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Hagirauis
Ta reoiHpopmauinHi cuctemun

YK 004.5:004.6:007.51:528.933:004.822:519.72

B. O. ITomninaes

[HCcTUTYT TenekoMyHikamii 1 rimobanpHoro iHGopMartiiinoro nmpocropy HAH Ykpainu, Kuis, Ykpaina

doi: 10.26906/SUNZ.2020.3.004

JTOCIIIKEHHA MOXKJIUBOCTEN CYYACHOI'O TPOT'PAMHOI'O
3ABE3NEYEHHSI OO CTBOPEHHSA T'EOTH®OPMAIIMHAX
CUCTEM TPAHCAUCHHUIIJIIHAPHOI'O BUKOPUCTAHHSA
CJIABO CTPYKTYPOBAHUX JAHUX

AnoTtanis. [IpexvMeToM BUBUCHHS B CTATTi € ICHYIOUYe NporpamMHe 3a0e3MedeHHs U BEICHHS Te€0IPOCTOPOBOrO aHATi3y
Ta 3a0e31eueHHs reoiHpOpMaliiHOT i ITPUMKHU NPUHHATTS pilleHHA. MeTor € BUBUCHHS Ta aHANi3 IPOrpaMHoro 3adesre-
YeHHs Ul TOOYI0BH CHelialli30oBaHUX IreoiH(OopMaIifHIX CUCTEM TPAaHCAUCIUIDTIHAPHOTO BUKOPHUCTAHHS ClIab0 CTPYKTY-
pOBaHUX AaHMX. 3aBHAHHM: BUBYMTH Ta [IPOAHAJi3yBaTH MOXJIMBOCTI OKPEMHX 3pa3KiB IPOrpaMHOro 3a0e3nedeHHs IS
MOOYIOBY CIIeIiali30BaHUX Te0iHPOPMAIIITHUX CHCTEM IX 0COOIMBOCTI IIOJO pealtizalii anropuTMiB 300py, cucTeMaTu3a-
i1, HAKOIIMYEHHsI Ta Bi3yali3alil JaHUX Ta MOXJIMBOCTI IIOO peaii3amii MexaHi3MiB iH(popMaIiifHOro 3a0e3rneueHHs reo-
MIPOCTOPOBOTO aHaNi3y, OCOOJIMBO 3 BHKOPHCTaHHSM Cl1ab0 CTPYKTYpOBAHUX JaHUX. BUKOPHCTOBYBaHUMH METOHAMH €:
METOJIM CTATUCTUYHOrO aHai3y, METOIH ONTHMI3allii, METOJM MOJEIIOBAHHS, METOIM ITOOYIOBHU CKIaTHUX cucteM. OTpu-
MaHi Taki pe3yJIbTaTH. BCcTaHOBJIEHO, 110 aKTyalbHIM ITUTAHHSAM € — 3aCTOCYBaHHS I'€0iHQOPMAILiHHUX CHCTEM ISl pOOOTH
3 reoNnpoCTOPOBUMH JIaHUMH Ta I0B’A3aHOI 3 HUMH iH(opMali€to, ki 30epiraroThcsl B pi3HOMaHITHUX 1H(GOpMaLiHHUX pe-
cypcax y cnabo CTpyKTypoBaHOMY BUIIIAL. B pamkax maHoi craTTi HajgaHi pe3yabTaTH BUBUCHHS Ta aHAII3Y MOMKIMBOCTEH
OKPEMHX 3pa3KiB IPOrpaMHOro 3a0e3NeyeHHs, K B IOAAJIBIIOMY MOXXYTh OYTH BUKOPHCTaHI IIpU CTBOPEHHI reoiH(popma-
LIHHUX CHCTEM sl BEJICHHS I€OIIPOCTOPOBOrO aHANi3y Ta 3a0e3MeueHHs TeoiHpOpMaLifHOl i ITPUMKH IPUHHATTS pillIeH-
HS 3 BUKOPHCTAaHHSM TaKuX BUAIB AaHUX. BucHoBKH. CydacHi CHCTEMH BEICHHS I'€ONPOCTOPOBOIO aHaIi3y HEMOXIIHBO
ysiBuTH O€3 BCceOIYHOro Ta pi3HOTEMaTHYHOro iHpopmaniiHoro 3adesnedeHHs. [IpoBepeHuit anai3 MmaxoniB 10 ModOyIoBU
reoiH()opMaliiHAX CHCTEM II0Ka3aB, [0 iCHYIOY1 PIIICHHS He JIO3BOJISIOTH 3/1ICHIOBATH MOMIYK, 30ip Ta TEMaTHYHY CUCTe-
MaTH3allil0 TOTPiOHMX, a 0COOIMBO HETEONPOCTOPOBHX JAaHHX, SIKI 3HAXOAATHCS Y PI3HOPIIHUX 1HPOpMALIHHIX pecypcax
Ta BHKJIAJEHI y HECTPYKTypoBaHOMY BHIJLini. Tomy, po3B’si3aHHs 3amadi 3abe3rnedeHHs iHpopMaliitHoro 3abe3neyeHHs
reorpoOCTOPOBOro aHaji3y MoJiArae B inTerpatii ado rmoeqHaHHsS MDKAMCLIUIUTIHAPHOTO 1H(OPMAILIIHHOI'0 CEpeIOBHIIA 3 T'€0-
iH(OpMAaLIITHOIO CHCTEMOIO Ta B HEOOXITHOCTI PO3POOKH 3ac00iB 3a0€3MeUeHHs 3arajbHOI0 TPaHCIUCIUILIIHAPHOIO OHTO-
JIOTIYHOTO MPEACTABICHHS CEMAaHTHKH, 10 3a0e3MeUUTh MOXKIIMBOCTI 30epiranHs, 0OpoOKH Ta JOCTYITy 10 Horo pi3HOpia-
HUX 00’ €KTIB Ta iHpOpMaIiHHIX OIMHUIIb.

Kar4dosi cioBa: reonpocropoBuii aHaii3, reoinopmaliiiiHa cuctema, reoindopmariiiHa miaTpuMKa, IPUHHATTS pi-
IIEHHS, CIIeiaTi30BaHe IPOrpaMHe 3a0€3MeYeHH s, YIIPaBIiHHs IPOCTOPOBO-PO3MOALICHOT iHPOpMAITIETO.

PHUCTaHHSIM CYyYacHUX TeoiH(OpMaliiHUX TEXHOJOTIH i

Beryn .
CTaHOBUTb OCHOBY IHHUPOKOro 3aCTOCYBAHHA Yy BCIX

VY mporieci BUPIMICHHS MEBHUX KJIACIB CKJIATHHUX
MPUKIAJIHUX 3a/lad BHHUKA€ MoTpeba y reoinpopma-
LifHI miATpUMIN. B OCHOBI ITMX MPOIIECIB MOJISTae reo-
npocTopoBa iH(opMarisi, TOUHIII BUKOPHCTaHHS ii Ta
pe3yabTatiB i 00poOKU Ta aHamizy. TakuMH KiacaMu
3a]a4 € ONepaTHUBHE MUIAHYBAHHS 3 MPUB’SI3KOI0 10 Mic-
LEBOCTi, YNPaBIiHHA TEPUTOPIaJIbBHUMH 00 EKTaMHU,
aHaJIi3 TeopPOCTOPOBOI iH(POPMAIIIi TOIIIO.

CydacHIiCTh BHCYBa€ 0araTo BHMOT JIO IPOIICCIB
YIOPaBIiHHSA, ONHIEI0 3 SKUX € — MIBUAKE NPHHHSITTS
piens. 3a0e3neueHHs] BAKOHAHHS 1i€1 BUMOTH MOXIIH-
BO 3a JJONIOMOT'OI0 MPOTrPaMHO-TEXHIYHUX 3ac00iB (op-
MYBaHHS CLEHApiiB NPUHHATTS pimieHs. [Ipuuomy B
OCHOBI ITUX 3ac00iB peaizoBaHi (QyHKIIT OTpUMAaHHS Ta
B1IOOpaXKCHHS TPOCTOPOBO-PO3MOIIICHOI OMEePaTUBHOL
iHpopMarii.

3a OLIHKOIO CBITOBHX eKcrepTiB, moHaa 80 % iH-
(opmarii, sika BAKOPUCTOBYETHCS B OpraHax JAepKaBHO-
TO yIpaBJiHHS, — IIe TeonpocTopoBa iHpopmaris. Bona
BiJI0OpakaeThCs MepeBaXKHO y UPpoBild GopMi 3 BUKO-

cepax AisIBHOCTI KpaiHU.

AwHami3 JOCBily BHKOPHCTaHHSI T'€OIPOCTOPOBOL
iHpopManii B iHTepecax EKOHOMIYHOTO PO3BHTKY Ta
HalliOHANBHOT Oe3neku B JiepkaBaXx €BpONEHCHKOro
Coro3y Ta IHIIMX MPOBIAHUX KpaiHaX CBITY CBiI4aTh,
o Ha T1 MiAIPYHTI IUIAHYEThCS Ta NMPUAMAETHCS OlIb-
LIICTh YIIPaBIiHCHKUX PillIEHb.

I'eonpocropoBa iH(OpMaIlis B CydacHHX YMOBax
CTaja BaKIIMBHM CTPATEriYHUM PECYPCOM JEP:KaBHOTO
YIIPaBJIiHHS Ta BArOMUM YWHHUKOM CTaJIOTO COLaJIbHO-
€KOHOMIYHOT'O PO3BHUTKY KpaiHH.

Takum yrHOM, TIOTpeda y reoindpopManiiHuX TeX-
HOJNOTisIX Yy Oaratbox cdepax HisUIbHOCTI Y KpaiHH,
BKIIIOYAIOYU 1 cepy HalioHaJIBHOI Oe3neku Ta 000po-
HH, TOBOPUTH PO X aKTyalIbHICTb.

OJHUM 3 OCHOBHHMX Ta HaWOUIBII TOTY)KHUM aHa-
JITHYHUM €JIEMEHTOM TeoiH(pOpMaliiiHi MATpUMII €
TeOIPOCTOPOBUM aHAII3.

l'eompocropoBuii aHami3 — e MPOLEC IMOMYKY
MIPOCTOPOBHUX 3aKOHOMIPHOCTEH Yy po3mojini reorpadi-
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YHMX JaHUX 1 B3a€MO3B’s3KiB Mk 00’ekramu. [1]. T'eo-
MIPOCTOPOBHIA aHAII3 € CBOI'O POy YHIKAIBHOIO JIIH3010,
4yepes sSIKy BUBYAIOThCS TO/ii, CTPYKTYpH H TpoliecH, siKi
B1IOYBarOThCS Ha 3eMJIi a00 MOOJIM3Y MOBEPXHI HAIIOL
miaHeru [2].

B pesynmbrari aHamizy reorpagivHoi iHpopmarii
OTPUMYIOTh SIKICHO HOBY iH(OpMaIifo H BHUSBISIOTH
JIOC1 HEBiZIOMi 3aKOHOMipHOCTI.

I'eonpocTopoBmii aHasi3 — 1€ AMHAMIYHHN TPOLEC
pobotu 31 3HauHUMH oOcsiramu HaHuX. [Ipudomy, He
3BaKAIOYM Ha Te, 10 aHaJli3 Ha3MBAETHCS T€OMPOCTOPO-
BUI, B OCHOBHOMY ONpAIlbOBYIOTHCSI HE T'€ONPOCTOPOBI
nmaHi, a iHma iHdopmarmis, ska 0Oe3nocepeaHbO
OB’sI3aHa 3 HUMHU 200 Ma€e KOHTEKCTHE BiJIHOLIEHHS 110
HUX. ToOTO 001aCTIO TE€ONPOCTOPOBOrO aHAJII3Y € IEeBHA
TepuTopis (akBaTopist abo mpocTip) Ta 00’ekTH abo mo-
Iii (sBUILA), SIKI 3HAXOJSITHCS 200 BiIOYBalOThHCS HA Hil.

AHani3 JiTepaTypHMX JaHHX Ta HOCTAHOBKA
npo6iemMu. BusHayambHUM (aKTOpOM IS CKIIaTHUX
MPUKITAIHUX 3a/a4, € BUKOPHCTAHHS JaHHX 3 Pi3HUX
cdep 3HaHb 11 iX BUpilleHHs. BukopucTanHs reormpo-
cTopoBoi iHdopmalii He € BHHATKOM. besmocepeaHbo
camMa TreonpocTopoBa iH(OpMAIlisi HE BIIHOCHTHCS IO
OKpeMoi cdepH 3HaHb, JI0 SIKOT MOXKHA BIJHECTH 1€ T10-
HATTS Ta METOAM POOOTH 3 HEw. Ale, Oyap ska chepa
3HaHb MICTUTH T'€ONPOCTOPOBI JaHi, sIKi il mpUTamMaHHi
a00 1oB’s13aHHI 3 iH(opMarriero i€l chepu.

Sk mpaBuito, iHpOpMAIlisi HAKOITMYYETHCS Ta 30e-
piraerbcs B iHpopMaliiHUX pecypcax, sKi B 3aJI€KHOCTI
BiX cepyu 3HAHb MAIOTh BJIACHI OCOOJIMBOCTI OOYIOBH,
(YHKI[IOHYBaHHS, YMOBH 1 BUMOTU 30€piraHHsi Ta Ha-
JIAHHSl JaHWX. 3BIJCH 1 BUHMKAE TOHATTS Pi3HOPIIHI
iHpopMariiHi pecypcu.

JI71s1 IoUaTKy reompocTOpOBOrO aHAi3y, aHATITH-
Ky HEOOXIZHO MiArOoTYBaTH MEBHUI ocsr iHpopMarmii
(craTHCTUYHOI, MOBIAKOBOI Ta iHINOI) Ta y XOii Horo
BEJICHHS BUHHUKae NOTpeda y onepaTuBHIH iHpopMarii
Ta JIOBIJIKOBUX JAQHUX CTOCOBHO HOBHX IHUTaHb, SIKi BH-
HHUKAIOTh y mporeci anamizy. I unm 1t inpopmartis siki-
CHiIlIa, TIOBHIIIA 1 ONIEPATHUBHIIIIA, TUM KpPaIIe 1 IBHIIIE
pe3yJnbTar.

[IpoGnematukoro 1i€i cuTyarii € Te, mo BCi HEOO-
XiHI JUIsl TEONPOCTOPOBOrO aHaNi3y JaHi Ta OB’ I3aHy
3 HUMH iHQoOpMalito, eKcriepT He BupoOIsie. OnHak, BCi
i AaHi oMy NOTPiOHI MOCTIHHO 1 SIK MO>KHA OTIEpPaTHB-
Hile. A BOHU BUPOOJISIIOTHCS Ta 3HAXOAATHCS Ha Pi3HO-
MaHITHUX 1H(OPMAIIHUX pecypcax, sKi BiIHOCATBHCS
JIO Pi3HUX Cep 3HAHb.

[TpoGneMHUMHY 3aJTUIIAIOTHCS TUTAHHS TOUIYKY Ta
300py  HEOOXiNHOI TIeonmpoOCTOPOBHX  JaHWUX  Ta
MoB’s13aHO1 3 HUMH 1H(OpMAIi 3 IUX PECypCiB Ta Be-
JICHHS Ha 11 OCHOBI T'€OIPOCTOPOBOrO aHATI3Y.

OcHOBHUM (haKTOpOM HAAIMHOCTI poOOTH aHaIi-
THKa 11e — Oe3mnepepBHe, abo sk HaWmBHme, 3a0e3re-
YEeHHs Horo HeoOXiTHO iH(OopMaITi€ro.

Tomy, BpaxoByrO4H IPOCTOPOBO-TEMATHYHY PO3-
MOJIUIEHICTh MOTPIOHUX JUIsl aHaJi3y JaHWX, BHpIIlIEH-
HS [OTO IMUTAaHHS MOXJIHMBO IUIIXOM MaKCUMAallbHO
MOKJTMBOI aBTOMAaTH3allil MPOIIECIB MOIIyKY, 300py Ta
JOBENCHHSA TMOTpiOHOI iH(opMaIli 10 eKcrepTa-
aHAJITHKA 3 BUKOPUCTAHHSIM TPAaHCAUCIUILTIHAPHOTO
migxony [3-5].

Takoxk, OCOONHMBICTIO BHUKOPHUCTAaHHS T€ONpPOCTO-
poBoi iHdopmanii 3 pizHOpigHUX iHpOpMaLiHHKUX pe-
CypciB € Te, 10 BOHA 30epiraerbcsi B HECTPYKTYpOBa-
HOMY abo ci1abo CTPYKTYpOBAaHOMY BHUIJIAAI. A TOM
(axT, 110 BUKOPUCTAHHS DPI3HOPIAHMX iH(pOpMAIiHIX
pecypciB NpW TPaHCAUCLIIUTIHAPHOMY ITiAXOMAI BUKIIIO-
Yae MOXJIMBICTH Ta IOUIJIBHICTD BIUIMBY Ha MOPSIOK
30epiraHHs Ta MPEACTAaBICHHS B HUX JaHUX, TOMY PO-
0oTa 3 JaHMMH, SIKi TPEJCTaBJIEHI Y TaKOMY BHIJISAL,
JIofa€ MPOOJIEMAaTHUKK TTOPYIIEHOTO MUTAHHS Ta ITiJBH-
Y€ aKTYyaJbHICTh HOr0 BUPIIIICHHS.

Be3szanepeunnM pilleHHSAM IIOJ0 aBTOMAaTH3aLlil
3a3HA4YEHHUX TPOIECiB Ta MOOYAOBH OCHOBH pPOOOYOi
TUIATOPMHU TaKOTO EKCIlepTa-aHaJiTHKA € — BUKOPHC-
TaHHs reoiHopMaIiiHIX cucreMm [6, 7].

BuHukae Take akTyalibHe HayKOBe 3aBIaHHS —
BU3HAYEHHS BIANOBiAHOI reoiHdopmamiiHOI cucremu,
sKa BIMOBiTae IOCTaTHIM BUMOTaM IIOJ0 MOIIYKY,
00pOoOIIeHHSI Ta BUKOPHCTAHHS T€ONPOCTOPOBHX JAHUX 1
MOB’s13aHO1 3 HUMH iH(OpMalii 3 pi3HOpiAHUX 1HDOP-
MaIlifHUX PECypCiB, a TAKOXX BEICHHS TPAHCIMCITUILII-
HApHOTO T'EONpPOCTOPOBOrO aHajlily, B MpOLECi BHPi-
LIEHHS CKJIAJHUX TPUKIAJHUX 3a1ad, sKi XapakTepH-
3YIOTHCSI BUCOKOIO MiXKTUCIIUILTIHAPHICTIO.

®iznuHo reoindopmaliiiHa cucrema sBisie co000
CHCTEMY amapaTHO-TIPOTPAMHUX 3aCO0IB 1 aJrOpUTMiy-
HUX TIPOLIEYD, SIKa CTBOpEHA ISl TU(PPOBOI MiATPUMKH,
TIONIOBHEHHS, YIPAaBJIiHHS, MAaHIMyTIOBaHHS, aHANI3Y,
MaTeMaTHKO-KapTorpadiyHOro MOJENOBaHHS 1 00pas-
HOT'O BioOpakeHHs1 reorpadivHo KOOPAMHOBAHUX (BU-
3HA4YeHHX) AaHux [8, 9].

Lz indopmariitna cuctema IaHuX, sSika Mae 3aco0H
TIONIYKY, 300pYy, NpEe/ICTaBICHHS, 00pOOKH, HAKOIINYEH-
Hsl, 30epeKeHHsI TeOIPOCTOPOBUX JaHUX Ta OOMiHY HU-
MU Mix kopuctyBadamu [10-13]. CrienianizoBaHi MeTO-
JIiB aHaNI3y TeONpPOCTOPOBUX JaHUX Yy TOETHAHHI i3 3a-
3HAYEHHMH JIaHHUMHU CKJIJIal0Th OCHOBY TEXHOJIOTII Ta-
KHX CHCTEM.

I'IC Ha choromHi € He3aMiHHMM Ta HANMOTYXHi-
IIMM IHCTPYMEHTOM ISl HiATPUMKH YIPaBIIiHCHKUX
PpillIeHb 1I0/I0 TPOCTOPOBUX 00 EKTIB.

OpHUM 13 OCHOBHHMX pE3yJbTaTiB BUKOPUCTAHHS
I'IC € crTBOpeHHs cheliani3oBaHUX KapT, sIKI MOXKHa
00’eIHyBaTH y PI3HOMaHITHI TEMaTH4HI Ta TEpUTOpia-
JbHI 30ipHUKM Ta HabopH.

s migTpuMmka 3AIHCHIOETBCS WLIIXOM 3abe3re-
YeHHs KOpUCTYBadyiB (OpraHiB ymnpaBiiHHs, iH(pOpMa-
HiHHO-aHATITHYHHUX Ta IHIIKX MiAPO3ALIIB TOMO) HE0O-
X1THIMH T'€ONPOCTOPOBUMH AaHUMH, HAJAHHS IM MOX-
JIMBOCTI OOMIHIOBATHCSl UMY JaHUMU Ta BUKOPUCTOBY-
BaTH CIICIlialli3oBaHi TeoiH(opMamiiiHi pecypcH uis
300py Ta HAKONMWYEHHS BJIACHOI iH(pOpMallii, Ky BOHH
BUKOPHCTOBYIOTh TIPH BHKOHaHHI 3aBJIaHb 3a IIPH3HA-
YEHHSIM.

Cyuachi I'IC matoTh pi3Hi piBHI CKJIaIHOCTIi, Bif
MPOCTUX 1H()OPMAIHHUX CHCTEM IO CKJIATHHX aHai-
TUYHHUX 3 aBTOMAaTH30BAaHUMH (aBTOMATHYHUMU) ajro-
pUTMaMH MiATOTOBKH (TIPUHHSTTS) pimieHb. Bin piBHS
CKJIaJIHOCTI 3MIHIOEThCSI HaOlp (yHKIIH, siki MOXe BH-
KOHYBaTU CUCTEMa, ajle, OCHOBHE II IPU3HAYCHHs 3a-
JIUIIAETHCS HE3MIHHMM — CBOEYAacHE HaJlaHHs MOTPiOHOT
iH(popMmarii.
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Came 1i aBa KpUTEpii — CBOEYACHICTh HAJTAaHHS 1H-
¢dopmarii i ii MOTpiOHICT, € OCHOBHUMH PETYJISATOPaMH
crBopenHs apxitekrypu ['IC, ¢popmyBanus ii inpopma-
LIHHOTO 3MICTy, & TaKOX MOOYIOBU aJITOPUTMIB 300py
Ta HaJaHHs iHpOpMaIlii CIIOKUBaYaM.

Jo ckmany reoindopMaIiiiiHoi CHCTEeMU MOBUHHI
BXOJIUTH 1HCTpyMeHTapii poOoTH 3 06a3aMu JaHWX ISt
3IIHCHEHHS MOIIYKY, BUOOpY Ta 30epiranHs qanux [14].
KrnacudikoBaHa IeBHUM YHHOM T'€OMPOCTOPOBa iH(OP-
Mallisi, CTPYKTYPYEThCS 1 30epiraeTbcs B BiIIIOBIIHUX
6azax manux. I'IC moCTiiHO BHKOPHCTOBYIOTH BIIacHi
0a3u JaHuX.

Ile moB’s13aHO 31 3HAYHUMHU OOCsATaMH 0a3a JaHUX
HAaBITh JUIS HEBEIIMKOI TEPUTOPI] Ta MIEBHUMH BiJMiHHO-
CTSAMU TTOUIyKY 1 BUOipku iH(dopmanii o atpubyrax ta
MicIfo po3TanryBaHHs. KpiM JUCKpeTHHX AaHUX TeOiH-
¢dopmariiina cucrema o0poOisie ¥ iHdopmamio mTpo
Oe3mepepBHi MOii Ta sIBUIA, KA HAJAETHCS 3a JOIO-
MOT'OI0 pacTpiB, MaTpullb Ta pi3HUX Mopeneil. Takum
YHHOM IIBUIKICTb POOOTH 1 MOMKJIMBOCTI CHCTEMH 3a-
JIeKaTh BiJl MIIXOJIB Ta criocid 30epiraHHs pi3HUX THITIB
JTaHHX.

BpaxoByroui 11e, BUKOPHCTaHHs BIIACHUX (hopMa-
1iB I'IC € Hepiiko MpPaKTHKOIO MI0A0 pPOoOOTH 3 yciMa
TUIaMu iH(popMaIlii.

Habip anropuTtwmiB i 3aau 0OpoOKH TreornpocTopo-
BUX JIaHHX, SIKUH J0 CKJIaqy IMPOrpaMHOro 3ade3redeH-
HS BXOJUTb, € aHATITHYHUM anapaTom ['IC.

[Mpu3HaueHHs BU3HAYAE CKJIaJl aHAIITHYHOIO aria-
pary.

MoxuBocti I'IC Ta iX posmupeHHs 3a0e3medye
LIMPOKHUHA Halip pO3paxyHKOBUX i aHAJNITHYHUX Ollepa-
uifi. OmHaK, Ie y CBOIO Uepry NMPHU3BOIUTH IO YCKJIal-
HeHHS 11 iHTepdelicy Ta BIUIMBAE Ha CKIAHICTh pOOOTH
KOpHCTyBaya, 0COOJIMBO HOBauyka. Buxomsuu 3 1bOrO,
CyJacHi reoiH(pOopMaIliifHi CHCTEMH, K MPABIIO, MAIOTh
MOJYJIbHUN CKJIA.

3aranpHa (OLIBII YHIBepcalbHA) YacTHHA OIepa-
Iifl BKJIFOYAETHCSA IO 0A30BOr0 CKJIAMy CHCTEMH, a iHIII
(6inbr mpodisTbHOT CHIPSIMOBAHOCTI) JIOJAIOTHCS 3@ I10-
TpeOu.

Ha croropni, 3Ha4Hy 4acTHHY BCIiX JaHHX, 3 SKH-
MU TIOTPiOHO IpaIfoBaTH OpraHi3alisM i yCTaHOBaM,
CTaHOBHUTH iH(OpPMAIlis, 1[0 MA€ MEBHY CTYIEHb MPOC-
TOpPOBOI TpHB’s3kU. BpaxoByroun 1e, Habip (QyHKIIH
Cy4acHHX TeoiH()OpPMalLifHNX CHCTeM 3HA4YHO PO3ILIH-
PHBCSl Y IOPiBHSIHHI 3 3BUYaHHUMHU CHCTEMaMHU, 1110 00-
pOOJISIFOTH  BJIACHO TEOMPOCTOPOBI JaHi. JIO3BOJISIOTH
OxpiM poOOTH 3 PI3HUMH KapTaMH Ta aTpuOyramu 00'-
€KTIB Ha HUX, cydacHi ['IC, MOXyTh BHUKOPHCTOBYBaTH
JlaHi 3 Pi3HUX TUIIB JOKYMEHTIB (TEKCTOBHX, rpadiu-
HHUX, MYJIBTUMEIIMHUX), SIKI TOB'SI3aHI 3 TEBHUMH
00’ eKTaMu, 301HCHIOBATH CKJIAHI 3aIUTH 10 0a3 JaHuX
Ta MEPETBOPIOBATH iX Pe3y/IbTaTH Y KapTH, KapTOrpaMu
4M JiarpaMy, MPUB'sS3aHi 10 NEBHUX TEPUTOpi Ta Oara-
TO IHIIMX OIepaIriii.

Ha cporomHi, y pi3HuX cepax AisIbHOCTI, /i€ BH-
KOPHCTOBYEThCS 1H(pOpMAIis, Ky MOXXHAa BU3HAYUTH Y
MpOoCcTOpi 200 MPHB’A3aTH JO TECONPOCTOPOBUX TAHHX,
3actocoBytoThes ['1C.

[paktiuno Bci iHCTpyMeHTanbHI ['IC MatoTh QyH-
Kuii Bijg 300py AaHux g0 11 30epiraHHs, OHOBJICHHS i

MIPE/ICTaBIICHHS, TOOTO 3/iHCHIOBATH KOMIUIEKCHY 00-
poOKy iH(popMarii.

Taxki cucTeMH BiIHOCATHCS 0 KJIacy MOBHHUX Ta
BKJIIOYAIOTh TEXHOJIOTIi 300py iH(popMmallii, BUKOpHUC-
TOBYIOTh MaKCHMAaJIBHY KUIBKICTh METOMIB MOJCITO-
BaHHS, aBTOMATH30BAHOTO MPOCKTYBaHHS, a TaKOX
BUPIIIYIOTh PsAJ CIHENiallbHUX, HE THIIOBHUX, MPOCKT-
HUX 3a7a4.

OcHoBHOI0O MeTor0 cydacHuX ['IC € oTpuMaHHS Bij
TeOMPOCTOPOBHUX JAHUX Ta TX B3a€MO3B’SI3KiB 3HAUYIIHX
JAHUX [UTS PO3B’°SI3aHHS MEBHUX 3a/1a4.

V CcBiTi 1Ie BUKOPUCTOBYEThCS K TepMiH “Location
Intelligence”.

Ha choromui y CBIiTi € BeJTMKa KUIBKICTh MpOrpam-
Hux peanizaniit I'1C [15-17]:

I'C-mnarpopmu ArcGIS Bing kommanii ESRI;

Maplnfo Big xommnanii MapInfo Corp;

miHidika nporpamuaux nponaykriB MGE, GeoMedia
/ GeoMedia Pro Bim xommanii Integraph i AutoCAD
Map, AutoCAD Civil, MapGuide Bix kommaHii
utodesk Inc;

CMaps Analytics Big aMepHUKaHCHKOI KOMIIaHI{
Centigon Solutions;

MaKeT IMPOTrpaMHUX TpoAykTiB MicroStation Bin
kommasii Bentley Systems;

Digital Bix ykpaincbkoi kommnaHii GeoSystem.

TakoX MOXHA BHAUIATH HACTYITHI MEHII MOIY-
nsipHi T'IC:

Smallworld GIS by Smallworld,

Maptitude by Caliper;

Map Business Online by MapBuinessOnline.com;

Rosmiman IWMS by Rosmiman Software
orporation.

AutoDesk CAD Overlay (kommanist AutoDesk);

Geo (komanis Blue Marble Geographies);

ERDAS (xommnanis Leica GeoSystems);

ELT (xommanist Paragon Imaging);

Geomatica (kommanis PCI geomatics).

Jlinepamu [18] B wiii cdepi € KomepiiliHi KOMIaHi
CIIIA:

[HCTUTYT JOCTIKEHb CHCTEM HABKOJHIIHBOTO Ce-
penosumia (Enviromental System Research Institute a6o
ESRI Ltd.);

Integraph;

Autodesk Inc;

GE Network Solutions (miapo3aiji aMepUKaHCHKOT
General Electric Company (BIacHHK BiJJOMOI aHTJIiHCh-
koi I'IC-kommanii Smallworld));

Mapping Information System Corporation.

MeTo10 noCTiMKeHHSI € BUBUSHHS Ta aHaJi3 Ipo-
rpamMHOro 3a0e3nedeHHs Jyis o0y J0BH CIielliali30BaHuX
reoiH(pOpMalifHNX CUCTEM TPaHCAWCIMILTIHAPHOTO BH-
KOpPHCTaHHs c1a00 CTPYKTYpOBaHUX JaHHX.

JI71s1 MOCATHEHHS MOCTaBJICHOI METH HEOOXIIHO BU-
plluTH Taki 3aaa4i:

BHUBYHUTH Ta MPOAHAITI3yBATH MOXJIUBOCTI OKPEMHUX
3pa3KiB NMporpaMHoro 3abe3nedeHHs 11 o0yI0BHU clie-
IiaTi30BaHUX TeoiH()OpMAIiHUX CUCTEM;

BU3HAYUTU OCOOJIMBOCTI PO3IIISIHYTHX 3pa3KiB Mpo-
rpaMHOro 3a0e3leueHHs] MIONO peaji3alii ajiropuTMiB
300py, cHCTeMaTH3allii, HAKOIWYEHHS Ta Bi3yamizarlii
JIAHUX;
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MPOaHaJi3yBaTH MOXJIMBOCTI Cy4acHHX reoiHdop-
MallifHUX CHCTEM IIOA0 peai3allii MexaHi3MiB iH(Op-
MaIliifHOro 3a0e3ledeHHsT TeONpPOCTOPOBOrO aHAII3Y,
0COOJIMBO 3 BHUKOPUCTAHHSIM cJab0 CTPYKTYpOBaHUX
JTaHHX.

Marepianu gocaigKeHHst

1. JocaigseHHs1 cy4yacHHX reoiHpopManiiHuX
CHCTEM Ta MPOOJIEeMATHKH iX BUKOPUCTAHHS.

T'IC — na 6asi npoepamnoeco 3abesneuennss ArcGIS
xomnaniii ESRI [19].

Ie mpodeciiina I'IC, sika npu3HaueHa IS aHATI3Y
1 00OpOOKM BETMKUX MACHBIB JTaHUX MOXKE 3iHCHIOBATH
KOHTPOJIb TOIOJIOTIYHMX B3a€MO3B’SI3KIB Ta Ma€ MOTYXK-
HUH aHaTiTHIHUA GyHKHionan [20].

[Mnatpopma ArcGIS ckmagaerbes i3 mporpaMHUX
JOJIATKIB, SKi YB’sA3aHI Y €qMHUN KOMILICKC. Taka mooy-
noBa 3abe3reuye poOOTYy 3 HEOOpPOOJCHUMH JTaHUM 3a
JIOTIOMOT'OI0 PO3LIMPEHOro aHaji3y Ta By3bKOCHeIiai-
30BaHUX J0JaTKiB. Hajqae MOXIMBICTD iHTErpyBaTH BCi
TUIA JaHWUX TPO TEPUTOpIl Ta 3acTOCYBaTH CKJalHi
aHAJIITUYHI METOIHU.

PesynbraTn 0OpoOJIeHHs Ta aHami3y AaHUX Haja-
I0ThCSL Y BUIVIAAL KapT, miarpam i rpadikiB. O0poOka
TCONPOCTOPOBHX JMAHHWX BKIIOYAE B ceOc¢ 3HAYHY KiJb-
KICTh IHCTPYMEHTIB JUTS PO3B’A3aHHS K MPOCTUX IMPOC-
TOPOBHX 3ajay: MoOymoBa Oydepis, onepariii 3 MoJiro-
HaMH, KOMIUIEKCHUH perpeciiiHuii aHami3 i kimacudika-
1Iist 300paXkeHb, TOIIO, TaK 1 OUIBIN CKJIATHHUX: MOJCITIO-
BaHHS 1 aHaJi3 KOMIUIEKCHHX MPOCTOPOBHX BiTHOCHH
Ul PO3pPaxyHKY ONTHMAJIBHOTO MapIIpyTy depes
TPaHCIIOPTHY CITKY, MPOTHO3YBaHHS PO3MOBCIOKEHHS
MIPUPOTHUX TIOXKEXK, aHAJI3 1 MOUIYK 3aKOHOMIPHOCTEH 1
po3TalryBaHHI MiCI[b CKOEHHS 3JIOYMHIB, IPOrHO3YBaH-
Hs TIOBEHI B HACJIOK 3JIMBH, TOILIO.

[Tpu 00poOLi reonpocTOpoBUX JaHUX 38 OCHOBY
B3ATO 3arajbHi NPHUHIMINA TMEPETBOPEHHS JaHUX. IH-
CTpyMeHTapiii 703BOJIsie 0OpOOJIATH HACTyIHI HabopH
JIAHUX: BEKTOp, pacTp, TaOiHllsl, B PE3yabTaTi 4YOro
CTBOPIOIOTHCS HOBI Habopu maHux. OCOOJIUBICTIO € Ha-
SIBHICTB CITIEI[iaJIi30BaHUX METOJIB JUIsI aHAIi3y TeMaTH-
YHUX HaOOpiB JaHUX.

HasBHicTh mabioHIB Ta JOONPAIbOBaHI MOXKIIU-
BOCTI JIO3BOJIIIOTH CTBOPIOBATH JI0IaTKH 0€3 mporpamy-
BaHHI.

BukopucranHs KapTorpa(iuyHUX —MpeACTaBICHb
3a0e3medye BimoOpaxaTu 00 €KTH He3aleKHO Bix dop-
Maty gaHux. B ArcGIS moximBo 30epiraHHst KOOpIu-
HAT 3 OLJIbII BUCOKOIO TOYHICTIO.

VY cucreMi peasli3oBaHO 3HAYHUHA 00CAT (YHKIIT
JUIs Bidyanizamlii Ta aHaji3y JaHWX, a TaKoX I1HIINX 3a-
CTOCYBaHb.

OpHak apceHas IHCTpYMEHTapiro I poOOTH 3 pa-
CTPOBUM 300pa)KEHHSIM JIOCHTh HEBEJIUKHI 1 TpecTaB-
neHuit MonyneMm Spatial Analyst, B ocHOBHOMY orepariii
3 nBoMma pactpamu. Ha cworoani, ArcGIS 3abe3neuye
XMapHe cxoBuile Ta goaatku s 11K, MoOinbHUX mpu-
CTpOiB Ta BEO KIIIEHT.

ArcGIS e nina miardopma s 300py, Bizyamiza-
ii, aHai3y 1 3py4Horo 30epiraHHs Ta PO3MOBCIOJHKEH-
HA JaHWX. Y TOW JK€ Yac, BENMYE3HUH OOCAT pi3HHX
MOXITUBOCTEH Ta BUKOPUCTAHHS BEJIMKOI KiJBKOCTI J0-

JIATKOBHX MOJIYJNIB IIEPETBOPIOE 110 IUIaThopMy Ha Jo-
CTaTHBO CKJIaJHE MPOrpaMHe 3a0e3MeUeHHsI.

[Tnardpopma ArcGIS € onTUMambHUM PpIlICHHIM
it mo0ynoBu koprnopatusHoi ['IC, dyHnamenty indo-
pMauiiiHol cucteMu e(h)eKTHBHOIO YIPaBIiHHS KPYITHHU-
MU JIep>KaBHUMH 1 KOMEPLIHUMH OpraHi3amisMH.

[MiaTpuMKy 3araJbHONPUHHATUX CTAHAAPTIB, THY-
YKICTh TPOIIOHOBAHUX pillleHb, IIMPOKI MOMIUBOCTI
B3aeMoJiil 3a0e3meuye modymoa ArcGIS, ska peamizo-
BaHa Ha OCHOBI CTaHIApTIB KOMII t0TepHOI Tany3i. DyH-
JaMeHTalbHa apxitektypa ArcGIS 3abesmneuye ii BuKO-
pucTaHHS y OaraTbox MPUKIAAHUX cepax i Ha pi3HUX
piBHSX  opraHizamii poOOTH: Ha INEPCOHAIBHUX
KOMIT 0Tepax, Ha cepBepax, uepe3 Web, abo y «1oibo-
BUX» yMoBax [21].

€ MOXJIHMBOCTI 3aBaHTaKeHHS (ailiiB, 3B’30K i3
0a3aMu JaHWX, CTUITI3ALis 1 MONepeHIi neperisia KapT,
a TaKoXX TOTYBAaTH KapTH 1 MPOCTOPOBI AaHi A0 myOJtika-
il Ta MBUAKO iX myOmikyBatu. [22].

I'IC-nipoekTH 103BOJISIOTH MOENHYBATH KapTH, (o-
TO3WOMKH, JlaHi KpayICOPCHHTY, COLiallbHI Memia pe-
cypcu Ta 6araro inmioro [23].

I'IC — na 6asi npoepamuoeo sabesneuenns Maplnfo
Professional. Maplnfo Professional — reorpadivna in-
¢dopmariitna cucrtema mUdpoBoro kaprorpadyBaHH,
IO HaJla€ KOPHCTYBa4yaM IIHPOKI (YHKIIOHATIbHI MOX-
JIUBOCTI 3 Bi3yaiizamii ¥ aHaii3zy MPOCTOPOBHX JAHHX.
Maplnfo 3abe3neuye 30ip i 30epiranns kaprorpadiyHux
nanux B BJl 3 ypaXyBaHHSIM NPOCTOPOBHX BIIACTHBOC-
Tel 1 BITHOCHUH 00’€KTIB, a TAKOX 1X pelaryBaHHs i 00-
pobka [21].

Cdepu I'IC MapInfo mae 3acrocyBaHHsl y pi3HHX
chepax IisIbHOCTI.

Cucrema Maplnfo e 3aTpeOyBaHOIO TeoiHpopMa-
LIHHOI0 CHCTEMOIO, SKY BIAPI3HAIOTH Oaratod)yHKIIiO-
HaJIbHICTh, TPOCTOT@ OCBOEHHS 1 HEBUCOKA BapTiCTh
[24].

Cucrema MapInfo nosBonsie BimoOpakaT pi3Hi
JlaHi, 110 MalTh MPOCTOPOBY IpUB’s3Ky. BoHa BimHO-
cutbes 1o kinacy Desktop GIS.

BimmitHa ocobmuBicTh Maplnfo - yHiBepcaib-
HicTh. CHCTeMa Jae MOXKJIMBICTH CTBOPIOBATH 1HTETPO-
BaHi reoindopmarriiiai TexHonorii Intergraph i Maplnfo
PI3HUX oOrepaliifHuX cucreM, reoindopMaliiiHi cucre-
MU, U(poBi KapTorpadivyHi CHCTEMH, IIPOrPaMHi 1 TeX-
HiuHi 3aco0u popMyBaHHs 1 aHaANI3Y reoiH(opmaniHHIX
0a3 manux [25].

VY cucremy 3akiazieHi Taki MOXIJIUBOCTI: METOJIH
aHaJi3y JAaHWX B peJILiiHINA 0a3i JaHWX; MOIIYK Treo-
rpagiuHuX 00'€KTIB; METOAM TEMAaTUYHOro 3adapOoBy-
BaHHS KapT; METOIU CTBOPEHHS 1 pelaryBaHHs JIET€HI;
MiATPUMKA IUPOKOro Habopy (HopMaTiB JaHUX; JOCTYII
1o Bignanenux b/l i posnozinena oOpoOka gaHuX.

Maplnfo mo3Bomsie ofepxkyBaTH iHGOPMAIIIO PO
MICIICTIONIOKEHHS 3a aapecor0 abo iM'sM, 3HAXOIUTH
MEpEeTUHH BYJHIb, MEX, MPOBOJAWUTHA aBTOMAaTHUYHE 1
IHTEpaKTUBHE T'€OKOIYBaHHs, IMPOCTABIATH Ha KapTy
00'exTH 13 0a3u IaHUX.

[Hdopmaniss MoKe TpENCTaBIATHCS Y BUIIISII
TabNuIb, KapT, JiarpaM, TEKCTOBUX A0Bigok. Cucrema
Jla€ MOXKJIMBICTh NPOBOJUTH CIIEliajbHUIA Teorpadiy-
HUHA aHawi3 i rpadivyHe peaaryBaHHs. Moy cUCTEMH
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BKJTIOYAIOTh 00pOOKY JIaHHMX T'€0JIe3MYHNUX BHUMIipIOBAHb,
BEKTOPH3AIIIO0 1 apXiBallito KapT, CXeM, KpECIIeHb, Iepe-
TBOPEHHS KapTorpadiyHuX MPOEKIiH, MOETHAHHS MpOC-
TOPOBUX JIaHHX.

Kpim Toro, I'IC Maplnfo Professional mo3Bonsie
30upary, 30epiratu, BioOpakaTH, peraryBaTu i 00poo-
nsTH KaprorpadivuHi gai, 1o 30epiratorbes B 6asi ja-
HUX, 3 YpaxyBaHHSIM IIPOCTOPOBUX BiJHOCHH 00'€KTIB.

B Maplnfo moxxHa BinoOpakatu aHi, ofepKaHi 3a
nonoMororo GPS 1 iHIIMX €NEeKTPOHHUX Te0Je3MYHUX
TIpUITAIIB.

I'IC MaplInfo mae cymicnicTb 3 popmaramu Oracle
i DB2, Excel, Access, xBASE, Lotus i TeKCTOBi, B SIKUX
OKpiM aTpuOYyTHBHOI iH(pOpMAIil MOXYTh 30epiratucs
KOOPJAHWHATH TOYKOBHUX 00’ EKTIB;

ITpu poGoTi mporpamMHOro 3ade3rneueHHs] MOXKIHBO
OJTHOYACHO BUKOPHCTAaHHS JaHi pi3HUX (opmariB. Bu-
OipKU 3 ypaxyBaHHIM MPOCTOPOBUX BiJHOCHH 00'E€KTIB,
3IIHCHIOIOTBCS 32 JOIIOMOrOI0 BMOHTOBaHOI MOBH 3a-
mutiB SQL 3 reorpadiynanm posmmpenHsM. [Tpudomy
copMOBaHi 3aIMTH MOXKHA 30epiraTd y BHIJISI 11a0-
JIOHIB JUTSl TIONAJIBIIOT0 BUKOPUCTAHHSI.

IMomryk i HaHeceHHs 00'exTiB Ha kapty Maplnfo
JIO3BOJISIE 32 X KOOpJIMHATAMH, aJipecaMu abo cHCTeMa-
MU 1HJIEKCIB.

[Iporpamue 3a0e3nedeHHs] BUKOPUCTOBYE CyYacHi
MeTonu B3aeMmomii Mixk Windows-mogaTkaMu, 110 HaJae
MOXIIUBICTh IHTETPYBaHHS BIKHO KapTu B iHIII Mporpa-
MU, SIKi HaIlMCaHi Ha Pi3HUX MOBaX MPOrpaMyBaHHS.

IIC — wna 6asi npoecpammnoco 3abes3neuenHs
utoCAD. AutoCAD — mposigna I'IC-miardopma mis
CTBOpPEHHSI KapTorpa(iuyHuX MaHWX i yIpaBIiHHSI HUMH
[26].

00’ennyroun B codi pucu CAIIP i I'IC, AutoCAD
JIO3BOJISIE TIPAILIOBATH 3 OCHOBHUMH (pOpMaTaMH HPOEK-
THUX 1 ['IC-maHux, Hajae MOXKIIUBICTH OOPOOJIATH BEIHU-
Ki Habopu kapTorpadiyHux aaHux 3acobamu AutoCAD,
a TaKoX TPAIIOBaTH 3 IHCTPYMEHTAMH ITPOCKTYBaHHS 1
¢ynkionyBanns ['IC B equHOMY cepefoBHIli, IO ITiJ-
BHIIYE e(heKTUBHICTH poOouoro mporecy [21].

Bucokoroune mporpaMmHe 3a0e3ne4eHHs Uil CTBO-
peHHst UQPOBUX KapT i 3AiHCHEHHS reoiHpOpMaIliifHo-
T'O aHaJi3y.

Mictuth Bci HeoOXiaHiI 3aco0u 1 eeKTuBHI (yHK-
i AJIs1 BUTOTOBJIEHHST KapTorpagiyHoi OCHOBH 1 00p00-
ku reorpadivaoi iHpopMmari.

[MiaTpumye Oynp-sxi rpadivni popMaTH, 3AIHCHIOE
eKCIIOPT JaHUX Y BCi HOMYJSIPHI MporpaMu oOpoOKu
reorpadiunoi iHdopmarii. 3abe3neuye MUTTEBE OTPHU-
MaHHS JIOJATKOBHMX JAaHUX JUId reoiHpopMaIiitHoro
MIPOEKTY Yepe3 MEPEKYy.

AutoCAD Brxitouae MoryTHi 3aco0u st popmy-
BaHHS 3aIMTIB, 3MIiHM BIJIACTUBOCTEH, MPOCTOPOBOrO
aHaJIi3y 1 BiIMiHHE YIIPaBJIiHHS IPYKOM JIOKYMEHTIB.

T'IC — na 6asi npoepamuozo 3abe3nevertss KOMRAHIL

Intergraph. Tlporpamumii maker MGE (Modular GIS
Environment) € Garatorajiy3eBUM MOIYJIBHHM CEpEIO-
BumieM ['IC [27], mo Hamae 3aco0u CTBOPEHHS 1 CYIpo-
Bony I'IC-npoekTiB, aHaii3y reompocTopoBoi iH(opma-
IIii, BUBEACHHS 1 BiIOOpaXKCHHS EJICKTPOHHOTO KapTo-
rpadiunoro matepiany. Ha ocHoBi Mmoaynie MGE po3po-
omsorbess mpukianHi [1C Oymp-IKOro CTYIEHIO CKiiaj-

HOCTI, pO3paxoBaHi Ha OJ[HE Y JIEKUIbKAa B3a€EMO3AJICK-
HHUX POOOYHX MiCIIb.

Cepen yciei cykymHocTi kommoHeHTiB MGE Tpu
MOJIyJi € 0A30BUMH, OCKUIBKM MICTSITh OCHOBHI (DYHKIIT
crBopenHs 1 cynposony ['IC-npoekry. Lle Taxi:

MGE Basic Nucleus (mporpamMHe siIpo CHCTEMH),

MGE Basic Administrator (06a30Buii aaMiHICTpa-
Top);

MGE Base Mapper (6a3o0Buii kaptorpad).

Jlns  BupimieHHs OLMBIIOCTI 3aBAaHb HEOOXITHI
MPAaKTUYHO BCi 3a3HAuUCHI MOIYJi. 3aaydeHHs IOIaTKO-
BHUX MOJYJIB 3aJICKHUTh BiJl OUIBII BY3BKOi crierudiku
KOHKPETHOTO 3aBJIaHHsI.

Bzaemonist cucremn 3 0a3or0 JaHUX 3a0e3nedye
moxaynb RIS — Relational Interface System, o Bxoauts y
CTaHzapTHE rocradyanHs 6a3oBux npoaykriB MGE. MGE
MOXE TMPAILIOBATH 3 TAKUMH BiJIOMUMH TPOMHUCIOBHUMH
CVYB/], sx SYBASE, ORACLE, INFORMIX, INGRES,
MS SQL, DB2i 1.1

OcnoBuuM mMoaynem cucreMu MGE e - MGE Basic
Nucleus (MGNUC), 1o 3a0e3me4yye B3aEMOJIII0 MOIYIIIB
MK c00010 1 3 623010 TaHuX. BiH BUKOHYE POJIb aaMiHIC-
TpaTopa HPOEKTY, BiNOBila€ 3a HOro CTBOpEeHHS Ta ,
3B’5130K 3 0a30r0 JanHux. OpraHizye B3a€MOZIIO 3 1HIIMMHU
HeoOXigHuMHU aonatkamu. KoHTpomtoe pobGoty QyHKIii
Ta CTBOPEHHSI apXiBHHUX KOMIH NPOEKTy. A TakoX Len
CTBOPIOE €IMHY CUCTEMY KOOPIMHAT JUIsl KAPT MPOCKTY.

MGNUC 3abe3neuye iHII MporpaMHi MO/l IIH-
pokuM HabopoM (GYHKIIIH, a came: (OpMyBaHHs 3aITUTIB
110 6a3u JaHWX, BUBE/ICHHS PE3YJIbTATIB 3aIlHTIB, peaary-
BaHHs aTpUOYTHUKH, NEPErysiay i BijoOpakeHHs ceMaH-
TUYHUX 1 rpadiuHux qaHux. OyHKis GopMyBaHHS 3armu-
TiB JI03BOJISIE 31HCHIOBATH TIOIIYK 3aIKCIB 0a3K JaHUX 3a
3HAYCHHSIM OTHOro abo JEKiIBbKOX aTpHOyTiB 00’€KTa, a
TaKOK Oe3MmocepeHLO0I BKa3iBKOK TpadhiuyHOro 300pa-
KEeHHs 00’ekTa Ha Kapti. [Ipu GopmyBaHHI 3amUTIB MO-
KYTh BHKOPHCTOBYBaTHCS CTBOpeHi panime SQL-
3aIUTH, BUJJICH] 00JI1acTi i Tpynu 00’ €KTIB, a TAKOXK MPO-
CTOpOBI KpUTEPIi 3aIHTIB.

Sk Ga3oBuii rpadiunmii maker y cuctemi MGE Bu-
KOPHCTOBYEThCS ~ IpadiuHUii  peJakTop — Koproparii
Bentley Systems — MicroStation pi3Hux Bepciit. Yci rpa-
¢iuni nogatku MGE € nporpaMHUMHK HanOyaoBaMu Ha
MicroStation, mo sBisie coOo MOTYTHIM TpadiuHui
penaKTop i Ma€ PO3BUHYTI 3aCOOM CTBOPCHHS BIIACHUX
nporpaMHuX jgofatkiB. OpraHizawiifHO0 onMHUIIEIO 30e-
PEKEeHHS IaHHX € TIPOEKT.

OcHOBHUM (popMaTOM JIaHUX € BEKTOpHI rpadivxi
¢atimu popmaty DGN. Jlo ckiaay rpadiuHux 00’ €KTiB
BXOIATH TOYKOBI, JIIHIMHI 1 ITOJirOHANILHI 00’€KTH, a Ta-
KOX iX pi3Hi KoMOiHamii. BUKOPUCTOBYIOTBCS Pi3HI Tpa-
(iuHi OJIOKH, MYJIBTHIIIHIT, CIIIIAWHOBI JIHIT 1 TOBEPXHI.

T'IC — na 6as3i npoepamuoeo 3abe3neverss KOMRAHIL
GeoMedia. CimeiictBo nponyktiB GeoMedia 3a0e3neuye
BHCOKY TEXHOJIOTIYHICTh YChOTO IIUKITY CTBOPEHHS 3aCo-
0iB, 103BOJISIE B KOPOTKHH TEPMiH CTBOPUTU CUCTEMY
KIiHIIEBOTO KOPHUCTYBaya i 3a0e3MmeunTy ii MBUIKE BIPO-
BajpkeHHs. OHI€I0 13 IPUHIMIIOBHUX BJIACTHBOCTEH MpO-
nykTiB ciMeiictBa GeoMedia € MOXKIIMBICTH BUKOPHCTO-
ByBaTHC sIK YHiBepcaipHuid [ IC-kmieHT.

GeoMedia po3paxoBana Ha I'IC-aHamitukiB i ['IC-
[JIs/1aviB, sIKI CHHTE3YIOTh HOBI JIaHi, 3HaHHS 1 piIICHHS
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Hagizayia ma zeoingpopmauyinni cucmemu

Ha OCHOBI B)Ke HasBHUX JaHuX. LI mani 3MoxyTs OyTH
BHUKOPHUCTaHI JyIs KOMIUICKCHOrO reorpadiyHoro aHamizy
1 NPUAHATTS OOIPYHTOBAaHHMX YIPABIIHCHKUX DillICHb.
BukopucroBytoun cepBepu nannx, GeoMedia no3Bosse
MAKITFOYATHCS [0 JDKEPEIT, PO3TAIIOBAHUX Y PI3HHUX Teo-
rpadiyHUX TOYKAX, 1 OJJHOYACHO aHANI3yBaTH JaHi pi3-
HUX THIIB 1 (JOpMaTIB.

Okxpim I'IC-mipoayKTiB CTBOpPEHHX Ha IHIIOMY IPO-
rpaMHOMY 3a0e3nedeHHi mpamoe 3 Oracle SDO,
Mirosoft, Access 1 A€SIKHX 1HIITHMH.

[ponykr Mae pi3Hi (QyHKIIOHAIBHI MOJIMBOCTI 1
JIO3BOJISE: TIEPEBIPATH KOPEKTHICTh BBEACHHS [AaHUX,
3IIIICHIOBATH 3aITUTH 10 0a3 TAHUX; IIPOBOIUTH I'€OIPOC-
TOPOBHIA aHAJTi3; CTBOPIOBATH TEMATHYHI KapTH; CTBOPIO-
BaTH | KOMIIOHYBATH JICTCH/TH.

Amnanmitinuaui iHCTpyMeHTapii B GeoMedia no-
3BOJISIE TICPETBOPIOBATA T'€OMETPHYHI O0’€KTH y TeMa-
TUYHI Ta 3MIACHIOBATH Pi3HI BUOIPKU OCTaHHIX. TakoK,
3aBISIKA MOXKJIMBOCTSAM BHM3HAUEHHS KJIAaciB 1 00’€KTIB,
3MIACHIOBATH TOMOBHEHHS T4 PO3BUTOK JAHUX Ta ITij-
TPUMAHHS 1X aKTYaJbHOCTI.

T'IC — na 6asi npoepamuoeo 3abesneuennss CMaps
Analytics. CMaps Analytics (Bi aMepHUKaHCBKOI KOM-
manii Centigon Solutions) [28] — cucTeMa, 110 MO3MIIIO-
Hye cebe, sIK 3pydHHi 3aciO Bi3yasi3allii, Ha OCHOBI IO~
MyISIPHUX Ta JOCTYIMHHX eNeKTpoHHuX Mam Google
Maps. OCHOBHOIO METOI TPOIYKTY € CTBOPEHHS J0-
crynHoro i mpocroro Location Intelligence. Tobto Bu-
KOpHCTaHHSl 0araTolIapoBUX Bi3yaji3allif, Ha OCHOBI
XPOHOJIOTIYHUX, 200 Pi3HOTO TUIY NaHWX JUIS KPaIioro
CIPUHAHATTS 1 mojajibmoro aHamizy. Cucrema sIBIsi€
co0or0 BeO cepBic, 3 MOXKIIUBICTIO TPAIIOBATH 3 MO0Y-
JOBAaHUMH KapTaMH B IHIIMX CHCTEMaX, HAMPHKIIA[]
ArcGIS. OcHOBHOI XapaKTEpUCTUKOIO IPOrPaMHOro
KOMIUIEKCY € BEJHMKa KUIBKICTh OJATKIB Ta PO3MINPEHb
JUISl PI3HUX TPOAYKTIB, 3aJIEKHO BiJl TOTPeO Ta 3pydHHHA
JIocTym yepe3 intepdeiic Opaysepy Oyap ne, ae € inTep-
HET 3 Oy SIKOT'O IPUCTPOIO.

T'IC — na 6as3i npoepamuoeo 3abe3neverHss KOMRAHIL

Bentley Systems — MicroStation [29] — Moy/IbHa CHUCTEM,
sIKa CKJIQJIA€ThCS 3 TIPOrpaMHUX MPOAYKTIB, 00’ €JHAHUX
€MHUM KOHIICTITYaJIbHUM TJXOJOM 1 1HTErpOBaHUX 3
0a30BUM MPOrpaMHUM MPOAyKToM — MicroStation.
MicroStation € 6araTodyHKIIIOHATBHAM, BUCOKOIIPOTYK-
THBHHUM [1AKETOM AaBTOMATHU30BAHOTO IPOCKTYBAHHS
(CAD, CAIIP), sxuii 3abe3nevyye (QYHKIIT KpecIeHHs,
Bi3yauizallii, aHaJii3y, MOJIEIOBaHHS 1 KepyBaHHsS 0a3zaMu
nanux. [Taker ocoOIMBO KOPHCHUH IUIsl TPYIT pO3POOHH-
KiB 1 KOPUCTYBaUiB, 110 MPAIIOIOTh Y MEPEKHOMY PEXKHU-
Mi.

MicroStation Moxe 3a0e3reunT 0araTo-KOPUCTY-
BaJIbHUIBKUI PEXUM, HE3ANSKHO Bi THUIIB KOMIT fO-
TepHUX IUIATHOPM, HA SKHX CIILHO MPAIIOIOTH KOPHC-
TyBaui.

MicroStation — 11e KOMIUIEKCHA CHCTEMa aBTOMATH-
30BaHOTO MPOEKTYyBaHHs Ha 0a3l TpuBUMIpHOI TpadiuHOT
CHCTEMH, apXiTeKTypa SIKOi J03BOJISIE BUKOPHUCTOBYBATH
MaKpOCH 1 CTBOPIOBATH HOBI JOJIATKH.

I'padiuarmMu 00’ €kTaMu, 3 SKUMU TIPAIIOE MPOrpa-
MHe 3a0e3MeUeHHs, € TOYKH, JIHIT 1 ITOTIrTOHH, a TAaKOXK 1X
pi3Hi KOMOIHAIIiT, a TAKO)K BUKOPHUCTOBYIOTHCS Pi3HI Ipa-
(iuHi OJIOKH, MYJIBTUIIIHIT, CIIIIAWHOBI JIHIT 1 TOBEPXHI.

Ha nmocratHbo MOTY)XKHOMY (YHKIIOHaJIBHOMY pi-
BHI 3HaXoJAThCs reoiH(opMmaliliHi cucreMH, siKi Mooy-
JIOBaHI Ha BiIKPUTOMY MPOrpaMHOMY 3a0e3IeUcHi.

Binkpure nporpamue 3a0e3nedeHHs (aHIVI. open-
source software) — mporpamMHe 3a0e3MeUeHHs 3 BiIKpHU-
TUM TIPOTPaMHHUM KOJIOM, TOOTO Iied KOI Moxe OyTH
MIPOYUTaHUM ab0 3MiHCHUM KopHucTyBadeMm [30].

Oco0JIMBOCTAMH BiIKPUTOTO MPOrPaMHOro 3a0e3-
nevyeHHs € [31]:

BiJIbHE PO3IIOBCIO/IKEHHSI,

JOCTYITHUI BUXITHUH KOJ,

JI03Bi1 Ha Moau(ikalio abo 3MiHy BUXIJHOI'O KO-
ay.

YmoBHo Bei Biakputi ['IC Takox MOXKHa po3aiiu-
TH Ha TPU OCHOBI KJIacH: HACTUIBHI (IHCTaJIIOIOTHCS Ha
KoMIT'toTep), BeO (mpairoroTh uepe3 web-0Opaysep),
MPOCTOpOBi 6a3u AaHUX (y HUX MICTATHCS T'€OMPOCTO-
POBi jaHi).

3ocepenuMo yBary Ha HacTiIbHHX Bigkputux ['1C.
[Nepenik qOCTYNHUX IS BUKOPUCTAHHS Y CBIiTi BiIKpH-
tux HactinbHUX ['IC mepeBaxae 350 pimens, a 10 Haii-
OLbII TMOIIMpPEHHX y cBiTi MoxkHa BimHectn: QGIS,
GRASS GIS, Whitebox geospatial analysis tools
(Whitebox GAT), Saga GIS, gvSiG, ILWIS, uDIG,
MapWindow GIS (3a Bepcieto Monde Geospatial, [32]).

Quantum GIS. JIna 6inein Tunosux 3amad ['IC go-
CTaTHBO BUKOpHCTOBYBaTH Quantum GIS — B cucremy 3
BIJIKDUTHM BHXIJHUM KOJIOM, JJIsl SIKOTO KOMITAHI€HO
po3pobiIeHo cremiaNbHUN IIariH  (PO3IIUPEHHs).
uvantum GIS [33] — rpadiuna iHpopMaliiiHa cucrema 3
BiIIKPUTHM KOJIOM, IO PO3MOBCIOKYyeThest mig GNU
General Public License.

Ile mpoekr Open Source Geospatial Foundation
(OSGeo) sxumit mpaimroe Ha Limux, Unix, Mac OSX,
Windows, Android, miaTpumye BeIMKY KUIBKICTh BEK-
TOPHUX Ta pacTpoBux (opmariB, 0a3 maHuX, Ta Mae
IIMPOKI MOXKJIMBOCTI aHaNi3y Ta MPEICTAaBICHHS I'€O-
MIPOCTOPOBHX JIAaHUX.

Benuka KijbKicTh IHCTPYMEHTIB 1 HajallTyBaHb
pobuts QGIS GaraToQyHKIIOHATBHUM PIlICHHSIM ISt
PO3B’sI3aHHS IMPOKOTo CHeKTpy 3anad. OCHOBHE IMpH-
3HAYEHHs - po0OTa 3 PACTPOBUMH Ta BEKTOPHHMHU IlIa-
pamu, Oa3zamu JaHUX, Ta PI3HUMHU TUIIAMU JTaHUX, OJJHAK
€ 1 MEeBHUH IHCTPYMEHTapil A aHalizy pacTpOBOro
300pakeHHSL.

Cucrema miATPUMYE MOXIUBICTH J10J[aBaHHS MO-
nyaiB (TUIariHiB) IS PO3IIUPEHHS ()YHKINIOHAIBHOCTI,
TaKMM YHHOM MOXKHA BHKOPHCTOBYBATH MPOTPamy sSK
rpadiuyHy 000JOHKY 3 IIMPOKUMH MOXKJITMBOCTSMU iHTE-
rpartii 1y peaizaiii HeoOXiTHUX MepeTBopeHb. OcHO-
BHI MOXKJIMBOCTI: TIEPErJIsi]l JaHUX, HAKJIQAaHHs OJJMH Ha
OJTHOTO BEKTOPHHUX 1 PACTPOBUX JaHHX B Pi3HUX (hopMa-
Tax 1 IpoeKIisx 0e3 mepeTBOPeHHs y BHYTpIlIHIM, a0
3araJIbHUM (pOpMAT; MOCITIIKCHHS JaHWX 1 CTBOPCHHS
Maln; KepyBaHHS JaHHMHU: CTBOPEHHS, pelaryBaHHs i
€KCIIOPT; aHaji3 MPOCTOPOBHX IaHUX HA MPOCTOPOBUX
0azax JaHMX Ta HIMX QopMmaTax, MO MiATPUMYIOTHCS
cucremoro. Ie BkTtogae B ceOe: BEKTOPHUI aHAII3, Bij-
0ip, Te000poOKa, reoMeTpis 1 ynpaBiaiHHA Oa3zamMu Ja-
HUX 1 HE TITBKU

GRASS GIS (Geographic Resources Analysis
Support System) — yHiBepcaibHa, 0aratodyHKIIOHAIb-
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HOIO reoiHdopMmaliliHa cucrema, ska Mae QYHKII
YIIPaBJIiHHS TPOCTOPOBO-KOOPMHOBAHUMH JaHUMH Ta
o0yoBa 32 MOYIBHUM MTPHUHIIUTIOM.

Jis ynpaBniHHA TpadivyHOIO BEKTOPHONO iH(Op-
Marli€eto 3 QyHKIISIMH MEPEXKEBOr0 TOIOJOTIYHOTO aHa-
nizy nanux B GRASS peanizoBano 2D/3D Tomosoriune
sapo. Cucrema ynpaBiiHHS 0Oa3aMM JaHHX 3AIHCHIOE
YIIPaBJIiHHS aTPUOYTUBHUMU TAHUMH.

MonynbHa apXiTeKTypa JI03BOJISIE HAITMCAHHS BJIa-
CHHMX MOJYIIB JJIsl BUPILICHHS NPUKIAJHUAX 3aBIaHb i
BKIJIIOUEHHS 1X B CUCTEMY.

Monyinb onepatiii HaJ pacTpOBUMH JaHUMH, a Ta-
KOXX MOAYJIi IPOCTOPOBOro MozeaoBanHs 1 3D Bizyaii-
3amii, J03BOJSIOTH BHPINIYBATH OCTaTHHO LIMPOKHI
KPYT 3aBJIaHb.

Kpim, Toro nonatku i iHCTpyMEHTH JJO3BOJISIOT!

BiJJ0OpaXkaTu KapTH 1 pi3Hi 300pakeHHs] Ha MOHI-
TOpi Ta manepi;

MaHIITyJIFOBaTH pPacTpoM, BEKTOPOM, 1 JaHUMHU
CaiTiB;

00pOOIIATH MYIBTHCIIEKTPAIIBHI JaHi 300pakeHHS;

CTBOPIOBATH, YNPABJIATH, 1 3amaM’sITOBYBAaTH IIPO-
CTOpOBI JaHi;

MIPOCTOPOBHH aHANI3;

Bi3yaJTi3alliio JaHHX;

CTBOPEHHS IMITaIlIITHUX MOJIEIEH.

DIVA-GIS — me onHa cucTeMa 3 BIJKPUTHM KOIOM
[34]. OcHOBHOIO IIIJUTIO PO3POOKU € CTBOPCHHS BUILHO
PO3IIOBCIO/KEHOI CHCTEMHU Ui BUBUYEHHS PO3IOILTY
OiopizHOMaHITTA. [Iporpama 3ocepemkeHa Ha poOoOTi 3
310paHMUMU JaHUMU, TIPOTE METOAU 00pOOKH 300pakeH-
HS BIZICYTHI.

[IpucyTHi MOXIMBOCTI POOOTH 3 LIapamu, IOITY-
JSpHUMHU (POpMaTaMy T'€0[aHuX, ITOOYI0BU TiCTOIPaMH,
perpecii, MozaentoBaHHs Ta iHe [35].

Leaflet — ne senstetsest ['1C B noBHI# Mipi 1 Tipea-
cTaBisie co0oro 0i0IOTEKY 3 BiIKPUTHM BUXIJHUM KO-
JIOM, TIpU3HAYeHY /sl BiIOOpaKeHHS KapT Ha BeO-
caiitax [36]. bibmioreka miaTpuMye OLIBIIICTE MOOLTB-
HUX 1 CTalllOHAPHUX IIaT(hOpM.

Leaflet € onHOIO 3 HAWOLIBI MOMYJISPHUX BiJIKPH-
TuX 0i0miorek, miaTpumye Web Map Service (WMS),
GeoJSON, BeKTOpHI 1 pacTpoBi IIapH i MOXKeE, 30KpeMa,
MPaIfOBATH CEPBEPHUMH TPOrPaMHUM 3a0e3MeYeHHIM
ArcGIS.

Binkpure nporpamue 3a0e3neyeHHs] Ma€e MOXKIIH-
Bocti crBoput ['IC 3 ¢yHkuioHanmoMm, sikiii He Oyze
MIOCTYNATHCS TOMY, IO CTBOpPEHHH KomepiiiiHiuM. Ha-
SIBHICTD y BUIBHOMY JOCTYIIi HOBHX BEpCill BIIKPUTHX
I'C-porpamM cBigUUTH MPO TeE 110 BOHHU MOCTIHHO OHO-
BJIIOIOTHCSI TA PO3BUBAIOTHCSL.

Biaxpurum I'IC Takoxk xapakTepHa OaratopiBHeBa
MOJIYJIbHA CTPYKTYpa.

KpiM HEBHCOKMX BHMOT JI0 anapaTHOrO TEXHIYHO-
ro 3abe3neueHHs Oinbmricts Bimkputux ['IC matoTh Mo-
XKIIUBICT, POOOTH TiJA PI3HMMHU OIEpalliiHUMU CHUCTe-
MaMu. 3a HeOOXiTHICTIO aBTOMAaTH3allli MIEBHUX IpOIIe-
ciB poOOTH 3 T€ONPOCTOPOBHUMHU AAHUMHU Ta CTBOPEHHS
HOBUX (DYHKIIIOHAJBHUX 1HCTPYMEHTIB, PO3IJISTHYTI BiJ-
kputi ['IC 103BONSIOTH HAaNMCaHHS MOJATKOBHX IIPO-
rpaMHUX MOJYJIB, Ha OUIBIIOCTI JOCTYITHUX MOBaX
MIpOrpaMyBaHHSI.

PoGora i3 reonpocropoBuMHU 0a3aMu AaHUX 3a0€3-
neuye QyHKIIi YMTaHHS Ta 3amucy (peaaryBaHHs) reo-
rpagiuHUX Ta MPOCTOPOBHX JaHHUX, a TAKOXX YaCOBHX
XapaKTEePUCTHUK 1 aTpuOYTiB.

Tunorumu Hemonikamu Bigkputux I'IC €:

CKJIQJIHICTh ONpAIfOBaHHS HAaJBEJIHKUX MAaCHUBIB
JIaHUX,

HEOOX1THICTh BBEIICHHS aTPHOYTHBHUX AaHUX Jia-
TUHHUIEIO (Yepe3 BiJICYTHICTh pO3Ii3HABaHHS KUPUIINY-
HHUX CUMBOJIIB y CHCTEMaXx),

YMOBHO-00MeXeHa (yHKIIOHAIBHICTB,

OJTHAK BOHM ICTOTHO HE BIUIMBAIOTh HA PE3YJILTATUB-
HICTh BUKOPHUCTAHHS LHUX INPOrpaM B aHATITHYHOMY
IIpoIIeci.

HeMOXXIMBO 3ajUIIMTH 11032 YBAarol HasBHICTH
JIOCTaTHBOTO PO3MAiTTSl OHJIAlH-CEPBICIB IMOTYXHUX
Web-kaptorpadgiuaux a6o I'IC-moptanis (ArcGIS
Online, Google Earth, Google Maps, Wikimapia, Bing
Maps, MapQuest, Yahoo! Maps, MultiMap.com To110)
[37-40].

Ioni6Hi Web-cepBicu, okpiM 0a30BuUX (yHKIiH
I'C micTaTh pi3HOMaHITHI T'€OIPOCTOPOBI JaHi MO IeB-
HUM TEPUTOPISIM.

3a JJ0MoMOroI0 IUX CEePBiCiB MOKIIMBHH MOUIYK pi-
3HOMAHITHUX 00’ €KTIB: HACEJCHI IMYHKTH (32 Ha3BOIO),
azpecy (3a HaliMEHYBaHHSM BYJIHII 1 HOMEPOM OyIWH-
KY), bipMu (3a Ha3BOO, BUAY AisUIBHOCTI, TenedoHOM) i
iH. [41]. B nmeskux cepmicax peanizoBaHo (yHKIIT mia-
6opy Mapipyry.

Opnnak Ha 0araThOX CepBicax 3a3BUYAll € MEBHI
00MEXEHHSI, SIKi 00YMOBITIOIOTHCS MEKaMU KOHKPETHHX
KpaiH, Ha0Op HasBHUX JaHHMX IX JeTaji3alli€lo Ta Jo-
CTYIHICTIO TOILIO.

Ha ceorozHi, Bci po3poOku mporpamHoro 3aoes-
neyenHst 3 peanizauii ['IC-texHonoriii cnipsMoBaHi Ha
iABUIIEHHST €(DEKTUBHOCTI BHPIIIEHHS PI3HOMaHITHUX
3aBJIaHb 3 BUKOPUCTAHHSIM I'€ONPOCTOPOBUX JaHHX.

2. AHani3 cyyacHHUX reoinpopmaniiiHux cucrem
o0 peaizanii MexaHi3miB ingopmauiiinoro 3ate3-
TeYeHHsI TeonpocTopoBoro anajizy. CydacHi reoiH-
(dopMariiiHi cuCTeMH TiCHO TOB’si3aHi 3 iHIMMU iHDO-
pMauiifHIMU CHCTEMaMHU Ta YCHIIIHO BUKOPUCTOBYIOThH
ixHi iH(pOpMaIliiiHiI pecypcu It BEACHHS aHaTi3Yy.

Coporonni I'IC-TexHONOTIT € MOTY)KHUM 1HCTpyMe-
HTOM po0OTH 3 iH(hOpMAIIi€TO.

Ix BUKOpHCTAaHHS 03BOINSE BUPIIIyBATH 3aBIaHHS
Pi3HOT CKJIaJHOCTI BiJl MPOCTHX OIEpalliii HAKOITUYCHHS
Ta 30epiraHHs AaHUX JO0 NMPUKIAJHAX aHATITHYHUX PO3-
PaxyHKiB.

[pakTiuni peanizamii MX TEXHOIOTIH PO3pOOIIs-
I0ThCSL Yy CYYacHHX 3arajbHOIPUHHATUX CTaHIapTax,
TOMY iX BUKOPUCTAaHHS MOXIIMBO Y BCiX cepax Jisuib-
HOCTI.

Cywmicaicts I'IC 3 BETHKOI KIIBKICTIO MpOrpam-
HOro 3a0e3redeHHs, 3a0e3meuye X MOIMyJSIPHICTh X
BUKOPHCTaHHS Ta iHTerpauii y pi3HOMaHiTHI iH(popMa-
LIiHHI CUCTEMH.

BigMiHHEMH OCOOIMBOCTSIME TeOiH(OpMAIiHHUX
CHCTEM € 4iTKa IpHB’s3Ka iHpopMarii Ta ii mpocTopoBe
MIPE/ICTaBIICHHSI.

[opiasiaas ['IC Oyno 3xilicHeHO 3a TaKMMHU OC-
HOBHHMU KPUTEPISIMHU:
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Hagizayia ma zeoingpopmauyinni cucmemu

poboTa 3 HECTPYKTYpOBaHUMHU ab0 CIIa0OCTPYKTY-
POBaHMMU JaHUMH, SIKi 3HAXOJSTHCS B PI3HOMaHITHHX
iHpopMalifHUX pecypcax, 0e3 mepeMillleHHs 3MicTy
LUX pecypciB 1o 6a3 ganux camoi ['1C;

TeMaTUYHa (KpHUTepialbHa CHCTEMaTh3allisl) 3Hak-
JieHol iHpopMarii;

HasIBHICTh BeO-Opi€HTOBaHMX 3aco0iB ii mpencras-
JICHHSL.

BaknmuBUM KpUTEpiEM € MOXKIIMBICTH POOOTH 3 pi-
3HUMH  (opMaTaMH  TEONPOCTOPOBHX  JaHWUX  Ta
OB’ A13aHOT 3 HUMU 1H(OpMaAITi.

Bci 1111 kpuTepii € ApYropsIHIMY.

BucHoBku

Jlocmimkennas npo0JieM, OB’ I3aHUX 3 OpraHi3alli-
€10 eeKTUBHOro iH(OpMaIiiHHOro 3a0e3MeYeHHs I'eo-
IIPOCTOPOBOI0 aHANI3Y MIKIUCIHUILUTIHAPHUX iH(OpMa-
HiHHUX PECYpPCIB MOKa3ye, M0 ICHYE HEOOXITHICTh PO3-
POOKHM HOBHMX METOJIIB Ta 3aC00iB yIpaBiiHHs iHGOpMa-
mi€ro Ui 3a0e3redeHHs JOCTYIy 1O 3HaHb, ix 00'en-
HaHHA Ta (OPMYBAaHHS HOBHMX 3HaHb. L{e muTanHs HAOY-
Ba€ HAMOUIBIIOI aKTyaJIbHOCTI KOJHM HEOOXITHO 3HANUTH
HEreonpoCTOPOBI JIaHi, a caMe NOB’sA3aHy 3 HUMU 1H)O-
pMarito, sIKi 3HAaXOIATHCS B PI3HUX 1HQOpMAIIHHUX
pecypcax. A skio iHpopMallis B IUX pecypcax BUKIIA-
JieHa Ta 30epiraeThCs y HECTPYKTYPOBaHOMY abo c1abo
CTPYKTYPOBAaHOMY BUIJISII, TO MPOOJieMaTHKa 3HAYHO
3aroCTPIOETHCSI.

Cy4acHi, cucTeMH BEIEHHS T'€OIpPOCTOPOBOTO aHa-
T3y Tak, SIK 1 CHCTEMH NPHUHHATTS PIMICHHS Yy LiJIOMY,
HEMOJKJTUBO YSIBUTH 03 BCEOIYHOrO Ta Pi3HOTEMaTHYHO-
ro iH(popMarriiHoro 3ade3neueHns. KpiM Toro, TeHmeHii
oo iHpopMaliiiHOI KOMyHIKaOeIbHOCTI iH(opMAaIiii-
HO-aHAJITUYHUX CUCTEM Ta BIIKPUTOCTI apXiTEKTypH
BIKE IiITBEPIWIN CBOI HEOOXiMHICTh Ta ¢(hEKTHBHICT.
Takum 4MHOM, peaizallisi MOXJIMBICTb BEJCHHS TpaHC-
JUCIUILTIHAPHOTO TEONPOCTOPOBOTO aHall3y y cCUCTeMax
MIPUIHATTS PILICHHS, € OJHIM 3 HalBa)KJIMBIIIUX 3aBJaHb
IUTSE pO3POOHHKIB TAKHX CHCTEM.

[IpoBenenuii anani3 miaxoniB 10 MoOyJOBH T'€OiH-
(hopMaIiifHUX CUCTEM IO0Ka3aB, IIO iICHYIOUl PillIeHHS He
JIO3BOJISIIOTH 3[IICHIOBATH TOIIYK, 30ip Ta TeMaTHYHY
CHCTEMaTH3allil0 TOTPiOHKUX, a 0COOIIMBO HET€ONPOCTO-
POBUX JaHMX, SKi 3HaXOITHCS Y PI3HOPIAHUX iH]Op-
MallifHUX pecypcax Ta BUKJIAJEHI Y HECTPYKTYpOBaHO-
MY BHIJISL.

Tomy po3B’si3aHHsl 3ajadi 3a0e3redeHHst iH Op-
MaIliifHOro 3a0e3leueHHsT TeONpPOCTOPOBOrO aHallizy
rmoJisArae B iHTerparii abo moeqHaHHS MIKIUCIUTLIIHAD-
HOro iH(OPMAILIHHOrO CEPEeaOBHINA 3 TeoiH(OopMaIiii-
HOIO CHCTEMOIO Ta B HEOOXITHOCTI pO3pOOKH 3aco0iB
3a0e3MeueHHs] 3arajbHOr0 TPaHCAUCIUILTIHAPHOTO OH-
TOJIOTIYHOrO TMPEACTABIEHHS CeMaHTUKHu [42], 1o 3a-
0e3MmeYnTh MOXKJIMBOCTI 30epiraHHs, 0OpOOKH Ta JIOCTY-
my A0 ¥oro pi3HOpimTHHX 00’€KTiB Ta iH(opmamiiHuX
OJIHUIIb.
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Research on the possibilities of modern software about creation of geoinformation systems
of transdisciplinary use of poorly structured data

V. Podlipaiev

Abstract. The subject matter of the article is existing software for conducting geospatial analysis and providing
geoinformation support for decision making. The goal is to study and analyze software for the construction of specialized
geoinformation systems for the transdisciplinary use of poorly structured data. Objective: To study and analyze the capa-
bilities of individual software samples for the construction of specialized geoinformation systems, their peculiarities for
the implementation of algorithms for data collection, systematization, accumulation and visualization, and the feasibility
of implementing mechanisms of geospatial analysis information support, especially using poorly structured data. The
methods used are: statistical analysis methods, optimization methods, modeling methods, methods for constructing com-
plex systems. The following results were obtained. The pressing issue is the use of geoinformation systems to work with
geospatial data and related information stored in various information resources in poorly structured form. This article pre-
sents the results of studying and analyzing the capabilities of individual software samples that can be further used in the
creation of geoinformation systems for geospatial analysis and providing geoinformation support for decision making us-
ing such types of data. Conclusions. Modern systems of geospatial analysis cannot be imagined without comprehensive
and differently thematic information support. The analysis of approaches to the construction of geoinformation systems
has shown that the existing solutions do not allow searching, collecting and thematic systematization of the necessary,
especially non-spatial data, which are in heterogeneous information resources and presented in an unstructured form.
Therefore, the solution to the problem of providing information support for geospatial analysis is to integrate or combine
an interdisciplinary information environment with a geoinformation system and the need to develop a means of providing
a general transdisciplinary ontological representation of semantics that will provide opportunities for storage, processing
and access to its heterogeneous objects. units.

Keywords: geospatial analysis, geoinformation system, geoinformation support, decision making, specialized software,
management of spatial and distributed information.
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METO/I PO3POBKH MOJIEJIEN TPEACTABJIEHHA 3HAHD
PO ABAPIMHI CUTYAIII JJISI COITP ABIAJJUCIIETYEPA

Anotanisi. IIpeaMeromM BHBYEHHS B CTAaTTi € JIOCHIIXKEHHS MOXJIMBOCTI 3aCTOCYBaHHS arapary 0aleciBCbKUX MEpex
JuIs oOYOBU MOZIENEH PO3BUTKY aBapiiiHUX CHUTYyalliii Ha MOBITPSHOMY CynHi. MeTol0 € po3poOka Mozelel NpecTaB-
JICHHS 3HaHb PO aBapiiHI CUTYyallii B MONbOTI IS 11 MOJanbIIoro 3acrocyBanHs npu pospoodui CIITIP aBiagucreTdepa.
3aBJaHHs: BU3HAUCHHS 1 aHaJl3 YMHHUKIB, IO BIUIMBAIOTh HA IPOLEC NMPUHHATTSA PIIICHHS IOAO MOXJIMBOCTI IIPOIOB-
XKEHHS 0JIbOTY y BUIIAJIKY BUHUKHEHHS OCOOIMBOrO BUIAJIKY B I10JIbOTI HAa MPUKJIAJl BiZIMOBHU JIBUT'YHA; aHAJI3 YMHHUKIB,
IO BIUIMBAIOTh HA BU3HAYEHHS PIBHA PU3MKY (IOTCHIIMHOro 30MTKY) NPM BMKOHAHHI BUMYIICHOI I0CAIKu; M0oOYHOBa
HMOBIpHICHUX Mojieieli BU3HAYEHHS MOXKIMBOCTI IIPOJOBKEHHSI MOJILOTY Ta BU3HAUCHHs OTEHLIIHHOro 30UTKy ajbTepHa-
THUB 3aBEPIICHHS N10JILOTY Ha OCHOBI Mepeski baiteca. BukopucroByBaHNMY METOIAMH €: METOIM aHAJII3Y i CHHTE3Y CKIIa-
JTHHX 1HpOpMAaLIITHMX CHCTEeM, METOIH iMiTaliHHO-CTaTUCTUYHOr0 MoziesitoBanHs. OTpuMaHi Taki pe3yabTaTi. BuzHayeHo
MHOXUHY (haKTOpiB, 110 BIUIMBAIOTh HA MPOLEC MPUHHATTS PILICHHS Y BUNAIKy BUHMKHEHHS TAKOr0 OCOOIMBOr0 BUIAIKY
K B1]MOBa JIBUI'YHa Ha NOBITpsHOMY cyzHi. [ToOynoBaHO HMOBIpHICHY MOJENb, IO BinoOpaxae MpoLec NPUHHATTS pi-
IIEHHS 100 BU3HAUCHHS MOXIIMBOCTI HPOJIOBXKEHHS IIOJbOTY IIPU BiZIMOBI JABUI'YHA Ha MOBITPSAHOMY CYIHI B IIOJbBOTI.
[TobynoBano HMOBIpHICHI MOJIENi BU3HAYESHHSI IOTEHIIHHOT0 30MTKY JUISl BUIAAKy BUKOHAHHS BUMYIICHOI [TOCAKH Ha ae-
poapomi Ta maiimanunky. OOGrpyHTOBaHO BHOIp mporpamHoro 3acody, a camMe CUCTEMH HMOBIPHICHOTO IpOrpaMyBaHHS
Figaro, muis peanizanii po3po0Onennx OaiieciBcbkux Moneneil. BucHoBku. HanpsMKoM nopasisImx A0CiiKeHb € po3podKa
METOJly aBTOMaTH30BaHOT'O BUPOOIICHHS PillleHb IIPY BUHUKHEHHI 0COOJIMBUX BUIIA/IKIB B IOJHOTI 3 BHKOPUCTAHHSM ITO0Y-
JIOBaHUX MMOBIpHICHUX Mozelneii it ioro Bukopucranns npu nodynosi CIITIP aBiagucneruepa

Kaw4yoBi caoBa: BiiMOBa ABUryHa, OCOOJIMBHII BUIIAIOK B TIOJBOTI, HOTEHIIHHMI 30UTOK, BUMYILICHA [10OCAJIKa, aBia-

JUcTieTyep.

Beryn

IMocTanoBKa npodJieMH y 3araibHOMY BULJISI/I.

3HayHy poJib B 3a0e3MeucHHI Oe3MeKn aBialliiHuX
repeBe3eHb 3aiiMae JAUCIIETYEp YIPaBIiHHS MOBITPSIHUM
pyXxoM, Bim mpodecioHami3My SKOro 3aJeKUTh KHUTTSI
0araThOX COTEHb JIOJeH. B 3B 513Ky 3 ThM, IO aBiare-
PEBE3CHHS BBAKAIOTHCSA HAHOLIBII OC3MEYHUM, IIBHI-
KAM Ta KOM(OPTHHM BHJIOM IIEpEBE3CHb, 1€ MPHU3BO-
JIUTh IO TIOCTIHOTO 301IBIICHHS KIJIBKOCTI MacakKUpPiB
i, BIIIMOBITHO, IiJBHIICHHS KIJBKOCTI MOBITPSHUX CY-
JIeH Y TIOBITpSIHOMY TIpocTopi. Jucneryepy n0BOAUTHCS
MPAIOBATH B YMOBaX HEBEIMKHUX 1HTEPBAJIB MiX JIiTa-
KaMH, X BHCOKHMX IIBHIKOCTSIX Ta BHUCOTaxX, BUCOKOI
LIUTBHOCTI pyXY, PI3HOTHITHOCTI MOBITPSHUX CYJEH Ta
pi3Hux mereoymoBax. IIpu IbOMy HaBaHTa)X€HHsS Ha
KO)KHOTO 3 aBiaaucrieTdepiB 3Ha4HO 30inbnryethes. Lle
00yMOBJICGHO POOOTOI0 B yMOBaX BEJIUKOro iH(popMa-
MIMHOr0 HaBaHTa)KEHHS, ITOCTIMHO 3MIHIOBAHOI IIOBIT-
psiHOT OOCTaHOBKH, BiJINIOBIJANIBHICTIO 32 JKUTTS Oara-
THOX JIFOZIEH, HEOOXIJHICTIO BUPINIyBaTH HECTaHAAPTHI
3ajadi i, rojoBHE, Ne(IIUTOM Yacy Ha NPUUHATTS pi-
LIEHHSI.

OpuuM 3 BaxiIMBUX (DaKTOpiB, IIO BIUIMBaE Ha
CTYIIiHb 3aBaHTAKCHOCTI aBiaJUCIIETYEPIB € PIBEHb aB-
TOMaTH3allii MPOIECy YNPaBIiHHS MOBITPSHUM DPYXOM.
Jlns 3a0e3nedeH sl MiATPUMKH OIepaTOPChKOI JTisUTbHO-

CTi, SIKICHOTO TIPOTHO3YBaHHsS Ta CBOEYACHOI BHaadi
MPaBWIBHUX PEKOMEHJAIl 3aCTOCOBYIOTH CHUCTEMH
miaTpumMke npudHATTA pittens (CIIIIP), mo sBisoTh
co0OI0 IHTEpaKTHBHI CHCTEMH, SIKI BHKOPHUCTOBYIOThH
o0aHaHHsA, MporpaMHe 3a0e3eueHHs, daHi, 6a3y Mo-
neneil 1 poboOTy omepaTopa 3 METOI MiATPUMKHU BCIX
cTajiil mpuiHATTA pimens. [Ipu nupoMy ocobnuBy yBary
HEeOoOX1THO MPHUIITUTH TiATPUMIII JisTTBHOCTI orepaTopa
y BUNAJIKy BUHUKHEHHS OCOOJHMBUX BUIMAJKIB B IIOJIHO-
Ti. I BUpIIICHHS 1€l 3a7adi BayKIUBUM KPOKOM €
po3pobKa MoeNIeH IpeaCTaBICHHS 3HaHb PO aBapiiHi
CHUTYyalil, 0 MOXXYTh BUHUKATH B TIOJILOTI.
Oco0uBicTIO 3a/1a4i YIIPaBIiHHS HOBITPSHUM pYy-
XOM € MIPUIHATTS pillleHb B yMOBaXx BiJICYTHOCTI, HECTa-
4yi abo HeTouHOCTi iH(opMmamii Ha MOTOYHHA MOMEHT
yacy, TOOTO BOHa BiJIHOCUTKCS JI0 KJlacy 3ajad, 1o cia-
O0ko Qopmanizyroteesa. g mpoektrysanus CIIIIP Bu-
KOPUCTOBYIOTh pi3HI Meromau. OmHMM 3 e(QEKTHBHHUX
MiXOMIB, MO MO3BOJISIE MOAOJNATH MPOOIeMy HEBHU3HA-
YEHOCTI € KJIaC WMOBIPHICHUX METOIB, IO I'PYHTYIOTh-
cst Ha GaiieciBebkomy miaxomi [1]. MmoBipHicHi Mipky-
BaHHS J03BOJISIOTH MOEIHYBATH 3HAHHS IIOJO NpeaMe-
THOI 00nacTi 3 WMOBIPHICHUMH 3aKOHAaMH, 1 TAKHM YH-
HOM BpaxoBYBAaTH (paKTOPH, IO HANPSIMY HE CIOCTEpi-
raloThCs, alle € BAXJIMBUMH IIPU MPUHHATTI PillICHHS.
Hespaxkaroun Ha Te, 110 3acTocyBaHHs Mepex baifeca
JUIs TIOOYZIOBH MOJIEJIeH TIPH CTBOPEHHI KOMII IOTEPHUX
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cHCTeM Ta 3aco0iB, III0 HABYAIOTHCS, B PI3HUX 00JIACTAX
3nifcHIOEThCS 3 90-X POKIB MUHYJIOT'O CTOpIvYs, aKTHB-
HE BHMKOpPHCTaHHSI 0al€CiBCBKMX METOIB cIlOCTepira-
€ThCS JIMIIE OCTAHHE NECATWIITTA. 1le 00ymoBiIeHO psi-
oM (haKTOpiB, a camMe: 3HAYHUM YCKJIaJHCHHIM MaTe-
MaTHYHOTO arapary Npu 30UTbIIEHHI MOAENI, BUCOKHM
BXiIHUM piBHEM HMOBIpDHICHUX 3HaHb EKCIIEpTa, IO
PO3B’s13ye MpobIeMy, HEJOCTATHHOI BUPA3HICTIO BiJO-
MHUX HMOBIpHICHUX MOJENEH, pIllIeHHs JUIsl SKUX JOBe-
JIeHi, CKIIaJHICTIO TPOrpaMyBaHHs alIrOPUTMIB HMOBIp-
HICHOTO BHCHOBKY, BHCOKOIO CKJIaJIHICTIO Bajizaiii ta
Bepudikalii mporpamMHoi peasizauii po3poOIeHUX airo-
putMmiB. CTpIMKHH PO3BHUTOK OOYHCITIOBAIBHOI TEXHIKH
CIpHSB TOMY, IO OaleciBChbKI METOJM 3HOBY HaOyiH
LIMPOKOI TOMYJISIPHOCTI 1 aKTHBHO BUKOPHCTOBYIOTHCS
pu 1MOoOY/I0BI CUCTEM IMIATPUMKH NPUHHSATTS pillleHb Y
PI3HUX MPEIMETHUX 00JIACTsIX.

Meta craTTi - po3poOKka HMOBIpHICHHX MOJeNei
MIPE/ICTaBIICHHS 3HaHb MPO aBapiliHi CHTYyallii B MOIBOTI
3 BUKOPHUCTAHHSM 0al€CiBCHKIX MEPEK.

AHani3 ocTaHHIX JocaikeHb i myOaikaniii. B
poborti [2] mpomnonyetsest CIIIIP aBiagucmeTuepa, B
SIKIH 3aCTOCOBYIOTHCSI HEHPOHHI Mepexi /sl BU3HAYCH-
Hsl piBHS OTEHLIWHOTO 30UTKY MpU BUOOPI MEBHOI aJib-
TEpHATUBH 3aBepIIeHHs NonboTy. OHaK Ha BiIMIHY BiJ
3aIpoIOHOBaHOI MOZETI Ha OCHOBI HEHpOMepexi, IO
BIIHOCHTBCSA N0 Kiacy "JOPHHMX CKPHHBOK" 3acTOCY-
BaHHS 0ail€CIBCBKUX MEpEeX MpU MOOYAOBI MoeieiH
JIO3BOJIUTH OTPUMATH 3pO3yMiJe MOSICHEHHS! OJIEpyKaHNUX
BHCHOBKIB 1 Ma€ JIOTI4HY 1HTEpIpeTario.

OCHOBHA YacTHHA

Ilin 0COOMMBHM BHITQJKOM B TIOJBOTI PO3YMIIOTH
CHUTYaIlil0, 1[0 BUHUKAE y BUMAIKY BIAMOBH ()YHKIIiO-
HAJIbHUX CHCTEM IOBITPSHOTO CyJHa YW IMOTPAIUISTHHS
Horo B yMOBH, KOJH JIii eKimaxy OyIyTh BiApI3HATUCH
BiJl BCTAaHOBJICHOTO PEXHUMY IOJBOTY 1 BHACIIZOK SIKOI
BHHUKA€E 3arpo3a Oe3Melli MOBITPSHOrO CyIAHA 1 JIFOIIM,
0 3HaXoiThCs B HboMY [3]. B maHiit craTti po3ris-
HEMO TaKHUH OCOOJIMBUI BUIIAIOK B IOJILOTI SIK BiZIMOBa
JIBUT'YHA Ha MOBITPSIHOMY CY/IHi.

BuHHMKHEHHS Takoro OCOOJMBOrO BUIAJKy B
TIOJBOTI, SIK BiJMOBA JIBUTYHA MOX€ OYTH IOB’S3aHO 3
HACTYITHUMH THIIaMH BiaMoB [3]:

- HecTiika po0oTa JBHUryHa, sKa MOXE OYyTH
CIpUYMHEHA 3MEHIICHHSM TSTHU, HiJBUIIECHHSIM TEMIIe-
patypu MacTuiia, 3HWKEHHSIM TUCKY MacTUIIa;

- 3yNWHKA [BUTYHa, OOYMOBJIEHa IIOBHOIO BH-
TPaTOI TajkBa, BiIMOBOIO CHCTEMH IIOadyi I1ajHBa,
HU3BKOIO SIKICTIO, 3a0pyJHEHHSIM aJINBa;

- py#HYBaHHs JIOIATOK KOMIpecopa JIBHIYHa
BHACJII/IOK TOMaJaHHs NTaxiB, KAMiHHS Ta 1HIIUX Tpe.-
METIB;

- TOXeXa JBUTYHa, sIKa MOXKe OyTH CIIpHYMHEHA
BUTOKOM TaJIMBa, IOMIIAKEM Ta iHIMTUMHU IPUIHHAMH;

- HeJIOKali30BaHe pyHHYBaHHS JIBUTYHA;

- iHII IpUYUHU.

TouHe Ta mpaBWIIbHE BHU3HAYEHHS THITY BiJMOBH
JIBUTYHa MOKe OyTH 37iiCHEHO IO 0araTbOM O3HaKaM,
SIK TIO TIPSIMHUM Tak i apyropsanuM. HaitOinbin xapakre-
PHUMU O3HaKaMH BiJIMOBHU JIBUT'YHA €: 3HIDKEHHS THCKY
MacTWJIa Ta TajKBa, 3HIKEHHS 00EpTiB, MOSBA TPSCKH

JIBUT'YHA, 3MiHa 3BYKY, KPEH Y CTOPOHY ABHI'YHA, SIKHIi
BimMOBHB Tomo0. OIliHKA CTaHY Ta KOHTPOJIIO Mparie3ia-
THOCTI JIBUTYHA 3I1HCHIOETHCS 10 BOYIOBAaHUM IpHUIIa-
JlaM KOHTPOJIIO, CBITOBOIO Ta 3BYKOBOIO CUTHAI3ALIENO.

VY BUNAJKy BUHUKHEHHS BiJIMOBH JIBUT'YHA €Killa)
MOBITPSTHOTO CyJHA JIi€ 3TiHO KepiBHUX JOKYMEHTIB, a
came: KepiBHHITBA 3 JHOTHOI €KCIUTyaTamii JUIsl IEBHO-
'O TUITY MOBITPSIHOTO cy/Ha 1 HacTaHOBOIO 3 BUKOHAHHS
NoNnboTiB y uBUIBHIN aBianii. Komanaup I1C noBuneH
MPUIHATH BiNNOBiJHE PIilIEHHS MIOAO0 MOMJIHUBOCTI I1O-
JIANIBIIIOTO MTPOIOBKEHHS MOJIBOTY.

OcHOBHUMH (paKTOpamH, IO BIUIMBAIOTh HA BH-
3HAYEHHS MOXJTUBOCTI ITPOJIOBXKEHHS IIOJILOTY y BHIIA-
nKy BimMoBu nBuryHa € Tumn IIC (KiJbKICTh JBUTYHIB
(Nygrc ), KUIBKICTh  JOBHUTYHIB, IO  BiJAMOBUIH

( Neidu.ae. ), THII BIIMOBH.

Ha ocHoBi BkazaHmx QakTopiB MoOyIyeMO IpH-
YHHHO - HACIIAKOBY WMOBIPHICHY MOJIEIbh BHU3HAYEHHS
MOXITUBOCTI MPOJIOBXKEHHS TOJILOTY Y BHUIVISII MEpexi
baiieca.

[MobynoBy mepexi Oymemo 3miiicHIOBaTH 3a Ha-
CTYMHUMH NPUHIIUIIAMU:

- KOPEHEBUMH BEPIIMHAMH MEPEXi € THIH BiJIMOB
JIBUTYHA Ha TOBITPSIHOMY CYJHI, a came: 3yITUHKa JBH-
ryna (3/]), noxexa neuryna (I1[]), Hecrilika pobora
neuryHa (HPJI), pyiinyBanns reunta (PI), a Takox
(axTopH, IO BiAHOCATHCS Oe3rocepenHbo A0 TOBITPS-
HOro cynHa, a came: kutbkicth asurysiB I1C (K/) Ta
KiJIbKicTh pobounx asuryHiB(KP/I);

- JTUCTKOM MEpEeXi € BeplIMHa, IO MO3HAYae pi-
LIEHHS, SIKe MOXKe OyTH NPHUHHATE BHACITIIOK peaizarii
CHUTYaIlil BiIMOBY JBUTYHA.

JlomaTkoBO HEOOXiTHO BU3HAYUTH KiTBKICTH MOX-
JIMBHUX 3Ha4Y€Hb ISl BCIX BEPUIMH MEPEeXi:

- IJs BEpIIWH, IO BifOOpa)KaroTh TUIU BiJMOB
JIBUT'YHA TaKuX TepMiB Oyne aBa ("eiomosea nposeunacy"
i "6iomosa ne nposisunace"),

- U BEpIIMHH, IO BiMOOpa)kae KiJbKICTh TBU-
ryniB [IC (K1) Ta KinbkicTh poOOYMX JBHUT'YHIB TaKHUX
tepmiB wotupu ("1", "2", "3", "4");

- Ous BepUIMHM, IO BifoOpa)kae MpuiiHATE pi-
LIEHHS MO0 MOXIIUBOCTI TPOJOBXKEHHS IIOJNILOTY
(MIIIT) 6ynme mBa Tepmu: "llpodoedicenns nomvomy”,
"Bumywena nocaoka”.

I'padoBa Mozenp npencrasieHa Ha puc. 1.

VY BumagKy NpUHAHATTS pPIlICHHS BUKOHAHHS BH-
MYIIEHOI MOCaJKd MHOKHHOIO JIOCTYITHHUX — aJibTepHa-
TUB € HACTYIHI: TIOCaJKa Ha HAMOIMKIOMY aepoIpoMi i
mocajika Ha MaiilaHuuK.

Po3risiHeMO YMHHUKY, sIKi BIUIMBAIOTh Ha HACIi-
KM BUKOHaHHS MOCAJIKU JUIs KOXKHOI 3 BKa3aHUX abTe-
pHatuB. J{ns BUNaaKy mocaaky Ha aepoJpoMi Ha ToTe-
HINHHI Hachiaku (30MTOK) OyayTh BIUIMBATH HACTYIIHI
YUHHUKH:

- TEXHIYHA MPUJATHICT A€POAPOMY;

- THII aepOAPOMY;

- METEOMiHIMYM aepoapoMYy;

- MIPUAATHICTH aePOJPOMY 32 METEOYMOBAMH;

- nocBix KIIC.

MOXIIUBHI 3JIUB TAJBHOTO Ui 3a0e3IeyeHHs
HEeoOX1THOT IT0CaAKOBOI MacH.
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Konmponb kocmiunozo ma nogimpanozo npocmopy

Hecriiika po6ora
JIBUT'YHA

[loxerxa nBuUryHa

3ynuHKa ABUTYHA

PyitnyBanHs rBuHTa

PimeHHs1 1010 MOKJIMBOCTI
TPOAOB KEHHS MOJbOTY

KinbkicTb ABUr'YHIB
Ha [IC

Kinbkicts pobounx
neuryHis Ha [1C

Puc. 1. MOL[GJ'[B BHU3HAYCHHS MOXKJIUBOCTI IIPOJIOBXKEHHS ITOJILOTY

PosrisiHeMo Ol eTanbHO BKa3aHi YMHHHKH.
Texuiuny npudamuicme aepoopomy (TIIA) Bu3Haya-
I0Th. CTaH MOBEPXHi 3JiTHO-IocankoBoi cmyru (3I1C),
BianoBiaHicTh n0BxUHU 3I1C HeoOXIiaHIN HOBXUHI IS
JITAHOTO THITY TOBITPSHOTO CyJIHA, OCHAILICHHS Ta CIpa-
BHICTh PaJiOTEXHIYHUX 3acO0IB IOCAJIKH, HASBHICTH
pemMonTHHX poOiT Ha 3[IC Ta MOXKJIMBICTh i 3BiIbHCH-
HSl.

B 3anexnocTi Bix Trny aepoapomy noBepxHs 3I1C
MOXe OyTH IITy4HOIO ab0 IPYHTOBOIO 200 MaTh o00uBa
tunu 3IIC. YmoBu ransmyBanHa IIC Ha HOKPUTTAX
mrygHoi 3[1C xapakTepu3yeTbesi BENUUUHOIO Koedilli-
€HTa 34YEIUICHHS, TOBUIMHOIO 1 BUIOM aTrMoc(epHHX
omaiB (CHIT, Boma, oxeneauns) [4].

[Ipu BiXWieHHI BiJ HOPMATUBHHUX YMOB ITOCajKa
Ha LITY4YHY 3JIITHO-TIOCAJIKOBY CMYTy 3a00pOHSETHCS
[4]. TpyHTOBI aepoapoMy B HENOTOAy "PO3KHCAIOTH",
IO YHEMOXIIMBIIIOE iX eKCIUTyarariro. MOXJIHBICTh
excrutyarariii rpyaToBoi 3IIC 3amexuTh Biag MIITHOCTI
IPYHTY, MIIHOCTI ¥ TOBUIMHH CHITY, 3HAa4€HHS SKHX
3anexarts Bix tumy [1C [5].

HeoOxinna anst nocanku nosxuHa 3I1C 3anexuth
BIJl TAKUX YUHHUKIB:

TaKTHKO-TEXHIYHUX Xxapakrepuctuk [IC (tumy
JIBUT'YHA, TIOCAJKOBOI MacH);

METEeOyMOB (TeMIepaTypa MOBITpsl, MapaMeTpH Bi-
TpY, BUAUMICTB);

xapaxrepuctuk 3I[1C (Haxui, cTaH MOBEPXHi);

po3TalnIyBaHHs aepoApoMy (BHCOTa HaJ PIiBHEM
Mopst).

PosrnsiHeMo BUMaiku, KOJMW MOTPiOHA MOBXKHUHA
3IIC nnst mocagku L, 301IBIIyEThCS BiJHOCHO CTaHHA-
prHoi L, [4]:

- 30impmIeHHs mocagkoBoi macu IIC M, ,. Ha
1 ToHY BITHOCHO HOPMATHUBHOL Ly opmnoc — 301IbILICHHS
Ha 100 Mm;

- 301IbIIEHHS TEMIIEPATYpH MOBITPA f,,,Ha 1°C

BiTHOCHO CTaHAapTHOI (¢ =15°C) — 36inbIueHns

Ha 1%;

nos.cm

- HasBHICTh BITPY MOITYTHOTO HANpPSIMKY 31 IIBUJI-
Kictio V;,, =1m/c —36inpmenHs Ha 30 M;

- ¢axTH4HIA BHIMMOCTI piBHIM abo MeHIIH 3a
1000 M — 36inbmIeHHas Ha 15%;

- mokpa 3I1C — 36inbiieHns Ha 15%;

- L, 36inpmyerbes Ha 3% Ha koxkHMH 1% Haxumy

N3pc CMYTH BHU3 Y HalIPAMKY MarHiTHOTO HITSIXOBOTO
kyra nocaaku (MIIK,,.);
- BUCOTi aepojpomy H,,, Hajx piBHeM Mops

o =0 ) 1 M — 36inbmenns Ha 0,00233%.

VYV Bumajnky, sikmio Ha 3IIC BUKOHYIOTBCS JIOBrO-
TpHUBaJi PEMOHTHI pOOIT BUKOPUCTAHHS 11 JUISl MTOCAAKH
HemoxmBe. [Ipu kopoTkowacHux podorax na 3IIC,
HAIPHKJIAA, OYUINCHHS IITYYHUX HOKPUTTIB Bifl THITY,
Opyay i CTOPOHHIX NpeaAMETiB, He0OXiTHO pO3paxyBaTH,
g BcrurHe 3ButbHHTHCS 3IIC 10 mpusemnenns TIC.
Skmio yac, HeoOxiauuii Ha 3BinbHeHHsA 3IIC He mepe-
BHUIIYE Yacy, HEOOXIHOTO Ui TOJILOTY ITOBITPSHOTO
cyaHa 10 aepoupoMy (1., <t 317c )» TO JaHHIT aepo-
JIPOM MO)K€ BUKOPHCTOBYBATHUCH IJIsl BUMYIIEHOI ITOCa-
nxu I1C.

3axix Ha nocaaky asapiiiHoro I1C pexoMeHIyeTh-
sl IPOBOJIMTH 32 TOCA/I0YHUM pajiioJIoKaTopoM, abo 3a
MOCaI0OYHNAM PalioJIOKaTOpOM 3 KOHTPOJIEM MO MPHBIJ-
HUM paJioOCTaHIisAM (32 yMOBU CIIPAaBHOCTI JIaHOTO
ycratkyBanHs) [1-3].

IIpu BimMoBi Ha aepoapomi Bcix PT3 mocaaku B

MO3alITaTHUX TOJBOTHUX CUTYallisX BUKOHYIOThH Bi3ya-
JIBHUH 3axij Ha mocajky [6].
Tun aepoopomy. Ha cxiafHiCTh BUKOHAHHS ITOCAIKH
BIUIMBAE 1 THI aepoapomy. Tak 3a 0COOIMBOCTSMH reo-
rpagiuHOro po3TamryBaHHs aepoAPOMH JIepKaBHOI aBi-
arii YKpaiHu MOauIsroThes Ha [7]:

- aepoapoMu, pO3TallIOBaHI Ha MICIIEBOCTI 3 Iie-
pecideHHM pebe)OM Ta BiIHOCHUMU II€PEBUILECHHIMU
500 M i Ouble y paaiyci 25 KM BiJl KOHTPOJIBHOT TOUKH
aepoapoMy aepoApPOMH;

- TIpCBbKiI aepoIpOMH - PO3TAIIOBaHI Ha BHCOTI
1000 ™ i Ginble HaJ piBHEM MODS;

(H
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- TIAPOaepoIpOMH - CHEIiaJbHO OOJamHaHi Ii-
JISTHKY Ha BOJHIN TIOBEPXHI JUIsl 3a0e3MeueHHs 3JIb0Ty Ta
nocaky aM(iOiiHUX MOBITPSHUX CYJEH.

[TonpoTH B TIPCHKiil MICIIEBOCTI BBaXKAIOTh OJIHU-
MU 3 HalOLIbII CKIIAHUX BUIIB MOJBOTIB 1 HABITH HAMi-
MEHIIIa TOMUJIKA MOYKE MPU3BECTH 10 aBiallifHOT MOii.
Exinmaxk MOBHHEH YiTKO BOJIOAITH MapIIPyTOM, Bpaxo-
BYBAaTH HasBHICTh IIEPEUIKO PI3HOTO THITY, HEJIOMyCKa-
TH 3HWDKEHHS HWKYE MIHIMAJIBHO JOIMYyCTHUMOI BHCOTH,
BpaxoBYBaTH TOTOJIHI YMOBH: 3HIDKEHUI aTMOc(hepHHit
THUCK, TEMIIEpPaTypy, CTOKOBUH BiTep, a TAKOXK 30HH He-
cTilikoi poboTH 3aco0iB 3B°s13Ky Ta PT3.

Memeominimym aepoopomy. Jlna 3abe3medeHHS
HEOOXiTHOro MiHIMyMY aepoJpOMy BiINOBITHUN Ha-
npsimok 3[1C moBuHeH OyTH oOnagHaHUK PaioCBITIO-
texHiuHMM oOnagHaHHsAM (PCTO) y cramionapaoMmy
ab0 pyXOMOMY BapiaHTi BiIIOBIIHO MO CKJIATy paiio-
TEXHIYHOTO O0JIaJHAHHS aepoJApOMY JepKaBHOI aBiamii
VYkpainu [6].

B 3aiexHOCTI BiA CKIaay paaioTeXHIYHOro 00Ja-
JTHAHHS aepOIPOMH TOJUIAIOTh Ha Kareroposasi (1, 2,
3 kaTeropisi) Ta HeKaTeropoBaHi, oOiazHaHi 3acobamu
MOCAIKH.

Tpuoamuicmo aepodpomy 3a nO20OHUMU YMOBA-
Mu. AeporpoMoM, PUIATHUI 332 MOTOJHUMH YMOBaMH
(weather-permissible aerodrome) 3rigHo [7] BBaXkaeThCs
aepoJIpoM, Ha SKOMY IMPOTATOM IepedadyyBaHOro 4acy
BUKOPHCTaHH, (pakTUYHA 1oroja abo mporHo3u, abo ix
KOMOiHaIliT BKa3ylOTh Ha Te, IO MOTOHI YMOBH OYIyTh
Ha piBHI 200 BHII BiJi HEOOXiTHOTO EKCILTyaTaliifHOro
MIiHIMyMY, Ta TIOBiZIOMJICHHS ITPO CTaH MOBEPXHIi 3J1iTHO-
MOCaJKOBOI CMYTH BKa3ye Ha MOXIIUBICTh O€3MEUHOL
MOCAIKH.

MeteoMiHiMyM B aBiallii — 1i¢ MiHIMaJbHI 3HAYCH-

Hsl BUCOTH HIDKHBOI MeXi XMap /1, 1 TOpPU3OHTAIbHOL

BUAUMOCTI V , NIpH SKUX MOXXJIMBE BUKOHAHHS 3JIETIB,
MOCa/IOK 1 MOJBOTIB 32 MapuIpyToM. BcTaHOBIIOETHCS
OKpPEMO TSI aepOJPOMY, JJIs THITY IOBITPSHOTO CY/IHA 1
s minotiB [3]. st aepompoMy METEOMIiHIMYM MOXKe
BCTaHOBJIOBATUCS  OKPEMO ISl  Pi3HUX  3JITHO-
MOCAIOYHUX CMYT 1 JUIsl Pi3HUX CXEM 3aX0/y Ha Iocaj-
Ky. Jns aeponpomy i aist THITY TOBITPSIHOTO CyITHA MO-
KYTb OyTH OJHOYAaCHO BCTAaHOBJICHI pi3HI METEOMiHi-
MyMY B 3QJI©KHOCTI BiJI CIIpaBHOCTI a00 HECHpaBHOCTI
BUKOPHCTOBYBaHMX CHCTEM 3a0e3leueHHs] IMOJbOTIB
(cBITJIOCHTHANIBHI TP Ta anaparypy 3B’sS3Ky, pa-
JIOMAasIK¥, HaBiTaIliiiHi IPUIaan TOIIO).

OTKe TIpU OLIHII MPUIATHOCTI aepOAPOMY 3a II0-
TOJHUMH YMOBaMH HEOOXIJHO NMPOBECTH OLIHKY HACTY-
THUX (PaKTOPIB:

- HasBHOCTI
asumt (HMSA) kg s

- BIAMOBIMHICTH BUCOTH HIKHBOI MEXI XMapHO-
CTi hypy 1BUAUMOCTI V' BCTAHOBJIEHMM MiHIMyMaM;

HeOe3NeYHUX  METEOPOIOTi YHUX

- BIAMOBIOHICTH ()aKTUYHUX: MOMYTHOI, 3yCTpid-
HOi 1 OOKOBOI CKJIAZIOBUX BITPY YCTAHOBJICHHM TI'DaHHY-
HO JIOITyCTUMIM;

- CTaHy IMOBEPXHI 3JIITHO-TIOCAIKOBOI CMYTH.

Jlo HeOe3meYHnX METCOSBHUIN, IO BIUIMBAIOTH Ha
MOJKJIMBICTh OE3IIEYHOTr0 BHKOHAHHS IOCAJKH, BiIHO-
CATh HACTYIHI [4]: Tpo3a, rpaj, CHiIbHa OOBTAHKA, CHU-

JBHUHN 3CYB BITpY, CHJIbHE oOMep3aHHs, cMmepd, Oype-
Biif, CHJIbHA TIIJIbHA Oypsl, CHJIbHI 3JIMBOBI omaau. Bera-
HOBJIGHMH MIHIMyM KOMAaHAWpa MOBITPSHOTO CyJqHA
3aJICKUTH BiJ KJIaCy KOMaHIUpa.

[Ipy BUHMKHEHHI MMO3AIUTATHUX MOJBOTHHUX CHTY-
amiil mocajka B yMOBaX, HIDKYMX 33 METEOPOJIOTIYHUIH
MIHIMyM, TO3BOJISETHCS [4].

Ilocsio exinaocy. TlpodeciiiHi KOMIETEHINT, T0-
CBiJ, CreliaibHi 3HAHHS, BMIiHHS, HABHUYKH B3a€MOJII 3
MAaIllMHOI0, BHMCOKA BiAMOBIAaIbHICTH € THMH HEOOXiJ-
HUMU SIKOCTSIMH, 3aBISIKH SKUM ITJIOT MOXE YCITIIIHO
BHUKOHYBAaTH IPOTrpaMy MojboTy. BkazaHi sIKOCTI 103BO-
JISIFOTH MJIOTY KOHTPOIIIOBATH TEXHIYHUN CTaH KOXXHOTO
BYy3Jla MalllMHH, BYaCHO NMOOAYUTH, BIIUYTH HEMOIAIKH
B cucremax [1C, BXUTH CBOEYACHI 3aX0IH IO TIEpeBipIIi
iX cTaHy, BUKJIIOYMTH MOXKJIMBI HECBO€YACHI Jii Koyer
MO eKimaxy i He MPOMYCTHTH iX MOXIIUBI ITOMUIIKH,
napupyBaTH HeOe3leyHi CHTYyallii, 10, B CBOIO 4epry,
JTO3BOJIMTH 3MCHIIIUTH BUHUKHEHHS 1HIIMICHTIB Y IOBI-
Tpi.

B 3a1e:KHOCTI BiJl CIICIiaIBHOCTI, PIBHS ITirOTOB-
K4, JOCBiIy poOOTH 0co0aM JBOTHOTO CKJIaay B BCTa-
HOBJIGHOMY TIOPS/IKY HAJAETHCS KJac i BUIAETHCS Bif-
MOBIIHE CBiJIOIITBO, IO MiATBEPKYE BIAMOBIAHUN pi-
BeHb TpodeciiiHoi miaroroBku. IIpucBoeHHs Kiacy
3IIMCHIOETECS B 3aJI€KHOCTI Bij KIJIBKOCTI TOJAWH Ha-
JBOTY, KyIH, Y TOMY YHUCIi. BXOJSTh KIJIbKICTh TOIUH:
CaMOCTIIHOTO HaNbOTy, IOJALOTH IO TpHIaJaM Ta
MTOJILOTH BHOMI.

3nu6 nanvnozo. TloBiTpssHOMY CyIHY B aBapiiiHii
cUTyalii MOXe 3HaJOOUTHCS 3JIMTH TajibHe Ui 3a0e3-
TeyeHHs1 HeoOXiaHoi mocaakoBoi Macu. [Ipu Bu3HaUeH-
Hi 30HU 3JIMBaHHS NaJUBa HEOOXiHO YHUKATU I'yCTOHA-
CeJIeHNX PalioHIB, a TaKOX PalOHIB, B SIKHX IO METEO-
3BEJICHHSIM HasBHI a00 OUiKyIOThCS Tpo3u. Mapuipyt
MOJILOTY MO MOKJIIMBOCTI HEOOXiMHO MPOKJIAIaTH BiJ-
CTOPOHB MICT Ta CeNuIll, 0a)kKaHO HaJ BOJHUM MPOCTO-
pom.

3nuBatu nanuBo MoxyTth He Bci Tunu [1C. Binbim
HMOBIpHO Taky MOXJIHBicTh MatoTh Benuki [1C, Hampu-
knan Boeng-767 [4].

BpaxoByroun onucani Buie ¢akropu modyunye-
MO MOEeNb BH3HAUEHHS TOTEHLIIHOTrO 30UTKY s
rmocajgkd Ha aepoApoMi y Buriani Mmepexi baiteca
(puc. 2).

Bu3HaYMMO KiJIBKICTh MOXKJIMBHX TEPMIB IS BCIX
BEPLINH MEPEK.

Ins BepmuH Bionogionicme  0oeocunu  3I1C
(B3IIC), Ilpayeszoamnicme 3acobie nocaoku (I13I),
Hassnicme nebesneunux memeosisuwy (HMA), Bionosi-
onicmo cxnaoosux eimpy (BCB), Texuiuna npuoam-
Hicmb aepoopomy nocaodku (TIIA), IIpuoammuicme ae-
poopomy 3a memeoymosamu (IIAM), 3nue nanvhoeo
(3I1) Taxux TepmiB aBa: "true" i "false".

Bepmuna Minimym aepoopomy (MA) 3rimHo Kia-
cudikauii [6] mae 4 tepmu : "1", "2" "3" "o/x". Bep-
mmHa Tun aepoopomy (TA) 3rigHo knacudikamii [7] Mae
3 rtepmu: "pisnunnuil”, "eipcexuil”, "eiopoaepoopom”.
Bepuuna Tun nosepxui (TI1) mae 0éa mepmu: "epyn-
moea", "wmyuna". Beptmna /[oceio ninoma ([I1) mae
3 TepMH, 3TiHO PiBHIB KJIACHOCTI, IO HAAAIOTHCS MI0-
Ty: NI N’ NZN’ H:))H.
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Konmponb kocmiunozo ma nogimpanozo npocmopy

MerteomiHiMyM
nijgora

Hassuicre HMS

Tun noepxHi

BignosigicTs
nosxunu 3I1C

[panesnarHicth
3aC00iB MOCaIKH

BignosigHicTs
CKJIAJIOBUX BITPY

TexH. npuaaTHiCTh
aepozipoOMYy NOCAIKH

Tun aepogpomy
MinimMyM aeponpomy

Jocsin KIIC

Puc. 2. Mopnens BU3HaYeHHS HOTEHIIHHOTO 30MTKY IIPH MOCAALI Ha aepOAPOM

IpunaTHicTh acpoapoMy 3a
MeTeoyMOBaMH

3JIMB TAJILHOTO

IoTenuiiinuii 30MTOK NpH
nocajui Ha aepoApoM

Bepmuna - snmctok [lomenyitinuti 30umoxk npu no- 0€3 ITYIHHUX HEPEIIKO/, Ha 3HAYHIH BiJICTaHi Bia Hace-
caoyi na aepoopom (I13aep) Oyme MaTh I’ATh TEPMIB: JICHHUX MYHKTIB, 3 PO3MIpOM, IO 3a0e3MeUye MOCATOUHY
"A" "B", "C", "D", "E", sxi BU3Ha4yeHi 3TiJHO IIKaMd MUCTaHLi0 mis Oyap-sxoro tumy IIC. Indopmarniro

ICAO [8], naBeneHi B Tadu. 1.

