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OIIHKA BIIVIUBY ACKPABOCTI KOCMIYHHUX 3HIMKIB
CIJIbCBKOTI'OCHIOAAPCBKHUX KYJIbTYP HA BEJIMYUHU
DOPAKTAJIBHUX POSMIPHOCTEHU TA IHAEKCIB NDVI

AHoTanisa. Ha jKicTe MpOBENCHHS OLIHKA CTaHY CUIBCHKOTOCTIOAAPCHKUX KYJBTYP MOKE BIUIMBATH SICKPaBICTh KOCMIYHHX
3HIMKIB, III0 BUKOPHUCTOBYIOTBCS I MOHITOPHHTY CITLCBKOTOCIIOZAPCHKUX 3eMeltb. [IpeaMeToM DoCItipKeHHS € OLliHKa BILIUBY
SICKPABOCTI KOCMIYHHX 3HIMKIB Ha BEJIMYMHHU (paKkTaIBHUX po3MipHOCcTel Ta iHaekciB NDVI. O6’€KToM OCii/KEHHS € KOCMIY-
Hi 3HIMKH cymyTHHKa Sentinel-2 cUTbCHKOTOCIIONAPCHKUX KYJIBTYP 3 PI3HOIO SCKPaBicTiO. MeTOI0 € OIiHKA BIUIMBY SICKPaBOCTI
KOCMIYHHX 3HIMKIB ITOJIiB, 3aCISTHUX CUTBCHKOTOCTIONAPCHKUMY KYJIBTYPaMH, Ha BEIMYIMHH (PaKTaIbHUX PO3MIpHOCTEH! Ta iHIeK-
cieB NDVI. Orpumani HacTynHi pe3yasTaTu. [IpoBeeHa omiHKa MaKCUMAIBHUX 1 MiHIMAIBHUX 3HAUCHB SICKPABOCTI IIPH 3MiH1
SICKpaBOCTI BUXIJHHX 3HIMKIB Pi3HUX KaHaiB (KaHatiB b4 1 b8) cymytauka Sentinel-2 Ta Bu3HaueHO, IO I Pi3HUX KaHAJIB CY-
myTHHKa Sentinel-2 301TbIIEHHS 1 3MEHIICHHS SICKPABOCTI 0 Pi3HOMY BILUTMBAE Ha IX MOBEIIHKY. 3MiHA [ialla30Hy SICKPaBOCTI Ha
3HIMKY TpH 3MiHi ICKPABOCTI TaKOXK 3aJIKUTH Bijl KaHAJY CyImyTHHKa Sentinel-2. JIOCTIKEHO BIUTUB SCKPABOCTI KOCMIYHHX 3Hi-
MKIB Ha BEeJIMYMHU (pakTaIbHUIX po3MipHOcTei Ta inaekciB NDVI. BusnaueHo, 1o mix yac 301IbIIEHHS SICKpaBOCTI 3HIMKa cepe-
JHi 3HaueHHs iHgexciB NDVI smenmyrotses. [1pn nsoMy pizHus y BemmanHi ingexkcy NDVI BinOyBaeTsest y Ipyromy 3HaKy Ii-
CI1sl KOMH, 110 HE JI03BOJISIE OLIHIOBATH CTaH IIOCIBIB IPH BEJIMKHX 3HAYEHHSX SICKPaBOCTI 3a oromMororo ingekcy NDVI. Ilix gac
3MEHIIICHHS SICKPABOCTi cepenHi 3HadeHHs iHaekciB NDVI crioyaTky pi3ko 30UIBIIYIOTHCS, @ IOTIM JOCSTAI0Th IPUOIM3HO MoYa-
TKOBHX 3HA4YCHb, 110 J03BOJISIE OLIHIOBATH CTaH NociBiB. [1okazaHo, mo s 3HIMKa KaHaiy b4 cepenti (pakTaiabHi po3MipHOCTI
i1 9ac 30UTBIIEHHS SICKPABOCTI CIIOYATKy 30UTBIIYIOTCS, a TOTIM 3MEHIIYIOTECS, alie 3HAUCHHs 3MiHIOIOThCA HE 3Ha4HO. [Ipn
[IbOMY PI3HHIIA y BENMYMHI (PpaKTATEHOI PO3MIPHOCTI BiIOYBA€ThCA y TPETHOMY 3HAKY MICNIsl KOMH. XapaKTep 3MiH CepemHix
(pakTagbHUX PO3MIPHOCTEH ITiJT Yac 3MEHIIECHHS SCKPABOCTI 3HIMKa KaHAy b4 € He MPOrHO30BaHMM. BU3Ha4YeHO, MO cepemHi
3HaYeHHs (PpaKTaTLHUX PO3MIPHOCTEH 3HIMKA KaHaiy b8 min yac 301IbIIEeHHS ICKPABOCTI 30UIBIIYIOTHCS MOHOTOHHO 1 MPOTHO-
30BaHO, a I1iJ{ Yac 3MEHILEeHHS SICKPaBOCTI cepeliHi 3Ha4eHHsI (hpaKTaIbHUX PO3MIPHOCTEH CIIOYaTKy HE3HAYHO 3MEHIIYIOThCS, a
TOTIM JIOCSITAOTh TIOYAaTKOBHX 3HAYEHb, 110 TAKOXK MOXKHA NMPOrHO3yBaTH. BucHoBKH. [IpoBeneHi HOCIiKEHHs TOKa3aiH, 10
3aCTOCYBaHHS CEPEIHIX (PPAKTATLHUX PO3MIPHOCTEH TSI OLIIHKK CTaHy TIOCIBIB JI03BOJISE MPOBOAUTHU aHAJi3 KOCMIYHUX 3HIMKIB
TpH OLTBIINN 3MiHi iX SICKPaBOCTI, TOPIBHIHO 3 BUKOPUCTaHHAM cepenHixX iHmekciB NDVI.

KnaouoBi ciaoBa: oliHka cTaHy CilIbCHhKOTOCIOAAPCHKUX KYJIBTYP, SICKPaBICTh KOCMIYHOTO 3HIMKA, (pakTaabHa po3Mi-

pHicTh, iHAeke NDVI.

Beryn

[IpoBoanuTH aHami3 BIUIMBY NPHUPOAHUX, TEXHO-
TeHHHX 1 aHTPONOTeHHHX (PaKkTOPiB HA MOCIBH CLILCHKO-
rOCIOAPChKUX KYJBTYp y TElepiliHiil yac 103BoJIsiE
arpoekosioriunuii MoHiTopusr [1]. Takuii MoHiTOpHHT
CLIBCHKOTOCTIOIAPCHKUX ~ 3€MENb  CHOPSMOBAaHHUN  Ha
oTpuMaHHs iHpopMarii Ipo cTaH i CTPYKTYPY 3eMeb-
HUX JUITHOK Ta MociBHUX turonl. Kpim Toro, HeoOximgHa
orepaTHBHA OLIHKA 1X CTaHy Ul JOCIHIJKSHHS ANHaMI-
K TIPOBEJICHHS CLIIbCHKOTOCHOAAPCHKUX POOIT.

OcraHHIM YacoM /sl MOHITOPUHTY 3€Mellb CLIbCh-
KOTOCIIOJJapCHKOTO NPH3HAUCHHS Jy’Ke IIUPOKO 3acTo-
COBYIOTBCSI KOCMIYHI 3aCO0M AUCTAHIIHHOTO 30H/yBaHHS
3emui ([133). Taxi gani JI33 3’sBuiics y BUIBHOMY J0cC-
Tymi y Mepexi [atepret. Kpim Toro, Taki mani /133 (koc-
MiYHi 3HIMKH) MalOTh BUCOKY PO3JALIBbHY 3/1aTHICTH. TakK,
y Mepexi [HTepHeT icHye akTyajbHa Ta MOCTIHHO MOTOB-
HIOBaJIbHA 6a3a KOCMIYHHX 3HIMKIB CymyTHHKa Sentinel-2
[2, 3]. InpokocMyTOBi MyIBTHUCTIEKTPATBHI 300paskeHHS
(13 cmekTpanbHUX [iama3oHiB) CymyTHHKIB Sentinel-2
MaroTh IPOCTOPOBY PO31UIBHY 3aaTHICTH 10 M B 0JHOMY
mikceni [3], siki MOXKHa OTPUMYBATH 2 pasu Ha THXKICHb

HA 3a/1aHy TepUTOpir0. TakuM YHHOM, KOCMIYHI 3HIMKH
CymyTHHKa Sentinel-2 MoOX@Ha 3aCTOCOBYBATH IUIS BUpI-
IICHHS PI3HOMAHITHUX 33/1a4 MOHITOPUHTY 3eMelb Cillb-
CBHKOTOCIIOJIAPCHKOTO MIPU3HAYEHHSI.

Haii0inpm wacto IS MOHITOPHHTY CiTBCBKOTOC-
MOJJAPCHKUX 3€MENb BHKOPHCTOBYIOTHCS METOIM 00po-
6xu ganux JI33 (KocMiYHMX 3HIMKIB) 3 3aCTOCYBaHHIM
Pi3HOMaHITHUX BeTeTaliiHuX iHJEKCiB (iCHye OIM3BKO
160 BapianTiB Takux iHnexcis) [4]. IIpu poMy Berera-
LiKHI 1HASKCU BU3HAYAIOTHCSI EMITIPUYHO 1 BPaXOBYIOTh
(hi3nuHI BIACTHBOCTI CBIiTJIA, BiIOWBaIOYy 3/IaTHICTH
pociIHH Ta iHImI BaXJIUBI XapakTepucTuku. HaifOinpmie
PO3MOBCIO/KEHHS OTPHMaB HOPMAai30BaHUM pi3HMIIE-
Bui BereTamiiHuii iHgexc (NDVI).

st pospaxynky innexcy NDVI HeoOxinHO naHi 3
OIIKHBOTO 1H(PPAUYESPBOHOTO Ta YEPBOHOTO KaHAJIB, L0
OTPUMYIOTBCS 3 0araToCIeKTpanbHOI anapaTrypy CyImyT-
nukiB /133. B po6Goti [5] nmpuBeneni pe3ynbTaTé q0CHi-
oKeHb 3MiH iHIekcy NDVI pizHOuacoBUX KOCMIYHHX
3HIMKIB CITBCBKOTOCHOJAPCHKUX 3€MEIb 1 BKa3yeThCs,
10 BUKOPUCTAHHA JaHUX 3 ABOX CHEKTPAIbHUX KaHAIIB
IUIs X pO3paxyHKy, IPUBOAUTH O YCKIQAHEHHS OTpPH-
MaHHS pe3yJbTaTiB. B po0OOTi TakoXk 3a3HAYAETHCA, IO
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ingexc NDVI y 3HauHiil Mipi 3aJ€XKUTh BiJ KUTBKOCTI
aKTMBHOI Olomacu Ta cTae Hee()eKTUBHHM B IEPiOIH,
KOJIM POCIIMHHICTB € MOCIabiIeHor0 a0 COCTepiraeThes
HU3BbKHUH piBEHb BeTeTallil.

Jns  migBuineHHS 1HQOPMATUBHOCTI KOCMIUHHX
3HIMKIB MiJi 9ac MOHITOPHHTY pPi3HOMaHITHHX MOBep-
XOHb, 30KpeMa 3¢MHOI ITOBEPXHi, 3aCTOCOBYIOTECS METO-
Im (hpaKTaIFHOTO aHali3y 300paxkeHs [6, 7]. Po3paxyHox
(pakTaTbHAX PO3MIPHOCTOW HH(POBHX 300pakeHb 3
PI3HOIO CKIIAIHICTIO TIOBEPXOHB Ta POCIMHHOCTI ITPHUBO-
IUTH JI0 Pi3HHX iX BEJIMYHH, L0 JIO3BOJISE OLIHUTH CKJIa-
JIHICTh TTOBEPXOHB 1 pociMHHOCTI. [Ipy 11bOMy BHKOpHC-
TOBYIOThCSI KOCMIUHI 3HIMKH B OJJHOMY Jlialla30Hi XBHJIb.
Mo>XIMBICTh 3aCTOCYBaHHS (DPAKTAJIBHOTO aHalli3y Koc-
MIYHHX 3HIMKIB CymyTHHKa Sentinel-2 1yt OIIHKY CTaHy
CUTBCHKOTOCIIONIAPCHKHUX KYJIBTYp Ha pi3HMX (azax Bere-
TaIlii mokazana y poborax [8,9]. YV pobori [8] mpoaHasti-
30BaHi MOJIA, 3aCisfHI KyKypyaA3010, a y poooTi [9] — momnis,
3aCiSTHAX IHIIUMH KyJIbTypaMu (COHSIITHHKOM, TIICHU-
LIeF0, STIMEHEM 1 Tpeukoro). Ane y ux poOoTax He po3r-
JAA€ThCs IMTAHHS OLIHKU BIUIMBY SICKPaBOCTI KOCMId-
HUX 3HIMKIB Ha BETUIUHA (PpaKTaIbHUX PO3MIPHOCTEH.

Meta cTaTTi: OLIIHUTH BIUIMB SICKPABOCTI KOCMiy-
HUX 3HIMKIB IOJIiB, 3aCisTHUX CUIBCHKOTOCIOIaPChKUMHU
KyJIbTYpaMH, Ha BeJTMYUHU (QPaKTATBHUX PO3MIPHOCTEH
Ta ingekcis NDVI.

@®opMyBaHHSA KOCMIYHUX 3HIMKIB
CiJIbCHLKOT0CMOAAPCHKHUX 3eMellb
3 Pi3HOI0 sICKpaBicTIO

[ITo6 OIiHUTH BILTUB SICKPABOCTI KOCMIYHUX 3HIM-
KiB CUIbCHKOTOCHOIAPCHKUX KYJBTYp Ha BEJIUYHUHH
¢dpakranpHUX po3MmipHOCTel Ta iHaekciB NDVI HeoOxi-
JIHO CTBOPHUTH HaOIp KOCMIYHHMX 3HIMKIB OJTHOTO i TOTO
K TIOJIE 3 PI3HOK SICKPaBICTIO. 3 BHUKOPHCTaHHIM
koM 'totepHoi mporpamu Microsoft Word 2013 6yno
LITYYHO CTBOPEHO HaOip eJeMEHTIB KOCMIYHOTO 3HIMKa
OJIsI, 3aCisTHOTO KyKypyna3oro, craHoM Ha 31.07.2016.
KocmiuHi 3HIMKH, $Ki 3aCTOCOBYBAIWCS JUIS JOCIi-
JoKeHHS Oynmu y rpajamisx ciporo y ¢opmati *.bmp i
MaJy po3Mipu 56x56 mikceniB Ui OTpUMaHHS OIHOPI-
JHOT CTPYKTYPH TOJIS HA 3HIMKaX.

SIckpaBicTh € CBITIIOBOKO XapaKTEPUCTUKOIO Til, Bi-
JIHOLICHHSI CHJIM CBITY, SIKa BHIIPOMIHIOETHCSI IMOBEPX-
HElo, JI0 Iiolli 11 MpoeKii Ha IUIoNLy, sIKa IePHeHANKY-
JISIpHA BiCCI CIIOCTEPEXEHHs, IHIIMMHU CJIOBaMHU — I Ki-
JBKICTH O1JI0TO KOJMBOPY Ha 300pakeHHi. YNM BHIIE SICK-
PpaBicTh, THM CBITJIIIMM BOHO CTa€. 3HAYCHHS SICKPABOCTI
3HaXOJAThCA y miamasoni Big 0 mo 255. J{nsa toro mo6
SICKpaBiCTh MOXHa OyJIO 3MEHIIyBaTH Ta 301JIbIIyBaTH,
3HA4YEHHs SICKpaBOCTi OepyTh y Jniama3oHi Bim -255 mo
255, a motiM 3a opMyJI0I0 PO3PaxOBYIOTH KOJIp 1 mepe-
BOJSITH J10 Aianazony Bix 0 no 255. ITin yac BuKopucras-
Hs 3ac00iB HacTpoiiku, nporpama Microsoft Word 2013
ABTOMATHYHO 3/iMICHIOE 3MiHH B Jiana3oHi SCKPaBOCTI.

KopoTko po3risiHeMO CTBOpeHHsS 0a3u KOCMIUHHX
3HIMKIB TOJIA 3 Pi3HOIO sicKpasicTio. I1in gac 3MiHM sickpa-
BOCTI KOCMIYHOIO 3HIMKAa 3IIMCHIOBAJIOCS HOI0 3aBaHTa-
JKyBaHHA Ha CTOpiHKy mporpamu Microsoft Word 2013.
[Ticnst bOroO 3HIMOK BHUIUISBCS 1 3IHCHIOBABCS TIEPEXI]T 10
Bk «Pobora 3 pucynkamu ®@opmary. ¥ rpymi «3mi-
HUTH» (JIIBOpYY Ha BEpXHiil IaHesi) BUOMpanach BKJIaJKa

«Slckpasictby. Ilicist i BIOKpHUTTS BHOMpaocs MOTPiOHE
3Ha4YeHHs! KOHTpacTHOCTI (y BifgcoTkax). [lo3uTuBHI 3Ha-
YeHHs! BIJICOTKIB 301IbIIyBaM SCKPABICTh 3HIMKa, a Hera-
TUBHI — 3MeHITyBaim. [Ticias mpoBeJeHHsS UX OIepalrii,
3MIHEHUH 3HIMOK (3 1HILOIO SICKPABICTIO) BUALIABCS 1 BiH
30epiraBcs 3 iHINO Ha3BOIO Y (popmari .bmp.

Ha pwuc. 1,a-M HaBeACHO €JIEMEHTH KOCMIUYHUX
3HIMKIB KaHanmy b4 cymyTtHmHka Sentinel-2 moys 3 KyKy-
pymzoto cranoM Ha 31.07.2016 mpwu 3MiHI SICKpaBOCTI
Bix 0% 10 +50% i Big 0% mo -50%. Sk BumHO 3 aHAITIZY
puc. 1,a-€, nmpu 306imbIIeHHi sckpaBocti Big 0% 10
+50% eneMeHTH KOCMIYHUX 3HIMKIB KaHanmy b4, sk i
MOBUHHO OYTH, CTalOTh OLJbII CBITIMMH, aJi¢ TPATi€HT
30LIBIICHHS CBITJIOTO HA 3HIMKaX HE BEJIUKHUI (BiITiIHKH
CIpOTO 3MIHIOIOTHCSI HE 3HAYHO. [IpM 3MCHIICHHI KO-
HTpactHocTi Bix 0% 10 -50% (nuB. puc. 1,k - M) 3Mi-
Ha SICKPaBOCTI Ha KOCMIYHHMX 3HIMKax MPaKTUYHO HE
criocTepiraeTecs  BizyanpHo. Ckopimie 3a Bce, Iie 00y-
MOBJICHO CTPYKTYpOIO KOCMIYHHMX 3HIMKIB KaHaiay b4
cynytHuKa Sentinel-2. Takum 4HHOM, 301TBIICHHS CBi-
TJIIOCTI 3HIMKA i 9ac 30UTbIICHHS SICKPaBOCTI € HE Be-
JIMKOIO, a i Yac 3MEHIICHHS SICKPaBOCTi 3MiHa CBITJIO-
CTi 3HIMKaA Bi3yaJIbHO HE CIOCTepiraeThcs. Taka mopemi-
HKa 3MIiHH CBITJIOCTI 3HIMKA TOB’sI3aHa 3 OJHOPIMHICTIO
KOCMIYHOTO 3HIMKa KaHaiy b4 i HasBHICTIO MEpPeBaXHO
TEeMHHUX MIKCEJIB Ha 3HIMKY (liarma3oH sSCKpaBOCTI Ha
3HIMKY Bix 22 no 28 rpanartiii).

a 6 B
r I €
xK 3 i
K I M
Puc. 1. Enementn kocMidHnX 3HIMKIB (KaHan b4) mosst
3 KyKypyI3010 TIpH 3MiHi sickpaBocTi y Microsoft Word:
0% (a), +10% (6), +20% (B), +30% (1), +40% (x),

+50% (€), 0% (x), -10% (3), -20% (i), -30% (x),
-40% (1), -50% (M)
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Ha puc.2,a-M HaBeneHO eNeMEHTH KOCMIYHUX
3HIMKIB KaHaiy b8 cymyTtHuka Sentinel-2 mois 3 Kyky-
pyasoto craHoM Ha 31.07.2016 mpu 3MiHI sICKpaBOCTI
Bix 0% 1o +50% i Bix 0% mo -50%. AHauni3 300paKeHb
Ha puc. 2, a - € NOKasye, 110 AJIs 3HIMKa KaHaiy b8 npu
30umpmenHi sckpaBocTi Bix 0% mo +50% cmocrepira-
€ThCS 3HAYHE 30UIBIIEHHS CBITJIOCTI 3HIMKA, a JUIS 3Ha-
yeHHA +50% 3HIMOK cTae moBHicTIO 6imum (255 Tpana-
i), ToOTO Horo MOXHa BBaXKaTW aHOMaJbHUM. Take
30UTBIICHHS SICKPABOCTI IPUBOIUTE IO TOTO, IO 3HIMOK
HE Mae KOPHUCHOI iH(popMamii mpo CTaH POCIUHHOCTI.
3MeHILIeHHS! KOHTPACTHOCTI 3HIMKa kaHaiy b8 Binm 0%
n0 -50% (puc. 2, - M) CIIOCTEpITaeThCsl OUiKyBaHe
3aTEeMHEHHS 3HIMKY, [0 MPUBOJMTH IO WOTO 3IIIaJKYy-
BaHHs. Taka IMOBEeJiHKa 3HIMKY NPHBOJIUTH JO BTPaTH
JIESIKMUX 0COOJIMBOCTEH OIS

I €
3 i
1 M
Puc. 2. EneMeHTr KOCMIYHUX 3HIMKIB (kKaHan b8) mosst 3
KyKypY/3010 IpH 3MiHi sickpaBocti y Microsoft Word: 0% (a),

+10% (6), +20% (B), +30% (r), +40% (1), +50% (€), 0% (),
-10% (3), -20% (i), -30% (x), -40% (1), -50% (n)

K

Po3srisiHEMO SIK 3MIHIOIOTBCS. MAaKCUMaJbHi 1 MiHiMa-
JIbHI SICKPaBOCTI Ha 3HIMKY INiJ Yac 30UIbIICHHS 1 3MeH-
IICHHS HOTO SCKpPaBOCTi. Y Tabi. 1 HaBeeHO MaKCHMallb-
Hi, MiHIMaJIbHI SICKPABOCTI Ta iX pi3HUL (A) Ha 3HIMKax
JIBOX KaHaIiB cymyTHHKa Sentinel-2 (b4 1 b8) moms 3 Kyky-
pynzoto craHoM Ha 31.07.2016 npu 301bIIeHHI SICKpaBOC-
i Bit 0% 1o +50% y nporpami Microsoft Word. SIk BuaHO
3 aHaizy JaHux Tabu. 1, mpu 30LIbIIEHH] SICKPAaBOCTI 3Hi-
MKiB 000X KaHaJiB (kaHaiiB b4 i b8) MakcuManbHi 1 MiHi-
MaJIbHi SICKPaBOCTI Ta iX Pi3HMII 30UTBIIYIOTHCS, ane Uit
KaHaTy b4 30UTbIICHHS HE Take Benmuke (B 3,5 pasu MeH-

mie), sik Juist Kanairy b8. Takosk, npy 301IbIICHHI SICKPaBO-
cTi 3HiMKa 10 +50% y xaHaii b8 crioctepiraloTbCst MaKkcH-
MaJIbHO MOXKJIMBI 3HAUEHHs SICKpaBoOcTi — 255 rpapamiit
SICKPABOCTI, a PI3HUIIT MAKCUMATBHHX 1 MiHIMAILHUX 3HA-
YeHb SICKPAaBOCTI 3MEHILIYETHCS, TOOTO, SK 3a3HAYANOCs
BUIIIE, 3HIMOK € aHOMAaJIGHIM 1 Mae Oimvit Komip. 3 aHamizy
JaHUX y TaOn. 1 Takok BHIHO, IO IIiA Yac 30LTBIICHHS
SICKPABOCTI 3HIMKIB 000X KaHATIB OJHOYACHO 30LIBIIY-
FOTBCS, SIK MAKCUMAJIbHI, TaK 1 MiHIMabHI SICKPaBOCTi. Ae
3HAUCHHS MAaKCHMAaJIbHHUX SICKPaBOCTEH 30LIBIIYIOTHCS
OutbIe y TOpiBHSAHHI 3 MiHIManeHHMHE. Lle xapakTepHO
JUTS 3HIMKIB 000X KaHaIIB (3HIMOK KaHay b8 3 sickpasic-
TI0 +50% € aHomanbHUM). Taxi 3MiHM siCKpaBocTeil Ha
BUXIJJHUX 3HIMKax MO)KE€ MIPUBECTH JI0 3MiH BEJIMYMH iH/e-
kciB NDVI Ta hpaxranbHUX po3MipHOCTEH.

VY Tab:. 2 HaBeeHO MaKCHMaJIbHi, MiHIMAJIbHI SC-
KpaBocCTi Ta iX pisHUUA (A) Ha 3HIMKax JBOX KaHaJiB
cymytHuKa Sentinel-2 (b4 i b8) moms 3 KyKypya30r0
cranoMm Ha 31.07.2016 mpu 3MeEHIICHHI SCKPaBOCTi Bix
0% mo -50% y nporpami Microsoft Word.

Tabnuysa 1 — MakcumasbHa i MiHiMaJIbHA sicKpaBoOCTi Ta iX
Pi3HULSA HA 3HIMKAX N0JI51 3 KyKYPY/A3010 CTAHOM
Ha 31.07.2016 npu 30i1b1IeHH] iCKpaBOCTi

SAckpa- SckpaBicTh
BicTh KkaHaja b4 KaHaJ b8
3HiMKY | Min. | Make. A Miu. | Make. A
0% 22 28 6 112 142 30
+10% 26 33 7 130 162 32
+20% 31 40 9 151 185 34
+30% 38 49 11 174 211 37
+40% 48 61 13 201 241 40
+50% 62 79 17 233 255 22

Tabauysa 2 — MakcuMasbHa i MiHiManbHa sickpaBoCTi Ta iX
Pi3HULS HA 3HIMKAX N0 3 KYKYPYA3010 CTAHOM
Ha 31.07.2016 npu 3MeHIIEHHi ACKPABOCTI

Sckpa- SlckpaBicTh
BICTb 3HIM- KaHai b4 KaHas b8

Ky MiHn. | Makc. A MiH. | Makc. A
0% 22 28 6 112 142 30
-10% 19 24 5 95 123 28
-20% 16 20 4 80 105 25
-30% 13 17 4 66 87 21
-40% 11 14 3 55 69 14
50% 9 11 3 44 56 12

3 naHux Tabin. 2 BWAHO, WO MiJl Yac 3MEHIICHHS
SICKPaBOCTI 3HIMKIB KaHaiiB b4 1 b8 MakcumanbHi 1 Mi-
HiMaJbHI SCKPaBOCTI Ta 1X PI3HHUI 3MEHIIYIOThCS, aje
XapakxTep 3MiH 11t 000X KaHaJIB Mae aesKi 0co0nmBoc-
Ti TIOPIBHSIHO 13 301JbIICHHSIM SCKPaBOCTi. Tak, Makcu-
MaJbHi 1 MiHIMaJbHI SICKPaBOCTI KaHamy b4 omHOYacHO
MPaKTUYHO HE 3MIHIOIOTHCA, SIK 1€ OyJI0 Mij Jac 3011b-
MEeHHS SICKPaBOCTI 3HIMKIB. J[ns kaHaimy b8 Takox €
0COONMBOCTI y TOBEAiHIII MaKCHMAaNbHUX 1 MiHiMalb-
HUX sckpaBocTed. Ilpn 1poMy MiHIManbHI SCKPaBOCTI
3MEHIIYIOTCS 3 PI3HOI TUCKPETHICTIO, 2 MAaKCHMAaJbHi
— 3 oxHakoBoto (18 rpamaniii sickpaBocti). Y Tabu. 2
TaKoX BUJHO, IO TPH 3MEHIIECHHI SICKPaBOCTI 3HIMKa
KaHanmy b4 pi3HMIS A NPakTHYHO OJHAKOBA, Jiala3oH
SICKPaBOCTI 3MIHIOEThCA Y Mekax 3 — 5 rpaparii sckpa-
Bocti. J{ng xanany b8 pi3HHIS A 3MEHIIYETHCS MOHO-
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toHHO. Ilpn npomy 3HIMOK Kananmy b8 3 sckpasicTio -
50% He € aHoManbHHUM. SIK 3a3Hayajgocs BHUIIE, L€
IOB’5I3aHO, CKODIIIE 32 BCE, PI3HOIO CTPYKTYPOIO 1 SICK-
PAaBICTIO BUXITHUX 3HIMKIB KaHaiB b4 1 b8.

TakuM 4MHOM, TIPOBENEHHUH aHaIi3 MOKa3ye, IO
30UTBIICHHS 1 3MEHIICHHS SICKPaBOCTI BIUIMBAE HA IIO-
BEIIHKY iX MaKCHMaJbHHX 1 MiHIMAIbHUX 3HA4YeHb Ha
3HIMKax JJIs Pi3HUX KaHaiiB (kaHamiB b4 i b8) cymyr-
HuKa Sentinel-2. 3miHa giamazoHy SCKPaBOCTiI HA 3HIM-
Kax TaKOX 3aJICKUTH BiJ KaHAIly CyITyTHHKa Sentinel-2.
[IpoBexeMo aHami3 BIUIMBY WX 3MiH Ha BEIMYHWHU iH-
aekciB NDVI i ¢ppakransHux po3mipHocCTeii.

BnimB sickpaBocTi KOCMiYHUX 3HIMKIB
Ha BeJIMYMHH PpPaKTAIbHUX PO3MipHOCTEH
Ta ingexciB NDVI

VY TenepiuiHiii yac HaWuacriiie Uil MOHITOPHHTY
CLIBCHKOTOCTIOIAPCHKHX 3€MENb BUKOPUCTOBYIOTBCS BETe-
TaIiiHi inAekcu [4]. binblla yacTHHA BereTaIliiHuX iHZIe-
KCIB PO3paxoBY€EThCS 32 IOTIOMOTOO JIBOX JIialla3oHiB crie-
KTpaJIbHOI BiIOMBHOI 3MaTHOCTI POCIHH, SKi € HaHOLThII
CTaOUTEHIIMH 1 HE 3aJIeKaTh BiJ| iHITNX YMHHUKIB. [lepmmii
nianazon 0,62-0,75 MKM BiATIOBiIa€ YepBOHIH 30HI CITEKT-
py, Ha sKiil crocTepiraeTbcsi MaKCUMyM IIOTJIMHAHHS CO-
Hs9HOI pamiamii xmopodinom. Hdpyruit miamason 0,75-1,3
MKM € OIIIDKHEIO 1H(pauepBOHOIO 30HOKO CIIKTPY, A€ Bij-
OyBa€TbCsl MaKCUMallbHE BINOMTTSl €HEepril KIIITUHHOO
CTPYKTYpOro jucta. Husbki 3Ha4YeHHs KOCQIIIEHTIB Bijl-
OWTTSI B YEPBOHIN 30HI CHIEKTPY 1 BEJIMKI 3HAUCHHS B OJIU-
XKHIH iH(ppayepBOHil 30HI 00YMOBIICHI, SIK IIPABUIIO, BEJIH-
KO0 (piTOMACOI0 POCIMHHOCTI Ta T BUCOKOIO (OTOCHHTE-
TUYHOIO aKkTHBHICTIO. HopMarizoBaHuii pi3HUIICBUIA Bere-
Tamiftanii ingexe (NDVI) y TenepimnmHiii 9ac BHKOPHCTOBY-
€TbCS Y TPaOMLIHUX METOAAX PO3PI3HEHHS POCIMHHOCTI
Bil IHIIMX TIPUPOAHUX 00'ekTiB. HopmaizoBaHMil pi3HH-
LIEBHI BETCTAIIHUI 1HIEKC PO3paXxOBY€ETHCS SIK [4]:

_ NIR- RED
NIR+ RED ’

ae NIR — 760-900 um (OmmokHs iHGpavyepBOHA 30HA
crekTpy, kaHan b8 cymytHuka Sentinel-2 (832 Hm);
RED — 630-690 aM (BHOuMa YepBOHA 30HA CIIEKTPY),
kaHa1 b4 cymytHuKa Sentinel-2 (665 HM).

Ilig gac mpoBeneHHs (PpaKTaIBHOTO aHAII3y KOC-
MIYHUX (UM(PPOBHX) 3HIMKIB CIIOYATKY HPOBOJUTHCS
pO3paxyHOK (paKkTaabHHUX po3MipHOCTEH i moTiM Oyy-
€ThCs TOJIe (paKTaIbHUX po3MipHOCTEH. IcHye Benmka
KUTBKICTP METOJIB pPO3PaxyHKy (pakTaJbHHUX PO3Mip-
HOCTEH, ane Ha MPaKTHIi I aHaTi3y HU(PPOBUX 3HIM-
KiB Hal9acTile BHKOPHUCTOBYETHCS METOJA IOKPUTTS
[10]. Lei# meron 3abe3neuye po3paxyHOK pO3MipHOCTI
I'aycnopda — besnkoBuya, sika ONMCYETHCSI BUPA30M:

D= lim 28NE)
e—0 log(1/¢)

NDVI (1

€3

JIe &€ — TOBXKMHA CTOPOHU Ky0a (MakcuMajbHa JOBXKHUHA
JIOPIBHIOE PO3MIPY «BiKHA»), SIKUM TOKPUBAIOTH TPUBHU-
MipHE TpeAcTaBiIeHHs U(POBOTO 3HIMKA; N(g) — Kilb-
KicTh Ky0iB, IIT0 HAKPUBAIOTH 3HIMOK.

[Topsimox BU3HaUeHHs (hpaKTaLHOT PO3MIPHOCTI 3a
METOJIOM MOKPUTTS JOoKIagHo omucano y [10], a y [7] —
niporiec 1oOyaoByu noust paxraabHUX po3mipHocTeid. Iin

yac noOymoBH Mo (paKkTaJbHUX PO3MIPHOCTEH MPOBO-
JIMTHCSI CKaHYBaHHS KOCMIYHOTO 3HIMKa «BIKHOM», PO3Mi-
POM nXm TIKCENiB, 3 KPOKOM HepeMimeHHs s (mpu s = 1
«BIKHO» € «KOB3AIOUUM», & NP § > 1 — «CTpHOAIOINM).
J17151 KOYKHOTO TOJIOKEHHS «BIKHa» PO3PaXOBYETHCS YHCIIO-
Be 3HaUCHHs (PpaKTaIbHOI PO3MIPHOCTI y «BIKHI» 1 3amu-
cyeTbCcsa B MaTpuiiro D, sika Ha3WBAEThCS «I10IEM (ppakTa-
JBHUX PO3MipHOCTE». Y poOOTi i yac MoOyIOBH OIS
(bpakTansHUX PO3MIPHOCTEH PO3MipH eJIeMEeHTa KOCMITHO-
TO 3HIMKA BHOpaHi 56X56 MiKCeiB, a pO3MipH «KOB3ar090-
ro BikHa» (s = 1) HOPIBHIOIOTE nxm = 4x4 mikcem. Y po-
6orax [5, 8] 3a3HaganoCs, 10 HAMOLIBII IHPOPMATUBHIMHU
I 9ac OI[HKM CTaHy CUIbCBKOTOCIIOAAPCHKUX KYJIBTYp €
MiHIMaJIbHI, MAaKCUMAJIbHI 1 CepeliHi 3HAYCHHS IHICKCIB
NDVI i ¢pakransHux po3MipHOCTEH.

Po3risiHeMo BIIMB SICKPAaBOCTI KOCMIYHOTO 3HIMKA
Ha MiHIMaJbHi, MAKCUMAJIbHI 1 Cepe/IHi 3HAUSHHS 1HJIeK-
ciB NDVI i ¢pakTanpHIX po3MipHOCTEH MO, 3aCisHO-
ro KyKypyn3oro. Y Tabi. 3 HaBeJCHO MiHIMaibHI, MaK-
CHUMalbHI 1 cepemHi 3HadeHHs iHAeKkciB NDVI 3niMka
moJst 3 KyKypynzoro craHoM Ha 31.07.16 mpm pi3Hii
SICKpaBOCTI. SIK BUIHO 3 aHANI3y JaHUX TaOI. 3, mifg Jac
30UIBIICHHS SICKPAaBOCTI 3HIMKA Cepe/IHI 3HAUCHHs iH/Ie-
kciB NDVI 3menmytothes. [Ipu 11bOMy pi3HHUIIS Y BEITU-
yuHi iHgekcy NDVI BinOyBaeTbcst y Ipyromy 3HaKy
miciast KOMU (32 BUKJIFOUEHHSIM 30UIBIIEHHI SICKPaBOCTI
1o +50%). Tobro 3minn ingekcy NDVI npu Benuknx
3HAYEHHSX SCKPAaBOCTI HE JI03BOJISTH OLIHIOBATH CTaH
MoCiBiB. 3MiHM MiHIMANBHUX 1| MakCHUMaJbHUAX 3HAYCHBb
iagekciB NDVI matoTs Takiif ke XapakTep, ajue MiHiMa-
JbHI 3HAYCHHS 3MEHIIYIOThCS HE TaK IIBUJAKO, K MaK-
cUMaJIbHI 3Ha4YeHHs iHaekcis NDVI.

[Tix yac 3MeHIIEHHS SICKPAaBOCTI CepeIHi 3HAaYCHHS
iagekciB NDVI criodaTky pi3ko 30UTBIIYIOTECS, @ TTOTIM
JIOCSITat0Th NPUOJIM3HO MMOYaTKOBHX 3HA4YeHb (TIPH SICK-
paBoctsix +40% i +50%). Taki 3minu iHgexcy NDVI
JIO3BOJISIFOTH OLIIHIOBATH CTaH MOCIBIB TMiX 4Yac 3MeEH-
HICHHS SICKPABOCTI 3HIMKA. MiHIMaNbHI 3HA4YeHHS iHJIe-
kciB NDVI mijg yac 3MeHIIEHHsI ICKPaBOCTI MOBOIATHCS
HE PEryJIsIpHO, CIOYATKy 3MEHIIYIOTHCS, MOTIM 3011b-
OIYIOTBCS, Jalli 3MEHIIYIOTHCS 1 3HOBY 301IBIIYIOTHCS.
Makcumaneai 3HaueHHsa 1HAekciB NDVI moBomsTecs
peTyISIpHO, CIOYAaTKy 30UIBIIYIOTBCS, a MOTIM MOHO-
TOHHO 3MEHIITYIOTBCSL.

V Tabn.4 HaBeleHO MiHIMajabHI, MAKCUMAaJIbHI 1
cepenHi 3Ha4YeHHA (PpakTaJbHUX PO3MIpHOCTEH (KaHa-
niB b4 1 b8) 3HiIMKa TOJIT 3 KYKypyA30H0 CTaHOM Ha
31.07.16 npu pi3Hii sickpaBocTi. 3 AaHUX TabJ. 4 BHI-
HO, 10 XapakTep 3MiH MiHIMQJIbHUX, MaKCUMAaJbHUX i
CepeaHiX 3HaYeHb (PpakTaTBHUX PO3MIPHOCTEH IS Ka-
HamiB b4 i b8 3HIMKa OIS 3 KyKypy/A3010 Bipi3HAIOTH-
cst Mk coboro. [l 3HiMKa kaHanmy b4 cepenni ¢paxra-
JBHI PO3MIPHOCTI Ml 4ac 301IbIIEHHS SICKPABOCTI CHO-
YaTKy 30UIBIIYIOTHCS, @ MOTIM 3MEHIIYIOThCS, ajle 3Ha-
YeHHsI 3MIHIOIOThCS He 3HauHO. [Ipu 1npoMy pi3HHIS Y
BeNWYMHI (paKTadbHOI PO3MIPHOCTI BiOYBa€THCS Y
TPETbOMY 3HaKy ITicisi KoMU. MiHIMaJbHI 1 MaKCUMaJIb-
Hi ¢pakTanbHi po3MipHOCTI 3HIMKa KaHaiIy b4 mpu 36i-
JIBIICHHI SICKPABOCTI MPAKTUYHO HE 3MiHIOIOThCA. [lin
yac 3MEHIICHHsI SICKPaBOCTI 3HIMKa KaHATy b4 cepemHi
(pakTanbHi PO3MIPHOCTI CIOYATKY 3MEHINYIOTHCS, a
TOTIM 301JTBITYIOTHCS 1 3HOBY 3MEHIITYIOTBCS.
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Tabnuya 3 — 3navyenns inpexcy NDVI 3nHiMKa moJist 3 Kykypya-
3010 craHoM Ha 31.07.16 npu pi3Hiii sickpaBocri

Sckpa- Inpexc NDVI
BICTH NDV | yin NDV | yae NDV cep
3HIMKY
0% 0,612 0,701 0,679
+10% 0,605 0,688 0,669
+20% 0,598 0,674 0,656
+30% 0,575 0,655 0,637
+40% 0,546 0,628 0,609
+50% 0,508 0,578 0,563
0% 0,612 0,701 0,679
-10% 0,610 0,708 0,686
-20% 0,616 0,707 0,686
-30% 0,610 0,706 0,682
-40% 0,618 0,704 0,677
-50% 0,600 0,697 0,680

Tabruys 4 — 3nayeHHs ¢ppakTaabHOI po3MipHOCTi 3HIMKIB
noJf 3 KyYKypya3oro cranom Ha 31.07.16 npu
Pi3Hiii sckpaBocTi

Slckpa- DpakTajabHa po3MipHiCTH
BicTH rkanaJa b4 KkaHaJa b8
3HIMKY | Duin | Duake Deep Dyin | Dyake Deep
0% 29242998 | 2,963 | 2,958 2,996 | 2,982
+10% 29212997 | 2964 [2960 2997 | 2983
+20% 2,923 12,997 | 2969 |2964|2997 | 2985
+30% 2,923 12,998 | 2,966 |2965|2998 | 2986
+40% 292312998 | 2,963 [2,967 2998 | 2,986
+50% 2,926 (2998 | 2,966 |2,991 |3,000| 3,000
0% 29442994 | 2,973 [ 2,958 | 2,996 | 2,982
-10% (2910 (2,998 | 2,956 [2,957 (2,996 | 2981
-20% (2919 13,000 | 2,970 |2,949 2,998 | 2979
-30% (2,904 3,000 2965 294312998 | 2977
-40% 2,907 | 3,000 | 2,963 |2953 (2998 | 2982
-50% [2.,885 (3,000 | 2,952 |2957]3,000]| 2982

PisHnns y BenmmunHiI PpakTanibHOI PO3MIPHOCTI Bi-
IOyBa€eThCS y APYroMy 3HaKy Iicist komu. ToOTo xapa-
KTep 3MiH CepelHiX (paKTaTbHUX PO3MIPHOCTEH HE
MPOTHO30BaHWI. MiHIMaNbHI (paKTalbHI PO3MIPHOCTI
3HIMKa KaHay b4 3MiHIOIOTBCS, SIK 1 cepeHi ppaKkTaib-
Hi po3MipHOCTi. MakcuManbHi QppakTambHi pO3MIpHOCTI
M1 Yac 3MEHILEHHs SICKPAaBOCTI CIIOYaTKy 30UIBIIYIOTh-
csl, a IMOTIM He 3MIiHIOIOTHCS.

TakuM 4YMHOM, pO3paxyHOK (hpakTaIbHUX PO3MIp-
HOCTel 3HIMKa KaHaiy b4 i yac 301IbIIeHHS SICKpaBo-
CTi 3HIMKa Ja€ MPOTHO30BaHI Pe3yNbTaTH, ajie TiJa Jac
3MEHIIIEHHS SICKPaBOCTI ()paKTaIbHI PO3MIPHOCTI MOBO-
JSITBCSI HE TTPOTHO30BAHO.

Cepenni 3HaueHHs (pPaKTaJbHUX pPO3MIPHOCTEH
3HIMKa KaHaiy b8 mix yac 301ibIIeHHs sSCKpaBocTi 30i-
JBIIYIOTHCS MOHOTOHHO 1 TPOTHO30BaHo. [Ipu 1mbomy
pi3HMILS Y BesnuuHI PpakTanbHOi po3MipHOCTI BinOyBa-
€TBCSl y TPETbOMY 3HAKY IiCJIs KOMH (32 BUKIIOYCHHSIM
30utbImIeHH] sickpaBocTi 10 +50%). MinimManeHi ¢dpax-
TalbHI PO3MIPHOCTI 3HIMKa KaHaly b8 301IbHIyIOTHCS
IIPOTHO30BAHO (32 BUKIIOYEHHSAM 3HIMKA 3 SCKPaBiCTIO
+50%), a MaKCUMaJbHI — MPAKTUIHO HE 3MiHIOIOTHCSL. .

ITix yac 3MeHIIeHHS SICKPaBOCTi 3HIMKa KaHamy b8
cepesiHi 3HaUeHHS (PpaKTaIbHUX PO3MIpPHOCTEH criovar-
Ky HE3HaYHO 3MEHIIYIOThCS, @ TOTIM JOCATAal0Th MOYaT-
KOBHX 3HaueHb. PI3HUI y BenM4MHI (pakTaabHOI po3-
MIpHOCTI BiIOyBa€TbCs y TPETHOMY 3HAKY IICISL KOMH.

MiniManbHI pakTanbHi po3MIpHOCTI 3HIMKA KaHainy b8
3MIHIOIOTBCS, SIK 1 cepeiHl (pakTaabHI PO3MIPHOCTI.
MakcumanbHi 3HaueHHs (paKkTaIbHUX PO3MIPHOCTEH
MIPaKTHYHO HE BIJPI3HSIOTHCS NMPU PI3HUX 3HAYCHHSX
SICKpABOCTI 3HIMKA. TakuM YWHOM, [ Yyac 30UTBIICHHS
a00 3MEHIIICHHS SCKPABOCTI 3HIMKa KaHalIy b8 3HadeH-
HA (paKkTaJbHUX PO3MIPHOCTEH 3HIMKA MOBOIATHCS
MIPOTHO30BAHO, a PI3HUII Y BENMUMHI (paKkTaIbHOI PO-
3MIipHOCTI BiIOYBA€ThCA y TPETHOMY 3HAKY IiCISI KOMH.

MoxHa 3poOWTH 3aralbHUN BHUCHOBOK, IO IIPU
BEJIMKHMX 3HAYEHHSIX ACKPaBOCTI 3MiHHU iHmekcy NDVI
HE J03BOJIATH OLIHIOBATU CTaH IOCIBIB (pi3HUIA Y Be-
mnumHi iHnexcy NDVI BinOyBaeTbest y Ipyromy 3HaKy
MICJISE KOMH). AJie Mij] 4ac 3MEHIICHHS SICKPABOCTI 3HIM-
ka 3MmiHn iHaekcy NDVI 103BOJSIOTE OIIHIOBATH CTaH
MOCiBiB. 3acTOCYBaHHS CepelHIX (pakTaJbHUX PO3Mip-
HOCTEH ISl OL[IHKH CTaHy IOCIBIB JI03BOJIIE IPOBOJUTH
aHaJi3 KOCMIYHMX 3HIMKIB MU OUTBIIIN 3MiHi IX sICKpa-
BOCTI, MTOPIBHSHO 3 BUKOPHUCTAHHSAM CEpEIHIX 1HACKCIB
NDVI. /Inst oniHKA cTaHy MOCIBIB ITiJ Yac 3MiHi sicKpa-
BOCTI 3HIMKIB JIOIJIFHO 3aCTOCOBYBaTH KOCMIdYHI 3HIM-
ki Ka"amy b8 cymytHuka Sentinel-2 mms skux po3paxo-
BYIOTBCS cepeHi (hpaKTalibHiI PO3MIPHOCTI.

BucnoBku

JIns  MOHITOPHHTY 3€Mellb  CiTbCBKOTOCIIONap-
CBKOTO TIPH3HAYCHHS IyXKe IIHPOKO 3aCTOCOBYIOTHCS
kocmiuHi 3acobm [I33. YV TemepimmHii uwac mani 33
3’SBWIHCSA Yy BITBHOMY IOCTYI y Mepexi [HTepHer i
MalOTh BHCOKY PO3ILIbHY 3IaTHICTh. Pi3Ha SCKpaBiCTh
KOCMIYHUX 3HIMKIB MOKE BIUIMBATH Ha SIKICTh IpPOBe-
JICHHS OLIIHKU CTaHy CIJIbCbKOTOCIIOAAPCHKIX KYJIBTYD.

ITin yac OLIHKM CTaHy CLILCHKOTOCIIOJAPCHKUX 3€-
MeJTh HalO1JIbII YaCTO BUKOPUCTOBYIOTHCS METOIH 00pO-
OKM KOCMIYHHUX 3HIMKIB 3 32CTOCYBaHHSM PI3HOMaHITHHUX
BETeTAIIHNX 1HAEKCIB, 30KpeMa HOPMAaJIi30BaHOIO pi3-
HUIIEBOTO BereramiiiHoro iHgekcy NDVI. Ame mis pos-
paxyHky iHgekcy NDVI HeoOXimHO nNaHi 3 OJMKHBOTO
iH(pauepBOHOTO Ta YSPBOHOTO KAHAIIB, 1[0 OTPHMYOTh-
cs 3 0araToCIeKTpaNbHOI amapatypu CymyTHHKIB J[33.
Jns migBuImeHHs iHPOPMATHBHOCTI KOCMIYHUX 3HIMKIB
i 9aC MOHITOPUHTY CLIBCHKOTOCIIONAPCHKUX KYJIBTYP
JIOLIIJIEHO 3aCTOCYBaTH (ppakTajbHUI aHal3, KKl 0a3y-
€TbCS Ha MOOYJNOBI MOJs (paKTaibHUX PO3MIPHOCTEH.
[pu boMy MOXXYTh BUKOPHCTOBYBAaTHCS JJaHHI TiJIbKU 3
OJTHOTO KaHaiy cymyTHHKa Sentinel-2 (kanan b8). Pizna
SCKPaBICTh KOCMIYHUX 3HIMKIB ITOJIB, 3aCisTHUX CiJTbCh-
KOTOCIIOJIAPCHKUMH  KYJIbTYpaMH, TPHBOJHUTH 0 HEOO-
XiJJHOCTI TPOBEIEHHS JOCIi/UKEHHs ii BIUIMBY Ha BEJH-
YMHM (paKTaIbHUX po3MipHOCTeH Ta iHnekciB NDVI.

[IpoBenenuit aHami3 mokas3aB, IO 30UTBIICHHS 1
3MEHIIICHHS SICKPABOCTI KOCMIYHUX 3HIMKIB BIUIMBAE€ Ha
MOBEJIIHKY TX MaKCHMaJbHUX 1 MiHIMAJIbHUX 3HAYEeHb Ha
3HIMKax Ui pi3HUX KaHajiiB (kaHauiB b4 i b8) cymyrt-
Huka Sentinel-2. 3miHa Aiana3oHy SCKpPaBOCTI HA 3HIM-
Kax TaKOXK 3aJIe)KUTh BiJl KaHay CymyTHHKa Sentinel-2.

[Ting yac 30inbIIEHHS SICKPABOCTI 3HIMKa CepeaHi
3HadeHHsA iHAekciB NDVI 3menmytotscs. Ilpu mpomy
pisanng y BenuuunHi ingexcy NDVI BizOyBaeTscs y
JPYTOMY 3HAaKy IICIii KOMH (32 BUKIHOUCHHSIM 301Jb-
meHHi sckpaBocti 10 +50%). ToOro 3MiHM iHAEKCY
NDVI npu BenMKHX 3HAa4EHHSIX SCKPAaBOCTI HE JI03BO-
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JISATH OLIHIOBATH cTaH mociBiB. Ilix yac 3MeHIIEHHS sic-
KpaBocTi cepenHi 3HaueHHs inaekciB NDVI cnouartky
PI3KO 30UIBLIYIOTHCS, @ IMOTIM JOCSTaloTh MPUOIM3HO
MOYAaTKOBUX 3Ha4eHb (1pHu sickpaBocTsaxX +40% 1 +50%).
Taki 3mian iHAekcy NDVI 103BONSAIOTH OLIHIOBATH
CTaH MOCIBIB IIiJ] Yac 3MEHIIICHHS SICKPaBOCTI 3HIMKA.

Jis 3HiMKa KaHATy b4 cepemHi GppakTaibHI po3Mi-
pHOCTI min 4yac 30UTBIICHHS SICKPAaBOCTI CHOYATKy 30i-
JBIIYIOTHCS, @ TIOTIM 3MEHIIYIOThCS, aje 3HAuYSHHS 3Mi-
HIOIOTBCSI HE 3HAYHO. [Ipu 1IbOMY DPI3HHI y BEIHYHHI
(¢pakTanbHOI PO3MIPHOCTI BIiIOYBAETBCA y TPETHOMY
3HaKy micns komu. CepenHi ¢pakranbHi po3MipHOCTI
Iij] 9ac 3MCHINCHHS SICKPaBOCTI 3HIMKa KaHaiy b4 cro-
YaTKy 3MEHIIYIOThCS, @ MOTIM 30UIBLIYIOTHCS 1 3HOBY
3MEHIIYIOThCS, TOOTO XapakTep 3MiH cepelHix ¢paxra-
JIBHUX PO3MIPHOCTEH HE MPOTrHO30BAHUH.

Cepenni 3HaueHHs (pakTaJbHUX pPO3MIpHOCTEH
3HIMKa KaHairy b8 mix 9ac 30iNbIIeHHS SCKpaBOCTi 30i-
JBLIYFOTBCS MOHOTOHHO 1 MPOTHO30BaHO. Ilpu mpomy

pi3HMLS Y BesnuuHI PpakTanbHOi po3MipHOCTI BinOyBa-
€TBCSl y TPETHOMY 3HAKY MICJISI KOMH (32 BUKJIIOUECHHIM
30ubIIeHH] sickpaBocTi 10 +50%). Ilix yac 3MeHIIeHHS
SICKpABOCTI 3HIMKa KaHaly b8 cepeiHi 3HaYCHHS (pak-
TaJbHUX PO3MIPHOCTEH CIIOYaTKy HE3HAYyHO 3MEHIIY-
IOThCA, @ THOTIM JOCSTalOTh MOYaTKOBHX 3HAYCHB, IO
TaKOX MOKHA MPOTHO3YBaTH. 3aCTOCYBaHHS CEepemHIX
(pakTaIbHAX PO3MIPHOCTEH IUIA OIIHKH CTaHy IOCIBiB
JO3BOJISIE TIPOBOJHUTH aHAJi3 KOCMIYHHX 3HIMKIB IpH
OUTBIIIN 3MiHI IX SCKPaBOCTi, HOPIBHSIHO 3 BUKOPHCTaH-
HAM cepenHix iHgexciB NDVI. Jlns omiHku ctaHy moCi-
BIB MiJl Yac 3MiHi SCKPaBOCTi 3HIMKIB JIOIUIBHO 3aCTO-
COBYBAaTH KOCMi4HI 3HIMKM KaHaiy b8 cymyTHHKa
Sentinel-2 1 SKUX PO3PaxOBYIOTHCS cepelHi (pakra-
JbHI po3MipHOcTi. [lig Yac momambIIMX IOCIIKEHB,
JOLIbHO 3JIMCHUTH OIIHKY BIUIMBY KOHTPAcTHOCTI
KOCMIYHHUX 3HIMKIB TOJIB, 3aCiTHUX CUILCHKOIOCIOIap-
CHKMMH KyJIbTYPaMH, Ha BEIWYNHH (paKTaIbHUX PO3-
MipHOCTel Ta ingekciB NDVI.
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Estimation influencing brightness of agricultural cultures spaces pictures on sizes fractals dimensions and indexes NDV |
Ruslan Pashchenko, Maksim Mariushko

Abstract. Spaces pictures in-use for monitoring agricultural earths can have a different contrast that can influence on quali-
ty through estimation of the state agricultural cultures. The subject of the study in the article is estimation of influencing brightness
spaces pictures on the sizes fractals dimensions and indexes NDVI. The object of the study is the spaces pictures of agricultural
cultures satellite Sentinel-2 with a different brightness. The goal is estimation influencing brightness spaces pictures of the fields
sown by agricultural cultures, on the sizes fractals dimensions and indexes NDVI. Thefollowing results were obtained. Conducted
estimation maximal and minimum values of brightness at the change brightness initial pictures of the different channel (channel b4
and b8) satellite Sentinel-2 and it is certain that for the different ducting of satellite Sentinel-2 the increase and diminishing of bright-
ness on different influences on their conduct. Change range of brightness on a picture at the change brightness also depends on the
channel of satellite Sentinel-2. Influence brightness spaces pictures is investigational on the sizes fractals dimensions and indexes
NDVI. It is certain that during the increase brightness picture the mean values indexes of NDVI diminish. Thus a difference in the
size index of NDVI takes place in the second sign after a comma that does not allow to estimate the state of sowing at the large val-
ues brightness by the index NDVI. During diminishing brightness the mean values of indexes NDVI are at first sharply multiplied,
and then achieve the initial values approximately, that allows to estimate the state of sowing. Show that for the picture channel b4
middle fractals dimension during the increase of brightness at first is increased, and then diminish, but the values change not consid-
erably. Thus a difference in the size fractal dimension takes place in the third sign after a comma. Character changes of middle frac-
tals dimensions during diminishing brightness of picture channel b4 it is not forecast. It is certain that mean values of fractals dimen-
sions picture channel b8 during the increase brightness is increased droningly and forecast, and during diminishing brightness mean
values of fractals dimensions at first insignificantly, and then achieve the initial values, that it is also possible to forecast. Conclu-
sions. The conducted researches showed that application average fractals dimensions for estimation of the state sowing allows to
conduct the analysis spaces pictures at the greater change their brightness as compared to the use average indexes NDVI.

Keywords: estimation the state of agricultural cultures, brightness of space picture, fractal dimension, index NDVI.
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ABTOMOOINBLHUN, PiYKOBUMN,
MOPCLKUU Ta aBialiMHUN TPAHCNOPT

VIK 656.051

€. B. Jlioowuii, K. I. lopodeer

doi: 10.26906/SUNZ.2024.3.011

XapKiBCbKHI HalliOHANBHUI aBTOMOOITBHO-OPOXKHIN YHIBEpCUTET, XapKiB, YKpaiHa

IMPAKTUKA BUKOPUCTAHHSA HIEPEJICUI'HAJIIB

AHoTauis. Y npeacrasieHiii cTaTTi NpoaHaIi30BaHO TOCBi BUKOPUCTAHHS NEPEICUTHATIB U1 BUPILICHHS IPOOIEeMHOTO
IIUTAaHHSA 0RO e(EKTUBHOTO YIPABIIiHHS TPAHCIIOPTHUMH IIOTOKaMH Ha PEryJIbOBAaHUX MEPEXpecTsX. 3a pe3yIbTaTaMHt Ipo-
BEZICHOT'O aHaJIi3y BCTAHOBIICHO, 1[0 OCHOBHUMH HalpsMaM{ BUKOPHCTaHHS MEpEeICUTHANIB SK 3acC00iB yIpaBIiHHSI TPaHC-
MOPTHUMY OTOKaMH Ha MiCBKHX MariCTpasixX € IpiopUTH3aLis pyXy ITpOMaJICKOTO TPAHCIIOPTY Ha IIAXOAI 10 TIepexpecTst
Ta BXKe 0e3rnocepe]Hh0 Ha HhOMY, a TAaKOX ONTHUMI3allisl CBITJIOYOPHOTO PEryJIFoBaHHS JOKAJIBHUX MEepPeXpecTb ado IpyIH
nepexpects. OCHOBHUMH KPUTEPISIMHU 100 OI[IHFOBAHHS 3aX0/IiB OO0 MiJBUICHHS ¢()EKTHBHOCTI YIIPaBIiHHS TPAHCIIOP-
THHMH IIOTOKaMH Ha PETyJIbOBaHHUX IIEPEXPECTSIX 3 BUKOPHCTAHHAM IIEPEICUIHANIB MOXKHA BBAXKATH TPAHCIOPTHI 3aTPUMKH,
BUTPATH 4YacCy KOPHCTYBadiB IPOMaJICBKOIO TPAHCIIOPTY, PiBEHb 00CIYyrOBYBaHHS IIEPEXPECTs TA JOBKHHA YEPIH TPAHCIIO-
pTHEX 3ac00iB. OCHOBHMMH 3aco0aMH, 1110 BUKOPHCTOBYIOTHCS I OLIHIOBaHHS €(pEKTUBHOCTI pOOOTH CBITIOPOPHUX CHC-
TeM 3 BUKOPUCTaHHAM IEPEACUTHANIB € IMiTaIliiiHe MOJEIIOBAHHS, AJISl YOTO 3aCTOCOBYIOTHCS HAMITOMY ISpHINI cepen daxi-
BLIB raiy3i nporpamti npoxyktu — VISSIM, SUMO, AIMSUN. IloTeHIiiHUM HanpsIMOM MOJANBIINX JOCIIIKEHD € PO3-
poOka nmpuHIHIIB BUOOPY 1 OOTpYHTYBaHHS MiCIlb PO3TAIlyBaHHS MIEPEICUTHAIIB Ha MiCBKUX MaricTpasix.

KawuoBi cioBa: nopoxHiil pyx, CBITIO(OpHE PEryIOBaHHS, PETyIbOBaHI EpeXpecTs, MepeICUTHall, TPAHCIIOPTHI 3a-

TPUMKH, NIPOITYyCKHA 3AATHICTb.

Beryn

IMocTranoBKa 3aBnanHs. [ligBUIIICHHS PIBHS aBTO-
MOOIJIEKOPHUCTYBaHHS MICHKOTO HACEJICHHS BIUIMBAE Ha
PIiBEHB 1 SIKICTh TPAHCIOPTHOT'O OOCIYrOBYBaHHS ydac-
HUKIB JIOPO’KHBOTO PyXY, OCOOIMBO B MICBKHX yMOBaX.
MichKi epexpecTsi € OTHUM i3 OCHOBHHX MICITh KOHIICH-
Tpamii KOHQIIKTHAX CHTYaIliil A yYacHUKIB TOPOXK-
HBOTO PyXY 1 TOJIOBHUM JXKEPEJIOM BUHUKHEHHSI TPaHC-
MOPTHHUX 3aTpuMoK. Ha nmaHunit wac Bxe BizomMo Gararo
MPaKTHK IOAO0 CKOPOYEHHS 3aTPHUMOK TPAHCIIOPTHHX
MOTOKIB SIK Ha PETYJIbOBAHUX, TAK 1 Ha HEPETyJIbOBAHUX
MepeXpecTsx, BIPOBAPKEHHS SKHX JIO3BOJISE IOKpa-
LIMTH SIKICTh TPAaHCIIOPTHOTO OOCIYyrOBYBaHHs Di3HUX
YYacCHHKIB JIOPOKHBOTO PYyXYy.

Bigomo, 1o JieBoBa yacTka 3aTPUMOK TPaHCHOPT-
HUX 3ac00iB 32 yMOB PyXy B MICbKMX YMOBax BiiOyBa-
€THCS caMe Ha PeTyJIbOBaHNX IEPEXPECTsX, TOMY 1 yBara
(axiBIiB (BUCHUX i IPAKTHUKIB) OLIBIIE TPUKYTA CaAME JI0
BUPIIIEHHS IPOOJIeMHU B3a€MOJIIT TPAaHCIOPTHHUX MOTOKIB
Ha IIUX eJIeMEHTaX MiChbKOI BYJIMYHO-ZI0POKHBOT MEpexKi,
SIK B JIOKaJIbHOMY BHUIJISLI (OKpEMi ITepexpecTsi), TaK 1 CH-
cTeMHOMY (rpyma mnepexpectb). OCHOBHUMH 3acobamu
MiHiMi3a1lii TPaHCTIOPTHHUX 3aTPUMOK Ha PETyJIbOBAHUX
MEPEeXPecTIxX €: BH3HAYCHHA ONTHMAJIBHHUX CBITIO(Op-
HUX IUKJIIB; BIPOBAKEHHS KOOPAUHAII pOOOTH CBiT-
no¢GopHUX 00’ €KTIB; BUKOPUCTAHHS €JIEMEHTIB aJalTHB-
HUX 1 IHTENEeKTyallbHUX CHCTEM yIPaBJIiHHS TPAHCIIOPT-
HUMH TTIOTOKAaMH; 3aCTOCYBaHHS IepelicHrHaiiB. Buxo-
pHCTaHHS OCTaHHIX, Ha JaHHUH 4Yac, HE € PO3IMOBCIOKeE-
HOIO MPAKTHKOIO, IO ITOB’SI3aHO, B OLIBIIOMY CTYIICHI, 3
X HeMoMmyJIAPHICTIO 1 HEOOXiJHICTIO 10JATKOBOT'O 00TPY-
HTYBaHHS, a TAKOK CIEL(]iKOI0 3aCTOCYBaHHS — B OCHO-
BHOMY, BUKOPHCTOBYIOTbCS B CUCTEMax abo Ha eJleMeH-
Tax BYJWIHO-IOPOKHBOI Mepexi, Je icHye morpebda B
HaJaHHI TPIOPUTETHOTO PYXy, HANPHKIA, HATAHHS

NPIOPUTETY B Pyci MiCBKOMY I'POMaJICEKOMY TPaHCIIOPTY
a0o0 CrenTpaHCHopTy. AJle He AUBIITYUCE Ha L TOLIJIBHO
OB ITHOIIE PO3TIISIHYTH IPAKTHKY BUKOPHCTAHHS ITe-
pelcuraiiB 3 TOUKU 30py MOKPALIEHHS SIKOCTI PiBHS Tpa-
HCIIOPTHOTO OOCIYrOBYBaHHSI YYacHHKIB JIOPOXKHBOTO
pyXy Ha peryiboBaHMX IepexpecTax abo miaxonax o0
HHX, 1110 i € OCHOBHOIO METOI0 JIaHOT CTaTTi.

BuKkJ1a 0CHOBHOTO MaTepiay

3aranpHa KOHIICIIisI BUKOPUCTAHHS MEPEICUTHATIB
Oyt 3ampoBajpKeHa JUII CKOPOUYCHHS BTPAT Jacy Ha pery-
JIbOBaHMX MEPEXPECTSX, a NepILi MepeCurHaiu Oyu ar-
poboBaHi Ta BcraHoBieHi B 1954 poui B [droccenbaopdi
[1]. Caizx po3yMmity, 1110 Ha MPAKTHUIN peaTi3allisi mepeIcH-
THaJiB € 0OMeskeHor0. Lle MokHa 1MOB’s13aTH 13 He0OXiIHi-
CTIO BH/IUJICHHS JOAAaTKOBOI TEPUTOPIi HA BYJIHYHO-I0PO-
JKHIH Mepexi Mmij X o0anTyBaHHs, 10 € HAJICKIIaJHOO
3a7a4ero Ul CYYacHHUX MICT 3 iX yCTaJleHHM TTaHyBaH-
HsIM 13a0y10BOTO. AJie B OCTaHHI YaCH TIOYAJIO 3’ SIBIISITHCS
Bce OLIbIIe NPHKIIA B BIPOBAPKEHHS CHCTEM 3 TIEpeJICH-
THaJIaMH, OCOOJIMBO 1€ CTOCY€ETHCS MICT KpaiH a3iiichKoro
perioHy, Jie BUPIIIYIOTHCS MTPOOJIEMH NPIOPUTH3ALIT PyXy
IpOMaJICEKOTO TPAaHCIIOPTY Ha MaricTpasx.

B cyuacHiii npakTuii ehekTHBHOI opraHizarii 1o-
POXHBOTO pyXy HaifuacTimie ImiJ] mepeICUrHaIlaMHi po3y-
MIFOTh JJOJJATKOBi CBITJIOGOPH, SIKi pO3MIIIYIOThCS TIEpET
pEryJIbOBaHUMHU TEPEXpecTsMH Ta 3a0e3MeUyIOTh IMeB-
HUH piBEHB MPIOPUTETY AJIS PYXY OKPEMHX CHCTEM Tpa-
HCTIOPTY (TPOMa/ICBKUX TPAHCIOPT, TPAH3UTHI TPAHCIIO-
PTHI IOTOKH, CHEUTPAHCIIOPT), JO3BOJISIOYH IM OMUHATH
Yepru 3 TPaHCIIOPTHUX 3ac00iB, 10 BUHUKAIOTH IEPE]
LUMU niepexpecTsMu [2]. Ane 1ie He €IMHUN MOXKJIMBUN
BapiaHT BUKOPHCTAaHHS IIEPEACUTHAIIIB Y Taly3i ynpas-
JHHS TPAHCTIOPTHUMH HOTOKAMH.

[lepencurnany MOXyTh BHUKOPHCTOBYBATHCH IS
MiIBUIICHAS €(PEKTUBHOCTI KOOPJMHOBAHOTO YIIPaB-
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JIHHS TPaHCIIOPTHUMHM TIOTOKaMHU. Y TakoMy pasi nepej-
CUTHAJIM BCTAHOBJIIOIOTHCS 3 METOIO MiAITPUMKH HapamMe-
TpiB Py TPAHCIIOPTHHX 3aCO0IB, III0 PyXaOTHCS B CKO-
OpAMHOBaHMX CUCTEMax Ha MaricTpajisix, Juis 30epiraHus
CTPYKTYPH 1 AUHAMIYHUX BJIACTUBOCTEH Ia4yKH 3€JIEeHOT
XBHJII. A TaKOXX MOXXYTh 3aCTOCOBYBATHCh [UISl KOPUTY-
BaHHS MOJadi TPAHCIIOPTHUX 3ac00iB, MO TPHOYBAIOTH
JI0 CKOOPAWHOBAHOI MaricTpaii abo il AUISTHKH 3 IPyTO-
PAAHUX HANpPSAMKiB a00 mpoi3niB (BUI3MIB 3 MPHUIIETIAX
Tepuropiit). B TakoMy pasi, B 0cHOBHOMY, nependada-
€ThCS BCTAHOBIICHHS IIEPEACHUTHAIIB 3 OpraHi3alli€ro
CTOI-JTiHIHM 1032 MepeXpecTsIMH, BUKOPUCTOBYIOUH HaJl-
JIMIIKOBY TPUBAJICTH 3€JIEHOTO CUT'HAIY .

[ommpeHe po3NOBCIOKEHHS OTPUMAIH TE€peCH-
THAJIM JUIsl pETYJIIOBaHHS JJOPOXKHBOTO PYXY Ha Mixoaax
1 B MeXXax 3ali3HNYHUX Nepei3iB. MeToo BCTaHOBICHHS
NepeICUTHAIy B IbOMY BUIIAJIKY € 3MEHIIHTH, a B OITH-
MaJIEHOMY BapiaHTi — JIKBiAyBaTH HMOBIPHICTh 3yITHHKH
TPAHCIOPTHHX 3ac00iB Ha 3aJli3HUYHIN KOJIIT ImiJ| 9ac de-
pBoHOI (asu mukiry cBiTrodopy [3]. o Toro x MoxHa
3HAMTH IPUKJIaAN BUKOPUCTAHHS IEPEACUTHAIIB AJIS YII-
PaBIiHHS PYXOM BEJOCHIICIHCTIB [4, 5], X04a momuT Ha
BEJIOCUTIEIN YaCTO € 3aHaATO HU3bKUM, 100 BUIPABAATH
TaKUi YIPaBJIiHHS JOPOXKHIM pyXoM [6].

OTxe, 3 IPENICTABICHOTO BUILE, MOKHA KOHCTaTY-
BaTH, 1[0 OCHOBHUMH HAIpPsIMaMH yJI0CKOHAJIEHHS Opra-
Hi3auii TOpOXKHBOTO PYXY 13 BUKOPUCTAHHSIM HEPEICHT-
HaJiB €:

- TIpiopHUTe3alist pyXy rpOMaJICbKOT0O TPAHCIIOPTY B
MeEXax peryJbOBaHMX IEPEXpecTh Ha MiCBKUX MaricTpa-
JSIX;

- MiIBUIIEHHS ¢(EeKTHBHOCTI CBITIIO(OPHOTO pery-
JIIOBaHHS JIOKAJILHUX NEPeXpecTh ad0 rpyIu NepexpecTb
(xoopauHAIlii pOOOTH CBITIIOPOPHUX 00’ €KTIB) HA MICh-
KHX Marictpaisix;

- Ta IHIII BHIIAJIKU, IO 3yCTPIYAOTHCS 3HAYHO Pi-
JIe, 10 SIKUX MOKHA BIJJHECTH — PETYJIIOBaHHS PyXy
TPAHCIIOPTHUX 3ac00iB 1 3a0e3medeHHs fioro Oe3nexu B
MeXax 3ali3HUYHHX Mepei3iB; opraHizalis eheKTHBHOT
B3a€MO/Iii BEJIO- 1 TPAHCIIOPTHUX MMOTOKIB; HaJ[aHHSI TIPio-
PHUTETY B pyCi CIIETPaHCIIOPTY.

B nogamemomy matepiani craTTi OyAayTh mpezacTa-
BJIEHI TA ONMCaHi NPUKJIaJM BUKOPUCTaHHS IIePEACUTHa-
JIB A7 TIEPIINX ABOX HANpPSIMiB, OCKUJIBKM BOHH Xapak-
TEePHU3YIOTHCSI HAMOUTBIINM TOMIMPEHHSAM 1 TPOPOOKOIO
iX TEOPETUUYHOI Ta IPAKTUYHOI CKJIaJJOBOI.

IIpiopuTte3anisi pyxy rpomMaachbKoro TpaHCIO-
pry. Hananus rpoMazcbkoMy TPaHCIIOPTY MPIOPUTETY €
BKJIMBUM 1 HEOOX1THIM 3aX0I0M TSI TTiABUILIEHHS HOTO
MIPUBA0JIMBOCTI Ta CKOPOUEHHS TPAHCIIOPTHUX 3aTPUMOK
y mictax. Cnig po3yMiTH, IO AOCSITHEHHS MaKCHMallb-
HOTO CKOPOYEHHS 3aTPUMOK aBTOOYCHOTO CIIOJy4EHHS
MIO3UTHBHO BIUIMHE i Ha 3arajbHUi Micbkuil Tpadik [7].

Hanauss npiopurery rpoMagcbkoMy TPaHCHOPTY Y
MO€/IHAHHI 3 BUKOPHCTAHHSM MEpEJICUIHANIB MOKHA
BBa)XaTH THUIIOBOIO ()OPMOIO YNPAaBIiHHS HPIOPUTETOM
aBTOOYCIB, sIKa BUBYAJacs 1 BUBUAETHCS Oararbma JI0Ci-
JHUKAaMH BCbOMY CBITY [8]. Briepire koHIenmiss BUKOpH-
CTaHHs MEPEJCUTHAIIB y IbOMY HampsiMKy Oyja BHCY-
HyTa MiHicTepcTBOM TpaHcnopty bputanii B 1991 p. [7].

YV cBo1o uepry, nepuuii I(pyHTOBHUN TEOPETUUHHI
aHaJli3 BUKOPHCTaHHS TEPEICUTHAIIB IS BUPIIICHHSI

mpo0JieM 3 opraHizami€ro MPiOPUTETHOTO PyXy IpoMa-
CHKOTO TPAHCHOPTY OYyB IpEACTAaBICHUI aBTOpaMu po-
60tu [9], ane 3anpoNOHOBaHAa HUMHU peaji3alis nepeada-
Yaja MOCTiiiHy poOOTy NepelCHUTHaly HE3aJle)HO Bij
yacy npuOyTTst aBToOycy. TunoBa cxema nepencursany,
II0 BHKOPHCTOBYETHCSA 3 METOIO HaJaHHsS IPIOPUTETY
IPOMaJICEKOMY TPaHCHOPTY IIPEACTaBlIeHA Ha puc. 1.

Car Lanes Pre-signal Mixed Lanes
\ \
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» ‘\. \4 \\

Bus Lane Section of lane where lane allocation

is changed intermittently

Main Signal

Puc. 1. TumoBa cxema BCTaHOBJICHHS MEPEACUTHATY JJIS
HaJlaHHA OPIOPUTETY PyXy TpoMaacbkomy Tpancnopty [10]

Agstopu po6oTu [10] IpoBOANIN OLIHIOBAHHS TIepe-
Bar BUKOPUCTAHHS MOCIIIOBHUX (TPYIH) MEPEXPecTb PIIH
BUpILLICHHI 33124l HaJlaHHs IPIOPUTETY B PYCi IPOMAJCh-
KOMY TPaHCIIOPTY. 3a IiJIbOBY (DYHKIIF0 BUKOPHCTAHO 3a-
TPUMKH 1 3aIIPOIIOHOBAHO METOJT ONITUMI3aLli] CHHXpOHi3a-
i1 CHTHAJIIB 1 PO3MOiTY cMyT pyxy. Pe3ynbTatu mocii-
JDKCHHSI 3aCBIAUYIOTh, IO peai3amis 3alpOHOHOBAHOTO
METOJy MOXK€ CKOPOTHTH 3aTPUMKY TPAHCIIOPTHHX 3aCO-
0iB i 3HAYHO TOKPAIIHUTH IPOIYCKHY 3JaTHICTh IEpex-
pects. Ins peanizamii mpiopuTeTy TPOMaIChKOTO TpaHC-
mopty B po6oTi [11] 3ampornoHoBaHO anropuT™M HepeacH-
THAJILHOTO aJIallTUBHOTO YIIPABIiHHS TpagikoM s 3a]10-
BOJICHHSI IOTPEO MPHUBATHOTO Ta IPOMaJICHKOTO TPaHCIO-
PTY, L0 MPALOE B PEKUMI PEAIBHOTO Yacy.

Astopu iH10i poboTH [12] TakoXK A0CIIIKYBaIOCH
nUTaHHS e(hDeKTUBHOCTI HAJAHHS MPIOPUTETY PYXY aBTO-
OycaMm 3 BHKOPHCTaHHSIM IepeacurHany. B HacTymHii
pobori [13] aBTopamu OyI0 yIOCKOHAJICHO KOOPIMHA-
HiffHI 3B'I3KM OCHOBHOTO 1 MEpPEACHTHANY, a TaKOX
CKJIAJIN KpWBI NpUOYTTS Ta BIANPABIECHHS TPaHCIOPT-
HOT0 3aC00Y BiIOBITHO IO TIPABHII IPHOYTTS Ta BiaIpa-
BJICHHSI HA OCHOBHHUH curHai. [lo Toro x y po6oTi 3ampo-
ITOHOBAaHO METOJ PO3paxyHKy 3MiHM 3aTPUMKH IpoMa/l-
CHKOT'O TPAHCIIOPTY Ta IHIIMX TPAHCIIOPTHUX 3aCO0IB 10
1 TTiCJISI BCTAHOBJICHHS TIEPENICUTHAITY.

OnTuMizanii crparerii KOOpAMHOBAHOTO YIpaB-
JIHHSA OCHOBHOTO CHTHAJy 1 MEpeACHTHAIY I Ipiopu-
TH3allii pyXy rpOMajICbKOTO TPAaHCIOPTY MPUCBSYEHA PO-
6ora [14] i oTpuMaHHs pe3ybTaTiB BHECEHUX B KO-
OpJMHAIIIIO 3MiH aBTOpPaMH 3MO/IeNIbOBaHI Pi3Hi cuTyanii
3a JIOIIOMOT010 IporpaMHoro 3abe3nedenHs VISSIM.

B po6ori [8] aBTOpamu 3arpornoHOBaHO BUKOPHC-
TOBYBATH INEPEICUTHAIM JJIsl HaJlaHHS TIPIOPUTETY TPo-
Ma/ICBKOMY TPaHCIIOPTY Ha IiJXOJi A0 PEerysibOBaHOTO
MepexpecTs, 3a PaxyHOK 4YOro y LUX TPaHCIIOPTHUX 3a-
co0iB BHHHKA€E MOXXJIMBICTH 00MpaTH OyAb-AKy CMYTY 3
Nepeltiky HasiBHUX JUIsl TMPOJOBXKEHHS pyxy. BcraHoB-
JIEHO, IO TiCIs BIpoBapkeHHs tandem design Ha mepe-
XpecTi 3aTpuMKa aBTOOYCiB 3MeHITyeThca Ha 27,9%, a
3aTpUMKa TPAHCIIOPTHUX 3aC0O0iB, IO TIOBEPTAIOTH JIiBO-
py4, Ha 5,9%.

12



ISSN 2073-7394

CucreMu yrnpaBiiHHs, HaBiraiii Ta 3B's3ky. 2024. Ne 3

HoBy cxeMy AMHAMIYHOTO PO3MOJIUTY CMYTH PYXY
aBToOycCiB 3amporoHyBanu aBTopu [15], mo no3Boise
ONTHMI3yBaTH 0OpaHi MapaMeTpH, MiHIMI3ylo4M 3ara-
JIbHY 3aTPUMKY (BKJIIOYAIOYM 3aTPUMKY aBToOyca i 3a-
TPUMKY TpPaHCIIOPTHUX 3ac00iB), cxema Ipe/CTaBiIeHa
Ha puc. 2. HemomikoM cTatTTi € BiICYTHICTh MPaKTHIHOL
peautizariii 3aIpOIIOHOBAHOI CXEMHU.

Detector |

Detector 2

Puc. 2. Cxema MpOCKTYBaHHS THHAMIYHOTO PO3MOALTY
Ul CMYTH TPOMAJICBKOT0 TpaHCcopTy [15]

B crarti [16] npencraBneHo NMPUHIMIK ONTHMIi3a-
il yrnpaBiiHHS MepeICUrHaIaMu, 010 HaJlallTyBaHHS
CUTHAJIIB Ha OCHOBI MiHiMi3allii 3arajJbHUX BUTPAT Yacy
KOpHUCTYBaviB TpaHcropty. Po3pobiieHo Monenb s
ONUCY AMHAMIKK YEPTH IS 3MIIIaHUX CMYT pyXy Hicis
cBiTIIOOpa, a TAKOXK A CMYT IUIA aBTOOYCIB Ta aBTO-
MoOLTiB mepen cBiTmodgopomM. 3 BHUKOPHCTAHHIM
AIMSUN BHKOHaHO TECTYBaHHS, aHaNIi3 1 OWIHKY e(eK-
THUBHOCTI 3alPONOHOBAHMX IPHHIMIIB ONTHMAIbHOTO
YIpaBIIiHHSA, 7 BpaXOBaHO CTOXACTHYHI IPHOYTTS TpaH-
CHOPTHHX 3aCO0IB JI0 MEPEXPecTsl.

Astopu [17] 3anpornoHyBanu MeTOJ| OLIHIOBaHHS
JIOBKMHH Yeprd TPAHCIIOPTHHX 3ac00iB, Iepe]] nepexpe-
CTSIMH, JIe¢ BUKOPHCTOBYIOThCS TEPEJICUTHAIM Ul Ha-
JlaHHs npiopuTeTy pyxy aBroOycam. Lleit meron 6a3y-
€TbCSl HA BUKOPHUCTAHHI Teopii yAapHUX XBWJIb. Pe3yib-
TaTH IMITalIHHUX EKCIIEPUMEHTIB TOKa3yIOTh, IO 3a-
MIPOTIOHOBAHUH METO/I Ha OCHOBI YJapHUX XBHJIb € ede-
KTUBHHM ISl OLIHKU JIOBXXWHH YEPTH, TOB'I3aHOI 3 Iie-
pecurHaiaMH I HaJJaHHS TIpiopuTeTy aBTo0ycaMm.

B poGoti [18] mpencraBieHO TEOPETHYHI JOCITi-
JDKEHHS 1I0/I0 TOLUTBHOCTI BUKOPUCTAHHS TTePEACUTHa-
JIB 17151 301IBILIEHHS [TPOITYCKHOT 31aTHOCTI IIepeXpecThb
3 aBTOMOOUIBHUM 1 aBTOOYCHUM pPYXOM, SIKI TPYHTY-
FOTHCS Ha MIPUITYIICHHI PO T€, 10 Yac, HEOOXIAHUI ISt
po3'i34y CyKyITHOCTI KJIaciB TPaHCHOPTHHUX 3aco0iB, J0-
PpiBHIOE CyMi Hacy, sIKHiA 01 3Ha100MBCS U1 po3'i3 4y KO-
JKHOTO KJIaCy TPAaHCTIOPTHHX 3ac00iB okpeMo. CTarTs He
MICTUTh IPHKJIaly TPAKTHYHO peasti3alii 3anponoHoBa-
HOi Teopii. Pe3ynpraTy iMiTaIiifHOTO E€KCIIEPUMEHTY B
po6oTi [19] Takok MiATBEPKYIOTh €(heKTHUBHICTD BUKO-
pHCTaHHS IEePeACUTHAIIIB JUIS IPIOPUTH3ALii pyXy aBToO-
OyciB Ha nepexpecTi. Jlo1aTkoBO aBTOpaMu OyJIn 3Mo/Ie-
JIBOBaHI CHUTYyAIlil 3 CEpeIHIM i BUCOKMM piBHEM IHTEHCHU-
BHOCTI Tpadiky, 3a SIKUX BHKOPHCTaHHA PO3POOIECHOTO
ITOPUTMY YIIPABIiHHS CBITIIOGOPHUMHU 00’ €KTaMHU JI0-
3BOJISIE CKOPOTHTH 3arajibHi TPAHCHOPTHI 3aTPUMKH Ha
30,1%.

YupasiiHHs T0pOXKHIM pPyXoM Ha JIOKAJIBHHX
nepexpecTsix i B CKOOPAHMHOBAHUX CHCTEMAaX 3 BHKO-
PHCTAHHAM MepeACHTHANIB. [HIINM MOTY>XHUM Hampsi-
MOM 3aCTOCYBaHHS MEPEACUTHAJIB y Taly3i opraHizanii

JIOPO’KHBOTO PyXy € 3a0e3nedeHHs epEeKTUBHOTO PyXy
TPaHCIIOPTHHUX 3aC00IB Ha €IEeMEHTaX MiChKOI BYJIMUHO-
JIOPO’KHBOT MEPEKi, 3 METOIO CKOPOUYCHHSI TPAHCTIOPTHHX
3aTpuMoK. ABropamu pobotu [20] nocmimxyBanack da-
KTUYHA JOPO’KHBO-TPAHCIIOPTHA CHTYyalliss Ha CKJal-
HOMY TIEpexpecTi, Nie B'i3[ Ha mepexpects 3'€THaHUi 3
JIBOMa 9aCTHHAMH, TOJIOBHOIO ZIOPOTOIO 1 IOPOT010, SIKA €
BHI3/IOM 3 IIPHUIIETIIO] TepUTOPii. J{JIst i IBUIIIEHHS SIKOCTI
TPAHCHOPTHOTO OOCITYrOBYBaHHS Ha IbOMY O0’€KTi aB-
TopamMu OyJI0 BHKOPHUCTAHO NEPEACHUTHAIH, e(eKTUB-
HICTh BUKOPHUCTAHHS SIKMX ITATBEPIUKEHA PE3YIbTaTaMu
MIKPOMO/JICIIOBAHHSL PyXy TpPAHCIOPTHHX 3aco0iB Ha
EOMY MepexpecTi 3 BukopucTanusMm VISSIM.

B poGoti [21] aBropamMu Oyiio mpoaHani30BaHO
BIUIMB BUKOPHCTAHHS NIEPEICUTHAIIB Ha IIPOITyCKHY 3/1a-
THICTh DPEryJibOBaHHMX IepexpecTb. B pesynbrari 4oro
BCTAHOBJICHO, 11O BUKOPUCTAHHSA nepeucnrHaHiB J03BO-
J1s1€ 301BIINTH MPOITYCKHY 31aTHICTD PETYIbOBAHUX IIe-
pexpecTsb.

B crarti [22] 3anpomoHOBaHO onTHUMI3aIiiiHy MO-
JIeTb PO3NOALTY CMYT PyXy Ta CHHXPOHi3allii OCHOBHOTO
CUTHAJy 1 MepeJCUTHaTy Ha TepexpecTi, 00IagHaHOMY
JBOMa CBITJIIOOpaMH: OCHOBHHUM 1 MeEpelCUIHAIOM
(tandem intersection abo tandem design), puc. 3. Kpim
TOro, B poOOTI JOBEACHO 110, 33 OJHAKOBOI KiJIbKOCTI
CMYT Ha BCIX MiJX0Jax N0 MepexpecTsi, CEpeaHs TpaHC-
MOPTHA 3aTPUMKa 3MEHILIUTHCS, 32 YMOB SIKIIIO PO3IO/ILT
TPaHCIIOPTY CMyramu OyJie MPONOPLIHHUM [0 YaCTKH
TIOBOPOTHHX TPAHCIIOPTHUX 3ac00iB.

Pre-signal Main signal :
O

A —— >
_________ — [T
I — || > — | 173
I — [T~ — 1 ]

Sorting area

Puc. 3. IIpuxiaa BUKOPUCTaHHS MEPEACUTHATY Ha MiAXO0JIi
1o tandem intersection [22]

PimeHHs1 cX0XHUX 3a7a4 A0 THX, IO PO3TIISIAINCS
B [22] 3 BUKOPUCTAHHSM TEPEICUTHATIB, IPEACTABICHO
B pobori [23], puc. 4. s ouiHKH eheKTHBHOCTI 3arpo-
MIOHOBAHMX 3aXOJiB 13 KOOpAWHALIT pOOOTH OCHOBHOTO
CBITIIO(OPY 1 IepeICUTHAITY BUKOPUCTaHI 3aCO0H MIiKpO-
mozemtoBanHs VISSIM. 3a oCHOBHI iHAMKATOPH MOKpa-
IICHHS TPAaHCIOPTHOI CHTYyallii Ha mepexpecti oOpaHo
TPU MapaMeTpu: MaKCUMallbHYy JOBXHHY 4€prH, 4ac 3y-
MTUHKY Ta 3aTPUMKH TPAHCIIOPTHHUX 3aCO0IB.

ABTtopamu pobotu [24] mOCHiIKEHO MOTEHIIHHY
MIPOITYCKHY 3JaTHICTh NEPEXpecTb 32 YMOB BHKOPHC-
TaHHS NepeIcCurHaiiB. [lo TOro X B CTaTTi MPEeACTaBICHO
PO3paxyHOK JIOBXKMHH 30HM O4YiKyBaHHsS OCHOBHOI'O MO-
MepeTHbOT0 CUTHATY Y BiANOBITHOCTI JI0 B3a€EMO3B'SI3KY
MDXK TPOMYCKHOIO 3JIaTHICTIO Ta IIBHJIKICTIO HPHOYTTS
TPAaHCHOPTHHUX 3ac00iB. Pe3ynpraTn Moka3yoTs, 10 BU-
KOPHUCTaHHS TIEPEICUTHAIIB MOXKE TTOKPAIIUTH TPOILyC-
KHY 3/IaTHICTb MTEPEXPECTh 1 SMEHITUTH 3aTPUMKH TpaH-
CIIOPTHUX 3aCO0iB.
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Puc. 4. [IpunimmnoBa cxema mepexpectst 3 00NalITyBaHHIM
TIepeACUTHAITY JIUIIE Ha OTHOMY MiIXOi
(single tandem intersection) [23]

|
——

Pobota [25] mpucBsueHa po3poOIi ONTHMANTBEHOL
cTpaTerii yHpaBIiHHS IOPOXKHIM pyxoM Ha tandem
intersection 3 mepeacurHanamu. ist OTpUMAaHHS Pe3yJiIb-
TaTiB aBTOPaMH 3aIIPOIIOHOBAHO BIOCKOHAIECHUH METOA
PO3IIOAITY CMYT PyXY, KU TO3BOJISIE YHUKATH BCTAHO-
BJICHHSI CMYT PYXY 3 OJHAKOBHM HAIPSIMKOM PYXY BIIPH-
TyJI OJIHa JI0 O/IHO1, HACKIJIBKY 1I€ MOJKIJIUBE, 3aIIPOIIOHO-
BaHO OINTHMI3alliiHy MOJENb JUIsl MiHIMI3allil cepeaHboi
3aTPUMKH TPAHCHOPTHOT'O 3ac00y Ta MPOBEJEHE eKCIie-
pUMEHTaJbHE JOCIIXKSHHS Ha NIepeBaHTaKEHOMY Iepe-
xpecti B YanuyHi, Kuraii. Pedynbpratu nokasyiors, 1o
BUKOPHCTAaHHS 3alpOIIOHOBAHOTO METOAY PO3IMOJILTY
CMYT pYyXY JA03BOJISI€ 3MEHIIHUTH CEPEIHIO 3aTPUMKY Tpa-
HCTIOPTHUX 3ac00iB Ha 22,9% 1 301IbIINTH TPOITYCKHY
31aTHICTh epexpects Ha 18,6%.

Onrtumizamii poOOTH OCHOBHOTO 1 TEepPEICHTHANb-
HOTO CBITIO(OPIB MpHUCBsYeHa podoTa [26] Ha mepexpec-
TSIX 3 KOHTPIIOTOKOBOIO CMYTOIO JUIsl JIIBOIIOBOPOTHIX IO~
tokiB (contraflow left-turn lane). ABropamu 3amporoHo-
BaHO MOJM(DIKOBaHMII METOJ HAa OCHOBI YJapHHX XBHJIb
JUTSL OI[IHKA MaKCHUMAJIbHOI JOBKHHH YEprH IS JBOTO
MMOBOPOTY Ha MEPEXPECTsX, 00JaTHAHUX CBITIOGOPHUMU
00'eKTaMU, BPaXOBYIOUH YHIKaJbHY TMOBEIHKY Yepry me-
pen nepeacuraaioM. Pospobiena Monens 1ae o0rpyHTO-
BaHy OILIIHKY MaKCUMAJIbHOI JTOBXXWHU Y€pry JUIs JiBOIIO-
BOPOTHOT'O PyXY Ha IEpexpecTsix, 00JaJHaHNX CBITIIOPO-
pHUMH 00'ekTamMy, 10 MaroTh cxemy contraflow left-turn
lane. Takosx OyJ10 3aIPONIOHOBAHO MPOLEAYPY, SKa JOIO-
MOK€ BH3HAYWTH MiHIMAJIbHY BIiJICTAaHb MK TEpexpec-
TAMH, [0 PETYIIOIOTECS CBITIIOQOPHIMH 00'€KTaMH, IS
BIIPOBaDKEHHA cxeMu 3 contraflow left-turn lane.

B crarti [27] po3risgaeTscsi MUTaHHS BHKOPHC-
TaHHS MPUHIMIY MONEPEAHBOI0 COPTYBAHHS M YIIPaB-
JMHHS pYXOM 3a yd4acTi mepeicursaiy (presorting
andpresignaling), sIkuii aganToBaHO MiJ ICHYIOYMH ITO-
IIIT HAa pPyX aBTOHOMHHX TPAHCHOPTHHX 3aco0iB. Y
LIOMY BHIAJKy IE€PEACUTHAJl BUKOPHCTOBYEThCS K 3a-
ci0 1yt HaJJaHHS TIPIOPUTETY B PYCi ABTOHOMHHUX aBTO-
MOO1B (pHc. 5), epeKTUBHICTh BUKOPUCTAHHS IKHX JI0-
BeJeHa 13 3aCTOCYBaHHSIM 3ac00iB MIKPOCHMYJISLIi
SUMO, nHa mnpukiazi HEBENUKHX mepexpecth Himeu-
YHUHH.

Puc. 5. [Ipuxian po6oTH «I0nepeHBO BiICOPTOBAHOTO

Ta MONEPEIHBO CUTHAJII30BAaHOT0» ITIBHIYHOTO Mi T3y

1o nepexpects TocTMaHHIUTAI (ABTOHOMHI aBTOMOO1ITI
MO3HAY€Hi CUHIM KOIbopoM) [27]

[TizcymMoOByr0UM MPOBEICHUN aHANI3 MPAKTUKHA BU-
KOPHCTaHHS IIepeICUTHANIB, MOKHA CKa3aTH, 110 Ha ChO-
TOAHIIIHIN JIeHb HAYKOBII ITPOBENH BEJHKY KUIBKICTb
JIOCITIKEHB 11010 O0JIAIITyBaHHS MiI'i3HUX NOPIr i Tie-
PeXpecTb MepecurHallaMy, iX HalalTyBaHHS Ta OLIHKA
nepeBar iX BIPOBAIDKEHHS SIK JUIS MPIOpUTH3ALIl PyXy
IPOMAJICBKOTO TPaHCIOPTY, TaK 1 JJIsl ONTHMI3alii po-
OOTH JTOKATFHUX 1 CKOOPAWHOBAaHUX CHUCTEM CBITIO(POp-
HUX 00’ekTiB. [IpM 1IbOMY OCHOBHOIO METOIO BCTaHOB-
JICHHS IIePEICUTHAIIB € CKOPOYCHHS 3aTPHMOK TPAHCIIO-
PTY 1, SIK HACHiZOK 30UTBIIEHHS MPOIYCKHOI 34aTHOCTI
nepexpectb. OCHOBHIM 3ac000M OIIHKH e(EKTHBHOCTI
3aCTOCYBaHHS TIEPEJCUTHANIIB € MPOBEACHHS iMiTamiii-
HOTO EKCIEePUMEHTY 3 BHKOPHUCTAaHHSM MPOTrPaMHUX
npoaykrie: VISSIN, SUMO, AIMSUN.

BucHoBku

ABTOpaMH YHCEJNBHHX JIOCHI/DKCHb JIOBEJICHO
e(pEKTHBHICTh BHKOPHUCTaHHS TIEPEICUTHANIB  UIS
MIBUIIEHHS TPOIYCKHOI 3JaTHOCTI PperyJbOBaHHX
MepexpecTb, IO JO03BOJSIE MOKPAIIUTH TPAHCIOPTHY
CHUTYyaIil0 Ha HUX, OCOOJIMBO 1I€ CTOCY€EThCS OCTAHHIM 32
yacoM myOuikalii, A€ po3rIsNAlOThCs — TUTaHHS
JOCII/DKEHHSI TPAHCHOPTHUX CHCTEM 3 TEXHOJOTISIMH
MIIKIIOYEHUX Ta IIAKIIOYEHUX aBTOMATHU30BAHUX
tpaHcrioptHux 3aco0iB  (Connected and Connected
Automated Vehicle Technology).

OCHOBHUMH ~ KPUTEPIsIMH  IIOJ0  OLIHIOBAHHS
e(pEKTHBHOCTI YIPABIiHHA CBITIO(QOPHUME 00’ €KTaMH,
B CKJaJl SIKMX HasBHI INEpEICUTHAIM, € TPAHCIIOPTHI
3aTpuMKH (TpOMaachKoro Ta (a0o0) IHAWBIAYyaTbHOTO
TPAaHCHOPTY), piBEHb OOCITYrOBYBaHHS IIEpEXpecTs,
JOBXXKHMHA Yeprd Ta BTPAaTH 4Yacy YYacHUKAMH pPyXy
(maifyacTimie KOpUCTyBadiB TPOMaJCEKOTO TPAHCIIOPTY).

Pesynpratn aHamily NpPaKTUKH BHKOPHCTaHHA
MepeJICUTHAIIB CBiqUaTh MPO BiACYTHICTH HIiKaBOCTI Ta
JIOCBiTy iX BUKOPHUCTAHHS I ONITUMI3allii TOpOKHBOTO
PYXY Ha PeryJibOBaHHX MEPEXPECTIX Cepell BITYM3HIHMX
HAYKOBIIB 1 NpakTWKiB. Ha maHWii MOMEHT CKIaJHO
MOSICHUTH B YOMY CaMe IIOJISITAIOTh TOJIOBHI IPUYNHH
Takoi He3alliKaBJIEHOCTI YKpaiHChKMX (axiBLiB Yy
BUKOPHCTaHHI IepejCUrHaiiB. 3 MO3MIII NPaKTHKIB -
MOJMJIMBO B HEOOXIHOCTI BHTpayaHHS JOJATKOBHX
KOIITIB Ha iX mpuaAOaHHs 1 00aIITYBaHHS 1, IK HACIIJIOK,
HEOOXiJHOCTI T0JaTKOBOTO HAJIAIITYBaHHS BXKE MiHIMyM
JIBOX CBITIO(OPHHUX 00’EKTIB HA CHHXPOHHY pOOOTY.

Buxnukae mikaBicTh TaKWH HAIPSM JOCTIKEHB K
BHU3HAYCHHS Ta OOTPYHTYBaHHS YMOB JJIsi BHOOPY MICITh
po3TalryBaHHs TEpEACUTHAIIB HA MiCBKUX MaricTpasix.
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Thepractice of using pre-signals
Yevhen Liubyi, Kostiantyn Dorofieiev

Abstract. The article analyzes the experience of using pre-signals to solve the problematic issue of effective traffic man-
agement at signalized intersections. Based on the results of the analysis, it has been found that the main directions of using pre-
signals as a means of traffic control on cities highways are the prioritization of public transport on the approach to the intersection
and directly at it, as well as the optimization of traffic signal control of local intersections or a group of intersections (coordination).
The key criteria for evaluating measures to improve the efficiency of traffic flow management at controlled intersections with the
use of pre-signals are traffic delays, time spent by public transport users, the level of service and the queue of vehicles. The main
means used to assess the efficiency of traffic signal systems with the use of pre-signals is simulation modeling, for which the most
popular software products among industry experts are used - VISSIM, SUMO, AIMSUN. A potential area for further research is
the development of principles for selecting and justifying the location of pre-signals on cities highways.

Keywords: traffic, traffic signal control, signalized intersections, pre-signal, traffic delays, capacity.
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XapKiBChKHI HaIllOHATBHUN aBTOMOOUTFHO-AOPOXKHIHN YHIBEpCUTET, XapKiB, YKpaiHa

CHUHHEPI'TA ABTOMOBIJIBHOI'O TPAHC®EPY TA YTPUMAHHS
ABTOMOBUIBHHUX JOPIT

AHoTauis. B Ham yac B IT iHAYyCTpii aKTUBHO MPaLIOIOTh HAJ IHTEJEKTyali3ali€l0 eIeKTPOHHIX CUCTEM aBTOMOOLTIB Ta
MOHITOPHHIOM CTaHy Ta YMOB PyXy TPaHCHOPTHHX 3aC00iB 3 METOIO MiIBUILEHHS SKOCTI Ta ONTUMi3alii TEXHIYHUX Xapak-
TEPUCTUK BITYM3HSAHUX HA3EMHHUX TPAHCIIOPTHUX CUCTEM., HOJIMIICHHS YMOB HaJaHHS TPAHCIOPTHUX MOCITYT MELIKAHISIM
Ta MiANPUEMCTBAM MICT Ta perioHiB YkpaiHnu. ['ooBHE y IbOMY € CTaHIapTH3alisl, KEpyBaHHS CTaHAAPTHUMH IIpaBHIAMU
ISO/IEC 15288:2002 «Systems Engineering — systems life cycle processes» - cucTeMHa iHXEHEpisi — )KHUTTEBUH UK CKIa-
JHUX cucTeM. IcHyroui okpemi pimeHHs IT inxycTpii MOBHHHI OyTH ITOB’sI3aHi i3 CTBOPEHHSM HOBUX CHCTEM Ta MEPEX came
aBTOMOOLIFHOTO TpaHChepy AT HepeMileHHs HacaXXupiB abo BaHTaXKy y MPOCTOPI Ta 4aci Ta yMOBaMH CHELiabHOI IIPOC-
TOPOBO YaCOBOI Opi€HTAILIi], IKICHOTO Ta CBOEYACHOTO BUKOHAHHS ychoro koMmiuiekcy IT inmycTpii sk aBTOMOOIIBHOTO Tpa-
HCcdepy He TUIBKU TEXHIYHOTO, alle i caMe 1HTENEeKTYAIbHOTO MPUUHATTS 1HKCHEPHUX PILIeHb 3TiAHO JIOTiKH npodeciiiHol
moauHH. Lle BipTyanpHa J0ACkKa JIoTiKa BOJisA- mpodecioHana -mepeBizHuka. Lle i € mpodecioHanbHUA TeXHIYHHUN, IHCTPY-
MEHT TpaHCc(epHOI CHCTEMH.

Kaio4oBi ciaoBa: KoM’ I0TepHI HayKH, aBTOMOOUIBHUH TpaHC(ep, yTPUMAaHHS JOPIT, CHHEPTisl, IPHHIIMIIH Ta ITapaJIurMu
BUKOPHUCTaHHS aBTOMOOUTHHUX KoMIT ToTepHHX cucteM -AKC.

Beryn

CporozsiHi PO3BUTOK TPAHCHOPTHHUX CHCTEM, YIO-
CKOHAJICHHS BIATIOBITHUX TPaHCIIOPTHHX 3ac00iB Ta Tpa-
HCTIOPTHUX KOMYHIKaIlill BU3HAYAETHCS PIBHEM IHTEJICK-
Tyami3amii TpaacnopTy y mimomy. OmiHKa piBHS JTOCKO-
HAJIOCTI TPAHCIIOPTHHX 3aco0iB, CEPEelOBHIIA PYXy Ta
TPAHCIOPTHOT IHPPACTPYKTYpU MOXKE OyTH MOPIBHIHA 3
BU3HAYCHHSM SIKOCTEH, TAKUX SIK aBTOHOMHICTb, CTYITIHb
yHi¢ikamii Ta cremianizanii MEXaTpOHHUX MOAYJIB Ta
CHUCTEM.

Ile cxiazoBa yacTHHA IS MPOBEJCHHS TPEHIHTA 3
koM totepHuX Hayk (KH) mist momrykadiB 3HaHb, HaBU-
YOK Ta BMiHb, 0a3oBux kommereHMii [T ingyctpii. Ilo-
BUHHO TUIBKM YiTKO BB@)KaTH, IO CHOTOJHI € HAyKOBa,
TEOpEeTHYHA Ta NPaKTHYHA HEOOXiJHICTh 3aCTOCYBaHHS
KH.

[MoTpiOHi ¢axiBuiBHE TUIBKK HIMPOKOTO MPOQiio,
aJie 1 caMe 3 KOMIIETEHI[IsIMA HOBHX PiBHIB KBauTi(iKailii.

BaxxnnBoro yMOBOIO Kap'epHOTO 3pOCTaHHS € Tepe-
XiJl Ha Takui piBeHb (axiBllsl 3 YMIHHSIMHU Ta 3HAHHSIMH
KH B 6y1b sikoi mpodeciiinoi ranysi. Le € He Titbku yMo-
BOIO Kap'epHOT'0 3pOCTaHHs, ajle 1 CTAaHOBJIEHHs came (a-
XiBIIB TpaHc(epHUX opraHizauliil (mepecyBaHHs maca-
JKHPIB Ta BAHTAXKY).

MaeTbest Ha yBa3i aBroMoOUTEHUMN TpaHcnopt AT
Ta JIOPOXKHIO raiy3b.

VYce tak abo iHakImIe Mmiasrae KepyBaHHIO CTaH/a-
praumu  npaBwiamu ISO/IEC 15288:2002 «Systems
Engineering — Systems life cycle processes» — cucremna
IEDKEHepis — KUTTEBUH ITUKIT CKIIaTHUX CHCTEM.

BuBeeHHsI HAYKOBHX Ta MPAKTHYHHUX PE3yJIbTaTiB
CBITUUTH PO T€, III0 BUKOPUCTAHHS XMapHOi iH(ppacTpy-
KTypH, 3aMicTh BacHoi iHppacTpykTypu [T, mpuHOCUTH
HaWOIIBIII BUTOAU HE TIILKH 3 TEXHOJIOTIYHOTO, aje i 3
(biHaHCOBOTO MOTJISAY.

Omnara 32 )akKTUYHO BHKOPUCTaHI MOCIYTH, 1110 €
CTaHAApPTOM B XMapHiil iH(pacTpyKTypi, BUSBISAETHCS
3HaYHO CKOHOMIYHIIIOK, HiXK "MepeaoruiaTa 3a Bee', 1o
€ XapaKTEepHUM ISl BHYTPIIHEO] iHppacTpykTypu IT.

TakuM yMHOM, MOXKHa KOHCTaTyBaTW OTPUMaHHS
3ucky 10 30 [% Bix BUTpAT Ha 0COOMCTY BHYTPILIHIO iH-
¢dpacTpykrypy Ta 15 % Bix BUTpaT MOPIBHIHO 3 ayTCOP-
cepoM (KEepoBaHHUM CEpPBICOM).

[Iporpamuo-amapatHe 3abesnedeHHs iH(QOpMa-
LifHO KOMYHIKamiiHOI TEXHOJOT1] yrpaBIiHHS nependa-
Yae CTBOPEHHS PO3IMOJAUICHOI BHYTPINIHBOI Ta 30BHIII-
HBOI TEJIEMAaTHKH TPAHCIIOPTHUX CHCTEM, HOBHUX IPaBH-
Jax Ta KOHIENMIi BipTyaJIbHOTO YIPAaBIiHHS TPAHCIIOPT-
HHMHU TTOCITyTaMH.

HoBuM € cTBOpeHHsS €auHOrO iH(GOPMAIIHHOTO
npoctopy puHky IT ingyctpii Ha 3acamax Cloud
Computing (XxMapHHX OOYHCIICHB). 3alPONOHOBAHO Ha-
JaHHS TOPaKTHYHO He OOMEXKEHUX  JIOJaTKOBHX
KOMIT' FOTEpPHHUX PECYpPCIB YCIM yYaCHHUKaM aBTOMOOIIb-
Horo TpaHcdepy BaHTaxy Ta/abo macaxwupiB. Ocobnu-
BICTh — HE 3BHUAlHE BipTyaJIbHE JIOTICTHYHE YSBICHHS 1X
00’elHaHHSA, a CHHEPIeTHKa, CBOEPIIHE y3arajJbHEHHS
aBTOTpaHC(epy, HOro BipTyaabHE yIpaBIiHHA.

Jaii po3ristHeMo 1ie 3aluTaHHs Ha MIPHUKJIIaJl aBTo-
TPaHCIIOPTY.

Sk Oy/b-sSIKy CKJIaJJHy CUCTEMY aBTOTPAHCIIOPT MO-
JKHA PO3IJISIATH MOJBIHHO: SIK CYKYIHICTh aBTOHOMHHUX
cucTeM abo SK pO3MOAiIeHy cucTeMy. B3arami aBToHO-
MHa cucTema (autonomous systems) — 1ie Taka CUCTEMH,
sKa yci QyHKIIi 3 peectpartii, BITOUTTs i 00poOku iHO-
pMallii BUKOHY€e Oe3rocepeiHb0 B aBTOMOO1I, 1110 pyXa-
€TBCSL.

[Ipuknagom aBTOHOMHOI CHCTEMH € cepis MOOUIb-
HUX  iHGOPMAIifHO-O0YUCIIIOBAIbBHUX  KOMIUIEKCIB
(IOK-XA]), po3pobnennx y XHAJLY amnst o6cTexxeHHs
aBTOMOOUTEHUX JOPIT.

AHAJIOroM aBTOHOMHOI CHUCTEMH € TeleMaTH4Ha
cucTeMa JETKOBOT'O aBTOMOOINIS 3 MOKAKYMKOM TEXHid-
HOT'0 00CITyTOBYBaHHSI, 0OPTOBOIO CHCTEMOIO KOHTPOJIIO,
MapuIpyTHAM KOMII IOTEPOM 1 HaBIramiiHOIO CHCTEMOIO
JUTst 3a0e3MedeHHs poOOTH crielliadbHa aBTOMOOIbHA Te-
xHoJorisi kepyBanHs — RTI (Road and Traffic
Information) — cucrema indopmanii mpo ropory i xopo-
JKHE CEPEIOBUILE).
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Ananiz myOaikanin

OCHOBHHM JKEPEJIOM ITi€l po3poOKH € TOCTAaHOBKA
3aadi Ha 3aCTOCYBaHHSA KOMIT IOTEPHHUX HayK B YMOBaxX
po3Butky IT iHmyCTpii BipTyanbHOTO yTIpaBIiHHS Hepe-
BI3HMMH IIPOIIECAMH.

OcHOBHUM JDKeperoM IIi€i pobotn Oymm moTpedu
IHTeNeKTyami3amii IHCTpyMEHTaNBPHUX 3aco0iB  Kepy-
BaHHS [TPOIIECaMH ITPUHHATTS PillIeHb 3 CHHEPIeTHII], Te-
JIEMaTHKU Ta MEXaTPOHIKU TpaHC(EpHHUX CUCTEM, IX Bill-
MOBIZIHICTH JIOTIKH CBO€YACHOTO NEPECYBAaHHS BaHTaXY
a00 macakMpiB i3 3aCTOCYBaHHSIM KOMIT IOTEPHUX HayK
(KH) 3riiHO 0COOMCTUX CTapTaliB aBTOPIB, CaMe TPaHC-
moptaoro moprany (ikt.khadi.kharkov.ua) 3a 3microm
¢ynnamenTansHOTO ociOHmKa [ 1] Ta MonOTpadii [2, 3].

KorziTnBOM € hopMyBaHHS TOHATH:

— MPUAHATTS PIllICHb 3 JIOTICTUKH ySIBICHHS TE€Ope-
TUYHUX 3HaHb Ta IPAKTUYHUX JiH,

— CUTyalilHUX 3aJad KOHKPETHOTO CIIPHHHSATTS
JIMCHOCTI TIepeMIllIeHHsT Y TPOCTOPI Ta Yaci Mmacaxupis
Ta BaHTaXY,

— IPOCTOPOBO-YACOBOI OPIEHTAIlII0 TPAHCIIOPTHHUX
MPOIIECIiB, BiAMOBIIHOTO, MEPII 3a BCE, ABTOMOOITBHOTO
Tpanchepy y AochimkenHi [4, 5].

KorHiTuBoM € opMyBaHHS MOHATH MPUHHSTTS pi-
IIEHb 3 JIOTICTUKH YSIBJICHHS TEOPSTUYHUX 3HaHb. Lle i€
CIPUHHATTS AIMCHOCTI MIEPEMIIIIeHHS Y IPOCTOpi Ta daci
nacakMpiB Ta BaHTaXy, MEPII 32 BCE, BIATOBITHUX €JICK-
TpoHHHX pecypciB IBM Corp. Ta Vipaincekuit AkageMi-
ganit ['pin [6-10].

Meta Ta NOCTAHOBKA 3aga4i

CkJanHy TPaHCIOPTHY CHUCTEMY MOXHA pO3TJIsi-
JaTH ABOMa CIIOCOOAaMH: K CYKYHHICTh aBTOHOMHHX
cucteM abo sIK pO3MOALIIEHY CUCTEMY.

ABTOHOMHA cucTeMa (autonomous system) — Ie
cucTeMa, sSka BUKOHYE BCi (QYHKII 3 peecTparii, Bif-
outTTs Ta 00pOoOKU iH(pOpMaIii Oe3mocepeHBO B PyXO-
MOMY TPaHCIIOPTHOMY 3aC00i.

[TpuknazmoM aBTOHOMHOT CUCTEMHU € cepisi MOO1JTb-
HUX  1H(OPMAIHO-O0YUCITIOBAILHUX  KOMIUIEKCIB
(IOK-XA/]I), sixi pozpobneni y XHAIAY mus obcre-
JKCHHsI aBTOMOOITBHUX JOPIT.

AHanoroM aBTOHOMHOI CHCTEMH € TeleMaTH4YHa
cUCTEMa JIETKOBOTO aBTOMOO1JIS 3 MOKa3HUKOM TEXHI-
HOro O0OCIyroByBaHHS, OOPTOBOIO CHCTEMOIO KOHT-
pOJII0, MapUIpyTHUM KOMITIOTEPOM Ta HaBiramiiHOIO
CHUCTEMOI0, a ISl 3a0e3ledyeHHs] poOOTH creuiaiabHOi
TEXHOJIOTIi KEepyBaHHS aBTOMOOLIEM BHKOPHCTOBY-
€ThCs cucTeMa iHpopMaIlii Ipo JAOPOTyY 1 TOPOKHE ce-
penosuiie (RTI — Road and Traffic Information). Iis
iH(OpMaIlig CKIaAETHCS 3 JETKO PO3Ii3HABAHUX CHM-
BOJIIB Ha KapTi, 0 BimoOpaxaeTbcs Ha MOHITOpi. Ha
MOHITOpP TaKOX BUBOJAUTHCS iH(OpMAIlisg PO CTaH Tpa-
HCIIOPTHOTO 3aco0y, AKICTh poOOTH IBHUTYHA Ta CHC-
TEMH €JICKTPOKHUBIICHHS.

PosrnsnyTa npoGiema iHTerparii TpboX KOMIOHE-
HTIB — MEXaHI4HOT'0, EJIEKTPOHHOTO Ta KEPyHUOoro — y
€IMHUI CKOMIIOHOBAaHUH OJIOK, € OJHIEI0 3 KIIOYOBHX
pobJieM B MEXaTPOHHIN TexHili. Xo4a aBTOHOMHICTh
€ XapaKTepHOIO0 PUCOI0 MEXAaTPOHHUX 00'€KTIB, HAIIPH-
KJan, IHTENeKTyalbHa Kepyroua YacTUHA

TPAHCHOPTHOH POOOTY He Moke OyTH IOMilleHa Ha
HOro pyxoMi yacTHHH.

[Ipote, six Bxke OyJ10 TOBENEHO paHille, Bci "aBTo-
HOMHI MEXaTPOHHI CHUCTEMH" BKIIIOYAIOTh HEABTOHOMHI
MOMYi.

e € nogaTKOBUM MiATBEPAXKEHHSAM TOTO, IO BHU-
KOPHUCTAHHS BJIACTUBOCTI "aBTOHOMHOCTI" TpaHCHIOPT-
HUX 3aC00iB TSI CTBOPEHHS TPAHCIOPTHUX MEXaTpOH-
HUX CHCTEM € CIPaBEAINBHM.

TakuMm 9MHOM, CydacHi TPaHCIOPTHI 3acO0HM MO-
’KHa PO3TILIIATH SIK MEXaTpOHHI cucTeMu. Boxu npen-
CTaBIISIIOTH COOOI0 CBOEPIAHUI 00YHCIIOBAILHUN KOM-
TUIEKC, JJIsl pO3B'SI3aHHA CUCTEMHUX 3a7a4, 0 BUKOPH-
CTOBYIOTb 3arajbHi IPUHINIH iHTEIEKTyanizanii 004un-
CJIIOBAJIbHUX MPUJIAJIIB Ta IPUCTPOIB.

Bukiaanx 0OCHOBHOI'O MmaTepiany

VY BiOMIHHOCTI Bifl MOTOYHOTO CTaHy JIOTiCTHUKH,
po3Burok IT-iHmyCTpii BIMarae iHTepaKTHBHOTO MOHI-
TOPHUHTY SIK aBTOMOOLUIIB, TaK 1 y4aCHHUKIB IT€PEBE3CHHS
Ha g0po3i. lle mependayae po3moaiieHHs KOMII'TOTEep-
HHUX PECypCiB M KOpPHCTyBayaMH JIOpIr Ta y4acHHU-
KaMH JIOPOIKHBOTO PYXY.

JocmipkeHHsT 3aKOHOMIPHOCTEH PO3BUTKY Telle-
MaTHKH{ Ha aBTOMOOIUILHOMY TPaHCIOPTI Ta BHKOPHC-
TaHHI HOBiITHROI MepexHOi TexHoxorii Cloud
Computing y TpaHCIIOPTHHUX OpTaHi3alisax Ta Qi3uIHIX
0ci0 MOXXyTb JOIIOMOTTH AOCSTTH JOCSHKHOCTI, CIIOCTe-
PEeXXyBaHOCTI Ta CTBOPEHHS KII€EHTCHKOI YaCTHHHM TeJle-
MAaTHKH TPAHCIIOPTHOI OpraHizamii Ta aBTOMOO1ITIB.

®diznyHe, iMiTallifHE MOJCIIOBAHHS, TECTyBaHHSI
Ta Bepu(ikalis KOMI'IOTEpH30BaHUX iH(pOpMAIIHHUX
NPOIIECiB MOXKYTh JOTIOMOI'TH Y MiJATBEP/XKECHHI 1HTepa-
KTUBHOCTI TPaHCHOPTHUX MPOIIECIB Ta yNpaBiiHHI Ha-
36MHUM TPAaHCHOPTOM 3 BUKOPUCTaHHIM iH(pOpMa-
IHO-KOMYHi-KaI[IfHUX TEXHOJIOTIH.

Po3pobka BHYTpIIIHBEOI aBTOMOOUIBHOI TeJema-
THKH Ta IHTEPAaKTUBHOI CUCTEMH PEeCTpallii, OI[iHKH Ta
HaKOMMYEHHS JaHUX MOXYTh 3a0€3IEUUTH OIEepaTHB-
HUM MOHITOPHHT JOPOXHBOI CHTyamlii Ta cepeloBHIIA
JOPOXHBOTO PYXY.

HaciigxoM € cTBOpeHHS NMPOMO3HILIH IOA0 NOCs-
JKHOCTI, CIIOCTEPEKYBAHOCTI Ta peasizamii KIieHTChKOT
YACTHUHU TEJIIEMATHKHU TPAHCTIOPTHOI (JJOPOKHBOT) Opra-
Hi3anil, ska 3abe3neuye iHGOpPMaLIHY B3a€MOIII0 MiXK
YY9aCHUKaMH JOPOKHBOTO PYXy Ta aBTOMOOUISIMH.

®di3uyHe Ta iIMiTaliiiHe MOJENIOBAaHHS, TECTYy-
BaHHA Ta BepH]ikaIlis KOMIT'I0OTepHu3allii mpouecis omi-
HKHU JOPOXKHIX CHTYalliil MiITBEPKYIOTh EKCIIEPUMEH-
TaJIbHI MOXJIMBOCTI IHTEPaKTHBHOCTI TpPaHCIIOPTHHUX
MIpoIeciB Ta IIISAXiB BTUIEHHS iHPOpMaNiiHO-KOMYHi-
KalliiHO1 TEXHOJIOTIT yIpaBiiHHS HA3€MHUM TPaHCIOP-
TOM.

i po3poOku MOBHHHI MEpeIyBaTH CTBOPEHHIO
BHYTPIITHBO{ aBTOMOOUTBHOI TEEMATHKH Ta IHTEpaK-
THUBHOI CHCTEMH peecTparlii, OmiHKH Ta 300py daHHUX
PO ONEPaTUBHY CHUTYAallil0 Ta CEPEJOBHUILNE TOPOXK-
HBOTO PYXY.

Heo0xigHo 3MEHINTH KUTBKICTh YIIPAaBIiHCHKOTO
Ta BUPOOHUYOTO TIEpPCOHANY, KU 3aliMaeThCs aBTOT-
pPaHCIIOPTOM, CKOPOTHUTH Yac Ha MPUHHATTS PillIeHb Ta
YCYHYTH HETaTHBHHH BIUIMB JOPOXXHBOTO pyxy. Take
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MOJINIIEHHS IIATBEP/KEHO AaKTaMU BIPOBa/KCHHS
Cityx01 aBTOMOOIIBHUX JOPIr Ta AEP>KABHOTO ITiIIPHU-
emctBa "ABTOs10p" XapKiBCHKOT 00JIACTI.

[lepmmM KpoKOM BIPOBAPKEHHsI BeO-pillleHb Ha
TPAHCHOPTI € BUKOPUCTAHHS 1HCTPYMEHTAIBHUX 3acO-
0iB, TAKUX K JOPO’KHI CKAaHEPH Ta IHTEPaKTUBHI AOPO-
KHI TecTepH, sIKi MO’KHA BUKOPHCTOBYBAaTH Ha CMapT-
¢oHax i IUIaHIIeTaX.

Juisa iHbpopMyBaHHS YIaCHHUKIB JOPOKHBOTO PYXY,
KOPHUCTYBadiB JOpir, poOIiTHUKIB ITOPOKHBO-EKC-TUTya-
TaliiHUX OpraHi3aliil Ta Oyab-sIKuX Gi3HgHUX 0Ci0 Ipo
HEOOXiJHICTh YCYHEHHS] HEIraTUBHUX IMOTIPLUICHb CTaHY
JIOPIr IPOTAroM Oyb-SKOTO MEPioy POKy, MOTPiOHO:

— PO3TOPHYTH TPAHCIIOPTHUHN JTOPOKHii mopTai,

— aBTOMAaTU3yBaTH Ta BECTH €JIEKTPOHHHUH )KypHa-
JLHUNA OOJIIK POOIT 3 yTpUMaHHS 0pir,

— CHCTEMaTU4HO CIIOCTEpiraTd 3a TPaHCIIOPTHO-
eKCIDTyaTaIlifHIM CTaHOM JOPir.

CporonHi o/iHi€I0 3 HAWBaXIIUBIIINX TIepeBar BH-
kopuctanass WEB-pimens (To0To KoMI'FOTEpHHX TPO-
rpam ajsl BUpilIeHHs npobiieM) € pocToTa iX peaniza-
1ii Ta pO3ropTaHHs.

@dakTUYHO ISl IBOTO JAOCTaTHHO MAaTH TaKi pecy-
pen:

— aBTOMOO1Ib,

— inpopmamniitHo-komyHikamiitamit eaTp (IKLL) —
BapTICTH SKOTO HE MEPEBHIY€E BAPTOCTI cMapTOHY,

— iHpopmaniitHuii [HTepHET-CaliT — TPAHCIIOPTHUI
JOPOXHIA mopTan (BapTiCTh MEPIIOTO PO3TOPTAHHS
cTaHoBHTH Osu3bko 20 000 rpH.).

Yci BUTpaTH Ha CTBOPEHHS TAKOTO JIaHItora iHdo-
pMariiiHoro komyHikariiiHoro nentpy (IKLI) ta indop-
Mariitnol komyHikaniinoi Texnonorii (IKT) ms nopo-
JKHBOT OpraHizauii He epeBULIYIOTh 3BUYaHUX BUTPAT
Ha YTPUMaHHS KOMITIOTEPHOI'O pPECcypcy oprasizarii
IepkaBHOI a00 KomepIiifHOi kKoMmmaHii Ta Qi3W9IHOI
ocobmu (puc. 1).

T . ABTOMAaTH30BaHi 3’
€JIeKOMYHIKaii 63K TAHIX B’SI30K
Tenedonni Kowmm’totepni
Mepexi GSM CHYTEMU
. R IIporpamue
JlopsxHi opranizanii 6
[arepuer (SIK1 BUKOPUCTOBYIOTb 340C3IICHEHITT
. 3 . KOMIT IOTEPHUX
HOBITHbOI MEpEKEBOT
CUCTEM
texHosorii Cloud
Computing)

MynbTHareHTH —
300py Ta Bepidikaris
06p061<14 HOPMOTHBHO

iH(popMarrii IIPaBOBUX
JaTHIX
C o I .y ABTOTpaHC-
uTYyaliiui H(POngHleHO- nopTHI
LHEHTPHU KOMYHIKaI[i{HUH LIEHTp MignpHeMcTBa Ta
oprasizarii

Puc. 1. InpopmariitHo- kOMyHiKalliiiHa CTPYKTypa

[IpakTHYHOIO MiATBEP/HKEHO, IO OJWH BOMIH 3i
cMapT(OHOM Ta KII€EHTCHKMM JOAATKOM TPaHCHOPT-
Horo popokHboro moprainy IKI[-IKT moxe 3aminnTH
I'POMI3/IKy CHCTEMY OCi0, 110 MPUHMAIOTh PIlICHHS 3
oprasizanii nepeBi3HUX MPOIECIB.

Hemae notpebu 3aiydaTé BIAcHUKIB, NEpPEBI3HU-
KiB Ta OTPHUMYyBadiB BaHTaXIB (JIOCTAaTHHO 3YCHIIb
TUIBKU caMe YYaCHUKIB aBTOTpaHcnopty). Lle minTBep-
JPKEHO HAayKOBUM OOTPYHTYBaHHSAM, PO3paxyHKaMH Ta
€KOHOMI€I0 BHUTpaT Ha BIPOBAIDKEHHS HOBOTO BipTya-
JILHOTO YIIPaBIiHHSA aBTOMOOITEHHUM TPAHCIIOPTOM:

YCTaHOBKY 00J1a/IHaHHS, IIOMICSYHY IUIATY 3a 00CIIyro-
BYBaHHS, IIOMICSIYHY 3apIulaTy II€pCOHAy 3BHYANHOT
BipTyaJbHOT JOTICTHKH.

BucHoBxu

YTBOpeHHs €IUHOTO 1H(POPMAIIITHOTO TIPOCTOPY Y
xmapaux obuucieHHsnx (Cloud Computing) nmepenbadae
HE TIJBKU TEXHIYHY OpPTaHi3amifo PO3MOIUIeHNX 00YHC-
JICHb y T€TEPOTEHHOMY CEpPEeIOBHIi, ane i CTBOPEHHS
MIEBHOI COLIAJILHOT CTPYKTYPH, sIKa BKIIOYa€ KOPUCTYBa-
YiB CHCTEMH — YYaCHHKIB JOPOXKHBOTO PYyXY.
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Bukopucranns IntepHery 3abe3neuye HeoOXinHY
iHpopMaliliHy 6a3y Ui KepyBaHHS Oy 1b-SIKMM TOTOKOM
(MaTepianbpHUM, iHQOpMaUiiHUM, TPYIOBUM, IHBECTH-
iftHIM, (hiHAHCOBHMM TOIIIO) Ta ONTHMI3allii 10ro pyxy.

BukopucraHHs JMHAMI4HOTO —CcalTy-arperaropa
WEB mosxe OyTr HalOiTbII KOPHCHUAM TIPH CHHEPTeTH-
YHOMY IiJXO0/1, AKUH mojsrae B kKoMOiHamii iHpopmariii-
HUX MOXIIMBOCTEH CalTy Ta KapTOrpagidHOro CEepBiCy
JUI BU3HAUEHHS PO3TAlIyBaHHS TPAHCIOPTHHX 3ac00iB
Ha Jioporax Ta Bi3yaji3amii TpaHcmopTHOI cutyarii. Lle
JIO3BOJIIE CBOE€YACHO MPHUUMATH PIMICHHS MO0 OLHKH

TPaHCIIOPTHI MPOLIECH.

[Ipn upoMy BHKOpHCTaHHS XMapHOI iH(ppacTpyk-
TypH 3amicTh BiacHoOi iH¢pacTpykrypu IT € Habararo
OLUTBII BUTiTHUM 3 (PiIHAHCOBOT TOYKHU 30PY, OCKLUIBKH JI0-
3BOJISIE TUIATUTH JIMIIE 32 (PAaKTUYHO CIIOKUTI MOCIYTH,
He MoTpeOyIoun 3HAaYHUX KaIliTaIbHUX BUTPAT.

Kpim Toro, iMIureMeHTarisi X HaAyKOBUX Ta MPaK-
TUYHUX PE3yJbTATiB CBIAYUTH TIPO TE, 110 BUTPATH, TIOB'-
sI3aH1 JIUIIE 3 3aJdy4eHHsIM KopuctyBadiB WEB pimens
Io 1€l HoBoi poOOTH, a HE 31 CTBOPEHHSAM BIIACHOI iH-
¢pactpykrypu IT.

Ta YCYHCHHSA MOXIMBHUX HETAaTUBHUX BIUIMBIB Ha
CIUCOK JIITEPATYPU
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Cloud computing automobiletransfer and road maintenance
S. Neronov, G. Pliekhova, S. Ocheretenko

Abstract. Thegoal istodevelop a new quality level for domestic land transport systems and optimize their technical
characteristics, improve the conditions for providing transport services to residents and enterprises of cities and regions of
Ukraine. Resear ch objectives. To study the existing separate solutions in the IT industry for automobile transfer. To connect
these separate solutions for the creation of new systems and networks. To implement the entire complex of the IT industry
as automobile transfer, not only technical, but also intellectually making engineering decisions according to the logic of a
professional person. To achieve a virtual human logic of a professional transport driver. Thefollowing resultsarereceived.
A comprehensive understanding of the existing IT solutions in the automobile transfer industry. A proposed framework for
connecting these solutions to create new systems and networks. A system that can make intellectual engineering decisions
according to the logic of a professional person. The achievement of a virtual human logic of a professional transport driver.
Conclusions. The intellectualization of the car's electrical systems and monitoring the condition and driving conditions of
transport vehicles is a crucial step towards optimizing domestic land transport systems. By following the standard rules of
ISO/IEC 15288:2002 and connecting existing IT solutions, a new level of quality and efficiency can be achieved. This
includes the development of a system that can make intellectual decisions, mimicking the logic of a professional transport
driver. This research provides a significant contribution to the IT industry and the future of land transport systems in Ukraine.

Keywords: computer science, car transfer, road maintenance, synergy, principles and paradigms of using car computer
systems - ACS.
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XapKiBCbKHI HALliOHATBHUI YHIBEPCUTET PaIiOeIeKTPOHIKH, XapKiB, YKpaiHa

ONTUMI3ALIA CTPATETTL YIIPABJIHHA TEXHOJIOTTYHUMU IMTPOIIECAMUA
B YMOBAX HEBU3HAYEHOCTI

AHoTanisi. B pe3ynprari aHami3y 3a1a4 oNTHMI3AILi] yIpaBIiHHS TEXHOJIOTIYHIMH IpoliecaMy BUPOOHUIITBA BUPOOIB HO-
BOT TEXHIKH B HEYITKUX YMOBAX BUSBIICHO, IO MIPHU JIOCHTI/PKCHHI TEXHOJIOTIYHOTO 00'€KTa YIPaBIiHHS HEBUCOKOI pO3MIpHO-
CTi MOke OyTH BHKOPHCTAHHH MiJXif, 3aCHOBAaHMI Ha 3aMiHi HEUiTKMX MHOXXHH MHOXXHHAMH O-PiBHS 1 3BEICHHI HEWiTKOI
ONTUMI3aiiHOI 3a/1a4i IO KIACHYHOI 33/1a4i MATEMaTUIHOTO porpaMyBaHHs. [loka3aHo 110 Ui oNTUMi3alii yIpaBIiHHAM
OararoomneparifHIM TEXHOJOTIYHHMH IpolLecaMu Oifblle parioHaNbHUM € miaxin bemnmana-3ane Ha OCHOBI MPHUHIMITY
3IUTTS LiJIeH 1 00MeKeHb, KU BUMAarae noJajablIoro PO3BUTKY Ha BUMAJOK HEUITKUX CTAaHIB TEXHOJIOTIYHOTO 00'€KTa yII-
pasininas. Kpim Toro, He BupimieHa nmpobiaeMa 00'eqHAHHS HEUITKUX IiIeil 1 00MeXeHb y pa3i iX HeOJHaKOBOi BaXKIIMBOCTL
a00 B3aeMO3aJIeKHOCTI. J[yIs BUpImIeHHs [UX po0JieM 3alpoIIOHOBAaHO METO ONTHMI3allil cTpaTerii ynpaBliHHSI TEXHOJIO-
TYHMMH [TpOLIeCaMy BUPOOHHMIITBA 32 OaraTbMa KpUTEpisAMH. B SK0CTi y3aralbHEHOTO KpUTEPit0 BAKOPUCTOBY€ETHCS 3TOPTKA

KpUTEpiiB y BUIIIAAI HEUiTKOTO iHTerpana CyreHo.

