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MOPCLKUU Ta aBiauiHUN TPaHCNOPT
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Ani Ane-Ammopi, A. €. Kitouan, A. O. [lertsaproBa, X. A. Anb-Ammopi, H. M. [lonesa

Hauionansawmii TpancnioptHuil yHiBepcuteT, Kui, Ykpaina

TH®OPMAIIMHO-®AKTOPHI TEXHOJIOI'TI PO3TOPTAHHS ITPOTHO3Y
HA ETAII EKCILTYATAIIII JIITAKIB HOBOT'O ITOKOJITHHSA

AHoTamisn.

Metoro ganoi crarTi € po3podOka iH(OpMaIiiHO-(PaKTOPHUX TEXHONOTI pO3ropTaHHs Ha erTami

eKCIUTyarTallii JIiTakiB HOBOTO TTOKOJIIHHS JUISl 3MEHIIEHHS MTOMIJIOK eKillaKy IMiJ Jac iX yHpaBliHHA. Y CTaTTi po3risija-
I0ThCsl 1H(pOpManifHO-(haKTOPHI TEXHOJIOTI] POrHO3YBaHHS ITOTEHIIIHOI aBapiifHOI CTATUCTHKH 3a JIFOACHKAM YHHHHUKOM
JUTS JIITaKiB, [0 3HAXOAATHCS Ha ITOYaTKOBIiH cramii exciuryaranii. Lle nocsiraeThes MusixoM migdopy JiiTaka-aHaJory 3a Ko-
edimieHTaMH PO3ropTaHHs i3 CIMEHCTBa JITaKiB, SIKI MalOTh OaraTopiyHy EKCIUTyaTallilo, a TaKOX PENpe3eHTaTHUBHY Ta
TIPEICTaBHUIIBKY CTATHCTUKY aBapiHMUX MPUTOJ 32 JIFOACHKIM YHHHUKOM. Take IpOTrHO3YBaHHS JI03BOJIHUTH 3HATH Ta 3Me-
HIIUTH YacTKY JIFOICBKOTO0 YHHHUKY B aBapiifHii CTATUCTHII IUIIXOM OOTPYHTYBaHHS ICHYIOUHX HPOTPaM ITiArOTOBKH JILO-
THOTO CKJIJTy 3 TIEPEX0JI0OM 10 SIKICHO HOBHX NMPHHIIMIIB MiATOTOBKH JILOTHOTO CKJIJAY, @ TAKOX IIITXOM BHKOPHCTAHHS
MOXKITIBOCTEH JIITaKiB HOBOT'O ITOKOJIIHHS SIK JIITAI0YOT0 aBTOMATH30BAHOTO €IIEKTPOHHOTO KOMILIEKCY.

KawuyoBi ciaoBa: posropraHHs NMporHosy, iHpopMamiiiHO-(pakTOpHI TEXHOJIOTIl, aBapiiiHa CTATHCTHKA, JITaK HOBOTO
MTOKOJIHHS, IPOrpaMa MiiIr0TOBKY JIbOTHOTO CKJIAAy, TEXHOJIOTiSI BAKOHAHHS ITOJIBOTY .

Beryn

IToctaHoBka mpoOiaemMu. B nanuii yac iHTEHCHB-
HO HIyTh MPOLIECH eKCILTyaTallii JIiTakiB HOBOTO MOKO-
nminas (JIHIT), takux sx TY-204, NJ1-96-300, Aun-140,
An-148, Au-158, Boeing-777, A-320 ta inmmx. [Jyxe
Ba)XJIMBO HA €Talli eKcIuTyaTalii 3poOMTH CTaTHCTHYHI
nporHo3u ekcrutyaranii JIHII, Oynyrounm mporHos 3a
npuniunom — “JIHIT — ananor”, Ta mpoBOJAMTH TOPiB-
HsiHas Mk JIHIT Ta nitakom — aHasioroM 3a aBapiifHOIO
CTAaTHCTUKOIO JIiTaka — aHaJora Ta IUKJIOTpaMaMH Po3-
TOpTaHHs PaxXyHKOBUX OIEpallii 3 KepiBHUITBA I10 JIbO-
THi# excrutyaTanii (KJIE) JTHII.

3 1i€r0 METOI0 Y PoOOTI HABEIEHO MPOTHO3, BUKO-
HAHUW 3 BUKOPHCTAHHSIM TEXHOJOTIH IPOIECHOTO aHa-
mizy noieoty (TITAIT) [1-3] mitaka MJI-96-300 B mopi-
BHsIHHI 3 JritakoM Boeing -747-400.

IepcnextuBHi Buau  iH(oOpMaIliitHO-(paKTOPHUX
texnonorii (IOT) mokaszani Ha puc. 1, 3 IKOTO BHUILIH-
Bae, 110 [DT 3acTOCOBYIOTBCS B CTPYKTYpI €KCIUTyaTamii
nosiTpstHoro cyaHa (I1C), meHTpasbHO YaCTHHOO SKOT
BimmoBimHO 10 mokymeHTiB IKAO € BHpOOHHIITBO TO-
me0TiB. Tomy po3pobka I®T mix gac BUpoOHHUIITBA TTO-
JIBOTIB € aKTYaJIbHUM HayKOBO-TIPAaKTHYHIM 3aBIAHHSM.

AHaJi3 ocTaHHIX J0CHiIKeHb Ta myOJikamii. Y
po0orti [1] mpoBomUTHCS aHANI3 MUTAHHS 3aCTOCYBaHHS
MPOLECHOTO MiAXOAy Y TPaHCHOPTHUX INpolecax Ta
BHUCBITIIIOETECS TpoOJeMa BHBUYCHHS BHPOOHHIITBA
monbotiB Ha JIHIL. Po6otu [2, 3] ciipsiMoBaHi Ha 3HATTS
aBapiiHOCTI 10 JroachkoMy unHHEKY (JIH), BHACIimOK
peaNpHUX Ta MOTEHIIHHNX MOMIIOK eKinmaxy, Ha JIHII,
saki, 3a ganuMu  IKAQO, Ha CHOTOJHIMIHIA JICHB
nocsiratote 80-85%. ¥V KIJIE Ta mporpamax JIbOTHOTO
HaB4aHHA [4, 5, 6] MOKa3aHO, IO CKIAJHICTH BIPaB Ta
yac iX BIANIpaIlOBaHHS HE MAlOTh YITKO BHPAXCHOI
3anmekHocTi. Tak Ha JesKi CKIagHi BIPAaBH IA€THCS
MEHIIIE Yacy, HiX Ha rpocrtimm. ToMy BUHHKIIA TOTpeda

posrisiny KJIE JIHIT nist BUKITIOUEHHS Ta 3MEHIIEHHS

koediienta amapiiiHocti  moxo JIU Ta  iioro
MIPOTHO3YBAHHSI JJIsl IEBHUX THITIB JIITAKIB.
Excruyarauis TIC
BupoOHHIITBO MOIBOTIB
Buyu [OT npu BUpOOHHUITBI MOJILOTIB
- TEpMiHH; -I®T 1bOTHOTO MEHEPKMEHTY; Texnomnorii
- Bu3HaueHHs, | | - IOT 3abe3neueHHs MOIBOTIB; MPOLECHOTO
- paBuia - anTHucTpecosi IDT; aHaJIi3y MOJIBOTIB
TOJTBOTIB. - eproHomiuni [OT. (TTIAIT)
- PO3rOpPTaHHS;
- KUIbIIEBI TEXHOJIOTT;
- (hakTOpHI TEXHOJOT 1.

Puc. 1. Ocuosni Buau IOT nix yac BUpOOHHIITBA MTOJIHOTIB

OCHOBHOIO MeTOK [aHOi CTaTTi € po3podKa
iH(opMaIiiftHO-PaKTOPHIX TEXHOJIOTIH pPO3TOPTaHHS Ha
eram ekcruryatanii JIHIT mis 3MeHIIEHHS MTOMIIIOK
eKiMaxy IiJ 9ac iX yrmpaBIiHHSL

Bukian ocHOBHOro marepiajy

Jo I®T moxna BimHectd [DPT IHOTHOTO MEHEK-
MmerTy, TITAIL a Tako)X aHTHCTPECOBI TEXHOJOTI1 3a6e3-
TIeUeHHs MobOTiB. [Ipy aHami3i MpoIeciB MONMBOTY IO~
JBHO 3aCTOCYBATH HOBI aHamiTHKO-iHpopMmaiitHi TITATL,
a came: TEXHOIIOTII0 PO3TOPTaHHS, KUTBIEB] TEXHOJIOTI] Ta
(hakTopHi TexHoMNOrii. TeXHONOTII pPO3TOpPTaHHS TOJITa-
OTh B CKJIAJaHHI HOBHX TEXHOJOTIYHHX KapT IPOILECY
MOJNBOTY - LUKJIOTPaM PO3TOPTaHHs], a TaKOX MOOYIOBi
ricTorpam po3ropTaHHs Ta pi3HHX JiarpaM po3rOpTaHHS.

4 © Anp-Ammopi Ami, Kimouan A. €., lertsaproBa A. O., Anms-Ammopi X. A., ITonesa H. M., 2022
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B jaHumit 4yac CTBOpeHI Ta BHKOPUCTOBYIOTHCS B
JIBOTHINM MPaKTHIi TOBIAHUKA 3 HUKIOrpadii po3ropTan-
us mitakis AH-124-100, UJI-76, NJ1-96-300, TY-204 Ta
Juis JtitakiB kommaii Boeing. Kinbresi TexHonorii 3a-
CTOCOBYIOTECS TIPH aHAII31 MTOTOKIB 3ayBa)KCHb aBialliii-
HUX (axiBIiB, aHaJi31 (JAKTOPHUX CITUCKIB, OONIKy KOH-
LEMNIiid MPUYMHHOCTI aBiamiiHuX mojid. dakTopHi Tex-
HOJIOTII € CYKYITHICTIO TEXHOJIOTiH 3 OOJIKY KOMIUIEKCY
(axTopiB, (QaKTOpPHUX NEPEXOHiB, SBUII (HAKTOPHOTO
pe3oHaHcy Ta iHIMX mojidakTopHux mporeciB. Haii-
OLIBII 3HAHOMOIO aBiallifHIM crieniasictaM 3 (pakTopHUX
texHonorii TITAIl e TexHomorist o0miky "(akTopHHX
HaKJIaJoK" - METOoJ| aHamizy (HaKTOPHUX HAKIAJIOK (TaK
3BaHMX e(eKTIiB (PaKTOPHOI MyJIbTHILTIKALIii).

[uxiorpadist po3ropTaHHs € HOBOIO PIOPHUTETHOIO
TEXHOJIOTI€I0 MTPOLIECHOTO aHaJIi3y MOJIbOTIB, IO MPHU3HA-
YeHa I 3MEHILeHHs aBapiiHocTi o JIY.

[ukmnorpadist po3ropTaHHs J03BOJISIE OIIHUTH TEX-
HoJIoTiuHI cknagHocTi ekcruryatarii [1IC Ta BpaxyBatu
TEXHOJIOTIYHI MAKCUMYMH Y JIbOTHIN eKCIUTyaTamii 3 Me-
TOI0 3MEHIIEHHS HETaTUBHUX e(eKTiB iH(popmaliiiHo-
(haKTOPHOTO HaBaHTAKEHHS NMPH BIUIMBI eeKTy modida-
KTOPHOCTI Ta KOMIUIEKCY OJTHOYacHO B3aeMoJitounx ¢a-
ktopiB. [lpaktika Oaratopiynoi ekcryarauii WJI-96-
300 noxkazaia, mo MJI-96-300 He suime He Tipiie, a 3Ha-
YHO Kpallle 32 CTaTUCTHKO, HiX Boeing-747-400, A320
tomo. 3a ui poku Ha NJI-96-300 He OyIo »oaHOT KaTac-
Tpodu um aiawiiHol npuroau. Etan excrutyaranii sita-
KiB HOBOTO TTOKOJIIHHS TOTpeOye pO3paxyHKIB 3a IPOTHO-
3amu aBapiitHoi cratucTuku 3 JIYU. Anani3 npoueciB po3-
TOpPTaHHS PaXyHKOBHUX OINEpaliid Ta po3paxyHOK JIMIIE Ha
PIBHI pO3ropTaHHs 103BOJISIIOTH 3pOOHUTH 11E.

Inest cTaTMCTUYHOrO TPOTHO3Y aHaji3y IMPOLECIB
PO3TOpTaHHS HOJIATa€ B TOMY, IO € JOCUThH YiTKO BHpa-
JKEHa aHaJIoTisl MX ITPOLIeCaMy PO3TOPTAHHS 3a eTaraMu
MOJIbOTIB Ta YacTKOK aBapiiinoi cratuctuku 3a JIY mo
eTaram IoJbOTiB. ABapiliHa CTATHCTUKA ITOBTOPIOE Xapa-
KTep MPOILIECIB PO3TOPTAHHS B TOMY, 1[0 HAHOLIBII pO3-
TOPHYTI €Tamlu, HaupHKIaJ, 37T, 3aXiJ] Ha MOCaJKy Ta
rocajika MaroTh MiBHIIEHY aBapiiinicTh 3a JIY. Towmy,
SIKIIIO 3HAMTH aHAJIOr HOBOTO JiTaka 3a Koe(illieHTaMu
posropranns (KP) 3a eranmamu mosipoty cepel ciMeiicTa
JITaKIB, SIKi €KCIUTyaTyIOThCS BXKe 0araTo pokiB i MarOTh
JOCUTh INPEICTABHUIIBKY CTATHCTHKY IOAO aBiamiifHUX
MIPUTOJ], TO MOKHA JIATH TPOTHO3 1 32 aBapiiHOIO CTATHC-
THKOIO HOBOT'O JIITAKAa B)KE Ha IOYATKOBIM cTazii iforo
eKCIUTyaTallii Ta CBOE€YACHO NPHAMATHA 3aXOAW IIOJIO0
3MEHIIIeHHS aBapiHoCTi 3a JIY.

KoedimieHT po3ropraHHs MOXKHA TPEACTABUTH Ta-
Kot sanexuictio: Kp =k cpr0/K 70 » 1€ kp — xoedimient
po3ropTaHHs, Kemo - KiJIbKICTh CEHCOMOTOPHHX OIepariiit
(CMO), ko - xinmbkicTs migmisHuX omepartiid (JIO). Ana-
JIi3 TIPOIIECiB PO3TOPTAHHS Pi3HUX THIIIB JIITAKIB IIOKa3aB,
mo s gtitaka MJI-96 aranoroM 1o omepamisix po3rop-
TaHHsI MOXKHa BBakaTd Boeing -747 [4, 5].

Ha puc. 2, axuii cknageHnuit 3a CTaATHCTHKOIO (ipMu
"Boeing", mmsxom mpomecHoro anamizy KJIE Boeing
747-400 mmoxa3aHi TeHAEHIIii 3MiHA YaCTKH JTLOTHUX TIPH-
TOJ TTO eTarax MoJbOTY Ta PO3IIOALT KOeiIlieHTIB po3ro-
PTaHHS 110 IIMX JKE eTamnax.

Ha puc. 3 mokazaHo po3monait koedirieHTiB po3rop-
TaHHS 10 eTarnax MojboTy Jiitaka Boeing -747.

3
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Puc. 2. Po3moin 4acTKu aBianpuro;y
3a nanumu ¢ipmu "Boeing"
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Puc. 3. Po3nonin koedimieHTIB po3ropTaHHs Ha e€Tarax Ioib0-
Ty 14 ditaka Boeing -747.1 - mocajika nacaxupis, pyJItOBaHHS;
2 —3nit; 3,4 — Habip BUCOTH; 5 — KpeHcepehKHid Mot
(MaprpyT); 6 — 3HIKEHHS; 7- eTall HOYaTKOBOI MiATOTOBKHY;
8-kiHIeBuii eram 3axony; 9 — mocazaka

[MopiBHsHHS pUc. 2 1 3 HAOUHO MOKAa3yeE, IO MPUPO-
Jia TIPOLIECY PO3TOPTAaHHS PaxXyHKOBHX OIlepaliil Ta mpo-
1ecy 3MIHM 4acTKH aBapiiiHOCTI MOJiH OJHOpiJgHA, a Ki-
JbKICHI 3pYyILIEHHS y IUX Mpolecax (HakTHYHO 30iratoTh-
csi: HaWOLbII Koe(illieHTH PO3rOpTaHHs BiJIIOBIIAIOThH
JUISTHKaM TOJILOTY 3 MaKCUMAJIbHUM CTYIIEHEM aBapiii-
HocTi. Lle, 3BicHO, 3aKOHOMIpHHI pe3yNbTaT. SIKIIO B3SITH
JI0 BiOMa, 10 KOe(DIliEHTH PO3TOPTaHHS MPOMOPIIHHI
CTYIEHIO TEXHOJIOTIYHOI CKIIAJIHOCTI MONBOTY, TO CTa€
3pO3yMUINM, YOMY KUTbKICHI Ta SIKICHI 3MiHH B IIUX IPO-
1ecax - y MpoIeci po3ropTaHHs 3a eTarnamMH Ta 3MiHH
YaCTKH aBapiifHOCTI 110 eTanax TOTOXKHI.

Ha puc. 4 HaBezeHo AaHi 3 TiCTOIPaMHOTO aHAJI3y
Ksiorpam posroprants MJI1-96 ta Boeing -747, siki moka-
3YIOTh ONHOPIAHICTH TMPOIIECIB PO3TOPTAHHS PaXyHKOBHUX
(HOpMaJIFHHX) OIepariil Ta Mpoueayp A MUX JITakiB. Y
Tab. 1-3 HaBemeHo CTAaTHCTHKY (hipmu “Boeing” mo mpot-
HUM OOCTaBHMHAM, a B TAONHIIX 4 1 5 - po3paxyHKH koedi-
ieHTiB posropTaHHs mri jitakiB MJI-96 1 Boeing -747.
Tomy B mporeci ekcrutyatanii MJI-96-300, o mae cratu-
ctuky 1o JIU (exinmaxy) ¢ipmu "Boeing" mms mitaxa WJI-
96, MoxHa Oyn0 TPUHHATH SIK ONHOPINHY CTaTHUCTHKY
(cTaTtucTEKY - aHANOr 3 TPHYMH JBOTHUX IPUTOM) TIPH
MIPOTHO31 MOKJIMBOI aBapitHOCTI. AHANI3 JaHUX TIOKA3ye,
TI0 TIOMIJIKH, BiJXFJICHHS TOIIO. PO3TIIAIOTECA Oe3 aHa-
T3y TEXHOJOTTYHIX MPOIECIB POTOPTAHHS Ta iX CKIIaj-
HOCTI, IO YCKIIAIHIOE 3armo0iranHs aBiampuroy. Bukopuc-
TOBYFOUHM TIPUHITUIT AHAJIOTi Ta 3aKOHY JIOTIYHOTO BICHOB-
Ky 3a aHanorieto, y 1994 pori OGymo 3poOieHo Mporao3
1010 X0y To4aTKoBoi ekcruryararii MJI-96 Ta fioro mo-
JKITMBOI aBapiiiHoi cTaTucTHky 3 JIY.
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Puc. 4. Pesynbrati ricTorpaMHOr0 aHaiizy IUKIOTpam
PO3ropTaHHs Ta MOPiBHIIEHOTO aHani3y Boeing -747-400
Ta MJI-96-300 3a TeXHONOTIsIMH IPOIIECHOTI0 aHANI3Y MOJIBOTY
(OP — omnepartii posropranss, HKKIT — HopmaibHi
KOHTPOJIBHI KapTH TTePEBIPKH)

BezyMoBHO, MeToz1 aHaIOTiH y cepi CTAaTUCTHKU HE
BUJIOBUM CIIOCOOOM, a POJIOBUM, TOOTO. JyXe Ba)KIMBa
NpU 1IbOMY SIKICHA aHAJIOTis, a KUJIbKICHA aHAJIOTIs € sK
JIOMOBHEHHSM JI0 SKiCHOTO MPOrHO3y. ToMy citifi 3BepHy-
TH OCOOJIMBY yBary Ha TOi (haKT, IO MOPYIICHHS CTaH-
JapTHHUX JILOTHHUX ITPOLIEAYp Ha Jlitakax "Boeing" cTaHo-
BUTh HE MeHIIe 33, a Mpu MpoBeJeHHI pexyiacudikariii
cratuctuk Gipmu "Boeing" - Bci 68. TIpu nipomy mnotpi-
OHO BpaxOBYBaTH T'OJIOBHE — I1€ BiIOyBa€ThCA HE 3 BUHU
JIBOTHOTO CKIIAy, & Yepe3 CKIAHICTh MPOIECy MOTbOTY
Ta HEBHU3HAYEHICTh MPOLECIB PO3TOPTAHHS €TAIiB IIOJIBO-
Ty B HOpMaJIbHUX yMOBax. Bcs crpaBa y ckiiagHOCTI 1o-
JILOTY Ta WOTO CTAHAAPTHUX MPOLIEAypax. 3BiJcH i royo-
BHA BUMOTa [0 NPOIPaMU MiATOTOBKH JILOTHOTO CKJIamy
(IITJIC) [6] nust Bupimennst npobnemu JIY (exinaxy) 3
aBapiiHMUX MPUTOJ] — IPOTHIiS THITY Ta MAKCUMYMY IpO-
LIECIB PO3rOpTaHHSI.

Pe3ysbrati TOPIBHSUIBHOTO aHANI3y MOKa3yHOTh
BIJIHOCHY OIHODIJIHICTB TIPOIIECIB PO3TOPTAHHS PAXyHKO-
Bux omnepauiii NJI-96 (onepatiiii HopMabHUX (HOpMaJib-
HUX KOHTpoJbHUX KapTok mepeBipku - HKKIIT Boeing -
747)) eTamiB MOJIBOTY.

Tabnuys 1 — Ipuanau AIl 3 BUHM JIbOTHOTO CKJIAXY

Kisb-

Ne YMHHI NPUYUHH JIbOTHUX HPUTO] KicTn

1 |BigxwmiieHHs YieHaMH eKinaxy BiJ CTaHJaPTHUX MPOLe- 33
Ayp
2 |ITorana B3aemonis Ta .HueBHKOHaHH;I YIICHAMH eKiNaxy 26
KOHTPOJIBHUX OTeparii

HenpaBuibHicTb Aii WieHIB eKinaxy 010 YCYHEHHS
BiIXHJICHD Y POOOTI CHCTEM, 10 BHHUKIIH

[TinoT He ycBiJOMHUB HEOOXITHOCTI AOTIISAAY Ha 2 KOJIO

w

HenocTaTHiCTh TEXHIKM NITOTYBaHHS

He3,[[aTHiCTI) nitora BIIOpATHUCH 3 CPITyaLIiHMI/I, 110 BUHUKITH

HempasmibHe BUKOHAHHS IPOILERYp AOTIALY Ha 2 KOJIO

TToMunky mijioTa mijx yac TPEeHYBAIBHHUX MONBOTIB

(o] [ec} N [op} [O2 ] BN
W | Ww|k|~|O| ©

Ti3ni aii minora Ha curnanu CB3II (cuctema momepe-
JUKEHHS 30J1MKESHHS 3eMJTi)
10 |TTomukm minota mpu yacTkoBiii Brpati BugumMocTi 3I11C 3
HIDKYE BHCOTH MPUHHSATTS PilICHHS
11 |HemnpaBuinbhe BUKOPUCTaHHS HASIBHHUX 3aC001B 3aX0/y Ha 4
MOCAIKY
12 |HenocraTHiii TOCBi/ MUIOTIB B €KCILTyaTallil JAHOTO THITY 2
JliTaka

Tabnuysa 2 — IIpuauHM JHOTHUX IPUTO HA JHTaKaX
¢dipmu Boeing 3a ocranni 10 (25) pokis

N | IIpuunHa JTHOTHOT MOl Ocranni Ocranmi
10 poxkiB, % | 25 pokis, %
1 | 3 BUHU JTBOTHOTO CKJIATY 70.8 73.3
2 | 3 BUHHU aBiaTeXHIKU 12.3 11.6
3 | 3 BUHHU TEXH. 00OCIYTOB. 2.3 1.6
4 | 3a IOrOTHUMH YMOBaMH 6.2 55
5 | 3 BUHU cITy)XO0H pyXy 5.4 14.2
6 | 3 IHIIMX IPUYUH 3.1 3.2

Tabnuys 3 — JIiTHi 06CcTABMHY TA HOTO PO3NMOLTY
3a eTanamMu MojboTy

e Eranu noasory %

1 Kepysanns 3.1
2 3mit 115
3 TlovartkoBuii Habip BHCOTH 9.6
4 Hacrynnuit Habip Bucotu 6.3
5 ITomiT 3a MapIpyToM 5.5
6 3HIKEHHS 7.9
7 Eran noyarkoBoro 3axoay 7.2
8 QdinanpHUI eran 3axo.1y 24.4
9 Iocaznka 24.5

Tabnuys 4 — Po3paxyHok koediuieHTiB po3ropraHHst
PaxXyHKOBHX orepaiiii 3a piBHeM ceHCOMOTO-
pukH 1711 cy0'exrtiB mukaorpamu UJI-96

KiabkicTh KinbkicTh Koediuie-

PaxXyHKOBHX CEeHCOMOTOPHHX HTH po3-

onepauii onepauii TOPTAHHSA
KC 30 45 1.5
2/T1 21 31 1.49
TII1 69 141 2.18
HIT 16 52 3.29
KC,2/11 6 21 3.5
b/1 66 172 2.6
E 14 37 2.7

2/I1 — npyruii ninot; KC — komanaup nitaka; Bl — 6oprinxkenep;
E-exinax; I1I1 — ninoryrounii ninot; HII — Heninoryrounii ninor

Tabnuys 5 — Po3paxyHok KoedilieHTiB po3ropTaHHs
PAXYHKOBHX onepauiii 3a piBHeM CEHCOMOTO-
PUKH /15l Pi3HUX eTaNniB BUKOHAHHSA I0JIbOTY

Hassa Kisnbkicts | Kinbkicts| KP K_P
onepaniii JIO JI- |CMO WJI-| AJI- | Boeing -
96-300 96-300 |(96-300| 747-400
KepyBanus 31 62 2 2.7
3mit 60 116 1.9 1.9
Habip Brcotn 19 37 1.9 1.9
Kpeiicepcbkuii 21 40 1.9 1.9
TOJIIT
SHIKCHHS 19 35 1.8 1.7
3axi Ha MOCAIKY 25 99 3.9 2.3
Tlocaska 21 39 1.9 2.0
Ticnst mocamku 25 52 2.1 2.8
Cepenne
21 | 22

KopnoHu nporieciB po3ropTaHHs 110 €Tanax Mojibo-
Ty 1JI-96 Ta Boeing-747 3a KiUTBKICTIO pO3TOPTaHb B OIIE-
pamii nprdimu3HO 0HAKOBI (OMH3EKO 7).

Mexi HeposroptanHs Ta posropraHus IJI-96 Ta
Boeing-747 npubmu3Ho oaHakoBi (Ha pisHi 0.5).
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BucHoBKH Ta nepcneKTHBH
MOJAJLIINX XOCTIIKEHb

1. TadopmamuiiiHo-pakTOpHI TEeXHONOTII IE TaKi
iH(pOpMalifHI TEXHOJIOTII, Y CTPYKTYpi SKHX MOJXKHA
BpaxyBaTd (haKTOpHI SBHUILA Ta MTPOLIECH.

2. IndopmariiiiHo-(haKkTOpHI TEXHOJOTII MOXe Oy-
TH TEOPETHYHOIO OCHOBOIO 10 CTBOpPEHHS HOBUX [D
TexHojorii. 3acHoBana Qopmyna DA BpaxoBye Oyipb-
SIKY KUTBKICTh €KCIUTyaTaliiifHuX GakTopiB.

3. 3a mporiecaMy po3ropTaHHs PaxyHKOBHX OIle-
pauiii MOKHa POOMTH NPOTHO3M IO MOTEHIIHHY aBa-
pifiHy CTaTHUCTHKY 3a JIOACHKHM (HhaKTOpOM (EKilmaxkem)
JIITaKiB, MO 3HAXOJATHCS HA IMMOYATKOBIH CTAMii CKCILTY-
aTarii, sIKIIO MiAiopaTH JiTak-aHaIOT 32 KoedilieHTaMu
pO3TrOpTaHHs 3 CiIMEHCTBA THX JIITAaKiB, SKi MAalOTh Oara-
TOPIYHY EKCILTyaTallilo i BXKe JJOCHTh PENPEe3eHTATUBHY
Ta MPEICTAaBHUIIBKY CTATHCTHKY aBapiiHHX MPUTOX 3a
JIIOJICBKUM (DaKTOPOM.

4. JIast 3HATTS Ta 3MEHILIEHHS YacTKH JIFOJICBKOTO
¢akTopy (ekimax<y) B aBapiiiHii CTATHCTHI JOLIIBHO
BHUKOPHCTAaTH JIBa OCHOBHI IUISAXU: - 3AIHCHUTH Oararto-
piBHEBe OOIDYHTYBaHHA ICHYIOUMX OJHOETAIlHUX Ta
onuopisHeBux IIIUVIC i3 mepexomoM 0 SKICHO HOBUX
TPUHIMIIB MiATOTOBKK JLOTHOTO cKiany Ha 1JI-96 sk
JIiTaka HOBOTO MOKOJIIHHA. - BUKOpHCTOBYBAaTH peabHi
moxuBocti CHIT sik nmiTarouoro aBTOMAaTH30BaHOTO
€JIEKTPOHHOTO KOMILJIEKCY .

5. HeoOxigHo BpaxoBYBaTH, IO MOKH IO y TEX-
HoJorito BukoHanHs nosnwotry CHIT sik TY-204, 1J1-96-
300, AH-140, AH-148 KOHCTPYKTOpH Ta MPOEKTYBaJIb-
HUKM HEMOBHICTIO BKJIQJIM BCI TEXHIYHI MOXIIHMBOCTI
HOBUX enekTpoHHuX cucreMm iitaka (KIPC, BCVII,
BCYT romio) .a.), Ta TEXHOJIOTI] BUKOHAHHS TIOJBOTY
Ha CHII no PJIE nepummmx penakiiiii skicHO He BiJpi3Hsi-
€TbCsl BiJI TEXHOJIOTIi BUKOHAHHS MOJBOTY Ha JITakax

CTaporo MOKOJIIHHS, 1 MICTUTh HEBH3HAYEHOCTi (HEBH-
3HA4YEHICTh PEKMMIB €TalliB MOJILOTY, PAXYHKOBO HEBH-
3Ha4YeHl eTany I0JIOTY, HEBH3HAYEHICTh HUKIOTpaM-
Hux Qynkuii [1T1-HIT Tomo).

6. Meromu mporHo3y aBapiiiHOI cHTyamii Ioao
JI® (eximaxy) uyepe3 Koe(ilieHTH PO3TOPTAHHS JI03BO-
JSIFOTH BPaXOBYBaTH Pe3yJbTaTH MPOTHO3Y HE JIMIIE Ha
novaTkoBiid cTaxii excruryarauii CHIL, ane B ymoBax
IIMPOKOTO BITPOBAPKEHHS Y MPaKTHUKY ekcrutyaTarii T1C.

7. Tlin TOpYWEHHSIMH CTaHIAPTHUX JILOTHHUX
nporeayp (tepminonoris IKAO abo ¢ipmu "Boinr")
a00 MOpYUICHHSIMU Y BUKOHAHHI PaXyHKOBHX OIIEparliif
€TaIliB MOJIBOTY CJIiJ] PO3YMITH TaKi HETaTUBHI KUTBKICHI
a00 SKiCHI 3MIHM y TEXHOJIOTIYHIH MOCHIJOBHOCTI OIle-
palliif eTariB MOJILOTY a00 y 3MICTi CAMHX OIEeparli, 110
MPU3BOJATE JI0 JILOTHUX (@BialliiHUX) ) MOMIsIM 4Yepes
TPaHWYHY CKJIaJHICTh MPOLIECIB PO3TOPTAHHS PaXyHKO-
BUX omepallii (mpoue/yp) eTariB MoJboTy, aje He Yepes3
BUHHICTh JIBOTHOTO cKiany. OTxe, Taki NOpYLICHHS
MOBUHHI 3HIMATUCS NUISIXOM CHELiaIbHUX 3aXOiB II0-
JI0 PO3TOPTaHHS y JILOTHOTO CKJIAJy HaJEXKHOTO PiBHS
npotuaii Oyab-sAKkuM (PaKTOPHUM HakJIaJKaM Ta OOJIiKY
"¢urykTyaniiHoro" (BHIaJKOBOTO, CTOXaCTUYHOIO TO-
I0) XapakTepy IHpOLECIB PO3rOPTaHHS PaxyHKOBUX
orepariiii HOpMaJbHOTO MOJBOTY.

8. AHami3z mpoleciB po3ropTaHHS PaxyHKOBHX
onepauiii eramiB nonboty Ha CHII, HaouHe ysBIEeHHs
MPOLIECIB PO3TOPTAHHS OMEpaliii HOPMAJIBHOTO MOJIBOTY
CHII crneniaJlbHUMH ITUKJIOTpAMaMHK, CKJIaIHUKA BHI Ta-
KUX IMKIOrPaM PpO3TOPTaHHS MEPEKOHJMBO NOBOIUTH
TOM (haKT, 1110 BAKOHAHHSI HOPMAJILHOTO TIOJILOTY Ta HOTro
eraniB Ha CHII € rpaHM4YHO CKJIaJHOIO IPOLEIYPOIO
NPUUHSATTS PILICHb Ul YWICHIB EKiMaxy, TOMy IO caMm
npouec nosboty 1J1-96-300 B HOpMaJIbBHUX yMOBax eKc-
TuTyaTanii TpaHUYHO CKJIAJHHUK uYepe3 CKIIAJHICTh BHYT-
PILIHIX TPOLIECIB PO3TOPTAHHS PAXYHKOBHX OIEPAITiid.
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Information-factor technologies for deployment the prediction at the stage of operation of new aircraft generation
Ali Al-Ammory, Arsen Klochan, Anastasia Degtyareva, Hasan Al-Ammory, Natalia Poleva

Abstract. The purpose of this article is the development of information-factor deployment technologies at the operation-
al stage of new-generation aircraft to reduce crew errors during their control. The article considers information-factor technolo-
gies for predicting potential emergency statistics caused by human factor for aircraft in the initial stage of operation. This is
achieved by selecting an analog aircraft based on deployment coefficients from a family of aircraft that have many years of oper-
ation, as well as representative and respectable statistics of accidents caused by human factor. Such forecasting will allow to re-
move and reduce the part of human factor in emergency statistics by justifying existing training programs for flight crews with
the transition to qualitatively new principles of flight crew training and also by using the capabilities of next-generation aircraft
as a flying automated electronic complex.

Keywords: deployment the prediction, information-factor technologies, emergency statistics, a new-generation aircraft,
flight crew training program, flight technology.
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CTATHCTUYHI IMITAIIIITHI MOIEJI O TUMI3AL{
TEXHIYHOI'O OBCJIYT'OBYBAHHSI NOBITPSIHUX CYJIEH

AnoTanis. [Iporpamu TeXHIYHOTO 0OCITyrOBYBaHHS HOBITPSHUX CYACH PO3pOOIISIOTECS HA OCHOBI peKOMEHAALH BHPO-
OHMKa Ta BUKOHAHHS JAUPEKTHB PEryJITOpa 3 JIHOTHOI NpuaaTHOCTi. OMHAK eKCIUTyaTaHTH MaloTh aalTyBaTH CBOIO IIPO-
rpaMy TEXHIYHOTO 0OCIyrOBYBaHHS y BIATIOBIAHOCTI 10 KOH(Irypamii IOBITPSHOr0 CyHA Ta iHAUBIyaIbHUX BUMOI CBOTO
napky. Pesynprary ananmizy HaJiHHOCTI JO3BOJIIIOTH CKOPHUTYBAaTH IIPOTpaMy TEXHIYHOTO OOCITYyrOBYBaHHS M THM CaMHM
CKOPOTHTH HaJIMipPHO JOPOTOBAPTICTHI Mii 3 TEXHIYHOTO 0OCIYTOBYBaHHS Ta 4ac mpocToto. L[ craTTs npucesiueHa BUKOpH-
CTaHHIO Teopii HMOBIPHOCTI Ta CTATHCTUYHOI 0OPOOKH IJIT ONTHMI3ALIi] TPOLECiB TEXHIYHOTO 00CITyTOBYBAaHHS MOBITPSHUX
cyneH. Y po0oTi oTpuMaHa CTaTHCTUYHA iMiTaliliHa MOJIENTb Bi]MOB CHCTEM Ta KOHCTPYKIIH JiTaKiB Ta BEPTOIHOTIB METO-
noM Momnre-Kapio. B sikocTi mogaTtkoBHX JaHMX I MOJENIOBAHHS OyJIM BUKOPUCTaHI MapaMeTpy HaIiHOCTI CHCTEM i
KOHCTPYKIIH MOBITPSHNX CyZeH. 3arpoIioHOBaHa MOJENb MOXKe OyTH BHKOPHCTaHA JUISl BIOCKOHAJICHHS CTPYKTYpP CHCTEM
Ta KOHCTPYKIIii1 MOBITPSHUX CyJICH HA €Talll MPOEKTYBaHHS Ta BUPOOHHIITBA.

Karwo4doBi ciaoBa: onrtuMizanis, HagiliHICTh, TEXHIYHE 0OCITYyroBYBaHHS, NMPOrHOCTHUYHE OOCITYrOBYBaHHS, eKCILTyaTa-
1151, MOJIENE BiJMOB aBialliiHUX CHUCTEM.

MPOBEACHHS ONTUMI3aIii JUIsl MiJBUIICHHS HATIHHOCTI

Beryn Ta OE3MEKH MOJIHOTIB.

[Tporuo3yerbesi, MO CBITOBUIT PUHOK KOMEPLIIHHNX

BEPTOJBOTIB MaTHME DIYHMH TemMn 3poctaHHs 2% y
nponosx 2020-2025 pokiB [1]. 3pocTaHHS PHHKY €
O4YeBUAHMM Yy HadTOBHOOOYBHHMX perioHax bmmspkoro
Cxonmy Tta Adpukh, e CEKTOp KOMEPILIHHUX BEPTOJIbO-
TiB pOOUTH BHECOK B €KOHOMIKY, BUKOHYIOYH MOLIYKO-
BO-PATYBaIbHI MOCIYTM Ta TPAHCHOPTYBaHHS A0 MOp-
chKOi HagTorasoBoi mpomucioBocti [2]. HesBaxarouu
Ha NPUOYTOK BiJ KOMEPIIMHUX IOJbOTIB MOBITPSHUX
cyaeH (I1C) st mux kpaiH, X cepemHs eKCIuTyaTaliiHa
BapTICTh MOXE IEPEBHUIIYBATH MOYATKOBY IIHY MPHI-
Oannst B 10 pa3iB; TexHiuHe 00CIIyrOBYyBaHHSI, PEMOHT i
KaIliTaJbHUI PEMOHT OLIHIOThCS Mpudau3Ho B 10-
15% Bin excrutyatauiitnux Butpat [3]. Jocuts BHCOKa
BapTIiCTh OOCIIyTrOBYBaHHsI OOYMOBJIOE HEOOXiHICTh

MoTuBaLis Ta MOCTAHOBKA MPO06eMH

KurreBuii ki Oyab-AKoi cucTeM abo KOHCTPYK-
1[ii1 NOBITPSHUX CYJIEH CKJIAA€ThCs 3 YOTHPHOX OCHOB-
HUX eTamiB. [lepuwium emanom € TIPOEKTYBAHHS Ta PO3-
pOOJIEHHS, 10 CKJIAMAEThCS 3 IUIAHYBAHHS Ta KOHIIETI-
TyaJbHOTO IIPOEKTYBAHHs, MONEPEIHBOIO MPOEKTYBAH-
Hs 1 CUCTEMHOI iHTerpallii, a TaKOX JETaJIbHOTO MPOEK-
TYBaHHA. [pyeum emanom € cTafis BUpOOHUIITBA Ta/abo
BUTOTOBIICHHS. Tpemiti eman — Lie eKCIIyatawis, Ta
3aBepLIATIbHUI, YeTBEPTUI — yTHTI3aLlisl.

Sk BuIHO 3 puc. 1, HAHOINBIIMMU BUTpATH € Ha
cTanil ekclulyaraiii; Ha TEXHi4He OO0CIyroByBaHHS,
PEMOHT 1 KamiTanbHui peMoHT npumazgae 10-15 % mux
BUTpAT.

Hpoexrypanns ‘ 9 {Bupoﬁlmu‘rso

»

Excnuayaranin

|» { S— ‘

Bm‘pam‘

CyKynHa BapTicTh
JKHTTEBOTO LIUKITY

ExoHoMigHA
e(heKTHBHICTE

Yac

Puc. 1. )KurreBuii MK aBialfiiHUX CUCTEM Ta MO0 BIUIMB Ha BUTpaTH [4]

Texuiune oocmyroByBanHs [IC MoxxHAa BU3HAYHATH
SIK CYKYITHICTh YCiX TeXHIYHHX 1 aAMIHICTpaTHBHUX MiH,
SIKI TATPAMYIOTh a00 BiTHOBIIOIOTH KoMmmoHeHTH [1C,
I ICHCTEMH, CHCTEMH Ta CTPYKTYpH B CTaHi, B SKOMY
BOHM MOXYTh BUKOHYBATH CBOI 3a3/aJieTi b BU3HAUYCHI
GyHKIIT.

Lini TexHIYHOTO OOCIYTOBYBAHHS MOBITPSIHUX CY-
JICH MOYKHA KOPOTKO ¢(h)OPMYITIOBATH SK:

1) 3aGe3neyeHHs TOTOBHOCTI MOBITPSIHUX CY/IEH;

2) 3abe3reueHHs] HAJIMHOCTI CHCTEM TIOBITPSHUX
CYJIeH,;

3) 3abe3meuenHst OE3MEKH MONTBOTIB.

8 © 0.Y. Oxopo, M.IO. 3anicekuii, A.O. Ocimuyk, C.O. Imurpies, 2022
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[Ipsmi BuTpaTH Ha TexXHIYHE OOCIYrOBYBaHHS
BKJIFOYAIOTh Matepiain, oONaJHaHHS, YCTaTKyBaHHS,
MOCTAYAHHS 3aMaCHAX YaCTHH, IEPCOHAN Ta iHIIe, B TOH
Yac sIK HeMpsMi BUTPATH Ha TEXHIYHE 0OCIyroBYBaHHS
IIOB’s13aH1 3 aMIHICTPATUBHUM Ta YIPaBIiHCHKUM IIep-
COHAJIOM, HAKJAJIHHUMHU BUTPATAMH Ta BTPATOK JOXOIY
yepe3 npoctiii [IC. Texniune oocayroyBanns [1C — e
3arajbHUE TepMiH st nepeBipok I11C 3 MeToro iX omiH-
K{ Ta OI[IHKH CTaHy CKJIaJOBHX YacTHH i cucteM. Tex-
HiYyHE OOCIyroByBaHHS BKJIIOYAa€ KOPOTKI mepea-
MOJILOTHI 200 JeTasbHI MePEeBiIpKH.

Jii 3 TeXHIYHOTO OOCITYrOBYBaHHSI CUCTEM 1 KOHC-
TPYKIIH NOBITPSHUX CyJIeH KIaCH(IKYIOTbCS SIK: KOpH-
Tyro4Ye 00CITyrOBYBaHHS, 3alI001KHE 0OCITyrOBYBaHHS Ta
nporHocTuyHe oOciyroByBaHHs. Kopuryroue oGcmyro-
BYBaHHsI OXOIUTIOE BCi Jii 3 PEMOHTY HemependoauyBa-
HUX HecnpaBHocTed 1 BigMoB. [lii 3 mpo¢iniakTHYHOTO
00CITyroByBaHHsI 3MEHIIYIOTh KIiJBKICTh He3alllaHOBa-
HUX PEMOHTIB. BOHM CKIANArOThCs 3 MEPIOMUUYHUX 3a-
XOJIiB W00 TEXHIYHOrO OOCIYyrOBYBaHHS, SKE MPOBO-
JIMUThCS Ul YHUKHEHHS Bi]MOB Ta BUXOIY 3 JIaJy KOM-
MoHeHTiIB i cucteM [5]. [IporHoctiuHe 00CITyroByBaHHS
BUKOPHCTOBYE PsIJ IApaMETPiB ISl IPHUITYIIEHHS, KOJIH
CTaHEeThCSA BIJIMOBA, 3 METOK) 3MEHIIEHHS KIIBLKOCTI
Heriepea0adyBaHuX 300iB Ta 3a0e€3MEUYEHHS MEePCOHAIY
Ha/ilHUMH BapiaHTaMU IUIaHYBaHHS MPOQIIaKTHYHOTO
00CITyroByBaHHS.

Butpati Ha TexHiuHe OOCIyroBYyBaHHS 3Ha4YHOIO
Mipoto 3anexars Bia HaxiiHocTi cuctem [1C. Makcuma-
npHa roToBHicTs 11C Ta MiHIMI3allsl BUTpAT HaliKpaiie
JIOCSITAIOThCSl HA eTarll Horo MpOEKTyBaHHs 13 3abesrie-
YEHHSIM BUCOKHMX ITOKAa3HUKIB HAJIHHOCTI Ta PEMOHTO-
MPUAATHOCTI. TakuM YMHOM, BUMOTH JI0 HaJiHHOCTI
3arajioM BU3HAYAIOTHCS HA €Talll IPOEKTYBAaHHSA Ta PO3-
POOKH KUTTEBOTO LUKy aBiallifiHOT CUCTEMHU Ta 3aCTO-
COBYIOTHCS Ha IHIIMX TPHOX €Tarax XKUTTEBOTO LUKITY.

JJist IpakTHYHUX 3a]1a4 HAaliHHICTh BH3HAYAETHCS
SIK 3aTHICTb KOMIIOHEHTa, IJCHCTEMH ab0 CHCTEMH
MPAIIOBATH 32 MPU3HAYECHHIM Oe3 Oyb-sKkuX 300iB Ta y
BU3HAYEHUX MeXaX e(eKTHBHOCTI MPOTIrOM BHU3HAYeE-
HOTO iHTepBaly 4acy. 3 KUIbKICHOI TOYKU 30pYy, HaIii-
HICTh 3a3BHYail OI[IHIOETHCS SK IMOBIPHICTH TOTO, IO
MIPUCTPIi Oy/le BUKOHYBAaTH CBOIO (DYHKIIIIO MPOTATOM
HEeOoOXIIHOTO TIepiojly 4acy B OUiKyBaHMX YMOBax €KC-
Iulyaraimii Ta HaBKOJMIIHBOTO cepenoBuina [6]. s
aHANI3y HAMIHHOCTI OIIHIOIOTh HMOBIPHICTH BiIMOBH
CKJIaJOBUX YacTHH, IiACHCTEM ab0 CHUCTEM 3a HasBHUX
BUIIAIKOBUX IOAIH. MareMaTH4YHO € 3IIHCHIOETLCS 3a
JOIIOMOTOI0 BHITAJKOBUX BEJIMYMH, II0 BHKOPHCTOBY-
IOTBCSL UL MOJENIOBAHHS PI3HOMAHITHHUX JDKepen He-
CIIpaBHOCTEH y BUpOOax Ta mporecax. AHami3 HaaiiHO-
CTi € OCHOBOIO JUIS TEXHIYHOTO OOCIYTOBYBaHHS 3a CTa-
HOM, SKUH 3TifHO cTaHmapTty MixHapomHoro Exexrpo-
texuigaoro Kowmitery (International Electrotechnical
Commission IEC) Ne 60300-3-11 Bu3HauaeTbCs SIK
«MeTon imeHTu(ikarii Ta BUOOPY IMONITHKH KEPYBaHHS
BiIMOBaMH JISl TOCSTHEHHS HEOOXiAHOTO piBHS Oe3rie-
KM, JOCTYITHOCTI Ta €KOHOMIYHOCTI EeKCILTyaTtaIlii pe-
3yNMBTATHBHO Ta edekTuBHO» [7]. Lle 3milicHroeThCs Ha
OCHOBI a) CTATUCTHYHHX PO3PaxXyHKIB 1 pO3paxyHKIB
HaAiHHOCTI poOOTH cHcTeMH Ta 0) OCHOBHHX KOMITOHE-
HTIB NpoQiIaKTHYHOTO OOCIYTOBYBaHHS, PEMOHTY Ta

3axofiB ytuiizanii. Texniuyne oOCIyroByBaHHS 3a CTa-
HOM IUIaHYETHCS ISl MaiiOyTHBOTO 00CITyroByBaHHS Ha
OCHOBI TIOTOYHOTO TEXHIYHOTO CTaHy CHCTeMH. BoHO
Hajae iHQopMamio s IUIaHYyBaHHS IPEBEHTUBHHUX
3aX0/iB 3 MPOQUIAKTHYHOTO Ta MPOTHOCTUIHOTO 00CITy-
TOBYBaHHSL.

Ornsy mitepaTypd MOKasye, IIO 3HayHa yBara
MPUAIISIETHCS JTOCHI/DKEHHSIM PO3BUTKY CTpateriii Tex-
HIYHOTO OOCIYrOBYBaHHS 3 KOHTpPOJEM HaJiifHOCTI,
OJTHAaK ICHYIOTh INPOTAJIMHK B PO3pOOIi MaTeMaTHYHUX
Mojeneld Ui BU3HAYEHHS XapaKTEpUCTUK HAMIHHOCTI
aBiallifHUX CHCTEM 3 TOYKH 30py ONTHMIi3alil TeXHid-
Horo o6ciyroyBanus IIC. B po6ori [8] 6ymo po3pod-
JICHO MOJEeNb HaJiHHOCTI ENeKTPOHHUX KOMIIOHEHTIB
BiTporenepartopiB. IIporsirom ekcruryaTarii BiTporeHe-
paropiB Oynu 3i0paHi JaHi, HA OCHOBI SIKMX Oyna moOy-
JIOBaHa ricTorpama, 1o mokasana Ha puc. 2. Po6ora [8]
MiJKPeCnIa JOUIBHICTh PO3POOKH MOJICNICH HaiHO-
CTI JUIsl IHIIMX CKJIQJHUX CHCTEM, a 1i pe3ysbTaTh 3a-
CTOCOBYIOTBCSI JI0 aBialliIiHUX CUCTEM 1 KOHCTPYKIiH.
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Puc. 2. ®yHKLis MITBHOCTI PO3IOITY WMOBIPHOCTI Yacy
HarpairoBaHHs MiX BiJIMOBaMH BiTPOr€HEPaTOPiB

CraTucTuuHe MOJC/JII0BAHHSA

Jlyisi BUKOHAHHS Pi3HUX THUITIB TEXHIYHOTO OOCITy-
TOBYBaHHS Ta JIOCHTIDKEHb HAJIHHOCTI BHUKOPUCTOBY-
I0ThCSL Pi3HI MaTeMaTH4YHI MOJENi pO3IMOJiIiB MOBIp-
HocTel. HaiOnbll BHKOPHUCTOBYBAaHMM PO3IOILIOM
HMOBIPHOCTI Ha eTami eKCIUTyaTallil € eKCIIOHEHIII HHUI
pO3MOIiN, OCKITEKHA HOTO MOKHA 3aCTOCOBYBATH B Pi3-
HUX TUINAaX aHalli3y IHTEHCHBHOCTiI BiIMOB KOMITOHEH-
TiB, MIACHCTEM 1 CHCTEM MPOTATOM iXHBOTO TEPMIHY
ciyx0n. IIiTeHICTE po3moAiTy WMOBIPHOCTI U €KC-
MTOHEHITIITHOTO PO3IOA1Ty BU3HAYAETHCS K

fty=re™ mt>0, 1>0,

ne t —gac, f(t) — miaBHICTE po3MmoILTY iMOBipHOCTI, A —
mapameTp PO3NOJLUTY, SKHIA B Teopil HAIMHOCTI € iHTEeH-
CHBHICTIO BIJMOB, IO 30epirae mocTiiiHe 3HaYeHHS Ha
eTari HopMaJbHOI ekciuTyararii [9].

Meton monemoBanHs Monte-Kapno mepenbavae
BUKOPHCTAHHS BUIAJKOBHX YMCE Ta MOXE OyTH 3aCTO-
COBaHMU ISl BUPIIICHHS TAKMX CTOXACTHYHUX 3a/1a4 SIK
MOJICJTFOBAaHHS BUIIAJKOBHX BiMOB, TOMYy i OyB oOpa-
HUM U1 JAHOTO JOCHiDKeHHS. PeampHi maHi Oymu
OTpHMaHIi 3 MOJILOTHUX 1 TEXHIYHHUX >KypHAJIiB 3a YOTH-
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pupiunuii nepioa excrutyatauii ¢guoty IIC [10]. Crnoc-
TepexyBaHUH 4ac {, IKMH € CyMOIO JIbOTHUX TOJMH KO-
xHoro I1IC ¢oty 3a Bka3aHuii iHTepBai yacy, OyB B3s-
THH 31 3BiTY PO BUKOPHCTAaHHS, a JJaHi PO HECIIpaBHO-
cti cucteMm IIC Oynm oTpuMaHi 3 TEXHIYHOTO KypHAITY
IIC. Cucremu IIC Oynm kinacudikoBaHi 3a JOTIOMOTOIO
cuctremu Hymepanii ATA, sika € BCeCBITHIM CTaHJapTOM
JUIS. BU3HAUEHHSI Ta CTPYKTYpYBaHHS BCIX CEKLIH Cy-
YaCHUX MMacaKUPCHKUX JITAKIB.

[HpopManis npo HecIIpaBHOCTI aBiallifHUX CHCTEM
i koHcTpykuiit [IC HaBenena B Tabm. 1.

Tabnuya 1 — Jani npo BigMoBy cucteM i koncTpykuii I1C

ATA Ne Hasga po3giny ATA ni N

21 CucreMa KOHIUIIFOBAHHS TTOBITPS 11 3

29 IS:{/I?TTOeHl\i :(]:;OMaTH‘-IHOFO yIpaBJiH- 104 | 49

23 Cucrema 3B'I3Ky 39 12

24 CucreMa eneKTpOXKUBIICHHS 57 20

25 ggf£:;:H;a aBapiifHO-pATyBaIbHE 27 5

26 CucreMa IMPOTHUIOKEKHOTO 3aXHUCTY 15

28 [NanuBHA cucTema 9 3

29 lnpasiniuna cuctema 46 3

30 Cucrema 3axucTy Bifl Jibozy Ta fouty | 14 4

31 [punany inpukanii/3anucy 31 18

32 [aci 211 | 16

33 OCBITIICHHS Ta CBITJIOBA 1HAMKALLis 76 16

34 [MinoraxxHo-HaBirauiiine oonaxnanns | 173 | 91

39 EneKTpI/mHi - .eJ'IeKTPOHHi naHesni ta 9 2
0araroliJIb0Bi KOMIIOHEHTH

45 Boprosa cucrema 00cIyroByBaHHs 17

51 KoHcrpykiis mianepa 70 3

52 JBepi, MoKu 53

53 Drozensx 165 | 21

55 Cra6inizaropu 13

56 Bikna 4

65 [IpuBoaM XBOCTOBOTO 'BUHTA 192 | 8

66 Cxunazani nonari 37

67 Cucrema ynpasiiHHS POTOPaMH 76 12

71 CuioBa ycraHOBKa 24 2

72 JBuryn 20

73 [NanuBHa cucTeMa IBUTYHIB 48 16

74 Cucrema 3anaaroBaHHs 1

75 Cucrema BiOOpy MOBITPst 54 18

76 CucremMa KepyBaHHS JBUT'YHOM 5 1

77 [punaau KOHTPOIIO ABUTYHA 8

78 CucTemMa BHUXJIOIY JBUTYHA 4

79 MacnsHa cucrema 48 1

80 Cucrema 3amycky 15 3

B T1abn. 1 np xapakTtepusye BiIIMOBH ]l 4ac IIO-
JMBOTY, TOMI AK Ni BU3HAYAE 3araibHy KUTBKICTH BiTMOB,
MTOMIYeHHX SK IJIOTaMH, TaK i MEPCOHATIOM TEXHIYHOTO

00CITyTOByBaHHS TIPOTSATOM CIIOCTEPEKYBaHOTO iHTEp-
BaJIy 4acy 3a YOTUPH POKH.

Yac criocrepeskeHHsT Tops = 29116 romuH MoONbOTY
Ta 3arajibHa IHTEHCHBHICTb BIIMOB JUIsl OYIb-SKOTO JI0-
BimpHOrO KommoreHTa I1IC A = 0.058 rog™. Ile o3Hauae,
110 BIJMOBH B CE€PEIHBOMY BifOyBaroThcs micns 17 ro-
JIVH TIOJIBOTY.

T mozeni npoBeneHo anamiz M = 1000 BigMoB
cucteM. Yac MiXk BiIMOBaMM BH3HAYa€ThCSl €KCIIOHEH-
IIQJTBHUM PO3IOJIIOM 13 IMapaMeTpoM A i BBaXKA€ThCH,
110 JIMIIE OJJHA BiIMOBAa MOK€ BUHMKHYTH B OJIUH eJle-
MEHTapHHI iHTepBaj crioctepeskeHHs. [1lo6 Bu3HaumnTH,
ska cuctema [1C Buiinnia 3 namy, Oyio 0OYUCICHO MEB-
Hy KUIBKICTh BIZIMOB Ha BCIO cHUCTeMy. B 3araibHOMY,
1le 3Ha4YeHHsI BU3HA€ YMOBHY HMOBIPHICTH BiJIMOBH Jia-
HOI cHCTeMH, SIKIIO TIeBHA CHCTEMa BHIILIA 3 JIafdy, Ta
PO3paxoByeThCs 32 HOpMYIIOF0

_ N
Pi N
ne N — 3arayiipHa KiNBKICTh CIOCTEPEKYyBaHUX BiJIMOB,
ie[L32].

Byno 3reHepoBaHO BHIIAJKOBI 4yMCla 3 PIBHOMIp-
HUM po3mojiyioM B fiana3oni [0; 1] Ta po3amipom BuGip-
ku 10000.