Tabnuys 1. —lllkana cepito3nocTi HacTiAKIB

HIkana IKAO
CepiiosmicTs . AsBianiiHi momist
Cryninb
moan
kaTactpogiuHa A aBiarliiHa katactpoda
HeOe3IeyHa B aBialiifHa mojis
3Ha4YyHa C cepio3HHMIT IHIMICHT
HE3HaYHa D IHIUAEHT
MOIist, IO Miisrae
HaJIHU3bKa E AL, Hl AL
PpoO3ciilyBaHHIO

Jlanmi po3risiHeMO BHIIQJIOK TOCAIKH Ha MaiiiaH-
YHK.

Jlns BUMangKy mocaJki Ha MaWaH4YdMK Ha ITOTEH-
uiiiHi Hacuigku (30MTOK) OyayTh BIUIMBATH HACTYIHI
YUHHUKH:

- TPYHAOMICTKICTh IPU3EMJICHHSI;

- CKJIQJHICTh MIPOBEICHHS
pATYBaJIbHUX POOIT;

- THII IIOBEPXHI Mal/laHYMKa;

- JIOCBiJl €KiMaxy;

- TPUIATHICTb MaiJaHYMKa 32 METEOYMOBAMH;

- MOXIIMBHH 3JIMB TaJbHOIO s 3a0e3medeHHs
HeoOX1AHOT 10CaJKOBOI MacH.

MIOLITYKOBO-

LIOJI0 XapaKTEPUCTUKU aepoipoMy Mocaaku abo more-
peIHbO BH3HAYEHHWX MaWJaH4YMKIB JJIsl BUKOHAHHS BH-
MYIIICHOT TIOCAIKH MIJIOT 3a3BUYall OTPUMYE 31 30ipHHKA
aepoHaBiraiiinoi indopmarii, skuii 3HAXOMUTHCA Ha
6oprty IIC [5]. Pekomenmarii 1momo miaoopy MaiaaHIu-
Ka 3 ToBiTps MicTsatbes B PJIE mist koskHOro THIY JTiTa-
ka. HaliMeHII TpyZOMICTKOIO € mocajika Ha aepoApoMi,
HAKMOUIBII TPYJOMICTKOIO — Ha MaigaH4uKy, migiOpa-
HOMY 3 TIOBITpSI.

Cxnaouicms npogedeHHs NOULYKOBO-PAMYEATbHUX
pobim BU3HAYAETHCS TOYHICTIO BU3HAYEHHS MICI[sSI TO-
CaJikv, BIJCTAHHIO N0 HaHOIMK40i 0a3M TMOIIYKOBO-
PATYBaJNbHUX CHJI, SIKI PO3MIILEHI TINBKA Ha BEJIHKUX
aepoJipoMax, HasBHICTIO ITi 13/iB JJIsl IPUOYTTS MONIY-
KOBO-PATYBaJIbHUX CHJI Ha MiCIIE TIOCAJIKH.

Ha nonepenHpo BH3HaueHWX MaiaHYMKax TOY-
HiCTh BU3HaueHHs Micus npusemienHs [1C 3HauHO 3po-
cTae, 70 TOTO K, MOAIOHI MalIaHYUKA IiAOHPAIOTHCS
000B’SI3KOBO 3 HASBHICTIO i i3/iB 1 3 OJIM3BKUM pO3-
TalIyBaHHSIM 0a3y IONIYKOBO-PITYBaJIbHUX CHI [5].

Tun nosepxni maudanyuxa. Ilinctunaroua moBepx-
HSl MaiJaHYMKIB 3 TOYKH 30pY OCOOJIMBOCTI BUKOHAHHS
BHUMYIIIEHOI TIOCAJKH PO3IUISETHCS HA ITSTh BUIIB [2],
came: piBHUHHA, JIiCHa, TOPHA, BOJIHA, ITyCTENIbHA.

PexoMeH0BaHUMU MiCLISIMHU ITiA00PY MaiJaH4YMKIB
JUTSL JTITaKiB 3 KOJIECHUM IIIACi €: JIYT 3 HEBUCOKOK POC-
JIUHHICTIO, 00OpOOJIIOBaHI 3eMJTi TICIsA KOCOBHIII 3JIaKiB
(cTepHs1), 3acisHe JIIOIEPHOIO a00 KOHIOUIMHOIO MOJIE,
BHCOXJII 03epa a MyCTeNbHI MICLIEBOCTI, PiYKOBI KOCH,

Tpyoomicmxicmeb npuszemiienns 3aJI€KUTh Bl TUITy 3amep3ii o3epa, CTaBKH, piuku. Takok mpu migdopi
MaiiiaHuuKy (IIOmepeaHbO BU3HAUYEHHI a0 miaiOpaHuii 3 MallaHuuKa 3 TOBITPS CJIiJl YHUKATH TaKUX MICIb, SK
MOBITPs), a TaKoK mpoinpopmoBanicTi mijota IIC 11010 AUISHKH JYTy 3 SCKPaBO-3€JIEHOI0 T'yCTOI POCIUHHIC-
MICIIS TOCAIKH. TIO, TIOJIMBHI TIOJISl JIFOIIEPHU, IIIIAHI KOCH MICNs Cria-

B 30ni YIIP nepenbauarorbes momnepesHbo BU3HA-
yeni Maiiganumky, Bigomi KIIC 3 BIILHMMH BiJ BHCOT-
HUX TIEPEIIKON IiIXOJaMHU, 3 PIBHUHHOIO MOBEPXHEIO

JTaHHS MaBOJKOBOI BOJIU a00 BUIAJaHHs OIAJiB, OO
Ha piykax i 03epax, COJOHYAKH IICIsA OmajiB. BmiTky i
BOCCHH 3a CTAaHOM IPYHTY CJiJ BiIJIaBaTH IepeBary
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TJSTHKaM 3 HEBUCOKOIO POCIMHHICTIO, TOJISIM 31 CKOIIIe-
HUM TpaBocToeM. OcoONMBY yBary 3BepTaTH Ha OJHO-
pinuuii GoH 3abapBileHHS] MalaHUMKIB: SKIIO BHUILIS-
I0ThCSL TUISIMH 3 TYCTO 3€JI€HHM 3a0apBIICHHSIM, 1€ BKa-
3y€ Ha pi3Ke 3HIKCHHS IOBEPXHI MalIaHUWKa 1 3HU-
YKEHHSI MIITHOCTI IPYHTY.

JlocBin miymora, MPUAATHICTE MalIaHYHMKA 32 Me-
TEOYMOBAaMH, MOKIIMBHH 3JIMB MAJBHOTO JUisi 3a0e3re-
YeHHsT He0OXiJHOT T0CaKOBOI Macu OITMCaHI BUILE MPH
OMKCI TOIEPETHBOI MOJIEITI.

[Mobynyemo wmopenb BU3HAYEHHS NOTEHIIHHOIO
30UTKY IS MOCAaJKd Ha MaHJaHYMK BUTJIAAI MEpPEexi
Baiieca (puc. 3). BusHauuMo KilbKiCTh MOXIIUBHX Tep-
MIB Ul BCIX BepIIMH MoOYyAoBaHOi Mepexi. Tak s
BepiuH 1pyodomicmkicme npuzemaenns (T11), Ilpudam-

Tun Maiimangrka

Tun noepxHi
MalJJaHuIHKa

JlocBin mijora

3JIMB TAJILHOTO

IndopmoBanicTs

misora po MIT

TpynomicTKicTh
MPU3EMIICHHS

[orenuiiinnii 30MTOK NpH
nocajaui Ha MalJaHYMK

Hicmb matioanyuxa sa memeoymosamu (IIMMY), Ingo-
pmosganicme ninoma (II1), 3nue nanvuoeo (3I1), Hases-
nicme  HMA (HMA), Memeominimym O0ns nocao-
ku(MMTII), Bionogionicme cknadosux eéimpy (BCB) Te-
pmiB Oyne nBa: "true" i "false". Bepmmna Joceio nino-
ma ([[I1) mae 3 TepMu, 3riJHO PiBHIB KJIACHOCTI, IO
HaJarThes mitoty @ 17, "2", "3". Bepumna Tun nosep-
xui matioanyuxa (TIIM) mae w'sTh TepMiB: "pienunna”,
"nicna", "eopna", "soona”, "nycmenvna”. Bepmmuna Tun
manoanyuxa (TM) mae naBa tepmu "Matioanuux, nioi-
opanuil 3 nogimps" i "Busnauenuti mauoanyux ",

BiamosinHo gepuHa - nucTok [lomenyitinuil 30u-
mox npu nocaoyi va maudanyuk (I13maiio) 6yne Matu
mw’ste TepMmis: "A", "B", "C", "D", "E", anHanoriusi
Tabm. 1.

MereoMminiMym
JUISL TIOCATKH

BignosigHicTs
CKJIJIOBUX BITPY

[punatHicTe MaiiiaHunKa
32 METEOYMOBaMU

CkJ1aiHiCTb TIOLIYKOBO-
PATYBaJIbHUX POOIT

Puc. 3. Mopzens BUu3HaYeHHS OTEHIIHOT0 30MTKY IIPH NOCAALI HA MaiiTaHInuK

Jlanmi posrisHeMo JIOTiuHYy cXeMy OaHeciBChbKOro
MiAX0Ay Ta MOPSIOK 3aJaHHs BepuH mepexi [9, 10].
Hexaii B Mozieni IpeACTaBIeHHs 3HaHb ICHYE S-MipHUI
BEKTOp IIapaMeTpiB

©=(0,,0,..0,)

1 3a/1a4€l0 eKcliepTa € BH3HAYEHHs HaWKpamoi, B je-
SIKOMY CEHCI, CTaTHCTHYHOI OLIIHKH JIaHOTO TapaMmeTpa

© 10 BXigHNM k -MIpHUM CIIOCTEPEKEHHSIM
Yoo (0 @ oY i,
= ,i=L2.n.

BatieciBchKkuid ITiAXi BUKOPUCTOBYETHCS SIK OJUH
31 crmocobiB (opmaizamii HACTYMHOTO TBEPKEHHS:
CTYMiHb HamIOi PO3yMHOI BIIEBHEHOCTI LIOZAO JAESKOrO
TBEp/PKeHHS (HANPUKIIAJ YMCIIOBOTO 3HAYCHHS HapaMe-
TpY, IO IIKaBUTh €KCIepTa) 301JbIIYEThCS 1 KOpery-
€TbCS TIO0 MIpi 3pocTaHHS 1 MONOBHEHHS iH(oOpMarii

CTOCOBHOTO SBHINA 200 MPEIMETHOI 00JIACTI, IO TOCTTi-
Jokyetses [10] .

MoxiuBo0 (QOpMOIO iHTeprperTanii BKa3aHOro
BHIIIE TBEP/DKEHHS € HACTYITHA: 31 30UTBIIEHHSIM 00’ eMy

BUOIPKHM 7, HA OCHOBI K0T OyayeThCs olliHKa @), , 30i-
JBINYETHCST Mipa iH(opMalii, SIKOI0 MH BOJIOAIEMO MPO
Hei 1 Hallle 3aKII0YeHHs CTae OUIbII OJIMXKYUM JI0 1CTH-

HU (B CCHCI CXOIUMOCTI HMOBIpHOCTEH @n bi (o) @).
Besmnocepenubo OaiieciBehbkuid croci® oreparioHasiza-
1ii mependavae B OCOOIMBOCTI: BUPAKEHHS "CTYIICHIO
Hamioi PO3yMHOI BIEBHEHOCTI" B CIPaBETHBOCTI Jie-
SIKOTO TBEPDKEHHS y BHUIJISIII HMOBIPHOCTEH, a TaKoXK
3aCTOCYBaHHSI OJIHOYACHO iH(pOpMalii IBOX THIIIB: arl-
piopHOi 1 iH}OpMaIllii, M0 MICTUTBCS B CTATHCTHYHUX
nanux [1, 8].

AnpiopHa iH(popMalist IpeICTaBIsIEThCS Yy BUTIISII
JIESIKOT0 arpiopHOTro pO3MOALTY HMOBIpHOCTEH HEBino-
MOT'0O MapaMerpy, 10 aHaJI3yeThCs 1 SIKUH OIUCYE CTY-
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iHb BIIEBHEHOCTI SKCIEPTa, IO IICH mapaMerp IpuiimMe
NIeBHE 3HAUYEHHS IIe JI0 NOYaTKy OTPUMAaHHS BUXiTHHX
CTaTUCTUYHHX JaHuX. [0 Mipi HaIXOPKEHHSI CTaTUCTH-
YHUX JaHUX LeWd PO3MOALT YTOUYHIOETHCS (TIepepaxoBy-
€TBCS), TIEPEXOJISTUN BiJl allPiOpPHOTo 0 arocTepiopHO-
r'O pO3MOJiNy, BAKOPUCTOBYIOUH TIPH LLOMY (OpPMYITy
Baiieca:

P(4;\B) = NP(AI')'P(B\A") . (1)

D P(4;)P(B\ 4;)
i=1

[Tpu npomy nependavaeThbes, Mo MOl B Mae He-
HYIbOBY MMOBipHicTh (P(B)>0),a A,A4,...Ay ckia-
JIAIOTh TIOBHY CUCTEMY TTOJiH.

OriHKa 3Ha4YeHHsI MapaMeTpiB 3TiHO OaifeciBChb-
KOIO METOIY IpEACTaBiIsie COOOI0 IOCTIJOBHICTh Ha-
CTYIHHUX KPOKIB!

1. OTpuMaHHS anpiopHHX BiOMOCTEH 100 ma-

pametpy O (ampiopuuii posnoain p(®)).
2. OTpUMaHHs BUXIJHUX CTATHCTHYHUX JaHHX

X1, Xy Xy
3. PospaxyHok QyHKIIT IpaBaonoaiOHOCTI
L(X|,X5.. Xy /0©).

4. Po3paxyHOK amocTepiopHOro po3MOJiTy Mnapa-
MeTpy O :

PO/ X, Xy Xy).

5. OTpuMaHHS 3aKJIIOYEHHS LIOJI0 3HAYEHHA Ma-
pametpy © (ToukoBa abo iHTEpBaJIbHA OIlIHKA).

OTpuMaHHs anpioOpHUX BiIOMOCTEH 0a3yeThcs Ha
BHUKOPHUCTAHHI TOMEPEAHBOTO JIOCBiAYy. AIpiOpHU ma-
paMeTrp TNpPEeNCTaBISETHCS Yy BUTJLIAL JEsKOi (YHKINT
p(©), sxka y BUNAAKY TUCKPETHOrO MapaMeTpy 3aja-
€TBbCSl Y BHIJIAI MMOBIPHOCTI, a y BUNAIKy Herepe-
PBHOTO napamerpy — QYHKII€IO IUTBHOCTI PO3MOIINY B
Toumi O .

Buxigni nani Xj,X,...Xy HOPOIKYIOThCS 3TiIHO
3aKkoHy posmnofiny WmoBipHocTi f(X/®)i € dyHkuiero
[IIJIBHOCTI BUIIAKOBOIL

HWMOBipHOCTI BEITMYUHU

T
gz(g(”,g(z)...g(k)) B Touli X JUIi HeNepepBHUX

rapameTpiB 1 IMOBIpPHICTIO IS TUCKpETHOT C .
®OyHKIis MPaBIONOAIOHOCTI BU3HAYAETHCS 3T1THO
BUpa3y:

L )
= f(X,/©)-f(Xy/ O).....-f(X,,/ ©).

ArniocTepiopHH pO3IOIINT PO3PAaXOBYETHCS 3a J0-
nomororo Gopmynu baiieca (1) i Mae HacTynmHUU BU-
T

p(@/ X] ’XZXN) =
jL(Xl,Xz...XN /©®)- p(®)d®

JI71s1 BU3HAYCHHS TOYKOBHX 1 IHTEPBAJIBHHUX OIIHOK
BHKOPHCTOBYIOTH aITOCTEPiIOPHHUH PO3IIOILT

PO/ X, Xy Xy).

JIJis TOYKOBHX OIIHOK KOPHCTYIOTHCS CEPEIHIM
a00 MOJI010:

Ocep =E(O/ X}, X,.. Xy) =

~ . “4)
=j@~p(®/xl,xz...XN)d®

(:)Moa =arg mgx 13(@/ X1, X5..Xp) . (5)

[Tpu moOynoBi GalieciBCHKOro IOBIpUOTO iHTEpBa-
ay 3a BUpasoM (3) po3paxoByTh  (YHKINIO
p(®/X|,X,..Xy) anoctepiopHOro 3aKOHY PO3MOIiIY
napamerpy ®, a MoTiM BH3HAYalOTh 2 TOYKH LBOIO 3a-
KOHY (TIpaBa i JliBa MeXa IHTepBaITy):

By +1 1-F

100- 100- ,
2

ne Ry —3anaHa noBipda HMOBIpHICTS.

Peanizamiro 3ampoITOHOBAaHUX MOJEICH TOMIIBHO
BHKOHYBATH 3a IOIIOMOTOK) TEXHOJOTii HMOBIpHICHOTO
nporpaMyBaHHs. VIMOBIpHICHE NpOrpaMyBaHHS — Iie
PEe3YABTATUBHUIA TPOTPECUBHHUNA IMiJIX1J, SKAH BOJOIIE
BEJIMKOI0 BUPA3HOIO MIIIIIO, 38 PaXyHOK BHKOPUCTAHHS
MOB TpOrpaMyBaHHs, IOBHHX 3a T'lopurrom. Momy
BJIACTHBI:

- BHIDKCHHH PiBEHb BXiJHUX 3HAaHb, 3aBMISKH 3aCTO-
CyBaHHIO 0a30BUX PO3IOBCIOKEHUX MOB MpOrpamy-
BaHHS;

- aBTOMaTH3allis aJrOPUTMIB KWMOBIPHICHOI'O BH-
CHOBKY;

- MOKJIMBICTh BKJIFOUATH HAIHCAHUH KOJ B KOJI
OyIb SIKHX JIOAATKIB, 110 PO3POOIISIOTHCSL.

Ha nmanwmit gac icHye Ta po3poOIIsiEThCsl BENTUKA Ki-
JIBKICTh CHCTEM HMOBIPHICHOTO MMPOTPaMyBaHHS, B TOMY
yuCii 1 g podboTtu 3 Mepexkamu baiieca. Cepen MHO-
YKMHU TPOrPaMHUX 3aC00iB, sIKi TO3BOJISIOTH peaji3yBa-
TH Taki Mepexi ciia Biamitut Figaro - cucremy iimo-
BIpHICHOTO TIPOrpaMyBaHHs, 3 BIAKPUTUM BHXIiJIHHM
KOJIOM, sika po3pooiseThes 3 2009 poky. PeamizoBana y
BUTJIsIII Oi0ioTekn Ha MoBi Scala.

3aBmsiku 3acrocyBaHHIO Scala, Figaro BimmoimHO
OTPUMYE psJ TIepeBar, OfiHi 3 SKHX MMOB’sI3aHi 3 3aCTO-
CYBaHHSM MOBH 3arajibHOro MpU3HAYEHHS, a iHIN - 3
cnenugikoro camoi MoBH Scala. Cepen Takux IepeBar €
HacrynHi [11]:

- 3aBIsKM peanmizanii 6i0miorek Ha Scala iioro mo-
»KHa 3aCTOCOBYBATH B IpOrpaMax, 10 HaIHMCaHi Ha MO-
Bax Scala, Java, 110 crpoiye Horo iHTErpariro 3 J0aaT-
KaMH.

- Scala - cyuacHa mporpecuBHa MOBa IpOrpamy-
BaHHS, IO BOJIOJI€ O€3JTIY4l0 KOPUCHUX 3acO0iB IS
oprasisarii nporpam, To0TO Kopuctytouuch Figaro, Bci
1Ii 3aCO0M € B PO3MOPSHKEHHI KOPUCTYBaya.

- HasBHICTh MOBHOTO HA0OpY aJTOPUTMIB HMOBIp-
HICHOTO BUCHOBKY.

ITo cyri, cTBOpeHHs HMOBIpHICHOI Mopeni mpen-
cTaBisie COOOI0 TPOLEC HANWCAHHS IPOTrpaMu, IO
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OB’ A3Y€ BCi €IEMEHTH, BpaXxOBaHi B MOJICNI Ha 00’ €KT-
Hill a00 (yHKIIOHAIBHIH MOBax MPOrpaMyBaHHs 3 BU-
KOPHCTaHHSIM HMOBIPHICHOTO Ta JETEpPMiHOBAHOTO
3B’SI3KIB.

BucHOBKH i HAMPAMKH MOAATBIIHX
JOCTiIKeHb

B crarti mpoBeneHO aHaji3 Takoro OCOOJIMBOTO
BHUIIA/y B MOJNKOTI SK Bi]MOBA JBUTYHA HA MOBITPSHOMY
CyJTHI.

BuzHaueHO OCHOBHI THUIH BiJMOB, a TaKoX (akro-
PH, 110 BIUIMBAIOTH HA MIPOLIEC IPUHUHSITTS PillIeHHs 10-
JI0 MOXKIIUBOCTI TIPOJOBKEHHSI IOJILOTY B TAaKUX BHIIAJI-
Kax.

[ToObynoBaHo HWMOBIpHICHY MOJIENlb BU3HAYECHHS
MOXITUBOCTI MPOJIOBXKEHHSI TIOJILOTY Ha OCHOBI OakieciB-
CHKOI MEpexXi 3 OIUCAaHHSIM TEPMiB BUKOPHCTAHUX BEp-
IIMH, BU3HAYEHHX B PE3yNbTaTi MPOBEACHOIO aHAI3Y.

[TobynoBaHo OaiieciBChbKi MOAENI BU3HAYEHHS PHU-
3UKYy (ITOTEHLIHHOTrO 30HMTKY) Ui BUKOPUCTAHHS IPH
BHUOOp] anbTepHATHBH 3aBEPILEHHS MONBOTY (MOcajaKa
Ha MaigaH4yuk abo mocajka Ha aepolIpoM) Y BUIAIKY
BHUKOHAHHS BUMYIIIEHOI TOcaaKu. J{Jisi BU3HAUCHHS PiB-
HS TIOTEHLIHHOTO 30MTKY BUKOPHUCTAHO HIKATY CEepio3-
HocTi HachiakiB ICAO.

OnmcaHa JoriyHa cxeMa OaHeciBCHKOTO Miaxomay
Ta TOPSIOK 3aBJaHHS BEPILIMH TaKOI MEpexi.

OOrpyHTOBAaHO BUOIp MPOrPaMHOTro 3aco0y, a came
cUcTeMH WMOBIpHICHOrO mporpaMmyBanHs Figaro mis
mporpamMHoi peaizalii po3pobiaeHux 0aieciBCbKUX MO-
JIeTIeH.

HanpsiMmkoM momanbIIuX JOCHTIKEHb € PO3poOKa
METOJly aBTOMAaTH30BAaHOTO BHPOOJICHHS pIllleHb NpH
BUHHUKHEHHI 0OCOOJIMBUX BUITAJIKIB B MOJILOTI 3 BUKOPHC-
TaHHSAM IO0YOBaHUX WMOBIPHICHHX MOJIENIEH ISl HOro
BuKopucTaHHs 1pu po3podui CIIIIP aBiamucneruepa.
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Development of models of representation of knowledge about emergency situations
for the DSS of an air traffic controller

A. Kolesnyk, V. Pavlenko, V. Zatkhei

Abstract. The object of study in the paper is to investigate the possibility of applying Bayesian networks appara-
tus for constructing models of emergency on the aircraft. The goal is to develop models for representing knowledge about
emergency situations in flight for their further use in the development of the DSS of an air traffic controller. The tasks
are: determination and analysis of factors that affect the decision-making process about the possibility of continuing the
flight in the event of a special case in flight using the example of engine failure; analysis of factors that affect the determi-
nation of the level of risk (potential damage) when performing an emergency landing; construction of probabilistic models
for determining the possibility of continuing the flight and determining the potential damage of alternatives to the comple-
tion of the flight using the Bayesian network. The methods used are: methods of analysis and synthesis of complex in-
formation systems, methods of simulation and statistical modeling. The following results were obtained. Many factors
have been identified that influence the decision-making process in the event of such a special case as engine failure on an
aircraft. A probabilistic model has been built that shows the decision-making process to determine the possibility of con-
tinuing the flight in case of engine failure on the aircraft in flight. Probabilistic models for determining the potential dam-
age for the case of an emergency landing at the airfield and site have been built.The choice of a software tool, namely the
Figaro probabilistic programming system, for the implementation of the developed Bayesian models is substantiated. Con-
clusions. The direction of further research is the development of a method for automated decision making in case of spe-
cial cases in flight using the constructed probabilistic models for its use in building the DSS of an air traffic controller.

Keywords: engine failure, special case in flight, potential damage, emergency landing, air traffic controller.
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PO3POBKA METOAY BU3HAYEHHS ITOJISA BEKTOPIB PYXY 31 3BAXKY-
BAHHSAM BUMIPIB BJIOKIB 305PAKEHHSA

AHoTanisi. Ha cyuacHoMy erari He B OBHi# Mipi JOCIIDKCHO IUTAHHS BIPOBAKEHHS B CUCTEMY aBTOHOMHOI'O YIIPaB-
ninHst BIUIA Mozeneii Ta MeTOZiB CIpAMOBaHUX Ha 00poOKy OJI0KiB 300pa’keHHs Ta ONTUYHOI'O IIOTOKY, 110 OTPUMYETHCS
0€3MIJIOTHIM KOMIUIEKCOM B IIPOLeCi BUKOHAHHS IIOJILOTHOTO 3aBJaHH:. BIpoBa/ukeHHs BKa3aHMX MOJeNel Ta METOAIB
JI03BOJISIE BIIPOBAIUTH i€papXiuHy 00poOKy 300pakeHHs IIOBEPXHi, HaJ[ SIKOFO ITPOBOIUTHCS IOJIIT, [0 3HAYHO PO3IIMPHTH
MOMXUIMBOCTI cucteMu kepyBaHHs BITJIA mono peduiexcuBHoro ynpasiias. IIpeamMeTomM BUBYSHHS B CTATTi € MPOLIECH
pedIIeKCUBHOrO YIpaBiiHHA OE3NUIOTHUMU JIeTAIbHUMU arapatamu. MeTolo crarTi € po3poOka MeTolly BU3HAYEHHS MO
BEKTOPIB PyXy 31 3BayKyBaHHAM BUMIpiB OJIOKIB 300paykeHHs. 3aBAaHHs: PO3POOUTH MOJIENi Ta METOIU CIIPSIMOBAaHUX Ha 00-
POOKy 0J10KiB 300pa’KeHHS Ta ONITHYHOr'O IIOTOKY, 110 OTPUMYETHCS OE3MIIOTHUM KOMILIEKCOM B IIPOLIECi BUKOHAHHS MOJIbOT-
HOTO 3aBJIaHHS. AHaJli30BAaHMMH MOAEISIMH T2 METOJAMM €: MOJIEIIb ONTHYHOrO IOTOKY, aJalTUBHHUI METOJ| TEKCTYPHOrO
aHaII3y JUIsI BUSHAUCHHsT 0COOIMBOCTEH 300pakeHHs, METOJ| 3Ba)KyBaJIbHOI 0OpOOKH OJIOKIB 300paXkeHHS JUIsi BH3HAYEHHS
TI0JIST BEKTOPIB pyxy. OTpHuMaHi Taki pe3yabTaTi. Po3pobneni Mozeni Ta MeToaH, sIKi € 6a3nCHUMH TS pO3POOKH METOY BH-
3HAYEHHSI IIEPEIKO/] Ta AMHAMIYHHUX 00’ €KTiB /uIsl OS3MIIOTHHX JIITATBHAX alapaTiB Ha OCHOBI OJISI BEKTOPIB pyXy. 30Kpema,
PO3po0IICHO METO/] BU3HAYCHHS 110JIs1 BEKTOPIB PYXY 31 3BaKyBaHHAM BUMIpiB O110KiB 300paxkeHHs. Bka3anuii Meron € Gasuc-
HUM JUTSL PO3POOKH METOY BU3HAUCHHS MEPEIIKO Ta ANHAMIYHHUX 00’ €KTIB [UIsl OE3MIJIOTHHX JITAIFHUX arapaTiB Ha OCHOBI
TIOJIsL BEKTOPIB PYXY, 3aCTOCYBaHHSI KOO 3HAYHO PO3ILIMPUTH MOMIIMBOCTI pe(UIEKCHBHOrO yIPaBIIiHHS OC3ITIIIOTHUMH KOM-
IUIEKCaMU TIPY BUKOHAHHI Pi3HOMAHITHUX HOJIbOTHHX 3aBJaHb. BHCHOBKH. BripoBamkenHs B cucremy ympasiiHas BITTIA
MOieJTi Ta METOIIB CIIPSMOBAHHUX Ha 0OpOOKY OJIOKiB 300pa)keHHS Ta ONTUYHOTO IIOTOKY JI03BOJIUTH B IOJAJIBIIOMY BHSBIIATH
MEPeIKOM B peabHOMY 4aci i 3a0e3neuyBaTu Oe3neKy pyxy LUIIXOM BU3HAUYCHHS Ta aHAJI3Y II0JI BEKTOPIB PyXy.

Kar4dosi caoBa: Oe3ninorHuil nitaneHuii anapat, OJI0KM 300pakeHHs, ONTUYHMIL MOTIK, [0JIE BEKTOPIiB PyXY.

Beryn

IHocTanoBKa Mpo0iaeMH y 3araJibHOMY BHUIVIAI.
HaykoBo-TexHiuHHMH nporpec i 1MoB’s3aHe 3 HUM BJOC-
KOHAJIEHHS €JIEMEHTHOI 0a3M iCTOTHO 3MiHIOIOThH iHTEH-
cuBHICTh 3acrocyBaHHs BI1JIA, mOCTIHHO pO3IIUPIOIOTH
00J51acTi BUKOPHCTaHHS Ta 3a/adi, sIKi BUPILIYIOTbCS 3a
JIONIOMOTror0 0e3miToTHuXx KomiuiekciB. Illupoke 3acro-
CyBaHHSI anapaTypyd BHTIOTOBIIEHOI 3 BHKOPHCTaHHIM
Cy4acHOI eNeMEHTHOi 0a3u poOuTh MpoOIEeMaTHIHUM
3aCTOCYBAaHHS ICHYIOHUOTO HAyKOBO-METOIMYHOIO ara-
paty kepyBaHHs BITJIA depe3 HemoBHE BUKOPHCTAHHS
MOXITUBOCTEH 11010 aBTOHOMHOI'O yIpaBiiHHs. Bka3za-
Hi (akTd OOYMOBIIOIOTH HEOOXIAHICTH KPUTHYHOTO
aHaJTi3y BimoMux MeroniB ympasiians BITJIA Ta pospo-
OKy HOBOI'0 HAyKOBO-METOJMYHOIO arapaTy IIoJ0 IbOo-
ro nuTaHHs [1].

AHaJi3 JiTepaTypu. AHaii3 JiTepaTypu IOKa3aB
[2, 3], w0 Ha cydyacHOMY eTami He B TOBHIH Mipi Jocii-
JOKEHO MUTaHHS BIPOBA/KEHHS B CUCTEMY aBTOHOMHO-
ro ymparniansa BITJIA moxeneii Ta METOMIB CHIPsIMOBa-
HUX Ha OOpOOKYy OJIOKIB 300pakeHHsST Ta ONTHYHOTO
MOTOKY, L0 OTPUMYETHCS OE3IMIOTHUM KOMILIEKCOM B
Mpolleci BHKOHAHHS MOJNBOTHOIO 3aBAaHHs. Brposa-
JOKEHHSI BKa3aHUX MOJIeJiel Ta METOJIIB JI03BOJISIE BIIPO-
BaJIUTH iepapXiuHy 00poOKy 300pakeHHsI IOBEPXHi, Ha/l
SIKOFO TIPOBOJIUTHCSI TIOJIIT, IO 3HAYHO PO3LIMPHUTH MOXK-
nmuBocTi cucrtemu kepyBanHs BIIJIA mono pedruexcus-
Horo ympasiinHs. JlaHuii ¢akT TiArHe 3a cobol0 HEoO-
X1IHICTh BJIOCKOHAJICHHS iICHYFOUOTO HaYKOBO-METO Y-
HOT'O arapary, IO 3aCTOCOBYEThCS IS 3[IHCHEHHS pe-
¢rexcuBHOrO ynpasiiaasa BITJIA.

MeTtorw cTaTTi € po3pobka METOAy BU3HAUCHHS
MoJIsE BEKTOPIB PYXy 31 3Ba)KyBaHHSM BHMIpiB OJIOKIB
300pakeHHS.

OCHOBHA YacTHHA

Po3podka meTomxy BU3HAYeHHsI MOJISI BEKTOpIB
PYXY 3i 3BaskyBaHHSIM BUMipiB OJIOKiB 300paskeHHsI.
ONTUYHHI MOTIK SIBIISIE COOOIO MPOLEAYPY OIIHIOBAHHS
SICKPaBiCHO-I'€OMETPUYHUX 3MiH MiX IIOTOYHHM 1 TIOTIe-
penHiM KampaMu. 3MiHH 300paKe€Hb BHKIUKAIOTHCS
pyxoM 00'€KTiB mepesl HEPYXOMOKO KaMeporo abo pyxoM
KaMepud B HaBKOJHMIIHbOMY cepenoBulni. ONTHYHUIMA
TMOTIK — II€ YSIBHHH PYX BUAUMOTO MOJIsI (JBOBUMIPHOTO
PO3IIOALTY SICKPABOCTi), IO CHOCTEPIraeThCs NpPHU PYCi
KaMepH BiTHOCHO 300pa)KyBaHUX 00'€KTiB a00 00'€KTiB
BIIHOCHO KaMmepH. BusHauumo moje pyxy. 3 mi€w Me-
TOI TPUIHUIIEMO KOXHIM TOUIl 300pakeHHS BEKTOP
mBHuAKocTi. Hexail y meBHuit MOMeHT dacy Touka P
300pakKeHHs BiJNOBija€ MeBHil Todli £y Ha MOBepXHi
o0'exra. 1li nBi TOYKM 3B'sI3aHI PIBHSHHAMH IIPOEKTY-
BaHHA. Touka o0'exTa £y TNepeMillacThCs BiTHOCHO
KaMepu 31 IBHAKICTIO Vj . BiamosigHo pyxaeThes i To-
yka 300paxkeHHs. 3a 4yac Of TOUKa IepeMilllaeThcs Ha

BigcTans V0t (puc. 1).

Puc. 1. [TepemitenHs Touku Py 30BHIIIHEOIO CEpeIOBUIIA,
110 BUKJIMKAE TIePEMillIeHHs Bi{OBITHOT
TOYKH P; 300pakeHHS
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SlckpaBocCTi pO3MOIiy PyXalOThCsi pa3oM 3i CIIo-
CTepe)KyBaHMMHU 00'€ekTaMu. B imeani ONTHYHHIA MOTIK
BIMOBIJIa€ BHM3HAYCHOMY paHillie MON0 pPyXy. Aue
MPaKTHKA HE 3aBXKIH L€ MiATBEPIKYE.

Koken kaap BIiJCOMOCIITOBHOCTI  PO3MipOM
M x N mikceniB po30MBA€EThCS HA MHOXKUHY OJIOKIB
1;; . bIIOKH He MepeTHHAIOTHCA 1 MalTh PO3IMIPH nX N

TiKCese, e i, j — KOOpIMHATH [eHTpa Ooka.

[punycTuMo, MO ONTUYHHHN TOTIK HE CWIIBHO Bifl-
PI3HSAETHCS BiJ TOJs pyXy. Tozi MOXHA OLIIHUTH BiJHOC-
HUH pyX, BUXO/S4YH 31 3MiHM 300pakeHHs B yaci. SIckpa-
BOCTI 300paKeHHSI PYXalOThCS pa3oM 3i 00'eKTamH, IO
crniocrepiratotbcs. GakTUYHO MPU OLHIOBAHHI Mapamer-
PIB pyXy HOCIiIOBHOCTEH 300pa)keHb 00'€KTOM JOCIIi-
JDKCHHS € cucTeMa (popMyBaHHS 300pakeHb. Y 3aralib-
HOMY BHIAJIKy JaHa CHCTeMa CKJIaJa€ThCsl 3 MOYaTKOBO-
r0 300pakKeHHs, CepeoBHINa, (PaKTOPiB BILUIMBY, TaTYHKa
1 TIPHCTPOIO MTONIEPEAHBOI 00POOKH 300paKEeHHSI.

ITouaTkoBe 300pakeHHs 3a3BHYAM € AMHAMIYHUM.
SIkm1o BizeokaMepa 3HAXOMUTHCSA HA PyXOMOMY 00'€KTi,
TO OJIep>KyBaHi 300payKeHHsI Pi3HUX KaJpiB MalOTh B3a-
€MHI 3pYLICHHs, MOBOPOTH, 3MiHM MacmrTady Ta iH.
Kpim Toro, Ha mociiIoBHOCTI 300pakeHb TaKOX BIUIH-
BalOTh CIIOTBOPEHHSI ONTUYHUX TPAKTIB, HECTAOLIBHICTD
PO3TOPTOK 3UUTYBAJIBLHUX MPUCTPOIB 1 Je)EKTH BUTOTO-
BJICHHS JAaTYMKIiB, 3MiHA ONTHYHOI IIILHOCTI Cepero-
BHUINA, TypOyneHTHIicTH atMocdepu Tomo. TobTo, one-
pKyBaHi 300pakeHHs MiAJAIOTHCS BIUIMBY Maiike BCIX
CKJIaJIOBHX cucTeMH (POPMYBaHHs 300paxxeHsb [4].

Komn 300paskeHHs1 pyXaroThcsi, O/IHI U Ti XK eneme-
HTH CIIEHU Ha Pi3HUX KaJpaxX MaloTh pi3Hi KOOPAUHATH,
[0 TEOMETPUYHO OIMHUCYETHCA NeHOpMAIIEI0 1 PyXOM
CITKM BIJUIIKIB Yy IIPOCTOpi MpU HEPYXOMil creHi abo
PYXOM €JIEMEHTIB CIIeHU (puc. 2).

VY 3aranbHOMY BHIIQJIKYy CiTKa BiIJTIKIB KOXKHOTO
KaJpy (2, € He NPSMOKYTHOIO, a KPHUBOJIHIWHOMO. 3Mi-
LIEHHsI KOXKHOTO BY3Ja ij CITKU €, BIJHOCHO HOro mo-
noxeHHs Ha O (a00 3MIIIEHHS elIeMeHTa CIICHH Y BY3ITi
ij BIITHOCHO HOTO IONOXKEHHs Ha €);) 3a7a€ThCsl BEKTO-

pom (u,v)il-. CyKyIHICTh TaKMX BEKTOPIB CTAHOBUTH

BEKTOpHE BUIIAJKOBE MOJIE Z = {(u,v)ij tije Q} , 3a71aHe
Ha citii Q. IIpu po3risai HOcTiIOBHOCTI KaapiB OTPH-
MYETbCS BUIAIKOBE ITOJIE {(u,v)l(-;) 1ijeQ,te T} , e
t — Homep Kajapy. O4eBHIHO, IO IPU TAKOMY MOJaHHI
PO3MIpHICTh BEKTOPIB (u,v); (abo (u,v)gj) 30iraeThcs
3 PO3MIPHICTIO CITKH (2.

a — rapaJiesibHe 3MilleHH 6 — 3MIILEHHA 1 HOBOPOT

Puc. 2. Mixkanposa feopMaliist CiTKM 300pakeHHS

MixKaJpoBi HEPETBOPEHHS MOXKHA OIMCATH IO
iHmomy. Hexaii Ko)HE MOJIOKEHHS CITKH PO3IJIAIA€Th-
cs K cucreMa KoopauHat. Tomi MiKKaapoBi MepeTBo-
PEHHS TIOJJAOTHCS K BUMIAKOBI TIEPETBOPESHHS

(V) = S (9) = (f1 s 2 (5Nsos £, () (1)

CHCTEMH KOOpAUHAT (), B CHCTeMY KOOpAMHAT ), 1e
n — po3MipHIcTh ciTku Q. Ilpy BiTOMUX MiXKaJIpOBHX
3MIIIEHHAX (3CyB, MOBOPOT, 3MiHa MacmTady ToIIO),
JUIsl TIOJIETIIEHHSI Omnucy mnepeTBopeHHs (1) 3amaernbes
rapamMeTpuIHO

(uav)xy =f(x9yaa)- (2)

Ha puc. 3 300pakeHO anroput™ OJOKOBOT'O OIli-
HIOBAHHS ONTHYHOTO MOTOKY Ta (DOPMYBAHHS ITOJIS BEK-

TOpIB PYXYy.

34uTyBaHHS [Tonepeus

BusHaueHHS 3cyBiB DopmyBaHHS 101

BIICONIOTOKY OinpTpanis

OIOKIB 300paKeHHS BEKTOPIB

Puc. 3. Anroputm GJI0YHOTO OLIHIOBAaHHS PYXY

JocnianMo oTpuMaHy 3a JIOIOMOIOI0 BiJleOKame-
PH TIOCTIOBHICTh KaJAPiB 300pakeHb, MOMEPEIHBO PO3-
OWUTHX Ha OKpeMi OJIOKH 1 3aJJaHuX Ha PEeryJspHid mpsi-
MOKYTHIH CiTIIi 3 OJJHHUYHHM KPOKOM.

Moneab ONTHYHOTO MOTOKY Ta MOGJ0KOBE BH-
3HAYeHHsI BEKTOPIiB pyXy. PIBHSHHS ONTHYHOTO ITOTOKY
Ma€ 7B HEBIZIOMI KOMIIOHCHTH BeKTopa pyxy (u,v).

[MpunycTuMo ONMM3BKICTH BEKTOPIB PyXy AJIsl BCIX ITiKCe-
JIB 3 OKONUI TOYKH (X, ¥). Toai MoxHa oTpuMaTu OiJib-
LIy KUIBKICTh PIBHSHB IS JIBOX HEBIZIOMHUX. 3aIlpPOIIOHO-
BaHUM MeTON 0a3yeThCs Ha MOJII pyXy, OOYIOBaHOMY Ha
OCHOBI OIIIHOK 3MIIIEHHS HE TOYOK, a OKPEMHX OJIOKIB

Bij , Ha sIKi TIOTIEPEIHBO PO3OUTUI KOXKEH KaJIp BiJCOIO-

CITIIOBHOCTI po3MipoM M x N TiKCelliB

By (1) ={1Cxp>7j50) %4> € By |

i—nl2<k<i+nl2j-nl2<I<j+nl2,

€)

I i, j — KOOpIUHATH IIEHTpa OJIOKa.

Bnoku po3mimieHi NociiI0BHO 3I1iBa HAIpaBo, 3Be-
pxy BHu3. CymapHa mJioma BciX OJIOKiB, IO MOKpHBa-
I0Th BECh KaJIp, AOPIBHIOE ILIONI Kajpy. 3aaya BU3HA-
YEeHHS PYXY 3BOJMTHCSA O TMOIIYKY BEKTOPIB PYXY
(u,v)y- IS KOXKHOrO OJI0Ka Iy-. [TozHaurMo BEKTOP

pyxy 2;,' = (u,v)l_-j. Toni B MOMEHT 4acy ¢+ At SICKpaBi-

cHa (yHKIIis 115t 670Ka B;; TOpiBHIOE:

By(t+ A0 = {1(x; +1,y; +vpst + A0} (4)
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OnrtumanbHa OIIIHKA TapaMeTpiB BEKTOPY pyXy
LIEHTpa OJI0Ka CKIIaJaE:

R n 2
zj=min |Bl.j ()= By (t+A0)| . ®)
Zij J/aXEBij

Orinka (5) 3BOOUTHCA YHCEIBHO 1O ITepariiifHOl
MIPOIICTYPH MiHIMI3aIlil

0= Y |By(t)—Bl~j(t+At)2 : (6)

y,xeBl-j
Poskmanemo Bj;(¢+At) y psin Teiinopa:
dB)(t+At)  dB)(t+Ar)
u; + Vii
dx v dy ¥

Toni MozebHA QYHKIIS cTae JiHIHHOO [5].
[Micns mudepenmiroBadas QyHKINT 0(2);; 3a u,v i

Bl»j(t+At):Bg-(t+At)+

I[OpiBHIOBaHHH YaCTUHHUX HOXiI[HI/IX A0 HYJIA, OTpUMa-
€MO CUCTEMY piBHfIHL JUI1 BUSHAYCHHS OHiHOK napame-

TpiB (u,V);; , sIKi 3a0e31e4y0Th MiHIMYM QyHKUii O

00(z); _ 99);

= =0. 7
ou ov M

9

Hudbepenmirorouu Bupas (7), OTpuMaeMo

n dBO(t+ Af)
5 | (0-ay0sm0) 40 | o
x,yeB; (2.14)
n dBJ(t+Ar)
B, () - By (1 +Ar))| ——— | |=
x,yZE:Bij ( Y ! ) dy

Jlns Bu3HaueHHHA onTuMaibHOro Bexktopy MHK-

~

OHiHKI/I nmapamMeTrpa  zjj BUKOPUCTAEMO BCKTOPHO-

MaTpUYHUHN BUpa3

~ T -1 T
zif = (A Ay) Ay vy, ©)

ne Aii — BU3HAYHUK MATPHII JaHUX VBij(t+At); Yij —

BEKTOP-CTOBIICLb NPABUX YAaCTHH PIBHAHL ABj;;

y=y+e, (10)

J€ & — BCKTOP-CTOBIICLb ITOMUJIKHU MOI[e.]'Ii;

y — BEKTOP-CTOBIICIb ICTUHHUX 3HAYCHb Y.
OUiHKU  zjj,i =1,uun; j =1,.,n € BUMAJKOBUMHU

BEJIMYUHAMH, SKI € CYMOI iCTHHHOTO 3HAYCHHS zj; i

JIeKO0l BUITaJKOBOI IIOMMIIKU Azl-l-
~ T -1 T

zij = zjj + Az

ne (AleAy )_1 AyT -& — BEKTOp MOMMJIOK OIiHIOBAHHS

napaMerTpiB zj; .
Mipoto TOYHOCTI Y CTATUCTHIII € TUCTIEPCisl OLIIHOK
Mozeni. TouHiCTh Ta €(EeKTUBHICTH OI[IHOK 3aJIeKaTh

~

BiJl MipH BHNAJKOBOTO PO3KUAY 3HAYEHb OLIHOK Zzjj
BIIHOCHO ICTMHHUX 3Ha4Y€Hb Zjj - Bona Bu3HavaeThCs

JIUCIIEPCIEI0 1 KOBapIiaIliifHO MaTPHUIIEIO:

012 cov(z1z) ... cov(zz,)
2
o cov(z,z, o cov(z,z
cov(Gy) = (z221) 2 (222,) | (12)
cov(z,z1) cov(z,zp) .. 03

e Ul~2 = D(zjj) — nucnepcis OLiHKY.

Jlucriepciro OLIHKK z;; MOXKHA 3HAWTH SK Aiaro-
HalbHI eneMeHTH Matpuui (12). Bupa3 maTpuii omiHOK
(12), six moka3zaHo y po0oTi [6], MO>)KHA CLIPOCTHTH

~ 2 T -1
cov(zjj) =0, -(4; 4;) .

(13)

T .
ITozHaunmo maTpuilo Ay Ay SIK Gil" Bona TicHO

3B's3aHAa 3 KOBapialiiHOIO MATPHUIEIO, SKA € BHUXIJIHUM
00'€eKTOM JUIS pi3HUX BUAIB 0AaraTOBUMIPHOTO aHaIi3y.

Jucnepcii i koBapiallii OLIHKK z;; MOXYTb OyTH BH-
. .2 T -1
3HaYeHi AK €JIEMEHTH MaTpULl o -(Aij Aij) .

AanTUBHHI METO TEKCTYPHOrO aHAJII3Y JJIs
BHU3HAYEHHSI 0COOIMBOCTEH 300pakeHHs. Bimomi je-
KUTbKa aJTOPUTMIB BH3HA4YEeHHsS OCOOJIMBOCTEH 300pa-
xenHs. Tak, anropurm Lucas-Kanade nepenbauae mo-
IIYK OCOOJMBUX TOYOK 300paskeHHs 3a JOMOMOTOI0 Mart-
putti I'ecce. Jlerepminant MaTtpui ['ecce (reccian) mocs-
ra€ eKCTPEMyMY B TOYKAX MaKCHMAIBHOI 3MiHH Ipali€H-
Ta sickpaBocTi. BiH n0o0pe JerekTye TOYKH, KyTH 1 Kpai
nmiHid. Marpuus ganux G € 1o0yrkoM Marpuip Skobi

BIJITIOBIZIHO 70 BHUpa3y M{VBTVB} =-M {VZB}. B

aCHMIITOTUYHOMY CeHCl aHaii3 marpuli ['ecce BiamnoBi-
JIa€ aHai3y TOOYTKY MaTpHIlb SIK0Oi.

Jiist GinbIn 00'€KTHBHOI OLIIHKH B pOOOTI BUKOpHC-
TOBYBaTUMEMO aHalli3 Ha OCHOBI YHMCiIa 0OYMOBIJIEHHOC-
Ti MaTpuui faHux G . JlaHe 4mCIlo € Mipolo YyTJIMBOCTI
CHUCTEMHU JIIHIHHUX PIBHSHB 10 MOXHOOK 3aBIaHHS BEK-
TOpa TpaBUX YaCTHH DiBHsAHb. YHCIO 00YMOBJIEHOCTI
00YHCITIOETHCS 3a (hOopMyITOrO [S]

cond(G) = “G—‘ H el (14)

e ||G|| — Hopma matpuii G; ”G‘l H — HOpMa 00epHEeHOT

Matpuni G. YuMm Oinbie 4nucio oOYMOBIEHOCTI cond,
TUM CHJIBHIIIIE BIUTMB 1 TUM OLTbIIIe HECTIHKHIA TpPOIeC
3HAXOKEHHS PO3B’s30K. Yucio 00yMOBIEHOCTI MaT-
pHII 3aJeXUTh BiJg BHOOPY HOpPMH. SIKIo Matpuiis
nobdpe o0yMoBIleHa, TO i 4rcio 00yMOBIIEHOCTI Oyne
MaJuM Tpu OyAb-IKOMY BHOOpI HOpPMH, a SIKIIO BOHA
moraHo oOyMOBJIEHa, TO 11 YKCIIO 00YMOBIEHOCTI Oyne
BEJIMKUM TIpH OyAb-skoMy BHOOpi HOpMmu. JloBeneHo,
[0 CTiHKa MOJENb Ma€ 4YHUCIO OOYMOBICHOCTI
cond {1 ... 100}. Ilpu cond Bix 1 no 10 Momens Mae Xo-
porry o0uncITIOBaIbHY cTifikicTb; Bin 10 no 100 — 3am0-
BiJIbHY, TIpH cond > 100 — He3aJ0BIIBHY YYTIHBICT.
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BumiproBaHHs HA3MBAIOTBHCS  HEPIBHOTOYHUMH,
SIKIIIO PE3YJIbTaTH BUMIPIOBAaHb OTPHMAaHO HE B OJIHAKO-
BHX YMOBax 1 iM BIAIOBIZIal0Th Pi3HI AMCIIEpCii, a OTXKE,
i cepenHi KBaapaTW4Hi MOXHOKHU. [y 0OpoOKH Hepie-
HOTOYHUX BUMIpPIOBaHb BUKOPUCTOBYIOTH HOBY Xapak-
TEPUCTUKY TOYHOCTI BHMIPIOBaHHS — Bary BHMipIOBaH-
Hs. J{ns xapakrepuctuku 300paskeHHst abo #oro ¢dpar-
MEHTa BBeJEMO KOE(DillieHT TEeKCTYPOBAHOCTI (TIOKa3HUK
OIIIHKH Yrcia 00yMoBieHOCTI MaTpuili G):

1 M

= X
NM % cond(Gil-)

k

100, (15)

e NM — po3mip obmacri.

3HavyeHHs KoedillieHTa TEKCTYpPOBaHOCTI Kk TII0
BChOMY 300pa)XEHHIO I PI3HUX THUIIB TECTOBUX 30-
OpakeHs (puc. 4), HaBeneHO B Ta0. 1.

OTmxKe mpoueaypa CKIIaeThCs 3 NEKIIBKOX B3ae-
MOIIOB'I3aHUX KPOKiB, OCHOBHUM 3 SIKHX € PO3PaxyHOK
BENWYHMHU k 11l IeBHOI oOxacti. 3a ii 3HaYeHHSIM Mo-
’KHA aJJalITHBHO BU3HAYHUTH MOPIT JJISI IOMUIOK BEKTO-
piB. Ilpu HemepeBuuieHHI mMopora OJOK HEOOXiJHO
po30uTH Ha YOTHUPH OJOKH MEHIIOrO PO3MIpy, BHUKO-
PUCTOBYIOYHM TPUHIMIM ajanTamii s objacred 3i
CKJIQJIHOI0 TEKCTYpOIO abo B 00JacTeil, ¢ MOTOYHHIA
po3Mip OJ0Ka He MOXKE 3a0€3MEeYUTH MPUHHATHHHA Pi-
BEeHb uHcia 0O0yMoBieHOCTI. MiHIMaJIBHUH pPO3MIp
OJIOKY ckilazae 8X8 MmiKCemiB.

Tabnuya 1 — KoediunienTn k npu 6;104HoMy po3ouTTi Ha 0ok 8x8 mikceis

300pax. Chessboard Fingerprint

Cameraman

Karta Baboon House

3.4685 3.1355

Koed. k

2.4398

2.3558 2.2465

%

Chessboard Fingerprint

Cameraman

2.4084

Karta Baboon House

Puc. 4. Tunu TectoBUX 300pakeHb

[IpoBeneMo TEKCTypHHIA aHAII3 AJIsl TECTOBOTO 30-
Opaxenns Karta (puc. 5) 1 BH3HAYUMO PO3MOALICHHS
OJIOKIB 3 Pi3HUM MOKa3HUKOM TEKCTYpH (pHcC. 6).

Posnonin G10KIB 3 pi3HUMH TOKa3HUKAMH TEKCTY-
pH TOKa3aB, 1110 OJIOKOBI aITOPUTMU OLIHKH PYXY € BH-
TIJTHAM KOMITPOMICOM 3a CIiBBiTHOIICHHSIM OOYHCITIO-

Puc. 5. TecroBe 300paxkenHs Karta

BaJIbHA CKJIAHICTh / TOUHICTH 3HAMIIEHMX BEKTOpiB [8].
[ToOynoBa yHiBepCaJbHUX QJTOPUTMIB TEKCTYPHOTO
aHaIi3y 300pakeHb 13 3aIaHUMHU BJIIACTHBOCTSIMH 1 MPO-
CTOIO alapaTHOI0 pealizalli€l0 MOXKIIUBA NUIIXOM KOM-
OiHyBaHHS aJITOPUTMIB Pi3HHX KaTeropiil B pamkax Kia-
Cy OJIOKOBHX METOJIIB.

100

90

80

70

60

P, %

50

40

30

10M 1072 1073 >10"3 Inf
Cond

a — OJIOKOBUI TEKCTYpHUI aHaii3 0 — Jiiarpama po3IoAiTy IOKa3HUKa TeKCTYPOBAHOCTI

Puc. 6. TexcrypHuii anaii3 tecroporo 300paxeHns Karta

MeTon 3BaKyBaJIbHOI 00poOku 0JIOKIiB 300pa-
JKEHHSI JUISl BH3HAYEHHsI MOJIs BeKTOpiB pyxy. s
BU3HAUYEHHS pyXy 00'€kTa HEOOXIJHO pO3B's3aTH 3a/1a4y
TOLIYKY BEKTOpa pyxy KoxkHoro Oinoka I;; . Ilpu upomy

BEKTOPHU (u,v)l-j BU3HAYAIOTHCS CITiBBIJHOIIEHHM
(u,v)y; = argmin(F (1,1, /,wv);)),
(“’V)ijEBij
ne F(t,i, j,(uv)l-j) — (yHKIS BiAMOBIAHOCTI OJIOKIB,

TOOTO Mipa OJM3BKOCTI OJIOKIB IOTOYHOrO 1 Iorepe-

IHBOTrO KanapiB. Takorw (yHKIIE€, HATIPUKIAA, € (YHK-
uist SAD (Sum of Absolute Differences)

SAD(t,i, j,u,v) = Wi z |1(pat -D-1(p +(”av)at)|a
el
l,ifcond(Gij) <100;
W.. =
Y| 0,if cond(Gy) 2 100.

(16)

Po3risiHeMO  BiZIONOCITIIOBHICT 3 JIBOX KaipiB
(puc. 7). PesyapraToM aHamily Ili€l MOCITITOBHOCTI €
PO3MONIT TMOKAa3HUKA TEKCTYpHU (YUCIa 00YMOBIICHOCTI
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Matpuili G) KOXKHOrO OJIOKY 300pakeHHs. AHai3y Mo-
TOYHOro Kanupy (puc. 8) I03BOJISIE€ BiIOKPEMHUTH HEiH-
¢opMaTHBHI OJIOKM 1 BHU3HAYUTH BiJHOCHE PpO3TAIIy-
BaHHS iHPOPMATUBHUX OJOKIB OJMH 70 oxHOro. Kijbki-
CHHMH TIOKa3HWK, IO TIEPEBHUIIYE MEBHUH TOPIr, BU3HA-
yae rpymd OJIOKiB, IO BiAIOBITarOTh 00IacTi HOCITi-
JoKEHHs. [HIn GJIOKM BBa)KaroThCS ITOMHUIIKOBO BHSIBJIE-
HUMHU Ta iITHOPYIOTHCSL.

Panime noBeseHO, IO BEKTOp PYyXy BBaXKAETHCS
BH3HAYCHUM B O0JIACTSX 3 YHCIIOM O0YMOBJICHOCTI Bij 1
1o 10. Sxmo cond > 10, 0J0KH BBaXKarOTHCA MOMUIIKO-
BO BHSIBIIGHUMH Ta ITHOPYIOTHCSI (BEKTOp pYyXY JOpiB-
Hioe 0). YV rragkux o0yacTsX BH3HAYHUK MaTpUII Jia-
HUX HYJIBOBHUH, cond — o, 1 BEKTOp PyXy IJIA IHUX 00-
JlacTel He OOYUCITIOETHCSL.

25 )

100 200 300 400 500 600 700 800 900

a — OJIOYHMH TEeKCTYpHHI aHai3

a — roTepeHii Kaap 0 — MOTOYHHH Kajp

Puc. 7. ITocninoBHicTs 300paxeHb

Jlns Bu3HaueHHS PyXy Y HOCITIZOBHOCTI 300pa-
’KEHb, HABEJICHUX Ha PUC. 7, MOOYI0BAHO MOJIe BEKTOPiB

(puc. 9).
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Puc. 8. AHaJ1i3 TOTOYHOTO Kaapy
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Puc. 9. [Tone BeKTOPiB MOTOYHOTO Kaapy

AJNTOpUTM Ail y METOJIi TEKCTYPHOI'O aHali3y 30-
OpaskeHHs HaBeneHui Ha puc. 10.

Jliss Ko)KHOTO OJIOKAa TIOTOYHOTO Kajpy MiHIMi3y-
€Thcs (DYHKITSA BIAMOBIAHOCTI OJIOKIB 3a YETBEPTHUM
aprymeHToM. OOnacTh MiHiMi3alli Mae OyTH ITiaIMHO-
YKHHOIO 00JacTi mouryky. BekTopoM pyxy Asst KOXKHOTO
070Ka € o0YHCIIeHnH apryMeHT MiHIMyMy QYHKIIT Bif-
MOBiZHOCTI. [HIIMMHK coBaMu, TpH OOYHCIeHHI (PyHK-
i1 BiAIIOBITHOCTI BU3HAYAETHCS CXOXKICTh JIBOX OJIOKIB
— IMOTOYHOTO 1 IONEPEeAHBOr0 KaJpiB, 3MIIIEHOTO Ha
BeKTOp (u,V);; - Al . OTke, y nporieci MiHiMizamii GpyHK-

il BIAMOBIJHOCTI BIAIIYKYETHCS OJIOK IOMEPEIHBOTO
KaJpy, HAHOLIBII CXOXKHMI Ha OTOYHHUIA OJIOK.

Ha mepuiomy kpoli BU3HAYa€THCSI pO3MIp MOTOU-
HOT'O 300pa)KeHHsI, SIKe Jajii PO3NOAUISIETHCS HA YOTHPH
piBHI OJyOKH.

Ha TpeTboMy KpoIli OOYHCITIOETHCS WMOBIPHICTH
TIOMHJIKH 00J1acTi. SIKIO MOMUJIKA 3HAXOJHUTHCS y Me-
KaxX 3aJaHoro mopory (4-ii Kpok), TO BH3HAYAIOTHCS
BaroBi KkoedimieHTH M BCiX OJOKIB oOnacti (5-i
KpOK). SIKIIO HMOBIpHICTh IIOMHJIKH OOJIaCTi 3Haxo-
JIUTBCSL 38 MEXKaMHU TOPOry, TO 00JacTh PO30OUBAETHCS
Ha YOTHPH MEHIIMX Minoaoku (6-if kpok). SIkmio mia-
OJIOK 3HAXOAUTHCS y MeXKaxX MiHIMAIBHOTO po3mipy (7-i
KpOK), TO 3IIMCHIOETbCA mepexia Ha 3-i kpok. J[yst mia-
OJIOKIB, pO3MIp SIKUX 3HAXOIMTHCS 332 MEXKaMH MiHiMa-
JILHOT'O PO3Mipy, BU3HAYAIOTHCS BaroBi koedimieHTu (8-
1 KpOK).

TakuM 4rHOM, JJIs1 pO3PaxyHKY OJIOKOBOTO BH3HA-
YEeHHS pPyXy MOXYTh OyTH BHKOpPHCTaHi IOBHHHU Iepe-
0ip, WAOJIOHHI METOIU, METO] 1EPAPXIYHOro MOIIYKY
[7] i meroam, IO IPYHTYIOThCS Ha BEKTOpax-KaHIW-
natax [6].

Y poboOTi BHUKOPUCTOBYETHCS KOMOIHOBaHWH Me-
TOJI, 10 00'€eTHYe METOH ITOBHOT'O repedopy i iepapxiu-
HOT'O TOIIYKY.

MeTton iepapxiuHoi 00poOKH 300paskeHHS ISt
OLIIHKM MOJIsl BEeKTOPiB PyXy B peanbHoMy 4aci. [Tapu
KaJIpiB OIHAKOBOTO pPO3Mipy Ha3MBalOThCS PIBHIMU.
BiamnoBinHO OmopHUit 1 MOTOYHUN KaJpu OTHOTO PiBHS
MaloTh 0JJHaKoBUH po3Mip. Toxi Bci mapu kaapiB MoXKHA
nogatu N piBHIMH.
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TTouaTox L

O0YUCTIOETHCS

IMoroune 300pakeHH I obmacti

HMOBIPHICTb TOMHJIKH

O6nacTb
po30uBaeThCst Ha
YOTUPHU YaCTUHHU

Busnauenus po3mipy

MOBIPHICTb 3HaX0UTHCS
B MeXkax HOpory

B70K y Mexax MiHIMajJbHOTO
po3Mipy

300parx eH Hsl
Y BusnaueHHs BAroBOTo
.. BusHaueHHs1 BaroBoro
. koedimienta ..
JlineH Hst 300pask eH Hs . . koedimieHTa
Ha YOTHUPH PiBHI AnA BCix Groxin 6.
. st 6J10Ka
obmacTi
YaCTUHHU T T

Puc. 10. AnropuT™ il y METOJI TEKCTYPHOT'O aHajli3y 300paKeHHs

[Iponymepyemo piBHI BiIIOBIHO A0 pO3Mipy Ka-
JIPiB, IO MICTATHCS B HUX, BiJl MEHIIIOT'O J0 OiIBIIOTO:

Ha 1-My piBHI MiCTIThCS KaJIpu MiHIMaJIbHOTO
po3mipy,

Ha N-My — KaJ|pu BUXiJTHOTO pO3Mipy.

BianoBimHO 10 Takoi CXeMH, HPOIEC OIliHFOBAHHS
pyxy ckiamaerbes 3 N kpokiB. Ha xoxHi# iteparnii 00-
poOIsieThes Mapa KaJpiB MEBHOTO PIiBHS — Bij KaapiB
MEHIIIOr0 Po3Mipy 110 OuIbIIoro. IIpu MbOMY OIliHIOETh-
csl pyX, a CTApTOBOIO TOUKOIO Ha KOXKHIH iTepallii € Bek-
TOpHE TI0JIe, OTPUMAaHe 3 NonepeaHpoi itepaii. [HImMu
CJIOBaMH, Ha KOXKHIH HACTYIHIHM iTepallii yTOYHIOIOThCS
BEKTOpHY, pO3paxoBaHi Ha monepenHid ireparii. s
3a0e3IeUeHHs MOCTIHHOI KIJIBKOCTI OJIOKIB B Kaapi Ha

KOXKHIH iTepalii nmpu mepexoii Ha HACTYIHY iTepallifo
po3Mipu o0yacTi Mouryky i OJIOKiB, AJISL SIKMX OLiHIO-
I0ThCSI BEKTOpPH, 3a3BHYail 30UIBINYIOTHCS B 21 pasu.
Jlauuit METOMI € CTIHKUM JI0 IIyMYy.

Ie nosicHIOETBCS THM, IO TPH 3MEHIIEeHHI 300pa-
KEHb, SIK MPABUIIO, BUAAISIFOTHCS BHCOKOYACTOTHI WIYy-
mu [6, 7].

AuJle 3 BUJAJICHHSIM BUCOKOYACTOTHUX LIYMiB Yac-
TO BUIAISIOTHCS JpiOHI gerani. B okpemux Bumamkax
Le € MPUYNHOI0 HENpPaBWILHOTO BU3HAYECHHS PYXy B
JIeTaIi30BaHUX 00JIACTSIX.

Cxema MeTony iepapxidHOi 0OpOOKH 300paskeHHS
JUIsl OL[IHKM TIOJISI BEKTOPIB PyXY B peajbHOMY 4Yaci Ha-
BelleHa Ha puc. 11.

-

-

OmiAke orTHMHOTO N0TOKY

= \

qofpawenms

Ha N-pirHi

Hercpeame mfpaxrr

OEKE OTTHEHOND TOTORY
Ha MepiraMy pikEL

Ilone BEETOPIR pyxY

Puc. 11. Cxema Merony iepapxigyHoi 00poOKy 300pakeHHs
JUISL OLLIHKY TOJIsl BEKTOPIB PyXY B peajlbHOMY 4aci

Cytb iepapxiuHOi 0OpOOKH 300pakeHb IMOJIIrae B
takomy. Hexait € N piBHiB kampiB. CrioyaTKy po3paxo-
BYIOThCS N — 1 3MEHIIIEHUX «KOMii» MOTOYHOTO 1 OIop-
HOT'0 KaJIpiB.

[Tpu npoMy KOJKHA KOITisi MEHIIOTO piBHS B 21 pa-
3iB MeHIIa morepeHpoi. To/i Bei mapu OMOPHOro i mo-
TOYHOT'O KaJpiB MpeacTaBieHi N piBHIMH.

ETamu MeTony BU3HAauYeHHS IOJIsI BEKTOPIB PyXy 3
3Ba)KYBaHHIM BHMIipiB OJIOKiB 300pakeHHs HaBe/IeHI Ha
puc. 12.

BucHoBku

1. Po3pobneno MeTon BH3HAYEHHS TOJISI BEKTOPIB
PYyXY 31 3Ba)KYBaHHSIM BHMIpiB OJIOKIB 300paskeHHSI.

2. Bkazanuii MeTOn € 6a3UCHUM ISl PO3POOKH METO-
Jly BU3HAUEHHS ITIEPElIKO]] Ta AMHAMIYHMX 00 €KTIiB s
OE3MIOTHUX JIITAIBHUX arapariB Ha OCHOBI MOJISI BEKTOPIB
PYXY, 3aCTOCYBaHHS SKOr0 3HAYHO PO3IIMPUTH MOKIIUBO-
CTi pehIeKCMBHOTO YIPaBJIiHHS OE3MUIOTHUMHU KOMILIEK-
caMH TIpY BUKOHAHHI PI3HOMaHITHUX ITOJILOTHHUX 3aBIaHb.
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IeperBopenHs Iepapxiunuii MeTon
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( ) y Y
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Posnozin 300paskeHHs .
. OniHoBaHHA
Ha GJIOKH pO3MipoM
OINTHYHOI'O NIOTOKY

Y

nxm
BineomnocnigoBHiCTE L
Y
OniHIOBaHHS
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300pakeHHSI Y
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Puc. 12. Eranu MeToty BU3Ha4€HH: OIS BEKTOPIB PyXY 3 3Ba)KyBaHHAM BHMIpiB OJIOKiB 300pakeHHs

3. BopoBajxennst B cucremy ympasiinas BITJIA  HoMy waci i 3a0e3nieuyBaTu O€3IeKy pyxy IUIIXOM BH-
aHaJli3y ONTHYHOrO TOTOKY 31 3Ba)KyBaHHSAM OJIOKIB ~ 3HAYECHHS Ta aHAIIi3y MOJISl BEKTOPIB PyXYy.
300pa)KeHHsI JO3BOJIUTH BUSIBIISITH TIEPEIIKON B pealb-
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Development of methods for determining the field of motion vectors
with weighting of image blocks measurements

A. Krivonozhko, O. Petrov, G. Shcherbak, V. Surhai

Abstract. At the present stage, the issue of introducing into the UAV autonomous control system models and meth-
ods aimed at processing image blocks and optical flow obtained by the unmanned complex in the process of performing the
flight task is not fully investigated. The introduction of these models and methods allows the introduction of hierarchical im-
age processing of the surface over which the flight is performed, which will significantly expand the capabilities of the UAV
control system for reflexive control. The subject matter of the article is the reflexive control processes of unmanned aerial
vehicles. The goal is the development of a method for determining the field of motion vectors with weighing measurements of
image blocks. The tasks: to develop models and methods aimed at processing image blocks and optical flow received by the
unmanned complex in the process of performing a flight task. Analyzed methods are: optical flow model, adaptive texture
analysis method for determining image features, weighting processing method for image blocks to determine the field of mo-
tion vectors. The following results were obtained: Models and methods have been developed that are the basis for the devel-
opment of a method for determining obstacles and dynamic objects for unmanned aerial vehicles based on the field of motion
vectors. In particular, a method for determining the field of motion vectors with weighing of image block measurements has
been developed. This method is the basis for the development of a method for determining interference and dynamic objects
for unmanned aerial vehicles based on the field of motion vectors, the application of which will significantly expand the pos-
sibilities of reflexive control of unmanned systems when performing various flight tasks. Conclusions. The introduction of a
model and methods aimed at processing image blocks and optical flow into the UAV control system will allow in the future to
detect obstacles in real time and ensure traffic safety by determining and analyzing the field of motion vectors.

Keywords: unmanned aerial vehicle, image blocks, optical flow, motion vector field.
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1 . . . o . . .
JIroTHa akangemiss HanionaneHoro aBiariiiHoro yHisepcutery, KponuBaunbkuii, Ykpaina
2 . o . o . . . . . .
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3 HaykxoBo-mociigHuii IEeHTp pakeTHHUX BIChK 1 apTuiiepii, Cymu, Ykpaina

METOA INEPEJBAYEHHSA OCOBJIMBUX BUITAIKIB B [1IOJIBOTI HA OCHOBI
3ABYACHOI'O BUSIBJIEHHA AHOMAJIbHUX MOCJIIOBHOCTEN
B JIATHOCTUYHUX JAHUX TEXHOJIOI'TYHOI'O
OBJIAIJIHAHHA ITOBITPAHOI'O CYJHA

AnoTtanisi. CydacHi 60pTOBI HIM(POBI CHCTEMH aBTOMAaTHYHOI'O YIIPABIiHHS, KOHTPOIIIO 1 AIarHOCTHKH J03BOJISIIOTH BU-
MIpIOBaTH BEJIUKY KiIBKICTh TapaMeTpiB TEXHOIOITYHOr0 00JIaJHAHHS HOBITPSHOIO Cy/lHA I OTPUMYBAaTH MAaCHBH TaKoi iH-
¢dopmarii B inppoBoMy BHUrIIsii. [IporHo3yBaHHs 0COOIIMBUX BUIIAKIB B MOJBOTI € OCHOBHUM 3aBIaHHSM I1apaMeTpUIHO-
'O IilarHOCTYBaHHS TEXHOJIOTIYHOTO 00JIaHaHHS MOBITPSIHOro cyaHa. OqHaK iCHYIOUI JiarHOCTHYHI MOZENI, 110 0a3yI0Th-
Csl Ha BiJIIOBITHUX MaTeMaTHYHUX MOJIEINISIX, HE IMOBHOI MipOI0 BHKOPHCTOBYIOTH MAacHBH JIarHOCTHYHMX IAaHHX Ta HE
3aBXK/IH JIO3BOJISIIOTH IIPOTHO3YBAaTH BUHUKHEHHS BiZIMOB TEXHOJIOTIYHOTO 00JIaIHaHHS, 10 POOUTH 3a/1a9y IPOrHO3YBaHHS
0CcOOJIMBHX BHUIAJIKIB B MOJIbOTI AKTYaJIbHOI. MeTa cTaTTi noysirae B po3podLi MeTOMy MPOrHO3yBaHHSA OCOOIMBHX BH-
TaJIKIB B ITOJIGOTI HA OCHOBI BHSIBIICHHSI aHOMAJIbHUX ITOCIIJOBHOCTEH B IIaTHOCTUYHHX JaHUX TEXHOJIOIYHOr0 00JIa[HaH-
HSl TIOBITPSTHOTO CyZIHA; 3 METOIO IIi/IBUIEHHS Oe3NeKH MONBOTiB. Pe3yabTaTn mocaimkenns. Y poOOTi 3amporOHOBaHO
METO]] IPOrHO3YBaHHSI OCOOJIMBHX BHIQ/IKIB B IOJIBOTI Ha OCHOBI 3aBYaCHOT'O BHSIBJICHHSI aHOMAJIBHHX IIOCIIIZIOBHOCTEH B
JIarHOCTUYHMX JTaHUX TEXHOJIOT1YHOro 00JIaTHAHHS IOBITPSHOro cymHa. J{iIs 3aB4acHOr0 BUSIBICHHS aHOMAJIBHUX ITOCITi-
JIOBHOCTEH MPOITOHYETHCSI BUKOPHCTOBYBATH T1OPUIIHY CTOXaCTUYHY MOJIENb Ta METOJ BUSBIICHHS aHOMAJIBHUX IIOCIiIOB-
HOCTEHl B IIarHOCTUYHHX JJAHUX TEXHOJIOTIYHOr0 00JIaHaHHS IOBITPSIHOTO cyaHa. BXinHa TpeHyBanbHa iH(popMalist Hasa-
€THCS y BUIIIS/IL BEKTOPIB CIIOCTEPEKEHD 32 PO3BUTKOM ITPOLECY B SIKMX OCOOJIMBO BHIUICHE KiHIIEBE 3HAUCHHSI, B SIKOCTI pe-
3yJIBTATy, IO XapaKTepHU3yIoTh (JaKTH IPUHAIEIKHOCTI BEKTOPY JI0 KJIacy HOPMAIBHUX a00 aHOMAIBHHUX TEMIIOPAIBHUX I1a-
TepHiB. BHCHOBOK. 3acTocyBaHHS 3aIIpOIIOHOBAHOI0 METOY JO3BOJIMUTH BIIPOBAIUTH MPOrHOCTUYHUH IPHHIMI YIIPaBIIiH-
Hs1 O€3MEKOI0 MOJIBOTIB, a TAKOXK OTPUMATH €KOHOMIYHHUI e(eKT Bijl 3a100iraHHs MPOCTOIO MOBITPSIHOIO CyIHA Yepe3 parl-
TOBOI BiJIMOBY 00JIaIHAHHS.

Kar4dosi cioBa: Oesneka noyiboTiB, 0COONMBI BUIIAJKU B MOJIBOTI, HapaMETPUYHA AiarHOCTUKA, IIPOrHO3YBaHHsI, aHO-

MaJilbHa l'IOCJ'[iL[OBHiCTB, YaCOBHI pan, TeMl'IOpaJ'lBHI/Iﬁ IaTepH, ri6sz[Ha CcToxXacThu4Ha MOICIIb.

Beryn

IMocranoBka mpodiaemu. IlomepemkeHHs 0co0-
JUBHX BUMAJKIB B TMOJBOTI € HaJ3BUYAHHO Ba>KIMBUM
Ta aKTyaJlbHUM ITUTAaHHSAM JUIsl Cy4acHOi aBiarii. besme-
Ka TOJILOTIB y 3HAYHOIO MipOIO 3aJI€KUTh BiJl CIIPAaBHOC-
Ti TEXHOJOTIYHOTO OOJIaJHAHHS IOBITPSIHOTO CYIHA.
[IporHo3yBaHHsS OCOONMBHX BUIAIKIB B IOJNBOTI € OC-
HOBHHMM 3aBJaHHSIM IapaMeTPHUYHOro JiarHOCTYBaHHS
TEXHOJIOTIYHOr0 00JIaJHAHHS MOBITPsAHOrO cyaHa. IIpo-
THO3YBaHHS CTaHY TEXHOJIOTTYHOrO OOJaJHaHHS MOBIT-
pSHOrO CynHa Jae€ 4ac aBiallifHUM cliemianxictaM Ha
NPUAHATTS Ta BIPOBAJHKEHHS PIllIeHb, MO0 YCYHEHHS
HEraTUBHHUX HACIIJIKiB OCOOJIMBUX BHIIAJIKIB B IOJIBOTI,
i TUM caMHM HiJBUILYye piBeHb Oe3neku monboTiB. 1llo
pOOUTH aKTyaNbHOIO 331a4y MPOTHO3YBAHHS OCOOIHBUX
BUIIAJIKIB B MOJIBOTI HA OCHOBI BHSIBJICHHSI aHOMaJIbHUX
MOCITIZIOBHOCTEH B JiarHOCTHYHMX JAHUX TEXHOJOIiY-
HOro oOJaJJHaHHS TOBITPSHOTO CYAHA VIS ITiJBUILICHHS
OIEPATHBHOCTI MPUHHATTS PIMIEHHS EKillakeM, LI0/0
BUSIBJICHHSI, PO3Mi3HAHHS Ta HEJOMYIIEHHS HETaTUBHUX
HACJILAKIB OCOOJIMBUX BUMAJKIB B IIOJILOTI.

Buxinna iHdopmariis npo NoBeAiHKY JHHAMIYHOTO
MpolLiecy 3a3BUYail IPENICTABISIETHCS Y BUTIISII YaCOBUX
paniB (UP) nanux, oxep)KyBaHUX BiJ JaTYMKIB TIEPBHH-
HOi iH(opMalii. AHOMaNbHI CTaHM 1 IX MepeABICHUKH
MIPE/ICTABIISIIOTHCS Yy BUIVISL BiAPI3KIB YaCOBUX PSIB —
aHoMasbHUX TemmopaibHux natepHiB (TII), siki motpi-
OHO BUSIBJISITH B TIOTOLII JJAHUX. BHUSBIEHHS aHOMaJIbHUX

TIT B UP € BaXJTUBOIO 00JIACTIO 1HTEIEKTYaJIBHOTO aHa-
mizy panux. [lig BusBineHHsM anomansHux TII posymi-
€TBbCSl MOUIYK "HOBMHOK", "croprpu3ziB", "BHKuAIB" Ta
IHIIIMX OCOOJUBHUX MOMIH B TEMIIOPAJbHUX HAaHUX, IO
iCTOTHO Binpi3HAIOTHCsA Bix TII HOpMaabHOrO MOBEMIH-
Kd. 3BUYaiHO 3aBJaHHs JETEKTYBaHHS aHOMaJIiil 1 Me-
TOJM TX BUSIBJICHHS PO3IIIAJAIOTHCS B CTATHYHOMY Bapi-
aHTi SIK po3Ii3HaBaHHs MoBHICTIO copmoBanux TII Ha
BXOJi Kiaacu(ikaTopy, HE BPaXOBYHOUH OCOOJIHBOCTI
po3Butky TII B moromi gaHmX, MIO IUISATAE PO3Ii3HA-
BaHHI0. OJIHAK iCHYE IIMPOKE KOJIO 33/1a4, B SIKMX IIO-
TpiOHO MaKCUMaJIbHO IIBUJIKE PO3MI3HABAHHS aHOMAJTil
Ha OCHOBI O€3MepepBHOrO aHaNi3y MOTOKY JIaHHX, IO
HAJIXOIUTh Ha BXIiJl CUCTEMH, Ha BUIIEPEIHKEHHS 1 BUHE-
CEHHSI TiIoTe3 PO HasIBHICT B HhOMY aHOMalbHuX TTL

AHaJi3 oCTaHHIX JocCaiIKeHb i myOsikamii.
[IporHo3yBaHHs € BaXKJIMBOIO OOJACTIO JIOCITIDKEHHS B
OaraThox c(epax. IIpuKiIamoM € MPOrHO3YBAHHS COHS-
YHOI'O0 3aTEMHEHHsS 3a JIONOMOTOI0 aBTOPErpeciiHHOl
monmeni [1]. ABToperpeciiiHi MomeNli 3aCTOCOBYIOTHCS
BJKE JIOBI'MH Yac, 30KpeMa, JUIsl TAKHX BHUIAJKIB, SK IIy-
MO3arJylIeHHs 1 MOJEIIOBaHHS JJUHAMIYHHUX CHCTeM. B
TENepillHii Yac JUIsd BUPIIIEHHS 3aBJlaHb MPOrHO3YBaH-
HSl TTOYaJI 3aCTOCOBYBATHCS 1 OLIBII CKIIaJHI aJlrOpHT-
MU, SIK IITYYHI HEHPOHHI Mepexi [2] abo GpyHKIiOHATb-
Ha Kiacrepusanis [3]. B ocraHHI HeCATHIITTS yBary
JIOCITI/DKEHb HAINpaBJIeHO Ha BIIPOBAJDKEHHS METOJIIB
MIPOTHO3yBaHHS B HAHOLIBII aKTyasibHi chepu IisUTbHO-
cti [4]. B [5] npencrasnenuii Mmeton baiiecoBa mporso-
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3yBaHHs, SKUH 3aCHOBaHMI Ha i€papXi4HUX HPUXOBa-
HUX MapKOBCBKHX MOJEJSIX, Y 3aCTOCYBaHHI /10 BUSB-
JIEHHSI CTPYKTYPHHUX CTpHOKiB y ekoHoMmii. B [6] npen-
CTaBJieHa JAWHAMIYHA MOJENb I'€HETHYHOr'0 Mporpamy-
BaHHS, OITMCAaHa CTOCOBHO i1HJEKCY 30UIbIIeHHS IiH. B
[7] HaBOAMTBCS TOPIBHSHHS METOAIB INPOTHO3YBAaHHS
YacOBUX PAIB Ul BUKOPUCTAHHS B cpepi MOHITOPUHTY
CTaHy 3JI0pOB's. MeToau MPOrHO3yBaHHS CTalIM IOMYy-
JISIPHUMU HaBiTh B TAKHX 00JACTSIX, SIK PO3paXyHOK OUi-
KyBaHOro TypucruyHoro momuty [8]. Ilpu BupieHHi
TaKUX 3aBJaHb, SIK PEKYPCHBHE MPOTHO3YBaHHS, 3aIpO-
MOHOBAHO BUKOPHCTOBYBATH METO]] OIMIOPHHUX BEKTOPIB
[9]. BenbMH HEpCHEKTUBHUM HAMPSIMKOM JOCIIKCHb
BUpILIIEHHS 3aBJaHHS MPOrHO3YBaHHS CTa€ CTBOPEHHS
riOpUAHUX METOMIB, SIKi 00'€AHYIOTH PI3HOPIAHI METOAH
MOJICTTFOBaHHSI YaCOBHX PS/IIB, A€ €(PEKTUBHICTH OHOTO
miaxoay KoMIieHeye ciadkicTp inmoro [10-12].

MeTa cTarTi nosusirae B po3po0iii MeToay IporHo-
3yBaHHsI OCOOJIMBUX BUIAKIB B MOJBOTI HA OCHOBI BH-
SIBJICHHS] aHOMAJILHUX TOCITIZIOBHOCTEH B JIIarHOCTHY-
HUX JJaHUX TEXHOJIOTIYHOTO 00IaJHaHHS OBITPSHOTO
CyIlHa; 3 METOO ITiJIBUILICHHS OE3IIeKH MOIbOTIB.

BukJiajg 0CHOBHOT0 MaTepiajy

3aBlIaHHs MMOUIYKY aHOMaJiil NpeNCcTaBUMO y BH-
IV 3aBJaHHs IepeabdavyeHHs OCOOJIMBUX BUIAMKIB B
TIOJIBOTI, HA OCHOBI CITOCTEPEKEHD 33 3HAYCHHSIMH 1HTe-
TPaJIFHOTO JIIarHOCTUYHOrO mapamerpy. s takux 3a-
BJIaHb € XapaKTepPHUMH TPU OCOOJIMBUX O3HAKH:

— KOpHCHA 1H(pOpMAIIis PO CTaH MPOIEeCy HAIXO-
JIUThH TTOCTITOBHUMU TIOPIIISIMU;

— KOKHa HOBa MO aHuX, Oyaydu mepeiBicCHU-
KOM TIOTEHIIIIIHOT aHOMaJTii, yTOUHIOE 1H(POPMAIIiO PO
MOJKJIMBOCTI i ITOSIBH, III0 MICTHTHLCS B TOMEPEIHIX Ja-
HUX;

— IPUUAHATTS PillIeHb Mae 3/i1HCHIOBATH B yIiepe-
JOKYBaJIbHOMY PEXKHMIi, HE UEKAOUH MOSBU aHOMAJIbHO-
ro noJiii 200 MOMEHTY 3aKiHYEHHsI PO3BUTKY aHOMaJIb-
noro TII Ha BXomi kiacudikatopy.

BxinHa TpeHyBasbHa iHpOpMALlisS HaIAEThCS Y BU-
szl TT1 — BeKTOpIB criocTepekeHb 3a PO3BUTKOM IIPO-
necy X(t) = x(ty), ..., X(t;), ..., X(tx),z, ae X(t;) — xapakTepu-
3y€ CTaH MpPOIIECY B i-if MOMEHT Yacy, Z — 0COOJIMBO BHU-
nineHe KiHiese 3HaueHH: "1" a00 "0", B IKOCTI pe3yJib-
TaTy, 10 XapaKTepH3yIOTh (haKTH MPUHAIEKHOCTI BEK-
Topy X(t) o Kiacy HopMajabHUX a00 aHoMabHUX TII.

PesynbraTom pobotu MeTony nependoadeHHs €
OTPUMAaHHUI Ha OCHOBI OOYHCIICHb BEKTOP MepeadayucH-
w1 P(X) = p(x(ty)), ..., p(x(t)), ..., p(X(ty)), eIEMEHTH
SIKOT'O € OLIIHKaMH pe3yibTaTy z. KoxHe 13 3Ha4eHb
p(x(t;)) xapakTepu3ye HMOBIpHICTb TOTO, 11O i-€ 3Ha-
yenns TII x(t;) e mepenBicHukoM aHomansHoro TII.
Bekrtop nepenbaueHHs YTOUHIOETHCS TIPU HaIXOMKEHHI
HOBOT IOpLii JaHMX, B MOMEHT 3aBEpILICHHS HaJIXO0-
JoxeHHs: aHomanbHoro TII #ioro eneMeHTy npuiMaroTh
MaKCHMaJIbHE 3HAYEHHSI.

B sixocTi 3ac00y 00YHCIIEHs BEKTOPY IepeadadcH-
HS MIPOIIOHYETHCS BHUKOPUCTOBYBATH TiOPHIHY CTOXAac-
tuuny Mozens ('CM), sika 31aTHa aIeKBaTHO TpeJCTa-
BISITH Oynb-siKi croxacTuuHi nponecu. ' CM mpencras-
nsietses deTBipkoro: 'CM = <A, ||P||, Q, II>, ne A —
MHOXKMHA CTaHiB; ||P|| — MaTpuus nepexigqHux HMoBip-

Hoctell; Q = [q1,qp,.--,qs] — BEKTOp MOYaTKOBOI'O PO3IMO-
Ity fiMoBipHOCTEl; [T — cucTeMa yTOYHIOIOYHX MPOIY-
KIidHuX TeMmopanbuux npasut (ITTII) [13].

BpaxoByroun 0oco0aMBOCTI 3a1adi, 0 BUPIIIYETh-
csl oOyIyeMO BHXi/IHI MaTpUIli IepeXiJqHuX HMOBipHO-
CTel, OKpeMo Uil HOpMaJbHUX Ta aHoManbHux TII 3a
dbopmyoro:

Sup(a, b)
Sup(a) |

ne Sup(p) — miatpumka TII p B X, mOpiBHIOE YHCITY
BxomxeHb TII p B X.

[ponykuiitHi npaBUiIa KOPEKTYIOTh 3HAYECHHSI TIe-
pexiHuX HMOBIpHOCTEH BHXiTHUX MaTpulpb. s Bcix
TII, mwo He 3a/J0BOJBHAIOTH YMOBI (2) Ta HiATpUMKA
SIKMX OLITBIIE BCTAHOBJICHOTO TMOPOrY, (HhOPMYIOTHCS
yrountotodi I1TII, mo BcTaHOBIIOIOTH [UIs TIEpeKiHIIe-
Bux ctaHiB b TII (a, ..., b, ¢), HOBI 3HAYECHHS MEPEXiTHUX
rmoBipHocTel P (x | b) = P (x| a, ..., b), oOumcieni Ha
ocHOBI popmyiu (3)

P(a,b) = (1)

Sup(b,c) _Sup(a,...,b,c)

2
Sup(b) Sup(a,...,b)
_ Sup(a,...,b,c)
P(c|a,...,b)= —Sup(a,...,b) . 3)

VIMOBIpHICTh MIATPUMKH HOPMAJIBHHX Ta aHOMa-
neHuX TTI 'CM obuuncmoeThes 3a GopMyInoro:

P.{p € X} =P,(a,b)-P,(b,c)-...-P,(d,e),

4

P,{p € X} =P,(a,b)-P,(b,c)-...- P, (d,e). @
JlerekTyBaHHSI BHUPOOJSETBCS ULUISIXOM aHAJI3y

YP X KoB3al04nM BIKHOM JJOBXKWHOIO O — HAHIOBIIOTO 3
BEKTOPIB CIIOCTEPEKEHb 33 PO3BUTKOM IIPOLIECY, SKE
nepeMiniaeTbest y3aoBxk YP, 3aiimMatoun mociinoBHo N-§
nmo3uniid. KokHa i-a 1mo3wuilis BikHaA aHaTI3y "3aXOILIroe"
¢parment YP (x(i-6), x(i-6+1), ..., x(1)), B Mexkax SKOro
BUABILIIOTHCA Bei O-1 TII, 110 3aBepIryroThCsl CHMBOJIOM
x(i). B mporeci nepeminieHHs1 BikHa aHami3y A BCIX
3HOBY 1 paniie BusBieHux TII 3ailicHIOETBCS mepepa-
XYHOK DIiBHIB IATPUMKH. [[JIs1 KOXKHOTO CUMBOIY Bpa-
XOBYBaJIaCh MIMOBIpHICTh HOTO y4acTi y HOpMaJbHUX Ta
anoMaibHux TII Ha Bciit noBxuHI BikHa. [Ipm mocsr-
HEHHI JIOCTaTHBOI'O PiBHS MIATPUMKH aHOMAJIBHOIO Yac-
tuHo0 I'CM nepenbavyaeTbcsi BAHUKHEHHSI OCOOJIMBOTO
BHUIIAJIKy B TIOJIOTI 32 PaXyHOK BUXOJY 3 JaJIy TEXHOJO-
riyHOro oONajHaHHA. SIKIIO TecToBa IMOCHIJOBHICTh HE
oTpuMalla JIOCTaTHbOI MiATPUMKH >KOJHOI YaCTHHOIO
I'CM, npuiiMaeTbest pillieHHs MO0 YTOYHEHHS MOJIEIIi.
OI[iHUMO aNTOPUTMIYHY CKJIaJHICTh BUIIEHABEIEC-

Hoi npouenypu. Ananiz UP X nosxuHoo N KoB3atouum
BIKHOM O 3[iiicHIOETBCA 3a N iTepailii, Ha KOXHIN 3
SIKMX BUABJIIFOTBCS O TII i 00UHCITIOIOTRCSA X PiBHI ITiJI-
TpuMKH, 110 BuMarae N-C-d kpokiB anropurmy, ae C —
KOHCTaHTa, sIKa BHU3HAYA€TLCS YUCIIOM OIlepalliii, HeoO-
ximaux st dikcamii TIT i mepepaxyHKy Horo piBHS
miarpumky. [Ipy nepeMinieHHi BiKHA aHaNi3y 3arajibHe
yucino BuseieHux TII 3pocrae, mpore € oOMeKeHUM.
Bu3HauuMo BEpXHIO MEXY JUIS YUCiia BCIX NOTEHIIHHO
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Konmponb kocmiunozo ma nogimpanozo npocmopy

moxuBux TI, mo BusBisitorees y UP X, 3 piBHeM -
TPUMKH, HE MEHIIUM ®. )i 3a0e31edeHHs JaHOTO PiB-
Hs miarpumks ipu gosxuHi YP N TII noBuneH 3yctpi-
gatucs B UP X He MeHmie Hix @' N pa3, oTke, IIpH 3ara-
JBHIH KiTbKOCTI BCiX MoxnuBuX TII N-0 MakcHMallbHO
MoxkiuBe unciio TII 3 moporoM miaATPUMKH HE MEHITUM
® Oyne He OuThIIMM Hix 0/, Takum unHOM, aHai3 UP
X 3niiicHioeTbes 3a N-C-8%/@ KpokiB, T06TO Mae JiHiii-
Hy moa0 N anroputMiuay ckiaaanicts O (N).

Ha puc. 1 mpeacraBneHa cxema MeTony nepenoa-
YEeHHS 0COOJTMBHUX BHIIAJKIB B ITOJHOTI HA OCHOBI 3aBYa-

CHOT'O BUSIBJICHHS aHOMAJILHHX ITOCIIIOBHOCTCH B Jiar-
HOCTHUYHHUX JAHHX TEXHOJOTIYHOrO OOJIaJHAHHS IOBIT-
PSAHOTO CY/IHA.

Ha puc. 2 npezacraBiieHi pe3ynbTaTu OLIHKH Tec-
TOBOI IOCJITOBHOCTI TOBXUHOIO 41 CHMBOJ METOIOM
Ha OCHOBI 3aBYaCHOTO BUSBJICHHS aHOMAJbHHX ITOCTi-
nmoBHOcTed. s mobynou ['CM BHKOpHCTOBYBaslach
TpEeHYBaJIbHA TOCIIOBHICTh 3 HOPMAJBHUX Ta aHOMa-
neHuX TII noBxkuHOIO 8 cUMBOIIB. Pric. 2 Ha04HO iTtoC-
TPYE POCT 3HAYCHb BEKTOPY IepeadadeHHs MpHU HaIxo-
mxeHni anoMmaiasHoro TI13 13 mo 21 cumBoil.

L Buximmi pani:

- TpeHyBaJIbHA IIOCTIIOBHICTS Y BUIVIS/II HOPMaIbHUX Ta aHoManbHuX 111,

- TECTOBA ITOCIIIIOBHICTH

v

2]

ITo6ynoBa 'CM Ha 0CHOBI TpeHYBaIbHOI TIOCTITOBHOCTL
- TIOGY Ty MO MATPHITO MEPEXiTHIX HMOBIPHOCTEH, OKPEMO JUT HOPMATEHUX Ta aHOMATBHUX TIT
- UTST KOYKHOT MaTpHIN TIepexXiJHIX IMOBiIpHOCTEH BUKOpUcTaeMo Bimosiaui [TTTT

v

3 - . .
FD HpeZ[CTaBJ'IeHHH TECTOBO1 ITOCIITOBHOCT1

CUMBOJIEHUM UP. \

v

4]

vactrHayvu ['CM

Busnauenns CTYIICHIO HiZ[TpI/IMKI/I TECTOBOL HOCJ'IiZ[OBHOCTi HOPMAJILHOIO Ta aHOMAaJIbHOIO

IligrpuMmyeTnest
aHoManbHuit T11

Yrounenns ['CM (3a notpebu) }—

Hi

8
Pesynpratr: niepenbaueHHs
BUHUKHEHHS 0COOIHMBOTO BHIIAJKY
B IIOJIBOTI

Pesynprar: niepeI0aueHHs
HOPMaJbHOI ~ POGOTH  TEXHOJIOTIYHOTO
o0O1aTHaHHS

Puc. 1. Crpykrypa MeTony nepeadadeHHs: OCOOJIMBHX BUIIAJIKIB B ITOJOTI HA OCHOBI 3aBUACHOTO BUSIBJICHHS
aHOMaJIBHHX ITOCIIIIOBHOCTEH B AIarHOCTUYHHX JaHUX TEXHOJIOTIYHOrO 00JIaJHAHHS ITOBITPSHOTO CyJHA

0,015

0,01

0,005

i 2 3 4 5 & 7 8 9 10

11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30 31 32

Puc. 2. Pe3ynpTaTy OI[IHKK TECTOBOI MOCHIIOBHOCTI JIOBXHUHOIO 41 cuMBOII,
roporosuii pieHb niarpumMku 0,015
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BucHoBku

Y po0bOTi 3amponoHOBaHO METOA IepenOadcHHS
0COOJIMBHMX BHIIQJKIB B IOJBOTI HA OCHOBI 3aBUaCHOTO
BHSBJICHHS aHOMAJIbHUX IOCIIIOBHOCTCH B JiarHOCTHU-
YHHUX JAHUX TEXHOJOTIYHOIr'O OOJIaJHAHHS TOBITPSHOTO
cynHa. BximHa TpeHyBaybHA iH(OpMalis HaTaeTbes y
BHIVISI/II BEKTOPIB CIIOCTEPEKEHD 32 PO3BHUTKOM IPOIIECY
B AKHMX OCOOJIMBO BHJIJIEHE KiHIIEBE 3HAUEHHS, B SIKOCTI
pe3yibTaTy, IO XapaKTepU3YIOTh (haKTH MPHHATICKHOCTI
BEKTOPY JI0 KJIacy HOPMAJIbHUX a00 aHOMAJIbHUX TEMITO-
paybHUX MaTepHiB. JIJi1 3aBYacCHOrO BHSIBJICHHS aHOMA-
JILHUX TOCIITIOBHOCTEH MPONOHYETHCS BUKOPHCTOBYBATH

riOpuaHy CTOXaCTUYHY MOJENb, IO BHKOPHUCTOBYE
TEMIIOpaJIbHI TpaBWiIa JUIi YTOYHEHHS IepeXiTHUX
HWMOBIPHOCTEH MiXK CTaHAMH Tporiecy. MaTpuilsl mepe-
X1JTHUX HWMOBIPHOCTEH, OOUYHMCITIOETHCS OKPEMO IS HO-
pPMaJbHUX Ta aHOMAaJbHUX TEMIIOPAJIbHUX MATEPHIB.
Jlis KoxHOT MaTpHIi NEPEXiMHUX WMOBIPHOCTEW BUKO-
pHUcTaEMO BIATOBIZAHI TMPOAYKIIHHI TeMIOpallbHI Mpa-
BHIIA.

3acTocyBaHHS 3aIllPOIIOHOBAHOIO METONMY JI03BO-
JIUTH BIPOBAIMTH MMPOTHOCTUYHUM MPUHIMI YHPaBITiH-
Hsl OE3IIEKOI0 TOJIBOTIB, @ TAKOK OTPHUMATH €KOHOMid-
HUIA eeKT BiJ 3a100iraHHsl MPOCTOIO ITOBITPSHOTO CY/I-
Ha yepe3 parToBoi BiIMOBH 00JIaIHAHHSI.
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Method for predicting special cases in flight based on early detection of anomalous sequences
in the diagnostic data of aircraft technological equipment

1. Padalka, O. Dmytriiev, D. Parkhomenko, O. Meleshko

Abstract. Modern onboard digital systems for automatic control, monitoring and diagnostics allow measuring a large
number of parameters of aircraft technological equipment and receiving arrays of such information in digital form. Prediction
of special cases in flight is the main task of parametric diagnostics of aircraft technological equipment. However, the existing
diagnostic models based on the corresponding mathematical models do not fully use the diagnostic data arrays and do not
always allow predicting the occurrence of technological equipment failures. This makes the task of predicting special cases in
flight relevant. The purpose of the article is to develop a method for predicting special cases in flight based on the detection
of abnormal sequences in the diagnostic data of the technological equipment of the aircraft; in order to increase flight safety.
Results of the research. The paper proposes a method for predicting special cases in flight based on the early detection of
anomalous sequences in the diagnostic data of the aircraft technological equipment. For the early detection of abnormal se-
quences, it is proposed to use a hybrid stochastic model and a method for detecting abnormal sequences in the diagnostic data
of aircraft technological equipment. The input training information is provided in the form of vectors of observations of the
development of the process in which the final value is especially highlighted, as a result, characterizing the facts of belonging
of the vector to the class of normal or abnormal temporal patterns. Conclusion. The application of the proposed method will
allow to implement the prognostic principle of flight safety management, as well as to obtain the economic effect of prevent-
ing aircraft downtime due to sudden equipment failure.

Keywords: flight safety, special cases in flight, parametric diagnostics, forecasting, anomalous sequence, time series,
temporal pattern, hybrid stochastic model.

31



YnpaBniHHA B CKNagHUX cUcTeMax

YIK 519.87:316.458.6

B. B. Konownos, IO. 1. Padanscekuii, O. O. dexHiu

doi: 10.26906/SUNZ.2020.3.032

XapkiBchbkuil HallioHanbHUH yHiBepeuTeT [loBitpssnux Cuin imeni IBana Koxeny6a, XapkiB, YkpaiHa

JOCIIIKEHHA METOAUKU BUSHAYEHHS ITAPAMETPIB PYXY
BIJIBHO INAJJAIOYUX TIJ1 3 BAKOPUCTAHHSAM
HUPPOBUX 3ACOBIB BUMIPIOBAHHSA

AnoTanis. IIpeqMerom BUBYEHHS B CTAaTTi € 3aIKHOCTI ITAPAaMETPiB PyXy BUIBHO NaJalounx Tl MeToro cTaTTi € 10cii-
JUKEHHS] METOJIMKN BU3HAYSHHS [TApaMeTPiB PyXy BUIBHO MaJatouuX TiJl 3 BAKOPUCTAHHAM LU(POBUX 3aC00iB BUMIPIOBAHHS, B
SIKOCTI SIKUX BUCTYNAOTh LIM(POBI BiZleoKamMepH, BIPOBAKEHHS SKUX JO3BOJISIE CYTTEBO CKOPOTHTH Yac HA MPOBEJEHHS 00-
poOKHu pe3ynbTaTiB BUIIPoOyBaHb. 3amada, M0 BUPIIIYETHCSI — 32 JJOIIOMOTO0 BU3HAYEHHX 3ac00iB peecTpallii, BUMOT 110
MIPOBE/ICHHS BiIeO 3HOMKY, BU3HAYEHNX NTOXHOOK KOOPAMHAT 00’ €KTY, JOMYCTUMUX 3HAYEHb BiAXWICHHS IUIOLMHU JIIHCHOrO
HUIAXY 00’ €KTY Bijl INIOLMHK HA3EMHUX OPIEHTHPIB, BU3HAYCHHS BEPTUKAIBHOI BUJIKOCTI 3HIDKCHHS OOIPYHTYBATH TEXHIUHI
PpillleHHs], BIPOBA/UKEHHS SKUX B IPAKTHKY BHMIPIOBAaHHS I03BOJIATH PEIVIAMEHTYBATU MOPSNOK PO3PAaXYHKY BEPTHKAIBHOL
IIBUJIKOCT] 3HIDKEHHS Ta IBUJIKOCTI TOPH30HTAILHOTO TIEPECYBaHHs Ha IIPU3EMHIN JiISHII TPaeKTOpil NPpK MPOBEICHH] CTPH-
OKkiB (CKHIaHb) 3 MapalryraMd 3 BUKOpUCTaHHAM LudpoBuX 3aco0iB Bineo 3iomku. PesyabraTn. Pozpolnena meroxuka
CKJIAJIA€ThCA 13 BU3HAYEHHs BUMOT 111010 3aC00iB peecTpallil Ta iX XapaKTepHCTHK; BUMOT JI0 IIPOBE/ICHHS BiJe0 3HOMKH; BU-
3HA4YCHHS MOXUOKHM KOOPJMHAT 00’ €KTY 3a JIOIIOMOIOIO BiJIEOKAMepH, 1110 CKJIAa€ThCs 3 TIOXUOOK, SKi BHOCUTBCS Y BUMIpIO-
BaHHS I1i/1 9ac 3HOMKH Ta JeIIH(pPYBaHHS; OLIHKH JOMYCTHMUX 3HAY€Hb BiIXHJICHHS IUIOMIMHY JIHCHOTO NUIIXY 00’ €KTY BiJ
IUIOIMHN Ha3eMHUX OpiEHTHPIB; BU3HAYECHHS OOYMCICHHS BEPTUKAIBHOI MIBUIKOCTI 3HIKCHHS. BHCHOBKH. Meronuka per-
JIAMEHTYE MOPSIIOK PO3PaXyHKY BEPTHKAIBHOI MBUIKOCTI 3HW)KSHHS Ta IIBUIKOCTI FOPU3OHTAIBHOTO NEPECyBAHHS Ha IIpU-
3eMHiil JUISHII TPA€eKTOpii NpU NPOBEJEHHI CTPUOKIB (CKMIaHb) 3 MapallyTaMH 3 BUKOPHCTaHHAM LU(POBUX 3aco0iB Bineo
3HOMKH. 3alpoNOHOBaHI TEXHIYHI PIIICHHS, 10 OTPUMAHI NPH EKCIEPUMEHTAIBHOMY JIOCHIPKEHHI METOJMKH BU3HAUCHHS
rapaMeTpiB pyxXy BUIBHO HAaJAI0YHX TijJl 3 BUKOPHCTAHHAM IU(POBUX 3aCO0IB BUMIPIOBaHHS HAJla€ MOKIIMBICTH OOMPATH Haii-
GBI KOPUCHY MMapallyTHY CHCTEMY 11010 BUKOPHUCTAHHI 11 32 IIPU3HAYEHHSM.

KawuoBi ciroBa: mapaMerpiB pyxy BUIBHO I1aJIal0YUX TiJI, 3aCO0U peecTpallii, BEpTUKaIbHOI IIBUIKOCTI 3HHKESHHSI.

Beryn

IMocTanoBka 3agayi. [IpaBuibHEe 1 IHOOKE PO3Y-
MIHHS CYTi METOZIB BUMIpPIOBaHb J03BOJISIE€ OpraHizyBa-
TH TIPOLIEC BUMIPIOBAaHHS Tak, MO0 sKHaWKpalie 3a0e3-
MEYUTH BUKOHAHHS JIy)K€ CYNEPEWIMBUX BHUMOT ILOJO
TOYHOCTI, YAaCOBHX 1 allapaTypHUX BUTpaT. He3Bakaroun
Ha YUCENBHICTh METOJIB BUMIPIOBaHb, MOXKHA BUILIHTH
BJIACTHBI IM CHIJIbHI O3HAKH, 332 SKUMH BHMipIOBaHHS
PO3ILISAIOTh HA XapaKTepHi pisHOBUAW. Jlo HaOLIBII
MOIIMPEHUX HAJIEXaTh Taki O3HAaKW: (i3UUHA NpHUpOJA
BUMIPIOBAaHHX BeNWYMH, (YHKI[IOHAJbHA 3aJICKHICTh
MIXK IIYKaHOIO 1 0e3rnocepesiHb0 BHMIipIOBAHOIO BEIH-
YMHAMHM, XapakTep 3MiHIOBaHHS BHUMIPIOBAaHOI BEIINYH-
HHU B 4Yaci, CHoci0 MojgaHHs pe3ylbTaTy BHMIipIOBAaHHS,
HasIBHICTH TONEPETHHOr0 (TIPOMIKHOTO) BUMIpIOBAIIb-
HOTO IIEPEeTBOpPEHHS, KIIBKICTh BUMIPIOBaHb y cepii,
XapaKTepUCTUKa TOYHOCTI, NTPU3HAYEHHS BUMIipPIOBAHb.
OpHUM 13 TIMTaHb NPOLECY BUMIPIOBAHHS € METOJMKa
BU3HAUYEHHS MApaMETPiB PyXy BIIbHO MaJalouuXx Til 3
BUKOPHUCTaHHIM LM(POBUX 3acO0iB BUMIPIOBaHHS, B
SIKOCTI SIKUX BHCTYNAlOTh IU(POBI BiZeoKkaMepH, BIPO-
BaJDKEHHS SIKMX JIO3BOJISIE CYTTEBO CKOPOTHTH 4Yac Ha
MPOBEACHHS 00pOOKM pe3ynbTaTiB BUINPOOYBaHb, IO i
MIKPECITIOE  aKTYaJlbHICTh Mi€l HAaYKOBO-TPHKJIAJHOI
3ajadi.

Amnauni3 gitepatypu. [Tpunimnu i opranizamiiHi
OCHOBHU METPOJIOTTYHOr0 3a0e3MeUeHHs, a TAKOXK POJIb i
Miciie MerpoJoriyHoro 3abesnedeHHs 30poitHux Cun
VYkpainu, BUKIaneHo B B cTaTTsx [1, 2] Ta cremianbHii
mitepatypi [3-7]. MaremMaTHuHi MOHENI BHU3HAYCHHS

KUJIBKOCTI 3aMOBJICHb Ha TapaHTOBaHE METPOJIOTiYHE
00CITyroByBaHHs 3pa3KiB 030POEHHS Ta BiCHKOBOI TEX-
HIKH 3 ypaxyBaHHSIM IX Ba)KJIMBOCTI BUKJIAZEHO B CTATTi
[1]. MeToarka MpOrHO3yBaHHSA MOXKJIMBOCTENH METPOJIO-
TYHUX TIPO3MUTIB 3 BiJHOBIICHHS TOIIKO/KEHHX 3a-
co0IB BHMIPIOBAIBHOI TEXHIKM BiHCHKOBOTO ITpH3HA-
4YeHHs BHKJIaneHo B crarTi [2]. OcHOBHM ekcruryaraiii
3ac00iB BUMIpPIOBAIGHOI TEXHIKM BiCHKOBOTO ITPH3HA-
4yeHHs B ymoBax mposeaeHHs OOC BukianeHi B JiTepa-
Typi [3-5].

Haxxans B mxepenax [1-7] nuranus, ski OB’ s3aHi
3 BU3HAYCHHSI MIApaMeTPiB PyXy BIJIbHO MaJal04yux Ti 3
BUKOPHCTaHHIM IM(QPOBUX 3aCO0IB BUMIPIOBaHHS, HE
PO3TIISAAIHCSL

MeTo10 cTATTi € JOCITI/KEHHS METOJUKH BH3HA-
YeHHs MapaMeTpiB pyXy BUIBHO MaJaroyuXx TiJl 3 BUKO-
pucTaHHsIM IU(POBUX 3aCO0IB BUMIPIOBAHHS, B SIKOCTI
SIKMX BHUCTYIAIOTh NU(POBI BiZleOKaMepH, BIPOBaIKEH-
HS SIKMX JIO3BOJISIE CYTTEBO CKOPOTUTH 4Yac Ha IIPOBe-
JIeHHsI 00pOOKH pe3yibTaTiB BUIIPOOYBaHb.

1. BuMoru 10 Bineo3ioMKH

IcHyr0OYa HOPMAaTUBHO-METOIMYHA JOKYyMEHTAIlis
periiaMeHTye TOpSAOK BU3HAUEHHS MapaMeTpiB pyxy
BIJILHOIIQ/IAIOUMX TiJ 32 Pe3y/bTaTaMu KiHO3HOMKH 1 He
pO3IIIsiIa€ TUTaHb, SKi IOB’S3aHI 3 BHKOPUCTAHHSIM
Cy4acHOI IU(PPOBOT TEXHIKH.

[Ipu3HaueHHsIM METOAMKU € JOIOBHEHHS i1CHYIO-
40I HOPMAaTUBHO-METOIUYHOI JIOKYMEHTalii BU3HAYCH-
HS TapaMeTpiB pyxXy BUIBHO MaJalo¥uX TiI B YacTHHI
BHUKOPHCTaHHS IUPPOBUX 3aCO0IB peecTpallii.
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Jlana MeToJMKa perjgaMeHTye MOpsI0K PO3paxyH-
Ky BEPTUKAJIBHOI IIBUIKOCTI 3HWKEHHS Ta LIBHJKOCTI
TOPU30HTAJILHOTO TIEPECyBaHHsS Ha NPU3EMHIN IiNSHII
TpaexTOpii MpH NpOBeAEHHI CTPUOKIB (CKWAaHb) 3 Ia-
pairyraMu 3 BUKOPHCTaHHIM IU(POBUX 3aco0iB Bineo-
3HOMKH.

[epr 3a Bce mMpoBeAEMO JTOCHIPKEHHSI BUMOT 1110~
IIo 3aco0iB peectpaiii. B sskocTi onTUYHUX 3aco0iB pe-
€cTpalii BHKOPHCTOBYIOTHCS LHM(POBI BijeokamMepH
¢opmaty Mini-DV. Bineokamepa MOBHHHA MaTH CTaH-
napTHU# HaOIp QyHKITH:

-peXuMU (OKYCYBaHHS: aBTOMATUYHUH, PYYHUH,
OJIOKyBaHHS aBTO (POKYCYBaHHS;

-CHCTEMa BHMIpY €KCIO3UIIii: TOYKOBa, [EHTpaIb-
HOB3Ba)KEHA OIiHHA;

-YIPaBIiHHS EKCHO3UINEI0: aBTOMAaTHYHHUHN Ipio-
purer giagparMu, aBTOMaTHYHHUN TPIOPUTET BUTPUMKH,
aBTOMaTHU4Ha, OJIOKYBaHHS aBTOCKCIIO3HIIIT;

-iatepdeiicu: IEEE 1394, USB 2.0, S-Video, Biu-
€0-ayIi0o BUXiJ / BXiT;

-HOCI# iHpopMaii: 8 — MU MiJiMeTpOBa BijeoKka-
cera abo HDD.

Matoths OyTH 3a0e3reueHi XapaKTepUCTUKH (HE Ti-
pire): MacimTaOyBaHHS BiJicO 300payKCHHS: ONTHYHE 30i-
JbIIeHHs / pa3oM i3 1udpoBuM 30UTbIeHHSIM — 10X /
700x; posmip I13C marpumi Bix 1,2 Meramikcelnei, 1o
JIO3BOJISIE ONICP)KYBATH Bieo(iIbMU HATYpaJIbHOTO PO3-
Mipy Bifg 720x576 TOYOK pO3PI3HSAIOUOIO 3[AaTHICTIO 72-
96 TOUOK Ha JIOWM; YacToTa 3HOMKH 25 KaJIpiB y CEKyH-
Jly; TPOIMCYBaHHS BiJIHOCHOIO 1 aOCONIOTHOTO Yacy
3WOMKH JI0 CTPYKTYPH KaJpy; MOKIIMBICTh CHHXPOHI3Y-
BaTH 4Yac 3OMKH BiJ] 30BHIIIIHLOTO TpUCTporo. Ha Bigeo-
Kamepi Ma€e OyTH po3’eM s BCTAHOBJICHHS 1i Ha IITATHB.

HactynHuM KpOKOM € JOCIHiDKEHHS BHMOT [0
MIPOBECHHS BiIEO3HOMKH:

1) Mmicue BCTaHOBJIEHHs BiJIcOKAMEpU IIOBHHHE
Oyt 0OpaHO TakuM 4YHHOM, 00 3abe3meuyBajach
3lOMKa yChOTO MPOILECY 3 MOMEHTY BiJUIiJIEHHs BiJ Jii-
Taka J0 MOMEHTY Tpu3eMJIeHHs. Bineo3iiomMka moBHHHA
MIPOBOJINTHCH 13 INTAaTHUBA, BCTAHOBJIEHOTO Ha BiJICTaHI
Bix 50 mo 300 MeTpiB Bim MpPOEKII Kypcy JiiTaka Ha
TUTOLIAIKY TIPU3EMIICHHST;

2) BCTAaHOBJICHHS 3aco0iB peecTpaiii MTOBHHHO
OyTu 3/1iHCHEHO 3a JIOTIOMOT'OF0 HiBEJIipOBOYHUX 3aC001B
Ha IITAaTHBI,

3) npu 3HIMaHHI MPU3EMHOI JUISTHKH TPAEKTOPIi, 3
METOI0 MOJAJIBIION0 BU3HAYEHHSI BEPTUKAIBHOI Ta TO-
PHU30HTANBHOI CKJIAJ0BOI MIBUAKOCTI, 32C00M peecTparii
MOBUHHI OyTH 3a(piKCOBaHi y TOPU3OHTAJIbHIN Ta BEPTH-
KaJIbHIH IIJIOMIMHI;

4) 3iioMKa TIOBHMHHA MMOYUHATHCH 32 JCKUIbKA Ce-
KYHJ IO BiJUIUJICHHS BiJ JIITAJTBHOTO amapaTy Iapamry-
TUCTa (MaHEeKeHa, BAaHTaXKy Ta iH.) 1 3aKiHIyBaTHUCh 4e-
pe3 IeKibKa CeKyH I TICsl TPU3EMIICHHS;

5) mpwu 3ioMIi mapanryTiB 3 MaHeKeHaMH, 200 IpH
CKUJaHHi 1atdopM, Bijeokamepa MOBUHHA OYTH BCTa-
HOBJICHA 3 HABITPSHOTO OOKY BiTHOCHO KYpCY JiTaJbHO-
ro amapaTy; BCTaHOBJICHHS OIEpaTopa 3 HaBiTPSHOrO
OOKY 3HIDKYE MOTPIIIHICTh BUMipIOBaHb (puc. 12);

6) SIKIIO O3BOJISIIOTH YMOBH, HEOOXIJJHO BCTaHO-
BUTH Ha MICLEBOCTI OpPIEHTHPH, HANPHKJIAJ, IUTH abo
BiXM 3 BH3HAYEHHMHU T'€OMETPHYHUMHU XapaKTEPUCTHUKA-

MU: BUCOTA, JOBKHMHA, BiJICTAHb M)XK HUMH;

7) mapamryTHCT MOBUHEH OyTH BISTHYTHH Y KOH-
TPACTHHIA KOCTIOM, SIKMU JO3BOJISE JIETKO HOTO iICHTHU-
¢ikyBatn Ha (DoHI Heba Ta MICIIEBOCTI, Ha IUIATPOPMI
(BaHTaxXy) IOBMHHa OyTH HaHeceHa cMmyra i3 Oijo-
YOpHHX (KOBTO-YOPHUX) KBAPaTiB;

# ", £ Y
i il

B

Puc. 1 BusHaueHHS BIUIMBY HAIpsIMY BiTPY 1 BCTAHOBJICHHS
BiZIeOKaMepH Ha TOUHICTb PE3yJIbTaTiB BUMiPIOBAHHS

8) mepen MpPOBEICHHIM 3aTiKOBUX CTPHOKIB (CKHU-
JlaHb) BUKOHYETHCS TIONEPEIHINA CTPUOOK JUIs TIEPEBIPKH
Mpane3faTHOCTI 00JIaJiHAHHS Ta BpaxXyBaHHS MiCHEBHX
0COOJIMBOCTEH.

Tunora cxema 00JaTHAHHS MICIIS TPU3EMIICHHS
HaBeJleHa Ha puc. 2.

TloxkaTHK BXOTKEHHA B
30HY 3HOMKH

—

TlificHHT X 00°eKTY lAs" —_— 5 =
: - JTiHig Ha3eMHHX OpIEHTHPIB

Micrre mpH3eMIeHHT

T'panHIA ceKTOpY

*, o OTILSLTY BieOKaMepH

50

BK]|

Puc. 2. TunoBa cxema 00aHaAHHS MiCIIs IPH3EMIICHHSI.

[Toxubka mpu BU3HAUCHHI KOOPIWHAT 00 €KTY 3a
JTOTTOMOTOF0 BiICOKAMEPH CKJIAJIAEThCSA 3 MOXUOOK, SIKI
BHOCHUTBLCSI Y BUMIPIOBaHHS IiJ] 4ac 3HOMKH Ta Jemud-
pyBaHHS: BiJ HeNapaleIbHOCTI IUIOMIMHK SIBHINA MIO
3HIMA€ETHCS 1 IUIOMMHKU 300pakKeHHS Ha Kajpi; Cy0’€K-
TUBHUX ITOMWJIOK Y BU3HAYCHHI JIHIHHUX PO3MIpIB 30-
OpaskeHb TpH AemnppyBaHHi.

2. BuznauenHs napamMeTtpiB pyxy

Po3risiHeMO METOAMKY OILHKH JIOMYyCTUMHX 3Ha-
YeHb BIAXWICHHS IUIOMIMHHU TIHCHOrO HUIIXY 00’€KTy
BiJI IUTOLITUHU Ha3€MHHX OPi€HTHPIB.

[Ipumyctumo 1m0 Bigeokamepa 3 (OKYCHOI Bif-
cranHIO F BCcTaHOBIICHA Ha BiUIajcHHI S BiJ JIiHIT opie-
HTHPIB, a 00’ €KT 3 JiHIHHUM po3MipoM L min wac 3iiom-
KM JITIB 3 KypcoM, SIKUH CKJIaje 3 JIHIEI Ha3eMHHUX
OpieHTHpPIB KyT (. B 1pboMy BUIaIKy po3paxyHKOBHIA
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MacmTad 300paKeHHs Ha IUTIBI, BU3HAYEHWH 3 IpH-
MYIIEHHS MapaiebHOCTI TUIONIMHK SBHINA 10 3HiMa-
€TBCS 1 IUIOMIMHYU 300payKEHHSL:

M, =F, /S (1)
Jiticauii MacmTab 300pakeHHs1 Oyze pi3HUM Y pi-
3HMX YacTWHax Kajpy. Busnaummo macmra® 300pa-

JKCHHS JUIA TAKOTO MOMEHTY 3HOMKH, SKIIO 00’ €KT 3Ha-
XOJUTHCS y TIoNIoKeHHsT AB:

M, =CB/BC. (2)
Y tpukyrauky OBC 3rimHoO TeopeMi CHHYCIB
CIpaBeUTUBI CITiBBIAHOIICHHS:
ocC BC
sin90—(B+a)) sin(90+a)

IO Kpi3b TPUTOHOMETPHYHI (YHKIII TOCTPUX KYTIB
3aIUIIEThCS SIK:

€)

oc  BC
cos(B+a) coso

(4)

B 3anponoHOBaHMX CHiBBiJHOIIEHHSX BEpXHIiH
3HaK (Tuioc abo MiHyC) BIJNOBIA€ BHUMAAKY KOJH
00’€KT 3HAXOAUTHCS 3a JIHIEIO OPIEHTUPIB, HWKHIA —
BUIIAJIKy 3HAXO/DKEHHs 00’ €KTy Iepes JIiHIEI0 OpieHTH-
piB. 3Binku Moxe Oyt oTpumane 3HaueHHs BC (Hara-
naemo, mo OC=S):

C- Scosa ' (5)
cos(Bta)
VY tpukytauky OBC:
CB = F/cosf. (6)

[lincraBuBim 3HaueHHs c¢b U BC y cmiBBigHO-
IICHHS UL TIHCHOTO MacITady 300pakeHHs, MaeEMO:

» (1)

M - Feos(Bta) F cosacosPFsinasinf}

_ScosBcosoc S cosfcosa

abo KiHIICBY:

M =(F/S)-(1FgaigP). (8)

3rigno 3 (8), milicHnii MacmTab 300pa)keHHs BiJpi3Hs-
€TBbCS BiJl po3paxoBaHOro MHOXHHKOM (1Frgatgf),

SIKMH 3aJIEKUTh BiJl CTYIEHS HelapajeabHOCTI IUIOIH-
HU SIBHIIA 1[0 3HIMAETHCA 1 TUTOIIUHI Kaapy (KyT &) 1 Bif
TIOJIO’KEHHST 00 €KTY BIJIHOCHO ONTHYHOI OCi 00’€KTy
(xyt B). Tak sk BemuuMHA KyTa 3 HE MOXKe OyTH OUNIbII
HDK IOJOBUHA KyTa 30py OO'€KTHBY BiJeOKaMepH, TO
IUTSE KOXKHOTO 00’€KTHBa MO #oro (poKycHOI BiacTaHi
MOXKe OyTH BH3HA4€HO 3HAYEHHS KyTa O, IPH SIKOMY
CKpUBIJIEHHS MacmTady He OyIyTh MEpeBHUIyBaTH Ha-
niepes 3a/1aHe 3HAUSHHSI.

