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JlonOacpka fep)kaBHa MAMIMHOO Y 1iIBHA aKaeMis VYkpaina
WMuocTpanHoe Mpor3BOACTBEHHOE YHUTApHOE Mpeanpusatue «Mea- Pecniybnuka
MHTEPILIACT benapych
[nctutyt kib6epHeTHkH iMeHi B.M. ['mymkoBa HarionansHoi akajemii Hayk Vipaita
YKpaiau
[HCTHTYT MPOOIEM MaTeMaTUIHUX MAIIWH 1 CUCTEM VYkpaina
[neruryT npobnem MarepianiozHasctBa HAH Ykpainu VYkpaina
[nctutyt dizuku HamiBnpoBiaHUKIB iMeHi B.€. JlamkaproBa HAH Ykpainu VYkpaina
KaparaHauHCKM TEXHUYECKUI YHUBEPCUTET Kazaxcran
KwuiBchkuit HartioHabHUE yHIBepcuTeT iMeHi Tapaca IlleBueHka VYkpaina
KipoBorpaacekuii HayKOBO-AOCTITHUN €KCIIEPTHO-KPUMIHATICTUYHHUIA HEHTP .
N VYkpaina
MBC VYkpaiau
KbIprei3ckuii Texaudeckuil yauusepcureTr uMenu M.Paszsakosa KsIpreizcran
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YHuBepcurera benapych
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Yuusepcurer "Typan" Kazaxcran
VYHiBepcuTeT Aep:kaBHOI PickanbHOT CIyKON YKpaiHu VYkpaina
XapKiBCbKUH HAIliIOHAIBHUI YHIBEPCUTET Pali0CIeKTPOHIKH VYkpaina
XepCOHChKUI Aep KaBHUI YHIBEpCUTET VYkpaina
YopHOoMOpChKUI HalllOHATBHUH YHIBepcHuTeT iM. [lerpa Morunu VYkpaina
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YK 000.000

KOMIT’IOTEPHA MOJEJIb PO3PAXYHKY
30HU MOKPUTTS BA30BOI CTAHIIII 3A TEXHOJIOTTEIO WIMAX
Cyaima 10.€., Kpacnienko H.B., Kipees L A. (jzfly@ukr.net, krasniyenko@ukr.net,
Kireev.igor@ukr.net)
BCII «Oodecbkuii mexniunuii paxosuil Koneoic,
[eparcasnuit ynieepcumem inmenekmyanpbHuX mexnoocii i 36’°a3ky (Ykpaina)

B cmammi npusedeni ocnoeni ioomocmi npo mexnonozii 36 53Ky yemeepmozo nokoaints 4G,
a came LTE ma WiMAX, npusederne ix nopieHAHHA i3 UUPOKOCMY208UM OPOMOBUM OOCHYNOM OO
mepedxci, a maxKoxic npudunyu mozo, wo mexuonozia WiMAX noxku wo neoocmamusbo nonyusipHa 6
Ykpaini. Pozeopmanns mepexc WiMAX nompebye 6i0nogionozo cepmughikogano2o o0IAOHAHHSA
o nobyoosu ingpacmypkmypu ma nodyoosy KoMmn'lomepHux mooenell, 3a SAKUMU MOAHCIUBO
POo3paxysamu ONMUMANIbHI 30HU ROKPUMMS CUCHANIE 01 6a308ux cmanyin. Y cmammi Hagedeno
NPUKIAO PO3PAXYHKY 30HU NOKPUMMS KOMN 1OmepHoi mMooeni 06a3080i cmanyii 3a mexHoA02i€io
WiMAX 3 suxopucmanusam mooeni Okumura (Hata)

IMocranoBka mpoduaemu. Y 2021 pomi Ykpaina 3aiiMae 84 micie B CBITI 32 MIBUJIKICTIO
MOOUTBHOTO iHTEpHETY, 3rinHo ganuM Speedtest Global Index [1]. [TopiBasiHO 3 2017 poxom Hama
KpaiHa migHsiack Ha 28 cxoauHok 3 112 micist. 3a MBHAKICTIO MKUPOKOCMYTOBOTO IHTEPHETY HaIlla
KpaiHa 3aiiHs1a 61 Micue, po3micTuBIIMCh MK baxpelinom u [laparBaem.

3a nanumu Speedtest, cepenHs MBUAKICTE MOOUIBHOTO 1HTEpHETY B YKpaini — 31,20 Mbps B
CEKYHJy IPH 3aBaHTaXKCHHI iH(popMalii 3 Mepexi A0 KopuctyBauda (download), i 14,03 Mbps nipu
3aBaHTaXEHH1 1H(pOpMAIIii Bil KopucTyBada 10 Mepexi (upload), mmMpoKOCMYTOBOrO 1HTEPHETY —
74,93 Mbps (download) i 73,89 Mbps (upload) BiamoBigHo. OjHI€I0 3 MPUYHH TaKOi CUTYyaIli €
BIJICYTHICTB TexHOJIOTIi 5G B YKpaiHi.

Ha pa3i B YkpaiHi HOMIMPIOETBCS 3alpOBaPKEHHs TexHoJorii crannapry 4G — LTE (Long-
Term Evolution, 6a3yerbes Ha cranmaprax GSM/EDGE/UMTS/HSPA) ta WiMAX (Worldwide
Interoperability for Microwave Access, 6a3yetbes Ha crapaaprax [EEE 802.1x). 3a ix momomororo
IHTEpHET-CEPBICAMU MOXYTh CKOPUCTATHCS BJIACHUKH HOYTOYKiB, cMapT-TB Ta 1HmMX JoMaIiHix
iHTepHeT-IpUCTpoiB. Lleil Bu/ 3B'13Ky MOXKE ITOBHICTIO 3aMIHUTH MTPOBITHUNA IHTEPHET.

OnmHak po3BUTOK Ta IMOUTUPEHHS ITUX TEXHOJIOT1H B HAIII KpaiHi 3HAYHO BiJIPI3HIETHCS. SIKIIO
3a BopoBa/pkeHHAM LTE crosTh Taki TiraHTH $K CTUIBHUKOBI ONEpaTopu «BEIHMKOi TPIAKN»
(Kuisctap, Vodafone Ta Lifecell), uepe3 1o mi€r0 TEXHOIOTIED KOPUCTYIOTHCS MaiyKe BCIOAH, TO
npo crangapt WiMAX Ta MOro BUKOPHCTaHHS TaK CKa3aTH IOKHM IO HE MOJXKHA, Xo4ya HOro
KOMEpIIIHE BUKOPHUCTAHHS MOYAIOCS B YKpaiHi OUIbIIE JECATH POKIB TOMY.

