxs_c \ “bnn_j_gpbZevghf j_"bf_

Wdki_jbf_glzZzevgZy qZklv

< dzZq_kI\_ h[t_dIZ bkke[[Z\Z gbyaZggZy fbdjhEHetkkdjpg@dyzy \
\b”_ \gmglg_c kibjZebGZ jbkihdZazgh ihi_j_qgh_ k_q_gb_ b ko_fZz
bkke_"m_fhc kljhzdimjuju ihi_j_qgh]lh k_qg_gby rbjbgez=0jhfth~gbdh\
lhesbgZ ijh\h "gb@oiBff jZkklhygb_ f ""m ijh\dwOglbdZfhZkklhygb
f ""m iZfbd=0,15ff \ukhlZ “"bwe _dljbq_kdhly=ih206hf din[sZy ~ebgZ
ijh\h~gbdi300ff < dZg_kl\_ “bwe_dljbg_kdhc ih”ehFBb bkkihev:
hilghkbl_evghc "bwe_dljbg_kdhc ifhgbpzZl Zfdklgkh® m]leZ ~bwe_dljb
ihl_jtg,=0,025.GhfbgZeu j_abklhjh\ k®kHZ\beb
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lhi_j_gqgh_ k_q_gb_
< dZg_kI\_ ihf_oh\h]h \ha”_ckk\byorwjhdgihehkBZy WFIk
gZklhlguf ki_dljhfl Ah ==p >ey ZgYelbagguo hldelbldihevah\Zgu
N-ghjfu GZ jbkj_"kIZ\E_ghjfXKRIl ihf_ob\h \j_f gghc Ib[eEk _
ki_dljZevgZy ielglgihklvgleZ jbkij _~klZ\e _g \j_f gghc hildebd gZ KR
b dhwnnbpbjgtZgb \ "bnn_j _gpbZe\Qdfeybdkke ~m_fhc kljmdIimju
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jb¥x Z\b~rgh qglh fZdkbfZevgzZy Zfieblm”~Z gZ \uoh”_ kljmd
144 f< WIh Jh\hjbl h Ihf qlh ihf_ozZ \ “bnn_j gpbZevghf j_ "bf_
371jZabebl39”; hlghkbl_evgh ihettkbgdd _ \b~gh g_ldbo bfime

jZaeh  _gby gZ gkok hhl\_TklI\_¢jbh ZgZeba_ qgzZklhlghc h[eZklb \b-
ihehkZ ijhimkdZgby khjmghimgy flBgmkhklZ\ey=£Ep LZd _ gZ[ex"Z_ Iky
y\gu_ j_ahgZgku gZ \k_f qZklh|Shff *&yiZaleevgh]lh ZgZebaz \j_f_
hldebdh\ bkiheWa@phZfgu

LZ[ebpZz
<ugqbke_ dlgahjti gZ \oh”_ b Aephbtkke “odjmldémju
N; A 3 N> A -10 NgA 12 N4A -10 N5A 6
<oh~” 535 1,101 7,635 1,765 6,051
<uoh~” 144 0,2612 7,055 1,09 2,565
BalZ[e \b~Agh qlh ijbf_ g _gb_ ko _fu IjZkkbjh\db ijh\h~gbdh\ \ \

kibjZebbAbnn_j gpbZevghfijalbhéey |

mf_gvrblvNegBpf Lgddy agZqg_gb _
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N-ghjfkgbabeMNkw 3,71jZ4d N, +4,215jZ@ N3 +4,215jZ,aNs +1,082jZabNs +
235jz42 L_f kzfuf J[ueh ~hklb]Jgmlh agZgbl_evgh_ mf_gvr_gt
we_dljbg_kdh]hbéhyljbdZ beb ywwkhjZzdd

:gZeba p_ehklghklb ihe_agh]lh kb]JgzZez

>ey hp_gdb ithe_agh]h bkihegwZei\Zeikku*hkemqgZdgkh\Zy
ihke_"~h\zZl_evdhklgihklvx [blkh kdhpfbl b2 =[bl kZgg&kghjhklv
[uezhij_ "~ _@Zh ihehk_ ijhimkokkeby'm_ fhc kljm3Zmjjukij ~klzZ\e g
JeZzadiht*bz]jZzif*ekdhjhkd b =[bl.k

Jbk. =eZadh\u_ ~"bZ}p&ffdhjhkliZc b =[]

AQZg_gb_ hlghr_gbymkbijooZledhjhldpb/lk khkb2h Z ijb kdhjhklb
2 =[blkt7,54 1jb wlhjffo m\_ebq_gbb Kdhjhkikbp ~g d\Z~jZlbggh_ b ibdh
nZah\h_ hldghdjgbdbg d\Z"jZHdehg obB_ebgbehkv k ik Mhdh\h _
hldehg kgb_"h ik LZd _ \ukhlZ hldjulby ©]l]eZaz? mf_gvrbeZkv k

AZdexq_ghb
LZdbf h[jzahdf_g_gb_ ko_fu IljZkkbjh\db ijh\h~Agbdh\ \ \b~"_
kibjZzeb g_ lhevdh iha\hey | i _j ~Z\Zlv ihe_aguc kb]glde \ ghnm_j

ihr"Z\eylv dhg”mdlib\gu_ KRI WFI
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Electron beam remelting of the steelsurfaceusing a fore-vacuum source
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Abstract We present electron beam remelting of steel surface. Electron beam was produced by
forevacuum plasma electron sourtéemeltingwascarried outwith a stationaryandmovingtarget.
Thedepthandwidth of themeltweremeasuredlependingontheirradiation timeandthe movement
speedof thetarget.

Keywords plasma electron source, fekacuum, metal remelting.
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HAbg ba kihkh[h\ memqgr_gby Zglbdhjjhabhgguo k\hckl\ Z |Zd _
b baghkhklhcdhklb f_IZeebg_kdbo ba”_ebc -lemkghbhc\ iwje idZFj\dgc
ih\_joghklgh]h kidlkydkc ihklhjhgg Jh \<sdkRI§ZkjbkzZ™d gZs_ \k_]h
bkihevamixjlhrdb Im]hiezZ\dbo f_|Zeeh\ eb[h “"bwe_dljbqgq_kdbo fZI_
gbljbrhdzZj[b . ITh” ~ ckl\b_f we_dljhgghZklbmgdZbwe dljbg_kdh
ihjhrdz fhlml azjy ZMky\uaul\Z_| bo jZae_I b ke _"h\Zl_evgh
wnn_dlb\ghklb hiljjzpjdBd_~ _gbb gzZiez\db \ \ukhdhf \Zdmmf_ |j_[m_
ki_pbzZevguo f_jrhH\JZs gbx wlh]lh g_"_eZl_ev®]h tyli\fe gzbylky \ >
ijh[e_fZ azZjyboe dljbdh\ \ agZqgbl_evghc kl_i_glhbokmikdpvadwZiklyb ij
nhj\Zzdmmfguo ieZaf_gguo we _dljhgdbZiZkihg g&ifihdbo ~Z\e gbc d
khiZ\ey | _"b@gbbuyldBkdZeNh kihkh[kI\m_I nhjfbjh\Zgbx imgdh\hc
h[_ki_qb\zZxshfé_gkZpbx hljbpzZl_evgh]lh azjy*rz ijblgélkbdh]aviguddhf
azZjy™"hf bhgh\ ba imgdh\irc eezZ@iulhys c jZ[hlu aZdexqZ _ |ky \ ~_
ijbf_g_gby we_dljhggh]i ZedmyZf\itjpyieZ\db _joghkl |ZeeZ

Wdki_jbf_glZevgZy qZklv
Wdki_jbf_gl ijh\h®*bBkihkn_j_  Ziahl2Z2Z\e_gbb Zk lggh\d _
ko_fzZlbq_kdh_ bah[jZ _gb_ dhlhjhdbik_"&¥ZZhe Zgtp g XZ ddzrhfphc
jZkihezZ]lZeky nhj\Zdmmfguc ieZaf _gguc we_dljhgguc bklhqggbd
jZajy*ghc b mkdhjyxs_ ¢ kbkl_f bklhqgbdZ hkms_klUgyelUkv \uij)
We dljhgguc imghd k ihfhsvx fZ]gblghc ebgau nhdmkbjh\Zeky ¢
\ iyllg "bzf _Ijhf ff H[jZa_p azZdj_ie_g \ h*ghdhhj*bgzZlghc kbkl
Baf _j gby ijh\h”*bebkv gZ h[jZapZo ba]hlh\e _gguo ba klZeb = K
O G L LhesbgzZz h[jZzaph\ khklZ\eyeZ b ff>ekh hli\_I'kle_gdly
\hafh guo j_ hbfgZiez\db [ueb \uiheg_gu baf_j gbybgaimhijbguz \
aZ\bkbfhklbehl _evghklb h[ejbq]Zabgywg _jjybwe _dljhgh\ \ Ippgadlhf
wg _ jlby azZz”~zZ\ZeZkv \_ebgbghc mkdHhjyxs_]h gZijy _gby
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> >

Jbk Ko_fZ wiklZgh

Baf_j_gby Jemb[bpubguyhiez\Z ijhba\h”“bebkv gZ ihi_j_qghf rebr
ljZzZ\e _gby \ iylbijhp_glghf jZkI\hj_ Zahlghc dbkehlu \ Wwlbghkhf kib]j
ij_~klz\e_gu j_amevlZlu baf_jhdgby'b2imppfjhiez\Zz \ azZ\bkbfhklb h
\j f gb h[emqg_gby "ey jZaguo mkdhjyxsbo gZijy _gbc Lhd imqdZz

AT

z [
Jbk H[jZapu ihke_ h[emqg_gby \b” k\_jom Z b ihi_j_qguc rebn

Jbk AZ\bkbfhklvh]&mpbgljdgh ijhiez\Z hl \jt fhabd_ckl\by we_dljhggh]h imqgd.:
NeyZaguo mkdhjyxsbo gZijy _gb&lZedM jbZk

GZjy"mwHki_jbfZigd\ klZpbhgzjghf j "bf\l\uifued gu bafy k gb
i j_ f s ghhffZapd imkdhjyxs f gZijya ghdx
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J amevlZlu

GZ jbk ij_"klZz\e_gu nhlh]jZznbb ih\_joghklb ihke_ h~ghdjZ
h[jZapZo klZekZ b g _j Z\ _xs_c ®lZzéeb L[ Ba jZkkfhlj_gby nhlh]jZn
ke "m_Ig4lg _j Z\_xs_c klZeb rfbhebf XkeZ~dmx ih\_joghklv 1ljbgbgh
fh™_I [ulv jZzaebqgb_ \ \yadhklb jZkiez\zZ [ezZ]h"~Zjy gq_fm gZ g_j Z
mki_\Z | jZkl_qvky i_j_ " aziteyNiheZzgtp gby k\_~ gbc h \ebygbb i_|
k\hckl\Z f_|ZeeZ [ueb \uiheg_glh_pdafklbgbkoh”guo b i_j_ ieZ\e_
mgZkldh\ ih\_joghklb Baf_j gby ijh\_~_gu k bkihevah\Zgh_ f fbd,
J_amevlZlu ijb\_~_ggu_ \ IZ[e A fhgkljbjmxl qlh ~Z° _ \ hlkmlkl
\uau\Z | ih\ur_gb_ I\_j~hklb f IZeeWr Igbg fi_fihazf Ig__ q_f gt
kdhjhklv i_j_ f_ s _gby h[jZzapzZz | _ q_f "hevr_f_|Zee gZoh”blky \ jZ
GZb[he__ \_jhylgZy ijbgbgZ ih\ur_gby I\ _jrhkbBbdBEtiie xagzZzddky ih
ijbih\_joghklgh]lh kehy f_1ZeeZ

14 15 16 17 18 14 15 16 17 18

z [
Jbk Nhlh]jZnbb ijhiez\h\ *ey jZ&bZovf |1Z&eh)j Z\_xsZy klZev O[G L

LZ[ebpZ
L\ _jrhkHvih\_joghklb ~ey jZaguovkdhjhkd gby h[jZapZ
v ff k Bkoh”"g 4 3 06 0,17
H =1Z 1,4 1,6 1,8 2,2 2,7

AZdexq_gb _

<uiheg_ggu_ wdki_jbf _glu ijh~_fhgkljbjh\Zeb \hafh ghklv
nhj\Zzdmmfgh]h ieZzaf _ggh]h we _dljhggh]h bklhggbdzZ d&d q_ jgiheZ\Z
klZzeb 1Zd b klZeb g_jgZh_kbkdja\zZ | i_jki_diljln\u “eyypy wdki_jbf _glh
ih fh bnbdzZpjlbih\_joghklgh]lh kehky \\_FZeedZ f ijbkZ"hd

Bkke ~h\Zgb_\uiheg _gh azZ kg_| ]jZglZ Jhkkbckdm108Z mqggh]l
https://rscf.ru/project/2479-100371

Kibkhd ebl_jZImiju

1. =gxkhK N >mjZch¥vWe_dljhgguc emq \ nhjfbjh\Zgbb g_jZ\c
kljmdlmihfkdanzZl_evkl\h Ihfilheel]l _ogbg_kdh]h mgalR. fkblklZz

2. ;mj*h\bpdg DebfhK F_~h\gbd Hdk F XrdhX =Nhj\Zdmmfgu_
ieZaf_ggu_ bklhggbdb Wweyhijhmif fkd arh Lhfkdh]h mgb\201khb | &



KlZ[bebazlhj | _fi_jZImju ~ey fZ]gblZ b h[jZaph\ k |_jfhj_]mey
ihjlZlb\gh]h I-hJeZdkhf_IljZ
>:.G]lm_g
GZmqguc jmdh\h”bl_ev ijhdh KkkDgrZ I\g
DZaZgkdbc Jhkm~Zjkl\_gguc mgbj] jKibd_kdbc
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Temperature stabilizer for magnets and samples with temperature controller
for portable PMR relaxometer
D.A. Nguyen
Scientific Supervisor: Prof., DR.S. Kashaev
Kazan State Power Engineering UniversRyssia, Kazan, Krasnoselskaya St., 51, 420069
E-mail: navypro1991@gmail.com

Abstract.The PMR portable relaxometer is one of the measuring devicesthsimgclear (proton)
magnetic resonance method. The advantages of this method are versatility, high efficiency and low
cost. However, these devices also have strict requirements for operating conditions, including
temperature stability. In this paper, thauthors present the effect of temperature changes on
measurement accuracy and a developed device for stabilizing the temperature of the magnet and
sample during operation of a portable PMR relaxometer

Keywords Magnet, nuclear magnetic resonance, samgl@perature, controller, thermoblock
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F_Ih™ baf_j gby j _eZdkZpbb ijhlhggh]lh fZ]gblgh]h j_ahgzZgkZz
ba h[ezZkl-ki JQjhkdhibl@>\ dhlhjhc bkihevamxlky hkh[u_ k\hckI\Z Z
ijhlhgz ijb \ha[m ~_gbb jZ*"bhgZklhlgufb \hegzZfb \ kbevghf b h"
ihe Baf_j gb_ izjzf_Ijh\ Zlhfguo y”* _jguo kibgh\ iha\hey | gzZf t
k\yvaZggu_ k fZl_jb_c

Y~ jgukibg ih kmlb ij_~klzZ\ey | kh[hc m]eh\hc fhf_gl ihwlhf
aZ\bkbl hl \g_rgbo nzdlhjh\ [zZdbo dzd |I_fi_jZImjzZ beb gZijZ\e_g

\hegu L fi_jZzIlmjz fh" _ 1 \ebylv gZ qgzZklhlm vy~ jghc ij_p_kk
gZfZ]lgbq_gghklv Hjhxdv jXldrbj_gby b "bnnmabb <ebygb_|_fi_jZIn
ij_p_kkbb \hagbdzZ | azZ kq_I | _ieh\uo baf_g _gbc y* _jghlh sblzZ > (
kblgZzez IFJ g_\_ebd H~”gzZdh \ ~_ckl\bl_evghklb \ebygb_ |_fi_j

kblJgZzeZ IFJ h[ugguoh\EHkevf§hkl ¢ \h fgh]l]hf h[mkeh\e _gh \eb
jZ\gh\_kgmx gZfZ]lgbq_gghklv b jZkrbj_gb_ > @

Wdki_jbf_glzZevgZy qZklv

< ihjlZlb\guo ijb[hjZzo IFJ fZ]gblgh_ ihe_ kha”Z Iky ihklhygg
dhlhju_ hJuggh balhlZ\eb\Zx|IKNdFéBa kebFkdHEklIv fZ]gblgh]h ihey IZ
fZlgblh\ azZ\bkbl hl baf_g_gbc I_fi_jZImju qglh \ k\hx hqg_j_"v ij
j_ahgZgkghc qzZklhlu < > @ ihdzZazZgh qlh azZ\bkbfhklv j ahgZ
| fi_jZImju hdjm Zxs_c kj_"u ey fZ]gbldabkijgNdZB dgbkhu\zZ Iky
ke _"mxs_c nhjfmehc

Q d=p f2¥g K

Wlh \ujzZz  _gb_ ihdzZau\lZ_1| qlh ijb baf_g_gbb g _jfiahgylagkiggy
gZklhlz baf_gy_|ky ijbf_jgh dz=\_ebddp mG@ bk ij_"klZ\e_gu
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j_amevlZlu baf_j_gby ihehku ijhtEkglzddy\ liF@p_kk_ i_j_"Zgb b ij
jZkkgblZzgguc Kki-bifjme®kzZz k "ebl_ehghkidk Z 1Zd _ jZkkgblZgg
"bZiZahg j_ahgZgkguo qZklhl h[jZapZ ihf_s_ggh]h \ aZahj fZ
| fi_jZImjdoamevlZlu [ueb ihemq_gu gZ ijb[hj_ baf_ j &Py | eZd
D = \A2BD7).
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BkiulZzgby ihdZaZeb qlh baf_g _gb_ iehlghklb fZ]gblgh]h ihe
| _fi_jZlmphey |ky hkgh\guf nzdlhjhf \ebyxsbf gZ lhqghklv baf_j
ihfbfh \g_”~j _gby j r _gbc ~ey dhfi_gkZpbb wlbo baf_g gbc \ dhg
ljzd1Z ijb[hjz baf_j_gby j_ezZdkZpbb IFJ g_h[oh”bfh |Zd _ jzZzajZ][|
klZ[bebazpbb I jli fiZlgkblZz b h[jZzapzZz WIh hkh[_ggh \Z'gh \ mkeh\b
jZaf_sZ_ |ky \ f_klZo k agZqbl_evgufb |_fi_jZImjgufb dhe_[Zgbyfl
f_""m k_ahgzfb 1h~Z

[jhlhlbi dhgkljmdpbb mkljhckI\Z ~ey klZ[bebazpbb I_fi_jZImju
ij_"klB\g \ > @ G _"hklzldzfb wlh]h mkljhcklI\Z y\eyxlky [hevrb,
hljZzgbqg_ggzZy fh[bevghklv g_ ]h\hjy m _ h \hafh 'ghklb mklzgh
ihA"lhlh\db h[jZzapzZz JZajzZ[hlZzggh_ mkljhckl\h iha\hey_ | klZ[beb
fZlgblz h~ghdgH fbgbfbabjmy jZagbpm | _fi_jzZImj f_""m h[jZaph
Wlihha\hey | jZzaf_sZlv j_eZdkhf_Ij \ ex[hf f_kl_ b ijb ex[uo | _fi_jZ
khojzgyy ijb wihf IThqghklv baf_j _gbc

Jbk Dhgkljmdpby kiZ[bebaZzZlhjg Ik fli_jifhlim]meylhjhf

GZ jbkij_~klZ\e gz kljmdImjZ mkljhckI\Z MKIjodkiivhk\g¢ekdZ |
2,3+|_jfh[ehdbtijh[bjdZ k h[jZaphéhd iblZgby +&Z]gbl =Zev[Z0Z b
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NZlgbd IFJtjZat_f "ey ih*"dexqg_gby *"Zljgkedd Rk _IJadhgljhee_j b
mklzgh\dz |_fi_jzZlmjuhevIf_Ij b 2zfi_jf_Ijx \udexqZl_ev 1iblZgby
11,12+aZiZkgu_ ijh[bjdb
MkljhcklI\h mklZgh\e_gh \ i_j ghkghc ieZklbdh\uc ysbd

\ukhdhdzqg_kI\_ggh]h I<O \u”~_j ' b\Z%Bbc dZ]jsmadhn_ggbc h[t_f ysl
jZa™_e_g gZ "\Z bahebjh\Zgguo hlk_dzZ \ [hevr_f ba dhlhjuo jZaf_
[ehdb b ijh[bjdZ k h[jZaphf L _jfh[ehd “"ey hoezZz ~_gby b gZz
hkgh\_ | _jfhwe_dljbg_kdbo fh~nsdboc whkihddvamewlv_ < azZ\bkbfhk
nmgdpbb | _jfh[ehdZ gZ]j_\ beb hoezZz ~ _gb_ bkihevamxlky jZa
| iehhl\h~ysb ieZklbgu >ey | jfh[ehdZ gZ]j_\Z beb hoezZ "~ _gby
klhjhgzZ | _jfhwe _dljbg_kdh]h fh*"mey hkgZexfogbg\tikehriehhl\h” ys_
ieZklbghc b g _[hevrbf \ _glbeylhjhf Z oheh”~gZy bebfhhejynghzcy Kklh

Zexfbgb_\hc | _iehhl\h*ys ¢ ieZklbghc b [hevrbf \_glbeylhjhf
wnn_dlb\ghklb jZ[hlu | _jfhwe _dljbg_kdh]h fh*meyu G[ [kievgth\ZX]| gl
pbjdmeypbx \hamoz \ dZg_kI\_ | _iehghkbl_ey "“ey gZ]j_\Z beb

[hevrhf hlk_d_ysbdZz

J amevlZlu

JZajzZ[hlZzggh_ mkljhckl\h bf__| ]Z[Zjh250u_ jZ&f hjilsbc \_k g_
[he__ d] \dexqgZy fzZ]gbl Whdkdapefb gbdh \j_fy i_j dexq_gby f_"~r
hoezZz ~ _gby b gZ]j_\Z mkljhckI\Z khklZ\ey | k dmg”® <j_fy g_h]
| ieh\h]lh jzZ\gh\_kby f_""m fZ]gblhf b h[jZaphf hl dhfyyZBghd |_fi_
30“05 f& khklz\ey | flkgdimg”~ Ihlj _[ey_fuc Ihd mkljhckl\zZz ~»
fzdkbfmfz h@hehfhf_gl ih~"Zqb iblzgby gZ |I_jfhwe_dljbg_kdbc fh m
kgb Z_Iky “h hldexq_gby MkljhcklI\h bf__ 1 ij_bfms_kI\Z 1Zdb_ dZ«
| _fi_jZIlmju fzZkkzZ g_[heVvrdgzyh&[hlz |I_jfhwe_dljbqgq_kdbo fh*me_c
baghkz hlkmlkl\b_ “\b msboky qgzZkl_c Z 1Zd _ hlkmlklI\b_ bkih
oezZ”Z]_glh\ qlh ~_ez_| _1h [_ahizkguf “ey a”hjh\vy b hdjm Zxs_
mkljhckI\Z \h \j_fy jZ[hlu\giZoh"b&key ~;

AZdexq_gb _

KlZ[bebazlhj I _fi_jZImju ~ey fZ]gblZ b h[jZzapZ k | _jfhj_]meylh]
bggh\Zpb_c¢ iha\heyxs _c¢ ih\ukblv Ihgghklv baf_j gbc b ZgZebah\
j_eZdkZpbb IFJ P_evx bkke_"h\Zgby y\muiljlkgkljZajZhlahd2Zzyxs ]l
mkljZgblv jZagbpm | _fi_jZImj f_"~m fZ]gblhf b h[jZzaphf b hdjm Zxs,
[ueb ~hklb]gmlu iml_f ijbf _g gby f Ih”Z j Imebjh\Zgby |_fi_jZImj
| _ogheh]lbb | _jfhwe_dljbg_kdh]h fh*mey MKbhéecgh hwdhphglZfbll kng_j]l
bf | fZzeh f_oZgbg_kdbo "\b"msboky qzZkl_c b g_ bkihevam_1| e_Imq
H{hjm~h\Zgb _ijb]l]h~*gh “ey mklZgh\db \ eZ[hjZlhjguo mkeh\byo beb
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M>D

Bkke_~h\zZgb_ aZ\bkbfhklbb khijhlb\e_gby Ihejhla\Zéhlgiihd hi
ijb Z""blb\ghc | _ogheh]bb ba]lhlh\e _gby
G K G n<*h\Khdmj_gdh
GZmqgguc jmdh\Ahipl_d@ivl &: :jlbs_\
Lhfkdbc Jhkm~Zjkl\_gguc mgb\mikZNel gbklb jZ"bhwe _dljhgbdb
Jhkkby ] Lhfkd ij E_gbgZ
(PDLODHIHGRYQ #PDLO UX

,Q Y HV W IRIDWEHHASG! Q GRH Q\BKHHY L VRABIQFIMO RW R X JK Q@BG LWL Y H
PDQXIDFWXAKIQROR J\
16 1HIMGRRYRNXUHQNR
BFLHQWLILF $WXS BWRIBRIKSUWLVKFKHY
7RPVN 6WDWH 8QLYHUVLW\ Rl &RQWURO 6\VWBIPY VWG 5DGLRH
(PDLOHIHGRYQ #PDLO UX

$EVWOREWDUWLFOH SUHVHQWY WKH UHVXOWYV Rl UHVLVWDQF
ZLWK YDULRXV WKLFNQHVV GHYLDWLRQV G XHHVRVBIRX UKW HX/W
PRGHOLQJ RI ILOP EHKDYLRU LQ IXWXUH ZRUN
H\ZRUGRO\JRWLPDO FO H DRIPHRHWL RRQL\F UR

<\_"_gb_

Kms_klI\m_| Z~"blb\gZy | _ogheh]by ijhba\h?kI\Z Ilhekluo iezcg
gZg_k_gbb nmgdpbhgZevguo iZkl gih™wedmdbb@ kdgguc f_Ih” iha
kms_ kI\ _ggh khdjzZlblv \j _fy ba]lhlh\e _gby i_gZlguo maeh\ h~gzZdh
hljZzgbq_gbyfb k\yazZggufb k nhjfbjh\Zgb_f iheb]lhgh\

< ijhp_kka]hlh\e gbehrguamgdpbhgZevguo j_abklb\guo ijh\h~
"bweljbqg kdbeb]lhgh\lh~hif_qZzZlihy\eyxlky ~“hihegblfbayhggih\ghklb
dhlhju_ fh gh kgblzZivjhdZ\WIhklv gZ ih\_joghkHbdijhggdb\ghklb
ij_~klz\e_ggd_jbk ijb hkms_kl\e_gbb\iggdbevjhloh”~hiAjb\h”~yl d
gZjmr_ghx\ghf _jghklb lhesbgu ie _gdb Z 1Zd _ baf_g _gbx bo we
o0Zjzdl_jbklbd IThwlhfmdbe%ghtubal ogheh]bg_kdbo az”~Zq y\ey_Ilky
jZ\ghf_jghklb gZghkbfkoaiz"fHhglufb we _dljhnbabqg_kdbfb izjzf_ljzft

L ek B 510

ey

[
Jbk Ijbf_jkljmdImju fbdjhg_jh\ghklib ijB ibGiZbb_j g _jh\ghkl_c ihKe_ i_qZzlb
Gtkj _~gyy IhesbgZ /iergd9Z ijh\h gbaidebIm~Z hidehg gbybah&sbghdhkab

>ey wlh]h g _h[oh?bfh mqgblu\Zlv k\hcklI\Z jZkl_dzZgby iZkl ij
ihreh dm h[t_f “habjm_fhc iZklu Z |Zd" _ hij_~ _e_gb_ hilbfZevguo
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AMb* _gby 7hazlhjz ijb aZiheg_gbP_dhebjZdhlu y\egpllkyhqg
fh~_ebjh\Zatbkbfhkkiijhible gby j abklb\ghc biéejhdibybl & eb
fbdjhg_jh\ghklb

Wdki_jbf_glZevgZy qZklv
< hkgh\m fh” _ebjh\Zgby [ue >@yhafheh/Xxsbc hp_gblv baf_g_
khijhlb\e_gby ie_gdb hl \_ebgbgu \ghkbfuo fbdjhg_jh\ghkl_c q._
j_abklb\gh]h kabf \u[jZzgh mkeh\b_ qglh \ukhlZ \ghkbfhc fbdjhg_
Mbb' _gbb “hazlhjz bf__1| jz\ghf_jgh_ jzZkij_"~_eqgd¥b _r_phoch | hill vk b\z
ih\_joghklb ie_gdb JZkij_"_eieglgdtbkasdpglihf jZ\ghf_jgh]lh jZkij_"_e
\ghkbfhc fbdjhg_jh\ghklb fh ghithije**mlxlsv_c nhjfme _
H d () q/2, [ed '.d ' (
| 8. cd
]J*[tkemqgZcgZy \ _ebgbgZ hibku\ZxsZy mhikZ efddan x* ghygysbghfbgzZevgZy
lhesbgZ ie "gdbiebIlm”"Z hildehg gby l&esbigwhh\aZlhklb G
JZkq_I| khijhlb\e_gby\ujeplbg Z
d, d '
R —In
%ZI d ]
1*_4+ihegh_ khijhlb\e_gb4,itekhgfblb\e_gb_ b"_Zevgh JeZ*dhc ie_gd
Khijhlb\e_gb_ b”_Zevgh ]JeZz*dhc ie_gdb jZkkqgblZgh k ihfhsvx \
t=
44LQ]?@
I dxih\_joghkligijhib\e_ _dr~"ebgbBeb]lhdArbjbgkheb]lhgZz
>ey lhlh qglh[u mgh&hYzIhklv idj gddZ\e_ggh_ jZg__ \ujZ _gb_
jZaeh _gh \ jy®» L_cehjZ FZdehj_gZ ihifZehfm iZjzZf_Iljm
R p1l§ 18t1rEg 1 1 R
3@ 15 do-° 7 de9rd elldig
lhemq_ggh_ jZaeh _gb_ 7~ey khijhlb\e _gby ie_gdb mqgblu\Z:
liZgbp ihemq_gh ba eh]Zjbnfbq_kdbo a&\bbkbjflhkZkg hawhdZdlib\gt
khijhlb\e _gby #&eph\d&khkly i@
l[jh\_~ _gb_ jzkqg_Ih\ khijhlb\e_gby ijh\h~behkv ey ~“\mo \b”"h
ie_ghd j_abklb\guo b ijh\h”~ysbo >Zggu_ "“ey \ugbke_gbc ij "klZ\

LZ[ebpZz
1Zjzf_lju ie_@dk¢ jZkq_lZ khijhib\e_gby

1 ZjzZf _|j J _abklb\gZy ie_ g ljh\h*ysZy ie_ gd

Rbjbgz ie xydff

Kj_"gyy lhesbhgZ @efdfdb

>ebgZ ie gdb

Ih\_joghklgh_ khijhlBleHgM

J amevlZlu

Baf g gb_ Zfiebldetug gby lhesdgur bjoh\Zllhkueh \u[jZgh \
"bziZzahyg _ fdf 1Zd dzZd ijb wlhf agZq_gbb g_jh\ghklv kiZgh\bgkzy djl
Ahjh db g_ ijhi_gZlzgid aZ\bkbfhklb khijhlbheZfgbblInmtNudehg _gby
Ilhesbgru jhoh\ZIhk?teyhelloj _abkllmogb ijh\h*yiebadij "klZ\e_g gZ jbk
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Baf_g_gb_ fbdjhg jRb@ikidhg fdfijblhesbde gdd  fdijb\h bl
d baf_g_gbx khijhlb\e gthy 7ey j_abkib\ghcbigh\gdlysbe kyd

AZdexqg_gb _

J _dhf_g”m_fh_ hildehg_gb_ hl kj_~g_c lhesbgu ie_gdb ij_"eZ]Z_ 1l
wlh h[ gbi\Z | gZb[he_ _ [ebadbc j_amevlzZl d jZajZ[AdhdN\NX_jfhtc dgddymdIr
ihemqg_gguo hp_ghqgguo j_amevlZlh\ \ ~Zevg_crbo jZ[hlZo ieZghbjt
aZzdhghf_jghklb jzkl _dzZgby iZklu ijb \u\h®_ nhjfmeu "“ey jZkq_I1Z ki
ihdr _gb_ ~hazlhjz \ dZ " ~hc lhgd_ [m"_| R2OE2HIAY D Wh"S KWKV
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Z 1zd _ ijh\_klb ihke_"mxsbc ZgZeba we_dljhnbabhokdbblkdBjzdl_jbk

Bkke _~h\Zgb_ \uiheg_gh ijb ihA~ _j°d_ Fbgbkl_jkI\Z gZmdb b \
Jhkkbckdhe N_~ jZpbb< D{k@Z Zgb _
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KljmdImjZ ih\_joghklb pbjdhgb_\hc d_jZfbdb ihke_ h[jZ[hldb bf
we _dljhgguf imgdhf \ nhj\Zdmmfghc h[eZklb "Z\e _gbc
. ?2 1 _1jh&d ? :jdzZlh\ : < DZaZdh\
Lhfkdbc JThkm~ZjkI\_gguc mgb\_jkbl_| kbkl_f mijz\e_gby b jz~t
Jhkkby Lhfkd ij E_gbgZz
E-mail: a.e.petrov_job@mail.ru

Surface structure of zirconium ceramics after treatment by a pulsed electron beam
in forevacuum pressure range
A.E. PetrovV. ? Arkatov, A.V. Kazakov
Tomsk State University of Control Systems and Radioelectronics, Russia, Tomslsti d0in634050
E-mail: a.e.petrov_job@mail.ru

Abstract The present study investigates the effectwfenergy electron pulses on the surface
structure of zirconium dioxide ceramics. It is demonstrated that the processing outcome is
contingent on the beam energy density of the pulse. When the energy exceeds 8 J/cm2, a ‘columnar’
structure several micronters in thickness is formed in the neanface layer of the ceramics, and

the irradiated surface becomes black

Keywords zirconium ceramics, surface structure, pulse treatment.