Kaw4oBi cioBa: ontumizamis, ynpaBiIiHHS, TEXHOJIOTIYHAHN MPOIEC, TEXHOJIOTTUYHINA 00’ €KT, HEBU3HAYEHICTh YMOB.

Beryn

Tpamuuiiito mig TepMiHOM "KepoBaHHUI TEXHOJIOTIY-
HUI TIporiec” po3yMi€Thes TaKUil TEXHOJOTTIHHHN MPOIIEC
(TIT), ans ssKOTO BCTAHOBJICHI BXiJHI KEPYIOYi BIUIHBU Ta
BUXIJIHI TapaMeTPH Ta 3aJICKHOCTI Mi>K HUIMH, BU3HAYCHO
METOJIY BUMIPIOBAHHS BXiJHHX BIUTHBIB Ta BUXiJHUX IIa-
paMeTpiB Ta METOAM YIPABIiHHS TporrecoMm [1].

KepoBaHuMH 3MIHHUMH €:

— napamerpu TII;

— CTaH 3ac00iB TEXHOJIOTIYHOTO OCHAIIIEHHS,

— TEXHIKO-CKOHOMIYHI TIOKa3HUKH BUPOOHHUIITBA
BUpPOOIB HOBOI TexHikHW, 10 (Gopmyrorbes B xoxui TII
(IPOLYKTUBHICTB, COOIBAPTICTH, TOUHICTh, BUXI]] IPHIa-
THOT IPOAYKIIT Ta iH.).

Ha npaxruni ynpaeniaas TT1, sk npaswio, Bigoy-
BAETHCS B yMOBAaX HEBU3HAYECHOCTI, MTOB'S3aHOI 3 BiACYT-
HICTIO JOCTaTHBOI iH(popMamii mpo MOBEIiHKY KepoBa-
HUX 00'€KTiB, HEOTHOPITHICTIO BUXITHUX MaTepiaiiB,
BHUCOKMM DiBHEM IIIYMiB, AUCKPETHICTIO 32 YaCOM BHMi-
PIOBaHHS CTaHIB MPOIECY, 3MiHOIO KOHTPOJIHOBAHUX I1a-
pameTpiB Ha KOKHOMY KpOIIi IPOIECY, HEMOKIIUBICTIO
TOYHOTO BH3HAa4YeHHA (a30BHX KoopauHAT. bimbmr Toro,
He BCi KoopaumHAaTH Bekropa craHy TII mMoxyTts OyTm
MIPOKOHTpOIbOBaHI YacTuHa (hakTOpiB, IO XapaKTepu-
3YIOTh POOOTY POMUCIOBOTO 00'€KkTa, 200 B3araii HEBi-
JoMa, abo Ipolec BUMIpy MOB'A3aHUH i3 3HAYHUMH TPY-
JHOIIIAMU.

VYeknanuenns TII npuzBoauTh 10 3011bLIEHHS He-
BU3HAYEHOCTI IIPH TXHbOMY (DYHKI[IOHYBaHHI. Y BUpOO-
HUITBI BUPOOIB HOBOT TEXHIKH IMOCHIIOIOTHCS TCHACHIIIT
JI0 TIepexoay Ha OaraTOHOMEHKIJIATypHE IpiOHOcepiiiHe
BUPOOHHUIITBO, K€ XapaKTEPU3Y€ETHCS MATUMU MApPTisIMH
BHPOOIB Ta BEJIMKHUM JIialla30HOM X PO3MIpiB Ta BIACTH-
Bocteil. [Ipu KepyBaHHI TAKMMH MPOIIECAMU 3pOCTAE Ha-
CTOTa 3aMiHU HACTPOIOBAILHUX BEJWYWH 1 ITiJIBHIITY-
FOTBbCSI BUMOT'H JIO TOYHOCTI Ta THYYKOCTi HACTPOIOBAIIb-
Hoi Mogmeni. I'ocTtpo mocrae mpobieMa amgeKBaTHOCTI

BUKOPHCTOBYBaHHX MOJIEIICH, 110 BU3HAYAETHCS, HACAM-
nepen, peajizali€ro NPUHOMITY iHOPMaLiiHOI qocTaT-
Hocri [2].

Henonix kinbkicHOi iH(opMaii, oxep)KyBaHoi B
pe3yabTaTi 3aCTOCYBaHHS 00'€KTHBHUX, aJie OOMEKCHUX
METO/IIB JIOCIIKEHHSI, IEBHOIO MipOI0 MOXe OyTH KOM-
MIEHCOBaHWH 1H(OpPMAIli€0 SKICHOTO XapaKTepy y BH-
TIS1 IHTYITHBHEX 3HAHB 1 JOCBiAy TexHouora. Ls indo-
pMaris HOCUTH CYyO'€KTUBHHIMA Xapakrtep, i 1l MOJaHHS
MPUPOJTHOIO MOBOIO, SIK TPABUIIO, MICTHTb BEJIUKY KiJb-
KiCTh HEeBU3HAUCHOCTEH THITy "OaraTo", "Mano", "cuibpHO
30utpmuTH", "BUCOKHI", "myke eheKTUBHUIA" 1 T.II., SIKi
HE MaroTh aHAJIOTIB MOBOIO TPAIMLIHHOI MaTeMaTHKH.
Tomy # onuc noaidHoT iH(opMallii MOBOIO TPaAUIIHHOT
MaTeMaTUKH 301HI0E MaTeMaTH4Hy MOZAENb JOCIIIKY-
BaHOT0 PEaIbHOTO MPOIIECY 1 POOUTH HOTO TyKe IPyOuM.
Pa3om 3 TUM HasIBHICTH MaTeMaTHYHHX 3aC00iB BiZ00pa-
JKCHHS HEBU3HAYEHOCTI BUXIMHOI iH(OpMAIlii 103BOJIsE
o0y IyBaTH MOJENb, OUTBII aIeKBATHY PEabHOCTI.

Haii0inpm mnommpeHHM BHIOM HEBHU3HAYCHOCTI,
mo 3ycrpivaeTbes npu gociimkenHi TII, € HeBu3Haue-
HICTB, TIOB'SI3aHa 3 BUNAIKOBICTIO. TeopeTnko-iMoBipHi-
CHE TOHATTS BHIIAJKOBOCTI BIHOCHUTBCS 10 KaTeropii
00'€eKTUBHHX TIOHATH Ta PO3TIISIAETHCS SIK JOJATKOBE JI0
MOHATTS MPUYUHHOCTI; TaKe YSABJICHHS IiIKPIIUTIOETHCA
KOHIIETIIIEI0 BiITBOPIOBAHOCTI €KCIIEPUMEHTIB, SKa y3-
TODKY€ETHCS 31 CHOCTEPE)KEHHSAMH B Taly3l NPUPOIHU-
9YUX HayK Ta B TexHimi. s poboTH 3 TakuM BUAOM He-
BHU3HAYEHOCTI BUKOPUCTOBYIOTHCSA TEOpis HMOBipHOC-
TEH, MaTeMaTHYHA CTATUCTUKA, TEOPisl BUIIAJKOBUX IIPO-
LIECIB.

OpHaK po3mIs/] HeBU3HAYCHUX JJAHUX 1 3B'A3KIB IIPH
ananizi TII mokasye, oo iCHYIOTH pi3HI Ki1ack HEBH3HA-
YEHOCTI, SIKi HE 3aBX/IH MOB'I13aHi 3 BUITAIKOBICTIO.

V cBiTIIi MaHIBHOT JYMKH, TIOPOJDKEHOT TaK 3BaHOIO
JIEKapTOBOIO PAIliOHANTICTCHKOI0 METOJIOJIOTIEI0, TPaIH-
IiHHO ICHY€E TEHICHIIIS BiIKUIATH TaKi BUIY HEBU3HAUC-
HOCTI, SIK HESICHICTh, HEUITKICTh 1 HETOUHICTh Yepe3 iXHIO

20 © Amngpycesuu A. O., ®posos A. B., Crapony6ues M. I'., Jlemcoka H. I1., Makapenko I'. C., 2024
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HEeHayKoBy a0o0 ippalioHaJIbHy KOHLENIi0. Y TOH e
yac, npu ynpasiinHi TTI Mu nocTiiiHO cTHKaeMocs 3 cu-
TyaIi€ro, KOJIM HEMOXKIIMBO YHUKHYTH MPOOJIEeMH 00Ky
HESICHO1, HeWiTKOT a00 HeTOYHOT iH(opMaIii.

OpnHa 3 OCHOBHHX IPOOJIEM IPU LLOMY — 3HAWTH
croci6 006poOku HasBHOI iH(popMarii st BUOOpyY partio-
HAJIBHUX BapiaHTiB ynpaBiiaas TII.

Ot MeToniB 00poOKM HeBU3HAYEHOT iHpopMarii
ITOKa3aB, 10 HAWOLIBII MEPCISKTHBHUM Ta CUCTEMaTHY-
HUM € Ti/IXi/1, 3aCHOBaHNI Ha BUKOPUCTAHHI TOHATTS He-
giTkoi MHOHHH 3azae [3]. Teopist HETiTKUX MHOXKHH SIB-
J15i€ CO0010 y3araJbHEHHS 1 IePe0CMHCICHHS HallBaXKIIH-
BIlIMX HANPSMKIB KJIaCHYHOT MaTeMaTuku. Y i1 BUTOKIB
Jexath imei 1 JOCATHEHHs OaraTO3HA4YHOI JIOTIKH, sSKa
BKazaja Ha MOJJIMBOCTI IEPEXOJy BiJ JBOX /O AOBLIb-
HOTO YHCJIa 3HAYCHb ICTUHHOCTI 1 TOCTAaBUIIA 3a]1a4y OIIe-
PYBaHHS MOHATTAMH 3 MIHJIMBUM 3MiCTOM; TeOpii HMOBI-
pHOCTEH, sKa, IOPOANBILIH BEIUKY KITBKICTh PI3HHX CIIO-
co0iB CTaTUCTUIHOT OOPOOKM EKCIIEPHUMEHTAIBHUX JIa-
HUX (HAIpUKIaM, TicTorpaMu, GyHKIIi po3noiny), Bil-
KpWJla NUISXH BHU3HAYEHHS Ta iHTeprperamii (yHKMii
NPHHAJISKHOCTI; AUCKPETHOI MaTeMaTUKH (Teopii Mart-
pub, Teopii rpadis, Teopii aBTOMATIB i T.J1.), IO 3a1po-
MOHYBaJIa 1HCTPYMEHT IJIsi Mo0y10BU Mojeneii Gararo-
BUMIpHHX 1 0araTopiBHEBUX CHCTEM, 3pYUYHHUI IPU BUPi-
LIEHHI NPaKTHYHUX 3a/a4.

OCHOBHOIO IparMaTUYHOIO MeTOIO 3aze OyJI0 CTBO-
PEHHS amapary, 3AaTHOTO MOJICIIOBATH JIFOACHKI MipKy-
BaHHS Ta NOSICHIOBATH JIFOACHKI IPHAOMH IPUHHATTS pi-
IICHB MiJ] 9ac Pi3HUX AOCIHiIKeHb. HewiTkicTs po3ymi-
Jacst SIK HACHIJOK CyO'€KTUBHOCTI YH iHIWBITyaTbHOCTI
JFOJMHH, SKa npuiiMae pimenss. [Ipore mig yac npukia-
JIHUX JOCIIJDKEHB IOHATTS HEYITKOCTI PO3IHUPHIIOCS.

VY pearsHUX CHTyalisX MPUAHATTS PillieHb — I,
oOMexeHHsI, KpuTepii BUOOPY Moxke OyTH HETOYHO BU-
3Ha4eHUMHU. J[PKepenoM HETOYHOCTI MOKe OyTH MPHHIIU-
10Ba HEMOXJIMBICTh ONEPYBaTH TOUYHMMH JIAHUMH BHa-
CIIJIOK CKJIAAHOCTI cucTeMu. Tomy mpu o0y 10Bi Moie-
JIel MPUHHSTTS pillieHb BUHUKAE HEOOX1IHICTh BUKOPHC-
TaHHS HEYITKOI JIOT1KH, HEYITKUX MHOKHH 1 HEUITKUX Bi-
JTHOCHH. HedwiTki BITHOCHHH JO3BOJISIFOTH MOJICIIOBATH
IUIABHY, TIOCTYIIOBY 3MiHY BIACTUBOCTEH, a TAKOXK HEBI-
JoMi (DYHKIIOHAJIBHI 3aJIeKHOCTI, Y4aCTKOBO a00 IOBHI-
CTIO BUPAXKEH1 y BUTIISII SIKICHUX 3B’ SI3KiB.

Bukaan ocHoBHOTo MaTepiaay

HeBusnauenicTp, B Tilf 9M iHIINH Mipi BiacTHBa
BCIM IIpoIielypaM NMPUHHATTS pimieHs B ynpasiiaai TI1,
Mae 1Bl cropoHH. OHa CTOpPOHA HOCHThH IMOBIpHICHUM
XapakTep, JIpyra IoB'a3aHa 3 HETOYHICTIO i MpUOIM3HI-
CTIO I[iJIeH, anbTepHATUB, pecypciB. Y 3ajavax ympas-
ninns TII, sk npaBuiIo, MPUCYTHI OOM/IBI CTOPOHH HEBH-
3HaueHocTi. Tak, y Bumajgky OaraTouijaboBOi 3aaadi
MPUHHATTA pimeHs Ha KokHoMy etami TII mMm maemo
CIIpaBy 3 HEBU3HAUEHICTIO CTOXACTUYHOI IPUPOIH, TIOB'-
s13aHOT 3 BUMAJKOBUMH BIUIMBAMH 30BHIIIHBOTO CEPEO-
BHIIA, 1 3 HEBU3HAYCHICTIO, OJICP)KYBaHOI B Pe3yJIbTaTi
(dhopmarmizanii sikicHOi iH(pOpMaIii PO MOPIBHAILHY Tie-
peBary MOKJIMBHUX BapiaHTiB pillleHHS.

Hait6ib1r amexkBaTHORO cTpateriero ontumizarii TIT
€ CTpaTeris MoCIIiI0BHOI onTHMi3alii. B ymMoBax HeBu3Ha-
YeHOCTI IPOLIeAypa MPUHHATTS pillIeHb HAa KOXKHOMY eTari

TII opieHTOBaHA B 3aralbHOMY BHIIaJIKy HE Ha BUPIIICHHS
YITKO IIOCTABJICHOI MaTEMATHYHOI 3aJa4i ONTHMI3allii, a
Ha IOCITiZIOBHE BUSIBJICHHS IlepeBar 0co0o1o, sika IpuiiMae
pinIeHHs (Ha OCHOBI O/Iep>KyBaHOI BiJi HHOTO iH(OpMAIlii)
pa3oM 3 BU3HAYEHHSIM JIOITyCTHMOI MHOYKHUHH JIIH.

ITpu po3pod1i i BUKOpHCTaHHI MaTeMaTHIHIX MO-
JleNieil IpUHAHATTS pillleHb, HAPHUKIAA, MOJAETCH Mare-
MaTUYHOTO MPOTpaMyBaHHS, KOJIM aJIbTEPHATHBA SIBIISIE
c000f0 MHOKHHY PillIeHb IMOTY)KHOCTI KOHTHHYYM, 1 OTI-
TUMalbHE PIIIeHHS BIAMOBiZa€ EKCTPEMyMY IILOBOT
(GyHKIIi, MTHTaHHS PO aHAJI3 HACIKIB SIK TAaKHUX B 3ara-
JLHOMY BUIIaJIKy HE CTaBUTHCS. A BiH 0COOJIMBO BaXKIIU-
BUI IPU TOCIIIKEHH] ¢l1ab0 CTPYKTYPOBAaHUX 00'€KTIB.

VY cutyanii Bubopy Haiikpaioi 1ii 3 MHOKUHH MO-
JKIIUBHX, KOJIM PE3YJIBTaTH UX A1l HOCATH IMOBIpHICHUI
XapakTep, KOXKHa JIisl XapaKTepU3y€EThCsl CBOIM BEKTOPOM
HMOBIPHOCTEH BCIX MOXKJIMBUX aJbTEPHATUBHUX PE3yJIb-
TaTiB. OgHA 3 HaWOLIBII PO3pOOIEHUX Teopid BHOOPY
HaMKpamioi Aii B IUX yMOBaX — Teopis HMOBIpHICHO KO-
pucHocTi poH Heiimana i MopreHImTepHa, 3riTHO 3 KOO
JUIS OLIIHKH BITHOCHOI MEpeBark KO>KHOTO aJlbTePHATHB-
HOTO PEe3yJIbTaTy B yMOBaxX PU3HKY BBOAUTHCS CIIEIia-
JbHA (DYHKIISI KOPUCHOCTI (HECYNepewIMBHN KiJIbKiCHUM
OIUC TepeBar 3a SKICHUMH KPUTEPiSIMH), 3HAYSHHS SIKOT
JUISl KOXKHOI albTepHATHBH BCTAHOBJIIOIOTHCS 3 Bpaxy-
BaHHSIM IlepeBar oco0oro, sika npuiiMae pimenHs. Ha oc-
HOBI (DYHKI[IH KOPHUCHOCTI KOXHOI aJbTePHATHBU Ta
HMoBipHOCTEH iX peanizauii popMyeTbes QyHKIIS KOpU-
CHOCTI KOXKHOT aii B mimomy. dami BuOHpaeTses mis, 1o
3abe3nedye MaKCUMYM 3HaHIeHOT TAaKMM YMHOM (pyHKIii
KopHucHOCTi. OZJHAK aTbTePHATUBH MOKYTh BiIPI3HATHCS
MiXk co00F0 3a IO HU3KOI (hakTopiB abo KpUTEpiiB.
BararoBuMipHa ampTepHAaTHBa OIHIOETHCS BIAIMIOBIIHO
3a JIOTIOMOTO0 OaraToBHMIipHOT (DYHKIN{ KOPHUCHOCTI.
[ToGynoBa GaraToBUMIpHHUX (QYHKIIH KOPUCHOCTI € HAll-
3BHYAHO CKJIaHOIO Mpobiemoro [4].

B [5] po3risiHyTi METOU 3BY>KEHHSI MHOKHHH J10-
MYCTHMUX abTepHaTHB. [0 HUX Hajie)KaTh METOJH, L0
IPYHTYIOTbCSL Ha inesix edekTuBHHX KommpowmiciB [la-
pero, rapantoBaHi ouinku ['epmeiiepa Ta BUOIp pilieHb
Ha OCHOBI HEUITKOTO OmHUCy 3aje.

BignosigHo mo mpuHmumy Ilapero MoXxIwWBI pi-
IIEHHS CJIiJ] IIyKaTH JIUILE cepe]l HEBIMHHNX (HeJOMiHO-
BaHMX) AJIBTEPHATHB, TOOTO AIBTEPHATHB, MONIIIICHHS
SKHAX 32 OJHUMH KPUTEPISIMU NPHU3BOAMUTH JIO iX IOTip-
IICHHS 32 IHMHUMHU KpuTepissMu. OCKITBKH HISIKUH MaTe-
MaTHYHUI aHaJi3 HE MOXKE JaTH TOYHOT'O Pe3yJIbTaTy BHU-
0opy anbTepHATHB B YMOBaX HEBU3HAUEHOCTI, OOy I0Ba
MHOXXMHH HEJIOMIHOBAHMX aJbTEPHATHUB € HETPUBIaJb-
HOIO 33/1a4€I0.

B ocHOBI MeTOTy rapaHTOBaHUX OIIIHOK I epmeiiepa
JIOKUTh NPUHIUI MakcuMiHy. [Ipu BupimenHi npobiem
NPUIHATTA pilleHh B yMOBaX HEBU3HAYEHOCTI MOXKE
OyTH nMIIe OJMH CTPOTMH MaTeMaTHYHHWH pe3ysbTaT —
1€ OLliHKa, OTPUMaHa Ha OCHOBI NMPHHIMITY MAaKCHUMiHY.
I'apaHTOBaHUIl pe3ynbTaT € €ANHOIO OIOPHOIO TOYKOIO.
Jani nexxats rinoresu i pu3uk. OHAK 1€ TBEPAKEHHS He
03HaYae, Mo MOoTPiOHO BHOUpATH caMe Ty aTbTePHATHBY,
sIKa peallizye el rapaHToBaHWi pe3ysbraT. BiH mMoxe
OyTH i TyKe XOpOIIUM i aOCOFOTHO HETPUHHATHUM.

CTHCHYTH MHOHMHY MOXIIMBUX aJIbTEPHATHB JO-
3BOJISIE TAKOXK TeXHIKa 3aze. Y cxemax aHallizy OyayeTbes
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Jesika cucreMa rinore3. Bonu GpopmyInoroTecs B TepMiHax
«Ccy0'eKTUBHOT» NIpHUHAJIeKHOCTI. Jami, B pe3yibrari aHa-
J3y OTPUMYEMO DillleHHS B HewiTKii dopmi — y dopmi
MPUHAJISKHOCTI JIesKiii MHOXHHI, a TIOTiM Horo aedasu-
¢ixyemo. Bukopucranus indopmarii, 3anaHoi y ¢opmi
HEYiTKUX MHOXXHH, IPH3BOAUTE 10 HOBUX (JOPMYITIOBaHb
ONTUMI3AIITHNX 3a/1a4 1 METO/IB IX BHPIIICHHS.

VY 3aranpHOMY BUTIIAJIKY 3a[ady ONTHUMi3allii MOXHa
chopMyIIOBaTH SIK 3aJady MakcuMizamii (MiHiMi3arrii)
3amaHol (GyHKIIi Ha 3a4aHiil MHOXXHHI JOMYCTUMHX allb-
TEpHATHB, SKA OTIMCYETHCS CUCTEMOIO PiBHOCTEH Ta/abo
HEepiBHOCTEH.

f(x) » max, ;(x) <0, i =1,.... mx€X,

ne X — 3alaHa MHOXWHa anbTepHatus; f: X — R! i
@;: X > R' —3anani QpyHkumii.

[pu posrasizi peajbHUX 3a1a4 MPUHHATTS PillIeHb
B ynpasninti TTI B po3nopsikeHH] JOCTiAHUKA MOXKYTh
BUSIBUTHCS JIUIIIE HeUiTKI ommcH ¢yHkiii {1 ¢ abo mapa-
MeTpiB, BiA sKuX 3anexath ui ¢yHkuii. Lle moxe OyTu
4yepe3 HeJI0CTaTHICTh iHpopMalii mpo 1o curyarito abo
CIy’XUTh (POPMOIO HAOIMIKEHOTO OIMCY CUTYAIlii, 10CTa-
THBOTO JUUIS BUPILIICHHsI OcTaBieHol 3aaaui. Kpim toro,
B pealibHill CUTYallii aTbTEPHATHBY 11032 MHOKUHOIO 00-
MEXEHb MOXYTb OyTH HE HENPHUITYCTHMHUMHM, & JIHIIC B
Til 9W IHIIA Mipi MeHII OaXaHUMH I OCOOH, sKa
mpuiiMae pillleHHs, HiK albTePHATHBH BCEPENUHI i€l
MHOXUHHA. POpMH HEHITKOTO ONMMCY BHXinHOI iH(QOpMa-
il B 3a/1auax NPUHHATTS PilIeHb MOXKYTh OyTH PI3HUMHU.
3BiJICH 1 BIIMIHHOCTI B MaTeMaTHYHHUX (DOPMYIIOBAHHSX
BIJINIOBITHUX ONTHUMI3aI[ifHUX 3a/1a4. 3aJIeKHO B BHIY
¢bynkuiii f 1 @; po3pi3HsAOTE HACTYIHI 3a/1a4i [5]:

— ONTUMI3ALS 3 HEUITKUMU BiJTHOCHHAMHU,

— ONTHUMI3AIA 3 HEUITKUMU OOMEKEHHSIMU,

— ONTHUMI3AIIiA 3 HEUITKOK METOIO;

— OIITUMI3allis 3 HEYITKOIO METOIO Ta HEYITKUMHU 00-
MEXKEHHSIMH.

AHaIti3 METO/IiB BUPIMICHHS Pi3HUX THITiB HEUITKUX
OnTUMI3ALIHHKX 3a1a4 [5, 6, 7] mokasas, 1110 B OCHOBI iX
JIKATh J1BA MiIXOAH:

— 3aMiHa HEYITKMX MHOXXHH MHOKHHAMH 0.-PiBHS 1
3BEJICHHsI HEYITKOT ONTUMI3aliiiHOT 3a1a4i 10 KJIaCUYHOT
3aj[a4i MaTeMaTUYHOTO IPOTPaMyBaHHS;

— IIPEACTaBICHHS LiTbOBOI PYHKIIIT i 0OMEXEHb He-
YITKUMH MHOKHHAMH 1 BUKOPUCTAHHS IPUHLIUITY 3TUTTS
nijei i oomexxens bemnvana-3ane [8].

[Tpn BHKOpHCTaHHI MEPHIOTO MiIXOMy BHXiIHA 3a-
Jlada HEYITKOr0 MaTeMaTHYHOIO MpOrpaMyBaHHS 3BO-
JUTBCS 10 BUPIMICHHS AesSKOT MHOKUHH KJIACHYHUX 3a-
nad ontuMizanii. Po3rinsHeMo 3anady onrtumizariii 3 He-
YiITKUMU OOMEKECHHSIMH.

Hexait 3amaHi:

f: X —> R!-uinvosa ynkuis;

X — yHiBepcajlbHa MHOXKHHA aJIbTePHATHUB,;

e - X = [0,1] — dynkuis npunanexuocti (PII)
HEYiTKOI MHOXXHHH JIONYCTHMHUX aJlbTePHATHB.

Hexait 3amaua onrumizamii copmynboBana Tak:
max f p# |, IpUIOMy iJ] MAKCHMi3aIli€l0 PO3YMi€ThCS
panioHaIEHUN BUOIp KOHKPETHOI abTepHATHBH YU MHO-
KHMHU aJTbTEPHATHB.

VY npoMy BHIaIKy BHXi/Ha 33/1a4a HEJiTKOTO MaTe-
MaTHYHOT'O IPOTpaMyBaHHs NPEICTABISETHCS Y BUTIISAL

CYKYITHOCTI 3BHYAHUX 33124 MaKkcumizaii ¢pyHkuii f Ha
BCUISIKUX MHOXKHHAX PIBHS MHOXHHU JIOTTYCTUMUX aJTh-
TCPHATHB.

e =x|xeX pu.(x) = a}.

Sxmo ampTepHaTHBA Xy € X € pIMeHHAM 3amadi
f(X) = max Ha MHOXUHI PiBHS 0, TO 00 TPAKTYETHCSI 5K
CTYMiHb HAJISKHOCTI aJbTEPHATHBU X, HEYITKid MHO-
JKUHI pillleHh BUXITHOI 3a1adi HEYiTKOTO MaTeMaTHd-
HOTO TporpamyBaHHs. [lepeOpaBmy BCIMIAKI 0, OTpUMa-
€MO (PYHKIIIIO MIPUHAICKHOCTI HEYITKOTO pimeHHs. J{s
Besikoro « = 0, takoro, mo c, # 0, nodyayemMo MHO-
KHUHY

N(a) = {x|x€X f(x) = sup f(xD} -

MHOXXHHY pillleHb 3BHYaiHOI 3ajavi MakcuMmizauii Ha
MHOYHHI JIOMYCTHMHUX AJIbTCPHATHB 31 CTYIICHEM ITPHHA-
JIGKHOCTI He MeHIne o. Tomi pilieHHs BUXITHOT 3aaadyi
BU3HAYAETHCS 31 CIIBBIIHOLICHHS

supp ig(x) = Ugso N (a) .

OueBUTHO, 1110 CTOCOBHO /10 BUPILIEHHS 3a]a4 yII-
pasminns TII manwii miaxin Moxe OyTH BUKOPHCTaHUIt
MpU JOCHIHKCHHI TEXHOJIOTIYHOTO 00'€KTa HEBHCOKOI
PO3MIpHOCTI, HAIIPUKIIA, IPA ONTHMI3allii OKPEeMHUX Te-
XHOJIOTIYHHX OTIepamiil, 3BayKarour Ha CKJIAIHICTH BHPI-
IIeHHS 0araTOBMMIpHHUX 3aJad MaTeMaTHYHOTO Iporpa-
MYBaHHS.

Jns ontuMizanii ynpasiiHasg 6aratocramiitanm TT1
Oimpmr pamioHampHEM € Tiaxix bemmmana-3ame. Bae-
JICHHSI TIOHATH MPO HEUITKI ISl 1 OOMEXKEHHS 103BOJISE
3aCTOCYBATH 1HIY, BIZIMIHHY BiJl CTaHJIAPTHOI, JIOTI4YHY
CXeMy NPUHHATTS pillieHb. Y CTaHAapTHIiH cxemi Qikcy-
€TbCS MHOXKMHA allbTEPHATHB, MHOXXHHa OOMEXKEHb 1
Kkpurepiit (kputepii) abo uinboBa ynkuis (GyHKIIT) BU-
6opy onTHManbHOI aNbTepHATHBHU. [Ipy HEUITKHUX IiIAX
1 OOMEXEHHSX, 33JaHuX Y TIPOCTOPi anbTepHATHB ab0 B
MIPOCTOPi CTaHIB CUCTEMH, JOTiYHa CXeMa IPUHHATTS pi-
IIEHb BHUTJISAE MO-iHmOMY. OCHOBHUM y JTaHOMY ITiJ-
XO[Il € Te, IO Il MPUHAHSTTS PillleHb 1 MHOKWHA JIOIY-
CTHUMHUX aJbTEePHATHB (0OMEKEHB) PO3TIIAAAOTECS SIK Pi-
BHONPaBHI HEYiTKI MHOXHHHU JesKOi YHiBepcalbHOI
MHOXXHHH aJIbTepHATHB. PIBHOIIPABHICTh PO3YMIETHCS B
TOMY CEHCI, IO PillleHHS MOBHHHO 32/I0BOJILHATH 1 IIi-
M, 1 oOMexeHHAM. Pe3ynbTyiode pimeHHS Gopmy-
€TBhCS SIK TIEPETUH MHOXKMH HEYITKUX ITUIeH 1 HEUiTKUX
oOmexeHb. Ile o3Hauae, o MiX HIJIAMH 1 0OMEKEHHIMHU
abo pecypcami, 110 CyTi, BTpadaeThcst BiaMiHHICTh. Ce-
pell MHOXKMHH MO>KJIMBHUX PE3yJIbTYIOUUX pillleHb BUOU-
paeThcsl TaK 3BaHE MaKCHMI3ylode DIlIeHHS, Ha SKOMY
OII nepeTrHy MHOXXMHHM IijIed 1 MHOKMHH OOMEXEHb
npuiiMae MakcuMalbHE 3HaueHHA. Makcumisyiode pi-
IIEHHS € B IIKOMY CEHCI ONTUMAaJIbHUM.

3BakarouM Ha CKJIAQAHICTh cydacHuUX TII BHpoOHH-
ITBa BUPOOIB HOBOI TEeXHIKH, iX Oararomapamerpmd-
HICTh, OaraTOKpPUTEPiaIbHOCTI PIIIEHHS 3a/1a4i ONTHMi-
3arii He € €QUHUM.

[Ipu 11pbOMY HEOJHO3HAYHICTH PIlIEHHS HE MOXKE
OyTH yCyHEeHa IUIIXOM BHYTPIIIHBOTO, OLIBII JETallb-
Horo anamizy TII. HeoOximuuit 30BHimHINA anami3 TII,
TOOTO TpolieC MOBHHEH pPO3TILAaTUCs SK ITiCUCTEMa
OibII CKJIQJHOI CHCTEMH — BUPOOHMYOI, a KpHTepii
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onrtuMizanii BUOMpaTHCS 1 paH)XyBaTHCS 3aJEXKHO Bij
KpHUTEpiiB ONTUMaNIbHOCTI 0cTaHHbOI. L{e 103BoNUTE NO-
OynyBaTH AESKUI pe3yJIbTyHOuui mokasHuk sikocti TII,
SIKMH B IPUHLUITI BU3HAYUTD €IMHE PILICHHS 3a/a4i oIl-
tumizauil TII. OckibKH MOKIJIMBOCTI 00'€KTUBHOIO BU-
060py pe3yIbTYIOUOTO ITOKa3HUKa OOMEKEHI HallNMH
3HaHHAMH BiacTuBocTei TII 1 cucteM GBI BHCOKOTO
iepapXiqHOTO piBHA, TO TakWil BUOIp HEMUHyYE CTa€
cyO'eKTHBHHM, 1 caMe B I[bOMY CEHCI MH BHKOPHCTOBY-
€MO TepMiH cyOonTUMabHE, TOBOPSYU TPO €IWHE pi-
IIEHHS.

Skuio po3risaaTi 6araTOKpoOKOBi MPOLECH 3 JieTe-
pMiHOBaHOI (PYHKIIEI0 MEPEXOiB 3 HEYITKMMHU OOMe-
JKEHHSIMU Ha YIPaBIIiHHS Ta 3 HEUiTKOIO METOI0 B IPOC-
TOpi CTaHiB (Co4aTKy 3 (IKCOBAaHUM YUCIIOM KPOKIiB), TO
3a7a4a 3BOJIUTHCS 10 3HAXOKEHHS IOCIIIOBHOCTI yI-
PpaBiIiHb, 0 MAKCUMI3yIOTh pe3yibrytouy PII. [{ns 3ua-
XOMKCHHSI MaKCHMI3yI04oro pilleHHS BHKOPUCTOBY-
€THCSl CTAaHJApTHA MpoLEeAypa AMHAMIYHOTO MpOrpamy-
BaHHS 3 MOOYIOBOIO PEKYPEHTHHX CITiBBiTHOIICHB.

s x 3amaya 3 ¢iKCOBAaHMM YacoM pO3IVISHYyTa B
CTOXAaCTHUYHIN MOCTAHOBII, KON MAaKCUMi3y€ThCSI IMOBI-
PHICTH MOCATHEHHs HeuiTkol Metd. Ilpu npoMy 3amaua
3BOJIUTHCSL 70 JIETEPMIHOBAHOI LUIIXOM 3aCTOCYBaHHS
oreparopa MaTeMaTHYHOT0 OvikyBaHHs 10 DII.

B 3anauyi 3 10BUIBHUM YHCIIOM KPOKIB, KOJIM HEYiTKa
MeTa BU3HAUCHA Y BUTJISII ICAKOT HEUiTKOT MiIMHOKHUHH
BCi€1 MHOXKHHU MOXKJIMBHX CTaHIB, IPOIEC 3aKIHIYETHC,
KOJIM XapaKTEPUCTHKH CHCTEMH BIEPILE BUABISIOTHCS B
il MiIMHOXWHI, 1 3a/1a4a moysrae y BuOopi Takoi moc-
JIOBHOCTI yTpaBIliHb 3 YpaxyBaHHSAM HEUITKUX OOMe-
JKCHb, MPH SKii MaKCUMI3y€eThCS CTYIIHb HAOIMKCHHS
KIiHIIEBOT'O CTaHY /10 33aHOi IIMHOKHHU.

PosrnsHyTi BapiaHTH 3a1a4 NPUAHATTS PillleHh HE
BUYEPITYIOTh BCHOI'O PI3HOMAHITTSI MOXKIIUBUX CUTYyallil.
[Miaxin bemmana-3ane po3po0IeHUH TITBKU IS IeTep-
MIHOBaHHX 1 CTOXaCTHYHHX CHCTEM B yMOBAaX, KOJIU He-
YITKHUMH € i1 1 00Me)keHHs Ha yrpasiints. OmgHaK cam
ctan TexHonoriyHoro ob'exra (TO) Takox Moxe OyTH

My_y(Xn—y) = ﬂI:IaX(HN—v(uN—v) AMy_y+1Xnovs1))s

XN—v+1 = f(XN—V' uN—v)'

ae My_,(Xy—y) — @I neuitkoi metn Ha etani TII 3 Ho-
mepoMm N — v, iHIYKOBaHOI 3a1aH0I0 MeToto Gy Ha KiH-
LIEBOMY €Tarli.

VY HamoMy BHIAAKY CTaH Xy_, HEUITKHI, TOMy B
(2) tpeba obunciutd My_y 41 (XN_y+1), TOOTO BH3Ha-
YUTH CTYMiHb MPUHAIIC)KHOCTI HEUITKOTO CTaHY Xy_y41
iHIyKOBaHOT HEWIiTKOT T Gy_y41

CrioyaTKy BU3HAUYHMMO CTYIIiHb IIPHHAJICKHOCTI KO-
YKHOTO €JIEMEHTA Xy HEWITKOro cTaHy Xy HEWiTKOI MeTH

HeuiTkuM. KpiMm Toro, He BupimieHa mpobiema o0'en-
HaHHS JICKUTBKOX IIUJICH y pa3i IX HeoTHAKOBOT BaXKJIMBO-
cTi 200 B32€MO3aJICKHOCTI.

Posrnsremo TII sk N-cTapiliHy HEYiTKYy CHCTEMY,
IO OMUCYETHCS HEUITKUM PIBHIHHIM

Xiy1 = fXpw), i=01,.,N—1,
JIe «» — OIepaTop HEUiTKOCTI;
Xi = {(x, mi(x))}, x; € X, € U;

X, U — obnacTi 3MiHM CTaHy Ta YIPaBITiHHSA BiIIIOBiTHO;
m;(x;) — I HeuiTKOT MHOXKHHHU X;.

Hexait Ha ynpaBiiHHS U; HaKTaJgeHi HEYITKI 0OMe-

JKCHHS
G = {(uj, w(ud)}
ne W (u;) — @IT veuitkoro MmuOXKHHH C;.

Hexait 3amano mouarkoBuii cran TII — X,. IToTpi-
OHO 3HAaWTH TOCTIJOBHICTh YITKHX VIPaBIiHb U
(i=01,..,N—1), mo 3a10BOJBbHAIOTh HEYITKHM 00-
MekeHHs M C;, 1 TIOCTIJIOBHICTh HEYITKMX CTaHiB
Xq, ..., Xy 14 AKOT1 IOKa3HUK AKOCTI G mpuiiMae MaKCH-
MaJIbHE 3HAYCHHSL.

Tpanchopmyemo nany 3amauy g0 cxemu Oararoera-
MHOTO NPUAHSTTSA pillicHb. EKCIEpTHUM IIJISIXOM BHU3HA-
YUMO TepedauyBaHe MAaKCHMaJIbHE 3HAUCHHSI KPUTEPIHO
G i1 mpeacTaBUMO METY BiAMOBITHOIO HEYITKOO MHOXH-
HOto Gy B X 3 ®IT My (Xy). Toni BigmoBigHO 1O NMpHH-
muny bennvana-3ane pimreHHS 3a7adi MOYKHA 3aIACaTH
Y BUIJIAI:

D:CoﬂClﬂ...ﬂCN_lﬂGN.

Jlns BignoBigaux OIT maemo:
Hp (U, -, un—1) = Ho(ug) A py(ug) A ...
oA pn—1 (un-1) A My (Xy), (1)
Jie A — 3HaK omeparii min.

V pa3i konu cranu Xy_, — 4iTKI MOXHA OTpUMATH
CHUCTEMY PEKYPECHTHHX PIBHSHB, IO Aa€ pirmeHHs (1):

) (2)
v=1,..,N,

Gy, TOOTO chOPMy€EMO HOBY HEHiTKy MHOXUHY X 3 DIT
m$ (xy). SK CTYHiHb NPMHATEKHOCTI KOKHOTO HEdiT-
Koro craHy Xy HeuiTkoi metn Gy BHOHMpPaeThCS MaKCH-
MaJlbHa CTYHIHb NPHHAJIEKHOCTI €JEeMEHTa, L0 Halle-
KUTh NIEPETHHY HeuiTKuxX MHOXHH Xy 1 XS. Pemrra 3Ha-
yerb My_y11(Xn_vs1), V = 2,..., N, BHXOISITH 3 pEKy-
PEHTHUX CIiBBIIHOIICHB.

B pe3ynbTati OTpUMY€EMO CHCTEMY PEKYPEHTHHX Pi-
BHSHB, ITI0 IAIOTH PIiIICHHS IIOCTABIICHOI 3a/1a4i:

My(Xn) = n}(gx(mN(XN) Amg (xy)),

My_yXnoy) = umNa_X(”N—v(uN—v) AMy_y+1Xnoy+1))s 3)

XN—v+1 = ?(XN—V' uN—v)ﬂ

V peanpHux ymoBax npu ynpasmintai TII BupoOHu-
1TBa BUPOOIB HOBOT TEXHIKM MOXKJIIMBA HASBHICTH JCKi-
JIBKOX IOKa3HUKIB sikocTi. Hexaii Gj— HeuiTka MHOXUHA,
110 XapakTepusye j-i moxkasuuk (j = 1, ...,n).

v=1,..,N.

Toni HeuiTka MHOXHHA D, 110 € pilleHHsIM 3a1a4i,
Oyne Bu3HavaTHCS POPMYIIOI0

D=CNCN..NCx_1 n(n?=1 Gj) :
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[t oTpuMaHHs pillIeHHsI MO>KHA BUKOPHUCTOBYBATH
CUCTEMY PEKYPEHTHHUX piBHIHB, aHanoriuny (3), 3 ypa-
XYBaHHSIM HasiBHOCTI JIEKUIBKOX IMOKa3HUKIB siKoCTi. Of-
HaK HaBITh y pa3i HE3aJIEKHOCTI Ta OJHAKOBOI BaXKJIMBO-
CT1 MOKa3HMKIB PIIICHHS TaKOi CUCTEMH € Jy>Ke TPYOMi-
CTKHM.

VY 1pOMy BHIIAJKy BBEIEMO y3arajJbHEHHUI MOKa3-
HUK SKOCTI.

B sixocTi y3araapHEHOTO TIOKAa3HUKA SIKOCTI BUKOPH-
CTOBY€EMO 3TOPTKY # MPUBATHUX HEUITKHUX ITOKA3HUKIB Yy
BUTIIAAI HediTKoro iHTerpana Cyreno [9]. Jliniitauii y3a-
raJbHEHUH TIOKa3HUK BUKOPHCTOBYETHCS 3a3BUYail B
TOMY BUI3JIKY, KOJIM OKpeMi NMOKa3HHKH B3a€EMHO He3a-
JIeXKHI. 3ropTKa y BUTJISI HEYITKOTO IHTErpaia MoXe BU-
KOPUCTOBYBATHUCS, KOJIN ICHYE B3a€EMO3aJICKHICTh TOKa-
3HUKIB, 1[0 XapakTepHO Uil OUIBIIOCTI 3ajay yIpas-
JIHHSI B HEUITKINA CUTYaIIii.

[To3naunmo uepe3 K cykynHicTs nokaszHukis Gij:

K = {Gl, Gz, e GTIJ}'

st koxxHOTo Xy 3 KiHIEBOT MHOKUHH MOXKITMBHX
¢inanpHUX craHiB TII Bu3HAUNMO (QyHKIIiIO

h: K - [0,1],

T06TO 1(G)) — HOpMaITi30BaHa OliHKa TTOKa3HUKa G; .
ExcniepTHUM HITAXOM BH3HAYMMO gj — CTYIIiHb Ba-
KIMBOCTI mokasuuka Gj, 0 < g; < 1.
Bmsnaunmo Ha (K, 2X) meuitky mipy g Tak:

skmo K' € K, o g(K') = % [HGjeK’(l + Ag].) - 1],
JIe mapaMeTp A BU3HAYAETHCS 38 YMOBH HOPMYBAHHS:

n
1
j=1

Toni sik My(Xy) Bi3bMEMO HEUiTKHI iHTErpaj Bifj
¢ynkuii h na MHOXuMHI K 1o HewiTkiit Mipi g [9]:

My(Xn) = 35 h(x) o g = sup (a/\ g(Kﬂ Ha)>,
a€[0,1]
K
ne Hy, = {x|h(x) = a}.
Hauni crpareris ynpasninas TI1 Bu3HauaeTsest i3 cu-
cremu (3).

BucnoBku

3arpornoHoBaHUi METO/ oNTUMi3auii cTparerii ym-
pasmninns TII 3a OaraTbMa KpUTEpisIMH 3 ypaxyBaHHIM iX
HEOJTHAKOBOT BaXKJIMBOCTI 1 B3a€MO3aJICKHOCTI y3aralib-
HIOE 1 po3BUBaE miaxia bennmana-3ane Ha BUNAIOK He-
4iTKOI CUCTEMM B HEYITKMX yMoBax. Meroj I03BOJIsiE
00'eTHATH HABITH CYNEepEWINBI [T YIIPaBIiHHA, [TOCTa-
BUBLIM 3aJa4y JIOCATHEHHS MaKCUMAJILHOTO MPUOYTKY
Ha €IMHII OCHOBI, IO MOEJHYE YTPABIIHHI KiTBKICTIO
(MakcuMabHA MMPOAYKTUBHICTB) 3 YIIPABIIHHAM SKICTIO
(MakcUMaNbHUN BUXII MPHUOATHUX) SIK CKIAJOBHX elle-
MeHTiB cucteMu yrpasiiaas TI1.
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Optimization of the strategy of process management in conditions of uncertainty
Anatoliy Andrusevich, Andrei Frolov, Mykola Starodubcev, Nataliia Demska, Hennadii Makarenko

Abstract. As aresult of the analysis of tasks of optimization of technological processes of production of products of new
technology in fuzzy conditions, it was found that in the study of a technological control object of low dimension, an approach can
be used based on replacing fuzzy sets with sets of a-level and reducing the fuzzy optimization problem to the classical problem of
mathematical programming. It is shown that the Bellman-Zade approach based on the principle of merging goals and constraints
is more rational for optimizing the management of multi-operational technological processes, which requires further development
in case of fuzzy states of the technological control object. In addition, the problem of combining fuzzy goals and restrictions in
case of their unequal importance or interdependence is not solved. To solve these problems, a method of optimizing the strategy
for managing production processes according to many criteria has been proposed. The convolution of criteria in the form of a fuzzy
Sugeno integral is used as a generalized criterion.
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IMPROVEMENT OF THE CONTROL SYSTEM MODEL
OF A MOBILE PLATFORM UNDER THE INFLUENCE
OF ELECTROMAGNETIC SPECTRUM THREATS
IN THE INFORMATION ENVIRONMENT

Abstract. The article presents a control system model for a mobile robotic platform (unmanned vehicle) and
proposes methods for improving the control system elements under the influence of electromagnetic spectrum threats
in the information environment. The control model for the robotic platform includes the ability to operate the
platform mechanisms in two modes: manual and automated. The use of the mobile platform in manual mode is
necessary for operational control in the absence of electromagnetic interference aimed at disrupting the data
transmission devices of the robotic platform. To ensure the operation of the mobile platform under the presence of
electromagnetic interference, the control system must be capable of managing the platform devices in an automated
or automatic mode. The aim of the article is to formalize the control system model for the mobile platform, identify
the shortcomings of existing control systems, and explore ways to eliminate these shortcomings. The results
obtained: quantitative indicators from the conducted research indicate the potential use of video information
processing models, used by the unmanned vehicle operator for spatial orientation, for the autonomous operation of
the unmanned vehicle. Conclusions: the implementation of data processing models in the mobile platform's control
system will enable the automation of control processes for the unmanned vehicle under conditions of electromagnetic
interference affecting the data transmission devices of the robotic platform.

Keywords: control system, unmanned vehicles, electromagnetic spectrum threats, video processing, mobile platform.

Introduction

Ensuring the safe and correct functioning of
systems that utilize information computer technologies
presents a range of challenges from the macro level [1]
to the micro level.

The aim of this research was to formalize the
control system model for a mobile platform, identify the
shortcomings of existing control systems, and explore
ways to eliminate these shortcomings. With the rapid
development of mobile platforms in Ukraine and
worldwide, a number of models are available on the
market [2—4], whose configurations are characterized by
a set of common features from an engineering
perspective.

An analysis of the use of existing unmanned
vehicles (UVs) indicates that controlling the platform
can be complicated due to the limitations of data
transmission systems, which, in turn, can lead to
damage or loss of the mobile platform. The risks of
damage or loss of unmanned vehicles significantly
increase when UVs are used under conditions of
electromagnetic interference.

Active use of the electromagnetic spectrum leads
to the creation of interference that can affect both the
control channel and the video data transmission channel,
which are used by the mobile platform operator for
spatial orientation.

One possible way to mitigate the risks of using
UVs under conditions of electronic warfare is to utilize
data processing models within the control system itself,
which is integrated into the mobile platform.

Control System Model

The control system of a mobile platform can be
conditionally divided into two subsystems.

The first subsystem, the manual control system,
consists of the following main components:

¢ Control panel with a radio transmitter.

e Radio signal receiver.

e Antennas for receiving and transmitting control
and video signals.

e Video camera and video
(VTX).

e Controller (motor controller).

e Electric motors.

¢ Batteries, voltage converters, switching devices.

¢ Video output device.

e Actuators (determined based on the specific
application of the UV).

In this configuration, direct control of the mobile
platform's movement and its actuators is achieved by
sending control signals via the control panel. The radio
signal receiver ensures the transmission of the signal
to the controller, which, in turn, generates the
appropriate control signals for the electric motors and
actuators of the robotic platform.

The second subsystem is the automated or
automatic control system, which is designed to ensure
the operation of the mobile platform under conditions
of electronic warfare.

The tasks of this system include autonomous
video signal processing, decision-making, and the
generation of control signals, which the system sends
to the controller (motor controller).

As hardware for the automated or automatic
control system, single-board computers can be used.
These computers are characterized by relatively low
power consumption and have sufficient operational
functionality for processing video data, generating, and
sending control signals through data input/output
ports. Single-board computers have the capability to

signal transmitter
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run software that utilizes algorithms incorporating
elements of artificial intelligence [5] and modern data
processing algorithms [6—8].

Analysis of Object Tracking Models Usage

To ensure the autonomy of the automated or
automatic control system, typical tasks of robotic
platforms need to be defined. One such task is the
capture and tracking of objects in the surrounding
environment.

This task can be addressed using modern video
data processing models. One such technology is
OpenCV [9], implemented as an open-source computer
vision library used for real-time video data processing.
This library implements a variety of models for object
capture and tracking.

One of the tasks of this research is to analyze
models implemented as video data processing
algorithms.

Conducting this analysis is necessary to
determine the models that can be implemented in the
automated or automatic control system.

This research involves several steps:

1. Implementation of Software: Develop
software to conduct experiments aimed at obtaining
quantitative metrics of the performance of different
data processing models.

2. Model Selection: Choose the data processing
model(s) for experimentation using the technical
equipment that can be wused to implement the
automated or automatic control system for the mobile
platform.

3. Implementation of Data Processing Model:
Implement the selected data processing model, conduct
testing, and debug the control system.

In this article, the results of the first stage of the
research are presented. To conduct the experiment and
determine  quantitative metrics, software was
developed using the C++ programming language and
the OpenCV 4.8 library [10].

The following data processing models were used
for comparative analysis:

e MIL (Multiple Instance Learning),

e CSRT (Discriminative Correlation Filter with
Channel and Spatial Reliability),

e KCF (Kernelized Correlation
BOOSTING, MedianFlow,

¢ MOSSE (Minimum Output Sum of Squared
Error),

e TLD (Tracking, Learning, and Detection).

To determine the quantitative performance
metrics of each model, the following criteria were
defined:

1. Average Deviation between Object Center
and Calculated Region Center: This criterion
measures the average difference between the center of
the tracked object and the center of the region
calculated and used by the model for displaying the
captured object — the average tracking error.

2. Average Frame Processing Time: This
criterion measures the average processing time of one
video frame.

Filters),

These criteria were chosen to assess the accuracy
and efficiency of each model in tracking objects in
real-time video streams.

The experiment involved running the software
with the collection of quantitative metrics for 14
videos selected based on the following criteria:

e The video stream depicted changes in the
environment with high dynamics in the object's
position.

e The videos were obtained using technical
equipment (camera) commonly used in modern robotic
mobile platform models.

These criteria ensured that the selected videos
provided a challenging and realistic scenario for
testing the performance of the object tracking models.

Quantitative  metrics were obtained for
processing each individual frame of the video stream
and recorded in a log file, structured and provided in
Tables 1 and 2.

The notation "o" in the tables indicates that the
model lost track of the captured object.

The results of the OpenCV  models
investigation demonstrate that the effectiveness of
tracking  algorithms can significantly vary
depending on the type of video fragment. Some
algorithms perform well on videos where objects
gradually change their position within the frame, but
they may lose tracking on video fragments with
unpredictable movements.

Thus, the choice of tracking model should take
into account the specific requirements of the task and
the characteristics of the video stream.

Analytically, the following characteristics of the
models can be determined:

¢ KCF and MOSSE quickly process frames and
perform well in tracking objects with uniform and
smooth motion without abrupt movements. However,
these algorithms are not suitable for tracking objects
with unpredictable trajectories, as the object loss rate
and tracking error are quite high.

e TLD can handle videos where objects enter
obstacles or go beyond frame boundaries. It restores
tracking but is characterized by longer frame
processing time and higher tracking error compared to
other models.

e MedianFlow demonstrates moderate quality
for objects with uneven motion, but its accuracy
heavily depends on the initially selected region of
interest (ROI). It's important to precisely define object
boundaries to avoid background capture.

e CSRT and BOOSTING, according to the
obtained quantitative metrics, are characterized by
relatively high performance in the conducted
experiment, but BOOSTING has a sufficiently high
frame processing time, and CSRT more frequently
loses track of the object.

e MIL algorithm, based on the experiment
results, is characterized by high quality in tracking
objects. According to observations, this model enables
object tracking in dynamic scenarios, with moderate
frame processing time and the lowest average tracking
error and object loss percentage.
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Table 1 — Average Tracking Error (px)

Model implemented in OpenCV

No. of video
MIL CSRT KCF BOOSTING | MedianFlow | MOSSE | TLD
1. 359 0 ) 1132 313 © )
2. 454 © 1474 375 1253 97.1 o0
3. 18.6 183 © 169 0 0 653
4. 213 284 © 399 107.6 0 o0
5. 293 © © 57.6 589 354 535
6. 380 117.7 © 50.8 124.6 0 529
7. 60.2 140 0 212 43.1 o0 ©
8. 12.7 150 © 152 1184 © 263
9. 12.5 142 00 13.3 o0 ) )
10. o0 0 o0 o0 725 ) )
11. 37.7 7.5 0 110 0 © ©
12. 94 99 © 422 1109 0 1504
13. 8.1 0 o0 o0 293 0 o0
14. o0 0 0 6.1 300 o0 64.6
Average tracking error, px 2743 28,13 147 40 3541 7745 66,25 68,88
Object loss percentage, % 14,29 42,86 92,86 14,29 2143 85,71 57,14
Table 2 — Average frame processing time (ms)
Model implemented in OpenCV
No. of video
MIL CSRT KCF BOOSTING | MedianFlow | MOSSE TLD
1. 2439 © © 4150 48.2 o0 o0
2. 2624 © 158.6 698.0 1534 739 o0
3. 2370 166.6 © 432.6 ) o0 949.6
4. 2150 122.7 © 3725 130.9 o0 )
5. 236.4 © © 5339 72.7 13.8 598.1
6. 2559 117.7 © 475.5 144.1 0 853.0
7. 260.8 1494 © 395.1 537 0 0
8. 206.5 1034 © 338.1 89.8 0 966.0
9. 193.3 119.2 © 341.7 o0 0 0
10. o0 0 0 o0 440 o0 )
11. 220.7 123.6 © 393.8 © 0 0
12. 2189 110.7 © 3720 81.8 0 1276.3
13. 1953 © © 0 36.7 0 0
14. 00 0 0 308.1 41.8 o0 961.2
Average processing time (ms) 228,84 126,66 | 158,60 423,03 69,01 4385 934,03
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Conclusions

This article presents a formalized model of ground
mobile platform control system, identifies the main
technical components, and principles of their
interaction.

An analysis of the drawbacks of existing platforms
under active electromagnetic spectrum utilization is
conducted. A combined control system model utilizing
manual and automated or automatic control subsystems
is proposed.

improving the control system model of UVs to eliminate
existing drawbacks are identified.

An experiment is conducted to investigate the
potential use of modern object tracking models,
obtaining quantitative metrics.

Based on these metrics, a data processing model is
selected for further implementation into the mobile
platform control system.

The next steps of this research involve conducting
an experiment to obtain quantitative indicators of the
data processing model performance based on the

technical equipment used for implementing the mobile
platform control system.

An overview of typical tasks for unmanned
vehicles operation is provided, and avenues for
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YnockoHaaeHHsI MOfie]Ii CHCTeMH KepyBaHHS MOOLILHOT mIaThopMu
B YMOBaX [ii 3arpo3 eJIeKTPOMArHiTHOro cneKkTpy iHdopMauiliHoro cepenoBuIna

B. P. Bopsik, A. C. Suko, [I. Osciit, M. 0. IIpopoxk

AHoTanisi. B crarti HaBeJeHO MOJENb CHCTEMH KepyBaHHS MOOLTBHOIO POOOTH30BaHOIO IIATGOPMOIO (6E3MiIOTHOro
amapaTty), a TaKOX 3alpOIIOHOBAaHO METOOM YAOCKOHAJICHHS eJIEMEHTIB CHCTEMH KepyBaHHS, B yMoBax Jii 3arpos
€JIEKTPOMArHITHOTO CIHEeKTpy iHdopMamiiHOrO cepemoBuiia. Mojels KepyBaHHS pOOOTH30BAaHOIO ILIATGOPMOIO Iependadae
MOXIMBICTh YIPABIiHHS MeXaHi3MaMi po0GOTH30BaHOT MmiarhopMH Yy JBOX pEKHMax: PyYHOMY Ta aBTOMAaTH30BaHOMY.
Bukopucranas MoOiIpHOT TIaTGOPMH B PYYHOMY PEXKHMi HEOOXiTHE UL ONEPaTUBHOTO KEPyBaHHS 32 YMOB BiJIICYTHOCTI il
CJIEKTPOMATHITHOTO BIUIMBY 3 METOK CTBOPEHHs 3aBaJl Ha INPUCTPOi mepenadi JaHMX poOoTH3oBaHOi miardopmu. s
3a0e3MeueH sl OnepyBaHHsS MOOUIBHOI MIaTGOPMU B yMOBaX HAasBHOCTI [ii €IEKTPOMArHiTHOrO BIUIMBY CHUCTEMa KEpyBaHHS
NOBHHHA MaTH MOXJIMBICTh KepPyBaTH MPUCTPOSIMH MOOIIBHOI MIaTGOpMH B aBTOMAaTH30BaHOMY 200 aBTOMAaTHYHOMY PEXHMI.
Merto1o cratTi € hopmaizanis MOzeNi CHCTEMH KepyBaHHsS MOOUTHHOIO MIAaT(HOPMOI0, BUSIBICHHS HEIOMIKIB iCHYIOUHX CHCTEM
KepyBaHHS Ta IMOIIYK MUIAXiB YCYHEHHs LHUX HelodikiB. OTpHMaHi pe3yabTaTH: KiUIbKICHI IOKa3HUKH HPOBEIEHOTO
JOCIIJDKEHHS BKa3yIOTh HAa MOXIIMBOCTI BUKOPHUCTAHHS MoJielielt 00poOKH BifeoiH(popMarii, Ska BHKOPHCTOBYETHCS OEPaTOPOM
0E3MUIOTHOTO amapary Ui OpieHTamnii B IpOCTOpi, I aBTOHOMHOI poOOTH O€3MiJIOTHOTO anapary. BHCHOBKH: iMIIIeMeHTaIlis
Mojerneil 0OpoOKM JaHUX B CHCTEMY KepyBaHHS MOOULIFHOIO IIIAT(OPMOIO JO3BOJUTH aBTOMATH3YBAaTH IPOIECH KepyBaHHS
0E3MUIOTHOTO anapary B yMOBaXx Jii eIeKTpOMarHiTHOTO BIUIMBY Ha HPUCTPO] Iepeaadi JaHuX poOOTH30BaHOI 1aT(hopMu.

KawuoBi ciaoBa: cucrema KepyBaHHs, O€3IUJIOTHI amapaTy, 3arpo3H €JICKTPOMAarHiTHOTO CHEKTpy, oOpoOka Bineo,
MoOisbHa IaThopMma.
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BUKOPUCTAHHA HEYITKUX MHOXKHUH APYI'OI'O THUITY
JJISA TIPOEKTYBAHHSA PETI'YJIATOPIB LIBUAKOCTI

AHoTanis. [HTepBaIBbHI HEUITKI MHOXKHHH JIPYTOTO THITY BUKOPHCTOBYIOTHCS IIPH NMPOSKTYBAHHI HEYITKUX CUCTEM, TIOB'SI3aHIX
3 KepyBaHHsM IIBH/IKICTIO B yMOBaX HEBH3HAYCHOCTI. Y CTATTi pO3TIIIAETHCS MOXKIINBOCTI BUKOPHCTAHHS IHTEPBATBHUX HETITKIX
MHOXKUH JPYTOTO THUITY JUISl OIUCY 3MIHHHX, [0 MOKYTh OyTH Pi3HUMH 3HAYEHHSAMHM OJHI€T 1 Ti€l ) JMHAMIYHOI CHCTeMH abo
3MiHaMH TEXHIYHHUX IapaMeTpiB, 0 BiAOYBAIOTHCS MiJ] BIUIMBOM 30BHILIHIX (akTopiB. Takoxk mpencTaBieHo CKIagHi iHTepBa-
JIbHI HEYiTKI MHOKHHH JIPyTOTO TUITy Ta HaBEICHO MPUKIJIAAHN 1X BUKOPUCTAHHS IS 3MEHILIECHHS KUTBKOCTI HEYITKUX MHOXHH
Ta IpaBUI y HEUITKiH 6a3i 3HaHb. Takox HaBeIeHO HEOOXiqHI yMOBH JJIst TOOYAOBU CKIIAJAHHUX IHTEPBATbHIX HEUITKIX MHOKHH
JIPYTOTo THITY Ta METOJW BU3HAYEHHS HIDKHBOI Ta BEpXHBOI (DYHKIIIH Hale)KHOCTI B HUX. CliJi HEBH3HAYEHOCTI VIS CKIIATHOL
IHTepBAJILHOI HEYITKOT MHOYKHHH APYTOT'O THITY IPEACTABICHO BEPXHIMHU Ta HIXKHIMH (DYHKIISIMU HAJISKHOCTI Pi3HUX HETITKHX
MHOXHH. Bci Metonu, onmcasi B poGoTi, MOXKYTh OyTH BUKOPHCTaHI TP IIPOEKTYBAaHHI CHCTEM MiATPUMKY IPUIHSTTS pillleHs,
U1 BUOOPY ONTUMAIIBHUX HapaMeTpiB HEeiHIHHOT cucTeMH abo MPH MPOESKTYBaHHI HEYITKUX PErYSITOPIB IIBUIKOCTI.

KnwyoBi caoBa: iHTepBaﬂLHa HEYiTKa MHO)KHMHA JApYyToro Tuily, HEYiTKi CHUCTCMU; KEPYBAHH IJ_IBI/I}:[KiCTIO; cucremMa

HiATPUMKH IPUIHATTS PillIeHb; HEUITKI PeTyIATOPH.

Beryn

HeuiTka Jorika HIMPOKO 3aCTOCOBYETBCS LIS
PO3B’A3aHHS 3a/ay, 3 SIKUMH CTHKAIOTHCS JOCIITHUKH B
PI3HUX Tay3sX, TAKUX SIK IPOTHO3YBAHHS YaCOBHX PSIIIB
[1], npwifHATTS pimieHs [2], aBTOMATH30BaHE YIPABIIHHS
[3, 4], posmizHaBaHHs 00'ekTiB [5] Ta iHmMX 3ama4 [6]. Po-
3IVISTHEMO 3aCTOCYBAaHHS IHTEPBAIBHUX HEUITKUX MHOXKUH
JPYToro THILy B IPOEKTYBAaHHI PETYJISITOpa MIBUAKOCTI Ta
JIaMO BHU3HAYEHHs MPEAMETY JIOCHiKeHHs. Perymstopu
LIBU/IKOCTI BUKOPHCTOBYIOTBCS ISl KOHTPOJIIO abo pery-
JIFOBaHHS IIBUJKOCTI PyXy cucteMu abo mpoiiecy. [cHy-
I0Th Pi3HI THITU PETYJISATOPIB, BKIFOYAIOYH MPOIOPLIHHO-
iHTerpanbHo-1udeperuianbui (PID) perysnsropu, agantu-
BHI PEryJIsITOpH, HEUITKI peryJsiTopu Ta iHiui. Perynstopu
IIBU/IKOCTI MPALFOIOTh HAa OCHOBI 3BOPOTHOTO 3B'SI3KY, /i€
BUMIPIOBAIIbHI CUTHAITH ITOPIBHIOIOTHCS 31 3aTaHIMU 3Ha-
YeHHSMH 1 BHIAIOTHCS KEPYIOYi CHTHANH IS MiATPH-
MaHHsI BCTAaHOBJICHOI IBHUAKOCTI. PerynsTopy mBuakocTi
BHUKOPUCTOBYIOTHCS B IMMPOKOMY CHEKTPi TEXHIYHUX CHC-
TeM, BKITFOYAIOYH POOOTOTEXHIKY, aBTOMOOUTHHY TIPOMHC-
JIOBICTb, EIEKTPOCHEPTETUKY, aBialliiHy Ta KOCMIYHY TeX-
HIKY, BUpOOHMITBO i Oararto iHmmMX rajysei. Jleski 3 Bu-
KJIMKIB, TIOB'SI3aHHX 3 PErYJISITOPaMH IIBUIIKOCTI, BKJIIOYa-
FOTh TOYHICTh PETYJIIOBAHHS, CTAOIIbHICTH CHCTEMH, KOM-
TIeHcaIlifo 30ypeHp Ta HeBU3HAYCHOCTEH, a TAKOXK BPaxy-
BaHHS JMHAMIYHHX BJIACTUBOCTEH 00'€KTIB KEpyBaHHSI.

MeTo10 poOOTH € PO3TIIS] BIACTUBOCTEH iHTEPBAIb-
HUX HEYiTKMX MHOXKUH JIPYTOTO THITY JUISl OIMCY HEBHU3HA-
YEHOCTEH 3 SIKUMH TPALIOI0Th CUCTEMH MiTPUMKH TPHii-
HSTTS PillIeHb IIiJ1 Yac IOUIyKy ONTUMaJbHUX I1apaMeTpiB
kepyBaHHs. OIHKA IDION]I HEBU3HAYCHOCTI B IHTCpPBAIIB-
HHX HEYITKUX MHOYKHMHaX JIPYTroro THITy Yepe3 BU3HAYCHHS
HIDKHBOI Ta BEPXHBOT (PYHKIIIH HAIGKHOCTI Pi3HUX BUIIB.
[poekTyBaHHS IHTEPBAIBHUX HEYITKUX MHOXKHH JIPYTOro
THUILY, IO BPaXOBYIOTH Pi3Hi ()OPMH HEBU3HAYECHOCTI.

Orasijg icHylO4YHX MeToiB
NMPOEKTYBAHHS PeryJAiTOpiB IBUAKOCTI

IIpu mpoexTyBaHHI PETYNATOPIB MOXYTh OyTH
NIPUIHATI 10 yBaru Taki HACTYIHI KJIACUYHI BUIU pery-

ngaropiB, sk: PID-perynsaTopw, ajanTHBHI alrOpUTMH,
CHCTEMH Ha OCHOBI IITYYHHX HEHPOHHUX MEPEX Ta 1HIII.
Po3risiHeMo niesiki 3 HUX.

PID-peryasTopu € OJHUMH 3 HANMOIMPEHIIIINX Ta
HaWOLIbII BUKOPUCTOBYBAHUX METOAIB B CHCTEMax aBTO-
MaTtH4HOro KepyBaHHs. OcHoBHOW ineeto PID-peryms-
TOpa € KepyBaHHs BEIMYMHOIO BUXOJy CUCTEMH, TaK 11100
BOHA JOCATIIA 33JaHOTO 3HAa4dCeHHA. BOHM BHKOPHCTOBY-
FOTBCS JIJIS CTA0UTI3allil, peryJIIOBaHHS Ta KEPYBaHHS CHC-
TEeMaMH 3BOPOTHOTO 3B'SI3Ky, aJle MAIOTh JESKI HEJOMIKH:
HAIIyTIUBICTh [I0 MapaMeTpiB (HeaJeKBaTHI 3HAYCHHS
rmapameTpiB MOXYTb MPU3BECTH 10 HecTaOLTLHOCTI abo
HEJIOCSHKHOCTI IITIbOBOTO 3HAUEHHS); 3aTPUMKa peaxiii
(MOXyTh OyTH MOBIIBHUMH Y PeaKilii Ha 3MiHH B CHCTEMI,
ocobnuBo konu interpansaui (1) Ta mudepenuiiinuii (D)
KOMIIOHEHTH HEJOCTaTHHO HAJIAITOBAH1); Yy TJIUBICTh J0
30ypeHb Ta IIyMY B CUCTEMI; HEMIPAKTUYHICTh Y CKJIAIHHUX
cucTeMax abo BEJIMKY KUIBKICTh HEBIZIOMUX MapaMeTpiB.

ANIanTHBHI AJITOPUTMHU - 1Ie METOJM yIPaBIIiHHS,
SIKI MOXKYTh aBTOMAaTHYHO 3MIHIOBATH CBOI ITapaMeTpH Ta
CTPYKTYPY 3 METOFO aIaNTaIlii 10 3MiH Y CepeJOBHII abo
00'exTi kepyBaHHs. [0 mepeBar aianTHBHUX AJITOPUTMIB
BITHOCUTBCS: ABTOMATHYHA afanTaimis (THYYKiCTh [0
YMOB), CTiHKICTh IO 3MiH, IIMPOKHHA CIEKTpP 3aCTOCY-
BaHb, MOXJIMBICTh BPaxyBaHHS HEBM3HA4YE€HOCTI Ta 3a-
Oe3medeHHs CTIHKOCTI 10 Hel; IMIBU/IKA PEaKIlis Ha 3MiHH.
i anropuTMH TONPH HOCHTH BUCOKY €(EeKTHBHICTH
TaKOX MAIOTh CBOI HEJIOJIKH: CKIaJHICTh HAJAIITyBaHHS
4yepe3 CKIIaHy CUCTeMY ab0 BEJIMKY KUIbKICTh mapameT-
piB; IesKi aNTOPUTMH BUMAaraloTh 3HAaYHUX O0OYUCITIOBA-
JBHUX PECypciB; MoTpeda y BeIHKii KITbKOCTI JaHUX JIJIs
e()eKTUBHOTO HABYAHHS; HECTIMKICTh 1O IIYMY; CKIaj-
HICTH IHTEpIPETYBaHHS Pe3YJbTaTiB, sKi 0a3yloThcs Ha
CKJIQ/IHUX MAaTeMaTHIHNX MOZEISX.

CucremMH Ha OCHOBI INTYYHHX HeHPOHHHUX Mepek
(IITHM) mMozemtotoTh CTPYKTYpY Ta (pyHKIIi HEPBOBOI CH-
CTEMH JIIOJIMHH 32 JIOTIOMOTOK0 KOMITFOTEPHOTO Mporpa-
MyBaHHS [7]. Jlo mepeBar HUX CHCTEM BiTHOCHUTHCA:
IITHM mopaemoroTh 6i010TigHI HEWPOHHI MEepexi i3 B3ae-
MOTIOB'SI3aHUX MMTYYHUX HEUPOHIB, sIKi 00pOOIISIIOTH iH(DO-
pMarlito 3a aHaJoTi€l0 3 peaTbHUMHU HEHMpOHAMHU Mepexi
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mouny; [ITHM MoxyTh HaBuatucs 3 BuMTENneM (KOJIU €
HasIBHI BX1JTHI Ta BUXIHI J]aHi JJisl HABYaHHs) 00 Oe3 BUu-
Tens (KOJIM HaBYaHHS BiIOYBa€eTHCs 0€3 MPSMOT0 BUKOPH-
CTaHHS BXIJHO-BUXiMHUX map paHux), IITHM moxyTh
OyTH BUKOPHCTaHI JJIsI PI3HUX 3aBIaHb, BKIIIOYAIOYH PO3-
mi3HaBaHHS 00pas3iB, MPOTHO3YBAaHHS, KiIachQikailito, or-
TUMi3amiio Ta ynpasiiHag cucteMamrr;, [ITHM BHABISIOTH
BHCOKY CTIHKICTh J0 ITyMY B JaHHUX Ta 3[JaTHICTh aJamnTy-
BaTHCS 10 3MiH y BXigHHX mapamerpax. OnqHak € 1 Heno-
JIKH: 1HOMI CKIIAHO IHTEPIPETYBATH PIllICHHS, IPUHHATI
HEHUPOHHOK MEpEXEI0, Yepe3 il CKIagHy CTPYKTypy Ta
MPOIICCH BHYTPIIIHLOI OOPOOKH iH(POPMAIIT; AesKi THITH
HEWPOHHHUX MEPEX MOXKYTb BUMaraTi 3HaYHHX 00YHCITIO-
BAJIBHUX pecypciB Ta yacy it HapyaHHs; [ITHM MoxyTh
BUMAaraTy BEJIMKOI KiJIbKOCTI JaHUX I HaBYaHHS, 0CO0-
JIMBO ISl CKJIAJHHUX 3aBJaHb, a HEJIOCTaTHICTb JaHUX
MOe TPHU3BECTH JI0 HENOOLIHKK ab0 HEeNpaBUIILHOTO Ha-
BYaHHS MOJZEJi; MepPex i MOXKYTh CTpaKIaTH BiJ] TIepeHa-
BYaHHS, KOJIM MOJIEJIb HaIMIPHO aIallTyETHCST 0 KOHKpE-
THHUX TPEHYBaJbHUX JAHMX 1 BTpaya€e 3[aTHICTh y3araib-
HEHHSI 10 HOBHX JaHHX.

Heuitki maoxunu apyroro tumy (HMT2) (siki €
BIOCKOHAJICHHSIM ~ TPAIMI[IMHUX HEYITKUX MHOXHUH
Tumy 1) — T03BOJIAIOTH MOJICITIOBATH Ta OOPOOIISATH HEBH-
3HAYECHOCTI OB e()EKTHBHO 3aBASKHU JIBOLIAPOBIH CTPY-
KTYDI, sIKa BKJIFOYAE K TIEPBUHHI, TaK 1 BTOpUHHI QyHKIIT
HasexHocTi. Lle po3mmpenHs 103BoJIsie BpaxoByBaTH He
JIMIIIC OCHOBHI HEBU3HAYCHOCTI, aJic i BapiaTHBHICTD ITUX
HeBH3HAaYeHOCTeH. HeuiTki MHOXWHHM ApyToro THILY € po-
3UIMPEHHSIM 3BUYaiHUX HEUITKHX MHOXUH, SKi JO3BOJIS-
IOTh BPaxOBYBAaTH OUIITy HEBH3HAUCHICTh Ta HEOIHOPII-
HICTB y TaHWX. BOoHM BKIIFOUaroTh B ceOe He TITBKH HEWiT-
KIiCTh B ME)Kax 3HAuCHb, e ¥ HEUIiTKICTh B camiil opmi
¢GyHKIIH HanmexkHOCTi. HediTki MHOKHHU APYTOTO THITY
MOXYTh OyTH KOPUCHHM IHCTPYMEHTOM Yy MPOEKTyBaHHI
PEeryJIsITOpiB IIBH/KOCTI, OCKIJIBKH BOHH JI03BOJISIOTH Bpa-
XOBYBATH Ta YIPABISITH CKJIAHICTIO Ta HEBU3HAYEHICTIO
B CHUCTeMax KepyBaHHs. BOHM MOXyTh 3a0e3neduTH
OLIBII TOYHE Ta CTAOLIbHE KepyBaHHS, 0COOJIMBO B yYMO-
Bax 3MiHHM cepeioBuIa abo 00'ekTiB KepyBaHHs. Bukopu-
CTaHHSl HEYITKMX MHOXXHH JIPyTrOro THITy MOXE IOKpa-
IINTH SIKICTh PETYITIOBAaHHS, 3MEHILINTH BIUTHB 30ypeHb Ta
HEBH3HAYEHOCTEH, a TAKOXK 3a0€3MeUNTH OUIBII THYYKE Ta
aJlanTHBHE KEPyBaHHS B PI3HUX yMOBaX POOOTH CHCTEM.
Xo4a HeUiTKi MHO>KHHU BUKOPHCTOBYIOTHCS LTSl OITHCY Ta
00poOKM HEWITKMX [aHWX, HEYITKIi MHOXHHM TUIy |
(HMT1) marots ¢pynxuii Hanesxxnocti (PH), sKi € giTkumu
yrcinam. HenomineHO BUKOPHUCTOBYBATH WiTKi (YHKIIT
JUTS OTIMCY HEBU3HAYEHOCTI Ta HEHAAIHHOCTI naHuX [8]. V
1975 poui 3age mpencTaBuB HEUYiTKI MHOKHWHHU APYTOTO
THUIY K po3mupenHs 3sndaitainx OH, ski 3apa3 Bigomi sk
(YHKIIT HAJISKHOCTI HEYITKUX MHOXKHUH TUIy 1 [9].

HeBu3Ha4veHoOCTi B HEUITKHX cHCTEMax
APYroro THUILY

[HTpaHeBU3HAUCHICTh Ta IHTEPHEBH3HAUCHICTH, SIK
TIOHSTTSI HEBM3HAYEHOCTEH PI3HOTO TUIy HpH 1MOOYHOBi
(GYHKII HaNeXHOCTI B HEYITKHX CHCTEMax po3riisijia-
10Tbcs y poboTti [10]. IHTpaHeBH3HAUEHICT BHHUKAE Y
cy0’exTa abo excriepra uepes Opax iHpopmariii mpo 00’ ekt
JOCITIJIKEHHST Y1 HEOTHO3HAYHY IHTEPIPETAIlIO TIEBHOTO
cioBa (JIIHTBICTUYHOI 3MiHHOT). BuHHMKae iHTepHEBU3HA-

YEHICTh B pe3yJIbTaTi Pi3HUX OLIHOK BiJl PI3HUX €KCIIEPTIB
TEpMIB JIIHTBICTUYHOI 3MiHHOI. OnrcaHa iHTpaHeBU3HAYE-
HICTh MOKe OYTH SIK IHTEpBaIbHI HEYiTKI MHOXHHH JIpY-
roro turty (IHMT?2), Toni sik iHTepHEBU3HAYEHICTD — Ye-
pe3 o6'eqnanns pizaux IHMT?2. [1pu po3po6ii crctem He-
YITKOT'O PETyJIIOBaHHSA HEBU3HAYCHOCTI MOYKYTh BHHHKATH
HE JIMIIE T 9ac ONUCY JIHTBICTHYHHX 3MiHHUX, ajie # y
nporeci pyHKIiOHyBaHHS KOMITIOTEPHOI CHCTEMH Ta 00'-
€KTa KepyBaHHS. [1incTaBy, IpU SKUX MOXXYTh BUHUKHYTH
HEBH3HAYCHOCTI Pi3HOTO THITY HaJaHO Ha puc. 1.

ExcriepAMeHTaIbH]

KinbkicTh OLIHOK ;
JIOCTI KEHHS

OJuH eKcnepT

n="1

H  KiTbKicTb eKCIIEDPHMEHTIB

Texuituni napaMeTpH oG'eKTa
KepYBaHHA

Jlexinbpka
excmepTiB (1> 1)

I'pyma ekcmepTiB
(k=1)

DaKTOPH 30BHIIIHBOTO
CcepeJoBHINA

. IIpane3JaTHiCTE KOMIIOHEHTIB
|| [leximbka rpym ' KOMI'IOTepHOI CHCTEMH
eKcIepTis (k= 1) MIATPHMKH NPHHHATTA PilllcHb

Puc. 1. HeBu3Ha4eHOCTI IpH CTBOPEHI CHCTEM
HEYITKOTO JIOTIYHOT'O BUBEICHHS IPYTrOro THITY

[epm HiX PO3pOOIATH CHCTEMH HEUITKOTO BHBOLY
JIPYTOTo THITY, PEKOMEH/IYEThCS TIEPEBIPUTH HA HASIBHICTb
CTaTUCTHYHMX HEBM3Ha4deHOcTeH BXiHi naHi. Lle mae 3Ha-
YeHHs JJIs BpaxyBaHHS HECTAaHJapTHUX CHTYaLlii, 110 CTO-
CYIOTBCSI €(DEKTUBHOCTI KOMIIOHEHTIB KOMITIOTEPHOI CHC-
temu. [Ipu HassBHOCTI HAOOPY NaHKX, O€3 CTATUCTHYHHX He-
BH3HAa4YE€HOCTEH a0o SIKIIO BiJJOMI MPHYMHHU iX BAHUKHEHHSI,
MO>KHa CTBOPIOBATH HEYiTKI MHOXKHHH Apyroro Tuiy. Ha
puc. 1 oKasaHo sIK, PY OLIHIII TEPMIB JIIHIBICTHYHOT 3MiH-
HOI eKcIiepTaMH, BUHHKAIOTh HeBM3HaueHocTi. Komu Bu-
3HaYCHa MOJIENb OJHIEIO OIHKOI (1 = 1), e cupuynHse
BUHUKHCHHS IHTPaHEBU3HAYEHOCTI, 1 JUTA Ti BUPIIICHHS MU
kopuctyemoch IHMT2. V 1160My JOCTIKEHHI OIiHKA Of1-
Hi€l TpyTH ekcriepTiB (k = 1) TakoX BBAKAETHCS iIHTPAaHEBH-
3HAYEHICTIO, OCKUIBKH PillleHHs iXHI TIOBUHHI y3ro/KyBa-
Tchk. Kpim Toro, 1191 oiHKa MOke OyTH IpeJcTaBleHa SK
THTEpPBU3HAUEHICTh 3aBISIKK 00'€THAHHIO KOXKHOT OKpeMOoi
OLIiHKK. BUKOHY€ETBCS, SIK paBUiIo, npu k = n =1 ymoBa:

FOU (k)= FOU (n) , (1)
ae FOU (k) (footprint of uncertainty) — r;oia HeBU3Ha-
YEeHOCTI JUIA OLIHKM Tpymnor ekcneprtis, FOU(n) —
TUIONa HEBU3HAYEHOCTI /ISl OLIHKH OJTHOTO EKCIepTa.

OIMiHKH EKCTIePTIB 010 KOHKPETHOTO TEPMiHY, He3a-
JIKHO BiJ TMPUYUH BUHUKHEHHS HEBU3HAYCHOCTEH, MO-
JKyTb 3MIHIOBaTHCA TICTA Py AoCHimKeHb. Li 3MiHu Mo-
JKyTb OXOIUTIOBATH 301IBIICHHS KIJIBKOCTI €KCIIEPUMEHTIB,
KOpPHUTI'YBaHHS TEXHIYHMX MapaMeTpiB 00’€KTa KepyBaHHI,
YTOYHEHHS! BIUTMBY 30BHIIIIHBOTO CEPEIOBHINA 1 IEPEBIPKY
HAIIIHOCTI KOMITOHCHTIB KOMII IOTepHOI cucteMu. [licis
300py OHOBJICHUX JaHUX BHACIIJIOK EKCIIEPUMEHTIB, BapTO
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NIEPEBIPUTH TIapaMeTPH Ta BUAM (YHKIT HAIEKHOCTI Apy-
TOTrO THUITY, @ TAKOX KUIBKICTb TEPMIB Il KOXKHOT JIHTBic-
TUYHOT 3MIHHOI. J[JIs1 IOMIIIIICHHST CHCTEMH HEYiTKOTO BH-
BOJIy KOPUCHUM MOXKe OyTH MOJICIIIOBaHHS HOBHX JIHI'Bi-
CTHYHHX 3MIHHHX, 0COOJIMBO IPH BU3HAYCHHI HOBUX (pak-
TOpIiB 30BHIMIHBOTO cepenoBuma. He ciix mpoekTyBatu
HEUiTKi CHCTEMH APYTOTO TUILY, SKIIO BXiIHI JJaHI MICTATh
B3a€EMO3AJICIKHI MApaMETPH Pi3HUX KOMIIOHEHTIB KOMIT O~
TEPHOI CHCTEMH, OCOOJIMBO KOJH IIeH 3B’S30K HE NIOCIi-
JDKCHHH 1 3aJIe)KUTh B 30BHIMHIX (akTopiB. Lle mMoxe
30UTBIINTH TOXHWOKY TIPH MEPETBOPECHHI TUMIB (DYHKIIH
HAaJIeXXHOCTI Ha BUXO/Il HEYITKOI CUCTEMH.

InTepBaNbHI HEYITKI MHOKUHHI
JAPYroro THILY

VY po6oti [10] BU3HAUECHH] HEWiTKI MHOXHHH JIpy-
rOro TUILy, OCHOBHI oreparlii Ha/l HUMH Ta 3a3Ha4eHo, 1110
TP POEKTYBAHHI HEUITKMX CHCTEM APYTOro TUITY MOXE
OyTH BUKOPHCTaHO MaTEMAaTUYHUH anapaT HEYiTKHX MHO-

xuH Tany-1. Heditka MHOXHMHA mpyroro tumy (A ) Ha
yHiBepcanbHiit MHOXKHHI X BU3HaYCHA (YHKITIEI0 HATEK-
HOCTI IPyTrOro TUITY — ,u;‘(x,u) ,ae 0< ,u;‘(x,u) <1 [11]:

A={(x, ), pz(x, w)Vxe X, Vuel, 011}, (2)

Ie J, — IepBUHHA HaJICKHICTh X. O0'eqHAHHA 3HaYCHb

HaJIe)KHOCTEH ISl BCIX JIOMYCTHUMHUX 3HAYCHB X 1 U MOXKE
OyTH 1HIIMM CIIOCOOOM 10 BU3HAYCHHS HCUITKUX MHO-
KHH JIpyroro TUIy:

A=[ ] i/, Joclod]. ()

Uepes BUCOKY 0OUHCITIOBANBHY CKIIAIHICTh POOOTH
3 HEUITKUMH MHOXHHAMH, TIPH PO3POOIIl CHCTEM HEUiT-
KOTO pETYJIIOBAHHS 3aCTOCOBYIOTHCS IHTEpBaIbHI Hedi-
TKi MHOKHHH JIpyTOTO THILY.

IHMT2 € HEUiTKOX MHOXXHHOIO, JI¢ BUKOHYETHCS
yMOBa — JIJIs BCIX U i (x,u)=1.0mxe IHMT2 € nigmMuo-

KUHOI0 HEYITKUX MHOXHMH APYTOro THIy Ta BHU3HAua-
€ThCS HACTYTTHUM YHHOM [12]:

A - '..XEX -..uejxl/(x’u)’ Jx o= [0,1] . (4)

Jyis BU3HAYCHHS 1HTEPBAJIbHUX HEYITKUX MHOMKHH
JPYTOro TUMY JIOCTaTHHO BU3HAYUTH O0JIACTh HEBU3HA-
yeHocTi (FOU), 10 onucyeThest yepes ABi QyHKIi Hase-
YKHOCTI THIY- 1 : HIKHBOI ( My (x) ) Ta BepxHbOi ( L3 (x)),

MDK IKHMH BUKOHY€ETHCSI HEPIBHICTB:
ﬁA(x)S/_‘A(x)’ VxeX. 5

OpnHi€r0 3 OCHOBHHX 3aJ[a4 IIPU MPOEKTYBaHHI CHC-
TEeM HEYITKOTO JIOTIYHOTO BUBEJCHHS € BU3HAYCHHS PO3-
Mipy obmacti HeBu3HaueHocTi (FOU), amxe 1i 30iIbIIeHHS
BILIMBA€ Ha TOYHICTh MOJIEINI Ta 30UIBIIIYE Yac 00UHCIICHD
y KOMI'IOTepHii cucteMi. [HIIOI0 BaXKIIMBOIO 3a7avero €
BUOIp THNIB QyHKLII HanexHocTi. Ha choromHi, y po3po-
OLli CHCTEM HEYITKOTO JIOTIYHOTO BHBEICHHS HAHOLIBII
3aCTOCOBYBAaHUMHM (YHKIISIMH HaJEKHOCTI APYTOro TUITY
€ rayciBcbka (gaussmf), TpukyTHa (trimf), Tpanenienoni-
Ona (trapmf) Ta n3BoHOMOAIOHA (gbellmf). Ha puc. 2 Ha-
BEJCHI TMPHUKJIAAN [WUX (DYHKIIH HaJIeKHOCTI APYroro
Trmy. Y [13] BUKOpUCTaHI 7151 MOCTIOBAaHHS HEBU3HAYE-
HOCTI HeCTaHAAPTHI PYHKIIIT HAJIE)KHOCTI JIPYTOTrO THITY.

a) 6)

0.5 0.5

CTyniHb HanNexHocTi

CTyniHb HaNexHocTi

o

20 40 0 20 40
LBuakicTb, X (km/rof) WsuakicTs, X (km/roa)
B) r)

0.5 0.5

CTyniHb HanNeXHocTi
CTyniHb HaNeXHOoCTi

0 0
0 20 40 0 20 40

LWBnakicts, X (km/roa) WenakicTb, X (km/roa)

Puc. 2. OyHKii HanexxHOCT] TUIY-2: a — raycoBa (gaussmf);
0 — TpukyTHa (trimf); B — Tpanenienoniona (trapmf);
T — 13BoHOMOO0110HA (gbellmf)

PexomeHnayeThCs Ipu po3poOIIi CHCTEM HEYITKOTO
pEryJIIOBaHHS BUKOPHCTOBYBATH (DYHKLII HAICIKHOCTI 3
MiHIMaJILHOIO KUTBKICTIO TTapaMeTpiB i TOMY, I O0Y-
JOBH (YHKLII HAJICKHOCTI APYrOro THUITY BUKOPUCTOBY-
€TBCS TaycoBa (PYHKILiST HAJICKHOCTI THIY-1:

yA(xm’G):exp[—O.S-((x—m)/O')q , (6)

ne fp(x, s) — raycoBa (QyHKIiS HaleXHOCTI THIy-1,

O — mapaMmeTp BigxXwieHHS (KpyTw3Ha (QyHKIID), m —
UCHTP HEYITKOT MHOXKHHHU.

[IpoananizyeMo MeTOIM BHM3HAUEHHS HEYITKHX
MHOXXHH JPyTOTrO THUILY Ul MOJENI iHTpaHeBH3HAYEHO-
CTi, Ie MAaEMO OIHOTO ekcrepra (n=1).

Sk BiKe 3a3HAYAIIOCH, JJIs MO0y TOBH HEYITKMX MHO-
JKMH JIPYTOr0o THITYy JIOCTaTHHO BU3HAYMTH JABI (yHKIIi
HaJIeKHOCTI TUIy- 1. Y BUIaKy raycoBoi QpyHKIi Haje-
JKHOCTI ICHYIOTh TpPM BapiaHTH BHU3HAYEHHS HEYITKHX
MHOXXHH JPYTOTrO TUIY 3 BUKOPHUCTaHHSAM TaKUX (yHK-
it HajexxHocTi Trmy-1 [13]:

,UA(-X) = f(mlsmz ’J) ’ (7)
,UA()C) = f(m’o-l’O-Z) 5 (8)
ﬂA(x):f(m]’m2’0-1762)~ (9)

Xo4a npakTHYHO BapiaHT (9) Maiike He BUKOPHC-
TOBYIOTh. Hanani, 3aaeTbcst ymoBa: o0y < 0, s BU3Ha-

YeHHsI HIKHBOI Ta BEpXHbOI (QYHKIIIT HajexHOCTi. 3 ypa-
XYBaHHSIM HEpIiBHOCTI (5) 3HaueHHs HIKHBOI (yHKii
HAJIGKHOCTI U A(x) s (8) onmeyetses sk [13]:

EA(X) = f(x,m,00) = exp[— 0.5~((x—m)/0'1)2} . (10)
Matumemo 17151 BepXHbO1 (PyHKIIIT HaIeKHOCTI:
H;(xX) = f(x,m,00) :exp[—o.s-((x—m)/az)z} (1)

IIle MoxyTb OyTH BU3Ha4Y€HI HIXKHS Ta BEpXHs (QyH-
KIIii HaJIeKHOCTI 32 JOIIOMOTOK KOe(ili€HTa BiIXHICHB
IUist 3HaUeHb O — k . Jlns koedimieHTa HEOOXiqHA Taka

ymoBa: 0<k, <1. dxmo k, =0, T0 EA(x):ﬁA(x).
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OTKe MU OTpUMaEMO (YHKLIIO HaIeXHOCTI THITy-1. Y cu-
CTeMi HEYiTKOTrO peryJloBaHHs KOe]ilieHT k, MOXkKe BU-

KOPUCTOBYBATUCS y TPHOX pi3HHX (hopMax: Ui BU3HA-
YeHHS HIDKHBOI (DYHKINI HaJEeXHOCTI; I BU3HAYCHHS
BEpXHBOI (DYHKIIIT HAIEKHOCTI; IS BU3HAYCHHS HIDKHBOT
Ta BepXHBOi QYHKIIIH HajexxHocTi. [lo Toro x #oro 3Ha-
YEHHs HalpsiIMy BU3HA4Ya€ po3Mip IUIOINI HEBU3HAYEHOCTI.
Ha puc. 3 noxasaHi mionyi HEBU3HAYEHOCTI MPU PI3HHUX
3Ha4YeHHIX KoedillieHTa k . , [0 BU3HAYAIOTh 3HAYEHHS

JUTSL HIDKHBOT (PYHKIIIT HaJIeKHOCTI .

12 IInomia neusnauenocti (FOU)

Bepxusa ®H
11 | == — - Huxns ®H b

061

04 r

CryniHb HaJeKHOCTI

10 20 30 40 50
1IBuakicts (KM/To1)

Puc. 3. [Liom1i HeBU3HAYEHOCTI IS Pi3HUX 3HAYCHD
koedimienTy Binxmienns k , (o=5, m=25)

Amnanizyroun puc. 3, 6auuMo, 110 3pOCTaHHS 3HA-
YeHHs k , CHpHUYUHSAE 3pocTaHHs po3mipy FOU. Bpaxo-
BytouH HepiBHiCTH (1) ansa ouinku posmipy FOU, matu-
MEMO TaKy HepiBHICTb AJIs 3HaueHb KoedirienTa k , s

onHoro ekcrepta (n=1) Ta 1 rpymu excreprtis (k =1):
kg (k)2 kg (n) . (12)
BuxopucroBytoun koediuieHT k, I BU3HA-

YeHHS BOX (PYHKIIIH HaEKHOCTI OTPHUMAEMO HACTYII-
HUI BUpa3 Uil HUKHBOT (DYHKIIT HAJIEKHOCTI 4 A(x) :

. -
Ao xem
2 a—ka-a

EA(x):f(x,m,O',k)zexp .(13)

Bepxns QyHkuii HanexkHocTi 45 (X) ONUCYEThCS AK:
_ .
1 xX—m

2\ o +k, o

ﬁA(x):f(x,m,a,k):exp .(14)

[Ipu mpoexTyBaHHI CHCTEMH HEYITKOTO PEryJIio-
BaHHA 3MiHa koe(ilieHTy K, HMOBipHa Iicis mpose-
JICHHSI eKCIIEpUMEHTAIBHUX BUIIPOOyBaHb. ToOTO, micis
MOBTOPHUX €KCIIEPUMEHTIB 3HAUCHHSA k ;, MOXKE 3MEH-
IIATHUCS, a IPU BpaxyBaHHI (pakTOpiB 30BHIIIHBOTO cepe-
noBuia abo 360iB po6OTH KOMIT IOTEPHOi CHCTEMH Mi/T-
PUMKH NPUAHATTS pilieHb, MoXe 30impmuTcs. i1t Bu-
3HaueHHs IHMT2 BukopucToByIOTh JeKijbKa Koedilie-
HTIB Kk, 3 OKPEMOIO Baroro 3 ypaxyBaHHSIM OLIHOK MiX

eKCIepTaMy B Mexkax | rpymm.

IHTepHeBU3HAYEHICTh B cCHCTEMAX
HEJIiTKOT0 JIOTiYHOIr0 BUBEeJAEeHHS

Mertoau, 10 3aCTOCOBYIOTHCS Ul BU3HAUCHHS 1H-
TpaHeBH3HaueHocTel npy npoekrysanHi IHMT?2 B cucre-
Max HEYiTKOTO PEeryJIFoBaHHS, MOXXYTh TaKOX OyTH 3acTO-
COBaHi JUIs1 OLIIHKH iHTECPBU3HAYCHOCTEH (KUTBKICTh CKCIIC-
pTiB 1> 1, KinbKicTh rpy1 excnepTiB k > 1 ). OaHak icHy-
10T 0COOJIMBOCTI B BU3Ha4YeHHI mapamerpiB [HMT2, y T.u.
¢yHkuii (7-9) BU3HAYaIOTHCS KIJIBKICTIO MapaMeTpiB BiJl-
TIOBI/THOT KIIBKOCTI eKcHepTiB Ta rpym. OTKe 0TpUMaEMo
¢yHKIIT (n7>1), 0 MarOTh JEKITbKa MapaMeTpiB st
LEHTPY HEYITKOT MHOKHHH Ta BIIXUJICHHSL:

My (X) = f (my,my ...omy 3 0) 5 (15)
Him (D) = f(m:01.03...0,) ; (16)
’uA(”)(x):f(ml’mz""’mn;o'l’o'z,...,an)_ a7

Jst mexinpKox Tpym ekcreptis (kK > 1) Mmatumemo:

,u;‘(k)(x)=f(m1,m2,...,mk;0'); (18)
My () = f(m;01,05,..0;) ; (19)
luA(k)(x):f(ml’m2v-~-,mk;o-170'27-~-,0'k)~ (20)

s omucy HWKHBOT 4 An k)(x) Ta BEPXHBOL
H An k)(x) (DYHKIIH HaJCKHOCTI, MOTPIOHO BU3HAYUTH

Omin T& Omax » IpU hikcoBaHOoMy 3HauenHi m (19). ¥ Ta-

KOMY pa3i HIDKHA (YHKIIIS HaJeKHOCTI BUTTLIIATIME TaK:

X—m

1
EA(n,k)(x) = f(-x’m70min) =exXp| —— . (21)

O min

Bepxus dhyHKIIis HAJIEKHOCTI OMHUCYETHCSI 3 BAKOPHC-
TaHHSIM MaKCHUMaJIbHOTO 3HAUECHHS BiJXHJICHHSI y TayCOBIii
(byHKLIT HANIEKHOCTI 1711 BUTIA/IKY 1HTEpHEBU3HAYEHOCTI:

X—m

_ 1
,u;‘(n’k)(x) = f(x,m,0p,x) =€Xp| —— .(22)

O-max

OTpuUMyeMO MHOXKHHY A(n,k) , fKa € CKIIaJEHOI0,

TOOTO BH3HAYCHOIO JCKiTbKOMa (PYHKIISIMH HAJIEKHOCTI
npyroro tuny [13, 14]. YV upoMy BUNaKy IJIOIIA HEBU-
3HAYEHOCTI OMHCYETHCS ABOMA (DYHKIISIMH HAJIEKHOCTI
THITY- |, IKi MOKYTh ITIIMHOKHHAMH Pi3HUX MHOXKHH JPY-
roro tuny. BogHoyac FOU BU3HAYa€THCS HE3AIEKHO BiJl
KUTbKOCTI €KCTIEPTHHUX OIIHOK, SIKi BUKOPUCTOBYIOTHCS Y
3a/1a4i CUCTEMH HEYITKOTO JIOTIYHOTO BUBEICHHSI.

FOU nna A(n,k) MO>K€ BUTJISAIATH TAKUM YHHOM:

FOU(A(n.k) = | J [ﬁ ion k)(x),ﬁ/;(,,,k)(x)} . (23)
xeX ’

[Mpore IHMT?2 moxke BH3HAYaTHCh PI3HUMHU TH-
namMy QyHKIIH HaJIEeXHOCTI, 10 YCKIIAIHIOE BU3HAYECHHS
HIDKHBO1, BEpXHBOI (DYHKITIH HAIEKHOCTI, a TAKOXK OITHC
myIomIi HeBu3Ha4YeHOCTi. Konu HeMae QyHKIIii HaIeKHO-
CTi, Ic BUKOHYETHCS YMOBA:

EA(n,k)(x) < ,uA(n’k)(x‘) < ﬁ;‘(n’k)(x), Vxe X, (24)
ne M, k)(x') — Oyzap-sika QYHKIIS HaJEKHOCTI, KA €

MiAMHOXKUHOW FOU, TO IUIONIy HEBU3HAYCHOCTI CIIiJ

32



ISSN 2073-7394

CucreMu yrnpaBiiHHs, HaBiraiii Ta 3B's3ky. 2024. Ne 3

omnucyBaTtu K 00’€mHaHHS Aekiabkox FOU, y skux
IUTOLII MEHIII Ta BUKOHY€EThCS yMOBa (24).

BucHoBxku

HeBnsHageHOCTI pi3HUX THIIIB, SKi BUHUKAIOTH TIPH
OLIIHIOBaHHI EKCIIEPTaMH TTAPaMETPIB PEryJIATOPiB IIBH/I-
KOCTIi, MafOTh BIUIMB Ha TUIIHX i KUTBKICTh (DYHKIIH HaIexX-
HOCTI, a TAKOK Ha po3Mipu FOU. Po3risiHyTi XapakTepuc-
TUKU (YHKIIH HaJIXKHOCTI 1 MeToM BusHaueHHs: FOU s
PI3HHUX THITIB HEBH3HAYEHOCTEH HE € OCTATOUYHHUMH, OCKi-
JIBKU € MOJKJIMBICTB 3MiHU po3MipiB FOU (301nbLieHHS 200
3MEHILIEHH) ITiCIIst IIPOBE/ICHHST €KCTIEPUMEHTIB.

HeoOxitHO BUKOPUCTOBYBAaTH KOE(ili€HTH BiIXH-
JeHHA (peryiIOBaHHS) MapaMeTpiB IIiJi 4ac PO3pOOKH
KOMII'FOTePHUX CHUCTEM MIATPUMKH MPUAHATTS PIlICHb.
Jns iHTpaHeBH3HAYCHOCTI KOE(IIlieHT 3aCTOCOBYETHCA
JI0 TapaMeTpiB QyHKIIiI HATEKHOCTI i HEOOXITHO TOCITi-
IKyBaTH po3Mipu FOU, ockinbku 30UTBIICHHS IUIONI

HEBH3HAYEHOCTI MOTIPIIyE TOYHICTH POOOTH CHUCTEMH
HEUiTKOro perymoBanHs. IIpu iHTepHEeBH3HAYEHOCTI
FOU Bu3zHavaeTbes AekibkoMa (QYHKIISIMA HAJIS)KHOCTI
JPYroro THITy 1 HE0OXiZHO BHKOPUCTOBYBaTH Koediri-
€HT Bar", sIKMi 3aJIe)KUTh BiJl 3HAHb Ta JOCBIy €KCIep-
TiB JUIA KOXHOI 3 HAX. BapTo Takox mocuiauté moOy-
noBy IHMT2 3 pisHEMEU (DYHKIISIMH HaJEKHOCTI, OCKi-
JIbKU L€ YCKJIQAHIOE BU3HaUeHHA FOU.

HMT2 103BOIA0TE MOAETIOBATH CKIIAAHIIII HEBHU-
3ragenocti, Hbxk HMT1. Ile ocobamBoO KOPHCHO IS CHC-
TeM, e 1aHi MOXyTh OyTH HETTOBHIMHU 200 HEOTHO3HAY-
HUMH. 3aBASKH cBoii cTpykTypi HMT2 MoxyTh Kparie
CIPABJIATHUCS 3 IIyMaMH Ta MOMUJIKaMH B JIJaHUX, 10 PO-
OUTH 1X OINBLI CTIHKUMM y MOPIBHSHHI 3 TPaAUIIIHHIMU
Merozamu. HMT2 HapaioTh MOMIIMBICTH OULTBII THYY-
KOT'0 HaJlallITyBaHHS MapaMeTpiB CUCTEMH, IO JTO3BOJISIE
JOCSITaTH ONTHMAIBHUX XapaKTePUCTHK KepyBaHHS B
PI3HHX yMOBaX €KCIUTyaTallii.
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The use of fuzzy sets of the second type for the design of speed controllers
0. Zakovorotnyi, T. Orlova

Abstract. Interval fuzzy sets of the second type are used in the design of fuzzy systems related to speed control under
conditions of uncertainty. The article considers the possibilities of using interval fuzzy sets of the second type to describe variables
that can be different values of the same dynamic system or changes in technical parameters that occur under the influence of
external factors. Complex interval fuzzy sets of the second type are also presented and examples of their use for reducing the
number of fuzzy sets and rules in the fuzzy knowledge base are given. The necessary conditions for constructing complex interval
fuzzy sets of the second type and methods for determining the lower and upper membership functions in them are also given. The
uncertainty trace for a complex interval fuzzy set of the second type is represented by the upper and lower membership functions
of different fuzzy sets. All the methods described in the work can be used in the design of decision support systems, to select the
optimal parameters of a nonlinear system, or in the design of fuzzy speed controllers.

Keywords: interval fuzzy set of the second type; fuzzy systems; speed control; decision support system; unclear regulators.
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AJANITALNIA AJITOPUTMY BEKTOPHOI'O KEPYBAHHA 1JIA PO3POBKH
CUCTEMM YIIPABJIIHHA EJIEKTPOIIPUBOJIOM 3MIHHOI'O CTPYMY

AnoTanis. Po3rigHyTi mUTaHHS PO3pOOKU MOJENEH AJsl CHHTE3Y CUCTEM KEepPYBaHHS TATOBUM €JIEKTPOINPUBOJIOM 3MiH-
HOTO CTPYMY AM3€Nb-T0i3a Ta iX gocmimKeHHs 3a qonoMoroo naketry MATLAB. Ha ocHOBI aHaMiTHYHOTO OTJISAY iCHYIO-
YHX AITOPUTMIB, 30KpEMa CHCTEM KePyBaHHs 3 BAKOPUCTAHHSM aJlrOPUTMIB BEKTOPHOTO YIIPABIiHHS, 3alIPOIIOHOBAHA CTPY-
KTypHa cxema peryistopa koutypy CAP enexkrponpuBony. s ctabinizanii moroko3zyerwieHHs B cTpykrypi CAP 3amporo-
HOBaHO BHKopucTaHHs [11J[-perymsiTopa Ta Bu3Ha4eHi 3a JOTOMOTOI0 MOJIEIIOBAHHS KoeillieHTH IiJICHIeHHS 13 3a0e31e-
YEeHHSM BUMOT JI0 SIKOCTI ITepeXiTHUX IPOIIECiB Ta yCTAaHOBJIEHI MOXKIIMBI Aialta30HU 3MiHU KoedimieHTiB mincunenss. Orpu-
MaHi aHaJITHYHI CIiBBITHOIICHHS Ta MaTeMaTHYHI MOZeI MOXYTb OyTH BHKOpHCcTaHi 11t po3pooku CAP enexTponpuBoy
ZIM3eNb-TI0i3/1a 1 pO3paxyHKy il mapaMeTpiB pH 3aaHOMy KPHTEPIIO SKOCTI.

Knao4oBi cmoBa: cucteMu KepyBaHH, TATOBUIl €JIEKTPOIPUBO 3MIHHOTO CTPYMY, IH3€Ib-II013/1, alTOPUTMU BEKTOP-
Horo ympasininas, [TI/I-peryisrop, MaTeMaTHYHa MOJENb, IEPEXiTHUN MPOoLec, KPUTEPii SKOCTI.

Beryn

3aBIaHHs CTBOPEHHSI CUCTEMH YINPABJIiHHS €JIeKT-
POIPUBOZIOM 3MIHHOT'O CTPYMY € CKJIJ0BOI0 YaCTHHOIO
3arajpHOI0 3aBJaHHs CTBOPEHHS ONTUMAJIBHOI CUCTEMH
KepyBaHHs TPaHCIIOPTHUMHU 3aco0aMu, B TOMY pasi 1 Ts-
TOBUM EJICKTPOIIPHUBOIOM JM3EIIb-TI013/[iB Ha Oa3i aCHHX-
porHUX TsaToBUX enekTponBuryHiB (TAJI). Bupimenus
IIUX 3aBAaHb IPONOHYETHCS BUKOHYBATH 3 BUKOPUCTAH-
HSIM BiJJOMHX JIOCSITHEHb, SIK TEOPETUYHHX TaK 1 MPAKTH-
YHUX, 3aCTOCYBAHHS aJITOPUTMIB T4 METOAIB KEPyBaHHS,
BUKOPHCTAaHHS Cy4aCHUX KOMII IOTEPHUX TEXHOJIOTiH, B
OCHOBY SIKMX ITOKJIaJICHO METOIM MaTeMaTHIHOTO MOJe-
JIIOBAaHHS, aHAJI3y 1 CHHTE3y CKJIAJHUX TEXHIYHUX CHC-
Tem. ToMy apanTariist aIrOpuTMy BEKTOPHOTO KEPYBaHHS
JUIsL PO3POOJICHHSI CUCTEMH YIIPABJIIHHS €JIEKTPOIPHBO-
JIOM 3MIHHOTO CTPYMY Ta MoJieleit Just ii 1ociiPkeHHS €
aKTyaJIbHOIO 3a/1auelo.

IMocranoBka 3agayi i anajui3 Bizomux myosika-
uiii. Psin TpaHCTIOPTHHX 32C00iB, B TOMY YHCII €IEKTPO-
TIOi31 1 AN3ENb-TI0I3/11, B IKOCTI TATOBHUX E€NIEKTPONPH-
BOJIIB BHKOPHCTOBYIOTH €JICKTPOIIPUBOJAM 3MiHHOTO
CTPYMYy 3 YaCTOTHHUM CIIocoOoM kepyBaHHA. OIHAK, sK
ciinye i3 oKepern iHpopmarlii, Bce OUIbIIoi yBaru mpui-
JISIETHCSE PO3POOKAaM CHCTEM KEpYBaHHS €JIEKTPOIPUBO-
JlaMU 3MIHHOTO CTPyMYy Ha OCHOBI aJTOPHTMIB BEKTOP-
Horo ympaBiiHHA [ 1-6]. B manux anropurMax 3akiajieHa
i71eq OpieHTYBaHHs OTOKY aCHHXPOHHOTO ABHTyHa [1, 2,
5, 6]. Hamipyru ctatopa Tpuda3zHoro aCHHXpOHHOTO JIBH-
ryHa (kuBieHHs TAJ]) B cuctemi ynpapiiHHS BU3HAUa-
I0ThCS 10 PIBHSHHSAX BEKTOPHOTO KEPyBaHHS, sKi 3a0e3-
MIeYyIOTh BiAMOBIHY SIKICTh (DYHKIIIOHYBAHHS CUCTEMH B
LJIOMY B TIpOLIECi eKCIITyaTallii.

Pimmenns 3ama4i po3poOku e(peKTHBHOI CHCTEMH
YIPAaBIiHHS €JIEKTPOIPHBOIOM 3MIHHOTO CTPyMy B Iie-
plIy Yepry HoB’si3aHe 31 CTBOPEHHSIM HeJIiHIHHUX Mare-
MaTHYHHUX MOJIeJIel 3 BpaXyBaHHSAM OCOOJIMBOCTEH BUKO-
PHCTaHHS TOTO YU IHIIOTO AITOPUTMY KEpyBaHHS Ta
roro Moaudikarii BiAMOBITHO 10 YMOB eKCILTyaTallii me-
BHOT'O TPAHCIIOPTHOTO 3ac00y, KPUTEPIiB OIIHKH SKOCTI
(YHKI[IOHYBaHHS CHCTEMM KEpyBaHHS, IPOBEACHHAM
KOMITIEKCHUX JOCHIDKEHb JHHAMIKH €JeKTPOMEXaHid-
HOi CHCTEMH €JIEKTPOIIPHBOJLY B IIPOLIECi IIPOEKTYBAHHSI.

Jlns pimeHHs 3aBIaHb pO3POOKH MOAIOHUX CHCTEM
KEpyBaHHS IPUCBAYCHO 3HAYHE YHCIIO MyOumikarii [3-9],
Jie BUKOPHUCTOBYETHCSI MaTEMaTHIHE MOJEIIOBAHHS, CY-
YacHI METOJU Teopii aBTOMAaTHYHOTO KEPYBaHHS Ta OI-
TUMi3aIlii, KOMIT IOTepHi TEXHOJIOTIi.

MeTo10 1aHO0i pO6OTH € ajamnTailis AITOPUTMY Be-
KTOPHOTO KEpYBaHHS JUIS PO3POOKU CHCTEMH YIpaB-
JIHHS EJEeKTPOIPUBOJOM 3MIHHOTO CTPYMY Ta MOJCICH
JUISL TPOBEJICHHS AOCII/KEHb 3 METOI0 OTPUMAaHHS 11 sIKi-
CHHX XapaKTEPUCTHK B MPOIECI MOJIEITIOBAHHS 3 BUKOPH-
ctanHaM nakety MATLAB.

OcCHOBHA YacTHHA

Marematuuna mojens TAJ] enekTponpuBoy B CH-
HXPOHHIN CHCTeMI KOOpPAMHAT MpE/CTaBJCHA PIBHSH-
HSIMHU €JIEKTPUYHHX KiJ CTaTopa i poTopa B CUCTEMI KO-
OpJMHAT, 1110 00ePTAETHCS 3 MIBUIKICTIO My 1 MPUBEICHA
y BUTJISIII cucteMu AudepeHnianbHuX piBHAHb [3, 4]:

d¥y
dtSI =Ug _as‘Psl +askR‘Pr1 +qj32ws’ (D
d¥
dtﬁ =Ugy—-a¥y+ahg¥,, +¥a0, (2
a¥y
7” =—a, ¥, +ak ¥ +(o,—0)Py,, (3)
a¥y
dt“ =—a,¥,, +a,k¥, — (0, —0)¥,, (4
3k
M=—p—(¥Y Y -Yg¥.,) ®)
2 G'LS
do p
Z=EM-M,), 6
5 J( ¢) (6)

Je @, — KyTOBa 4acTOTa HAaIpPYTH JKUBJCHHS CTaTopa
TAI npu p = 1; @ — KyToBa BUIKICTb poTopa; ¥,
Yo,¥, .Y, Uy, Us — BinnosigHo npoekiii Be-
KTOpIB MOTOKIB CTaTOpa i pOTOpa Ta HAIPYTH KUBICHHS
Ha oci KoopauHaT; kg i k, — KoedilieHTH eleKTpoMar-

HITHOTO 3B'S3KY BiMOBIJHO CTAaTOpa Ta POTOPA;
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Li=L,+L,, L =L,+L,, a.=—", k;=—"",
N N
L L L L 1
k=", o=1-—" T,=—= T, =—",a,=—o,
L, L,L, Ry R, oT
a, :ULT; L.,L,, L, Rg, R, —napamerpu cxemu

r

samimenHs TAJl; T, i T, — BiNOBiAHO eTeKTPOMArHi-
THa NOCTIHA Yacy cTaTropa Ta poTopa; 0 — IIOBHHUH Koe-
¢ilieHT po3ciroBaHHs; p — nocTiiHui koediuient TA/J]

(uucio map nontociB); J — MOMEHT iHepIii.
UYucenbHi 3HAYEHHS IapaMeTpiB CXeMH 3aMi-
meHHs TA/:

L, =0,093331 (M[H); L, =0,092819 (MI't);
R, =0.0833 (Om); R, =0.068 (Om);

k, =0098816; k, =098274; T, = 1,123117 (c);
T, =1,3730621(c); o= 0,028896;
a,=30,813233; a, = 25.204152.

Y  Bunmaaky obepTaHHs ocelt

0, =0k 1 noyaTkoBiil Gasi @r =0, GyHKIi 3agaHHs

CUHXPOHHOTO

Hanpyru Uy, Uy, —TocTiliHe 3HaUeHHs HaMpPYTH >KHB-

sl
JIeHHs BennunHow Uy, 1m0 oci §; 1 HYJIbOBE IO OC1 S5 .
OcCTiNbKU B IpoOLIECi NPOEKTYBAHHS CHCTEM Kepy-
BaHHS JUIsl aHAJi3y MPOTIKaHHS MEpeXiJIHUX MpPOLECB, a
TaKOXXK MOJJIMBUX JATYUKIB BHUMIpIOBaHHS Ta (ikcarii
pe3yibTaTiB, B SKOCTI 3MIHHHX BHKOPHCTOBYIOTHCS
ctpymu B ooMoTkax TAJ, To cuctemy piBHsHB (1) — (6)
MOJKHA 3aIHCATH BITHOCHO MPOEKIIii BEKTOPIB CTPYMIB,
BHKOPHCTOBYIOYH BiIOMi CITiBBiTHOIIICHHS:

I g=(a,¥g —akg'¥, )/ Ry
Iy =(as¥ s —akg¥ys )/ Rg 3
I p=(a, ¥ —a k¥ g )/ R,
I po=(a, ¥y —a,k¥Wsp )/ R,

B pesynbraTi mepeTBOPEHHS CHCTEMY piBHSIHB (1) —
(6) B CHHXpOHHIH cHCTEMI KOOpAMHAT NPEACTaBHMO B
HaCTYITHOMY BHIJISI:

d¥.
SL=W hop —Rel +Ug 5 (7
dt
dV¥.
52 =W o —Rglp +Ugy: (8)
dt
d¥
= (o —p)¥ =Ry 9
dt
d¥
dtrz = —(wyp — p)¥, —R.1 5, (10)

ne Iy,1p, 1,1, 1,7, —BiImoBigHO MPOeKLii BEKTOPIB
CTpyMiB 0OMOTOK cTaropa i potopa; Rg, R, — akTuBHI

OTIOpH OOMOTOK CTaTopa i poTopa.

PiBusHHS JJIA CJ'IGKTpOMaFHiTHOFO MOMCHTY:

3 k
M = EP_R(\PrllPSZ YY)
S

- 1rn

AJTOPUTM BEKTOPHOTO KEpYBaHHsI MOJSATa€ B Ha-
cTymHOMY [3, 5].

SIKII0 IOy CTUTH, IO MIBUAKICTh 0OSPTaHHS KOOP-
JIMHAT CIIBMAJA€ i3 MBUIKICTIO BEKTOPY MOTOKY POTOpa

W = Oy,

TO BekTOop moToky ¥, Oyme Ha oci (9) cBoiM Momynmem
Y., a #oro mpoekuis Ha Bick  (10) mopiBHIOBaTHME
HYJI0, TOOTO BEKTOp ITOTOKO3YEIUIEHHS poTopa Oyze
MaTH TiJbKH JIHCHY CKJIa0BY.

PiBHAHHA 32 YMOBY, L0 ) = Wy , IPUAMYTH Ha-

CTYNHUU BUTIIAL

d¥
szI =W 0y —Rel 3 +Uy ; (12)
d¥,,
d: :\Pslw\P_RSIS2 +US2; (13)
d¥
(og — pw)¥,,, +R.1 ,=0. (15)

Bupasumo npoexii crpymis potopa [, Ta [,
yepes MpoeKLii cTpyMiB ctatopa [ o Ta I, .

J1s IbOTO BUKOPUCTAEMO PIBHSAHHS 3B SI3KY:

Y, =1L +1,L,; (16)
Y,=IL+1,L,. 17)
I3 piBasAHHS (16) OTpHUMaeMo:
1 L
[,=—VY,-1,2.
L, L,
I3 piBasHES (17) oTpUMaeMo:
2
L L
Y,=I,L+I,L,=1L+2Y,—-],—2=
s = Lsks s ST,
2
L L
=l (L,——)+-2¥, .
S s Lr Lr r
Toni:
Y. =I[L/'+K,Y,, (18)
2
L L
me Li'=L——"; K,=-".
L L
Bukonaemo nepeTBOpeHHs cucTeMu piBHSIHB (12) —
(15).
lesl — dlsl Ls 4 Kr d\Prm :
dt dt dt
dlg | d¥
T;Ls +Kr7rm= Yoy - Rel g+Ug

Yopop=IL'oy + K,V 04 .
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I3 BpaxyBannsam toro, mo ¥,, =0,

Yoop= oL oy .

3 ypaxyBaHHSAM TIIepeTBOpPeHb piBHAHHA (12)
NIpUiiMe BUTJISII:
dl d¥
sl L'+ K, —™m
dt dt (19)

_ISZLS 'C()\I/ + RSISI +Us1 =0.
[eperBopenns piBasHHSA (13).

dl o d¥Y
_52Ls L2

dt dt
=y ([gLy + KW ,) =Rl +Ugs.

K, =

Ockinbku ¥ ,, =0, 10 piBHAHHA (13) HaOyne BH-
LIy
dl
—=L,'=1,4L,'0oy +
dt S s1ts C()\P (20)
+Kr\Prma)‘¥’ _RSIS2 +U52'

[eperBopenns piBHAHHSA (14).

d\y rm
dt

=—Rpl .

BukoHaeMo ormepaiiito 3HaXOKeHHS CTpymMy [, ,

B 3aJIXKHOCTI BiZ cTpyMy [ .
J11s IbOTO CKOPUCTAEMOCST PIBHSHHSM 3B’ SI3KY :
1 L,
I,=—Y,  -I,—/".
rl Lr rl sl Lr
B pesynbrari piBHsHES (14) HaOyAe BUTIALY:
d¥y R
J"_L_r‘{jrm —14K,R, =0;

7 21

7

3a yMOBH 3aBIaHHS MOZIYJIS HOTOKO3YEILICHHS
Y,,, = const 13 piBasanHs (21 ) 3HainemMo ctpym I :

=—rm, (22)

[eperBopenns piBHsiHHS (15).
(w‘P _pw)\llrm + er r2= 0.

BinmoBigHO 10 piBHSHHS 3B’ SI3KY

1 L
lio=7-%p —IszL—m :

T r

Bpaxosyrouu, mo ‘¥,,= 0, piBusanns (15) Habyne
BUIILANY:

BY KR Iy =0, (23)

ne f= w, —po.
B pesynbrati ctpyMm Iy MOMHA BU3HAYUTH SIK:

ﬁlPrm

= . 24
r (24)

Is2

PiBHSIHHS [UIS €ICKTPOMArHITHOTO MOMEHTY 3HaXO0-
JUTHCS 32 YMOBH, IO IIBUJIKICTh OOCPTaHHS KOOPAUHAT
CHIBMAJa€ i3 MBUIKICTIO BEKTOPY MOTOKY POTOPA, TOOTO

Cl)k = an; A

BinnosigHo 1o piBHsHHSA (11) 3HAXOMKEHHS €IEKT-
pomaraitTHoro MomeHTy TA/l BU3HaYa€eThCS SIK:
3 K,

M :_p_(‘PI‘llPSZ _‘Pslquz).
2 O'LS

Bpaxosyroun, mo ¥,, =0, i 3 ypaxyBaHHsIM piB-
HSIHHS 3B’ SI3KY
VYo =IpLli'+K,¥,,,
OTPHUMAEMO:

K
= mpz - Yol -

My (25)

B pe3ynbraTi mepeTBOpeHb OTPUMANHN CUCTEMY pi-
BHSIHb, 110 JJO3BOJISIE (POPMYBaHHS €IEKTPOMArHITHOTO
MomeHty TAJl, skwif € BU3HAYAIBHUM B CHCTEMI Kepy-
BaHHI JUIS IPUBEICHHS AN3EIb-TI0131a 10 HOTO pyXy.

He cykymricts piBesIHE (19) — (25), sika B KiHIle-
BOMY pa3i BHM3HAYa€ eJEKTPOMAarHiTHUI MOMEHT uepe3
MO/IyJTh MOTOKO3YETUICHHSI 1 BEIMYUHY CKOB3aHHA [ , 10
3aJeXarh BiJl KyTOBOI YaCTOTH HANpPYIU >KUBJICHHS 00-
MOTKH CTaTropa i KyToBOi IIBUAKOCTI poTopa (3a HeBHUX
YMOB LIBHJKOCTI PyXy JHU3€J1b-TI013/1a).

Kpim mporo crpymn I i I, € BU3HaYanbHUMHU

JUIsL B3a€EMHOTO 3B’s3Ky 3 (asHumu Hanpyramu Ug i

U52 . Takum ymHOM OoTpuMajaId MaTEMAaTUYIHY MOICIIb

€JIEKTPOIPUBOTY, SIKa JO3BOJISIE BUAUTUTH yIIPABIIHHS —
e 3HAa4YEHHs aMIUITyIu 1 4acTOTH HAIPyTH JKUBJICHHS
TAJI. YactoTa HanmpyrH >KUBJICHHS BU3HAYA€THCS HA OC-
HOBI piBHSHHS (23).

Oyukuiii BruuBy (ynpasninasa) Uy i Uy, 3Haxo-
nsteest 3 piBHHB (19) 1 (20). 3a ymoBu cTabinizauii ToKy
I, ¢ynknii BBy OyayTh 3HaAXOIMTHUCH BiJIOBITHO

JI0 PiBHSIHb:
Ug=-1pL' o9 +RI; (26)

sl

Ugp =—og gL'+ K, Y, + Rl 5. 27

3a ymoBu crabinisanii noroxosuemnenHs ¥,

(¥,,, =const) QyHKUii BIULINBY BU3HAYAIOTHCS SIK:

b4
Ug=—-IHL'og +R, er; (28)
m
L' b4
USZZ—W‘{’rm(Lj‘FKr)*'Rsirm)- (29)
rewr

HIBHAKICTE BEKTOPY IMOTOKY POTOpa Uy BH3HAYA-
ETBCS AK Oy = (0 .

Take TOomyIIeHHS IiIJTKOM MOKJITUBE, TOCTUTLKH TIPH
3HaXOJKEHHI ONTHMAJbHOIO 3aKOHY KEpyBaHHs, a L€
¢ynxuii BBy Uy 1 Uy, , popmyemo Ix BiAnOBinHO
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JI0 33J]aHOTO KpHUTepish AKOCTi ((PYHKIIOHATY) 3 1OJallb-

MMM YTOUYHEHHSAM 3a JOIOMOI0OI0 MOJIEIIOBAaHHS.
PiBusinHA (28) 1 (29) npu 3amaHOMY 3Ha4YEHHI MO-

toko3ueruieHHs V¥ ,,, 1 piBHsHHA (26), O BU3HAUYAE

TEMIT PO3TOHY (BeImduHa [3) AU3eNb — M0i3/1a 32 YMOBH
HOTO 3aBaHTaXCHHS Ta PIBHSAHHSA, AKi OMUCYIOTH MaTe-
MaTHYHY MOJENb HOTo pyXy (HampHKIaj, HaBeleHI B
[3, 4]) MmoxyTh OyTH BUKOPUCTaHI IpH PO3pOOIIi ONITH-
MaJbHOI CHCTEMH KepyBaHH:I 3T1IHO 3a1aHOTO KPUTEPis
SIKOCTI.

Jyis mpakTUYHOT peanizallii JaHOTO aJrOPUTMY He-
00XiJHO 3a0e3nednTH CTadiIi3alilo MOTOKO3YEIICHHS.
Ile MOXNMBO 3OICHUTH IUISXOM BBEICHHS B KaHal

(bopMyBaHHS MOTOKO3YEIUICHHS BiIIIOBITHOIO peryis-
TOpa, SIKUH 3a0e3Mnedye SIKICTh MepexiAHUX IIPOLIECIB.

B pesynbrari cxemy ynpasiiHHA cTadinizanii noto-
KO3UeIUICHHS, a BIAMOBIAHO 1 cTpyMiB [ Ta I, , 3rigHO

ITOPUTMY BEKTOPHOT'O KEPYBAaHHS JUIS MiATPHUMKH TIOC-
TiiiHOrO 3Ha4YeHHs TsAroBoro MomeHty TAJ] B mporueci
PO3TOHY JU3€Ib-1I0i3[]a MOXXJIMBO NPEICTaBUTH Y BHU-
TSI KIACHYHOI CXEMH YIIPaBIiHHS 3 OAWHIYHHUM HeTa-
THBHHM 3BOPOTHHM 3B’SI3KOM, SIKa IIPHBECHA Ha pHC. 1.

Monens 00’€KTa yIpaBITiHHS IpeACTaBIeHa Iepe-
nmaBanmpHOIO (¢yHKmieto TAJ] Ha ocuHoBi T-00pasnoi
CXEMU 3aMillleHHs Ta MepeaaBaTbHIMA (QYHKITISIMHA CHC-
TEMH 3BOPOTHOTO 3B’SA3KY (IATYMKIB CHUTHAIIB).

g ® e(t) N

Perynatop

u@ QG ekT »0

\ 4

VIIPAaBIiHHA

£

Puc. 1. YrpaBniHHs 3 HEeraTUBHUM 3BOPOTHUM 3B’ SI3KOM

[Ipu3HaYeHHS PEryiIsaTopa CUCTEMH MOJISTaE B KO-
peKkuii TUHAMIYHUX BJIACTUBOCTEH 00’€KTa YNpaBJIiHHS
3a JIONMOMOTOI0 KEPYIOUOro CUTHAITy u(f) TaKUM YHUHOM,
o0 pearbHUI BUXiIHUI cUTHAN y(f) SKHaiMCHIIE Bif-
pi3HABCS Bix OakaHOTO BUXITHOTO cUTHANY g(f). Peryms-
TOp BHUPOOISE€ YIPABITiHHS, BUKOPUCTOBYIOUH TIOMILIKY
perymoBanHs e(t) = g(t) — y().

JI1s OIIHKK JUHAMIYHUX BIIACTHBOCTEH CHUCTEMHU
BHKOPHCTOBYBAJIACh ii PeaKilis HA OJUHUYHUN BXiTHHHA
BILJIMB 3TiJHO 3aJaHUM ITOKa3HMKaM SKOCTI: BEJIWYMHA

CTaTUYHOT TOMHIKK £(f), 4Yac MEpexifHOro Mmporecy

(f,), BenMYMHA IepeperyitoBaHHs A% i KOIMBAb-

HicTh (N).

B sxocti perynstopa BHUKOPHUCTaHO TpaaMLiiHYy
cxemy [I1J] — perymsaropa (ITI/] — mpomopiiiifHo-iHTETpO-
audepeHianbHui), 0 HIMPOKO 3aCTOCOBYETHCS B CHC-
TeMax aBTOMAaTHYHOTrOo KepyBaHHsA. OCHOBHE PIBHSHHSI
I /I-perynsitopa Mae BUTIISIA:

de(t)

t
u(t) = K(k e(t) + k; j e(r)dr +k, )y, (30)

=0

ne K ,kp, ki, ke — xoHCTaHTH, OOMpPAaHi B MPOLIECI TPOEK-
TyBaHHS (B HAIIOMY pa3i B IPOIECi JOCTIHKEHB 3a JI0TO0-
MOTOI0 MOJICTTIOBAaHHS).

[IpomopmiiiHa ckamoBa BUPOOIIsS€ BUXITHUN CHUT-
HAJI, 1[0 TIPOTHIi€ BIAXMICHHIO PETyIHOBAHOI BETHINHA
BiJl 38JJaHOTO 3HAYEHHS, SIKE CIIOCTEPIra€ThCs B MOTOY-
HUI1 MOMEHT yacy. BoHa TiM OitbIna, 4iM OLUTBIIE TIE Bi-
JIXUJICHHS.

OpnHak, p¥ BUKOPUCTAHHI TIJIBKH IPONOPLIHHOTO
peryisTopa 3HaueHHS! PETyJIbOBAHOI BEMYMHU HIKOJIHU
He cTabimi3yeThes. IcHye Tak 3BaHa CTaTUYHA TIOMUIIKA,
10 TOPiBHIOE TAKOMY BIIXWJICHHIO PETyJIHOBAaHOI BEIH-
YUHM, 110 3a0e31evy€e BUXiJHUN CUTHA, SIKUH cTabiizye
BHXIiJIHY BEJIMYMHY caMme Ha I[bOMY 3HaueHHi. YuM Oib-
U KOe(iIieHT MPOTOPIIIHHOCTI MiXK BXiTHUM 1 BUXiJI-

HuM curHaioM ( K -k, — KoedimieHT MiICUIICHHS), THM

MEHIlIa CTaTUYHA [TOMWJIKA, OJHAK MPU 3aHAJITO BEJH-
KOMY Koe(illieHTI MiJCHJICHHS 3a HasBHOCTI 3aTPHUMOK
(3ami3HIOBaHHSA) Y CHCTEMI MOXKYTh MTOYATHCS aBTOKOJIH-
BaHHS, a MIPH MOJAIBIIOMY 301BIIeHH] KoedimieHTa cu-
CTeMa MOXCE BTPATUTH CTIHKICTb.

[HTerpyBanbHa CKJIAI0BA MPOIMOpLiiHA iHTErpay
3a 4acOM BiJl BI/IXWJICHHS PEry/IbOBaHOi BEIMYHHH. i BU-
KOPHCTOBYIOTh JUIsl yCYHEHHSI CTATUYHOT TOMHJIKH.
[HTEerpyBabHA CKIIAIOBA TAKOXK MOXKE HMPH3BOIUTH JO
ABTOKOJIMBaHb NpPU HENpPaBHIbHOMY BHOOpI 11 Koedi-
uienta (K, k;).