3 2009 poky YkpaiHcbka TelIeKOMYHIKalliiHAa KOMIIaHis HajgaBana (iKCOBaHUN MOCTYI [0
Mepexi iHTepHeT 3a TexHomoriero WiIMAX minm Openmom Alternet Ta MoOUTBHHMIT JocTynm 3a
texHosiorieto WiMAX mig Opennamu FreshTel i1 Giraffe. [{ns namanns noctyny B IHTepHer
BUKOPUCTOBYBAJIACh SIK BIACHA Mepeka OecrpoBOIOBOTO JJOCTYITY, JOCTYIHA y 24 MicTax YKpaiHH,
Tak 1 mapTHepchKi Mepexi. [licis 3amycky KoMmaHis Maja Ha MeTi CTBOPUTH KHMJIMMOBE IOKPUTTS B
Kuei Ta THIIUX BEMMKHUX MicTaX, ajie 3 4aCOM BHPIIIMIN 30CEPEANTHCS HAa HEBEIMKUX HACEICHUX
MyHKTax ab0 30HaX B HEBEJIMKUX pallOHax MICT, A€ ICHY€ IIATOCIPOMOXKHMM monuT. Ha xaib,
HIUTBHICTB 1 SKICTBh MOKPUTTS Y OUTBIIOCTI HACEIEHUX IMYHKTIB OyJIM HEBHCOKI, OCHOBHI NMPHYUHH
OO — HEJIOCTATHS KITBbKICTh 0Aa30BUX CTaHIIINA Ta BITHOCHO BHCOKA 4acTOTa poOOTH OmepaTopis,
IO YCKJIQJHIOBaJla MPOHUKHEHHS CUTHANY B TpuMilmieHHs. Bci mi mpoGmemu Tak i He Oynu
BUpiieHi 1 3 2021 poky KOMIaHisl IPUIUHKIA CBOIO JTisSUTBHICTD.

Ha pas3i na 6a3i texnounorii WiMAX HagaroThCs MOCTYTH Y pi3HUX MicTax Ykpaiau: y Kuesi —
ne HamionanpHuii omepartop «WiMax—VYkpaina», y Yepkacax — iHtepHer-mipoBaiinep UNTC,
Tenner-WIMAX B Opeci ta iH. OpHak MOpIBHIOBATH BHUKOPUCTAHHS Ii€l TEXHONOTIi 3
po3noBcroKeHicTh TexHomoridi LTE neMoxxiauBo. Xoua BHUKOPUCTOBYIOTHCS Il TEXHOJOTIT s
BUPIIICHHS XO0Ya H CXOXKMX, aje BCE X TaKW PI3HUX 3ajad, JUId SKAX HEMae YHIBEpCaIbHOTO
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pimenHs. KoxHa TexHomorise Mae cBOIO chepy 3aCTOCYBaHHS, BJIACHI MepeBaru 1 HeAoiku. Bubip
MIEBHOTO TEXHOJIOT1YHOTO DIIIEHHS BH3HAYAETHCS IIJIOK0 HU3KOK YWHHHKIB, 30KpeMa Ie: HiTh0oBa
ayJIuTOPisl, CTpATETis orepaTopa, MOCIYTH, 110 MPOTMIOHYIOTHCS 3apa3 1 IUIAHOBAHI1; CymMa iHBECTHIIII
B PO3BUTOK MEPEXKi, TEPMiH OKYITHOCTI IIUX 1HBECTHIIH, BXKE iCHYIOYa MepekeBa iHQPaCTPyKTypa,
HEOOX1THI [ 1i MIATPUMKH PECYPCH B Tpalle3aTHOMY CTaH1; 4yac, MOTPIOHUHN TS 3aITyCKY MEPExkl
1 11 mouyaTKy HagaHHs nocnyr. KoxeH 3 nux GakTopiB Mae CBOIO Bary, i BUOip MeBHOI TEXHOJOTIT
pOOUTHCS 3 ypaxyBaHHSIM iX BCIX B KOMILIEKCI.

OTxe, MUTaHHSAM BIPOBA/UKECHHS, OOTPYHTYBaHHS BHOOpPY OOJIaAHAHHS Ta OCOOIMBOCTSIM
pO3paxyHKy Mepexki IMPOKOCMYTrOBOTO I1HTEepHETY Ha 0asi TtexHosorii WiMAX morpiOHO
NOPUIUIATH yBary. 3BMYaiHO, IO MpAIlOBaTHME Kpalle Ta Mepeka, B sKoi Oulblie Ta SKiCHiIIe
MTOKPHUTTS, TOOTO MPU PO3TOPTaHHI Mepexki MOTPIOHO PO3pPaXxOBYBATH KITBKICTH MOTPIOHNX 0a30BHX
crarmii (BC) B 3amexHocTi Big 30HM MOKpUTTA onHiel BC s pyxomMux Ta CTallOHAPHUX
aOOHEHTIB, 3 BpaxyBaHHJIM MaKCHMAaJIbHO JIOMYCTUMHX 3HAYEHb 3aTyXaHHS CHTHaTy. J{Jsl mbOTO
BUKOPUCTOBYIOTBCSI 30KpeMa KOMIT'IOTEPHI MOJENI, SIKi JO03BOJSIIOTH IIBUIKO 3I1HMCHIOBATH
HEOOX1/1H1 pO3paxyHKH JUIsl PI3HUX BX1THUX YMOB.

Meta: CTBOpeHHS KOMII'IOTEpHOI MOJENi pOo3paxyHKYy 30HM Jii 0a30BOi cTaHILii Mepexi
cragaapty mobile WIMAX 802.16 mist HagaHHS MOCTYT MIMPOKOCMYTFOBOTO IOCTYITY B IHTEPHET
¢ikcoBaHUM Ta MOOLTBHUM KOPUCTYBayaM.