Jlani po3paxyHKiB [UIsl HOIIMPEHNX 3HaYEeHb (POKY-
CHHMX BijcTaHell 00’€KTUBIB INpH SKUX BHKPHUBJIICHHS
cknanats 5% (tg & tg B < 0,05) npuBeneHi y tadm. 1.

BigxuneHHsT BEpTHKaNbHOI IUIONIMHU  IUIIXY
00’exTy (AS) BiI IIIOMIMHA Ha3eMHUX OpPIEHTHUPIB, TPH
SIKUX BUKPHBJICHHS MaciTa0y He mepeBumiye 5 %:

AS = 0,05*H/tg(B), 9)

ne H — Bucorta 00’€kTy, M; 3 — MOJIOBHHA KyTa 30Dy
00'€KTHUBY.

Tabnuys 1 — Jlani po3paxyHKiB /JIsi HOIIMPEHNX 3HAYEHb
¢oxycHux BincTaHeil 00’€KTUBIB P AKUX
BUKPUBJIEHHS CKJIa1a10Th 5% (tg @ tg p < 0,05)

dokycHa BiJCTaHb
00'eKTUBY, MM
IMonoBuHa Kyra 30py 17° | 120 g0 6° 20
o0'extuBY P, Tpaj (o 27 | 28 03/ 17 | 30/
TOPHU30HTAJII)
Kyr Bigxuienss d, 9 13° 19° | 25" | 48°
rpa P 5/ 39/ | 12/ | 50"

35 50 75 100 | 250

Pe3ysnbraTi po3paxyHKiB ISl IOIIUPEHUX 3HAUYEHD
(okycHUX BincraHell 00’€KTHBIB TpHBeIeH! y Tabi. 2
(Bucorta 00’exty H=100 m).

Tabnuysa 2 — Pe3yabTaTH PO3PAXYHKIB U MOLIMPEHUX
3Ha4eHb OKYCHUX BificTaHeil 00’ eKTHBIB

doxycHa BiCTaHb
00'eKTUBY, MM
BokoBe BiIXHIICHHS
AS, meTpu

35 50 75 100 250

17,7 | 23,6 | 35,6 | 46,0 | 114,0

Po3risiHeMO METOMWKY BH3HAYCHHS OOYHCICHHS
BEPTHUKAIIBHOI IIBUIKOCTI 3HIDKEHHSA. MeToauKka CcKiia-
JA€THCS i3 OOYKCIIEHHS] BEPTUKAIBHOI [IBUAKOCTI 3HH-
JKEHHS Ta METOIMKA BU3HAYCHHS TOPU30HTAIBHOI [IBHU-
JIKOCTI TIepeCyBaHHs, CTATUCTHYHOI 00pOOKH pe3yibTa-
TiB, NMPHUBEAEHHS BEPTHKAIBHOI IIBUIKOCTI 3HMKEHHS
JI0 CTAHIAPTHUX YMOB.

OO04HCIIeHHST BEPTUKATIBHOI CKIIaI0BOT IBUAKOCTI
3HIKCHHSI BUKOHYETBCS Y TAKOMY TTOPSIIIKY:

1. BuzHauaeTbcs po3Mip (y Iikcelax) xapakrtep-
HUX JeTayieii 300pa)keHHsA Ha Kanpi. Hampuknazd, moB-
KHHA CTPOIH, K& B HATYPAJIbHOMY BH Hamepen BHMi-
psna. Toni noBxkuHa 300pakeHHs 00’ €KTy Ha Kaapi:

1= —x2)% + (31 —y2) % ©)

ne (x1, 1) — KOOPJMHATH TIOYATKY 300paKeHHs 00’ €KTY;
(x2, ¥2) — KOOPIMHATH KiHIIA 300payKeHHS 00’ €KTY.
2. BusHnaudaeThbcs MacmTab 300payKeHHS 00’ €XTY:

M =1L/l (10)

ne L — pakTHIHA JOBXKHHA 00’ €KTY.
3. Ilo Macmtabax, BUSHAYCHUM JUIA KaJpiB n; Ta
n,, O0YHCITIOETHCS CePeIHIM MacITad 300paskeHHS:

Mg, =(M,, +M,, ) /2. (11)

nie ny — HoMmep (Ha3Ba) Kaapy, sIKHi 00poOIseThCS; 11y —
HOMEp HACTYITHOT'O KaJIpy, KUK miaysirae oopooi.

4. Bu3Haua€eThCsI MOXJIMBUN 3CYyB KaMepH y Bep-
TUKAJIBHIH TUTOIINHI:

hxc = Yoni —Yon2, (12)
II€ Vou1 TA Ygy2 — OPIAUHATH TIOJIOKESHHS HA3EMHOT'0 Opi-
€HTUPY BiANOBITHO HA KaJIpax ny Ta M.
5. BusHauaeThes pi3HICTH BHCOT O0’€KTY Ha Kaj-
pax ny Ta ny:

h :J/llnl_ylln2+ hxc (13)
1€ Y1 TA V2 — OPAUHATH LIEHTPY Mac 00’ €KTy BiAmo-
BIJIHO Ha KaJpi 1 Ta ny.

6. Bu3HayaeThCcs IHTEpPBAT Yacy MK KaJpaMH 71
Ta np:
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At=N/f, (14)

ne N - KUIbKICTh KaJpiB 3a aHaJi30BaHHUU mepionm, N =
= ny — ny; f — 9acTOTa 3HOMKH, KaJIp/ceK.

7. BusHavaeThCsl BEpTHKAJbHA IIBUIKICTH 3HU-
JKEHHS:

e

3H

=M, h/At. (15)

AHaNOriYyHO BU3HAYAEMO TOPH3OHTAIILHY CKJIa-
JIOBY MIBUJIKOCTI TIEpECyBaHHSI.

J1y1s1 BUCHOBKY ITPO BiJIOBIIHICTE NIApAIIyTy, SIKHH
MIPOXOANUTHh BUIPOOYBAHHS, BUMOIaM, PE3YJIbTaTH PO3-
paxyHKIB Ta BUMipIOBaHb 0OpOOJISIOTHCS 33 JOTIOMOT OO
METO/IIB MaTeMaTHYHOI CTATUCTHKH.

BucHoBku

1. B crarti JOOCHIIPKEHO METOIUKY BH3HAYECHHS
mapaMeTpiB PyXy BUTBHO Magar0uuX TiJd 3 BUKOPUCTAH-
HSM IU(POBHUX 3acO0IB BUMIPIOBaHHS, B SIKOCTI SIKHX
00paHo MU(PORBI BicOKaMEpH.

2. Tlpu3Ha4yeHHSIM METOJUKH € JIOIOBHEHHS ic-
HYI040I HOPMAaTUBHO-METOMYHOI TOKYMEHTaIlil BU3HA-
YEeHHs IapaMeTpiB PyXy BUIBHO MaJar0uuX TUT B YaCTH-

Hi BUKOpHUCTaHHS U(PPOBHUX 3ac00iB peecTpariii.

3. JlocmimKkeHa METOIUKA PErNIAMEHTYE MOPSIOK
PO3paxyHKy BEPTHUKAJIBHOI LIBHIKOCTI 3HIDKCHHS Ta
LIBHJKOCTI TOPU3OHTAJIBHOTO MIEPECYBaHHs Ha IPH3EM-
Hill AUSIHII TpaeKTopil Mpu NpOBE/IEHHI CTPUOKIB (CKH-
JlaHb) 3 MapanryTaMH 3 BHKOPHCTaHHSIM LU(PPOBHX 3a-
co0iB BiJIeO 3HOMKH.

4. JlocmimpkeHa METONUKA CKJIAIA€ThCS 13 BU3HA-
YEeHHS BHMOT IIOJI0 3aCO0iB peecTparlii Ta iX Xapakre-
PHUCTHK; BUMOTI' IO TPOBEJEHHS BiZle0 3WOMKH; BH3HA-
YEeHHs TOXHMOKU KOOpANHAT 00’ €KTY 3a JOTIOMOTrOI0 BiJl-
€0KaMepH, 1110 CKIIAJA€ThCs 3 TTOXUOOK, SIKi BHOCUTBCS Y
BUMIpPIOBaHHS TiJl Yac 3MOMKH Ta JCIU(QPYBaHHS; OLli-
HKH JIOITyCTUMUX 3HAa4€Hb BIAXHMJICHHS IUIONIMHU Jilic-
HOT'0 IIJISIXY 00’€KTY BiJ] IUIONIMHU HA3€MHUX OpIE€HTHU-
PiB; BU3HaueHHS! OOYMCIIEHHSI BEPTUKAIBLHOI IIBUIKOCTI
3HM)KEHHSI.

5. 3a J0moMOror0 JOCIIIKEHOI METOANKN BH3HA-
YeHHs MapaMeTpiB pyXy BUIBHO MaJaloyuXx TiJl 3 BUKO-
pHUCTaHHIM LU(POBUX 3aCO0IB BUMIPIOBAHHS JOLIIHHO
o0HpaTy HalOIIbI KOPUCHY MapamryTHy CHCTEMY IIO-
JI0 BUKOPUCTaHHI ii 32 MPU3HAYEHHSIM.
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The study of methods for determining motion parameters freely falling objects
using digital measuring instruments

V. Kononov, Yu. Rafalskij, O. Dehnich

Abstract. The subject of the study of the article is the dependence of the tram of movement of free falling objects. The
purpose of the article is study of the methodology for determining the parameters of the movement of free falling objects using digi-
tal measuring instruments in which quality digital video cameras. The introduction of which will make it possible do it in short time
for process and test results. The problem to be solved is with the help of certain means of registration requirements for conducting
of certain object’s coordinates of the allowable values of deviations of the area of the actual path of the object from the area of land-
marks, determination of the vertical rate of decline justification of technical solutions, the introduction of which into the practice of
measurement will allow regulating the procedure for calculating the vertical rate of decline, and also the speed of horizontal move-
ment on the surface of the trajectory during jumps (dropping) with parachute using digital video shooting. Results. The developed
methodology consists of determining the requirements for means of registration and their characteristics; requirements for video
recording; Determining the error of the coordinates of the object using a video camera, which consists of errors that are introduced
into the measurement during shooting and decoding; estimates of permissible values of deviation of the plane of the actual path of
the object from the plane of landmarks; determining the calculation of the vertical rate of decline. Conclusions. The method regu-
lates the procedure for calculating the vertical rate of descent and the speed of horizontal movement on the ground section of the
trajectory when performing jumps (dumps) with parachutes using digital means of video recording. The proposed technical solutions
obtained from the experimental study of the methodology for determining the motion parameters of freely falling objects using digi-
tal measurements tools make it possible of verify the most appropriate parachute system for its intended use.

Keywords: parameters of falling objects of registrations vertical descent rate.
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Hamionansawmii yHiBepcuter «llonraBcpka nomitexHika iMmeHi FOpis Konapatrokay

TEHETUYHI AJITOPUTMHA ONITUMI3AIIL B 3AJTAYAX KEPYBAHHS
3POILIYBAJIBHUMU CUCTEMAMMU

AHoTanisi. Ha choromsi criocrepiracTbcsi THASHIIS 30UTBIIEHHS CKJIATHOCTI MaTeMaTUYHKX 1 JOPMAIBHIX MOJIENeH pealtb-
HHX CHCTEeM 1 IIpoleciB yrpasiinss. Lle moB’s3aHo 3 HeOoOXITHICTIO IMiIBUILEHHS aJIeKBaTHOCTI IIMX MOJEIIel Ta BpaxyBaHHS KO-
Mora OLIbIIoI KijibKkocTi (akTopiB, SKi BIUIMBAIOTh HA MPOLIECH NPUIHATTS pillleHb. Tpamuuiiini Meronu no0ynoBH Mozesel He
HPUBOZATH JI0 33/I0BUIBHUX PE3YJIbTaTiB, KOJIH ONMCAHHS IPOOIeMH, 10 HiUIrae BUPIILEHHIO, ¢ CaAMOro TI0YaTKy € HETOYHUM i
HenoBHUM. [IparHeHHs OTpMMaTH BCIO BUYEpIHY iH(poOpMaLito U1 NoOYI0BU TOYHOI MAaTeMaTH4HOI MOJENi CKUIbKU-HEOyIb
CKJIAJIHOI peaJIbHOI CUTYaLlil MOXKe NPUBECTH JIMILIE JI0 BTPATH 4acy Ta KOIITIB, OCKUIBKHU Lie MOXe OyT! B IPHHIUIT HEMOXIIUBO.
Jlo HeraBHBOrO Yacy IpH IPOSKTYBAHHI 1 JIOCIHKEHHI CHCTEM aBTOMAaTH30BAHOI'O YIPABJIHHS 1 CHCTEM IHTEJIEKTYaIbHOI Mijl-
TPUMKH IIPOLIECIB MIJATOTOBKY 1 NPUHHSTTS pillleHb BUKOPUCTOBYBAJIHCS JIBA BEJIMKI KJIaCH MaTeMaTHYHMX MoJelell 1 MeTosiB:
OJIMIH 3 HHUX NPEJICTaBIICHH AeTePMiHOBaHUMH, a IPyruid HMoBipHUMH MozessiMu. ChOroziHi BitOyBa€eThCs OypXJIMBUI PO3BUTOK
1 Bce OLIBII MIMPOKE 3aCTOCYBAaHHS B PI3HUX 00JIACTSX TPETHOro, aOCOIMIOTHO HOBOIO KJAcy MOZEJIEH 1 MEeToMiB, 3aCHOBAaHHX Ha
MPUHLMIAX Teopii HewiTKuX MHOHH. HaOyB po3BUTKY Takuil HOBHII HANPSMOK, SIK M’sIKi OOYMCIICHHS, 33 JIOIIOMOTOFO SIKHX CTa-
JI0 MOYKJIMBHM ONTUMI3yBaTH HEYiTKI Mojiesi. BUKoprcTaHHs MeToiB onTuMi3altii 103BaIIIIo OyyBaTH aJIeKBaTHI MOJIEI TIpo-
LIECIB 1 CHICTEM HaBITb IIPH JOCTaTHBO IPyOild MOYaTKOBIH HewiTKii Mozerni. OfHaK y cucTeMax, 3aCHOBaHHX Ha HEITKOMY ITi/IXO-
Jli, 0COOJIMBO MPH BEJMKIH KUIBKOCTI 3MIHHHX, IPaKTUYHO HEMOXIIMBO BPaxyBaTH CUHEPTi3M, IO MOKE BUHUKATH [IPU CYMIiCHIH
TOSABI JIGSIKMX KOHKPETHHX 3HaU€Hb OKPEMUX 3MIHHHX, T2 HEMOXJIMBO 3a0e31eUnTH 00JIiK BiIMIHHOCTEH y BaXKIMBOCTI (aKTOpiB,
110 BIUIMBAIOTh Ha MPUHHATTS pillieHHs. 30KpeMa B JaHii poOOTi FeHeTHYHI allrOpUTMH BUKOPHUCTAHO SIK ONTHMI3ALiiHI METOIH,
110 103BOJISFOTH MiHIMI3yBaTH BiICTaHb MK OaXKaHHM Ta MOZIEIBHUM PE3Y/IbTaTOM JIONYHOrO BUCHOBKY. Ha OCHOBI reHeTnuHuX
aJITOPUTMIB HaBYaHHS HEUITKHX PErpeciiiHiX Mojelieil po3po0JIeHO IHTENEKTYalIbHy CHCTEMY IiATPUMKH PUHHATTA PillleHb IIPU
JIarHOCTYBaHHI MTapaMeTpiB PeXKUMIB 3pOIICHHS. TaKy CHCTeMy BIPOBA/PKEHO Y IPOLIEC BU3HAYEHHS CTPOKIB Ta HOPM IIOJIUBY
TIPU 3POLLEHHI OBOYEBUX KYIBTYpP CIMEHCTBA MacIbOHOBUX. Po3pobieHa cucrema MiATPUMKH PUIHHATTS PillieHb JI03BOJISE B 3a-
JIKHOCTI Biji BUOOPY PEKMMY 3pOLLICHHS BU3HAYATH N0TPedy POCIMH Y BOZ i a00 OTpHMYBATH BUCOKI Bposkai Ha (hoHi partioHa-
JIBHOT'O BUKOPYICTaHHS BOJH, 200 320113 DKyBaTH BOAHI PECYPCH IPU NEBHUX BTPATAX BPOXKALO, 110 3 EKOHOMIYHOI TOUYKH 30pY €
JIOLIIBHUM B TOPIBHSHHI 3 BUTPAaTaMM Ha [071a4y JOJIATKOBUX 00’ €MiB ITOJIMBHOI BOH JUIS JOCATHEHHS. MAKCHUMAIBHUX BPOXKAIB.

Kaw4yoBi ciioBa: reHeTnuHi anropuTMH, ONTHUMI3AIliiHI MeToaH, (yHKIiS BIAMOBIAHOCTI, XpoMocoMa, peKoMOiHaIIis

TeHIB, MyTallisl, CXPEILlyBaHHsI, CEJICKILisi XPOMOCOM.

Beryn

IMocranoBka mpodiaemu. Ha crorojni crocrepi-
raeThesl TEHICHISI 30UTBIIEHHS CKIIaJHOCTI MaTeMaTH-
YHUX 1 (POPMANBHUX MOJENIEH pealbHUX CHUCTEM 1 Ipo-
neciB ympapiiHHs. L{e moB’s3aHO 3 HEOOXITHICTIO ITiJI-
BUIIIEHHSl aJEKBATHOCTI IMX MOJEJEeH Ta BpaxyBaHHS
SIKOMOTa O1bIIOT KUTBKOCTI (DakTOpiB, SIKi BIUTUBAIOTH
Ha TPOLECH NPUHHATTA pimieHb. TpaguiiiiHi MeToau
noOyloBH MoOjieNiell He NPUBOJSTH N0 3aJ0BUIBHUX
pe3yNbTaTiB, KOJIHM OMUCAHHS MpPOOJIEMH, IO ITiAJsrae
BUPILIIEHHIO, C CaMOr0 MOYaTKy € HETOYHUM 1 HEIOB-
HuM. [IparHeHHst oTpuMaTH BCIO BUYEpITHY iH(opMariro
U TOOYIOBH TOYHOI MaTeMaTHYHOI MOJEI CKUIbKHU-
HeOyJb CKJIaaHOI peajbHOi CUTyamlii MOXe HPUBECTH
JIMIIEe 70 BTPATH 4Yacy Ta KOIITIB, OCKUIBKU II€ MOXeE
OyTHU B IIPUHIIMII HEMOXKIIUBO.

Jlo HenaBHBOrO Yacy MpW MPOEKTYBaHHI 1 JOCIi-
JDKEHHI CHCTEM aBTOMAaTH30BAaHOTO YIPABIIHHS 1 CUCTEM
IHTEJIEKTYAJIbHOI MiTPUMKH TIPOIECIB TrOTOBKH 1 MPH-
WHATTS pillleHb BUKOPHCTOBYBAJIMCS [Ba BEJMKI KIIach
MaTeMaTHYHUX MOJIENEeH 1 METO/IIB: OJFH 3 HUX IIPE/ICTaB-
JICHWH JIeTepMIHOBAaHMMHM, a JAPYrHil WMOBIPHHMH MOJie-
ssiMi. CpOroziHi BifOyBa€eThCsl OYpXITMBUI PO3BUTOK 1 BCe
OLITBII IMPOKE 3aCTOCYBaHHS B PI3HUX 00JACTSX TPEThO-
ro, abCOMIOTHO HOBOIO KJIacy Mojeneil i MeTofiB, 3acHo-
BaHUX Ha MPUHIMIAX TEOpil HEUITKUX MHOXUH.

HaOyB po3BUTKY Takuii HOBUIT HAIPSIMOK, SIK M’ sIKi
OOYHUCIIEHHS, 32 JIOTIOMOTOI0 SIKUX CTajl0 MOXIIUBHM
ONTUMI3YBaTH HEYITKI MOJEi. BUKOpUCTaHHS METOJIB

onTHMi3amii J03BONWIO OyAayBaTu ajieKBaTHI MOAENi
MIPOLIECIB 1 CUCTEM HaBiTh IPU JOCTATHBO TPYOiid mova-
TKOBIM HEWITKIH MOJeITi.

OpHak y cuCTeMax, 3aCHOBAaHMX HAa HEYITKOMY MijI-
XOJli, OCOOJIMBO TMPH BENHKIH KUTBKOCTI 3MiHHHX, IPaKTH-
YHO HEMOYKJIMBO BPaxyBaTH CUHEPTi3M, 1[0 MOXKE BUHHKA-
TH TPH CYMICHIM TOSIBI JIEIKUX KOHKPETHHX 3HaueHb
OKpPEMHUX 3MIHHHX, Ta HEMOXJIMBO 3a0€3MCUUTH OOJIIK
BiJIMIHHOCTEH Yy Ba)XJIMBOCTI (haKTOpiB, 11O BIUIMBAIOTH Ha
TIPUAHATTS pilieHHs. 30KpeMa B JiaHii poOOTi reHeTH4Hi
anroputMu (I'A) BUKOPHUCTAHO SIK ONTHMI3aIliiHI METOIH,
10 JI03BOJISIIOTH MIHIMI3YBaTH BiJCTaHb MiXK Oa’KaHHM Ta
MOJIENTBHIM PE3YJIbTATOM JIOTTYHOTO BUCHOBKY.

AHani3 ocTaHHIX qocaifxkeHb i myoaikamii. J{msa
peamnizauii ['A HeoOXiqHUl BUIIAJAKOBHIA HA0ip BapiaHTIB
PO3B’SI3KiB, SIKMM HA3MBAIOTH MOMYyJsLi€c0. Bapiant
PO3B’SI3Ky, 10 BXOAUTH A0 MOMYJSALII, y 3aKOJ0BAHOMY
BUTJISIIII HA3MBAETHCS XPOMOCOMOIO, SIKa BH3HAYAE IIEB-
HE pIlIeHHs ONTHUMI3aliiHOI 3a7a4i B MEpIIOMY Ha0JIU-
*KeHHi. Xpomocoma QOpPMYETBCSI SIK TOCIIIOBHICTb
CHMBOJIiB TIEBHOI IPHUPOAU — TeHiB [1].

I'A cknanmaerscs i3 MEBHOTO YHUCia iTepamil, i Ko-
JKHa HACTyITHAa TMOMYJIALisS TE€HETHYHOTO aJrOpUTMY
Ha3UBAETHCS TTOKOJIIHHAM (200 reHeparliero). AHaoriy-
HO TIPHUPOJIHIH eBOJIONIi B pe3yJbTaTi MEeBHOI KiJIbKOCTI
iTepauiii BiIOYBAa€THCS TaKOX 1 €BOJNIOIIS XPOMOCOM 3
novaTkoBoi momysnii. J{is oriHIOBaHHS CTYyIIEHS MpH-
CTOCOBAHOCTI XPOMOCOM y TIOMYJIAIT BUKOPUCTOBYETh-
cs1 QyHkuist BignoBigHocri (anria. Fitness function), mpu
LIOMY CEJIEKIIisl BiIOYBAa€ThCS IUITXOM BUOOPY XPOMO-
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COMH 3 HAHOIIBIIOI Miporo MpHUcTOcoBaHOCTI. Hacty-
ITHE HOBE IMOKOJIHHS (DOPMYETHCS B PE3YJBTATI PEKOM-
OiHamii TeHIB 3a pPaxyHOK CXpellyBaHHS (aHIJ.
Crossover) ITBOX XpOMOCOM-0AThKIiB 3 HMOTOYHOI MOIMY-
ns1ii, a00 B pe3ysbTaTi MyTallii, 0 BiIOyBa€ThCS 1L
XOM BHUIIAJIKOBOI 3MiHH €JIEMEHTIB OJHIET XPOMOCOMHU.
[Ticnst 3acTocyBaHHS T€HETHMYHUX OIEPATOPIB CXpelry-
BaHHS Ta MyTallii BiIOyBa€THCS CEJIEKIIisI XPOMOCOM 3a
(YHKIII€IO BiMOBITHOCTI.

UYepes zexinbka ernox 3a gornomoroto ['A Bigdupa-
€TBCS XpOMOCOMa 3 HaWOIIbIIOW (DYHKIIEIO BiAMOBI/-
HocTi. Taka XpoMocoMa Bi/NOBiAa€ ONTUMAIBLHOMY, 200
OJIM3BKOMY JIO ONITUMAIIEHOTO PO3B’SI3KY.

JI71s1 TOKOJIHHSA ¢ TOMYJISIIiS 1HIUBIAYYMIB MO3HA-
yaeTbes uepe3 P(f), a HaOip HaIaKiB, M0 OYJIU OTpHU-
MaHi i3 MOToYHOI momyJsrii, — yepe3 C(¢). 3 BBeACHUMHU
MIO3HAYEHHAMU 3arajibHa cTpykTypa ['A mae Burman [2],
HaBezeHUi Ha puc. 1.

Mpoueaypa: NeHeTUYHUIA anropuT™
no4aTok

t=0;
iHiuianisyBaTtu P(t);

ouiHutun P(t);

MOKU (He_A0CArHyTO YMOBU_3aBEepLUEHHS)
cxpeltysaTtu P(t) wob opepxatu C(f) ;
ouiHutn C(t);

Bubpatu P(t+1) i3 P(t) i C(t) ;
t:=t+1;

KiHeub
KiHeub.

Puc. 1. 3aransna crpykrypa ['A

OcHOBHI ormeparniii TeHETHYHUX AITOPUTMIB TIOJIS-
raloTh y HaCTymHOMY. Ha mepmiomy erarni cxpelnryBaHHs
XPOMOCOMH 13 TOMYJIALi OaThbKiB 00’ €HYIOTHCS Y Mapu
BHITAIKOBMM YMHOM 3 WMOBIPHICTIO p,. [laji BCTaHORBIIIO-
€THCS TIO3UIIiSI TeHA Y XPOMOCOMI, L0 BU3HAYAE TOYKY
cxpemnryBanns (annt Cut-point). B pesymbrati cxperry-
BaHHS XPOMOCOM-0ATBKIB CTBOPIOIOTHCSI XPOMOCOMH-
HAIAJKKA NUIIXOM KOMOIHYBaHHS CETMEHTIB IEpIIOro i
JIpyroro 0ATHKIB BiJTHOCHO TOYKH CXPELIyBaHHSI.

VIMOBipHiCTh p, BU3Hauae BiJICOTOK HAIAMKIB, IO
CTBOPIOIOTBCSI Ha KOXKHIHM iTepallii, i Ha3MBa€ThCI KOe-
¢iieHTOM cXpenryBaHHs. TakuM YHHOM, KUTBKICTh

XpOMOCOM-HAIIAAKIB B PE3YJbTaTi CXpPEIIyBaHHS BU-
3HAYAETHCS K JTOOYTOK p. Ha KUIBKICTH XpPOMOCOM B
monyJisrii. 30UTbIIeHHs KoeQillieHTa p., PO3UIHPIOE
MIOIIYKOBUI TPOCTIp, ajieé MOXE NMPHUBECTU JI0 BUTPATH
Yacy Ha JIOCIiKeHHs Oe3MepCIeKTUBHUX 00JIacTel.

B pesynbTari MyTamii XpoMOCOMH BiAOYBa€ThCS
MEBHUM YMHOM BHIIQJIKOBAa 3MiHa Te€Ha 3 WMOBIPHICTIO
Pw- TIpH LIbOMY TSI KOXKHOTO Te€Ha XPOMOCOMH BH3HA-
YaeThCsl BUMAKOBE YUCIIO, [0 BU3HAYAE Ti 3 TEHIB, IS
SKUX BinOynerbcs mytanis. Omnepaiis MyTamii B reHe-
TUYHHUX aJrOpUTMax BU3HAYA€ThCsS HEOOXiTHICTIO Bi-
HOBJICHHSI T€HIB, 10 OYJIM BUIIY4deHi 3 MOMYJALIT B X0
orrepaii Bi1oopy, i sKi Tenep MOXyTb OyTH JOCIiKEH]
B HOBOMY KOHTEKCTi, Ta MOXIIUBICTIO yTBOPEHHSI TEHIB,
sIKi He OYJIM TIPENICTABJICH] B IIOYATKOBIM MOyt [1].

VIMOBipHiCTE p,, BU3HAYAE BiJCOTOK IeHIB, IIO 3a-
3HAIOTh MYTallii Ha TOTOYHIN iTepamii, 1 Ha3UBAETHCS
koedinienToM Mytaniii. [Ipu 11bOMY HeBEJIHMKa IHTEHCH-
BHICTh MYTalliii MOXX€ HPHUBECTH IO BTPATH KOPUCHUX
BapiaHTiB, sKi HE 3MOXYTh OYyTH DPO3INISAHYTI, a TpH
3pOCTaHHI 3HA4Y€HHS p,, TCHETUYHUH ANTOpUTM BTpa-
TUTb MOKJIBICTh HABYAHHSI.

Mertoto cTaTTi € 3actocyBaHHs ['A 111 HaBYaHHS
HEYITKHX MOJIeJIeH AiarHOCTYBaHHS TIOJIUBIB.

1. HaBuyanug He4iTKoi MoaeJi

Jlyis HaBYaHHS HEYITKOI MOJAE TeHETUYHUMH all-
TOpPUTMaMH XPOMOCOMY, IO BiJINOBiZa€ MOYATKOBOMY
pillIEHHIO, BU3HAYUMO SIK BEKTOp mapamerpiB B,C

(GYHKIIH HaJIe)KHOCTEH TAKMM YHHOM:

bll’cl1""’bi1’ci1""’bill~’cill'""’

§=(B,C)= , (D)

~D191,€191,0192,¢192,b193,¢193

Je [; — KiTbKICTh TEpMiB-OIIHOK BXiIHOI 3MIHHOI X;,
h+bh+..+lg=77, i=119.

IIpu abcomoTHIM MOCTOBIpHOCTI HedwiTKOi 0a3u
3HaHb [OBEJIHKA HEYITKOI MOZEII LIJIKOM 3aJIEKUTE BiJ
nmapameTpiB Bektopa S . ToMmy I HACTPOIOBaHHS He-
4iTKOI MOJelNi BEKTOp S MOXHA PO3IJIIATH, SIK 3aKO-
JIOBAaHUH PO3B’A30K ONTUMI3AIIWHOI 3aJayi y BHIJIAMIL
XpOMOCOMH, 110 300pakeHa Ha puc. 1.

by | ar | b | oax | | ba | ca by, | cu, by | €91 b3 €193
Tepm 11 Tepm il Tepm il;
Puc. 1. Xpomocoma HewiTkoi Mozieni
Jlnst 3mifiCHEHHST TEHETHYHOI'O aJrOPUTMY HE00- 0 -
: o > ¢; = RANDOM | | ¢;,¢c; ||, 3)
XITHO CHOYAaTKy 3aKOAYBAaTH MOYAaTKOBUI pPO3B’A30K i it

3a/adi y MeBHIN KIJIbKOCTI XpOMOCOM-0aThKiB. [Hirtiami-
3amisi MOMyJNALii BiOYBaeThCsS HUIIXOM (OPMYBaHHS
MOYaTKOBOI MOMYJIALIT BUIIAJIKOBUM HAOOPOM BapiaHTIB
PO3B’SI3KIB Yy BHUIVIAII XPOMOCOMH, IO CKJIANAETHCS 3
napaMeTpiB QYHKIIIH HaJIEKHOCTI.

Bu3Ha4yeHHS TeHIB XpOMOCOM BifOyBa€ThCs BHIIA-
JIKOBMM YHHOM 3a TaKUMH (opmyaami [1]:

B = RANDOM([ﬁ ;D , )

ne RANDOM ([g,ﬂ) — omepaisi 3HaXO/PKEHHS PiB-

HOMIPHO PO3IIOIIEHOr0 Ha iHTEpBaJi [g,a} BHITIAKO-

BOTO YHCIIa, [xl-, x; } — YHiBepcaJbHa MHOXXKHHA 3MiHHOT

Xi, [cl-,cl- } — Jiara3oH 3HaYeHb KoedillieHTa po3TATY-

BaHHA (YHKIIIT HAJIEKHOCTI 3MiHHOT X;.
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JIy1s OLiHIOBaHHS MPUCTOCOBAHOCTI XPOMOCOMH Y
MONYJIALIT BUKOPUCTOBYETHCS (YHKIISL BiJIOBIIHOCTI
FF(S) (Bin anru. Fitness function), mo Bu3Ha4Yae Haii-
Kpally Ha JaHii iTepamii XpoMOCcoMYy JIsi IPOBEICHHS
oreparii cXperryBaHHs.

. . d; d;

Jlns meuitkux mozeneir p/ (y)=p/ (X,B,C)
00’€KTIB 3 JUCKPETHUM BHXOJOM ()YHKIIiS BiIIOBITHO-
cti xpomocomu S (1), Oyne matu takuii Burisy [1]:

FF(S)=

304 9 |:Mdj (XI,B,C,W)—Mdj (Xl ):|2

3>

=1 j=I

(4)

VY Teopii reHeTHYHNX OOYMCIIEHb BBaXKA€THCS, IO
(YHKIIST BiAMOBIAHOCTI 30UIBIIYETHCS 13 3POCTAHHSAM
SIKOCTI XPOMOCOMH, TOMY JUIsl 30€peKeHHs 3BHYaiiHOTO
po3ymiHHs QyHKIIT BiAnoBigHOCTI y Bupasi (4) BBexe-
HUH 3HAK «MIHYCY.

CenekInist XxpOMOCOM HEOOXiaHA JJIs BU3HAYCHHS 13
MOMYJAIT TMOTOYHOI €MOXH TEeHETUYHOI'O alrOPUTMY
TUX Tap OaTbKiB, 110 OUIBII IPUCTOCOBAHI O CXpEIry-
BaHHS.

[Tpu npoMy cxpelnryBaHHsI IOBUHHO 3JIiHCHIOBATH-
csl Uil XpPOMOCOM 3 HaWOINbIIMM 3HAYEHHSM (QYHKIIT
BIJIMOBITHOCTi, @ HE BUIMAJKOBUM YHHOM. ToMy, BHOIp
0aThKIiB BiZIOYBa€ThCS B 3aJIEKHOCTI BiJl HMOBIPHOCTI,
110 PO3PaxOBYETHCs 3a popmyioro [1]:

TOOTO A7 KOXKHOI XpPOMOCOMH S; 3 TOMYJIAL{i BU3HA-

9aeThCsl HMOBIPHICT p; , IO BifMOBiJa€ yMOBaM:

K
p; 20, Zpl- =1, FF(Si)>FF(Sj) = pi>pjs
i=1
ne K — po3mip moroyHoi momysmsinii. Takum YuHOM,
yuM Oijibllle 3HAYE€HHsI HIMOBIPHOCTI, THM OiJbIIe IIaH-
CIB Y XpOMOCOMH OyTH BUOPAHOIO ISl CXPELTYBaHHSI.
s BuObOpy XpoMOCOM, IO HiUIATaroTh CXpeEIy-
BaHHIO, 3aCTOCOBYETHCS HACTYIHUM anroputm [1].
1. st KOXKHOI XpOMOCOMH BU3HAYHUTH 1HTEpPBAIIU
JOBXHHOIO p; Ta TOCIiJIOBHO PO3MICTHTH iX Ha IOpH-

30HTaJIBHIH OCi.

2. TlpoBectu pozirpaii, 0 3BOJAUTHCS 10 3HAXO-
JOKEHHST BUINAAKOBOT'O YKCIa Z 3 PIBHOMIPHHM 3aKOHOM
posnoniny Ha intepsaii [0, 1].

3. Binibpatu 6aTeKiBCBKY XpoMocOMY S; , IO Ma€
HigiHTepBan p;, B sKui morparmiste yucno z. Tobto

IIaHCH OyTH OOpaHOI y XPOMOCOMH 3POCTalOTh 3i
301JIbIIEHHAM HMOBIPHOCTI p; .

4. Jlns BubGopy Apyroi 0aThKiBCHKOI XPOMOCOMH
MpOBECTH Aii BigmoBimHo m.a. 1 - 3.

Omepalliss CXpelryBaHHs JBOX XPOMOCOM-0AThKIB
BiZIOYBa€ThCA BIAHOCHO 19 TOYOK OOMiHY, IO BiIIOBI-
JAroTh 19 BXimgHUM 3MiHHEUM. J1J11 HATJIAIHOI IEeMOHCTpa-
il omepamii CXpellyBaHHA PO3IJITHEMO CXPEIyBaHHS

K JIBOX XPOMOCOM OAaThKiB BIJHOCHO TOYKH OOMiHY, IO
pi = FF’(SI-) Z FF'(SI- ) , (5) sBiamosimae 3minHi x; 1 gopiBHIOE 2| =1 . SIKIIO MO3HA-
j=1 YUTH XPOMOCOMH-OaTbKH AK S; i S,, a XpoMocoMu-
ne FF' ( Si)= FF( Si)_ miL‘ FF( S,' )‘ ’ Hamaaka sk Chy i Ch,, TO omepanito cXpelryBaHHSA
Jj=LK ’ MOJKHA TPEICTABUTH CXEMOIO, 1110 300pakeHa Ha puc 2.
1 1 1 1 1 1 1 1 1 1 1 1
by | ar | by | e by ¢t by, ci, big 91 big3 93
Tepm 11 Tepm12 Tepm il Tepm il;
2 2 2 2 2 2 2 2 2 2 2 2
by | et | b2 | ciz b; cii by, | i big Cio1 big3 €93
Tepm 11 Tepm12 Tepm il Tepm il;
a — XpOMOCOMHU-0aTbK!
1 1 2 2 1 1 1 1 1 1 1 1
by | a1 | by | iz by ¢t by, ci, big o b9 3 93
Tepm 11 Tepm12 Tepm il Tepm il;
2 2 1 1 2 2 2 2 2 2 2 2
by | <1 | b2 | a2 bij ¢l by, ci, big €91 big3 €93
Tepm 11 Tepm12 Tepm il Tepm il;

0 — XpOMOCOMU-HAIIAIKN

Puc. 2. CxpenryBaHHs BiTHOCHO ITE€PILIO TOUYKH OOMiHY

B pe3ynabTaTi 0OMiHY T€HaMH, SKi BiJIIOBITAIOTh
TepMaM «HCKPUTHYHA» Ta «KPUTUYIHA», MOXKE TpaIu-

THCh, IO by > b, komu 1 < 2. B npomy BHIAAKy

Tpeba noMinaT! by; i b, micuamu. Tomy Tpeba KOHT-
POJIIOBATH BIOPAJKOBAHICTh TEPMIB MiCIs IIPOBEICHHS
KOXKHOT oreparii cXpelryBaHHsI.

Jia  TIpencTaBiIeHHS alrOPUTMY IPOBEICHHS
CXpeIyBaHHSA BBEIEMO TaKi IIO3HAUCHHS:

bl.'f'] ’05']
My Ta KOe]ilieHTy po3TAryBaHHS (DYHKIT HaJIEXKHOCTI,
BIJIMIOBITHO, Y XpPOMOCOMi S ;

b2

— l] -Ti 3HAYEHHS KOOpJIMHATU MAaKCUMY-

S L
i ’cijz — 1j -T1 3HAYCHHA KOOpAUHATH MAaKCUMY-

My Ta KOe]ilieHTy po3TAryBaHHS (DYHKIIIT HAJIEKHOCTI,
BIJIMIOBITHO, Y XPOMOCOMi S5;
Chy  Ch
b i~

; l] -Tl 3HAYEHHS KOOpJUHATU MaKCH-
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MyMy Ta KoeillieHTy po3TsryBaHHs (YHKIIT HaJIEKHO-
CTi, BINOBIZHO, Y XpoMocoMi-Hamaaxky Chy ;
Chy Ch
by = e " =
MyMy Ta KoeillieHTy po3TsAryBaHHs (YHKIIT HaJIEKHO-
CTi, BIANOBIZHO, Y XpoMocoMi-Hamaaxky Ch, .

ij -Tl 3HAYEHHS KOOpJIMHATH MaKCH-

CxpelryBaHHS JBOX XPOMOCOM-0aTeKiB S) 1 S5, B
pe3yabTaTi SKOro oTpuMyroThes Hamanku Chy 1 Ch,,

3MIACHIOETRCS 32 HACTYITHUM aJroputMoM [1].
1. BusHauuTH BUNAAKOBUM YHMHOM 19 LiIMX TO-
4ok 0OMiHy z;: 1<z, </l;, pe l; — KinbKicTb Tepmis

BXIAHWX 3MiHHNX X;, i=1,19.

2. CxoMmOiHyBaTH T€HH XpOMOCOM-OAaTbKiB S| 1
S, BiJHOCHO BCTaHOBJIEHHX TOUOK OOMiHY z; 3@ HACTY-
ITHUMU [TPaBUIAMH:

s . S .

.. <z - < z.

pChi _ by, j=z pCha _ by*, =z

i = S5 ) ) ij = S ) 5 (6)
bl.'i , J>z by- , J>z
s . Sy

e |Cio JSE chy |G TS

A S G T g - ()
Cll s ] >Zl cl/ s ] >Zl

1<j<l, i=1,19.

3. JIns KOHTPOIIO BITOPSIIKOBAHOCTI TEPMIB Iiepe-
BIpUTH 3HA4YEHHS KOOPAMHAT MaKCHUMyMy (YHKILIH
HaJIeXHOCTI!

(bl-8 >bl-n)/\(g<n):>bl-S © by i <

(—)cl-n,lﬁE_,,l’]Sll-,i=l,n,

®)

Jle <> CUMBOJ OOMiHY.
MyrTalito TeHiB XpOMOCOMH, IO 3aJlaHa BEKTOPOM
(1), 6ynemo 3aiiicHIoBaTH 3 fiMOBipHicTIO p,, = 0,05 .
Myrarisi TeHiB BiJOyBa€ThCsl BUMAAKOBUM YHHOM
BiJIIOBiTHO 110 Takux (opmyn [1]:

Mu (cl/ ) . cl/ = RANDOM (|:Cl',cl' :|) . (10)
ae [cl-,cl- } — Jiama3oH 3MiHM 3HAYeHb KoedillieHTa

po3TAryBaHHS (DYHKIIT HAJCKHOCTI TEpPMIB BXiTHOI

3MIHHOI X;, [cl-,cl- } €(0,40), i=1n;
[xl- , X } — YHIBepcallbHa MHO)KHHA 3MIiHHOT X;;
RANDOM ([g,a}) — orepallis 3HaXO/KEHHS piB-

HOMIPHO PO3IIOIIEHOrO Ha iHTEpBaJi [g,a} BHIIAKO-

BOT'O YHCIIA.
Oneparttist MyTallii OKpEMHX T'€HIB XPOMOCOM 3[Ii#i-
CHIOETBHCS 32 TAKUM aJaropur™om [1].

1. 3renepyBatu 77-2 =144 BUNAAKOBUX YHUCEN
JUTsE KOKHOTO TeHa BEKTopa S 3a JIOMOMOror (GyHKIi

z=RANDOM ([0,1]). Enement Bextopa S He mizna-

BaTH onepallii MyTanii y BUunajaky, Kona z > p,, , iHak-
ie nepeiTu 10 MyHKTY 2.

2. BukoHnaru omepaiito Myramii BUOpaHOro TreHa
xpomocomu S 3a Gopmynamu (9) — (10).

3. TIpoBecTr KOHTPONIH 3a MOPSIKOM TEPMiB Bij-
ITOB1THO JIO CIiBBiTHOIICHHS (8).

2. 3acTtocyBanHs I'A /151 HABYAHHS HEYITKUX
MojieJiel 1iarHoCTYBaHHS NMOJIUBIB

PosrnsineMo 3aBnmaHHst 3acTocyBaHHS ['A ans Ha-
BYaHHS HEYITKUX MOJENeil /JiarHOCTYBaHHS IOJIMBIB.
BukopucTaHHs HEUiTKMX MoOjened Ui aBToMaTu3arii
(YHKI[IOHYBaHHS 3pOLIYBAIFHUX CHUCTEM PO3IJISHYTO B
[3 — 7]. Jns peanizaiii TeHETHYHOTO aJrOPUTMY BCTa-
HOBUMO HACTYIIHI IapaMeTpH: po3Mip MOYaTKOBOI I10-
nynsuii K = 100, koedimient cxpenrypanus p,. = 0,02,
koedimient myranii p,, =0,05, KinpKicTb iTepariit
TCHETHYHOT'0 aropuTMy fopisaioe 5000.

B pe3ynbTati 3mifiCHCHHS OMHIET iTepallii TeHeTHY-
HOT'O aJITOPUTMY KiJIBKICTh XPOMOCOM Y TIOITYJISIIT Oyze
3pOCTaTH BIANOBITHO 1O KOE(]ILi€HTY CXpEIlyBaHHS,
TOMY JUIsi 3a0€3MeYeHHs] CTaJoro PO3MIpy MOyl
TTiCIISt KOXKHOI €MOXHM TeHETHYHOTO JITOPUTMY HEeoOXi-
HO 3MeHIIyBaTu ii po3Mmip Ha p,.-K XpoMocoM 3 Haii-

MEHIIIUM 3HauYCHHAM (DYHKIIIT BiIMOBITHOCTI.

TakuM 4YMHOM, HACTPOIOBAHHS HEYITKOI MoAei
MOXKHa MPE/ICTABUTH HACTYITHOIO TOCITiZOBHICTIO €TalliB
TEHEeTUYHOr 0 anroputMmy [1].

1. IninianizyBaTi NOYaTKOBY MOIYJIALIIO y pO3Mipi
K =100.

2. OUiHUTH MIPUCTOCOBAHICTh XPOMOCOM 32 (DYHK-

mi€ro BignosizHocti FF (Sl- ), i=1,K, BUKOPUCTOBY-

FOYH CITiBBiTHOIICHHS (4).
3. IIpoBecTH cenekiio 0aTbKIBCBKUX XPOMOCOM Y

Pec

. . -K
KIJIBKOCTI 5 =10 map.

4. IIpoBecTn cxpelryBaHHs BHOpaHHMX Ha Iorepe-
ITHBOMY eTari XpoMOCOM-0aTbKiB BiAIIOBITHO HaBejie-
HOMY aJITOPUTMY.

5.V BiamoBimHOCTI 3 BUOpaHUM KOoe]illieHTOM MY-
Talii BUKOHATH OIEpaIlil0 MyTallii olepKaHHX TMicis
CXpEUIyBaHHS XPOMOCOM-HAIQJIKiB 32 HaBEIEHUM all-
TOPUTMOM.

6. OuiHuTH OfiepXaHi y HONEPETHbOMY IYHKTI
XPOMOCOMH 32 (hYHKITIEFO BiIIOBITHOCTI Ta 3MEHIIUTH
po3Mmip monysswii Ha p, - K =20 ii unenis, 1o MarTh

HaliMeHII 3Ha4eHHs1 QYHKIH BimoBigHocTi FF (Sl- )
7. Slxmio ofHii i3 XpoMOCOM S; BiAMOBimae 3Ha-
yeHHs QyHKuUii BignosiqHocti FF (Sl- ): 0, BoHa mpen-

CTaBJIsIE ONTUMAIILHUN PO3B’SI30K. B iHIIOMY BUIAagKy
BEPHYTHCS Ha JPYrHid €Tar 'eHeTHYHOro allrOpUTMY Ta
3MIACHIOBATH HACTPOIOBAHHS HEYITKOI MOJENI 3ajJaHe
yuco irepaniil. [lo 3akiHYeHHI TeHETHYHOTO aJITOPHT-

39



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 3(61)

ISSN 2073-7394

My 00paTH XpOMOCOMY 3 HAaHOLIBIINM 3HA4YEHHSIM (yH-
Kmii BiamoBimHOCTI. Taka XpoMocoMa IPEICTABIISAE
CyOONITUMANILHUI PO3B’ 30K ONTHMI3aIliHOT 3a1a4i.

B pe3ynapTaTi HACTPOIOBAHHS HEYITKOI MOJEII Te-
HETUYHUMH aJTOPUTMAMH OTpUMaiH (YHKIT Halex-
HOCTI 3 BU3HAUYEHUMH MTapaMeTpaMH.

BusHaueHHs1 aJleKBaTHOCTI NPUHHSATTS pillieHb pe-
ai3yeMo HACTYIHUM 4YMHOM. [licisi HaBUaHHS HEYiTKOI
MOJIeTi HEOOXiJJHO IIepeBIpUTH 30ir KOMII IOTEPHOrO
PIIIEHHS 3 JIHCHOI0 HEOOXIMHICTIO Yy 3pOIICHHI 3a Tec-
TyBaJbHOIO BHOiIpKO0. Takuii 30ir pe3ynbraTiB BU3HA-
YaeThCsl TOYHICTIO HACTPOIOBAHHS MapaMerpiB (QyHKITiH
HAJISKHOCTI 32 YMOB JTOCTOBIPHHMX €KCIIEPTHHUX MPABHUI
3 HEUiTKOI 0a3u 3HaHb.

Jlnst TecTyBaHHS HEYITKOI Mofelni O0yio cdopmo-
BaHO TECTYBAJIbHY BUOIpKY, IO ckiaaanacs i3 N = 90
CUTYalill MPUHHATTS PillIeHb, € KOXKHOMY 3 9 J1iarHO31B
nonuBy BigmoBimano N; =10 cwuryaniin. TecryBaHHS
HeuiTKoi Mojeni Bu3Haumio 83 30irm i3 90 curyamiii

TECTYBaJIBHOI BUOIpKH, 10 cKiIanae 92,2% mpaBUIbHUX
PpillIeHb 11010 HEOOXiAHOCTI MOJIHBY.

BucHoBku

Ha ocHoBi 3anporonoBaHoro I'A HaBYaHHS HEYiT-
KHX perpeciitHux Mojiesneil po3po0ieHo iHTelIeKTyalnbHy
CHCTEMY MiATPUMKH IPUHHATTS PillIeHb TPH JIiarHOCTY-
BaHHI ITapaMeTpiB PeXHUMIB 3pouieHHs. Taky cucremy
BIIPOBA/PKEHO y MPOLIEC BU3HAUEHHSI CTPOKIB Ta HOPM
MOJNMBY TPU 3pPOLICHHI OBOYEBUX KYNIBTYp CIMEHCTBa
naciabOHOBHX. Po3pobieHa cucteMa MiATPUMKH TPHIAH-
SITTS PillleHb JTO3BOJIAE B 3aJIGKHOCTI BiJl BHOOPY PEXU-
My 3pOLICHHS BU3HAYaTH MOTPeOy POCIUH y BOJi i abo
OTpPUMYBaTH BHCOKI Bpokai Ha ()OHI palioHAILHOrO
BHUKOPHCTaHHS BOJIM, 200 32011/ KyBaTH BOJIHI pecypcH
P TIEBHUX BTPATax BPOXKAIO, 10 3 EKOHOMIYHOI TOUKH
30py € JOLIJIBHUM B TIOPiBHSAHHI 3 BUTpaTaMH Ha Moja-
4y JOJaTKOBUX 00’€MiB MOJMBHOI BOIH VISl JOCSTHEH-
HSl MAKCUMAaJIBHUX BPOXKaiB.
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Genetic algorithms of optimization
in the problems of irrigation systems control

L. Lievi

Abstract. Today there is a tendency to increase the complexity of mathematical and formal models of real systems and
control processes. This is due to the need to increase the adequacy of these models and take into account as many factors as
possible that influence decision-making processes. Traditional methods of model building do not lead to satisfactory results when
the description of the problem to be solved is inaccurate and incomplete from the beginning. The desire to obtain all the compre-
hensive information to build an accurate mathematical model of any complex real situation can only lead to a waste of time and
money, because it may be impossible in principle. Until recently, two large classes of mathematical models and methods were
used in the design and study of automated control systems and intelligent support systems for preparation and decision-making
processes: one of them is represented by deterministic and the other by probabilistic models. Today there is a rapid development
and increasing application in various fields of the third, completely new class of models and methods based on the principles of
fuzzy set theory. A new direction has been developed, such as soft computing, which has made it possible to optimize fuzzy
models. The use of optimization methods allowed to build adequate models of processes and systems, even with a rather rough
initial fuzzy model. However, in systems based on a fuzzy approach, especially with a large number of variables, it is almost
impossible to take into account the synergies that may occur when some specific values of individual variables appear together,
and it is impossible to take into account differences in the importance of decision factors. In particular, in this work, genetic
algorithms are used as optimization methods to minimize the distance between the desired and model result of the logical conclu-
sion. Based on genetic algorithms for training fuzzy regression models, an intelligent decision support system for diagnosing
irrigation regime parameters has been developed. Such a system has been introduced in the process of determining the terms and
norms of irrigation for irrigation of vegetable crops of the nightshade family. The developed decision support system allows,
depending on the choice of irrigation regime, to determine the need of plants for water and either get high yields against the
background of rational water use, or save water resources with certain crop losses, which is economically feasible compared to
feed costs additional volumes of irrigation water to achieve maximum yields.

Keywords: genetic algorithms, optimization methods, correspondence function, chromosome, gene recombination, mu-
tation, crossing, chromosome selection.
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PO3POBKA METOAY OINIHKU METOAUYHUX ITOXUBOK KAJIIBPYBAHHSA
EJIEKTPOBUMIPIOBAJIbBHUX ITPUJIAAIB 3SMIHHOI'O CTPYMY
CUTHAJIAMH NTPSIMOKYTHOI ®OPMU TUITY «MEAH]IP»

AnoTtanisi. Merow crarTi € po3podka METOy OLIHKM METOAMYHMX MOXMOOK KayliOpyBaHHS €JICKTPOBUMIPIOBAIBHUX
NPHUIIAZiB 3MIHHOTO CTPYyMY CUTHalaMM HPsIMOKYTHOI ¢opmu. PesysnbraTu. IIpoBeneHa ouiHKa METOAMYHUX MOXHOOK Ka-
niopysanns EBII3C curnanamu npsmMokyTHOI ()OpMHU THITy «MEAHAP» IS IBOX TUIIOBUX BUJIIB BUMIpIOBAIBbHUX JIAHIIIOTIB
npuiaziB Po3risnaroTbest NPUKIaAHI aclieKTH OLIHKM METOIMYHUX MOXHOOK IpH KaJliOpyBaHHI €l1eKTPOBUMIPIOBAIBHUX
NPHUIIAZiB 3MIHHOTO CTPYMY CHUTHAJIaMU NPSAMOKYTHOI ()OPMU THITy «MEAHAP» IJIA JABOX THIIOBHX BH[IB BUMIPIOBAJIbHUX
JIAHIIOTIB NpUIaiB, 6e3 KOMIIeHcallii i 3 KOMIIeHcali€. 3a pe3ylbTaTaMy aHajli3y OTpHMaHi aHAJITHYHI BUPA3H JUIS BiJl-
HOCHUX 3Ha4YeHb METOIMYHHX MOXHOOK Y BUMIipIOBaJIbHUX JIAHIIOTIB IpHiiaay Oe3 komreHcanii i 3 komneHcaieto. [Tin-
TBEPJVKCHO 3a pe3y/IbTaTaMH aHaJli3y MOXJIUBICTD 3aCTOCYBaHHS CUTHAJIIB NPAMOKYTHOI (DOPMH THITY «MEaHIp» Ul Kali-
OpyBaHHS €JIEKTPOMArHITHUX HPUIIaJIB.

Karw4dosi cioBa: curHany npsMoKyTHOI (OpMH, €l1eKTPOBUMIPIOBAIBbHI NPUCTPOi 3MIHHOI'O CTPyMY, METOAUYHA I10-

XHu0OKa, KaJmiOpyBaHHsL.

Beryn

PiBeHb pO3BUTKY HAaYKH 1 TEXHIKM B 3Ha4YHIN Mipi
BH3HAYAIOTHCS TOYHICTIO, HAMIHHICTIO 1 CTaOLIBHICTIO
BJIACTHBOCTEH BUMIpIOBAIbHUX TpuiaaiB. EnexTpoBu-
MiproBaiibHI mpwiagu 3MmiHHOro crpymy (EBII3C)
MPEJCTABIAIOTH COO0I0 OJUH 3 HAMOLIBII MacOBUX BHU-
IiB BUMIprOBabHUX 3aco0iB. Kamiopysanus EBII3C
BUKOHYIOThCS 3a TpaauuiiHoo cxemoro [1]. ToGTo,
aHAJIOTOBUMH CHT'HAJIaMH CHHYCOiNaIbHOI (hopMH, NpH-
YOMY METPOJIOTIYHI BUMOTH 10 KamiOpaToOpiB TaKuX
CUTHAJIIB TIOCTIHHO IiJBUIIYIOTHCS. 3aJ0BOJICHHS IUX
BHMOT Bce O1JIbII BUKIIUKAE OB CXEMOTEXHIYHI TPY-
JTHOIII Ta BapTiCTh. AJie 3 PO3BHTKOM IM(POBOi BUMI-
PIOBAJILHOT TEXHIKH, B TOMY YHCJI IU(PPOBUX FeHEPATO-
piB (Ta KamiOpaTopiB) cHUrHaJiB [2], MEBHUI HAYKOBHI
iHTepec BHKIMKae mnpobiema kamiOpysanus EBII3C
CUTHAJIAMU HE CHHYCOINAJbHOI, a MPAMOKYTHOI (hopMu
TUITY «MeaHap». s BiATBOPEHHS SIKUX MOXYTb OyTH
BUKOPHCTaHI NU(POBI KajmiOparopH, sKi MalOTh 3HA4YHI
repeBary B MOPIBHAHHI 3 aHAJIOTOBUMH KaiOpaTopamu
CHHYCOiJaIbHUX CUTHAJIIB.

AHani3 jiteparypu. B nanmit yac 1ocuth noxia-
JTHO JIOCITIKEHI 0COOIMBOCTI KaxiOpyBaHHs 1 MOBIpKH
EJIEKTPOMEXAHUYHUX BUMIPIOBAILHHUX IPUIIAJIB 3MiH-
HOT'O CTPYMY CTOCOBHO KaliOpyBaJbHUX CHUTHAIIIB Mpsi-
MOKYTHOI (opmu B [3], a Oinbln TIMOOKI JOCIIIKEHHS,
pe3yNbTaTH SIKUX MiITBEPIUIN HOBU3HY 1 €()EKTHBHICTD
uporo migxomy, HaBeneHo B [4]. Tlepmri TeoperwyHi
JIOCITIJPKEHHS] IPOBEICHI 1 JUIsl MOBIPKH €JIEKTPOMEXaHi-
YHUX BHMIPIOBAIBHUX NPWIAAIB 3MIHHOIO CTPYMY
aHAJIOTOBMMU CHTHAJIaMH CIICIiaibHOI hopmu [ 5, 6].

AJie IbOTO HEJOCTATHLO JUISI PO3BUTKY Teopil Ka-
niopysanus EBII3C aHamoroBuMu CHTHaJaMu IPSMO-
KYTHOI (pOpMU 10 TaKoro piBHs, SIKHH JO3BOJIHUTH MOTIM
niepeiitu 10 kaniopyBanus EBII3C mudpoananoropumu
CUTHaJIaMHu J0BLTBHOT popmu [7-10].

MeTo10 cTaTTi € po3poOKa METOMY OILIIHKKA METO-
JIUYHHUX TTOXMOOK KajiOpyBaHHS EJNEKTPOBHUMIPIOBAJIb-
HUX MPUIAJiB 3MIHHOTO CTPYMY CHUTHAJIAMH HPSMOKYT-
HOi (opmu. JlaHe muUTaHHA NOTPEOYE IMOCIITOBHOTO

BUPILIEHHS HU3KU TEOPETUYHUX | NPUKIIAIHUX 3aBJaHb.
Tomy, mpoBeneHa OIiHKa METOIUYHHUX ITOXHOOK Kajio-
pyBanust EBII3C curnanamu npsiMokyTHOi opmu THITY
«MeaHJp» Ui JBOX THUIOBUX BH/IB BUMIPIOBAJIBHUX
JIAHIIOTIB MPUJIA/IIB.

OcHoBHUi MaTepian

Buxozasuu 3 BHIllE CKa3aHOTO, MPUPOJHIM BUIIIS-
Jlae TOCIipKeHHs MoxuBocTi kaniopysanus EBIT3C i3
3aCTOCYBAHHSIM CHTHAIB TMPSIMOKYTHOI (OPMH THITY
«MeaHzipy» OMMKYMMH J0 PeabHUX BUMIPIOBAHHM CHT-
HaJliB HiXK CHHYCOiTaJIbHUH CUTHAJI.

Yacosa miarpama kamiOpysansHoro curnany (KC)
OPSAMOKYTHOI (OPMH THIYy «MeaHIp» TMpUBeIcHA Ha
puc. 1, aHaTITHYHO BOHA OIHCYETHCSI BUPA30OM

'UO’
'UOa

eciu 0< t <T/2;

u(t)=u=
ecuu T/72 <t < T,

ne Uy — amrutityna KC nipssMoKyTHOI (hopMH THITY «Me-
aunp»; T — nepion KC npsMokyTHOI GopMu THITY «Me-
aHzIp».

u(r) M

I

Puc. 1. KaniOpyBanbHuii curaan npsiMoKyTHoi Gopmu
Tuny “Meannp”

IIpencraBumo ¢yukmito u(f) psoom Dyp’e, Tomi
Maemo [7] :

E

4U,y & sin(2k + 1ot
u(t)= 0 Z ( )

i 2k+1

© Momapenkos B. B., 2020
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e ® =271/ T — KojloBa 4acTOTa OCHOBHOI (TIEpIIoi) rap-
MoHiku KC npsiMmokyTHOi (hopmu Tumy «meanapy u(f).
OTpuMaemMo BUpa3 Uil IpaaylOBalbHOI XapakTe-
puctuku EBIT3C npu BXigHOMY CHUTHaIII NPSIMOKYTHOL
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Ilpu €, o<< 1 cniBBigHOIIEHHS (8) CYTTEBO CIPO- «MeaHAp» U4 IBOX THUIIOBHUX BHUJIB BUMIpIOBaJIbHUX
LIYETHCS: JAHIIOTIB MpUiaAiB: 0e3 KOMIIeHcallii i 3 KOMIIeHca-
I Li€I0 IHAYKTUBHOCTI KOTYIIKHM BHMIipIOBAIBHOTO Me-

81, = &Y _ Dok (9)  xaHizmy.

o m 7R Otpumani aHanituuHi Bupasu (7), (9) mist BigHO-
CHHX 3Hau€Hb METOJMYHHUX MOXHOOK /i 000X BUJIB
BUMIpPIOBaJIbHUX JIAHIIOTIB TPHWJIaLy, 3 SKHX BHUJIHO,
110 TOXUOKU PiBHI IT0O MOAYJIIO Ta IPOTHIIEXKHI 32 3Ha-
KOM.

Pe3ynpratn aHanizy METOAWYHHX MOXHOOK am-
MepMeTpiB 1 BOIBTMETPIB ITOKA3ye, IO i MOXUOKH Ha
gactoti 50 I'Il ZOCTaTHRO Mayi MOPIBHSHO 3 KJIACOM
TOYHOCTI, 110 KaJiOpPYyIOTh €S, 1 HUIMH MOXHA 3HEXTY-

Bucnobku Baty. Lle miATBEpIKYE MOKIMBICTS 3aCTOCYBAHHS IS

IIpoBeeHo OIiHKY METOAWYHUX IOXMOOK Kanli-  KaniOpyBaHHs €NEKTPOMArHITHHX aMIIEpMETpiB i
OpyBaHHs €JEKTPOBUMIPIOBAILHUX IPUIA/IiB 3MiHHO-  BOJIBTMETPIB CHTHAIB NPAMOKYTHOI (QOPMHU THITY «Me-
ro CTpyMy CHTHaJlaMH TNPSIMOKYTHOI ¢opMu Tumy  aHAp».

Omxe, 3 Bupasis (7), (9) BuaHO, 110 MOIYJII BiJHO-
CHOi METOIUYHOI MOXMOKH KaliOpyBaHHS €JIEKTpOMar-
HITHUX aMIIEpMETPIB i BOJIBTMETPIB CHT'HAJIaMU MPSMO-
KYTHOI ()OPMH THITy «MEaHIp» OJHAKOBI Ta BH3HA4a-
I0ThCSl CTaBJICHHSM 1HIYKTHBHOI'O OIIOPY BUMIipIOBAJIb-
HOI'0 MeEXaHi3My Ha poOOYiil YacToTi 10 aKTHBHOTO
OITOPY BHUMIPIOBAJILHOTO JIAHIIOTA IPUIIAJLY.
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Development of methodological errors assessment method calibration electric measuring devices
of current rectangular wave from the «<meander» type

V. Mosharenkov

Abstract. The aim of the article is to develop a method for estimating methodological errors in calibration of AC electri-
cal measuring instruments with rectangular signals. This article deals with the applied aspects of estimation of methodological
errors in calibration of alternating current electrical measuring instruments with rectangular «meander» signals for two typical
types of instrument circuits, without compensation and with compensation. Mathematical models of calibration of electromag-
netic measuring devices with signals of rectangular meander type and conditions of its equivalence to classical calibration of sine
wave signals were obtained. It is shown that the introduction of a correction factor for the calibration of electromagnetic measur-
ing devices with signals of rectangular shape of the type "meander" is possible provided that its amplitude is equal to the mean
square value of the sinusoidal signal in the corresponding markings of the scale of the device. These models and equivalence
conditions are also valid for electrodynamic ammeters and alternating current electrical measuring instruments. According to the
results of the analysis, analytical expressions were obtained for the relative values of methodological errors in the measuring
circuits of the device without compensation and with compensation. The results of the analysis confirmed the possibility of using
rectangular waveforms of the "meander" type for calibration of electromagnetic devices. The developed method allows to esti-
mate the methodological errors in calibration of alternating current electrical measuring instruments using rectangular signals.
The results of the analysis give analytical expressions of the relative values of methodological errors in the measuring circuits of
the device. The results of the analysis confirmed the possibility of using rectangular waveforms of the «meander» type for cali-
bration of electromagnetic devices.

Keywords: rectangular signals, electromeasuring devices of alternating current, methodological error, calibration.
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DEVELOPMENT OF A COMPUTER NETWORK OF THE REGIONAL
OFFICE OF WATER RESOURCES IN POLTAVA REGION WITH
AN INTELLIGENT DATABASE MANAGEMENT SYSTEM

Abstract. The subject matter of the article is the process of matching the optimal solutions for improving the local
computer network. The purpose is to update the existing local computer network of the Regional Office of Water
Resources in Poltava region. The task is to justify the opportunity for using various types of network applications and
components. Having applied knowledge about the characteristics of each viewing items’ properties, the obtained results are
used to enter them into a single network. Results. All possible types of network applications and components were
identified and the most optimal process for updating and improving the computer network at the Regional Office of Water
Resources in Poltava region was chosen. Also, with the introduction of a new local computer network, the possibility of
choosing from the most widespread local networks was analyzed and having come to a conclusion that the local computer
network topology of the star is the most optimal option for this enterprise. The article analyzes and points out that the
implementation of this computer network also increases the network security, and significantly increases the speed of
fixing the emerging problems in any workstation without affecting the overall network performance. To summarize the
conclusions: in order to maximize network productivity the local computer network with a dedicated server was selected,
i.e. star topology, that has led to an increase in network security and an increase in the speed of fixing problems in any

workstation without affecting the overall network health.

Keywords: network, topology, network operation system, network software.

Introduction

Perhaps the modern Internet is the largest
engineering system created by a person. It contains
millions of connected computers, communication lines
and switches; with billions of users connected through
various data communication devices. Let's take into
account that the Internet is so large and has that many
different components, however in the meanwhile, is it
possible to understand how it works? Are there any
leading principles and structure that can serve as the
basis for understanding an incredibly large and at the
same time a difficult system? But if so, might be
interesting to learn computer networks? However, for
all these questions, we are surely answering YES! In
fact, our purpose in this article is to offer a modern
introduction to the fast-growing area of computer
networks, highlighting the information system and the
principles that are needed to understand both today's and
tomorrow's  technologies.Studying the  computer
networking general principles will help you to deal
quickly with any specific network technology in the
future. However, the well-known expression
“Knowledge of several principles frees from
memorizing a set of facts” should not be taken literally -
a good specialist, of course, should know a lot of details
and facts. Principles knowledge allow to systematize
this private statements, link them with one another in a
coherent system and thereby use it more consciously
and efficiently. Of course, the principles studying before
the specific technologies studying is not an easy task,
therefore, in this article we will consider the general
computer network aspects. We will organize our
computer networks review in such way. After
introducing basic terminology and some aspects, at first
we will consider the basic hardware components that
make up the network. We will also start with the

network periphery and overview the end systems and
network applications that run on the network. Then we
explore the computer network core by analyzing the
communications and switches that transmit data. We
are also exploring access networks and physical media
that connect end systems to the network core. That is,
different varieties of computer network construction and
their problematics will be investigated.

Analysis of common network building options.
Historically, the main purpose of integrating computers
into a network was the resources sharing: computer
users connected to the network, or applications that run
on these computers, being able to automatically access
various resources of other computers on the network.

In order to connect it is necessary that they have been
provided with external interfaces. The interface - in a
broad sense - is formally determined logical and / or
physical boundary between the interacting independent
objects. The interface specifies the parameters,
procedures, and the objects interaction characteristics.
Interfaces are divided into physical and logical interfaces.

The physical interface is determined by a set of
electrical connections and signal characteristics. Usually
it is a connector with contacts’ set, each of that has a
specific purpose, for example, it can be a group of
contacts for data transmission and data synchronization
contacts. A pair of connectors is linked by cable,
consisting of a wires set, each of them connects the
corresponding contacts. In such cases, talking about the
line or channel creation, the connection between two
devices [1-4].

The logical interface is an information messages
set of a certain format, which are exchanged between
two devices or two programs, as well as a rules set
defining exchange logic of these messages. The most
commonly used interfaces are computer to computer
and computer-peripheral device [5-7].

44 © Shefer O. V., Golovko G. V., Chaika Ye. A., Luchko M. A., 2020



Ynpaeninnn ¢ cknaonux cucmemax

Computer-to-computer interface allows two
computers to share information. it It is implemented
with a pair on each side [8]:

— a hardware unit, called a network adapter, or a
network interface card (Network Interface Card, NIC);

— a network interface card driver, is a special
program that controls the network interface card
operation.

A computer interface is a peripheral device that
allows a computer to control a peripheral device
operation. This interface is implemented:

~ from the computer side - an interface card and
a peripheral device driver similar to the network
interface card and its driver;

from the peripheral device side - the peripheral
device controller, is usually a hardware device, receives
data from the computer, for instance, information bytes
that needs to be printed on paper. [1]

The need for access a remote device - users might
have arise the most various applications: text editor,
graphic  editor, database management system.
Obviously, that the duplication in each of the functions
common applications to all of them in organizing the
separated tasks execution is excessive.

The most efficient is the approach in which
functions are excluded from applications and executed
in the form of a specialized software modules pair -
(client and tasks server).

Summarizing this approach in relation to other
shared resources types, we will provide the following
definitions:

A client is a module designed for the request
messages formation and transmission to the remote
computer resources from various followed by receiving
the results from the network and transferring them to
the relevant applications.

A server is a module that constantly expects to
come from network a customer request arrival and,
upon a request acceptance, tries to serve it, as a rule,
with the local operating system participation; one
server can serve several clients requests at once (one by
at a time or simultaneously).

Each service is associated with a specific network
resources type. Thus the client and server modules that
implement remote access to the devices form a network
service [1].

The computer's operating system is often described
as an interconnected system programs set that provides
efficient computer resources control (memory,
processor, external devices, files, etc.), and also
provides the user with a convenient interface for
working with computer hardware and application
development.

Speaking of the network operating system, we
obviously need to expand the managed resources
boundaries beyond one computer. The network
operating system is the computer's operating system,
which, in addition to managing local resources, provides
users and applications efficient and convenient access to
network informational and other computers hardware
resources. Remote access to network resources is
provided by:

« network services;

- transporting messages facilities over the
network (in the simplest case, network interface cards
and their drivers).

Therefore, it is necessary that these modules have
been added to the operating system so that it could be
called networked. Operating system determines its
position in the overall range of network operating
systems due to how much network services and services
are offered by the operating system to end users,
applications and network administrators. In addition to
network services, the network operating system should
include software communication (transport) tools that
provide messages transmission, exchanged between
client and server parts of network services, with
hardware communication tools. The tasks of
communication between computers on the network are
carried out by drivers and protocol modules. They
perform functions such as message generation, splitting
messages into parts (packets, frames), converting
computer names into numeric addresses, duplicating
messages in case of loss, determining the route in a
complex network. Both network services and carriers
can be integral (embedded) operating system
components or exist as separate software products. A
typical network operating system has a large set of
drivers and protocol modules, but the user, generally,
has the ability to supplement this standard set with
programs he needs. The decision on how to implement
clients and the network service servers, as well as
drivers and protocol modules, is adopted by developers
taking into account a variety of reasons: technical,
commercial, and even legal. The network service can be
represented in the operating system with either both
(client and server) parts or only one of them [1].

Also not an integral part of the local network of the
enterprise is an information system which is a set of
databases and a set of hardware and software for its
storage, modification and retrieval of information, for
interaction with the user. Information systems are
divided into personal, group and corporate. Personal IPs
are focused on sharing by individual end users. Group -
for collective use by members of the working group,
while solving interrelated tasks in a common database.
Corporate IPs are focused on the scale of the enterprise,
can support the coordinated work of geographically
distributed units of the enterprise. Group and corporate
IPs involve connecting workstations (personal computers,
terminals ...) to a computer network. This possibility is of
great practical importance. Information systems are
evolving in their long life cycle - the functions of IP are
becoming more complex and new functions are
emerging. All this inevitably leads to a change in the
structure of the database - there are new files and new
fields in old files, the type of some fields may change.
Note that a program written in (pure) Python will work
properly with the file, even if the changes occurred only
in those fields with which it does not work directly - at
least you need to change the file description and relay the
program.

The opportunity to ensure independence according
to the data opens up due to the fact that:
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* DBMS has information about the data structure
(from the description in DDL);

« DML operators - the language in which
applications are written, performed by the database.

Data independence technology is based on the
concept of 3-level database representation (ANSI /
SPARC-1975):

* logical (average) level: conceptual representation
of the database (conceptual scheme of the database) - a
description of the structure of the database of the subject
area as a whole, but without details of the physical
structure of storage;

* physical (lower) level: internal representation of
the database (internal scheme of the database) - a
description of the structure of database storage,
including access methods;

- intended for the user (upper) level: external
representations of the database (external schemes,
subcircuits) - a description of the structure of database
fragments, local to different subsystems of IP and
application processes of these subsystems; information
system applications use only the appropriate external
representations of the database.

Table 1- The cost of network equipment

Also, the enterprise network equipment plays an
important role. This information must be taken into
account when creating a computer network in an
enterprise. A LAN switch is a device designed to
connect multiple computer network hosts within a
single segment. Switch Zyxel GS1900-24E; Data
transfer rate: 1000 Mbps; Connectors: 24xRJ-45.

Twisted pair is a network cable type, with one or
more pairs of isolated conductors twisted together (with
a small number of turns per unit length) to reduce
reciprocal movements when transmitting a signal and
coated with a plastic sheath. The cable is connected to
network devices using the RJ-45 connector. It supports
data transmission at a distance of about 100 meters.

RJ-45 is a physical interface that is commonly
used to connect computer networks using a twisted pair
over a network switch, or when creating a network from
two computers to one another through a network card.

In accordance with the customer requirements, the
marketing search for the necessary hardware and
software of the local computer network was carried out
(Table 1, 2, 3) and the estimated total project cost
(Table 4).

Name Amount Cost per 1 unit, UAH Full price, UAH

LAN Switch 3 4955 14 865

Cable 500 m 12 6000

Connector RJ-45 150 2,50 375

Total 21240
Table 2— Software cost

Name Amount Cost per 1 unit, UAH Full price, UAH

Microsoft Windows 10 Enterprise 29 7 800 226 200

Microsoft Offise 2020 (boxed version) 29 7 000 203 000

Microsoft Windows Server 2020 Standart 1 25 899 25 899

1C Accounting for Ukraine 8 6 690 53 899

Total 509 998
Table 3— Server characteristics

Name Characteristics

Dell PowerEdge T30

Intel Xeon Quad-Core E3-1225 v5 (3.3 -3.7 I T)
8GB DDR4;

HDD: 2 x 8 TB;

SATA SSD: 250 GB.

Table 4.— Cost of the local network

Constituent Cost, UAH
Software 509 998
Network equipment 21240
Hardware 648 570
Total 1179 808

There are many characteristics associated with the
traffic transfer through physical channels.

» The proposed load is the data stream coming
from the user to the network input. The proposed load
can be characterized by the speed of data stream into the
network in bits per second (or kilobits, megabytes, etc.).

» Data flow rate is the actual data flow speed that
has passed through the network. This speed may be less
than the proposed load speed, as the data in the network
may be distorted or lost.

* Communication channel capacity, also called
bandwidth, which represents the maximum possible
information flow rate over a channel.

The specificity of this characteristic is that it
reflects not only the physical medium parameters of
transmission, but also the features of the chosen
transmitting discrete information method in this
medium. For example, the fullness of the
communication channel in the Ethernet network on an
optical fiber is 10 Mbps. This speed is extremely
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possible for combining Ethernet and optical fiber
technology. Thus, fast Ethernet technology provides
data transfer over the same optical fiber with a
maximum speed of 100 Mbps, and Gigabit Ethernet
technology - 1000 Mbps. The transmitter of the
communication device must operate at a rate equal to
the bandwidth of the channel. This speed is sometimes
called the bit rate of transmitter. Bandwidth - this term
can be misleading because it is used in two different
values. First, using it can characterize the transmission
medium. Secondly, the term "bandwidth" is used
synonymously with the term communication link
capacity [2].

While transferring information from a computer to
a computer information must be transmitted in two
directions. So, it's necessary to understand that even
when you simply receive information or transmit it, the
information exchange goes from both directions.
Namely, the main stream of data is created which is of
interest to the recipient receiving the receipt
information.

However, an inverted information flow is also
formed. Physical communication links are divided into
several types depending on whether they can transmit
information in both directions or not.

« The duplex channel provides simultaneous
information flow in both directions. A two-way channel
can consist of two physical environments, each of which
is used to transmit information only in one direction. It
is possible when one medium serves for the
simultaneous transmission of counter flows, in this case,
additional methods are used to separate each stream
from the total signal.

« The simplex channel allows to transmit
information only in one direction. [2]

The more computers one network connects, the
more difficult it is to work with it. That is, if you decide
to combine multiple computers into one network, you
need to pre-determine the configuration and network
topology.

There is a large number of topologies for building
a network, and the most popular ones are the ring
topology and star topology.

Ring topology is a topology in which each
computer is connected by communication lines to two
others: it receives information from one, and transfers it
to another. Each communication line has only one
transmitter and one receiver. An important feature of the
"ring" is that each computer restores (retransmits,
amplifies) the signal coming to it, that is, acts as a
repeater. The signal attenuation throughout the "ring" is
not as important as the attenuation between the
neighboring computers of the "ring". The ring networks
sizes reach tens of kilometers, which significantly
exceeds other topologies. There is no clearly
distinguished host in the "ring" topology, all computers
can be the same and equal. The "ring" topology usually
has high resistance to overload, provides reliable work
with large information flows transmitted over the
network, there are usually no conflicts in it, nor is it a
mandatory central subscriber that can be overwhelmed
by large information flows. [3]

The “star” topology is a topology with clearly
defined host, to which all other subscribers connect. The
entire information exchange goes exclusively through a
host computer, which thus has more load, so it cannot
deal with anything other than the network. It is clear
that the host subscriber network equipment should be
more complex than the peripheral subscribers’
equipment. In this case, it is not necessary to speak
about the subscribers’ equality. As a rule, the host
computer is the most powerful, and it is entrusted with
all the functions of managing the exchange. Conflicts in
the “star” network topology essentially are impossible,
because management is fully centralized, there is
nothing to confront. If we talk about the stability of the
star concerning to the computers failures, the peripheral
computer failure does not affect the functioning of the
remaining network part, but any host computer failure
makes the network completely unusable. Therefore,
special measures should be taken to increase the
reliability of the host computer and its network
equipment. Any cable breakdown or short circuit in the
“star” topology violates the exchange with the only one
computer, and all other computers can normally
continue to work [3].

The central topology element is a passive wire, to
which several computers are connected according to the
scheme. The main advantages of this topology are its
simplicity, low cost budget and easy nodes connection
to the network. The disadvantages are low reliability
(any defect in the wire immediately brings the entire
network out of order). At the same time, small
networks, as a rule, have a typical topology - a star, a
ring, or a common bus. The largest networks are
characterized by polyface networks between computers.
In such networks, it is possible to identify individual
arbitrarily connected fragments that have a typical
topology, so they are a mixed network topology [2].
After analyzing all aspects and parameters of each of
the network elements, we came to a common conclusion
on optimal equipment.

All possible ways of creating networks and their
characteristics (including the best and worst sides) have
been examined and provided. So, this article is, an
innovation for a person who just begins getting
acquainted with the networks (Fig. 1).

Also, all products characteristics that are required
to create a local network will be recommended
hereinafter. Including software cost evaluation and
hardware.

Conclusions

In this paper, all possible types of network

applications and components were identified and the
most optimal process for updating and improving the
computer network at the Regional Office of Water
Resources in Poltava region was chosen.
Also, with the introduction of a new local computer
network, the possibility of choosing from the most
widespread local networks was analyzed and having
come to a conclusion that the local computer network
topology of the star is the most optimal option for this
enterprise.
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Fig. 1. Start the LAN work

The article analyzes and points out that the speed of fixing the emerging problems in any
implementation of this computer network also increases ~ workstation without affecting the overall network
the network security, and significantly increases the performance.

REFERENCES

1. V. Olifer, N. Olifer. Kompyuternye seti, Printsipy tekhnologii protokoly 2016.pdf

2. Kompyuternye seti Niskhodyasch podkhod Kurouz.pdf

3. Tomnonorist mepexi. [Enexrpornnii pecypc]. — Pesxum nocrymy: ahttps:/studfiles.net/preview/5263810/page:2/

4. Kovalenko, A. and Kuchuk H. (2018), “Methods for synthesis of informational and technical structures of critical
application object’s control system”, Advanced Information Systems, 2018, Vol.2, No.1, pp. 22-27, DOLI:
https://doi.org/10.20998/2522-9052.2018.1.04

5. Sviridov, A., Kovalenko, A. and Kuchuk, H. (2018), “The pass-through capacity redevelopment method of net critical section
based on improvement ON/OFF models of traffic”, Advanced Information Systems, Vol. 2, No. 2, pp. 139-144, DOIL:
https://doi.org/10.20998/2522-9052.2018.2.24

6. Nechausov A., Mamusu¢ 1., Kuchuk N. Synthesis of the air pollution level control system on the basis of hyperconvergent
infrastructures. Cyuacnui ingpopmayiini cucmemu. 2017. T. 1, Ne 2. C. 21 — 26. DOIL: https://doi.org/10.20998/2522-
9052.2017.2.04

7. Cisco CCNA ICND2 200-101 Ofitsialnoe rukovodstvo po podgotovke k ekzamenam.pdf

8. NetCracker Professional 3.1 portable. [EnexTponnuii pecypc]. — pexxum nocryiy: https://www/twirpx.com/file/1314986/

Received (Hapniiinua) 21.07.2020
Accepted for publication (ITpuitasiTa mo apyky) 26.08.2020

YaockoHaieHHs1 KOMIT'IOTEPHOI Mepe:xi perionanbHOro odicy Bonuux pecypcis y Ilonrascbkiii odmacti
3 iIHTeJIEKTYa/IbHOIO CHCTEMOIO YNIPABJIiHHSA

O. B. llledep, I'. B. 'onoBko, €. A. Yaiika, M. A. JIyuko

AnoTtanis. IIpeameTom BUBUYCHHS B CTAaTTi € MPOIEC MiAO0OPY ONTHMAIBHUX PillIeHb 10 10 BIOCKOHAJIECHHS JIOKAJIBHOL
KOMIT'FOTEpHOT Mepeki. MeToK € OHOBJICHHS ICHYIOUOI JIOKaJbHOI KOMIT IOTEpHOI Mepexki PerioHanbHOro odicy BOIHHX
pecypciB y [lonraBcekiii obnacti. 3aBAaHHS: OOrPYHTYBATH MOXKJIMBICTH 3aCTOCYBAHHS Pi3HHUX BHIIB MEPEKHHUX IONATKIB Ta
KOMIUIEKTYIOUMX. 3aCTOCYBaBIIM 3HAHHS IIPO XapaKTEPUCTHKK BIIACTUBOCTI KOXHOTO 3 OIVIIOBUX HpenMeriB. OTprMai
pe3yabTaTH BHUKOPHUCTATH JUIS 3aHECEHHS BCHOTO 10 €AWHOI Mepexi. Pe3ylbTaTH. BU3HAUCHO BCI MOXKIMBI THITH MEPEKEBUX
JIOIATKIB Ta KOMIIOHEHTIB Ta 00paHo HaHO1IbII ONTHMAJIBHUI IPOIEC OHOBJICHHS Ta BIOCKOHAJICHHS KOMII IOTEPHOI MEpexi Ipu
PerionansHOMy ynpaBiiHHI BOAHMX pecypciB B IlonraBcekiii obmacti. KpiM Toro, i3 3ampoBaJDKEHHSIM HOBOI JIOKAJBHOI
KOMIT'FOTEpHOI Mepexi Oynia IpoaHani3oBaHa MOXJIMBICTH BHOOpY cepesl HalOinbIl PO3HOBCIO[PKEHHX JIOKAJIBHHX MEpex 1
JUHIIOB BUCHOBKY, 10 TOIOJOriS JIOKAJbHOI KOMII'FOTEPHOI Mepexi 3Ipku € HalOUIbII ONTHMAalbHUM BapiaHTOM Ul L[bOTO
MmiAnpueMcTBa. Y CTaTTi aHAN3yeThCS Ta BKAa3yeThCS, 10 BIIPOBAHKEHHS Ii€l KOMITIOTEPHOI MEpeXi TAKOX I IBUIILYE MEPEKEBY
Oe3reKy Ta 3Ha4YHO 30UIBIIYE MIBUAKICTh YCYHEHHSI BUHHKAIOUMX IMPoOJeM Ha Oyab-ikid poOodili craHmii, He BIUIMBAIOYM Ha
3arajbHy IPOXYKTUBHICTH Mepeki. BHCHOBKHM: 331l MakCHMaJbHOI HPOAYKTHUBHOCTI Mepexi Oyno oOpaHO: JOKaIbHY
KOMIT IOTEpHY MEPEXy 3 BUAUICHHM CEPBEPOM, TOOTO TOIOJOTIF0 — 3ipKa, IO MPHUBEIO N0 MiJABHIICHHS OC3IEKH MEpexXi Ta
ITiIBUIIEHHS IIBUJKOCTI BUIIPABICHHS BUHUKAIOUMX IpoOieM B Oynp sKili poOodiil CTaHILil HE BIUIMBAIOYM HA 3arajbHY
Mpane3/1aTHICTh MePexi.

Kaw4doBi caoBa: MEpexa, T OHOJ'IOFiH, MEpEexKEBa orlepauiﬁHa CUCTEMA, MEPEIKEBE IIPOIrpaMHE 3a0€3ICUCHHSL.
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MATEMATHUYHI MOAEJII 1JIAA PO3PAXYHKY ITOKA3HHUKIB 3AJIMIIIKOBOI'O

PECYPCY HEBITHOB/IIOBAJIbHUX KOMILVIEKTYIOYHUX BUPOBIB
PAJIOEJEKTPOHHOI CUCTEMM JIITAKA

Anotanis. Ilpeaverom BUBUCHHS B CTATTi € npouec (QyHKIIOHyBaHHS PaJiiOeJIEKTPOHHOI CUCTEMH Cy4acHOro JiiTaka, il
KOMIUICKTYIOUHX €JIEMEHTIB Ta (DYHKIIOHAIBHUX BY3JIiB SIK 00 €KTa BU3HAYEHHsI Ta PO3PaxXyHKY IOKa3HHKIB 3AJIMILIKOBOIO pe-
cypcy. MeTor0 € BIOCKOHAJICHHs iCHYFOYOI'0 MaTeMaTH4HOIO arapary, 10 3aCTOCOBYETHCS JUIsl PO3PAaXyHKY IIOKA3HUKIB 3a-
JIMIIKOBOI'O PECYpPCy HEBIJHOBIIOBAIBHUX KOMILUIEKTYIOUMX BUPOOIB pajlioeneKTpOHHOI cucTeMu Jlitaka. 3aBaanns: Pospo-
OUTH MaTeMaTH4HI MOJENI Ul PO3PaXyHKY MOKA3HUKIB 3aJIMIIKOBOIO PECYpCY HEBIIHOBIIIOBAIBHUX KOMIUICKTYIOUHX BUPO-
01B paliOENEKTPOHHOI CUCTEMH JliTaka. AHaTi30BaHUMH MeTOAAMH Ta MOJEJISIMH €: aHATITHIHHN METOJ] PO3PaxyHKy ITOKa3-
HHKIB 3aJIMIIIKOBOI'0 PECYPCY, MOJIEI Ul MOKA3HHUKIB 3JIMILIKOBOIO pecypcy HeBiqHoBitoBaHOro o0'ekra PEC. Orpumani Taki
pesysbTaTi. OOIPYHTOBAHO JOLIbHICTh BUKOPUCTAHHS JUIS BUPILICHHS 3aBaHb IPOJIOBXKEHHS PECYpCY ITOKA3HHKIB 3aJIUIIKO-
BOI'O PECYpPCy HEBIIHOBIIOBaHHX BUPOOIB: CEpeJHHOrO 3aJIMILIKOBOIO PECYPCY, FAMMA-TIPOLIEHTHOrO 3JIMILKOBOIO pecypcy, dy-
HKIT PO3MOALTY 3aJIMILIKOBOroO pecypcy. BucHoBkn. OTpUMaHO po3paxyHKOBI CITIBBIHOLIEHHS JUIS TIOKA3HHUKIB 3JIMILKOBOIO
pecypcy U1l HeBiTHOBIIIOBAILHUX BUPOOIB IPH PI3HNX (YHKLISAX POSIOALTY HANPALIOBaHHS JI0 PECYPCHOIO BiIMOBH.

Kaw4yoBi ciroBa: 3anumkoBHil pecypc, 3aIMIIKOBE HAIIPAIIOBAHHS, JIiTaK, MATeMaTHIHA MOJETb, IIOKa3HUK, pajioee-

KTpOHHaA CUCTEMA, TEXHIYHHUH CTaH.

Beryn

IHocTanoBKa Mpo0aeMH y 3araJibHOMY BHIVISAI.
3amporionoBaHa B [1, 2] cxema po3paxyHKy MOKa3HHKIB
3aJIMIIKOBOTO  PECypCYy PaioeseKTPOHHOI ~CHUCTEMH
(PEC) nitaka nepenbauae po30UTTS BCIX KOMIUIEKTYIO-
yux Bupo6iB (KB), ¢pyHkuionansuux mpuctpois (PII) i
¢ynkmionansaux cuctem (®C) PEC nitaka Ha HeBia-
HOBJTIOBaHI 200 BiTHOBJIIOBAHI 3 PI3HOIO0 TIIMOUHOIO BiJl-
HOBJIEHHSI, 3 Oe3repepBHUM abo MepioAMYHUM KOHTPO-
JIeM TEXHIYHOTO CTaHy, 3 KiHIIEBUM ab0 HEOOMEKEHUM
YHCJIOM BiIMOB IPOTSTOM HPU3HAYEHOI'O CTPOKY CITYXK-
0u, 1 pO3paxyHOK IIOKa3HHKIB 3aJHIIKOBOTO PECYPCY
(3P) mist Buminenux tumis KB, motim mst @IT1 OC.

AmHaui3 jgiteparypu. Y HayKoBO-TE€XHIUHil JriTe-
paTypi BIiAMOBIHE HAaYKOBO-METOIUYHE 3a0e3MeUeHHS
JUTsl BUPIIICHHS] BKa3aHUX BUIIE 3aBJJaHb HE PO3POOJICHO
JIOCUTB TTOBHO, € po0oTH [3-12], B SIKUX PO3TIISANAIOTHCS
MaTeMaTHYHI MOJIEITi IOBHUX BiIHOBIICHB, MiHIMAIbHUX
1 HEMOBHUX BimHOBJCHb. OmHAK iX 3acCTOCYBaHHS [0
PO3B's3aHHS 337124 MPOJOBKEHHSI PECYPCIB JIITAKOBOTO
MapKy NPaKTHYHO BiJICYTHE.

Hwxde po3poOsaoThcsi MaTEMAaTHYHI MOJEI JIIs
PO3paxyHKy ITOKa3HHWKIB 3aJHMIIKOBOIO Pecypcy HeBi-
nopmoBaigbHuX KB, BigHoBmioBanux PII PEC mitaka
JUTS. TIOBHUX, HEIIOBHHMX 1 MiHIMAJIbHUX BIJHOBJICHB 3
KIHIIEBUM YHCJIOM BiJHOBJICHB 1 O€3IEpEPBHUM KOHTPO-
JIeM TEXHIYHOTO CTaHy.

Y pO3MISIHYTHX MaTeMaTUYHHX MOJEISIX MiJx pe-
CYypCOM PO3YMIETHCS «TEXHIYHUI pecypcy», K CyMapHe
HAaIpamoBaHHs BUPoOyY BiJl MOYATKy HOTO eKCIuTyaTallii
abo ¥oro BiHOBJICHHS MICJIsI PEMOHTY JO IEpPEXOoay B
rpaHn4HUi cTaH. [lin 3ajJuIIKOBUM pecypcoM BiAmOBi-
IHO 710 [1] po3yMieThesi cyMapHe HanpalfoBaHHs BUPO-

Oy BiJl MOMEHTY KOHTPOJIO HOI'0 TEXHIYHOTO CTaHy 10
Nepexoy B TPaHUYHUI CTaH.

MeTtoro cTaTTi € po3poOka MaTeMaTHYHUX MOJIe-
JIel 17151 pO3paxyHKy MOKa3HHUKIB 3aJIMIIIKOBOTO PECYpCy
HEB1THOBJIIOBAJIBHUX KOMIUIEKTYIOUHUX BHPOOIB pasnioe-
JIEKTPOHHOI CHCTEMH JIiTaKa.

OCHOBHA YacTHHA

3annmKoBMii  pecypc  HEBiZHOBJIIOBAJIBHUX
KOMILUIEKTYIOUHX BHMPOOIB i MaTemaTmuHi Mopesti
IJIsl PO3PAXyHKY iX MOKa3HUKiB. Po3risHyTi Hmkue
MaTeMaTU4Hi MOZEIi JUIs TOKA3HHKIB 3alUIIKOBOIO
pecypcy HEBITHOBJIIOBAHOTO 00'€KTa B IMMOBHOMY 00CS31
MOIIMPIOIOTHCS. HAa 3aJIMIIKOBHH TEPMiH CIyXOH 1 3a-
JIUIIIKOBHIA TEPMiH 30epiraHHs.

Hexaii & - HampamtoBaHHS BUPOOY BiJ MMOYATKy
eKCIUTyaTaIlii A0 Iepexoay WOro B TpaHWYHHMU CTaH,
T00TO & - HampamoBaHHS BUPOOY /10 pECypCHOI BiaMo-

Bu. Toni 3anumkoBuii pecypc &, micisi MOMEHTY KOHT-
POIIO HOTO TEXHIYHOTO CTaHY T BH3HAYAETHCS SIK

&—1, akwo&>t,

& = ()

0, sxwo § < 1.

VY 3ajayax MpOJOBXKEHHS pecypcy IIiJi MOMEHTOM
Yyacy T PO3yMIiIOTb, SIK MPABUIIO, IPU3HAYEHHH pecypc.
OueBHIHO, IO BeTMYMHA &, € BUMAIKOBOI, TOMY B

SIKOCTI TOKA3HHUKIB 3aJIUIIKOBOIO PECypCy pOo3IiIsiaa-
FOTHCS 11 YMCIIOBI XapaKTEPUCTUKU: «CEPEIHIA 3aiTuIi-

KOBUH pecypc» R(r) 1 «raMMa-npOLEHTHU 3aJTUIIKO-
BHiT pecype» R, (r) . binpm 3aranpHOI0 XapaKTepUCTH-

KOIO 3aJIMIIKOBOTO pecypcy € (DyHKINsS po3moiiny 3a-
JIUIIKOBOTO pecypcy, TOOTO

© TaeBcekuii C. B., Banakipesa C. M., Kynaxos 1. I1., 2020
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Fr(l)=P{E_,—T§t/E_,>’C}=P{T<§SI+T}/P{E_,>‘C},
abo F

()= (F(t+1)=F(r))/P(x). )
BiamnosigHa WMOBIpHICTh 0€3BIAMOBHOI POOOTH
P, =1-F,(t)=P(t+1t)/P(7) 3)

Benuuuna cepeTHHOTO 3aJTUIIIKOBOTO peCypCy
—— [ P(x)dx (4)
T

ne P(x) — #iMoBipHiCTh 0€3BIIMOBHOI pOOOTH BHPOOY
MIPOTSITOM HAIpalOBaHHS X .

MokHa TOKa3aTH, IO MaTeMaTUYHE CIOAiBaHHS
BUIMAKOBO{ BETWYUHH & JOPiBHIOE BEINYHHI R(r) :

Mg ]=R(x), ®)

i Bu3HaueHHs cepenanboro 3P 3a dopmynamu (4) i (5)
€KBIBaJICHTHI.

INokasznuk cepennboro 3P He ciinx ruryrat 3 Be-
JIMYMHOIO 3AJIUIIIKOBOTO CEPEIHBOr0 pecypcey, Mo Jopi-

BHIOE (M [E_,]—r) i 0 € MAaTEeMaTUYHUM OYiKyBaHHSIM

0e3yMOBHOI BHMNankoBoi BemuuMHM O =&—-71. Mixk
LIUMH BETMYMHAMH Ma€ Miclle HACTyITHa HepiBHICTh:

R(t)2M[E]-=.

JIs eKCIOHEHIIaIbHOTO 3aKOHY PO3IMOJTYy Ha-
NpAIOBAHHS JI0 PECYpPCHOi BiaMoBH P(x)= e
srigHo 3 Qopmynoro (3.4) R(t)=R(0)=1/A, T0GTO
cepenHiii 3P IOpiBHIOE CepeHBOMY pecypey, 1o 0e3-
MOCEPEIHbO BUILTHBAE 3 (HOPMYITH

R 1
—'[ P (x) dx=—.

0 Y

3 HaBEACHOTO CITiBBIIHONIICHHS BUILUIUBAE, IO TI0-
Ka3HHK «CEepPeIHIN 3aIUIIKOBUIM pecypey € y3arajabHEH-
HSAM TIOKa3HUKA JOBTOBIYHOCTI — «CEePEIHiM pecypey.

Teomerpudnuii CeHc mokasHuka R(T) — moma
ITi1 KPUBOIO P(x)/P(r) , e T<x <o (puc. ).

3HalieMo BEIMYNHY CEepeaHbOro pecypey i, BU-

TpayeHOro BUPOOOM IO JIOCATHEHHIO HAIpaIfOBaHHS
(«BiKy») T, 1 HOro 3B'SI30K 3 BEJIMYMHOIO CEPEAHHOTO
3P. Maewmo:

m, = ‘C'P(T)+J.l'f(l‘)dl‘ = T'P(‘C)—Il‘dp(t).

0 0
P(t)
1
. S PO

R()

T

Puc. 1. [TosicHeHHST 10 TEOMETPUYHOTO CEHCY TOKa3HUKA R(T)

B pe3ynbraTi neperBopeHb OTPUMAEMO:

T
m = [P(t)dt. (6)
0
3amuIeMo TOTOXKHICTh
0 T o0
[ P(t)dt=[P(t)de+[ P(t)dt. (7)
0 0 T
Tak six

OJ?P(t)dt =R(0);
0
To, miacranisiroud (5), (6) i (8) B (7) oTpumaemo, 1110
R(0)=m,+P(t)-R(7) 9)
R(r)=(R(0)—mT)/P(1:). (10)

®opmyna (10) mo3Bossie 32 BiIOMOIO BETHIHHOIO

abo

CepeqHbOro pecypey R(O) i BUTpPAuEHOr0 pecypcy
m,; 3HaXOJWTHU BENWYUHY cepennboro 3P R (r) .

3HaiieMo Terep BiAMOBiaHI GOpMyIIH IS TaMMa-
nporieatHoro 3P. Bimomo, 110 BeaMuuMHA «TramMma-

TPOLEHTHOTO 3aJHIIKOBOrO pecypey R, (T)» Busnaua-
€ThCH 31 CITIBBiAHOIIEHHS

P(t+1)/P(1)=0,01-y; 0<y<100%.  (11)

Sxmo piBasHHIO (11) 3a10BONBHSE KiNbKa KOpe-
HIB, TO B SIKOCTI TIOKa3HHKa R, (r) BHUOUPAETHCS HAM-

MeHmMd 3 HUX. 3 Qopmymu (3.11) BummBae, 1o
R, (0) =R, , To6TO ramma-npoueHTHuii 3P € y3araib-
HEHHSIM TaMMa-TIPOLIEHTHOro pecypcy. Kpim Toro, Tak
sk P(1)-0,01-7<0,01-v, 0 3 hopmymu (11) ciimye:

(12)

HaBenemo ocHOBHI pO3paxyHKOBI CITiBBiJHOIIECH-
Hs TIOKa3HKKiB 3P mpu pi3HMX 3aKOHAX pO3MOJiNTY Ha-
TIPAIFOBAHHS JI0 PECYPCHOI BiIMOBH.

A. HarmpalrroBaHHs 10 peCypCHOrO BiJIMOBH — YCi-
YCHUN HOPMAJIbHHUN PO3MOALT 3 TMapaMeTpaMu: L — Ma-

RY(T)ZRY—‘E.

TEMaTHYHE OYIKYBaHHSA I G — CEPEIHE KBAJAPAaTHIHE BiJl-
XHWJICHHS HATIPAIFOBaHHSI JI0 BIMOBH, ¢ € (0; oo) . Toni:

P(x)=C-®((u-1)/o); C=[®@(n/o)];

(1) =ﬁ j exp(—u2/2)du;

o)
R(r)=u—r+c~f1(ugrj, (14)
ne fl(y)z%, o(y) —noxima @ (y), y=“:.

B okpemoMy BUTIAZKY OTPUMYEMO:
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R(0) =M+G-@(M/G).(®(M/G))_l _
b con{o o 55

Oynkmiga f ( y) TaOyspOBaHa, ii 3HAYEHHs HaBe-

JIeHi B JiTeparypi. BennunHy ramMMa-mponeHTHOro pe-
cypcy orpumaeMo 3 piBHsHHS (11)

CD((},L—RV(r)—r)/cs)=O,Ol-y-d)((},t—t)/c),
a6o R, (t)=p-t-uy -0, (16)

ne o= 0,01-Y'®((M—T)/G) )
b. HanpairoBaHHs 10 pecypcHOIO BiZIMOBH — PO3-

nozin Beitbyma P(t)zexp(—(t/®)ﬁ), B>1,©>0.
Toni:

Pr(t)=exp(—((t+1:)ﬁ—IB)/GB). (17)

3HaiiieMo Tenep CIIiBBIJHOLICHHs AJIS CepelHbOro 3a-
JIMIIKOBOT'O PECYPCy. MAEMO:

? ® 4, e (1)
jP(t)dtz— j exp(—u)-u(l/B) lu=="1 —,(—j
g B(T/@)B B (B\O

Toni 3a ¢popmyioro (4), OTpUMYEMO

B B
R(r):g-exp (ij T l,(ij . (19)
B ) 'l
B 0KpeMOMYy BUITAAKY OTPUMYEMO:

R(O):%-F{%}:@-F{Héj, (19)

a dopmymy st ramMmma-tiporieHTHoro 3P 3Haiimemo 3 (11):
exp (((t + r)/@)B) =0,01- y-exp(—(t/@)B ) =a,
BHPIIIIYIOYH HOTO BiTHOCHO ¢ . B pe3ynbraTi oTpuMaemMo

1
R,(1)=0-(-lna) <. (20)

Hwxue Ha puc. 2, 3 HaBemeHi rpadiku 3amexHoOC-
Teii Bemmans R(t) Ta R, (t) Bix BenmumHM npu3HaUe-

HOI'O0 pecypcy T Ui pi3HUX (DYHKIH pO3MOMALTY Ha-
MIpaIfoBaHb 10 PECYPCHOI BiZIMOBH 1 pi3HUX HapaMeTpiB
¢yHKii po3nozainy. HaBeneHi BU3Ha4YeHHs Ta po3pa-
XYHKOBI CITIBBiJTHOLICHHS XapaKTEPUCTHUK i TTOKa3HHKIB
3P a5 BiTHOBITIOBAaHUX BUPOOIB SIBIISIOTH COOOO CHC-
TEMaTHU3allifo0 BiIOMUX B HayKOBO-TEXHIUHIH JliTeparypi
BiJIOMOCTEH, 1X y3arajibHEHHS Ta MOJAJBIINNA PO3BUTOK.
IokazaHo, o0 Bigomi B Teopii HaIiHHOCTI MOKa3HUKH
JIOBIOBIYHOCTI € OKpEMHM BHIAJKOM MOKa3HUKIB 3a-
JIUIIKOBOI JIOBTOBIYHOCTI.

OTtpuMaHi po3paxyHKOBi CITIBBITHOIICHHS MOXHA
BUKOPHCTOBYBATH [UIsl PO3PaxyHKIB IOKAa3HUKIB 3aJH-
mkoBoro pecypcy KB PEC nitaka, pe3ynbTaTu sSKUX, B
CBOIO Yepry, MOXKHa BUKOPHCTOBYBATHU ISl BUPILIIEHHS
3aBlaHb npojaoBxkeHHs pecypciB PEC nitaxa.

BuknaneHuil aHaITHYHUN METO PO3PaXYHKY IO-
ka3HUKIB 3P Moxe OyTH BUKOPUCTAHHH IS BUPILIICHHS

R(1), T
1500 4

500 +

1000 ZOIOO 300IO T, I.
a— o =300 (kp.1), o =600 (xp.2), o =900 (xp.3)

R(T), .
500

20014

5(I)0 10I00 T,T.
60— v=90%: o =300 (xp.1), c =600 (kp.2), c =900 (xp.3),
Y=95% : 6 =300 (xp.4), c =600 (kp.5), o =900 (kp.6)

Puc. 2. I'padiku 3anexuocreit R(t) (a) Ta R,(1) (6) npu
yCiu€HOMY HOpPMaJIbHOMY PO3IIOJI1JIi HAIIPALIOBAHHS [0
pecypcHOI BiIMOBH ISl Pi3HUX napaMerpiB. L =1000

R, T.
1500 +

500 +

NN N
y

1000 300.0 T, T
a— 0=112830(xp. 1); ®=1207,58 (xp.2); ©®=1384,29 (xp.3)
R(1), 1.

400 -
300 £
200 404

100 +

5(')0 T, T.

06— v=90% (xp.1-3) Ta y =95% (xp.4-6);
©=112830(xp. 1,4); ®=1207,58 (xp.2,5); ®=1384,29 (xp.3,6)
Puc. 3. I'padixu 3anexuocreii R(t) (a) Ta R,(1) (6)
npu posnonisti BeitOynna s pisHUX napameTpiB:
a—pB=2;06-y=90% Tta y=95%
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3a7au 3HaxomKkeHHS 3P, s OWIHKK TOKa3HHMKIB 3P
HEBIHOBIIFOBAHUX BHPOOIB 332 TAaHMMH €KCIUTyaTallii Ta,
30KpeMa, BUpPOOIB €JIEeKTPOTEXHIKA 1 paJioTEeXHiKH, a
TaKOX MpU OOTPYHTYBaHHI NPU3HAYEHUX TEPMIHIB CITy-
x0u (pecypciB) PEC mitaka. [Ijis BHKOHaHHSA TaKhX
PO3paxyHKIB HEOOXiJIHO MaTH XapaKTEPUCTHKH IIiJIb-

HOCTI po3nominy f (t) Hanpamoanda KB 10 BizmMoBu
a6o iimoBipHOCTI Ge3BiaMOBHOI poGoti P (1), yrounesi
3a JaHUMH JIJEPHOI 1 MiJKOHTPOJBHOI EKCILIyaTarlil
JIiTaKa.

BucHoBku

1. OGrpyHTOBAHO AOIIbHICTH BUKOPUCTAHHS LIS
BHPIIIICHHS 3aBJaHb MPOJOBXKCHHSI PECYpCy MOKa3HUKIB
3aJIMIIKOBOTO PECYpCy HEBITHOBIIOBAHHUX BHPOOIB:

cepeTHbOro 3aJIMIIKOBOTO pecypcy, raMma-
MIPOIICHTHOT'O 3AJIMIIIKOBOTO pecypcy, GMYHKIIT po3moi-
Ty 3aNuIKoBoro pecypey. ITokaszano, mo cepenniii 3a-
JIUIIKOBUHA pecypc 1 raMMa-IpPOLEHTHUN 3aJTMIITKOBUIN
pecypc € y3araJbHEHHSIM BiIOMUX ITOKAa3HHKIB JOBIOBi-
YHOCTI: CEpEeAHBOr0 pecypcy 1 TaMMa-BiJICOTKOBOTO
pecypcy. OTpuUMaHO pO3PaXyYHKOBI CITiBBITHOIICHHS
JUIsl TIOKa3HUKIB 3aJIMIIKOBOTO PECypcy AJsl HEBiJIHOB-
JIIOBAJILHUX BHPOOIB TpH Pi3HUX (YHKIISAX pO3MOIiITY
HAIIPaIOBaHHs JI0 PECYPCHOT'O BiIMOBH.

2. BBeneHO MOHSTTS 3aIMIIKOBUN pecype 1 3aim-
IIIKOBA HAMPAIFOBAHHS UIS BiIHOBIIOBAHMX BUPOOIB 1
BIiJITIOBI/IHI MMOKAa3HUKHU 3aJIUIIKOBOIO PeCypcy 1 3aiuii-
KOBOI HampaifoBanHs. [lokazaHo, 1110 1l HEBiJHOBIIIO-
BaJIbHUX BUPOOIB MOHATTS 3aJHUIIKOBHU pecypce 1 3aiu-
IIIKOBA HATpAIFOBaHHS 30Irat0ThC.
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Mathematical models for calculation of the residual life indicators of non-restorable parts
of aircraft radio electronic system

S. Haievskyi, S. Balakireva, 1. Kulakov

Abstract. The subject matter of the article are the processes of functioning of the radio-electronic system of a mod-
ern aircraft, its component parts and functional units as an object for determining and calculating indicators of residual life.
The goal is the development of the existing mathematical apparatus used to calculate the indicators of the residual life of non-
recoverable components of the aircraft radio-electronic system. The tasks: to develop mathematical models for calculating
the indicators of the residual life of non-recoverable components of the aircraft radio-electronic system. Analyzed methods
and models are: analytical method for calculating residual life indicators, models for indicators of the residual life of a non-
recoverable object of a radio-electronic system. The following results were obtained: The expediency of using the indicators
of the residual life of non-recoverable products for solving the problems of extending the resource is substantiated: the aver-
age residual resource, the gamma-percentage residual resource, the distribution function of the residual resource. Conclu-
sions. Calculated ratios are obtained for indicators of residual life for non-recoverable products with different distribution
functions of operating time to resource failure.

Keywords: residual life, residual operating time, aircraft, mathematical model, indicator, electronic system, technical
condition.
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METOJAUKA BUSHAYEHHS PAINIOHAJIBHUX TAPAMETPIB JIITAJIBHOI'O
AITAPATA 3 YPAXYBAHHSAM BUTPAT HA PO3POBJIEHHS TA EKCIIVIYATALIIO

AHoTtanisi. CrarTs NIpUCBSYCHA BUPILICHHIO aKTyaJIbHOI HAyKOBO-IIPAKTUYHOI 3a/a4i BU3HAUCHHS PalliOHAIBbHUX JHOTHO-
TEXHIYHUX XapaKTePUCTHUK i KOHCTPYKTHBHO-KOMITOHYBaJIbHOI CXEMH JIITAJIHOTO anapara 3a KpurepieM e(heKTHBHOCTI IpH Gik-
COBaHi} BapTOCTi, KU BpaxoBye e()eKTUBHICTb i BUTPATH Ha NOCSATHEHHS Li€i edexTuBHOCTI. MeToro cTaTTi € po3pobka MeTo-
JIMKU OOIPYHTYBaHHS TaKTHKO-TEXHIYHHMX XapaKTEPUCTHK IEPCIEKTHBHOIO JITAIBHOIO anapara 3 ypaXyBaHHAM €KOHOMIYHOIO
kputepito. Pe3ysbraTn. 3aBIaHHsA TEXHIYHMX BUMOI Ta PIBHS TEXHIYHOI JIOCKOHAJIOCTI JO3BOJIMIIM BU3HAYUTH B NEPLIOMY Ha-
OJIVDKEHHI TeOMETPHYHI Ta MacOBi XapaKTEPUCTUKH JIITATBHUX arapariB. 3a po3po0IIEeHOI0 METOMKOI0 0YJI0 BU3HAYEHO pallioHa-
JIbHI JIbOTHO-TEXHIYHI XapaKTEePUCTHKH JiTajabHOro anapara. [IpoBeeHuil BaroBuid po3paxyHoK JIITaJIbHOrO anapara. BuzHaveni
reoMeTpH4Hi T2 00'€eMHi po3mipu nitTaneHOro anapara. BusHaueHi eKOHOMi4HI noka3sHukU. BucHoBkH. Teopernuno oOrpyHTO-
BaHI TAKTHKO-TEXHIUHI XapaKTePUCTHKH MEPCIEKTUBHOrO JIITAJIbHOIO arnapara 3 ypaxyBaHHsIM €KOHOMIYHOro Kpurepito. Pe3ynbra-

TH MOXXYTb OyTH BUKOPHCTaHi /I OOIPYHTYBaHHs HAalPSIMKIB PO3POOKH IEPCIEKTUBHUX JIITAJILHOTO arapara.

Kar4dosi cimoBa: Ge3ninorHuil nitanbHUi anapar, Kputepiil epekTHBHOCTI, aepOANHAMIYHI XapaKTePUCTHKH, aepo/Iy-

HaMiyHe KOMITIOHYBaHHSI.

Beryn

OCHOBHMMH HampsiMamMd MOJEpHi3alii JITAIbHUX
amapariB (JIA), siki OyJIM BUTOTOBJICHI TIEPEBAKHO B KiHITI
80-x — Ha mouaTKy 90-X pOKiB, 1[0 HA ChOTOJTHI CKIIal0Th
ocHOBY aBiarii 30poriHnx Cun YkpaiHH, € IMiJIBUIICHHS
IJIMOVMHU Ta SIKOCTI 00’€KTHBHOIO KOHTPOIIO OOPTOBUX
CHCTEM 1 OLIHKM Mifl eKimaxy JiTaka s 3a0e3redeHHs
0e3neku MOIbOTIB; 3a0e3MeueHHs BiIIOBIHOCTI 3ac00iB
HaBiTarlil, IT0cajiky, 3B’s3Ky MKHAPOHUM BuMoram [ 1, 2].

AHani3 ocTaHHIX AocaikeHs i myOaikauniii. B
yMOBax 00OMeXeHOro (hiHaHCYBaHHSI HAOyBa€ aKTyaJIbHO-
CTi TNpUKIATHA 3a]a4ya MPOBENEHHS CHUCTEMHHX JOCIHi-
JOKEHb IIOJI0 pAlliOHAIILHOTO BHOOpPY NEPCHEKTUBHUX
JTANBHUX arapatiB. BupinieHHs 1iel 3a1a4i HEMOXKITHBE
0€3 HasIBHOCTI PO3BHHYTOTO HayKOBO-METOAMYHOIO ara-
paty moj0 (popMyBaHHS TEXHIYHOIO OOPHCY MEPCHEKTH-
BHUX JliTabHUX anapaTiB. [1lupokuii criekTp 3aaad nopi-
BHSUIBHOI OIIIHKK aJIbTCPHATUBHUX BapiaHTIB TIpU (op-
MyBaHHI OOpHCY IEpCIEKTHBHHUX JITaJbHUX aIlapaTiB
00YMOBWIM CKJIQJHICTh METOIHUK OIIHFOBAHHS TOKa3HH-
KiB e(ekTHBHOCTI [3-5]. BusHaueHHs pallioHAJIbHUX JIbO-
THO-TeXHIYHUX xapakrepuctuk (JITX) mitanpHux amapa-
TiB € aKTYaJIbHOIO HAYKOBO-IIPHKJIAIHOO 3a1aueko [6].

MeTo10 cTaTTi € po3poOdKa METONUKU OOIPYHTY-
BaHHS TaKTHKO-TEXHIYHHX XapaKTEPHCTHK IEpPCIEKTH-
BHOT'O JIITAIBHOTO anapara 3 ypaxyBaHHSIM €KOHOMIYHHX
KpHTEPIiB.

Pe3yabTaTtu g10caixKeHb

3aBnaHHs BU3HaueHHs parionansHux JITX i koHe-
TpykTHBHO-KOoMIIOHYBasibHOT cxemu (KKC) mitampHuX
amapartiB 3a KpuTepieM eeKkTHBHOCTI mpu (ikcoBaHiH
BapTOCTI 3aMiHSEThCS ONTUMI3alli€l0 KOMOIHOBaHOTO
KpHTEpIilO, KU BpaxoBye e(EeKTHBHICTH i BUTpAaTH Ha
JIOCATHEHHS TAHOTO PiBHS €(hCKTHBHOCTI:

K=N XK, (1)
ne N — KUIbKICTh JIITANIBHUX anapaTiB B YrpyIyBaHHI

NIpY 33/IaHUX ACUTHYBAHHSIX Ha CTBOPEHHS, eKCILTyaTa-
1it0; Koy — KpUTEpiit eekTuBHOCTI ogHOro JIA.

HeoOximHO onepxaTd MaKCHUMajbHE 3HAYCHHS
KPHTEpIIO, Ul Y0ro, B CBOIO Yepry, HEOOXITHO 3aJaTH
TEXHIYHI BUMOTH 3 BpaxyBaHHSM piBHS TEXHIYHOI J0C-
KOHAJIOCTI JIITAJBHHUX amapaTiB aHaJIOTiYHOTO IIPH3HA-
4yeHHs (KoeillieHTH MiTHIMaIbHOI CHJIM Ta JI00OBOTO
oropy, Koedili€HTH BiABaJy IOJSPH, aepoIMHAMIYHI
SIKOCTI 110 PEeKHUMaM MOJILOTY Ta iH.). 3aBIaHHS TeXHIY-
HHUX BHMOT Ta PiBHSI TEXHIYHOi JOCKOHAJIOCTI JJO3BOJIS-
I0Th BU3HAYUTH B INEPIIOMY HAONMKEHHI reOMEeTpHYHI
Ta MacoBi XapaKTepHCTHKH JIITAJIbHUX arlapaTib.

1. BaroBuii po3paxyHoK JiTaJbLHOI0 anapaTta

BuxigHuMu JaHUMH € Taki TAKTMKO-TEXHIYHI BHU-
MOTH: BapiaHTH HaBaHTAKCHHS; JaJbHICTh MOJIBOTY MPH
3aJaHill IBUIKOCTI Ta BHCOTI; pO3paxyHKOBE NEepeBaH-
Ta)XCHHS 10 PSKUMAaX IMOJIbOTY; MaKCUMaIbHA BEPTHKA-
JbHA MIBUJKICTh; KoedirieHTy migHiManbHoi cumn Cy, i
nmoboBoro omopy Cy, Ha 3aJaHUX PEKHMAax IOIBOTY
JTaKa-IpOTOTUIY; CTPLIONOIIOHICTh Kpuia i onepeH-
Hs; Bara oOJIafHAHHA Ta iH.

3JiTHA Bara JiTaJdbHOIO anapata [7]:

M
M, = €00 , ()
1- (Ynu + 'ch + Yn)

ne M,,, —Bara eximaxa, oOJaAHaHHSI Ta O030POEHHS,;
YnnsYeys Y — IATOMA Bara IUIAHEPa, CJIOBOI yCTAHOB-

KH, manuBa. Tak gk Bara nopokHsoro JIA Ta Bara naau-
Ba IIPU OZHIH 1 TiH e 3ITHIA Ba3i MOXKYTh 3MiHIOBaTH-
csl, TO HEOOXIJJHO 3a/laTH 3HAUEHHS 3JIITHOI Bard, a Io-
TIM YTOYHHTH Ti B TIPOLIECI PO3PAXYHKY.
Tsro030pO€EHICT JIITAJIBHOTO anapara BHOMPAETH-
csl 3 TAKUX YMOB!
a) 3a0e3MeveHHs 3a1aH0i JOBXHHHU PO30iry:

_ Py
0, 9Cya6i0pp0gl‘p035

u +1,1f0, +0,033, (3)

ae Cuigp = 1,1 + 1,2 — xoedinienT migfiomMHol crmu npu
BIZIpMBI JIITAJBHOTO arapara BiJl 3JTITHO-TIOCAJKOBOI CMY-
TH; fron — KOCDIIIIEHT TEPTS - KOUeHHH (fr,,—0,03 — 6eToHo-
BaHa 3JIITHO-TIOCAJIKOBA CMYTa; f,—0,1 — IpyHTOBA 3JIITHO-

© 0. O. aninos, L. K. Kemnep, O. B. 3aakosa, 2020
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T0CA/IKOBA CMYTa); Los6 — IOBXKHHA PO3OITY;
0) 3a0e3meueHHsT MBUIKOCTI MONBOTY HA 3aJaHii
BHCOTI:

1 =4650M? ,,,,Ca /(Ppo ). @)

ne C,, =Co+ Ay Py? / (204000842,.,,

popA?) = xocgini-

€HT JI0OOBOTO OIIOPY; P= P/ Py —BigHOCHa TATa;
A=p/py — BioHOCHA WiiIBHICTH MOBITPS; A, —Koedi-
II€HT BigBaly NOMAPH; My, —
Maxy nonsory;
B) 3 YMOBH IIEPEBAHTAKEHHSI CTAJIOrO BipaKy:
2 2

pV= An 7 2R
=C, o —+——

25 pV

T') 3 YMOBH 3a0€3MeueHHsI BEpTHKAIBHOI IIBUIKOCTI:

=3 1/3
H_( ymax x0/153 P O/S)) : (6)
Tﬂra CUJIOBOI YCTaHOBKHU:
Pcy = MMOa (7)

Ae pn :fmax (l,l po36s M us K gips L BepT.LUB)'
[Toma Mizens IBUTYHA!