CkJazioBa, mo audepeHiitoe, MponopiiiiHa TeMIy
3MiHHM BIIXWJICHHS PETYJIbOBAHOI BEJIMYMHU W IpHU3HA-
YyeHa JI MPOTHAIl BIIXWJICHHSM BiJ IIJIHOBOrO 3HAa-
YeHHs, sIKe MPOTHO3YKOThCS B MalOyTHbOMY. Binxu-
JICHHS MOXYTh OYTH BUKIIMKAHI 30BHIITHIMH 30ypIOBaH-
HSMHU a00 3aIi3HIOBaHHSIM BIUIMBY PEryJisITOpa Ha CHC-
TEMY.

BinmosigHo mo T-00pa3HOi cxeMu 3aMillleHHS 1 3a
ymoBH, mo L, << L, mnepenasanbHa ¢(ynkuis TAJl

MOJKe OyTH NpeJCcTaBIeHa y BUTIISII:

1
W(p) = , (€29)
(@ pTy +D(pTy +1)
L L.S
me g =—2, [} =—2, T, =—Z—, § — BeJMUYNHA CKO-
m Ul )

B3aHHS.
3a yMOBM pealbHUX 3HaueHb €JIEKTPUYHUX I1a-
pametpiB cxemu 3aMmitneHHs TAJ]

L, =16%107 (MIn); L,, = 1.099%107> (MTn);
L, =92%107> (MT'n); r;=0.0831 (Om);
r,=0.0676 (Om)
nepenaBagbHa QYHKINS 00’ €KTY YHpPaBIiHHSA Ma€ BU:

1
(1.1p+1)(0.016p+1)

W(p)= (32)
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CrpykTypHa cxemMa MOJEIl B  CEpelOBHIII
MATLAB nns BusHauenHs napamerpis 111 — peryss-
Topa (KoedilieHTiB MiICUICHH) HaBeIeHa Ha pUC. 2.

B Hiif MOXXJIMBO BUAIIUTH YOTHPH CKJIA/IOBI:

g ™ 1

0.1s+1

Constant!  Tyansfer Fong

— 650K popMyBaHHS CUTHAIY 3aBIaHHS,

— 6esnocepenuso I11/1-perymnsrop,

— 00’€KT KepyBaHH,

— 610K opMyBaHHS CUTHATY 3BOPOTHOTO 3B’SI3KY.

YEHHS [TOKA3HUKIB SAKOCTI.

e+
+_
L opl—n ' ()
I I 1
+ Ll Ll
1.15+1 0.018s+1
+ -
Gain? Transfer Fond Transfer Fon Outt
Gains Integrator2
duidt
Gain1 Derivative 1 1
- -
0.28s+1 0.016s+1
Transfer Fonb Transfer Fen2
Puc. 2. CtpykrypHa cxema Moaemi
Ha puc. 3—6 naBeneHi rpadiku nepexiTHUX mpoIie- ;
CiB B TIPOIIEC] JOCTIIKSHHS MOJICI 3 METOI0 BU3HAUCHHS i 3
napametpiB (koediuientiB migcunenus) K, k,, ki , kg 19 y
MI/J-perynsaropa, ski 3a0e3neuyyloTh HEOOXimHI 3Ha- \/2 ;
s
\—\___;___——————
- - - 6 \\1
4 SO S
2
i : fc
i 1
0 05 1 15 2 25

0 0.5 1 1.5 2 25

Puc. 3. I'padiku nepexigHuX nporecis (mponopuiiiHa
CKJIaJ10Ba) MpHU KoedirienTax miacuneHHs K:
K=1();K=52);K=10(3)

B nmanomy pa3i (Ipu BHKOpUCTaHI  TUIBKH
MIPONOPIIHHOI CKIIAJ0BOi) CTATHYHI TMOMHIKH &(f) B
KIHLEBOMY TEPMiHi 4acy NPOLECY PEryJIiOBaHHs f), Bil-
TIOBITHO CTAHOBIIATH BenuuuHy: 25%, 16.25%, 8.4%.

Kpim Toro, mo mpu 3aransHOMy Koe(ilieHTi
migcunenns K=101 k, =1 craTudHa TOMMJIKA CTAHOBUTH
BennuuHy £(f) =8.4%, a TakoXX NPUCYTHI aBTOKOJH-

BaHH:. lle BKa3ye Ha HEOOXigHICTP BUKOPUCTAHHS 1 iH-
mux cknagosux [II/1-perynsaTopa.

Ha puc. 4 HaBezneHi rpadiku nepexiTHuX MpoIeciB
IIPH Pi3HMAX 3HAYCHHAX KOe(]ili€HTIB IHTETpaIbHOI CKIIa-
J0BOi k; peryisitopa 3a YMOBH OCTIHHHUX 3HaU€Hb MPO-

MOpUiiHOT 1 AU epeHniHHOT CKIaJOBUX:

K=5; k, =1;k;=0.05.

[Tpn upoMy cTaTHyHI HOMHIKH £(f) 3a 4ac pery-
JIOBAHHSI 7, BIAIOBIJIHO CTAHOBIISITH BEIMYNHY:
8.75%,3.75%,0.05%.

Puc. 4. I'padiku nepexigHuX MpoIecis
k=0.1 (1); k=04 (2); k=0.8 (3)

Yac perymoBaHHS, 110 BU3HAYA€E IIBUJIKOJIIO CHC-
TEMH, CTAaHOBUT 1, =2 ¢. IIpu nanux 3Ha4eHHsX Koedi-

uienTiB [11/]-perynstopa BennunHa nepe peryioBaHHs

A BigmosimHo craHoButh: 7.80%, 15.25%, 25,0%. Ha
mijIcTaBl 3HAYCHb CTATUYHUX TOMHWJIOK i BEIMYMH MEPe
PperyJIroBaHHs IPH BiJTOBITHUX 3HAYESHHSX KOe(DII[i€EHTIB
HAWOLIBII ONTHMAJIBHUMHU € 3HAYCHHS KOCQII[IEHTIB:
K=5; k,;=0.05; kp =1; k;=04.

OpHak BeTMYWHA TIEPEPETYTIOBAHAS A HE 3aJI10BO-
JILHSIE BUMOTaM MI0JI0 SIKOCTI IepexigHoro mporecy. Ta i
3HAYCHHS CTaTHYHI TMOMWIKH &(f) He ONMU3BbKE IO HY-
JBOBOTO.

[NokpameHHs: IMX TTOKa3HUKIB MOIJIMBO 33 paxy-
HOK KaHay Tu(epeHIiifHo] CKIagoBoi — 3HaAYeHHS Koe-
¢imienra k.

Ha puc. 5 HaBeneHi rpadiku nepexiHUX NpoLEciB
IpU PI3HUX 3HAYEHHSIX KoedimieHTiB audepeHninHoi
cknanoBoi ky (k;=0.05;0.1; 0.15) perynstopa 3a yMoBH
MTOCTIHHUX 3HAaYEeHb MPOIOPIIHHOI 1 IHTerpaNbHOi CKIIa-
noBux (K=5; kp =1; k; =0.4).

[Tpn npoMy cTaTHYHI TMOMMJIKH £(f) 3a Wac pery-

JIFOBaAaHHA t Bi,Z[HOBiHHO CTAHOBJIAITb ~ BCJIMYUHY:

p
3.75%,3.710%, 3.65%.
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i i i i

0 05 1 15 2 25

Puc. 5. I'padixu nepexigHUX mponecis
ka=0.15 (1); ka=0.1 (2) ka=0.05 (3)

UYac perynroBaHHS !, , 1O BH3HAYAE MIBUIKOIIIO

CHCTEMH, CTAaHOBUTH BiamosinHo (2; 1.8; 1.6) c. IIpu na-
HUX 3Ha4YeHHAX KoedimieHtiB ITI/I-perymsaTopa Benu-

YMHA TIEPEperyJIOBaHHA A  BiJNOBIIHO CTaHOBUTH:
15.5%; 7.5%; 1.8%. 3Bincu ciigye, mo 3Ha4eHHsT Koedi-
ieHTa AudepeHuiiinoi cknanosoi pisHoMy k; =0.15, mo-
Kpally€e MOKa3HUKH SIKOCTI — SIK 3HAUEHHsI CTaTHYHOI TO-
MUJIKH, TaK i BETUYUHY TEepPeperyTIOBaHHS.

Ha puc. 6 HaBeneHi rpadiku nepexiTHuX MpoIeciB
IpU PI3HUX 3HAYCHHSIX Koe]imieHTIB IudepeHminHol
ckimanoBoi k, (k;=0.05;0.1; 0.15) perynsaropa 3a yMOBH
MTOCTIHHUX 3HAYCHB MPOIOPIIHOI 1 IHTETpaTbHOI CKIIa-
noBux ( k » =1; k; =0.4) Ta 3aranpHOTO KOedinieHTa mia-

cwrenns [T /I-perynsaropa K (npu (K=5; K=0)).

I'padiku mepexiTHUX TMPOLECIB JEMOHCTPYIOTH
BIUIMB HA SIKICTh MMOKA3HHUKIB CHCTEMH PETYJIIOBaHHS 3a
paxyHOK 3arajbHOro koedimieHra miacwieHHs K s
Beix kanauniB [I/]-perynsropa. Takuii miaxin noOyaoBu
CHCTEMH KEPYBaHHS CHPOLILYE MPOIEeC i HAAro KeHHs
B IIPOIIECi IPOEKTYBAHHS.

Iepeximui mporecH, MO HaBeaeHI Ha rpadikax
puc.6, BIAMOBINAIOTH 3HAYCHHAM KoeQimieHTiB: K=5
(k;=0.05; 0.1); K=6(k;=0.15). Ilpn upomy crarnuHi
MTOMIJIKH £(¢) 3a 9ac PeryJIIOBaHHS 1) BIJIIIOBITHO CTa-

HOBJIAITH BenuuuHy: 3.75%, 3.70%, 3.70%.

Tabauys I — Y3arajbHeHi pe3yJbTaTH A0CTiIKeHb

0 0.5 1 1.5 2 25

Puc. 6. I'padixu nepexinnux npornecis (K=6)
ka=0.15 (1);(K=5) ka =0.1 (2); ka=0.05 (3)

Yac peryimoBaHHs [, , L0 BU3HAYa€ LIBUIAKOALIO

CUCTEMHM, CTAaHOBHTH BimmoBigHo (2; 1.8; 1.2) c.
IIpu manux 3HaueHHsAX KoedimieHTiB [II/-perymns-

TOpa BeJIMYMHA MEpeperyIoBaHHs A BIINOBITHO cTa-
HOBHTE: 15.5%; 7.5%; 8.25%.

3BifcH ciigye, mo 301TbIIEeHHS 3araTbHOTO Koedi-
mieHTa MiacHIeHHs K Tpy 3HaYeHHI KoedilieHTa qude-
peHniiHoi ckmanoBoi piBHOMY k,;=0.15, mokparmrye no-
Ka3HUKH SKOCTI — 30UIBIIEHHS IBUAKOIITI CUCTEMH Ke-
pyBaHHSI TIpu 3a0e3MEYcHi 3aJ0BITPHUX MOKA3HUKIB
SIKOCTI.

3rigHo 3 pe3yabTaTaMH TOCITiKCHb I 3a0e3re-
YeHHsI HEOOX1THOT SKOCTI MPOTIKaHHS MEepPEeXiAHUX Mpo-
neciB koedinienTn miacwienHs kanaiiB I11J]-perymns-
TOpa MalTh HACTYITHI 3Ha4YeHHA: K=0; k P =1; k;=04;

k;=0.15. Ilpu npoMy cTaTHuHa oMmwika & =3.7%, Be-
nu4rHa nepeperymoBaHas A =8.25%, yac perynoBaHHS
t,=12c.

Kpim TOro pesysbraTtu 10CiiHKeHb Jal0Th MOKIIU-
BICTh yCTaHOBIICHHSI MOXKJIMBHX Jialia30HiB 3MiHU Koedi-
miedTiB  migcunenns: 4< K <6; 0.8< kp <1.2;

03<k; <04; 0.1<ky <0.15.

B Tabn. 1 HaBeneHi y3araibHEHI pe3ylbTaTd JO-
CIIIJIKEHB.

ekcigx;zmy K £ ki ka e, % AL % ¢ Prcyrox

1 1 0 0 25.0 - 20

1 5 09 0 0 16.25 - 20 3
10 0.8 0 0 84 2.0 2.0
5 1 0.1 0.05 8.75 7.8 2.0

2 5 1 04 0.05 3.75 1525 2.0 4
5 1 0.8 0.05 0.05 250 20
5 1 04 0.05 3.75 15.50 20

3 5 1 04 0.1 3.70 7.50 1.8 5
5 1 04 0.15 3.65 1.80 1.6
5 1 04 0.05 3.75 15.50 20

4 5 1 04 0.1 3.70 7.50 1.8 6
6 1 04 0.15 3.70 8.25 1.2
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BucHoBKH

1. Ha ocHOBI aHaJIITHYHOTO OTJISAY iCHYIOUHX aj-
TOPUTMIB Ta CHCTEM aBTOMAaTHYHOTO KEPYBaHHS CJICKT-
POIIPUBOAY 3 TATOBUM EJICKTPOJBUIYHOM JIU3EIb-11013/1a
3alpONIOHOBAHA CTPYKTYPHA CXEMa PETryJIITOpa KOHTYPY
CAP enextporepenadi st crabimizamii MOTOKO3YEIN-
JICHHS] Ta MaTeMaTH4YHa MOJAEJb ISl NOCHIPKEHHS CHC-
TEMH YIPaBIIiHHS 3 METOI0 BH3HAYEHHs IapaMeTpiB pe-
TyJIATOpa 32 yMOBHM 3a0€3MEYeHHs INEBHHUX KpPUTEpIiiB
SIKOCTI.

2. 3 MeTOoI0 MOXKIIMBOCTI pealizalii anropurMy Bek-
TopHOrOo KepyBaHHs B CAP enekrpornpuBosy Au3eib-To-
i3ma 1uis el onTHMizalli IpoBeAeHa aJanTallist auro-
pUTMY B IUTaHi po3poOIeHHS MAaTEMaTHIHOI MOJIETI CHC-
TEeMH YIIPaBIiHHS y BUTILIII ITepeaaBaibHol (QyHKIIT Ha
OHOBI T- CXeMH 3aMillIeHHS TATOBOTO €JIEKTPOABUTYHY.

3. Jlnst cTabimizamii TOTOKO3YEIDICHHS B CTPYK-
Typi CAP enekTporpuBoaa 3apOIIOHOBAHO BUKOPHC-
tanss [11J] — perynaropa Ta BU3HaueHi 3a JONOMOTOIO
MO/JICTIFOBaHHS MapameTpu (KOeillieHTIB ITiACUIICHH)
HOro KaHaiB i3 3a0€3MeUYeHHAM BUMOT JI0 SKOCTI Iepe-
xigHux mporieciB. Kpim Toro, B mporeci AOCIHiIKEHb
YCTaHOBJIEHI MOXJIMBI Jiana3oHu 3MiHH KOe(illi€HTiB
MiACHICHHS, IO BAXJIMBO TIPH TEXHIYHIN peamizarmil
CHCTEMH YIPaBIiHHA B ILIIOMY.

4. OtpuMaHi MoieIi AITOPUTMIB yIIpaBiiHHS (pe-
TyJISTOpa MOTOKO3YEIUICHHS JUIsl GOpMYBaHHS Halpyrd
xuBJeHHs iHBepTopa TAJ] MOXKyTh OyTH BHKOpHCTaHI
IIpY MOOYAOBI CHCTEMH YNPABIIHHS 32 JONOMOT'OIO 3a-
c001B MIKpOIPOIIECOPHOT TEXHIKH, L0 TO3BOJIUTH CTBO-
peHHs TH(POBOI CHCTEMH YIIPaBIiHHS EJIEKTpoIepe-
Ja4{ JIU3eJIb-1I013/1a 3T1THO CyYacHHUX CBITOBUX TEHJICH-
Iiit.

5. 3amporoHoBaHiI MaTeMaTHIHI MOETII, sIKi peajti-
30BaHi y BHUIIIII MAaIIUHHOI MOJIEINI i MPOBEACHI 3a il
JOTIOMOTOI0  JTOCTI/DKCHHS, PO3POOJICHI aNTOpPUTMHU
CAP mnoxka3zany nepcreKTUBHICTh TaKOro IMiJXOAYy NpH
MIPOEKTYBaHHI Cy4aCHUX CHCTEM YIPAaBJIHHS EJIEKTPOII-
PHUBO/IaMH JIOKOMOTHBIB Ta JIN3€JIb-TI013/1iB 3 TATOBUMHU
JBUTYHaMH 3MIHHOTO CTPyMY.

6. Ha mincraBi nocnmipkeHb, siKi IpOBEAEH] IUIs-
XOM MOJICTIOBaHHS TIOKa3aHOo, 1110 CTPYKTYPH PEryJIsiTo-
piB i3 3HAYCHHAMH ApaMETPiB, IO MPONOHYIOThCS, 3a-
JOBOJIBHSIOTH BUMOT'aM LIOJ0 IIPale3qaTHOCTI B pobo-
YOMY TPOMIXKKY IIBHIKOCTEH Ta MOXXJIMBHX HaBaHTa-
KEHHSIX.

7. 3anpOIIOHOBaHI AITOPUTMH Y B MaTeMaTH4-
HUX MOJIeJIeH MOXXYTh OYTH TIOKJIaIeHI B OCHOBY pO3pO-
OJICHHSI CHCTEMH KEepYBaHHS B LIJIOMY PYXOM JIU3€JIb-
Noi37a, e OJTHUM 3 OCHOBHUX NPUHLUITIB KEPYBaHHS —
HiITPUMKA 33/1aHOT BEJTMYMHHU TATOBOI'O MOMEHTY.
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Adaptation of the vector control algorithm
for the development of an AC drive control system

M. Zapolovskyi, M. Mezentsev, M. Olifir

Abstract. The issues of developing models for the synthesis of AC traction electric drive control systems of a diesel train
and their research using the MATLAB package are considered. On the basis of an analytical review of existing algorithms, in
particular, control systems using vector control algorithms, a structural diagram of the controller of the Automated Control System
(ACS) circuit of the electric drive is proposed. To stabilize the flow coupling in the ACS structure, the use of a PID controller is
proposed, and the gain coefficients are determined by modeling to ensure the requirements for the quality of transient processes,
and the possible ranges of gain coefficient changes are established. The obtained analytical relations and mathematical models can
be used for the development of the ACS of the electric drive of a diesel train and the calculation of its parameters for a given quality
criterion.

Keywords: control system, alternating current traction electric drive, diesel train, vector control algorithms, PID controller,
mathematical model, transition process, quality criteria.
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HarionansHmii TeXHIYHIA yHIBepCcUTET «XapKiBCHKHUH MO TEXHIYHUH IHCTUTYT» , XapKiB, YKpaiHa

CUCTEMA ABTOMATHUYHOI'O PET'YJIIOBAHHA PIBHA BOAU
B BAPABAHI KOTJIA EHEPTOYCTAHOBKUA

Beryn. PosmisiHyTO crcTeMy aBTOMaTHYHOTO PEeryIiOBaHHS piBHS BOAM B OapabaHi mapoBOro kotria. B KoHTekcTi cyuac-
HUX BHMOT JI0 CHEPIreTUYHUX YCTaHOBOK, BKJIUBICTh TOYHOTO Ta CTaOUIFHOTO KOHTPOJIO PiBHA BOXM B OapabaHi crae
KJTFOUOBOIO /17151 3a0e3rieueHHs Oe3meku Ta e(eKTHBHOCTI 1X ekcrutyaraiiii. MeToro cTarTi € po3po0ka Ta oriHka e()eKTHBHOL
CHCTEMH peryJIOBaHHs, sIKa YCyBa€ KOJIMBAaHHA pPiBHS BoAU B OapabaHi, BUKJIMKaHI 3MiHAMHU BUTPaTH KUBUIIBHOI BOIH a00
nieperpitoi mapu. IIpoBeneHo aHai3 iCHYIOUMX TEXHIYHUX DillleHb peaji3allii CHCTeM peryiioBaHHs piBHS B Oapabawi. 3a-
IIPOIIOHOBAHO MoAeNb TphoxiMyabcHOI CAP, sika HaOyna HalOLIBIIOro MOMIMPEHHS B JAHOMY HAIpsIMKY depe3 CBOi Xapak-
TEPUCTHKH. Y pe3yJbTaTi aHalli3y Ta MOAETIOBAaHHS CHCTEMH B cepenoBuii Simulink Oyno miaTeepmkeHo, oo po3pobieHa
CHCTEeMa BiIIOBia€ BCIM IOCTABICHUM BHMOTAaM Ta JO03BOJISIE IPOTHO3YBAaTH ii (yHKIIOHYyBaHHS B pealbHHX ymMoBax. Ha
OCHOBI IIPOBEAEHUX JOCTIPKCHb MOXKHA 3pOOMTH BUCHOBOK PO 3HAYHUM MOTEHIiaj 3alpONOHOBAHOI CHCTEMH IS IiABH-
LICHHS HAAIHHOCTI Ta e()EeKTUBHOCTI EHEPTeTUYHUX yCTAaHOBOK.

Knaio4doBi ciaoBa: cucrema aBTOMaTHYHOTO PEryIIIOBaHHA, OapabaHHMIT TApOBUI KOTEN, PiBEHb >KUBUILHOT BOIH.

Beryn

EdextnBHA ekcIuTyaTallisi eHEproycTaHOBOK 0Oe3-
MOCEPEAHBO 3AJICKNTH Bil TOYHOI MIATPUMKH TEXHOJIO-
rivaux mapametpiB. e MOXIHBO 3aBHSIKH SKICHIH po-
00T aBTOMAaTHYHHX PETYISATOPIB, SKi 3aCTOCOBYIOTHCS B
cucreMax aBroMaTnyHOro perymoBaHHs (CAP). OmanmM
i3 KJIIOYOBHX MOMEHTIB IIPH MPOEKTYBaHHI TAKUX CHUC-
TeM € BUOIp Ta HaJalITYBaHHS aBTOMaTUYHUX PETyIisi-
TOPIB.

PeryntoBanns piBHS Boau B OapabaHi € OTHHM 3
KJIFOYOBUX KOHTYPIB PEryilOBaHHS CUCTEMH KepyBaHHS
SHEepreTHYHNMHU KoTioarperaramy. Bucoki Bumoru 1o
SIKOCT1 peTyIIOBaHHS 00YMOBIICHI KUTbKOMa YHHHUKAMH.
HaiicyTTeBimmM i3 HUX € Te, IO HABITH HE3HAYHI BiJ-
XWJIEHHS PIBHS MOXXYTh aKTUBYBATH 3aXHMCHI MEXaHI3MH,
IO TMPU3BOAATH O aBapiiHOTO BIIKIIOYEHHS KOTJIA.
Tomy perymnsarop norpedye TOYHOTO HAJAIITYBAHHS JUIS
yTPUMAaHHS PiBHS B HEBEIIMKOMY Jliara3oHi JI0MyCTHMUX
3Ha4YeHb. BaXJIUBICTh TOYHOTO Ta CTAOIIBHOTO PEryIIIo-
BaHHs PiBHS B OapabaHi HE3MIHHO IiJIKPECIIOETHCS Y
KOHTEKCTI 3abe3rneyeHHsi Oe3neyHoi Ta e(EeKTHBHOI
PpOOOTH KOTEJIBHUX YCTAaHOBOK.

Ille omHMM BaXXJIMBUM MOMEHTOM € BiJICYTHICTb
CaMOBHPIBHIOBaHHS KaHAJIIB PETYJIIOBAHHs Ta 00ypeHHS
0 € TMPUYUHOIO BiZCYTHOCTI piBHOBard B cuctemi. lle
MIPU3BOAUTH 10 TOCTiIHHUX KOIWBAaHb DiBHA OapabaHa
i BIUTMBOM 30BHINTHIX (pakTopiB. ONTHMaNbHA CTPYK-
Typa Ta HaJlalITyBaHHsS CUCTEMH PETYIIOBaHHS I0IOMa-
raloTh 3MEHIINTH 1li KOJIMBaHHS, 110 MPOJIOBXKYE TEPMIH
CITy’KOH KITFOYOBUX €JIEMEHTIB KOTJIa.

TakuM YHHOM, KIIOYOBUM HAIPSIMKOM CTa€ He
Jiie BUOIp Ta HANAIITYBaHHS aBTOMAaTHYHHUX peryiisi-
TOpIiB, ane i CTBOPEHHS HaAIHHIX MaTeMaTHIHUX MOJe-
JIeH, IO crpus€e OUIBII TOYHOMY Ta CTabibHOMY (QyHK-
LIOHYBaHHIO CHCTEM AaBTOMAaTHYHOTO PETYIIOBaHHS B
CHEPreTUYHHUX yCTaHOBKAaX.

Orsig icHyI0YMX pillieHb

Ha cboronmHinmHii 1eHb aKTyaJIbHOIO TEMOIO € BH-
KOPUCTaHHS HEHPOHHUX MEPEXK y CUCTEMax aBTOMAaTHU-
HOTO PETYIIOBaHHS.

VY crarti [1] onucyeThCsi BUKOPUCTAHHS IITYYHUX
HeipoHHUX Mepex (ANN) a1 MoJenoBaHHS TePMO/IH-
HaMIYHUX IPOLECIB BYTJIbBHUX TEIUIOBHUX €JIEKTPOCTaH-
1iii. 30Kkpema, BOHA MOPiBHIOE ¢()CKTHBHICTh IBOX BHUIIIB
ANN - Back Propagation Neural Network (BPNN) Ta
Radial Basis Neural Network (RBNN) - y mporao3sy-
BaHHI MTOKAa3HHUKIB €(DeKTHBHOCTI Ta TEIUIOBIAIAYi KOT-
niB. CTarTd MiIKpECTIOe 3HAYEHHS BUKOPHCTaHHS IHX
MoJeNel Uil aHalizy BIUIMBY pPI3HHX IapaMeTpiB Ha
e(heKTHBHICTh Ta BU3HAYCHHS HANPSIMKY 3MiH, SIKi MO-
JKYTh TIOKPALTUTH POOOTY CTaHIII].

ABTopH y [2] IOCTIKYIOTh BUKOPUCTAHHS PI3HUX
HEHpOHHUX Mepex, Takux gk Multilayer Perceptron
(MLP), Nonlinear Autoregressive Exogenous (NARX) i
Long Short Term (LSTM), nnst CTBOpEHHS MOJENI.
Bonu pob6nsate BucHOBOK, mo LSTM mMae Haiikpairy
NPOJYKTUBHICTh. TakoX NPONOHYETHCS HOBAa apXiTek-
Typa, sIKa IHTEerpy€e MOJIeIIb TPOIieCy Y HassBHUH KOHTPO-
Jiep 3 BUKOPUCTAHHIM a/IalITUBHUX Bar IS MiABHUIIECHHS
e(heKTHBHOCTI KOHTPOJIIO.

YV po0ori [3] 3amponoHOBaHO METOI, IO BUKOPHC-
TOBY€ CHTI'HAJ IapoBOI0 IOTOKY AJIsI KOHTpPOIIO, 3a0e3-
MEeYyoul KOMIICHCALII0 BIUIMBY 3MiH HaBaHTa)XCHHS Ta
YHUKHEHHS (eHoMeHy "QaapmmBOro piBHS Bomu'.
KomOiHarisi HeHpOHHHUX Mepex i3 PoOaCTHHUM KOHTpPO-
JepoM 3abe3reuye CTabUIbHICTh i €()EeKTUBHICTh pery-
JIFOBAaHHSI HABITh IPH 3MiHI YMOB eKCILTyaTallii.

Jocnigauku y [4] BUKOPUCTOBYIOTh HEMPOHHI Me-
pexi Ui OLIHKM MapameTpiB KOHTponepa Ta 3abe3re-
YEeHHS ONTHMAJBFHOTO HAJAIITYBaHHS 3BOPOTHHOTO
3B'A3Ky B CHCTEMax aBTOMATHYHOTO KepyBaHHs. BoHa
MOPIBHIOE MiAXi 3 HEHPOHHUMH MepeXaMH i3 Tpajau-
MIHHUMH  MeTOllaMH, TakuMMH sK Merton ILlurepa-
Hikonbca, Ta 1€MOHCTpY€E IiepeBaru LIBHIKOCTI, eek-
TUBHOCTI Ta 0€3MeKH, SIKi MOXKe 3a0€3MeUNTH BUKOPHC-
TaHHS HEHPOHHMX MEpEeX Yy IPOLECi HajlallTyBaHHs
KOHTPOJIEPIB.

Heiiponni mepexi nepenbadaroTh piBeHb BOIU B
GapabaHi Ha OCHOBI MOTOYHUX Ta MOMEPEAHIX BUMIpIO-
BaHb PIBHS BOJH, BUTPATH MApH Ta BUTPATH 104l BOAH.
3amponoHoBaHa ifiess MOXke migBUINUTH ToYHICTE CAP,
OCKIUIbKM HEWPOHHI MepexXi MOXYTh BIJIOBJIIOBATH TOHKI
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3aKOHOMIPHOCTI B HHX, IO JO3BOJsI€ M TmependavaTv
MaiOyTHIO MMOBEAIHKY CHCTEMHU 3 BUCOKOIO TOYHICTIO.

OnHaxk, cItij 3ayBaykKUTH, 10 BHYTPILIHI IIPOLecH y
HEHpPOHHUX MepeXax sIKi IPHBOIATH 10 BUCHOBKIB, HE
3aBX/IM JIETKO iHTeprnperyBatu. Lle cTBoproe mpobiemu
mpu crpodi 3po3yMiTH, K HEHpOHHA Mepeka MmpuiMae
piIIeHHs, IO B CBOIO YEpry YCKIAIHIOE Mporec o0city-
TOBYBaHHs CHCTEMH Ta ITiIBHUILYyE BUMOTH IO KBalidi-
KaIlil IepcoHary.

VY crarti [5] po3mIsHYTO HaNaITYBaHHS Pi3HUX
perymstopis, Bimodaroun PID, PD-PI, PI-PD ta 2DOF
PEryJsITopH 1U1si KOHTPOJIIO PiBHS BoaM B OapabaHi KOT-
na. Yotupu KoHTponepyu Oyiny HaJlallITOBaHi 3a JOMOMO-
roro iHcTpyMeHTiB ontumizanii MATLAB 3 inmexcamu
nponyktuBHOCTI ITAE/ISTSE 3 meroro 3a0e3mneucHHS
CTabUIbHOT CUCTEMH KEpyBaHHsS Ta XOPOIUMX JIMHAMi4-
HUX XapaKTepUCTHK. B HijzoMy KOXXKeH peryisrop Ipo-
SIBUB Pi3HI CHJIBHI Ta cinalki cTopoHH. Buxomsun 3 Ha-
BEJCHUX NaHUX, BUOiIp "HaWKpamoro" perymsiTopa 3a-
JISKUTH BiJl KOHKPETHUX KPHUTEPiiB MPOAYKTUBHOCTI Ta
KOMIIPOMIiCIB MK HEpEpeTyIIOBaHHIM, YaCOM BCTAHOB-
JIEHHS Ta BIOKUOAHHAM Hii.

VY poborti [6] IpOBEACHO aHANi3 CXeM PETyIIOBaH-
Hs piBHS B Oapabani mapoBoro komia. byio omucaHo
NPUHOUI POOOTH OIHOIMITYJIBCHOI, JBOIMITYJIBCHOI Ta
TPHOXIMITYJIECHOT CXeM, a TAaKOXK CXeMH 3 JudepeHiia-
TopoM. OJJHAK HENOJIKOM TPHOXIMITYJIbCHOI CXEMH Ha-
BE/ICHO Te, L0 NpPU 3HUKHEHHI OYJb-SKOTO 3 TPbhOX
CHTHAIIIB cXeMa IpHITHHSAE poOoTy. Ha mpakTumi »x s
TAaKUX BAXIMBHX CHTHATIB 3aBXIH BHUKOPHUCTOBYIOThH
npuHUUI "2003", KOIU sl KOXKHOTO IMapaMeTpa BCTa-
HOBJIIOIOTH 110 3 AaBadi i IPH BiJIMOBI OJHOTO 3 JaBaviB
cUcTeMa TPOJOBXY€e pOOOTY CIMpAIOYMCh Ha JIBa, IO
3aJIUIINIINCE.

MeTo10 1aHOi CTATTi € pOo3po0OKa CUCTEMHU aBTOMa-
TUYHOTO PEryJIOBaHHS PiBHs Boau y OapabaHi KoTioar-
perara. ABTOMaTHyHHi PETYISTOpP MOBHHEH 3a0e3mnedy-
BaTH CTAJIICTh CEPEIHbOTO PiBHS HE3aJIe)KHO BiJl HABaH-
Ta)KEHHS KOTJIa Ta 1HIIMX 30y/PKYIOUUX BILJIMBIB.

BaacruBocti 6apaGaHHOro KOT/Ia
SIK 00’€KTa peryJiroBaHHs PiBHS

PerymoBaHHS JKUBJICHHS KOTECIBHHX Aarperaris
3BOIUTHCS O MIATPUMKH MaTepiallbHOTO OallaHCy Mixk
BiZIBEZICHHSIM Iapu Ta mnoxadi Boxu. [lapamerpom, 1o
XapaKkTepusye MaTepiajabHUK OasaHc € piBeHb BOAM B
OapabaHi KoTIIa.

HaniiiHicTh poOOTH KOTEIBHOTO arperary 0araro B
YOMY BHM3HAUAETHCS SAKICTIO PETYNIOBaHHS PiBHA. 3HU-
JKEHHsI PIBHS HIDKYE JTOMYCTUMHUX MEX MOXKE IMPU3BECTH
JI0 TIOpYIIEHHS LUPKYJAMil B eKpaHHUX TpyOax, B pe-
3yABTaTi HHOTO BifOyIeThCs MiJIBUINEHHS TEeMIIEPaTypH
CTiHOK TpyO, 10 00irpiBatoThCs, 1 iX mepemain. 3HauHe
MiABHUINCHHS PiBHSA BOAM B OapabaHi TakoX MOXE IpHU3-
BECTH JIO aBapidHUX HACIIAKIB, OCKIIBKHU MIPH ITiBUIIE-
HOMY piBHI MOXXJIMBE 3aKWJAHHS BOJIM B Iaporeperpi-
Bay 1 TypOiHy, 10 BUKJIMYE 3aHECEHHs Mapoleperpinada
COJIIMH 200 MOJIOMKY TYpOiHH.

31 cka3aHOTO SICHO, 110 HABITh KOPOTKOYAcHE 3HHU-
JKCHHS a00 MiIBUINEHHS PiBHS MMOHAJ 3aJjaHi MEXi He-
MIPUITYCTUMO. Y 3B'SI3Ky 3 UM J0 TOYHOCTI MiATPUMKH
PiBHS BHCYBAIOTHCS Ty>K€ BHCOKI BUMOTH.

SIKICTH peryioBaHHS KUBJICHHS BHU3HAYAETHCS 5K
TOYHICTIO MIATPUMKH PiBHS Ha 3a7aHOMY 3HAYCHHI, a i
pIBHOMIpHICTIO mTofa4i NOoXUBHOI Boau. HeoOximHO
3a0e3MeYnTH PIBHOMIpHE KHBJICHHS KOTJIA BOJIOKO, OCKi-
JIBKU YacTi Ta TIHOOKI 3MiHU BHTPATH MOXXHBHOI BOJTH
MOXYTh CIPHYMHHUTH 3HAYHI TEMIIEpaTypHI 3MiHH Y
MeTalli eKOHOMan3epa.

BapabanHrM KOTJIaM 3 TPUPOTHOIO MUPKYJIAIMI€I0
BJIaCTHBA 3HaYHA aKyMYIIOIO9a 3[aTHICTh, sIKa MPOSIBIIS-
€ThCA y MEPEXiTHUX pekuMax. SIKIIo B CTamioHaApHOMY
pPEeXUMIi TIONIOKEHHS piBHSA BOAW B OapabaHi KOTa BHU-
3HAYa€ThCS CTAHOM MaTepiajibHOro OallaHcy, TO B Iepe-
XITHUX PEKXUMax IIOJIOKEHHS PIBHS BIUIMBAE BeEJIMKa
KiJIbKiCcTh 30ypeHb. OCHOBHMMU 3 HUX €:

- 3MiHa BUTpAT MMOXHUBHOI BOJIN;

- 3MiHa Napo3ioMy KOT/Ja 3a 3MiHM HaBaHTa-
JKEHHSI CTIO’KUBAYa;

- 3MiHa MAPOIPOBITHOCTI KOTIA i 9ac 3MiHU
HaBaHTAXXEHHSI TOTIKH.

VY GapabaHHUX KOTJIIB BIIXWJICHHS PIBHS Iepe-
XITHUX peKMMax MOXKE BIIIOBIZAaTH 3HAKy MaTeMaThd-
HOTO HebanaHcy. Y cTallioHapHUX peknMax OapabaH Ta
eKpaHHI TpyOM KOTJIa 3allOBHEHI BOJOK0 NPHU TeMIlepa-
TYpl KMITIHHS, B Kl MicTAThCs OynbOamku napu. [1u-
TOMa Bara napu B OapaGaHHUX Ka3zaHax 3HauyHO BiApi3-
HSIETHCA BiJ MUTOMOI Baru Boau. Pi3HuUI NUTOMOI Baru
napH i BOJH, a, OTXe, 1 00CATIB ITpU 3MiHI PeKUMY, IPH-
3BOJUTH JIO BIAXWJICHHS PIBHA B TOW YM IHIIUHA OiK.
Binxunenns piBHA Bomu B OapabaHi KOTJIa TpH THOPY-
IICHHI CTAI[lOHAPHOTO PEXHMY y OiK, MPOTHICKHUIMA
3HaKy MaTepiaJbHOro OayiaHCy, OTpUMaia Ha3By “Haly-
xaHHA"” piBHA. Tak, HanmpUKiIa, 30UIBIICHHS MAPOyTBO-
PEHHS B €KpaHHUX TPyOax IMpH MaTepialbHOMY OallaHci
NpU3BeJie O BUTICHEHHS AESKOi KUIBKOCTI BOIM 3 €K-
paHHHX TpyO 1 MiABMINEHHS PiBHS Bogu B OapabaHi.
I, HaBaky, 3HW)KEHHS MApPOIPOJYKTHBHOCTI KOTJIa
CIPUYMHUTH 3MEHIIEHHS apoBOro oOMiHy B €KpaHHHUX
Tpy0Oax i, BIANOBIHO, 3HIKSHHS PIBHSI.

BizaMiHHOIO pHCOIO peryioBaHHs piBHs B OapabaHi
KOTJIa € Te, IO B 1IbOMY BHIIQJIKy PETYIIIOETHCS PiBEHb
JIBO(a3HOTO cepeloBHUIa. Y 3B'S3Ky 3 IIMM BIUIMB KOX-
HOTO (haKTOpa MPHU3BOIUTH JI0 3MIHHM CTaHy JABO(a3HOTO
CepeIoBHIIA 1 SIK HACIIOK — 3MIiHH PiBHS.

[MTpuitHATO, MO MaKCUMAIBHO JOMYCTHMI BiIXH-
JeHHs Boau B Oapabani ckimagatots 100 MM Big cepen-
HbOT'O 3HAYEHHS, BCTAHOBJICHOTO 3aBOJJOM-BUPOOHHKOM.
CepenHe 3HaYEHHS MOXKe HE 30iraTucs 3 reOMeTpHYHOIO
Biccio Oapabana. 3HWKeHHs piBHA 3a Mexi 100 MM
BBaXKA€THCS "OMyCKOM'" BOAM, a IEPEBHIICHHS WHOTO -
"MepexuBIcHHSIM" .

3HIKEHHS PIBHA 10 MICI IPUEAHAHHS OIYCKHUX
TpyO LMPKYIALIHHOTO KOHTYpPY MOXKE IPHU3BECTH JI0
MOPYILICHHS JKUBJICHHS Ta OXOJIOJUKEHHS BOAOIO ITiJIHO-
MHHX TpyO. Hacnigkom nporo mMoxe OyTH MoOpyIIEHHS
MIIIHOCTI TpyO B MicLsIX CTUKYBaHHS 3 KOpiycoM Oapa-
OaHa, a B HaWOUIBII BAKKUX BHUIAAKY - mepenan. Han-
MipHe HiJIBUILIEHHS PIBHS MOXE IPU3BECTH JI0 3HWKEH-
HS e()eKTUBHOCTI BHYTPIIIHbO-0apabaHHMX cemapamiii-
HHUX MPUCTPOIB Ta MEPEIUACHOTO 3aHOCY COJSIMHU Mapo-
neperpiBaya. [lepexuBienHs OapabaHa Ta 3aKHIAHHS
YaCTUHOK BOAM B TypOiHY MOXE CIPHYMHHUTH TSDKKI
MeXaHIuHi MTONIKO/KeHHS 11 poTopa Ta jomarok. ITocra-
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yaHHs OapabaHa BOAOIO 3AIHCHIOETHCS 3a JIBOMa HUTKa-
MU TpyOOITPOBOIB JKMBMIBHOT BOJH, OFHA 3 SIKMX CIIY-
KHTh PE3EPBHOIO.

BinxunenHns piBHs Bogu B GapabaHi BiJ cepesHbO-
ro 3HAUCHHs IOB'SI3aHO 3 HAsBHICTIO HebamaHcy MiX
NPHUIUTHBOM KUBHJIBHOI BOIM Ta BHTPATOIO NApH; BOHO
BinOyBa€eThCS B HACTIIOK 3MiHM BMICTy Iapu B MapOBO-
ISHOT CyMimm HmiZHOMHUX TPyO 3a paxyHOK KONHBaHb
TUCKY Tapu B Oapabani a0 3MiHM TEIUIOCTIPUAHATTS
BHIIAPHUX NOBEPXOHBb HATPIiBY . 3MiHA piBHA MiI Ii€f0
HeOaJaHCy MK BUTPATOIO MapH Ta BOIHM OIHCYETHCS
PIBHSHHSIM:

F(ps — pn)% = Gng — Gy €]
ne F — myoma a3epkajna BUNMApOBYBAaHHS, M> ; g, O —
I[JILHICTh BOJM Ta HACHYEHOT Napu, Kr/M>, Gy Ta Grg —
BHTpATH MapH Ta BOIH, Kr/c. [IpmiAHABIIH, 110

H 1
F — =6 =
(ps = Pn) s km
1
(Gng — Gn) o
1B

Ta MEepeHIIoBINY 10 Oe3p03MIPHUX BEIMYMH MIcCis iHTe-
IPYBaHHS OJIEPKUMO:

y(t) = ky [ x(t)dt. 3)

3 mpOro piBHAHHA MOJKHA BH3HAYUTH 9ac IIPOXO-
JDKeHHST PiBHS Bij MidiMansHoro HZ'™ 10 Makcumaib-
Horo HY*** nomycTrMOro 3Ha4eHHs MPH CTYMHYACTOMY
30yIKEHHI BUTPATOIO BOJIH:

X =Y 2)

At = F(pp—pm) (HZ"* ~H"™)

Grig—Gnm-

“4)

KpuBa mepeximHoro mpolecy 3a piBHEM BOIU B
OapabaHi Ta 30yMKCHHI BHUTPATOK >KUBWIIGHOI BOAH
mpuBeAcHA Ha puc. 1, a. JlnHaMika i€l X JUISTHKH MpH
30yKeHHI BUTpaToro mapu, puc. 1, 6 [7].

Omnyxkina ¢opMa KprBOI 3MiHH PiBHSA MpH 30yIKCH-
Hi 30UIBLICHHSIM BUTPATH NAPH MOSICHIOETHCS THM, 110 B
NepIinii MOMEHT Ticis 30yIDKeHHs, piBeHb BoaU B Oa-
pabaHi 3pocTae B pe3yJbTaTi Pi3KOro 3MEHIICHHS THCKY
mapu. Ile B CBOIO uepry NpU3BOIUTH A0 30iIbIICHHS
BMICTYy mapu B HiIHOMHUX Tpy0ax MMPKYJSILIHHOTO
KOHTYPY Ta 3pOCTaHHIO PiBHSI.

[icns Toro, sAx THUCK mapu B GapabaHi mpuiiMe HO-
BE€ CTajie 3HAUCHHs, BiIMOBiIHE HOBOMY 3HAYEHHIO BU-
Tparu mapu, 3MiHa piBHS Oyze MPOTIKaTH y BiAIIOBIIHO-
CTi 3 pIBHAHHAM MarepiaipHOTO Oanancy. [lane siBumie
HOCHUTD Ha3By "30y/keHHs" PiBHS.

IIpu MaTemMaTHIHOMY MOJIENIOBaHHI JUHAMIKH Mi-
JITHKY 32 piBHEM IpH 30yPKEHHI BUTPATOIO TapH, OIH-
CY€TBCS PI3HHUIICIO alePiOANYHOI Ta IHTETrpyI0U0i JTaHOK.

Cunrte3 CAP

Buxozasum 3 BUMOT 10 peryiioBaHHS PiBHS BOIH Y
6apabaHi, aBTOMaTHYHUI PEryJsTOp NMOBUHEH 3a0e3re-
YyBaTH CTaJICTh CEPEAHBOTO DPIBHS HE3aJEXKHO Bij Ha-
BaHTA)XEHHS KOTJIa Ta 1HIIMX 30y/DKYIOUNX BIUTUBIB.

VY nepexiiHUX pexUMax 3MiHa piBHSI MOXe BinOy-
BaTUCS JOCUTDH LIBHU/IKO, TOMY PEryJsTOP >KUBJICHHS JUIs
3a0e3MedeHHs] MaJIUX BiJXWJIEHb PIBHSA MOBHHEH IMiJT-
PUMYBAaTH CTAIICTh BUTPAT )KUBHIILHOT BOJH Ta MapH.

0 ! )
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Puc. 1. luHamivHi XapaKTepUCTHKH KOTJIa
3a piBHEM BoaM B OapabaHi npH 30yHKEHHIX

Lle 3aBmaHHs BHKOHYE TpboximmynbcHuii I11J]-
peryisaTop, TPUHIMIIOBA CXeMa SKOrO 300pakeHa Ha
puc. 2. Perynsarop mepeMiniye KiianaH IpH HOSBI CUTHA-
Ny HebaJaHCy MK BHUTPAaTOlO >KMBHIbHOI BoaM Gpp Ta
napu Gy .

Mopenp MapoBOTro KOTiIa K 00'€KTYy peryIroBaHHS
Ma€ HACTYIHY MnepeaaBanbHy QyHKIio (mam [1D) 3
BXOJIOM - BUTPATOI0 XUBWJIBHOI BOAU 1 BUXOJIOM - PiB-
HeM Bojiu B OapabaHi

Wi(s) = 7= —

Tys  Tps+1

&)

VY mporieci cunresy CAP mpuitmemo, 1o mepena-
TouHI (yHKIIT 00'€KTy peryjatoBaHHsS IO BUTPATi BOIH
Ta Mapy NPOTHJIEKHI 32 3HAKOM, a PiBHI 32 BEJIMUUHOIO,
To0T0 Wi (s) = —W5(5s).

3a ekcriepuMEeHTaJIbHUMU JaHUMHU oTpumana [1D
00'€KTa PEryINIOBaHHS 110 KaHATY BUTPATH BOJH:

Ws(s) = - = 772

1
60s  22.4s5+1 (6)
[To kaHay Kepyro4oro BIUIMBY € J[Ba KOHTYPH pe-
rymoBaHHsl. [lepmmii KOHTYp CKIIAZAEThCA 3 PETYISITOPY
Wy (s), tpy6onposony Wyp(s), mardauka BUTpaTH BOIM
Ta migcwmoBanbHoi naHku K,. lleli kKOHTYp mpu3Hade-
HUM U1 crabimizanii BUTPaTH >KUBWIBHOI BOAH IIPH
30yIKEeHH] ¥, 10 XapaKTepu3ye 3MiHy THCKY B TpyOom-
poBoxi. ExBiBasienTHa nepenaBanbHa (yHKIIS IEPIIOTO
KOHTYpY Ma€ HaCTYITHUH BT
Wp.(s) = 1+IZVK(S)*WTP(S) )
2*Wp(s)*Wrp(s)
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Bumpama napu f

}\‘ » > ”:.:.(.'Sl
j!
3abdaHHs w.(s) | 7.0 W.(s) PibeHs Bodu L
. Bumpama Bodu

Puc. 2. CtpykrypHa cxema TpboxiMmynbcHOi CAP:
Wi (s), Wi(s) - TI® 06'exTa perynoBaHHs [0 KaHAIAX BUTPATH BOJU Ta BUTPATH [1APH;
Wrp(s)- TI® tpyGomposony; Wp(s) - TID perymsropis; Wy (s) - TI® KOpUryBaibHOTO IPUCTPOIO

Jlpyruii KOHTYp MICTHTh OO'€KT pEryJaroBaHHS
Wop,(s) Ta maruuk piBas Wy (s). OCKiIbKY iHEPIIHHICTD
€JICMEHTIB B MEPIIOMY KOHTYpPi HE3Ha4YHa MOPIBHIHO 3
IHEepIIIHICTIO 00'€KTY peryaroBaHHA, TO IEPEXiaHI TIPo-
[ECH B TEPIIOMY KOHTYPI 3aBEpPIIUTHCS paHiIIe, HIXK Y
Opyromy koHTypi. [lepmmif KoHTYp cTabimizye BHTpaTy
BomH, 7A€ 3acTocoByroThes I[II abo IIIJI perymsaropw.
I[licns 3aBepieHHS MEPEXiAHOTO MPOIECY B MEPUIOMY
KOHTYpi, Horo mepenaBayibHy (YHKI[II0 MOXXKHA PO3IVIS-
JaTH SIK IepeAaBalibHy (QYHKLIIO JESKOTO YMOBHOTO
peryisiTopa Juist Ipyroro KOHTYpY.

Maewmo:
Wp(s)*Wrp(s) 1
Wp.(s) = = , (8
P ( ) 1+K2+Wp(s)*Wrp(s) m+1(2 ( )
OCKIUJIBKH:
1
K=——
27 wp()Wrp(s) ©)
T0 Wp.(s) ~ — = Kp., (10)
Kz

Takum yuroM mipu oxormiensi I11 ado TTI peryns-
TOpa TIMOOKKAM 3BOPOTHIM 3B'S3KOM Yy BUDJISII MiJICH-
JIIOBAITLHOT JIAHKH, 1€ 3'€THAHHS MOXHA PO3IVISIIATH SIK
Jesikuil HaBeneHul I1-perynsarop.

Po3paxyHOK 30BHIIIHBOTO KOHTYpPY HOJATA€ B BU-
60pi mapametpy mporo ymoBHoro II-perymstopa. Kopu-
crytounck mMerogoM Llurepa - Hikonbca it 30BHIII-
Hboro KoHTYpy CAP, orpumyemo:

]

Wylrata pary

3.257 «

1
Kp = 0307 =,

(11)
BixgnosigHo:

K,—— ~ 3,257, (12)
0,307 K;

Buxopucroyemo Ill-perymstop 3 mnapamerpamu
Hactpoiiku Kp=0,1; T;=4 cexk.

[MpoBenemo pospaxyHok koedirieHTa K; KOpHry-
I0Y0TO NPHUCTPOIO TI0 KaHaJTy BUTpatd Bomu. Ilepenaro-
yHa (PyHKIIS CHCTEMH IO KaHAJIy BHTPaTH Iapa Mae
BUIIIA

Wir(s) = ( Ky + W) » = 22) 5 Wiy (5). (13)

Wp(s) wpg(s)
Wp(s)*Wp(s)
1+Wp.(s)*Wg(s)

ne Wiy(s) = (14)
nepenaBagbHa (QYHKIis CHCTEMH IO 3aJaHOMY BILIMBY.
bepyun Wy(s) = —Wg(s) ta Wp,(s) = Kp.(s), orpu-

myemo Wis(s) = (K1 * —KLP*) * Wiy (s). Jns 3abesne-

ueHHs yMOBH iHBapianTHOCTI Gepemo Wi(s) = 0, T06-

10 K, = K1 = K, = 3,257.
Px*

MoaenoBanusa CAP

MopnemntoBanust CAP npoBoamioch B cepeaoBHIL
Simulink. Cxema CAP mpezcrasiena Ha puc. 3. Pesyib-
TaTH MOJICIIFOBAHHS HaBe/eHl y Tabm. 1 Ta 2.

=47.65+1

K I

Oburennya

¥

il ' !
_ ® PID(s) P

Zavdannya -

PID regulator Truboprovid

Summator

60 # 2245 + 60s

PF vytraty pary

=47.6s+1 -
; »(

60 # 2245 + 60s

h 4

PF wytraty vody

Puc. 3. Cxema CAP y cepemoBumi Simulink
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Tabnuys 1 — TIOKA3HAKHA SIKOCTI MEPeXiTHOTro 0,065MM 1pu 301IbLIEHH] BUTpATH 1apy Ha 1 TOH/Tox Ta

npouecy CAP 0,07MM 1pu 3MeHmenHi Ha 1 Ton/rox. Omepxkani pe-

Uac perysmosannus (cex) Tepeperymopans (%) 3yBTATH 33]I0BONBHSIOTH BUMOTaM /10 CAP piBHst BoIH
y GapabaHi.

438 5,09 Pesynsratn MozemroBaHHs nokasany, mo CAP 3

CHHTE30BaHUM TPHOXIMITYIBCHUM PETyIsSTOpOM 3a0e3-

Tabnuysa 2 — 3Minu PiBHA NPH CTyNiHYACTOMY 30UIbIIEHHI nedye HeoOXimy sKicTe perymosanns. CAP 3abesre-

BHTpaTH napy Ha 1 ToH/roquny Ta npu Yy€ MIBUAKOAIIO IIEPEXiJHOTO MpOIECy Ta TOYHICTH

CTYHiHYACTOMY 3MeHIIeHHI BUTPATH BOIH peTyJIIOBaHHS, KpiM HBOTO BOHA e€(EeKTUBHO YCYBae

4epe3 3viHY THCKY B TPyGonpoBozi BIUIMBU 3MIiHH BHTPATH >KUBHIBFHOI BOIM Ta IMapH, sKi

Ha 1 ToH/ropuHy 9acTo BiZOyBarOThCS B Tpoleci poGOTH KOTEIBHOTO

Bun 36yokyBanms Malccnma.nbﬂe BiIXHJIeHHSA arperézy'e MaHGyTHi . . .

piBHs (MM) e MaiOyTHIX HaNpSMKIB A0CIIDKEHD Y coepi

. CAP cnij BUIUIMTH TEXHOJIOTT] MAIIMHHOTO HAaBYaHHS.

36inbIeHns BATPATH 0.065 Cy4acHi KOTJIM OCHAlICHI JaT4MKaMHM, sIKi 3alucyloTh
napu Ha 1 ToH/TOz ’ : : : :

iHpOpMaNilo Npo YHCIEHHI poOoYl mapamMeTpH, BKIIIO-

3MEHLICHHS BUTPATH 007 Yalouu TeMIepaTypy, TUCK 1 Burpard. Ilicist mporo mi

nmapu Ha 1 Ton/rox ' JTaHi MOXKYTh OyTH BimmpaBieHi Ha TatGopmMy oOpoOKu

BuCHOBKH Ta aHali3y B peajbHOMY 4aci. OnepaTopu MOXYTh I1¢

penbadaTi Taki TpoOIeMH Ta BKWUBATH 3amO0DKHHAX

Orpumana CAP 3 MOKa3HUKOM HEPEPETYIIOBaHHA  3aXOMiB, BHKOPHCTOBYIOYH aJITOPUTMH MAIIHHHOTO
y 5,09% Ta yacom perymoanus 438 cexyHa. Ilpu cTy-  HaBYaHHA JUIs BHSBICHHA TEHJCHUIH 1 BiIXWIEHb y
MHYacTOMY BIUIMBI BiAXWJICHHS pIBHS CTAHOBUTH  JIaHHUX.
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System of automatic regulation of the water level
in the boiler drum of the power plant

P. Kachanov, M. Tarasenko

Abstract. Introduction. The article discusses the automatic water level control system in the drum of a steam boiler. In
the context of modern requirements for energy installations, the importance of precise and stable control of water level in the
drum becomes crucial for ensuring safety and efficiency of their operation. The aim of the article is to develop and evaluate an
effective regulation system that eliminates water level fluctuations in the drum caused by changes in feed water flow or super-
heated steam. An analysis of existing technical solutions for implementing water level control systems in the drum has been
conducted. A model of a three-element control system has been proposed, which has gained the most popularity in this direction
due to its characteristics. Through analysis and simulation of the system in the Simulink environment, it has been confirmed that
the developed system meets all specified requirements and allows for predicting its performance under real conditions. Based on
the conducted research, it can be concluded that the proposed system has significant potential for increasing the reliability and
efficiency of thermal power plants.

Keywords: Automatic Regulation System, Drum Steam Boiler, Feed Water Level.
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10. I. OnimmieBa
HepxaBHuii yHiBepcHTET iH(QOpMaLiHHO-KOMYHIKAIIHHUX TeXHONOTii, KuiB, Ykpaina

3ABE3NEYEHHS ®YHKIIIOHAJIBHOI CTIFIKOC'I:I BHPOBHUYUX IIPOLECIB
MMPOMUCJIOBUX HIAITPUEMCTB HA OCHOBI HEMPOAJIAIITUBHOI CUCTEMHU

AxoTanis. Y crarti po3rasaaeTscs npodiema 3abe3neyeHHs QyHKIIOHATBHOT CTIHKOCTI BUPOOHUYHUX MPOLIECiB IPOMHU-
CJIOBHX HiJNPUEMCTB Ha OCHOBI HEHpOaZaNTHBHUX cHcTeM. B ymoBax iHmycTpii, e BUpOOHHYI MPOLECH CTAIOTh AeAai
CKJIaJHILIIMMU Ta aBTOMAaTU30BaHUMH, BaXJIMBICTh HaAIMHUX 1 CTIHKUX CHCTEM YHpaBmiHHSA 3pocTae. [IpoBoauThecs aHami3
CYJacHHMX MiAXOMIB 1O BUKOPHUCTAHHS HEHPOHHUX MEPEeX UL aalTHBHOTO YIPaBIiHHI BHPOOHHIMMH IIPOIIECAMH, L0 J03-
BOJISIE ITiABUIUTH IXHIO €()eKTHBHICTh Ta HaAIHHICTh. AHANI3YIOTHCS Pi3HI METOIM MiABUIIEHHS ()YHKIIOHAIBHOI CTIHKOCTI,
BKJIIOYAIOYH aJalTUBHI aITOPUTMHU HAaBYAHHS, PETYIIIPHU3AIiI0 Ta TEXHIKM BUSABICHHS 1 Kopekuii mommiok. OcobimBa yBara
MIPUALIAETHCS IHTErpallil HepoaJaNTHBHUX CHCTEM 3 ICHYIOUHMH TEXHOJIOTISIMU Ta BUPOOHUYMMM JIIHISIMH, a TAKOX iX 3/1aT-
HOCTI /10 IIBUIKOTO BiTHOBJICHHS Micist 3001B 1 aganTamii 10 3MiHHUX YMOB eKcIuTyaTauii. Ha ocHOB1 mpoBeeHOro aHamizy
3alPOIIOHOBAHO HOBHU aJrOPUTM [iarHOCTYBAaHHS Ha OCHOBHI HEHpOamanTHBHOI CHCTEMH, IO CIPUSATUME IiJBHIICHHIO
CTIMKOCTI Ta HamiHOCTI BUpOOHMYMX mpoueciB. [Ipu nmpoekTyBaHHi amapaTHOI pearizamnii HelpoMepeK BpaXxOBYIOTHCS TaKi
XapaKTEePUCTHKH HEWPOUiIliB, sIK MacIITa0OBaHICTh, BAPTICTh PO3POOKH, CYMICHICTh 3 MUHYJIUMH Ta MAOYTHIMU BEPCisIMU.
Tomy cepen icHyrouHX HeitpouiniB 6yno oopano Google TPU v4, oCKiTbKH Y HBOTO BUCOKHI KOS(IIIEHT MPOyKTHBHOCTI,
a (peliMBOpKU MalIMHHOTO HaBYaHHS, Taki sk TensorFlow ta PyTorch, HamnatoTs Habip onepariif As yIpaBIiHHSI MepeKe-
BUM B33a€MOJIIEI0 BY3JIiB CUCTEMHU. BaXkiiBo 3a3HauUTH, M0 HEHPOHHI MEPEKi MOKYTh BUKOPHCTOBYBATHUCS B KOMIUIEKCI 3
IHITMMH METOJaMH Ta CUCTEMaMH JiarHOCTYBaHHS, TAKMMH SIK €KCIIEPTHI CHCTeMH, (i3ndHi MOJei, CTATUCTHYHI METO/IH.

KnaouoBi cioBa: ¢pyHKIiOHAIBHA CTilKICTh, HiarHOCTYBaHHs, HEHPOHHI MepexKi, HeHPOaJaNTHBHI CHCTEMH, alTOPUTM,
Helpodinu, BAPOOHUYMH NPOIIEC, IIPOMHUCIIOBI MiAIPUEMCTBA.

Beryn

binpuricte iHGOpPMAIIHUX CHUCTEM, SIKI BHKOPHU-
CTOBYIOThCS CHOTO/IHI B PI3HOMaHITHUX c(epax KUTT, €
CKIamHUMH. BOHH yTBOpIOIOTH OaraTopiBHEBI KOH-
CTPYKILIii, SKI HE MOXHa ONHCATH 3BHYAHHOIO CYMOIO
B3aeMoii 1i exeMmeHTiB. Taki ckIaxHi TEXHIYHI CHCTEMH
CTBODIOIOTbCS JUIS PO3B’SI3aHHS CIICIaIbHUX 3ajad.
CTpiMKMH PpO3BUTOK TaKMX CHCTEM HPHUBOAATH [0
yCKJIaJHEeHHs! iX QyHKIIOHYBaHHS Ta BUHUKHEHHS Herle-
pendauyBanux 300iB. Tomy miaTpumka Oe3nepepBHOT
pOOOTH CKIIaJIHUX TEXHIYHUX CUCTEM, BUSIBICHHS Ta JIO-
KaJi3alfisi pi3HUX HECIIPABHOCTEH HaOyBa€e BCe OUIBIIOTO
3HAYEHHSI.

Jist 3a0e3niedeHHs] aBTOHOMHOTO (DYHKIIIOHYBaHHS
CHCTEMH MOJKHA JIOCSITTH 3a JOIIOMOTOI0 BJIACTHBOCTI
¢yHKIiOHaNBHOI cTifikocTi [1]. Jlana BmacTuBiCTh 320€3-
rieyye HaiiHy poOOTH CHCTEMH, HE3BaXKarOuH Ha Pi3HO-
MaHITHI IOTOKH BiZ]MOB 1 HECIIPABHOCTi MPOTSTOM Yacy
il poboTH.

MocTranoBka 3aBmaHHs. [1oHATTS (yHKIIOHATB-
HO{ CTilfKOCTi Briepmie OyJio BBeAeHO HayKoBIleM Mar-
koBuM O.A. B 1990-x pokax, siKi Ha TOH 4ac po3B’s3yBaB
KOHKpETHI pHKJIaaHi 3a1a4i. [Hmi HaykoBIi, Taki gk ba-
pabam O.B., Cobuyk B.B. Ta iH., IpOOBXYIOTh BECTH
JOCIIKEHHS B TaHOMY Hampsimi [2-3]. YV cBoix poboTax
BOHHM OTIHCYIOTh METOAM 3a0e3nedeHHs (QyHKITIOHAIBHOT
CTIMKOCTI Ul BJOCKOHAJEHHS TEXHIYHMX XapaKTepH-
CTHK CKJIQIHUX TEXHIYHUX CHCTEM, 1110 TIPALIOIOTh B €KC-
TpeMaJIbHUX yMOBax. Takox NpuaiIseThes yBara 3MeH-
LIEHHIO KiJBKOCTI HOPYIIEHb NPH PoOOTi CHCTEM 3aB-
JSIKM BYaCHOMY JAIarHOCTYBAHHIO TakMX 300iB Ta mepe-
pOo3Moii 33124 Mik 00UHCITIOBATBHUMH By3JamMu [4-6].
OpHax po3BUTOK €JIEMEHTHOI 0a3u 00YUCITIOBAILHUX CH-
CTeM, CKJIAJHOCTI Cy4acHHX i, OCOOJHMBO, TEPCIICKTUB-
HHUX aBTOHOMHUX JUHAMIYHHX CHCTEM, J03BOJISIE PO3IIH-
pUTH O0O0JIaCTh 3aCTOCYBaHHS METOJIB 3abe3meueHHs

(YHKIIOHATTBFHOI CTIHKOCTI. Y CyYacHHX YMOBax IyXKe
AKTHBHO PO3BHBAETHCSl 00JACTh HEWPOHAYKH, NI BIKE
MPEJCTABICHO OaraTto Pi3HUX METOJIB IS BUPINICHHS
pi3HUX iHPOPMAILIHHO-TEXHOJOTTYHUX TPOOJIEM, cepen
SKAX OJHMM 3 HaiOUIbIl e(QeKTHBHUX € MITy4Hi
HelipoHHi Mepexi. Tomy s 3a0e3rnedeHHs BHCOKOTO
piBHS (QYHKIIOHAIBHOT CTIKOCTI MOTPIOHO CTBOPIOBATH
HOBI MeToM a00 BJOCKOHANIOBATH icHyoui. HefipoHHi
Mepexi MOXKYTb OYTH €(PEeKTHBHUM 1HCTPYMEHTOM, SIKH
JO3BOJIUTH CTBOPHUTH TIHOOKY i€papXil0 MPHAHATTS
pilleHb 3 BpaxyBaHHSIM pPEKOMEHJAlil, OTPUMaHHX 3
MOHITOPHHTY pOOOTH BHPOOHHYHUX IPOLECIB y CHCTEMI.
Byne po3risiHyTO 0COONMBOCTI OCHOBHHX HOJIOKEHb
TEopii ITYYHOTO IHTENIEKTY, a caMe HEHPOHHHUX MEpeK,
3 MOpPIBHAJIBHUMH XapaKTEPUCTUKAMK araparHoi pe-
anizanii HelpoMepex.

AHaJi3 ocTaHHIX AocCaiI:KeHb i myOJikauiii. 3a-
Oe3meyeHHI0 (DYHKINIOHATBHOI CTIHKOCTI MPUCBIYCHO
HU3Ka poOitT. B po6oTi [7] aBTOpH OMHCYIOTH MOYATKO-
Buil etam 3a0e3nedeHHs (YHKIIOHATBHOI CTIHKOCTI, a
caMe KOHTpOJIb CTaHy iH(opManiiiHoi crucTeMy, 1 IKIIo €
BI]MOBa, TO BKJIIOYAETHCS CAaMOJIarHOCTYBaHHS CH-
cremu. Y [8] HayKoBII po3poOMIIM METOJ0IOTIIO 1T00Y-
JIOBH €(PEKTHBHOI CHCTEMH CaMOIIarHOCTHKH 1H(Op-
MalifHUX CHUCTEM Ha TPUKIAAl MiJIPHEMCTB MeTa-
JyprifiHOI Ta €HepreTUYHOI MPOMUCIOBOCTI, 32 pe3yiib-
TaTaMu c(hOpMyIIFOBAHO KPHUTEPil JOCTATHOCTI JAiarHO-
cTHUYHO1 iH(opmarii 3a BiICYyTHOCTI 0OMEXeHb 00 BH-
KOHAHHS eJIEMEHTapHUX HepeBipok. Y craTTi [9] posris-
JAE€TBCST METOMOJIOTIs 3abe3nedeHHS (PyHKIIOHATBHOL
CTIHKOCTI 00’€KTiB KpUTHUYHOI IH(PACTPYKTYpH Uepe3
MIpeACTaBIeHHS] (YHKIIOHYBaHHS CHCTEMH y BHIJISAI
(dopmaitizoBanoro mporecy. Y [10] po3kpuTo MeXaHi3MH
camoopranizauii iHpopManiiHUX HEOJHOPIAHUX MEPEX,
MIPOaHaJIi30BaHO HOBI MOKa3HHKH Ta KpUTepii BH3Ha-
YeHHs! PYHKIIOHAIBHO CTIHKUX CHCTEM, 3alIpOIIOHOBAHO
Mepexi BimnmoBimHO 1Mo kKoHueniii SON. Po3risHyto
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0COOJIMBOCTI 3aCTOCYBaHHS METOIYy OOEpHEHHX 3aaad
JMHAMIKH JJ1s1 KEpYBaHHS BiJIHOBJIEHHSM, OTPUMAHO BHU-
pas3 11 KepyIouoi CHITU Ta IIPOBECHO MOJISITIOBAHHS ISt
eTany BU3HA4eHHs kepyrouoi cwmu [11]. JInst 00’exriB
KPUTUYHOI 1HYPACTPYKTYPH 3aIPONOHOBAHO METOJ T10-
OyZOBM 3aKOHY VIPaBITiHHA OE3MEKO0 KPUTHIHUX
00'exTiB iH(QPACTPYKTYpH B YMOBaxX 30BHIIIHIX HEKOH-
TPOJHOBAHMX BIUIMBIB, a caMe METO/I MO0y IOBH HAIITHOT
CHCTEMH YTPAaBIiHHSA, 10 AO3BOJSE€ KOMIICHCYBAaTH He-
KOHTPOJIHOBAHI 30BHIMIHI BIUIIHBH [12]. V po3ristHyTHX
pobotax mis 3abe3medeHHsT YHKIIOHATBHOI CTIMKOCTI
HE BUKOPHCTOBYBAJIHCSI HEHPOHHI Mepexi

VY crarri [13] BKe po3ristHyTO 0COOIMBOCTI OCHOB-
HUX II0JIO)KEHb TEOpil LITyYHOTO IHTENEKTYy, a came
HEWPOHHNX Mepex sl 3a0e3nedeHHs (yHKIIOHAIBHOT
CTIMKOCTI ~ BHPOOHMYMX  IIPOLECIB  MPOMHCIIOBUX
MIATPHEMCTB, JOCTIIKEHO MOXJIMBOCTI 3aCTOCYBaHHS
HEWPOHHNX MEpEX IS NIarHOCTUKH CTaHy CHCTEM Ta
MIPAaKTHYHOTO 3aCTOCYBaHHS IHCTPYMEHTapilo HEHpOH-
HUX MEPEX JUIA BUSABJICHHS Ta JOKami3amii 1eeKTiB B
poboTi cucTeM, MmO € 3amopyKoio 3abe3meueHHS
(YHKIIOHATBPHOT ~ CTIMKOCTI BHPOOHWYMX MPOIIECIB
mianpueMcTBa. Takoxk yJOCKOHAJICHO METOIMKY 3a0e3-
MIeYeHHS BJIACTHBOCTI (PyHKIIOHANBHOI cTiiiKocTi iHdOp-
MaIliifHOT cucTeMu mianpueMcTa. Y crarti [14] 3ampo-
MOHOBAaHO HOBUH MiJXiJ A0 BU3HAYEHHS TEXHIYHOTO
CTaHy MIKPOMPOIIECOPHUX CUCTEM B 0a3uCi MPOrpamMHO-
pexoH(DIrypOBaHOI JIOTIKH, SKi € OCHOBOKO TePMIiHATBHUX
KOMITOHEHTIB TEXHOJIOTIYHOI CHCTEMH. 3 METOIO aBTOMa-
TH3alii CHCTEMH KOHTPONIO Ta JiarHOCTYBaHHS MIKpO-
MIPOLIECOPHUX CHCTEM 3alpONOHOBAHO pealli3yBaTH
MIPUHIMI CaMOJ{iarHOCTYBaHHS, B OCHOBY SIKOTO TTOKJIa-

JICHO i7el ITYyYHOro iHTeNeKTy. Y [15] mochimKyoThCs
npouecu rio6anbHOl TpaHchopmalii iHGPaCcTPYKTypH
iHpopMaliiHUX TEXHOJOrid Ha (OHI MacoBOro BIIPO-
Ba/DKCHHS KiOep(i3MYHUX CHCTEM Ta IPOPHBHUX 3710-
OyTKIB B rajfy3sX IITyYHOTO 1HTEJEKTY 1 pOOOTOTEXHIKH
y BUPOOHHWIITBO Ta TEXHOJOTIUHI mporecu. OmMHUCaHO
CIIOCOOM 3aCTOCYBaHHSI HEMPOMEPEK B MOJECIIOBAHHAX
MpoIieciB MeXaHigHOi 00poOKH MeTaliB pizaHHsIM. J[aHO
VHIBepcallbHy METOIUKY NOOYIOBH HEHpOMepekeBUX
MoJIeneH Imporecy MeXaHiYHoT 0OpoOKH Ha 0a3i mTydHoi
HelpoHHOT Mepexki 3ycTpigHoro nommpenHs. Y [16] no-
CIIJKYETBCS CTIMKICTh Ki1acy HEWPOHHUX Mepex i3 3a-
TPUMKOIO, 10 3MiHIO€eThCs B yaci. st GSC mepexeBux
MEpeX, KOJIM KiJIbKICTh 3MIHHHUX DPILlIEHHS 3aJIMIIAETHCS
HE3MIHHOIO, iH(pOpMalliss NPO 3aTPUMKy dYacy Ta il
MOXiJTHI J0/IaTKOBO BHUKOIYETHCS 3a JOIMOMOTOI0 IiJi-
XOJly PpO3MOALTY 3aTpuMKH. Ha OCHOBI mUX METOJiB
HaBE/ICHO MOKpAIeHi KpuTepii CTabimbHOCTI.

JleTanpHAN aHAI3 OCTaHHIX ITOCIIIKECHD 1 pe3yIib-
TaTiB JOCHIIPKEHb BKa3y€e Ha Te, IO 3aaada 3abesre-
YeHHs (YHKIIOHANBHOCTI CTIHKOCTI 3a JOMOMOTOIO
HEHPOHHMX MEPEX € HOBOIO Ta IEPCIIEKTUBHOIO B CyJac-
HOMY CBITI.

MeTow mociimkeHHs € 3a0e3medycHHs (YHKINO-
HaJIbHOT CTIHKOCTI BUPOOHUYUX MPOLECIB TPOMHUCIOBUX
MAIPUEMCTB Ha OCHOBI HEMPOaaNTUBHOT CUCTEMH.

BukJ1ag 0CHOBHOTO MaTepiaxy

ABTOMATH3alis IMpoLecy KOHTPONIIO IapameTpiB
BUPOOHUYMX MPOLECIB HA Cy4YacHHX IIiJNPHEMCTBAX €
BOXJIMBUM (DAaKTOPOM ISl OpraHizanii BUITyCKY SKiCHOT
npoaykuii (puc. 1).

x(0) x(1)

u(0) u(0)

x(2) x(N)

u(k)

Puc. 1. Tomonorist JTiHIHHOTO TEXHOIOTIYHOTO BUPOOHHYOTO MPOILECY

Burryck mpoaykiii ckiIamaeTbes 3 OSKUTBKOX eTa-
IiB, Ha KOXXHOMY 3 SIKFX BHUCYBAIOTHCSI BUMOTH JI0 Mapa-
METpIB Ta XapaKTEPUCTHK CHPOBHHU Ta TOTOBOI MpO-
nykiii [15]. Hexait x(7) — 1ie Habopu mapaMeTpiB Ha KOX-
HOMY i-My etami, i=1,2, ..., N. Ha xoxxHOMy eTami [uIs
rapaHTyBaHHS JOCSATHEHHS MapaMeTpiB x(i) BILUIMBAIOTH
30BHIIHI mapameTpu u(i), HaIpUKIAL, ePeKT Bim po-
6oTH, eHepreTHyHUN edekT, XimiuHi Ta iH. BBakaemo,
10 SIKICTh MPOAYKINT HAa KOXKHOMY €Tarmi 3aJeKUTh BiJl
JOTPUMaHHS TEXHOJIOTIi Ta 3a0e3neYeHHs] KOHTPOJIIO 3a
HEOOXiTHIMHU IapaMeTpaMd Ha KOXXHOMY IIOTICpPEIHB-
oMy KpoLi.

[Ie BBemeMO JOAATKOBI TO3HAYCHHS:

- A(i) — MaTpuIIs 3aJeKHOCTI TOKa3HHUKIB SIKOCTI
npoxykuii Ha (i+1)-My erami BiJ NOKa3HHKIB Ha i-My
eTarni (MaTpHIsE BHpOOHUIOTO TIPOIIECY );

- C(i) — wmarpulio, sika BH3HA4Ya€E CTPYKTYpY
BIUTUBY Ha BUPOOHWYIHI TIporiec u(i).

MatemaTiyHa MOJENb TEXHOJOTIYHOIO MpoLecy,
o 3abe3nevyersest iHpopMalifHIMU CHCTEMaMu BUPO-
OHMYOTO MiIIPHEMCTBA, ITPEACTABISETHCS TaK:

x(i+1) = AG)xG) + Cu(), i=1,2,..,N,

1
x() e R", AG) e R™", C(i)) e R™™, u(i)e R™, )

Biarak 3abe3meueHHs (QyHKIIOHAIBHOI CTIHKOCTI
BHPOOHHUYOTO MPOIIECY 3aJIeKUTH BiJ] 34aTHOCTI 3abe3e-
YyBaTH KEPOBAHICTh MPOIECOM B KOXXHOMY BHPOOHH-
YOMY LEHTPI Ta KOHTPOJIOBATH BHUHMKAIOYi HECIHpaB-
HocTi. ToMy st 3a0e3nedeHHs i€l BIACTUBOCTI BaXK-
JMBO 3aCTOCOBYBATH JIarHOCTHKY MAJIsI BHUSBJIECHHS He-
CIIpaBHUX €JIEMEHTIB Yy CHCTEMi Ta BYacHO ix Jo-
kamizyBatu. OTe, QpyHKIIOHANbHA CTIHKICTh BUPOOHH-
YUX MPOLECiB HAAA€ TaKi epeBaru:

- 0Oe3nepelbiitHICT poOOTH: CTilike (QYHKITIOHY-
BaHHS 00JaTHAHHS Ta TEXHOJIOTIYHUX CHCTEM TapaHTye
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Oe3nepeOifHMI BUITyCK MPOAYKILii, MIHIMI3yI0UH Ipoc-
TOI Ta BTpaTy;

- SIKICTh IPOJYKIII: CTIHKICTh TapaMeTpiB TEXHO-
JIOTIYHMX TIpOoIeciB 3a0e3neuye cTabijabpHy SKICTh BUPOO-
JIeHol MPOJYKIi, IO BiJIOBiAE CTaHAApTaM Ta OYiKy-
BaHHSM CITO)KABAYiB;

- edexTtuBHICTH BUpPOOHUITBA: OE3BiAMOBHA PO-
60Ta oONagHAHHA Ta MiHIMI3amis OpaKy CHPHUSIOTH ITif-
BHIIICHHIO €(eKTUBHOCTI BHPOOHUIITBA, 3HIDKYIOUH BU-
TpaTu Ta 30UTBIIYIOYH PEHTa0CTbHICTH;

- Oesmeka mpari: CTIHKICTh O BiIMOB Ta aBapii
3a0e3nedye Oesneyne pobode cepefoBUINE AT MEPCO-
HaJly, MiHIMI3YI04H PH3MKH TPaBM Ta BUPOOHHYMX aBa-
piit.

Hapasi anst miarHOCTYBaHHS CKJIAHUX TEXHIYHUX
CHCTEM MPOIOHYETHCS 3aCTOCOBYBATH LITYy4YHI HEHPOHHI
Mepexi, SKi JO3BOJISITh ONTUMI3yBaTH BHUPOOHUYI IMpO-
LlecH, MiABHUITYBaTH 1X HaIIHHICTH Ta CTIHKICTH IO Bif-
MOB. 3a3Ha4YMMO, 10 HEHPOHHI MEPEXi € IHCTPYMEHTOM,
SIKHHA TTO3BOJISIE CTBOPIOBATH TJIHOOKY i€papxito mpuid-
HATTS PILIEHb 3 BpaXyBaHHAM MICIIS, BUAY Ta PiBHA Jie-
(exTy, STKUil BUHUK B CHCTEMi YIPaBIiHHA 1, SIK HACi-
JIOK, MO>K€ BUKOPHUCTOBYBATHCh B JllarHOCTyBaHHi. Heii-
POHHI Mepexi MOXYTh aHAII3yBaTH JlaHi 3 CEHCOPIB Ta
IHIIUX JDKEpe, o0 neper0aynTH MOXKIIUBI HECIIPABHO-
cti obmamHanus. Lle m03BoIsiE MPOBOAUTH OOCTYrO-
BYBaHHsI Ha OCHOBI pealbHUX MOTpeO, a He 3a (iKcoBa-
HUM TpadikoM, L0 MiABUINYE HAAIHHICTH Ta 3MEHIIYE
IPOCTOI.

Buninnmo neski MOKIHBOCTI HEHPOHHHUX MEpeX B
KOHTEKCTI 3a0e3neueHHs (pyHKIIIOHAIBEHOI CTIHKOCTI BU-
POOHHMYMX TIPOIIECIB:

1. [Iporao3yBaHHS BiAMOB OOJIagHAHHS Ta 00CITy-
TOBYBaHHS: HEHPOHHI MEPEKi MOXKYTh aHAIiI3yBaTH iCTO-
pHYHI JaHl Npo BUPOOHMYI TPOLECH Ta MPOTHO3YBATH
MaiOyTHI BiZIMOBHU 00JaqHaHHs a0o Herosaaku. Hampu-
KJaJ, peKypeHTHi HeiiponHi Mepexi (RNN) MmoxxyTh Bpa-
XOBYBAaTH 4aCOBI 3aJIEXKHOCTI MIXK JAaHUMHU 1 Tiepe0avaTH
MOMEHTH, KOJM OONaJHaHHS MOKe BHWUTH 3 nafmy. Lle
JIO3BOJISIE TUIAHYBATH MPO]ITaKTHYHE 00CIYroBYyBaHHS
Ta YHHKHYTH HeTlepea0adyeHnX 3yIMHOK Y BUPOOHUIITBI.

2. BusiBieHHs aHOMANii Y BUPOOHIMYOMY IPOIIECi:
HEHpOHHI  MepeXi  3acHOBaHI Ha  3BOPOTHOMY
po3noBciomKkeHHI moMmiIok (backpropagation), MOXyTh
HaBYUTHUCS BUSIBILSITH aHOMaJIii y BUDOOHHYMX MPOLECax.
BoHU MOXYTb BHSIBISTH BIAXHJICHHS BiJl HOPMaJIbHOI
poboTH obsiagHaHHS a00 MPOIIECiB, MO MOXKE CBITIUTH
PO TOTEHLIHHI MPoOIeMH, Taki K MOUIKOKEHHS a0
HECIPaBHOCTI.

3. Onrumizaris mapaMeTpiB TEXHOJIOT{: HEHPOHHI
MepeXi MOXKYTh OyTH BUKOPUCTAHI JJIs1 ONTUMI3allii ma-
paMeTpiB BUPOOHWYMX ITPOLECIB 3 METOO MiJABHUIIECHHS
IIPOJYyKTUBHOCTI Ta 3HIKEHHS BUTpar. Harpukian, 3 Bu-
KOPUCTaHHAM TJIMOOKMX HelpoHHnX Mepex (DNN)
MOYKHa PO3pOOHUTH MOJIEN, SKi aAaNTyIOThCS 10 Pi3HO-
MaHITHUX YMOB BUPOOHMIITBA Ta IIBUIKO 3HAXOJATh ON-
TUMAJIbHI PEXUMH POOOTH.

4. ABTOMaTH30BaHEe yNPaBIiHHSA BUPOOHHIUM TIPO-
unecom: HM MOXyTbh BUKOPHCTOBYBATHCS ISl aBTOMATH-
30BaHOTO YIPAaBIiHHSA BUPOOHUYIUM IIPOIECOM, peary-
FOYH Ha 3MIiHH B PEXKHMI PEATLHOTO Yacy Ta MiATPUMY-
FOUd Horo cTikkicTh. OnMMH 3 ePEeKTUBHUX NPUKIATIB

HEHPOHHOT MepeXi Al aBTOMaTU30BaHOTO YIPaBIJIiHHS
BUPOOHMYMM IPOLIECOM — IIe HEHPOHHI KOHTposepH abo
a/IaliTUBHI KOHTPOJIEPH, SIKI BAKOPUCTOBYIOTHCS JIsI aB-
TOMAaTUYHOTO KepyBaHHS 00'€KTaMH 31 CKJIAIHOK -
HaMikolo a0o 3MiHIOBaHMMH napaMeTrpamu. OnHHM 13
HANTOMMPEHIMUX MPUKIIAAiB TAKIX MEPEeX € HeHpOoHHI
Mepexi 31 3BOPOTHIM TONIMPEHHSM  ITOMHJIOK
(Backpropagation Neural Networks — BPNN).

5. IIporHo3yBaHHS MOTHTY Ta YIPaBIiHHA 3ama-
CaM¥ CHPOBHHU Ta TOTOBOI MPOAYKIii: HEHPOHHI Mepexi
MOXYTb OyTH BUKOPUCTaHi ATl IPOTHO3YBaHHS MOMUTY
Ha MPOAYKILO Ta yNpaBJIiHHS 3a1lacaMy CUPOBHHH Ta TO-
ToBoi mpoaykuii. Ile qonomarae yHUKHYTH HaJUJIMIIKO-
BHX 3amaciB abo HECTadyi, [0 MOKe MPHU3BECTH JIO Tepe-
601B y BupoOHuNTBI. Hanpuknan, moxe Oyt eexTus-
HUM BHKOPUCTaHHS TIMOOKOI HEHPOHHOT Mepexi, TaKoi
sk Long Short-Term Memory (LSTM) abo Gated
Recurrent Unit (GRU). BoHn 9acTo BUKOPHCTOBYIOTHCS
JUTS aHATi3Y YacOBUX PSAIB Ta 34aTHI €PEKTHBHO MOJIe-
JFOBATH JOBIOCTPOKOBI 3aJIC)KHOCTI y JaHUX.

Ko’keH KOHKpeTHHH BHITaIOK BUMAarae BHOOpy mia-
XOAAIIO] apXiTeKTypHu HEHpPOHHOI Mepexi 3 ypaxyBaH-
HSIM KOHKPETHUX XapaKTEPHCTHK BHUPOOHMYOIo Mpo-
uecy. Hanpuknan, 1uist aHaiisy 4acoBUX PsIiB MOXYTb
OyTu e()eKTUBHUMHU PEKYPEHTHI HEHPOHHI MEpexi, a s
Knacudikamii JaHUX — 3rOPTKOBI HEHPOHHI MeEpexi.
Bubip KOHKpPETHOI apXiTEeKTypU TAKOXK MOXKE 3ajiekKaTH
BiJl 00CSITY TaHMX, CKJIQ[IHOCTI MOJIEJi Ta IOCTYITHHUX 00-
YHUCMIOBANBHUX pecypciB. Omxe, A 3abe3nedeHHs
(YHKIIOHATBPHOT ~ CTIMKOCTI BHPOOHHYHMX  IPOIIECIB
MOJKHa HIMPOKO 3aCTOCOBYBATH Pi3HI KJIaCH HEMPOHHMX
Mepex Ul 3a0e3MedeHHs A1arHOCTHKH CTaHy o0JajHa-
HHS Ha KOXXHOMY BHMpOOHMUYOMY UeHTpi. Hapuaroum
HEHpPOHHI MepeXki 3 ypaxyBaHHSIM YMOBH ()yHKITIOHAIb-
HOI CTIMIKOCTI TEXHOJIOTIYHOTO mpoiiecy, Oyae 3abe3rme-
yeHa e(eKTHBHA POOOTA K BHPOOHHYOTO OO THAHHS,
TaK i1 NOTOYHUI KOHTPOJIb JOTPUMAHHSI SIKOCTI MTPOTYKIIii
3TiIHO BU3HAYEHOI CUCTEMH TOJIEPAHCIB.

Jdnst nocsirHeHHsT (QyHKIIOHANBHOI CTIHKOCTI CH-
CTEMH BXIIUBO MPOBOJMUTH ii JIarHOCTYBaHHS, 1110 J103-
BOJIMTH BPAaXOBYBAaTH BCi OCOONMBOCTI CHCTEMH Ta
BU3HAYUTH, YU TPALIOIOTH MOJYJ CHCTEMH HAJIC)KHUM
YMHOM, OIEPaTHBHO BHUSBIATH HECIPABHOCTI Ta BXH-
BaTH BIIMOBIJHI 3aX04y Ui 3a0e3ledeHHsT HaIiiHOCTI
Ta NPOAYKTHUBHOCTI cucteMu. CHCTEMa JiarHOCTYBaHHS
MTOBMHHA CKJIAJAaTHCS 3 O0’€KTy YHpaBIiHHA, 00JacTi
JIarHOCTUYHKX O3HAK Ta aJITOPUTMY MPUHHATTS PillICHb.
Binx 00’exty 1m0 o06nacTi HaaXOAsATh CHUTHANH, SKi
AHATI3YIOTHCSl AITOPUTMOM Ta BUAAETHCSI BUCHOBOK PO
MPaBUIBHICTE  (YHKIIOHYBAaHHS  JOCIIIKYyBaHOTO
00’exty. B 3amexHOCTI Bix MicI Ta crtocody BHUKOPH-
CTaHHA HEWpPOHHOI Mepexi MOXKHa OTPHMAaTH pi3Hi
CTPYKTYpPH CHCTeM JliarHocTyBaHHS (puc. 2). Hapuc. 2, a
IIpe/ICTaBIeHa CTPYKTYypa, € B IKOCTI 00J1acTi O3HAaK BH-
KOPUCTOBYIOTECSI 3MiHHI TapaMeTpu 00’ekTy (Hampu-
KJaJ, BXigHi curHanu). HelipoHHa Mepeka TyT BUKOpPH-
CTOBYETHCS B SIKOCTI IIPUCTPOIO NPUHHATTS pimeHs. Ha
puc. 2,0 mpeacTaBieHa CTPYKTypa, Jie HEWpOHHA Me-
pexa BHKOPHUCTOBYETHCS SIK MOJENb JWHAMIYHOI CH-
CTEMH, a B IKOCTi aJITOPUTMY MIPUHHSATTSA PillleHb — Oy b~
KU aNnropuT™ Kiacuikariii, HampHuKIIaz, arOpUTM BH-
ABJICHHSI po3naromkeHHs. CTpyKTypa, sSiKa IIpeCTaBIeHa
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Ha pHC. 2, B, BUKOPHCTOBY€E CTAaHIAPTHUH IiAXi] 3 BUKO-
pHCTaHHSIM MOAEINI JUI reHepalii HeB 130K, B TOH 4ac K
HeWpOHHUH Kiacu(pikaTop po3B’sI3ye 3a/1a4y BHUSBICHHS
Ta JIoKaji3auii feeKTiB. Y CTPYKTYp, sIKi 300pakeHi Ha
puc. 2,6 1a 2, B, BIIOYBa€ThCs CYMIIIICHHS aHATI THIHUX

METO/IB 3 HEHPOMEPEIKEBUM I1JIXOJIOM JI0 PO3B’SI3aHHS
OB’ sI3aHMX MDK CO0OI0 3a7a4 reHeparii 03Hak Ta Mpuid-
HATTS pimiens. Ha puc. 2, r npencrasieHa cTpykTypa Juis
BUNAJKy, KOJM CHCTEMa JIarHOCTYBaHHS BHSBIISIE Jie-
(exrtH, ane He OyJe iX JOKali3yBaTH.
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Puc. 2. CTpyKTypH [JiarHOCTYBaHHS Ha OCHOBI HCHPOHHHX MEPEX

VY BuNanKy BUKOPHCTAHHS HEHPOHHOI Mepexi B
SIKOCTI anropuTMy Kiacu(ikarii He3aJle)KHO BiI CTPYK-
TypH 1 SKIIO HEHpPOHHA Mepexka Mae€ IBa BHXOIH, TO
po3B’sI3yeThesl 3amada BHsABIEHHA. Komm >k BXOmiB
OinplIe IBOX, PO3B’SI3YETHCS 3ajava BHUSBICHHS Ta JIO-
Kasizaifii aeeKTiB i, MOXKIMBO, BU3HAYCHHS BEIMYUHH
nedexTy.

OTxe, Npyu BUKOPHUCTAHHI HEHPOMEPEKEBOro Mij-
XO/1y MOJKJIMBO IPOBOJUTH OOYMCIICHHS MapaiesibHo, a
LI B CBOIO Yepry JIa€ MOXIIUBICTh pealli3yBaTH CUCTEMH
YIPAaBJIiHHS BHUILOTO TMOPSAKY 33 NPUUHATHUX IOKa3-
HUKIB 301KHOCTI 1, OT)Ke, JJOCATTH BHIIOI SIKOCTI YIIpaB-
ninast. HefipomepeskeBuil miaxix mo peanmizamii 6arato-
BUMIPHHUX INPOCTOPOBUX CHCTEM YIIPABIIHHS JO3BOJISE
BHPINIYBAaTH MPOOJEMH, MO CTOSUTH Tepen po3poOHH-
KaM{ MIOA0 HEOOXITHOCTI BHKOHAHHS BEKTOPHO-MAT-
PUYHUX OIlepaliii BHCOKOI PO3MIPHOCTI B peallbHOMY
gaci.

IIpoexTyBaHHA HEHPOHHOI CUCTEMH IIPENCTaBIISE
c000¥10 CKJIQIHUH 1 TPYAOMICTKHI TIPOIIEC, Y IKOMY BHOIp
ITOPUTMY JIarHOCTYBaHHSI CUCTEMH € JIy)Ke BaXKIIUBUM
KpOKOM. Po3ristHeMO anropuTM AiarHOCTYBaHHSA CH-
CTEMHU 3a JIONIOMOT0I0 HeWpoaalTUBHOT CUCTEMH.

Aneopumm diacnocmyesans

Kpox 1. locnijpkeHHs Ta aHaJi3 MPOLECy 3 TOUYKH
30py HeHpPOMEpEeKEBUX TEXHOJOTIH.

Kpox 2. BusHaueHHs THITy HEWPOHIB B MEPEXi.

Kpox 3. BuzHaueHHs KiJIbKOCTI mIapiB HEHpOHHOI
Mepexi 1 9nciio HepOoHIB B mMapax B 3aJI€XKHOCTI Bif 3a-
JaHo1 KITBbKOCTI obactel po30UTTS 00MacTi 03HAK MpH
YMOBI MiHiIMi3allii 9rciia HEHPOHIB B MEpexKi.

Kpox 4. Cunres HefipoMepexi 31 SMIHHOIO CTPYKTY-
poto:

1) tak — BUOIp anropuTMy MOOYAOBH CTPYKTYPH
GararomrapoBoi HepoMepexi 3 METOIO IOCSTHEHHST Haii-
Kpamoi BiJNOBITHOCTI CKJIAaTHOCTI PO3B’A3yBaHOI 3a-
aui;

2) Hi — CHHTE3YBaTH CTPYKTYpy HeHpomepexi 3
BU3HAYCHHSIM CIOCOOY CTBOPEHHS 3B’SI3KIB MK Ia-
paMu: NpSIMUMHM, NIEPEXPECHUMHU, OOEpHEHUMH, KOMOi-
HOBaHHMMH.

Kpox 5. Bubip anroputmy aganrtanii 6aratomapo-
BOI HelipoMepexi.

Kpox 6. JliarHocTHKa CHHTE30BaHOT HEHPOMEPEKi.

Kpox 7. OuiHka (QyHKIIOHATBHOI CTIHKOCTI CH-
CTEMH.

Kpox 8. Bubip BapiaHTy mepepo3moaiTy 3a1ad Mix
TIPAIFOIOYMMHI MOJTYJISIMU.

Kpox 9. OuiHka pe3ysbTaTiB [iarHOCTYBaHHS.

[IpomucaoBHii MONUT HA KOMI'IOTEPH JJIsl MAIIMH-
HOTO HaBYaHHS 3piC y MUTLHOH pa3iB 3a OCTaHHI IIiCTh
POKIB 1 HIOPOKY HPOAOBXYE 3OUTBIIMTUCH YIECATEPO.
Jns amapatHoi peanizamii HeipoMepexi moTpidHO 00-
patu Helipodin i3 BOyIOBaHUMH HENIHIHHIMHA IIEPETBO-
peHHaMH. IX BUpOGIAIOTL B GaraThox KpaiHax CBiTy i
BOHU CTBOPIOIOTHCS Ul KOHKPETHHX cHcTeM. Po3ris-
HeMo Kiacugikamito ynmis [17]:

- 3a criocoboM mojaHHs iHpopmarii — nudposi,
aHAJIOTOBI Ta TiOPHIHI;

- 32 THIIOM peai3alii HeHpoaIropuTMiB — 3 amna-
PaTHOIO Ta IPOrpaMHO-anapaTHOIO peatialli€elo;

- 3a XapakTepoM HelNiHIIfHUX MepeTBOpEeHb — ara-
paTHO pealizoBaHi Ta MmepenporpaMmyrodi;

- 3a MoOyZOBOIO MEPEX — 3 KOPCTKOIO Ta 3MiH-
HOI0 HEHPOMEPEKEBOIO CTPYKTYPOIO;

- CHCTOJIYHI;

- HEHpOCHWTHAIbHI.
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OpieHTanis y BUKOHaHHI HEHpoMepeXeBux orepa-
Lii1 3yMOBIIIOE 3 OHOTO OOKY ITiJIBUILICHHS IIBUIKOCTEH
0oOMiHy MiX Mam'dTTIO Ta NapajelbHUMU apUpMeTHd-
HUMH TPUCTPOSIMY, a 3 1HIIOTO OOKY — 3MEHIIEHHS Yacy
BaroBOTO ITiJICyMOBYBaHHs (MHOXKCHHS T2 HAKOITMYCHHST )
3a paXyHOK 3aCTOCYBaHHs (DikcoBaHOTO HAaOOpy KOMaH/
THUITY PETiCTp-pericTp.

BinmiTiMo, 1m0 pu MPOEKTyBaHHI amapaTHoi pea-
mizamii HelpoMmepek BPaxOBYIOThCA TaKi XapaKTepHC-
THKH, SIK MacIITa0OBaHICTh, BapTiCTh PO3POOKH, CyMic-
HICTh 3 MHHYJIUMH Ta MaOyTHIMH BepcisMu. | AKmo mist
PO3pOOHMKA KPUTHYHI TEPMIHH PO3POOKH 1 BapTiCTh, TO
CIIiJi 3BEpHYTH yBary Ha CHTHAQJIBHI 4inu abo dinmu Juis
KacKaJHUX apXiTekTyp. OTxe, 3aralbHONPUIHATHX pe-
KOMEH/Iallii 110 BUOOpY KOHKPETHOI 0a3u B Halll 4ac He
icHye. Bce 3a5exxuTh Bij BUMOT po3po0IIeHOT CHCTEMH.

Jnist OIiHKM TPOAYKTHBHOCTI HEHpOYHIIIB OyIeMo
BUKOPHCTOBYBATH TaKi MOKa3HUKH.

- Teopernyna MakCHMaJbHa MPOJYKTHBHICTD
HeWpounna B ONeparisx 3 PyXOMOIO KOMOIO 3 OAMHAp-
Hoto TouHicTiO (FP32) 3a cexynny. Bucokuii mokasHHK
TFLOPS Bka3ye Ha Te, 0 HEHpOUiN MOke 00pooIITH
BEJIMKi 00CSITH JaHKUX 3 BUCOKOIO MIBUAKICTIO, 110 POOUTH
HOTo MPUIATHUM JIJIs CKJIaJHUX 3aBJIaHb MAIIMHHOTO Ha-
BuanHsg. OmgHak Ba)kauBo 3a3Hauuty, mo TFLOPS — me
JIMIIEe TEOPETUYHHMU MOKa3HWK, 1 peaibHa MpPOJIYKTHB-
HICTh MOe€ BIZIPI3HATHUCS 3aJISKHO BiJi KOHKPETHOTO 3a-
BJIaHHA Ta IPOrPaMHOTO 3a0e3MeueHHs.

- MakcuMmarbHa TaKTOBA YacTOTa — I€ MAaKCHUMa-
JbHA MIBUIKICTH, HA SKil MOXKE TPAIfOBaTH HEHPOUII.

- Po3mip kpucTana — 11e 3arajgbHa MII0IIA KPEMHi-
€BO{ IUTACTUHM, Ha SKiil pO3MIIIEHI TPAH3UCTOPH HEHPO-
yuma. bibmmii po3Mip KpucTana MOXXe JO3BOJIUTH PO3-
MICTHTH OUTBIIE TPAH3UCTOPIB, IO MOXE IMPU3BECTH 10
Kpauioi MpoiyKTUBHOCTI.

- Kinpkicth TpaH3MCTOpIB — Lie 3arajibHa Kijib-
KICTh TPaH3UCTOPIB Ha HeWpouuni. binbiia KiIbKiCTh
TPaH3UCTOPIB 3a3BMYall BKa3ye Ha Te, L0 HeHpodin €
OB CKJIAJIHUM 1 MOXKE BUKOHYBATH OljbliIe onepaii.

- UimiB Ha CPU-x0cT- I1e KiIbKICTh HEHPOYHUITIB,
aKi MokHa migkaounti 10 ogoro CPU. Bimpma xins-
KiCTh HEHPOYHITIB MOXKE MPU3BECTH JI0 KPaIIOi MaclITa-
0OOBaHOCTI Ta 3araJbHOT MPOAYKTUBHOCTI CHCTEMH.

- TemnoBa po3scitoroua MOTYXHICTh — I1€ MaKCH-
MaJIbHA KiJIBKICTh TeIUTa (TEOPETUIHUI MaKCUMYM), SIKY
MOJKe TeHepyBaTu HeWpodin. Husekuil moka3HUK BKazye
Ha Te, [0 He’poyin € Oipl1 eHeproe(heKTHBHUM.

- Haiibinpma MacmTaboBana KOH(ITypamis — 11e
MaKCHMaJlbHa KiTbKICTh HEMPOYMIIIB, SIKi MOXKHA BHKO-
PHUCTOBYBaTH pa3oM y OAHIN cucTeMi. binpma macmira-
6oBaHa KOH(Irypamis MoXke MIPU3BECTH JI0 KpaIoi mpo-
JYKTHBHOCTI JUIsl TyXKe CKJIQJHUX 3aBJIaHb.

B [17] Buninsrote qBi 6a30Bi JdiHII PO3BUTKY 00YH-
CIIIOBAIEHUX BUCOKOIPOJYKTUBHHUX CHCTEM 3 MacOBUM
napanenizMmoM (BCMII): 3 moxudikoBaHUMHU NOCIIITOB-
HUMH aJITOPUTMaMH Ta HaJAIlapaJie)IbHUX HeHpoMepexe-
BUX QJITOPUTMIB BUPIIICHHS Pi3HUX 3aBjaHb. J{o miei in-
dbopmarii ciig JoaaTH, M0 CyYacHi TEHIEHIIT PO3BUTKY
BCMII xapakTepHu3yoThCsl HasABHICTIO OUTBIIOT KiNbKO-
cTi 0a30BUX JIHIA PO3BHUTKY, SKi HEMOXKHA YiTKO OKpec-
JUTH, 60 BOHHU YacTO MEPETHHAIOTHCSA Ta MOEAHYIOTHCS
OJIHa 3 OJHOIO.

YMOBHO 11l JIiHIT PO3BUTKY MOXXHa IOJATH TaKUM
YHHOM:

1) migxing BUKOPUCTaHHS MOAU(DIKOBAHHMX MOCHTi-
JIOBHHX aJITOPUTMIB SIK 1 paHillle, BAKOPUCTOBYETHCS IS
aJanTailii KIAaCUYHUX aJTOPUTMIB JO OaraTomporecop-
HUX CHCTEM, IIPOTE 3'IBIAIOTHCS HOBI METOAM ONTHUMI3a-
1ii Ta pO3pOOKH aNTOPUTMIB, SIKi BpaXOBYIOTH CIICITU(IKY
Cy4JacHHUX apxiTekrtyp, Takux sk GPU, TPU Ta ueiipomo-
podHI mporecopu;

2) miaxig BEKOPHCTaHHA HEHPOMEPEkKEBHX ajro-
PHUTMIB TIPOJIOBKY€E PO3BUBATHCS, 3'SIBISIOTHCS HOBI ap-
XITEKTYpH Ta aJrOPUTMH HaBYaHHsI, 10 3HAYHO PO3IIU-
PIOIOTH MOXKJIMBOCTI Helipomepesx. Helipomepexi BUKO-
PHUCTOBYIOTBCSI ISl HOBUX 3a]1a4, TAKUX SIK TeHepallis Te-
KCTY, MepeKia] MOB Ta YIPaBIiHHS CKJIaJHUMH CHUCTE-
MaMH;

3) minxig BUKOpUCTaHHS HeHpoMopdHUX o0umc-
JICHb TIparHe CTBOPUTH KOMIT'FOTEPHI CHCTEMH, K IMITY-
FOTh POOOTY JIIOICEKOTO MO3KY. HelipomopdHi cucremu
MalOTh NOTEHIIaJd 3HAYHO IIEPEBEPIIATH TPaIHIiHHI
KOMIT'IOTEPH 32 C€HEProe(EKTUBHICTIO Ta NMPOAYKTHBHI-
CTIO TIPH BUPILIICHHI IEBHUX 3a/1aY;

4) miaxin BUKOPUCTAHHSA KBAaHTOBUX OOYHCIICHb.
KBaHTOBI KOMITOTEpH MArOTh MOTEHINAN BUPIIITYBATH JIC-
SKi 3a7adi, SKi HEMOXJIMBO BHUPIIINTA HA TPaTUIIHHUX
KOMIT'IOTepax, HaNpuKiIaj, (JakTOpU3allito BETMKNX YHCET;

5) migXiJ BUKOPUCTAHHS TETEPOTCHHUX OOYHCIIIO-
BaJIbHUX CHUCTEM, SIKi IOEHYIOTh B COO1 Pi3Hi THIIH MPO-
necopis, Taki sk CPU, GPU, TPU Ta HefipomopdHi mpo-
LIECOopH.

Hagenemo nmexinpko HaHOLIBII MOy IIPHUX HEHPO-
qiniB y kpainax €sporu ta CIIA:

NVIDIA A100 (CHIA, 2020) BUKOPHCTOBYETBCS y
IIMPOKOMY CIIEKTPi 3aCTOCYHKIB, BKIFOYAIOUH IITYYHUH
IHTEJIEKT, MAaIMHHE HaBYaHHs, OOPOOKY NpPUPOIHOI
MOBH Ta HayKOBI O0UHCIICHHS;

Intel Habana Labs Gaudi (CIIIA, 2020) creriaibHO
po3pobanenwuii s Intel Al Framework, BiH npononye Bu-
COKY MPOAYKTHBHICTh Ta €HEProe(eKTUBHICTh, IO PO-
OUTH HOTO MOMYJISIPHUM BHOOPOM JIJIsl 3aCTOCYHKIB LITY-
YHOTO HTEJIEKTY, SIKi HOTPeOyIOTh HU3bKOI 3aTPHUMKH;

Graphcore Colossus GC30 (BenukoOpurasis,
2020) mporoHy€e BHCOKY MPOAYKTHBHICTH Ta MacIITa00-
BaHICTb, II0 POOUTH HOTO MOITYISIPHAM BHOOPOM JIJIS Be-
JMKHUX TMPOEKTiB MamuHHOTO HaBuaHHs; Google TPU v4
(CHIA, 2021) Ta HactymHi Bepcii vSe, vSp crenianbHO
po3pobmneni g TensorFlow, mratdopmu ManmHHOTO
HaBuaHHs Google;

AMD MI25X (CIIA, 2021) € KOHKYpPEHTOM
NVIDIA A100 i mpomoHye cX0Xy HpPOAYKTHBHICThH 3a
HIDKYOIO I[IHOIO;

Inoveo NeuroScale 2 (®panmis, 2021) cnenianbHO
PO3pO0OJIEHUH ISl IITYYHOTO 1HTENEKTYy B rajiy3i OXo-
POHHM 37I0pOB's, TIOMYJIIPHUIA BUOIp AJIs1 MEMYHOI Jtiar-
HOCTHKH Ta 00pOOKH 300pakeHb;

NVIDIA H200 (CLIA, 2023) — e nepuii rpadi-
yHui npouecop i3 nam'strio HBM3E, sika Binpi3HseTbes
Bix 3Bmuaitnoi HBM3 (high bandwidth memory, HBM)
BHIIIOI0 IIBUKICTIO, HOBA HMaM'ATh JO3BOJMTH IPHCKO-
proBady IMIBUALIC MPAIIOBATH 3 BEIMIE3HUMH 00CsATaMH
JaHux A renepatuBHoro 11 Ta BHCOKONPOYKTHBHUX
00YHCITIOBAIBHAX HABAHTAXKCHB;
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Cerebras Wafer-Scale Engine 3 (WSE-3) (CILA,
Cerebras Technologies, 2024) — 1ie TpeTe NOKOIIHHS CY-
nepkoMI'roTepHoi miargopmu Cerebras, € oHUM 13 Hali-
MOTYXKHIIINX HEHPOYiliB y CBITi, IPOMOHY€ Oe3npene/ie-
HTHY NPOAYKTHBHICTB, 110 POOMTH HOTO MOIYJSIPHUM
BHOOPOM IS OCIHITHUIIBKUX IIPOEKTIB MITYIHOTO iHTe-
JIEKTY, SIKi TOTPEOYIOTh OOYHCIIEHHS BEMUKUX OOCATIB
JaHWX;

Google TPU Trillium (CILA, ouikyeTbcsi B KiHIIi
2024) — 1e mOCTe MOKOJIHHS (PipMOBOrO TEH30PHOTO
Iporecopa, HOBUH Yill Maiike BII'SITEPO NMPOAYKTHUBHI-
i 3a nonepenuuka TPU vSe, npu npomy Trillium Ha
67% eneproedexruHimui, Hix TPU vSe [18-21].

Haii0inpm nepcreKTHBHIMHA € HeHpodinu po3po0-
aukiB NVIDIA ta Google.

B Tabn. 1 HaBeneHo ix xapakrepucTuku [21-24].

Tabnuya 1 — TopiBHAIBHA XapaKTePUCTHKA IeIKNX HeHPOYHITiB

MIPOMYCKHA 31aTHICTh, [ B/c

X Nvidia Graphcore Google Google
apaKTepHeTHicH A100 MK2 |PU TPU v4 TPU V3
Buxin Ha puHOK 2020 2021 2020 2018
. . 312 (bf16), 275 (bf16

[TixoBa npoaykrusHicTb, TFLOPS 624 (i8) 250 (bf16) 260 int8) 123 (bf16)

TaktoBa yactora, M1y 1095/1410 1850 1050 940

Tex.mpouec, HM 7 7 7 16

Posmip kpuctana, Mm?2 826 832 <600 <700

KiiBKiCTh TpaH3UCTOPIB, MUTBSIPAIB 54 59 22 10

Mixkpocxem Ha xoct LIIT 4 4 4 8

HowminanpHa TemioBa MoTyKHICTh, BT 400 300 iHpOpMAIIis HEe TOCTYyITHA

EneprocnoxuBanHs Helipoyirna, KOJIH BiH indopmania ve Hoc a 90 123

HE BUKOPUCTOBY€THCS, MiH/cep/Makc, Bt HOOpMAIUA HE JOCTYIIH 121/170/192 175/220/262

Mik4inoBe 3'eTHaHHSA: KUTBKICTh 3’€JHAHb Ta 12 3 6 4

MIBHIKICTB Iepenadi nanux, ['b/c 25 64 50 70

Kongirypauis . 4216 256 4096 1024

HaKWO1IbIIOr0 MacIuTady, K-Th YHIIIB

ApXiTeKTypa mnpoiecopa SIMT MIMD SIMD 2D

Iponecopu / Yun 108 1472 2 2

[oroxwu / SAnpa 32 6 1 1

Po3spimxeni sapa/ Uun 4 2

s 123 (CMEM)+ 30 (VMEM) +

OneparuBHa nam’siTe, Mb 38 865 30 (VMEM) + 10 (spMEM) 5 (spMEM)

Po3wmip daiiy pericTpiB 26 1,3 0,24 0,24

€muicte HBM2, I'b 74 0 30 30
2039 1200 900

B rpadi «Apxitektypa nporecopa» (tadm. 1) pos-
umdpyemo abpesiaTypu:

Single Instruction Multiple Threads (SIMT) — ne
apxiTeKTypa mpolecopa, ska J03BOJsiE HOMY BHUKOHY-
BaTH OJHY IHCTPYKIIFO HaJ AEKiIbKOMA TIOTOKaMH JaHUX
oaHovacHO. Ile Moke 3HAYHO MPUCKOPUTH O0OPOOKY na-
HUX, aJKe MPOLIECOp MOX€e BUKOHYBaTH Oararto oriepa-
it 0THOYACHO.

[puanun podotn SIMT.

Kpox 1. IIponiecop oTprMye€ OiHY 1HCTPYKIIIO.

Kpox 2. Tlpouecop po30uBae iHCTPYKILIIO Ha AEKi-
JIbKa MEHIIUX YaCTHH.

Kpox 3. Ilpomecop BHKOHYE KOXKHY YacTHHY iH-
CTPYKIIii HaJ IeKIIbKOMa MOTOKAMH JaHUX OJTHOYACHO.

Multiple Instruction Multiple Data (MIMD) — e
apxXiTeKTypa Ipolecopa, sKa J03BOJsiE HOMY BHKOHYB-

aTH JeKiTbKa IHCTPYKIiH Hajx JeKiTbKoMa MOTOKaMH Ja-
HUX OJIHOYAcHO, 10 poduth MIMD-mpomecopu myxe
yHIBEpCAIIbHUMHU, aJK€ BOHH MOXYTh BUKOHYBATH ILIHU-
POKHUI CIIEKTp 3a/1au.

Bonu 6inpmm rHyUKi, amKe MOKYTh BUKOHYBATH Jie-
KiJIbKa pi3HHMX 1HCTPYKIIH OJIHOYACHO IJIsi HEOTHOPiA-
HOTO Habopy JAaHUX.

[Mpuanun pobotn MIMD.

Kpox 1. Tlponiecop oTpuMye JIeKiUIbKa IHCTPYKILH.

Kpox 2. Tlponecop po30HuBae KOKHY IHCTPYKIIifO Ha
JIeKiJIbKa MEHIINX YaCTHH.

Kpox 3. Tlpomecop BHKOHy€ KOXXKHY YacTHUHY iH-
CTPYKIii Hax AEKUTbKOMA MOTOKAaMH JaHUX OJHOYACHO.

Moro mosxua BukopucroBysaru B LI, I'TI, Heiipo-
girax Ta iHITUX KOMITIOTEPHUX CHUCTEMax, MOXe OyTH
MeHII e()eKTHBHUM Ul 3a/a4 MAIIMHHOTO HaBYaHHS,
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ajoke oMy Moke OyTH CKIIaJHO ONTHMI3yBaTH BHKO-
HaHHS JEKUIBKOX PI3HUX IHCTPYKIIIH.

Single Instruction 2D Data (SIMD 2D) — ue apxire-
KTypa MpoLecopa, sKa € po3mupeHHsM kaacugaoi SIMT
apxiTekTypu. BoHa 103BoJisie mpoliecopy BHKOHYBAaTH
OJIHY IHCTPYKIIiO HaJ IBOBUMIPHUMH MAaTPULIIMHU JaHUX
OJTHOYACHO.

Ipwanun podoru SIMD 2D.

Kpoxk. lporiecop oTpuMye 0HY iHCTPYKIIIIO.

Kpox 2. TIponiecop po3duBae iHCTPYKIIIO HA JIEKi-
JIbKa MCHIINX JaCTHH.

Kpox 3. Tlpouecop BHKOHY€ KOXXHY YacTUHY iH-
CTPYKLIT HaJl IBOBUMIPHUMH MaTPHUIISIMU IaHUX OJJHOYA-
CHO.

SIMD 2D mnoennye B cobi mepearu SIMT Ta
MIMD, nponoHyroud BHCOKY NPOAYKTHUBHICTBH IS 3a-
Jia4 3 IBOBUMIPHUMH JaHHMH.

B rpadi «OmeparuBHa mam'ste» (Tabm. 1) € Tpu
Tunu OIT.

CMEM - e kemr-mmam'sith iepmioro pisas (L1), sxa
BHUKOPUCTOBYETHCS I 30epiraHHs iHCTPYKIiM Ta na-
HUX, SIKI BAKOPHUCTOBYIOThCSI HalfuacTiIIe.

VMEM - 1ie kew-nam'site apyroro pisas (L2), sika
BUKOPHCTOBYETHCS /ISl 30epiraHHs AaHHX, sIKi BAKOPHUC-
TOBYIOTBCS TPOXH pinuue, Hix gani B CMEM.

spMEM - 11e cneniajibHa nam'sath, sika BAKOPHUCTO-
BY€ThCS JUIsl 30epiraHHs IaHuX, SKi MOTPiOHI 111 poOOTH
MEeBHUX OJIOKIB Helpouira.

OTxe, OTpUMaHO HACTYIIHI Pe3yIbTaTH MOPIBHAHHS
XapaKTEepUCTUK HEHPOUHIIIB!

- TEXHOIIOTIYHHH By301 (po3Mip TpaH3HCTOpA,
10 BUKOPHCTOBYETHCS B MIKPOCXEMi) y MEPIINX TPHOX
BaBivi MmeHmuit 3a TPU v3, mo no3Bosie po3MicTuTH Oi-
JBIIIE TPAH3UCTOPIB HA OMHIA MIKpOCXeMi, a e MOXKe
MPU3BOJUTHU A0 Kpallol MPOAYyKTHBHOCTI Ta eHeproede-
KTHUBHOCTI;

- TPU v4 mae BzBiui Oijibllie MAaTPUIHUX MHOXK-
nukiB, Hix TPU v3. MaTtpu4yHi MHOXKHUKH BUKOPUCTOBY-
I0ThCS JUIsl BUKOHAHHSI OCHOBHUX OMepaliii MalnHHOTO
HaBYaHHS, TaKUX SK MHOXEHHS MaTpHUIlb Ta 3TOPTKH,
TOMY BOHM € Ba)KIIMBUMHM ISl BAKOHAHHS 3aB/aHb Ma-
IIMHHOTO HaBYaHHSA, a OTXKE iX 30LIbIIEHHS MOXE CyT-
TEBO ITOKPAIIUTH IPOAYKTHBHICTb.

- Graphcore MK2 IPU mae HaiiBullly TaKTOBY Ya-
croty: Ha 68%/31% Bumy 3a Nvidia A100, Ha 76%
Buy, HiXX TPU v4 ta Ha 97% Bumty, wHixk TPU v3. Tak-
TOBA YacTOTa CTOCYETHCA KIJIBKOCTI ITMKJIIB, SIKi TIpoIie-
COp MO BHKOHATH 32 OJJHY CeKyHIy. binbina TakroBa
YacTOTa MOXE IPU3BECTH A0 KPAIOi IPOIYKTHBHOCTI.

- Graphcore MK2 IPU mae 12 mix3'exHans (110-
piBHsAHHO 3 6 Ta 4 y Google TPU) Ha 4in 103BONSAIOTH
CTBOPIOBATH MEPEXKEBI TOMOJIOTIT 3 MEHIIUM JiaMeTPOM
Mepexi.

- YacTHHA TOKpAIIEHHS MPOJYKTUBHOCTI Ha BaT
(ehexTHBHOCTI) HOXOAUTD Bifl CAMOTO 7-HM TEXIIPOLIECY
(6mm3pK0 40%). Pemra mokpaieHHs TOXOAUTH BiJl 3MiH
y muzaiini TPU v4, takux sk OajaHCyBaHHSI KOHBE€Epa Ta
peaitizariisi TAKTOBOTO TeTyBaHHS (1151 TUHAMIYHOTO BiJI-
KITIOYEHHS OJIOKIB, SIKi HE BUKOPHUCTOBYIOTHCS B JTAHHH
MOMEHT, 10 JO0IOMAarae 3MEHIINTH CIOXWBAaHHSA €HEp-
rii). [IpogyKTHBHICTh Ha BaT — Ii¢ Mipa eHeproeeKTHB-
HOCTi mporiecopa. Bona Bumiptoetbess B GFLOPS/W

(riragurornicax Ha BaTt) i nokasye, ckiibku GFLOPS mpo-
Liecop MOXe€ BUKOHYBATH Ha OJIMH BaT CIIOKMBAHOI MOT-
YXKHOCTI.

- HBM (High Bandwidth Memory) - ne Tumn na-
M'STI, SIKUE MOXe JTy’Ke IMIBUIKO nepenaBat aani. TPU
v4 mae B 1,4 ta 1,3 pasu OUIBITy TIPOIYCKHY 30aTHICTH
mam'sti HBM nopisasino 3 TPU v3 ta MK2 IPU Bigmo-
BiTHO, B cBolo yepry Nvidia A100 B 2 pa3u 6inbiry mo-
piBasiHO 3 TPU V4, mo o3Havae, M0 BiH MOKE IIBUALIC
OTPUMYBATH AOCTYIH JI0 JAHUX 3 TTAM'STi.

- TPU v4 wmae 128 MbB BOymoBanoi mam'sTi
scratchpad (CMEM), sixoi Hemae B TPU v3. Scratchpad-
mam'siTh — 11e TUI Ay’>Ke IIBUJKOT Tam'sTi, 10 IKOI mpotie-
COp MOX€ OTPUMYBATH JOCTYN Ayxe mBuako. Lle moxe
OyTH KOPUCHO st 30epiraHHs JaHuX, sIKi 4aCTO BUKOPH-
CTOBYIOTHCS I1iJ] YaC OOYHCIICHB.

Ha puc. 3 npezncrasneHi pe3yibTaT €KCIEPEMEHTY
3acrocyBanHs TPU v4 ta TPU v3 omnakoBoi koHOIry-
pamii (kimpkocti TPU 4umiB) mist pi3HHX 3aCTOCYHKIB
(mackimpku cynepkoMm'totepu TPU v4 mepeBepiryroTh
TPU v3).

40 ~ DLRMO
35 A ___—— =DLRM1
&b 7 ~ CNNO

~ CNN1
25

= RNNO
 — —— — RNN1
15 Py BERTO
10 ~ BERT

0 64 128 192 256 320 384 448 512

Puc. 3. Ipuckopenns TPU v4 nopiBHSHHO 3 V3
3a 0IHAaKOBOT KIJIBKOCTI YHITiB

Buxonsun 3 nopiBHSHb y TaOJMIIl, HE ITUBHO, LIO
JUTsL OLIIBIIOCTI 3aCTOCYHKIB MPU OJHAKOBIH KOH(}Irypa-
uii, TPU v4 mpamroe B 1.5-2.0 pasu mBuame, ik TPU
v3. 3actocynok DLRMO mpamoe B 3.0-3.5 pasu
mBuame, a DLRMI - B 2.8 pasu mBuame Ha KOHQITY-
pamii 3 512 ynmamu. Ie mosicHroeThes THM, o TPU v4
Mae BABiUi Oinbme oOuncaroBadbHUX OJokiB (SC) Ta
IXHS TAKTOBA YacTOTa € BUIIOK. AJie HAWOLIBII HEOTiKY-
BaHUIA pe3yJIbTaT OTPUMAHO JJist 3acTOCyHKY RNNI1 - Bin
npairioe B 3.3 pasu mBuamie Ha TPU v4. Lle 3ymoBieHo
THAM, [0 MaJi Barkm Ta MaJWid PO3Mip TMAaKeTiB JaHHUX
RNNI oTpuMyioTh 3Ha4YHy I€peBary BiJ MpPOIyCKHOL
3naTHOCTI BHYTpimHBOI mam'siti CMEM mopiBHSHO 3
30BHIIIHLOIO MaM'sTTi0 HBM [21].

TPUV2/v3 MaroTh MeHII KpHCTaaHu y Oiibll cTa-
pOMY HaIiBIIPOBITHUKOBOMY IIPOIEC] Ta HWXKYI I[IHU HA
XMapy, He3BaXXal0uu Ha Te, [II0 BOHM MEHIII 3pii Ha Oara-
THOX PIBHAX CTEKYy arapaTHOro/IIporpaMHOro 3abesre-
yenns1, Hbk CPU Ta GPU. 1li no6pi pe3ynbTaTh, HE3Baxa-
F0YM Ha TEXHOJIOTIYHI HEIOIIKH, CBig4aTh, mo miaxig TPU
€ eKOHOMIYHO e(DEKTUBHHUM 1 MOXKEe 3a0€3IEeUNTH BUCOKY
apXiTeKTypHY e(peKTUBHICT y MaiOyTHEOMY [22].

B minomy, Google TPU v4 — 11e 70CTaTHHO MOTYX-
HUH HEeWpodimn, SKAH po3pobieHUH CremiaabHO A 3a-
Jlad MaIIMHHOTO HaBYaHHA. BiH Mae 3HauHO OUITBITY Mpo-
IyKTUBHICTB, HiX A100, are nopoxunii. TPU v4 noGpe
IIXOANTD JUISl BUPIIICHHS CKIIAIHUX 3a]a4 MaIlllnHHOTO
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HaBYaHHS, TAKUX SIK HABYAHHS BEJIMKUX MOBHHMX MOJIE-
Jel Ta po3po0Ka HOBHX AITOPUTMIB IITYYHOTO iHTEJe-
kty. TPU v4 migrpumye TensorFlow ta PyTorch, mo po-
OUTH WOTO 3pYYHUM U1l BAKOPUCTAHHS 3 MOIYJISIPHUMH
¢dpeliMBopkamu MammHHOTO HaByanHs. TPU v4 noctyn-
uuit gyepe3 Google Cloud TPU, mo poburs #oro qocTyt-
HUM JUTS pO3POOHUKIB Y BChOMY CBITi. 3a3HAa4a€THCS, 110
mwratdpopma Cloud TPU v4 B 1,2-1,7 pasu npoaykTHB-
Hima i Butpadae B 1,3-1,9 pa3u Menmie eHeprii, Hix 11a-
Thopmu Ha 6a3i NVIDIA A100 y cuctemax aHajoridu-
HOTO po3Mipy. Xod4a, IIOKM KOMIIaHisS HE TOpPiBHIOBaJa
TPU v4 3 6inbin HOoBUMHK npuckoproBauamu NVIDIA
H100 yepe3 ixHI0 00MEXKEHY TOCTYIHICT 1 4-HM apxire-
kTypH (mopiBHsiHO 3 7-HM y TPU v4) [21-22].

OTrxe, HEHpPOHHI Mepeki BOJOIIIOTh LIMPOKUM
CHEKTPOM MOXIIMBOCTEH Uil 3aCTOCYBaHHs B 3a/a4ax
JIarHOCTYBaHHs CTaHy BUPOOHHYHX MPOILECIB Ta CKIaj-
HUX TEXHIYHHX CMCTEM. IXHS 37aTHICTh O HaBYaHHI,
IIBHIKICTE 00poOKH iH(opMarlii, THy4KiCTh, aBTOMATH-
3allis, MOKJIMBICTh BUSIBIICHHS HESIBHUX HECIIPaBHOCTEH
Ta MPOTHO3YBaHHSA HECIPABHOCTEH POOIATH iX I[IHHUM
IHCTPYMEHTOM JUTA TiABUICHHS HaJIHHOCTI, OS3MeKH Ta
e(eKTHBHOCTI eKCIUTyartallii cucreM. BakiuBo 3a3Ha-
YHUTH, 10 HEWPOHHI MepeXi MOXXYTh BHUKOPHUCTOBYBa-
TUCS B KOMIUIEKC] 3 IHIIUMH METOJAMH Ta CHCTEMaMH
JIarHOCTYBaHHS, TaKUMH SK EKCIEPTHI CHCTEMH,
Gbi3ugHI MOJEI, CTATUCTHYHI METOJIH. Ix 3aCTOCYBaHHSI
JUISL TIarHOCTYBaHHSI CHCTEMH ITPOMHUCIIOBOTO TTiIIIPUEM-
CTBa MOJKE NPHU3BECTH JI0 3HAYHOT EKOHOMIYHOI BUTOJH,
TaKUX K 3HIDKCHHS BUTPAT Ha pEMOHT, IIPOCTOi Ta Opak,
a TaKOX JI0 Mi/IBUIIEHHS SIKOCTI MPOYKIIi] Ta KOHKYPEH-
TOCTIPOMO>KHOCTI ITi TIPUEMCTBA.

BucnoBku

@OyHKIIOHANIBHA CTIMKICTh € KPUTHYHUM (AKTO-
POM JUIsl YCHIIIHOTO BIPOBAJKEHHS TEXHOJIOTIH Y Mpo-
MHUCJIOBUX MiJNPUEMCTBAX. Y KOHTEKCTI MIBUIKOIO PO-
3BUTKY 1HIYyCTpii, MANPHEMCTBA Meiaji JacTilie BHKO-
PHUCTOBYIOTH TIEPEIOBI TEXHOIIOTI1, TaKi K HEUPOHHI Me-
peXi Ta IHIN METOAM IITYYHOTO IiHTENeKTy, IJI Oll-
TUMIi3alil BUPOOHHYMX TPOIECIB, KOHTPOIIO SKOCTI Ta
NPOTHO3YBaHHS TEXHIYHOro oOcimyroByBaHHs. OmHaK,
BHUCOKA 3aJIEXKHICTh Bl TaKUX TEXHOJIOTIH pPOOUTH

MUTAHHS IXHBOT HAJIMHOCTI 1 CTIMKOCTI 10 3001B HaA3BU-
YallHO aKTyaJbHUMHU.

@dyHKIioOHANBHA CTIHKICTh y MPOMHCIOBHX yMO-
BaX O3HAyae 3/1aTHICTb CUCTEM MiATPUMYBATH CBOIO ITPO-
JQYKTHBHICTB 1 TOUHICTH NPH 3MIHHUX POOOYMX yMOBax,
BIUIMB] 30BHINTHIX 30ypeHbh 1 MOXKJIMBHX alapaTHUX
BimMoBax. Lle BKIItO9ae CTIHKIiCTh 10 Hemepen0adyBaHUX
3MiH BXiJHHX JAaHWX, aJalNTHBHICTH O HOBHUX YMOB
eKCILTyaTallii, a TaKO 3IaTHICTh JIO0 IIBUIKOTO BiJHOB-
JIeHHs Ticis 3001B. Hemommiku B CTIHKOCTI CHCTEM MO-
KYTh TPH3BECTH OO0 3YNUHKH BUPOOHWYMX IIiHIH,
3HAYHUX (PIHAHCOBHMX BTpAaT Ta 3HIDKEHHS SKOCTI IPO-
JIYKII.

VY cyuyacHUX yMOBaXx Ay)K€ aKTUBHO PO3BHUBA€ETHCS
o0JiacTh HEHPOHAYKH, Jie BXKE MPE/ICTaBICHO Oararo pi3-
HUX METO/IB JUIsl BUPILICHHS pi3HUX iH(OpMaLiiiHO-TeX-
HOJIOTIYHUX TPOOIeM, cepea SKUX OJHMM 3 HalOLbII
e(eKTHBHUX € MITY9HI HEHpOHHI Mepexi. HeliponHi Me-
peXi MOXYyTh OyTH e(EeKTHBHHM iHCTPYMEHTOM, SKUH
JO3BOJIUTH CTBOPHUTH TIHOOKY i€papXil0 NPHAHATTS
pilleHb 3 BpaxyBaHHSIM pPEKOMEHIaliHd, OTPHUMaHHX 3
MOHITOPHHTY pOOOTH BHPOOHHYHUX IPOLECIB y CHCTEMI.
VY cTarTi pO3riISHYTO OCOOIUBOCTI OCHOBHHUX IMOJIOKCHb
TEeopii TyYHOTO IHTENIEKTY, a caMe HEHPOHHHUX MEpeK,
3 MOPIBHAJIBHUMH XapaKTEPUCTUKAMK araparHoi pe-
autizanii HeiipoMepex. BU3HaueHO CTPYKTYpH JiarHocTy-
BaHHA BHUPOOHMYMX MPOLECIB, OIUCAHO aITOPUTM
JIIarHOCTYBaHHsI CHCTEMH 3a JI0TIOMOT'010 HefpoaialThB-
HOi cuctemu. Jlns amapatHOi peamizamii HelpoMepexi
o0paHO HEWpoUim i3 BOYJOBaHNMH HETIHIHHUME Tepe-
TBOpeHHs MU, a came Google TPU v4, ockiTbKu y HBOTO
BHCOKHI KOEQIIiEHT MPOAYKTUBHOCTI, CHCTEMHE IIPO-
rpamHe 3a0esnedeHHs TPU v4 BinmoBigae 3a po3mosin
00YHCIIeHb, ONTUMI3AIlI0 Tepeaadi JaHWX Ta MOHITO-
PHHT cHCTeMHU Ta (peiiMBOPKM MAIIMHHOTO HaBYaHHS,
taki sk TensorFlow ta PyTorch, HanatoTs Habip omepa-
i 71 yIIPaBIIiHHS MEPEXEBUM B3a€MOJII€I0 BY3JIB CH-
CTEMH.