<\_"_gb_

KharzZgb_ gh\luo [bhdhfihablguo fZl _jbZeh\ 7~ey | ] g_jZ
ih\j "~ gguo dhklguo IdZg_c y\ey_ Iky h”*ghc ba \Z'g_crbo az”~zZq \
b hjlhi_"~bb FZI jbZeu bkihevam_ fu_ "~ey ~Zgguo aZ”Zqg \uihe
kiez\h\ f_lZeeh\hlbifbbtdguo fZl_jbZeh\ d ijbf_jm ~bhdkb” pbjdhghb
"bhdkb”"Z pbjdhgby bf_ xI \ur"Zxsb_ky f oZgbg_kdb_ k\hckI\Z y\ey
b ]lbihZee_j]l]_ggufb H”"gZdh gZ debgbqg_kdbc j_ameviZl fhlml \eb\
hl obfbb kzZfh]lh fzb_jbBE&Zjbb bfiezglzlZz “h kljmdImju ih\_joghklb
gZ fbdjh b gZgh Ii@h\gZdbf h[jZzahf az”~ZqZzZ ih h[jZ[hld_ ih\_jog
pbjdhgby b ijbrZgby ¢ hij_~ e _gghc fhjnheh]bb y\ey |ky h~gbf t
hkl _hbgl_]jZpbb

Ba\_klgu_IhfAu h[jZ[hldb ih\_joghklb bfiezZzglzZlh\ ijzdlbg_kdb
"ey IblZgh\uo beb ~bhdkb” pbjdhgb_\uo ba”_ebc b \dexqgzZxl \
h[jZz[hldm b dbkehlgh_|jZz\e _gb_ H~”gZdh \ j _amevlZl_ 1Zdhc obf
h[jz[hldb "bhdkb”*ypkhdhgtZz | nZah\uc i_j_oh” ba I_ljZ]hgZevghc \
kljmdImjm qlh ijb\h~*bl d mf_gvr_gbx _]h f_o2d@@bq>kdh&highZg hdkbl
\ukhdbo ijhgghklguo ozZjzdl_jbklbd Ij [m_Iky h[jZ[hldZ ih\_joghkll
|Zdbfb f_IhrZfb dhlhpyah\ml nZah\uo ij_\jZs_gbc H”gbf ba [Zdb
fh™ | y\eylvky h[jZ[hldZ bfimevkguf bhggufb b we_ dljhgfB8ifb imq
ijh~ _fhgkljbjh\Zggh mki_rgh_ ijbf_g _gb_ nhj\Zdmmfguo ieZaf_ g
azZ”"ZqZo h[jZ[hldb jZaebqgguo dgjZzKbtbVjbiwlhfe gguc j_"bf we_dlj
emqg_\hc h[jZ[hldb \hafh gh ihemq_gb_ fbdjhr_jhoh\Zlhklb gZ it
pbjdhgby b kharzZgb_Ihgdh]lh ihjy~rdz ~_kyldh\ fbdjhf_Ijh\ ihjbklh

P_ev jZ[hlu aZdexqZeZkv \ bkke_ _"~h\Zgbb \r¥gmhdbbfimev
nhj\Zdmmfghc h[eZklb ~Z\e_gbc gZ ih\_joghklv d_jZfbdb ba "bhdkl

Wdki_jbf_glZegBRiv
H[jZzapu d_jzfbdbklZ\eyeb kh[hc ki_q_ggu_ ~bkdb ~bZf_Ijhf 1
ff \uiheg_ggu_ ba fZI3YBEE€ZAWHZgbb 7262+ YHh@ayki dZebkv
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\ M\Z wlziz gz i_j\hf wlzi_ | _fi_jzZImjzZ kfiKdaAhdpZapuex” j b\Zebkyv
NZgeghl _fi_jZImj_ \ | _q_gbb <lhgakhwl!lZihf ki_dZgby [ueh gZ]j_\Z
| _fi_jZImju liZ"mkh\ k \u”~_j dhc gZkzZ "Zgguc wlZi nhjfbjm

nZam ~“bhdkb”Z pbjdhgby b ~h\h~bl iehlghklv h[jZaph\ ~h agZq_gb

H[jZ[hldZ d_jzZfbg[jkzdHpdkms_kl\eyeZkv bfimevkguf we_dljhggu
jbk ] g jbjm_fuf nhj\Zdmmfguf ieZaf_gguf bkE@gbHhZapa dlI
jZaf_sZebkv \ \Zdmmfghc dzZf_j_ \ 1ZglZeh\uo Ib]Jeyo dhlhju_ |
kbkl_f_i_j_f_s_gby qlh ihgXheywdh pg[jkdhevdh h[jZaph\ aZ h”bg pl
\Zdmmfghc dZf_ju >Z\e_gb_ ]ZazZz Zahl \ \ZdmmfghclydififgdZ khkl
hij_"_eyeky lkhvdfiofkkbb Ihd imgdZ f_gvr_ |hdZ wfbkkbb gZ \
"hklb]ZzeZz : mkdhjyxs glgkijklZ\eyehd< “"ebl_evghklv Bfimevk
\Zjvbjh\ZeZkv hl ~Ah fdk HI[jZ[hldZ d_jZfbg_kdh]h h[jZapZ h
bfimevkh)\ bfimevkh\ ijb qzZklhl_ ke_"h\ZgbyHbpjfAfrhd ¥igly\Zy
ih\_joghklv d_jZfbdb bkke_hhhBeXkyZKijh\h]h we_dljhggh]h fbdjh
Hitachi TM1000.

Jbk Ko _fZ wdki_jbf_glZevghc mklZgh\db

J amevlZlu

H[jZz[hldZ pbjdhgb_\hc d_jzZfbdb bfimevkguf we_dljhgguf im¢
azZf_lgudaf_g_gbyifmdIimjb\_joghklb ijb fhsBhwld _dljhggh]h imqgdz
bfimevk_ g_ f_g__ Odgdddfijbaf_g_gbc aZ\bkbl hl iehlghklb wg_j]
\ bfimewk_1Ijb iehlghklb wg gz [he + > Kfih\_joghklv ihke_
h[jz[hldb ijbh[j_1Z | g_jguc p\_| Bkke_ _"~h\zZdgbyhihZajpm\gulwdKdZe b
glh m ihg_jg_\rbo h[jZaph\ nhjfbjm_Iky kehc kh klhe[gZlhc KklIj
Lhesbgdh]Jbhehym\ _ebgb\Z |ky ih fighlghilld wgl Webdljhggh]lh imqgd?z
\ bfimevk_ jpklh"h[guc wnih[j@ah\Zgby OklA&]gHAdhogd[ex"Z |ky
ihke  h[emqg_gby dahdfloldtz Zexfbgbmyevkguf ihlhdhf nbjreghhk Z
]hjZa”~h [hewqgcj]btc dw<dehlghkt IhdB0 : kf b iehlghkiwg j]lbb
1> k%¥[6]. H*gZdh ih\ur_gb_ iehlghklb IhdZ beb id®dhlgdHk]h iwgdZbt
hibkZggh_ \ J@[lgliZzh[hjhl ijb\h*"beh d bkq_aghklpbalrmgddjz[hl_
ij_~"iheh'beb qglh bkg_agh\ _gb_ ©klhe[gZlhc? kljmdImju k\yaZggh
gZ]j_\Z fzZl _jbzZez \ j_amevlZl_qg_]h fZl _jbZe g_ZrkibaBh\ZIkklulv
ijhf_"mld_ \j _ f gb f_""m bfimevkZfb < gZklhys f bkke_"h\Zgbb
hklu\Zzgb_ ijhbkoh”bl azZ J]hjZza~h [hevrb_ \j f gZ b wnn_dIl k
ih\ur_gb_f fhsghklb
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Jbk lhi_j_gguc kdhe d_jzZfbdb m\_ebqg_gb_ \ jZa Z
AZ\bkbfhklv Ihéwskbeguy hl iehlghklb wg_jlJbb \ bfimevk_ |

AZdexq_gb _

< j_amevlzl_ijh\_" gguo bkk€&€aZhZlglggihldlZjzfbdb gZ hkgh\ _
"bhdkb”Z pbjdhgby klZ[bebakhrBfgh]lhjkyh ihfhsvx bfimevkgh]h
we _dljhggh]lh imqdZ njjfibtblZhgbx ©klhe[gZlhc? kljmdImju \ ijbih\_j
keh LhesbgZ muiljmdl ~ ey ilklylghklvx wg_jlJ]bb imgdzZ \ bfime
nhjfbjm _IkyijjAur_gbb iehlghklb wg_jlbb >h\Zxdgb HK|gmadImju k\yaZz
k[ukljuf ijhp_kkhf gZ]j_\Z b hklu\Zgby ih\_joghklb ijb bfimevkghc

JZ[h!Z \uiheg_gZ ijb ih~*_j°d_ 1jZglZ Fbgbkl_jkI\Z gZmdt
h[jZah\Zgby Jhkkbckdhc N_~_jZpbb \ jZ2oZ608h gdmjkZ )(:0
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\IhfZlbabjh\Zggh_ \uy\le_gb_ ijbagZdh\ rbahnj_gbb b ~_ij_k
ih Zm~bhazZibkb bgl_j\vx k iZpb_glhf
. > 1kZj M < KZb%bgE Idmg
GZmgguc jmdh\h~bl_ev “hp_gl dIl g ? X Dhkixqg_gdr
Lhfkdbc ]hkm~ZjkI\_gguc mgbi\mjikBlel gbklb jZ*bhwe_dljhgbdb
Jhkkby ] Lhfkd ij E_gbgZz
E-mail: pad@fb.tusur.ru

Biocomposites for bone tissue regeneration
A.D. PsareyU.V. Savina, D.APetkun
Scientific Supervisor: Ass. ProRPh.D. EY. Kostyuchenko
Tomsk StatéJniversity of Control Systems and Radioelectronics, Russia, Tomsk, Lenin str., 40, 634034
E-mail: pad@fb.tusur.ru

Abstract. This article discusses the prospects of creating a diagnostic module for the diagnosis of
schizophrenia and depression based oraadio recording of an interview with a patient. It also
describes the collection of dataset for training the model and the difficulties in preprocessing real data.
Key words neural network, depression, schizophrenia, diagnosis.

<\_"_gb_

Ikbobq_kgbkkljhcklI\Zz 1Zdb_ dzd rbahnj_gby b ~_ij_kkby aZz
fbeebhgh\ ex”~_c¢c \ fbj_ h”gZdh bo “bZ]ghklbdZazhkhZz[t]kdyl bk gh kdln
debgbg_kdbo f_Ih*h\ LjZ*"bpbhggu_ ih*oh”u hkgh\Zggu_ gZ bgl_j
h[_ki_qgb\zxl llvgghkdh[_ggh ijb » _nbpbl_ ki_pbZebklh\

L _ogheh]bb bkdmkklI\_ggh]h bgl_ee_dlZz BB ij_"eZ]Zxl gh\u_
j_gbx h~gh]l]h ba dexqg_\uo fZjd_jh\ ikbobqg_kdh]h khklhygby q_
g_cjhk_I_\zZy fh~_ev 0,7 \uyley | »_ij_kkbbhlzZebghgbndjpzfidb j_qb
Z bkke ~h\Zgb _ ]h~rz ~ fhgkljbjm_| qglh BB jZkihagZ | rbahnj._
ehl]bdb b k_fzZglbqg_kdb_ ZghfZebb \ \ukdZaulZgbyo > @

:dimZevghklv IZdbo j_r _gbc jZzkl _1 gZ nhg_ m\_ebqg_gby ikbobqg.
1Zg”N_fbb &29,"BB ZgZebabjm_I| hldehg_gby \ bglhgZpbb kbglzZzdk
mkdhjy | "bZ]ghklbdm b iha\hey | h[t_dlb\gh hp_gb\Zlv “bgZfbdm

ljZdlbdmxsb_ \jZgb aZgbfzZxsb_ky debgbq_kdhc ~“bZ]ghklbdhc
\ujzZz zZx!l g _j _kh\zZgghklv \ kha”zZgbb "bZ]ghklbg_kdh]h- eb[h
"bzZ]ghklbg_kdh]h fh"mey iha\l\heyxs_]h hdzZaul\zZlv Z\lhfZlbabjh
hlke_~h\Zgbb iZzpb_glh\ GZ nhg_ wlh]h kh\f_klgh k GBB ikbobq._
jZ[hlZ ih kha”Zghxijlizxdhd | Z

Wdki_jbf_glzZevgZy qZklv

HArgbf ba hkgh\guo ijbagZdh\ dZd m rbahnj_gbb 1Zd b m ~
ZghfzZebb \ ijhy\e_gbb b qzZklhl_ kf_gu wfhpbc 1_j\hgZgZevgh [ue
ihbkdm ih*oh”ysbo gZ[hjh\2|&gigudklZ\ejHkkfhlj ggu_ gZ[hju *"Zggl
ey hij_"~_e_gby wfhpbc ih mkighc j_qb

ljb \u[hj_ ~ZlZk_1Z "ey h[mqg_gby ~"ZIZk _1Z g_h[oh”bfh \u[bjZIlv
_yaud_ gZ dhlhjhf [m”_1 ijhoh”blv bgl_j\vx k iZpb_glhf WIh k\y
jZaebgguo yaudhé&vbmijd gZjh*h\ jZalh\Zjb\Zxsbo gZ wlbo yaudZ
ij_h[jZzah\Zgby j_gb \' | _dkl b "Zevg_cr_]h ZgZebaz fh™"_ev "he ' gZ
k 1 _f yaudhf gz dhlhjhf [m~_1l jZa]lh\Zjb\ZIlv iZpb_gl

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_
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LZ[ebpZ
GZ[hju “Zgguo “ey hij_"~_e_gby awfhpbc ih mklgh
GZa\Zglh Yaud HibkzZgb
DUSHA Jmkkdb AZibkb h[jZs _gbc ihevah\Zl _e _c¢c d Jhehkh\hfm
RESD Jmkkdb J_qv Zdlzjh\ k_fv dzZl_]lhjbc wfhpbc

> Kkylv zdlzjh\ jZagh]h ihez 1jb d&g |hZbb\eZk

IEMOCAP | :glebckd 3ihablb\gZy’ b *g cljZevgZy’
SAVEE ‘glebckd Q_I\_jh Zomhtybg k_fv dZI _Jhjbc wfhpb
EMOVOME | Bkizgkdl KIh bkiZgh]h\hjysbo kibd_jh\

HikmlklI\b_ \ k\h[h*ghf “hklmi_ gZ[hjh\ *Zgguo k aZibkvx j_qb i.
Xjbrbq_kdigfbrghklyfb k kbkl_fZlbg_kdbf k[hjhf h[jZ[hldhc b jZkijhl
iZpb_glh\ y\eyxs cky i_jkhgZevgufb “Zggufb

LZd dzd ih”oh”ysbo gZ[hjh\ ~Zgguo g_ h[gZjm _gh [ueh
ih~"lhlh\blv "ey h[mqg_gby fh”® _eb k\hc |h ieZgm @y@{@ZIv¥Zgdkugy”h
aZibkb bgl_j\vx hdheh r_klb~_kylb qg_eh\_d a”hjh\uo k "bZ]ghkll
rbahnj _gb_c¢c \ khhlghr_gbb

;eZlh~Zjy khljm~rgbq_kI\m k GBB ikbobg_kdh]h a~hjh\vy bf__Ilky
aZibkb k mqzklb_f dzZd azda_41Bthbatapi\uglh\ k ih~I\_j " ~zggufb *"bZ]g

GZ ~Zgguc fhf_gl \uihegyZikguk[hmlzf Zm~bhaZibkb bgl_j\vx e
\jZgqZ k iZpb_glhf k bkihevah\Zgb_f hp-9$%@'gbo386d5b& »5," @ < oh
bgl_j\vxbkihevah\Zgb_f wlbo hp_cchp#isbedi2q \_"zl [_k_"m k iZpl
az”~"z\Zy g9gZ\h~ysb_ \hijhku ih bf_xsbfky \ hp_ghqghc rdze_ |
ijhilhdhebjmy j_Zdpbb iZpb_glz

GZ jbkij_~klz\eijgti ju f-k&_dljh]jzffu™ey njzZ]f_glh\ jZaguo bgl_j\vx

Jbk F_-<ki_dljh]jzffu ~ey “\mo njzZ]f_glh\ aZibk_c

lj_~klZ\e _ggu_ gZ jbkmgdljhfj2ffu Zm~"bh~hjh  _d gZ]ey~gh ihd
glh j_qv iZpbhhglEZ [uldZd qzldh magz\Z _fZ gZ nhg_ rmfzZ )LOH
jZaebgbfzZ gZ nhg_rmfz )LOH I Ij imjHchkajhig dhfjohZjz[hld _
1Zd dzZd kezZ[Zy jZaebgbfhklv j_gb klZgh\blky djblbgghc ~ey ij_hJ[jZ
NZevg_cr_lh ZgZebaZz
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J amevlZlu

ljb ZgZeba_ b ij_"h[jZ[hld_ m _ ihemg_gguo aZibk_c bgl_j\
ke _"mxsb_ ifa[d] [mxsb_ j_r_gby
XxjZa™_e_gb_ j_gb e_qZs_]h \jZqZ b j_gb jZob aldZgZ]la 2ijZigz

azZ\_"hfh kqgblzxs_]hky a”~hjh\uf g_eh\_dhf [m”_l bkdZ Zlv h[smx
wfhpbc b gZklhlu bo baf_g_gby \ j _gb gZ aZibkb

Xj_qv g_dhlhgpb_glh\ kljz*"Zxsbo rbahnj_gb_c beb ~_ij_kkb_c
| _jy_Iky 9Z nhg_ j_gb e_qZs_]h \jZqZ b nhgh\uo rmfh\ qglh kha”z
dZq_klI\_gguo ozZjzdl_jbklbd b \ ij_h[jZzah\Zgbb j_gb \ |_dkl

G_kfhljy gz Ijb\bzZzevghklv az”~zZq tbié_mgb\ jkZevghlh j_r_
hkeh gy |ky qzZklgufb- k2digzZwnibdlhju dZd hkh[_gghklb bkihevam_ft
fbdjhnhgZ nhgh\uc rmf ]jhfdhklv j_gb iZpb_glZ highkbl_evgh ]jhfdr

AZdexq_gb_

< j_amevlzZl_ ijh\_" gguocdkkgh”&Xdekqgblv qglh bkihevah\Zgb _
bkdmkklI\_ggh]h bgl _ee_dlZ "~ey ihfhsb e_qgqZs_fm \jZgm \ “bZ]g
AN ij_kkbb yley Iky i_jki_dlb\guf gZijz\e _gb_f h~gZdh |j_ [mxsbf

h[jZ[hld_ Zm~bh~Zgguo

Kibkhd ebl_jZImju

1. Model can more naturally detect depression in conversations // Massachusetts Institute of
Technology: kZcl+ 2024. = URL: https://news.mit.edu/2018/nenetworkmodeldetect
depressiorconversation®830("Z1B[jZs g b#03.202%

2. Al language models could help diagnose schizophrenia // Medical Xpess:i2024. +
URL: https//medicalxpressom'news$2023 10-ai-languageschizophrenidtm| (*Z1&A[jZs _gby
17.03.2025).

3. Williams J., Kobak K. Bech P, Engelhardt N., Evans KLipsitz J, Olin J, Pearson J.
Kalali A. The GRIDHAMD: standardization of the Hamilton Depression Rating Scale_ d k|
we dljhgdumternational Clinical Psychopharmacologyt 2024. + «< + URL:
https://www.researchgate.net/publication/5443233 The GRID
HAMD _ Standardization_of the Hamilton_depression_rating_gcalErh[jZs g b#03.2025

4. RdZeZ 3%3xr66bkZgb _ HNBPB:EXGUC=KGM GPIA tR@4.+
URL: https:/Incpz.ru/stat/78"Z1Z h[jZs 15032025

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_



XX F7@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GLI 95
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC

M > D04.422

Colibri field data bus Server: dynamic GUI generation and scalable virtual emulation
for HART/Colibri devices
R.V. Pushkarsik!? V.A. Belski 1?2
Scientific Supervisor: ProfDr. A.G. Goryuno¥
IASPECT LLG Russia, Tomsk37 SaltykovaShchedrin str., office 18, 634021
2Tomsk Polytechnic UniversifyRussia, TomskK,enin str., 3Q 634050

E-mail: rvp6@tpu.ry vab59@tpu.ru

Abstract To solve the problem of supporting intelligent sensors manufactured in the Russian
Federation by foreign software, Aspect LLC has developedolibri field data bus 6 HUYHU"
software, which supports HART devices and Colibri field data bus deviCesbri field data bus
Server Z R Withuntelligent sensors and their electronic descripsion

Keywords HART,CDD, Colibri, EDD, EDDL, Qt Framework

Introduction

Aspect LLC has developed®& ROLEUL ILHOG GdaiditeErkferrélHd ok
softwarg, which provides user interface fonteraction of automated process control and monitoring
systems with intelligent field devicesanufactured both in Russia and in foreign count8egware
supportsendto-end control and diagnostics of fieequipment based on tl@olibri and HART
protocok[1, 2.

Software has passedefich tests for the compatibility of the Colibri protocol with
instrumentation and control equipment usiH§RT technology. Compatibility tests with most
popular indusial sotware and hardware used at facilities (Kaspersky Industrial Cybersecurity,
ABAK PLC, Regul PLC, zVirt Cyberbackupand others)3]. There are two important tasks in
development of graphical user interface (GUI) for this kind of software: firstly, it igssacyto
create a dynamic user interfasaitable for anyfield devicein the industryand secondly, it is
necessaryo create a dynamic representation of the enterprise structure capable of displaying a large
number of field devices

GUI Creation in Colibri software

For remote configuration and management of intelligent sensors and automation equipment, it
is necessary to usmlibri device descriptionéCDDs), which are unique to each device modeti
containthe structure and variables of field d&H TV P2H @hie the configuration environment
itself must be universabo, thefirst objective is to developrnaengine to createniversal dynamic
user interface, automatically generated at the moment of interpreting the electronic description, which
differs from existing solutions by its ability to adapt to any device's electronic description

This objective was achieved by developing an engine dynamic GUI crefaigpil. shows a
diagram of creating a user interfafoe intelligent sensorThe enginegoes through all the menu
elementsand builds certain GUI structure for different types of CDD elemeshising CDD
interpretation the variables are input fields, methods are buttbas call certain commandand
built-in functions are dialog wiravs with input fieldsor buttons that require user interaction
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Fig. 1. A detaileddiagram of GUI creation

For the second task, it is necesdargreate a dynamic representation of the entergtrseture
capable of displaying a large number of field devices, with support for grouping, sorting, and editing.
This was achieved through QTreeWidget and JSON files that store a tree stiictiverk is
underway to implement several structoepresetationsoptions, providing users the ability to save
and utilize customized device trees that are most convenient for lilvéhe Fig. 2 an example of
such tree is presentdglach element of the tree is draggable, and could be moved into folders that are
created by user. In the Fig such folders are& ;: D IED* ®h\umkljh c kil \Egul R50G
@amsort The number of nested folders is not limited in the current type afgisie representation.

Fig. 2. Enterprise structure

However, the number of field devices at a real facility may reach thousands or even tens of
thousands; therefore, it is crucial to conduct load testing of the proposed dysteuntare. To
address this need, a Virtual Emulator for HART / Colibri field devices has been developed based on
a server cluster with HARTP support.

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_



XX F7@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GLI 97
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC

Experiment

To verify the performance and stability of the host monitoring and diagnostics systeetdfor f
devices supporting HART / Colibri protocols under heavy load conditions (diagnostics of 4096 field
devices) without using real instrumentation, a virtual emulator was developed. This emulator supports
configurable imitation of response delays fronidfidevices.

Virtual field devices support universal commands of HART / Colibri protocols and are grouped
(up to 64 devices per group) to simulate a PLC kquiput module or HART multiplexer. For virtual
field devices, users can set the extended devpedpnd software version, while the polling address
and unique device address are generated automatically.

To simultaneously process requests from the host system, each emulated module functions as
an independent server with HARP, which the host systenonects to. To simulate a large number
of modules, a software application withGaJl, called Virtual Unit, was developed for configuring
the emulated modules and managing the server cluster (start and stop operations). The server cluster
fully utilizes all CPU cores of the computer, enabling testing of the host system with simultaneous
connections to a large number of field devices using a single {oasg&d computer.

Using this emulator, it was possible to simulate 8192 devices and verify softwareystialoiét
this load Stress test includecbntinuous software operation for three ddyaring the test, Colibri
softwareworkedwithout any failure. Currently, it is plannedo increase the number of simulated
devices tixteenthousando verify softwarereliability.

Conclusion

Colibri softwareis field devicemonitoring and diagnostics systemat supports dynamic
generation of universaGUl based on interpreting Colibri Device Descriptions (CDDR)is
technology allows automatic adaptation of interfaces for any intelligent sensor or field dekogg
configuration and management procesggsker and easier

A customizablerepresentation of enterprise structures has been develaff@ding for
convenient visualization, grouping, sorting, and editing of large numbers of fieleedevic

To evaluate Colibrisoftware performance under realistic hetad scenarios, a specialized
virtual emulator based on a server cluster with HARTsupport was reated. This emulator can
simulate response delays and handle simultaneous connections of thousands of virtual field devices,
which allows to conduct stress testinghout the need foconnectingphysical hardware.

Stability tests demonstrated that Calilsoftware could reliably manage simultaneous
interactions with up to 8,192 virtual field devices for an extended period (three consecutive days),
without failures or performance degradation. Ongoing development aims to further validate
scalability by expading simulation capacity to 16,000 devices.
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Alignment of DWG-files and NanoCAD system
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Abstract.n this technical study the reasons for and solution to the problem related to the support
and opening of DWG files in NanoCAD software, a widslgd computeaided design system in
Russia, have been established. D¥Wiies for storing information in twalimensional and three
dimensional models, which can be used in the work of cormaiged design systems. However, due

to certain features oflés of this type, some users can not use the models in this CAD system. The

solution to this problem is implemented in the form of Python code, which can be integrated into the
NanoCAD environment.