Hns pimenas 1iei 3amadi obupaemo emmipuuny wmozens Okumura (Hata), oGupaemo
npUiiManpHO-TIepeIaBalibHy amaparypy, 3acToCcoByeMoO enekTpoHHi Tabmuii MS Excel Ta
PO3paxOBYEMO MaKCHUMAJIbHO MOJIIMBY BiJICTaHb I mepenadl iHpopmamii mMix bC 1 KiHIIEBUM
KOPHCTYBa4eM.

Bukiaax ocHoBHoro matepiaaxy. WIMAX — ne cramnmapr 0€3ApoTOBOTO 3B’S3KYy, IO
3a0e3nevye IIMPOKOCMYTOBHM 3B’S30K Ha 3HAa4YyHI BIJICTaHI 31 IIBHUIKICTIO, TOPIBHSIHOK 3
kabenpHUME 3’emHaHHAMU. TexHonorisi WiIMAX BukopucroBye OFDM (Orthogonal Frequency
Division Multiplexing), mMpoOKOCMYrOBHi CHTHaJ, IO T03BOJISE IMEpeaaBaTH JaHl Ha BHCOKHX
mBHuIKocTAX. Ha pa3i 3a mammmu WiMAX-dopyma y CBiTi 3apeectpyBaHo 94 wmozeni
ceprudikoanoro WiMAX oOnagnanHs Big 36 pi3HUX BUPOOHMKIB. 3 HaWOIIBIN 3HAYYIIAX
BUPOOHUKIB oOmamHaHHs ansi MOOutbkHOoro WiMAX Big3Haummo Taki kommaii sk Alvarion,
Alcatel-Lucent, Cisco System, Huawei, Motorola, Samsung, ZTE, Siemens Ta iH.

Jns  po3paxyHky 30HHM o0cnyroByBaHHsS BC nans cratmuHuX Ta pyxoMux 00 €KTiB
(aBTOMOO11iB) 31 mBHAKICTIO g0 115 xM/r obupaemo mozenr Okumura (Hata) ta Bu3Hauaemo
BuxinHi gani 1t bC, cymicnoi 31 cranaaprom IEEE 802.16e, Siemens RUGGEDCOM WIN7000
[3].

BinnoBigHO 10 11i€i MOJENI BeIWYMHA 3aracaHHs CUTHAIY MPHU PO3MOBCIOKEHHI B MiCHKHX
paifoHax BU3HAYAETHCS 32 (OPMYIIOIO:

L =[69,55+26,161y(f)—13,82Ig(h,. )+[44,9-6,55lg(h. )] lg(R)—a(h,,. )]

Monens Okumura (Hata) € onHiero 3 HalOUIBII MOMIMPEHUX MOJENEN ISl TPOrHO3YBaHHS
CUTHAJIY B MICbKUX yMOBax. Ll Monmenps yacTo 3acTocoByeThCs A Biactaneut Big 1 qo 100 kM 1
4acCTOTHOTO Aiana3zony Bix 150 mo 1920 MI11 (pa3om 3 TUM BOHa JOOpE €KCTPAIOIIOETHCS IS
niamazony 10 3 I'T). Okamypa BUKOPHCTOBYBaB BUMIPIOBaHHS 3aracaHHs CUTHAJy IPH Tepenadi
BiJl 0a30BOi CTaHIli 1O MOOUIbHOT CTaHIII AJS OJEp:KaHHS PSAY KPUBUX, IO JAIOTh CEPEIHIO
3aracaHHs 1010 JAHUX PO MOLIUPEHHS CUTHAIY Yy BUIBHOMY MPOCTOP1 HA TEPUTOPIT 3 HEPIBHOIO
nmoBepxHero 3emii. Pe3ynbTaT po3paxyHKiB KOMI'TOTEPHOT MOJIENI MPEACTABIEHO HA PUCYHKY 1.

BucnoBok. Ilpuxin mepex uerBepToro nokoyiHHA 4G MOKHa BBa)KaTH HOBOIO BIXOI B
PO3BUTKY HE TUIbKH B CTUIBHMKOBOMY 3B’SI3KY, aje il y »KUTTI 0araTbOX JIOJCH, AKI OJep>KaTh
HOBUI pIBEHb MOOUTRHOCTI U JoCTymHOCTI. KOHIIemIiss CTBOPEHHS BCE NPOHUKHUX MEpEexK
(Pervasive networks) mae MOXIUBICTHP KOPHUCTYyBa4eBl OJHOYACHO MIATPUMYBATH 3B 30K 3a
JICKITbKOMa PI3HUMH TexHoJorisiMu 6e3aporosoro poctymy (Wi-Fi, WIMAX, LTE, 3G, Bluetooth
Ta 1H.) 1 mnepeminryBatucss MK HUMH. Texnosoris WiIMAX Mae mMHpPOKI NEPCIEKTUBH
BUKOPUCTAHHS B MICIIX, i€ BIJICYTHIH JOCTYH J0 MPOBIAHOTO IIHPOKOCMYTOBOTO IHTEPHETY, a
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MOOUTHHUI 1HTEpPHET HE 3a0e3reuye MOTPIOHY IIBUAKICTP YW TOKPUTTA. JlJIsS po3ropTaHHS
WIMAX-mepexx HeoOXxifHe cremiaibHe cepTudikoBaHe oOnanHaHHS Ta 0a30Bi CTaHINi, UIs
TUIIOBOi 3 SKMX B CTAarTi Oyma moOymoBaHa KOMITIOTEpHA MOJENIb Ta 3A1MCHEHI BiAIOBIIHI
po3paxyHku. OTpUMaHUN PE3yIbTaT CBITYHUTH, IO IS 30HU TMOKPUTTS 0a30BOi craHIi Siemens
RUGGEDCOM WIN7000 3a momemmro Okumura (Hata) makcumanbpHUi pagiyc Al CUTHATY JJIs
pyxomoro o0‘ekty B OyaiBii ckinanae R ~ 6 km, a st aBTomo011s1 R ~ 8 k.