[MoganbuiuM MepcneKTUBHUM IUISXOM PO3BUTKY
poOOTH € 3aCTOCYBaHHS €KCIIEPTHUX CHUCTEM, SIKi JO3BO-
JSTh BAOCKOHAJIHMTH TPOLEC J[IarHOCTyBaHHS BHPOOHU-
YUX MPOIECiB, HAMAIOYHN IM OLIBIIOI THYYKOCTI Ta YHi-
BEPCAIBHOCTI.
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Ensuring functional sustainability of production processes of industrial enterprises
based on the neuroadaptive system

Yu. Olimpiyeva

Abstract. The article considers the problem of ensuring the functional stability of production processes of industrial en-
terprises based on neuroadaptive systems. In an industry where production processes are becoming increasingly complex and au-
tomated, the importance of reliable and sustainable control systems is growing. An analysis of modern approaches to the use of
neural networks for adaptive management of production processes is carried out, which allows to increase their efficiency and
reliability. Various methods of increasing functional stability are analyzed, including adaptive learning algorithms, regularization,
and error detection and correction techniques. Special attention is paid to the integration of neuroadaptive systems with existing
technologies and production lines, as well as their ability to quickly recover from failures and adapt to changing operating condi-
tions. Based on the analysis, a new algorithm for diagnosing the main neuroadaptive systems is proposed, which will contribute to
increasing the stability and reliability of production processes. When designing the hardware implementation of neural networks, such
characteristics as scalability, development cost, compatibility with past and future versions are taken into account. Therefore, among
existing neurochips, Google TPU v4 was chosen because it has a high performance factor and the system part of the software imple-
ments set of operations for managing the network interaction of system nodes. It is important to note that neural networks can be used
in combination with other diagnostic methods and systems, such as expert systems, physical models, statistical methods.

Keywords: functional stability, diagnostics, neural networks, neuroadaptive systems, algorithm, neurochips, production
process, industrial enterprises.
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UNLEASHING AUTONOMOUS FORCES:
INTEGRATING Al-DRIVEN DRONESIN MODERN MILITARY STRATEGY

Abstract. The impact of Artificial Intelligence (Al) on international security is unmistakable, as machines are now capable
of undertaking tasks traditionally reserved for human intelligence. This shift brings forth a myriad of challenges in
international security, affecting both conventional military capabilities and hybrid threats. Simultaneously, Al presents new
opportunities to address these challenges, influencing key aspects of collective defense, cooperative security systems and crisis
management. Given its profound implications for prosperity and security, effective management of Al requires collaborative
efforts. The scope of promise and peril associated with Al is vast, necessitating collective action to mitigate security risks and
leverage its potential to restructure operational processes, support missions, and streamline operations. This paper primarily
focuses on introducing drones equipped with artificial intelligence and autonomous learning capabilities, exploring their
applications in military contexts. It examines the potential for the independent use of Al-driven drones in both combat and
non-combat army operations. By leveraging GIS, C5IRS (Command, Control, Computers, Communications, Cyber-Defense,
Intelligence, Surveillance, and Reconnaissance), and Al, these drones provide a significant battlefield advantage by operating
autonomously and adapting to dynamic ground situations. In a battlespace where the amalgamation of human, information, and

physical components is crucial for strategic advantage, interoperability emerges as a vital factor.
Keywords: UAV, YOLOVS, Drone, GIS, Artificial Intelligence (AI), Security, C5IRS.

Introduction

Contemporary combat operations require the
deployment of sophisticated combat technologies to
effectively carry out assigned missions. Over the years,
there has been a substantial enhancement in combat
activities, with the application of scientific and
technological advancements significantly improving the
efficiency and effectiveness of contemporary military
units. The use of the most sophisticated combat means
is essential for the successful execution of modern
combat missions. To carry out these operations
effectively, state-of-the-art command and information
systems are required. The primary objective is to
collect, analyse, and visualize real-time battlefield data,
facilitating and expediting the decision-making process
for commanders (decision-makers) [1].

The utilization of unmanned aerial vehicles
(UAVs) or Unmanned Aircraft Systems (UAS) - with
their supporting equipment (for instance drop-off
mechanism, reflectors, speakers, thermal cameras,
streaming devices) is an integral component of
contemporary combat operations. Engagement in
military operations demands the adoption of cutting-
edge combat technologies to efficiently accomplish
designated  objectives. Given their  adaptable
applications and varied capabilities, such vehicles
provide a wide array of benefits to units equipped with
such combat gear. The integration of UAV into the
CSIRS framework enables the acquisition of real-time
imagery from the battlefield. This capability empowers

decision-makers to command forces efficiently and
promptly during operations. Various types of modern
unmanned aerial vehicles, ranging from commercial to
armed variants, are employed in present-day combat
operations.

The utilization of drones equipped with artificial
intelligence and streaming devices in military combat
operations represents an advanced technological
dimension that is transforming the way battles are led
and tactical strategies are executed. The integration of
artificial intelligence into drones enables them to
operate autonomously and swiftly analyze large
volumes of real-time data. This creates the capability to
make precise decisions on the battlefield, often within
seconds, significantly enhancing the reactivity and
efficiency of military forces.

The advantages of this technology range from
improved situational awareness and more precise
reconnaissance to the rapid identification of potential
threats and targets. The use of artificial intelligence
enables drones to recognize behavioral patterns,
differentiate between friendly and hostile units, and
even predict the moves of adversaries. This paper will
explore key aspects of integrating artificial intelligence
into drones for military purposes, analyze current
research, and consider the implications of this
technology on the future of warfare.

The purpose of the work is to present drones with
artificial intelligence, operating autonomously, used for
military and civilian purposes. The following tasks are
solved in the article:
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1) definition and classification of unmanned
aircraft and combat operations;

2) The YOLOVS approach for enhancing military
drone surveillance through Al software capabilities.

The following research methods are used:
comparison, abstraction, axiomatic, analysis, synthesis,
formalization and induction, modeling. The following
results were obtained: This paper introduces a real-time
vital detection system for Military Objects utilizing a
Convolutional Neural Network within the YOLOVS
(You Only Look Once) framework.

Conclusions: This obtained value and prediction
results there is compelling evidence to support the
effective utilization of the YOLOvVS algorithm for real-
time detection of Military Targets during drone
surveillance. The model demonstrates consistently high
confidence levels in recognizing Military Targets.
Moreover, its lightweight design and swift processing
capabilities make it highly deployable. Integrated
seamlessly with onboard surveillance cameras on
drones, this model ensures near-instantaneous
recognition with minimal latency, enhancing the
efficiency of military surveillance operations.
Furthermore, its adaptability allows for potential
integration with other defense systems, promising even
greater operational effectiveness.

Literaturereview

In the paper Bayramov et al. consider the issues of
detecting invisible enemy objects using GIS
technologies [2]. Bares conducts interoperability
modeling for the C4IRS system within a framework of
collective security [3]. Petrovski and Toshevski
demonstrate the utilization of GIS in geographic
reconnaissance and its integration with CS5IRS for
military objectives [4]. Jovi¢ investigates the tactical
deployment of drones in counter-terrorism operations
[5]. Petrovski et al. investigate the application of GIS in
conjunction with the CS5IRS system for military
geography [6]. Mili¢ et al. examine the potential
utilization of drones in urban operational environments
[7]. Adamski assesses the efficacy of UCAVs in
contemporary armed conflicts [8]. Znidarsi¢ et al.
present various types of drones and counter-drone
measures for integration into Serbian Army units [9].
Petrovski and Radovanovi¢ scrutinize the integration of
drones with the C5IRS system for military purposes
[10]. Hashimov and Huseynov provide a brief analysis
of the combat application and capabilities of some
unmanned aerial vehicles in the armies of developed
countries and the Azerbaijani Army [11]. Radovanovic
et al. examines the process of selecting UAVs for
military and police tactical units through the fuzzy AHP
- VIKOR model of multicriteria decision making [12].
Ili¢ and Tomasevi¢ analyze the ramifications of the
Nagorno-Karabakh conflict on perceptions of combat
drones [13]. Radovanovic et al. explore the feasibility of
incorporating drones into mortar units to enhance fire
support efficiency through collaborative integration
with the C4IRS system [14]. Ciolponea analyzes the
integration of unmanned aerial vehicle systems into
current combat operations [15]. Szulc analyzes the

possibility of using unmanned combat vehicles in
tactical actions in mountainous terrain [16]. Zaher
analyses drones and their role in the evolution of
warfare generation [17]. Hashimov et al. devoted his
research to the use of GIS and photogrammetric
technologies in military affairs, determining the
coordinates of the desired target, drawing up an
orthophoto map of the area for operational decision-
making and other actions, constructing a detailed 3-
dimensional model of the area for organizing future
operational actions [18]. Li et al. presents an algorithm
for glove detection based on improved YOLOv8 [19].
Roy and Bahaduri shows DenseSPH-YOLOvVS5: An
automated damage detection model based on DenseNet
and  Swin-Transformer prediction head-enabled
YOLOVS5 with attention mechanism [20]. In their study,
Duan et al. aims to enhance the speed and accuracy of
YOLOvS8 algorithm detection by combining its
lightweight features with ShuffleNetV2, proposing a
simple closure detection method based on ShuffleNetV2
and YOLOVS8 [21]. Wang et al. explore automatic crack
identification on roads using an improved YOLOVS
approach [22]. Sun et al. apply an enhanced YOLOVS8
model for pest detection in agriculture within a complex
environment [23]. Wu et al. utilize an enhanced
YOLOv8 model for overhead power line damage
detection [24]. Wen et al. shows the improved YOLOvV8
algorithm based on EMSPConv and SPE-head modules
[25]. Niu et al. present an improved YOLOv8 model for
application in agriculture [26]. Fazekas explores the
potential use of artificial intelligence tools for
application in military operations [27]. Kania explores
Chinese military innovations in the artificial intelligence
revolution [28]. Morgan et al. analyze the military
application of artificial intelligence [29]. Walsh et al.
showcase geospatial-temporal visualizations for military
operations [30]. Bhagat examines the use of artificial
intelligence in offensive and defensive military
operations [31]. Castro et al. illustrate the use of
artificial intelligence in military logistics support
operations and its application in Logistics 4.0 [32]. Lee
et al. investigates the shift towards intelligent drones
with minimal human dependence, showcasing the
necessary technological advancements [33]. Shah et al.
examines the utilization of artificially intelligent drones
in smart city environments [34]. Pomortseva et al.
illustrate the specifics of attracting additional resources
during the conduct of military operations in modern
conditions using the latest technologies and geographic
information systems [35].

1 Definition and classification
of unmanned aerial vehicles

Until now, there hasn't been a universally accepted
definition of unmanned aerial vehicles (UAVs), nor a
standardized classification. The European Association
of Unmanned Vehicle Systems (EUROUVS) has
endeavored to tackle this issue by establishing
classifications rooted in factors such as purpose,
duration, flight altitude, dimensions, speed, signal
range, Maximum Takeoff Weight (MTOW), and more
[36].
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In terms of control and management models,
UAVs are categorized into autonomous systems, self-
control systems, radar or radio beam control systems,
telecommand control systems, and combined systems
(autonomous and non-autonomous). The US
Department of Defense has classified UAVs into five
distinct categories, as illustrated in Table 1 [36].

Another classification system, originating from
Europe, is presented in Table 2. This system appears to

alternate its criteria between size categories (Nano,
Micro, Mini), range (Close, Short, Medium), and altitude
and endurance. A significant differentiation in the
European system is observed at the threshold of 150kg
(approximately 330 Ibs.). Remarkably, the European
agency overseeing aircraft certification exempts
unmanned aircraft systems below this weight from their
standard certification requirements, leaving airworthiness
standards to be managed by individual nations [37-39].

Table 1 — Categorization of unmanned aerial vehicles as outlined by the US Department of Defense[37]

Maximum Normal
oohS  Weight (Ibs) Operating ?"2::)" Representative UAS
s (MGTOW)  Altitude (ft)

Raven (RQ-11),

WASP
Group 2 21-55 <3500 AGL ScanEagle

< 250

Shadow (RQ-7B),

il ke Tier Il / STUAS
< FL 180

Fire Scout (MQ-8B. RQ-8B).
Group 4 Predator (MQ-1A/B),

Sky Warrior ERMP (MQ-1C)

Any
>1320 Airspeed

Reaper (MQ-9A),
Group 5 > FL 180 Global Hawk (RQ-4),

BAMS (RQ-4N)

Table 2 — European UAS Classification System
UAS Categories Acronym Range Flight Altitude Endurance | MTOW Cmnw
ng
(km) | (m) (hours) (kg)
a 0 i <1 100 <1 <n,025 yes
Micro u (Micro) < 10 250 1 <5 yes
Mini Mini < 10 150° to 300 * <2 < 30 (150%) yes
Close Range CR 1010 30 3.000 204 150 yes
Short Range SR 30t 70 3.000 3t06 200 yes
Medium Range MR 70 to 200 5.000 6to 10 1.250 yés
Medium Range Endurance MRE > 500 8.000 10to 18 1.250 yes
Low Altitude Deap Penetration LADP > 250 50 to 9.000 05101 350 yes
Low Altitude Long Endurance LALE > 500 3.000 >24 <30 yes
Medium Altitude Long Enduranca | MALE > 500 14.000 2410 48 1.500 yes
High Altitlude Long Endurance | HALE | > 2000 20.000 |24 10 48 | 4500¢)12.000] yes
Special Purpose
Unmanned Combal Aerlal Vehicie | UCAV approx. 1500 | 10.000 approx. 2 10.000 yes
Lethal LETH 300 4.000 304 250 yes
Decoy DEC 0 to 500 5.000 <4 250 yes
Stratospheric STRATO > 2000 »>20.000 & <30.000 |>48 T80 no
Exo-stratospheric EXO 18D > 30.000 TBD TBD no
Space SPACE 80| 8D 18D 18D no
18D = To Be Defined  * = according 10 national legisiation  ° = in Japan © = Pradator B

According to the maximum take-off mass, ISO
standard characterized even six classes [40]:

I (0 <mass <0,25),

IT (0,25 <mass <0,9),

IIT (0,9 < mass < 4),

IV (4 <mass <25),

V (25 < mass < 150),

VI (150 < mass).

It is also worth mentioning that NATO adopted
their own classification in which distinguishes 3 classes
(Fig. 1) [41,42]:

I(< 150 kg), IT (150 kg - 600 kg), I1I (> 600 kg).
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Normal
Operating
Altitude

Normal | Primary
Mission | Supported
Radius |C

Normal
Employment

Example

Class Category Platform

'HALE | ‘ MSL. ( )
Operationall | Up to 45,000 ft | Unlimited
MALE Theatre MSL (BLOS) I gon
Class I Tectial Tactical Upto 18,000t | 200km | Division,
(;gg :g,‘ cal Formation AGL (LOS) | Brigade
Tactical Sub-unit| ;0 o 3000t | Upto25 | COMPanY, N
Tactical Sub-unit
Micro ** Upto200ft | Upto5 | Platoon,
(<66 J) "“”’}.";:‘z{')'“’"" AGL km(LOS)| Squad [Black Widow

Fig. 1. NATO UAS classification
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\ ,

CONSTRUCTION

CHARACHERISTIC SLASS

Petrovski and Radovanovi¢ offer a detailed
exploration of the definitions and classification of
"drone" and "UAV" (depicted in Fig. 2)[10].

UAV encompasses motorized devices controlled
remotely or possessing varying degrees of autonomy.
Control typically involves communication software,
often integrating artificial intelligence and diverse
sensors. UAVs serve diverse purposes, from carrying
cargo and transmitting real-time data to functioning as
WiFi stations. They vary in purpose, construction,
environment of wuse, and energy source. UAV
applications span numerous fields including defense,
security, agriculture, construction, communication,

science, and more.
The term "drone" is broader than "unmanned aerial
vehicle," encompassing all UAVs but not vice versa

[10].

AIR DRONES

- UAVS
* Hell - wing: HTOL VIOL Tt - rotor; Tilt - wieg: Tit -
body; Ducted fan; Helicopter; Uncoventional

* WUAVS
* HTOU VIOL: Tt - rotor; THE - wing: TIR - body;
Cyclocopter; Flapping wing

o « MAVs

* VTOL Tt - rotor; THt - wing: Tilt - body; Ducted fan;

Rotary wing.
Bio MAV; Fized wing | lapping wing
* NAvs
* Melicopter; Uncoventional; Fixed wing Flapping
wing: Bio NAV; Monocopter; Quadrotor; Hexacopter
* PAVS
* Happing wing; Bio PAV, Monocopter; Quaadrotos,
Mexacopter

Fig. 2. NATO UAS classification

The categorization of unmanned aerial vehicles
(UAVs) implies that their attributes are typically
determined by their intended purpose. Analyzing the
tactical and technical features of UAVs is essential to
assess their suitability for deployment in modern
combat operations.

Military utilization of UAVs can be classified into
three primary categories: naval, land, and aerial
deployment. On the civilian front, UAVs have diverse
applications spanning numerous domains, such as
geodesy (photogrammetry), agriculture, industrial
production, civil protection, disaster management,
surveillance of critical infrastructure, environmental

protection, police surveillance, search and rescue
operations, intelligence and security  services,
journalism, commercial activities, and recreational
pursuits. Additionally, their versatility and adaptability
continue to drive innovation and expand their utility in
various fields [43].

2 Combat operations

Land-based military operations form is the bedrock
of overall military endeavor, as almost all capabilities,
regardless of their deployment in other domains, are
fundamentally rooted in or overseen from land. While
specific domains may take precedence in certain
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situations, resolutions to conflicts typically unfold on
land because of its importance as a place where people
live, where political decisions are made, and where
national power is located. Military forces achieve their
objectives through the execution of operations, defined
as a series of tactical actions with a common purpose or
central theme. Operations vary in several dimensions
and encompass different physical environments such as
urban, subterranean, desert, jungle, mountain, maritime,
and arctic environments. There is also variability in the
scale of forces deployed and the duration of operations.
Operations bring about changes in the physical,
informational, and human dimensions of the operational
environment.

Also important are technologies and devices that
increase situational awareness and support decision
making by providing live images from the battlefield,
such as the Mobile Command Centre (Fig. 3) or Tactical
Command Case that enable video transmission from
several drones to any location, two-way radio
communication between commander and pilot, and the
creation of a secure wireless WiFi network [43, 44].
Although designed for civilian use and emergency
services, they can be successfully used for military
purposes, just as civilian commercial-off-the-shelf drones
(COTS) were use in the Ukrainian-Russian war [45].

- AN

Fig. 3. Example of Mobile Command Centre

The complexity of the operational environment
requires leaders who understand both the scientific and
artistic aspects of operations. A comprehension of the
scientific facets, including combat power ratios,
weapons ranges, and movement tables, aids leaders in
enhancing synchronization and mitigate risk. However,
uncertainty persists, and leaders must employ
operational art to make decisions and embrace risk.
Intangible elements like the influence of leadership on
morale, leveraging shock effect against enemy forces,
and gaining the support from populations are inherently
human factors that can overcome physical challenges
and frequently determine the outcomes of an operation.
Army forces face a wide range of challenges,
contributing to national objectives across various
operational categories, such as large-scale combat
operations, limited contingency operations, crisis
response, and support to security cooperation.

Armed conflicts are typically characterized by
major combat operations that demand intense combat
activities and significant logistical resources. These
major operations often involve large-scale maneuvers
conducted by complex joint forces organized and
commanded as functional components. The primary

focus is on preserving freedom of action for one's own
forces while denying the same to the adversary. Combat
operations  involve  conventional  force-on-force
engagements of varying scale, frequency, and intensity
between opposing armed forces. The armed forces of a
state act to implement the state's national policy and
assert dominance over other instruments of power.
Combat operations comprise a series of battles and
major engagements, leading to intense activity and high
logistic consumption. The tempo of activities is usually
rapid, requiring the prioritization of resources and the
generation of additional combat power. These
operations often involve large-scale manoeuvres by
complex and multifaceted Joint Task Forces, organized
and commanded as functional components [41].

Combat operations refer to military actions that
involve direct engagement with enemy forces in a
physical confrontation. These operations are a subset of
military activities and focus on achieving specific
tactical the use of force. Here are key elements related
to combat operations:

Direct Engagement: Combat operations involve
direct and deliberate engagement with enemy forces.
This may include infantry clashes, armored warfare,
artillery bombardment, and other forms of direct
confrontation.

Tactical Objectives: The primary purpose of
combat operations is to achieve immediate and specific
tactical objectives on the battlefield. These objectives
could include seizing key terrain, neutralizing enemy
positions, or disrupting enemy movements.

Fire and Maneuver: Fire and maneuver tactics
are fundamental to combat operations. This involves
using firepower to suppress or destroy enemy positions
while maneuvering troops to gain a positional
advantage.

Close Combat: Combat operations often involve
close combat, where opposing forces engage each other
at close range. This may occur in urban environments,
open terrain, or other battlefield conditions.

Strategic Context: While combat operations are
tactical in nature, they are conducted within the broader
context of a strategic plan. Tactical victories contribute
to achieving overall strategic goals in a conflict.

Dynamic and Fluid: Combat situations are
dynamic and fluid, requiring commanders to make rapid
decisions based on real-time information. The ability to
adapt to changing circumstances is critical for success.

Combined Arms: Successful combat operations
often involve the coordinated use of combined arms,
including infantry, armor, artillery, and air support. The
synergy of these elements enhances the effectiveness of
military forces.

Risk and Uncertainty: Combat operations
inherently involve risk and uncertainty. Commanders
must make decisions with incomplete information and
navigate through fog of war.

Casualties and Medical Support: Combat
operations can result in casualties, and medical support
is a critical component. The evacuation and treatment of
casualties contribute to the overall effectiveness of the
force.
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Conclusion and Follow-Up:

Combat operations conclude with an assessment of
achieved objectives and may be followed by the
consolidation of gains, preparation for subsequent
operations, or other strategic actions.

In summary, combat operations are intense, direct
engagements with enemy forces, focused on achieving
specific tactical goals within the broader context of a
military campaign.

3 Utilizing Al-Enhanced Drones
in Military Combat Operations

Unmanned  aerial  vehicles (UAVs) have
significantly ~bolstered global military capacities,
catalysing revolutionary shifts in military tactics. The
utilization of military drones has profound implications
for land forces and legal considerations, in the area of
command and control. Drones play a pivotal role in
relaying vital information about by providing intelligence
on enemy movements, positions, and key targets,
commanders are enabled to operate with greater
efficiency and make well-informed decisions in the field.
While drone technology is relatively new in the military
domain, rapid advancements have been made by
integrating drones with artificial intelligence. Companies
like Shield.Al, AeroVironment, and Lockheed Martin
exemplify how defense contractors utilize computer
vision technology and image recognition to tackle
military challenges while maintaining... jeopardizing
human lives. Shield Al's drone, for instance, boasts the
capability to navigate unfamiliar terrain without relying
on GNSS tracking. This class of UAV empowers military
units with rapid data collection capabilities, elevating
their agility and situational awareness in tactical
reconnaissance, tracking, combat assessment, and
cartographic missions. Furthermore, drones afford
operators the liberty to make decisions autonomously,
alleviating concerns regarding potential rear ambushes.
With their versatile functionalities, UAVs play a pivotal
role in modern warfare, ensuring swift and effective
responses to dynamic battlefield scenarios.

The integration of Al into drones involves a
combination of physical components, machine vision,
and navigational instruments. Training the artificial
intelligence behind the drone involves a supervised
learning process, a task considered more challenging than
it may seem. From my perspective, combat drone
technology emerges as among the most potent and
effective tools ever created for intermediate and close
combat situations. Its precision strikes and real-time
reconnaissance capabilities redefine battlefield strategies,
granting military forces unparalleled tactical advantages.
Additionally, the continuous advancements in drone
technology promise further enhancements in combat
effectiveness and mission success rates, cementing their
position as indispensable assets in modern warfare.

Recognizing the strategic importance of countering
small drones, the Army emphasizes machine learning
and Al as pivotal technologies in neutralizing opposing
systems. Swarms of drones, capable of simultaneous
multi-directional attacks, pose the potential to
overwhelm human defenders. Initially designed for anti-

insurgency and defense, drones have demonstrated
immense value in such contexts. The aerospace and
defense industry is now actively integrating drone
technology into various global military programs,
offering diverse benefits and advantages across different
roles.

Military drones have revolutionized warfare by
operating on land, soaring through the skies, and
navigating underwater. Evolving over more than fifty
years, drones have become key artificial intelligence
weapons seamlessly integrated into military forces
worldwide. Consequently, armed forces increasingly
turn to drones to enhance their capabilities in combat
and surveillance.

The benefits of autonomous weapons systems serve
as force multipliers, reducing the personnel required for a
mission while amplifying the effectiveness of each
individual. Advocates also attribute autonomous weapons
systems with expanding the operational scope of the
battlefield, facilitating engagement in remote or otherwise
inaccessible regions. Moreover, these systems offer the
potential to minimize casualties by eliminating the need
for human intervention in hazardous missions.
Additionally, the integration of artificial intelligence
enables swift adaptation to dynamic combat scenarios,
further enhancing operational efficiency and mission
success rates.

4 Transforming Military Drone Surveillance:
Harnessing YOLOv8 and Al Software
Capabilities

This paper looks at the integration of real-world
models into either drones or the Al software powering
them (Fig. 4). The focus is on various military drones
and UAVs equipped with Al capabilities. Al plays a
crucial role in multiple use cases within drone
technology, especially in the military context where it is
often used to enable autonomous flight through machine
vision. It should be noted that although COTS drones
have object recognition capabilities (e.g. Active Track
in Autels and in DJIs), the algorithms do not identify
whether the visible objects are vehicles or people, nor
whether they are military vehicles or soldiers.
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4.1 Advanced Military Drone Surveillance Utilizing
the YOLOv8 Method

The outlined framework is designed to identify
objects of significant military relevance using images
extracted from the live feed from military surveillance
drones. Subsequent actions will be contingent upon the
acquired outcome. Fig. 5 provides a concise overview of
the proposed methodology in this article.
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Surveillance Camera

Military Drone

Image
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Fig. 5. Methodology Overview

Initially, a comprehensive Database of Vital
Military Objects is established by aggregating verified
images sourced from diverse online and local
repositories. These images encompass crucial
surveillance items such as weapons, bunkers, military
structures, vehicles, tanks, and artillery pieces.
Subsequently, the YOLOvVS model undergoes rigorous
training and evaluation using this extensive dataset,
ensuring robust performance in real-world scenarios.

To facilitate real-time surveillance, a Surveillance
Camera is seamlessly integrated onto a military drone,
forming a crucial component of the System Model. This
camera transmits live video feeds through the system
model, enabling instantaneous data  processing.
Moreover, sophisticated image filtering algorithms are
applied to enhance image clarity and stability, ensuring
reliable performance even in adverse weather conditions.

The processed video feed is then presented on the
Real-Time Monitoring Interface, providing instant
insights into detected vital military objects. Alarms are
triggered to alert operators upon the identification of
such objects, enhancing situational awareness and
enabling prompt decision-making. Instances of false
positives and undetected objects identified by human
operators are meticulously logged and transmitted to the
consolidated Vital Objects Database for further analysis
and system refinement.

In essence, this paper introduces a cutting-edge
real-time system for the detection of vital military
objects, leveraging state-of-the-art Convolutional

Neural Network technology within the YOLOVS
framework. Key contributions of this innovative
approach include its seamless integration onto existing
surveillance drones, high-precision detection
capabilities over considerable distances, and utilization
of open-source development software. Additionally, the
establishment of a comprehensive dataset for vital
military objects, along with its support for military
decision-makers in tracking and identifying such
objects, underscores its significance in modern warfare.

The development of a real-time system for
detecting vital military objects represents a significant
advancement in military surveillance technology. By
leveraging the power of Convolutional Neural Networks
within the YOLOvV8 framework, this approach enables
seamless integration onto existing surveillance drones
and ensures high-precision detection capabilities over
vast distances. The establishment of a comprehensive
database of vital military objects, coupled with its
support for decision-makers in tracking and identifying
such objects, underscores its pivotal role in enhancing
situational awareness and enabling prompt response in
dynamic battlefield scenarios. Moreover, the utilization
of open-source development software underscores its
accessibility and potential for widespread adoption
across military contexts. Moving forward, continued
refinement and enhancement of this system hold the
promise of further strengthening military capabilities
and safeguarding national security interests.

4.2 Advancing Military Surveillance: YOLOv8-Based
Detection of Vital Objects

YOLO is built on Convolutional Neural Network
(CNN) and serves as a highly efficient end-to-end object
detection algorithm [46]. Continuous enhancements
have positioned it as a top performer on two official
object detection datasets: Pascal VOC (Visual Object
Classes) [47] and Microsoft COCO (Common Objects
in Context) [48].

The network architecture of Yolov8 is depicted in
Fig. 6. Several factors contribute to the selection of
Yolov8 as the primary method for training the system
model. First and foremost, Yolov8 integrates Cross Stage
Partial Network (CSPNet) [49] into Darknet, forming
CSPDarknet as its backbone. CSPNet addresses issues
related to repeated gradient information in large-scale
backbones by incorporating gradient changes into the
feature map. This leads to a reduction in model
parameters and FLOPS (Floating-Point Operations Per
Second), balancing inference speed and accuracy while
also minimizing the model size. In military surveillance
operations, the speed and accuracy of detection are
paramount, and a compact model size significantly
enhances inference efficiency on edge devices with
limited resources. Additionally, the streamlined model
architecture contributes to improved real-time processing
capabilities, enabling swift and precise identification of
vital military objects in dynamic environments.

Secondly, Yolov8 implements the Path
Aggregation Network (PANet) [50, 51] as its neck to
enhance information flow. PANet adopts a novel
Feature Pyramid Network (FPN) structure with an
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improved bottom-up path, enhancing the propagation of
low-level features. Simultaneously, adaptive feature
pooling, linking the feature grid and all feature levels,
facilitates the direct propagation of useful information
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Fig. 6. Network Architecture of Yolov8: Backbone (CSPDarknet), Neck (PANet), and Head (Yolo Layer) [52]

Thirdly, the head of Yolov8, namely the Yolo
layer, generates feature maps of three different sizes
(18 x 18, 36 x 36, 72 x 72) to achieve multi-scale
prediction [51]. This capability allows the model to
efficiently detect objects of various sizes, ranging from
small to large. Moreover, its adaptive nature ensures
robust performance across diverse environmental
conditions and operational scenarios, further enhancing
its utility in military surveillance missions.

In the YOLO method, the input images undergo a
single pass through the neural network, predicting the
detected objects in the image (Fig.7). The process
involves dividing the input image into various grids
based on a predefined grid size. Subsequently, the
algorithm predicts the probability of the desired object
in each grid. This approach enables the prediction of all
classes and the bounding boxes of objects in the image
in a single run of the algorithm [53].

The proposed solution, utilizing pre-trained
YOLOVS, boasts exceptional lightweight design and
rapidity in identifying vital military objects.
Maintaining both high accuracy and a swift frame rate
(fps) is imperative for effective real-time surveillance
and data collection in military operations. Moreover, the

adaptability of the YOLOv8 model ensures robust
performance across diverse environmental conditions,
further enhancing its suitability for critical military
applications.

Fig. 7. Overview of Military Vehicles Recognizable with Pre-
Input Images in Drone Databases
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To better understand the process, we divide and
analyses it step by step [54]:

Grid-Based Approach:

— YOLOVS divides the input image into a grid of
cells.

— Each cell is responsible for making predictions
within its boundaries.

— This grid-based approach ensures efficient
processing and simplifies object localization.

Predictionsin Each Céll:

— For every cell, YOLOv8 predicts:

— Bounding Boxes: These represent the
coordinates (x, y, width, height) of detected objects.

— Class Probabilities: The likelihood that an
object belongs to a specific class (e.g., car, person, dog).

— These predictions are made independently for
each cell, allowing parallel computation.

Anchor Boxes:

— YOLOVS introduces anchor boxes to refine
localization.

— Each anchor box corresponds to a specific
aspect ratio and scale.

— The predicted bounding boxes are adjusted
based on anchor box properties.

Feature Extraction Backbone:

— YOLOvVS8 employs a neural network backbone
(often based on Darknet or CSPDarknet).

— This backbone extracts high-level features from
the input image.

— These
predictions.

Loss Function: Guiding Training:

— During training, YOLOvVS optimizes a loss
function.

— The loss considers both localization (bounding
box accuracy) and classification (class probabilities).

— It guides the model to learn from mistakes and
improve predictions.

Non-Maximum Suppression (NMS):

— After predictions, YOLOVS applies NMS.

— NMS removes duplicate or overlapping
bounding boxes.

— Only the most confident bounding box for each
object remains.

Inference: Real-Time Detection (Fig. 8):

— During inference, YOLOV8 processes an
image.

— The final output includes bounding boxes and
associated class labels.

In summary, YOLOV8 is a highly efficient
algorithm that incorporates image classification,
Anchor-Free object  detection, and instance
segmentation. Its detection component incorporates
numerous state-of-the-art YOLO algorithms to achieve
new levels of performance.

features are crucial for accurate

4.3 Training Process and Dataset Overview
Jor Model Development

For model training, validation, and evaluation
purposes, a tailored dataset was meticulously curated.
This finalized dataset includes around 10,000 images
depicting military trucks and tanks, sourced from diverse

repositories such as publicly available datasets, Google
Images, and local archives, as detailed in Table 3.
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Fig. 8. Inference process implemented in MMYOLO

4.4 Training Process and Dataset Overview
for Model Development

For model training, validation, and evaluation
purposes, a tailored dataset was meticulously curated.
This finalized dataset includes around 10,000 images
depicting military trucks and tanks, sourced from diverse
repositories such as publicly available datasets, Google
Images, and local archives, as detailed in Table 3.

Tabl. 3 — Image Distribution in the Dataset

Dataset type Size & Type Source
- Military Vehicles -
APC, T;?lll(sl,(i\/hhtary 6772 images Mendeley Data
Collection [55]
Military Tanks | 1078 images Military Tf\g(l;]s ~ Kaggle
Moving and Stationary

Military Artillery,
Tanks, MRL Systems,| 1000 images
Trucks

Target Acquisition and
Recognition (MSTAR)
Dataset [57]

Command posts & fire

stations, Artillery, |20 videos & Indicenous Sources
Stationary Military |2000 images &
Equipment

The images encompass a wide range of scenarios
involving military targets across diverse terrains,
including day and night settings, forests, deserts, and
urban environments, as depicted in Fig. 9. Despite this
diversity, the dataset exhibits limitations. To overcome
these constraints, several videos featuring various
military targets in different conditions, such as size,
shape, and color, were incorporated.
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Fig. 9. Unified Dataset Training Process: Annotating Military
Targets by Class (Tanks, APCs, Artillery, MRL Systems)

To prepare the dataset for training with YOLOVS,
labels and bounding boxes were meticulously assigned to
each image, with the coordinates of annotating boxes
normalized between 0 and 1. This annotation process was
facilitated by Roboflow [58], ensuring efficient data
labeling in the desired format. Additionally, the dataset was
thoughtfully divided into training, validation, and testing
sets, maintaining balance across categories to prevent

increasing its ability to handle complex scenes, and image
scaling including resizing images to different dimensions,
allowing the model to learn from variations in object sizes.,
were applied. Hyperparameters that were fine-tuned,
including SGD optimizer used for updating model
parameters during training, 0.01 learning rate which is the
step size which the model's weights are updated during
training., 0.0005 weight decay as a regularization term that
helps prevent overfitting by penalizing large weights, and
finally, 600 epochs as the number of times the entire
dataset was processed by the model during training, on
batch size 32 as the number of training examples used in
each iteration of a training epoch.

5 Resultsand Analysis

To evaluate the effectiveness of the proposed
system, the trained model was tested across diverse
environments, such as forests, mountains, and open
fields. Results were obtained using a confidence
threshold of 0.4, indicating that predictions with a
confidence score below this threshold were excluded
from consideration during model evaluation were likely
filtered out. A confidence threshold acts as a cutoff,
ensuring that only predictions with a certain level of
confidence are considered. Initially, when applied to the
handpicked test data from the unified dataset, we
achieved an average of 0.922 mAP@0.5. This metric,
ranging from O to 1, indicates the model's accuracy in
correctly identifying and localizing military targets in
images. An mAP@0.5 score of 0.922 suggests a high
level of precision in the predictions, considering a 50%
IoU overlap threshold. In essence, the model exhibits
robustness and effectiveness in its ability to recognize
military targets with a notable degree of accuracy.

Furthermore, the displayed confusion matrix in
Fig. 10 indicates that the model can label most of the
data quite accurately and with high precision when it
comes to depicting classes of Military Targets, it does
not overlap them with each other which ensures proper
and accurate target recognition.

model bias. During the model training phase,
fine-tuning of the YOLOvV8 model, initially
pre-trained on the COCO dataset, was
conducted using transfer learning on the
unified dataset. To clarify further, the training
process involved utilizing pre-trained weights
from a model that was trained on a large and
diverse dataset. Transfer learning helps
leverage the knowledge gained from the
initial training, which is beneficial when
working with limited labeled data.

Various augmentation processes, such
as HSV  (Hue, Saturation, Value)
augmentation adjusting the color space
parameters to make the model invariant to
changes in lighting conditions., color spacing
including transforming images between
different color spaces, which helps the model
handle variations in how colors are
represented., mosaic combining multiple

tank

APC

Predicted

artillery  rocket launcher

packground FN

-02

tank APC

rocket launcher
True

arullery background FP

images into a single mosaic image, providing
the model with diverse contexts and

Fig. 10. Confusion Matrix of the model
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Additionally, Fig. 11 shows that the model can
accurately confirm the presence of a Military Target in
the image.

The obtained value and prediction results depicted
in the performance graphs in Fig. 12 demonstrate a
significant potential to use the YOLOVS algorithm for

real-time detection of Military Targets during drone
surveillance.

The confidence value of the Military Targets
recognized by the model is notably high. Furthermore,
the performance of the proposed model applied to
validation data can be observed in Fig. 8.

a 0
Fig. 11. Predicted Output Examples
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Fig. 12. Graphs illustrating Model Training and Validation Results

Box Accuracy refers to how accurately the model
is able to predict the bounding boxes around objects in
the images. High box accuracy shown in Fig. 12 means
that the predicted bounding boxes closely match the
actual positions of the objects in the test data.
Objectness measures how well the model distinguishes
between object and non-object regions in an image. A
high objectness score as shown in Fig. 12 indicates that
the model is effective at identifying regions containing
relevant objects. Classification Accuracy assesses how
accurately the model classifies the detected objects. As
shown in Fig. 12, high classification accuracy means
that the model correctly assigns the appropriate class
labels to the recognized objects, such as different types
of military targets. Precision as the ratio of true positive
predictions to the total number of positive predictions
made by the model. A high precision as shown in

Fig. 12 indicates that the model is making accurate
positive predictions, minimizing false positives. Recall
or sensitivity, is the ratio of true positive predictions to
the total number of actual positive instances in the
dataset. High recall as shown in Fig. 12 means that the
model is adept at capturing a significant portion of the
positive instances in the data, minimizing false
negatives.

Having all these metrics at very high levels
collectively suggests that the model is well-optimized,
demonstrating strong performance in accurately
detecting, localizing, and classifying military targets.

The model is lightweight and sufficiently fast for
deployment. It can be integrated with built-in capturing
tools, such as Surveillance Cameras mounted on COTS
drones, to predict recognition in almost real-time with
minimal delays.
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In contrast to this, the results may vary depending
on the image quality, therefore, another challenge to get
the desired results from this model is to secure a constat
good image quality feed. In the operational environment
this can be a challenging task, and depends on multiple
factors, but mostly weather conditions. The first step in
mitigating those issues would be manually fine-tuning
YOLOVS8 on datasets specifically captured in rainy or
foggy scenarios to improve its robustness. However,
that focuses on the model itself rather than image feed
quality, and it overall may bring better detection results,
it will not eliminate the problem completely.
Furthermore, image feed quality needs to be filtered
properly before getting to the model, so the model can
perform at its highest capacity and achieve the results
which are presented in this study. To effectively
mitigate weather conditions impact on the image feed
several algorithms can be employed, depending on the
severity and the impact of negative factors. First and
foremost, is image dehazing. According to recent
studies, Dehazing algorithms can be utilized to mitigate
the impacts of fog and haze on the image feed up to
certain heights and those algorithms include; Dark
Channel Prior (DCP), Color Attenuation Prior (CAP),
and Fast Guided Filter Dehazing [59].

Alongside fog and haze, rain streaks can
significantly degrade image quaility, therefore, motion
compensation, temporal filtering, and deep learning-
based rain removal networks can be utilized to
mitigate its effects to a certain extent

Additionally, other image processing algorithms
and tools may be utilized to improve the overall image
quality. Contrast enchantment techniques like
histogram equalization or adaptive contrast stretching
can make objects more distinguishable for the pre
trained YOLOVS detection model. Gamma Correction
can also be utilized to improve brightness and overall
image quality, furthermore it can compensate for
variations caused by weather conditions. Alongside
with that, denoising filters (e.g., Gaussian, median)
can be used to reduce noise caused by raindrops or
fog. White Balance Correction can be used to adjust
color balance to compensate for color shifts due to
weather conditions, while proper white balance
ensures accurate color representation [60].

With successful employment  of  the
beforementioned algorithms and solutions, camera
feed from the drone to the YOLOv8 model can be
brought to a decent enough level so that even in
negative operating conditions the model can perform
on its highest levels.

Conclusion

The evolution of military capabilities has been
closely linked to the relentless integration of advanced
technologies into modern combat operations. Advances
in science and technology have ushered in a new era,
significantly enhancing the efficiency and effectiveness
of military units. This transformation is particularly
evident in the utilization of unmanned aerial vehicles
(UAVs) equipped with artificial intelligence (AI) and
advanced technical instruments within the CS5IRS

system. The integration of UAVs into the C5IRS system
represents a quantum leap in increasing the operational
efficiency of military units engaged in combat. The
versatility of these vehicles, equipped with high-
resolution cameras, infrared and thermal cameras,
microphones, various sensors, guided and non-guided
missiles, and other accessories, provides a
comprehensive solution for real-time battlefield
information. This capability not only facilitates the
destruction of targets without risking human lives but
also ensures the swift transmission of critical data to
central command centers.

The wide range of applications for UAVs extends
beyond combat scenarios, encompassing humanitarian
efforts such as the delivery of medical supplies and
essential equipment to operational areas. Despite the
undeniable advantages, it is crucial to acknowledge the
potential shortcomings of the proposed model. The risk
of misidentifying non-military objects as actual targets,
particularly at long range and with poor imagery is a
significant challenge. Addressing these issues requires
sustained efforts, including longer training times,
expansive datasets, and improvements in accuracy to
minimize false positives.

Looking ahead, the integration of modern C6ISR
systems with existing combat frameworks emerges as a
focal point for future research. This seamless integration
holds the promise of optimizing military operations
across diverse scenarios, aligning with the dynamic
nature of modern warfare. The imperative for ongoing
refinement and adaptation of these systems underscores
the commitment to maintaining strategic advantages on
the contemporary battlefield. The comprehensive
literature review provides insights into the diverse
applications of UAVs in military operations.
Researchers have explored the possibilities of using
drones in wurban environments, protecting and
monitoring of land security zones, effectiveness in
modern armed conflicts, combat use in counter-
terrorism operations, and integration with CS5IRS
systems for military needs. These studies collectively
contribute to the growing body of knowledge on the
subject, addressing challenges and proposing innovative
solutions.

The following sections discuss the definition and
classification of unmanned aircraft, emphasizing the
need for a standardized classification system. The
EUROUYVS classification based on various factors such
as purpose, flight altitude, duration, speed, and
dimensions provide a foundation for understanding the
categorization of UAVs. Control and management
models further delineate categories based on take-off
weight, maximum range and take-off weight.

The discussion focuses on combat operations,
underscoring the foundational role of land-based
military operations in overall military endeavors.
Operations, characterized by tactical actions with a
common purpose, unfold across diverse physical
environments and vary in scale and duration. The
complex operational environment necessitates leaders
with a nuanced understanding of both the science and
art of operations. While the science includes factors like
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combat power ratios and weapons ranges, the art
encompasses intangible human factors that often
determine the outcomes of operations.

The focus then shifts to combat operations, which
are defined as intense, direct engagements with enemy
forces aimed at achieving specific tactical goals. The
elements of direct engagement, tactical objectives, fire
and maneuver tactics, close combat, and the strategic
context define the nature of combat operations. The
discussion acknowledges the inherent risk and
uncertainty in combat situations, emphasizing the
importance of adaptability and the combined use of
arms for success. The subsequent section explores the
application of drones with Al in military combat
operations. Drones, with their diverse capabilities,
significantly enhance military capabilities by providing
crucial information about enemy movements and
targets. The integration of artificial intelligence further
enhances the capabilities of drones, enabling
autonomous operation and rapid analysis of real-time
data. The advantages range from improved situational
awareness to the rapid identification of threats and
targets. The discussion highlights the transformative
impact of drone technology on modern warfare.

The literature review covers a wide range of
studies analyzing the use of drones in various military
contexts, including urban operations, land security,
counter-terrorism, reconnaissance, and cooperation with
CSIRS systems. These studies contribute valuable
insights into the practical applications and challenges
associated with drone technology in military settings.
The subsequent sections delve into the YOLOVS
method for enhanced military drone surveillance with
Al software capabilities. The methodology involves
training a YOLOV8 model on a customized dataset of
military targets, including trucks, tanks, artillery, and
other vital objects. The results indicate a high potential
for real-time detection of military targets during drone
surveillance, with a focus on lightweight and efficient
deployment. The developed and validated algorithm
may also be successfully used in COTS drones,
increasing their functionality.

In conclusion, the integration of advanced
technologies, particularly UAVs with Al capabilities,
represents a paradigm shift in modern military
operations. The versatility and efficiency of these
systems offer strategic advantages while addressing
complex challenges. The ongoing research and
development efforts, coupled with a nuanced
understanding of operational dynamics, enable the
military to navigate the evolving landscape of
contemporary warfare. As technology continues to
advance, the commitment to innovation and adaptation
remains paramount in ensuring military readiness and
effectiveness on the global stage.

In conclusion, despite the achievements in
integrating drones with artificial intelligence into
military operations, future research can focus on
optimizing performance, minimizing target
identification errors, and enhancing drone autonomy.
Continued research should aim to further integrate
modern C6ISR systems with existing military
frameworks, exploring how this integration can further
optimize operations in diverse scenarios. Keeping
abreast of technological advancements and adapting
systems to new challenges on the battlefield remains
crucial for maintaining military effectiveness and
strategic advantage in the future.

As we look ahead, ongoing investigations may
delve into refining the YOLOvS8 algorithm for even
more accurate real-time detection of military targets
during drone surveillance. Addressing any remaining
limitations, such as potential misidentifications and
errors, particularly over longer distances, will be crucial
for advancing the capabilities of the proposed model.
Additionally, future studies could explore the
deployment of advanced AI models in conjunction with
drones to enhance decision-making processes and
situational awareness in dynamic military environments.

The evolution of drone technology and artificial
intelligence continues to reshape modern warfare, and
further research will play a pivotal role in harnessing
these advancements for more effective and precise
military operations.
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BuBinTbHeHHs1 aBTOHOMHHUX CHJI:
iHTerpauis 6e3miTOTHHX JiTAJBLHUX ANAPATIB i3 INTYYHHUM IHTEJIEKTOM Yy Cy4acHy BilicbkOBY cTpaTerio

M. PanoBanoBiu, A. [leTpoBcki, A. Bexiik, M. 3ix Xaapi, E. G. I'aimumos, P. ®enbhep, A. O. Ar6esnri

AHoTania. B mryunoro intenekry (LLI) Ha mixHapomHy Oe3reKy Ha ChOTOIHI € O€3CyMHIBHHM, OCKUIBKH TeTep
MAaIllWHA 3[]aTHI BAKOHYBATH 3aBJaHHs, AKi TPaIHIiITHO MTOKIAICH] Ha JIIOJCHKHIA iHTeNeKT. L{s 3MiHa mopopKye 6e31id BUKIIHKIB
Yy MDKHapoIHil Oe3leri, BIUIMBAIOYM SK Ha 3BUYAiHI BIHCHKOBI MOXKIHMBOCTI, Tak i Ha TiOpuaHi 3arpo3u. Bomnowac LI
BIIKpMBa€ HOBI MOJJIMBOCTI /I BHUPIIICHHS LWX BHUKIMKIB, BIUIMBAIOYM Ha KIIOYOBI ACHEKTH KOJEKTHBHOI 00OpPOHH,
KOOTIEPAaTHBHUX CHCTEM Oe3IeKH Ta yNnpaBiliHHA Kpu3aMu. BpaxoByroun #oro rimOGOKi HACHIIKU ISl MPOLBITaHHS Ta Oe3MeKH,
edexrure ynpasninas Il Bumarae cniutbHUX 3ycuib. OOCAT TepcreKTHB i HeOe3IeK, MOB’A3aHUX 31 IITYYHHUM IHTEIEKTOM,
BENIMYE3HUM, [0 BHMAara€ KOJISKTUBHUX MAil U TOM’SKIICHHsS PHU3MKIB Oe3meli Ta BUKOPHCTAHHS HOro MOTEHHialy MajIs
pecTpykTypu3auii onepariiHuX OporeciB, MiATPUMKHU Micili 1 onTumizarii onepaniil. LIs cTaTTs B OCHOBHOMY 30CepeKeHa Ha
NPEJCTABICHHI JPOHIB, OCHAIICHUX LITYYHHM IHTEJIEKTOM 1 MOXKJIMBOCTSMH aBTOHOMHOTO HaBYaHHS, IOCITIDKYIOUYM iX
3aCTOCYBaHHS y BifiCbKOBHX yMOBax. Y CTaTTi pO3IJISIAEThCs MOTEHIia] HE3aJeKHOTO0 BUKOPUCTAHHS OE3MUIOTHUX JiTaTbHUX
amapaTiB i3 IITyYHHM IHTENEKTOM SIK y 0OHOBHX, Tak 1 B HeOOHOBMX apMiliCEKHX omepamisx. 3aBasku BukopucranHio I'IC,
CSIRS (xoMaHIyBaHHS, yNPaBIiHHS, KOMII IOTEpH, 3B 530K, Kibep3axucT, po3Bilka, CIIOCTEPEKESHHS Ta PO3BiAKa) 1 MITYYHOTO
IHTENeKTY 1i JpOoHM 3a0e3NedyroTh 3HAYHy NepeBary Ha Houii 000, MpalioloYd aBTOHOMHO Ta aJaNTyIuHCh J0 JUHAMIYHUX
Ha3eMHHUX CHTyaliid. Y 0oHoBOMY MpOCTOpi, A€ MOEIHAHHS JIOACHKUX, iH(pOpMauidiHuX 1 (i3UYHHX KOMIIOHEHTIB Mae
BUpIIIATbHE 3HAUCHHS ISl CTPATETivYHOI IepeBary, OnepaTuBHa CyMICHICTb CTa€ JKUTTEBO BAXKIIMBUAM (HAKTOPOM.

Kawuosi ciosa: BIUUIA, YOLOVS, npon, I'lC, mryunuii inTenexT, 6e3meka, CSIRS.
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XapkiBcbkuii HaioHanbHUN yHiBepcuteT [loBiTpsiHux Cun imeHi IBana Koxxeny0a, Xapkis, Ykpaina

AHAJII3 TAKTUKO-TEXHIYHUX XAPAKTEPUCTUK TA TAKTUKH
3ACTOCYBAHHA ICHYIOYHUX YIAPHUX FPV-IPOHIB

Beryn. IlpenmMeroM BUBYEHHS B CTATTI € TAKTUKO-TEXHIYHI XapaKTEPUCTUKH Ta TAKTHKA 3aCTOCYBaHHS yaapHuX FPV-apoHiB.
Merto10 € aHaNi3 TAKTUKO-TEXHIYHUX XapAKTEPUCTHK ICHYIOUMX yAapHUX FPV-IpoHiB Ta iX TAKTHKM 3aCTOCYBaHHA. 3aBIAHHS:
imenTH(iKamis Ta KiacHQikamis Oe3MIOTHUX JHTAIBHHX arapariB, aHAIi3 OCHOBHUX TEXHIYHHMX IlapaMeTpiB ymapHux FPV-
JIPOHIB, JIOCIIPKEHHS METOAIB Ta cTpareriii 3acrocyBaHHs yaapHux FPV-npoHiB y G0HOBHX misiX, TOCIIUKEHHS BPa3IMBOCTEH
yaapanx FPV-nponiB 1o 3aco6iB pasioeneKTpoHHOI OOpOTEOM Ta METOAIB 3aXKCTy BiJl HUX, po3po0Ka peKOMEH/IaIlii Uil TIOK-
PpAIleH s TEXHITHUX XapaKTEepHCTHIK Ta 00HOBHX MOXIMBOCTEH ynapHux FPV-npoHiB. BukoprcToByBaHNMEI MeTOAaMH €: TIOpi-
BHUIGHUI aHaITi3, METOIU KIIaCTepH3allii TaHUX, aHAJITHYHI Ta EMITIPUYHI METOH aHAII3y BUKOPUCTaHHA yaapHuX FPV-nponis
y BilicCBKOBHX KOH(JIKTaX, 30KpeMa y pOCiiiChKO-yKpaiHChKii BiiHI. OTprMaHi Taki pe3yJabTaTu. [IpoBeneHnii cTpyKkTypoBaHuii
AHAJTI3 TAKTUKO-TEXHIYHUX XapaKTEPUCTHK Ta TAKTUKH 3aCTOCYBaHHS yaapHuX FPV-npoHiB, HaBeneHi iX mepeBart Ta HEIOMIKH,
copMOBaHi MPOMO3HUIIT IIOI0 NUIAXIB iX YAOCKOHATEHH. [IpakTniHa 3HAYMMICTh OTPHIMAHHUX PE3YJIbTaTiB B MAOyTHHOMY MO-
K€ CTaTH OCHOBOIO IS YIOCKOHAJIICHHS iCHYI0uHX ynapHux FPV-npoHiB, po3poOku HOBHX MoIelNel, a TakoX ISl IiABHIICHHS
eeKTHBHOCTI 1X BHKOPHCTaHHS. BHCHOBKH. AHaii3 TaKTHUKO-TEXHIYHHX XapaKTEPHCTHK Ta TAKTHKHM 3aCTOCYBAaHHS YAapHHX
FPV-npoHiB noka3as, 10 Taki OE3MiIOTHI JITAJbHI anapaty CyTTEBO BIUTMBAIOTH HA XiJ] CYYaCHHX BIMCHKOBHUX OIEpalliid, Ha Iaro-
YH HOBI MOXKJIMBOCTI TSI HAHECEHHS! e()eKTUBHHX TOYKOBHX yZapiB MO TEXHII Ta 0COO0BOMY CKJIaJy NPOTHUBHUKA, IPOBEACHHS
PO3BIIKH, KOPUTYBAHHS BOTHIO Ta BUKOHAHHA (DyHKIIH TpaHCTIOpTYBaHHA. Y qapHi FPV-npoHN 1eMOHCTPYIOTE BUCOKY epeKTHB-
HICTB 3aBISIKH MAHEBPEHOCTI, BITHOCHO HH3bKii BApTOCTI Ta MOYKIIMBOCTI MOAu(iKallii i KOHKpeTHI 001i0Bi 3a1adi. BogHouac,
iX BpasnMBICTH /10 3acO0IB PafioeNeKTPOHHOI OOPOTHOM BHUMAarae MOAAIBIIONO YAOCKOHAJIEHHS CHCTEM 3B’SI3KY Ta YIPaBITiHHL.
JocnimkeHHs Oyl MpoOBeZeHi 3a PaXyHOK IPaHTOBOI MATpUMKH HartioHansHOTO (hOHITY TOCHIKeHb YKpaiHH B paMKaX KOHKY-
pey “Hayka myis 3MmitiHeHHsST 000pOHO3IaTHOCTI YKpailHu™, Ha3Ba MpoekTy “THhopMmalriliHa TeXHOOTIs aBTOMAaTH30BaHOTO CerMe-
HTYBaHHsI 300pakeHb 00 €KTIB B CUCTeMax HalLToBaHHs yrapHuX FPV-npoHiB Ha OCHOBI aJrOpHTMIB POHOBOTO iHTENEKTY”, pe-
ectpauiianii Homep 2023.04/0153.

Kaw4yoBi caoBa: Oe3minotTHuit nitansauil anmapar, FPV-1poH, onTuko-enekTpoHHe 001aJHAHHSA, TAKTHKO-TEXHIYHI Xa-

PaKTEPUCTHUKU, TAKTUKA 3aCTOCYBaHH, CCTMEHTYBaHHS 306pa)KeHI).

Beryn

I[HocranoBKka npodiaeMu y 3arajibHOMY BMIJISIAIL.
HocBin BemeHHS OOWOBHMX Mi y CBITOBiM mpakTHI
OCTaHHIX POKIB TOKa3aB, IO BUKOPUCTAHHS OE3MilIoT-
HuX JjitaneHuX amapatiB (BriJIA) abo npowniB Bimirpae
BaXXJIUBY POJIb, 3MIHIOIOUH TPAIHIiHHI MAXOIN 10 Be-
neHHst BiitH. brniJIA HanmaroTh MOXIHMBICTH 30poitHUM
yrpyNOBaHHSIM BIHCHK (CHJI) HPOBOIUTH PO3BIIKY B
PEeXHMI peasbHOTO 4acy, KOPUTYBaTH apTHIEPIHChKUIA
BOTOHb, HAHOCUTH BOTHEBI yJapy Mo 00’€KTax MPOTHB-
HHUKA, BUKOHYBATH 3aBJIaHHS TPAHCIIOPTYBAHHS TOLIO.
Takox BukopuctanHs bnJIA no3Boisie 3Ha4YHO 3MEH-
LIMTH PU3HUKU JUIsE 0cOOOBOTO CKIIamy CBOIX CHII, TMiJI-
BUILYIOYH €(DEKTHBHICTh BIMCHKOBHX omepauiil i 3HH-
XKyrouu OoioBi BTpartu [1].

Iepmre macose 3acrocyBanust briJIA y cBiti ans
3aBOIOBAaHHS IepeBard Ha moii 6oro BigOyiocs y 2020
poui mix 9ac BiWCBKOBOTO KOH(DIIKTY Mik A3sepbaii-
mkaHoM i Bipmeniero B Haripromy Kapabaci. 36poiini
Cumun (3C) AsepOaiimkany B pe3yibTaTi NMPOBEACHHS
onepartii “3ami3HUi Kynak” BCTAHOBHJIW MOBHHWMA KOHT-
posib Hax Haripaum Kapabaxom. AzepOaiimkaH MaB Ha
030poenHi cydacHi BriJIA Typenpkoro Ta i3pairsChKOro
BupoOHMITBA, Taki sk Bayraktar TB2, Heron TP,
Hermes 4507, Sky Striker, i Harop, siki BUKOpHUCTOBY-
BaJINCh JJIsI IPOBEJICHHS yJapiB MO BIPMEHCHKHM CHC-
TeMaM NpoTHIoBiTpsHOi 06oponu (II10), 3o0xkpema 3PK
“Oca” Ta “Crpina-10”. lani 3acodu 1110, xoua i Oymu
npu3HayeHi Ui OOpoThOM 3 JiTakaMu Ta BEPTOIHOTA-

MH, IPOTE, BUSIBIIUCH HEJOCTATHHO €(PEKTUBHUMH IPO-
™1 cydacHux bmJIA. MacoBaHe 3acTtocyBaHHs A3ep-
0aifPkaHOM JIPOHIB NPU3BEIIO JI0 3HAYHUX BTpaAT BipMe-
HCebKuX 3aco0iB [1I10 Bxe B mepiri HI KOHQIIKTY, M0
CYTTEBO TMOCIA0MWIO OOOPOHHI MOXIJIMBOCTI Bipmewii
[2].

Came 3HUIIEHHA BipMeHChkuX cucteM 11O 3a-
Oesmeurio AzepOaifkaHy mepeBary B MOBITpi, IO J10-
3BOJIIUIO OE3TIEPEeIIKOIHO aTaKyBaTH BiPMEHCHKI Hase-
MHI BIiCEKOBI IiJIi, 3aBJAaf0OYU M 3HAYHUX BTPAT IIE IO
MOYaTKy Ha3eMHOI omepanii. 3a3HayeHe CIPHAIO yCIi-
ITHOMY HACTyIly a3epOaif/PKaHCHKHUX BIMCBK (CHII), IO
MPHU3BENIO IO 3HAYHHWX OINEPAaTHUBHHUX YCHiXiB. 30poiiHi
Cumm BipMenii BUABHMIIHICS HETOTOBHMH JI0 MacOBOTO
BuKopucTaHHA bnJIA mpoTHBHUKOM, 1 MiCIsA BTpaTH
ocHoBHUX cui [II1O He 3MOTIM MIBHIKO MOMOBHUTH
BTPAaTH HOBHMH CHCTEMaMH, IO CTaJl0 OJHI€I0 3 KITO-
YOBUX NPHUYHH ITOPA3KH y BilHI.

Takum umHOM, BiliHa 3a Haripauit Kapabax Haou-
HO MPOJIEMOHCTpYBala €(QEKTUBHICTh 3aCTOCYBaHHS
BriJIA, BU3HAUMBIIM HOBY CTPATeETilo 1 TAKTHKY 30poi-
HOTO NPOTHCTOSHHS Ha TeaTpax OoifoBux niid. BoHa
copMyBaa KOHIEMNI0 “BiifHM MaiilOyTHROTO” — KOJIH
B 0iif iXyTh MAIIMHU, SKUMH 3IiHCHIOIOTH YIIPABIiHHA
Ha BifcTaHi [3].

[ToBHOMacmTabHe BropraeHHst 3C pOCIHCHKOI (e-
Jiepallii Ha TEpUTOPi0 YKpaiHu TaKOX ITiITBEPAUIIO, 10
cydacHi briJIA BifirparoTh Ba)JIMBY POJb Y 3aBOIOBaHHI
nepeBard Ha 1oii 6oto. 3 ix momomoroto 3C Ykpainu
3HUIIWIN BEJUKY KUIBKICTH 030pO€HHA 1 BIHCHKOBOI
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TEXHIKH Ta 0cOOOBOr0 CKJIaay NMPOTUBHHKA, K Ha OKY-
MOBAaHUX TEPHUTOPISX, TaK W Ha TepUTOPil POCIHCHKOT
¢denepanii. Bukopuctanus brJIA 3matHe 3a0e3neynTH
HACTYNAJIBHUN TOTEHIia] MPOTH OLIBLIOr0, TEXHOJIOTI-
YHO CIIPOMO’KHOI'O CYIPOTHBHUKA [4].

XapaKkTepHOIO 0COOIHMBICTIO, IO 3HAYHO BiApi3HSIE
BiliHy B YkpaiHi Bix BiitHn B Haripaomy Kapabaci € Te,
mo 3C VkpaiHu MoyYand akTHBHO BHKOPHCTOBYBATH
FPV (first person view) - nponu. Ha BinmmiHy Bix Bemu-
kux BnJIA, sxi BuKopucTOBYBammcs AzepOaiimkaHoM,
takux sk Bayraktar TB2, FPV-nponu 3maTHi 3a6e3me-
YUTH OUIbIIYy MaHEBPEHICTh 1 TOYHICTh NPU 3HAYHO
MEHIIIUX BUTpaTax. BigmoBiTHO O 3BITY aMEpUKaHCh-
koro IHcrutyTy BHBYeHHs BiliHM [5] came FPV-
JpOHaMH YKPaiHCBKI CHJIM YaCTKOBO KOMIEHCYIOTh He-
JOCTaTHICTh apTHiepiiickkux OoenpunaciB Ha Ooui
0010, BUKOPUCTOBYIOUYH X JJIsl BIAOUTTS aTak pocidCh-
KO1 OPOHETEXHIKH 1 MXOTH.

FPV-nmporr HamaloTh MOJMIIMBICTH ONEpaTopy Ke-
PYBaTH JiTaJbHUM arapaTtoM y pealbHOMY 9aci B pEKHMI
“Big mepmoi ocoOu”, 3aBISKHA BCTAHOBJICHHM Ha APOHI
Kamepi Ta TepeaaBady BigeocurHany. Lle mo3Bomsie ome-
paropy 6a4uTH came Te, 110 0aYUTh JIPOH, 1 3AIHCHIOBATH
TOYHE YNPaBJiHHS, HaBITh Y CKJIAJHUX YMOBAaX MiCBKOTO
6or0 abo mepeciyenoi MicrieBocti. OnHA i3 OCHOBHHX
nepeBar FPV-aponiB mossrae y ixHili MaHEeBpPEHOCTI Ta
HIBUIKOCTI, 110 POOWTH IX iJcaIbHUMU U BUKOHAHHS
PI3HOMaHITHUX TaKTHYHUX 3aBJaHb. FPV-1poHu MoxyTh
BUKOHYBATH K PO3BiAyBallbHI Micii, Tak i yiapu 1o Ha-
3eMHHM LITSIM. 3aBISKH X HEBEIIMKUM po3MipaM i 31art-
HOCTI IIBUJIKO 3MIiHIOBaTH BHCOTY 1 HAmlpsIMOK IOJBOTY,
Taki JAPOHM Ba)XKO BUSBHTH Ta 30uTH 3acobamu IIIIO.
30poitai Crun YKpaiHi aKTHBHO BHKOPHUCTOBYIOTH FPV-
JIPOHM JUISl TIPOBE/ICHHS PO3BIJIKM Ta KOPUTYBaHHS apTH-
JIEpICHKOrO BOTHIO. 3 1X JIONIOMOI'OI0 YKpaiHCBhKI BilCh-
KOBI MOXYTh OTPHMYBATH IETalbHYy IH(QOpPMAINIO PO
pO3TalllyBaHHS BOPOXKHMX CHJI 1 TEXHIKH, IO JI03BOJISE
TOYHIIIE TUIAHYBaTH aTakd Ta 3MEHIIYBAaTH KUIBKICTh
noMuikoBux ynapiB. OkpiM Toro, FPV-apoHn MoxyTh
OyTH OCHAIEHI HEBEIMKHUMHU BHOYXOBHUMH IMPUCTPOSIMH
JUIsl BAKOHAHHS TOYKOBHX yZapiB IO BOPOXKHX 00’ €KTax.
EdextuBHicTs 3actocyBanHs FPV-mpoHiB Takox moIs-
ra€ B iXHill BITHOCHO HEBEJIHKiX BapTocTi. BoHM 3HaYHO
JIEIIEBII y BAPOOHHIITBI Ta 0OCIIyrOBYyBaHHI IIOPIBHSHO 3
tpaguniiianmu briJIA. e no3Bomnse 3C Ykpainu MIBUAKO
HapOIIyBaTH KUIBKICTh IPOHIB y CBOEMY apCeHali, 10 B
CBOIO uepry 3abesmedye Oe3nepepBHUNA MOHITOPHHT i
aTaKyIO4YMi OTEHITiall Ha 1Mo 60F0.

MacoBuM BHUKOPHCTaHHSM JIPOHIB pa3oM i3 pake-
TaMH XapakTepusyBanack araka Ipany nHa I3paimp 13
kBiTHA 2024 poky [6]. Taktuka Ipany, cnmparouncs Ha
JIOCBiJI, OTPUMAHUIA TiJI Yac BiHU B YKpaiHi, mojsrana
B TOMY, 00 MOJOJAaTH mepenaoBy obOopoHy I3paimro
JICIICBUMH JIPOHAMH Ta HAJATH OUIBII CKIIQJIHUAM Oalric-
TUYHUM pakeTaMm OLIbIII IIaHCH BPa3HUTH cBol miii. Xo-
Yya ms omeparis He Oyia YCIIIHOIO, BOHAa BKasye Ha
BEJIMKY aKTyaJIbHICTh 3acTocyBaHHs briJIA y crparerisix
BeIleHHS OOMOBMX Mmifi i1 IOCSTHEHHS CBOIX BIMCBKO-
BHX IIiJIEH Ta CyTTEBO TpaHcHOpMy€E TpaaMIliliHI KOHIIE-
TIIii BeIeHHs BifHU.

TakuM 9MHOM, CydacHi KOHQUIIKTH ITOKa3yIOTh, IO
BUKOpPUCTaHHS FPV-IpOHIB € BaXJIMBUM €JIEMEHTOM

BIliCbKOBOI cTparerii. BoHn 3a0e3neuyioTh 3HAYHY Iie-
peBary Ha moji 000, MiJBHIIYIOUM e(EKTHBHICTH Bili-
CHKOBHUX OIlepalii i MiHIMI3y0UH PU3UKH I 0COOOBO-
ro ckiany. FPV-apoHu cTaroTh HEBiJ’€MHOIO YaCTHHOIO
KOHLenii “BiiHM Mail0yTHHOTO”, Jie BUCOKI TEXHOJIOTI]
Ta IWCTaHIIWHE KEepyBaHHS BH3HAYAIOTH XiI 00HOBHX
bishid

AHaJi3 ocTaHHIX gocaikeHb i myOuikauiii. Bpa-
XOBYIOUH MacoBe 3acTocyBaHHS FPV-mpoHiB 3 MeToro
3aBOIOBAHHS IIEpEeBary Ha MoJji 000, IMocTae 3amava mpo-
BE/ICHHS aHANI3y iX TaKTHKO-TEXHIYHHX XapaKTEPUCTHK
(TTX) Ta TakTHKM 3aCTOCYBaHHS. 3a3HaueHe 0OyMOBIIe-
HE HEOOXIiJHICTIO MOCTIHHOTO yJOCKOHAICHHS MOXKJIUBO-
creit 3actocyBanHs FPV-nponiB B ymMoBax BeneHHs 0o-
WoBMX Nifl Ta Hii 3aco0iB pajioeIeKTPOHHOI OOpPOTHOU
(PEB) npoTtuBHuKka. ToMy, aBTOpH y CBOIX JOCHIIKEHHSX
30CEPEeIKYIOThCSl Ha PI3HUX acHeKTax 3aCTOCYBaHHS Ta
ynockoHaneHHs FPV-1poHiB it 3acTocyBaHHS y Bilich-
KOBHX olleparisx. Ha TemepimmHiii yac, TeMaTui I0Cii-
JUKEHb TIpUCBsTIeH] poboTH [7]-[15].

Tak, y po06oTi [7] aBTOpH pO3TIANAIOTE PO3POOKY
BilickkoBoro FPV-gpona 3 Bukopucranusam Raspberry
Pi Ta anropuTMmiB MallMHHOTO HaBYaHHS Uil PO3Ii3HA-
BaHHsI 00 €KTIB MPOTUBHUKA 1 3a0e3neueHHs X BijcTe-
JKEHHsI B PEXUMI peasbHOro 4acy. JIpoH OCHaIeHui
Kameporo Ta Mepexero Jio-Fi ais nmepenadi Bigeo B pea-
JBHOMY 4Yaci, a TaKOX CyYaCHUM MEpPEeKEBUM IJIyLIHHU-
KOM, II0 3aro0irae MEepeXOIUICHHIO CUTHATIB KaHAJiB
YIPaBIiHHS TPOTHIIIOYOI0 CTOPOHOI0. BHKopmcTaHHS
3TOPTKOBHX HEHPOHHUX MEPEX Ta IHIINX alrOPHUTMIB
MAIIMHHOTO HABYAHHS JO3BOJISE JIPOHY DPO3Ii3HABATH
00’€KTH Ta OOIUYYS JIFOJCH, 10 3HAYHO ITiBUIILY€E HOTO
e(EeKTHBHICTh Y O0HOBHX yMOBaX.

VY [8] aBTOpH 3MIHCHIOIOTH OTJISI Pi3HHUX 3aCTOCY-
BaHb brJIA, migkpecioroun iX 3pocTaroue cTpaTeriyHe
3HAYEHHS Ta TEXHOJIOTIYHI BUKIHUKUA. B IOCHiZKeHHI
0OTOBOPIOIOTHCSL  PI3HOMaHITHI cepu  3acTOCYBaHHS
JPOHIB, Taki sIK BIMCHKOBI omepaiiii, kapTorpadyBanHs,
HOIIYKOBO-PATYBAJIbHI Micii Ta po3Binka. ABTOpH Haro-
JIOIIYIOTh Ha BaXJIMBOCTI MOJYJIbHOI I'HYYKOCTI Ta Mpo-
TpaMOBAaHOCTI JPOHIB, IO JO3BOJSE 3IIHCHIOBATH IX
IIBUJKY aJalTalilo 0 pi3HOMAaHITHHX 3aBHaHb. OCHO-
BHA yBara NMpUIISE€ThCS BUKJIUKaM aBTOHOMII MOJIBOTY,
BKJIIOYAIOYM OOMEXKEHY TpUBAJIICTh poboTn Oaraperi,
MaHEBpPEHICTh, iHTep(eHc KOpUCTyBada Ta EKOHOMIUHY
e(heKTUBHICTD.

ABTopu pobotu [9] mOCHIIKYIOTH TipocTabimizo-
BaHE YIpaBIiHHA Kamepamu FPV-apoHiB mist miaBu-
ImeHHS X e(EeKTUBHOCTI B yMOBaxX BeIeHHS OOHOBHX
N, BukopucTaHHS TipocKoma IJis KEpyBaHHS KyTOM
HaxXWily KaMmepu JI03BOJISIE ONeparopy OTPUMYBATH
Oinpm cTablurbHEe 300pakKeHHsS HaBiTH IiJ 4ac pyxy
npoHa. Lle mokparye sKicTh Bizeo Ta 30i1bLIye HMOBI-
PHICTB YCITIIITHOCTI BUKOHAHHS 00HOBOT0 3aBIaHHS.

VY [10] Oymo po3mISIHYTO MOXKIIHBOCTI aBTOMAaTH-
3anii brJIA 3 ¢ikcoBaHUM KpWIIOM ISt IX aBTOHOMHOTO
Ta TOYHOTO BUKOHAHHS PO3BiAyBaJbHUX omepauiil. 3a-
BISIKM BBEACHHIO IUIAHY IIOJILOTY B HA3EMHY CHCTEMY
ynpasninas (HCY), BriJIA BukoHae mocTaBiieHE 3a-
BIAHHS aBTOHOMHO AJISI YOTO KEPyBAaTHMETHCS OIepa-
THBHUM IUTAHOM TIOJIBOTY, JI¢ aKTHBHI MapIIPyTHI TOYKH
naneceni Ha HCY. HCY wmoxe OyTm mpuB’s3aHa a0
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TeJIEMETPii Ta CUCTEMH IJI00AJFHOTO MO3WIIOHYBaHHS,
o0 OTpUMYBATH MOBHY iH(OpPMAIiI0 PO Micle3HaXo-
JokeHHsa brJIA.

KommnekcHuii orisy cdep 3acTOCyBaHHS JPOHIB,
BKJIFOYAIOYH BIMCHKOBY, TENEMEIHUIUHY, CLIBChKE Troc-
MOAPCTBO, OYAIBHHULTBO Ta MOMNIYKOBO-PATYBaJbHI
omepaii, HaBeneHu y podoti [11]. ABTOpH miakpec-
JIOIOTH BAXKIIMBICTh BUKOPUCTAHHS JPOHIB I 3a0e31e-
YeHHsI Oe3neku Ta e()eKTHBHOCTI BUKOHAHHS 3aBAaHb B
pi3HEX cdepax ASUTBHOCTI MoaWHU. JlOCHiIKeHHS Ta-
KOXX aKIEHTy€ yBary Ha TEXHOJOTIYHHX HOCATHEHHSX,
110 CHPUSIOTH 3POCTaHHIO MOMYJISIPHOCTI APOHIB.

CucreMaTH30BaHUN OIS JIiTEpaTypd IIOJIO CO-
HauHEX BrJlIA, iX mepeBarw Ta HEAOJIKH TPOBEICHUIA
aBropamu y [12]. Constuni bnJIA BukopHuCTOBYIOTH CO-
HSIYHY €HEprilo JJIsl TPOIOBKEHHS TPHUBAJIOCTI MOJBOTY,
1[0 POOUTH IX SKOJIOTIYHO YHCTUMH Ta SKOHOMIUHO BU-
rigauMu. JlociKeHHsS TaKoXK MOKa3ye OCTaHHI JOCsT-
HEHHS B Tally3i COHSYHHUX €JIEMEHTIB, aKyMyJSTOPIB Ta
CJICKTPOABUTYHIB, SKi € TIEPCIICKTUBHIMH JAJISI BUKOPHC-
TaHH ITiJ] 9ac po3poOKku HOBUX BuAiB BriJIA.

VY [13] Oymo mocmimkeHo BukopuctanHs brJIA y
BIICPKOBHX OIEpaIlisfaXx. ABTOPH MOKa3ywTh, IO 3aCTO-
cyBaHHsa briJIA no3BoJsie 30eperTu XKUTTS MUIOTa, NPH
LIbOMY BHUKOHABIIM 0OIfOBE 3aBJaHHS 3 BHCOKOIO e(ek-
TUBHICTIO. OHAK, TOCIIIKCHHS HATOJIOIIY€E HA BPa3Jiv-
BOCTi cHcTeM ymnpaBiinHsa bnJIA Ta mokasye MOKIHBI
LIUIAXY X [OJAJBIIOrO YAOCKOHAJICHHA. [HIIMM MOX-
JUBUM 3acTocyBaHHSAM BrJIA mist BifichKOBHX Iiied €
BUSIBJICHHS 32 JIOTIOMOTOI0 HUX MiH Ta 0COO0BOTO CKJIa-
Iy TpoTHBHHKA [14]. ABTOpH NMPOMOHYIOTH PO3pOOUTH
JPOH 3 METAJIOJETEKTOPOM JJIsl BUSBICHHS MiH Ta Ka-
MEpOIO TSI MOHITOPHHTY MiZ03pLI0l MPUCYTHOCTI JIO-
neit. JlocnmimpkeHHS TaKoX ITiIKPECTIOE BaXKIUBICTh BHU-
kopuctanHss GPS 1uist BificTexxeHHs1 MiCIs pO3TalllyBaH-
HS MiH Ta mepeadi ix oneparopy.

VY po6orti [15] noka3zaHi nMoOpiBHAJIBHI XapaKTepHc-
TUKU eQeKTUBHOCTI podoTu kozekie H.264 ta H.265
st 4K FPV-npoHiB, akleHTY04H yBary Ha Kommpecii
BiJICO, EHEPIOCIIOKUBAHHI Ta SIKOCTI 300pakeHHs. AB-
TOpH /IS BU3HAYEHHS SIKOCTI CTUCHEHOTO BiZIe0 BHUKO-
PHUCTOBYIOTH O0’€KTHUBHI METOIH OIIIHKH SKOCTi Bif€O,
taki sk PSNR, SSIM, VMAF ta BRISQUE. Pe3ynbratu
JOCITKEHHS TI0Ka3yloTh, mo H.265 3a0e3neuye kparry
SKICTh BiJICO IPH MEHIIOMY CHOXXMBaHHI e€Heprii y mno-
piBusHHI 3 H.264.

OpHak, BpaxOBYIOUM CTPIMKHHA PO3BUTOK Cydac-
HHUX TEXHOJIOTiH MAIIMHHOTO HABYaHHS Ta aJITOPUTMIB
00poOKH 300pakeHb, SKICTh BiJleo, IO MEPENAETHCS 3
JPOHIB, CTAa€ KPUTHYHO BKIIUBOIO JJISI YCHIIIHOTO BHU-
KOHaHHSI 00OBOTO 3aBaaHHs. Bucoka po3jiibHa 37aT-
HICTB 1 YiTKiCTh 300pa)k€HHS JTO3BOJISIOTH TOYHO i/1€H-
TU(IKYBaTH 00’€KTH Ta OLIHUTH IX CTaH JJIA NPUHHATTA
e(eKTUBHUX pillleHb y O0HOBHUX YMOBaxX.

Iarerpanis Takux cucreM y FPV-nponn 3abesme-
YHUTH 3ATHICTH ONEPATHBHO pearyBaTd Ha 3MiHM y BH-
3HAUYEHOMY palOHi, CIIPUAIOYN MiIBUIIEHHIO 3arajJbHOL
edexkTuBHOCTI omeparrii. CitiJ TakoX 3a3HAYUTH, IO 13
30UTBIICHHSM 3aCTOCYyBaHHS Ha ToJi 6oro brJIA, mpo-
THBHHK TIOCTIHHO pPO3pO0OJsS€e HOBI NUIAXM TPOTHIIL,
BHKOpHUCTOBYI0uH 3acobu PEB Ta pamioenekTpoHHOI
posBinku (PEP). Tomy, mocrae 3agada mocTiiHOTO y10-

ckonanenHss TTX i taktuku 3actocyBanHs brJIA. On-
HaK, NMPOBEJECHUI aHalli3 JOCIHIKEeHb 1 MyOikaniil mo-
KasaB, 110 Ha TENEpilHii Yac € HeloCTaTHS KUIbKICTh
KOMIUIeKCHUX fociimkenb TTX 1 TakTHKH 3acTOCyBaH-
Hs1 FPV-npoHiB, B TOMy 4YHCHi THX, Ie aHaNII3yeThes iX
OIITHKO-EIEKTPOHHE 001 THaHHS.

MeTa cTaTTi — aHANI3 TAKTUKO-TEXHIYHUX Xapak-
TEPUCTHK icHYrouux ynapHux FPV-npowniB Ta ix TakTu-
KH{ 3aCTOCYBaHHSL.

OcHOBHA YacTHHA

1. Knacudikauis Ge3niyioTHux JitajibHHX ana-
pariB. MacoBe BukopucranHs brnJIA y GoioBux nisx
MiX YKpaiHCBKUMH Ta POCIHCHKUMH CHIIAMHU KapIHWHA-
JHHO 3MIHIJIO KOHIEIIiI0 cydacHoi BiifHM. BriJIA — me
OC3MiIOTHE TMOBITPSHE CYOHO, KEPYBAaHHS IOIHOTOM
SIKOTO 1 KOHTPOJIb 32 SIKMM 3iHCHIOIOTHCS JUCTaHIIHHO
3a JIOTIOMOTOI0 ITYHKTY JUCTAaHIIMHOTO MiTOTYyBaHHS,
10 PO3TAIIOBAHUH 1032 MOBITPSHUM CyIHOM, a00 IOBi-
TpsIHE CY/IHO, IIO 3/IMCHIOE MOJIT aBTOHOMHO 3a BiJIO-
BIZTHOIO TIporpamoro [16].

Ha nepmomy erari nmpoBeJeHHs aHaTI3y AOLIJIBHO
npoBectn kinacudikamito briJIA. Kmacudikamis BriJIA
JI03BOJISIE CUCTEMATU3YBaTH pi3HOMaHITHI Ty BrJIA
3a MEBHUMH O3HAKaMH, 1110, y CBOIO Yepry, CHpUITHME
KpaloMy pO3yMiHHIO IXHIX MOXXJIMBOCTEH Ta oOMe-
KEHb. 3a3Ha4eHE BAXIMBO AT PO3pPOOKM cTparerii 3a-
crocyBanHs briJIA, BHOOPY ONTHMaIEHUX MOJACIEH IS
KOHKPETHHUX 3aBJaHb, & TAKOX VIS yJOCKOHAJICHHS ic-
HYIOUHX 1 po3poOKH HOBHX TexHoioriii. Kpim Toro,
KJacudikamis JomoMarae BU3HAYWTH CTaHAAPTH Ta BU-
MOTH JI0 TEeXHIYHUX XapakTepucTuk brJlA, mo € HeoO-
XITHUM 1715 3a0e3MeyYeHHs TXHbOI HAMIMHOCTI Ta edek-
THUBHOCTI y OOHOBHX yMOBax.

Takum umrHOM, HEOOXimHICTH Kiacudikarii briJIA
00yMOBJIeHa TOTPEOO0 y CHCTEMAaTH3allil 3HaHb PO
pi3HOMaHITHI iX THIH, MO 3a0e3nedye OiIbII pamioHa-
JbHE iX BUKOPHCTAHHS Ta CHPHUSATHUME IOJAIBIIOMY PO-
3BUTKY O€3IMIIOTHUX TEXHOJIOTIH y BifiCEKOBIH cdepi.

Knacudikamis briJIA 3a npuznadeHHsaMm [16]:

~ yapui;

— BUHHIIYBaJbHI;

— PO3BiqyBaJbHI;

— KOperyBaHHs BOTHIO Ta apTUJIEPIi;

— PETPaHCIIATOPH PaliOCUTHAIIB,

— TPAHCTIOPTHI.

Knacudikamis briJIA 3a Tunom JIA [16]:

— JIITAKOBHH THII,

— BEPTOJITHUH THII;

— MyJIbTUPOTOPHHUH.

Knacudikamis BriJIA 3a MakcHManbHOIO BHCOTOIO
nonboty [1]:

— rPaHUYHO MaJIOBUCOTHI — 10 200 MeTpiB;

—manosucotHi — Big 200 merpiB mo 1000 metpiB
BKJIIOYHO;

— CEepPEeTHLOBUCOTHI —
4000 MeTpiB BKITIOYHO;

— BenuKkoBUCOTHI — moHaa 4000 metpiB mo 12000
METpiB BKITIOYHO;

— crpatocdepHi — nonazn 12000 meTpis.

Knacudikamis briJIA 3a MakCUMaTbHOIO IIBHIKIC-
TIO MTOJILOTY [16]:

moran 1000 metpiB 1o
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— 3amajomBHaKicHI — 10 100 xm/rox;

— manomBukicHi — Big 100 km/ron 1o 300 km/rox
BKITIOYHO;

— cepenHbomBHUIKICHI — moHan 300 km/rong 10
600 KM/TOJI BKJIFOUHO;

— BHCOKOIIBHAKICHI — mmoHan 600 kM/Tod 0 IIBH-
ZIKOCTi 3BYKY;

— HaJ[3BYKOBI — MaKCHMaJIbHa MIBUKICTH TOJBOTY
TIEPEBHUIITY€E MIBUIKICT 3BYKY 0 5 pasis;

— TiMep3BYKOBI — MaKCHMaJIbHA MIBHIKICTH MOJBO-
Ty TIEPEBHUIIY€E MIBUAKICT 3BYKY BII'SITEPO i OiIbIIE.

3BeneHa kinacudikaiis brJIA 3a OCHOBHUMH O3HA-
KaMu HaBeqieHa y Tabma. 1 [16].

Tabruysa 1 — 3Benena kiaacudikania bnJIA

PiBenn boiioBuii
Knac .
3aCTOCYBaHHSI paaiyc
MiKpoO (TaKTHYHI
. po ( ) 0 5 KM
3J1iTHa Maca < 2 KT
I xmac MiHi (TaKTHYHL
. ( ) 5-25 kM
<150 kr 31iTHa Maca 2-15 xr
MaJti (TaKTHYH1) TTOHAT
3;1iTHA Maca >15 kr 25 kM
II xnac OTepaTHBHO-
. 50-200 km
150-600 kr TaKTHYHI
III knac OTEepaTUBHI noHan 200 kM
> 600kr CTpareriuHi monax 200 kM

Hagenena xmacudikaiiisi CTBOpIO€ OCHOBY UIS TIO-
JIANBIIIOTO PO3BUTKY TexHonorid BrJlA, mo € Baxiu-
BHM IS 3a0€3IICUCHHS [IEPEeBar y BiiCHKOBUX KOHDITI-
krax. [Ipm HasBHOCTI TTX Oymp-sxoro tumy BrJlIA y
omeparopa He Oy/e BHHHKATH TPYIHOIIB IOI0 HOTO
kiacudikanii 3a pi3HUMH ITOKa3HUKaMH Ta BUOOPY Tak-
THUKH 3aCTOCYBaHHS B Pi3HUX OoioBuX cutyarisx. [lami
y pobGorti HaBeneHuil ananiz TTX icHyroouHMx yaapHHX
FPV-npoHis.

2. AHaJli3 TAKTHKO-TEXHIYHMX XapPaAKTEPUCTHK
icayrounx ynapaunx FPV-gponis. Ilepm HiX mepedtn
JI0 aHANi3y TEXHIYHHX XapakKTepUCTUK yaapHux FPV-
JPOHIB HEOOX1THO 3p03yMiTH, m0 e 3a Tur briJIA Ta 3
SIKX KOMITOHEHTIB 3a3BHUYail BiH CKIIAIA€THCS.

FPV-npon — nie briJIA, sikuii iepenae Bimeo B pea-
JBFHOMY dYaci 3 KaMepH, BCTAaHOBJIEHOI Ha OOpTy B Ha-
NpsIMKY 1OJIOTY. Oneparop Kepye IpOHOM 3a J0TOMO-
TOI0 CHEIiaIbHAX OKYJIAPiB, CIIOCTEPIrarodd 3a TOJIbO-
TOM Tak, HIOM 3HAXOAWTHCA BCEPEAWHI IMOBITPSHOTO
cynna. Cama abpeBiatypa FPV moxoauth Bij aHTIIINACH-
kxoro tepminy “First Person View”, mo o3Hawae “Bup
BiJ[ mepioi ocoou”.

BaxiuBo MaTy TMOBHOIIIHHE YSBICHHS Ta PO3Y-
MiHHS 3 SKAX KOMIIOHEHTIB CKJIaJaloThes yaapHi FPV-
nponu. Ha mpaktui, [uis 3a0e3nedeHHs MOBHOIIHHOTO
¢ynkiionyBanHs ynapHux FPV-apoHiB HeoOXiqHa Has-
BHICTh HACTYITHIX 00OB’sI3KOBUX KOMITOHEHTIB [17]:

— paMmu, sKa € KOHCTPYKIIIHHOIO OCHOBOIO JPOHY,
110 3a0e3Mmeyye MOHTaX 1HIIUX KOMITOHEHTIB;

— TOJIBOTHOTO KOHTPOJIEpy, IIO BKIIOYae B cebe
TipOCKOI, aKcelepoMeTp, Kommac, GapoMmeTp i coHap,
SIKI KOHTPOJTIOIOTH CTaOUTBHICT Ta HaBIrallifo APOHY;

— amaparypy pagiokepyBaHHSA, SKa 3IIHCHIOE (op-
MaTyBaHHS i ICPETBOPCHHS CHT'HAJIB Ta BKJIIOYAE B Ce-

O0c BOy/JOBaHy TEIEMETPIIO JUIS Mepenadi KOMaH Bij
MiJIOTa JI0 APOHY;

— aHTEeHU st 3a0e31eYeHHS 3B SI3Ky MiX JPOHOM
Ta OIEPaTOPOM;

— JIBUT'yHa, 1110 3a0e3Ieuye pyx JpOHY;

— TOBITPSHUX TBUHTIB, SIKi T€HEPYIOTH MiTHOMHY
CHILy IS TIOJIBOTY;

— peryiaTopiB 00epTiB, AKi KOHTPOJIIOIOThH IIBU-
KicTh OOepTaHHS ABHUTYHIB;

— Oarapei Ta 3apsIHOTO MPHUCTPOIO (IPKEPETO KHB-
JICHHS IPOHY);

— Jokepena OOpPTOBOTO J>KUBJICHHS 3 1HAWKATOPOM
3apsiy, K€ KOHTDOJIIOE Ta BioOpakae piBeHb 3apsy
Oarapei.

JloaTKOBI KOMIIOHEHTH BKJIFOUArOTh [17]:

— o0nagHaHHs JUIs BiJJCOKaHANy, SIKE CKIIAIAE€ThCS
i3 BiZleoOKaMepH, BiICOKOMYTATOPa, MiABICY i CTaOLIi-
3amii Ta mpuiiMada BilEOCHTHANY, SKi 3a0€3MeYyroTh
BiZICO3HOMKY Ta Iepenady BifICOCHUTHAIy OllepaTtopy Ha
BHBITHUH IPUCTPIH;

—npuitmaui GPS, sxi 3a0e3meuyroTs BU3HAYCHHS
TOYHUX KOOPIMHAT JPOHY, BUKOPHUCTOBYIOUHM IPHHIIHII
BU3HAYCHHS KOOPJIUHAT, PEKHUMH CTapTy Ta TEXHOJOTIi
HO3UIIOHYBaHHS;

—anmantep Bluetooth, skuii 3a6e3neuye 6e3apoTo-
BUI{ 3B’5130K 3 IHIIMMU IIPUCTPOSIMHU;

—3aco0H MOINYKY, SAKi JOMOMAararoTh 3HAXOIUTH
JPOH Y BHIIAJIKy BTPaTH 3B’5I3Ky a00 aBapil;

— aucrurei Ta IHIWKATOpHW, HEOOXimHI A Bimo-
OpakeHHs iH(pOpMaIii Ipo cTaH APOHY Ta HOro mapa-
METPH HOJIBOTY.

Cnin 3a3Ha4MTH, IO IOBHA KOoMIUIEKkTariss FPV-
JPOHIB 3 yciMa 00OB’S3KOBHMH Ta TOJATKOBUMHU KOM-
MMOHEHTaMH 3HAYHO 30UIBIIye TXHIO KOMEpIiHY Bap-
TICTh Ta MiJBHIIY€E EKCIUTyaTalliiiHI BUTPATH.

Po3risiHyBIIM 3 SIKUX KOMIOHEHTIB CKJIaJar0ThCs
ynapui FPV-1poHu, MokeMo 3p0OUTH BUCHOBKH, IO 1€
€ KapkacHi konTepu (TOOTO KOHCTPYKTOPH), SIKI CKJia-
JIAI0THCS 3 PI3HUX €JIEMEHTIB Ta OCHAIIEH] 3aKPiIICHOO
kamepoto. Leit Tun nponiB Moxke OyTH 3i0paHuii Oy/ib-
SIKOI0 0CO0OI0 3 KUTBKOX OCHOBHHX KOMIIOHEHTIB, IO
poOuTh X 3HAYHO AEMIEBIIMMH IMOPIBHSHO 3 3aBOACH-
KHMHU MOJICIISIMU, Hanpukian, TakuMu sk DJI Mavic 3.
3aBsikM cBOiH MOAyJBHIM KoHCTpykuii, FPV-npoHn
MOXXYThb OyTH aJalTOBaHI IiJl Pi3Hi 3aBIaHHS, BKIOYA-
0YM BHUKOHAHHA (yHKIi kamikamze, 6ombapryBaib-
HUKIB, pO3BiAyBaJIbHUX amapaTiB TOIIO.

Heo0xigHo 9iTKO pO3pI3HIATH OCHOBHI BiIMiHHOCTI
3a TPHU3HAYCHHSIM MDK pPO3BIIyBaJbHUMHU JPOHAMH,
Hanpukian, Takumu Sk DJI Mavic 3, ski BUKOPHCTOBY-
FOThCS 3a3BUYAl ISl POBENCHHS PO3BIAKH OJMKHBOTO
ceKTopy Ha BijcraHi 10 10 KM, momryky miizei ta Kope-
T'YBaHHS BOTHIO, Ta yaapHumu FPV-nponamu. Ha Bin-
MiHy Bin posBinyBambHHMX brnJIA, ymapni FPV-nponn
31e0uIbIIOro (GyHKIIOHYIOTh SIK KaMikaj3e, HECyud Ha
co0l KOpHCHE HaBaHTaKEHHS Yy BUIIAAL Ooempumacy.
Xo4a MOXIIBO OCHACTHUTH TaKi IPOHU BHCOKOSIKICHUMHU
KaMepaMH Ta BUKOPHCTOBYBATH iX [UIS PO3BIAYyBaIbHUX
miJe#, mpoTe, Taka MpaKTHKa Ha TETEpilIHii Jac He €
HIMPOKO MOIIUPEHOIO.

Ockinbku yaapauit FPV-1poH € KOHCTpyKTOpOM,
TO MPH JOCTATHIX 3yCHIIISIX MOXIIMBO YKOMIIJIEKTYBaTH
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MOJIeNIb, sIKa Oyne Jopok4oro 3a ymMoBHHN Mavic. Bap-
Tictb FPV-7poHa BH3Ha4al0Th BHYTPIIIHI KOMIIOHEHTH,
npouec HOoro CkiiaJiaHHs Ta KiHIEBI TEXHIYHI Xapakre-
puctuku. DJI Mavic € apoHOM 3aBOJCHKOI 30ipKH, BH-
TOTOBJICHUM 3 BUCOKOSIKICHUX MatepialiB Ta YKOMIUICK-
TOBaHUM ITyJIFTOM KEpyBaHHS, PI3HHMH CEHCOpaMH,
MaTYNKaMH, 1 HAWTOJIOBHIIIE — BHCOKOSIKICHOIO KaMe-
polo, AKa CKIaja€ 3Ha4Hy JacTHHY BapTocTi apoHa. Ha
MpoTHBAry IboMy, yaapauii FPV-npon moxe OyTH 3i6-
paHmii caMOCTiifHO, pUAOABIIM OCHOBHI KOMIIOHCHTH
yepe3 [HTEepHET. 3amexHO Bix 3aBHaHb, SAKi Oyne BUKO-
HYBaTH JIPOH, MiIOUparOThCsl HOTO CKIIaJO0BI 4acCTHHH.
Hanpuknan, s qpoHa THIly Kamikaznse (OZHOpa3oBHiM
JPOH JI0 paMU SKOTO 3aKpiIUICHHUI OoempwuIiac), 3a3Bu-
Yyal, He MOTpiOHa BUCOKOSKICHa Kamepa, IO0CTaTHHO
HEBEJIMKOI KaMepH, sika J03BOJISIE OpIEHTyBAaTHCS Ha
MICIICBOCTI ITiJ] YaC BUKOHAHHS MOJIBOTY.

Iposenennit ananiz TTX ymapaux FPV-nmponis
MOKa3aB, M0 TepeBa’kHA OUTBIIICTH APOHIB (YHKIIO-
HYIOTh Ha NWBUIBHHX dacToTaX, a came: 900 MIm,
12Ty, 1,3 1T, 2,4 I'Ty, 5,8 I'T'u, a Takox BUKOpHC-
TOBYIOTh TexHoioriro Wi-Fi. Cruim 3a3HaunTH, mo Cy-
yacHUW puHOK FPV-1poHIB nepeBaxHO NpOIIOHYE ama-
patypy, 1o ¢yHknionye Ha uactotax 2,4 I'T'm abo
5,8 I'Tt. OckisibKU 3a3Ha4EHI YaCTOTH MPU3HAYCHHI IS
[UBIILHOTO BUKOPUCTAHHS, a HE JJIS1 BUPIIICHHS BiliCh-
KOBHX 3aJa4, TO BOHH € BiOMHMH Ta IOCTIHHO Mmiaaa-
I0ThCSL PaIi0eNIeKTPOHHOMY MOJIaBIeHHI0. ToMmy, onepa-
TOp IpoHa TOBHHEH OyTH OOEpe:KHUM, 3HATH MICIII
po3tamryBanHs 3aco0iB PEB mpoTuBHHKA, a TakoX MO-
BITPSIHI KOPHIOPH, IKUMHU MOXKHA O€3MeYHO 31iHCHIOBA-
i momit. BrJIA BilficbKOBOTO IpHW3HAYCHHS, HATPH-
KJIaJl, JTITAKOBOT'O THIY, € Outbm crifikumu 1o PEB 3a-
BISIKM BUKOPHCTAHHIO PI3HMX YacTOT. Y pasi monas-
JICHHSI OZIHI€] YacTOTH, ONEpaTop MOXE MPOJOBKHUTH
poboty Ha iHmii. BomHowac, momo muBiibHHX FPV-
JIPOHIB, TOCTIHHO TpUBae poOOTa B HANPSAMKY IIiIBU-
mieHHs crifikocti 10 3aco6iB PEB, muiixom ymockoHa-
JICHHSI TEXHIYHHMX XapakTepucTHk. Ilin yac BUKOHaHHS
00/0BHX 3aBaHb 3aCTOCOBYIOTHCSI aKTUBHI aHTECHH, SIKI
ITICUITIOIOTH CUTHAJI, @ TAKOXK POOJIATHCS NESIKI IPOIIN-
BKH CaMUX JIPOHIB, SKi TO3BOJISIOTH MPAIIOBATH B Pi3-
HUX Jiana3oHax 4actoT. J[aHi TeXHOJOTiYHI pi3HOMaHi-
THOCTI JIO3BOJISIIOTH OIlepaTopy OOHMpaTH ONTHMalIbHi
rapamMeTpH Uil KOHKPETHUX YMOB MOJIBOTY.

Hami y crarti npenctasneni crpykrypoBani TTX
st yaapaux FPV-apoHiB, ski moeaHyIoTh y co0i me-
penoBi TexXHOJOTii, BUCOKY MaHEBPEHICTh Ta 3HAYHY
OOHOBY MOTYXKHICTh, HEOOXITHY ISl BUKOHAHHS BiHCh-
KOBUX 3aBJaHb y Cy4YaCHHUX KOH(QUIIKTaX.

[epimm aBTopaMu poOOTH 3aMpPOIIOHOBAHO PO3T-
sty TH ApoH DJI FPV, sixuii € TeXHOJIOriuHOI0 po3poo-
KOIO KUTAaHCBKOI NMPHUBAaTHOI KOMIIaHii, MPOBIHOTO BH-
poOHHMKa KBaJpOKONTEPiB, MIKPOKOHTPOJIEPIB Ta BiJeo-
ob6namHannsa. DJI e ogaum i3 minmepiB punky briJIA Ta
IHHOBAaTOpPOM y cdepi JITAIBHUX IPOHIB, KOHTPOJIEPIB
s BriJTA 1 oGnagnanss nus crabinizanii BiIeo3iioMKH.
Hpon DJI FPV 306paxeno na puc. 1 [18].

Ocnosui TTX DJI FPV naseneno B tabm. 2 [18].
Amnaniz TTX DJI FPV nokasye, 110 11eii ApoH € BUCOKO-
TEXHOJIOTIYHUM Ta 6araToQyHKIIOHAIEHAM iHCTpYMEH-
TOM Uil BUKOHAHHS Pi3HOMAHITHUX 3aBlIaHb. 3aBISKH

CBOiM KOMITaKTHUM pO3MipaM 1 BITHOCHO Maiil Basi,
DJI FPV 3abe3neuyye BUCOKY MaHEBpeHICTb. Makcuma-
nbHA MBHAKICTE Y 140 KM/roJ Ta MakcuMalbHa BHCOTa
noapoty 10 6000 MeTpiB poOIIsATH HOTO Ba)KKOIO LIILITIO

JUTA BUSIBJICHHS IPOTUBHUKOM.

Puc. 1. Mogens FPV npony — DJI FPV

Tabmuys 2 — TTX DJI FPV

BHUCOTA ITOJBOTY

XapakrTepucTuka 3HavyeHHA
Po3mip 255x312x 127 mm
Bara 795 r (3 aKyMyJIATOPOM)
MakcumanabHa 140 xm/rox
HIBHIKICTD (B pexxumi Manual)
MakcumaiabHa

6000 meTpiB

Yac nosboty

10 20 XBUJINH

I[aJ'II)HiCTL TOJLOTY

Jiamazon pobounx 24248 I'T1q
qacTOT 5,725-5,850 I'T1L
MakcumanabHa 1o 16.8 km

(3a71IeXKHUTh BiJI YMOB)

CeHcop kamepu

1/2.3" CMOS, 12 MII

OO0’ eKTHB KaMepH

FOV: 150°, niadparma: £/2.8

Bigeo

4K/601fps, 1080p/1201ps

Cra0imi3arris
KaMepu

EnextponHa crabimizaris
300paxenHs (EIS)

Cucrema nepesiadi Bijieo

DJI O3 (OcuSync 3.0)

JlanbHicTh

Ho 10 xm (FCC), o 6 xm

nepeiadi Bigeo (CE/SRRC/MIC)
Tum akymynsiTopa LiPo 6S
€MHICTh aKyMyJISITOpa 2000 MA ‘roauH
Hanpyra akymyiisitopa 222B

Pexumu nonpoty

N Mode (Normal), S Mode
(Sport), M Mode (Manual)

Pexumm TOBEPHEHHA

ABTOMAaTHYHE TIOBEPHEHHS [IPH
HH3BKOMY 3apsijii akyMyJIsTopa
a0o BTpari 3B’s13Ky

HasiBHiCTB aBTOCYIIPO-
BOJIY ITiJTi

He repeadadeHo

[ina

~30000 rpuBeHb

BigHOCHO BeNWKHI Yac MOJIBOTY JUI TAKOTO THITY
BrJIA (mo 20 XBWJIHH), a TAKOX BEIUKA JAJTBbHICTh I10-
60Ty (0 16.8 KM), D0O3BOJISAIOTH BHKOHYBaTH IOBOJI
TpuBaii 3aBranHs. Kamepa 3 cencopom 1/2.3" CMOS i
MOXUJIMBICTIO 3HIMaHHs Bifeo B 4K/60fps 3abesmeuye
BHCOKOSIKICHE 300pa)KCHHS, IO € KPUTHYHO BaXKITUBUM
TIPY HAaBEJIEHH] Ha IJIb ypaKeHHSI.

Ha puc.2 wnaBemenuii FPV-apon — ProDrone
10inch VTx1.2 2w) / TxES720, sxuii ¢ FPV-nporom
yKpaiHchkoi 30ipku (KOMITOHEHTH IPOHY BHUTOTOBIISI-
fotecs B Kuraticekiit Hapogniii Pecrry6mini) [19].

VY mopiBHAHHI 3 IHITNMH APOHAMH, PO3TIISTHYTUMH
y cTarTi, Ue Haimopoxkya mozenb. Llina oOymoBieHa
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ITOBHOIO KOMIUICKTAIIEI0 (aKyMYJIATOpP, OKYJISPH, 3apsi-
JMHHUW TPUCTPIi, MyJbT KEPYBaHHS) Ta BCTAHOBJICHOIO
BHCOKOSIKICHOIO Kamepor. Tomy, BpaxOBYIOYH HOTO
XapaKTEPUCTHKH Ta MOXJIMBOCTI, I[eH IPOH € e(heKTUB-
HHMM 3aco00M I BUKOHAHHS CIELialdi30BaHUX BIHCH-
KOBHX 3aBIaHb. Y Tabi. 3 Hasemedi ocHoBHI TTX
ProDrone 10inch VTx1.2 (2w) / TxES720 [19].

Puc. 2. Monesns FPV-apony — ProDrone 10inch
VTx1.2 2w)/ TxES720

Tabnuysa 3 — TTX ProDrone 10inch VTx1.2 2w) / TXxES720

MIPIOPUTETHOIO CepeJl IHIIMX MOJIeIIel APOHIB.

Snpo inppavepBonoi kamepu Thermal cam 640x512,
9.lmm 00’eaHye iH(ppauepBOHUI TEIUIOBUH IETEKTOP
640x512/12 mMkm Ha piBHi tuiactuau (WLP). Bona Bin-
pI3HS€ETbCS PI3KAM 1 YITKMM 300paKeHHSM, KOMIIAKT-
HUMH PO3MipaMH Ta HU3BKOIO BaPTICTIO.

Ha puc. 3 300paxennit FPV-npon AvengeAngel
Hercules-13, BupobuunTBa xpainn Kuraiicekoi Hapon-
Hoi Pecrry6miku [20]. Y tabn. 4 HaBeneni ocHoBHI TTX
AvengeAngel Hercules-13 [20].

Puc. 3. Mozens FPV npony — AvengeAngel Hercules-13

Tabnuys 4 — TTX AvengeAnge Hercules-13

XapakTepucTHKa 3HavyeHHs XapakTepucTuKa 3HaveHHs
Po3zmip 297%297%80 mm Posmip 294,3x200x600
Bara 918 rpam (6e3 Garapei) Maxkcumanpaa . .
M . 1o 15 kimomerpis
aKCHMalbHa BUCOTA 5000 metpin JABHICTB MOJIBOTY
MOJIBOTY MaxkcumanbHa
M . 74 xm/romuHy
aKCHMaJlbHa 72 xwlromuny HIBHJIKICTh
IIBUJKICTh Kawmepa AvengeAngel A10
Kamepa Thermal cam 640x512, 9.1mm Jliana3oH poboYnX TeM- 10°C ~ 40°C
Tun kamepn 3 TEIUIOBi30pOM neparyp ) -
Hianazon po6ounx Bix -10° mo 40° C [MepenaBau AvengeAngel 5.8G 2.5W
TEeMIIepaTyp (14° no 104° F) Ipuiimay Elrs750/Elrs915/TBS RX
ITpoTokon 3B’sI3Ky ELRS AxyMyJsTOp Lipo 12000mAh 8s
Po6ouya yacrora 720 MHz BanraxornigiioMHicTh 10 7 kinorpam
PexomenoBati 6S2P 10.000Mah Hagirargis 6e3 GPS
AKyMyJIATOpU AHTeHa AvengeAngel 5.8G
BanrtaxomniiioMHICTh edexTHBHA 710 3 Kijorpam MakcuMaIbHuUll uac B
Hagiranuis 0e3 GPS HoBITpi Ao 15 xBHimH
AHTEHU 1.2g antenna Iponenepu 13 mroiimin
MaxkcumanbHuit 3anexuts Bix AKD ta JBuryH AvengeAngel 4214-380KV
gac B MOBITpi KopucHoro HaBantaxeHHs (BY) HasBHICTb aBTOMATHYHO- 6
IIponenepu HQProp 1550 TO CYNpPOBOJY I HE HIepef0adacThes
JBuryn 3115 motor kv900 6S Ilina ~ 60000 rpuBeHb
KacToOMHe kapOoHoBe miaci 427
Pama MM, 2/3 MM TOBILHHA, TOBILMHA Bennka motyxHicTe akymymaTopa FPV-mpony
< NPOMEHIB 7,5 MM AvengeAngel Hercules-13 n1ae MOXJIMBICTb 3aCTOCOBY-
Hg;II)T(E)TC;TIep F405 FPV drone flight controller BaTH JPOHU JAHOTO THUIy HAa BelWKi BiacraHi (mo 15
65 60A 4-in-1 ESC/10 inch KUJIOMETpiB) Ta HECTH BI/IHOCHO BEIMKY 69HOBy 4acTH-
ESC Hy B NOJBOTI (10 7 KiNOrpamiB). YHpaBIlliHHSA IPOHOM

version

Ilepemaya Biaeo 2W, 1.2G transmitter

HasiBuicTh aBTOMATH-

.. HE nependoayeHo
YHOTO CYNPOBOJY IIiJTi

Ilina ~ 63000 rpuBeHb

PoGoua wacrora 720 MI'm ta mporokon 3B’s3KYy
ELRS 3a0e3neuyioTh HajiiHy KOMYHIKalil0 MK JApo-
HaMH{ 1 ONEpaTopoM Ta € CYTTEBOIO BIIMIHHICTIO MiX
IHIIUMH TpeacTaBieHuMu y po6oti FPV-nponamu.

JlocTaTHRO BeNMKa BaHTAXKOIMIAHOMHICTL 00HOBOI
gacTUHH (A0 3 Kijlorpam) poOWTH AaHy MOJENH JOCHUTH

3MIACHIOETHCS HA CTaHIAPTHIN st Takoro tumy BriJIA
yactoTi 5.8 MI'n. Cuig 3ayBaXKUTH, IO JI0 IBOTO THITY
JIPOHY BHUPOOHHKOM TMependavyeHo BeNUKa KiJbKICTh
PETPaHCIATOPIB IS MOCHICHHS CUTHAITY.
Jami npoanamizyemo FPV-mpon -—
Pavo25 Whoop 300paxenwii Ha puc. 4 [21].
Januit FPV-npoH 3 miameTpoM TBUHTIB 2,5 ITIOM-
Ma, po3pobnenmii kommnaniero BETAFPV (Kuralichka
Haponna Pecrny6mika), XapakTepHu3yeTbCs HOBITHBOIO
KOHCTPYKILIEIO paMH, IO ONTUMI3yE ii CTPYKTypy Ta
3MEHIIY€E KUIbKICTh CKJIQJIHMX KOMIIOHEHTIB. [lyisi ckiia-

BetaFPV
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JaHHS TIOBITPONPOBOJY 1 IpOHA HEOOXIIHO BCHOTO
IICTh TBHHTIB, [0 3HAYHO CIIPOIIYE MPOIEC MOHTAXKY.
Pama BurorosiieHa i3 BUCokosikicHoro marepiany PA12,
o 3abe3neuye ii MIIHICT 1 JOBroBiuHicTh. Llei mpon
MiATPUMY€E BHUKOPUCTAHHS IHUPOKOTO CIEKTpa Kamep
FPV, moctynmHuX Ha pHHKY, IO POOUTH HOTO yHiBEp-
cagpbHUM Yy 3actocyBaHHi. s mmdpooi HD-Bepcii
BHKOpPHUCTOBYEThCS KoMIuiekT Caddx Nebula Pro Nano
Vista, Toai SK JUIsl aHAJIOTOBOI Bepcii 3 mepemaBadeM
VTX — Caddx Baby Ratel2+A03 3 motyxHicTio 400
MBT Ha gacrtoti 5,8 I'T. YV tabi. 5 HaBeneHi OCHOBHI
TTX Pavo25 Whoop [21].

Puc. 4. Mozens FPV apony — BetaFPV Pavo25 Whoop

Tabauysa 5 — TTX BetaFPV Pavo25 Whoop

XapakTepucTuka 3HayeHHs
Posmip 108x108 mm
Bara 153,3 r (6e3 akymynsTopa)
Pamka Kommuiekt pamu Pavo25
1404 Ge3uiiTKOBUI IBUTYH
Heuryn 4500KV '
Kamepa SMO 4K

Yac nosboty 110 7,5 XBUIIMH

Caddx Nebula Pro Nano Vista Kit
(HD Digital)/Caddx Baby
Ratel2+A03 400 MBT 5,8G (ana-
norosuit), Walksnail Avatar HD
Digital Kit (HD Digital)

BineonepenaBauy

Perymoemuii kyT

0°-50°

Kamepu
[Tpuiimau PNP/ELRS 2 4G/TBS
PexomernoBarmH 4S 750 MAW/A4S 850 MA"
AKYMYJISTOD
HasBHicTh aBTOCYII-

. He nepeabdavaeThest
poBOAY i
Ilina ~ 10000 rpuBeHb

Bepcist Analog VTX o6magnana kameporo Caddx
Baby Ratel2, mo mae 1/18-moiimoBuii HDR-matumk
30pSIHOTO CBiTJIa 3 pO3AUTHHOIO 3matHicTio 1200 TBJL
Bineonepenasau A03 400 MBt VTX, skuii BXOIUTHh y
KOMIUIEKT, XapaKTepH3YEThCS BIAKPUTUM BUXIJIHUM
KOJIOM 1 3a0e3meuye peryjabpoBaHy BUXIAHY MOTYXHICTh
y pexumax PIT, RCE, 100 mBt Ta 400 MBT.

Bepcin Walksnail HD VTX ykommiekroBana
Habopom Walksnail Avatar HD Kit, skuit 3a0e3medye
3amuc  Bimeo y ¢opmatri 1080P 3 HagHM3BKOIO

3atpuMKoio0 22 Mc. KoHCTpykiist 3 JBOMa aHTEHaMH
JI03BOJISIE 3/IMICHIOBATH Tepeavyy CUTHANy Ha BiJCTaHb
no 4 xm. 3asHayeHa Baprictb FPV-mpony BetaFPV
Pavo25 Whoop He BpaxoBye IOBHUH KOMILIEKT
(OKyJISIpH, aKyMYJIATOD, IYJIBT KEPYBaHH).

Inmnm ynapuum FPV-npoHoM, sikuil IIMPOKO BHU-
KOPUCTOBYETHCSI B OOMOBHX [IisIX HA TEPUTOPil YKpaiHU €
SPIDER-2 TBS, po3pobnenuii kommanieto DRONE
UKRAINE, i € iHHOBailfHUM IPOIYKTOM YKPaiHCHKHX
¢axiBmiB. JlaHWH ApPOH XapaKTEPU3YETHCSA BiIMIHHUMHU
TEXHIYHIMH TapaMeTpaMHd Ta 3JATHICTIO TIEPEHOCHTH
BaHTaXl 10 4 KutorpamiB. Takoxk JApOH BiJPI3HAETHCS
BHCOKOIO HIBWJIKICTIO Juisi naHoro tury BrmJIA (mo 140
km/ron). FPV-npon SPIDER-2 TBS 300paxenuii Ha
puc. 5 [22]. Y Tabn. 6 HaBeneHi ocHoBHi TTX SPIDER-
2 TBS [22].

Puc. 5. Moznens FPV-npony — SPIDER-2 TBS

Tabnuys 6 — TTX SPIDER-2 TBS

XapaKTepuCcTHKA 3HavyeHHS
Po3mip 350%350%93
Bara 1525 rpam
MakcumarnbHa Bara 710 4000 rpam
HaBaHTAYKEHHS
MaKcnmaana 140 xkm/romuny
HIBHJKICT TOJEOTY
MakcumanbHa 7000 werpis
BUCOTA MOJBOTY
MakcumanbHa

. 1o 20 kimoMeTpiB
JIATIBHICTh MOJIBOTY

MaxkcuManbHUN Jac
10 30 XBUIHH

MOJIEOTY
Jiamazon pobounx 20°C 110 +50°C
TeMIeparyp
Kamepa RunCam Phoenix 2
JlBuryn Mamba KN 3115 730KV
AHTeHa Mamba KN 150 mm
Bigeonepenasay RUSH MAX Solo Tank 5.8G 2.5W
[Tpuiimay TBS Crossfire Nano RX (SE)
Aucranuiine 2,4 T a60 915 MI'1/868 MI'y
KepyBaHHs
[Iponenepu Gemfan 7040-3
HasiBHicTh aBTOCYII-

. He nepenbdayaeTbes
pOBOY I
[ina ~ 25000
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CucteMu ynipaBiiHHs, HaBiraiii Ta 3B's3ky. 2024. Ne 3

OcobmuBoro BinminnicTio FPV-npony SPIDER-2
TBS € MOXIMBICTH 3AIMCHIOBATH YNPABIIHHS IPOHOM
Ha PI3HMX YacTOTaX Ta MAaKCUMalbHa BHUCOTA IOJILOTY
(mo 7 000 metpiB).

Takum umHOM, npoBepeHui anamiz TTX FPV-
JIPOHIB JJO3BOJIUB 3pOOUTH HACTYITHI BUCHOBKHU:

— Ha TpakTHIi y OinmbrmocTi Bunanakis FPV-aporun
3aCTOCOBYIOTBCS SIK YAapHI APOHU KaMikaj3e;

— FPV-aponn € manomBunkicanmu brJIA, 3a BH-
COTOI0 TOJBOTY HAJEXKATh 0 BEIMKOBHCOTHHX Ta €
BrJIA 1 xitacy (MiHi(TaKTHYHI));

— ynpaBiHHS po3nsiHyTUMU FPV-nponamu 3miiic-
HIOETHCS Ha PI3HUX YacTOTaX, BPAXOBYIOUM IIOCTIHHE
3aCTOCYBaHHS Ta YIOCKOHAJICHHS NPOTUBHUKOM 3ac00iB
PEB. O1xe mocrtae akTyajbHe 3aBJaHHS YJOCKOHAJICHHS
JIAHOTO TapaMeTpy (3MiHa Jiana3oHy poOOYHX YacToT);

— FPV-npoHn MOXyTh HECTH B TOJILOTI Ooerpuna-
cu 10 15 kinorpamis, o poOHUTH iX JOBOJI PYIIIHHOIO
CHWIIOIO JUTS 3HUIICHHS BiICEKOBOI TEXHIKH;

— QJIaNTUBHICTH APOHIB JIO KOMIIOHEHTIB JO3BOJISIE
BHKOPHCTOBYBATH pi3HI THIH Kamep, aKyMYJSATOPIB,
TyJIBTIB TOIIIO;

—B Ourmbmocti mozenedt FPV-pponiB BincyTHid
GPS;

— posrisiHyTi Mozaeni FPV-ApoHiB CBOEO KOHCT-
pYKLi€0 He mnependavyaroTh aBTOMATHYHHUN CYNpPOBiA
LTl y pasi nonasneHHs kaHany 3acobamu PEB.

VYnapuum FPV-apoHaM BiacTHBI YHCIICHHI epeBa-
IH, siKi 00yMOBIIOIOTH iX BHCOKY 3arpeOyBaHicTh B 3C
VYkpainu. OCHOBHMMU IepeBaramMi €:

— BIJIHOCHO HEBeJHKa IiHa. BapTicTh Takux TUIIB
BrJIA pinko mepeBumnye 30 000 THcs4 rpuBeHb (HEMO-
BHOTO KOMIDICKTY), a IIe B pa3d MEHIIE HiK KOIITYe
apTUIICPICHKUN CHAPST;

— BHCOKa TOYHICTh NPH ypakeHHI nimi. Bigeomro-
JIoM 3abe3reuye omeparopa PI3HUMH MOXJIMBOCTIMHU
Juist poboTr 3 ninto. Ha BinMmiHy BiJ 3BHYaiiHMX MOHI-
TopiB abo ekpaHniB cmaprdona, FPV-okynsipu He Bino-
JIMCKYIOTh, 10 J103BOJIsIE KOM(OpPTHO KepyBatu BrJIA
HABITh Y SCKPaBUI COHSYHHUU JICHb. 32 YMOBH HAJICIKHOT
BIIpaBHOCTI oreparopa FPV-apon mMoxe BpakaTH Hiii
MIHIMAIIFHOTO PO3MIipy, Taki SK JIOKU TaHKIB abo OJiH-
JIaxi;

— BENTUKAa MIBHIKICTh MONBOTY. FPV-nponu 3matHi
mitata ayxe mBuiako. Jesxi FPV-nponn, MoxyTs po3-
BHBATH MBUAKICTh M0 150 kimomeTpiB Ha romuHy. 3a-
3Ha4eHNH (PAKTOp 3HAYHO YCKIIQAHIOE PATYBAHHS Bij
Takux TUMiB yaapuux briJIA, 3a3Buuait oco0oBuil cKiIaq
IIPOTHBHMKA HE BCTUTAE HaBiTh ineHTH(]iKyBaTH briJIA;

— HeBenuki po3Mmipu FPV-nmpoHiB, 10 yCKIaaHIOE
MOXITHBICTB 1X BUSIBIICHHS JJIsl IPOTUBHHKA,;

— JIOCTaTHLO BEJIMKA BaHTAXOIIIIHOMHICTE 00i10-
Boi yacTuHHM (cHapsay). Lle 103BoIsIe BUKOPHCTOBYBATH
MiABICH JTOCTaTHBOI Baru (mo 7 kimorpam). J{ms mopis-
HSHHS py4Ha rpaHata Tumy ®-1 Baxuth 61mu3pk0 690
rpamis;

— BiIHOCHA CTiiKicTh 10 3aco0iB PEB. FPV-nponu
YOPaBIIOTECS BPYYHY ONEPaTOpPOM 3a JOTIOMOTOI0 pa-
TiOoKaHaTy, MO0 POOUTH iX HEYYTIMBUMH JIO 3acOo0iB
PEB, cipsmoBaHMX Ha MPUTHIYEHHS CYIyTHUKOBOI Ha-
Birarii. Kpim 1mporo, Ha BigmiHy Binx nuBinsHUX BriJIA,
y BUNAIKaxX TEpeTBOPEHHs iX Ha O0OWOBiI amapatw, Iii

JPOHH MOXXYTh OyTH OCHAILCHI CIEHiaTbHOK MPOIIUB-
KO0, sIKa YCKJIQJHIOE JAEKOJyBaHHS CUI'HAITy TIPOTHBHHU-
koM. Ilpore, ciig BpaxoByBarm, mo Oyap-ski BrJIA
MOXyTh OyTH monamieHHi 3acobamu PEB nuisixom Bu-
SIBJICHHSI MiCLsl PO3TAlIyBaHHS OIEpaTopiB 3a JOIOMO-
roto 3aco0iB PEP. Tomy BaxumBo 3actocoByBat FPV-
JIPOHH Y TIOEAHAHHI 3 PETPAHCIATOPAMH Ta BUHOCHUMH
AaHTEHAMH JUIS 3aXHCTY OIepaTopa BiJ HAaHECEHHS yHapy
MIPOTHBHHUKOM;

— IMUPOKUI niama3oH 3acrocyBaHHi. FPV-mponun
MOXYTb 3aCTOCOBYBATHCS HE TUIBKH U1 HAHECEHHS
yZapiB 10 NPOTUBHUKY, a i JUIsl JOCTaBKM BaHTaXiB Ha
HeOe3NeyHnX JITHKaX B palioHax BeJeHHS OOWOBHX
I, BEJIEHHST PO3BiJKH, KOPETYBaHHS BOTHIO apTHiIepii
TOLLO;

— BUCOKa amanTuBHIiCTh. Ile m03Bosisse mMomudiky-
BaTti FPV-npoHM 10 KOHKPETHHX 3aBIaHb, IO POOUTH
iX YHiBepCaTbHUMH Ta ¢(PEKTHBHAMH B PI3HUX YMOBAX;

— BUKOpHCTaHHS ymapHuX FPV-mpoHiB cTBOpioe
TICUXOJIOTIYHUH e(eKT Ha MPOTHBHUKA, IO MPU3BOAUTH
JI0 3HIDKCHHS HOTO MOpPalbHO-TICHXOJOTIYHOTO CTaHy,
CTBOPIOIOYH BIAYYTTS IMOCTIHHOI 3arpo3u.

[pore, sk 1 Oynp-sika 30posi, FPV-aponn He mos-
OaBJIeHHI NeBHUX HeAoJiKiB. OCHOBHUMHM HEIOJIKAMU
ynapuux FPV-npoHiB €:

— oOMexeHui yac HoiboTy. Akymyisitopu FPV-
JPOHIB MalOTh OOMEXeHHil 4ac poOOTH, IO CYTTEBO
3MEHIIYE TPUBAIICTh NMPOBEACHHS 3aBJAHHS Ta JaJlb-
HICTb TIOJIBOTY;

— BHCOKI BUMOTH [0 MPOQECIHUX HABUYOK OIIe-
patopa. EpexruBne ynpasniaas FPV-naponom morpedye
BHCOKHX HAaBHYOK OIEpaTOpa, IO BHMAara€ TPHUBAJIOTO
HaBYaHHSA Ta JocBigy. HemocBimdeHi omepatopm Mo-
KYTh 3HU3UTH €(PEKTHBHICTh BHUKOPHCTAHHS IPOHIB i1
MIIBHUIIUTH PU3UK X BTPATH;

— Ypa3JiMBICTh [0 MOTOAHUX yMOB. FPV-nponu
MOXYTb OyTH OOMEXeHi Y BUKOPHUCTAaHHI 32 HECIIPHUSIT-
JIMBUX TOTOJHUX YMOB, TAKUX SIK CHUJIbHHH BIiTEp, JOLI
abo CHIr, 110 MOXe€E BIIMBATH HA iXHIO CTaOUILHICTEL Ta
e(eKTHBHICTb.

3. TakTuka 3acrocyBaHHs yaapuux FPV-
npowniB. Taktuka 3actocyBaHHsA yaapHux FPV-mponiB
i yac BeleHHs 0OMOBHMX il BKJIIOYAE KiIbKa KIIFOYO-
BUX €TalliB, sIKi 3a0e31e4yIoTh e()eKTUBHICTh Ta MaKCH-
MaJIbHYy Pe3yJIbTaTUBHICT IX BUKOPUCTAHHS.

Ilo-niepie, nepen 3acrocyBaHHsAIM yaapHoro FPV-
JIPOHY JIOIIIBHO MTPOBECTH MOTIEPEAHIO PO3BIAKY MicIie-
BOCTi 3a omomorofo iHmux brJIA (xomrepHOTO THITY)
a00 pO3BiAYBATBLHUX MiAPO3IiTiB. 3a3HaUeHE HEOOXITHO
JUISL BUSIBJICHHSI TOYHOTO MICII€3HAXODKEHHSI 0COOOBOTO
CKJaay abo BiiChKOBOI1 TEXHIKM MpOTHBHUKA. Jlaimi ciif
MPOBECTH aHaNi3 MOTCHIIHHHUX WUIeH YpaXeHHS IUIs
BU3HAYEHHS 1X 3aXHIIEHOCTI Ta BPa3JIMBOCTI.

[Mo-npyre, HEOOXiJHO HATATOAUTH KOOPAUHALIIO Ta
B33a€EMOJIIIO 3 IHITUMH CyMDKHUMH ITiPO3JIUIAMH B pako-
Hi BUKOHaHHs OoWoBOro 3aBmaHHsA. JlaHwWii eram € He-
BiJI’€EMHOIO CKJIaJJOBOIO Ta TPOBOAUTHCS AJIS TOTO, 10O
cBoi Tigpo3ainm He Bpasuwiu FPV-npon Ta mpu HeoOXin-
HOCTI HaJlaJIA TiITPUMKY 3 TTOBITPSI HASBHUMH 3aC00aMHU.

ITo-TpeTe, 3miliCHIOETHCS aTaka Ha b (TIPOTHB-
HUKA) i3 BUKOPUCTAaHHAM OO€NpHUNaciB, mi’ €MTHAHUX 10
FPV-nponiB. Jlani BimOyBaeThcs OIiHKA YCIITHOCTI
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3acTocyBaHHs Ta 30ip iH(opmauii npo HaHECeHHI ypa-
KEHHsI IPOTUBHHUKY.

[Mix uwac 3acrocyBanHs ynapHux FPV-nponiB Ha
KO>KHOMY eTarli ciij 3abe3nednTr Oe3rneky orepaTopa i
30epekeHHs] OTpUMaHuX AaHux. lle mocaraerbes muis-
XOM 3aCTOCYBaHHS PETPAHCIATOPIB Ta BAHOCHUX aHTCH.

VY OolioBHX yMOBaxX THIIOBHH EKillaX yIapHOTO
FPV-mpony ckimamaeThes i3 omeparopa Ta MOMiIYHHKA.
Omneparop, Kepylodn JPOHOM depe3 OKYJLIPH BipTyasb-
HOI peagbHOCTI, KOHIICHTPYETHCSA HA TOYHOMY HAaBEACH-
Hi Ha ik 114 ii ypakeHHs. BogHOdYac, MOMIYHHK depes
creuiaibHUH MOHITOp BijcTexye pyxu brJlIA, koHTpO-
JIFOE BXJIMBI IMapaMeTpH SKOCTI MOJBOTHOTO IPOIECY.
Bin 3a0e3neuye HEOOXiJHE HaBEICHHS Ha IUIb Yy pasi
Jie30pieHTalli MiJI0Ta, MOHITOPUTH BIUIUB IOTOJIHUX
YMOB, HampsiM BITpY, piBeHb 3apsay Oarapeil 1 SKiCTh
curHaiy. JloJaTKoBO BiH CIOCTEpirae Ta aHalli3ye Ha-
BKOJIMIITHE CEPENOBHIIE IIOA0 3MiH B TAaKTHYHHH 00-
CTaHOBIII 3 METOIO CBOEYACHOTO BHUABJICHHS ITPOTUBHHKA
B palioHI BUKOHAHHS 3aBJaHHS Ta NPOBEACHHS 3aXOMiB
1070 30€pEeKEHHS KUTTS CKIMaKy.

BucnoBku

Takum uyurOM, aHamiz TTX Ta TaKTHKHA 3aCTOCY-
BaHHa ymapHux FPV-mponiB mokaszas, mo Taki brnJIA
CYTT€BO BIUIMBAIOTh Ha XiJl CYYaCHHUX BIICHKOBHX OIIEepa-
i, HaIal0YM HOBI MOXKJIMBOCTI UISi HAHECCHHS e(EeKTH-
BHHUX TOYKOBHX yJapiB MO TEXHIIll Ta 0COOOBOMY CKJIATy
MIPOTHUBHUKA, IPOBEICHHS PO3BIIKH, KOPUTYBAaHHS BOTHIO
Ta QyHKIIA TpaHCHOpTYBaHHA. ¥YaapHi FPV-nponu ne-
MOHCTPYIOTh BUCOKY €(DeKTHBHICTH 3aBISKH MaHEBPEHO-
CTi, BIIHOCHO HM3bKii BAPTOCTI Ta MOXKJIMBOCTI MOJu(i-
KaIiil i KOHKpeTHI 00#oBi 3amadi. BogHouac, ix Bpas-
nuBicTh 10 3aco0iB PEB BuMarae momasbiioro yaocko-
HaJICHHSI CUCTEM 3B’ 13Ky Ta YIPaBJIiHHSL.

HanpsiMok monanbIIux JOCTiKeHb. AHai3
JOCBITy TaKOX JTO3BOJIMB 3aIlpOIIOHYBAaTH MO>KJIMBI Ha-
MPSIMKH TTOAAJBIIUX JTOCIIKCHD NIl TiIBUIICHHS ede-
KTUBHOCTI 3actocyBaHHA briJIA min gac BeneHHs 0oifo-
Bux aiid. 3acobu PEB MOXyTh CyTTEBO BIUIMHYTH Ha

KaHanmM ynpasiiHHA Ta HaBirauii FPV-mpownis, mpore
BOHM HE MAaIOTh BIUIMBY Ha BiJJCOKaHAIW OTPUMAaHHS
300pa)KeHHsI B CHCTEMax HaIllIloBaHHS yaapHux FPV-
npoHiB. ToMy 3 MeTOI0 MiJBUIEHHS HMOBIPHOCTI ypa-
JKeHHsI TeXHIKM POTHBHUKA B yMoBax nii PEb, nepcre-
KTHBHUM € BUKOpPHUCTaHHS ymapHux FPV-npowiB 3 ca-
MoHaBeZleHHAM. O/IHI€I0 3 YMOB YCIIIIHOI iMITIEMEeHTa-
mii Takoi cHCTEeMH € Po3poOKa alrOPHUTMIB CETMEHTY-
BaHHS OTPUMAaHUX 3 IPOHY 300pakeHb B PEKIMI pealib-
Horo dacy. /Iy mporo Mo)XKHa BHKOPHCTOBYBAaTH METO-
I CYy9acHOTO KOMIT IOTEPHOTO 30pYy, B TOMY YHCII 3
eJIEMEHTaMH IUTYYHOTO IHTeNleKTy. PesynmbraTtom cer-
MEHTYBaHHs TaKuX 300pa)KeHb Ma€ OyTH pO3MOALT 30-
OpakeHHS Ha IUTY4HI 00’ €KTH (LTl ypakeHHs) Ta MpH-
pomHi 00’ekt (poH). 3a HAABHOCTI TAKOI CHUCTEMH,
omeparopy ymapHoro FPV-npona HeoOXimHO Jyuiie 3a-
XOITUTH I1JIb, BUAUTMBIIA 00’ €KT HA CKpaHi, MICJIA Y0ro
aBTOMAaTHKa Bi3bMe Ha cele ImomaibIi Iii.