KoxHe 3reHepoBaHe 4MCIIO Jaji NOPIBHIOETHCS 3
CUCTEMOIO TIOPOTOBUX 3HAa4€Hb. TPUILATH TPH OJWHHY-
Hi MOPOTOBI 3HAUeHHs OyJIM BU3HAYEHI J0 MOYaTKy MO-
JICITIOBaHHS 3a JIOTIOMOTOI0 HaBeEHOI HIKYE (HOpMYIIH

(Po=0):

VJ :Zpi.

ANTOpUTM TPUIHATTS pilieHHs 1po 30iit cuctemMu
HaCTyNHUM. SIKIIO 3HAYEHHS 3T€HEPOBAaHOIO 4Mcia X

HoTpamisie B iHTepBan [V i \Y j +1], TO BBaxaemo, IO

j+1 cucrtema I1C Buitnuna 3 nany.
B pesynbrati 10000 MOBTOpEHD alrOPUTMY TPHIA-
HATTS pillleHb (OPMYIOTBCS BEKTOPHU BimMOB Tj st

KOXKHOI cucTeMH. J[si KOXKHOI CHCTEMH OIIHIOIOTBHCS
XapaKTePUCTUKM BUIAJKOBUX BEIHYMH Ta OYyAyeThCS i
aHami3yeTbcst QYHKIIS IIUTBHOCTI PO3MOALTY HMOBIpHO-
CTi.

AJITOPUTM CTATUCTHYHOTO MOJEIIOBAHHS, BHKO-
HAHOTO 3a JOMOMOTOK IIPOrPaMHOrO 3abe3reyeHHs
Mathcad, noka3zano Ha puc. 3.

AHaJi3 pe3yabTaTiB MOJAETIOBAHHSA

OTprMaHa IIiTBHICTE PO3MOILTY HMOBIPHOCTI Ha-
Cy HampaIfOBaHHSI MK BiAMOBaMH JUII CHCTEM KOHIH-
I[iFOBaHHS TTOBITPS, aBTOMATHYHOTO YIPABIIHHS ITOTHO-
TOM, 3B’si3Ky Ta enekrpoxwusieHHs [IC HaBemeHa Bin-
MOBiTHO Ha puc. 4 — 7.

Jis omHOTO i3 BapiaHTIB PE3yNbTaTiB MOJEIIO-
BaHHS Ul PI3HUX CHCTEM, IO IMTOKa3aHi Ha puc. 4 —7,
MONANBIIMN aHAJi3 MPOBOIAMBCS 33 JOMOMOTOI (DYHK-
it Mathcad i Microsoft Excel. Bymu otpumani pe3yis-
TyI04i WMOBIPHOCTI BiIMOB 1 cepenHilf 4ac MiX BigMO-
BaMH.
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Puc. 4. OyHK1is MHIBHOCTI PO3MOILTY HIMOBIPHOCTI Puc. 5. @yHKIiA IITEHOCTI PO3MOIITY Yacy
4acy HalpallOBaHHA MDK BIIMOBAMU HAIpPALIOBAHHS MiXK BiJMOBaMH CHCTEMH
CUCTEMH KOH/IULIIOBAHHS IOBITPS ABTOMATHYHOr'O YIPABIIHHS HOJIBOTY

Ha xoxwi 10 000 romus momsoTy crioctepiranocs — Tabauys 2 — Cepenniii 4ac HANpanioBaHHsi HA BiAMOBY

64 BIIMOBH B CHCTEMi KOHAWIIIOHYBaHHS MOBITpPsL, 607 — cucrem IIC

B CHCTEMi aBTOMAaTHYHOTO YIIPABIIHHS ITOIBOTOM, 236 — Cepenniii yac nanpa-
B crcTeMi 3B 513Ky 1 362 — B CHCTEMI eeKTPOKUBIICHHS. Cucrema LIOBAHHS HA BiIMOBY
CepenHiil 9ac MiX BiIMOBaMHU Ta CTaHJAPTHI BiIXIIICH- KOHML{I0BaHHS TIOBITpS 2,705

Hs HaBeJeHi B Tad. 2.

Ha ocHOBi mux pe3ynbTaTiB MOXHA PO3paxyBaTH
CTaTHCTUKY BiIMOB IHIIMX cucTeM i KoHCTpykuii I1C 3B’SI30K 732
micnst moOyoBH (YHKIT MIITBHOCTI HMOBIpHOCTI cuc-
TeMH 200 KOHCTPYKIIIH.

ABTOMATUYHUI MTOJIIT 285

Enextpo>xuBieHHs 475
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Puc. 6. OyHKIis OHIBHOCTI PO3MOUTY Yacy HalpaIlOBaHHS
MIX BIIMOBaMH CHCTEMH 3B’ SI3KY

BucHoBok

VY cTarTi po3riAAaEThCs CTATHCTHYHA IMiTaIliiiHa
MoJieNb BiqMOB cucteM i koHcTpykuii I1C 3 ornsay Ha
ONTHUMI3allif0 TexHiyHOro obOcmyroByBanus IIC. Jlns
MO/ICIIIOBaHHS BiIMOB BUKOPHUCTOBYBABCS METO]| MOJIe-
moBanHs1 MoHTe-Kapio.

st Bu3HaYeHHs GYHKIIH MUTBHOCTI HMOBIPHOCTI
qotupbox cucteM [IC — KOHIMIIOHYBaHHS MOBITPS,
ABTOMAaTHYHOTO TIOJBOTY, 3B’ 3Ky Ta €JIEKTPOKHUBICHHS
— OyJI0 3aCTOCOBaHO MOJIENIOBaHHS. 3a JIOMOMOTOI0
PO3IISIHYTOr0 B LI CTAaTTi aNropuTMy Moxe OyTu

80,

o |

KinbKicTb BiZIMOB

0 N S —
o 1x10° 2x10° 3x10° 4x10° 5%10°

Yac HanpaloBaHHS MUK BLIMOBaMIL, 10

Puc. 7. ©yHKIis DITBHOCTI PO3IOIIY Yacy HaIpaIfOBaHHs
MIX BiJIMOBaAMHU CHCTEMH EJIEKTPOKHUBIICHHS

po3paxoBaHa CTATHCTUKA BiIMOB 1HIITUX CUCTEM 1 KOHC-
tpykuii [1C. BpaxoByrouw, 1o 3aporoHOBaHy MOJICIb
MOYKHa BUKOPHCTOBYBATH JUISl BU3HAUSHHSI HMOBIPHOCTI
BigMoOBH cucteM 1 koHcTpykuii [1C, ii noTeHmiiHO Mo-
JKYTh BUKOPUCTOBYBATH €KCIUTyaTaHTH TOBITPSIHUX CY-
JIeH JUIsl TUIaHYBaHHS MPOQUIAKTUYHUX 1 MPOTHOCTHY-
HUX JIill 3 TEXHIYHOTO 00CITyrOByBaHHS.

OTprMaHi pe3yabTaTH TAaKOX ITOTEHIIIHHO MOXKYTh
OyTH BUKOPUCTAHI IiJ] 4ac IIPOEKTYBAHHS HOBUX CHCTEM
1 Ul BJOCKOHAJICHHS ICHYFOUMX CHCTEM, OCKIJIbKU BH-
MOTH JI0 HaJiHHOCTI BU3HAYAIOTHCS HA €Talll MPOEKTY-
BaHHSI Ta PO3POOKH KHUTTEBOTO IIUKITY CHCTEMH.
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Statistical simulation models for the optimization of aircraft maintenance
Onyedikachi Chioma Okoro, Maksym Zaliskyi, Serhii Dmytriiev, Alina Osipchuk

Abstract. Aircraft maintenance programs are developed based on manufacturer recommendations and compliance with
airworthiness regulator directives. However, operators must adapt their maintenance program to the aircraft configuration and indi-
vidual requirements of their fleet. The results of the reliability analysis make it possible to adjust the maintenance program and thus
reduce excessively expensive maintenance work and downtime. The use of probability theory and statistics to optimize aircraft
maintenance was considered. The article presents the developed statistical simulation model of failures of aircraft systems and struc-
tures based on the Monte Carlo method. Reliability parameters of aircraft systems and structures were used as initial data for the
simulation. The obtained model can be used to improve of aircraft systems and structures at the design and production stage.

Keywords: optimization, reliability, maintenance, predictive maintenance, operation, failure model of aviation systems.
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! lepsxaBue miampuemMcTBo “XapKiBchKHil perioHaNbHHUI HAYKOBO-BUPOOHUUMIA IIEHTD
cTaHAapTu3alii, MeTpoJiorii Ta ceptudikanii”’, Xapkis, YKpaiHa
2 XapkiBchkuiil HanioHanpHui yHiBepeuter INopitpsanx Cui iveni Isana Koxeny6a, Xapkis, Ykpaina

PO3IJISI I BAMOT EN ISO/IEC 17025 CTOCOBHO KAJIIBPYBAJIbHOI
JIJABOPATOPII B YACTHHI ITPOLECIB BAJIIJIAIIII METO/IIB
KAJIIEPYBAHHS 3ACOBIB BUMIPIOBAJIBHOI TEXHIKH

AHoTanisi. B cTaTTi pO3mIsAaEThCS OHUH i3 BapiaHTIB BaJigamii METOIiB KaiOpyBaHHs 3aCO0IB BUMIPIOBAJIbHOI TEXHi-
KH KaiOpyBaJbHOIO JTaOOpaTOpi€ro, HABOIATHCS OOTPYHTYBAHHS IIO0 OOpaHOTO MiJXOdy. Po3risHyTO MOpSIIOK OMLiHIO-
BaHHSI METPOJIOTIYHOI TPOCTEKYBAHOCTI, Jllalla30Hy Ta HEBU3HAUYEHOCTI BHMIpPIOBAHHSI, a TaKOX OOpOOJICHHS OTPHMaHUX
€KCIIepHMEHTAIFHAX JaHNX 3 METOIO OI[IHIOBaHHS 3CYBY MeTOAy KanmiOpyBaHHs. Bee 1ie cripusitume B mogansmomMy ¢op-
MYBaHHIO €IMHOTO i IXO/Ty Ta CHIJIBHOTO PO3yMiHHS BU3HAYECHUX IIPOLIECIB.

KawuyoBi caoBa: Bamizamiss, MeTos, KanioOpyBaHHs, KaiOpyBaigbHa J1abopaTopisi, OLIHIOBaHHS, METPOJIOTiUHA ITPOCTe-
XKYBaHICTb, Jiara30H BUMiPIOBaHHS, HEBU3HAUCHICTb PE3YJIbTATiB BUMiPIOBaHHS.

Beryn

ITocraHoBka mpo6Jemu. ITix yac BilicbKOBOI ar-
pecii pociiicekoi dexnepariii B 30porinnx Cunax Ykpai-
HY TOYaJIM MTOCTYIauM 3pa3ku 030pO€HHS Ta BIHCHKOBOT
TEXHIKM 1HO3EMHOT0 BUPOOHHIITBA. B mopanbioMy i
3pasku OyayTh HOTPEeOYBaTH TEXHIYHOTO OOCITyrOBY-
BaHHS, B TOMY YKCJIi METPOJIOTIYHOrO. SIK 1110 METPOJIO-
TiYHUM 00CIyrOBYBaHHSM 3aliMaETHCsI OCOOOBHI CKIIA/,
SKWH TX BUKOPUCTOBYE 1 BiH ITPOXOJUTH HABUAHHS, TO 3
METPOJIOTIYHUM 3a0€3MEYCHHSAM I[MX 3pa3KiB MOXKYTh
BUHUKHYTH TpyaHoIil. Jleski muTaHHS OYIyTh CTOSTH
ayxe roctpo. [leprie: 4n 3Moxe cucTeMa METpOJIori-
HOro 3abe3mneucHHs 30poitHnx Cui YkpaiHu 3a J0Io-
MOTOI0 ICHYIOYOI'0 IapKy 3ac00iB BUMIPIOBAJIBHOI TEX-
HIKA 3a0e3MeunTH HaaiiHe (QYHKIIIOHYBAaHHS 3pa3KiB
030poenHs BilicskoBoi TexHiku (OBT). Jlpyre: sk mBu-
JIKO OyIyTh pO3p0o0JIeH] Ta BaliOBaHI METOAU KaaiOpy-
BaHHs OOJIAZHAHHS 3pa3KiB 030pOEHHS Ta BIHCHKOBOI
TEXHIKH 1HO3€MHOI'0 BUPOOHHMIITBA. TpeTe: MOKIHUBICTH
Ta HEOOXIMHICTh 3anydcHHS Jlep)kaBHHX ITiAIPHEMCTB
MinictepctBa ExoHOMIKM 70 KaliOpyBaHHS 3aco0iB
BUMIpIOBaIbHOI TexHikn (00mamgHanHs OBT) iHO3eMHO-
ro BupoOHMITBA. CIiJ 3a3HAYUTH, IO YpsAn YKpaiHH
me B 2020 p. BU3HAYMB OIMH i3 OCHOBHUX HAIPSMKiB
IisUTbHOCTI — e Jibepaiizatis Toprieii Ykpaiaun ta €C
Yy paMKax IMOTJIMOJIEHOI Ta BCEOXOILTIOIOYOI 30HU BiJlb-
HOI TOpriBNi, y TOMY YHCIi 3HATTS TOPTOBEIHHHUX
0ap’epiB y TOPTiBIi: BXHUTTA 3aXOIiB IO YKJIAICHHIO
Yrogu mpo OIHKY BiANOBIJHOCTI Ta NPHHAHATHOCTI
MIPOMUCIIOBHX TOBApiB; aKTHBI3aIlisl ITOAAJBIIOI CEKTO-
panpHOi iHTerpanii Ykpaiau 3 €C 3a mintpumku €C Ta
nepxas-wieHiB €C [1]. B Vkpaiui Gynu posnouarti po-
6ot nonepeaHix ouinouHnx Miciit TAIEX €Bpormetich-
koi KoMicii y paMkax miaroToBKu YKpaiHd 10 HaJaHHS
i1 «arpomucioBoro 6e3Bizy». OIHUM 3 TUTaHb, IO OIi-
HIOBaJIACh CTOCOBHO METPOJIOTIYHOI [isSUTBHOCTI 1€ Op-
raHizallist mpouecy KajiOpyBaHHS 3ac00iB BUMipIOBAIb-
Hoi texHiku (3BT), mounmHaroum 3 akpemuramii Kajio-

pyBanbHOI naboparopii (KJI). Ciix 3a3HauuTH, IO 1ie-
HU €Bpornelicekoi Komicii B CBOiX 3BiTax 3a3Havyaiy mpo
HEOOXITHICTh YIOCKOHAJICHHS TMEPeKIaaiB JOKYMEHTIB
€C Ta iX  BOPOBaIKEHHS. Hosa  pepakiis
JICTY EN ISO/IEC 17025:2019 [2] rapmoHi3oBaHOro 3
mixuaposnM cranaptom EN ISO/IEC 17025:2017 otpebye
CHCTEeMHOTO BIpOBapKeHH Bcima KJI.

Peamnizartist BUMOT KOXXHOTO PO3/IUTY Ta ITYHKTY 1ILOTO
crangapty juisi kokHoi KJI oGoB’s3koBa. Y BapiaHTax
HarionanbHiM areHTCTBOM 3 akpeauTallii YKpaiHi BUMa-
raroTh HAJIAHHS J0Ka30BOI 0a3M 100 BUKOHAHHS BHUMOL.
[Tpu 1bOMy 1110710 aJIEKBATHOCTI Ta JIOCTATHOCTI JI0KA30BOT
0a3u He 3aBKAM JyMKH €KCHEpPTIB CITBIAJIAI0Th 3 JlyMKa-
mu kepiBaunTBa KJI. OnmHOMO 3 BHMOT, HABKOJIO SIKOi €
HETIOPO3yMIHHS — 11 BaJII/IAIlisi METOJIIB.

AHaJi3 ocTaHHIX AocTaiTKeHb i myGaikauiii. B [3]
JIy’Ke CITYILIHO 3a3HAYMIIN: «AHaJI3 HALllOHAILHIX HOPMa-
THBHHX METPOJIOTIYHUX JOKYMEHTIB Ta MyOiKaIiid Mix-
HApOIHUX Il perioHaJbHUX OpraHizaiiii 3 akpeauTamil Ta
oprasizaliiii, KOMIETEHIII€IO SIKUX € JIJabopaTopHa MpPaKTH-
Ka, MOKa3aB, 110 B OCHOBHOMY MyOJiKallii CTOCOBHO MH-
TaHp Bamijamii (OWIiHIOBAaHHS TPUIATHOCTI) CTOCYIOTHCS
MertopiB BrmpoOyBanHs (MB) nepemnidyBati Bci po6oTH B
[IbOMY HaIIpsIMKY CEHCY HEMAE.

Hasxains 3 TOro gacy Hi40oro He 3MIHIJIOCH, OCOOIH-
BoCTI MeTomiB KaniOpyBanHs (MK) mpakTudHO HEe po3IIsi-
JAIOTBCSL, a SKIIO 3raJyloThCs, TO O3 PO3KPUTTS iX crre-
UQIKA.

Merto10 cTaTTi € BJOCKOHAJICHHS CHCTEMH METPO-
norigHoro 3abe3nedeHHs 360poitHux Cuin Ykpainu
(3CY), nHa mepmomy etarti mepeo3dpoerns 3CY 3pas-
kamMu OBT iHO3eMHOTO BHPOOHHWIITBA, IUISIXOM CIIPO-
IICHHS TPOIlecy Bamigarii MeToniB kamiopyBanHs 3BT
(B Tomy uucni obmagaaras OBT iHo3eMHOTO BUPOOHU-
[[TBA) Ta HAJAHHSI MOXJIHMBOCTeH Jlep:KaBHUM ITiIpH-
emcTBaM MinicTepcTBa EKOHOMIKH B KOPOTKHH TepMiH
JOJIyYHTHCS O CHCTEMH METPOJIOTIYHOTO 3abe3neducH-
ust 3CY 6e3 mopyuenns sumor EN ISO/IEC 17025.

© Boiitenko C. C., Bapsiucekuii O. I1., Babua O. O., Momapenkos B. B., 2022 13
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BukJyiag ocHOBHOTO MaTepiay

Bunimmo cdopmoBaHi ysBICHHS, SIKUMH MOXe OyTH
00yMOBJICHa HEJIOCTATHSI yBara Jio mitaHb Baminarii MK [3]:

A. Metou KamiOpyBaHHS HE MarOTh HisSIKX 0COOMH-
BOCTEH Baiifanii HOPIBHSIHO 3 METOJIAMH BUTIPOOYBaHHSI.

Le TBepmKEeHHS € CYMHIBHHM, aJKe MOXKHA JIETKO
HABECTH TNPHKIAIN TakuxX ocobimBocted. Hampukmarn,
OJTHIEIO 3 HANITOIIMPEHIIINX XapaKTePUCTHK, sIKa OCIi-
JUKYeThes 11t MB, € 30ixHicTh MeToay. Onnak mis MK
3BT 3 iCTOTHOIO BHITJAKOBOIO MOXHOKOO JOCIIKEHHS
i€l XapaKTepUCTUKNA HE MA€ CEHCY, OCKUIBKH B IIbOMY
BUNA/IKy 301KHICTh € XapaKTEepHUCTHUKOIO 00’€KTa Kaiio-
pyBaHHsA, a He Horo meronxy. Tomy, mBHAIIE 3a Bce,
MIPUYHHA NOJISIrae B HACTYIHIM NPUYXHI:

Bb. Ockinbku B KJI mpaiiororb MeTposors, BOHH
CIIPOMOXKHI, CIIUpalOunch Ha npodeciiiHi 3HaHHA 1 Joc-
BiJI, CAMOCTIHHO BU3HAYUTH 0coOIMBOCTI Bamigaii MK.

PazoM 3 TuM, SIKIIO MpoaHaNi3yBaTH CUTYyalilo B
VYkpaini, BiTun3HsHi KJI mpakTHYHO HE MArOTh JIOCBIIY
BIIMIOB1THOT POOOTH, 1110 CTBOPIOE MIEBHI MPOOIEMHU.

B [4] aBTOp Tex KOHCTaTyBaB, L0 MK BHIIPOOY-
BaHHSM Ta KaJiOPYBaHHSM € CyTTEBI PO30IXKHOCTI.

Tomy cnpobyemo, caMOCTIHHO BH3HAYUTH 0COO-
JIMBOCTI BaJlifanii METOMIB KaaiOpyBaHHS.

Crioyatky po3mJIsIHEMO BU3HAYEHHS TEPMIiHIB «BH-
npoOyBaHHs» Ta «KaJTIOPyBaHHSD).

B [2] 3acTOCOBYIOTH TEpMiHM Ta BH3HAUYCHHS IO-
HSITH BiamoBiaHO 10 [5, 6]. 3actocoByroun 3rimHo 3 [5]

TEpMiHM Ta BH3HAYEHHsI MOHITH METOJMKA; IPOILENypa,
a TakoX BHUIIPOOOBYBaHHS, BU3HAUYEHHS BUIPOOYBaHHS
MOYKHa KOHKPETH3YBaTH TaKUM YHHOM:

BurnpoOyBaHHS — BI3HAUaHHs OJTHI€T Y KIJTBKOX Xapa-
KTEpUCTHK MaTepiaiiB, MPOIyKLii Y TPOLECIB YISl OLIHIO-
BaHHS BIMOBIHOCTI 3T1ITHO 3 TPOIIEAYPOFO (METOIHKOLO).

3 po3ryIsLy I[bOTO BU3HAUCHHS OYEBH/IHO, III0:

a) MeTa BUMPOOYBaHHS — BU3HAYAHHS XapaKTepHC-
THK MaTepiaiiB, IPOIYKIii UM MPOLECIiB IS OI[iHIOBAH-
HSI BIJIIOBIJHOCTI;

0) BU3HAYAHHS (B TOMY YHCI BUMIPIOBaHHS) Xapak-
TEPUCTHK HABOJUTHCS BUIPOOYBATIBHOIO JIA0OPaTOPIEr0
(BJI) 3rigno 3 MB.

TepmiH kaniOpyBaHHS yKpaiHCHKOIO Kparie cdop-
MynboBaHuit He B [6], a B [7]. 3rigHo 3 UM BHU3HAYEH-
HSIM, MeTa KaJliOpyBaHHS — OTPUMAaHHS pe3yJIbTaTy BU-
MipIOBaHHS 3 TIOKa3y, TOOTO — OJJHOTO BUMIpSIHOTO 3Ha-
YEHHS BEJIMYMHH Ta HEBU3HAYEHOCTI BUMIPIOBaHHSL.

3 po3risiLy BU3HAYEHb TEPMiHIB «BUIIPOOYBaHHSDY
Ta «KaJiOpyBaHHS» BHIUIMBAE, 10 METa KajiOpyBaHHS
HE CIIBMajJae 3 METOI0 BUITPOOYBaHHS Ta HE MOB’s13aHa 3
il TOCATHEHHAM Oe3MOoCepeIHbBO.

[Mpouec kanmiOpyBaHHS MOXKHA Ha3BaTH BaXKJIMBOIO
ABTOHOMHOIO (T0OTO, 3rimHo 3 [8] — camocTiitHoIO, He-
3aJIeKHOI0 Y PO3B'SI3aHHI MEBHUX IHTaHb) CKIIAJIOBOIO
npotiecy BUNpoOyBaHHs. [Jisl LIIOCTpyBaHHS POJIi Kali-
opysanus 3BT B oTpumaHHi pe3ynbTaTy BHMipIOBaHH:
IpH BUNPOOYBaHHI Jy>Ke HAOYHHUM € PUCYHOK 1 31 cTat-

i [9]:

| Y

HeBu3HaveHicTh BUMipIOBaHHS 11i11
uac kaniopysanus 3BT

Y |

CkJ1aioBa HEBU3HAYEHOCTI,
obymoeinena 3BT

HeBu3HaueHicTh pe3yiibTaTy BUMIPIOBaHHS

Puc. 1. BHecok CKkaloBUX Y HEBH3HAUCHICTD Pe3yNIbTaTy BUMIPIOBAHHS IIPH BUIIPOOYBaHHI

OckisIbKU MeTa KaniOpyBaHHs He CHIBIAIae 3 Me-
TOI BHUIIPOOyBaHH:, TO 3a 3MicToM MK € BiqMiHHMMU
Bin MB. Bianosiguo, ms MB ta MK moxe Oyt Bia-
MIiHHOIO 3aCTOCOBHICTH POOOYMX XapaKTEpUCTHK 3 IIe-
peniky, Bkazaunoro B [2], sxi mpu Bamigamnii MB ta MK
MAaroTh I UISITATA JOCHIKEHHIM.

OckiTbKu KamiOpyBaHHS POBOISTH VIS AOCSTHEHHS
MeTH BUIPOOYBaHHS, TO JUIs 3a0€3MIeUeHHs Y3TOMKEHOCTI
BUTIPOOYBAaHHS Ta KaJTiOpyBaHHS yMOBH 3acTocyBaHHI MK
MaloTh BU3HAYATHCS] YMOBAaMH 3acTocyBaHHS MB.

B [4] 3BepraroTh yBary: «3 BH3HAUCHHS KamiOpy-
BaHH: BUIUIMBAE, [0 BUMiPIOBAJIBHUMH BEIMYHHAMH ITPU
KamiOpyBaHHI (U151 BeMYUHH Xs;, sIKa BUMIPIOETHCS (Bi-
TBOPIOETHCS) eTanoHHNMHE 3BT 3 po3mmpenoro HeBHU3Ha-
yeHicTio Us» MOXyTh OytH: Xc; — BENMYMHA, IO BUMi-
proethest (BixrBoproeThest) 3BT, mo kamibpyersest; A —
cucremarnaHa noxu6ka 3BT, mo kamibpyerses. Yci mi
BEJIMYMHN BU3HAYAIOTHCS 3 POLIMPEHOI0 HEBHU3HAUEHIC-
Ti0 Uc. Crtint 3a3HaunTH, 110 BKa3aHi BEIMYMHHU OTPHMY-
I0Th IIPU «BU3HAYCHHUX YMOBAX», IiJ] SKUMH PO3yMi€EMO:

— 3a/IaHKH JTjara3oH 3HaYEeHb ETAIOHHOI BEJIMYMHU X,

— 3aJaHM [iama3oH 3MIiHIOBaHHS (DaKTOPIB BILIM-
BY (HampuKiIad, Jiana3oH 4acTOT HAPYTH IMPH BUMIipIO-
BaHHI €JIEKTPHYHOIO OIOPY Ha 3MIHHOMY CTPyMi);

— BU3HAYCHI 3aMOBHHKOM YMOBH HaBKOIHIIHBHOTO
cepenoBula (TeMieparypa Ta BiJHOCHA BOJIOTICTH IIO-
BITps1, aTMOC(EPHHUI THCK).

[Ipu iboMy OymyTh 3MIHIOBATHCS 3HAUYSHHS BUMIPIO-
BaHMX BEJIMYMH Ta IX pOo3IIMpeHa HeBu3HadeHicTh Uc.

3rajafi «BU3HAUYEHI YMOBIDY — IIe YMOBH KaliOpyBaH-
us1 3BT, Bkazani BJI msa KJI 3a skix BOHO 3aCTOCOBYETHCSL.
®DaKTIYHO 11e MAFOTh OyTH YMOBH 3acTOCyBaHHS MB.

3rimro 3 [2] BJI MaroTh «IIpOIEMOHCTPYBATH, IO
BOHH JIiFOTh KOMIIETCHTHO Ta 3[aTHI OTPUMYBATH JOC-
TOBipHI pe3ynbTaTi». I 11b0T0, 30Kpema:

a) BJI marotp imeHTH(OIKYBaTH 1 BpaxyBaTH CKJa-
JIOBI HEBU3HAYEHOCTI BUMIPIOBaHHS Ta OOYHCIHMTH He-
BHU3HAYCHICTh BUMIPIOBaHHS 3TigHO 3 MB.

i Bumoru OyayTh BUKOHAHI, SIKIIO:

1) ans BunpoOyBaHb OyZe BUKOpHCTaHA Bali0Ba-
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Ha MB. B [10] Bka3zano, mo «MeToau B HalliOHATbHUX
a00 MDKHAPOMHUX CTaHAAPTAX CJiJ BBAXKATH BaJliJ[OBa-
HUMI». Bukopucranus BaninoBanoro MB o3Hauae, mo
BJI Bxke BcTaHoBHIIa, 1110, 32 BCTaHOBJIEHUX yMOB, 3BT,
[0 TiJUIATaloTh KaaiOpyBaHHIO, BiJIIOBINAIOTH Balliga-
mifHuM BuMoram 1o MB. Takum YuHOM, TIpH Kamiopy-
BanHi B KJI 3rigno 3 ii MK MoBa e miie npo OIiHio-
BaHHS MEBHUX XapaKTEepUCTUK KOHKpeTHOro 3BT;

2) s o0YMCIICHHS HEBH3HAYCHOCTI PE3yJIbTaTy
BUMiproBaHHs 3rimHo 3 MB (puc. 1), BJI 3moxe ominu-
TH CKJIaJIOBy HEBHU3HaueHOcTi, oOymosieny 3BT, ske
3acTocoByeThCs 3rinHO 3 MB. s misoro BJI HeoOximHa
OIlIHKa CKJIaJ0BOi HEBM3HAYCHOCTI BHUMIpPIOBaHHS 3a
nomnomororo 1nsoro 3BT.

[IJo6 oTpuMaTH OI[IHKY BKa3aHOI CKJIAJOBOI Bif
KJI B pesynpratax kaniOpyBaHHs (cepTruikaTi Kaiio-
pyBaHHs), criouatky komnereHtHa KJI 3a cBoim Baiio-
BanuM MK 3a BkazaHux yMOB KamiOpye 3ragani 3BT
(To0TO — OTpUMYE OLIHKM «HEBU3HAYEHOCTI BUMIpIO-
BaHHs IS BCIX KaJIiOpyBaHbY).

6) BJI Mae BCTaHOBUTH Ta MiATPHUMYBAaTH METPO-
JIOT1YHY MPOCTEXKYBAHICTh PE3yJIbTATIB BUMIPIOBAHHS.

Pe3ymbTaTi KamiOpyBaHHs J1ab0paTopii, 10 BiIOBI-
JaroTh [2] 3a0e3medyroTh METPOJIOTIUHY TIPOCTEKYBAHICTb.
Tobto, xamiopysanus B KJI Bimmoigaoro 3BT mst BJI €
JI0Ka30M METPOJIOTIUHOI IPOCTEKyBAHOCTI BUIIPOOYBaHb.

BI/IXOJIH‘-II/I 3 BHKJIQACHOI'O BHIIEC, @ TaAKOX OCHOB-
HUX NPUHLIMNIB Banijamii, Bkazanux B [10], mpuiiomu,
mo BukopucToByroThes uis Badizauii MK 3BT, mo-
KYTh OyTH OJJHUM 13 200 MOETHAHHSM TaKUX:

a) KaniOpyBaHHS 3 BUKOPHCTaHHSM E€TAIOHIB abo
pedepentarx MaTepianis (PM);

0) MiKIIa00OpaTOpHi MOPIBHSHHS,

B) OILIHIOBaHHS HEBM3HAYEHOCTI pe3yJbTaTiB BH-
MIPIOBaHHSI HA OCHOBI PO3YMIHHSI TEOPETHYHHX IPUH-
LIUITIB METOJly BUMIPIOBaHHSI Ta MPAKTHYHOTO JJOCBIY.

PoGoui xapakrepuctuku BaninoBanux MK, orine-
HUX Ul HAJIS)KHOTO 3aCTOCYBAaHHSI, MAIOTh BiAMOBIIATH
norpe6aM 3aMOBHUKIB 1 BCTAHOBJICHUM BUMOTaM.

Crupatounch Ha [10], mo «obesr (Bamigamii) 3aB-
KU CITiJi BUOUPATH 3 ypaxyBaHHSM Mepea0adyBaHOro
BUKOPHCTaHHsI pe3ynbTaTiBy, Bamipamis MK 3BT mae
3OIMCHIOBATHACA LUIAXOM BaliJaliiiHUX JOCIIIHKEHD
TaKUX XapaKTePUCTHUK:

— METPOJIOTiYHA IPOCTEKYBAHICTD;

— Jiama3oH BUMipIOBAaHHS,

— HeBU3HAYCHICTh BUMIPIOBAaHHS;

— 3CyB BUMIPIOBaHHS.

Jnsa Bamiganii MK 3BT MoxyTs OyT BUKOpHCTa-
Hi eranonu, 3BT maboparopii abo 3BT, mo Hamidmum
Ha KaniOpyBaHHS.

Bamiganis MK 3BT mae mpoBoguTuch Ha erami
Horo po3poOJEHHA Ta Ha OCHOBI EKCIIEPUMEHTAIHHHUX
MAaHUX, OTPHUMAaHUX B pe3ynbTaTi KamiOpyBanHs 3BT
srigHo 3 MK, mo Bamigyerbes. Pesymeraté BuMIipRO-
BaHb, OTpUMaHi mpu KamiopysanHi 3BT, 3aHOCSTBECS
Oe3nocepeHbO O MPOTOKOITY ITEPBUHHUX JTaHUX.

Ipouec Baiimanii MK HaBeneHo Ha puc. 2.

Po3rnsitHeMO TIOPSIOK OIIHIOBAHHS METPOJIOTIYHOT
MIPOCTEKYBAHOCTI, Jialla30Hy Ta HEBU3HAYCHOCTI BUMi-
pIOBaHHS, a TaKOXX OOpOOJEHHS OTPHMAHUX EKCIIepH-
MEHTaJIbHUX JaHUX 3 METOIO OliHIOBaHH: 3¢yBy MK.

v
HpI/ISHa‘—IEHHﬂ BUKOHAaBL4 3
po3poOKH Ta Bamiawii MeToy

v

2 Po3pobienns metoy
3 Bamimauiiiai jociimkeHHs
XapaKTEePUCTHK <

v

Hi

€TOJ1 Bi/IMOBIJa€ BCTAHOBJICHHUM
BUMOram?

Bnockonanenus
METOLLY

> 4

¢ Tax

3BIT 32 pe3ynbTaTaMu Bajifamii
MeTOzy

Puc. 2. brok-cxema mporrecy Bajtigarii
Mmeroxy kaniopysanus 3BT

OyintoeanHs MemponociuHoi npocmextcy8anocmi.
Ha camomy mouatky etamy po3poOieHass MK maroTsb
OyTH ITpOBEAEHI:

a) BU3HAUCHHS BUMIPIOBAHOI BEJIMYMHH;

b) oOpaHHs METOTy BUMIpPIOBaHHS;

C) TOUIyK HpUIATHUX Ui 3acTocyBaHHS B MK
etajnonis (PM).

Ha erani Baninauii MK mae 6yTu npoBeneHe:

a) yTOYHEHHs BUMIpIOBaHOI BEIMYHHY;

b) yrouneHHst 00paHOTO METO/ly BUMipIOBaHHS;

C) OLIHIOBAHHS METPOJIOTIYHOI MPOCTEKYBAHOCTI
XapaKTEepUCTHK 3HaWAeHUX a1 3actocyBaHHa B MK
etanoniB (PM), 6a3yrounch Ha BUMOrax, cnoco0ax 3a-
Oe3nedyeHHs Ta NUIAXaX AEMOHCTPYBAaHHS, BKa3aHHX B
[2,11-13].

[Micnsa Banmimamii — BUMIprOBaHa BEJIMYMHA, METOJ
BUMIPIOBaHHS Ta BIJIOMOCTI I110JI0 METPOJIOTIYHOI Ipoc-
TEXXYBaHOCTI HABOJSATH B BiIOBiHOMY po3ini MK.

Pe3ynbTaTi OLIHIOBAHHS METPOJIOTIYHOI MpOoCTe-
JKYBaHOCTI BH3HAIOTh 3a70BUTbHUMH, a MK — mpunat-
HEM, SIKIIIO 3T1HO 3 BUMOTamMHu [2], MeTposoriuny mpoc-
TEXYBaHICTh O BIAMOBiAHOI OCHOBU [UIS TIOPiBHAHHS
BCTAHOBHTH BIAJIOCS.

3a He3aJOBUIHPHUX pe3yJbTATIB OLIHIOBAHHS MET-
POTIOTIYHOT TPOCTEKYBAHOCTI Ma€ OYTH MHEPETISTHYTO
oOpanHuii MeTo BUMiproBaHHS a0o0 3HaimeHi iHmI era-
noun (PM) nns iioro peamizamii. [licns mporo Bamiga-
I[if0 TIOBTOPIOIOTb.

Oyintosannsa Oianasony eumipiosanns. Ha erami
po3pobnerns MK mae 6yti mpoBeieHe:

a) u3HaveHHst TrmiB 3BT, ski motpibHO KamiOpyBaTy;

b) BU3HaUeHHS Aiana30Hy BUMipIOBaHHS Ta JOAAT-
KOBHX TTapaMeTpiB, SKIIO 3aCTOCOBHO.

Ha etami Bamigamii MK mae 6ytu mpoBeaeHe:

a) yrourenss TimiB 3BT, siki moTpiGHO KamiopyBaTH;

b) mepeBipka MpaBUIBHOCTI BU3HAYCHHS Jiarmas3o-
HY BHUMIpIOBaHHS Ta NEPENiKy HaBEJCHUX NOAATKOBHX
mapameTpiB.
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Ilicns Bamigaiii — Tumm 3BT, 1m0 mianararoTs Ka-
mOpyBaHHIO Ta [iana3oH BHUMIPIOBaHHS HABOJIATH B
BiamoBimHOMY po3aiti MK.

PesynpraTi MOCIHiIKEHHS /Tiara3oHy BHUMIpPIOBaH-
HSl HABOJSATH Y BiAMOBIIHOMY PO3JIisIi TIPOTOKOINY i BH-
3HAIOTH 3a70BUIbHUME, a MK — nnpugatHuM, SIKIIO:

a) BUKOHAaHI BUMOTH 3a3HAauCHI BHIIIE;

b) oOpaHi eTajsoHH AO3BOJSIIOTH OTPHUMATH OIMOPHI
3HA4YEHHs BUMIPIOBaHOI BEJINYMHM Ha IOYATKY, B cepe-
JIHI Ta B KiHIII 3a3HAYCHOTO Jiama3oHy BUMipIOBaHHS.

3a He3aJOBUIFHUX pE3yJIbTATIB OILIHIOBaHHS [lia-
Ma30Hy BUMIPIOBaHHSI Ma€ OyTH TEPETJITHYTO 0OpaHuil
Jiama3oH BHMIpIOBAaHHS a00 3HAWJCHI IHIN €TaJOHU
(PM) nnst iioro peamizarii. [licns nboro moBTOPIOIOTH
Bayimanito MK 3 camoro moyaTky (sKiio OyB 3MiHEHU
CKJIaJ IorepeIHb0 00paHux etanoHiB (PM).

Oyintosanns HeGU3HAYEHOCI GUMIPIOBAHHS TIPO-
BOJIMTHCS HA OCHOBI PO3YMIHHSI TEOPETUYHUX MPUHIIN-
B METOXy BUMIPIOBaHHS Ta MPAKTHYHOTO JOCBimy
HOro 3acTOCYyBaHHS.

B MK BKazyrOTh HEBU3HAUEHICTH BUMIPIOBAHHS, & CaMe:

Upmin — MiHIMaJlbHa HEBU3HAUYEHICTh BHMIPIOBAHHS,

Ha Ky MOYKE O4iKyBAaTH JIaOOpaTOpis IMij1 Yac KalliOpyBaHHS,
1iIbOBa HeBU3Ha4eHicTh Ut .

OuinroBanHs Ui, Mae OyTH IpoBeAeHE Ha eTarli

po3pobku MK 3rigHo 3 [13]. Sk moBiakoBuii MaTepian
IpH OIIHIOBAaHHI MO)ke OyTH KOpHCHHM mxepeno [14],
aJie IIUM He 0OMEXEHO.

OuinroBanHs Ut Mae OyT mpoBeleHe Ha eTami

po3pobku MK. Ilig wac pospaxynky Ut HeoOXimHO

B3SITH JIO yBary:
a) sumoru 10 3BT, 1o mimiararoth KagiopyBaHHIO
3rigHo 3 MK,
b) 3nauennss MPE 3BT, wo mimsaramors kamiopy-
BaHHIO. 3TiIHO 3 pekoMeHaamismu [15]:

Ur < f xMPE, Q
me f=0,2 a6o 0,33.

PesynbraTi MOCHIPKEHHST HEBU3HAYCHOCTI BHMIi-
PIOBaHHS HABOATH y BIAMOBIIHOMY PO3JIijii IPOTOKOIY
1 BU3HAIOTh 3a70BUTbHUMHU, 2 MK — mpugatHuM, sKIIO
BUKOHYy€eThCs BUMora U pin <Ug .

3a He3aJJ0BUILHUX PE3YJITATIB OLIIHIOBAHHS HEBH-
3HAYCHOCTI BUMIpPIOBaHHS Ma€ OyTH MEperyITHYTHH Me-
TOJ BHMIpIOBaHHSA a00 oOmparoTh iHmi eranoHu (PM)
Ut ioro peamizamii. [lics IIpOro MOBTOPIOIOTH Balliza-
niro MK 3 camoro mogartky.

OyiHI08aHHA 3CY8Y BUMIPIO8AHHS TIPOBOAUTHCS LIS~
XOM KaJiOpyBaHHS 3 BUKOPHCTaHHAM eTayoHiB (PM). 3a
eKCTIEPIMEHTAIBHUMH JaHUMH 3 TIPOTOKOJY TEePBHHHUX
JIAHWUX TIPA KaTiOpyBaHHI, TSl KOKHOI TOUKH KaTiOpyBaHHS,
3rimHo 3 [16] oGumcmorots wicio E,, mo xapakrepmsye

CTATUCTHYHY 3HAYYIIICTH 3CYBY, 32 (DOPMYIIOHO:

2 2
En ={Xjap — Xret |/\[Ulab +Uret )

ae Xjgp Ta Uy, — 3HauEGHHdA, OTPUMAHE B PE3yJbTaTi

KaiOpyBaHHSI, Ta pO3MIMPEeHa HEBU3HAUCHICTH BUMIPIO-
BaHb NpH KalmiOpyBaHHi; X ¢ Ta U — 3HaUEHHA Ta

Horo po3mMpeHa HeBU3HAYEHICTh IIPUITMCaH] €TAJIOHY.

PesynbTaTi 1oCiiPKEHHS 3CyBY BUMIipIOBaHHS J10-
KyMEHTYIOTBCSI IPOTOKOJIOM 1 BH3HAIOTHCS 3a10BiJIBHU-
My, a MK — npunataum, sxmo E, <1,0.

bromxer posmmpeHoi HepusHaueHocTi Uy, min-

Jsirae aHaji3y Mpu He3aJOBUIBHUX PE3yJbTaTiB OILHIO-
BaHHs 3cyBY, a MK — kopurysansio. /lo Oropkety Mma-
10Th OYTH JI0JIaHI HEBPaxoBaHi CKJIaI0BI HEBU3HAYEHOC-
Ti, HATIPUKIIA/:

a) 3riHO 3 pekoMmeHpamismu [17] — aGcomoTHe

3HaUeHHS PI3HULI A MK X|gp Ta Xigf :

A= xIab_xref|v (3)

ne Xjgp — CepelHe 3HAUCHHS, OTpUMaHe B Pe3yNbTaTi

KaJ1iOpyBaHHSL.

0) ckiamoBa, II0 BMHUKA€E BHACIIIOK HAsSBHOCTI
Kopessiii Mixk etanonamu (PM).

[Ticnst HHOrO MOBTOPIOIOTH OIIHIOBAHHSI HEBH3HA-
YEHOCTI Ta 3CyBY BUMipioBaHHs ckopuroBanoi MK.

3a pesynbTaTamu Banmiganii oOpMIIOIOTH 3Bee-
Huii 3BIT. Skio pesyibratu Bamiganii MK 3a nHaBene-
HUMH TPOLIEJlypaMH OIIHIOBAaHHSI BU3HaHI 3aJI0BIJIbHU-
My, To 11t MK 3BT BBaxaeThCs IpUAATHUM IS BUKO-
PHCTaHHS B L[LIIOMY.

BucHoBok

BukopucranHs onucaHoro BapiaHTy Ballifarii po-
3pobsieHoro abo MoOaM(IKOBAHOTO KalliOpyBaIBHOIO
naboparopieto merony kamioOpysanHs 3BT mo3BoiuTh
CTOCOBHO LIbOTO ITUTaHHS:

— peaiizyBaTi BUMOTH [2] 171t KOXKHOI KaiOpyBa-
JbHOT TabopaTopii;

— HaJIaTH JOCTATHIO Ta aJeKBATHY LIJISIM KaJiOpy-
BaHHS JI0Ka30BY 0a3y 11010 BUKOHAHHS BUMOT [2];

— nanmasatu 3 Ooky KJI nns BJI mapiiini mokasu
JUTA peai3alii HuMu BUMOT [2];

— 3pobutn nportec Bamigamnii MK 3BT Ginbmr 3po-
3YMIJIMM, TIPO30PHUM Ta MEHIII TPYIOMiCTKUM;

— 3actocoByBati Bamiganito MK 3BT sk motysxamii
THCTPYMEHT JJIsI PO3BUTKY Ta YOCKOHATICHHS IINX METO/IIB;

— zamyunta JlepxaBHi mimpuemTBa MiHicTepcTBa
ExoHoMiku YKpaiHi B KOPOTKHIA TEPMiH O CHCTEMH MeT-

posoriuHOoro 3abe3medeHHss 3CY 06e3 MOpYIIeHHS BAMOT
EN ISO/IEC 17025.
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Consideration of the requirements of en iso/iec 17025 regarding the calibration laboratory in the questions
of the process a of the validation of procedures for the calibration of measuring equipment

Serhii Voitenko, Oleksandr Barvinskyi, Olga Babych, Viktor Mosharenkov

Abstract. During the military aggression of the Russian Federation, samples of foreign-made weapons and military
equipment began to arrive in the Armed Forces of Ukraine. In the future, these samples will require technical maintenance, in-
cluding metrological maintenance. As metrological service is handled by personnel who use them and undergo training, difficul-
ties may arise with the metrological support of these samples. Some questions will be very acute. Preliminary TAIEX assessment
missions of the European Commission have begun work in Ukraine as part of Ukraine's preparation for obtaining "industrial visa-
free." One of the issues that is subject to assessment of metrological activity is the organization of the process of calibration of
measuring equipment, starting with the accreditation of the calibration laboratory. The article considers a variant of the solution
to one of the requirements of EN ISO/IEC 17025:2017, around which there is ambiguity in the understanding between experts
and calibration laboratories, which is the validation of calibration methods for measuring equipment. The article provides justifi-
cations for the chosen approach and features of validation of calibration methods in comparison with test methods. A block dia-
gram of the process of validation of the method of calibration of measuring equipment is proposed, as well as, within the frame-
work of the process, the procedure for evaluating the characteristics: metrological traceability, range and uncertainty of meas-
urement and processing of experimental data for the purpose of assessing the shift of the calibration method is considered. Rea-
sons are given that the validation of the method of calibration of measuring equipment is carried out as part of the development
(modification) of this method and these processes are interrelated. The use of this validation option developed (modified) by the
calibration laboratory for the method of calibration of measuring equipment will give an opportunity regarding this issue: to im-
plement the requirements of EN ISO/IEC 17025:2017 for the calibration laboratory; to provide a sufficient and adequate evi-
dence base for the purposes of calibration; to make the validation process clearer, more transparent and less time-consuming. The
article considers one of the variants of calibration method validation of measuring instruments by a calibration laboratory, justifi-
cations of the chosen approach are given. The procedure of evaluation of metrological traceability, measurement range and un-
certainty, as well as processing of the experimental data obtained in order to evaluate the calibration method shift are considered.
All this will further contribute to the formation of a common approach and understanding of these processes.

Keywords: validation, method, calibration, calibrations laboratory, evaluation, metrological traceability, the measure-
ment range, the measurement uncertainty of the results.
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MOIE/TIOBAHHSI CHCTEMHY CYLITHHSI
3A TOIIOMOI'OXO HEUPOHHOTI'O PEI'YJIATOPA

AHoTanisi. Po3nisHyTO IIpoIiec CynIiHHS JePEBUHH B SIKOCTI OCHOBHOTO KalllIIPHO-IIOPUCTOTO Marepiary. MeToro cTarTi
€ pO3IVIAI METOoZia ONTHMI3alii IPOIECiB CYIIiHHS KallIIPHO-TIOPUCTHX MaTepialliB, y TOMY YHCII CYIIiHHS JAEPEBHHH Ta
TIPOBEAEHHST MOJICIIIOBAHHS TEMIIEpaTypH Y CEpeiHiI MaTepiary 3a IOMOMOTOI0 HEHpOHHOTO peryistopa. byno Bu3HageHO
MaTeMaTH4Hy MOJeNb 00'€KTa YIpaBIiHHS SK KaMepy MepioJudHOl i, sIka € HaifOUIbII CIPHUATINBA JJIsI BUKOPHUCTAHHS B
J1iCO3aroTiBeNbHUX MiIPUEMCTBAX Ta SIK Ty, 1[0 MA€ rapHi eKOHOMIYHI ITOKa3HUKH. [IpoBeieHo aHaui3 iCHYIOUMX TEXHITHUX
pilIeHb 3a TaHOIO TeMaTHKOI0. [loka3aHi HAAIITYBaHHS Ta MpoLeaypa ineHTH(IKaIi] HEHPOHHOTO PEryIsATOpa IO BUKOPH-
CTOBY€EThCS B JaHiH 3amadi. Po3nisHyTo MonemoBanHs ontuMmansHol Temnepatypu Bix 0 mo 100 rpamyciB Llenscis. 3a pe-
3yJbTAaTAMM JOCIIDKSHHS [TOKa3aHo, [0 HaBEAECHUH METO 3aCTOCOBYETHCS JI0 PI3HUX KJIaCiB KEPOBAaHUX MPOIIECIB.

KawdoBi cioBa: cymmisHa kKamepa, KaliIIpHO-TIOPUCTI Marepiaiiy, HeHpOHHHH peryisTop, CHCTeMa yIpaBIliHHS, Ma-

TéMaTu4Ha MOJ€CJIb, 00'exT ynpaBniHHs{.

Beryn

JlepeBHHa € BaXJIMBOIO Ta IIHHOI BUPOOHHUYOIO
CHUPOBHMHOIO. Y 0araTbOX Trajy3six MPOMHCIOBOCTI abo
Oy/iBHUIITBA IIMPOKO BUKOPHCTOBYETHCS ACPEBUHA Y BU-
DAl nUIoMaTepialiB, aHepy, AepeBHUX IUIAT Ta iH-
mmx. [Ipore nepeBuHa BiIPI3HAETHCS CEPHO3HUM HENO-
JIIKOM - ITiABUIIIEHOIO BoJIoricTio. [Iponec cyminas — BU-
JIaJIeHHs] PIJMHY 13 MaTepiajiB TEINIOBUMH CHOCOO0aMHU.
3niiCHIOETHCSI LIJISIXOM BUIIAPOBYBAHHS PiJIUHU 1 BijBe-
JICHHSI YTBOPEHHX Iap TPH ITiJIBE/ICHHI 0 MaTepiany Te-
wiotH [ 1], 110 BUCYIIy€eThCsI, HAalUaCTIIIE 33 JIOTIOMOTOI0
TaK 3BAHUX CYNIMJIBHUX areHtiB. [Ipm cymiiHHI 3MiHIO-
€TbCSl TEIJIONPOBINHICTh MaTepiaiy, 3HIKYEThCS HOTo
o0'eMHa Bara Ta miJBHIIY€EThCs MilHICTh [2]. Lle mMoxke
OyTu 3a0e31e4YeHO TPH BiJIIOBIIHOMY PEXUMI MPOLIECY
CYLIIHHSI, KU TOBUHEH IIPOBOJIMTHCH 32 IIEBHOI TEMIIe-
parypH, TUCKY Ta BiTHOCHOT BOJIOTOCTI CYIIHJIBHOTO are-
HTa. PeXUM CyIIHHS 3aJ1€)KUTh BiJl BIACTUBOCTEH Marte-
piainy, o BUcymyersest [3].

Orasijg icHyI04MX MeTOoiB CyIIiHHS
Ta CYIIUJILHUX KaMep

3 PpI3HOMAaHITHOCTI MOXJIMBUX METOJIB CYIIHHS
BUIUTUBAE Oe3J1i1 KOHCTPYKIIN CYIIapoOK JUIsl THX YH iH-
IIMX METOMAIB. 32 TEXHOJIOTIYHHMHU O3HAKAMH CYIIApPKH
MOXHa KIacu(iKyBaTH TaK:

- 10 THCKY (arMocdepHi Ta BaKyyMHi);

- 32 MIePIOAUYHICTIO TpoIecy (IIepioaNdHOI, HaiB-
6e3nepepBHOI Ta Oe3nepepBHOT 1ii);

- 3a CII0CcO0OOM TIiiBeIeHHS TeTuia (KOHBEKTHBHI KO-
HTaKTHI, paJialiiiHi Ta CymapKu 3 HarpiBaHHAM MaTepi-
aJy CTpyMaMH BUCOKOi 9aCTOTH);

- 32 pOZIOM CYIIMIIBHOTO areHTy3 (TOBITPsIHI, Ta30Bi
CyIIapKH Ta CyIIapKy Ha IeperpiTiit abo HacH4eHii mapi);

- 32 HAIIPSIMOM PyXy MaTepiairy Ta TeIUIOHOC s (TIpsi-
MOTOYHI, IPOTUTOYHI Ta MEPEXPECHOTO CTPYMY);

- 32 TEIUIOBOIO CXeMOIO (KasopudepHi, 3 JoAaTKo-
BHUM BHYTPIIIHIM O0ITpiBOM, 3 PEIHPKYISIIIEI0 YaCTHHI
BiMPAIlbOBAHOTO TIOBITPS, 31 CXiAYaCTHUM MIiIrpiBOM Ta
KOMOIHOBaHI, HANPHUKIAA, 31 CXiqIaCTHM MiTITPiBOM Ta
PELMPKYJISLIETO).

B crarri [4] mokazaHO mpoIleC MOJIEITIOBaHHS

TEeMIIEPaTypH caMe B KaJOpU(EpPHUX Kamepax, ajie Tam
HE BHKOPHCTOBYETHCS CYIIHHS JISPEBUHH, SIKA Ma€ 0CO-
01MBOCTI.

Haii0inbi NpUiHATHUMH YCTaHOBKaMHU IJIsl Cy-
IIIHHS KaIIIPHO-TIOPUCTUX MarepialliB € MaporoBiT-
PsHI CyIIMIIbHI KaMepu nepioanyHoi aii. 1li ycraHoBky,
110 3aCTOCOBYIOThCS Ha MIANPUEMCTBAX i3 HEBEIMKUMHU
oOcsiramu aepeBuHU. [Ipu cyliiHHI MarepiaiB y Takux
Kamepax MOKHa BHJUTUTH TPU OCHOBHI €Talu: MpOrpiB
a0o mpornaproBaHHs MaTepiaiy; eTamn NOCTIHHOT IBUIIKO-
CTI CYILIHHS; €Tal 3 NaJalouol0 IBUIKICTIO CylIiHHS. B
[5] po3pobieHo ajIropuT™M ONTUMAIBLHOTO YIPABIIHHS
MPOLIECOM HArpiBy, ajie HEIOIIKOM JITAHOTO METOMY € Te,
1[0 BiH HE BiAIIOBIa€ BUMOTaM IIBUIKOMIL.

MeTor0 crarri € OonTuMmizalis Ta MOIEIIOBAHHS
MPOLIECY CYLIIHHS KaIIPHO-IOPUCTUX MaTEPialiB y Cy-
HIMIBHUX KaMepax NepiofMuHOl Aii 13 3aJy4eHHsIM Hek-
POHHOTO PEerynsaropa.

00'eKkT ynpaBaiHHA — CyIIHJIbHA
KaMepH nepioquvaHoi aii

Ha migcraBi ekcniepuMeHTANBHUX JTOCHIDKEHD TIe-
PEXIIHUX XapaKTepHCTHK KaMepHu OKPEeMO ISl KaHaiB
PETYIIOBaHHS 110 «CYXOMY» 1 «MOKPOMY» TepMOMETpam
i (QI3MYHUX 3aJIEKHOCTEW MK OKPEMHUMH BEJIMUHUHAMH,
10 XapaKTepHU3ylTh MpoliecH B Kamepi, B [6] Oyna 3a-
IPOTNIOHOBaHA CTPYKTYpHa CXeMa, IO CKJIANA€ThCs 3 BO-
ChMHU JIaHOK (puc. 1).
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Puc. 1. CtpykTypHa cxema 00'eKTa ympaBiIiHHS
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[Tpn oOMesxeHH] MOJOKEHDb 3aCyBOK, BelMuuHN U,
ta U, Takox oOmexeHi. L{i oOMexxeHHS € TAKUMU:

0 < Ul < UlMaKc' 0 < U2 < UZMaKC’ (1)

Kpim Toro, oOMesxeHHSI TOBUHHI OyTH Hak/Ia/IeHi Ha
IIBHIKOCTI 3MiHU TeMmeparypu 6, ta Bonorocti W ma-
Tepiay, OCKUIBKH HA/ITO BUCOKI IPai€HTH IUX Mapame-
TPiB MOXKYTb NPU3BECTH [0 MOLIKO/PKEHHS Matepiaiy. L1i
0OME>KEeHHSI ITPEACTABIICHI Y BUIVISII:

| < B, | < B, @)

Toni, nepenaBanbHa QyHKISI MOXe OyTH 3amncaHa
y TaKOMY BHIJISIIII:

K(s) _6(s) _ kc(Tos+1)(Tys+1)
TU(s) T (Tys+1)(Tps+1)(Tas+1) (Tas+1)(To s+1)

3)

3Bi/ICH BUJIHO, 10 O0'€KT YIIPaBIiHHA Ma€ JBi mapu
OJTHAKOBUX HYJIIB 1 MOJIOCIB, IO TPU3BOAUTH JI0 CKIIA/I-
HOCTI y peaji3alii yInpaBliHHS, 3BAKAIOUYM Ha HEMIOBHY
KEPOBAaHICTh 00'€KTY.