Keywords:NanoCAD, DW&iles, Python

<\~ gb_

>\mof_jgu_ b ljzof_jguzxhfhdheghc we f gl \ ijh_dlbjh\Zgbb bg"
khhjm™ gbc b aff\geb¢zZ gh\f_klbbbDMIG-nZceh\ kha”“Zgguo \ jZaguo \_
azZjm[_"guo kbkl_f Z\Ih ijh_dlbjh\Zgby hagdeéxgd Zikiyo \ngZcle h\
ihke_"mx&eb " ghkbo \hkklZgh\e_gby Lzd _ fhi'kgmlki\b Ibhvdhuluo b
mgb\ _jkZevguo bglhl\mfey h[jZ[hldnZcehWVP_ev jZ[hlu y\ey Ilky
jZajzZ[hldz ijh]jzffgh]lh j_r_gby gZ hkgh\_ ZgZredbaehkljdhdhjhu ':*
ihalhebl) :\IhfZlbgdb hij_~ eylv \ _jkbxzZtgZ Dhg\ _jlbjh\ZIv nZceu \
kh\f_klbfuc nhjfzZzl NaeoCAD 3) <hkklZ\geb\Zlv ih\j_ "~ ggu; nZce
4) Hkms_klI\blv bgl_hjdpbbuo [bhd_d b jZajZ[hkAglglhogguo Ze]hjblfh\
N"ey jZ[hlu k&jfz1zfb_r_gb_ ~Zgghc ijh[e_fu \ \b~A_ bgkljmdpbb d
A _ckl\bc m” _ jZkibkzgh \ we_dljfgbhd zidlkagkazZpby hldjulby \ \b
\eh” _ggh]lh kp_gijbyg ihm hklzZzlky ZdlmZevghc 1Zd dzZd iha\hey_|I
< gZklhys_ _\j fy kmdeki)mbbu kdjbilu "ey j ZebaZpbb hldjulby 1Zdb
br_b dhlhjuo ihkem beb hkgh\hc “ey[@3lklhys_c jZ[hlu

Wdki_jbf_glzZevgZy qZklv

GZ yabBythonj Zebah\Zg kp_gZjbc BWG-nZ cethy k kb NanbRAD
dhlhjuc khklhbl ba kevlIZmXsGdkljhcdZ eh]bjm\Wggbph\Zgb_ |I_dklh\uo
nZceh\ k \Z'ghc | _ogbqgq_kdhc bgnhjfZpbb hbjd[hZIbjkljEf$ugby
2) I1h~"dexq_gbNandCAD q_j_@OM API; 3) HIdjulbDWG-nZceh\N&anoCAD
4) 1hiuldZ \hkklZgh\e_gmyc'eZ k bklEgbakhhl\_IklI\mxshéZg”u
5  KhojZg_gb_ bkijZ\e_g®&hAZ chjaidNeBoCAD

GZ jbkij_"klZ\e g ijhp_kk ih*"dexq_gby¥ ¢lbfeedbgdbdid[hlu i _j\uo nmgc
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Jbk jZNf_gl dh~Z ijhp_kk hidjulby

ljhp _kkRklZgh\yg HiglbojZgylglijZ\e gBPWBInZceZ bah[jZ gk gZ jbk

Jbk NjzZ]f_gl dh~Z ijhp_kk azZ\_jr_gby
J amevlZlu

ljh\_jblv jZz[hlhkihkh[ghklv jZzajz[hlZgghc ijh]jzffu fh gh q_j_a
ij_"klZ\e_gguc.8Z jbk
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Jb®. 1jbf_j bkihevah\Zgby

J_r_gb_ fh _I [ulv bkihevah\Zgh \ bg _g_jghc ijZdIb®WGey jZ[h
\ mkeh\byo hlkmlkl\by ebp_gabhgguo ijh]jzff JZajZAaahljddgsZc dh~*
ijhljzffgh_ h[_ki_g_gb Z bl imhwr_dIb\@hkRIUCRD-nZceZfb

AZdexq_gb

lj_~eh g \Zjbzgl j_ZebazpbWGhidpelby k kh~_j Zgb_f bgnhjfzp
2D b3D tfh”_eyo ey kW&loCAD >hklhbgkl\hf *Zggh]h dh”~Z kqblz_Iky i
b ijhklihbgl_ljZpbb ~ey "Zebkilevhh\Zelyy hidjulby b \hkklZgh\e_.
ih\j ""zggWG-nZceh)
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Ih*oh” "ey ihA"Z\e_gby wnn_-8lhh NZZgh\hc baf_jbl_evghc Z[khj[pbFt
yg_cd_ bkihevam_fhc \ Z[khj[pbhgghc L=p ki_dljhkdhibb
Wdki_jbf_glZevgh_ bkke_"~h\Zgb_
= D JZKkihibg
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An approach to suppress FabryPerot effects in a gas absorption cell used in THz absorption
spectroscopy. Experimendl verification
G.K. Raspopin
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Abstract The paper presents experimental verification of the approach for suppressingHexoty
interference effects in a standard singless cell used in absorption THz spectroscopy with amplitude
modulation (AM). The peculiarity of thegpproach consistin insertion of an additional external
movable optically transparent window in front of the gas measuring cell. The Ipagity describes

the content of the developed approach. A comparison of the obtained experimental and theoretically
calculated absorptiongectra is given. Numerical estimations shows thatrteertionof an external
movable window allows to significantly reduce the influence of FRlergt effects anthcrease the
accuracyin reconstructing absorption lingpectral parameters

Key words Amplitude modulation spectroscopy, Falitgrot effects, THz gas absorption
spectroscopy, destructive interference

<\_"_gb_

< ;m]_jh\kdhc L=p ]Zah\hc ki_dljhkdhibb j_]bkljbjmaZuxkbl | _dl
g_ lhevdh hl ihlJehs _gby ]Zgh\bk*ijhJug \ebygbx i_j ~Zlhgghc nm
hrghijhoh”ghc baf_jbl_evigbcmkehddijibh ihi_j ggu_ jZaf _ju baf_jbl _ e
ygq_cdb agZqgbl_evgh ij_\hkoh”yl &by ilkpb\diegurZlihgghc nmgdphbl
nhjfbjm _l&Z kgvan RNNZ[jB _jh NI | bgl_jn_j lypb_hljZ " _gguo L=p
\heg 1Zdhf kem@ZijZz\e_gbb jzZzkijhkljZg_gblki L&lpZ\dmeggu  hkh[_gghk
i_j_"Zlhgqghc nmlgidpbdbbeyxlkyhf_Ijbg_kdbfb b hilbq_kdbfb izZjzf_
hljz zZxohh\_joghkljZzkklhygb_ f_""m hilbg_kdb ijhajZzggufb \oh”gu
hdgZfb bohdZaZlijeghfe gloylhesbdy[H].

< jZ[hI2] [ue ij_~eh _g b gbke_ggh bkke_ kK‘hhEghenhdloh?gb f
"hihegbl _evgh]h \g _rg_]h ih”\b gh]h hilbg_kdb ijhajZggh]h hdgZz
baf_jbl_evghc yg@cidbht_jebghih]ehs_toy(& = ==p ]Xah\hc kf_kb
SO (0,1 %)+ NO2 (99,9 %) ijb ~Z\e_pgbb Zlibl_fi_jzZImj=293K "hklib]Jgmlh
ijZzdlbg_kdb q_luj_odjzlgh_ mf_gvr_gb_ Zfieblm”~u bglZjpbj _gpbt
p=10% ZI1fbT=293K *[he__ q_f "\mdjZlgh_ mf_gvr_gb_ ZfiebIm”~u bgl_j
ibdh\ ih kjz\g_lbbZ & Zjlghhognb]lmjzZpb_c¢c “\mbhdhiggbbrghadbyq_c
"NZe _ ih |_dkkhzdZzadjlpZyh\yYy cdz

GZklhysZy jzZ[hlZ gZp_e_9Z gZ wdki_jbf_glZevgh_ \_jbnbphbjh
ihrohrz d ih~"Z\e_gbx wnn_dlh\ NI 7~ey L=p ki_dljhfjljdbf_jZ[hlz
ZfieblmfMgfhmevkghc fh*meypbb
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Wdki_jbf_glZevgZy qZklv

Kmlv ij_"~eh”_ggh]lh ih”oh~Z Kkhklhbl \ mklZgh\d_ “~hiheghbl
ih"\b ghhhlbg_kighajZzqggh]lh hdgzZ i_j_ ™ klZzg”~Zjlghc baf_{lZle evghc y
| dkim dfdah\Zy yq\l\gdeZgkf hdgKf sZy \g rg__ hdgh \_NkZi&€whg
"Zgghlh qzklhlgh]lh g¢BvhidlibhjhAZggulcerd]2, aZibku\Z _lky &i&)dl]j
J amevibjmxsbc ki_dlj ihemqZ_|ky \ugbke _gb_f fZdkbfZevghc bgl
dZ ~hc qgZKlhéy ~Zggh]h ang_gb&é%__:ﬁS:jgéﬁyKh]eZkgh aZdhgm ;m]_

dhwnnbpb_ gl ih]ekh& lglbkee "m_ fhc ]Zah\hc ijh[u fhigke aZmxsZ v
nhijf_

R . kv iy &;
Ufi; L FZF k’“—‘*?‘v‘ — QW,
o gy Wwernp &

1S, Sampe £ bgl_gkb\ghklv L=p \hegu ijhr_~r_c q_j_a baf_jbl_e
aZiheg _ggmx g _ih]JehsZxsbf JZahf b bkke_~m_fhc ]Zah\hc ijh[hc kl

>ey ihemq_gby wdki_jbf_glZevguo *"Zgguo bkihevah\Zeky Z\lIhfz
ljZgkeylhj jbk g hldiZlghgzhéb\Zehkv \g rg__ hdgh b baf_jbl _evgZy
k_qg_ghgnklj gg'bfZf_Ijhf ff b "elbggh&oh”gh_ b \uoh”gh_ hdgZ \uihe
ba nlhjhiezZzklZ ihdzZazl _ewij_ehfelhglspghc ff Z \g rg__ lhesbghc
Cext ff ?"bgbqguc rzZ] kf_s_gby \g_rg_]h hdgzZ [ue mklIAghhegh jZ\g
kf s _gb_ khklZ\beh ff ijb "ebg_ Yh&gu ==[3].

Jbk Nhlh]jZznby Z[khj[pbhgghc \fahytbd hggbdb nkklZgh\le_gguf gZ ebg_cghf 1jZ

H[t_dIhf bkke_"~h\Zgby [ueZ \u[jZgZ ebgby ih]eh® dbyhaktygh]h
k fZzdkbfmfhf ih]Jehs _gby o qgzZklhl_==p Baf_j _gby ijh\h~bebkv
|_fi_jZImj=29K "~\mo agZq_gbyop~=Z\&lf by Zlfb dhgp_gljZpbhb
\h~ryghlizjz ppm(p= ZIfb ppm(p = Z)f

J amevlZlu

GZ jbkijb\h~blky kjzZz\g_gb_ ihwdlkg_glfuglZevguo ki_dljh\ ih]Jehs
ebgbb \h~*ygh]lh iZjZz \ \ha“mo_ "ey klZg"Zjlgtc Jg@hddb yhyjZodb \L
\g rgbf hdghkbgbc>ey gZ]Jey~ghklb lijhy tbaq ka&llbkgblZgguc ki_dlj
ihlJehs _gby gZ hkghMITRANgg@dkguc imgdlbj

Jhkkby LhXRSZij_ey25] Lhf IT-l_ogheh]bb b we_
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Ki_dlj dhwnnbpb_glZ ihJehs_ gby™\imy ghldinb] g 2p¥cc baf _jbl _evghc yq_c
ZIfbT=

Highkbl _evgZy hrb[dZ \hkklZgh\e_gby ki_dljwdkigyobfiZZfe Vvihlob
"Zgguo “ey "\mo dhgnb]JmjZpbb yq.1.d ijb\_~ gzZ \ IZ]e

LZ[ebpZ
Hlighkbl _evgZy hrb[dZ \hkklZgh\e_gby ki_dljZevguo iZjZf_Ijh\ ebgb ih]Jehs_ ¢
-(80)1% &1% 801%
p Zlfp ZIll p Zlfp Zllp Zlfp Z|
KlZg~ZjlgZy 1Zah\Zy 1.6/ 62.57 21.7/ 67,2 0.17/0.015
=Zah\Zy yq_cdZ k \g_ 3.2/28.83 0.55/40.63 0.07/0.003

AZdexq_gb _

< j_amevlzl_ ijh\_~_ggh]lh blgke ifd\Zggbwdki_jbf_glZevguo Kki_
ihlJehs _gbw~ygh]lh iZyEdZaZgZ wnn_dlb\ghklv ij_"~eh” _ggh]h i
bkihevah\zgb_f \g_rg_]h ihA\b gh]\e hdlgy i"Z§¥ahfruo bgl_jn_j _gpbt
wnn_dlh\ NEqg_kI\_ggh wlh ijb\h”bl d [he__ h~”ghagZgghc IjZdlh\
ihlehs_gby xbkKge©nZglhfgu_2déablgjub azZf_Igu gZ e_\hf2djule _ jbk
h[ezktBdkbfmfZ ih]Jehs jbkd[gX Ihgdb aj_gby dhebq_kI\_gghc o0ZjZ«
AZgguo ih”oh” ihlamse kIl igdbhkblv Thgqghklv ijb \hkkkdgt\eZepvgou o
iZjZf _ljh\h[ogh~bfuo ey j_ r _gby ijbdeZ”~guo aZ"Zq

Bkke_"h\Zgb_ \uiheg_gh ijb nbgZgkh\hc ihA"_j°d_ Fbgbkl_jkI\
h[jZzah\Zgby Jhkkbckdhc N_"_jz{abbB024jZghk ]
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JZajzZ[hldZ kbkl_fu dhfivxl_jgh]lh aj_gby “ey jZkihagzZ\Zghb
]j b [ hAgaricus bisporus
[.LKIm"*"g?2< Gbdhez_\Z
GZmqgguc jmdh\h~bl_ev ijhhAGKXhyhi | g
D f _jh\kdbc ]hkm"Zjkidbggkbl |
JhkkbyD ]f_jh\h.eDjZkg& 50000
E-mail: pavsergrud@yandex.ru

Development of a computer vision system for recognition @tgaricus bisporus mushrooms
P.S. Rudney, E.V. Nikolaeva
Scientific Supervisor: Prof., DE.N. Nevewov
KemerovoStateUniversity, RussiaKemerovq Krasnayastr., 6, 650000
E-mail: pavsergrud@yandex.ru

Abstract.In this study the program for Agaricus bisporus mushrooms detewetiloielp of computer
visionis developedA methodfor intersectingcontoursdifferentiationis proposedThe developed
program is planned to be applied for mushroom harvesting robot control.

Keywords computer vision, automation, mushroom harvesting

<\~ gb_

\IhfzZlbazZpby ijhpijkBA\h*kI\Z ijh*mdpbb Z]jhijhfure_ggh]h dl
bf | [hevrh_ agZq_gb_ \ ih\ur_gbb ijhba\h”bl_evghklb Ijm~Z b Kk
i_jkhgzZe Z]jhijhfure_gguo ij_<gjbYyjlbgb kbkl_f dhfivxl_jgh]lh aj_
ijhp_kku ijhba\h~kl\Zz Z]jhijhfure_ngdgpblkb ijyhwey Iky i_jki_dlb\g
gZijZ\e_gb_f jZa\blby Z]jhijhfure_gghjhgbdhfiea dikZf_jh\ \g_"j_gb
kbkl_f dhfivxl_jgh]lh aj_gby \ ijhp_kku ijhba\h?kI\Z ibs_\hc ijh
jZajzZ[hldzZ kbkl_f dhfivxl_jgh]h aj_gby ey jZkihplgiZ\[ZghS8Bh deZkk
ijbgzf \kz [hevr__ jZkijhkljZzg_gb_ h[j_1Z_ I ijbf_g_gb_ bkdmkklI\_g:
[4,5]. P_evx ~"Zgghc jZ[hluj¥eg¥[hkdZ ijh]jzffu ~ey ~ | _dlbjh\Zgby d
]j b [hAgaricusbisporusgZ mqgZzZkld_ Jjb[gh]h ihey kAbahhjghklv@&ipdlbm|h\
reyihd "\mo khijbdZkzZxsboky ]jb[h\

Wdki_jbf_glzZevgZy qZklv

>ey M | _dlbjh\Zgby dhglmjh\ khaj \rbo ]Jjb[h\ gZ kgbfdZo ih\_jo
ijb iZzjZzee_evghf jZzkiheh _gbb iehkdhklb ebgau dzZf_ju b iehkdhk
yaud jhiljzffbjh\Z @hthon3.9.1 gZibkzZzgZ ijh]jzffZz h[jZ[Zlu\ZxsZy bah[j
\bjIlmzZevghc Ijzof_jghc fh”_eb mqzkldzZ ]jb[gh]lh ihey kKh~_j"
jZkiheh  _gguo Agatichs bisporus J_g” j bah[jZ _gbc k jZaebggufb \az
jZkiheh  _gbyfb hJ[ifhdladn\\h*beky ihkj_~klI\hf Blarige&3bw.79.

< dh”_ ijh]jzffu ijhba\h”blky bfihjl>gfebhlZ[dhldb bah[jZ _gb
bfihjlbjh\ZgzZ [b[ebd¢v. dReh gu_ fZl_fZIbg_kdb_ hi_jZpbb '\ ijh
\uihegyxlky aZ kqgzl nmgdpbmathb peb tblifidplhf [b[ebhl_d ke _"m_| aZz
i_j_f_gghc ijbjz\gb\Z_fhc d j_amevlZIm jZ[hlu nmgdpbimrdagplu\Zgb
[b[ebhl _add :jimf_glhf nmgdpbb \dklhkia\th_ agZqg_gb_ imlb \ ~bj_d
kh” _j"Zsmx nZce bah[jZ _gbyYNG wlgézlaz”zZzlky i_j_f_ggZy agZq
dhlhjhc y\ey |ky j _amevlzZl dhg\ _jlZpbb bah[jZz  _gby B&Rp\ _Ih\h]l
nhjfzl rdZeu k_jh]lh k ihfhsvxvhiaoniGdg@Q.bl _j\uf Zgmf_ofl *Zgghc
nmgdpbb y\ley |ky i j f ggZy dhlhjhcnuppbk\kqgblZgdkkd\ nmgdpb ¢

cv2.imreadf, <lhjuf ZjJmf_glhf \uklmiZ_| dh” dhg\<jrZgghfpkel@qz_ dh

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_



XXIIl F7@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GLI 105
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC

dhg\_jlZzpbb p\_1Z bf__| cv@&EDHORBGR2GRAY, qlh hagzqz_ | i_j_\h/
bah[jZ _gby ba BBRfZIZhjfZl rdZeu k>phdbZy dhg\ _jlZpby g Ne[pwh”bf
jZ[hlu nmgadvimdContours(),hI\_qZxs_c aZ ihbkd gZ bah[jZh[gbdl\hglImj
>Ze  ke_"m_| azZ~Zgb_ ihjh]lh\h]h agZq_gby ijb hij_~ e _gbb
bah[jZz _gbb k ihfhsvx ce2rtlyegholt) AZ hij_~_e_gb_f ihjh]lh\hNeywgZq_.
deZkkbnbdZpbb ibdk_e ¢ ke_"m_1| ihblkd.firdGomgur$s)nmgdpb _c

< dh”_ijh]jzffu azZz"ZEORy\ pEZde dhlhjh]l]h ey dZ ~h]h gZc”~_ggh]
\ kibkd_ dhglmjh\ \uihegyxlky ke "mwusgbke gdkl\bghsZ”b dhglmj
ibdk_eyo imhlZzKkqzlZ \k_o ibdk_e_c¢c \oh”ysbo \ dhglmj i_j_ \h" ag.
ibdk_eyo \ agZq_gb_iehsz”b \ d\Z"jZlguo kzZglbf_|jZo imlzf mfgh
\ ibdk_eyo gZ dhwnnbpb_gl \ugbke_gguc ba hlghr_gby mqgZkldZ
jZaf_jh\ \ BZdfZo d dhebg_kl\m ibdk_e _c¢ bah[jZ _gby \oh”ysbo \
mqZklAdgdZqg_gb_ iehszZ”b dhglmjZ bkihevam_Ilky “ey \ugbke_gby 7L
dhlhjh]lh jZz\gZ iehsZ”b dhglmjzZz LZdbf h[jZahf \ugbkey_ Iky *"bZf_1j

K ihfhsvx mkdR\igihba\h”blky khjlbjh\dZ gZc”® _gguo dhglmjh\ i
ij_\ur_gby "bzf Ijhf dhglmjzZ \ kZglbf_ljZo Zagday gbyjZpbkf g h[oh"]
"ey bkdexq_gby dhglmjh\ h[t_dlh\ fZeh]h jzZzaf_jZ b \ukhdh]h mjh\g

AZ khjlbjh\dhc dhglmplagZzdm ~bzf_Ijh\ ke_"m_I| gZoh ~_gb_
hlj_adh\ kh_"bgyxsbo Ilhgdb dhgimjz ~jm] k ~jm]hf b ijhoh”ysbo
h[ezklv iehszZz”v dhlhjhc jzZ\gZ h~ghc ~ _kylhc iehsZ”b dhglmjZz
dhlhjhc kh\iz~Zxl k dhhj*bgzl4dfbjZp ZeljZ dhokoh” bl kjk\g Qgdbg
ijh\_"~zgguo ih 1Zdbf djbl_jbyfKkelp ddbgz fZdkbfZevgh]l]h b fbgbf:
hlj _adZ hlebqgzZxlky g_ [he__ q_f gZ h*"§gadRbkZémghhth hédpgadZ b "e
hklZevguo hlj_adh\ 1Zd _ g_ hbhdbfjax]lky[He¢m] g f gZ ~Zggmx \_ek
"Zgguc dhdhmjk\h_c ]_hf_Ijbg_kdhc nhjf_ ijb[eb jgkihadjz]iy b
ijh]ljzZzffhc ddddglImj ]jAdaficusbisporus ljhp_ _"mjzZ ~ | _dlbjh\Zgby ]JjZgbpu
AMmfy dhglmjZfb ih hlghr_gbx d g_fm g_ ijbf_gy_Ilky

ljb g \uiheg \aibbhibkZggh]h mkeh\by \uihegy |ky gZoh ~ _gby -
b fbgbfZevgh]h agZq_gbc ”“ebg hlj_adh\ kh_~"bgyxkjbbo wlhjfrbgu
\ugbkeyxlky “ebgu g_ lhevdh hlj_adh\ ijhoh”ysbo g "jelmgp \kljodh
hlj_adh\" lkgyxsbo \k_ \_jrbgu dhglimjz

Hlj _adb ”~ebgu dhlhjuo y\eyxlky fZdkbfZevgufb b fbgbfZevgu
bah[jZz _gb_ nncgdlipeé() cZjimf_glzZfb dhlhjhc yleyxlky fZkkb\ QXPS\ b
gZ dhlhjh_ ~“he gh Julv ijhba\_"~_gh gZg_k_ogd®Zqebbpbb dhkpbbkkh |
hjr"bgZlu i_j\h]l]h dhgpZ hlj_adzZ dhjl_~ k dhhj*bgZzZIlZfb \lIhjh]lh dhg
agZg_gbyfb djzkghc a_ezghc b kbg_c dhfihg_gl p\_Ih\h]h ijhkljZq
aZ p\_| ebgbb b agZq_gb_ijhajzZzqghklb ebgbb hl gmey ~h _“~bgbp

< kemqZ_ dhglmjh\ A\mo khijbdZkZxsbAgarncusbigpdrasj|p[athf
kh_~"bgyxs_f \_jrbgu dhglmjZz gzZb[hevr_c “ebgu [m”_1| hlj_ahd ijhc
khijbdhkgh\ _gby reyihd b e_"Zsbc \ ebgbb kh” _ j'Zs ¢ "bzZf_|I
GZbdjzlgZcrblj _adhf \ ~Zgghf kemqzZ_ [m”~_| ~bzf IjLhqgghZ ]h
khijbdhkgh\ _gby reyihd ]jb[h\ hij ~ ey |ky dZhdwhgddj ed ZgZy ¢
jZkklhygbbhgtb i_j k_qg_gby [hevr_]h b f_gyz\dhfhiheadthd_ "ebgu
f gvr_]h hlj_adZz

Ilhke gZoh ™~ _gby 1lhgdb khijbdhkgh\_gby reyihd J]jb[h\ gZ
bah[jZ  _gb_ mqzZkldZ ]jb[gh]lh ihey gZghkblky hlj_ahd gzjgh]h p\
"ebgg_cr_fm hlj_adm dhglmjZz ijhoh”ysbc q_j_a lhgdm khijbdhkgh\
"ebgm jZ\gmmg_ *djZlgZcr_]h hlj_adzZZkhglmkBojZgzggh_ bah[jzZ"
h[jZ[Zlu\Z _Iky ijh]jzffhc ih\lhjgh ihke_ q_]h dhglmju reyihd ]jb
gzjguf hlj_adhf jZkihagZxlky dZd ~"\Z jZaebqguo dhglmjZ jbk

Jhkkby LhXRSZij_ey25] Lhf IT-l_ogheh]bb b we_
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JbKL. H[jZ[h1dZ bah[jZ _gby

LZdbf h[jZahf ijhbkoh~bl ~_lddtiphM\ghimo khijbdZkZxsboky r
]1i b [ hAgaricusbisporus

J amevlZlu

;elhjblf ~ | _dlbjh\Zgby jZaebgguo dhglmidaricushisgodudijtbd E'a Z e
wnn_dlb\ghklv \ hij_~ e _gbb dhglmjh\ ]Jjb[h\ gZoh”ysboky \ jZ;
hlghkbl _evgh *jm] *jm]Z

AZdexq_gb

L _klbjh\Zgb_ jzZzajz[hlZgghc \ jzfdZo ~"Zgghc jZ[hlu ijh]j
g_h[oh~bfhklv mkeh g_gby Zelhjblfz »~_ | _dlibph\Zgbybghgzarjhfb’
gZoh ~ _gby dhglmjhAgdrjdufhisporus \ kdhie _gbyo ~ZgguoAZd\c
NZevg_cr_]lh kh\_jr_gkl\h\Zgby Ze]mjblljfZg y§&yxbkkklb Ze]hjblfz
dhebqg_kI\Z ]jb[h\ \ kddZgbgmbIky "Zevg_cr__ mjlbli\ gjrggkl\h\Zgghc
\ jkbb ~Zgghc ijh]jzffu ~ey mijzZ\e _gby Z\lhfZlbabjh\Zgghc kbkl_
mkeh\byo ]Jjb[guo n_jf

Kibkhd ebl_jZImju

1. Mingsen H, Long H, Daeun C.John P.Yaoming L. Picking dynamic analysis for robotic
harvesting of Agarigs isporus mushroomsZomputers and Electronics in Agricultur£2021. +
Vol. 185. +Art. «

2. Mingsen H, Xiaohu J, Long H, Daeun C.John P.YaomingL. Development of a Robotic
HarvestingMechanism for Button Mushrooniffansactions of the ASABEt2021. £Vol. 64 <« %
P. 565675.

3. Yang S, Ji J, Cai H, ChenH. Modeling and Force Analysis of a Hartiag Robot for
Button Mushrooms/EEE Access.+2022. £Vol. 10. +P. 7851978526.

4. Salerno N., Hu X., Pan Z., LS. Picking Path Optimization &garicus bisporus Picking
Robot. + L _dkiwe _dljhggudathematical Problems in Engineering:t 2019. + URL:
https://doi.org/10.1155/2019/8973163Z | B[jZ s _ g B403.2025).

5. Cong P., Feng H., Lv K., Zhou J., B. MYOLO: A Lightweight Fresh Shiitake Mushroom
Detection Model Based on YOLOvV3. Agriculture€2023. +Vol. 13. +P. 392.

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_



XXIIl F7@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GLI 107
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC

M > D04.056.5:658.382
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Systems analyst as a key factor in ensuring the security of IT pjects
D.R. BelkovaM.A. Rudnikovich
Scientific SupervisorSenior Lecturer A.S. Koltais
Tomsk StatéJniversity of Control Systems and Radioelectrgrfrisssia, Tomsk.enin str., 9, 634050
E-mail: marrud.275@gmail.com

Abstract. The article examines the role of a system analyst in ensuring the security of IT systems at
the design stage and analyzes typical errors leading to cyber attacks and data leaks. Based on
up-to-date data on cyber attacks, it demonstrates how design ears lead to serious
consequences. It is emphasized that the competent work of a system analyst at the design stage is
the basis for creating reliable and secure IT systems capable of resisting modern cyber threats.

Key words:System analyst, informationcseity, IT systems, design, cyber threats.

<\_"_gb_

Kh\j f ggukbkl fu b]jzZxl dexg_\mx jhev \ jZaebqguo kfa_jZo ”
hl nbgZzgkh\uo mqj_""_gbc “h ]Jhkm~"ZjklI\_gguo hj]ZgbaZpbc H"g:
bgnhjfZpbhgguo kbkl_f b m\ _ebgbdbjdldglbkkeZqg gb_ [ _ahiZkghk
klZgh\blky h~ghc ba ]JeZ\guo aZtidlq_dda)Z[KhdbZKgh hlgFdne ,%0 ;
7TKUHDW ,QWHOOLJHQFH ,QW&H® bgpbhdgem\ \ dhjihjZlb\guo kbl
k\yaZzgu k hrb[dzZfb gZ wlzZi_ ijth_dlbjh\Zgby

Lda \ ]h m dh]~Z qbkeh db[_jZlZd gZ jhkkbckdb_ dhfiZzgbb
Ahklib]gm)\ lukyq bgpb”~_glh\ Hkgh\gufb p_eyfb klZeb hljz
bgnjZkljmdlmju DBB ijhfure_ggh#dltj b HBh[dbms ggwZ wlZi_
ijh_dlbjh\Zgby ¢hdoputzZzgZeba m]jha hrb[db \ ijh_dlbjh\Zgbb aZz
mql_gu jbkdb p_e \uo Zlzd mya\bfhklb \ p_ihgd_ ihklzZ\hd
dim]Jehkmlhqggh]h fhgblhjbg]Z ijb\\ekhddhdjbkyqpdgio bgpb”_glh\ dZz
iyluc ba dhlhjuo fh] gZg_klburms j[fbkebhgZ jm[e_c Kh\hdm
ij_~hlI\jZs_gguc ms_j[ khklZ\be fbeebzj*h\ m[e_c gh [_a
j_Z]lbjh\zZgby ihke_~kl\by fhleb [ulv dZlZkljhnbg_kdbfb >

WIlb ijbf_ju gZ]ey”gh ~ _fhgkljbjmxl qlh hrb[db gZ wlZi_ ijh_
bf Iv k_jv_agu_ ihkdhWKh\fimy bo g _h[oh”bfh mgblu\zZlv ijb jZajZ
h[_ki_qylgabkhiZkghkkib k7 f

Kbkl _fguc ZgZebwbl ki_pbZebkl dRimpikhlj [ghklb azZdZagbd.
ZgZebabjm_I ijhp_kku b ijph_rdldhm il j7\h*y-l[jodg\&kgby \ | _ogbq_kdt
ki_pbnbdZpbb :gZeblbd dhhjrbgbjm_1| jZ[hlm f_""m azZdZaqbdh
Ahdmf_glbjm_| ijhp_kku b h[_ki_gb\Z | [_ahiZkghklv khkbBREIfU ?
wnn_dlb\gu_ b gzZ~ _"gu_ j_r_gby dhlhju_ ihfh]Zxl [bag_km ~hk
p_e _Kd”r"gZdh dzZd ihdZau\zZ_I| ijzdlbdz g_"~hklZlhggh_ \gbfzgb_ d
ijh_dlbjh\Zgby ijb\h”~bl d k_jv_aguf ihke_"kl\byf
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Wdki_jbf_glZevgZy qZklv

:gZeba klZIbklbg_kdbo ~Zgguo \ h[eZklb bgnhjfZpbhgghc [_a
\u”_eblv jy® dexq_\uo ijh[e_f g_ihkj_"kl\_ggh k\yaZgguo k jhevx
\ ijhp_kk_ ijh_dlbjh\Zgby b jEakk[hldb ,7

1. G_"hklzZlhgqgh_ \gbfzgb_ d [_&hidkghdtgyo jjZzajZ[hldb ijb\h
lhfm glh mya\bfhklb \uy\eyxlky Ilhevdh iha~g__ dh]*"Z bo bki
azZljZlguf b keh guf

2. G_o\zZldz d\Zebnbpbjh\Zgguo ki_pbZebklh\ \ h[ezZklb kbkl
bgnhjfZpbhgghc [_ahiZkghklb fh™ _ImhkeK[biw emZsbdZ wlZi_ _z kha?