Tako)x, ogHUM 3 HaHCKIAQHIIIAX Ta HaWBaKJIMBI-
mmx eramiB 0OpoOKM 300pakeHb B CHCTEMaxX HAILIIO-
BaHHS ynapHux FPV-mpoHiB € memmgpyBaHHS 300pa-
JKeHb. Bill SKOCTI BUKOHAHHS OIleparlii CerMEeHTYBaHHS
OIITHKO-EJIEKTPOHHOTO 300pa)KCHHS 3aJIe)KUTh PE3yJib-
TaT 00poOKM Ta AemudpyBaHHS 300paxeHb. ToMmy, B
MOJANBIINX JOCIIDKCHHIX TOUIIBHO HPUAUTUTH yBary
CEeTMEHTYBaHHIO 300pakeHb B CHCTEMaX HaIllTFOBAHHS
ynapuux FPV-nponis.

PesynbraTi JOCHIIKEHb MOXYTh CTaTH HiAIPYH-
TAM UISE PO3POOKH PEKOMEHAAIlil MIOJ0 ONTHUMi3amii
KOHCTpYKIii, BHOOPY KOMITOHEHTIB Ta HABYaHHS Ollepa-
TOpIB, IO CIPHUATAME IMiIBUIICHHIO e()EKTUBHOCTI ya-
puux FPV-npowis.

JocnimkeHHss Oyu MPOBEICHI 32 PaxyHOK T'paH-
ToBOI TiaTpuMku HamioHampHOTO (OHOY HOCHTIIKEHB
VYkpainu B pamkax KOHKypcy “Hayka s 3MillHEHHs
obopoHo3aaTHocTi Ykpainu”, Ha3Ba npoekty “IHdop-
MarliiiHa TEXHOJIOTisl aBTOMAaTHU30BaHOTO CErMEHTYBaHHS
300pa)keHb 00 €KTIB B CUCTEMax HAIUIIOBAHHS yJapHUX
FPV-1poHiB Ha OCHOBI aJTOPUTMIB POHOBOrO iHTENEK-
Ty”, peectpauiiiauii Homep 2023.04/0153.

CIUCOK JITEPATYPU

1. Kopmemnp O., T'opbenko B. Ypoxu 3acTocyBaHHS OE3NMITOTHHX JHTAIPHHX amapariB y POCIHCHKO-yKpaiHCHKIH BiifHI.
IosiTpstra Minp Ykpainu. 2023. Ne 1(4). C. 9—17. https://doi.org/10.33099/2786-7714-2023-1-4-9-17.

2. Twurapenko O., I'opoberp FO. AHaniz 3actocyBaHHs O€3MIJIOTHUX JiTAJbHUX amapaTiB B 30poiHnx koHiikrax B Cupii,
JIiBii Ta Haripuomy Kapa6aci B nepiox 2017-2020 pp. anst ymockoHaieHHs: GopM i cnoco0iB 3actocyBaHHs [loBiTpsHHX
Cuu. [ositpsina Minp Ykpainu. Tom.1 Ne 2(3). C. 5-10. https://doi.org/10.33099/2786-7714-2022-1-2(3)-5-10.

3. Bomommur B. UYum  MOXyTh  3MIHHUTH  JpPOHH

nepebir

BiftHn?  Apmis  inform:  BeG-caiit.  URL:

https://armyinform.com.ua/2020/10/24/chy-mozhut-zminyty-drony-perebig-vijny/

4. baiipakrapu Ta KBa/IpOKOIITEPU 31

CKHJJaMHU.

PS Magazine YKPaiHCBKOIO: BeO-caiT. URL:

https://drukarnia.com.ua/articles/bairaktari-ta-kvadrokopteri-zi-skidami-g28dH
5. Volkov N., Evans A., Mappes G., Bailey R., Kagan F. W. Russian Offensive Campaign Assessment, April 10, 2024. Institute for
the study of war. URL: https://www.understandingwar.org/backgrounder/russian-offensive-campaign-assessment-april-10-2024

6. Ipan aTaKyBaB I3paine JIpOHaMU Ta
https://www .bbc.com/ukrainian/articles/c6pyjevnq93o

pakeramu.

BBC News VYkpaina: BeO-CaiT. URL:

7. Kumari J., Ravishankar M., Jatkar M., Kumar P., Arya P., Garg, A. Military Grade FPV Drone for Enemy Recognition.

Journal of  Cyber Security, Privacy
https://doi.org/10.46610/JCSPIC.2023.v02i01.002.

Issues

and Challenges. 2023. Ne 2. P. 7-13.

8. Alotaibi A., Chatwin C., Birch P. Ubiquitous Unmanned Aerial Vehicles (UAVs): A Comprehensive Review. Shanlax Inter-
national Journal of Arts, Science and Humanities. 2023. Ne 11. P. 62-90. https://doi.org/10.34293/sijash.v11i2.6650.

9. Singh B., Bennet J. Gyro-Stabilized Camera Control in drones for Military Applications. IOP Conference Series: Materials
Science and Engineering. 2021. Vol. 1012. P. 012017. https://doi.org/10.1088/1757-899X/1012/1/012017.

10. Anand T., Kashyappan A., Kailash K., Nithiyanantham K. Development and Automation of Fixed Wing UAV for Reconnaissance
Mission with FPV Capability. INCAS BULLETIN. 2022. Ne 14. P. 111-118. https://doi.org/10.13111/2066-8201.2022.144.9.

78


https://doi.org/10.33099/2786-7714-2022-1-2(3)-5-10
https://armyinform.com.ua/2020/10/24/chy-mozhut-zminyty-drony-perebig-vijny/
https://drukarnia.com.ua/articles/bairaktari-ta-kvadrokopteri-zi-skidami-g28dH
https://www.understandingwar.org/backgrounder/russian-offensive-campaign-assessment-april-10-2024
https://www.bbc.com/ukrainian/articles/c6pyjevnq93o
https://doi.org/10.46610/JCSPIC.2023.v02i01.002
https://doi.org/10.34293/sijash.v11i2.6650
https://doi.org/10.1088/1757-899X/1012/1/012017
https://doi.org/10.13111/2066-8201.2022.14.4.9

ISSN 2073-7394 CucteMu ynipaBiiHHs, HaBiraiii Ta 3B's3ky. 2024. Ne 3

11. Dolgin D. L., Van Der Like D., London J., Holdman C. From a Drones Point of View. HCI International 2021 - Late Break-
ing Posters. 2021. P. 517-520. https://doi.org/10.1007/978-3-030-90176-9_66.

12. Dhafari L., Afzal A., Al-Abri O., Khan A. Solar-Powered UAVs: A systematic Literature Review. 2024 2nd International
Conference on Unmanned Vehicle Systems-Oman. 2024. P. 1-8. https://doi.org/10.1109/UVS59630.2024.10467158.

13. Wang H., Cheng H., Hao H. The Use of Unmanned Aerial Vehicle in Military Operations. Man-Machine-Environment Sys-
tem Engineering. 2020. P. 939-945. https://doi.org/10.1007/978-981-15-6978-4_108.

14. Reddy C., Venkatesh B. Unmanned Aerial Vehicle for Land Mine Detection and Illegal Migration Surveillance Support in
Military Applications. Drone Technology: Future Trends and Practical Applications. 2023.
https://doi.org/10.1002/9781394168002.ch13.

15. Benjak J., Hofman D., Knezovié JI., Zagar M. Performance Comparison of H.264 and H.265 Encoders in a 4K FPV Drone
Piloting System. Applied Sciences. 2022. Ne 12(13). P. 6386. https://doi.org/10.3390/app12136386.

16. I1po 3arBepmxeHHs [IpaBuin BUKOHAHHS MOJILOTIB OE3MUIOTHUMH aBialliiHUM KOMIUIEKCaMU JAepKaBHOI aBialii YKpaiHH :
Haxka3z Minictpa o6oponn Ykpainu Big 08.12.2016 p. Ne661. URL: https://zakon.rada.gov.ua/laws/show/z0031-17#Text .

17. TonmauoB B.C.,Mapuauerko €.0. OcoOnuBoCTi BUBYEHHS NPHUHIOUIIB poOOTH Ta BHUKOpucTaHHsS FPV-mponiB mix wac
MATOTOBKM  MaifOyTHiX  cremiamictiB  mpodeciiiHol  ocBiTH.  ArpapHi  iHoBamii. Ne22. 2023. C.97-100.
https://doi.org/10.32848/agrar.innov.2023.22.16.

18. DJI FPV Redefine Flying. Dji.com/global. Be6-caiit. URL : https://www.dji.com/global/dji-fpv .

19. KBagpokonrep ProDrone 10inch VTx1.2 (2w) \ TxES720 (THERMAL ver.) without battery. PRODRONE mnpodeciiiHo mpo
nponu. BeO-caiit. URL: https://prodrone.com.ua/ru/5300000886/ .

20. Hercules-13. AvengeAngel. Be6-caiit. URL : https://avengeangel.com/products/avengeangel-hercules-13,13-inch-heavy-
load-professional-military-kamikaze-fpv extreme-large-and-powerful-fpv-with-motor,-can-load-7-kg,15-minutes-flying-
time-with-7kg-payload first-person-view-achieve-precise-strike-target .

21. Keagpokontep BetaFPV Pavo25 Whoop. RC Store. Be6-caiit. URL : https:/rc-store.com.ua/kvadrokopter-betafpv-pavo25-
whoop

22. FPV-nmpon kamikamze DRONE UKRAINE SPIDER-2 TBS Banrtaxomigiiomuicts 4,0 kr. SAFETY. BeG-caiit. URL :
https://safety kiev.ua/fpv-dron-kam-kadze-drone-ukraine-spider-2-tbs-vantazhop-dyomn-st-4-0-kg/

Received (Haniiia) 21.05.2024
Accepted for publication (Ilpuiiasita no apyky) 31.07.2024

Analysis of thetactical and technical characteristics and tactics
of using existing strike FPV-drones

H. Khudov, I. Khizhnyak, I. Hridasov, U. Zbezhkhovska, I. Yuzova, Y. Solomonenko, T. Kalimulin

Abstract. The subject of the study in the article is the tactical and technical characteristics and tactics of strike FPV
drones. The aim is to analyze the tactical and technical characteristics of existing strike FPV drones and how they are commonly
used in combat operations. Tasks: identification and classification of unmanned aerial vehicles, analysis of the main technical pa-
rameters of strike FPV drones, research on the methods and strategies for the use of strike FPV drones in combat, investigation of the
vulnerabilities of strike FPV drones to electronic warfare means and methods of protection against them, and development of rec-
ommendations for improving the technical characteristics and combat capabilities of strike FPV drones. The methods used are com-
parative analysis, data clustering, analytical and empirical methods of analyzing the use of strike FPV drones in military conflicts,
particularly in the Russian-Ukrainian war. The following results were obtained. A structured analysis of the tactical and technical
characteristics and tactics of strike FPV drones has been conducted, highlighting their advantages and disadvantages and forming
proposals for improvement. The practical significance of the obtained results can serve as a basis for enhancing existing strike FPV
drones, the development of new models, and increasing their effectiveness in combat conditions. Conclusions: The analysis of the
tactical and technical characteristics and the tactics of use of strike FPV drones has shown that such unmanned aerial vehicles signif-
icantly influence the course of modern military operations, providing new opportunities for effective precision strikes on enemy
equipment and personnel, conducting reconnaissance, adjusting fire, and transportation functions. Strike FPV drones demonstrate
high efficiency due to their maneuverability, relatively low cost, and the ability to be modified for specific combat tasks. At the same
time, their vulnerability to electronic warfare necessitates further improvement of communication and control systems. The analysis
of experience also allowed the proposal of possible directions for further research to increase the effectiveness of unmanned aerial
vehicles during combat operations. Electronic warfare can significantly impact the control and navigation channels of FPV drones,
but it does not affect the image acquisition channels in the targeting systems of strike FPV drones. Therefore, to increase the proba-
bility of hitting enemy equipment under electronic warfare conditions, the use of self-guiding strike FPV drones is promising. One
condition for successfully implementing such a system is the development of real-time image segmentation algorithms received from
the drone. Modern computer vision methods, including those with artificial intelligence elements, can be used for this. The result of
such image segmentation should be the division of the image into artificial objects (targets) and natural objects (backgrounds). With
such a system, the operator of a strike FPV drone only needs to capture the target by selecting the object on the screen, after which
the automation will take over further actions. Also, image decryption is one of the most complex and important stages of image pro-
cessing in the targeting systems of strike FPV drones. The quality of the segmentation operation of the optoelectronic image affects
the result of image processing. Therefore, in further research, it is advisable to focus on image segmentation in the targeting systems
of strike FPV drones. The research results can form the basis for developing recommendations for optimizing the design, selecting
components, and training operators, which will increase the combat effectiveness of strike FPV drones in future wars. The research
was conducted with grant support from the National Research Foundation of Ukraine within the framework of the "Science for
Strengthening Ukraine's Defense Capability" competition, project title "Information Technology for Automated Image Segmentation
of Objects in Strike FPV Drone Targeting Systems Based on Swarm Intelligence Algorithms," registration number 2023.04/0153.

Keywords: application tactics, FPV-drone, image segmentation, optical and electronic equipment, tactical and technical
characteristics, unmanned aerial vehicle.
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B. C. bemra, A. B. Komapuues, T. B. ®inimonuyk, . I. bapaneit

XapkiBCbKHI HALlIOHANBHUI YHIBEPCUTET PaJiOeNeKTPOHIKH, XapKiB, YKpaiHa
MOJAEJIb MOBIJIBHOT'O JOAATKY, IKA OPIEHTOBAHA HA OBPOBKY JJAHUX

AHoTanisi. AKTyaJbHICTh IIbOTO JOCTIPKCHHS MOJIATae Y TOMY, IO PO3BUTOK CYYaCHUX TEXHOJOTIH Ta MIBUAKAI TeMIT
JKHUTTS CyCIiJIbCTBA BUMAraroTh BiJf MOOLIBHUX JO/ATKIB HE JIMIIE BUCOKOI IPOIXYKTUBHOCTI, aje i 3a0e3meueHHs] BUCOKOTO
PiBHS 3py4HOCTI A7 KopHucTyBadiB. O0'€KTOM JOCTIDKEHHS B JaHOMY KOHTEKCTI € MOJETb, SIKa CIPOEKTOBaHa 11 MOOi-
JIBHOTO OJAaTKy. MoJenb CKIagaeThCs 3 IEKUIPKOX B3Aa€MOIIOB'SI3aHUX €IEMEHTIB, BKIIIOYAIOYH iHTepdelic KopucTyBaya,
KIIIEHTCHKY Ta cepBepHy 4acTHHHU, API, 3axoau Ge3nexu, aHAITHKY Ta MOHITOPUHT, XMapHi CepBicH Ta MOyl TECTYBaHHS.
KoskeH KOMITIOHEHT BiJIIOBiJa€ 3a KOHKPETHUH acHeKT (yHKIIOHATy, CIPHsIE CTa0UIBHOCTI Ta epeKTHBHOCTI MOOLIEHOTO
nonatky. Po6oTa Takok BpaxoBy€e MOXKJIMBICTh PO3IIMPEHHS Ta aanTaIlii MoJIeli B Maiil0yTHROMY JIJIsI BiITOBIJII HA 3pOCTa-
1091 BUMOTHY KOPHCTYBayiB Ta TeXHONIOTIuHi TeHaeHii. [IpeqmeTom nociikeHHs! BUCTYIIa€ B3a€EMOJIsl KOMIIOHEHTIB MOJIEIi
MOO1TBHOTO 10AaTKy. B po0oTi aHami3yeThes, SIK KOXKEH KOMIIOHEHT MOJIENIi BIUIMBA€E Ha (DYHKIIOHAJIBHICTh TA IPOTYKTHUB-
HICTP IOJIATKY B LILJIOMY, CIIPSIMOBYIOUYH YBary Ha ONTHMIi3allifo HOro poOOTH I TOCATHEHHS KPAIluX pe3yabTaTiB. Pe3yab-
TaTH. KO’KCH KOMIIOHEHT 3alpolOHOBAHOT MOJEINI Bifirpae BaXXJIUBY POJIb Y CTaOUTBHOCTI Ta e()eKTHBHOCTI MOOITBHOTO
JIOJIaTKY, & TAKOXK BPAaXxOBY€ PO3IIMPEHHS MOJEN 3a PaXyHOK JOAABaHHS HEOOXIIHUX CKJIaJOBHX. BHcHOBKH. BuB4YeHHS
MoJieJTi MOOLTTBHOTO IOJIATKY € BXKIIMBHM KPOKOM Y 3a0e3eUeHH] HOro yCmimHoro GyHKIioHyBaHHs. Po3ymiHHS B3aeMomii
KOMIIOHCHTIB Ta ONTHUMAIIFHHUX MUISAXIB IXHBOT KOHDIrypalil T03BOJISE JOCATTH BUCOKOT €hEKTHBHOCTI Ta KOHKYPEHTOCIIPO-

MOXXHOCTI Ha PUHKY MOOIJIBHHX JJOJATKIB.

Kamo4doBi ciioBa: MOOLTBHUI JOAATOK, MOZENb A0AATKY, KIIIEHT-CEPBEpHA apXiTEKTypa.

Beryn

CydJacHuii CBIT HEBNMHHO PYyXaeThCS BIepend i3
CTPIMKHMH TEMIIAMH TEXHOJIOTIYHOTO pPO3BUTKY. O-
HI€T0 3 KIFOUOBHX 00JacTel, sika 3a3Halia 3HAaUy X Tpa-
Hcopmamiid, € po3poOka MOOUTEHUX AoxaTkiB. MoOi-
JIBHI 32CTOCYHKH BH3HAYAIOTh HOBY PEaNbHICTh AJIS IIIU-
POKOTO CIIEKTPY MOCIYT Ta B3aEMOJIi 3 KOPHUCTYBa4aMH
y peajgpHOMY 4aci. OHaK yciix 0yab-KOro MOOLITEHOTO
JOJIATKy BU3HAYAETHCSA HE JIMINE WOTO 1HHOBAIIAHUMHU
MOXITUBOCTSIMH, ajie H eEeKTUBHICTIO HOT0 apXiTeKTyp-
HOro pimeHHs. Pobora npucBsiueHa HAYKOBOMY JOCITi-
JOKEHHIO MOJIeJi MOOLIBHOTO TOJIATKY, KA OPi€HTOBaHA
Ha 00poOKy maHuX. MeToro poOOTH € BU3HAYCHHS KITIO-
YOBHX KOMIIOHEHTIB Ta iX B3a€MOIii, SKi CIIPIMOBaHO Ha
3a0e3neueHHs CTa0ITBHOCTI, €(PEKTHBHOCTI Ta PO3IIH-
PIOBaHOCTI MOOUTBHOTO IONATKY. JOCHiIKEHHS BKITIO-
4ae B ceOe aHali3 iHTepdelicy KopucTyBada, KIEHTCHKOL
Ta CEpPBEPHOI YaCTHH, apXiTEKTypHHUX IPUHUHMIIB Oe3-
MKW, AHAJITUKH Ta MOHITOPHHTY, a TaKOX BIIPOBa-
JDKEHHS XMapHHUX CEePBIiCiB Ta MOIYJB TECTYBaHHS.

B pesynbraTi mpoBeACHUX aBTOpPaMH JOCIiIHKECHb
OyJZie PO3KPHUTO CYTHICTh Ta KJIFOYOBI OCOOIUBOCTI apXi-
TEKTYPHOI MOJIeNi MOOUTEHOTO JOJIATKY, 0 MOXKE CITy-
TYBaTH MiIPYHTSM IS MOJANBIIAX 1H)KEHEPHUX PIllICHb
y ctepi ix BupoBamkeHHs. Po3po0Oka sKicHOrO MOOLB-
HOT'O JI0JIaTKy TIOYMHAETHCS 3 BU3HAYEHHS OO METH Ta
HarnpsiMy 3a SIKUM CJIiJI pyXaTHCh, 1100 TOCSTTH MOTPio-
HOro pe3yibrary. KokeH 101aToK, IO po3poOIIseThCs,
Ma€ HU3KY €TalliB, SKUMH IIPOXOAUTH BCs po3podOka. Sk
MIPaBUIIO, PO3POOKa MOYMHAETHCS 3 inei. Jlami BUKOHY-
€ThCS MITOTOBKA Ta aHali3, 3ICHIOETHCS TIOITYK KOH-
LeMIIii Ta MIJISIXW CTBOPEHHSI BiJIMOBiAHOTO MoaaTky. Ha
eTari aHaJiTHUKHU i7iesl TIepETBOPIOETHCS HA YiTKHHA TIJIaH
IiHA, e 3AIACHIOEThCS Mi01p CTEKY TEXHOJIOTIH Ta METO-
noJiorii po3poOku MmporpaMHOro 3ade3nedeHHs. Lle i €

HiJIXi], 32 SKMM KOMaHJ1a pO3pOOHHUKIB Oy/ie CTBOPIOBATH
Ta HAMIOBHIOBATH 101aTOK. ToMy BHOIp MOeIi po3poOKH
JOJATKy BHU3HAUUTH MOPSAIOK peaiisamii 3amad, sKi
3aruIaHoOBaHoO, c(hOPMYy€E TEpPMiHH CTBOPEHHS OJATKy Ta
BU3HAYUTH HOTO BapTicTh [1].

Mopens — 11e IpeAcTaBiIeHHs 00'ekTa B OyIb-sKiit
¢dopmi (MaTremarwuHil, (i3uUHIN, CHMBOMNIUHIN), sKa
MpU3HAYCHA JUIS JOCIIKSHHS] OKPEMO B3STHX ACIICKTiB
00'€KTY JUTS OTpUMAaHHS BiITOB1/ICH Ha TIOCTABIICHI 3aITH-
TaHHs [2]. Monens MOOLTEHOTO 3aCTOCYHKY (IOJATKY) —
Ile CTPYKTYpOBaHMH IUTaH a00 OmHC, IKUH BU3HAYAE ap-
XITEKTYpHi, QyHKIIOHAJIBHI Ta TEXHIUHI E€JIEMEHTH PO3-
poOKku MOOLTBHOTO jJomaTKa. Taka MOJeNb, SIK MPABUJIO,
MOJKE OIEPYBATH PI3HUMH METOIOJIOTISIMH, SIKi OPIEHTO-
BaHO Ha CTBOPEHHSI PI3HOMAHITHUX J0JATKiB [3].

Merojomnorisi po3po0ku IporpamHoro 3abesre-
YEHHSI — [[e CYKYIHICTh METO/IB, SIKi 3aCTOCOBYIOThCS Ha
PI3HHX CTaisfX KUTTEBOTO MUKy PO3POOKH JIOAATKY Ta
MaroTh CHUIBHHUM IAXiJ, 110  JI03BOJIE 3a0e31e-
YUTH HalKkpamly e(eKkTHBHICTH HpoleciB po3podku [4].
B IT-indpactpykrypi icHye ekiibka ¢pyHIaMEeHTaIbHAX
METOJIMK JJIsI PO3POOKH MOOUTEHUX JTOJATKIB, KOKHA 3
SIKHX Ma€ CBOIO CIPSIMOBAHICTb.

Ha nanwmii gac akTyansHa MO/IeNTb MOOITBHOTO 3aCTO-
cyHKy Mae Taki ckiaosi: Ul (User Interface) — intepdetic
xopuctyBada; BL (Business Logic) — 6i3Hec-norika, sika
pearizye ocHOBHI (pyHKii fogatky; DB (Database) — 6a3a
JIAHUX, SIKa BiJIOBia€ 3a 30epiraHHs Ta OpraHi3alliio aa-
nux; API (Application Programming Interface) — inrep-
(elic mporpamyBaHHs 3aCTOCYHKIB, SK1ii 3a0e31edye B3a-
€MO/IIF0 MiXK KIIIEHTCHKOIO Ta CEPBEPHOI0 YaCTHHAMMU:

M = {UI, BL, DB, API}. (1)

HaBenena Mozenb CIy»KUTh OCHOBOIO IUTSL PO3pPO-
OKH Ta BIPOBAKCHHS MOOITLHOTO JTOATKY 3 METOIO 3a-
Oe3mnedeHHs Horo e(eKTUBHOCTI Ta 3aI0BOJICHHS BUMOT
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kopucrtyBayis. [Ipore icHyro4a MozeNb Ma€e psiJ| HEAOII-
KiB, TAKHX SIK:

— [pocTa MOJIENIb MOYKe OyTH MEHIII TOYHOIO abo He-
JIOCTaTHBO PO3TOPHYTOIO, OCKUILKM BOHA HE BPaxoBY€ BCi
MOXKJIMBI aCIeKTH Ta B3a€MOJIii KOMIIOHEHTIB, L0 MOXE
BIUTMBATH Ha PE3yJIbTAaTH Ta €(pEeKTUBHICTH 3aCTOCYHKY [5];

— IPOCTi MOJEI JIeTIIe PO3POOIIATH Ta MiATPUMY-
BaTH, ajie IIe MOke 0OMEXXyBaTH IXHIO THYYKICTh Ta MO-
JKITABICTH YIOCKOHAIECHHS 3 4acoM [6];

— s KOHKPETHUX 3ajad, [Ie TOTpiOHa IOoKJIamHa
abo crentiamizoBaHa 00po0Ka, MpocTa MOJIENb MOKe Oy TH
HeJoCcTaTHLOMO [7, 8].

Mertoto poboTH € aHali3 iCHYO4Y0i MOJe MOOLIb-
HUX J0JATKIB, 11 BIOCKOHAICHHS Ta PO3IINUPEHHS, SIKE 3a-
Oesreuye OLIBITY MOJYNBHICTB Ta 11 THYYKICTB.

OcHOBHA YacTHHA

Ha ocHoBi poBeneHoro ananizy [9,10] 6yio Buss-
JICHO PSJ HEIOMNIKIiB, AKi BIUTMBAIOTH HE JIMIIC Ha Bap-
TICTb PO3pPOOKH Ta MIATPUMKH MOOUIBHOTO IOJATKy, a
TaKOX Ha HEMOXKIIMBICTh 3aJIy4YUTH Ta 30€pETTH IIJILOBY
ayAMTODPIlO, Ha Ky BiH OyB Opi€HTOBaHWiL. Y 3B’S3Ky 3
UM OyJI0 MPUAHATO pilieHHs chOPMYBaTH MOJIEINb, SIKa
Oyna 6 opieHTOBaHA Ha PO3POOKY Ta MOMAAJIbIIEC BIPOBA-
JOKCHHSI MOOLJIBHOTO JTOJIATKY:

M ={UI CF,IL, BL, DB, CS, API, SEC, AM, MT}. (2)

B mopiBHstHHI 3 icHyt09010 Moeruto (1) Moxens, mo
3aIpOoIIOHOBaHa (2), BKIIIOYA€E JOJATKOBI CKIIAIOBI, a caMe:
CF (Client Frontend) — kiieHTCbKa 9acTHHa, SKa peai3o-
BaHa Ha MOOUTBHIN minatdopmi (I0S Ta Android); IL
(Interaction Logic) — yorika B3aeMo/Iii, [0 MiCTUTh KOM-
MOHEHTH JUIst 00pOOKH JaHMX, 1110 OyJIM BHECEHI, Ta B3ae-
Mmoyii 3 cepepom 4epe3 API; CS (Cloud Services) — xma-
PHI cepBicH, sIKi HaJal0Th MOXJIMBICTb 31iiicHIOBaTH 30€-
piranHst aiiaiB KOPUCTYBaYiB, yIPaBIiHHI MYJIbTHMET1H-
HUM KOHTEHTOM Ta IHITUMHU PECypPCaMH, 10 MOTPeOyIOTh
3HAYHOI TMOTYKHOCTI aist 30epiranns; SEC (Security) —
MeXaHi3M Oe3IeKH, SKii BKIIoYae ayTeHTu(iKaIlito, aBTo-
pusamito Ta iHmi 3axomu Oesmekw; AM (Analytics and
Monitoring) — MexaHi3M aHAJITUKH Ta MOHITOPHHTY, SIKAH
3a0e3redye 30ip Ta MOJANBINNI aHANI3 JaHUX MPO BUKO-
pucranHs noxatky; MT (Mobile Testing) — MomyIs Tec-
TYBaHHS, SIKUH BIJIIOBIJIA€ 32 CTBOPEHHS Ta MPOBEICHHS
HU3KH TECTIB JUIs TapaHTii BIpHOCTI pOOOTH OKpEMUX KOM-
MIOHEHTIB IOJATKy Ta iX B3a€EMOIil.

[IpoanamnizyeMo AOMIIBHICTE BUKOPHUCTAHHS CKJIa-
JIOBUX MOJIeJIi MOOLIBHOTO AOJATKY, IO 3allPOITOHOBaHA
3 TOYKH 30py po3poonuka [11]. Y cBiTi, HACHUEHOMY Te-
XHOJIOTISIMH, MOOLIbHI JOAATKH CTall HEBiJ €MHOIO Ya-
CTHHOIO Hamoro noBcskaeHHs. OnHak, moob i Jo1aTKu
CTaJM MIHCHO BAAJIMMH Ta KOPHUCTYBAJHUCS IOIYJISIPHI-
CTIO, BR)KJIMBOIO € HE JIMIIE iXHS (YHKIIOHAJBHICTD, aje
it inTepdeiic kopuctyBaua (Ul). AHani3 Ta onTumizauis
LBOTO ACHEKTY € BKJIMBOIO 33/1a4€I0 JIJIst 3a0e31e eHHs
e(eKTUBHOCTI Ta 3aJ0BOJICHHS BiJ BUKOPHCTAHHS MOOi-
JTLHOTO ToAaTKy. OTHHUM i3 KITIOYOBHX CKJIAJIHUKIB iHTE-
pdelicy KopucTyBada € peTeNbHO MigiOpaHi eleMeHTH,
TaKi sIK KHOTIKH, TEKCTOBI T0JIs1, TpadidHi 00’ €KTH TOIIO.
IxHA cTpyKTypa MoBHMHHA He JHIIE BiAMOBinaTH QyHKII-
OHally, aiie ¥ 3abe3nedyBaTH JIETKICTb CIPHUHUHSATTS Ta
B32€MO/IIi 3 10JJATKOM.

Bucoxkunit piBens 3pyunocti B3aemonii (UX) € ta-
KO HEOOXITHHUM EJIEMEHTOM YCIIIIHOTO iHTepdency
KopucTyBaya. EcTeTHuHM qU3aliH cripuse He JIHIIe BU-
TSy JOAATKY, ajle H BPa)KeHHIO BiJ B3a€MOJIl 3 HUM.
OnrumMizanis UX Bkitodae B cebe aHai3 moTped Kopuc-
TyBada Ta CTBOpPEHHsS IHTyiTHBHOTO iHTepdeticy. 3
OTJIALY Ha Pi3HI TUIH MPHCTPOIB Ta IX PO3MIPH €KpaHiB,
Ul moBuneH O0yTtu agantuBHUM. Lle BKirouae B cede Bif-
3HAYCHHS Ta BiAMIOBITHICTH 10 Pi3HUX PO3ILTHHUX 3/1aT-
HOCTeH, mo0 KOPUCTYyBadi MOTJIM OTPUMATH ONTHMAIIb-
HUH OCBiJ HaBiTh HA PI3HUX MPUCTPOSIX.

InTepdeiic kopucTyBaya MOBHHEH YiTKO BinoOpa-
JKaTH MOXKJIMBOCTI I0JIaTKy Ta Horo ¢yHkiioHan. [HTyi-
TUBHICTB Ta JIOTIYHICTh PO3MIIIICHHS €JIEMEHTIB JI03BOJIS-
I0Th KOPUCTYBaueBi €PEKTUBHO B3aEMOJIISTH 3 10JJATKOM
Ta BUKOPUCTOBYBATH Horo (yHKLioHaN 0e3 3aiBUX TpY-
nHOWIB. MexaHi3M, SIKMH peanizye MOOUIBHMH KITI€HT
(CF) € K1i040BHUM €JIEMEHTOM MOJIeNi MOOITTBHOTO J0/1a-
TKY, BIATIOBiat04H 3a BigoOpaskeHHs iHTepdeiicy Ta B3a-
€MOJII0 3 KOpHCTyBadyeM Ha MOOUIBHUX Iiatdopmax.
Enementu inTepdeiicy Ta fioro nuzaifH CTBOPIOIOTH 3pY-
YHUH Ta NMpUBaOIMBUI ST KOPUCTYBada JOCBI.

[Ipu po3pob1i MOOIIBHOTO KITi€HTa BYKIIUBO BPaxo-
BYBAaTH aJanTallilo 10 IwiardhopmM, 3a0e3Mneuyrdud cyMic-
HICTb 3 TpadiuHUMH CTAaHJAPTAMU Ta €IeMEHTaMHU YIIPaB-
ninHg Ha 10S Ta Android. OnTumizanist NPOAYKTUBHOCTI
MIPU3BO/INTH 110 €HEProe()eKTUBHICTI, sIKa B CBOIO Yepry
OIITHMI3y€ BUKOPHCTaHHS pecypciB npucTpois [12]. B wi-
JIOMY, MOOUTFHHH KITIEHT BUCTYHAE AK iHTEpdeiic MixX KO-
PHCTYBadeM Ta CHCTEMOIO, 3a0e31euyoun eeKTUBHY Ta
MPUEMHY B3a€EMOJII0 Ha IUIaTGOpMi MOOUTBPHHX IIpH-
ctpoiB. CepBepHa yacTrHa, BinoMma sik Back-End, € ocHo-
BHOIO CKJIaJIOBOIO MOOUTBHOTO JO/IATKY, TOMY IO BifmHo-
Bizae 3a 00poOKy MaHWX Ta 3a0e3rneuye KopeKkTHe QyHK-
LIOHYBaHHs N0AaTKy. BoHa BKIItOUae B cebe HU3KY CKIla-
noBux (6i3Hec-noriky (BL), 6a3y nanux (DB) ta API),
sIKi 320€31eYyI0Th B3aEMOJIIIO 3 KITIEHTCHKOIO YaCTHHOIO.
['oTOBHICTH CEpBEPHOT YACTUHU aJanTYyBATHUCS JI0 3MIH Y
HaBaHTAXXCHHI Ta 3JaTHICTh e()EKTHBHO NPAIIOBATH IIPU
pi3HHUX 00csArax 3aluTiB KOPUCTYBaUiB € KIIOYOBOIO BH-
MOTOFO IIPH PO3POOIIi MOOLTEHOTO JOJATKY .

ApxiTeKTypa cepBepHOI YaCTHHH TOBUHHA Oy TH ro-
TOBA JI0 JITKOTO PO3MIMPEHHS Ta iHTerparii HoBoro ¢y-
HKIIIOHAJY, 3a0e3meuyoun e(eKTUBHY poOOTy HONATKY
B IUTOMY. 3aJy4eHHs] CEpBEpHOI YaCTHHM 1O ICHYIOUOi
iHppaCTPyKTypH Ta ii iHTErpalis 3 iHIHUMHI CUCTEMaMH €
B&)XXJIMBUM €TallOM ISl CTBOPEHHS KOMILIEKCHOIO Ta
3TypTOBaHOTO cepeaoBuiia goaarky [13]. Taka iHrerpa-
i JO3BOJISIE ONTHMI3yBaTH B3a€EMOJIIIO 3 THIIUMHU KOM-
MTOHEHTAMH CHCTEMH Ta IOKPAILTUTH i1 y3TO/PKEHICTb.

3a ZOMOMOTOI0 MEXaHi3My, KU peaji3ye JOTiKy
B3aemoii MobinbHoro KitienTa (IL) 3xilicHIOETECST 0OpO-
OKka Jiif KopuCTyBaya Ta CIIIKYBaHHS 3 CEPBEPOM 4epes
API. lanuit MmexaHi3M 3a0e3medye BBEACHHS Ta 00POOKY
JaHUX, a TAaKOX YNPaBJIIHHS JIOKAIBHUMHU OIlepallisiMu,
BIJIIPABIISIFOYM HEOOXi/HI 3anmuTH Ha cepsep. Lle 3a0e3-
redye KOPEKTHY Ta HIBHAKY pEakiilo Ha Jii KOPHUCTY-
Baya, MOKPAIYIOYH 3arajibHUi IOCBiJl BUKOPUCTAHHS
nonatky. OkpiM TOTo, MEXaHi3M B3a€MO/IiT BiAMOBIgaE 3a
e(heKTUBHE yIPaBIiHHS JIOKAJTLHUMH OTIEPAIlisIMH Ta Tie-
pemady BiAMOBITHUX 3amuTIB Ha cepBep. Lle BakmuBuit
€JIeMEHT ISl 3a0e3MeYeHHs] CHHXPOHHOCTI Ta aKTyallb-
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HocTl iHQopManii, mo 30epiraeTbcss Ha KIIEHTCHKOMY
NIPUCTPOI Ta cepBepi.

BizHec-norika MmobinsHOrO N0aaTKy (BL) BH3Hauae
Horo OcHOBHI (YHKIII, BKIOYalOuu OOpOOKY 3aIuTiB
KOpHUCTyBaya, BaJliJallilo BBEJCHUX JaHUX T4 BUKOHAHHS
pizHEX Oi3HEc-TporieciB. BaXIMBOIO YaCcTHHOIO € Balli-
Jarlis BBEICHUX JaHUX, [0 TAPAHTY€ KOPEKTHICTh Ta Ha-
niifHicT iHpOpMaii, IKy BBOIUTH KOpHCTyBad. bizHec-
JIOTiKa TAaKOXX Bi/AMOBifa€e 3a BUKOHAHHS Pi3HOMAaHITHHX
Oi3Hec-mporieciB B MOOIIBHOMY momatky. lLle Moxe
BKITIOYATH B ce0e PO3pPaxyHOK Pe3yibTaTiB, pOPMyBaHHS
3BITiB, p00OOTY 3 623010 TaHUX Ta IHIII KJIFOYOBI OMepaIiii,
HeoOXiH1 U1 eeKTUBHOI poboTH Noaatky. biznec-mo-
rika CTBOPIOE OCHOBY JUIsl (DYHKIIOHAJIBHOCTI 10JATKy,
po0IsiuuM HOTro aganToBaHUM /10 KOHKPETHHUX ITOTPed KO-
pHCTYyBadiB Ta Oi3HEC-BUMOT.

3a pomomororn BUKOpHCTaHHS 6a3 manux (DB)
3IIACHIOETHCS 30epiraHHs Ta OpraHi3allii TaHuX, sSKi He-
00ximHi 11 podotn momatky. Lle moxe 6yt SQL abo
NoSQL pimeHHs B 3aJIeKHOCTI BiJf KOHKPETHUX MOTpPEO.

Xwmapsi cepsicu (CS), AKi TaK0X € CKIaJOBOIO MO-
Jeli MOOLTPHOTO OJAaTKY, HATAl0Th TOJATKOBI MOKIIH-
BOCTI 7151 30epiraHHs JaHuX Ta B3a€MOJI] 3 pi3HOMaHIT-
HUMHU XMapoBHMH pecypcamu. OjiHa i3 OCHOBHHX Iiepe-
Bar BUKOPUCTaHHS XMapHHX CEpBICIB — Iie 30epiraHHs
BEJIMKUX 00CATIB JJAHUX, TAKUX SK (pailiin KOpUCTyBaviB,
MYJIbTUMEIHHUI KOHTEHT YH 1HII pecypcH, sKi BUMara-
I0Th BEJIMKOTO 00’€My. IHIIMM acrekToM € BUKOpPHC-
TaHHSI XMapHUX CEPBICIB I peari3allii GyHKIIOHATY B
pexuMi peanbHOTO yacy. Hampukman, cepsicu s pea-
JIBHOTO 4Yacy MOXYTb OyTH BHKOpPHCTaHi JJIsI BIAIIPaB-
JICHHS ITyII-TIOBiJOMJICHB, CHHXPOHI3aMii TaHUX MiX pi-
3HUMH IPUCTPOSIMU UM OTPUMAaHHS OHOBJICHB 3 CEpBepa.

[HTerpanis 3 XMapHUMH CepBiCaMH MOKE TAKOX I10-
JICTIIUTH PO3UIHPEHHS (YHKI[IOHAY TOIATKy Ta 3a0e31e-
YUTH THYYKICTh B po0o0Ti. Cii po3yMiTH, 10 BUKOPHC-
TaHHS TOTOBUX XMapHUX PIillIEHb JI03BOJISE PO3POOHHUKY
YHUKHYTH HEOOXIJIHOCTI PO3pOOJISITH Ta MiATPUMYBATH
BJIACHI cepBepH AJIst 30epiranHs ta 00poOku ganux. [Ipu
LIbOMY Ba)KJIMBO BPAaxOBYBAaTH MHUTAHHs O€3NEKH Ta KOH-
(iIeHIIHHOCTI JaHUX TPH BUKOPHCTaHHI XMapHHUX CepBi-
ciB Ta 0OMpaTH CepBicH, sIKi BIIMOBIAAIOTH CTaHAAPTAM
Oe3IeKu Ta BUMoOTaM 1o 3axucty inpopmamii. API Bixir-
pa€ KIIFOUOBY POJIb y B3a€EMOJIIT MiXK KITIEHTCHKOIO Ta cep-
BEPHOIO YaCTHHAMH MOOIUIBHOTO J10JJaTKy, BU3HAYAIOUH,
AK JJaHI IePeAaroThCs Ta 00POOIITIOTHC.

Crig po3ymity, mo ¢aktop 0e3meku B MOJENI MO-
OUTFHOTO JTOJTATKY € BAXKIIMBHUM €JIEMEHTOM IS 3a0e3me-
YeHHS KOH(1AeHIIITHOCTI, HiTICHOCTI Ta AOCTYIHOCTI J1a-
HUX. BoHM 3a0e3meduyroTh 3aXHCT BiJl HECAHKIIIOHOBA-
HOTO JIOCTYTy Ta 30epiraroTh KOH)iIEHIIHHICTE iHpOP-
Mallii OKpeMHX 4acTHH JI0JATKY .

AyTeHTH}iKaLis Ta ABTOPHU3ALLiS € KIIOYOBUMH elle-
MEHTaMH Oe3IekH, 3a0e3reuyioun BU3HAUYCHHs! ieHTHY-
HOCTI KOPUCTYBaYiB Ta PeryJroBaHHs iX goctyny 10 QyH-
KiioHay. AyTreHTu]iKallis BU3HAYa€ MPOLEC MepeBipKH
IICHTUYHOCTI KOpUCTyBaua, 3a0e3Nedyroud BIIi3HAHHS
roro oOmikoBuX AaHuX. Lle Moxe BkIto4aTH B cebe BBe-
JICHHS JIOTIHY Ta IMapoJjisi, BUKOPHUCTAHHA OlOMETPHYHHMX
JAHUX YH 1HITIX METOMIB iIeHTHdIKAIll. ABTOpH3aIis, Y
CBOIO Uepry, BU3HAUae€, SKi Oii Ta pecypcu KOPUCTYyBad
MO’K€ BUKOPUCTOBYBATH TICIIS YCIIIITHOT ayTeHTH]IKAaIii.

Ie#t mporec peryiroeThcss Ha OCHOBI pojiell Ta TpaB
JOCTYIIY, IO 3a0e3reuye OOMEeKECHHS KOPHCTYBadiB B iX
MOXJIMBOCTSIX BI/IMOBITHO IO IXHBOT POJIi B CHCTEMI.

In¢pyBaHHs 1aHUX TAKOXK BiJIirpae KPUTHYHY POJIb
y 3a0e3neueHHi kKoH}ineHiiHocTi. He ciix 3a0yBaty, 1110
BCI JIaHi, K1 IepeIaroThesl MK KIIIEHTOM Ta CEPBEPOM, T10-
BUHHI OyTH 3amidpoBaHi U1 3aXHUCTY BiJ HECAHKI[IOHO-
BaHOTO JOCTYITy. 3ax0u OS3MEeKH ITIOBUHHI BKITFOYaTH MO-
HITOPUHT Ta XyPHATIOBAHHS MOJIH I BUSBIICHHS Ta Bi-
JCTe)KEHHS TOTEHIIHHMX 3arpo3. CucTeMa IMOBHHHA Bij-
MOBiJATH CTaHAapTaM OE3MEeKH Ta PEryJSIPHO OHOBIIIOBA-
THCS JUIs1 BUIIPABJICHHSI BUSIBIICHUX BpasiuBocTeld. Mexa-
HI3M, KW peali3ye MOHITOPUHI IIpalne3 aTHOCTI MOOi-
JBHOTO NoAaTKy (AM) Bimirpae KitO4oBY poib y 300pi,
aHai31 Ta BUKOPHCTAaHHI JAHUX JUIS MOKpAILEHHS HOTo
npoayKTHBHOCTI Ta edextuBHOCTI. Lli dakropu 3abe3ne-
YyIOTb 3JaTHICTB BIJICJIIKOBYBaTH Ta pearyBaTu Ha pi3HO-
MaHITHI YMHHUKA (DYHKIIOHYBaHHS NOJATKy. [HCTpyme-
HTH aHATITHKH — 11, SIK IPaBUIIO, HAOOPH IPOTpaMHUX 3a-
co0iB Ta METOMIUK, AKi po3podieHo s 300py, aHATI3y Ta
Bizyalri3amii JaHWX, OB'I3aHAUX 3 PI3HUMH acIIeKTaMHU PO-
00T MOOITFHOTO TO0AaTKy. [laHi IHCTpYMEHTH BilirparoTh
BKJIUBY POJIb Y PO3YyMiHHI IJaHUX Ta IIEPETBOPEHHI iX Ha
LiHHI iHCANTH JUISl NPUHHATTS OOIPYHTOBaHHUX PIllIEHb Y
MOAANBIIOMY PO3BUTKY Ta IPOCYBaHHIO MOOLIBHOTO JIO-
natky. B sikocti iHdopmarii, siky 30MpatoTh iHCTPYMEHTH
AQHATITHKU MOXke OyTH iH]opMallist Tpo KiIBKICTh 3aBaH-
Ta)KCHb, AKTUBHICTh KOPUCTYBAYiB, BAKOPUCTaHI (PyHKIIT
Ta iHIII TapaMeTpH, 110 JOTIOMAaraloTh 3pO3yMITH, K ede-
KTHBHO B3a€MOJII€ ayTUTOPIs 3 TOAATKOM.

MOHITOPHHT TPOAYKTHUBHOCTI TAKOXX CHPSIMOBaHMH
Ha BUSIBJICHHS Ta YCYHEHHS NPOOJIEM, IKi MOXYTb BUHH-
KHYTH B IIPOIIECi pO3pOOKH Ta BUKOPHCTAaHHS JIOJATKY.
e Brimrovyae B cebe BiICTEXKEHHS IMBUAKOIII JOAATKY,
BUSIBJIEHHS IOMIJIOK Ta 300iB, a TAaKOXX KOHTPOJIb 3a 3a-
BaHTa)XKEHHSIM CEpBepiB. 31HCHEHH aHalli3y Ta MOHITO-
PHMHTY JJO3BOJISIE BYUACHO pearyBaTH Ha 3MiHM Ta MOKpa-
IIyBAaTH JI0JIaTOK. BayKIIMBHM €TaroM € TakoX aHai3 1o-
BE/IIHKU KOPHUCTYBAYiB JJIsi BUSHAUEHHS MOMYJISpHUX (y-
HKIH Ta THX QYHKIIH, SIKI MOKYTh OYTH MOKpPALIEHi.

Buxopucrannas moayto tectyBanas (MT) y cximami
MoJIeNi MOOLTBHOTO JIONATKy BiNirpae BaXKIHBY POJIb y
3a0e3neueHHl HAAiHHOCTI, CTIHKOCTI Ta IMPaBHIBHOCTI
ioro pobotu. TecTyBaHHA BKIIIOYA€E Pi3HI METOIUKH,
CIPsSIMOBaHI Ha TIEPEBIPKY SIKOCTI MPOrpaMHOTO 3a0e3Ire-
YEeHHS Ta BU3HAYEHHS HOT0 BiAMOBIIHOCTI BUMOTaM.

IOHiT-TeCcTH Ta iHTErpaIiifHe TECTYBaHHS CIPSMO-
BaHi Ha MEPEeBiPKy POOOTH OKPEMUX KOMIIOHEHTIB Ta iX
B3aeMOJIii B MOOITPHOMY MOAAaTKy. SIK MpaBHIIO IOHIT-
TECTH TEPEBIPAIOTh NPABUIBHICT POOOTH KOHKPETHUX
(yHKIIH 91 METO/IB, TOJI SIK 1HTErpalliiHe TeCTyBaHHS
OLIIHIOE B3a€EMO/IIIO0 PI3HUX YAaCTHH JOJATKy B IJIOMY.

TecTyBanHs BUTpHMBANOCTI Ta O€3NeKH BH3HAYa-
€TBCS JIS TIEPEBIPKU CTIHKOCTI Ta BiAIOBITHOCTI 012~
TKa BUMOT'aM 11010 OOPOOKH BEIHMKOI KUTBKOCTI 3aIUTIB,
a TaKOX JJIsl BUSIBJICHHS TIOTEHIIIHHUX Mpo0JieM Oe3nekn
Ta X MOJaIbIIOr0 YCYHEHHS.

Monyns TeCTyBaHHS TaKOXX BKIIIO4a€e (haKTOPH, SKi
TOB's3aHi 13 3a0€3MeYeHHIM BUCOKOi CTabIBbHOCTI Ao/a-
TKy. TecTyBaHHA B pealbHHX YMOBax JIOIIOMAarae
BUSIBUTH TIOMHJIKH Ta aHOMaJIii, sIKi MOXYTh BUHUKHYTH
B Pi3HUX CIICHAPiSX BUKOPHUCTAHHS.
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ToMy mpu po3poOii MOOLIBHOTO JOJATKY CIij
nam’siTaTH, o 3a0e3MeUeHHs MOBHOTO Ta €(pEeKTUBHOTO
MOKPHUTTS TECTAaMH I03BOJISIE BIEBHUTHCS B HAIHHOCTI
Ta cTabiIBHOCTI pOOOTH HOMAATKY, a PETYJIApPHE TECTy-
BaHHS B IIPOLIECI PO3POOKH JJO3BOJISIE BUSBIISATH Ta BUPI-
ITyBaTH MIPOOJIeMH Ha paHHIX eTamax poOOTH HaJ HHM.

BucnoBku

B pesynbrari mpoBeseHHX aBTOpaMH JIOCHIKEHb
BUSIBJICHO, 1110 MOJENb MOOLIEHOTO JI0IaTKy € BU3Haua-
JIBHOIO JUTS 3a0€3MeYeHHs Horo eeKTUBHOI Ta cTa01ITb-
HOi poOoTu. B3aemonist pi3HUX KOMIOHEHTIB, TaKHX SIK
iHTepdeiic KopucTyBayua, KJIIEHTChbKAa Ta CEpBEpHa 4Yac-
tuHN, API, cuctemn Oesreku, rpae BUPIMIANBHY POJIb B
ycmixy nomatky. ['Hydka apxiTekTypa MOJelNi J03BOJISIE
JIETKO aJalTyBaTHCS 10 3MiH B yMOBaX PUHKY Ta BUMOT

KopucTyBadiB. CHucrema Oe3NeKy, BKIIOYarouH ayTeHTH-
¢ikauiro, aBTOopu3aliio Ta WHGPYBaHHS JaHUX, € HEOO-
X1THOWO Ut 3abe3neucHHs KOH(IACHIIHHOCTI Ta Iiic-
HocTi iH(popMarii. 3acTocyBaHHS IHCTPYMEHTIB aHali-
THKH T MOHITOPHHTY J03BOJISIE OCTIHHO BJOCKOHAIIO-
BaTH NPOAYKTHBHICTH IOAATKY Ta BYACHO BHSBISATH MO-
JITHBI IpoOieMu. BUKoprCTaHHS XMapHHUX CEPBICiB H0-
MTOMO’KE OTITUMI3yBaTH (yHKIIIOHAT Ta 3a0e3reuye 1oaa-
TKOBI TIepeBary pyu po3MimieHHi iHpopmarii, a BHKOpH-
CTaHHS MOZYJS TECTyBaHHS TapaHTye CTaOUIBHICTH Ta
HAJIHHICTh KO)KHOTO KOMIOHEHTa MOOLIEHOTO AOAATKY .

3arajJbHUIl BUCHOBOK IOJSITa€ B TOMY, IO pe-
TENbHO MpopoOJieHa MOAENb MOOUIBHOTO JONATKy €
KJIFOYeM [0 YyCHimHOI peanizamii Ta Woro (yHKIIOHY-
BaHHJ, 110 MOXeE BiJIIIOBIIaTH BUCOKHUM CTaHAapTaM sIKO-
CTi Ta BUMOTaM KOPHCTYBayiB.
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A mobile application model that isfocused on data processing
Viacheslav Beshta, Andrii Komarychev, Tetiana Filimonchuk, Dmytro Baraniei

Abstract. Therelevance of this study lies in the fact that the development of modern technologies and the fast pace of
society require mobile applications not only to be highly productive, but also to provide a high level of user convenience. The
object of study in this context is a model designed for a mobile application. The model consists of several interconnected elements,
including the user interface, client and server parts, APIs, security measures, analytics and monitoring, cloud services, and testing
modules. Each component is responsible for a specific aspect of the functionality, contributes to the stability and efficiency of the
mobile application. The work also takes into account the possibility of expanding and adapting the model in the future to respond
to growing user requirements and technological trends. The subject of the study is the interaction of components of the mobile
application model. The paper analyzes how each component of the model affects the functionality and performance of the applica-
tion as a whole, focusing on optimizing its performance to achieve better results. The following results were obtained. Each
component of the proposed model plays an important role in the stability and efficiency of the mobile application, and also takes
into account the expansion of the model by adding the necessary components. Conclusions. Studying the mobile application model
is an important step in ensuring its successful operation. Understanding the interaction of components and the best ways to config-
ure them allows achieving high efficiency and competitiveness in the mobile application market.

Keywords: mobile application, application model, client-server architecture.
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AHAJII3 ®YHKHIOHYBAHHS PO3IOAIVIEHUX CUCTEM
OBPOBKMU TA 3BEPI'AHHSA JAHUX

AHoTauis. AKTyanbHicTh. 3i 3pocTaHHAM 00CSTY JaHHX, TeHEPOBAaHHUX KopucTyBauamH, loT mpuctposamu, corianbHIMHI
Mezia, Gi3Hec-TIpoLecaMy TOLIO, MOTpeda B MacIITA00OBaHUX PIIICHHAX 11 30epiraHHs cTa€ Bce OUIbII 04eBUAHO. Po3mo-
JIeHI CHCTeMH 03BOJIAIOTH €(eKTUBHO MacTabyBaTucs, 3a0e3neuyroun 301IbIeHHs 00cATiB 30epiraHas 1 004nCIIIOBaIb-
HO{ MOTY>KHOCTI 0e3 3HayHuX 3atpaT. CydyacHuil 6i3HeC BUMarae BUCOKOI IOCTYMHOCTI Ta HAIIMHOCTI CUCTEM, OCKIJIBKH Ha-
BiTh MiHIMaJBHHH Yac MPOCTOI0 MOXKE IIPH3BECTH JI0 3HAYHHUX (P IHAHCOBUX BTPAT Ta 3HIDKCHHS JIOBIpH KiIieHTIB. Po3moineni
cHCTeMH 3a0€311euyI0Th BUCOKY JJOCTYIHICTh 1| BATPUBATICTD, aBTOMAaTHYHO BiJHOBIIOIOUN POOOTY MicIIs 3001B 1 peImiKyoun
JaHi Juis 3a0e3rneveHHs X niticHocTi. [robanizaris 0i3Hecy BUMarae poOOTH 3 JaHUMH y Pi3HUX TeorpadidyHuX JOKaIlisaX.
Po3mopineni cucteMu J103BOJSIIOTH JIOKANII3yBaTH 30epiraHHs Ta 00poOKy AaHHX OJIVDKYE N0 KIHIIEBUX KOPHCTYBadiB, 3HU-
JKYIOYH 3aTPUMKH 1 T IBUIYIOYH 3aTalbHy IPOIYKTUBHICTS CUCTEM. 301IbIIEHHS 3arpo3 Oe3Melli Ta MOCHICHHS HOPMaTHB-
HUX BUMOT JI0 3aXHCTy JaHUX 3MYLIYIOTh OpraHi3amii mrykatu Ou1blI HaaiifHI pimeHHs s 30epirands qanux. Posmoineni
CHCTEMH MPONOHYIOTh PO3MIMPEHI MOKIUBOCTI sl IH(PYBaHHS JaHUX, PETYIIOBaHHA JOCTYILY, ayAUTY Ta BiIIIOBIAHOCTL
HOpPMATUBHHUM akTaM. [ 00poOKH BETHKHUX 00CATIB JaHWX YacTO MOTPiOHI BEIMKI OOUMCITIOBANIBHI MOTYKHOCTI. Po3momi-
JICHI CUCTEMH 30epiraHHs JaHUX ieaTbHO MiAXOATh Ui POOOTH B Mapi 3 PO3MOIICHUMH OOUUCICHHSIMHE, TAKIMH K 00-
po0OKa NMOTOKOBHX JIaHWX, MAIIMHHE HAaBUAHHS, BEJMKI JIaHi, JO3BOJLIIOYN €(pEKTHBHO PO3MOAIIATH 3aBIaHHS 1 00poOIATH
BeJuKi oOcsry iHpopmanii.Cepen BUKIHKIB, 3 IKUIMH MOXYTb CTUKAaTHCS PO3MOUICHI CHCTEMH 30epiraHHs JaHHX, - 3a0e3-
TIeYCHHS] KOHCUCTEHTHOCTI TaHUX MK By3JIaMH, YIIPaBJIiHHS 3aTpUMKaMU MEPEKi, 3aXUCT JaHuX i 3abe3nedeHHs Oenexu. [t
BUPIIIEHHS IIMX BHKIMKIB 3aCTOCOBYIOTBCS Pi3HI CTparerii Ta TEXHOJOTIi, BKIIOYAIOYH AITOPUTMH KOHCHUCTEHTHOTO XEIly-
BaHHS, PEIUTIKAIIIO JaHWX, TPAH3aKIiHI IPOTOKOJH 3 TAPaHTIE€I0 aTOMAPHOCTI, KOHCUCTEHTHOCTI, 130JIA11i{ Ta JOBrOBIYHOCTI Ta
MOJIEJTi IOCITiIOBHOT KOHCUCTEHTHOCTI. TaKMM YMHOM, B YMOBAX MOCTIHHOTO 3pOCTaHHs 00CATIB JaHUX Ta 301IbIICHHS BUIMOT
J0 X 0OpOoOKH, PO3MOIICHI CHCTEMH 30epiraHHs JaHUX € KIIOYOBUM €JIEMEHTOM 1H(PacTpyKTypH Oyab-sKoi opraHizaiii, oo
MparHe 10 iHHOBaLiii Ta eekTuBHOCTI. MeTo10 1aHoi podOTH € aHami3 (YHKIIOHYBAaHHS PO3MOAUICHUX CHCTEM OOpOOKH Ta
30epiranss naHnx. 06’ €KTOM A0CTiIKeHHS € PO3IIOiIeHi CHCTeMH 00po0OKy Ta 30epiranHs nqanux. [peqverom nocimxeHHs
€ apXITeKTYpHi pillleHHs PO3MOUIEHNX CHCTeM 30epiranHs ta o0poOku manux. PesyabraTn. [IpoBeneHo aHaii3 GpyHKIioHy-
BaHHS PO3MOJILICHAX CUCTEM 00pPOOKH Ta 30epiraHHs JaHuX. BHOip apXiTeKTypHOTO PIillICHHS ISl PO3MOALICHOT CHCTEMH 3ajie-
JKHUTh Bl crieririky 3a1a4, sSiKi HeOOXiHO BUPIIIIUTH, BUMOT 0 IPOIYKTUBHOCTI, MACIITA00BAHOCTI, HAIIHHOCTI Ta TOCTYITHO-
cTi. 3a3BUUail, eeKTHBHI PO3MOALICHI CHCTEMH BUKOPUCTOBYIOTh KOMOIHAIII0 3a3HAYEHUX IMiIXO/IiB ISl OCATHEHHS ONTH-
MaJIbHUX Pe3yNbTariB. BuOip apXiTeKTypHOTO pillIeHHs AL PO3IIOALIEHIX CHCTEM - 116 KOMIUIEKCHHH MPOIIEC, KU BUMarae
OayaHCyBaHHs MK TEXHIYHUMH, O13HECOBIMH Ta OTEpalifHIMHU BUMOraMu. BpaxyBaHHS MaiflOyTHEOTO 3pOCTaHHS, TIOTCH-
LiHUX BUKJIMKIB 1 THYYKOCTi CHCTEMH € KIIOYOBUMH (haKTOpaMU [Uis 3abe3nedeHHs 11 TOBIOCTPOKOBOTO YCIIIXY.

Kaw4yosi caoBa: posmoxinena inpopmariitaa cucrema, o0pobka nanux, SOA, P2P, Web-Scale, cxoBuie nanux, ieHTp
00po6ku manmx, event-driven architectures.

HaJIIHHOCTI Ta AOCTYMHOCTi. MikpocepBiCHa apXiTeKTypa
ToJIsirae y po30UTTi TOJaTKy Ha HEBEIMKi, He3aIeXkKHi cep-

Beryn

Posnonineni cucremu 30epiraHHs JaHUX — 1€ KOM-
IUTeKCHI iH(pOpMAIliiiHI CHCTEMH, SIKi JI03BOJIIOTE 30epi-
TaTy JaHi B PO3IOAUICHOMY BUTJIAAI IO AEKUTBKOX (hi3u-
YHO PO3HECEHUX cepBepax 4d By3nax [1]. Taki cucremu
3a0e3MeYyr0Th BUCOKY JOCTYIHICTh, MacIITa0OBaHICTB i
HaTiIHHICTH 30epiraHHs JaHuX. BoHH € ocHOBOYO 11 Oa-
raTbOX Cy4acHHMX BeO-cepBiciB, oOmayHmx miardopm i
KOpHOpPaTHBHUX JoAaTKiB. CucTeMa Moke OyTH JIETKO
pO3LIMpeHa NUITXOM J0[aBaHHsS HOBUX BY3JIB, L0 JO-
3BOJISIE€ 301TBITYBAaTH 00CSTH 30epiranHs Ta 0OYNCITIOBa-
JBHI MOXNHBOCTI 6e3 mepepB y poOOTi. JaHi peIuTiKy-
IOTBCS] MIXK JIeKiTTbKOMa By3JIaMH, 1110 3a0e3medye ix 30e-
peXeHHsl y pasi BUXOY 3 JIaJy OJHOTO UM JEKiJIbKOX BY-
31iB. Cucrema 3abe3nedye AOCTYT 10 JaHUX HABITH MPH
3005IX OKPEMHUX KOMIIOHEHTIB, 3aBIISIKA PEILTIKAIl] JaHUX
1 pesepByBaHHIO. Po3nozinieni cucremu HamararoThes 3a-
0e3IeYNTH MPO30PICTh PO3MIIICHHS, BUKOHAHHS Ta MIiT-
patiii, o0 KiHIeBUI KOPHCTYBa4 a00 TOJATOK HE BiIUy-
BaB PO3IOJIIICHOCTI pecypciB.

B tenepimniit yac icHye 6araTo apXiTeKTYpHUX pi-
IICHHS PO3MOIIEHUX CUCTEM, SIKi BiliTparOTh KPUTHUHY
poJb y 3a0e31edeHHi iX eeKTHBHOCTI, MaCIITaOOBaHOCTI,

BiCH, KOXEH 3 SIKUX BUKOHYE MEBHY (QYHKIIIIO Ta CILIKY-
€TbCS 3 IHIIMMHU uepe3 JISTKOBICHI MeXaHi3MH, TaKi sK
HTTP/REST a6o uepru nosigomiens. Leit miaxin 1038o-
JIsIE HE3aJIe)KHO PO3rOpTaTh Ta MaclTabyBaTh KOXKEH cep-
BIC, III0 MIJBHUIIY€E THYYKICTh Ta BIIMOBOCTIHKICTH CHC-
Temu. SOA - me apxiTeKTypHuUil CTunb, KUl 3abe3neuye
B3aEMOJIiI0 PI3HUX cepBiciB uepe3 BeO-cepsicu abo API.
BiH cipsmoBaHuii Ha 3a0e31e4eHHs] BUCOKOTO PiBHS iHTe-
rpauii Ta B3a€MO/il MK pi3HOMaHITHIMH 3aCTOCYHKaMH 1
CHCTEMaMH B PO3IOALICHOMY cepenoBHii [2].

VY apxiTekTypi 3 mapamu po3noiijieHa CucTeMa opra-
Hi30BaHa y BUTJISAI IIapiB, KOXKEH 3 SKUX Ma€ CBOI Bi/IMOBI-
JATTBHOCTI (HampUKIIaj, Mpe3eHTaIllHNE 11ap, OGi3Hec-Jo-
rika, 1ocTyn A0 Aanux). Lle crporrye po3poOKy Ta TecTy-
BaHHsI, aJle MOYXKe BIUIMHYTH Ha MPOJAYKTHBHICTh Yepe3 JI0-
JIATKOBi 3aTPUMKH TIPH TIEPEXOAl MK mIapamu. Y peer-to-
peer (P2P) apxitekTypi BCi By37H € OJHOPIAHIMH Ta MO-
XKyTh BUKOHYBATH POJIb SIK KJIi€HTa, Tak 1 cepsepa [3]. Le
JI03BOJISIE cCUCTEMI e(heKTHBHO MacITaOyBaTHCs Ta BUTPH-
MYBATH BUCOKI HaBaHTa)KEHHsI, PO3MOALIIOUHN PECYpPCH Ta
3aBJIaHHS MK BY3JIaMH. ApPXITEKTypa, SiIKa 3aCHOBaHa Ha
TIoA1isIX, TIepedadae pearyBaHHs KOMIIOHEHTIB CHCTEMH Ha
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nozil (HampUKIIa/, TOBITOMIICHHS NPO 3MiHM JIaHUX), 11O
JI03BOJISIE CTBOPIOBAaTH BUCOKOS(EKTHBHI Ta T'HYYKI CHC-
TeMH, 37]aTHI IIBUJIKO aJIalITyBaTUCs 10 3MiH YMOB POOOTH.
Cuizt BiI3HAYNTH, 10 PO3IO/UIEHA CUCTEMA MOYKE OJTHOYA-
CHO 3a0€3MEeYNTH TUTBKH /Bl 3 TPOX XapaKTEPUCTHK: KOH-
CHCTEHTHICTb, IOCTYTIHICTh Ta CTIHKICTB IO PO3MOALTY (TIe-
pepuBaHb Mepexki). Bubip MK IIMH XapaKTEpHUCTHKAMH
3QJIe)KUTP BiJl KOHKPETHHX BUMOT JI0 CHCTEMH.

OT1xe, MeTOI0 Li€i podoTH € aHAaNi3 (QYyHKIIOHY-
BaHHS PO3IMOAIIICHAX CHCTEeM 00pOOKH Ta 30epiraHHs Ja-
HUX, & TAaKOX OTJIAJ iCHYIOUHX apXiTeKTyp.

OcHOBHA YacTHHA

IcHyTOUi Ha CHOTOIHI BUMOTH O TPOEKTYBAaHHS Ta
po3pobxku cxopum gaHux (CJ1), 1o 3a0e31medyroTh MpuitH-
SITHY HaZi{HICTB Ta MPOXYyKTHBHICTB, 3yMOBITIOIOTHCS 00'-
€KTUBHOIO TEHICHIIIEI0 BUCOKOTO 3POCTaHHS 00CsTry maa-
HUX, AKi HOTpeOyIOTh TOBrOTpUBAJoOro 30epiranas. daxi-
BIIi OaraThoX opraHizamiii 3a3Ha4aroTh, 10 Web-Scale IT
BKJIFOUA€E peajizalilo pi3HuX miaxofiB mo modymosu IT-
iH}pacTpykTypH. OcHOBHOIO BinminHicTIO Web-Scale IT
€ peati3alisi CTIHKOCTI /10 BIIMOBH Ha PiBHI IPOTPaMHOTO
3a0e3IeUeHHs i BUMarae ONTHUMI3allii Koay TiJ| arnapaTHe
3abe3neueHHs. Ciill BiI3HAYMTH, 10 BiIMOBA Bif Oyab-
SIKUX TEXHOJIOTIH BipTyasi3auil BHOCHTh I OJHMH IIap
B3a€MOIii 3 arapaTHUM 3a0e3nedeHHIM (i, IIJIKOM iMOBI-
PHO, BIIIOBiTHI 3aTPIMKH). ATlapaTHe 3a0e3MeYeHHs po-
3poONIAEThCA 3 ypaxyBaHHSIM apXITEKTypH IPOTPaMHOTO
3a0e3MeueHHs. , a TAKOXK MOXe OyTH iHTerpoBaHHM a0o
PO3TIOIiICHHM Ha KOMIIOHEHTH. apXITeKTYpH, MOOYA0BaH1
3a Web-Scale IT, Bucoko MacmTabyrOThCs, OCKITBKH pi-
BHI HPOJYKTUBHOCTI JOCSTAIOTHCS BEJIMKOK KIJIBKICTIO
e(QeKTHBHHUX HECIellialli30BaHnX BY3JIB Ta BUKOPHUCTAH-
HSM TUIOBUX cepBepiB. CyKymHI pecypcu 0araTbox LHX
BY3J1iB 00'€/IHYFOTBCS B ITyJI JJIsl CTBOPEHHS O0UHCITIOBAIb-
HOT MaTpHIIi Ta pO3MO/IiTy BiIIOBIIHO 10 noTpedu. O6a -
HaHHSI Web-MacmTaly - BITHOCHO HEOPOTe Ta IOCTYIIHE.
[pu BimMoBI By30I ipocTo 3aMiHIOEThCA. Kepye mieto Me-
PEeXero By3JIiB IHTErpOBaHE MPOTrpaMHe 3a0e3MeUeHHS, sIKe,
Ha BiZIMiHY BiJ] anlapaTHHUX 3ac00iB yIpaBIIiHHSI, MOXE TIe-
perporpaMyBaTH CHCTEMY, 00 BOHA BIATIOBiaa MiHIIH-
Bill muHamimi. Taka cucremMa MO CyTi CBOIl €JIacTHYHA,
OCKIJIbKH JIaHi, MeTaJlaHi Ta oneparii po3noaiuIsoThCs Ha
BEJIMKY KUIBKICTh MaJIMX BY3JIiB, 10 3aMIHIOIOTHCA, 1, MO-
XKIIMBO, HaBITh HA KiJIbKa LEHTPIB 00pOOKU JaHUX.

KirouoBumMu eneMeHTaMu apXiTeKTYPHOTO PillleHHs
CH 3 Web-Scale IT €: opieHTanis BAKOPUCTaHHS LIEHTPIB
00poOKH JaHUX, BAKOPUCTAHHS BeO-OpiEHTOBAHO! UM Mi-
KPOCEpBICHOI apXiTEeKTypH HaJlaHHs IIOCIYyT; HasBHICTH
nporpaMoBaHoro ynpasiiHas C/l; MOXIHMBICTh HaJAIITY-
BaHHS Oy/Ib-SKUX Oi3HEC-TIPOIIECIB, OPIEHTOBAHUX BHCOKY
MIPOJYKTHUBHICTD; 3aCTOCYBaHHS METOIOJIOTIi «KOpIopa-
THBHA KYJIbTYpa OpraHi3aii, [0 HABYAETHCS», CHOKYCO-
BaHa Ha IHHOBAMLiAX i 6e3MepepBHOMY HaBUAHHI.

Taxo)x BHIUIAIOTHCS BA i IXO0TH T IX01H 10 3a6e3-
MIeYeHHs MacITaboBaHOCTi: scale-up Ta scale-out. Beptu-
KalbHO —MacmTaboBaHi cucteMu (scale-up), sSIKUM Biac-
THBE 301JIBIICHHS KITBKOCTI TIOCTYITHUX PECYpPCIB 3a paxy-
HOK 301UTBIIEHHS TOTY>KHOCTI 3aCTOCOBYBAHUX OOYHCITIO-
BIBHUX 3aC00iB, Ta TOPU3OHTAIFHO-MacIITa0yBaHi CHC-
Temu (scale-out), 110 XapaKTepH3yIOThCS HasBHICTIO 3Ha-
YHOT'O YHCIIa HEBEIIMKHX CEPBEPIB, 00'€JHAHNX Y KIIacTep,

Ha SIKHX PO3IOAUISETHCS IOCTaBjIeHa 3aMOBHUKOM TIPUKJIa-
JHe 3aBiaHHs. HesBaxaroun Ha pi3Huito, scale-up i scale-
out 3a3HaveHi MiIXOAW MOXKYTh KOMOIHYBAaTHCS B paMKax
onniei CJI. OnHak MaciiTaOyBaHHS /10 BENUKOI KUTBKOCTI
BY3J1iB, Y TOMY YHCIIi 3 MOXKJIMBAM PO3IIOLIOM IO Ieorpa-
¢iuHo posHecenmM 11O/], Moxe mpu3BECTH 0 MPOOIEMHU
3a0e3MevYeHHsI TOCTYITHOCTI Ta KOHCHCTEHTHOCTI TaHHX.

B nanmii yac HaHOIBII XapaKTePHUMH TIPEICTaBHH-
KaMH TOPH30HTAJIbHO-MacIITa0OBaHUX CHCTEM, CIIPOEK-
ToBaHuX 3rigHo 3 Web-Scale IT, € CJI kommaniii EMC
Isilon Ta IBM XIV. Kitactep ropi3oHTanbHO —"MacITado-
BaHOI CHCTEMH, 3a3HaYEHHX PIllICHb CKIaJAEThCA 3 CepBe-
piB, IO BKJIIOYAIOTh HPOLECOPHU, KelI-NIaM'siTh, AWUCKH,
Ethernet-optn 3aco6iB migkmodeHHs . Kpim nanux npu-
ctpoiB, By3om EMC Isilon MiCTHTh TakoX MOPTH
Infiniband RDMA, 3a nonomororo sikux cepsepu 00'e1Hy-
FOTBCSl Y BHYTPILITHIO MEPEXKY 3 METOIO 3a0€3MCUCHHS CTii-
KOCTI JI0 BIZIMOBH KJ1acTepa [4]. 3araapHO¥0 ISt IAX TOPH-
30HTAJIBHO MAcIITa0OBAaHUX CHCTEM € OIMHHMILI MacIITa-
OyBaHHS, IO € arapaTHAM MOZYJIEM 3 (HiIKCOBaHOIO KiJIbKi-
CTIO TIPHETHAHUX JI0 HHOTO JWCKiB. OCHOBHI BiJMiHHOCTI
LIMX CHICTEM OIHA BiJl OZIHOI IOJISATaI0Th B OCOOIMBOCTSIX Op-
rasizauii JOCTyIy 10 JIaHUX Ta crocoly ix 30epiraHHs. B
OJIHOMY BHII3JIKy 3a0€3Meuy€eThCsl IOCTYII JI0 AaHUX Yepe3
oprasizaito (aiJIoBOT CHCTEMH, B IHILIOMY BUIIa/IKy BHKO-
pHCTOBY€EThCsl OJIOKOBHMI TIpUCTpiid. Bel nani posmnoaineni
MK ycima By3namu ganux CJ1, 1 Oyab-sikuil By30J1 MOXKe Ha
PIBHHX 0OCITyrOBYBaTH 3aIUTH J0 Oyab-skoro daiity, He-
3aJIeKHO BiJ TOTO, HAa AUCKAX abo KEli SKOTro By3/a 3Ha-
XOZATBCS JaHl. TUM caMHuM JI0CSATaeThesl BUCOKA MPOJIYK-
THUBHICTh POOOTH 3 OYAb-SKIM (haiIoM.

Krnacuuni mmatdopmu 30epiranas SAN ta NAS, xou
1 KPpUTUYHO BAXJIMBI JI KOPIIOPATHBHUX JIOAATKIB, ale
He NpU3HaveHi U1 poOOTH 3 CyJaCHUMH XMapHHUMH JI071a-
TKaMHU Ta HE BiANOBIJAIOTh BUMOI'aM MacIUTa0yBaHHS y
xmapi [5]. Kpim Toro, mocTiiiHe 3pOCTaHHsS 00CATiB He-
CTPYKTYypPOBAaHHUX JIJAHUX BUMara€e CTBOPEHH: OUIbLI MPOC-
TOT apXiTeKTypH 30epiraHHs, sika Ipu3HaYeHa IS YIIpaB-
JIHHS MUTBAPIaMHU Ta TPUIIbHOHaMU (HailTiB, PUCKOPIOE
PO3pOOKY XMapHHUX Ta MOOLTBHUX JOJATKIB Ta OJATKIB
JUISL BEJIMKHX JAHMX 1 TIPU [IbOMY JI03BOJISIE 3HU3UTH BH-
TpaTH, MOB's3aHi i3 30epiraHHAM, Ta BHTPATH B IJIOMY.
o6 BupimuTH 1i 3aBnanHs, [T-ciryx0u Ta mocTadas-
HUKH TIOCIIYT TTOYaJIM TECTYBaTH Ta BIPOBAJDKYBAaTH €KO-
HOMIYHI THITOBI Ta BIAKpHTI iHPpacTpykTypu. THIOBI
KOMITOHEHTH Ta BIAKPHUTI TexXHONOTii Ha 0a3i craHmapTiB
3HIKYIOTh BUTpPAaTH Ha 30epiraHHs, aje oKpeMo 3abe3re-
YyIOTh HIDKYi TOKa3HUKH IPOYKTUBHOCTI Ta HAAIHHOCTI.
Takosx ciix mam'sitaTy, o iHpacTpyKTypa 3pydHa B 00-
ciyroByBaHHi, sikmo IT-¢axiBii 3aMOBHHKAa MarOTh JI0-
CTaTHI¥ TOCBif 11 eKcIuTyaTaii.

BesmnpenenentHe 3poctanHs 00CSTIB JaHUX (CTPYK-
TYPOBaHUX Ta HECTPYKTYpPOBAaHHX) NPU3BOIUTH JIO TOTO,
mo ¢aidnn BeNUKUX 00cATIB (HAaNpUKIIal, 300paKeHHs,
BiJIeO TOIIO) 30epiratoThcst y Aoporux izonapoBanux CJI.
VY knacuuHii iHppacTpyKTypi, 3a3BH4ail, 4acTo JaHi i30-
JIOETHCS, YCKJIQJHIOIOYN IIUM OOMIH 1 yNIpaBiIiHHS HUMH
1 30ipIIyI0YM BUTpaTH. 3a3HaueHUH (HakTop HE MiATPH-
Mye edeKTHBHE Ta EKOHOMiuHe MacmTaOyBaHHS, IO
3MyIIy€e 3aMOBHHKIB IIYKaTH PIIIEHHA, fKE MOEIHYE B
co0i mepeBaru MyOIigyHO{ Ta IPUBATHOT XMapH. PimeHHs
JIO3BOJIAIOTh OYJb-sIKid opraHizamii o0'eqHAaTH KijdbKa
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cucreM 30epiraHHs Ta apxiBiB 3MIiCTy B €IMHMH rio0a-
JIbHO JOCTYNHHUH Ta e()eKTHBHUI PENO3UTOPIH 3MICTY,
SIKMH MO>Ke 00CITyTrOBYBaTH BEJIMKY KUIBKICTh IIPOTpam.

[ToknaneHa B OCHOBY pILLIEHHS apXiTEKTypa THUILY
«aKTHBHUI-aKTHBHUI» 3 MIATPUMKOIO KiJIbKOX MaiiaH-
YHKIB, €MUHAN TJI00AIBHUI TPOCTIp iMEH Ta yHiBepca-
JbHA NOCTYIHICTh 3a0€3MedyIOTh AOCTYH A0 3MICTy 3
Oy b-IKO1 TOUKH ATt Oy b-sIKO1 IPOTPaMH 9H IIPHCTPOIO.
3aBasSKH PO3MONLTY KOHTEHHEPIB TaHNX MK MaiiaHdu-
KaMH omepanii 3amicy Ta YUTaHHS MOXYTh BHKOHYBa-
THCS B OyAb-sKii TouIi CBiTY. PimreHHs 3a0e3medyioTsh
BUCOKHI pIBEHb CEMaHTHUYHOT Y3TOPKEHOCTI, 10 JJ03BO-
JISIE CHPOCTHUTH PO3POOKY OAATKIB Ta OTPUMYBATH J10C-
TyI 0 JaHWX 13 Oyab-sK01 Touku. Takox y pillleHHI €
(YHKIIISI TeOKeLTyBaHHS, SIKa BU3HAUAE CXEMH JIOCTYITY 3
JEKUTbKOX MalIaH4YMKIB Ta KEIlye JlaHi Ha MalaH4uKy,
Jie 11l J]aHi BAKOPUCTOBYIOTBCS Haifuacrile.

VY 3aranbHONPHHHATUX KIACHYHUX iH(PACTPyKTy-
pax 30epiraHHsi NaHUX, SK IPABUIIO, 3aMPOBAIUTH CHC-
TeMH Oi3HEC-aHATITHKU MoXke OyTu Hempocto. Tak, maHi
YacTO PO3MOALICHI MiX KUJIbKOMa CKJIaTHIMH CHCTEMaMH,
1 yCKIIaHIOE Ta 301IbIIy€e BUTPATH HA JOCTYI Ta YIIpaB-
minHs. Oprauizauii 3MyIIeHi OTpUMYBaTH JiaHi Bi onepa-
IHAX CHUCTEM 1 MOTIM 3aBaHTAXYBaTH iX Y BHIUICHUI
KJIacTep Ui aHaizy. B ocHOBI e()eKTUBHOI aHAIITUKH JIe-
’KaTh TOYHICTh T4 CBOEYACHICTD JaHKX. PillieHHs Hasa€ 3a-
MOBHHMKaM MOXJIMBICTh BHJOOYBaTH NPAKTUYHO 3HAYYIIII
JaHi Oi3HEC-aHATITHKY 3 BEJTUKUX OOCSTIB PO3MOIUICHOTO
3MICTy, HE BHUKOPHCTOBYIOUH poOodoro mpomecy ETL
(Extract, Transform, Load). Pimrenas MoxyTs miarpumy-
BaTH 03€pO JIAHUX, HAJAI0Y1 MOXIIMBOCTI JOCTYILy Ta yII-
PpaBIiHHS OyAb-SKIM 3MICTOM OpraHi3allii 32 JOMOMOTOI0
Kinpkox auctpuOyTHBiB Hadoop [6].

[pu BukopucranHi 3BuaHUX CJ] 31 3pocTaHHsIM 00-
CSriB J@aHMX HEMHMHY4Ye 3pOCTa€ KiJbKICTh KOHTPOJIEPIB,
JIMCKOBUX IPYII, TOMIB, (hailJIOBUX CUCTEM, TaK YU IHAKIIE
3'SIBIISIIOTBCS «OCTPIBI» PI3HOPITHUX CHCTEM, CTA€ BCE
CKJIQIHIIIIE Ta CKJIaIHIIIE MiITPUMYBaTH e)eKTHUBHICTB iX
BUKOpHUCTaHHs. HapolyBaHHs cHCTeM BUMarae nornepei-
HBOTO aHaNI3y, CKIIJHUX POOIT 3 KOHOIrypauii Ta Mirparii
nanux [6]. Ilpu nmpoektyBanHi pirreHp CJ1, X 3araibHa mpo-
JyKTUBHICTh BU3HAYAETHCS TPOIYKTUBHICTIO MOJYJISI yII-
PaBIiHHS, BIUIMHYTH Ha SIKW 3 00Ky TIepcoHamy (aaMiHiCT-
paTopiB) MPAKTHYHO HEMOXKITHBO. A OCh IEPCIEKTHBHIIIINM
BapiaHTOM YIPaBIiHHS MPOTYKTHBHICTIO € BUALICHHS JBOX
piBHIB MacmTabyBaHHS: MacIITaOyBaHHS 3a PECypcamw,
AK€ BUKOHY€THCS YIPABIIHHAM KiITBKOCTI allapaTHO-Kepo-
BaHUX MAaCHBIB JKOPCTKHX AWCKiB, i MacmTaOyBaHHA 3a
MIPOIYKTUBHICTIO - YIPABIIHHAM KINBKICTIO amapaTHUX
6JI0KiB MATOTOBKU Ta 00poOkwm iHopmartii. Hamni nepei-
JIEMO JI0 iICHYIOUHX pillleHb. AHaTI3 iCHYIOUHX MiKpocep-
BICHUX apXiTEKTyp PO3MOJIUICHUX CHCTEM BHSBIISE LILINH
PSII KITFOUOBUX KOMITOHEHTIB, IPAKTHK Ta BUKJIUKIB, SIKi €
aKTyaJIbHUMH ISl OUIBIIOCTI CYyYacCHHX BHCOKOHABaHTA-
KEHHX Ta BUCOKOJIOCTYITHUX CHCTEM.

Netflix € ogHUM 3 HaMBIZOMIIINX MPUKJIAAIB YCIIi-
LIIHOTO 3aCTOCYBaHHS MiKpocepBicHOI apxitekTypu. Cu-
cTeMa pOo3MO/iIeHa Ha COTHI MIKpOCEpPBICiB, SKi BiAMOBI-
JIAfOTh 3a Pi3HI ACHEeKTH IIaTPOPMH, BiJ] HOTOKOBOTO
BIITBOPEHHS 10 PEKOMEHIAIlii KOHTEHTY Ta OOpOOKH
KOpHUCTyBallbkux naHux. [Imatdgopma OGa3yeTbcs Ha BH-
KOPHUCTaHHI KOHTEHHepi3allii, opkecTpallii, BHy TPIITHbOT

MEpEeXEBOi IHPPACTPYKTYypH A 3a0€3IEeUEeHHS 3B'SI3KY
Mmix cepBicamu (Netflix Zuul sk API Gateway).

Amazon nepeTBOPUB CBOIO MOHOJITHY apXiTek-
TYpy Ha MIKpOcepBicHY, 1100 3abe3neunTr Macmrady-
BaHHS Ta THYYKICTh CBO€] BEJIMUE3HOI €JIEKTPOHHOI KO-
Mep1ii Ta XMapHUX cepriciB. JlaHU cepBic BUKOPUCTO-
Bye AWS 11 po3ropTaHHs Ta YIpaBIiHHSI MiKpOCEpBi-
camu, Takux sk Elastic Container Service (ECS), Lambda
U1 O6e3cepBepHUX OOYMCIICHB, Ta IHIINX CEPBICIB A
MOHITOPHHTY, JIOTYBaHHS Ta aBTOMAaTH3AIlii.

OOpoOKOIO BeTMYIE3HO1 KiITBKOCTI 3aITUTIB 3 MiHIMaIIb-
HOIO 3aTPHMKOIO, 30€piraHHs Ta aHaI3 BEIUKHX 0OCATIB
JaHKX 3aimaeTbest Google, sikuii BUKOPUCTOBYE MiKpocep-
BICHY apXIiTEKTypy IS Pi3HUX CBOIX HPOIYKTIB, BKIJIFOYa-
1oun nomryk, Gmail, Maps. Ixns cuctema pospo6nena s
BHCOKOI IPOYKTHBHOCTI, MacIuTaOyBaHHs Ta HaJ(IHHOCTI.
B po6oTi BUKOPHCTOBYIOTHCS BJIACHI TEXHOJIOTIYHI pO3pO-
OKH TS YTIPaBIiHHS PO3IIOIJICHIMH CHCTEMaMH, TAKHX SIK
Borg st opkectpariii KOHTeHHepiB, Ta iHIUX iIHCTPYMEH-
TiB IJISI MiKPOCEPBICiB, MOHITOPHHTY, JIOTYBaHHSL.

Uber mepe#ioB Ha MIKpPOCEPBICHY apXiTEKTypy,
o0 BHOpaTHCs 31 MBUAKUM 3pOCTAHHSAM Ta MOTpedamMu
B mobanbHOMY MaciTabyBaHHi. CepBiC BUKOPHCTOBYE
reopo3NOoAIIEHUX MIKPOCEPBICIB, po3po0Ka BIACHUX pi-
LIEHb VISl TEONPOCTOPOBUX OOYHCIICHb, IHTEHCUBHE 3a-
CTOCYBaHHs KOHTeiHepu3allii Ta opkecTpariii.

Takum 4MHOM, KOXKEH MIKPOCEPBIC YIPAaBJII€ CBOIMH
JTAHUMH HE3aJIeXKHO, 1110 3a0e3Meuye THYYKICTh Ta BUCOKY
nocTynHiCTb. [HTeHcuBHE Bukopuctanusa CI/CD mis aBTo-
MaTu3alii TeCTyBaHH:, PO3rOpPTaHH: Ta MOHITOpUHTY. Bu-
KOpUCTaHHS KOHTEHHepiB Ta opkectparii tumy Docker,
Kubernetes Ta iHIIMX iHCTPYMEHTIB 3HAYHO CIIPOIIYIOTh
pO3ropTaHHs, MacIITa0yBaHHS Ta YHPaBIIiHHS MiKpocep-
Bicamu. 3a0e3reueHHs BHIMMOCTI Ta PO30POCTi BCi€l cH-
CTEMHM 4epe3 LIEHTPaJIi30BaHe JIOIYBAHHS Ta MOHITOPHHT.
Bukopucrannst API 1u103iB 115 CIPOLIEHHS 3B'SI3KY MiX
MIKpOCepBicaMH Ta KIIEHTaMH, a TakoX st 3abe3re-
YeHHs1 Oe3MeKH, MapIIpyTU3aLil 3aIuTiB, 00pPOOKH MOMH-
J0K. MiKkpocepBicHa apXiTeKTypa JO3BOJISIE CTBOPIOBATH
BHCOKOA/IaNTHBHI Ta MacInTaboBaHi CHCTEMH, 31aTHI ede-
KTUBHO BHPIIITYBaTH 3aBIAHHS Pi3HOI CKIIATHOCTI.

CepsicHo-opieHTOBaHa apxitekrypa (SOA) mis po-
3MOJIVICHUX CUCTEM OpPiEHTOBaHA Ha BUKOPHCTaHHS BeO-
CEepBICIB Ta IHITUX TEXHOJOTIH I 3a0e3NeUeHHS] MOY-
JHHOCTI, MAacIITa0OBAHOCTI, Ta THYYKOCTI CUCTEM. Y Ta-
KHX CHUCTeMaX KOMIIOHEHTH, abo "cepmicu", HaZaIOTh
CTaHAapTU30BaHi iHTepercH A B3aEMOII1, 10 J103BO-
JIsI€ JIETKO 1HTeTPYBaTH Ta TIEPEBUKOPHCTOBYBATH X Y pi-
3HHX J0JIaTKax Ta Oi3Hec-mporecax. AWS Hagae mmpo-
KW CIIEKTP XMapHUX CEepBICiB, KOKEH 3 IKHX MO)KE BBa-
xatncst komrnoHeHToM y SOA. CepBicH OXOIUTIOIOTH 00-
YHCIIeHHS, 30epiranus 1aHux, 0a3u TaHuX, MepexeBi Py-
HKIIi, i 0ararto iHIIOro, IO3BOJSIFOYM PO3POOHHKAM
JIETKO iHTerpyBaTd MOTPiOHI KOMIIOHEHTH Yy CBOi J0ja-
TKkH. Salesforce BukopuctoBye SOA y cBoiil mardopmi
JUISL KepyBaHHS BiHOCMHaMU 3 kiieHTamu. Yepes API
Salesforce Hamae mOCTym JO CBOiX CEpBICIB, TAaKUX SK
Mpoaaxi, 00CITyroByBaHHs KII€HTIB, MapPKETHHT TOIIO,
10 JI03BOJISIE iHTETPYBATH 11 CEPBiCH 3 iHIIMMU Oi3HEC-
nonatkamMu. SAP mpomoHye KomruiekcHi OizHec-pi-
mMeHHs, SKi Takok Oa3yroThess Ha SOA, 103BOJISIOUN
KOMITaHisIM OMNTHUMI3yBaTH CBOi OizHec-mporiecu. SAP
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NetWeaver no3Bosse iHTerpyBatu aaHi Ta Gi3Hec-mpo-
uecu 3 SAP nonarkamu Ta 30BHILIHIME CHCTEMaMH.

SOA chpoiiye iHTErpallito pi3HUX CEPBICIB 1 cHC-
TEeM, He3aJISKHO BiJ| IXHBOT peasizaliii Ta Micus po3ramnty-
BaHHS, 3aB/SIKM BUKOPHCTaHHIO CTAHAAPTU30BaHKX IIPO-
TOKOJIB i ¢opmariB maux. Cuctemu, moOymoBaHi 3a
npuniunaMu SOA, CKIIQIaloThCS 3 HE3AJIEKHHUX CepBi-
CiB, IKi MOXKYTB OyTH po3po0IIeHi, pO3rOpHYTi, i BIOCKO-
HaJIeHi oKpeMo onauH Bin oxHOro. SOA 103BOIISE JETKO
MacmTaOyBaTH CHCTEMH, IONaBaHHAM abo Mmomudika-
LI€I0 CEPBiCiB, IS 33J0BOJICHHS 3pOCTAI0YNX 1MOTped Oi-
3Hecy. Posnoginenicts cepBiciB y SOA cripusie BiiMOBO-
CTIMIKOCTI CHCTEMH, JO03BOJIIOYH i MPOJOBXKYBATH PO-
00Ty HaBiTh y pa3i 3001B OKpEeMHX KOMITOHCHTIB.

Taxum urHOM, SOA 3aIHIIAETECS BAXKJIMBUM ITij-
X0JIOM Y pO3pOOIli PO3MOMIICHUX CHCTEM, OCKUIBKHU BiH
MIPOTIOHY€ 3HAYHY THYYKIiCTh Ta €(pEKTUBHICTH MPH 1HTE-
rpamii pi3HOMaHITHHUX CepBiciB Ta MogaTKiB. BomHouac
ycmix BrpoBamkeHHS SOA 3a7IeXHUTh Bijl yBaXXHOTO ILIa-
HYBaHHS, YIPABJIiHHSA 3MiHAMH, Ta 3aX0iB OC3MECKH.

ApxiTekTypa 3 mapamu, abo OaraTopiBHEBa apxiTe-
KTypa, € TPaJULiHAM IiJXOZO0M /10 IPOCKTYBaHHS PO3-
MOJIIJICHUX CHUCTEM, SIKUI BKJIIOYAE PO3UICHHS (YHKIIIO-
HaJly IporpaMu Ha OKpeMi piBHI, KOXKEH 3 SIKUX Ma€ CBOIO
crenu(iuHy BiINOBIAaIbHICTh. Takuil miaxix D03BoIsiE
JIOCSTTH MOJTYJILHOCTI, CIIPOILY€ pO3pOOKY Ta TECTYBaHHS,
a TaKOX IOJIETIIYE MaclITa0yBaHHS Ta aAMIHICTPYBaHHS
cuctemi. [Ipe3eHTaniiHmii map BiIIOBIga€e 3a B3aEMOIIIO
3 KOPHCTYyBa4aMH CHCTEMH, NTPEACTABICHHS JaHUX Ta 00-
poOKy BBeIeHHS KopHucTyBaua. Beb-iHTepdeiicn, Mo0i-
JbHI JIOJIATKM YW HACTUIBHI 3aCTOCYHKH € NPHKIIaJaMu
KOMITOHEHTIB I[b0T0 mapy.bizHec-norika (Business Logic
Layer): MicTuth OCHOBHY ()yHKIIOHAJIBHICTH CHCTEMH,
BUKOHY€ OOpOOKY HaHWX 3TiTHO 3 IpaBWIIAMH Oi3HECY.
et rrap B3aemoi€e 3 MPE3CHTALIHHIM IIAPOM Ta [IIAPOM
JOCTYyIy A0 AaHUX, 00ciayroBytoun ix 3amuth. [ap moc-
Tyly 70 JaHUX 3a0e3rneuye aOCTPAaKI[o Ta yIpaBIIiHHS
JIOCTYTIOM [0 TAHUX, 30epeKeHUX y 0a3i JaHuX a00 HIINX
cxouax. lle Moxe BKIIOYATH BHUKOHAHHS 3aIUTIB J0
0a3u 1aHnX, 00pOOKY TpaH3aKIil Ta KepyBaHHS i JKITO-
yeHHsMA. [lap manux 30epirae qaHi, 3 SKHMU MPALIOIOTH
IHIN mapu cucTeMH. ApXIiTEKTypa 3 IIapaMy 3ajdliia-
€TBCSI TIOITYJSIPHUM BHOOPOM JUISl PO3POOKH SIK POCTHX,
TaK 1 CKJIQIHUX PO3MOALIEHUX CUCTEM, 3aBJISIKH 11 THYUKO-
CTi, MOJTyTBHOCTI Ta 3IJaTHOCTI 10 MacITaOyBaHHS.

Peer-to-Peer (P2P) apxiTekTypa po3moAiIeHUX CH-
CTEM Biirpae KIIOYOBY POJIb y CTBOPEHHI MEPEK, JIe KO-
JKeH By30I] (peer) pyHKIIOHYE SIK SK KIII€HT, TaK 1 cepBep
JuIs 1HIKX BY37iB. e KoHTpacTye 3 TpagumiiHIMK KJTi-
€HT-CEPBEPHUMH aPXITEKTypaMH, A€ LEHTPaTi30BaHHH
cepBep HaJa€ PeCypcH, a KIEHTH iX CMOXKHBalOTh. P2P
apXiTeKTypH 3a0e3MeuyIoTh Pi3HOMaHITHI IepeBaru, aie
TaKOX CTHKAIOThCS 3 IMEBHUMHU BHKJIMKaMu. 2P mepexi
HE MAarOTh €IUHOI TOYKH BiJMOBH, Ha BIAMIHY BIiJ
LEHTPali30BaHUX CUCTEM, III0 POOUTH TX OLIBII BiMOBO-
CTifikuMu Ta HagiitHUMU. J[oJaBaHHS HOBUX BY3IIB IO
P2P mepexi nokpaiiye 3arajibpHy IPOJYKTUBHICTH CHC-
TEMH, OCKIJIBKU KO’KEH HOBHH BY30JI 301IBIITy€ TOCTYITHY
MIPOIYCKHY CIIPOMOJKHICTHh Ta OOYHCIIOBAIBHI pecypcH.
P2P mepexi epeKTHBHO PO3MOAIIAIOTh PECYPCH CEPe
BEITUKO1 KIJTBKOCTI BY3JIiB, 3MEHIIYIOUH HaBaHTAKEHHS
Ha OKpeMi BY3JIM Ta 3a0e3Meuyroun OibIl piBHOMIipHE

BHUKOpHCTaHHS pecypciB. Bysin B P2P mepexax MOKyTbh
JMHAMIYHO NTPHETHYBATHCS Ta BI'€JHyBaTUCS 0€3 3HaU-
HOTO BIUTMBY Ha poOoTy Mepexi B miomy. P2P mepexi,
taki sik BitTorrent, 7103BONIsIIOTE €PEKTHBHO OOMIHIOBA-
THCs (aiilaMu MK BEJIMKOIO KUIBKICTIO KOPUCTYBadiB,
3MEHIIIYIOYH HaBaHTKEHHS Ha iHAWBIOyalbHI CepBEpH.
BiTkoiiH Ta iHIII KPUNTOBAIIOTH BUKOPUCTOBYIOTH P2P
Mepexi IS pO3MOIiUICHOTO BEICHHS PEECTPY TpaH3aK-
miff (6moxdeiiH), 3abe3medyoun BHUCOKHN piBeHb 0e3-
TIEKHU Ta He3aJISKHICTH Bl IEHTPaTi30BaHUX (PiHAHCOBUX
ycTaHOB. JlesKi AeneHTpali3oBaHi CollianbHI MEpexKi 1mo-
OynoBani Ha P2P apxitekTypi uis1 3a0e3neueHHs O1IbIIoT
MIPUBATHOCTI Ta KOHTPOJIFO KOPUCTYBAUiB HaJ IXHIMH J1a-
Humu. [Inatpopmu Ha krrant Golem, BUKOPUCTOBYIOTH
P2P mepexi Uit CTBOpEHHS AELEHTPATi30BaHUX 004HC-
JIOBAJIBHUX MEPEK, L0 J03BOJIIE KOPUCTYBayaM "OpeH-
JyBaTh'" HEBUKOPHUCTAH1 00UMCITIOBAIILHI PECYPCH 1HIINX
yuacHUKiB. P2P apxiTtekTypa mpoaoBXKye pO3BHBATHCS,
HaJIal0u¥ HOB1 MOXKJIIMBOCTI AJIsI CTBOPEHHSI MacIITaboBa-
HUX, BIIMOBOCTIHKHX Ta €(pEeKTHBHUX PO3IOAIJICHUX CH-
creM. He3Baxkaroun Ha BUKJIMKH, TOB's13aHi 3 O€3MEK0I0
Ta YIpaBJIiHHAM, IIepeBary, ki Hagae P2P, poOnsiate et
MiAX17 TPUBAOIMBUM IS IIHPOKOTO CIEKTPY 3acCTOCY-
BaHb.

ApxiTekTypu, OcHOBaHI Ha mnofisx (event-driven
architectures), € KJIIOYOBUM KOMIIOHEHTOM Yy IPOEKTY-
BaHHI PO3MOJIICHUX CHUCTEM, 3a0€3MEUyI0YH BHCOKY
THYYKICTh, MacIITa0OBaHICTh Ta PEAKTUBHICTh. Y TaKHX
apXiTEeKTypaxX KOMIIOHEHTH CHCTEMH B3a€MOAIIOTH OJMH
3 OJTHHAM 32 JIOTIOMOTOI0 TIOIH, 10 ZJ03BOJISE IM 3aJInINa-
THCS cJ1abo 3B'SI3aHUMH Ta ACHHXPOHHO pearyBaTh Ha
3MiHK cTaHy a0o0 30BHimHI 3amuTd. KoMmnoHeHTH cuc-
TeMH 00pOOISIOTh MO ACHHXPOHHO, IO 3MEHIIYE 3a-
JIEXKHOCTI MIXK HUMH Ta ITOKPAIIy€ 3arajbHy MPOLyKTHB-
HicTh. B3aeMois Mik KOMIOHEHTaMH 3aCHOBaHa Ha I10-
JUsIX, 10 3MEHIIYE MPsMi 3aJIEKHOCTI Ta CHPOIIYE 3a-
MiHy 200 MoIUdiKallil0 OKPEMHUX KOMIIOHEHTIB.CHCTEMY
JIETKO PO3ILIMPHUTH, TOABIIA HOBI OOPOOHHKH MO JIst
pearyBaHHs Ha icHyto4l 200 HOBI no1ii. ACMHXpOHHa 00-
poOka mofiit Moxke cpusTH OUIbIIIH BiIMOBOCTIHKOCTI,
OCKIJIbKM CHCTEMa 3/]aTHa MPOJIOBXKYBaTH poOOTy HaBiTh
IIPY BUXOJI 3 JIaly OKPEMHUX KOMITOHEHTiB. Bukopucro-
BYIOTh TaKy apXiTeKTypy CUCTeMH, Taki sk Apache Flink
abo Spark Streaming, mo MiATPAMYIOTH 0OPOOKY MOTO-
KOBHX JJAHUX B PEaJbHOMY 4aci, BHKOPHCTOBYIOUH TTO/IT
SK OCHOBHI OJMHHII AaHUX. ApXiTeKTypH, OCHOBaHI Ha
MOJIisIX, HAJAIOTh MOTYXXHUH MEXaHi3M JUisi To0ya0BU
PO3MOAITICHNX CHCTEM, SIKi BUMAraloTh BUCOKOI THYy4YKO-
CTi, MacmITabOBaHOCTI Ta peakTUBHOCTI. BogHOoUac, ede-
KTUBHE BUKOPUCTAHHS TAKUX apXITEKTyp BUMArae yBakK-
HOTO TUTAaHYBaHHS Ta PO3YMIHHS MOTEHIIIHHNX BUKIIHKIB.

KoHcucrenTHe XelryBaHHs € (yHIAMEHTAIBEHOIO Te-
XHIKOIO Y TIPOEKTYBaHHI PO3HOJIIJIEHUX CHCTEM, OCOOIMBO
THX, 1110 BUMararoTh MacIITaboBaHOCTI, BHCOKOI JIOCTYITHO-
CTi Ta THY4YKOTO yTIpaBJiHHA pecypcamu. Briepiie 3amnporo-
HOBaHe SIK CIIOCiO PO3IO/LTY 3alUTIB MK KellI-cepBepaMu
y BeO-Meperkax, KOHCHCTEHTHE XEIIyBaHHs [MIMPOKO BHKO-
PHCTOBYETBHCSI B CHUCTEMax KeIllyBaHHs, 0a3zax JaHHX
NoSQL, po3nomiieHux (GpaiioBUX CHCTEMaX Ta 1HIIHX JI0-
natkax. KOHCHCTEHTHE XelyBaHHS BUKOPHUCTOBYE KiJIbIie-
BUI IPOCTIp XEIIIy, A€ KOXKEH By30JI Ta KOXKCH KITI0Y JAaHUX
OTPUMYIOTh XCIII-3HAYEHHS, SIKE BU3HAYAE X MO3MIIIO HA
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xem-Kutbni. Kittoul naHnmx npu3HauyaloThCs By3y Ha Ki-
JIBIII, IO 3HAXOJIUTHCS HAUOKYE 32 TOAMHHUKOBOIO CTPi-
nxoro. Lle 3a0e3nedye po3noia qaHux Mix Bysnamu. [Ipn
Jo/1aBaHHi ab0 BHJAJICHHI BY3JIB 3 CUCTEMH, JIMIIE HEBe-
JIMKa YacTHHA KJIIOYiB MoTpedye mepeposnoxity. Lle 3Ha-
YHO CIPOIIye€ MAcCIITA0yBaHHS CHUCTEMH, MIiHIMI3yIOUn
BIUTMB Ha JIOCTYIIHICTh TAHUX Ta IPOAYKTUBHICTH. [I1s 3a-
Oe3nedeHHs OB PIBHOMIPHOTO PO3IOALTY JAHHUX BY3IH
MOXYTh MaTH KUJIbKa BipTyaJIbHUX XCII-TIO3UIIIH Ha KiJIBIIi.
Lle momomarae YHHKHYTH TNpoOmeMH "Tapsdux TOYOK',
KOJITH O/INH BY30J1 0OCITyTOBY€E HEPOTIOPIIIHO BEJIMKY Jac-
TUHY 3armuTiB. KOHCHCTEHTHE XelIyBaHHS 3aJUIIAETHCS
(byHIaMEHTaJIbHOIO TEXHIKOIO y pO3po01i epeKTUBHUX, Ma-
ciuTabOBaHUX Ta BIIMOBOCTIHKHMX PO3IOJUICHUX CHCTEM,
MIPOTIOHYIOYH YHIKaJIbHE PIlICHHS JUIsl BUKJIMKIB, TIOB'sI3a-
HHX 3 PO3IOALIOM Ta YIPABIIHHAM JaHUMHU.

BucHoBxku

Bubip apxiTeKTypHOTo PillICHHS YT PO3MOAIICHUX
CHCTEM € KPUTHYHUM €TaroM, III0 BHMAarae pereibHOro
aHaJIi3y BUMOT IO CUCTEMH, LiiJiel Oi3HeCYy Ta O4iKyBaHHX
BUKJIMKIB. BuOip npaBHIbHOT apXiTEeKTypH MOXKE 3HaYHO

TIOKPAIIUTH TPOAYKTHBHICTh, MacIITa0OBaHICTh, BiAMO-
BOCTIHKICTh Ta JIETKICTh YNpPaBIiHHS cucTeMoto. [Ipose-
JICHO aHaJli3 apXiTeKTypHUX PillleHb JJIsI PO3IOIIICHUX CH-
creM 30epiranHs Ta 0OpOOKM JaHMX, SKUH [OKa3aB, IO
MIKpOCEpBICH i1€alIbHO MiAXOASATH /I KOMIUIEKCHUX 3a-
CTOCYHKIB, III0 IOTPeOYIOTh IIBHUAKOTO PO3BUTKY, MacIII-
TaOOBaHOCTI Ta JIETKOI MiATPUMKH; CEPBICHO-OpPIEHTOBaHA
apxXiTeKTypa MiIXOIUTh JUIS iHTErparil pisHOMaHITHHAX Oi-
3HEC-ZIO/IATKIB Ta CEpPBICIB Y €AWHY EKOCHCTEMY;apXiTeK-
Typa 3 IapamMH MiIXOIUTh IS TPAJHLiHAX BeO-J0IaTKIB
13 9ITKUM PO3[IIICHHSM JIOTiKH, JaHUX 1 iHTep(eiicy KopH-
cryBaua; P2P ineanbHO MiAXOAUTH JUIA OATKIB, SKi TIOT-
peOyrOTh BUCOKOI BiIMOBOCTIHMKOCTI, JEUCHTpati3allii Ta
PO3NOALIEHUX OOYMCIIEHb; apXiTeKTypa, SKaK OCHOBaHa
HA TOJiAX MiAXOAUTH U CUCTEM, IO MOTPEOYIOTh BHCO-
KO{ peaKTHBHOCTI Ta aCHHXPOHHOI 00poOKu moxiid. Budip
apXITEKTYPHOTO pilIeHHs Ul PO3MOIIJICHIX CUCTEM - 1IE
KOMIUIEKCHHH TIpoLiec, SIKMH BUMarae OalaHCYBaHHS MiX
TEXHIYHIMH, OI3HECOBHMH Ta OTICPAIlIHHUMH BUMOTaMH.
BpaxyBaHHsS MailOyTHBOTO 3pOCTAaHHS, MOTCHIIHHUX BH-
KIIMKIB 1 THYYKOCTI CHCTEMH € KIIFOYOBHMH (paKTOpaMu
ULt 3a0€3MeYeHHS ii TOBrOCTPOKOBOTO YCITiXY.
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Analysis of the functioning of distributed data processing and storage systems
Anton Bilokon, Stanislav Borisov, Maxim Usatenko, Volodymyr Fedorchenko

Abstract. Relevance. As the amount of data generated by users, loT devices, social media, business processes, etc. grows,
the need for scalable storage solutions becomes more and more evident. Distributed systems allow for efficient scaling, providing
an increase in storage volumes and computing power without significant costs. Modern business requires high availability and
reliability of systems, because even minimal downtime can lead to significant financial losses and a decrease in customer confi-
dence. Distributed systems provide high availability and resilience by automatically recovering from failures and replicating data
to ensure data integrity. Globalization of business requires working with data in different geographical locations. Distributed sys-
tems allow localizing data storage and pro-cessing closer to end users, reducing delays and increasing the overall performance of
systems. Increasing security threats and in-creasing regulatory requirements for data protection are forcing organizations to look
for more secure data storage solutions. Dis-tributed systems offer enhanced capabilities for data encryption, access control, audit-
ing, and regulatory compliance. Processing large amounts of data often requires large computing power. Distributed data storage sys-
tems are ideal for working together with distributed computing, such as streaming data processing, machine learning, big data, allowing
to efficiently distribute tasks and process large amounts of information. Among the challenges that distributed data storage systems
may face are - ensuring data con-sistency between nodes, network delay management, data protection and security. Various strategies
and technologies are used to address these challenges, including consistent hashing algorithms, data replication, transaction protocols
with guaranteed atomicity, consistency, isolation, and durability, and sequential consistency models. Thus, in conditions of constant
growth of data volumes and increasing requirements for their processing, distributed data storage systems are a key element of the
infrastructure of any or-ganization striving for innovation and efficiency. The purpose of this work is to analyze the functioning of
distributed data processing and storage systems. Theobject of research is distributed data processing and storage systems. The subject
of research is architectural solutions of distributed data storage and processing systems. The results. The analysis of the functioning
of distributed data processing and storage systems was carried out. The choice of an architectural solution for a distributed system
depends on the specifics of the tasks to be solved, requirements for performance, scalability, reliability and availability. Usually, ef-
fective distributed systems use a combination of these approaches to achieve optimal results. Choosing an architectural solution for
distributed systems is a complex process that requires balancing technical, business, and operational requirements. Consideration of
future growth, potential challenges and flexibility of the system are key factors to ensure its long-term success.

Keywords: distributed information system, data processing, Web-Scale, data storage, data processing center, event-driven
architectures.
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AHAJII3 METOAY OTIOPHUX BEKTOPIB Y IIOPIBHSIHHI
3 TPAAMIIMHUMU METOJAMMU INEPEJIBAYEHHS PUHKOBUX PYXIB

AHoTaunisi. AktryajabHicTb. Po3poOka Ta HamamTyBaHHA YHIBEPCAJIBHOTO aJITOPUTMY MPUNHSATTS PUHKOBUX DILIICHBb €
MEePIIOYEProBOI0 3a4a4ei0 eKCIEePTiB Ta IHBECTOPIiB (OHIOBHUX PHHKIB 3 ychoro cBiTy. CydacHi TeXHOJIOTIl MPOMOHYIOTh
aKTyalbHI PIICHHS 3 BUKOPUCTAHHIM HEHPOHHUX MEpPEeX Ta IITy4HOro iHTenekTy. OJHaK iCHyIoYi pillleHHS MiAXOAATh
JuIIe i1 0OMeKEHOT0 BUKOPUCTAHHA Ta MOTPeOyIOTh BEMUKHUX 00’ €MiB HaBYAIbHUX AaHUX. MeToro 1aHOi podoTH € aHa-
J1i3 MOKJIMBOCTI 3aCTOCYBaHHS METO/Y OIIOPHUX BEKTOPIB JUIS NPUHHATTS PHHKOBUX PIillIeHb, Y HOPIBHIHHI 3 TPagUIIHHU-
MH CTPaTeTisIMH Ta METOAAMH aHali3y PHHKOBHX PyXiB. O6’€KTOM J0CTIIKEeHHS € IIPOIeC IPUHHATTS PUHKOBUX PillleHb
Ta BUKOPHUCTAHHS HEHPOHHMX Mepex. IIpeaMeToM MOCITizKeHHS € METO]] OTIOPHUX BeKTOpiB. PesyabTaTn. Y poboti Oyio
IIPOAHATI30BaHO METOJ ONOPHUX BEKTOPIiB Ha PUHKOBHX MOJEIISX 3a PI3HMX MIIXOMIB i Mofgudikamiif Ta 3alponoOHOBaHO
[UISXY MiIBUIICHHS ¢(peKTUBHOCTI NPUHHATTS pilieHb. BUCHOBOK. MeTox OMOpHHUX BEKTOPIB MPOAEMOHCTPYBAB OLIBIIY
e(eKTHBHICTh Ta HAAIMHICTh 32 KJIACHYHI METOIU aHAIi3y PHUHKY, Ha MOJAEIIX 3 BEIUKOI BOJNATHIBHICTIO. [laHuil anro-
PHUTM NOKa3y€ TO3UTHBHI PE3yJIbTATH HA KPH30BUX Ta HECTaOIIbHUX MOJAEISX PHHKY, IO POOUTH HOro BUKOPHUCTAHHS OII-
TUMAJIBHUM [T 30epeKeHHS KaIiTamy.

KawuoBi ca1oBa: HoHIOBI pHHKH, HEHPOHHI MEPEXi, TEHETUYHUH aJITOPUTM, EKOHOMIKA, INTYYHUH 1HTENEKT, cuCTeMa

MiATPUMKA PUHKOBUX PILICHB.

Beryn

AnTunMnanis pyxiB Ha (pOHJOBOMY PHUHKY CTaHO-
BUTh 3HAYHUIl BHUKIMK JUIS €KCHEPTiB yepe3 Horo Kpu-
TnuHe 3HadeHHA. Ll{omHs THCAY Oci0 Yy BChOMY CBITI
3aliMalOThCAd 1HBECTYBaHHAM Ha (OHIOBOMY pPHHKY.
[IporHo3yBaHHS TOYHHX MATEPHIB i WiH Ha aKImii crae
CKJIATHUM 3aBIaHHsIM y chepi GOHIOBHX CIIEKYIALIH.
L1i marepHn Ge3mocepenHbO ab0 OMOCEPEKOBAHO 3aJIe-
KaTh BiJl Pi3HUX (PAKTOPiB, TAKUX SK HOBUHH, TPOMAI-
ChbKHH HACTPIid, MOMITHYHI TOIl Tomo. ToMy BHKOpHC-
TaHHS JIMILIE ICTOPUYHUX AaHUX JJIsI IPOTHO3YBaHHS LIIH
Ha akuil € Bke HemocTaTHIM. He3Bakarouum Ha ckial-
HICTh NMPOTHO3YBaHHS IiH Ha aKiii, BUpILIEHHs i€l 3a-
Jlayl 3aJIMIIAETHCS BOXKIMBUM JIsl aBTOMATH3alii MpHid-
HATTS OOIPYHTOBAHUX pillieHb, MiHIMI3all{ CIIEKYISATH-
BHUX PHU3UKIB i MaKCUMi3allii mpuOyTKiB 3 MiHIMAIEHUM
KaIliTaIOBKIAJCHHAM. [IpoTsroM pokiB Oyio po3pod-
JeHO 0e3nid TpaaumiiHUX TMPOTHOCTHYHHX MOJeneit
[1,7, 8], Takux sk immukaTop MACD (Moving Average
Convergence Divergence), aBToperpeciiiHe iHTerpoBaHe
koB3He cepeaHe (ARIMA), iHzjekc BiJHOCHOI CHIIH
(RSI), Toro. OgHak y ocTaHHI ECATUIITTS AOCHITHUKH
Bce OiTbIIe 30CEPeHKYIOThCS Ha IMiIX0AaX MaIIMHHOTO
HaBYaHHS, TaKUX SK INTY4YHI HEHpPOHHI Mepexi Ta Me-
pexi 3BOpoTHOTO momupeHHs. IIporHo3yBaHHS TiHIN-
HUX YaCOBHX DSIiB JOCHTH IPOCTE MOPIBHSHO 3 HENi-
HIITHUMH 9aCOBUMH DPSIAaMHU.

Cepen pi3HUX MiAXOJIB MAITMHHOTO HABYAHHS Me-
TOJ onOpHUX BekTopiB [3,9] (SVM) BUALIAETHCS CBOEIO
3[IaTHICTIO poOOTH 3 000Ma BWJAMH YacOBHX PsiB, a
TaKO’ /10 HaJlaHHs OUTBIII TOYHUX PE3YJIbTATIB, OCOOIMBO
y poOOTi 3 HeNHIHHUMH YaCOBUMH pspamu. Xoua SVM
BHUKOPHCTOBY€EThCSA TEPEBAXHO IS Kiacudikamii 06'ek-
TiB, PO3Mi3HABAHHS CTPYKTYp Ta PETPECiHHOTO aHawi3y,
HOT0 OCHOBHMM IIPHHITUIIOM € MiHIMi3allisl CTPYKTypHOTO
PU3HKY, Ha BiAMiHy BiJ iHIINX MiXOJiB MAIIMHHOTO Ha-
BYaHHS, 10 0a3YIOTHCS HA TIPHUHITAII eMITIPHIHOT MiHIMi-
3amii pu3uky. SVM 3MeHIIye MOMHIIKA Kiacudikariii Ha
OCHOBI paHillle OTPHMaHUX JIaHUX Ta OLIHIOE (DYHKIIO

3MEHIIIEHHS BepXHbOI MexXi y3arainpHeHHs. Llmsixom ine-
HTH(DIKAII] ONTUMAIFHIX PO3TAIIYBaHb 3 MiHIMATBHIMHU
TpEeHyBaJIbHUMH HAOOpaMHU Ha OCHOBI T'€OMETPHUYHHX
BJIACTUBOCTEH MPOCTOPY O3HAK AITOPUTM JIEMOHCTPYE
BUCOKHI DiBeHb y3arajbHeHHs. HaBmportu, Tpaauuiiiui
METOJM Ta IHII MiJAXOJM MAIIMHHOTO HAaBYaHHS YacTo
MOTPEeOYIOTh BENHMKOI KUTBKOCTI TPEHYBAIBHHMX JaHHX
JUISL OLIIHKY BXiJTHUX MAaTEPHIB, 0 POOUTH y3arajlbHEHHs
pe3yJIbTaTiB BXXKUM 4Yepe3 iX CXHWIBHICTh 10 HepeHa-
puanHs [10]. JlaHa cTaTTS AEMOHCTPYE aHAI3 poOOTH Ta
repeBar METO/Ay OIOPHHX BEKTOpIB CTOCOBHO IHIIHX
MiX0/11B MAIIMHHOTO HAaBYAHHS.

MeTow wi€i podoTH € aHAN3 METOAY OMOPHHUX
BEKTOPIB y MOPIBHSHHI 3 TPAaIMLIHUMH CTpaTerisiMH
NPUHHATTS PUHKOBUX PillIeHb.

OcCHOBHA YaCcTHHA

VY nmocmimxkenni, nposeneHomy Illomom IIpacan
Hacom i Cymapcanom Ilaxxi [2], mis moOymoBu mpo-
THOCTHYHOI MOZEJ BHUKOPHCTOBYBAIHCS JIBa IIiIXOIH
MalIMHHOTO HaBYaHHS: METOJ ONOPHUX BeKTopiB SVM
(puc. 1) Ta HeilpoHHI Mepexi 31 3BOPOTHUM IOIIUPEH-
HsM omuiku BPNN (puc. 2).

\\(!HTH\M AbHa [)(HAi AOBa

rinepnAoLlMnHa

Puc. 1. Cxema po60oTH METOLy OLIOPHUX BEKTOPIB

© bosuamok C. S., latigaii 4. A., 2024
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Puc. 2. Cxema pob0oTH HEHPOHHOI MEPEXi 31 3BOPOTHIM HNOIMIUPEHHIM HOMIIKH

Habip manmx ckmamaBcs 3 BHOIPKH MIOACHHUX IIiH
BIZIKPUTTS Ta 3aKPHUTTSI, MAKCUMAJIbHUX Ta MiHIMAJIbHHUX
LiH, @ TAKOXK 00CATY Ta BApTOCTI yroJ OLIBII HIX 32 CiM
POKiB.

BxigHi 3HaueHHS BU3HAYAJIUCS HA OCHOBI 4YOTH-
prox 3HaueHb RDP (BigHOCHa BifICOTKOBa Pi3HHUI) Y
'SITUACHHOMY TIPOMDKKY. ExcrioHeHIiiiHa cepeqHs py-
XOMa 3MIHHa BUKOPHMCTOBYBaacs sl 30epeKeHHs iH-
¢dopmarii mpo QakTHYHY WiHY 3aKPUTTS, OCKIIBKA 3a-
CTOCYBaHHS BIJHOCHOI BiJICOTKOBOI Pi3HHII MOXe TpH-
3BECTH JI0 BTpaTH IiHHOI iHpopMamii. Byio Bu3HadeHo,
IO TPOTHOCTHYHA €(EeKTUBHICTh HEHPOHHHX Mepex
TIOKPALIYETHCS, KON 3aCTOCYBAHHS 3IJIJDKyBaHHS Iie-
PEXOIMTH Y 3aJISKHY 3MiHHY. TOMY 3a JOIIOMOTOIO TpH-
JICHHOT CKCIIOHEHIIIHHOI CepeaHboi PyXoMOi 3MiHHOT
OyJI0 HaJaHO BUXITHE 3HAYCHHS BiTHOCHIHM BIZICOTKOBIM
pi3HHLII.

Jyis HopMautizallii 3HaueHb JaHUX TaKOK BUKOPHUC-
TOBYBaJIOCh MaciITabyBaHHs, 11100 PO3MICTUTH iX y Aia-
na3oHi Bix -0.9 10 0.9, 0XOMIIOYHN K MO3UTHBHI, TaK 1
HeraTHBHI 3HaueHHs. SIKiCTh NPOTHO3Y OLIHIOBANACH 3
BUKOPHUCTaHHSIM CTAaTHCTHYHHMX MOKA3HHKIB, TaKUX SIK
HOpMaJli3oBaHa cepeHbokBaapaTnyHa nommika (NMSE),
crpssmoBaHa cumetpis (DS) ta cepennst abcomoTrHa no-
muika (MAE). MAE ta NMSE KinbKicHO BU3HA4aloTh
BIIXWICHHS MK (AKTHYHHUMH Ta MPOTHO30BAHUMH
3HaueHHsMU. llicis HaBuaHHsS OyJi0o BHUSBJICHO, IO
SVM nepesepirye BPNN 3a pi3HUME MOKa3HUKaAMH.

Y cBoemy pocmimkenHi Kaparanacomymoc Ta
criBaBTOpH [4] TpeACTaBIIIN €BOJIOIIITHUN METO] OTI0-
puEx BekTopiB ESVM [5], Ak Momens s MpOTHO3Y-
BaHHS moBeaiHkH akiiii. ESVM moemnye B co6i MeTox
ornopHHX BekTOpiB (SVM) Ta TeHeTHdHi aIropuTMu
(GA). B Toit gac sk SVM 3a3Bnuaii BAKOPUCTOBYIOTHCS
JUISL aHaNi3y AaHMX Ta PO3Ii3HaBaHHS MATEpHIB y 3a-
BIAaHHAX KyacH(ikalii, TeHeTHYHUH alTrOpUTM BHKOPH-

CTOBYETHCS B I MO AJI ONTHMI3allii mapaMeTpiB
SVM Tta BUOOpY HaiOiIpImI 3HAYYOMX O3HaK. Momens
MIPOTIOHYETHCS 3 METOI0 YHUKHEHHS IIEpCHABUaHHs, 3a-
CTOCOBYIOYM TCHCTHYHHMH aJTOPUTM A Moaugikarii
BiacTuBocTeil Mozeni SVM Ta BHOOpY ONTHMalbHUX
BXIJJHUX JIAaHUX JUIsl JOCSATHEHHsI HAWBHIIOT CTATHCTHY-
HOI Ta TOpriBeibHOl epexTuBHOCTI. EdexTuBHICTh Ta-
KOro MiJX0qy OOyMOBJIEHa 3JIaTHICTIO TNpalloBaTH Y
BHCOKOBHMMIPHHX IIPOCTOpax, MOKPAIIEHUMH MOXIIHBO-
CTSIMH IHTETpamii Ta 3JaTHICTIO BUSBIATH IPUOYTKOBI
ToproBelnbHi cTpaterii. [lopiBHUIBHUI aHAMI3 3 M'ATEMa
TPaAWIIMHUMHA METOAaMH MPOJIEMOHCTPYBaB BHCOKI
pe3yiIbTaTy SIK 3 TOYKH 30py TOPTiBEIbHUX, TaK 1 CTaTH-
CTHYHHX MOKa3HUKIB. 3okpema, ESVM mposBuB Bpa-
)Kal4y TOPTiBeJIbHY €()eKTUBHICTh y BiJICOTKOBOMY BH-
paKeHHI PIYHUX TOXOMIB, 3aBISKH 3MATHOCTI CIIPOIILY-
BaTu knacudikaropu SVM i npu nupomy 3abe3rneuyBaTi
BUCOKY TOPIOBEJbHY €(QEKTUBHICTh SIK Y TECTOBOMY
CepelIOBHILl, TaK 1 Ha pealbHOMY Ha0OPi JaHHX.

Pocimo 'inep Ta [le Jla dyente [6] nocmimkyBamm
BUKOPHCTaHHsI BigHOCHOTO iHzekcy cuian (RSI) Ta 3Ha-
4yeHHs 30iry i po3xo/pkeHHs cepenaboro pyxy (MACD)
sk BxofiB it SVM, npu mpomy RSI OyB HamamroBaHuiA
JUTSL K1 Benukoro Kamitainy, a MACD - s akiii maio-
ro Kamitaiy. Kinacugikarop SVM 0OyB oOpanuii 1y1st Kijb-
KICHOTO TIPUHMHATTS pillleHh Yepe3 MOro IepeBary meper
IHOIMMHU TTIXOaMHd MAlIMHHOTO HaBYaHHS B JOMOMO3i
iHBecTopam. TecTyBaHHS NMPOBOAWIIOCS IPOTATOM IIepio-
niB y 200, 250, 300 Ta 500 gHiB, 3 AKUX TEPiO TPHUBAIC-
Tio 250 mHIB ITOKa3aB ONTUMANBHI pe3ysisTaTd. ToMy naHi
3a 250 nuiB Oynm oOpaHi SIK TpeHyBaIbHI JaHi, IPH IEOMY
3Ha4YeHHS Ha 5 JHIB BIepe]] BPaXOBYBAJIMCS NPH NPHUIHAT-
Ti pimeHs Mmoo Toprisii akuismu. Crioyatky SVM karte-
TOpU3y€e BXIJHI JaHi, @ TOTIM JUTATH 1X Ha JBa KJIACH YIS
KyIiBJi Ta npopaxy. B sikocti sinpa nist SVM Oyna Buko-
puctana GyHKLIsS Baxkkoi pagianbHoi 6asucHoi (HTRBF).
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Puc. 3. Cxema poGOTH €BOMIOLITHOTO METOIy OMOPHHUX BEKTOPIB

[pencraBneni pesympratd y Tabm. 1 i 2 memoH-
CTPYIOTh TOPIBHJIBHI 3HAYEHHS OTPHMaHI i 9ac CH-
MYJIii Ha OMYadoMy i BeIMEXOMY pUHKaX, a pe3yiib-
TaTH Tabn. 3 i 4, MOKa3ylOTh 3HAYCHHS OTPHUMAaHi IIif
Yac CUMYJIALIA Ha MOJEINi 3 BUCOKOIO 1 HU3BKOIO BOJIa-
THIBHICTIO BiIIIOBIAHO.

VY TaOmuusx MOpiBHIOIOTHCS METOJ ONOPHUX BEK-
topiB (SVM) 3 meronom kymisii i yrpumanns (BH) Ta
31 HaiBHOMO crpaterieto (N). MeTox KymiBii i yTpumaH-
HS Tojisirae y TpuaOaHHI IHBECTHUIH 1 30epiraHHi ixX
MPOTSIrOM 3aJaHOTO Yacy, Y I[bOMY JOCIIHKEHHI MiHi-
MaJIbHUH T1epioJl yTPUMaHHS CKJIa/IaB 5 HIB.

Tabauys [ — Pe3yabTaT cuMYJIsLii HA OUYAYOMY PHUHKY

SVM BH N
Cumynsuis_1 337.0 800.1 -4255
Cumynsiis_2 -303.3 11473 | -592.5
Cumynamisa_3 148.8 377.1 -193.8
;Z{’;iiz 60.8 7748 | -403.9

Tabauys 2 — Pe3yabTaT cUMYJISLil HA BeAMEKOMY PUHKY

SVM BH N
Cumynsmis_1 153.1 -17.0 -425.5
Cumynanis_2 104.8 -389.9 -592.5
Cumynsuis_3 9.0 377.1 -193.8
S{Z‘fle;*;i 83.0 2161 | -187.6

Tabauys 3 — Pe3yabTaTr cumMyasiiii
3 BUCOKOIO BOJIATHJIbHICTIO

SVM BH N
Cumymsinis_1 2848 655.8 297.0
Cumymsiiis_2 2599 4 22.8 789.5
Cumyssinis 3 2889 -755.5 -458.1
Cepenne 867.8 256 | 2095

Tabnuys 4 — Pe3yabTaT cuMyasmii
3 HU3bKOI0 BOJIATUIbHICTIO

SVM BH N
Cumymsmis_1 145.2 -439 -84.4
Cumymsiia_2 9.1 -181.8 38
Cumymsnis_3 -111.8 143.1 33.8
3?{22?{‘;2 142 275 | -182

HaiBHa cTparerisi B CBOIO 4epry npuiiMae 3MiHH 32
OCTaHHI! PUHKOBUII MEepio, K OCHOBY JUIS I1OJAJIBIIO-
T'O IPOTHO3YBaHHS. Pe3ynbTaTy MpeACTaBIIeHl y BUTIISI
YMOBHHX OJIMHHIIb, AKi TEMOHCTPYIOTh NPOAYKTHBHICTD
MIPUIHATHX PUHKOBHUX DillleHb, Ta HE MAIOTh BAIIOTHOTO
€KBIBaJICHTY.

[opiBHANBEHUI aHaNi3 3 0a30BIMH CTPATETisIMU TO-
priBili TIOKa3aB, MO METOJ OMIOPHHUX BEKTOPIB JE€MOHCT-
pY€E Kpauiuii pe3yabpTaT Ha MOJEISX PUHKY SIK 3 BUCOKOIO
BOJIATWIIBHICTIO, TaK 1 HHU3bKOI. Takoxk, 3acTOCYBaHHS
METO/ly ONOPHHX BEKTOPIB Ha MOJIEI BEIMEXKOT0 PHHKY
IIPOIEMOHCTPYBAJIO €VHUN IIO3UTUBHUM PE3yibTar ce-
pen IHIIKX CTpaTerii, 1110 € 0e3yYMOBHOIO MEPEBaror0 a-
Horo anroputMy. OfHaK, Ha OMYadOMy PUHKY CTpaTeris
KyMiBJi 1 yTpUMaHHs IOKa3aja HaWKpaliuii pesyibrar,
110 € 3aKOHOMIPHOIO CHUTYalli€l0, 3 YPaXyBaHHSIM CIICIH-
¢ixamii Ta MPU3HAYECHHS IILOTO METOJY aHANI3y PUHKY.
[Tin yac mocimiKEHHST METO/ ONOPHUX BEKTOPIB Mpoje-
MOHCTPYBaB 3arajibHy HO3WTHBHY IIPOJYKTHBHICTh Ha
KOXHIiH pHUHKOBi MoTenm. bymo noBeneno mepesary
SVM Tta iioro 31aTHICT 3HM3UTH MaKCHUMaJIbHI 30MTKH i
piuHE CTaHIapTHE BiAXHUICHHS.