PO3paxyHKOBE HYHCIIO

; (%)

Py

F o6 = s, 8
M.08 12,888 )
BimHocHa miomma Minesns Gpro3esuKy:

Fgl)+z = F(]) + Km Fm()sa (9)
ne Fy = 0,15 M, — nonepeyHa Ionia nepetuHy rose-
msoky; K, = 0,9 — sixio neuryH y ¢rozemsoxi; K, = 1,0 —
SIKIITO }:[BI/Il"yH Ha KpUJIi.

Maca kpuina:
6 = \3 =
M,, =4-10°K\ K, (1-Z; )" (1+ Zy -(n—1) /1) x
><(0,9—3,SZZ§ (Mo /M, ) anpx3/zﬁ)/
l (10)

/(Fe0s?-0,5)+ (n+2)/(1+0,5)+0,001x
x(13+0,333v9) S (1-Zn/(n+1))+ V2 My

ne Z s =Dy / VSA — BiHOCHE TIONOKEHHS OopTa (io-
3eMIsDKY Y3/I0BXK YCbOrO posmaxy kpuia; Dy — niamerp
— BIJIHOCHE

TIOJIOKEHHs BaHTaXy B3AOBXK Oopta; M, = 0,9M, —
pospaxynkoBa maca JIA; K, = 1,2 — koedimienT, sxuit
BpaxoBye MaTepial Kpuia.

Maca drozensxky:

¢rozemsiky; Mg, —Bara i-ro BaHTaXYy; ZS'
1

My =0,001 (0,1M, + 24,5)Sor.4- (11)
Maca onepensst (7151 JBOKiIbOBOTO JIA):
My, =0,051M, — 0,0008M, (12)
Maca maci:
M,, = 0,056M, — 0,0003M,". (13)
Maca muanepa:
My =M+ My Moy, + M, (14)

Maca aBuryHa:

M, = (1,37 - 0,002M,)f;50,175P . (15)
IToTouna maca:
MTCK = Mo - Mo 1 ya6- (16)

Maca najauBa pO3paxoOBYETHCs, BUXOIAYU 3 0Opa-
HOr'0 TMPOQUII0 MONBOTY, IO CKIAAAE€THCS 3 AUITHOK
HAOOPY BUCOTH, TOPU3OHTAIBHOIO TOJILOTY, 3HHKEHHS:

M, an — (YHa6 +an +Y3Hu3;c )Moa (17)

I€ Yya6 +Yon Y suuxe — BITHOCHI MacH manuBa MpH Ha-

00pi BUCOTH, TOPH3OHTAIBHOT'O MOJIBOTY Ta 3HIKEHHI.
I'opu3oHTaIBHUIA TOMIT:
num zn(

Yo =1-¢P, (18)
_ Va) L 24P . 3
ne B—( 2P0 = J/(3,6Vzn), Com

MMUTOMA BHUTpPATa MajBa IPU FOPU30HTAILHOMY IOIBO-
Ti; Ly — JANBHICTh TOPU30HTAIBHOIO MOJBOTY; Vop—
IIBUIKICTh JIITAJBHOTO amapaTa B TOPHU3OHTAJILHOMY
MTOJIBOTI.

HaGip Bucoru:

0,0035(H, — Hy)(1—0,03m)

Tna6 =T 0 004(H, —Hy)

(19)

e m — CTyIiHb JBOXKOHTYPHOCTI nBuryHa;, H,, H,—

IOYATOK 1 KiHellb Ha0Opy BUCOTH.
®opmymnu (1-19) € ocHOBOIO ISl CKJIaaHHS Baro-
BOTO 3BE/ICHHI JIITAJIBHOTO arapara.

2. BuzHa4eHHs reOMeTPHYHHX i 00'eMHMX po3MipiB
I'eomerpuyHi 1 00'€eMHI po3MipH BH3HAYAIOTHCS Bi-
IHoBigHO 10 [8]: Iwioma Kpuia — SKP =900-M, / Py

Ly =|MSyp 5 TIONOBXKCHHS KpHIA —

M = 62 / Syp 5 MOBXKUHA (HO3EISIKY HOPIBHIOE Ly =
= 6,2+ 0,835M, — 0,012M,".
OMuBaHa IIOIIA BCHOTO JIITATLHOTO anapara:
SOM: SOM.K]] + SOM.ZOJ’_ SOM.SO’ (20)

/F 2 2

e : _
S = s Soreo =
e Sy 0,785(k(1+1/n)+7m(1+1/n)J

= Oa2091 - Oa00033So,u.t<p; So,u.so: 0,18 - OaOOOSSOM.Kp~
HasHi 00’ emu JtiTaka:
a) 00’eM (ro3ersKy:

W= 0,62F yor £ 4 —0,0008F 4,

po3Max Kpuia —

f(ﬁ ,Fq)ﬂ- Zd’ >4OM
Wps=1,08 Fgir £ —0,0127 Fyp £33 Fyr £ < 4003;

0) 00’eM Kpuia:

W= 0,44k3S 5, [N 1)

e k= (g + 20 +2)((ne +1)(ne +1) ~ woepii-
€HT, SKUH BPaxoBye BIUIUB 3BY)KEHHS 110 XOpJax i1 TOB-

IMUHI KpUia; M, = Byopu /6”-” — 3BY)KCHHS TI0 XOpJax
Kpuna; v, —cKopH /cmH — 3BY)KCHHS 110 TOBIIHMHI KpH-
a5 Gyopy s Bin — KIHIIeBa 1 KOpEHEeBa XopJa Kpuia;
EKOPH , Cujn, — KIHIIEBA 1 KOPEHEBA TOBILHHA KPUJIA;
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B) 00’€M BCHOTO JIITAJIGHOTO amapaTa:

W= Wyt Wt Woot W (22)
[MoTpiOHiI 06’ eMH JIiTATFHOrO anapara:
a) 00’eM manmusa:
W= 1,38 M; (23)
0) 00’eM ABHTYHA:
Wygn =My /0,375 ; (24)
B) 00’eM 15 iaci:
Wyn =M,/ 0,5; (25)
r) 00’eM 00JIaIHAHHS:
W,,=M,[0,35, (26)
) cyMapHH# 00’ eM:
Wiae =W nom [Wean - 27

3. BuzHaueHHs1 eKOHOMIYHHMX MOKA3HUKIB

BapricHuii po3paxyHOK € HEBiJI'€MHOIO YaCTHHOIO
MPOEKTYBaHHs. BUXiTHUMU JaHUMU ISl PO3PAXYHKY €:

— TaKTHKO-TEXHIYHI XapaKTepUCTHKU (sKi BiJO-
OpakaroTh CTYIIHb JOCKOHAJIOCTI Ta CKJIAJIHOCTI KOHC-
TPYKLIT);

— BUPOOHHMYI TIOKa3HUKH (XapaKTepU3yOTh YMOBHU
BUTOTOBJICHHS] BUPOOY).

Vi BeMUUMHY MTiICYMKOBHX BapTOCTEH MarOTh PO-
3MIpHICTh THCSYa YMOBHHUX OJMHHIIb. BapTicTh MOBHHX
BUTPAT Ha OJIMH JITAJIbHHUI amapar 3a BeCh 4ac JKUTTE-
BOTO IUKITY:

Csa = Clpi+ Cry+ Clpg + Cugp (28)

P B E
ae C , C i, C iy, Cyep — BUTPATH HA PO3POOKY, BUTO-
TOBJIEHHSI, EKCIUTyaTallif0 i aepoIpOMHI BUTPATH.
Bu3HayeHHs BUTpAT Ha PO3POOKY:

CPare= Cars + Coevir, (29)

ne C 47, — BUTpaTH HaykoBO-HoCHiAHY pobory (HJIP) i
JIOCITITHO-KOHCTPYKTOPChKY poboty (AKP) mpu pospo-
Olli Ta MPOCKTYBaHHI JITAIBHOrO amaparta (IUlaHepa,
obnajiHaHHS Ta iH. 03 CHIIOBOI YCTAaHOBKH), 1[0 TIPHIIA-
Jae Ha OfHY roauHy ooty JIA; C'cy;. — BUTpaTH Ha
HJP i JIKP npu po3poOui # HpoeKTyBaHHI CHIOBOI
ycTaHOBKM A0 JIA, 1m0 NOBOAATBHCA HAa OIHY TOAMHY
TMIOJBOTY JTITAJILHOTO ariapata.
B cBoto uepry:

1+ K )
C nare = myO2V 02502k (14K . (30)
! ¢ NjaH 4T 114
0,6
m. ? 1+K
C ey = 160,087 | = ng’;‘SKTM, 31)
Noe NjH uT 4

Jie m, —Maca IyCTOro JITaJbHOIO amapara, Krj V.. —
MaKCHMalbHa MIBHAKICTH IOJBOTY, KM/TOI; My, —
KUIBKICTh JOCTIIHUX 3pa3kKiB (2-5); Ny — kinbkicts JIA
B maprii; Hjy — cepeqHbOPIYHUIA HAIIIT OAHUM JIiTalb-
HUM anaparoM; 74 — TEpMiH CIIy»KOH JIiTaJbHOTO anapa-
Ta; Mys — KUIBKICTh JIBUTYHIB Ha OJHOMY JIiTAJBHOMY
amapati; M., —Maca CHUIIOBOI YCTaHOBKH, KI; Ko, =
=0,16+ 0,44 ¢ *P20 1 g = (1 + 0,01a)"*** — xo-
eiIlieHT 3HIKEHHS CO0IBAPTOCTI 3a PE3YJIBTATOM POCTY
BHPOOHHUIITBA Tpalli; O — CePESAHbOPIYHUN BiJICOTOK

3HIKEeHHS cobiBapTocti JIKP, BHACTIIOK YIOCKOHAICH-
HA mporecy BupoOHuiTBa (o =~ 2...5%); T, — KaJeH-
JAPHUH Yac TOCIiIKCHb, PiK.

Bu3HayeHHS BUTpAT Ha BUTOTOBJICHHS JIITAJILHOTO
amapata (0e3 CHJIOBOI YCTaHOBKM) Ha OIHY T'OAHMHY
TIOJBOTY:

Coasi = Crare + Ceyies (32)

ne C%yy;. — BUTpATH Ha BUroToBieHHs JIA (6e3 crumoBoi
YCTAHOBKM) Ha OQHY FOAMHY TOILOTY; C’cy;, — BUTPATH
Ha BUT'OTOBJICHHS CUJIOBOI YCTaHOBKH.

ButpaTtu Ha BuroroBnenns JIA ckinanaoTs

1
CM + CHFB + COC +

CBﬂA = ’ (33)

Hodlaa| Csp + C3p + Cyp

ne Cy — BUTpaTH Ha MaTepiaiau (CUpOBHHA Ta HamiBda-
OpukatH), THC.yM.01.; Crrp — BapTICTh 3aKyIUIEHHX T'O-
TOBHX BUPOOIB, THC.YM.01.; Coc — BapTICTh CIEIiaIbHO-
T'O OCHAaIEHHSs, THC.yM.0M.; C37 — BUTpATH HA 3apO0ITHY
IUTaTHIO, TUC.YM.OM.; C33 — 3arajibHO3aBOJICHKI BUTPATH,
TuC.yM.0f.; Cyp— YMOBHI BUTpPaTH, THUC.yM.om.; Cy =
= (2,7 + 9,68 Ny %) (M 1000)"™ M, 10, Ny —
kutekicth JIA B mapTii; My, —wmaca mianepa; Crrp =
= (=250 + 0,05 Vyar + 0,5 M,) N "B 14, Coc == (3300 +
+03M, — 2,6 107 M) x 1.05N" N\, Cy =
=(0,0278 + 0,156 Ny ) M,*"", C35+ Cyp= 2,4 Cy1.

Butpatu Ha BUTOTOBJIEHHS! CUJIOBOI YCTAHOBKH Ha
1 roauHy MONIBOTY:

H 033 , 0,8 0,31
C cyi. =177 Ny, g~ Mgy X

P 0,38 1 (34)

max ’
K 26 T()e

Je Nye — KiJIbKICTh BUTOTOBJIEHHX IBUTYHIB; 711, — Maca
CUJIOBOi YCTaHOBKH, KT fy, —9aC OCBOEHHS IBUTYHA Y
BHUPOOHUIITBI, KBapTamn, P,, — MaKCUMajbHa TAra CHU-
JIOBOI yCTaHOBKH; Ky, — KOCQIIIEHT, 110 BPaXOBYE MPO-
JIOBXKEHHS TEPMIiHY CIyOW IBUTYHA 332 paxyHOK Kall-
pemonrty; T,, — MPU3HAYCHHIA PECypC HOBOT'O IBUTYHA.
B cBOMO 4epry, KiIbKiCTh BUTOTOBJICHHUX JBHUTYHIB

N()SZGGNJIA, (35)

ne Ny, —3aragbHa KUIBKICTh BHITYIHICHHX JIITaJIbHUX
amapartis, IIT.; @, 6 — eMIIPUYHI KoedillieHTH, IO Bpa-
XOBYIOTh HEOOXiJHE CHiBBIJIHOIIEHHS MIX BHUITYCKOM
JITAIBHUX arapatiB Ta JIBUTYHIB.

CyMapHi BUTpaTH Ha BUTOTOBIIEHHS JIA:

Csure= Crase+ Coeyp (36)

BusHaueHHs ekclulyaTaniiHUX BUTpar Ha 1 roawu-
HY NOJIBOTY PO3PAXOBYETHCS SK:

CE Caur Cro+Cranp+Cnpp N
JIAle —

H gy Ry

(37)
, Cme +Crre

naH 4

b

ne C,,, — pIYHI BUTPATH HA MAJTMBO-MACTHIBHI MaTepi-
amu (IIMM), mo npuxoxsate Ha opuH JIA; C,p Cpp
Cianp — BUTPATU Ha TEXHIYHE OOCITYTOBYBaHHS, PEMOHT,
3a IUKJ eKCIUTyaTallil JiTaIbHOro anapata; R, —cepel-
HBOTEXHIYHUI pecypc JITAIBLHOTO arapara.
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Piuni Butpatu Ha [IMM ckinanarors
Coar = 11,5 0?7 +33 107 M,, (38)

JIe |L— cTapToBa TATO030pOEHICTh; M, —3IliTHA Maca
JITAJIBHOTO anapara, Kr.
BapTicTh TEXHIYHOT'O OOCITYTrOBYBAHHS:

Cro= 0,076 M, + Cyy+ Cy, (39)

1e Cyy=0,1 Cy Ty — BHUTpPATH Ha 3aKyIIiBJIIO 3amac-
HUX YaCTUH 1 BUTPATHUX MaTepiajiB MpHU TEXHIYHOMY
00CIIyrOBYBaHHI 32 BECh ITUKJI €KCIUTyaTallii, 4oj1./Tox;
Cy=0,041 CBJIAZ]Z T4 — BUTpATH HA 3aKYIIBJIIO KOHT-
ponbHo-niepeBipouHoi anaparypu (KIIA), incrpymeHnra,
3ac00M Ha3eMHOT0-00CIyrOBYBaHH]I.

BigmnosigHo,

CKAIZP = 13 1077 tp4)’4 NP—O,SS Mﬂlqz Vmax Ngp , (40)
Cnp.p = 8,5 1077 t];oq4 ]\/vPio'8 Mﬂlqz Vmax nmp , (41)

Je t, —4ac OCBOEHHs BUPOOY B PEMOHTI, KBapTan; Np—
mporpama peMoHTY, WT.; Mj; — Maca MOPOXXHBOT'O JIiTa-
JBHOTO amapara, Krj V., —MaKcuMallbHa IIBHIKICTh
JITAJBHOTO amapara, KM/TOJ, Nyp, Hyp — KUIBKICTh pEMO-
HTIB 3a Mepioj eKCIuTyaTarlli.

BusHaueHHsT aepoIpOMHHX BHUTpAT pO3PaxXoOBY-
I0ThCSI TAKMM YHHOM:

Caep = Craz+ Cypzt Cpy + Crz 1/(Hj7AHj7A ) , (42)

ne Cry3 Cyrz Cypy — piuHi BUTPATH Ha PO3POOKY, BUTO-
TOBJICHHS 3ac00iB iH)KeHepHO-aBialiitHoro 3abe3rneyeH-
i1 (IA3), aepoapoMHO-TeXHIYHOrO 3a0e3MedeHHs
(AT3); Crg— piuHi BUTpaTH Ha TPOLIOBO-PEUOBE YTPH-
MaHHS CITyKO0.

Corijn BpaxoByBaTH, 1I0:

Cus+ Curz + Crpy = 1,4 L e, (43)
Crc= Cre (1+0,01 yir), (44)

II€ Yire — BIJICOTOK PIYHHMX BHUTpPAT HA yTPUMAaHHS iHXe-
HEPHO-TEXHIYHOT'O CKJIay BiJIHOCHO POKIB.

3a BUKIJIQJICHOIO BHIIE METOJHUKOI MOXYTh OYyTH
BH3Ha4eHI pamioHanbHi JITX Ta KOHCTpYKTHBHI mapa-
METPH NEPCIIEKTHUBHOIO JIITAIEHOT'O arapara.

BucHoBok

TeopeTnuHo OOTpYHTOBaHI TAaKTHKO-TEXHIYHI Xapa-
KTEpUCTHKU MEPCIIEKTUBHOTO JIITAIBHOTO arapara 3 ypa-
XYBaHHSIM €KOHOMIYHOTO KpUTepito. Pe3ynbraTn MOXyTh
OyTH BUKOPHUCTaHi Ui OOIPYHTYBaHHS HANpPSMKIB pO3-
pOOKM TEpPCHEKTUBHUX Ta MOJEpHi3allii iCHYIOYHX Ji-
TaJIbHUX anapaTiB.
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Method of determination of rational parameters of the aircraft
with taking into account the costs of development and operation

Yu. Danilov, L. Kellier, O. Zadkova

Abstract. As Ukraine has a strong potential in the development and production of its own aircraft, substantiation of its
tactical and technical characteristics is an urgent scientific and practical task. The article is devoted to solving the current scien-
tific problem of determining the rational flight characteristics and structural-layout scheme of the aircraft by the criterion of com-
bat effectiveness which at a fixed cost, replaced by optimization of the combined criterion, takes into account efficiency and cost
to achieve this efficiency. The method of determining the economic criterion for all stages of the life cycle of the aircraft is given.
According to the described method, rational flight technical and design parameters of a promising aircraft were determined. This
made it possible to substantiate the tactical and technical characteristics of a promising aircraft, taking into account the economic
criterion. Tasks of technical requirements and level of technical perfection allow to define in the first approximation geometrical
and mass characteristics of the aircraft. The weight calculation of the aircraft is given. The substantiation of tactical and technical
characteristics of the perspective aircraft taking into account the economic criterion is presented. The weight calculation of the
aircraft was performed. The geometric and volumetric dimensions of the aircraft are determined. Economic indicators are de-
fined. According to the above method, the rational flight characteristics and design parameters of a promising aircraft were de-
termined. The results can be used to justify the development of promising and modernization of existing aircraft complexes.

Keywords: unmanned aerial vehicle, aerodynamic characteristics, aerodynamic layout.
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HarionansHuii TeXHIYHHN YHIBEPCUTET «XapKIiBCHKUH MONITEXHIYHUI IHCTUTYT», XapKiB, YKpaiHa

CHUHTE3 KEPYBAHD JIU3EJIb-TIIOI3 A
3 EJIEKTPOIIPUBOIOM 3MIHHOI'O CTPYMY

AHoTanisi. 3aB1aHH] CUHTE3y CUCTEMH KEPyBaHHS TATOBHM E€JICKTPOIPHBOZOM 3MIHHOI'O CTPYMY € CKJIAJIOBOIO YacTH-
HOIO 3araJIbHOT'0 3aBJIAHHS CTBOPEHHS ONTUMAJIBHOI CUCTEMHU KepyBaHHs TPAHCIIOPTHUMH 3aC00aMH, 110 3a0e311euye BUKO-
HaHHA rpadika pyxy y BiANOBIJHOCTI 3aaHOMY KpuUTepito skocTi. MeTor gaHoi podoTH € po3poOIeHHsS MaTeMaTUYHUX
MOJIeNIel Ul CHHTE3Y CHCTEMH KEPYBaHHS €JIEKTPOIPHUBOLY 3MIHHOTO CTPYMY 3 BUKOPHUCTAHHIM aJI'OPUTMY BEKTOPHOTO
YIIPaBIIiHHS, CUHTE3 YIIPaBIIiHb Ta IPOBEACHHS JOCIIKEHb X MOJIelIel, OTpHUMaHHA SKICHUX XapaKTepHCTUK pOOOTH CUC-
TEMHU KepyBaHHs B IIPOLIEC MOZIGIIIOBAHHS 3 BUKOpUCTaHHAM nakeTy MATLAB. Po3riisiHyTi nuTaHHs CHHTE3y CUCTEM Ke-
PYBaHHS TATOBMM €JIEKTPONPHBOIOM 3MIHHOTO CTPYMY JIM3€JIb-11013/1a Ta 1X JOCIIPKEHHSI 38 JOIIOMOTOF0 MaTEMaTHYHUX MO-
nieneid, siki peanizobani B nakeri MATLAB. IlpoBenieHo oruisiy jiitepaTypHUX JUKEpell Ha 3aJaHy TEMAaTHKY Ta aHaJli3 iCHyo-
YHX HiJXOMiB ZI0 PO3B’A3aHHS 3aJ1a4 CUHTE3y CUCTEM KepYBaHHs y JaHiil ramysi, 30KpeMa CUCTeM KepYBaHHs 3 BUKOPHUCTAH-
HSIM JITOPUTMIB BEKTOPHOI'O YNpaBliHHA. BUKOHAHO CHHTE3 ynpaBiliHb, 100YIOBaHI MaTeMaTH4YHI MOJEII JIOCHiDKYBAaHUX
00’€KTIB KepyBaHHsI, IIPOBEICHE MOJIEIIOBAaHHs iXHBOro (yHKIioHyBaHHsA. OTpUMaHi aHAITHYHI CIIBBIAHOLICHHS, SKI MO-
KyTb OyTH BUKOpHCTaHi Juist po3poOku crpykrypu CAP enexrponpuBoLy Ju3enb-Noi3na i po3paxyHKy ii napameTpiB IpH 3a-
JIaHl KPUTEPIIO SIKOCTI 3 ypaxyBaHHSAM INEBHOIO 3aBaHTa)KEHHs JM3eib-110i37a. CHHTE30BaHI 3aKOHU YIpPaBIiHHA 3a0e3meuy-
I0Tb CTIHKMII PO3riH JU3eNb-TI0i3/1a B PI3HUX TOUKAX TATOBOI XapaKTEPUCTHKH i MPU LIbOMY BUKOHYIOTBCS BUMOTHY 100 TOU-
HOCTI IIPUBEJICHHS 00’ €KTa KepYBaHH: B 3aJjaHy TOUKY (ha30BOro NpoCTopy 1 AKOCTI IepeXiHUX MPOLECIB.

Kaw4doBi ciroBa: cuHTE3 CHCTEM KepyBaHHS, €IEKTPOIPUBOJ 3MIHHOTO CTPYMY, AW3EIIb-II013/1, aITOPUTMHU BEKTOPHOTO

YIIPaBJIiHHS, aHAITHYHI CIiBBiJHOLIIEHHS, MaTEMaTHYHA MOJIEJIb, 3aKOHH YIPABIIiHHS.

Beryn

3aBlaHHSl CHUHTE3y CHUCTEMH KEpyBaHHS TATOBUM
€JIEKTPOIPUBOAOM 3MIHHOTO CTPYMY € CKJIJIOBOIO Yac-
THUHOIO 3araJlbHOTO 3aBJIaHHSI CTBOPEHHSI ONTHUMAaJIbHOL
CHCTEMH KepyBaHHS TPAHCIIOPTHUMH 3aco0amu, IO 3a-
Oesrieyye BUKOHAHHS rpadika pyxy y BiJIOBIJHOCTI 3a-
JTAHOMY KpPHUTEpiro sKocTi. OCTaHHIMU POKAMH BHUPIIIICH-
HS IIMX 3aBJaHb MPOIOHYEThCS BUKOHYBATH 3 BUKOpHC-
TaHHSIM CYYacHUX KOMIT IOTEPHUX TEXHOJIOTiH, B OCHOBY
SIKMX TOKJIaJIeHO METOIM MAaTEMAaTUYHOTO MOJIEITIOBAHHS,
aHai3y 1 CHHTE3Y CKJIAIHHX TEXHIYHHX cHCTeM. Tomy
po3po0Ka ONTUMANBHHUX CHCTEM KEpYBaHHs Ta MOJeJen
JUTsL TX JOCTIPKEHHS € aKTyaJIbHOIO 33/1a4elo.

IMocTanoBka 3anayi i anaui3 BizoMux myoJika-
niif. Ha croromuimHii geHb Hapsay 3 4aCTOTHHM CIIO-
co0OM KepyBaHHS €JIEKTPOIPHUBOAOM 3MIHHOTO CTPyMY
Bce OiNbLIOl yBarm MPUALIAETBCS PO3POOKaM CHCTEM
KepyBaHHS Ha OCHOBI aJITOPUTMIB BEKTOPHOTO YIIPABJIiH-
Hi [1—9]. i anroputMu akTUBHO BIIPOBAIKYETHCS Y
BHCOKOSIKICHUX €JIEKTPONPUBOAAX TPU(A3HOTO CTPyMY.
B anroputMax xepyBaHHS 3aKiajieHa i1esi Opi€HTYBaHHS
MIOTOKY AaCHHXpPOHHOro mIBuryHa [2,4,8,9]. Hampyru
craropa (Kepyroui BIUTUBH) CHCTEMH PIBHSIHD (MaTeMaTH-
YHOI Mojeii) Tpu(a3HOro aCHHXPOHHOTO JBUTYHA SIK B
PYXOMiH, TaK 1 HEPYXOMii CHCTeMi KOOpJIUHAT BH3Haua-
I0ThCS 110 PIBHSHHAX BEKTOPHOTO YIIPABIIiHHSI.

Pimnennst 3amaui po3poOJieHHs! ONTHMAaIbHOI CHC-
TEMH KEPYBaHHS €JIEKTPOIIPUBOJOM 3MIiHHOTO CTPYMY B
MepIIy Yepry IOB’s3aHe 31 CTBOPECHHAM HETIHIHHUX
MaTeMaTUYHUX MOJIEJIeH 3 BpaXyBaHHSM OCOOJIMBOCTEM
BUKOPDHCTaHHS TOTO YH IHIIOIO METOJY  CHHTE3y
YIIpaBJIiHb, KPUTEPIiB OLIHKU SIKOCTI (DYHKIIOHYBaHHS
CHCTEMU KEpPYBaHHs, NMPOBENCHHSIM KOMIUIEKCHHUX MO-
CJTIJPKEHb TUHAMIKH eJIEKTPOMEXaHIYHOI CUCTEMH eJIeK-
TporpuBony. Jlns pillleHHS 3aBlJaHb ONTHMAJIEHOTO
KepyBaHHsI NPUCBSYCHO 3HAYHE YHMCIIO MyOJikarii [6],

Jie JUIsl CUHTE3y BUKOPHCTOBYETHCS MaTEMaTHYHE MOJIe-
JIIOBaHHS, Cy4acHi METOIH Teopii aBTOMaTHYHOTO Kepy-
BaHHS Ta ONTHMI3allil, KOMIT IOTepHI TeXHONOrii. B [6]
MIPOITOHYETHCSL PSIJ| METOJIB CUHTE3Y YIpaBIiHb Ta Ma-
TEMaTHYHI MOJIEII €JICKTPONPUBOIY 3MIHHOTO CTPYMY,
SIKI MOXKYTh OyTH BHKOPHCTaHI HPU pO3pOOII CHUCTEM
YIIPaBJIiHHS 3 ypaxyBaHHSIM BHOpPAHOTO KPHUTEPIIO OI-
TUMaJIbHOCTI. SIK TpaBWiIO, 33J0BUTBHHUI pe3ysibTaT
OTPUMYETHCS TIPH CUHTE31 ONTHMAaJIbHUX CHCTEM Kepy-
BaHHS 11 00’ €KTIB, SIKI ONMUCYIOTHCS CUCTEMOIO Aude-
PEHIIMHUX pIBHSHb HE BHIIE TPETHOro Mopsiky. Jlis
CHCTEM BHIIMX TOPSIKIB, a TaKOXX HETIHIMHUX MOjie-
JIeld, MOXKJIMBO BUKOPHCTOBYBAaTH KOMOIHOBaHHUIT METOA
3HAXOJ/DKEHHS YIpaBiliHb. BiH 3BOANTHCS 10 HACTYITHO-
ro [9]. Ha mepuiomy erari 3 BUKOPHCTaHHSIM CIIPOILIE-
HOi MOJEINI EJIEKTPONPUBOAY 3HAXOMUTHCS 3arajlbHUN
BUJ yrpaBiliHb. Ha 1pyromy — 3a1aroThCs 3aKOHU MOXK-
JIUBHUX YIPaBIiHb Ta B IMPOIECI OCTIIPKEHHSI YTOYHS-
I0ThCSL X BUJM Ta MapaMeTpH CHCTEMH KEepyBaHHsS 3a
JIOTIOMOT'OF0 TTOBHOT MaTEMaTUYHOI MOJEI.

MeTtorw podoTH € PO3pOOJICHHS MaTeMaTHYHHX
MoJIeJIel Uil CHHTE3Y CHCTEMH KepyBaHHS EJIeKTpO-
MIPUBOAY 3MIHHOTO CTPYMY 3 BHKOPHCTaHHSIM aJTOPHT-
My BEKTOPHOT'O YIIPaBJIiHHS, CHHTE3 YIPABIiHb Ta MPO-
BEJICHHS JIOCHI/DKEHb 1X Mojesel, OTpUMaHHs SIKICHUX
XapaKTEepPUCTUK POOOTH CHCTEMHU KepyBaHHs B MpoIeci
MOJIEJIIOBAHHS 3 BUKOpUCTaHHSIM nakety MATLAB.

OCHOBHA YaCcTHHA

BuximHuMy 3MIHHUMH JJI1  JTAHOTO 00’ €KTY
YIIPaBJIiHHS € MIBUAKICTh pyXy V i mpoiaeHuit nusx S.
3a BiJICYTHOCTI OOKCYBaHHS HIBHAKICTH PYyXy MPOIIOp-
LiifHa KyTOBIH €JIeKTpHYHIN IIBUAKOCTI 00epTaHHS PO-
TOpa JIBUI'YHA ®. PiBHAHHS pyxy Mae Burisiz [1]:

do
E=K1(MZ—MC), (1)

© 3amonoBchbKHi M. 171., Mesennes M. B., 2020
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e M, — TAroBUM MOMEHT IU3€Nb-1oizaa; K; = p/J, ;
J; — MoOMeHT iHepHii gu3enb-moizga; M, — MOMEHT
OIIOPY PYXY, KU 3TiTHO MPaBUJI TATOBUX PO3PaXYHKIB,

3HaXOJUTHCS 3TiHO BUPA3y:
[Tpy HOMiHAIEHOMY 3aBaHTaXKEHI :

M, =1299(1.1+0.012%0.1545 w) (Hm),

a6o M, =1299(1.1+0.012%0.15450) (Hn).  (2)

3a yMOBM, LIO TATOBMH MOMEHT JU3eNb-II0i3/a
3MIHCHIOIOTh YOTHUPU JBUTYHH, TO PIBHSHHS PYyXy Ma-
THME BUTTIL

do
oK (AMy ki-M,),
dt 1 ( d c )
ne M ;— eleKTpOMarHiTHUH MOMEHT [BUTYHa; i — IIe-
penaBanbHe YO penykTopa (i = 3.69).
3 ypaxyBaHHSM piBHSIHHS (2), OTPUMAEMO:

‘;—(” = K, (K, My —1429-2.410) =
t

=K (KoM ;- K5 - Ky0), A3)
ne K,=14.76; K3 = 1429; K,=2.41.
a6o i{—(::KSMd —Kgo-K7, 4)

ae Ks= K;K,= 0.000915; Kg= K; K4= 0.00015;
MoskeMo 3anucaru:
dX
dt
B pesynbrari orpumanu audepeHuiiiHe piBHIHHS
MIEpIIOro MPSAKY, SIKE OMHCYE AMHAMIKY PYyXy IU3eIb-
Noi3ga NMpH HOMIHAJIBHOMY 3aBaHTaXEHHi. B skocti
YIIPaBJIiHHS BUCTYNAE €JIEKTPOMATHITHUH MOMEHT Tsi-
roporo aAsuryna M ;. Jlns #oro BU3Ha4YEeHHs! BUKOPHC-

TAEMO MOJIENb TSATOBOTO JIBUTYHA Y BHIVISII CUCTEMH
nmudepeHIiiHIX PiBHSHD, Jie I (JOPMYBaHHS HANPYT'H
JKUBJICHHS Ta ii YaCTOTH BHKOPUCTOBYETHCS ANTOPUTM
BEKTOPHOT'O YIPaBIIiHHSL.

3rigHo [4, 9], 32 yMOBH, SKIIO MBHIKICTh 00EpTaH-
Hi KOOPAWHAT (), CIIBMAJa€ i3 MIBHIKICTIO BEKTOpa

TOTOKY poTopa @, (®; =®,, ), TO BEKTOP MOTOKO3YEl-

neHHs poropa ¥, BimoOpaskaeThcs Ha Bici 1 cBOIM Mo-

nynem WV, , a HOro IpoeKIist Ha Bich 2 JIOPIBHIOE HYITIO

rm >
1 PIBHSHHS, IO OIMUCYIOTh JMHAMIKY €JeKTPOMAarHITHIX
TMIPOLIECIB TATOBOTO JIBUT'YHA, MPUMatoTh BUMIIA [1, 2]:

d¥.
Ug=—L-¥ op +Rel y; (6)
d¥.
Ugp =—2+¥ 0y +Rgl (7
d¥y
0=f+RR1r1§ ®)
0= ((’3‘}‘ _p(’))\yrm + RRIrZ 5 ©

_mpK
2

ne ¥, — momyms BexTopa moTokKy poropa; [, Iy,

Md - \PrmISZa (10)

I,, I,, — BiANOBiIHO MpOEKIii Ha BiCi KOOpAWUHAT
CTpyMiB cTaTopa i potopa; Rg, Rp — BiANOBIJHO aKTH-
BHI oropu 00MOTOK cratopa i poropa TAJl; m — uwncimo
¢a3; p — uncno nap nomrocis; K, — koe(illieHT 3B'A3Ky
poTopa; m— MBUAKICT 00EpTaHHA POTOpa; M, — LIBU-

I[KiCTI) BCEKTOpa Halpyru craropa; o — IJ_IBI/II[KiCTIO

V]
BEKTOpa MOTOKY pOTOpa.
BukopucroBytoun piBHAHHS 3B 513Ky [2, 3]

W, =1L, +1,L,;¥Y,=1L+1,L,,
OTpUMAEMO:
di d¥
Uy =d—;lLS K, dt" —I,L oy + Ry ;5 (11)
dISZ ' '
US2 27113, +[S1LS Oy +K}’l{,}’m +RS[S2; (12)

d¥ R

0 =#+L—:‘I’rm -I4K,R,; (13)
0=PpY¥,, —1nK,.R,; (14)
My =(mpK,[2)- Y, I, (15)

ae LS = Ls _Lgn/l‘r ’ Kr:Lm/Lr .
BuxopucroBytoun piBHstHH (11) 1 (12) 1 piBHSIHHS
3B’SI3KY JJIsl CUCTEMH YIPABIIHHS 3 PEryJIIOBaHHSIM Ha-
MIPYTH JKUBJICHHS, 3HAXOIUMO CITiBBiHOILIEHHS, 32 JI0-
TIOMOT'OI0 SIKUX BU3HAYAIOTHCS MPOEKII HANPYTH JKUB-
nenHst TAJ] o koxHii i3 Bicel mpu BiZioMiii 11 4acToTi.

Ug =Rl — IpL'oy ; (16)
(17)

MOMEHT TATOBOIO JIBUT'YHa Md 3HaXOAUThCA 371i-

Ugp =Rl +oy¥,, (Ls ’/Lm + Kr) :
JTHO piBHSAHHSA (15) 1O BiAMOBIIHMM 3HAYEHHSM ITOTOKO-
syemnenns V,,, i ctpymy [, . Jlns BU3sHaUeHHS MOTO-
kozderieHHst V,,, BHUKopucTaeMo TudepeHIiiiHe piB-
HsHHS (13). TAroBuil MOMEHT, SIK YIIPaBIliHHS B PiBHSH-
Hi (5), BU3HayaeThesl GasoBoro 3MiHHOKO WV, 1 mpoek-
I[i€10 BEKTOpa CTPyMY CTATOpa — CTPyMOM /5 .

3minna V¥, , 3rinHO audepeHHiitHOro piBHIHHA
(13), BusHauaeThCs cTpyMoM [ . B pe3ynbTaTi, B IKOC-
Ti yHOpaBiiHb, MOXEMO BHOpaTH TPOEKIii BeKTopa
CTpyMy cTaTopa — cTpyMu [ i [y, .

3 ypaxyBaHHSIM JMHAMIYHHX MPOLECIB I BU3HA-
4eHHs TNpoeKIii moToky poropa Y¥,, BHKOpHCTaEMO

piBastHHES (13) y BUMIISLAI:

d¥ R L,R
rm =__V o +[S] m-r (18)
dt r r
[Ipu 3amanux mapamerpax TAJ] orpumaemo:
d¥
% =-0.771¥,,,, + 0.06681; . (19)
t
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Awnanorivyso i3 piBHsHHIM (5) piBHsHHS (19) s
ONTUMI3aIIHHOT MOZIEIi 3aIMIIIEMO Y BUIJISIL:
dx,

—==-0.771X, +0.0668]; .
dt

(20)

B pesynbrarti, [uis CHHTE3Y yNpaBiIiHb 00 €KT J0-
CJIIJPKEHHSI MOJKJIMBO TIPE/ICTABUTH MAaTEMaTHYHOI MO-
JIEJUTI0 'y BHIJISAL cuCTeMH Ju(epeHLiHHUX DPiBHSHb
JpYyroro Mopsaxy:

Xy +ay X, —a;, XUy +0.089 =0, 1)

Xz +a21X2—a22U2 =0. (22)

ne Xy, Xp, Xl , Xz — BIINOBITHO (ha30Bi 3MiHHI Ta TX
noxigHi; Uy, U, — ynpaBmiHHS; a1, 812, 321, A2 — KOe-
(ilienTH, SIKI BU3HAYAIOTHCS MTapaMeTpaMH CHCTEMHU.
Jlst cuctemu, sika TOCIIKY€EThCS:
Xi=o; X,=Y¥,,, ;a1 =0.00015; a;, =0.004;
ay =0.771;an =0.068; U= I, ; Uy= I ; m=3;
p=3; k. =0.982; L, =0.0917 ['n.

Jonyctumi Mexi 3MiHM TpoleciB (YIpaBiiHb) B
MIPOLIEC] PO3TOHY JHU3EIb-110i3]1a.

Howminanpuauii Moment TAJ] — 4800 Hwm.

PoGounii (MOIHMBHIT) Aiana3oH 3MiHUM BETHYHHH

koB3auns — B =(0+12) 1/cek.

Jliana3oH 3MiHK moTokosuernenHs V,,, Moxiu-

BO BU3HAYWTH, BUKOPHCTOBYIOUM piBHAHHA (14) 1 (15).
Buxozstuu i3 HUX CIiye:

‘I’zrm = 2MdR,/(Bmp).

Toni mianason 3minu ¥, = (1.6+16) (B).

PoOounii miama3oH 3MiHH MOTOKO3YCIICHHS CTa-
Hosute: ¥, =(1.6+16.0) B. Ilpu msomy crpym I, ,
a 3HAYUTh 1 MaKCHMaJbHE 3HaueHHA ympaBiiHHA U],
CTaHOBUTH 2444 (A). [diana3on 3Mind ynpasiinaa U, ,
IO BiAMOBifae B AiHCHOCTI CTpyMy /¢, MOXJIHBO BH-

3HAYMUTH 3a Joromororo piBHsHHA (13), po3risgaroun
HOro K CTaUii mporiec, To0To:

&‘I’rm -I1gK,.R.=0,Toni [ = ;{V% =70 (A).

r rr

OCKIUIbKM MaTeMaTH4YHa MOJeNb 00’€KTa 3 BUKO-
PHUCTaHHSIM aJITOPUTMY BEKTOPHOT'O YIPaBIIiHHS 32 IIEB-
HUX OOMEXEHb MOXKe OYTH Ipe/ACTaBlieHa CHCTEMOIO
mudepeHIiiHIX PiBHAHb JAPYroro Mopsiaky (piBHSHHS
(21) — (22)), To st cCUHTE3Y YIPABIiHb MPOIIOHYETHCS
BUKOPHCTATH OJIMH 3 METOJIIB BapialliifHOro YUCIEHHS —
piieHHs 3aranbHoi 3anaui Jlarpamka.

BukopucToBytoYM MeTO/ BapiamiiiHOro 4ncIlieHHsl,
SIK pillieHHs 3araypHOI 3aj1adi Jlarpamka, MaTeMaTn4Ha
MOJIeNTb 00'€KTY 3a7a€ThCsl Y BUTIIAAI CUCTEMHU nudepe-
HIIIHHUX PIBHSHB Y BUTIISI

Xj-v;(X,X,,...X,,U;)=0, (23)

e X; - 3MiHHI cHiBBigHOmEHHs; U i~ yHpaBITiHHS,

BiZOMi novaTKoBi i Kinuesi cranm: X (0) X (T) .

3ananuii KpUTEpii ONTUMAIBHOCTI:

T
J=[G(X1, Xy, X, Ut

fo

24)

Bigomi o0nacti JOMyCTUMHX YIIPaBIIiHb.

PiBHSHHST 00’€KTy pPO3IJSNAIOTHCS SIK PIBHSIHHS
3B’SI3KIB B 3araibHill 3amaui Jlarpamka BapialliifHOro
yucieHHs. Kpurepiem ontumanbHOCTI € (yHKIOHAI,
10 MiHIMI3yEThCSL.

SIKIo Ha ympaBIiHHS 1 CTaHM HiSIKHX OOMEXEHb
HEe HaKJIaJIeHO, TO PIillIeHHs 3a7adl ONTHMi3amii mIyka-
€THCS 110 aHAJIOTIT 3 METOIaMH BapialliifHOr0 YHCIEHHS.
3 1i€10 METOI CKIIAAETHCS JOMOMIKHHN () yHKITIOHAT:

T n T
Jy = I[G+Zk_j(t)(X_j —y))dt = ledt. (25)

143} j=l o
Binnocho ¢dymkuiit U;, X;, A; CKIazarTbCs
piBusiHHs Eitnepa:
oG oG
e T i_,l - (26)
ou; dtoU;

Tyt B piBHAHHI (26) mig U; posyMitoTbest QyHKIIT
Uj, X;, ;. B pesynbrari oTpuMaemMo CHCTeMy PiBHSHb

TIO YHCITY HEBIIOMUX U;@), X;(), k]- @, j=Ln.
PosrisiHeMo cuHTE3 ympaBiliHb 32 JOIMTOMOI'OI0 MO-
JIelTi onTHMi3anii BiTHOCHO €HEpreTUYHHX BHTpAT NPHU
PO3TOHI NH3€ib - MOi3Aa 3a 3aJaHUi Yac i BUKOHAHHS
TpPaHUYHUX YMOB IO IIBHIKOCTI 1 MPOHIEHOMY HUISAXY.
®dyHKHiOHA, IO MiHIMI3Ye eHEpreTHYHI BUTPATH,
MOXITUBO 33/IaTH Y BUTJIS:
T
2 2
J= j U +U e, 27)
0
ne Uy, U, — ynpaBniHHs; t;, I — MOYaTKOBMil Ta KiH-

LIeBUH TepMiHHU 4yacy po3rony t. Toxai HOBa mifiHTerpa-
npHa QyHKIS G| ONMMCYETHCS CITiBBITHOIICHHSM:

2 2 y
G] =(U1 +U2 )f+}\,2(X2 +a21X2—a22U2)+ (28)
+7\,1 (X] +a11X1 —a12X2U1 +0089)

Ha mincraBi pieusaHs Eiftnepa (26) ckimagemo
CHIBBIJIHOIIEHHS JJIs 3HAXOMKeHHs piBHAHb U}, U, :

0,

s Uy —=2Ut—ajnM X, =0. 29
1 au, 1t —aph X, (29)
oG

s Uy - ———=2Ust—ary\ =0. 30
2 U, 2t —anh, (30)

Toni ynpasninas U;, U, 3HaXoOATbCs SIK:
U] 20127\41X2/2l;. (31)
U2 = a227\42 /2t . (32)

Hesigomumu € Ay Ta A, .
JIS BU3HAYeHHS Ay Ta A,, X; Ta X, CcKIageMo
1 2 1 2
piBusiaHs Eftnepa 3rigno (26).
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STGZXI+a11X]—a12X2U1+0.089=0; (33)
1
a—GZXz +a21X2—a22U2=0. (34)
oy

B pesynbraTi OTpUMaNM aHAIOTIYHI CIiBBiTHO-
LIEHHS, 110 BiJIIOBIIAIOTh HAYaJIbHUM pIBHSHHM (21),
(22) nna 3HaXOKEeHHA HeBimomux X; i X, Ta omucy-
I0Th TUHAMIKY JIOCHIPKYEMOTo 00’ €KTa YIIpaBIliHHSI.

AHANOriYHO 3HAXOMATHCS PIBHSHHS Ui BH3HA-
YEeHHS HEBIJOMUX A Ta A,.

a—G—ia—.G=all}\41 —}.\41 =0, (35)
X, di oX,
oG d oG

= —alel}L] +a217»2 —}.\,2 =0. (36)

0X, dt 0X,
Jl1s1 BU3HAYCHHS HEBIOMHUX A; Ta A, OTPUMAEMO
cucreMy qudepeHIiiHIX PiBHSIHB!

M —aphy =0; (37)

7.\42 +)\416112U1 —a21k2 =0. (38)

B pesynbrarti otpuManu cucremy audepeHmiiHo-
anreOpaidHUX PiBHAHB 1A 3HaxomkeHHa Up 1 U, .

OCKIJIBKY 3 OJIHI€T CTOPOHM CHCTeMa PIBHSHbL He-
JiHiMHA, a 3 IpYroi 3HaXOIKEHHs HEBU3HAYEHUX MHO-
kHUKiB Jlarpamxka A; i A, morpebye mms iX 3HaXo-
JOKEHHs1 0araToKpaTHOrO mepedopy BapiaHTiB, TO pi-
IICHHS 3a/ladi 3HAXOKEHHs YIpaBIliHb, AKi O 3aJ0BO-
JIBHSUTA KPUTEPII0 onTUMIzamii 3rigHo 3 Bupasom (27),
MOXIIMBO NIISIXOM MOJENIOBaHHA. BuzHaumMo Mexi

MOXJIMBHX 3MiH ynpaBiidb U; 1 U,.
I3 (31) i (32) BuxoauTh:
22Uyt 2%2444%60

h(t) = — 45825000;
alzxz 0004*16
Wyt 2
by () = 2Y2L Z2¥70%60 15353
a22 0068

3HaxomxeHHA Aq(f) . s Horo 3HaXOIDKEHHS BU-
KopHCTaeMo oTpuMane piBmsHHs (31): Ay —ay A =0.
Moro pimenns:

(1) = e, (39)

ne C| — nocTiiiHa iHTerpyBaHHA, AKa, SIK IPaBUIIO, 3Ha-
XOJIUTBHCS 13 HAYaJIbHUX YMOB (TIOYATKOBHUX 1 KiHIEBHX
CTaHIB 00’€KTY) TU(EPEHIIIIHHOTO PiBHSIHHSI.

Ockinbku Aq(f) Bu3Hauae ynpasiinuia U (¢), sike
BXOJIMTh B MTU(EpeHIliiiHe piBHIHHS pyxy (21), 1e Hava-
JPHAMH yMOBaMHU € IIBHJIKOCTI PyXy IHU3eb-110i3]1a
(HauanbHa 1 KiHIEBa), 3Haligemo 3HaueHHs C; . Jomyc-
THUMO, IO PO3TiH JU3€b-N0I3[]a BUKOHYETHCS BiJ| IIBH-
axocti x9 =0 (1/c) mo mBuaxocti xj; =35.0(1/c)
(60 km/ron) 3a yac t = 60c.

Tax six cymicHo piBHstHHSA (21) 1 (35) — audepen-
LiifHe pIBHSHHS JPYroro MOPSIKY, TO BiIOMi HayallbHi
YMOBH [IaIOTh MOXKJIMBICTh BH3HAYHMTH JIBI ITOCTIHHHX

IHTerpyBaHHs, ofHa 3 sAkux € C). 3 BpaXyBaHHIM piB-
HsHHS ynpasiinas (31), piBasaas (21) npuiime Bu:

X| +ay, X, = (“212X227h1 )/(2f) =f(Cy, X5, 1).(40)

AwnanitTnune pimenHs piBHsHHS (40) 3a meBHHX
yMOB (TIpH MOCTiHHOMY TOTOKO3YeINIeHHI X5 ) BKIIO-

Yyae JIBi CKJIAJOBi: PIllICHHS OXHOPIJHOTO PIBHAHHS 1
Bumymenoro. Toni:

X] (t) = Cze_a”l +XlB (f(CI,Xzo,ea”l,l)). (41)

B pesynbraTi MaemMo JIBi HEBiIOMi MOCTI¥HI 1HTET-
pyBanHs C; 1a C,, 3HAUEHHS SKUX MOXKJIUBO 3HAUTH
T0 3aJIaHUX 3HAYEHHSX HaYaJIbHUX YMOB 110 HMIBUAKOCTI
pyxy. [Ipoananizyemo piBHsHHS (41).

CknamoBa X;o = Cye 1" (pimenHs: oxHOPITHOrO
PIBHSIHHS) B3arajli BU3HaYae Xapakrep 3MiHd (a3oBoi
koopauHatH X (¢) . Jpyra ckiagosa — BumymieHa. Ilpu
JIOCITI/PKEHHI MOXKITMBO PO3IJISAaTH 1i 3MiHH, BHKOpHC-
TOBYIOUM TUNOBI QyHKIIi (TOCTiiHY, 4acOBY, €KCIIOHE-
HIHY Ta 1HII).

PosrnsiHeMo BuMYyIIeHY CKJIanoBy Bif (QyHKIIT
f (Cl,Xzo,ea”l,t) IIpU KOHKPETHHUX 3HAYEHHSIX Mapa-

METpIB 00’€KTa YNPaBJiHHA 3 METOK CIPOIICHHS 3Ha-
XOJKEHHsI TIOCTIHHUX 1HTETpyBaHHS TPHW pillleHH] piB-
HsHHS (40).

E

2 2 2 2
Cpefit @ 128720 _ ;0000151 4 12870 _ Gk _ky
2 2t t t

IS k] =a212X220/2, k2 =C1k], t=(1—60)

B pe3ynbraTi OTpEMaEMo piBHSHHS:

X1+a11X] =k2/f (42)

Yoro pimenns:

2 2
LG9 X

X (t)=C e 1 .
11)=6 2(ayt-1)

(43)

3HaiiieMo MOCTIiHI IHTEerpyBaHHsI i3 CHCTEMH PiBHSHb:
2 2
Cy ~GaP 1 X250 [2=0;

2 42
G _GaTpXTy _
el 2apit; —1)

(44)

1ti+

B pesynbrati, SKIIO A KOXKHOTO KOHKPETHOT'O
3HA4YEHHs f; BiJOMi TpaHHYHI YyMOBH , TOOTO 3HAEMO
3HA4YEHHs MIBUAKOCTI JX|,;, TO MOXJIMBO 3HAWTH 3Ha-
geHHA C] 1 C, U1 KOXHOI'O KOHKPETHOI'O 3HAUCHHS
Xz - Jo Toro » 3aneHiCTh IIBHUAKOCTI Bifl 4acy Ho-

CUTh HENiHIHHMH Xapaktep. MOXJIMBO aHaJITUYHO
3HAWTU TINBKKA NMPHOJIU3HI 3HAYEHHS TOCTIMHHUX IHTEr-

pyBanHa C; i C, 3 moAaiblIUM yTOYHEHHAM iX 3a J0-
TIOMOT'OI0 MO/IETIIOBaHHS. 3HAXO/DKEHHS IOCTIHHHUX iH-
terpyBanHst C; i C, HUIAXOM pillleHHA cucteMu (44)
MIPOITOHYETHCSL y BUIIISAI CIiBBiIHOIIEHB!

G =2C2/(“122X220), (45)
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= Cy(1+k3xp), (46)

ae C,y, k3 — BiIMOBiTHO KOHCTaHTA i Koe(illieHT mpo-
MOPLIi OHAIBHOCTI, SIKi PO3PaXOBYIOTHCS 3TiTHO CUCTEMH
piBHSHB (44) 1 B IOAANBIIOMY YTOYHIOKOTHCS HA MOJIEIT.
HauanbHi (cTapToBi) 3HaueHHs C,|, k3 MOXIHBO pO3-
paxyBaTH IpH 3HAYEHHSX IIBUIKOCTEW B HAYaIbHHUH i
KiHIIEBUIl MOMEHTH PO3TOHY JU3EIb-11013/1a.

Tax B nporeci gociimkenHs (tadn. 1, 2) 3a yMoBH
3abe3neueHHs1 MiHiMi3alii QyHkuioHany (27) npu pos-
TOHI Au3emnb-10i3a 3HaueHHs KoedinienTis: Cy =170,
k3 =0.019. Tlocriiina inTerpyBanHs C, He 3aJ€XHTh
BiJl BEIMYMHU IIOTOKO3YEIUIEHHS X, , a BU3HAUAETHCS

TIJIBKY HAYaJIbHUMHA YMOBAaMH 1 4aCOM PYXY.
@ynxuia Ay(f) BU3HAYAETHCA SIK:

ay _ 2C5€" it _ Con(+kzx)

2
a12 X

}\41 (t) = Cle ea] ]t; (47)

2.2
A2 X2
B pesynbrari ynpasninas Uj(f) MoxiauBo ¢op-
MYBAaTH 3T1IHO BUPA3Y:
apt
GCoe™™ C21(1+k3xl)ea”,.

alzxzt

Uy(1) = (48)

alzxzf

Iocriiina inTerpyBanHs C, BHU3HA4Yae CKIAJIOBY
pIlIEHHS! OIHOPITHOTO PIBHSHHSA PyXy 00’ €KTa ympas-
mimms:  Xjo = Cye N = Cy (143 )e 0000157 110
cTiliHa iHTerpyBaHHA C; BU3HAYa€ XapakTep 3MIiHH A
(A = Ce“"), a 3Haunth i ynpasmninus U (7).

3 oTpuMaHOro criBBiHOUIEHHS (48) BUXOOWTS,
mo ynpasiiHHsa Uj(f) mpsMo HNpoHOpLiiHe MBUIKOCTI
PYyXy AM3eNnb-Toi3a i 3BOPOTHO MPOMOpIiiiHE TOTOKO3-
YeIUleHHI0 X, Ta 4acy pyxy / Ul IEBHOI 3aBaHTax)e-

HOCTI JM3eNb-Noi3aa (BU3HAYaeThCs Koe(illieHTOM
ay1)- Yupasninasa U, (f) 3HaX0AUTHCS 3rinHO GopMyIH

(32), ne A, mHOXHUK Jlarpanxa.
Judepenuiiine piBHAHHA U1 BUSHAUCHHSA A, , SKE
OTPHMAaHO Ha OCHOBI piBHSIHB Efinepa (36), Mae BuI:

7.\42 —6121}\42 + 2C22€2a] ‘l/(a122X203t) =0. (49)

SIK1I0 MPUHAHATH 10 YBard, IO 21 %1 3a wac
PO3TOHY IM3eNb-110i3/1a, TO piBHSHHI (49) Moxe OyTH

MIPE/ICTABIICHO Y BUTIISII:
by —ayihg =—ks /1,
ne ks = 2C22/(a122X203 )
Pitnenns piBHsiHHS (50) 3HaNIEMO Y BUTIISL:

7\42 = C3€a2]l +2C22/(a122X203 (a21f + 1)),

(50)

ne C3 — mocriifHa, sika NoTpedye BU3HAYEHHS.

Vupasninasa U, , Oyzie BU3HAYaTUCh PIBHAHHIM:!

2
U2 (t)=—a22 C3ea2‘l+ 2C2
2y 3

2 ajp” Xpo (apt+1)

. (51)

IMocriitHy inTerpyBanHs C; MOXEMO 3HAWTH 3a
YMOBH PO3PaxyHKOBHUX 3HA4YEHb Jiala3oHy YIpaBJIiHHSI
Uy (1) (Upyy=(0+70)A). Tomi npu ¢ =1 :

ar X 140 —_ —
U, (t)=2—tk4C, k4Cs = 0.068° @1 =2058.8¢ %21,

Vupasninaa U, (f) MOXIIMBO NPEACTaBUTH SK:

U, (1) =205.9/(kyt +1), (52)

ne k; — koedillieHT, SKUH BU3HAYA€THCA B IIPOLIEC] MO-

nemtoBaHHs. Tak, B Tpoleci JOCTIHKEHHS 32 YMOBH
3abe3neueHHs1 MiHiMi3alii QyHkuioHany (27) npu pos-
roHi au3enb-noizna ky =0.1.

[epeBipka 3aKOHIB YNpaBIiHHS JOCHIIKyBanach
Ha OCHOBI MaTE€MaTHYHOI MOJEII, Peai30BaHol B cepe-
nosuili MATLAB. Bona ckiagaetbesi i3 HacTYIHHX
MoJesedi: (opMyBaHHS YIpaBIiHb BiJNOBITHO /IO CHUH-
TE30BaHMX 3aKOHIB (cmiBBigHOMmIEHH (48) Ta (52)), Mo-
Jiell  eNEeKTPOMEXaHIYHOI YaCTUHU  EJIEKTPOINPHBOAY
JIN3EIb-T1I013/]a 3 TSTOBUMH JBUTYHAMHU 3MIHHOI'O CTPY-
My TAJl y Bummsiai cucremu AuQepeHIiiiHuX piBHSHbB
II’ITOrO TOPSIJIKY B PYXOMili cucTeMi koopauHat d-q [3,
6], 6moka mozeni ¢opmysanns Hanpyr Uy i Uy, 3ri-
nHO piBHsHB (16) 1 (17) 1 Ha iX OCHOBI Hampyru >KUB-
nennst U,; mogemi TAJl B pyxomiif cucreMi Koopiu-
HaT, (OpPMYBaHHS LIBHIKOCTI PYXY IH3eIb-10i3Ja —
piBusiHES (4) 1 (15), GnokiB Monenel ¢popmyBaHHS a0-
COIIOTHUX 3Ha4yeHb MOToKo3uerneHHs Y, 1 ympas-

e Up(t) ta U,(t), momenell opMyBaHHS CIIOXKUB-
YOI MOTY)KHOCTI TATOBUM €JIEKTPOIPUBOJIOM, YHCIOBUX
3Ha4YeHb (PyHKIiOHANa 3rigHO piBHSHHS (27). MomeHT
ornopy pyxy M., 3Ti[JHO IPaBUJI TATOBUX PO3PaxyHKiB,

3a/1aBaBCsl PiBHSIHHSM (2).

B nporieci gociipKkeHb pO3TIISIATNC MOXKIHBOCTI
PO3TOHY AM3ENb-TOI3/[a 32 YMOBH MiATPUMKHU TOCTiHHO-
ro (3agaHoro) 3Ha4deHHs Tsroporo mMomeHnty TAJl i 3a
YMOBHU 3a0e3meueHHs MiHiMizamii ¢yHkiionany (27)
3TiTHO CUHTE30BaHUX YIIPABIIiHb.

Ha puc. 1 — 4 npuBeneHi pe3ynbTaTH MOJICIIOBaH-
HsI pO3pOOIICHOI CUCTEMH Y BUTJISII TIEPEXiIHUX MpoIie-

ciB Hampyru xusieHHs U,,, morokozuemneHs ¥V, ,

yhpaBiiaHA U] Ta eleKTpoMarHiTHoro MomeHty TA]JL
M, Mo NeMOHCTPYIOTh POOOTY MOJENi MpU TEBHOMY

3HaueHi ynpasininb U; 1 U, B cucTeMi KepyBaHHS 1 fK

peaxIiii Ha yIpaBJIiHHA 00 €KTa TOCHTIHKCHHS 3a YMOBU
MATPUMKH TIOCTIHHOTO (33aHOr0) 3HAYEHHSI TATOBOTO
MomeHnTy TAJl i 3a yMOBHU 3a0e3reucHHs MiHiMi3aIli
¢yHKIIOHANy. BigmoBiqHO 1O CHHTE30BaHUX 3aKOHIB
YIIPaBJIiHHS OTpHMaHi IOKa3HUKU BHTpaT eHeprii (y
BUTJISIIII CIIOXKMBYOI MOTY)KHOCTI TSTOBUM €JIEKTPOIPH-
BOJIOM Ta YHCIIOBUX 3Ha4YeHb (DYHKIIOHAITY) IIPU PO3TO-
Hi IM3€Tb-TIO13Ay IPHU HOMIHATBHIA 3aBaHTa)KEHOCTI B
3aJIOKHOCTI Bl IIBUKOCTI PyXYy Ta MPOHIAEHOr0 HUIIXY
3a MeBHUH MPOMIKOK Yacy. SIk Kpurepiii onTHMaibHOC-
Ti BHKOPHCTOBYBaBCSl KPHTEpid MIHIMyMy €HEpreThd-
HUX BHUTPaT IPH BUKOHAHHI OOMEXEHb 10 BEIUYHUHI
MPOWACHOr0 NUIAXY 1 IMBUAKOCTI B KIHIIEBUA MOMEHT
yacy. Posrisimanucs BapiaHTH BIUIMBY KOE(II[€HTIB
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OJOKIB Mogieneil cucreMu (OpMYBaHHs YIIPaBIiHb B
MIPOIIECi PO3TOHY JM3Eb-TI0I3/1a 32 3aJaHMi Jac t i oIli-
HIOBAJIUCS OTPUMAaHi XapaKTEPUCTUKU (IIBUJKICTb,
MPOWACHUI NUIIX 1 eHepreTHyHi BUTpaTh). Pe3ynbpraTu
JOCTiKeHHsT mpuBecHi B Tabm. 1 1 2. Ha ix ocHOBi

-

Us, B
1200

1000

800

/

600

ulf
Ny
/

0

t,c

10 20 30 40 50 60
Puc. 1. IIpouecu 3minn Hanpyru xusieHHst Uy Mozeni
TAJI B pyxoMmiii cucTeMi KOOpAUHAT
(HwKHIH Tpadik — npu nocTiHOMY
MOMEHTI)

Wi Bc

o = N W A U O N ® ©

10 20 30 40 50 60
Puc. 2. [Iponecu 3MiHK oToKO34eIUIeHHS ‘¥,
(cdhopmoBaHi 3rifHO 3aKOHY YNpPaBIIiHHSA
i K BUXiaHui curaan moneni TAJT)

Tabnuys 1 — Pe3ylbTaTH A0CTiTKEHD

YTOYHIOBAJIMCh 3HAYEHHS MOCTiiHMX iHTerpyBanHs C i
C, CMHTE30BaHOIr0 3aKOHY yNpaBiiHHs U, Ki OTpUMaHi
LUISIXOM pillleHHs1 cucteMu (44) y BUIJISAL CITiBBiTHO-
mieHs (45) 1 (46), ne C,1, k3 — BIAMOBIAHO KOHCTaHTA 1
Koe(illieHT MPOIOPIiOHATIBHOCTI

U.B

600

500

400

300

200

t.c

g 10 20 30 40 50 60
Puc. 3. IIpouecu 3MiHu ynpasiinaa U 3a yMOBHU MIATPUMKH
MOCTIHHOTO (3aaHOT0) 3Ha4YEHHs TAroBoro MoMeHTy TAJ]
1 32 yMOBHM 3a0e3IeueHHsT MiHiMi3alli (yHKIIOHATY
(BepxHiii rpadik)

Ms, *10° Hv

0 10 20 30 40 50 60
Puc. 4. Iporecu 3minu TsroBoro MmomeHty TAJ]
3a YMOBH I ITPUMKH MTOCTIHHOrO HOr0 3HAYEHHS 1
3a yMoBH 3a0e3neueHHs MiHiMi3auii GpyHKiionary

Jy =0.019 M ; =Const=8000 (Hwm) M ;=Var
Gy V,kw/ron| S, m P*10° J*10® | V,kw/ron| S,m P*10° J*10% | AP*10%, 1/m
200 63.49 526.5 24.88 1.226 56.81 631.8 43.56 1.216 1.925
180 62.45 516.3 22.04 0.973 63.42 667.9 38.19 1.111 1.663
170 61.74 510.9 20.96 0.851 66.44 636.1 32.87 1.022 1.607
160 60.98 504.7 20.18 0.730 65.78 578.9 25.16 0.895 1.546
150 60.18 4975 19.6 0.613 58.46 507.2 18.15 0.752 1.482

Tabnuys 2 —Pe3yabTaTH J0CTiTKEHD

C,y=160 M ; =Const=8000 (Hm) M ;=Var

ks V,kw/ron| S, M P*10° J*10% |V, kmron| S,m P*10° J*10% | AP*10° ,1/m
0.013 56.67 469 17.39 0.35 42.85 402.9 9.76 0.49 1.216
0.015 58.42 4827 18.41 0.427 50.02 454.6 13.2 0.604 1.329
0.017 59.77 4943 19.26 0.567 58.57 514.9 18.15 0.739 1.435
0.019 60.98 504.7 20.18 0.730 65.78 578.9 25.16 0.895 1.546
0.021 62.13 513.19 21.48 0.90 65.89 628.5 32.9 1.04 1.654

Sk cmipye i3 TaOIMIb, SIK 32 YMOBH BUKOPHCTaHHS
3aKOHY YIIpaBJiHHS (POPMYBaHHS TACOBOTO MOMEHTY
TAJI 3a npuniuniom M, = Const, Tak i 32 yMOBH 3a0¢3-
NeYeHHs1 MiHiMi3alii (QyHKI[IOHaTy CHHTE30BaHi ynpas-
JiHHS 320€31e4YyIoTh (OPMYBaHHS YaCTOTH Ta HANPYr'H
xuBneHHss TAJ] B mporeci po3roHy Jau3einb-1oi3aa 3ri-
JTHO 33[JaHUX TPAaHUYHHUX YMOB (KiHIIEBOI IIBHIKOCTI Ta
MIPOMICHOT O IIISAXY).

[NopiBHsIHHS TOKa3HUKIB (TIOKa3HUK AP) BUKOHY-
BaJIOCh 32 BiTHOILIEHHSM a0CONIIOTHOTO 3HaYEeHHS (PyHK-
IIOHATY J0 3HAYCHHS MPOWICHOTO IUIIXY 3a YMOBH
JMOCATHEHHS TPAHWYHOI MEXI 3aJaHoi MIBUAKOCTI 1
MIPOMIEHOT O IIISAXY.

JI71s1 3a0e3meueHHs] BUKOHAHHS YMOB ONTHUMI3aIlil B
MPOLIECi JTOCIIHDKEHh BCTAHOBJICHI MEXI JIOMyCTHMHUX
3HAa4YCHb KOe(Dilli€HTIB CHHTE30BaHUX ympaBiib Coi, k;
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Onmumizayia mpaHcnoOpmHUx cucmem

Me>1<i JO0IYCTUMHUX 3HAYCHb.
ky =(0.017+0.018) .

Cy1 =170, k3 =0.019. Ilpu upomy pi3HHL MiX cyci-

Cz] =(160—180) N

OnTuManbHUMU € 3HA4YEHHS:

MHIMHU 3HAYCHHSAMH TOKa3HUKIB Cyi, k3 TpU BHU3HAYEHI
AP 3rigHo Tabmuip He nepesurye 0.3%.

Buxozsuu 3 mpoBeACHUX Pe3yiIbTATIB AOCIIHKCH-
HS MOXKHA 3pOOMTH BHCHOBOK, 1[0 CHHTE30BaHI yIpagB-
JIHHS Ta po3po0JieHa MOJETh HAa OCHOBI BUKOPUCTAHHS
aJTOPUTMY BEKTOPHOI'O  YIIPABIIIHHS €JICKTPOIIPHBO-
JIOM, JTO3BOJISIFOTH ONTHMIi3yBaTH POOOTY €HEPreTUYHOI
CHCTEMH JHM3€Jb-1I0i3/1a B MPOILECi PO3TOHY IPU HOMi-
HAJIBHOMY 3aBaHTa)KCHI, 3a0€3MeUyI0UH TIPU IIbOMY BHU-
KOHAHHS 3aJaHUX TPAaHUYHUX YMOB, & TAKOX IPOBOJIU-
TH JTOCTIPKCHHS aHAJIOTIYHUX CUCTEM YITPABIIiHHS.

BucHoBku

1. OTpumaHi aHAJTITHYHI CHIBBIJHOIICHHS MO-
KYTb OYyTH BUKOPHUCTaHi 1t po3pooku ctpykrypu CAP
CIICKTPONPUBOY AU3EIb-110131a 1 po3paxyHKy ii mapa-
METpIB IpH 3aJlaHi EBHOI'O0 KPUTEPIIO SKOCTI P HOMi-
HAJILHOMY 3aBaHTa)KeHi JAN3ENb-11013/1a.

2. 3ampornoHoBaHa METOIUKA PO3pPaxyHKY Koedi-
LIEHTIB MaTEeMaTU4HOI MOJIEINi YIPaBIiHb MOXe OyTH
aJlarIToBaHa MpH CHUHTE31 3aKOHIB YIIPABIIiHHS €JIEKTPO-
MIPUBOZOM 3MIHHOTO CTPYMY JIN3EIb-TI013/1a B 3aJIEKHO-
CTi BiJl KOHKPETHOT'O 3aBaHTa)KEHHS B ITPOLIECT PO3TOHY.

3. OnrtumizaliiiHa MaTeMaTHYHA MOJICIh €JICKTPO-

TUYHI CIIBBIJHOUICHHS JUIi BU3HAYCHHS I1apaMeTpiB
CAP peanizoBani y Burisiai MamuaHOT Mozeni. [Tpose-
JIeHI JIOCITI/DKEHHS TI0Ka3aJid MEePCHEeKTUBHICTh TaKOro
MiAX0Ay TPHU PO3pOOI CydacCHHX ONTHMAIBHUX CHCTEM
YIIPaBJIiHHS €INEKTPOIPHBOIOM IHU3ENb-II0I3/1iB 3 TATO-
BUMH JIBUTYHAaMH 3MiHHOTO CTPYyMY.

4. Ha mizxcraBi NpoBeAEHUX JOCIIPKEHb 1 TOPIBHSH-
HI pe3yNbTaTiB OTPUMAaHHX Ha MOJEII B ITMHAMIYHUX pe-
)KMMax 1 3a PI3HUX YMOB PO3TOHY AM3eNb-1013/1a ([iana3o-
HY 3MiHM KOe(iI[i€HTIB MOJEN CHUCTEMH ONTHUMAaJbHHX
yIpaBIliHb) BCTAHOBJIEHO, 11O TIPOLIEC PO3TOHY MPH 3aIIpo-
MOHOBAaHMX  3aKOHaX YIpaBIiHHS CTIHKHUi, NapaMerpH
CHCTEMH EJIEKTPOIPUBOAY (HANPYTH JKUBJICHHS Ta TOKH
TA]I, mOTOKO3YEIICHHS, BETMYMHA KOB3aHHS) 3HAXOIATh-
cst B poboyomy pianazoni. [Ipy 1boMy BHKOHYIOTBCSI BH-
MOTH IIOJI0 TOYHOCTI NMPUBEACHHS 00’€KTa yIpaBJIiHHS B
3aj1aHy TOYKY (pa30BOro MPOCTOpY 1 SIKOCTI yHPaBITiHHSL

5. Po3po0iiena onTumizaliiifHa Mojielib Ha OCHOBI aJl-
TOpUTMY BEeKTOpHOTO KepyBanHs TAJ] Ta 3ampornoHoBaHi
3aKOHH YIPABIiHHA JO3BOJSIOTH ONTHMI3yBaTH POOOTY
€HEPreTHYHOI CHCTEMH JTU3EIIb-TIOTSra B IIPOLIECI PO3TOHY,
3a0e3Mevyrour IpH IbOMY BHKOHAHHS 33/IaHMX T'PaHHY-
HHMX YMOB, a TAKOX TIPOBOJHMTH JOCITIDKEHHS CHCTEM Ke-
pYBaHHS B 3aMKHYTIl CHCTEM1 YIIpaBJIiHHSI.

6. CuHTe30BaHI 3aKOHHM YIIPaBIIHHS MOXYTh OyTH
TIOKJIaJICHI B OCHOBY CHCTEMH KEpPYBaHHS B LIJIOMY HpH
PO3pOOIIl aBTOMATH30BAaHOI CHUCTEMH YHPABIIHHS PyXOM
JIM3eNb-TI0i3/1a, 1I¢ OJJHUM 3 OCHOBHHX MNPHHIIMIIB Kepy-

IPUBOIY 3MIHHOTO CTPYMY, 3aKOHU YIPAaBIiHHA, aHAi-  BaHHS — MMiATPUMKA 3a/[aHOI BETMYHUHH TATOBOTO MOMEHTY.
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Synthesis of diesel train controls with AC electric drive
M. Zapolovsky, M. Mezentsev

Abstract. The task of synthesis of the control system of the traction electric drive of alternating current is an integral part
of the general task of creation of optimum control system of vehicles that provides performance of the schedule according to the
set quality criterion. The purpose of this work is to develop mathematical models for the synthesis of AC control system using
vector control algorithm, synthesis of controls and research of their models, obtaining qualitative characteristics of the control
system in the simulation process using MATLAB package. The issues of development and research of models for the synthesis
of control systems for AC electric drive of an alternating current of a diesel train are considered. A review of literary sources on a
given topic and an analysis of existing approaches to solving the most common problems in this area are carried out. Modern
options using vector control algorithms are considered. Mathematical models are constructed, modeling of their functioning is
carried out. The obtained analytical relations that can be used to develop the structure of the automatic control system of the elec-
tric drive of the diesel train and calculate its parameters when specifying a certain criterion taking into account a certain workload
of the train. Control laws have been synthesized that provide stable acceleration of a diesel train at various points of the traction
characteristic, while the requirements for the accuracy of bringing the control object to a given point in the phase space and the
quality of transient processes are fulfilled.

Keywords: synthesis of control systems, AC electric drive, vector control algorithms, mathematical model, controls.
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'BiiicbkoBuii iHCTHTYT TaHKOBHX Biiickk HTY “XIII”, Xapkis, Ykpaina
* BiiichkOBHil IHCTHTYT TelleKoMyHiKallii Ta indopmaTu3sawii imeni Iepois Kpyr, Kuis, Ykpaina

BUKOPUCTAHHS MATEMATHYHOTI'O AITAPATY HEUYITKOI
JIOI'TIKHU AJA ®A33IDIKALIIL TA AVITOPUTMIBALIL POBOTU CUCTEMHU
IHTEPAKTABHOI'O MOHITOPHUHI'Y TPAHCIIOPTHUX KOMYHIKAIIINA

AnoTanisi. [IpeaMeToM BUBYEHHS B CTATTi € MOHITOPHHI TPAHCIIOPTHUX KOMYHIKalili HPH 3aCTOCYBAaHHI Cy4acHHX
TEXHOJIOTiH 1HTeNeKTyalli3anil TPaHCIIOPTHUX 3aco0iB. MeTo0 cTaTTi € pOo3pOoOJIeHHS MAaTEeMaTHYHOrO arapaTry JUls
CTBOPEHHsI 1HTENEKTYaIbHOrO NPOrpaMHOro 3abe3neueHHs MOOIIBHOIO IHTEPAaKTHMBHOIO MOHITOPHUHI'Y TPaHCIIOPTHHX
KOMyHiKaliil. 3aBAaHHS AOCJiZKeHHsI: NPUBEACHHS ONUCY CHCTEMM IHTEPaKTUBHOI'O MOHITOPHHI'Y TPaHCIOPTHHX
KOMYHIKalil 0 HEYITKOr0 BUIy IUISIXOM BH3HAYEHHS JIIHTBICTHYHUX 3MiHHHX; IPOBEACHHS aHAIOTi MK KUIbKICHUMH
OLIIHKAMH ITiICHCTEM 1 JJAHOK CHUCTEMH 1 IX HEYiTKUM OIMCOM; Ha OCHOBI (ha33idikaril nmpoBeeHHs aaropurMizarii 3a-
Jlad MOHITOPHHI'Y TPAaHCHOPTHHUX KOMYHiKaliii; IPOBEJECHHA AMHAMIYHOTO aHAli3y NPOLECY MOHITOPUHIY TPAHCIIOPT-
HHUM 3aco00M, oOJiaslHaHUM iH(OPMaIiHHO-004HCITIIOBAIBHUM KOMIUIEKCOM. MeTOO0JIOr YHOI0 OCHOBOIO JIOCIHIKSHHS
CTaJIu 3arajJbHOHAYKOBI Ta CIeLiadbHi METOAM HAYKOBOI'O Mi3HAHHA: TEOPisl CUCTEM, HEUiTKUX MHOXMWH, OCHOBHI I10JI0-
XKeHHs 1HhopManiiHoi Teopil kepyBaHHs Ta po3pizHeHHs. OTpUMaHi Taki pe3yJbTaTH: MPOLEC MOHITOPUHTY TPAHCIIOP-
THHUX KOMYHiKalill TOJaHUM K pe3ynbTaT HopMallizalii JaHuX, iX CTpYKTYpHOI # nparMaTH4HOi 0OpOOKH; BU3HAUCHUI
oneparop (aszidikauii cnocrepexxyBaHOr0 AMHAMIYHOIO NPOLIECY MOHITOPUHI'Y TPAaHCHOPTHUX KOMYHiKalill; HajaHe
MaTeMaTH4HEe IMiAIPYHTS aJropuTMi3alii HpouexypH KepyBaHHS IPOLECOM MOHITOPHHIY; NPOBEACHUIN IMHAMIYHUH
aHaJli3 IpoLECy MOHITOPUHIY TPAHCIOPTHUM 3acoOoM, oOyasHaHUM iH(OpPMaliiHO-004YNCIIIOBAIBHIM KOMIUIEKCOM.
BucHoBku. CrucreMu iHTEpPaKTUBHOTO MOHITOPUHI'Y TPAHCIIOPTHHUX KOMYHiKallili HediTKoro BUIy Moxe Oyru ¢opma-
JIBHO OIMCaHa IUISIXOM BH3HAUSHHS JIIHTBICTHYHMX 3MIHHUX Ta iX 3HaueHb — TepMiB. Da33idikamis criocTepexyBaHOro
JIMHAMIYHOTO MPOLECY MOHITOPUHTY TPAHCIIOPTHUX KOMYHiKaliii Moxe OyTH NojaHa y BUIIIII NOJBIHHOTO IepeTBo-
peHHs auHamiuHOl QyHKIii. AnropurMizauii 1iel npoueaypu MOXIIMBA IUISXOM BHM3HAYEHHs BIANOBIAHOCTI Xapakre-
PHCTHK CIIOCTEPE)KYBaHMX JMHAMIYHUX IIPOLECIB NPOLEaypaM OLHKU TEpPMiB 3a JONOMOror0 (YyHKILIi NPUHATIEKHOCTI
JIHIrBICTHYHOI 3MiHHOI, 110 XapaKTepu3ye LeH mporec.
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BaJIGHUH KOMITJIEKC.

IMocTanoBKa npoodjaeMu
Ta 3aBAAHHA J0CTiTKeHHS

BripoBaykeHHsT HOBITHIX 1HQOpMaIiHHUX TEXHO-
JIOT1# I03BOJISIE aBTOMATU3yBaTH MPOIECH, SIKI paHille
BHUKOHYBAJIHCSI O€3II0CEPEIHBO 32 y4acTio JroauHu. Ha
(opManbHOMY piBHI OILIHKA CTaHy TaKOi CKJIaTHOI CH-
CTEMH K TPAHCIIOPTHI KOMYHiKalii OB’ s3aHa 3 HOp-
MYBaHHSIM y4acTi y HboMy Tnpoueci moanHu. CTBo-
peHHS MOOUTLHUX iH(pOpPMAIliHHO-00YHCITIOBAIEHUX
komiuiekciB (IOK) sk OCHOBHOTO iHCTPYMEHTY iHTEp-
aKTUBHOI'O MOHITOPHHTY TPaHCIOPTHHX KOMYHIKalliif
MOB’S13aHO 13 PO3IIUPEHHSIM CIIHCKY KOHTPOIIOEMHUX
napameTpiB MpH OJHOYACHOMY 3MEHIICHHI Yy4acTi JIfo-
IUHU K JDKepeda Cy0’€KTHMBHHX OIIHOK. 3a3BHYaH,
BOJIili-OTIepaTop, SIKUH 3HAXOMUTHCS 32 KEPMOM aBTO-
MoOus1, obmagnanoro IOK, cy0’ekTuBHO chpuiimae
CTaH JUISHKU JIOpOTH, 10 aHaji3yerscs. OQHak, came
Takuil cy0’ €KTHBI3M Hece KOPHUCHY iH(popMaliro, ska
JIO3BOJISIE BIPHO TPHHHATH PIllICHHS IOIO iHCHOTO
CTaHy BIIMOBIAHOI AUISHKH. Buxonmsyu 3 1ux oOcTa-
BUH, aBTOPaMH BBa)KAETHCA aKTyaJIbHHUM JIOCIIKEHHS
METO/IB TOEJHAHHS CYO €KTHUBI3MY OIIIHOK CTaHy Hi-
JISTHKY TJOPOTH 3 TOYHUM TEXHIYHUM PO3PAXyHKOM.

AHani3 ocTaHHiX AociigxkeHb 1 myOsaikamii
CTOCOBHO 3a3HAa4Y€HUX BUILIE IMHUTaHb 3aCBIIUYy€E, IIO
TEOPETUYHI 3acaJyl CTBOPEHHS MpOrpaMHOro 3abesre-
YeHHS1 MOOIJLHOTO Ta BiJAMOBIIHUA MaTeMaTHYHHH
amapar HaBeCHO Y JIOCII/DKEHHSX 3 MOHITOPHHIY aB-
ToMOOUTBHUX Hopir [1-4]. Ile Tak 3BaHMH HEYiTKUI

miaxixg abo ¢aszidikanis. [lepmuM KpokoM 10 BUKO-
PHUCTaHHS HEUYiTKOro (as33i MiAXoay 0 MOJICITIOBaHHSI
CKJIQJIHUX TPAHCIIOPTHUX O0'€KTIB 1 CUCTEM € 3aBJaHHS
¢a3zidikamii GopMaIbHOrO OMHCY iX CIIOCTEPEkKyBa-
HUX JMHAMIYHUX TporeciB pyxy. HediTka jorika €
00J1aCTIO HE TPaJUIIAHOI MaTEMAaTHKH, IO ChOTOMIHI
LIMPOKO IIpeJCTaBieHa y (QyHIaMeHTalIbHOMY U NpH-
KJIaJIHOMy HAayKOBOMY BUAHHsSX. [CHYyIOUl MiaXoau 10
piweHHs 3aBnanHs ¢aszzidikanii B TpaHCIOPTHUX J0-
JaTKaX BiAPI3HAIOTHCSA MEBHUM CYO'€KTHBI3MOM. SIKIo
e W MPUIYCTUMO B OpraHi3allifiHUX CHCTeMax, TO B
TEXHIYHHUX 1 OpraHizaliiHO-TEXHIYHUX CHUCTEMax IO-
TpiOHI CyBOpI KiJIBKICHI OLIHKU, BUKIIOYEHHS Cy0'€K-
TUBHOI TyMKH JronuHu. lle, Hacammepen, MOXXHa Bif-
HECTH JO0 HOBHMX TPAHCIOPTHHUX JOJATKIB HEYiTKOI
noriku. Tak, y 3aBAaHHSIX MOHITOPHHTY TPaHCIIOPTHUX
MAIIIMH, CHCTEM I KOMYHIKaIliif, Ie paHillie BUKOPUCTa-
JUCS eKCHEePTHI OLIHKM, ONM3bKI 70 BHKOPHCTaHHS
amapara JIIHIBICTHYHHX 3MIHHHUX, € TPOTUPIYYS MIiX
MOXIIUBOCTSIMHU KIUJIbKICHOI OOpOOKH JaHUX TEXHIYHUX
mapaMeTpiB 1 BUKOPHCTAHHAM “HETOYHHX ™ JIOTTYHUX
BUBOIIB [5, 6].

MeTor0o cTaTTi € pO3pOOICHHS MaTEeMaTUYHOTO
amapary IJisi CTBOPEHHS 1HTEJIEKTYaJIIbHOTO IMpOrpam-
HOro 3a0e3neyeHHs MOOUIBHOTO 1HTEPaKTHBHOTO MO-
HITOPHHTY TPAaHCIOPTHUX KOMYHiKamii. [y mocsr-
HEHHS METH BU3HAYCHI 3aBJIaHHS AOCTi>KEeHHA: TIPH-
BEJICHHSI OIUCY CUCTEMHU IHTEPAKTUBHOI'O MOHITOPWH-
Iy TPaHCHOPTHHX KOMYHIKAIlii 70 HEYITKOTO BHIY;
MPOBEICHHS aHAIOTI] MK KUIBKICHUMH OILIHKaMH i~
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CHCTEM 1 JJAHOK CHCTEMHU 1 1X HEYITKAM OIIMCOM; Ha
ocHOBI (a33iikallii MPOBEIACHHS aJIropuTMi3alli 3a-
Jla4 MOHITOPHUHTY TPAHCIOPTHHX KOM YHIKaIlili; TIpoBe-
JIEHHS JWHAMIYHOTO aHaji3y MpOIEeCcy MOHITOPUHTY
TPaHCHOPTHUM 3aco00M, o0JiaiHaHUM iHQOpMaliitHO-
00YHCITIOBATLHUM KOMILIEKCOM.

BukJiaJ 0CHOBHOT0 MaTepiajy

1. OcHOBHI NOHATTA y MOHITOPUHIY TPAHCIOPT-
HHUX KOMYHikamiii. [IpeacTaBuMo mporec MOHITOPUHTY
TPaHCIIOPTHUX KOMYHIKaIlill sSIK pe3yJabTaT HOpMai3aiii
JIAHUX, IX CTPYKTYpHOI i mparmaTHyHoi oOpoOku. Tpan-
CIOPTHI KOMYHIKaIIi1 SBJISIFOTH COOOI0 CKJIaIHY OpraHi3a-
LiifHO-TeXHIuHYy crcTeMy. Take MpecTaBIeHHs OCHOBA-
HE Ha Te, IO B iX CKJIaJl BXOJATH K TEXHIYHI, TaK 1 opra-
Hi3amiiHi 00’ €KTH.

[lix MOHITOPHMHIOM TPAaHCIOPTHUX KOMYHIKaIii
cIllifi po3yMiTH Oe3rnepepBHi POCTOPOBO-YACOBI CIIOCTE-
PEeXKEHHS TPOTSDKHOTO 00’€KTY 3 METOI BH3HAYEHHS
HOro eKcIuTyaTaliifHuX rmapameTrpis.

OCHOBHUMHU TOHSTTSMU Y MOHITOPHHTY TPaHCIIOP-
THUX KOMYHIKaIliii OyJieMO BBaKaTH TakKi sSIK MPOTSHKHHUNA
00’€KT, CTaH MPOTSHKHOTO 00’€KTY, MapaMeTpH MPOTSDK-
HOro 00’€kTy, 0a3a MaHWX NP0 CTaH MPOTHKHOTO
00’ €ekTy, iH()OpMaIli HHO-00UHCITIOBAILHIA KOMIUIEKC.

ITig mpoTsHKHUM 00’ €KTOM OyIeMO PO3YMITH CIIO-
PyAy BENHMKOI JOBXUHH, Ha KOTPY HAIliJIeHi Jo0i il
(excrutyaTaris Ii€i CHOPYAU, CIIOCTEPEKCHHS, KOHT-
poib, TOmO). MaTreMaTHYHO IIeH 00’€KT, y KOTPOMY
OJIMH 3 TEOMETPUYHUX ITapaMeTpiB 3HAYHO IEPEBHIIYE
1HIII, TOYHIIIE MOXKHA CKA3aTH, IO MPOTSDKHI 00’ €KTH —
e Taki 00’€KTH, OCHOBHOIO XapaKTEPHCTHKOI KOTPUX
SIBIISIETHCS 3HAYHE TEPEBHIICHHS OJHI€T 3 XapaKTepHc-
TUK 3 Ha0OOpy mapaMeTpiB, BU3HAYAIOYWX BIIACTHBOCTI
00’ekTy mocmimkeHHs. TIpoTshkHul 00’ €KT — 11e 00 €KT,
10 Ma€ BEJHKY IUIONIUHY, TOOTO MIPOCTUPAETHCS Y Jie-
KUIBKOX HampsMkax. e Moxke OyTH sSK ceficMiuHO He-
OesreyHa MUISHKA 3€MIIi, Tak 1 OyIb SIKe BEpTHKaJIbHA
00’emHa criopyaa. CTaH IpOTSHKHOTO 00’ €KTY — I1€ TOY-
HO BH3Ha4Y€Ha yMOBa YM BIIACTUBICTb, K4 MOXKE OyTH
BITI3HAHOIO IIPU TIOBTOPHOMY IOSIBJICHH] (SIK 1 B BHIIAJIKY
JII000T CKJIAIHOT CUCTEMU).

[Mapamerpamu pOTSHKHOTO 00’ €KTY MOKHA Ha3Ba-
TH KOMIUIEKC MOKa3HUKIB, KOTPI XapaKTepU3ylTh CTaH
00’exty nocnimpkerHs. OKpeMHUM BHITAJKOM MPOTSHKHO-
ro 00’€KTy € JiHIHHUK 00’€KT. AJie y BiIMIHHOCTI Bin
MPOTSDKHOTO, JUIS JIIHIHHOTO 00’€KTy Mae 3Ha4YeHHS
TIJIBKH OJTHA XapaKTEPUCTHKA, TOJI SIK JUIsl MPOTSHKHOTO
HEOOXIHO aHaTi3yBaTH 3HAYCHHS BCHOI'O HAOOpY Xapa-
KTEpUCTHUK SIK B “TIOJOBXXHBOMY”, TaK 1 y “HoONepeyHoO-
My” HanpsiMkax. [lin 6a3010 JaHUX MPO CTaHI MPOTSIK-
HOT'O 00’€KTY pPO3YMI€TBhCS CYKYITHICTh JaHUX, B KOTPUX
MICTHUTBCSI BIJOMOCTI O 3HAUEHHSIX ITapaMeTpiB MPOTSIK-
HOT'0 00’ €KTY.

Crij miIKpecIuTy, mo AaHi PO CTaH MPOTSHKHOTO
00’€KTy MaroTh Pi3HOBHJ HMi Xapakrtep. lle He TiNbKH
aHl OmHIiET MPUPOAM, a MHOKHHA TEXHIKO-CKOHOMId-
HHUX XapaKTEPHUCTUK, KOTPi NAI0Th HAHOIIbLI MOBHY Y-
BY IIpo 00’€KT, Horo poii Ta crany. Oco00 BUIUISIOTHCS
€prOHOMIYHI IMOKa3HUKH, TaK SIK JOCIIKYBaHUH 00’ €KT
Ma€ SICKpaBO BUP&KEHHUH JIFOJMHO-MAIIMHHUN XapakTep
[7-9].

2. [IpuBeneHHs TOYHHUX XaPAKTEPHCTHK TPaHC-
TMOPTHOI TeXHiYHOI CHCTEeMU MOHITOPHHIY 10 “Hedi-
TKOro” Buay. Hexail TexHiunuii o0'ekt abo cucrtema
(hopMaNbHO OMHUCYETHCS OMEPaTOpoM Y, IO MEPETBO-
PUTH CIOCTEPEKYBaHY TUHAMIYHY 3MiHHY X(t) — mpo-
o0Opa3 omepatopa Y, IO OJHO3HAYHO BH3HAYaE
BIMOBIAHHUNA CITIOCTEPE)KYBAHUN AWHAMIUYHUEN TPOIIEC.
JIs1 TpaHCIOPTHOI CHCTEMHU TAaKHil TUHAMIYHHAN TPO-
Lec — e TpoLec pyxy TPaHCIOPTHOro 3acody. Y
HANTIPOCTIIIOMY BHITAKY PE3yJIbTaTOM IEPETBOPCHHS
e obpa3 omepatopa y(f). JloriuHo BBaKaTH TMPOIIEC
CIIOCTePSIKCHHS ~ Takol ~ CHCTEMH  JHHAMIYHHM
MOHITOpUHrOM. /[l mepexomy Bix Cy0'€KTHBHUX
OIIIHOK CIIOCTEPEKYBAHOTO 00'ekTa ab0 CHCTEMH
mokiamemMo, 1o (f) OXHO3HAYHO  BIJAMOBIAA€E
JIHTBICTHYHOI 3MIHHOT B 00JIaCTI BU3HAUCHHS HEYITKOT
MOJIEJII CIIOCTEPEKYBAHOTO JUHAMIYHOTO MPOIIECY.

Toxi oOMexeHa MHOXKMHA TEPMIB TaKHH JIiHTBiC-
TUYHOI 3MIHHOI BH3HAYA€THCS CIEIU(IKOI0 crocTepe-
JKYBaHOT'O JMHAMIYHOTO Iporecy. PopMaibHO:

y() =Y[x(0),1], (1)

ne y(f) — obpa3 omneparopa Y; x(f)— nmpoobpa3 omeparo-
pa Y; t — moTouHMi yac.

Sxmio x(f) BiaOBia€e MEBHA TOYKA X, 3 MHOKUHU
X, TO B IPOIOHOBAaHII MOCTAHOBIII KOHKPETHE 3HAYCH-
HA oOpa3a omeparopa y(f) BiAIOBiIa€ OMHOMY 3 TEPMi-
HiB. /[0 IIbOT'0 TEpMiHA CTABUTHCS HE €IWHE 3HAYCHHS
Y, =Y, a KiIbKa CyMDKHHUX 3HaUYEHb.

Skmo mporec crocTepexxeHHst x(f) € MOHITOpPHH-
r'OM, TO MOCigoBHOCTI 2k + 1 BiacikiB y(f) y niana3oHi

{ym—wym—c—l EAR ym""’ym+c—l’ym+c} € y(t)

€ KUTbKICHA OIliHKa OJIHOTO 3 TE€PMiB BiAMOBIIHOI JIiHT-
BiCTHYHOI 3MiHHOI.

TakuM 4YWMHOM, PO3TJSLAAIOYHM OIEepaTOpHE Iepe-
TBOpeHHs (1), Tpeba mopsia 3 KiJIbKiCHOO BiAIOBIIHIC-
TI0O X —Y TakoX aHaji3yBaTH BiJAIOBIJHICTb
Y —» L, ne L — MHOXXUHA TEpMIB JIIHTBICTUYHOI 3MiH-
Hoi, aHajoroMm skoi € y(f). HazBemo P omeparopom
¢a33idikamii CrocTepeKyBaHOTO AMHAMIYHOTO MPOIIe-
Cy, aHAJIOTOM SIKOTO € 3HauyeHHs oOpa3a )(f) 3Ha4yeHb
¢byHKii x(¢), 0 PeeCTPYIOTHCS:

e(S) = Py (1), 5], )

ne S — apryMeHT, IO XapaKTepH3ye BiJIOBIIHICTH
2k+1 3HaueHHS y,, B JAiama3soHi BiA V,_. A0 V¢
TepMy L(S) NOTOYHOMY 3HA4YEHHIO 4Yacy !/ Y MOMEHT
peectparii.

[NopiBHSIHO TpocTa cHUCTEMa ONEPATOPHUX CIIiB-
BigHOMmIEHb (3) MOke OYTH IPOCTO pealli3oBaHa, SIKIIO
BOHa (hopMaJIi3yeMoO I KiTBKICHO OIiHIOBaHA SIK CTYIIHb
MIPUHAIEKHOCTI 3HaYCHBb X(£),1110 PEECTPYIOTHCS, BiIIO-
BigHMI TepMy /(s), @ 4ac MOTOYHUH t BIAIIOBIAE S.

[Mpunyctumo, mo ¢aszidikamiss crocrepexysa-
HOT'0 JJMHAMIYHOT'O MPOILIECY € TaKe MOJBiliHE epeTBo-
peHHS TMHAMIYHOI (QYHKILT x(£), [0 PEECTPYETHCS:

(1) =Y[x(@),1];
I(s) = L[y(1),s];
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TakuM 4MHOM, anropuTMizallis L€l MmpolenypH
MOXIIMBA IUISXOM BHU3HAYEHHS BiIIOBIIHOCTI Xapak-
TEPUCTUK CIOCTEPEKYBAHHX JWHAMIYHUX IPOIECIB
MpOIeAYpaM OIIIHKKA TEPMIiB 3a JOMOMOrow ¢ YHKIIT
MIPHUHAJIC)KHOCTI JIHTBICTUYHOI 3MIHHOI, IO XapakTe-
pHU3Yye 1iei mpoiiec.

Taka mporeaypa nojsarae B 3HaXOKCHHI MeXaHi-
3MY PO3paxyHKY KiJIBKOCTI TEpMiB, TOUHOCTI peecTpa-
uii x(¢) i po3pi3HEHHs pe3yJbTaTiB OLIHKU V(f) HEOO-
X1JTHOTO TMHAMIYHOTO MPOILIECY.

PosristHeMo npoOiieMy 3aranbHOTO 3aBiaHHs (a-
33ibikamii B MPUKIAAHIN MOCTaHOBIN, IO BiAMOBiAa€E
TPaHCHOPTHUM JloflaTKaM (3aBJaHHS MOHITOPUHTY
JIOPOKHBOTO CEPEIOBHIIIA).

3. ®a33idikanis cucTteMn MOHITOPMHIY TpaHc-
MOpPTHUX KoMyHikamiii. Taka cucrema siBisie co0or0
crocTepiraya, IO pPyXaeTbecs, 0E3MOCEPEHbO BUKO-
HYIOYHUI BUMIp ¥ OLIIHKY cTaHy 00'€KTIB, 110 pyXarOTh-
cs, 1 noporu. @opmManbHO 00pa3 BIANOBIAHOTO onepa-
TOpa Ili€l CUCTEMH I JIIHTBICTHYHA 3MiHHA € pe3yJbTa-
TOM IOJBIHHOT'O IEPETBOPEHHSI 3HAYEHb CIIOCTEPEXY-
BaHOi 3MiHHOI x(¢) B ofHOMipHOMY BUmanky. Hampu-
KIaa, y pyci 0a30BOro TpPaHCIOPTHOTO 3aco0y Oe3y-
MTUHHO OLIHIOETHCS a00 HOT0 MIBHIKICTH y TPAHCIOPT-
HOMY IOTOII V(t) a00 piBHICTh, KOS(IIIEHT 3UCIUICHHS
KOJIiC TPaHCHOPTHOrO 3aco0y 3 MOBEPXHEIO OPOTH
r(t). Takum yuHOM, X(f) — Hesika y3arajbHEHa OIliHKa
SIK TPAHCIIOPTHOT MAaIIMHK, TaK i JOPOTH, SKIIIO BBaXKa-
TH, 1[0 TPAHCIIOPTHA CHUCTEMa € 00'€JHaHHSIM MHOXH-
HU MalmmH M u noporu A, 1o sKid Il MaIllMHHA pyxa-
IOTBCSL.

Omnepatop (as3idikalii € mepeTBOPEHHs 3HAYCHD
CIOCTEPE)KYBAHUX AWHAMIYHUX 3MIHHUX X(f) 3 00nacTi
MHOXXHMHHU X B OJHY i3 KpamoK HEe4iTKOI MHOXHUHH S.
PeanbHuil MPOTOTHUIT MHOXUHHU S — TOCIIAOBHICTD Jie-
SKUX (PIKCOBaHMX KpaIoK BiAMOBIAHOI TPaHCIOPTHOI
KOMYHiKaIii (aBTOMOOIJIBHOI 10pOTH).

®i3u4YHO MM TIpoIlecaM BiAMOBIA€ PEECTpallis
3HA4YEHb CIIOCTEPEKYBAHOI NWHAMIYHOI 3MIiHHOI X(f),
ixHs iH(OpMaIllis, MpUBEIEHHS 0 3a3/4aJleriib MeBHOI
CHUCTEMH BiTiKiB )(¢) i mparMaTuyHa 00poOKa 3HAYCHD
JmiHrBicTuuHOi 3MiHHOL /(s). [Ipu npoMy, B pe3ynbraTi
nportecy ¢assidikamii omiHka /(s) BUKOHYETHCS OO0
HE Yacy ¢, a y BiJIOBIHOCTI BIACTHBOCTEH MOCIIIKY-
BaHOr0 00'€KTa B IMOPIBHSAHHI 3 IHIIUMU aHAJIOTIYHUMH
00'eKTaMHu.

BBenemo mpuIynieHHs, 0 MOHITOPUHT IPYHTY-
€ThCS Ha MeTojl aHayorii. TakuM yuHOM, OajabHi OLi-
HKH € TIPOTOTHIIOM JIHTBICTHYHHX 3MiHHHX. TOHdi B
THUX CHCTEMaXx, JIe TaKi OLIHKH BUKOPUCTAIOTHCS, MOXK-
Ha TEPEeHTH BiJl TIEBHOTO CYO'€KTHBI3MY €KCIepTa 10
TOYHOT'O KUIBKICHOTO aHali3y pe3yJbTaTiB CIocTepe-
JKEHb Ha OCHOBI JITHTBICTUYHUX 3MiHHUX.

Hacniakxom e pimeHHst 3a1aui Bu3Ha4eHHs (i3uy-
HOI'O PO3PI3HEHHS CIIOCTEPEKYBAHOTO JWHAMIYHOIO
MPOIIECY MO CIIOKUBYOMY PO3PI3ZHEHHIO, IO 33/1a€ThCS
0aJBHOIO OL[IHKOIO.

BinnoBigHo 10 iHpopMaIliiiHoi Teopii KepyBaHHS
PO3pI3HAIOTh (i3MYHUNA 1 CIIOKUBYHMH TOPIT PO3pi3-
HEHHS CIIOCTEPEXYBAHOTO TUHAMIYHOTO MPOLECY.

Sxmo ne omeparop Y mepeTBOpeHHs MpooOpasy
x(f) y 3HaueHHs 06paza y(f), To MOpir po3pisHeHHS E
piBHMI HafiMEHIIOI PI3HUII CYMIKHHX 3Hau€Hb

x(t): A, =min(x, —X,,1),

€ (pi3MYHIM TIOPOTOM PO3PI3HEHHS CIIOCTEPEKYBAHOTO
JMUHAMIYHOTO TPOIIECYy.
BinmogigHo

Ey = min(ym _ym+l) -

CITIOKUBYUH MOPIT PO3PI3HEHHS CIOCTEPEIKYBAHOI'O
JMUHAMIYHOTO TIPOIIECY.

BapTo momiTuTH, 110 IJIS SCHOCTI BHKJIALy Iia
CITIOCTEPESIKYBAHUM JTHHAMIYHHM IPOIIECOM aBTOP PO-
3yMi€ OJHOMIpHWI BHUMAJOK 3MiHM BeNWYHMHU X(f), a
CTIOCTEPEXKEHHS — PEECTpallis 3Ha4eHb X, € x(f).

Kinekicte d, pi3HHMX 3HaueHb x(f) abo OUCKpeT-
HHX BiJJliKiB BU3HAYa€ThCS TOPOTrOM PO3pi3HEHHA E
Tak, mo n=1,2,..,d,—1,d,. 3a aHaNoOri€l0 KiIbKiCTh
dy pi3HUX 3Ha4eHb )(f) BU3HAYAETHCS B TAKUHA JKe

cnoci6. Tomy

max X, —min X,

X Ex
: 4)
maxY, —minY,
d —_m m
J
Ey

V TexHiuHMX cucteMax FE, BH3Ha4aeThcs (i3nd-
HMMU BJIAaCTHUBOCTSAMH CIIOCTEPEXYBAHOI'O IIPOIECY, a

E, - norpebamu kopuctyBada. CTOCOBHO JIIHTBICTH-

4YHOI 3MIHHOI /(s) CIIOCTEpeX)yBAHOTO IMPOIECY HE MO-
JKHa TOBOPHUTH TPO BIiJIMOBIIHUI TMOPIT PO3pi3HEHHS
TOMY IIIO ISl HEi CIpaBeUTHBI HE KUIbKICHI, a JIOTIYHI
ouinku. OJHAaK MOXKHa 3aTBEP/KYBATH, IO KUIBKICTh
ii TepmiB nopiBHIOE d, a 3HaYEeHHA Y, € y(f),€ Kilb-
KiCHOIO OIIHKOIO BiJITIOBIIHOIO OILIHKOIO BiJIOBinae
JIHTBICTUYHOT 3MIHHOT /().

Takum 4yuHOM, OTpHMaHi cmiBBimHOIIEHHS (1) —
(4) mO3BOJAIOTH IMOPIBHSHO MPOCTO BHPINIYBaTH 3a-
BIAHHA K came (a3zidikamii, Tax 1 BU3HAYCHHS BiJ-
MOBITHUX XapaKTePHCTUK ILBOTrO IMpPOIECY: IOpOTiB
pO3pi3HEHHs, 3HAYEHb [iala30HiB 3MIHM TEPMIB Ta
BIJIMIOBITHO TOYHOCTI peecTparlii TaHUX.

4. Anroputmizanisi 3a1a4 MOHITOPHHIY TpaHC-
MOPTHUX KOMYHiKamid. 3riqHO 3 TBEpPKEHHSIM, IIO
OCHOBHOIO XapaKTEPUCTHKOIO IMPOIECY MOHITOPUHTY €
BIJICTaHb BiJl YMOBHOI'O IIOYATKY TPACH /, IO HAJICKUTD
METPHUYHOMY IIPOCTOPY L, MOXKHA BU3HAUUTHU OIIEPATOP
nepeTBopeHHs1 O pe3yabTaTiB BUMIpY J(f) 3a pe3ynbTa-
TaMH BUMIpiB napamerpiB x(7). Lle nmepeTBopeHHs BUKO-
HYETHCS Y 4aCOBOMY IpocTopi 7, LpcLrtalyclL.

OI[HaK, LQ Ta LX HE3Ba>XXar04u Ha TC, 1O BOHU

HaJIC)KaTb OJHOMY METPUYHOMY IIPOCTOPY L, € MHO-
JKHHaAMH
LQ ﬁLX = O s
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IO HE MNepexpelyrThes. Lle MosCHIoEThCS Pi3HO0
(GI3MYHOIO MPUPOIOI0 MHOKUHU (QYHKIH x(/) Ta MHO-
xuan Gyukmiin Q7).

Jlst mocnmikeHHsT IUX TEePETBOPEHb HAHOUIBII
e(EeKTUBHAM € BUKOPUCTAHHSI MATEMaTHYHOT'O arapara
(yHKIIOHATBHHUX MTOXIHHX.

BoHM BHPaxoBYIOTBCS 3a IO/BIHHOIO T'PaHUIIEIO
TAKOT0 BHUTIISIY JAJIsl ollepaTopa

y(0) =Y[x(2),1]:

dy Ay

S Ac-AL

X

Ax —0, (5)

At —>0,

Oy . .
e S GbyHKIIOHATBHA TOXigHA 00pa3y omeparopa

X
y(f) 3 mpoobpasy x(/); Ax — npupict npoodpasy ormepa-
Topa y; Ay — mpupicT o0pa3y omepaTopa y.

VY pe3ynbTati po3paxyHKy (5) BU3HAYAETHCS 3Mi-
Ha oOpa3y omepaTopa HE TUIBKHM 3aJCKHO BiJl 3MiHH
apryMeHry ¢, ane i mpooopasy x(1).

ToMmy MOXXHA BUKOHATH [UTS PEATLHOTO TPHKIALY
pPyXy TpaHcmopTHOro 3aco0y, obmagnanoro 10K, pos-

paxyHOK MOJBIHHOI MExi =’ BUPaxOBYIOUM 3HAYEH-

Al
H1 —— I OlepaTopa IEPETBOPEHHS HAIPSIMKY
Ao At

pPyXy (KyT 0) Ta 4acy ¢ y BiJICTaHb /.

VY takomy BUmIaaKy o0pa3 orneparopa — JI0BXHHa [
TJSTHKA TPpaHCIIOPTHOI KoM yHikarii. [IpooOpa3 i obpa3
orepaTropa BH3HA4Y€HI Ha OJHOMY METPUYHOMY MpPOC-
TOpi: 4acoBOi BiCi MHOXXHHH BUMIpiB {tl-} eT. Le
JIaCTh MOXJIUBICTH IpeacTaBuTH (pyHKIit0 /(f) Ha iH-
TepBami [ty,t,] SK cHCTeMy CIiBBiIHONIEHb, IO Ma-
I0Th TaKUW BUTIISI

n= ﬂ . At + i
oS, S

U lo=a.,

Al Ao (6)

IlpencraBumo Al; K aHaJTITHYHY 3aJIEXKHICTB,
IO OTpHMaHa B Pe3yNbTaTi NPAaKTUYHUX BHUMIpIB Bif-
crani Al =Al;,| —I; npoMixok dacy AfIIpu 3MiHi a3u-
MyTy Aa .

JI71st 11bOr0 BU3HAYMMO MOPOTH PO3PI3HEHOCTI J0-
BXKUHH, dacy Ta kyta &;, &;, &, . Toni MoxHa cTBep-
JOKYBATH, 110:

S .1

U=t o lo=a;

' AE.;(X ’ (7)

ne K, ta K, — xoediuieHTH, IO BPaXOBYIOTh Pi3HI
PO3MIPHOCTI 1 QL.
Mo)kHa TakoX pO3paxyBaTH peajbHE 3HAYEHHS

U

;' ZOBXWHH B TOUIl f=¢; NpH BUKOHAHHI BUMIpiB 3

KPOKOM, 10 Bu3HavaroTees &; i &, [10]:

8
ol AL, +K ol A | ®)

o

~| K, — . -
o5, a8,

o=a;

5. IuHamiyHuil aHaJgi3 mpouecy MOHITOPHHIY
TpaHCHOpPTHUM 3acodoM, obnagnanum IOK. bynemo
BBaXKAaTH, 110 BXiJl CUCTEMHU — OOEpTaHHS KOJiC aBTO-
MOOis1. PO3riisiHeMO BUIAJOK, IO BiJIMOBiJaE CHTya-
mii, mpu sKi 3a ogHe OOEpTaHHS Kojeca CHCTeMa
OTpHMAa€ OJUH IMIYIIbC KepyBaHHS. o1l MaEMO 4OTH-
pH JDKepena iMITYJIbCIB 3 IHTepBajlaMi MIXK CyMIKHUMHU
IMITYJIBCAMU LHKITY 1y, oy, 3y, 14y, IO BiJIOBIJHO BH-
3HAYAIOTHCS YaCOM 00epTy KoJieca.

TakuMm yrHOM,

9
tl =

y W >
@

tzu =
%)

)

]

t3u =
V3
]

t3u =
V3

Ie ¢y, C3, €3, C4 — JOBXKHHHU KUT KOJNIC; Vi, Vy, V3, V4 —
IIBUAKOCTI OOEpPTaHHS KOJIC, TOAI SK JJIA IEpIIOro
KoJIeca;
_a-f
V] = ,
Ny

(10)

e f — 4acToTa 3allOBHEHHS YacOBOTO iHTEpBAy, IO
BH3HAYAETHCS 00EpTaHHAM Koiieca; N| — KUIBKICTh M-
MyJIbCIB 3aTIOBHEHHS.

VY 1poMy BHIIAJKY IPOIEC MOHITOPUHTY CKJIaja-
€ThCS 3 MOCIIOBHOCTI LUKIIB 7}, 110 TOBTOPIOIOTHCSL.
Toni MO’)KHA BU3HAYUTH YMOBY BHMIipPIOBAHHS V1, Vo, V3,
V4 TAKUM YHHOM:

(11)

Peecrpanis naHux 30iHCHIOETHCSI 32 CHTHAJAMH
MepepuBaHHs IpOIlecopa BUMIPIOBAILHUM IPHIAI0M
o0epTaHHs pO3NOALIBEYOro Bana. PeectpyroThes moci-
JIOBHOCTI IMITYJIbCIB, IO € PE3YNbTAaTOM poboTH Hud-
POBUX NPHJIALIB Ta aHAJIOTOBI CHTHAJHM, IO € PE3YJib-
TaTOM poOOTH CHCTEMH HaBiraiii.

3aranpHuil yac peectpauii Tr BU3HA4aeThCs Ta-
KHAM YHHOM:

Tu > max(tlu , tzu , l‘3u , l‘4u ) .

TR =tH +l]n +t2n +l3n +l4n,

(12)

Jie 1, — 9ac CHTHAJIiB BUMIPIOBAJbHUX TPUIALIIB PYXY;
Lins Lony L3nys L4y, — HAC peGCTpaui'l' CHMTHAJIIB MIIPUCKOpPEH-
HS KOJIMBaHb Ky30Ba TPAHCIIOPTHOTO 3aC00Y.

KepyBaHHS MpOIECOM MOHITOPHHTY MOXKJIHBO
3MIACHIOBATH 3a JIOTIOMOTOI0 CIICIliaIbHOI MPOTPaMH.
KpiM 11b0Oro 31iHCHIOETHCS BUBII TaHUX Ha MOHITOP Ta
(dbopmyBaHHS 033U TaHUX.
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i mpouenypu Ta HeoOXinHa 00poOKa moaiid Ko- BucnoBku
MYHIKallilHUX IOPTIB BUKOHYETHCS NPOTPaMolo, SIKY
BHU3HAYMMO KOMYHIKaIliifHOIO.

Pesynprar poboTH KOMyHiKaliifHOI mporpamu —
3amoBHEHHS Oydepa MaHUX 1 BUAAa4Ya IMOBIIOMIICHHS
TOJIOBHIHM Mporpami KepyBaHHsS NPO HEOOXiJHICTh 3a-
mUcaTh OTpPUMaHi JlaHl Ha >KOpcTkuil nuck. ['oguna
poOOTH KOMYHIKaLiHHOI miaTnporpamMmu — Tygy.

Toni

1. CucreMu iHTEpaKTUBHOTO MOHITOPUHTY TpaH-
CHOPTHUX KOMYHIKAaIlii HEYITKOro BUAY MOXE OyTH
(opManbHO OmMcaHa UIISIXOM BU3HAYEHHS JIIHTBICTH-
YHHUX 3MIHHHX Ta X 3HAYCHb — TCPMIB.

2. ®azzidikamiss CHOCTEPEKYBAHOTO TUHAMIYHO-
r'0 TMPOLECY MOHITOPHHTY TPAaHCIIOPTHUX KOMYHIKaIliif
MOXKe OyTH IMOJaHa y BUIVISIII MOJABIHHOI'O INEPETBO-
pEeHHsI AMHAMIYHOI ()YHKIIIT.

3. Anroputmizamii 1€l Tpoueaypud MOXKIHBA

OueBuaHO, O HepiBHIicTH (13) € OCHOBHOIO yMO- ~ LIUISIXOM BH3HAYEHHS BiJNOBIJHOCTI XapaKTE€PUCTHK
BOIO HOPMAaJIbHOI POGOTH OOUMCITIOBATBHOIO KOMILIEK-  CIIOCTEPEKYBAaHHX NHHAMIYHHX IIPOLECIB IMPOIEAy-
cy. Crisgignomenns (11), (13) — ue oOMexeHHs, mo  PaM OLIHKM TEPMiB 3a JomoMorowo (yHkuii mpuHa-
HeOOXiZHi Ul opraHi3amii poOOTH IPOrpaMHOro 3a-  JIEKHOCTI JIIHTBICTUYHOI 3MiHHOI, IO XapaKTepusye
6esneuenns [OK [11]. el nporec.

T, > max(Ty,,,. Tg) - (13)
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Using the mathematical apparatus of fuzzy logic for phasification
and algorithmizations of the interactive monitoring system of transport communications

Yu. Kovtunov, H. Makogon, O. Isakov, Yu. Babkin, I. Kalinin, R. Lazuta

Abstract. The subject matter of the article is the monitoring of transport communications using modern technolo-
gies of intellectualization of vehicles.. The goal of the study is to develop a mathematical apparatus for creating intelligent
software for mobile interactive monitoring of transport communications.. The tasks to be solved are: to reduce the descrip-
tion of the transport communications interactive monitoring system to a fuzzy form by defining linguistic variables; to draw
an analogy between quantitative estimates of subsystems and links of a system and their fuzzy description; based on fuzzifica-
tion, to carry out the algorithmization of monitoring tasks of transport communications; to conduct a dynamic analysis of the
monitoring process with a vehicle equipped with an information and computer complex. General scientific and special meth-
ods of scientific knowledge are used. The following results were obtained: the process of monitoring transport communica-
tions is presented as a result of data normalization, their structural and pragmatic processing; the fassification operator of the
observed dynamic process of transport communications monitoring is defined; provided mathematical basis for algorithmiza-
tion of the monitoring process control procedure; a dynamic analysis of the monitoring process of a vehicle equipped with an
information and computing system was conducted. Conclusions. Systems of interactive monitoring of fuzzy transport com-
munications can be formally described by defining linguistic variables and their meanings - terms. Fuzzification of the ob-
served monitoring transport dynamic process communications can be presented in the form of a dynamic function double
transformation. Algorithmization of this procedure is possible by determining the compliance of the observed dynamic proc-
esses characteristics to the procedures for estimating terms using the membership function of the linguistic variable character-
izes this process.

Keywords: fuzzy logic, fuzzification, monitoring of transport communications, information and computer complex.

68



IHdbopmMauinHi TexHonoril

UDC 004.8.032.26; 517.9; 681.3

S. Alyoshin, E. Borodina, O. Haitan, O. Zyma

doi: 10.26906/SUNZ.2020.3.069

National University «Yuri Kondratyuk Poltava Polytechnicy», Poltava, Ukraine

NEURAL NETWORK SUPPORT FOR INTROSCOPY OF INTERNAL STRUCTURE

AND PROPERTIES OF THE BUILDING CONSTRUCTIONS

Abstract. Introscopy is a process of contactless, non-destructive analysis of the internal structure of an object or
processes in it using X-ray radiation, optical, acoustic, ultrasonic, seismic, electromagnetic waves of various ranges,
modulation and coding principles. Its implementation involves methods for obtaining shadow, tomographic, radar and other
images of the object of study. The resultingimage contains information about the object. Image analysis and decision-
making about the object structure or its condition is carried out by an expert (operator). Obviously, the decision is made
subjectively;its effectiveness depends on the qualification of the expert and can be significantly reduced because of the
increasing number of errors and analysis time. In real conditions, the classification of the state of the object of study with a
significant number of signs, with their unstable or uninformative degree of knowledge extraction, seems to be not a trivial
task. To date, however, image recognition technologies based on artificial intelligence technologies have been developed
and implemented that make it possible to synthesize neural network classifiers in vision systems that are invariant to the
physical features of feature spaces of the studied object images. For introscopy technology, it has been prepared a neural
network information-analytical, software and instrumental basis for solving the task of automating of the process of image
visualization and its identification in the paradigm of designing and recognizing images in the space of shadow,
tomographic, multi-view signs using statistical decision rules.The developed technology is represented in the form of an
ensemble of neural network classifier models that implemented as independent software applications in the main code of an
existing technical analysis package, for example, the neuro-emulator of StatSoft environment. The synthesis of classifier
models according to the input data of images based on shadow and tomographic raster sweepsin a standard package of
neuroemulators allows us to solve the problem with minimal cost and required quality indicators. Studies of the
characteristic spaces of the introscopy process, the possibilities for the correct application of statistical decision rules,
algorithms for the compulsory training of synthesized neural network models in the basis of existing technical data
packages can improve the productivity of introscopy equipment by automating the analysis process, reducing the impact of

subjective decisions, and reducing reaction times.

Keywords: analytical complex,introscopy, neural network, resilient backpropagation, real-time classifier.

Introduction

Introscopy is a process of contactless, non-
destructive (non-invasive) analysis of the internal
content, structure of an object or processes in it using X-
ray, optical, acoustic, ultrasonic, seismic,
electromagnetic waves of various ranges, modulation
and coding principles [1].

Introscopy provides visual observation of the
internal structure of objects and processes in optically
non-transparent media, as well as in conditions of poor
visibility due to natural or deliberate masking factors.
Introscopy is carried out by means of visualization of
the spatial distribution of penetrating radiation and
fields in the frequency spectrum of the entire developed
range of electromagnetic oscillations of electric fields,
as well as the fluxes of elementary particles.

The scope of introscopy is quite wide [1, 2]. This
is medical and technical diagnostics, analysis of macro-
objects and processes occurring in them (observation of
objects under water, in the thickness of rocks and
glaciers, in clouds, fog, etc.). Each area of this
technology application has its own characteristics
associated with the visualization of the object of study,
its recognition and analysis of the internal structure and
properties, the choice of performance criteria with
limited resources. Let us consider the possibilities of
introscopy technology in relation to the field of

construction, for the tasks of analyzing the state of the
internal structure and properties of construction objects
(bridge supports, overpasses, building foundations, road
pavement, waterproof and heat saving properties of
coatings, etc.)

The basis of introscopy involves methods for
obtaining shadow, tomographic, radar, and other images
of the object of study wusing optical, acoustic,
electromagnetic or X-ray radiation.