3MiHA BeIHYHHH 3aracaHHA CHIHATY BLI JATBHOCTI 3B'A3KY 3MiHa Be/IHUHHH 3aracaHHA CHTHANY Bifl TaTBHOCTI 3B'A3KY
JUIA PYXOMOTO 0G'€KTY (aBTOMOGiTIO) JUIA PYXOMOTO 06'eXTy Beepeausi Oy A1BI
R (kM) 2 4 6 8 R (kM) 2 4 6 8
L (ab) 146.6 157 163| 167.3 L (ab) 146.6 157 163| 167.3
Lyom (ab)| 172.3| 1703 169| 168.1 Lym (aB) | 1653] 1633 162| 161.1
3MmiHa BENWUMHM 3aracaHHA Bif, f4anbHOCTI 3B'ASKY 3miHa BeZIMMMHM 3aracaHHA Big, AaNbHOCTI 3B'ASKY
Ana pyxomoro o6'ekty (aBTomo6insa) anA 06'exty BcepenuHi 6yaisni

165

160 160
155 155
150 150
145 145
140

135 140
130 135

2 4 6 8 2 4 6 8
=L (g5 Laonl (a5} —=—1 (a6] =—*=Lgon2 (a6)

R - BiAcTaHb MUK §230BOI0 CTAHIIERO Ta 1 MOOLIEHHEM (DYXOMHM 0G'€KTOM), KM;

L - BeTHUHHA 3racaHHA CHTHATY, AB;

Lyont - MAKCHMATBHE JOMYCTHME 3HAUEHHA 3TACAHHA CHTHAIY A PYXOMOTO 0G'eKTy (aBTOMOGim0), 1B:
Lom - MAKCHMANBHE JTOIYCTHME 3HAYEHH 3TacaHHA CHTHANY A1 PyXOMOI'0 06'eKTy BecepeaHHi OyAiBi, ab:

Pucynox 1 — Po3paxyHOk MakcUMalIbHOTO pajiyca il JadbHOCTI Mepeaadl JaHuX B PI3HUX yMOBaXxX
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TPAHC®OPMAIIII
Tyaamsiai FO. W. (yurij.tulashvili@gmail.com)
JIyyvkuit nauionanvHuil mexniunuil ynieepcumem (Yxpaina)

B me3ax oxpecneno ocHosHIi HanpsamKu yu@dposoi mpancgopmayii KyibmypHo-coyiaibHol
63ae€M00ii ma pizHomanimuux Oiznec-npoyecie. Cmasumvcs aKyeHm HA BUKOPUCMAHHI
mexHonocii Inmepnemy peuetl, sAKa cb0200HI € HeoOXiOHOW Ymoeow pozeumky SMART
HanpsMKI8, wo npuzeoosams 00 00'€OHanHs Hi3uyHO020 ma GipmyanrbHo2o (oOYudposaroeo)
c8imie ma pe3ynbmamom K020 € BUHUKHEHHs IHHOBAYIUHUX (POPM HAOAHHSA NOCTY2.
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TOpPOJICKOM MHCTUTYT pa3BuTHs oOpazoanus", PecnyOnmka bemapych

KoBanenko Ouena OuaekciiBHA, K.T.H, OOIEHT, BIHHUIBKHN HAIIOHAIBHUA TEXHIYHHUI
yHiBepcUTeT, YKpaina

Ko3noBa Enena MBaHoBHA, K.(h-M.H., NOLEHT, belopycckuil rocynapcTBeHHBI YHUBEPCHUTET,
Pecny6onuka benapych

Ko3y6 Oxcana OueroBna, OiOmiorekap, HaykoBo-texuiuna 0i0mioreka OHAXT, Opecbka
HalllOHAJLHA aKaJIeMisl XapUOBHUX TEXHOJIOT1H, YKpaiHa

Konn Anapiii MuxaiijoBu4, oktop dinocodii, gorent, HarioHanbHUN TEXHIYHUA YHIBEPCUTET
«XapKIBCHKUH MONITEXHIYHNAHN 1HCTUTYT», Y KpaiHa

Kopanrs Biaagummup BanepseBnu, unxenep, benopycckuil rocynapCTBEHHBIN YHUBEPCHTET,
Pecmy6ika benapychk

Kopxak Buxkropusi AnapeeBHa, acniupaHTka, benopycckuil rocyaapcTBEHHBIH YKOHOMUYECKUI
yHHUBepeuTeT, Pecnnydnuka benapyce

Kopcyncbka Hanisa OsciiBHa, 1.¢-M.H., npodecop, TpoBiIHUN HAYKOBHM CHIBPOOITHUK BiIILTY
¢bi3ukM 1 TEXHOJIOTii HAIIBIPOBIJHUKOBUX CTPYKTYp Ta CEHCOPHHUX CHCTEM, [HCTHUTYT (i3uKu
HariBnpoBiHKKIB iM. B.€. JlamkaproBa HAH Ykpainu, Ykpaina

Kopsikun Cepreii Bnagumuposuy, aciupant, HAH KP UMA na6opatopus M1C, Keipreizcran
Kocoaan AnaroJiii IBanoBuy, n.¢-m.H., mpocdecop, 3aBinyBau kadenpu, IBH3 «Vkpaincbkuit
JepKaHUK XIMIKO-TEXHOJIOTIYHHIA YHIBEPCUTET», Y KpaiHa

Koriuk [diana OnexcanapiBua, sukiajgad, BCII «OTOK OHAXT», Ykpaina

Kotauk Cepriii BanenTuHoBU4, K.T.H, goneHT, OaeChbKHil HAI[IOHATBHUA TEXHOJIOTIYHUN
yHIBEpCUTET, YKpaiHa

Kpacnienko Haranisn BosoammupiBHa, 3aBimyBau naGopaTopii aHamiTHKO-iH(pOpMaLIHHUX
texnouoriii, BCII «Onecbkuit Texniunuii paxosuit koiemxk OHAX Ty, Ykpaina
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Kpectssinnoas JIro6os FOpiiBHa, K.T.H, A01EHT, KadeIpu MPUKIATHOT JIHTBICTUKH, BoTuHCHKMIA
HalloHAIBHUH yHiIBepcuTeT imMeHi Jleci Ykpainku, Ykpaina

KpuBuenko AHacracis AHatoJiiBHa, Bukiagad, BCII "Opecbkuii TeXHIYHMNA (HaXOBHH KOJIEIK
OHAXT", Ykpaina