MopneaoBaHHS 3 BAKOPUCTAHHAM
NPOTrHO3yYUX MoJeJIei

Jdnst Toro moOu YCyHYTH HENONIK PO3IISTHYTHH
BUIIIE, [I0 MPUTAMAHHUI peani3aiii ynpasiiHHSI po3pa-
XyHKOBHM METOJIOM, IOIIJIBHO MPOBECTH MOJCITIOBAHHS
3 BUKOPUCTaHHSIM IPOTHO3YIOUUX MOJeNel y cucTemi
MATLAB/Simulink 3a momomoroto 61oky NN Predictive
Controller, 1110 103B0JIsI€ peaizyBaTH Take yNPaBIiHHA 3
nepen0aueHHSIM.

[Ipu ynpapiinHi 3 nependaueHHsIM, MOZEIb KEpOoBa-
HOT'O MPOLIECY BUKOPUCTOBYETHCS UIs TOTO, 00 Hepex-
0auuTH Oro MaiiOyTHIO MOBEIHKY, & AJITOPUTM ONTHUMI-
3amii 3aCTOCOBYEThCSA U1 PO3PaxXyHKY TaKOTO yIIpaB-
JIHHS, SIKE MIHIMI3y€ PI3HHUII0O MDK OakaHUMH Ta Jiiiic-
HUMH 3MiHaMu BUXOIy mozeni. [Ipu kepyBaHHi 3 ypaxy-
BaHHSIM €TaJIOHHOI MOJIElli, PEeryisTop — Iie HeWpoHHa
MepeKa, sKa IMONepeIHb0 HaBYeHa KepyBaTH MPOLECOM,
JUIst TOro 100 BiH BiZICTEXKYBaB MOBEJIHKY €TaJOHHOTO
npornecy [7]. Ilpu oMy Mozens KEpOBaHOTO MPOIIECY
aKTUBHO BUKOPHUCTOBYETHCS JUISl HAJIAIITYBaHHS IapaMe-
TPIB CaMOT0 PEryJsiTopa.

Monens peryastopy 3 mepenOadeHHs M peanisy-
etbes 3a noromoror Neural Network Toolbox 3rigHo 3a
CXEMOI0, HaBEJICHOIO Ha pHc. 2. Cxema BKII0Ya€e MOJEIh
KEPOBAHOTO IPOIECY Y BUITIAAI HEHPOHHOI Mepexi, sika

Mae OyTH HaBUCHA Tak, MO0 MiHIMI3yBaTH TMOXHUOKY e
MK PEaKUisMU MPOLECY Y, Ta MOJENI Yy, HA BXiJHUH
curHai (abo MOCiJOBHICTh CUTHAIIIB) U.

u Y
— 71| Controlled process >

v

Learning
algorithm

Puc. 2. Cxema mijcucremu iaeHTHIKAITIT
KEPOBaHOTO MPOLECY

OO0'exTOM yNpaBiiHHS € CyIIHIbHA Kamepa, CTPYK-
TypHa CxeMa SIKOI MICJIsl IepeTBOPEHb MpE/ICTaBIeHa Ha
puc. 3.

Ipornec ympaBiiHHSI OMHUCYETHCS CUCTEMORO JTiHIH-
HUX PIBHSHB I'SITOTO TIOPSJKY, B KOXKHE 3 SIKUX BXOAUTH
nuiie ogHa a3oBa 3MiHHA, IPUYOMY MEPIL JIBI KOOPAHU-
HATH X; Ta X, 3MIHIOIOTBCS 3TiHO 3 [8], Juiie mij BIUK-
BOM TIOYaTKOBHX YMOB.

MonernoBaHHS MPOBOMIIOCH IS TPOLIECY 3 HACTY-
MTHUMHU MapamMeTpamMu:

k, =130, k,=0.61,k;=1, k, =40,
ks=2, k,.=0.8, k,=0.75
=112, T,=117 T;,=2.33 T,=0.33
Ts =083 T,=184 T, =127l

[Ticns oOuncneHHs KoeilieHTIiB v; 3a GopMyJIaMH:
vl =V, = 0,

_ b — b,
T T T GGy @
CKJIaJ]a€EMO CHCTEMY Ju(epeHIiaNbHIX PIBHIHb Ta 3ara-
JBbHY CXeMy 00'€KTa yrpaBJiHHS 3 BUKOPUCTAHHAM OJIOKY
NN Predictive Controller y Simulink, sika HaBeneHa Ha
puc. 4.

Buytpimni nani 6noky NN Predictive Controller

(BikHO Plant Identification) 3 mapameTpamu 00'€KTy, st
SIKOTO BiZOyBa€ThCs KEPyBaHHS HAaBEJCHO B Ta0M. 1.

U3

Tabnuya I —IapameTpu cumy.asilii 4151 npoueaypu ineHTH pikamii

Ne Ha3Ba nmapamerpy Ipusznayenus Beaununna
1 Size of Hidden Layer PpO3Mip MPHUXOBAaHOTO 11apy, BU3HAMAETHCA KiJIBKICTIO 12 Heifponis
BUKOPHCTOBYBAHUX HEHPOHIB
2 Sampling Interval TaKT nHCerTHOQTi B CEKYHJIaX, IO BU3HAYAE iHTepBaI 0.001 ¢
MK JBOMa IIOCJIiJOBHUMH MOMEHTaMH 3HOMKH JaHUX
3 | No. Delayed Plant Inputs KUTbKICTh €JIEMEHTIB 3alli3HEHHs. Ha BXO1 MOJIeIi 2
4 | No. Delayed Plant Outputs KUTBKICTh €JIEMEHTIB 3alli3HeHHs Ha BUXOMi MOJei 5
6 | Training Samples JIOBKUHA BUOIpKH (KiJIBbKICTh TOYOK 3HIMaHHs iHhopMaltii) 10000
7 | Maximum Plan Input MaKCHMaJIbHE 3Ha4YEHHs BXiTHOTO CUTHAY 1
8 | Minimum Plan Input MiHIMaJlbHe 3HaYeHHsI BXiJHOTO CUTHATY 0
9 | Maximum Interval Value MaKCUMaJbHHUU iHTepBa ixeHTUdiKalii 0.1c
10 | Minimum Interval Value MiHIMaNbHHH iHTEepBa ineHTHdiKamil 0.01c
11 | Maximum Plan Qutput MaKCHMaJIbHE 3Ha4YEHHs BUXiJHOTO CUTHATY 100
12 | Minimum Plan Output MiHIMalbHe 3Ha4YeHHsI BUX1HOTO CUTHAITY 0
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Puc. 3. [lepetBopeHa cxema 00'ekTa ynpaBIiHHS
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Puc. 4. Bursig cTpyKTypHOI cXeMu 3 Iporuo3yBaHusaM y Simulink
OTpuMaHi pe3ynbTaTH MOACTIOBAHHS TEMIIEPATyPH
Bim 0 °C mo 100 °C ycepenuHi MaTepialy HaBeleHI Ha

[apamerpu (Tabm. 2) € yHiBepCaIbHUM i MOXYTh
puc. 5.

OyTH BHKOPHCTaHI Ui MOOYJOBH Mojenel OyIb-sKoro
JTUHAMIYHOTO 00'ekTa, ki ommcanuid y Simulink.
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Puc. 5. I'padix MozenroBaHHs TeMIiepaTypy BCepeIiHi Marepiairy

BucHoBxu

1. BusHaueHHsl THITy CYIIMJIBHOI KamMepH Ta 00-
paHHS KamIAPHO-TIOPUCTOTO Marepiany € HalOUIbII
e(peKTUBHUM Ta NPAKTUYHUM 3ac000M, SIKMH peaizy-
€ThCS Ha CHOTOAHIIIHIN JIEHb.

2. [IpoBenenuii aHai3 METOJIB CYIIiHHS MOKa3aB,
110 OCHOBHOIO TIEPEBarol0 3aCTOCOBAHOTO METOJY € Te,
10 BiH 3aCTOCOBHHUH JI0 PI3HHMX KJIaciB KEPOBAHUX MPO-

3. IIpoBeneHo MOAETIOBAHHS 3 3aCTOCYBaHHSIM HEl-
POHHOTO PETyNATOpa, SIKE AOBEJIO IJIABHE PETrYIIOBaHHS
TEMIIEpaTypy yCepelrHi MaTepiaay B 3aJaHOMY Jiara-
30Hi. BiJTHOCHUM HENONIKOM € Te, 1110 KOHTPOJIEp, peati-
3y€ TaKHi crocid, BUMarae 3Ha4HOTO 00CATY 00YHCIICHB,
OCKIJIbKA PO3PaxyHKy ONTHMAIBHOTO 3aKOHY YyIIpaB-
JIHHS ONTHMIi3allis BUKOHYETHCS KOXKHOMY TaKT1 yIpaB-
JIHHSA. AJe CITiJ] CKa3aTH, 10 Ha MPaKTHIl € KOHTPOJIEPH,
SIKi JIO3BOJISIFOTH BUPILITYBAaTH TaKe 3aBJIaHHSI.

[IECIB, a BHCOKI aJanTHUBHI BJIACTHBOCTI BH3HAYAIOThH
Horo ycrmiliHe BUKOPUCTAHHS y TPAKTUI MOOYIOBH Ta
eKCIUTyaTallii CHCTeM YIpaBIiHHSL.

Hanani nepeabavaeTbesi 3aCTOCYBaHHSI TAKOTO Me-
TOAY I10 MOJIEJTIOBaHHS OLIBII CKJIHOT CUCTEMHU YIIPaB-
JIIHHSL.
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Simulation of a drying system using a neural controller
Anatoly Gapon, Mykola Denysenko, Andrey Zuev, Natalia Yevsina

Abstract. The process of wood drying as the main capillary-porous material is considered. The research purpose is to
consider the method of optimizing the drying processes of capillary-porous materials, including wood drying and modeling the
temperature in the middle of the material using a neural controller. The mathematical model of the control object was defined as a
batch camera, which is the most favorable for use in logging companies and as one that has good economic performance. An
analysis was made of existing technical solutions on this topic. The settings and identification procedure of the neural controller
used in this task are shown. Modeling of the optimal temperature from 0 to 100 degrees of Celsius is considered. According to the
results of the study it is shown that this method is applied to different classes of controlled processes.

Keywords: drying chamber, capillary-porous materials, neural controller, control system, mathematical model, control
object.
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MOJUDPIKYBAHHSA XAPAKTEPUCTUK ®OTOKATAJITUYHO-AKTUBHUX
OYHKIIOHAJIBHUX BY3JIB AJAIITUBHUX CUCTEM OYUIIEHHA
MOBITPA 3 BUKOPUCTAHHAM KOOPJIUHAIIMHUX HITPATIB
PIAKICHO3EMEJIBHUX EJIEMEHTIB TA JIY2)KHUX METAJIIB

AHoTamisi. Y3araiebHeHO BXINBI UL PAKTHYHOTO BUKOPUCTAHHS BIIOMOCTI IIPO JTy>KHI KOOPAMHALNAHI HITPATH PiKiCHO-
3eMeJIbHUX eJIEMEHTIB Iepi€BOi HMiATPYIH — MPEKypPCOPH NEPCIIEKTUBHAX CYJacHHX OaratodyHKIIOHATEHUX MaTepiaiiB — MO0
YMOB iX YTBOpEHHS i iCHYBaHHS, IPUPOIH XIMIYHOTO 3B’5I3KY, CKJIa Ty, Oy10BH, (POPMH KOOpMHALIMHMX moJtieapiB Ln, Trmy Ko-
OpIMHALI{ JIraHy, iCHyBaHHS 130THIHHUX PS/IB IO CTEXiOMETpii CKiamy, CTPyKTYpi, BUSBISIEMUX XapaKTepPHHX BIIACTHBOCTEIL.
OnepxaHi faHi (SIK TepBUHHA iH()OPMALIis) € OCHOBOIO TS BISIBJICHHS, 1eHTH]IKAILi, KOHTPOIIO (a30BOro CTaHy 00’ €KTIB Iie-
pepobIIeH s y MIrOTOBUMX CTafisIX, BHOOPY KPHUTEPIiB CyMICHOCTI CKJIaIOBHX IpH (hOpMyBaHHI OTHOIIAPOBHX i IIApyBaTHX Ha-
HOCTPYKTYPOBaHHMX OKCHIHHX KOMITO3UTHHX CHCTEM JIAHTAHOI/IB 1 EPEXiTHNX EIEeMEHTIB IIHPOKOTO MPH3HAYECHHS, 3 KaTaJliTH-
YHOIO 1 ()OTOKATATITUYHOIO aKTHBHICTIO, TIOKPHTTS 37]aTHOrO CAaMOOUMINIATUCS 3 TiAPpO(UILHAMH BIACTHBOCTSIMU; PO3POOIICHHS
Pi3HMX KOMOIHOBaHMX CITOCOOIB iX aKTMBAIii Ta BCTAHOBJICHHS TEXHOIOTIYHO-(YHKIIOHATEHIX 3aJIe)KHOCTEH; KepOBAHOTO MO-
JM(iKyBaHHS BIACTUBOCTEN OZIEp)KYBaHMX IUTHOBMX MPOYKTIB. Jis MigBHIIEHHST (DOTOKATaTITHYHOI aKTHBHOCTI 3pa3KiB MOK-
PHUTTIB Ha OCHOBI BHcokouctiepcHoro TiO2 anHara3noi Moawudikari 3anpornoHoBaHa METOJIOJOTIS XIMIYHOTO MOH(IKyBaHHS
LIEHTPIB OKUCHEHHS y IXHHOMY TTOBEpXHEBOMY IIapi 3 TePMOOOPOIICHHSIM y KOHTAKTi 3 IPOAYKTaMH TEPMOJTI3y PO3ILIABIB JTyXKHHX
KOOpJMHALIHHKX HITpaTiB JAHTAaHOIAIB. BrsBieHa eekTrBHA TecToBa (HOTOKATATITHYHA IECTPYKLIS MapiB OpraHiyHUX CyOCTpariB
Ha TpuKIIazl eraHony. /loBezeHa JieBa akTHBaliss poOOTH (DYHKIIOHAIBHUX BY3JB Y CKJIa/li CAMOHAIAIITOBYIOUHMXCS KOMILIEKCIB
OYHIIIEHHST TIOBITPSI 3 BUKOPHCTAHHSIM HOBUX (DOTOKATAIITHIHO-aKTHBHUX TPHOX IIAPOBHX MEPOBCKITONOAIOHIX OKCHTHIX MaTepia-
niB Ma2Ln2TisO10 (M — Li, Na, K; Ln — La, Nd). BapiariHicTs Takux crioco6iB CTBOPEeHHs i MOAM(DiKyBaHHS XapaKTEPUCTHK T10-
J(YHKIIOHAIBHUX MOKPUTTIB BH3HAYA€ThCS KUIBKICTIO i IHIMBIyaJbHIMH BJIACTUBOCTSIMHU IPEACTABHUKIB IIPHPOHIX PAAIB
JIAHTaHOIIiB, JTy)KHUX METANIB MePIOMIHOI CUCTEMH, OCOOIMBOCTAMH iX KOOIIEPATUBHOI MOBEIIHKH Y ITi/ITOTOBYMX TEXHOJIOTIY-
HHX CTafifX, YMOBaMH i METOJIAMH aKTHBaLlii POLEciB (OpMyBaHHsI, IPHPOJIOKO ITiIKIAIK! Ta IHIIUMH YUHHUKAMU.

Kar4doBi ciaoBa: iyXHi KOOpAWHALIIHI HITPAaTH JIAHTAHOI/IIB, yMOBH YTBOPEHHs, KpUCTaJliuHa Oy10Ba CIOJYK, Xapak-
TEpHI BIaCTHUBOCTI, MEPETBOPEHHS 3 (hi3MYHOIO aKTUBALIE€I0, MOAU(IKYBAaHHS XapaKTEPUCTUK KOMIO3UTHUX CHCTEM THTa-

HaTiB, a,E[al'ITI/IBHi CHUCTEMU KEPYBAHH:.
Beryn

IlocTranoBka 3agaui. [IpoBenene aBTopamMu KOM-
IUIGKCHE eMITIpUYHE JOCIHIDKCHHSI CIpsIMOBaHE Ha
PO3B sI3aHHS aKaJeMi4HOI MPOOJIEeMH 3 MOILIYKY KOMII-
POMICIB MiX SIKICTIO IOBITPs Y IpUMillIeHHSX (00'€KTax)
nepeOyBaHHS JIOACH 3 HASBHUMH 30HAMH JeCTPYKTHB-
HOTO PO3KJIaJaHHs JIETKMX OPraHIYHUX PEUOBHH i eHep-
roe()eKTUBHICTIO CUCTEM HOTO 3a0e3eUeHHS.

Jyisi mOpiBHSUIBHOTO aHamizy 3a JaHuMu [1] Ha
puc. 1 npuezaeHi rpadiku poOOTH IBOX THIIIB CUCTEM
3a0e3redyeHHs] BEeHTHIISMIT MPUMIIIEHHS 3 TOCTIHHHM
MOBITPOOOMIHOM 332 HOPMATHMBHUMH BHMOTAaMH 1 ajam-
TUBHOI cHcTeMU. BepxHs pi3HHUIT OOMEXKYIOUUX TUIOII
peXuMiB poOOTH HAOYHO JEMOHCTPYE 3MEHIICHHS BH-
TpaTH MOBITPS 1 €KOHOMIIO €Heprii B CHCTEMi alalTHB-
HOI BEHTHIIALI, sika Moxke gocsrati 40-50%.

Anani3 miteparypu. IIpoBigHi MbKHapomHi Hay-
KOBO-JOCTIIHI IIEHTPHU Ta IHCTUTYTH, IHHOBAIliiHI 10-
CIITHUIBKI Ta BUPOOHWYI KOMIIAHil MOCTIHHO yIOCKO-
HAJIOIOTHh O0JIaIHAHHS Ta BEAyTh JOCITIHKEHHS B ramys3i
CTBOpPEHHSI HOBUX BHCOKOC(EKTUBHUX METO/IB i TEXHO-
morii imeTparii moBiTps B ykazaHomy Hampsmi. CTBo-
peHI MOJIENBHI PSIN CUCTEM OYHWIICHHS Ta 3HE3apaKeH-
HS TIOBITPS — IPOMUCIIOBOTO i CIIEI[iaTbHOTO TPHU3HA-
YeHHS (B TOMY YHCIi i MEIUYHOTO); KaHAIbHI OYHIILY-
Bayi, MpU3HAYEH] ISl TIAMOOKOTO OYWIIEHHS TOBITPS B
CHCTeMax MPHUIUTABHOI Ta BUTSHKHOI BEHTHIIAIII SK OK-
peMUX TPUMIIIEHB Tak i Beiel OyIiBii; aBTOHOMHI OYH-
LIyBayvi MOBITPS, MPU3HAYEH] JJI1 BUKOPUCTAHHS BCepe-
JIHI TIPUMIIIEHB Y PEKAMI PelUPKYILSIIii Ta ik [2-5].

L, ruc. m/ron.

O N T T T T T T T
6 8 10 12 14 16 18 20

Z,Ton.

— — - TpaguuiiiHa cucTeMa —— AnanTHBHA CHCTEMA

Puc. 1. I'paduku poGOTH IBOX THIIB CHCTEM
BEHTWILILIT TPUMIIEHHS 3 TIOCTITHUM MOBITPOOOMiHOM
332 HOPMATHBHMMH BUMOTAMH 1 aIAITUBHOI cucTeMH [1]

3acTOCOBYIOTECS KOMIDICKCHI TEXHOJIOTII O4H-
IICHHS Ta 3HE3apaKeHHS IOBITPs, IIOB'SI3aHI MiX CO-
0ot0 AK QizudHO, a W (PI3UKO-XIMIYHO, A€ KOXKEH Ha-
CTYITHHH CTYIiHB (QiTbTpamii MOKpamIye sIKiCTh Ta edex-
TUBHICTH (QUIBTpAIlil TOTIEPETHROTO CTYIEHS, — 3 BiIO-
BIJTHUMH 30HaMH Tpy0OOTro, TOHKOTO Ta MOJIEKYJISIPHOTO
oumIeHHs, obnanHaHi: 1) mependinbrpamu, 2) 610Ka-
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MU 3apsIKA aepo30iiB, 3) 6ap'epHuMu  (iIbTpamMu TOH-
KOro ouuiieHHs, 4) QoTokaTamiTHYHUMHU GiTbTpamy,
5) koMGiHOBaHUMHU a7COPOLIHHO-KATATI THIHUMH (DiNlb-
Tpamu, 6) YO BunpomiHroBagaMu.

[IponykTrBHICTS i eHeproeeKTHBHICTh TaKUX ca-
MOHAJIAIITOBYIOYNXCSl CHCTEM BH3HAYAIOTHCS MOKA3HU-
KaMH pOOOTH KOKHOTO CKJIaZ0BOTO KOMIUIEKTYIOUOTO
OJIOKY 1 JOCKOHANICTIO 3aCTOCOBAHUX IPOEKTHUX M
VIIPABIIHCHKUX pillleHb. Y TIpollecaX OYUIICHHS MOBITPS
BiJl OPraHiuYHMX JOMIIIOK Yy CYy4acHHX po3poOKax sik ¢o-
TOKATaJli3aTop BUKOPUCTOBYIOTH B ocHOBHOMY TiO2 [6].

HeBupimeni nutannsi. OcTaHHIM 9acoM TIOKCH]
TUTaHy IIPUBEPTAE OCOOJIMBY yBary y 3B'I3Ky 3 HOBUMH
YHIKaJbHUMHU IIE€PCIIEKTUBAMU HOTO 3aCTOCYBaHHS Yy
(hopMi HAaHOCTPYKTYPOBAaHHX MaTepiasliB i HAHOKOMIIO-
3UTIB 3 KOHTPOJBOBAHUMHU MOPQOJIOTIYHIMH, (i3HKO-
XIMIYHUMH Ta ONTHYHMMH BractuBocTsMu [7]. TiOo,
SIKME BOJIOJIIE BHCOKOIO XIMIYHOIO 1 TEPMIYHOIO CTali-
JIBHICTIO, @ TAKOX TOMIIIKOBUMH PIBHSIMU B €JIEKTPOH-
Hill CTpYKTypi Marepiaily, CTBOPIOBaHHMH 32 pPaxyHOK
3aJJaHOTO THITY JIETYBAaHHSI, € YHIKQIBHUM IS TOOY/I0BH
Ha HOro OCHOBI HOBUX e(eKTHBHHX (DYHKI[IOHATBHUX
MarepiaiB, 10 3aCTOCOBYIOThcs Yy (hoTokaTamisi i ¢o-
TOBOJIBTAILlI, CEHCOPHIL, KaTali3i, Ui PIAMHHOI XpoMa-
torpadii Ta iHIIMX cdepax.

Cytp (oTokaramituunux eiaactuBoctedl TiO; mo-
JISITA€ B TOMY, 1110 B 00'eMi HaIiBIPOBIJHUKOBOT YaCTH-
HKH MiJ{ BILIABOM €JCKTPOMATrHITHOTO BHITPOMIHIOBAaH-
HSl TEHEPYIOTHCSI €JIEKTPOH — JIIPKOBI MapH, SIKi IpU BHU-
X0l Ha moBepxHio yacTHHKU TiO; BCTymaroTh B OKHMC-
JIIOBAJILHO-BITHOBHI peaxilii 3 aJjIcopOOBAHUMH MOJIEKY-
namu. JIist iOKCUIy THUTaHy MPOLEeC TaKni:

TiO
(0%q) 4 +(Redy) 2

——~— 5> 0x,+Red, .
adshv>Eg 2 2

Y upoMy BUNAIKy YacTHHA €JEKTPOHIB 1 JIpOK
MOJKe 3JIIIICHUTH peKOMOiHaIliI0 B Maci a00 Ha MOBEPXHi
TiO,. Jna edextuBHOTO TIepebiry (OTOKaTaTiTHIHHX
MPOLIECiB HEOOXIHO, 00 OKHUCIIOBAIBLHO-BIIHOBIIIO-
BaJIbHI peakiii 3a y4acTiO MapH eJEKTPOH-AIpKa Oyiu
e(peKTUBHIIINMH, HI)K TPOLIECH PEKOMOIHAIIIT.

Jobpe BijmoMi mepeBaru BUKOPHCTaHHS TaKOTO
(hOTOKATATITUYHOTO CIIOCO0Y OUHIIEHHS:

1) MOKJIMBICTE OKUCIIMTH TIPAKTHYHO Oyab-SKi Op-
raHiYHI PEYOBUHH 1 TAKOXK PsiJi HEOPraHIYHUX, TAKUX 5K
CO, H2S, HCN, NHas, NOy Ta in.;

2) MeTon Mpaloe IpH KIMHATHIA TeMmmepaTypi i
aTMoc(hepHOMY THCKY;

3) MO’KHa OKHCITIOBATH HaBITh HEBEJHMKI KOHIICHT-
pamii 3a0pynHIOBAdYiB, OUYMWIINEHHS BiJ SIKUX IHIIMMHA
METOJAaMHU € EKOHOMIYHO HEBUTIIHHM;

4) mna peamizamii MeTomy (POTOKATATITUIHOTO
OYHMIIEHHSI HE MOTPiOHI JOJATKOBI peareHTH, TOMY IO
OKHCITIOBaYeM € KHCEHb OBITPSL.

OpHak a1 GOTOKATATITHYHOTO CIIOCO0Y OYMIIIEH-
HS TIOBITPSI BiZIOMI 1 psiZi HEJOMIKIB, TAKUX SIK:

1) mopiBHSHO HEBEIMKA MBUIKICTH OUHIICHHS;

2) HeOoOXiHICTh BUKOPUCTAHHS JKEpeN yiabTpadi-
OJIETOBOTO CBITJIA B pa3i, KOJMH (POTOKATATI3aTOPOM €
TOKCH]I TUTAHY;

3) Hu3bKa ancopOriiftHa 34aTHICTh OUTBIIIOCTI TIPO-
cTux (poToKaranizaTopis;

4) MOXJIMBICTH YTBOPEHHSI IPOMIXXHUX HPOIYKTIB
IIPY OKUCJICHH] BEJIMKUX KOHIIEHTpALi 3a0pyIHIOBAYIB.

Tomy po3poOka HOBHX (DOTOKATATITHIHUX CHCTEM,
AKi onanu O 3a3HaueHi HEJOJIKH, € MPEeIMETOM Hara-
JILHOTO Py CYYacHUX JOCTIJUKEHb.

[Ipu cTBOpeHHI i TerioBoMy 0OpoOJIeHHI MaTepi-
aJliB Ha OCHOBI JIOKCH/y TUTaHy NOTPiOHO BPaxoBYBaTH
MOXJIMBICTh BHHUKHEHHS ITOBEPXHEBUX 1 00 €MHHUX
nedekTiB kpucramiynoi pemritkn TiO; (B Hacmimok ic-
HYBaHHSI PI3HOMaHITTS (a3 B IHTEPBaJi CITiBBiJHOIIECHb
O/ Ti <2 ua ¢asosiii miarpami cucremu Ti— O [8]) Ta
BUSIBJICHHS 1X 3HAYHOTO BIUIMBY Ha (hOTOXIMiuHI Biac-
TUBOCTI 1 (POTOIHAYKOBaHY TiapodiinbHy 3AaTHICTH MPO-
IYKTiB cUHTE3Y [9].

HasBHI BIiZOMOCTI IIOAO CTaHy W MOMXJIMBUX Ha-
NpPSMIB yIOCKOHAJIIEHHS TEXHOJOTIH CTBOPEHHS TaKUX
MaTepialliB, YMHHI BAMOTH JI0 1X CTaOLIBHOCTI 1 BiJTBO-
PIOBAHOCTI BJIACTHBOCTEH, pO3MMPEHHS cdep X BHKO-
puctanHsi [2-9], mposSB BHUCOKOi aKTHMBHOCTI Maj0O3akK-
pHCTaNi30BaHUMH YacCTKaMH CTPYKTYPHHX KOMIIOHEH-
TiB, cpOpPMOBaHUMH TEPMOITi30M po3unHHHKA [10], HOBI
BigomocTi [11] mono peakuiiiHoO 31aTHOCTI i NepeTBO-
PEHHS IIapyBaTHX IIEPOBCHKITOMOMIOHUX OKCHJIIB, CTa-
oimizarii GoToKaTamiTHYHO- 1 CCHCOPHOAKTUBHOI KpHC-
taniyHoi Moaudikanii aHarasa 3a paxyHok ioHiB NOs,
nomipyBauust LnyOs [12, 13], mpu onepxkanui TiO; i3
po3unHiB [14], TeHAEHIT BIPOBaKEHHS IOCKOHAIMX
€JIEKTPOHHUX 3ac00iB (3 MaJIMM YacoM €KCIO3HIIil, ITiJI-
BUIIIEHOIO TOYHICTIO, HA/AIHHICTIO) 1 MIKPOIIPOIIECOPHUX
CUCTEM YIpPaBJIIHHS — 1HILIIOBAIM MPOJIOBKEHHS HAIIO-
ro AOCIHIKEHHS 3a Liclo TeMaTtukoro. Cboroani 3'saco-
BYIOTbCSI CIIOCOOM YNpPaBIiHHS TEXHIYHUMH Iapamer-
paMu LITBOBUX TPOAYKTIB uyepe3 BUOIp CKiaay, yMOB
CHHTE3Y Ta crioco0y oOpoOIeHHS.

OnHuM i3 HalO1IbII NEPCIIEKTUBHUX KIIACIB CKIIa-
JHUX OKCHJHUX MaTepialliB pilKiCHO3EMEIbHUX elleMe-
HTiB (P3E) 1 TMTaHy € HaHOCTPYKTypOBaHI LIapyBaTi
MEPOBCKITOMOIOHI CITONYKH 1 TBEP/Ii PO3YMHH Ha IXHIH
OCHOBI. 3aJIeXHO BiJI CKJIAy 1 CTPYKTYypH, BOHH MalOTh
MIMPOKUI  CHEeKTp  (I3MKO-XIMIYHMX  BJIACTHBOCTEH.
[IpencraBneni B JaHiii poOOTI MEPOBCKITOMOIOHI
mapyBaTi THTaHATH HajeXaTb TOMOJIOTIYHOMY psIy
(Me, LN)y+1TinOsn+1, me Ln — La—Nd, Me — Li-Cs, n —
YHCIO HaHoWapiB mepoBckita (a3 Pyamnecnen-
[lonmepa; 3 TOBIMHOIO OXHOTO INAPy IPUOIU3HO
0,5 um). Bimnosimro, MeLnTiOs y cBoiit cTpykTypi
MICTHTh OIMH HaHOmap meposckity, Me;Ln;TisOp —
Tpu. IlepoBckiTononiOHI HaHOMAPYBATI THTAHATH OYIIH
ofiepskaHi i mociikeri asropamu po6iT [15-18]. Puc. 2
[19] memoHCTpyEe MOPGOIOTiI0 YACTHHOK TOCTiKYyBa-
HUX [IapyBaTHX TUTAHATIB.

Tak oxcum KoNd2TisO1o (x mpukimam) KpucTati-
3YIOTBCS B TETpParoHalIbHOW CTPyKTypi. IIpocropoBa
rpymna ajst JaHWX CIOIyK Bu3HadeHa sk 14 / mmm. To-
BIIMHA [IapyBaTHX OKCHIIB JAHOTO TUITy XapaKTepH3y-
€TBCSI ~ TPbOMa  THUTaH-KHCHEBUMH  OKTaeApaMH
[Nd2Ti3O10], mo depryrorhess Mixk cobor0 i posmiseHi
KaTiOHaMU JIy’)KHIX METaliB, B JAHOMY BHUIIAJKy KaTio-
HAMH Kajifo, MK mapamu. [lapamerp pemnTkm c
(= 30A) Bkasye Ha 3MillleHHS CyMiKHHX MEPOBCKITHHX
mapiB Ha ‘4. KaTioH HeogmMy 3HAXOMUTHCS B IEHTPI
MIEPOBCKITHOI PELIITKH 1 XapaKTepusyeTbest 12-koop-
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JMHOBAaHMM KHCHEBUM OTOYEHHsM. KarioH iry>kHOTO
MeTaJTy 3HaXOJWUTHCS Y MDKIIapOBOMY IpOCTOpi i, sIK
npaBmio, 9-koopauHoBaHuiA [18].

20120111 1143 NL D39 xi5k 50 ’ x
Naz2Nd2TizO10 K2Nd2TizO10

Puc. 2. Mopdoorist 4acTHHOK JOCIiIKyBaHUX
mapyBatux TuTaHatis (3o6pasicennss CEM) [19]

[lapyBaTa cTpyKTypa, IO CKJIaJA€THCS 3 TUIACTH-
HYACTUX YACTHHOK, 30€pira€ThCs MPOJYKTOM TPH BHU-
TPUMYBaHHI y BOJIOTOMY TIOBITpPi 1 MiATBEpIKeHa
METOJIOM CKaHYI04Oi eNeKTpoHHOT Mikpockormii [19].
Busiiena cTaOUTbHICTh CHCTEM PEKOMEHIIYE X 5K Tep-
CHEKTHBHI (h)OTOKATAII3aTOPU B YMOBax ONU3BKUX JO iX
BUKOPUCTAHHS Ta € BKJIMBOKO JUIA IHIIMX IHHOBAIIIM-
HUX c(ep IX 3acTOCyBaHb.

Amnaui3 myOnikaliiii OCTaHHIX POKiB 3aCBiT4ye€, 10
JIOKCHJI THTAaHy MAaE€ OCHOBHE 3aCTOCYBAaHHS came Y
TOHKO IUTIBKOBOMY BHUJI, Y SIKOMY Haiie()eKTHBHIILE
peasti3yloThest HOro BIAaCTHBOCTI, HeoOXiaHI yisi (oTo-
KaTaJi3y, COHSYHOI EHEPreTUKH, CEHCOPUKH, CaMOOYH-
LIEHHS TOKPUTTIB TOLIO.

Mera Ta 3aBaaHHs JocimkenHs. [Iposectu moc-
JIPKEHHST KOONIEPATUBHHUX MPOLIECIB B3aEMOJIT MIXK CTPYK-
TYPHUMHM KOMIIOHEHTaMH y CUCTEMax HITpaTHHX IoIepe-
JHUKIB nipeactaBHuKiB P3E 1epieBoi miarpynu i enemen-
TiB A miarpynu nepioguunoi cuctemu (Li, Na, K) B ymo-
BaX aHAJIOTIYHUX JI0 PETTIAMEHTHHUX TIPU CTBOpPEHHI Oara-
TO(MYHKIIOHATBHUX OKCHIHUX MatepiaiiB pi3HOTO TMpU3-
HA4YeHHsI 3 BUKOPUCTAHHSM (DOTOKATAIITHYHO aKTHBHOTO
TiO; 3 MeTor0 (pOpMyBaHHS JOCTOBIPHUX YSBIEHD 1 OfIep-
JKaHHsI 00’ €EKTUBHUX 3HAHb MPO OCOOJIMBOCTI EPETBOPEHB
1 CyKyIHY TMOBEIHKY CKJIaJJOBUX €JIEMEHTIB y MiJrOTOB-
YUX CTAAIsAX MEepepoOJIeHHsT TEXHOJOTIYHMX 00 €KTIB 3
TermioBoro aktuBaiiero (25-1000 °C), HeoOXimHMX OIS
YIOCKOHAJICHHS ¥ po3poOIeHHsT METOAOJIOTIH 1 periamMmeH-
TiB CyYaCHHUX TEXHOJIOTIN X BUTOTOBIICHHSL.

s mOoCSITHEHHS MTOCTaBICHOI METH Y POOOTI moe-
TaITHO BUPINIyBaJMCS TaKi 3aBJaHHS:

1) BHUBUCHHS MEXaHi3MiB TEPETBOPEHB y CHCTE-
Max KOOpOWHALIHHWX HiTpaTHHX mpekypcopiB P3E i
JYXKHUAX METallB y X0/l (GopMyBaHHS MONi(pYHKIIOHA-
JHHUX (DOTOKATANITHYHO AKTUBHUX IIAPYBATHX OKCHI-
HUX MaTepiais;

2) pO3pOOJIEHHS METOMOJIOTii i BHTOTOBJICHHS
3paskiB (oTokaramizaTopiB Ha ocHoBi TiO; aHaTasHOl
Moarikarii i KOMITIO3HUIIH 31 CTPYKTYPOIO TPHILIAPOBO-
ro tutanaty KoLn,TisO1 3 iX qBOCTamiiHMM HaHECEH-
HAM 1 OpMYBaHHSM Ha CTPYKTYpOBaHI MeTaieBi HOCIT;

3) BHUBYEHHS KiHETHYHHMX 3aKOHOMIPHOCTEH pe-
aKI[iif TecTOBOTr0 (POTOKATANITHYHOTO OKHCIICHHS IapiB

OpTaHIYHMX PEYOBHMH (Ha MPHKIAJi €TaHONY) B CTaTHU-
HOMY PEaKTopi;

4) BCTaHOBJICHHS TEXHOJOTIYHO-(YHKI[IOHATEHUX
3aJIC)KHOCTEH; KePOBAaHOTO MOIU(IKYBaHHS BIACTHBOC-
Teil oJlepKyBaHUX IJTLOBHUX MTPOITYKTIB.

MeTop0J10risl eKCTIEPUMEHTY

J7st OLIHKA MOXJIMBOCTI KEpyBaHHS IPOLECaMU
OararoctaniiiHoro  (GopMyBaHHS  CKJIaJHO-OKCHIHHX
KOMIO3UIIHN 3 MOMi(yHKIIOHATFHAMH BIIACTHBOCTSIMU ¢
0OTpyHTYBaHHsI MEXaHi3MiB (pa30yTBOPEHHS SIK MOJICIIbHI
13 BUKOPHCTaHHSIM KOMIUTEKCY (i3HMKO-XIMIYHUX METO/IiB
BUBYCHI BOJHO-COJBOBI cucTemMu HitpatiB MeNO; —
Ln(NOs)s — H20, (Me — Li, Na, K; Ln — La-Sm) mpu 25-
100 °C. Bubip cxiamy o0’€KTiB JAOCHTIPKEHHS, TeMIiepa-
TYPHI Ilepepi3u 3yMOBIIEHI PSIOM YMHHUKIB.

[Mo-nepme, 3rimHO pobotam aBtopiB [20 — 22] ce-
pell eNeMEHTIB PiJKICHO3eMEJIBHOrO PSIy BHIILY KOM-
IUIEKCOYTBOPIOIOYY 37IaTHICTh BHSIBISIOTH MPEICTABHU-
KA LepieBOl MIATPYNH; cepell HUX HaWOUIbII 3MiHH
CKJIaJly, CTPYKTYPH, BIACTHBOCTEH X CITOJYK — eJleMEH-
TH #toro cepenunu, Pr i Nd. BubpaHi KOMIIOHEHTH CHC-
TEM 3a/Ial0Th TEXHIUHI XapaKTEePUCTHKU LILIIHOBOTO MPO-
OyKTy 4d € MoaudikaTopaMu HOro BIAaCTUBOCTEH. A
HASBHICTh BEJUKOI KITBKOCTI JJISI BUKOPUCTAHHS IOTE-
HIlaJIbHUX EJIEKTPOHHUX aHaJIoTiB  (NMpeICTaBHUKIB
MPUPOJHUX PSAIB PIAKICHO3EMEIbHUX, JIy)KHUX eJeMe-
HTIB) 3yMOBJIIO€ 3HaYHY BapiaTUBHICTH 1 MIMPOTY Jiara-
30HYy MoaM(DiKyBaHHs 1X XapakTepucTHK. TeMneparypHi
nepepizu 00yMOBIICHI 00JIACTSIMU ICHYBaHHSI KPUCTAJIO-
rizpatHux GopM BUXIJHUX KOMIIOHEHTIB.

[Mo-npyre, 3a pe3yinbraTaMH JOCIIIKEHb aBTOPIB
[23] Tprox mmaposi kamiesi Turanatu KoLn,TizO1o (LN —
La, Nd) BuieBKa3aHMX CKIIQJIOBHUX E€JIEMEHTIB, OXep-
JKaHI 32 KEpaMiyHOIO TEXHOJIOTIEI0, y CYCIIEH3IHHOMY
BUTJISIII Y BOJHO-CIIMPTOBHX PO3YMHAX mij fAieo YO
BUIIPOMIHIOBAaHHS BUSBIIAIOTH HAWBHILY cepell BiJOMUX
BUIIB IapyBaTux (a3 GoToKaTaliTHYHY aKTUBHICTH 110
posknamanHio HoO 1 BuminenHio BogHio. lleit daxr
1 3[aTHICTIO 0OOOPOTHO IHTEPKAIIOBATH MOJIEKYJIH BOIH
B MDKIIAPOBHH MPOCTIP, IO MOXE MPU3BOIUTH SIK JIO
30UbIIeHHs] eeKTUBHOI MUTOMOI MOBEpXHi (poToKarta-
Ji3aTopa, Tak i CIPHUITH IPOCTOPOBOMY PO3MOALTY IIeH-
TpPiB OKMCHEHHSI-BiJHOBIICHHSI.

Jis 3’ sicyBaHHS XapakTepy XiMigHOi B3aemoii i (a-
30BUX PIBHOBAar y BOJHO-COJIBOBUX CHCTEMAax JOCHIIKY-
BaHMX HITpaTiB (MpeKypcopiB OaraTOKOMIOHEHTHUX OK-
CHIHUX TONi(QYHKI[IOHATPHAX MaTepianiB) y ITOBHHUX
KOHLICHTPAIIITHNAX CITiBBIHOIIICHHSAX B TEMIIEPATyPHOMY
qiama3zoHi iCHyBaHHS pPO3YMHIB BHUKOPHCTAHUI METOJ
J00aBOK, onwvcanuii B [24, 25] 1 3acHOBaHHMI Ha IOCII-
JOKEHHI PO3UMHHOCTI SIK OJTHI€T 3 BIACTHBOCTEH HAHOLTBII
,»AyTIMBHUX * 10 BHUSBICHHS (ha30BHUX MEPETBOPEHb Y CHC-
TeMax, 10 € OJHOYACHO MapaMeTPOM iXHBOTO CTaHy, 1 10
TOTO K MPOCTHMHU JOCTYITHHUMH HHHI €KCTIePUMEHTaJIbHHU-
MH MeTofaMH. MeTo O3BOJISIE 3HANTH MEXi CaMOPO3BH-
TKY, JIO SIKUX TPSMY€ y KOHKPETHHX YMOBaX B PiBHOBaXK-
HOMY CTaHi i30JIbOBaHA CHCTEMA 3aJJaHOTO CKIIaJy.

PiBHOBara Qa3 pocsranacs mpotsrom 2-3 mib. Y
SKOCTI BUXIZTHUX COJEH BUKOPHUCTOBYBAJIH TiApaToBaHi i
0e3BOMHI HITPAaTH BKAa3aHUX €JIECMEHTIB MapKH ,,9.1.a.”.
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Ximiuauii aHami3 piakux i TBepaux a3, ,,3aui-
KiB” mpoBoawau Ha BMicT LN** i asory. Bmict Ln®*
BU3HAYAIH TPUJIOHOMETPHYHO Y MPHCYTHOCTI KCHIICHO-
JIOBOTO TIOMapaH4eBOT0 y SIKOCTI iHAWKATOpa (ameraT-
Huii  OydepHuit posumn, pH=5-6) [26]; a3oTy—
MEeTO/IOM BiAroHku [27]; ioniB Me* — po3paxyHKOM 110
PI3HUIN, BUXOMISYH i3 3aTaIBHOTO BMICTYy HITPATIB 1 Yac-
TKOBO I10 CyXOMY 3aJIHIIKY.

OpnepxxaHi J1aHi [UIS OKPEMHX 10HIB IepepaxoByBa-
JIUCh HA COJILOBHI BMICT 1 3TiJTHO TPUHITUITY BiITOBIJ-
HOCTI HAHOCHJIUCH Ha JiarpaMu po3uuHHOCTI. I'padiune
BiJIOOpakeHHs CKJIaay TBepAuX (a3, M0 YTBOPIOIOTHCA
y cuctemi, npoBoauin 3a CkpeitHemakepcom [24, 25],
MIATBEP/PKEHHS X 1HJMBITYAIBHOCTI 1 OXapeKTHPH3Y-
BaHHS — XIMIYHHUM, KPUCTATIOONTHYHUM, PeHTreHO(a30-
BHUM, PEHTTCHOCTPYKTYpHUM, [YU-CIIeKTPOCKOMiYHIM,
TepMorpadiuHUM, IHIIMMH METO/IAMHU.

KpucranoonTuyHi BU3HAYCHHS CIIONYK BHKOHYBA-
JIU IMEpPCIIHUM METOJIOM 3a JOIOMOTOK) MIKPOCKOILY
MUWH-8. ®a30Bwuii aHAi3 BUKOHYBAJIH Ha TU(PpaKTOMe-
i JPOH-3M (Cu K, -BumpomintoBanus, Ni —
GITBTP) 3a METOAOM «Iopomkay. Judpakrorpamu po-
smrdpoByBain 3a kaprorexkoro PDF JCPDS. Tepmor-
paBIOMETpUYHUI aHaIIi3 MPOBOAWIM Ha JepuBarorpadi
Q-1500 D mpu Temmneparypax Big 293 K no 1273 K y
HOBITPSTHOMY CepeIOBHUIII 31 IIBUAKICTIO HarpiBanHs 10
rpaj. / xB. Ta pozpobienomy npuctpoi mst ITA.

Ha erami gocnimkeHHs! (POTOKATANITHYHOTO OKHC-
JIEHHs TIapiB OpraHiyHUX cyOcTpaTiB A (hopMyBaHH:
3pa3KiB KOMIO3MLIHHUX (hoTOKaTai3aTopiB OyB BHKO-
pucranmii  Titanium Oxide Micro Powder (TiO.,
Anatase, 1500 nm, 99,9 %) US Research
Nanomaterials, Inc.

Jnst BUBYEHHS BIUIMBY C(OpPMOBAHUX 3pa3KiB-
(oTokaTaizaTopiB Ha KIHETHKY YTBOPEHHsI ra30moio-
HUX IHTEpMeiaTiB MPOBeACHO JOCHiKeHHs GoTokara-
JITUYHOTO OKHCJICHHS MapiB OPraHiYHUX PevyoBHH (Ha
MIPUKJIA]Il €TAHOJY) CTATUYHUM METOJIOM y PO3pOOIIeHii
repMeTH30BaHill KaMepi-KOHTeiHepi, 00aaHaHii 3MiH-
HUMH HaBICHUM TpHMaueM 3pa3KiB JOCIHIIKYBaHUX
00’€KTIB, BHYTPIIIHIM BUITAPHUM JI03aTOPOM 1 30BHIIII-
HIM DPEaKTopoM Ui MajuX 1 3ajlOBHX J03-iH’ €Ki
cyOCTpatiB, BEHTHIISTOPOM — IIepeMilllyBayeM BHYTpI-
IIHBOTO TA30BOTO CEPEIOBUINA, HOJATKOBUM BHYTpII-
HIM HarpiBHHUKOM, JATYMKOM BHMipIOBaHHS KOHIICHTpA-
nii CO,, HaBICHUMH NOCTIIKYBaHUMH «ITACHBHIMI
IJIACTHHAMU-aICOPOEPaMi, CUCTEMOIO OCBITIICHHSI.

Jns BumiproBanHs koHmeHtpamii CO2 B mocii-
JUKYBAaHOMY CEpeIOBHINI BHKOPHUCTAHUHN MOPTATUBHUI
0arato()yHKIIOHAILHUN EJIeKTPOHHUM Ta30aHali3aTop
AZ 7755 (AZ Instrument Corp., TaiiBaus), 10 HO3BO-
JIsi€ OHOYACHE BUMIPIOBAHHSA TEMIIEPATypH, BiTHOCHOI
BOJIOTH Ta Ma€ MOXJIMBICTh IPUEIHAHHS 10 30BHIIIHBO-
ro iHTepdeiicy.

Y poOoTi B SKOCTi OCBITJIFOBAadiB BHUKOPHCTAHI:
JOMIHECIIEHTHA JIAMITa HIU3BKOTO THUCKY IOTYXKHICTIO 8
Bt i GaxrepunmaHa mamia Tiel XK TOTY>KHOCTI 3 JTOBXKH-
HOIO XBII 254 HM.

Pe3yabTaTi gociaigxeHHs Ta iX 00roBOpPeHHS

Mexanizmu nepemeopeHs y cucmemax Koopou-
Hayitinux Himpamuux npexypcopie P3E i nysycnux

Mmemanis, w0 Cynpogoodcyloms (hopmyeanus nonigy-
HKUYIOHAIbHUX (OmOKamanimuyHo aKmueHux wapy-
éamux OKCUOHUX mamepianig. Y3arajdbHEHI 1 BaXIHBI
JUIsl IPaKTHYHOTO BUKOPUCTAHHS BiJOMOCTI ITPO JyKHi
KOOPJHMHAIIMHI HITPaTH PiIKICHO3EMEIBHUX €JIEMEHTIB
HepieBOi MArPyNmu — MPEKYPCOPH MEPCICKTUBHUX CY-
YacHUX OaraTO(QyHKLIOHANBHUX MartepianiB — IIO0J0
YMOB X YTBOpEHHS i iCHyBaHHs, IPUPOIH XIMIYHOTO
3B’S3KY, CKJIaay, OYJOBH, TUIy KOOpIWHAIIi JraHm,
ICHYBaHHSI 130THITHHX psIiB 10 cTexXioMeTpii ckiamy,
CTPYKTYpi, BUABISIEMUX BIIACTUBOCTEH CHUCTEMAaTH30Ba-
Hi aBTopamu B [20, 21] # y HaiiOinpn Hao4Hil (opmi
HaBenleHi B Tabin. 1-3 Ta puc. 3. Bubip takoi ¢opmu
NpE/CTaBleHHs] JaHUX HaiOLIbm iH(OpPMAaTHBHUH 1
KOPHUCHUI TiJl 4ac po3poOsIeHHs IHHOBAIIIHUX MPOEK-
TIB JIO3BOJISIE  TPOTHO3YBAaTH IPUYMHHO-HACIIIKOBI
(yHIaMeHTaIbHI 3aKOHOMIPHOCTI TOBEAIHKU CTPYKTY-
PHHX KOMIIOHEHTIB B aHAJIOTIYHUX BUPOOHUYMX MPOIIe-
cax, IPaBWJIBHO BUOMPATH PEXHUMH, CTAAIHHICTB, CIO-
cobu hopMyBaHHS il OJIepXKAHHS I[ITLOBUX MPOAYKTIB 3
BIZITBOPIOBAHUMH CTPYKTYpPO-UyTIHBUMU XapaKTepHC-
THKaMH.

Juist 3’sicyBaHHS 3arajibHUX 3aKOHOMIpHOCTEH 1
noOyZ0BH IIUTICHOT 00’€KTUBHOI KapTUHU ITOBEIIHKH
TaKOro POJly TEXHOJIOTIYHHX IPEKypCOpiB aBTOpamMH
MPOBEJICHO JIOCHI/DKEHHS CUCTEM 3a MPUPOJHUMH Psi-
namu Y, La — Lu, Li — Cs. AHai3 pe3ysbTartiB 3 KOM-
IJICKCHOTO BHMBYCHHS MPHBEICHO B IMOMEPEIHIX Po0o-
tax aBTopis [20 — 22, 28].

VY norpiitnux P3E-BMicHHMX cucTeMax HIiTpaTHHX
MPEeKypcopiB, SKI € HEeBIA'€MHUMH KOMIIOHEHTaMH
OlIBII CKIAAHMX 0AaraTOKOMIIOHEHTHHMX CHCTEM, OOMiH-
Hi IepeTBOPEHHS IOYMHAIOTHCS 3 MOMEHTY PO3UMHEHHS
CKJIAJIOBUX y Bogi. 3’scoBaHo, mo Ln®" uepiesoi miar-
PYIH B AOCHIPKYBaHMX YMOBAX € aKTUBHUMHU KOMILJIEK-
COYTBOPIOBAYaMH, YTBOPIOIOTh aHIOHHI KOOpAMHALINHI
cronykd 3 Me* ycix JyKHHX METaliB, a iX CTIHKIiCTh i
KOMIUIEKC TPUTAMAHHHUX BJIACTHBOCTEH BHSBIISIOTHCS
CHJILHOAIIOYMMH TEXHOJIOTTYHUMH (DaKTOpamH, IO CYT-
TEBO BIUIMBAIOTH Ha XapaKTep MEPEeTBOPEHB B CHCTEMAax
SK Ha TPOMDKHHUX CTaJisX, TaK 1 HA Pe3yJIbTaTH pole-
CIB B LILJIOMY.

OpnepkaHi BIIOMOCTI JTO3BOJISIIOTH MOJICTFOBATH
MOBEIHKY CTPYKTYPHHX KOMIOHEHTIB Ha MiATOTOBYHX
CTamisix (OpMyBaHHS CydacHHX MOMi(yHKI[IOHATBHUX
(hoToKaTaNITHYHOAKTUBHUX MaTepialiB 3a iHHOBAMIN-
HUMH TEXHOJIOTIYHUMH DPErjaMeHTaMH 3 BHKOPHCTaH-
HsM HiTpaTHUX P3E-BMiCHHX peKypcopiB.

HasiBHi BusiBIICHI TeHAeHIIT (a30yTBOPEHHS B MO-
JeTBHUX IOCIHIDKYBaHUX CHCTEMax € TePMOAMHAMIYHO
HaOUIBII BipOTiITHUMH MEXaMH TIEPETBOPEHH B TEXHO-
JOTiYHUX 00’€KTax B yMOBax (popMyBaHHs i OTpUMAaH-
HS OiIJTHOBUX TMPOIYKTIiB. A MOXIIMBI peabHi BiIXIIICH-
HS B MMOAIOHUX CHCTEMaX 3YMOBIIOIOTHCS HEOHOPIIHI-
CTIO PEaKIiHHOTO CepelOBUINA 3a CKIAIOM, BMiCTOM
pearyrounx KOMIOHEHTIB, 32 YMOBaMH X 3HAXOKCHHS,
CKIHYCHHICTIO MIBHIKOCTI TIEPETBOPECHD, MUQPY3IHHUMHU
OCOOJIBOCTSIMH, TEIUIOEMHICTIO, B’SI3KICTIO, PHPOJIOI0
NepeTBOPEHb Ha TPaHHLAX YTBOPIOBaHUX reTepo (has,
BUKOPHCTAHHSAM 3aCTOCOBAaHUX IMPUHIIMITIB i CIIOCOOIB X
aKTWBamii Ta IHOIMMH KOHKPETHUMH YHHHHKaMH.
A BHUSBIICHI MPOLECH KOMIUICKCOYTBOPEHHS y BOJHHX
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pO3uUMHAX HITpPaTiB CIPUSIOTH TOMOTEHi3alii cucTeM
CTPYKTYpHHX KOMIIOHEHTIB Ha MOJICKYJISIPHOMY piBHI
MPU KOMIUIEKCHOMY YH KOMOIHOBaHOMY MepepOOIeHHI.

AHaJi3 oJiep)KaHUX AHUX BKa3y€e Ha MPOTiKaHHS B
cHCTeMax y HaiOmmxdoMy oToueHHi Ln**-kommiekco-
YTBOpIOBaYa KOHKYPYIOUHX IPOLIECIB 3aMIllIeHHS MOJie-
KyJI BOJM Ha HiTpaT-ioHU. CTYIiHb TOBHOTH 3aMIillICHHS
3aexuTh Big mpupoau Ln®*, mpucytnix Me*, Bnactu-
BOCTEH €JIEKTPOHHO-IOHOPHHUX aTOMIB KHCHIO 1 IPOCTO-
poBoi Oy10BH JiraHAiB, KOHLEHTpAIIil aHiIOHIB, KIIBKOC-
Ti pO3UMHHKKA. BUSABICHO 3HAYHMIA BIUTHB Ha IIi TIPOIe-
cu TtemneparypHoro Qakropy. CroctepiratoTbcs Bill-
MIHHOCTI y KOMILJIEKCOYTBOPIOIOUill 31aTHOCTI eJleMeH-
TiB 1iepieBoi 1 iTpieBoi miarpym, Y, a Takox cepexa P3E y
cepeauHi mepiioi miarpymu. Onepikani pe3ynbTaTH BKa-
3yIOTh Ha TOCTaAiHHICTh IPOIECIB KOMITJIEKCOYTBO-
pennst. HasiBHICTh IEBHUX 3HAYCHb TEMIIEPATypH MoYa-
TKY BUJUICHHS Y TBepay a3y KOMIUIEKCHHX CIONYK —
Ha ICHyBaHHsI €HEpreTHMYHOro Oap’epy i HEOOXiIHOCTI
JesIKol eHeprii akTUBaIlil JUTs 3AIMCHCHHS TaKUX Tepe-
TBOpeHb. [Ipu yTBOpEeHHI HITPaTHUX KOMIUIEKCIB y Be-
JIUKIA Mipi BUKOHYIOTHCSI BAMOTH CUMETPII 1 TIaHapHUH
manuii po3mipamu Jirang NOs™ € ,3py4HuM” Ui YTBO-
PEHHS BHMCOKOCHUMETPUYHOrO OTOUYeHHs ioHa Ln3*. Jlns
JIAHTAHOI/IIB XapaKTepHa CXUJIBHICTh YTBOPIOBATH TPH
tunu koopauHaiii NOs -miranzis. Lle Bene no yTtBo-
PEHHSI, SIK 130JIbOBaHUX KOMIUIEKCIB, TaK 1 IX moJjiiMepH-
3allil0 y IBOSIZICPHI, JIAHIIIOKKH, KapKacH.

Bci BCTaHOBJIEHI KOOpIAHMHALINWHI CIONYKH Oyiu
CHUHTE30BaHI B MOHOKPHUCTAJIIYHOMY BHUIJIAII 1 OXapak-
TEPU30BaHI KOMIUIEKCOM (Di3MKO-XIMIYHUX MeToAiB. B
Taba. 2 i Ha puc. 3 MpHUBEJCHI PEeHTreHO-AUPpPaKIiiHi
XapakTepHi TapaMeTpyd HOBOYTBOpIOBaHUX (a3 s
MOJKJIMBOCTI 1X iieHTUdiKallii Ta BUSIBICHHS B X0 Ie-
pepoOIieHHsI.