Mertoni ONMOPHUX BEKTOPIB Ma€ BHUCOKY e(EeKTHB-
HICTb y TIOPiBHSHHI 31 CTAHAAPTHUMH CTPATETiIMH TIPHH-
HSTTSl PUHKOBUX pillleHb. BUKOpHCTaHHS 1IbOTO METOIy
PEKOMEH/IOBAaHO Ha PUHKAX 3 BHCOKOIO BOJIATHJIBHICTIO
Ta pUHKax 3i criajalounM TpeHoM. Bukopucranns SVM
€ HalKpamuM BHOOpOM crpaterii mig dac ¢iHaHCOBOI
HEeCcTaOLTBHOCTI Ta MOXE 30eperTH iHBECTHIII MijJ dYac
TPUBAINX BEIMEXHX TPEHIIB, a0 HaBiTh 3adikCyBaTH
MpUOYTKH TMiJ] 4ac KPU30BUX cUTyamiid. OHaK METo He
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€ JIOCTaTHBO YyTJIMBUM JI0 MaJEHbKHX LIHOBHX 3MiH, 110
poOuTH HOro He PEeKOMEHIOBAHMM JI0 BUKOPUCTaHHS Ha
pPHHKax 3 HHU3bKOIO BOJATWIIBHICTIO. [yl MOKparieHHs
poOOTH aNropuTMy PEKOMEHIYEThCS BHKOPHCTOBYBAaTH
IHIMKATOp TPEHJy, K OJHE i3 3Ha4YCeHb BXIJHHUX JIaHUX,
IUIs BYACHOTO BU3HAUCHHS IIEPEXO/y PUHKY Y CTaH BHUCO-
Koi 200 HU3BKOI BOJIATHIBHOCTI.

O0’eqHAaHHS METOXy OMOPHUX BEKTOPIB 3 EKCIIEPT-
HOIO CHCTEMOIO OITIHKH IPEeIMETHOI 001acTi, rapaHTOBa-
HO 3HU3HTH PU3MKH BTPATH KallTally IiJ Yac PHHKOBHX
omepariii [11]. V poini ekcniepTHOI CHCTEMH MOXKYTh BH-
CTymaTu yxe icHyroul pimeHHs, Taki sk Neural Forex
Network, Algo Trader Tomo. Binbiicts Takux cucrem
TakoX 0azyeThbcsi Ha poOOTI IWTY4HOTO iHTENeKTY. [loen-
HaHHS MiJBUIINATh HATIMHICTh aJrOPUTMY LUIIXOM Ha-
JIAHHS BXIMHUX 3HAYCHb BIOBIMHUX N0 CrEIU(idHOT
npenmerHoi obnacti. Cepesl MX 3HAUYEHb MOXYTh OyTH
TaKi, [0 BIUIMBAIOTh Ha BOJATWIBHICTH PUHKY, HAaIpH-
KJIa[ TIOJNITHYHI TMOJii, eKOHOMI4HI (aKTOpH, pPillICHHS
LEHTPAILHOrO OaHKy TOLIO. AJITOPHTM MOXXE BHKOPHC-
TOBYBATH Ii JaHi U IPUAHATTS ORI OOTPYHTOBaHMX
pilleHp Ta ONTHMI3allil TOPTiBEIBHUX CTpaTeriid, Mo B
CBOIO Yepry MOKPAIIUTh €(DeKTUBHICTb IIPOrHO3YBaHHSL.

Jlns miBuIIeHHS e(heKTUBHOCTI HABUYAHHS HEHPOH-
HOi MOJEN PEKOMEHJIOBAaHO BHUKOPHCTOBYBAaTH BiJIHOC-

HUH 1HIEKC CHJIM Ta 3HA4eHHs 30iry 1 pO3XOKEHHS Ha
Bxomax st SVM. TakoX NpoxyKTHBHICTH HEHPOHHOI
Mepexi MOKIIMBO MiJBUIIUTH BUKOPUCTOBYIOUH 3AJICKHY
3MIHHY IS 3TJIaJDKyBaHHS, HalpUKIIaJ] eKCHOHEHLIHHY
pYXOMy 3MiHHY.

BucnoBku

BanoTHi puHKH BiAIrpaloTh BaXIHUBY POJib y cde-
pi Gi3Hecy, TOMy NMPOTHO3yBaHHS PyXiB BAIIOTHOTO PHU-
HKY € CKJIaJIHUM 3aBJIaHHAM ISl PO3poOHMKIB. IcHye
KiJIbKa TpajuLiiHUX Mojenel i nepeadadeHHs, mpo-
TE BOHM YacTO HE AOCATAalOTh TOYHOCTI I BHMAararoTh
3HAYHOI KUIBKOCTi JaHUX. Y TOPIBHAHHI 3 TpaauiHHU-
MU MOJCISIMU Ta 1HIIMMH MiIXOZaMH MAIIMHHOTO HaB-
YaHHSA METOJ] OIOPHUX BEKTOPIB TOKa3zye Kpamii pe-
3yJbTaTH MPH MEHIIIN KiTbKOCTi AaHuX. SVM BHABIS-
€TbCsl €PEKTUBHUM SIK Yy JIHIHHMX, TaK 1y HeNiHIHHUX
ClicHapisx maHux. KpiM TOro, €BONIOLIHHUA METOn
ONOPHUX BEKTOPIB, SIK TIOPUIHHMN TMiJIXiZ, HPOSBISIE
Haiikpamnly e(QeKTHBHICTb 3 YpaxyBaHHSIM PIYHHX OXO-
JiB. Y BHCHOBKY II€ TOCJIJKCHHS CTBEPXKYE, IO ITiJI-
xim SVM € onTUMalbHOK CTPATETIEN0 IS MPOTHO3Y-
BaHHS TCHJCHLIH Ha BaJIOTHOMY PUHKY Y HOPIBHSHHI 3
TPATUIIHHAMHI MOJCTSAMH Ta IHITUMH IiIXOZaMH Ma-
LINHHOTO HABYaHHS.
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Analysis of the support vector machine algorithm in comparison
to traditional market movements prediction methods

Stanislav Bovchaliuk, Yaroslav Haidai

Abstract. Topicality. The development and adjustment of a universal algorithm for making market decisions is the pri-
mary task of experts and investors of stock markets around the world. Modern technologies offer relevant solutions using neural
networks and artificial intelligence. However, existing solutions are only suitable for limited use and require large amounts of
training data. The goal of this work is analysis of the support vector machine performance on market decisions adjustment, and
its comparison with traditional strategies and methods of analysis of market movements. The object of research is the process of
making market decisions based on the neural networks. The subject of research is the support vector machine algorithm. Re-
sults. In this paper, was analyzed the support vector machine algorithm on market models for various approaches and modifica-
tions, also were offered ways to improve the efficiency of the decisions made. Conclusions. The support vector machine has
demonstrated greater efficiency and reliability than classical methods of analysis, on models with high market volatility. This
algorithm shows positive results in crisis and unstable market models, its use is optimal for capital preservation.

Keywords: stock markets, neural networks, genetic algorithm, economy, artificial intelligence, market decisions support
system.
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METOAH OBPOBKU TA IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHHUX
3 BUKOPUCTAHHAM ITYYHUX IMYHHUX CUCTEM

AHoTaunisi. AkryajbHicTb. LLTy4Hi iMyHHI CHCTEMH, 3aBASKM CBOIM 3JaTHOCTI IPAIIOBATH B PO3MOAUICHOMY CEepeno-
BHIIi, MOXKYTb OyTH epEeKTHBHO BUKOPHCTAHI [Isl BUSBICHH Ta 3aM00iraHHs BTOPrHeHHsIM y Mepexi. IIITyuHi iMyHHI cuc-
TEMH 371aTHI aJanTyBaTHCS [0 3MIHIOBaHUX YMOB Ta HOBUX 3arpo3. Lle 0co0sMBO akTyanbHO B yMOBAX MIBUIKUX TEXHOJIOTI-
YHUX 3MiH, ¢ TPaJMLiiHI METOJM YaCTO BUMAraloTh TPUBAJIOTO epeHaBYaHHS. BOHM aKTHBHO BUKOPHCTOBYIOTCS VIS BH-
SIBJIGHHS Ta 3aro0iranHs Kibep3arpo3zaM. BoHn MoxyTh aHasi3yBaTi MepekeBuil Tpadik, BUABITH aHOMaJIbHI Iii Ta 3a0e3-
MIeYyBaTH 3aXUCT Y PEXKUMI pealbHOTro yacy. TakuM YMHOM, aKTyaJbHICTh BUKOPHCTAHHS IITYYHHX IMyHHHX CHCTEM IS
00poOKH Ta Kinacudikamii JaHUX MoJsrae y iX yHIKaIbHUX BIACTHBOCTSX aIallTUBHOCTI, 34aTHOCTI IO PO3Mi3HAaBaHHS CKJIa-
JIHUX TIATEePHIB Ta aHOMAJIiH, a TakoX e)eKTUBHINA poOOTi B po3MoieHnX cucTeMax. MeTo1o 1aHOi po00TH € JOCITiKEHHS
ICHYIOYHX METOJiB 0OpOOKHM Ta IITYYHOT'O aHAJi3y JaHWX 3 BUKOPHCTAHHSAM IITYYHHUX IMyHHHX cucTeM. 00’ €KTOM 10CJTi-
JKeHHS € IHTeNICKTYIbHII aHali3 JaHUX IITyYHHIMHU IMyHHUMHE cicteMaMu. [IpeameToM AocaaiisKeHHs € METOIH iHTele-
KTyaJIbHOT'O aHANI3Y JaHUX MITYYHIMHU IMyHHUMH cucteMami. PesyabTaru. [IpoBeneHo anami3 icHyrounx METOIIB 00pOoOKH
Ta IHTEJIEKTYaIbHOTO aHAJi3y JaHUX 3 BUKOPHCTAHHAM IITYYHUX IMyHHHX CHCTEM. IMyHHI alTOpUTMH KJIAacTepH3aLlii € Mo-
TY)KHAM IHCTPYMEHTOM JJIs aHaJi3y Ta 00poOKH faHuX. BoHN NO3BOMISIOTE €(heKTHBHO IPYIyBaTH AaHi, BUSBISATH aHOMAJIIT
Ta aJanTyBaTHCS JI0 3MiH Y CepelOBUILI JaHUX, [0 POOUTH TX MIHHUMH JUIS IIHPOKOTO CIIEKTPa 3aCTOCYBaHb, BiJ] MApKETH-
HT'y Ta MEIUIWHH 10 (HiHAHCIB I TPOMHCIOBOCTI. ApPTHIIEpiiiHI aNrOPUTMH € TOTY>KHUMH iHCTPYMEHTaMH JUIs IHTEIeKTya-
JIBHOTO aHAJi3y TaHUX, SIKi IPOIIOHYIOTH €()eKTUBHI, TOUHI Ta IPOIYKTHBHI METOM ONITUMI3allii Ta aHasi3y. BoHu 3HaX014Th
3aCTOCYBaHHs y OaraTboX Taiy3sX, Bill (iHAHCIB 1 JOTICTHKHM JO MEIUIMHH Ta KibOepOe3mneku, 3a0e3Meuyour BUPIIICHHS
CKJIIaJHHX 3a1ad OOpOOKH NaHWX 1 MPUHAHSATTSA pimieHb. JeHAPUTHI KIITHHHI AITOPUTMH € TOTYKHUM IHCTPYMEHTOM ISt
iHTENeKTyaNTbHOTO aHANi3y AAHHX, 30KpeMa Jis BUSBICHHS aHOMAaJii i knacudikanuii qanux. Ix 3maTHicTs arperysatu pisHi
TUIH CUTHAJIB 1 MPUAMATH PIlICHHS HAa OCHOBI 3arallbHOTO PiBHS HEOE3MeKu poOHTh iX 0c00MHMBO €PEKTUBHUMU B CKJIQJTHUX
1 IMHAMIYHHX CEpeOBHUINAX, TAKUX K KibepOesneka Ta 6i0iHpopMaTHKa. BOHH 320€31eUyI0Th BUCOKY YUY TJIMBICTD 1 a1alTH-
BHICTB, 1110 JT03BOJISIE IX YCIIIIHO 3aCTOCOBYBATH y Pi3HUX cdepax s BUPIMIEHHs 3a1a4 00poOKH Ta aHali3y JaHHX.

KawuoBi cioBa: mrydHa iMyHHa cHCTEMa, ITOPUTMH HETATUBHOTO BiIOOPY, IMyHHI allrOPUTMH KJIacTepHu3anii, apTh-

JIepiiiHi arOpUTMH, ICHAPUTHI KIITHHHI ITOPUTMH, KibepOe3neka, adhiHHICTh, KIOHAARHHUN BiOip, maTepH.

Beryn

ty4ni imynHi cuctemu (LIIC) — me obuuncimona-
JMBHI MOJeli, HATXHEHi Oi0JIOTIYHOI0 IMYHHOIO CHCTe-
MOI0, SIKi BHKOPHCTOBYIOTHCS JUIsl BUPIIICHHS pi3HOMa-
HITHHUX 3a/a4, BKIIOYalOYN OOpOOKy Ta Kiacudikamiro
naanx. OcaoBHIMH KomrtoreHTamu LIIC € iMmyHHI anro-
putmu [1], siki IMITYIOTB ITPOIIECH PO3Mi3HABaHHS 1 aj1a-
Tarii, 1o Bi0yBalOTHCS B IMyHHI# CUCTEMI KUBHX Op-
ranizmiB. Metonamu IIC € iMyHHI aJITOpUTMHU HeraTu-
BHOrO Binoopy (IAHB), iMmyHHI anroputmu kilactepusa-
uii (IAK), aprunepiitni anroputmu (AA), IeHAPUTHI KJIi-
tuHHI anroputmu (JJKA) [2].

IAHB imitytoTs npouec BunaneHHs He3piimx T-i-
MQOLUTIB, SIKI PO3II3HAIOTH BJIACHI KIITHHU OPraHi3My
(self-cells). ¥ koHTEKCTI OOPOOKH HaHMX BUKOPHCTOBY-
I0ThCS JUISl BUSIBIICHHSI QaHOMAJIH Ta HEBIOMHX JaHHX.
IAHB € oxHi€lo 3 KIFOYOBUX TEXHIK MITyYHUX IMyHHHX
CHCTEM, IO MOJIENIIOIOTH MEXaHi3M HEeraTMBHOTO Bif-
6opy B GiomorivHii iMyHHIN cucTeMi. BoHN mpn3HaveHi
JUTSL BUSIBIICHHST aHOMaJTiil a00 HEBiZJOMHX MAaTEPHIB y Ja-
HUX [UISTXOM HaBYaHHS CUCTEMH PO3pi3HTH "cBOi" (HO-
pMaitbHi) naHi Bif "dayxux" (aHOMaNbHUX) JaHUX.

TAK 6a3yroThcsi Ha mpoIieci KIOHATBLHOTO BiIOOPY
Ta ainHoi 3pinocti B-nim¢ponuris. Li anropurmu cTBo-
PIOIOTH Ta 30epiraroTh HOIYJISIII0 aHTUTII, IO PO3IIi-
3HaIOTh crnenudiyni anturenu (narorenu). IAK rakox €
YaCTHHOIO IITYYHHUX IMYHHHX CHCTEM, SIKI MOJICIJIIOIOTh
IpoLeC KIOHAIBHOTO Binbopy Ta adiHHO 3pinocTi B Oi-
oJIoTiyHIH iMyHHIN cucremi. Lli anropurmu BUKOpHC-

TOBYIOTBCSI JIsl KJTAaCTePHU3aIlil JaHUX, ONTUMI3aIlil Ta iH-
HIMX 33ja4, [0 BUMararTh PO3Ii3HABAHHS MATCPHIB Ta
ajanrari.

AA MOJEIOITh B3aEMO/III0 MIDK aHTUTLIAMH y Me-
pesxi [3]. AIN BUKOPHUCTOBYIOTHCSI ISl KJTAaCTepHU3aIlil 1a-
HUX, JIe MepeXka aHTHTLJI CAMOPETYIIOEThCS Ta alanTy-
€TBCS JI0 BXITHUX MaHWX. AA, a0o MWTy4YHi IMyHHI Me-
pexi (Artificial Immune Networks, AIN), Moaemo0Th
B3a€MOJIIF0 MK aHTHTLIaMHU B O10JIOTiUHIN IMYHHIH crc-
TEMi, CTBOPIOFOYN MEPEKY aHTHUTII, KA 37aTHA JIO CaMO-
opranizauii Ta aganrarii. L{i aaroputMu BUKOPHCTOBY-
IOTBCSI JUIs KJIacTepu3allii JaHUX, BHUSBICHHS CXOXKHX
CTPYKTYp 1 MaTepHiB y IaHUX, a TAKOX JUJIsl ONTHUMIi3arlii
Ta MPOTHO3YBaHHA [4, 5].

JKA MopemnmooTh poOoTy ASHAPUTHUX KIITHH [6],
AKi BIIOBIJAIOTH 3a Mpe3eHTallifo anTureHiB T-mimdo-
mutaM. DKA BHKOPHCTOBYIOTHCS JIJIsl BUSIBJIICHHS aHOMA-
niit Ta knacudikamii gaaux. JKA [7] — ue iHHOBamiiHUI
miaxin y chepi MTyYHUX IMYHHUX CHCTEM, SIKMH Mojie-
JFO€ poOOTY NEHIPUTHUX KIITHH Y O10JOTIUHIN IMyHHIH
cucreMi. Li anroput™u po3pobiieHi [uist BUSBICHHS aHO-
Mautii 1 Kacudikanii raHux, 30kpema y chepi kibepoes-
nieku Ta 6ioindopmaruku [8—10].

OTXe, MeTOI0 11i€i POOOTH € JTOCIHTIKEHHSI ICHYIO-
YHX METOJIIB 0OpOOKHM Ta MITyYHOT'O aHATI3y JaHUX 3 BU-
KOPHCTAHHSM INTYYHHUX IMYHHHX CHCTCM.

OcCHOBHA YacTHHA

HITyuHi iMyHHI cuCTeMH — 1€ iHHOBaliliHa MeTO-
Jonorisi, mo 0a3yeTbcs Ha MNPHUHIMNAX Ol0JOrivHOT
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IMYHHOT CUCTEMH JUIsl BUPILLIEHHS CKIIaJHUX 3a/1a4 00po-
OkM 1aHKuX. BoHM BUKOPUCTOBYIOTHCS [UIs Kiacudikarii,
KJIacTepu3allii, BUSIBJICHHS aHOMANild, ONTHMI3amii Ta
nporHo3yBaHHs. OcHoBHI Tunu anroputMis LIIC Bkiro-
YaloTh HETaTUBHUU BiJ0ip, KIOHAIBHUHN BiAOip, MITY4HI
IMyHHI Mepexi Ta ISHAPUTHI KIITHHHI anroputMu [11].

TAHB ¢ BaxximmBoro ckinamosoro HIIC 1 MmogenoTs
TIpOIIeCH, IO BiMOYBaIOThCS y OiomorivHil iMyHHIl crc-
Temi. OCHOBHA MeTa INX aITOPUTMIB — BUSBJICHHS aHO-
MaJTii MIJIIXOM HaBYaHHS Ha HOPMAJBHUX JNAHUX 1 Imona-
JBIIIOT TTePeBipKH HOBUX JaHWX Ha MPEIMET iX BiIMOBif-
HOCTI.

VY GiosoriuHiii iMyHHil cuCTeMi HEraTUBHUIA B110ip
BifOyBaeThCs B TUMYCI, e T-KIIITHHY, SIKi pearyloTh Ha
BJIACHI aHTUT'€HU OPTaHi3My, BUIAJSIIOTHCS. AHAJIOT1YHO,
B NSA crBOproeThest HabIp JETEKTOPIB, SIKI HABYAIOTHCS
Ha HOPMaJIbHUX JIAaHUX 1 HEe pearyloTh Ha HuX. Lli neTek-
TOPH TOTIM BHKOPUCTOBYIOTHCS [UISl BUSIBJICHHS aHOMa-
Tl y HOBUX JaHUX.

Ha nepmomy erami cTBoproeThes Habip IETEKTOPIB,
SIKI IPEJICTABIIAIOTH BUMIAJKOBI MOXKIINBI CTAHU CHCTEMHU.
Ili nerexTopy NMPOXOIATH IpOLEC HABYAHHS, MiJ Hac
SIKOTO BOHU MEPEBIPSIFOTHCS HA BIAMOBIAHICTH "CBOIM"
JaHuM (HOpMalbHUM 3paskam). Jletekropu, sKi peary-
I0Th Ha HOPMAJIBHI JaHi, BiJICIFOIOTHCS (HETaTUBHUIA BiJl-
6ip). Lle o3Havae, o JuILe Ti JETEKTOPH, SIKI HE peary-
I0Th Ha HOPMAJIbHI JJaHi, 3aJIMIIAI0THCS B CHCTEMI.

VY GionoriuHiii iMyHHilt cUCTeMi HEraTHBHUIA B11Oip
BimOyBa€eThCS B TUMYCI, e T-KIIITHHH, AKi pearyloTh Ha
BJIACHI aHTUTCHU OPTaHi3My, BUIAISIIOTECS. AHAJIOTIYHO,
B IAHB cTBOpIOETECS HA0Ip JETEKTOPIB, SIKi HABYAIOTHCS
Ha HOPMAJIbHUX JIaHUX 1 He pearyloTh Ha HuX. Lli geTek-
TOPH TIOTIM BHKOPUCTOBYIOTHCS JUISl BUSIBJIICHHS aHOMa-
i y HoBuX naHuX. ITicis mporiecy HaBYaHHS A€TEKTOPH
BUKOPHCTOBYIOTBCSL Ui MOHITOPUHIY HOBHUX JaHHX.
SIkio meTekTop pearye Ha HOBI JaHi, LI JaHi BBaxa-
I0ThCSI aHOMAJILHUMU 200 mino3pinumu. [Iponec MoHiTO-
PHHTY MOXeE BiJIOYBaTHCS B PEKUMI pEasIbHOTO 4acy, 10
JI03BOJISIE IIBUJIKO BUSIBIISITH aHOMAJIT.

Aunroputm IAHB nepenbauae ininianizamito (CTBO-
PEHHS ITOYaTKOBOTO HAa0OpPYy BHITIAJIKOBHX JIETEKTOPIB),
HETaTUBHHN BinOip (mepeBipka KOXKHOTO JETEKTOpa Ha
BiJINIOBiTHICTF HOPMAaJbHUM JaHUM Ta BiJCIIOBAaHHS Jie-
TEKTOPIB, SKi PO3MI3HAIOTHP HOPMANBHI JaHi), a TaKOXK
MOHITOPHUHT (3aCTOCYBaHHS JICTEKTOPIB J]0 HOBUX JITaHUX
Ta ieHTUdiKaIis aHOMaJIbHUX JaHUX HA OCHOBI peakiii
nerexktopiB). Takum unHOM, IAHB € mopiBHSHO mpoc-
TUMH y peanizamii, o poOuTh X TOCTYITHUMH JUTS IIHU-
POKOT0 KOJia 3aCTOCYBaHb. TakoX BOHH MOXYTh OyTH
aJanToBaHi 17 poOOTH 3 BETUKUMHU 0OCSATaMH JaHUX 1 B
YMOBax PO3MOIUICHIX CHCTEM. ANTOPUTM MOXKE HaBYa-
THCSI HOBUM IaTE€pHaM 1 aJjanTyBaTHCS JI0 3MiH y JaHUX.

Mosxmuse 3acrocyBanHs IAHB B xibep6e3neni (Bu-
SIBJICHHS] BTOPTHEHB 1 aHOMalIill y MepexeBoMy Tpadiky,
MOHITOPUHTI aKTUBHOCTI KOPHCTYBadiB ISl BHSBJICHHS
i103pINX i), MOHITOPHHTY CHCTEM (BHSBJICHHS He-
CIpaBHOCTEH y POMUCIOBOMY OOJIa/HAHHI, aHaJi3 JIo-
TiB CUCTEM ]IS BHSIBJIICHHSI aHOMaJTild y poOOTi TTporpam-
HOTro 3a0e3ledeHHs) Ta MEIMYHiNl JiarHOCTHII (BUSB-
JISHHS, HATPUKJIaI, aHOMaJIii y kapaiorpaMmax abo pako-
BHX KJIITHH y 300pakeHH:X ). IMyHHI anropuT™MHu KiacTe-
pu3allii BUKOPUCTOBYIOTh TPUHITUTIN 010JIOTI9HOT IMYyH-

HOi CHCTEMH ISl TpYITyBaHHA NoAiOHNX naHux. Lli anro-
PHUTMH OCOOJIBO KOPHCHI IJIs1 0OpPOOKH BETTMKHUX 00CSATIB
JIaHUX, BUSIBJIICHHS NAaTEPHIB Ta aHOMAJIiH, 1 € HOTYKHUM
IHCTpyMEHTOM ISl aHali3y IaHuX Y pi3HUX cdepax.
HIIC pnst xnactepusalii BUKOPHCTOBYIOTH MEXaHI3MHU
caMoopraHizallii Ta afanTarii i CTBOPSHHS MEpeKi aH-
TUTiN (200 areHTiB), IO MPENCTABIIOTH KIACTEpH Ja-
HuX. OCHOBHI IPHHIUTHN POOOTH BKIIIOYAIOTH iHIITiai3a-
LiF0 MEpeXKi aHTHUTLJ, KIOHYBaHHSI Ta MyTaIlif0, B3a€EMO-
IiI0 MK aHTUTLIaMH, 1 CAMOOPTaHI3aIliI0 MEepexKi.

Anroputm TAK mictuTs iHimiamizarmito Mepexi aH-
TUTILJI, KOJIM IHII[II3YEThCS MOYATKOBA OMYJISIIisl aHTHU-
T (200 areHTiB), KOXKHA 3 SIKUX TPEJICTABIISIE TOTEHIIIH-
HUH Kiactep, oOuncieHHs agiHHOCTI (adiHHICTH aHTH-
TiJIa 10 aHTUreHy (1aHWX) BU3HAYAETHCS HAa OCHOBI BijiC-
TaHi ab0 MOIIOHOCTI M)XK HUMH), KJIOHYBaHHS Ta MyTalii
(aHTHUTINIA 3 BUCOKOIO a(hiHHICTIO KIIOHYIOTHCS 1 MyTYIOTh
JUISL CTBOPEHHS HOBHX BapiaHTIB, [0 MOXKYTh Kpalle Bifl-
MOBIATH JaHUM), B3a€MOJIII0 Ta CaMOOpTaHi3aIliio Me-
pexi (aHTUTLIa B3aEMOMIIIOTE MiXK COOOIO Ta 3 JTaHWMHU,
YTBOPIOIOYH MEPEXKY, SIKa CAMOOPIaHI3y€EThCS Ta AAAIITY-
€TBHCS 10 HOBHX JIaHHX ), @ TAKOK OHOBJICHHS MEpexi (Me-
peka aHTUTLI MOCTIHHO OHOBIIIOETHCS Ha OCHOBI HOBHX
JAHHUX Ta B3AEMOJIN y MEpexi).

[ix yac aii 1bOro axropuTMy BiOYBa€THCS TeHepa-
1Iisl TOYaTKOBOT MOMYJISALIT aHTHTIN, KOXKHE 3 AKUX MPE/I-
CTaBJIsI€ MOXJIMBE pilleHHs abo neHTp kiacrepa. [lotim
BU3HAYEAETHCS CTYIIHD BIAMOBITHOCTI (ahiHHOCTI) MiX
AHTHUTLIAMU Ta aHTUTCHAMH (JaHUMH). Bucoka adin-
HICTh BKa3ye Ha 10OpY BiONOBITHICTH JaHUM. AHTHTLIA
3 BUCOKOIO a(hiHHICTIO MPOXOIATH NPOLEC KIOHYBAaHHS,
CTBOPIOIOYH KOTIIi1 3 HEBEIMKUMH MyTanismu. Lle no3Bo-
JIsI€ JOCIIKYBATH MPOCTIP MOKIIMBHX PillIeHb HABKOJIO
AHTHTLIA 3 BUCOKOIO adiHHicTIO0. Takok MpOXOauTh Bif-
0ip Kpalmx KJIOHIB Ha OCHOBI 1X apiHHOCTI 10 aHTHIe-
HiB. [{e#l npoliec MOBTOPIOETHCS A0 AOCITHEHHS ONTHMA-
JIBHOTO PO3MOALTY KJIOHIB, IO NPEJICTABISIOTh LIEHTPH
KiactepiB. JlaHi K1acTepU3yHOThCS Ha OCHOBI OJIN3bKOCTI
JI0 00paHuX LIEHTPIB KiacTepiB (AHTUTLN).

IlepeBaramu Bukopuctanus IAK e aganTuBHICTS,
KOJIM QJITOPUTMH MOXKYTh aalTyBaTHCS 10 HOBUX JAaHHUX
Ta 3MiH Y JAaHWUX; THYUKICTh, IIpH sikiii [AK M0oxXyTh BUKO-
PHCTOBYBATHCS JUIS PI3HUX 3a]a4 KJIacTepu3allii Ta ONnTH-
Mi3alii Ta MomryK rIo0aTbHUX ONTHMYMIB, IIIO, B CBOIO
yepry, no3Boisie IAK edeKkTHBHO 3HAXOAUTH TIOOANBHI
ONITHMYMH B TIPOCTOpi pimens. Takox ciif BiI3HAYUTH,
o MoxumBe 3actocyBanHs [AK mis knmacrepuzarii piz-
HHUX THUIIB JaHHMX, BKIIOYAIOYH TEKCTOBI, YMCIIOBI Ta 30-
Opa)keHHs; BUPIIIEHHsI 33724 ONTUMI3aIlil akuX SK ONTH-
Mi3aIlis po3KiIaiB, MapIIPyTiB Ta PECYPCiB; a TAKOXK IS
BUSIBJICHHSI CXOXKHX CTPYKTYP Y BEJIMKHX 00Csrax JaHux,
110 KOPHCHO JUIs aHati3y TpeHiB Ta narepHis. [AK € mo-
TY>KHUM IHCTPYMEHTOM JUIS KJIacTepHU3allii Ta OnTHMi3aLii
JIaHUX 3aBJSIKM CBOIM 34aTHOCTI JIO ajanTalii, THy4KOCTi
Ta e()eKTUBHOMY MOIIYKY INIOOAIFHUX ONTHMYMiB. BoHH
3HaXOMAATh 3aCTOCYBAHHS y Pi3HHX cdepax, BKIIOYAIOUN
aHaII3 JaHUX, MEULUHY, IPOMHCIIOBICTD Ta MApKETHHT,
3abe3mneuyroun eheKTUBHI PIilleHHs IS 337249 KJIaCTePH-
3arii Ta po3Mi3HaBaHHS MaTEPHiB.

ApTHiepiiiHi alrOpuTMHU — 1€ CTICIUPIIHUN TTiAXiT
JI0 IHTENIEKTYaJIbHOTO aHaNiI3y JAHUX, SKAI MOKE BUKOPH-
CTOBYBATHCS [UIsl ONTHMIi3aLil Ta MOKPAIICHHS MPOIyK-
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TUBHOCTI B 3aBJIaHHSIX 00pOOKHM BenmMKHX NaHux. Lleit Tep-
MiH MOXe€ BIJIHOCHTHCS JI0 PI3HUX QJITOPUTMIYHUX CTpaTe-
T, ajie B OCHOBHOMY Ma€ Ha yBa3i TOYHI, €EKTHBHI Ta
J00pe CTPYKTYPOBaHi METO/IH, SIKi 3aCTOCOBYFOTHCS JIO PO-
3B'I3aHHS CKJIQJHUX 3a/la4 Y Taly3l ITYyYHOTO iHTENEKTY
Ta MAIIMHHOTO HaBYaHHA. AA 3a3BHYail BKIIFOYAIOTh Me-
TOJY ONITHMI3AIlii, TaKi IK TEHETUYHI alNTOPUTMH, Pild gac-
THHOK, aITOPUTMH MYyPAIIHHUX KOJOHIH, SIKi 103BOJISIOTH
e(EeKTUBHO 3HAXOIWUTH HAaWKpaIlli pillleHHS cepe] Beiu-
KOTO TIPOCTOPY MOXIIMBHX BapiaHTiB. Lli anroputmu ma-
I0Th BHCOKY IPOJYKTHBHICTb, IO JOCSTA€THCS Yepe3 ma-
paJiesnbHI 00uncIeHHs, eheKTUBHI CTPYKTYPH JaHUX i CIe-
mianmizoBaHi MeToau 0O0poOKu. TOYHICTH 1 HATIMHICTE €
KITFOYOBHMH XapaKTEPUCTUKAMH apTHIICPIHUX alropur-
MIB, 110 I03BOJISIE IM YCIIIIIIHO 3aCTOCOBYBATHCS B KPUTH-
YHUX JI0JIaTKaX, TAaKUX SIK (hiHAHCOBE MOJICIIOBaHHs, Kibe-
pOe3meka Ta MeTUYHUI aHATI3.

lemetmuni  amroputmMu ([TA) BHKOPHUCTOBYIOTH
MIPUHIMIN TPUPOTHOTO BiOOPY Ta TeHETHKH AJIS OTTH-
Mi3amii i momyky pimens. [Ipomec podoru I'A HacTyn-
HUI: iHIIiami3alis Moy i BUIMaKOBHX PIllIeHb, OIli-
HKa KOYKHOTO PillIeHHS 3a JOMOMOTOI0 (DYHKIIii IpuaaT-
HOCTI, BiZI0Ip KpalyX pillieHb AJIsi CTBOPSHHS HOBOT'O TO-
KOJIIHHSL Yepe3 KpOocoBep 1 MyTalilo, HOBTOPEHHS Ipo-
Lecy A0 AOCSATHEHHS ONTHMAaJIbHOTO pillleHHs. 3aCTOCO-
BYIOThCSI ['A U151 OITHMI3allisl TOPrOBHX CTpaTeriii Ha ¢i-
HAHCOBHX PHUHKaxX Ta pO3B'I3aHHs 33724 KOMiBOsSDKepa.

AJITOPUTMH POIO YACTHHOK MOAENIOIOTH MOBEAIHKY
3rpai mraxiB abo puOW AJIS MOIIYKY ONTHMAIBHHUX pi-
mieHb. [Iporiec poOOTH BKITIOYAE iHIMIANI3AMII0 TOITYJIs-
1i1 YaCTMHOK 3 BUIIAJIKOBUMH TIOJIOKESHHSIMH Ta MIBUAKO-
CTSIMH, OI[IHKY KOXHOI YaCTHHKH Ha OCHOBI ii moio-
YKEHHsI, OHOBJICHHS IIBHJKOCTEH 1 TOJIOKEHb YaCTHHOK
Ha OCHOBI IXHBOI icTOPIT i HAIKPAIIHNX TOJI0KEHB CYCIiB,
MOBTOPEHHSI IIPOLIECY A0 JIOCATHEHHS ONTHMAIBHOTO pi-
HICHHS. 3aCTOCOBYIOTHCS I[i aITOPUTMH JJTs1 ONITUMI3aIlil
napaMmeTpiB MallMHHOTO HaBYaHHS, a TaKOX PO3B's-
3aHHS 337124 ONTHMI3alil y BUPOOHHIITBI.

AJITOPUTMH MYpalIMHUX KOJIOHINI BUKOPUCTOBY-
I0Th TPUHLUIN MOBEAIHKM Mypax Ul 3HaXOJKEHHs
HAMKOPOTIIHX IUISIXIB i onTuMizamii. CrioyaTky BinOyBa-
€ThCS 1HIMiai3alist Mypax y BUITAJKOBHUX MO3HIIISAX, TT0-
TIM MOJEITIOETECS PyX Mypax 1o rpady Ha ocHOBI depo-
MOHOBUX CIIJIB 1 €eBpUCTHYHOI iH(OpMAIlii, 1aixi OHOB-
JIeHHS PePOMOHOBUX CJIiJIiB HA OCHOBI SKOCTI 3HAWICHUX
pimmens. 3aCTOCOBY€ThCS JAHUH THI aITOPUTMIB /IS PO-
3B'I3aHHS 3a]]a9 MapIIpyTH3allii, a TAKOX JIJIsl ONITUMIi3a-
il JJOTICTHYHMX JIAHIIFOT1B.

Aptunepiitai anroputmMu 6a3yI0ThCS Ha i1eSX CTBO-
PEeHHSA Ta MATPUMKH MepeXi aHTHTIN, IKa MOKEe 3MiHIO-
BAaTU CBOIO CTPYKTYPY BIiAMOBITHO 0 BXiTHUX JaHHX.
OCHOBHI ITPOIIECH BKIIIOYAIOTH iHIIIai3aI[iI0 Mepexi aH-
THUTIJI, TOOTO CTBOPEHHS ITOYAaTKOBOT IOIYJISIIT aHTHTIJ,
KOJKHE 3 SIKMX TIPEJCTaBIISIE MOXIIMBE PilIeHHS abo Kia-
crep; adiHHy 3pUITiCTb 1 BHOIp (aHTHUTIIA B3aEMOMIIOTH 3
AQHTUTCHAMU (IaHVMH) Ta 3 IHIIMMHU aHTUTLIAMHU B Me-
pexi, mo crpusie X adinHiN 3pinocTi. AHTHTINA 3 BUCO-
KOO a)iHHICTIO 10 aHTUT'€HIB 3AJMIIAIOTHCA B MEPEXi, a
AHTHTINA 3 HU3BKOIO a(hiHHICTIO BHIAISIOTHCS); KIOHY-
BaHHA Ta MYTalii0 (KJIOHYBaHHsS AHTUTII 3 BHUCOKOIO
a(iHHICTIO Ta iX MyTaIlis 151 CTBOPEHHS HOBUX aHTHTIJ,
SIKI MOXYTh Kpalle pO3Ii3HaBaTH aHTUTEHH); CaMo-

oprasizarito Mepexi. B 1anoMy BuIanKy aHTHTILIA yTBO-
PIOIOTH MEpEXy, sIKa CaMOOPTaHi3y€eThCs HAa OCHOBI B3a-
€MOJIIi MK aHTUTUIaMH Ta aHTUreHamu. Ll mepexa
aJIaNTy€eThCs JI0 3MiH Y BXITHUX JTaHUX.

[lepeBaramu BukopuctanHs AA €: camooprasiza-
1Iis1, MacIITabOBaHICTh Ta THYUKICTh. AA € IIOTYXKHUM iH-
CTPYMEHTOM JUIS KiacTepu3allii, BUSBICHHS aHOMAJIiH,
OIITUMI3aIlil Ta MPOTHO3YBAaHHS 3aBISIKH CBOIM BJIACTH-
BOCTSIM caMOOpraHi3amii Ta aganTUBHOCTI. BoHu 3HaX0-
JITH 3aCTOCYBaHHS B Pi3HUX c(epax, BKIIOYAIOUX aHAII3
JaHWX, KibepOe3neKy, MeAUIIUHY Ta IPOMHUCIIOBICTS, 3a-
Oe3rneuyroun eeKTUBHI PIMICHHS JUIsl CKJIQJHUX 3a/1a4 Y
cy4yacHoMy iH(opMaLiiiHOMy cepeTOBHILI.

JennputHi KIiTHHY Y 610JI0Ti4HIN IMyHHIH crcTeMi
BIAIrpatOTh KIIOYOBY POJIb Y BUSBJICHHI IIATOTCHIB Ta iHi-
miarii iMyHHOT BimoBini. Boru 30uparoTh iHpOpMAIlito 3
HaBKOJIMIITHBOTO CEPE/IOBHINA 1, HA OCHOBI OTPUMaHHX CH-
THaJIIB, aKTHBYIOTBCS a00 3aJIMIIAIOTHCS HEAKTUBHUMU.
JAKA MonenmoTh el mpouec, BUKOPUCTOBYIOUHM TPH
THITH CUTHAIIB: CUTHAJIHM, 110 CBiT4aTh PO HASBHICTH Ia-
TOTEHIB (IIATOTCH-aCOLIHOBaHI MOJEKYJSIpHI HaTepHH),
CHTHAJIH, [0 CBiTYaTh PO HOpMaJIbHi, "Oe3neyHi" yMoBI
(6e3neuHo-acouiiioBaHi MOJNIEKYJISIPHI NaTEPHU, CUTHAIIH),
1[0 CBiJYaTh PO CTPEC a0 MOIIKOHKECHHS KITiTHH (HeOe-
3MeYHO-acoUioBaHI MOJIEKYJISIPHI MaTepHH). AJITOPUTM
JIKA Bkirouae B cebe iHiMiami3aIliio, KOJIM CTBOPIOETHCS
MOMYJISILiSL  ISHAPUTHUX KIITHH; 30ip CHTHANIB, NpH
SIKOMY KO)KHa KJIITHHA 30Mpae CUTHAJIM 3 HABKOJIMIIIHBOTO
CEepEIOBHINA JAHUX; arperarlifo CUIHaJIB, IPH SKiil AeH-
PUTHI KIIITHHH arperyioTh OTPHMaHI CHTHAIH, BU3HAYa-
FOUH PiBeHb "HEOE3MeKH'"; pO3IIOALT CUTHAMTIB, TIPH IKOMY
KIIITUHY PO3NOAUISIOTE 310paHi CHTHAIM 1 TIPUHMAIOTh Pi-
IIEHHS 1TPO CBOIO aKTHBAIIil0 HA OCHOBI 3araJlbHOTO PiBHS
HeOe3neKn; akTHBALIiIo, SIKIO PiBeHb HEOE3IEKH TIePEBH-
1Iy€ IeBHUH MOPIT, KIITHHH aKTHBYIOThCS 1 CUTHATI3YIOTh
PO HasBHICTh aHOMAJTii, Ta SIKIO PiBEHb HEOE3MEeKN HU-
3bKHM, KINITHHH 3aJIAIIAIOTHCS HEAKTHBHHUMH, IO CBif-
YHTH PO HOPMaJIbHI YMOBH; KJIacH(]iKallilo aKkTHBOBaHHX
KJIITHH, SIKI BAKOPUCTOBYIOTHCS JJIsl KJacu(ikaiii JaHuX
SIK aHOMaJIbHI 200 HOPMAJIbHI.

IepeBaramu JIKA € 3maTHICTH IO BHSBJICHHS Ha-
BiTh HE3HAYHUX aHOMAJIiil 3aBIsIKM OaraTopiBHEBIHN arpe-
ramii CHTHaJiB, MOKIIMBICTE aJanTyBaTUCS J0 3MIHIOBa-
HHUX YMOB y CEpeJIOBUILI JIaHNX, e(heKTHBHA poboTa 3 Be-
JUKAMH 00CATaMH JITaHUX Ta y PO3IOJIICHNX CHCTEMAaX.
3acrocoByroTh JIKA B kibepbesmeri, MOHITOPHHTY CHC-
TeM Ta OioiHdopMaTHIIi.

BucHoBxku

[TpoBeneno aHami3 iCHyI0UMX METOJiB 0OpoOKHU Ta
IHTEJIEKTYaJIbHOTO aHaJli3y JaHUX 3 BUKOPHCTAHHIM
IITyYHUX IMYHHHUX CUCTEM. IMyHHI aqropuTMu HeraTus-
HOTO BigOOpy € TOTYXHHM IHCTPYMEHTOM JUIS BHSB-
JICHHS aHOMAaJi# Ta xiacudikarmii raHux. 3aBIgKn CBOIH
3IaTHOCTI aIaNTyBaTHCSA 10 3MiH Ta MPAIIOBATH y PO3MO-
JIEHNX CEpeOBUIAX, BOHU 3aMIIAIOTHCS aKTyallb-
HUMH B CyJaCHHX YMOBax, 3a0e3mneuyroun epeKTuBHi pi-
LIEHHS JUIi MOHITOPUHTY Ta aHai3y AaHHUX Yy pi3HHX ce-
pax, Bij KibepOe3neku 1o MeAMYHOI JIarHOCTHKH. IMyHHI
ITOPUTMH KJIACTEPH3aLil € MOTYXHUM IHCTPYMEHTOM
JUISL aHaATi3y Ta 00poOKu nanux. Bonu no3Bosstiors ede-
KTUBHO TPYIyBaTW JAaHi, BUABIATH aHOMAJii Ta ajarl-
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TYBaTUCS 10 3MiH y CEPEAOBUILI JaHUX, IO POOHUTH iX
LIHHAMH JUIsl HIHPOKOT'O CIIEKTPa 3aCTOCYBaHb, BiJl Map-
KETHHI'Y Ta MEUIMHU 0 (iHAHCIB 1 IPOMHCIOBOCTI.

ApTunepiiiHi arOPUTMH € MOTYKHUMH 1HCTPyMEH-
TaMH JUIsl IHTEJIEKTyaJbHOTO aHaJl3y JaHMX, SIKi IPOIIo-
HYIOTb €(DeKTHUBHi, TOYHI Ta MPOAYKTHUBHI METOIN ONTHU-
Mi3armii Ta aHami3y. BoHN 3HaXOAATh 3aCTOCYBaHHS y 0a-
raTboX Traly3sX, BiJ (iHAHCIB i JIOTICTHKH IO MEIUIINHU
Ta KibepOesmeky, 3a0e3nedyoun BUPIIIEHHS CKIIaJIHUX
3ama4 00pOoOKH JaHUX | IPUHHATTS PIIICHb.

JIeHApUTHI KIIITHHHI alTOPUTMHU € TIOTY)KHUM 1H-
CTPYMEHTOM JUISl IHTEJICKTYaJIbHOTO aHaJIi3y AaHHX, 30K-
peMa Ui BUSIBIICHHS aHOMAJTiH 1 kiacudikaii JaHux. ix
3/IaTHICTH arperyBaTd pi3Hi TUIM CUTHAJIB 1 NpUiMaTH
PIILICHHS HA OCHOBI 3araJIbHOTO PiBHS HEOE3MeKH pOOUTH
X 0cOONMMBO e(heKTUBHIMH B CKJIATHUX 1 JMHAMIYHUX CE-
penoBHIax, TAKUX K KibepOesmneka Ta OioiHpopMaTuka.
JKA 3a06e31meqyoTh BUCOKY YyTIHBICTh i aIallTHBHICTS,
10 JTO3BOJISIE iX YCIIIIHO 3aCTOCOBYBATH y Pi3HUX ce-
pax Jays BUpIMIEeHHS 33124 0OpOoOKH Ta aHAIY NaHUX.
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Methods of data processing and intellectual analysisusing artificial immune systems
Anatoly Burda, Nikita Prudius, Yaroslav Stefanyuk, Oleksandr Fomichev

Abstract. Relevance. Artificial immune systems, especially algorithms of negative selection and dendritic cells, demon-
strate high efficiency in detecting rare and unknown anomalies. Distributed computing systems and networks require effective
monitoring and protection methods. Their ability to recognize specific patterns and classify medical images makes them indispen-
sable in these fields. They are also actively used to detect and prevent cyber threats. They can analyze network traffic, detect
anomalous activity, and provide real-time protection. Thus, the relevance of using artificial immune systems for data processing
and classification lies in their unique properties of adaptability, ability to recognize complex patterns and anomalies, as well as
effective work in distributed systems. The purpose is to research existing methods of processing and artificial analysis of data
using artificial immune systems. The object of the study is the intellectual analysis of data by artificial immune systems. The
subject are the methods of intellectual analysis of data by artificial immune systems. Results an analysis of existing methods of
data processing and intellectual analysis using artificial immune systems was carried out. Immune clustering algorithms are a
powerful tool for data analysis and processing. They allow you to efficiently group data, detect anomalies, and adapt to changes in
the data environment, making them valuable for a wide range of applications, from marketing and medicine to finance and industry.
Artillery algorithms are powerful tools for intelligent data analysis, offering efficient, accurate and productive methods of optimi-
zation and analysis. They find applications in many industries, from finance and logistics to medicine and cyber security, providing
solutions to complex data processing and decision-making tasks. Dendritic cell algorithms are a powerful tool for intelligent data
analysis, particularly for anomaly detection and data classification. Their ability to aggregate different types of signals and make
decisions based on the overall level of danger makes them particularly effective in complex and dynamic environments such as
cyber security and bioinformatics. they provide high sensitivity and adaptability, which allows them to be successfully used in
various fields to solve data processing and analysis problems.

Keywords: artificial immune system, negative selection algorithms, immune clustering algorithms, artillery algorithms,
dendritic cell algorithms, cyber security, affinity, clonal selection, pattern.
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XapKiBChKHIA HAIlIOHATHPHUN YHIBEPCUTET PaIiOeNeKTPOHIKH, XapKiB, YKpaiHa

METOJAU MOJAEJIOBAHHS MACIITABOBAHUX XMAPHUX PECYPCIB

AHoTanisi. B enoxy cTpiMKOTo po3BUTKY XMAapHHUX TEXHOJIOTiH OCHOBHOIO 33/1aUelO € He JIUIIE JOCIIDKEHHS ICHYIOUHX
MOXIIMBOCTEH, aJie i MpaKTHYHE BIIPOBAKEHHS PillleHb, CIIPSIMOBAHUX Ha ONTHMI3allil0 BHKOPUCTAHHS XMAPHUX PECYpPCIB.
Merot0 CTaTTi € BHSABICHHS HAHOUTHII e()eKTUBHUX ITiIXOJIIB O MOJETIOBAHHSI XMapHUX PECypCiB, IO JTO3BOJIUTH OpTraHi-
3aIlisIM JOCSTTH 3HAYHOTO 3HIDKEHHS BUTPAT HAa BUKOPHUCTAHHS XMapHHUX PECypCiB IIPU OJHOYACHOMY 3a0e3IedeHHI BUCO-
KOTO PiBHS MPOXYKTUBHOCTI Ta HaAIHHOCTI XMapHHUX cepBiciB. B po60Ti mponoHy0ThCs eeKTUBHI CTpaTerii aBToOMaTH3a-
il po3ropTaHHs Ta YIPaBIiHHI XMapHOI iH(pacTpykTyporo Ha ocHoBi miatgopmu Azure Cloud Ta iHCTpymeHTY
Terraform. Cy4acHi 1ociiKeHHS, HiIKPECTIOI0Th BaXJIMBICTh iHTErpanii aBTOMaTU30BaHUX 1HCTPYMEHTIB yIIPaBIiHHS AT
MiABUIIECHHS e()eKTHBHOCTI BUKOPUCTAHHA XMAPHUX PECYPCiB, L0 BKIIOYAE aHAJII3 MOTOYHUX BHKIUKIB Y MacIITa0yBaHUX
XMapHHX pecypcax, TaKuX sk OajlaHCyBaHHS HaBaHTA)KCHH:, 3a0e3NeUeHHs HellepepBHOI TOCTYITHOCTI CEPBICIB Ta ONTHMI-
3aIlisi BUKOPHCTaHHS pecypciB. Orsa METOAIB ONTHMI3aliifeMOHCTPYE CTpaTerii 3HWKEHHSI BUTPAT Ta IOKPALIEHHS Mpo-
JQYKTHBHOCTI B XMapHHX CepeloBHIIaX. Pe3ynpraTti qOCiikeHHs MpU3HaYeHi Ui MIHPOKOro Koja (axiBIiB y ramysi.

KawuoBi ciaoBa: xmapHi o0unciaeHHs, MacmTaboBaHi XMapHi pecypcH, METOAN MOJeIoBaHHs, terraform, azurecloud,
ontumizanis iHQPaCcTPyKTypH, e(pEKTUBHE BUKOPHCTAHHS PECYpCiB, aHAi3 Ta OIliHKA, MPOMYKTHBHICTh, CTaOiIBHICTD,

e()eKTHBHICTh BUTpAT, IHTETpaLlisl peCypciB, MOJCIIOBaHHS iHYPACTPYKTYpH.

Beryn

VY cydacHOMY CBiTi XMapHI TEXHOJIOTII CTalOTh BCE
OUTBII Ba)KJIMBUMH JJISl YIPABIIHHSA Ta pPO3TOPTAHHA
iHppacTpyKTypH B iHpopMatiifHux cuctemax [1]. Xma-
pHI OOYHCIIEHHS BIAKPWUBAIOTH HOBI MOMKJIHMBOCTI IS
JUHAMIYHOTO aHali3y Ta OOpOOKH BEIMKHX OOCSTIB
JaHuX Ta mociayr B IHTepHeTi. Lli cucremu 3abe3medy-
I0Th JJOCTYII 0 PO3IOJIICHUX PECypciB, TAKUX SIK XOC-
TH, IPUCTPOT 30epiraHHs AaHHX, IPOLECOPHI MOAYII Ta
1HIII, 32 3aMIUTOM KOPUCTYBAYiB.

3rigHo 3 IOCTIKSHHAM [2], BUKOPUCTAHHS XMap-
HHUX OOYMCIICHb NMPUHOCHUTH MEPEJOBI TEXHOJIOTII B 00-
poOky Ta aHami3 iH(opMaIli, 10 OXOIUIIOE IIUPOKUI
CHEKTp Bif poOOYOro CTONy KOPHCTyBada IO BEIMKHX
cucteM 00poOKH TaHUX.

3a3Buuail moctym A0 Takoi iHQopmarii peamizy-
€ThCS Yepe3 BeO-J0JaTKM Ha OCHOBI XMapHOI MoJei
HaJIaHHS TTOCIYT.

XMapHi CHCTEMH TIPEICTABITIOTE COO0I0 TII00aITh-
HI MepeXi MaTaleHTpiB, Mo 00'€AHYIOTHCS B €IUHY IH-
(bpacTpyKTypy BHCOKOIIBHIKICHUMH KOMIT'IOTEPHIUMH
Mepexamu. BoHH MOXyTh e(peKTHBHO 3abe3rnedyBaTH
30ip, 00poOKy Ta 30epiraHHs iHPpOpMaILii.

B [3] HaronomryrTh, MO MOCIYTH XMapHUX CHUC-
TEM PO3MOIUIAIOTECS M KOPHCTyBadyaMH 3 BHKOPHC-
TaHHAM BIJJIQJICHUX PECYpCiB y KOHKPETHHH MOMEHT
yacy uepe3 InTeprer. [ eekTHBHOrO BUKOPUCTAHHS
pecypciB XMapHHUX CHCTEM HEOOXiIHO BHPIIIUTH TPO-
61eMy pO3IOJUTY pecypciB, IO MOJATAaE Y ANHAMIYHO-
My Mepepo3Nojisli NMPOrpaMHUX 3aBllaHb Ta MOTOKIB
JAHWUX B PEaJbHOMY Yaci.

Posmoxin pecypciB y xmMapHUX cuctemax [4] - 1e
MPOIIEC PO3MOIUTY BiIIAJICHUX PECYPCIB Uepe3 KOMIT'F0-
TEpHY MEpEeKXy Uil BUKOHAHHS BiJIOBIIHMX XMapHHX
nporpaM. Ha BHcokoMy piBHI aOCTpakmii Takuii mexa-
HI3M pO3MOJIiTy OTpUMAaB Ha3BY

Indpactpykrypa sk mocmyra (laaS), ska Hanmae
KOMIT'IOTEPHI pecypcH 3a 3alluTaMH KOPUCTYBadiB 3a-
BISIKM TIOTIEPEJHBO BH3HAUYCHOMY a00 IUHAMIYHOMY
MeXaHi3My pO3IOALTY pecypciB.AHaAJI3 myOaikanii Ta

nocTaHoBKa mpodJjemMu. OCTaHHIMH pPOKaMH XMapHi
TEXHOJIOTIT 3a3HaJIM 3HAYHUX TpaHchOpMalliid, 10 CIo-
HYKaJIO HayKOBY CHIUJIBHOTY JO IHTCHCHBHHUX JOCIi-
JUKeHb Yy cdepi e(eKTUBHOCTI BUKOPUCTAHHS XMapHUX
pecypciB.

lupokuii ciektp myOumikaniii B obsacti iHpopma-
LifHIX TEXHOJIOTiH [5] OXOIUTIOE pi3HI acIeKTH XMap-
HUX OOYHCIICHB, BKIIIOYAIOUW AapXITEKTYPy XMapHHUX
CHUCTEM, YIPaBIiHHSI JaHUMH, OE3MEeKy Ta MPHBATHICTH,
a TaKOX ONTHMI3AIliI0 pecypciB. BaxximBuM HampsMKoM
JOCIIKEHb € PO3pO0Ka alTOPHUTMIB 1 METOMIB IS 3a-
Oe3MeYeHHsT aJaNTHBHOTO MAaCIITa0yBaHHS XMapHHUX
pecypciB, IO pearyroTh Ha 3MiHHI MOTPeOW BHKOpPHC-
TaHHs 0€3 3aliBUX 3aTpart.

3a manumu [6], anropuTMH MaciiTaOyBaHHS Ma-
I0Th KPUTHYHE 3HAYCHHS JUIs MiATPUMKH BHCOKOI J0C-
TYITHOCTI Ta e)EKTUBHOCTI XMapHHUX CEPBICIB.

[TapanenbHo, po6oTa [7] aklleHTy€e yBary Ha BUKO-
pUCTaHHI MAIIMHHOTO HAaBYaHHS IS aBTOMAaTH3aIlil
PpIIIEHB 100 PO3IOALTY PecypciB, BKa3yrOUl Ha MOXK-
JMBOCTI 3HAYHOTO ITiJBUIIEHHS MPOIYKTUBHOCTI XMap-
HUX CHUCTEM.

OpnHak, iCHyr04i JOCIHIPKEHHS! 4acTO OOMEXYIOTh-
Csl TEOPETUYHUMH MOJIENSAMHU a00 Crienu(piYHIMH BHUTIa-
JIKAMU BUKOPHCTAHHS, HE BPaxOBYIOUH CKJIJHOCTI pea-
THHUX XMapHHX cepenoBun [8]. [Ipobnema ontumizarii
PO3MOJITY peCypciB y XMapHHUX CHCTEMaXxX 3alUIIA€ThCS
aKTyaJIbHOIO, OCOOJINBO y KOHTEKCTI 3a0e3MedyeHHs] BU-
COKOi HPOJYKTHBHOCTI Ta €KOHOMIUHOi €()eKTUBHOCTI.
KirouoBHM BUKIIMKOM € 3HaiTH OasiaHC MK noTpedamu
JIOAATKIB y pecypcax Ta JOCTYIHUMH OOYHCITIOBAIbHU-
MU MOTYXHOCTMU [9], 100 MiHIMi3yBaTH BUTpaTh 03
LIKO/N JUTSL SIKOCT1 00CITyTrOBYBaHHS.

B kOHTEKCTI IFOTO JOCIIKEHHS, 0COOIMBA yBara
MIPUAIISIEThCS IHTErpanii Ta BUKOPUCTAHHIO TAaKWX iH-
cTpyMeHTiB, sik Azure Cloud ta Terraform, siki HagarOTh
MOJKJIMBOCTI JJISl THYYKOTO YIPaBIiHHSA XMapHHUMH pe-
cypcamu. Azure Cloud 3 #ioro oOmmpHUM HAO0POM
cepBiciB Ta Terraform sk TOTY)KHWUH IHCTPYMEHT st
"iHppacTpykTypn sAK Komy" BiIKpUBAIOTh HOBI Iep-
CIIEKTHBH JJIsl ONITUMI3aLlil pO3IOIiTy PecypciB.

© Bonk M. O., ITooskin M. M., 2024
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Metoaun onTumizanii po3noainy pecypcis
Yy MaclITa00BaHUX XMAPHHUX Cepe0BUIIIAX
Ha ocHOBi Azure Cloud Ta Terraform

VY naHiif cTaTTi OCHIIKYEMO METOAU MOJICITIOBAaH-
HS Ta ONTHMI3alii PO3MOAiTYy pecypciB y MacmraboBa-
HUX XMapHHUX CEepeIOBHINAX, BHKOPHUCTOBYIOUM ILIAT-
¢opmy Azure Cloud Tta inctpyment Terraform. OcHoB-
HOI0 METOI0 € 3a0e3mnevyeHHS e(EeKTHBHOTO BHUKOPHC-
TaHHS PECypciB Ta MiABUINEHHS MPOJYKTUBHOCTI CHC-
TEMH.

[epmmm KpoKOM y HaoMy JOCIiKEHHI € aHawi3
ICHYIOUMX METOJIIB PO3IOALTY PECypCiB y XMapHHX ce-
penoBumax. Posrmsmaemo  pi3sHOMaHITHI  IMiIXOXH,
BKITIOYAIOYH ANTOPUTMH IUTAHYBaHHSA Ta ONTHMI3allii,
10 3aCTOCOBYIOTBCA Y BITKPHTIH JIiTEpaTypi.

Jamni nmponoHyeMo TiOpWAHWHN MiAXiA, SKWHA ITO€EN-
Hye MoxumBocTi Azure Cloud Ta Terraform. Ha mep-
IIOMY eTalli BUKOPHCTOBYeThcs Terraform mms mone-
JIIOBaHHS Ta aBTOMAaTH3alii iHPPacTPyKTypH XMapHOTO
cepenoBuia. JletanbHO pO3MIIAJAEMO TPOLEC CTBO-
peHHs Ta KOH(DIrypyBaHHs iHQPACTPYKTYPH 32 JOIOMO-
roto Terraform, 30cepelkyrourch Ha MOMIIMBOCTSIX
aBTOMaTH3allii Ta MacIITaboOBaHOCTI.

Ha nmpyromy erari po3rismaeMo METOIU ONTHMI-
3amii po3moily pecypciB y MacmTabOBaHUX XMapHUX
cepenoBumax. BuB4aeMo pi3HI MiAXOOM IO PO3MOIITY
BIpTyaJIbHUX MAIlIWH, KOHTEITHEPIB Ta MIKpOCEpBICiB, a
TaKOXX BIUIMB PI3HUX KPHUTEPiiB, TAKUX SK MPOTYKTHUB-
HICTh, €(CKTHBHICTh BHKOPHCTaHHS pPECypCiB Ta Bap-
TICTb.

VY HacTynmHHX po3JijiaX MPEeACTaBISEMO MPAKTUYHI
€KCIIEPUMEHTH, B SIKMX 3aCTOCOBYETBHCS PO3pOOIIECHHI
MIAXIA 10 ONTHMI3alii PO3MOALTY PeCypciB y XMapHUX
cepenosuiiax Ha 6a3i Azure Cloud ta Terraform. Ormi-
HIOEMO €(PEKTHBHICTh PO3POOJICHUX METOIIB 3a PI3HUMH
KPUTEPIsIMA Ta MPOBOIUMO IOPIBHSHHS 3 ICHYIOUHUMH
PpITICHHAMH.

3aramoM, poOoTa chmpsiMOBaHa Ha pO3pOOKy Ta
BIIPOBA/KEHHS €(PEKTHBHUX METOJIB PO3MOALTY pecyp-
ciB y MacmTaboBaHAX XMapHHX CEpElIOBHINAX 3 BHKO-
PHUCTaHHSIM IEPEJIOBUX TEXHOJOTIH, IO JO3BOJISIOTH
MIIBUIIUTH POAYKTHBHICTh Ta 3HU3UTH BUTPATH.

Ilopganeme nmocnmimkeHHss y i oOjacTi Moxe
BKJTIOYATH PO3IMIMPEHHS MiIXOAY Ha IHIII XMapHi IiaT-
(dbopMH Ta BIOCKOHAJEHHsI METOMIB ONTHUMI3amii 3 Me-
TOIO TIJBUINEHHS HAIIHHOCTI Ta e()EeKTHBHOCTI XMap-
HHUX CEPEIOBHIII.

Onrumizanist po3noJily pecypciB y XMapHHX ce-
peloBUIIaX BUMAarae KoMIUIEKCHoro miaxony[10], mo
MOEHYE B cOOl MepeloBi TEXHOJOTII Ta iHHOBAIHHI
Metoaukn. Azure Cloud i Terraform cramu KiIr09oBIMH
IHCTpyMEHTaMH y LIbOMY HPOILECi, J03BOJIAIOUN e(eK-
TUBHO YNPAaBJISATH PECypcaMH Ta aBTOMAaTH3yBaTH PO3-
ropTaHHs iHQPACTPYKTYPH.

Buxopucranuss Azure Cloud nis ontumizamii.
Azure Cloud mpomoHye psi MOCIYT Ta iIHCTPYMEHTIB[
11], mo momomMararoTh ONTHMIi3yBaTH PO3IMOMIIT pecyp-
ciB. OHUM i3 TakuX IHCTPYMEHTIB € Azure Autoscale,
SIKMH J03BOJISIE aBTOMAaTHYHO MacITadyBaTH KUIBKICTh
BIpTyaJIbHUX MalIMH BiANOBIIHO O MOTOYHOI'O HaBaH-
Ta)XEHHS, 3a0€3Meuyl0Yr TaKMM YMHOM e(EeKTHBHE BHU-

KOPHUCTaHHSI PECypCiB Ta ONTUMaJbHY HPOIYKTHBHICTb
3a MiHIMAJIBHUX BUTpAT.

Kpim Toro, Azure Cost Management [12] momoma-
rae BIJICTEeXyBaTH Ta aHAJI3yBaTH BUTpPATH Ha XMapHi
pecypcH, O3BOJISIOYM 1ACHTH(IKYBATH MOKIHMBOCTI
JUTS 3HWKEHHS BapTOCTI .

Azure Autoscale — 1e TOTYXHHHA IHCTPYMEHT UIS
ABTOMATHYHOTO MacITa0yBaHHS KITBKOCTI BipTyaib-
HUX MAaIluH a00 iHIIUX pecypciB Ha OCHOBI IIOTOYHOTO
HaBaHTAXCHHS a00 3aIUIaHOBAaHMX IMapaMeTpiB. Buko-
pucroBytoun Azure Autoscale, MoXxHa:

1. ApanrtyBaTH pecypcd A0 MOTOYHOTO HaBaHTa-
eHHs. ['apaHTyBaTH, IO MOJATKM 3aBXIU MalOTh J0-
CTaTHBO PECYPCIB JUIS ONTHUMaIBHOI poboTH, Oe3 HaaMi-
PHOTO pe3epByBaHHS pecypCiB.

2. MiHimi3yBaTH BHUTpaTH. ABTOMaTHYHE 3MCH-
LIEHHsI KIJIBKOCTI PecypciB y Iepioin HU3bKOTO HaBaH-
Ta)KCHHS J0TIOMarae 3HU3UTH BUTPATH Ha XMapHi CepBi-
CH.

3. TlokpammTi AOCTYNHICTH Ta NPOXYKTUBHICTS.
3abe3nedyeThcsl MIBUAKE MacIITaOyBaHHS PECypCiB y
BIIMIOBiOh HAa CIUICCKH HABAHTAXKCHHA, IMiJTPUMYIOUH
BUCOKHIA piBEHb NPOYKTHBHO

Terraform sk iHCTpYMEHT U1 yNpaBiiHHS iH(pa-
CTPYKTYPOIO

Terraform BHKOPHCTOBYEThCSA sl omucy iHdpa-
CTPYKTYpPH 32 JIOTIOMOTOIO KOJYy, L0 JI03BOJISIE aBTOMa-
THU3YBaTH PO3rOPTaHHs, 3MiHU Ta BEPCIOHYBaHHS XMap-
HUX pecypciB. Lle 3a0e3nedye BUCOKHUIT piBEHb THYYIKOC-
Ti Ta KOHTPOJIO HaJ XMapHOK iH(pacTpyKTypor. 3a
noromororo Terraform MokHA JIETKO IHTETPYBaTH Pi3Hi
xMapHi mardopmu, BrIoYaroun Azure, Ta eeKTHBHO
YIPaBISITH PO3MOJIIIOM PECYpCiB, 3HIKYIOUH BHTPATH
Ta MOKPANIYIOYH JOCTYITHICTD CEPBICIB.

Terraform no3Bossie onmcatu iHGPACTPYKTYpy Yy
Burisiai kony (Infrastructure as Code, 1aC), mo 3HauHO
CIIPOIIIY€E NPOLECH PO3rOPTaHHS, YIPABIiHHA Ta Macll-
tTaOyBaHHS XMapHHX pecypciB. BukopucToByo4u
Terraform anst onTuMmizanii po3noainy pecypciB, MOXK-
Ha:

1. JlexnapaTUBHO MOJENIOBATH 1H(PACTPYKTYPY.
Omnwmcyroun MOTPiOHI pecypcH Ta iX KoHQIryparmii y BU-
TJIS/11 KOJLy, MOYKHA JIETKO PEIUIiKyBaTH Ta MacIuTadyBa-
TH 1IHQPACTPYKTYPY BIIIOBIIHO 10 HOTPEO.

2. BuxopucroByBatn moxayni Terraform. Moy
JI03BOJISIFOTH TPYIYBaTH PECYPCH Ta MEPEBUKOPUCTOBY-
BaTH KOH(QIrypamii, 3abe3rnedyodn Kpame yIpaBIiHHA
1HPPACTPYKTYPOIO Ta 3HWKEHHS MOXKIIMBOCT] IIOMIJIOK.

3. ABTOMaTH3yBaTH  3MiHH  1HPACTPYKTYpH.
Terraform minTpuMmye TaHyBaHHS 3MiH Ta Oe3nedHe
3aCTOCYBaHHS X 3MiH J0 XMapHOI iHQpacTpyKTypw,
JI03BOJISIFOYM IMHAMIYHO aJanTyBaTH PECYPCH i 3MiH-
Hi moTpebH.

Jlnist mpencTaBieHHs Mpolecy onTuMizanii po3mno-
Iy pecypciB y XMapHHX CEpelOBHINAX, MOXKHA BHKO-
pucratu rpadik (puc. 1), SKUH LIIOCTPY€E NPHHIMITN
pobotu Azure Autoscale Ta e)eKTHBHICTH BUKOPHCTAH-
Ha Terraform nms ynpaBiiHHS iHQPaCTPYKTYpOIO.

Jlnst  mpencTaBlieHHST BIUIMBY — ONTHUMIi3alliiHAX
CTpaTeriii Ha eKOHOMIYHY €(DEeKTHBHICTh Ta MPOTyKTHB-
HICTh XMapHUX PECYpCiB, MU 3pOOWIHM TMOPiBHSIbHHUMA
aHai3.

98



ISSN 2073-7394

Cucremu ymipaBiiHHS, HaBirarii Ta 38'13Ky. 2024. Ne 3

- e ey,

e
0.8p
0.6
0.4
0.2}
0.0F

-0.2}

HapaHTameHHA Ha CUCTEMY

—_0.4t

e e e

[ T

0w O N B
al
w
=
=

KinsKicTh BIPTYaNbHWX MalWH

o N O

=11
un

10

15 20

Yac (roayvHu)

Puc. 1. 3anexHicTh MiXk HABAHTAXXCHHSAM Ha CHCTEMY Ta KiIbKIiCTIO
aBTOMaTHYHO MACIITa00OBaHMX BipTyansHUX MammH B Azure Cloud

Lleii anani3 Bi3yali3yeThes 3a TOIMIOMOTOIO Tpadiky
(puc. 2), sxuit BinoOpaxkae 3MiHM B 3arajJbHUX BUTpa-
Tax Ha XMapHi PecypcH Ta NPOAYKTUBHOCTI XMAapHHUX
CepBiCiB 10 Ta MICINs BIPOBaPKEHHS IHCTPYMEHTIB aB-
ToMaTh3alil Ta onruMizamii, Takux sk Terraform 1

Bnnuve onTumizauii Ha BUTpaTX Ta

Azure Autoscale. I'padik memoHCTpye He Juiie QiHaH-
COBI BHIO/IM, ajie i TOJIIIIEHHS Yy SKOCTi 0OCIyroBy-
BaHHS, LIO € KPUTUYHO BAXIMBUM Ui 3a0e3NCUCHHS
BHCOKOTO PIiBHS 3aI0OBOJICHOCTI KOPHUCTYBadiB Ta eQeK-
TUBHOCTI Oi3HEC-omepartii.

MPOAYKTHBHICTE XMapHWX pecypcis
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Puc. 2. BrutiB onrrumizariii XMapHUX pecypciB Ha BUTPATH Ta MPOILYKTHBHICTH CEPBICiB

Ieii rpadik imrOCTpy€, SK 3aCTOCYBaHHS BIOCKO-
HAJICHUX METOMIB YHPAaBIiHHA 1HPPACTPYKTYPOIO MOXKE
MIPU3BECTH JI0 CYTTEBOTO 3HIDKEHHS OIEpaIlifHUX BHU-
TpaT Ha XMapHi PECypCcH Ta OJHOYACHOTO IiJBHUIICHHS
MIPOAYKTUBHOCTI CEPBICiB, TapaHTYIOUM TAKHUM YHHOM
OibIn e(heKTHBHE Ta EKOHOMIYHO BUTiIHE BUKOPHUCTAH-
HSI XMapHUX TEXHOJIOTIH.

BucHoBkH

JlocmimKeHHsT METOIB ONTHUMI3allil po3moIiry pe-
CypciB y MacITabOBaHUX XMAapHHUX CEPEAOBHIIAX, 3 OCO-

OmmBUM akieHTOM Ha BHKopucTaHHI Azure Cloud Ta
Terraform, BiIKpWJIO HOBI MEPCIIEKTHUBH VISl TIOKPAIIEH-
HS e(EeKTUBHOCTI, HAIIHHOCTI Ta €KOHOMIYHOCTI XMap-
HuX iH}pacTpykTyp. Po3pobneni Ta mpoaHaizoBaHi Me-
TOJIMKN JEMOHCTPYIOTh Ba)KJIMBICTh aBTOMATH3allii, Jie-
KJIApaTUBHOTO ONHCY iHQPACTPYKTYPH Ta BIPOBAIKCHHS
IHTENIEKTyaIbHOrO MaciuTaOyBaHHS Ul 33JI0BOJICHHS
3MIHHHUX MOTPe0 Cy4acHUX JIOAATKIB Ta CEPBICIB.

OCHOBHI BUCHOBKH pOOOTH:

1. ABToMaru3auis iHQPACTPYKTYpH 32 JOIOMOT OO
Terraform 3HayHO cCIPOILIY€E YNPaBIiHHA XMapHUMH
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pecypcaMu, 3a0e3redye BHUCOKY IIBUJIKICTb BHECEHHS
3MiH Ta HIATPUMKY BEJIMKOi KUIBKOCTI CepenoBHIN i
KOH(]Iryparliif, BOIHOYAC 3HIKYIOUM PU3UK JIFOJCHKUX
TIOMUJIOK.

2. lunamiyne macmrrabysanus B Azure Cloud, 30-
Kpema BUKoOpHcTaHHS Azure Autoscale, 1o3Boisie edex-
THBHO pearyBaTH Ha 3MiHH HaBaHTa)XCHHS, ONTHMI3yIO-
YH BUKOPHUCTAHHS PECYPCIiB 1 BUTPATH Ha XMapHi MOCITy-
TH, IPY [[bOMY MIATPUMYIOYH HEOOXiTHHH PiBEHb MpPO-
IOYKTHBHOCTI Ta JOCTYIIHOCTI CEpPBiCiB.

3. IaTerpamis iHCTPYMEHTIB 1 ATPOPM, TaKHUX 5K
Terraform 1 Azure, BigKpuBae JOAATKOBI MOMIIHBOCTI
JUIsL OUTBII THYYKOTO YIPaBIJIiHHS XMapHOIO iH(ppacTpy-
KTYpPOIO, J03BOJISIIOYM KOMIIAHISIM IIBUKO a/1alTyBaTH-
sl 10 3MiH Ha PUHKY Ta TEXHOJIOT1YHHUX iIHHOBAIiH.

BruuB ontumizauii Ha eKOHOMIYHY €(pEeKTHBHICTb
Ta MPOAYKTHBHICTh. AHalli3 BUTPAT 1 NMPOAYKTHBHOCTI
JI0 Ta MICJIA ONTHMI3alii SCKpaBO IEMOHCTPYE, o ede-
KTHBHE YIPaBIIiHHSI XMapHUMH pecypcaMH NPHU3BOINUTH

JI0 3HAYHOTO 3HW)KEHHS BHUTpaT — npuOmm3Ho Ha 30-
35% BiJ MOYAaTKOBUX 3HAYEHb, & TAKOXK JI0 MiBUILECHHS
MpoXyKTUBHOCTI cepBiciB Ha 10-15%. Lle minTBepmxye
Ba)XXJIMBICTh BIPOBAKCHHS! aBTOMAaTHU30BaHHX IHCTpPY-
MEHTIB YIIpaBJIiHHS Ta onTUMi3anii, Takux sk Terraform
i Azure Autoscale. BukopucTaHHS ITMX IHCTPYMEHTIB
JUTSL TOCATHEHHS OiNbII eeKTHBHOTO PO3IMOILTY pecyp-
CiB He TINMBKK 3a0e3redye CyTTeEBE 3HMKEHHS BHTPAT,
ane ¥ crpuse 301TBIICHHIO PEHTA0CIFHOCTI 1HBECTHUIIIH
y XMapHy iH}pacTpyKTypy, 3a0e3edyround BOJHOYAC
BHIIY SIKICTh HAJaHUX XMapHUX CEPBICiB.

3arajgoM, 3acTOCYBaHHS Cy4YacHUX IIAXOMIB IO
YIpaBJIiHHS XMapHUMH pecypcamy, Takux sk Terraform
JUISL JIeKJIapaTHBHOTO ONHUCY 1H(PACTPYKTYpH Ta iH-
CTPYMEHTIB aBTOMacIITa0yBaHHS B Azure, € KJIF0YeM JI0
mo0y10BH €(PEKTUBHUX, THYYKHX Ta CKOHOMIYHO BUTI[-
HUX XMapHUX pimeHb. OTXe, KOMIaHii, sKi aKTHBHO
BIIPOBAKYIOTh T4 ONTHUMI3yIOTh TaKi pIilICeHHS, OTpPHU-
MYIOTb 3HH)KCHHS BUTPAT.
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M ethods of modelling scaled cloud resources
Maksym Volk, Maksym Popovkin

Abstract. In the era of rapid development of cloud technologies, the main task is not only the research of existing
opportunities, but also the practical implementation of solutions aimed at optimizing the use of cloud resources. The purpose of
the article is to identify the most effective approaches to modeling cloud resources, which will allow organizations to achieve a
significant reduction in the costs of using cloud resources while simultaneously ensuring a high level of performance and
reliability of cloud services. The work offers effective strategies for automating the deployment and management of cloud
infrastructure based on the Azure Cloud platform and the Terraform tool. Modern research emphasizes the importance of
integrating automated management tools to increase the efficiency of cloud resource use, which includes the analysis of current
challenges in scalable cloud resources, such as load balancing, ensuring continuous availability of services and optimization of
resource use. An overview of optimization techniques demonstrates strategies for reducing costs and improving performance in
cloud environments. The results of the study are intended for a wide range of specialists in the field.

Keywords: cloud computing, scalable cloud resources, modeling methods, terraform, azurecloud, infrastructure

optimization, efficient use of resources, analysis and evaluation, performance, stability, cost effectiveness, resource integration,
infrastructure modeling.
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XapKiBChKHIA HAIlIOHATBHUN YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

OTJISL ITIXO/IB 10 3AXUCTY TPUBUMIPHUX MOJEJER
BIJI HECAHKIIIOHOBAHOT' O PO3NIOBCIOKEHHS

Anortanis. CraTTd NpucBIYCHA OTJIAY CyYacHUX MIIXOMIB 0 3aXHUCTy TpuBUMipHUX (3D) Moneneil BiJ HECaHKIIOHO-
BAHOTO PO3IOBCIOMKEHHS. Y 3B'I3Ky 3 PO3BUTKOM TEXHOJIOTiil TPHBIUMIPHOTO MOJICIIIOBAHHS Ta IIMPOKUM BUKOPHCTAHHSIM
3D Mogeneit y pi3HUX raiy3sx, IHTaHHS 3aXHCTY 1HTEJIEKTyanbHOI BIacHOCTI HaOyBae 0COONMBOI akTyasbHOCTI. Po3risi-
HYTO OCHOBHI METOJM 3aXHCTY, BKJIIOYAIOUHN KpUNTOrpadiyHi TEXHIKU, TU(PPOBI BOJSIHI 3HAKH, CTEraHOTpadilo Ta METOIH
MAaIIMHHOTO HaBYaHHA. [IpoBeleHO aHaNi3 IepeBar Ta HEAOJIKIB KOXKHOTO MiAXOMdy, a TaKOX iX e()eKTUBHOCTI B PI3HHX
KOHTEKCTax 3actocyBanHs. OcobnuBa yBara mpH/IiieHa HOBITHIM po3pobkam y chepi 3axucty 3D Moneneit Ta mepcreKkTu-
BaM iX MOJAJBIIOrO PO3BUTKY. Ha OCHOBI MpOBENEHOTO aHali3y 3alpONOHOBAHO PEKOMEHMALI] 1010 BUOOpPY HaHOiIbII
ONTUMAJILHUX METO/IIB 3aXUCTY B 3aJIEKHOCTI BiJI ciel(iKH BUKOPUCTAHHSA TPUBUMIPHHUX MOJIENICH.

Knao4oBi ciaoBa: TpUBHMIpHI MOJIEN, 3aXUCT IHTEJIEKTyalbHOI BIACHOCTI, KpunTorpadisi, udposi BosIHI 3HAKH, CTe-
ra"orpadis, MallMHHE HABYAHHS, HECAHKI[IOHOBAaHE PO3ITOBCIOKCHHSI .

Beryn

TpuBumipHi rpadidHi Moneni 3HAXOASATH IIUPOKE
3aCTOCYBaHHSI B KIHO, apxXiTeKTypi, irpax, BipTyajbHii
peanpHOCTI, aBToMaTH30BaHOMY MpoekTyBaHHI (CAIIP),
CHUMYILAIIl OpraHiB y MEIWIMHI, BIMCHKOBIH cIpaBi Ta
6ioirdopMaTHIi - 1 e JUIe aesKi 3i 6e3midi cdep 3acTo-
cyBaHHA. 3 TOsBOIO 3D-TeneBi30piB Ta JOCTYITHUX BHCO-
KONPOAYKTHBHUX 3D-BineoKapT Al HACTUIFHUX KOMIT-
rotepiB, 3D-Mopeni CTaroTh IIe OB PO3MOBCIOMKCHHU-
MH. A 3 HEPCHEKTHBOIO BUKOPUCTaHHS 3D-NpUHTEpIB Yy
no0OyTi pUHOK cTBOpeHHs LudpoBoro 3D-koHTEHTY ne-
pEeTBOpUBCS Ha OaraTOMuIbSIpIHY IHAYCTpit0. ICHYIOTH
BeO-caiitu [1, 2], siKi JO3BOJIAIOTH XYAOKHUKAM 3aBaH-
TaKyBaTu cBol poOoTH i nponasatu ui 3D-moneni. IcHy-
IOTh MOMIYKOBi cucteMu [3] mis momyky 3D-moznene, a
TaKoXX HHU3Ka IHCTPYMEHTIB JUIl CTBOpeHHs Takmx 3D-
Mozenel, 30kpeMa [4—6]. OHaK NPOEKTYBAaHHS Ta CTBO-
peHHST BUCOKOsIKiCHUX 3D-rpadidanx momeneil Bumarae
3HAYHMX HABUYOK Ta BUKOPWCTaHHS CHELiali30BaHOTO
MIpOrpaMHOTO 3a0e3IeueHHs Ta/abo o0aHaHHS, HAIIPHU-
KJ1ajl, Ja3epHHUX CKaHepiB. 3BakatouM Ha BHUCOKHUIl MOMUT
i momyssipHicTs 3D-Moeel, a TakoK BPaxOBYHOUH Bap-
TICTh, Yac 1 3yCHJUIS, HEOOXiTHI Ui CTBOPEHHS TaKHX
MOJIeNei, BUHUKAE 3arpo3a HIMPOKOTO PO3HNOBCIOYKEHHS
He3aKOHHOTO KoritoBanHsa 3D-mozeneit. BoasHi 3Haku -
METOJI, IKUH 3aro0irac HeJeralbHOMY KOTIOBAHHIO IS
XOM BCTaBKH IPUXOBAHOTO MOBiIOMIIeHHS B 3D-Mozens.

Meromu  ynpaBiiHHS =~ IHQPOBUMH  IpaBaMu
(DRM), 3acHOBaHi Ha TEXHOJOTISX MIM(PYBaHHS, B
MHHYJIOMY BUKOPHCTOBYBAINCS JUIS 3al00IraHHs KOMi-
IOBAaHHIO IH(POBHX MYJIbTUMEAIHHUX MarepiaiiB, sKi
notpi6HO Oyn0 pO3IMWHUQPOBYBATH 1 PO30JIIOKOBYBATH
MPOTATOM JCKiJIBKOX MICSIIiB, SKIIO HE TIKHIB a0o
IHIB. AnroputMmu muppyBaHHS He 3ajexaTh Bix ¢op-
MaTy MyJIbTHMEia, M TO ayaio, Bizeo, IiCHI 3 anb00-
MiB, (iTBMiB, €EKTPOHHUX KHUT a6o 3D-moneneit. Yu-
cnenni xomii 3D-monene#t [lpeka (3 ¢inpmy "Llpex"),
3D-monens [Nosutyma 3 ¢inemy "Boxopap nepcHiB" Mo-
*Ha 3HaWTH B [HTepHeti. ['oyuniByn ImIOpiuHO BTpayae
MUIBHOHM JI0M1apiB 4epe3 MmipaTchbki (inbMH, sIKi iHOAI
PO3IOBCIOKYIOTBCS 1II€ 10 TOTO, SIK BOHHM BUHIIIM B
KiHOTeaTpax. 3amo0irTi KOMil0BaHHIO MYJIbTHMEIIHHNAX
MarepiaiiB He JIMIIEC Ba)KKO, ajlle W BAXKKO BIJICTEXKUTH

mipatiB ab0 TOXOMKCHHA TMOPYIICHHS B JIAHIIOXKKY
quctpuOynii. He3Bakarounm Ha cyBOpe 3aKOHOJABCTBO
HaBiTh B CIIA, sxe Oyno mpuiiHATO 3aKOHOM TIPO 3a-
XHCT aBTOPChKUX npaB y mudpoBy enoxy (DMCA), Ta
CYZIOBi MMO30BH AMEPUKAHCHKOI acoliallii 3ByKO3aIuc-
Hoi inayctpii (RIAA), He3aKOHHE KOMiIOBAaHHS MYJIb-
TUMEAIMHUX MaTtepialliB mpoJaoBxyerbest i noci. Cuc-
temu DRM HamaraioThcst 3a0e3ME€UUTH aHTHITIPATCHKI
paMKH, siKi 0OMEXKYIOTh BUKOPUCTAaHHS KOHTEHTY HOTo
3akoHHNM KopuctyBadeM. [IpoBanr DRM, mo 6a3yeTbes
Ha IUQpPyBaHHI, MOXHA MIAKPECIUTH THUM, 1m0 Apple
BimmoBmiacs Bix ceoro FairPlay DRM B iTunes y cigni
2009 poxky [7].

BojisiHi 3HaKH - LIe TEXHOJIOTIS, sIKa BCTABJISIE IIOBI-
JIOMIICHHsT a00 KOl Y IM(pOBUI KOHTEHT. [Himiatusa i3
3axucty 1mbposoi My3uku (Secure Digital Music
Initiative, SDMI), koHcopLiyM KOMIaHiii My3U4HOI iHyC-
Tpii, y 2000 porii mpoBena 3maraHHs, 100 NEPEBIPUTH
HaJIMHICTh TXHIX TEXHOJIOTM HAHECEHHS BOIIHHUX 3HAKIB.
Enapn ®enron (Edward Felton) ta iioro xomannga 3
IpincroHckkoro Ta Paiicchkoro yHiBepcuteTiB [8] mepe-
MOIJIM BC1 YOTHPH aJITOPUTMH BOJSHHX 3HAKIB, THM CAMHUM
JIOBIBIIH, IO caMi TIO cO0i BOJISTHI 3HAKH € Hee(EKTHBHI-
vu. Oxnak, 3 2000 poky Oyiio MpoBeNEHO 3HAYHY Kijb-
KiCTh BaykIMBHX AociimkeHb. Y 2008 pomi Fox Studios
rovajia BUKOPHCTOBYBATH CHCTEMY BOZISHHMX 3HAKiB Ha
BUMOT'Y Ul aBTOMATHYHOIO 1 Oe3MepenikoaHoro BOy10-
ByBaHHS HETIOMITHOI iH(opMarlii B Ko>keH KaJp BiCOKOH-
TEHTY 3 METOIO 3aXHCTYy Bif] MpaTrcTBa. Xo4a METOIH I~
(¢pyBaHHS 1 BOAJHMX 3HAKIiB, KOJIM BOHU BHKOPHCTOBY-
FOTBCSI OKPEMO, BUSIBIIIMCS Hee()eKTHBHUMHM, KOJHM BOHH
BUKOPHUCTOBYIOThCSI pa3oM B pamkax DRM, BOHU MOXYTb
CTaTH MOTYXXHUM ITiIXOJJOM JUIsl BUSIBJICHHSI HE3aKOHHOTO
xormiroBanHs. Hanpuknan, gimem "Jlronu Ike: Pocomaxa" y
kBiTHI 2009 poKy HE3aKOHHO PO3NOBCIO/DKYBABCS 3 BHU-
MHMH BOJsIHUMH 3HakamHu "Rising Sun Pictures" y mipus-
roBux Mepexax (P2P), i Bpemrri-penit Oyo 3aapemToBaHo
oco0y, sKa 3aBaHTaXWIa Led QUM Ha calT
megaupload.com [9]. Xo4ya HasgBHICTP BOJISHOTO 3HAKY,
OYEBHIIHO, HE CIIpUsIa apeliTy, THM He MEHII, BiH JIaB
3MOTY JIOKaJli3yBaTH JDKEPENO BUTOKY iH(opmartii. st
KIHOCTYJI CTaj0 3BHYANHOIO MPAKTUKOIO TOJABAaTH BO-
JISTHI 3HAKH JI0 CBOIX TOTIEPEIHIX Bepcid (impMiB, 100
BIJICTE)KMTH NEPBICHOTO 3aBaHTaXKyBaya.
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Cran pocnimkeHb y cdepi HaHECEHHS BOJISHUX
3HakiB Ha 3D-moxeni (3D creranorpadisi) Bce e nepe-
OyBae Ha NMOYATKOBOMY €TaIll MOPIBHSHO 3 OIyO0IiKoBa-
HUMHU poboTamu y cdepi HaHeCeHHsI BOASHUX 3HAKIB Ha
300paxkeHHst Ta Bijneo. OnHaK JIOCBiJ, OTpUMaHHH B
KIHOIHIyCTpii, CBIAYUTH PO Te€, IO BOMASHI 3HAKH €
KHUTTE3AATHOIO TEXHOJIOTIETO, KA 3aTUIIUTHCA B TPEHII
i Moxke Oyrn mommpena Ha 3D-mozneni. Cporomui s
XYIOXHHKIB-aMaTOpiB HE € 3BHYAHHOIO TMPAKTHKOIO
BCTaBIIATH BOJISHI 3HAKH IIiJ] 9ac MPOIAXy CBOTO OPHTi-
HaTbHOTO 3D-KOHTEHTY HpOIABINO, i BOHHU IOBIPSIOTH
MPOJIABLIIO, 110 TOI HE MOPYMINTH MpaBa BIACHOCTI Xy-
nokHUKa. Xoda mpopaBui 3D-monened BUILIAYYIOTH
XYZOKHHKaM POSUITI 3a MpaBo BiacHOCTi Ha 3D-moneni,
HE icHye Oi3HeC-MOJeeH sl MiATPUMKH MepepO3Io/Ii-
ny 3D-mopenei, siki O 3aXUINany iHTEICKTyalbHI TpaBa
xyJnoxHuKiB. Hebarato poboTu Oyio 3po0ieHO 11010
HaHECEHHS JEKUTBKOX BOISHUX 3HAKIB U MiATPUMKH
Takoi Oi3HEC-MOJIeNi PO3MOBCIOHKEHHS depe3 TOPTOBHX
mocepeqHuKiB. TakuMm 4mHOM, icHye Oi3Hec-moTpeba B
HaJIHHUX alropuT™Max HaHeceHHS 3D BOASHUX 3HAKIB.

3arajbHUil NPUHIUN HAHECEHHS NU(POBUX
BOJAAHHUX 3HAKIB Ha 3D-Moneai

IMonironameHa citka (anri. Polygon mesh) — me
Halip BepmmH, pedep, Ta TpaHel, 0 OMHICYIOTh POpPMy
OaraTorpaHHoOro o0'ekta B TpPUBMMIpHIii rpadili ta TBep-
JOTLIOMY MOjetoBaHHi. ['paHi 3a3BUUail CKIIaJArOThCS 3
TPUKYTHHUKIB (CiTKa 3 TPUKYTHHUKIB), YOTUPUKYTHHUKIB, Y1
IHIIUX OMYKJIMX MHOTOKYTHHKIB, IIIO CIIPOIIYE TX peHjie-
PHMHT, XO04Ya MOXYTb BHKOPHCTOBYBAaTHCh 1 3arallbHIlli,
HEOITyKJIi MHOTOKYTHHKH, Y1 0araTOKyTHUKH 3 JIIPKaMH.
CIICOK BEpIIMH MICTUTh KOOPIHHATH Y TPUBUMIPHOMY
MPOCTOPi KOXKHOI BEpPIIMHM MOJIENi, a CIIMCOK TIpaHeH
omcye, K BEpIIMHU 3'€HaHi ofHa 3 0oaHOI0. CIHCOK
pebep Moke OyTH OTPUMAaHUHA IUIIXOM OOXOIy CIUCKY
rpaHeit 1 crvcKy BepmwH. Puc. 1 € mpukiiazoM KapKacHOT
CITKH.

Puc. 1. [Ipuknaj TpHKyTHOT CiTKH,
sIKa BUKOPHUCTOBYETBCS JUTsl 300pakeHHs enbdina

TexHonorii BOASHUX 3HAaKiB BOYZOBYIOTh HETIOMITHI
JIaHi B MyJbTUMEIIMHNN KOHTEHT. [IprxoBaHi naHi Ha3u-
BAlOThCA IMGPOBAMH BOMSHUMH 3HaKaMHd 1 MOXYTh
CKJIaZaTUCSA 3 YHIKQIBHOTO iIeHTH(]IKaTopa KOpUCTYyBa-
Ya, KpUNTorpadivHuX KIOYiB, MOBIIOMIICHb IIPO aBTOP-
CBKI IIpaBa, YMOB JOCTYITy 10 KOHTEHTY, JIOTOTHIIB, 30-
OpaxkeHb, OIOMETpMYHMX JaHMX abo iH(opmarii, o
6a3yeTbcst Ha KOHTEHTI. [Iponec BOy10ByBaHHS Ta ITOLTY-
Ky Iu(pOBHX BOASHHUX 3HAKIB BiOYBA€THCS 32 JIOTIOMO-
TOI0 CEKPETHOTO KIII0Ya, B SIKOMY MICTHThCS iH(pOpMAIList
Ipo T€, A€ 1 B AKiif Mipi OpUriHAJIBHUI KOHTEHT OYB 3Mi-
HEHWH 11 PO3MIIEHHSI BOJSHOTO 3HaKy. HermoMiTHICTR
€ BaKJINBOIO BIMOTOIO /10 KOXKHOI CXEMH HAaHECCHHS IIH-
(hpoBUX BOJSHUX 3HAKIB, OCKUTLKU BOJSHUN 3HAK HE TI0-

BUHEH CIIOTBOPIOBATH OPHUTiHAIBHUI BMICT a00 3aBaXKaTh
HOro BHKOPHCTaHHIO 33 NPH3HAYCHHSIM YU BUKOHAHHIO
¢yHkuii. HaniitHicts HeoOXinHa Ut TOrO, MO0 rapaH-
TyBaTH, II0 3BUYAiiHa 00pOOKa CHTHANIB, TEOMETPUYHI
omepauii Ta 37I0BMHCHI Moaudikauii He BIUIMHYTh Ha
BUSIBIICHHA 200 BiIHOBJIEHHS BOJSHOTO 3HAaKy. Mera mo-
Jsira€ B TOMY, 10O IMOJETIINTH BIIACHUKAM KOHTEHTY
JIOBECTH CBOE IIPABO BJIACHOCTI IIIAXOM BHIIyHYEHHS BO-
JTHOTO 3HAKY 3 MIpaTChKOro HOCIs, a MOTIM TOJaTH Mo-
30B MpoTH mopymHuKa. Ha puc. 2 Ta 3 mokazaHo nBa
KOMIIOHEHTH CHCTEMH 33aXHCTy BOASHUMH 3HaKaMu: BOy-
JIOBaHUI MPUCTPIH Ta AETEKTOP.

OPUT'THAJIbHUA

LUOPOBUIA
KOHTEHT

MEXAHI3M
BBYJIOBU
IIUDOPOBOT'O
BOJISIHOI'O 3HAKY

KOHTEHT 3
IHUOPOBUM
BOJISIHUM 3HAKOM

LUDPOBUIN
BOJISIHUM 3HAK

CXOBHIIE
CXOBHIIE KJIIOYIB
LU DPOBUI
BOJIAHUX
3HAKIB

Puc. 2. TexHooris HaHeCeHHsI (POBOTO BOISIHOTO 3HAKY

BUJIVYEHHSA

OPUTTHAJIBHUI
LU®POBUI [ LUPPOBOI'O
KOHTEHT - BOJISHOTO 3HAKY
KOHTEHT 3 JIETEKTOP
LMPPOBUM Bae  LIMOPOBOTO CTATUCTUYHE
BO/ISTHAM 3HAKOM BOJISTHOT'O 3HAKY TIOPIBHSIHHS

KJIOY |
ABO

OPUT'THAJIBHUI
LUOPOBUIA

LUDPOBUI

2 BOJISIHAN 3HAK
BO/ISIHUI 3HAK

Pe3yIILTaTI/I TECTY Ha CXOXKICTB

CXOBHIIE BOAIHUX
(POBHUX 3HAKIB

Puc. 3. TexHosorist BUsABIEHH [M(POBOrO BOJSHOTO 3HAKY

[porec BUSIBIICHHS BOSIHUX 3HAKIB MOXe OyTH He-
ciinuM (Tpolec MOMIYKYy BUMArae JOCTYITy JIO ITIOBHOTO
OPHI'IHAJIBHOTO BMICTY), HalliBCIINNM (JIETEKTOPY MOTpi-
OeH JocTym 1o Jesikoi mobiuHoi iHdopmarrii Ta/abo mud-
POBOTO BOJSIHOTO 3HAKY, ali¢ HE JI0 OPUTIHAILHOTO BMiC-
Ty) abo ciinuM (BUSBICHHS BUKOHY€EThCA 0€3 JOCTYITy 10
OpHTiHaIBbHOTO BMICTY). Hecminmi meTronu BHSBIEHHA €
OUTbII HAMIWHUMHM, ajie HETPAKTUUYHUMH JJIT BHKOPHC-
TaHHs B cucteMax DRM. OckinbKy HeCIIim METOAM BHU-
MararoTh, 00 OpHTiHAJIBHUI KOHTEHT OyB MOCTYHHHUIH
JIETEKTOPY, 11€ TIPU3BOJIUTH 10 HEOOXiAHOCTI TOCTYIY IO
OpHTIHATEHOIO KOHTCHTY 3 OOKY MpOrpaMHOTO 3a0e3re-
yeHHs cuctemu DRM, mo cTtBoproe aipy B Oe3melni cuc-
Temu. HamiBenim MeTonu € HaWOUThII TPUIATHUMHE IS
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BUKOPUCTaHHS B IIbOMY KOHTEKCTi, OCKLIBKH CJIiIi METO-
Il HE BIAIOBIIAIOTH BUMOraM HaJiHOCTI.

AJTOPUTMH BOJISIHUX 3HAKIB TaKOXK MO>KHa YMOBHO
MOAUIATH Ha Tieplle, Ipyre Ta TPETE MOKOJIIHHS BOASHUX
3HaKiB. [CHyrOUl aJIrOPUTMHU BOASHOTO MapKyBaHHS B LiH
cTarTi OyiM KiIacu(iKoBaHi Ha JBa TOKOJIHHS aJTOPHT-
MiB BOISHOTO MapKyBaHHs. [lokoiHHS KiacmdikoBaHO
Ha OCHOBI MOXKJIMBOCTEH aNrOpUTMIB. 3 KOKHIM HACTYTI-
HUM TOKOJIHHAM alNrOpPUTMH BOASHHMX 3HAKiB MaroTh
OLIBIIT MOXKITUBOCTI TIpH BOYIOBi, HE CIIPHYMHSIOUH TIPH
IFOMY TIOMITHHX CIIOTBOPEHb 1 3aJIMIIAIOYNCH CTIHKUMH.
Ha puc. 4 nokazano xiacugikaliiro aaropuTMiB 3a MOKO-
JIHHSIMU Ha OCHOBI JIOMEHY BCTaBKH.

METO/IN
HAHECEHHS
LIUOPOBUX
BOJISIHUX 3HAKIB

' , '

TIEPIIE I[TOKOJIIHHA JIPYTE ITOKOJIIHHS TPETE ITOKOJIIHHA

>

l

ITPOCTOPOBA
OBJIACTb

N

|

TIEPUTHA
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Puc.4. Knacudixariis anropurmis
3a ITOKOJIIHHSIMH Ha OCHOBI JIOMEHY BCTaBKH

OpurinanpHa
3D monens

MeTtoau TPeThOro MOKONIHHS IPYHTYIOThCS Ha ic-
HYIOUUX aITOPUTMAaxX IEPUIOro i APYroro MOKOJiHb, a
TaKOX BKJIFOYAIOTh TIOPHUIHI TOMEHH, IO TO3BOJSIOTH
00'emHyBaTH iH(GOPMAIIIO 3 PI3HUX JOMEHIB. 3amporo-
HOBaHI aJITOPUTMHU TPETHOTO MOKOJIHHS JOCHTIHKYIOTh
BUKOPHCTAHHS METOMIB OOYHCIIOBATBHOTO 1HTEIEKTY
JUISL BCTABKM BOJASIHUX 3HAKIB BHCOKOT €MHOCTI SIK Y
MIPOCTOPOBY 00IACTh, TaK i B 00JIaCTh IEPETBOPEHHS.

Bimpmr meranpHUil ommc anrOPUTMIB HaHECEHHS
IUpPOBUX BOJASHHUX 3HAKIB OYB BHCBITICHHH B OTJISAI
MeToziB HaHeceHHS 3D BomsHmX 3HaKiB [10], ToMy TyT
OyJie PeICTABJICHO JIUIIE KOPOTKUI OTJISLII.

Ilepiie moKoJiHHS MeTOIIB HAHECEHHS
uu¢poBUX BOASHUX 3HAKIB

AJNTOPUTMH TIEPIIOTO MOKOJIHHS BCTABJISIOTH BO-
JSIHUM 3HaK y MPOCTOPOBY OOJACTh, 3MIHIOIOYH MOJIO-
JKEHHs1 BEpLIMH a0o0 3MIHIOYHM 3B'3HICTH BepiuuH. Ha
pHC. 5 MOKa3aHO CXEMY aJrOPUTMIB HAHECEHHS BOJISHHUX
3HaKIB MEpIIOro MOKOMiHHA. O3HaKM BUTATYIOTBCS 3
npocTopoBoi obnacti. Cxemu 3D-BOoAHOTO MapKyBaHH,
sKi BOYJOBYIOTH JaHi B TIPOCTOPOBY 00JacTh, MOXKHA
PO3IITUTH Ha IIBI OCHOBHI KaTeropii: CXeMH BOASHUX
3HaKiB, m0 0a3yrOThCS Ha 3B'A3KAX, 1 CXEMH BOISHHX
3HAKiB, M0 0a3yrOThCS Ha TeoMeTpii. Cxemu mpocTopo-
BUX BOIMHHX 3HAKIB 3a3BHYail MEHII CTIMKI O TaKHUX
aTtak, SIK CTUCHEHHs i JnoiaBaHHS Liymy. OfHaK BOHH
BUTPUMYIOTh aTakd OOpi3aHHS 1 € MEHII CKJIaJIHUMHU.
ANTOpUTMH HAKJIAJaHHsS BOASHUX 3HAKIB HA OCHOBI 3B'sl-
3HOCTI - 11¢ AJITOPUTMH, SIKi SIBHO BUKOPHUCTOBYIOTb 3B'sI3-
HICTh CITKH (JIesIKi aBTOPU TaKOXK HA3MBAIOTh iX TOIOJIO-
rivanMu ocobsmBocTsamu). 1l cxemu, sik mpaBuiio, Oasy-
FOTBCSI HA 00XO/Ti BCIX TPUKYTHHKIB CITKH.

BEYJIOBA
MHUPPOBOI'O

3D mozensb 3
UU(pPOBUM BOASHUM
3HAKOM

BOJIAIHOI'O
SHAKY

Puc. 5. 3aranpHa cxema anroprUTMiB HAHECEHHS BOASHUX 3HAKIB MEPIIOTO ITOKOIIHHS

J11sl KOX)KHOTO TPUKYTHHKA, L0 3a/10BOJIbHSE (yH-
KIii JOITyCTUMOCTI, B JIOKAJNbHI 1HBapiaHTH BHOCSATHCS
HEBEJNWKI MOTUQIKaIii MUITXOM 3MIiHH TOJO0KEHHS CY-
CITHIX TOYOK. SIK HACIIOK, BOHH € YyTIHBHMH JO MO-
mudikamiid 3 momaBaHHAM Irymy. Cepenl HBOTO Kiacy
CXEM BOJSHHMX 3HAaKiB OyJiO 3anponOHYyBaJX YOTHPH
pi3HI aNropuTMH BOASHHUX 3HAKIB y MEpLIii omyOiko-
BaHiii po0oTi, mpucesiueHii 3D-BomsHuM 3Hakam. Lli
CXeMH BIAMOBIAHO Ha3uWBarOThCs Triangle Similarity
Quadruple (TSQ), Tetrahedral Volume Ratio (TVR),
Triangle Strip Peeling Sequence (TSPS) ta Macro
Density Pattern (MDP) [11, 12]. B crarrti [13] aBTOpH
BCTABJSIFOTH BHUIAIKOBHUI BOJSHHI 3HAaK Ha OCHOBI Koe-
¢iienTa MackyBaHHs y BepumnHax. KoegimieHT Macky-
BaHHS 0a3yeThcs Ha OLIHII CepeHbOI PI3HUI MK HO-
3MI€I0 Ta 3'€IHAHUMH BepIIMHAMH. Po3psiHicTh BeTa-
BJIEHOT'O BOJITHOTO 3HaKy cTaHoBuTh 100 Oit, anroputm
OyJI0 IPOTECTOBAHO Ha JABOX MOJEISX 3 KiJIBKICTIO Ipa-
He#t Bix 3 500 go 5 000 rpaHeii. AJTOPUTM HECIINOTO
HAHECEHHS BOJASHUX 3HAKIB BUSBUBCSA CTIHKUM 1O aju-
TUBHOTO MIyMy, cTucHeHHS MPEG4 ta aTak cripomeHHs
citku. OpmHaK CTIHKICTH anroputMy Oyna 3yMOBIICHA

0aratopa3oBHM BCTaBIJITHHSM BOJSHOTO 3HAKy Ta BHKO-
pHUCTaHHAM KOJIB 3 HAIIMIIKOBOKO CTIMKICTIO IO TTOMHU-
JIOK, a OT’Ke, HU3bKOIO 3AaTHICTIO 1O BOYIOBYBaHHSI.
AJNTOpUTME HaKJIaJIAHHS BOJISHUX 3HAKIB HA OCHOBI
3B'I3HOCTI - II¢ JITOPUTMH, SKi SBHO BHKOPHCTOBYIOTH
3B'I3HICTP CITKH (HESKi aBTOPU TAKOXK HA3MBAIOTH IX TOIIO-
JorivHIME ocoOnmBocTsamu). Li cxemu, sk mpaBmio, Oa-
3YIOTBCS Ha 00XO/Ii BCIX TPUKYTHHUKIB CiTKH. J[J11 KOXKHOTO
TPUKYTHHKA, IO 3aJ0BOJBHSE (DYHKIIl JOMYCTUMOCTI, B
JIOKaJIbHI 1HBapiaHTW BHOCSATHCS HEBENMKiI Mojudikarii
[UIIXOM 3MiHHM TIOJIOKEHHS CYCITHIX TOYOK. SIK Hacimisiok,
BOHH € YyTJIMBIMH 10 MOAXG(IKAIIiH 3 TOAaBaHHAM IIyMYy.
Cepen 11bOT0 KJIaCy CX€M BOJISIHHX 3HAKiB OyJIo 3amporio-
HyBaJIM YOTHPH Pi3HI aITOPUTMH BOJSIHUX 3HAKiB y Iep-
il omyOnikoBaHii poOoTi, npucBsyeHil 3D-BoasHUM
3HakaM. Lli cxemm BinmoBimHO HaszuBaroThes Triangle
Similarity Quadruple (TSQ), Tetrahedral Volume Ratio
(TVR), Triangle Strip Peeling Sequence (TSPS) ta Macro
Density Pattern (MDP) [11, 12]. B cratti [13] aBTOpHM
BCTABJISIFOTh BUIAJAKOBUI BOJSTHUI 3HaK HA OCHOBI Koedi-
Ii€eHTa MacKyBaHHsI y BepimruHax. KoedirieHT MackyBaHHs
0a3yeThCs Ha OINHIN CepeAHbOI PI3HUII MK MO3UINEI0 Ta
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3'€THAHIMU BEPIIMHAMU. PO3PSIHICTH BCTABICHOTO BOJISI-
HOro 3HaKy cranoBuTh 100 Oit, anroput™ OyJI0 MPOTECTO-
BaHO Ha JIBOX MOJEISIX 3 KUIBKICTIO rpaHel Bij 3 500 1o 5
000 rpaneil. ANTOPUTM HECIINOrO HAHCCEHHS BOJISHHX
3HAKIB BHUSIBUBCS CTIHKUM IO aJMTHBHOTO IMyMY, CTHC-
HerHst MPEG4 Tta arak cnporieHsst citku. OfHAK CTiif-
KICTh alropuTMy OyJia 3yMOBIIEHAa 0araTropaoBHM BCTaB-
JISIHHSIM BOJISTHOTO 3HAKY Ta BUKOPHCTAHHSM KOJIB 3 Hal-
JIMIIKOBOIO CTIMKICTIO O IIOMHUJIOK, a OTXKE, HU3BKOIO 37a-
THICTIO 0 BOYIOBYBaHHSL.

Jpyre noxoJiiHHS MeTOXiB HAHECEHHS
IHM(PPOBUX BOASTHUX 3HAKIB

IopiBHSAHO 3 MEPIINM TOKOJIIHHAM OyI10 3p0o0iIeHO
KiJIbKa YI0CKOHAJICHb, SIKi MIOKPAIIMIN XapaKTePHUCTUKH
3 TOYKH 30py EMHOCTI, HCBUIUMOCTI Ta CTIHKOCTi BOJIS-
Horo 3HaKy. Ha puc. 6 noka3zaHo GJIOK-CXeMy allrOpHT-

OpuriHanbHa

g [ITEPETBOPEHHSI
3D monens

BUWJIYUEHHSA

O3HAK

MiB BOASIHUX 3HAKiB PYrOoro MOKOJIIHHS.

ANTOPUTMH JIPYTrOro TOKOJIHHS BHKOPHCTOBYIOTH
Pi3HI NEpeTBOPEHHS I BCTAaBKU BOASHOTO 3HAKY B KOe-
¢itienTH 007aCTi MEPETBOPCHHS ISl MiBUILCHHS CTil-
KOCTi. Y JpyroMy TMOKOJiHHI Ui nekommnosuiii 3D-
MOJIeNTi A0 OB HU3BKOI PO3ALIBHOI 3MaTHOCTI BUKOPH-
CTOBYIOTBCS CIIEKTpajbHAa IEKOMIIO3HLIS Ta METOIH 3
JEKUTPKOMA PO3IUTHHUMHE 3JaTHOCTSIMH, TaKi SK BEHBIICT-
TIEPETBOPEHHSI Ta TMPOTPECHBHI CITKH, a BOISMHUI 3HAK
BCTaBIIEThCA B 0iTOBHII MOTIK. TakuM YHHOM, aJTOPHT-
MH JIPYTOTO TTOKOJIIHHS JO3BOJLIIOTH 3aCTOCOBYBATH IIijI-
XIiJl 10 HAHECEHHS BOASHUX 3HAKIB 10 IOTOKOBHMX CITOK 1
IIBULIYIOTh HAAIHHICTh alrOPUTMY, BCTAaBIISIFOYM BOAS-
HUH 3HaK 3 PI3HOI0 PO3AUIFHOIO 37aTHICTIO. BeiiBiner-
MepEeTBOPEHHs Jla€ OaratopiBHEBe mpejcraBieHHs 3D-
Mojeni. Ha xoxHOMy piBHI BEHBIIET-IEPETBOPEHHS B
3D-Moienb BCTaBIISIETHCS BOMSHUN 3HAK.

BBYJIOBA
LIIOPOBOT'O
BOJSHOI'O
3HAKY

3D monens 3
1U(pPOBUM BOISTHUM
3HAKOM

Puc. 6. 3aranpHa cxeMa aJIrOPUTMIB HAHECEHHS BOJISTHUX 3HAKIB APYroro MOKOJIHHS

TakuMm YHHOM, BOISHUI 3HAK ICHY€ HaBiTh NpPHU
OiIbII HU3BKIH po3ibHIl 3natHOCTI 3D-Mozeni. e nae
JIBI OCHOBHI IepeBard HajJ TPaJULiHUMHU IiIXOJaMU:
[Mo-mepinie, 11e J0rIOMarae 3aXMCTUTHCS Bill aTaKd METO-
JoM 3HIKeHol BuOipku. Ilpu arami 3 BHKOPHUCTaHHSIM
HU3XIIHOT JAMCKPETH3ALlT 3IOBMUCHUK 3HIDKYE PO3IUTHHY
3matHicTs 3D-Mozeni i, TAKAM YHHOM, 3MEHIIYE ii po3-
IUTBHY 3IAaTHICTH, MIO0 BUTATUTH BOASHHUNA 3HaK. Ale
OCKIJIbKU BOJISIHUI 3HAK BCTABIISIETHCS HABITH Y HIKIY
po3mineHy 3maTHiCTE 3D-Momeni, BiH HE 3HHIIYETHCAL.
TakuM 9YMHOM, TiIXiJ 3 BUKOPHCTAHHSAM JCKUTHKOX PO3-
IUTBHUX 34aTHOCTEH pOOWTH BOASHUM 3HAK CTIHKUM IO
arak. [lo-mpyre, OCKIIbKM BOJSIHUIN 3HAK JOMAETHCS Ha-
BITh IIPY HU3BKIH PO3/ALIBHIN 34aTHOCTI, KUIBKICTD JI0/a-
HOTO BOJSTHOTO 3HAKy € OlIBIIOI, HDK BOMSHHN 3HAK,
JoaHuii 0e3 aHamizy 3 JEKiJIbKOMa PO3AUIBHUMHM 3J1aT-
HocTsiMu. [le 30iblilye €MHICTh BOJSIHOTO 3HAKy, IO

BWJIYYEHHS
O3HAK

OpurinaabHa
3D mozens

TIEPETBOPEHHS

ONTUMIBALILA
KIIACUDIKAILA

MABUIIY€E CTIHKICTh JO TAKHX aTak, SK 3TJIAJKyBaHHS,
o0pi3aHHs Ta jpojaBaHHs myMy. OOMEXeHHsM BeHBIeT-
METO/IIB € Te, IO CiTKa MOBMHHA MaTH 3B'I3HICTE Bix 1 10
4 migpozniniB. BeliBner-nepeTBOpEHHSI MOXHA 3aCTOCO-
BYBaTH JIUIIEC 10 CITOK 3 HAMIBPETYJISAPHOIO 3B'SI3HICTIO
yepe3 MpoIIeC YSTBEPTHHHOTO MO LT/ CIIPOIICHHSI.

TpeTe NOKOJIHHA METOAiB HAHECEHHS
un(ppoBUX BOASHUX 3HAKIB

MeToau HaHECEHHsS BOASHUX 3HaKiB TPETHOTO TO-
KOJNIHHS 0a3yIOThCS Ha METOHax IEpIIOTO i IPyroro
MTOKOJiHb, MOJAOYX IHTEICKTyalbHUH PIBEHb ONTHUMI-
3arii I BCTABKHA BOJSHMUX 3HAKIB BUCOKOI IIIIBHOCTI.
TakuMm 9WHOM, IIi aNTOPUTMH MOXYTh OYTH PO3IIUpPEHi
JUIE BUKOPHCTAHHS HAa MOTOKOBUX citkax. Ha puc. 7
MOKa3aHO OJIOK-CXEMY QJITOPUTMIB HAKJIAJAaHHSI BOJIS-
HHX 3HAKiB TPETHOT'O IIOKOJIHHS.

BBYJIOBA
LIU®POBOI'O
BOJISIHOI'O
3HAKY

3D mozens 3
nu(pOBUM BOISTHUM
3HAKOM

Puc. 7. 3aranpHa cxema adropUTMIB HAHECEHHS BOASHHX 3HAKIB APYTOro MOKOIIHHS

HaHeceHHsT BOASHUX 3HAKiB MOXKHA PO3TIISIATH SIK
ONTUMI3aIliHy 3a7a4y, 6 METOI0 € MaKCHUMIi3allisl Kijlb-
KOCTI BEpINMH [l HAHECEHHS BOASHHUX 3HAKIB, 4 TAKOXK
MaKCHUMI3allisl KiJbKOCTI BOMSHMX 3HAKIB, SKI MOKHA
BCTABHTH, HE CIIPUYUHSIOYHN TIOMITHUX CIIOTBOPEHb. Me-
TOJU TPETHOTO IOKONIHHS TAKOXK IOIIUPIOIOTHCS Ha ai-
TOPUTMH JUIA KPUXKHX BOJSIHUX 3HaKiB. HoBu3Ha i€l
po0OTH ToONSATaE B OIHII METOMAIB OOYHCITIOBAIEHOTO
IHTEJICKTY /IS BHPIIICHHS MPOOJEMH BCTaBKH BOASHHX
3HAKIB BHCOKOI IIIIBHOCTI SIK ONTHUMI3aliiHOI 3aaadi.
EBosrontiiiHi MeToIH, Taki SK TEHETHYHI aNropuTMH, Oy-

U BKJIFOYECHI B i€ IMOKOJIIHHS. AJTOPUTMH Ha OCHOBI
HEYITKO{ JIOTIKH Ta HEHPOHHUX MEPEX TAKOXK BXOMSTH J0
i€l HOBOT TeHepamii alropuT™MiB. Sk mpuKiIag B poOOTi
[14], B siKiii aBTOPH BUKOPHCTOBYBAJIM KBaIpaTH4HE PO-
rpamyBanHs (QP) st obmexeHoi ontumizarii 3D-ciTok.
Byno 3anpornoHoBaHO METO/ Ha OCHOBI TiCTOTpaMHy JIst
HaHECEHHS BOIIHUX 3HaKiB Ha 3D momiroHajgbHI CiTI 3a
JIOTIOMOT'0I0 KBaJ[paTHYHOTO POrpaMyBaHHs ISl MiHIMi-
3amil CcepeHBOKBAAPATUYHOI TTOXUOKA MiX BHXiJHOIO
CITKOIO Ta CITKOIO 3 BOASHMMH 3Hakamu. OnHaK e me-
TOJl Ma€ TPYAHOII B POOOTi 3 BENUKUMH CITKaMH dYepe3
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oOMexeHHs ckiagHocTi icHytounx QP-poss's3yBauis. He
ICHy€ OJ/IHOI OIy0JIiKOBaHOi poOoTH, sika O JOCIIIKY-
BaJla BUKOPUCTaHHS T€HETHMYHUX aITOPUTMIB, HEUITKOI
JIOTiKK 200 IUTyYHHX HEHPOHHUX MEpe ISl HAHECEHHS
3D BomstHuxX 3HakiB. OjHak reHetryHi anroputmu (IA),
HediTka norika (HJI) i mry4ni sefiporni mepexi (LITHM)
3 YACTKOBHMM YCIIXOM BHKOPHCTOBYBAINCS [UIS1 HAHECCH-
HS BOJISHUX 3HaKiB Ha 300pa)keHHS 1 Bieo.

BucnoBku

3D creranorpadisi € BiITHOCHO HOBOKO Ta TEPCIICK-
THUBHOIO Tally33l0 JOCHTIKEHb, IO O00'€lHYE acleKTH
koMn'forepHoi rpadiku, kpunrtorpadii Ta iHGopmauiiHol
Oesriexn. Y xofi oriany Oylio BUSBIICHO KibKa KITFOYO-
BUX HAIPsAMIB Ta TEHICHIIIN PO3BUTKY i€l cepu:

— BuKopucTaHHA 3D mozeneil 1 MpUXOBYBaHHS
iHpopmamii 3a0e3mnedye BUMHN PiBEHb 3aXHCTy HOPIB-
HHO 3 TpagunidauMu 2D Metomamu. lle oOymoBieHO
ckiamHICTIO Ta OarartoBuMipHicTio 3D 00'ekTiB, IO
YCKJIaJHIO€ BUSBJICHHS 1 BUTAT PUXOBAHHUX JIAHUX;

— icHye Oararo meroniB 3D creranorpadii, Takux
SK METOJY Ha OCHOBI T€OMETPUYHUX BIIACTUBOCTEH,
CIICKTPAJILHOTO aHaJi3y, TOMOJOTTYHUX 3MiH Ta METOAM
3 BUKOPUCTaHHSAM TEKCTYp i MarepianiB. KoxeH 3 MeTo-

JIiB Ma€ CBOI MEpeBaru Ta HEJONIKH, [0 POOUTH iX IpH-
JaTHUMHU JUIsl Pi3HUX 3aCTOCYBaHb;

— 3D creraHorpadist 3HaXOAUTH 3aCTOCYBaHHs B Oa-
raTthOX Taly3siX, BKJIIOYAIOYHM 3aXHCT IHTENEKTYaJIbHOI
BJIACHOCTI, Oe3meuHuii OOMiH MEIUYHHUMH JaHHMH, Biii-
CBKOBI TEXHOJIOTII Ta po3Baru. Lle CBiqUUTH PO MIHPOKY
KOPHMCHICTD Ta IOTEHITiaJ [UIS TTOJANTBIIUX JTOCTIPKEHb;

— mompH 4mcieHHi mepeBaru, 3D creraHorpadis
CTHUKAETHCS 3 NMEBHUMH TEXHIYHUMH BHKIMKAaMH, TaKH-
MU K HeOOXiIHICTh BUCOKHAX OOUHCITIOBAIHHHUX MOTYXK-
HOCTeH, CKIIQJHICTh Y CTBOPEHHI CTIMKUX 7O aTak MeTo-
B, a TAaKOX MUTAHHS CTaHIAPTH3aLlii Ta CyMiCHOCTI;

— MOJANBIII JOCIIPKEHHS B il chepi MOKYTH 30-
CepeIUTUCST Ha PO3BUTKY OLIBLI CTIMKHX AJTOPUTMIB
creraHorpadii, iHTerpauii 3 iHIIUMH TEXHOJIOTIIMH 3a-
XHCTY JIaHHX, a TAKOK Ha BUPIIICHHI IPOOJIEM CyMiCHO-
CTi Ta CTaHAapPTHU3ALII.

3aramom, 3D creranorpadis € mepcrneKTHBHOIO Te-
XHOJIOTI€10, III0 M€ MOTEHIIial JUI 3HAYHOTO BIUIUBY Ha
ramy3b iHpopmaniiiHoi Oesneku. [Toganpmi gocmimkeH-
HS Ta PO3BHUTOK y Wil cepi MOXKYTh CIPUSITH CTBOPCH-
HIO OUThII €)EeKTHBHUX Ta OE3MEUYHUX METOJIB 3aXHCTY
JaHUX, a TAKOX PO3LIMPEHHIO MOXIIMBOCTEH BHUKOPHC-
taHHs 3D TexXHOJIOTIH y pi3HUX rany3sx.
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Review of approachesto protecting 3D models from unauthorized distribution
O. Galitska, N. Bolohova, D. Kibirev, O. Skiba

Abstract. The article is devoted to a review of modern approaches to protecting three-dimensional (3D) models from unau-
thorized distribution. In connection with the development of three-dimensional modeling technologies and the widespread use of 3D
models in various industries, the issue of intellectual property protection is of particular relevance. Basic security methods are covered,
including cryptographic techniques, digital watermarks, steganography and machine learning methods. The advantages and disad-
vantages of each approach, as well as their effectiveness in different application contexts, are analyzed. Particular attention is paid to the
latest developments in the field of protecting 3D models and prospects for further development. Based on the analysis, recommendations
are proposed for choosing the most optimal protection methods depending on the specific use of three-dimensional models.

Keywords: 3D models, intellectual property protection, cryptography, digital watermarking, steganography, machine
learning, unauthorized distribution.
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! XapkiBChKuii HAIIOHATBHUI YHIBEPCUTET PaIiOENEKTPOHIKHY, XapKiB, YKpaina
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Cnoco0u MeTpUYHOI rPaHyYJISIl AJI5 ONUCY 300paxeHb y 3a1a4i KiaacuPikamii

Anortanis. [IpeaMeToM NOCHIIKEHb CTATTI € METOMU KiacuQikalii 300paXkeHb y CHCTEMax KOMII IOTEPHOTO 30pYy.
Merta — yIOCKOHAJICHHSI CTPYKTYPHHX METOJIB KiIacu]ikarii 3a1s MiABUIIEHHS X MIBUAKOIIT IUITXOM BIIPOBAIKEHHS pe-
JyKOBaHOI CHCTeMH Kiacnu(ikaliifHuX 03HaK Ha MIAIPYHTI 34iHCHEHHS IPaHyJIALI]l eTaOHHUX ONHCIB. 3aCTOCOBaHI METOMH:
JIETEKTOPH KIFOUOBUX TOYOK brisk Ta orb, amapaT Teopii MHOXXHH 1 BEKTOPHUX IPOCTOPIB, METPUYHI MOJENI KIacTepu3amii i
TpaHyJIALii BEKTOPIB, MOJEINI «MIILIOK CIIiBY 1 TOJIOCYBaHHA I Kiacuikalii, mporpaMHe MoJieNtoBaHHsA. OTpUMaHi pe3yib-
TaTu: po3pobieHo Moaeni i TpaHchopMallii Omicy 300pakeHb Y BUIVISIII HA0OpY KIIaCTEPHHUX LICHTPIB 1 MOOYI0BU pemy-
KOBAHOTO OMNCY 3 BUKOPUCTAHHSAM I'paHyJIALI] 3a MOAI0HICTIO BEKTOPIB, AOCIIKEHO IIBUAKICHI MeTOIU Kiacudikawii 30-
OpakeHb Ha OCHOBI BIIPOBaKEHHS TpaHC(HOpPMOBaHHUX OMHCIB. Pe3ynbTaTuBHICTH po3pobieHnx Moaudikamiii kiacudika-
TOpa 3aJIeKUTh BiJl CIOCOOY TpaHyJIsILii JaHKX 1 BiJ MapaMeTpiB MOPOTiB Ha eKBiBAJICHTHICTh BEKTOPIB, MiHIMYM 3HAUCHHS
METPHUKH 1 YHCIIO TOJIOCIB IECKPHUIITOPIB IS KJIacy — MEPEMOXKI y CXeMi roJIocyBaHHs. 3allpOIIOHOBAHO MOOYAOBY iepapxi-
YHOT CHCTEMH O3HAK 3 KiJIbKOMa PiBHAMH rpanyisimii. Ha mixcrasi BpoBamkeHHs Moandikariif Branocs B COTHI pa3iB CKoO-
pOTUTH OOUHCITIOBAIEHI BUTPATH IpH 3a0e3eueHHI pe3yIbTaTHBHOCTI Kiacu]ikamii Ha HaBYaIbHIN BuOipmi nanux. [Ipak-
TUYHA 3HAYYIIICTh POOOTH MOJATAE Y MOOYAOBI IPOrpaMHUX MOJeNel I 3AIHCHeHHs MBUIKICHOT Knacudikaii, marsep-
JOKEHHI MPane3aaTHOCTI 1 TOYHOCTI 3apONOHOBAaHUX MOAWGIKAIii 1 mpuKiIagHoi 6a3u 300pakeHb, CTBOPEHHI IpOrpam-
HOT'0 3aCTOCYHKY I BIIPOBaKEHHS Moau(pikamiil kacu(ikaTopiB y KOMIT I0TepHOMY OadeHHi.

Kaw4oBi c1oBa: KoM’ IOTEpHUIA 3ip; CTPYKTYpHI MeTOIU Kiacu(ikallii; MHOKHHA AECKPUIITOPIB; KJIacTepu3amis, Ipa-

HYJISILiS BEKTOPIB, TOUHICTH KiIacH]ikarii.

Beryn. AHadi3 JgiTepaTypHuX aaepedt

Ha croronni oxHi€ro i3 HaWOLTBII BaroMwx IIpo-
67eM y cucTeMax KOMITIOTEPHOTO 30pY € 3a0e3NeueHHs
HEOOXITHUX IMOKa3HUKIB IX MPUKIATHOTO (YHKIIOHY-
BaHHS, 30KpeMa, TOYHOCTI Ta MIBHIKOIiT 00pOOICHHS J1a-
Hux [1-4]. Oco0aMBO aKkTyaJbHOI € BUPILICHHS Ii€i
pobsemu 11 3a1a4 Kiacudikailii Bi3yanbHUX 00'€KTIB,
JIe BUKOPHCTOBY€EThCSI 3HAUHA KUIBKICTD TPOTOTHUIIIB KJIa-
ciB, 00pas3u SIKMX NOAAITHCS Y (POPMI MHOXKHHH BEKTO-
piB [2, 5]. TpaauuiiiHo Taki 3ajadi BiIHOCSTBCS JIO
ctepu big data i moTpeOyOTh 3MiIHCHEHHS 00 €MHOTO JIi-
HIHOTO TONIYKY y 0araTOBUMipHOMY IIPOCTOPI TaHHX.

3apa3 IHTEHCHBHO PO3BUBAIOTHCS CTPYKTYPHI Me-
Tonu Kiacudikamii, ne kinacudikaniiiHe pirmeHHs 6a3y-
€ThCS Ha TIOHAaHHI 300pakeHHS y (OopMi MHOXKHHH Jie-
CKPHIITOPIB KIFOYOBHX TOUOK [2, 6]. Jleckpunropu Kito-
yoBux To4oK (KT) dopmyroTsest crienianbHUMu (iibT-
pamu — getektopamu [7, 8]. Y CTpyKTypHUX MeTOlIax
nporec kinacudikamii 371HCHIOETBCS 32 MOJCIUTIO «Mi-
IIOK CIiB», a KJ1ac 00’ KTy BU3HAYAETHCSA 32 PE3yIBTaTOM
TOJOCYBaHHS CKJIAZOBUX KOMIIOHEHTIB — JECKPHUITOPIB
posmisHaBaHoro 06’ekty [2]. Taki MeToan MaiOTh mepe-
Baru Iepej Cy4acCHUMH HepoMepexamHu, Tak sK 0asy-
I0ThCS HA Y3TOJUKEHHI 3 OIIMCOM UM IIapaMeTpaMu eTajo-
HIB 1 He MOTPeOYIOTh JOBrOTPHBAIOro HaByaHH:. Kpim
TOTO, TPH iX 3aCTOCYBaHHI € MOXIIMBICTh ONEPaTUBHOI
3MiHM CKJIay 0a3M €TaJOHIB i IPUHHATTS PillIEHHs 33 OK-
peMUMH JIETAISIMH Bi3yaslbHOTO 00’€kTy. DyHKITiOHaN
amapary JAeCKpHIITOPiB Ma€ HEOOXiJHY B peaTbHUX yMO-
Bax BJIACTHBICTh iHBAPiaHTHOCTI 10 TEOMETPUIHHX TIEpe-
TBOPEHb 00’ €KTIB Y TIOJI 30py.

OpmHuM i3 CcHOCOOIB 3HMKEHHS PECypPCOEMHOCTI
MIPH BIPOBAPKEHHI CTPYKTYPHHUX METOMIB € 3acCTOCY-
BaHHSA 3aC00iB TpaHyJIAIil TaHUX 13 GOpMyBaHHIM Kac-
TepiB, XCII-KOMIKKIB YM OIiHIOBaHHS IeHTpiB [9]. Taki

CIIOCOOM MOYKHA BBa)KATH METPHYHOIO TPAHYJISALIEI0, TAK
SIK BOHU 0a3yIOThCSl Ha OLIHIOBaHHI OJIM3bKOCTI JJAHUX 3
BUKOPHUCTAHHSIM METpHKHM abo mapamerpiB nanux [10,
11]. 3a paxyHOK BITpOBaP)KEHHS TAKUX IiJIXO/IB CYTTEBO
TTOKPAIIYETHCS IIBUIKOIISI OOPOOJICHHS 3 JIOIYCTHMHUM
3HIDKCHHSM ITOKa3HUKAa TOYHOCTI Kiacudikamii. OmgHak
JOCSITHEHHSI HeOOX1THNX 3HAU€Hb KPUTEPII0 PEe3yJIbTaTH-
BHOCTI OTpeOye OLTBIT TIMOOKOTO BUBYCHHS YCIX MOXK-
JMBOCTEH 1 HIOAHCIB NMPHKIAJHOTO 3aCTOCYBaHHS ara-
pary rpaHy’suii 3 HeOOXiIHICTIO MiITBEpXKEeHHS 00'€K-
THUBHOCTI 1 YHIBEpCaJIbHOCTI LIbOTO anapaty y cdepi iH-
TENeKTyaJIbHOTO aHali3y 0araTOBUMIPHHUX JaHUX. 30K-
pema, € motpeba y BIPOBAHKEHHI OUIBII MPOCTHX y MO-
PIBHSIHHI 3 KJIacTepU3aIli€eld 3aco0iB (OpMyBaHHS pe-
3yJIbTATUBHUX YU HAaWOUIbLI iHOPMATHBHHUX MiIMHO-
JKUH JIaHUX CTPYKTYpHOro onucy [2, 11], a TakoX BUKO-
pPHUCTaHHS PO3JIUIBHUX CXEM ISl KJIACTEPHOT'O MOAAHHS
€TaJIOHIB Y CTBOPEHUX MOAM(DiKaIisIX IIBUIKICHIX METO-
IiB KIacudikarii.

VY crarsx [3, 5] po3rmIIsIHYTO TPH OCHOBHI CIIOCOOH
OTpPUMaHHS PEeIyKOBaHO! CHCTEMH O3HAaK HAa TPHUKJIAIi
METPUYHOTO KPUTEPito iHGOPMATHBHOCTI I KOXKHOTO
eJIeMEeHTa MHOKHWHU JIeCKpHUNTOpiB onucy. Lle Taxi, gk:

1) Binbip ¢ikcoBaHoi KiNbKOCTiI iH(OPMaTHBHUX
O3HaK;

2) BU3HAYEHHS YHCiIa O3HaK i3 iHGOPMATUBHICTIO
BHIIIE 3aJITaHOTO TIOPOTY;

3) popmyBaHHs iHPOPMATHBHOI IMiAMHOXHUHH 03-
Hak, 1110 3a0e3nedye HeoOXiHY Pe3yJIbTaTUBHICTb.