3. ;ukljh f _gyxsZyky | _ogheh]bqg_kdzZy kj_"~Z |j_[m_I ihklhyggh]kt
b gZ\udh\ glh mkeh gy _| ijhp_kk fbgbfbazZpbb jbkdh\

Bf _ggh ihwlhfm jhev kbkl_fgh]lh ZgZeblbdzZ gz wlzZi_ ijh_dlIlk
hkh[_ggh RZ gex[u_ hrb[db beb g_"hg_lu “hims_ggu_ gZ wlhf wl
k jv_agu_ ihke_~kl\by 1Zdb_ dZd ml_gqdb ~Zgguo dhfijhf_IZpl
g_khhl\_IklI\b_ ghjfzZlib\guf |jgai\dbdbyf g \ _jgh kijh_dIbjh\ZggZy k
Ahklimiz fh™ | ihal\dedbfura _ggbdm ihemqgblv dhgljhev gZ”® \k_c bg
ihke \aehfz hfghdhz

HrgZdh ~Z° _ ijb gZebgbb g _h[oh”bfuo bgkljmf_glh\ b f_ Ih”"}
7TKUHDW ORGHOLQJ 6HFXUH 6'/& beb =HUR 7UXVW $UFKLWHF)
ZgZeblbagt wlzi_ ijh_dlbjh\Zgby hklZxlky h”ghc ba ]JeZ\guo ijbq
db[_jm]jlr < dzg_kI\_ ijbf_jzZz J[ueZ khklzZ\ehgfgzZbdhebpZ gqzklh
\klj_qgZxsbfky hrb[dlZfi gZjiw _dlIbjh\iZgdlyke "kiI\bgdhfiZgbb

LZ[ebpZ
Hkgh\gu_ hrdZdwlzi_ ijh_dIbjh\Zgby
Hrb[db kbkl_fg( Lbi Ilhke_~kl\by ~ ljbf_ju F_lh”u
ZgZeblbdZ gz db[_jm]jh, dhfizgbb Z1Zzd mya\bf ij_~hI\jZs_gt
ijh_dlbjh\zZgtl
G_\ _jgzZy $1Zzdoz Ml _qdZ beb] SQL-bgt _dpb Fhr _ebjh\Zg
ijbhjblbazmbByh| dhgnb”_gp dhfijhf_lZpby nbrbg] ml_| m]jha j_]Ime}
b f_ozZgbafh\ a ghklv ~"Zgq gm\kl\bl_evg| ebgguo *Zg Zm”™blu
[_ahizkghkl NZgguo deb_g [_ahizkghkl
khljm~gbdh\
iZjlg_jh\

G_\_jgh \u[jzd :1Zdb gZ| Hldexqg_gb_ kb DDoS Z1Zdb ;jobl_dImjz
iZll_jgjobl_dun ~hkimighk ihl_jy “hklimi] hidza \ gme_\h]h ~h\
\u[hkeZ[uo b kbkl_fu djblbg_kdb \Z h[kem b\Zg bkihevah\zZg
g_ih~rI\_j "~ _g¢ k_j\bkzf hidZahmklhc
I ogheh]bc j_r_gbc
Hrb[dZ \ ZgZ¢ MI_qdzZ "~z Ihl_jb j_imlzZp|l 1_j_o\Zl ~"Zg ljbf_g_gb_
ihlhdh\ *Zggud beb gZjmr | km” _[gu_ bk ZlZdb ©q_e rbnjh\Zgby

mqgl_ggh_ | dhgnb”~_gp rljZnu ihk_j_"~bg_| hl]jZzgbg_ghb
rbnjh\zZgb_ ghklb (MITM) "hklmiz d ~z
gm\kli\bl_evg
NZgguo
Hrb[db GZjmr_gbh G_kZgdpbhghbjh :1Zzdb ljbf_g_gb_
ijhdbjh\Zgbh dhgljhey| ¢ “hklmi d kbk bgkZc”™_jh ijbgpbiz
fh"_eb Ahkimiz baf_g_gb_ b| g_kZgdpbhg gZbf_gvrbo
jZa¥Zgbqg_ gjiop m~rZe_gb_ 7~z gguc “hkln ijb\be_]bc
"hklmiz fghlhnzdlhjg
ij_"hklz\e_g Zml_glbnbdZ
kebrdhf rbjhd
ijZ\ ihevah\ZI
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ljh~he  _gb_ IZ[ebpu

Hrb[db kbkl_fg Lbi db[_jm]] Ihke_~kl\by ~e ljbf_ju F_ITh~u
ZgZeblbdz gz dhfizgbb Z1Zzd mya\bfhl ij_~hI\jZs
ijh_dlbjh\Zgh gby
HIkmlkI\b_ mqg Mya\bfhklk Ihl_jb :1Zzdb gz klzj Ihklhygg
g_h[oh”bfhkl| fZkrlZ[bjh\Z ijhba\h”~bl_evgh \_jkbb IH h[gh\e_g

fZkrlZ[bjm_fhk| b b h[gh\e_| g_\hafh ghklv Z~3 g_"hklZlhd aZ kbkl_fu
h[gh\ey_ fhkl d gh\uf mljhaZ ijb jZkrbj_ghb

BalZ[ebpu \b”rgh dzZd hrb[db kbkl_fgh]l]h ZgZeblbdzZ gZ klZ”bb i
ijb\_klIb d rbjhdhfm ki_dlIjm db[_jm]jha GZijbf_j g_"hhp_gdZ m]jh
ijb\_klb d ml_qd_ dhgnb”_gpbZevguo ~Zgguo qlh klzZ\bl ih~
nbgZgkh\h hyditkl dhfizgbb G _\gbfzZgb_d Zjobl_dlImjlihklZhbZkghkl
ih®” m]jham ~hklmighklv kbkl_fu b ijb\_klb d agZgduldkgbluduifiol _jyf
ijbgbgzfb IZdbo hrb[hd y\eyxlky g_"hklZlhgguc hiul \ h[eZklb [_at
ieZgZ mijZ\¢bkgdxfb b b]jghjbjh\zZgb_ kh\j_f _gguo klzg~Zjlh\ qlh \ t
g_"hhp_gd_\hijhkh\ aZsblu b m\_ebqgb\Z_1| jbkd \hagbdgh\_gby my

J amevlZlu

QlhJu ba[_"Zlv \uy\érbphukbkl fguc ZgZeblbd “he _g m”"_eylv
\gbfZgb_ wlZim ijhglybjBfZggh gZ wlhf wlzZi_ fh gh wnn_dlb\gh fbg
[hevrbgkl\h jbkdh\ b aZeh blv nmg~zZf_gl “ey [_ahiZkghc jZ[hlu ki
~Z bag_ggh]hwihdgZ[m | \gbfZl _evgh]h ih*oh”~Z d g_kdhevdbf dex
i _j\bgguc ZgZeba uUpjjhah”~oh”~ys 1h izZIl_jgzZ ijh_dlfbjki\Zqgbgb
ijZ\bevghc h[jZ[hldb gm\klI\bl_eviguph _dAdgph\@&gb_ gZ”~_"ghc fh~",
jZaljZgbg_gby ijZ\ *hklmiz

GZ ijbf_j_ i_j\bqgh]lh ZgZebaz m]jha fh 'gh m\b”_Iv dzZd ZgZet
b deZkkbnbpljngpbZevgu_m]jhau gZ gZqZevghc klZz*bb fh™ | ij_"~
jbkdb < qzZklghklb \gbfzZl _evgh_ highr_gb_d mptadpbbzdbb d
ml_qdb dhgnb” _gpbZevguo "Zgguo iha\lhey | ijh_dlbjh\ZIv kbkl _f
f_ oZgbafzZfb aZsbfb dZd rbnjh\Zgb_ beb fgh]l]hnzZdlhjgZy Zml_glbnb

AZdexq_gb_

LzZzdbf h[jZzahf kbkl _fguc ZgZeblbd y\ey |Iky g_lhevdh k\yam
aZzdZaqbdhf b jZajz[hlgbklZAfbklI\glgguf azZ [_ahizZzkghklv kbkl_ fu
ijh_dlbjh\Zgby ?]1h jZ[ReZ gZQgZgjZ \iHpfZevguo jcr_glhlhju_
fbgbfbabjmx!| jbkdb db[_jzZlZzd b aZsbszZxl dhfiZzgbx hl k_jv_ag
j_imlZpbhgguo i9Z gh ihfgblv qglh hrb[db ~hims_ggu_ gZ wlhf \
bf Iv “he]lhkjhggu_ b “hjh]lhklhysb_ihkekhkNbgb lhaZ&lhsm gguo
gZ”™_ "guokbkl _f dhlhju_ kfh]lml wnn_dlb\gh ijhlb\hklhylv kh\j_ f gg
aZ\bkthlim”~_ _eyfibe gh]h \gbfZgby [_ahiZkghklb gZ wlzZi_ ijh_dlbjh\Z¢
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:jobl_dImju \ukhdhijhba\h?bl_evguo kbkl_f h[jZ[hldb [hevrbo *
"ey bgl _ee_dimZevgh]h fhgblhjbg]Z ijhfure_ggh]h h[hjm~h\Z
> JyaZghB\ =hjhoh)\
GZmgguc jmdh\ktbjl_idvZ\ZI?evIihlZih\Z
Lhfkdbc JThkm~Zjkmggyu&kbl | kbkl_f mijZz\e_gby b j,Z*"bhwe _dlj
Jhkkby ] Lhfkd ij40E340560 Z
E-mail: anton.ryazanov.main@gmail.com

Architectures of high-performance big data processing systems for intelligent monitoring
of industrial equipment
A.D. RyazanoyV.l. Gorohov
Scientific SupervisorSeniorLecturer E.A. Potapova
Tomsk State University of Control Systems and Radioelecsdrissia, Tomsk, Lenin sti0, 634050
E-mail: anton.ryazanov.main@gmail.com

Abstract. This article proposes higperformance computing (HPC) system architectures for
processing big data in industriagnvironments. The methodology of parallel computing and
integration into machine learning is analyzed.

Key words high-performance computing, big data, distributed systems, parallel computing,
industrial monitoring.

<\_"_gb_

Pbnjh\zZy IljZgknhjfZpby ighgfuklb ijb\_eZ d agZqgbl_evghfm jhkl
NZgguo ]_g_jbjm_fuo ijhba\h”~kI\_gguf h[hjm~h\Zgb_f Kh\j f ¢
kh[bjzxl fgh]lhf_jgmx | _e f ljbx "mjgZeu kh[ulbc ihlhdh\u_ ~Zgg
kharzZ_| kms_kl\_ggmx gZ]jmadm gd bokihijfZ pihZLhZdbpbhggu_
K j\ _jogu_ j_r_gby qgzZklh g_ kijz\eyxlky k \hajhkrbf ihlhdhf ~Zgg
az™_j dzf \ ZgZeba_b dzd ke_"kl\b_ d kgb _gbx wnn_dI§2lghklb m

ljbf _g_gb_ \ukhdhijhba\h”bl _evguo \kdplkkeb|l evIKio3HUIRUPI
&RPSXWLQJ +3& iha\lhey | g_ Ihevdh mkdhjblv h[jZ[hldm ~*
bgl ee_dimZevgu_ Ze]hjblfu ey ij_"bdlb\ghc ZgZeblbdb b hilbfba
ijhp_kK3\ H*gZdh kms_klI\m{sb_gb¥&Zklh |j_[mxlvaggdqgthd\ eklbpbc
\ bgnjZkljmdImjm b keh gu [¥h \g_"j_gbb

P_ev ~Zgghc jZ[pZ@ajzZ[hldZ b bkke_"h\Zgb_ wnn_dIlb\ghc
\ukhdhijhba\h”~bl_evghc kbkl_fu h[jZ[hldb ~Zgguo dhlhjzy fh _I
e_]dh \g_"j_gZ gZ ijhfure_gghf ij_"ijbylbb

< gZklhys ¢ jZ[hl_ fu nhdmkbjm_fky gZ iZjZee _evguo \ugbke
bkihevamy f_ozZgbaf PXOWLSURFHVVLQJ fgh]lhijhplkklgZmeih” _e
PXOWLSURFHVVLQJ \u[jZg dzd dhfijhfbkk f_"~m ijhklhlhc j_Zek
iIZjZeegew \ugbke_gbc Ohly kms_klI\mxl [he__ ijhba\h”~bl_e
(MPI, 2SHQO03 \u[jZgguc ih*oh” iha\hey | ijh® _fhgkljbjh\Zlv hkgh\g
gZ ijZdIb/du_beexkljbjm_f wlm b”_x gZ azZz”~"Zq_ h[mg_gby fh~_e_c f
gZ [hevrhf kbgl_Ib@qlXKhif_»

LZdhc iZjZee_evguc ih"oh \ 3\WKRQ k h”ghc klhjhgu g_ *
deZkkbg_kdbb ogh&h]l]bc 03, 2SHQO03 *38 hrgzdh ~_fhgkljbj
ijbgpbiu \ukhdhijhba\h”bl_evguo \ugbke_gbc jZa[b\dm ~Zgguo g
\ugbkgb ehdZevguo j_amevliZlh\ b ihke_"mxs__ bo Z]j_]bjh\Zgb _
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Wdki_jbf_glZevgZy qZklv

Wdki_jbf_gl khklhbohbah\guo wlZih\

1. =_g_jZpby gZ[hjh\ “"Zgguo hij_~_e_gguo jZaf_jh\ b dhebqg_Kkl

2. H[mg_gb_ k azZf_jhf \j_f _gb b \Zebf&EpPbgbrey dZ "hc

3. Nhjfbjh\Zgb_ blh]h\uo j_amevlZlh\

Wdki_jbfijo)hh*"bek® dhfivxl_j_ k ijhpApplkeMhid k =; hi_jZlb\ghc
iZfylb Bkihevabwibekyjkb3nl2.7.

< dZq_kI\_ bkihevam _ fuo flgh]lle hdnidrilgdpy [ueb \u[jZgu eh]bklb
j_li_kkibbygZb\guc ;Zc_k Nmgdpby ZdIb\Zpbb * e ykbeh blkk heqy akd hidk yj
kb]fhc”Z dhlhjzy hij_~_ey_Ilky nhjfmehc

PelsER®

Bkihevam_lkywdijhtkibcgZy nmgdpby ihl_jv dhlhggppmaff_jy‘nh jZ
bklbggufb f lgafbij "kdZaZggufb agZq_gbyfb QIlh[u ij_~hl\jZIblv
fhr _eb b dhgljhebjh\zZlv \ _ebgbgm \ _kh\ d [Zah\hc nmgdpbb
L2-j IJmeyjbazZpby Blh]Jhi\mx nmgdpbx ihl_jv fh gh hibkZlv nhjfmehc

o Y

.L—;’i FXpUZspy E:sF py UZssF ;2 EAl X84
Va3 Y@b
" Xyxtwe f _glu \_dlh;,D +dkihkeh ijbaglEZdpbi jizjzf |Ij azZ~Zxsbc kbe
j_ImeyjbaRpddthebq_kiI\th dIAN\\u[hjd_
F_Ih™ hilbfbazpbkbguc [Zlg_\uc ]jZ”"b_glguc kimkd dh]*Z gZ
kmffbjm_Iky \deE[t \dllo\ b azZl_f h[gh\eyxlky \_kZ
lhke_ h[mqgc gy jhf \j_f gb dz ~"Zy fh”_ev |_klbjnk-fokly k ihf
dihkkZeb~Zpbb dz ~Zy fh~_ev | _klbjm_Iky gZ hklzZ\r_fky nhe”_ >¢
themqz_f ij_"kdZaZglgnmdZFAdkkgblu\Z |fldb
1. Accuracyz™"hey \ _jguo ij_~kdZaZgbc
2. Precisionzlhqghklv ijb ij _~"kdZaZgbb deZkkZ
3. RecallxiheghlzZz ~"ey deZkkZ
4. Fl-scorex]Zjfhgbg_kdh_ kj_ " grecisionbfetall
Wdki_jbf_igh\h "tkk¢ gZ kbgl_Ibg_kdbo gZ[hjZo ~Zgguo jZaebqc
100000 h[jZaph\ b ijbagzZdh\ h[jZzaph\ b ijbagzZdh\ b
40 ijbagzZdh\ < Ilgpa_~_gu j_am\gviZbb h[mg_gby fh”r_e2t IgbdbbzZ[e
dZq_kI\Z bo deZkkbnbdZpbb

LZ[ebpZ
<j_fy h[mqg_gby fh*_e_c
H[jZap| IjbagZzd Eh]bklbg_kdZy j_| Eh]bklbq_kdzZy j_]| GZb\guc ;Z
(HAghihlhygkjyfy | (FghlhihlhggZXjy fy \j_fy k
100 000 10 4,85 50,29 2,65
1 000 000 40 116,33 118,81 119,43
5 000 000 40 580,79 459,93 627,52
LZ[ebpZ
F_IljbddZq_kI\Z deZkkbnbdZpbb
Fh" _ev Accuracy Precision Recall F1-score
Ehlbklbg_kdZy j(H" "ghkbhy h{g 0,778 0,840 0,637 0,724
Ehlbklbg_kdZy j(Fglkkbinlhgg 0,778 0,840 0,637 0,724
GZb\guc ;Zc_k 0,791 0,791 0,740 0,760
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:gZebg _amevlZlih\ ihdzZau\z | glh wnn_dlb\ghklv iZjZee ¢
kms_kI\_ggh az\bkbl hl h[tG#Z fZ2ggugZ[hjZo luk aZibk_c g4
jZkoh~u gZ kha”~zZgb_ ijhp_kkh\ ij \urzZxl \ub]juljthImi\Z ke bl f2
h[t_fZ "Zgguo "~h Keg akbb]Z Iky mkdhjjfds Zb\guc [Zc_kh\kdbcg
deZkkbnbdzZlhj ihdZzau\Z | klZ[bevgmx ijhba\h”bl_evghklv gh mkl
iZjZee_evghc j_ZebaZpbb eh]bklbqg_kdhc j_]j_kkbb

GZ hkgh\_ ijh\_~_ggh]h bkke_"~h\Zgby j_dhf_ggouokyn[t"éhfgZ
kK\ur _ feg aZibk_c ijbf_gylv iZjZee_evgmx h[jZ[hldm hilbfbab]j
"Zgguo \ azZ\bkbfhklb hl ~hkimiguo \ugbkebl _evguo j_kmjk
ij_™\Zjbl_evgmx nbevljZpbx b Z]j_]Zpbx "~Zgguo ”"ey kgb _gby
bkihevak\ZloZgbafu dwrbjh\Zgby ijhf_"mlhgguo j_amevlIZlh\

AZdexq_gb _

< jZ[hl_ ij_"klZ\e_gZ b bkke_"h\zZgz Zjobl_dImjz \ukhdhijhba
h[jZz[hldb ~Zgguo ”"ey ijhfure_ggh]h fhgblhjbg]Zz Wdki_jbf_glZe
wnn_dlb\ghklv ij_"eh  _gghllgZihfYodwy¥do gZ[hjZo "Zgguo Hij_
hilbfZevgu_ mkeh\by ijbf_g gby iZjZee _evghc h[jZ[hldb b jZajZz
j_dhf_g~Zpbb ih \g_"j_gbx kbkl_fu
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DeZkkbnbdzZpby wfhpbc k ihfhsvx fh”_e_c ]Jem[hdh]h h[mqg_
hp_gdZ Ilhqghklb b klZlbklbq_kdbc ZgZeba
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Emotion classification using deep learning models:
accuracy assessment and statistical analysis
U.V. Savina A.E. PershinaA.D. Psarev
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Abstract.The paper presents an analysis of convolutional neural network models based on images from
the AffectNet dataset. The effectiveness of the models is assessed using accurssoesndigirics,

and their analysis is performed using Mawthitney and Wilceon statistical tests. The following
neural network models were considerBasNet50MobileNetV2, created neural netwd@iN.

Key words emotions, neural networks, accuracy, the Mavimitney U test, the Wilcoxon sigreahk test

<\_"_gb_

Wfhpbb k\yakgugmlj_ggbfb i_j_"b\Zgbyfb fukeyfb ihklmi
ihlj _[ghklyfb qlh iha\hey | ijbf_gylv bo deZkkbnbdZpbx \ jZaeb:
Hkh[_ggh ~ZggZy |_fZ ZdilmZevgZ \ h[eZklb a”jZ\hhojZg_gby gZi
Znn_dlb\ghc g _cjhgZmd_ bg@j_ Iuhejbf gzf fh ' gh hlg_klb bkiheva
deZkkbnbdzZpbb wfhpbc ijb "bZ]ghklbd_ ikbobq_kdbo khklhygbc b
iZpb_glZz

>ey kharZgby fh"_eb dezZkkbnbdzZpbb wfhpbc \hafh gh ijbf_g_oc
h[mg_gby H[mqg_gb_ g _ cjhgigohcrkkl_IEZdijhglh ijb ihklmie _gbb gh\uc
k\yab f_""m g _cjhgZfb mkbeb\Zxlky _keb hgb kh]l]eZkmxlky k
hkezZ[eyxlky _keb klyav hdZaulZ _Iky eh"'ghc WIh ihalhey | fh™ ek
ijbagZzdb gZ hkgh\_ dhlhjuo [mdeZkkbmeb\dZphy ihalheyy gZoh”blv
hkh[_gghklb

Wdki_jbf _glZevgZy gZklv

>ey kjzZ\g_gby [ueb \u[jZgu Ijb fh™_eb k\_jlhgghc g_cjhgghc
ORELOH1IHWY9 b jZajZ[hlZggZy K11

ResNet50+tk\_jlhggZy g_cjhggZy k_Ilv dhlhjZy ij_0hk\pXkgZ alZjalhé f
1iZ”2b _glhf k ihfhsvx ijbf_g _gby ijhimkdguo kh_~bg _gbc VNLS
[ehdzZfb ~h[Z\eyy \oh”gu_ ~"Zggu_ [ehdZ d _]h \uoh”m > @

MobileNetV2 £tk\ _jlhqggZy g _cjhggZy k_Iv bkihevamxsZy bg\ _jlbjh\Z
[ehdb dhlhju_ kgZgEZegez\zwl dhebq_kl\h dZgzZeh\ azl_f ijbf_gyx
k\_jldb h[jZ[Zlu\Zxsb_ dZ ~uc dzZgZe hl”*_evgh b mf_gvrzZxl d
h[jZ1d3].

Qlh dZkzZ Iky jZajzZ[hlZgghc k\_jlhgqghc g_cjhgghc k_Ib &11
k\_jlhgguo [ehdh\gk g\ fedhebq_kI\Z nbevljh\ ]~ _ dZ ~uc [ehd \d¢
Zdlb\Zpb_c¢c 5H/8 iZd_Igmx ghjfZebaZpbx %DWFK1RUPDOL]DWLR
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OD[3RROLQJ "' b ~jhizml 'URSRXW lhke  bale_q_gby |
iheghk\yaguc kehc gkjfZbdmpbb \uoh”ghcjkémeywbazZpb _ c
>ey h[mqg_gby fh~_e_c [ue \u[jZg gZ[hj *Zgguo $IIHFW1HW kh
ebp jZkij_" ezgguo ih dezZkkzf wfhpbc Hkgh\u\Zykv gZ deZkkbnb
ikboheh]h\ gZijbf_j 1Zdbo dDdvjheeWBdldZg* ba gZ[hjZ “Zgguo [ueh
dezZkkh\ ]jmklv kljZo jZ"hklv aehklv b m”~b\le_gb_ >Zggu_
jZa™_e_gu gZ h[mqgZxsmx b \Zeb”Zpbhggmx \u[hjdm ;ue \u[jZg

224 u >Zgguc jZaf_ j y\ley Iky klZg1zZdigoaffhe e ¢ dZd 5HVL1F
MobileNetV2.
>ey ij_"h[jZ[hldb ~Zgguo bkihevah\ZezZkv [b[ebhl_dz OH

Z\IhfZlbq_kdb \u”®_ey | dexq_\u_ lIhqdb ebpz |_f kZfuf memqrZy
ihfh]zZz | hlke_"b\zZlv f_evqZcrb_ ~\b " _gby b _balfhfdbfgbwligih ebueZz
bkihevah\ZgZz Zm]f_glZpby "~Zgguo ihfh]ZxsZy jZaghh[jZablv *
ijZ\bevghf ih~[hj_ f_Ih*h\ Zm]f_glZpbb m\_ebqgblv h[h[sZxsmXx ki
;ueb bkihevah\zZgu Izdb_ f_Ih~u dZd kemqgZcguc ihelZjdlkbahdiz _
liZ"mkh\  URWDWLRQBUDQJH b m\_ebq_gb_ fZkrlZ[Z bah[jZ _
JRRPBUDQJH LZd _ bkihevah\Zeky f_Ih~ fbgbfZevghc b fzZdkl
ij_h[jZamxsbc agZq _gby ibdk_e_c¢c bah[jZ _gbc ba "bzZiZaheyz >
memqr_gby ijhp_kkZ h[mg_gby fh*_e_c¢c g_cjhgguo k_I_c

J amevlZlu

H{mqgq_gb_dZ ~hc fh®_eb ijhba\h”behkv \hk_fgZ~"pZlv jZa ihke_
hp_gdz fh~_e_c k ihfhsvx -IMbIgbFZggZ$FFXUDF\ 9DOLG b |_klIZ
Ldjbl_jbc <bedhdkYegy $FFXUDF\ -YHRWHDb F_IjbdZ $FFXUDF\ if
hij_~_eblv khhlghr_gb_ dhjj_dlgh deZkkbnbpbjh\Zgguo "~Zgguo c
ij_ "kdZaZgbc k™ _eZgguo fh" _evx g _cjhggh<vEkRIbOH Qlitn HZ&KFZYykiy )j
Ij_"gZagZq_gZ "ey hp gpgiba\ls"bl_evghklb fh*_eb b yley I|ky ]Zj
kj_~gbf f_"~m |hqg@tekision b iheghRbal)[4].

L_klI FzgwlZlgb [ue \u[jZg ihkdhevdm bkihevah\Zebkv kemqgZcgt
hfmqgzZxsb_ \u[hjdb qlh khhI\_IkI\m_1 djbl_jbyf ijbf_g_gby ~"Zggh]
$FFXUDF\ 9DOLG [ueZ \u[jZgZ "ey hp_gdb lhqghklb fh~_e_c gz \zZ
hgz baf_jy | kihkh[ghklv fh” e c ijZ\bevgh deZkkbnbpbjh\Zlv h[t_
\ ijhp_kk_ h[mg_gby J_amevliZMblgklhhdZagdzZzx|l qlh fh*_ev 5H’
ij_\hkoh”~bl &11 8 S b ORELOH1IHWY9 8 id. S
&11 1Zzd _ agZqbl_evgh emqgr_ ORELOH1HWY9 8 S
FZggMblgb ih~I\_j ~Zxl glh jZaebqgb_ \ j amevlZlZo f_""m v
klZlbklbg_kdb agZqgbfh

L _kl MbedhdkhgZ ij_"gZagZq_g ey khihklzZ\e gbfy jihgdzaZzZ| e
A\mo jZaguo mkeh\byo gZ h”rghc b IThc ~_ \u[hjd_ > @ Ijb ijbf_g_
f ljbdb $FFXUDF\ 7THVW 5HV1IHW [Zd _ ihdZaZeZ gZbemqrb_ j_
5HV1IHW ~ fhgkljbjm_I [he__ \ukhdb_ j_amevlZlu qgb ff &lvir Mjh\

S glh mdZaulZ_ | gZ Ih qglh jZaebqgby klZlbklbg_kdb acg
f_""m ]jmiizfb g_ y\ey_Iky kemqgZcguf 5HV1IHW ij_\hkoh~bl b
emqgrb_ j_amevlZlu \ ba kemqgZ_ \ < "Zgghf kesangd_mjh\gldwv a
lzd" _ f_gvr_ ihwlhfm jZaebgb_ f_""m fh”_eyfb g_ kemqgZcgh
&11 b ORELOH1HWY9 Ilh &11 [ueZ emqgr_ \ kemgZyo S

< IZ[]e ij_"klZ\e_gu kj_"gb_ agZq_gby f ljbd $FFXUDF\ ey \Z¢
NZggubFFXUDF\ 9DOLG b I_klh\h]lh gZ[hjZz "Zgguo $FFXUDF\ 7H\
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LZ[ebpZ
Kjz\g_gb_ f_Iljbd hibkZgguo fh”_e_c
Fh" ev Accuracy Valid Accuracy Test
ResNet50 78,44% 73,37%
CNN 72,95% 66,90%
MobileNetV?2 69,95% 62,76%

Qlh dzkzZ_Iky f_-5pbefindZazl_eb kms_kI\_ggh g_ baf_gyxlky ih
$FFXUDF\ 1Zd dzd h[_ f_ljbdb fh]lml ~Z\ZIv koh b_ j_ameviZlu
k[ZeZgkbjh\Zgu 5HVIHW ij_\hkoh”bl dZd &11 1Zd b ORELOHIHW

]
j_amevlZliu q_f URELQPAH1H_ "klZ\e_gu kj_"~gb_agZqg_gby f_ljbd

LZ[ebDdZ
KjzZz\g_gb_f Iljbd hibkZgguo fh*_e_c
Fh™ ev Precision Recall F1-score
ResNet50 0,75 0,73 0,73
CNN 0,68 0,67 0,66
MobileNetV2 0,63 0,63 0,63
AZdexq_gb _

< azZdexq_gbb kjzZ\gb\Zy fh" &415HVORWLOH1HWY9 “ey a
deZkkbnbdzZpbb wfhpbc fh gh kdzZzazZlv h Ihf gqlh 5HV1IHW ihdza
&11 g_fgh]h mkimiZz_| 5HV1IHW gh _z j_amevlZlu gZ \Zeb”"Zphbt
dhgdmj_glhkihkh[gufb QIlh dZkZ_Ilky OREZLOUNZ HWZ b flhghg@xi |hqggh
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<bjlmZevguc ijb[h] *ey baf_j_gby NFJ fZ]gblguo fZI_jbZeh\
J R KZcb”dmeh\
GZmqguc jmdh\Whipl_ gvaf gH : >hp_gdh
GZpbhgZevguc bkke_"h\ZIl_eMkkdicZikifik apmgabe jkbl |
Jhkkby ] Lhfkd ij ,B34950Z
E-mail: rustamsayidqulov59@gmail.com

Virtual instrument to FMR measuring of magnetic substances
R.SH.Sayidqulov
Scientific SupervisorAss. Prof. Ph.D.O.A. Dotsenko
TomskStateUniversity, Russia, Tomshkenin str., 36634050
E-mail: rustamsayidqulov59@gmail.com

Abstract. This paper describes a virtual instrument developed in the LabVIEW graphical
programming language for the FMR device. The program communicates with the FMR device via
Arduino UNO.

Keywords:FMR, LabVIEW, virtual instrument.

<\?_gb_

< gZklhys__ \j_fy ihlj_[ghklv \ Z\IhfZIblke bth\glZregigtibo
ijhfure_gguo h[t_dlh\ \_kviZjRf ebldigb ijh\_~ gbb baf_j gbc gZ gZn
eZ[hjZlhjghf h[hjm~h\Zgbb ihemqg_gb_ agZqg_gbc y\ley Iky keh ghc
hkh[_ggh dh]~"Z baf_j gby ijh\h”?ylky \ rigjhkdhi< "bZdBahigblmZpby
mkljhckI\Z \ hkgh\ghf qZklbggh beb ihabpiklXZgu ZklhiAfhsvx
ijh]ljzffghlh h[_ki_dNIlhbyhhj\uo wdhghfbl \j_fy\lhgudh kihkh[klI\m I
ih\ur_gbx lhgghklb baf jbl _ev@dodialh?)_ jZ~"bhwe dljhgbdb L=M
mklZgh\dZ ey bamqg_gbyfZ\eblgyhnj ijgAfipNgkzhfZ]gblguc j_a&hgzZgk
wlh y\e _gb_  ba[bjzl _evgh]l]h ih]Jehs _gby wg_jlbb we dljhfZ]gt
fZlgblhmihjy*hqg_gguoo\ijb KINZ~_e_ggdq_gbyo qgZklhlu b gZzZijy _g
\g_rg_]h fZ]gblgh]h iKmg_kl@nxs__ ijh]jzffgh_ h[_ki_qgqhdgjh_ IH
ihal\hey | Z\lhfZlbabjh\ZIlv ijhp_khjbed¥gh gblklZj eh < k\yab k wl
ihklz\e gz a#Zbadqgbl\H mklZgh\db RFév jZ[hllua"Kgb_ \bjlmZevgh]
ijb[hjz <I 7"ey Z\IhfZlbazZpbb bkke_"h\Zgby NFJ tZghlpja@ihz|_jb:z
ijhljzffghlh h[_ki_qgq_gby mkljhcklI\Z bkihevah\Zeky ]jZnbqg_kdbc y:
LabVIEW.