ABTOpamMH poOOTH MPOBENCHO KPUCTAIOXIMIYHHNA
aHaJi3 CIOJYK JYXKHUX PIiJKICHO3EMENIbHUX HITPaTIB,
SIKMW 0a3yeThCs Ha pe3ylibTaTaxX BJIACHUX JOCIIIKEHb
[21, 29], Tak i Ha miteparypuux mauux [30]. OcobnuBy
yBary 3BepHEHO Ha OYJIOBY KOOPAMHAIIIHUX MOIiepiB
Ln, sixa 6araTto B YoMy BH3HAYa€ OCHOBHI BIACTUBOCTI
BIJIMOBIIHUX CHONYK. AHanizyrouu (GopMy, CUMETPIIO i
IHIIII BIACTUBOCTI MoJiepiB (IUB. Ta0M. 2), MU OTPUMY-
€MO MOJIIUBICTh HAOIM3UTUCS 10 PO3YMIHHS IHAWBIY-
anpHUX ocobmuBoctei P3E.

Hani mpo cepenni Biactani Ln — O B pizkicHO3emMe-
JMBFHAX HITpaTax Jy)KHUX KaTiOHIB, OOTOBOPIOBaHi B PoO-
00Ti, MOOpe Y3rOMKYIOTECSA 3 OYIKyBaHOIO TEHICHIIIEIO
10 3MeHIeHHs Biactanet Ln — O BIZIOBIOHO 10 JaHTa-
HOIJHOI'O0 CTHCHEHHS 1 10 30UIBIIIEHHS IIMX BIJCTAaHEN 31
30UTBIICHHSM KOOPAMHAIIHHOTO Yncia Jutst (iKCOBAHOTO
iony P3E. Bincrani Ln— O (H:0), sk mpaswio, BigHO-
CATBCA 10 YMCIIa HAOUTHII KOPOTKIX KOHTAKTIB y TOJIie-
npax. Lleft ¢pakT MOXXHA TTOSCHUTH BUXOASYN 3 HASIBHOCTI
KOHKYPYIOUMX B3aeMomiii 31 3B“sBKamu Ty Ln-—
O (NO3). KoopmuHariiai momienpr ckiaieHi, sk mpa-
BUJIO, aTOMaMH KHCHIO OiICHTATHO KOOPIMHOBAHMX HiT-
paTorpyt, pimme B IMOEJHAHHI 3 aTOMaMH KHCHIO MOJIe-
KyJ BOIH. Y BCIiX PO3TIIIHYTHX CITOJMYKaX KOO IMHAIIHHI
YHCJIa PeICTABHAUKIB JJAHTAHOI B IIepieBoi miarpymu 12.

Ilpu y3arajpHEHHI CTPYKTYpHHX IAaHHX JYKHHX
koopauHaiiHux HiTpaTiB P3E 3BepTae Ha cebe yBary

Ha/I3BUYAiiHO OOMEKEHMI acOpTUMEHT KOOpAWHAIiM-
HUX noJienpiB i Takux BUCOkux KU P3E.

[IpuBeneni Hwxk4e npaHi 3 TepMmorpadidHoro BH-
BUCHHSI JIITIEBUX, HATPIEBHUX, KATI€EBUX KOOPAWHAIIIHHIX
HITPATIB PiJKICHO3EMEIFHUX €JIEMEHTIB IIepieBOl MiAr-
pymu (Tabin. 3) 3’5COBYIOTH XapaKTep i 3aKOHOMipHOCTI
TETUIOBUX MEPETBOPEHD LUX CIIONYK B TEMIIEPATYPHOMY
mianmazoHi 25-1000 °C, BCTaHOBIIOIOTH IXHIO TEPMOC-
TIHKICTh, IHTEpBaJIM ICHYBaHHS, CTaIilHICTH MPOIECIB,
(ha30yTBOpEHHS B 3aJIEKHOCTI BiJl CKIIay, BMICTY, NIpH-
POAM CKJIaJOBMX KOMITOHEHTIB, CIIOCOOY YIaKOBKH KO-
OpJMHAIIIMHUX TIOJIEeAPIB y MPOCTOPOBY TMOOYIIOBY,
YMOB 1 crtoco0y 00poOieHHs Tomo. Lle mae MOKIUBICTh
MIPOTHO3YBATH MOBEAIHKY 3aCTOCOBAHUX MOTEHIIAIbHAX
MOMEPEHUKIB B PEalbHAX TEXHOIOTTYHHX CHCTEMax B
aHAJIOTIYHUX yMoBax. J[ns mMopiBHSIHHS W aHamizy Tam
)K€ MPHUBOIATHCS BIIOMOCTI MPO Majii cTaOLIBHICTB 1
TEPMOCTIHKICTh KaJi€BUX KOOPAMHAILIHHUX HITpaTiB Y,
Gd — Lu cximagy K[Ln(NO3)s(H20).], mo obymoBiioe
0OMEKEeHHSI B 3aCTOCYBaHHI TaKOTO BUJIy IPEKYPCOPIB Y
TEXHOJIOTIYHUX TEPETBOPEHHSIX 3 METOI MOIU]IKY-
BaHHS BJIACTUBOCTEH IILJIbOBUX MPOIYKTIB.

3a wammmu maHnuMa Nd2Oz yTBOPIOETHCSI BHIIE
515°C.

TepmiuHi TNepeTBOPEHHS BUSBICHHUX Yy BOJHO-
CONBOBIll cHCTeMi KaJli€eBUX KOOPAMHALIMHHUX CHONYK
Heo/uMy (TMpeNCTaBHUKY IepieBOi Miarpymu) Ta itep-
0ir0 (MpencTaBHUKY ITPIEBOI MIATPYITH) IPOCIIAKOBaHI
1o 1000 °C i1 mpuBeneHi B Tabi. 3. B Hiit Takox cucTe-
MaTH30BaHi 1 3BeJICH1 3HAUCHHS TEMIIEPATyp BUSIBICHUX
edexTiB, IX xapakTep Ta npupojaa nepersopenb. Onep-
JKaHl 1aHl JO3BOJIAIOTh
npoBoAuTH ineHTUiKalio ¢a3. BcraHoBieHa Hu3Ka
ocoOnmBOCTEl Ta 3akOHOMIpHOCTei. Pobuthbes ix 00-
I'PYHTYBaHHS 3 TIO3UIIIH KOHKYPYIOUHX MPOLECIB.

Buxopsiuu i3 0co0MBOCTEH MTPOBEICHHS TEXHOIO-
rYHKUX TMpOLeciB, ofepkaHHs okcuaHux P3E-BMicHuMX
(YHKILIOHAIBHUX MaTepialliB, CTAHOBJISAThH IHTEPEC MEXi
KOHILIEHTPAI[IITHUX CIHiBBITHOIIEHb KOMIIOHEHTIB, SKHM
BIJIMOBIIatOTh Ha ()a30BHX JiarpaMax IoJisi KprcTasiza-
il BuxinHux HiTpatis P3E, koopauHaniiHux cnonyk, ix
CyMiIIIei.

PesynbTaTil OCIHIIPKEHb TEPMIYHUX TEPETBOPEHB
HOBUX TBepAuX (a3, BUSBJICHHX Y MOJAEJBHIIN cuctemi,
(puc. 3, Tabn. 3) cBiguaTh PO Pi3HHIA XapakTep Mmpoile-
ciB meperBopeHHs crionyk P3E mepieBoi i iTpieBoi miar-
pyI, HU3BKO- 1 BHCOKOTEMIIEpaTypHUX (POpM CHOIYK
,JIETKIX JIaHTaHOidiB”. TepMorpamMu CHOJyK €IEMEHTIB
MePIIOi MATPYIH XapaKTepU3yIOThCS YTBOPEHHSIM Oe3-
BOJHUX HITpaTiB. I3 cromyk 3 OJHONMEHHUM 30BHIII-
HbOC(EPHUM KaTiOHOM TEPMOCTIHMKiIm HITpaTH 3 OiTb-
MM BMICTOM JIAHTaHOITY.

BcranoBnenuit akT HasBHOCTI momimMopdizmy y
kpuctanax cnonyk cknagy Kz[Ln(NOs)s(H20)2] (Ln —
La — Nd). fBurie MOKHA TTOSCHATH THM, [0 y KPHCTa-
JaxX BHHHKAE PO3YNOPSIKYBAHHS, 3yMOBIICHE JOCTYITHI-
CTIO peai3allii AeKIIbKOX BiIMIHHHX Opi€HTAIlill i0HiB
NO;s". Leii Bua po3yMOPSAKYBaHHS MOXIHUBHHA B CHITY
CHUMETPUYHOCTI sIK camoro tuiockoro NOs miranmy, cro-
coby koopauHauii ix HeHTpanbHuM aTtoMoM (Ln3*-
KOMITJIEKCOYTBOPIOBaUE€M), TaK 1 CHOCOOY YIAKOBKH
KOMILIEKCIB Y IPOCTOPOBY OYIOBY.
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Tabnuya 1 — 13oTepmivni KOHIEHTpaNiiHi Meski KpucTamizanii Ty:KHHX KOOpAHHAL{IHNX HITPaTiB HeoUMY
i3 po3unniB BoaHo-coaboBux cucrem MeNO; — Nd(NOgz)s — H,O (Me — Li, Na, K)

Cki1aau HacCHYeHHX PO3YHHIB,
10 BiAMOBiZa0TH MepexigHuM i

Xapakre|
CKJIaj CHOTYK t,°C eBTOHIYHMM TOYKaM, Mac. % p03ql:4HHOETi
MeNOs Nd(NO3)s
65 o a3 IARORTpy AT
Lis[Nd2(NOs)e] 3Hz0 54.03 54.68
100 9,68 72,51 KoHrpyeHTHKH
50 186,6505 g%gé IHKOHT pyeHTHHIT
Naz[Nd(NOs)s]- H20 65 D 17 HKOHIpyeHTHHIH
2527 47,28 - ;
100 4 15 76 96 IHKOHpreHTHI/H/I
K2[NA(NO3)s (Hz0)2] 50 o ot HHKOR Py eHIHIH
50 ﬁig 2;121 iHKOHIpyeHTHuH
KaINGo(NOs)e]-H2O 65 382,6577 %’?1?1 KOHT'Dy€EHTHHUH
100 PYns Tods KOHTpYcHTHHH

Tabnuysa 2 — PentreHorpadiyni 1aHi HeoMMOBUX JiTiEBUX, HATPi€BUX, KATIEBUX KOOPAMHALiIHUX HiTpaTiB

Liz[Nd2(NOz)s]-3H20 Naz[Nd(NO3)s]-H20 K2[Nd(NO3)s (H20)2] K3[Nd2(NO3)s]-H20
dA | W% | d, A [, %| d A I/lo, % A | Wo,% | d,A | Mo, % | d, A |10, % | d, A | lVlo, %
8,36 30 [ 2013 ] 19 7,84 63 5,42 66 2,056 24 9,48 | 85 | 2,281 21
7,64 77 | 1979 | 19 7,54 47 5,27 90 1,993 27 7,74 | 92 | 2,249 69
6,68 13 1,944 | 28 7,07 73 4,94 45 1,947 26 765 | 32 |2189 54
6,00 38 1931 ] 26 5,18 27 4,11 72 1,777 11 536 | 39 |2108 68
5,75 79 185 | 15 4,23 100 3,88 15 - - 527 | 40 |2,082 37
5,42 98 | 1,778 | 15 3,80 57 3,80 42 - - 4,94 | 30 | 2,058 15
5,26 74 | 1,726 | 28 3,15 23 3,66 12 - - 4,76 | 46 | 2,012 49
4,76 51 | 1,708 | 34 3,09 67 3,53 42 - - 4,49 | 87 |1,909 21
4,64 100 - - 3,02 86 3,35 38 - - 426 | 27 | 1,837 27
4,35 43 - - 2,629 20 3,18 13 - - 4,06 | 100 | 1,757 19
4,19 47 — - 2,391 17 3,05 73 - - 3,89 | 40 |1,729 16
3,94 51 - - 2,346 17 2,873 17 - - 3,78 | 22 | 1,714 18
3,90 40 - - 2,307 8 2,843 33 - - 3,73 | 39 - -
3,56 26 - - 2,234 13 2,783 14 — — 3,36 | 19 — —
3,32 19 — — 2,178 27 2,750 17 — — 327 | 26 — —
3,22 47 - - 1,979 13 2,724 40 — — 3,18 | 55 — —
2,978 34 - - - - 2,664 14 — — 3,07 | 16 — —
2,772 19 — — — — 2,639 19 — — 304 | 17 — —
2,617 28 - - - - 2,594 | 100 — — 2,844 | 20 — —
2,545 43 - - - - 2,463 37 — — 2,755 | 12 — —
2,385 21 — — — — 2,392 19 — — 2,730| 18 — —
2,328 17 — — — — 2,374 44 — — 2,647 | 55 — —
2,305 23 — - - — 2,314 15 — — 2,592 | 16 - -
2,226 19 — - - — 2,235 25 — — 2,508 | 87 - -
2,135 49 — — — — 2,188 10 — — 2,468 | 78 — —
2,111 43 — - - — 2,099 21 — — 2,349 | 32 - -

Hpumimxa: d, A - mixmmommnsi Bigcrani; 1/ To,% - BiJHOCHA IHTCHCHBHICT PedICKCIB.
el 9
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Tabnuysa 3 — 3HaveHHs] TeMIepPaTypPH BUSIBJIEHUX eeKTiB M yac TepMiyHOI 00pOOKH MpeACTABHUKIB
BCTAHOBJICHHX I'PyH JYKHMX KoopauHauiiinux Hirpartis P3E

Cronyka; : é* &0 25 . = & = & i s g =9
IIPOCTOPOBA 5 s 5E8° E 2 55 2 Em ’g?;[ Z2s EEES
o o= 2 = s E 2 E S EETHl o2 852 H m &3
rpyna 3 E SETE| &3 °¢ | 2228|228 £25 | EE&x
KpUCTaliB = S Ege xé e E‘%: l:gg Eg& O%\H%
>
Lia[Ln2(NOs)e]-3H20 65 .
. La-Sm 65-100 KOHTp. 183 183 - 274 LiLnO:
KyOiu.; P213 216
Naz[Ln(NOs)s]- Hz0 81
i La-Sm 50-100 KOHT'D. 148 - 271 328 NaLnO2
MOHOKIL.; P2i/a 236
K2[Ln(NOs)s (H20)2] . KLnOy,
pomibia.; Fdd2 La—Nd 50-100 |imkonrp.| 95,111 95 219 314 Ln,Os
K3[Ln2(NOz3)s]-H20 B B B
Ky6iv.: P4332 La-Sm 50 KOHTP. 126 347 Ln20s
K[Ln(NOs)a(H20)2] ] ] 138, B B
HIpUMIT. pombi.; P21cn Y,Gd- Lu 50-100 KOHTP. 172 138 Ln20s
V%
a
i ibd -J Il I| 1l ]_ll I 1 ‘ ||
T I T T I I T
aJ
ol bbi | L] ul
T T T T T T T
‘ ‘ ‘ g
||I|“ 1 |’|| ||||| 18 ‘ ||l |
T T T T T T T
’ | 2
i 1 L || | L
2 3 4 5 6 7 8§ dA

Puc. 3. llltpuxpeHTreHorpaMu BUXiJJHUX COJIeH HITPATIB
a — kaunito, 6 — K2[Nd(NOs)s(H20):], B — Ka[Nd2(NO3)s]-H20, r — Heomumy i BUSBICHUX KOOPAMHALIHHIX CIIOIYK

TemmepaTypHi BIACTUBOCTI CHOJYK ITPIEBOI mimr-
PYIIH XapaKTepU3yThCs BiJICYTHICTIO CTIHKUX 0e3BOjI-
HUX (OpPM HITPATiB, HU3bKUMU 3HAUCHHSMH TeMIlepa-
Typ TUIABJICHHS, JETIIPaTalli€lo i3 PO3IUIABIEHOTO CTa-
Hy, yrBopeHHsM Ln,03 (980 °C).

Ckiag MpOAyKTiB TEPMIYHOTO MEPEeTBOPEHHS (TI0-
paaky 980°C) cmoxyk mepieBoi miarpyIu 3aleKuTh Bif
CKIIaJy BUXIJTHUX HITPATiB, CTYIEHIO JICTFOUOCTI OKCH-
IiB BiIMIOBIIHMUX JIY)KHUX METaliB. Y TMPOAyKTax Tep-
momizy cronykn Ko[Ln(NO3)s(H20)2], kpimM okcumis
K20, MicTaTeesa Takox ix auokcosantanoinaty KLnO;.
BcTaHOBIIEHO, 10 KoOpAuHALiiHI yucna Ln®* uepiesoi
miarpynu — 12, BUSBIIEHI Y HU3bKOTEMIIEPAaTyPHUX aco-
nifioBaHux (hopmax, 30epiraroTbCsi HE3MIHHUMHU aX JI0
YTBOPEHHS CTIMKHX BHCOKOTEMIIEPATYPHUX 0araTOKOM-
MOHEHTHUX okcuauux (a3 MeLnOz, MesLn,TizOqo. 1le
BKa3ye Ha JOLIJIBHICTh BUKOPHCTAHHS JY)KHUX KOOPAH-
Hariitanx HiTpatHEX P3E-BMiCHUX TIpeKypcopiB y mo-
TMIOHUX TEXHOJOTIYHUX IHHOBAI[IHHAX pPilICHHSX.

Moougpikysanns noeepxni oucnepciii TiO2 ana-
masznoi Moougpikauii y npooykmax mepmonizy Koopou-

Hayiinux Himpamis. AHani3 pe3yJbTaTiB JOCHTIHKEHHS, 13
BJIACHOI'O BHBYEHHS MOJEJIBHOI CHUCTEMH 1 CHCTEMHUI
aHam3 BIIOMOCTEH, OTPUMAaHUX 13 HAYKOBHX ITyOJiKarlii
3a TEMAaTHKOIO POOOTH, 3aCBIIUYE MPO Te, L0 TO3UTHBHOIO
0COONIBICTIO BUKOPHUCTaHHS BKazaHnX P3E-BMicHUX HiTpa-
THHX CHCTEM IOPIBHSHO 3 IHIIIMMH JIETKOPO3YMHHIMH CHIC-
TeMaMH XJIOPHIB, OKCAJIATIB € Te, 10 KOHKYPY04i 10HHOO-
OMiHHI B3aeMOIi{ IPHBOISITH 10 JIETKOTO YTBOPEHHS ILJIOTO
KJ1aCy aHIOHHUX KOOpIMHAUIHHUX cromyk Ln®* 3 atomamu
okcureny (noHopamu enektponiB) NOs™ - rpym (JiranaiB)
YCBOTO MIPUPOAHOTO PSLY PiKICHO3EMENTBHIX €JIEMEHTIB, 3
yciMa KaTiOHaMH JIy>KHAX METAJIIB, a IIe JI0 TOTO XK CTIHKIX,
SK y pO3YMHAX, TaK i y posmmaBax. Lle no3Bonse 3mificHIoBa-
TH TEXHOJIOTIYHI TIEPETBOPEHHS 3 HI3BKAMH CHEPreTHY-
HUMH 3aTpaTamyl (BHACIIOK MAaJloro 3HAYeHHS CHeprii
aKTHBALi IIpoleciB KoMIulekcoyTBoperHs Ln3* 3 mmanap-
HuME Mammi 3a posmipoM NOszTpyrnamu). KomrekcHi
CTIOJTyKH JIETKOIIABKI, MaJlOarpeCcHBHi, EIEMEHTIB Iepie-
Boi miarpynu — HeneTki. Lle mo3Bomsie mparroBaTd Tpu
OLTBIII HU3BKUX TEMIIEpaTypax, PO3IIAPIOETHCS TeMITepa-
TYPHHMI Jiana3oH CTIHKOCTI KOMIIEKCHHX YaCTHHOK.
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Bnaue cghopmosanux 3pazkie-gpomoxamaniza-
mopie (3i CMpYKmypow mpumiapogozo mumanamy
MezLn2TizOw (Me — K; Ln— Nd) na xinemuxy oxuc-
JIeHHA napie opeaniuHux peuoeuHn (Ha npukiadi ema-
HoJ1y). JIOTIYHMM TIPaKTUYHUM 3aCTOCYBaHHSM i orpo-
Oalliero oJIepIKaHOr0 KOMIUICKCY EMITIpUYHUX 3HaHb PO
CyMICHY TIOBE/IIHKY 1 BIIACTHBOCTI CKJIaJJOBUX KOMITOHE-
HTIB B JIOCNTI/DKyBaHHX CHUCTeMax OyJo po3poOieHHS
OJTHOTO i3 MOIJIMBHX CIIOCOOIB HaHECEHHS 1 opMyBaH-
HSl KOMIIO3UIIHHUX (POTOKATATITUYHO AKTUBHHUX ITOK-
PHUTTIB Ha CTPYKTYypOBaHi MeTaJieBi Hocii (i1t MiHIMi3a-
1Iii BHECKY aJCOPOIIHHOI CKJIAIOBOI Y 3araibHUI eeKT
KOMIIJIEKCHOTO TIE€PETBOPEHHs) 13 AWCHepciid cyOMik-
pOHHHUX po3MipiB aHata3Hoi Gaszu TiO; 1 moaiOHUX Yac-
THHOK 3 MOIM(DIKOBAHUMHU BIACTUBOCTAMH IXHBOTO IMO-
BEPXHEBOTO MIApy Ta IMOCIIyI0Y0T0 MTPOBE/ICHHS IXHBO-
r'O TOPIBHSUIBHOTO TECTOBOTO BHUIPOOYBAaHHS HA aKTHB-
HICTb y mporecax (OTOAESCTPYKIIi MapiB OpTraHigYHUX
pedoBUH (Ha NPUKIAZl €TaHONy) y MOBITPSIHOMY cepe-
noBuii mix BriuBoM Y@ ompomiHeHHs. Momudiky-
BaHHS aKTHBHOCTI IIEHTPIB OKHCJIEHHs 00’ €KTIB 3Ailc-
HIOBAJIM JIBOX CTAIIITHUM TepMOOOPOOJICHHSIM 3pa3KiB 3
PO3ITBHUM €TaIyBaHHSM MPOIECiB: HAaHECEHHM 1 (ik-
CYBaHHSM IIOKPHUTTIB Ha OCHOBY i3 BOAHO-CYCIIEH31MHIX
cucteM TiO; i pO3UMHHHX HITpaTHUX MpeKypcopiB Ln
Ta Jy>)KHUX METalliB, B3ATUX Y 33/IaHUX CITiBBIJHOIIEH-
HiX; (GopmyBaHHSM Anu(y3iHHUX TOTOKIB Ha Mix(as-
HUX TPAHHISIX CKJIAJOBHUX TeTEPOTCHHHX KOMITO3HITii-
HHUX CHUCTEM Ta PEryJIIOBaHHSM CKJIaay i YMOB Iepepo-
OJIeHHs1 PO3ILIABIB HITPATHUX IMPEKYypCOpiB (3 METOI0
CTBOPEHHSI CIIPUSATIUBUX YMOB JUIS acoliallii THTAHATIB
3 mIapyBaToro CTpyKTyporo MesLn;TizO10). Taki komito-
3ULIIHI ~ CHUCTEMU  SIBISIOThCS  KPHCTaJi3aliidHO-
KOHJICHCOBAaHUMH CTPYKTYPaMH TBEPIiHHSL.

(Bumoru o cTpykTypoBaHUX (DYHKIIOHAJIBHO aK-
TUBHHX MMOAIOHMX TOKPUTTIB, MPOLEIYPH IX MIATOTOBKU
Ta XapaKTEPUCTUKU OOrOBOPIOIOTHCS B JICKIIBKOX OTJISA-
noBux crarrsx [31, 32]).

Ha miaroroBunx cramisix TepMOOOPOOICHHST BUXI-
HUX BOJHO-CYCIEH3IMHMX CHUCTEM i3 3alpaBKOI) KOMIIO-
HEHTHOT'O CKJIaJy POYMHHHX HITPaTHUX ITONEPEAHUKIB Y
CHIBBIIHOIIEHHI, 10 BIJITOBIIA€ YTBOPEHHIO TpPHUILIAPO-
BOro mepoBckironomionoro turaHaty Me;NdoTizO19
(Mez0 - Nd205'3TiO,, Me — Li, Na, K; Ln — La— Nd)
BiZIOYBa€ThCSl BUJIANICHHSI PO3YMHHUKA 13 TIEPECHYCHOTO
JHICTIEPCIHHOTO CePEeOBHINA, 1 3TiAHO 3 BUBYECHOIO IOJMi-
TEPMIYHOIO JiarpamMoro po3unHHOCTI [21] (mepeTBopeHHs
B 00JIacTi KOHIIEHTPAIIHHOI KOHTPYSHTHOCTI) TOCTYIIOBE
BUJIUJICHHS 3aPOJIKIB KPHCTAJIIB JIy)KHUX KOOPIIHAIIIHHIX
HiTpatiB Ln. [lomampime HarpiBaHHS X MPOMIKHHX
HOBOYTBOpeHUX (ha3 Beje /IO 1X IUIABJICHHS 1 MOCHiIyo-
YOT0 PO3KJIAIaHHSA 3 BUAUICHHSIM OKCHIB 30Ty 1 KUCHIO.
B [33] BcTanoBmneHO, 110 Mepexin cCyOMIKpOHHOTO TOpOIIT-
Ky JIOKCHIy TUTaHYy 3 aHaTa3a B PYTHII BiIOYBAETHCS TIPH
750 — 850 °C, a ponb nepBUHHUX €IEMEHTIB CTPYKTYpU B
TaKWUX JUCIIEPCHUX 00’ €KTaX TPAIOTh YaCTKH MOPOIIKY.

TiO; (anaras) y mociiuKyBaHiii 6araTOKOMITOHEH-
THIfl TeTEepOTeHHiN cucTeMi Beae cebe XiMiUHO iHmmde-
PEHTHO 110 BiJHOIICHHIO IO CKJIAJOBHX CTPYKTYypPHHX
KOMIIOHEHTIB /10 MOMEHTY 3apODKEHHS Y IMPOIYKTax
TEpMOJIi3y pO3IUIaBy HITPATHUX KOOPAMHALIWHHX Ipe-
KypCoOpiB C1a0KO 3aKpHCTATI30BaHUX XIMIYHO aKTUBHUX

yacTHHOK ToBilHUX okcuaie MeLnO; (Me;O'Ln,0s)
[10]. TIpm 36inmblneHHi €Heprii axkTUBAIii CHCTEMHU
(t>520°C) i, BimNOBimHO, eHeprii TEMIOBOTO pyXy
CTPYKTYpHHX €JIEMEHTIB BHHHKA€ MOXIUBICTH iX 301H-
JKeHHS Ha OB KOPOTKI BiZICTaHi, IPOSBISETHCS 3Mill-
HEHHS1 KOOPJMHALIHHOTO XiMIYHOTO 3B’SI3KY MK CKJIa-
IOBUMHM KaTiOHAaMH BIAIOBIZHUX METAJIB 1 aTOMaMU
KUCHEBUX aHIOHIB 3 YTBOPEHHSM IEPOBCKIMOAIOHNX
[34], B Tiif yu iHIII# Mipi, KATIOHOBMOPSIKOBAHUX TPH-
MIAPOBUX OKCHIHUX CTPYKTYp MezLn;TizO19 3 Habopom
MPUTaAMaHHUX IM BJIaCTHBOCTEH.

B poboti nmocmimkeHHsT (hOTOKaTaITUYHOI aKTHUB-
HOCTI CHHTE30BaHUX MatepiaiiB MPOBOIMIN Ha PHKIIAI
TECTOBOI peakilii OKMCIIEHHS MapiB €TaHOIy B CTATUYHO-
My peakrtopi. [Iporiec BiOyBa€eThCs 3 yTBOPEHHSIM B Ta-
30Bii (ha3i MPOMIKHOTO POJYKTY - alleTaJIbJETILy, SIKUI
B KIHIIEBOMY PaxyHKy IOBHICTIO okucitoeTbest 10 COo.
Jnst copmoBaHMX KOMIO3MLIMHMX (OTOKATAII3ATOPIB
crioctepiraiocs 30UIbIIEHHS BHIKOCTI OKUCICHHS CyO-
cTpaTy B mopiBHsHHI 3 unctuM TiO; (puc. 4). B pe3ysib-
TaTi e MPU3BOAWIIO O 3MEHIIEHHS 4Yacy BHIAJCHHS
cyOcTpaty 1 iHTepMesiaTy 3 Ta30Bol a3y Ta 3HIKCHHS
MaKCUMaJIbHOT KOHIIEHTpAIIi{ alleTanbIeTiy B OCTaHHIH.

TectoBe OKUCIEHHSI CYOCTpaTiB MapiB OpraHivHHUX
pEUOBMH (Ha PHKIIaAl eTaHoy) chopMoBaHMMH (OTOKA-
TaJi3aTopamMy 3[iHCHIOBANI TIPH OIPOMIHIOBaHHI OakTe-
PULIIHOIO JlaMIIoro (254 uM, 8 BT) cTaTmuHNM METOIOM B
naGopatopHiii kamepi Viaepn= 40 1% npu T =292 K,
BI/INOBIJIHO: @) MW BBEJICHHI BEJMKOI IMITYIOUOI 103H
CoHsOH 2 mit (0ocrio 1) B mpucytaocti TiO, aHaTtasHoi
Mozudikailil, HAHECEHOr0 Ha CTPYKTYpOBaHY HETKaHY
ocHoBy Ta 0) manux 1103 0,1 mit (docrio 1I), 0,2 M (docaio
1II) CoHsOH 3 HacTynHUM BUIIAPOBYBAHHSAM, B IIPUCYTHO-
cri dyskiioHansHo-akTHBHOI KoMmmosuiti KoNd;TizOxo,
HaHECEHOI Ha cTalieBl et 1 3Bosoxkeni Ho0.

B mocnini I mokpurrs cdopmoBaHe BHUCYIIyBaH-
HSIM HaHECEHOI Ha CTPYKTypOBaHy HETKaHY OCHOBY BO-
nHOI cyOMmikponHoi muctepcii TiO, anatasHoi Momudi-
kaiil; B gociimax II, III xommosumiiiHi MOKPUTTS 3i
crpykryporo  KoNdyTisOs chopmoBani Ha IHCTOBHX
CTaJIeBUX HOCISX 32 JIBOX CTAAIHHOIO MPOLEAYpPOr Ha-
HeceHHsI 1 (DIKCyBaHHSI TPEKypCOpiB Ta HACTYITHUM I10-
BIJIBHUM HAarpiBaHHSM CHCTeM 31 HIBUAKICTIO 3-5
rpazn. / xB. 10 550°C i BATPUMKOFO TIPOTSTOM 4 TO1.)

[IBuAKICT OKMCIEHHS CyOCTpaTy 3alie)ana Bij
Croco0y BHTOTOBJICHHS TOKPUTTS (pHC. 5), MPUPOIN 3a-
CTOCOBaHHX MOAW(DIKATOPIB BIACTHBOCTEH, TTOCIIIOBHOCTI
CTamiil 1 pexuMiB OOpOOIEHHSA, CYMICHOCTI TOKPHTTA 1
Marepialia OCHOBU Ta XapaKTepy HOro miAroTOBKH, 3aCTO-
COBaHOTO KOMITOHEHTHOTO CKJIady i BMICTYy IPOCOYYBajIb-
HHUX CHCTeM, ClIOcO0Y BBEICHHS B PEakTop 0OpOOITOBaHIX
cyoctpariB. i1 MOXJIIMBOCTI TIOPIBHSHHS aKTUBHOCTI
Ppo3pobieHrX (POTOKATATI3ATOPiB HaBaXXKH Macu 110, y
BUXITHHX 3aIlpaBKaX BOAHO-CYCIICH3IHHUX CHCTEM 3pa3KiB
3 YMCTUM AIOKCHIIOM THUTAHY i 3pa3KiB 3 3aCTOCOBAHUMH
MOIM(HIKOBAaHIMH KOMITO3UIIISIME Opai OJTHAKOBL.

KarioHOBImOpsAAKOBaHI TPUIIAPOBI KOMIO3HUITIITHI
marepiamn KoNd2TizO1o 32 BiXMOBIIHUX YMOB MOXKYTh
BUCTYIATH ajbTepHatuBamu 110, aHaTa3HOi Mo dika-
i, YMOBHUI NHTOMHU TTOKa3HUK AKTUBHOCTI SKUX Y
6,2 pa3u BUIIMI Yy TOpPIBHSAHHI 3 TAKOIO XapaKTEpUCTH-
KOO JioKcuIy TuTaHy (puc. 4, Tabm. 4).
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Puc. 4. Kinernka nporieciB OKHCIICHHS MTapiB €TaHONTy NPH yIbTpadioleToBOMY OIIPOMiHEHHI (poTOKaTai3aTopiB TIOKCHILY
tutany (anaras) (I) i komnosuniit (11, IIT), MoaubiKoBaHHX CTPYKTYPOIO IapyBaTHX MepoBcKiTonomiouux okcuie KaNd2TizO4

i

A

Konyenmpayis (C — Chouam) CO2, ppm

Yac, xs.

Puc. 5. 3narHicTh 3pa3kiB (pyHKLIOHAIBHUX MaTepiaiiB po3kianaTtu opraniuti peuoBudu (C2HsOH) mix BIuiMBoM onpoMiHEHH
0aKTepHUIIMIHOIO JIAMIIOI IIPH Pi3HUX crocobax oOpoOieHHs iX (OTOKATANIITHIHO aKTHBHOTO HOKPUTTL: [ 3pazox —
K2Nd2Ti304 Tepmiuno copmoanuii Ha cranesiit ocHosi S=218 cm? npu 370°C; 11 spazox — KaNd2TisOs (mpu 550°C);
IMoBepxHi 3nerka 3moueni H20; OnnaxoBuii cioci6 BBeneHHs 1034 — 0,1 M1 96% po3urHy eTaHOIIy BUNIAPOBYBAHHAM

Tabnuys 4 — OuiHIOBaHHSI YMOBHOT aKTHBHOCTI 3pa3kiB ¢orokaranizaropis: I 3pazok — Ha ocHoBi TiO; (aHaTa3)
i IT 3pa3ok — Ha ocHOBi Kommo3uuii Tpumaposoro okcuay KoNd,TizO10y npomecax po3kiaiaHHs
eTaHoJy (puc. 4, 15 JiJISHOK 3 NIPONOPUiiHUMHU TPeHAaAMU)

KarionoBnopsiakosaunuii tpumaposuii KoNd, TizO1o

TiO; (monugikauist anaTa3zy)

S=218 cm? S=395 cm?
t=18,8°C t=19,0°C
== 40 xB. Tz = 128 xB.

ACO; = 114 ppm

ACO2 =108 ppm

Veep. = 2,85 ppm / xB.

Veep. = 0,84 ppm / xB.

Veep. akr. = 13,1 1078 ppm/CM2~x3.

Veep. akr. = 2,1'10_3 ppm | cM?-xB.

OpeprkaHi BiTOMOCTI TO3BOJISIFOTH ONTHMI3YyBaTH
yMOBH (OPMYBaHHS KaTiOHOBIOPSIAKOBAHUX IIapyBa-
TUX THTAHATIB; 3’ ICYBaTH YMOBH 1 BUSBUTH TEMIIEPATy-
pHUIl [iama3oH 3aCTOCYBaHHS JAaHOTO KJIacy CIOJYK.
Otpumani BiacHi i JiTepatypHi Qi3uKO-XiMidHi, TEPMO-
XIMIYHI Ta CTPYKTYpHI JaHi, a TaKoX pPe3yJNbTaTH iX

IHTEepIIpeTaIlii € eTaroM po3BUTKY €KCIIEPIMEHTAIBHOT 1
TEOPETUYHOI HAYKOBOi 0a3n MaHWX PO IIapyBaTi CIO-
JYKH 1 TIPOIIEeCH 3 IX y9acTIo.

JocnimKyBaHUI KIIac MApyBaTHX CIIONIYK € Mepc-
MIEKTUBHOIO OCHOBOIO ISl CTBOPEHHS (DYHKIIOHATBHUX
MaTepianiB 3 YHIKaJIbHUMH BIIACTUBOCTSAMH, SIKi BH3HA-
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YaroThCS IBOBUMIPHHM XapaKTepOM IOOYyIOBH MiXKIIa-
POBOTO TPOCTOPY, CHOTBOPEHHSM CTPYKTYpH THTaH-
KHCHEBHX OKTaeJpiB MEPOBCKITOBOTO IIapy i BHCOKOIO
PYXJIUBICTIO KaTiOHIB JIy>)kKHUX MeTaiiB. Taki ix BiacTu-
BOCTI MOXXYTh 3HaHTH CBOE 3aCTOCYBAaHHS B IHHOBaliii-
HUX 00JACTSIX HAYKH, TEXHIKH, EHEPTreTUKH, EIeKTPOHI-
KH, ekouorii (puc. 4, Tabu. 4).

OtpuMaHi aBTOpaMu eMITIpUYHI JaHi 3 MOXKINBOC-
Ti 3aIPOBAHKCHHS aKTUBAIIil CIIOCOOIB OYHUIIICHHS OBi-
Tpsl Ha OCHOBI HOBHX (POTOKATATITUYHO AKTHBHUX IIa-
pYBaTHX MEPOBCKITONOAOOHMX OKCHUAHUX MaTepiaiiB
MLn,TizO10 (M — Li, Na, K; Ln — La, Nd), ctBoptoBa-
HUMH METOJAMH «M'SIKOD» XiMii, pe3ynbTaTd BIACHHUX
MOTEePE/IHIX HampalfoBadb [auB. 35] 3 MOHITOPHHTY
aktuBHOCTI BHecKy CO2 B TOBITPSHHI MPOCTIP peasib-
HUX OKPEMHX HPUMIIIEHb CKJIaJJOBUMHU iX KOMITOHEHTa-
MU — JIIO/IbMH, aJICOPOYIOUMMH TOBEPXHIMHU CIIOPY[ Ta
iHTEp'epy, 30HaMH 3 JNECTPYKTHBHUMH Iporecamu ¢o-
TOKATAJIITHYHOTO 1 TEPMIYHOTO OKHMCIIEHHS JIETKOJIETKIX
OpraHiYHUX PEYOBHH, HASBHUMH DPOCIMHAMH, 1HIIUMH
CTalOTh HEOOXIAHWUMHU TepeyMOBaMU MJIsl ayJauTy
PO3pOOJIEHHST aJIeKBaTHOI MOJIE] TaKOTO JOCII/IKyBa€-
MOro 00'€eKTy ympajiHHs, (OPMYJIOBaHHS ITOCTAHOBKH
TEXHIYHOTO 3aBJJaHHS Ha MPOCKTYBAaHHS i pO3pOOIEHHS
JUISl HBOTO Q/IAIITUBHOI CUCTEMH ITiATPUMYBaHHS MiKpO-
KJIIMaTy, HPOTpaMHOro 3a0e3leyYeHHs] 3 MOMIIMBICTIO
peTryJIIOBaHHS CITiBBIAHOLICHHS! TPUTUIMBHO-PELUPKYIIs-
[IHUX MOBITPSHUX MMOTOKIB — acopOIIiiiHo0 1 hoTOKA-
TaJIITUYHOIO0 0OpPOOKOIO (AK COHSYHUM, TaK i IITYYHUM
BUIIPOMIHIOBAHHSIM), TEIUIOBOIO JIi€I0 KOMOIHOBaHHX
JDKEpen eHeprii Ta 3 BUKOPUCTAHHSIM KOMITO3MIIITHUX
TiOz-BMicHHX MaTepianiB, X Momudikariii; Garatody-
HKI[IOHAJIBHUX KOMIUICKCIB 3 pereHepyBaHHSIM.

OpneprxaHi HalpailoBaHHS BIJIKPUBAIOTh HAMPIMH
MOUIYKY Ul CTBOPEHHS CYYacCHHX CHCTEM BHIIJICHHS,
OYMIIEHHs, PEereHepyBaHHs, aKyMyJIIOBaHHS, 30epiraH-
g1 CO, Oro 4acTKOBOIO 4YX IIOBHOI'O BiJHOBIJICHHS;

MOKPAIEHHS 1X TEXHIYHUX MOXIIMBOCTEH 1 Xapakrepuc-
THK 3 BUKOPHCTaHHSM IHHOBAI[IHUX pilieHb. MOXyTb
CTaTH HEOOXITHNM HAayKOBUM (DyHIaMEHTOM JUIS IHKe-
HEPHHX y3araJbHeHb.

BucHoBxku

1. Pe3ynpraTi mOCHIDKEHHS CBiT4aTh, IO MpOILIe-
cu ozxepkaHHs okcumHuX P3E-BMicHHX (yHKIiOHAIB-
HUX MaTepialliB pi3HOTO NMPHU3HAYEHHS i3 BUKOPUCTaH-
HSIM HITpaTIB €JIEMEHTIB Pi3HOT eJIEKTPOHHOI CTPYKTYPH
XIMIYHMM 3MIlIyBaHHSIM BUXIJHUX KOMIIOHEHTIB HpHU
CIUJTBHOMY BH[UICHHI TPOIYKTIB i3 piakoi ¢a3u mocii-
JIOBHMM 4YH CYMICHMM OCa/DKEHHSIM 3 HACTYIIHUM Tep-
MOOOpPOOIEHHIM BiIOYBarOTHCS CTAiHO, Yepe3 yTBO-
peHHs1 HU3KW MpoMiKHUX (a3. JlaHi mpo ixHill ckman,
BMICT 1 TIOBEIHKY B KO)XKHOMY KOHKPETHOMY BUIAJKY
noTpeOyIoTh TMONEPEeHIX CHUCTEMHUX EeMITipUYHUX
3HaHb B MOBHUX KOHIEHTPAIIMHUX CIiBBIAHOUICHHSIX Y
3aJJaHOMY TeMIlepaTypHOMY IHTepBaJIi.

2. BusiBieHO BiAMIHHOCTI B MOBEIHII CTPYKTYp-
HUX KOMITOHEHTIB Y CHUCTEMaXx JIAHTAHOIMIB IepieBOi I
iTpi€eBOI MiArpyN, B iXHBOMY XapakTepi B3aeMmoii, cTa-
JIHOCTI, 0COOIMBOCTSX 1 3aKOHOMIPHOCTSIX Tepeoiry.

3. OnepkaHi HOBI JJaH1 CTAaHOBIISITH OCHOBY JIJISI:

— MOIIYKY cnoco0iB 301NbIIeHHs aKTUBHOCTI LN-
opm;

—3’sCyBaHHS TPUPOJAM TOCIIIOBHUX TEPMIYHUX
nepeTBopeHb y HiTpatHux P3E-BMicHHMX Garatokomro-
HEHTHHX CHCTEMaX pI3HMX arperaTHUX CTaHiB y XOZi
iXHBOTO TEPMOOOPOOICHHS;, YMOB YTBOPEHHS i iCHY-
BaHHsI, BJIACTUBOCTEH NPOMDKHHUX (ha3; BIUIMBAIOUUX
(hakTOpiB; MOKIJIMBHUX CIIOCOOIB KEpPYBaHHs OJIECPIKaHHS
I[IJIBOBOTO MPOJYKTY;

— CTBOPEHHS Cy4YaCHHX JOCKOHAJIMX HU3bKO3aTpa-
THHUX TEXHOJOTiH (opmyBaHHs (yHKIIOHAIBHUX (OTO-
KaTaJIITHYHO-aKTUBHUX MaTepialliB i3 BiTBOPIOBAHUMHU
BJIAaCTUBOCTSIMH.
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Modification of characteristics of photocatalytic active functional units of adaptive air cleaning systems
using coordination nitrates rare-earth elements and alkali metals

O. Dryuchko, O. Schefer, V. Galai, B. Boriak, R. Zakharchenko, D. Pleshkan

Abstract. Information on alkaline coordination nitrates of rare-earth elements of the cerium subgroup - precursors of
promising modern multifunctional materials - on the conditions of their formation and existence, the nature of the chemical bond,
the composition, structure, shape of the Ln coordination polyhedra, the type of ligand coordination, and the existence of isotypic
series in stoichiometry are generalized. composition, structure, characteristic properties. The data obtained (as primary
information) is the basis for the detection, identification, and control of the phase state of processing objects in the preparatory
stages, the choice of criteria for the compatibility of the components in the formation of single-layer and layered nanostructured
oxide composite systems of lanthanides and transition elements for general purposes, with catalytic and photocatalytic activity,
coatings self-cleaning with hydrophilic properties; development of various combined methods for their activation and
identification of technological functional dependencies; controlled modification of the properties of the obtained target products.
To increase the photocatalytic activity of coating samples based on highly dispersed anatase TiO2, a methodology for chemical
modification of oxidation centers in their surface layer with heat treatment in contact with thermolysis products of alkaline
coordination lanthanide nitrate melts is proposed. An effective test photocatalytic destruction of organic substrates vapors has
been discovered using ethanol as an example.Effective activation of the functioning of functional units in the composition of self-
adjusting air purification complexes using new photocatalytically active three-layer perovskite-like oxide materials M2Ln2Ti3O10
(M - Li, Na, K; Ln - La, Nd) has been proven. The variability of such methods for creating and modifying the characteristics of
polyfunctional coatings is determined by the number and individual properties of representatives of the natural series of
lanthanides, alkali metals of the periodic system, the peculiarities of their cooperative behavior in the preparatory technological
stages, conditions and methods of activation of formation processes, the nature of the substrate, and other factors.

Keywords: alkaline coordination lanthanide nitrates, formation conditions, crystal structure of compounds, characteristic
properties, transformations with physical activation, modification of characteristics of titanate composite systems, adaptive
control systems.
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IMPLEMENTATION OF COMPLEX SOLUTIONS
IN THE PROCESS OF USING CAT SYSTEMS

Abstract. The article analyzes the state of the problem of system development and implementation CAT systems. The
purpose of the article is to analyze the possibilities of modern information technologies used in the professional activities of
future specialists, in particular translators, to investigate the features of the corresponding software. The work examines
information processes, types of information, methods of information transmission; software tools for the effective use of
computer information technologies, the possibilities of the main resources of the global network are considered.

Keywords: CAT systems, information systems, information technologies, software.

Introduction

The rapid growth of the amount of information in
all spheres of human activity requires the formation of
new abilities, skills and qualities in future specialists to
meet their professional needs for information and the
use of information technologies during professional
activities. In order to ensure translation activity at a high
professional level, future translation specialists must
possess modern information technologies, the emphasis
of using which shifts to the area of collective work on
the performance of complex translation tasks.

The strengthening of the growth of the processes
of European and world integration into the educational
space indicates the need to find new, more advanced
approaches and technologies for the professional
training of translators, which would ensure the
achievement of high results, which leads to the need for
increased attention to various aspects of their
professional training. The development of the higher
education system of Ukraine is conditioned by the
processes that take place in European areas and
actualize the need for human preparation for life in the
conditions of the information society.

Harmonious entry of the state into the world
community based on the principles of equal cooperation
and information openness is impossible without the
introduction of information technologies in the
educational sector. The need for radical transformations
is not driven by individual information technologies, but
by the need to spread scientific knowledge, which
becomes the most important component of the cultural,
socio-economic and ecological development of society
and the formation of its moral and spiritual values.

Analysis of recent research and publications. A
number of publications are devoted to the issue of
analysis of the development and implementation of
CAT systems. O. Panchenko, L. Lopko, G. Khodorenko
investigate the main tasks of CAT systems, as well as
their advantages and disadvantages [1]. In particular, it
is about the analysis of the problem of choice and
efficiency of software use. Thus, E. Dolynsky and
K.Skyba believe that special software allows to
automate the relevant processes in translation activities

and improve the quality of the result [2, 9]. The place of
software as one of the determining factors in quality
professional activity is noted by A. Hafiiak [8]. The
main task of future specialists, according to K. Skyba, is
the ability to use the Internet as a global database and
source of information; use Internet resources in future
professional activities; use electronic dictionaries;
translate texts using machine translation systems; use
translation memory programs [9].

The presented results of the specialists' research
allow us to affirm the relevance of the task of
researching the corresponding software. We believe that
there is a problem of studying and applying CAT
systems in the information space, in particular during
the modern development of the informatization of
translation activities.

Main part

Given the intensive development of the
information society, the main thing place in the list of
competencies that a modern translator should have,
takes informational competence. A high level of its
formation will allow future translators to use
information technologies for the effective solution of
professional tasks that take on new forms.

Complex solutions in this aspect are the
application of systems automated translation. CAT
programs (Computer Assisted Translation) use
translation memory technology in their work. This
technique is particularly useful when you need to
translate uniform, similar texts, such as legal
documents, technical instructions, statistical or
economic translation, etc. You can save a third of the
time compared to the traditional translation method. The
implementation of new directions is based on the
application of these systems activities of translators, in
particular, localization of software products and web
sites directly related to internationalization processes
and globalization. This requires mastering modern
forms, methods, and tools for carrying out professional
activities [3, 4, 5].

In the context of implementation of translation
projects, special attention CAT systems deserve. They
combine a complex of technologies and tools to ensure:

© Kapiton A., Baranenko R., Tyshchenko D., Franchuk T., 2022
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documentation translation, management terminological
bases, creation of translation memory bases, control of
terms performing translations and checking their
quality, creating translation documents projects and the
distribution of roles of translators during their
implementation, etc.

The more texts you translate with the help of CAT
programs, the richer their memory becomes, which
means that the work is more efficient and faster. After
all, with each additional task, more and more new
sentences and phrases and their translations are stored in
the memory of the program. And they will be
encountered more and more often in further texts,
especially if you have to deal with one topic.

But the main advantage of such programs is to
ensure constant translation accuracy. Especially when it
comes to monotonous texts with complex topics. If you
need to translate an article in a scientific journal, and
use other words for the same phenomena, but using
CAT programs will help you avoid them. Today, there
are many such programs. The most popular are Trados,
Wordfast, memoQ, Transit. Most of them are
commercial products. The use of such systems is
effective, first of all, during translation agrarian,
technical, financial, legal and other documentation,
characteristic for which there is a saturation of industry
terminology, and which has a high degree repetition of
texts [5-7].

A modern translator cannot compete in the market
of translation services without mastering translation
information technologies. Computer Aided Translation
includes the following basic computer technologies:
installation of general linguistic and specialized
dictionaries on a computer (offline); automated
translation systems; translation memory systems; online
(network) specialized and explanatory dictionaries;
Internet search.

Systems of automated (machine) translation can be
used for fast translation from different languages, large
volumes of text on special topics taking into account
their specificity, after editing, such translation
approaches the quality of manual translation.
Translation memory systems significantly increase
translation productivity without sacrificing quality.
During team work on the project, such systems allow to
use the collective experience of translators and ensure
unity of terminology, which significantly increases the
quality of translation.

As a basis for the study of the software component
of information technologies under the SDL software
product is assigned to the implementation of translation
projects Trados. The task of which is creation, filling
and use of terminological bases using SDL MultiTerm
software module; creation of memory bases of
translations on based on previously translated texts
using the SDL Trados module WinAlign; formation of
translation projects and implementation of translation
texts with the connection of terminological databases,
translation memory databases, and a dictionary
AutoSuggest using the SDL Trados Studio module.

The results of the conducted research indicate a
high level of formation of the information competence
of future specialists. The modern development of the
information  society  determines the place of
informational competence in the list of competences
that a modern translator should possess, as one of the
defining ones. This will allow future translators to use
information technology for the effective solution of
professional tasks that take on new forms. It is
confirmed by the current state of distribution of the
translation services market, with of which 68% is
technical translation, 20% is localization, 7% is oral
translation, 5% — translation of audio and video
materials, looks as shown in Fig. 1.

= technical
translation

= localization
translation

oral translation

translation of audio
and video materials

Fig. 1. State of distribution of the market of translation services

An additional way to get rid of errors in translated
texts and save more time is to use translation quality
control  programs - QA-programs (QA-quality
assurance). Their application is the next stage after
working with professional translation programs, when
the text has already been compiled into a bilingual
(bilingual) file. QA programs analyze it for the presence
of the most common errors based on formal features.
Let's figure out what errors we are talking about.

The program checks the correct placement of
punctuation marks, non-compliance with the case of the
first word, spelling errors, etc.

If the source text contains numbers and
abbreviations that are not in the translated text, this will
not go unnoticed.

QA programs get rid of the "space problem": they
detect them at the end of a paragraph, before
punctuation marks, and also find double spaces.
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That is, they analyze and mark as "suspicious"
those inconspicuous errors that the human eye may
simply not pay attention to. Quality control programs
can do even more. If the meaning of a term does not
match the official interpretation, or if the translated text
turns out to be too short or long compared to the
original, be sure that the program will notify you.
Specialized quality checking programs, such as Xbench,
Verifika, Error Spy, provide more efficient analysis of
texts and help to detect errors more thoroughly. But,
armed with software algorithms, the most correct
translations will be created automatically. After all, the
translator must check and control each stage of software
processing of texts.

The programs we talked about cannot do all the
work instead of a translator. In addition, the result of the
program does not guarantee the correct translation. If all
the formal signs of a correct text are observed, then the
program algorithm can accept a random set of words as
"truth". CAT and QA programs were not created to
replace professional translators.

They are their assistants, and are intended only to
simplify and speed up the translation. It is the translator
who gives the finished look to the translated text,
deciding which prompt of the program to use and which
to discard.

Everyone benefits from the use of automated
translation software and its quality control.

Customers will be able to save money, translators
will fulfill more orders, and readers will receive a
quality text. And the more texts you translate in such

programs, the more efficiently they will make
subsequent translations. So, you will save even more
time and fulfill even more orders. Using automated
translation and quality control programs gives you a
powerful competitive advantage.

Conclusions

Information technologies in translation activities
intended for mastering modern information technologies
used under time of translation activity. The main focus
of the research is aimed at studying specialized
software, in particular, automated translation systems
that can solve a wide range of tasks, typical for the
process of translation in the conditions of technological
processes. The article analyzes the main issues of the
problem, defines the tasks and offers ways to solve them
using modern software.

The practical result of the work is a study of the
implementation of information systems through the use
of software products, which helped not only to reduce
resource costs, but also to solve a number of other tasks.
It is to ensure the quality of translation activities that
future translation specialists must have skills in working
with modern software. The continuous development of
the information society determines the need for the
formation of information competence. It is she who
occupies the main place place in the list of
competencies that a modern specialist should possess. A
high level of its formation will allow young specialists
to use CAT systems for effective solution of
professional tasks.
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BrnipoBaa:keHHsI KOMILIEKCHUX pilleHb B npoueci Bukopucranust CAT cucrem

A. Kamirown, P. Bapanenko, J[. Tumierko, T.dpanayk

AHoTamisi. Y cTaTTi MpoaHani3oBaHo npodiemMy cucreMuoi po3podku Ta BriposamkenHs CAT cucrem. Metoto cTaTTi €
aHaji3 MOXMJIMBOCTI Cy4acHUX iH(OpPMAIIMHUX TEXHOJOTIH, 10 BHUKOPHUCTOBYIOThCSA Y mpodeciiHiit misbHOCTI MaiOyTHIX
cremiamicTiB, 30Kkpema mepewitanadviB. J{ocmipkeHO OCOOMMBOCTI BIiAMOBIAHOrO mporpamMHOro 3abesmedeHHs. Y poOOTi
posrnsiatoTees iHdopMariitai mpouecy, Bua iHopMaltii, crocodu mepenadi inopmarii; mporpamHi 3aco0H e(peKTHBHOIO
BUKOPHCTAHHSI KOMIT FOTePHHX 1HQOpMAIiHUX TEXHOJIOTIH, PO3IIISIHYTO MOYKIMBOCTI OCHOBHHX PECYpPCIB INI00aIbHOI MEpeKi.