Po3pobinsitoTbest TakoK OLTBII  pecypco3arpaTHi
cniocobu, Hampuknaa Relief [12], ne pemykoBaHa MHO-
XKHHa (OPMYETHCS BUITAAKOBOIO IPOLEAYPOIO aHaIi3y
Ha yCili HasIBHIA MHOXWHI JaHUX 3 BU3HAYCHHSM OTTH-
MaJIbHUX BiZICTaHEH IO CBOTO 1 4y»O0ro KiaciB. [lepcrek-
THBHHM BBa)Ka€ThCS TAKOXK 3aCTOCYBaHHS OIIHOK iH(MOP-
MAaTHUBHOCTI Ha 0a3i eHTpiB naHux [5, 13].
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KnactepyBaHHs € 0THUM 13 HAHOLIBII €PECKTUBHUX
MPUKIAJHUX MIAXOMIB, IO 3AIACHIOE AampPOKCUMAIII0
JaHUX LUIIXOM IOOYIOBH JESKOi CHUCTEMH LIEHTPIB
knactepiB. 1lIBuakoxmis o0OpoONEHHS MiABHILYETHCS
MIPOTOPIIIHHO 3MEHIICHHIO Yncia neHTpis. [Ipu npomy
YHCIIO ICHTPIB € MapaMeTpoM, SIKHM MOKHa KepyBaTH
3amrss  3abe3redeHHsS HEOOXiAHOI Pe3yIbTaTHBHOCTI
knacuikamii [10, 14].

EdexTrBHA B 00YHCITIOBATBHOMY IUTaHI ifesl 010
moOyIOBH 1HTETpalbHUX O3HAK 300pa’kKeHHs peaizy-
€ThCs TipamiganbHuM oxaHHsaM [16, 17]. lipamigansHa
CTPYKTYypa JIaHHMX JIa€ MOJKJIUBICTH CYTTEBO CKOPOTUTH
OararomacmTabHUI 00CsAT 30poBOT iHPOPMALii HUITXOM
IHTErpyBaHHS SICKPABOCTI ISl IPOCTOPOBO OJIN3BKUX KO-
OpAMHAT MiKceniB 300paxenHst. Takuil miaxia rpaHyo-
BaHHS JIOLIEHO MOLUIUPHUTH 1 HA ONUC Y (OPMi MHOKHUHH
JICCKPHUIITOPIB. 3arajioM iest rpaHyisifil JaHux HaOyJia
MIOITYJISIPHOCTI Y CHCTeMax po3mi3HaBaHHA 00pa3iB [20].
Pi3Hi acriekTH BUKOPUCTaHHS HOBITHIX CIIOCO0IB popmy-
BaHHA €(EKTHBHOTO IPOCTOPY O3HAK y KiIacH(ikaTopax
300pakeHb 0OTOBOPIOIOTECS Y poboTax [22-25].

3ocepenuMocss Ha BHBYEHHI 1 EKCHEPHMEHTAIb-
HOMY BIPOBaJKEHHI CIIOCO0IB aHaNi3y JaHUX, 110 0a3y-
I0ThCS Ha BITHOIIECHHI IPaHyJIsILii HA MHOXHHI JJECKPHII-
TopiB. i KoHKpeTu3aii po3risiHeMo OiHapHE BiTHO-
LIEHHS JUIA Nap METPUYHO HAMOIMKYMX eJIeMEHTIB
OIIUCY, B pe3yJIbTaTi IPaHyJIsLil y peAyKOBaHOMY CIIUCKY
3aJIMIIAETHCS TIIBKU OJIMH 13 HUX.

3agagaMu JTOCTIHKEHHS € OIpPAIFOBAaHHSA HOBITHIX
Mosudikariii cnocobiB TpaHyIIii OMICIB IS BIpPOBa-
JDKSHHS Y KacudikaTopax 300paKeHb, aHai3 X eeKTHB-
HOCTI y TIOPIiBHSUTFHOMY aCIIeKTi 3 TPaUIIIITHAM METOIOM.
VBara 30ocepe/keHa Ha alpoOKCHMAIlil OMHCY 33 PaxyHOK
CKOPOYCHHsI KUTBKOCTI HOTO iHTPEMIEHTIB 32 TPHHIUIIOM
MOIOHOCTI, a TAKOK HA PO3ALILHOMY CIIOCO0I KIacTepy-
BaHHsI JUIs ONHUCIB eTanoHiB. [[pakTHUHUMH MOMEHTaMH €
BUBUEHHS pE3YJIbTATUBHOCTI  (IIBUIKOAIi, TOYHOCTI)
BIIPOBAJPKEHHS TIPOMIOHOBAHUX MOIUGIKAIiil IpocTopy
JIaHUX Y MeToJIaxX Kiacu(ikaliii MusixoM NpoBeIeHH eKc-
MIEPUMEHTAJIBHOTO OIIHIOBAHHS 33 HACIIIKAMH MPOTrpaM-
HOT'O MOJICJIIOBAaHHS JUTS TIPUKIIaAHOI Oa3K 300pakeHb.

dopmadnizanis CTPYKTYPHOI0 METOAY

bynemo 3aiiicHioBaTH Kiacudikaiito y pamkax ¢i-
KcoBaHoi 0a3u i3 N eranoHiB (IPeICTaBHUKA YU MPOTO-
TUNHN KJaciB) y Gopmi aeskoi MHOxuHHM E onmcis era-
nouHux 300paxens: E = {E{ E, ...,Exy}. MHoxuHa E —
e (hakTMYHO HaBUYaJbHA BHUOIpKa, SIKa OJHOYACHO € IIiJI-
IPYHTSIM JuIsi I0Oy10BH KitacudikaTtopa Ha 0a3i 3icTas-
JIeHHA 3 eTajoHoM [2, 5]. Koxxuwuii etanonuuii onnc Ey y
(dopmaiizMi kiacudikaropa pernpe3eHTye OKpeMHi Kiac.
Knac k 3 oricom Ey hopmanibHO BU3HAYAEMO SIK HECKIH-
YeHHY MHOXXHHY 300pa)XeHb, OTPHMAHHUX 13 €TaJOHY
(mpoToTHN Kiacy 3 HOMepoM K) IIIsIXoM 3acTOCYBaHHS
JI0 HBOTO OaraTonapamMeTpuyHOl rPpyNu FeOMETPUYHUX
MepEeTBOPEHb, siKa HaluacTille y MPUKIaIHUX 3aCTOCY-
BAaHHSAX BKJIIOYA€E 3MIlIEHHS, TOBOPOT, MACIITa0yBaHHS,
JIist SIKKX HE BUBOJSITH 00 €KT iHTepecy i3 mouis 30py [18].
CyuacHi JIeTeKTOpH KIIOYOBUX TOUOK, Harpukiag ORB,
BRISK, AKAZE 3a0e3ne4yloTh iHBapiaHTHICTb OTpUMa-
HOTO OMHUCY A0 TaKOi ITpyIu NepeTBopeHs [6—8].

Ommc eranmony Ey = {e,(k)};-,, Ex S B", moxa-
€MO SIK CKIHUCHHY MHOKHHY IOTY)KHICTIO B S JIECKPHII-
topiB KT y npocropi B" 6inapHux Bekropis, e, (k) € B",
s = cardEy — yncio gecKkpunTopiB y MHOXKHUHI. Y CSKUH
neckpuntop e, (k) y ckmani 6asu E xapakrepusyerbcs
napamerpoM Kk HomMepy Kiacy, a 3arajoM 4ucio O3HaK —
JIeCKpunTopiB y 0OasoBiii MHOXHHI E  ckianmae
cardE = sN.

[Tpomec R crpykTypHOi Kitacudikarii 3MiHCHAMO y
nBa etanm 9K R = Ry,R;, me eranm Ry peanizye mokanbHe
pIOIEHHS CTOCOBHO KJIaCy OKPEMOTO JECKPHITOPa
00’exTy, a etan R, Ha mifcrasi pimeHs (rojociB) KOMIIO-
HEHTIB yChOTO CKJIaIy ONHCY OTPHMYE 3HAueHHs Hapa-
MeTpa KJ1acy Ul aHaJli30BaHOTO 00’ €KTY.

Knacudikarop R, mepmioro eramy peaisye mo-emne-
MEHTHHH aHami3 BXigHoro onmcy Z = {z,}5—; 06’ekra i
BIZTHOCHTb KOKHHH JIECKPHIITOP Zy, € Z 0 OJHOTO i3 KiIa-
CiB 3a MPaBHIIOM

Ry:z, - {1,...,N}. (1)

Knac k anmamizoBaHoro neckpunropa z, 00 €KTY y
Mozeni (1) BU3HAUYUMO SIK apryMeHT MiHIMyMy BiAcCTaHi
Ha MHOXUHI E meckpumntopiB ycix kiacis

ICETO) PG

Tyt p: B® X B™ - [0, ] — BizicTanb y BEKTOPHOMY
npocropi B".

YV KoHKypeHTHil Mozeni (2) TOouiIbHO BUKOPUCTO-
BYBATH BiicTaHh XEMMIiHTa, [0 BU3HAYAE YHCIIO BiAMIH-
HUX OiTiB y ABOX OiHapHHX BekTopax [3,4]. V Bupasi (2)
MIHIMI3y€ThCS 3HAYCHHS BiJICTaHi 3a 3MIiHHOIO i (HOMep
KJIacy) Ha MHOXKHHI teckpurtopis 6a3u E. Y popmyi (2)
MOXe OyTH OpraHi3oBaHO BHU3HAYCHHS MIHIMyMY SIK 3a
MOBHUM CITUCKOM S + N nmeckpunTopiB 6a3u, Tak i po3-
JUTBHO JUTst KOKHOTO 13 N eTanoHiB (3 BCTAHOBJICHUM JIi-
MITOM Ha BEJTMYUHY MIHIMyMY).

VY po3ninbHOMY croco0i aHami3y A KOXKHOTO i3
KJIaCiB MiAPaXOBYEThCS YHCIIO IECKPUNTOPIB 00 €KTY,
110 3HAUIILTN BiNOBIIHICTD 10 (PIKCOBAHOIO €TAJIOHY. Y
Takiii Mozesli MaeEMO MHOXKMHHE BpaxyBaHHS TOJIOCIB,
KOJI OJIMH 1 TOW e JECKPUNTOP 00’ €KTY MOXKE 3HAUTH
BIITIOBIAHICTh JIJIsI KIJTBKOX €TAJIOHIB Pi3HUX KIIACIB.

Takum 4HHOM, MOJIENb (2) BTUIIOE OaraToOKIacoBY
Kaacu(iKamio UIsi OKPEMOro ICCKPUIITOPa y BEKTOP-
HOMy Tipoctopi B™ Ha mifcrasi #oro Haikparoro y3ro-
JUKEHHS 3 MHOXXHHAMH €TAJIOHHUX JIECKPHUIITOPIB.

Jlns moGynoeu R, Beememo Bextop {h}Y, 3 mi-
JMMU 3HAYEHHSMH Ul HAKOTIMYEHOI KUIBKOCTI T0JI0CIB
KJIaciB, OTPIMAaHUX 3aCTOCYBaHHAM Mojeni (2) o yciei
MHOXXHHH JIeCKpUNTOpPiB 00 €Ty Z. Ha mincrasi BupoBa-
JUKeHHS R, U1 KOKHOTO Z, € Z BiAMOBiAHO 10 (2) BU-
3HAYUMO HOMep Kiacy K, a 1moTiM iHKpeMEeHTYeMO aKy-
myJsitop rosociB hy = hy +1 s BianoBigHOro HO-
Mepy knacy. daxtiano orpumanuii Bextop {h;}\; € pos-
MOJIUIOM (TICTOTPaMOI0) YKCIIA TOJIOCIB JUISI MHOXKHHHU
JIECKPHIITOPIB 00 €KTY y CUCTEMI KJIaciB.

3a pe3ynbTatoM 00poOieHHs onucy Z 00’eKTy 00-
gmcmoemo Bektop {hj}N,. Knac 06’ekTy BH3HAUMMO
npaBwIoM R, SIK apryMeHT MakCUMyMy

Re:Z = El(k = arg max hi) & (bye 2 &), G)

Ri:k =arg. L min
i= cd=

oo N o
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ne Oy, — IeAKUi Mopir I MiHIMaJIbHO JOITyCTHMOTO YH-
cia ronociB. fkmo ymoBa hy > 8, He BUKOHYeTbhCH,
KJ1ac 00’ €KTy HE BCTAHOBIIIOETHCSI (BiIMOBa Bi Kiacudi-
Kauii, HeMa€ MiJACTaBH BiZHECTH 00’ €KT 10 JKOIHOIO i3
KJIaciB).

3HaueHHs ) BH3HAYAIOTH CKCIIEPUMEHTAJIBHO JUIS
3agaHoi 6a3u E eranonis. SIk mpaBumiio, Horo ooOuparoTh
SIK MiHIMaJIbHE YHCIIO TOJIOCIB (3 TOITyCKOM), HeoOXimHe
JUIs BIIEBHEHOI Kiacuikallii TeCTOBOi BUOIpKH Ha OC-
HOBI €TaJIOHIB. [3 3arajbHUX TEOPETUUHHX MO3MILIH Oy, €
KOMITPOMICOM Y 3a/]1a4l pO3pi3HEHHS €TaJIOHIB Bifl PEIITH
300pa)KeHb, 10 MOXYTh MOCTYIIUTH Ha BXiJ CHUCTEMH
knacudikarii [5, 9].

[ocninoHicts npaBuia Ry, R, peanizye knacudika-
TOp Ha MAIPYHTI pillIeHs HA00PY KIacu(ikaTopiB, OTpH-
MaHUX IJI1 MHOXXHHHU CKJIAIOBHX KOMIIOHCHTIB 00’ €KTY.
BiH BnpoBa/Ky€e NPHHLUII CTPYKTYPHOTO aHawi3y i 3a-
Oe3neuye CTIHKICTh 0 MPOCTOPOBUX BUKPHBIICHb OKpe-
MHUX KOMIIOHEHTIB (JECKPHUITOPIB) i3-32 MOXIIHBOTO
BILUIUBY 3aBal.

Moaudikauii npocropy o3Hak
BIPOBA’KEHHAM IPaHyJIsIUii JaHNX

3nifiCHIMO KJIaCTepHU3aIlif0 MHOKUHH JaHHuX y 0a3i
E eramonnux omucis. [Iporenypu kiacrepusaiii BigHO-
CATH JIO amapary TPaHyJAIil JaHUX 3 BU3HAUCHHSIM CHUC-
TEeMHU IEeHTPIB. ByeMo po3risaat qBa anbTepHATHBHUX
MIXO/IM JI0 KIAacTepu3allii 3 0IHAKOBUM 4ucioM M kia-
CTepiB — CYKyIHO Ut yciei MHOXIHH E (cnctema 1eHT-
piB w1l i PO3IUTBHO Ui KOXHOTO 13 eranmoHiB E;,
i=1,...,N (cucrema nenrpis W2). Y pesynsrari MaeMo
JIBa BapiaHTH IIEHTPIB

M M
w!t = {wjl}jz1 L W2 = {Wiz}j=1' 4)

OnHakoBe YKCII0 KiacTepiB y (4) oOpaHO HaMU BHU-
KJIFOYHO 33J1J151 MOXKJIMBOCTI OPIBHSHHS Pe3yJIbTATUBHO-
CTi PO3IUIBHOTO 1 CHIILHOTO KJIACTEPHOIO MOJAaHHS IS
€TaJIOHHUX onKciB. PakTHYHO LeHTpH (4) € anpoKcuMa-
1i€10 MHOKMHN E, BOHM CTBOPIOIOTH HOBI ITPOCTOPH CHC-
TeM KIacu(piKaiifHUX 03HaK.

[Ipn oMy JUI OTPHUMaHHSI BEKTOPHOTO IOJIAHHS
KO>KHOTO €TAJIOHY 3a IT00Y/I0BaHOIO CHCTEMOIO IIEHTPIB Y
IepuioMy BapiaHTi (CIJIbHA KJIAacTepu3allis Ui MHO-
xuuu E) Tpeda 101aTKOBO Ha MiIr0TOBYOMY €Talli BUKO-
HATU KOHKYPEHTHHIi aHalli3 OMKCY Ul KOXKHOTO 13 eTa-
noHiB Ey. JIng nporo s ycix enemenriB z € Ey Bu3Ha-
YMMO HOMEpP V HaHOIMKUOro HEHTpY y MHOXHHI W1,
W] € W1

p(w;, 2). )

Cxewma (5) € BrieHHsIM Moferi (2) 3 MONUTyKoM Haii-
OJIMKYOTO KJIACTEPHOTO MEHTPY. Y pe3ysbTaTi 3aCTOCY-
BaHHA (5) OTpUMaEMO MOAAHHS 171 eTayoHy Ey y dopwmi
uitounciosoro Bektopy g(Ey) = [g1, 82, -, Em] 3 KiiIb-
KiCTIO KOMIIOHEHTIB, 110 IOPiBHIOE YnCITy Kiactepis. Tyt
g4 — YMCIIO IECKPHUIITOPIB OMHUCY, 10 MOTPAIHIN y Kila-
ctep 3 HomepoM d. BekTop g € po3noisioM JaHuX OIHCY
3a HaGopom KiacTepi Ha Bimminy Bin {h;}N.; — posmo-
TITy 3a CHCTEMOIO KJaciB. Y mporieci kiacudikartii s
aHaTI30BaHOTO 300pa)XKCHHS 3 OIKMCOM Z aHAJIOTIYHO

v =arg min
j=1,..M

Takoxk Tpeba orpumaru BekTop g(Z) KiIacTepHOro mo-
JIaHHS.

Jlns cuctemu nentpis W2 Bike MaeMo 3aKpirieHHs
(hikcOBaHOTO PiBHOIIIHHOTO YHCIIa M IIEHTPIB 32 KOKHUM
i3 etanoHiB, mpraomy M = mN, Tak sk 1X KIacTepu3amis
BHKOHYBaJIach po3IiabHO. TOMy TOmaTKOBHX Miif 3 aHa-
73y 49U TpaHC(OpMAIIil eTaTIOHHOTO MPEICTABICHHS J1a-
HUX HE MOTPiOHO.

3arajoM 4McIIO LIEHTPIB M € TapaMeTpoM, 10 3aje-
XKUTH Bill CKJIany DaHUX.

Hapsiny 3 oTpMaHHSM LEHTPIB HA MIAIPYHTI 31iH-
CHEHHs KJacTepusalii po3risHeMO HpoLeaypy TIpaHy-
JIOBAaHHS ISl CKJIAAy €TAJOHHMX OIKCIB Ha MiACTaBi
KpUTepito moaioHoCTI neckpunTopiB. Cxoxi Tpanchop-
Mallii 3aCTOCOBYIOTHCS Y MipaMifalbHOMY IMOJaHHI 30-
OpakeHb, JIe BIIPOBAHKEHO iHTETpOBaHE MOIaHHA ¥ (o-
pMi iepapxiuHoi cTpykTypu [16]. bimspke mepeTBo-
PEHHS BUKOPHCTAHO HAMHU NPH TpaHchopManii TecKpHII-
TOPIB ONKCY IIJISIXOM CKJIaJaHHS 3HAYCHP OiTiB B paMKax
cucteMu (pparmeHTiB [2].

Busnaunmo s omucy eranoHny Ep HOTYXHiCTHO B
S JIGCKPHUIITOPIB TPaHCHOPMAIII0

T(Ey) — Eg, card(Ep) < s, (6)

pe3ynbTaToM sikoi € BindineTpoBanuii onuc Ey, orpuma-
Hu# Bimbopom miaMuoxuuu Ei C Ey komnonenris i3 Ey
3 BUKOPUCTAHHSM JEIKOT0 KPUTEPIto rpanysii. Y npu-
KJIaJJHOMY aCIIEKTI IPOMIOHY€ETHCS OPIEHTOBHE 3HU)KECHHS
HOTY KHOCTI OIKCY Y JiBa pa3sy Ha OJHOMY eTarli 00po0-
JICHHSL.

[MpuHIMn aHanizy MeTpu4HOi OJIM3bKOCTI JECKPHII-
TOpPiB MOX€e OyTH OCHOBOIO Jijisi TOOY/IOBU PI3HOMAHITTS
BapiaHTiB ¢inpTpanii (pemykuii) nanumx. PosrisHemo
KOHKpETHI BapiaHTH o0y10Bu T Ha OCHOBI 3/iCHEHHSI
rpanyJsiii 0 gaHuX Ha MifcTaBl 3HAYSHHS METPUKHU P
IUTSL IGCKPHUIITOPIB.

1. I'paHynsAmis 3a TOPOroM €KBiBaJIEHTHOCTi. Bu-
3HAQYUMO ISl KOXKHOTO 13 €TaJIOHHHMX JIECKPHUIITOPIB
eq(k) € Ey maliGmmkuauii 10 HBOTO 32 METPUKOIO P Jle-
ckpuntop €, (k) Bcepenuni MmuOKHHU Ey, 1110 Binmosimae
MOJIEJIi JTIHITHOTO METPUYHOTO HOIIYKY

e*(k) = arg Iglilgp(ev(k)t €a (k)) (7)

[Ticnst Bu3HAUYEHHS JECKPHUITOPA 3 MiHIMAJIbHUM
3HAYEHHSM METPHUKH IEPEeBIPUMO YMOBY €KBIBAJICHTHO-
cti p(eq(k), e.(k)) < 8,, 6, — 3ananmii rpaHYHUH TTa-
pamMeTp /Il 3HaUeHHsI METPUKH, KU HAaOJIM)KEHO BCTa-
HOBITIOE €KBIBAJICHTHICTH JIBOX JECKPUOTOPIB. Y mpoc-
TOpi 6araTOBUMIpHUX BEKTOPIB BEIMYMHY §, 4acTO BH-
3HAYAIOTh 5K 25% Bix MakCUMyMy METPHUKH [4].

@DaKTUYHO TYT rPaHyJIIAIIs peanizoBaHa sK QyHKITIS
Q nBox aprymentis Q[e,(k), ep (k)] — e.(k), a # b, ne
sHauennst e, (k) € Ex — e onuH i3 apryMeHTiB, sKi BH-
3HAHO METPUYHO EKBIBAJICHTHUMH MK c00010. DyHKIIIs
) moBepTae 3HAYCHHS OJHOTO i3 APTYMEHTIB, SIKIIO BOHH
BU3HAHI PIBHO3HAYHMMM HA MiJCTaBi iCTHHHOCTI 1OOY-
JIOBAaHOTO OIHAPHOTO BiMHOIICHHS EKBIBAJIEHTHOCTI.
SIKII0 K eKBiBAJNEHTHICTH 3a MOPOroM &, HE BCTAHOB-
JIEHO, TO MEPIIMi apryMEHT 3aHocHMO 10 Ey, Bukioua-
€MO TIeH eleMeHT i3 00poOIeHHs, a APYTHUH MPOIOBKYE
OpaTu y4acTh y aHaJi3i.
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PesynbraT Takoro crocoOy rpaHyJsiLii 3aJeXHUTh
BiJl apameTpa mopory 8, a TaKOk BiJl TIOPSJKY CIliTy-
BaHHS IECKPUIITOPIB Y OIHCI.

2. I'panynsiis 3 BiICIFOBAaHHSIM 32 HAHMEHIIIOO BiJI-
cranHio. lle oxguH crioci6 MoxHa 30y yBaTH Ha MiArpy-
HTI aHaJIi3y IMOBHOI MaTpHIli BiJICTAHEW MK JECKPHIITO-
pamu onricy Ey [19]. 3actocyemo Bindip HEoOXiTHOT Ki-
JIBKOCTI JIGCKPHUITOPIB IIJISXOM BiJICIFOBAHHS, MOYHHA-
F04H i3 3Ha4YeHHs HanimeHmoi Bigcrani. Crucok Ey mo-
TTOBHIOEMO YE€PTOBHM JIECKPHUIITOPOM, BUKIIFOUAEMO HOTO
BIJINIOBITHI PSA/IOK 1 CTOBIEID 13 MATPUII, 1 MEPEXOAUMO
JI0 aHaJIi3y HACTYITHOT'O JECKPHUIITOPA 3 OLIBIINM 3HAUCH-
HSM BiJICTaHi. TaKUM YHHOM TIOCITiTOBHO HAOUPAEMO TO-
TpiOHY (pikcOBaHy KUIBKICTh AECKPUITOPIB Y MHOXHHY
Ex. L mpomenmypa Iemo CKiagHima 3a HOMCPEIHIO,
MOJKe MICTHTH COPTYBaHHS 3a BiJICTaHHIO, 3aT€ BOHA HE
3aJICKUTH Bill MOPSAKY CIiTyBaHHS IECKPHUIITOPIB i HE
notpedye ajanTaiii nopory 8, 10 1aHuX.

3po3yMino, o 00uIBa PO3TISIHYTI CIIOCOOH TPaHy-
TAMIT MOXKHA 00’€IHATH y €IUHOMY OiNBII CKIIAJTHOMY
pi3HOBHII aHATI3Y.

Hanpukian, apyruii cnocib Moxxe OyTH TONOBHEHO
BUKOPHCTAaHHIM NOPOTY €KBIBaJICHTHOCTI.

3anponoHoBaHi criocobu aHaii3y 1 Tpanchopmarii
JaHUX, KpIM pe3yJbTaTUBHOIO CKOPOYEHHS CKIaLy
OIUCY €TaJIOHY, CTBOPIOIOTH OCHOBY J1JIs TIOOYI0BH i€pa-
pXii 03HaK, TaK K epeTBOPEHHs (6) MOXKHA 3aCTOCYBaTH
MIOBTOPHO JI0 yKe TpaHcdopmoBaHoro onucy Ey.

3a pe3ypTaToM 3MIMCHEHHS eTaITy TpaHyJIALii ele-
MeHTaM c(OPMOBAHOI'0 peyKOBaHOro onucy Ej; MoxHa
MIPU3HAYHTH JEeSIKi BaroBi KOSQIIi€HTH, sIKi MOXKYTh Oy TH
BpaxoBaHi ImiJ| 9ac Kiracudikarii. Hanpukiran, HOBOCTBO-
PEHOMY eJeMEHTY, SKHi OTPUMAHO TPaHYJIAIIE€I0 3Ha-
YeHb JIBOX OJIM3bKHX JIECKPUIITOPIB, MOXKHA IPUCBOITH
koediwieHT 2.

A ernemeHTy, IO He 3HAWIIOB HAWOJIIKIOTO 13 3a-
JTAHUM OOMEXXEHHSIM — 3aJIMIITUTH Bary 1.

Kaacugikauisi y rpancgopmoBanomy
npocropi

Tpanuuilinuii Meto] kiacudikauii peanizye noci-
JOBHICTH Moaeei (2), (3).

Knacudikatop 3 BUKOPHCTaHHSIM CIIJIBHOT KJacTe-
pusanii Ha ocHOBI cucTemu LeHTpiB W criouatky oTpu-
MYE€ 32 MOJIEIITIO (5) BEKTOpHE TOJaHHS

8(Z) = [81,82 - 8um]
JUIS PO3II3HABAaHOTO 00’€KTYy, a Jaii 3 BUKOPHUCTAHHIM
METPHUKH | JUISl BEKTOPIB LIJIMX YHCENl BH3HAYAE Kilac
00’€KTy SIK apryMeHT MiHIMyMy METPHUKH [L HA MHOXKHHI
KJIACTEPHHUX TOJaHb JIJIs eTaoHiB 60aszu E

Ry:Z - E,|v=arg in n(g@),g(Ex). (¥

BapianTtom meTpuku U B (8) Moxe OyTH MaHXETEH-
ChKa BIJICTaHb JJIs IPOCTOPY BEKTOPIB LinX uncesn. Bu-
KopucTaHHs npaBwia (8) 3amicte mpaBuin (2), (3) mis
TPAJAMIIIHHOTO METOAY Ja€ BUTpall y o0cs3i 00YnCIIeHb
NIPpUOIM3HO NPONOPLIHHMN BennuuHi Y = s/M.

BinMituMmo, 1110 17151 BijicifoBaHHS 300paKeHb 1M03a
6a3010 OoNTHMaNbHE 3HAUCHHS METPUKH |l IOBHHHE 3a-
JOBOJIGHATH YMOBI [, = 8.

Kiacudikarop Ha mijgcraBi po3aijbpHOT KilacTepu3a-
mii Ha erami R; BTimroe Momenb (5) Ha MHOXKHHI IIEHTPIiB
sz € W2, Kyac Jeckpuntopa TpH 11bOMY OJHO3HAYHO
BU3HAYAEThCS OTPHMAHHM LIEHTPOM KJACcTEpy, a Kiac
ycboro 00’€KTy OLIHIOETHCS 3a Moaeito (3). Burpam y
00cs131 00UMCIIeHb TeX MPONOPLIHHUA 3HAUYSHHIO Y.

Ha minmcraBi oTpuMaHHWX peXyKOBaHUX MHOMKHIH
{E; N, BmpoBamuMo kimacudikaTop 3 BHKOPHCTAHHAM
rpaHyJsLii, 1o peanizye TpaauLiiny moaens (2), (3). Y
TOiA ke wac i g0 MHOXKMH {Ej}N_; Tex MOXkHa 3acTOCY-
BaTH OOTOBOPIOBAaHI CXEMH KIJIACTEpH3alii, 0 MPHU3BO-
IUTH 10 lepapXidgHOi CTPYKTYPH JaHUX OIUCY .

[Tpu xii okanpHUX 3aBaj Kinacudikalis y po3ris-
HYTHX MeToJiaX (pakTHYHO 3/1HCHIOETHCS Ha ITiICTaB1 He-
BUKPHBJIEHOT YaCTHHH ONHUCY aHaJi30BaHOTO 00’ €KTy. Y
LOMY BHUINAJKY YHCJO TOJOCIB MPUPOIHO 3HHKYETHCS,
TOMY IapameTpu &, , 6, Tpeba ananTyBaTH 10 TOMyCTH-
MOTO piBHS HEPELIKOA.

3BaXkaro4M Ha T€, IO MPH CIIOCO01 PO3MUIBHOT Kila-
cTepu3allii anpokcUMallis 31iHCHIOEThCS NUIsIXOM (hop-
MYBaHHS LIECHTPIB JIsl €TAJIOHHHUX JaHUX, KPUTEPIEM, 10
BIUIMBA€ 1 HA PE3yJbTAaTHBHICTh Kiacu(ikamii, MOXHa
NPUAHATH CEPeIHIO BIJACTaHb MK CHCTEMaMd LECHTPIB
IULSL TIap €TajIoHiB. SIKIIO MMO3HAYUTH BEKTOPH VIS IIEHT-

piB mapu eranonis A = {a;}{2, Ta B = {bj}jnzll, TO TaKHi
KpuTepiit f Mae BUTIIAN
B(A B) = [XZ, X2, p(aj,by)]/m?. ©)

3HaueHHs (9) 3HAXOIUTHCS Y MEKax BU3HAUYCHHS
MeTpuKH p. 111 OiHapHUX BEKTOPIB pO3MIPHICTIO 1 1 Me-
TpuKkM XeMiHra mNokasHUK (9) HaleXuTh [iana3oHy
[0,n]. Yum Ginbuie 3HaueHHs (9), THM MaeMo OLIBIIMIA
PO3KHJ MiX cucTeMaMu CpOpMOBaHHMX LEHTPIB 1 TUM
BUIIE CTYIIHb pO3pi3HEHHS KiaciB A, B mixk coboto.

PesynpratuBHiCTh Kiacudikarmii Oymemo OLiHIO-
BaTH KPUTEPIEM TOYHOCTI Pr, SKUM BinoOpakae BiHO-
IEHHS KUIbKOCTI q IaHUX 3 IPaBHJILHOIO OI[IHKOIO KJIacy
JI0 3arajibHOTo 4nciia () eKCIiepuMeHTiB

pr =q/Q.

ExcnepumeHTaNbHi pe3yabTaTn
i o0roBopenns

(10)

OCHOBHOI0O METOI0 TIPOBEJICHHS EKCIICPUMEHTIB
OyJI0 MiATBEPKEHHS TIPaLe3AaTHOCTI i1 pe3yIbTaTHBHO-
CTi 3aIPOIIOHOBAHMX CIIOCO0IB TpaHyJ LIl y 3a1a4i Kiia-
cuikamii B HOpiBHIIEHOMY aclieKTi 3 TPaJAUL[IHHUM Me-
TOJIOM.

ITpu mporpaMHOMY MOAEITIOBaHHI KiIacudikaTopa 3
BUKOPHUCTAHHSIM JIBOX CIIOCO0IB KacTepu3allii BUKOPHC-
TaHo 0a3y i3 II’SITH 300paXkeHb KapTHH YKPaiHCBKOI Xy-
noxuuti M. Tpuiimagenko [21], a Takox TpH ii iHmI Ka-
pTHHU 1032 0a3010 KiIacudikarii.

Ha puc. 1 HaBeneHo /1Bi KapTHHM 13 BUKOPHCTaHOL
6a3u 1 koopnuHati KT neckpunropis, OTpuMaHuX JeTe-
kropom brisk (BexTop i3 512 6iriB) [8, 26].

VY pemri eKclepruMEHTIB BHKOPHUCTAHO JIETEKTOP
orb (BekTop i3 256 OiTiB) [7].

Sk GauynMMoO, XYyJOXHHUISI BUKOPHUCTOBYE OPHIi-
HaJbHY TEXHIKY JUIsI CBOiX KapTHH, 0 B TOH k€ Yac po-
OWTD iX Bi3yaJIbHO CXOXKHMH.
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Puc. 1. 300paxxenns i3 6a3u kapTuH 1 koopanHata KT

TecroBwmii Habip y excriepuMeHTi ckiaB 80 300pa-
JKCHD 1 BKJIFOUAB IIi 8 KapTHH Ta 300pa’keHHs, OTPUMaHi
i3 HIX TEOMETPUIHUMH TIePETBOPEHHIMH 3CyBY (+10 -
KceniB), moBopoty (£10%) ta macmradyBanus (£10%).

Ha puc. 2 nokaszaHo TecToBe 300pakeHHs i HOTO KO-
opaunatu KT.

Jlnsa knacrepusaiii Bukopuctano M = 15 kiacte-
piB s 6a3u, i m = 3 I KOXKHOTO 13 €TaJIOHIB.

Puc. 2. 300paskeHHs! i 1i€l0 TEOMETPUYHHUX TIePETBOPEHb

[IpoBeneHo nonepeIHi eKCIEPUMEHTH, 00 BU3HA-
YUTH JJIs1 HassBHOT 0a3u 300pa)KeHb MapaMeTpy MOpOoriB
6p, 6y ans BiacraHi XeMiHTa MiX IECKpPUITOPAMH Ta
[EHTPaMH 1 HEOOXITHOTO ISl IPUAHATTS PIlICHHS YHCIa
rOJIOCIB IECKPHIITOPIB.

3Bakarouu Ha Te, 110 Pe3yJIbTATUBHICTH Oe3mocepe-
JTHBO 3aJISKUTH BiJl IPOLIEYPH KlacTepyBaHHs, y o0pa-
Hiif cxeMi KJacTepu3allii K-cepe/iHiX MoYaTKoBi JaHi st
LEHTPIB KJIACTEPIB BU3HAYAIKCS BUIIAJIKOBHUM YHHOM i3
ckiany onucy. I[Ipu 1ipoMy 3acTocoBaHa Moan(ikoBaHa
mporenypa OOYHCIICHHS TOTOYHHX IICHTPIB IUISIXOM
ycepeqHeHHs uucia OiTiB 3 (opMyBaHHSIM OiHapHOTO
MOJIaHHA 111 HOBOCTBOpeHoro nentpy [10, 19].

VY pe3ynbTaTri MPOBEACHUX CKCIIEPHUMEHTIB BH3HA-
ueHo napameTpu 8, = 192 1 METOIIB 3 KIacTepyBaH-
M, O = 300 i TpamuIiifHOrO METomy, 8“ =180
JUIsS METOJTY 3 KJlacTepyBaHHsIM MOBHOI 0a3u i 8, = 140
JUISl METOZY 3 PO3/IIbHUM KIIaCTEpyBaHHSM €TAJIOHIB.

PesynbraT ekcriepuMeHTIB 3acBigumin Take. Tpa-
JUIIITHAN METO/I ITOKa3aB HAMBHIIY TOYHICTE pr = 1, yc-
IIITHO KIacu(iKyodn yci 300pakeHHs i3 0a3u 1 Binminu-
BIIM 300pakeHHs He 13 6a3u. MoaudikoBanuii MeTox 3
KJIACTEPH3alli€l0 MOBHOI 0a3M TOKa3aB TOYHICTB
pr = 0,82, a 3 po3mimpHOIO — pr = 0,90. Sk 6aummo,
pO3MiibHA KJIAacTepu3allisl Na€ IeII0 Kpaliui piBeHb
touyHocTi. IIpn 3acTtocyBaHHI yHcia KiacTepiB m =35

JUIL KOYKHOTO €TaJOHy TOYHICTH METOJY 3 KJIacTeph3a-
i€ro TOBHOI 0a3u 3pocia jo pr = 0,88, a 3 po3aineEHOO
Knmacrepmsamnieio — 10 pr = 0,98.

3amipu yacy kiacudikaiii 0JHOrO 300paKCHHS:
Tpanumitanit Mmetox — 6500 Mc, st m = 3 i3 CHIIBHOIO
Knmacrepusamnieio — 41 Mc, 13 po3aiTbHOI0 — 42 MC.

Sk GaumMmo, BBeIeHHS KIACTEPYBaHHSA NaHUX Y
mporec kKiacugikarii CyTTEBO 3HH3UIO OOYHCITIOBAJIBbHI
BuTpary (y HalIoMy eKcriepuMeHTi —y 154 pasu!) 3a pa-
XYHOK JISSIKOT'O 3HW)KEHHS ITIOKa3HUKA TOYHOCTI.

3a monemto (9) cepenHi BiAcTaHI MiX CHCTEMaMHU
LEHTPIB MEPIIOTO 1 PYTroro €TAIOHIB CKIIAIHN IS TPHOX
kmacrepiB — 168,2, ans m'atu - 182,8 (Makcumym Bijc-
TaHi — 512). Slk 6a4nmo, BijicTaHb 3pocTae 31 301IbIIEH-
HSM YHCIIa KJIacTepiB.

3ayBakuMO, M0 OTPUMAaHi IMOKa3HMKH TOYHOCTI
0e3mocepeIHbO 3aIeXkKaTh Bix 00paHoi 6a3u 300pakeHb,
a TAaKoX BiJl HAOOPY aIbTEpPHATUBHHUX 300pa’keHb HE 13
6a3u, 1 MOXKYTb 3MIHIOBAaTHCS y Oy 1b-sIKy CTOpOHY. Kitto-
4OBAM (PAKTOPOM € Bi3yaJbHa CXOXKICTh aHAJI30BaHHUX
300pakeHb MiX c00010, 1110 BiIOOpaKaeThest 1y OIM3b-
KOCTI JIECKpUNTOpPIB. Y TOMH ke Yac 3HaYHUH BUTpaml y
yaci 00poOJIEHHsI MU 3aCTOCYBaHHI KJIACTEPyBaHHS €
JOCUTH 00’ €KTHBHUM (aKTOPOM.

MonentoBaHHS 3a CXeMOIO rpaHyJLii (6) 3aiicHIo-
BaJIOCS 3 BUKOPHUCTAHHAM 300paKeHb NTaXiB 3a aHaJO-
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riuaoro cxemoro i3 80 300paxensp (5 i3 6a3u Ta 3 mo3a
6a3010) 1 ni€ro GikcoBaHOro HAOOPY 'E€OMETPUYHHX IIe-
perBopensb (puc. 3). ExcnepuMeHTansHO BUBUEHO OOH-
JIBa 3alpoIOHOBaHI CIOCOOM TpaHyJILii — 3a MOpOrom
€KBIBaJICHTHOCTI 1 3 BiJICIIOBaHHSM 3a HalMEHIIOIO BiJIC-
TaHHIO. 3HAUYCHHS NOPOTY IUIsl BU3HAYCHHS CKBiBaJICHT-

HOCTI JUIS TIapH JIECKPUNITOPiB oOpano sk 8, = 64 sk
25% Bix MakcHMaiIbHOI BigcTani 256.

[Micnsa 3mificHeHHS TpaHYILALii Ha PEIyKOBAaHOMY
OIHKCI €TAJIOHIB 3aCTOCOBAHO TPATUIIIHHUI METO/T KJIACH-
¢ikauii (2), (3) 3 miaApaxyHKOM TOJIOCIB AJIsL IECKPHUIITO-
PiB BXiTHOTO 00’ €KTY.

Puc. 3. 306paxkeHHs i3 6a3u NTaxiB i KOOPAUHATH KIIOYOBHX TOYOK

Jlis miaTBepuKeHHS e(heKTUBHOCTI BBEACHHS rpa-
HYJILIT B3TO MPOCTHH CMOCIO CKOPOYEHHS CKIIay eTa-
JIOHHHX JIECKPHIITOPIB Y JBa Pa3H LIISIXOM BiJICIFOBaHHS
Yyepe3 OTUH 0e3 3aCTOCYBAaHHS arapaTy TPaHyIALIi.

BcranosiieHo, 110 TOYHICTh Kiacugikarii 1 oopa-
HOi 0a3m 300pakeHb 3aNUIIAIACS Ha HAWBUIOMY piBHI
pr = 1 5K 1y1s IOBHOTO CKJIay JECKPHUIITOPIB ONUCY eTa-
JIOHIB, TaK i U PEIyKOBAHOTO CKIAAY 3 TPAHYIBIIIEIO 1
0e3 Hel. [Ipu HBOMY YMCIIO TOJIOCIB JUIsl TEPETBOPEHHX
eTaJIoHIB 0e3 3aCTOCYBaHHs rpaHy i ckiano 340-440 i3
500 i € mpuban3HO Ha 5-10% HIKYE, HIX 13 BUKOPUCTaH-
HSM TpaHyJisiii. Sk 6auumo, y HaloMy eKCIepHMEHTI
rpaHyJsIlist Ha 6a3i 300paXKeHb MTaXiB JA€ JICHI0 KpaIry
Pe3yIIbTAaTUBHICTh, HIX KJIACTEPHE MOAAHHS Ui Oa3u Ka-
pruH. IIpoBeneHO MpOOHI EKCIEPUMEHTH i3 MOBTOPHUM
BIPOBADKCHHSIM TPAHYILIl 10 YKe TIPaHyJIbOBaHOTO
orcy, 10 3AIHCHIOE epexijl Ha HACTYITHUH PiBeHb iepa-
PXIYHOTO MOJaHHS NaHUX. YHCIIO IECKPUITOPIB i3 BUKO-
PHCTaHHSM aJIalTOBAHOTO 10 Gasu mopory 8, expiBajeH-
THOCTI Y 37% (3Ha4eHH: 96) 3HU3MITOCH rmoeTarHO Big 500
1o 250...255, 1 mani mo 140...160, mo mpusBeno 10 BU-
rpamry y mBUIKOAI 0OpoOIeHHS NPUOIN3HO y TPH pasH.

VYci eranoHHi 300pakeHHs] HA JIBOX PIBHSX IPaHy-
JIbOBAHOTO MOJIAHHS KIIACU(IKYIOThCS MPABUIILHO. Y TOM
)K€ Yac MaKCUMaJIbHE YHCIIO TOJIOCIB /ISl €TAIOHHUX BXI-
JTHUX 300pakeHb 3 MOBHUM CKJamoM omucy y 500 ne-
CKPUNTOPIB 3HUXKYETbCS HA TMEpUIOMY PpIiBHI 10
410...450, a na npyromy pisti — 10 300...400. Lle Bkazye
Ha MEPCIEKTHBY BIPOBAIKEHHSI HACTYIIHUX PiBHIB Ipa-
HYJIALIT 3 1€ OUIBIINM CTyIIEHEM BUTIPAIy Y IIBHIKOIII.

BucHoBkH

BripoBapkeHHs 3ac00iB rpaHyisiii 1aHUX Y CTPY-

i3 MOXIIMBICTIO CYTTE€BOTO NPUCKOPCHHS Yacy 00poO-
neHHsi. OGUUCITIOBAIIbHI 3aTPaTH Ha Kiacudikauilo 3HU-
JKYIOTBCSl IIPOIMOPIIHHO CTYNEHIO CKOPOYEHHS OMNHCY
€TaJIOHIB 1 4rcia KIacTepiB. Pe3ynpTaTHBHICTE Kitacudi-
Kallii 3a KpUTEPIEM TOYHOCTI 3aJIeXKHUThH BiJl BCTAHOBIIE-
HUX CKCIIEPUMEHTAIIFHO 3HAUYEHb MTapaMeTPiB IOPOTiB Ta
croco0y TpaHymii, oOpaHOTO A KOHKPETHOi 0a3u
pO3Mi3HaBaHUX 300pa’keHb.

Slkmo mopiBHIOBaTH e(heKTUBHICTH CIIOCO0IB i3 CY-
KYITHOIO 1 pO3/IJIbHOIO KJIACTEPHU3ALIE0 JJIsl OTIUCIB 0a3u
€TaJIOHIB, TO 13 3aCTOCYBaHHIM KJIAaCTEPYBaHHS K-Cepe/I-
HIX METOJ 3 PO3AUILHOI KIACTEPH3AII€I0 MMOKAa3aB BU-
Ui piBeHb TOYHOCTI Kiacuikarii. 3a 00CsIrom vaco-
BHUX 3aTpaT MPH OJTHAKOBOMY YHCIIi KJIACTEPIB 11 CIOCOOH
npudaM3HO piBHOLIHHI. OOMIBA 3aCTOCOBYIOTH I10-€JIe-
MEHTHHH METPUYHHMH aHaNi3 OMNHCy BXiAHOTO 300pa-
JKeHHs, 110 3a0e3redye BiJCilOBaHHS 3aBaj. PiBeHb arl-
pokcuMmartii asst 060X Croco0iB Moke OyTH MOKpAIIEHO
30UIBIICHHSAM YHCIIa KJIAcTepiB, ajie 32 PaxyHOK 3poc-
TaHHS 00cATY 004HCIICHD.

BignparsoBaHa HaMH Ha MPAKTHUI TEXHOJOTIS BHU-
3HAYEHHS MTOPOTiB, III0 BUKOPUCTOBYIOTHCS y Kiacupika-
TOPIi 32 MHOYKHHOIO J€CKPUNTOPIB KIIFOYOBHUX TOYOK, JIA€
MOXIIUBICTh YHIBEpCaJIbHO 3aCTOCYBATH 3alPOIOHOBaHI
METOIH JJTs1 TIOBIIbHOT 6a3u 300pakeHb.

[epcniekTHBOIO TOCTiMKEHHS MOXKe OyTH MpHKIIa-
JTHE 3aCTOCYBaHHI pO3POOJICHHUX CIIOCOO0IB JUIst 00’ €MHHUX
KOJIeKI[I 300pakeHb. llle ogHMM HAIpPSIMKOM € BH-
BYEHHS e()eKTHBHOCTI 11010 OUIBII BUCOKHUX PiBHIB rpa-
HYJIbOBAHOTO IT0/IaHHS OIHCIB.

Pesynomamu danozo 00CaiodNceHHs OMPUMAHO 3
MidicHapoOnum nayrkosum npockmom INITIATE y pamxax
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Tpale3aaTHiCTh i gocTolHuii piBenb pesyibratusHocti ACCESS-03.
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Metric granulation methods for image description in theimage classification problem
Volodymyr Gorokhovatskyi, Natalia Stiahlyk, Yehor Mazur, Anna Vechirska

Abstract. The subject of the research of the article is the methods of image classification in computer vision systems. The
aim is to improve the structural methods of classification to increase their speed by implementing a reduced classification features
system based on the granulation of reference descriptions. Applied methods: BRISK and ORB key point detectors, set theory and
vector spaces apparatus, metric models of vector clustering and granulation, “bad of words” and voting for classification models,
software modeling. Results are obtained: models for the transformation of image description in the form of a set of cluster centers
and the construction of a reduced description using granulation based on the similarity of vectors were developed, high-speed
image classification methods based on the implementation of transformed descriptions were researched. The effectiveness of the
developed modifications of the classifier depends on the data granulation method and the threshold parameters for the equivalence
of vectors, the minimum metric value and the number of votes of the descriptors for the winner class in the voting scheme. The
construction of a hierarchical system of features with several granulation levels was proposed. Based on the implementation of
modifications, it was possible to reduce the computational costs by hundreds of times while ensuring the effectiveness of classifi-
cation on the training sample of data. The practical significance of the work includes the software models for high-speed classifi-
cation, confirming the functionality and accuracy of the proposed modifications for the applied image dataset, creating software
application for implementing modifications of classifiers in computer vision.

Keywords: computer vision; structural methods of image classification; set of descriptors; clustering; vector granulation;
classification accuracy.
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RESEARCH OF INDUSTRIAL INTERNET OF THINGSNETWORKSAND SYSTEMS

Abstract. The article discusses the concept of the Industrial Internet of Things. The main protocols for data transmission
of the Industrial Internet of Things were identified. IIoT systems have high requirements for the reliability of message
delivery, which is why special industry data transmission protocols used in industrial automation are often used to develop
IIoT systems. IToT technologies are an integral part of the Internet of Things concept. The paper presents the architecture of
an automated enterprise based on IIoT, highlighting its advantages and disadvantages.

Keywords: IoT IloT, automation, integration.

Introduction

Currently, the concept of the Internet of Things is
actively developing, which implies the active
implementation of embedded technologies in modern
infocommunication networks [1-4]. This concept covers
an increasing number of areas of human activity every
day, such as unmanned transport control, urban
infrastructure  management, control of medical
operations, automation of residential premises, offices,
etc. [5-8]. Recently, a new direction has been developing
within the concept of the Internet of Things (IoT) - the
industrial Internet of Things (IIoT), which affects the
issues of creating a heterogeneous intelligent system for
automating industrial enterprises. IloT systems are used
in a variety of production areas, such as agriculture,
electronic equipment manufacturing, mechanical
engineering, machine tool manufacturing, automation of
data collection and accounting from energy networks,
production of aviation, space and military equipment, etc.
Currently, the implementation of technologies related to
the industrial Internet of Things is associated with
problems both with the integration of these technologies
with outdated solutions for industrial automation, and
with the absence of any automation system at the
enterprise [9—14]. The solution to these problems lies in
the development of unified technological standards for
the integration of both industrial automation systems and

loT Layers

Applications &Devices

equipment that does not have digital control interfaces
with IIoT systems [15, 16].

Basic material

There are a number of areas in industrial enterprises
whose work is subject to automation. In addition to the
obvious automation of production equipment, there are a
number of areas subject to automation within the
enterprise and related to human safety and social
activities. The following areas should be highlighted as
the main areas of automation [17]:

— automation of production equipment;

— automation of monitoring and management of the
state of the enterprise's products;

— automation of business applications, such as
enterprise  resource  planning (ERP), customer
relationship management (CRM), product lifecycle
management (PLM), manufacturing execution systems
(MES), human resource management (HRM), etc.;

— automation of multimedia systems for monitoring
industrial enterprise safety;

— automation of local and global positioning
systems;

— automation of collection and analysis of openly
accessible data from the Internet.

IIoT technologies are an integral part of the Internet
of Things concept. Fig. 1 shows an architecture that
consists of four functional and two non-functional layers.
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The functional layers include the following [18]:
1. Application layer.

2. Service support and application support layer.
3. Network layer.

4. Device layer.

Fig. 2 shows the functional architecture of smart
manufacturing systems based on Industrial Internet of
Things solutions.
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Fig. 2. Three T IIoT System architecture

It is divided into the following levels [19]:

1. Life Cycle Management Level. This level is
responsible for managing the various life cycles of the
manufacturing enterprise and covers a wide range of
systems in the manufacturing enterprise, such as systems
for design, production, management and maintenance of
manufactured products.

The following can be distinguished as the main life
cycles of an enterprise:

— The product cycle, which includes the design and
development of the corresponding production system,
design, development, production, testing, maintenance of
the manufactured product, use of the product by the user,
recycling or destruction of the used product.

— The production system cycle, which includes the

design, assembly, operation, maintenance and
decommissioning of the entire production system.
—The implementation cycle, which includes

functions related to the interaction of the supplier and the
customer.

Other life cycles that can also be included in the
system under consideration, if there are special
requirements for a “smart enterprise”.

2.The integration level, which ensures the
integration of all resources, systems and processes
involved in the various life cycles associated with the
creation of products, through all levels of the production
system to create an environment for smart
manufacturing applications. This level includes the
following types of integration:

— Vertical integration, which is responsible for
ensuring that new technological solutions are included
in an existing system through higher levels of the
production system.

— Horizontal integration, which is responsible for
ensuring that new technological solutions are integrated
into an existing system at one system level.

— End-to-end integration, which allows connecting
each phase of the life cycle of the manufactured product
through the entire chain of product implementation,
including through various enterprises.

3. The application layer, which is responsible for
implementing end applications used to solve various

problems that arise in smart manufacturing. Examples
include the following applications:

— Innovative manufacturing is a type of “smart
manufacturing” and includes applications such as
virtual manufacturing, flexible manufacturing, and
customized manufacturing. Virtual manufacturing
allows for the simulation of production processes at the
enterprise  and computer modeling. Flexible
manufacturing allows for a quick response to
predictable and unpredictable changes. Customized
manufacturing allows for the sale of goods in a way that
meets the needs of each individual customer.

—Preventive maintenance is responsible for
analyzing data coming from production tools equipped
with various types of sensors that collect information
about the current state of the equipment, and making
decisions based on the analysis results, which can
potentially lead to the prevention of equipment failures.

To highlight the task that will be revealed in this
paper, we will highlight the main data transfer protocols
of the Industrial Internet of Things. IIoT systems have
high requirements for the reliability of message
delivery, as a result of which IIoT system developers
very often use special industry data transfer protocols
used in the field of industrial automation. The following
technologies were selected for the study of IIoT data

transfer protocols:CoAP (Constrained Application
Protocol)

- MQTT (Message Queuing Telemetry
Transport);

— XMPP (Controller Area Network);

— HTTP (HyperText Transfer Protocol);

—ModBus;

—OPC UA (Open Platform Communications
Unified Architecture).

Currently, there is an active development and
implementation of such a class of devices in the
networks of the Internet of Things and the Industrial
Internet of Things, such as gateways. These devices are
responsible for ensuring the interaction of specific
communication technologies and data transfer of IoT
and IIoT, both among themselves and with public
communication networks.
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Conclusions

The article discusses the concept of the Industrial
Internet of Things. The main protocols for data
transmission of the Industrial Internet of Things were
identified. IIoT systems have high requirements for the
reliability of message delivery, which is why special

industry data transmission protocols used in industrial
automation are often used to develop IIoT systems. IIoT
technologies are an integral part of the Internet of Things
concept.

The article presented the architecture of an
automated enterprise based on IloT, highlighting its
advantages and disadvantages.
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JocaixkeHHst Mepe:k i cucreMm npomucjioBoro Inrepuery Peueii
C. C. Hauenko, /1. A. Tapacenko

AHoTamisi. Y crarti po3risIHyTO KOHIEIINI0 MPOMHCIOBOTO IHTepHETY pedeil. Bylio BHIIEHO OCHOBHI MPOTOKOIH
nepenavi JaHux npomucioBoro [HrepHery peueit. Cucremu IloT MaroTh BHCOKI BUMOTH [0 TIOKa3HHUKIB HaIiifHOCTI OCTaBKH
HOBIIOMJICHb, BHACHIIZOK YOTO 4YacTo-rycto uisi po3poOku cucteM I[loT BHKOPHCTOBYIOTH CHEIliajbHi ranxy3eBi MPOTOKOJIN
nepeaavi JaHMUX, 10 BHKOPHCTOBYIOTBCS y cdepi mpomucioBoi aBromatm3anii. Texsomorii IloT € ckiamoBoro KoHIeMINii
IurepHety peueii. Y poOOTI MpeACTaBICHO apXiTeKTypy aBTOMaTH30BaHOTo mianpuemMctBa Ha ocHoBi [IoT, BuaiieHo 1i nepeBaru
Ta HEIOJIKH.

Kawuosi caoBa: IoT, IloT, aBromaTn3ariis, iHTerparis.
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METOIA MAPIIPYTHU3AIII
JJIA BABE3IIEYEHHSA AKOCTI MEPEKHOI'O CEPBICY

AHoTanisi. AKTyalbHiCTh. AKTYaIBbHICTH METOIB MapIIpyTH3amil 1yt 3a0e3MedeH s SKOCTI MEPEeXHOTO CEepBICY 3allHIIa-
€TBCSI BUCOKOIO B CyJacHOMY ITH(poBoMy cBiTi. CyTTeBe 301IbIIEHHS 00CATIB Iepeiadi JaHuX y Mepekax 3yMOBIICHE 3pOCTaH-
HSIM KUTBKOCTI MIAKITIOYEHUX MPUCTPOIB 1 PO3BUTKOM iHTepHETY pedeil. Lle Bumarae Ou1bI e(heKTHBHOTO YIIPaBIIiHHS IIPOITYC-
KHOIO CIIPOMO>KHICTIO Ta 3aTPUMKOIO JUIS 3a0e3MeueHHsl BiINOBIIHOT IKOCTI 00cmyroByBaHHA. CydacHi Mepeki BUKOPUCTOBY-
FOTBCSL AJTs1 IIMPOKOTO CHEKTPa 3aCTOCYHKIB: BiJ] BeO-MepersiLy Ta eIeKTPOHHOI MOIITH 0 BieoKoH(epeHLiil, OHtaitH-irop, i
MOTOKOBOTO BiZIeO BUCOKOI YiTKOCTi. KoskeH 3aCcTOCyHOK Mae CBOI YHIKaIbHI BUMOTH JI0 SIKOCTI CEPBICY, 1110 3yMOBIIIOE ITOTPEdy
B PI3HOMaHITHHX METO/IaX MapIIpyTU3aLii A1 3a0e3MeueHHs ONTUMAIBbHOI MPOAYKTUBHOCTI. CIIiJ TAKOXK 3a3HAYMTH, 1110 30171b-
IIEHHS TOITYJIIPHOCTI MOTOKOBUX MYJIBTHMEAIHHIX cepBiciB, Takux sk Netflix, YouTube, i Spotify, Bumarae Bucoxoi nporryc-
KHOI CIIPOMOYKHOCTI Ta HU3bKOI 3aTPUMKH IS 3a0€3MeUCHHS 33JJOBLUTBHOTO PIiBHS CepBicy. 3 OISy Ha IIi (akTopu, METOIH
MapuIpyTH3aLii Jyist 3a0e3eueHHs IKOCTI MEPEKHOTO CEPBICY 3ATHIIIAIOTHCS KITIOUOBHM €JIEMEHTOM B IIPOSKTYBaHHI Ta YIIPaB-
JIHHI MEPEKEBOIO IHHPACTPYKTYPOIO, a iX PO3BUTOK i ONTHUMI3AIlsl € HEBII'EMHOIO YaCTHHO 3a0€3MEeUCHHS BUCOKOT MPOIYK-
TUBHOCTI Ta HaIIHOCTI MEpEeKEeBUX cepBiciB. MeTo0 AaHOi poOOTH € JOCTIHKEHHS ICHYIOUHX METOAIB MapIIpyTH3aLii s
3a0e3neYeHHS SIKOCTI MEPEXKHOTO0 cepBicy. 00’ €KTOM AOCiIZKeHHS € METOIM 0araToroTOYHOI MapIIPyTH3aLil KOMI IOTEPHUX
mepex. [IpeaveTom 1ociKeHHs € METO[] KepyBaHHS KOHTPOJIEPOM MIPOTrpaMHO-KOH(IrypoBaHOT Mepexi Iy peanizaii mo-
OyIOBaHMX MapHIPyTiB OararonoTo4yHoro 3’eqHaHHs. PesyabraTu. [IpoBeaeHo aHami3 iCHYIOUMX METOAIB 0araTonoToYHol Ma-
pupytusanii. [IpoananizoBaHo icHyI04i poOOTH 3 aHaJi3y e()eKTUBHOCTI 0araTomnoTO4HOI MappyTu3amii. s npoBeaeHHs
MOPIBHAUTBHOTO aHai3y obpani mpotokoan Multipath TCP ta Flow Distribution Management Protocol sik npencraBHUKH cTa-
THUYHOTO Ta AWHAMIYHOTO MeToiB. OCHOBHOIO METOJIOJIOTIEI0 IOCIIDKEHHS € TI0O€IHAHHS IMITaliifHOr0 MOJIEIIIOBaHHS Ta CTa-
TUCTHYHMX TecTiB. OCHOBHA TiloTe3a MoJisirae B TOMY, 10 ANHAMIYHI MeTo | OyIyTh epeBepllyBaTH CTaTHYHI MeTo/ 1 Oara-
TONOTOYHOI MapmpyTu3arii. LIg rinmoresa nepeBipseThest HA OCHOBI MOJCITIOBAHHS MOBEIHKY 6araTOOTOYHUX METOIB MapIl-
pyTH3aLii 3 pO3rISHYTHX cTpareriit podotu koHTponepa SDN. HaBeneHo omic MeToy ynpapiHHS KOHTPOJIEPaMH B porpa-
MHO-KOH(DITYpOBaHMX Meperkax Ui pealtizamnii moOyI0BaHUX MapIIpyTiB 0araTOOTOYHOTO 3’ €THAHHS.

Kaw4voBi croBa: 6araronoroyHa MapiipyTH3allisi, METOI, MPOrpaMHO-KOH(DIrypoBana Mepeska, QoS , MepeKHHIA cepBic,

MeTojuKa, My apTuMeniiuui cepsic, Multipath TCP, Flow Distribution Management Protocol.

Beryn

Meroan 3a0e3redeHHs] SIKOCTI  0OCIyroBYBaHHS
(Quality of Service, QoS) € KPUTHYHO BaYKIIMBUMHU IS Oara-
TOMOTOYHOT MapLIPyTH3alii, OCKUIbKA BOHH JI03BOJISIIOTh
KepyBaTu mpioputeTamu Tpadiky, 3a0e3medyrodn Bixmo-
BiHI PiBHI IPOIYCKHOI CIIPOMOXHOCTI, 3aTPUMKH Ta Ha-
JUIHOCTI JUTS Pi3HUX THIIB MEpekeBOro Tpadiky. AKTya-
nbHICTE QOS 'y cyyacHHX Mepexax He Moxe OyTH mepeo-
IiHeHa, 0COOJIMBO 3 OIJISAAY Ha 3pOCTAI0Yi BUMOTH 10 Me-
PSKEBHX PECYpCIB Ta AMBEPCU]IKAIIO 3aCTOCYHKIB, SKi
BUKOPUCTOBYIOThCS SIK y Oi3Hec-cdepi, Tak i B OBCSKIICH-
HOMY KHUTTi. QOS € KPUTHYHO BaXKIIMBOIO KOHIICTIIIEIO Ta
Ha0OPOM TEXHOJIOTIH, 110 3a0€3MeYyI0Th PUOPITH3ALIIO
Tpadiky, TapaHTiIO MPOIYCKHOI CIIPOMOXKHOCTI, MiHiMi3a-
10 3aTPUMOK Ta 3a0e3IeUeHHsT HAAIHHOCTI U Pi3HUX
BU/JIIB MEPEKEBHX 3aCTOCYHKIB. [I0TOKOBE Bijieo, BiieOKO-
Hopepernii, VoIP (Voice over Internet Protocol) ta inmmi
MYJIBTUMEIIHHI 3aCTOCYHKH MAlOTh CTPOTi BUMOTH JI0 3a-
TPUMOK, JDKUTEPY (Bapiallii 3aTpUMKH) Ta BTPAT MaKETiB.
QoS 103BoJIsIE 3a0€3MEUNTH CTAOIIBHICTD Ta SIKICTh TAKKX
CepBiCiB, HaBiTh Y TIEpENOBHEHUX a00 HECTAOUILHUX Me-
pekax, a TaKoXK IMiJIBHUIIUTH eHepro3oepesxeHHs [1].

3 posutkoMm 0T, KiNBKiCTh MiIKIIOYEHUX MpPHU-
CTpOiB Ta TeHEPOBAHMIT HUMH Tpadik IPOIOBKYIOTH 3pO-
crati. Mepexi moBUHHI e(eKTHBHO OOpOOIIATH BelMde-
3Hi 00csry TaHuX Bix ceHcopiB Ta iHmmx [oT npuctpois,
JesIKi 3 IKHX BHMaratoTh MiHIMaJIbHOI 3aTPUMKH Ta BHCO-
KOi HaJ(IfHOCTI JUIs1 KPUTUYHUX 3aCTOCYHKIB, HaIIPUKIIA,
y chepax OXOPOHH 310POB'sI Ta aBTOHOMHOT'O TPAHCIIOPTY.
IcHy!OTH TakoX 1 iHII NUTaHHS, SIKI poOIATH 3abe3me-

yeHHs QOS aKTyaIbHUM: JOJATKH KPUTHYHOTO 3HAUCHHS,
TaKi SIK TeJIEME/INIIHA, CHCTEMH YIPABIIiHHS TPaHCTIOPTOM
Ta MPOMUCIIOBHH KOHTPOJIb, MOTPEOYIOTh TapaHTOBaHUX
napameTpiB MepexeBoro cepsicy; QoS 3abesneuye HeoO-
XiZIHUH PIBEHb BiATIOBIJALHOCTI Ta €(heKTUBHOCTI LIS TMijI-
TPUMKH LIUX 3aCTOCYHKIB; XMapHi OOUMCIIEHHSI Ta CepBiCcH
BUMararoTh e()eKTHBHOTO YIIPABJIHHI MepeeBUM Tpadi-
KOM JijIs 3a0€3MeUeHHsI JJOCTYITHOCTI, POIYyKTHBHOCTI Ta
6e3nekn. QoS € KITIOYOBAM eNIeMEHTOM Yy 3a0e3IeueHHI Ha-
TUIHOCTI Ta IPOAYKTUBHOCTI XMapHHUX CEPBICIB, 0COOIMBO
TIPU PO3TOPTaHHI MAaCIITA0OBAHUX 3aCTOCYHKIB.

Mertomu mapmpyTu3amii s 3adesmedeHHs QoS €
B)KJIMBMM aCTIEKTOM y IPOCKTYBaHHI Ta YHpaBJiHHI Me-
pexxamu. BoHM 03BOJISAIOTH BU3HAYATH IMPIOPUTETH VIS
pi3HHX THIIIB TpadiKy, 3a0e3medyroun, o0 KPUTHIHO Ba-
JKJIMBI 1aHi OyJIM TiepeiaHi 3 HAIKHOIO IBUIKICTIO, Mi-
HIMaJIbHOIO 3aTPUMKOIO Ta HafiiHICTIO. BukopucTaHHS
METOJIB 0araTomoTOYHOT MapIIpyTH3allii s 3abe3re-
yeHHS QOS MpoIoHye HHU3KY IMepeBar, sKi MOKPAIlyIoTh
MIPOJYKTHUBHICTh Ta HaJiiHicTh Mepexi. bararornorouna
MapIIpyTH3aLlis JI03BOJSIE BUKOPUCTOBYBAaTH JEKiIbKa
MapIIpyTiB AJIs Hepeaadi JaHuX MK By3JIaMH, ONITHMI3Y-
1041 BUKOPUCTAaHHSI MEPEKEBUX PECYPCIB 1 3a0e3nedyroun
OiJIbII BUCOKHUH PiBeHB SIKOCTI 00cyroByBaHHs. Bukopu-
CTaHHS KUIBKOX MapIIpyTiB JJIA Nepeadi JaHuX 3HIKYE
PH3HUK BTPATH 3'€THAHHS Y BUTIAIKY BUXO.LY 3 JIa/1y OTHOTO
a0 IeKiIbKOX MapmIpyTiB. Y BHIIAIKy BUHHUKHEHHS 30010
Ha OJHOMY LUIAXY, Tpadik Moke OyTH aBTOMAaTHYHO IIe-
peHaIpaBlIeHUH Yepe3 HIINUK MOCTYIMHUN MapIipyT, 3a-
Oe3mneuyroun Oe3nepebiliHicTh cepBicy. bararomorouna
MapIIpyTH3aLlisl JI03BOJISE OallaHCYBaTH HaBaHTAKEHHS
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MDK pI3HAMH MapuipyTamH, €(QEKTHBHO PO3IOIUIIIOUN
Tpadik A1 yHUKHEHHS IIepeBaHTa)XEHb Ha MEBHUX AIISTH-
kax Mepexi. lle 3abe3nedye onTHManbHe BUKOPHCTAHHS
JIOCTYITHOT TIPOITYCKHOI CITPOMO>KHOCTI Ta 3MEHIIy€E HMOBI-
PHICTb yTBOpEeHHS "BY3bKHX FOpJIOBHH". 32 JOTIOMOTOI0 Oa-
raTONOTOYHOI MapIIPyTH3AIlii MOKIIMBO BiIJaBaTH IPiOPH-
TeT TpadiKy BiJ KPUTHIHO BAYKIIMBUX 3aCTOCYHKIB, TAKHX
sk VoIP abo BimeoxoHpepeHrii, 3ade3nedyroun iM He0O-
XiJHy TIPOIyCKHY CIIPOMOKHICTB 1 MiHIMAJIbHY 3aTPHMKY.
TaknM 9HHOM, KOPUCTYBadi OTPUMYIOTh BHCOKHI PiBEHB
SIKOCTI 0OCITyTOBYBaHHS HABITh IMiJ] 4ac MIKOBHX HAaBaHTa-
*KeHb Ha Mepesxy. Posnozin Tpadiky yepes Kijibka MapIupy-
TIB MOKE 3MCHIIUTH 3arajbHy 3aTPHUMKY, OCKUIBKH JaHi
MOXYTh OyTH NiepesiaHi yepe3 HaiMEHII 3aBaHTa)XKeHi abo
HauBuaI nusixy. [le 0co0nMMBO BaXIMBO 71 3aCTOCYH-
KiBB, 4y TJIMBUX JI0 3aTPUMOK. MeToi1 6araToroTo4Hoi Ma-
puIpyTH3aLii HaJar0Th aJMIHICTPaTOpaM Mepexki pO3IIu-
PEHi MOKIIMBOCTI JUTS YIIPaBIiHHS TpagikoM, BKIFOYAOUH
MOHITOPHHT, aHAJII3 1 ONTHUMI3aIlif0 TOTOKIB JaHHUX Y peajlb-
HOMY dYaci, 3a0e3MevyroUur BICOKUI piBeHb e(heKTHBHOCTI
MEpEeXHHX omepaniil. 3araiom, BAKOPHCTaHHS 0aratoroTo-
YHOT MapLIpyTH3aLlii UL 32a0€3MeYeHHs IKOCTI MEPEKHOTO
CepBICY J03BOIISIE CTBOPUTH OLITBII HATIHHY, €PEKTUBHY Ta
BHCOKOIIPO/IyKTHBHY MEpEeXHy iH(pacTpyKTypy, 3HaTHY
3aJI0BOJIGHUTH Cy4acHi BUMOT'H JI0 riepenadi nanux. Oxke,
METOI0 L€l PO0OTH € JOCIiDKEHHS ICHYFOUMX METOJB Mapiil-
pyTHU3arii s 3a0e3MeYeHHs IKOCTI MEPEKHOTO CEPBICY

OcHOBHA YacTHHA

[Ipu po3poOdiii 6araToMOTOYHUX MPOTOKOIIB BUHH-
KaloTb 3aBJaHHs PO3MOUTY TPAHCIIOPTHUX CETMEHTIB Ja-
HUX MDK BiATIOBITHAMH IIAIIOTOKaMH, PO3POOKH aNrOpH-
TMIB YIpaBIiHHS HABaHTAKCHHSM IS BIIIIOBITHUX ITij-
MOTOKIB, Y3TOKCHHS KUTHKOCTI MIAMOTOKIB 1 CTBOPEHHS
MapIIpyTIB AJIsl KOXKHOTO BIAMOBIZHOTO IiIIOTOKY.

IcHye nBa Kiacu METOJIB /ISl BUPIIIEHHS L€l po-
OJeMU: cTaTUYHI Ta TUHAMIYHI. Y CTaATHYHOMY METO/I Ki-
JIBKICTb MOB'SI3aHUX MiANOTOKIB TPAHCIIOPTHOTO 3'€/JTHAHHS
3a3/ayerijib BU3HAUeHa B KO)KHOMY KOHKPETHOMY BHIIa-
JIKY 1 HE 3MIHIOETHCS 3 yacoM. KiIbKicTh MOB'SI3aHUX T1IOK
MOJKe 3aJIeKaTH BiJ KOH(Iryparii KoprcTyBada Ta KiJTbKO-
CTI MepexeBHX iHTep(eiiciB MPHUCTPOIB-BiAMPABHUKIB 1
MIPUCTPOIB-0/IePKyBadiB (Y bOMY BHIIAJIKY T1IKH BiTKPHU-
BaIOTHCS Ha KOXKHY Tapy iHTepdericiB).

V nuHaMiYHAX METOHax KUIBKICTH MOB'S3aHUX ITiJI-
MOTOKIB Y TPAHCIIOPTHOMY 3'€IHAHHI 3aJICKUTh BiJl BUMOT
10 QoS 3aCTOCYHKY Ta CTaHy MEPEKEBOTO CEPEIOBHIIIA.
SIkmIo pecypciB Ha MapIIpyTi iICHYIO4OTO HA0OPY MOB'sI3a-
HUX IMAMOTOKIB HEAOCTATHRO IS 3a0€e31eueHHs HE0OXiI-
HO1 SIKOCTi OOCITyrOBYBaHHSI, BiIKPHUBAIOTHCS JOJATKOBI
MiAMOTOKA. Y JOCHIPKEHHSX, CIPSIMOBAaHUX Ha aHaJi3
eeKTHBHOCTI 0araTornoToO4YHOI MapIIpyTH3amii, OCHOB-
HHUM KpUTEPIEM B OLIBIIIOCTI BUMA/IKIB € 30UIBIICHHS [IIBH-
JIKOCTI TPAHCIIOPTHOTO 3B'I3KY IPY BUKOPHCTAHHI CTaTH-
YHUX 0araTONOTOKOBUX CXEM B 33J1aHOMY CEpEIOBHIL Te-
penadi raHuxX a0o0 MPH 33JaAHOMY HABaHTAKCHHI.

B po6ori [2] po3rasaaeTsest 3011bIIEHHS TPOYKTH-
BHOCTI CTaTHYHOT'O METOY ITiJ] 9aC BUKOPUCTAHHS Pi3HHUX
AITOPUTMIB IUIAHYBAaHHS CETMEHTIB MIX IiITOTOKAMHU.
Taxox € po6ota [3], ae DOCTiIKYIOTh e(eKTHBHICTh CTa-
TUYHOTO METOMAY ISl aBTOMOOIMIB, MMiJKITIOYEHUX 10 Me-
pexi. L{i aBToMOO11i MOKYTh KOOPAWHYBATH CBOIO POOOTY
MDK CO00I0 3 MICBKHMH CITy’)KOaMHU JOPOKHBOTO PyXy, a

TaKO’X BUKOHYBATH JIONIOMIXXHI OOUHMCIICHHS Ha IHIIINX Me-
pexHux mnpuctposix. Pobora [4] npucBsdyeHa mocii-
JDKEHHIO MTPOYKTHBHOCTI CTAaTUYHOTO METOJy Oaratoro-
TOYHOI MapmpyTH3alii B 0e3IpOTOBUX AELEHTpatizoBa-
HUX MEpekax, IO CaMOOPraHi3yrThCs. Y cTaTTi [5] po3-
TIISIAETHCS BIUTUB PI3HUX aJITOPUTMIB YIIPABIIiHHS HAaBaH-
Ta)KEHHSIM Y pa3i CTAaTHIHOTO 0araTOIoTOKOBOTO METOY.
B pamkax miei po6otr 0yJo mpoBeIeHO TOCTiKEHHS Ma-
COBOTO BUKOPHCTaHHS CTATUYHOTO METOAY 0araTtonoTod-
HOi MapuipyTu3amii B pamMKax OIHi€i aBTOHOMHOI CHC-
TeMu. JIoCIiKeHHs ToKa3ao, M0 3aCTOCYBAHHS CTaTHY-
HOro 0araTornoTOYHOTO TPAHCIIOPTHOTO CIHOJYyYEHHS Mae
riepeBary Inepej OJHOIOTOKOBUM 3'€THAHHSM HPOTOKOITY
TCP Tinbku 3a YyMOBHM 3aBaHTa)KEHHsI MEpEXKi, MEHIIO]
37%. I1in 3aBaHTaKCHHSIM MEPEXKi PO3YMIETHCS CEPEITHE
3HAYCHHS 3aBaHTAXKEHHS JIIHIH 3B'SI3KY, /I 3aBaHTaKCHHS
JHIT 3B'S3Ky pO3paxoByBajacs SIK BiTHOLICHHS CyMapHOI
mBuaKocTi TCP mOTOKIB, 10 MPOXOATH IO JIIHIFO 3B'S-
3KY, I0 il IpOITyCKHOI CIIPOMOYKHOCTI.

B po6ori [6] mpoBeneHo aHaNi3 epeKTUBHOCTI IWHA-
MIYHOTO METO/y 0araTornoToYHOI MapmpyTH3aLii B KOH-
TEKCTi Oe3MpoBiTHUX Mepex. s mpoBeaeHHs MOPiBHS-
JHHOTO aHaNi3y CTATHYHOTO Ta JHHAMIYHOTO METO/IB Oa-
raToroTOYHOI MapIpyTH3alil He0OXiHO BUOPATH MPOTO-
KOJIM, Ha SIKUX Oy/e AOCHTIPKeHO e(eKTUBHICTH POOOTH
MeToAiB. Bubip nmpoBomuBCs 32 TaKMMU KPUTEPISIMHU SIK:
KJ1ac METOJy, MiATPUMKA IIPOTOKOITY, OTIOPHHUH TPaHCIIOp-
THHH MPOTOKOJ, MOXIJIUBICTh BUKOPHCTAHHS JOBIIEHOTO
ITOPUTMY YIPaBIiHHS HaBaHTaXEHHAM. baratonoToko-
BUH TPaHCIIOPTHHUH IPOTOKOJI MOXKE BiITOBIIATH CTaTHY-
HOMY a00 IMHaMidHOMY MeToxy. JlIs OTpUMaHHS aKTya-
JBHUX JIOCTOBIPHUX pe3yJbTaTiB HEOOXIMHO, m00 peai-
3aris 0araTormoTOYHOTO MPOTOKONY OyJia BiJKPUTOIO Ta
JOCTYIIHOKO, 8 TAKOXK MaJia Jifouy MiATPUMKY, 00 BiATO-
BiJIaTH TOTOYHHM BHMOTaM Mepex. barato mportokoris
BHUKOPUCTOBYIOTh TaKi MOIIUPEHI TPAHCIOPTHI MPOTO-
kouy, sik TCP, UDP, ans Toro mo0 CrpocTUTH BIpOBa-
JDKSHHSI [IUX POTOKOJIB B iCHYI04Y iH(pacTpyKTypy me-
pexi. Tak K pO3BUTOK iHIIIMX METOIIB 3a0€3MeUeHHS KO-
CTi CepBICY He CTOITh Ha MICIli, TO BOXKIIHBO, 1100 OaraTo-
HOTOKOBHIA ITPOTOKOJ MII' BUKOPHCTOBYBATH Cy4acHi aj-
TOPUTMH YTIPABIIiHHA HABaHTAXXCHHSIM Y CBOTH pOOOTI.

3rigHO MPOBEICHOTO aHANI3y POOIT 32 TEMATHKOKO JI0-
CITi/PKeHb, HAHOLTBII MOMYJISIPHIM 0araTOIMOTOYHNAM TIPOTO-
KOJIOM, IO MATPUMY€E CTaTUIHUI crioci0, € Multipath TCP
(MPTCP) npotoxout [7]. He3Baxarouu Ha BETHKY KUTBKICTh
PI3HUX 6araTONMOTOYHMX MPOTOKOJIIB OaraTo XTo 3 HUX € Pi3-
HUMHU Moardikartissmu mpotokosry MPTCP. Txmi 6ararormo-
TOYHI TpoToKoIHM abo abo 3acHoBaHi Ha Stream Control
Transmission Protocol (SCTP-CMT), abo penpe3eHTyroTh
HOBUI TPAHCTIOPTHHUM NPOTOKOJI, IKUM HE Mae cTaHaapTy. B
000X BHTIaIKaX 0araTornoTOYHHUI POTOKOI OyIe CKIIATHIIIe
IHTErpyBaTH B iCHyIO4y Mepexy iHdpactpykTypu. Takox
HeoOxinHo BimHaunTH mpotokon Quick User Datagram
Protocol Internet Connections (MP-QUIC) 3acHoBanuii Ha
THX € MPUHIUNax poboTH, mo i nporokon MPTCP, Tomy
nipotokost MPTCP 6yB 00paHnii Ik OCHOBHMH MPEACTaBHUK
CTaTHYHOTO IPOTOKONTY 0araTornoTOYHOrO ISl TPaHCIIOPT-
HUX 3'€/IHAHB JUTS TIPOBEICHHS TIOPIBHIILHOTO aHami3y ede-
KTMBHOCTI CTAaTHYHOTIO 1 JMHAMIYHOI'O METO/IB 0araToroTo-
yHOi MapmpyTmsanii. Kpim 1poro, nporokon MPTCP mae
JOCTYIIHY BIIKPUTY peati3aliito, o MiATPAMY€ETECS, Ha Bill-
Miay Big mpotokomy MP-QUIC. IloGymoBana moneins
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poboTi MeTody OaraTornoTOYHOI MaplupyTuzauil s
Bandwidth-Need Driven Energy Efficiency Improvement of
MPTCP (BNDEEI-MPTCP) [7] sik omiH 3 KpHUTEpIlB BilK-
PUTTSI MIANOTOKY BHKOPHCTOBYE CHEProe(eKTHBHICTh Ka-
HaJly, [0 MaJIO 3aCTOCOBYETHCSI JUIsl IPOBIHUX Mepesx [HTe-
prert-mipoBaiinepiB. Kpim Toro, BNDEEI-MPTCP crmpa-
€ThCs1 Ha IPHITYILEHHI, 0 BUKOPHCTOBYETHCS aJITOPUTM YTI-
PaBITHHS HABaHTHKCHHSM, SIKUI BI3HAYAE TIEPEBAHTAKCHHS
1o BTpari makera (loss-based anropurmn).

MPTCP — iie moaudikamis npotokoxy TCP, mio mia-
TPUMY€ CTaTHYHHI METO] 0araTONOTOYHOI MapIIpyTH3a-
uil. MPTCP) € po3mmipeHHsM TpaauLiifHOTro IPOTOKOITY
nepenadi ganux TCP (Transmission Control Protocol),
sIKe JI03BOJIsIE BCTaHOBJIEHHS onHoro TCP-3'ennanHs de-
pe3 Kinbka Gi3nYHUX NULXiB. 1le 3HauHO MOKpaIirye BUKO-
PHCTaHHS PECypCiB MEpeKi, HalifHICTh 3'€JTHAHHS Ta IPO-
nyckHy crpoMokHictb. MPTCP no3Bonsie mepenaBatu
JlaHI MK JBOMa KiHIICBUIMH TOYKaMH depe3 KiJlbKa Mepe-
JKEBHX 1HTEP(EHCIB Ta MUIAXIB OTHOYACHO, 320€3IIETyIOUN
e(eKTHBHIIIEe BUKOPHCTAHHSI MEPEKEBHX pecypciB. Y Bu-
MaJIKy BiZIMOBH OZIHOTO 3 KaHaiB 3B'13Ky, MPTCP aBTO-
MAaTHYHO TIepepo3noAiisie Tpadik MK TOCTYITHHMH
IITSIXaMH, 3MEHIIYIOYH IIEpEepBHU B 00CIIyrOBYBaHHI Ta IIi-
JIBUIIYIOYH 3arajibHy HaJiiHICTb 3'€qHanHs. [loaaTky, sKi
BUKOpUCTOBYIO0Th TCP, He moTpeOyIoTh 3MiH A1 poOOTH
3 MPTCP, ockijbku BeCh MPOIEC YIPABIIHHS KiTbKOMa
[UIIXaMHi BUKOHYETHCSI HA TPAHCIIOPTHOMY piBHI 0e3 3a-
JIy4eHHs JIOJaTKOBOT'O MPOrpaMHOro 3ade3nedeHHs. Bu-
KOPHCTaHHS JIEKIIbKOX MapIIPYTiB J03BOJISIE arperyBaTH
MIPOITYCKHY CIPOMOXKHICTh PI3HHX MEPEKEBUX 3'€IHaHB,
T ABUIITYFOYH 3arajbHy MIBUAKICTH Iepeaadi JaHUX.

MPTCP ineanpHO MiIXOOUTH TSI MOOUTBHUX TIPH-
CTPOIB Ta 6araTOroMiHIOBHX CEPEIOBHIL], JIE IOCTYITHO Ki-
JbKa MepexeBux iHTepdeiiciB (Hanpukan, Wi-Fi Ta Mo-
OLTBHUI 3B'SI30K), 3a0e3MeUyrOUl Kpalle BHUKOPHUCTAHHS
JIOCTYITHUX MepexkeBHX pecypciB. Posnoain tpadiky ve-
pe3 KilbKa IUISIXIiB MOXe 3MEHILHTH 3arajibHy 3aTPUMKY
3B'A3KY, 0COOJIMBO IS IOJATKIB, Uy TJIMBHX JI0 3aTPHUMOK,
TaKHUX SIK TOJIOCOBHIA 3B'130K Ta BijicokoH(pepeHiii. Buko-
pucrannass MPTCP minBuinye CTifikicTh Mepexi 10 Bij-
MOB, OCKIJIbKM aBTOMaTH4HE MEPEKIFOYSHHS MK Mapiil-
pyTamH JO3BOJISIE YHUKHYTH TEpepB y 3'€HaHHI depe3
po0IeMH 3 OJJTHUM 200 IEKiTbKOMa KaHAIAMH.

[porokoxn Flow Distribution Management Protocol
(FDMP) He € mmpoko BimoMuM ab0 CTaHZAPTH30BAaHIM
MIPOTOKOJIOM Y chepi MepeKeBUX TEXHOJIOTiH 41 Mepexe-
BOI iHXKeHepil, aHi He 3rafyeThCs K 3arajJbHONPHHHATHI
CTaHIapT ab0 NPOTOKOJI. B KOHTEKCTI MEpekKeBUX KOMY-
HiKami#, iges "ympaBiiHHS pO3MOALIOM MOTOKIB" MOXe
OyTH acoIliiioBaHa 3 Pi3HUMH MEXaHi3MaMHU Ta CTpaTeTi-
SMU JITS ONTUMI3a1lii TPOXOPKEHHS JaHUX YePe3 MEPEKY,
BKITFOUAIOYM MapIIpyTH3aIlifo, OalaHCyBaHHS HaBaHTa-
*KeHHs, Ta ynpasiiaast QoS. Taki MexaHi3MHU clpsIMOBaHi
Ha IiIBUAIICHHS e()EKTUBHOCTI MEpExKi, 3a0e3eucHHs Ha-
JUIHOCTI 3'€JHaHb, Ta TAPAHTIIO, IO KPUTUYHO BAXKITUBI
TIOTOKH JJaHUX 0OpOOJISIFOTECS 3 HAJIC)KHUM TIPIOPUTETOM.
3aBnaHHs BUOOPY Ta BCTAaHOBJIEHHS MapIIpyTy B KOMII'IO-
TEpHil Mepexi BiJlirpae KpUTHYHO BaXKJIMBY POJIb y 3a0€3-
neveHHi eQeKTHMBHOCTI Ta HAIIHHOCTI Teperadi JaHux
MiX By3namu Mepexi. Llelt mporec Bkirouae B cebe psin
KpOKIB Ta MEXaHI3MiB, SIKi JO3BOJISIFOTh BU3HAYNTH HANO-
NTUMATBHIIIAN DX U1 TIepeaadi MakeTiB JaHuX Bij
JoKepena 70 TIPU3HAYCHHS. TIpu CTaTHIHIH

MapIpyTH3alii MapIIpyTH BCTAHOBJIIOIOTHCS BPYUHY a/1-
MiHicTpaTtopoM Mepexi. Llei Merox € nmpoctum Ta nepen-
OadyBaHMM, ajie HE Ma€ THYYKOCTI JUIi aBTOMATHYHOTO
aJlanTyBaHHS JI0 3MiH Y MEpeXi, TaKUX K BiIMOBH o0Ia-
JIHAHHS Y 3MiHH B TOTIOJNOTIi Mepexi. BukopucroByroun
MPOTOKOJM JHHAMIYHOI MapIIpyTH3amii (HampHKiam,
OSPF, EIGRP, BGP), mapmpyTu3atopii aBTOMaTHIHO
OOMIHIOIOTBCS 1HPOPMAIII€I0 TIPO JOCTYIIHI IUISIXA Ta BU-
3HAYAIOTh ONTHMAIIbHI MapIIpyTH B pearsHoMy daci. Lle
3a0e3redye BHUILY CTIHKICT Ta aJanTHBHICTh MEPEXKi.
MapmpyTu3aTop BHKOPUCTOBYIOTH TaOJIHIII MapIII-
pyTtH3auii aist 30epiranHs iHpopManii npo BioMi Mapi-
pyTu. Konm nmaker naHux HagxoAuTh 10 MapIIpyTH3aTOPA,
BiH BUKOPHCTOBYE ITt0 TAOJIHIIIO JUIsl BU3HAUCHHS HallKpa-
IIOr0 HUIAXY 0 NMpu3HaueHHs. /[y BU3HAYCHHs HalKpa-
IOr0 MapUIpyTy MapuIpyTH3aTOpH BUKOPUCTOBYIOTH Pi-
3HI METPHKH, TaKi K HPOIYCKHA CIPOMOXKHICTb, 3aTpH-
MKa, KUIBKICTh XOIB (TIEpeXOAiB depe3 MapIipyTH3a-
TOpH), HABaHTKEHHS Ta HAAiiHiICTh. Bubip MapmpyTy 3a-
JEXKUTD BiJ JITOPUTMY MapIIpyTH3alii Ta HAIAIITYBaHb
MPOTOKOMY. JlesKi MPOTOKOIM MapIIpyTH3aLil miATpIMY-
10Th OaJlaHCYBaHHS HaBaHTa)KCHHSI, I03BOJISIIOYH BUKOPH-
CTOBYBAaTH KiJIbKa MapHIPyTiB IS PO3MOALTY Tpadiky i
TaKMM YHHOM IOKPAIIyIOYH 3arajibHy MPOIYCKHY CIpO-
MOXKHICTh Ta HaJIHHICTh Mepexi. JuHamMidyHa MapuIpyTH-
3alis J03BOJISIE MEPEXi MIBUAKO alanTyBaTHCS O 3MiH,
ABTOMATHUYHO MEPEKOHQIrypyrOUr MapIIpyTH B pasi Bil-
MOBH 00JIaJJHAHHS YH 1HIINX 3MiH y TOTIOJIOTii MepexKi.
Jlnst 3a0e3neueH s HeOOXiJHOTO PIBHS SIKOCTI TS Pi3-
HUX THITB TpaiKy, TAKKX 5K TOJIOCOBHUI 3B'S30K ab0 Bineo,
MOXKyTh 3aCTOCOBYBATICS CIIeHiabHi TpaBiuia QoS, sKi 10-
3BOJIIIOTH BiIIaBaTH TIPIOpPUTET ab0 pe3epByBaTH IIPOITYC-
KHY CIPOMOJKHICTb JUIl KPUTUYHO BKIMBUX JAaHUX. 3a-
BJIaHHSI BUOOpPY Ta BCTAHOBJICHHS MapIIPYTy B KOMITTOTEp-
Hilf Mepexi € PyHIaMeHTATFHAM €JIEMEHTOM MEPEeKeBOi iH-
(bpacTpyKTypH, SIKWii BIUTHBA€ HA MPOIYKTUBHICTH, Haii-
HICTh Ta 3arajbHy €(EKTUBHICTh MEPEKEBUX KOMYHIKaIIii.
VY nporpamMHO-KOH(DITYpOBaHHX MEpekax BHUKOPHUCTOBY-
€TBCS LICHTPANTI30BaHE YIPABIIIHHS, K€ BUHOCUTHCS B OKpe-
Muii Joriuauid npuctpiid. Kortponep nporpamMuo-koH)Iry-
POBaHOT MEPEIKi 3HAE TOTOYHHUIA CTAH MEPEXKI Ta MOXKE Kepy-
BaTH YCTaHOBKOIO 1T00YI0BOI0 MapiupyTiB. LleHTpaizoBane
VIIPaBJHHSA TIPOTPaMHO-KOH(DITYPOBAHIMX MEPEX BiITHO-
CHTBCSl IO TIAPAIMTMH, B SIKI yNPABIIHHS MEpexero Ta i
KOH(QIryparis BiTOyBarOThCS Yepe3 EHTPATI30BaHHI TIPO-
rpamumii iHTepdeiic. Llel mmxin € KIoYoBUM eeMEHTOM
texHoorii Software-Defined Networking (SDN), sika 103B0-
JIsI€ aFMiHICTpaTopaM Mepeki AMHAMIYHO YIPABISTH Mepe-
JKEBIIMH PECYpCaMH, ONTUMI3yBaTH Tpadik Ta aBTOMaTu3y-
BaTH NPOIIECH HACTPOHKHU MEPEKi uepes ImporpaMHe 3ade3re-
4yeHHs. B TpagumiiiHux Mepekax IUIaH ynpaBiiHHS (JIOTika
MapIIpyTH3allii, paBuiIa JOCTYITY TOIO) IHTErPOBAHMIA 6e3-
TIOCEpETHBO B 00JIaTHaHHS. Y MPOrpaMHO-KOH(IrypoBaHHX
MepesKax Ii IIOIIMHK po3iijieHi. JIorika yrpaBiiHHS BUHO-
CHTBCS Ha IGHTPATI30BaHMI KOHTPOJIEP, IO I03BOJISE OLITBIIT
THyuKe Ta e()eKTUBHE yIpaBiiHHI Mepexeto. Snpom SDN e
LEHTPali30BaHNI IPOrPaMHHIN KOHTPOJIEP, SIKUI KOMYHIKY€
3 MEpPEKEBUMH NPUCTPOSIMU Yepe3 CTaHIapTH30BAHUI iHTe-
pdetic (Hanpuknan, OpenFlow). Kontponep mae rimobas-
HUI OMJISIN yCi€i Mepexi, Mo J03BOJISIE eEKTUBHO YIIPaB-
JATH TOTOKAMHU JTaHUX, MapIIPyTH3AIi€l0 Ta MOJITHKAMA
Oesrexn. LleHTpanizoBaHe yIIpaBJiHHS J03BOJISE ABTOMATH-
3yBaTh 0araTo acrieKTiB KOH(Irypartii Mepexxi, 3MEHIITyI0Yn
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BUTpaTH Ha 1l 0OCIIyroBYBaHHS Ta BIPOBAKYIOUM 3MiHU
LIBHIIE Ta 3 MEHILIMM PU3UKOM MOMMUIIOK. Takox 1e 3a0e3-
Tievye MOXJIMBICTb IIBH/IKO MacIITabyBaTH MEpPEXKEBi pecy-
PCH BIiMOBIAHO 10 3MiHHMX NoTpeO. SDN 103BosISIE Mepexi
OyTH THYYKOIO Ta a[JaTHBHOIO JI0 3MiH Y BUMOTaX JI0 Tpa-
(¢ixy Ta MoMTHK yripaBiiHHs. Lle BKITrouae MOXIIUBICTD IIIBH-
JIKO pearyBaTH Ha 3MiHM B MEpPEKEBOMY HaBaHTA)KCHHI, aB-
TOMATHYHO TIePEHAIPABILIOUH TpadiK U ONTHUMI3ALLii po-
OyKTUBHOCTI Ta HapiiiHOCTI. LleHTpamizoBaHe ympaBIiHHS
JI03BOJISIE €(PEeKTUBHIIIIE IMITIEMEHTYBATH TTOTITAKH Oe3MeKn
Ha BCill Mepesxi, 3a0e3Meuyoul KOHCUCTEHTHICTh Ta OHOB-
JIEHHSI B pealbHOMY 4aci. L{e Takox HoJierirye BUsBICHHS Ta
pearyBaHHsI Ha MEPE)KEBI 3arpO3HL.

BaxmuBUM NUTAHHAM € BCTaHOBJIEHHs npaBui SDN
JUIsl peanizalii moOyIoBaHMX MapIIpPYTiB OaratornoTod-
HOro 3'eIHaHHA. ICHYIOTBH /1Bi cTpaTerii poOOTH KOHTPO-
nepa SDN: peakTnBHa Ta NPOAKTHUBHA. Y DPEaKTUBHIN
cTparerii KOHTposep OyIyBaTMMe MapIIpyT i BCTAHOBIIIO-
BaTMME IpaBWiia IIO0 HACTAHHA JAESKOI Mofii, Hampwu-
KJaf, TOSIBH MEPIIOro ITaKkeTa HOBOTO 0araTornoTOYHOTO
3'emHaHHA B Mepexi. s mporo korTponep SDN Hamam-
TOBY€ TIAKOHTPOJbHI HOMY KOMYTaTOpH IS HEpEeXorl-
nenHs Beix makeriB TCP i BigOmpae makerw, siki BigHO-
CATBhCS 710 0araToroTOYHOro 3'€IHaHHs. Y TepMiHax mpo-
tokoity OpenFlow [8], mo po3risigaeTbes B poOOTI SIK
MPOTOKOJ B3aeMoIii Mixk KoHTposiepom SDN 1 miakoHTpo-
JIBHUMHU KOMYTaTOpaMH, KOHTPOJIEP BCTAHOBIIIOE HA KO-
MYTaTOpU HHU3bKOINPIOPUTETHI INpaBWia JJIs BiJIIpaB-
nenns PacketIn noBigoMieHp Ha KOHTpOJIEP ISl KOXKHOTO
TCP maxera. [Ipn HagxomkenHi Packetln moBimomneHHs
KOHTPOJIEp aHAJIi3y€ OMIIOHAJIbHY YacTHHY TPaHCIIOPT-
HOT'0 3aroJIOBKa Ta IIyKa€ OIILii, 0 CTOCYIOThCs Oararo-
motogroro npotokoiry MPTCP a6o FDMP. SIkmio Bimgmo-
BiI[HI OMIIii MPUCYTHIi, TO KOHTPOJIEP CIpHAMATHUME IIei
TCP noTik K migmoTik 06araTonoTOYHOro 3'€ JHAHHS.

IIlo6 Bu3HAuUaTH, 0 SIKOr0 0AraTOMOTOYHOIO 3'€[l-
HaHHSI BIJIHOCUTBCS MIANOTOK, IO PO3IJISIAETHCS, KOHT-
poiep 30epirae iH(OpMAIlI0O MPO KOXEH IMMIANOTOK B
Subflow Information Base (SIB). [Tpu HagxomKkeHHi nep-
II0TO MOTOKY 0araTomoTOYHOTO 3'€/IHAHHS B MEPEXKY KO-
HTpOJIEp BHTSIIYE KIIOY, IO TIE€PENaeThcsi B OMIT
MP_CAPABLE. Skmo maker Bianosigae iHijamii 3'e/1-
HaHHs, TOOTO makeT 3 npanopoM SYN, TO CTBOPIOETHCS
HoBwit 3amic B SIB i1 30epiraeTbcs KIro4 BignpaBHUKA. [H-
aKIIIe 3aImrc Bke CTBOpeHo y SIB 1 30epiraeTbest Kimtod ofie-
pkyBada. Ha OCHOBI BOX KITFOUiB KOHTPOJIEP MOXKE 00UH-
CIIUTH Xell, SIKMH MepejaBaTUMEThCsl B HACTYITHUX CIIOPi-
JIHEHUX TIOTOKaX. BUSBIEHHS! pO3paxoBaHOIo Xelly B Ma-
KeTax IHIIMX TOTOKIB O3HAYaTHME HAJIC)KHICTH HEBiJO-
MOTO JI0 TOTO MOMEHTY ITOTOKY JI0 0araTormoTogHOro 3'€/1-
HaHHS, IHPOPMAILiO TPO sKe TiTbKK 30epexeHo B SIB.

3a momomororo SIB KoHTponep MOXe BU3HAYATH
CIOpi/THEH] TIOTOKHM Ta MPOKJIAJATH JUISl HUX MapupyTH 3
HalMEHILOIO KIIBKICTIO MepeTHHiB. HacTynHi makerH mi-
CJIs poLelypy MOBHHHI HTH 3TiJJHO 3 NpaBHJIaMH, BCTa-
HOBJICHUMH IS BiINOBiHUX MapuipyTiB. KoxxeH miarmo-
TiKk Bu3HavaeThes npasuiiom OpenFlow 3a mapoto IP an-
pec Ta naporo TpaHcropTHHUX NopTiB. 1106 minrpumyBatn
nepeiady MakeTiB B OOM/IBi CTOPOHH, KOHTPOJIEPY HEOOXi-
JTHO BCTAHOBUTH TIPaBWJI y/ABIUi OiNbIIE TOBXHWHU MapIi-
pyTy. Ha mporuBary peakTuBHiil cTparerii mpoakTHBHA
CTpaTerTis mependayac monepeIHe 3aBaHTaAXKCHHS TIPaBUIT
TIepeCHIIaHHs MMaKeTiB Ha eTari iHiIiami3alii KOHTpoyepa

SDN. Otxe, komytaropu SDN matoTb 00po0iisiTn nakeTu
TIOBHICTIO CaMOCTIlHO, 6e3 BTpy4aHHs KoHTpojepa SDN.
3okpema, komyTaropu SDN MaroTh po3MOAIIATH CHOPi-
HEHi MiANOTOKH Pi3HUMH MapLIpyTamH, 10 MaloTh MiHi-
MaJIbHy KUIBKICTH TepeTuHiB. CaMi MapmpyTH MOXYTb
OyTi moOyoBaHi 3a31aJeriap, i BIINOBIIHI MpaBHiIa MO-
KyTb OyTH BCTAHOBICHI 3a3[ajeriib, ONHAK IaKeTH
MPTCP a6o FDMP ne HecyTbh kOTHAX JOAATKOBHX O3HAK,
AKi MOXYTh [ONOMOITH y BH3HAYCHHI IPHUHAICKHOCTI
TOMY 4H iHIIOMY 0araToroTo4HOMY 3'eHaHHIO. MoOJKHA
BHUKOPHCTOBYBATH XeII (PyHKIII A7 OajlaHCyBaHHA 3a I10-
OyJJOBaHMMH MapIIpyTaMH, IPOTe, SIK OyJIO 3a3Ha4eHO pa-
Hillle, BIICYTHS TapaHTis TOTO, IO POJMHHI IMiIIIOTOKH BH-
pywarh pisHUMH MapupyTamMi. OTHUM i3 MOXKJIMBUX Mif-
XOJIB JUIs 3a100iraHHs 30iry MapIupyTiB CIIOPiHEHUX ITi/I-
TOKIB MOJKE CTaTH BiZICTe)KEHHs 0araTornoTo4YHMX 3'€HaHb
y komyTaropax SDN Tak camo, sIK Lie 3p00JICHO Y peaKkTHB-
Hiif cTparerii B koHTposnepi SDN. OmHak mepeBaxHUM
Oy/1e miaxiz, KoM TPaHCIIOPTHI areHTH JOTIOMAaratoTh KO-
MyTaTopaM BH3HAYaTH CIIOPiTHEHI MiIITOTOKH.
[IpomoHyeThcs BUKOPHCTOBYBATH 3MillIaHy CTpaTe-
rifo mIg peaiizamii 0araTormoTOYHOI MapHIpyTH3amii y
SDN. Konrponep SDN 3a3panerins Oyaye MapmpyTa 3
MIHIMaJIBHOIO KUIBKICTIO IEPETHHIB MiXkK KOXKHOIO T1aporo
TOYOK y Mepexi. KinpKicTh MapHipyTiB BU3HAYa€eTHCS 3i
CTyIIeHs1 JeMyJIbTHILUIeKCyBaHHsI Mepexi. [1o0ymyBaBu
MapIIpyTH 3a3/1aJIeTi/1b, MU MOKEMO 3MEHIIIUTH 3aTPUMKY
Ha BCTAHOBJICHHS 3'€/IHAHHS, TOMY 1[0 HE MOTPIOHO mepe-
paxoByBaTH iX miopasy IpH HaIXOMKEHHI HOBOTO Iiji-
ToKy. KpiM TOro, Mu MOXXeMO 3a3faJieTifb BCTAHOBUTH
MpaBmJIa JUIS KOSKHOTO 3 MApUIPYTiB 38 BHHSATKOM TOYKH
BXOJLy Ta TOYKH BUXO/Ly, THM CAMHUM CKOPOTHBIIIY Yac, 10
BUTPAYAETHCS HA BCTAHOBJICHHS MApUIPYTY, 3aJIHIINBIIH
BCTAHOBJICHHSI JIAIIIE JIBOX TPaBWI. Y THHAMII KOHTPO-
nep SDN Mae miaTpuMyBaTH CTaH [UX MapIIPYTiB, A€ i
CTAaHOM PO3YMIETHCSI 3AIMIIKOBA IPOITYCKHA CIIPOMOK-
HicTh Mapipyty. Kontponep SDN Moxe otpumaTu cta
MapipyTy, 30Mparoydl CTATUCTUKY IpO o0csr mepena-
€TbCs TpadiKy B OJMHHUIO Yacy (Ha3BEMO L0 BEIUYHHY
3aBaHTAXKEHHSIM JIiHIT 3B'I3KYy) Ha KOXHIil JiHIT 3B'I3Ky Ha
MapipyTi i 6epy4r MiHIMYM 3 Pi3HHIb TIPOITYCKHOI CIIPO-
MOXXHOCTI Ta IOTOYHOTO 3aBaHTaXeHH:. ToJi MpH MosiBi
HOBOTO 0araToroTOYHOTO 3'€THAHHS B MEPEXi MOXKHA OI1i-
HUTH, 9 BUCTa4da€ pecypciB MOOYIOBaHMX MapLIpyTiB
JUTsL 3a0e3MedeHHs MOTPIOHOT SKOCTI CepBicy IS IHOTO
TIOTOKY KJIacy 4H Hi. SIKIio pecypciB MapIpyTiB BUCTadae
JUIsl 33JI0BOJICHHSI BUMOT 0araToloTOYHOIO TPAaHCIIOPT-
HOTO CIIOJIyYEeHHSI, 1110 PO3MJISIIAETHCS, TO 32 LUM TpaHC-
MIOPTHUM 3'€THAHHAM PE3ePBYIOTHCS HEOOXiTHI pecypcH.
Pecypcu, 110 3aiiMaroThCsl 6araTomOTOYHUM TPAHC-
TTOPTHHUM 3'€JHAHHSIM, TIOBUHHI 3BUIBHATHUCS TICTS 3aBe-
pmenns 3'ennannd. [lonan e, pecypcu, 3aiiMaHi OTHUM
ITiAMOTOKOM, MalOTh 3BUIBHATHCS il Yac 3aBepIICHHS
LOTO MIANOTOKY, OCKUIBKY JUHAMIYHUH METOJl MHOTO-
MIOTOYHOW MapUIpyTH3aLlii JO3BOJISIE 3aKpUBATH 3aiBi Mi-
anoroku. Konrponep SDN Moske ai3HaTHCS PO 3aBep-
[ICHHS MiANOTOKY 3a gonomororo idle-timeout - Taii-
Mepa, KUl NpUB'sI3aHUI 10 IEBHOTO IIpaBuiia B TaOJIHUII
OpenFlow i Bene cBiif BiJyTiK 3a BiICyTHOCTI MMAKEeTiB, sKi
BiIMTOBIZAIOTH ITLOMY MPaBUITY. SIKIIO 3'SIBIISIETHCS HOBUN
TakeT Mepexi, IKUH BiAIOBiAa€ IIbOMY MIPAaBUITY, TO Bif-
JK MOYMHA€ETHC cnovartky. ITicis 3akiHueHHs BigBene-
Horo dacy B idle-timeout komytrarop SDN Haminure
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ciry>x00Be noBigomiieHHs1 Ha KoHTposiep SDN i3 3a3Ha-
YeHHsIM, 32 SKMM IpaBwioM crpaitosas idle-timeout.
BukopucroByroun mro iHdopmaritoo, kontpoiep SDN
3MOJKE 3pO3YyMITH, KU 13 MIJATOKIB 3aBEPIIUB CBOIO PO-
6oty. Tak sIK 17151 KOXKHOT'O 6araTonOTOKOBOTO TPAHCIIO-
pTHOTO 3'eTHAHHS BiOyBa€THCS pe3epBallis pecypciB i 3a
YMOBH BiICYTHOCTI iHIIHX MOTOKIB B SDN, M0O>kHa BHKO-
PHUCTOBYBaTH CIPOILNEHY peati3alilo 3 HACTYIMHOI MO-
nemto. 30epiraTMeMO TOTOYHMK CTaH KOXKHOI JIiHii
3B"s13Ky. Y pasi nosBu HoBoro 3'eqHanHs MPTCP BuzHa-
YaEMO pPE3epBOBAHY INPOINYCKHY CIIPOMOXKHICTB, TaK SK
Bci minmoroku MPTCP BinkpuBaroThes Binpasy. Y pasi
3'eqnanHs FDMP BusHauaeMo pe3epB MPOITyCKHOI CIIPo-
MOYKHOCTI, TTOCJIIIOBHO PO3IJISIAI04N KOKEH MapIIpyT i
3a0Mpal0dM BCIO 3AJIMIIKOBY MPOITYCKHY CIIPOMOXKHICTB
MapuIpyTy, TOKH He HabepeMo HEOOXiJHY Uil BHKO-
HaHHS BUMOTHY MOTOKY, IO PO3IISIAETHCS. 3apONOHO-
BaHUIl METOJ] 1O3BOJISIE HE BUTPAYaTH PECYPCH KOHTYPY
YIpaBIiHHS HAa MOHITOPHHT 3aBaHTAXKCHHS JIiHIH 3B'S3KY.

BucHoBku

Ipn BripoBapxenHi SDN BHHUKAIOTH BUKIIKH, TaKi K
3a0e3reyeHHs MacTabOBaHOCTI Ta BHCOKOI JOCTYITHOCTI
LIEHTPaJIi30BaHMX KOHTPOJIEPIB, 3aXUCT Bill €IMHOT TOUKU
BiZIMOBH Ta 3a0€3MCUYCHHS OC3MEKU KOMYHIKAITiil Mi>K KOH-
TpoJepaMH Ta MEepeKeBUMHM elieMeHTaMH. lleHTpanizo-
BaHE YINpPAaBIiHHA IPOTrPaMHO-KOH(DIrypOBaHUX MepekK
TMpeICTaBIIsiE COOOO0 OTY KHUH MiX1T IO YIIPABIIHHS Me-
Ppexeto, SIKUH MPOIIOHY€E 3HAaYHI NIepeBark y THyYKOCTi, aB-
TOMaTH3aIli Ta €PEKTUBHOCTI.

Jisi mpoBeneHHS TOPIBHAIBHOTO aHali3y oOpaHi
mporokormn  Multipath TCP Tta Flow Distribution
Management Protocol sk mpeacTaBHUKH CTaTUYHOTO Ta
JUHAMiIgHOTO MeToniB. OCHOBHA TiIoTe3a IepeBipsIeThCsS
Ha OCHOBI MOJEIIOBAaHHS [MOBENIHKN 0araToroTOYHUX Me-
TOAIB MapuIpyTH3amii 3 PO3IJISHYTHX CTpaTerii poboTu
kouTposiepa SDN. HaBeneHo omnmc Merony ynpaBiliHHS
KOHTPOJIEpPAMH B IIPOTrPaMHO-KOH(DIrypoBaHUX MeperKax.
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Routing methods for ensure quality of network service
Vladyslav Diachenko, Evgeny Kolisnyk, Anastasia Lyashova, Oleksandr Mozhaev

Abstract. Relevance. The relevance of routing methods to ensure the quality of network service remains high in today's digital
world. A significant increase in the volume of data transmission in networks is due to the growth of the number of connected devices and the
development of the Internet of Things. This requires more efficient management of bandwidth and latency to ensure adequate quality of service.
Today's networks are used for a wide range of applications, from web browsing and e-mail to video conferencing, online gaming, and high-
definition video streaming. Each application has its own unique requirements for quality of service, which leads to the need for various routing
methods to ensure optimal performance. It should also be noted that the increasing popularity of streaming multimedia services, such as Netflix,
YouTube, and Spotify, requires high bandwidth. and low latency to ensure a satisfactory level of service. Given these factors, routing methods
to ensure the quality of network service remain a key element in the design and management of network infrastructure, and their development
and optimization are an integral part of ensuring high performance and reliability of network services. The purpose is a study of existing
routing methods to ensure the quality of network service. The object of the study is the evolution of FPGA accelerators for data center (DC)
and cloud computing. The subject are methods of multithreaded routing of computer networks. Results. An analysis of the existing methods
of multithreaded routing was carried out. The existing works on the analysis of the effectiveness of multithreaded routing are analyzed. Multi-
path TCP and Flow Distribution Management Protocol protocols were selected for comparative analysis as representatives of static and dy-
namic methods. The main research methodology is a combination of simulation modeling and statistical tests. The main hypothesis is that
dynamic methods will outperform static methods in multithreaded routing. This hypothesis is tested on the basis of modeling the behavior of
multithreaded routing methods from the considered SDN controller operation strategies. A description of the method of controlling controllers
in software-configured networks for the implementation of built routes of a multi-flow connection is given.

Keywords: multiflow routing, method, software-configurable network, QoS, network service, method, multimedia ser-
vice, Multipath TCP, Flow Distribution Management Protocol.
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XapKiBChKHIA HAIlIOHATHHUN YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

orjaiaa METOAIB HAHECEHHSA HU®POBUX BOJASAHUX 3HAKIB
JJIAA 3BAXUCTY 30bPAKEHD

AnoTtanisa. CraTTs IpuUcBsSYEHA OTTISAAY METOJIIB HAHECEHHS HU(PPOBUX BOASHUX 3HAKIB 3 METOIO 3aXUCTY 300pakeHb BiJ
HECAaHKI[IOHOBAHOT'O BUKOPHUCTAaHHS Ta KomiloBaHHA. O0'€KTOM JOCIIIKEHHS € cCaMi METOIU HaHECEHHS IU(PPOBUX BOISTHHUX
3HAKIB, IXHI TEXHIYHI 0COOIMBOCTI, €()EeKTHBHICTh Y 3aXUCTi 300paKCHb Ta BApTiCTh BIIPOBAKEHH. ABTOPH JOCIIIKYIOTh
Pi3Hi miaxoau 10 BOyZOBYBaHHS BOJISHHX 3HAKIB y 300payKeHHS Ta MPOBOJAATH 1X MOPIBHAIBHUN aHAJI3 3 TOUKU 30pY edek-
THUBHOCTI, CTIHKOCTI JI0 aTak Ta BapTOCTi BIpoBaJuKeHHs. CTaTTs JETaNbHO PO3TIISLAAE Pi3HI MiJXOIH JO BOYIOBYBaHHS
1 (POBUX BOASHHX 3HAKIB Y 300paXKeHHs, BKIIIOYAIOUN METOAM HAa OCHOBI TEKCTYPH, YaCTOTHOTO JOMEHY, Ta alrOpUTMid-
Hi migxomu. KoskeH MeToJ| aHaAII3y€eThCS 3 TOYKH 30py HOTO epeKTHBHOCTI, CTIHKOCTI IO pi3HHX BHIIB aTak, TaKWX SIK pe-
TyITyBaHHS 200 00pi3aHH:, a TAaKOXX BapTOCTI BIPOBAKEHHS Ta 00CIyroByBaHHs. HaciikoM ToCHiIKeHHs € KOMIUICKCHE
MOPiBHsUTbHE OOIPYHTYBaHHS METOMIB HAHECEHHS BOJISHUX 3HAKIB, SIKE AOIIOMarae BUOpaTu ONTHMAIBHUNA MiAX1M A KOH-
KPETHUX NOTped 3aXHUCTy 300pakeHb y IU(POBOMY CepeIOBHII. BUCHOBKH CcTaTTi MOXYTh OYTH KOPUCHUMHE ISl (axiBIiB
y ctepi nuppoBUX Meaia, aBTOPiB KOHTEHTY Ta PO3POOHUKIB MPOTPaMHOT0 3a0€3MEeUCHHS, SKi IKABIATHCS 30epeKeHHAM
IHTEeNEKTyaIbHOI BIACHOCTI Ta 3aXHMCTOM aBTOPCHKUX IPaB B OHJANH-cepeloBHUI. Pe3ynpTaTn Orsiay JOnoMararoth BH-

3HAYHUTH HAMOLIBII ONTUMAIBHI METOIH [Tl KOHKPETHHX MOTPEO 3aXKMCTy 300paxeHb Y UPPOBOMY CEPEIOBHIIL.

KawuoBi croBa: creranorpadis, nnuppoBuid BOAIHAN 3HAK, 3aXUCT iHPOpMaIlii, 300pakeHHs .

Beryn

Merton BOy1OByBaHHS LIM(POBOTO BOISHOTO 3HAKY
B 300pa)kCHHS Jla€ 3MOTY PO3B'S3aTH MpOOJIEeMy IpaBa
BJIACHOCTI, TOMY JOCII/DKEHHS B 00JNAacTi cTeranorpadii
Ma€ HMIMPUIKI CHIEKTP 3aCTOCYBAaHHS, HAPUKIIAM, 3aXUCT
ABTOPCHKHMX MpaB, aBTEHTH(IKallisl KOHTEHTY, 1JCHTH-
¢ikaris BracHuka Tomro. Spemuyk Ta inmm [1], Pyban
ta iHwi [2], A Ray Ta inmn [3] npencraBuiu orsig cy-
YaCHMX METOMIB BOYIOBYBaHHA IM(PPOBUX BOITHUX
3HaKiB B 300pa)XCHH, SIKi 3aCTOCOBYIOTh Y Pi3HHX Taiy-
3sX. Y Wil CTaTTi MpeAcTaBICHO MOTHBAINIO TOIalb-
IAX JOCIHIIKEHb, 00JacTi 3acTOCYBaHHs, BUMOTH Ta
MMUTAaHHS TPOCKTYBaHH:I, KIACU(IKAII0 aTaK 1 METO/IB
BOyZIOBYBaHHS U(PPOBOro BOASHOTO 3HaKy. Kpim Toro,
BHU3HAYCHO JIesIKi MpoOJieMH B Tamy3i mu(poBUX BOJIS-
HUX 3HaKiB JII 300paKeHb.

HocTranoBka npodaemMu Ta ii 3B'A30K
i3 BAXKIMBMMH HAYKOBUMH Y1
NPAKTUYHUMH 3aBJAHHAMHU

Y Hamr yac CrocTepiraeTbes 3pOCTaHHS KiTBKOCTI
PI3HOMaHITHUX €JIEKTPOHHUX HPHUCTPOIB, MPHU3HAUYCHHUX
Juis1 30epiraHHs Ta OOpOOKH MYJNBTUMEIINHUX NaHHX,
TakKi sK:

— cMapTdOoHH;

— IUTAHIIETHI KOMI'IOTEPH;

— BOyZOBaHi MyJIbTUMEIiiHI TpOTpaBadi;

— ¢oroamaparn 3 migTrpumkoro Wi-Fi  abo
Bluetooth;

— IOPTaTHBHI
HaKONHM4yBaui;

— CJIEKTPOHHI KHUTH 3 MOXITUBICTIO BiATBOPEHHS
aynio Ta Bigeogailnis;

— IIOPTaTUBHI TeHMIHTOBI KOHCOJIi;

— YMOBHO-TIOPTaTUBHI KOMIIAKTHI KOMIT'IOTEpH,
Taxi sIKk HOyTOYKH Ta HETOYKH.

Pa3zoM 3 mosiBOIO MOPTaTUBHUX MPHUCTPOIB TAKOXK
3 SIBIIAIOTHCS €(DEKTHBHI METOAW CTUCHEHHS MYJIbTHME-

KOPCTKI  AucKku Ta  (hiem-

niitHuxX naHux. lle B CyKymHOCTI 3 BHCOKOIIBHIKICHUM
IHTEpHET-3'€THAHHS, CIPHUSJIO MOIIMPEHHIO PI3HOMAaHIT-
HUX TIPOTpaM Ta CEpBICiB, MO 0a3yIOThCS Ha BHKOPHC-
TaHHI IUQpoBOro KoHTeHTy. HesBaxkaioun Ha Te, IO
nudpoBi JaHi MarOTh OaraTo mepeBar MOPiBHIHO 3 aHAa-
JIOTOBOIO BEPCi€l0, IX CIpaBXHICTh 200 MPaBO BIACHOCTI
Ha HUX € HaiOunpmoro mpobiemoro. Ludpori MynsTu-
MeiiHI TaHI MOXKHA JIETKO AyOJroBaTH Ta/abo MaHimy-
JIFOBATH HUMH, 110 CTBOPIOE PEAlIbHY 3arpo3y HempaBo-
MIpPHOTO BHUKOPHCTAaHHS MYJIBTUMEIIMHUX JaHUX IS
BiacHuKa KoHTeHTY. 1100 BupimmTH mpobiemy Hempa-
BOMIPHOTO BHKOPHCTaHHS MYJIbTHUMEIIHHUX JaHUX B
Mmepexi [HrepHeT Tpeba 3abe3neunTr HaaidHICTD 1 Opu-
riHANBHICTh TepelJaHuX MYJNbTHUMEAINHUX JaHuX. Y
CBITJII IINX HETaTHBHUX (DaKTOpPIiB, B Cy4acHii epi mud-
POBHUX TEXHOJIOTIH CTa€ BAXKIMBUM 3a0€3MEUUTH 3aXHUCT
MYJBTUMEIIMHUX JTaHUX BiJ HE3aKOHHOTO BHKOPHUCTaH-
HSI.

CpOrofiHi BIACHUKH MYJIbTUMEJIITHOTO KOHTEHTY
IIyKalOTh TEXHOJIOTII, 371aTHI 3aXMCTUTH IXHI mpaBa Ta
yOe3neynT! KOHTEHT BiJ| MipaTcTBa, HECAHKI[IOHOBAaHO-
ro BUKOPHMCTAHHS, a TAaKOX Ti TEXHOJOTIi, IO JAIOTh
3MOTY BiICTEXXyBaTH ¥ 3acyKyBaTdh MeniamipaTiB. 3a
OCTaHHI ACCATHIIITTS JOCTIHUKHN 3aIpPOIIOHYBAIN Pi3HI
pilIeHHs 171 3aXUCTY MYJIBTUMEIIITHUX DaHUX Bix He-
CaHKI[IOHOBAHOTO BUKOpHcTaHHs. OHNM 13 pillIeHb i€l
npoOiemu € BOYJOBYBaHHS HEBHAMMUX ieHTH(iKaTO-
piB Y BUXiIHI MyJIbTHMEAiMHI JaHI JUIS JAOKa3y iXHBOI
npuHanexHocti. Lle# Tn MeToniB Ha3UBa€EThCS MPHUXO-
ByBaHHIM iH(oOpMallii, sike MOXKHA PO3AUINTH Ha Pi3Hi
migKiIacu, Taki sk Kpuntorpadis, creraHorpadis Ta
BoAsHI 3Haku [4—6]. Kpunrorpadis - HalmommpeHimuit
METOJ 3aXUCTy LH(PPOBUX MYJIbTHUMEIINHAX TaHHX, JE
MYJbTUME/IHHUA KOHTEHT IU(PYIOTh Hepel BHIaH-
HSIM, @ KJIFOY JUisi po3min(pyBaHHS HANAIOTh THM, XTO
npuabaB crpaBxHi abo seranmpHi Komii [7, 8]. OmgHak
kpunrorpadiss He MOXe  JONOMOITH  KOHTEHT-
IpoBaiiziepaM KOHTPOJIOBATH BMICT ITiCJISl TIPOLECY PO-
3mu(pyBaHHS; 3JT0BMHCHHK MOXE JIETKO BHKPACTH
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CHpaBXHIO a00 JIerajbHy KOIIil0, a OTIM IeperpoaaTH
i 200 PO3MOBCIOAUTH OE3IUIATHO B 3araJibHOJOCTYITHIN
Mepexi. Creranorpadis - 1e 3ano0iraHHs BHSBICHHIO
3amm(ppoBaHUX JAHMX, SKI OyJIM 3aXHIIEHI KpUnTorpa-
¢iuanMu anroputmamu. OfHAK HOBIIOMIICHHS, MTPUXO-
BaHE 3a JOTIOMOTOI0 cTeranorpadii, He € HaxidHIM. [{o
BOJSHUX 3HAKiB TOPIBHAHO 3 AITOPHUTMaMH CTETaHOT-
padii BUCYBaIOThCS JOJATKOBI BUIMOTH IOJO CTIHKOCTI
JI0 pI3HUX aTak, IMOB'SI3aHHX 3 OOPOOKOIO CHUTHAITY Ta
FEOMETPUYHUMU NEPETBOPEHIMU. TOMY BKpail BaXJIMBO
3HAHUTH CIOCci0 3aXHCTy MUPPOBOTO MYIBTHMEAIHHOTO
KOHTEHTY 3a JOIIOMOT'OI0 OiJIbIII TOYHOTO METOMY, SIKHH
JaB OM 3MOT'Y BJIACHUKAM KOHTEHTY OyTH BIICBHEHHMHU B
PO3MillleHHI Ta MOUIMPEHHI CBOIX MarepialiB B IHTepHe-
Ti. TakuM 3ac000M MOXKe CTaTH BOASHUH 3HAK.

ToMmy BMHHMKae 3aBAaHHS 3 JOCIHIKEHHS 3aCTOCY-
BaHHS PI3HUX METO/IiB BOJSHHUX 3HAKIB.

Pe3yabTaTtu gociaixkenn

Cdepu 3acTocyBaHHS BOASHUX 3HAKIB. Metoau
BOY/ZIOBYBaHHSI IM(POBUX BOASHUX 3HAKiB MaloTh Oara-
TO 3aCTOCYBaHb, a came:

— 3aXHCT aBTOPCHKHX IIPaB: OJHUM 3 IPHYHH PO-
3pOOKM METOMIB HAHCCCHHS BOMASHUX 3HAKIB € 3aXUCT
ABTOPCHKHX TpaB. Y 1bOMY BHUIAAKY AaHi/iHopmaris
IIPO aBTOPCHKE IPaBO BOYAOBYIOTHCS B OCHOBHHH 00'-
exT 0e3 BTpatu sAkocti [9]. BOynoBani mani mepemiko-
JDKAroTh 1HIIMM CTOPOHAM IIPETEHyBaTH Ha IPaBo BIIa-
cHocTi Ha i maHi. KpiM Toro, BOOSHMIA 3HAK TOBUHEH
OyTH BiIOMUI JHIIE aBTOPY i TMOBHHEH OYTH CTIHKIM
JI0 Pi3HHX aTak;

— NpUXOBaHA KOMYHIKallisl: METOJIM HaHECEHH:
BOJITHUX 3HAaKiB TaK0)X MOXYTh BHMKOPHCTOBYBATHCS
JUIsl TIpuXoBaHoi nepenadi iHgopmarii, OCKUIbKK pi3Hi
BiZIoMCTBa a00 yps/au BCTaHOBIIOIOTH OOMEXKEHHs Ha
BUKOPHUCTAaHHS MWINGPyBaHHS. Y bOMY BHIAJKY JIIOIH
MOXYTb HA/ICHJIaTH CBOI CEKpETHi IOBiJOMJIEHHS, BH-
KOPHCTOBYIOUM METOAM BOYMOBM IH(POBUX BOISHHX
3HakiB [10];

— KOHTPOJIb KOMIIOBaHHS: I (DYHKIISI 0OMexye
HE3aKOHHE KOIIIOBaHHS MaTepiajiB, 3aXUIIECHUX aBTOP-
CBKHUM ITPaBOM, IIJIIXOM BOYIOBH IIU(POBOTO BOJISHOTO
3HAKy, SIKH HE MOXXHa KOMiOBaTH, abo OOMEXeHHS
KUTBKOCTI pa3iB komitoBauHs [ 11]. Hanpuknaz, ceoroHi
B [HTepHeTI 1oCTYHO 6arato JOKYMEHTIB, sIKi HE MOX-
Ha 30eperté Ta pO3IPYKyBaTH, 10O KOHTPOJIIOBATH
HE3aKOHHE KOIIIIOBaHHS,

— aBTeHTH(]IKAIis BMICTYy: KPHXKHH BOISHUI
3HaK Moke OyTu BOyZOBaHMH y 300pakeHHS XOCTa JUIs
NepeBipKM ABTEHTHYHOCTI JMaHWX. KpuUXKuil BOASHUH
3HaK BKasye Ha Te, 4M OyJH JaHi 3MiHEHi, a TAaKOX Ha-
nae iHdopMmario npo Te, Ae mi gaHi Oymu 3miHeHi [12].
Tomy 1t 3aa4a He BUMarae HaJiifHOTO BOJSIHOTO 3Ha-
KY, OCKLIBKHM HaM MOTPiOHO JIHIIe BUSBUTH 3MiHH;

— 3YUTyBaHHSA UQPPOBOTO BiIOWTKA: METOJ 34H-
TyBaHHA IU(PPOBOrO BigOWTKA, 3aCTOCOBYETHCS BIIAC-
HUKOM JUISI TOTO, TI00 BiJICTEXKUTH JHKEPENIO HEJerab-
HUX Komid. JIiis 1hOro BIACHUK MOXKe BOYIOBYBaTH
Ppi3HI BO/SHI 3HAKM B KOXKHY KOIIiIO, SIKa PO3IIOBCIOIKY-
€eTbesl cepen pisHUX kiieHTiB [13]. Hampuknan, yHika-
JIbHI cepiiiHi HOMEPH TPUCBOIOIOTHCS MOKYTILSM 1 BUKO-
PHUCTOBYIOTBCS 111 iIeHTU]IKALIT TOKY LIS

— MOHITOPHHT TPAHCIIALIT: BIACHUKU 3aXHIIEHUX
ABTOPCHKMM IIPaBOM TEJIENPOrpaM IMOBHHHI 3HATH TPO
HeJleraJIbHy TPaHCIALiI0 abo pekiaMy, IO TPaHCIO-
€TBCS TEJICKAHATIAMHU B TICBHUI Yac 1 B MEBHOMY MICIIi
BIJITIOBITHO 1O YMOB KOHTPAaKTy. BoJsiHI 3HaKU MOXYTb
OyTu BOyIOBaHi B OyIb-SIKUH THT TaHUX JJIS TPAHCIIAIIL
B MepeXi aBTOMaTH30BAHWMH CHCTEMaMH, SKi 3IaTHi
KOHTPOJIFOBAaTH KaHAIH PO3MOBCIOKCHHS, I[00 BiacTe-
JKyBaTH KOHTEHT y MOTpiOHU 9ac i B moTpiOHOMY Mic-
ui [14];

— MennyHa Oe3leKa: OCTaHHIM YacoM TeJIEMENH-
LMHA IOJIETIIYE MEIUYHY MIarHOCTHKY, HaJICHIIAI0UH
ME/IMYHI JaHi/3BIT Nali€HTa 4epe3 3arajbHOJOCTYIHY
Mepexy ISl MOAAJBLIOT0 aHaJi3y TaMm, A€ JOCTYITHE
cy4yacHe MeanuHe oOsanHaHHs. Lle oO6nagHaHHS BUPOO-
JIsl€ BEJMKY KUIBKICTh HaHuX IofHsa. OTke, HeoOXiaHO
3aXMCTHTH LIl BXIUBI JaHi. HaHeceHHs BOASHUX 3HAKIB
Ha MEAWYHI 300pa’keHHs € MiAXOIIIIUNM METOIOM I
MIBUINCHHS OC3MeKH Ta aBTCHTU(IKAIil MEIUIHUX
JaHUX, sIKI BUKOPUCTOBYIOTHCS JUIs HOAANBIIO] JliarHo-
CTHKH Ta IoBifoK [15]. BOynoBani nata Ta im'st mami€eH-
Ta B MEOUYHI 300pakeHHS MOXYTb OyTH KOPHCHUMH
3axoJaMu 0e3IeKu;

— ingexcyBaHHsA: OJHUM 3 BIIOMHX 3aCTOCYBaHb
(pOBUX BOASHUX 3HAKIB € IHIEKCYBaHHS MYJIbTHME-
JIIfHOTO KOHTEHTY, TaKOro sIK (hibMHU, HOBHHH, BiJeo-
noira, 300paxenHss touo [16]. IIpu upomy xomeHrapi
abo0 Oynb-sKuil Ter/>kaHp BOYAOBYIOTBCS y BMICT TaKHUM
YHHOM, 1100 I1i KOMEHTapi ab0 TerH BUKOPHCTOBYBAIIH-
csi OyIOb-SKOIO IIOIIYKOBOIO CHCTEMOIO JUIS IOUIYKY
EOTO BMICTY B IHTEpHETi.

Bumoru Ta 0c00MBOCTIi NMPOEKTYBAHHS MeETO-
aiB BOy10BH UM(POBHUX BOISIHUX 3HaAKIB. ICHYIOTH
Pi3HI aclieKTH TMPOEKTYBaHHS Ta BUMOTH, IOB'A3aHi 3
Oy/b-sIKUM METOJIOM HAHECEHHS BOJSHHUX 3HAKiB, Taki
SIK MIPO30PICTh, HAMINHICTh, MPOIYCKHA 3/aTHICTh, Oe3-
meKa Tomo. 3aBAaHHAM TOCIIHUKIB y Tady3i HaHEeCEH-
HS BOJMHMX 3HAKIB € MaKCHMIi3allis BCIX IUX MapaMer-
PIB JUIsi KOHKPETHOTO METOLLY.