Wdki_jbf_glZevgZy qZklv

JZajzZ[hldZ ijbeh _gbdtalVIEW hlebqgZ_Ilky hl jZ[hlu \ kj_"~Zo gZ
Kbelava h*ghc hq_gv \Z'ghc hkh[_gghklvx ?keb \ IljZ"bpbhgguo
yaudZo ijh]jzffbjh\Zgb_ hkgh\Zgh gz \\h”~_ |_dklh\uo dhfzg”*
h[jZamxsbo ijh]jZffguclhdh”~LabVIEW bkihevam_I|ky vyaud ]jZnbqg_l
ijhljZzffbjh\Zzgby ]7_ Zelhjbdy khpZaAblg_kdhc knhjffhsvhldhgd
h[jZamxs_c |Zd gZau\Z"bmxZ[féd md>e@ mklZgh\e_gby k\yab f_""m /DE
baf_jbl_evgukljhcklI\hf bkihevah\ZezZkv iezlz $UGXLQR 812 Ijt
ki_pbZevgzZy [b[ebhl_dz /,1; gZibkzZggyyieZIDHEW(:SUGXLQR dh
kem bl "ey mklZgh\e_gby hl[e_HdohdhZy kayalvx qZ kha"Zgghc ijh]j
j_1bkljZzpby agzZq_gbc k ~Zlgbdz OKeegZ flhsghlRldiljibj[hj NFJ
hih[jZz" _gb_ bo \ \b"_]jZnbdZ b khojZg_gb_\ nZce
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J amevlZlu
G4bklij ~klzZ\eebB \Zy iZg_eviZdggpdph\bjimZevgh]h d)jb[hjzZz <I

JbKL.Ebp_\Zy iZg_ev

AN _Kvi_jzIihfjh” 1 \\_klb dhebq_KkI\h Idigiidg_h[oh~befAibkZlv \
| g gbghk _dmg”H[uqgh dhebg_klI\h Ihg_d \u[bjZ Iky "h gZqZeZ
jZ[hl Ghajz[hlZgguc <I| ihdbfegbéihebqg_kl\h Ihg_d \ ijhp_kk_ baf_
glh g_ ijb\h”bl d \hagbdodhibghXxar(2¢\u[bjadkyKHF ihjld dhlhjhfm
ihrdexq_g fbdjhdhjglghga©eZgd®B) hlh[jZz ZxIkkj_~g_ggu_ ~Zggu_ i
i _j\hfm b \lhjhfm dZgzZezZf yWk9yhbggddlzMjumdZaulZxsb_gZ |Ih ¢
<ljzZ[hlZ_I ghjfZevgh\h ?WWeby jZ[hHU \hagbdZ_| hrbpdZ d¥adhc
ijh[e _fu bg~"bdZlhjdd&Y]@jkgup\ _Ihf < klhe®Aa\h*ylky | _dmsb _
agZq_dby_j\hfmb \lhjmdZg@éhbo mkj_"gJglay @&bfy nZcbkBbi
nZcé@®) ij_~"gZagZq_dunh*BY ghuoh~rghBceZ bhp\a[]HbiZ Kms_kl\m_|

Ibih\ nZceh® OW[MMce @svd @ms2 JZa~(7py\ey_ |ky bgnhjfZpbhgguf

ij_"gZagZqg_§\h™elyf ghhevah\ZlhieyyZlhpz\uhjzr*zZlu b _f gb gZqZeZ
aZibkb QIlhJu hklZgh\blv azZibkv ~Zgguo gZ »{®,_ihkdghidm]HOKL
aZibkzZggu_ ~Zggu_ Z\IhfZlpglkkdhckhijidlg ] _ gZoh”blky ijh]jzffz

GZ jbXijb\_"~ gz e jzffz <1 JZkkfhljbf hkgh\gu_ kbImZpbb
ijhbkoh”kl kb]gze Hkgh\g4¥[hlZ &V \uihegy_ Iky~gZ\bjdmZevguo
ith™ijb[hjZAn@og read® gZ jbkmgd_ h[eZklv ©lh~dexqg_gArduib®ieZInhjf
;eZlh~Zjy wihfghihenbdvZgZeh]lh\u_ ~Zggu_ k i_j\h]h b RArtdyihgh dZzZgZ
UNO. lThemqg_ggu_ ~Zggu_ i_j_"Zxuky]Amkj]lbMyxlky ih ~_kylb agZq_
Mkj_"g_ggu_ ~"Zggu_ hlh[jZz Zxlky \ \b”_]jZnbdZ b khojZgyxlky \ n

Jbk :ehd]jzffz
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GZ jbkihdZzazg ijdZcpdZg _gby ~Zgguo \ |_dklh\hf nhjfzl_

<ky bt
hih[jZ Z _Iky \ gZ]ley~ghc b ijhkilih¢ZmalZjgh ggZbdah[jZ _gbb

Jbk Njz]lf_gl nZcezZ k baf_j_ggufb ihdZazgbyfb ~Zlgbdh\

AZdexq_ghb

< j_amevliZl[hlu [ue khaBpggZevguc ijb[hjpkkey "h\ZgBY
ihal\heylsj_]bkljbjh\zZlv ~Zggu_ hlh[jZz Zlv bo \ ]jZnbg_kdhf \b~*
khojZgylv \ nldlee » gu baf_j gby ] dkEnd4dpAadgh glh kha”Zgg
<liha\hey | ijh\h”~blv bbyaf*gyg[hevrbo mjh\g _.c>&p]§Zelwd mjh\g_c
kbl]gZeh\ g_h[oh”bfh fhZbwmbpkljhigh\dm iml_f ij_"mkbe_gby ihdZaz
K<Q fhsghklb beb bkihevah\Zgby :PIl k [hevr_c jZajy*ghklvx

Kibkhd ebl_jZImju

1. KZcb*dmeh\ J R Mkljhckl\h ~ey baf_j gby fZ]gblgh]h ihey

/Il K[hjgbd Ijm~h\ 0OP <kciighbgkidllbn® gq_kdboebkZmgyzl evkdbo
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M>D

<ebygb_kh”_ jhadkiby*Z blljby gZ oZjzZdNShkitpb bc
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Influence of yttrium oxide content on the characteristics of YSZ coatings
S.A. Salnikov A.A. Andronov
Scientific SupervisorPh.D. A.V.Tyunkov
Tomsk State University of Control Systems and Radioelectrétussja,Tomsk, Lenin str., 40, 634050
E-mail: salnikovs802@gmail.com

Abstract. The aim of the work was to investigate diffenerdportion of ¥Os doping in ZrQ
composition on morphology and tribological properties of coatings. The samples of ceramic
targets doped with 1, 5, 9, 15 and 20 % nYaDs prepared by conventional furnace sintering.
The results of Xay diffraction analgis are presented in this work, and the wear parameter,
microhardness and modulus of elasticity of the coatings were measured.

Key words:YSZ microhardnesselectron beamwear parameterphase

<\_"_gb_

< gZklhys_  \j fy d_jZfbq_kdbho\EZZu\gxZe[lnhevrhc ki_dlj jZaebqg
jhrzZ hljzkeaZ\bkbfhklb hl Ij_[h\Zgbc d dhg_qguf wdkiemZIlZpbhggu
ijbf_gyxl jZaebqgu_ khklZ\u d_jZfbdb < k\hx hqg_j_"v rbjhdh_
"bhdkb” pbjabBgblykihevam_fuc \ [bHI], Mogphh Ibq[Hdlobdbfbqg_[Bdhc
lhieb\ghc ijhfure_gpgthklB 1Zd _ "~ey ehizZlhd ]hjyqg_]lh 1jzdlZ ]JZa
"b]zZl_e5.cG> kfhljggZz mgbdZevgu_ #YWHbku¥B h[ezZz”"Z | d_jZfbdZ gZ ¥t
ZrO;, hgzZz g_ kihkh[gZ m~h\e_I\hjylv \k_f[m\iZaghgyfktiedy dZ "hc ba k
ijbf_g_gbyh[Z\e_gb_ \ dzZq_kI\_"jpblfok jc *dha_f_evguo\ ZrhZeeh\
ihalhey | ih\ukblv g_dhlhju_ wdkiemZlZpbhgga |ZdBkd&l&lxgbkibdb
nZah\u_ i_j_ omwuhfmbf_ gbfuf gZ ijzdlbd_ yl\ey IklydkbhkEZZphBjdhgby
klZ[bebabjh\Zggh]h hdkb”™t8Z).bkl\by gthdkb”Z bllyb@) \_~ | d
ih\ur_gbx \yadhklb b ijhgghklb nhjfbjm_fh]lh ihdjulby Z 1Z
klZ[bebabjmZdawh\uc khklz\ ifefljulby

P_evx bkke "hZ\WegbykygZeba \ebiygpbyglgh]lh kh” _ YDy lgyZ
ijhgghklgaZjzdl_jbklkbadgphkhklhcdhklv b nZah\uc khklzZ\ ihdjulbc

Wdki_jbf _glZevgZy gZklv

HkzZz ~ gb_ ihdjulbc hkms_kl\eyehkv k bkihevah\Zgb_ f nhj\Zc
we dljhgh\ k iezZzaf _ggif diea tdffhgowghd ijhoh”*ysbc kd\hav ZIfhk
jZ[hg_]h J]ZazZz ] _ebc ijblZ2abednglolbjh\Zeky gZ bkizZjy_ _fhc fbr_gb ~I
1kf I _j_ ~ gZgZehf bkiZj_gby fbr_gv ijh]j_ \ZeZkv we_dljhgguf ir
10fbgml ~ey h[_a]lZ bRE\gbyy ijh]lj_\Z fbr_gbljuzjzinqgdzZz i_jbh”~bq_kd
baf gyebkv mkdhjyxs m\ZigpgbdEehllkv h d< |hd wfbkkkbb ’kh
0,25f: Ihd jZajy*"Z hkiZz\Eetkyguf : Iljhp_kk bkiZj gby b ihke_"mx
dhg”_gkzfighbjbzez fbr_gb ijhbkoh”~be gZ ifbomllg¢bblhd jzZajy”rZ
ihkl_i_ggh m\_ebqgblZekey'hh™™ j Zgby ihklhygghc kdhjhklb bkizj_

< j_amevlzZl_[ueb ihemg_gu ithdjulbc gz f_IZeebqg_kdbo il
kh™ _j"Zgb_f hdkb”~Z blljby
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J amevlZlu

GZ jbKR ij_"klz\e_gu j_ameviZlghkjjmtimjghl]h ZgZebaZz Kh
ithemqg_gguf ~Zygihfdjulbyo gZ[ex”Zxlky bgl_gkb\gu_ ebgbky nzZza
o0ZjZdl_jgufb ey “bhdkb"BZphjghpgbgh]jZzffZo h[jZapZ k BWE _j Zgb
blljby gZ[ex”Z_Ilky ij_bfms_klI\_ggh j_ne_dkuuhd hflhg & g eilp g\ghecb pra al
gZdm[bqg_kbhcm\_ebdbdlgby "8%, gZ[ex"Z |ky i_j oh”™ \ ij_bfms_kI\
| _ljZlhgZevgmxkmZlZiheyxsmx ijZdlbg_kdb \kx h[t_fgmx “hex nZa
>Zevg_cr__ m\ _ebqg_gby ijhp_glgh]h kh” _j"Zgby bldjb¥ah\hfdjulb
i_j_oh”m hl I_ljZ]lhgZevghc nZau d dm[bqg_kdhc

Jbk.J _gl]l_ghkljmdImjguc ZgZebahihetba kgdaebguf Zgb_f blljby

GZ jbkij_"~klZ\e_gu az\bkbfhklb baf_g_gby, fTBfZRIViZ"bRigph bZ
fhamey mijm]hkib ihdjulbc hl ijhp_glgh]h khhighr_gby kh~_j Zgby |

Jbk AZ\bkbfhklv iZjZf, fizd dyhjkaki® b fh mey m{Emihkjbp_glghlh
kh”_j*Zgby hdkb”Z blljby

J ameviZlu baf_j gby Iljb[heh]bg_kdbo oZjgbtH _kbkibdeblgdgaze
kh~ [ Zgby hdkb~Z blljby \ ihdjulbb iZjzZf_I|j malghikE\Rh@jZk I Phd
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[ukljhfm jZajmrilgdgxlby ihkdhaghkhlklhcdhklv "bhdkb”~Z pbjdhgby
aZ\bkbl hl kl_i_gb \yadhklbijjzajimer_gb\wkhdhc \yadhklb baghkhk
ihdjulby m\_ebqgB)Z_<kyk\hx hqgq_j ~v dm[bg_kdZy nZaz \ ~bhdk
khijh\h"~Z |ky gbadhc \yYadmklwby b ijhgghklvx[9fhdphgbyg gby
fbdjhI\_jrhklb b fhmey mijm]Jhklb m\_ebqgb\Z_Iky k jhklIhfgkih™_j Z¢
k\yvaZdgh baf_g _gb_f nZah\h]h khklz\Zdkbfjdidbgh F agZq_gb_ dh|
Ahklib]zZ _ITky \ ihdjulbb bf_xs_fmhleghkdwxx dhZam

AZdexq_gb_

Bkke_"h\Zgb_ nzZah\h]h khklz\Z ihdfibltkc jhtkkdizfaZjghlp _glghc "he
ijbf_kb hdkb”Z blljby \ khujb88bijhbkoh”~bl nZah\uc i_j_oh” hl ijzdlt
iheghc | _ljZz]lhgZevghc nZau \ iheghklvx dm[bg_kdmx < j_amevlZ]
baghkZ b kdhjhklb bagZrb\ZglmyhmklZhgg\egbghkh” hdkdbdgZyblljby g_
hdZzaul\zZ | \ebgyyHbymemqgr bggghkhkhktlihdjulbcH*gZdm\_ebq_gb __
ijhp_glgh]lh kh~ _j Zgby hdkb”Z blljby \_~ | d ih\ur_gbx fbdjhI\_j:
nhjfbjm_fuo ihdjulbc

JZ[h1Z ih~~ j°ZgZ 1jZglhf Fbgbkl jkI\Z gZmdb b \ukr_]h h[jZah)
N_~ jZpbb \ jZfdZo dhg-@e0mdE) (:0
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GZmqgqguc jmdh\h~bl_ev ijhn_kkhj ~1 g X 1 ?2o0ezZdh\
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Assessing the rislof professional burnout of an employee: setting the task
T.S. SimonoyA.G. TishaevaYu.P. Yehlakov
Scientific Supervisor: Prof., DXu.P. Yehlakov
Tomsk State Univertsi of Control Systems and Radieetronics, Russia, Tomsk, Lerstr., 40, 634050
Tomsk State University\Russia,Tomsk,Lenin str., 36,634050
E-mail: tim.sim4@yandex.ru

Abstract This article offers a mathematical formulation of the problem of assessing the employee
professional burnoutisk. The professional burnout components are used adatiskng factors

The authors suggest a modelassess the burnout risk. The parameters of the model are the personal
characteristics of the employee. A fi@etor questionnaire based on the Biyé& model is used to

assess these characteristics.

Keywords hp_gdZ jbkdZ ijhn_kkbhgZevgh_ \u]lhjZgb_ g9g_q_IldzZy fh~
ihklZzgh\dZz

<\_"_gb_

< gZklhys__ \j_fy ijhn_kkbhgzZevgh_ \u]hjZgb_ khljm~gbdh\
ijh[e_fhc "ey jhkkbckdhboiZ Boc Dhfizgbb g_kml mJuldb ih
ikboheh]bg_kdb_ ijh[e_fu kgb zZxI phhlud Khig mKlyb d h\ijb \ch2lylihd
m\hevg _gbyf IjbppowgBfih~"[hjZ gh\h]h khljm~gbdZ ~ey dhfiZgbc hkl
> nbpbl dZ”jh\ keh b\rbcky d ]h*m \ Jhkkbb h[hkljy | *Zggmx

< p_eyo Z\lhfzZlbazpbb ijhp_"mju ih~[hjZz dZg~b~Zlh\ gZ \ZdzZ
fhr e _c¢c \u\h”ysbo gbkeh\mx*"ZpZ gZmhé&gpgrZgbb jZaebgguo \oh”"guo
< jZ[hl_ > @ ey dhebqg_klI\_gghc hp_gdb dZq_kI\Z dZg”"b"ZIlZ bkihev
< dZq_kI\_ \oh”guo i_j_f_gguo h khbkdZT-chfiggbbh&\ghjikdfb \\u[jZgu
ke "mxsb_  \hajzZzk\zZgb[jzZahiul jzZ[hlu agZgb_ bghkljZggh]h yaud
ki_pbzZevgufb gzZ\udzfb \ ijh]jzffbjh\Zzgbb mf_gb < jEl[AlIZIv>\ @ht2zy
hp _gdb dzg~rbmrdhZiXgbx bkihevam_ |ky g _q _ldZy fh” _ev >ZggZy f
\oh”~guo izZjzf_Iljh\ bKihevdakboheh]bq_kdbo ozZjzdl_jbklbd \ Ihf gbl
dhffmgbdZ[_evghklv b klj_kkhmklhcgb\hklv HrAgZdh ~Zggu_
oZjZd!l_jbklbd \ jZ[hl_ hlkmlkl\mxl

LZzdbf h[jZzahf jzZkkfhlj_ggu_ fh”_eb hp_gb\zZxl dhfi_I_glghklv
ijzdbq_kdb g_ mgblu\zxl _]1h ikboheh]bq_kdbo o0zZjzdl_jbklbd beb g
bo hp_gdb P _ev 7~Zgghc jZ[hlu aZdexqgZ _ |ky \ hp_gd_ jb
ijhn_kkbhgzZevgh]h \ulhjZzgby m khljm~gbdZ gZ hkgh\Zgbb _]h ebqc

Wdki_jbf_glZegBRiv

< ebl _jZImj_ kbg”jhf ijhn_kkbhgZevgh]h \u]lhjZgby khljm~ghb:
kh\hdmighklv g_]ZIb\guo wfhpbhgZevguo i_j_"b\Zgbc highkbl_e
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km[t_dlIh\ ~_eh\h]h h[s_gby |_j_"b\Zgby \hagbdzxl \ dzZq_kI\_ j_
wfhpbhgZegdhjy _gghklvx b dh]lgblb\ghc keh ghklvx > @ b g_]ZI
khljm~gbdzZ \ ijhp_kk_ \uiheg_gby klhysbo i_j_ ~ gbf ijhn_kkbhg
\hagbdgh\_gby m khljm~gbdZ ijhn_kkbhdZjewg leldd Z\di]hjZmoypghklv
\hagbdgh\_gby m khlj@Ng\gadhgpbhgZevguo i_j "b\Zgbc hlghkbl_ev
jZ[hlu kgb Zxsbo wnn_dlb\ghklv. < dAghkb_gtgh _kI\Z jbkdhh[jZan
nZdlhjh\ [m”_f bkihkeahiedshibkZl _evgu_ oZjzZdl_jbklbdb ijhn_kkbh
\u]hjZghbjy "eh” _gg4l: WhpbhgZevgh_bk#ths gb\Zgb_ himklhr_gghklb
[_kkbelry i_jkhgZebaZpbmfZgbazZpby hlghr_gbc k ~jm]bfb ex”vfb
g_jklI\hklb [_kk_j*_gqghklb pbgbafzJbehdpjy[h&kiblgguo "hklb _gb
azZzgb  _gb_ kh[kI\_gguo ijhn_kkbhgZevguo ~hklb" _gbc ihl_jy |
\deZ~u\ZIlv ebqgu_ mkbeby gZ jZ[hq_f f_kIl_

>ey b”_glbnbdZpbb jbkdhh[jZamxsbo nZdlhjh\ ijhn_kkbhgZevgl
bkihevah\Zlv ebgghklgu_ o0zZjzdl_jbklbdb kihnjrebg®dZekhigZikdhjdzZ
>7ZggZy fh~_ev jzZkkfhlg@ygZgexg2 | \ k_[y wdkljZ\_jkbx ijb\y
kZzfhj Jmeypbx g_cjhlbaf b hidjulhkIWddKkljEfimjkibdiZmu\Z | ex[bl eb
g_eh\_d [ulv kj_"bljexyaZfggh&kyzZdl_jbam _| lgZKdhreglggh g_eh\ _c
kms_ _klI\m_| \ khpbmf_ ijhlb\hihklZ\ey | ijhkhpbZevgmx b dhee_
wlhp_gljbEZmhj Imekpby ey | gZkdhevdh ~“h[jhkh\_klgh q_eh\_d \
hfyaZzgghklb _]1h p_e_mklj_fe _gghklv hj]Zglah\dbdpaghtkdZ athEZb\IZpb:
gZkdhevdh g_eh\_d wfhpbhgZevgh klZ[Hédjalb&bv ghikilitjzezgl
gZkdhevdh qgq_eh\_d azZbgl_j _kh\Zg \ magzZ\Zgbb gh\h]h agZdhi
ihk s _gbb gh\uo f_Kkl

Dz ~"Zy ba hibkZgguo \ur_ oZjZdl_jbklpgdylgbekiv | \lgaZfhigh]h
ijhyl\e _gby dhgdj _Igh]h jbkdhh[jZamxs_]h nzZdlhjz K\yab f_""m
nZdlhjzfb ijhn_kkbhgZevgh]h \u]lhjZgby b ebgghklgufb oZzZjzdl _jb
ij_~klz\e_gu .\ |Z{2ggu_ k\yab hij_"_e_gu gZ hkgh\q_Xghéh enf akg Kkl _
jZ[hl ih bkke_ ~h\Zgbx dhjj_eypbb f_""m ebqgghklgufb izZjzf I|jzfk
ijhn_kkbhgzZevgh]h \u]lhjzZzgby 1ij 6lklZ\e _ggh]lh \ >

LZ[ebpZ
K\yab f_""m jbkdhh[jZamxsbbbiplizdlkkbhgZevgh]lh wljdgbkfgufb
0ZjZdl_jbklbkhipm~rgbdZz

Jbkdhh[jZamxsbc nZdl| Ebgghklgu_ o0ZjzZdl_jbklbdb

WfhpbhgZevgh_ bklhs| ljyfZy klyav g_cjhlbaf h[jZlgZy klyav wdkljh
hldjulhklv hiulm kZfhj_]Jmeypby

> i_jkhgZebaZpby ljyfZy k\yav g_cjhlbaf h[j@lgkdyhk\ykly ijbl\ya
hldjulhklv hiulm kZfhj Jmeypby
ljhn_kkbhgzZevgzZy j_ ™1 ljyfZy k\yav g_cjhlbaf hJ[jZlgZy k\yav wdkljh
hldjulhklv hiulm kZfhj_]Imeypby

GZ hkgh\_ 1Z[ebpu hij_~_ebf fgh _klI\h j_rZxsbo ijZ\be hp_c¢
jbkdhh[jZamxsbo ndgdifjgh\@?KEB g_cjhlbaf \ukhdbc B wblkljddbc jkb\
B ijb\yazZgghklv gbadbc B hldjulhklv hiulm gbadbc B kzZfhj_]n
wfhpbhgZekg¢ihs b \ukhdbc?

< dzZq_kI\_ baf_jbl_evghc rdZeu ey hp_gdb ebgghklguo 0Zjz
ij_"eZ]Z |ky bkiheyadhnZbMhjguc ebqghklguc hjijh&bgbdgguad.\ >
:AZilbjh\Zgguc \Zjbzgl hijhkgbdz \_jkbb : ; Ojhfh\zZ kh”~_j bl gZ]
ijhlb\hiheh guo ih k\h_fm agZq_gbx klbfmevguo \ukdZaulZgbc
ith\_~ gb_ qg_eh\_dz KI_i_gv \ujZz _gghklb dZ ~hc ba iylb ebqggl
hij_~_ey_ikkyhp_ghqgghc rdzZe_ (£Z¢d0;jliz 2). FbgbfZevgh_ dhebq_KklI\
gZ[jZgguo [Zeeh\ ey ex[h]h nzZdlhjZz jZ\gh fZakbfZdagh _ dhe
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klh\hc f_Ih~bdb mkeh\gh jZa”_ebeb tdZ&wehd \ukihdgb[Zeeh)\
gbadbb5+ [Zeeh)\ hp gdbhb”m ijbkmlkl\by g _hij_~ e _gghklb
j_k_dZxsb_kky bgl_j\Zeu ~ey hp_gdb dzZ "hc ba ebgghklguo o0Z]
ukhdb_+ [Zeeh\ Kkj_"#b[Zeeh\ b gbadb[Zeeh)\

| _
b
i_
\
J amevlZlu
K mqg_Ihf \ur_baehaZzygqhgm hp_gdb jbkdZ \hagbdgh\_gby ijhn_
\u]lhjZgby khljm~gbdzZ fh gh ij_~klzZ\blv \ \bA_ ke_~mxs_]h dhjl_"Z
M={W, Z, C, K, RC, RZS, L, RPZC}.
Imklv aZ~Zgh
W +jbkd \hagbdgh\_gby ijhn_kkbhgZevgh]lh \iy]|Hjkghe klpd AgbdZ
kh” _j°Zl _evghc nhjfdehjfig\db kI\h jbkdhh[jZamxsbo nZdlhjh\ ijhn_kkb
\ulhjzglky+xfgh™ _klI\h ebqghklguo iZjzZf_|jh\K kH$}m~=glbd Z2fgh™ _kl\h
baf_jbl_evguo rdZe ey hp_gdb ebqghklgqdgbi®gZf{ril}jh\= Khrhj +
fgh™ _klI\h ijZz\be f_Ih~"bd hp_gdb ebgghklguo o0zZjzdl_jbklbd khljm~g
RzS={q},i=1.k tfgh” _klI\h aZ\bkbfhkl _c f_""m ebqghklgufb oZjzZdlb jbkibd
jbkdhh[jZzamxsbfb nzdlhjzZfb ijhn_kkbhgZewghjh 2d]h gzZfghy _kl\h
baf jbl _evguo rdZe ey hp_gdb \_jhylghklb jbkdPZ(Zdgixsikd\mzZzdlh
j_rZxsbo ijZ\be hp_gdb \ _jhylghklb jbkdhh[jZamxsbo nZdlhjh\ ih ¢
0ZjzZdl_jbklbdb khljm~gbdZz
Lji_ [m_Iky hij_~ eblv
<_jhylghklv ijhy\e_gbyhabXdhh[jZamxsbo nzZdlhjh\ ijhn_kkbh
\ulhjZgby B)
Blhl]h\mx \_jhylghklv \hagbdgh\_gby ijhn_kkbhgZevgiBlh\\u]JhjZq
| g _gbb Ijm~h\hc ~_yl _evghklb

AZdexq_gb_

< j_amevlzl_ ij_~eh” gz fzIl fZlbg_kdZy ihklZgh\dz az"Zz
\hagbdgh\_gby ijhn_kkbhgZevgh]h \u]JhjZgbyZzkhjlhmA4gtbld Zi j IiK[ Zgdazk \F
Ilhfkdhc dhfiZgbb < ~"Zevg_cr_f iezZgbjm_Iky jZa\blb_ fh” _eb
fzl _fZlbqgq_kdh]lh ZiizjzlZz g _q_ldhc eh]l]bdb b g _cjhgguo k_|_c
bgl jijblZpbb dZg_klI\_gguo hp_ghd \ _jhylghklb \hagbdgh\ _gby jbk
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M>D

Bkke_"h\Zgb_ we_dljhijh\h*ghklb m]e_jh”guo ie_ghd gZ hkgh'
gbadhqgzklhlgh]h rmfz
< : Khdmj gdh
GZmqgguc jmdh\h”"bl_ev ijhn_kkhj ~ 1l g X < KZoZjh\
Lhfkdbc ]hkm~ZjkI\_gguc mgb\_jkbl_I| kbkl_f mijZz\e_gby b jZ~b
Jhkkbyhfkd ij E_gbgZz
(PDLMRNXUHQNR VO #PDLO UX

BWXG\ RI HOHFWULFDO FRQGXFWLY UWHNRXH@R)\ERRL VLHD P ) [EC
9$ 6RNXUHQNR
BFLHQWSHWYLVRU 3B8RNKDWRY9
7RPVN 6WDWH 8QLYHUVLW\ Rl &RQWURO 6\VWHPMWVQG 5DGLRH
( PDIMRNXUHQNR VO #PDLO UX

$SEVWUBEWDUWLFOH SUHVHQWWOWHAHNVUWH ¥ BROW\R @ G X PAXIGY LRV \WPI
UHVLVWRUV EDVH RI PHDVXULQJ WKH GHSHQGHQFH RI FXUL
PHFKDQLVPV RI HOHFWULFDO FRQGXFWIULMINMONBOHFRWNGLEGCL
WXQQHOLQJ DWRDWIKHESHKNBDWNKVNKOWY RI WKLV ZRUN ZLOO EH
RI UHVLVWLYH ILOPV LQ IXWXUH VWXGLHYV

. HVZRUGWOHFWULFDO F RWHGNXAHQIFALARLWVR ZUHVLVWRU

<\_" bg
Y\e _gb_ gbadhqgzZklhlghijbddrmfzfZz k\hcklI\_ggh \k_f we dljhgg
dhfihg _gl4dizZdlbg_kdh_ ijbf §Zagdh]h y\e gby k\yaZgh k g _jZajr

dhgljhe f we _dljhgguo dkfAgguglh\Vimfh\htbZ]ghklbjdZ*Zukhdhc
gm\kli\bl_evghklvhalhey | [ukljh hp katkV\Bingwe dljhgguo mkljhckl\
ij_\hkoh”y ljz"bpbhggu_ f_Ih™u@kiulZgbc

GbadhqgzZklhlguc rmf b klyaZggu_ k gbf nemdImZpbb gZijy _gb
\azbfh”_ckl\b_f ghkbl_e_c azZjy"g kjdddmdygimliihadhfihglLgldnx = _
\aZbfhk\yav bff_wlzgbafe dljhijh\h*ghklb l%gdidho \bklhq gtbglbo
hikmlklI\mxl bkke_ "~h\Zgby h \azZbfhk\yab gbadlhgzZkIhI|gii ynke giwy m Z
deZkkbg_kdbfb <:0O wé& f_ glh\

l[jh\_~_gb_ Dbkke_"~h\Zgbc gZijZ\e_gguo gZ mklZgh\émgb_ !
fbdjhkdhibg_kdbfb nemdIimzZpbyfb b fZdjhkdhibqg_kdbfibhfloszay¥dl_jh
f oZgbafh\ we _dljhijh\hrgHkkbZIv \Z gufrredjhfZzdlbg_kdh]h ijbf_g_g
gbadhgzZklhlgh]l]h rmfzZ Ilhwlhfm bkke "“h\Zgb P gvy|ZklyyWediikhy evgu
hij_ ~ e _gb”hfbgbjmxs_]h f oZgbafz ijh\h~"bfhklb hp_gdb
wdki_jbf_glZevguo “Zgguo ih <:0 azZ\bkbfhklb IhdZ hl gZijy _gby
1Z"_gby gZijy _gby gZ h[jZap_

Wdki_jbf_glzZevgZy qZklv

>ey bkke_"h\Zglbywalhlh\e_gu lheklhjiealghlqh)gu gZ hkgh\_ m]e_jh:
iZklu f_lh~hf ijbgl_jghc >i@gZldbzq_kI\_ hkgh\Zgby ih”*eh db J[ue
nhev]bjh\Zgguc kl_dehl_dk)bhebfl Fgpgdbie_gdZ dhlhjh]lh bkihevah\ZzZ
nhjfbjh\ZghiyZwglZdlgueohsZ~"hadey | _abklb\ghc ie_gdb bkihevah\ZeZ
IMJI k ih\_joghklguf khijhlb\e _gbfdf

Bkke_"m_fuc j_abklhj ih*"dexqZeky ih ko_f_ ~_ebl_ey gZijy _
<:0,81lhdZ b gZijybagbyyehkv iz~ _gb_gZijy _gby gZ bkke_ ~m_fhf
g_j_a "~_ebl_ev gZijy _gby IljpgbhdhgZklbhkdguo, 8 d ~_ebl_ex
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gZijy _gby ih~rdexqZehkv mkljhckl\h baf_j gby ¢bwdhafZklyllgy ¢ hrdZ
rmfzZ hl iz _gby gZijy _gby gZ j_abklhj_

Baf_j _gb_ gbadhqgZklhlguo rmfh\ j_abklb\guo dhfihg_glh\ hkms_
[ehdZ fZehrmfys ]J]h mkbebl ey b hkpbeeh]jZznzZ Bkihevam_fuc “ey
ba dZkdzZ~gh]h kh_~bgfysdy fé&behl e ¢ k h[sbf dhwnnbpb_glhf
bkihvah\Zeky qZklhlguc "bZ¥pahg

lhke_ ihemag<:@byp gbadhgzZkihOgadb\bkbfhklb kljAbebhkpMbgZlZo
Rhildb ImB¢Zgd ey b Imgg_evgh]lh f_oZgbafz we@ dljhiijhAdhmpghklb
aZ\bkbfhklv IhdZ b ghkiyhewdhy\ZezZkv ~ey jZkrbj_gby ~bgZfbqg_kdh
baf_jy fuo ozZjzdl Hpjldbplu gZ]j_\debfldXf_j_ ijb |_fi_jAmp_

J amevlZlu
GZ jHkB ij_"klZ\e_gu wdki_jbf_glZevgu_ ~Zggu_ f _oZgbafh\ we_
Rhildb IaNgZgd_ey b Imgg_evghdh f_oZgba

Z [
JbKl. We _dljhijh\h*dh&kihhjr*bgREMdb ijb |I_fi_jzImj_ - o \azZ\bkbfhklb IhdZ hl
gZijy ' _gby Z b IhdZ rmfzZ hl gZijy _gby [

Ih f_oZgbafm Rhlldb kj_"g__ agZq_gb_ ~hklh\_jghklb ebg_cg!
wdki_jbf _glZevguf "ZggufR&hklZ\beéky azZ\bkbfhklb IhdZ hl gZijy _
R? = "ey aZ\bkdhdkdmfz hl gzZijy lgésmq_gZ deZkkbqg_kdzZy az\b}
N fhigjbjmxsZy ijbjZs _gb_ IhdZ ijb gZ]j_\_ h[jZapZ

z [
JbkR. We _dljhijh\h~rghklv ih f_oZgbafm Imgg_ebjh\Zlgby-ijb ¢\ &iz\Zkmfjhklb IhdZz
hl gZijy _gby lZdzrmfzZ hl gZijy  _gby |
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Ih Imgg_evghfm f_oZgbafm kj_"g__ agZg_gb_ ~“hklh\_jghklb ek
ih wdki_jbf_glZevguf "Zggu®xhklzZ\Bely aZ\bkbfhklb IhdZ hl gZijy" .
R?= "ey aZ\bkbfhklb IhdZ rmfzZ.hl gZijy _gby

z [
JbIB8. We _dljhijh\h~rghklv ih f_ozZbhadoh_kweigb |_fi_JZImj_ o \ aZ\bkbfhklb Ihdz
hl gzijy _gby Z b IhdZ rmfz hl gZijy _gby [

I h f oZgbafm -Nmgd ey kj_"~"g__ agZq_gb_ ~hklh\_jghklb
ZiijhdkbfZpbb ih wdki_jbf glZevguf ~ZRfg0PS&IH KIZ\beh agZq_gb_
Ahklh\ _jghklb ZiijhdkbfZpbb 2ey azZ\bkbfhklb IhdzZ rmfzZ hl gZi
R2=0,9724 1jb wlhf ~“hkjldhhklv ZiijhdkbfZpbb mf_gvrZ Iky k jhklhf |_fi_]

AZdexqg_gb _

LZdbf h[jZzahf we_dljhijh\h*ghklv h[mkeh\e _gZ dhgdmj_gpb_
g _kdhevdbo f oZglafdha wdki_jbf_glZevguo NZgguo ihdZau
we _dljhijh\h~rghklv bkke_~m_fh]lh h[jZapZ ijb ZgZeba_ <:0 h[m
ImeRj gd_ey 1Zd dzZd h[ezZz”"Z_ | gZb[hevr_c “hklh\_jghklvx ebg_c
klZ[bevghkh¥x|_fi_jZlmjglh mdZauXZ_llhg agZqgbl_evguc \dezZz”™ \ F
ijh\h~"bfhklv H~”gZdh ijb jzZk&gbaldhgBklidgudmgg evguc f _oZgbaft
ij_hlez"ZjdkkfzZljb\zZz_ _fhf “bzZiZzahg_ | _fi_jZImjFbh gBikyN edly \u\h”
glhewdljhijh\h~rghklv bkke_"m_fh]lh h[jdagdnjngketh\e bg¥aZbfh”_ckl
g_kdhevdbo f_bZigbawhhf \ aZ\bkbfzklfnjb\z fhlh izjzf 1jZ b \g_r
mkehlipch[ez”Z | hij_~ e gguc f_oZgbaf we _dljhijh\h~*ghklb

Bkke ~h\Zgb_ \uiheg_gh ijb ihA~_j°d_ Fbgbkl_jkI\Z gZmydb b \
Jhkkbckdhc N_~ jZpbb< DHk@Z"~Zgb _

Kibkhebl _jZImju

1. Vandamme L. Noise as a diagnostic tool for quality and reliability of electronic devices
/I \EEE Trans. Electron Device1994. +Vol. 41. +P. 21762187.