Kawuosi cioBa: CAT cucremu, inpopmariiiai cucremu, iHpopMalriiiHi TeXHOIOrii, mporpamMHe 3a0e3neYeHHs.
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Hauionansawmii yHiBepcutet «llontaBckka nomitexHika imeHi FOpist Konapartokay, [Tontasa, Ykpaina

TEXHIYHA PEAJIIBAIIA I'TAPABJIIYHOI'O PEI'YJIATOPA
PIBHSI TIPYHTOBUX BOJI

Amnoramisi. [Ipo6iema kepyBaHHS BOJIOro3a0e3eueHHsIM CilTbChKOTOCIIOIapCHKUX KYJIBTYp Y IIJIOMY CBIiTi € HAJI3BUYaHHO
BaXKJINBOIO. [lepeTBOpeHHs CLILCHKOrOCIOAapChKOr0 BUPOOHHITBA Y BUCOKOPO3BUHYTHH CEKTOP €KOHOMIKH HEMOXKIINBE
0e3 3MEHIIEeHHsT HOro 3aJIe)KHOCT] Bil HECIIPUATIMBUX IPHPOAO- KIIMATHYHUX YMOB LUIIXOM BEIEHHS 3POIIyBaHOTO 3EM-
11epoOCTBa y 30HaX HEJIOCTATHBOIO Ta HECTIMKOIroO 3BOJIOXKEHHS. 3pOIyBaHe 3eMJIepOOCTBO € BasKIIMBOIO CKJIaJI0BO0 BUPO-
OHHULTBA NPOIYKIIi POCIMHHHUITBA, CTA0LIi3yI04NM (PaKTOPOM IPOJOBOIBEYOTO Ta PECYpPCHOTO 3a0e3MeUeHHs JIep)KaBH,
0COOJIMBO B POKH 3 HECTIPHUATIMBUMH MOrOJHUMH YMOBaMU. B 3a1eXHOCTI Bif KIIMAaTHYHUX YMOB, peibedy, TIINOUHN 3a-
JISITAHHS TPYHTOBUX BOJI 3aCTOCOBYIOTH Pi3HI BU/M 3POIICHHS: KPAIUTMHHE, JOITYBaHHS, ITOJHB IO CMyTaM i O00po3Ham, M-
rpyHTOBe. Ha Tepuropisix 3 HaIMipHUM 3BOJIOKEHHSIM JUTS 3MEHIIIEHHST BOJIOTOCTI IPYHTY JI0 HEOOX1THOTO IS CLITBCHKOTO-
CHO/IAPCHKUX KYJIBTYp PIBHS 3aCTOCOBYIOTH OCYIIyBaNbHI cucTeMu. Ha TepuTOpisx 3 TIIHMOMHOIO 3asITaHHs IPYHTOBHX BOJT
no 1,5 ... 2 M Ta piBHMHHHUM penbed)OM IIMPOKO 3aCTOCOBYIOTH ITAIPYHTOBE 3BOJOXKeHHs. IIpukiamaMu € 3axigHa Ta
LEeHTpaJIbHa YacTHHU YKpaiHu. OcymieHi 3emini B YKpaiHi cTaHOBIATH 3.2 MIH. Ta, Maibke 70% 3 HUX MaroTh 3aKpHTHA
IpeHax, Ha 1,1 MIIH. Ta 3aCTOCOBY€ETHCS IBOCTOPOHHE PETyJIIOBaHHS BOJHOTO pexxuMy. Ha jaHuii yac TexHIUHMI CTaH BHY-
TPIIIHBOTOCIIONAPCHKIX OCYIIYBATEHHUX CHCTEM MOTpedye IMOKpAIIeHHs NUITXOM MOJIEpHi3allii Ta JOKOPIHHOI peKOHCTPY-
kuii. Kpim Toro, uepes He3a10BUTEHHI TEXHIYHHI CTaH MENIIOPaTHBHOI MepeXi B TIOCYNIUIMBI POKH He Ha BCiH IUIOIII BHKO-
PHUCTOBYIOTECS 32 IPH3HAYCHHSIM CHCTEeMH AB0OIUHOI 1ii. IcHye moTpeba BiHOBIEHHS e(h)eKTHBHOTO (DYHKITIOHYBaHHS Hasl-
BHHX MEJIOPaTHUBHUX CHCTEM Ha OCYIIyBaHHUX 3€MIISIX, 1[0 HE IIOBHOIO MipOr0 3a0e3MeuyeThesl IUIAIXOM BUKOPUCTAHHS py-
YHOTO PEXHUMY PEryJIIOBaHHS BOJIOTOCTI IPYHTY. ICHYIOUI 3ac00M BOJOpEryIrOBaHHS MOTPEOYIOTh BIOCKOHAJICHHS Y Ha-
NPSIMKY MOKPAIIEHHS TOYHOCTI PETyJIIOBaHHS PiBHIB BOJM, BpPaXyBaHHs BIUIMBY BHIIQJIKOBUX 30BHIIIHIX 30ypeHb, 3a0e3e-
YeHHsI pecypco30epiralounx peknMiB 3pOIISHHS CLTBCHKOIOCIIOAPCHKUX POCIHMH B YMOBaX JedillUTy BOJHUX Ta eHepre-
TUYHUX PECYPCIB, 10 CTBOPUTH YMOBH IS €DEKTUBHOTO BEJICHHS 3eMJIepOOCTBa.

Kaw4yoBi caoBa: rifipaBiiyHuil peryysiTop JBOCTOPOHHBOI Aii, PEryIIOIOYMH KOJOAS3b, eEKTPOMAarHiTHHN KiamaH,

KOJIEKTOP, APEHAXKHUH CTIK, MiKpPOIIPOLIECOPHUI PETYIISTOD.

Beryn

IMocTanoBka nmpo6aemMu. Sk BigoMO, MaKCHMaJIb-
Ha BPOXaWHICTh CUIBCHKOIOCHOMAPCHKUX KYJBTYpP IO-
CATA€THCS MPH ONTUMAJIBHIN KITBKOCTI BOJIOTH, JKHB-
JICHHSI, TeIlIa, MOBITPs 1 cBiTia. [Ipu mboMy HEOOXiaHU I
JUISl CUIbCBKOTOCIIOAAPCHKUX KYJIBTYP BOJIHHH PEXHM
IPYHTY CTBOPIOETHCS BIAMOBIAHUM PEKHUMOM 3POIICH-
HS, SIKAH BCTAHOBIIIOE HOPMHM, TEPMIHHU 1 KIJIBKOCTI IO-
JIUBIB B 3aJIEKHOCTI Bijg OIlOJIOTIYHHAX OCOOIMBOCTEM
KyJIBTYp, IPUPOJIHUX 1 rocrmomapchkux ymoB. [Ipu Bu-
3HAYEHHI BUTpPAT BOJAU HA 3POIICHHS BPaXxOBYIOTh BOJIO-
CNOXKMBaHHs, a00 CyMapHe BHIIAPOBYBaHHs, 10 3aJie-
JKUTh Bl KIIIMATHYHHX YMOB, KIJIbKOCTI TCILIOBOI €HEP-
rii, sKa HaIXOIWTh Ha MOBEPXHIO, BOJOIOCTI IPYHTY,
BU/Iy Ta BPOXKAHHOCTI KYJIbTYPH.

KowmriekcHe BHpIMIEHHS] X MPOOJIeM MOKIIHBE
JIMIIE 3a JOIMOMOTOI0 PO3POOKH CYYaCHWX TEXHIYHUX
3aco0iB aBTOMAaTH3aIlii Ta METOIB KEPYBaHHS BOJIOTO-
3a0€3MeYeHICTIO  CUTBCHKOTOCTIONAPCHKUX  KYJIBTYP.
TakuMm 4YMHOM, PO3pOOKAa METOIIB aBTOMATH30BAHOTO
KEepyBaHHS BOJIOr03a0e3MeUeHICTIO CIITbCHKOTOCTIONAp-
CHKUX KYyJBTYp 3 BPaxyBaHHSM 30ypEeHb € aKTyalbHHM
HAYKOBO-TIPAKTUYHUM 3aBJIaHHSIM.

AHani3 ocTaHHiX gocaigxeHb i myoaikauii. Cy-
9acHi OCymIyBaNbHO-380J0KyBanbHi cuctemu (O3C)
MOTPeOYIOTh KOMIUIEKCHOTO ITiIXOY IO aBTOMAaTH3aIllil,
TOMY iCHy€ MmoTpeba y 3a0e3leucHH] aBTOMATHIHUMH
3aco0aMu BCHOTO JIAHITIOTA BOJOPETYJIIOBAaHHSA Bill TO-
JIOBHOI BOJI03a0ipHOI CIIOPYAX O CHOPYI Ha BiTKPHUTIH
1 3aKpUTIA Mepexi. A BUKOPUCTAHHS OJHOTHITHUX VHi-
(hiKOBaHMX MPUCTPOIB, 3HAYHO MOKPAIIUTh SKCILIyaTa-

[iifHI TOKa3HUKH, 3HWU3UTh BUTPATH Ta MiJABUIIUTH
e(PeKTUBHICTh PEryJIOBaHHS BOJHO-IIOBITPSHOTO pe-
UMY IPYHTY Y IIJIOMY.

VY pobGorax [1 — 3] 3anpornoHOBaHe BUKOPHUCTAHHS
TiIPOPETYIISTOPIB 3aKPUTOI MEpexki AJsl peryJIroBaHHS
PIBHSI BOJI y BIIKPUTHX KaHajIax

Bci rimpoperyssitopu MarOTh 3aCO0M HalalTyBaH-
Hsl, SIKI JAFOTh 3MOTY JIETKO 3MIHIOBAaTH YCTaBKH pPery-
JHOBAaHUX PIBHIB 3a JOMOMOIOI0 3MIiHU ITOJIOYKEHHS
MOIUIABKIB, HIO Ja€ 3MOTY 3/iHCHIOBATH OIEpaTUBHE
perymoBanHas piBHs IpyHToBHX Boxa (PIB), a Takox
3a/laBaTH PEryJibOBaHI pIBHI Yy BIJIKPUTHX KaHalaXx.
BcraHOBIIGHHS TiPOPETYNATOPIB Y PEryJOBalbHI KO-
JOASA31 3MICHIOETHCS 3a JOIMOMOTOI0 KPOHINTEHHIB a00
PO3TSHKOK 1 He MOTpedye iX nepeodiiaHaHHs, & MOHTaX
y KOpOOYACTi 3aTBOPHU IIIIO3iB-PETYIATOPIB TEXHOIOTi-
YHO HECKJIaHHIA 1 MOXke OyTH BUKOHAHHUH y eKCIlITyaTa-
il ycranosi [1 - 3].

Crig 3a3Ha4nuTH, IO 3aCTOCYBaHHS TiIpaBIiYHOL
apromatm3amii Ha O3C mo3BOMIsI€ MIABHUILINATH SKICTH
OyIiBHHIITBA 1 TEXHIYHWU PiBEHb EKCIUTyaTamii Memio-
PATUBHUX CHUCTEM.

KOHCTPYKTHBHO TiIpOperyisTopu MaroTh HEBEJHU-
Ky KUIBKICTH €JIEMEHTIB, IO MOJIMIIY€ iX HAXIHHICTD, a
TaKOX TIPH X BUTOTOBIICHI BUKOPHCTOBYETHCS MiHIMa-
JThHA KIBKICTH MeTaJeBux neTaiei. Kpim Toro, Bci
BOHH OOJNagHaHI OJHAKOBHMH YHi()iKOBAaHMMH 3aIlip-
HUMH OpTraHaMH, 1110 Ja€ MOXIIMBICTb 3MEHIIIUTH 3aTpa-
TH Ha iX BHTOTOBJICHHS Ta EKCIUIyaTalifo. Y MiXKBere-
TaIifHEAN Tiepiox abo mpu MoTpedi OUUCTKH TiAPOTEXHi-
YHUX CIOPYH TiAPOPETYISATOPHU JEMOHTYIOThCS 1 30epi-
ralThCs Y CKIAICHKHUX IpumMinieHusx [1 — 3].
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BpaxoByroun, mo O3C 3 miarpyHTOBHM 3BOJIO-
KCHHSIM € JTy’Ke THEepIIHHAMU, a TICPeXiTHUA Tporec y
HUX MOJKEe TPHBATH JIEKiTbKa 1110, BUINE Ha3BaHi (akTo-
PH HE J03BOJIIOTH 3a0€3MeUNTH MOTPiOHY TOYHICTH Ta
OIIepaTHBHICTh KepyBaHHA. KpiM Toro, kpiM omnanis,
ICHYIOTB 1 1HIIII METeOpoJIOoTiuHi 30ypeHHs], SIKi BILIMBA-
I0Th Ha BOJIOTICTH TPYHTY, HAIIPUKJIAJ, TEMIeparypa Ta
BOJIOTICTh TOBITPs. IS MigBHIIEHHSI TOYHOCTI Ta oOle-
PaTUBHOCTI KEpYBaHHS HEOOXITHO BJOCKOHAIUTH KOHC-
TPYKIIIO ICHYIOUHMX TiJpOPEryysTopiB, 3a0e3NeunBIIN
3MiHy yctaBku PI'B He TimbkM y py4HOMY, a i B aBTO-
MaTHYHOMY Ta JUCTAHLIHHOMY pEXHMax; pO3pOOUTH
CTPYKTYpY aBTOMAaTH30BaHOI CHCTEMH KEpyBaHHS BOJIO-
rozabesmneueHicTio, e 0 yci 11 enemeHTH Oynu 3‘e€qHaHi
y €IuHy iHpOpMaliiiHy cuctemMy; 3a0e3Me4YnTH aBToMa-
TUYHMI po3paxyHoK 3aBrands PIB, BpaxoByrouum pis-
HOMAaHITHI METeOpoJIoTiuHi 30ypeHHsI Ta iX MPOrHO3;
po3pobuTH iHTepdeiic B3aeMOii omepaTopa i3 CUCTe-
MOIO KEpYyBaHHL.

TakuM 4MHOM, aKTyaJIbHOIO MPOOJIEMOIO € PO3po-
Oka HOBHX METOJIIB KEPYyBaHHS BOJIOr03a0e3MeUeHiCTIO,
sIKl 371aTHI 3a0€3MEeUNTH HEOOXiHY TOYHICTh Ta Omepa-
TUBHICTh KEpyBaHHS Ha BCiX (pazax PO3BUTKY CLIBCBKO-
rOCMOAAPCHKUX KYJBTYP 3 BpaxyBaHHSIM Jii 3MIHHHX
30ypeHb 3 OJIHOYACHOK €KOHOMIEI0 BOJHUX Ta €Hepre-
TUYHUX PECYPCIB.

®opMyTIOBaHHS METH CTaTTi. Memoto cmammi
€ po3po0Ka METO/IIB KEpPYyBaHHS BOJIOr03a0€3MeUeHICTIO
CLIBCBKOrOCTIOAapchKUX KynbTyp Ha O3C 3 miarpyHTo-
BUM 3BOJIOKCHHSIM JIJIsl TiJBUILCHHS e(EKTUBHOCTI
(YHKLIOHYBaHHS IIMX CHCTEM Ta 3a0e3leyYeHHs] OTpH-
MaHHS TapaHTOBAaHHUX BPOXKaiB CUILCHKOIOCHOAAPCHKHUX
KyJIbTYp 3 OJJHOYACHOIO €KOHOMI€I0 BOAHHMX Ta eHepre-
TUYHUX PECYPCIB.

JUid NOCATHEHHS TOCTABIEHOI METH IIaHYEThCS
BUPILIMTH 337124y YAOCKOHAJEHHs CTPYKTYpHU TiJpaBiii-
YHOTO PEryJIATopa BOJIOTOCTI KOPEHEBOrO MIapy IPYHTY
JIBOCTOPOHHBOT JIii 38 JOMOMOTOI0 MiKPOIPOIIECOPHOTO
MOJYJIS.

06 ‘ekmom Qocnioxcennst € IPOIECH aBTOMATH30-
BaHOTO KEPYBaHHs BOJIOI03a0E3MEUCHICTIO CLIbCHKOIO-
crogapchbkux KyapTyp Ha O3C 3 miAIpyHTOBHM 3BOJIO-
KEHHSIM.

Ilpeomemom Oocniodcenns € METOOU Ta CHCTEMH
ABTOMATH30BAHOTO KEPYBaHHs BOJIOr03a0e3IeUeHICTIO
CUTBCHKOTOCTIOIAPCHKUX KYJIBTYp TPH MiATPYHTOBOMY
3BOJIOKEHHI 3 BpaXyBaHHAM JIOYNX 30ypPEHb.

OcHOBHA YacTHHA

Sk Oyno mokazaHO y MOMEPeAHBOMY PO3IiNi, ic-
HYIOYi TiIpOPEryIATOPH MAarOTh DA HEIONIKIB, TOMY
HaMH 3alpOIIOHOBAHO YAOCKOHAJIEHY KOHCTPYKIIiO
TiAPaBIIYHOTO PEryJsITOpa ABOCTOPOHHBOI Iii, HaBexde-
Hy Ha puc. 1, ne:

1 — perymorYuii KOIOAS3H;

2 — KOJIeKTOp;

3 — 3amipHuii opras;

4 — naBad piBHA BOJIH;

5 —Tpy0a;
6, 7 — eNeKTpOMAarHiTHI KJIanaHu;
8 — pinbTp;

9, 10 - enacTi4HI KIMHOBUHI KAaMEPH;

11, 12 — eneKTpOMarHiTHI KJIarnaHu;

13, 14 — exexropu;

15, 16 — eneKTpOMarHiTHI KJIamaHuy;

17 — enexTpOMarHiTHUH KiamaH i 3BS3Ky 3 at-
Mocdeporo;

18 — MIKpOITPOIIECCOPHUI PETYIATOD;

19 — naBa4 KiJTBLKOCTI ONaiB,;

20 — naBa4 TeMneparypH HOBITpS;

21 — maBadv BOJIOTOCTI MOBITPSE;

22 — maBad MIBUIKOCTI BITPY.
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Puc. 1. Y ockoHanaeHa KOHCTPYKIIis
TiAPaBIIYHOTO PEryisiTopa IBOCTOPOHHBOT il

B 3anexxHOCTi Bij BUIy BUPOIIYBaHUX Ha KepOBa-
HOMY MEJIIOPaTUBHOMY MOJIYJI CLIbCBKOTOCIOAAPCHKUX
KyJBTYp, CX€MHU 3BOJIOKEHHS, Yacy BereTalii Ta moroi-
HUX YMOB TiJIPaBIIYHUIA PETYISATOP MOXKE MPAIIOBATU B
pisHuX pexxumax [4 - 6].

PerymoBanHs piBast rpyHTOBUX BOoj (PI'B) Ha Mo-
Oyl MOXe 3JiiCHIOBAaTHCS a0o0 MUIIXOM 3aTPUMKH
JIPEHAYKHOTO CTOKY B IIOYATKOBI MEPioy BereTaiii 4u B
MICISIONOBI TIepiofn, ab0 NUISXOM Mojadyl BOAU Ha
3BOJIOKEHHS 3 KaHaITy 4epe3 KOJIEKTop 2.

Mikpormporiecopruii peryisarop 18 miarpumye 3a-
maamii PI'B mmsxom KepyBaHHS CTaHOM 3allipHOTO
oprany 3.

B pexxumi 3aTpuMKH IpEHa)KHOTO CTOKY MiKpOII-
POLIECOpHIIA PETyNATOP BiAKPHBAE EIEKTPOMATHITHHA
knanas (EK) EK7 i 3akpuBae EK6. SIxmio piBeHb B Tpy-
01 5 3a mMoKa3aMM JaTyrKa 4 HIDKYMI 3aaHOTO, TO MIK-
pomporiecopruii perymstop 3akpuBae EK11 ta EKI12 i
BimkpuBae EK15. EK16 i EK17. Ilpu mpomy Boma 3
komomsizst gepe3 EK15 1 EK16 magxoauts B kamepn 9 i
10, BHacHiAOK YOTO 3amipHUI OpraH IepeKpuBae OTBip
KOJICKTOpa 1 MPOXOAUTH 3aTPHMKa APEHAXKHOTO CTOKY.
Sxmmo piBeHs B TpyOi 5 BUIIMIT 3a0aHOTO, TO MIKPOIIPO-
mecopanii perymsitop 3akpuBae EK15 i EK16 Ta Bimgk-
pusae EK11, EK12, EK17. Bona uepe3 EK11 i EK12
nounHae 31uBaTHCh 3 Kamep 9 1 10. [Ipu BuTiKaHHI BOaH
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3 kamepH 10 BUHUKA€E pi3HULS 30BHIIIHBOTO TUCKY BOJH
B KOJIO/ISI31 Ta BHYTPIOIHBOTO B Kamepi 10, 1o cTBoproe
3ycWJuIs, SK€ IIOYMHAE BiJKPWUBATH 3allipHUIl Opras.
[Tpn mpoxomKeHHI BOIH 3 KOJIOA3s Uepe3 KOJIEKTOp 2 B
TpyOkax 13 i 14 BuHHMKae eeKT eXeKIil, 0 MPUCKO-
proe 31uB Boau 3 Kamep 9 i 10, 3MeHnIyoun iHepmin-
HICTb BIAKPHUTTS 3aIlipHOTO OpraHy.

Uepes 3amaHuii yac, sIKHM BH3HAYAETHCA 00’ €MOM
kamepu 10, MiKpOIPOIIECOPHUIN PETyJIATOp 3aKpHBA€E
EK17 i B 060x kamepax 3a paxyHOK €XEeKIil i ATpUMYy-
€TBCSl PO3PI/HKEHHsI, O 3a0e3neuye HaJiiHe BIAKPUTTS
3aIlipHOTO OPraHy B IIbOMY PEKHMI.

[Ipu pobori peryssiTopa B peXuMi BOJOMOAAYI BiJl
KaHaJly MIKpOINpOIeCOpHUi peryisiTop 3akpuBae EK7,
BinkpuBae EK6, 3a0e3mneuyioun peryJoBaHHSI PiBHS B
KOJIOJI5131 32 MOKa3aMH aT4nKa piBHA 4.

B mpoueci perynroBaHHs piBHA, SIKIIO HOTO 3Ha-
YeHHS HWKYE 3a/JaHOTO, TO MiKPOIIPOLIECOPHUIT peryJis-
top BigkpuBae EK15, EK16, EK17 Ta 3akpuBae EK11 1

EK12. IIpun npomy 3amipHuil opraH BiakpuTuil. Skmio
PIBEHBb B KOJIOJIS31 BHIINE 3aIaHOTO, TO MiKpPOIIPOIECOP-
Huii perymsarop Binkpuae EK11, EK17 ta 3akpuBae
EK12, EK15, EK16, 3akpuBaroun THM CaMHM 3aITipHUI
OpraH.

BucHoBxku

YIOCKOHANICHO CTPYKTYPY TiIPABIIYHOTO PETyIIsi-
TOpa BOJIOTOCTI KOPEHEBOTO LIapy I'PYHTY JBOCTOPOH-
HbOI aii. JIJI1 IIbOTO IO CKIIAAy TiApaBIiqHOTO PEryJis-
TOpa BBEJICHO:

JIOZIATKOBI €JIEKTPOMATHITHI KJIanaHH;

JlaBadi piBHs BOJM, KUIBKOCTI OIajiB, TEMIIEpATY-
PH Ta BiJTHOCHOI BOJIOTOCTI IOBITPSI, IIBUAKOCTI BITPY;

MIKPOITPOIICCOPHUH OJIOK KepyBaHH:, 00JIaIHAHUMA
0e3npoBiHUM iHTEpdeEicoM 3B SI3KY.

Lle 103BOJIMIIO MIJBUIMTH IIBUIKOIII0 POOOTH Ta
OTIpallOBaHHs iH(OpMallii, TOYHICTh KepyBaHHS BOJIOT-
CTIO KOPEHEBOTO IIapy IPYHTY.
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Technical implementation of the hydraulic regulator groundwater level
L. Lievi

Abstract. The problem of moisture management of crops around the world is extremely important. The transformation
of agricultural production into a highly developed sector of the economy is impossible without reducing its dependence on ad-
verse climatic conditions by conducting irrigated agriculture in areas of insufficient and unstable moisture. Irrigated agriculture is
an important component of crop production, a stabilizing factor in food and resource security of the state, especially in years with
adverse weather conditions. Depending on climatic conditions, relief, depth of groundwater, different types of irrigation are used:
drip irrigation, sprinkling, irrigation in strips and furrows, subsoil. In areas with excessive moisture, drainage systems are used to
reduce soil moisture to the level required for crops. In areas with a depth of groundwater up to 1.5 ... 2 m and flat terrain,
groundwater moisture is widely used. Examples are the western and central parts of Ukraine. Drained lands in Ukraine make up
3.2 million hectares, almost 70% of them have closed drainage, and 1.1 million hectares have bilateral water regulation. At pre-
sent, the technical condition of in-house drainage systems needs to be improved through modernization and radical reconstruc-
tion. In addition, due to the unsatisfactory technical condition of the reclamation network in dry years, not the entire area is used
for the purpose of the bilateral system. There is a need to restore the effective functioning of existing reclamation systems on
drained lands, which is not fully provided by using a manual mode of soil moisture regulation. Existing water regulation tools
need to be improved in order to improve the accuracy of water level regulation, take into account the impact of accidental exter-
nal disturbances, provide resource-saving irrigation regimes for agricultural plants in conditions of shortage of water and energy
resources, which will create conditions for efficient agriculture.

Keywords: hydraulic double-acting regulator, regulating well, solenoid valve, collector, drainage drain, microprocessor
regulator.
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AHAJII3 BACTOCYBAHHS METO/IIB CTATUCTUHYHOI OBPOBKH
EKCIIEPTHUX OIIIHOK HA ETAIII IONNEPEJHBOT'O TIPOEKTYBAHHSA
CKJIAJHUX TEXHIYHUX IPUCTPOIB

AHoTamisni. AKTyaJbHicTh. Ha CHOroHINIHIN JIeHh aKTYaIbHOIO € po3poOka mporpamuoro komiuiekcy CAKOIIP 2.0 3
po3MUpeHIME (PYHKITIOHATEHUMH MOXITUBOCTSIMHU Ta TIOKpAIEHUM iHTepdeiicoM. MeToau nocaiaKeHHss. MaTeMaTHUHIHA
amapar Teopii HeUiTKUX MHOKHH, OaraTOKpUTepiabHOT0 aHali3y BapiaHTiB, pO3Mi3HaBaHHA 00pa3iB Ta eKCIIEPTHUX CHCTEM.
Merta cTaTTi: IPOAHATI3YBATH iICHYIOUI METOJIU Ta MIIXO/IN JI0 3HAXOKCHHS BarOBUX KOC]IIi€HTIB €KCIEPTIiB Ta MOOYI0BU
y3araJbHEHOTO paH)KyBaHHS AJIbTCPHATHB B yMOBAX HECITIBIAIal0YNX OIIHOK eKCIepTiB. Takok HeoOXiJJHO pO3POOHUTH Me-
TOJIUKY, II0 JIO3BOJISIE€ HAJAJI PO3IIMPUTH Ta JOTOBHHUTH (DYHKITIOHAIBHI MOXIIMBOCTI nporpamHoro komimiekcy CAKOIIP.
Otpumani pesyabraTu. [IpoaHasi3oBaHO OCHOBHI BIACTHBOCTI CTaTHCTHYHHUX OIIHOK, IO BiZOOPaKaroTh y3TOPKEHICTh
€KCIIepPTHHX OI[IHOK, a TaKOX MOKAa3HUKH, IO JT03BOJIIIOTH OLIHIOBATH MHOXHHHY Y3rOJDKEHICTH JyMOK IIOJO OJJHOTO UM
Oinbiie 00'exTiB excriepTr3n. ONMCaHo 3aCTOCYBaHHS METOMIB CTATUCTUYHOI 0OPOOKH eKCIIEPTHUX OLIIHOK MPH TPYIIOBOMY
Y3rO/KEHHI Y pa3i pi3HOCTIPSIMOBAHUX MTOKA3HUKIB, III0 BKJIIOYAE aHANi3 y3TrOPKEHOCTI OIIHOK eKCIIepTiB, MoOy/0Ba y3ara-
JIBHEHOTO paH)XyBaHHS Ta OOUYMCIIEHHS BaroBUX KoedilieHTIB ekcrepTiB. Po3po6ieHo MeToaMKy Ta IMOKa3aHO MOKIIUBICTD
BHKOPHUCTAHHSI ITi€] METOJIKH Ha €Talli OMePeTHBOr0 MPOCKTYBAHHS CKJIaTHUX TEXHIYHUX CUCTEM 3 Pi3HUM IMPUHIIUTIOM il
cryneHiB. BucHoBok. Po3pobnenmii y poGoTi mijixig Moxe OyTH BUKOPHCTAHMI Ha eTalli KOHIETITYaTbHOTO MTPOEKTYBaHHSI
CKJIaJIHUX TEXHIYHUX CUCTEM 3 PI3HUM IIPUHIUIIOM Aii CTYIICHIB.

KawuoBi caoBa: eKCl'[eprHi OI_[iHKI/I, PaHXyBaHH!, HeCHiBHalIa}O‘[i OLIiHKI/I eKCl'[epTiB, TPYIIOBE y3rOoJUKEHHS, y3arajib-

HEHi paH)KyBaHHsI, BaroBi KOC(IiLi€HTH.

Beryn

[IpoekTyBaHHS CY4acHOTO JIITaJbHOTO amapary
(JTA) abo iioro cucreM NMpuUHHATO PO30MBATH HAa HU3KY
eTaniB. 30BHILIHE (KOHIETITyaIbHE) IPOSKTYBAHHS € Ie-
PIIMM €TalloM BCHOTO JKUTTEBOIO IMKIY MailOyTHBHOIO
TEXHIYHOT'O BUPOOY, Y SIKOMY (POPMYETHCSI HOTO OCHOBHA
ines. MeTo KOHIENTYalbHOrO MpoeKTyBaHHs JIA, sk
MIPaBUIIO, BIHOCATBCS /O KIACy €BPUCTUYHUX, BiJIO-
BiJTHO BOHM HallBakue IIIAAIOThCS AITOPUTMI3aILil.
[Ipote BupimeHHs MpoOIeM KOHIETITYaIbHOT'O IIPOSKTY-
BaHHsI MOJJIMBE JIMIIE 32 YMOBH HOro aBTOMAaTH3aIlil,
TOOTO palliOHATBHOTO PO3MOALTY (YHKIIH MK JIFOH-
HOIO (TEHEPaTOPOM 1JIeii) Ta KOMIT I0TepoM, IO Pi3KO Ii-
JBHIYE €PEKTUBHICTH Ta MIBUAKICTh aHANI3Y 3reHepOoBa-
HUX aJIbTEPHATUBHUX BapiaHTiB [1].

CucreMa aBTOMAaTH30BAHOTO KOHIEITYAIBHOTO
npoekryBants CAKOIIP [2], po3pobrena 3ycuiuismu
Bukiangauis kapenp 103, 105 ta 405 HAY im. M. €. XKy-
KOBCBHKOT0 «XAI» — mpocTuil Ta 3py4HHUI POTrpaMHUAN
POIYKT, PO3POOIIEHHH I KOHLETITYaJIbHOTO IIPOCKTY-
BaHHs 0araTocTymiHYacTUX aBIAIlifHUX CHUCTEM i3 pi3-
HUM MPUHIUTIOM Aii cTyneHiB. CliodyaTKy BiH CTBOPIOBa-
BCS JUIA PO3B’S3aHHS MPUKIAAHOL 3a/1a9i KOHIIENTYab-
HOTO TIPOEKTYBAHHSA [BOCTYIIIHYACTOI MIBUAKOIIIOYOT
CHCTeMH aBapiifHOi cTabumizamii MHaMIYHO TOMiOHOT
mozeni (CIIM), mo BTpaTuia CTIHKICTh i KEPOBaHICTh
II0 TAHTAXY, 1 TOKa3aB CBOIO €(PEKTUBHICTH 1 JOITBHICT
Y BHKOPHUCTaHHI Ha €Tali MOMepeTHBOTO MPOSKTYBAHHS
TAKOX 1 IHIIAX CKJIIAAHAX CUCTEM.

Ha cporommimmHi#i AeHh aKTyaJbHOIO € pO3poOKa
mporpamHoro komrurekcy CAKOIIP 2.0 3 po3mmpernMu
(YHKIIOHATFHIMH MOKIIMBOCTSIMHE Ta ITOKPAIIICHAM iHTe-
pdeiicom s KOHLIENTYaIBHOTO MIPOSKTYBAHHS CKIIATHUX
0araToCTyNEeHEBUX TEXHIYHIX CHCTEM i3 pi3HUM MPUHIIU-
oM nii ctyneHiB. s bOro BHKOPHCTOBYETHCS MaTe-

MaTHUYHUI anapaT Teopil HEeUiTKUX MHOXHUH, OaraToKpu-
TepiajgbHOro (y TOMY YMCIIi 1 HEUITKOTO) aHali3y BapiaHTIB
[3], po3mi3HaBaHHs 00pa3iB Ta eKCIEPTHUX CUCTEM.

[MocnioBHICTE POOIT 13 CTBOPEHHS MPOrPaMHOTO
komriekcy CAKOIIP 2.0 ananoriyna eTanam mpoexTy-
BaHHsI IEpILOi Bepcii mporpaMHOro npoaykry [2, 4]. Ile-
pILIMiA eTarn poOiT - Lie po3wIeHYBaHHs CTBOPIOBAHOI CH-
CTeMH Ha MiJICUCTEMH, aHall3 iX (QyHKIIOHAIEHOTO B3a-
€MO3B'S13KY Ta MOIIYK BIIHOCHO HE3aJIe)KHUX ITiJICUCTEM,
BapiaHTHE NPOEKTYBAaHHA SIKUX HE KOPETIOETHCS 3 Pell-
TOIO CYKYITHOCTI MijicicTeM. BUHSITOK Takoi miiIcucTeMu
3 mpolecy KOMOIHYBaHHS J03BOJISIE 3HAYHO CKOPOTHTH
KIJIbKICTh JIbTEPHATHBHUX BaPiaHTIB, 10 TEHEPYIOTHCS 1
1 UIArar0Th CENEKIIil.

Hactynuuii etan poOiT - (opMmyBaHHS HanpsmiB
HPOEKTHO-KOHCTPYKTOPCHKOTO MOIIYKY. 3yMUHUMOCS Ha
[[BOMY €Talll JOKJIa HilIIe.

HampssmMu 1poeKTHO-KOHCTPYKTOPCHKOTO ITIOIIYKY
y OKpEMOMY BHIQ/IKy MOXKYTb 30iraTucs 3 pyHKIiOHAIb-
HUM WICHYBaHHSIM CHCTEMHU Ha IiJICHCTEMH, ajle y 3ara-
JHFHOMY BHTIAAKY MOXYTH 1 He 30iratucs 3 HuM. Po3po0-
neHnit meton [2, 4-7] 1 mporpamHe 3a0e3MeUeHHS, 0
fioro peanisye, 103BOJISIOTH PO3IIISAATH KOXKEH 3 HaIlps-
MKIiB €BPHCTHYHOTO IOIIYKY SIK TUIKY 3 Pi3HHM piBHEM
YlieHyBaHHS. YTIOPSIKOBaHE PO3TAIIYBaHHS HMPOSKTHO-
KOHCTPYKTOPCBKUX DIIlIeHb BiATIOBIAHO IO MPHHIUIIIB,
METOJIB i CI0CcO0iB HE TUTBKH CIPHUSE CHCTEMATH30Ba-
HOMY PO3TJIISITY BCiX MOKIIMBHUX IiIXOIB 10 BUPIIICHHS
i€l mpobieMu, ae Mae CBO€ (DyHKIIIOHATBHE 3HAYCHHS
HAa eTaIll CeJCKIil aTbTePHATHBHUX BapiaHTIB.

EdexTnBHICTD pO3TIISHYTOTO PIMIEHHS MO0 KOXK-
HOTO 3 TTOKa3HUKIB [8] OIMIHIOETHCS 3pyYHUM TSI KOPHC-
TyBada CII0coO0M, HAIPHUKIAJ, 32 IT'ATHOATBHOI0 IIKa-
JIOK0. Y3arambHEHOI XapaKTePHUCTUKOI e(heKTUBHOCTI
TOTO Y {HIIIOTO MPOEKTHO-KOHCTPYKTOPCHKOTO PITIICHHS
€ BaroBuil KoeQimieHT (KU PEeKOMEH/Ty€EThCS IPU3HAY-
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aTH y IEBHOMY Jiara3oHi, Hanpukian, Bin 0,1 mo 2). [i-
ara3oH BapifOBaHHsI BaroBoro KoedilieHTa Tak camo, K
1 pemra poOoOYMX MapamMeTpiB, MOXKe OyTH JOBLIEHO 00-
paHHuii KOPUCTYBaYeM.

Ha mpomy etami [2, 4-7] nepembavanocs, MO eKc-
TIepT YM TpyIIa eKCHEPTIB, SIKi MPU3HAYAIOTh Barosi Koedi-
L€EHTH, MAIOTh OJHAKOBI LTI TA IPIOPUTETH, 1 TP IILOMY
He BUHHKae KOHIIiKTY iHTepeciB. ToOTo y pasi rpymnoBoi
€KCIIEpTHOI OLIIHKM BaroBUi Koe(illieHT BU3HAYABCSI BHA-
CIIIZIOK BIJIKPUTOTO OOTOBOPEHHS i3 HACTYITHHM TOJIOCY-
BaHHsM [9]. PosrisiHeMo cuTyartito, Koy pilieHHs TpHii-
Mae Tpymna eKcrepTiB — (axiBuiB i3 pizHHX ramysei. Ha-
npukian, y [10] nependavanocs, 1Mo y TpyIy eKCIEpTiB
palioHaJbHO BKIIOYATH (haxiBIiB Pi3HOTO MPOQILIIO: TEO-
petukiB (1), excriepuMeHTaTOPIB (2), MTPOSKTYBAILHUKIB
(3), excrutyaTanTiB (4), (haxiBIiB i3 PO3CIiTyBaHHS JIBOT-
Hux nofii (5). OueBHUIHO, 110 B I[LOMY BHITAJKY OLIHKH
€KCIIEPTiB MOXYTb MaTH JIy>e BEJIMKUH po3kui. Tomy He-
00XiZIHO 3aCTOCYBATH METO/M MOOYA0BU y3arajibHEHOTO
paHXyBaHHS aJbTEPHATUB 3 YpaxyBaHHIM BaroBHX Koe-
(illiEHTIB €KCMEpPTIB 13 MOJaIbIINM aHAJI30M Ta KOpeK-
1i€l0 OTpUMaHuX pe3yabraris [11, 12].

Merta crarTi: npoaHaizyBaTH iCHYIOUYI METOHM Ta
MIiXOIH 10 3HAXOKCHHS BarOBUX KOCQII[IEHTIB eKCIIe-
PTiB Ta MOOYAOBU y3arajJbHEHOI'O PAH)KYBaHHS aJIbTep-
HATUB B YMOBaX HECIiBIaIAF0YMX OIIIHOK EKCIIEPTIB; PO-
3pOOHUTH METOAMKY, IO IO3BOJISIE HANANI PO3IIMPUTH Ta
JONOBHUTH (YHKIIOHAJIbHI MOMIIMBOCTI MPOTPaMHOTO
komiiekcy CAKOIIP ni1s1 KOHIENTyalbHOTO MPOEKTY-
BaHHS CKJIAHUX 0araTOCTYIIEHEBUX TEXHIYHUX CUCTEM 3
PI3HUM TPUHITUIIOM [ii CTYTICHIB.

BuxJjax oCHOBHOr0 MaTepiaay

Posrisinemo 3azmady (opmasizaiii rpyrnoBoro oii-
HIOBaHHA ajbTepHATUB. Hexall m excrepriB oliHWIM N
anpTepHaTyB 3a | mokasHukamu. B pesynbrari oTprMa-
€MO BEJIMYUHU Xi? (i :1,_n; j =1m: h =:m) . Tyt mo-
JKJIMBI J1Ba BUMIAKHA:

1) Xi? OTpUMaHi MeToJaMu 0e3nocepeHbOl OIli-
HKH 200 METOJIOM TOCITiIOBHOTO MOPIBHSHHS, TOOTO Be-
JINYUHA Xirj' € yuciiaMu abo 0anamu;

2) oIliHKa aJbTEPHATHB 3IilCHEHA METOIOM paH-
JKYBaHHS, 1 BETHUMHH Xi? € paHTaMH.

VY wiit craTTi po3risHEeMOo BUMAAOK 1. BuxoHaemo
PO3paxyHOK BaroBUX Koe(il[ieHTIB eKCIIEPTIB METOJIOM,
ommcanuM y [9, 13]. Ilepenbadaerscsi, MO KOMITETEHT-
HICTh €KCIIEPTIB Ma€ OIIHIOBATHCH 32 CTYTIEHEM Y3rO-
JUKEHOCTI 1X OITIHOK i3 TPYIOBOIO OIIIHKOIO aJIbTEPHATHUB.

AJNTOpUTM OOYMCIICHHS TPYIMOBHUX OIIIHOK Ma€ BH-
IS PEKYPEHTHOT IPOLIEAYPH:

1) mouarkosi ymoBu mpu t =0

0 1 m)-
kj =1/m (le,m),
2) pPeKypeHTHI CIiBBiJHOLICHHS IS X

m JE—
a) X]t_ = Z xijktjfl (i=1,n) — rpynoBa omiHKa st
=

i -ro 00'ekTa Ha t -My KpOIli Ha OCHOBI 1HJIHBI Ty aJTBHIX
OLIIHOK X; i
n m
6) A= ZZ Xitxij (t=12,..) — nHopmyBagbHUI
i=1 j=1
KOCIIIi€EHT;

13 . — .
B) kt = —in- Xit (=L, m-1) — koediuieHTH
] 2t ]
i=1
KOMITETEHTHOCTI | -TO €KCIepTa Ha t -My KpOIli;
m-1
r) kﬁn =1- Z kﬁ — Koe(illiEHTH KOMITETEHTHOCTI
=1
M -TO eKcrepTa 3 YMOBH HOPMYBaHHSI;
3) o3HaKa 3aKiHUCHHS ITEPAIlifHOTO MPOIECY

max(‘xit —xit‘l‘)< E.

VY [9] mocimkeHOo MUTaHHS 301KHOCTI aHATi30BaHOT
PEKYPEHTHOI IIPOLICYPH 1 TOKa3aHO, IO 3 HEBIJl €MHOCTI
1 Hepo3KiIaqHOCTI MaTpuilh B i C ymMoBH 301KHOCTI 3aB-
XKau BI/IKOHyIOTI)CSI B IPAKTUYHUX 3a/Ja4vax. TyT

B=A-AT, C=AT-A A=|x].

I[Tpm owiHLi Ta paHXUPYBaHHI aIbTEPHATHB EKCIIe-
PTH YacTo PO3XOJATHCS y CBOIX OIHKax. ToMy BaKIu-
BOIO € KIJIbKICHA OI[IHKA CTYIICHS 3T0JI1 €KCIIePTiB. SIKIIO
KIJIBKICTh aJIbTepHATHB N < 7, TO SIK TaKy OLIIHKY BHKO-
PHUCTOBYIOTh IMCIEpCIiHUN Koe(illieHT KOHKOpALii,
10 BU3HAYAETHCS SIK BIJHOIICHHS OLIHKM AucHepcii 10
MaKCUMAJIbHOTO 3HAYEHHS 1[i€] OLIHKA

W = D/Dypay -

SIKIIO KiJIbKICTh ajbTEepHATUB N > 7, TO OIIIHKA 3HAUY-
mocTi koedilieHTa KOHKOpIalii Moxke OyTH 3aiCHEHa

3a KpUTepieM xz :

m
2 1
x©=12S/ | mn(n+1 —HZTJ-

j=1
2
n m
Tyt S = Z Z hj—T |, ;& "l‘ij " — MaTpHIISI PaHXYy-
i=1 j=1
Hj
3
BaHHS aJbTCPHATUB; T i= Z(hk - hk) e T j — Tmokas-
k=1

HUK [IOB’SI3aHHUX PAHTIB y | -My pamkyBaHHi; h, — uu-
CJT0 PIBHUX paHTiB y K -# IpyIi MOB’s3aHUX PAHTIB MPH
PamKUPYBaHHI | -M €KCIIEPTOM.

Sxmo cniBnmamatounx paHriB Hemae, To H j= 0,
he =0 i, omxe, T i= 0 [iama3oH 3Ha4YeHb KoedimieHTa
konkopanii W e [0;1] .

VY BHMaAKy, KO BCi €KCIIEPTH JAFOTh OJHAKOBI
omiakw, W =1. 3a MOBHOI BiACYTHOCTI Y3TOMIKEHOCTI

ominok maemo W = 0. 3ayBakumo, 1o A i€l 3amadi
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KOpEKTHIIe BAKOPUCTOBYBATH ITiAX1/1, 3aITPOTIOHOBAHIH
y po0ori [14] y pa3i HecTpOroro paH>KMpyBaHHs 3a Hasl-
BHOCTI 3B'SI3aHUX PaHTIB!

W=128(A2) mz(n3—n)—(2m—p)§TJ~ ()
j=1

J€e P — KUIBKICTh €KCIIEPTIB, Y PaHXUPYBAHHSX SKUX €

PpiBHI paHTH.

Jist OIiHKM piBHS Y3TOJDKEHOCTI AYMOK YCIiX €Kc-
MEPTIB MO0 PAHTy OJHI€l aJbTEPHATHBH OOUHCIIIOIOTH
koedinienT Bapiarii. OCKiJIbKU B pO3TIISIHYTIH 3a/1a4i He-
00XiHO BpaxoByBaTH iH(OpPMAILIO MPO BiJICTaHb MiXk
panramu, Oyio oOpaHo koedimieHT Bapianii bekkepa:

v ZZn: > (k=) fem . vEe[on/2], @)
i1k ]

ae C% — YKCJIO CIIOIYYeHb 3 N 10 2.

301IbIICHHS 3HAYCHHS KOCQillieHTa O3HAYA€E PO3-
KHUJI OI[IHOK eKCIIepTa 1010 BiMOBIIHOT albTePHATHBRH.

[Tpu anaizi pe3ynbTaTiB MOXKe OyTH KOPUCHUM KO-
edimieHT Bapiallii, po3paxoBaHHii 3a eleMEHTaMH y3ara-
JIBHEHOTO BeKTOp 3HauymocTi [15]:

®)

* . - .
Je Aj — y3arajgbHEHa 3HauYyLIICTh | -ro 00'ekTa. Bin no-

3BOJISIE OI[IHUTH BIJMIHHICTh QJBTEPHATHB IO BiJHO-
LICHHIO OJIMH JI0 OfHOT0. YnM Onmkye 3HaueHHs Koedi-

uieHta V 10 OAMHHMIN, THM OUIbILE BIMYyTHA PI3HULIS
MIX 3HAYYIICTIO MPOBIHUX ANbTEPHATHB Ta 3HAUYII-
CTIO aJIbTepHATHB-AyTCANIEePIB.

Po3paxyHok koeillieHTIB KOMIIETEHTHOCTI eKCIIe-
PTIB Ta y3arajbHEHOI OLIHKH aJIbTEPHATHB TAKOXK MOXKHA
3IIHCHUTH 32 PopMyIIamMHu:

n
BX=AgX, > % =1 |B-1gE[=0, 4
i=1

m
Ck=2ck, D kj=1, [C-1c E|=0,
j=1

ne X, k — Bmacui Bekropu Matpuils B i C, mio Biamo-
BiJafOTh MAaKCHMAaJBHUM BJIACHUM YHCIAM Ap 1 Ag

OUuX MaTpulb.
Jani nepeiiiemMo 10 MoOyI0BH Ta PO3PaxyHKY y3a-

TaJIbHCHOI'O paHKyBaHHA aJIbTCPHATUB, CJIECMCHTU SAKOI'O

3aJaMo 3a HpaBI/IHaMI/I:

1, Xij < ij,

yif< = (5)

0, Xij > ij,
e Xjj, Xxj — PaHIH, IPUCBOEHI | -M €KCIIEPTOM | -ii i k

-# anpTepHaTHBaM.

VY3aranpHeHe paH)XKyBaHHS IOOYJIyeEMO SIK Mart-
PHIIIO TAPHUX TTOPIBHSIHB, SIKa HAMKpaIIMM YHHOM Y3ro-
JUKY€ThCS 3 MATPHULISIMK MTAPHUX MOPIBHSHb KOYKHOTO €K-
criepTa 3 ypaxyBaHHSIM BaroBUX KOC(IIi€EHTIB €KCIICPTiB
3a JIOTIOMOT' 00 METPUKHU:

\\yfk\\=af9min§iikj\yii—yik\- (6)

lvil  j=ti=1k=1
Toi y3araibHeHe paHKyBaHHS 3HAXOIMUMO SIK:
N _{1, axwo by 2112,
ik =

(7)
0, axwo by, <112,

b

m .

ae by = Z k; yiJk — IMOBIpHICTB TOTO, IO | -5 aJbTep-
i=

HaTHBa Kparie 3a K -Ty.

s moOynoBu Ta po3B’si3aHHST MOJEIBHOI 3a/1a4i
Bi3bMeEMO JiaHi 3 KpurepianbHoi 6a3u [10]. Bona Oyuna po-
3po0JieHa JUIsi aHaji3y 3aCTOCYBaHHS METOAY EKCIIepH-
MEHTAJIBHUX IOCHIIKEHb Ha BUIBHOJITAIOUMX AUHAMI-
YHO MOJIOHMX MOJIEIISIX JIITAKIB MPH JOCIIDKEHHI KaTac-
tpodu  Airbus  A300/600R  mix  Hsro-Hopkom
12.11.2001 p.

BuxinHi nani 3a1a4i npeacTasieHi y taom. 1.

Tabnuys 1 — Kpurepianbna 6a3a 10151 paHKYBaHHSI MOKJINBUX MeTO/IB

Excrept 1 2 3 4 5
1. Momﬂm;icn.) YpPaxyBaHHs (paKTOpiB: 9 8 10 8 10
— KOPOTKOIEPIOAMIHOr0 PyXy I10 TAHTAXKY
— JIOBrONEPiOAMYHOr0 PYXY IO TAHTAXKY 9 8 10 8 10
— PyXY IO KpeHy 10 9 10 9 10
— TPUBUMIPHOI'O PYXY 9 8 10 7 10
— 3PUBHOrO OOTIKAHHS 8 7 9 7 8
— 3BaJIIOBAHHS T4 ITOIOPY 8 8 8 7 9
— BiJITIJICHHS €JIEMEHTIB KOHCTPYKIIIT Ta CKUIAHHSI ITiIBICHUX BaHTaXIB 10 9 9 8 10
— CTaTWYHUX aepPONPYKHHX MPOLIECIB 9 7 7 8 8
— KOJIMBAJIbHUX aepOMpPYKHUX MPOIIECiB, (aarTepa 7 6 6 7 8
— SIBHII[ aBTOACPOIPYKHOCTI 5 55 6 5 8
— ocobnuBocteii pobotu CAY 8 8 9 7 8
— BigMOB y poboti CAY 7 7,5 8 7 8
— 0co0IMBOCTEH il eKimaxy 8 8 9 7 9
— HOMMJIOK eKiMaxy 7 5 9 7 8
2. MoaxJIMBIiCTB 3aCTOCYBaHHSI B YMOBaX HelnoBHOi iH(opmanii 3 8 7 3 7
3. BuTpaTu yacy Ha OTPUMAaHHS Pe3yJIbTaTy 5 7 7 5 7
4. Marepia/ibHi BUTPAaTH HA OTPUMAHHS Pe3yJIbTaTy 3 2 5 3 5

41



Control, Navigation and Communication Systems. 2022. No. 3

ISSN 2073-7394

CkJ1aieMo MaTpHIIIO OIIHOK aJlbTePHATUB EKCIIEPTaMHU

9 8 10 8 10
87 9 7 8
76 6 7 8

A=la|, =8 8 9 7 9

7x5
387 37
57 7 5 7
32535

OO0uncarMo BaroBi KoeillieHTH €KCIEPTIiB Ta Ipy-
MOBY OIIHKY aJbTEPHATHUB 3a JOMOMOIOI0 ONUCAaHOI
BHUIIIE PEKypPEHTHOI NpoueaypH. PesynpraTté po3paxyH-
KiB IIEpIIOro, APYroro Ta TPEThOro HAOJIMKEHb HaBe-
JICHO y TalIl. 2, e TO3HAUeHO: X* — CyMH PaHTiB 3a ajb-
TepHATHBAMH

PesynbraT oOuncnenHs nucnepciinoro koedimie-
HTa KOHKOpJamii ekcrepTiB 3a Gopmynoro (1) HaBegeHO

y Tab6mn. 3. Y nvamomy Bunaaky W =0,75, mo cBiquuTh

PO TOCUTH BUCOKY Y3TO/DKEHICTB OI[iIHOK eKcepTiB. Jli-
amna3oH MOXKJIMBUX 3Ha4eHb KoedilieHTa Bapiamii bek-

Kepa B yMOBax JaHoi 3anadi — V 5 [0;3,5].

PesynbraTn po3paxyHkiB koedinieHTta Bapiauii be-
Kkepa 3a ¢opmyrioro (2) HaBeneHo y Tabi. 4. Ha puc. 1
npeAcTaBieHi 3HaYeHHs koedilieHTiB Bapianii bekkepa
anpTepHatuB 1-7. HalOimbIn cCipHOIO AJIs €KCIIEPTIB BU-
sSIBUJIACSl albTEepHATHBA 5, HaMEHII POo301’KHOCTI BH-
KJIMKaJIM anbTepHaTHBY 4, a Takox 2, 3 1a 7.

Jiana3zoH MOXJIMBUX 3Ha4YeHb KoedilieHTa Bapiaril

Bekkepa B ymoBax 1aHoi 3anadi — V2 €[0;3,5] . Pesyns-

TaTH po3paxyHKiB koedilienTa Bapianii bekkepa 3a ¢o-
pMysioro (2) HaBenieHO y Taou. 4.

Ha puc. 1 npencraBieHi 3HaueHHs Koe]ilieHTIB Ba-
piauii bexkepa anprepHaTuB 1-7.

Haii0inb1 criipHOTO ISt €KCIIePTiB BUSBUIIACS allb-
TepHATHBA 5, HaiiMeHIIIl pO301>KHOCTI BUKIIMKAIH allbTe-
pHaTuBH 4, a Takox 2, 3 Ta 7.

Tabnuys 2 — Po3paxyHoK y3arajibHeHOT0 PaHKYBaHHS
AJIbTEPHATUB TA BArOBUX Koe(illieHTIB eKcriepTiB

Howmep iTepamii t 1 2 3

0,19 0,24 0,29
0,17 0,2 0,21
I'pymoBa omiHKa 1 014 013 012
0,17 0,19 0,19
i -1 anpTepHaTHBU 0,08 0,04 0,02
0,13 0,11 0,11
0,12 0,09 0,06

HopmyBanbhuit

.. t 1690,4 1335,86 | 1461,25
koedirient A

0,19 0,19 0,19
Koediuientun komme- 0,19 0,192 0,19
TEHTHOCTI 0,22 0,221 0,22
j -ro excniepra 0,17 0173 018
0,23 0,224 0,22

Tabnuysa 3 — Po3paxyHok qucnepceiiiHoro xoedinienta
KOHKopJauii excrepTis

PankyBaHHsA eKcHepTiB
a P A2
! R R R R R !

1 2 3 4 5
1 9 8 10 8 10 45 127,37
2 8 8 9 7 9 41 53,08
3 7 6 6 7 8 34 0,08
4 8 7 9 7 8 39 27,94
5 3 2 5 3 5 18 246,94
6 5 7 7 5 7 31 7,37
7 3 8 7 3 7 28 32,65
H i 2 2 2 2 2

2 2 2 2 2
" 232132 W=0.75
T j 12 30 12 30 12

23

13

1 - S—— S S —
0 - S S — - N
2 3 4 5 6 7

1

Puc. 1. 3nauenns xoediuieHTin Bapiauii bekkepa

Tabnuys 4 — Po3paxyHok koedinienTiB Bapianii Bekkepa

Anb- Panrn
TepHa- ViE

THBH 1 2 3 4 5 6 7 8
1 2 1 2 - - - - - 1,2
2 1 2 2 - - - - 1
3 - - 1 2 2 - - - 1
4 - 1 2 1 - - - 0,6
5 - 1 2 - - 2 - 2,2
6 - - - 3 - 2 - - 1,2
7 - - - - - 2 2 1 1

Jlari HaBeIeHO pe3yNbTaTH PO3paxyHKy y3arajibHe-
HOTO paH)KyBaHHS allbTEPHATHUB Ta BaroBUX Koe(illieH-
TiB €KCIIEPTIB APyTHM MeTO0M 3a hopmyitamu (4) — (7):
409 372 307 354 167 281 255
354 322 265 307 144 243 220
307 279 234 265 124 210 188
B=|372 339 279 322 151 257 235|;
255 235 188 220 104 184 180
281 257 210 243 114 197 184
167 151 124 144 72 114 104

301 299 347 276 353
299 330 366 276 371
C=|347 366 421 319 424|;
276 276 319 254 326
353 371 424 326 432
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2,96 0,19
2,21 0,14 314 0,18
2,56 0,16 3,26 0,19

y=| 27|, x=|017|; y=[373]; k=|022]
1,21 0,08 2,89 0,17
1,89 0,12 4,15 0,24
2,05 0,13

PesynbraTi MOOYIOBM Ta pO3paxyHKy y3arajibHe-
HOTO paH)KyBaHHS aJIbTEPHATHB HaBEAEHO Yy Tabi. 5-6.

3Haiinene 3a hopmysoro (3) 3HaueHHs KoedilieHTa
Bapianii V = 0,455, po3paxoBaHoro 3a ereMeHTaMH y3a-
raJlbHEHOTO BEKTOpa 3HAYyIIOCTi, CBITYUTH ITPO BiACYT-
HICTb BIIYYyTHOI Pi3HUII MK HaiKpallMMu Ta HaWrip-
UMK aibTepHaTHBaMu. Ha puc. 2 mpenctaBieHi pe-
3yJBTaTH y3arajlbHEHOTO paH)XMPYBaHHS aJbTEPHATHUB,
o0y I0BAaHOTO JBOMA MeTo/laMU. B 000X BHUMaKax Ha-
OUTBIIMI PEHTHHT MAalOTh aJbTEPHATHBH 1, 2, 4, a Haii-
MEHIIINHN — albTepHaTUBU 5 Ta 7.

e Merop 2
Merop 1

Puc. 2. Y3aranpHeHe paHXUpYBaHHS aJIbTEPHATUB

Tabnuys 5 — Po3paxyHoK y3arajJbHEHOT0 PAaHKYBAaHHS aJIbTePHATHB

Ne 1 1 2 3 4 5 6 7 Ne 2 1 2 3 4 5 6 7
1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0
2 1 1 0 1 0 0 0 2 1 1 0 1 1 1 0
3 1 1 1 1 0 0 0 3 1 1 1 1 1 1 0
4 1 1 0 1 0 0 0 4 1 0 0 1 1 0 0
5 1 1 1 1 1 1 1 5 1 0 0 1 1 0 0
6 1 1 1 1 0 1 0 6 1 1 0 1 1 1 0
7 1 1 1 1 1 1 1 7 1 1 1 1 1 1 1
Ne 3 1 2 3 4 5 6 7 Ne 4 1 2 3 4 5 6 7
1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0
2 1 1 0 1 0 0 0 2 1 1 1 1 0 0 0
3 1 1 1 1 1 1 0 3 1 1 1 1 0 0 0
4 1 1 0 1 0 0 0 4 1 1 1 1 0 0 0
5 1 1 0 1 1 1 0 5 1 1 1 1 1 1 1
6 1 1 0 1 1 1 0 6 1 1 1 1 0 1 0
7 1 1 1 1 1 1 1 7 1 1 1 1 1 1 1
05 1 2 3 4 5 6 7
1 1 0 0 0 0 0 0
2 1 1 1 1 0 0 0
3 1 1 1 1 0 0 0
4 1 0 0 1 0 0 0
5 1 1 1 1 1 1 0
6 1 1 1 1 0 1 0
7 1 1 1 1 1 1 1
Tabnuys 6 — Y3aranbHene paHayBaHust 06'exTin 3HAYEHHs BaroBHX KOe(illi€HTIB EKCIIEPTIB, OTpH-
3 YpaxyBaHusM koediuientis MaHMX y pe3yJIbTaTi pO3paXyHKiB JIBOMA METOJAMH, Ta-
KOMIIETEHTHOCT1 €KCIIePTIB s . .
KOX y3ro/KyoThesl. TOUHIII 3HAYEHHS OTPUMAHIi B pe-
a 12 (3|45 |67 3yJbTATI OOUYMCIICHb 32 JJOMOMOT'O0 PEKYPEHTHOT IpoIlie-
1 1[0 ]o0 00/ 00 [o024] mpulveronl)
2 110100002t BHCHOBKH
3 1 1 1 1 0 0 0 0,14
4 1 1]0 ] 1 0J]0]0]021 [IpoanamizoBaHO  METOAM  TPYIIOBOI  OIIHKH
5 1 11111 1 110|007 00’€eKTiB BUOOPY Ta OIIHKH CTYHEHS KOMIETEHTHOCTI eK-
6 1 /171 )1)0]1]0]01 CIiepTa B yMOBaX HECITiBIIaJal0uMX OIIHOK €KCIIEPTIB.
7 1/1]1}1}1]1]1]Q003 Po3pobnenmit y poGoTi miaxix mo6yaoBu y3araib-
Cymm | 7 | 6 |46 |2 ]3]1 1 HEHOTO PaH’KyBaHHS aTbTEPHATHB Ta BU3HAUYEHHS Baro-
V =0,455 BUX KOE(III€HTIB €KCIIePTIB i3 3aCTOCYBaHHSIM METOJIB
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CTaTUCTUYHOI 0OPOOKM €KCIEPTHUX OLIHOK IIPH TPYIIO- Monanemi gocaigeHHs1 TOUTEHO MPOBOAUTH Y
BOMY Y3TO/DKEHHI MOKe OyTH BHKOPHCTaHMI Ha €Talmi  HampsMi CHHTE3Y y3arajlbHEHOI OIIHKM EKCIIEPTIiB ajre-
KOHIIENTYaJIbHOTO IIPOEKTYBAHHS CKJIAJHUX TEXHIYHHX  OpaiYHUMM MeToIaMu.