Kpim Toro, 11i mapamMeTpH B3a€EMO3aJICHKHI OJUH Bij
OJTHOTO, SIK ITOKa3aHO Ha puc. 1.

. besneka

Puc. 1. B3aemua 3aexxHiCTh
MiX MapamMeTpaMu MPOSKTYBaHHS

Tpu mapamerpu, a came: MPO30PICTh, CTIHKICTh Ta
€MHICTH 00EPHEHO MPONOPIIHHO MOB'sI3aHI MiX 00010,
TOOTO, SIKIIIO TPO30PICTh METOAY BOJSHHMX 3HaKiB 3poc-
Ta€, TO HOrO CTIMKICTh MOTIpPUIYEThCS, 1 HaBmaku. Llei
B3a€MO3B'S130K 300pakeHO Ha puc. 2.

OTxe, BITHOCHA BAXJIMBICTh IHX MapaMeTpiB 3a-
JIEXKUTH BiJI KOHKPETHOTO 3aCTOCYBaHHS, K 3a3HaUCHO B
roriepeHboMy  poszini. Kpim Toro, mesxi mporpamu
BUMAararoTh OUTBIIOI HAAIMHOCTI y TOPIBHSIHHI 3 HEIO-
MITHICTIO.
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€MHICTH ITomiTHiCTE

Puc. 2. Tpu OCHOBHI CyNIEpPEWINBI aCIIEKTH
BUKOPHCTAHHS BOJSTHHX 3HAKIB

Takum uyuHOM, Tpolec po3poOKU METOoay HaHe-
CCHHS BOJSTHMX 3HAKIB BKIIIOYAE B ceOe KOMITPOMIC MiX
CyTIepewINBUMH TTapaMEeTPaMHu.

CucremaTu3zanis arak Ha uu¢poBi BoAsHI 3Ha-
KH. Bynb-sKy nponenypy, sika MO>Ke 3HU3UTH Pe3yJIbTa-
THUBHICTh METOJy HAHECCHHS BOJASHHUX 3HAKiB, MOXXHa
Ha3BaTH aTakow. TecTyBaHHA CTIMKOCTI Ta Oe3meku
METOly HAaHECEHHS BOJITHHUX 3HAKIB /10 aTaK € HACTIIbKH
K BOKIMBHUM, SIK 1 IIPOLIEC PO3POOKH. ATaKK HE 3aBXKIH
BUJIAJISIIOTh 200 3HMIINYIOTH BOJSHUI 3HAK, aje TaKoX
YHEMOXKJIMBIIIOIOTH HOTO BUSIBIICHHSI.

CHoTBOpEHHS, CIPUYMHEH]I OYIb-SKUMH aTaKaM,
MOTIPINYIOTh (YHKIIOHYBaHHS METOJy HAaHECEHHs BO-
IAHUX 3HAKIB.

Tabauys 1 — CucreMaTu3auisi aTaKk Ha BOJASTHI 3HAKH

3aranom, aTaku Ha IH(POBI BOISIHI 3HAKH MOXKHA
pO3IUIMTH Ha JBa KJlacu, a came: HCHaBMHCHI Ta Ha-
BMHCHI aTaku. 11{o0 gocArTdH BHCOKOT HAIIHHOCTI BUSB-
JeHHsI UU(PPOBUX BOJSHHUX 3HAKIB, IIPOLIEC BHSBICHHS
MOBUHEH OYyTH CTIMKHMM 0 3MiH Y JaHUX, CIPUYMHEHNX
SIK HCHAaBMHCHHUMH, TaK 1 HABMUCHUMH aTakamu. Hena-
BMHUCHI aTakd BiZOyBarOTBCA 3a IIOTIOMOTOIO OIepartiit
00poOKH CHTHATIB HAJl JAHUMH 3 MUPPOBIMH BOISIHU-
MH 3HakaMH, a caMe: CTHCHEHHS, APYK, CKaHyBaHHS,
¢binpTpamis, 3auTyMICHHS, T€OMETPUYHI ITePETBOPEHHS,
oOpizanHs Tomo. Hampukian, MynpTUMeniiHI qaHi 3a-
3BHYail 30epiraloThes y cTUCIOMY (opMaTti 3 BTpatamMu
JUIL TOTO, 1100 BHUKOPHCTOBYBaTH MeHImie mam'sti. Lli
ITOPUTMU CTUCHEHHS BiJKUJIAIOTh HEBAXKIIUBI YaCTUHH
naHuX. Take cIOTBOpPEHHS MOXXE NPU3BECTH A0 MOIIKO-
JUKEHHS IaHUX 13 BCTaBJICHUMH BOASHUMH 3HaKamu. Lle
O3Ha4ae, 110 MPOCTa aTaKa IoJISTaE B CTUCHEHHI MYJIb-
TUMEIIHHNX JaHuX 3 BTparamu. Kpim Toro, oOepTaHHA
a6o MacmtaOyBaHHS MOJXKE 3MIHUTH 3HAYCHHS IIKCEIiB
1 3HUIOUTH JaHI BOJSHOTO 3HaKy. Omepamnii 0OpoOku
CHUTHAJy, TaKi K KBaHTYBaHHS, AEKOMIIPECis, TOBTOPHA
BHOIpKa i 3MEHIICHHS KOJIBOPY, MOXYTh 3IIICYBaTH BO-
JIHUH 3HaK. Y BUIIQJIKy HABMUCHHUX aTak, JIFOJUHA MO-
e IJIeCTIpIMOBaHO aTaKyBaTH BCTaBJEHI NaHi 1udpo-
BOT'O BOJSIHOTO 3HAKY, 11100 CKOMIIOBAaTH MYyJIbTUMEIiiHI
naHi. B 00ox Bumagkax Oynb-sIKMH MeTOJ]] HaHECEHHS
IU(GPOBUX BOJIHHUX 3HAKIB MOBHUHEH OyTH 371aTHUM BU-
SIBUTH | BUTATTU BOJSIHWH 3HAK Micisl ataku. TakcoHO-
Misl pi3HNX HaBMHCHHX | HCHABMHCHHUX aTaK Ha METOIH
HaHECEHHS BOJSHMX 3HAKIB HaBeZeHa B Ta0I. 1.

Araka KopoTtkuii onuc
[Iym Bynp-sxuii BunankoBuid HeOakaHUH CUTHAT 13 3aJaHUM PO3IIOALIOM, a caMe: raycciaH, «Ciib i
nepelby», [lyaccona.
Dirsrparis ATtaku TUIY d)i_mﬂ‘paui_'i - e niHif/'n.{a (biJjILTpaI_Iiﬂ, a came: (l)iJjII)TpaLIiSI HIDKHIX/CepeHixX Jac-
TOT, TayccoBa GimbTparis, GigbTpamis 3 MiABUIEHHSIM Pi3KOCTI TOIIO.
Sxmo nudpoBuil BOASHAN 3HAK TIOBUHEH NMPOTHCTOATH Pi3HUM PIiBHSAM CTHCHEHHS, 3a3BHYAil
CTHCHEHHS PEKOMEHIy€ThCSI BUKOHYBATH BOYIOBYBaHHS BOJSHOTO 3HAaKy B TOI CaMUii OMEH, Jie Big0y-

BA€THCA CTUCHCHHA.

MHOXHWHHI BOJISIHI 3HAKHA

OnHUM 3 pillleHb TaKOTO THITy MpoOJeM € BKIIOYeHHs iHpopmarii mpo dac HaHeceHHs (B3
cepTUdiKaiiHIM EHTPOM

I'eomerpuyHi aTaku

I'eoMeTpHyHi aTaku CHOTBOPIOIOTH IU(POBUIT BOISHUN 3HAK IUIIXOM IPOCTOPOBHX 3MiH 30-
OpaxxeHHs1. HaimommpeHimmmy reoMeTpuyHIMH aTakaMu € 00epTaHHs, MacIITa0yBaHHS TO-
II0.

O6pizaHHs

[le my»e mommpeHa ataka, sika oopizae noTpibHy o0iacTh Bix 300paxkeHHs 3 HH(POBUM BOJIS-
HHUM 3HAKOM.

ATaxy Ha BUJAJIEHHS BOJIs-
HUX 3HAKiB 1 IEPEIIKOIH

Mera TakuxX aTaK - BU3HAYUTH a00 IMiAMIiHUTHA BOIIHUN 3HAK.

MeTo10 Takux aTak € Bi,I[HOBIIeHHSI OCHOBHOTI'O 306pa){(eHHSI Ta/abo JAaHUX BOJAAHOI'O 3HAKy

CTaTUCTHYHE Yy3araJbHCHHS

[IISIXOM CTaTHCTHYHOTO MOCHI/DKEHHS ACKITbKOX HAOOPIB TaHUX 3 BOASHHUMHU 3HAKAMHU.

3a3Ha4uMMO, 10 3 PO3BUTKOM TEXHOJIOTIH 3aXUCTy
i aHaNizy nMpPOBHUX NaHUX, 3'IBISIOTHCS HOBI METOIH
3aXHUCTy BiJl IIUX aTaK, a TAKOXX HOBI CHOCOOM X BUSB-
JICHHS Ta MPOTHIT.

Orasa minxoliB HAHeCeHHS BOASIHUX 3HAKIB Ha
300paskenHs. L{udpose 300paxkeHHss Moke OyTH Tpen-
cTaBieHe/30epiratiucs abo B IIPOCTOPOBO-4acoBiii obIa-
cTi, abo B oOnacTi mepeTBOpeHb. 300pakeHHST B MPOC-
TOPOBO-YaCOBili 00J1aCTI XapaKTePU3y€EThCS TKCEISIMH,

TOMI SIK 300pa)k€HHS B 00JACTi NIEPETBOPEHHS OIMHUCY-
€TBCS B TEpPMiHaxX HOro Koe(ilieHTIB IepeTBOPEHH:.
[HIMMME citoBamu, MpecTaBlIeHHs 300paXKeHHs B 00J1a-
CTi TIEPETBOPEHHS pO3/iIsie KOe(illieHTH MepeTBOPEHHS
Ha JIeKiJIbKa 4aCTOTHHUX Jiamna3oHiB. s mepeTBopeHHs
300pa)keHHs B 00JIaCTh IEPETBOPEHHST MOXHA BUKOPHC-
TOBYBATH Pi3HI JOCTYIHI METOAM 3BOPOTHHOTO IEPET-
BOPEHHS, a caMme: IHUCKpeTHe mepeTrBopeHHs Dyp'e
(DFT), nmckperne xocunycHe mneperBopeHHs (DCT),
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JuckpeTHe BeliBner-neperBopeHHs (DWT), xepoBane
nipaminansie neperBopenns (SPT) Ta inmi. Koxen 3
[UX METOJIIB MEPETBOPEHHS Ma€ CBOI crieludivHi xapa-
KTEPUCTUKH Ta MIPEACTAaBICHHS 300pasKeHHSI.

HanecenHs BoAsHMX 3HAKiB Ha IMQpoBi 300pa-
KEHHSI — IIe MPOIeC HeMTOMITHOTO BOYIOBYBaHHS BOJIS-
HOTO 3HaKy (y BUTJLAAI MiAMUCY, BHIIQAKOBOI ITOCIiTOB-
HOCTi 200 SKOTOCH 300pa)XeHHsI) B 300paxkeHHs (HOCii
a00 0OKIaNHKY), IKHH MOXe OyTH BUKOPHUCTAHHN IS
MIepeBipKU aBTEHTHYHOCTI Horo BiacHuKa. OTpuMaHe B
pe3ynpTaTi MBOTO MPOIECy 300pakeHHS Ha3MBAETHCS
300paXEHHSIM 3 BOJSHHMM 3HAaKOM. MeToau HaHeceHHS
BOJISTHUX 3HAKIB MOXXYTh BUKOHYBATHCS SIK Y POCTOPO-
Bilf 00JacTi, Tak i B 00JaCTi MEPEeTBOPEHb. Y MPOCTOPO-
BOMY METOJi BOJSIHI 3HAKH MOXYTh OyTH BOyZOBaHI B
300pakeHHs MUITXOM 3MiHH 3HAYCHb MiKCETiB abo 3Ha-
4yeHb HaliMeHmn 3Hauynmx 0itiB (LSB). V Toit yac sk y
METO/li Ha OCHOBI IOMEHY NE€PETBOPEHHS BOASHHUI 3HAK
Moske OyTH BOYIOBaHHHU MUITXOM Moaudikamii koediri-
€HTIB JOMEHY nepeTBOpeHHs. OnHak, OUTBIN CTIHKWA
BOJASHUI 3HaK MOXke OyTu BOymoBaHHMI B 007acTh mepe-
TBOpPEHHS 300pakeHb NUIIXOM Moaudikamii koedimieH-
TiB 00J1aCTI IEPETBOPEHHS MOPIBHSHO 3 METOJIOM BOJISI-
HOTO MapKyBaHHS 300pakeHb Ha OCHOBI MPOCTOPOBOT
obnacTi

MeToa HaHECCHHS BOJISHUX 3HAKIB Ha OCHOBI MPO-
CTOPOBOTO JIOMEHHOI'O MiAXO0Jy, NPUXOBYE HaHi BOJIS-
HOT'O 3HAaKy JaHi BOJSHOTO 3HAKy B 3HAUEHHSX ITIKCEINiB
OCHOBHOTO 300pakeHHA. llelf kmac MeTomiB BHOCHTH
He3HAuHI HE3HAayHi 3MiHM B IHTCHCHBHOCTI IIIKCEINIiB
OCHOBHOT'O 300pa’KeHHS.

OnHMM 3 HAWMOMIMPEHIMINX IPUKIIAIiB TAKOTO Me-
TOIy € BOYZOBYBaHHS BOISHOTO 3HaKy B LSB mikcemiB
300paxeHHs. [HIIMMU cIoBaMy, 3HaYHA YAaCTHHA HU3b-
KOYaCTOTHMX KOMIIOHEHTIB 300payKeHHs MMOBHHHA OyTH
MoauGikoBaHa JJIsl TOTO, 00 BCTABUTH JaHI BOISHOTO
3HaKy HAJIWHUM 1 CTIHKUM criocoOoM. [HIMH MpUKIa:
300pa)keHHsI PO30MBAETHCS HAa OJHAKOBI 3a PO3MIpOM
0JIOKH, 1 10 mig0JIOKIB JOJAIOTLCS MEBHI JaHi BOISHOIO
3HaKy. HemomiTHICTh JaHUX BOJASHOIO 3HAKy Jocsra-
€ThCS HA OCHOBI TMocCTyJary, mo 6itn LSB € BisyanbHO
HE3HAYyIIUMH. XO0Ya METOJ{ HPOCTOPOBHX JIOMEHHHX
BOJISIHUX 3HAKiB MOXe OyTH JIETKO pealli3oBaHui 1 qyxke
IIBUIKWH, BiH Mae Oarato HemomikiB. L{i meTomm myxe
YyTIMBI O 3BUYAWHHX Olepariii oOpoOKH CHTHAIIB i
MOXYTh OyTH JIETKO TIOpyIeHi Ta mocnabneHi. Hanpu-
KJIaJ], CTHCHEHHS 3 BTpaTaMH MO ITOBHICTIO 3HHUIIUTH
JaHi BOISHOTO 3HAKy. TaKuM UYHHOM, HPOCTOPOBHH
METOJI HAaHECECHHS! BOJSTHUX 3HAKIB JIyKe JIErKo 3pyHHY-
BaTH 3a JIOIOMOTOI0 JIESIKUX aTaK, TAKHX SIK HU3bKOYac-
TOTHa QIiAbTpalis, aguTUBHUN MIyM Tomio. [HImmMH
CJIOBaMH, METOAH IIPOCTOPOBOTO TOMEHHOTO BOJISTHOTO
MapKyBaHHs 300pakeHb HE € CTIMKMMH 10 3BHYAiHHUX
oreparliif 0OpoOKH CUTrHaly Ha OCHOBHOMY 300paskKeHH.

Oo0mnacTi mepeTBOpeHHs 300pakeHHsI — IIe MPOCTO
iHma ¢opma mnpexacTaBieHHs. BoHO He 3MiHIOE BMiCT,
NIPUCYTHIH y 300paskeHHi. MeTonu BOASHOTO MapKy-
BaHHS 300pakKeHb Ha OCHOBI TpaHC()HOPMOBAHUX TOMeE-
HIB MarOTh 0arato mepeBar HaJ METOJaMHU Ha OCHOBI
MIPOCTOPOBUX JOMeHIB. SIK 3a3HadyeHO B JIiTepaTypi,
METOIU BOJSHOTO MapKyBaHHS 300pa)K€Hb Ha OCHOBI
TpaHC(HOPMOBAHUX JTOMEHIB € OiNbII CTIHKUMHU JO pi3-

HUX aTakK Ha BOASHI 3HaKH Ta orneparnii o0poOKu curya-
JiB, OCKIJIBKHM JIOMEH NEPETBOPEHHS HE BHKOPHUCTOBYE
BUXIJIHE 300pakeHHS JUIsl HAHECEHHS JIaHUX BOJSHOTO
3HaKY.

Kpim Toro, BojsiHI 3HaKM Ha OCHOBI JOMEHY Iepe-
TBOPEHHS PO3IOAUIIIOTH aHI BOASHOTO 3HAKy IO BCiit
YacTHHI OCHOBHOTO 300paxkeHHs. KpiM Toro, Mmetonn Ha
OCHOBI TIEPETBOPEHHA JOMEHIB 3IaTHI BOYIOBYBaTH
OinpIrre OiTiB BOASHOTO 3HAKY B OCHOBHE 300pakKeHHS i
€ OUIBIN CTIHKHUMH [IO aTak.

IIpoGaemu y chepi HaHeceHHS BOAAHUX 3HAKIB
Ha 300paxkeHHs. He3Baxxatoun Ha Te, 110 OyJo 3ampo-
MIOHOBAaHO 0arato pi3HOMaHITHUX METOMAIB BOYZOBH
IU(pPOBUX BOISHUX 3HAKIB HA 300pa)KCHHs, aJie BCE IIIC
ICHYIOTb IIEBHI IPOOJIEMH, SIKi MOTPEOYIOTh BUPIIICHHS.
OpnHi€lo 3 TOJOBHHUX NPOOJEM 3aCTOCYBAaHHS BOJSHUX
3HAKIB € JOCSATHEHHS Kpauoro KOMIIPOMicy MiXK HaJii-
HICTIO, TIPO30PICTIO, MPOITyCKHOIO 3[aTHICTIO Ta Oe3rre-
Ko10. [[is Toro, mo0 BUPIMATH BHUINE3rafaHy IpodieMy
(ToOTO 3HAWTH KOMIIPOMIC) IS JOCSITHEHHS Kpamioi
MPOAYKTUBHOCTI, 0arato MOCTINHUKIB TpEACTaBIIN Ii
pimmenHs g 1€l mpobiemu B CBOiX poborax. OmHak
JUTSL TOTO, 11100 BUIPABAATH OYiKYBaHHS iHIyCTpil, MOT-
piOHI BrockoHaneHHs. Po3risiHeMo Jeski 3 HalBaKIH-
BIIMX TIPOOJIEM, TOB'SI3aHUX 3 HAHECCHHSM BOJSHUX
3HaKIiB Ha 300pa)KeHHSI.

Binburicte pobiT y i ramysi 3a OCTaHHE AECSATH-
MTT OyJ0 NPHUCBAYEHO 3aXUCTy KOJIBLOPOBUX 300pa-
JKeHb a0o0 300pakeHb Yy BiOTiHKaxX ciporo (Xoct-
300pakeHb) IUIIXOM BOYIOBYBaHHS BONSHUX 3HAKIiB y
BiITIHKaxX ciporo abo OiHapHHX 300paxkeHb. [y BOY-
JOBYBaHHA OiHApHOTO 300pakeHHA a00 300pakeHHS Y
BITIHKAaX CipoOTo MOTPIOHO MEPETBOPHUTH HOTO 3 KOJIBO-
pOBOTO, OCKIIbKM B MYJbTHUMEIia BHKOPHUCTOBYETHCS
KOJIbOPOBI 300pakeHHs. OjHaK, iCHye Ty)Xe Maio Me-
TOJIB, SIKI BOYZOBYIOTh KOJLOPOBI BOJSHI 3HAKH MJIs
3axucTy 300paxkenb [17-19]. 3 wiei Touku 30py, iCHYE
e 06araTo MOXJIMBOCTEH ISl BJIOCKOHAJICHHS B rajy3i
BOJISIHUX 3HAKIB 300pa)KeHb JJIsi BOYIOBYBAaHHS KOJIbO-
POBOrO BOJSIHOTO 3HAaKy B KOJbOPOBE OCHOBHE 300pa-
KEHHSL.

BucHoBku

3a pe3ysibTataMH OISy METOJIB HAHECEHHS IIH-
(pOBHX BOJISHMX 3HAKIB JUIsl 3aXUCTy 300pa)KeHb MOX-
Ha 3pOOWUTH HACTYITHI BUCHOBKH:

— JIOCHIIDKEHHS TIOKa3ye, IO ICHY€ IIUPOKHH
CIIEKTP METO/1iB HAHECEHHS BOJSHHX 3HAKIB, BiJl KJIACH-
YHHX JI0 CKJIAIHUX aTOPUTMIYHUX MiIXOIB;

— KOXXEH METOJl Ma€ CBOI BJIACTHBOCTI Ta oOMe-
JKEHHsI, 110 BapTO BPaxOBYBaTH IIPU BUOOPi I KOHK-
peTHOT 3a1aui;

— B@XJIMBO OI[IHIOBATH CTIHKICTh KOXXHOTO METO-
Iy 110 MIOTEHIIIMHNX aTak, TAKUX SK PEeTyIIyBaHH:, 00pi-
3aHHS a00 PO3MUTTS 300paKEHB;

— BuOip MeToxy NMOBHHEH 0a3zyBaTHCs Ha HOTpe-
6ax Ta BUMOrax KOpPHCTYBadiB, BKJIIOYAIOYH 3PYIHICTbH
BUKOPHCTAHHS Ta SKICTh 3aXHUCTY.

3arajgoM, OIJIsi[ METOAIB HAaHECEHHS HU(PPOBHX
BOJISTHHUX 3HAaKIiB Ja€ MOXJIMBICTH Kpalle 3p03yMiTH J10C-
TYIHI BapiaHTH Ta BHOpaTH ONTHMAlbHMH METOH IS
KOHKPETHOI CHTYyaIlii abo 3aBIaHHSI.
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Features of automatic deployment of infrastructureas codefor cloud servicesreview
of digital watermarking methods for image protection

1. Zubko, V. Martovytskyi, A. Punchenko, D. Karachevtsev

Abstract. The article is devoted to the review of digital watermarking methods for protecting images from unauthorised
use and copying. The object of the study is the methods of digital watermarking, their technical features, effectiveness in protect-
ing images and the cost of implementation. The authors investigate different approaches to embedding watermarks in images and
conduct a comparative analysis of them in terms of efficiency, attack resistance and implementation costs. The paper takes a
closer look at various approaches to embedding digital watermarks in images, including texture-based, frequency domain, and
algorithmic approaches. Each method is analysed in terms of its effectiveness, resistance to various types of attacks, such as re-
touching or cropping, as well as implementation and maintenance costs. The result is a comprehensive comparative study of wa-
termarking methods, which helps to choose the best approach for the specific needs of image protection in the digital environ-
ment. The conclusions of the article may be useful for digital media professionals, content creators and software developers in-
terested in preserving intellectual property and copyright protection in the online environment. The results of the review help to
determine the most optimal methods for the specific needs of image protection in the digital environment.

Keywords: steganography, digital watermark, information security, images.
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SECURITY OF INFORMATION TECHNOLOGIES
INAHYBRID WORKING ENVIRONMENT

Abstract. The article discusses the main aspects of information technology security in a hybrid working environment.
With the rapid rise in popularity of remote work, traditional workplace security standards have been proven to be
inadequate, creating a real need for effective cyber security measures. remote work has become the norm for many
companies, but with it the threat of cyberattacks has also increased. Features and risks associated with the organization of a
hybrid work environment caused by remote employment are considered, as well as methods of ensuring safety in such a
work environment are investigated. The main problems that arise and need to be prevented have been identified. It has been
proven that one of the key areas is to securely connect to corporate networks from remote locations. It has been established
that traditional VPN methods can be ineffective or insufficiently secure in conditions of large-scale use, so it is necessary to
use modern means of traffic encryption and authentication mechanisms, which aim to organize the protection of access to
corporate resources. The article examines the content of the constituent components that are responsible for the security of
the endpoint. Requirements are defined that allow access to update and modify the software and operating systems of
remote devices, which is a special parts of the proposed strategy that meets data security for operation in a hybrid
environment. The determining motives of the implementation of the main structural component mechanisms of data access
control and the possibility of remote shutdown of devices in the event of emotional actions have been studied. data
protection plays a crucial role in remote work. The indisputability of the need to design and implement a system for
protecting all remote resources, means of recognizing and identifying suspicious messages and links, as well as the use of

reliable passwords and two-factor authentication has been proven and substantiated.

Keywords: information security, hybrid working environment, cyber security, digital transformation.

Introduction

The current complex situation in the political and
economic space has opened a new era of remote work,
forcing organizations to rethink their cyber security
strategies.

The result of the conducted research is the
analysis and substantiation of ways to ensure the
security of information technologies in a hybrid
working environment and the study of methods of
effective protection of a remote working environment.
The goals of the study are to deepen the understanding
of the conditions of remote work, to identify cyber
security problems in this type of work, as well as to
develop recommendations for ensuring the security of
the remote work environment. The most important
aspect is understanding cyber threats and the means to
prevent them.

Attackers are  constantly  looking  for
vulnerabilities in systems and networks, especially in
remote work environments. The study of methods of
protection against phishing attacks, the use of
unprotected Wi-Fi networks, as well as protection
against the leakage of confidential information through
remote access is an actual problem today.

As a result of constant modernization and rapid
growth of work methods to overcome cyber threats,
there is a need to improve information and
communication, software and technical means. Note
that today's security professionals focus on identifying
and fixing software flaws, unlike users who have the
ability not only to increase potential problems due to
insufficient competence, but to prevent them.

Analysis of recent research and publications

Analysis of the works of leading scientists who
expressed their opinions in materials published in
magazines, collections of reports of conferences held in
our country and abroad, gives confidence in the
relevance of the researched issues. Buryachok V.L.,
Kyrychok R.V., the importance of information security
in the conditions of remote work is investigated, various
aspects of remote work are considered, in particular,
security challenges and risks.

The researcher provides analytical information on
the protection of remote connections, data protection
and support of information security in a remote some
working environment [1]. In the study of Buryachok V.
L., Kyrychok R. V., the authors emphasize the concept
of information security as a service in the context of
remote work.

The authors emphasize the importance of service
level agreements, continuous monitoring and incident
response in a remote work environment [2]. Kavun S.
V., Nosov V. V., Manzhai O. V. gives an idea of the
technical aspects of remote access and control systems.
Understanding  these systems is essential to
implementing effective security measures in a remote
work environment [3].

Vazhnytskyi B. and Tkachev V. investigate the
security aspects of multi-cloud environments and, after
analyzing the causes of these problems, form their own
criteria for a secure cloud based on them.

In their works, the main problems and reliability
criteria of multi-cloud environments are outlined for
their further analysis [4].
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Al-Ammouri A., M. Dekhtyar, R. Ishchenko,
E.Klochan, Lebid I., Dekhtiar M., Lyaskovskii V.,
Popova L., Tymchenko O., Poleva N., Podlevskyi B.,
Rykalyuk. P., Zhurakovskiy Yu., Poltorak V. Tulyakova
N., Kulyk A., Kryvogubchenko S. research methods and
means of information protection [5—10]. Serdyukov D.,
Severinov O., Sydorenko Z. consider the capabilities
and deployment process of the ESET Mobile Device
Connector (MDC) application in order to ensure the
security and management of mobile devices in corporate
environments [11].

Main part

Modern political and economic influences on the
organization of employees' activities had consequences
in the field of labor and contributed to the introduction
of new methods in business. The rapidly growing
demand for remote work forces organizations to fully or
partially transfer employees to remote work with a
remote access connection. Information security is of
great importance for ensuring the vital interests of any
state. The creation of a developed and protected
environment is an indispensable condition for the
development of society and the state, which must be
based on the latest automated technical means. In
general, the object of protection in the information
system is information with limited access, which
circulates and is stored in the form of data, commands,
messages that have a certain limitation and value both
for its owner and for a potential violator of technical
information protection.

A violator is a user who has unauthorized access to
information. The threat of unauthorized access is an
event that qualifies as the fact of an attempt by the
offender to commit unauthorized actions in relation to
any part of the information in the information system.
Let's consider possible channels of information leakage
and options for unauthorized access to it: in the absence
of a legitimate user, control and delimitation of access
to the terminal, a skilled offender easily uses its
functionality for unauthorized access to protected
information by entering appropriate requests or
commands; if there is free access to the premises, it is
possible to visually observe information on the means of
reflection and documentation, steal paper media,
remove an extra copy, as well as steal other media with
information: listings, magnetic media, etc.

A special threat is the uncontrolled downloading of
software in which settings, properties, data, algorithms
may be changed, a "Trojan" program may be
introduced, or a computer virus may be rooted that
performs destructive unauthorized actions. For example,
recording information on a third-party medium, illegal
transfer to communication channels, unauthorized
printing of documents, violation of their integrity,
unauthorized copying of important information, the
importance of which is determined and limited to a very
short or, on the contrary, a long time.

A dangerous situation is when the violator is an
authorized user of the information system who, in
connection with his functional duties, has access to one

part of the information, and uses another part outside of
his authority. There are many ways for an authorized
user to break into an information system and obtain,
modify, distribute, or destroy protected information. For
this, you can use, first of all, privileged input-output
commands, uncontrollability of authorization or legality
of requests and requests to databases and data banks,
servers, etc. During maintenance of the equipment,
remnants of information on its media (hard disk
surfaces, magnetic tapes and other media) may be
detected. FErasing information using conventional
methods (operating system tools, special software
utilities) is ineffective from the point of view of
technical information protection. The violator can renew
and read its remains, which is why only special means
of erasing the information to be protected are needed.

One of the important parts of comprehensive
protection is access at the level of the operating system.
Therefore, I consider it necessary to create user
accounts and pass identification, authentication and
authorization of users working in this operating system.
Since the enterprise does not use a system of accounts
and identification and authentication, I consider it
necessary to implement it for more reliable data
protection. To solve this problem, it is recommended to
use the access matrix for granting rights and authorities
for working with official information. Access
delimitation is a set of procedures that implement the
verification of access requests and assessment of the
possibility of providing access based on the Access
Delimitation Rules. Access restriction rules are a part of
the security policy that regulates the access rules of
users and processes to passive objects. When
considering the interaction of two objects of a computer
system acting as receivers or sources of information,
one should distinguish between a passive object, which
is operated on, and an active object, which performs or
initiates this operation.

Analyzing data from a series of surveys by
researchers, the group (APWG) concluded that the
volume of phishing websites has increased by 47%
between 2020 and 2023 (Fig. 1). A certain number of
specialists, based on their duties, due to the possibility
of working in a hybrid format, in most cases the targets
of these attacks. It should definitely be noted about the
advantages of hybrid work, especially remote, it creates
difficulties in monitoring employee behavior. A report
by A Tessian report found that forty-eight percent of
employees state the fact more comfortable accepting
security risks when working remotely [2, 12-14]. The
growth of phishing attacks for 2021-2023 is presented

in Fig. 1.
Using unsecured Wi-Fi  networks carries
significant  risk, potentially exposing sensitive

information to cybercriminals. In addition, the lack of
physical security controls and increased reliance on
personal devices create exploitable vulnerabilities.

The analysis of threats caused by cyberattacks in
recent years allowed us to conclude that the largest
number of cases related to the work of specialists at
home, using a home network.
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Fig. 1 Growth of phishing attacks for 2021-2023

That is why it can be argued that the security of the
results of specialists' work in the conditions of hybrid
work is insufficient, and measures to improve the cyber
security strategy need to be strengthened. It is especially
important to solve the task of implementing all possible
protection methods, including the architecture of zero
trust.

The minimum requirement of this concept is that
users need to confirm the entered data at the time of
performing a sequence of certain actions in the process
of accessing resources [3-6].

Achieving work-life balance is essential to any
flexible working environment. If there is a hybrid
approach, it can enable employees to perform better.
Additionally, home workers can schedule their days to
take time off for important tasks, allowing them to be
more flexible in their schedules and able to live and
work wherever they want. Blended working helps
people to better master their daily tasks when they need
to take care of family (life or children), avoid long
commutes, etc., which can increase concentration at
work [12-15]. Ukrainian and global business leaders
hold oppositely different opinions about what the
working environment should look like in the next three
years. 65% of global executives expect the office to
become their primary work environment in three years.
In contrast, Ukrainian company leaders continue to
envision work in a hybrid format (88%), which is three
times higher than the expectations of world leaders
(28%).

Only 5% of Ukrainian managers talk about
traditional office work. At the same time, managers both
in Ukraine (5%) and in the world (7%) do not plan to
transform the working environment into a format of
completely remote cooperation.

The best hybrid collaboration tools for remote
work presented in Table 1 [12-15].

Table 1 — Thebest hybrid collaboration tools
for remote work

Confluence Wrike Trello
HighQ InstaVC GoVisually
Surfly Asana FlipBuilder

Adobe Workfront Monday.com FlipHTMLS5

Smartsheet AnswerHub Basecamp

Ziflow Kissflow Lucidspark

The application of data classification in remote
work environments helps to increase the level of
security and reduce the risk of privacy violations.
Remote workers who clearly understand the importance
of data protection and classification obligations can be
more responsible in their work and compliance with
security standards.

Thus, effective data classification is a key element
of a cybersecurity strategy for remote work
environments, enabling organizations to ensure reliable
information protection and store sensitive data in a
secure environment.

Conclusions

A hybrid model allows employees to participate in
meetings virtually when needed and return to the in-
person format for certain tasks or activities that require
in-person interaction.

In addition, this approach provides employers with
the necessary flexibility to plan for the future and make
adjustments in changing conditions. Hybrid offices are
increasingly becoming the new normal for many
organizations around the world as they seek to offer
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more balanced approaches to their employees in an
ever-changing economic landscape. It’s substantiated
that ensuring IT security in remote work requires a
comprehensive approach and design of advanced
technologies and practices.

It is proposed to use the ISAKMP specification,
which describes the mechanisms for agreeing the
attributes of the used protocols and ensures a quick
response to changing threats and constant updating of
protection strategies, which are key to successful cyber
security management.

By taking into account some precautions in
advance, the company will be able to find solutions that

will allow to use the possibilities of the new hybrid
office as efficiently as possible. It goes without saying
that creating a hybrid office can be extremely beneficial
for both employers and employees. It becomes possible
to use all the conveniences of the office and at the same
time work in a comfortable environment that meets the
needs of security.

Due to the fact that the security of remote work
also depends on the awareness of users, it has been
proven that training staff on cyber security issues,
explaining potential threats and periodically monitoring
the entire cyber protection system significantly reduces
the risk of incidents.
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Be3nexa indopmaniiinnx TexHosaorii
B TiOpuaHOMYy podo4oMy cepeaoBHIILi

A. Karmitomn, O. [I3100aH, P. bapanenko, I". Coxon

AHoTamisi. Y cTarTi pO3MNISIHYTO OCHOBHI acmeKkTH Oe3nekH iHQOpMaIiiHUX TEXHOJIOTii B TiOpHIHOMY pPOOOYOMY
cepenoBui. JloBeaeHO, MO 31 CTPIMKHM HapOCTaHHSM MOMYJISPHOCTI BiaganeHoi poOOTH TpaAWIiiiHI cTaHAapTH OE3MEeKH Ha
pobodyomMy MicHi € HeIOCTaTHIMH, IO MOPOAMIO peanbHy MoTpedy B e(peKTHBHHX 3axoaax KibepOesmeku. Bimmanena poGota
cTajla HOPMOIO [Uisi 6araThOX KOMITaHii, aje pa3oM 3 MM 3pocia i 3arposa kibeparak. PO3IIsIHYTO 0COOIMBOCTI Ta PU3MKH,
MOB'A3aHI 13 Oprafizali€ro TiOpUAHOTO POOOUYOro CEepeOBHUINA, CHPUYWHEHOTO BiJNAIICHHM IIPAIEBIANITYBaHHIM, a TaKOXK
JOCIIDKEHO MeTO/U 3abe3reueHHs Oe3eku B TakoMy poOodoMy cepeoBHILi. BusiBieHo rojgoBHi npo6ieMu, 1110 BUHUKAIOTh Ta
noTpeOyIOTh 1X momepemkeHHs. J(oBeAeHO, 10 OAHIECI0 3 KIYOBUX 0OJNacTeil € Oe3MmedHe MiJKITIOUeHHS 10 KOPIOPaTHBHUX
Mepex 3 BimmaneHux Micub. Bceranoneno, mio TpamuuiitHi Mmetogn VPN MoxyTe OyTH HeedeKTHBHMMH ab0 HEZOCTaTHbO
0e3MeyHrMH B YMOBaxX MacIITaOHOrO BUKOPHCTAHHS, TOMY HEOOXiZIHO BUKOPUCTOBYBATH Cy4acHi 3aco0u mudpyBanHs Tpadiky
Ta MeXaHI3MH aBTeHTH(iKaIlil, SKi MalOTh Ha METi OpraHi3aIlif0 3aXHCTy IOCTYIy IO KOPIOpaTUBHHX pecypciB. B poGori
BHKOHAHO aHai3 KIFOYOBUX CKIIAJJOBHX, IO BiMOBIIAIOTh 3a G3MeKy KiHIIEBHX TOYOK. BH3HAYEHO BUMOTH, IO YMOJKIIHBIIIOE
3a0e3MeUeHHs aKTyalbHUX MaT4iB Ta OHOBJICHb JJIs IIPOTPAMHOT0 3a0€3IIeUeHHs Ta ONepalliiHuX CUCTEM BiJITAJICHHX IPHUCTPOIB,
SIKI € HeBIJ'€MHOI0 YaCTWHOI cTparerii 3abe3meueHHs Oesmeku. JlocChikeHa NPOBiIHA PO PO3POOKH Ta BIPOBAKEHHS
MEXaHi3My KOHTPOJIIO 3a JOCTYIIOM [0 JAHHX Ta MOXJIMBICTIO BiJJaJ€HOTO BiJKIIIOUEHHS MPHUCTPOIB y pa3i BHUSBICHHS
Hi03pinuX Aif. 3aXHMCT JAaHUX BiJirpa€ KPUTHUYHY POJib y BimmaneHiii poOori. Bu3HaueHa HeoOXiAHICTh MPOEKTYBAHHS Ta
po3podKka CHCTEMH 3aXHCTy BCiX BiJJAJICHUX PecypciB, 3acO0M po3mi3HaBaHHS Ta BU3HAYEHHS y MiTO3piji MOBiIOMIICHHS Ta
HOCHJIaHHS, @ TAKO)XX BUKOPUCTAHHs CHJIbHHUX MapoJIiB Ta 1BOGAKTOPHOT aBTeHTHDiKallii.

KawuoBi caoBa: indopmariiina 6e3neka, ribpunHe podoue cepenosuiie, kibepoesneka, nnudpposa TpaHchopmarlis.
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XapKiBChKHIA HAIllOHATHPHUN aBTOMOOUTFHO-IOPOXKHIH yHiBepcuTeT, XapKiB,YKpaina

PO3POBKA CUCTEMU ABTOMATHU30BAHOI'O ITAPCHHI'Y
PA30OBUX 3AMOBJIEHb HA BAHTAKHI IIEPEBE3EHHSA
Y MIDKMICBKOMY CIHHOJIYYEHHI

AnoTtanis. EQexruBHe nepeminieHHs TOBapiB Ha BENUKI BiICTaHI € OCHOBOIO CYy9acHOI TOPTiBIIi. ABTOMAaTHYHI MEXaHi3MH
300py AaHHMX CTHUMYJIIOIOTH PO3BHTOK CHCTEMH, sIKa 30Mpac i OHOBIIIOE JIaHi B PEXKUMI peaJbHOTO 4acy, BUKOPHUCTOBYIOUN
Taki TEXHOJIOTIi, SIK aHaJi3 JaHHUX, CKaHyBaHHS JaHUX 1 CEHCOPHI MEPEesXi ISl CTBOPEHHS TUHAMIYHOT IIIaT(OPMH IIBHKOTO
pearyBaHHs. L{eif miaxix, 3acHOBaHHUN Ha TAHUX, Ma€ BEINYE3HUI TOTEHITIAN SIK UIS BAHTA)XKOBIANIPAaBHUKIB, TaK 1 IS ITepe-
Bi3HMKIB. MeTa. BU3Ha4eHHS TEOPETUYHMX OCHOB aBTOMAaTH30BaHOTO 300py NaHMX Ui pO3POOKU MapCHHIOBOI CUCTEMH
JUISL aBTOMaTH30BaHOTO MOMIYKY Ta 0OpOOKH Pa30BHX 3aMOBJICHb HA MDXXMIChKI BaHTaKHI iepeBe3eHHs. MeTonoJoris. Cta-
TUCTHYHE Ta iMiTaliliHe MojemoBaHHs. [locTaHoBKa 3a1ayi - BUSBICHHS Ta OI[iHKA MOTEHLIHHUX 3aMOBIICHb Ha OHNAMH-
mwratdopmi DELLA, iHTerpanis B 6i3Hec-mpoIiecH KOMIIaHii, MoB'a3aHi 3 00poOKkoro Ta aHanmi3oM iHpopmarii. PesyabraTu.
VY cTarTi NpoaHaizoBaHO TCOPETUYIHI OCHOBH PO3POOKHU MPOTPaMHOT0 3a0€3MeUCHHS IS aBTOMAaTH30BaHOTO 300py BXiTHHX
naHuX. Po3po6iieHo aBTOMATH30BaHy CHCTEMY MApCHHTY JJISI IONIYKY Ta 0OpOOKH pa30BUX 3aMOBJICHb HA MiXKMIChKi BaHTa-
XKHI nepeBe3eHHs. Po3poOka aBTOMaTH30BaHOI CHCTEMH HMAPCHHTY JA03BOJIMIIA OTPUMATH MATPHUIIO Pa30BHX 3aMOBJIEHb Ha
perioHanbHOMY piBHI YKpainu. BucHoBku: /li1s1 MozientoBaHHS TOTOKY Pa30BUX 3aMOBJIEHb 3aIIPOIIOHOBAHO BUKOPUCTOBY-
BaTH METOAW MAIIMHHOTO HaBYaHHS IS CTBOPEHHS Napcepy AaHHX, KU CTPYKTypye iHpOopManilo BeO-CTOPiHKH Ta Hafae
il y BUrIAai, roroBoMy Aist aHanizy. [lonryk iHpopmartii 34ilCHIOEThCS. Ha HAUTIOMYISIPHILIOMY JIOTICTUYHOMY CalTi cepexn
Oipx BaHTa)XXHUX HepeBe3eHb B Ykpaini DELLA, sxuii Ma€ HaifOUIbITy HITBOBY ayTUTOPIO B CEKTOPi aBTOMOOIIBHUX TIepe-
BeseHb. OpuriHajabHicTb. Ha 0CHOBI aHaMi3y mporpaMHoOro 3a0e3neueHHs Uil aBTOMaTH30BaHOTo 300py JaHUX CTBOPEHO
MAPCUHTOBY CHCTEMY JJISl aBTOMAaTH30BaHOTO MTOUTYKY Ta 0OPOOKH pa30BHX 3aMOBJIEHb Ha MIKMIChKi BAHTaKHI IEpeBE3CHHS
y MibkmicekoMy criomyderHi. IlpakTnuna ninnicTs. B pe3ynprari 00poOKy MacuBy HaHHX COPMOBAHO MAaTPHIIO Pa30BUX

3aMOBJICHD, IKa BU3HAYa€ NOMUT HA PUHKY MDKMICBKHX aBTOMOOIJTbHHX NIEPEBE3CHb pralHI/I

KawuoBi ci10Ba: mapcuHr, MOMKT, Pa30Bi 3aMOBJIEHHS, CHCTEMH aBTOMaTH30BAaHOTO TIONITYKY JAaHUX.

Beryn

O0pobOka Ta aHani3 maHUX Tependadac BUBYCHHS
IIepeIoOBUX METO/IIB OUMIIEHHS, CTPYKTypYBaHHS Ta aHa-
i3y mux HaOopiB maHWX. MexaHi3MH aBTOMATHYHOTO
300py CIIOHYKAIOTh 1O PO3POOKH CHCTEMH, sIKa 30Mpae i
OHOBIIIOE JIaH] B PeXKHUMIi peajibHOT0 4acy, BUKOPHCTOBY-
FOYH TaKi TEXHOJOT 11, IK TAPCUHT JaHUX, CKaHyBaHH: Ja-
HUX 1 CEHCOPHI Mepexi, JJIsl CTBOPEHHS TUHAMIYHOT I1a-
T(HOPMHU MIBUIKOTO pearyBanHs. JlaHuii miaxin Ha OCHOBI
JIAHUX MAa€ BEJIMYE3HHUI MOTEHIial K JJIsl BAHTAXKOBI M-
PaBHUKIB, TaK 1 Jjs nepeBi3HUKIB. HeBenuki kommanii
OTPUMYIOTh TOCTYTI 10 OLTBIIOL KITBPKOCTI IIEPEBi3HUKIB,
ONTUMI30BaHAX MOJICNICH ILIHOYTBOPEHHS Ta BijCTe-
JKCHHSI BiIIPaBJICHb y PEATbHOMY dYaci. Y pe3yIlbTari
TPAHCIOPTHI KOMIaHii OTPUMYIOTh BUTOJY BiJ IIi/IBHU-
meHHs epeKTHBHOCTI poOOTH, 3MEHIIIEHHS KUIBKOCTI HO-
POHIX TPOOITIB i MOXINBOCTI 33/JI0BOJBHUTH paHiIIe
HEBUKOPUCTAHUN CErMEHT PUHKY.

Amnaui3z myoaikaniii. ITapcunr — 116 aBTOMAaTH30-
BaHMI1 30ip Ta CTPyKTypyBaHH: iH(popMaii 3 cailTis 3a
JIOTIOMOTOO IIpOrpamMu 4u cepicy. IlapcuHr 3a3Buyaii
3aCTOCOBYIOTb, KOJIM TIOTPIOHO MIBUAKO 310paTH BETUKUH
obcar gaanx. O6IacTh 3aCTOCYBaHHS MAPCHHTY MOXHA
3BECTH JI0 JBOX Itijei [1]:

— aHaJli3 KOHKYPEHTIB, 100 Kpalle po3yMiTH, SIK
BOHHU TIPALIOIOTh, Ta 3aII03UYYBATH Y HUX SIKICh ITiIXO/IH;

— aHaJ3 BJIACHOTO MalJaH4YMKa Uil YCYHEHHS
TIOMUJIOK, IIIBUJIKOTO BIIPOBA/KEHHSI 3MiH TOLIO.

[Tix cucremMor0 aBTOMAaTH30BAaHOTO MAPCHHTY MO-
JKHA PO3yMiTH nporpamue 3ade3nedenns (I13), sike Buko-
PHUCTOBYETHCS TS 30MpaHHs NaHUX 3 PI3HUX JDKEPETT.

Jlnst ctBopenHs takoro I13 icHye nBa miaxoau.

OnuH 3 HUX nependadaec BUKOPUCTAHHS TOTOBHX
CHCTEM IMapCHHTY 3 BIJKPUTHM KOJIOM, TaKUX K Scrapy
a6o Beautiful Soup i moOy10By Ha iX OCHOBI BJIaCHOTO
napcepy. Sk mpaBuio, Ii CHCTEMH MOXYTh JIETKO aJal-
TYBaTHCS 10 KOHKPETHHX 3aBJIaHb.

Jpyruit miaxin mponoHye po3poOKy BIACHOTO Ta-
pcepy 3a JONOMOTOI0 MOB IPOTPaMyBaHHS, TaKHX SK
Python a6o Java. Lle no3Bosie MaTy MOBHUH KOHTPOJb
3a IIPOLIECOM MapCHHTY Ta 300py JIaHUX.

YV mopiBHAHHI 3 pyYHUM 30HUpaHHSAM JaHUX, Hap-
CHIHT JI03BOJISIE IPUCKOPHTH 1IeH MPOIIEC y AECSTKU Pa3iB.
Ile BigKpHUBa€E HOBI MOXKJIMBOCTI ISl TOCJIITHUKIB Ta CK-
crepTiB. Y NMOPIBHSHHI 3 pyYHUM 30MpaHHsIM iH(opma-
1ii, TAPCUHT MEHII CXUJIBHUN 10 MOMHUIIOK. AJie SKIIO
OyJ10 TOMYIIIEHO HETOYHOCTI Ha eTaIli MPOEKTyBaHHS (JI0-
riYHy HOMHJIKY), 11€ MOXE MPU3BECTH JI0 CIOTBOPEHHS
MAaHMX Ta 1X 3HEL[IHEHHS.

MeTta Ta nocraHoBKa 3a1a4i. MeTolo cTarTi € BU-
3HAYEHHS TEOPETHYHUX OCHOBU PO3POOKH MPOTrPaMHOTO
3a0e3nedeHHs A1l aBTOMaTH30BaHOTo 300py naHux. Po-
3po0Ka CHCTEM IapCHHTy Il aBTOMAaTH30BAaHOTO IIO-
IyKy Ta 00poOKH pa3oBHX 3aMOBJIEHb HA MIXKMICBHKi Ba-
HTaXHi TIEpEeBE3CHHS B MDKMICHKY crionydenHi. [locTa-
HOBKa 3a/a4l — BUABJIECHHS Ta OLIHKA MOTEHIIHHNUX 3aMO-
BJICHB Ha OHaiH-Maligananky DELLA, inTerpamis B Gi-
3HEC-TIPOLIECH IMiIMTPUEMCTBA, TTOB’s3aHi 3 00pOOKOIO Ta
aHaJi3oM iHpopmarii.

BuKJ1a]] 0CHOBHOTO MaTepiaJy

MeTtoarKa MapCHHTY TaHHUX PO3POOIIIETHCS 3 Me-
TOK aBTOMATHU3AIlil MPOIECY IMOMIYKY Pa30BUX 3aMOB-
JIeHh Ha aBTOMOOUIBHI MIXKMIChKI TIepeBe3eHHs. Bpaxo-
BYIOUM BHIIaJIKOBUI XapakTep HAIXOIDKEHHS DPa30BHX
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3aMOBJIEHb, IIPOIIEC X 0OCIIyTOBYBaHHS MAa€ MEBHY CKJIa-
JHICTh TPW YNPaBIIiHHI JIAHIIOTaMH MOCTa4aHb. AJKe
Lel (axTop BMMarae BiJ| IIEPEBI3HUKIB MOCTIHHOTO I10-
LIYKY TaKMX 3aMOBJICHb 1 IIBHJKOTO pearyBaHHs Ha iX
nosiBy. Kpim Toro mepeBi3HMK Mae 0OpaTH NpaBHIbHY
UL ce0e CTpaTeriro MOBEIiHKH, a caMe BHUKOPHCTOBY-
BaTH 3a3/1aJerigb po3po0IieHi Ta OOTpYHTOBaHI BapiaHTH
YOPaBIiHCHKHUX pilIeHb a00 MOCHIIATHCh BHHATKOBO Ha
BIIAaCHUH ocBix [2].

JIn1s mosIermeHHsT JaHOTO Mporiecy Oyo 3ampono-
HOBaHO PO3POOHUTH NMPOTPAMHHUN MPOAYKT, IO 3HAYHO
CKOPOTHTH Yac Ha aHaJli3 PO HaJXO/KEHHS pa30BUX 3a-
MOBJIEHb, CIIPOCTHUTH HOTO 1, SIK Pe3yJIbTaT, MOJETIIUTh
nporec 00CIIyroByBaHHS 3aMOBJICHb.

OCHOBHY poOJb B JaHOMY IpoIeci Bimirpae 30u-
PaHHS BXiHUX JaHUX.

[lepBuHHI naHi — 1€ NaHi, sSKi JOCTIJHUK 30upace
BIIepILe. 3ayBa)KMMO, 1[0 Ha BiMiHY BiX TepMiHy mep-
BHHHI JaHi, BX1JHI JaHl € OUIBII 3araJbHUM IOHSITTAM 1
BUKOPHCTOBYETHCS AJISI OMMUCY (DYHKIIOHYIOUHX CHCTEM.
Tak, s movyatky poOOTH MporpamMu HEoOXigHa HasB-
HICTh EPBUHHUX AaHUX. [IpH IbOMY pe3ynbTaTi poOOTH
MIPOTPaMHOTO MPOXYKTY MOXYTh OYTH BXiTHHMH [a-
HUMH Ha HAaCTYITHHUX IUKIaX i poOOTH, TOKK HE BUKOHA-
I0ThCSI YMOBH, ILIO JIO3BOJIATH 3aBEPUIMTH BHUKOHAHHS
MPOTPaMH.

Metoa mapcHHTY Mae KilbKa €TamiB Ui BHUTSAT-
HeHHs MOoTpiOHOT iH(popMaii i3 HAYKOBUX CaWTIB:

a) 30ip koHTeHTy. [lolrykoBa MalIMHa MapCUHT 3a-
BaHTaXXy€ KOJ CTOPIHKHU CAWTy, Mij Yac TaKOTO MPOLECY
JI0 HBOTO JIOJTyYa€ThCS CIEIiadbHUI CKPHIIT, SIKUH PO3-
OuBae Bech KOJI Ha YaCTHHU Ta aHaJi3ye iHQopMaIliro ska
moTpiOHa TOCTITHUKY;

0) BuTar iHpopmamii. Bes inpopmaris, ska BUTS-
TYETBCA 31 CTOPIHKH, MOXe OyTH He MOTpiOHa KOPHUCTY-
BayeBi, a/Ke HOro 1iKaBUTh TIILKU KOHKPETHE, HANPH-
KJIaJ], PO3/IIH cTareil, HayKOBHUX POOIT IHIIKMX aBTOPIB B
SIKMX BiH MOJKE 3HAWTH I ce0e KOPHCHI JaHi Ta BHKO-
pucraru iX y CBOEMY HayKoBoMmy JociijpkeHHi. [Tapcep
Oy/ie 3HAXOIUTH Ti CTOPIHKU UM PO3ILIH, € PO3MIIICHA
iH(opMallis Ipo aHy KaTeropito, BATATHYBILH BCE B Ki-
HIIeBUH (ailsl TITBKK TEKCTH IUX JaHUX;

B) 30epekeHHs pe3ynbraTiB. Komm Bcsa moTpiOHa
iHpOpMalis BUTATHYTA 3 caiiTy, ii moTpiOHO 30eperTu.
3a3BH4ail BHOCATHCS 3aIicd B 0a3y IaHUX, alpke Tak
3py4HillIe aHaJi3yBaTH iH(GOPMAIiIo 3 JaHUX IHIIUX Ha-
YKOBHX pOOiT.

3anpornoHoBaHa METO/IMKA 1aCTh MOXJIMBICTh J10C-
JIUTH Ta NpoaHaji3yBaTH OTPUMaHy iH(pOpMAIio, YU
MOTpiOHA BOHA TOCIITHUKOBI JIJIsl BHECEHHS ii Y CBOIO PO-
6oty. lnst 300py naHmx OyJio 3ampOIOHOBAHO Iapcep
JUIsl 3a3HAYEHOTO BeO-CalTy 3a JONOMOIOoK MOBH IPO-
rpamyBaHHs Python Ta croponnix 6i6mioTek. B sixocTi
Jokepena iHdopMarltii Oyyo oOpaHO JaHi PO BaHTaXKHI
3as1BKH 3 BeO-caiiTy della.ua.

Jonatok OyB HamucaHWii 3 BUKOPUCTAHHSM MOBH
nporpamyBannst Python. [lanuii BuGip noB’si3anuii 3 ii
MIOITYJISIPHICTIO B akazemiuHii chepi [3]. Python — e mo-
Ty>KHa MOBa IPOrpaMyBaHH:, siIKa MPOCTa y BHBYEHHI.
Bin Mae epekTHBHI CTPYKTYpH JaHUX BUCOKOT'O PiBHS Ta
MIPOCTH, ajie epeKTUBHUH MiIXiJ 10 00’ €KTHO-OPiEHTO-
BaHOTO TIporpamMyBaHHs. EjeraHTHW CHHTaKCHC i

IuHaMivHa THmizalis Python pazom i3 iHTepIpeTOBaHOIO
TIPUPOJIOI0 POOIISATH HOTO i71eaTbHOI0 MOBOIO IJIsI CIICHA-
piiB i IBUAKOI pO3p0oOKM NOAATKIB y Oarathbox raiyssx
JUTS TIOIMPEHUX TIaT(OPM.

Inrepnperatop Python i oO6mmpHa crangaptha 6i0-
JiOTeKa JOCTYITHI y BUXiMHOMY a00 BIHKOBOMY BUTJISI
JUISL BCIX OCHOBHUX IaTdopM Ha BeO-caiiti Python. In-
tepuperaTop Python serko po3mmproerscs 3a J10MOMO-
rol0 HOBMX (YHKLIH 1 TMHIB naHMX, peanizoBanux y C
abo C++ (abo iHmmx moBax, noxigaux Big C). Python
TaKOX IiIXOIUTH SIK MOBa PO3IMINPEHHS I HACTPOIOBA-
HUX IPOTPaM.

l'omosHorO mepeBaroro Python € Te, mo BiH iine B
MakKeTi 3 QyXKe BEIHKO 0i0I0TeKOI0 CTaHIapTHHUX IIa-
KeTiB (TOOTO He Tpeba IX TOJaTKOBO iHCTAIIOBATH, MO0
CTBOPIOBATH HABIiTh JOCHTH CKJIAIHI MIPOEKTH) Ta Ime Oi-
JBLIMM cickoM nakeTiB Open Source, TOCTYIHUX B Iy-
OJIYHHUX PENO3UTOPIAX (IS JIETKOTO BCTAHOBJICHHS). Y
TOMY YHCIIi ITOTYXHI NAKETH AJIs1 00pOOKH 300paKeHHs,
CTBOpEHHs rpadikiB, CTATUCTHYHOTO aHANI3Y JaHUX, Me-
peXeBOi KOMYHiKallil, IITYYHOTO 1HTENEKTY (0COOIMBO
Deep Learning) Ta Machine Learning, onpamtoBanHs Ha-
TypaJbHOI MOBH, B3a€EMOJIi1 3 0a3aMH TaHHUX, CTBOPECHHS
BeOIONATKIB, Tpa(ivHUX aITOPUTMIB, BUTATYBaHHS Ja-
HUX 3 BeOcaiTiB [4]. 3a 3amoBuyBanHsM y Python mo-
CTyITHA CTaHAapTHA 0i0JioTeKa, SKa MICTHTH BEJHKY Ki-
JBKICTh (PYHKIIHN, IO 6araTopa3oBo BUKOPUCTOBYIOTHCS.
Kpim Toro, nocrynHo 6inbuie 137 000 6i6miotek Python
JUTS pI3HUX 3aBJaHb, CEPe/l IKUX IHTEPHET-PO3pOOKa, Ha-
yKa npo AaHi Ta MamnHee HaB4aHHs (ML).

Po3risiHeMo HaiO1IbII NOMYJIApHI 6i0Ii0TeKH, 110
JIO3BOJISIFOTH CIIPOCTUTH IPOLIEC HAIMMCAHHS MPOTpam-
Horo npoaykry: Pandas, Requests Ta Beatifulsoup. Bounu
ninenzoBani BSD-nminensito abo mictars ii po3xinu. Jli-
nensist BSD € 103BiIbHOIO, TOOTO BOHA HaKIaga€ MiHi-
MaJIbHI OOMEXEHHS Ha BHUKOPHCTaHHS Ta PO3IOBCIO-
JDKEHHS JTiIeH31iHOro mporpaMHoro 3abesnedenHs. Oc-
HOBHOIO BHMOTO¥O JineH3ii BSD € Te, mo Oyap-ske mo-
HIMPEHHsT TPOrPaMHOr0 3a0e3NeYeHHs] Mae BKIIOYaTH
KOIIiO JIilleH311 Ta BiIMOBY Bif BinnoBiaansHOCTI. barato
PO3POOHUKIB MPOTrPaMHOro 3a0e3MeUeHHs] Ta KOMIaHii
BUKOPHUCTOBYIOTH IO JIILIEH3110 /IS TOTO, 100 TXHs po-
6oTa OyJa 1OCTYITHA IIUPOKOMY KOJIy KOPHCTYBAUiB IpH
30epeeHHI MpaB Ha IPOTrpaMHe 3a0e3MeUYeHHS.

s poboTu 3 6i0mioTeKamMu Ta 3UNTYBaHHS iH(OP-
Maii 3 BeO-caiiTy HEOOXiZHO PO3YMITH SK KOMII I0TEp
3aBaHTaXXy€ BEO-CTOPIHKU Ta OTPUMYE iH(POPMAILLIO Bif
cepBepa. Konn xopuctyBau BijBinye cTopiHKy B [HTEp-
HeTi, KOMI'IOTEp BUKOPHCTOBYE IPOTOKOJI Tepesadi ri-
neprexkcry (HTTP) nust 3aBaHTa)KEeHHS 11i€1 CTOPIHKH.

[punmun pobotn HTTP mpoTokomy MoXHA OIMH-
caTd HACTYyNMHUM 4MHOM. KOs MU X04eMo MeperisiHy Ti
Be0-CTOPiHKY, MH MO’KEMO BUKOPHUCTOBYBATH Pi3HI THIIH
JieBaiiciB: HOyTOyK, CTallioHapHUI KoMI'ToTep abo Terre-
¢on. T'onoHe, mo6 Ha mpuctpoi Oyna nmporpama O6pay-
3epa. KopuctyBau abo BBOAWTH YHi()iKOBaHMIA TOKaX-
yuk pecypcy (URL) y momrykoBuii psimok 6paysepa, abo
MepeX0IUTh 32 HOCHIIaHHAM 3 BikpuToi ctopinku. URL-
anpeca nmounHaetsest 3 HTTP. Lle curnan 6paysepy, mo
oMy HeoOXiaHO BUKopucToBYBaTH potokost HTTP mis
OTpUMaHHS JOKYMEHTA 32 IIi€r aapecoro. 3a3Buuaii 1P-
aZpecu MICTATh 3pydYHI Ta 4YWUTaOENmbHI IS JIIOJUHHU
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Ha npyromy kpoui Opaysep 1ykae notpiony IP-an-
pecy. s uporo Opaysep Bimmpasise 3amut g0 DNS-
cepBepa /I 3iCTaBlIeHHs IMeH1 foMeHy 3 Horo IP-anpe-
coro. Sk Timpku Opaysep Bu3HaumB [P-ampecy xomm'to-
Tepa, Ha sIkoMy po3mimennii 3amut URL, BiH Bianpasise
HTTP-3ammut. Ha yeTBepTOMY KOPIIi, KOJIX XOCT-KOMII TO-
tep otpumye HTTP-3amut, BiH Bifgmpasiisie KIi€HTY Bil-
MOBIb 13 3MICTOM Ta MeTagaHUMH. [liciisi BHUKOHAHHS
BCIX KpOKiB, Opay3ep, OTpuMy€e BCIO HEOOXigHY iHGOp-
Malio Ui BitoOpakeHHs 3alMTaHOI0 JJOKYMEHTa, Bif-
TBOPIOE HOTO Ha €KpaHi KOPHUCTyBaya.

O3HalOMUBILIKCE 3 MPUHIIUIIOM pOOOTH BeO-CTOpI-
HKH JTOLIBHO PO3TJISIHYTH CIIoco0u 30epekeHHs Ta Bif-
TBOpeHHs iHpopMmalii. 30epiraHHs JaHUX — i€ Crocio
oprasizauii JaHUX Ha HOCIAX iHpopMauii A i monanb-
1101 00po0Oku. HalO1mbIn MOMTHpEHUMY THIIAMH TAHUX €
TEeKCTOBI, rpadidHi, aymio Ta Bimeo AaHi. Y HAYKOBIii
ctepi HAHOITBII TOMMPEHNUM € TEKCTOBUH (opmar 30e-
piraHHs TaHUX.

TexcroBi popmaru - e hopmaru 30epiraHHs Ja-
HHUX, SKi BUKOPHCTOBYIOTHCS IUISI 30€piraHHs TEKCTY.
BoHu MOXyTh OyTH TpOoCcTUMU 200 (GOPMATOBAHUMH.

Jlo HalimommpeHimmx TeKCTOBUX (hopMaTiB MOXKHA
BIZIHECTH:

—TXT npocruii TekcToBUil Gopmar, sIKHiH He MiAT-
pumMye dopmaryBaHHs. BiH € cTaHOapTHUM TEKCTOBUM
(bopMaToM, SIKU i ATPUMY€ETHCS OUIBLIICTIO IIPOTrPaM;

—DOC tekcroBuii hopmar, SKHHA MATPUMYE Gop-
MaTyBaHH:, cTBopeHui Microsoft Word. Bin € nmomyns-
pHEM (QopmaToM I 30epiraHHsS JOKYMEHTIB, TAaKUX SIK
JIUCTH, 3BITH Ta MPE3CHTAIIT;

—DOCX rekcroBuii popmar, skui miarpumye ¢do-
pMmaryBaHHs, cyMmicHui 3 Microsoft Word 2007 i mi3Hi-
MMy Bepcisimu. BiH € moKpaiieHoo Bepcieto Gpopmary
DOC;

—RTF tekcroBuii ¢opmar, sikuii miarpumye Gop-
MaryBaHHsI, cTBopeHuit Microsoft. BiH € yHiBepcanbHUM
TEKCTOBUM (OPMATOM, SIKMH MIITPUMYETHCS OLIBIIICTIO
nporpam;

-ODT TEKCTOBUHI ¢dopwmar, CTBOpEHUI
OpenDocument st OC Linux. Bin € Bigkputum dhopma-
TOM, SIKUH TATPUMY€ETHCS OUTBIIICTIO OQICHUX TIPOTPaM.

Ipocri TekctoBi dopmaru, taki sk TXT, maroTh
psn nepeBar. BoHM € IPOCTHMHU y BHKOPHCTaHHI, a iX
JIETKO BiJKPHUTH Ta penaryBaTH B OyIb-AKii mporpami,
AKa MATpUMY€E TEeKCTOBi dopmarn. OgHAK BOHU HE JO-
3BOJITIOTH 30epiraté opMaTyBaHHS TEKCTY, IO MOXKeE
OyTH HEIIOJIIKOM JUIS JESIKUX 3aBIaHb.

®opmaroBaHi TekcToBi (opmary, Taki sk DOC,
DOCX Ta RTF, no3Bomnsrote 30epiratu ¢opmMaTyBaHHA
TEKCTY, 1[0 MOKe OyTH KOPHCHHUM JUIs 3aBJaHb, 5IKi BU-
MaratoTb (OpMaTyBaHHS, HANPHUKIAMA, TSI CTBOPEHHS
JIOKYMEHTIB, TAKUX SIK JIUCTH, 3BIiTH Ta mpe3eHranii. Of-
HaK BOHM MOXYTb OyTH OUIbII CKJIaJHUMHU Yy BHKOpPHC-
TaHHI, HIX IPOCTi TEKCTOBI (hOPMATH.

Bubip TexcToBOro opmary 3aJeKuTh BiJl KOHKpe-
THUX moTped. s mpocTux 3aBaaHb, TaKMX SIK 30epi-
TaHHS TeKCTy 0e3 (opMaTyBaHHS, MOYXKHA BUKOPHUCTOBY-
BaTH MPOCTHH TekcToBUi dopmart, Takuit sk TXT. Jlms

Hanpukian highload.today a6o

3aBJIaHb, sIKI BUMararotb (hopMaTyBaHHS, MOXKHa BHKO-
pucroByBaTH opmaroBaHuii TeKCTOBUI (opmar, Takuii
sk DOC, DOCX a6o RTF.

Cepen TeKCTOBHX (OpMaTiB PO3PI3HAIOTH TaKi, 110
MAaIOTh JIesIKi 0COOJIMBOCTI, SIKi BIJPi3HSIOTH HOTO BiJ iH-
muX. J{o HUX BIJHOCATBCS:

—HTML (HyperText Markup Language) Bukopuc-
TOBYETHCS ISl CTBOPEHHS BeO-cTopiHok. HTML-datmm
CKJIQIAIOThCS 3 TETiB, SKi OMHUCYIOTh CTPYKTYpYy Ta BH-
IS BeO-CTOPiHKH;

— XML (Extensible Markup Language) BukopucTo-
BY€ETBCS IS 30€piraHHs CTPYyKTYpOBaHUX AaHuX. XML-
(aiiim CKIagaloThCs 3 €JIEMEHTIB, SIKi OIUCYIOTh CTPYK-
TYpY NaHHuX;

—JSON (JavaScript Object Notation) BHKOpPHUCTO-
ByeTbcs s 30epiranHs o0'extiB JavaScript. JSON-
(aiinm CKJIafaloThCs 3 Map KIOY-3HAUCHHS, SKi OIMHCY-
IOTb BJIACTHUBOCTI 00'€KTa;

—YAML (YAML Ain't Markup Language) Takox
BHUKOPHCTOBY€ETHCS A1 30epiraHHs CTpyKTYPOBAaHUX Ja-
Hux. Ha Bigminy Big XML, Y AML-daiinu ckiragaroThes
3 KJIIOYIB, 3HA4€Hb, CIMCKIB Ta IHIIMX E€JIEMEHTIB, SIKi
OIUCYIOTh CTPYKTYPY JaHHUX;

—INI (Initialization File) BUKOpPHUCTOBYETBCS st
30epirans koH}irypauiitnnx nanux. INI-gaiinm ckma-
JIAI0THCS 3 PO3/ILTIB, SIKi OMUCYIOTH Pi3HI HapaMeTpHu KOH-
(irypauii;

—Markdown. Ile mosermieHa MoBa pO3MITKH Jia-
HUX, Ky CTBOPEHO 3 YXWJIOM Ha IIPOYHUTHICTH Ta 3pyd-
HICTB y Iy OJTiKallii 3 MoJaabIIiM epeTBOPESHHAM. Buko-
PHUCTOBY€ETBCS ISl CTBOPEHHS (POPMATOBAHOTO TEKCTY,
TaKOro SK 3aroJIOBKM, CITMCKH, TOCWJIAHHSA Ta iHIII.
Markdown-daiim MoxxyTs OyTi ieperBopeni Ha HTML,
PDF ra inmi ¢popmaty.

Oxpemy yBary Baprto npunimuta CSV ¢opmary.
CSV (Comma-Separated Values) — 1e TekctoBwuii ¢op-
Mar, iKWl BUKOPHUCTOBYETHCS ISl 30epiraHHst Tabnny-
HUX JaHuX. Y Takux (aitnax gaHi 30epiraioTbCs y BH-
IS PAAKIB, 16 KOXKHUMA PSIIOK MPEICTABIISIE OTHY 3a-
nuc y Tabiuui. [Tons B 3anuci po3aistoThes 32 OIOMO-
TOI0 PO3JIUIBHUKA, SIK NTpaBuio, komu. CSV-daiinu € no-
MyJSIPHAM (OPMATOM UT OOMIHY JaHUMH MiX Pi3HUMH
MporpamMaMu, OCKUTEKH BOHU € TIPOCTAMH I 00pOOKH
ta 3po3ymimMu. CSV-¢aitm Takox MOXKHa JIETKO BiK-
pUTH Ta pefaryBaTé B OyIb-SIKOMY TEKCTOBOMY pelak-
TOP.

KpiM TOro BOHM MOKYTh BUKOPHUCTOBYBATHCS JIJIsI
30epiraHHs pi3HUX THITIB TaHUX, BKIIOYAIOUN TEKCT, YU-
cna ta natu. OTHaK Ba)JIMBO MaM'staTy, mo CSV-daitnn
HEe MATPUMYIOTh (OpMATyBaHHS JaHHUX, HaIPUKIA,
mpudTH, po3Mipu mWpHUGTIB, KOTHOPH, BUPIBHIOBAaHHS Ta
iHmi. BoHM Tak0X MOXXYTh OyTH OiNTBII CKITaJHUMU Y BHU-
KOpHUCTaHHI, HiX (hopMaToBaHi TEKCTOBI (hopmaTH, Taki
sk DOC, DOCX Ta RTF.

Bubip CSV-¢popmary 3anexurh BiJl KOHKPETHHX
norped. It mpocTux 3aBaaHb, TAKUX SIK 30epiraHHs Ta0-
TMYHUX AaHux 6e3 gopmarysanHs, CSV-dopmar € xo-
poumM BubopoM. B maniit po6oTi asst 36epiraHHs mpo-
MDKHHX JTJaHUX BHKOpHCTOBYyBaBcs CSV-dopmar.

Posristaemo OUIBIN eTaIbHUNA OIrC 3aco0iB Ta Oi-
Omiorex st oOpodku iHopmarii Ha Python, a Takox
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oco0mBOCTI 610I0TEK AJIst TAPCUHTY, SIKi OyJIH 3aCTOCO-
BaHi y JaHiit po6oTi.

Pandas — 1ie 6i6mioTeka 3 BIAKPUTHM BHUX1THUM KO-
JoMm, JineHsoBana BSD, mo Hasae BUCOKOIIPOTYKTHBHI,
MIPOCTi y BUKOPUCTAHHI CTPYKTYPH JIaHUX Ta IHCTpyMe-
HTH aHaJi3y JaHUX JUIsI MOBH IporpamyBaHHs Python.
OpmHUM 3 OCHOBHHX IHCTPYMEHTIB, II0 OyB BHKOPHCTA-
HUll y maHiii podoti — ne kiac DataFrame. Bin ciyrye
JUTSL ySIBIICHHS TBOBHMIPHOT TaOMNHIIi 31 3MiHIOBAaHOIO PO-
smipHicTIO. L CTpykTypa IOaHWX € OCHOBHOIO IS
pandas T03BOJISE TIEPCOHATI3YBATH ITIO3HAYCHHS HA OCIX
(3aroJIOBKH PSAKIB Ta CTOBIIIB), BHKOHYBATH apudpMe-
TUYHI omnepauii Uil pSaKiB 1 CTOBNLIB Tabui. Y BH3Ha-
yeHHsix MoBH Python, DataFrame MoxkHa po3risiaTa siK
dict-roniOHMIT KOHTEHHEp 11 00’ €KTIB Series.

Jlnsi BUKOHAHHS OCHOBHMX (DYHKIiH KOKHHMH Kiac
nepezdavae OmUc KOHCTPYKTOpa Kiacy. BiH Moxe Mic-
TUTH YUCEIIbHY KUIBKICTh TApaMEeTpiB.

[epmmit mapamerp kmacy DataFrame e dict-coBa-
peM, 10 MOXE MICTUTH TaKi CTPYKTYpH IaHUX, SIK PSIH,
MacHBH, KOHCTaHTH, KJIaCH JTAaHUX a00 CITMCKOBI 00’ €KTH.
Sxmo madi € caoBHUKaMU dict, TOPSIOK CTOBIIIB BiAIIO-
Bifla€ MOPSIKY OB clIoBHUKA. Ko dict MiCTHTE psiny,
SIKI MalOTh BU3HAYCHUH 1HIIEKC, CTPYKTYpa BUPIBHIOETHCS
3a Horo iHgekcom. lle BUpIBHIOBaHHS TakoXK BinOyBa-
€ThCs, SIKILIO JIaHi € cepieto abo camum DataFrame. Bupis-
HIOBaHHS BHMKOHYEThCS Ha Bxojax Series/DataFrame.
SIKII0 TaHi € CIUCKOM CIIOBHHUKIB dicts, TTOPSAIOK CTOBIIILIIB
BI/ITIOBI/Ia€ TIOPSIJIKY PO3TALTyBaHHS CJIOBHUKIB y CITUCKY

Slkmio BXinmHi AaHi € cruckoM dicts, MOPSIOK CTOB-
IIiB CTPYKTYpH Oy/ie BiAMOBIIATH MOPSAAKY BCTaBKH.

OnuH 3 T0IaTKOBHX BXi/HUX NapaMeTpiB KOHCTPY-
kropa DataFrame BiarmoBigae 3a 3arosoBKH CTBOPIOBAHOT
CTPYKTYpH. 3a 3aMOBUYBaHHSIM MITKH CTOBIILIB JJIS pe-
3yJBTYyrOUOTO (hpeiiMa, Ko AaHi He MICTSTh iX, OyayTh
yuciaamu Big 0 10 n. Ko JaHi MiCTSTh MITKH CTOBIILIB,
BOHHU OYyZyTb BIATBOPEHI y 3arojioBkax CToBmiiB. B na-
HOMY BUNAJKy (GpeiiMOM Ha3UBAETHCS TAOJULIA, 1110 Ma€E
nieBHUH HaOip GyHKIIH st i1 0OpoOKH.

Sk Tineku QpeiimM Oyae 3aOBHEHO JAHUMHU JOITi-
JIbHO 30eperTu Horo Ha JIOKaJbHOMY HOCIi. Po3riisiHemo
SIK MOJKHa ekcriopTyBaT (peiim go CSV ¢aitry 3a mo-
IIOMOTO10 fo_csv() MeToy nakeTy pandas. 3a 3aMOBUY-
BaHHAM, fo_csv() meron ekcmoptye ¢peiim mo CSV
(aiimy 3 pSIKOBUM iHIEKCOM SIK TIepIia KOJOHKA 1 KO-
MOIO B SIKOCTI cerlaparopa JaHux [5].

st mepconaizanii pe3ysbTatiB y IbOro METOLLY €
YHCJICHHA KUTBKICTh MmapamMeTpiB. Tak, o0 BCTAHOBUTH
PO3IUTBHUK TONSI ISl BUXITHOTO (ailly ciyrye mapa-
MeTp Sep="," 3a 3aMOBUYBaHHAM piBHHIA KoMi. J{7is1 BiAT-
BOPEHHS 3ar'0JIOBKIB Y BUXiTHOMY (aiiili MO’KHa BCTaHO-
BuTU napametrp header=True. Jlanuii mapameTp BapTo
BIJIKJIFOYUTH HPU IOBTOPHOMY 3alUCi TOr0 Camoro
¢aiiny. Ilapamerp index= True moBinomisie mporpami
MIPOHYMEpPYBaTH KOXHHH pAnoK. J{J11 MOBHOLIHHOI po-
6ot QyHKUii mepmUM mapaMeTpoM Mae OyTH HasBa
¢aiiny uis 3anucy iHdopmarii.

Posrisinemo HactynHy 6i6itiorexy — requests. Lle
eneranTHa Ta mpocta 6ibmioreka HTTP mmst Python,
cTBOpeHa Juisi Jjrofed. BoHa [03BoJisie Haa3BUYaiiHO
nerko Hancwiatd 3anmuta HTTP/1.1. Hemae motpebu
Bpy4HY AonaBaTu psnku 3anuty nmo URL-aapec a6o

koxysaru nani PUT 1 POST y ¢opmi — gocraTtHbo 3acTo-
CyBaTH METOJ json.

3pobuty 3amuT 3a JomnomMoror Requests qysxke mpo-
cto. it bOTro JI0CTaTHBO 3pOOUTH IMIIOPT MOJYJS Ta
crBoputy 3anut GET 1ist orpumanns Beo-ctopinku. ITi-
CJIl TOTO SIK 3aIUT BUKOHAHO y Hporpama Mae 00’€KT
Response mix Ha3Boro 1. 3 BOro 00’€KTa MU MOXKEMO
OTpUMAaTH BCIO HEOOXiTHY iH(OpMAaIIifo.

BbibmioTeka 3abe3nedye MUAPOKKUHA CrieKTp (QyHKITIH
st B3aemogii 3 HTTP-cepBepamu. Och nesiki 3 OCHOB-
HUX QYHKIiH [6]:

a) BimnpaBka HTTP-3amuTiB Oynb-SKOTO THITY —
O3HaYa€e MATPUMKY Bcix ocHoBHHX TuIiB HTTP-3amu-
tiB, BKovdarount GET, POST, PUT, DELETE ta HEAD;

6) o6poOka Binnosineir HTTP — no3Boisie orpumy-
Batu iHdopmMmariiro mpo Bigmosigi HTTP, Bxirodaroun
CTaTyC-KO/IU, 3aT0JIOBKH Ta KOHTEHT;

B) MiATPUMKA Pi3HUX METOJIB ayTeHTHiKalii, Ta-
kux sk Basic, Digest Ta OAuth;

r) HaiamTyBaHHA mapamerpiB HTTP-3anuris.

BibmioTeka requests 103BOJIsIE HATAITOBYBATH apa-
metpu HTTP-3amuTiB, Taki sk 3aroyioBKH, cookies Ta THM-
gacoBi (aiinun. BoHa € TOTY>KHUM IHCTPYMEHTOM, SIKHIA
MOke OyTH BUKOPHCTAHWH IJI1 BHPIIICHHS PI3HUX 3a-
BJaHb, NoB's3anux 3 HTTP. Bona € mpocToto y BUKOpHC-
TaHHI Ta 3a0e3Meyuye NIMPOKUi CIIEKTP MOXKIMBOCTEH.

OcranHbOI0 0i0JIOTEKOI0, SIKY BHKOPHCTAHO JIs
napcunry € Beautiful Soup. Lle 6i0miorexa Python mus
BUITy4YeHHs JaHux i3 dainie HTML ta XML. Bona npa-
IIO€ 3 OyIb-SKUM MMapcepoM Ta Hala€ MPOCTi Ta 3BUYHI
crocoOM HaBirarii, MOIIyKy Ta 3MiHH AepeBa po30opy.
BoHa ekOHOMUTPH TporpaMicTaM TOJWHHU Ta IHI POOOTH
[7].

Beautiful Soup migrprmye mapcep HTML, Briroue-
HUH 0 cTaHAapTHOI Oibmioreku Python, a Takox psg
CTOpOHHIX napcepiB Ha Python. OHuM i3 HUX € mapcep
[xml. THIIA anbTepHATHBAa — HANMCAHUN BUKIIOYHO Ha
Python mapcep html5lib, sxwmii pozdoupae HTML Ttak
camo, SIK 11e poOuThH BeO-Opay3ep. Y KOKHOTO METOa €
CBOI IlepeBary Ta HeI0JIKH, ajle HailkpaluMm 3 HUX € [xml
napcep. BiH BUOKPEMITIOETHCSI Bif[ IHIIIUX CBOEIO INBU/I-
KICTIO Ta IIYYKICTIO pOOOTH.

Bapro 3ayBakutH, SIKIO JOKYMEHT € HEBaJiTHHM,
pi3Hi mapcepu OyayTh renepyBatu nepeso Beautiful Soup
JUTS IIBOTO JOKyMeHTa To-pisHomy. [Ipu poboTi 3 BeO-110-
JIATKAMH KOJIK TOBOPSITH, 110 JOKYMEHT € HeBJIIIHIM, 1Ie
O3Haya€e HEBiJNOBIAHICT HOro KOMIIOHYBaHHS Ta PO3Mi-
TKH cTaHnaptam. Lli craHmapTu po3po0IIroIoThCst KOHCOP-
uiymom Beecgitapoi naBytunn (W3C). HaitHoBimum cra-
Huaptom € HTMLS.

ITepesipka Ha Banmianicte HTML nokymeHTiB € Ba-
JKITMBOIO IS 3a0e3nedeHHs: Toro, mod HTML-kon O6yB
MIPaBWJILHO HAIIMCAHWH 1 MIr OyTH IPaBWIILHO iHTEpHpe-
ToBaHMWil Opay3zepamu. Bamigricte HTML-xoxy Takox
JioriomMarae oKpauTH HOro TOCTYIHICTb U1t KOPHCTY-
BaYiB 3 0OMEXECHUMH MOXKIIBOCTSIMH.

Jlnst mepeBipku Ha BamigHicth HTML moxymeHTiB
MOKHa BHUKOPHCTOBYBATH Pi3HI iHCTpyMeHTH. [lesxi 3
HUX € 0€3KOITOBHUMH Ta JOCTYITHUMH B IHTEpHETI, 1HIIi
€ IJTATHUMH Ta BUMAararoTh BCTAHOBJICHHS HA KOMIT'TOTEp.
Hwxue HaBeneHO neski 3 HANMOMYJSIPHIIIUX THCTpyMe-
HTIB 1711 iepeBipku Ha BamigHicth HTML mokymeHTiB:
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— W3C Markup Validation Service. beskomToBHuit
OHJIAH-IHCTPYMEHT,  SKUH  JO3BOJIIE  TEPEBIPUTH
HTML-xon Ha BifnoBiaHicTs cranaapty HTMLS;

—HTML Tidy. be3komroBHu# iHCTpyMEHT, KU
nospostsie nepeiputd HTML-xon Ha BifMOBIAHICTH CTa-
Haapty HTMLS i BUNIpaBUTH EsKi TIOMUIIKH;

— Codesniffer. be3komToBHHN 1HCTPYMEHT, SKHi
no3Boirsie mepeBiputd HTML-xox Ha BiATOBIIHICTE CTa-
Haaptam W3C i iHIMM cTaHAapTaM KOJTyBaHHS.

Jnst mepeBipkn Ha BamigHicth HTML mokymeHTiB
MO’XHa TaK0>XK BUKOPHUCTOBYBATH BOYIOBaHI 3acO0M ITe-
PEBIpKH B TaKMX TEKCTOBHX pEAaKTOpax, sk Atom,
Sublime Text Ta Visual Studio Code.

O3HalOMUBIINCH 3 KOMIIOHEHTAMHU TPOCKTY MO-
KEMO TIEPCHTH JI0 HOT0 NETaIbHOrO Oomucy. Po3risHeMo
IUIAX CTBOPCHHS JIOJIATKY.

Ha nepiomy erani 0yJio BCTaHOBJIGHO iHTepHpeTa-
top Python s HanucanHs Ta 3amycKy mapcepa, 3a J0-
MOMOTOI0 pip CHUCTEMH YIpaBIiHHSA makeTamu Python
BCTaHOBJICHO 3 0iOIioTeKH:
pip install beautifulsoup4;
pip install requests;
pip install pandas.

Sk OyIo 3a3HaueHO paHille, Ko)kHa 0i0ioTeka Mae
CBOE MPHU3HAYCHHS:
requests BiIOBiIa€ 32 OTpUMaHHs AaHuX (y BU-
sl html-cropinknm) 3 BeG-caiity Ha

TOMY pajiioriepeMHKad Mae OyTH BCTAaHOBJICHO Ha ITyHKTI
«BaHTaxi», 1110 BKJIIOYEHO 3a 3aMOBUYBaHHAM. Y mapa-
METpax «3BIAKWY, «KyI» 00upaeMo «YKpainay.

J1n1s BU3HAUCHHS TepMiHy BUKOHAHHS 3asiBKH HaJla-
LITOBYEMO MyHKT «JlaTa». Pemry mapamerpiB MoxkHa 3a-
JIMIINTH 32 3aMOBYYBaHHSM.

ITicis BUKOHAHHS HAJAIITYBaHb ITOLIYKY HATHCKa-
€MO KHOIIKY «3HAHTI».

B pesymnbraTi BiZKpHETHCSI HOBA CTOPiHKA 3 TIOTPi0-
HOIO iH(OpMAIIi€IO.

Hapani mpamoemMo 3 JaHOIO CTOPIHKOO.

3a roroMororo iHcTpyMeHTy «IleperisHyTH Ko B
iHCTpyMeHTax BeO-Opay3epa Chrome (puc. 2) Oyio
OTPUMAHO KOJT B€O-CTOPIHKH, KU 30€PEIKEHO B TEKCTO-
BoMy (opmari.

OTtpumanuii Ko OyJo «mepefano» A0 0i0moTeKku
beatifulsoup4, sixa BUKOHaNa HOro CTPYKTypyBaHHS.

[IpoanamnizyBaBmu kox, OyIio BUAIICHO €IEMEHTH,
10 MiCTATh HeoOXimHy iHpopMamiro. PesyipraTom aHa-
T3y cTaxa MOKIIMBICTD 3M1HCHIOBATH MOMIYK iH(opMaItii
0 KITIOYOBHM €JIEMEHTaM, 1110 a0 3MOTY aBTOMAaTHU3Y-
BaTH MOLIYK.

Ha tpeThomy etari OyJio opraHi30BaHO 3aIKC OTPH-
MaHoi iHpopmanii 10 csv-daitny.

Taxk OyJ10 BU3HAUCHO HA3BH Ta MTOCIIIOBHICTh 3aro0-
JIOBKIB, (pOpMAT TaHHX TOIIIO.

JIOKAJIbHUHA KOMIT I0Tep;
beatifulsoup4 3a iHCTpyM™e-
HTH 00POOKHM OTPUMAHHX JaHWX;
pandas 3a 30epiranas o0po-
ONICHUX JaHWUX Ha JIOKaJHbHOMY HOCIT
Y BUIJISAI CSV-(aiiiy.
BcTaHOBIEHHS MakKeTiB 3iic-
HEHO 4epe3 KOMAHJHUU PIAOK
Windows. 3a 101moMoroo nux Tpbox
010J1i0TeK MOKHA TIOYaTH aHaJIi3 Ha-

- BaHTaxi Ta TpaHcnopt

UA-UA X

3HaliTv NonyTHi BaHTaxi,

3sinkm:

Della

<+ Hosuii nowyk

Mowyk BaHTaXiB | TpaHCNOPTY

MNoxeninok 11 rpyaus 2023 p.
Mo Hosoro poxy - acvoro 20 griat

Bxig

Aonatu sawtax | monaT Tpamcnopr | nowyx BaHTawis i rpancnopry

% 0

3HAWTM BiIbHWIA | mMONyTHMIA TpaHCcnopT

@® Bautawi O Tpaucnopr

Kynu: Dara: Maca: 06'em:

1101 BEO-CTOPIHKY.

BCl KpaiHn

[Bci kpain v] s [11.122023 | sia ... v sin [ v

BpaxyBaBuu npocTtotry cuHTa- oci o6
kcucy MoBH Python BiIHOCHO 1HIIMX
MOB IIPOTrpaMyBaHHsS Ta 3aIlyCKy
Iporpam, B SKOCTi CepeIOBHIIA PO3-
pobku obpano Notepad++, cepemo-

BHIIIE MTEPEBiIpKU KOAY — KOMaHIHUN

Brasatn micTo

O e micue zasan

5ci 0671 ¥ no [11.022024 | o ... v ol... v

Tan tpaucnopry:

O e tun Tpancnopry

BxasaTy MicTo

ranenna () llle micue possanTanenna

3HaTH

psanox Windows. Pu

c. 1. BeO-cropinka «Ilomryk BaHTaXiB i TpPaHCIOPTY»

Jis movatky HeoOXimHO OyIo
BukoHatu aHani3 HTML-koxy BeO-
CTOPIHKH TSl BUSIBJICHHSI €JIEMEHTIB
3 KOPUCHOIO iH(OpMAITi€t0.

st uporo 0yJi0 BUKOHAHO T10-
IIyK TOTPiOHOI BeO-CTOPIHKHU 3 MOT-
pibHOIO iH(OpMATTi€TO.

Ha romoBHi#f cropiHmi caiity
MOTPIOHO HATUCHYTH Ha BKIAJKY
«TIOUIYK BAaHTAXIB 1 TPAHCHOPTY»,
pO3MillleHy B IIpaBiii 4acTHHI CalTy.
Ilepen Hamu BiAKpHETHCS HOBA CTO-
piHKa, Ha SIKi} IPONOHYETHCS 3HANTH
MOMYTHI BaHTaXl, a TAKOX BUTHHUM 1
MOy THUH TpaHcTopT (puc. 1).

De

112

1L12-12.12

— ABTONepeBe3eHHs

Rwinpo (UA) — Hosasockoack

FFF; nedEnt: auto;"> = §

10 rpy;
iy - B

Heqina
Homort

lla

nomaTh BaHTam | monaTe TeamcnonT | mownvk EsTawis i TRascnogTY

nepesipenuX nepewizimKis
SMOMYTh 38/3ATHCR 3 BaMH
npsmo 3apast

wis (U14) — Momrasa (U4 sanizobeTonmi o

2

FOCNORApCLI TOB... 0,077 15m? [IONATH BAHTANC

Hac nikaButh iHdopmariis mpo
MDKMICBKI BaHTa)XHI TIEPEBE3CHHS,

Puc. 2. Iucrpyment «IlepermsinyTi Koa» B HIDKHIM YacTHHI BikHa Opay3epa
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CucreMu ynpaBiliHHs, HaBiraiii Ta 3B's3ky. 2024. Ne 3

3arasom, poOoTy napcepa MOXHa OIMCAaTH HACTYTI-
HUM YHHOM.

Ha mepimomy kpoiri BiOyBaeThCs 3aBaHTaXKCHHS
iHpopMarii 3 BeO-pecypcy 3a J0MOMOrol0 MeToiB 6i0-
JIOTEKH requests.

OTpuMaBIIN BiANOBiOs Ha 3aIUT, 3aBaHTa)KEHA iH-
(opmarlist KOHBEPTYEThCS B TEKCTOBHUI (popMaT Ta mepe-
JaeTeCcs Ha 00poOKy mo Oibmiotexu beatifulsoup4, sixa
BiIOYIOBYE CTPYKTYpPY BEO-CTOPIHKH JIOKAIBHO LIS TI0-
JaTbII0] HABITAII] [0 KITIOYOBUM €JIEMEHTAM.

Ha octanHROMY KpOIIi 32 JOTIOMOTOI0 METOJIB Ha-
Birarii Mo eJieMeHTaM BeO-CTOPIHKH 3aBaHTaKkeHa 1H)o-
pMarisi 00poOIOeEThCST Ta 30epiraeTbcss B CIOBHUKY
Python, micns yoro 3anucyeTbest 10 csv-gaiiny.

Juns 3anucy 1o ¢aiiiny BUKOpUCTOBYETHCS 0i0Jio-
Teka pandas.

B pe3ynbraTi BUKOHaHHS MApCUHTY BeO-pecypcy
Oyno oTpuMaHO iH(pOpMAIil0 TPO BAHTAXKHI IEpEeBe-
3eHHs Mo Ykpaini 3a mepion 3 30.08.2023 mo 05.09.2023.

OtpumaBmu 00poOiIeHi qaHi 0yJI0 BUKOHAHO IIif-
PaxyHOK KiJIBKOCTi 3asBOK, L0 NPHUIAIAIOTh Ha KOXKHY
obyacTh Ta CHOPMOBAHO MATPHIFO PAa30BUX 3aMOBJICHb
Ha MDKMICBKI BAaHTa)KHI TIepeBe3eHHs [8].

[ aBToMartun3anii iboro npouecy 0yJ0 HalMTaHO
ckpunt Ha Python.

BucHoBku

Jst MOoZienIoBaHHS IIOTOKY Pa30BUX 3aMOBJICHB 3a-
MPOIIOHOBAHO BHKOPHCTOBYBATH METOIHM MAIIMHHOTO
HaB4aHHS. L{i MEeTOM TO3BOJIIOTE BpaXOBYBATH CKJIAIHI
3aJIeKHOCTI MK PI3HUMH YAHHIKAMH, K1 BIUTHBAIOTH Ha
TIOITUT TIEPEBE3EHb.

VY pesysbTaTi NOIIYKY CHOCOOIB 30MpaHHs NaHHUX
BUSIBJICHO YHCEINIbHY KUTBKICTh Pi3HOMAHITHHUX MiIXO/IIB,
10 IPYHTYIOTBCSl Ha pOOOTI MPOrpaMHUX NpoayKTiB. Of-
HUM 3 TaKHX € Iapcep JaHuX, SKHH BUKOHYE CTPYKTYpPY-
BaHHS iH(opMaIlii BeO-CTOPIHKY 1 Hagae X y TOTOBOMY
JUTS aHAJIi3y BUTIISML.

[omyk indopmarii BigOyBaeThCs Ha HAHOUIBII TTO-
MYJIPHOMY Cepell BaHTAXKHUX aBTOTPAHCIIOPTHHX Oipxk
B Ykpaini norictuaHomy caiiti "DELLA", mo Bigmo-
BiTHO Ma€ HaWOINBITY HiTHOBY ayIUTOPIiI0 y cepi aBTo-
MOOIIbHUX TepeBe3eHb. B pe3ynbrari 00poOKH MacuBy
JaHuX 0YyJI0 ChOPMOBAHO MATPHIIIO PA30BHUX 3aMOBJICHb,
sIKa BU3HAYA€E MOMHUT Ha PUHKY MIXXMICBKUX aBTOMOO1JTb-
HUX [IEPEBE3EHb Y KpalHu.
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Development of an automated parsing system one-time ordersfor freight transport in long-distance traffic
A. Kochina, K. Asimov

Abstract. Problem. The efficient movement of goods over vast distances is the backbone of modern trade. Automatic
collection mechanisms are driving the development of a system that collects and updates data in real time, using technologies such
as data parsing, data scanning and sensor networks to create a dynamic, rapid response platform. This data-driven approach has
huge potential for both shippers and carriers. Goal. Defining the theoretical foundations of automated data collection software for
the development of a parsing system for automated search and processing of one-time orders for long-distance freight transport.
Methodology. Statistical and simulation modelling. Task statement — Identification and evaluation of potential orders on the
DELLA online platform, integration into the company's business processes related to information processing and analysis. Results.
The article analyses the theoretical foundations of software development for automated input data collection. An automated parsing
system was developed to search and process one-time orders for long-distance freight transport. The development of the automated
parsing system allowed to obtain a matrix of one-time orders at the regional level of Ukraine. Conclusions: To model the flow of
one-time orders, it is proposed to use machine learning methods to create a data parser that structures the information of a web
page and provides it in a form ready for analysis. The information is searched for on the most popular logistics website among
freight transport exchanges in Ukraine, DELLA, which has the largest target audience in the road transport sector. Originality.
Based on the analysis of automated data collection software, a parsing system was created for automated search and processing of
one-time orders for long-distance freight transport in intercity traffic. Practical value. As a result of processing the data set, a
matrix of one-time orders was formed, which determines the demand in the Ukrainian intercity road transport market.

Keywords: parsing, demand, one-off orders, automated data retrieval systems.
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Harmionansauit yHiBepeuteT «llonraBehka momitexnika imeHi FOpis Korapariokay, [lontasa, Ykpaina

MMPAKTAYHI KEHCH CTBOPEHHS 3rOPTKOBHX MOJIEJIEM
HITYYHOI'O IHTEJIEKTY JJIA 3AJJAY PO3III3HABAHHS OBPA3IB

AHoTanisi. Mera craTri mifBuieHHs eeKTUBHOCTI po3Mi3HaBaHHs 00pa3iB HUIIXOM CTBOPEHHs OiHApHOro Kiacudika-
Topa 00’€KTIB LUBIIBHOI iH(pACTPyKTypH 3acobaMu rTHOOKOro HaB4YaHHs. Pe3yiabraTu gociaizkeHHs. CTBOpPEHO 3ropT-
KOBI MOJIENI IITYYHOTO 1HTEJEKTY JUIS PO3IMi3HaBaHHs 00’ €KTiB LUBLIBHOI iHPpacTpykTypu. [100y10BaHO 3rOpTKOBY HEM-
poHHY Mepexy Sequential, sika HapaxoBye TPH 3rOPTKOBUX IIApH, IIAPU MYIIHTY, IIap MEPETBOPEHHS, OB’ A3aHUI 1Iap Ta
BuXimHUHA map. OnTuManbHe 3HAYCHHS IIOMIJIKM IIpH HaBYaHHI/TecTyBaHHI cTaHOBUTH 0,0650/0,4424, ne TO4HICTBH
0,98/0,92 BiAMOBITHO, Y TOW Yac SIK PE3yJBTaTH TPETHOI CIMOXH JIEMOHCTPYIOTh oMKy 0,2442/0,2595 BinmnoBigHO, a TOY-
HicTs — 0,93. Bukopucrano monepeaHso HaBueHy Moznens Mepexi VGG16, koTpy IepeHaBIeHo Ha JOCIiUKyBaHOMY JlaTa-
ceri. Bkazana Mozens f1eMoHCTpye MiHIMaIbHE 3HAYEHHS IIOMIUIKY JUIs HapdaHHs1/TecTyBaHHs 0,0278/0,1538 npu TounOCTI
0,99/0,96 BigmoBinHo. HaykoBa HoBH3HA. Ha0ymo momaipIIoro po3BUTKY BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHUX MEPEX
JUIS 3aBJIaHb PO3Mi3HABAaHHS PiBHA pyHHYBaHb MUBUIBHOI iHGpacTpykTypu. [IpakTuyne 3HavyenHs. [loOyxzoBano 1Bi Mo-
JIeJTi 3rOPTKOBOT HEHPOHHOT Mepexi, 30kpema mojenb Sequential it VGG16 ans BupilieHHS 3aBJaHb pO3Ii3HABaHHS 3pyH-
HOBaHHX 1 HMMX OyauHKiB. J{J1s1 BUSABICHHS BKa3aHUX 00’ €KTiB HEOOXiTHOIO MEPEIyMOBOIO € BUKOPHCTAHHS KaMepH 1 Bif-

IOBiJHOTO armapaTHOro 3a0e3MeyeHHs, Ha KIITAJT raspberry pi abo IepCOHAIBHOTO KOMIT FOTEpa Y1 HOyTOYKa.

Kaw4oBi ciaoBa: koM 1oTepHH 3ip, 3aBIaHHA K1acu}ikamii, rmnOoKe HaBUaHHS, HEHPOHHI MEpexi.

IMocTanoBka nmpod.iemMu

BukopucTaHHs CymyTHHKOBHX TEXHOJOTIH IOTpe-
Oy€e CTBOPCHHSI HOBHX IHCTPYMEHTIB IITyYHOTO 1HTEJICK-
Ty, KOTPUH 03BOJISIE aBTOMATH3YBATH IPOIIECH BUKOHY-
BaHi BpyuHy [l]. IHCTpyMEHTH MITY4HOTO IHTENEKTY
BiJIOMI IPUHIIMIIOM MOCTIHHOTO HABYAHHS HA MOMUJIKAX,
[0 J03BOJIsIE OymyBaTH MOJEI, TOYHICTh SIKUX CSITae
90% 1 Ginbe [2].

Po3Binka Tepurtopiii i QopmyBaHHS Jaracery 3
¢oro morpedye mBUAKOT 00pOOKH HaHWX W MOOYIOBH
MozeNel MTyYHOTo iHTeneKTy. JloBra 3a yacoMm mporue-
Jypa CTBOPEHHS MOJEJi BIUIMBA€ HAa BUKOHAHHS 3a-
B/IaHb, OCKUIBKHM 3@ Yac HaBYAHHS MOJEJi 3MiHIOIOTBCS
PO3MIIICHHS TOCITIHKYBAaHUX 00’ €KTIB.

IcHyI04YI TaKTUKH CTBOPEHHSI HOBHX DillIeHb IIO/I0
noOy/I0BH MOJIeJIel IITY4YHOIO 1HTEJIEKTY Pi3HOMaHITHI
i TOTpeOyIOTh HU3KY BIAMOBITHHUX BUTpAT 4yacy. Hanpu-
KJIaJl IOBHUH Yac CTBOPEHHS MOJEINI IITYYHOTO iHTelIe-
KTY, [I0 PO3DVISIHYTa y NONEpeHbOMY AoCiimKeHHi [3],
cArae OpIEHTOBHO YOTHUPH-I'ATh ToguH. Ilpu 1mpomy
PIILICHHS MPALIOE JIMIIE 3 YUCIOBUMH JaHUMHU.

Kpim BuTpar yacy icHyrodi MiXoau 30pi€HTOBaHI
Ha BUBYEHHS KOHKPETHHUX 3aBlaHb, 30KpeMma sl aBTO-
MaTU4YHOI OI[IHKM THUIy Ta CTYIEHs IOIIKO/DKEHHS Jie-
peB’sSTHUX KOHCTPYKUiil [4], ne moTpiOHO 3ailicHIOBaTH
MepeHaBYaHHS MOJEN Ha IHIIMX Jaracerax. 3 iHIIOl
CTOPOHH, OUTBIIICTE HEHPOHHUX MEpeX OyayroThCs 3a
MIPUHIIMIIOM TiOpHuan3amii, 1m0 IMOKpallye TOYHICThH i
30iIBIIye CKIagHicTh Mozeni [5]. B Tim, icHyroua HU3Ka
MIPOTPAMHOTO 3a0€3MEUeHHsI TeX MOTpedye peTenbHOTO
BHBYCHHS (PYyHKITIOHATY ¥ MOXKIIUBOCTEH.

TakuM YMHOM aKTyalli3y€eThCsl MUTAHHS CTBOPEHHS
knacudikatopa 00’€KTiB Ha OCHOBI JIaTaceTy IUBLIEHOL
iH}pacTpyKTYypH.

AHasi3 ocTaHHIX JociailikeHb 1 myOaikamii.
OcranHi IOCATHEHHS y c(epi ITYYHOTO IHTENEKTy Ta
POOOTOTEXHIKN MOPOAMIN HOBI MiIXOIH MION0 BUKOPH-
CTaHHS HEHPOHHMX MEpeX JUIl BHUPIMICHHS PI3HMX

MPaKTUYHUX 3aj7ad. Tak HampaioBaHHs [6] MPOMOHYE
MiIXOAM MIONO BUKOPUCTAHHS LITYYHOTO IHTENEKTY Y
coepi OyniBHUITBA. 3a BUCHOBKAMH aBTOpiB [6], iHTe-
JEKTyalbHI TEXHOJOTil BHKOPHUCTOBYBATUMYTHCS Ha
eTamax INPOEKTYBAaHHs, BHPOOHMITBA Ta EKCILTyaTamii
OyIiBeIbHUX KOHCTPYKITIH.

KpiM OymiBHHIITBA INITYYHHH IHTEIEKT AKTHBHO
BHKOPHCTOBYIOTh Y HAa3eMHIN Ta MOBITPsHIN poOoToTe-
XHIlll, 30KpeMa JUisi BUSBJICHHS 00’€KTIB PI3HOTO THITY
[7]. LikaBo, mo BusBICHHS 00’€KTIB BigOYyBaeThCs Y
PEXHUMI peabHOro yacy i 6e3 3aTpUMOK 3a JOIIOMOTO0
Mozeni raubokoro HaByaHHs YOLOvV7. Bkazana mo-
JIeTb BUSIBJISIE OJTHOYACHO KiJIbKa 00’€KTIB 3 TOYHICTIO
0,97 # 92 xaapamu B cexynmy npu 0,02 mc Ha ojHE
300pakeHHSI.

Ta MOXIHMBOCTI HEHPOHHHX MEpEX Ha BOMY HE
3YIMUHSAIOTECS, NI¢ Yy HampamoBaHHI [8] poO3rIsIHYTO
IIXOAN IOJ0 IHTEJEKTYaJIbHOI 1iarHOCTHKH HECIpaB-
HOCTEH, IHCTPYMEHTH KOTPOI XapaKTepH3yIOThCsl BHUCO-
KUMH OOYMCITIOBAJIbHUMH MOJKJIHUBOCTAMHU. AJEKBaT-
HICTh MiIXOAY MOBEICHO 3a JOMOMOIO JaTaceTy Ipo
HIIIIWIHAKYA KOYEHHsI Ta JIAHUX HECIPAaBHOCTI poTOpa.
ITomryk MuIAXiB yIOCKOHANEHHSI OOYMCITIOBATBHUX MO-
JIJIMBOCTEH KOMITTOTEPHUX CHCTEM 3[iHCHIOBAaBCS Ta-
KOX 3a JIOTIOMOTOI0 OPTOTOHAIBHHUX 0a3WCiB i mporecy
napaiiesibHoi 00poOKM mpoekuii BuxigHoro uucna [9].
Takwuii crioci0 miIBUIY€E MPOIEC NIarHOCTYBaHHS JaHUX
y 1,2 pa3n.

HapomryBaHHS 0OYHCITIOBAJIBHUX MOXKJIIMBOCTEH
KOMIT FOTEPHOI TEXHIKH KOPEIIIOETHCS 3 IHCTPYMEHTapi-
€M IIMOOKOT0 HaBYaHHA. SIK 3a3HAUEHO Y HalpaloBaH-
Hi [10], BusBineHHSA 00’€KTiB HA (HOTO MiJ PI3HUMH Ky-
TaMH € CKJIAJHOI0 3aJa4er0 HaBiTh W IS TIIMOOKHX
HEHPOHHUX Mepex. Y 3B’s3Ky 3 nuMm aBtopu [10] mpo-
MMOHYIOTh METOJ Bi3yalbHO{ KJlacTepw3alii, mo BHU3HA-
yae pizHUIIO Gopmu 00'€KTa JOCTIHKEHHS 3 TOYHICTIO
86,3%.

[MTapanenbHO 3 BUBYCHHSIM ITTOBEIIHKHM 3TOPTKOBHX
Mepex 100 Kinacuikalii 300paXKeHb OCTIPKYIOThCS
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W mUTaHHS MPOTHO3YBaHHS pi3HUX noxid. Hampuknan y
poborti [11] BuB4aeThCs ribpuaHa HMOBIpHICHA MOJEIb
Ha OCHOBI 3rOPTKOBUX Ta PEKYyPEHTHHX MEPEX I
NIPOTHO3YBAaHHS ~ HABaHTaKEHHS  JIOMOTOCIOAAPCTB.
[TpUHUMTIOBUM y JOCTIKEHHI € TO€AHAHHS ABOX THIIIB
HEHPOHHUX Mepek W CTBOPEHHS KOMOIHOBAaHOTO Bapia-
HTY Mepexi. J[Js BUBUYCHHS BKa3aHHUX TAaKTHK IOCITi-
JOKCHb TIepen0adacThcsl iICHYBaHHS BiIIOBIIHOTO IMPO-
rpaMHOTO 3a0e3mnedeHHs. Tak, BimoMa ocBIiTHA Imiatdo-
pma [12] moemnye Moodle Ta Jupyter s HaBYaHHS Y
rary3i STEM.

CTBOpeHHsSM TiOpUAHUX 3TOPTKOBHX MOJEINeH Ta-
KOX INpHCBsiueHo poboty [13], ne oOupanacs onTuma-
nbHA crpateris. IlepeBara 3amponoOHOBaHOTO MiIXOXy
JIOCSITAa€ThCs 32 PaXyHOK HOBOI ifei onTuMizarnii o3HaK.
Ha Bigminy Bin pesynbrariB [13] y pobori [14] BuBua-
JMCS THTAaHHS TMapalieNIbHO JilounX KiacudikaTopis
moOyI0OBaHUX HAa OCHOBI METOJY OIOPHHX BEKTOPIB Ta
3TOPTKOBOT MEPEKI.

3ayie)HO BiJl BUXITHUX 300pa)keHb, IO SBISIOTH
c00010 JoCHiKyBaHy BHOIPKY, OHA 1 Ta camMa TEXHO-
JIOTiS 37aTHA BHPINIYBAaTH Pi3HI 3aBIaHHS, HAIPUKIA
kapTorpadysanHs 3cyBiB [15]. 3a pe3yabratamu A0CIi-
JDKEHb BCT@HOBJIGHO TEPHUTOPIi, CXMIbHI JO 3CyBaB
TPYHTY Ta BU3HAUEHO PiBHI PU3UKY OyaiBeb.

Sk BUAHO 3 JOCHIKEeHb [6—15], BUKOpUCTAHHS
HEHPOHHUX MEPEeX PO3MIANAEThCA Y PisHUX chepax, ae
OynyroThCs sIK 3BUYaiiHi Tak i ribpuani mepexi. [1o0y-
JI0Ba Mepeki 30pieHTOBaHAa HAa BHKOPHCTaHHS KOHKpET-
HOTO MPOTpaMHOTO 3a0e3MeYCHHs] Ta BMIiHHSA HOro 00-
patm.

Jist moOyIoBH BIACHOTO KiacH]ikaTopa 00’€KTiB
OUBUTBHOT 1H(QPACTPYKTYPH, BiOIOBITHO O PEKOMEH-
Jamii, po3risTHEMO BUKOPHCTaHHS 3TOPTKOBOI HEHPOH-
HOT MEpexKi.

Meta — migBuIeHHST e()EKTUBHOCTI pO3Ii3HABAH-
Hsl 00pa3iB LUIIXOM CTBOpPEHHsS OiHapHOTO Kiacudika-
Topa 00’€KTIB UMBIIBHOI i1HPPACTPYKTYpH 3acobamu
rJIMOOKOT0 HaBYaHHSI.

MeTomoJorisa JoCaiaKeHHs

[Ipouec cTBOpeHHs HEHPOHHOT Mepexi epeadadae
icHyBaHHS (OpPMaNBbHOI MOCTAHOBKM 3aBIaHHS OCIIi-
moxeHds. Hexaii A ta B € MHOXWHAMM CBITJIHMH, IO
sIBISTIOTH Kiacu 0 ¥ 1 BigmoOBigHO. 3aBHaHHS MOJSTAE Y
cTBOpeHHi Kiacudikatopa y=f(x), 1e X € ¢poTtorpadiero 3
MHOXUHU A 4u B. CtBopeHa mopens kimacudikaropa
BHKOPHCTOBY€ETHCS Y 3a7la4ax pO3Mi3HaBaHHSA 00pasiB i
niepenidoayae iCHyBaHHs BUXIJHOTO J1aTaceTy.

VY [KOCTI BUXIJHOTO J1aTaceTy JOCIHiIKEHHs BUKO-
pucTaHo 300paykeHHs OyAMHKIB 3 pecypey [16]. [laracer
BKItoyae 2735 300pakeHs OyaiBens, 3 HUX 1237 mom-
KomkeHuX 1 1498 HemomkomkeHnx. @OpMyBaHHS HaB-
4aJbHOTO 1 TecToBOoro HabopiB (HoTo 3milicHIOBAIOCS
BHITAJJKOBIM YWHOM Y CIiBBiJHOIIEHHI, JIe pPO3Mip HaB-
YJabpHO1 BUOIpKH ckianaB split ratio = 0,8.

Buxinai Habopu 300pa’keHb BHKOPHUCTOBYBAINCS
JUIsl TIOOYZIOBH JIBOX 3TOPTKOBHX HEMPOHHHUX MEpEex.
[loOymoBa mepmoi Momemi  HEHPOHHOI  Mepexi
(Sequential) 3milicHIOBaNacsi 3a BiZIOMOIO TEXHOJIOTIEIO
[17] moBoto mporpamysannst Python Ta 3 BUKOpHCTaH-
Hsm 6i6miorex Tensor Flow it Keras. [{ins npuckopeHHst

MOIIYKY TileprapaMeTpiB Ta ONTUMAIBHOT apXiTEKTypH
Mepexi Bukopucrano Oibmiorexy Keras Tuner [18], ne
repeBara Hajapajacs METOAY MOIIYKY TileprapaMeTpiB
Random Search npu max_trials=10.

OOMEXEeHHSAMHU JJIs1 MOIIYKY apXiTeKTypHU HEHpPOH-
HOT Mepeki Oyu 3HAYCHHS KUTBKOCTI (IJIBTPIB y 3ropT-
KOBHX IIapax, IO IOCIHiKyBajmcs y Aiamas3oHi [1, 4] 3
KpoKoM 1.

[MapameTpu MOB’S3aHOTO APy TEXK BUBYAIUCS Y
nmianazoni [1, 4] 3 xkpokoM 1. Ilpu xomminsmii Mozaeni
IMBUAKICT, HAaBYaHHSI OOMEXyBajacs  Jiara30HOM
[0,05, 1] 3 kpokom 0,05, nme ¢yHKIiA BTpatu
loss='binary crossentropy'. 3 MeTOI0 3MEHIIEHHS Yacy
HABUAHHS MOJICNIi BHUKOPHCTOBYBABCS MIAXiJ PaHHBOI
3YIHHKH, Jie patience=S.

SkicTh MOOYMOBAaHUX PE3YNBTATIB JOCHIKSHHS
¢ikcyBanacs MeTpuUKaMu accuracy, precision, recall Ta
fl score, ae 3milicHIOBaBCS MOPIBHAJIBHHUM aHalli3 HaBYa-
JLHOTO ¥ TecToBOro HabopiB. [lojaTkoBo 37ifiCHIOBaNA-
Cs1 IepeBipKa IOMIIIKA MOJIEII 3aJIeKHO Bifl CIIOXH.

I'padiuHa iHTEpHpETallis OTPUMAHHUX PE3YJIbTATIB
JIOCIIIJDKEHHS peaii3oByBaiacs 3acobamMu  0i0moTekn
matplotlib, me OymyBanmcsi Bizyamizamii pe3ynbTaTiB
NpOLIECY HaBUAHHS MOJEJII.

[ToGynoBani Mopmeini 30epiraivcs 3a IOIOMOTOO
¢byukuionany 6ibmioreku Keras y daiinoBuii gpopmar
.h5, xoTpuii BUKOPHCTOBYBABCsSl y 3OBHIIIHIX cepBicax
(Netron) mist rpagivHoi iHTepnpeTanii Moaeni Mepexi
[19].

Jli1st IOpIiBHSJIBHOTO aHami3y OymyBasiacs Ie OfHa
3roptkoBa HeilpoHHa Mepexxa VGG16 [17], korpa €
norepenHbo HaBueHow. lle apyra mepexa. 3 MeTOO
3MEHIIEHHS] 00CSITYy Yacy HaBUaHHS MEpEeXi 3/1iHCHIOBa-
JOCS TIEPeHABYAHHS MEPEeXi Ha JATaceTi JOCIiHKEHHS
32 0OMEKCHb BHKOPHUCTAHHS BEPXHBOTO HIAPY ILISXOM
JIONAaBaHHS HOBHMX MIapiB. MoJeNmoBaHHS Mepexi
VGG16 npoBoamiocs MpoTAroM 3 ernox.

BuKkJ1a] 0CHOBHOTO MaTepiay

ITpouec cTBOpEeHHSI MOJENi 3rOPTKOBOi HEWPOHHOT
Mepexi mono Kiracudikamii 00’€xTiB Ha 300paKeHHIX
nepeabavae BUOIP ONTUMAIBHOI apXiTEKTYPH Ha OCHOBI
BHUXIJTHOTO Jaracerty, Taom. 1.

Sk BugHO 3 Tabn. 1, 3ropTKOBa HEHpOHHA Mepexka
Sequential HapaxoBye TpW 3rOpTKOBUX LIapH, MIapu
MyJTiHTY, IIap TePeTBOPEHHS, OB’ I3aHNUHN IIap Ta BHXi-
IHUH map. BusHadeHa apxiTeKTypa HEHPOHHOI Mepexi
knacudikanii 00’eKkTiB Ha 300paKEHHAX BHUKOPUCTOBY-
€THCS 1S TOOY0BH MOJIETI.

BignoBigHO 10 METOHONOTIi JOCIIIKEHHS TPoIIec
1moOyoBM Mozeli HeHpoHHOT Mepexi HapaxoByBaB 10
erox, Jie (hiKcyBajacsi TOUHICTh Ha HaBYAJIBHIN H TecTo-
Bili BUOipKax, puc. 1.

Sk BUIHO 3 puc. | onTUMaIbHA TOYHICTH HABYAJIb-
HOT ¥ TecToBOi BHOIPOK JOCATAETHCS i Yac MepIIoi
ernioxu Ta ctaHoBUTH 0,93. HacTynHi emoxu BKa3yoTh Ha
TepeHaBYaHHS MOJIEN, OCKUTBKH 301IBIIYETHCS PI3HHUIIA
TOYHOCTI MiXK HaBYaJIbHOI W TECTOBOIO BUOipkamm. Lle
TIOSICHIOETBCST OOMEXKEHOI0 KIJTbKICTIO BXIiTHUX 300pa-
KEHb.

Pesynbrarn BU3Ha4eHHs TOYHOCTI Ta IOMMWJIKA Ha
HaBYaJIbHIN 1 TeCcTOBil BUOipKax mojaHo y tadi. 2.
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Tabnuysa 1 — JocaigxyBaHa apxiTeKTypa 3ropTKoBoi HeiipoHHOT Mepe:xi Sequential

As Kaacupikanii 00’exTiB Ha 300paKeHHAX

Haspa mapy Buxinna gpopma HocaixkyBaHi napamerpu

[eprmii 3ropTrOBHIt Iap conv2d (None, 254, 254, 2) 56

ap myniary max_pooling2d (None, 127, 127, 2) 0

JNpyruii sroprroBuii map conv2d 1 (None, 125, 125, 2) 38

[ap nyniary max_pooling2d 1 (None, 62, 62, 2) 0

Tperiii 3ropTroBuii map conv2d 2 (None, 60, 60, 2) 38

[ap myniary max_pooling2d 2 (None, 30, 30, 2) 0

[ap neperBopenns flatten (None, 1800) 0

[op’s3aHmii map 3 ABOMa BUXoAaMu dense (None, 2) 3602

Buxinawii map dense 1 (None, 1) 3

0.98 1

Tabnuys 2 — Pe3ynbTaTH HABYAHHSI 3TOPTKOBOT
HeliponHoi Mepexxi Sequential pist
kJacudikanii 00’exTiB Ha 300pakeHHIX

e N TounicTe Ha HaB- Ilomuika Ha HaB-
- ya/IbHiil/ Tpeny- Ya/bHiil/ Tpeny-
0.94 4 enoxu o R o .
> BaJIbHili BUGipKax BaJILHIl BUOipKax
; 0,92 | 1 0,88/0,93 0,3857/0,2843
' 2 0,93/0,93 0,2442/0,2595
0.90 3 0,95/0,92 0,1751/0,2628
4 0,97/0,91 0,1234/0,3922
0.88 4 —— Training Accuracy 5 0,98/0,87 0,0985/0,7616
validation Accuracy 6 0,97/0,9 0,1003/0,566
0 3 4 5 8 7 0,94/0,93 0,1587/0,328
L 8 0,96/0,9 0,1128/0,5265
Puc. 1. H?piBFﬂnLHP{?I aHani3. 3aJIEXKHOCTI :rquOCTi 9 0.97/0.91 0,0763/0.6152
3ropTKOBOT HEHPOHHOT Mepexi (HaB4YajbHa i TecToBa
BHOIipkn) Sequential Bix KiIBKOCTI emox 10 0,98/0,92 0,0650/0,4424

3 TOUKHM 30py OajaHCy TOYHOCTI MiXK HaBYaJIbHOIO
i TECTOBOIO BUOiIpKamMu 300pakeHb IEpeBary Mae Mo-
Jens moOyJoBaHa i 4ac IPyroi emoxu, A¢ TOYHICTh
cranoBuTh 1o 0,93 mpu mommmi 0,2442/0,2595 Binmo-
BiJIHO. AJle MOMUIIKA MiJ] Yac APYroi ermoXu JJisi HaBdya-
JBHOTO ¥ TecToBOro HabopiB Benuka. OnTuMalibHE
3HAYCHHS] TIOMWJIKHM TPH HABYAHHI/TECTYBaHHI JOCATa-

€TBCS @K Ha JecATii emoci # cranoButh 0,0650/0,4424
BiamoBiaHoO, ae TouHicTh 0,98/0,92 BigmosigHo. 3 omHO-
ro OOKy, MOJIeJIb Ma€ O3HAKH MepEeHaBYaHHS, 3 IHIIOTO —
MiHIMallbHE 3HA4YeHHS MOMHIKH Tpu Precision 0,93;
Recall 0,91 i1 F1 Score 0,92.

Ha puc. 2 nomaHo pe3ynbraTd TOCHIHKEHHS Mar-
pHII Ty TAaHWHA HAWTIIIIOT Moemi Mepexi Sequential.

True label
Negative

Positive

!
Negative

Predicted label

150

-125

-100

Positive

Puc. 2. Pe3ynbratu TOCHiKEHHS MaTPHII LTy TAHUHH
onruMabHOI KitacudikaniitHoi Mogemni Mepexi Sequential
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3 puc. 2 BuaHO, mo 233 i 226 300paxeHp BiaNO-
BIZIHMX KJaciB Oyau BIpHO Kiacu(ikoBaHi, y TOH 4ac sk
22 i 15 300paxenp knacugpikoBaHo xuOHO. OTpHMaHi
XuOHO KiacudikoBaHi 300pa)KEHHSI IMOSCHIOIOTHCS 00-
paHHSM ONTHMalbHOI MOJEeNi, KOTpa Ma€ HEe3Ha4Hy
PI3HHUITIO MTOKa3HUKIB TOYHOCTI Ha HABYAIBHIH U TECTO-
Bilf BHOIpKax, a 3 iHIIOI CTOPOHH MiHIMalbHE 3HAYCHHS
TIOMHUJIKH.

Kinpkicth XxuOHO Kilacu(ikoBaHUX 300pakeHb €
pizHOIO st emox 1, 3-9, mpoTe Ha BKa3aHUX €MoXax
CIIOCTEPIraeThCsl TPOLEC TEePEHABYAHHS MOJENi, IO
JIOBeZIeHO 1 Ha puc. 1.

kernel {3x3x3x2) kernel (3x3x2x2)

bias {2)

input_layer

MaxPooling2D MaxPooling2D

bias {2}

Activation Activation

kernel (1x3x2x2}

bias {2)

Activation

Bapro BigMITHUTH, 4Yac HAaBYaHHS MOJECII TaKOTO
THUIY CKJIaJa€ OpieHTOBHO 10 30 XBWINH, 32 BKa3aHUX Y
METOJIOJIOTI] JTOCIIJDKEHHST OOMEXEHHAX. Y peaisx
CHOTOJICHHSI, MiHIMI3allis BHUTpAT dYacy /s HaBYAHHS
MOJICIIi € BaXKIIMBOIO 3 TOYKH 30pYy 3a0IIa/PKCHHS SK
E€HEPropecypciB, TakK i MIBUAKOCTI BIPOBAKECHHS MOJIe-
7i 10 BuUKOpHcTaHHs. OCcTaTogHe PIlICHHS IIOI0 ITOKa3-
HUKIB SKOCTI 3TOPTKOBOI MOJAETI HEHPOHHOI Mepexi
CXBaJIFOETHCS JIFOMUHOIO, KOTpa MPUHMAE PilllCHHS.

JonatkoBo, I MOTIMOICHOTO aHami3y moOymoBa-
HOI Mepexi Sequential, BiAMOBITHO JO METOMOJOTIT
JOCTIIKCHHS, 3iACHIOBaNacs 11 Bi3yauizallis, puc. 3.

Dense

kernel (2:1)
bias (1)

Activation

MaxPooling2D

bias {2}

Activation

Puc. 3. ApxitekTypa moOynoBaHO1 3rOpTKOBOI HEHPOHHOT Mepexi s kiacupikarii 06’ ekTiB
Ha 300pakeHHAX CTBOpEHa 3acobaMu Netron

Bka3zana Bizyauizallisi BAKOPUCTOBYBAJIACs IS Jie-
MOHCTpaIlii 0coONIMBOCTEH TOOYI0BaHOT MEpexKi i TuIa-
HyBaHHS acleKTiB 1i MalOyTHBHOTO YIOCKOHAJCHHS. 3
METOI0 TOPIBHSUIBHOTO aHali3y TOYHOCTI OTPUMaHUX
pe3ynbTariB  mepiioi 3ropTKoBOT HEWPOHHOI Mepexi
moOynoBaHo HewpouHy Mepexxy VGG16. Ockinbku
Binoma mepexxa VGG16 momepenHbO HaBUeHa, aje He
Ha JOCIDKYBAaHOMY JaTaceTi, 1O MEpexi J0oJaHo J0cC-
TMKyBaHYy BHOIpKYy 300pakeHb — TepeHAaBYaHHSA,
Tabm. 3.

Tabnuysa 3 — Pe3yIbTaTH HABYAHHSA 3rOPTKOBOI Hel{pOHHOT
Mmepexi VGG16 s kiaacudikanii 00’ ekriB
HUBUIbHOI iHpacTpyKTYpH

TouHicTh HA HAB- IToMuika Ha HAB-

Ne YyaJIbHiil/ Tpeny- YyaJbHiil/ TpeHy-
enoxu . R . R
BaJIbHiil BUGipKax BaJIbHiil BUOipKax
1 0,81/0,96 0,735/0,0905
0,97/0,96 0,0531/0,1056
0,99/0,96 0,0278/0,1538

3 TOYKHM 30py KOMIPOMICY TOYHOCTI MiXK HaB4aJb-
HOKW ¥ TECTOBOI BHOIpKamMu 300pake€Hb IMBLIBHOT
iH}pacTPpyKTypH BiH CHOCTEpIraeThcs 3a pesyJbTaTaMu
apyroro eramy Ta craHoBuTh 0,97/0,96 i1 BKasye Ha
HEe3Ha4HI O3HAKH IIepeHaBYaHHs. 3a KPUTEPIEM MOMUII-
K{, MiHIMajJbHE 3HAU€HHS KOTPOi CIIOCTEpIraeThecs 3a
pe3yabTaTaMH TPEThOi erOoXH i CTaHOBUTH JJISl HAaBYaH-
us/TecryBanns 0,0278/0,1538 BiOmOBIAHO TIPU TOYHOCTI
0,99/0,96.

IIpakTuyHi pexomMenaamii
pe3yabTaTiB A0CTiTKEHHS
[IpoBeneHe NOCIIIKESHHS MPOLIECY TOOYIOBU HEH-

POHHOT Mepexi Ha OCHOBI aartacery OyiBelb, 32 HaBe-
JCHUX Y METOMOJIOTIi JOCHIPKEHHS OOMEXKEHb, 03BO-

ase chopMyBaTH NPAKTHYHI peKOMEHIALii MI0A0 CTBO-
PEHHS aHAJIOTTYHUX MOZEIEH.

[Mpouec moOynOBH 3rOpTKOBOI Mepexki NPHCKOPIO-
€THCS 32 PaXyYHOK BUKOPUCTaHHS aBTOMaTHYHOTO I1i00-
Py apXiTeKTypH W TinmeprapaMeTpiB Mepexi, 1o peari-
30BaHO y Keras Tuner. [Ipu oMy BaKIMBUM € BUKOPHU-
cranHs Random Search, y To# yac sk mocmiinoBuii mo-
LIyK 30U1bIIy€e Yac moOyaoBH MOJENi 10 5 TOAWH JIMIIe
Ha ofHY emoxy. Lle BaJIMBO B yMOBaxX OOMEKCHHS Y
gaci.

BuxopucTaHHS IONEpeHBEO HABYCHOI MOHENi
VGG16 # iHTerpamis 1o Momesi 1aTaceTy TOCIiIKeHHS
JI03BOJISIE TIEPEHABYMTH MOJEIb 33 4 TONUHHY, BilIIOBIiI-
HO JI0 YMOB BKa3aHOT'0 JIOCTiPKSHHSL.

CrBOpeHi Moyieni MOXYTh OyTH BHKOPHCTaHI JUIs
OiHapHOI Kiacudikaiii 3pyiHOBaHMX 1 HiIHX OyIiBelb.
s aBTOMaru3alli IbOro MpOIECy PEKOMEHIOBAHO
3MIACHUTH iHTErparito Mozeni inctpymernramu OpenCV
[20] # peanmizyBaTH BIiAMOBiAHI PILICHHS amapaTHUM
3a0e3neueHHsM, 30KkpeMa raspberry pi.

CrBopeHy Mozenb Mepexki Sequential pexomeHIO-
BaHO 10 BHKOPHCTAaHHS y MalOyTHBOMY, 30Kpema s
NepeHaBYaHHs Ha HOBUX JaTaceTaX, OCKUIBKH JIOCBiJ
ukopuctanHsd VGG16 noka3zaB TEHACHIIIIO 3MEHIICHHS
TMOMWJIKY ¥ TiIBUILEHHS TOYHOCTI.

BucHoBku

3amaya moOyxaoBu OiHapHOrO  Kiacudikaropa
00’€KTIB BHUPIMIYETHCS HIISIXOM CTBOPEHHS 3TOPTKOBOi
Mepexi Sequential Ta mepexi VGG16.

3anpornoHoBaHi pilIeHHs PEKOMEHIO0BaHO IO BH-
KOpUCTaHHS Jis Kiacu(ikamii 00’€KTiB IUBUIBHOI iH-
¢dpacTpykypH, o0y 10BH MaiOyTHIX Mojenel TmOoKo-
TO HaBYaHHSI.

Kpim ToT0, 3ampomnoHOBaHI MOJEINi y MOETHAHHI 3
610;1i0TEK0I0 KOMII FOTEPHOTO 30py TO3BOJIIIOTH pealli-
3yBaTH IPUHIUIN KOMIT FOTEPHOTO 30DY.
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Practical use cases for creating convolutional neural network models for image recognition tasks
0. Laktionov, N. Pedchenko, A. Yanko

Abstract. The aim of the article is to improve the efficiency of image recognition by creating a binary classifier for ob-
jects of civil infrastructure using deep learning techniques. Research results. Convolutional neural network models have been
created for the recognition of civil infrastructure objects. A Sequential convolutional neural network has been constructed, con-
sisting of three convolutional layers, pooling layers, a transformation layer, a fully connected layer, and an output layer. The
optimal error values during training/testing are 0.0650/0.4424, with accuracies of 0.98/0.92 respectively. Results from the third
epoch show errors of 0.2442/0.2595 and an accuracy of 0.93. A pre-trained VGG16 model was also utilized, fine-tuned on the
dataset, demonstrating minimal error values of 0.0278/0.1538 during training/testing, with accuracies of 0.99/0.96 respectively.
Scientific novelty. Further development of using convolutional neural networks for recognizing the level of civil infrastructure
damage has been achieved. Practical significance. Two convolutional neural network models, Sequential and VGG16, have been
built to address the recognition of damaged and intact buildings. The prerequisite for detecting these objects is the use of a cam-
era and appropriate hardware such as a Raspberry Pi or a personal computer/laptop.

Keywords: computer vision, classification tasks, deep learning, neural networks.
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