2. KZg*hfbjkdbc < ; INgdbdzie ghd Kh\j f ggh_khklhygb_ bkk
| ogbqg_kdb_ ijbftg_dlhkd\zZz =+ k

3.LjmnZgh\Z G K JZ]bfh\ W J Jlbs _\ K : Ehsbeh\ : = 1jbf_q
ijbgl_jghc | _ogheh]bb ey ba]lhlh\e_gby fgh]hkehcguo i_qZlguo ie
jZajzZ[hldBf g _ gb;;, \ _dtL < 4, £2022. +tK  #44.

4. lehlgbdh\ Bkke_ ~h\zZgb_f ozZgbafh\ ijh\h*bfhklb \ IThgdbo ie:
jZklI\hjh\ IblzZzgzlz [Zjby kljhgpby ki _pbZevghklv Z\lhj n_jzZl ~bk}
mg_ghc kl_i_gb dzZg”bfzZllzfalbab kidbatkZgad | j[mj] + Kk
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M>D
<ebygb_j_"bfh\ gZiue_gby gZghjzZaf , yRyabie wehdlljhnbabq_kdb _
b hilbg_kdb_ ozZjzdl_jbklbdb
: K L _j oh\Zz
GZmqgguc jmdh\h”bl_ev ijhn_kkhj ~ 1 g K < Kfbjgh\
Lhfkdbc JThkm~ZjklI\_gguc mgb\_jkbl_ | kpxk*bhwejZhlghgbyghbb
Jhkkby ] Lhfkd ij E_gbgZ
( PDLMODV #PDLO UX
,QIOXHQFH RI VSXWWHULQJ PRGHV RI QDQRVL]JHG ,72 WKL
DQG RSWLFDO SURSHUWLHYV
$6 7THUHNKRYD
6FLHQWLILF 6XSHBYBFRUQRYRI 'U
TRPWWBWHY HUXRQWB/RCHPSDRIGRHO HBPWVRDLFRPVN /HQLQ VWU
( PDLODV #PDLO UX

$SEVWUDRFWKH SUHVHQW VWXG\ ZH SHUIRUPHG WKH GHSHQGHC(
YDFXXP FDPHUD ®®DQHWIRIPIAQI RQ WKHLU HOHFWURSK\VLF
VXFK DV FDUULHU FRQFHQWUDWLRQ )HUBH VHRMHDI SIRQYEWZR)
FDOFXODMWHGHFYQERQ VSHFWUXPV RI ,72 ILOPV ZHUH JRW

.H\ ZRUGY¥ WKLQ ILOPV PDJQHWURQ VSUD\LQJ SHUFHQWDJH
I[UHTXHQF\

<\_"_gb_

| _jki_dlIb\guf gzZijz\e _gb_f ijbf _g_gby ie_ghd hdkb”~Z bg”by e _
,72 y\ey |ky balhlh\e_gb_ gZ bo hkgh\_ [bhk_gkhjh\ jZ[hlZ d
bkihevah\Zgbb iezZzaf _ggh]h j_ahgZgkzZ 1jbf_gh7RRkiyZYdygbkbdky ¢
ieZaf_gghc gZklhlhc > @

ﬁoL§"'®ga

N T 10 DetaZzZjy”™ we dhddfyp _gljZpby ghkbl _e ¢ azZjy”~Zz
b 10 Tﬁiwe_dljbq_dey ihkPhywgZydlb\gZy fZkkZ we _dljhgz
>ey ie_gﬁﬂ-?Lr@x@c

GZBDKki_dljZieZaf_gguc j_abdgiZgd jbambglbymfhdhwnnbpb_glZz
hljz" gby : baf_g _gb_oh”Z aZ\bkbflikbpwfiZzdpadzkl ieZa

P_evx "Zgghc jZ[hlubKlg 1hyZghhfh\ gZiue gby ,je2lghd[hj
gZb[he_ _ hilbfzekighbc [m”~ _| h[_ki_qgb\Zlv ihemqg_gb_ ijb]h*guo "e\
ie_gtkdgm gufb we_dljhnbabqg_kdbfb ozZjzdl_jbklbdzfb

Wdki_jbf_glzZzevgZy qZklv

Bkke ~m_fu_ h[jZapu [ueb ihemqg_gu f_Ih~hf fZ]Jg_Iljhggh]h jZkiu
fbr_gb bghked\hQt 6 \ ki _ k jZzaguf ijhp_glguf kh™_j Zgb_f db
GZiue _dijhbkoh”beh gZ gZ]j_t&ikx™hh dm Ihke_ gZiue _gby h[jZapu hl
\\Zzdmmf_ ijb |_fi_jZKm\_1_q 39bbgml

>ey h[jZaph)\ f _ ITh~hfw”k JugbkekeZ dhgp_gljZpby we _dljh¢
g _luj_oahg”h\uf f _Ih~hf baf_jyeZkv webd]dkikiqbthtyhiehigu \heg
khhi\_ITklI\mxpdbklhileZzaf_ggh]lh j_ahgzZgkzZ k ilkihslVphKNdhjibob kgbfZebk
kKi_dlju hljz" _gby b ijh\h*"behkZklgpgdi\g bgtwdki_jbf_glZevguo “Zgguo
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J amevlZlu

Bkke_"h\Zezkv azZ\bkbfhklv ijhp_glghlh kh”_j Zgbyijhjbkehjh”z
gZiue_gby ie_ghd gZ 1Zdb_ we_dljhnbabqg_kdb_ izZjzf_lju dZzZd ih
dhgp_gljZpby ghkbl_e_c azjy*Z b Wé rd|jZigbh\htdkkhjh Zjgbh~bl
dih\ur_gbx we_dljhijh\hZghkkhdh_ kh” _j"Zgb_ dbkehjhdgk[hgtx
glh k\yazZgh k mf_gvr_gb_f dihigphjalggpbdgkh @ 1Z[e ij _"klZ\e qgu
jZkkgblZggu_ agZq_gby iZjzf_Ijh\ ie_ghd ihemqg_gguo ijb jZaebqgguo

LZ[ebpZz
JZkkgblzZzggu_ izZzjzf_lju ie_ghd

H[jZa_p| Iljhp_glghl 1Iheh _gb| Dhgp_gljZl We_dljhijh\h~¢ >ebgZ \he
kh~_j"Zgl mjh\gy N_ Qkf 1 Hf f iezaf_gg
dbkehjhn 2 W\ gZklhQu

fdf
"10 "10
"10
"10 "10
"10
"10 10

Ba ihemg_gguo iZjgmtgihnklZgh\blv dhjj_eypbx f_""m ijhp_.
kh~ j"Zgb_f dbkehjh~rz \ dzf_j_ b we _xI@Vljh\ktygdaXxdhx kK | Zf  qglh
dhgp_gljZghkR[h*guo ghkbl_e_debyljyMd_jzlhj\ha”_ckl\bx kdlhj
ih™\ _j]1Z _Iky i& oohdZ bkke_ ~hhNdghgb wlihf Zdlb\bjmxlky “hghjgu_ p_
baf gy | dhgp_gljZpbx b we _dljhijh\h*ghklv

GZ jbkij_~klZ\e_gZ az\bkbfhklv \_ébddgzighc |_fi_jZImju

Jbk AZ\bkbfhklv \_ebgbguhl h[jZlghc |_fi_jZImju

GZ ]jZznbd_ bf__lky "\Z mqzkldZ 1|_jl\uc mgzZklhd khhi\_
| fi_jZImjzf h[mkeh\e_g bhgbah\Zggufb ZIhfZfb dthkesthjzh~gZifhlhjh

\ZdZgkbyfb
GZ jbkij_"klZ\e Bjpki_dl§ljZz° _gby hEzZap
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Jbk Ki_dlj hljz° _gby h[jZapZ

lhemgguceZaf _gguc djZcki_dlj_ hljzjZgbyl qglh oZjzdl_jgh "¢
f_1Zeeh\ b \ujh"*_gguo ihemph@be*gdfdo\gZy qZklhlZ khhiI\_IkI\m_1I jz
banhjfrmue

AZdexqg_gb _

<uf[jZggu_ j_ "®Zuue dhw\helyphendly ie_gdRlhesbghct gfk
dhgp_gljZpb_c ingwadzFt§&rr*0d°°> b qzZklhlhc iezaf_ggh]lh j_ahgz
[eb’g _c b kj _~ghjeBlkKdb j amevlzZl_ ijh\_* gguo bkke_ "h\Zgbc [ueh
glh dhgp_gljZpby dbkehjhrZ \ \Zdmmfghc dZf_jhdZajh\Z_kkkbg¥Zgie
\ebyglyZ we dljhnbabqg_kdb_ ozZjzdl ,y®klkhebnge gghud ie _gdb yleyx
i_jki_dlIb\gufb ey bkihdbak\AHdkihyh\

JZ[hlZ \uiheg_gZ ih@]jhglhbg_kdb_ bkke_~h\Zgby b wdki_jb
jZajzZ[hldZ hilbqg_kdhc ijbklz\db ey ZgZebaz izjzf_Ijh\ dhfihg_gl
\hehdhdillbbq_kdbo kbkl_f i_j ~Zqb ZgZeh]h\h]h B pbnjh\h]h kb]gZel

Kibkhd ejZImju
=jhkk_ | KAgu_ we_dljhgu \ I\_j"e_[ga#Fdkd\Barh Fbj
k

+
I1Zgdh\ @ Hilbg_kdb_ ijhp_kku \ ihfehrgihj\dhrifgiphldizdo\BaAh
Fbj + k
:fhkh\z E | BkZ \ F < FZ]g_Iljhggh_ gZiue_gb_ ijh2bh@qgguo
f IZeebg_kdhc fbr_gb gZ ohedmMmgm@nhjgezhe | ogbqg_XxdhctHibabdb

< + K +
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Wdki_jbf_glZzevgh_ bkke_"~h\Zghbffa ljodglaghkljmdImju
kwe dljhfZ]gblgdéhhbl_ e f
< : Lim[g_gkKghseZkh\
GZmgguc jmdh\h~bl _ev dl g ? K @_q_\
Lhfkdbc JThkm~ZjkI\_gguc mgb\_jkbl_ | kbkl_f mijzZ\e_gby b jZ"k
Jhkkby ] Lhfkd 1j40,6349b@ Z
E-mail: slava.trubcheninov@mail.ru

Experimental study of the reflection symmetric structure with electromagnetic absorber
V.A. TrubcheninoyS.V. Vlasov
ScientificSupervisorPh.D. Y.S. Zhechev
TomskStateUniversity ofControl Systems andRadioelectronicdRussia, Tomsk, 40 Lenina str., 634050
E-mail: slava.trubcheninov@mail.ru

Abstract In this studywe experimatally investigated th@mpactof an electromagnetic absorber

(EA) on the characteristics of reflection symmetric structure im differential modeThe results
showed that adding an EA reduces the interference amplitude by a factor of 5.3 when plawed on
side and by a factor of 8.3 when placed on both sides of the PCB. It also increases the interference
arrival time and improves interference suppression in the stopl@drelobtained data confirm the
effectiveness of the proposed structure in mitigatmgductive electromagnetic interference.

Key words reflection symmetric structure, electromagnetic absorber, differential mode, time
response, transmission coefficient, laboratory experiment.

<\_"_gb_

Kms_klI\mx|l mkljhckl\Z dhlhju_ nmgdpbhgbjmx|l \ “bnn_j_g]
i _j_"Zgb "Zdgpho bkihevamxl g_ h”bg ijh\h*gbd \ dzZq_kI\_i_j ~Zq
GZzZijy _gb_ baf_jy_Iky \ 1zdhf j_"bf_ g_ hlghkbl_evgh a_feb Z
ijh\h~rgb\ddh< “~bnn_j gpbZevghf j_ "bf_ihf_ob \ha”~_ckl\mx|l gZ h
hrbgzdh\h b jZagbpzZ gZijy _gbc f_""m gbfb fbgbfZevgZz
Abnn_j _gpbZevguc j_ "bf aZsbs_g hl gzZ\_"~ gguo ihf_o h”gzZdh I.
mya\bfufb d dhg” mdlib\guf ihé_ogdkighkhjzgyxlky ih ijh\h~gbdzZf b
g_]Zlb\gh \ebylv gZ jZ[hImurehljlZ&kkif\fZlj gu jZaebggu_ ih”"oh”u d Kk
azZsblguo mkljhclkad [1\2@ ijh\_~_gh bkke_"~h\Zgb_ ebgbc i_j
A"bnn_j _gpbZewgkbgnZajghbfZo<[3@ bkke %W\ZaejdzZkbfthljbggZy
AK kljmdImjZzameviZlu bkke_ _~h\Zgbc iK&Zjaxclimhgbh | "ey aZsblu
Abnn_j _gpbZevguo ebgbc LZg ~"Zgbey m\ yebwegtljhfZ]gblghc
kh\f_klbfhklb bkihevamxl we_dljhfZ]gblgwt iHFEdiHlbjl _emevIZlu
ihdZzazZeb qlh ijb ~h[Z\e_gbb WI memqgrZxlky ihf _ohifBlZ\eyxs
bkke "h\ZezZkv ih~h[gZy kljmdImjZ k lhgdb aj_gby \ghkbfuo ihl_]
HAgZdh \ "Zgguo jZ[hlZo g_ ijh\h*behkv bkke "h\WiglhpmdimjZ\e gb
lzd "~ g_ [ue ijh\_"~_g eZ[hjZlhjguc RvdaixjbjzZghlu yley Ilky
wdki_jbf_glZevgh_ bkk&ktmdghk WA

Wdki_jbf_glZevgZy qZklv

>ey bkke_"h\Zgby \kKkGodIwl§zzjzf_Zjfbw = 650fdf s=2,5ff
h1=210 fdf h,=500 fdf (0= rn6=4,4[6]. GZ jbkij_"~klzZz\e_gu ihi_j_qgu_ k_q_
"ey bkke_"m_fhc kljmdImju [kla WI fllo RZgbZglZfb jZkihehZegby\WI
| dkl_ bkihevamxlky ke "mxsb_ h[hagZuokdjpydtey HKkiaehANndyf
k WI k\_fd6m*_ev k WI k "\mo dfhryh@gv
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JbK. Ihi_j _qgh_ k fargkd Z2 [ b3 \

<dZq_kI§2jZ b ij_ijbkZhevah\xékgehl dkFReblk hlghkbl _evghc
Abwe_dljbgq_kdhc ijhgb@Z45hkt=d,4 khhi\_TkI\_gdEq\kIWI \u[jZg
fZlgblh~"bwe dljbq_kdbc fzI_ j@0ZdIABIKBEjZf 1jZfb ij ~klZ\e _ggu.
\[7] b Ihesb ¢hrd,8 ff

ljh\_~ gb_ eZ[hjZlhjgh]h wdki_jbf_glZz

GZ jbkij_"~klzZ\e baf jbl _BygklZgh\d _z ko fzZ \demdkighpf gl
ijh\h~"bekybkihevah\zZgb_f \_dlhjgh]h Zgzéd:@ZIhjzF p_i_lcj_»
gZgqZehf baf_j gbc [ueZ \uiheg_gZ "\-ddeb[pi¥dZz 624y mkljZg_c
kbkl _fZlbg_kdbo ih]j_rghkl ¢ Z 1Zd _ mqg_1|Z \ebygby dZ[_e_c

z [
Jbk. Baf_jbl_eygBEklZghkdz_z ko_fZ \dekq_gby

J amevlZlu

GZ jbkij_"~klz\e _gu j_amevlZlu wdki_jbf_glzZ \h \j_f gghc b qZ
< dzZq_kI\_ bfimevkgh]h \ha”_cklkkywk\bkohbymdhhzreehkgZy kihf_oZ
ZfiebImMiik jZ\ghe b qzZklhlguf ki_dljhf H=p ~h

Z [

JbKB.J_amevlZlu wdki_jbf_glzZ \h2a\jopZ kdghghlch[eZklyo

Ba jbk \bAgh qglhh~_2b ZfiebIm”Z ihf_ob mf_gS8G4&ARV \
fh~r_ @bt jZaZ ih kjZ\Wfhdbedx <j fijjboh~Z ihfijbBh[Z\e _gbb W]

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_



XXl F7@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GLI 133
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC

k\_jom\_ebgbehk® jXazZ kbklz\blethgk ijb ~h[Z\e_gbb WI k ~\mo klh
144 ZaZ3 gk :gZebagXklhlghc h[endkdbaZelh ifMh[Z\e _g¥bbaf g _gby
agZgygthwnnbpb_glZ i[Spi2Zgbhehk_ ijhimkdZgby g_agZgbl_evgu
azZljZz ™~ _gby agZq_gby mf_gvrZxlkyahe ghhigjbih \[he _ wnn_dlb\ghf
ihrzZ\e _gb_ ihf_o \ wlhc h[eZklb

AZdexq_gb_
< "Zgghc jZ[hl_ wdKevoph_okke AK\KigddInkZh[Z\e _ghVIfk
hrghc b k ~\mo \kfMbjshrg_j_gpbZevghf j_"bf_ i _j ~Zqb [Ijh\_~_ g eZ

wdki_jbf_gl \ dhlhjhf ijhZgzZebabjh\Zgu \j_ f ggu_ b qgZklhlgu
bkke_"m_fhc kljmMdkiidgh\e_gh qlgb”*W[lZAg@Zqgbl_evgh kgb Z_| mjh)
ihf _ o memqrZy ihf _ohaZsbs _gghklv ebgbb i_j ~Zqgb

JZ[h1Z \uiheg _gZ \ jzfdZo ijR024Z )(Fbgh[jgZmdb. Jhkkbb

Kibkhd ebl_jZImiju

1. Dhkl_e_pd&blc AZ[hehpdbE Ihehkdh\Zy klIjmdIimjZ aZsbsZxs.:
k\_jodhjmldibfimevkh\ \ “bnn_j gpbZevghf b kbgnZaghf | "bfZi
mijZ\e_gby k\yabkdhkIH#O2F +« +K H41.

2. EZdhaE Dhkl_e _pdbAZ[hehpdBc<ugbke _gb_\j f gguo hldeb
wdjZgbjh\Zggh]lh fhrZevgh]h nbevljzZz Bd nmMimo ghbkZeAgh\f \b kbgnZa
j_"bfZo gZ \ha”_ckl\b_ Ibih\uo k\ _jodhjhldbo bfimevkh\ We c
kbkl_fu mijz\e_gby FZl_jbzZzeu ~hdez”h\ F_ "fNijndgddphgrgkdchc gZ
dhgn_gpbbLhfkd-Kd_dl2021.+K #9.

3. @_qg_ 2 K Q_jgbdR\;Z ;_ehmkH\ =ZabahJ Wdki_jbf_glZevgu_
bkke "h\Zgby akjfZehMbhgh]h fh~Zevgh]h nlpefvigghch bh gqZklhlghc
h[eZzklyoKbkl_fu mijZ\e_gby k\kgdak|k2D1&akiz +K A79.

4. <eZkhK < @ _g_\ ? K AZ[hehpdBeba FozZjzdl _jbklbd- a_jdZe
kbff _ljbgghc ihehkd&hjhdlmju \ ~bnn_j _gpbZevghf j_"bf_
jZ"bhwe _dljhges bt <

5. Ljim[g_gbgh\ <«<eZkh\ KgZeba ~bkkbizZlb\guo ihl_jv -\ a_jd
kbff Ijbgghf fh~rZevghf nbevlj_ k we_ _d]bhabgbegdf i | _jki_dlb\u
jZa\blby nmg~zZf_glg2mglddphjgbd gZmqguo XXm~kh\ "mgZjh~ghc
dhgn_j _gpbb Wk\m”" ZklibjZzglh\ b fheh”uoxnmdgfkgdo GZpbhgZevguc
bkke_"h\Zl_evkdbc Lhfkdbcdbremiglo\ghgbk K A65.

6. <eZkhK < :gZeba q_luj_okehcgh}lkbfd jjbzevgh fhrZevgh]l
nbevljZz \ kbgnZaghf b “bnn_j gpbZevghf j_ "bfZo K[hjgbd baljZz
K_kkbMKMELhfkdKi_d|l2022. £K 258.

7. Lim[g_gbgh\ <eZkh\ K < @
we dljhfZ]gblguo 1ih]Jehlbl_e_c¢ \
Il @mjgZe jZ"bhwe _#202Mgbdb

~g_\ ? K AE[Hbhpdbcfihgh\db
kljmdImjZo fZeh]Z[Zjblguo fh
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Bkke_"h\Zgb_ \hafhmgidklj ogby jZkq_|Z jZK&"b/ig\dheq
X.:.MeZgh\H KZnhghdZ FZjdbg
GZmqgguc jmdh\h~bl_ev ijhnl.Kkhh[jZ1 _gkdbc
<hjhg_"kdbc bgklbIml \ukhdbo | _ogheh]bc
Jhkkby<hjhg, me E_gp/@2394043
E-mail: app@vivt.ru

Investigation of the possibilities of speeding up the calculation of scattered radowaves
Yu.A. Ulanovag A.O. SafonovaV.V. Markin
Scientific Supervisor: Prof., DA.P. Preobrazhenskiy
Voronezh Institute of High TechnologidRussiaVoronezh Lenirastr.,73g 394043

E-mail: app@vivt.ru

Abstract. The paper discusses the assessment of the level of scattered electromagnetic fields.

Proposals are giveto accelerate this process based on the appropriate algorithm. An estimate of
the accuracy of the resulting solution is presented

Key words radio wave scattering, integral equation, simulation

<\~ gb_

< kh\j_f _gguo kbkl_fZo jz~bhk\yabh]p@bbkhelgdZlv ijhp_kku
jZkk _ygtzy keh guo h[t GlApoh~bfh ijh\h*blwmjhpgydjizkk _ygguo ihe_
Wlh g _h[oh”~bfh gZijbf_j "ey h[_ki_q_gby we _dljhfZ]gblghc kh
"Zgghc jZ[hlu y\ey Iky jZajzZ[hldZ ij_~eh  _gbc ihjZkkdhgggbx |
we dljhfZ]gblguo ihe_c¢c gZ hkgh\_ bgl_]jZevguo mjZ\g_gbc

Wdki_jbf _glZevgZy gZklv

JZkkfhljbf jZkk_ygb_ jzZéebkdhegz keh ghf hjtjbkl  Hg bf_ |
br Zevgh ijh\h*ysmx iB_joghklv

JbKl..Ko_fZ jzkk_ygby we_dljhfZ]gHEIphitt thegu

ljb wlhf _klv \g_rgyy mhpizZldyzy [m”~_ | \ dZ ~hc ba lhg_d ih\
Bgl ]jZevgh_ mjzZ\g_gb_ fZ]gblgh]h ihey aZibku\Z1liky ke _"mxsbf [

(1)
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GZ ih\_jogdKglbex"Z |ky fZ]gblgh_ ikhlkeegZ ozZjzdl_jbam_Ilky ~eb
F_""m |lhqdzZfb gZ[ex™_gby b bgl_]jbjh\Zgbyr\\IZ2d'gh jZkklhygb _
Bkdhfuc ih\_joghklguc Ihd dhlhjuc [m”~_| gZ\h”blvky >pflhg_ dehlg
bgl ]jbjh\Zgbgbgbgu b hi_jZpbb h[hagZqg_ ©ow]rEbpzfd |ky azZ”Zq
jZkk _ygby we_dljhfZ]gblguo \heg 1Ih bgl_]jZe dhlhjuc ijb\_"_g
ij_~klz\eylvky gZ hkgh\_d\zZ~jZImjghc kmffu gZ Rkgh\_f _Ih”~Z d\

(2)

< g_c¢c mdZaZgu \_kh\u_ dhwnnOpd"j@Zllumjghc nhjfme_ MNkihevan
mae\gZq_gbkhhlI\_IklI\m_1I| \u[jZgghfm maem hKjghllZeyf Iqiltlh]j_rghklv
jZkg_14Ql bljze AgZg_gb_ ih]j_rghkhb_| hdzZazlvky \_kvfZijthevrbf
k[eb _gbb Ihq_d bgl_]jbjh\Zgby bLjgZfex’kygtwyh mqg_klv \ jZajzZ[ZI
gZfb ih*oh”_

GZ ih\_joghklb ZgZebabjm_fhgh hkmis_&llXbf az”~Zgb_ kbkl_
djb\hebg _cguo dhwjupgElj\Zhwkwv ghjfZeXdiih\ _joghkib_ "~jm]b_d g_c
dZkzZl_evgahlghklv ih\_joghkldBApZzyhdZ

3
a”_kv thjlkhhI\_IklI\mxsb_ dhhj*bgaldpf HRyfml b . Bkihewa f
h[hagZqg_gby
, : 4)

< nhjfmeZo gb gba bg{tmaédk!l khhiI\_IklI\h\Zlv ijh_dpbb \_dlhjZ k
lhgd_ gZ[ex™_gby gZ ZgZebabjm_fu_ dhhj*bgZlgu_ hkb ?keb ¢
bgl ]jbjh\Zgby Ih bg” _dk [m”_| \gbam < kemqZ ]hZ&kXifthky_ ¢imy Il
ke "mxs_c

] ] ] . (5)

Hjlu dhlhju_ jZkkfzZljb\Zxlky \ IThgd_ gZ[ex”_gbyb h[ha@§ZhyZxlk
fh gh k mg_|hf dhhj*bgZlguo khikidheylxgbo gZ[ex” _gby ij_~klZ\bl
ke "mxsbf h[jZahf

(6)
l[jh\_~_f ZgZeba bgl_]jZeZz

(7)
< g_f kbglmedtjtinyg _glzZ ij_"klZ\ey_Ilky 1Zd

(8)

ljb wlhf khhI\_IklI\m_I lhgqd_ gZ[ex”_gby wlh \_ebgbgzZ dhlh
dhhjrbgzl 1lhq_d bgl_Jljbjh\Zgby _keb ijh\_~_gh GZz"Zlgbh\_dh]|
d\z~j4bmhc nhjfmeu azZibr_f j_]meyjgmx dhfihg_glm ke_"mxsbf h

9)
ihke_ ij_h[jZah\Zgbc
(10)
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> ckl\my ZgZeh]bqgguf h[jZzahf ih *jm]bf dhfihg_qglZf \ Themc

, (11)

?klv k\yav dhwnnbpl_\glkXfb d\Z”jZImjguo nhjfme uby, dhhj”bc
lzd"_ &bzZqg_gb_f hi_ijzMjZzah\Zgby we_f_glZ iehsZ”b ih\_joghklb

< oh”™_jZkkfhlj_gby \ujZ  _gbc fh gh hij_~_eblv f_oZgbafu
ijh\h~blky jZkq_I b mq_I| ihijz\hxkeb hkms_kl\ey_Iky i_j_oh” hl
fZljbgghfm \b"m |h \Mawgjlzdg x.gblcagbdzZ | fZNENZ ihkdhewHdm
_kliv \' ih ex[hc dhfihdhgjlZz\db b kKhhi\_IklI\mxl ih~""bZ]hgZey

lhijz\db b khhi\_IklI\mx| ]JezZz\ghc ~“bZ]lhgZeb ih qe_gZzZf \g_
G_h[oh”~bfh k fZdkbfZevgh\w gibdghikdV x]jabl , , , .