CHCTEM 3 PI3HUM IIPUHIIAIIOM JIii CTYTICHIB.
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Analysis of applicability of methods of statistical processing of expert estimates
at the stage of preliminary design of complex technical devices

O. Murahovska, N. Ukrayinets

Abstract. Topicality. Today, the development of the SAKOPR 2.0 software complex with extended functionality and an
improved interface is relevant. The complex is needed for the conceptual design of complex multi-stage technical systems. Re-
search methods. Mathematical apparatus of the theory of fuzzy sets, multi-criteria analysis of options, pattern recognition and
expert systems. The purpose of the article: to analyse existing methods and approaches to finding weighting coefficients of experts
and building a generalized ranking of alternatives in conditions of inconsistent expert assessments. It is also necessary to develop
a methodology that allows further expanding and supplementing the functionality of the SAKOPR software complex. The results
obtained. The main properties of statistical estimates, which reflect the consistency of expert opinions, are considered. Indicators
that allow assessing the multiple consistency of opinions regarding one or more objects of expertise are analyzed. The application
of methods of statistical processing of expert estimates in group coordination in the case of multidirectional indicators is described.
It includes an analysis of the consistency of expert opinions, the construction of a generalized ranging, and the calculation of expert
weight coefficients. The possibility of using the developed technique at the stage of preliminary design of complex technical sys-
tems with different principles of operation of stages is shown. Conclusion. The approach developed in the work can be used at the
stage of conceptual design of complex technical systems with different principles of influence of degrees.

Keywords: expert estimations, ranking, dissenting expert’s opinions, group agreement, generalized rankings, weight co-
efficients.
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HauionansHuii TeXHIYHMNA yHIBEpCUTET «XapKiBCHbKHUHN MOMITEXHIYHUI IHCTUTYTY», XapKiB, YKpaiHa

OIITUMIBALIA PEXXUMIB POBOTHU TAI'OBOI'O IIPUBOJA

AHoTanisi. B icHyrouiii cucremi ynpaBiiHHS TATOBUM IMPUBOJIOM BHKOPHCTOBYIOTHCS NEPEBAKHO IPOIIOPIIiHHI, TIPOIIOp-
LiffHO-IHTEeTpAJIbHI Ta MPONOPIIHHO-1HTEr pabHO-AN(epeHIiabHI PEryISITOPH, SIKi MalOTh YHIBEpPCAIBHICT 1 HAAIHHY po-
6oty. OnHaK, BOHM He 3a0e3MeUyI0Th BHCOKOI SIKOCTI PETYIIIOBAHHS 1 YCTYIAlOTh MiKpPOIPOIIECOPHUM CHCTEMaM OITHMAalTb-
HOTO YHpaBJiHHS. B cTaTTi po3risiiaeTsest MUTaHHS YIPABIiHHS TATOBUM €JIEKTPOIIPUBOAOM MOCTIHHOTO CTPYMY €JIEKTpO-
T0i3/1a, sIKe T03BOJISIE MiHIMI3yBaTH €HEPreTHYHI BUTPATH I0i3/1a IPH PyIIaHHi 3 Micud i po3rosi. Ha po3po6neniit marema-
THYHII MOZIeI TSATOBOTO €IEKTPOIPUBO/IA 32 IOMIOMOTOI0 MPHHIMITY MakcuMyMy [loHTpsrina i nyxok Ilyaccona BupinieHa
3aJa4a CHHTE3y ONTHMAIBHUX KepyBaHb ITyCKOBHM pe3ucTopoM. [IpoBeneHi HOCHiKEHHS IPH Pi3HUX PEXUMaX PO3rOHY
€JIEKTPOIIOI3/1a MOKa3aJIM 3a/I0BIIbHY TOUHICTh MOJICTIOBaHHS LIUX nporieciB. OTpuMaHa CTPYKTYpa peryisTopa, sikui 3a0e3-
TIedy€e ONTUMAIBHAI PO3TiH eNeKTPOIoi3aa 3 iCTOTHOIO eKOHOMIEI0 eHepropecypciB. OCKUTBKH i pO3paxyHKH HE € TPyI0-
MICTKHUMH, 1X MOXe 3[iHCHIOBaTH OOPTOBHI OOYMCIIOBANBEHHIN MPUCTPIH, KU Oyae BHIaBaTH peKOMEHAAIii MalIuHICTy

IIOJI0 PEXKUMY PyXy Moi31a.

Kaw4yoBi caoBa: TaroBuit eHeKTpOl’[pI/IBiZ[, NIPUHIWII MAKCUMYMY, HyCKOBHﬁ PpE3UCTOP.

Beryn

EHepro3z0epexeHHsl TATOBUM PYXOMHUM CKIIaJIOM
(TPC) Ykpainu 3aiiMae ocoOmBe Miclie, TOMY 1110 OCHO-
BHAa 4YaCTHMHA BaHTAXXHUX i MacaXXUpPCbKUX IMEPEBE3CHDb
BUKOHY€EThCS 3aJTI3HUYHUM TpaHCHopToM. s mpumick-
KUX MAcaXMPCHKUX MEpPeBe3eHb 13 KOHTAKTHOK Mepe-
xeto 3 kB mocTifHOTO cTpyMy BHKOPHCTOBYIOTHCS €1e-
krporioizan EP2, EP2T i EIUI2T, sxi Oymu BumyineHi
Puspkum BaroHoOyniBHMM 3aBosoM 1 BAT «Jlyrancek-
TerIoBo3» [ 1, 2]. ¥V nux moizgax 3acTocoBaHe peocTaTHE
PETYNIOBaHHS CTPyMY KOJIEKTOPHUX TATOBHX IBUTYHIB
(TH) y pexxumi pymiansst 3 Miciis 1 posrony. [Tyckosi pe-
3MCTOPH BKIIFOUEHI MOCITIJOBHO B JIAHIIOT >KuBIeHHs T J]
i, y Mipy pO3roHy 1013712, KOHTAKTOpPAaMH BUBOJSTHCS 31
cxemu. Ha enekrponoiznax EP2 Ha mouaTky mycky Bci
yotupu T/l MOTOPHMX BaroHiB croyatky 3’€JHaHI 1OC-
JIZIOBHO, a TOTIM BiIOyBa€eThes 1X nepe3’eHaHHs Y [Bi
napasiesbHi rinku — o nsa TJI mocnigoBHo. B enexrpo-
noizmax EP2T i EIJI2T Bci wotupu T/] 3’enuani mocii-
noBHo. [Ticns Buxomy T/I Ha IPUPOJIHY XapaKTEPUCTUKY
(ycKOBI pe3uCTOpH BUBEJCHI 31 CXeMH), iX TMOAajbIe
YIPABIIHHS 3JIHCHIOETBCS MApaJICIbHUM  ITiKITFOYEH-
HSIM JI0 iX 0OMOTOK 30Y/PKEHHSI IIYHTYBaIbHUX PE3UCTO-
PiB (pexuM MOCIa0IICHHS TTOJIs).

3a3HaveHi eJ1eKTPoIoi3an mepedyBaroTh B €KCILTya-
Tallii JOCUThH JOBTUI Yac, EKOHOMisl EHEpropecypciB Ha
HUX MOXe OyTH BUKOHaHA IUIIXOM YAOCKOHAJIEHHS yII-
PaBIiHHA EHEPreTHYHHM YCTATKyBaHHAM 1 ONTHMi3a-
Li€0 YIPaBIIHHS PYXOM 3 BUKOPHUCTAHHSM 3ac00iB 00-
YHCIIOBAJbHOI TexHiku. OCOONMBY yBary 3acilyTOBYeE
ONTHUMI3aLlisl PEeXUMY PYIIAHHS 3 MICUS 1 PO3TOHY, SIK
HaOLIBII eHepro3aTpatHi Ajst 0y ib-sikoro Tuny TPC [3,
4], HacaMmepe, sl MPUMICHKHX TTOI3iB.

Anani3 gitepatypu. EreprozbepexeHHs € akrya-
JTEHOIO TIPOOIIEMOTO, TIPO IO CBiAYaTh BiIIOBIIHI TyOTi-
Karii. SIK BUIHO 3 JIiTepaTypHUX JDKepes, TUTAaHHS ONTH-
ManbHOI ekcroryatanii TPC moxe OyTr po3kiiageHo Ha
JIBA B3a€MO3AJICXKHI 3aBIIAaHHS, SKI B IEPIIOMY HaOIH-
KEHHI MOKHA PO3IJIIJAaTH SK HE3aJeKHi: ONTHMAJIbHE
VIPaBJIiHHA SHEPreTHYHHM YCTATKYBaHHSIM 1 ONTHMa-
JBHE yHpaBiiHHS pyxoM moizga [5, 6]. Jus TPC, mo

TpUBaNuii yac repebyBae B eKCILTyaTallii, 10 [[bOr0 Ba-
PTO JOJAaTH TMHUTAaHHS HEOOXIMHOCTI MOJEpHi3allii cuc-
temu ynpasiiaHs (CY) Ha 0a3i 3aCTOCYBaHHS Cy4acHUX
3ac00iB 00uncIIoBaIbHOI TexHiku. B icayrouiit CY Bu-
KOPUCTOBYIOTBCSl TIEPEBaXKHO ITPOMOPLIlHI, MpPONop-
[iIfHO-IHTeTrpalibHI Ta MPOMOPIiHHO-IHTerpabHO-HDe-
PEHIIIaNIBHI PEryJISATOPH, SKi MalTh YHIBEpPCAIBHICTH i
Ha/1iiiHy poboTy. OTHaK, BOHU HE 3a0e3Mey0Th BUCOKOT
SKOCTI PETYJIIOBaHHS 1 YCTYNalTh MIKPOIPOLECOPHUM
CUCTEMaM ONTUMAJILHOTO YIPaBIiHHSL.

VY wiit cTaTTi PO3rISAAETHCS MUTAHHS YIPABIIHHS
TATOBUM EJIEKTPOIIPUBOAOM IOCTIHHOTO CTPYMY €JIEKT-
POIOI3 B, sIKE TO3BOJISIE MiHIMI3yBaTH €HEPreTHYHI BU-
TPAaTH MOi3/1a P PYIIAHHI 3 MiCIS 1 PO3TOHI.

OcHOBHA YacTHHA

[TporpamHi 3aKOHH YIPaBJiHHS MAlOTh BiJIOMi He-
JIOJTIKH, TOMY PO3TJITHEMO MOXIIMBICTh CHHTE3Y PeryJisi-
TOpa JiIsl yIpaBIiHHs PO3TOHOM enekTpornoizaa. [Ipu cu-
HTE31 ONTUMAIIBHUX PETYJISITOPIB YISl YIIPABIIHHS CKJIa-
JTHUMH HEeJHIHHUMU 00’ €KTaMu JIy>Ke Ba)KIIMBO BUOPATH
MpaBUIIbHY CTpaTerito cuHTe3y. J{Jsi mpuBOAY MOCTii-
HOTO CTPYMY €JIEKTPOIOI3/IiB JOIJILHO BUOpATH CTpate-
riro, 10 Iepeadavac MoLyK peryisropa y 1sa etanu. Ha
HepIIOMY eTali BUKOHYETHCSI CHHTE3 ONTUMAJIBHOTO pe-
TyJIATOpa 32 JOTIOMOTOI0 CIIPOILEHOI MOJENI, a Ha JIpy-
TOMY eTalli — IepeBipKa i yTOYHEHHSI OTPUMAHOTO Pery-
nsTopa abo 3aKOHY YIPaBITIHHS Ha PeaTbHOMY 00’ €KTi,
a00 OLIBII TOBHOI Ta TOYHOI MOJIEINI, 10 MorIa O JaTh
BiJIOBI/b 13 MPUBOY MPAKTUYHOI HIHHOCTI Tiel abo iH-
moi mpomo3utii. CTpyKTypHa cXeMa pPO3TIIAHYTOTO
00’€KkTa yrpaBJIiHHS MMpeCTaBlIeHa Ha puC. 1.

lMH
Ux Mx v
T b= TO2 | TO3 | T4 R, 1 kn
x Y Y k Usn In
Uyml Uylﬂl Uym3 Uym4 z 1
cY
L= |

Puc. 1. CtpykrypHa cxema 00’ ekra ynpaBniHﬁﬂ

Ha puc. 1 npuiiasri sHactynHi no3nadeHus: U, — Ha-
TpyTa KUBJIEHHS KOHTakTHOI Mepexi; THAL, ..., TH4 —
TSITOBI €JIEKTPOIBUTYHH MOCTIHHOTO CTPYMY 3 OCIIJOB-
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HuM 30y0keHHIM; Uynt,...,Uyms — CUTHaNM yripaBiiHHS
LIYHTYBaJIbHUMH PE3UCTOPAaMH 0OOMOTOK 30YIKEHHS TS~
TOBUX JIBUTYHIB; Ry — ImycKoBHii (101aTKOBHIA) pe3UCTOP;
Uyn — CUTHAJ yIpaBIiHHS IIYCKOBUM PE3UCTOpOM; My —
TATOBHI MOMEHT €JIEKTPOIpuBOia; My — MOMEHT HaBaH-
Ta)XeHHs; V — MBUAKICTh €IEKTPOornoi3aa; Iy — CTpyM y
JaHIo31 myckoBoro pesucropa; KII — komicHa napa.

Curnan Uy, ynpasisie BEIMYMHOIO OMOpPY pE3HC-
Topa R;, 0OMexyroun myckoBuil CTpyM ABUTYHIB. [lpn
JOCATHEHHI MIBUIKOCTI enekTporoizga 50-60 km/ron
3poctrae EPC npuryHiB, a onip Ry 3MeHIIyEThCS 10 HYJIS.
I3 mporo MomeHTy mnojaiblie 30iNBIICHHS LIBUIKOCTI
€JIEKTpOIIoi31a 3AIHCHIOETBCS 32 JIOMOMOro (opmy-
BaHH;I CUTHAIB YIpaBiliHHs TPUBOAOM Uyy,. . .,Uyua, IO
SIKUX BUPOOJIIETHCSI UTYHTYBaHHSI OOMOTOK 30YKEHHS
T/1. Ha puc. 2 HaBeneHa cxema 3aMillleHHS €JIeKTPO/IBH-
ryHa MOCTIHHOTO CTPYMY IIOCIiIOBHOTO 30Yy/UKEHHS 3
€JIEMEHTaMH YIPaBIIiHHS.

_)-IuJ Rl"
r——- |
v, £ L Rl L, R

Puc. 2. Cxema 3aMillleHHs! €JIEKTPOABUTYHA
MOCTIHHOTO CTPYyMY 3 eJIeMEHTaMH YIPaBIiHHS

Ha puc. 2 npwuiiHsaTi HacTynHi no3HayeHHs: Uy —
Hafpyra >KUBJIEHHS TsaroBoro nsuryHa; E — EPC nBu-
I'YHa; Iy, Ly, Ry — CTpYM, IHIYKTHBHICTb 1 OHIp SIKIDHOTO
JIQHIIOTA JIBUTYHA; Is, Ls, Ry — cTpy™m, IHIYKTUBHICTH i
ormip 0OMOTKH 30YXKEHHSI; iy, Ry — cTpyM 1 omip JaH-
LI0Ta NIyHTYBAJIBHOTO pe3ucTopa; R, — myckoBuii pesuc-
Top. BHaciifok Toro, 1110 Ha eTari po3roHy eJeKTPOIoi-
31a 70 WIBUAKOCTI MpHOIM3HO 60 KM/TOJ YIpaBiiHHS
€JIEKTPOIIPUBOJIOM BHUKOHYETHCS TIJIbKA LUISIXOM 3MIiHH
onopy Ry, MOXHa CIPOCTUTH CXeMY 3aMilLEHHs, BUKIIIO-
YHUBIIM 3 Hel IIYHTYBaJIbHUHN pe3ucTop Ry, M0 1a€ MOX-
JIUBICTH 3aMIHUTH IHAYKTUBHOCTI Ta OMOPH SIKIPHOTO Jia-
HI[IOTA 1 JIaHIIIoTa 30YIXKEeHHS eKBiBaJeHTHUMH (puc. 3).
Kpim Toro, npu po3po0iti criporieHoi MaTeMaTHIHOT MO-
Jeri 00’ €KTa yIpaBIiHHS ISl PILIEHHsI 3a3HAYEHOT0 3a-
BIAHHS ONITHMAJILHOTO YNIPABIIIHHSA YOTUPH OKPEMHX TSI
TOBUX JIBUTYHU MOXYTh OyTH 3aMiHEHI OJHUM €KBiBaJIe-
HTHUM JABUTYHOM.

U E Le R. Ry

. (O—r vy
/

P
I

Puc. 3. CrporieHa cxema 3aMillleHHsI TATOBOTO JIBUTYHA

Ha puc. 3 npuiinsri Taki mosHavenHs: L, =L, +L,;
R, =R, +R, . 3i cpormenoi exBiBaIeHTHOT CXeMH 3aMi-
menHsa T/] HeckiagHo onepykaté audepeHIianbHe piB-
HSHHS, SIKE OIKCYE 3MIiHY CTPyMY JBUTYHa [6]:
di

L 4 =Usc~E-R =Ry, 1)

ae L. — iHOyKTUBHICTH OOMOTOK IBHUIYHA; i — CTPYM
neuryHa; U, — Hampyra xuenenss; E=C,®d,n — EPC

TH; C. — nocriiiHa BemmunHa; O, = y(l—eﬂ ') — morik
TJI; v, p — MOCTiiiHI BEIMYMHN KPUBOI HAMarHidyBaHHS;
n —ygacrora obepranns T/I; Re — omip oomoTok T/I; Ry —
OITip MMYCKOBOTO PE3UCTOPA.

B pesynbraTi MaTeMaTHYHNX IEPETBOPEHB 1 IPYITy-
BaHHsI IIOCTITHUX BEJIMYMH 3 piBHAHHA (1) omepxumo pi-
BHSIHHA CTpyMy B JaHIo31 T/1:

di

dt
ne U=R,i —ynpaeniaas Uyn (Hanpyra Ha MycKOBOMY
pesucropi); ajg =U,,. /L, ; a1 =—C.y/L. ; 8o =—ay1

va;z=—R, /L, ; agq =-1/L,.
Yacrora obepranns T/] Mmoke OyTH oTpruMaHa 3 Ma-
TEeMaTHYHOI MOJIeT pyxXy moizaa [6]:

ho +a1N+ alzneﬁl + a13i +agyu , (2)

dw
J i M, -M,, (3)
Jie J — MOMEHT iHepIIii; ® — KyToBa MBUAKICTE; My — Mo-
MEHT TArH; M, — MOMEHT HaBaHTa)KEHHSI.

Juis1 3011BIIIEHHS TATOBOTO MOMEHTY BUKOPHCTOBY-
€TBCS PEYKTOP 3 MEPEJATHUM YUCIIOM L, TIPH I[bOMY J0-
CATAETHCS 301IIbIICHHS PE3yJIbTYFOUOI0 MOMEHTY B LL pas,
ajie 3MEHIIYEThCS YacTOTa 00epTaHHs KOJICHUX Tap B W
pa3. BHacniiok TOro, 1110 MOMEHT TATH MOTOPHOTO Ba-
TOHa JIOPiBHIOE CyMi MOMEHTIB TAru Beix TJI i3 ypaxy-
BaHHsIM TEpPEelIaTHOTO YHCiia TATOBOTO pPelyKTopa |, TO
NPUIHSBIIN TOMyHIeHHs, mo Bei T/] inenTryHi Ta Biacy-
THE OOKCYBaHHS KOJIICHUX I1ap, MOMEHT TSITH MOXe OyTH
BU3HAUYCHUH O PiBHSHHIO:

M, =4uM, =4uC, Dyt 4
Je |\ — mepeaTHe YUCIo PeayKTopa; My — MOMEHT TATH

onnoro TJI; Cy — mocTiifHa BETHYHMHA.
MoOMEHT HaBaHTA)KEHHS BU3HAYAETHCS 3 PiBHSIHD:

MH = jWOFsRK! (5)

1 2
Wy =—— Vv +a,vV ), 6
b 1000(<'1‘0+1 +apVe) (6)
V =wR,, @)
Fc:mg! (8)

e j — Koe(imieHT yXUTy NUIsIXy (U1 TOPU30HTAIBHOT i
assakd j =1); Wo — yaineruit omip pyxy; Fs — 3uinna
Bara; R« — pazmiyc MOTOpHOTO KoJjeca; 8o, a1, 82 — HOC-
TiiiH1 BeJIMunHA; V — MIBUAKICTH [10i34a; M —Maca I10i3/a;
0 — IPUCKOPEHHS BLIBHOTO TaAiHHS.

MowmeHT iHepuii J BU3Ha4a€ThCA 3 PIBHAHHS:

J=mR2, 9)

a gacrora obepranHsa T/ 3B’s3aHa 31 MBHIKICTIO PyXy
01312 HACTYITHUM CITiBB1THOIIICHHSM:

n :,uw/(27r).

s Bu3HaueHHs yacToTn 0oeptanHs T/] ckopucra-
emocs piBasHHAME (3 — 10). YV pe3ysbrarti psiay Matema-
THUYHUX TIEPETBOPEHb 1 TPYITyBaHHS MOCTIMHUX BEIMYNH
onepkuMo udepeHIianbHe PiBHAHHS YacTOTH 00ep-
tanas T/

(10)
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% = azo + a21i + azzieﬁi + az3n + az4n2, (11)
i 2
- 4C
27R,1000 27mR?1000
: —jgay3,6 . ~ jga, 273,62
Ay =—a1; 323=W, :W.
1

B pesynbrati ofepKy€eMo cpomieHy MaTeMaTHIHY
MOJIeNIb 00’ €KTa YIIPABIIHHS Y BUTIIAN ccTeMU qudepe-
HIIITBHUX PIBHSHB:

a_ agp +ay N +ane’ +agi+agu
dt

(12)
dn _ : . pi 2

E =dp tapql +agle™ +aszN+ayn- .

JocumimkeHHs, npoBesieH] 3 BUKOpUCTaHHsM (12),
MOKa3aJy BiMOBITHICT MPOIIECIB, 3HATUX 3 MOJEII,
IpoIecaM, 1o MPOTIKAIOTh y peaTbHOMY 00’ €KTi.

[pu po3roHi exeKkTpornoi3aa, BAKOPUCTOBYIOUN MO-
XKIIMBICTh YIPAaBIiHHA ITyCKOBHM PE3UCTOpoM Ry, cTa-
BUTHCSI 3aBJIAHHS 3HAXOJPKEHHS ONTHUMAIIBHUX KEPYBaHb
i3 ypaxyBaHHSIM 3aJlaHOTO KpuTepito sikocti. s pi-
IICHHS 3aBAaHHS IIOIIYKY ONTUMAaJIbHOTO YIpaBIiHHS
BU3HAYMMO MIHIMi3ylouui (yHKIOHAJN, W10 SBISE CO-
0010 JiHIMHY 3Ba)keHYy KOMOIHALil0 KBaJpaTa yIpaB-
JIHHSA 1 Yacy pO3roHy eJIeKTpoIoizia

b
= [ (kg +kou?)dt,
0

(13)

e ty — gac posrony enekrpomnoizaa; Ki, Ko — mocTiiiui ko-
ediuienTn. OgHUM 3 BapiaHTIB pilieHHs chOpPMYIIbOBa-
HOT0 3aBJIaHHS MOKe Oy TH BUKOPHUCTAHHI IPHHIIUITY Ma-
kcumymy Tlortpsiruna [7 — 9]. OcHOBHI CITiBBIAHOIIICHHSI
B LIOMY BHIIAKy MalOTh BUIJISI

dXi oH H

_— =, XO:X, |:O,1,2y 14

R OB (14)
%z_ﬁ, i=0,12, (15)
dt aXi

H =1 fi(w, xp, ) +a fo (g, ) + o (g +kou?), (16)
H (% (t), i (1), u (2)) = max H (xi(0), wi (@), u(2)), (17)

Ie Xo — HoBa (pa3oBa KoopauHaTta cucteMu; H — ramisn-
touian cucremu; i (=0, 1, 2) — comydeni ¢GyHKIii;
f1(X1,%2,U), f2(X1, X2) —ipaBi wacTuam piBHsAHB (12); D —
007acTh MPUIYCTUMUX KepyBaHb. OCKUTBKH TaMilbTo-
HiaH CHCTEMH He 3aJISKUTH SIBHO Bij 9acy, TO

H =const =0. (18)

Sxmo ynpaBniHHS U iepedyBae ycepearHi IpUIryc-
TUMOi 06acTi kepyBanb D, To cripaBemmBo:

oH  of  af (kg + kou?)
ST Yty —
ou ou ou ou
B cuny omHopigHOCTI Taminberoniana H mo i orntu-
MaJibHE YIPaBIIiHHS BU3HAYAETHCS HE 3HAYCHHSIMH Vi, a
TXHIM BIIHOIIEHHSIM 0 OAHI€T 13 HUAX.

=0. (19)

. H
Ockinbkn 2— =0, 70 3 Bupazy (15) BuxoauTh, M0
X0

Yo = const, TOMy MO>KHA IPHAHATA yq = —1.

TakuM unHOM, MaeMo jBa piBusHHs (18), (19), mo
MICTATb Yy, Yo, X, Xp Ta YNpaBliHHA U. Jlns Bukiro-
YEHH! CIOJyYeHUX 3MIHHUX Yy, Yo HEOOXilHEe TpeTe pi-

BHSIHHSI, OJIEpyKaHe 3a JIOMOMOroro ay»xok Ilyaccona [9]:

Hoj- 212D
0% Oy Oyy Oxy Oxp Oy
oH 0D
— = (y(apf xze™ + ayg) +y(ag + (20)
Oyry Oxy

X1 X1
+208" +ay iy M))ayy.
PiusaHs (16), (18), (19) niHiiiHI moao cromyde-
HUX 3MIHHHMX Y 1 W5, TOMY BUKJIIOUMTH iX 13 LUX piB-

HAHBb HE CKJIAIHO iB pe3ynLTaTi OACPIKNUMO BUPA3n BUY:
Aou? + AU+ Ay =0, (21)
ae Ay =ka; Ay =—ki;

2k2 X
A = N [ag0 +au1 %o + 19X +ay3% —
14

—((alzﬁxZ eﬂxl + 013)(6120 +annx + azleeﬂxl +
2
+agaXp +a4X5) | (g +age”t +ay, frie ).

I3 piBHsiHHs (21) pu BimoMux (a3oBUX KOOPIMHA-
Tax X1, X2 MO’KHA BU3HAYHUTH ONITUMAIIbHE YIPABIIHHS 32
YMOBH, 1110 BOHO TIepedyBac ycepeuHi MpUIryCcTuMo1 00-
JacTi kepyBaHb Uy € D :

A A —4Rh
2Ry

B iHImIOMY BHWIIQJIKy KOPUCTYBATHCS PIBHSHHAM
(21) He MOXKHa, TOMY 1110 BOHO OTPUMAHO B IIPHUITYIICHHI,
IO 3 PO3IIIsly BUKIIOYEHI TPaHUYHI 3HAYCHHS YIpaB-
JIHHS, SIKIi MOXYTh OYTH 3HaiiJIeH] 3a JIOMIOMOTOI0 O1JIbII
cxiagaoro Bupasy (17). Ockinbku B po3IIIsIHYTIH 3a1a4i
00J1aCTh MPUITYCTUMHX YIPABIiHb 3aJA€ThCS Y BUTILIAL
inrepBany [0<u<U.y], a 3rizHo 3 3akoHamu (izuku

Ul = — (22)

He MOKe OyTH MUTTEBHX II€pEMUKaHb YIIPABIiHHA 3 HU-
YKHBOT'O TPAHHYHOTO 3HAYCHHS y BEPXHE 1 HABIAKH, TO 32
JIOTIOMOTOI0 CHiBBiTHOIIEHHS (22) MOXEMO OIepiKaTh
BUpa3 JUId BU3HAYECHHS ONTHMAJIBHOTO YIPABIIHHS 3
ypaxyBaHHSM 3aJaHOi 00JIacTi 0OMeKeHb PiBHSHHS:

0, axwo uy <0,

U=1<u, axkuo 0<u <Umpay, (23)

Unmaxs ko g 2 Uppay -

Curaam cTpyMmy i 9acTOoTH oOepTaHHs OBUTYHA (i
Ta N BIOIOBIJHO) OOYHCIIOIOTECS IO PIBHAHHAX (2) Ta
(11). IocriitHi KoedimieHTH OOYNUCITIOIOTHCS BUXOITIH 3
mapamMeTpiB 1 XapaKTepUCTUK IBUTYHA i 00°€KTa yrpas-
nmigHsg. Bmox «R» ¢opmye ympapmiHHS 3TiTHO BH-
pasy (22), a HacCTYynHHI 32 HAM OJIOK OOMEXy€e CHTHAI
yImpaBiiHHs U o Bupasy (23). Marematiune MOmeIio-
BaHHs PO3rOHYy MOi3/a 3rigHo 3 BHpaszamu (22), (23),
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MATBEPANUIIO HOTO Tpane3aTHICTh 1 J03BOJMIO OJep-
KaTu OUTBII eKOHOMIYHI pexxumu. HasBHICTH MaTeMaTu-
YHOT MOJIeJTi JO3BOJIMJIO MPOBECTH YTOUHEHHS CHCTEMH
ynpasiinag enexrponoizais EIIJI2T i ix ycmimme BH-
poOyBaHHS, a TAKOX 37ady B eKcIutyartamnito. Oneprkani
eKCIICpUMCHTATBHI J]aHI MIATBEPIIUIN SKICTh JTOCHi-
JDKEHb Ha MoJienl (1moxuOKa MOJIENIOBAaHHS HE IepeBH-
umia 5%). Ha puc. 4 npuseaenuii rpadik po3roHy mo-
i3ma V() mpu HeomTHManbHOMY ympaBmiHHi (kpuBa 1),
IIpY ONTUMAJILHOMY YIPaBIIiHHI, OTPUMaHOMY B TIpolieci
MOJICNIIOBaHHSI IIpU CXim4acTid 3MiHI pe3ucropa Ry
(kpuBa 3), MpU PO3PAXyHKOBOMY ONTUMAILHOMY yIPaB-
JIiHHI, OTpUMaHOMYy TIpH Oe3MepepBHii 3MiHI ITyCKOBOTO
pesuctopa (kpusa 2).

3Ha4YeHHs BUTpAT EHEprii MpH PO3paxyHKOBIH orl-
TUMalbHIN Tpaekropii —5910,070 kBt-c, mpu HeonTuma-
JILHOMY TIporieci po3rony — 6062,854 kBt-c, ontiMans-
HOMY TIpOIIeCi PO3TOHY €JIeKTPOIOoi3za, ajie MpH CXiaya-
CcTi 3MiHI myckoBoro pesuctopa R, —5997,981 kBr-c.

BucHoBku

Po3po0iieHo MaTeMaTHUHy MOJENb Ul BUPILICHHS
3a7a4i CUHTE3Y ONTHMAaJIbHUX KEepyBaHb IIyCKOBUM pe-
3UCTOPOM Rl pH po3roHi enexTponoizaa 3a J0IOMOrok
npuHnuna Mmakcumyma [lonTpsirina i gysxok [TyaccoHa.

V, km/ron A

43,0
_~

i

344

258

17,2

T A
y /ﬁl
) a

7

0 5 10 15 20 25 30 35 40 45 50 tc

Puc. 4. I'padik V(1) posrony noizna

[i mocimKkeHHs MpH Pi3HUX PeKUMAX PO3TOHY eJle-
KTPOIOi3/1a MOKa3ajHu 3a/l0BiJIbHY TOYHICTH MOJEIIO-
BaHHS IMX MPOIIECIB. 3a JOMOMOTOK PO3po0IeHOT MO-
JieTll CHHTe30BaHa CTPYKTypa peryisTopa, SIKui 3adesme-
Yye ONTHMAaJbHUH PO3TiH ENEKTPONoi3faa 3 ICTOTHOIO
eKOHOMI€l0 eHepropecypciB. OCKIJIbKH NPHBEIEH] po3-
PaxyHKU HE € TPYJOMICTKUMH, BOHU MOXYTb 3JiHCHIO-
BaTHUCS 32 JOMOMOT0I0 OOPTOBHUX OOYKCITIOBAILHUX IPH-
CTpOiB, sKi OyAyTh BUJaBaTH MalIMHICTY HEOOXiaHI pe-
KOMEHJaIIi] 1II0J10 pexXUMy BeJeHHS 1oi3a.
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OPTIMIZATION OF TRACTION DRIVE OPERATING MODES
Valentin Noskov, Volodymyr Skorodielov, Hennadii Heiko, Oksana Lipchanska

Abstract. In the existing traction drive control system, mainly proportional, proportional-integral and proportional-inte-
gral-differential regulators are used, which have universality and reliable operation. However, they do not provide high quality
regulation and are inferior to microprocessor systems of optimal control. The issue of controlling the traction electric drive of an
electric train is considered. It allows minimizing the energy consumption of the train when moving from a place and acceleration.
The problem of starting resistor optimal control synthesis is solved using the Pontryagin maximum principle and Poisson brackets.
For this, the developed mathematical model of the traction electric drive was used. The conducted studies at different acceleration
modes of the electric train showed satisfactory accuracy of modeling of these processes. The structure of the regulator is obtained,
which provides optimal acceleration of the electric train with a significant saving of energy resources. Since these calculations are
not time-consuming, they can be carried out by an on-board computer, which will issue recommendations to the driver about the
mode of train movement.

Keywords: traction electric drive, maximum principle, starting resistor.

48



IHdopmauivH

VJIK 004.422

| TeXHonoril

doi: 10.26906/SUNZ.2022.3.049

I'. JI. Bapanos’, O. C. Komicapenko®, B. I. Kpasuyk?, M. B. Isaniora

! HartionanwHuii TpancnopTHUit yHiBepeuter, Kuis, Ykpaina
2 THcTUTYT 6i0EHEpPreTHYHUX KYIbTYp i ykpoBux Oypskis HAAH, Kui, Ykpaina

MHNPOBJIEMU AT'POTEXHOJIOI'THHOI'O EJIEKTPOHHOI'O KAPTOI'PA®YBAHHS

JIJISI OTPUMAHHS BPOXKAIB POCJITMHHUIITBA

AHoTanisi. B po6oti mociimpkeHo NpHHIMI TOOYI0BH POOOTIB 3 IITYYHHM IHTEJIEKTOM JUISI MOOUIBHOTO ITOTOKOBOTO
BHUKOHAHHS arpOTEXHOJIOTIYHIX TEXHOJIOTIH 3a BCiMa KPUTEPISIMH CyJacCHUX 3HaHb arpOTEXHOJIOTI Ta 6ioJorii MpUpoIHUX
pecypciB, HEOOXiTHUX IS OTPUMaHHSI NPUOYTKOBUX BPOXKaiB MPOIYKIIl POCIMHHUITBA Y 30HAX ITiJBUIICHOIO PH3UKY
BIUTMBIB HE3aJISKHOTO MPUPOIHOTO cepeoBuma. HaBeseHo BUMoru 1o cydacHux (Gopm nudposizamii arpoTeXHOIOT iTHIX
€JIEKTPOHHUX KapT, [0 TOYHO BiT0OOpakaroTh OGaraTopiBHEBI reTeporeHHi (pakTopy NPOrHO3HUX BIUTMBIB 30BHINIHBOTO Ce-
peloBHIa Ta BINOBIIHUX aJeKBaTHUX Mid pobora. dopManizoBaHO ONWCH JaHHWX Ui OOPTOBUX iH(OpMAIiHO-
KepyIOUNX KOMIDIEKCIB Oe3rmocepeTHh0 Ha TOHaX KOHKPETHOTO CUTBCHKOrOCTIOAPCHKOTO TIOJIS 33 IMOYeproBUMH peryiaMeH-
TOBaHMMH TPOLIETypaMH KEPOBaHOTO 3eMiiepoOcTBa. J[oBeseHO eeKTHBHICTE HACKPi3HOI iHTeNeKTyami3alii Bi HoJaTtky
JI0 MEXaHI30BaHOTO i aBTOMAaTH30BaHOI0 300py BpOXkaiB 3 MOCTaYaHHSIM y KOHTEHHepax /10 CHOKHUBAYiB TOBAPHOI IPOJTY-
Kuii. Bu3HaueHo akTyanbHICTh Ta MEPCIIEKTUBHICTD 3aCTOCYBAHHS 3alPOIIOHOBAHUX TIPHHIUITIB HAKOTTMYESHHS MPAKTHIHIX
3HaHb Yy BUIVISAI TEMAaTUYHHX aTJIAciB 3 anpoOOBaHUMH PEeaTbHUMU [I(POBUMH KapTaMH KOHKPETHHX ITONIB. 3arporoHo-
BaHO 3rPYyNOBYBAaTH JIaHi, 0 Bi0OOPaXKalOTh MOHATTSI CHHEPreTUYHUX Ta CUMOIO3HUX BIIACTHBOCTEH, a TAKOX (haKTUUHY
POIOYICTh IPYHTY y HECTALlIOHAPHUX 00JIACTSIX PU3MKOBAHOTO 3eMiIepoOCcTBa OioIeH03y y Oiochepi.

KawuoBi cioBa: pobactuii pobOT, ITYy4HHUIT iHTENEKT, MpoOIeMHi 3HaHHS, IU(POBI KapTH, MPUOYTKOBI BpOXKai.

Beryn

banancyBaHHsT MK BHUMOTamy CYCIIUIbCTBA, IS
3aJI0BOJICHHS ITOTPEd PEealbHOTO CIOXKHBAHHS ITPOJIYK-
TIB Xap4yBaHHS, B yMOBaxX MDKHApOJHUX INPOOIEMHU
0e3leKu JKUTTS 3pPOCTAl0odOr0 HACeNeHHsS LUIIXOM Ta
HasBHUMH MOXJIMBOCTAMU TEXHOJIOTIH KEpPOBAaHOTO
3emiiepoOCcTBa MOTpedye JOCTOBIpHUX (DAKTIB iCHYBaH-
Hsl NpUOYTKOBHX BpokaiB. Bucoka ToYHICTH came y
3alUTaHOBAaHUN TEPMiH Yacy MoTpibHa y obmacTsax 3a-
rpo3 PU3MKOBAaHHUX HECTAI[IOHAPHUX BIUIMBIB pi3HOMa-
HITTS (HaKTOPIB HE3aJIEKHOTO MPUPOJAHOTO CEPEAOBHIIA.

VYkpaiHa, NPOroJOCHBIIM MiATPUMAHHS KypCy
OOH Ha po3B’s3aHHA MPOOJIEMH KEPOBAHOTO 3eMJle-
pob6cTBa, 3000B’s13a51aCh 3pOOUTH TIPHCKOpeHi pedopMu
uudposizaiii iHpopMaIliifiHO-TeNIeKOMYHIKallIHHUX TeX-
nonoriid (LIITT), mo rocTpo MOTPiOHI Pi3HUM TaTy3sIM
JMOACHKOI AISTIBHOCTI y cdepax 3a BU3HaueHHs MU B.I
BepHazicbkoro cmiibHOi HOoCchepH.

IMocTranoBka 3agauvi. B cygacHux ymoBax 3arpo3
MpPOJOBONBYOI  Oe3nmekd  OmuQpoBaHI  TEXHIKO-
texHomoriuni pimenust (TTP) moBuHHI MIs psmgy aep-
JKaB CBITY TapaHTYBaTH MMOTPiOHI 00csATH BpOXKaiB MPO-
nykuii pocnuHHUNTBA. Tpeba meperBoput y nuposi
300pakeHHs aJTOPUTMIB PO3B’SI3aHHS aKTYaIbHUX IPO-
OyeM 3TigHO 3HaHb MPOBIIHWX BUCHHX, aTPOHOMIB, Me-
HEDKEpiB Ta iHkeHepiB. Bimomi HasBHI TeXHOJOTI 3a
Ha3BOIO To4HE (KepoBaHe) 3emiepoOcTBO [1-3] mumre
YaCTKOBO CHPHUSIOTH BIIPOBAPKEHHIO 3ac00iB CHCTEM
HaBiramii Ta ynpaenias pyxoMm (CHYP) mms mrygsmx
THTENIEKTyTbHAX CUCTEM 3 POTHO30BAHMMH Pe3yJIbTa-
TaMH OTPUMAaHHS BPOKaiB.

Hoga emoxa Bumarae MoOiTBHUX poOOTIB 31 MITY4-
auMm intenexrom (AIR-Artifical Intelligence Robot).

l'onoBHa BiaMiHHICTE iHHOBaIiiHUX AIR Bix pexaamo-
BaHUX PYXOMHX arperatiB CHCTEM TOYHOTO (KepOBaHO-
ro) [4, 10] semmepobcTBa  mojsATae y oprasizariii
KOMIT FOTEpHOI Mam’sTi Jisi MakCHMi3allil 3HaHb, IO
BXKe arpoOoBaHO, BUPOOYBaHO Ta peKoMeH10BaHo [11]
y BUDJISAJI CTaHJAPTHUX peryiaMeHTIB. ['0JioBHUM mpio-
PUTETHUM HAIPSIMKOM pPalliOHAIBHOTO PO3IMOALTY Hdi€-
BUX (YHKIIH BUPOILIyBaHHs BpoxaiB € yyacth AIR.

Came BiACYTHICTh HU(POBUX OMKUCIB BXKE HAKOIH-
YEeHHUX 3HAaHb HE JI03BOJISIE HAIBHUM TEXHIYHHM arpera-
TaM 4iTKO, TOYHO €(EKTHBHO, SIKICHO Ta MOBHOLIHHO
BUKOHYBATH JIMIIE IHTETpaliiiHi (yHKIIi eHepreTH4HOl
Ta CMMOIO3HOI MIATPUMKH PO3BUTKY POCIUH 32 YMOB
HEMepepBHOTO T€TePOreHHOro i PI3HOMaHITHOTO BILIH-
By He3aJiexxHoro npupoaHoro cepenoputia (HIIC) rrimi-
cuol Hoocdepu turanetr [10]. 3a 3a3HAUCHUX MPUUHH
HasABHUH MMOTEHIIAJI MEXAHI30BAaHOI Ta aBTOMATU30BaHOI
CIIPOMOKHOCTI BUKOHABUMX OpTaHiB AJs 3eMiepoOcTBa
HE B MIOBHIN Mipi migBHIIy€e 0OCsTH BpoxaiB. B Toif ke
Yyac peajbHO W (PaKTHYHO BUTPAYAIOTHCS 3HAYHI KOIITH
Ha pecypeu aepykasu (IIMM, HaciuHs, 106pHBa, TOIIO).

Takum gmHOM MaiOyTHI iHHOBamiHI AIR moBHH-
Hi MaTH 3HAHHS, IO 3JaTHI TAPAHTOBAHO 3a0€3MEUUTH
(dyuakmionyBaHHs cKinagHoi quHamiyHoi cuctemu (CHC)
MpUOYTKOBOCTI Ta KOPHCHOCTI 3i0paHMX (IUIaHOBHX)
BpokaiB [10], 32 yMOB peTenbHOTO BpaxyBaHHS (GaKTH-
YHUX BUTPAT IiJ Yac JOKAIBHOTO MOTOYHOTO PU3HKY i
HeBU3Ha4eHOCTI axTopiB BrumBy HIIC.

CroinpHi MOACHKI (KaapoBi, TpaBoOBi, (iHAHCOBI,
arporexrostoriuni [5]) 3HaHHsS Ta aKTHBI30BaHi CIIPoO-
MoxkHocTi AIR 3a momomororo IITT € BaxsuBUM st
BHpIIIEHHS PpobieM eeKTUBHOTO PO3NOALTY (DYHKITIH
3 MiHIMAITi3aIli€l0 BUTPAT 3araciB i pecypciB 3a MOBHUI
JKHTTEBHHA LUK CE30HHOTO BHPOIIYBaHHS WLIOPIYHO
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TOBapHOI MPOIYKIii KepoBaHOTO 3eMiepodcTBa [10-16].
[ToBHOMacIITaOHa MOTOKOBA B3a€EMOJIisS HA MPHHIMIIAX
nBoicHocTi B3aemoBimHomens HMI (human mashine
interconnection) ta API (Aplication Programming
Interface) Takox moTpiOHa 11 OIHOYACHOI Mapasellb-
Hoi po6otu Bcix [TEBO. Tonai BinOyBaeTbcs iHTErpartis,
TOMY, IIO BiJIOMO KOMY Pa3oM aJie pO3IOIiIEHO y poc-
TOpI JIEpKaBU OJTHOYACHO i Maike CHHXPOHHO (CIy»x)0a
€JMHOTO Yacy 3 METPOJIOTIYHOIO TOYHICTIO), Jie, KOJIH,
SIK TIPAIFOBATH 3 3acTocyBaHHAM [8, 9] crisibHOTO pecy-
pcy Internet.

AHani3 jgireparypu. V cydacHux [1-16] iHO3eMm-
HUX 1 BITYM3HSHUX JPYKOBaHMX Marepiajax Ha JaHUH
Yac BiJcyTHI MOHOTpadii, SHIIMKIIONE Iii Ta KaTaJloT! Je
y3arajlbHEHO Ta CHUCTEMAaTHU30BAaHO OMKC HOPMAaTHBHOL
nisutbHOCTI. He ¢opmarnizoBano GararorpanHe Qopmy-
BaHHS Ta 3aCTOCYBAaHHsI arpOTEXHOJIOTIYHUX CIEKTPOH-
HUX KapT, 1[0 rapaHTyIoTh 3a Jonomoror AIR otpumy-
BaTH OYiKyBaHi 0OCSTH BpOKaiB pOCIMHHHUITBA. ToMy
JIOTIYHOI0 POOOTOI0 € TOCIiZOBHE BU3HAYECHHS TEPMi-
HIB, MIOHATH Ta NPUHLMIIB IU(poBizamii. biroa iH(o-
pMariist y IBIMKOBIH CHCTEMIi YHCIICHHS Ha MPEIHKATHAB-
HOMY pIBHI CHPOMOXHI JIOBECTH ICTHHHICTh MOYEpPro-
Bux niii AIR mix yac BUKOHaBUOi poOOTH Ha pealbHOMY
NoJi y MOTOYHHMX yMoBax nposiBy ¢axropiB HIIC 3a
HaraJIbHUX MOTPe0 CYCHIILCTBA ISl PETJIAaMEHTOBAHOTO
OTpPHMaHHS MPHUOYTKOBOTO BPOXKAIO.

OcHOBH cuTyaliifHOi 0013HAHOCTI CTOCOBHO edek-
THBHOTO arpOTEXHOJIOTIYHOTO KEPOBAHOTO 3eMJICPOOCT-
Ba HA 3arajbHUX IPHUHLUIIAX CHCTEMHOIO OajaHCyBaH-
HSl Yy MeXax CKiaJieHnX nuHamiunux cucreM ta [IEBO
[10-11] cknmamaroTh IPUPOIHI MPOLECH CAMOBITHOBIICH-
HSl pECypCiB JKMBYYOCTI Ta CTIMKOCTI MpH 30BHILIHIX
reTeporeHHuX 30ypeHHsK. TouHi 3HaHHS (aKTOpiB
HIIC 3a0e3neuytoTh CHHTE3 TapaHTOBAHOTO a/IAlITUBHO-
ro ympasiiasas [10], ToMmy, 1o iX AMHAMIKa HE € 3apas,
TYT y HasfBHUX OOCTaBHHAX 3a CHEPTeTUYHHMMHM I1OKa3-
HUKaMU PYHHIBHHX, (OpC-MaKOPHHUX, KaTacTpOpiuHUX
[7] mposiBoM KpUTHYHHX CHIL.

3BuuaiiHo Taki 3arposnmBi siBumia HIIC (morormw,
3ITUBH, 3eMJIETPYCH, 3aMOPO3KH, OypeBil, a TaKoX XiMi-
YHi, O10JIOTIYHI Ta COIllialibHI Herapasu) Bi0yBatoThC,
ajie yacrine Taki noaii 0OMeXeHi JIOKaJIbHUMU 30HaMK
3a SIKUMH BCTaHOBJICHO Ta € ONOBIIICHHS HA BHIIAJKH 1X
HaOJKEeHHSI Ta MPosiBY Olojerpaiaiiii.

[IposiB MeHm pyiHiBHUX (akTopiB BBy HIIC
TaKOXX 3a3Jaleriib IPOHOPMOBAHO. ToMmy po3poOs-
IOTBCSL 3aCO0M TPOTHO3YBAaHHS MOXIIMBOCTEH BTpaT
BpOJKAaiB y TAaKUX BUIAAKAX: 3 TOYHHM MICIEM i 4acoM
O3HAYEHMX i moroad Ta HeOakaHWMX TEHICHINN,
BIUTHBH sKi ciix kopuryBatu AIR; pecypcHmx BuTpaT
JUIsL BITHOBJIGHHS BJIACTUBOCTEH IPHPOIHOTO CaMOEBO-
JOMIAHOTO PO3BUTKY €KOarpapHOro cuMO0io3y y Mexax
iHTETpOBaHOTO OiOMY.

dyHIaMeHTANbHe 3HAaYeHHS! MaTeMaTHYHUX MOJIe-
JIel eBONIOMIHHOTO, CHHEPTETHYHOTO Ta CHMOIO3HOTO
(omHOYAaCHO 3 OTOYYIOUMM HABKOJWIIHIM CEpeIOBH-
[IeM) PO3BUTKOM POCIMHH 32 ITOYEPrOBHMH IPOTHO30-
BaHUMU CTAHAMH, SKI MOXKJIMBO 3MIHIOBATH BiJIIOBIIHO
CHHTE30BaHUX 3a MOTpe® arpoBHpoOHHITBA 3ac00iB
rapanToBaHo-aganTuBHoro ynpasniHas ([AY), Biami-
4yaB BUAATHUN akaaeMik Ykpainu JI.B. [loropimuii. Ame

JUIS CIUTBHOT 0araToriaHoBOi POOOTH B JaHOMY Ha-
MPSAMKY TIOTPiOHI 3HaYHI MI>KHAPOAH1 3yCHILIS.

3apa3 Ha 3acajax HayKOBO-TEXHOJIOTIYHHX JOCIIi-
JUKCHBb i aBTOHOMHOCTI HAKOITMYYIOThCS 3HAHHS:

e TeopeTUYHO-CTPATETiYHOrO CIPSMYBaHHS Ha
bioctepy 3 OioTormiB Ta 0ioMiB;

e TakTUYHOrO 3a BHJIAMH KOHKPETHHX OiOIeHO-
3iB POCIIMHHKX KyJbTYpP Ta 30H iX BUPOIIYBaHHS;

e OrmepaTHBHOTO W MPAKTHYHOTO OIUCY JIOCBITY
GioimkeHepii kepyBaHHs 0ioMacoro 3a Ol10THITAMH.

BioimkeHepis BKe peanbHO BH3HA4Ya€E Aii Ta Ipo-
I[ECH: XTO, JIe, KOJIH, HaBIIlll0; BUMIPIOE, (hikcye, 0OpoO-
Jsi€, omHCye, ineHTH(]IKye mapaMeTpyu 3a MOJEIHLHUMHU
CTpyKTypamu. ParioHanbHI OITOBI ONMMCH BH3HAYAIOThH
EBOJIIOI[IfHI MEPEeX0 M Ta MOXKJIMBI HAIPSIMH PO3Taiy-
JKeHHS 32 peaJlbHUMH 3MiHaMHU W BapiallisMu HaBKOJIO
Ta Pa3oM 3 POCIMHOIO JI0 CTaJil mepeTBOpeHHs y Giope-
CypC XapyoBOi YM CIOXHBYOi MpPOMHUCIOBOCTI. Came
3apa3 y O3HaYeHHMX MHOXXHHHUX Ipoleaypax yBara
npuainsgerscs g0 HITT Ta BiaNOBIIHUX METOMIB MaTe-
MaTHYHOTO MOJIeNIIOBaHHs. [IepcrieKTHBHI MPOEKTH BiKe
MoYyajH JIOCHI/DKEHHSI y 130JbOBaHUX 3aKpPUTHX, 3a-
MKHEHHX yMOBax IITYYHHX OPHMIIICHb, HAMPUKIAL,
imMiTyroun mepeGyBaHHs JTFOMHK Ha miaHeTti Mapc [8].

Hesupiweni numanns 3alUIIAIOTECA Y CYYaCHHX
PHHKOBHMX yMOBax Jerpajaiii OlopisHOMaHITTs Oiore-
HO3y, MI00aIbHOT KOHKYPEHIIIT 32 TPUPOJHUMH pecyp-
camu wiaHetd 3emis. Hesanexue HIIC mnanetu Buma-
rae IpUCKOPEeHHs 31 CTBOpeHHsM AIR Ha MaTeMaTHYHHX
MOJIeIISIX 3 BIIACTUBOCTAMH Bkazanumu JI.B. TToropimim
Ha camomy mouatky epu PFS (Prosiging Farmer
Systems) [1-3,10]. Bigoma cuctema BifHOIIEHD BijbHA,
HE 3aMKHEeHa Jyisi 0e3nocepeHbol Ipalli Ha BIAKPUTOMY
peanbHOMY IPYHTI Ta HasABHUX CHJIOBHX MOXKJIHUBOCTSIX.
[Mogonanust HeBupilleHUX MpobieM OioiHkeHepil Ta
UQpoBizalil KOTHITUBHUX KapT TOCTPO MOTPiOHE s
AIR.

Merta pobotu: BusHaunuTH NPUHLIUIHN MOOYIOBH
arpoTeXHIYHUX ENEeKTPOHHUX KapT LI0 3a JOIOMOTOI0
pobactux pobotie kiacy AIR 3pmatHi rapantyBaTH
OTPUMaHHA BpOXaiB 3a (aKTHYHUMH IOKa3HHUKAMH
CTaHy POJIOYOCTI YW Jerpajaiii rpyHTy IJIsl AAHOI Ii-
JHOBOT O10I[EHO3HOT KYJIBTYPH W HasiBHUX 3aC00IB Kepo-
BaHOTO 3eMJIepo0CTBa BIAKPUTOTO Uil PU3MKIB U MPO-
By (paKTOPIB peabHOTO CepeIOBUIIIA.

Bukian ocHOBHOro marepiajy

Ertan 6GitoBoi mmdposizamii omepaTuBHOTO Ipak-
TUYHOTO JIOCBi/Ty CIIPSIMOBAHO HAa CHCTEMHI 3HAHHS CTO-
COBHO KOHKPETHOI POCIIMHHU Ta PeajbHOrO OIS Ha IOB-
HUH KUTTEBUH MK BUPOIIYBAHHS IIJILOBOTO BPOXKAIO.
[lepBuHHI 3HaHHS Tepea0adalOTh CTAHAAPTH30BaHI IO-
4yepro.i 3BiTH cTocoBHO cTaHiB eBomtorii y CJC 3 cuc-
TEMHHMH CKIIAIOBUMH <TPYHT>, <pOCJIMHa>, <CEpeH0-
Bumie>. CrinbHUME 1718 ycix kommnoHeHTiB C/IC € daiin
gacoBux psaniB (Clock). Y mpomy aiimi ¢ikcyroTscs
OJTHOYACHI CTaHW IO JEKOMIIO30BaHMM KOMITOHEHTaM
CAC 3 ¢ikcamiero KaleHAapHUX IaT, 4acy BHMIpIB,
YMOB y TIOTOYHOMY CEpeAOBHII Ta IIOJ, a TAKOX CTO-
COBHO CTaHy POCJIMHH.

Kapta nons 3a moTped pocianHu Ta arpoTeXHOIOTIi
ii BUpoIyBaHHS O3Ha4a€e NU(POBI3OBAaHNH CHMBOJIBHUH
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OIMUC KOHKPETHUX MPOCTOPOBO-YACOBUX MAPHUX, ABOIC-
HUX TIOHATH. B3aeMOBifHONIEHHS Yepe3 3MiHHI IOKa3-
HUKH Y MEXaxX BHMIPHOTO 3 3a3HAUYCHOI0 TOYHICTIO Ta
PO3MIPHICTIO KOHKPETHOTO TIOKa3HUKA XapaKTePH3YIOTh
HOT0 peasibHi Ha3BH, CYTHOCTI, OCOOIUBOCTI, CIICITU(IKH
[10]. Hanpuknan 3a npuiiHATOIO KBamidikaiiew: Si —
IHJMKATOP — BU3HAYAJIBHUK Y MHOXHUHI | = i,n moai0Hnx
i eneMeHTIB; Pij— xapakTepucTHKa | MiAMHOXHHHY | BiIa-
cTuBocTel j = |,M 3a TUIOBKMM 3B’SI3KOM ij iCHYBaHHS y
KHUTTEBOMY IIMKJI; Rijk XapakTeprcTHKa AONIJIBHUX BiJl-
HOCHH MiX | Ta J 3a cienudiuaumu K = i1, (cunepretu-
YHUMHU, CHUMOIO3HMMH, OiOT€HHOKOPHUCHHUMH) 30iramu
00CTaBHH y KOHKPETHOMY MPOCTOPOBO-YaCOBOMY KOH-
tunyymi (ITHK) [9, 10].