Information about the structure and properties of
the object of study is contained in the resulting image
(snapshot), which can be multi-angle, shadow and
tomographic [3,4,5]. The existing analytical complexes
(AC) are intended for introscopy of large-sized objects
having significant size, weight, composition of
construction materials. By mobility, ACs are classified
into fixed, relocated, and mobile. An expert (operator of
the introscope) performs image analysis and decision
making depending on the structure and properties of the
object of study. Obviously, the decision is made
subjectively, based on knowledge, qualification, and
experience. In the conditions of aging, normal wear and
tear or violation of the technology of manufacturing
components, the expert may have difficulties with
accurate and rapid identification of the object state. It is
reasonable to automate this process by transferring the
functions of image analysis to a program that recognizes
images of the internal structure and properties of the

© Alyoshin S., Borodina E., Haitan O., Zyma O., 2020
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objects of study, compares them with the appropriate
conclusion, which improves performance, speed and
reduces costs [6, 7].

The technical characteristics of existing joint stock
companies provide the ability to visualize the internal
structure of objects of study, their properties and
ingredient composition, recognition of missing or non-
conforming ingredients, their density, thermal
conductivity, insulating properties, etc.

The equipment allows for a detailed, fragmentary
view of individual zones of the object of study and its
contents and magnification of the image several times.
The time of introscopy of one large object is 15-30
minutes [1, 2].

The ultimate goal of introscopy is to establish the
affiliation of the studied objects to certain groups, types,
classes, to identify characteristic structural defects, signs
of aging, loss of working properties, hidden defects,
inconsistencies with technical conditions and state
standards in controlled objects.

In the process of this action, the operator of the
introscope analyzes a visual image of the internal
contents of the objection the installation screen, and
classifies the object of study according to the set of
characteristic individual features [4, 5].

The most difficult and important is the knowledge
of the set of characteristic features and their connection
with the required characteristics of the objects of study.
However, the proposed technology allows, on the one
hand, to use the existing database [1, 2], on the other —
to create this database on its own, forming a
representative sample of examples in the process of
production of building structure components.

In the course of AC operation, one of its most
important problems was revealed — it is the excessive
dependence of the analysis result on the human factor in
the operation of the analysis system. The lack of
appropriate data mining technologies that can support
decision-making by the operator or, in general, assign
this task to a computer program is emphasized as a
disadvantage. At present, it is problematic for the fleet
of operated ACs to fully automate the operational
analysis of building structures. Secondly, the analysis
time depending on the type of AC is 15-30 minutes or
more, which significantly limits the throughput and
leads to economic losses.

Thus, in the trend of total digitalization of
economy, automation and robotization of production in
the paradigm of the growing new technologies, there is
a practical need for information and technical support
for the state of existing ACs in order to increase their
efficiency and competitiveness in the market for
analytical analysis of building structures.

Analysis of the possibilities of AC information
and analytical support

The well-known specialists in this field [1-5] were
engaged in the development, theoretical substantiation,
and introduction of the technology of introscoping
objects: P.N. Afonin — theory and practice of using
technical means of control; V.A. Soifer, U. Pratt —

computer and digital image processing; S.K. Ternovoy,
ENN. Simonov - X-ray computed tomography;
G.M. Agadzhanyan, A.P. Krasnitsky — vision systems
and others. As a result of their activity, the technologies
of functioning of the existing IDC have been created.

However, scientists V.M. Glushkov, T. Kohonen,
S. Khaikin, R. Hecht-Nielsen and others [7] developed,
theoretically substantiated and implemented in practice
technology of recognition, prediction, adaptation based
on artificial intelligence technology. Their activities
have brought into existence:

— fundamental principles of recognition and
methods of applied theory of artificial intelligence in
technical systems;

— approaches to the design and modeling of
technical vision systems invariant to the physical
features of the feature spaces of the studied images of
objects and phenomena;

— methods and algorithms of multilevel
differential diagnostics in various subject areas;
— algorithmic and software products for

operational multivariate data analysis in the tasks of
classification and forecast;

— complex qualimetry of basic processes of
complex technical systems.

Thus, there is an information-analytical, software
and instrumental basis for successfully solving the task
of automating of the process of image visualization and
its identification in the paradigm of designing and
recognizing images in the space of shadow,
tomographic, multi-view signs using statistical decision
rules under given constraints.

Purpose of the study is increasing the
productivity of technical means of introscopy based on
neural network support for analyzing video images in
order to automate the analysis process, reduce erroneous
decisions, to reduce reaction time during decision
making, and to minimize the potential damage. The
developed technology will be represented in the form of
an ensemble of neural network classifier models that
implemented as independent software applications in
the main code of an existing technical analysis package,
for example, the neuro-emulator of Stat Soft
environment.

Formulation of the problem

Formalization of the process of classifying the
internal structure of the object of study is mapping the
input vector of data to the result of the examination, and
approximating the dependence “object — class”.
Generally, the signs of behavior and the number of
object classes are vector quantities. The analysis task is
to convert the primary features of object images into an
array of raster scan elements followed by fixation,
digitization of the luminous intensity of compact objects
and their identification based on the generated databases
and synthesized patterns of image classification in the
space of selected shadow, tomographic, multi-view
informative features.

If we accept the implementation of the technology
of forming the array of features presented in the sources
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[1-4] and describe the corresponding classes of the
studied images according to the method described in
[5,6], then formally the research task can be represented
as [7]:

SupK (S,P,X,T;);
Ru(AT)< 45 (1)

where se §,S is the set of the current state of the
object;

pe P, P is the set of the forecasts of the object
state;

x e X, X isthe set of the input factors;

Ty, ke{012,....} are decision points;

K is a performance criterion;

AT,S are the time interval for making a decision
and the current degree of the model adequacy,
respectively;

iRu(AT ) is expected damage from delayed
decision;

Ru(5) is expected damage from the degree of the
model inadequacy;

Ay is allowable damage from the decision at the
border RT;

By is allowable damage from errors on the control
set.

The main task of the analysis is to assess the
internal structure and properties of the object of study,
therefore, we formally consider this process to the level
of the decision rule. Let there bealist of objects in a
certain subject area W, where

W=log} gel={2..1,}

and let their belonging to some classes be fixed
Q,, Qp ={1.2,...J;}

The problem of classifying them to a particular
class is solved with certain errors and time expenditures.
If limitations were not taken into account, the whole set
of features could be used regardless of their information
capabilities. Otherwise, recognition algorithms should
include  temporary (t<T1p) and  material

(s < Sy )restrictions where Tjand S, respectively, are

the allowable (disposable) time and material resources
for the implementation of software and tools in the task
of recognizing objects or their states. At the same time,
the power of the decision rule M must not be lower
than the specified one (M) (M > M, ). Then, you can
group objects by analyzing and grouping their feature
spaces.

Grouping of objects, taking into account the
analysis of the compactness of their features, can be
formally represented by a functional [7]:

G=F[r(Qp);R(Qp,Qg);A(m,{mg})J )

where r(Q ) is removing traits inside a class;

p
R(Q Qg ) is removing traits in different classes;

A(a), {a)g })is an object allocation rule @, from the

set @ —to the class € 1@, €€ provided that

Al g f)= max; Al {o;})

(M >My), (t<Ty), (s<Sp)-
In this case, the objects should be grouped in the
format:

N
ER0 (wpk’wgi)z Z(xglk) - x<(gll))_
Jj=1
metric of compactness of signs in classes p,g in the
analysis of k,/ — objects of j — type.

Thus, we have a formulated optimization problem
of identifying the internal structure of the object of
study, the implementation of which requires a software
and instrumental justification and adequate models for
obtaining practical results.

The basis of solving the problem is the principle of
extracting knowledge through the implementation of
model learning processes with modification of weighted
synaptic coefficients and adapting the criterion of its
productivity by selecting the optimal set of input
features for information value and material costs over a
set time [6, 7].

Analysis of existing software and hardware has led
to the conclusion about the feasibility of using technical
data analysis packages as basic tools, which implement
training procedures, data exploration, dimension
reduction algorithms and the fundamental possibility of
quantifying the information value of the input set of

factors [7]:
[¥(t) = Flx(r).
where |Y (t) is an object state class number;

|X (t) is an input feature vector;

F is the functional of converting an array of
attributes into a class number, as a set of procedures for
describing classes in the language of their attributes,
preprocessing data, reducing the dimension of the input
vector, standardizing inputs, synthesizing models and
learning them, interpreting results.

It is proposed to use the trained artificial neural
network with the reverse spread of the error as a tool for
automatic recognition of the state as the basis of
classification [6].

Solving a problem of the form (2) with constraints
from the general problem (1) requires satisfying the
decision condition in real time (RT). This is possible
when taking into account the following features:

— comprehensive consideration of the probable
damage from the time of decision-making and the
degree of the models adequacy in the process of finding
the optimal solution;

— consideration of features of the subject area
of the object, determining the system of constraints

in (1);
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— use of specialized software and its adaptation
to the subject area of the object of study;

— need to correct and introduce additional
information in the process of finding a solution.

To account for time constraints in the synthesis
process of an adequate classifier model, a formal
transformation

F:X>Y,XcR™Y R, 3)

must be performed at the additional condition that

R(M,0)2520, At <AT,, 4)

where X is these of samples of object description
attributes;
Y is multiple states of an object;

XM= {xl,xz,....,xm}c X -

is a final array of training samples;

F is a functional transformation of the space of
observations (features) into the space of states
(decisions);

ATy is scheduled (maximum permissible) decision
time;

k and m are the dimension of the states (the
volume of the alphabet of classes) and the dimension of
the factors (the volume of the dictionary of attributes),
accordingly;

R(M,0) is the distance between an object and its
model in a certain metric space with a given metric
r(a,b),

o is the permissible inadequacy limit in a given
metric space.

Building of a real-time classifier

The basis of building an RT classifier is the
technology of solving the problem of building adequate
models of basic processes for a limited time.

In the neural network format, the degree of models
adequacy was evaluated on the basis of the analysis of
their learning errors, and the efficiency of their
construction was evaluated by the training time.

The analysis of the capabilities of the neuro-
emulators package of the Stat Soft environment in the
format of the Statistika Neural Network module [8]
revealed the potential possibilities for accelerating the
preparation of input data, the choice of architectures and
training methods, and verification of the decision made.
In total, at application of a certain technology [6,7], the
following tasks are solved:

1. Operational data import, which allows speeding
up the interactive formation of a training set in a given
data presentation format.

2. The transition from an interactive, empirical
choice of neural network architecture to an intelligent
and automatic one, based on the recognition of the most
accurate and reliable models and forecasts.

3. The use of the ensemble of models as a
collective expert in order to identify the best of several
models with different teaching methods, characteristics

and parameters, which allow us
technological modes in a wide range.

4. Construction and application of fast learning
algorithms with a modification of the synaptic space in
cycles of epochs with a pilot tracking of current errors,
to automatically search for a compromise between the
reliability of the decision made and the speed of its
adoption.

to vary the

Models for assessing the internal structure and
properties of an object

ﬁpplication of fast learning algorithms; \

¢ lowering the dimension of the input vector on the
basis of AF;

e input selection, learning sample formation;
e input decorrelation;
e normalization of data distributions;

e standardization of the input vector;

e adaptive separation of the sample into training
and test.

Fig. 1. The structure of accelerating processes
in the object classifier

5. Creation of independent applications using the
main program code, previously trained for typical
situations of the complex on an array of precedents in
a specific subject area, requiring only finishing
training under the selected constraints. It also reduces
the total time to build and adapt the model when
classifying:

With this classifier modeling structure, resolve the
operational response problem while decision making is
reduced to the implementation of these functions by
creating algorithms and programs for displaying an
array of input data on the state of an object, taking into
account the scheduled time.

To simulate an RT classifier, it is advisable to
investigate the capabilities of the Stat Soft data technical
analysis package with the STATISTICA Neural
Networks neural network module [8]. Then the
synthesis of models of basic processes is realized in the
space of procedures that accelerate the adaptation of
models within the boundaries of the chosen disciplining
conditions.

Fast learning of classifier models
and descent to global extremum

The network input receives many pairs of training
vectors {x,d}, where {x} is an input vector, and {d} is
a true output feature vector of the object of study, {y} is
reaction set of the neural network to the input {x}. The
difference between {y} and {d} (E = || v —d||) is the

essence of the training error.
With the mean square form of the error measure
we get:
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where S is a number of training pairs, M is an output
vector dimension.

The task of a neural network learning is reduced to
the search for values of weights w;, j ), to learning

error E less than some value ¢(E < &) when fulfilling
the disciplining conditions in (1).

Simplified learning algorithms [7], for which high
convergence rate, as a key quality criterion, is provided
with low gradient calculation error requirements, allow
realizing network training in real time.

The RPROP (resilient backpropagation) [7]
algorithm solves this problem by calculating gradient
signs. The algorithm does not depend on the accuracy of
the calculation of the values of the derivatives, but
analyzes only the ratio of signs of increments according
to the rule:

oE(w) ™) ok (w)")

+, (1) .
Al ’lf' an an >0
0] i BN a8 ()
Al a lf‘ an an <0 ’ (6)
I ) R U

an an

where 0 <7~ <1<n™ and is determined empirically.
The increment value is adjusted by a fixed value.

n™ when the algorithm converges to a minimum and the

derivative does not change sign. This speeds up the
process on flat areas and slows down the search, in the
case of missing a local minimum.

Then we determine the magnitude of changes in
weights in accordance with the direction of decreasing
gradient.

o (w))
-Sgn W .

()

oE (w)'™) o (w)\)

an

—Agi), if <0

an

where sgn[*]is a function sign. The change in the sign

of the derivative error in the next step indicates the
function minimum. This result requires a return to the

previous weight value ng—l). The gain in time is

obvious. The algorithm is based on determining only the
sign of the product of the derivatives of functions in the

current and previous step. Modification of the synaptic
space in this way requires a significantly smaller
number of operations, compared to the classical method
of error back propagation [6].

To find corrections to the weights of the elements,
it is necessary to carry out the following calculations
[71:

Step 1.

If the measured value is

OF OF
-1 0,
awi( )aw (t)>

the corrections are calculated:

Ay(t) mm(A n+,Amax),

®)

ow::

i (0)+ Awy (0)

Awy; (t):—A,-j (t)-sign{ ok (t):l,
Aw (t+1)=w,

Step 2.
If the measured value is

{%(r—l)-a—E(tk 0}

the corrections are calculated:
Ay (t) max(A n_,Amin)

50~y -1), ®

oF

oWy

(r)=0.

Awy; (t+1)

Step 3.
If the measured value is

ggnwﬁo»}

ow

the corrections are calculated:
Awi (1) ==, (¢)-sign ZE(1)
j j ow ’

( )+ Awlj t)

&)

(10)
Aw;; (t +1)

Initial increment values A;(0) are randomly

selected from the range (0,1).

Options Amin and Amax are selected
empirically based on multiple experiments with models
and their values are as follows Amax=40 and

Amin=107%,

Thus, the network learning algorithm for classifier
modeling is not critical to the accuracy of the
calculation of partial derivatives, since it analyzes not
absolute increments, but only the ratio of signs of these
increments. At the same time, the volume of
computational operations is reduced by several times,
which reduces the total time of model adaptation.

73



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 3(61)

ISSN 2073-7394

For various simulation conditions on test samples
of examples, an ensemble of productive neural networks
was obtained, which qualitatively confirm the efficiency
of the proposed technology of classifier synthesis in real
time. Some difficulties arise in the formation of a
representative sample of precedents, but this does not
violate the logic and content of the implemented
classifier synthesis algorithms.

screening analysis in order to improve the quality of
classification in real time, it is constructive to use the
technology of automatic recognition machine synthesis
based on artificial neural networks. This problem is
solved using classical multilayer perceptrons as a direct
recognition problem.
2. The synthesized models of classifiers on the
basis of the input data of images based on shadow and

Therefore, the proposed technology can be useful
in upgrading the introspection complexes with a certain
refinement of the source database.

tomographic raster sweeps showed satisfactory
performance and revealed prospects for their
introduction into the real introscopy process. At the
same time, the main efforts should be directed to the
formation of a base of a representative sample of
precedents, and the synthesis of models should be
carried out in the environment of standard neuro-
emulators, which will make it possible to solve the task
at minimal cost.

Conclusions

1. Neural network support of introscopy
technology is technologically and practically feasible.
To automate the procedure for identifying the objects of
analysis in stationary and mobile complexes of
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Heiipomepe:xkeBa nmigTpuMKa iHTPOCKONIi BHYTPilIHLOI CTPYKTYPH Ta IapamMeTpiB
OyniBeJbHAUX KOHCTPYKIii

C. I1. Anpomms, O. O. Boponina, O. M. I'aiiran, O. €. 3uma

AHoTanisi. Inrpockomiss — mporec Ge3KOHTaKTHOrO, HEPYWHIBHOIO aHalli3y BHYTpILIHBOI CTPYKTYpH 00’€kra ado
IPOLIECIB Y HbOMY 3a JIOIIOMOI'OK0 PEHTI'€HIBCHKOI'O BUIIPOMiHIOBAHHS, ONTHYHMX, aKYCTHYHUX, YJITPa3BYKOBUX, CEHCMIUHMX,
€JIEKTPOMAarHiTHUX XBWJIb PI3HOTO Jiana3oHy, IPHHIMIIB MOIYISLil 1 KoxyBanHs. B ii peanizarii 3amissHi METOIM OTpUMaHHS
TiHBOBHX, TOMOrpa(iuHHX, PaJiONOKaIIifHIX Ta iH. 300pa)KeHb 00’ €KTa JOCIIDKEHHS, B SIKMX MICTHTBCS 1H(OPMALIis PO TaHWHA
00’exT. AHali3 300pakeHHsA 1 NPUHHATTS pIIICHHA HPO CTPYKTYpy 00’ekTa abo #oro craH 3iiicHIoe ekcrepr (oreparop).
EdexruBHicts ananmisy 3anexuTb BiJ KBamigikaiii excrepra i MoXKe ICTOTHO 3HMIKYBATHCSI 33 PaxXyHOK 3POCTaHHsS uHcla
MOMIJIOK 1 Yacy aHallizy. Y pealbHHX yMoBaxX KiacHdikarlist craHy 00’€KTa JOCHIIPKEHHs NPH 3HAYHIM KUTBKOCTI O3HAK, 3 1X
HecTaOinpHUM a00 MayloiHGOPMAaTHBHUM CTYIIEHEM OTPHUMAaHHS 3HAaHb HPEJCTABIAETbCS HETPHBiaJbHUM 3aBlaHHsAM. Ha
CbOIOZIHILIIHIM JeHb pO3po0ieHi i BIPOBa/UKEHI B IMPAKTUKY TEXHOJOTi pO3Mi3HaBaHHSA 300pa)K€Hb HAa OCHOBI IITYYHOTO
IHTEJNIeKTY, 110 JO03BONSAIOTH CHHTE3yBaTH HeHpOMepelkeBi KIacu(piKaTopu B CHUCTEMax TEXHIUYHOrO 30py, iHBApiaHTHUX [0
Gbi3m4HUX 0cOOIMBOCTEH O3HAKOBHX IIPOCTOPIB JIOCHIIKYBaHMX 0o0pasiB 00'ekTiB. s TexHONOTrii iHTPOCKOMIi MiAroToBIEHA
HelipoMepekeBa iHpopMaliifHO-aHATITHYHA, IPOrpaMHA Ta IHCTPYMEHTalIbHA OCHOBA JUISl BUPILIEHHS 3aBJaHHS aBTOMAaTH3aIlii
Bisyani3zawii 300paxeHs 1 ix izeHTHdiKalii B MpOCTOpi TiIHBOBUX, TOMOrpadiuHmX, 6araropakypcHUX iHQOPMAaTUBHUX O3HAK i3
3aCTOCYBaHHSIM CTaTUCTHMYHUX BHPIIIAIBHUX IpaBwl. Po3poOieHa TEXHONOris NPEACTaBICHa Y BHITIALI aHCaMOIIo
HeHpoMepe)XeBUX Mozeliel Kiacu(ikaropiB, peani3oBaHMX CAMOCTIHHMMM IPOIrpaMHMMM JIOJATKAMH B OCHOBHOMY KO.i
ICHYIOYOI'0 TTaKeTy TEXHIYHOI'0 aHajli3y, HalpuKiIaj, HeiipoeMynsTopa cepenosuma StatSoft. Cunre3 mMoznenel kimacudikaTopin
3a BXIIHUMHM [JaHUMHM O00Opa3iB Ha OCHOBI TIHBOBMX 1 TOMOrpadidHMX pAaCTPOBHUX PpO3rOPTOK B CTAHIAPTHOMY IaKeTi
HeHpoeMyIsiTopa J03BOJISIE BHPINIYBATH 33jady IPU MIiHIMaIBHHX BHTpaTax i HEOOXIMHMX MOKa3HMKax sikocti. [IpoBeneni
JIOCHI/DKEHHS O3HAaKOBMX IIPOCTOPIB IIPOLECY IHTPOCKOMi, MOXIMBOCTEH KOPEKTHOrO 3acTOCYBaHHS CTaTHCTUYHHX
BUpIIIAIBHUX NPaBUJ, AITOPUTMIB HPUMYCOBOIO HAaBYaHHS CHHTE30BAaHUMX HEHPOMEpEeXHHMX Mojenell B 0asuci iCHyrOUHX
MAKETiB TEXHIYHOrO JAaHUX IO3BOJISIOTH IiJBHIIMTH MPOAYKTUBHICTh TEXHIYHUX 3aCO0IB IHTPOCKOIIi IUITXOM aBTOMaTH3aLlil
IPOLIECy aHalli3y, 3HWKEHHsI BILUIUBY CY0'€KTHBHHUX pillleHb, CKOPOUEHHS 4acy peaKiii.

Kawo4oBi caoBa: aHaNITHYHUN KOMIUIEKC, IHTPOCKOIIsS, HEHPOHHA Mepeka, METOZ 3BOPOTHOTO IOIIMPEHHS OMHIIKH,
Ki1acu(ikaTop peaabHOro yacy.
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ITEHTH®IKAIIISI CTAHY KOMII'IOTEPHOI CHCTEMHA HA OCHOBI
AHCAMBJIEBOI'O METOAY KJIACUDIKAILLII

AnoTtanis. [Ipeamerom cTaTTi € JOCITIPKSHHS METOIB 11eHTU(]IKaLi cTaHy KOMIT FOTepHOI cucTeMu. MeTolo cTarTi €
po3pobka MeTony ineHTH(IKanil aHOMaIbHOTO CTaHy KOMII IOTEPHOI CUCTEMH Ha OCHOBI aHCaMOJIEBHX MeToAiB. 3aBaaH-
Hsl. J{oCHiANTH Ta BUAUIATH MOAI{ onepariiHux cucreMax cimerictBa Windows, po3po0OuTi nporpamMue 3a0e3nedeHHs 1t
BUJIIJICHHS TTOJIH; TOCHIANTH BUKOPHCTAaHHS aHCaMOJIeBUX Kiiacu(ikaTopiB Ha OCHOBI OerriHry Ta OycTiHry Ta aepeB pi-
LIeHb JUIsl iAeHTUdIKaLi] cTaHy KOMII IOTEpPHOI CHCTeMHU. BHKoprCcTOBYBaHMMY MeTOaMM €: METOIM MAIIMHHOIO HaBYaH-
Hs Ta aHcamOieBi MeToau kiacudikanii. OTpUMaHO Taki pe3yabTaTH: Y SIKOCTI BUXIAHUX JaHUX BUIIJICHO HACTYITHI Kia-
CH IoAi{ omepariifHux cucremax cimeiicrea Windows: mozii Mi>knponecHoi KoMyHikanii, mozii B3aemozii 3 aitioBoro cu-
CTEMOI0, TIOJi1 iHTepHeT-3’€THaHH, NOMIT B3aeMOII 3 peectpoM. JlociikeHo MeToaH iieHTH(DiKallii aHOMaIbHOTO CTaHy
KOMII’ FOTEPHUX CHCTeM Ha 0a3i ancaMOJIeBUX METOJIB, a caMe Oerrinry, OycTiHry Ta aepesa pilieHs J48 s ineHrudikanii
CTaHy KOMII'IOTE€pHOI cucteMu. BUKOHaHO OLIHKY e(eKTHBHOCTI po3polbieHux aHcamOneBux Kiacudikaropis. 3a pe3yib-
TaTaM¥ JIOCII/KEHb JUIs 11eHTH(iKalil CTaHy KOMIT FOTEpHOI CHCTEMH 3aIpOIIOHOBAaHO aHCaMOJIEBUH MeToJ Kiacudikarii
Ha OCHOBI OerriHry Ta aepeBa pieHb J48. BucHoBku. HaykoBa HOBM3HA OTpUMaHMX pe3y/IbTaTiB MOJArae y BUIIJICHHI
IpOLEeCiB (YHKIIOHYBAHHS KOMII IOT€PHOI CUCTEMH Ta CTBOPEHHI aHCAaMOJIEBOr0 METOIY JUIsl Ha OCHOBI OErTiHrY Ta JiepeBa
pimens J48, mo Haiae MOXKITUBICTD i IBUIUTH TOYHICTH 11eHTH]IKaMii cTaHy KOMIT IOTEPHOI CHCTEMH.

Kar4doBi ciaoBa: xkoMn'roTepHa cucTeMa, Ioii onepaniifHol CuCTeMH, MalllMHHE HaBYaHHS, aHOMAJIbHUI CTaH, JAepeBa
piueHs, ancamOneBi Meroau kinacudikauii, OycTuHr, Gerriur.

Beryn

AXTHBHE BIPOBaJPKEHHS KOMIT FOTEPHUX CHCTEM B
yci BUIY isUIBHOCTI CYCIIJIBCTBA, MOCTIHHE 3pOCTaHHS
iX  OOYMCIIOBAaJIbHOI ~ IMOTYXXHOCTi, BUKOPHUCTAHHS
KOMIT FOTEpHUX MEpEX Pi3HOr0 MacuTady MPHUBEIH 10
TOrO, IO 3aIPO3U BTPATH KOH(DINeHIiHOT iHpopMalii B
cucreMax OOpPOOKHM NAaHMX CTadd HEBiJl'€MHOIO YacTH-
HOIO TIPaKTUYHO OyIb-SKOI MISUIBHOCTI 1 MOTpeOYIOTh
3axucTy. besmeuHe (QyHKIIOHYBaHHS TaKUX CHCTEM
HACHOI'O/IHI € TIPIOPUTETHUM HANpPSIMKOM 1 BH3HAYa€e
pOJNb AepkaBi Ha MDKHAPOJAHIHM apeHi Ta € aKTyaJbHUM
3aBlIaHHsIM. Ha chorojiHi KOMI'IOTEpHA CHCTEMa Xapak-
TEPU3YETHCSl BEIUKUM 00CATOM TOKA3HUKIB ii (yHKIIiO-
HyBaHHA. OIHMM 13 HAWOULTBII IMONTUPEHUM METOJIB
aHaJTi3y BEJIMKHUX 00CSATIB AaHUX (data mining) € METOIH
MAaIIMHHOTO HaBYaHHA (machine learning) sxi 30ymoBa-
Hi TaKUM YHHOM, 100 O€3MOocepeNHbO TMpalfoBaTH 3
BEJIMYE3HUMHU MacuBaMH iH(opmarii.

IMocTaHoBKa MpodIeMHu Ta OrJIsA HAYKOBHX ITy-
ourikamiii. B 0cHOBI MalTMHHOTO HABYaHHSI JIGKHUTH 1HTE-
JIeKTyabHUH aHaui3 ganux (Data mining) — Garatoerarn-
HUI aBTOMAaTH30BaHHMW ITEPATHBHHUI ITPOLIEC BHUSBIICHHS
3HaHb B 0a3aX JIJAHWX, 3ACHOBaHMI Ha aHaJIi31 BETMYE3HUX
MacHBIB iH(oOpMaIlii 3 METOI BHSBJICHHS MPUXOBAHUX
mozenedt [1-3]. st anamizy naHux i kiacuikarii BUKo-
PHUCTOBYIOTBCSl CKJIalHI MaTeMaTWU4YHI AJTOPUTMH, IO
0a3yloThCsl Ha MAIIMHHUX METOJaX HAaBYaHHS: KJIACHYHI
Meroau [4], MeToan HaBYaHHS 3 MiAKPIIUIEHHsM [5], ne-
peBa pinieHs i aHcamOIeBi MeToau [6, 7], HelipoMepexi i
rimboke HaBuaHHA [8] Ta iH. HaliGinbm momysipHi airo-
PUTMH MalIMHHOTO HaBYaHHs HaBesieHO B [9]. Cepen HUX
— aHcamOieBi MeTosu, siki 0a3yloThcs Ha 00 €THAHHI
6azoBux kiacudikaropis [10].

B [11] BHMKOHAaHO TOPIBHSUTBHE JTOCHIPKEHHS Pi3-
HHUX METONIB Mo0ya0BU aHcamOmiB. OHAK B JaHUX PO-
0oTax He HAaBEAEHO JOCITIDKEHHS e(eKTHBHOCTI BUKO-
pHUCTaHHS PI3HUX METOMIB NMOOYIOBU AEPEB pillleHb Y

CYKYITHOCTI 3 PI3HUMHU aHCaMOJIEBUMU METOJaMHU NpH-
WHATTS pillIeHb.

Kpim Toro, HasiBHICTh Pi3HUX THITIB JaHUX, IO Xa-
paKTepU3yOTh CTaH (YHKIIOHYBAHHS KOMIT IOTEPHOL
cucteMu moTpeOye X aHaizy y CyKyHHOCTI 3 JIOCHi-
JOKEHHSIM METOIB MOOYAOBH KiIacU(iKaTopiB ajsl BH-
pileHHs1 3aBJaHb iAeHTUdiKalii cTaHy KOMIT I0TepHOL
cucremu. IloctanoBka 3aBgaHHsi. Meroro crarti €
TOCTIDKEHHS Ta po3po0Ka METOAY iAeHTUdikaIli cra-
HY KOMII'IOTEPHOI CHCTEMHU Ha OCHOBI aHCaMOJIEBHX
KJacugikaTopis.

®opMyBaHHsI BUXITHHX JaHUX

AwHaii3 mofiit onepariifHol CHCTEMH HaJa€ MOXITU-
BICTh OINIHUTH CTaH KOMII FOTEpHOI cHCTeMHU. B omepa-
WifiHuX cucremax ciMmeiictBa Windows Bcl momii MO)KHA
MOJUTMTH Ha 4 OCHOBHI THITH: TOMIT MIKIPOIIECHOT KO-
MyHiKaIii, moaii B3aemMoii 3 GpaiyioBOIO CUCTEMOI0, TTOJIIT
IHTepHEeT-3 € THAHH, TOii B3aEMOIIT 3 PEECTPOM OIepa-
uiitnoi cucremu [12]. [lns 300py noaili KoMm tOTepHOT
CHUCTEMH BHMKOPUCTAHO NporpaMHuil nomatok ‘Process
Monitor”. 3i0paHO CTaTUCTHKY MPOLECIB ISl HOpMaJlb-
HOI'O T2 aHOMAJIBHOTO PE)KUMIB (TabJ1. 1)

KokHu#i 13 mpomeciB XapaKTepu3yeThCsi HACTYII-
HUMH aTpHOyTaMu:

1. Process Name — iM’s iporiecy;

2. Operation — Tum omepamii
(RegOpenKey, CloseFile and etc.);

3. Image Path — nmsIx mo peecTpy, HanpUKIA:
C:\Users\VirtualUser\Desktop\ZipFileSystemZipper.CS
V abo HKCU\Software\Classes\CLSID\{56AD4C5D-
B908-4F85-8FF1-7940C29B3BCF }\Instance;

4. Result — pe3ynabpTaT BHKOHAaHHS omeparii, Ha-
npuknang: SUCCESS, REPARSE, NAME NOT
FOUND, BUFFER OVERFLOW ra in.;

5. Event Class — Tun nofii (peectp, MiXkKIpOIleCHa
KOMYHIKallisi, IHTEPHET KOMYHIKallis, BHBEJICHHS Ha
Hocii, Hanpukian: File System, Registry Ta in.);

(HampuKIam:

© Taspunenko C. 1O., llleeppuin I. B., 2020
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6. Image Path — nuiax 1o BHKOHYBaHOTO (aiiny,
skui iHiioBaB momito (Hampukiaan: C:\Windows\Ex-
plorer.EXE);

7. Company — po3pOOHHUK MPOrPaMHOrO MPOIYK-
Ty Ta MPOIECy, KM 1HILIIOBAB IO MO0, HAIPUKIA;
Microsoft Corporation;

8. Description — omyc IporpaMHOr0 KOMIIOHEHTY,
Hanpukian: Windows Explorer;

9. User — uMs1 KOpUCTyBaua, SIKWH iHiliaTi3yBaB
nporec, Hanpukiaa: DESKTOP-159T30E\VirtualUser;

Tabnuysa 1 — CTaTHCTHKA NIpoleciB

10. Command Line — mapamerpu KOMaHIHOTO psi-
nka, Hanpukiaa: C:\ Windows\System32\svchost.exe -k
LocalServiceNetworkRestricted -p;

11. Integrity — mpiopHUTeT i BayKIUBICTh BUKOHYBa-
HoOi mmoii, Harpukiaaa: System, Medium, High, Low;

12. Category — Tum omeparii, Hampukiai: read,
write, read metadata, write metadata 1a iH.;

13. Authentication ID — ID kopucTyBaya 3 METOO
BUSIBJICHHS TIepeiiMEHyBaHHs KOPHCTYBaYiB i Iy, Ha-
mpukiaa: 00000000: 000270cb;

Ne Ha3ssa npouecy 3mMicT npouecy
Hopmanvnuii pesicum
0 SystemProcesses_0 nonii KC, 3i0paHi B pe)xuMi 04iKyBaHHS;
1 SystemProcesses_1 nonii KC, 3i0paHi B pexxuMi 04iKyBaHHS I1iCJIsl aKTUBHOI'O BUKOPUCTAHHS;
2 ZipFileSystemZipper nonii KC, 3i6pani npu apxiBauii BOyZ0BaHUM KOMIIOHEHTOM B IIPOBIJHHUK ;
3 OpenFoldersAndFiles nonii KC, 3i0paHi npu BiKpUTTI AMPEKTOpiii 1 (aiiis;
4 ExtractFilesSystemZipper | moauii KC, 3i0pani npu po3apxiByBaHHI BOyZ10BaHUM KOMIIOHEHTOM B IIPOBIIHHK;
5 EditingTxtFile noxii KC, 3i0pani npu BiAKpUTTI Ta pefaryBanHi ¢aiiiy;
6 DeleteToRecycleBin nonii KC, 3i0pani npu BunanenHi ¢aiis 3 TUpeKTOpii B KOLINK;
7 DeleteFilesPerm nonii KC, 3i0pani npu BunanenHi ¢ainis 6e3 NpuMIlLEHHS B KOLIMK;
8 CopyFiles71 nonii KC, 3i0pani npu xonitoBanHi 71 daiiny;
9 CopyFiles nonii KC, 3i6pani npu xonitoBanHi 10 daiinis.
10 ZipFile7Zip nonii, KC 3i6pani nnpu apxiByBaHHs 1porpamoro 7Zip;
11 ExtractFiles7Zip noxii KC, 3i0pasni npu po3zapxiByBaHHI porpamoro 7Zip.
Anomanvruii pexcum
12 VirusPetya ‘ CHCTEeMHI 1 IIKUIHBI oAl Ha npuKiIani poboTu Bipycy Petya;

BukopucroBytoun mnapamerpu Process Name i
Image Path mMoxHa 3 TOuHICTIO ieHTU]IKYBaTH iHimia-
TOopa TOJii, HANPUKIAA, KOHKPETHHH BHUKOHYBaHHIM
¢aiin i #fioro mporrec.

Po3podka ancamobJieBoro
MeToay kJacudikamii

VY skocti iHCTpyMeHTy aus aHani3zy crany KC Tta
OIIIHKM aHCaMOJieBUX Kiacudikatopis 0ymo odpano 13
“Weka (Waikato Environment for Knowledge
Analysis)” [13], sxe micTuth Habip 3aco0iB BipTyaiiza-
Iii 1 KOMIIOHEHTIB JJIs IHTEIEeKTYaJhbHOrO aHali3y Ja-
HUX Ta BUPINICHHS 3aBJaHb MPOTHO3YBaHHSI.

@dyHKLiOHAN TIpOrpaMH J03BOJISIE BHKOHATH 3a-
BIAHHS aHAJi3y NaHWX, KIacTepu3allii, perpeciiHuii
aHaJIi3 Ta iH.

3a pe3ysibTaTaMu IMOIEPEIHIX JOCTIHKEHb, Y KO-
cTi KnacudikaTopa BUKOPUCTAHO METOJ HA OCHOBI Jie-
peBa pirieHs J48.

Anroput™m J48 € ananmorom anroputmy C4.5, sikuit
peaiizoBaHO Ha MOBi Java y nopatky Weka. Anroputm
C4.5 e BOOCKOHAJCHOI Bepciero anroputmy ID3 1o
skoro Oyna JomaHa Tpouenypa  BiJICIKaHHS TLIOK
(Pruning), MOXJIUBICTh POOOTH 3 YHCIIOBUMHU aTpuly-
TaMH, a TAKOX)K MOXKJIMBICTh TOOYJOBU JiepeBa 3 HETOB-
HOIO HABYAJBHHOIO BHOIPKOO, B SKil BiJICYTHI 3HAYECHHS
JIeSIKUX aTpUOYTiB.

Aunroputm C4.5 Bubupae aTpuOyT Ha mijacTaBi HO-
pMatizoBaHOro pHPOCTy iHpopManii abo iHpopMarrii-
Hoi enrporii (Gain Ratio):

H =—Z?=1(Ni/N)'l°g(Ni/N)

Jie n — YHUCIIO KJIACIB y BUXITHIN TiAMHOXUHI, N; — duc-
JIO TIPUKJIAIB i-TO Kiacy, N — 3arajbHa KiJbKICTh NPHU-
KJIaJiB B IiJIMHOXUHI.

Juns  minBuineHHs edeKTHBHOCTI imeHTH]ikamii
crany KC mociimkeHo aHcaMOiieBi KiacugikaTopu Ha
OCHOBI Oerrinry ta OycTiHTy.

EdexruBnicth pobotn kiacugikaTopiB Oyna ori-
HEHa TAKUMHU TIOKa3HUKAMU:

1. Yac naBuanus (Learning time);

2. UYac tecryBanns (Testing time),

3. KimpkicTh BH3HAYCHMX Ta HEBH3HAYCHUX
(Known and Unknown Instances) 00’€xTiB B aOCOIIOT-
HOMY 3HAaueHHi;

4. Kimbkicth MIPaBUIBHO KJIacu(iKoBaHHUX
00’ekTiB B aOCONIOTHOMY Ta MPOLEHTHOMY 3HAY€HHI
(Correctly Classified Instances);

5. KijgpKicTh  HENMpaBWIFHO  KJIaCU(IKOBaHMX
00’exTiB B aOCONIOTHOMY Ta MPOLEHTHOMY 3HAY€HHI
(Incorrectly Classified Instances);,

6. AOcomotHa nomwika knacudikanii (Relative
absolute error, RAE);
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7. BigHocHa KBajipaTUYHA MOMMIIKA KilacH(ikarii
(Root relative squared error, RRSE);

Criouatky, y SIKOCTi HaguanbHOi BUOIPKH JJIs Kia-
cudikaTopa BUKOPUCTAHO CTATHCTHUKY IpoIeciB System
Processes 0, 3i0paHy B peKUMi OUiKyBaHHS IS HOp-
ManbHoro crany ¢ynkunionyBanus KC. Pesyiasratu mo-
JIEIIIOBaHHS JIO3BOJIMJIM OTPHMATH JiBa KiacugikaTopa
Ha OCHOBi Oerrinry ta OyCTIHTY, KOXKHHH 13 SIKHX € aH-
camb0iieM JiepeB pimieHs J48.

Otpumani knacudikaropu Hajaidi OylTud BUKOpHC-
TaHi s owinku crany KC.

VY sKocTi mecmo6oi BUOIPKH BUKOPUCTAHO CTaTUC-
TUKY TIPOIECIB Ui HOPMAaJbHOIO Ta aHOMAJBHOIO pe-
KUMIB, HaBeJleHy B Ta0u. 1 (psaxu 1-12).

Pesynbratn TectyBannss KC Ha ocHOBI OycTHHTY
HaBeJeHO B TaOm. 2. YV SKOCTI aJrOpUTMY NPUHHATTS
pitieHs aHcaMOJyieBoro kiacudikatopa Ha OCHOBI Oyc-

TUHT'Y BHKOpPHUCTaHO airoput™m AdaBoostMI. Bubipka
Ul TpeHyBaHHs MicTUTh 23145 mogiit HopMasbHOI Ta
aHoMaJibHOI poboTH cucremu. KopeHeMm jepeB € Ha3Ba
TpolLIecy, 110 HajJae 3MOTY BHUSBUTH BiIXWJIEHHS Y PO-
00Ti CHCTEMHHX IPOIIECIB.

SIx BHOHO 13 TaON.2, Ma€e Miclie 3HAYHE 301IbIIEH-
HS  KUIBKOCTI  HeposmizHaHux momid  (Unknown
Instances) ocobIMBO U aHOMANBHUX MpomeciB. Tak
IUIs BipycHOro mpotieccy VirusPetya KilbKiCTh HEBH-
3HaueHuX mnofiil ckmamae 203843. Kpim Toro mporec
XapaKTepU3yEThCs: HASBHICTIO HEMPaBUWIIBHO Kiacudi-
koBaHux 00’ekTiB (0,1451%), HasBHICTIO aOCONIOTHHX
3HAYCHb HEKOPEKTHUX momid (574 momii), abCcomoTHOT
noMuiky  kinacudikanii (0,1573), BimHOCHOI KBajpaTH-
YHOT MOMIJIKH Kinacudikartii (4,0078).

JlaHi MOKa3HWKKM € IHAMKATOpAaMH 3MiHH POOOTH
CHCTEMH.

Tabnuys 2 — PesyabTaTn TectyBanusi KC Ha ocHOBi OycTHHTY HAa3BH npouecy

o0 § g @ > o = é B
Ee| ®2| £ g8 T | 82¢| 8 |z w =
Es| 59 7] = ) - = S ] 4
Ha3zga npouecy SE| BE £ £ S = =2 s £ SE £ § §
SE| S2& - = 2 S S = 8 S %8
9 s SR O 00 2 s | 8 g
= L] = 9 L]
= =
SystemProcesses 0.05 | 0.01 1476 179 1297 100 0 0 0 0
ZipFile7Zip - 7.38 87702 | 13834 | 73868 | 100 0 0 0 0
ZipFileSystemZipper - 10.72 | 83788 | 6096 77692 | 100 0 0 0 0
OpenFoldersAndFiles - 31.64 | 242901 | 11065 | 231836 | 100 0 0 0 0
ExtractFilesSystemZipper | - 30.63 | 275014 | 73 274941 | 100 0 0 0 0
ExtractFiles7Zip - 3.25 45654 | 16346 | 29308 | 100 0 0 0 0
EditingTxtFile - 7.9 85464 | 18469 | 66995 | 100 0 0 0 0
DeleteToRecycleBin - 1.86 55894 | 79 55815 | 100 0 0 0 0
DeleteFilesPerm - 0.53 36969 | 28 36941 100 0 0 0 0
CopyFiles71 - 2.54 89807 | 3092 86715 | 100 0 0 0 0
CopyFiles - 0.4 25731 172 25559 | 100 0 0 0 0
VirusPetya - 435.03 | 599514 | 203843 | 395097 | 99.8549 | 574 | 0.1451 0.1573 | 4.0078

Takum ynHOM, KiacugikaTop Ha OCHOBI OYCTiHTY
Ta JepeBa pilieHb J48 103BOIMB BUSBHUTH TiIJIbKU HEBE-
JIUKY KUTBKICTh aHOMAaJIbHHMX MOAild Bipycy Petya. On-
HaK, MOMii 1HIIMX MporpaMm, Hampukiaazn 7Zip, Oynu He
BUJIIJIEHI, XO4a BOHM HE Opayin ydyacTi B HaBYAIBHIH
BuOipii. O3HAKOI0 HAsABHOCTI HOBOTO Mpolecy Oyio
TIJIBKH 3POCTAaHHS KUTBKOCTI HEBH3HAUYEHHMX TNOMIH, a
came — 16346. Bcei nozii kpim VirusPetya He Oynu pos-
IMi3HAaHI, X04Ya HE BXOJWIN IO HaBYajabHOI BHOIpku. Ta-
KHM YHHOM, YYTJIHUBICTh Kiacu(ikaTopa € HEBEIUKOIO.
AJTOPUTM JIHIIE YaCTKOBO BIIOPABCS 3 ITOCTABJICHHM
3aBJaHHAIM iJeHTU(]iKalii aHOMaJIFHOTO CTaHy, BILIHB
Ha CUCTEMY JOAATKOBUX MPOLECIB HE OYB BUSBJICHUM.

Pesynpratn TectyBanHs KC Ha OCHOBiI OCrTiHTY
ITOKa3aJId HACTYITHY CTATUCTHKY (Tadi. 3).

Sk BuaHO 13 Taba. 3 TakoX Mac Miclie 3Ha4yHa Ki-
JIBKICTh HeposmizHanuxX momitt (Unknown Instances),

0COOJIMBO JUIA aHOMAaJBHUX MporeciB. Tak s Bipyc-
Horo mporeccy VirusPetya KinbKiCTh HEBH3HAYCHUX
mofiit ckiamae 599514. Kpim Toro 3adikcoBaHa aHoMa-
npHa noBeainka KC, mopomkena mporpamoro 7Zip. Ine-
HTHQIKYIOYl TapaMeTpy MaloTh BHCOKI 3HA4YeHHS, a
came 3HaueHHs MOMIIOK Kinacudikauii RAE i RRSE, siki
OITUCYIOTH BIJIHOCHY TOMUIIKY PO3ITi3HABAHHS HaBYaJIb-
HOI 1 TecToBOi BUOipkH. RAE T1a RRSE MOXYyTh MaTH
3HA4YeHHs OiblIe 3a HYIb NPH NOBHOMY BH3HAYEHHI
nofiii y Bubopii. Lle moscHIOEThCS THM, 110 BOHH OITHU-
CYIOTh BITHOCHE 3HaYE€HHS MPOCTOrO MPEIUKTOPY, HO-
pMaii3yroun HOoro NUISIXOM UICHHS Ha 3arajbHy KBaj-
paTHy MOMUWIKY IPOCTOrO NPEIUKTOpy. B3siBImmM KBaj-
paTHUIA KOpiHb 3 BiJTHOCHOI KBaJpPATHOI MOMUIIKH, MOX-
Ha 3MEHIIUTU TOMIJIKY JI0 TUX PO3MIpiB, 1O 1 mepeada-
yyBaHa BenuuuHa. Llell pe3ynapTar XapakTepusye TOu-
HICTh KJacudikaTopa.
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Tabnuys 3 — PesynbTaTn TecryBanust KC Ha ocHoBi ferrinry

- = g § g = ‘-‘:E Z" g gé Z" = ]
Hasea npouecy ; E «5 % E g g g E E .% E E E .% E § 2

3= | FE E|SE| S | S0z | g |20t
SystemProcesses 0.1 0.05 1476 179 1297 99.845 2 0.154 | 4.062 7.909
ZipFile7Zip - 8.54 87702 | 13834 | 73868 | 100 0 0 14.616 | 22.102
ZipFileSystemZipper - 11.73 | 83788 | 6096 77545 | 99.810 147 | 0.189 | 2.285 9.127
OpenFoldersAndFiles - 32.85 | 242901 | 11065 | 231354 | 99.792 482 | 0.207 | 0.777 5.912
ExtractFilesSystemZipper | - 30.39 | 275014 | 73 274941 | 100 0 0 0.144 2.238
ExtractFiles7Zip - 4.1 45654 | 16346 | 29308 | 100 0 0 3.256 12.004
EditingTxtFile - 9.41 85464 | 18469 | 66978 | 99.974 17 | 0.025 1.498 7.919
DeleteToRecycleBin - 2.21 55894 | 79 55815 | 100 0 0 0.061 1.608
DeleteFilesPerm - 0.69 36969 | 28 36941 | 100 0 0 0.024 1.028
CopyFiles71 - 3.16 89807 | 3092 86714 | 99.998 1 0.001 | 0.743 5.329
CopyFiles - 0.56 25731 | 172 25559 | 100 0 0 0.111 2.295
VirusPetya - 469.32 | 599514 | 203843 | 395097 | 99.854 574 1 0.145 | 4.538 12.546

TaxkuMm dnHOM, aHCaMOJeBI KiIacH(iKaTOpu It
SIKHX Y SIKOCTI HaBYAJILHOI BUOIPKH BUKOPUCTAHO JIHMIIIE
cTaTUCTUKY SystemProcesses 0, 3i0paHy B pexumi
OYiKyBaHHS IPU HOPMAaJBHOMY CTaHi (DYHKIIiOHYBaHHS
KC mnotpeOyroTh JTOHaBUAHHS 3 BHKOPUCTAHHSIM OiJib-
1101 KUTBKOCTI TIPOLIECiB HABYAIBHOT BUOIPKH.

Taxi knacudikaTopu MOXYTb OYTH BHKOPHUCTaHH-
MU TUIBKH SIK eKcrpec-kiacudikatopu. O3HAKOW aHO-
MaJBHOCTI (DYHKI[IOHYBaHHSI TakuX KiIacu]ikaTopiB €
301IBIIEHHS KUTBKOCTI HEPO3Mi3HAHUX MOIiH.

Tabnuya 4 — PesynbTaTu TectyBanns KC Ha ocHoBi Gerrinry

JIy1s MoanbIIoro AOCHiKEHHsI BUKOPUCTaHO Kia-
cudikaTop Ha OCHOBI OCTTiHTY.

JloHaBuaHHs1 Kyacu(ikaTopa Ha OCHOBI OCITiHTY
OyJI0 BUKOHAHO 3 BUKOPHUCTAHHSM YCiX MPOIECIB, HaBe-
JeHUX B Ta0I1. 1, okpim mporecy VirusPetya.

Bubipka mis TpenyBaHHa Mictwiia 871497 momii,
KOTpi 00’ €IHYIOTH yCi MOMIT A1 HOPMAJIBHOTO PEXUMY
pob6oru.

Pesynbratn inentudikanii KC Ha oHOBI oTpuMma-
HOro KjacugikaTopa HaBe/IeHO B Ta0J. 4.

o sl =2 | 2 | 23] g |83
Hassa nponecy .g éﬁ %ﬂ ; g g _% g % % i; § § ?:Eé § E g
S| 2& =2 = Z s S =g S @8
- = S @] (SR@} E £ § E
E

SystemProcesses 92,64 | 0,11 1476 0 1476 100 0 0 0,0073 | 0,2749
ZipFile7Zip 91,56 | 8,57 87702 | 0 87702 | 100 0 0 0,0295 | 0,4563
ZipFileSystemZipper 89,12 | 5,34 83788 | 0 83788 | 100 0 0 0,0057 | 0,3478
OpenFoldersAndFiles 92,86 | 9,29 242901 | 0 242901 | 100 0 0 0,0031 | 0,2901
ExtractFilesSystemZipper | 90,43 | 12,84 | 275014 | 0 275014 | 100 0 0 0,0095 | 0,3215
ExtractFiles7Zip 88,39 | 6,56 45654 | 0 45654 | 100 0 0 0,0198 | 0,8174
EditingTxtFile 93 3,97 85464 | 0 85464 | 100 0 0 0,0043 | 0,1325
DeleteToRecycleBin 89,15 | 3,74 55894 | 0 55894 | 100 0 0 0,0074 | 0,7319
DeleteFilesPerm 91,98 | 4,83 36969 | 0 36969 | 100 0 0 0,0069 | 0,1345
CopyFiles71 92,77 | 4,38 89807 | 0 89807 | 100 0 0 0,0074 | 0,4357
CopyFiles 90 1,71 25731 | 0 25731 | 100 0 0 0,0056 | 0,3509
VirusPetya - 876,44 | 599514 | 131997 | 431246 | 92,2418 | 36271 | 7,7582 | 12,4715 | 40,7097
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Knacugikarop nodynoBaHo Ha OCHOBI Ha3BH IPO-
necy. SIk BuaHO 13 Tabm. 4, yci momii mo mnpuiiManu
y4acTh y HaBYaHHI OyJIM PO3Mi3HaHI SIK KOPEKTHi. SIKiio
MpOaHANi3yBaTH TPOIIEC, MOPOMKeHUH VirusPetya, TO
131997 noni#i He imeHTH(IKOBAHO (L0 € O3HAKOK aHO-
ManbHOCTI). I3 467517 inenrudikoBanux momin Virus
Petya 7,76% mnopi¥t MaroTh 1HII aTpUOYTH, 11O JO3BOJISE
iX oxapakTepu3yBaTH sIK aHOMalibHi. HasBHICTH Takmx
MOJIi#1 TIPU3BOAUTH 0 30LTBIIICHHS TIOMIJIOK Kachdika-
uii RAE ta RRSE. Tlpouec inentudikamii crany KC ta
BUSIBJICHHSI IIKIJJTMBOTO MPOrpaMHOro 3a0e3MeueHHs Ta
npukiam VirusPetya TpuBaB OJdM3bKO 8 XBHIHH.

BucHoBku

B nawiii poboti gocnimkeHo moii (yHKITOHYBaHHS
olepamiifHuX cucremax ciMmeiricta Windows Ta BUALICHO
YOTHpHU TX OCHOBHI THIM: MOAIl MIKIPOLIECHOI KOMYHIKa-
1ii, momii B3aemomii 3 (haiIoBOI0 CHCTEMOFO, TIOIl 1HTep-

HET-3’€THAHHA, TOMIT B3aEMOJIii 3 PEECTPOM OMeparliiHOl
cucremu. [IpoaHanizoBaHO Ta BUIIEHO aTpUOYTH IIO-
IiH, 110 HaJa€ MOKIIUBICTD ieHTU(IKYBaTH iHIIIaTOpa
noxii (KOHKpETHWH BHMKOHYBaHWH (ailm Ta mporec).
Po3poOiieHo mporpamMHe 3a0e3nedeHHs U1 BUAUICHHS
TOIH, 110 JO3BONMMWIO chOpMYBaTH BUXIIHI JaHi IS OILli-
HKH CTaHy KOMIT FOTepHOI crcTeMu. Po3risHyTO ancamo-
JIeBi Kiacu]ikaTopiB HA OCHOBI OCTTiHTY, OYCTIHTY Ta Jie-
peBa pimens J48 mis ineHTudikaiii craHy KOMIT FOTepHOL
cucreMu. Y SIKOCTI IHCTpYMEHTY Jutsl aHanizy crany KC ta
OIIIHKKM aHcaMOJeBHX Kiacudikaropis Oyno odpano 13
Weka. BukoHaHO OIIHKY €()EKTUBHOCTI PO3pPOOICHUX
aHcaMOneBux KiacugikaTopiB. 3a pe3yibTaTaMu JOCHi-
JUKEHBb JUIs 1meHTH(diKaIii cTaHy KOMIT FOTEPHOI CUCTe-
MU 3aIlpoliOHOBaHO aHcaMmONeBuil Meron Kiacudikaii
Ha OCHOBI OCITIHTY Ta aepeBa pimieHb J48, mo Hamae
MOJKJIMBICTh MiABHIIUTA TOYHICThH IICHTU(IKAIIT CTaHy
KOMIIT FOTEPHOT CHCTEMH.
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A computer system state identification based on the ensemble classification method
S. Gavrilenko, I. Sheverdin

Annotation. The subject of f this article is the study of methods of identifying a computer system state. The purpose
of the article is development of a method for identifying computer system abnormal state based on ensemble methods. Objec-
tive: investigate and distinguish events in Windows operating systems, develop software for collecting events; investigate the use
of ensemble classifiers based on begging, busting and decision trees for identifying the state of a computer system. The methods
used are: machine learning methods and ensemble classification methods. The following results were obtained: The following
events classes in Windows operating systems were selected as source data: process communication events, file system interaction
events, internet connection events, and registry interaction events. Identification methods of abnormal computer system state
were studied based on ensemble methods such as begging, boosting, and J48 decision tree for identifying the state of a computer
system. The effectiveness of developed ensemble classifiers was evaluated. Based on the research results, the begging ensemble
classification method and the J48 decision tree is proposed for identifying the computer system state. Conclusions. The scientific
novelty of the obtained results consists in selecting the computer system functioning processes and creating an ensemble method
for identifying the computer system state based on begging and the J48 decision tree, which makes it possible to increase the
identification accuracy.

Keywords: computer system, operating system events, machine learning, MS Windows abnormal state, decision trees,
ensemble classification methods, boosting, begging.
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METOA INIEPBUHHOT'O BUAIJIEHHA XMAPHUX OBYUCJIFOBAJIBHUX
PECYPCIB HA OCHOBI AHAJII3Y IEPAPXIH

AnoTtanis. [Ipeqverom 10CHiPKEHHS B CTaTTi € MOJIENI Ta METOIHM PO3MEKYBaHHSI HABAHT)KSHHS 1 PECYpCiB B CUCTEMAX
XMapHUX OOYMCIIEHB, 30KpeMa, sIKi 0a3yI0ThCsl Ha MOJEII HaIaHHS TOCITYT iHQpacTpyKTypH sIK cepicy. MeToro poboTH € orl-
THMi3alisi IEPBUHHOTO BUIUICHHS PECYPCIB B CHCTEMaxX XMapHUX O0YHCIIEHb IIUISIXOM aJIallTallil MeToLy aHajlizy iepapxii s
BIIPOBAPKEHHS B XMapHi oburcneHHs. Lle 103BonMTh 3aycKaTd HOBI BipTyaslbHI MAaIlMHH 3 MiHIMAJIBHUM 3HIDKEHHSM PO-
JIYKTHBHOCTI BKe (DYHKLIOHYFOUMX €K3eMIUIAPIB. ¥ CTATTi BUPILIYIOTHCS HACTYIIHI 3aBAAHHA: JOCIIIKEHHS IOLUIBHOCTI BU-
KOPUCTaHH: MOZIEJI aHai3y iepapXii B XMapHUX OOUHMCIICHHSX; aJlaNTallis METOLy aHali3y iepapXiil U1 BIIPOBa/UKEHHS B CH-
CTEMH XMapHHUX OOUYHCIICHB; OLIHKA e()eKTUBHOCTI BIIPOBAPKEHOr0 MeToxy. [l1si BUpINIeHHS IIOCTaBIEeHHX 3aBIaHb OYJIH BHU-
KOPHCTaHI ITiIXOAX I METOAM TEOPETHYHUX JOCIIHKEHb, SIKi 3aCHOBaHI Ha HAYKOBHX IOJIOKEHHSX CTATHYHOrO, (PYHKIIOHA-
JIBHOTO 1 CHCTeMHOro aHaiiziB. OTpUMaHi HACTYIHI pe3y/IbTATH: 3alPOIIOHOBAHO BUKOPHMCTAHHS METOAY aHali3y iepapxil
JUTSL PO3IIOJIUTY PECYpPCIB y CHCTEMax XMapHHUX o0uncienb. HaBeneHo nepeBary ta HeIomiKy IbOro MEeTO/LY JUIsl BAKOPHCTAHHS
y XMapHuX o04ucieHHsax. Meroq aHani3y iepapXii OyB anarToBaHO AJI CHCTEM XMapHUX oOuuciieHb. HaBeneHo anropurm
Horo Bukopucranss. [IpoBezieHa oriHKa e(peKTHBHOCTI PO3pOOIICHOr0 METO/a, SIKUI MOKa3aB JOLLIBHICTh 0o BUKOPHCTaH-
HSI TIPY PO3IIOJIUTY PECYPCIiB y CHCTEeMaX XMapHHX o04ncieHb. BucHoBKH. BrockoHaneHHS METOy NMEpBHHHOIO PO3MEKY-
BaHHS PECypCIiB B CHCTEMaX XMapHHUX OOYKCIICHb JO3BOIMIIO IMIABUIIMTH 3JaTHICTh IIMX CHUCTEM 3aITyCKaTH HOBI BipTyasbHi

MallIUHH 3 MiHIMAJIBHUM 3HIDKEHHSM NPOLYKTHBHOCTI Bke (DyHKIIOHYIOUMX EK3eMIUISPIB.

Kar4doBi caoBa: cucreMu XMapHUX 00UHCIIEHb, aHANI3 i€papXiil, BUTIICHHS.

IMocTanoBka npodiemMu

Po3Burok cy4yacHux iH(oOpMamiiHUX TEXHOJOTIH
noTpedye PO3BUTKY CHCTEM XMapHHUX oOuucieHb. Ce-
pell IHTEHCUBHOT'O Ta EKCTEHCHBHOT'O HAIIPSMKIB PO3BH-
TKy Oyno oOpaHO EKCTEHCHBHHH, SK HampsM, IO AO-
3BOJIsIE MacITaOyBaTH iH(pOpMaIliiHI pecypcH, He yIH-
paroyuch B MOTOYHI OOMEXEHHSI KOMIT IOTEPHUX pecyp-
ciB (manpurxiaz, L{ITY, MepexHa nporrycKkHa 3/1aTHICTh
TOWIO), IO MOXXYTh OYTH PO3TAIlIOBaHiI Ha OTHOMY XOC-
Ti. EXCTeHCHMBHUI HampsiM PO3BUTKY IPHU3BIB 10 YTBO-
peHHs BIJaJIeHUX KJacTepiB, A€ 3a3HadyeHl pecypcH
3arajbHi JUIst BCiX XocTiB. OOUMCIIEHHs Ha TaKUX Bia-
JICHUX KJIacTepax OTPUMalHd Ha3BYy «XMapHi OOYHCIEH-
Hs». XMapHi 00YUCIICHHS HAIAI0Th TaKi mociayru [1]:

—  Software-as-a-Service (SaaS) — mporpamHe 3a-
Oe3IeyeHHs, CepBepHa YaCTHHA SIKOTO 3HAXOJHUTHCS B
cHCTeMax XMapHUX O0YHCIICHb;

— Platform-as-a-Service (PaaS) — BipryanpHuit
xocT 31 cBoero OC, Ha Ky MO)KHA BCTAHOBHTH JCKiJIbKA
MporpaMHUX 3a0e3eueHb THITy SaaS;

—  Infrastructure-as-a-Service (IaaS) — BipTyansHuit
KJactep, 10 BKIIIOYAE 0 ceOe JEKiIbKa BipTyaJ bHUX
XOCTIB Ta KOH(QITYpallito MepeKi Mk HUMH.

VY Xoai )KUTTEBOTO LUKIY POOOTH CHUCTEMH THITY
laaS Hacrae mpoOiema, KOJM YacTHHA KIAacTepy Mae
BHCOKHMI piBEHb HABAHTA)KEHHS BHUKOPUCTAHHS PEcyp-
CiB, a iHIa — nmpocToroe. Lle MpU3BOAUTE 10 HEOOXIAHO-
cTi OayaHCYBaHHs PECYPCIB JJIsl ONTUMAJILHOI BUTPATH
ICHYIOUMX PECYpCiB y CHUCTEMax XMapHUX OOYHCIICHb
JUTSL T IBUILECHHST €(PEKTUBHOCTI TX BUKOPUCTAHHS.

Amnauni3 giteparypu. IcHytoui B XMapHHX ceperno-
BUIIAX MiIXOIH A0 MEPBUHHOTO BHALICHHS PECYpCiB MO-
YKHA PO3JIUTHTH HA TPY THIIK: BUIUIEHHS PECYPCIB aqMiHi-
CTpaTopoM; IUIAHYBaHHS PECYpPCIB JIHCIIETYEPOM XMapy;
IUTAaHYBaHHS PECYPCIB CEPEIOBHIIIEM BipTyasti3artil.

Crerudika po3noaity pecypciB B xmapi laaS Oepe
CBIHl ITOYATOK B OCHOBHHUX iJesX, sKi 3aKiuajeHi B Iii

MOJIENIi XMapHOTO CepBicy. 30KpeMa MOYKHA BHUIUIMTH
Taki: BIJICYTHICTh Y aaMiHICTpaTopa iHpopMaIli npo pe-
aJbHI MOTPeOU 3aCTOCYHKIB, Ki Mepe0yBalOTh BCepeIHHI
BIpTyaJIbHUX MalllMH Ta MOXJIMBOCTI PYYHOro MpHU3HA-
YEeHHSI PECYPCIB €K3EMIUISPIB.

TakuM 4YMHOM, CHCTEMH XMapHHX OOYHCIIEHb Ma-
I0Th OCOOJIMBOCTI, SIKI CTBOPIOIOTH Criel(iKy po3Ioii-
Iy pecypciB B xmapi. Jleski eaeMeHTH 1€l mpobiiema-
THKH € CHIJIBHUMH 3 ITpo0JIeMaMH CHCTEM BipTyauizaiii,
a JIesiKi - MaroTh OCOOJIMBOCTI, XapaKTepHi Il XMapH.
Ha miporiec posnoiny pecypciB B XMapi BIUIMBAIOTh [2]:
pi3Hi Kjlacu OOJaTHAaHHS 1 MOETHAHHS PECypCiB; HepiB-
HOMIpHA 3aBaHTAXKEHICTh KOXKHOI'O 3 PECypCiB; BiICYT-
HICTH BIJIOMOCTEH MpO peaibHi MOTPeOH 3aCTOCYHKIB Y
pecypcax; pi3Hi MOoTpeOM 3aCTOCYHKIB Y pecypcax; He-
BiJITIOBITHICTh 3aIIMTAHUX PECYPCIB 13 PEAILHO CIIOXKH-
BaHMMU; BiJICYTHICTh MOXJTUBOCTI PYYHOT'O IPU3HAYEH-
HS pECYPCIB.

TakuM YMHOM, XMapHi CEepeloBHIIA MAalOTh PsiI
0COOJIMBOCTEH, HE XapaKTepPHUX Ul IHIIMX MoJeien
HaJIaHHS PECYpPCiB, IO BUKINKAE HEOOXIIHICTh YIOCKO-
HAJICHHS MEXaHi3MIB PO3MOALTY PeCypCiB I 3a3Have-
HUX CEPEe/IOBHIIL.

Amnani3 niteparypu [2, 3] 703BOJIHMB BUSBUTH OCO-
OJIMBOCTI METONYy PO3IMOIUICHOr0 BUIIIEHHS pECypCiB
(DRS). Meron DRS Bwupimniye 3amady po3MOMiICHHS
poOOUNX HaBaHTaKEHb BIPTYaJbHOI MAIIMHU IO BY3JIaX
BCEpENMHI KJIacTepa BipTyaii3allii, a TaKOX BIICTEXYe
JIOCTYIHI pecypcH. AHai3 TOKa3as, IO el METO OIli-
HIOE JIMIIE HaBaHTAXXEHHs LEHTPAIBHOrO Ipolecopa i
HE IIPOTHO3Ye 3MiHY HAaBaHTa)KEHHs 3a IHIIMMH Tapa-
MeTpaMu (HAIpUKJIad, KUTBKICTh OIepaliii BBEICHHSI-
BHUBEJICHHS Ta 3aBaHTaXEHICTh Mepexi). Came Tomy
Metoa DRS € mocTtaTHRO MPUMITHBHUM 1 HE IiIXOIUTH
JUTSl 32CTOCYBAHHSI Y CUCTEMax XMapHUX OOYUCIIEHb, JIe
aZIMIHICTPaTOp CHCTEMU XMapHHX OOYHCIEHb HE Mae
MOJKJIMBOCTI Tepe0aYuTH BCi HeOaXkaHi HACTIIKU Bix
MIepep o3IOy PecypciB y Takuii crocio.
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Ingpopmauiiini mexuonozii

Amnani3 niteparypu [2, 3] 703BOJIHMB BUSBUTH OCO-
OJUBOCTI METOJYy HIWHAMIYHOTO PO3MOILTY pPEeCypCiB
(DPM). Meton DPM onrtumi3ye eHeprocrnoxXuBaHHs Ha
piBHI Kiacrepa abo By3na. JlociKeHHs IaHOTO METO-
Iy TIOKa3aJio, 110 BiH BUPINIYE 3a/1aqy 3HIKEHHS eHep-
TOCIIOXKMBAHHSA B CEPEIOBHII BipTyasi3allii, OMHAK HE
BHUpIllye 3a7a4y MakcHMi3alii e(eKTHBHOrO BHKOpPHC-
TaHHS HasBHUX PECYPCIB.

[IpoBenenmii aHai3 iCHYIOYNX METOMIB PO3IOIIITY
pecypciB y cucTeMax XMapHHX OOYHMCIIEHb MOKA3aB, 110
MMOTOYHI METOAM PO3MOALTY PECYpCiB HE 3aJ0BOJLHSI-
IOTh peajbHUM MOTpeOaM BJIACHUKIB 1 CIIOKUBAYiB XMa-
pHoi mocayru laaS i He TO3BOJISIIOTH ONTUMAJILHO BHKO-
PHUCTOBYBATH HasIBHI PECYpPCH ISl BIpTYaJIbHUX MAIlIHH.

MeTo10 podOTH € TiBUIICHHS €(pEeKTHBHOCTI BH-
KOpPHCTaHHSl OOYMCIIOBAJIBHUX PECYpPCIB y CHCTEMax
XMapHUX OO4YHCIIeHb Ha OCHOBI Mozenmi laaS muisxom
PO3pOOJIEHHST AITOPUTMY TIEPBHHHOIO BUAIJICHHS XMa-
PHHX OOUYHMCIIOBAIBHUX pecypciB. JlociimkeHHs mocTa-
BJICHOI 3aJ1adi 1MOKa3ajo, 10 BOHA BiAHOCUTHCS 10 Kila-
cy OaraToKpuTepialbHUX 3a7ad NPUHHATTS pillleHb i
MOXe OyTH BHpillleHa 3 BUKOPHCTaHHIM MaTeMaTHYHO-
'O arapaTy METOY aHaJli3y iepapXii [4].

Pe3yabTaTtu g1ocaixkenb

JocaimkeHHst AOUiTbHOCTI BUKOPHCTAHHS Me-
ToMy aHaJi3y iepapxiit. Meron aHanizy iepapXxiii — Me-
TOJIOJNIOTIYHA OCHOBA JUIS BHPILICHHS 3aBJaHb BHOOPY
aJbTEpHATUB 3a JOMOMOIOI0 1X OaraTOKpUTepiabHOrO
pelitunryBanns, mo po3pobiena T. Caari. OcHoBHe
3aCTOCYBAaHHSI METO/Y — MiATPUMKA MPUUHSTTS pillleHb
3a JIOMIOMOT OO i€papXivHOT KOMITO3HIIIT 3aBIaHHS 1 pel-
TUHT'YBaHHSI aJIbTEPHATUBHUX pileHb. OCHOBHI MOX-
JIUBOCTI 3a3HAYEHOro MeTomy [S]:

1. TpoBenenust anamizy mpodiemu. [Ipu mpomy
npoOJieMa MPUHHATTS PIlIeHHs! TPECTaBISETCS Y BH-
TSI i€papXivyHO BIIOPSIIKOBAHUX: @) TOJNIOBHOI MeETH
(TONIOBHOTO KPUTEPil0) PEHTHHTYBaHHS MOMIIUBHUX pi-
LIEeHb; 0) NEKIBKOX rpyll (piBHIB) OAHOTUIHUX (PAaKTO-
PpiB, SIKi TaK 4M iHaKIlle BIUTUBAIOTH HA PEUTHHT; B) TPY-
T MOXKJIMBHX DIllIEHb; I') CUCTEMH 3B’SI3KiB, IO BKa3y-
I0Th Ha B3a€EMHHH BILUIMB YHHHUKIB 1 pillICHb.

2. TlpoBenenns 300py maHux mpo npodiemy. Bi-
JIOBITHO 10 PE3YJIbTaTIB I€papXiyHOl JTECKOMITO3HUIIT
MOJIEIb CUTYyalii MPUIHATTS pIilIEHHS Mae KIacTepHY
cTpykTypy. Habip MoxkuBHX pilieHs i Bei pakropu, 1o
BIUIMBAIOTh Ha IPIOPUTETU pillleHb, PO3OUBAIOTHCS Ha
BiTHOCHO HEBEJHKI Ipynu — Kiactepu. Po3poOiiena B
METO/Ii aHaJIi3y iepapxiil mporeaypa napHUX MOPiBHIHB
[6, 7] no3BOJNSIE BU3HAYMTH TIPIOPUTETH OO'€KTIB, IO
BXOJISITh 0 KOXKHOTO Kiacrepa. J{Jsi iboro BUKOPUCTO-
BYETBCSI METOJ] BIIACHOTO BeKTOpy. [Ipu 1iboMy, ckitaqHa
mpobjeMa 300py NaHUX pPO3OUBAETHCS HA Psa OUIBII
MIPOCTHX, BUPIIIAIbHUX JJIs KIIACTEPIB.

3. OuiHKa CyNepewIMBOCTI AaHUX 1 MiHiIMi3alis
ii. Jns peanizariii JaHOT MOXJIMBOCTI, B METO/I aHAJII3y
iepapxiii po3poOJieHI MPOIEAYypH Y3TOMKCHHSA. 30Kpe-
Ma, € MOXJIMBICTh BH3HAYaTH HAHOIIBLI CyIepewInBi
JlaHi, MO0 J03BOJSI€E BUSIBUTH HAWMEHII SICHI JUISTHKH
poOJIEMH.

4. Cunre3 mpoOneMu NpUHHATT pimeHHs. [licns
TOTr0, SIK MPOBEICHO aHaJi3 MpobjeMu Ta 310paHO NaHi

M0 BCIM KJIacTepam, 3a CIEI[iaJbHAM aJTOPUTMOM pO3-
pPaxoBYEThCSl MIICYMKOBHH pEHTHHT — HaOIp mpiopure-
TiB aJbTEPHATUBHHX pillleHb. BiacTuBoCTI 1IOTO pEii-
TUHTY JI03BOJISIIOTH 371HCHIOBATH MIATPUMKY ITPUHHATTS
piwens. Hampuknan, npuiiMaeTbest pilnieHHs 3 HaiOi-
JIpIIUM TIpiopuTeToM. KpiM Toro, Meroxa Io3BOJIsE TIO-
OyIyBaTH PEUTHHIH Ui TPyIl (aKTOpiB, IO TO3BOJISIE
OIIIHIOBATH Ba)KJIUBICTh KOXKHOTO (PaKTOpA.

5. OOroBOpeHHs MPOOJEMH, IO CIPHUAE IOCST-
HEHHIO KOHceHcyca. JIyMKH, 110 BHHUKAIOTH TiJ[ 4ac
00TOBOpEHHS MPOOJIEeMU MPHUHAHSTTS PIlLICHHS, caMi MO-
KYTb B JaHiil CUTyalil po3riisiaaTics B SIKOCTI MOXKIIH-
BHX pilieHb. ToMy MeTOJ aHami3y iepapXiii MOXKHA 3a-
CTOCYBaTU JUIsl BU3HAYCHHS BaKJIMBOCTI BpaxyBaHHs
JTYMKH KO>)KHOT'O YYaCHHUKA OOT'OBOpEHHSI.

6. OmiHKa Ba)KJIMBOCTI BpaxyBaHHS KOXXHOT'O pi-
LIEHHS 1 BaXKJIMBOCTI BpaxyBaHHS KOXKHOI'O YMHHHKA,
0 BIUTMBAIOTH HA TIPIOPUTETH pillleHb. Y BiJIIOBiIHOC-
Ti 3 (OPMYITIOBaHHSIM 3aBIaHHS NPUHHATTS PillICHHS,
BEJMYMHA TPIOpUTETY Oe3rmocepenHbo IMOB'sI3aHa 3 Ol-
TUMAaJIBHICTIO pimieHHs. ToMmy pillleHHS 3 HU3BKUMH
MPIOPUTETAMH BiJIKHJIAIOTHCS SIK HECYTTEBI.

7. OuiHka cTiliKocTI mpuiHsToro pimeHss. [Ipu-
WHATE pillIeHHs] MOXKHA BBA)KaTH OOTPYHTOBAHUM JIHIIIE
3a YMOBH, III0 HETOYHICTh JaHUX a00 HETOUHICTH CTPY-
KTypH MOJENI CHUTYallii NPUHHATTS pillleHHsS HE BILUIH-
BalOTh ICTOTHO Ha PEUTHHT aJIbTEPHATUBHUX PillICHb.

o nepesaz 3a3HaueHOr0 METOAY IPU BHPILIEHHI
3aBJIaHHS MIEPBUHHOTO BHIUICHHSI PECYPCIB B CHCTEMaX
XMapHUX OOYHUCIICHb Y MOPIBHSHHI 3 IHIIUMH METOIAMH
OaraTOKpHUTEpiaIbHOTO aHATI3y CIiJ BigHeCTH [5]:

— BIJICYTHICTH 3arajbHUX MNpaBWI s (Qopmy-
BaHHS CTPYKTYPH MOJENI MPUHHATTS pillIeHHs, 110 J10-
3BOJISIE BPAaXOBYBATH <JTIOJICBKHH (haKTOp» MpH IIiAro-
TOBLI NPUHHATTS pilieHHs. TakuM YHWHOM, BIAETHCS
HAOIU3UTH POOOTY MiJACHCTEMH PO3IOALIY PECypCiB 10
Il CUCTEMHOTO aJIMiHiCTpaTopa, SIKHi 31aTHUH Bpaxo-
BYBAaTH HEsBHI B3a€MO3B'SI3KM MIX Pi3HUMH NapameTpa-
MU QYHKIIOHYBaHHSI CHCTEMU XMapHHUX O0YHCIICHB;

— IPOCTOTa MPOLEAYPH PO3PaXyHKIB PEHTHHTIB,
110 JI03BOJISIE 3pOOUTH TPOLIEC BUOOPY PIllIEHHST MaKCH-
MaJIBHO MPO30PUM TIPH HaJaIITyBaHHI IiJICUCTEMH PO3-
MOJTLTY PeCypCiB;

— MEeTOJl HaJlae MOXKJIUBICTh BPAaXOBYBAaTH TYMKY
HE OJIHOTO, a JIEKIIbKOX EKCIEpPTiB, L0 A03BOJISIE OTPH-
MaTH OLIbII 00'€KTUBHY OLIHKY 3HAYMMOCTI MOKa3HH-
KiB;

— MeTol Hajae 0arato MOMKJIMBOCTEH Ui BHSB-
JICHHS 1 MIHIMI3aIlil IPOTUPIY Y BUXITHUX NAHHX, IO
J103BOJIsIE €()EKTHBHO ONEPYBaTH BEIMKUM YHUCIIOM II0-
Ka3HHUKIB B MPOLIECI IPUHHATTS PillICHHSL.

— MEeTOI Ja€ He JHWIIe CIOociO BHSBJICHHS Haii-
KpaIoro pillleHHs, ajie 1 JO3BOJISE KiIbKICHO BHPA3UTH
CTYNiHb NEpPEBaru 3a JIONOMOrOK PEHTHUHI'YBaHHS, Bi-
JoOpakarouu MPUPOAHUH XiJ JIFONCHKOTO MHCIEHHS i
JarouyM OlIbIIe 3arajJbHUM MiAXij, HiXK METOJ JIOTIYHUX
naHioris. Lle no3Bossie OLIBLI TOBHO 3aJisITH OTpUMaHi
Pe3yNbTAaTH MPH iX MOAATIBIIOMY BUKOPHCTaHHI.

Meroj aHanmizy iepapxiii, IpoTe, Ma€e i HU3KY He-
Oonixig, sIKl HE € CyTTEBUMH IIPU BHUPIIIICHHI 3a1au4i:

— B paMKax METOJy aHallizy iepapxiii Hemae Mo-
JKIIUBOCTEH ISl TepeBipKH J0CToBipHOCTI naHux. lle
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Ba)XUJTUBHI HEJIONIK, 1[0 YACTKOBO 0OMEXYE MOKIIHBOC-
Ti 3acrocyBaHHs Merony. OpHak mpu BHOOpPI OoNnTHMa-
JIHOTO XOCTa JUIs PO3MIIIEHHS €K3eMIUIIpa B XMapHii
CHUCTEMI B IIPHHIMII HE MOXKe OyTH 00'€KTHBHUX TaHUX
3 ypaxyBaHHSM I IOraHoi CpOMOXHOCTI 10 (opmaiti-
3amil HeIBHUX 3aJieKHOCTel. SIKo 30ip JHaHMX IIpoBe-
JIEHO 32 JIOIIOMOT'OI0 JIOCBITUEHHX €KCIIEPTIB, i B JaHUX
HEMa€ ICTOTHHX MPOTHPIY, TO SKICTh TAKHX JAHUX BH-
3HAETHCS 33]JOBLIBHOIO;

— METOJ JIa€ JIMIIEe CIOCci0 PEeHTHUHIYBaHHS abTe-
pHaTHB, ajie HE Mae BHYTPIIIHIX 3aco0iB Jyisl iHTEpHpe-
Talli peHTHHTIB, TOOTO BBAXKAETHCS, 10 0c00a, sIKa TPH-
WMae pillleHHs, 3HAIOYM PEHTHHI MOXIIMBHX DIIllIEHB,
MOBMHHA B 3aJIKHOCTI BiJ| CUTyallii cama 3pOOUTH BH-
cHOBOK. [IpoTe, ofep»KyBaHUX TAHUX JTOCHUTH JUIsl TIPUIAH-
SITTSI PIlIEHHS B paMKax ITiICUCTEMH PO3IIOJIUTY PECYpCIB.

TakuM 4MHOM, OOTPYHTOBAHO JIOLIBHICTH 3aCTO-
CyBaHHSI METOAY aHaji3y iepapXiil Iyisi BUpILIEHHS 3a-
Jladi MEpBUHHOTO BUJIIJIEHHSI PECYpPCIB B CUCTEMax XMa-
PHHUX OOYHUCIIEHB.

Ananranis MeToay aHaJi3y iepapxiii Ansa Brpo-
Ba/KEHHSI B CHCTeMH XMapHHX o004YHcJeHb. Meron
aHayi3y iepapxiit Caari ycIIiIIHO 3aCTOCOBYETHCS B Pi3-
HHUX O0JIACTSIX HAYKW Ta TEXHIKH JUIS BUPILIEHHS MOMi0-
HUX 3aBJaHb [8], omHAK, B CHJIy OCOOJHUBOCTEH pO3B's-
3yBaHOI 3a/adi, BUMAaraeTbCsi BUKOHAHHS KpOKIB, SIKi
BPaxoBYIOTh CHEUU(IKY CHCTEM XMapHUX OOYHCIICHb.

Kpok 1. Cucrema XMapHHX OOYHMCIIEHB IIOTIEpe-
HBO MIAPO3AUIAETHCA ATMIHICTPATOPOM HAa 30HH, IO
CKJIaJIAIOThCA 31 CXOXKUX 32 MapaMeTpaMu XOCTiB 1 ¢Xo-
BUIII IaHUX.

Kpok 2. 3 ypaxyBaHHAM 3aJaHUX OOMEKCHb IS
BipTyaibHOi MalmMHMA (HA YHWCIO TPOIECcopiB, 00csT
nam'siTi, pecypcH 30epiraHHs Ta iH.) BUOMPA€EThCS 30Ha,
0 HaWOuIbIl HoMy BimmoBifgae. BukopucranHs 30H
JIO3BOJISIE BpAaXyBaTH OOMEXKEHHS BipTyaJIbHOI MaIllHH,
IO 3aMyCKA€EThCs, 38 XapaKTepUCTHKaMU, 1100 oOpaTu
HOro po3TamryBaHHSI BXKE TaM, J€ PECYpPCIB 3aBiloMO
Oyne AOoCcTaTHBO sl (DYHKIIOHYBaHHS IIpOrpam, sKi
BUKOHYIOTHCS Ha €K3EMILIAPI.

Kpok 3. BukoHyeThCs OIliHKA IMOKAa3HHKIB SKOCTI
[9] xoxHOro XOCTa i CXOBHUINA JTaHHUX, IKHMH OIHCYETh-
cs1 pyHKIIOHYBaHHS XOCTa 1 1Oro cucreM, BKIIIOUYEHHX B
o0paHy 30Hy. /[0 TakMX MOKa3HHKIB SKOCTI HEOOXiTHO
BiJIHECTH HACTYIIHI:

— mponyktuBHicTh (P): uncno LI (Ncpy), uncno
simep LT (NV,ore), TakTOBa uwactota LT (Vepy), mBum-
KicTh pobotu Mepexi (V,e);

— HagmiiHicTs (P) [10]: cepemHiii yac Mix 300sMu
(Mpin);

— HaBaHTaxeHicTh (S): 3aiHsTe Mmicue B O3I1
(Limem), 3aBanTaxkenHs III1 (Lcpy), HaBaHTaXKCHHS Ha
JMUCKOBY miacucTeMy (Lgisr), BIATYK TUCKOBOI IMiICHCTE-
MU (T 1), 3aBaHTaOKEHHS MEPEXki (L), YACIO EK3EMII-
JIAPIB, IO BXXE BUKOHYIOTHCS (N,,).

[Tpu npOMy, CYKyITHICTh OKPEMHUX MMOKa3HHUKIB, 1110
BIUIMBAIOTh HAa KOMIUIEKCHUI TOKa3HHUK SIKOCTi, MOXeE
OyTH 3BeJicHA B 2 TPyNU: JIeTepMiHOBaHi (MOB's3aHi 3i
3MIHOIO OOJaJJHaHHA); CTOXaCTU4HI (IIOB's3aHi 3 HaBaH-
Ta)XCHHAM 1 4acoM poOOTH).

YacTrHa 3a3HaYeHUX MOKAa3HHKIB, TAKHX K (i3u-
YHHUH CTaH OOJaJHAHHSA, SKICTh WOro 30ipKd 1 piBEHb

KOMIIETEHIIT 00CIYroBYyIOUOro HepCcoHaly, HE MOXYTh
OyTH KUTBKICHO BH3HAuCHi, a OT)KE, € HEYITKHUMH 1 MO-
KYTb OYyTHU NpeCTaBIIeH] SIK JIHIBICTHYHI 3MiHHI [11].

Kpok 4. BukonyeTbcst BUOIp HaiOLIIbII BiJITOBITHO-
IO XOCTa Ha OCHOBI aHaJi3y albTEPHATUB HA OCHOBI
OTpUMaHMX 3HAa4YeHb IOKa3HUKIB skocTi [12]. Koxen
MOKa3HUK Ma€ CBOIO IMONEPEIHBO 3aJaHy Bary, IO BH-
3HAYeHA MIEBHUH €KCIIEPTHHUM IIUISIXOM TS KOXKHOT 30HH,
BUXOJSIYM 3 y3arajbHEHUX MOTPeO KIIEHTIB 1 HasSBHOTO
obnanHaHH. B pesynbrarti, [uis po3MilleHHs BipTyaib-
HOI MalllMHA OOMPAETHCS XOCT, 110 3a0e3reuye MaKcuma-
JIbHY IMOBIPHICTh ONITUMAIBHOTO PO3ITIOJITY PECYPCIB.

HocaimxeHHs MeToay aHafdi3y iepapxii Ha npu-
KJIaJi AeKkiibKa-rinkoBoi iepapxii. s mocmimkeHHs
METOJly aHaji3y iepapxiii, 0 alalTOBaHUHA 10 CHCTEM
XMapHUX OOYHCIIEHb, PO3POOJIEHO ANTOPHUTM, IO OIe-
pye iepapxiero 3 nekinbkoma rinkamu (puc. 1) [13].

Puc. 1. Ipuknaz iepapxii 3 AeKinbkoMa riTkaMu

Kpok 1. OOYHCIIOIOTECS BEKTOPU MPIOPHUTETIB
aIbTEPHATHB BIIHOCHO KPUTEPIiB Kjj:

A A A . A A A .
{WKll’WKlz’""WKlm }’ {WKzl ’WKzz ""’WKzn }’

o y
{WKnl Wi Wi }

(D

Kpok 2. Bynyerscst » matpuip [4j], B IKUX Ha-
HMEHYBaHHSMHU CTPOK € aJbTEepHATUBH, a CTOBIIIB —
kpurepii Kjj. Ilpu npomy, skmio ansrepHatuBa A; He
Mae 3B°53Ky 3 Kputepiem Kjj, To B MaTpuui [4;] Ha mie-
PETHHI BIAMIOBIHUX CTPOKH Ta CTOBIILS CTABUTHCS 3HA-
yeHHs 0.

Kpok 3. OOYHCIIOETBCST # BEKTOPIB IMPIOPUTETIB

aJbTEPHATUB Wl-A (i =1,r) BimHOCHO KpHTEpiiB Kj:
4 —
W™ =[410S;11L; 1X;[B;1, ()

ne [S;] — matpuu Uit HopmyBaHHs Matpuui [A4;]; [Li] —
CTPYKTypHa MAaTpuIlsd JUIs 3MiHM Baru ajibTepHATHUB
MPOITOPLIHHO A0 BifgHOUEeHHS R/N (R — KIIBKICTh aJb-
TEPHATHB, W10 3HAXOMATHCA M KputepieM Kjj, N — 3a-
rajbHa KUIBKICTh albTepHATHB); [Bj|] — niaroHaibHa

MaTpHUL U1 OTPUMAaHHS BEKTOPY WI-A; X i

— BEKTOp
npiopuTeTiB KpUTEPiiB Kj; BITHOCHO 10 KpUTEPiiB K.
Kpok 4. OGUuCIIOeThCS BEKTOP MPIOPUTETIB KPH-
TepiiB X BiHOCHO Qokyca iepapxii K.
Kpok 5. Byayetbcs pe3yiabTyroua Matpuiist [Ay], ne
HaliMEHYBaHHJIMH CTPOK € YCi aJbTepHATHBH, IO PO3-
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rapatotees ({A4;},i=1.m; {4},i=1.s; {4},i=1.1),
a HallMEeHyBaHHSAMH CTOBILIB — Kputepii Kj. [Ipu npomy
pe3yabpTyro4a MaTpuld [4y] Mae Takuii BUTTISAA:

S (R |
o Wl .. 0
[4p]= 2 . 3)
0 0 wA

i
Kpok 6. BusHayaeTbcs pe3ynbTYIOUH BEKTOp
. . A .
npioputeTiB W ycix albTepHATHUB, IO PO3IIISIAIOTh-
cs1, BitHOCHO (okyca iepapxii Ky crocoBHO Bupasy (2).
Jlyis1 BCTaHOBJIEHHS BiTHOCHOI BaXKJIMBOCTI eJieMe-
HTIB i€papxii BHKOPHCTOBYETHCS IIKaJla BiJIHOCHH

(tabn. 1). /lana mkama [J03BOJISIE €KCHEPTY CTaBUTH
CTYMiHb 3HAYYNIOCTI Y BIANOBIOHICTH JIO CTYICHIB

MepeBaru OIHOTO MOPIBHIOBAHOTO O0'€kTa meper iH-
M. [licast moOynoBH iepapxii 3aCTOCOBYETHCS METOJ
MOMIAPHOTO TOPIBHAHHA, TOOTO OYAYETHCA MHOXKHHA
MaTpHIb MapHUX MOpiBHSAHB. J[J1s 1bOro B iepapxii BU-
IJSIFOTBCSL €IEMEHTH JIBOX THUIIB: €JICMEHTH-OATBHKH 1
eJIeMEHTU-HaIaJKH. EJeMeHTH-HalaIKkd BIUIMBAIOTh
Ha BIJIOBITHI €JIEMCHTH BHUIIOTO PiBHS i€papxii, 110 €
M0 BiJHOIIEHHIO N0 TNEPIIMX eleMeHTaMU-OaTbKaMu.
Martpuii napHuX MOpiBHSHBb OYAYIOTBCS JJISl BCIX elie-
MEHTIB-HAIaJKIB, IO BIAHOCATHCA 10 BIAMOBIIHOTO
eneMeHTa-0aTbka. EneMeHTaMU-0aThKaMu MOXKYTh OYy-
TH €JIEMCHTH, III0 HAJICXKATh OYIb-IKOMY i€papXidYHOMY
PIBHIO, KpIM OCTaHHBOI'O, Ha SIKOMY PO3TAllOBaHi, SK
MIPaBUIIO, AJIbTEPHATHBH.

[MapHi nOpiBHIHHS TPOBOIATHCS B TEPMiHAX TOMi-
HYBaHHS OJHOIO eleMeHTa Haj iHmuM. OTpumadi cy-
JOKEHHSI BUPQXKAIOTHCS B LIJIMX YHMCIAaX 3 ypaxyBaHHSIM
JieB'ATHOANBHOI IIKamu (Tadm. 1).

Tabnuya 1 — llkaja BitHOCHH (32 CTyNeHeM 3HAYYLIOCTi mapaMeTpiB GyHKIiOHYBAHHS CHCTEMH XMAPHHUX 004YHCIIEHD)

Cryninb
m . Busnavennst [osicHennst
3HAYYINOCTi
. Ba MapaMerpa BHOCSTb OAHAKOBHIl BHECOK Y 10-
1 OpnHakoBa 3HAYUMICTbD. A P P o YA
CSTHEHHSI METH.
. P, . IcHYIOTh MipKYBaHHS Ha KOPHCTb II€pEBary OfHO-
Jlesike mepeBaXkaHHs 3HAUYYILOCTI OHi€l Ail HAJ iHIIOK yro PKyB opr P A
3 . IO 3 MapaMeTpiB, OJHAK I MipKyBaHHS HEIOCTAT-
(cmabka 3HAYMMICTB). .
HBO NIEPEKOHIIUBI.
. € HaniitHi gaHi a0o JOTIYHI CY/DKEHHS JUIS TOTO.
5 IcTorHa abo cuibHA 3HAUYUMICT. A A YA A i
11100 MOKAa3aTH HepeBary OHOro 3 NapamMerpiB.
. ITepexoHIMBe CBiTYEHHS Ha KOPUCTH OIHOrO Ia-
7 OueBnHa a0 Jy)Ke CHIIbHA 3HAYUMICTb. .
pamerpa nepe iHIIIM.
. CBilueHHS Ha KOPUCTH IIepeBary OHOTO Iapame-
9 AOGCOIIOTHA 3HAUMMICTb. ACH! P °P A nap
Tpa HaJ iHIIMM Ha3BUYaiHO NEePEKOHINBI.
2,4,6,8 ITpomixHi 3HAYEHHS MIXK JBOMA CyCiIHIMH Cy/pKeHHAMU. | CuTyauis, Koy HeoOXi/THO KOMIIPOMICHE PillIeHHS.
SIkmo mapamerpy i NpH HOPIBHSHHI 3 MapamMeTpoMm j .
. . P Py P P P POM Jt o Y3rO[DKEHICTh OYyJI0 HOCTYIBOBAHO IIPH
3BOPOTHI | NPUNHUCYETHCS ONHE 3 BH3HAYECHHMX BHINE HEHYIBOBHX .
. . . .| oTpuMaHHi N 4MCIOBHX 3HAYeHb JUISI YTBOPEHHS
BEMMMMHN | {HCEN, TO MApaMeTpy j NpH MODIBHAHHI 3 MmapaMeTpoM i | o
HPHINCYETHCS 3BOPOTHE 3HAUCHHSI. pHit.
3amnoBHEHHS KBaJpaTHUX MATPHIb MAPHUX IMOPIiB- - 5 B z
HSIHb 3IMCHIOETHCS 32 HACTYIHHM MpaBWIIOM. SIKIio 1 2 n
eqeMeHT E; JOMiHye HaJl eJeMeHTOM FE,, TO KIiTHHA E. wiv viv vi /v,
MaTpHlli, BiANOBiAHA psaKy £; 1 croBmuuky E,, 3amos- [E1=|Ey vy /v vy/vy vy /v (4)
HIOETHCS LIUIMM YHCJIOM, a KJITHHA, BIANOBIAHA PSAAKY
E; i croBmumky E;, 3aTIOBHIOETHCS] 3BOPOTHUM JI0 HHOTO
guciaoM. Skmo enemeHT E, moMiHye Hanm E;, TO Iiiie LE, Wy Ivi v, /vy Vi !/ Vi |

YHCIIO CTaBUThCS B KIITHUHY, BiANOBIOHY psaky E; i
CTOBIUUKY E;, a Apid MPOCTaBISETHCS B KIITUHY, Bil-
MOBIZHY PsIIKY E; 1 cToBUuKy E,. Skimo exementu E; i
E, piBHO3HaYHi, TO B OOWBI MO3HMIIIT MATPHUIL CTABJIATH-
csl OMHMUIII.

Jlisi oTpUMaHHS KOXKHOI MaTpHIli eKCIepT BHHO-
cutb n (n - 1) / 2 cymkens (TYT n — TOPSAOK MaTpUL
MAPHUX MOPIBHSHB).

Hexait E;, E,, ..., E, — MHOXHHA 3 7 €JEMEHTIB
(ampTepHATUB) 1 V;, V), ..., V, - BIAMOBIMHO 1X Baru, ado
inTeHcuBHOCTI. [TopiBHSEMO momapHo Baru, abo iHTEH-
CHBHICTh, KOJKHOT'O €JIEMEHTa 3 Baroto, abo iHTEeHCHBHI-
CTIO, OYIb-SKOTO IHIIOTO eJleMEHTa MHOKHHHU 110 BiJ-
HOIIEHHIO JIO0 3arajbHOi Ul HUX BJIACTUBOCTI abo0 miji
(TI0 BiTHOIIIEHHIO 70 eJIeMeHTa-0aThka). B 1iboMy BHIIa-
JIKY MaTpHIIS IAPHUX TOPIBHSHG [£] Ma€ Takuii BUTIIS

Martpuns mapHUX TIOPiBHSHb MAa€ BIACTHBICTbH
3BOPOTHOI cUMeTpii, TOOTO:

a; =1/az;, a;

j =Vl'/Vj. (5)

PamwxyBaHHS eleMEHTIB, SIKi aHAJI3YIOThCS 3 BUKO-
PHUCTaHHSM MaTpHLI NapHUX NOPIBHSAHG [£], 3AIHCHIOETH-
csl Ha IIJICTaBi TOJIOBHHUX BJIACHUX BEKTOPIB, IO OTPH-
MYIOTBCSL B pe3ysIbTaTi 00poOKHu Marpuils. OOUHCICHHS
TOJIOBHOT'O BJIACHOTO BEKTOpa W MO3UTUBHOI KBaApaTHOI
Matpu [£] IpoBOANTHCS HA MiJCTaBi PIBHOCTI:

EW =hpaxW » (6)

J€ Apax —MaKCHMallbHe BIIacHe 3HaAYeHHs MaTpHili [E].

Jlns mo3uTHBHOI KBajapaTHOI Matpuili [E] mpaBuii
BJIacHUI BeKTOp W, sKuil BiIOBila€ MakCUMaJbHOMY

&3
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BJIACHOMY 3HAYCHHIO A 3 TOYHICTIO JIO TOCTIHHOTO

max °
criBMHOXHHKA C MOXKHA OOYHCIIUTH 33 (HOPMYIIOF0:

lim [E]* e/ (eT[E]k e) —cw, 7)

k—

e e ={l,l,l,...,l}T— ONMHMYHUK BEKTOP; k — MOKaKUUK

crynensi; C — KoHCTaHTa; T — 3HaK TPaHCIIOHYBAHHSI.
OOuucreHHs BIacHOro Bektopa W 3a BupaszoM (2)

BUKOHYETBHCS 10 JOCSATHEHHS 33JJaHOi TOYHOCTI:

ol ‘W(l) _wp| < £, (8)

ne [ - Homep iteparii, Takuid, mo / = 1 Bignosigae k = 1;
[=2,k=2;1=3,k=31iT. n; & - nonmyctuma oxuoka.

3 MOCTaTHHOIO JJIS MPAKTUKU TOYHICTIO MOXKHA ITPHIHHS-
1 § = 0,01 He3a1IeKHO Bi MOPSAAKY MATPHIIL.
MaxkcuMaibHe BJIaCHE 3HAUYCHHS O0YHCITIOETHCS SIK

Amax =€ [EWV . ©)

Takum 4MHOM, 3IIHCHIOETHCS MOOYyHOBa i€papxii,
sIka BUKOPHCTOBYETHCSI B TIOJIAJIBIIIOMY JIJIsl BHOOpY Haki-
Kpalioro cepsepa sl pO3MIIlleHHS! KOHKPETHOTO eK3eM-
wisapy [13-16]. Sk npuknan po3rissHEMO epBUHHE BHI-
JICHHSI PECypCiB [UIsl HOBOTO €K3eMIULIpa B CHCTEMI XMa-
PHHUX OOYMCIICHb, IO CKIATAEThCA 3 5 cepBepiB 3 30 3a-
MYIIEHUMH eK3eMIUIsipaMy. Ha MOMEHT 3amycKy ex3eMIr-
Jsipa napaMeTpy (YHKIIOHYBaHHS OOYHCIIOBAIBLHOI CHC-
TEMH ONHCYIOTHCS 3HAYCHHSIMH, 3a3HAYEHUMH B Ta0J. 2.

Tabnuys 2 — Iapamerpu QyHKIIOHYBAaHHS CHCTEMH XMAapHHUX 004HCJIeHb

ITapamertp | Cepsep 1 | Cepgep 2 | Cepsep 3 | Cepgep 4 | Cepsep 5
IIpoxyKTHBHiCTH
Ncpy 2 1 2 1 1
Neore 12 4 10 2 6
Veru 2.2 3 3.2 2 2.5
Viem 128 16 256 8 32
Vet 1000 100 10000 1000 1000
HapijiinicTp
| Myl 1000 1000 500 1000 1000
Dizpynuii crad 00J1aHaAHHS 1 1 0.95 1 0.8
SIkicTp 30ipKu 00naiHaHHSA 0.87 0.96 0.92 0.99 0.78
PiBeHb KOMIIETEHLT IEpCOHAITY 1 1 0.8 1 1
3aBaHTa’KeHiCTh
Len 40 2 120 4 19
Lcpy 0.1 0.4 0.6 0.02 0.2
Lisk 0.01 0.05 0.6 0.05 0.35
T jisk 10 8 102 12 65
Lo 0.01 0.02 0.52 0.05 0.03
Nom 12 4 10 2 2

Buxonsuu 3 mapamerpiB NpoayKTHBHOCTI, MOIepe-
JHBO BHKOHAHO ITiIPO3UICHHS OOYHCIIIOBAILHOI CHC-
TEMH Ha 30HM - B JJAHOMY BUIIAJIKy 30HH BHCOKOI IpO-
IykTUBHOCTI (cepBepu 1 1 3) 1 30HM HU3BKOI MPOAYKTH-
BHOCTI (cepBepH 2, 4 1 5). [Ipukian napamerpiB BipTya-
JILHOT MAIIWHH, IO 3aITyCKAETHCSL:

NCPU: 29 Ncore: 4, Vmem =16 F6, Vdisk =20 F6,

Buxonsguu 31 3HaueHb NOKAa3HWKIB 3aITyCKAa€ThCS
eK3eMIUISIP, 3[IHCHIOEThCsl BUOIp 30HH. OYeBHIHO, IO
ISl IHOTO €K3eMILIsipa 00paHO 30HY BHCOKOI HPOIYK-
TUBHOCTI. JIJ1s1 aHANi3y aJIbTEPHATHB BUKOPUCTOBYETHCS
OTpUMaHa paHille Ha MiJCTaBl eKCIIEPTHUX OIIHOK MaT-
pHILs TapHUX MOPIBHSHG [E], M0 MiCTUTH BaroBi koedi-
LIEHTH 3HAYYIIOCTI MapaMeTpiB, aKkTyallbHI JUIS JaHOl
CHCTEMH XMapHHX OOYHCIEHb. B pe3ynabTaTi OLIHKH
aNbTepHATUB 3JIHCHIOEThCS BUOIp cepBepa il po3Mi-
LIEHHS eK3eMIUISPA.

Ouinka e()eKTHBHOCTI TICPBUHHOTO BHUILJICHHS
pecypciB TpOBOAMIIACS IUIIXOM BHMIpPIOBaHHS MOKa3-
HUKa HEpIBHOMIPHOCTI BUKOPHCTaHHS PECYPCIB cepBepa
p. Ha upomy cepBepi Oyno mpoBeAeHO 3alyCcK €K3eMII-
Jsipa TpPU BUKOPHCTaHHI pi3HHX MeToniB. Kputepiem
MOpiBHsIHHS Oyn0 0OpaHO mapamerp HepiBHOMIpPHOCTI
N 3aBaHTa)XEHHS PECYPCIB ¥ cepBepa p:

Np =S (5 -7)/7)

(10)

Jie 7; - HABaHTa)XEHHs Ha IIOTOYHHUI pecypc cepBepa p;
7; - cepelHsA MOTOYHA 3aBaHTAXKEHICTh yCiX pecypciB
cepBepa p.

VY xomi OIiHKYM e¢EeKTUBHOCTI, I KO)KHOTO METO-
na Oyio nposeaeHo 100 mpoOHMX 3aITycKiB BipTyaJIbHOL
MAIlIMHU 3 JIOBUIBHUMH XapaKTEPUCTUKAMHU Yy TIPAIIOI0-
4iif cucTeMi XMapHHX OO4YMCIIeHb Oe3 3MIHEHHs OyIIb-
SKHX TapaMeTpiB HaBaHTaKeHHs. Pe3ynbraTu OLIHKH
(3HaueHHs mapaMeTpy Ng):

—  QJITOPUTM IIEPIIOYEPrOBOrO BHUIIIECHHS pecyp-

ciB: 0.48;

— mpoctuit anroputm: 0.43;

—  BunmaaxoBuii aaroput™: 0.44;

— anroputM DRS: 0.26;

—  aJropuTM™, 110 po3pobiieHo y crarti: 0.14.

SIK BUJHO 3 HaBEJCHUX JAHUX:

— anroput™ DRS mnokaszaB 3HauHO Kpauuii pe-
3yJbTAT 32 PaXyHOK BpaxyBaHHS TAKOTO Mapamerpa, siK
3aBaHTa)XEHHS [IEHTPAJILHOTO MpoLiecopa.

—  poO3pO0JICHUI AITOPUTM Ha OCHOBI METOMY aHa-
T3y iepapXiil Moka3aB HAWKpaIIWi pe3ylbTaT 3MEHIIeH-
HSl HEPIBHOMIPHOCTI PECypciB XOCTY, OCKLIBKH BPaxoBYe
BeCh Hadip MOKa3HUKIB (DyHKIIIOHYBAaHHS XOCTY CTOCOBHO
XapaKTePHUCTUK EK3eMILIIPA, 110 3aITyCKa€ThCL.

Takum yrHOM, PO3POOIICHUIT ANTOPUTM BHIIJICHHS
pecypciB MPOAESMOHCTPYBAaB CBOK €()EKTHUBHICTH MPHU
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MEPBUHHOMY 3aIlyCKy €K3eMIUnipa y (yHKIIOHYIOYii
CHCTEMI XMapHUX OOYHCIIECHb.

BucHoBku

VY pamkax JOCTiIKCHHS NMPOBEACHO aHAJi3 iCHYIO-
YUX METOJIB PO3MOJLTY PECYpCiB B CUCTEMaX XMapHHX
o0uucneHb. 30KpeMa, alrOpUTMHU IEepIIOYEpPrOBOro
posnoninay pecypciB. Bynu BusBieHi iX 0coOIMBOCTI Ta
Henoiiky. J[oBeneHO HEOOXiHICTh BUKOPHUCTAHHS iH-
IIMX MiIXOIIB IO PO3MOITY PECYPCIB CHCTEM XMapHHUX
obuucnenb. Tak, Oyno 3ampoONOHOBAHO BHUKOPUCTAHHS

cHCTeMax XMapHHX oOumcieHb. HaBemeHo mepeBaru ta
HEJIONIIKH I[bOTO METOJY JUIsl BAKOPUCTAHHS Y XMapHHUX
obuucnenHsx. Meroj aHaii3y iepapxii Oyio amanrosa-
HO JIUIsL CUCTEM XMapHUX oOuucieHb. HaBeneno anro-
putM Horo BUKopucTaHHs. [IpoBeneHa omiHKa edekTH-
BHOCTI PO3pOOJIEHOTO METOJa, KW TOKa3aB JOIiIb-
HICTh WOr'0 BHKOPHCTaHHSI NPH PO3IMOJUI PECYPCIB y
CHCTEMax XMapHHUX OOYHCIICHb.

3aBJaHHAM ISl TIOMAJBIIOTO PO3BUTKY € OibII
JICTaNbHUI aHaNi3 HaBEJCHUX HEMOMIKiB 0OpaHOro me-
TOJa Ta MiHIMI3alisl PU3MKIB IX BIUIMBY Ha MOKa3HHUK

METOLy aHali3y iepapxii I pO3NOAiLy pecypciB y  HEPIBHOMIPHOCTI PO3NOALTY PECYPCiB.
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Initial cloud computing resource allocation method based on hierarchy analysis
D. Hrebeniuk, V. Davydov

Abstract. The subject of the study in the article are models and methods of load and resources reallocation in cloud
computing systems, in particular, which are based on the infrastructure as a service model. The goal of the work is to optimize
initial resource allocation in cloud computing systems by adapting the hierarchy analysis method for implementation in cloud
computing. This will allow new virtual machines to be launched with minimal performance degradation for already running ap-
plications. The following tasks were solved in the article: the hierarchy analysis model in cloud computing using feasibility re-
search; adapting hierarchy analysis method to cloud computing; implemented method effectiveness evaluation. To solve set
tasks, theoretical research approaches and methods were used, which are based on the scientific positions of static, functional
and systemic analyses. The following results were obtained — the hierarchy analysis method using to allocate resources in cloud
computing systems is proposed. The advantages and disadvantages of this method for use in cloud computing are presented. The
hierarchy analysis method has been adapted for cloud computing systems. The algorithm of its use is given. The developed
method effectiveness estimation was carried out, which showed the feasibility of using it in cloud computing systems resource
allocation. Conclusions. The improvement in the method of initial cloud computing resource allocation has increased the ability
of these systems to start new virtual machines with a minimum decrease in the performance of already running applications.

Keywords: cloud computing systems, hierarchy analysis, allocation.
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3ACTOCYBAHHSI OCBITHIX IHTEPHET-PECYPCIB
Y HABYAJIBHIU POBOTI 3 IHOBEMHUMU CTYJAEHTAMHU

Anoranis. IIpeqmerom nocmiukeHHS € MeToq Ta (JOPMH HABYAHHSI, IO BUKOPHCTOBYIOTH OCBITHI IHTEPHET pecypc. Y
CTaTTI OMMCAHO Ta NPOAHAJ30BAHO OCHOBHI (DYHKIIiT Ta [IepeBark BUKOPUCTAHHS ICHYIOYHX OCBITHIX BeO-pecypciB Ta MyIbTHMO-
BHUX JIOBITHUKIB. HaBeneHuil aBTopaMul aHai3 Ta METONMYHI PEKOMEHaLii € 0COOIMBO KOPUCHUMH TS CTYIIEHTIB, 1[0 OTPUMY-
1o1b [T-ocBiTy. ¥V pobori nokazaHo 3py4HiCTh Ta e(heKTUBHICTh BUKOPHCTAHHS IHTEPHET PECYPCIB Ul HABYAHHS IHO3EMHHX CTY-
JICHTIB, BPaXOBYIOYH OCOOMBOCTI HABYAHHS Ta MOMEHTH ajanTarii. ABTOpaMy JOCIIDKEHO aKTyaIbHy MpoOeMy BIITOBIJHOCTI
OCBITHBOIO CEpEeJOBHIIIA TEMITY PO3BUTKY Cy4acHOIO CBITY i BUKJIMKAM 4acy Ta METOIM IiIBULLIEHHS SKOCTi OCBITHBOI'O IPOLIECY
B IIUTaHHI MiZArOTOBKH 1HO3EMHHUX CTYIeHTIB. Pe3yibTaTn — aBropamu chopMoBaHO nepenik eeKTMBHUX HABYAIBHUX MOJYIIB,
OIHMCAHO NIepeBary, HaBeIeHO PEKOMEH IAMT Ta apryMeHTH L0/I0 BUKOPUCTAaHHS PO3MIIHYTHX BeO-pecypceiB. [l Hao4HOCTI aB-
TOPU BUKOPHCTOBYIOTh TECTH T4 METOUYHI MaTepiai, 0 CTBOPeHi ocoducto. BucHoBkH — y poOori po3nisiHyTo e(heKTHBHI Ha-
BYAJIbHI MOIYII, 110 € OCOOIMBO aIaIITOBHUMU [Tl HABYaHHS IHO3EMHUX CTYEHTIB, 3alIpOIIOHOBAHO BUKOPUCTAHHS MYJIBTUMOB-
HUX JIOBIJIHUKIB, SIKi HE TUIBKU HOKPAIIYIOTb SIKiCTh OCBITHBOIO IPOLIECY, a 1 CIPOILYIOTH IIPOLIEC aJanTartii.

Kawuosi caoBa: momyni mis napyanus, IDroo, Quizlet, Classtime, Quzizz, LearningApps, Google Forms, mynsrumo-

BHI JIOBIJHHUKH.

Beryn

3a ocTaHHI pOKHM PO3BUTOK iHQOpMAliWHHUX TexX-
HOJIOTIH CYTTEBO MiJKPECIHMB aKTYalbHICTh MPOOIEMH
MoJepHi3allii cucteMu ocBiTH. HaliOinbin sickpaBo He-
OOXiHICTh PO3B’sA3aHHA Ili€l MPOOJEMH BIUIMBAaE Ha
KOHIICTIIIFO AUCTAHIIIHHOI OCBITH 1HO3EMHHX CTYICHTIB.
CaMme SIKICTh OCBITH 1HO3EMHHX CTYIEHTIB CYTTEBO
BIUIMBA€E HA PEHTUHTH Ta MO3MIIi YKpaiHCHKUX OCBITHIX
MOCIYT Ha MDKHapOTHOMY DPHHKY, a/K€ OI[IHIOBAaHHS
MiJITOTOBKKA BUITYCKHUKIB BiJOYBa€THCSA B pOOOTONABIIS-
MU IHIIUX KpaiH.

MeTtoro podoTH € SKiCHHH aHalli3 iCHyIOUYMX OCBi-
THIX pecypciB Ta METONIB BHKJIAJAaHHS TEXHIYHUX JIHC-
LUIUTIH 1HO3EMHHUM CTYJIEHTaM i3 3aCTOCYBaHHSIM iH(}O-
pMaIliifHAX TEXHOJOTriH. ¥ po0OOoTi HABEACHO IPHUKIAIU
Ta TIOKa3aHO e(EeKTHUBHICTh 3aCTOCYBaHHS OCBITHIX
IHCTPYMEHTIB Ha MPAKTHUIIl, 1[0 MOKPAIIYE SIKICTh CTaIli-
OHApHOI Ta JUCTAHIIIHOI OCBITH.

AHani3 npo0jsemMu Ta noctaHoBka 3agavi. OcHo-
BHOIO JIAHKOIO CHUCTEMH AMCTAHIIHHOIO HaBYaHHA € ii
MIPOAYKTHBHICTB, SiKa HaNpsIMY 3aJISKUTh BiJl Cy4acHOC-
Ti 3ac00iB Ta IHCTPYMEHTIB Ha SIKUX BOHa 0a3zyeThCs.
JlucraHiiiline HaABYaHHS — IHIWBIAyaai30BaHUHN MPOIEC
npu0aHHs 3HaHb, YMiHb, HABHMYOK 1 CIIOCOOIB Ti3HaBa-
JILHOT JISUTBHOCTI JIFOMUHM, SIKHHA BiIOYBa€ThCS B OCHOB-
HOMY TIpH OIOCEPEAKOBaHIA B3a€MOMIl BiITaICHUX
OIMH BiJl OJHOTO YYaCHUKIB HABYAILHOTO TPOLECY B
CIelianizoBaHoMy cepenoBuii [1].

[IpoOneMaTrika Ta PO3BUTOK AUCTAHIIIHHOIO OCBI-
TH B HaBYaHHI 1HO3EMHHX CTYACHTIB BUKIIUKA€ aKTHBHY
JIUCKYCII0 Y Cy4acHIM IICHXONOro-IeAaroriytii Hayli.
e mocmimxenns C. Ilamiii, mo posmisgae npodiaemy
MiJITOTOBKK Ta COLIaJIbHOI aamnTalii iHO3eMHUX CTyIe-
HTiB [2], Ta JI. CeniBepcTOBOI, IO OIMHUCYE MPOOIECMHU
yKIIaIaHHSI HABYAIBHUX [TPOTrpaM 3 YKpaiHCHKOI MOBH SIK
iHozemHoi [3] i Gararpox iHmHMX [4, 5].

IIponiec HaBYyaHHS 1HO3EMIIB, Ha BIAMIHY BiJ
YKpaiHCHKUX CTYACHTIB, MOTpeOye JONATKOBOI yBaru
0 BHpINIEHHS 3arajJpbHUX NOpoOieM oprasizamii Ta
BHOCHTH NIEBHY CHIeUU(iKy B TiSUIBHICTh KOKHOTO BY3Y.

Mipa mi€i crenudivHOCTI BU3HAYAETHCSA OpraHi3alliii-
HO-METOIMYHUMH Ta PECYPCHUMH OCOOIUBOCTIMH,
3MICTOM HaBUYaHHS, HEOOXIHICTIO COIIaIbHO-KYIBTYp-
HOi Ta moOyToBOi MiATPUMKH. |HO3EMHI CTyIeHTH 3a
CBOIM CTaTyCOM i pIBHEM CBOT'O JKUTTS B YKPaiHCHKOM Y
YHIBEPCHUTET] 1CTOTHO BiJPi3HSIOTHCS BiJ YKpaiHCBKUX
CTYIEHTIB, TaK SIK MarOTh 1HII OCOOMCTICHI Ta OCBITHI
norpeou. BoHN mpHiX1KaloTh B yKpaiHChKI YHIBEpCH-
TETH 3 OCBITHLOIO 0a3010 1 OUIKYBaHHSAMH, 3yMOBJE-
HUMH OCBITHHO-BUXOBHHMH CHCTEMaMHU CBOIX KpaiH.
Le cBiguuTh PO 3HAYYLIICTh OKPECIEHOI POOJIeMH B
CUCTEMI MI>KHapOJHOI OCBITH.

Cdepa Mi>XHAPOIHOI OCBITH BHMAarae BiJl OCBIT-
HBOTO 3aKJaay 3aJOBOJICHHS iHAWBIAYaJIbHUX 3alUTIB
IHO3EMHHX CTYIEHTIB, MPOMOHYIOYH IIHPOKUH CHEKTp
OCBITHIX MOCIYT, sIKi BpaXOBYIOTh HalliOHAJIbHI, €THIYHI,
MDKKYJIBTYpHI BinMmiHHOCTI. ETtam mepen-yHiBepcuTer-
CBHKOI MIATOTOBKM TIOBUHEH HE TIIbKU HABYUTH abITypi-
€HTa MOBM HaBUaHHS, a W aJanTyBaTH iHO3EMHHX CTY-
JICHTIB 10 HOBOTO CEPEIOBHIIIA.

Jlns peanizarii mocTapiaeHoi y poOOTi MeTH HE0O0-
XiJTHO: TIPOBECTH SIKICHOTO aHalli3y aKTyaJbHUX METOIIB
JIUCTAHIIHHOI OCBITH, OOTPYHTYBAaTH iX MPaKTHYHOI ede-
KTHBHOCTI B OCBITI 1HO3€MHHX CTYAEHTIB, BIIPOBAJIUTH
METOJIMKU CTBOPEHHSI MYJIBTUMOBHHX JIOBIJIHUKIB IS
BUPIILIEHHS MPOOJIEMH aanTarii iHO3eMHHX CTYIEHTIB.

EdexTnBHi HaBuaabLHi MOaYyJi Ta Bed-pecypcu

Ha choropnimuiii 1eHb iCHYE BEJHMKAa KiUTbKIiCTh
MOJYJIIB JUI1 HaBYaHHSA. ABTOpaMH OyJIO MpoaHai30-
BaHO HH3KYy ICHYIOUMX TECTIB pPI3HOMaHITHHX BeO-
pecypciB Ha e(DeKTUBHICTh peabHiil poOOTi 3 1HO3EM-
HUMH cTyneHTamu. [IponoHyemMo pO3IIISIHYTH OIHI 3
Kpalux pillieHb, 10 TOKa3alH MO3UTHBHI pe3yIbTaTH:
IDroo; Quizlet; Classtime; Quzizz; LearningApps;
Google Forms.

OnuiemMo KoXeH 13 IIUX OCBITHIX JOJATKIB.

IDroo — ne HaBuanpHa BipTyajbHa JIOUIKA JUIS 3a-
HATh. BeO-pecypc MOBHICTIO 33/10BOJIBHSE BCI HEOOXiHI
noTpedu JjIsl TPOBENEHHS AWCTAHIIMHUX JIEKIil Ta
npakTUKyMiB. JlonaTtok Hajgae 3MOr'y MOJIEITIOBATH poOo-

86

© H. B. Ivanceka, C. C. Ciposuii, 2020



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 3(61)

ISSN 2073-7394

Ty CTyACHTA 3 BHKJIagadeM Oisist momku (puc. 1). Iarep-
(eiic mporpaMu BUKOHAHHH IMOBHICTIO HAa aHIIIHCHKIH
MOBI, Yepe3 MIO JI03BOJIUTh IHO3EMHOMY CTYACHTY CTBO-
pUTH 3po3yMine cepenoBuile s HapuaHHA. CTyIeHTo-
Bi He MOTPIOHO CKavyyBaTH MpPOrpamy, BCi IPOIECH
BUKOHYIOTHCSI BIpTyaJIbHO, a JjaHi 30epiraroThcst Ha XMa-
pHOMY cxoBuili. OfHa 3 TOJOBHUX IepeBar I[bOro0 Mo-
IIYITII0 — 1€ MOXKJIMBICTh TpalloBaTu 3 pisHUMH (HOpMY-
namu Ta OyayBatu Qirypu.
Woo~r k A/ OC = # % oo

Stroke Al Formula
W F — £ e AR Y

log W lm min  max

sin cos  tan  simh  cosh

sec cot csch  sech

aresin arccos  arctan

z deg  dim Br

70

Puc. 1. InTepdeiic Bipryansnoi pouku IDroo

ABTOopaMu OyJI0 MPOBENEHO EKCIIEPUMEHT Ha IMpHU-
KJaJi ABOX MapaJielbHUX TPyl 1HO3EMHHUX CTYAEHIB Ha
noroui. CyTh SIKOTO IoOJIsirajia B TOMY, IO IJISl TIEPIIOi
rpynu tema: «CucTeMu JHIHHMX anreOpaiyHuxX piB-
HSHBY» 3 po3niny «JliHiiiHa anreOpa» momaBanacst 3aco-
0aMu TpaJMIII{HOrO HaBYaHHSI, a JUIsl Ipyroi rpynd - i3
BUKOpUCTaHHAM 3aco0iB [T-texnomoriit. [Ticns BuBueH-
HSl TeMH OyJI0 MPOBEAEHO KOHTPOJIBHY POOOTY, pe3yiib-
TaTH SIKOi MMOKa3aJid, 110 3aCBOIOBAHICTh MaTepiairy, IIo
nozaBaBcs i3 3actocyBaHHsAM [T-TexHOMOriH CyTTEBO
BHIIM{ B TMOPIBHSIHHI 3 KJIACHYHUM BHKJIAJaHHAM. 3a-
YB2XUMO, IO TOMIOHUI EKCIIEpUMEHT IPOBOAMBCS 13
YKpaTHCBKUMU CTYAEHTAaMH, B SIKOMY BiZIMiHHICTh TaKOX
€, ajle He HACTUTBKHM BHUCOKA Ta IIOMITHA.