KpuBuenko IOpiii BiktopoBuu, Bukimamay, BCII "Opeckkuii TexHIYHUN (PaxoBHil KOJIEIK
OHAXT", Ykpaina

Kyoko Cepriii IOpiiioBuu, ctynent, HamionanpHuil yHiBepcHUTET KOpaOiaeOyayBaHHS iM. aJM.
Makaposa, YkpaiHa

KyapsimoBa Ajbona BagumiBHa, K.T.H., cTapmuii BUKIaga4, YKpaiHChbKa akajeMis APYKapCcTBa,
VYkpaina

Kynyn Tersina BacuaiBaa, x.T.H., BCII ""Onecbkuii texniunuii ¢axoBuii komemx OHAXT",
VYkpaina

Kynpeitunk Augexcanapa CepreeBHa, CTyJeHTKa, benopycckuil rocy1apCTBEHHbIA YHUBEPCUTET
nH(MOPMATUKH U paauo3IeKTpoHuku, Peciyonuka benapychb

JlaBpenuyk Caitiiana BacuaiBaa, k.T.H, 1goueHt, JIynpkuil HaiOHAIBHUN TEXHIUHUN
YHIBEpCHUTET, YKpaiHa

JlakTionoB IBan CepriiioBuy, a.1.H, noueHt, JIBH3 «/lonenpkuii HamioHAIBHUA TEXHIYHHI
YHIBEpPCUTET», Y KpaiHa

JlaktionoBa I'anna AmnartouiiBHa, acucteHT, J[BH3 «JloHenpkuii HAMIOHATBHUNA TEXHIYHUN
YHIBEpCUTET», YKpaiHa

JledeneB BaagucaaB AwnpapiiioBuu, acmipant, JIBH3 «J/loHenpkuii HAMIOHATHLHUN TEeXHIYHHUN
YVHIBEpCUTET», YKpaiHa

JleBincbkuii Basiepiii MuxaiiiioBu4, x.T.H, gorneHr, Omecvkuii Hamionaneauii TexHONIOTTYHUAN
VYHiBepcureT, YKpaina

JleBincbkmii Makcum BagepiiioBu4, K.T.H, moueHt, HamionambHuii yHiBepcuteT «Ojechka
MOpCBKa akajeMis», YKkpaina

Jlucenko Hatans OuaekciiBHa, acucrent, Oiechbka HallioHadbHa aKaaeMisi XapuoOBUX TEXHOJIOTIH,
VYkpaina

Jlimuna Banepiii OJjekcanapoBu4, K.T.H, [I0HEHT, JIynpkuili HaMiOHANBHUNA TEXHIYHUN
yHIBEpCUTET, YKpaiHa

Jlimuna Haranxisa MukoJiaiBHa, K.T.H, HOICHT, JIYITbKuii HaIllOHATHHUI TEXHIYHUN YHIBEPCHUTET,
VYkpaina

Jlimunceka Jlrwamuiaa BpouiciasiBHa, 1.7.H., npodecop, BiHHUIIbKHI HAllIOHATBHUN TEXHIYHUN
yHIBEpCUTET, YKpaina

Ma3zyp Ouaer BirasaiiioBu4, ctyneHT, BiHHUIBKHI HAlIOHAIBHUNA TEXHIYHUNA YHIBEPCHTET,
VYkpaina

Maiibopona Boaoaumup OuiekcanapoBuy, marictpaHT, JlepkaBHuii yHiBepcuteT «Ojechka
MOJIITEXHIKaY, YKpalHa

Maiinanwk Bogoammup IlaBioBuY, K.T.H, JOIEHT, BiHHUIBKUI HallOHAJLHUNA TEXHIYHHUMA
YHIBEpCUTET, YKpaiHa

ManaxoB Kupuio CepriiioBuy, HaykoBuil criBpoOiTHUK, [HCTUTYT KibepHeTnkn HAH Ykpainu,
VYkpaina

ManaxoBa Hajis I'eopriiBua, cryaentka, HamionanpHuil yHiBepcuTeT kKopabineOyayBaHHS iM.
agM. MakapoBa, YKkpaiHa

Mapuyk Haranis AnartoJiiBHa, K.¢-M.H., 10o1eHT, [loainbcbkuil AepkaBHUM arpapHO- TEXHIYHUN
YHIBEPCHUTET, YKpaiHa

MartsiiB IOpiii SIpociaBoBuy, 1.1.H, npodecop, JIynpkuii HalliOHATEHUN TEXHIYHUI YHIBEPCUTET,
VYkpaina

MameBckass Oxcana BuaguMupoBHA, K.3.H, JIOLUEHT, benopycckuii rocyaapCcTBEHHBIN
yHHBEpcUTeT, Pecydnuka benapych

Meabnuk Jlenuc OJiekcaHapoBUY, CTY/ICHT, BIHHUIIbKMIA HAIIOHAILHUN TEXHIYHUI YHIBEPCHUTET,
VYkpaina
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Meabanuyk Jlrogvmuiaa FOQpiiBaa, k.¢h-M.H., T01EeHT, Kadeapa MaTeMaTHKU, (I3UKH Ta EKOHOMIKH,
Hixuncekuit nep:xaBHui yHiBepcuteT iMmeHi Muxomu ["oromns, Ykpaina

Meabauuuyk Ouiekcanap BoaogumupoBuu, 1.¢-M.H., npodecop, MPopeKTop 3 HAYKOBOI poOOTH
Ta MIKHApOJHUX 3aB’s13KiB, HDKMHCHKMI Aep:kaBHUH yHiBepcuTeT iMeHi Mukosu [oromns, Ykpaina
Meuunckuii Burtamuii AjekcanapoBu4, K.Q-M.H., BeIyIIUA HAy4dHbIM coTpymaHuk, HHUY
«MuctutyT sanepHeix npobiem» benopycckoro I'ocynmapcTBeHHOro yHuBepcuteTa, PecryOnmka
benapych

Muxagiok Exatepuna BuaaammupoBna, mnpenogasarens, ¢umman BHTY  «Munckuit
roCyapCTBEHHBIN apXUTEKTYPHO-CTPOUTEIBHBIN KOJIIEHK», Pecriydnuka benapych