JUiisl OAANBIIOr0 PO3YMIHHSI CTPYKTYP MPUHIHITY
SPR omucy 3 metansaumu ijK ingexkcamu COC po3sris-
HEMO MOHATTS Sy <XIMIYHHUI CKJIaj POIIOYOro IPYHTY>.
Hexaii y moTpiOHOMY arpoHOMY OITHCI Sy 03Ha4Yae aToM
X; 3a HOMepoM y XiMiuHii Tabnuui eneMeHTIB. 3apas
MaeMo obmeskeHHs 10 Ba*® 3a 03HaKoK yMOBHOTO mep-
HIOTO PaJli0aKTHBHOTO €eMEHTa i Tak 3BaHHX pijKo3e-
MENIBHUX EJIEMEHTIB, M0 HAJICKATh PsIaM JaHTAHOIIH
Ta aKTUHOIAM. 3BEPTaEMO yBary, 10 OMKC 3pa3y CTae
BIBIYl MCHIIUM HiX 3HaHHS MMEBHOI MEPIOAUYHOI CHC-
TeMu xiMiduux enemeHTiB [12]. Koxen cumBon erxeme-
HTa X Mae€: IHAMBIAyaJbHUH 3HAK; BEpXHIM IHIEKC
03Hayae aTOMHUN HOMEp, Jajl € JIHTBICTUYHA HA3Ba 3a
CTaHaapTaM MOBHUX TIyMadCHb, HAIlIpUKIIAd 08- KU-
CeHb; 3a MOTPeO MOTIMOICHHSI MOXJIIMBO 3HATH aTOMHY
Macy YHCEIbHO Ta CTPYKTYPOBaHHUH ONHUC €JIEKTPOHIB
Ha ICHYIOUMX HIAPIBHSX; TAKOX PO3IMO/LT EJIEKTPOHIB
[0 KOXXHOMY KaTeropiiHomy piBHIO. JlaHMi OpUHIUM
3abe3nevyye MOMIIMBICTH TOYHO (DIKCYBaTH KOHKPETHI
TUIIOBI ICHYIOYI MOJICKYJIU CIOJIYK 33, HAIPUKIIA, OIH-
com Qopmyi: Ho0 — BojieHb Ta KHCEHb YTBOPIOIOTH MO-
nexyiy Boau; SiOz — MoJieKysIH MoJboBOro micky; F203
— okcuJ 3aii3a. Bci opraHiuHi CHONYKH XapakTepHusy-
10Th OUTBIIUIA 00CAT pi3HOMaHITTs y Oiochepax. bioma-
ca TYMYCY XapaKTepU3YEThCS BiIOBITHHUMH CTPYKTY-
PH30BaHMMH OIIMCAMU JOBTHX MOJEKYJN, HallpUKIa:
OiomoniMepy, €H3UMYy, OLIKH, >KUPH, BYIJICBOJAHI Ta
MPOAYKTU JKUTTENISUTBHOCTI OIOT€HO3Y y pOJIOUOMY
I'PYHTI KOHKPETHOT'O TMOJISL.

Ha momiOHUX CHCTEMHUX NpPHHLUIAX MOTPiOHA
0013HaHICTh focsTaeThes y (aiinax noustrs S’F <¢izu-
YHUHA CTaH KOPEHEBMICHOTO 00’€My IPYHTY> Ha KOHK-
peTHOMY IIOJIi 3 KOOpAWHATaMHU y reorpadidHiil cuctemi
KOOPAWHAT Ta BiANOBIIHAMH KapTaMH i MO3HAYEHHIMH
Hepyxomux 06’exTis [10, 11].

3BUYAifHO 3HAYHA OUTBIIICTE HEPYXOMUX 00’ €KTIB
HE IIKaBUTh KOHKPETHY pociuHy. [IpoTte peanprmii ¢i-
3UYHUHA Ta XIMIYHUH BIUIMB Bif HUX Tpeba 3HATH Yy BU-
TS TIOTOKIB: 3a0pyIHEHHS, 3aIIICHHS, OTPYT, TEII0-
BOTO UM €JEKTPOMATHITHOTO ypakeHHs. DinyHa KBa-
miikamis BU3HAYaE KaTeropii 5 cTaHIiB: TBepHe Tijo;
piovHa; ra3y; ma3Ma; BUIpOMiHIOBaHHS. Jlwime 4 Tumm
B3a€MOJIif BH3HAYAIOTH IS B3a€EMOBIIHOMICHD (Pi3WKH
SIBUIIL: TPaBiTaIlifHE Y MOJSIX 3 MacaMH;, €JIeKTPOMarHi-
THE MDX 3apsAgaMH 3 MOJANBIIMMUA MEXaHIYHAMH IIPO-
SIBAMH Yy TIPOCTOPI; CHJIbHE MK aJpOHAMH eJIeMEHTap-
HUMH YacTKamu; clabke 3 KBaHTOBUMH IPOSIBAMH Yy
npoctopi. NS mpakTUYHHUX 3a7a4 BHPOILIYBaHHS BPO-

KaiB y 30HaX PHU3HKOBAHOTO 3eMJIEPOOCTBA ITOCHUTH
OTHCIB MIEPIIHX JTBOX THUIIIB.

Sk marepiain, mo 1aeopMy€eThCsl, 3MIHIOETBCS Tij
JI€I0 CHUIIO-MOMCHTHUX HaBaHTAXEHb, KOXKEH O3Ha4e-
HUH MIKpOEJIEMEHT (Bi3UIHOTO 00’ €My XapaKTepU3YIOTh
TUIIOBHMH BiJIOMHMMH T'€OMETPHUYHHMH (irypamu: cde-
pa, TOp, OaraTOrpaHHHK YW O0araTOKyTHUK, ITWIIHJP,
eNIICcoiN, KOHyC, Mpu3Ma, mipaMinga, Kyo terpaeap. [e-
OMCTPHYHI PO3Mipu pedep Mik By3JIaMHU IO3HAYAIOTh
JIOBXXHMHOIO Y BifmoBinuii Mipi. Kytn Ha momax nose-
PXOHb YH CTEPEOMETPHYHI KYTH BHUMIPIOIOTh Y Ipamy-
cax uu ekBiBajeHTax 180° = 2w, © = 90° 3 BiAMOBIAHUM
nojiieHHssM Ha 60 un 360 yacTok 3a MoTped TOYHOCTI
KyTOBOT MipH.

Mertpoutoriudi Mipu y pi3HHUX MaciiTadax B3aemMo-
BiJTHOIIICHB MOTPIOHI JJIS: OLIHIOBAHHS THIIB Aedopma-
il y 00’eMax peajbHOTO IPYHTY; BU3HAYCHHS PO3ITOIi-
JiB HANPY)XeHb T4 HABAHTAXKCHD;, OLIIHIOBAHHS MPOCTO-
POBOI KPHBU3HH 3a PaxyHOK 3CYBY, Kpy4eHHs, 3THHY,
KOJIMBaHb I1iJ] 4ac B3aeMoii 30BHiHIX (akropi HIIC
Ta BHYTPINIHIX ()aKTiB CKJIaJOBUX KOMIIOHEHT IPYHTY y
CHIUJIBHOMY KOHTaKTi B3aeMoBinHomenb y [TUK 3 o3Ha-
yeHumE koopanHaTamu it CHYP AIR [13-15].

Cran OioreHe3y, OIOpHTMIB pOIrOYOCTI OiomMacH
IPYHTY TOJS 3aJIeKHUTh BiJl PEealbHUX IMPOCTOPOBO-Ya-
COBHX B3a€MOJIH 3a KUTTEBMHM LUKJI €BOJIOLIAHOIO Oi-
HOMY IPYHTY. ATpPOHOMY NOTpPiOHO 3HATH 1IN0 paHille
BiI0yBaJIoCh, Bi/IOyBaeThes 3apa3 y Hachinok fid AIR uu
Oyne 3a mporHo3amu BinOyBaTucs. DikcoBaHi MOHSATTS
JIMHAMIYHUX TIEPETBOPEHb Ta PYXH JIO3BOJISIIOTH OLIIHIOBA-
TH peajibHi il CHJIOBUX, TPaBITAI[IHHNX, TEIJIOBUX, ONTH-
YHHX, IPOMEHEBHX, CIIEKTPOMAarHiTHUX, TOOTO IreTeporeH-
HUX SIBUILL. Y3araibHeHi (a3oBi Mepexoy 3aBepiIyrOThCs
3MIHaMH MOMEPEIHBOI PIBHOBATH HA HOBHH CTaH.

[MommmpeHi 3MiHK arperaTHOro CTaHy I'PYHTY Haii-
Ol XapakTepHi Ui BOAW M PO3UMHIB B 3aJIEKHOCTI
BiJ TemriepaTyp. Tak, B3MMKY (CHIr, JIiZ) IPY YMOBHOMY
HyJi rpanyciB Llenbcito 3HaHHS KPUTHYHUX Ta BiJIIOBI-
JHUX TOYOK IUIaBJIEHHs (CyMillei) W BHUIApOBYBaHHS
000B’513k0BI. [Ipy MiABUINEHHAX TEMIIEPATYp UM IX CyT-
TEBUX KOJIMBAHHSX BJIITKY 3aKOHOMIPHO BiI0OYBarOTHCS
IHII KOJNMBAlbHI Ta XBUJIBOBI (i3uuHi i Oionoriuxi
npouecu. bioron HIIC BinmBae Ha GioleHO3 3 KUTTE-
BUMH OpraHi3MaMH y MeXax KOPEHEBMICHOTO Iapy
IpyHTy. BaxnBo 3HaTH iHIN OIOPUTMH Ha MOBEPXHIX
penbedHOTO TPYHTY Ta y HOBITpi, € POSTHCS MOIIKH,
KOMapi, MikpoopraHizmu, nraxu Ttoumio. biocdepa me-
rpagye TOMY IO BinOyBaeThCS €KOJOTiUHE 3a0pyIaHEH-
HS IPOMHCIIOBUMH BHKUIaMH B atMocdepy [3, 4].

Came maHmii Iy’Ke CTHCIHN HEMIOBHHUI OIKC Xapak-
Tepu3amii B3a€MOBIJHOIICHb [O3BOJISIE CTBEPIDKYBATH,
II0 TOCTPO CTOSITh MUTAHHS MaTEeMAaTHYHOTO, METPHYHO-
T0, HayKOBOTO IH(POBOTO (KOJOBAHOTO) OIMKCY MPOCTO-
TO TIOHATTS SIKMK € (KOTHITHBHA KapTa KOHKPETHOTO II0-
7st) st 3actocyBanns i y mam’siti AIR. Tomosaa COC
«KorHutrBHa KapTa», Taka IO BU3HAYa€ MAKCHMAIBHO
e(heKTHBHI arpOTEeXHOJOTIYHI omepamnii Ha TPYyHTI MO,
TOMY IO 32 BUTPATH PECypCiB KOPUCTyBad IPOIYKTIB
POCITMHHHIITBA TIOCTIHHO CIUIaYy€e PUHKOBY ITiHY.

Brpata pamionansHoi TouHOCTI onucy «KorHiTuB-
HOI KapTm» st AIR HeMoknMBa, iHaKIe MOXKIIMBI He-
e(heKkTHUBHI, HECBOEYACHI TPOIIECH Jerpanarii O6ioreHo-
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3y. AKTHBIi3allisl pyHHIBHUX NPHPOIHUX il 3 MPUYMH
BiJICYTHOCTI ITOBHOTO KOHTPOJIIO TOXHOOK (HasBHOCTI
perIaMeHTOBaHOI Ta BijIoOpakeHOi y KapTi 103BOJICHOT
HEBU3HAYEHOCTI MOXE MPU3BECTH i 10 OaHKPYTCTBA.
Po3risiHeMO TOKHM Iie OfHE TOHATTS «IIUIBHICTH
IPYHTY» SIK NOKa3HUK HacTynHux 1 AIR na nomi. ®i-
3WYHE BH3HAYEHHS IIUTBHOCTI MOXHA ONKCATH 3aJIexkK-
HICTIO:
m

. Am am
p== llmE = [ke/m®], Q)

ne m= [ pdV = [ p(x,y,z)dxdydz — maca peuo-
BUHM Ta ii METPUYHHI 00’ €M POAIOYOT YAaCTKH.

3a nuM BHpa3oM MOXIIMBO OTpUMATH IPOOHI BH-
MipH Y OKpeMHX (PiKCOBAHHX PEMEPHUX TOUKAX OIS 3
peajybHO 3HAYHUMH TPHBATUMH TOHAMH.

JloninpHiCTh TPOOK OOTPYHTOBYE OIUC MAaTH SIKICh
€TANOHHI 3HAYCHHSI O 3 METOIO MOJATbIINX aKTyalbHUX
HOPIBHAHB p — Ap<p + Ap, e auie Big4yTTd MOIYIA
Mipu |Ap| HOXHMOKHM MU 3HAHHI €TATOHHOI Po MILTBHOCTI
JIO3BOJISIE JIUTIIE MiATBEPIUTH CTAH UM € YIIUIbHSHHS], YU
€ 3MEHINICHHS IUTBHOCTI Y 1HIIIH TOYIl MPOCTOPY.

bioinxenepist 6Gioput™MiB st notpibaux aiit BIKK
y OioIeH031 KOHKPETHOTO Tous BiacyTHs [1-5, 12-16],
ane 0e3 1UX 3HaHb He OyJe e(EeKTUBHICTh Yepru it
sanpornonoBaHoro AlR.

PosrisitHeMo IpyHT sik AeOopMOBaHe TiJIO IO Mae
3amac MOTeHLIaJIbHOI eHeprii f TOMy MOKe BUKOHYBAaTH
neBHy 0OioneHo3Hy poOoty. Ha moni kokHa yactka (Mi-
KpooO’eMy 0ioMacH) 3HAXOAUTHCS B CTaHI YMOBHOI piB-
HOBAary.

JilicHo 30BHIIIHI peanbHi (ayie e HE BUMIPHI)
cum BBy HIIC npoTuniexHi BHYTPIIIHIM CcHIIaM
MPYKHOCTi (BJIaCHA BJACTHUBICTh IPYHTOBHX 4YacTOK).
[IpoTuiexHi BHYTPILIHIM OKpeMi HaHOPO3MIpHI MOl
Ha MO0 He MAaloTh MAacCIITAOHUX MPOSBIB i TOMY KiHe-
THYHa eHepris [pyHTy Ha 1o He 3MiHoeThes. Came 3a
LUX 3aKOHIB (Di3MKM KBa3iCTal[lOHAPHUX IIPOLIECIB €BO-
JIOIIMHUIA TPUPOIHINA CTAH MOMIIMBO XapaKTepU3yBaTH
TOYHO 3HAYCHHSIMHU TMPYKHOI eHeprili 1o Moxe OyTh
OIUCcaHa 3aJIEKHICTIO!

u==FAl =K (AD?; )

ne K — koedilieHT npy>KHOCTI IIpH BUMIipaxX 3MIHU pO3-
MIpy YMOBHOT'O CTEPIKHS 3 BiZIOMOI0 (popMOIO Tija.

[lepexomiMo 10 BU3HAYECHHS MIUTHHOCTI 32 O3HA-
YeHHMMH yMOBaMU:

pepeimeiesiid=n O
ne 06’em V = SAl = AP ans ymoBHOro Ky6iuHOrO TiNa,
6 = K¢ - Hanpyxennst ipu & = Al/ly 3Hagenni BigHocHOl
nedopmartii, £ — moxyib FOura. Citii HArOJIOCHTH 1O Y
BIZIOMHX [OBIJHMKAX B)K€ HAKOIWYEHI TAOJHII 3 OITH-
CaM{ LIMX PEYOBMH Ta 3HAYCHHSIMHU HE JIMIIE MO
IOnra E, a takox xoedimienty Ilyaccona u ta Momymns

3cyBy G:
E
= : (4)
2 (14p)

Mix po3paxyHKOBHMH YHCEIEHHMH ITapaMeTpaMH
BiomMa anreOpaiyHa B3a€MO3AJECKHICTh IO JO3BOJIIE
BM3HAYUTHU IIIBHICTh HPY>KHOI €Heprii Mpu 3cyBax 3rTi-
JTHO BiJTHOIICHB:

o u _ 14p _ r?
pr=o=—ri=— ®)
Je T - JOTUYHE HANPYXKEHHS y HANPSAMKY Iil CHIIH LI
00yMOBITIOE KYT Y 3CYBY.

AHaJi3 KOHLENTYAIbHOTO MOJCIIOBAHHS MOHATTS
«UIJIBHICTh ITPYHTY» KOHKPETHOTO IOJISL IJIsl arpoTeX-
HOJIOTIYHMX BIUIMBIB Ha HOTO MOTOYHHUIA CTaH 3a JIOMO-
MOTOI0 HasBHUX BHKOHaBunx opraHiB AIR Hanae mepe-
Bard 3HaHHsM 3a Gopmynaamu (3), (4), (5). Taki 3HaHHS
OpIEHTOBaHI Ha KOHCTPYKTUBHY CHUCTEMHY IUHAMIiKy
OZHOYACHOI 3MiHU JiHIMHKUX 3Ha4eHb | B mmommuax S ta
00’eMHHX cepax V BIacTHBOCTEH KOHKPETHOTO IPYH-
Ty 3a (ha3aMu OpraHoreHesy.

EnexrpoHHa kapTa Ta iHBapiaHTHI BJIACTUBOCTI CH-
MBOJIBHUX TOHSTh 3 AITOPUTMIYHUMH MOXKIIMBOCTSIMH
nepexoay 10 PI3HHX CHCTEM OMUCY MapHHX, JBOICHUX
B3a€MOBIZIHOIIICHD, BKIFOYAIOUM ONEPATUBHUIA CHHTE3
3aKoHy cKoperoBaHoro ['AY, HaWOLIBII pallioHANTBEHO
JIOLJIBHI J1s1 BAPOLIYBaHHsI Ol0€HEPreTHYHHUX KYJIBTYP.

3anporioHoBaHi (OPMU CHMBOJIBHOTO OajaHCy-
BaHHsS Ha PIBHI KOJOBUX OiHApHHX OIHUCIB — TOHSTH
KEpPOBaHOT0 0i0EHEPreTHYHOTO PO3BUTKY LILJIHOBOI pOC-
JIMHHE TapaHTyE€ TOYHICTh. 3HAHHs iCHYBaHHS TOYEpPro-
BUX KIHEMAaTHYHHX PYyXiB podounx opraniB AIR mig gac
peaizantii 3a qonomororo ATEK 103BonstoTh onepaT-
BHO CHHTE3YBaTH BIJMNOBIJHI pallioHaJbHI MPOIECH —
pearyBanHsi C/IC TIEBO Ha moTOYHiI BIJIMBH 30BHill-
uporo HIIC. B Toi1 sxe vac mapasenbHo, Bxe 0e3 BUTpaT
3anmacy H pecypciB IIEBO, akTuBi3ylOThCS, 3amycka-
I0ThCSI, NTPUCKOPIOIOTHCS TPUPOJIHI KBa3icTalllOHAPHI i
O10IICHO3HI MPOIECH Ha JAHOMY MOJi. TakuM YHHOM
napaJielib-HO BHKOPHCTOBYIOTh OIOpUTMH y Oiomacax,
SKi 3a0e3Mevyr0Th CaMOOpraHi3alilo i caMOBiIHOBJICH-
Hsi OloreHe3y (KOMIIEHCYIOTh BHSIBJICHY 010€KOJIOTIUHY
JIerpajalion) y KOPEHEeBMICHHUX 3aryMOJeHHX MIapax
KOHTPOJILOBaHOI miinbHoCTI p(t,X,y,z,0°,u,V,0,€) IpyHTY.
CunepreTn4Hi eekTH Ta MOKpAIIEHHs YMOB JUIsi KEpO-
BaHOTO PO3BUTKY I[JILOBOI POCIUHHA (POPMYIOTBCS CITi-
JBHO 3 CUMOI030M HasBHUX y 010Ti KOpUCHUX Oiocdep-
HUX areHTiB 3 MHOXWHHM JONOMDKHMKIB BiJHOBIEHHS
HOTEHLIAIBEHOI MacH POIIOYOTo MOJIs.

BucHoBku

CuMBOJIBHO TOYeproBa OiHapu3allis 3HaHb, MO-
HAThH Ta 3aKOHIB rapaHTOBAHO-aJalITUBHOIO YIPABIiHHS
pobotamMu miABHIIYe PiBHI 00I3HAHOCTI BiIIOBITAIBHUX
oci6 IIEBO.

CumBoITbHA g poBizaris iH(OopMaIiiHO-
TEJIEKOMYHIKAIlIHHIX TEXHOJOTiH Ta 3aco0iB IHTEepHET
rapaHTye HaJaHHSA poOOTaM 3 INTYYHHM IHTEICKTOM
OTepaTHBHI HANOILIBII paIliOHATbHI arpOTEXHOJIOTIYHI
€JIeKTPOHHI KapTh. MOXKINBI OLIHKK CTaHIB AJIS IJIAaHO-
BOT'0 OTPUMAaHHS BPOXKaiB POCIMHHHUIITBA.

ATpOoTexHOIOTiYHa CUTYyaliiHa 00i3HAHICTh y 3a-
KOHaX OlOCHEPTeTUYHOI AWHAMIKH B3a€MOBITHOIICHb Y
CUCTEMI <TpyHT> - <pOCIMHa> - <cepeIOBHUIIe™> Ha 0a3i
HAKOMMMYIYBAaHOTO TIPAKTHYHOTO JIOCBiMy 3abe3redye
pattioHanbHI po3moaiH (GYHKIIH MiXK pecypcamu po0o-
TiB Ta TPYHTY 3 OlOCHEPTETUYHIUMHE PecypcaMmu KOpeHe-
BMICHOTO 00’ €My, Jie TTapajeIbHO i OJJHOYACHO MOXKYTh
BinOyBaTHCh NPUPOJHI TPOIECH caMoopraHizamii Ta
CaMOBITHOBJIEHHS POAIOYOCTI B HAsIBHUX (haKTax KOHT-
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poJbOBaHOl Aerpanamnii mij BIUIMBOM 30BHIIIHBOTO Ce-
penosuia. KiHnieBuMy Ha OCHOBI JIOTIYHHX OITiB I }-
poBi3aIlii arpoOTEXHOJNOTIYHUX Ta Ol0CHEPTeTHIHUX
3HaHb pe3yJIbTaTaMH JOCIIIKEHHS € CHMBOJIBHI ITOHSAT-
TSl yMOB 0i01IEHO3y KOHKPETHUX KYJIBTYp Ul OTpUMaH-
Hs epekTiB:

1) y cdepax obuuciroBanbHOl ckiaagHocTi NP 3a-
Jad 3MEHIICHHS BUTpPAT Ha 3aCTOCYBAHHS 3HAYHOTO
pi3HOMaHITTS TiyMaueHb # ninreictmynux Big Data
OIIMCIB MPOIECIB Y CKIaIHUX JUHAMIYHHUX CHCTEMaX;

2) y cdepax HaBuUaHHS, TPEHaXy Ta YHUCIOBOTIO
MOJICITFOBaHHS 3a TIOTPeO T0Ka3y e(heKTUBHOCTI CHHTE3Y
TEXHIKO-TEXHOJIOTIYHUX PIllleHh CHMBOJII30BAHOTO TIij-
BUINCHHS CHCTEMHOTO TIOBHOTO VSBIICHHS KOPHUCTI
MPAKTUIHUX B3aEMOBITHOIICHD Ta IHTETPOBAHUX BTPAT,;

3) y chepax popmMyBaHHS KOHKYPEHTHHX KOTHi-
TUBHUX KapT 3aBJaHb JUIsI POOOTIB 31 MTYYHUM iHTEIIC-
KTOM JUTS HATpPAIIOBAaHHS 3a pPEriIaMEHTOBAHHMHU IIPO-
HeAypaMu JIUIIC PAIliOHATBHUX PO3MONUTIB (GYHKITIH 3
OTPUMAHHSM MPOIYKTIiB POCIIHH.
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Problems of agrotechnological electronic mapping for obtaining plant crops
George Baranov, Olena Komisarenko, Vladimir Kravchuk, Mykhailo Ivanyuta

Abstract. The principles of construction of robots with artificial intelligence for mobile streaming of agrotechnological
technologies according to all criteria of modern knowledge of agrotechnology and biology of natural resources necessary to ob-
tain profitable yields of crop products in areas of increased risk of independent natural environment. The requirements to modern
forms of digitization of agro-technological electronic maps are given, which accurately reflect the multilevel heterogeneous fac-
tors of forecast environmental influences and the corresponding adequate actions of the robot. Data descriptions for on-board
information and control complexes directly on the races of a specific agricultural field according to alternate regulated procedures
of managed agriculture are formalized. The efficiency of end-to-end intellectualization from the beginning to mechanized and
automated harvesting with delivery in containers to consumers of marketable products is proved. The relevance and prospects of
application of the proposed principles of accumulation of practical knowledge in the form of thematic atlases with tested real
digital maps of specific fields, reflecting the synergetic and symbiotic properties of the concept. Actual soil fertility in non-
stationary areas of risky agriculture.

Keywords: robust robot, artificial intelligence, problem knowledge, digital maps, profitable harvests.
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IHTEJEKTYAJIbHA CUCTEMA YIIPABJIIHHA
JIJISI IHOOKOMYHIKAIIMHAX MEPEXK

AHoTamisi. Y cTarTi ZOCIIPKEHO KOHIENITYaTIbHY MOJIENb IHTEJIEKTyaJIbHOI MEPEXi, SIKY IPOTIOHYETHCS BUKOPHCTOBYBATH
TIpY CHHTE31 Mepexi nepenadi Kepyodoi iHhopmarllii B iHTeTeKTyaJIbHIX CHCTEMaX YIpaBJIiHHS iHPOKOMYHIKAIIHHIMH Me-
pexamu. [1pu npoMy KoprcTyBad mU(POBOro MaiiOyTHEOT0 IMOBHHEH MaTH MOXIIHBICTE HE TUTBKH OTPUMYBATH Pi3HOMaHITHI
TIOCITYTH BUCOKOI SIKOCTI, aJie 1 cTBOproBaTy HeoOXiaHi mocayry. [lokazaHo, 0 i 9ac CHHTE3Y IHTENEKTYaIbHUX CHCTEM
YIpaBIiHHI HEOoOXiHO BpaxOBYBaTH TaKi OCOOIMBOCTI: NIBUIKICTE OOPOOKYM HA BEPXHIX PIBHIX KOHIENTYAIBHOI MO
3MEHIIYETHCS 3 POCTOM «IHTENEKTYaIbHOCTI», KA, B CBOIO Yepry, 3MEHIIYEThCS B Mipy NMPOCYBaHHS BHH3 IO TPAHCIIOPT-
HOMY DIiBHIO 3aITpOIIOHOBaHO{ MoJiei. 3aIpONIOHOBAHO MPHHITHITH MOOYIOBH Ta apXiTEKTypa iHTENEKTyalbHUX CHCTEM YII-
PaBIiHHS 3 ypaxyBaHHSM MOTOYHHX ITOKA3aHb BUMiPIOBATFHO-1HPOpMaLiifHIX 3ac00iB. 3aportoHOBaHO MOJIENb 00CITyTo-
BYBaHHSI BUMOTH, B SIKi}f 32CTOCOBaHO BUKOPHCTAaHHS BU3HAUYHHKIB KEPYIOUOTro BILIUBY i IIEHTpatizoBaHo] Jioriku. Lle 1o3Bo-
JISI€ TIPUCKOPHTH 1 CIIPOCTHUTH TIPOIIEC BBEICHHSI HOBUX 1 KOPEKIi] iCHYIOUMX KePYIOUHX BIUIMBIB, II0 MO3HAYAETHCS HA €KO-
HOMIYHOCTI BCi€1 Mepeski. MoJIeNb pO3IiIsie acTieKTH, SKi CTOCYIOThCS TOCHYT, 1 aCTIEKTH, TIOB's3aHi 3 Mepexeto. Lle no3Bose
OIMCYBATH MOCIYTH Ta MOXJIMBOCTI IHTEIEKTYaTbHIX CUCTEM YIPABITiHHS HE3aIEXKHO BiJl 0a30BOT Mepesxi, HaJ| KOO CTBO-
pIOEThCs iHTeNeKTyanbHa Haa0yqoBa. [lokazaHo, 1110 0JHUM 3 e()eKTUBHHX CIIOCOOIB ITiJIBHIECHHS BUKOPHCTAHHS PECYpPCIiB
Mepexi B HaI3BHYaHUX YMOBAX € JUHAMIYHUHA pO3MOALT MOTOKIB iH(opmarii. [{ys 3a6e3neueH st JTUHAMITHOTO PO3IIOJIITY
MIOTOKIB B MepexKi nepezadi Kepyrodoi iHpopMallii MporoHyeThCsl BAKOPUCTOBYBATH CUCTEMY TUHAMIYHOTO YIIPABIiHHS PO3-
TIOJIIJIOM TTOTOKIB, SIKA € TiJCHCTEMOIO 1HTEJIEKTyaIbHOI CHUCTEeMH ynpaBiiHHsA. [IpoaHanizoBaHO 3aJeXHOCTI HMOBIPHOCTI
BHOOPY 00XiTHOrO IIIAXY BiJ Koe(hillieHTa BUKOPUCTAaHHA KaHaTiB. [IpoaHati3oBaHO cepeHiil yac 3aTpUMKH OB TJOMIICHHS
B Mepexi. [TokazaHo, 0 AMHAMIYHA MapLIPyTH3aLlis eEeKTUBHA TINBKH IIPU CEpPeJHROMY BUKOPUCTaHHI KaHaiiB. [Ipose-
JICHO TIOPIBHSHHS JUHAMIYHOTO 1 CTATHYHOTO PO3IOJIIIB MOTOKIB MAKETiB /I PIBHOMIPHOT'O PO3MO/IiIY HABAHTXKCHHS TI0
abCoIOTHO HafiiHii Mepexi. [Ipu mepekocax HaBaHTaXKCHHS Ta / a00 BUHMKHEHHI OYIb-KHX MOIIKOKCHb Ha MEpPEexi,
JMHAMIYHUHA PO3IO/IJI MOTOKIB MAKETiB MPUBOMTH JO0 iCTOTHO OLITBIIOTO edeKTy.

KawuoBi ciroBa: Mepexa, iHTeJIeKTyali3allis, CUCTeMa yIpaBIliHHS, CHHTE3, MOJIeJIb, BUMOT'a, BIUIUB, PO3IMOILI, TOTIK.

BCTyl'l Ta MOCTAaHOBKA 3aJa4i

VYrpaBiiHHS CyYaCHUMH 1H(QOKOMYHIKaliiHUMU
MepekaMH Ma€e OyTH He3aJIe)KHUM BiJ| [TOCIYT, SKi Ha/ia-
I0ThCS CHIOKUBayeBi. J{Jist B3aemMoii po3mnoaijieHuX KOoM-
MIOHEHTIB YIPABIIHHS B €JIMHINA CUCTEMI, a TAKOXK IS pe-
amizarii GYHKIIH ynpaBiiHHs, HeoOXiHA MepeKa, sIKii
MepeIacThes iIHPOPMAITS YIIPABIIIHHSL.

P03BUTOK KOHIEIIIIT IHTEIEKTYaIbHUX CHCTEM YII-
paBiiabs (ICY) 3yMOBIIOE HU3KY BaKIMBUX ITHTAHb.
OnHe 3 HUX MOB's13aHe 3 hopMoro moaaHHs iH(opMalrii B
Oprasi3amilo MeXaHi3MiB yrpaBiiHHs. [Ipu nboMy Bak-
JIUBUM aCIIEKTOM € aHaJi3 MOXIIMBOCTEH Ta OCOOIUBOC-
Teil 3aCTOCYBaHHS THX UM IHIIMX IHPOPMALIHHIX TEXHO-
JIOTi# 1t 00p0oOKH iH(opMarii y 3a1a4ax IHTCICKTYaIb-
HOTO YIpaBmiHHS. I mapaMeTpudHOro ¥ CTPYKTYp-
HOTO HaJAIITYBaHHS YIIPABISIOUUX AlTOPUTMIB, MOJIH-
(ikamii mporpaMu i JOCATHEHHS LIJCH YIIPaBIiHHS, a
TIpH HEOOX1THOCTI 1 IX KOPEKITii 3 ypaxyBaHHSM MOTOY-
HHX TTOKa3aHb BUMipIOBAIBHO-1H(pOpMAIIHHIX 3aC00iB,
MIPONIOHYIOThCS puHIHIHN T00yn0BHu ICY.

HeoOximHicTh e(peKTHBHOTO BUABICHHS aBapiiHUX
CHUTYyaIlili, 32a0e3MeYeHHs CyTTEBUX MOXIJIMBOCTEH 3 aHa-
T3y Ta po3Mi3HABAaHHS BEIIMYMHU BiIXWICHHS IapameT-
piB 00'€KTiB yIpaBIiHHS BiJ HOPMH, 3yMOBITIOIOTH 3aCTO-
cyBaHHs iepapxiuHoi oprarizarii ICY. @opmyBaHHs cTpa-
Terii MiJbOBOI TMOBEHIHKH, IUIAHYBAHHS IOCIIJIOBHOCTI
Iili, CHHTEe3y BUKOHABUYMX 3aKOHIB, IO 3aJJOBOJHSIOTH
3aJJaHUM ITOKa3HUKaM SKOCTI MK piBHSIMH Mepexi. [Ipn

[[bOMY 3a0e3Me4yeThCss BUOIp YHIKAJIBHOI CYKYITHOCTI
BJIACHUX MOJEJICH MomaHHs iH(pOopMaIlii, MeXaHi3MIB iX
00po0OKH, 3ac00iB iH(GOPMALIIHHOI TIATPUMKH Ta OUIKY-
BaHHsI 00'€KTIB KEpyBaHHI.

TonoBHUM KpHTEpieM BUOOpy Mae OyTH HeoOXiqHa
SKiCTh (DYHKIIIOHYBaHHSI CHCTEM YIPABIIHHS B YMOBax
HEBH3HAYEHOCTI MPU BUIAJKOBOMY XapakTepi 30BHIll-
HiX 30ypeHb, J0 SKUX MOXKHA BiJHECTH Hemependady-
BaHy 3MIiHY I[iJIel, BIACHUX €KCIUTyaTaliiHUX Xapakre-
PHCTHK, TApaMeTPiB CEPEIOBHIIA TOLIO.

AHaJi3 ocTaHHIX aoCHimKeHb., OCTaHHIMH PO-
KaM{ pPO3POOHHKAM Je/ali JacTille TOBOAUTHCS BHPI-
IIyBaTH 3aBJAHHS MPOCKTYBAaHHS CHUCTEM YIPABIIHHS
ob'ektamMu IOCUTh cKiaignoi mpupoau [1-5]. O6'ekrw,
JUTS SIKAX BUHUKAE TIOTpeda B po3poOIli HOBOT KOHIIETIITiT
MOOYZIOBH CHCTEM YIIPaBJIiHHS, HA3WBAIOTHCS «BEIH-
KUMH cucTeMamny. Ha jkaJib, HeMae 4iTKOro BU3HAYCHHSI
BEJHMKHX CHCTEM, SIKE BIIAIITyBalo 0 ycix ¢axisiis. Jlo-
CHTb 4acTO y JITepaTypi MOKHA 3YCTPITH Ti XapaKTepHi
OCOOJIMBOCTI, SIKi JTO3BOJIAIOTH JOTPUMYBATHCS TPaIH-
IIAHIX METOIiB, IO PO3BUBAIOTHCS B TEOPil ieHTH(iKa-
wil. ITigTBepIKEHHAM IIBOTO € cTaTTi [6—7].

Y pobori [8] po3rIsHYTO OCHOBHI METOIM Teopil
ONTHMAIIFHOTO YIPAaBIiHHA: JAWHAMIYHE IPOTpaMmy-
BaHHs, IpuHIWI MiHiMyMmy [loHTpsTiHA, YHCENBHI Me-
TomM omTHMi3allii. JlaHi METOIM € OCHOBOIO TOOYIOBH
cucteM ympasiiHHs. [Ipote, y poOOTi HE ITOKa3aHO MOXK-
JUBICTH 3aCTOCYBaHHS PO3TIIIHYTUX METOMIB IS 100y-
JIOBU IHTEJICKTyaJIbHUX CHCTEM YIIPABIiHHSL.
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VY po6orti [9] mpencraBieHO MOPiBHAIIBHY XapakTe-
PHUCTHKY iH(MOPMaIHHUX CTPYKTYp Y 3aBJIaHHSX IPYIO-
BOTO pillICHHsI Ta 1X BIUIMB HAa THYYKiCTh TPYMOBOI ONTH-
Mizamii. Ile € Ba)JMBUM NHTaHHSIM Ha €Talli CHHTE3Y
CKIIQJHUX TEeXHIYHUX cucTeM. [Ipu oMy B poOoTi He
BHUCBITIICHI Pe3yJIbTaTH JOCIKSHHS 1715l HAJI3BHYalHIX
CHUTYAITIH.

VY crarti [10] chopmyBaBcst TepMiH «iHTENEKTya-
JIbHA CUCTEMay, III0 HArOJIONIy€e Ha OCHOBHIN BiJMiHHO-
CTI TAaKMX CUCTEM — MOKJIMBOCTI CUCTEMHOI 00pOOKH iH-
¢dopmarii. OHAK MUTAaHHS aBTOHOMHOCTI, aIalTHBHOCTI
Ta HaJIHHOCTI CUCTEM YTIPABIIHHS 33 HAsIBHOCTI Pi3HOTO
POy HEBU3HAYEHOCTEW PO3KPUTI HE OBHICTIO.

VY crarrti [11] npeacraBneHi 0COOIMBOCTI CHHTE3Y
CHUCTEMH YIPaBJIIHHS MEPEXKEI0 3B'SI3Ky JPYroro piBHs
TMN 3 KOMOIHOBaHMM MPUHIMIIOM YIpPaBIiHHS, JeTa-
JIBHO PO3TJISIHYTI TIPUHIIMIN YIIPABIiHHS 3 00YpEeHHS Ta
BigxwuiieHHs. [Ipu 11bOMY pe3ynbTaTiB JOCIIIKESHHS ISt
BUIAJIKy IHTEJIEKTYaIbHUX CUCTEM HE BUCBITIICHO.

VY crarri [12] mokasaHo, 110 MEpPEKEBI CHCTEMH YII-
paBIiHHS — Il MPOCTOPOBO PO3MOJIIEHI CHCTEMH, Je
3B'I30K MiXK KOHTPOJIEpaMH i BHKOHABYUMH MTPUCTPOSIMH
HiATPUMYEThCS 3aTabHOI0 Meperketo 3B13Ky. OHaK nu-
TaHHS BUOOPY OCHOBHUX ITOKAa3HUKIB SKOCTI KaHAILy yII-
PaBIIiHHS PO3KPUTO HE MOBHICTIO.

Cratrs [13] mpucBsiueHa MOCHIHKEHHIO apXiTeK-
TypH IHTEJEKTYaJbHOI MEPEXKi, po3poOill METOIMK PO3-
paxyHKy OCHOBHHX IapaMeTpiB MepeixKi, B3a€EMO3B'3KIB
MK HUIMH Ta BEKTOPHOTO CHHTE3Yy Mepexi. [Ipote He mo-
Ka3aHo, SIKi caMe METO/IM BEKTOPHOT'O CHHTE3Y JOLIJIBHO
3aCTOCOBYBaTH TPH ONTHMI3allii IHTEIEKTyalbHOI Me-
pexi.

Astopu crtatti [14] IEMOHCTPYIOTH HOBUH TEXHO-
JIOTIYHMH MiIXiJ JUIs apXiTeKTypu Mepex [HTepHeTy pe-
yeii. Bin nepenbaydae 6aratopiBHEBY peai3aililo 3 BUKO-
PHUCTaHHSIM XMapHUX CEpPBEPIB, ONTHMI30BaHY IIOTOKOBY
nepegady JaHUX Ta 3aBaHTaxeHHs. lle m0o3BosuTh 3Ha-
YHO CKOPOTUTH Yac repeaadi, BATPATH Ta 00CATH aM'sTi
OCHOBHOTO CepBepa Xmap.

Y crarri [15] 3anporoHOBaHO aNTOPUTM ONITHMAJTb-
HOTO NIPUIOMY 3 BUKOPHCTaHHSIM KOT€PEHTHOTO METOLY
IpUHOMY, SIKHI JOLITBHO BUKOPHCTOBYBAaTH B KaHAJax
yIpaBiiHHs iHQOKOMYHIKaiiHX Mepex. [Ipu mpomy
pe3ysbTaTiB JOCIIIKEHb [Tl BUMIAJIKY 1HTEIEKTYaIbHIX
Mepek He BUCBITIICHO.

Astop crarti [16] mociimKye HApsIMA PO3BUTKY
1H(OKOMYHIKAIH SIK PO3IIMPEHHST TEICKOMYHIKAIii 3
00poOKkor0 iH(popMamii Ta KOHTEHTY (YHKINI yrpas-
niHHA. [HpopMaIlliiiHi Ta KOMYyHIKAI[if{HI TEXHOJIOT1] BBa-
KAIOTHCS POSIIUPEHIM CHHOHIMOM IS iH(pOpMAITIITHIX
TEXHOJOTiH, 00 HATOJIOCUTH Ha IHTETrparii TeJIeKoMy-
Hikarii. [IpoTe nutanus ynpasiinHs iHQOKOMyHiKaiii-
HUMH MepexaMH PO3KPHUTO HE MOBHICTIO.

VY crartri [17] mochimKyrOThCS OCHOBHI T€3U Teopii
aBTOMATHYHOTO yTpaBiiHHA. HaBeneno eramu i popmy-
BaHHJ K HayKW. PO3TIIIHYTO TEPMIHOJIOTiO Ta KOHIIEII-
TyanbHi ifei OyIiBHHIITBA 3aMKHYTHX CHCTEM, a TaKOX
Teopii 30ypeHb, CTIMKOCTI Ta CHHTE3Y CHCTEM, SIKi caMo-
CTiIHHO HAJIAIITOBYIOTHCS, K YACTUHH 3araybHOi Teopil
aBTOMAaTHYHOTO ympaBiiHHA. [IpoTe, MUTaHHS CHHTE3Y
Ta YIpaBJIiHHS IHTEJIEKTyaIbHIX CUCTEM Y pOoOOTi HE po-
3T IAFOTHCSL.

V¥ crarTi [ 18] mocmimpKyroTees TeXHOIIOTIT T00yI0BH
MOOITBHUX Mepex 5G, sKi MaloTh 3a0€3MeUUTH YMOBH
CTBOPEHHSI YJIBTPAIIBHIX MEPEXK /11 OTPHMaHHS BUCO-
KOSIKICHUX 1TocityT. Po3poOrieno Metox ontumizarii mapa-
METpiB CHUTHATy 3a PIBHOMIPDHHUM KpUTEpPIEM, IO MOJXKE
OyTH BUKOPUCTaHUH IS TOOYIOBH IHTEJIEKTyaIbHOI CHC-
TEMH YIPaBIiHHA iHPOKOMYHIKAIIITHOIO MEPEKETO.

3a IpoBeEHNM aHAII30M MOKHa 3pOOUTH BHCHO-
BOK, 1110 TTPY JJOCJIi/PKEHHI, aHasli31 Ta cuHTEe31 iHQOoKOMY-
HiKalliHHUX Mepek e(heKTHBHUM € anapaT CKJIaJHHUX CH-
cteM. CTBOpEHHSI CHCTEM, alpiopHO OPIEHTOBAHUX IS
poOOTH B yMOBax HEMOBHOTH a00 HEWITKOCTI BHXiTHOT
iH(opMarlii, HeBU3HAYEHOCTI 30BHIIIHIX 30ypeHb Ta ce-
penoBuina (yHKIIOHYBaHHs, TOTpeOye 3ayueHHS He-
TpaIMIIHUX MiAXO/IB A0 YIPABIiHHS 13 3aCTOCYBaHHIM
METO/IIB Ta TEXHOJIOTIH MITyYHOIrO iHTENEKTy. Taki cuc-
TEMH Ha3WBAIOTHCS IHTEJIEKTYaJIbHHUMH CHCTEMaMH YII-
paBiiHHA Ta (DAaKTHYHO CTBOPIOIOTH HOBHH KIac, IS
SIKOTO TIPUHIIUIIHN 00y I0BH, METOIU aHAJII3y Ta CHHTE3Y
TIOBUHHI BPaxOBYBaTH BCi XapaKTepHI PUCH Pi3HOMaHIT-
HUX TEIEKOMYHIKAI[IHHUX Mepexk 3B'I3Ky MallOyTHBOTO.

MeTo10 pod0OTH € PO3pOOKa KOHIIEMIIi MO0y I0BH
IHTEJIEKTyalIbHUX CHCTEM YIPaBIiHHSI I 3a0e3eYeHHs
e(PeKTHBHOTO, THYYKOT'0 Ta Ha/IIHHOTO (yHKIIOHYBaHHS
iH(OKOMYHIKaIiitHUX Mepex. J{J1si JoCATHEeHHS MOoCTaB-
JIeHoT MeTH HeOoOX1IHO BUPIIINTH HACTYITHI 3aB/IaHHS:

— Qopmaizariis 3aaa4i CHHTE3y MEpExi mepeaadi
Kepyro4oi iHpopMaIlii 3a KOHIIENTYIbHOK MOJICIITIO 1H-
TEJIEKTYaJIbHOT MEpexi;

— nmoOyIoBa Ta IOCIIIKSHHS MOJICNTI OOCIyroBy-
BaHHS BUMOTHY B IHTCJICKTyalIbHII CHCTEMI yIIPaBIIIHHS,

— 3aCTOCYBaHHS JAMHAMIYHOTO PO3IOILUTY ITOTOKIB
iH(dopMallii B IHTENEKTYyalIbHIN CHCTEMI YIIpaBIIiHHS.

Buxkiaa ocHoBHOro MaTtepiany

[Ipobnema yrpapiiHHs iH(OOKOMYHIKAIIHHAME Me-
peXKaMU € OJTHIEIO 3 HAMBAXKIIMBIIIKX Y MPAKTHII SKCILIY-
atamii Mepex. J[o cygacHOl cMCTeMH yrpaBmiHHS iH)O-
KOMYHIKAIIHHOT Mepexi MpeasiBIsFOThCS HOBI BUMOIH.
KopucryBau nupoBoro mMaiOyTHBOIO MMOBHHEH MAaTH
MOJKJIMBICTh HE JIMIIE OTPHUMYBATH PI3HOMAHITHI IOC-
JIyTH BHCOKOI SIKOCTi, a i CTBOPIOBATH HEOOXIIHI IOC-
ayru. Jns HagaHHS i€l MOXKIMBOCTI HEOOXIIHO 3MikcC-
HUTH CUHTE3 IHTEJIEKTYaIbHOI CUCTEMH KEPYBaHHSI.

KoHuenrtyaibHa Moaeab iHTEJEKTYaJdbHOI Me-
pe:xi. OcHoBHOIO BactuBicTio ICY € Te, 1o Mepexka re-
penadi kepyrouoi iHdopmarii modymoBaHa 3a KOHIEIITY-
AIBHOIO MOJEIUTIO iHTEIEeKTyaIbHOI Mepexi (puc. 1).

VAN

IHTEeNeKTyalbHUI piBeHb
(By31m iHTeNEKTYyaNbHOI

mepexi

Mepeka nepepgaui
iHpopmaLii

LLIBnAaKicTb 06 pobKM

IHTeNeKTyanbHiCTb

TpaHCNOPTHMUIA piBEHb
(By311 KomyTaLLii

A4

Puc. 1. KoHnenryanbHa MOJIENb 1HTEIEKTYaIBHOT Mepeski
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Jis maHoi Mopewi IMBHUAKICTH OOPOOKH 3MEHIITY-
€THCS 13 3pPOCTAHHSM «IHTEJIEKTYaJIbHOCTI», SIKa, Y CBOIO
Yepry, 3MEHIIYETHCSI B Mipy NPOCYBaHHsI BHU3 TPAHCIIO-
PTHHAM piBHEM 3ampornoHoBaHoi mojeni. [lum o0ymoB-
JIeHI Tpo0JieMu, SIKi TOTPeOYIOTh ONTHMAIBHOTO BHUPI-
LIEHHS ITi]] YaC BUKOPHCTaHHS KOHIIETIIi1 IHTeIeKTyallb-
HOT MepexKi.

Takum 4nHOM, BpaxOBYIOUM CydacHi BUMOTH, IPO-
MIOHY€ThCS OyyBaTH CHCTEMH YIIPaBIliHHS iHPOKOMYHI-
KallilHUMH Mepe)kaMH 13 3aCTOCYBaHHSM METO/IB 1 TeX-
HOJIOTI{ IHTEJIEKTYaJIbHUX MEPEXK, ISl SIKUX Mepeska Iie-
penadi kepyro4oi iHdopmarii moOyroBaHa 3a KOHLETITY-
apHOI0 MozenTio. [Ipu TakoMy mifxo/i 10 CHHTE3y Me-
pexi nepenadi kepyroudoi iHdopmarii mBHUAKICTE 00po-
OKM Ha BEPXHIX PiBHSX 3MEHIIYETHCS 31 3pOCTaHHSM «iH-
TEJICKTYaJIBHOCTI.

Mopenb 00cIyroByBaHHsI BHMOTH B iHTeJIeKTya-
JBHIA cuctemi ynpaBiainas. Mogens 00cIyroByBaHHs
Bumori B ICY nependauae cTBOpeHHsI BUSBHAYHUKIB Kepy-
10YO0r0 BIUTMBY — I1€ JI0JJATKOBI IPOrpaMHi Ta/abo anapatHi
3aco0U, 110 MOJIETIIYIOTh OAAIBINE PO3IIMPEHHs (QYHK-
Iiif Ta BHECEHHs 3MiH 0 Oy/b-sKoi cucteMu (puc. 2).
Jlana Mo/ieNib BKJTIOYA€E TPH OCHOBHI KOMITOHEHTH:

— OJIOK OIpaIlfOBaHHS OCHOBHHUX BUMOT;

— BH3HAYHUK KEPYIOYOTO BIUIMBY, SIKMH PO3IMi3HAE
3asBKH, 110 HagcunaoThes 10 ICY, Ta TuMyacoBo npusy-
NHHSIOTH ITPOLIeC 00CTyTrOBYBaHHS! BUMOTH Ha TiepioJ 00-
MiHy iH(opMalti€ero 3 oriyHuM O11okoM ynpasmins ICY;

— noriyHuil Onok ynpasninHs ICY, mo mictuth
arnaparHi 3aco0u Ta nporpaMHe 3a0e3eueHHs, IKi IpHU3-
HaueHi JUIi CTBOPEHHS JOJATKOBUX KEPYIOUMX BIUIMBIB
Ta nepenadi iHpopMmallii, 110 Kepye CTaHAAPTHUMH MPO-
ecaMmu 0OpOOKH BUMOT.

Jlorigmmii 610K yOpaBIiHHA
IHTeeKTyanbHOT CHCTEMH YIIPABTIHHA

BuzzHauHNK
Kepyrdoro

BILTHBY

Sanutn 3anutn

Brok 00poOKI OCHOBHIIX BIMOT

_— I —

Puc. 2. Mogens obciyroByBants Bumoru B ICY

Taxwuii noain GpyHKIIiH 00CTyroByBaHHs BUMOT B iH-
TEJIEKTyalbHIl CHCTeMi Ma€ HU3KY rmepeBar. s BHKO-
HaHHS (QYHKIIN BU3HAYHMKA KEPYIOUOTO BIUIMBY MOTPI-
OHa JHIIIe HeBEeTHKA KOPEKIlis iICHYIOUNX KOMYTalliiHIX
CHCTEM, III0 peai3y€eThCs BiAMOBITHIM IIPOTPaMHIM 3a-
6e3meueHHsM. L{eHTpansHuiA TOTi9HI OJIOK YIIpaBIiHHS
JI03BOJISIE TPUCKOPHUTH Ta CIPOCTHTH MPOLEC BBEICHHS
HOBHX Ta KOPEKIIil iICHYIOUNX KePYIOUHX BILTUBIB, IO T10-
3HAYAE€THCS Ha EKOHOMIYHOCTI BCi€i Mepexi.

Konnenryansaa momens ICY posminse xomanmu
KEepYBaHHS Ta aCIEeKTH, ITOB'I3aHi 3 MEPEKeEI0, IO T03BO-
JISiE€ OIMCYBATH MOJJIMBOCTI IHTEIEKTyalbHOI Mepexi
HE3aJIS)KHO Bi 6a30BOI MEpexi, HaJl SIKOIO CTBOPIOETHCS

iHTeleKTyanbHa HanOynosa. JlaHa Mopenb po3risija-
€TBCS SIK CTPYKTYpa i3 TphOX PiBHIB (puc. 3):

— piBEeHb KOMaH/I YIIPABJIiHHS;

— piBeHb (YHKIIOHYBaHHS — BU3HAYA€ MOMJIMBOCTI
Mepexi, sIKi HeoOXi/IHI 3aCTOCYBaHHS ITOCIYT, Ta BU3HA-
yae (yHKIII, peasizoBaHi By3namu Mepexi. Mepexa po-
3MIIAA€ThCS K €UHE IIiJIe, JTAI0ThCsl MOZET 00poOKH
BUMOTH Ta HE3aJIS)KHHUX B KOMaHJ yIPaBIiHHS KOHC-
TPYKTHBHUX OJIOKIB;

— (i3nuHUN piBeHb — BU3HAYAE BY3JIM MEPEXKi, iXHi
(yHKIIOHAJIBHI €IEMEHTH Ta MPOTOKOJM B3aeMmoJii. Ha
IbOMY PiBHI BU3HAUYaAIOTHCs Pi3MYHI €IEMEHTH, CIIOCOOH
BiJJOOpakeHHs1 (PYHKIIOHAJBHUX €JIEMEHTIB Ha (i3uyHi
Ta OIMCYIOTHCS CIIOCOOM peaizaliii MepekeBUX eeMeH-
TiB IHTEJIEKTYaJIbHOT MEPEXI.

PiBeHB KOMaHI YIIPaBIIHHA

Komanga
YIIpaBIiHEA 2

|
|

PiBeHb QyHKUIOHYBaHHSA \

Komanga
yupaemHHs 1

- Hesane:xumil Bin
Bazosit E—
KOMaHI
mpomnec )
ABJIIHHI
00poOKH yup .
KOHCTPYKTHBHIIT
bmox
@13uaHNI pIBEHD
@iamrTHmii DI3IHIIT
eneMeHT 1 eleMeHT 2

Puc. 3. KonnenryansHa mozens ICY

HesanexHi Bijg KOMaH 1 yripaBiiHHS OJ0KH 3a0e311e-
YyIOTh BUKOHAHHS CTAHAAPTHUX (QYHKLIH, IO BUKOPHC-
TOBYIOThCS Oaratopa3oBo. bazoBuii mpoiiec 00poOKu Bu-
MOTH 3[IIHMCHIOETBCS CIIEIaI30BAHUM OJIOKOM, SIKHH
B3a€MOJII€ 3 IHIIMMHY OJIOKaMH, y BUTJISI1 TOUOK IHIITiasi-
3amii Ta 3aBeprieHHs. OCHOBHUME BIMOTaMHU IO CTPYK-
TypH IHTEJIEKTyaJIbHOI MEpexi €:

— MepekeBi (QYHKIII BUKOHYIOTBCA Y By3JaX iHTe-
JIEKTyaIbHOT MEpexKi;

— BY30JI MOKE BUKOHYBATH OZIHY 200 KiTbKa (PYHKIIIH;

— BUKOHAHHS 3aralibHOl MepexeBol (QYHKIIT He
MOJKE 3IHCHIOBATHCA KUTBKOMa By3JIaMH OJHOYACHO;

— I1Ba pi3Hi BY3JIM MOXXYTh BHKOHYBATH OIHAKOBI
MepexeBi QyHKIIT;

— BY3.JIM TIOBMHHI MaTH CTaHAAPTHI iHTEp(EncH;

— PO3MOIiT MepeKeBUX (PyHKIIH Ha By3JlaxX i CTaH-
nmapTHi iHTepdelich He TTOBUHHI 3aJIeKaTH BiJl MEPEXKi.

Takum YHHOM, 3aIIPOIIOHOBAHO MOJIENb OOCITYTOBY-
BaHHs BUMorH 710 ICVY, sika nepeabayae BBEJCHHS BU3HA-
YHHKIB KePYIOYOTO BIUIMBY Ta LEHTPATi30BaHO]I JIOTIKH,
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JI03BOJISIE IPUCKOPUTH Ta CIIPOCTUTH TPOIEC BBEACHHS
HOBHX Ta KOPEKIii iCHYIOUHX KepylounX BIMBIB. Lle nae
3MOTY Mi/IBUIIUTH €KOHOMIYHICTh YCi€l Mepexi.

JuHamMiuHe po3moaijIeHHs NMOTOKIB iHpopmamii
B ICY. OgauM i3 e(heKTHBHHUX CITOCOOIB ITiJIBUINCHHS
BHUKOPHCTaHHS PECYpCiB Mepexi B HaI3BHUYaWHUX yMO-
Bax € QUHAMIYHHUN PO3MOMALI MOTOKIB iH(popmarii [19].
Jiist 3a0e3nevueHHst AMHAMIYHOTO O30Ty TIOTOKIB Me-
pexi nmepenadi kepyrouoi iH(popMallii MPONOHYETHCS BU-
KOPUCTOBYBATH CHCTEMY JMHAMIYHOTO YIPaBIiHHS PO3-
MTOJILJIOM TTOTOKIB, sika € migcuctemoro ICY. Ilepemaua
MIAKETIB MPX TMHAMIYHOMY YIIPaBJIiHHI MOTOKIB MAKeTiB
3a0e3MevyeThCst He TUIBKH 10 MPSIMOMY LIIISXY, alle | 1Mo
OyIb-IKOMY 3 OOXIJHUX IUIAXIB, IO € B 3aJICKHOCTI Bif
cutyariii B Mepexi [18].