OcBiTHil poriec Ui IHO3EMHHX CTYICHTIB 3ae-
KHUH Bix Oarathbox (axkTopiB, i COLIAIFHHX B TOMY
gucii. e 1 cTymiHb 3aCBOEHHS HOBOT MOBH (1HO3EMHOI),
aKIICHT, MCHTAJITET, IBUAKICTh aJamnTailii B HOBOMY
cepemoBuini. Iy oci0, 0 3ajeKHI BiJ BHUILE Tepepa-
XO0BaHUX (DAKTOPiB TUCTAHIlifiHA OCBiTa € C(CKTUBHI-
OO B MOPIBHSHHI 3 KJIACHYHOIO.

Buieckaszane JOBIB aHali3 pe3ylibTaTiB €KCIIEpH-
MEHTY. 3a paXyHOK JOCTYITHOCTI HaBYAJIbHUX MaTepialis,
3pO3yMIIOCTI iHTep(eCy, BUCOKOT (DYHKIIIOHATBHOCTI Ta
MOKIMBOCTI HAOYHOCTI Marepialy BUKOPHUCTAHHS ejle-
MEHTIB JUCTAHIIIWHOI OCBITU MiIBHIIMIO CyMapHUHA Ce-
pemHiit 6an1 Ha 12%. BimmiTiMO, 110 1OAaTKOBMMH Ha-
CIiIKAMH € TIPUPICT iHTepecy N0 MpeAMETy Ta IiJBH-
IIICHHS MOTHBAIII.

3ayBakuMo, 1m0 BeO-pecypc IDroo e mariHom
nporpamu Skype, a Il BHKIHKA€ TEBHI CKJIATHOIII B

poboTi  (BCTAaHOBJCHHS, IIONEPEIHE 3aBaHTAKCHHS
nporpamMu  SKkype, TmomepeaHe O3HAHOMJICHHA 3
inTepdeticom).

Quizlet — e cepric, 10 JO3BOJISIE CTBOPIOBATH Te-
CTH JUIsl IIBHIKOTO 3amaM’sSTOBYBaHHS HOBUX CIiB. Pe-
cypc e(eKTUBHO BHKOPUCTOBYBATH JJISI BHBUCHHS 1HO-
3EMHHUX MOB.

[epmra 3ragka npo Quizlet 3’sBunacs y 2005 po-
ui [6], xomu amepukaHchbkuil mkonsip Enapro Cazep-
JIEH]] TOTYIOYUCh /IO TECTY HAMaraBcsi BUBYUTU CITUCOK
3 111 ¢panmy3pkux ciiB. barbko gomomarar iomy
BYMTH ciioBa 1o kapTkax. Came Toxi 15-piunnii Ennpro
BHUPIIIKB, 1[0 HAITUCATH MPOTPaMy AJIsl TOTO, 1100 CIo-
CTHTH IIPOIEC 3ay4yBaHHS HOBUX CJIB 1 BiJCIIJKOBY-
Baja O mporpec, sSK Ii¢ pOOMB HOro 0OaThKO, TUIBKH
TouHinie. Y pesynsrari EHApIO CkiaB TecT Ha "BigMiH-
HO", Jloro mporpamoro 3aliKaBuIncs iHII y4Hi. A depes
PiK BIOCKOHaJIeHa IporpaMa nodayuia CBIT, 3roI0OM Ha
Quizlet.com Bxe Oyio 6inbme 400 000 3apeecTpoBaHuX
KOPHCTYyBauiB. 3apas Iiei caiiT HapaxoBye 50 MijIbHOHIB
KOPUCTYBauiB IIOMICSYHO.

Asropamu Quizlet BUKOpHCTaHO MJIsl IIBUAIIOU
MOBHOI aJanTarii iHO3eMHUX CTYIeHTIB. JlJisi CTyneHTiB
Oyl10 po3po0JICHO KapTKH IO JBOX KaTeropisx: 0a30Bi
MOBHI Ta TpodeciiHoro crpsiMmyBaHHs. BukopucraHHs
LILOTO BEO-pECypCy MO3UTHBHO BIUIMHYIIO HAa 3aCBOEHHS
MOBHUX HaBUYOK CTY/IEHTIB.

Classtime — 11e rulatopma It CTBOPEHHS 1HTEP-
aKTHBHUX HaBYaJIbHHX MpOTrpaM, IO JO3BOJSIE BECTH
aQHAIITUKY HaBYAJBHOIO TIIPOIIECY Ta peai30ByBaTH
cTpaTerii iHAMBiAyaJpHOro mimxomy. Ilporpama mo-
CTYITHA 1 3pyYHa Y BUKOPHCTAHHI, JOMOMOXKE 3a0IaUTH
Yyac Ta 3yCWUIA B MiJTOTOBIN BUKJIAJa4a Ta OLliHIOBAHHI
crynentiB. Classtime mpaiffoe B peXKuMi peabHOTO Yacy
Ta 3a0e3reuye BiJICTeXEHHsI POOOTH CTYJCHTIB IIPOTATOM
BchOro 3amarTs. [lpm  1mpoMy cepBic 3abesmeuye
IH/IMBITyaJIbHUAI PEKUM pOOOTH ISl KOXKHOTO CTY/IEHTa
[7]. Ha caiiti icaye nonan 30 TUCSY MUTAaHb JIs YUHIB Ta
CTYJCHTIB, TAKO)K MO’KHA CTBOPIOBATH CBOI.

Ha ocHOBI BuKoOpHCTaHsl ILOI'O pecypcy aBTOpaMu
Oys0 CTBOpEHO BiacHHU TecT 3 npenmery «CrierianbHi
po3IinuM ociimKeHHs onepauii» (puc. 2) [8].

Bawe nuTaKHA

The basic idea of the simplex method of solving the problem of linear prugrammind

OnuiiiHo, JoaaiTe Ginbiue feTaned TyT...

O Search of all angular points of the set of admissible solutions

O Search of all adjacent comer points of the set of admissible solutions

O Transition to the task of minimizing the linearized function of the goal

@ Directed search of nondegenerate angular peints of the set of admissible solutions of the problem

+ [onatu BapiawT Bignosigi

[onaiiTe po3'AacHenHs (onuiiHo)

Puc. 2. CrBopenns nuranb B Classtime

Buxopucranns Classtime Mae neBHi repeBaru:

— MOAYJIb BKIIOYA€ BEJIHMKY KUIBKICTh BIIPaB Ta Te-
CTIB 3 MOKJTUBICTIO BUCTABIISATH OILIIHKH;

— KOHCTPYKTOp JO3BOJSE JIONABATH JO 3aBAAHHS
300pa)keHHs SIK 3 KOMIT'IOTEpa, TaK i M0 MOCHJIAHHIO 3
IHTEpHETY, a TAKOXK 3aBaHTaKyBaTH Bifeo 3 YouTube;

— € (yHKIIS CTBOPCHHS BJIaCHUX 3aBIaHb Ta IMyO-
JKyBaHHS 1X B CHiJBbHIN OiOmioTerwi, Mmcis ImepeBipKu
Mozepaitiero (puc. 3);

— MOXKJTUBICTH ITPOBOJUTH KOMAHJII irpU Ta 3aBaH-
Ta)KyBaTH IIEPCOHANBHI i KJIacHI 3BITH.
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Bamy rpyny nutaHb yCV'IiI.UHO

HapicnaHo Ha posrnng

Puc. 3. Mopneparist

Quzizz — ue cepBic A1 CTBOPEHHSI ONUTYBaHb i
BIKTOPHUH 3 aHIIIOMOBHUM iHTepdeticom [9]. Mae Moxk-
JUBICTh CTBOPIOBATH BIKTOPWHH, BEIHMKY KUIBKICTh
TECTIB Ky CTBOPEHHMX BJAaCHOPYY, TaK 1 3al03MYEHHX.
CepBic J03BOJISE: OpraHi30BYBaTH 3MaraHHs; aHaji3y-
BaTH OCOOWCTI JOCSATHEHHS Ta pe3yJlbTaTH KOXKHOTO
KOpHCTyBaya; HaJaBaTH aBTOMATUYHUHA 3BOPOTHHIM
3B'A30K.

ABTopamMu Oyj0 pO3pOOJICHO BIIACHY BIKTOPUHY
s ipeamery «ladopmaruka Ta nporpamyBanHs» [10]
3a TeMoro «CHCcTeMH YHUCIeHH (puc. 4).

o |

Convert numbers to another number system.

1001110010001101

1000100100011 §)

1001110010001101

Convert numbers to another number
system.
232316 —72

1001100100011

1100100011001 1000110010001 1

Google ®opmMu — 0IATOK AJIsl aAMIHICTpYBaHHS
ONUTYBaHb, KU € YaCTUHOI odicHoro makety Google
Hucky Ta Google Classroom pazom 3 Google Docs,
Google Sheets i Google Slides. ¥V Google Forms € Bci
¢yHKIIT crinbHOI poboTH il 0OMiHY, 11O € B JOKyMEH-
Tax, TaOnMMIIX 1 mpe3eHTallisx. Bukopuctanus Google
Forms € m0CTaTHRO MOMYyJSIPHUM cepel] KOPHCTYBadiB
3a paxyHOK CBOE€T yHIBEpCaJIbHOCTI: ()OPMY OIHUTYBaHHS
abo TecTy MOXKHa BOyAyBaTH Ha caiit, B OJor, Biampa-
BUTH TMOCHJIAHHS MO TOIITI; PE3YyJIbTATH OMHUTYBAHHSI
Jerko mobauuty B Tabmuii uu giarpami [12]; MoxHa
MIPOBOJUTH COIIOJIOTIYHI YM HABYAJIbHI OIMMUTYBaHHS,
BIKTOPHHH, CTBOPIOBATH aHKETH, TECTH.

BuminuMo nexinpka OCHOBHHX TMEpeBar BUKOPHC-
TaHHs cepsiciB Google:

— MIATPUMYIOTH BCi OlepalliiiHi CUCTEMH 1 KITIEHT-
CBbKi TIPOrpaMH, 10 BUKOPHUCTOBYIOTHCS CTYACHTAMH Ta
HABYAJTHHUMH 3aKJIaIaMU;

— MiHIMaJIbHI BUMOTH JI0 allapaTHOr0 3a0e3MCYCHHS;

— iHCTpYMEHTH HE BHMAraroTh BHTpPAT Ha MpU-
n0aHHs 1 00CIYroBYBaHHS CIIEI[iaIbHOTO MPOrPaMHOro
3a0e3neueHHS,;

— aBTOMaTH4Ha 00pOOKa IaHWX Ta CTATUCTHKA;

— aJanTUBHICTh A0 MOOUIRHHX IPHCTPOIB 13 30e-
PEeXEeHHSIM MOBHOT'O (PYHKIIOHAITY;

— MATPUMKa pi3HUX (OPMATiB: TPOCTUH TEKCT,
HTML, DOC, RTF, OpenDocument, PDF.

BuxopucroBytoun cepsicu Google Forms aBropa-
MU Oyiio po3pobieHo tect [13] anst BXiZHOTO KOHTpPO-
JI0 3HAHb 3 MATEMATHUKH JUIS 1HO3EMHHX CTYICHTIB

(puc. 6).

Add answer option 111 O

110010001

Explanation (optional

1100100011001

SUBMIT

Puc. 4. Po6ora 3 Quzizz

LearningApps — HaBUaJabHUM JOJATOK, IKUHA BH-
KOPUCTOBYE IHTCPAKTHBHI MOMYJi Ta 0a3yeThCcs Ha ir-
poBiii (opMi, o crpuse GOPMYBaHHIO Mi3HABAILHOTO
inTepecy [11].

Pecypc Mae pisHOMaHITHUIA BHOIp IIaOJIOHIB M
CTBOPEHHSI IHTEPaKTHBHHX 3aBJaHb. KpPOCBODPJ, Na3ll,
Kiacudikaiis, BIKTOpHHA, 3allOBHUTU IIPOITYCK, 3a-
BIIAaHHS HA BIAMOBIIHICTH, XPOHOJIOTIIO Ta 1HIII.

[epeBaroto € He 000B’SI3KOBA PEECTpALLisl TA BEJIH-
Kkuii HaOip MOB iHTepdelicy. 3arpornoHoBaHi po3pOOHH-
KaMu 23 MOBH JIOBOJIATH YHIBEPCAIBbHICTh TOJIATKY.

- 4e WGE GYTH NIOSAHaHNA TENCTiE, 30GpaREHY, SYAi0- T2 BiAES-PONMKS

Zansi enemeHTH

Masa 491aTH £ip 3 TARBKY ENEMENTIB, Ki Ha HANEWETE A0 PiLIEHHs

+ o e

Cxnagewi napu saxaioTh

Cxnagen nap

SHHEBIOTE. IHaKLE NIZPH [10 TOD MOMEHTY, NOKH HE SHAIISHD BC1 NDAEHTIbHI BUANOBATH

O cragesi napy 3mKaoT

Puc. 5. CrBopenns 3aBnanb B LearningApps

Entrance Math Exam

National University <Yuri Kondratyuk Poktava Polytechnics

* O6asarensio

Calculate * 106am0n

o
O

om
om

Puc. 6. BXigauii TecT 3 MaTEMaTUKA

Cepgicu Google € ehekTUBHUMH HE TITBKU B Ha-
BYaHHI, a # B poOOUill MpaKkTUI Y¥ B MalOYTHIH Ipo-
(ecii, HIbOMY CIpHsE BENWKa PO3MOBCIOKEHICTh MPO-
rpaMHUX NPOAYKTiB KommaHii Google.

MyJbTUMOBHI 10BITHUKH

Jly1sl BUKOHAHHSI KypCOBHX, JAUIUIOMHHX POOIT, pe-
anizanii 1ab0paTOpPHUX TOCIIPKEHb KIIACHYHO 3aCTOCO-
BYIOTBCSI METOIWYHI JOBiMHHMKH. [IpakTHka BHKOpHC-
TaHHS METOJMYHUX MaTepiayiB He HOBa W MOMYINSpHA.
OcBiTHI# mpornec il CTYJACHTIB 1HO3EMIIIB Ma€ IeBHi
0COOJIMBOCTI, IO CYTTEBO BIUIMBAIOTh Ha €EKTUBHICThH
BHUKOPHCTAaHHS METO/IMYHUX JIOBITHUKIB, SIKi ITOB’s13aHi 3
poOJIeMOI0 Tepekiaay. ADKe piBeHb BOJOIIHHS MOBH
€ HEeZIOCTaTHbO BHCOKHM, TO K 3aCBOEHHS HOBOTI'O Mate-
piayly BUKJIMKa€e MEBHI TPYIHOI, OCOOJIMBO 3 BHBYEH-
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HAM TepMiHiB. EdexTuBHUM po3B’si3aHHSAM 1€l Tpo-
OyeMH, Ha AYMKY aBTOpIB, MOXE CTaTH MYJIbMOBHHIA
JOBIMHHUK. Imess WOro BUKOPHCTAHHS MOJSITAa€E B TOMY,
[0 KOXKHY TeMY MOTPiOHO MOAAaBaTH Pi3HUMH MOBaMH,
HAIpHKJIAJl, YKpaiHChKOI0, aHIIIIHCHKOIO Ta apaOdChKOIO.
3acTocyBaHHS MYJIBTUMOBHOTO JIOBiTHHKA TTO3HTH-
BHO BIUIMBAa€ Ha 3aCBOEHHS HOBOIO MaTepiany, IIBHJ-
KiCTh BUBYCHHS HOBHX CJIiB Ta TEPMiHiB, BJOCKOHAJICHHS
MOBH SIK PO3MOBHOI, TaK i IPO(ECIHOTrO CHPsIMyBaHHSL.

BucHoBxu

BukopucranHs OCBITHIX OHJIaliH-PECypCiB 3 KOX-
HUM DOKOM HaOyBa€ BCE OUIBIIOI MOMYJISPHOCTI, IO

MOPOKY€E TuBepreHnii QyHkUii Ta Gopm ocBitu. Pis-
HOMAaHITHa KIJBKICTh HOBHUX METOJIB HAaBYaHHSI JA€
MOXIIUBICT BUOOPY TOi UM 1HIIOI METOAMKH 3 3aJIEK-
HOCTI BiJl 0COOIHMBOCTE# chepu BUBUCHHS Ta PO3IIHPIOE
KOJIO MOXJIMBOCTEH JIJIs TIOKpAIleHHsI OCBITHBOT'O IPO-
lecy A CTyAeHTIB iHo3emiB. IlomaHa aBTOpamu
no0ipka OHJIAHH-PECYpCIiB J03BOJIIE CYTTEBO 30eperTH
Yac Ta MiIBUIIUTH e()eKTHBHICTh Ta SIKICTh OCBITH.

3anpornoHoBaHa aBTOPaMU 1HHOBAIliSl — BHKOpHC-
TaHHS MYJIFTUMOBHUX JOBIJHUKIB € 3pyYHUM Ta IpaK-
TUYHUM 1HCTPYMEHTOM, IO e(EeKTUBHO MiJBHIILYE
SIKICTh OCBITHBOTO TPOIIECY Ta CIIPOIIYE MPOLEC aaall-
Tari.
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Application of educational internet resources in educational work with foreign students
N. Ichanska, S. Sirovyi

Abstract. The subject of research is methods and forms of learning that use educational online resources. The article
describes and analyzes the main functions and benefits of using existing educational web resources and multilingual directories.
The analysis and guidelines provided by the authors are especially useful for students receiving IT education. The paper shows
the convenience and efficiency of using Internet resources for the study of foreign students, taking into account the peculiarities
of learning and moments of adaptation. Now the educational environment, as never before, must meet all the urgent challenges of
the times. Which emphasizes the urgency of improving the quality of the educational process. The authors study the current
problem of compliance of the educational environment with the pace of development of the modern world and the challenges of the
time and methods of improving the quality of the educational process in the training of foreign students. As an innovative system, the
authors propose the use of multilingual reference books. Which should improve the understanding of the material and encourage
students to learn other languages. Results - the authors formed a list of effective training modules, described the benefits, recom-
mendations and arguments for the use of the considered web resources. For clarity, the authors use tests and methodological materi-
als created personally. The efficiency of application of multimedia reference books on the experience of the existing methodical
reference book is considered. The authors show the novelty, relevance, effectiveness of the parallel use of several languages at the
entrance to the study of one topic by the student. Conclusions - the paper considers effective training modules that are particularly
adaptable to the education of foreign students, suggests the use of multilingual reference books, which not only improve the quality
of the educational process, but also simplify the adaptation process. Proving the effectiveness of the web resources proposed by the
authors on the example of personal tests. The authors provide screenshots of the interfaces of the considered web resources.

Keywords: modules for learning, IDroo, Quizlet, Classtime, Quzizz, LearningApps, Google Forms, multilingual direc-
tories.
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OIITHIOBAHHSI TA 3ABE3NEYEHHSA ® YHKIIMHOI BE3NNEKA
ITPU PO3POBJIEHHI TA JIIHEH3YBAHHI MOJAVYJIIB I IVIAT®OPM
JJIAA TIPOI'PAMHO-TEXHIYHUX KOMIVIEKCIB
TH®OPMAIIMHO-KEPYIOUNX CUCTEM

AHoTanisi. BukoHaHO aHaNi3 Cy4acHOTO CTaHy JIOCHI/DKEHb B raily3i HamilHOCTI Ta (YHKLIHHOI Oe3MeKH MmporpamHo-
TEXHIYHUX KOMIUIEKCiB iH(popManiiino-kepyrounx cucreM (ITTK IKC). BeranoieHo, 1110 He 3Ba)Kaloul Ha BUKOPUCTAHHS
HOBOI eJIeMeHTHOI 0a3u B Xoxi MonepHizauii Ta po3pobiienHs HoBux IITK IKC, 3acTrocyBaHHs cy4acHHX TEXHOJOTiH po3-
poOKH IX anmapaTHOI Ta NPOrpaMHOi KOMIIOHEHT, ITi/IBUIIEHHs e()eKTUBHOCTI TEXHOIOITYHUX HPOLECIB, 3HIKEHHS pecyp-
CEMHOCTI BUPOOHHMIITBA HE MPHU3BEIO JI0 JOCTATHHOIO NPOrpecy y BUpilleHi 3aBraHb npoekTyBanHs [ITK 3 HeoOXinHUM 1
rapaHTOBaHUM PiBHEM HajiiHocTi 1 (yHKuilHOI Oe3nexu. Kpim Toro, BCTaHOBIEHO, 110 HE 3Ba)KalOUM Ha IHTEHCHBHI J10-
CITIJKEHHSI BIIPOJIOBXK OCTAHHIX JAECATWIIIT 3aJIMIIAETHCA HU3Ka HEPO3B sI3aHUX 3a/1a4 i 0OMeKeHb iCHYIOUHX METOIB 1 3a-
co0iB, a came: MOJieIi, SIKI OIMCYIOTh Ha/ilHICHY i 6€3MeKOBY CKIIAIOBi, HE YPaxOBYIOTb PO3MIPHICTh 3a1adu i 0OMeXeHb
ICHYIOUMX METO[IB; y Cy4aCHHX METO/aX OLiHIOBaHHsA (yHKUiHHOI Oe3nexu acrekTu 0e3BiIMOBHOCTI amapaTHHX 1 Hpo-
IPaMHUX 3ac00iB  PO3MIIANAIOTHCS BIJIOKPEMIIEHO, 0€3 CIUIBHOrO KUIBKICHOrO aHali3y pe3yiabTaTiB Bepudikanii; MeToau
po3pobnennst it 3abe3nedenHs Bixmooctiiikocti IITK 3 BUKOpHCTaHHAM IPOrpaMOBHUX IUIaT(OPM HEJOCTATHBO Ypaxo-
BYIOTH MOXJIMBOCTi, OOMEKEHHSI 1 IIOXHOKK BOYZIOBaHMX 3aCO0IB KOHTPOIIIO 1 AiarHOCTYBAHHS Ha PiBHI €JIEKTPOHHUX IIPO-
€KTiB, MOZy/iB 1 kKaHaiB. [IpeacTaBiienuii B poOOTI METO YaCTKOBO BUPIILIYe TEpelliueHi 3a1aui.

Karo4doBi cioBa: nporpaMHO-TeXHIYHHMI KOMILIEKC, iHpopMauiiiHo-kepyroda cucTema, Aedekr, HanilHiCTh, QyHKILIH-

Ha Oe3rieKa, eTarny MO )KUTTEBOTO IUKITY.

Beryn

B 3a6e3neuenni 6e3nekn AEC, aBianiifHux i pake-
THO-KOCMIYHHMX KOMIDIEKCIB iHIIUX KPUTHYHUX 00’ €KTIB
BaXXUJTUBY pOJNb  Bifirparorh iH(opmauiiiHi-kepyodi
cucremu (IKC), smpom sKHMX € HporpaMHO-TEXHIYHI
komiutekeu (ITTK). Bapricte BimMOB amapaTHHX, Hpo-
rpaMuux, nporpamoaux 3aco0iB [ITK IKC, € Han3su-
YaifHO BUCOKOIO.

HaiiBaxxmuimoro xapakrepuctukoro IKC e dyHk-
uiifHa Oesrieka, sika BiJIIOBiTHO 0 MiXKHAPOIHMX 1 Ha-
LioHaJBHUX cTaHmapTiB [1, 2] BU3HauUa€ 3/1aTHICTH CHC-
TEeM MIHIMI3yBaTH PU3UKH IEPEXOAY B aBapidHui (He-
Oe3meyHuii) cTaH Ta/abo Woro Hacmiaku. s Ykpaidu
aKTyaJIbHICTh HOPMYBaHHsI, MOHITOPHHTY, OIlIHIOBaHHS
Ta 3abe3neyeHHs QyHKUIHHOT Oe3neKu MiATBepAKYETh-
s HAsIBHICTIO BEJMKOI KiJIbKOCTI aBapiiHO HeOe3neuHnX
00’€exTiB, Iepi 3a Bce, peakropiB AEC.

Ile 3ymMOBIIOE HEOOXIAHICTB: IO-TIEpIIE, rapaHTO-
BaHOTO BMKOHAHHSI BUMOT JIO0 CTIMKOCTI 10 BiZIMOB IpoO-
IpaMHUX, IPOrPaMOBHHUX, allapaTHUX 3aco0iB, 30ypeHb
PI3HOI ITPUPOIM Ta 3MiH XapaKTepUCTHK (PI3UYHOTO Ta
iH(OpPMAIlIFHOTO CepPeOBHUINA; MTO-APYTe, 3a0e3MCUeHHS
SIKOCTi pO3pPOOJICHHS 1 TOYHOCTI BiJITBOPEHHS pealbHUX
norpe6 Bukopuctanus [ITK IKC 3a npu3HadeHHIM; TIO-
TpeTe, MiHIMi3allli 4acOBUX, €HEPreTUYHUX Ta IHIINX
pecypciB, siKi BAKOPUCTOBYIOTHCSI.

CporofieHHi MpoIecH MOJAEPHi3alii iCHYIOYHX Ta
po3podku nepcnektuBHux [ITK rpyHTytoThcs Ha BUKO-
pHUCTaHHI HOBOI €JIEMEHTHOI 0a3H, CydaCHUX TEXHOJIOT-
SIX pO3pOOKH iX amapaTHOi Ta MPOrpaMHOI KOMIIOHCHT.
Ile, 3 ogHOro OOKY, posmmproe Moxiausocti IKC, npu-
3BOJIUTH 0 IiJBHIIEHHS €()EeKTHBHOCTI TEXHOJIOTTYHUX
MPOIIECIB, 3HIKYE PECYpPCEMHICTh BUPOOHHUIITBA, a 3
IHIIOr0 OOKY — MPU3BOJNTH, A0 3POCTaHHS PH3HKIB, SIKi
CYMPOBOKYIOTh TIPOIIECC IMiIBUIICHHS 3aJICKHOCTI (yH-

KIIIOHAJIBbHOCTI, HAIFHOCTI 1 OE3IEKH BiJ] IKOCTI MIPOEK-
THHX pilieHb. ToOTO 30UTBIIEHHS MOXIIUBOCTEH Cydac-
HOI elleMeHTHOI 0a3u, BIPOBA/DKEHHS 1HIYCTPIiaJbHUX
TEXHOJIOTIH pO3pOOKK NpOrpaMHOro 3a0e3nedyeHHs He
MIPUBEJIO JI0 TAKOTo X mporpecy y npoekrysanHi [1TK 3
HEeOoOX1THMM 1 TapaHTOBaHUM PiBHEM HaJiHHOCTI i (yH-
KIIHHOI Oe3MeKH.

Crix 3a3HauuTH, IO TaKMH CTaH peved CKIaBcs,
He 3Ba)KAlOYM Ha IHTEHCHBHI JOCIIPKEHHS BIPOIOBXK
OCTaHHIX JIECATHIIITh, SIKI BUKOHYBaJHCS B YKpaiHi Ta
3a 11 MeKaMHU PSAIOM HAYKOBIIB, 30kpema, T. Anderson,
A. Avizienis, J.-C. Laprie, P. Popov, B. Randell,
A. Romanovsky, S. Russo, F. Saglietti, K. Trivedi,
J. Vain, B.JO. Bonounem, O.B. Ipo3nom, JI.A. Maesc-
kuM, B.M. Omnanacenko, O.M. PomaHkeBuueM,
B.I. XaxanoBum, M.A. SlcTpeOeHEKUM Ta iHIIL

Ha cporomni 3anuimaeTscsi HU3Ka HEPO3B’SI3aHUX
3a/1a4 i OOMEKEeHb iICHYIOUMX METOJIB 1 3aC00iB, a came:

- Mopeli, SIKi ONUCYIOTh Ha/liHICHY i Oe31eKOBYy
(six iH(opMaliiiHy Tak 1 QYHKIIHHY) CKIaJ0Bi, HE ypa-
XOBYIOTh pEaJbHy PO3MIPHICTh 3a7ay OIIHIOBAHHS 3
ornsxy Ha cknagHicts iHgyctpianeHux IKC 1 TITK,
3MIHHICTh TApaMEeTPiB BiJ]MOB 1 BiIHOBJICHD;

- Y MeTojax OLIHIOBaHHs (YHKIIHHOI Oe3reKH,
HacaMmepel, aclneKTH Oe3BiIMOBHOCTI amapaTHUX 1
MPOrpaMHUX 3ac00iB  PO3IJISAIOTHECS BiIOKPEMIIEHO,
0e3 CIUIBHOTO KIJIbKICHOI'O aHalli3y pe3yNlbTaTiB BepH-
¢ikarmii;

- METOAu PO3pOoOJieHHS U 3a0e3MCUeHHS BiIMO-
Bocritikocti [ITK 3 BuKOpHCTaHHSIM TpPOrpaMOBHUX
IaTopM HENOCTaTHHO YPaXOBYIOTb MOXKJIHMBOCTI,
00MeXeHHSI 1 TOXUOKH BOYZOBaHUX 3aC00iB KOHTPOJIIO i
JIIarHOCTYBaHHsSI Ha PiBHI €JIEKTPOHHUX ITPOEKTIB, MO-
JIYJIIB 1 KaHAJIB TOIIIO.

TakuM YMHOM, MOXJIMBO 3pOOMTH BHUCHOBOK IIIO
Ha ChOTO/IHI iICHY€ HEBIJIOBIIHICTh MK PO3IIMPEHHIM
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Ingpopmauiiini mexuonozii

MHOXKUHHM TIpHYMH mnopymeHHs mpane3nataocti T1TK
IKC BHacmifok ¢i3W4HUX 1 NPOEKTHHX Ae(eKTiB iX
KOMITOHEHTIB, 3MIHOI0 MapaMeTpiB IOTOKIB BiJIMOB,
BiJTHOBJICHb 1 OHOBJICHb, AalapaTHUX, HPOrPaMHHUX 1
iH(pOpMaIIfHUX pecypciB 1 piBHEM PO3BHUTKY Cy4acCHHX
METO/IIB 1 3aCO0IB OLIHIOBaHHS Ta 3a0e3IeUeHHs Halik-
HocTi Ta pyHKiiHOT 6e3neku [1TK.

[MogonaTy 1O HEBIATIOBIAHICTH MOXKIIMBO IUIIXOM
BHpIIICHHS TMPOOJIEMH KOMIUICKCHOT'O OI[IHFOBaHHS 1
3abe3neueHHs1 HagiiHOCTI 1 ¢yHKuiiHOI O0e3nexu [1TK
st IKC KpuUTHYHOrO 3acTOCyBaHHS 3 ypaxyBaHHIM
BiIMOB, OOYMOBJICHUX IPOCKTHUMH, (Bi3ndHNMHU aede-
KTaMH 1 BPa3JIMBOCTSIMH IIPOTPaMHHX 1 allapaTHUX 3aCO-

0iB (BKJIIOYAIOYH BIIMOBHM 3 3arajibHOi IPUYMHH), a
TaKOXX 3MIiHU MapaMETPiB MOTOKIB iX BiIMOB 1 BiIHOB-
JICHb.

Meta cTaTTi — NPEACTaBICHHS OCHOBHUX CTAIliB
METONy OIIHIOBaHHS Ta 3a0e3ledeHHst (QYHKIIHHOI
Oe3reky Tpu pO3pOOJICHHI Ta JIIIEH3YBaHHI MOJIYIIB 1
mwiatGopM U1 NPOrPaAMHO-TEXHIYHHX KOMILICKCIB
iH(pOPMAIIIfHO-KEPYIOUNX CHCTEM.

OCHOBHA YaCcTHHA

VY BiAmoBigHOCTI 10 BUMOr cTaHmaprtis [1, 3] y3a-
rajpHeHa V - Mozenb xurteBoro mukiny (JKII) po3poo-
nenns Ta tecryBanHsa [ITK IKC mae Burmsn (puc. 1).

Project
Management|
\ I~ Ofuicnens |
,,r: nokasHika @b |
Planning User o .y Validation |4 | (yTouenns) |
\ Documentation /
Requirements Equ_ipme_nt
Specification (RS) Qualification
A\ AN / I~ Oficrenn |
Infegration  |«a-#= nokaatuka Pb |
Hardware RS Software RS | (yroents) |
\ / I OBuncnedra !
Hardware Software Design Software | o _w! nokasHuka 96 |
Design And Verification : (yTouHeHHs) !
9 Implementation | ~———— = 22T 1
— oo
| UMCTIEHHA . esign
: nokazHuka ©b :" S Analysis

Puc.1. V — Mozeins xuTTEBOr0 UKy po3pobiienHs Ta recryBanns [ITK IKC

Jlo ocHoBHEX ertamniB po3pooienns [ITK IKC xwur-
TEBOT'O LUKITY BiJTHOCATHCS:

- Project Management (eran B3aemopii 3aMOB-
HHUKa i BUPOOHMKA, HA SIKOMY JJOKYMEHTAIbHO BCTAHOB-
JIIOIOTHCS IOPUINYHI BITHOCHHH MiXX MaiiOyTHIMHU y4ac-
HUKaM{ IIPOEKTY: BUBYEHHS TEHIEPHHUX 3aMOBJICHb,
cnenugikamii Ha TPOAYKT 3aMOBHHKA, PO3POOJICHHS
OCHOBHUX IIPOEKTHUX IIJIAaHIB MEHEKMEHTY TOLIO);

- Planning (eran po3poOieHHs MPOEKTHUX ILIa-
HIB);

- Requiremens Specification (RS) (eTam po3po0-
JIeHHsI crienudikanii BUMOT Ha CHCTEMY B ILIIJIOMY);

- Hardware RS ta Software RS (eranu po3po0-
neHHs cnenudikanii Bumor 10 HW ta SW);

- Hardware Design ta Software Design and Im-
plementation (eramu neTanbHOrO JU3aiHY Ta peaizaiii
HW ta SW KOMITOHEHT cHCTEMU);

- Design Analysis (etan aHamizy HTPUAHATHX
MPOEKTHHX pillleHs). ETam xapakrepu3yeTbesi MOXKINBI-
CTIO MEPBUHHOTO OIIHIOBAaHHS MOKA3HUKIB (DYHKIIHHOT
Oe3meKu;

- Software Verification (eram TectyBaHHs SW
KOMITOHEHT cHCTeMH). Etam Xxapakrepu3yeThest MOXKITHU-
BiCTIO yrouHeHHs noka3Huka @b Ha migcraBi 0OpoOku
CTATUCTUYHHX JAHHUX PO BigMoBH SW;

- Integration (eram iHTerpauiifHOrO TeCTyBaHHS
cucremn). Etan xapakTepu3yeThcsi MOXKIIMBICTIO yTOY-
HeHHs1 TokasHuka @B 3 ypaxyBaHHSAM 00pOOJIEHHX
CTAaTUCTHYHUX NHaHuX BigMoB SW ta HW;

- Equipment Qualification (eram kBaigikariii-
HUX BUIPOOYBAaHb CHCTEMU — HA CEHCMIYHY CTIHKICTb,
€JIEKTPOMArHITHY CYMiCHICTb TOIIIO);

- Validation (eran nepeBipkd BUKOHAHHS CHCTe-
Muux Bumor I1TK IKC). Eran xapaktepusyerbest (iHa-
JIBHUM OLIIHIOBaHHAM roka3Huka Ob.

OuniHroBanHa noka3HukiB @b Ha BiAnoBIIHUX €Ta-
nax JKII 3miliCHIOETBCS 13 3aCTOCYBaHHSIM METOAY OLli-
HIOBaHHS Ta 3a0e3nedyeHHs (YHKLIHHOI Oe3leKku NpH
PO3pO0IIeHHI Ta JIiEeH3yBaHHI MOIYJIB 1 IaThopm s
IKC Ha nporpaMoBHHUX JIOTIYHHX 1HTErpajJbHUX CXEMax
(puc. 2).

ETam 1 — 3actocyBaHHs ITOCIIIOBHOCTI OLIiHIOBaH-
HA HafifHOCTI [13 MUIAXOM KOMIUIEKCYBaHHS MOJCICH
OLIIHIOBAHHS HAaJIHHOCTI TpOrpaMHOro 3a0e3nedyeHHs
(MHII3) Ta ypaxyBaHHS iX BTOpPMHHUX JedeKTiB
[4+15].

[TouaTkoBi naHi eTamy HACTYIHI:

cnenu(ikaiis CACTEMHHUX BUMOT,

cnenudikais Bumor o 13,

JeTaIbHUN AU3aiH Ta peaizaris [13,
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Etan 1 3acTocy BaH HA N0 Q1iA0BHOCTI OLiHKB2HHA
Hag iiHocTi 13 WA XoM KOMNNEeKcy BaHH A

WMHI3 Tay paxy 8aH HA TX BTOPUHHIX AederTin

Y

Etan2

JacTocy BaH HA Me o @ OLiHK BaHHA
HaniiHocT | Ta dh yHKL pHansHoT G eane km MTK
30 CTY KTYPHO-BEPGH 010 Haa MipHICTI

v
3acTocy BaHHA me Tog a 3 adeane YeHHA
Hag IAHOCT | Ta dyy HkloHaneH of 6 eane km MTK
Ha G2 MOJIarHOCTOR HAX NPOTPaMOBHMX
nnardy opman WIAXOM BYK OPUCT aHHA iaHk X
BapiaHTiB Ha AMipHOCTI (i1 BEPCHO CT i)

Etan 3

y

JacTocyBaHHA Me Toaa BepudikaLiTTa
sanigawil MTK Ha npomamosH ux
nnard opmax

Eran 4

Mepeitn go eTany 1

MHAMNSE € HAME = (MHENE P
320050 ¢ onEr SE T K BB TROT: D0
ssec i pedETE

[puitH ATH apxiTer Ty py

Puc. 2. OCHOBHI eTaIy METO/y OL[iHIOBaHHS
Ta 3a0e3neueHHs GyHKuUiiHOT Ge3nexkn

CTaTUCTUYHI JaHi Npo Je]eKTH MpOoeKTyBaHHS
nporpamuux 3aco6is (JI1 I13),

ofepkaHl B pe3ysbTaTi TAKOTrO aHaji3y JIiHis pe-
rpecii, piBHsHH JiHIT perpecii Ta KoeillieHT Kopes-
mii.

Pe3ysipraTaMu BUKOHAHHS €TaIly € 3Ha4eHHA (Y-
HKIIT pU3UKY Ay, (t) Ta BenmumHU 11 3MiHE Al (t) Ha
OCHOBI 00panux Ta Mogugikopanux MHII3.

ETam 2 — 3acTocyBaHHs MeTOna OLIHIOBaHHS Ha-
niHOCTI Ta QyHKIiHOI O0e3meku [1TK 3i cTpykTypHO-
BepciiiHoro HaaMipHicTIO [12].

[ToyaTkOBI MaHi e€Tammy TaKi:

- crienudikaris CHICTEMHHX BUMOT (OMUC CHCTEM-
HUX (DYHKIIIH,

OIHC ClieHapiiB (yHKIIOHYBaHHS,

(yHKIIOHAJIbHI BUMOTH,

BHUMOTH JI0 iHTepeiciB,

BHUMOTH JIO TPOAYKTHUBHOCTI,

BHUMOTH JIO OTOUYIOUOTO CEpEIOBUIIA,

BHMOTH 0 iH(QopMaIiiHol Oe3meKwy,

BHMOTH JI0 HAJIHHOCTI Ta PYHKIIHHOT OC3ICKN),

cnenudikamnis Bumor o Software,

cnenudikanis Bumor 1o Hardware,

apxitekrypHi Bumoru o [1TK,

netanpHuM qusaiid SW ta HW.

Pe3ysipraTaMu BUKOHAHHS €TaIy € 004YHCIIeH] po-
THO3HI 3HAYEHHS TOKa3HHUKIB Ha/lIHHOCTI Ta (QYHKIIHHOT
oesnexu I1TK 3a 0OpaHOIO apXiTEKTYpOIO.

Etam 3 — 3acrocyBaHHs MeTona 3a0e3reueHHs Ha-
niitHocrti Ta ¢pyHkuiiHoi 6e3nexu [1TK Ha camoxiarHoc-
TOBHUX MPOTrPaMOBHUX ILIaT(OopMax HIISIXOM BHKOPHC-
TaHHS BapiaHTiB HaJMipHOCTI (auBepcHOCTI) [8].

[ToyaTkOBI MaHi e€Tay TaKi:

- crienudikallisi CHCTEMHUX BHMOT (OIUC CHUCTEM-
HUX (QyHKLIH, onUC clieHapiiB (yHKIIOHYBaHHS, (YHK-
LIOHAJIbHI BUMOTH, BUMOTH JI0 iHTEp(ECiB, BUMOTH JI0
MIPOJYKTUBHOCTI, BUMOTH /IO OTOYYIOYOT0 CEpeOBHIIa,
BUMOTH 10 iH(opMariiHOI 6e3reKH, BUMOTH 10 Haik-
HOCTI);

- crieruikaitis BUMor 10 Software;

- cienmikaris BuMor a0 Hardware, apxiTektypHi
pumoru o 11TK;

- netanpHui nu3aitH SW ta HW; pesynsTtatu ETa-
mny 2;

- pe3yJbTaTH TECTYBAHHSI.

Pe3ysipraTaMu BUKOHAHHS €TaIy € 004YKCIIeH] Ipo-
THO3HI 3HA4YEHHsI MOKa3HUKiB (pyHkuiiHoi 6e3nexkn [1TK
3 ypaxyBaHHSIM OCOOJHMBOCTEH 3aCTOCYBaHHS camojia-
THOCTOBHHX IPOIPaMOBHHX IDIaTdOpM Uis iX 1moOymo-
BU.

Etan 4 — 3acrocyBaHHs Merona Bepudikamii Ta
Bamigamii I[ITK Ha caMOmiarHOCTOBHHMX IMPOrPaMOBHHUX
mwiatdopmax [9].

[ToyaTkOBUMHM NaHMMH JUIS BHKOHAHHS €Taly €
pe3y/bTaTH BUKOHAHHS MOIEPEHIX eTaliB.

Pe3ynpraTaMu BUKOHAHHS €Tany € BUKOHAHHS 3a-
Baanb 3 SW ta HW Fault Insertion Testing, siki mossi-
raloTh Yy BHKOHaHHI TECTIB 3 BHECEHHsSM JAe(EKTiB B
amapaTHi Ta IpOrpaMHi KOMIIOHEHTH cucTeMu. [Ipose-
JIEHHSI ITAaHOT'O BHJy TECTYBAaHHS J]a€ MOXKJIMBICTH Tepe-
BIpUTH SIKICTh TPOEKTHHUX pillleHb LIOA0 MOOYAOBH
mijcucrteM BOYIOBaHOI MPOrpaMHOI Ta amapaTHOI Jiar-
HOCTHKH.

Jlanmi BUKOHYETBhCS TepeBipka 3HaueHb OOYHCIIe-
HUX MOKa3HHUKIB HaJiHHOCTI Ta (yHKIiIHOT Oe3reku Ha
BINMOBIMHICT, 3aJaHUM B crenudikamii CUCTEMHHUX
BHMOT.

3a yMOBOIO ITO3UTHBHOI BIJMOBIAI OIlIHFOBAHHS
MOKA3HUKIB HaJiHHOCTI Ta (yHKIIHHOI Oe3rekn BBaXKa-
€TbCsl 3aBeplleHnM, a obpana apxirtektypa I[ITK npu-
HMaeThCs ISl TOAAIBINOT PO3POOKH.

VY NpOTHIEKHOMY BUIAAKY 3IHCHIOETHCS Mepexif
Jo eramy 1.

BucHoBku

Onep)kaHO KOMIUICKCHHM METOJ OIIHIOBAHHS Ta
3abe3neueHHss QyHKIIHHOT Oe3neku mpu po3poOIieHHI
Ta JLIEH3YBaHHI MOAYIIB 1 atdopm as iHdopmariii-
HO-KEpYIOUHX CHUCTEM Ha INPOrpaMOBHUX JIOTTYHHX
IHTErpaJIbHUX cXxeMax. MeToz MocIiIoBHO 00’ €HYe:

- TIOCJIIIOBHICTB omliHIOBaHHs HaxiiiHocTi [13 muis-
xoM komiuiekcyBanHs MHII3 ta ypaxyBaHHS iX BTO-
PUHHHX JIeeKTiB;

- METOJ OIL[IHIOBaHHS HaJAIWHOCTI Ta (YHKIHHOL
0e3IeKH MPOrpaMHO-TEXHIYHUX KOMIUIEKCIB 31 CTPYK-
TYpPHO-BEPCIITHOIO HaIMipHICTIO;

- MeToJ 3a0e3neueHHs] HaJiiHOCTI Ta (YHKIIHHOT
6esnekn [ITK Ha caMo/iarHOCTOBHHX IIPOrpaMOBHHUX
aThopMax NUIIXOM BHUKOPUCTAHHS PI3HUX BapiaHTIB
HaJMipHOCTI (IMBEPCHOCTI);
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- Merona Bepudikamii Ta Bamiganii [ITK Ha camo-  BaHHA 1 mineH3yBanHs Moayiis 1 miargopm [ITK IKC
JIIarHOCTOBHUX MPOTPaMOBHHX ILTaTGOpMax. 1 T03BOJISIE ONIEPATUBHO BHOCUTH KOPETyIO4i Ai1 070

MeTox 3acTOCOBYEThCSI B XOHIi peanizamii NPOEKTHHX pIlIEHb IX amapaTHUX Ta HpPOTpaMHHUX
V-Mogeni >KUTTEBOTO IUKIY PO3POOJIEHHS, TECTy-  KOMIIOHEHT.
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Assessment and safety functions providing during development and licensing of modules and platforms
for safety based instrumentation and control systems

0. Odarushchenko

Abstract. An analysis of the current state of research in the field of reliability and functional safety has been performed.
It has been established that despite the use of a new element base during the modernization and development of new software and
hardware systems for Instrumentation and Control systems (I&C), the use of modern technologies for the development of their
hardware and software components, increasing the efficiency of technological processes, and reducing the resource consumption
of production did not lead to sufficient progress in solving the problems of designing a hardware and software complex with the
necessary and guaranteed level of reliability and functional safety. In addition, it has been established that, despite intensive
research over the past decades, a number of unresolved problems and limitations of existing methods and tools remain, namely:
in the methods of functional safety assessment, first of all, aspects of hardware and software reliability are considered separately,
without a joint quantitative analysis of the verification results; methods of development and maintenance of fault tolerance of
1&C with use of software platforms insufficiently consider possibilities, limitations and errors of the built-in means of control and
diagnostics at the level of electronic projects, modules and channels. The method presented in the work partially solves these
problems.

Keywords: Instrumentation and Control system, defect, reliability, functional safety, stages of the life cycle model
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ON POSSIBILITIES OF MULTILINGUAL BERT MODEL FOR DETERMINING
SEMANTIC SIMILARITIES OF THE NEWS CONTENT

Abstract. The results of implementation of modern achievements in the field of Natural Language Processing field
based on the methods and models of Deep Learning technologies into the HIPSTO’s system management of content
(HIPSTO Publishing, AI Technology, Digital Media, Mobile Apps) are discussed and analyzed. In particular, the
possibilities and ways of applying the multilingual BERT model to handle the problem of semantic likeness of news
content have been investigated. An efficient method is proposed to define the semantic similarities of the multilingual
news content in HIPSTO aggregated news feeds on the basis of the sentence embeddings using the first task of the pre-
trained multilingual BERT model within the HIPSTO system of content management. The results of the research
highlight the effectiveness and promise of this technology within the HIPSTO project. Below the data of its first
implementation in HIPSTO are substantiated scientifically and experimentally.

Keywords: Natural Language Processing; BERT; semantic similarities; news content, Deep Learning.

Introduction

This study is a part of development of Al driven

(mobile) information curation platform HIPSTO
(hobbies, heroes, interests, people, personalities,
subjects, topics, objects and organizations). The

HIPSTO content management system consists of the
three major blocks (Fig. 1):

- content scraping;

- content moderation and information discovery;

SOUrCES — e—

[ Websitez 1 ... N ] Generic Spider ]

Specific Spider J

(near) Real-time

[ Twitter influencers. J [
[ data consumer

[ Data providers ]

Feedjchs 1... N

HIPSTO Crawling Service
Environment

Refrieve e————jpe Normalize & Store ————————3pe— Transport

Datamode!
to normalize the data

Central data storage

- content delivery.

The goal of this research is to investigate the best
approach for building a related news and article
detection service to accomplish the information
discovery layer of HIPSTO.

The verification system should provide, among
others, the solution for the problem of semantic likeness
detection problem in analyzing the news multilingual
content using the latest advances in Natural Language
Processing (NLP).

—— Present

Application

[ HIPSTO APPS

Programming
Inte-face

HIPSTO WEBSITE J

[Other Data Consumers

Sacial media pages ]

Application

Content Management

Interface

modenale /acd / edi / delele cantent

Source automation

Source AutoParsar

& Nt

Management of content

Content and Curation Ul

f COMIML

Knowing our early adopters

Content Helper e-Spade

T ned helper.

Fig. 1. The place of the HIPSTO’s system management of content in the general HIPSTO technology

Analysis publications. A promising approach for
finding semantic similarity in the analysis of

multilingual news content is provided in the pre-trained
multilingual model at the level of sentence embeddings.
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Currently, almost all of these models are implemented
using Deep Learning techniques. Let us consider the
best-known ones. For example, the paper (Yang et al.,
2019) [1] reviews the multilingual universal sentence
encoder for semantic retrieval in 16 languages within
the group of models embedding sentences of universal
sentence coder (USE) (Cer et al., 2018) [2]. The models
are implementations of the CNN (Kim, 2014) [3] and
Transformer architectures (Vaswani et al., 2017) [4]. It
is proposed (Lee, 2019) [5] to implement a multilingual
similarity search using a bi-directional LSTM with
preparatory training on the basis of LASER (Language-
Agnostic SEntence Representations) [6]. Recently
(2018) the development of a set of BERT (Bidirectional
Encoder Representations from Transformers) models
[7] has come as the main breakthrough in the of NLP
field. Its possibilities are currently being studied by the
scientific community, they have been used practically
and as a boost to develop new NLP models in 2019 (see
XLNet, RoBERTa (Robustly Optimized BERT
Pretraining Approach), ERNIE (Enhanced
Representation through kNowledge IntEgration) and
others). BERT is a new method of pre-training language
representations that obtains high quality results on a
wide range of Natural Language Processing (NLP) tasks
[8]. The BERT complex includes the multilingual
"BERT-Base, Multilingual Cased" model, which
currently includes the largest number of languages
among the multilingual models of this class. The paper
(Lee, 2019) [9] proposes the task of identifying
similarities among news articles using the other task of
the pre-trained multilingual BERT model (next sentence
prediction (NSP)).

This paper researches a more effective way of
defining the semantic similarities of news multilingual
content based on sentence embeddings using the first
task of the pre-trained multilingual BERT model
(masked language model (MLM)).

The Generalized Scheme of Research

The generalized scheme of research includes the
realization of the following main steps:

1) experiment execution:

- implementation of the NLP model for creating
contextual word embeddings with the subsequent
formation of sentence embeddings;

- determination of the degree of similarity of
sentence embeddings using the selected metric;

2) reporting and analysis of the results of
determination of the degree of similarity of sentence
embeddings;

3) identification of the areas of difficulty and the
ways to address them when defining the semantic
similarity of the multilingual news content based on
sentence embeddings using the appropriate BERT model.

Experiment Technique

The Implementation of the NLP Model. The
multilingual NLP model can be implemented using the
“BERT-Base, Multilingual Cased" model, which
includes 104 languages, 12 layers, 768 hidden layers
and 177M of parameters. Here we consider the

multilingual NLP model for the determining of the
semantic similarity of the generalized, non-thematic
multilingual news content, omitting the issues of
constructing a training sample for fine-tuning of the
model on a specific topic and directly fine-tuning of the
BERT model. The pre-trained multilingual BERT
model is used here only to create contextual word
embeddings. In this connection, the research
investigates the possibilities of using output vectors of
individual layers and the combination of the layers
within the BERT model to determine the best
embeddings. Firstly, this is because the different layers
of BERT encode quite different types of information
that can be used accordingly in a variety of tasks of
NLP. Secondly, rather high values of the quality
indicators of the model’s functioning can be obtained on
different layers without fine-tuning (see the work
(Alammar, 2019) [10]). Here the results of the
formation of word vectors on the following layers of the
model are analyzed:

1) 7 Embedding-Norm False (First Layer);

2) 79, 87, 95, 103 Encoder-12-FeedForward-Norm
False (Sum Last Four Hidden);

3) 79, 87, 95, 103 Encoder-12-FeedForward-Norm
False (Concat Last Four Hidden);

4) 103 Encoder-12-FeedForward-Norm False (Last
Layer).

The sentence embeddings were created using two
approaches:

1) each element of sentence embeddings is taken
as the average of the corresponding elements of all word
embeddings of news content (mean);

2) each element of sentence embeddings is
transformed using MaskedGlobalMaxPoollD [11]
layer, expanding the basic multilingual BERT model
(pool).

The Degree of Similarity. Since the NLP deep
neural network model presents multilingual content as
object vectors, the degree of similarity of the content is
determined by measuring the distance between these
objects. There are several metrics to determine the
degree of similarity, such as the Jaccard Similarity, K-
means, Cosine Similarity, Jensen-Shannon distance, etc.

The Cosine Similarity was used in this research for
defining the similarity of two contents, then the results
were converted into angular distance as in this paper [2]

(,v) =[1—arccos[|uﬁv|B /z (1)

where u,v are the sentence embeddings obtained from
the outputs of the NLP deep neural network model
layers.

Besides, according to the recommendations in
[12], a relative rather than an absolute assessment of the

results of the Cosine Similarity definition is made
IF sim (u,v) > sim (u,c) )
THEN u is more to v THAN c.

The results on similarity are visualized within [13].
It is based on constructing a scatter diagram and a
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dimension chart of sentence embeddings. The degree of
similarity decreases when the scatter and the dimensions
of vector parts on diagrams increase.

Analysis and results

The possibilities offered by the multilingual BERT
model for determining the semantic similarity of news
content are analyzed using the test data:

1) the marked-up SentEval set (STSbencmark) for
estimating the correspondence results on the NLP deep
neural network model to determining semantic
similarity [14];

2) a data set including pairs of completely identical
sentences, but in different languages (“English -

Chinese”, “English - Spanish”, “English - German”,
“English - Italian”, “English - Russian”) for evaluating
the results of the NLP neural network model for
determining inter-language semantic similarity.

Table 1 shows the averaged data for the
multilingual BERT model in various configurations on
the SentEval set.

The diagrams Fig. 2, show the results of the
Cosine Similarity obtained with the NLP deep neural
network model on solving the problems of inter-
language semantic similarity for the configuration of the
First Layer, Concat Last Four Hidden, Last Layer model
(the method of generation of sentence embeddings for
all layers - pool).

Table I — The averaged data for the multilingual BERT model in various configurations on the SentEval set

No | Adapted Degree Model configuration The similarity rating
) of Similarity layer way to form sentence embeddings value (%)

1. | Full First Layer pool 90.6

2. Sum Last Four Hidden pool 88.53

3. Concat Last Four Hidden pool 91.72

4. Concat Last Four Hidden mean 90.16

5. Last Layer pool 82.6

6. Last Layer mean 52.6

7. | Partial First Layer pool 87.1

8. Sum Last Four Hidden pool 81.02

9. Concat Last Four Hidden pool 86.97
10. Concat Last Four Hidden mean 86.6

11. Last Layer pool 72.8

12. Last Layer mean 64.09
13. | Absent First Layer pool 84.77
14. Sum Last Four Hidden pool 80.54
15. Concat Last Four Hidden pool 86.7

16. Concat Last Four Hidden mean 86.3

17. Last Layer pool 69.1

18. Last Layer mean 52.6

Teut Samlarity
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&
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Fig. 2. The results of the Cosine Similarity
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Percent difference

Fig. 3-5 The examples of scattering diagrams and
dimension values of vector elements in solving the
problems of the inter-language semantic similarity for
the configuration of the First Layer, Concat Last Four
Hidden, Last Layer model (a method of generation
sentence embeddings for all layers - pool) for a set of
sentences “English - Chinese".
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Fig. 3. Scatter diagrams and dimension values
for the model configuration with First Layer

Dimensions with change > 10 percent

Percent difference

vy 8 3 B 8§

s £ - ‘ 7
Dimemsions count: 14, Average change: 1.53
Comparing similarity

: 1”""::

Fig. 4. Scatter diagrams and dimension values
for the model configuration with Concat Last Four Hidden

Dimensions with change > 10 percent

Percent difference
s 5 3 ¥ ¥ ¥ & &

= om om oW e m oW om om mm
Dimemsions count: 21, Average change: 2.36

Comparing similarity

Fig. 5. Scatter diagrams and dimension values
for the model configuration with Last Layer

The results obtained using the BERT multilingual
model for determining the semantic similarity in the
news content analysis show that the model with the
Concat Last Four Hidden configuration employing
MaskedGlobalMaxPooll1D layer has the highest
similarity rating values for different data sets.

However, it is important that the lower bound for
the similarity score also rises significantly, and the
interval between the upper and lower bounds for the
similarity score in the model with the Concat Last Four
Hidden configuration is one of the smallest.

Detection of the Problem Points
and the Ways of Troubleshooting Them

The multilingual BERT model used to determine
the semantic identity of news content in HIPSTO’s
system management of content involves the following
problems of a classic model restricting the BERT
potentiality:

1) limitation of 512 elements on the input
sequence of the classic multilingual model which calls
for either the modification of certain layers of the model
to increase the length of the input sequence and perform
subsequent fine-tuning or splitting the input content
longer than 512 elements into composite messages with
their subsequent processing;

2) requirement of significant computing resources
not only at the stage of training and setting up the
model, but also during the process of its practical use
due to the large number of BERT parameters which
require scaling the BERT model and its subsequent
effective use for both mobile devices and desktop
computers and servers.

How can the use of the model limited to 512
elements determine the length of the sequence of tokens
of the input content imposing even more restrictions on
the length of the input content sequence. It is obviously
necessary to split the input content of more than 512
elements into parts, but the following should be
considered:

1) the content should be divided considering
crossing of received sentence embeddings to save the
contextual dependence of words in sentences at the
vector borders as much as possible;

2) when combining vectors into a single sentence
embedding, it is necessary to control double-counting of
boundary words;

3) technologically, the token dictionary in the Bert
model is built so that some words are divided into
certain parts, which can appear on the boundaries of
vectors where it is difficult to account for them
correctly.

Currently, the tasks of pre-processing news content
to represent input sequences of information longer than
512 characters are implemented within the HIPSTO
technology to effectively process them in the BERT
model. To solve the problem of scaling (compression)
models, several concepts and approaches are currently
used to optimize memory usage and increase the speed
of the model.

For example, such approaches include the
quantization of models during or after training, the

97



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 3(61)

ISSN 2073-7394

removal of weight compounds (cutting off by the value
of weight, neurons or weight matrices), etc. The studies
show that small transformers and BERT sensors can be
quantized for mobile devices using TensorFlow Lite
without significant loss of accuracy however there is
practically no acceleration of output. For stationary
systems, post-training quantization using TensorFlow
Lite slows down the BERT output by more than 5 times
[15]. The HIPSTO technology for BERT scaling
explores the approaches based on weight cutting and
neuron cutting.

Conclusions

During the development of the Al driven (mobile)
information curation platform HIPSTO the possibilities
of using the multilingual model BERT for determining

the semantic similarities of news content were
considered.

The results obtained show that the HIPSTO
technology can be supplemented with the topology of
the BERT model forming word embeddings due to the
concatenation of the last four layers and the subsequent
formation of sentence embeddings using the
MaskedGlobalMaxPool 1D layer.

HIPSTO has now implemented preliminary stages
of processing news content to effectively address the
problem of limiting the input sequence of the modified
BERT neural network model, the BERT is practiced
based on weight trimming and pruning of neurons.
Preliminary results show the efficiency of these
approaches both for mobile devices and for fixed
systems.
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Hocaimkenust mo:xkauBocteii 6araromoBHoi moaesi BERT
JJIs1 BU3HAYEHHS CEMAHTHYHOI MOAI0OHOCTI HOBHHHOIO0 KOHTEHTY

C. A. Onizapenko, B. B. Aprynos

AHoTanisi. Mera cTaTTi — IPOBECTH JOCIIDKEHHS OiIbII €()EeKTUBHOIO CIIOCO0Y BU3HAYECHHSI CEMaHTHYHOI MOIOHOCTI
6araToMOBHOTO BMICTy HOBHH Ha OCHOBI BOY/IOBYBaHHA PEY€Hb 3a JONOMOIOI MNEpLIOro 3aBJAaHHS IIONEPEIHbO HABUCHOI
6araromoBHoi Mozieni BERT. PesyasTaru. B po6oti npercrasieni pe3y/bTaTi BIPOBaIKEHHS Cy4acHHUX JIOCATHEHb B 00J1acTi
00poOKKM NPUPOJHOI MOBU Ha OCHOBI METOZIB 1 MOzieNIel TE€XHOJIOriH rIMOOKOro HaBUaHHA B CHUCTEMY YIPaBIiHHA HOBUHHUM
koHteHToM HIPSTO (HIPSTO Publishing, AI Technology, Digital Media, Mobile Apps). JlociiDkeHO MOXKIIMBOCTI Ta CIIOCOOU
3acrocyBaHHs 6araroMmoBHoi Mozeni BERT mis BupiienHs npobieMu ceMaHTHYHOI T0AiOHOCTI HOBUHHOT'O KOHTEHTY. 30Kpema,
MPONOHYEThCS €(EKTUBHUI METOJl BU3HAUYEHHS CEMAaHTHYHOI MOAIOHOCTI 6araTOMOBHOIO HOBUHHOTO KOHTEHTY B arperoBaHHX
HoBUHHUX crpiukax HIPSTO. Jlanwmil miaxing 3acHOBaHMH Ha BUKOPHUCTaHHI B CHCTEMi YNPaBIJIiHHS HOBUHHMM KOHTEHTOM
HIPSTO BexkTOpHHX ySBJICHb pe4€Hb 3 BUKOPUCTAHHSAM IIEPIIOro 3aBIaHHS IOIepeIHb0 HaBueHoi OararomoBHOI Mozeni BERT.
PesynbraTi n0ciiikeHp, MpeCTaBIeHuX B poOOTi, MiAKPECTIOTh e()eKTUBHICTh PO3BUTKY JIaHOI TEXHOJIOTIT B paMKaxX HPOEKTY
HIPSTO. INoganpimii BUKIaAEHHS MaTepially Ha/la€ HAyKOBO-EKCIIEPUMEHTAIbHE OOIPYHTYBAHHS OTPUMAHUX PE3yJIbTaTiB, 1O
MaloTh BJKe IIPaKTHYHY peaji3alito B nepiux sepcisx HIPSTO.

KawuoBi cioBa: o6podka npupoxnoi mosu; BERT; cemanTnuna nmoiOHiCTh; HOBUHHHH KOHTEHT, ITTHOOKE HABYaHHS.
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THO®OPMAIIMHA TEXHOJIOT'ISI TOBYJOBU MOSAICHEHG 3 YPAXYBAHHSIM

TEMITIOPAJIbHUX 3MIH Y BUMOI'AX KOPUCTYBAYIB
PEKOMEHJAIIIMHOI CUCTEMHA

Anoranis. IlpeameToM BUBUCHHA B CTaTTi € mpouecu GOpMyBaHHS MOACHEHb IS I€PCOHANII30BAHUX PEKOMEH-
nanii moxo BUOOpy TOBapiB Ta IMOCIYT B PEKOMEHIALIHHUX cucremMax. MeToro € po3poOka iHpopMmaniiHoi Tex-
Honorii moGyJ0BY /€TaNi30BaHUX IMOSCHEHb LIOJ0 3alPOIOHOBAHOIO HNEPCOHAIBHOIO HEpeNiKy NpeIMETIB B pe-
KOMEHJaUiiHI}i CHCTeMI 3 ypaxyBaHHSAM TEMIIOPAJIbHUX 3MiH y BUMOIax CIIOKMBA4iB AJIS IiJABHUINEHHS €(pEeKTHB-
HOCTI IIPOJaKiB TOBapiB Ta MOCIYT B CHCTEMax eJIeKTPOHHOI KoMepii. 3aBaaHHsA: po3poOKa MiIX0qy A0 MOOYH0-
BU TEMIIOPAJIBHUX NPaBHJI A1 (OpPMyBaHHS IOSICHEHHS HAa OCHOBI IOPIBHAHHS KUIBKOCTI IPOJAXXiB Ha IOCITIN0OB-
HOCTI iHTepBaiB yacy; po3poOKa TeXHOJIOTil M00yJOBH TEMIIOPAIbHO-OPIEHTOBAHUX MOSCHEHb LIOA0 PEKOMEHa-
il 3 BUOOpPY IpeaMeTiB B PEKOMEHJAIIHHUX cucTeMaX. BUKOPHCTOBYBaHUMH MiAXOAAMH €: IAXOAH 10 O0OyHO-
BU IOACHEHb 11010 PEKOMEHJAlii 3 ypaxyBaHHAM 3MiH ynonobaHp KopucTyBadiB 3 yacoM. OTpUMaHi HacTyIHi
pesyabTatu. Po3pobieHo miaxin 10 noOynoBu TeMIOpalbHUX NPAaBHI, IO BU3HAYAIOTh TEMIOPAIbHY JUHAMIKY
BI10J100aHb KOPUCTYBAUiB PEKOMEHJAaLiHHOI cucTeMH. 3 BUKOPUCTAHHAM TEMIIOPAJIbHUX HPaBUI PO3POOIIEHO TEX-
HOJIOrit0 moOynoBU Ta JeTaiizauii MOsSCHEeHb, 0 BPaXOBYIOTh 3MiHM BUMOI KOPHUCTYBadiB 3 4acoM. BHCHOBKH.
HaykoBa HOBHM3HAa OTPMMaHHUX pE3yJbTAaTiB MOJAra€e B HACTYHHOMY. 3alpOIOHOBAHO iH(GOpPMaLifiHy TEXHOJOTi0
1o0yJ0BU JIETalli30BaHUX MOSCHEHb 100 PEKOMEHAALI} 3 ypaXyBaHHSAM 3MiH BUMOI KOPUCTYBadiB 3 yacoM. Tex-
HOJIOT'iSl BUKOPUCTOBYE MO TEMIOPAIbHHUX IPaBUII Ta TEMIIOPAIbHY MOJENb iHTepdelicy nosicHenb. TexHono-
ris nepenbayae mociaioBHy 1mo0ynoBy 0a30BUX IOSCHEHb 3 YpaxyBaHHSAM TEMIOPaJbHOI NUHAMIKH BIOn00aHb
KOPUCTYBayiB, MMOAAJbIIY AETaNi3allil0 MOSICHEHb 10 IHTEPBAJaM 4acy Ha OCHOBI Y3IOJUKEHHS TEMIIOPAIbHHUX
3HaHb, a TakoX (opMyBaHHs iHTepdelicy AeTani30BaHUX IOSCHEHb 3 BifoOpakeHHSAM 0a30BUX 3MiH yNnonoOaHb
KOPUCTYBa4iB Ta ajJbTEPHATUBHUX 3MiH Ha BU3HAUCHMX IHTEpBaiax 4acy. Y NPaKTUYHOMY IUIaHI TEXHOJIOTis opie-
HTOBaHa Ha MiJBUIICHHS JOBIpH CIIOKHMBada JO OTPHMaHOI peKOMeHJalii Ha OCHOBI BifoOpa)keHHS 301IbIICHHS
MONUTY Ha PEKOMEHJI0BaHi ToBapu. BuxopucraHHs TexHoiorii 3abe3nedye popMyBaHHs JUlsl KOPUCTyBada pario-
HAJIBHOTO MiATBEPKEHHS peKOMeHJamii y BUIJIsAAl KoMOiHamil KiJIBKICHMX Ta SIKICHHX ITOKa3HUKIB, IO CIPUSE
301IbIICHHIO IPOAAXIB y BIIMOBIIHIN CHCTEMI €JIeKTPOHHOI KoMepuii.

Knarwo4doBi cioBa: pexoMeHJauiliHI cUCTeMH, MOACHEHH:S, GopMyBaHHSA peKoMeHpaliil, (OpMyBaHHS MOSICHEHb,

KpHTepii OLIHKU IOSICHEHb, TEMIIOPAJIbHI IIpaBUIIA.

Beryn

PexkomeHpaamiiiHi CUCTEMH HAIalOTh IEPCOHATb-
HUH Mepesik TOBapiB Ta MOCIYT, IO BiMOBiAA€ iHTE-
pecaM CHOXMBaya Ta Mae€ MiJBUIIUTH MPONAXi LUX
npeameriB. Taki cucTeMu 3a3BUYail BHKOPHCTOBYIOTh-
Csly CKIIaJli CHCTEM eJIeKTPOHHOI KoMmepllii. Pexomen-
nauii (OpMYIOTBCS 3 ypaxyBaHHIM CXOXKOCTI Xapakre-
PHUCTHK TIpeaMETIB, a00 K MOAIOHOCTI MOBENIHKH CIIO-
)kxuBauiB. [loniOHICTh ITOBENIHKU CIIOKWBAYiB BHU3HA-
YaeThCsl HA OCHOBI SIBHOT'O Ta HESBHOTO 3BOPOTHOIO
3B"s13Ky. [lepuinii mpeacTaBaeHuid peiTHHraM# TOBapiB
Ta TIOCNYT, SIKIi Hajae KopHcTyBad. BiH BimoOpaxkae
Ccy0’eKTUBHE CTaBJIEHHsSI KOPHUCTYBaya JI0 PEKOMEHJI0-
BaHUX mpenMeTiB. HesBHHI 3B'S30K BimoOpakeHHIA
MOKYIIKaM¥ MpPEIMETIB Ta 00’ €KTHBHO XapaKTepU3ye
moTpedu criokuBaya [1].

Cyuachi anroputMu (HOpMyBaHHS PEKOMEHJAIIH
JIOCUTH €(EeKTUBHO IependayaroTb BUMOTH KOPHUCTY-
Baya Ha OCHOBI aHaJi3y JaHMX MPO MOKYIKH Ta PeHTH-
uru [2]. OnHak Taka iHpopMalis He 3aBXKIU € JOCTYI-
HOIO JUTSI HOBHX KOPHUCTYBauiB [3], a Takox Moxke OyTH
CIIOTBOPEHOIO B PE3YNIbTAaTi UIMJIIHr-aTak, M0 MpU3Ha-
YeHi I MITYYHOTO MiJBUINCHHS PEHTHHIIB IIJILOBUX
ToBapiB [4].

B pesynbraTiB pekomMeHaaIii MOXyTh HE Bpaxo-
BYBAaTH IHTEpECH CIIO)KMBaya, 10 3MEHIIYE JIOBIpY 10
peKOMEHIAIIITHOT CHCTEMH.

Tomy misi miIBUINEHHS JOBIpM KOpHCTyBaya B
OCTaHHI POKU PEKOMEHaIlii JOTOBHIOIOTHCS MOSCHEH-
HsamH [5, 6]. TlosicHeHHsT PaKTHYHO PO3KPUBAE MTPHYH-
HHU peKOMeEH/allii npeaMera KOHKPETHOMY KOPUCTYBa-
yeBi. [losicHeHHsT QOpMYyeThCS HAa OCHOBI 3HAaHb IIPO
MOBEIIHKY CITO’KMBayda a0bo Ipo 3B'I30K MK XapakTe-
PUCTHKaMH TOBapiB Ta BUOOPOM KopucTyBaua [7].

[TosicHeHHS € KOHTEKCTHO-OpieHTOBaHUM. OJHUM
i3 aCNeKTiB KOHTEKCTY € TEeMIOpajbHHH achekT. B
JTAHOMY pO3pi3i BPaxOBYIOTHCS 3MIiHU BIOJ00aHb KO-
puctyBadiB 3 yacoM [8, 9]. OOk TeMIOpaIbHUX 3MiH
Jla€ MOXJIMBICTh JIOTIOBHUTH PEKOMEHMAIil Ta mosic-
HEHHS 3 YypaXxyBaHHSM aKTYaJbHUX, CAMHX OCTaHHIX
BUMOI' KOpDHCTyBaua Ta BUKOPHUCTATH TIOSICHEHHS B
OHJIAMH-peXHMI POOOTH pEKOMEHJIAliHOI cucTe-
Mmu [10]. 3a3HadueHe CBIMYUTH MPO aKTYaIbHICTh JIOIO-
BHEHHsI pEeKOMEH/Iallil MMOsICHEHHIMH, 1110 BPaXOBYIOTh
TEMIOpaJIbHY ITUHAMIKY BIOJOOAHb CIIOXXMBAayYa i, TUM
caMHMM, MOTHBYIOTh HOTO JI0 MOKYIIOK PEKOMEHJI0Ba-
HHUX TOBapiB Ta MOCIYT.

IcHyroui miaxoau 10 MOOYZOBU IMOSICHEHB IOJO
pexoMeHaliii BUKOPHUCTOBYIOTh METOU (OPMYBaHHS
BUTJIYyMa4eHb B €KCIEPTHHUX Ta MPEIEIEeHTHUX CHUCTe-
Max [11]. 3HaHHs a1 MOOYIOBU MOSCHEHb MOXYTh
OyTM OTpUMaHi aBTOMaTHU30BaHMM crocobom. Jlis
mo0y/JI0BU MOSICHEHh Ha OCHOBI aBTOMaTH30BaHO c(o-
PMOBaHUX 3HaHb 3alpPOIOHOBAHO BHKOPHCTOBYBATH
perpeciitny monens [12].

© Yammii C. ®., Jlemuucekuii B. O., Jlemuackka 1. O., 2020
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OmHak TeMIOpalbHI aCIEKTH B TaKili MOJeENi He
BPaxOBYIOTBCSL.

B pob6orax [3, 13] npononyeThcs GpopMyBaTH pe-
KOMEHJallii Ta MOsSCHEHHS 0 HUX 3 YpaxyBaHHS TEM-
MOpaJIbHOI AMHAMIKHU BIIOA00aHb KOPUCTYBAUiB.

InTerpanbHe mosicieHHst B poOoti [14] dopmy-
IOTBCSI 3 BUKOPUCTAHHSIM TEMIOPAJIbHHUX IMPAaBMWI, IO
OyJH 3amponoHoBaHi B poooTi [15].

Jleramizanito iHTETpaJbHOTO MOSCHEHHS 3 ypaxy-
BaHHM 3MiHH 1OTPe0 KOPUCTYBAviB 3 YaCOM IpeJICTa-
BJICHO B po0oTi [16].

Take iHTerpasbHe MOSCHEHHS MOXe OyTH mpen-
CTaBJIEHO 3 BUKOPUCTAHHSIM MO 1HTEPaKTHBHOIO
iHTepdeiicy 3 TeMIIOpaIbHUMU MapaMeTpamMy, 1o Oya
3anpornoHoBaHa B pobori [17].

OpmHak pO3MJIAHYTI MIAXOIW, METOOM Ta MO
OXOILTIOIOTH JIMIIE OKPEeMi acleKTH (OpMYBaHHS I0-
SICHEHb I1[0JI0 PEKOMEHAIIN 3 ypaxyBaHHSAM TeMIIopa-
JILHOT JUHAMIKU TOTpeOd KOPUCTYBadiB. 3aavya po3po-
Oxu 1HQOpMaIiHHOI TeXHOIOTIT MOOYIOBY TEMITOpaIIb-
HO-OpIEHTOBAaHUX IIOSICHEHB, sIka O IHTerpyBaja Bech
nporec GOpMyBaHHs TIyMadeHb B PEKOMEHJAliHHUX
cucremax, moTpedye MmoJalbIINX JOCTIIKEHb

MeToro cTaTTi € po3poOka iHpopmaniiHOi Tex-
HOJIOTi] TOOYMOBM JETali30BAaHMX MOSCHEHb IOJ0
3alpONOHOBAHOr0 TEPCOHAIBLHOTO TEPEINiKy IMpeaMe-
TiB B PEKOMEHJIAIIHIA CHCTEMi 3 ypaXyBaHHSIM TeM-
MOPAJIBHUX 3MIH y BHMOTrax CIIOXKHBAYiB JUIsS ITiJBHU-
HIeHHS e(DEeKTUBHOCTI MPOJaXiB TOBapiB Ta MOCIYT B
cucTeMax eleKTpOHHOI KoMepiii.

JlocsTHEHHsI TOCTaBJIeHOI MeTH Iependavyae BHU-
pilIEHHS HACTYITHHX 3aJla4:

— po3po0Ka Mmiaxoay A0 MOOYIOBH TEMIIOPATEHHUX
npaBuIt Tl (POPMYBaHHS ITOSICHEHHS! HA OCHOBI TIOPiB-
HSAHHS IPOAAXKIB HA TOCTIIOBHOCTI IHTEPBAJIIB Yacy;

— po3poOka TexHoorii MoOYAOBU TEMIOPaIbHO-
OpIEHTOBaHHMX TOSCHEHb IIOJ0 PEKOMEHIOBAHOI'O
MepesTiKy TOBapiB Ta MOCIYI B PEKOMEHIAIIHHIN cHC-
Temi.

ixxix 10 no0y10BH TEMNOPATbHUX MPABUJI
JJIS1 MOSICHEHb B peKoMeHaauiiinii cucremi

TemmopanbsHi npaBuna [15] opieHTOBaHI Ha mij-
TPUMKY YIIPaBJIIHCHKUX PIlICHB 1 TOMY 33/Ial0Th MOpSi-
JIOK y Yaci JUIs map HoIii.

OpHaK 1py BUKOPHUCTaHHI TaKMX MPaBHJI VIS HO-
OyZ0BY MOSCHEHb I1i MPaBWIa MAIOTh OYTH aJdamnTOBaHI
3 ypaxyBaHHSM HACTYIIHUX OCOOJIMBOCTEH mpouecy
BHOOPY KOPHUCTYBaYiB:

— y3arajgbHeHO BUOIp KOPUCTYBadiB BiOyBa€eThC
3 IIPUB’S3KOI0 HE JI0 KOHKPETHOT'O MOMEHTY, a JI0 iH-
TepBaJIy 4Yacy; HAIPHKIAL, OOYUCIIOETHCA KUIBKICTh
ITOKYIIOK ITEBHOTO MPEMETY 3a JIeHb a00 3a MiCsIIb;

— Bard TEMIOPAJILHUX MPaBUII BPaXOBYIOTh 3MiHU
BMOAOOAHh KOPHCTYBAaYiB, IO JOCATAETHCS OOpaxy-
BaHHSM 3MiH y KUJIBKOCTI IIPOJ@aHUX TOBApiB Ta MOCIYT
(abo 3MiHU TX pEHTHHTIB).

TakuM 4WHOM, TeMIIOpallbHI MpaBuia i No0y-
JIOBH TIOSICHEHb BCTAHOBIIIOIOTH 3aJI€KHOCTI MiX Hapa-
MU iHTepBaliB yacy. Bara mpaBui, mo BH3Hayae iX
BaKJIMBICTh, OOYHCIIIOETHCSI HA OCHOBI 3MiH y Ipoja-
*ax abo peWTHHrax MiX BU3HAUYEHUMH IHTEpBalaMH

qacy.

[MocnimoBHICTE OPMYBaHHS TEMIIOPAIbHUX Tpa-
BWI Ui NOOYJIOBH MOSCHEHb LIOJ0 PEKOMEHIAIlii
MICTHTB y €00l TaKi KpOKH:

Kpok 1. BusHaueHss piBHs netanizanii yacy (ro-
JIMHA, JIeHb, MICSIb, TOLIO) JUIS BUAUICHHS TeMIIOpa-
JIBHUX 1HTEPBAJIiB.

Kpok 2. [ToOynoBa TeMnopaabHHUX MpaBUI THIIIB
NeXt ta Future [15] ans ycix MOXJIMBHX Map momnepe-
JIHIX Ta TMOTOYHOTO iHTEpBaly. B sIKOCTI MOTOYHOrO
BUCTYIIAa€ OCTaHHIN 1HTEpBaJ B paMKax BHU3HAYEHOIO
mepioay Jacy.

Kpok 3. O6uyucneHHs Bar TeMIOpPaIbHUAX MPaBHII
SIK pI3HMLI y TpoJakax MiX IOTOYHHMM Ta ycima more-
penHIMH iHTEpBaJIaMHU 3 TOAAIBIIOK HOpMai3allicro
oTprMaHuX Bar. Hopmaiizalisi Ja€ MOXJIHBICTh TIOPi-
BHIOBAaTH IIpaBHiIa Ui Pi3HHUX MEPIOJIB Yacy.

OTpumaHi B pe3yNbTaTi 3acCTOCYBaHHsS JaHOTO
MiAXOy 3BaXKEHI TEMIIOpaJIbHI MpaBmiIa JAl0Th MOXK-
JUBICTH C(OPMYBATH KUIBKICHY OLIIHKY TEMIIOPaIbHOI
JIMHaMIKH BITOJI00aHbh KOPHCTYBadiB peKOMEHAAIiHHOT
CUCTEMHU.

Indopmaniiina Texnosorisi no0y10Bu
TEeMIOPAJIbHO-OPiECHTOBAHUX NMOSICHEHb

Po3pobiena TexHosorist 0a3yeThcsi HA BHUKOPHC-
TaHHI TEMIIOPaJIbHUX MPaBWI, 110 (OPMYIOTHCS 3 Bpa-
XYBaHHAM cIleludiky BUOOPY KOPUCTyBada PeKOMeEH-
JMAIiAHOI CHCTEMHU 3TiJIHO PO3IJISHYTOIO B IIONEpe-
IHBOMY Tizposmimi miaxony. TexHomoris mependavae
mo0yJ0BY KOHTEKCTHUX IOSICHEHb 3 BHKOPHCTaHHSM
PO3LIUPEHOr0 TIIyMadeHHs1 KOHTeKcTy. KoHTekcT Bu-
3Ha4a€ YMOBU Ta OOMEXEHHS BHOOpY KOpHCTyBada
pexomennaniiinoi cucremu [18]. Posmmpene mpencra-
BJICHHS KOHTEKCTy Iiependayae, IO YMOBH BHOOPY
CHoXXKMBaya MOXYTh OyTH BHU3HAu€HI SK Ha OCHOBI
XapaKTepUCTHUK MpPeaMeTHOi o0iacTi (craTHYHa CKia-
JI0Ba), TaK 1 y TEMIOPaJbHOMY acleKTi (IMHaMidHa
CKJIaJI0Ba).

OcraHHSl CKJIaZioBa BijoOpakae 3MiHM CTaHy
mpeaMeTHol 00J1acTi i, 0TKe, Ta€ MOXKIUBICTh BH3HA-
YUTH aKTyallbHI 3HaYECHHS IapaMeTpiB KOHTEKCTY, SIKi
BIUIMBAIOTh Ha BUOIp KOPUCTYBaya.

OxpeMe BUKOPUCTAHHS JIUHAMIYHOI CKIIaZO0BOi
Jla€ MOJKJIMBICTh BUKOPHUCTATH Y3arajlbHEHY OILIHKY
3MiH Y BUMOTaX CIIOKMBada. Taka y3arajabHeHa OlliHKa
0a3yeTbcsl Ha 3MiHI PEHTHHIIB a00 KiJIBKOCTI MOKYIOK
BHU3HAYEHOTO TOBapy abo Mmociyru 3 yacoM. Bukopuc-
TaHHS TUHAMIYHOI CKJIaJ0BOI Ja€ MOXIIHUBICThH Omepa-
TUBHO, B OHJIAWH-PEXUMI, BIIIKOPUTYBaTH PEKOMEH Ia-
1ii Ta MOsSICHEHHS JI0 IIUX PEKOMEHMAIliil HaBiTh B yMO-
Bax HEMOBHOTH iHQOpMaIii Nmpo KOHTEKCT BHOOPY
CHOXXHMBaYa.

B mimomy, B pamkax po3poOieHoi TeXHOJIOrii,
MOSICHEHHS I[0JI0 BHOOPY KOHKPETHOI'O TOBapy ado
nocnyru (OpMYIOThCS HAa OCHOBI JaHHUX IPO TOIMHT
KOPHUCTYBA4iB Ha IIeW TpEMET.

3MiHa [TONMHUTY € 00’ €KTHBHUM (PaKTOPOM, OCKLJIb-
KA CIIOXKHBa4l «TroOJOCYIOTH» CBOIMH rpomunma. Ha
BiIMIHY BiJ KiJIbKOCTI HpOJAXiB, PEHTHHTH TOBApiB
abo TOCIyr MOXYTh OyTH CHOTBOpEHI B pe3yJbTaTiB
LIMATiHT-aTakK [4].
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B 0CHOBI po3po0JIeHOT TEXHOJOTII JICKUTH 1aes
po Te, M0 30UTbIIECHHS MONHUTY Ha PEKOMEHIOBaHHH
NpeMeT Ha MNOTOYHOMY IHTEpBajJl Yacy IIiJIBUILYE
JIOBIpY CIOKHMBaya JI0 OTpUMaHOi pekoMmeHzaamnii. Taka
iless MHUPOKO BUKOPHCTOBYETHCS B PEKOMEH[AIIHHUX
cUCTeMax: OKpeMi TOBapH MapKYIOThCS SIK HAWOUIbII
MOMyJIsipHI  cepell  crokuBadiB. OJHaK MapKyBaHHS
MOMYJISIPHOCTI TOBapiB HE MICTHTh Yy COOI TEMIOpaib-
Hy ckiaaoBy. ToOTO Taki ToBapu MOIJIM KOPUCTYBa-
TUCH HIMPOKUM TIOMTUTOM Yy MHHYJIOMY CE30HI, OJTHAK Y
MMOTOYHUH MOMEHT 4Yacy BOHU HE € aKTyaJbHHUMHU. To-
My MOSICHEHHs, 3TiTHO 3aIlpOIOHOBAHOI TEXHOJOTI],
Mae BigoOpakaTH 3MiHHM BIOJ00aHb 3 YacoM. 301b-
LIEHHS MOMUTY B MIOTOYHUH MOMEHT, 1[0 TiJITBEPIUThH
MOMYJISIPHICTE PEKOMEH/IOBAHOTO TOBApy, IOSICHIOE
MPUYHHU BiIOOPY MpEAMETY 0 MEpeiKy peKOMeH10-
BaHMX. 3 IHIIOTO OOKY, Y BUMAJKYy 3MEHIICHHS T0TOY-
HOT'O TONHTY, KOPUCTYBa4 MOXKE OTPUMATH JTOJIATKOBE
MOSICHEHHS LI0Z0 IUKJIIYHOCTI 3MiH BIIOJI00aHb KOPH-
cTyBadviB. Hampukiaj, HONMUT 3MEHIIMBCS HAa IMOTOYHO-
My TH)KHI, OCKIJIbKM Ha MHHYJIOMY TWKHI Oysia TpoBe-
JIeHa peKJIaMHa axllis, 10 IpHBENa JO JIOKAJIHLHOTO
301bLIeHHST PoJaKiB. Take MOSCHEHHST TaKOX BH3HA-
Ya€ «YECHICTH» POOOTH pPEKOMEHIAINHOI CHUCTEMH 1,
BIJIMIOBITHO, OPi€EHTOBAHO Ha 3OUIBIICHHS JOBIpU CIIO-
KHUBaya.

3anponoHoBaHa TEXHOJOTIS MICTUTh y co0i Ha-
cTynHi dazu:

daza 1. ®opmyBaHHs iHTEpaKTUBHOTO iHTEp(ei-
Cy NPEACTaBJICHHS TOSICHEHB.

®a3za 2. DopMyBaHHS TEMIOPAIBHUX MPaBUJI, 110
3a[al0Th 3HAHHS OO 3MiH IOMHTY KOPHCTYBadiB 3
4acoM.

daza 3. [loOynoBa MOSCHEHHS 3 YpaxyBaHHIM
TEMITOpaIbHOI JMHAMIKY BIIOJJ00aHb KOPHUCTYBAYiB.

daza 4. Jleramizamis MOSCHEHb 3 YpaxyBaHHIM
IUKITIYHUX Ta CBOJIOIIHHUX 3MiH ITOMHUTY CIOXKHBAYIB.

®aza 5. KopuryBaHHs NOSCHEHb KOPHUCTYBAaueM 3
ypaxyBaHHsS JMHAMIYHOI CKJIa/I0BOI KOHTEKCTY.

Ha nepmiii ¢a3i B pamkax iHTEpakTHBHOIO iH-
tepdeticy [17] BU3Ha4YaroThCsl Mepioa Ta piBeHb JeTa-
mizanii yacy Juis mosicHeHHs. A0O K 1i gaHi Gopmy-
I0THCS 32 3aMOBUYYBaHHSIM Ha OCHOBI KOH(IirypamiiHuX
JIAHHX.

Ha npyri#t ¢azi ¢popmMyroThCsi TeMIOpaibHi Tpa-
BMJIA 3TiTHO PO3TJISIHYTOTO B MOINEPEIHBOMY ITiPO3i-
JIi maxony.

Ha tperiii ¢a3i 3 BukopucTaHHsM Mmetony [14]
(dbopMyeThes 0a30BE MOSICHEHHS, IO BPaxOBY€E TEMIIO-
palibHy JUHAMIKY BIOA00aHb KOPUCTYBadiB PEKOMEH-
IAniHOI CUCTEMH.

TemmopanbHa AMHAMIKA 33/1a€ThCS HA ITOCIIIOB-
HOCTI iHTepBaliB AT, B paMKax BU3HAYEHOIO Nepiofy

yacy T :

T = <Arl ,Arz,...,Ar‘i,...,Ar‘T‘ :
(M
(‘v’r}. €At VT, € AIM) T, < T_f+|>-

Taxi iHTepBaJM BHU3HAYAIOTHCS 3TIAHO 33JaHOTO
piBHS TpaHyJIALil 4acy, HampuKial, IeHb, THXKJICHb,
Mics1b, TOIIO.

3mina BIOA00AHb g, . KOPHCTYBadiB W00 [ —
MpeAMETY AJISl MTOCIITOBHOCTI IMOTEpeIHIX 1HTepBalliB
y TIOpIBHSIHHI 3 IIOTOYHUM 1HTEPBaJIOM Arm BHU3HaYa-

€ThCS SIK CyMa Bar TeMIIOpajJbHUX MPaBUJ, IO OIHCY-
I0Th MOXUINBI TEMIIOPaJbHI 3B'S3KH MIX 1HTEpBajJaMH

At, €T Ta moTOYHUM iHTepBanOM At

8ij = Z

JiAt el

Il

Wi )

Je W, ; — HOpPMaJli30BaHa Bara TEMIIOPAILHOTO TPaBH-

Ja, o MOB’A3ye iHTepBan At i3 iHTepBaIOM Arm.
TemmopanbHa JUHAaMiKa BII0J00aHh KOPHUCTYBa-

4iB G, mOA0 i — HMpeaMeTy BifoOpakaeTbCs yrmopsii-

KOBAHOI Y Yaci MOCIIJOBHICTIO 3HAYEHb g, Ha iH-

TepBanax At :

Gi = <gi,l 8ip0w5 8 joees gi"G‘ :

At = |::f’tf+1 )>

PesynpTatom maHoi ¢a3u € mosicHeHHs E y BU-
ISl YMCITOBOT'O 3HAYECHHS 3MiH Y TIONUTI Ha BH3HAYe-
HUI TOBap 3a YMOBH, IO IIi 3MiHH € MO3UTHBHUMH,
TOOTO Mae Micle 301IBLICHHS MONHUTY Ha MOTOYHOMY
IHTEpBaJi MOPIBHSHO 3 TONEPENHIMHU IHTEpBaJaMU B
paMKax mepiony Jacy:

€)

g

E=) g |E>0. (4)

J=1

Ha uerBepTiit pa3i npu moOy0Bi MOsICHEHHS Bpa-
XOBYETHCSl HECTIMKUI MONMUT Ha LINBOBHH IpEeIMeT.
[Ipu UKTIYHUAX 3MiHAX MTOMHUTY Ha TOBap abo MOCIyry
nosicheHHss E Moxe Oyru HeratuBHMM. [l Toro,
o0 BOHO MOTJIO 3aJOBUIBHUTH CHOXHBada, 0Oa3oBe
MOSICHEHHS JONOBHIOETHCS aJIbTEPHATHBHUM J1E€Taji30-
BaHHM ITOSICHEHHSIM, SIK€ BiJJOOpaka€ BIUTUB 30BHIIIIHIX
¢akTopiB Ha BUOip KopuctyBada. Ha naHiii ¢a3zi BuKo-
PHUCTOBYETBCS METOJ JieTati3alii nmosicieHs [16].

3riiHO JaHOTO METO/Y NpH JAeTaji3alii MosCHEHb
BUKOHYETHCSl y3TO/DKEHHS 3HaHb Y TEMIOPaJIbHOMY
acnekTi. TeMrmopalbHO Y3TrO/KeHi 3HaHHS BimoOpa-
)KAalOTh OJHOTHITHI 3MIiHM IONHUTY CIOXKHUBadiB. J{is
Y3TOIDKEHHSI BHKOPHCTOBYETHCS BiJIHOLICHHS TOSIC-
HEHHS.

SIKI0 3HAHHS BiANOBITAIOTH I[LOMY BiJHOIICH-
HIO, TO BOHH € y3rOJDKEHUMH. TOOTO SIKIIO MOSCHEHHS
MOKa3ye 30iJbIIEHHs MOMUTY Ha TOBap abo IMOCIyry,
TO Y3TO/DKEHUMHU OYAYTh TEMIIOpalbHI TpaBuWia, sKi
TEX BiJOOpakatoTh 30UTBIICHHS ITOIHTY.

3a pe3ynbTaTaMu y3TOMKEHHS i3 MOBHOI MHOXU-
HU TEMITOPAJbHUX NpaBwil £ BUAUIAIOTH MiAMHOXUHY
HEY3ro/DKEHUX 3HaHb E~ . 3a IOIOMOrol0 IUX 3HAaHb
(OpMY€ETbCSl aNbTEpPHATHBHE TOSCHEHHSI, SKE BKa3ye
Ha 3MiHH MOIUTY Ha MpeIMeT AJIs BU3HAYEHUX 1HTEp-
BaJIiB Yacy.

V3romkeni npaBuia E°
LIEHHIO MOsICHEeHHS [ 16]:

BIJIOBIIAIOTH BiIHO-
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E =g, :Vjg, ExplE| (5)

OCKIUIBKY TOSICHEHHSI ETai3y€eThCs JIMIIE Y BHU-
MajKy 3MEHIIEHHS MOIUTY, TO BiI0Ip HEY3roJHKEHUX
MIPaBUII BiTOYBA€ETHCS 32 KPUTEPIEM:

g

£ =Zgi,j ‘& >0|E<0 (6)

J=1

Ha ocHOBiI Hey3romkeHHX NpaBuil (HOPMYETHCS
JIeTai30BaHe IOSICHEHHS JUIS OKPEMHX IHTEpBaNiB 3

g;; > 0. Taxa neranizauis nokasye 301IbIIEHHS MOIH-

Ty Ha TOBap y MOIMEPEe/IHi Mepioau.

Ha m’smiii ¢a3i BAKOPUCTOBYIOTHCS iHTEpaKTHUBHI
BJIACTUBOCTI iHTEpdeiicy nosicieHs [17]. B 3anexHocti
BiJl PE/ICTAaBJICHNUX 3HAUYE€Hb OCHOBHOT'O Ta allbTepHa-
TUBHOT'0O, TOOTO JETali30BaHOTO IOSICHEHHS BUKOHY-
€TbCS YTOYHEHHs TEeMIOpajdbHHX mapamerpiB. [licis
YTOUHEHHS peallizyeTbcs Tpers (asza TexHomorii. Y
BHUIIAJIKY JIOCTaTHBOI JieTaii3amii noscHeHb naHa (daza
HE BHUKOHYETBCS Ta peali3allisi TEXHOJOTil 3aBepIly-
€TBCS.

PosristHyTa TexHousoriss (opMyBaHHSI MOSCHEHb
MO)Ke OyTH IHTErpOBaHa i3 ICHYFOUHMMH MIiAXOJaMH 0
mo0Oy/JI0BU TOSICHEHb Ha OCHOBI PO3MOAINY PEUTHHIIB
KOpHUCTYBaUiB.

Posnogin peituHriB BinmoOpaxae siBHI BIOJ00aH-
HS CIIOKMBayiB 0e3 ypaxyBaHHs (DiHAHCOBOI CKJIa/io-
Boi. ToOTO cx0Xi peHTHHTH MOXYTh OyTH BHCTaBJIEHI
aHAJIOTIYHUM TOBapaM 3 PI3HUMHU BJIACTHBOCTSIMHU
JIUIIE TOMY, IO Il TOBapH MArOTh Pi3HY BapTiCTh i
CBO€ KOJIO KOPUCTYBAYiB.

3 iHmoro 60Ky, TeMIIOpalbHE MOSCHEHHS BU3HA-
4yae 00’€KTHBHY NOTPeOY CIIOXKUBAUiB Y PEKOMEH/10Ba-
HOMY TOBapi ab0 Mmociy3i, a TaKOX 3MiHY 1€l TOTpedH
3 4acoM.

BucHosku

3anponoHoBaHO iH(pOPMaILIHHY TEXHOJIOTIIO MO-
OyIOBH J€Talli30BaHUX MOSCHEHb I10JI0 PEKOMEHAAL
3 ypaXxyBaHHSM 3MiH NOTPe0 KOPUCTYBadiB 3 HaCOM.

TexHonOrisl BUKOPUCTOBYE alaiTOBaHI MOJEINI TEMIIO-
paNIbHUX IPaBHJI, a TAKOX MOJENb iHTepdeiicy mnosc-
HEHb 3 TEMIIOPAJIbHUMH MapaMeTpamu.

AnanToBaHi TeMIlOpallbHI NpaBWJia MarTh Bary,
sIKa OOYMCIIOETHCS HAa OCHOBI PI3HUI IPOAaXiB Ha
BHU3HAYECHUX IHTEpBAIAaX B paMmKax 3aJaHOTo IMepiogy
Yacy, 10 Ja€ MOXIIMBICTh BpaxyBaTH 3MiHU 1HTEPECIB
CHOKMBAYIB 3 4ACOM.

Monenb inTepdeiicy MOsICHeHb BijoOpa)kae TeM-
MOpaJIbHY JTUHAMIKY BIIOJ00aHb KOPUCTYBadiB Ha
OCHOBI KOMOIHAIIT KiJbKICHUX Ta SIKICHUX ITOKa3HUKIB
3MiH NPOJAXIB MPEAMETIB 3 MOXKIHMBICTIO 1TEPaTUBHO-
ro BU3HAYEHHS IMepiofy dYacy I OOYUCIEHHS LUX
MTOKA3HHKIB.

TexHonorist MicTUTh (a3 MOOYJIOBH MOSCHEHD 3
ypaxyBaHHSM TEMIIOPAIbHOI JMHAMIKH BHOJO0AaHb
KOpHUCTYBayiB, JeTali3alii MOosSICHEHb Ha OCHOBI y3ro-
JOKEHHSI TeMIIOpaJIbHUX 3HaHb, & TaKOX YTOUYHEHHS
JMaHUX JUIS iHTepdeiicy MOSCHEHb 3 BiIOOpaKCHHIM
TEMIOPAJIbHUX 3MiH Y BUOOPI CITOKMBAYIB.

[TpuHIMIoBa BiAMIHHICTE PO3pPOOIEHOT TEXHOIO-
rii Bil ICHYIOYHX MiIXOMIB N0 MOOYIOBU MOSCHCHb
MOJISira€ y BpaxyBaHHI HUKIIYHUX KOJIWBAaHb YIOJO-
0aHb KOPHUCTYBadYiB, a TaKOX CBONIOIIHHUX 3MIiH Yy
BHMOI'ax CIIOKMBA4YiB B PE3YyJIbTaTI BIUTUBY 30BHIIIHIX
(dakTopiB (Ce30HHI 3MiHM, TNEpEeMiHA Micls POOOTH,
OCBITH, TOIIIO).

OOMeXEeHHSI TEXHOJIOTii MOB'si3aHi i3 BHUMOTaMH
BiJOOpa)KeHHS 4acy y BXIJHUX JaHUX ab0 YIOpSIKY-
BaHHS TaKuMX JaHUX y YaCOBOMY BHUMIpi, IO € HE0O-
XiIHOIO YMOBOIO Ui MOOYIOBH TEMIIOPAIBHUX IIpa-
BUIL

VY npakTUYHOMY acCHeKTi TEXHOJOTisl 3a0e3nedye
MOXIIUBOCTI JUIsl MiABUILEHHS JOBIPH CIIOXKHMBada 10
OTPUMaHOI'0 PEKOMEHJIOBAHOTO IEpPEeiKy TOBapiB Ta
MTOCITYT, OCKIJIBKH Ja€ MOMJIMBICTh BiTOOpa3uTH IUHA-
MIKY IOIIUTY Ha PEKOMEHI0BaHI TOBapH.

TuM camMuM, BUKOPUCTaHHSI TEXHOJIOTIi 3a0e3re-
4yye JUIS KOPHCTyBaya palliOHaJbHE ITiqTBEpIKEHHS
pexoMeHpamii i, sIK HACIiJOK, cHpusie 301IbIICHHIO
MIPO/IaXKiB B CUCTEMI €JIEKTPOHHOI KOMeEpIIii.
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Information technology of construction of explanations considering temporal changes
in requirements of the recommender system's users

S. Chalyi, V. Leshchynskyi, I. Leshchynska

Abstract. The subject matter of the article is the processes of forming explanations for personalized recommendations
for the choice of goods and services in recommendation systems. The goal is to develop an information technology for con-
structing detailed explanations regarding the proposed personal list of items in a recommendation system, taking into account
temporal changes in consumer requirements to improve the efficiency of sales of goods and services in e-commerce systems.
Tasks: development of an approach to the construction of temporal rules for the formation of an explanation based on the
comparison of the number of sales on a sequence of time intervals; development of technology for constructing temporally
oriented explanations regarding recommendations for choosing subjects in e-commerce systems. The approaches used are:
approaches to constructing explanations regarding recommendations, taking into account changes in user preferences over
time. The following results were obtained. An approach to the construction of temporal rules that determine the temporal
dynamics of the preferences of the users of the recommender system has been developed. Using temporal rules, a technology
for constructing and detailing explanations has been developed, taking into account changes in user requirements over time.
Conclusions. The scientific novelty of the results obtained is as follows. An information technology is proposed for con-
structing detailed explanations regarding recommendations taking into account changes in user requirements over time. The
technology uses temporal rule models and a temporal explanation interface model. The technology provides for the sequential
construction of basic explanations taking into account the temporal dynamics of user preferences, further detailing of explana-
tions by time intervals based on the coordination of temporal knowledge, as well as the formation of an interface of detailed
explanations with the display of basic changes in user preferences and alternative changes at separate time intervals. In practi-
cal terms, the technology is focused on increasing consumer confidence in the received recommendation based on the reflec-
tion of changes in demand for the recommended products. The use of technology ensures the formation of a rational confir-
mation of the recommendation for the user in the form of a combination of quantitative and qualitative indicators, contributes
to an increase in sales in the corresponding e-commerce system.

Keywords: recommender systems, explanation, formation of recommendations, formation of explanations, criteria for
evaluating explanations, temporal rules.
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DATABASE SECURITY AND STUDY
OF DATA ENCRYPTION METHODS IN CLOUD STORAGE

Abstract. Purpose of the article is discusses the importance of database encryption and makes an in depth review of
various encryption techniques. Security of Data is the most important task in today’s world. Governments, companies and
other organizations have lost a lot of money and many others have closed down due to the activities of dubious hackers and
attackers. Over the years various encryption schemes have been developed in order to protect the database from various
attacks by the intruders. As data is the life wire of every organization, there is the need to remotely and securely store the
data generated daily by these organizations in order to enable them recover quickly in the event of attach and hack. Cloud
storage is needed here for the remote data storage. For many establishments, data security is one of their major concern
when sending their files into the cloud. They worry about their files being seen or even compromised by malicious and
dubious people because that’s what happened in the past. Data encryption techniques are required to protect the integrity of
the stored data. In the past, many businesses felt comfortable allowing the cloud providers to manage all their data,
believing that security risks could be managed through contracts, controls and audits. Over time it has become apparent,
however, that cloud providers cannot honor such commitments when responding to government requests for information.
This paper discuses, the importance of database encryption and makes an in depth review of various encryption techniques.

Keywords: Encryption, Cryptography, Hashing, Database, Cloud Storage, Cipher text.

Introduction

In this age of technology, all our work is being
done by the computers. From chatting with friends on
social networking websites, to making online payments
through Net Banking, everything is being done online
through computers. Since these facilities are efficient
and make our work easy we use them in one way or the
other. This means to use these online services we are
storing all our personal and sensitive data in the
databases of these websites and applications, which
indeed make this data prone to various security threats.
So protection of this important user data is one of the
major priority, in order to avoid any misuse of data [1].

Cloud Storage is a system whereby data is
remotely stored, maintained, managed, and backed up.
The service is available to users over a network, which
is usually the internet. Important way of protecting this
data is by encrypting the data being saved in the
databases of these websites.

What is the need of encrypting the data. The
need of encrypting the data before saving it in a
database is that by restricting the access through
authorization and authentication of data can help to a
certain limit, but what if the intruder somehow gets to
the database. He has all the data of database and can
misuse it as he likes, here encryption of data before
saving it in database comes into play. If the data is
encrypted before saving it in the database, even with
access to the database the intruder cannot misuse this
data. So the purpose of the article is, discusses the
importance of database encryption and makes an in
depth review of various encryption techniques.

Database encryption

Database Encryption is a process of encrypting the
data in the database [2]. It is a key strategy to protect the
contents of data within the database. The main idea
behind this is that incase the intruder somehow is able to

get to the database of the system; due to encryption he
should not be able to misuse the data in the database.

Fig. 1, shows basic working of the database
encryption and decryption process. The plain text/data
to be saved in the database is first converted into cipher
text using an appropriate algorithm and a specific key.
Then this cipher text is saved into the database. When
the user wants to extract the data from the database, the
cipher text is converted back to plain text using the
decryption algorithm and the same key used in
encryption. This will return the plain text to the user,
when requested. Database Encryption can be done in
two possible ways.

Encryption: 1t is a process in which plain text is
converted to cipher text with help of key, and then using
the same key we can decrypt the cipher text back to plain
text [3]. Encryption is performed using various algorithms,
with each algorithm having his own advantages and
disadvantages. Most commonly used encryption
algorithms are DES, RC2, AES128, AES 256 etc. Fig. 2, a
shows working of simple encryption process.

Hashing: 1t is a one way process, in which plain
text is convened into hashed value(encrypted form).
Once the data is hashed using a Hash Function it cannot
be changed back to plain Text [3]. Generally this
approach is used for password encryption, whenever we
need to login the password entered is encrypted using
hash function and then matched with the password
stored in the database which is already in encrypted
form, if both matches the user get access else it gets the
message of invalid username/password. Most
commonly used Hash Functions are MD4, MD5, SHA,
SHA-1 etc. Fig. 2, b shows working of hashing.

Cloud data encryption

Cloud encryption is a service offered by cloud
storage providers whereby data, or text, is transformed
using encryption algorithms and is then placed on a
storage cloud.
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Fig. 2. Working of Encryption (a) & Hashing (b) Process

It is the transformation of a cloud service customer's
data into cipher text. Cloud encryption is almost identical
to in-house encryption with one important difference --
the cloud customer must take time to learn about the
provider's policies and procedures for encryption and
encryption key management. The cloud encryption
capabilities of the service provider need to match the
level of sensitivity of the data being hosted. Because
encryption consumes more processor overhead, many
cloud providers will only offer basic encryption on a few
database fields, such as passwords and account numbers
[4]. At this point in time, having the provider encrypt a
customer's entire database can become so expensive that
it may make more sense to store the data in-house or
encrypt the data before sending it to the cloud. To keep
costs low, some cloud providers have been offering
alternatives to encryption that don’t require as much
processing power. These techniques include redacting or
obfuscating data that needs to remain confidential or the
use of proprietary encryption algorithms created by the
vendor [5].

N,

Cloud data encryption methods

Block Ciphers and Stream Ciphers. One of the
main categorization methods for encryption techniques
commonly used is based on the form of the input data
they operate on. The two types are Block Cipher and
Stream Cipher. This section discusses the main features
in the two types, operation mode, and compares
between them in terms of security and performance.

Block Cipher. In this method ciphering, data is
encrypted and decrypted if data is in from of blocks. In its
simplest mode, you divide the plain text into blocks which
arc then fed into the cipher system to produce blocks of
cipher text. ECB(Electronic Codebook Mode) is the basic
form of block cipher where data blocks arc encrypted
directly to generate its correspondent ciphered blocks.

Stream Ciphers. Stream cipher functions on a
stream of data by operating on it bit by bit. Stream
cipher consists of two major components: a key stream
generator, and a mixing function. Mixing function is
usually just an XOR function, while key stream
generator is the main unit in stream cipher encryption
technique. For example, if the key stream generator
produces a series of zeros, the outputted ciphered stream
will be identical to the original plain text.

Symmetric and Asymmetric encryptions. Data
encryption procedures are mainly categorized into two
categories depending on the type of security keys used to
encrypt/decrypt the secured data. These two categories are:
Asymmetric and Symmetric encryption techniques.

Symmetric Encryption. In this type of encryption,
the sender and the receiver agree on a secret (shared)
key. Then they use this secret key to encrypt and
decrypt their sent messages. Fig. 3, a shows the process
of symmetric cryptography. Node A and B first agree on
the encryption technique to be used in encryption and
decryption of communicated data. Then they agree on
the secret key that both of them will use in this
connection. After the encryption setup finishes, node A
starts sending its data encrypted with the shared key, on
the other side node B uses the same key to decrypt the
encrypted messages.

The main concern behind symmetric encryption is
how to share the secret key securely between the two
peers. If the key gets known for any reason, the whole
system collapses. The key management for this type of
encryption is troublesome, especially if a unique secret
key is used for each peer-to-peer connection, then the
total number of secret keys to be saved and managed for
n-nodes will be n(n-1)/2.

A r‘},ﬂ ﬁ!

1 1

N,

— S —
2 2
—_— —
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a b

Fig. 4. Symmetric (a) & Asymmetric (b) Encryption

Asymmetric Encryption. 1t is also known as Public
Key Cryptography (PKC), because users tend to use two
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keys: public key, which is known to the public, and
private key which is known only to the user. Fig. 3, b
below illustrates the use of the two keys between node A
and node B. After agreeing on the type of encryption to
be used in the connection, node B sends its public key to
node A. Node A uses the received public key to encrypt
its messages. Then when the encrypted messages arrive,
node B uses its private key to decrypt them.

This capability surmounts the symmetric encryption
problem of managing secret keys. But on the other hand,
this unique feature of public key encryption makes it
mathematically more prone to attacks. Moreover,
asymmetric encryption techniques are almost 1000 times
slower than symmetric techniques, because they require
more computational processing power. To get the
benefits of both methods, a hybrid technique is usually
used. In this technique, asymmetric encryption is used to
exchange the secret key, symmetric encryption is then
used to transfer data between sender and receiver [6].

For example, in an open system, given any two
principals X and Y, X should be able to encrypt a
message that can only be decrypted by Y. If there is
some binding established between principal identities
and public keys, then these operations can easily be
performed. A naive scheme might function as follows:
principal X looks up public key K, for principal Y and
uses it to compute an encryption for Y using some
trapdoor function ¢ = fyxy(m); then Y, on receipt of

this message computes fl ky(c)=m.

But there's a significant problem with this scheme
given our definitions of security for shared-key
encryption: it doesn't satisfy Semantic Security, since
it's  trivial for an adversary to compute
K 3 (m) and fK 3 (m") and compare them against given

ciphertexts in the different attack models. Once again
we see that there is no Semantic Security without
probabilistic encryption. This is especially true in the
public-key setting, since every principal has access to an
encryption function for every other principal, by
definition. Especially when the space of possible
messages is small, it is easy to simply check all
messages under the encryption function to figure out
what has been encrypted.

Conclusions

With advancement in Technology, nowadays
everything is being done with computers, so security of
these data in the database becomes an important issue.
Many researchers have worked on this thing and
proposed various algorithms and architectures. Each
scheme has its own advantages and disadvantages. But
none of them is fully secure, and contain certain
loopholes or demerits with can be used by the attackers
and the intruders to get access of the database. So there
is a scope of improvement in this area.

Many research problems are yet to be identified.
Cryptographic techniques are used to provide secure
communication between the user and the cloud.
Symmetric encryption has the speed and computational
efficiency to handle encryption of large volumes of data
in cloud storage. This paper proposed a symmetric
encryption algorithm for secure storage of cloud user
data in cloud storage. The proposed encryption
algorithm is described in detail and the decryption
process is reverse of the encryption. This algorithm is
used in order to encrypt the data of the user in the cloud.
Since the user has no control over the data once their
session is logged out, the encryption key acts as the
primary authentication for the user.
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Besneka 0a3u naHux i BHBYEHHS MeTOAIB IIMQPyBaHHSA JAHUX B XMAPHOMY CXOBHIII
€. M. lllep6Ginina, b. B. Mapueniok, A. M. ®@ijoHeHKO

AHoTanisi. Mera crarti — 00 poaHani3yBaTi IMTaHHA 1010 BXJIMBOCTI IIM(PYBaHHs 0a3y JaHUX Ta 3pOOUTH ITMOOKHH
OrJISII Pi3HUX METOAIB MMQpyBaHHs. besneka NaHuX - HalBa)XIMBINE 3aBIAHHS B CydacHOMY CBIiTi. Biama, kommanil Ta iHI
oprasizaiii BrpaTig 0araTo rpolei, a 6araro HIIMX 3aKpHINCS, Yepe3 JisUIbHICTh XaKepiB i 30BMUCHUKIB. 3a MUHYI poKu Oyiau
po3pobieHi pi3Hi cxeMu MIM(PYBaHHS UL 3aXHMCTy 0a3W JaHHWX BiJl aTak 3TOBMHCHHUKIB. OCKUIBKH IlaHi - 1€ JKUTTEBHI KaHal
KOXKHOI opraHi3atiii, icHye norpe6a B 6e3reuyHoMy 30epiraHHi JaHHX, IOHS 'eHEPOBAHUX LIUMH OpraHi3alisMu. XMapHe CXOBHIIE
HeoOXiTHO [UIst BiyianieHoro 30epiranus paHux. Jis GaraTbox miIpueMcTB Oe3neka JaHHX € OJHIEI0 3 OCHOBHHX IIPOOJIEM IpU
BianpasLi ¢aiiniB B xmapy. Bonu TypOyroTbcs mpo Te, 110 ix ¢aitnu OyayTh meperisHyTi abo HaBiTh ckoMnpomeroBaHi. s
3aXHCTy LUIICHOCTI JaHUX, 110 30epiratoTbes, HeoOXiHi MeToqu mmdpyBaHHS JaHUX. Y MHHYJIOMY 0araTo KOMHaHiil BiqdyBaiau
cebe KOM(OPTHO, J03BOJIAIOUM OCTAYaIbHUKAM XMApHUX IIOCIY YIPaBJIATH BCIMa CBOIMH JaHUMH, BBA)KAIOUM, IO PUHKAMU
0e3reKH MOXKHa KepyBaTH 3a JIONOMOIOK KOHTDAKTIB, 3ac00iB KOHTpONO 1 ayguty. OfHaK 3 4acoM CTajo0 OYEBHIHO, IO
MOCTa4aJIbHUKM XMapHUX MOCIYT HE MOXKYTh BUKOHYBATH Taki 3000B'i3aHHA. Y LIbOMY JIOKYMEHTI OOrOBOPIOETHCS BaXKIMBICTD
mudpyBaHHS 0a3u JaHUX 1 JA€ThCS AETAIbHUI OIJIS PI3HUX METOAIB IIM(PYBaHHS.

KawuoBi cioBa: nmmopysanns, kpunrorpadis, XenryBaHss, 6aza TaHUX, XMapHe CXOBHIIIE, 3alIU(PPOBAHUIT TEKCT.
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THE TASK OF CHOOSING A RELIABLE PATH
FOR MESSAGE TRANSMISSION IN A COMPUTER NETWORK

Abstract. The article provides a calculation and comparative analysis of the reliability and productivity of computer sys-
tems in a positional binary number system and in a non-positional number system in residual classes (residual number sys-
tem — RNS), for calculations and comparative we consider practical task. The main goal is to solve the task of choosing a
reliable path for message transmission in a computer network. Calculation and comparative evaluation of the reliability and
performance of the computer system in the RNS and the existing in the positional binary number system computer system
APO-221 of the product 15E1235 (automatic message switching center - ASC) when solving the basic task of the ASC —
the task of choosing the transmission path of a formalized message (path selection algorithm (PSA)).

Keywords: automatic switching center, computer system, computer systems and components of fast processing of inte-
ger data, data transmission systems, path selection algorithm, positional number systems.

Introduction

The increasing requirements for modern computer
systems and components of fast processing of integer
data (CSCPID) necessitate the constant search, devel-
opment and implementation of methods for fast data
processing. It should be noted that, despite the intensive
development of modern information technologies used
to create hardware and software tools of CSCPIDs,
there are still many unsolved scientific and technical
problems and problems in this area. First of all, this is
due to the following circumstances:

- high requirements, at the same time, as to the per-
formance of data processing, and to the reliability of the
operation of CSCPIDs, operating in real time;

- the limited capabilities of modern CSCPIDs to
carry out in real time simultaneously highly reliable and
high-speed parallel implementation of the computa-
tional process.

Meeting the above requirements and eliminating
these shortcomings is difficult on the basis of well-
known, developed and tested methods of data process-
ing based on the use of binary positional number sys-
tems (PNS) [1].

Analysis of literature. The first in the USSR who
drew attention to a new machine arithmetic called resid-
ual number system (RNS) was Fedor Viktorovich Lukin
at the end of the 50s. Vilzhan Mavlyutinovich Amer-
bayev, a doctor of technical sciences, professor, acade-
mician of the National Academy of Sciences of Kazakh-
stan, one of the leading theorists in the field of RNS,
and active participants in its practical application said:
"Israel Yakovlevich Akushsky told me that he received
the first information on the RNS from F. V. Lukin as a
closed report of work in the United States. According to
Israel Yakovlevich, Fyodor Viktorovich considered
RNS to be a very promising direction in the develop-
ment of computing technology." His subsequent actions
confirm this — it was precisely through the efforts of F.
V. Lukin that the system of residual classes received
such rapid and successful development in the country,
and his departure from life coincides with the beginning
of the decline in its development [2]. Comparing frag-
mentary information from different sources, it is possi-

ble to reconstruct this story as follows. The first thought
about the possibility of using RNS in computing tech-
nology in 1955 in a brief article was expressed by the
Czechoslovak engineer M. Valah, he was actively sup-
ported by the mathematician A. Svoboda. They became
the pioneers of RNS. The Americans became interested
in their work, and close cooperation ensued, as a result
of which, a few years later, Svoboda and Valakh moved
to the USA, where work on the system of residual
classes was expanded on a broad front [1].

Main material

In existing data transmission systems (DTS) there
is a computer system (CS) in the control loop. The re-
sult of the analysis of the operation of technical systems
and real-time information processing tools showed that
in most cases the efficiency of using the entire DTS as a
whole depends on the performance of the data process-
ing of the CS. Obviously, one of the most important
characteristics of specialized CS is its performance. CS
performance is determined by the amount of computing
work per unit of time.

To conduct a comparative assessment, we calcu-
late the performance of the CS in the RNS and the exist-
ing in the PNS CS APO-221 of the product 15E1235 —
automatic message switching system. In turn, the prod-
uct 15E1235 is part of the 15E1142 system, an auto-
matic switching center (ASC), which performs the func-
tion of automated exchange of control information be-
tween data sources and consumers located at command
posts, headquarters, and other special-purpose facilities.
The main, basic task of the message switching process
is the task of choosing the transmission path of a for-
malized message (path selection algorithm (PSA)). In
the future, by the standard task we will understand the
task of implementing PSAs. We will determine the CS
performance when solving the standard task of imple-
menting PSAs between two CS subscribers.

Let us conduct a quantitative assessment of the
productivity /7 of the CS APO-221. In this case, by
productivity I7 we mean the number of standard PSA
tasks per unit time in normal operation, i.e.:

m=11,; (1)

© YankoA., Fil L, 2020
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where T, =T, (1-&)+Toop, + T + T + T + s (1-85) —
PSA standard problem solving time; T;, — input time;
Ty — direct problem solving time; T., — time spent
exchanging information with RAM; T, — the time of
monitoring the functioning of the CSCPID using tests
conducted in the process of solving the problem; Tain —
time spent on preventive maintenance, troubleshooting
and troubleshooting, reduced to a single solution to the
problem; T, — output time; €;, &, — the coefficients of
combining, respectively, input and output information

with the process of solving the problem (&, €5 <1).
Note that for a CS in a RNS, the time T}, pys of
inputting the initial information and the time 7,,; pys

of outputting the results of solving the problem are
determined by the corresponding expressions

Tinens =Tin +Teonvt> Tour. RS = Tour + Teonvas
where T,
RNS, T

conv2
PNS. In this case, the input / output time of information
for the CS in the RNS is slightly longer than for PR-009
in the PNS due to the need to convert the operands from
the PNS to the RNS and vice versa. The research results
showed that the following condition is fulfilled for the

tabular principle of data processing: 7,1 + Troma <1,

in relative temporary arbitrary units (conventional units).
This circumstance was subsequently taken into account
when determining the time for the implementation of
PSAs in RNS. Specialized CS APO-221 of the product
15E1235 of the system 15E1142 consists of two proces-
sors PR-009, as well as from the command memory, data
memory and input-output channel. The PR-009 processor
implements a set of instructions (arithmetic, logical, tran-
sition, exchange, etc.) through four-byte (1 = 4) bit words.
To improve the speed of solving the problem in PR-009,
a combination mode is used, in which the selection of the
next command from the command memory begins until
the previous command is completed. In the product
15E1235, it is assumed that £, = &, = 0,2.

The main time characteristics in arbitrary units of
the product 15E1235 and PR-009 of the system
15E1142 are given in table 1.

— operands conversion time from PNS to
— operands conversion time from RNS to

Table 1—Main characteristics of the product 15SE1142

Computing system CS APO-221 was created ac-
cording to the reliable scheme of hot standby. If both
PR-009 processors are operational, then the processing
of current information is provided by one processor
("master"), and the second ("slave") is a hot reserve.
The assignment of the processor to the "master" is car-
ried out by software. Failure in the first and second PR-
009 leads to the failure of the product 15E1235 and the
system 15E1142 as a whole [3].

The process of functioning of the product 15E1235
is provided by software and hardware. The main mode of
operation of this product is message switching. The task
of PSAs belongs to the class of modern decentralized and
adaptive control algorithms solved by means of CS DTS.
Table 2 shows: the stages of PSA implementation, the set
of operations that implements this stage of PSA calcula-
tions, as well as the frequency of implementation of stan-
dard operations in PR-009. Briefly describe the imple-
mented PSA. The essence of the PSA is to determine the
optimal way to bring the message from the source of
information to the data consumer in the specialized sys-
tem 15E599 of the DTS information and settlement sys-
tem "Yarus". Information for solving the PSA algorithm
is stored in the 15E1142 system in a matrix M consisting
of two adjacency matrices: telephone and telegraph.
When choosing a path, binary operations on integer num-
bers of rows of these matrices are used [4-7].