QlhJuhkh[_gghkbugl\ ]jZeiZoh~"he Iv g _h[oh”bfh hkms_kl\eylv j.
hdj _klghklb IThgdb \ dhlhjhc gZ[ex*Z _ |ky hkh[_gghklv gZ ih”~bg
dzZz ~"hf ba ih*"bgl_j\Zeh\ ~ey d\Z*jZImjghc nhjfmeu \Z ' gh azZ”~zZ\ZI
glhJu ih bgl_ljZzezf [uegA|jkifg fZy koh”bfhklv

J amevlZlu
JZkkfzljb\Z2dkydkhke "mxshtaf_ jZEh=3 , Lpb=5, Lc=3, Lg=12,
Le=5, Ls=5. Ih\joghklv h[t_dlZ jZa[b\ZeZkwvq gtZ¥h]*Z \ oh”_ j_r_gby
azZ™"zZqb ihemqgzZezZkv ihhijrghlelvegb By af8pb 0,015 _keb kjz\gb\Zlv k
lhgguf j_r_gb?Keb ”"ey 1Ih]l]h °~_ dhebqg_kI\Z Ihg_d bkihevah\ZlIy
d\Z7jZImjgmx nhjfmem ijyfhm]J]hevgbdh\ agZq @0l %hpANgZghklh [uce
g_\yadb ~Zghl\ IZ]e

LZ[ebpZ
AgZq_gb_ g _\yadb
Qbkéhqg,M
4550 5350 7150
AgZqg_gb_ g _\FdthleyjbwnZpob 0,11 0,073 0,015
AgZq_gb_ g_\yxidhlke yjdyua Z pob 0,13 0,081 0,018

AZdexq_ghb

Bkke ~h\Zgby ihdzZazZeb qlh ij_"eh”  _gguc ih”oh” iha\hebe
kbkl _fu mjz\g_gbc miZafvilglhkle \jZa Ijb wlhf ih]j_rghklb [m~Aml 1Zd
< oh”_jzZkqg_Ilh\ fh gh bkihevahtzZ|y ZgazkI[thleppnjZajZ[hld_ mkljhckl\

Kibkhd ebl_jZImju

1. 1j_h[jZ _gkdbc : I Fh”_ebjh\Zgb_ b Ze]lhjblfbazZpby ZgZeba
kljmdImj \ Kji29bhehdZpbhggua<ghgyg<hjhg_ “kdbc bgklbIml,| _oghe
2007. = k

2. Hg _]h\ E : F_Ih~ f oZgbg_kdbo d\Z*jZImj "ey bgl_]jZevguo mj.
hkh[_gghklvx Ba\_klby \ukrbo mq_[guo az0168. tgbc+tK ZO1fZIbdZ

3. :ebih\ B < Dmag_ph\ < E Fh”_ebjh\Zgb_ Ihgdhc kljmdlIn
jZkij_"~_e_gby g_\yahd \ ihdZaBgkWiIE A& _dhfi_gkbjh\ZggzZy aZz
I GZmqguc \_kigbd Fhkdh\kdh]h JThkm~ZjklI\_ggh]h I_ogbqg_kdh]h m
Z\bZphEaRH19. L < +K 20.
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JZajzZ[hldZ \bjlmZevgh]h ZgZebazZlhjz dzq_kI\Z kbkl_fu mkh\_jr.
mijZ\e_gby \ g_nl_]Zah\hc hljZkeb
.< Mnbfp
GZmqguc jmdh\Whipl @@V g..:. NbebiZk
GZpbhgZevguc bkke_ _"h\Zl_evkdbc Lhfkdbc ihebl_ogbqg_kdbc
Jhkkby ] Lhfkd ij E_gbgZz
E-mail: avu34@tpu.ru

Development of a virtual quality analyzer for an advancegrocesssystem
in the oil and gas industry
A.V. Ufimtsev
Scientific Supervisor: As®rof,, Ph.D.A.A. Filipas
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: avu34@tpu.ru

Abstract.The relevance of this research work is emphasized by the need for constant quality control
over the technological process in the oil and gas industry, primarily over the quality of products. To
carry out this kind of control, it is proposed to design asd a virtual quality analyzer, which allows

you to continuously and without significant capital investments in real time to obtain information
about the quality of products and process parameters. This paper continues the research in the field
of advancednanagement conducted by scientists from large petrochemical companies. The presented
scientific work is exclusively educational and research in nature and is based on the already available
results of qualified specialists in the field of mathematical stréi modeling.

Key words virtual quality analyzer, identification, regulation, correlation, mathematical analysis.

<\_"_gb_

LiZ"bpbhggu_ f_Ih?~u ZgZebaz dzq_kI\Z ijhmdpbb \ \b*_ eZ[
ihlhgguo ZgZebazZlhjh\ azqzZklimg_hdddauhgghkywnn dlb\gufb \ke
gbadhc gqzZklhlu baf_j gbc \ukhdhc klhbfhklb ZgZebazZz \ebygby
g_h[oh~bfhklvx i_jbh~bg_kdhc dZeb[jh\db b j_]rfleyjgh]lh h[kem b\Z

< ~Zgghc jZ[hl_ \ dzZq_kI\_ Zevl_jgZlagh]hp _ ighd'®d agbc
lim~ghbaf_jbfuo iZjzf_Ijh\ |1 _ogheh]bq_kdh]h ijhp_kkzZ ij_"eZ]Z
Zelhjblfu “bnn_j gpbZevguo baf_j gbc gZ [Za_ dhlhjuo j_Zebar
\bjlmZevgu_ ZgZebaZlhju kh_c kmblhlmXevgu_  ZgZehkawxlhju
fzl _fZlbg_kdb_ fh”~_eb ijhbal\h~ysb_~ dhk\_gguc jZkqg_| ihdz
| ogheh]bgq_kdh]h ghphkgh\_ Zjob\guo ijhba\h”kl\_gguo ”"“Zgguo
eZ[hjZlhjguo ZdZ.ebah\

< oh”_ wdkiemZIlZpbb \bjlmZevgu_ ZgZebaZlhju dzZzq_kI\Z bf__|
i_j_"~"jm]bfb ih*oh~Zfb ZgZebazgdyqjkVyhkhb\bbaf j gbc gbadhc klh
\g _"j_gby b h[kem 'b\Zgby ?7”bgkl\_ggh_ |j [h\Zgbywdh”XyailfyZgZe'l
i_jbh”bqg_kdZy dhjj_dlbjh\dZ ijb mkeh\bb hlkmlklI\by[3|ZjZf _Ijh\ Z\lhg.

J amevliZlu

Ihke \u]jmadb bklhjbg_kdbo "Zgguo \ ki_pbZebabjh\Zgghf ijh]]
ijh\h~bf dhjj_eypbhgguc ZgZeba ihdZau\Zz_| dzZd kbevgh h”bg iZjZz
>Zggh_ j_r_gb_ iha\lhey | paZRbkblijhktv kh” Zedgrf |IbeklbjhezZ b
fhghf_jhklbjhezZdm|[_ ih eZ[hjZlhjghfm ZgZebam hl | _ogheh]bq_k
J amevlZl ZgZebaZ ij_"kKlZ\e_g gZ jbk
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JbK. Dhjj_eypbhgguc ZgZeba jZ[hlu dhehggu K

< ~Zgghf hdg_ klzZlbg_kdzZy dhjj_eypby f_""m i_j_f_ggufb hl
fZljbpu H[eZklv dZ ~hc I|hgdb ijhihjpbhgZevgzZ kl_i_gb dhjj_ey
i_j_f_ggufb A_e_gu_ lhqdb hagzZqzZxl iheh bl_evgmx dhjjteypbx
hljbpzZl _evghizxxd fu "\bf ba ij _"klZ\e_ggh]l]h ZgZebazZ gZb[he_ _ a.
kh~_j"Zgby jza”_ey_fuo ijhmdlh\ \ dm[_ y\eyxlky |I_fi_jZImju IZj_¢

GZ hkgh\_ihemqg_gguo "Zgguo [ueb \u[jZgu ljb gZb[he__ dhjj_
ih dhlhjuf b [ueZ ihkljh_gz fZl fh2lbegv khljazmZevgh]h ZjdxkebazZlhjZz

JbR. :gZeba lj_g~h\uo ]jmii iZjzZf_Ijh\ dhehggu ]ZahjzZza”_e_gby

Kbgyy ebhtegbAfhjZlhjguc ZgZebaifhlbeklbjldemi_ dhehggu
DjZzkgZy ebdbymZevguc ZgZebvmifihlbeklIbjhlemi_dhehggu
A _@Zy ebgbpjlmZevguc Zgkldbhhdiddm|[_dhehggu

Jhkkby LhX®8Zij ey25] Lhf IT-1_ogheh]bb b we_



XXIIl F7@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GLI 139
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC

Dzd fh gh azf_Iblv ba ij_"klZ\e_ggh]h ]jZnbdZ bkihevah\
ZgZebaZlhjZz klZ[bebabjh\Zeh agZq_gby ZevnZf IbeklbjheZ kgba
aZrmfe_gghklv "Zggh]h kb]JgzZez

Hkoglgu_ kihkh[u hij_~ e _gby dzZq_kI\Z ihkljh_gghc fh”_eb

<bamZevgh
Ih jZaebqguf klZlbklbqg_kdbf djbl_jbyf 1Zdbf dZd dhwnnbpt
Index, MAPEb ~"jm]b __

< gZr_f kemqZ_ ihdZaZl _exbjhctAelvguc ZgZebaZlhj itbyfe fuf
| _ogheh]lbg_kdbo ijhp_kkh\ g_nl_liZeh@HljZkeb

<ur_mdZazZglzd \ulJey”"bl deZkkbq_ kd2zZy zZrkkjffmghdd Zd \u]ey”bl
fzl _fZlbg_kdb ihemqgq_ggZy njpjamedlzoggh]lh ijZzdNbqlrkdbvghl]lh
ZgZebaZzZlhjZ'klZ\e _gglZkB.gZ |

JbB. FZIl_fZlbg_kdZy nhjfmeZ jZkqzlZ jZajZ[hlZggh]h \bjlmZevgh]h ZgZel

<Z gh hif_Iblv qgqlh \bjlmZevgu_ ZgZebaZlhju y\eyxlky Zevl _
ZgZebazlhjhf 1: fh]lml bkihevah\zZlvky kh\f_klgh beb \ dzZzq_kI\_
kemqzZ_ g_ aZf_gyxl I: b azZ\h*"kdhc eZ[hjZlhjguc dhgljhev J_ar
dhgljhey beb I: g _h[oh”bfu "ey h[gh\e _gby fh” _eb <: \ ijhp_kk_ w
jZkoh "~ gby jZkqg_lguo agZg_gbc k nzthilbq_kdbfb ZgZebazf

Dhfie_dk \bjlmZevguo AgZrbdZ[hjk j Zebah\Zg \ \b”_ Z\lhg
kbkl _fu \bjlmZevgh]lh fhgblhjbg]Zz \ \b”_ ih*"kdZaqbdZ Gh [he__
bkihevah\zZzgb_  <: \ dhglmjZo mijZ\e_gby KMMLI Kkh\f_klgh Kk
"bgzZfbg_kdhc fh” _evx dhgljhee_jzZ 03& We Iy | vi h el hlenyZ d v guifj Z
ZgZebazZlhjhf g _ij_julgh “ey ihemqg_gby [hevr_c wnn_dlb\ghklb b i

AZdexq_gb

LZdbf h[jZzahf ijb ihfhsb f_Ih~h\ fZI_fZlbg_kdh]h ZgZebaZ b "“b
gZ hkgh\_ ~“bnn_j gpbZevguo mjzZ\g _gbc i_j\h]h b \lhjh]h ihjy~d
\bjlmZevguc ZgZebazlhj dZzg_klI\Z ~ey dhehggu jZa™_e_gby ZevnZ
klbjhel@zd blh] ijh\_~_ggh]h fh”_ebjh\Zgby b bkke_"h\Zgb_ gZ ijbf
jZa™_e_gby ZevnzZi_lIbeklbjheZ b fhghf_jh\ klbjheZ ihdZaZeh wdhgt
b p_e _khh[jZaghklv ijZdlbg_kdh]h ijbf_g _gby ~Zggh]h j_r_gby
ZgZebahf hj\ugpr]jmii ihdZaZl _e_c¢c p_e_\uo agZq_gbeaglzygbdlevghhel
kgbabebkv ihf_ob dhe [Zgby izZjzf |Ijh\ | _ogheh]bgq_kdh]h ijhp_
j_lezZf_glgZy ]ljZgbpZ mijZ\e_gby
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Dbg_IbdZ baf_g_gbc hilbg_kdbo k\hckl\ ijb h[emqg_gbbCasesdljhgZf
fhrbnbpbjh\Zggh]h gZghg@k®bp Zfb
F.F. FboZceh\KN_"hkh\GEZibg
GZmqgqguc jmdh\h”bl_ev mnjhngKEKhjFBoZceh)\
Lhfkddbkm~ZjkI\_gguc mgb\_jkbl_ | kbkl_f mijZ\e_gby b jZ"bhw
Jhkkby ] Lhfkd ij4053406Q Z
E-mail: dmitrii.s.fedosov@tusur.ru

Kinetics of changes in optical properties during electron irradiation of CaSi@ powder
modified with Gd203 nanoparticles
M.M. Mikhailov, D.S. FedosoyA.N. Lapin
Scientific Supervisor: Prof., DM.M. Mikhailov
Tomsk State University of Control Systems and Raelfitronics, Russia, Tomsk, Lenin str., 40, 634050
E-mail: dmitrii.s.fedosov@tusur.ru

Abstract. This study examined the effect of modify@iasiQ powder with GeOs nanoparticles on

the radiation resistance of its optical properties. The diffuse reflectance spectra of the original and
modified pigment were recordéu situ before and after electromradiation with a fluence of (1, 2,

3, 5 b7) A0k f> The main spectral changes were observed in the range aBQ0m. It was
found that modification at a concentration of gadolinium oxide nanoparticles of % Veiads to a
decrease in the defecbncentration and an increase in radiation resistance, depending on the
electron fluence

Key words spacecraft, thermoregulating coatings, radiation resistance, nanotechnology, calcium
silicate,gadolinium oxide.

<\*_gb_

< gZklhys__ \j_fy BEdywmZelkgZajz[lZId jfhj_]Jmebjmxsbo ihdjulbc
LJI kihkh[guo ih~*_j b\ZIv |_fi_jZImjguc j_"bf dhkfbg_kdbo
ijhly” _gbb \k_]h i_jbh”~Z bo Zdlb\gh]h nmgdpbéglbjh\Zgby ~*h

KbebdZl dZevgy i&DklZ\ey | hkh[uc bgl_j_ i\ d&lqg REy LJII
[ez]lh”~Zjy rbjhdhc azZij_szgghc ahg_ \ukhdhc hljzZz ZI_evghc kihk
ki_dlj_ b [he__ gbadhc klhbfhklb ih kjz\g_gbx k ljZ"bpbhggufb ib
=Q2 bx2HHAgZdh jz"bZpbhggZy klhcdhklv hilbg_kdbogkihgkd\hkghguo
CaSiOs hklzzlky ijZzdlbg_kdb g_bamqg_gghc

Hrgbf ba gZb[he__ wnn_dlb\guo kihkh[h\ m\_ebqg_gby jZ"b.
hilbg_kdbo k\hckl\ fzZl_jbzZzeh\ dzZd hj]J]Zzgbqg_kdbo [1Zd b g_hj
fh bnbpbjh\Zgb_bo gZghqzZklbpzZbtg hglkb™~g@ kh _*

P _evx gZklhys ¢ jZ[hlu y\ey |ky bkke_ ~h\Zgb_jZ"bZpbhgghc
k\hckl\ fbdjhihjhrdZ kbebdZhCasi@evpt’yonbpbjh\Zggh]lh gZghqgZklb
hdkb”"Z ]Z”"heGugh)y

Wdki_jbf_glZevgZy qZklv

< jZ[hl_ bkihevah\Zg kihgdzndzevpby fbdjhgguo jEGSOM\
ijhba\h~kl\Z KHBIG?J:E Jhkkbly gZghihjhrhd hdkb”"Z rGd®selklyby
kj ~gbf jzaf_ jhf gzkllgd ijhba\h”"kl\Z &KLQD UDUH PHWDO PDWH.L

Fhbnbpbjh\Zg®aSIQ gZghqZklbp@®b: hkms_klleyeb I\_j~hl_evgl
kKihkh[hf Ih"bdZ ihemqg_gby fh*bnbpbjh\Zggh]h ihjhrdZ nethOz j"Zs ]|
ij_~klz\e_gZ jZg_[2\ jZ[hl_
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H{emqg_gb_ h[jZaph\ hkms_kl\eyebfhlakljZghideh\bc dhkfbqg_kt¢
ijhkljzgkl\Zz ©Ki_dlj2 we _Adljhgdfib< N A0k L D ijb
~Z\e _gbHAO0® Ihjj Ki_dlju “bnnmagh]h hljZj_Jdkyjbih\Zeb ~h b ihke
h[emqg_gby \ \ihdaio)n2].

Bgl _JjZevgbhwnahbpb_gl ih]lelksegbygh]lh baGhqgqZigbgblu\Xeb
bkihevah\zgb f f_ ""mgZjhrgu®pdklZg”*Zjlh\ >

J amevliZlu

Ki_dlju "bnnmagh]h hljz gty ihke_ h[ewmeg ddpygZfb bkoh”gh]h
fh*bnbpbjh\Zgghlh gZgmG&®s blpdHithj hrd MCaSIOz ijb\_~_gu ga.jbk

Bajbkl ke_"mqglhdjZzchkgh\gh]lh ih]Jehbkgh¢ghhlhrdmCaSiQ b
fhrbnbpbjh\Zgdylihg Z k| bitzZH bdrdCaSIiQ/ nGaOs jZkiheh\_lg[eZklb gf
glh fh™_I [ulv klyaZgh k [ebadbfb agZq_ghydhcrpbgu #ijhishjhrdz
mCaSiQ b gZghihjnGdds(Eg + W55, 6].

Dhwnnbpb_gl hljZz  _gby ijb wihf m\_ebgb\Z_Ilky k jhklhf “ebgu
"ey bkoh”ghlh ihjhrdZ b hl "h ey fhhpbmidpkjhbZ2ddhdhb
[eb’g_cBD hl[e¥&lki_dljZz bafyg dwnnbpb_glzZz hljz" _gby yl\ey
g_agZqgbl_evgufb b g_ i \urZXhl[eZklb hl gf dhgdnhb@gb gby
mf_gvrZ _lky ~h b khNkigigih _|

J_]bkljbjm_fu_ ihehkZ ih]Jehs_gby ijb b gfu fhlml
gZebqgb_f ]bajjmdikhkhj[bjh\Zopgdu ih\_joghklb ifvjhrdZz

Jbk Ki_dlju *bnnmagh]h hljz®> _gby “h b ihke_ h[emqg_gby we _dljhgZfb k w
b N (1-7) A0®kf2 ihjhrdmCaSiQ Z nCaSiQ fZkk GOz [

Hlemqg_gWwe dljhgZfb bkoh”gh]lh b fh”bnh@dsa@\ggdgipl d
mf_gvr_gbx dhwnnbpb_glZ W[lgZklgky \gfLZdijb N=7 10 kf?2 rey
bkoh~gh]lh b fhrbnbpbjh\Zg\Whwinmbpdljgd  _gbwy_gvrZ_1R9,2\%

b % khhil\_IkI\ _gghhe  "ebggh\hegh\hdhh[eZkifbaf g gby
dhwnnbpb_glZ hljz" _gby ihke_ h[emqg_gby we_dljhgzZfb ijZzdlbqg_kdl

Jbk jZaghklgu_ ki_dlju “bnnmagh]h hljZ  _gby ihke_ h[emqg_gby we_dljhgZft
b N (1-7) A0k ihjhrdmCaSiQ Z niCaSiQ fZkk GOz |
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GZ jbkij_"klz\e_gu jZaghklgu_ ki_dlju “bnnmayghhrerhfjZgggby
\ugblZgb_ ki_dljh\ ihke_ h[emqg_gby ba ki_dljh\ ~hjbh[e'mgggby il
Ki_dlju yleyxlky ki_dljzfb ig]j2hs' gpyh]h \ ihijjhydZ&lI\b_f bagmq_gb
ihehku 1ih]Jehs_gby j_]bkljbjm_fu_ \ ki_dljZo fhlml Julv \ua\.
jZ"bZpbhggufb ~_m[d2azhbz\rbfbky \h \j _fy h[emqg_gby

LZzd IkmIlklI\b_ ihehku ijb tfeimmgedbybnbpbj\ldihjhrdz
CaSiQ@ gZghqgzklbgtla fh™ | k\b”_ | _evklI\h\Efvgwr_gbb dhgp_gljZpk
AN n_dlhhagbdrbo ijb h[emlgohyYgth]h ihChSi®ZJ_eZdkZpby ~_n_dlh\ fh"-
ijhl_dzlv azZz kq_| "\motijheZ#ékBpbBbih\ _joghklb gZghgdkibp\ dlh
djbklZeebq_kdhc kilhphd bZa8iQ; £j _eZdkZpbb gZaddlWw _&Ziheg_gghc
f-h[hehqgdhc

Dhwnnbpbwamin_dlb\ghklb fh*bnbpbjh\Zgby hhghr® gy ffagZq_gbc
bgl _]ljZevghlh dhwnnbiple hglZgbyg fhrbnbpbjh\Zggh]h ihjhrdZz
khhi\_TklI\mxsbf agZq_gbyf ey fh*"bnbpbjR\Agg§bkb f hikjllor chd kize x
we dljh@mR\3, b) A0®¥kfjz\g+ bkhhi\_IklI\. ggh

AZdexq_ghb

lhemq_ggu_ ~Zggu_ ihdZau\lzZxl qglh fh” bnbpbjhMmZg®Q fbdjhi
gZghgZklbwaOs ijb\h” bl

xdmf_gvr_gbx hljZz Zl _evghc kihkh[gbfihd Kh[&R&d \dlZ

xdmf _gvr_gbx dhgp_gljXipdpdppuo ~ n_dlh\ h[jZah\Zgguo ijb h][
we dljhgzZfb

xd m\_ebg_gbx jZ"bZpbhgghc klhcdhklb ijb h[emqg_gbb we dljh
b nex_gkhf A0k 2.

Bkke ~h\Zgb_\uiheg_gh ijb nbgZgkh\hc ih"FEWM202300M2aZ"Zgb\
Fbgbkl_jkI\Z gZmdb b <ukr_]h h[jZah\Zgby JN
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Bgl _ee_dimZevgZy kbkl_fzgiEkhkglodboy dhfivxl_jgh]h aj_gby
| < RZgg \Z
GZmqguc jmdh\Whipl ,@dvli. ¢ ; LmjZgh)\
GZpbhgZevguc bkke ~h\Zl _evkdbc Lhfkdbc ihebl _ogbqg_kdbc
Jhkkby ] Lhfkd ij B34950 Z
E-mail: pvs22@tpu.ru

Intelligent lighting system based on loT and computer vision
P.V. Shachneva
Scientific SupervisorAss. Prof, Ph.D.S.B. Turanov
Tomsk Polytechnic University, Russia, Tomsk, Lenin 80,,634050

E-mail: pvs22@tpu.ru

Abstract.The study is devoted to the development of an adaptive lighting system based on automated
data processing and control systems. A methodology for investigating the influeheespéctral
composition of lighting on cognitive functions, productivity, and human fatigue has been proposed.
The experiment utilized specialized tespslse measurement, and questionnaires to assess
physiological and psychoemotional responses.ofttained results will form the basis of a database

for creating personalized lighting regimes aimed at optimizing user performance and comfort
Keywords lighting, biodynamics, intelligent control system, color temperature.

<\*_gb_

Kh\j_f ggu_ |_ogheh]bb 1Zdb_ dZd bgl_emij@VvweZébggl kdkll_ fu
\ s ¢ ,R7 hlidju\Zxl gh\u_ \hafh 'ghklb ey kha”~Zgby [bh"bgZzZf
dhlihjh_ z~Zilbjm_Ilky d _kl_kI\_gguf [bheh]bg_kdbf jblfzf g_eh\_
hk\_s_gb_"ihez]Z_ | baf_g_gb_ bgl_gkb\ghklb ki_dljz b p\_Ih\hc |
| g _gb_ ~gy qlh kihkh[klI\m_I memqgr_gbx kZfhgm\kl\by ih\ur_gl
ihA"" jZgbx pbjdZ~rguo jblfh\ < mkeh\byo jhklZ mj[ZgbaZpbb b
ijh\h~bfh]h \ _ihfgbyo 1Zdb_ KhkmIfukl2\lZ guf bgkljmf_glhf ~ey
h[_ki_q_gbwfnhjlghc k\_Ilhp\_Ih\hcG k}thkuzlhd _kl_kI\_ggh]h hk\_
g_J]Zlb\gh \eby | gZ pbjdzZ~gu_ jblfu gZjmrZy \ujZ[hldm dexq_\uo
f eZlhgbg b dhplb@heFghéhaglylu_ bkke_"h\Zgby ih”I\_j ~Zxl qlh
\ha”_ckl\by 1Zzd" _ \ebyxl gz bffmggmx b g_j\gmx kbkl_fu f_I1Z[he
Aim]b_ nbabheh]bg_kdB. nmgdpbb

BgnhjfZpbhggu_ |_ogheh]blkhaaXheykbkl _fm mijzZ\eZyglky fZah\
dhlhjhig_"eh _gZ jHk

Jbk ;ehldo_fZ bgl_ee_dimZevghc kbkl_fu hk\_s_gby
Il _j\uc fh mev \dexqZ_ | mijzZ\ey fu_ k\_Ih\u_ ijb[hju k [_eufb

p\_Ih\Zy | _fi_jZImjZ dhlhjuo \Zjvbjm _Iky hl Ah D WIh iha)
bgl _gkb\gbhkkv dljZevguc khklZ\.hk\ s gby

Jhkkby LhXRSZij_ey25] Lhf IT-l_ogheh]bb b we_



144 XXl F2@>MG:JH>G:Y DHGN?J?GPBY KLM>?GLH< :KIBJ:GL
MQ?GUO ©I?JKI?DLB<U J:A<BLBY NMG>:F?GL:EVGUC(

<lhjhc fh"mev kh”_j bl dhgljhee_j b bklhqggbd iblZgby Dhgljt
"Zggu_ hl ~Zlgbdh\ b kbkl_fu dhfivxl_jgh]lh aj_gby mijZ\eyy k\
>ey_ _ZebaZpbb ij_~eh _gghc ko_fu fh MIbkigheahjZliy_h[jZah\ZI|_e\
DALI-RBFb bklhggbdb iblZzgby k ihA”_j"dhc mijdA\le_kgpbykihg®BFb[dhkl\
mijZ\e _gby izZjzf_1jZzfb hk\_s_gby b khdjZlbl jZkoh”u aZ kq_Il hld
bklhgqgbdh\ iblZzgby ih"* _DAbNZXxsbo

Lj Ibc fh *mev \deXlpddb b kbkl_fm dhfivxl_jgh]lh aj_gby “ey k[
ihevah\zZl _e_ b hdjm'Zxs_c¢ kj_~_ >Zlgbdb nbdkbjmxl B_fi_jzZI
hk\_s _gghklv Z kbkl_fzZ dhfivxl_jgh]h aj_gby ZgZebabjm_1| khklhyg
ajZzqdzZ qZklhlm fhjl]Zgbc é&dbpZ g>ey klyab bkihevalmhiky bR7
[ _kijh\h~gu_ k -FibZigdee, Bluetooth).

Q I\ _jluc fh mev ij_"klZ\ey | [Zam ~Zgguo k hilbfZevgufb j_~
jZajZ[hlZggufb gZ hkgh\_ ZgZebaZ \ebygby hk\_s_gby gZ dl
ijh~mdigphklv b mlhfey_ fhklv WIh iha\hey_ | i_jkhgZebabjh\ZlIlv
bgr"b\b"mzZevgu_ ihlj_[ghklb ihevah\zZl_ ey

Wdki_jbf_glZevgZy qZklv

J ZebazZpby kbkl_fu Ij_[m_1I ij_"\Zjbl_evgh]h nhjfbjh\Zgby n
ki_dljZevguo |j_"bfh\ hk\_s gby khghdheykZho HhEgguo >ey W
g _h[oh”bfu wdki_jbf_glZevgu_ bkke_ ~h\Zgby i _j\u_ j_amevliZlu d
NZgghc jZ[hl_ Hagzphabhgbc \ bgrb\b*mZevghf \hkijbylbb k\_1Z b
f_ Ih*heh]bg_kdbo ih"oh”h\ "Zggu_ bkkejmMb\AgbgbhkiZxMyhilj_ [m_
ijh\_"~_gby wdki_jbf_glh\ khqg_IlZxsbo ZgZeba h[t_dlb\guo ihdzZaZzl
j_Zdpby ajzZzqdh\ b km[t_dIb\guo "Zgguo Zgd _Ilu | _klu hijhku

< bkke_"~h\Zgbb ijbgyeb mqgzZklb_ "bl_eb ]hjh~zZ Lhfkdz \ \haj.
\dexqZy_"klz\bl _e_c¢c h[hbo iheh\ MqZklgbdb y\eyxlky klm~" _ glzf
gZjmr_gbc aj_Whki_jbf_glu ijh\h”*lkeblkkihevah\zZgbajz[hlZgghc
bkke_ _"h\Zl_evkdhc mkKighdgph>hé&@ bl_evghhkdhhc k_jbb wdki_jbf_gll
khklzee#g5 fbgmIK_jby ij_~ihezZjB\_~ gb_ baf_j gbc ijb jZaebqgguo 1
p\ _Ih\hc | _fi_jZImju hk\_s gby Z bf _ggh D D Db

Nbabheh]bq_kdb_ j_ Zdpbb mqgzZh\gedkVbjkilbkdph\Zgb_f gZ]jm~g
imevkhf IjEbf_j j_]bkljZpkad j gbc ij_"klZ\e_g 1\ GZ[ex"Zl_ev
j_]1bkljbjh\zZe \j _fy ijhoh * _gby dZ ~h]h wlZiZ k lThgghklvx “h k_dmc¢

LZ[ebpZ
J_amevlZlu baf_j_gbc imevkZ b h[s_]Jh \j_f_gb h”ghc k_jbb wdki_jbf_

Ghf_j Ilhe| <hajz| FbgbfZzevg FZdkbfzZev| Kj_"gbc im{ Ijh~he bl_evg

wdki_jbf_| imevk imevk wdki_jbf_gl
1 @ 22 73 103 82 228
2 70 89 77 248
3 66 90 77 229
4 70 87 77 209

>ey hp_gdb dh]gblb\guo nmgdpbc ijbf_gyeky dhfie_dk ba iylb
tb; kbf\hevgZzZy jZkrbimihkdZhrb[hd b jZaebq_gb_ p\_Ih\ >Zggu_
gZijZ\e_gu gZ ZgZeba |Zdbo Zki_dlh\ dh]gblb\ghc ~_yl _evghklb
bgnhjfzpbb ijhkljZzg&]blggWhgZy j_Zdpby mjh\_gv dhgp_gljZpbb \ghb
iZjZf _lju
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J amevlZlu

Dh]lgblb\gu_ nmgdpbb hp_gb\Zebkv ih jtameviyllZzéd Nukhle\y _gby
ijb q _luj_o j_"bfZo hk\_s_gby ihdzZzaQlglty g&bpogb _p\ _Ih\hc |_fi_jZ
lj_[m_1 klZlbklbgq_kdh]h ZgZebaz m" _ gz ijbf_j_ h~gh]lh bkiulm_fh
| _klu \uihegyxlky [uklj__ g_f ijb ~jm]bo j_"bfZo H~gZdh ijb v
hif gZezZkv ih\ur_ggZy mklZehklv ]JeZa

Jbk AZ\bkbfhklv \j f_gb ijhoh ~_gby |_kIZ hl p\_lh\hc |_fi_jZImju hk\_s.