Muxagrok Mapuna BajgenTuHoBHA, 1penogaBsarenb, benopycckuii  rocyaapCTBEHHBIN
SKOHOMUYECKUI YHUBEpPCUTET, PecniyOnuka bemapych

Mommna Jligis JleoniniBHa, marictpant, Onecbka HalliOHaIbHA aKaaeMis XapuOBUX TEXHOJOTi,
VYkpaina

Myxamer:kanoBa buryas OukabdaeBHa, a0kTopaHT, KaparanauHCKMM — TEXHHYECKUI
yHuBepcuteT, Kazaxcran

HaBpouxkuii Anaroauii, x.¢p-m.H., goueHt, YO benopycckuii rocymapCTBEHHbII YHHUBEPCUTET
MH(OPMATUKU U pauo31eKTpoHuKH, Peciybnnka benapych

Hangyrenko Makcum BikTopoBu4, K.T.H., C.H.C., YKpaiHCbkuii MOBHO-iH(pOpMariitHUii GHoHT
HAH VYkpainu, , Ykpaina

Haypsbi36aeBa I'yabnapa KagbipOekoBHa, cTapiinii npenogaBareib, AJIMaTUHCKUM YHUBEPCUTET
SHepreTuku u cBs3u uMm. I'. Jlaykeesa, Kazaxcran

Heninbko Oabra BonogumupiBua, acuctent, Jlylpkuil HalloHaNTbHUN TEXHIYHUN YHIBEPCHUTET,
VYkpaina

Hemuposcbka Oxkcana BikTopiBHa, K.€.H, JOLEHT, YHIBEPCUTET JepKaBHOI (PicKaNIbHOI CITy:KOU
Vkpainu, YkpaiHa

Heuaxin Baamguciaas BosiogumupoBu4, acmipadt, YopHOMOpPCHKUIT HaIllOHAIBHUN YHIBEPCUTET
im. [lerpa Morunm, Ykpaina

HenoB Ouexciii JleonimoBu4, K.T.H, crapmmii BUkianad, Ojechbka HaI[lOHAJIbHA aKajeMis
Xap4yoOBUX TEXHOJOTIH, YKpaina

Hueranun Acxat KynaiibeprenoBud, Maructpant, YHusepcuteT “Typan”, Kazaxcran
HoBoceabueB Asiexceil JleonuaoBu4, Mmaructpant, ¥ HuBepcuteT “Typan”, Kazaxcran

Ouneiinnk Banentun I'ennagmeBuu, Maructpant, ['ocynapcrBeHHbIN yHuUBepcuTeT «Onecckast
MOJUTEXHUKaY, YKpaiHa

OuabmeBcbka Oubra BojaoaumupiBHa, K.1.H, 101eHT, , OlechbKa HalllOHAJIbHA aKaJIeMis Xap4OBHX
TEXHOJIOTIH, YKpaiHa

Opas3 Beiiim0er EpMexkyibl, Mmaructp, YHusepcuret “Typan”, Kazaxcran

OpaoBcbkuii JImurpo JleoHimoBu4, K.T.H, OmeHT, HamioHanmbHWUN TEXHIYHHN YHIBEPCUTET
«XapKiBChbKUI MOTITEXHIYHUM IHCTUTYTY», YKpaiHa

IMaBaoB Ounexcanap BsvecaaBoBuy, ctyneHT, Onecbkuil HalllOHAJBHUN TEXHOJIOTTYHUI
YHIBEPCHUTET, YKpaiHa

ITaxk fAlna AngpeeBHa, maructpant, YHuBepcuteT “Typan”, Kazaxcran

IManamapuyk €Bren AHATOJNIHOBMY, K.T.H, JOICHT, BIHHUIbKMIA HAIlIOHAIBHUH TEXHIYHHMA
yHIBEpCUTET, YKpaiHa

ITanepunxk BagenTnn BuaaguMupoBu4, K.X.H, [OLEHT, benopycckuii rocynapCTBEHHbIN
SKOHOMUYECKUM YHUBEpCUTET, PecniyOnuka bemapych

Ilerpenxko Mukosaa I'puropoBu4, 1.T.H, C.H.C., TIPOBIJHUI HAYKOBWIl CHIBPOOITHUK, [HCTUTYT
kibepueTnku iMmeHi B.M. I'mymkoBa HAH VYkpainu, Ykpaina

ITix Ipuna BceBoJsogiBua, 1.1.H., mpodecop, YkpaiHchbka akajaeMmis IpykapcTBa, HarioHanbHMiA
yHiBepcHTeT «JIbBIBChKA MONTITEXHIKa», YKpaiHa

HoBammmes Buagumup HwukosaeBu4, K.X.H, BEAyIIUA HHXKEHEP-XUMUK, HWHOCTPAHHOE
NPOU3BOJICTBEHHOE YHUTApHOE Mpennpusatue «Mea-unrepract», Pecybnuka benapych
IMoBctsina HOgain  ChnaBomupiBHA, K.T.H, JOIEHT, JIyIlbkuili HallOHATPHUNA TEXHIYHHUMA
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yHIBEpCUTET, YKpaiHa

Ipuxoaniok Birajiii BanepiiioBu4, k.T.H., c.H.c., HamionanpHuii nentp «Mamna akaaeMis HayK
VYkpainu», YKpaina

Ilynuenko Haranis OueriBHa, K.T.H, 1o1ieHT, OIECbKUI TEpKABHUM €KOJOTIYHUN YHIBEPCHUTET,
VYkpaina

Po3opinos I'eopriii MukoaaiioBu4, 1.T.H., podecop, HamioHanbHMil TEXHIYHUI YHIBEPCHUTET
VYkpainu "KuiBcbkuii nosmiTexHiunuil inctutyT iMeHi Iropst Cikopebkoro", Ykpaina

Poman Ko3zaps, actiupant, YO benopycckuit 'ocynapctBennbiit YauBepcuter MHGoOpMaTuKu u
Pagnosnextponuku, Pecriybnnka benapych

Pomanok Oxcana BojsoaumupiBua, K.T.H, noneHT, Binmnunbkuit HamionanpHuit Texniunwmii
VYHiBepcutet, YKpaina

Pomaniok Ogaexcanap HukudopoBuy, 1.1.H., mpodecop, BiHHUIBKIIA HaiOHATEHUH TEXHIYHHAN
YHIBEpPCHUTET, YKpaiHa