The number of rows and columns in these matrices is
equal to the number of ASCs. The PSA algorithm consists
of four main branches: transmission of a message along the
route; path selection using the matrix Mg (telephone net-
work); path selection using the M, matrix (telegraph net-
work); sending a message to the operator. If the value of
the transmission variant corresponds to the transmission
variant along the route, the first branch is connected.

The choice of the way when the PSA operates on
the second and third branches is based on global infor-
mation on the structure of the telecommunication net-
work and local information on the queues and network
load. For a given ASC, for each message, the path is
selected sequentially, starting with the shortest paths,
thereby determining the set U; of transit ASCs on the
path to the desired ASC of the recipient with a deviation
S from the shortest path.

No. | Product, syst. (unit) Type of operation Time [conv. units]
1 RAM-094 Access cycle 3
(RAM-095) Sampling time 0,6
2 ROM-098 Access cycle 3
Information I/ O time 6
Test time 1
3 PR-009 Average time of addition (subtraction) operation in combination mode 7
Average runtime of an addition (subtraction) operation in normal mode 20
Average runtime of a multiplication operation 200
4 15E1235 Time spent on pr'eve'ntive mai'ntenance,' troubleshooting, and elimination, 0.5 hours
resulting in a one-time solution to the PSA problem
5 15E1235 Command memory capacity 256 kbyte
Data memory capacity 192 kbyte
6 15E1235 Command Format System 0,1,2,3
7 115E1235 Bit grid 32 bits
] 1531142 System availability factqr 0,9995
Average system recovery time 0,5 hours
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Table 2— The list of implemented functions, type and num-
ber of operations included in the algorithm for
choosing a message path

. mber
Implemented Function Numbe
No. . of ope-
function type .
rations

Determining the values of the| ROM access 40

1 elements aji¢ (ajig) rows (col-

umns) of the adjacency ma- Addition 30
trix.
> Formation of a binary string Addition 40
of accessibility. mod. 2
The definition of an adjacent Addition 4
3 -
branch. Comparison 3
Definition of transit ASC set [—Aaddition 30
4 Addition
U 20
mod.2
Determination of the neces- Addition 100
5 | sary direction of information Comparison 50
transfer.
6 Route g;;=q;+S flagging. Addition 50
Addition 400

Determining the priority of
7 | the message (calculation of
the function T,).

Multiplication | 1600
RAM access 10
Comparison 10
RAM access 100
ROM access 20

Calculation of algorithms for
the formation, transmission

3 and processing of service Addition 200
information on the status of
the telecommunications Subtraction 300
network.
RAM access 250
9 | Reproduction of messages. | ROM access 40
Addition 200
Delivering information
10 through communication - -
channels.

For the further transmission, a ASC is selected as
the candidate’s ASC for the further transmission, the
transmission direction to which at the moment has the
minimum quoted queue length L, =/+1/, +/5,, where /

is the queue length, counted in messages for 1 commu-
nication direction channel.

At each step, according to S on the admissibility of
deviations from the shortest path, the telephone direc-
tion is first checked. If it is unacceptable, then the tele-
graphic direction is checked.

After determining the direction of further transmis-
sion, the priority of message transmission is determined.
For this, the function of estimating the time of bringing
the message is calculated as 7, =t6;d +0,(/+15,),
where d is the length of the residual path (in arcs) to the
recipient's ASC; o;,0, — constants selected from

ROM-098. Next, using the CS, the process of calculat-
ing the algorithms for the formation, transmission and
processing of service information about the state of the
telecommunication network is carried out. To bring
information to all ASCs, the message is propagated to
the higher links 1, 2 and 3 of the DTS allocated by ASC.

Further, through the communication channels, the
process of bringing information to the ASCs corre-
sponding to the levels (links) of the DTS is carried out.

Based on the data presented in tables 1 and 2, we
will create table 3. This table contains general informa-
tion about the number of operations of each type in-
cluded in the PSA. Table 3 also contains calculated data
on the total implementation time of all operations of
each type in the PNS contained in the PSA for four-byte
(32 binary bits (1 = 4)) bit words.

Based on the data in table 3, in accordance with
the expression (1), we determine the performance values
IIpys of the product 15E1235 when solving the PSA

algorithm in the PNS. Using the results of calculations
placed in table 3, we determine the time to solve the
PSA problem T,,,. We get that T,,, =0,33*10"
conv. units. Given that £;=¢,=0,2, we define the follow-
ing values: T;,(1-¢;)=T,,;(1-€,)=1,2 conv. units;
T.=1380 conv. units; T;=1 conv. units; T,in=0,5 conv.
units. n accordance with the expression (1), we deter-
mine the value of the productivity of the product
15E1235 when solving the PSA algorithm.

The calculation results showed that I7pyg =3

PSA / conv.units, i.e. the user productivity of the CS
processor in the PNS is equal to three PSA reference
tasks, one relative conventional unit of time.

In order to assess the performance of CS in RNS,
we will use the previously obtained research results. To
do this, it is necessary to determine the set of conversion
coefficients of the relative time for the implementation of
arithmetic operations, implemented on the basis of the
tabular principle (TP) [8], respectively, for the addition
K', subtraction K~ u comparison K®™ of numbers for
|1=4. From the table 3 we have that K" =2/ 63 = 0,03, K
=2/2048 =0,001 and K*™ =7/63=0,1 Based on the
obtained values of conversion factors, we determine the
values of the total implementation time of all operations
of each type. Table 4 summarizes the number of opera-
tions of each type included in the PSA and also the esti-
mated data on the total implementation time of all opera-
tions of each type in the RNS contained in the PSA for
four-byte (32 binary bits (1 = 4)) bit words.

Table 3—PSA characteristics in PNS

Item Type of Number of O'pera'tlon execu-
No. . . tion time [conv.
operation operations .
units]

1 RAM access 360 1080

2 ROM access 100 300

3 Addition 1314 9198

4 Multiplication 1600 320000

5 Comparison 63 441

Table 4-PSA characteristics in RNS

Item Type of Number of O'pera'tlon execu-
No. . . tion time [conv.
operation operations .
units]
1 RAM access 360 1080
2 ROM access 100 300
3 Addition 1314 275
4 Multiplication 1600 320
5 Comparison 63 6
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Based on the relation (1), the performance of the
CS in the RNS when solving the PSA was calculated.
Analysis of the results showed that the performance of
the CS in the RNS is equal to the value of []zyg = 500
PSA / conv. units, i.e. the performance of the CS proc-
essor in the RNS is 500 PSA reference tasks for one
conventional unit This is somewhere around 160 times
larger than with PNS (see table 5).

Table 5 further shows that using the tabular princi-
ple of data processing, as well as using well-known
calculated data, the use of RNSs provides a higher reli-
ability (in the probability of failure-free operation of the
Pcscrip(tpsa)) of the CS than with the use of the tripled
majority structure in binary PNS and with the smallest
additionally entered amount of equipment.

Conclusion

In accordance with the goal, in the article, a calcu-
lation and comparative analysis of the performance of
CS in PNS and in RNS was performed. As an example

Table 5-The value of some characteristics of the CS
for various number systems

- RNS of calculation and comparative analysis of data process-
CS characteristics PNS Tabular . par y proc
principle ing performgncc?, the basic task of the message sw1tch-
User productivity IT [PSA/ 3 500 ing process is given - _the task of choosing the transmis-
conv.units] sion path of a formalized message between subscribers
Reliability Pescpin(tesa) of the CS. The research results showed that the use of
[probability of failure-free | 0,9660 0,9999 RNS as a number system for CS allows, in comparison
operation] with PNS, to significantly increase the productivity of
The relative amount Vescein 64 60 processing data presented in integer form. Thus, the TP
of equipment [conv. units] implementation of the arithmetic operations that are part
The number A4 of addi- of the PSA, when compared with the binary PNS, al-
tional input amount of 100 87,5 lows to increase the performance of non-positional CS
equipment [%] operating in the RNS by 160 times.
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3anayva Bubopy HajiliHOro NLIAXY AJIA Mepeaadi MOBiIOMJIeHb Y KOMII'IOTEPHil Mepeski
A. C. Suko, 1. B. ®inb

AHOTanisi. AKTyaJIbHICTh JOCHITKeHHs. Y ICHYIOUHMX CHCTEMax Iepeiadi JaHUX B KOHTYPl YHpaBIIiHHS € KOMII fO-
TepHa cucreMa. Pe3ynbraTy aHaiizy poOOTH TEXHIYHHX CHCTEM Ta 3aco0iB 00poOKH iHpopMamnii B pe)KuMi peabHOro 4acy moka-
3a/1y, 0 B OiNBIIOCTI BUNAJKIB €()EKTUBHICTh BUKOPHUCTAHHS BCI€i CHCTEMHU B LIJIOMY 3aJI&KHTh BiJl e(eKTUBHOCTI 0OpOOKH
JaHux. OueBHUAHO, 10 OJHIEIO 3 HAMBAXJIMBIIIMX XapaKTEPHCTHK CIIELialli3oBaHOi cUCTeMH € ii MPOAYKTHBHICTb, 10 BU3HAYA-
€TbCs 00CAroM 00YMCIIIOBAIBHOI POOOTH 3a ONUHMIIO Yacy. OCHOBHA MeTa — BUPILIUTH 3aJa4yy BUOOPY HaJiHHOro IUIAXY Ie-
penadi MOBIIOMIICHB Yy KOMIT FOTepHill Mepesxi. Pe3yabTaTu. ¥V cTaTTi HaBeeHO PO3paxyHOK Ta MOPIBHAIBHUI aHaNi3 HaJilHOC-
Ti Ta MPOAYKTUBHOCTI OOUMCITIOBAIEHHUX CHCTEM B ITO3MILIHHII JBIMKOBIN CHCTEMI YHCIICHHS Ta B HEMIO3UIIMHIA CHCTEMI YHCIIeH-
HS B 3JIMIIKOBUX KJacax (cucreMa 3anuiukoBux kiaciB — C3K), mis po3paxyHKiB Ta TOPIBHAHHS MU PO3TIISIAAEMO NPAKTUUHY
3agady. Po3paxyHOK Ta MOpiBHsUIbHA OLIHKA HAIIMHOCTI Ta MPOLYKTHBHOCTI obumcimoBaibHOi cucteMu B C3K Tta icHyrouoi B
TIO3ULIHHIN IBIHKOBIN crcTeMi YuciIeHHs1 o04ncoBainbHOi cucteMu AIIO-221 BupoOy 15E1235 (ueHTp aBTOMaTHYHOI KOMYyTa-
uii nmoBigomiens — LIAK) npu BupimenHi ocHoBHoro 3aBaaHHs [{AK — 3amaua BuGopy nuisixy nepenadi ¢opmanizoBaHoro Imo-
BiZIOMJICHHS (aropuT™M BHOOpY LULIXY). BHcHOBOK. Pe3ynbraTi nocii/pkeHb rokasanu, mo BukopucTaHHS RNS sk cucremun
yucnenns it CS no3Bosse, mopiBHsHO 3 PNS, 3HauHO 3011p0IMTH TPOJYKTHBHICTE 0OPOOKN JaHMX, MPEACTABICHHUX Y IIJIOUH-
cenpHIN dopmi. Takum unnOM, peanizauis TP apudpmernynux oneparii, sxi € yactuHoo PSA, y nopiBHsHHI 3 aBiiikoBuM PNS
JI03BOJIsIE 30IBIIMTH IPOAYKTHBHICTD Heno3uuiiHux CS, mo npamtorors B RNS, y 160 pasis.

Kaw4yoBi caoBa: anroputm BHOOpY HUIIXY, KOMIT IOTEPHA CHCTEMa, KOMIT FOTEpHI CUCTEMH Ta KOMIIOHEHTH IIIBHJIKOI
00pOOKH IIIJIOUNCENEHUX JaHUX, MO3ULIHHI CHCTEMH YUCIEHHS, CHCTeMa 3aJIMIIKOBUX KJIACiB, CHCTEMH Iepeiadl JaHuX.
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3ACAIN MPOEKTYBAHHSA OBJIMHIOBAJIbBHUX MATEPIAJIIB
I'PAJIEHTHOI'O TUITY AJISI EKPAHYBAHHSA EJIEKTPOMATI'HITHUX ITOJIIB

AHoTanist YV po0OTi po3IISHYTO OCHOBHI HPHHLMIIY IIPOSKTYBaHHs Ta BUPOOJICHHS MaTepiaiiB 1Js eKpaHyBaHHS €JIeK-
TPOMArHITHUX HOJIB IIKMPOKO YAaCTOTHOrO Jiana3oHy. [Ipu3HayeHHs TakuX MaTepialliB - OOJIMIIOBAaHHS NOBEPXOHb BEIH-
kux mioml. ChopMynbOBaHO TOJIOBHI BUMOTH JI0 TAKUX MarepianiB. ['0JIOBHUMH 3 HUX €: JINLOBA IIOBEPXHsI IOBUHHA MaTH
es1eKTpo(hi3UYHI BIaCTUBOCTI (JIi€NEKTPUYHY Ta MarHiTHY IPOHUKHOCTI), MiHIMaJIbHO MOXIINBI U1 3a0€3M1€UEHHS HU3bKUX
Koe(iLi€HTIB BitOUTTS €JIEKTPOMArHiTHUX XBUib. [Ipy 11b0My 00OB'SI3KOBUM € OfiHOUacHe 3a0e3MeueHHs MilHICHUX Xapa-
KTEPHUCTHUK, BOTHECTIMKOCTI, HETOKCHYHOCTI TOI0. BMicT panionornuHanbsHOT cyOcTaHLii y npolapKy mapoBoi CTPYKTYpH
i 3aKOHOMIPHOCTI 3pOocTaHHs e()eKTHBHOI AieIeKTPUYHOI (MArHiTHOT) IPOHUKHOCTI y OiK MiAKIaAMHKY IOBUHHI 3a0e3re-
4yBaTH IIMPOKOCMYIOBICTb Ta e(eKTHUBHICTH Matepiaiy. JlucriepciiiHa 3aeXHIiCTh NOBHHHA 3a0€3ME4UTH PIBHOMIpHE Y
3aJaHOMY Jiana30Hi 4acTOT IOTJIMHAHHS eJIEKTPOMAarHITHOI €Hepril Ta 1i MPOXOKEHHS BiJl BXiHOI MOBEPXHI JO IMiJIKIa-
JmHKY. Hamano po3paxyHOK HEOOXiqHOI TOBIIMHM I'palicHTHOIO MaTepialy 3a 3aJaHOro KoedillieHTa BiIOUTTSI, BUXOISIH
3 MaKCHMAJIbHOI Ta MiHIMaJIbHOI JIOBXXHH XBHJIb €KPAHOBAHOI'O I10JIs, MATHITHUX IIPOHUKHOCTI Ta TOBLIMH OKPEMHX LIapiB.
IMoxazaHO MOXJIMBICTH BUTOTOBJIEHHS! MOHOJIITHOTO METAJIONOIIMEPHOIO €KpaHa 3 MOBEPXHEBUM IIAPOM 3 MaJIOI0 JlieeK-
TPUYHOIO NPOHHUKHICTIO 33 PaXyHOK TePMOOOPOOIEHHS MOBEPXHI MaTepiaiy I1iJi 4ac BUIOTOBJIEHH:. [Ioka3aHO MOXJINBICTD
Ta HAJIAHO TEXHOJIOTiUHi PIIIEHHS IO0JI0 CTBOPEHHS MOHOJITHOIO METAJONOIIMEPHOTrO €KpaHa 3 KEPOBaHUM IPALi€HTOM
(bepoMarsiTHOI piOHOMKCIIEPCHOT CyOCTaHLIT Yy HAPSIMKY BiJl JIMIbOBOI ITOBEPXHI [0 HWXKHBOI. Takuii MaTepiaa MOXINBO
3aCTOCOBYBaTH [UIsl KEPyBaHHs CIIBBiJHOIICHb KOE(DII[i€HTIB €KpaHyBaHHS BHCOKOYAaCTOTHUX €JIEKTPOMArHITHHUX IIOJNIB,
€JISKTPUYHUX Ta MAarHiTHUX I0JIiB HAJHU3bKHX YACTOT i CYIIyTHHOI'O €KpPaHyBaHHS IIPUPOAHOTO MAarHiTHOI'O MOJIS.

Karo4doBi cioBa: enexkrpoMarHiTHi Noist; eKpaHyBaHHS; KoeillieHTH eKpaHyBaHHS; OOJIMIIOBAIbHUN 3aXUCHUI Oyi-

BEJIEHHUI MarepiaJl.

Beryn

Ypoaosxk 6araTb0X pOKiB TOJIOBHOK METOIO MPH
pO3pOo0IIEeHHI MaTepianiB Ui €KpaHyBaHHS €JIEKTPO-
MAarHiTHHUX IOJIB Ta MPOEKTYBaHHI E€KPaHYIOUYHX KOHC-
TPYKUi# OyJl0 OTPUMAaHHS MaKCHUMaJIbHUX KoedilieH-
TIB eKpaHyBaHHS 3a OyIb SIKUM (Di3MYHMM MeXaHi3-
MoM. OCTaHHIM 4acoM, y 3B’S3KY 31 3pOCTaHHSIM YCBi-
JIOMJIEHHSI [IOZ0 WIKIJJTMBOCTI TilIOr€OMarHiTHOrO
nmojist (IWTYYHO 3HIDKEHOTO MPHPOJHOTO MAarHiTHOI'O
moJisi), HEOOXiJHICTIO CTaOLIBHOTO (YHKIIOHYBaHHS
3ac0o0iB 0€3IpPOTOBOrO 3B’S3KYy 3 OJHOYACHHUM 3HH-
JKCHHSIM HAIPY)KEHOCTEH TEXHOI'€HHUX MOJIB 1HIIOTrO
MTOXOJ/KEHHS BUHUKIIA MOTpeba y po3poOJIeHHI 3axuc-
HUX MaTepialiB, SIKi HA MPUHHATHOMY PiBHI 32/I0BOJIb-
HSIOTH 1[I BUMOTH.

AuJte cyninpHI MeTaneBi KOHCTPYKIIT 3 peryisipHHU-
MH METAJIEBUMH CTPYKTYpaMy Ta OUIBINICTh KOMIIO3H-
LWifHUX MaTepiaiiB He BiJIOBIIAIOTH BUCYHYTUM BHMO-
ram. Ile oOymoBIieHe BeNMMKUMHU KoedillieHTaMH Bij-
OUTTS YCIX CYIUIBHMX MeTaJleBUX (KPUCTANIYHUX Ta
aMop(HUX) MarepianiB, eKpaHyBaHHs BY3bKOCMYTOBHX
BHCOKOYACTOTHUX IOJIB IPaT4acTUMU Ta CITYACTUMH
MaTepiajJaMu, BHCOKUMH KoedillieHTaMH eKpaHyBaHHS
Ha/IHU3bKOYACTOTHUX Ta BHCOKOYACTOTHUX IONIB KOM-
MTO3UIIHHUMH METAJIOBMiCHUMH MaTepiaTaMu.

Jis BupilIeHHs 3ajad palioHamizalii CTYIEHIB
3aXHCTY BiJl €IEKTPHYHHUX, MAaTHITHUX Ta €JIEKTPOMAarHi-
THHUX TIONIB, BUXOASYH 3 TEOPETHYHUX MIipKyBaHb, JIO-
LIBHO PO3MIISIHYTH 3aXWCHI MaTepiald TpaJieHTHOTO
TUIy — OaraToInapoBi i TeTepOreHHi CYIIbHI 3 Tpajie-

HTOM €JIEeKTPO(i3UYHUX Ta MArHiITHUX BJIACTHBOCTEH y
TiJIi MaTepiaiy.

AHaJi3 oCTaHHIX JoCHiIKeHb i myOmikamiii.
[Ipobnematuili po3poOICHHS Ta TOCTIIKCHHS 3aXUCHUX
BJIACTHBOCTEH HEOIHOPIAHUX MaTepiaiiB IPHIISETHCS
nocTaTHhO yBaru [1,2]. Ane po3poOieHi y HUX TeXHO-
JIOTii CTOCYIOTHCSI BHPIIIEHHS 3a[a4 €IEeKTPOMAarHiTHOL
CYMICHOCTI, TOOTO 3HIKEHHsI ITOJIIB 3a34ayerigb BiJo-
MHUX aMIUTITyJHO-4aCTOTHUX XapakTepuctuk [3] mpwu-
3HAYEHHUH TaKOXK IS 33/1a4 €JIeKTPOMAarHiTHOI CyMiCHO-
CTi y aBiamiiHiil ramy3i, ToMy mopsn 3 (QiKCOBaHUMH
BHMOT'aMH IOJI0 3aXUCTY Y BU3HAYEHIil CMy3i 4acTor, y
BOMY MaTepiaji, 0araTo yBaru NpWAIJICHO ITiJABHIIEH-
HIO MIIIHICHUX XapaKTEPUCTHK Ta 3HWKEHHIO Bary.

VY 1pyHTOBHIN OrNIsAIOBiH poboTi [4] mokaszaHo, 1m0
TpajlieHTHI BJIACTUBOCTI MOXYTh MAaTH ¥ MaTepiaiau
TIpU3HAYEH] VIS 1HAUBIIYyaIbHOI0 3aXHCTY M MaJio pu-
JIaTHI JUIs OOJIMIIOBaHHS TOBEPXOHB. Y JIOCIIIKEHHI
[5] nmoka3zano, 110 MOXKJIMBO OTPUMATH TpajieHT (iznd-
HUX BJIACTUBOCTCH Yy reTepOreHHOMY MaTepiali.

BaxxnmBoro € 3a1a4a po3paxyHKOBOrO BU3HAYECHHS
Ta NPOTHO3YBAaHHS 3aXMCHUX BJIACTUBOCTEH MaTepiaiiB
abo morepeaHiil po3paxyHOK MOXKIIMBOI KOHCTPYKIII,
BHUXOJSYH 3 OTPiOHOTO QyHKITiOHATY [6, 7].

Aune y nepiii myOuikanii, Xxo4a HxeTbcsi Ipo orl-
TUMI3aIliI0 3aXUCTy, 3ajJadya ONTHMi3allii He POo3B’s3y-
BaJiacs Hi aHAJITUYHO, Hi Tpadiuno. Y Apyrii — po3po-
OneHui Martepiai, 0cOOJIMBO 32 BMICTY BOJIOTH, X04a U
Ma€ BHUCOKi (DyHKI[IOHAJIBHI SIKOCTi, CXHJIBHHUH J10 Jerpa-
mamii W HEempUHHATHHN 11 OOJIMIFOBAHHS BEIUKHX
IUIOII.

© TI'nusa B. A., Xomakoscekuii O. B., Jlesuenko JI. O., 2020
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VY Marepianax [8] mpeacraBicHi CydacHi IiIXOH
JI0 TIPOEKTYBaHHSI OOJIMIIOBAILHUX IOBEPXOHB, Iapa-
METpPH SIKMX MO)KHa po3paxyBat. A y pobori [9] noka-
3aHO TPHUHIMUIIOBY MOMJIMBICTH pPalliOHAJI3yBaTH CTY-
TIeHi 3aXHCTY BIUIMBY MarHiTHUX Ta €IEKTPOMAarHiTHUX
MOJIIB PI3HOPITHHUX JDKEPEN, IO € IPYHTOM IS Ioja-
JIBIUX JIOCITi/PKEHb.

MeTta po6oTH — PO3POOHUTH OCHOBHI aJTOPUTMHU
MPOEKTYBaHHS OOJMIIOBAILHUX MatepiaiiB TpadieHT-
HOTO THUITY 1 BH3HAQYUTH MOXJIMBOCTI IX 3aCTOCYBaHHS
JUTST KEPOBAHOT'O 3HIKCHHS PIBHIB €JIEKTPOMArHITHHX
TIOJIB.

BukJiajg 0CHOBHOT0 MaTepiajy

CydacHi OONHITIOBaJIbHI MaTepiald MOBWHHI Bij-
TIOBiZIATH HU3I[l BUMOT — 3arajbHUX Ta CIeliaIbHHX.

Jlo 3aranbHUX HaJleXaTb BUMOTH IIOJO MEXaHid-
HUX BIACTHUBOCTEH — MIIIHOCTI, MATOMOI Baru, HaaiiHO-
cTi (BIACYTHOCTI Jerpanaliii MaTepiaiy y Mporeci eKkc-
TutyaTarii), HaJiiHICTh 3aKpiIUIeHHs] Ha poOOYMX MOBe-
PXHSIX, 8 TAKOXX BHCOKOi BOIHECTIHKOCTI ¥ MiHIMabHO-
T'O BUJIUJICHHS [IKIIJIMBUX PEYOBHH.

Jlo crieniaibHUX BUMOT HaJEXaTh — BUCOKI Koedi-
LIEHTH €KpaHyBaHHS y IIMPOKOMY Jliala3oHi 4acToT (3
MOKJIMBICTIO KEpYBaHHS KOe(il[ieHTaMU IOTIMHAHHS
€JIEKTPOMArHITHOI eHeprii) Ta MiHIMaabHO MOXKIJIHBI
Koe(iLliEHTH BiJOUTTS €JIEKTPOMATHITHUX XBHJIb.

OpHo3HauHe 3a0e31eUeHHsl YCiX HaBeIEeHUX BUMOT
y OJHOMY MaTepialliB Ha ONTUMAaJIbHOMY PiBHI NPaKTH-
YHO HEMOJKJIUBE, TOMY ICHY€ IIMpOKa HOMEHKJIATypa
3aXMCHHUX Ta OOJHIIOBAIGHUX MaTepialiB, sIKi BHPINIY-
I0Th JIOKQJIbHI 3aJaul eJeKTpOMAarHiTHOi Oe3nexu. Ale
iICHYye MOXIIMBICTh palliOHAJI3yBaTH CITiBBiHOLICHHS
CTYNEHIB 3aXHCTy JUIsl Pi3HUX KPUTHYHHX 4YacToT abo
YaCTOTHUX CMYI' MarHiTHHUX, €JIEKTPUYHUX Ta EIEKTPO-
MarHiTHUX MojiB. HeoOXiqHUM € JOCATHEHHS KOMITPO-
MiCy MiX OaXKaHUM Ta TEXHIYHO JOCSIHUM e(PEeKTOM
U KOXKHOTO OKPEMOTO €JIEKTPOMArHiTHOrO BIUIMBY 3
ypaxyBaHHSAM IHIIUX BIUIMBIB, ITiTXOIH 10 CKPaHYBaHHS
SIKHX MOXYTb CYIEPEUHTH OIWH omHomy. Hampukian,
3HW)KYIOUH PiBHI TEXHOT€HHUX MarHiTHHX ITOJIB HAIHU-
3bKHX YacTOT (IIPOMUCIIOBOI Ta 1l TAPMOHIK), MU MOXe-
MO 32 NEBHUX YMOB 3a€KpaHyBaTU NPHPOIHE MarHiTHe
oJjie, IO IIKIUTUBO JUIS JFOACH H perymoeThCs Biamo-
BiJTHIM HOPMAaTHUBOM.

V 3araibHOMY BUNAJAKY HaHIPOCTIIIO 331a4el0 €
3HW)KEHHS PIBHIB €IEKTPOMAarHiTHUX TOJIB JIyXKe BHCO-
KUX, YJIBTPAaBHCOKHX Ta HaJ3BHUYAHHO BHCOKHX IOJIB
YacTOT, MPUTAMaHHUX BUIPOMIHIOBaHb 3aC00IB 3B’SI3KY
Ta YaCTUHI MPOMHKCIIOBOTO Ta OOYTOBOTrO 00JIaIHAHHSI.
Bynismo abo okpemi MpuMilIeHHS MOXKHA 3aeKpaHyBa-
TH MeTaJeBUM a00 KOMITO3MI[IIHUM IUIaCKMM MaTepia-
JIOM, BPaxOBYIOUHM Maly JOBXHHY EJIEKTPOMAarHiTHOL
XBIWII 1 He3Ha4yHI quQpaKmiiiHi SBHUIIA HA KPOMKax 3a-
XHCHHUX KOHCTPYKIH. AJlle 3HAYHHH BHECOK Y 3aXHUCT
BiJl BHCOKOYaCTOTHHX BHIIPOMIHIOBaHb MpUIaJae Ha
BiIOWTTS €JIEKTPOMATHITHUX XBHJIb, L0 € HEOaKaHUM
4yepe3 BiIOUTTS y OiK iHIIMX OYAiBENbHUX IPUMIIIEHb,
MiJBUILICHHS CJICKTPOMArHiTHOro ()OHY depe3 MmepeBil-
OUTTS ycepenuHi Oy/aiBeNnb i IPUMIIIEHb.

VYHHUKHEHHS! TaKOro e(peKTy MOXKIIUBE 32 paXyHOK
3aCTOCYBAaHHS TPAJIEHTHUX EKPaHYIOUMX MarepiaiiB

(baraTomapoBux Ta cyuineHuX). He nuBisdnchk Ha Te,
10 METOJI 3MEHIICHHS KOe(iIlieHTiB BiTOUTTS 3a paxy-
HOK CTBOPEHHS MDXK JIBOMa IOBEPXHSIMHU 3a30py 3a-
BTOBIIKM Yy YBEPTh JOBXXHMHH I1aJal04y0l XBHJIi, 3arab-
HOBiZIOMHH, y 0araTbOX BHIIAJIKaX HOTr0 3aCTOCOBYIOTH
HEBIpHO (HE BPaXOBYIOTh €JICKTPO(DI3UUHI Ta MAarHiTHI
BJIACTHBOCTI BEPXHBOTO Ta HIDKHBOrO mapiB). Jlo Toro
K Taka KOHCTPYKIIiSl Mae By3bKOCMYTOBHI 3aXHUCT.

KoegimieHT BIiIOUTTS eNEKTPOMArHITHOI XBHII
OJTHO3HAYHO BHM3HAYAETHCS EINEKTPUYHUMU Ta MAarHiT-
HUMH BJIACTUBOCTAMH TMoBepxHi. Hampukiam, xoedirri-
€HT BIJIOMTTS €JIEKTPOMATHITHOI XBHJII 3a il HOPMaJIbHO-
T'O NMaAiHHS HA TOBEPXHIO:

_ 1-e,

r B
1+./e,

ac €, — I[ieJ'IeKTpI/I‘IHa HpOHI/IKHiCTL TTOBEPXHEBOT'O

Iapy MaTepiaity, Ha SIKHi 1aJa€e XBHIISL.

Jlst 3a0e3medyeH s MMPOKOCMYTOBOCTI MaTepiany
YBEPTh XBWJIBOBUH INPOMIKOK, (200 MPOMIKKH) CIIij
3aIOBHIOBATH OJIHUM 3 0araTboX po3poOJIeHUX Pasiono-
TJIMHAIBHUX €JIEMEHTIB Ha OCHOBI (DEpUTIB, BYTJICIIEBUX
3'emHaHpb TOIIO. [Ipu po3pobiieHHI MaTepialy Il eKpa-
HYBaHHSI BUCOKOYACTOTHUX IOJIiB HEOOXIHO BUXOAUTH
3 TaKUX MPHUHIIUIIIB!

- JHIBOBA MOBEPXHs ITOBHHHA MAaTH i€IeKTpHU-
YHY NPOHUKHICTh, MIHIMaJIbHO MOXIIHMBY 3a 3abe3re-
YeHHs 3aJaHuX BUMOT J0 MaTepiainy (MIilHICTh, HEro-
PIOYICTB TOIIO);

- BMICT palioONONIMHAIBHOI CyOCTaHIli y Tpo-
mapky (mpomapkax) i 3aKOHOMIpHICTh HOro 3MiHH 3a
TOBIIMHOIO MOBUHEH 3a0€3MeYnTH MOCTYIOBE 3POCTaH-
HS eKBIBaJICHTHOI (€()E€KTUBHOI) Ji€IEKTPUYHOI MPOHU-
KHOCTI (B OCHOBHOMY YSIBHOI YaCTHHU KOMILIEKCHOI
JIEeNeKTPUYHOI MPOHUKHOCTI) y HAampsIMKY ITOBEPXHS
MMaJiHHs XBWII — [T IKJIaAHKa;

- JIUCTIepCiiiHa 3aJIOKHICTh MMOBHHHA 3a0e3Ieyu-
TH pIBHOMIpHE TOIJIMHAHHS €JEKTPOMArHiTHOI eHeprii
i1 3a 11 MPOXOMKCHHS BiJl BXiTHOI MOBEPXHI IO IIiaKIa-
JIMHKY 1 Y 3BOPOTHOMY HaIpsIMKY.

HeoOxinHy TOBIIMHY MaTepially MOXKHA OLIHUTH BHXO-
JisT9H 31 criBBigHOIIEHHS [10]

|ln R,|(kmax ~Amin ) < Zuidi )
i

ne R, — MakcuMaJbHHUN Koe(ilieHT BiIOWTTA 3a IOTY-
A

JIOB)KMHA XBUJIb YaCTOTHOI CMyTH; W; — BiI[HOCHa Mmar-

KHICTIO; Appay > Amin — MaKCHMalbHa Ta MiHiMaJlbHA
HITHa MPOHHWKHICTH KOXXKHOTO i-TOro Iiapy; d — HOro
TOBIIMHA. /{11 HEMarHiTHUX MarepiayiB y mpaBii yac-
TUHI BHpa3y 3aMiCTb CyMH O€peThbCs MOBHA TOBIIMHA
CTPYKTYpH MaTepiaiy.

Y 3aranpbHOMYy BHWIIQJIKy BTpaTa (TIOTJIMHAHHS)
€Heprii eNeKTPOMAarHiTHUX XBWIb y CEPEOBUI BU3HA-
Ya€eThCsl KOMIUIEKCHUM XapaKTepoM BEJIHYHH HOro Jie-
JIEKTpUYHOI Ta/a00 MarHiTHOI MPOHUKHOCTEH.

SIKI10 KOMIUTEKCHI TIPOHUKHOCTI:

e=gtie"  pu=p;tip"
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ne g',u' — midcHi, , a ¢", 1" — ysABHI CKJIQJIOBI KOM-
IUIEKCHUM TPOHUKHOCTEH, TO KoedilieHT BTpar (mo-
TJIMHAHHS) BU3HAYAETHCS SIK:

=)

[Tpu upoMy ocnabiieHHs1 eHeprii XBHJIi, IO MPOWILIa Y
CEepEeNOBHILI BiACTaHb d CKJIAJAE

—4nod
e M

B

J€ A— JOBKHMHA €JEKTPOMArHiTHOI XBWII y BUIBHOMY
IPOCTOPi.

Ane BHUPOOHMITBO 0araToIIapoBHX CTPYKTYP,
NMpUHAHMHI TaKuX, IO MOTPeOYIOTh 3'€HAaHHS IIapiB,
HOB'sI3aHE 3 HU3KOIO TEXHOJIOTIUHUX NpodiieM (3abe3me-
YeHHS JOBrOTPHBaNOi airesii mIapiB, TOYHOI'O BUTpPU-
MaHHsI pO3MIpiB MpOMiXKiB Tomio). Kpim Toro, ne mo-
TpeOye y SKOCTi JIMIBOBOIO IIAPy BHKOPHCTOBYBATH
Marepiaiy 3 MaKCUMaIbHO HU3bKUMU 3HAaYEHHAMU € Ta
W it MiHiMi3awii koedinieHTiB BinourTa. Ilpn npomy
000B'SI3KOBOI0 YMOBOIO € HasBHICTh METaJIEeBOI ITiJKJIa-
KU 'y OaraTomapoBiil CTPYKTYpi, siIka MOXKE MOBHICTIO
0JIOKYBAaTH CUTHAII MOOIUIEHOTO 3B'SI3KY.

3acTocyBaHHS KOMITO3HMIIITHUX MaTrepiasiB — Me-
TaJIONOIIMEPIB MOXE BHPILIUTH 3aady OJHOYaCHOTO
3HW)KEHHSl PIBHIB €JIEKTPUYHUX Ta MAarHiTHHX IIOJIB
Ha/IHU3bKHUX YacCTOT — MPOMUCIIOBOI Ta 1i rapMOHiK. AJe
OUTBIIICTD TOJIIMEPIB MAIOTh 3HAYHI JieJIeKTPUYHI IPO-
HHUKHOCTI.

Hanpuknan, natexc, sIKuil 3aCTOCOBYBABCS Y SIKOC-
Ti MaTpuLi y podoti [11], mae & ~ 24, 1m0 aBTOMaTUYHO
3a0e3reuye BHUCOKI KOe]imieHTH BiIOMTTSI. A TOH xke
qac 3aJi30pyAHUN I, KU 3aCTOCOBYBAaBCA y SKOCTI
€KpaHyl04oro HallOBHIOBaua, Mae ¢ =~ 1,5. JlocmimkeH-
HSI CBIJT4aTh, IO IiJl 4ac TEPMiYHOI 0OpOOKH MeTaona-
TEKCHOT0 MaTepiayly y NpUIIOBEpXHEBOMY IIapi BinOy-
BAE€ThCA HAKOIMYEHHA METAJOBMICTKHMX 3ali30pYIHHX
yacTHHOK. ToOTO, 3MEHIIUTH KOE]Ii€HT BiAOUTTS
MaTepiajJoM MOXKJINUBO, CTBOPHBIIU I'PAJi€HT KOHLIEHT-
pauii YaCTMHOK HAIlOBHIOBAaya IiJl 4ac HarpiBaHHs i
BYyJIKaHi3allii moBepxHeBoro mapy (puc 1).

e

Puc. 1. [Tepepiz TepmooOpobIeHOTO 3paska
METAJIONOIIMEPHOr0 MaTepiany

Sk BUAHO 3 PHUCYHKY, TOHKHM IpPUIIOBEPXHEBUI
map IepeBaKHO HACHYECHUH 3aJ1i30pYJIHUMH YacTHHKA-
MM, 1110 HAOIKA€E JIieNIeKTPUIHY MPOHUKHICTH 1O MiHi-
MaJIbHO MOMKJIUBHX AJI TAKUX KOMIIO3HULIi 3HAUEHb.

Ilpy 1BOMY caM METANOHOIIMEPHUN KOMIIO3UT

Mae, yepe3 BMICT 3aji3a Ta HOro OKCH/iB, BHCOKI eKpa-
HyBaJIbHI BIIACTUBOCTI IOI0 HU3BKOYACTOTHHX MArHiT-
HHX Ta €IEKTPUYHHUX MOJIB.
ExcrieppuMeHTanbHi aHI Ta TEOPETHYHI MipKyBaHHS
CBiYaTh, IO 3 METAJOMOJIIMEPHOI CyMIIll MOMJIUBO
OTpUMATH 3aXUCHUH Marepiai TpalieHTHOro Ty 0Oe3
HAKJIaJaHHI OKpeMO BHpOONeHMX mapiB. s 1poro
HEOOXiTHO B YChOMY TUJIi MATpPUIl CTBOPUTH TI'PaJi€HT
KOHLIEHTpAllil eKpaHylo4ol cyOcTaHmii y Tim momimep-
Hoi mMaTpui. Lle peanizyeThest 3a paXyHOK 3aCTOCYBaH-
HS 3ai30pYIHOrO MY Pi3HOI MUCIIEPCHOCTI 1 Baru
OKPEMHX YaCTHHOK, fKi 3 Pi3HOIO IIBHIKICTIO OCiJalOTh
y pinkiit cymimii (puc 2).

Puc. 2. I'pagieHT KOHIEHTpALii 3aJ1I30pyAHUX YaCTUHOK
y HOMIMEpHii MaTpuIi

HaBenenunit cmoci6 m03BONSE 3aCTOCOBYBATH Y
rpajiieHTHOMY Matepiaii 0e3 MeTaseBol ITiAKIaANHKH.

[pakTiyHa peainizaljis Takoro croco0y MOXJINBa
3a paxyHOK OOpOOJIEeHHSI T'OTOBOI BHUIXiJHOI CyMiIi,
HAJUTOI Ha IUIACKY ITOBEPXHIO MOCTIHHUM HEOIHOpin-
HMM MAarHiTHUM IIOJIEM, IO CTBOPUThH TpAIi€HT eKpa-
HYIOYMUX YaCTHHOK 3 YIIUIBHEHHSM y HIDKHIH 4YacTHHI
KIOBETH 3 PO3YMHOM, JI¢ PO3TAIIOBAaHI MarHiTu. Ane y
IIbOMY BHIIAJKy HEOOXiHO 3aCTOCYBaTH HAINIOBHIOBAY 3
BUIIMMU MATHITHUMH BJACTHBOCTSIMH, HANPHUKIAM,
3aNMi30pyIHMI KOHIEHTpAT, SKHH Mae AUCIEpPCHICTH
150-200 MxM 1 100pe mepeMilIyeThest 3 PiJKHM IoTiMe-
poM. Alle ofHOYacHe OTPUMAaHHS BEPXHBOTO, HacHYe-
HOT'O 3aJi30pyAHAM IHJIOM IIapy Ta IIOCTYIIOBE YIUiNb-
HEHHS PO3MOALTY YAaCTHHOK Y HANpPSIMKY HIKHBOI CTO-
POHH Martepialy JOCHTh CKJIAJHE, TOMY y KOXXHOMY
KOHKPETHOMY BHIIQJIKY CNiJ BU3HAYATHCS 3 MPiOPUTET-
HHUM (paKTOPOM BIUIMBY Ha €JICKTPOMATHITHY 0OCTaHOB-
Ky 1 oOMpaTH KOHCTPYKTHBHI pillIEHHS IIOAO BIPOBa-
JDKCHHSI eKpaHyBaHHSI.

BucHoBku

1. Bu3HaueHO BUMOTH O CyYacHHX OOJIMIIIOBA-
JIBHUX MatepiaiiB s eKpaHyBaHHS eJIeKTPOMATHiTHUX
nofiB. I'OJIOBHUMH 3 HHX €: €KpaHyBaHHs eJIeKTpOMar-
HITHUX TMOJIB 4YacTOT (CMYr 4YacToT), NpUTaMaHHUX
OUTBIIOCTI JPKEpEeN TEXHOTCHHHX eJNEeKTPOMAarHiTHHUX
MOMIB, HAWOLIBII KPUTHYHHX 3 TOYKH 30py Oe3rneku
JIIOIEH, MeXaHIYyHa MIIHICTh, 3YEIUIEHHS 3 OCHOBOIO,
BOIHETPUBKICTh, HETOKCHYHICTb.

2. Tloka3aHo, IO eKpaHyBaHHS IOJIB TyXe BUCO-
KUX, YABTPaBUCOKUX Ta HAJA3BHYAWHO BHCOKHX YaCTOT
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JIOLIBHO 3JIIHICHIOBATH TPaJi€HTHOIO OaraTomapoBOO
CTPYKTYPOIO 1 HaJlaHo 3acaju 11 mpoekTyBanHsA. Hanano
OCHOBHI KpHUTepil mog0 3a0e3MeYeHHsS HEOOXITHOro
piBHS 3axXHCTy, 30KpeMa 70 JIMIbOBOrO LIapy Oararto-
IIapOBOI KOHCTPYKIii. 3amporOHOBAaHO pPO3PaxyHKOBE
MPOTHO3YBaHHS €()EKTUBHOCTI 3aXHMCHOI KOHCTPYKIIT,
BUXOJISIYM 3 €NEeKTPO(]I3MYHNX Ta MarHiTHUX BJIACTHBO-
cTell MatepialliB Ta CMYr'H YacTOT EJIEKTPOMAarHiTHOTO
TIOJIA, 110 eKPAHYIOTHCS.

3. IlpencraBieHo croci® OTpUMaHHS MOBEpXHE-
BOTO IIAPY Y CYIIIBHOMY MaTepiaji 3 MaJuMH JTiCIeKT-

PHUYHMMH TPOHUKHOCTAMHY. BiH Monsrae y moBepXHEBii
TepMOOOPOOIIl Kol CyMillli METAIONONIMEDY.

4. 3amnponoHOBaHO CIOCIO OTPUMAaHHS TPaTiEHTY
KOHIIEHTpAIli] METAIEBUX 1 METAJIOBMICHIX YaCTHHOK y
KOMIIO3UI[IHHOMY METaJIOMOJIIMEPHOMY MaTepiai, 1o
JTO3BOJISIE BUPOOIIATH OOJIMIIOBAJIbHI MaTepiald BHCO-
KOl e(eKTUBHOCTI y HIMPOKOMY [iama3oHi 4YacToT.
[lepeBaroo Takoro Martepiasly € Malli Maca Ta Bap-
TiCTh, MOHOJIITHICTB, II0 3HWKYE IMOBIPHICTH poO3IIa-
pyBaHHS Ta Jerpajariii mix BIUIMBOM (i3UKO-XiMITHUX
YUHHHKIB.
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Fundamentals of designing coating materials of gradient shielding of electromagnetic fields
V. Glyva, O. Khodakovskyy, L. Levchenko

Abstract. The paper considers the basic principles of the design and production of materials for shielding electro-
magnetic fields with a wide frequency range. The purpose of these materials is to cover large areas. Basic requirements for
such materials are formulated and the main ones are: the front surface must have electrophysical properties of "dielectric and
magnetic permeability”, at least to ensure low coefficients of reflection of electromagnetic waves. In this case, it is imperative
that it simultaneously provides characteristics such as toughness, fire resistance, and non-toxicity. Contents of radio-
absorbing substances in the interlayers of spherical structures and the growth regularities of the effective dielectric (magnetic)
permeability towards the substrate should ensure the broadband and efficiency of the material. The dispersion dependence
should ensure uniform absorption of electromagnetic energy in a given frequency range and its transmission from the input
surface to the substrate. The calculation of the required thickness of the gradient material for a given reflection coefficient,
based on the maximum and minimum wavelengths of the screened field, magnetic permeability, and the thickness of individ-
ual layers is provided. The possibility of manufacturing a monolithic metal-polymer screen with a surface layer that has a low
dielectric constant due to heat treatment of the material surface during manufacturing is shown. The possibility is shown and
technological solutions are provided for creating a monolithic metal-polymer screen with a controlled gradient of a ferromag-
netic finely dispersed substance in the direction from the front surface to the bottom. Such material can be applied to control
ratios of shielding coefficients of high-frequency electromagnetic fields, electric and magnetic fields of ultralow frequencies,
and the accompanying shielding of a natural magnetic field.

Keywords: electromagnetic fields; shielding; screening factors; cladding protective building material.
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HIJIBUIIEHHSA E@EKTAUBHOCTI KOMITO3UIIMHUX
EJIEKTPOMAT'HITHUX EKPAHIB PEI'YJIIOBAHHSM
MOP®OJIOI' T ®EPOMATHITHOI'O HAITOBHIOBAYA

AHoTanisi. BcraHoBieHO, 10 NPpY NPOEKTYBAaHHI KOMIIO3ULIHHUX METAIONONIMEPHHUX €JIEKTPOMAarHiTHUX €KpaHiB He-
00xi/1HO BpaxyBaTH MOP(OJIOTit0 YACTHHOK €KpaHyouoi cyOcTaHIii — NPUHAMMHI CITIBBIJHOIICHHS JOBXKUHU Ta TOBLIMHU
OKpEeMHX YaCTHHOK. BusHaueHo, 110 pi3ke 3pOCTaHHS 3aXMCHUX BIACTUBOCTEH BilOYBAaeThCs 3a KOHLEHTpALill eKpaHyo-
YHX €JIEMEHTIB, KOJH BOHM KOHTAKTYIOTh MiXK CO0OI0 (KpUTHYHA KOHIEHTpais). Haiibinpnia KpuTHaHa KOHIEHTpALis (10
47 %) BimOBiJa€ CIiBBIIHOIECHHIO TOBXUHM Ta JiaMeTpy 4acTHHOK 1:2. 31 3pocTaHHSM CITiBBiJHOIICHHS KPUTHYHA KOH-
LIEHTPALlisl MOHOTOHHO 3MEHIIYEThCA. 3a criBBifHOIIEHHs 1:32 BoHa ckianae 15 %. [TokazaHo, 1110 HEKOPEKTHI pe3yJabTaTi
PO3paxyHKy Ai€JICKTPUYHOI IPOHUKHOCTI KOMIIO3ULIHHUX MaTepialiB Ul BU3HAUCHHs KoeillieHTIB eKpaHyBaHHs, 30Kpe-
Ma KoedillieHTa BIIOUTTS €JIeKTPOMArHITHUX XBUIb OOYMOBIICHI HEBIPHUM PO3paXyHKOM Koe(illi€HTIB Jenospu3anii, sAKi
€ BI3HAYHIMHU 100 O0YMCICHHS KPUTHYHHUX 00’ €MHUX KOHIIEHTpaLill IpoBiIHOI CyOCTaHIil y MaTpHUIli KOMIIO3ULIHHOT'O
Marepiany. B cBoo depry 3HaueHHs KpUTHYHOI KOHLIEHTpalil BXoAuTb 10 GopMynu OneneBCbKOro Ui po3paxyHKy fie-
JIEKTPUYHOI IIPOHUKHOCTI IeTePOreHHNX KOMIIO3ULIMHUX MaTepianiB. HaBeneHi po3paxyHKH BIUIMBY CHiBBiJHOIICHHS J0-
BXKUHU Ta JllaMeTpa eKpaHyIoUMX eJICMEHTIB NPHUIATHI Ul 3aCTOCYBaHHA (IIPOrHO3YBaHHS (YHKIIOHAITY) TUIBKH [T KOM-
MO3UTIB 3 BMICTOM OZIHAKOBHUX CHEI[iaJIbHO BUTOTOBIICHHX €KPaHYIOUHMX €JleMEHTIB. Po3paxyHku i yMOBHO Kpyriux (To-
YKOBHUX) €KPaHYIOUMX YaCTHMHOK HE 30iraroTbCst 3 HaliHHUMU €KCIIEPUMEHTAIBHUMHU JaHUMHU. [l Takoro HaloOBHIOBada
KpPUTHYHA KOHLIEHTpauis (3a Baroto) — 12—15 %. IIporHo3yBaHHS 3aXHCHUX BJIaCTHUBOCTEI KOMIIO3UTIB 3 BUKOPHUCTaHHAM
npibHOAMCIIEpCHOT cyOcTaHIil (MpuHAMHI 10 po3MipiB 4acTHHOK 150—200 MKM) JOIUIBHO 3IiHCHIOBATH Ha OCHOBI BH-
3HAUEHHs eJeKTpo(i3NUHMUX BiIacTHBOCTEH cyminti. HaBeneHo crocid 3actocyBaHHs [UIsl TAKUX pO3paxyHKIB ¢popmynu [le-
6ast U1 1ieNIeKTPUYHOI IPOHUKHOCTI MaTepialy.

Kaw4uoBi ciroBa: eleKTpoMarHiTHUH ekpaH, KOMIIO3ULIHHKI MaTepial, koediuieHT aernonspuzaii, popmya lebdas.

Beryn

Haii0inpm eekTUBHUMH MaTepiajaMu i eKpa-
HYBaHHS €JIEKTPOMArHITHUX TOJIi € KOMITO3UTH JlieJeK-
TPUYHUX MATPHIb 3 HAllOBHIOBAYaMU 3 METAJIEBHX Ta
METaJOBMICHUX €JIEMEHTIB pi3HOi (opMu Ta peryssp-
HOCTI po3rairyBaHHs. [lepeBaramMu Takux KOMITO3HIIiH-
HHUX MaTrepialiB € MOXJIUBICTh PEryJIroBaHHs Koedimie-
HTaMHU TIOTJIMHAHHS Ta BIAOMTTS E€NEKTPOMAarHiTHHUX
XBHJIb 338 PAXYHOK 3MIHH T€OMETPHYHHX XapaKTEPUCTUK
MaTepiajiB Ta KOHIEHTpAalliii €KpaHyI4YOro HaroBHIO-
Baya y HbOMY. 30Kpema, e(heKTHBHMM CITOCOOOM ITiJI-
BHIIICHHS KOC(IIIEHTIB CKpaHYBaHHS € ITiJBUIICHHS
JIMCIIEPCHOCTI €KpaHyro4ol cyOCTaHIlii, ajle IPaKTUYHO B
yCiX BUMAaJKaxX eKpaHyIoUYl YaCTUHKU MIiKpO- Ta HAHOPO3-
MIpIB pO3IIIsQIKCS SIK MaJi KyJenoaiOHi o0’ektu 0e3
ypaxyBaHHsI ix Mopornorii. @opma ekpaHyBalbHUX ele-
MEHTIB BUPAaxOBYBaJlacsl TUIBKH JUIS YaCTHHOK ITPOTSDK-
HOI (IpoTH) Ta TuIackoi (JIyCKOImomiOHOIT) KOHQIrypari.
BriM TeopeTruHi MipKyBaHHS CBi4aTh, 110 3MiHa (HOpMHU
YaCTUHOK, IPUHAaHMHI MIKpOpO3MIpIB MOXE CYTTEBO
BIUIMBAaTH HA 3aXWCHI BJIACTHBOCTI MaTepiajiB, IO Bij-
KpHBa€ MOXJIMBOCTI 3a TEBHUX YMOB 3MEHIIYBAaTH TOB-
IIMHY 3aXMCHOTO MaTepiayy 31 30epeKeHHSIM CTYIEHIB
3aXUCTy W 3HIDKYBATH Bary €KpaHyrouoi KOHQirypariii,
TOMY TMOTPEOY€E OIIHIOBAHHS U TIOPIBHSIHHA 3 CKCIICpH-
MEHTaJIbHIMH JaHUMH 3aJI€KHOCTI EKpaHyIOUYHX BIIACTH-
BOCTECH KOMIIO3UIIIHHUX METAJOBMICHUX MaTepialiiB Bix
MOP(]OJIOTIYHUX MOKa3HUKIB EKPAHYIOUHX EJIEMEHTIB.

AHaJi3 ocTaHHIX Joc/ilKkeHb i myoOaikauniid. 3a-
3BHYal y SIKOCTI HAIIOBHIOBAYa JAi€NEKTPUYHOI MaTpHUI
y KOMIIO3MIIIHHUX MaTepiajax 3aCTOCOBYIOThH (hepomar-

HITHI eJIeMeHTH (3aJ1i30, HiKeNlb, KOOAIbT) Ta iX CIIONY-
ku. [lomupenHs HaOyau TakoX (pepuTH Pi3HOTO CKia-
ny. Y OUTBIIOCTI POOIT PO3TILIAIOTHCS 3aTi30BMiCHI
HAIIOBHIOBaYi pi3HOI auicniepcHOCTi. Y mociipkeHHi [1]
PO3TIISIAIHCS MOXKIIMBOCTI BUTOTOBJICHHS] MArHITHHUX Ta
€JIEKTPOMArHITHUX €KpaHIB Ha OCHOBI MarHiTHOI pinu-
HH 3 BMIiCTOM ()epOMarHiTHUX YaCTHHOK. 32 TaKHX PO3-
MipiB HAHOYACTUHOK, BpaXyBaTH iX ()OpMY HEMOXKIIHMBO.
Y poboTi [2] mociimKeHOo 3aXUCHI BIACTHBOCTI METajo-
MOJIMEPHOT'0 MaTepiajly Ha OCHOBI JlaTeKCy Ta 3ai30-
pyaHoro muny. ITokasaHo, 110 31 301IBIICHHAM JHCIIep-
CHOCTI 3aJli30pyTHOrO HAIMOBHIOBAaYa ITiJBHIIYETHCS
3arajJbHUI KOe]ilieHT eKpaHyBaHHS €IEeKTPOMAarHiTHAX
TIOJIB HAJHU3BKUX Ta YABTPABHCOKUX YacCTOT 1 3HHXKY-
I0ThCSI KOE(III€HTH BiIOWUTTS €JIEKTPOMArHITHUX XBHJIb
yABTPABUCOKUX YAacCTOT. llepeBaroro JOCITIKEHHS €
BUMIpPIOBaHHS 3MiH €(pEeKTHUBHOI JIieIEeKTPUYHOI MPOHU-
KHOCTI Ta IMTOMOI MPOBITHOCTI MaTepialiB y 3aJIe)KHO-
CTi BiJl BMICTY MPOBITHOrO Marepiaiy, o Hajxae iHdo-
pMatlito Mpo KpUTHYHI, 3 TOYKH 30pY 3aXHCHHUX BIIACTH-
BOCTEH, KOHILIEHTpALlil eKpaHylo40l peYOBUHU. Y JOCHTI-
JoKEHHI [3] po3IiIsiIaroThCsl MPOTSDKHI HAHOCTPYKTYPH
PETYISIPHOTO pO3TalllyBaHHS, L0 BUKIUKAE TPYIHOLI
TEXHOJIOTIYHOTO XapakTepy. AHaNITUYHE BH3HAYCHHS
€(pEeKTUBHOCTI TaKHX CTPYKTYp J00pe OmpaibOBaHO.
[IpakTHYHO B yCiX JOCIIIKEHHSIX PO3TIISIAOTHCS MpPH-
OJNM3HI PO3MIpPH Ta MepeBakHa TUCHEPCHICTh YaCTUHOK
HaBITh PO3MIpIB COTEHb MIKpOH [4]. 3HaUHOIO MipOIO 11e
00yMOBJIEHE THM, IIO OIHMM 3 MPIOPUTETHUX HATPSIMIB
JIOCITI/PKEHb 3 OTPUMaHHS HOBITHIX MarepialliB € CTBO-
PEHHsI 3aXUCHHUX MaTepialliB Ha TEKCTHJIbHIH OCHOBI. Y
JOCTiKeHH] [S] pO3MIAHYTO TEXHOJIOTIK BUTOTOBJICH-
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HS TKaHWHU IPOCOYEHOI KapOOHOBMMH YaCTHHKAMH,
pO3MipH SKMX He HanaroTbes. Pobory [6] mpucBsueHO
CTBOPEHHIO TEKCTHJIBHOTO MaTepiasly 3 BUKOPUCTAHHIM
¢depomarniTHol pimuuu. ITix qi€r0 MarHITHOrO TOCTIH-
HOT'O TTOJIsI BUCOKOI HEOIHOPITHOCTI HAHOYACTHHKU Ma-
THETUTY IMIUIAHTYIOTBCSl y BOJOKHA TKAHWHH, YTBOPIO-
I0YH TIPOTSDKHI peryJsisipHi 3aXUcHI eneMeHTd. B octaHHi
POKM BHUKOHAHO HU3KY pOOIT, sSIKi BH3HA4YalOTh BIUIUB
MopQoJIorii eKpaHylOYHX €IEeMEHTIB Ha 3aXHCHI Biac-
THUBOCTI MaTepiaiB, aje y IUX JOCIIHKCHHIX € HEeBiJ-
moBimHOCTI Ta mporupiuys. Tak, y crarti [7] HamaHo
PO3paxyHOK BiJIOMBAJIbHOI CIIPOMOYKHOCTI HOBOT'O Ma-
Tepiany 3 HAIOBHIOBAYEM 13 PE3UCTUBHUX BOJIOKOH, ajie
Liel HAIOBHIOBAY HE BIUIMBAE HA IIi BIACTHBOCTI 4epes3
HOro po3ramryBaHHS MiJi BEPXHIM IIApOM BIiIOMOTO i
JIOCUTh J00pe MOCIiKEeHOro Matepiany. Y podoti [8]
CTBEPIDKYETHCS, 10 HAHHIKYUN KOe(]illieHT MarHiTHOT
JieTioJsipu3aliii MaroTh YacTUHKH cepudanoi popmu, ane
e He BiAmoBimae mikicHocTi. Y poboti [9] HaBeneHe
HEBiIpHE CITIBBIAHOUICHHS IIOJI0 PO3PAXyHKY JETOJSPH-
3alil YaCTUHOK BU3HAYEHUX JIOBXKMHU Ta TOBLIWHH, IO
MPU3BOJUTH 10 TIOMHJIKOBOTO BHU3HAUYEHHS HEOOXiIHOI
Ta KPUTHIHOI 00’ €MHOT YaCTKU €KPaHYI0UO0i KOMITOHEH-
TH y KOMIIO3HLiHHOMY Marepiaii. HaBenene oOymoB-
JIIOE TIPOBENIEHHS JIOCII/PKEHb, NIO/I0 BIUTUBY radapur-
HUX TIapaMeTpiB Ta BIJHOCHOTO BMICTY €KpaHYIOYHX
€JIEMEHTIB y MaTpHlli KOMIIO3UIIWHOrO MaTepiainy Ta
TIOPiBHSIHHI PO3PaxXyHKOBUX PE3YNbTaTIB 3 €KCHEpHMe-
HTaJbHUMH JaHUMU.

Meta po6oTu — po3poOieHHs 3acaj] KepyBaHHS
€(EeKTUBHICTIO €JIEKTPOMAarHiTHUX €KpaHiB 332 paxyHOK
perymoBanHs Mopdororii ekpaHy4oi cyocTaHIii.

BukJiaJ 0CHOBHOTO MaTepiajy

Sk mokasaHo y [2], A 3a0e3neueHHs e)eKTHBHO-
TO €KpaHyBaHHS €JIEKTPOMAarHiTHUX, MarHiTHUX Ta eje-
KTPUYHUX TIOJIIB E€KpPaHylO4Yl YaCTHHKU IOBHHHI OyTH
MIKpO-, CyOMikpo-, a00 HaHOpO3MipiB. Bimomo, mo Mma-
THITHAH MOMEHT, TOOTO s MiJCHJICHHS, HAIPUKIA]
CyMapHOT0 MarHiTHOrO MOMEHTY, iX 00’€MHa KOHIICHT-
paris moBuHHA OyTH CyTTEBOrO. Hampukianm, ajs mopo-
HIKOMOMIOHNX YACTUHOK, SIKI MaioTh (OpMY JIYCKH,
00’eMHHUI BMICT SKHUX cKopouyeThes Ha 30 % i Oinbie
3a 30CepeKEHHS pajaio IMOTJIMHAIBHUX BIACTHBOCTEH
KoMIto3uLiitHoro matepiaiy [10]. 3anexHicTb 3aXUCHUX
BJIACTHBOCTEH Marepiany Bif (OPMU YaCTUHOK BH3HA-
YaeThCsl KOEIlieHTOM JeNospru3alis:

F=(tfd)’,

e { — MOBYKUHA YaCTHHKH, d — TiaMeTp YaCTUHKH.
TouHe BU3HAYCHHS 3IHCHIOETHCS 3a (HOPMYIIOH0:

F=In(20/d)/(¢/d)’.

Jlst pi3HuX croiBBigHOIIEHb ¢ 1 d KOediIlieHT je-
noysipu3allii npuiMae 3HaueHHs, HaBeeHi y Taom. 1.

Sk BUIHO, HAMOUTBIINIA KOS(IIi€HT AeTonsIpu3alii
MPUTaAMaHHUM CHUMETPHYHIA CTPYKTYpi, NpHTaMaHHIH
KyJbOBIH (opwmi, aje ¥oro 3navenns 0,69, a e 0,33, sk
HaBeJIeHO y poborti [8]. biu3bke 3HaueHHs MalOTh Yac-
TUHKHU 3 Z/d =l/2, O VI JEAKUX BUIIAJKIB MOXKE

OYTH Ba)KJIMBHM.

Tabnuys 1 — KoeginienT gemossipu3anii
1UTs pisHuX criBBiaHOmEens ! id

Vo | AN | k| Js

F 10,69 | 0,35 | 0,13 | 0,04 | 0,014

o

0,004

Sk mokazaHo y [2], pi3ke 3pOCTaHHS 3aXHUCHUX
BJIACTHBOCTEH METaJIONOiMEPHOr0 KOMITO3HUTY (3 Ha-
nmoBHIoBaueM 3 FeO, Fe;0,) BinOyBaeThcs 3a pi3Koro
3pOCTaHHS MPOBIJHOCTI MaTepiaily, KOJIH KOHIEHTpaIlist
MPOBIHAX YaCTHMHOK ckiamae 12—14 % (3a Baroro).
OueBUIHO, 1€ BiAOYBAETHCS 3a JOCSATHEHHS KOHICHT-
pauii MexXi IPOTIKaHHS, IO Y3TOXKYETHCS 3 IOJIOKEH-
HSIMH €JIEKTPOANHAMIKMA CYLIJIBbHUX CEPEeJOBHII Ta 3
pe3ylnbTaTaMi TEOPEeTHYHHUX Ta EeKCIIEPUMEHTAIBHUX
JOCITIKEHb [T MIiJHOr0 HamoBHIOBada. ToOTO, Mexa
MIPOTIKaHHS EIEKTPUYHOI'O CTPYMY JOCSTAETHCS 3a T10-
SIBM KOHTAKTy MK YaCTHHKaMH HAaIlOBHIOBAYa.

Jlyis IpOrHO3yBaHHs 3aXUCHHUX BIACTHBOCTEH eK-
paHyIOUYHX MaTepialliB, KpUTUYHY KOHIIEHTPAIIit0, TOOTO
KOHLICHTpAIIII0 HAIlOBHIOBAaYa, KOJIU BiJOYBAETHCS KOH-
TaKT MiX YaCTHHKaMM HallOBHIOBaya Tpeda po3paxoBy-
BaTH, JUIA LBOTO JIOLUIBHO 3aCTOCOBYBAaTH (HOpMYIy
OpeneBcbkoro. J{ns po3paxyHKy peajbHOI MielIeKTpHY-
HOI MPOHUKHOCTI CyMillli, SIKa 3aCHOBaHA Ha 11 3aJIeKHO-
CTi BiJ] TEOMETPUYHHX PO3MIpPIB PaJiONOrINHAIHHOTO
HAIOBHIOBAYa y BUIVISAJl PE3UCTHUBHUX MIMIONIB, iX
00’€MHHX KOHIIGHTpAIiX Ta AieIeKTPUYHUX XapaKTepH-
CTHK MaTepiajiB MaTpHIli Ta HAOBHIOBAYa.

V(e =€)
e |1+ H\%n " Cu
" (1_VH/VK)F(8H_8M)+8M

Je €, — AieJeKTpUYHa MPOHUKHICTh MaTepialry MaTpH-

&=

Ii; €, — AieNeKTpUYHA MPOHUKHICTh HAMIOBHIOBAYa; F —
koedilieHT memonspu3anii; ¥, — 00’eMHa KOHLEHTpa-
Iisl HAIIOBHIOBaYa; V), — KpUTUYHA 00’ €MHA KOHLIEHTpa-

Hiﬂ HaIlOBHIOBa4a, 3a SIKO1 eraHonqi YaCTUHKH KOHTa-
KTYIOTb MIX COGOIO, VK BU3HAYAETHCA SAK

[3F(1-F)]"

(47 (] +(1—F)/\/£/_d]0’6 |

BpaxoByoun 3Ha4yHy 3aJIeKHICTH €IeKTpOdi3u-
YHHUX MapameTpiB Bix V), Ta V., ocTaHHil HomineHO

PO3paxOBYBATH I PI3HUX CIIBBIIHOIICHH TOBXUHH 1
niaMeTpa eKpaHyro4YuX JacTMHOK. Ha puc. 1 HaBemeHo
3aJIeKHICTh KPUTUYHOI KOHLEeHTpanii V. (%) 4acTHHOK
Bizx Ge3po3mipHoro napamerpa //d .

3 OTpUMaHUX JaHUX BHUIHO, IO HAMHE CHPHUATIIU-
BIlUNM CIiBBifHOWEHHAM //d , Ha BiAMiHY Bix HaBee-
Horo y [8], € 2/1, a BiICOTOK BMICTy €KpaHyI0OUOi CyO-
cTaHIii, KM 3a0e3rmeuye BHCOKI 3aXWCHI BJIACTUBOCTI
3pocTae 31 301IbIICHHSAM CITiBBITHOIICHHS Z/ d.

Ane orpuMaHuil pe3yabTaT CyNEepeYuTh Haliid-
HUM EKCIICPUMCHTAILHUM JaHuM. B pobori [2] moka3a-

HO, 110 e(eKTH IiABUIIECHHS MPOBIIHOCTI W 3pOCTAHHS
3aXMCHHX BIIACTHBOCTEW BiJOYBalOThCS 32 BMICTY eKpa-
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Hueinvna 6e3nexa

Hytouoi cyocranmii 12—14 % y 3aexxHOCTi Bi AucHep-
CHOCTI 3aJTi30pYIHOrO ITHITY.
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Puc. 1. 3anexHicTb KPUTHYHOI KOHLIEHTPALLi eKPaHYIOUUX
YaCTHHOK BiJ] iX FTEOMETPUYHUX MapaMeTpiB

VY poborTi [11] moka3zaHo, 1110 3a MEPEBAKHOTO PO3-
Mipy 12 MKM CHEKTp pO3MipiB YaCTHHOK 3aJ1i30pyJHOTO
KOHLIEHTPATy JOCHTh LIMPOKHH, e K CTOCYETHCS PO3-
MOJTY PO3MipaMHU YaCTHHOK 3aTi30pyaHOro mwiy [2].
Tobro y mux BHmajgkax He MOXHa PO3IVISIATH SIKICh
BH3HAYHI T€OMETPUYHI MapaMeTpH YacTHHOK. Bpaxo-
BYIOUH, IO TPaHYJIOMETPUYHMI aHaili3 3/iHCHIOBABCS
METOZIOM CEIUMCHTAIlil, a BHXIJIHUH 3a1i30pyIHHHA
KOHLIEHTPAT OTPUMYBaBCS MeTooM (h1oTalii, po3mipu
{ i d He MOXYTh CYTTEBO BinpizHsaTHCs. ToOTO, moTpe-
Oye TiryMa4yeHHs HU3bKHUI BiJICOTOK BMICTY €KpaHyIO4O-
ro MaTepiajy HOPIiBHSHO 3 PO3PAaXyHKOBHM. 3 I€I0 Me-
TOIO OyllO IPOBENEHO MeTajorpadiyi JOCIiHKEHHS
3pi3y MeTaJonoIiMepHOro Marepiany (puc. 2).

Puc. 2. [ToBepxHs MeTaIoONOIIMEPHOr0 MaTepiary
Ha OCHOBI JIATEKCY Ta 3aJi30PYHOr0 KOHLICHTPATy
(BMicT expanyrouoi cyocranii 15 %, 36ibmenns x200).

AmHati3 puc. 2 CBIIYUTH, IO 3aTI30PYTHHUNA KOHIIE-
HTpaT, He AMBIISYNCH Ha PETEIbHE IepeMillyBaHHs i3
3aCTOCYBAaHHSIM YJIBTPa3BYKOBOi OOpPOOKH YTBOPIOE Y
TiJTI MaTPUIll XaOTHYHO PO3TAIIOBaHI MPOTSDKHI CTPYK-
TypHu (yopHuii koinip). Lle 00yMOBIIIOE KOHTAKT OKpEMHUX
MIPOBITHUX YaCTUHOK 3 YTBOPEHHSM JIOBTHMIX JIAHIIIOTIB.
[Tpu upomy cepenHiii po3Mip OKpeMHX YacTHHOK 150-
200 MKM.

TakuM YHMHOM, HaBEICHI PO3PAXyHKOBI IMiIXOIH
JIAIOTh KOPEKTHI pe3yJbTaTH 3a 3aCTOCYBAHHS Y SIKOCTI

HAMOBHIOBAYa CIICIIANFHO BHUTOTOBICHHX YACTHHOK
(ikcoBaHUX PO3MIipiB — MOTPiIOHOT JOBKUHHU Ta JiaMeT-
py. Jns yMOBHO Kpyrimx 4acTHHOK, TOOTO MpPUOIM3HO
OJTHAKOBHX y CEpeIHbOMY 3HauUeHb ¢ i d Ta Maiux po3-
MipiB (mpuHaiiMHi 10 100-150 MKM, a MOXIHBO 1 OiIb-
mie) koeilieHTH eKpaHyBaHHsS Ta BiIOMTTS JIOLILIBHO
BHU3HAYATH 32 €NEKTPO(I3HIHIUMHU Ta MATHITHUMH BIac-
TUBOCTSMH MaTepiaiB.

Jlns Manux KoHIeHTpaliii HarmoBHIoBaYa (10 20 %)
¢dopmyny OneneBChKOro I CyMillleii MOXITUBO MPHBE-
CTH JI0 CIiBBigHOIICHHS THITY dopmynu Jlebas mist mie-
JIEKTPUYHOI MPOHHUKHOCTI, OOYMOBJICHOIO MOJISIPU3ALIiii-
HUM TIPOIIeCOM THITY peiakcarii [12]. Po3paxyHok miere-
KTPUYHOI TIPOHUKHOCTI MaTtepialy BUKOHYEThCS 3a (op-
MYJIOI0, aHaJIOTiYHO (Gopmyri [ebas 3a ymMoBH Hemepe-
PBHOTO CHEKTpa Yacy penakcarii (JOBKUH XBIIb peak-
callii) 3 JaHUMH KoeQillieHTaMHi 0, CLy , O3

D(X,](X,z

ge=¢g,+———
M -1

1+ (% /)

Je €, — BiJHOCHA JieNeKTPUYHA NIPOHUKHICTH MaTepi-

ajly MaTpulli; A — JOBKHHA EIEKTPOMArHiTHOI XBWII y
BiJIbHOMY TIpocTopi; D — niameTp penakcarii.

D — 8/!/lI/H 7\‘ — 8f!/lp)’-t
F P 60F’°
Je p, — MUTOMUH OIlip HANOBHIOBAYA.

KoedimieHT A; mpHOINU3HO BPaxOBYE OpPiEHTAIIIO
BEKTOpa HANPYXXEHOCTI eleKTpuyHoro nons. s xao-
TUYHOTO PO3TALIYBaHHS BOJIOKOH a00 YacCTUHOK IpH-
0JIM3HO Kpyriioi popmu BiH aopiBHioe 0,33.

VY 3araipHOMY BUNAJAKY eMIIpUUHi KoedilieHTn A,
Ta A; BU3HAYAIOThCS EKCIIEPUMEHTAIILHO, BUXOASYH 3i
CKJIaJly Ta TEXHOJIOTii BUTOTOBJIEHHsI MaTepiany i Bpa-
XOBYIOTh HEOOXIMHICTh 30UIBIICHHS KOHIICHTpAIlii Ha-
MOBHIOBAaYa y MAaTpHIll TOPIBHSIHO 3 TEOPETHYHOIO Ta
po3kuz (CHIEKTp) JOBXKHHU XBWII penakcamii. s ma-
JMX KOHLEHTpauiii Ta BigHoweHs //d npuHaiiMHi 10 4
A= 0,5-0,6, A3~ 0,15-0,20.

VY Takuii crnoci®d MOXKHa, 3 MPUHHSATHOIO ITOXHO-
KO0, OLIIHUTH BiJI0MBaJbHI BJIaCTUBOCTI MIPOEKTOBAHOTO
MaTepiaiy, a TaKo)k BU3HAYMTH 3arajibHi MOTJIHHAIIBHI
BJIACTHBOCTI, BUXOJSYH 3 €JIeKTPO(I3MIHUX Ta MarHit-
HUX BJIACTHBOCTEH KOMIIOHEHTIB ITPOEKTOBAHOTO EJICKT-
POMarHiTHOTO eKpaHa.

BucHoBku

1. Ipu npoekTyBaHHI KOMMO3WIIIHHUX METaJIO-
MOMIMEPHHUX MaTepiaiiB KPUTHYHOO JUTS 3aXMCHHX BJIa-
CTHBOCTEH Martepiany € MOpQoJorisi YaCTHHOK HAarloB-
HIoBauda. Pi3ke 3pocTaHHs KOe(illiEHTIB E€KpaHyBaHHS
BiIOYBAETHCS 32 KOHIIEHTpAIliid, KOJIM YaCTHHKU HAIIOB-
HIOBaua KOHTAKTYIOTh MiXk co0oro. HaitOlnbmr kpurinyna
koHIeHtpaiis (47 %) sl YaCTUHOK (BOJIOKOH) 31 CITiB-
BITHOIICHHSAM JIOBXKMHU Ta TOBHIMHU (miamerpa) — 1:2.
3i 30ULIBLICHHAM CIiBBIAHOMICHHS KPUTUYHA KOHIICHT-
palliss MOHOTOHHO 3MeHIIyeThes 10 15 % (1:32).

2. BcraHoBieHO, 10 pO3paxyHOK 3a (OPMYIIO0
OpeneBCchKOro ¥ BU3HAUSHHS! KPUTHYHUX KOHIIEHTpAIiH
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JUIE YMOBHO TOYKOBHX YaCTHHOK HAIlOBHIOBada (HaHO-
Ta MIKpOpPO3MIpiB) Ja€ HEKOPEKTHI pe3yibratu. s
cpeprUYHUX YACTUHOK HAIOBHIOBA4a KPUTUYHA KOHIICH-
Tpauist (po3paxyHkoBa) — 39 %, Uit TOUKOBHUX (€KcIIe-
puMeHTanbHux) — 12—15 %.

3. Jns npiOHOMUCTIEPCHOTO HAIOBHIOBaYa, MpHU-
HalMHI 10 po3MipiB yacTuHOK 150—200 MKM BU3Ha4eH-
Hs (MPOTHO3YBaHHS) 3aXHUCHUX BIIACTHBOCTEH MeTajo-

MOMIMEPHUX MarepiaiiB, 30kpeMa KoedillieHTa BiIOHT-
T, TOUIJIBHO 3IMCHIOBATH, BUXOASYH 3 €ICKTpodi3ny-
HHUX Ta MarHiTHUX BJIACTHBOCTEH KOMIIOHEHTIB KOMIIO-
3UIIHHUX MaTepiais.

JloCTaTHBO KOpPEKTHI pe3yJabTaTH OTPUMaHi 3a BU-
kopucranHsi popmynu Jebass st mieneKTpuUYHOI Mpo-
HUKHOCTI Marepiaiy, OOYMOBJIEHOI MOJISpH3aLliHHUMU
MPOLIECAMU THUITY pPeJaKcallii.
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Improving the efficiency of composite electromagnetic screens by the adjustment of the ferromagnetic filler morphology
N. Kasatkina, O. Tykhenko, O. Panova, Y. Biruk

Abstract.It is established that when designing composite metal-polymer electromagnetic screens it is necessary to take
into account the morphology of the particles of the shielding substance - at least the ratio of the length and thickness of individual
particles. It is determined that the sharp increase in the protective properties occurs at those concentrations of shielding elements,
which provide their contact with each other (critical concentration). The highest critical concentration (up to 47%) corresponds to
the ratio between the length and diameter of the particles of 1: 2. The critical concentration decreases monotonically with the
increase of the ratio. When the ratio reaches 1:32, it is 15%. The incorrect results of calculating the dielectric constant of compos-
ite materials to determine the shielding coefficients, in particular the reflection coefficient of electromagnetic waves, are shown
to be the product of the wrong calculation of depolarization coefficients, which are decisive for the determination of the critical
volumetric concentrations of conductive substance in the composite matrix. In turn, the value of the critical concentration is in-
cluded in the Odelevskiy's formula for calculating the dielectric constant of heterogeneous composite materials. The presented
calculations on the influence of the shielding elements length to diameter ratio are applicable (prognosis of the functionality) for
composites containing the same specially made shielding elements only. The calculation results for conditionally round (point)
shielding particles do not coincide with reliable experimental data. For such filler the critical concentration (by weight) is 12-
15%. The prediction of the protective properties of composites containing fine substance (particle size below 150-200 pum)
should be carried out on the basis of determining the electrophysical properties of the mixture. The adaptation of the Debye’s
formula for the dielectric constant of the material is offered for such calculations.

Keywords: electromagnetic screen, composite material, depolarization coefficient, Debye’s formula.
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1 . o . . . . .
HarmionansHuii yHiBepcuTeT 000poHH YKpainu imeHi [Bana YepHsxoBcbkoro, M. Kui

2 . PRV . cu . .
[HCcTUTYT TenekoMyHiKalii i riobanpHOrO iHPOpManiiiHoro npocropy HAH Ykpainu, m. Kuis

MMOCTAHOBKA 3AJAYI JIKBIZALIT HACJIIIKIB
MMPUPOJHUX TA TEXHOTEHHUX KATACTPO® HA TEPUTOPIi YKPATHH

AHoTanisi. AkryansHictb. Han3Buuaiina curyallist — 11 NOpYLIEHHS HOPMAJIBHUX YMOB JKMTTS 1 JisUIBHOCTI JIFoJeil Ha
00'exTi 200 TepuTOpIl, CIpUYNHEHE aBapi€ro, KaTacTpo(Or0, CTUXIMHUM JIMXOM, €IiIeMi€r0, eNi300Ti€lo, emdiToTiero, Be-
JIMKOIO MTOKEIKEI0, 3aCTOCYBAaHHAM 3ac00iB ypasKeHHs, 110 IIPU3BEIH a00 MOXKYTh HIPU3BECTH 0 JIIOCHKUX 1 MaTepialbHuX
Brpar. Hap3suuaiina curyanis npezacrasiisie co00r0 00CTaHOBKY, BUKIMKAHY BUITAJKOBUMU NPHYMHAMH, TaKy, L0 IPUBO-
JITH 10 IIKIJUIMBHUX COLIAJIbHUX, EKOHOMIYHHX Ta €KOJIOTTYHUX HACHIIAKIB. Y KPHU30BOMY IEpiofi BUKOHYIOTECS PSTYBAIIb-
Hi 3aX0Jy, IO CIPSAMOBAaHI HA JIOKali3allilo HACHiIKIB HPOSBY JKEPEJ 3arpo3u i 30UIBLICHHS >KMBYYOCTI PeriOHaJIbHUX
KOMIIOHEHTIB y 30HaX ypakeHHs. TepuTOpianbHa pO3NOMIJICHICTh, PI3HOPIJHICTb, 0araTo3B’A3HICTh 1 AMHAMIUHICTD ypa-
KAIOUMX BIUIMBIB 1 3aXMCHHUX 3aXOJIB 3HAYHO YCKIIAJHIOIOTH IIPOLIECH YHPABIIHHSA MPUPOIHO-TEXHOI'CHHOI OE€3IEKOI0.
Meroro cTarTi € popMyIIOBaHHS IIOCTAHOBKHU 3aaui JIKBiJallii HACIIAKIB IPUPOJHHUX Ta TEXHOICHHUX KaTacTpod Ha Te-
puropii YKpaiHH, KOPUCTYIOUHCh IPUHIMIIAMH CUCTEMHOTO Miaxony. Pe3yabraTn gociaigkenns. Y crarti chopMynboBa-
Ha I0CTaHOBKA 3a71adi JIKBiJaLil HAC/IIIKIB IPUPOIHUX Ta TEXHOICHHHUX KaracTpod Ha Tepuropii Ykpainu. IIpoBenenuii
aHasli3 1poOiieM YNpaBiliHHA TEXHOTCHHOK OE3EKOI KOHKPETHOrO perioHy, Ae 3adikcoBaHa HaJ3BHuaiiHAa CHUTYaLis.
OtpumaHuii HopMalIbHUIA OIUC IOCIIJUKYBAHOI CUCTEMH 1 OTOUYIOUOro i cepe/JOBUILA, BUXOAIUH 13 IIPUHIHUIIB CUCTEMHO-
ro migxony. Hasenena wiacudikaris jokepen HaI3BHYaWHUX CHTYallili BUXOISYM i3 NPUYMH BUHUKHEHHS, PI3HUX BHIIIB
00’€KTIB ypaXKeHHS B 3aJISIKHOCTI BiJl XapaKTepy MOBEIIHKH B EKCTPEMallbHUX YMOBAX, Pi3HI BUAM PECYPCIB 3aXUCTY, SIKi
peai3yloTh HeoOXiqHI 3aXMCHI 3aXoqu. JIsi MOIIyKy ONnTHMaJIBHOrO IDIaHYy 3aCTOCYBaHHS CHJI 1 3aCO0IB CUCTEMH TEXHO-
reHHoi Oe3reky Ha erarti JikBinanii HactiakiB HC BUKOpHcTaHMA IpOrpaMHO-IIUTBOBUH TiIX11 IO IUIaHYBaHHS 3 BUKOPHUC-
tanHsM [lapero-dyHkuii cucremu. PosrisHyTi npsma Ta oOepHeHa 3a1adi HOLIYKY ONTUMAIBHOrO IuaHy. Binbip o6'exriB
JUISL TIPSAAMOT 3a71a4i IPOBOAUTRCSA B IOPAAKY Y BIANOBIHOCTI 10 iXHBOI npiopurerHocTi. [Ipn BupiteHHi o6epHeHOI 3a1aui

BiZI0ip 00'€KTiB IPOBOIUTECS 10 JOCSTHEHHS 3aJIJaHOT0 PIBHS CUCTEMHOTO e()eKTY, [0 HAKOIMIYETHCS B IIPOLEC BiOOPY.

Kar4dosi caoBa: npuponsi karacrpodu; TEXHOIeHHI KaTacTpody, LiboBa eeKTHBHICTb, [TapeTo-(yHKiis.

Beryn

SIKmo po3riIsTHYTH B AWHaMini (QOpMyBaHHS MO-
HATTS HaJ3BUYAMHOI CHTyallii, TO B HOPMaTHBHO-
MPaBOBUX JDKEpeNiaX 3HAXOJMMO HACTYITHE BU3HAYCHHSI:
HajzBuyaiiHa cutyanis (HC) — ne mopymenHs HopMa-
JIBHAX YMOB HTTA 1 AisIBHOCTI JIfofieit Ha 00'ekTi abo
TepuTopii, CHpUYMHEHE aBapi€lo, KaTacTpo(oro, CTH-
XIHAM JIUXOM, CIiJeMi€l0, CMi300Ti€r0, emi(iToTiexO,
BEJIMKOIO MOXKEXKEI0, 3aCTOCYBAHHSAM 3aC00iB ypaXKeHH,
IO Npu3Benyd abo MOXKYTh NPHU3BECTH JO JIOJICHKHUX 1
MatepiaiapHux Btpatu [1]. B [2] yrountoeTbes, mo mia
HC maetbcst Ha yBa3i 0OCTaHOBKa Ha TEBHil TepUTOPIi,
IO CKJajiacs B pe3ysbTati KatactpodidHoi momii i mo-
B's3aHa 3 JIIOJCHKUMH JKEPTBaMH, 31 IIKOIOK HaBKO-
JIUITHEOMY TIPUPOJHOMY CEpPEIOBHUINY Ta 370POB'IO JIIO-
Jied, 13 3HAYHUMH MaTepialbHUMU BTPaTaMH Ta TOpY-
IICHHAM YMOB XHTTENISIbHOCTI. B [3] mimkpeciroeTnes,
110 1Ie HeCMo/[iBaHa 00CTAaHOBKA, SIKa BUHUKAE PAITOBO i
XapaKTepU3yeTbCs CTPIMKUM TOPYLIEHHSIM —CTajJoro
npotiecy. ABTopHu Tpaii [4] HaA3BUYAHHOIO CHTYaIIE0
HA3UBAIOTh PANTOBO BHHHUKIIY CHTYaIlilo, sSKa XapakTe-
PHU3YETHCSI 3HAYHUM COLIAIBHO-EKOJIOTIYHIM 1 €KOHO-
MIYHMM 30MTKOM, HEOOXITHICTIO 3aXHCTy HACCJICHHS
BiI Iii IIKIIJTUBUX [UIS 3J0pPOB'S (PakTOpiB (XIMIYHO
arpecuBHi 1 pa/iioaKTUBHI PEYOBUHHU, MIKpOOH, BipycH,
PIKKeTCil, TIepeoXoI0KEHH, MeperpiBaHHsA, TPAaBMYIO-
4i 1 NCUXOreHHi (haKTOpH), NPOBENEHHS PATYBAIbHUX,
HEBIKJIATHAX MEAWYHUAX 1 CBaKyalllfHUX 3axOfiB, a
TaKOK JIIKBiJalil HEraTUBHUX HACIIJAKIB, SKI CKJIAJIUC.
Ha croromnimmiit e y Komekci IluBibHOTO 3axucTy
VYkpainu naerbest Take BuzHaueHHs: «HC — oOcTaHOBKa

Ha OKpeMil TepuTopii YU Cy0'e€KTi ToCromaproBaHHs Ha
Hill 200 BOTHOMY 00'€KTI, SIKa XapaKTePU3YEThCS TOPY-
LIEHHSM HOPMAJIBHUX YMOB JKUTTEIISUIEHOCTI HAaceNeH-
Hf, CIPUYMHEHAa KaTacTpo(Or, aBapi€ro, MOXKEKEIo,
CTUXIHHMM JIMXOM, eIiJIEMI€l0, eMi300Ti€t0, emidiTo-
Ti€I0, 3aCTOCYBaHHSIM 3aco0iB ypakeHHS a0o0 iHIIOO
HeOe3MEeYHO0 TO/II€I0, 110 MpHU3Beia (MOXe IPU3BECTH)
JI0 BUHUKHEHHS 3arpO3M JKUTTIO a0 3/I0pOB't0 Hace-
JICHHS, BEJIMKOI KITBKOCTI 3ardMOJIMX 1 HOCTpaKaalinX,
3aBJIAHHSIM 3HAYHUX MaTepiaJbHUX 30HMTKIB, a TaKOX
HEMOJKJIUBICTIO MTPO’KUBAHHS HAaCEJIEHHS HAa Takiil Tepu-
TOpii 4 00'€KTi, BIPOBAHKEHHSM Ha Hil TOCIOAapPCHKOL
IisuTbHOCTI» [5]. 3arajbHUM Yy BCiX HaBEIGHUX BH3HA-
yeHHsx € Te, mo HC mpencrasisie cobo0 00CTaHOBKY,
BUKJIMKaHY BHIIQJIKOBUMHU IPHYMHAMHM, TaKy, IIO MpH-
3BOJIUTH JI0 IIKIYIMBUX COMLIAJbHUX, €KOHOMIUYHHX Ta
€KOJIOTIYHUX HaCIiAKiB. 3BYXyrouu kono mpuynH HC,
OyneMo pO3IJIAAaTH HaJ3BHYAHI CHUTYAIll, AKi BHKIIU-
KaHI PYHHYBaHHSM IOTCHIIIHHO HEOE3MEeYHUX 00'€KTiB
a0o aBapisiMU Ha JaHUX 00'€kTax. Y KpH30BOMY Hepioi
BUKOHYIOThCS PSTYBaJbHI 3aXONIH, IO CIPSIMOBaHI Ha
JIOKAITi3a1io HACTIIKIB MPOSIBY JKEPEN 3arpo3u i 30111b-
LIEHHS )KUBYYOCTI PEriOHANBHUX KOMIIOHEHTIB Yy 30HAX
ypakeHHs. BHkoHyBaHI y MiCISKpU30BHH TEpioa Bif-
HOBJTIOBAJIbHI 3aXO0JI¥ MTOKJIMKAHI JIIKBIAYBaTH HACIIIKH
NposIBY JiKepea HeOe3meku i 301IbpIIMTH peabimiToBa-
HICTh PETriOHaJbHUX KOMIIOHEHTIB y 30HaX micisimii. Y
KOHTEKCTi BBEJICHHUX MOHATH OyZIEeMO BU3HAYATH IIPUPO-
JTHO-TEXHOT€HHY O€3IeKy SIK TaKHi CTaH KOMIIOHEHTIB
JIAHOTO PETIOHY, IIO XapaKTepU3yeThCsl HASBHICTIO He-
00XiZIHUX PECYPCIB 3aXHCTY JJIsI MOXKJIMBUX YU Pealib-
HHUX 00’ €KTiB-PELMITIEHTIB YpaXKeHHs y KOXKHOMY Mepi-
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ofi po3BUTKY Oyap-skux HC TeXHOreHHOro moxoJnKeH-
Hi. TepuropiasibHa pPO3MOALICHICTh, PI3HOPIMHICTS,
0arato3B’sI3HICTh 1 JMHAMIYHICTh Ypa)kalOUHX BILUIMBIB i
3aXMCHHX 3aXOJiB 3HAYHO YCKJIAIHIOIOTH MPOLECH
YIIPaBJIiHHS PUPOIHO-TEXHOICHHOIO OE3MEKOI0.

MeTtoro cTaTTi € popMyIIOBaHHS ITOCTAHOBKH 3a-
Jadvi JTKBiAAii HACTIIKIB MPUPOTHUX Ta TEXHOTCHHHX
katactpod Ha Tepuropii YKpaiHH, KOPHCTYIOUHUCH
MIPUHIUIIAMU CUCTEMHOTO MiIXO.y.

BukJiajg 0CHOBHOT0 MaTepiajy

Awnani3 npoOieM ynpaBiIiHHS TEXHOTEHHOW Oe3-
TIEKOI0 KOHKPETHOTo periony, ze 3adikcoBana HC, npu-
BOJUTH JIO JIOTIYHOTO BHCHOBKY 0OpaTH 00'€KTOM m0-
CJIIJPKEHHS] CUCTEMY TEXHOTEHHOI Oe3MeKH Ta IIUBIIEHO-
TO 3aXUCTy (OpraHH YIPaBJIiHHS Ta BUKOHABYI OpPraHu 3
MAMOPSIKOBAaHUMHU M pecypcamu), 00'€KTaMu 3acTo-
CyBaHHJ SIKO] €:

— 00'ekTH, IO TPENCTABISIIOTH COOOI0 DKEpeNo
TEXHOT€HHHX HeOe3MeK - MOTEeHIIHHO Hebe3neuHi 00'ek-
1 (ITHO) i1 00’ extr migBuienoi nedesneku (OITH);

— 00'ekTH, Ha SIKi MONIUPIOETHCS Misl IIKITUBUX
¢dakTopiB B pasi peamizaiii HeOe3mnek (00'€eKTH-peIu-
mieHTH 200 00'€KTH 3aXUCTY 1 BiTHOBJICHH).

30BHINIHIMU JI0 OpraHi3amiiHO-TEeXHIYHOI CHCTe-
MU, L0 PO3IIISIAETHCS, € COLaIbHO-eKOHOMIYHA CHC-
TeMa PErioHy 1 HABKOJIUIITHE TPUPOTHE CEPEIOBHUIIIC.

OTpUMaTH OIKC IOCTIHKYBaHOI CHCTEMHU 1 OTO-
YyIOUoro ii cepeloBUILA MO)KHA, KOPUCTYIOUUCh IIPUH-
LUNAaMH CUCTEMHOTO IiIXOMy. 3TiJHO 3 UMM MPUHIIH-
namu [7] miJ CHCTEMOI0 MaeMO Ha yBa3i CYKYIHICTb
00'eKkTiB (KOMIIOHEHTIB CHCTEMH) 3 Ha0OpOM 3B'S3KiB
MK HEUMH Ta MK IXHIMH BIactUBocTsIMH. Kpim Toro,
chcTeMa SIK CKJIQJHMKA O0'€KT TOBMHHA MaTW Taki CHC-
TEMHI O3HAKH:

— HasABHICTh METU 32 NMPU3HAYCHHSIM;

— HasBHICTh CHUCTEMHOrO e(eKTy, piBeHb SKOTO
TIOB'SI3YIOTH 3 IOCSTHEHHSIM METH;

— HasBHICTh PECYPCHOrO IOTEHIianty (JIO/ACHKI,
MaTepiajbHi, iHpopMalliiHi pecypcn);

— HasBHICTb CTPYKTYpH (Kepyro4oi i BUKOHaBYOL
YaCTHH, NPUCTOCOBAHUX JIO MTPOMYKYBaHHSI CHCTEMHOT'O
edexry);

— HasBHICTH mIpolecy (IepeTBOPEHHsS PecypcHo-
IO MOTEHIIiaTy B CHCTEMHHI eeKT);

— HAasBHICTH MIJCCIPSIMOBAHOIO YIpPAaBIiHH (-
TOPUTMY);

— HasBHICTh EMEPKEHTHOCTI.

[Ipu onmci KOMIIOHEHTIB CHCTEMH, iXHIX BJIACTH-
BOCTEH Ta 3B'A3KiB TpeOa BPaxOBYBaTH OCHOBHY 0COO-
JIUBICTh CUCTEMHOI'O IiJXOAY, SIKa IOJISITa€ B TOMY, IO
BCl CKJIAJOBI CHCTEMH (YHKIIOHYIOTH SIK €IUHE IIiJie
3apagu 3arainbHOi MeTH. DYHKIIOHYBaHHS CHUCTEMH
TEXHOTEHHOI Oe3MeKku 3IiHCHIOEThCS Oe3IepepBHO 3
METOI0 3aro0iranHs HaI3BUYaiHUM CHTYaIlisiM a0o JIiK-
BUIUIMTH TUIBKH ITE€BHI BJIACTUBOCTI 00'€KTIB 1 3B'I3KH,
SIKI € CyTTEBUMH B JJAHOMY KOHTEKCTi. Tomy, Hacame-
pen, HeoOXiHO BU3HAYWTH MOHATTS HAJ3BHYAWHOI CH-
Tyamii. J{7s 3MeHIIeH s 1€l CKIIaaHOCTI Ki1acupikyeMo
1 CTPYKTYpYeMO (aKTOpH ypaKeHHsI 1 3aXHCTY, 5K CyT-
TEBO BIUIMBAIOTh HAa NPUHHSATTS YIPaBIiHCHKUX PillIeHb

B HC. 3a npuunHaMu BUHUKHEHHs po3pisHstorees HC
TEXHOT€HHOT0, MPUPOJHOr0, COLIaJbHO-MOMITHYHOrO i
BIfICEKOBOI'0O TIOXOKEHHS [6, 8].

TexHorenHi mkepena (V) NIposBISIOTECS Y BUIIIS-
i aBapiii Ha 00'€KTax, MPOAYKIs ab0 TEXHOIOTIYHI
MPOLIECH SIKMX IIOB'SI3aHI 3 BHKOPUCTAHHSIM BHCOKOTO
TUCKY, 3HAUHUX €HEPreTHYHUX MOTYKHOCTEH, arpecus-
HHUX, BHOYXOHEOE3NEUHUX UM JIETKO3aHMHUCTHX pPEqOo-
BuH. [l YkpaiHu peajibHy 3arpo3y CTAaHOBJISTH Taki
BHIH aBapiii:

— Ha XiMiYHO, pajianiiiHo i OiojoriuHo HeOe3-
MEYHUX BUPOOHUITBAX IMPH YIIKOMKEHHI TEXHOJOTiY-
HOro oOJaJHaHHs, HECTPaBHI CUCTEMI 3aITycKy, KOHT-
POJIO 1 BiIKITFOYEHHS, IIOMUIIKaX OOCIYTOBYIOUOTO Tep-
CoHaly;

— Ha 3aJi3HUYHOMY, aBTOMOOLIBHOMY, MOBITpS-
HOMY i BOJHOMY TpPaHCHOPTI MpH po3repMeTH3alii em-
HOCTEW /s TepeBe3eHHS HeOE3NeYHUX pedyoBHH abo
TIPY TIOPYIIEHH] MPaBUII TPAHCIIOPTYBAHHS;

— Ha ra3o-, Ha)TO-, €IEeKTPO-, TEIUIO-, BOIO- 1
KaHATi3alIfHUX Mepexax IpH iXHbOMY IOIIKOKEHHI
abo pyiiHyBaHHi;

— Ha TiIPOTEXHIYHHX CIIOpYyAax IpH NPOPHBI Ha-
MipHUX Tpedenb, 3aXUCHUX AaMO abo BOAOMPOIYCKHUX
[IUTIO31B;

— Ha OyaiBenbHHX 00'€KTax NMpU pyHHYBaHHI BH-
POOHMYUX CITOPYJ a00 KUTIOBUX OYIWHKIB, 3aJli3HHAY-
HUX Ta aBTOJJOPOXKHIX MOCTIB.

Ipuponni mkepena (V;) 3yMOBJICHI pyHHIBHUMH
CTUXIMHHMH SIBHIIIAMH, Cepell SKUX peallbHy 3arpo3y
JUtsl YKpaiHU CTaHOBIIATS!

— TEOJIOTiYHi, Yy BUINISAII 3EMIIETPYCIB, 3CYBIB,
MIPOBAJIIB 1 KapCTy;

— TIAPOJIOTIYHI, y BWIJIAI CeJiB, IiITOIUICHb,
MaBOJIKIB 1 MOBEHEHH;

— METeOpOJIOTivHi, y BWIJIS/II LWKJIOHIB, ypara-
HIB, CMEpUiB, XYPTOBHH, CHITOIAIiB, OXEJCIi, 3JIUB,
Ipaz00010, 3aMOPO3KIB i MOCYX;

— rexiodi3uuHi, y BUINSAII NPHUPOJHHUX IIOXKEKX,
BKJIIOYAIOYH JIICOBI, CTENOBI 1 TOp'stHi;

— actpodi3uuHi, y BUNIAAlI TpaBiTaliiiHUX, Mar-
HITHUX 1 €JNIEeKTPOMAarHiTHUX 30ypeHb BiJi KOCMIYHHX
00’€KTIB 1 BUIIPOMiHIOBaHb.

Exonoriuni mxepena (V3) BUHUKAarOTh BHACIIIOK
HaJMIpPHOTO aHTPOIIOI€HHOT0 HaBaHTAXXEHHS Ha HAaBKO-
JIMIITHE CEepe/IOBHIIE, B YKpaiHi CIOCTEPIraroThCs TaKi:

— ymirtocdepi —aerpaanis IpyHTIB, BUCHa)KEH-
HS HAJIp, 3MEHIIIEHHS 3aXUCHUX JICOCMYT;

— y rigpocepi —3a0pyaHeHHs, 3a00I04YCHHS, 1
TiepecuxaHHs BOJOMMHUIII, PiK 1 03ep;

— B arMocdepi — pyliHYBaHHSI 030HOBOTO IIapYy,
301IBIIEHHS] KUCIIOTHHUX JIOIIIB, 3pOCTaHHS KOHIIEHTpa-
1ii TOKCUYHUX 1 PaIiOAKTUBHUX PEUOBUH;

— y biocepi — BTparta reHooHAY, 3MEHIICHHS
O10MPOAYKTUBHOCTI, 3pPOCTaHHS OTPYEHb, EMieMii,
€Mi300TiH Ta emidiToTiii;

— B exocdepi B IiIOMy — pyHHYBaHHs CaMOBiJ-
HOBJTIOIOYHX (pEKpeariiHiX ) NPUPOJHUX MEXaHi3MiB.

CormianeHi pxepena (V) € pe3yabTaToM B3aeMo-
BIUIMBY CKOHOMIYHMX, MONITUYHUX, IICUXOJOTIYHHX,
iHpopMaiiHuX Ta iHmMX (akTopiB 1 nepeaymoB. Ce-
pen KpaiHix MpOsBIB COIliaIbHUX KOH(QIIIKTIB, IO CTa-
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HOBJIATH ITOTEHLINHHY 3arpo3y Ui YKpaiHu, BUpI3HS-
IOThCS TaKi:

— CTpaiku, akTu caboTaxy i TpOMaJChKOl Hemno-
KOpH;

— TIOTPOMH 1 MPOSBU OPTaHi30BaHOI 3JIOYUHHOCTI;

— TEpOPUCTUYHI aKTH;

— JIUBEpCIliHI omepartii;

— MAacoBi IICUXI4Hi 3aXBOPIOBAHHS.

BiticbkoBi mxepena (Vs) moB'si3aHi 3 BUKOPHCTaH-
HAM 3ac00iB 30pOHHOr0o MPOTHOOPCTBA ITiJ] Yac MPUKOp-
JIOHHUX KOH(IIKTIB 1 B JIOKAJbHHUX BiHAX, a TAKOX Y
CTpaTeriyHux IuiaHax riaodanbHoi KoHpponTauii. Cepen
LUX 3aC0O0IB PO3PI3HSIOTHCS TaKi:

— 3BHYaifHa i BUCOKOTOYHA 30pos;

— Ooempunacu 00'eMHOro BUOYXy, 3amanbHi, Qy-
TacHi, OCKOJIKOBI, KYJIbKOBI, KyMYJISITUBHI 1 O€TOHOOIHI;

— simepHa 30pos;

— ximiuHa 30pos;

— OakrepiosoriyHa 30posi.

VY 3araibHOMY BHIAJIKy MOXIJIMBHH B32€MO3YMOB-
JIEHUI KOMOIHOBaHUH MPOSIB Pi3HUX JKepes HeOEe3MeKH.

3a HeCHpHUATIMBUMH HACHTiJKaMH DPO3Pi3HSIIOTHCS
HC, 1m0 npu3BoAsATh A0 JIOJCHKUX JKEPTB, 30MTKIB Troc-
MOAAPCHKUM 00’ €KTaM Ta YpaKeHHs! MPUPOIHOTO cepe-
JIOBHIIA. 3aJIe)KHO BiJl XapaKTepy IMOBEIIHKUA B €KCTpe-
MaJIbHUX YMOBaX CIIOCTEPIraloThes Pi3Hi BUIM 00’ €KTIB
ypasKeHHSI.

Cepen HaceneHHs (X]) po3pi3HAIOTHCS:

— Hempame3JaTHi, BKIIOYAIOYX ITeH, CTapux i
TSDKKO XBOPHUX;

— IpaliBHUKU BUPOOHUUOI cepH;

— TpaliBHHUKU cepH MOCIyT;

— HEBOEHI30BaHi (POPMYyBaHHS;

— BoeHi3oBaHi ¢opmyBaHHs (30poiiHI  cHIH
VYkpaiuu, Harionanena reapmis Ykpainu, [IpuxopaoH-
Ha ciyx0a Ykpainu, Jlep>xkaBHa ciayx0a Ykpainu 3 HaJl-
3BUYAHHHUX CHUTYAITIH).

Cepen rocronapchkux 00’€KTiB (X;) MOJKHA BUI-
JIUTH TaKi:

— 00’€eKTH KPUTUYHOI iHPPaACTPYKTYpH;

— 00’exTH BUPOOHHUYOI chepH;

— 00’exTH cepH MoCIyr;

—  ICTOPUKO-KYJIBTYPHI LIHHOCTI;

— HayKOBO-TEXHIYHY JIOKYMEHTAIIi10;

— KOIUTOBHE TEXHOJIOTIYHE 00JIa/IHAHHSI.

VY npuposHOMY cepenoBUI (X3) BUPI3HAIOTHCS:

— IpEeACTaBHUKHU TBAPUHHOIO CBiTY ((payHa);

— IPEeACTaBHUKHU POCIMHHOIO CBITY ((piopa);

— BOJHI JDKepera;

— KOpHCHI KOTaJIUHY;

— 3aroBi/HI 30HU.

3a MPOTUAIIOYMMH YHHHHKAMU PO3PI3HIIOTHCS
HC, mo chnpuuuHSIOTE BUKOPUCTAHHS PI3HHX BHIIIB
pecypCiB 3aXHCTY, SIKi pealli3yioTh HEOOXiJHI 3aXHCHI
3aXO0/Iu.

Po3BinyBanbpHO-KOHTpONIOIOYI pecypen (Z;) mpu-
3HAYEH1 JJIsl BEACHHS PO3BIAKM 1 KOHTPOJIIO 332 CTAHOM 1
3MiHOIO OOCTAaHOBKHM B 30HaX MOXKJIMBOI'O YH PEaIbHOTO
MPOSIBY ypakaloyWx BIUIMBIB 32 JIOIIOMOIOI BiHCHKO-
BUX (hOPMYyBaHb:

— iHJKEHEepHOI PO3BIIKU Ui BUSABJICHHA MEX 1
CTYNEHs] PYHHYBaHHs XKUTJIOBHX OYIWHKIB i BUPOOHH-

YUX CHOpPYJ, BU3HAYCHHS BTOPUHHHMX HACIiIKIB ypa-
JKAIOYMX BIUIMBIB, 3HaXO/PKEHHS MicClb MepeOyBaHHS
MOTEPIIIMX 1 MiAXOMIB O HHX;

—  XIMIYHOI PO3BIJKHU JUTsI BUSBICHHA MEX XiMid-
HOT'O 3apa)KeHHsI, BU3HAYEHHS KOHIIEHTpalii OTpyiHHX
PEUYOBHH 1 HANPSMKY MOIIUPEHHS 3apa)KEHOTo MOBITPA,
CIOCTEPEXKEHHS 1 JIAOOPATOPHOT0 KOHTPOJTIO 33 3MIHOO
XIMIYHOI 00OCTaHOBKH,

— pamiamiiHOi pO3BIIKU JJIs BHSBICHHI MEXK 1
PIBHIB pagioaKTHBHOrO 3a0pyJHEHHs, BCTaHOBJICHHS
PEKUMIB pajialiifHOrO 3aXHCTY, CIHOCTEPEXKEHHS 1 Jo-
3UMETPUYHOI0 KOHTPOJIIO 33 3MIHOIO pajialiiHoi 00-
CTaHOBKH;

— MEAWYHOI PO3BIIKM VISl BHSBJICHHS MOCTpaX-
JIANIIX JIFO/Iel, BU3HAYEHHsI TXHBOI'O CTaHy i yMOB Ha-
JIAHHS TIePIIOT MEIMYHOI 1 JIIKAPCHKOI JI0TIOMOTH;

— BETEPHHAPHOI Ta arpoTEXHIYHOI PO3BIIKU IS
BUSIBJICHHS [TOCTPAXKJAJTUX TBAPUH 1 POCIHMH, BU3HAYCH-
Hs IXHBOI'O CTaHy ¥ YMOB HaJaHHs BeTepHHApHOI U ar-
POTEXHIYHOI JOIOMOTH.

[mKeHepHO-TEeXHIUHI pecypcH (Z;) cnpsMOBaHi Ha
3MEHIIEHHs 30MTKIB TOCIOJAAPCHKUM 00'€KTaM (3aXHCT
TexHOC(epH) 3a JOIOMOror (POpMYBaHb:

— 1H)KEHEePHOr'0 3aXUCTY JUIS IiJBUIICHHS (Hi3ud-
HOI CTIHKOCTI BUPOOHHYHX CHOPYI 1 KHUTIOBHX OYAWH-
KiB, Oy/iBHUIITBA ¥ 00OCITYTrOBYBaHHS 3aXHCHHUX CIIOPY,
PO3UHIIEHHS MTPOXOMAIB 1 PO3OMpaHHs 3aBalliB, OOJAIII-
TyBaHHS Mi/1'I3HUX LDISAXIB 1 MAPIIPYTIB €BaKyallii;

— XIMIYHOro 3axucry s 3a0e3ledeHHs Hace-
JICHHSI 1HIUBIAYyaJbHUMH 3ac00aMHM 3aXUCTY, JIOKalliza-
1ii BOTHHUII BHKHIY W OOBAJIOBKH MICIb PO3JIUBY OT-
PYHHHX pEYOBHH, Jerasamii HpWISTalodoi MiclEeBOCTI,
MPUMIILEHb, YCTATKYBaHHS, OJSTY 1 NMPOIYKTIB Xapuy-
BaHHS;

— pamiamiiHOrO 3aXUCTy i 3a0e3leueHHs Ha-
CeJICHHs MPOTUPAIiallifHUMKH CXOBHUIIIAMH, OpraHi3aIii
HoxHoi mpodinakThky, 300py 1 MOXOBaHHs Hebe3mney-
HUX PaiOaKTHBHUX OCKOJIKIB, JI€3aKTHBALll NPUIISTaI0-
40l MiCILIEBOCTI;

— TOXEXHOTr0 3aXUCTy JuIsl 3a0e31eYeHHsI TOoCIo-
JApChKUX 00'€KTIB 3aco0aMy aBTOMATHYHOI CHTHaJIi3a-
i 1 MOXKEKOTaCiHHsA, JTOKAJi3aMii 1 JTKBITamii TOXKeX y
KHUTJIOBUX OYyIMHKaX 1 BUPOOHUYUX CIIOpPYZAax, OOpOTh-
O 3 JIICOBHMH, CTEOBUMH, TOP('SITHUMH 1 i J3EMHUMH
MOXKEKaAMHU;

— TEeXHIYHOTO 3aXMCTy IJIsl IiJIBUIIEHHS Oe3MeKH
TEXHOJIOTIYHOr0 O0JaJHaHHS 3a JIONOMOTOI0 3aco0iB
aBTOMATUYHOTI'O KOHTPOJIIO 1 BiIKJIFOYEHHSI, BUKOHAHHS
npo(iJaKTUYHUX 1 PEMOHTHO-BITHOBIIIOBAIBHUX POOIT
Ha KOMYHAJIbHO-CHEPIeTHYHHUX MepeKax, a TaKoX IS
PEMOHTY TPaHCIIOPTHOI, 1H)XEHEPHOi, MPOTUIOXKEKHOT
Ta 1HIIOT TEXHIKH.

Menuko-6ionoriuni pecypcu (Z;) cnpsiMOBaHi Ha
3MEHILCHHSI HETaTUBHUX HACIHIAKIB JUIS HACEJIEHHs,
TBapuH 1 pociuH (3axucT Oiocdepu), 3a JOMOMOrO0
(opMyBaHb:

— MEAWYHOTO 3aXHCTYy Ul HaJIaHHS Iepuioi Me-
JMUYHOT 1 JIKaApChKOI JOIIOMOTH MOCTPaKIaIUM Oe3Io-
cepeHbO B 30HAX Ypa)KEHHs, OCAJKHU X Ha TPAHCIIOPT
1 CYIIpOBOMY IIijl Yac eBaKyallii;

— JIKapCchKOTo 3aXUCTY Ul HAJaHHS CIieliai3o-
BaHOI MEJMYHOI JIOITOMOTH 1 CTalliOHAPHOT'O JIIKyBaHHS
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MOTEPIUINX 32 MEXKaMH 30H ypa)KeHHsI B KJIiHIKax, Jii-
KapHsIX 1 MIIHTATISX;

—  CMiJeMIONIOTIYHOTO 3aXHCTy JJIs CaHITAPHOTO
OYMIICHHS 30H YpaKE€HHs, MPOQIIAKTHKU 1 JIIKyBaHHS
iH(eKIiHHUX 3aXBOPIOBAHB;

— BETEPUHAPHOrO 3aXHUCTY IS CaHITapHOI 00pO-
OKH 1 JIKyBaHHS TBapHH, JIOKaJIi3aii 1 JIIKBigawii emizo-
OTiiA;

— arpoTEeXHIYHOr0 3aXHCTY /I 3He3apaKyBaHHS
pociuH i (pypaxy, Jokaiizanii i JIikBigamii enigiToTiii.

TpancriopTHO-KOMYHIKamilHI pecypcu (Zy) 3a0e3-
MeYyloTh TepeMillleHHs1 00'eKTiB 0io- 1 TexHocdepH
ycepennHl 1 1o3a 30HaMHU ypa)XeHHsS 3a JOIOMOTrO0
PI3HUX BUJIB TPAaHCIOPTY 1 3ac00iB 3B’s13Ky. Jlis 11bOro
3aIy4aroThes popMyBaHHS:

— 3abe3neveHHs eBaKyallii HOTepIiInX;

— 3abe3neueHHs nepeauciokanii (PopMyBaHsb;

— 3abe3neveHHs MiIBO3Yy MaTepialbHO-TEXHIYHHUX
3aco0iB;

— 3a0e3neveHHs IMiJBO3Y BOIM, MPOIYKTIB Xap-
YyBaHHS 1 MPEAMETIB MEPIIoi HEOOXiJHOCTI;

— 3a0e3meyeHHs eBaKyallii YHIKaJbHOTO 00Jaj-
HaHHS 1 KyJIbTYPHHUX LIHHOCTEH.

MartepiaJbHO-TIPOIOBONIBYI pecypcH (Zs) 3abe3re-
YYIOTh TPOLIECH BUKOHAHHS 3aXHUCHUX 3aXOIiB HE00-
XIJJHUMHU MaTepianaMu i 3acobamu 3a JornomMororw ¢hop-
MYBaHb:

— MaTtepiaJbpHOro 3ade3neyeHHs st 30epiranHs i
PO3TONIISHHS OyIiBEIbHUX, JEra3alliifHuX, MEIMIHHUX
Ta IHIIMX MaTepiaiiB i 3aco0iB;

— eHeproza0e3leueHHs JUIsl 3alpaBieHHs TpaHC-
MOPTY TOPIOY0-MACTWIIFHIUMHU MaTtepialaMu, MiI3apsaKu
1 3aMiHM aKyMYJISITOpPHHX Oartapeii, opraHizalii aBTOHO-
MHOTO €JIEKTPOXKHBIICHHST;

— pedoBOro 3abe3meycHHs s 30epiraHss i pos-
TIOAUISIHHSL CHELOIry cepen oco0oBoro ckiany ¢op-
MyBaHb 1 NpeIMETIB nepiioi HeoOXiITHOCTI cepel eBa-
KyHOBaHOT'O HACEJICHHS;

— KOMYHaJbHOTrO 3a0e3MedeHHs ISl PO3CEIeHHS
i KOMYHAJBHO-TIOOYTOBOrO OOCIYrOBYBaHHS €BaKyHO-
BaHOT'O HACEJICHHS;

— TIPOJOBOJILYOrO 3a0e3MeUeHHS Il 30epiranHs
1 PO3MOAUISIHHS TPOAYKTIB XapuyBaHHs cepell (hopMy-
BaHb 1 HACEJICHHSI.

[Ipu mouryky ONTHMaibHOTO IUIAHY 3aCTOCYBaHHS
CHJI 1 3ac0O0IB CHCTEMHU TEXHOTEHHOI Oe3IeKH Ha eTari
mikBigamii Hacnigkie HC moLinbHO BUKOPHCTOBYBATH
MIPOrpaMHO-IIILOBU MiAXiJ 70 IiaHyBaHHs. [loyaTko-
BUM €TaIroM LUKy IUIaHYBaHHS € po3po0Ka METH Ipo-
rpamu (LJIenosralHs). [ 0JJOBHOIO CHCTEMHOI0 METOI0
nporpamu poOiT 3 nikBiganii HachinkiB HC BBaxkaemo
MiJBUIIEHHSA TXHBOI IIbOBOI edeKkTHBHOCTI. [lepmum
MOKa3HUKOM €(EeKTUBHOCTI € F' — 3HaUeHHS OYiKyBaHO-
T'O CUCTEMHOTro e(ekTy (3MeHIIeHHs1 30MTKY BiJ HacHi-
kiB HC) nporpamu poOit 3 mikBigauii Hacmigkis HC.
Jpyrum moka3HHKOM e(EeKTUBHOCTI MporpaMu Tpeda
BBa)KATH BUTPATH OIOJDKETHUX PECYPCIB B, SKUMU JO-
CSATHYTO 3HAYEHHS IEpLIOro NMoka3Huka. Tofi epeKkTuB-
HICTh LIJIBOBOI IMIPOTPaMHM OLIHIOETHCS K

eor =F/B . (1)

ITocTanoBka 3ama4i po3poOOKH ONTHMAIBHOI HPO-
rpaMu poOiT 3 JikBifamii Hachaiakie HC: Ha MHOXUHI
IUIaHIB BUKOPHCTaHHs OrO/pKeTHUX pecypciB R = {R;},
KOXKHHMI 3 eleMeHTIB R; 3aJ0BOJIbHSE CHCTEMI OOMe-
JKEHb Ha 3aCTOCYBaHHS pecypciB (TOOTO HaJIeKHUTh 00-
JIACTi TIPUITYCTUMUX PillIeHb):

G(R) <Gy, )

3HAWTU Takui (ONTHMAIBHUN) TJIaH Rp, 0 MAKCUMI3Y€E
e(EeKTUBHICTh MIPOrpaMH

F(R
#Zj =max egj - 3)

[Mobynyemo o001acTh NPUITYCTUMHX DpillleHb Ha
[Mapero-¢ynkuii cucremu (puc. 1).

esi (Ro)=

4
FS m
[rmax R™

B B¢

Puc. 1. O6nactb NpUIyCTUMHUX pillICHb
Ha [Tapero-dyHkuii cucremu

Bm(l\?

Ha puc. 1 mozHaueno: BS — Oro/pKkeTHI BUTpaTH Ha
nporpamy, FS — IiIbOBHHA e(eKT, Mo JOCATHYTO
Butparamu BS. IlpupomHo, 1m0 icHye MHOXHHA
MOXIIUBHX IUIaHIB R, KOXXHHUH 3 e€JNEeMEHTIB KOTPOi
MIPE/ICTAaBISIETHCS TOUKOIO 3 KoopauHaTamu R(F, B).

OueBUHO, MIO TS KOXKHOI TOUKH 00JIaCTi MpHITy-
CTUMUX pillleHb F TIaHOM R IiJIKOM BH3HAYAETHCS pi-
BEHb BUKOPUCTaHHS pecypciB B. MHoxuHa "epeKTuB-
HUX" TUIaHIB, JUTS KOTPHX CliBBigHOmEHHs (F/B) € Haii-
KpaiyM, — JliBa BEpXHS Mexa 00JacTi MPHITyCTUMHUX
IUIaHiB, 00 KOXXHUI e(DEeKTHBHUI IUIaH repeBaxae 3a F
piBHOILIHHI oMy TuaHu 3B B abo mocrymaetbes 3a B
PIBHOIIIHHMM IIaHaM 3a F.

MHoH1Ha epEeKTUBHUX IUIAHIB CKJIaJla€ MHOXXUHY
[apero, mo yrBoproe ¢pyukiiro [lapero F(B).

OCKIUIBKY TIparHeHHS TiJBUILEHHS e(eKTHBHOCTI
CHCTEMH 0OMEXKYEThCs ToUKor R™ (F™, B™) sk ma-
HOM "aOCOJIIOTHOI JTOCKOHAJIOCTI" CHCTEMH, TO TOTpiO-
HUX JJI IbOro OIOKETHHUX KomTiB B™ Moxke He BU-
cTa4yuTH, i Tpeba TPOXH "MmoCTymUTUC" IUTLOBUM e(eK-
ToM F.

Skmo MoxauBi ButpatH B, To iM Biamosimae
suayenns [lapero-Qpyukuii F, mo € pe3ynbTaToM BH-
pimenHst "mpsiMoi" 3aavi ONTHMAIBHOTO IIaHYBaHHS
BUKOPHCTaHHS OOMEXEHHX DPEeCypCiB, IO MaKCHUMi3ye
e(eKT.

SIkito 3HaueHus F” He 3aJ0BOJIbHSIE 1 HOTO MOYKHA
migsunmTy 10 F*, To HoBomy F*° Bimmosinae HoBe 3Ha-
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YeHHs. BUTpAT OIOJLKETYy B, 10 € pe3yJabTaToM BHpi-
mieHHs: "oOepHeHoi" 3ajavi ONTUMAJILHOTO BHKODPHUC-
TaHHS PECypCiB, IO MiHIMI3ye NOTPIOHUIA OIOIKET.
Takuii migxin BU3HAYaE€ KOMIIPOMICHHH PiBEHb MiJIHO-
BOro eexTy mporpamu i OOJDKET I WOro JOCSTHEH-
HSl.

BucHoBku

VY crarti copMyIpOBaHa MOCTAHOBKA 3a/adyi JIiK-
BiJaIlil HACIIAKIB MPUPOJHUX Ta TEXHOI'CHHUX KaTacT-
pod Ha Teputopii Ykpaiuu. [IpoBeneHuit aHami3 mpo-
OJieM YIpaBJIiHHA TEXHOI'CHHOIO OE3IEKOI0 KOHKPETHO-
ro perioHy, ne 3agikcoBaHa HaI3BHYAHA CHTYaIIis.
Otpumanuii (HOpMaTbHUA OIUC TOCITIIXKYBAaHOI CHUCTE-
MU 1 OTOUYIOUOrO ii cepeIoBUINa, BUXOASIYH 13 IPUHIIU-
IiB CUCTEMHOTO MiIX0/y.