Wdki_jbf_glu \uy\beb \ebygb_ p\ _Ih\hc |_fayjgldnjdihhgidlbs\ga
nmgdpbb b nbabheh]bqg_kdb_ j Zdpbb Ihemqg_ggu_ ~Zggu_ ih”"q
NZevg_cr_]lh bamqg_gby b \g_"j _gby zZ~Zilb\guo kbkl_f hk\_s gby
jZkrbjylv [Zam ~Zgguo \dexqZy gh\u_ aZ\bkbfhklb f_‘ent jb Zdpt
iZjZf_ljzZzfb hk\_s_gby

AZdexq_ghb

lj_~eh  _ggZy ko _fz z~Zilb\ghc kbkl_fu hk\_s gby bgl _Jjbjm_1 d
b "Zlgbdb ~ey fhgblhjbg]Z hdjm ' Zxs_c kj_"~u b nbabheh]bqg_kdbo
Wlh iha\hey | \ j_Zevghf \j_f_gb pj_Jmetxh\lZIN _jZImjm b mjh\
hk\ _szgghklb gZ hkgh\_ kh[jZgguo ~Zgguo LZdhc ih?oh” ih\urZz
dh]lgblb\gu_ kihkh[ghklb N eZy kbkl_fm mgb\_jkZevghc b i
| jkhgZebabjh\Zggu_j_ "bfu hk\_s _gby mqgblu\Zxsbpbbg/¥h&*Zxdev
dhfnhjlgmx b a~hjh\mx kj_“m qlh hkh[_ggh \Z'gh \ mkeh\byo mj[Zg
| ogheh]l]bc memqgrzZz | dZg_kl\h “bagb b ih\urZz_ | wg_jlhwnn_o
ZdimZevgufb ~ey kh\j_f_gguo Jhjh*h\ b a~Zgbc

Bkke_ "~h\Zgb_\uiheg_ ¢ghgédZ XkhmgkKblckdh]h gZmqgghia8-20062rZ «
https://rscf.ru/project/2588-20162/
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Fhr _ebjh\Zgb_ijhp_kkZ nhjfbjh\ZigHdgakihjjZz k \ukhdhc ih*"\b ghkl
we _dljhgh\l _ogheh]bb *D1 6LGHZDOO 'LHOHFWULF 6SI
.2 R _kl _jbdhuY. R_kl _jbdh\Zz
GZmqguc jmdh\h”~bl_ev ijhin2kkhyg” | g
Lhfkddbkm~ZjkI\_gguc mgb\_jkbl_ | kbkl_f mijZ\e_gby b jZ"bhw
Jhkkby ] Lhfled gbgZz
E-mail: shesterikov.a.e@mail.ru

Simulation of the gate formation process of a high electron mobilityransistor
using GaN Sidewall DielectricSpacers technology
A.E. ShesterikoyD.A. Shesterikova
Scientific Supervisor: PrqfDr. P.E. Troyan
Tomsk State University of Control Systems and Radioelectronics, Russia, Tomsk, Lenin str., 40, 634050
E-mail: shesterikov.a.e@mail.ru

Abstract. The paper presents the results of modeling the formation e$laaped gate of a high
electron mobility transistor based on gallium nitride usingidewall dielectric spacers for mass
production ofMMICs. It was found that to achieve a transistor gateJaif K R | P WKH WK
of the second S\ layer should be greater than 200 nm. At the same time, it is desirable to select the
minimum etching time sufficient for complete removal gfi4&from the window in the dielectric

mask, since excessive iease of etching time leads to thinning of the passive coating and may cause
the device failure in the future.

Keywords sidewall dielectric spacers GaN, SkNs, HEMT, gate length

<\ gb_
AZ ihke _"~gb_ "\Z ~ kylbe Iby | _oghehkbj finl bewgh gzZayealz e Zk
gZqgbgzZy k *\ ]h m b \g_"j_gb_f *\ ]hm Z azl_f jzZza\_jl

]h*m b “h k_]h~gyrg @h Fgyhbu_ bkke_ _~h\ZIl_evkdb_ bgklbImlu I
bg\_klbjh\zZlv \ bkke_"h\Zgby b jzZajZ][hddb "by 1_oglyehZevg_cr_]
jZa\blby kbkl _f k\yab Ij [mxlky fhsgu_ mkbebl _eb dhlhju_ \k_ q
hkgh\_ gbljb"Z 1Zeghehiby + (07 fhlijbf_gylvky \ \ukhdhqZklhlg
mkbebl _eyo fhbghkkbzZljb\ZZaebqgufb ijhba\h*"ttZdeYyZbgZy | _ogheh]b
balhlh\e_gby ijb[hjh\

< fZzkkh\hf ijhba\h”klI\_ *D1 fhgheblguo bgl _]JjZevguo ko_f FBK
\j fyaZzljzZlghc hi_jZpb_c y\ey Iky-hhjjZphtgbZIYhjzZz 1Ijb jZaf_ j_ az
f g__ fdf klzZzg”~ZjlgZy dhglzddgZgbhhlpfgntky g_ihalhey | h[_k
lj _ [m_fmx jZaj_rZxsmx kihkh[ghklv ijb nhjfbjh\Zgbb hdhg \ fZkd_ n
k wibf [hevrbgkl\h ijhba\h?bl_e_ c¢ bkih-ewagXimxee llhhjgZotbx WEE
ijhjbkh\db azZl\hjh\ f_g__ fd¥1Z1@ m _jetaqbazZ |ky \j fy aZljZgb\
ijhba\h~kl\h K<Q FBK Z dzZd ke_"kl\b_ b bo klhbfhklv

P _evx ~“Zgghc jZ[hlu fhYey bjnwZigmghehhhhfbjh\Zgbl[jlzagh]h
aZl\hjz k "ebghc fdf ih | _ogheh]l]bb VLGHZDOO GLHOHFWU
we dljhgoglg_\hc eblh]jZnbb "ey fZkkh\h]h ijhGeN\K&KI\F Zfdaslgkildjh\

Wdki_jbf_glzZzevgZy qZklv

GZ i_j\hf wlzZi_ | _oghehjbm_kdakwall dielectric spacers [B3] i _j\hf keh _
"bwe_ dljbadMs 6hjfbjm_Iky hdgh rbjbghef f _Ih~ hf ijh_dpbhgghc
nhlheblh]jZnbb k ihke_ ~mxsbf Zgbahljhiguf j_Zdlb\guf bhgguf [jZ
ithemqg_ggmx kljmdImjm dhgnhjfgh hdenhesbg N kykVihghed_ 3(&9' SOD)V
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HQKDQFHG FKHPLFDO YDSRU GHSRVLWLRQ Ihke wlh]h ijh\h”"
ljZ\e_gb_ ih \k_c iehsZ”b iezZklbgu Nsi_d\h]lhnkenlyI6L aZ kq_I| [he
lhesbgu “bwe_dljbdZ \ [hdh\bbohfgBkhy®ndgZ h[jZamxlky ~hiheg
[hdh\u_ ki_ck_ju ba gbljb~zZ dj_fgby qlh ihal\hey | mf_gvrblv wnn_
ljZgabklhjZ [_a bkihevah\Zgby WEE

LhesbgZ i_j\h]h KNehWwebbZ [ulv jZ\gZ \ukhl_ gh db azZl\hjzZ Ij:
hsinit = hg gf Dexg_\ufb izjzf_ljzfb ijb ihemqg_gbb hdgz ih*azl\
yleyxlky IlhesbgZ \lhjhjM (hkehy 6Ed"_ \j_fy I|jZthe) gEy mklZgh\d _
j_Zdlb\gh]lh hBhgg\e gWxford >ey hij_~ e gby aZ\bkbfhklb rbjbgu
ith*azZl\hjghc I[®ZKkhh Dbteen [Ueh ijh\_~_gh fh”_ebjh\Zgb_ghfijh]jz
dhfie_dynopyV 7&$' I|jb fh”r_ebjh\Zgbtbhkdhjhib{jzZz\e_ 8itNy [ue
ijbgyd jZ\agfb fdf fbdjb wlhf hkz ~_gb_ 3(&9' y\eyehkv dhgnhj
ljZ\e _gb_ Zgbahljhiguf

J amevlZlu
GZ |jbk ij _~klz\e _gZ w\hexpby klIjmdImju “~bwe _dljbdzZ \ jZfc
| ogheh]bg_kdbo hi_jZpbc ijb IThesbgNs \Ihglh]h kehy 6L

. o : . \ Zgbahljhigh_ ljEi\ejhgh
Z liz\e gb i j\hlh k [ dhgnhjfgh_ hkZ"*_gb
: ~gb_ 1_Jth] kehy 6L1 kehy 6L1

JbKl. W\hexpby kljmdIimju “bwe_dljbdZ \ jzfdZo ijh\_~_gby | _ogheh]bg_kdbo hi
\Ilhjhlh kef\y 6L gf

< |Z][]e ij_"~klZ\e_gu j_amevlZlu hij_~_ e _gby rbjbgu hdgZ ih*az
aZ\bkbfhklb hl lThesbgke\WSsNaJh\j_f_gb IjZ\e_gby
LZ[ebpZz

J _amevlZlu hij_~_e_gby rbjbgu hdgZ ih~azZl\hjghc h[eZklb
\ ' aZ\bkbfhklb hl lThesbgu \lhjKJhbh kjeliygbLljZ\e_gby

h of tecn fbg 1,00 1,10 1,20 1,30
W fdf * 0,347 0,375 0,400
h of tecn fbg 1,25 1,35 1.45 155
W fdf * 0,312 0,347 0,368
h of tecn fbg 1,50 1,60 1,70 1,80
W fdf * 0,296 0,321 0,346
h of tecn fbg 1,75 1,85 1,95 2,05
W fdf * 0,265 0,298 0,317
h of tecn fbg 2,00 2,10 2,20 2,30
W fdf * 0,242 0,275 0,305
h of tecn fbg 2,25 2,35 2,45 2,55
W fdf * 0,220 0,251 0,284
h of tecn fbg 2,50 2,60 2,70 2,80
W fdf * 0,197 0,231 0,267
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GZ jbkij_"klz\e_gzZ azZ\bkbfhklv rbjbgu hdgzZ \ fZzkd_ h hl lhes
SisNg b \j_f_gb ljZ\e_gby

Jbk. AZ\bkbfhklv rbjbgu hdgz \ fZkd_ h hl Iheskg b \jhjhlhbkigBye6gby

>ey i_j_kq_lZ \j_f_gb ljZ\e_gby q_j_a j_Zevgnmd kdhkhkdgn\lgZ\e
2[IRUG fh gh \hkihevah\ZIvky khhighr_gb _f

1)

] tinax\j _fy ihemq_ggh_\ jZfdZo fihzeejpjhé¥ghy \j fy ijVipsikkZ
Vijgj_zg&kdhjhklv lIjZz\e_gby ih fh”_eb b j_ZevgZy kdhjhklv IjZ\e_gby |

AZdexq_gb
Ba ihemqg_gguo aZ\bkbfhkl_c \b~rgh qlh ~ey "hkjBgadbkyh{f2bg!
0,25fdf lhesbgZ \lhjh]hsMehlyebdZ [ulv [hevr_ gf Ijb wlhf *~ _eZl

ihA[bjZlv fbgbfZevgh_ \j_fy ljZ\e_gby ~hklZlhqgh _s:Nelyaihegz]A m’
fZkd_ "bwe_dljbdz 1Zd dzd qj_af_jgh_ m\_ebq_ghl djbklghqglizdbex g
iZkkbjmxs_]h ihdjulby b fh> | kIZIv ijbgbghc \uoh”~Z ijb[hjZ ba kljh
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M>D

JZkkfhlj_gb_\hafh 'ghklb bkihevah\Zgby GHHSIDNH ]dgqgZiplbhb Zm:
khklyazl _evghc ZlZdb gZ &11
. S _MNibgzX EZil_\ K : Eblh\dbg
GZmgguc jmdh\Whipl ,¢dlvl ¢ X Dhkixg_gdh
Lhfkdbc ]hkm~Zjkl\_gguc kigd\ fijkbijZhNebjgbhphwe dljhgbdb
Jhkkby Lhfkd ij E_ g63#@50
E-mail: gjyb2002gjyb@yandex.ru

Considering the possibility of using deepfake audio generation
as an adversarial attack on CNN
A.A. ShchedrinaP.Y. Laptev, S.A. Litovin
Scientific SupervisorAss. Prof., Ph.D.E.Y. Kostyuchenko
Tomsk State Universi of Control Systems and Radieetronics Russia, Tomsk, Lenin stdQ, 634050
E-mail: gjyb2002gjyb@yandex.ru

Abstract.Thisstudy examines deepfake voice generation as an adversarial attack on speech datasets
and state classification models. Using VGG16 for alcohol intoxication detection via spectrogram
analysis, we tested recordings of tongue twisters where the baselineanbeestfed 0.95 Fscore

and UAR. When evaluated against RV @QeRerated audio, performance metrics dropped by 0.5
DFURVV VSHDNHUYVY UHYHDOLQJ VLIJQLILFDQW YXOQHUDELOLYV
to deceive spectrograimased systems, itical gaps remain: susceptibility of nemage spectral

formats (e.g., MFCCs) and robustness of recurrent networks analyzing sequential spectral data.
These findings highlight urgent needs for deepfake voice detection mechanisms and expanded
security anayses across diverse spegmocessing architectures.

Key words speech analysis, neural networks, spetebpeech

<\_"_gb_
lh j_amevlzlzf bkke_"h\Zgby dhfiZzgbb 9315DQNV > @ k dzZ°
ex™ ¢ klZgh\ysboky ~ jI\Zfb fhr_ggbg_&b\ZA la\higithkvadhREZ g jbjh\Zg

k ihfhsvx BB jheldin\_ebqgb\Z_Iky qlh klyazZgh k mijhs_gb_f I_ogh
GHHSIDNH b ih\ur_gb_f dZq_kI\Z bo j_amevlZlh\ Ijb wlhf k ihfhsv
bf _ggh 9RLFH &RQYHUWLRQ 9& fy Ilh” gb ijkhd{tzahkgZgbhafh gt
\hkkha~zZgby g_ Ihevdh ]JhehkzZ ~jm]h]l]h q_eh\_dZ ggihbflZd _ b
ikbohwfhpbhgzZevgh_ khklhygb_ beb khklhygb_ Zedh]hevgh]h hivy
NZgghc jZ[hl_ ij_"ez]lZ_Ilky jzZkkfhlj_Ilv KkithikhyaZjh\evwguydhyZkzd ¢
k\zjlhggu_ g_cjhggu_ k_Ib ih hij_~_e_gbx khklhygby ~bdlhjz g
Zedh]hevgh]h hivyg gby

Wdki_jbf _glZevgZy gZklv

< dZg_KkI\_ZgZebabjm_fuo "Zgguo [ue bkihevah\Zy@ gZdggudhji
dhjimk khklhbl Dm~“bhazibk_c kdhjh]lh\hjhd jZaguo ~bdlhjh\ \ |j_a
khklhygbb Zedh]lhevgh]h hivyg_gby h”gzZdh \ *Zgghc jZ[hl_ Z1ZdZ i

ba "bdlhjh\ qgqvz baf_g_gb_\ j _gb [ueh gZb[he__ jZaebgbfh ijb h

Zgba ih"zZ\Zebkv \ nhjfZzl_ bah[jZ _gbc ki_dlgyh]jabfdkZzaf gZzqlh ~Zzl
\hafh ghklv ghjfZzebazZpbb aZibk_c ih "ebl_evghklb

< dZq_kI\_ fh” _e_c¢c hp_gdb khklhygby bkihevah\ZezZkv k\zjll
9 ** gvb ihdzazl_eb dzZq_kMN«*j2[dgugZ~bdlhjZo jZ\gu ih f_|I
8%5 b-f)_ju Z agZq_gby hrb[hd \lhjh]h jh*Z khklZ\eyeb ey ex[h]h |
5 <Z gh hif_Iblv qgqlh \k_ ~bdlhju y\eyxlky ~ey fh”_eb agZdhfufb
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\u[hjdb fh~_eb ijbkmlkl\h\Zelboijbfgbhu LZdh_ h[mg_gb_ b |_klbjh\z
\u[jZgh ~ey ihgb _gby hrb[hd \lhjh]h jh*Z dh]*Z fh”_ev ijbgbfz_I
Zedh]hevgh]h hivyg _gby aZ Ij_a\h]h ~bdlhjzZz qlh [m”~_I| y\ey Iky d
jZ[hl_ 1Zdhc kbkl_fu

GZ hkgh\__&@Z\iblfZgguo *bdlhjh\ [ueb h[mqg_gu fh”_eb "ey ] _g_jZ
k ihfhsvx g _cjhgghc k_Ib 59&Y < dzZg_kI\_ izZjzf_Ijh\ h[mg_gby fh
Abdlhjh\ [jZebkv qZklhlZ "bkdj_IbaZpbb jzZ\gZy d=p dhebqg_kl\h w
lZzd Ze]lhjblf hfmg_gby UPYSH dhlhjuc y\ey Iky h*gbf ba emqgrbo f_Ih
]_9g_jZpbb j_qb < j_amevlZl_ [ueb Kk]_g_jbjh\Zgu Zm~bhaZibk
ihjyrdZ "\mo gqZkh\ \ Ij_a\hf khklhygbb b \ khklhygbb Zedh]hey

GZ jbkij_~klz\e_gh kjz\g_gb_ ki_dljh]jzffu k hjb]l]bgZevghc aZz
ki_dljh]jzffu k] _g_jbjh\Zgghc aZibkb k ihfhsvx h[mqg_gghc fh"_eb
azZf_Iblv ba kjz\g_gbc k]_g_jbjh\ZggzZzy azZibkv kh” _j bl [hevr_
\ujZz gh [hevr_c gZkus_gghklvx a_ezgh]h p\_|Z h”gzZdh hkgh\
j_q_\h]h kb]JgZezZ ~hklzZlhggh [ebadh ih\lhjy | hjb]lJbgzZe Lzd _ fh
kjZ\g_gbb hjb]bgZevguo b k] _g_jbjh\Zgguo aZibk_c¢c [ueb \uyle g
j_adb_ kdag&bj_qb g__kl_kI\_ggu_ azZbdzgby \ j_gb b Ij_kd qlh |
Z1Zdb k ZlZdhc imlzf “h[Z\e _gby rmfh\ \ aZibkv LZd _ [ueh \uy\e_
aZibkb h[ez"zZx|l \k_]h Zm~bhdzZgzZehf \ Ih \j fy dZd hjb]l]bgZevgu
"\mdZgZevghf j_ "bf_

Z
Jbk Kjz\g_gb_ ki_dljh]jzff hjbl]bgZevghc b k]_g_jbjh\Zgghc Zm~bh
Z hjbl]bgZevgZy azZibkv [ k]_g_jbjh\ZggZy aZibkv

Ihfbfh ~Zgghc ZlzZdb 1Zd _ [ueh ijh\_~ gh “hh[mqg_gb_ bk
"h[Z\e_ggkibg jbjh\Zggufb ~Zggufb \ h[mgZxsmx \u[hjdm “ey h
lZzdh]lh nhjfzlZz ZIZzdb gZ \_kZ ]hlh\hc fh”_eb

J amevlZlu

< |IzZ[e ijb\_~ gu j_ameviZlu jZ[hlu bkoh”ghc fh” _eb gZ k] _g _jbj
lZzd"_ j_amevlZlu hp_gdb dzqg_kl\zZh¢zfiimhtu ethlgizngkglg~ghc | _klh\hc \
Bkoh”y ba ihemg_gguo j_amevlZlh\ fh gh k~_eZlv \u\h® qlh dzd
"hh[mqg_ggZy fh”_ev gZqbgzxl om _ kijzZ\eylvky k 1ihklZ\e_gghc
khklhygby ~bdlhjz kgb Zy ihdZzazZl"gebf ¢gZzq_kIAEY\ fkjljb-d_§&5 b )

>Zggu_ j_amevlZlu fhlml [ulv h[hkgh\Zgu ke_"mxsbfb nZdlhjZfl

xkoh™ _klv ij_~ezZ]z fhc ZlZdb k ZlZdhc “h[Z\e_gby rmfh\

x\ukhdZy gm\kl\bl _evghklv ghjfZebaZpbb imlzf i_j \h*Z 7.
bah[jZz  _gbc d khklyaztzdvguf ZI1Z

xhlghkbl_evgh kezZ[Zy h[h[sZxsZy kihkh[ghklv bkoh”ghc fh”_et
h[tzfhf h[mgZ_fuo “Zgguo

>ey [hjv[u Kk ij_~eh” _gguf f Ih~hf ZIZdb fh]ml [ulv bkihevah
m~"Ze _gbx ebrgbo rmfh\ Z Izd _ ij_"\Zjbl_evguc ZgZ&bia M~ x\zZ f
_klI_kI\_gghklb j_qgb Lzd"_ fh'gh bkihevah\Zlv j _dmjj_glgu_
ZgZebabjmxsb_j_ g _\u_ "Zggu_ \ mhjifZju\iddckbi\hpXevguo *"Zgguo q
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\ p_ehf ih\urzZz_| Jem[bgm ZgZebazZz Z agZgbl \hafh'gh g_cljZebazZp
"Zgghlh \b~rzZ Zlzd

LZ[ebpZ
Hp_gdZ dZq_KkI\Z jZ[hlu fh~_eb gZ ZlZdh\Zgguo ~Zgguo
>bdlhj UAR F-f_jz
DzZq_kI\h jZz[hlu hjb]l]bgZevghc fh~_eb gZ k]_g_jbjh\Zgguo
>bdlhj 0,3 0,27
>bdlhj 0,7 0,7
>bdlhj 04 0,36
>bdlhj 0,42 0,42
DZqg_klI\h jz{lhhfimg_ghc fh” _eb gZ bkoh”~ghc |I_klh\hc \u[h]
>bdlhj 0,55 0,59
>bdlhj 0,48 0,53
>bdlhj 0,51 0,55
>bdlhj 0,45 0,55
AZdexq_gb_

lj_~eh” _gguc \ ~Zgghc jZz[hl_ f_Ih~ \ A~ ckl\bl_evghklb ij_ _"klZ\¢
fhr e _c¢c b kbkl_f hp_gdbbkdiklmyghbph [ueh "hdZaZgh gZ ijbf_j_ Kk
g_cjhgghc k_Ib 9** b khklhygbb Zedh]hevgh]h hivyg gby kgbab\
\ kj_ g f\ jzZazZz LZzZd kj_"gb_ agZq_gby f_Ijbd ijb |I_klbjh\Zgbb

ihgbabebkv gZ ey fb If6dFBYSE LZdh_ ' kgb _gb_ f _Ijbd gZ[ex’
| _klbjh\Zgbb “hh[mg_gghc fh”_eb gZ k]_g_jbjh\Zgguo ~Zgguo
WIlh \ k\hx hg_j_2v fh™ _l ijb\_klb d k_jvzaguf ihke_"kl\byf _keb

bkihevah\zZIvky hizkghf ij_7ijbylbb ihkdkevAliddijbg nehXgdhfh’ _
ijbklmiblv d \uiheg_gbx k\hbo h[yaZgghkl_c¢c \ g_~himklbfhf khklhyg
fh™ | ih\e_qv ijbgbg _gb_ \j_ ~Z a”hjh\vx dzZd kzZfhfm ijh\_jy_ fhfr
ihklhjhggbf ex”yf

< ke_"klI\b_ wlh]h "Zevg_crZy jZ}ilAHdmyZ |IbghigZgb_ \ebygby
] g jZpb_c¢ j_gb gZ fh~_eb j_dmjj_glguo g _cjhgguo k_ | ¢ Z 1Z«
k\zjlhgguo g_cjhgguo k_I_c¢c gZ \oh” dhlhjuf ihA"Zxlky bah[jZ _gby
"Zgguo -Ki edljh]jzffu beb 0)&&
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Analysis of the fundamental tone frequency of astronauts in zero gravity and on Earth
G.V. YashchenkoN.S.Repyuk
Scientific Supervisor:Ass Prof., Ph.D. A.A. Konev
Tomsk State University of Control Systems and Radioelectrétussia, Tomsk, Lenistr., 40, 634050
E-mail: disnake2@gmail.com

Abstract. The work is devoted to the study of the features of the fundamental frequency of speech of
astronauts during their stay in zero gravity. The study includes a description of the experiment on the
analysis of the fundamental frequency of speech in zerotgwi on Earth. The results show that

zero gravity has a significant impact on speech characteristics, which must be taken into account
when developing speech recognition and synthesis technologies in space programs. The report can
be useful to specialistn the field of speech processing, information security, artificial intelligence,
medicine and all interested parties studying the effect of space conditions on speech.

Keywords speech, fundamental frequency, zero gravity, articulation, astronaut.

<\~ gb_

Kh\j_fggh_ khklhygb_j rZ fhogZgndgghc ijh[e_fu h[jZ[hldb j_c
kblJgZeh\ \ mkeh\byo g_\_khfhklb o0Zjzdl_jbam_I|ky agZgbl_evgufb
mgbdZevgufb nbabq_ kdbfb mkeh\byfb dhkfbq_kdh]h ijhkljZgkl\Z
Zdibibg_kdb_ k\hckI\Z kj_~u Z 1Zd" _ fh  _| \ebylv gZ nmgdpbhgbjh\.
g _eh\_BZev&ZgghZ[hlu y\ey |Iky bamqg_gb_ &@ZXk[hlgghkKiglk\gh]h Ihg
QHL_qg_\h]h kb]JgZezZ \ g_\_khfhklb

:dimZevghklv | _fu h[mkeh\e gZ jZkrkbdbgbijhldafdfdbg m\ _ebqg_gb
"ebl_evghklb ij_[u\Zgby g_eh\ _dz \ dhkfhk_ JZg__ bamq_gb_ Zd
j_qb mki_rgh ijh\h~"behkv \ jyd® dakfiog_Kkdbo wdkil]jBfklgeh¥h\Zgby
\ h[eZklb kbfmeypbb mkeh\bdhdzZauwzZgikhi@HL fh | baf_gplvky
k\ya\Zx| wkhz"ZilZpb_c hjl]ZzgbafzZz b mph\g_f klj_kkzZ >

Gh\bagZz bkke_"h\Zgby azZdexqZ_Ilky \ ijh\_"~_gbb wdki_jbf
hkh[_gghkl_c QHL j_qgb jmkkdh]h\hjy;st)edlgknfﬂ'negrE‘th‘g \_khfhklb

Wdki_jbf_ogdg2y gZklv

Wdki_jbf_glZevgZy gZklv bkke_"h\Zgby aZdexqZeZkv \ ZgZeba
\ g \ _khfhklb b gz A _fe_ >ey dZ ~“h]h dhkfhgz\lZ [ueb \u[jZgu |
dhlhju_ ijhbaghkbebkv \ mkeh\byo A_feb b \ mkeh\byo gbW%a khfhk
aZibkzgguo njzZ]f_glh\ Jue ih”\_jlgml ZkiZebadevg@QHLijR]jZffghf
dhfie_ d3¥._

< dzZqg_kI\_ ijbf_p&k gZjjp"klZ\e_gu ]jZnbqg_kdb_ ij_~klZ\\engby Q
dhkfhgz\lh\ fm kdi{ygzkhetZ _jlbdZevgZy=pkv\jtinwjbahglZevgZy hkv |
| _j\uf dhkfhgz\Ihf [ueZ ijhbag_k_gZ njZaz &X£hAh f®WdNHKihjuf gl2
=jZnbdb k\_jom ~_fhgkljbjmx| "bZiZahgu QHL j_qgb #\ag fguachihkéh\by
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b\ g \ _khfhklb kgbam

Jbk QHL j_qb dhkfhgz\lZ ijb ijhbagAk fgbd \njiZkeeh'®Gd a_fghc ]jZ\blZpbb k

QHL j_gb i_j\h]h dhkfhgz\lZ ijbgbfZ_| ijbf fgucp\baidghg
mkeh\byo \ g_\_khfhklb ~_ zijbf=ggQHL j_qb \lhjh]h dhkfhgz\IZ ijb
ijbf_jgu_ ~"bzZiZalBd =pgZ A_fe_ &k =p\ g_\_khfhklg”™ Lgpby

ih\ur_gby QHL j_qgb gZ[ex™Z |Iky m dkkfchgzimi)glbg\rbo mqgzZklb_ \
wdki_jbf_gl_

GZ bk ij_"klz\e _a@meylZlu wdki_jbf _glZz ijh\h~"bfu_ k j_qvx
ljbijhbag_k_gbb keh\ ©; eZjmkb2a b © gsbg? "bZiZahgu QHL j_ql
"bziZzahgu \ g_\_khfhklb

Jbk QHL j_gb " _gsbgu dhkfhgz\lzZ ijéhi\KbaegzZk@ddbBglsbg? \ mkeh\byo a_fgh«
liZ\blZpbb k\_jom b \ g \ _khfhklb kgbam

GZ A_fe_jQHi]jZzgbg_gz \ ij_"teZep dh]*Z \ g_\_khfhklb "bZiz
0ZjZd!l _jbamgllkjpZehl¥80 =p"1240=p "ekeh\&; eZjmkb? >ey keh\Z © g
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QHL j _ybgsbgdhkfhgz\lZ ij _~klZ\e _gZ ijb[ebgblj\@editt0 ~ 800
=pbhll60 ~1230=pgZ A fe_b \ g \ _khfhkib khhI\_IkI\_ggh

J amevliZlu
Ilhke_ ijh\_"*_gby wdki_jbf_glZ gz~ bamqg_gb_f dikhjkgohkl_
dhkfhgz\lh\ [ueZ khklz\lZ[gZk hhsedqwyq ggufb j amevlIZIZfb

LZ[ebpZ
>bZiZalkgi q_ Qid
ljbf_jghij_"_evalgZq_©@HL=p
Dhkfhgz\lu Keh\h KehVth Keh%h
A _fey[G_\_khfl A _fey[G_\_khff A _fey| G_\_khfh

DhkfhgZ\I 150 150 105 120 110 185
DhkfhgZ\I 100 255 120 260 155 205
DhkfhgZ\I 260 240 300 230 300 295
DhkfhgZ\I 110 190 110 160 105 150
DhkfhgZ\I 100 170 135 145 145 155
Dhkfhgg\I 105 150 140 220 120 200
DhkfhgZzZ\I 130 160 140 155 130 220
Dhkfhgg&\I 140 155 100 150 + +

lj_~klzZz\e_ggu_ ~bziZZpgpl \hljz zZx|l jZkoh ~_gb_ agZqg_gbc :
ijh~_fhgkljbjh\@ldh QHIgh mkeh\byo g_\_khfhklb m dhkfhgz\lh\ fm k
kj_~g_f ih\urZzezZkv ih kkzagfogub mkeh\byfbj_ fyllzZd m dhkfhgz\lz
" _gsbgu gZ[ex"Zehkv kgb  _gb_ QHL \ g \_khfhklb WIb baf_g_gby
nbabheh]bq_kdbfb b ikbohwfhpbhgZevgufb wnn_dIZfb \ua\Zc
ij_[u\zgb_f \ dhkfhk_ b klj_kkhf k\yazZzgguf k dhkfbq_kdbfb ihe_I12Z1

AZdexd g

J amevilZlu bkke iy Zfdhgkljbjh\Zebmkegehby g \ khfhklb \ebyxl
QHL Baf_g _gby gZ[ex”Z fu_ \ oh”_ wdki_jbf _glZz fhjmd _[oudy bkih
azZ"Zq b” _glbnbdzZpbb kibd_jzZz Ybg@]yhkhbhikblikbohwfhpbhhlylhevg
khklhwgbjZzajz[hldb f_IhAh\ ~ey memqr_gby dhffmgbdZpbb b jZKki
mkeh\byo dhkfbqg_kdbo ihe_Ih\
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