Pab6ikina Jlap’s OuaeriBua, wmaructpant, [lonOacbka nep)kaBHa  MalIMHOOY/IIBHA aKajeMis,
VYkpaina

Cakamok Ouexciii FOpiiioBu4, acmipanT, Oecbka HalioHAIBHA aKaJieMisl XapUOBUX TEXHOJOTIH,
VYkpaina

CaxapoBa Cgitiiana BasepiiBHa, k.T.H, fomeHt, Onechbka HalllOHaJbHA aKaaeMisl Xap4YOBHX
TEXHOJIOT1H, YKpaiHa

CeniBanoBa Agua BiraniiBua, x.T.H, noment, Opjechbka HallOHATbHA aKaJeMis Xap4yOBHX
TeXHOJOriH, YKpaiHna

CenbkiBebkuii BeeBosiog MukoaaiioBu4, 1.7.H., mpodecop, 3aBinyBad Kadeapu KOMITIOTEPHUX
HayK Ta iH(QOopMaLiifHUX TEXHOIOTIN, YKpaiHChKa akajieMist ApyKapcTBa, YKpaina

Cupenko Aunexkcanap WBanoBuy, crapmmid  Bukimanad, Opnecckuil  HalMOHAIbHBIN
TEXHOJIOTUYECKHI YHHUBEPCUTET, Y KpaiHa

Cipuenko IBaH AHaTOJili0OBUY, acCHipaHT, HAIIOHAILHUN TEXHIYHUN YHIBEpCUTET YKpaiHU
"KuiBcbkuii mosniTexHiyHUHN 1HCTUTYT iMeHl Iropst Cikopcekoro", Ykpaina

CrkaxoBcbkuii FOpiii MuxaiijioBu4, .1.H, noueHT, Onecbkuii Hamionaneauii TexHOTOTIYHUN
VYHiBepcurter, YKpaiHa

Ckpuran Bukropusi AHJapeeBHA, acCUCTEHT ~ Kadeapbl ODKOHOMHYECKOW WH(OOPMATHKH,
benopycckuii rocynapcTBeHHBIN YHHBEPCUTET MH(POPMATUKU M PaJMO3JIEKTPOHUKH, PecryOnmka
benapych

CvmupnoBa Hartaibsi AHATOJIbEBHA, MArucTp, CTApIIMi MpernofaBaTelb Kadeapbl 3aliuThl
nHpopmanuu, benopycckuii rocyaapcTBEHHBIM YHUBEPCUTET HHPOPMATHKU M PATUOIEKTPOHUKH,
Pecniyonnka benapych

Co0oab Astekcanap MuxaWjloBUY, MarucTp, CTapliuid [OpenojaBarenb, benopycckuit
rocyJlapcTBeHHBIN YHUBepcHuTeT, Pecniyonuka benapych

CoxosioBa Oxcana IlerpiBHa, crapmmii Bukiamgad, OAeChbKUN HAIlOHAIBHUN TEXHOJOTTUHUN
YHIBEpPCHUTET, YKpaiHa

Copoka Cepriii KOpiitoBuy, marictpant, BiHHUIBKHUN HalllOHAIbHUM TEXHIYHUI YHIBEPCUTET,
Ykpaina

CreodynoB Cepreii CTenanoBu4, 1.M.H., mpodecop, 3aBEYIONTUN OTAEIOM 00IIeH, MIaCTUYECKON
u Oapuarpudeckoii xupypruu, I'ocygapcTBeHHOe yupexaeHue «MHUHCKUI Hay4dHO-TIPAKTHUECKUN
LEHTP XUPYPTUH, TPAHCIIAHTOJIOTHH M reMaToyioruny, Pecriyonmka benapych

Crpy0OueBchbkuii Aprem [I'enHagiiioBu4, cTyneHT, BiHHUIBKUN HaIllOHAIBHUN TEXHIYHUN
YHIBEpPCHUTET, YKpaiHa

Cyo0otina Ouaena BagumiBua, H.c., UHcTuTyT kubepHetnku umenu B.M. I'mymkoBa HAH
VYkpaunsl, YkpaiHa

CyBopoB AHcap AJiIeKCaHAPOBUY, MarucTpaut, Y HuBepcuret “Typan”, Kazaxcran
CynunoBckass  Jlriogmuina  MuxaidiioBHA, acCUCTEHT, belopycckuil  rocyaapCTBEHHBIN
PKOHOMUYECKUH yHUBepcHuTeT, PecniyOnuka benapych

Cyaima HOuaian HOpiiioBu4, K.T.H., 3aBiyBau BiIUIeHHS KoM torepHux cuctem, BCII
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«Onecpkuii TexHiuHMMA GaxoBuii konemxk OHAXTy», Ykpaina

Cyaima HOuis €sreniiBHa, Buximanay, BCII «Onecbkuii TexHiuauii ¢paxouit koiaemxk OHAXTy,
VYkpaina

CypunoBuu QOuena MukogaiBHa, K.T.H, JIynpkuii HaIllOHAIbHWA TEXHIYHUM YHIBEPCHUTET,
VYkpaina

Turypenko Kanna AuapiiBaa, Gi6miorekap, HaykoBo-Texniuna 6i0moreka OHAXT, Omechbka
HaI[lOHAJIbHA aKaJIeMisl XapyOBHUX TEXHOJIOTIH, YKpaiHa

Tkauenko Anexkceil HukosiaeBu4, 3aMeCTUTENh HadalbHUKA KOHCTPYKTOpPCKOro otaena, OAO
"Ilenenr", Pecny6nuka benapych

Tomop Muxona MukouaitoBuu, acmipant, Opnecbkuii Harmionaneamii  TexHOMOTIYHUN
VYHiBepcutet, YKpaina

Tynamsini IOpiii Hocunosuu, nmu, mnpodecop, JIyupkuil HaiOHANGHHN —TeXHiUHHI
YHIBEpPCHUTET, YKpaiHa

Tyabuunii Deopriii IlerpoBuu, crtynenr, [epxaBHuii yHiBepcuTeT «OiecbKa TMOJITEXHIKA,
VYkpaina