HaBenena xmacudikamisi Jokepen HaJ3BHYaHHHX
CUTyallill BUXOMSIYM 13 NPUYMH BUHUKHEHHS, DPi3HHX
BHIIB 00’€KTIB ypakeHHsS B 3aJIGKHOCTI BiJ XapakTepy

TIOBE/IIHKM B EKCTPEMaJbHUX YMOBAax, pi3HI BUIU pe-
CypCiB 3axXHCTY, sIKi peani3yloTh HEeOOXiIHI 3aXHUCHI 3a-
xonu. J1Jis momyky ONTUMaibHOTO TUIaHy 3aCTOCYBaHHS
CHJI 1 3ac0O0IB CHCTEMHU TEXHOTEHHOI Oe3IeKH Ha erari
nikBimamii HacnigkieB HC BHKOpHCTaHUN MporpaMHO-
IIJTBOBUH MiAX1J 0 TUIaHYBaHHS 3 BUKOpUCTAaHHAM [la-
pero-QyHKIII cuctemMu.

PosrmsinyTi mpsiMa Ta oOepHeHa 3ajadi MOIIYKY
OINTHUMAJBHOTO IUIaHy. Binbip o0'ekTiB st mpsimMol 3a-
Jladi IPOBOJUTHLCS B IOPSJKY Y BIAIIOBITHOCTI 10 TXHBOT
npiopureTHocTi (panry). Ilpum BupimeHHi oGepHEHOI
3amadi BigOip 00'€KTIB NPOBOAUTHCS O HOCSATHEHHS
3aJJaHOTO PIBHSI CHCTEMHOTO e(eKTy, 10 HAKOIINYY€ETh-
¢ B TIpoIIeCi Bigoopy.

Hanpsm monansmmx po3Bigok — po3poOka imi-
TaIifHOI MAKPOSKOHOMIYHOI MOJENI JJIs IOIIYKY OIl-
TUMaJILHOTO TUIaHY 3aCTOCYBaHHS CHJI 1 3ac00iB cucTe-
MU TEXHOT€HHOI O€3IIeKH Ha erami JiKBigauil HacIiAKiB
HAJA3BUYANHOI CUTYaIIii.
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Statement of the consequences liquidation problem
of natural and technogenic disasters on the Ukraine territory

V. Romanyuk, V. Trisnyuk, TL Kurtseitov

Abstract. Topicality. An emergency is a violation of normal living conditions and activities of people on the site or ter-
ritory, caused by an accident, catastrophe, natural disaster, epidemic, epizootic, epiphytosis, large fire, the use of means of de-
struction that have caused or may lead to human and material losses. An emergency is a situation caused by accidental causes,
such that it leads to harmful social, economic and environmental consequences. In the crisis period, rescue measures are carried
out aimed at localizing the consequences of the threat and increasing the survivability of regional components in the affected
areas. Territorial distribution, heterogeneity, multi-connectedness and dynamism of impact and protection measures significantly
complicate the processes of natural and man-made safety management. The purpose of the article is to formulate the problem of
eliminating the consequences of natural and man-made disasters in Ukraine, using the principles of a systematic approach. Re-
sults of the research. The article formulates the problem of liquidation of the consequences of natural and man-made disasters
on the territory of Ukraine. The analysis of problems of management of technogenic safety of concrete region where the emer-
gency situation is fixed is carried out. A formal description of the studied system and its environment is obtained, based on the
principles of the system approach. The classification of sources of emergencies based on the causes, different types of objects of
damage depending on the nature of behavior in extreme conditions, different types of protection resources that implement the
necessary protective measures. To find the optimal plan for the use of forces and means of the technogenic safety system at the
stage of emergency response, a program-targeted approach to planning using the Pareto function of the system was used. The
direct and inverse problems of finding the optimal plan are considered. The selection of objects for a direct task is carried out in
order according to their priority. When solving the inverse problem, the selection of objects is carried out to achieve a given level
of system effect, which accumulates in the selection process.

Keywords: natural disasters; man-made disasters, target efficiency, Pareto function.
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DIAGNOSTICS OF HEADLIGHTS FROM NEAR AREA ON PLACE OF BASING

Abstract. Methods of microwave diagnostics of a phased array allow reconstructing the amplitude-phase distribution in
the antenna and implement on this basis methods for adapting the lattice control to those found in the amplitude-phase dis-
tribution to defects. The methods of microwave diagnostics from the near zone described in the well-known literature are
realizable only in anechoic chambers or on specially equipped training grounds. To solve the problems of adapting a
phased antenna array to a technical state and increasing its operating time under extreme conditions, it is necessary to have
methods of integrated microwave diagnostics of a phased antenna array at its location. The aim of the article is to develop
a method for microwave diagnostics of a phased array antenna, implemented from the near zone of the antenna at its loca-
tion, and eliminating the influence of echo signals (ES) on the diagnostic results. The article proposes a method for micro-
wave diagnostics of a phased array antenna from the near field, which allows to exclude the influence on the accuracy of
diagnostics of the echo signal present at the measuring site and errors in the positioning of the measuring probe. The pro-
posed method will make it possible to implement microwave diagnostics of the antenna from the near field at its location.
The results of microwave diagnostics are supposed to be used to implement various methods of adapting a phased array to a

technical condition, significantly increasing its life.

Keywords: antenna measurements, phased array antenna diagnostics, near field , microwave diagnostics

Introduction

The methods of control of phased antenna array
(PAA) can conditionally be divided into methods of
built-in control and methods of bench (polygon) tests.
The first are implemented by control systems for ampli-
tude-phase distribution (APD) control systems inte-
grated into the phased antenna array and built-in factor
control systems that distort the amplitude-phase field
distribution in the antenna aperture [1].

The methods of stand (ground) tests of aerial in-
clude microwave diagnostics of main control nodes
PAA — phase shifters (FS) and controlled attenuators
(CA). These methods are described in [2-5] and realized
both from a near area [2, 3] and from a distant area [4,
5]. The basis of all these methods is the transmission
coefficient measurement procedure microwave canal
between the generator of the probe signal supplying the
phased antenna array in transmission mode and the
output of the measuring probe located in the near or far
zone of the antenna under study. Methods differ by the
plans of management diagnostics and methods of treat-
ment of results of measuring’s.

Advantage of methods of built-in control is cir-
cumstance that they are realized practically at any time
in place of basing of PAA. Failing — methods do not
give information about indeed realized in the aperture of
aerial of APD. Only the number and channel numbers of
the phased array are known, in which microwave de-
vices fail.

Methods of microwave diagnostics of a phased ar-
ray allow reconstructing the amplitude-phase distribu-
tion in the antenna and implement on this basis methods
for adapting the lattice control to those found in the

amplitude-phase distribution to defects, for example, as
in [1, 5]. The methods of microwave diagnostics from
the near zone described in the well-known literature [2,
3] are realizable only in anechoic chambers or on spe-
cially equipped training grounds.

To solve the problems of adapting a phased an-
tenna array to a technical state and increasing its operat-
ing time under extreme conditions, it is necessary to
have methods of integrated microwave diagnostics of a
phased antenna array at its location.

The aim of the article is to develop a method for
microwave diagnostics of a phased array antenna, im-
plemented from the near zone of the antenna at its loca-
tion, and eliminating the influence of echo signals (ES)
on the diagnostic results.

Analysis of literature. Diagnostics of PAA from a
near area is described in [2, 3], and from a distant area
and in presence ES [6].

Using the method of measuring the transfer coeffi-
cient between the investigated phased antenna array and
the probe in the near field [2,3] and the method of ac-
counting for ES from [6], it is possible to decide set the
problem of diagnostics of PAA from the near zone in
the presence of ES.

Main material

The structural diagram of the measuring and com-
puting system and the studied represented by Fig. 1.

The measuring probe is located in the direction
normal to the aperture of the phased antenna array under
study at a distance ry (in the near zone). The selection
criterion ry is described in [2].

Imagine the transmission coefficient of the emitter
paths (from the output of the probe signal generator to
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Fig. 1. Block diagram of the measuring and computing system of the integrated PAA control by the DPU method
(G - generator; DS - distribution system; PS - phase shifter; RS - radiating system; MP - measuring probe;
AFM - amplifazometr; Memory - storage device; IDDW - inverse DDW;CD - control device)

the emitter input) /,, (94;,) as the ratio of the excitation
current to the complex amplitude (CA) of the PS, Fig.1:

Li (0g) =K pi®; (04 ) 1-T: (65) | - i€0.N=15()
where 94, — grating phasing direction; K i —TC of
the distributive system; ®@; (64;,) — TC phase shifter

when the beam is oriented in the direction 94, ;

I; (64;,) — reflection coefficient in the path of the i-th

emitter due to the mutual coupling of emitters [7]; N—a
number of emitters in PAA.
In default of ES in MP pointed EMF [2, 3]:

X(e,i,)=Zlei(9¢))Gi(9i)Pi(9i)’ ieON-1; ()

where G; (6;) - counting the complex amplitude of the
radiation pattern of the i-th emitter in the direction of

the vector 7. , connecting an i-th emitter with MP;

p; (6;) — TC from the output of i-th emitter to the exit
MP; numeral, concordantly [2]:

JK

Pi(0) =5 ew(horn)e: (0) . )
where 7, — distance between an i-th by an emitter and
MP; K,,g, —an amplification factor and rationed

radiation pattern MP; k, = 207! — wave number.

In the presence of an echo of the signal (2) can be
represented as:

X, (94))=Zlei(9qb)Gi (0:)p: (0:)M; ., (4

Where Ml =1+Ml- =1+ZpulRulGul/plGl , (5)
u

u €1,U — numbers of sources of ES; p,; — TC from

the source of u-th ES to MP; R,; — reflectivity PS of i-

th channel from the source of u-th ES; G,; — numeral

value radiation pattern i-th emitter in the direction of
source of u-th ES.
Complex coefficients p; unknown and depend on

the number and coordinates of discrete points of forma-
tion of ES, as well as reflection coefficients in them
R,; . Such presentation M; is comfortable that a size

M; does not depend on amplitude and phase of PS (it
remained in a multiplier 7, (94)) ).

From (4) it is necessary that the presence of ES on
a measuring ground results in distortion of response of
probe. The combined action of ES can be compared to
appearance on an entrance MP a modulating hin-
drance M; , distorting the response of probe on a radia-

tion from every channel of PAA. The purpose of diag-
nostics is determination of TC phase shifter @; (64;,) ,

reflectivities in highways emitters I'; (64,) and integral

TC each of microwave paths
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Ki(0p) = K i®; (eqb)[l_ri (9 )} @ (e¢)=.

=Li(03) Gi(05)
If there is a priori information about K, and

G

:(0) numeral values K, (9(1,) can be reconstructed

by measurement ®; (qu )[1 -T; (qu )} for each of the
phasing directions.
Consider a diagnostic management plan that al-

lows from the total response of the probe X, (9(1,) to
select Ki(e(j,) .

It consists in the organization of measurement ex-
periments, representing a consistent in time application
of the direct discrete Walsh transform (DDW) to radi-
ated PAA to the soundings signals [4, 5]

Y.(6)= Z[ei (64 )G: (8;) wiapi () My 5 (7)

where r€0,N—1; Y, (0) — respond MP on r-th direct
DDW; w,; — walsh functions ordered by Hadamard or
Paley and taking only two values (+1) or (-1), [8]; n, —
CA noise (including measuring errors) at measuring Y, .
of PS PAA will be realizedw,;

The functions w,; Vi

thus (+1) corresponds the change of phase in an i-th
channel on 0° , and (-1) — to the phase shift on 180° .

Numeral values Y,

"
of data (ZU, fig.1).
After completing N direct procedures DDW to the

(6) must be fixed in storages

vector Y, (9) it is necessary to apply procedure of
inverse DDW. The result is a vector of estimates

51(0)= N ZYr (0)w,; =

i : (8)
=1, (04) Gi (0:)p: (0;)M; + 7,

where 7n; = N_lzrn,w,l- .

For a selection from (8) an interesting us multiplier
1, (9(1,) a next reception is offered. All of PS of grate
nel0,L-1

simultaneously translated in one of

(where L =2" |, m — number of digits of PS) the states.
This means phasing the antenna in the direction
94, =0, but all of PS here are in n-th the state. Esti-

mates of the responses of the measuring probe
Fi(0,n) =1, (0,n)G; (6;)p; (6;)M; . )
Consider the relationship 7, (0,7) to 3;(0,0) ,

where  7;(0,0) respond MP when zeroed (de-

=@, (0,n)[1-T; (0,1) ]/(@; (0,0)[1-T;(0,0)]). (10)

(RC) T, (0.n)
I';(0,0) characterize reflections in the PAA when the

beam is oriented normal to the antenna aperture. In this
position of the beam, as a rule, emitters with their paths

are matched I';(0,n) = T';(0,0) = 0. Therefore, from
(10) we obtain that the desired TC PS:

Reflection coefficients and

@, (0,n)=®;(0,0)y;,, - (11)

In relation (11) y;, — measured response rela-

tionship MP, and TC PS @, (0,0) stored in processor
memory of CSL. This means that unknown TC PS in all
their states and in each channel ®,(0,n) can be re-
constructed and also stored in processor memory CSL.

When phasing the antenna in the direction 64 PS
of every channel will be translated in one of great num-
ber of L of the states, i.e. 1,; =1, (64,,11) . Then

i(0g,n) ©;(04,n
tir(0) = yﬁi(((io)) ) d)l-(((io))[l_r" (64m)] - 12)

From this relation it is easy to determine the reflec-
tion coefficient in the channels when phasing the an-
tenna in the direction 6,

@,(0,0)
ch.(eqb,n) .

A remarkable property of the proposed diagnostic
method is that the accuracy of the estimates of the
transmission coefficients of the phase shifters and re-
flection coefficients in the channels is practically inde-
pendent of the presence of an echo signal at the measur-
ing site, the accuracy of positioning with a measuring
probe, and the accuracy of the information about the

Fi(65)=1-vin (65) (13)

radiation pattern of the emitters in the grating G; (6;) .
The method is implemented in gratings agreed in the
direction normal to its aperture and in the presence of a
priori information about the phase shifter transmission
coefficient in the initial (de-energized) state.

In the presence of a priori information about the ra-
diation pattern of emitters G;(0) , (obtained from an-
other experiment, for example [9-16]), it becomes possi-
ble to reconstruct the integral TC i-th canal from the input
of the distribution system to the output of the emitter

Ki(0pon) =1 (04:7)Gi (05)

where 7, (qu’n) =, (qu’n)[l -I; ((—)qb,nﬂ

Availability of information on @, (qu’n) ,

(14)

I; (64,) , K; (94,’11) allows you to implement the adap-

tation of the phased antenna array to the technical con-

126



36’a30K, menexkomynikayii ma padiomexHixka

dition according to the criterion of maximum approxi-
mation of the realized and desired amplitude-phase

which eliminates the influence on the accuracy of diag-
nosis of the echo signal. Analyzing the results of mi-

crowave diagnostics, the proposed technique can be
used to implement various methods of adapting a
phased antenna array to a technical condition. In this
case, the life of the antenna array will increase signifi-
cantly.

distribution in the aperture of the array.
Conclusion

Thus, a methodology for controlling microwave
diagnostics of a phased antenna array is proposed,
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JiarnocTrnka ¢a30BaHNX AHTEHHHUX PENITKH 3 OJIM/KHBOI 30HM HA MicHi 0a3yBaHHs
O. B. becopa, B. Jl. Kapnos, O. B. Jlykamyk, I. M. Ilerpymenko

AHoTanisi. AKTyaabHicTb. MeToan MiKpOXBWIBOBOI [IarHOCTHKHU (pa30BaHOrO PEHTI€HIBCHKOTO BUIIPOMiHIOBAHHS JI0-
3BOJISIFOTH PEKOHCTPYIOBATH aMILTITYIHO-(a30BHI pPO3IOAIT B aHTEHI Ta peaizyBaTH Ha Iiif OCHOBI METOIM aIalTallii ynpasiiH-
HSI TpaTaMy JI0 THX, [0 3HAXOITHCSI B aMILIITyIHO-(pa30BOMy po3moaiti, 10 AedekTiB. MeToan MiKpOXBHIBOBOI JIarHOCTHKY 3
OIKHBOT 30HU Peaii3oBYIOThHCS JIMIIE B 0e3eX0BUX Kamepax abo Ha crieniajibHO 00J1aJHAaHUX TPEHYBAJIbHUX MalnaH4dukax. s
BUpiIIeHHS IpodiieM azanTarii (a30BaHOI aHTEHHOI PEILTKH JI0 TEXHIYHOrO CTaHy Ta 301IblLIeHHS Yacy 11 poOOTH B eKCTpeMa-
JIBHUX yMOBaX HEOOXiJHO MaTHM METOAM iHTErpPOBAHOI MiKPOXBHJIBOBOI JiarHOCTUKM (ha30BaHOI aHTEHHOI PEINTKU Ha 1 Micri.
Mertoro cTaTTi € po3podKa METOY MiKPOXBHIIBOBOI JIIarHOCTHKH (ha30BaHOI PEIIITKOBOI aHTEHH, peai3oBaHOl 3 OIMKHBOT 30HU
aHTCHHU B 11 po3TalllyBaHHI, Ta YCYHEHHS BIUIMBY €XOCUTHAIIB Ha PE3Y/IbTAaTH AiarHOCTUKU. Pe3yabTaTu. ¥V cTaTTi NpONOHYyeThCst
meron HBY npiarHoctuxu (a3oBaHOi aHTEHHOI PELIITKM 3 ONVXKHBOI 30HH, 110 I03BOJISE BUKIFOYUTH BIUIMB HA TOYHICTH AiarHo-
CTUKM BIJUTyHHS CUTHAJy, IIPUCYTHIX Ha BHMIPIOBAJIbHOI MaiiJaHUMKy, 1 OXMOOK B IO3MLIOHYBAHHI BUMIPIOBAIBHOIO 30HAA.
BucHoBKH. 3anponoHoBaHKI METOA JacTh MOMUIMBICTE peanizyBatd HBU piarHocTuky aHTeHM 3 OMMKHBOI 30HM, Ha Micwi ii
6asyBanns. Pesynsrarn HBY niarnocruku nepenbadaerbcsi BAKOPUCTOBYBATH UL peanizalii pi3HUX croco0iB aganrauii gaso-
BaHOI aHTEHHOI PEILITKH 10 TEXHIYHOT'O CTaHy, HOMITHO 30UIbILIYI0UN TePMiH 1i eKcIuTyaTarii.

KawuoBi cioBa: anteHHi BumiproBanss, giaraoctuka @AP, Gmoxas 3oHa, HBY.
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YkpalHChbKUH IepyKaBHUHN YHIBEPCUTET 3aJII3HMYHOIO TPAHCIIOPTY, XapkKiB, Y KpaiHa

METO/J IEPECTAHOBKH IHTEPBAJIIB 3 BPAXYBAHHAM
B3AEMOKOPEJIANIMHUX BJACTUBOCTEU CEI'MEHTIB

AHoTanisi. AKTyalbHOIO 3a/1a4€et0 € Po3po0Ka HOBUX METO/IB I€PECTAHOBKM IHTEPBAJIiB 3 BPaXyBaHHSAM B3a€EMOKOPEIIs-
LIMHUX BJIACTHUBOCTEH KOXKHOTrO CerMeHTy. ToMy HeoOXiJHO PO3pOOUTH HOBUI METOJI II€PECTaHOBOK YaCOBUX IHTEpPBAIiB,
SIKUH 3a0€3MeYnTh MMiABUIIEHHS 00’ eMy aHcaMmOlIiB 3 ypaxyBaHHSIM 3Ha4eHb PiBHS 3aBaJl MHO)KUHHOTO OCTyITy. Po3pobie-
HUI MeTo[] 0a3yeThCs HA 3aCTOCYBAHHI B3a€EMOKOPEIIALIIMHUX BIACTUBOCTEH YaCOBHUX IHTEPBANIB LIIAXOM IIOETAIHOIO Ie-
pebopy. Yacosi iHTepBaIM KOZOBHUX MOCIIIOBHOCTEH BiJICOIMIYJIbCIB 3 HU3BKOIO B3aEMOJII€I0 Y YAaCOBIi 00acTi mianaTh-
csl KopeJsiLiiiHoMy aHamizy. Y po3po0ieHOMY METOIi IepecTaHOBOK OyIo 3aiCHeHO nepedip YacoBHX iHTEpBaJIiB MOCHI-
JIOBHOCTEH PIBHOBIIIAJICHUX IMITYJIBCIB 3MIHHOI JIOBKMHM, IIPHU IIbOMY BPAaXOBYBAJINCS B3a€MOKOpEJIALINHI BIaCTHBOCTI
CErMEHTIB, 3aBIAKH YOMY MOMJIUBO PO3MOAUINTH IMITY/IbCH TaK, IO B3a€EMOAis MK CUTHAJIaMU y 4acoBii obmacti Oyne
MiHIMaJIBHOLO, 10 B CBOIO Yepry NPHU3BEJIE JI0 MiHIMaJIbHOI B3a€MOJIT MiXK CUI'HAJIaMH, a OT’KE 3HAYHOIO MipOO 3MEHIIUTh
BIUIHB 3aBaJl MHOXXMHHOT'O JIOCTYILY.

Karo4dosi cioBa: 3aBazia MHOXKUHHOTO JIOCTYILY, Bi/ICOIMITYJIbC, TPUBAIICTD IMITYIIbCY, IIEPIOJL CIIiTyBaHHS IMITYJIbCIB,

GbyHKLIs B3aeMHOT KopeJisiii.

Beryn

VY mHMpPOKOCMYTrOBUX CHCTEMax 3 YaCTOTHHM pO3-
MOJIOM CHUTHANIB i 3aBaJyd MHOXXHHHOTO JOCTYIY
00yMOBIIeHa YaCTKOBUM IEPEKPHUTTSIM CHEKTPIB CHT-
HauniB. [loxmin aHcamMOii0 CHUTHANIB Ha TOCIIiJOBHOCTI
PIBHOBITaJICHUX IMITYJIbCIB 3MIHHOI JIOBXKHHH JT03BO-
JIsi€ 3HAYHOI0 MIpOI0 3MEHIIUTH PIBEHb 3aBaj] MHO-
YKHHHOT'O JIOCTYITY, KPIM TOT0, pO30OUTTS TOCIiJOBHOC-
Tell Ha PiBHI YacoBi IHTEpBaJIW Ta IX HacTyIHa mepe-
CTaHOBKA MPU3BOAMTH A0 301IbIIEHHS 00’ eMy aHCaMO-
miB curHany [1].

ToMmy axkTyanbHOIO 3aJlauero SBISEThCS BU3HAUYCH-
HSl ONITHMAJIBHOTO MOPSIAKY CIIiIyBaHHS YaCOBUX IHTEp-
BaJIiB y HOCJIIOBHOCTSIX CHT'HAJIB.

Amnaui3 jgireparypu. [Turanns 30inbiieHHss 00’e-
My aHcaMmONiB TpW 3aJaHuX 3HAYCHHSX pPIBHIB 3aBaj
MHO)XHUHHOTO JOCTYITy PO3TJIIIAIOTHCS SK Y BITUH3HS-
Hill, TaKk 1 y 3aKOpAOHHIN jiteparypi [1-15]. Ajne mo-
CIIiJPKEHHST aHcaMOIIiB IOCITIIOBHOCTEH BiJCOIMITY/IbCIB
13 PI3HOIO KUIBKICTIO €JIEMEHTIB Ha OCHOBI IEPECTAHOB-
KA YacOBHX IHTEpBANIB PO3IIISTHYTI HEAOCTATHHO [12-
15]. Omxe akTyalbHOIO 3aladeio € po3poOKa HOBHX
METO/IIB MEePECTaHOBKU IHTEpPBaJIiB 3 BpaXyBaHHIM B3a-
€MOKOPEISLIHHAX BJIaCTHBOCTEH KOXKHOTO CETMEHTY

Tomy He0oOXiJHO PO3pOOMTH HOBWI MeETOX Tepe-
CTaHOBOK YaCOBUX IHTEpPBAiB, KN 3a0€3MEUUTh ITi[-
BHIIICHHS 00’€éMy aHCaMOJIiB 3 ypaxXyBaHHSIM 3HAauYcHb
PiBHSI 3aBajJl MHOKUHHOT'O JIOCTYITY.

OCHOBHA YaCcTHHA

Po3poOienuii Meronm Oa3yeThcs Ha 3aCTOCYBaHHI
B3aEMOKOPEJIAIIMHUX BIACTUBOCTCH YACOBHX IHTEpBa-
JIB IUISIXOM IIO€TanHoro rnepedopy. Yacosi iHTepBaiu
KOJOBUX IOCIIIOBHOCTEH BiJCOIMITYJIbCIB 3 HH3BKOIO
B3a€MOJII€I0 Y YACOBiH 00JIACTI MiIAI0ThCsT KOPEISIii-
HOMY aHai3y.

Ha puc. 1 manuit MeTonm MpeacTaBlICHO Y BUTJIAMIIL
aJITOPUTMY, KU peati3ye TakKi Ormeparii:

1. 3niiCHIOIOTh BU3HAYEHHS BUXIAHUX JaHUX: 3a-
JIAIOTh HEOOXIMHY KIJIBKICTh MOCTIIOBHOCTEH Ta 4aco-
BUX IHTEPBAJIB, Ha SIKi pO30MBAIOTHCS TIOCIIIOBHOCTI.

C ITouarok )

Buxiani nadi: KinbKiCTh HOCIiOBHOCTENM;
KiTbKiCTh 4aCOBHX iHTEpPBaJIiB

TTomapuuii po3paxyHOK 3HAYEHHS
koedimmenra BK Rmij

Po3paxyHOK cepeHbOro 3Ha4eHH s
kxoedinienra BK Reep

DopMyBaHHI psilly pAHIOBaHUX IO
CEepe/IHbOMY 3HA4Y€ HHIO MaKCUMaJIbHUX
BUKHJ[iB G0KOBHX MemtocTkiB ynkiii BK

A 4

RcepAl > Rmij

IIpucBo€eHHs nepuoi no3uuii

RcepA2 > RcepAl,
RcepA3 > RcepA2,

RcepAn > RcepAn-1
RcepAn-1 > RcepAn-2

TIprCBOEHHST HACTYIHHUX MO3MIiH YacOBUX
iHTepBaiiB A2,...,An

TIpuitoM NOCIiJOBHICTI 1St CHHTE3Y
aHCcaMOJII0 CUTHAIIIB

|
C Kineups )

Puc. 1. Anroputm npouecy nepecTaHoBKH iHTepBalliB y
MOC/IIZIOBHOCTSIX 3 HU3bKOIO B3a€MOJII€I0 B 4aCOBiii o0JiacTi
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2. Y KOXHi# MOCIIIOBHOCTI MPOBOJATH MONAPHHUIA
PO3paxXyHOK 3HAYEHHS MaKCHUMaJIbHHX BUKHUMIIB OIYHHUX
MeToCTOK (DYHKINKA B3a€EMHOI KOpEJsIlii Ta BU3HAYAIOTh
ix 3aranpHe cepeHe 3HaueHHs. Ha 0CHOBI po3paxoBaHUX
3HAYeHb CKJIAJIAIOTh Psll, B SKOMY OTPUMaHI 3HAUYEHHS
OyIyTh CTaBUTHCS Y BiAMOBIJHOCTI JI0 3arajbHOrO cepe-
JTHBOTO 3HAYEHHS MAaKCUMAJIbHUX BHUKU/IB OOKOBUX Iie-
moctok (MBBII) ¢ynkuii B3aemuoi kopemsinii (PBK).

3. OOuparoTh yacoBUil iHTEpBAN IUIsl MEPIIOi HO-
3uwil psady, y sikomy 3HauenHs MBBIT ®BK mae cepen-
HE 3HayeHHs. /{71 BH3HAYEHHsS HACTYIHUX YaCOBUX
IHTEpBAJIiB TPOBOJATH aHAJI3 PEHTHHrOBOrO psmy i
PO3CTaBISAIOTH 3HAUEHHS Y BIIIOBIJIHOCTI JIO 3arajbHO-

1 T T T T T T

e X A 0 P TS 1N I ..... I S O I I

513

] .......... 4
-0.2
0.4

0.6

0.8

Puc. 2. Curnan, oTpuMaHuii i3 3aCTOCYBaHHSIM I1€PECTAHOBOK
MOCIIOBHOCTI 3 aHCAaMOJIsl 3 MAJIOKO B3a€EMOZIIEI0
B 4acoBiii o0acti

[NopiBHsBIIM OTpHMaHi pe3yJbTaTiB MOXHA 3pO-
OWTH BHCHOBOK, IIO B33a€EMOKOPEIILIMHI BIaCTHBOCTI
MepECTAaHOBOYHUX CHTHAJIB HE3HAYHOIO MIipOI0 IOTip-
LIyIOThCS, amke 3HaueHHs piBHIB MBBIT ®BK curnanis
3aJIOKHUTH BiJl KIIBKOCTI 1HTEpBalliB po30UTTS. Buxons-
YM 3 OTPUMAHUX PE3YJbTATIB OTPUMaHi 3HAYECHHS MakK-
CUMaJIbHUX BUKHUJIB O1YHUX METIOCTOK (DYHKINH B3aeM-
HOI KOpelsilii CUrHajiB npu oOpaHiil KUTbKOCTI iHTep-
BaJIiB PO3OUTTS HE IEPEBUILYIOTh

Ry <2,6VB

TOOTO BIMOBIZAIOTH BUMOTII IO PiBHS B3a€EMHOI KOpe-
TSI CUrHaJIIB OfHOrO aHcamOuo. 3a paXyHOK 3MiHH
TPUBAJIOCTI IHTEPBAJIB PO3OUTTS IEPECTaHOBOYHI MO-
CIJIIJIOBHOCTI, CHMHTE30BaHi 3 Pi3HUX IOCTIIOBHOCTEH 3
MAaJIOI0 B3a€MOJIEI0 Y YacoBiil 001acTi, MalOTh HU3bKY

53

ro cepeanroro 3HaueHHs: MBBIT ®BK. Takum unHOM
Oyne chopMOBaHO HOBHH yCepeIHEHUH psili 3HaYCHb
MBEIT ®BK.

Jlst miaTBepKEHHS Tparie3AaTHOCTI PO3podIIeHO-
T0 aJrOPUTMY TIPUBOTUTHCS MPHUKIIAL, B SKOMY BUKOPH-
CTOBYETHCS YOTHPU MOCTimOBHOCTI Si(t), Sy(t), S;(t),
S4(t), sIKi CHHTE3YIOTHCS Yy BiANOBIIHOCTI /IO 3aIpoIIO-
HOBAHOT'O aJITOPUTMY, PO3IIISIHYTOMY B [3], 3 TpuBaoc-
TsMu nociioBHocTe T = 405 Mkc, TpuBanicTh iMiry-
aeciB T = 10 He. CurHai, OTpUMaHHH 32 JTOIMOMOTOHO
MepECTAaHOBKY YaCOBHX 1HTEPBAJIIB BUXIHOI MOCIiIOB-
HOCTI IIJISIXOM X mepebopy IpeacTaBieHo Ha puc. 2. Ha
puc. 3 npencrasineHa HopmoBana ®BK 1poro curnany.

L ;

08 s . .......... -

05 I AN ; ............

0.4 HH | ........... 4

02 . ........... .

N | : ! | ! - ]

QP e ...... :

i, & e ............ ...... .

0.6

08

Puc. 3. Hopmoana ®BK curnaiy, oTpuMaHoro nuisixom
[epPEeCTaHOBOK YaCOBHMX IHTEPBaJIiB KOJOBOI MTOCIIIOBHOCTI
3 aHcaMOJIsl 3 MaJIOK0 B3a€MOII€I0 B 4acoBiii obnacri

KOpEJAIII0 — IIe Ja€ MOXKIUBICTH (OpMyBaTH Ha iX
OCHOBI aHCaMOJIi CHTHaJIiB, 00’ €MHU AKUX OyIyTh Tepe-
BHII[yBaTH 00’€MHU aHCAMOJIIB BUXITHHX KOJOBHX IIO-
CJTIIOBHOCTEH, B YUCIIO €IEMEHTIB po30UBKH (pHC. 4).

BucHoBok

BukopucTaHHs 3alpoONOHOBAHOTO METOAY Iepe-
CTAaHOBKM IHTEpBAJIiB 3 BpaxyBaHHSIM B3aEMOKOpPEIs-
LMIHHAX BJIACTHBOCTEH KOXXHOI'O CETMEHTY [03BOJISE
MIHIMI3yBaTH B3a€MOJII0 MK CHTHaJaMH B 4YacOBii
obiacri. HacmigxoM I[bOro SBIISETHCS ICTOTHE 3MEH-
IICHHS PiBHS 3aBajJ] MHO)KMHHOT'O JOCTYIY, IO 3HAY-
HOIO MIpOIO TIABHIIYE KiJTBKICTh aHCAMOJIIB CHTHAJIIB 13
3aJIOBUTBHUMH B3a€MOKOPPEIIAIIHIMHU BIIACTHBOCTSIMH
i Jla€ MOXJIUBICTh BUKOPHCTOBYBAaTH iX B ICHYIOYHX
cUcTeMax pajio3B'sa3KYy.
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Method of permutation of intervals, taking into accountant correlation properties of segments
S. Indyk, V. Lysechko

Abstract. The purpose of the article. Development of a new method of permutation of time intervals, which will in-
crease the volume of ensembles taking into account the values of the level of multiple access interference An urgent task is to
develop new methods of permutation of intervals taking into account the intercorrelation properties of each segment. Therefore, it
is necessary to develop a new method of permutation of time intervals, which will increase the volume of ensembles, taking into
account the values of the level of interference to multiple access. The developed method is based on the application of intercorre-
lation properties of time intervals by step-by-step search. The time intervals of the code sequences of video pulses with low
interaction in the time domain are subject to correlation analysis. In the developed method of permutations, the time intervals of
sequences of equidistant pulses of variable length were searched, taking into account the intercorrelation properties of the seg-
ments, so it is possible to distribute the pulses so that the interaction between signals in the time domain is minimal, which in turn
leads to minimal interaction between signals and therefore significantly reduce the impact of multiple access interference. Con-
clusions. The use of the proposed method of permutation of intervals taking into account the intercorrelation properties of each
segment allows to minimize the interaction between the signals in the time domain. The consequence is a significant reduction in
the level of multiple access interference, which significantly increases the number of signal ensembles with satisfactory intercor-
relation properties and makes it possible to use them in existing radio communication systems.

Keywords: multiple access interference, video pulse, pulse duration, pulse repetition period, cross-correlation function.
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JepxaBHUI yHIBEpCUTET TenekoMyHikaiiil, Kuis, Ykpaina

MOXKJUBICTH 3ABE3INEYEHHSA 3ABAIOCTIMKOCTI OBJIAJTHAHHS
CUCTEMMU EGNOS RIMS HA OCHOBI PE3OHATOPIB
HA HEPEI'YJIAPHUX JIIHIAX IIEPEJTAY

AnoTanisi: IIpeqMeroM BUBUCHHS B CTAaTTi € NPOLECH B KONMBAIBHUX CHCTEMaX Ha 0a3i MIKpPOCMYKKOBUX 1 CUMETpHY-
HUX CMY)XKOBHX JiHiH mepenad. MeToro crarTi € po3poOka epeKTUBHHX 3aCO0IB YCYHEHHS IEPeIKof, sIKi (OpMYIOTHCS
CYIIyTHUKOBMM paJiOHaBiralliiHuM cHucTeMaM, L0 3a0e3ledaTb MOXJUIMBICTB (DYHKLIOHYBAHHS arapaTypu CHUCTEMHU
EGNOS RIMS B Vkpaini. 3agaua, 110 BUPILIyeTbCS — OOIPYHTYBAHHS TEXHIUHUX pillIeHb Ta aHali3 PajiouacTOTHOrO ce-
PEIOBHIIA, SIK KIIOUOBOro KpuTepist Bubopy Miciyt posrauryBanss cucremu EGNOS RIMS B Ykpaini Ta BiuuBy paziodac-
TOTHOT'O CEPE/IOBHILA Ha IPOAYKTHBHICTb CUCTEMH. B cTaTTi po3risinaeThes: HasBHI B 30HI pO3rOPTAHHS CHCTEMHU JUKepena
MEPELIKO/, 10 HEraTUBHO BILIMBAIOTh Ha Xapakrepuctuky npuitvada EGNOS RIMS, ockisibku 1X MOTYXHICTb HEpPEBUIIYE
HeoOXiHUI piBeHb y BUKopHCcTaHuX AiarnazoHax dactoT GPS L1 ta L2. OcobnuBoCTi CHHTE3Y pe30HaTOPIB HA 3aMKHYTHX
1 PO3IMKHYTHX BiZIpi3KaX MIKPOCMY)KKOBHX 1 CUMETPUYHUX CMYKKOBMX JIiHIH nepesadi, 11 yCyHEHHs IepeLKo, [Ki ¢o-
PMYIOTBCS CYIyTHUKOBUMH pajlioHaBirauiiiHumu cucreMaMu. I1epCrieKTHBHI IIUISIXM 3aCTOCYBAaHHS 3aIPOIIOHOBAHUX PE30-
HATOpIiB Y BUKOPUCTaHUX AianazoHax yactoT GPS L1 ta L2. BucHoBKY: 3a1IpOIIOHOBAHI TEXHIYHI PillIEHHS JOLIIBHO BUKO-
PHUCTOBYBATH JJI YCYHEHHS IEPEIIKOA, AKi (GOpMYIOThCS B CYNyTHHKOBHX paJliOHaBiraliifHUX cucremax, 1o 3abesneuy-

I0Th MOXJIMBICTb (yHKLIOHYBaHHS anaparypu cucremu EGNOS RIMS B VkpaiHi.

Karwudosi caosa: EGNOS, RIMS, GPS, L1, L2 pe3onarop, MiKpoCMY>KKOBi Ta CHMETPHYHI CMYXKKOBI JIiHII nepezaui.

Beryn

CmiBniparst Ykpainn ta €C B pamMKax IpPOEKTY
EGNOS RIMS 6epe nouatok 3 rpyasst 2005 poky, Konu
OyJI0 MAIMMCAaHO YrOAY MPO CHIBIPAIO B MIPOEKTI €BPO-
nerickkoi THCC EGNOS / Galileo B Kuesi. Ykpaina
parudikyBana yrogy B 2007 porui, €C - Bocenu 2013
poky. IliamucaHHs naHoOro OOTOBOPY CBIMYMIMA TPO
HaMipH, IOJ0 po3IHpeHHs MoKpuTTs cuctemu EGNOS
RIMS Ha Tepuropii Ykpainu Ta 31iHCHEHHS B paMKax
BHKOHAHHS YTO/M IIPO acomuialiro Mix YkpaiHor ta €C
(Pozmin 8 "Kocmoc") [1].

3axoau, WOAO PO3IIMPEHHS HAaBIralidiHOrO Mo-
kputtst EGNOS RIMS Ha tepuropii Ykpainu 3ailicHio-
€TBbCSl B paMKaxX BUKOHAHHS 3rOJW MPO acoIialiio Mix
VYkpaiHoto Ta €BpONEeHCEKUM COI030M.

[pakTiyHa miAroToBKa M0 pO3MILIEHHS B YKpaiHi
KOHTpOJbHO-KOpurytodoi cranimii RIMS (Ranging and
Integrity Monitoring Stations) /I IPUIAHATTS] CUTHAIIIB
Bix eBporeiicbkoi Galileo mouanacek B 2015 porti [2].

Bnposamkenns cucremu EGNOS RIMS B Ykpaini
3HAYHO MOJIIIIIYE AKICTh MiCIICBU3HAYCHD HABIraIliiHUX
npuiiMaviB Ta CTaHe KIIOYOBUM (PaKTOPOM JIJIsl Ii/IBH-
LIEHHs piBHS Oe3neku Ta eeKTUBHOCTI aBialiiHOro Ta
IHIIMX BUJIIB TPAHCIIOPTY, Y TOMY YHCII, 1 JUIsl BIHCHKO-
BUX TIEpEeBE3€Hb, a TAKOXK CIIPUATHME PO3BHTKY BUPOO-
HUYHX ITOTYXHOCTEH B KIIFOUOBUX TajTy3sX €KOHOMIKH.

VY BIAMOBIAHOCTI 3 YaCTUHOK TPETHOIO CTATTI 6
Yrogu mpo CcHiBpOOITHHITBO MIONO IMBIIBHOI riioda-
npHOI HaBiramiiiHoi cymytHukoBoi cucremu (I'HCC)
Mix €BponelicekuM CIiBTOBapUCTBOM, HOro JeprkaBa-
MU-ulleHaMu Ta YkpaiHoto Bix 01.12.2005 croponamu
VYroau Oylo BU3HAHO «...BaXIUBICTh 3aXHCTY HaBira-
LIHOr'O CHEKTPY PajiodyacToT BijA MOpYIIEHb Ta Iiepe-
mkom» [3]. «GNSS» abo «riobanbHa HaBiraiiiHa cy-
ITyTHUKOBA CHCTEMa» — IIe iHPpacTpyKTypa, 10 CKia-
JIAETHCS 3 TPYNHU CYITyTHHUKIB Ta MEPEXi LIEHTPIB 1 Ha3e-
MHHUX CTaHIIIH, sika HAJCUIIA€ PalIio CUTHAIM IS 3a0e3-

MEYSHHsS] MOCIYTH HaJTOYHOrO BUMIpPIOBAHHS 4acy Ta
TIO3UIIOHYBAaHHSI HaJ| BCI€I0 3€MHOIO TIOBEPXHEI0 KOpPH-
CTyBauam 3 BIJIIOBITHUM npuiiMaueM [3, 4].

EGNOS (European Geostationary Navigation
Overlay Service) — perioHajgbHa CUCTEMa CYITyTHUKOBOL
HaBiramii, O KOPHUTye BIAKPUTI CUTHAJIM, HaIicIaHi
IJI00aJbHUMH  CHCTEMaMH CYNyTHHKOBOi HaBirarii,
ronouuM unHoM GPS i Galileo, 1o mo3Bonse kopuc-
TyBayaM IIMX CHCTEM OTPHUMYBaTH Kpalli pe3yJbTaTH
ToyHoCTi Ta nimicHocTi. EGNOS BKiIOUae psii HazeM-
HUX CTaHIIHM Ta KiJbKa TPaHCHOHMEPIB, BCTAHOBIICHUX
Ha TCOCTAlliOHAPHHUX CYIyTHUKaX. HaszemHi craHIii
CKJIaJIAlOThCS 3 1H)KEHEPHOro IIeHTpa, LIEHTPIB yIpas-
JiHH Micismu, ctaHmid RIMS, cranmiit NLES, cepgic-
HOTO IIeHTpa Ta cepBepa [3, 4].

Ha Temepimmniii yac 30Ha il CHCTEMH OXOILTIOE
MPaKTHYHO BCIO €BpOIY, BKIIOYAIOYM HE BEJIUKY 4Yac-
TUHY 3axigHoi Teputopii VYkpainu. PozmmpenHs
EGNOS 11e po3mupeHHs BIIKPUTUX Ta JKUTTEBO BaXK-
nuBux nocayr EGNOS Ha iHIIUX TepUTOpISX 3a Mexa-
Mu teputopii Coro3y, HUISIXOM pPO3LIMPEHHS Ha3eMHOI
iH(ppacTpYKTypH, a came Mepexi craniii RIMS B inTe-
pecax kpaiH, mo He € wieHamu Coro3y [3, 4]. Io cro-
cyetbes 30H mokputTst EGNOS 1o 11e 005acTi, B SKUX
MOXKHa TPUAMATH CHUTHaJIM, HAAiCIaHi CHCTEMOIO
EGNOS, sikxi BiANOBiZa0Th MiHIMAaJBHUM HapaMeTpam
JIOCTYITHOCTI, BU3HAYEHUM JUIsi BIAKPUTOI IIOCITYTH.
Hazemni cranmii RIMS, mo HamexaTbh 10 CHCTEMH
EGNOS, npusnaueHi aist 300py B pexuMi pealbHOTO
Yyacy JaHuX NpO MO3UIIOHYBAaHHS 3 CHI'HATIB TI100aJb-
HUX CYITyTHHUKOBHUX HaBiraumidHux cucrem [3, 4].

CTtaH nuTaHHA

Y 2018 poui MixHapomHuii aepormopTt “Kuis”
(Kynsuu) Oyiao oOpaHO MEpEeMOXKIIEM B PO3TalllyBaHHI
KOHTpOJIbHO-KOpHTytounx cranmiii EGNOS RIMS Bin-
MOBITHO JI0 YTOAHU MPO PO3IIMPESHHS Ta CIiBPOOITHHIIT-
BO 00 IMBIUIBHOI TJI00aBHOI HABITAI[IHOI CYITyTHU-
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koBoi cucremu (I'HCC) mix €Bponeiickkum CriiBToBa-
pUCTBOM, HOro paepskaBaMu-uJ€HaMH Ta YKpaiHOIO.
Take pimeHHs OYyJNO yXBaJCHO 3aBASAKH ITiATPUMII
Jlep>xaBHOrO KOCMIYHOIO areHTCTBa YKpainu, €Bpo-
nericeroro arenrctBa [HCC (GSA) Ta mpencraBHUKIB
€BporenchKol KOMICii.

OpHUM 13 KITIOYOBHX KpUTEpiiB BHOOpY Micls €
PaaiovyacTOTHE CepPEIOBHIIEC TOOTO 3aXHMCT HABIraiiHO-
TO CHEKTPY pajiioyacToT BiJ MEPEeHIKO, OCKUTBKH YyMO-
BH HaBKOJIMIIIHLOTO CEPEIOBUINA MAOTh OE3ITOCepeaHIH
HETaTUBHUH BIUIMB HAa TPOAYKTHBHICTH CHUCTEMH
EGNOS RIMS. V¥ Toif ke 4yac, B XOAi JOCIIIKECHb B
paiioHi MixHapoaHoro aeporopty «KuiB» (OKynsan)
OyJI0 BHSIBJICHO JDKEpelna IMEepPENIKo, TOTYKHICTh SKUX
TIEPEBHIILYE JOMYCTUMUIA PiBEHb, OCKUIBKH 111 TTEPEIKO-
JIM HETaTHBHO BIUTMHYTH Ha XapaKTEPUCTHKH IpHiMaya
cranii RIMS y BUKOpPHUCTOBYBaHHMX Jialla30Hax 4acToT
L1 Ta L2 (3 nentpansaumu yacroramu 1575,42 MI'u ta
1227,6 MI'n). Kpim Toro, 11i mepemkoau € 6e3mnepeps-
HUMU, IO TIPU3BONTD /10 3HAYHOTO TOPYLIEHHS] BUMOT
o po3MimieHHto craniii RIMS [5 —7].

AHaJi3 0CTaHHIX JOCTiTKeHb i myOaikamiii

Ha choroaHiniHiii eHs, M 9ac MPOSKTYBaHHA pa-
nioenekTpoHHuX 3aco0iB (PE3) nuTaHHs eneKkTpoMarHit-
Hoi cymicHocti (EMC) HemoctaTHbO BupilneHi [8]. Bu-
XOSMYH 13 3HAYHOI KUIBKOCTI BIJOMMX METO/IB Ta CIIOCO-
0iB ix peamizanii B koHkpeTHHX PE3, ix edexTuBHiCcTH 32
PI3HUMH KpUTEpisIMU OLHKK omiHeHa He Oinbiie 20 %.
Cnabo BpaxoBaHi NUTAaHHSA BIUIMBY OKPEMHUX CIIOCOOIB
TIOMIIIIIEHHS TeXHIYHUX XapakrepucTuk PE3 B mmpokiit
CMy31 4acTOT Ha 3MiHy OCHOBHHX ()YHKIIOHAJIbHUX Xa-
pakrepuctik PE3 i nHTaHHA KOMIUIEKCYBaHHS Pi3HUX
CHoco0iB ISl JOCATHEHHS HEOOXiJHUX PIBHIB XapakTe-
PHCTHK BUIPOMiHIOBaHb i npuiiomy PE3, 110 BrutiBaroTsh
Ha ix EMC. Takum 4iHOM, OJJTHUM 3 OCHOBHHUX (haKTOpIB,
1o BiutuBaroTh Ha EMC PE3, € B3aeMHI Mepenko iy, mo
CTBOPIOIOTHCSI OCHOBHUMH 1 HEOCHOBHHUMH BHITPOMIHIO-
BanHsMu PE3. JIo 0OCHOBHUX OCOOJIMBOCTEH €IeKTpoMar-
HITHOT 00cTaHOBKHM pu poboTi PE3 Ha O0pTy mOBITpsIHO-
ro cyaHa (I1C) moxxHa BimHecTH Take [9]: B Mexax oIHO-
ro IIC 3ocepemkena Benuka Kinbkicte PE3 pizHOro
MIPU3HAYEHHS, 110 MAalOTh CIHIJIBbHI JPKEpeNa KUBJICHHS,
3arayibHi a00 OJIM3BKO PO3TANIOBaHI AHTCHHI CHUCTEMH,
KOHCTPYKTHUBHI 1 (DYHKILIIOHAJIbHI 3B'SI3KU; MOXJIMBICTH
BIUIMBY BHIIPOMIHIOBAaHb CTaHIIH aKTUBHUX ITEPEHIKO]
CBOT'O JIiTaKa 1 CyCiJHIX JIiTakiB OOWOBOro MOpPSAKY Ha
iamm ritakoBi PE3; omHoyacHa po0OoTa OJHOTHITHUX
PE3 nHa nmitakax B 3araJpHOMY MOPSIKY; HasBHICTH
3araJbHUX 4acTOTHHX Aiana3oHiB PE3, mo micturecs y
JiTakax pi3HOro NMpHU3HA4YECHHS; BIUIMB Ha OOpTOBE pa-
nmioenekrponne obnagnanus (PEO) uwucieHHux mepe-
ko Bix HazemMuux PE3 npu Bxoji B iX 30HY ii.

OCHOBHUMH TPUYMHAMH BHHHKHEHHS B3a€EMHHUX
nepemmkoxa s 6oproeux PE3 € [10]: poboTa Ha 61u3b-
KUX a0o0 CIIBNaIal04MX 4acTOTax; HeJOCTATHIH TepUTO-
playibHUH PO3HOC; BIJCYTHICTH CHHXPOHHOI'O 3aIlyCKy
po6otu PE3.

OcHoBHi HanpssMku 3a0e3neuends EMC PE3 [11]:
IiIBUIIEHHS] €EKTUBHOCTI BUKOPHCTAHHS Ta periame-
HTaIlii YaCTOTHOTO CHeKTpa (po3podka MEepCIeKTUBHOTO
IUIaHy i MIPOBE/ICHHS IIOTOYHOTO IUIaHYBaHHS pajiodac-

TOTHOTO Jliana3oHy, ONpAIfOBaHHS TEXHIYHHUX IIUISXIB
€KOHOMHOT'O BHKOPUCTaHHS pPajlio4acTOTHOTO CIIEKTPY,
a TaKoXX OCBOEHHS Ta PErJIaMEHTAllisi HOBUX Jlialla30HiB
XBHJIb); TIONIIIIEHHS! TEXHIYHUX xapakTepuctuk PE3 B
LIMPOKIA CMY3i 4acTOT B pe3yJbTaTi pIilIEHHS TPHOX
B3a€MO3AJISKHHUX 3aBJIaHb 110 HOPMYBAHHIO ITapaMETpiB
TEXHIUYHUX XapaKTEepUCTHK; peajizalii MeToniB MOill-
LIEHHS TEXHIYHUX XapaKTEPHCTHK; METPOIOTiYHOr0
3a0e3MeueHHs] BUMIPIOBaHb 1 KOHTPOJIIO XapaKTEPUCTHUK.

PinreHHst 3aBoaHHs 1100 HOPMYBAHHS TEXHIYHHX
xapakTepucTuk PE3 3miHCHIOETHCS BIAMOBIAHO IO TPO-
rpaM KOMIUIEKCHOI CTaHAapTH3allii, BCTAHOBJIIOIOTH HOP-
MU Ha NMOOIYHE BUITPOMIHIOBaHHS 1 MPUIHOM 10 TOOIYHUM
kaHasaMm. Ananmiz podboru PE3 na Oopry IIC mokaszas
HasIBHICTh BEJIMKOI KIJBKOCTI MOTEHIIHO HECYMiCHHX
PE3 [8]. Benuki pe3epBu MOJIMIICHHS eICKTPOMArHITHOT
obcranoBku Ha O6opty I1C npuxoBaHi B peanizaiii MeTo-
IB TONIMIIEHHS TexHIyHuX Xapaktepuctuk PEO, i B
TepIly Yepry B YIOCKOHAJIeHHI METO/IIB CHHTE3Y clielia-
JIBHAX BHOOPYMX TPHCTPOIB YacTOTHOI ceiekuii. [Ipu ix
PO3po0IIi BUHHUKAE DS TPYIHOIIIB, TOB'SI3aHUX 3 CYIIEepe-
YWIMBUMH BUMOTaMH JI0 (QUIBTPYEIOUUX CUCTEM:

- OTPUMaHHS YaCTOTHHX XapaKTEPUCTHK (DiabTpiB
3 BHCOKOIO BHOIPKOBICTIO y pa3i TEXHOJOTIYHOTO cepiii-
HOrO BHUPOOHMITBA 1 MiHIMAJIBHUX MaJjorabapuTHHUX
MOKa3HUKAX;

- OTpPUMaHHS HEOOXIJHOI IIMPOTH CMYTH 3aropo-
JOKEHHS TIPY 3aJ[aHuX PIBHSX 3aracaHHs B CMY3i IIpomy-
CKaHHS 1 cMy3i 3aropokenHs [9].

Meta crartTi. 3 ypaxyBaHHsIM 3a3HAU€HUX YMOB,
aKTyaJIbHUM Ha ChOTOJHI € 3aBAAHHS IOJO PO3POOKH
eeKTUBHUX 3aC00IB YCYHEHHsI MEpemKos, siki (hopMmy-
I0ThCSl CYINYTHUKOBHM pajiOHaBiralmiiHUM CHCTEMaMH,
mo 3abe3rnevyaTh MOXIJIMBICTh (YHKIIIOHYBaHHS arapa-
Typu cuctemu EGNOS RIMS B YkpaiHi.

OCHOBHA YaCcTHHA

Y OpUCTPOSX pPaTiOTEXHIKH HIMPOKO 3aCTOCOBY-
I0ThCSl KOJIMBAJIbHI CHCTEMHU Ha 0a31 MiKpOCMYKKOBUX 1
CUMETPUYHHMX CMY)KKOBHX JiHId. B nmaniii po6oTi po3-
TJISTHYTI OCOOJIMBOCTI CHHTE3Y PE30HATOPIB Ha 3aMKHY-
TUX 1 pO3IMKHYTHX BiJ[pi3KaxX BHIIEBKa3aHUX KOHCTPYK-
wiit miHid nepenaui s (QYHKIIOHYBaHHS amaparypu
cucremu EGNOS RIMS [12].

TakuM YMHOM OCKIUJILKH JIiHIS € 3aMKHEHOIO, TO B
3aJIeKHOCTI Bif 11 TOBXKHHU 3MIHIOETHCSI XapaKTep BXiJ-
HOT'O ONOpY 1 YacTOTHI XapaKTEPUCTHKH JIiHIi CTAIOTh
AQHAJIOTIYHUMHU XapaKTEPUCTUKAMU BiAMOBIAHO ITOCTI-
JIOBHOTO a00 HapalieIbHOrO0 KOJHMBAIBHOTO KOHTYPY, a
cama JIiHIS CTa€ CEKBIBaJICHTHOIO ITOCIIIOBHOMY a0o
MapajielbHOMY KOJIMBaJIbHOMY KOHTYPY MOOJU3Y pe3o-
HaHCHOI YacToTH. [lomrocu BXiIHOTO OMopy KOpOTKO3a-
MKHEHOIO JIiHII CIIIYyIOTh 3 MepiogoM Tt/t3 , TaK SK
BXI/IHMI OITip OIHOPITHOT (PETyNApHOT) 3aMKHYTOI JIiHI{
[13] Z,, = jWigot;. 3aKkoH 3MiHM XBHJILOBOTO ONOPY,

mo 3abe31euye MaKCUMaJbHy JOOPOTHICTh Pe30HATOpa
JIOCSITAETHCS 38 PAXYHOK IIEBHOTO 3aKOHY 3MiHHU LIMPH-
HU TIPOBiIHOT cMYKXKH. [LIupuHYy CMY»KKH i-01 CXOJANHKH
BIZIPI3Ky peryssipHOi JiHii /; 3 XBUIBOBUM OIOPOM

W(t) BU3HAYAETHCS BUPA3OM:
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W=8h/(ed—2e_”), (1)
fie h — TOBIIMHA MieNEKTPUYHOT i IKIA/KA B MM; €, —

BiJTHOCHA JTieJIEKTPUYHA MMPOHHUKHICTh MiIAKIAAKA; W —
LIMPYHA MIPOBITHOT CMYKKH B MM.

[Ipu npoMy noxubka oduKcICHD 3a hopmyioro (1)
He nepeBunye 1 %, 110 IiJIKOM 3aJ0BOJIBHSAE BUMOTaM,
IO MTPEA'IBJSIFOTHCS 710 1HKEHEPHUX PO3PaxyHKIB.

HaseneHni ¢popMmynu Oynu oTpuMaHi B NPUITYLICH-
Hi, 1110 TOBIIMHA MPOBIIHOI CMY)XKH HECKIHIEHHO MaJia.
OnHak B THX BUIagkax, koau b/h>0<0,06, ne b —
TOBIIMHA MPOBIITHOI CMYXKH, HEOOXiJHO BPaxOBYBaTH
TOBUIMHY CMYKKH. JJI1 LbOrO MIMPHHY CMYXXKH W,
po3paxoBaHy 3a YMOBH, IO i TOBIIVMHA JOPIBHIOE HY-
JI0, HEOOX1/THO 3MEHIIINTH Ha BEIMYMHY, 3HAUCHHS SKOT
0OYHUCITIOIOTHCS] TAKUM YHHOM:

mpu  w/h<016 Aw=b[I+n(4nw/b)]/m,  (2)

mpu  w/h>0,16 Aw=b[I+n(2nw/b)|/m. (3)
Ile#t Bupa3 cripaBemIMBO, KOJIU TOBIIUHA CMY>KKH B KiJIb-
Ka pasiB (aye He Oijblie) NepeBUIlye TIIHOMHY CKiH-
mapy B MeTaii. JIoBKMHA MPOBIAHOI CMY)KKH, BiAIIOBII-
— AL+ AL, pe A1, A1
i i i i
JKUHU BiJIPi3KiB OMHOPIAHUX JIiHIM mepenadi, BiAMOBiI-
HHUX I-X CXOIUHOK.

Po3risinyTi BHIe BUpa3u U pO3paxyHKy reoMe-
TPUYHUX PO3MIpiB MIKPOCMYKKOBHX JIiHIH BUBEJEHI 3a
YMOBH, IO B JiHII nommproerbest Tutbkn TEM-xBus,
TOOTO BIJICYTHI TO3/IOBXKHI CKJIaJOBI BEKTODIB HAmpy-
JKEHOCTI €JEKTPHYHOro i MarHiTHoro nomsi. PaszoBa
mBuAKicTe TEM-XBUIIl HE 3a1€KUTH BiJl YaCTOTH.

HacnpaBai Bci 3a3HaueHi SBUINA B PI3HOMY CTYyIIe-
Hi TIPOSIBIISIIOTBCS B PEaNbHIN MIKPOCMY)KKOBIH JIiHII.
Oco0aMBO B MIKPOCMYXKKOBIH JIiHIT TO3HAYarOTHCS
BTPaTH Ha BUIPOMIHIOBAaHHS B IUIOLIWHI, [EPHIEHAUKY-
JSPHIA TUTONIMHI CMYXKH, IO 3HIXKYE HOOPOTHICTH
pe3oHaTopa.

Takox, aje B HaOaraTo MEHIIIOMY CTYIICHI BUITPO-
MIiHIOE€ 3aMKHYTHH KiHEIlb PE30HATOpa dYepe3 CIIOTBO-
PEHHsI CTPYKTYPH ITOJIsI B KiHII JIiHIT B MiCIll KOPOTKOTO
3aMUKaHHSI.

Y MiKpOCMYKKOBiH JIiHIT HE BCi CHIIOBI JIiHII OIS
MIiX CMY)XKOBHM ITPOBITHMKOM 1 3a3€MJICHOI IIACTHHH
MIPOXOAATH Yepe3 MiAKIaaKy. ToMy XBHWIIS, IIO PO3IO-
BCIOJKYETBCSI B3/I0BXK MiKPOCMY>KKOBOT'O MPOBI1THHKA, €
He uncro T-xBuneto. Bona e kBasi T-xBuero. Ii dasosa
LIBHIKICTh B MIKPOCMYKKOBIiH JIiHIi BU3HA4a€ThCS (o-
pMmynoro [14]:

HOI -1 CXOIUHKHA All- — JIOB-

Vp =Cleyp. 4)

BigzHaunMo, 1m0 epeKTHBHA ieNIeKTpHYHA TO-

CT1MHa E,'re

KU, TaK K e()eKTHBHA JieJICKTPUYHA ITOCTiI{HAa BPaXOBY€E
ToJse 1o3a MiAKIaakyd. Brpatn B MiKpOCMY»KKOBiH JTiHiT
CKJIJIAlOThCS 3 BTPAT y TPOBIJHUKY 1 MHi€NEKTPUKY.
3okpema, (opmyna aj1si 0OYHMCIEHHS 3aracaHHs B IIPO-
BiIHMKY MpOBITHOI CMYXKH ., (1b/M) Moxe OyTH
3anmucaHa y Bursi [15]:

MEHIIIe JieNIeKTPUYHOI MOCTIHHOT MiaKIa-

2
R, 32-
@y =1384— 3 (We/h)z, (1}1, (5)
"o 32+ (w,/h) h
0,667 w /h
=6,1-10° 45273 Rt 6
“np we /ht w,, [h+1,444 » (6)

Pe3onaropu y BUTIISIII pO3IMKHYTHX BiZIPi3KiB OJI-
HOPIJTHUX IIOJIOCKOBHX JIiHIM 3aCTOCOBYIOTBCS B SIKOCTI
MPOXI/IHKUX, IO MPAKTUYHO BHUKIIIOYAE BUIPOMiHIOBAaH-
HS 3 BIJKPUTOrO KiHIS Bijpi3ka . Tak sk JiHisA € po3i-
MKHYTOIO, TO YEePryBaHHs IONIOCIB B Hii BinOyBaeThCs
3 TiepiofioM k7z/2, OCKIJIbKH BXIAHUH Omip BiIpi3Ky JiHIT

Z, =Wcthpty . 3anexHo Bil Xapakrepy HaBaHTaCH-

HA, TIAKIIOYCHOI JO KIHI JIiHIT MpH HapaiebHOMY
BKIIIOUEHHI PE30HATOpPa, IOBXKHHA 11 Oy/Je 3MEHITyBaTH-
cs1 a00 301ITBIIYBATHCS JIJIsl CTBOPEHHS PEXHUMY CTOSTYHX
xBWib. [lpu Wo>R,. Wy <R, (RH

JKCHHs) 1, SAKINO JIiHiS HaBaHTa)KCHA HAa KOMIUICKCHHIMA
OITip, TO B Hill BUHUKAE PEKUM 3MilIAHUX XBHJIb.

HemomikoM CHMETpUYHOI IOJIOCKOBOI JIHIT €
YCKJIaIHEHUH AOCTYIl IO BHYTPIIIHHOTO MPOBITHHUKA
IIPU MOHTaX1 CXEMH B KOpPIIYC, & TaKOX YCKJIaJHEHa
YCTaHOBKA HaBICHUX €JIEMEHTIB, SIKIi MOXYTh 3aCTOCO-
BYBaTHUCS Ul HAaCTPOMKH, MepeOyHOBH, PETYITIOBAHHS
XapaKTepUCTHUK pe3oHaTopa [13].

[lpn BuKOHaHHI pe3oHAaTOpa HA JIiENEKTPUYHIH
MiAKIaA 3 BHUCOKOI JI€JIEKTPUYHOI0 IPOHHUKHICTIO,
3aracaHHsM 3a PaxyHOK BHIIPOMIHIOBAaHHS MOXKHa 3He-
XTYBaTH BPaxOBYIOUM HOro maiicte. [ligBuineHns 100-
POTHOCTI TMOJIOCKOBOI JIiHIi MOXJIMBO 32 paxyHOK 30i-
JIBILICHHS BIICTaHI MK IUTACTHHAMY 1 IIUPUHU CMY>KKH,
OITHAK ICHYy€ Mexa, 0OYMOBJICHA IOSBOI0 XBHJICBOIHUX
TUITIB KOJMBaHb. ToMy (i3WYHUMU OOMEKEHHSMH €
HAaITiBXBUWJIBOBUI PO3MIp IIHUPHHU TOKOHECYIIOT CMYKKH
1 BiJICTaHI MK HEIO 1 3a3eMJIIOYOI0 IUIacTUHOMO. [Ipu
HEBHKOHAHHI Ii€] BUMOTH Y3JI0BX PE30HATOpa ITOYH-
HAIOTh TOIIMPIOBATHCS BHII TUIH KOJWBaHb, IO PO-
6uth Horo mpaktnuHo MapHuM. o crocyeTbest po3i-
MKHYTHX pPE€30HATOpiB, TO HEOOXiAHO BiI3HAYUTH, IO
NPU MaJiMX €JIeKTPUYHHUX JIOBXKHMHAX MPHCTPOIB 3 Bi-
KPUTUM KiHIIEM JIiHi{, BTpaTd Ha BUIIPOMIHIOBAHHS
MOXYThb cTaHOBUTH 10 90 % BiJ 3arajabHOrO 4YHcia
BTpatT. Y HasBHOCTI HEBIAMOBIAHICTH Mi’K BUMOTaMH JI0
KOMIUIEKCHOI MiKpOMiHiaTIopHu3alii 1 BTpaTaMu B pe3o-
HaTtopax. TakuM YMHOM JIOIJIBHO PE30HATOP 3 BiJKpPH-
TUM KiHIIEM BUKOPHUCTOBYBATH SIK POXifaHuUi [16].

31 301NIBIIEHHSIM TIepeTialy XBUILOBOTO ONOpPY MO-
JNIYIOThCS (QIIBTPYIOYl BIACTHBOCTI pe3oHaTOpa i
3MEHIIYEThCSI Horo goxuHa. OCTaHHE O3Ha4ae, MIO
3pOCTalOTh BTPAaTH HA BHUIIPOMIHIOBAHHS 3 BIJKPUTOTO
KiH JiHil. OTKe, IpH HaKIaJAeHHI 00MEeKeHb Ha MiHi-
MaJbHE 1 MaKCHMaJbHE 3HAa4€HHS XBHJIHOBOTO OMOPY,
[0 3aJa€ThCI 3 ypaxyBaHHAM (Di3UUHOI MOXKIHBOCTI
OyTu peasizoBaHUM, HEOOXiTHO BpaxoBYBaTu i (hakTop
3pOCTaHHS BTPaT HAa BHIIPOMIHIOBAHHS 31 3MEHIICHHIM
JTOB)KUHHM BiJIpi3Ka JIiHii.

3anporoHoBaHi B po0oTi QiIbTpU OyIH MPOMOJIe-
npoBaHi B cepenoBuili MATHCAD mnst cynmyTHUKOBHX
panioHaBiramiiHUX CHCTEM B Aiama3oHi yacror L2 (3
LEHTPaIBHOIO YacTtoroto 1227,6 MI'n) (puc. 1).

— omip HaBaHTa-
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Puc. 1. ®inprpanis B gianasoni yacror L2

Amnani3 rpadiky 3aJeXHOCTI IMOJAaBJICHHSI CUTHAITY
BiJl 4aCTOTU IOKa3ye, IO 3aCTOCYBaHHS 3alPOIIOHOBA-
HUX DPE30HATOpIB € e(PEeKTHUBHUM JJisl YCYHEHHS Iiepe-
IIKON, sIKi (OPMYIOTBCS CYITyTHHKOBHM pajiiOHaBira-

HiHHAM CHCTEMaMH, IO 3a0e31mevyaTh MOKIUBICTD (yH-
KuioHyBaHHs anaparypu cucteMu EGNOS B Ykpaini.

BucHoBku

VY crarti po3mISIHYTO NHTAaHHS BUPILIEHHS IIPO-
Onemu 3aBajocTilikocTi obmaxHanHHA cucteM EGNOS
RIMS, 110 3ampoBaKyr0ThCsI B Y KpaiHi.

Jlyis ycyHEHHs Tepemko, Mo GopMYyIOThCS Cymy-
THUKOBMM paJiOHABITAI[IHAM CHCTEMaM B Jiama3oHi
yactor L1 ta L2 (3 ueHtpansuumMu yacroramu 1575,42
MI'1 Ta 1227,6 MI'1), 3anporioHOBaHO KOHCTPYIOBATH
(iIbTPU Ha OCHOBI PE30HATOPIB HA HEPETYISIPHUX JIiHI-
SIX TIepeNi.

BukopucranHs pe3oHaTtopa Ha i€IEKTPUYHIH
MiAKIaANl 3 BHCOKOK JIEJIEKTPUYHOI ITPOHHUKHICTIO
JIO3BOJISIE 3AXUCTUTH HABITALIHUI CIIEKTP paiodacToT
BiJ] IEPEIIKO/.

[pencraBnene TexHiYHE PIlIEHHS JO3BOJISIE 3MiM-
cauty posummpenHss EGNOS B YkpaiHi y BianoBigHocTi
JI0 MDXKHapOIHOI YO/, a caMe B MXKHApOTHOMY aepo-
nopty «Kuis» (Kynstan).
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Capability to provide noise immunity of egnos rims system equipment based on resonators on irregular transmission lines
N. Lishchynovska

Abstract: The subject of study in the article are the processes in oscillatory systems based on microstrip and symmetric
strip transmission lines. The aim of the article is to develop effective means of eliminating interference generated by satellite
radio navigation systems, which will ensure the possibility of functioning of the equipment of the EGNOS RIMS system in
Ukraine. The problem to be solved is substantiation of technical solutions and analysis of the radio frequency environment as a
key criterion for choosing the location of the EGNOS RIMS system in Ukraine and the impact of the radio frequency environ-
ment on the system performance. The article considers: there are interference sources in the deployment zone of the system,
which negatively affect the characteristics of the EGNOS RIMS receiver, as their power exceeds the required level in the used
GPS frequency bands L1 and L2. Features of resonator synthesis on closed and open segments of microstrip and symmetric strip
transmission lines, to eliminate interference generated by satellite radio navigation systems. Promising ways of application of the
offered resonators in the used frequency ranges of GPS L1 and L2. Conclusions: the proposed technical solutions should be used
to eliminate obstacles that are formed in satellite radio navigation systems, providing the possibility of operation of the equip-
ment of the EGNOS RIMS system in Ukraine.

Keywords: EGNOS, RIMS, GPS, L1, L2 resonator, microstrip transmission lines, symmetric strip transmission lines
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XAPAKTEPUCTUKH CUTHAJIIB MOAYJALII HUKJIITYHUM 3CYBOM KOJIY
3 AJANTAIIETO IO MIBUAKOCTI HEPEJABAHHS TH®OPMAIIII
HA OCHOBI JOCKOHAJIUX IBIMKOBUX MATPUIb

AHoTanis. 3a pe3ynsraTaMu JI0CHIDKEHb BCTAHOBIICHO, 1110 BXKIIMBOIO XapaKTEPHCTUKOIO CUCTEM Pajiio3B’s3Ky CIIeHialbHO-
IO IPU3HAUYCHHS € MePEIIKO03aXUIIEHICTh. [1epenKo103aXILEeHICTh BKIIOYAE CKPUTHICTh CUCTEMH Ta 1i IIepeIKog0CTiHKICTb.
IeperkonocTiiiKiCTb, CTPYKTYPHA Ta €HEpreTHYHa CKPUTHICTh CHCTEMH PaJlio3B’ 3Ky CIIELiaIbHOrO MPU3HAYCHHS BU3HAYAIOTh-
sl XapaKTepUCTHKaMH BUKOPUCTOBYBAHHX CUTHAJIB. B po0oTi mpe/craBieHo pe3yibTaTy JOCHiDKEHHS XapaKTepHCTHK CUIHAIIB
MOJYJISILi IMKJTIYHAM 3CYyBOM KOy 3 a[alTalli€fo 110 MBUJIKOCTI IepeaBaHHs iHpopMalli Ha OCHOBI JIOCKOHAINX JBIHKOBHX
MaTpHIb, a CaMe CTPYKTYPHOI Ta €HEpreTHYHOI CKPUTHOCTI. 32 pe3ylbTaTaMy IPOBEASHHX JOCHIPKEHb BCTAHOBJIEHO, 1110 BUKO-
PHCTaHHSI CHTHAJIIB MOJYISILIT LIHKJIIYHIAM 3CYBOM KOy 3 aJallTalli€lo 110 IIBUIKOCTI ITepeaBaHHsl iHpopMallii Ha OCHOBI JOCKO-
HAJIMX JIBINKOBUX MaTpPHILb 3aMiCTh M-TIOCIITOBHOCTEH JO3BOMTH ITiIBUIUTH CTPYKTYPHY CKPHTHICTD PaJliOCHCTEM CIIeIlialib-
HOro npu3HadeHHs.. CTpyKTypHa CKPHTHICTh CHTHAIIIB MOIYIISILIT IMKITIYHAM 3CyBOM KOJTy 3 aJIalTali€ero Mo MIBHIKOCTI ITepea-
BaHHsI iH(OpMallii Ha OCHOBI JOCKOHAINX [BIMKOBMX MaTpHIb OUIbIIA 32 CTPYKTYPHY CKPUTHICTh M-IIOCIIIOBHOCTEIHA, 10 TOTO K,
TIpH 30UTBILIEHHI JOBKHHHU KOJIOBOI IIOCIIIIOBHOCTI, CTPYKTYPHa CKPUTHICTD CHTHAJIIB MOIYJISLIT [IMKJIIYHIM 3CYBOM KOJTY 3 aiarl-
TaIi€lo 10 MIBUIKOCTI NepeaBaHHs iH(popMalii Ha OCHOBI JOCKOHAIMX JIBIHKOBHUX MAaTpHIb 3pOcTae cIpiMKime. EHepreriuyna
CKPUTHICTh CUTHAJIIB MOIY/ISLI IUKJIIYHIM 3CYBOM KOAY 3 aalTalli€lo Mo MIBUIKOCTI NepeaBaHHs iHpopMallii Ha OCHOBI J10-
CKOHAJIMX JBIHKOBMX MaTpHLb iICHTHYHA €HEPreTHYHIH CKpUTHOCTI curHaiiB M-i4HOi opToroHansHOi Moxysnii. Hanpsimxom
TIOJAIBIINX JOCII/DKEHb € JIOCHTIIKEHHs MePeIIKO0CTIHKOCTI CHIHAJIB 3 aJlalTallielo 0 IBHIKOCTI Iepenadi iHdopmanii Ha

OCHOBI JOCKOHAJIUX I[BiﬁKOBHX MaTpulib B yMOBax 6aFaTOHpOMeH€BOFO PO3MOBCIO/PKECHHSA paI[iOXBI/IJ'lB.

Kar4dosi ciaoBa: MORyisllis UMKIIYHAM 3CyBOM KOZY, JIOCKOHaJII JIBIHKOBI MaTPHILi, CKPUTHICTb.

Beryn

IlocTanoBka 3amayi. B cyuacHux ymoBax BeIeHHS
NpUXOBaHUX 1H(GOpPMAliHHUX BilH, 3/IHCHIOBAaHHX, B
TOMY YHCIIi, 1 TI03a MeXaMu Oe3nocepesHix 30poiHuX
KOH(QIIKTIB, MOUTYK €EeKTHBHUX METOIB i 3ac00iB Ipo-
TUJIT IECTPYKTUBHHUM BIUIMBaM HABMUCHUX IEPEIIKO/I Ha
JIHIT pamio3B3KY € epEeKTUBHUM 1 3HAYYILIM 3aBIaHHIM
JUISI CUCTEM PaJiio3B’ 3Ky CIEiabHOTO IPH3HAYCHHSL.

[epenkom03axuIeHICTh — IIe 3JaTHICTh CHCTEMU
3B’S13Ky NPOTHCTOSATH BIUIMBY MOTYKHHX mHepermkon [1].
[Nepenkomo3aXUIeHICTh BKIIIOYAE CKPUTHICTH CUCTEMH
Ta 11 MepemKOaOCTIHKICTh. TakuM YHWHOM, MiABHIICHHS
MEPENIKOI03aXUIIEHOCTI  JIOCATAEThCS  ITiIBULICHHAM
CKPUTHOCTI Ta MEPEeIIKOA0CTIHKOCTI CHCTEMH.

31aTHICTh CUCTEMH Palio3B’ 13Ky IPOTHCTOSTH isiM
pamio- Ta pamiOTEXHIUHIH PO3BiJKaM, HAIpaBICHHM Ha
BUSIBJICHHSI CUTHAJIiB, BUMIPIOBaHHS MTapaMeTpiB 1 BU3Ha-
YeHHs PO3TalllyBaHHS JDKepesia BUIPOMIHIOBAHHS, Xapa-
KTEpU3YEThCS TIOHATTSIM CKpUTHOCTI [1-3]. B 3aransHOMY
BUIIAJIKY, PO3PI3HAIOTH HACTYITHI BUAM CKPUTHOCTI: eHep-
TeTHYHY, CTPYKTYPHY 1 IPOCTOPOBY.

[NepemkomocTiHKICTh, CTPYKTYpHA Ta €HEPreTUYHa
CKPUTHICT CHCTEMH pPajio3B’sI3Ky CIIEIiaJbHOrO IpH-
3HAYEHHS BU3HAYAIOTHCSl XapaKTEPUCTHKaMH BUKOPUCTO-
ByBaHUX curHamis [1-3].

AHani3 ocTaHHiX Aocaixkens i myoJaikauiii. B
po6oTi [4] 3ampONOHOBAHO MaTEMAaTHYHY MOAETb (Hop-
MYBaHHS CUTHAIIIB 3 aJIallTAlli€l0 TI0 MIBUAKOCTI Iepesa-
BaHHS iH(pOpMAI[i Ha OCHOBI JOCKOHAJIHX IBIHKOBHX
MaTpulp. PO3MIISIHYTO OCHOBHI TNPUHIMNK (DYHKITIOHY-
BaHHS MPHUCTPOIO YIPaBIiHHS Mojeni (JOpMyBaHHS CHT-
HAJIIB 3 aJaNlTaIli€l0 MO IBUAKOCTI TepeaaBaHHs iHpOp-
Mallii Ha OCHOBI JOCKOHAIHMX JIBIMKOBHX MAaTpHIlb. 3a-
MPOITIOHOBaHA MaTeMaTUYHa MOAENb (POPMYBaHHS CHUTHA-

JIB 3 aJanTalli€ro Mo MIBUAKOCTI HepeaaBaHHs iH(popMma-
IIi1 Ha OCHOBI OCKOHAJIMX JBIMKOBHX MATpPHIlb, PO3TJIS-
HYTi NUTaHHS CHHTE3y CUTHAIIB YIOCKOHAJICHOI MOJY-
JIAIT [AKTIYHAM 3CYBOM KOy 3 aJamlTalli€l0 o IIBHI-
KOCTI mepe/aBanHs iH(opMallii, 3aporoOHOBaHUH aJro-
pUT™M iX KopemnsmiiiHoi 00pOoOKHW, TpHUBEIEHI NpaBHia
(hopMyBaHHS CHTHATIB AalTHBHOI MOIYJISAIIT IHKIIIY-
HHUM 3CyBOM KOy 3 aJalTalli€lo Mo MBUIKOCTI mepenadi
iHpopmarii Ta npaBuia (QYHKIIOHYBaHHS MPUCTPOIO BH-
piteHHs TU(POBOro KOpENSLifHOro MpuiiMaya CUrHaIIIB
anantuBHOi CCSK-Momyrisiii.

B poOori [5] 3anmponoHOBaHO METOIMKY 3aCTOCY-
BaHHS CUTHAJIIB YJOCKOHAJIEHOI MOMYNALIl LIUKIIYHUM
3CYBOM KOJIy 3 aJIalTalli€l0 1O MIBUAKOCTI MepeaBaHHs
iHpopmalii B MepcHeKTUBHUX pajioinTepdeiicax. Pos-
[JISTHYTO TIOPSIIOK OIHIOBAHHS CEPEOBHINA PO3MOBCIO-
JOKEHHST PaJiOXBIWIb Ta MEpeaBaHHs 1 IPUIOM CHTHAIIIB
yHpaBIliHHs, Moaeni (OpMYBaHHS Ta KOPEJALIHHOI 00-
POOKH CHTHAJIB YIOCKOHAJICHOI MOMYJISLIT IHMKIIYHUAM
3CYBOM KOJIy 3 aJIalTalli€l0 1O MIBUAKOCTI MepeaBaHHs
iH(popMari.

[MuraHHS MIOMO JOCIIPKEHHS TMEPEeIKOIOCTIKOCTI
CHT'HAJTIB MOJYJIALIT IUKJIIYHAM 3CYBOM KOy 3 aJamTarfi-
€10 TI0 IIBHAKOCTI mepenayi iHdopmamii po3rIsIHYTO B
pooorti [6]. [Ipote, B maHux poOOTax He OYJI0 TOCITIIKEHO
CKPHTHICTh CHUCTEM DaJIi03B’SI3KY CIIELiajbHOTO IpH3HA-
YEHHS MPU BUKOPUCTAHHI CUTHAJIIB MOIYJIALIT IIHKIIYHAM
3CYBOM KOy 3 aJaNTaIli€l0 MO MIBUIKOCTI NeperaBaHHs
iH(opMalii Ha OCHOBI TOCKOHAJIMX JIBIHKOBHUX MaTpPHIIb.

MerTa i 3aBgaHHsI J1aHOTO A0CJiI:KeHHs1. Bpaxo-
BYIOUH II€, METOIO CTATTi € JOCIIKEHHS CTPYKTYpPHOI
Ta €HEePreTUYHOI CKPUTHOCTI CHUTHAJIIB MOJIYJISIIT IIMK-
JIYHUM 3CYBOM KOJY 3 JIalTalli€lo MO MIBHIKOCTI TIe-
penaBaHHs iH(pOpMAaIii Ha OCHOBI JOCKOHAJIHMX IBiiKO-
BUX MaTpHIIb.

© Mockanenko A. O., Cokon I'. B., Koporyn T. M., Yrusauns A. I, llyraiino A. O., 2020
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OCHOBHA YacTHHA

1. CTpyKTypHA CKPUTHICTH CUTHAJIIB MOXYJISIIT
IHKJIIYHIM 3CyBOM KOy 3 aJanTami€io Mo mBHIAKO-
cTi mepenaBanus ingopmauii Ha 0CHOBI JOCKOHAJIMX
ABifiKOBUX MaTpuib. BuxopucTaHHs HMOBIpHOCTI
mig00py CTPYKTYpH CHTHAIY Ul OL[IHKUA CTPYKTYpPHOI
CKPUTHOCTI, HE JI03BOJISIE BPaxyBaTH ajJrOPUTMIUHI 4YM
iHIII TpoOJeMu, MoB’si3aHi 3 pO3KpUTTIM moxii. Kpim
TOro, WMOBIPHICTh IiAOOPY CTPYKTYPU CHTHANY, SK
MIPaBUIIO, 3AJICKUTH BiJl XapaKTEPUCTUK amapartypu, siKi
HE 3aBXKIM BiJIOMI JOCTITHUKY 1 3MIHIOFOTBCS B MPOIIECi
BJIOCKOHaJIEHHS. TOMYy OIliHKa 3aJIeKHUTh HE JIMIIE Bij
XapakTepy MOAiN 1 CyImyTHIX 00CTaBHUH, a ¥ BiJ 3aco0iB,
110 BUKOPUCTOBYIOThC [7].

B sKOCTI oAMHMII CTPYKTYPHOI CKPUTHOCTI B [7]
3aIpOIIOHOBAHO BHKOPHCTOBYBATH OJHE JIBIHKOBE BH-
MiproBanHs (/IB). JIB — cepenHs KUIbKICTh IBIHKOBHX
BUMIpIOBaHb, SIKYy HEOOX1THO BUKOHATH JJIsI BUPILIEHHS
3aa4i 1o PO3KPUTTIO CTPYKTYPH CUTHAITY.

CTpyKTypHa CKpPHUTHICTH CHTHAJIIB BH3HAYA€THCS
HACTYIHUM YUHOM [7]:

S=log,V,

ne S — CTPYKTYpHa CKpPHUTHICTh CHTHaly, V — Kijib-
KiCTh MOXIJIUBHUX CHCTEM CUTHAJIB.

3a pesynpTaTaMH aHallizy MeETOHiB (hOpMYyBaHHS
CUTHAIIB 3 aJanTalli€l0 IO MIBHIKOCTI IepeaaBaHHs
iH(opMaIlil Ha OCHOBI JOCKOHAIHX IBIHKOBHX MaTpPHUIlh
[4,5] BcTaHOBIIEHO, IO CTPYKTYpHA CKPUTHICTH JaHHX
CUTHAJTIB BU3HAYAETHCS XapaKTEPUCTUKAMU JTOCKOHAIIUX
JBINKOBUX MaTPHIIb.

KinbkicTh MOXJIMBHX OpPTOrOHAJBHUX CHCTEM
CUTHAJNIB, OTPUMAHMX HAa OCHOBI  JOCKOHAJIUX
JBINKOBUX MaTPHIlb, BU3HAYAETHCSA [8, 9] I mapHUX 1

n+l
3Bt 32 522" -n-1)

4 22}1

1 JUTA HeMAPHUX 1

3D/2, 52"

Vv _ 3,(11—1)/2 « 22(2” —n-1) .
22}1

[MpuitHABIIM TOBXKHHY KOJOBOI IMOCIHIJOBHOCTI 3a
L, nyst naHoro BUNAKy n=logy L/2 .

BpaxoByroun 11 OTPUMAaHO 3aJIeKHOCTI CTPYKTYP-
HOi CKPUTHOCTI CHTHAJIB BiJl JOBXHHU KOIOBOI MOCIIi-
JIOBHOCTI Ul CHTHAJIIB MOAYJSIII LUKIIYHAM 3CYBOM
KOy 3 aJIalTalli€lo Mo MIBUAKOCTI NepeaaBanHs iH(op-
Mallii Ha OCHOBI TOCKOHAJIUX JBINKOBHX MATPHUIIh 1 CHT-
HatiB M-14HOi OpTOroHaasHOI Moaysii (puc. 1).

Sk BUIHO i3 pucC. 1, CTPYKTypHAa CKPUTHICTH CHI-
HaJTiB MOIY/IALIT IIUKIIYHAM 3CYBOM KOJY 3 aJanTaIliero
0 MIBUAKOCTI TepenaBanHs iH(opMarllii Ha OCHOBI J0-
CKOHAJIMX JIBIMKOBUX MAaTpHIlb OUIBIIA 33 CTPYKTYPHY
CKPHUTHICTh M-TIOCITITOBHOCTEH, IO TOTO X, MPH 301Ib-
IICHHI TOBKUHM KOJIOBOI MOCIiAOBHOCTI (L), CTPYKTYyp-
Ha CKPHUTHICTh CHT'HAJIB MOIYJALIT IMKITIYHUM 3CYyBOM
KOy 3 aJIalTalli€lo Mo MIBUAKOCTI NepeaaBanHs iH(op-
Mallii Ha OCHOB1 JOCKOHAJIMX JBIHKOBHX MAaTpPHUIlh 3pOC-
Tae CTpIMKiIIe.

A S
128

64

32

16

1 L

1 4 16 64 256 1024 4096 L

Puc. 1. 3anexHicTb CTPYKTYPHOI CKPUTHOCTI BiJl JIOBKHHU
KOJIOBOI TIOCIITOBHOCTI CUTHAJIIB MOZYJISILIT KT THUM
3CYBOM KOJy 3 aJIallTalli€ro M0 MBHUAKOCTI IepelaBaHHs
iH(popMaLii Ha OCHOBI JJOCKOHAJIUX JIBIHKOBHX MaTpHIb

i M-nociiioBHOCTE!H

EHepreTuyHa CKpUTHICTH CUTHAJIB MOXYJIsIIil
IHKJIIYHAM 3CYyBOM KOIY 3 afanTalicio mo mBHIKO-
cTi nepegaBaHus iH(opmauii Ha OCHOBI JTOCKOHAJINX
ABilikoBUX MaTpuIb. OKpPIM CTPYKTYPHOI CKPUTHOCTI,
Ba)XJIUBE 3HAYEHHS JUIS CHCTEM DPajio3B’si3Ky CIielia-
JILHOTO TIPU3HAYEHHS Ma€ iX eHepreTnvHa CKPHUTHICTb.
Yacrim 3a Bce, HaHOLIbII €)EKTUBHUM 3aCO0OM BHSIB-
JICHHSI ITUPOKOCMYT'OBUX CHTHANIB € T. 3B. €HEPreTHY-
HU BUsiBIIOBaY (paxiomerp) [7]. Pamiomerp — mpocTuii
MPUCTPIiH, MO MOTpedye HE3HAYHUX IIONEPEAHIX NpH-
MyIIeHb MOA0 CTPYKTypH curHaiiB. CrporieHa Oiok-
cxema pajioMerpa IpescTaBieHa Ha puc. 2.

ODinbTp HIK-
HIX 4aCTOT

— —p KBanpatop

maiiZ =Jt yz(r)dr

-1

Puc. 2. CrpykrypHa cxema pajsiomMeTpa

JleTexTyBaHHSI 3/IMCHIOETHCS TIPU TIOPIBHSHHI Be-
JUYUHK V' Ha BUXoAl pamiomerpa 3 moporom L. Ilpm
LIOMY BBa)KA€ThCS, 110 CUTHAIT BUSBISIETHCS, SIKIIO V>L,
SIKIIO XK V<L, 11e cpuiMaeThesl, SIK BIICYTHICTh CUTHAITY
Ha BXOJIi IpUiiMaya, 1 pO3IIHIOEThCS, IK XMOHA TPHUBOTA.
OCKIJIbKM  3allpOTIOHOBaHI CHUTHAJM OpPTOTOHAJbHI, IX
€HepreTHYHa CKPUTHICTh 1JE€HTHYHA EHepreTHYHIiN
CKPHUTHOCTI CUTHAJIIB M-14HOT OpTOrOHAIBHOT MOTYJISAIIIT
(MOM) (puc. 3) i BUBHaYaETHCS TAKUM YUHOM [7]:

By = .[Z, (“/A)(TF_I)/2 e_(u+A)[TF—l (2\/“_/\)‘1” >

ae Py, — AIMOBIpHICTh BUSBIEHHS cuUTHaIy; L, — mopir
pamiomerpa; A — BiJHOIIEHHS €HEprii CUTHAITY, HAKOI-
JICHOI PaJiioOMETPOM LLISIXOM IHTETPYBAHHS i CIIEKTpaIIb-
HOI IIbHOCTI yMy; 7F — noOYTOK JOBXKHUHU CUTHATY
1 monocu npomnyckaHHs ¢urbTpa pagiomerpa; Irp_i(x)
— wMoaudikoBaHa ¢yHKUis beccens meprioro pomny
TF —1 nopsinky. Ha puc. 3 [7] Py, — fiMOBipHICTh XHO-
HOI TPUBOTH; JJIsl KOYKHOTO 3HaYEeHHsI KMOBIPHOCTI XUO-
HOI TPUBOTHY TPEJCTAaBJICHI 1O I’SITh KPUBUX, 11O BiAIO-
BiJIalOTh (3BEpXy-BHU3) HMOBIPHOCTI TIOMUIIKH B CUMBO-
o P.=0.00001; P,=0.0001; P.=0.001; P.=0.01;
P.=0.1. Sk BuaHO i3 puc. 3, HUMOBIPHICTH BUSBICHHS
CHTHAIY paJiioMETpOM 3MEHIIYEThCS TIPU 3pOCTaHHI Oa-
3M CUTHAly, KpIM TOro, 3MEHILIEHHS HMOBIPHOCTI ITO-
MUWJIKU B TIPUHOMI CUMBOJTY TIPH3BOIUTH 0 30LTBIICHHS
HWMOBIPHOCTI BUSBJICHHS CUTHATY PaliOMETPOM.
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Bp nepeaaBanHs iHGopMaIlil Ha OCHOBI JOCKOHAJIUX JBIM-
KOBHX MaTpHIIb 3aMiCThb M-TI0CiJOBHOCTEH TO3BOJIUTH
MiJIBUIINTA CTPYKTYPHY CKPUTHICTH PaiOCHCTEM CIie-
ol LiaJIbHOTO TpU3HaueHHs. Hanpukiaa, mpu OOBXUHA
—— KOJIOBOI ITOCHIJJOBHOCTi, IO BUKOPHCTOBYETHCS IS
posmmpenHst criektpa, 1024 (1023) 0Oit, crpykrypHa
CKPUTHICTh CHTHAJiB MOMYJAII] LUKJIIYHAM 3CYBOM
KOy 3 aJIalTalli€lo Mo MIBUAKOCTI NepeaaBanHs iH(op-
Mallii Ha OCHOBI JOCKOHAJHMX JIBIMKOBHUX MaTPHIlb Oyie
OiJbIlIa 32 CTPYKTYPHY CKPHUTHICTh CHUTHAIIIB Ha OCHOBI
0,001 P T m e | M-nocnigoBHocTelt B 55.17/5.91 = 9.34 pa3, npudomy
: = BUTpaIll Ma€ TEHJICHIIO 301/IbIIYBATHCh MTPU 3011bIIECH-

Hi JOBXUHHU KOJOBOI ITOC/IIIOBHOCTI.
EHnepreriuHa CKpUTHICTh CHUTHAJIIB MOIYJIAIIT ITH-

10 1 12 13 14 15 log,L  KJIIYHHUM 3CYBOM KOy 3 aJaNTalIli€l0 1O IMIBHUIKOCTI Ie-
Puc. 3. XapakTeprCTHKN BHSBICHHS CUTHAJIB MOJTYJISIIIT peztaBanHs iHQOPMALLT HA OCHOBI OCKOHANHX JIBIHKO-
LMK YHAM 3CYBOM KOJy 3 8/ TAII€IO [0 LIBHAKOCTI BUX MaTpUIb 1IEHTUYHA €HEPreTUYHIN CKPUTHOCTI CHUT-
repeiaBaHHs iHpopMalii Ha OCHOBI JOCKOHAJIUX HaJiB M-1YHOi OPTOTOHATIBHOT MOIYJISAIL.
JIBINKOBMX MaTpHILIb 3@ JOMOMOIO0 paJlioMeTpa HanpsiMmxoM mnopanplIvX AOCHIIKEHb € JOCHi-

JOKCHHS TICPEIIKOMOCTIMKOCTI CHUTHAIB 3 aJalTalli€ro
M0 IIBHJKOCTI Mepenayi iHpopMalii Ha OCHOBI JOCKO-

TakuM YUHOM, BUKOPHCTAHHS CUTHAJIIB MOMYJIAMIT  HalluX NBIMKOBUX MaTpHIlb B yMOBaxX OaraTonpomeHe-
MUKTIYHAM 3CYBOM KOJY 3 aQJalTalli€l0 MO IIBUAKOCTI  BOrO PO3IOBCIOKEHHS PaslioXBHIIb.
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Characteristics of the modulation signals by the cyclic code shift with the adaptation
by the information transfer rate based on perfect binary matrices

A. A. Moskalenko, G. V. Sokol, T. M. Korotun, A. H. Uhlianutsa, A. O. Shuhailo

Abstract. Research has shown that an important feature of special purpose radio systems is noise immunity. Interference
protection includes the secrecy of the system and its noise immunity. In the general case, there are the following types of secrecy:
energy, structural and spatial. Noise immunity, structural and energy secrecy of a special purpose radio communication system are
determined by the characteristics of the signals used. The paper presents the results of research of the characteristics of modulation
signals by cyclic code shift with adaptation by the information transmission rate based on perfect binary matrices, namely, structural
and energy secrecy. The results of the research found that the use of modulation signals by a cyclic code shift with adaptation in the
information transmission rate based on perfect binary matrices instead of M-sequences will increase the structural secrecy of special-
purpose radio systems. The structural secrecy of modulation signals by a cyclic code shift with adaptation in the information trans-
mission rate based on perfect binary matrices is higher than the structural secrecy of M-sequences, moreover, with an increase in the
length of the code sequence, the structural secrecy of modulation signals by a cyclic shift of the code with adaptation in the informa-
tion transmission rate by the basis of perfect binary matrices is growing faster. The energy secrecy of the cyclic code shift modula-
tion signals with adaptation to the information transmission rate based on perfect binary matrices is identical to the energy secrecy of
the M-ary orthogonal modulation signals. The direction of further research is to study the noise immunity of signals with adaptation
for the information transmission rate based on perfect binary matrices in conditions of multipath propagation of radio waves.

Keywords: modulation signals by the cyclic code shift, perfect binary matrices, secrecy.
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YkpalHChbKUH IepyKaBHUHN YHIBEPCUTET 3aJII3HMYHOIO TPAHCIIOPTY, XapkKiB, Y KpaiHa

MOJEJIb AHTEHMU 1J1s1 BUTTPOMIHIOBAHHSA
HAJUHIUPOKOCMYT'OBUX CUT'HAJIIB

Anotanisi. s peanizauii BUMOr 100 MIUPOKOCMYKHOCTI NPUHMAIIBHO-IIEPEIABAIBLHOI aHTEHN HAHOIIbII IPUJIATHUM €
AQHTEHHHH eJIEMEHT, SIKUH sIBIIsiE cOO0I0 aHTeHy 3 po3mmproroyoto miniHot TSA (Tapered Slot Antenna). @opma po3iMKHYTOT
IIIMHA BU3HAYa€ CMYTYy YacToOT, MPUUOMY i €HEepreTHYHy CHpSIMOBAHICTh XapaKTepU3Ye BY3bKHH T'OJOBHHI IPOMIHb Ta
MIPaKTUYHA BIICYTHICTH OOKOBHX MENIOCTOK Y Aiana3oHi yacror 2-6,5 I'T'. [Tonepente popmyBaHHS B cUCTEMI Hilly y BHTILSII
MOHOLMKITY ["'ayCy yHEMOXUIMBIIIOE BUHUKHEHHS CHEPIeTUYHHX BTPAT, 1110 BUHUKAIOTh 32 PaXYHOK HEY3TOZXKEHOCT] CUTHAILY B
IIAPOKIil CMy3i 4acTOT Ta OOMEXYIOTh PaJiiyC PO3IIOBCIOKEHHS HAIIIMPOKOCMYTOBOro iHdopManiiHoro curHaity. Tomy ¢o-
PMYBaHHS HaALIMPOKOCMYKHOT'O UHITY 3/IiHCHIOIOTH LIUISIXOM 30yIXKE€HHS MOHOIMITYJIbCHOIO CUTHAILY Y PO3TAllIOBAHUX IO
JIBOX aHTCHHUX €JIEMEHTaX, KOKHHUH 3 sIKUX siBisie coOoro anteHy TSA. Mera po0oTu noB's3aHa 3 po3pOOKOI METONY BHU-
MPOMIHIOBaHHS HAAIMPOKOCMYTOBOIO CUTHAITY LIIAXOM IOZIUTY CUTHATY HaBIIiJI, OJIHY YACTHHY SKOT'O IIOCIIIOBHO IHBEpPTY-
10Th, 3aTPUMYIOTh Ha 4ac, SIKHi JOPIBHIOE ITOJOBHHI TPUBAIOCTI MOHOIMITYJIbCY Ta 000Ma MOHOIMITYJIECHUMH CHTHAJIAMHU
30yIDKYIOTB BiJIIOBITHO OOW/IBI MOPS/T PO3TAIIOBAHI HAa €IWHIN JieNeKTpHYHiil OCHOBI aHTeHHU. Po3polOieHa TypHikeTHa MoO-
JIeNb aHTEHH JOBOAUTD, 110 OIMOJISPHUIL IMITYJIbC BUIIPOMIHIOBaHHS €JI€KTPOMArHiTHOro noius y 9,5 pasis nepeBuILye pajiyc
Iii y TOpiBHSHHI 3 PaJliOTEXHIYHUMHU CHCTEMaMU, Ki IPaLIOIOTh 3 BUKOPHCTAHHAM YHINIOISPHOrO MOHOIMITYJIbCY Ta 'y 2,37
pasiB y NOPIBHSHHI i3 CUCTEMaMH, SKi MPAIFOI0Th 3 BAKOPUCTAHHSM TapMOHIMHUX KoinMBaHb. Po3pobiieHa iMitawiiina Mozens
aHTeHu B cepenoBulll nporpamysanHs HFSS, sika 103Bosste IpOBOANTH ONTUMI3ALI0 TEXHIYHUX XapAKTEPUCTHK aHTCHH.

Knaro4doBi ciaoBa: HaIMMPOKOCMYrOBi CUIHAJIM, METOZl BUIIPOMIHIOBaHHS HaAIIMpoKocMyrosoro curnaiy, TSA, HFSS.

Beryn

[MepenoBHEHHST PajioYaCTOTHOTO CIIEKTPY Pajio-
EJIEKTPOHHUMH 3aco0amu (puc. 1) CTBOPIOE HECTIPUST-
JIMB1 YMOBH JUIsi OpraHizaiii Oe3npoBOJOBOIO 3B’S3KY.
[TpudoMy, HaBeneHHH aHaJi3 JOBOAMTS, 110 HaHOLIbIIA
KUIBKICTh 3aC00IB 3B’SI3KYy 30CEpPEIKCHO B Jiana3oHi
gactor Big 2 10 12 I'Tu. Oco0nuBicTh BUKOPHCTAHHS
LBOTO Jiana3oHy oO0yMOBJE€Ha HaliMEHIINM pPiBHEM 3a-
TyXaHHS PaIiOXBUIb B IPOCTOPI.

eI ETamia]
Jeraunif (aitawa PITO, pormizauss,
BTA, 1A VEC).
2-30 MIm (imms. dhine, wacror 1000- T000)
T

Paziopenetmsd

Tponocdepsni]

18'm308
755-985 Ml

/ Crmyramnonsi 18 mox
{ |zp10.B1A. ¥C¥BC.VC A mmon
copataiz) 30-152, 225400 MT'x 200-1000 MI'n
135185 [Ta
14.4-16.6 [Tn

Paaiomosnenas
M Mu-rllTa

[\

Tenesiziiine —
Monemtn

IBAI0R
B 18-80 MI'm
48,5-790 M 1900-1800 MIx

A~

Crayramrose

Hasiranifsi
772-1215 MI'm 12276:
1575,4;1783,7 MT'n

[[asrosi 2650 MTn
[aacrore EOM

100-3000 MTu|

fl;‘?‘;’aalql%' B\
= 12-11658MI
5-10ITa 20T

Puc. 1. Po3znozin 3a pobounMu yacroramu 3aco0iB 3B’ SI3Ky

[NopiBHsNBHMIA aHAII3 CUCTEM i1 METOJIIB OpraHiza-
1ii 0e3mpoBOAOBOrO 3B’SI3KY (pHC. 2) NOBIB, IO Hai-
OB TPUHHITHUM JUISL OpraHi3alii sSIKiCHOro 3B’SI3Ky €
cHcTeMH 5-TO MOKOMiHHSA [1]. AHaii3 TEXHIYHUX Xapak-
TEPUCTHUK TIPUCTPOIB 3B 53Ky (puC. 3) mMoKa3aB, IO IS
BUpILIEHHS 3aa4 3a0e3IeueHHs sSKICHOrO 3B’sI3Ky, 3a-
CTOCYBaHHSI HaJIIMPOKOCMYIOBUX TEXHOJOTIH 3 BHKO-
PHUCTaHHIM 4acOBOI MO3HIIITHO-IMITYJIECHOT MOIYJIALIT €
MIEPCIIEKTUBHAM HANPSIMOM. TeXHOJIOrisl HaAINpPOKOC-
MYT'OBOT'O 3B’SI3KY IOJISIrac B 0e3rmocepeHbOMY BHITPO-
MIiHIOBaHHI JI0 BUIBHOI'O MPOCTOPY TPEOIHKH Mayoro-
TYXXHUX HaJIKOPOTKUX IMIYJbCIB, sIKa SIBJISIE COOOIO iH-
¢dopmaniiiauii 6it. [Ipy 1bOMYy BHIIPOMIHIOBaHHS Ta

nepenaya ABikoBoi iH(opMalii 31IHCHIOETBCS B IIHPO-
KoMy yactoTHoMy fiana3oHi (1 — 11 I'Tu) 3nauHO HIK-
4ye piBHSA IIyMy, a CIEKTp iH(opMmauiiHOro curHamy
PO3TOAIISIETHCSA PIBHOMIPHO Y I[bOMY Jiaria3oHi 4acToT.

[ CHCTEMMU TA MEPEXKHU PAzuoz[OCTyny—|

/|

apyre TpeTe
NOKOJiHAS

3a cramaym
(moxoinmsm)
posBHTKY

nepme
TOKROTiHHS

n'are
TNOKOJTiHHS

4eTBepTe
TOKROTiHHS

TOKOTIHAS

3a 3acobamn
nepelaBaHHA
i noxanus

aHAIOroBi nudposi

Bie0306-
L nepejlaBaHHs R CN AT
PaKeHHs JAaHAX

I I I I

3a BHAAME NOCTYT

Testeonist MyJabTHMelia

3a Tamom
PO3B'sI3yBAHHX
OPHKIATHAX 32124

Mepeski Ta CHCTeMH . 3
3B'ST3RY CHCTeMH KepYBaHHS CHCTEMH MOHITOPHHTA

3a THIOM NpHECAHARNS 10 COfl

Puc. 2. Knacudikaris cucreM Ta Mepex patiofocTyiy

[7 npHeTHAHHS

NpHEIHAHHS
10 TROIT

1o CILL O

npueananns go YCIT
(IP-mepexam)

Tun n':::;zdm sl Lo W T Tum Meroa kanabhera
AHHA CIVLOBY- | 4acToT, i Moyl iy
nprctporo | Sl moTyAmoCTi ay posmyiTy
cwn | 2o 500 M 15 111 F30150 REMY, Hunjascmy
L [rm—— nepeaata
Posrioin xanamis 33
Knac 1: 20 abw PaXYHOK CHIHAME 31
Bluetooth 722 wbivic 15 ISM24 | Knac 2:4 16w GMSK TCEEAOENIATKOEOK
Kaae 3:0 abu nepeBynozoio
wactom
64-QAM,
2
3&];‘: Jlo 54 Méi/c 50 5 _mlnl;'h 16-QAM, BPSK, | Uacromse TDMA
s QPSK, OFDM
802.11b, . 100 MBT | CCK (8 Complex
I M £
WLAN Mo 11 Méit/c 100 ISM24 281 Chip Spreading) “
% 64-QAM,
Sor B | 1o 54 Meirie 100 1SM 24 1OWUBT | 16.0AN BPSK, «
2 QPSK, OFDM
64-QAM.
H LAN2, " 2 i
arta® | s Mome 50 5 20MBT | 16.0AM, QPSK, ——
BPSK, OFDM

Puc. 3. TexHiuHi XapaKTepUCTHKU HPUCTPOIB 13
6€e31POBOJIOBUMH KaHATIAMHU 3B’ SI3KY

Ile BuMarae HagIIUPOKOI CMYTHM YacTOT Npuii-
MaJbHO-TIepeAaBaIbHOI AaHTEHHOI CUCTEMH.
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BukJiax ocHoBHOro marepiany
JOCJTIIKeHH A

Haii0inpil npugaTHUM € aHTCHHHH eJIeMEHT
(puc. 4), mo sBIsE COOOI0 AHTEHHY 3 PO3LIMPIOIOYOI0
uriinHoro — TSA (Tapered Slot Antenna), siky xapakre-
pU3ye BUCOKMI Koe(ilieHT mocuneHHs [ 1-4].

Gain {(lBi}

12z 3 4+ 8§ & 1 8 8% wW oM @

Frequency ii3Hz)
Puc. 4. Monens TSA anrenu ta i TeXHI4HI XapaKTepUCTUKH

®dopma po3iMkHYTOI IiMHE TSA BH3HAYa€e cMyTy
YacTOT, IPUUOMY Ii EHEepreTHYHY CIIPSIMOBAHICTh Xapa-
KTepU3ye BY3bKWUH TOJOBHHH IPOMIHb Ta INPaKTUYHA
BiJICYTHICTh OOKOBHUX TMENIIOCTOK Y Jiama3oHi 4acToT
2-6,51Tm.

Memoo eunpominio8anHHa HAOWUPOKOCMY206020
cuznany. IcToTHE PO3MIMPEHHS YaCTOTHOI CMYTU €JIEKT-
POMAarHiTHOrO BHUITPOMIHIOBAHHSI € BH3HAYAJIBHHM HpPHU
BukopuctanHi TSA. Onnak, monepeane GopMyBaHHS B
CUCTEMI Yily y BUIJISLAI MOHOIMKIY ['aycy yHEMOXIIu-
BJIIO€E BUHUKHEHHS €HEPTeTUYHUX BTPAT, 10 BUHHUKAE 32
paxyHOK HEY3rO/DKEHOCTI CHTHajdy B HIMPOKiH cMy3i
Y4acTOT Ta OOMEXYE pajiyc PO3MOBCIOHKCHHS HaIIIIU-
pokocMyroBoro iHgopmariiinoro curnany. Tomy ¢op-
MYBaHHS HaJIIMPOKOCMYXXHOTO YHIY, 3IiHCHIOIOTH
IUIAXOM 30YIKCHHS MOHOIMITYJIBCHOI'O CUTHAIY y pO3-
TAIIOBaHHUX TIOPS/I JIBOX @HTEHHUX EJIEMEHTIB, KOXHUI
3 AKUX ABJsIE co00r0 aHTeHy TSA. I'eHepoBaHmii Han-
IIMPOKOCMYTOBUH  YHINTOJSIPHUH CUTHAJl IOIUISIOTH
HABILJI, O/IHY YaCTHUHY SIKOT'O IOCIIJIOBHO iHBEPTYIOTb,
3aTPUMYIOTh Ha 4ac, sSIKWil JIOPIBHIOE IOJOBHHI TpHUBa-
JIOCTI MOHOIMITYJIBCY Ta 000OMa MOHOIMITYJIbCHMU CHT-
HallaMH 30Y/KYIOTh BiJIIOBiHO OOHMIBI TOpsiA po3Ta-
IIOBaHI Ha €MHIN MieICKTPUUHIN OCHOBI aHTeHU. Eek-
TPOMATHITHI MOJS ABOX YHINOJSIPHUX IMITYJIbCIB iHTEp-
(bepyIoTh y eKBIBaJIEHTHOMY 3arajlbHOMY PO3KPUBI 000X
aHTeH, 30Y/DKYIOUM y HBOMY eJIEKTPOMAarHiTHE Ioie
6inossipHOro iMmysbcy [5-7]. Lleit OinonspHuii iMIynbe
€JIEKTPOMATHITHOI'O TIOJISi CTBOPIOE II0OJIE BUIPOMIHIO-
BaHH!, AK€ y 9,5 pa3iB MepeBHUIIye pajiyc dii MHPOKO-

CMYTOBOTO €JIEKTPOMArHiTHOIO BHIPOMIHIOBaHHS Yy
MOPIBHSHHI 3 PaJiOTEXHIYHHUMHU CHUCTEMaMH, sIKi mpa-
LIOIOTh 3 BUKOPUCTAHHIM YHIMIOJISIPHOTO MOHOIMITYIIECY
Ta nepeBuinye y 2,37 pa3iB y HOPiBHSHHI i3 CHCTEMaMH,
SIKI TIPALIOIOTh 3 BUKOPUCTAHHSIM T'apMOHIYHHX KOJIH-
BaHb. Ha puc. 5 HaBeneHo modens anmenu, sika pealti-
3y€ 3aIpONOHOBAHHUN METOI.

3 reHepaTtopa | YHINONAPHI IMITYJIbCHI CHUTHAJH
Oe3rocepeHbO HAJAXOAUTH J0 PO3IOALIIOBAYA CUTHAITY
6 nepmoro OJIOKY aHTeH 8, KW MOALISLE HOoro HaBIIi,
Ta mojae 0e3nmocepeHbO A0 CHUCTeMH 30ymkeHHs 4-1,
CTBOPIOIOYH Y BHUITPOMIHIOIOYOMY PO3KpHBi 5-1 MOHO-
IMITYJIbCHE eJIEKTpPOMAarHiTHe moine. Y To# ke 4ac iH-
BEPTOBAHUH MOHOIMITYIbCHHI CHUTHAJI TIOJIAETHCS Yepes3
JIHIIO 3aTPUMKH 7 Ha cucTeMy 30y/pKeHHst 4-2, CTBO-
PIOIOYH Y BUIIPOMIHIOIOYOMY PO3KPHBI 5-2 iHBEpTOBaHE
MOHOIMITYJIbCHE €JIEKTPOMarHiTHe MoJe, 3aTpuMaHe Ha
MOJIOBMHY TPHUBAJIOCTI MOHOIMITYJBCHOTO CHTHAIY.
EnexTpomarHiTHI TONSt IBOX YHINOJSIPHUX I1MITYJIbCIB
OCHOBHOT'O Ta 1HBEPTOBAHOI'O iHTEP(EPYIOTh Yy eKBiBa-
JICHTHOMY 3arajbHOMYy pPO3KpHUBI aHTEHH, 30y/KYIOUH B
HBOMY €JICKTPOMATHITHE T0JI¢ OIMOJIAPHOTO IMITYJIbCY.

Oprasizanis 3B’13Ky B CUCTEMi pyXOMHUX IIPUCTPO-
1B HaKJIaga€ MEBHI OOMEXKCHHs, 110 OOYMOBJICHI HEBU-
3HAYEHICTIO y Yaci Ta MPOCTOpi BEKTOPY MOJSpU3allii
iH(pOPMAIIfHOrO CUTHANYy BiAHOCHO BiCl NMpHUHAMAaIbHOL
aHTeHH. Tak, y BUNQAKy X OPTOrOHAIBHOTO PO3TAIIy-
BaHHS PiBEHb NMPHUHHITOTO CUTHATY Oyle NOpiBHIOBATH
Hymo. ToMy NMPOMOHYETHCS 3alPOBAIUTH MEPEXMIUGY
noaapu3auilo, 3a SKOI KOXXHHUU 3 TPEOIHKH HaJKOPOT-
KHX IMITYJIBCIB, IO KOAYIOTH iH(oOpMauiiiHuii OiT, 10
4yep3i NOAETHCS HA OJHY UM IHIIYy aHTEHY, SIKi B aHTEH-
HOMY OJOLl po3TalIoBaHi OpTOroHajdbHe. Take po3rta-
LIyBaHHS 000X aHTEHHHX OJIOKIB CTBOPIOE TYPHIKETHY
aHTEHHY CHCTeMy Ta 3a0e3leduye MpUioM eJIeKTpoMar-
HITHOT'O BHIIPOMIHIOBaHHS JIOBIJIbHOI nossipu3aiii. [Ipu
LLOMY OJHOYACHO iH(QOpMAaIiiHUN YHITONSPHUHA iMITY-
JIBCHUH CUTHAJ 3 reHepatopa | HaAXOAWTH 4epe3 JIiHil
3arpumkd 10, 11 go iHmoro 610Ky aHTeH 9, sAKui Mae
aHAJIOTTYHY CTPYKTYPY Ta KOHCTPYKTHBHE PO3TAIIOBAHO
OpPTOrOHAJIbHE BIHOCHO Tepmioro Oyoky [3], cTBOpIO-
I0YM BUIPOMIHIOBAHHS CUTHAIly, BEKTOp IOJSpU3alii
SIKOTO OpPTOTOHAIBHHN TOMY, IO BHIIPOMIHIOE OJIOK
aHTeH 8§, peayi3yloud TaKUM YHMHOM MEPEXTIHMBY IOJIS-
pH3allito BCiel aHTeHHOI crcTeMH [8].

Puc. 5. TypHiKeTHa MOJCIIb aHTCHU JJIs1 BPI]'IpOMiHIOBaHHS{ HaJAIIMPOKOCM YT OBUX CUTHAJIIB
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JlocmiikeHHsT 3alpOOHOBAHOT aHTEHHOI CHCTEMU
Ta 1i CJIEMCHTIB BHKOHYBAJIOCA B CEPENOBHIII Iporpa-
myBanHs HFSS (High Frequency System Simulator),
sIKe TIPU3HAYEHO JJIsl TPHBUMIPHOT'O €IeKTPOMAarHiTHOTO
MOJICTTFOBaHHS 1 PO3POOKH BUCOKOYACTOTHUX pajioerne-
KTPOHHUX 1 aHTEHHUX MPUCTPOIB, 10 JO3BOJIHUIO AOCHI-
JTH 11 TEXHIYHI XapaKTepUCTHKH [9].

Po3pooka moodeni anmenu ¢ cepedosuwii npo-
epamysannn HFSS. Tlpouec moOymoBH iMiTamiiHOL
Mojei anTeHu 3a noromoroto HFSS Brimouae takwmii
aITOPUTM:

Kpok 1. CtBopeHHsI MoOJeli aHali30BaHOi CTPYK-
TYpH, y TOMY YHCIIi: CTBOPEHHS TPUBUMIpHOI rpadivyHol
MOJIETI CTPYKTYpH (KpECIEHHS); 3aBJaHHS MapaMeTpiB
MaTepiaiB, i3 AKAX CKIAJAETHCA CTPYKTYpa.

Kpok 2. Bu3HaueHHs eNeKTpOAMHAMIYHMX I1apa-
METpPIB CTPYKTYpH, IO BKIIOYAE: 3aBJaHHS TPaHUYHUX
YMOB Ha MOBEPXHSX, 10 (OPMYIOTh aHANI30BaHUH 00'-

€KT; BU3HAYEHHs 1 KaJliOpyBaHHS IOPTiB; 3aBJaHHS Ia-
pameTpiB pilleHHs.

Kpok 3. EnexkrponuHaMidHUN aHATI3 TOCHTIHKYBa-
HOro 00'€KTy, Yy TOMY YHCIi: aHami3 00'€KTy B cMY3i
YacTOT; MapaMeTPUYHUI aHali3 00'€KTy; mapaMeTpruyHa
ONTUMI3allis 00'EKTY.

Kpok 4. Bisyamizalisi pe3ynbTariB eleKTpOJHHA-
MIYHOTO aHaji3y, MO BKIoYae: 1moOymoBa rpadikiB B
JIeKapTOBHX, ITOJIPHUX KOOpAMHATaX, niarpam CwiTa,
JiarpaM CIPSMOBAHOCTI TOINO; aHIMAIlisl PO3MOILTIB
€JIEKTPOMATHITHOT'O MOJIS 1 €JICKTPUYHOTO CTPyMYy; 30e-
PEeXKeHHsI pe3yNbTaTiB aHaji3y y (ainax gaHuX.

Mopenb aHTeHH, CKIANAEThCs 13 popMH y BUIIISII
UIUTMHY, 100 PO3XOAMTBHCA. 3aKJIAJAaEMO OCHOBY
(1,5 MM) 1 BTacTHBOCTI MaTepiaiy (puc. 6).

HactynHum eranom MojentoBaHHs OyJIo CTBO-
peHHss (QOpMH aHTeHHM Ta MOOyJOBa APYroi aHTeHH

(puc. 7).
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Puc. 7. CrBopennst popMu aHTeHH Ta O0Y/10Ba APYroi aHTEHH

B pe3ynpTaTi NMpoOBEACHUX MPOIEAYp 3aralbHUI
BHIVIA[ MOOYIOBaHOI MOZAETI aHTECHH Ta PE3yJIbTaTH
PO3paxyHKy MoOJIelli IOKa3aHo Ha puc. 8.

BucHoBku

TakuMm yrHOM, BUKOPUCTAHHS 3aIPOIIOHOBAHOI TYp-
HIKETHOI aHTEHHOI CHCTEMH JO03BOJISIE IMiIBUIUTH OiIbIII
HDK y/BiYi pajiyc Ail MIMPOKOCMYTOBOTO €IEeKTPOMAarHiT-
HOT'O BUIIPOMIHIOBAHHS 332 PaXyHOK CTBOPCHHS Y PO3KPHUBI

aHTCH HAJIKOPOTKOrO OIMOJAPHOIO IMITYJILCHOIO CHUTHATY
Ta 3aCTOCYBaHHS MEPEXTIIMBOI MOJIIpH3AIIil.

Pe3ynpraTy iMiTaliiHOrO MOJENIOBAHHS, JOBEIH
Mpale3JaTHICTh 3aMPONOHOBAHOI MOICII Ta TEXHIYHHX
PIIIEHB 11010 BUKOPUCTAHHSA 1X Y CHCTEMaX MOOITBHOTO
Ha/IIMPOKOCMYTOBOTO 3B’si3Ky. Po3pobiena Mopeib
JTO3BOJISIE TIPOBOJIUTH ONTUMI3AIlII0 TEXHIYHUX XapaKTe-
PHUCTHK TYpHIKETHOI aHTEHH Ta aJaNTyBaTH 1X 10 BUMOT
TEXHIYHHX 3aBJaHb i1 YaC KOHKPETHUX PO3POOOK.
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Development of an antenna model for the emission of ultra-wideband signals
K. Trubchaninova

To implement the requirements for the wide bandwidth of the transmitting and receiving antenna, the most suitable antenna el-
ement is an antenna with a Tapered Slot Antenna (TSA). The shape of the open slit determines the frequency band, and its energy
directive is characterized by a narrow main beam and the practical absence of side lobes in the frequency range 2-6.5 GHz. The pre-
liminary formation of a chip in the form of a Gaussian monocycle in the system makes it impossible for the occurrence of energy
losses arising from the signal inconsistency in a wide frequency band and limiting the propagation radius of the ultra-wideband in-
formation signal. Therefore, the formation of a supra-wideband chip is carried out by exciting a monopulse signal in two adjacent
antenna elements, each of which is a TSA antenna. The purpose of this work is to develop a method for emission of an ultra-
wideband signal by dividing the signal in half, one part of which is sequentially inverted, delayed for a time equal to half the duration
of a monopulse, and both monopulse signals excite, respectively, both antennas located side by side on a single dielectric base. The
developed turnstile antenna model proves that a bipolar pulse of electromagnetic field radiation is 9.5 times greater than the range
compared to radio systems that operate using a unipolar monopulse and 2.37 times as compared to systems operating using harmonic
oscillations. An antenna simulation model in the HFSS programming environment has been developed, which allows optimization of
the antenna technical characteristics.

Keywords: ultra-wideband signals, a method of emitting an ultra-wideband signal, TSA, HFSS.
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