Typnak Bikrtopia CepriiBHa, cTyneHTKa, YHIBEpCUTET JepkaBHOI (DiCKaTbHOI CiryxOn YKpainu,
VYkpaina

Yurypsau /lap’sa 3inoBiiBHa, Onechkuii HaI[lOHATHHUH MTOJITEXHIYHAN YHIBEPCUTET, YKpaiHa
Yuyuek Tarbsina MuxaiiioBHa, crapmmii mnpenojgaBarenb Kaeapbl DKOHOMHUYECKOM
nHpOopMaTrKH, beropycckuii ToCyIapCTBEHHBI YHUBEPCUTET HH(MOPMATHKH U PaTNOIIEKTPOHUKH,
PecnyOnuka benapych

Ymkapeanko Oaekcanap OJieroBu4, JA.T.H, JONEHT, HamioHANbHUN  YHIBEPCHTET
KopabyieOymyBaHHs M. aiM. MakapoBa, Ykpaina

@aiin3nabdepr Jleonun CoIOMOHOBMY, J.T.H, Mpodecop, TIaBHBI HAyYHBIH COTPYIHUK,
MexayHapoaHblli HaydHO-y4eOHBIH  LleHTp HMH(pOpMamMOHHBIX TexHOoJorud u cucrem HAH
VYxpaunsl ¥ MOH VYkpaunsl, Ykpaina

XamnukoB Pupar Unbaaposuu, maructp, Yausepcurer “Typan”, Kazaxcran

XanamyxamenoB abopyc XamuaoBuy, maructpanT Kabeapsl [IOKC, KeIprei3ckuil TeXHUYeCKUA
yHuBepcuteT umeHu M.Pazzakosa, Keipreizcran

Xamyaa Hanis MukoJaiBHa, CTyAeHT, JIylibkuii HallOHATBHUNA TEXHIYHUHN YHIBEpCUTET, YKpaiHa
XomeHko €Breniii BikropoBuu, cTyaeHT, XepCOHCHKHIA IepKaBHUN YHIBEPCUTET, YKpaiHa
XomenkoBa Jlapuea FOpiiBua, 1.¢-M.H., C.H.C., BIIAUT (DI3UKK 1 TEXHOJIOTI] HAMIBIPOBITHAKOBUX
CTPYKTYp Ta CEHCOPHHMX cucTeM, [HCTUTYT ¢i3uKku HamiBnpoBimHuKIB iM. B.€. JlamkaproBa HAH
VYkpainu, YKpaina

Xomaba Oaexcanap MupociaBoBHY, K.T.H, JOUEHT, BIHHUIBKWN HAIIOHATBHUA TEXHIYHHUNA
YHIBEPCUTET, YKpaiHa

Hupa Ouexcanapa BacuiiBHa, k.d.H, nouneHrt, JlepkaBHUIl YHIBEPCUTET 1HTEJIEKTYaJIbHUX
TEXHOJIOT1H 1 3B 43Ky, YKpaiHa

Hupyk Baagumup AjekcaHapoBu4, vHxeHep, bermopycckuil rocynapcTBEHHbIH YHUBEPCUTET,
PecnybOmmka benapych

Hyxpyk Banentun IBanoBwuY, cryneHt, Binnuupkuii Haumionansuuii TexHiuHul YHIBEpCHUTET,
Ykpaina

Yanaincsknii FOpiii IlerpoBuy, k.T.H, c.H.C., MHCTUTYT KHOepHeTHKM nMeHu B.M. I'mymkoBa
HAH VYxkpaunsi, Ykpaina

YepuumoB KoctsiHTuH AmHApiiioBu4, acmipadtT, BiHHUIBKHI HAIIOHATBHUNA TEXHIYHHUI
yHIBEpeuTeT, YKpaina

IIBeuyr Baunepiii TumodiiioBu4, n.¢-m.H., nmpodecop, kadenpa Qizuko-mMaTeMaTHIHUX HAYK,
Opecbka HalllOHANbHA aKaJeMisi XapuOBHUX TEXHOJIOTIH, YKpaiHa

IleBuenko Harans IOpiiBHa, k.e.H, noueHt, [lonbackka aep:kaBHA MAIIMHOOY/IIBHA aKaaeMis,
VYkpaina

HMepmyn Oaexcanap OusiekcanapoBHY, MaructpanT, Ofecbka HaIllOHAIBHA aKaJIeMisl XapuyOBHUX
TEXHOJIOTIH, YKpaiHa

348



Martepianu koHpepeHiii «[HpopmarltiitHi TexHOIOTIT 1 aBTromMaTu3aitis - 2021»

IIxBopeus Baaguciaa BaaaiaenoBuu, oneparop EOM, XepcoHChbKHI Jep>KaBHUI YHIBEPCHUTET,
Ykpaina

Ilepouna IaBno AuapiiioBu4, cryneHt, KuiBchbkuii HamioHanbHUN yHiBepcuTeT iMeHi Tapaca
[ITeBuenka, Ykpaina

Mupos Onexcanap CepriiioBu4, cTyneHT, BIHHUIbKUN HaIllOHATBHUI TEXHIYHUN yHIBEpCUTET,
VYkpaina

[lypoB Ouexcanap CepriiioBu4, MOJIOaIUNH HAYKOBUH CIIBPOOITHHUK, [HCTUTYT KiGEpHETHKH
HAH Vxkpainu, Ykpaina

SAposuii Irop IBanoBMY, K.T.H., BUKJIJa4, T0OJIOBA IIUKJIOBOI KOMICii, MEXaHIKO — TEXHOJOTIYHHI
¢baxoswuii konempxk OHTY, Ykpaina

Aumuckuii {mutpuii BaaepbeBnu, mepuenaaiizep, OO0 «adopr», Pecnydiinka benapycs
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XV MIDKHAPO/ITHA HAYKOBO-IIPAKTHYHA KOH®EPEHIIA

«HOOPMAIIMHI TEXHOJIOTI I
ABTOMATHU3ALIA —2021»

21 - 22 /KOBTHHI 2021 p.
M.Oneca

XIV INTERNATIONAL SCIENTIFIC AND PRACTICAL CONFERENCE

«INFORMATION TECHNOLOGIES AND
AUTOMATION-2021»

OCTOBER 21 - 22, 2021
Odessa
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