VIMOBipHICTb 3aifHATOCTI PeCypCiB IBOTO MUISXY
00yMOBJIeHa WMOBIPHICTIO 3alHATOCTI PECypCiB mam'sTi
BY3JIIB MEpexKi, 4epe3 sIKi IPOXOAUTh IeH IUIsIX, 1 KIMOBIp-
HICTIO 3alHATOCTI BipTyaJIbHUX KaHANIB, sKa XapaKTepH-
3y€eThesl KoedillieHTOM BUKOpUCTaHHS p , e 0< p <1.

[Tpu piBHOMiIpHOMY HaBaHTa)KEHHI 10 BCii MEpEKi IMOBI-
PHICTb HasIBHOCTI 3aiHSTOTO OCHOBHOT'O, &JI€ BUTLHOTO OJ1-
HOT'0 0OXITHOT0 IUISIXY, TOOTO MOXKJIMBICTH BUOOPY 00Xi-
JIHOTO IIUSIXY Iepeiadi MakeTiB MOXKHA OOYMCIIMTH Tak:

P~ p(l-p). Nmosipuicts BuGopy N -1 o6ximHux
IIISIXiB CTAaHOBUTH P =~ p(l—pN_l) .

Ha puc. 4 nHaBeneHi rpadiku 3a1exHOCTI HMOBIpHO-
cTi BUOOpy 00ximHOrO nuisixy P Big koedilieHTa BUKO-
PHUCTaHHS KaHaJIiB 32 HASIBHOCTI IBOX, TPHOX 1 YOTHPHOX
JOITYCTUMUX NUIAXIB nepeaayl iHdopmarrii.

0.5 T T T T

0 I I I I
0 02 04 06 038 1

p

Puc. 4. I'padiku 3a51e:KHOCTI KIMOBIpHOCTI BUOOPY
00XiTHOrO NUIAXY BiJ Koe(illieHTa BUKOPHCTAHHS
KaHaIB [IPU HAsIBHOCTI ABOX, TPHOX 1 YOTHPHOX
JOMYyCTUMUX IULIXIB Iepe/iadi MmaKkeTiB

MmogipricTs BuGopy omsoro 3 N —1 o6xigaux
LUISIXIB € HEBEITUKOIO SIK MIPU MaJIMX, TakK 1 MPHU BEIUKUX
3HAYCHHAX P, OCKUTBKA OOXITHUH MUIX 3a3BHYAil € JOB-
MM [UIIXOM, TO 1 BUOip HOro mepenadi Ipu3BOAUTH 10
ITi IBUIIIEHHS 3aTaJIBHOTO KOe(illieHTa BUKOPHCTAHHS Ka-
HaJiB.

Hexaii xoeillieHT BUKOPUCTaHHS PIBHOMIpHO 30i-
JBIIYETHCS 10 MEPEXKI Ha BETHUMHY O, TOMI

Pzp(l+a)(l—[p(l+a)JNil). 1)

Criz 3a3HauMTH, MO LIS 3aJIEKHICTh BUKOHYETHCS
mpu p <1/(1+a).

Ha puc. 5 npencrasneni rpagiku 3anexHocTi P Bix
p TIpH BUKOPUCTAHHI O0XiHUAX IUISIXiB 11 o = 20% .

0.5 T T T T

0 02 04 06 08 1
p

Puc. 5. I'pagixu 3a5exHOCTI HIMOBIpHOCTI BHOODY
OJTHOTO 3 OOXI1THUX IIUIAXIB BiJl KoedirieHTa
BuKopucTanus p i1 o = 20%

TakuM 4MHOM, OIHHMM i3 €(QEKTUBHHX CHOCOOIB
MiZIBUIIICHHS BUKOPHCTAHHS PECYPCIB MEpexki y Hall3BU-
YallHUX YMOBAaXx € MHAMIYHUI PO3MO/ILI NOTOKIB iHpOp-
Martii. J[is1 3a0e3neueHHs AMHAMIYHOTO PO3ITOILIY ITOTO-
KiB y Mepexi repezadi ynpasiisitouoi iHpopmaltii npormo-
HYETBCA BUKOPUCTOBYBATU CUCTEMY I[I/IHaMi‘-IHOFO yi-
PaBIIiHHS PO3MOILJIOM ITOTOKIB, sika € miacuctemoro ICY.
st miaTBeppKeHHS e()EKTUBHOCTI AMHAMIYHOI Mapiii-
pyTH3aIlii MPOBEACHO AOCIIIKCHHS 3aJI€)KHOCTI HMOBIp-
HOCTI BHOOPY O0X1IHHX MapIIPYTIB Mepenadi Big koedi-
I[I€EHTa BUKOPUCTaHHS KaHamiB. [lokaszaHo, IO AWHAMI-
YHa MapIIPyTH3aLlis ePeKTHBHA JIMIIE 32 CEPEAHBOTO BH-
KOPHCTaHHS KaHAJIB.

Pe3yabraTn AoCHiKeHb CepeHBLOr0 4acy 3a-
TPUMKH B Mepexi mepeaayi ynpasJisitouoi ingopma-
uii. CepenHiii yac 3aTPUMKHU ITOBIIOMIICHHS B MEPEKi,
BKJIFOUAIOUM Yac OYIKyBaHHs Ha Iepesavy KaHajlaMmH,
MpPH CTAaTHYHOMY PO3MOIUII HUIAXIB Iepeaadi MaKeTiB
PO3paxoBYyeThCs 32 HOPMYIIO0:

HL

T, =—, 2
cm 1-p

ne H — cepenns KUTbKiCTh TPAaH3UTHUX JISTHOK y BHOpa-
HOMY IIUISIXY TTepeaadi.

PospaxyHok BenmmunHM (2) mependadae Taki ooMe-
JKEHHS: ITyacCOHIBCHKI MTOTOKH TOBIJIOMJICHb Y MEpEXi,
EKCTIOHEHITIHHUIA PO3MOIiT JOBKUH ITOBIIOMIIEHD 13 ce-
PEIHIM YHMCIIOM TMakKeTiB L Ta HopMasi3oBaHU OJMHHUY-
HUW Yac mepemadi maketa kaHaioM. [lpu quHamMidHOMY
pO3MOIiNi MOTOKIB MAaKETIB MOKJIMBI J[Ba BapiaHTH: a0
MAKETH OJHOTO TIOBiJJOMJICHHS OYiKYIOTh 3BLIbHEHHS Ka-
HaJIy 10 OOpaHOMY NUIAXY JJIS JAHOTO ITOBIIOMIICHHS
(Mepeka BipTyalbHHX KaHATIB), a00 MEPeHaroThCs IO
KO)KHOMY 3 OOXiHHUX IUIAXIB (JeWTarpaMHUHN PEXUM).

Jns mepiioro BUNaaKy:

HL

T1-p(lta)’ @

7ol
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ne (1+a) BpaxoBye Toil (aKT, IO YACTHHA HABAHTa-

YKSHHSI IPY IMHAMIYHOMY YIIPaBIiHHI PO3MOALIOM IOTO-
KiB IakeTiB Oy/ie epeana OibI JOBITUMH HUTSIXaMH.
VY npyromy BHIIAJKY, JJIs1 YMOBH BIJICYTHOCTI Odi-
KyBaHHS TIepefavi KaHajJaMH, 4ac 3aTPUMKH IOBIJOM-
JICHHSI B MEPEXi CKIAIAETHCS 3 9acy, HEOOXiJHOTO /IS
nepeaadi L makeTiB 3 neproro (BUXiAHOTO) By3J7a, i yacy

nepeadi KOYKHOTO IaKeTa 3 (H (1+a) —1) iHImMX (Tpa-

H3WTHUX) ) By3JiB. BBaxkarouw, 1o yac, sIKMid BUTpaya-
€ThCSI HA TIepelady OJHOTO MaKeTa, JOPIBHIOE OJTUHHUIII,
TO 3araJIbHUH Yac, HeoOXiHUI Mepeadi 3 BUXiTHOTO BY-
3na L makertiB, nopiBHIOE L ouHUIIE.

OCKUIBKH TIpH JIEHTarpaMHOMY PEKHMI BCl ITAKETH
OJTHOTO MOBIJOMJICHHS NTEPEAI0ThCS I10 MEPEKI Mapalie-
JIBHO PI3HUMH IUIIXaMH, MOXKHA TPHHHSATH, 110 Yac Ie-
penadi BCiX MaKeTiB yepe3 TPaH3UTHI BY3JIM MEpexi 4H-
CeJIHO JIOPIBHIOE Yacy INepeAadi Mepekero OJHOro Ia-
kera. TakuM 4YMHOM, NpU AeHTarpaMHOMY PEXHMI 4ac
nepefavi MakeTiB dYepe3 TPaH3WUTHI BY3JHM 3aiiMae

(H (1+a) —1) OJMHMI yacy. TakuM 4HHOM,
T()2:L+H(1+a)—l. (4)

BpaxoBytoun Bupa3 (2) mis OCHOBHOTO HUISAXY Ta
BUpa3 (4) i 00XiHUX ILISAXIB, 3HAXOAUMO CyMapHHA
cepesiHiil yac 3aTPUMKH TIOBIIOMJIEHBb Y MEPEXi P JTU-
HaMI4HOMY PO3IIOJiIi IOTOKIB aKeTiB!

Ta:m+P(L—1+H(1+a)). (5)
1-p

Ha puc. 6 300pakeHo rpadik 3aJeKHOCTI Cepe-
HBOTO Yacy 3aTPUMKH B MEPEKi BiJ KOe(illieHTa BHKO-
PHUCTaHHS KaHATIB ISl CTATUCTUYHOTO (MOCTIHHUX Map-
HIPYTiB) Ta AWHAMIYHOTO (IMHAMIYHOI MapIIpyTH3aIlii)
po3noainiB maketiB npu « = 20% Ta HasABHOCTI ABOX 1

YOTUPHOX JOMYCTUMHX IUIAXIB Iepeaadi MaKeTiB.

30 T T T

q

(W3]
—~
=
pa—
—
=]

I

0 0.2 0.4 0.6 0.8

Puc. 6. I'padiku 3a51€KHOCTI CEPETHBOTO YaCy 3aTPUMKH
Mepexi BiJ koedillieHTa BUKOPUCTAHHS KaHaiB:
kpuBa 11(p) — CTATHCTUYHHIA PO3IIOILI MAKETIB,;

KpuBa 12(p) — AMHAMIYHHI PO3MOII MTAKETIB
mpu o =20 % i N =2;

kpuBa 13(p) — AMHAMIYHHI PO3MOII TAKETIB
mpua=20%iN=4

Amnati3 rpagikiB Ha puc. 6 TOKa3ye, IO JUHAMIYHA
MapuipyTH3amis eeKTHBHA JIUIIE 32 CEPEJHBOTO BHKO-

puctanHsa KaHasiB. OfHAaK BapTO 3ayBaXKHMTH, IO JaHE
MOPIBHSHHS IMHAMIYHOTO T4 CTATUCTUYHOTO PO3ITOLTIB
MIOTOKIB ITTaKETIB MPOBEJECHO IS PIBHOMIPHOTO PO3IO-
JIUTy HaBaHTaXKCHHS a0CONOTHO HAIIHHOIO MEpEexXero.
[Tpn nmepekocax HaBaHTaXXeHb Ta/a00 BUHUKHEHHS Oy/1b-
SKUX TTOIIKO/DKEHb HAa MEPEKi TUHAMIYHHHA pO3MOIiI O~
TOKIB TIAKETiB IPU3BOAUTH JIO 3HAYHO OLITBIIOTO €hEKTY.

TakuM yMHOM, IMHAMIYHE YIIPABIiHHS PO3IIOAITIOM
NOTOKIB iH(opMarii HaiiObIe epeKTUBHO B yMOBaxX
Ha/I3BUYalHNUX CUTYalii Ha Mepesxi. [Ipu npomy, B ymo-
BaxX 3HAYHOTO IIEPEBAHTAXEHHsSI MEPEXKi, 3aCTOCYBaHHS
JIMIIE OJJHOTO TMHAMIYHOTO YIIPaBIiHHS PO3MOALIOM TO-
TOKiB iH(opMalii MOXe HE TUIBKH HE ITOKPAIIUTH, aje
HaBITb MMOTIPUINTH TOKa3HUKHU SAKOCTI Mepeiadi MoBiJoM-
JIeHb (3aTpHMKa Iepenadi moBiIoMiIeHb). ToMy muHaMi-
YHE KepyBaHHs PO3MOALIOM IOTOKIB iH(popMarlii HeoOXi-
JTHO 3aCTOCOBYBATH Y TIO€JHAHHI 3 IHIIIMMH METOIAMH 1,
B MEPIIYy Yepry, 3 METOAOM KEepYBaHHS 00CSTOM IIOTOKY
iH(opMallii, 1110 HaIXOUTH JI0 MEPEKI.

BucHoBxku

BpaxoBytour BHUMOTH CY4YacHOCTI Ta OCOOJIMBO
TOTO, IO KOPHCTYBad HU(POBOro MaiOyTHHOTO MOBH-
HEH MaTH MOKJIMBICTh HE JIUIIIE OTPUMYBATH Pi3HOMaHI-
THI TOCITYTH BHCOKOI SIKOCTI, a i CTBOPIOBATH HEOOXI1/IHI
HOMy IOCIYTH, IIPOIOHYEThCS OyIyBaTH CHCTEMH YII-
paBIiHHS IHPOKOMYHIKAIITHUMHU MEpeXaMH 13 3aCTOCY-
BaHHSAM METOJIB Ta TEXHOJIOTIM IHTEJICKTyalbHUX Me-
pex. OCHOBHOIO BJIACTUBICTIO IHTEJIEKTYyaJIbHUX CHCTEM
YIpaBJIiHHS € Ta 00CTABHHA, III0 MEPEKa Iepeaadi Kepy-
10401 iH(opmaliii moOymoBaHa 3a KOHIIENITYaIbHOI MO-
JICIUTI0 1HTEJIEKTyaabHOI Mepexi. [Ipu Takomy miaxoi
JI0 CHHTE3y MEpeiKi mepeaadi indopmaiiii, 110 yrpasise,
IIBUAKICTE OOPOOKHM Ha BEPXHIX PIBHSIX 3HHKYETHCS 31
3POCTAHHAM «IHTCJICKTYaJIbHOCTI», 5IKa, Y CBOIO Yepry,
3MEHILYETHCS B Mipy IPOCYBaHHS BHHM3 IO TPAaHCIIOPT-
HOMY PIBHIO 3aIIPOIIOHOBAHOT MOZIEJI.

3anponoOHOBaHO MOJENb 0OCIYrOBYBaHHS BUMOTH
no ICY, sika nmependavae 3arnpoBaKEHHS BU3HAYHHKIB
KEpYIOUOro BIUIMBY Ta LIEHTPAJi30BaHOI JIOTIKHU, JI03BO-
JIs€ TIPUCKOPUTH Ta CIIPOCTHTH HPOLIEC BBEACHHS HOBHX
Ta KOPEKI[iT ICHYIOUHX KePYIOUMX BILIMBIB, 1110 O3HAYA-
€THCS HA EKOHOMIYHOCTI BCi€T MEpexi.

OnHuM i3 e(heKTUBHHUX CIIOCOOIB IMiBHUIICHHS BHU-
KOPHUCTaHHS peCcypciB Mepexi y HaJ3BUIaliHUX YMOBaX €
JIMHAMIYHHUNA PO3IOJILUT MOTOKIB iH(popMarii. [ns 3a0e3-
MeYeHHS TUHAMIYHOTO PO3MOJILTY TIOTOKIB Y MEpexi me-
penadi iHdopMarlii, o ympaBise, TPOIOHYETHCS BUKO-
PHCTOBYBATH CUCTEMY TUHAMIYHOTO YIPaBIiHHSA PO3IIO-
IIIJIOM TIOTOKIB, sika € miacucremoro ICY. Buznaueno, 1mo
JIMHAMIYHA MapipyTu3aiis eeKkTHBHA JIHIIe 32 cepel-
HBOTO BUKOPHCTaHH: KaHaiB. [Ipy mepekocax HaBaHTa-
JKEeHb Ta/a00 BUHWUKHEHHS Oy[Ib-SIKMX IOIIKOPKEHb Ha
MepeXi TMHAMIYHUHA PO3IIOALT IIOTOKIB ITAKETiB MPU3BO-
JIUTH IO 3HAYHO OLTBIIOTO eeKTy.

Ilopganpmuii pO3BUTOK 3aNpPONOHOBAHOTO IIPUH-
Uy AXHAMIYHOTO YIPABIIiHHS PO3IOAIJIOM ITOTOKIB iH-
(hopmartii mossrae y He0OXiTHOCTI 3aCTOCOBYBATH HOTO
y TIO€IHAHHI 3 {HIIMMH METOJIAMH i, B TIEPIIYy Yepry, 3
METOJIOM YTIPaBIiHHS 00CSATOM MOTOKY iH(popMarii, o
HaIIXOJUTh 0 MEPEXI.
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Intelligent control system for infocomunication networks
Lubov Berkman, Oleh Barabash, Andrii Musienko, Olga Tkachenko, Oleksandr Laptiev, Olha Svynchuk

Abstract. The paper studies the conceptual model of an intelligent network, which is proposed to be used in the synthesis
of a network for the transmission of control information in intelligent control systems for info communication networks. At the
same time, the user of the digital future should be able not only to receive a variety of high-quality services but also to create the
necessary services. It is shown that when synthesizing intelligent control systems, the following features should be taken into
account: the processing speed at the upper levels of the conceptual model decreases with the growth of "intelligence", which, in
turn, decreases as we move down the transport level of the proposed model. The principles of construction and architecture of the
intelligent control systems are proposed, taking into account the current readings of measuring and information means. A model
for servicing a requirement is proposed, which implies the introduction of determinants of control action and centralized logic. This
allows you to speed up and simplify the process of introducing new and correcting existing control actions, which affects the
efficiency of the entire network. The model separates service-related aspects from network-related aspects. This allows you to
describe the services and capabilities of the intelligent control systems, regardless of the core network over which the intelligent
add-on is created. It is shown that one of the effective ways to increase the use of network resources in emergency conditions is
the dynamic distribution of information flows. To ensure dynamic flow distribution in the control information transmission net-
work, it is proposed to use a dynamic flow distribution control system, which is a subsystem of the intelligent control systems. The
dependences of the probability of choosing a bypass path on the channel utilization factor are analyzed. The average message delay
time in the network is analyzed. It is shown that dynamic routing is effective only with average channel utilization. The comparison
of dynamic and static distributions of packet streams for uniform load distribution over an absolutely reliable network is carried
out. In case of load distortions and/or any damage to the network, the dynamic distribution of packet flows leads to a significantly
greater effect.

Keywords: network, intellectualization, control system, synthesis, model, requirement, impact, distribution, flow.
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Hauionansauii TpancnioptHuil yHiBepcuteT, Kui, Ykpaina

PO 3ACTOCYBAHHSI METOAY IMITAIIII BIZITAJTY
JJIA PO3B’AA3AHHSA HEUITKOI 3AJAYI KOMIBOSKEPA

AHoTanisi. B maniif crarTi po3misHyTO METOX iMiTalii Bigmamy sl po3B’si3aHHS HEUiTKOi 3a7adi KOMiBOsDKepa, sKa ¢o-
PMYJTIOETBCS SIK 3aj1a4a ITONIYKY MapHIpyTy BiBiyBaHHS 3aaHOI KiJTbKOCTI MICT 6€3 TIOBTOPEHb 3 MiHIMaJIBHOIO TPHBAJIIC-
TIO TlepecyBaHHs. BHKiageHo 3MicT MeTo.ry imitamii Bifary, onrcaHo anropuTM ¢opmaisarii metoxy. HaBeneHo akcio-
MaTHKy HEYITKHX TPUKYTHHX dncel. ChopMyIp0BaHO HEUITKY 3a/ady KOMiBOsDKEpa, Yy AKil 4acoBi MapaMeTpH IepecyBaH-
HSl MDXK MICTaMH 3aJal0ThCsl Y BUTJIIJI MPaBUX HEUITKUX YHCEJI, BEIMYMHA HOCIS B SIKMX 3aJI€XKITh BiJ PI3HUX 30BHIMIHIX
yMoB Ta (pakTopiB. HaBeneHo pe3ynbTaT po3paxyHKiB po3B’s3KiB 3a1adi KOMIBOSDKEpa y HiTKii Ta HEUiTKIH Gopmax 3 piz-

HUMHU TTapaMeTpaMH 3pi3iB HEUITKHX YHCEIL.

Kaw4yoBi caoBa: 3amaya KoMiBosDKepa, METOJ iMiTamil BiAIamy, alropuT™, HETITKI YMCiIa, MHOKHHH PiBHS, Gopmati-

3allisl YaCOBUX 1HTEPBAJIiB.

Beryn

Ha cporomuimHiii qeHb mpoOieMa MONIYKy HaiKo-
POTIIIOTO NUIAXY MiX JIBOMa IMYHKTaMH € IyXe aKTya-
JILHOIO: OOCSITM Ta NOTPEOU TPaHCIOPTHO-JIOTICTUYHUX
TOCITYT 3pOCTAOTh MOJHA. X rONOBHA MeTa - MoOy0Ba
HaAWTOYHILIOTO MapuIpyTy JUisi 00CIyrOByBaHHS MaKCH-
MaJIbHOT KUTBKOCTI KJi€eHTiB. [lpu 1bOMy HeoOXimHO
BpaxoOBYBaTH, 110 BUOIp HEBIAJIOTO HUISXY CIPUYMHSE
llOllaTKOBi BUTpATH, YHUKATU AKHUX YK€ BaXKJIUBO SK 3
€KOHOMIYHOI, TaK 1 JIOTiCTHYHOI TOYOK 30Dy .

[Tpu 1ipoMy, BapTo BiAMITHTH, IO iCHY€E HAOIp da-
KTOpIB, L0 XapaKTePHU3YIOTh TPUBAIICTh IPOXOKECHHSI
LUISIXY: HAOPUKIAJ, Yac 00H, TOTOAHI YMOBH, i HaBITh
«HaBaHTAKEHICTh» MPOXOPKEHHS Ti€l YK 1HIIOT ILISH-
ku. IlpudgoMy, U1 HOLIYKY ONTHMAJbHOI'O HUIAXY He-
00XiTHO BpaXxOBYBaTH 1X B3a€MO3B's130K. J{J1st mpukIiamy,
JIOBIJIbHA JUISTHKA 1IUIAXY Y Pi3HMIT Yac 100U Mae pizHe
3aBaHTAXXEGHHA, a L€ 3HAYUTh, IO TPUBAIICTH MPOXO-
JOKEHHS 1i€i TUISHKY OyJe BiOpI3HATUCS B 3aJISKHOCTI
BiJl 4acy MPOXO/KEHHsI. 3 IHIIOro OOKY, TOTO/[HI YMOBH
(TyMaH, JOII) TaKOX € YMHHWKAMH BIUIUBY Ha TpHBa-
JICTh MPOXOKESHHS IISTHKH.

IIocTraHoBKa 3axa4i KoMiBosIzKepa
(TSP, Travelling Salesman Problem)

[pumyctiMo, 1O € NPEeICTaBHUK TOPTiBEIBHOT
KoMmmaHii (ToproBens abo MepueHpaiiep), AKAH Xoue
3aIlpOIIOHYBATH a00 MEePEeBIPUTH HASBHICTH TOBAapiB CBOT
(bipMH y TYHKTaxX MPOAaXy AESKOi CYKYITHOCTI MiCT KOH-
KpPETHOTO periony. MapmpyT HOro pyXy IIOBHHEH MiCTH-
TH yCi IyHKTH, IO TMPOINHKCAaHI y 3aBIaHHI, IPHUOMY,
KO>KEH 3 IyHKTIB MOTPiOHO BiBiIaTH HE OLIBIIE OTHOTO
pa3y. Taki momopoxi 3abuparoTs 6araTo gacy, TOMY JIo-
TiYHO, IO TPEACTABHUK XO4Ye CKJIACTH CBill MapmipyT
TaKAM YMHOM, IIO0 BiJICTaHb, SIKYy MOTPiOHO IOJOIATH,
Oyna MiHIMaNbHOIO (B SIKOCTI KPUTEPII0 MOXKE TaKOXK
pO3TIIAATHCS 3HAXO/DKEHHS IUIXY MiHIMAIBHOI TpUBa-
JIOCTI TIPOXOPKEHHST 200 MPOXO/HKEHHS 3 HAHMEHIINMUA
BUTpataMu). [IoIIyk Takoro MapiipyTy € OCHOBHHM 3a-
BIIAaHHSM IIPH PO3B’sI3yBaHHI 3a1a4i KoMiBosukepa [1].

3amagya komiBosDKepa - KOMOIHATOpHA 3a/a9a, JIs
PO3B’sA3aHHA SIKOI MOXYTh OyTH BHKOPHCTaHI METOAN
MaTeMaTn4yHoro nporpamyBaHHs. 1106 HaBecTH 3amady

JI0 3arajbHOTO BUTJISLY, IPOHYMEPYEMO MiCTa YMCIaMHU
(1, 2, 3, ..., n), a MapuIPyT KOMiBOSHKEPA OIMHIIIEMO ITHK-
JIYHOIO TepecTaHOBKOI HOMepiB t= (ji, o, in, J1)
npudoMy yei ji,.., Jjp - pisHi Homepu. Homep ji,
SIKAW TOBTOPIOETHCS 3 TIOYATKY ¥ y KiHIIl, MIOKa3ye, 10
nepecTaHoOBKA € IUKITiUHOO [2].

CyKyInHICTh MICT MOXXHa PO3TIISIATA y BUTJISII
BEpIIMH Jiesikoro rpady 3 3aJaHuMH BifcTaHsMu (abo
YaCcOM IMepeCcyBaHHs) MK yCiMa mapamMmu BepILHH Cij, SKi
yTBOpIOIOTH MaTpuiio C=(Cj), i,j=1,n . Beaxxaemo maT-
puito cuMeTpruHoto. Tozi GopmasbHe 3aBiaHHS OIS~
rae y Tomy, mo0 3HaiTH HaiKopoTmHuii MapmpyT (3a
qacoM abo ZOBXKHMHOIO) 1, SIKHI IPOXOAUTH Yepe3 KOXK-
HE MICTO Ta 3aKiH-Uy€TbCS B TOYLI BiJIpaBiicHHS. Y
TakKiil IIOCTAHOBL 3aJaya HA3UBAETHCS 3aMKHEHOIO 3a-
naueto komiBospkepa (TSP), sika € Bimomoro 3amaueto
MaTeMaTHYHOT'O LIJIOYMCETFHOTO IPOrpaMyBaBHSI.

MaremaTuuna Mojaensn 3aaa4di TSP

Hexait 1={1,...,n} - MHOXWHA iHIEKCIB BEpPIINH
rpady 3anadi. [limboBa QyHKIis - cymapHuUil yac mpo-
XOJDKEHHSI MapIIpyTy, 110 BKIIOYAE y ceOe YCi BepIIMHU
rpada 3anaudi. [TapameTpamu 3anadi € eIeMEHTH MaTpH-
1l C:(Cij ), |,j el.

3MIHHMMH 3371a4i € eJeMEeHTH OiHapHOI MaTpulli
MIEPEXO/IiB MK BepIIMHAMH X = {Xij}, i,j el, sxi mo-
piBHIOIOTE 1, SKmO y mOoOyIOBaHOMY MapUIpyTi Ui
3aja4i npucytHe pebpo (V;,Vj), 0 - inakwe [3]. OnTu-

MaJbHUM MapHipyToM OyaeMO Ha3WBaTH HAWKOPOTIIHIA
3a 9acoOM MapupyT:

EZZ Z Cijxij — min (1)
iel jel,j=i
3 00MeKEeHHIMHU
Z Xij =1, iel ,
jel, j=i
Z Xijzl,jel, (2)
iel, j#i

Vi —Vj X <n-1,1<i# j<n.
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OcraHHs HepiBHICTH 3abe3medye 3B’S3HICTH Map-
mpyTy OOXOMy BEpIIMH, BiH HE MOXKE CKJIamaTucs 3
IIBOX 1 OLIbIIE HE3B I3aHUX YaCTHH.

ANTOpUTMH, 110 JJO3BOJISIIOTH BUPIINTH MpoOIeMy
3HAXO/HKEHHSI ONTUMAJIBHOTO MAapIIpyTy, MOXKHA ITOJIi-
JUTHA Ha TOYHI Ta eBpUCTWYHI. [ HeBenukux 3amad
(HanpuKIIaj, 3 METOIO IEPBUHHOTO MTPOEKTYBAHHSI TPaH-
CHOPTHOI MepekKi MaluX Po3MipiB) IOIIIEHO BUKOPHUC-
TOBYBATH TOYHI QJITOPUTMH, OCKIJIBKH IX peasizalii He-
00XIi/THI BHCOKI OOYHMCITIOBAJIbHI MOTY)KHOCTI, 4Or0O HE
MOJKHA CKa3aTH IpO pealbHI 3aBOaHHS: ISl HUX, SK
MpaBUIIO, HEOOXIHO BHKOPHUCTOBYBAaTH E€BPHCTHYHI
anroput™Mu. OJHUM 3 TaKHMX METOJIB € METOJ iMiTarlil
Bigmany [4].

MeTon imiTanii Bignmaay

Iigxig, mo peani3oBaHUA y METOI IMITaIlii Bija-
naiy, 3armo3uyeHui 3 QisuyHuX mporecis. B ioro oc-
HOBY ITOKJIJICHO MPOIIEC KPUCTATI3AIlii PEUOBUHH, KU
3HAWIUTM METAJIyprd JUIsS IiJABUINCHHS OIHOPITHOCTI
MeTany.

Sk BiZIOMO, y MeTaJliB € KPUCTAJIIUHI PElIiTKH, 110
BU3HAYAKOTh TCOMCTPHUYHE TTOJIOKCHHA aTOMiB peUOBU-
HY. CyKyIHICTh MO3MIIH BCiX aTOMIB Ha3MBATHMEMO
CTaHOM CHCTEMH, KO)KHOMY CTaHy BiJIIIOBiJa€ TIEBHUIA
piBeHb eHeprii. MeTta Bianany — MpUBECTH CUCTEMY JIO
CTaHy 3 HallMEHIIOI eHeprieto. UMM HWXYMH piBeHb
eHeprii, TMM «Kpaile» KpHUCTaliuHa pelriTka, ToO0To,
TUM MeHIle y Hel JedeKTiB 1 MinHile MeTa.

Y xoni Biamamy MeTal CIOYaTKy HarpiBaroTh 10
JeSIKOT TeMIIepaTypH, IO 3MYIIYE aTOMH KPHUCTAIIYHOT
PELITKH 3aNMUIIUTA CBOI mo3uuii. [1oTiM mounHaeThCs
NIOBUIBHE Ta KOHTPOJIOBAHE OXOJODKEHHS. ATOMH
MParHyTh MOTPAIUTH Yy CTaH 13 MEHIIOI0 EHEPTi€lo,
MpoTe, 3 IEBHOIO HMOBIPHICTIO BOHU MOXYTh IEPETH i
y cTaH i3 OunbLIoo eHeprieto. s HMOBIpHICTH 3MeHIITy-
€ThCs Pa3oM i3 TeMriepaTyporo. [lepexin y ripimii cTaH,
K He AWUBHO, JOIIOMAara€ B pe3ysbTaTi 3HAWTH CTaH 3
MEHIIIOK eHepriero, HiK nodyatkoBuid. [Iporec 3aBep-
LIyeTHCS, KOJM TeMIlepaTypa Hajae 0 3aJaHoro 3Ha-
YeHHS.

Taxka cki1azHa cxema 3 KMOBIPHOCTSIMU TIEPEXOY 3
TOYKH Y TOYKY HEOOXiJIHA JJIsl TOTrO, 100 aaropuTM He
3aI[MKITIOBABCSI HA JIOKAJLHOMY MIiHIMyMi, MpHHAMAIOYH
Horo 3a rmobanpHui ontumyMm. J[isi Buxoay 3 Takoi
cuTyarii moTpiOHO Yac BiJ Yacy MiABHIIYBaTH €HEPTii0
cucremu. Ilpu 11boMy, 3arajqbHa TEHICHLIS IO MOIIYKY
HalMeHIIoi eHeprii 30epiraeTscs Y NbOMY U € CyTHICTD
MeTO[y iMiTamii Bimmamny.

Auaroputm dopmaJtizanii
MeToay imiTauii Bitmamy

Jst oncy anropuTMy BBEIEMO ITO3HAUYCHHS:

S — MHOHHA yCIX CTaHIB CUCTEMH;

f(s) - dyHKisn 3MiHK cTaHy;

Sj - CTaH CHCTEMH Ha i-My KpOILLi;

Sk - HOBHMH CTaH (KaHIUaar);

tmins tiv tmax - MiHIMaJbHA, TOTOYHA Ta BHXiAHA
TEeMIEpaTyPH BiIIOBIIHO;

T(t) - dyHKIis 3MiHE TeMIIEpaTypH;

E(S) - 3sHaueHHs UiNBOBOT QYHKIIII.

AJITOpUTM NOYMHAE MPAIIOBATH 3 BUXIAHOIO CTa-
Hy $;, MOYAaTKOBOIO TEMIIEPATYPOIO ) =1, 1 3 3a71a-

HOIO MiHIMaJIbHOIO TEMIIEPATYPOIO tin -

Jus ycix HoMmepiB i=1,2, ... noku tj > i, MOBTO-
Pproemo:

1) s =1(si1);

2) AE=E(sy)-E(si_1);

3) sixmo AE <0, toxi S; = Si;

4) iHaKIle MPUIHATTS HOBOTO CTaHy BiJ0YBa€ThCS
3 #esikoro HMoBipHicTIO eXp(—AE /1) ;

5) Bubparu Bunaakose urcino M Ha intepeai (0,1);
6) sxmo  exp(—AE/tj) >M, BukoHaTH Tepexin

Sj =Sy , IHaKIIIe MEPEHATH 10 HACTYITHOTO KPOKY;
7) smeHmTH Temneparypy t: t.4 =T (1;);

8) noBepHyTH OocTaHHiM cTaH Sj, i=i+].

Ilpukian po3B's3anHs 3aga4i
MeTOo0M iMiTauii Bigmasay
s nemoHcTpalii podoTH anropuT™My BH3HAYUMO
rmoyaTkosi Aadi. Posrimgaemo 100 MicT, sIKi BHIIAIKOBO
posramoBani B kBanpari (Hampukian, 10x10 on.),
n=100. KoxxHe MicTO, BIANOBIIHO, MPEACTABJICHE Ma-
POI0 KOOpJHMHAT, Yac TMepeMillIeHHs 3 KOXKHOTO MicTa 10

iHImMX 3a1aH0 MaTpuieo C=( Cij ), i,jZH (puc. 1).
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Puc. 1: ITouarkoBe po3TaiyBaHHs MiCT
y TECTOBIH 3a1adi KOMiBOsLKEpa

st orpuManHs HoBoro ctany f(S) Gyaemo MiHsTH
MICI[IMH J1Ba IOBLIBHI MiCTa Y MapuipyTi. Inest mpaBu-
JTbHA, aje Taka 3MiHa Hemepen0adyBaHO BIUTMBAE Ha
3HaueHHs QyHKii E(S) i MeTox MOXKe MpaIroBaTH T0Bro
1 HE 3aBXXH YCITIIIHO.

XopomuM BapiaHTOM y IIbOMY BHITAIKy Oyae Cro-
ci0, 3a TKUM BHOUPAIOTHCS [[BA HOBLTBHI MiCTa B MapIil-
pyTi Ta iHBEepTY€EThCS NUIIX MK HUMH. Hanpukmaz, s
mapmpyty (1,2,3,4,5,6,7) 3a ymMoBH BHOOpY HOMEpIB
MIiCT 2 Ta 7 Tmpolenypa iHBEPTYBaHHS HPU3BOAUTH IO
mappyty (1,7,6,5,4,3,2).

Ha puc. 2 300paxkeHO CTaH CHCTEMH Ha TIEpIIiit
iTepanii, a Ha puc. 3 - pe3yabTaT Ha BUXOJl poOOTH aj-
TOpPUTMY iMiTanii Biamay.
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Puc. 3: Pesynprat poboTH aropurMy imitariii Bianasy
(Haiikpariiii MapIIpyT 3a7a4i KOMiBOsDKEpa)

OcTaToyHO, MOXHA CTBEPUKYBATH, L0 HE3BaXKAIO-
Yl Ha Te, L0 aIrOPUTM Y PO3MJISIHYTIH peanizallii mpa-
LIOE BIJTHOCHO JIOBTO, KOHCTPYKTHUBHICTh HOTO 3aCTOCY-
BaHHSI BapTO BBaKaTH NOCUTH edekTuBHOK. [ToTpiGHO
TAKOX 3a3HAYMTH, 10 ICHYIOTh CIIOCOOM UISl TOKPAIIIeH-
Hsl 4acy poOOTH alropuTMy 0e3 BTPATH SIKOCTI PO3B’SI3KY
(HampUKIIa, METOJ AMHAMidHOI amanTarii [5]). [Hmmm
LIKABUM HAIIPSMKOM JOCII/DKeHb Y cdepi 3aCTOCYBaHHS
METOMy iMiTalii BiJmany € BpaxXyBaHHs (HaKTOpiB, MIO
XapaKTEepPU3yIOTh TPUBAIICTE MPOXOHKEHHS TIITHOK Ma-
pupyTy. BianoBinHy HEBU3HAUCHICTb, KA 3’ SBIIETHCS Y
LIBOMY BHIIQJIKy, MOKHa (hOpMaTi3yBaTH HAa OCHOBI HEYi-
TKUX YHCEIT U BUMIPIOBaHHS TPUBAJIOCTI PYXYy.

AKcioMaTHKA HEYITKHX YHCeJ

Osnayenna 1. [6] HediTkKuM TpPUKYTHHM YHCIIOM

b HA3WBAaIOTh  BIOPSAAKOBaHY  TPIKy  dHcen

b ={(a,b,c)}, a<b<c, ma sKoi BU3HAYEHO DYHKIIITO

nanexnocti pi (X) €[0,1] Burmsmy:

MB(X)IE:%:,XG[&,b];

uB(x):Z_—z,XE[b,c]; us(x)=0,x¢[a,c].

HeuiTki 4nciia € YaCTUHHUM BHIIAJIKOM HE-YITKHX
MHOXUH [7], y SKHX BenWuuHAa (YHKLI1 HaNEX)HOCTI
JUIS  TOBITFHOTO €JICMEHTa BHU3HAYA€ CTYMiHb HOTO
HAJIC)KHOCTI 10 HEYITKOT MHOKUHHU.

HeuiTke TpukyTHE Wucio BUTIAAY (a, b, b), mo
HA3HMBAETHCS JIBUM HEUITKUM TPUKYTHHM 4ucioM [6],
BHU3HAYAETHCS (PYHKIIIEO HANCKHOCTI BUTIISAIY

ni(x)=0x<a;

X—a
ni(x)=——,xefab]; uz(x)=Lx>b,
b-a
a HeYiTKe TPUKyTHe uuciio Burisiny (b, b, ¢), mo Ha3m-
BAETHCS TIPABUM HEYITKUM TPUKYTHHM YHCIOM, — (DyH-
KI[I€I0 HAJISKHOCTI
c—X
A =Lx<b; uz(x) Z—b,XE[b,C];
c

pi(x)=0x>c.
Jlnist HewiTKoro uncna b Hociem
supp b =={xe X :p;(x) >0}
€ iuTepBan[6]. [Ipu nbOMY, [UI HEUITKOTO TPUKYTHOTO
ancna b =(a,b,c) Hociem Gyne intepsan (a,c), s
MPaBOr0 HEYITKOTO TPUKYTHOTO — IHTEpBaJ [b,C) , IS
JIBOTO HEYITKOTO TPUKYTHOTO — IHTEpBAJI (a, b] .
MuoxuHOI o —piBHs (o —3pizom), o <[0,1] He-
yiTKOro TpUKyTHOro umcna b =(a,b,c) e 3puuaiina

MHOXHHA (1HTEpBa):
by, :{x efa,c]: pg(x) = cx}, ac[0,]].

[Mpunyctumo, 1m0 BUMIpIOBaHHS 4Yacy Bi0yBa€Tb-
s 32 JIOMIOMOTOI0 IHTEpBAJIB OJHIET TPUBAJIOCTI (TaKu-
MH IHTEpBaJlaMHd MOXHA BBaXKaTH OyIb-SKy OIMHHMIIIO
yacy, Hanpukian, 1 roauny, 1 aeHs a6o 1 pik, B 3aex-
HOCTI BiJl TeMIiB miporiecy). J[i1st OI[iHKM HEeYiTKOTO Bij-
JIKy 4Yacy MOTPiOHO CHOCTepiraTté 3a peajbHUM IIpO-
MI)KKOM, B MEKax SIKOT'O 3aBEpILY€EThCS KOXKEH IHTEepBa
yacy. B mpomy Bumaaky, «IBHAKHIA» IUIMH OJUHHMIL
Yyacy Mo)ke OyTH 3aJaHHUi TPaBUM HEUiTKHM TPUKYTHUM
YHCIIOM C HOCIEM, JOBKHHA SIKOTO MEHIIE TPUBAJIOCTI
4acoOBOT'O IHTEPBaly, a «IOBUIBHUI» - TAKOTO XK BUIJISI-
Iy HEUiTKUM YHCIIOM 3 HOCIi€M, JJOBXKHHA SIKOTO OijbIma
3a TPUBAIICTh iHTepBamy. OYEBHIOHO, IO, SIKIIO Yac
«Tedye» MPUPOAHUM YHHOM, TO BEIWYHHA HOCIS JaHOTO
HEYITKOr0 YKCJIa 3a JOBXXUHOIO CITIBIALAE 3 BEINUYNHOIO
OJMHHYHOTO YacOBOTO iHTEPBAIY.

MareMaTH4YHA MOJeJIb HeUiTKOI 3aga4i TSP

Jns dopmarnmizariii HEUITKOI 3a7adi KOMiBO-sDKepa
BBKAEMO, III0 Yac MEPEMIMICHHS MiXK MIiCTaMH BioMi
HabmxeHo. [IpumycTuMo, 1m0 3a pe3ysbTaTaMu CIoc-
TepeXeHb MOXKHAa BHW3HAYMTH MNapaMeTpH TPHUBAJIOCTI
MepecyBaHHs Ha KOXKHIN IUISHII MapHIpyTy y BHTIIAIL
MPaBUX HEUITKUX TPUKYTHUX YHCEI

Tij = (TU ’Tij 'Tij +6ij) s i, j =1,n s

e Sij >0, i,j=1,n, - gomycTUMi 3aTPUMKH y dYaci
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TIepecyBaHHs, 10 3aJISKaTh B/ pi3HUX (HaKTOPIB BILIN-
BY Ha Yac MPOXOKEHHS MapLIpyTy.

3po3yMmilo, Mo y JaHOMY BHUIAAKY MapaMeTpy 3a-
nadi, sKi 3a7al0Thes exeMeHTamu Matpuni C=((; i ),
i,j=1n, € npaBUMU HEUITKUMH TPUKYTHUMHU YUCIAMH

6ij :Tij , 0] =1,_n . LinpoBa ¢yHKIA 3313249l KOMIBOSI-
)Kepa HaOyBae BUTIISIT

EZZ Z Eijxij —>min, (4)
iel jel,j=i
sIKa pa3oM 3 oOMexeHHsMHU (2) € HEediTKOI ONTHUMi3a-
uifiHoM 3amaveto [8], A1 po3B’s3aHHS SKOT MOXKHA 3a-
CTOCYBaTH METOJ iMiTallii Binay.
3amamo neske 3HadeHHs o €[0,1], ske Oyzxe Bu-

3HAYaTH PiBeHb BIUTUBY Pi3HUX (DAKTOpIB HA TPUBATICTH
MPOXOJDKEHHS MIISIHOK Mapuipyty. lle mo3Bosise mis
Oyzb-5IKOrO MpaBoro Hewitkoro uucia Cjj nobyaysatH

0, —3pi3y, SKI MOAAIOTHCS y BHUIIISAL IHTEpBaJiB dYacy,
MOTPiOHMX IS [TOJJOJTAHHS KOKHOI 3 JIISTHOK.
3acTOCOBYIOYM METOJ IMiTallii Bigmamy Iy KpaiHix
3Ha4YeHb LIUX IHTEPBATIB, PO3B’SA3YEMO 3ahaul KOMIBOS-
Kepa y HaWKpalioMy Ta HaWripumomy BHIIQJIKax dacy
MePEMIIIIEHHS 32 MapIIPyTOM. 32 TAKUX OOCTABHH OTPH-
My€MO YacOBUH iHTepBaJl, AKUH Hagae OLIHKY 3HA4Y€Hb
KpuTepianbHoi  QyHKUIT s oOpaHOro  mapameTpa
a €[0,1] . MinimanbHe 3HaYeHHsI Oy/ie BU3HAYATH Yac 3a
iZleaIbHUX YMOB PyXY, MakCHMaJIbHE — 32 YMOB Bpaxy-
BaHHsI BIUIMBY (DaKTOpIB, LIO MOTIPLIYIOTh TPUBAIICTh
MIPOXO/KEHHST AUSIHOK MapuipyTty. Y Taln. 1 HaBeneHO
pe3yJIbTaT PO3PaXyHKIB, OTPUMAHUX TPH PO3B’A3yBaHHI

3ajadi KOMIBOSDKepa JUIsl PI3HHX 3HA4eHb Iapamerpa
ael0,1].

Tabnuysa 1 — Pe3yJbTaTH Ppo3paxyHKiB Ui HediTKol 3agayi

KOMIiBoOsIzKepa
3HayeHHs rapameTpa o \ Min, rox Max, rox
YacoBuii iHTEpBaI
o =1 117 117
=075 117 127
a=05 117 159
=025 117 164
BucHoBkm

B naniit crarTi po3risHyTO METOA imiTarii Bijma-
Jy JUIS PO3B’sA3aHHS HEYITKOI 3a7a4i KOMIBOSDKEpa, sKa
(hopMyITIOETBCS SIK 3a/laua MOLIYKy MapuIpyTy BiABimy-
BaHHS 33JIaHOI KUIBKOCTI MICT O€3 MOBTOPEHb 3 MiHiMa-
JILHOIO TPUBAJIICTIO TIEPECyBaHHSL

BuknaneHo 3mict MeTody imiTaiii Bimany, Onu-
caHo anroput™ Qopmanizauii Metoay. ChopmMyabOBaHO
HEYiTKY 3371a4y KOMIBOsDKepa, Y sIKiil 4acOBi mapameTpu
MepecyBaHHs MiXK MiCTaMH 3aJIal0ThCSl y BUIJIS Tpa-
BUX HEYITKMX YHCEJI, BEJIMYMHA HOCIS B SIKMX 3aJICXKITh
BiJ] pI3HMX 30BHILIHIX YMOB Ta (pakTOpiB.

HaBeneHo pe3ynbTaT po3paxyHKiB po3B’sI3KiB 3a-
Jaui KOMiBOsDKepa y 4iTKii Ta HewiTkid ¢opmax 3 pis-
HUMH TapaMeTpaMu 3pi3iB HEUITKUX YUCEIL.
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On the application of the simulated annealing method for solving the fuzzy traveling salesman problem
V. Gavrilenko, K. lvokhina, N. Rudoman

Abstract. This article discusses the annealing simulation method for solving the fuzzy traveling salesman problem,
which is formulated as the problem of finding a route to visit a given number of cities without repetitions with a minimum travel
time. The content of the annealing simulation method is presented, the method formalization algorithm is described. The axio-
matics of fuzzy triangular numbers are given. A fuzzy traveling salesman problem is formulated, in which the time parameters of
movement between cities are given in the form of right fuzzy numbers, the carrier value in which depends on various external
conditions and factors. The results of calculations for solving the traveling salesman problem in clear and fuzzy forms with dif-
ferent parameters of slices of fuzzy numbers are presented.

Keywords: traveling salesman problem, simulated annealing method, algorithm, fuzzy numbers, level set, formalization
of time intervals.
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DEVELOPMENT OF INFORMATION INTELLIGENT SYSTEM
FOR MANAGEMENT OF SCIENTIFIC AND SCIENTIFIC-TECHNICAL
ACTIVITIES HIGHER EDUCATION INSTITUTIONS

Abstract. The information system of scientific and scientific - technical activity management is offered.
Systems architecture design stages are considered. The general chart model of precedents for the further
expansion and the activity diagram have been constructed. The developed behavior, sequence, branching and
processes synchronization have been presented, which allowed to create a system of scientific and scientific -
technical activity management of the higher education institutions. Modern web - technologies that allow to
create interactive web - pages have been analyzed. The developed interface for data entry at the reporting level
of departments has been presented. The main page of the information system, which contains all the basic
structural elements, have been designed, the transition to which is carried out using hyperlinks.

Keywords: information intelligent control system, intelligent system, semantic text analysis, scientific

activity of the department.

Introduction

Research in the HEI (higher education institutions)
is a necessary element of teachers and student education
activities. The structure of the university, as a rule, has a
system of research units: laboratories at faculties and
departments, public laboratories, research centers in the
university structure, small businesses, which employ not
only teachers and PhD students, but also students and
project teams.

The importance of scientific work is presented
primarily in the fact that the results and innovative
professors and teachers’ developments of higher
education institutions have the shortest testing and
implementation distance. They can be used in the
educational process to enrich it, to develop new elective
courses, textbooks and monographs. The scientific
activity of a higher school teacher ensures the teaching
trinity, science and practice, the realization of the
cognitive and transformational function of science itself.

For effective organization management, it is
necessary to use up-to-date data on its condition and the
products quality. This task is also relevant for scientific and
educational  organizations. But  evaluating their
performance appears to be a difficult task, organizationally
and technically at the same time. There are a large number
of evaluation criteria, such as the total volume of scientific
texts for the year, the number of publications, the Hirsch
index, conference papers, the amount of performed work.
Therefore, the question arises about the use of specialized
automated systems for collecting, processing and
submitting data on the scientific activities of research and
teaching staff to solve these issues.

The management of scientific activity and
innovation should include such areas as:

- planning and management

research activities;

- accounting for the implementation results;

- results registration;

- financial management;

- preparation of reports on research activities.

of scientific

With the help of the developed information system
the collection and analysis of information on indicators
of scientific, scientific-technical and innovative activity
of scientific-pedagogical staff of the higher education
institution is carried out. The collected information is
used for the construction of analytical reports, as well as
for the automated construction of scientific activity
reporting forms.

Visualized analytical reporting allows you to
review summary information for the selected period for
all and individual departments as well.

Such process automatization of gathering
information for reporting has several advantages. Using
the same data saves staff time and makes reports
consistent. Information about each work needs to be
entered only once, after which the information is
displayed in all reporting forms.

The main material

In order to develop an information intelligent
system for managing the university scientific and
scientific - technical activities, an information system
for managing scientific and scientific - technical
activities of the department was designed and
programmatically implemented, which should ensure
the following functions:

- differentiation  between the user and
administrative  parts of the program module
(administrator/editor/users):

— editor (can add/delete/change scientific
publications, check the text for uniqueness, available to
teachers or scientists registered by the administrator);

— administrator (can add/delete/change scientific
publications, check the text for uniqueness, and also has
the right to add/delete new users, namely editors)

— user (can review publications, reports on
scientific, scientific-technical and innovative activities
of the department)

— a registered user must be able to freely enter the
module for managing scientific and scientific-technical
activities using an individual unique login and
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password. When he logs in, he gets access to scientific
publications (where he can add a new publication with
the ability to add a co-author, select relevant categories
and other details);

— generation of reports on scientific, scientific-
technical and innovative activities automatically;

— the system should be able to check the
uniqueness of a scientific publication;

— ensure the development or
(replenishment) of new publications and
categories;

— include a system for planning the date and time
of scientific material publication in advance, which will
automatically publish the article on the specified date
and time);

— the ability to change the status of a published
article:

— private status (the publication will not be
displayed in the information system, even if it was
published earlier);

— public status (the publication will be displayed in
the information system, even if it has not been published
earlier);

— the ability of the administrator to clear the
database of no longer up-to-date data;

— the ability to save all the stages of creating a
scientific publication with the possibility of returning it
to the selected version.

— informational presence of the department on the
Internet, the availability of reports on scientific,
scientific-technical and innovative activities and
scientific materials;

— simplicity and ease of navigation, that is, an
intuitive interface for both the student and the teacher.

To meet these requirements, an architecture design
was carried out, which includes the following steps:

1. Goals of system architecture design:

— analysis of interactions between analysis classes,
subsystems identification and interfaces;

— clarification of the architecture, considering the
possibilities of reuse;

2. Introduced global packages:

— foundation classes (lists, queues, etc.);

— error handling classes;

— mathematical libraries;

— utilities;

— Libraries from other vendors.

3. Design classes are defined:

— the analysis class is mapped to the design class if
it is simple or represents a single logical abstraction;

— a complex analysis class can be divided into
several classes, turned into a package or into a
subsystem.

4. Examples of possible subsystems:

— classes that provide a range of services (for
example, security and protection);

— limit classes that implement a complex user
interface or interface with external systems;

— various products: communication software
(middleware, COM/CORBA support), database access,
data types and structures (stacks, lists, queues), general
utilities (math libraries), various application products.

addition
their

5. Highlighting architectural levels:

— Application Layer — contains elements of the
application layer (user interface);

- Business Services Layer — contains elements that
implement the business logic of applications (the most
stable part of the system);

— Middleware Layer -
independent services.

6. Database design.

7. Implementation of the system.

For a clearer representation of the designed
software, a general model of a precedent diagram was
built for further expansion (Use Case diagram).

This information system provides for three types
of users (actors):

a) Editor (the editor can add/delete/change
scientific publications, check the text for uniqueness,
available to teachers or scientists registered by the
administrator)

b) Administrator (administrator, can
add/delete/change scientific publications, check the text
for uniqueness, and also has the right to add/delete new
users, namely editors)

¢) Guest (guest, ordinary user is guests, can view
publications, reports on scientific, scientific - technical
and innovative activities of the department)

A system use cases diagram is shown in Fig. 1.

Diagrams describing the dynamics of the system
include activity diagrams.

The Fig. 2 shows a diagram of the administrator's
activity in the information system.

When modeling the behavior of a designed or
analyzed system, it becomes necessary not only to
present the process of changing its states, but also to
detail the features of the algorithmic and logical
implementation of the operations performed by the
system. For this, an Activity diagram has been used.
This type of diagram allows you to show not only the
processes sequence, but also branching and even their
synchronization. It allows you to design algorithms for
the behavior of any complexity objects.

Designing the database, unique identifiers were
defined - this is an attribute or a set of attributes and / or
relationships that uniquely characterizes each instance
of a given entity type. With full identification, an
instance of this entity type is fully identified by its own
key attributes, otherwise attributes of another entity, the
father, also participate in the identification.

The following principles are used in the
construction of the ER-model:

— the essences on the diagram are represented by
rectangles;

— each rectangle can have different visual
attributes;

— each entity must be assigned a unique name;

— entity names must be in the singular;

— links in the diagram are represented by lines
going from one entity (table) to another;

— each connection is assigned a unique name;

— related tables are divided into parent and child;
parent tables are displayed as rectangles with right
angles, child tables are displayed with rounded ones.

provides platform
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Fig. 1. Use Case Diagram

Mepexia, Ha npodins MepebysanHa Ha

KIBKHOMD BUKNaAaua CTopiHL BUKNaAaYB
Mepexia Ha camy MepefyBaHHA Ha CTOpIHL

nybnikauiro HayKkoBux myGnikawii

MepebyBaHHA Ha CTODIHU
nepeniky mybnikayii

(ouiKyBaHHA KOpMCTYBaua)

[ lonoBHa cTopiHka

3niAcHeHHA

aBTopuaaLyi

MepebyBaHHA wa
TONOBHIIA CTOPIHL

[Penaktop] [ AgmiHicTpatop |

MepebyBaHHA Ha CTOPIHL|
BHKOHEHHA NOK33HWKIB

]

j PeparyeaHHA Me pe6 & BiHeTi
S || | || P
penaktopa
Peparysanin cTapat CTBOpeHHA HoBa PeparyeaHna CTaT
nyfinikauji myfinikauit nyfinikaui

I'Iepeip:a TEKC Ha CTBOpEHHA HOBOI
YHIKAMEH ICTh nyBnikauii
I'IyﬁniyaaHHn

BigoMoCTE Wono0 h-iHgexcy

Mepeeipka Ha
YHIKaNEHI CTe

[ MepebyBanHA Ha cTopiHLi ]

MepeBipka TEKCTY Ha

YHIKANEHICTE

PecTpysaHHa Hoeoro
KOpHCTyBaua

BuganexHa Hoeom
KOpH CTYEaYa

Fig. 2. Activity Diagram

WordPress uses several interconnected tables. For example, one page can have many comments

There are connections between them to each other.  (Fig. 3).
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Fig. 3. Home page of the information system

Let's describe the database, it consists of the
following main tables:

a) wp_users (table of users), it stores all user data:

- user_login (user login field);

- user_pass (user password field);

- user_nicename (user nickname field);

- user_email (user email field);

- user_registered (field of registration date of the
student in the system);

- user_activation_key (user activation key (sent to
the mail to confirm registration));

- display_name (name to be displayed on the
display);

b)  wp_quiz_aditional
publications saving):

- user_id (user id);

- post_id (post id, ie publications);

- date (publication date);

C) wp_posts (posts table):

- post_autor (the post author,
administrator or editor);

- post_date (date of post creation);

- post_ content (filling the post, for example, the
text of a scientific publication);

- post_title (post title, for example, article title);

- post_maodified (date of last changes in the post);

- post_status (post status);

- post_type (post type, for example, article, slider,
home page content);

d) wp_postmeta (table for additional post data):

- post_id (post id, ie publications);

- meta_id (field for writing the custom field id);

- meta_key (field for writing the name of the
custom field);

- meta_walue (field for recording the contents of
the custom field);

e) wp_cimy_uef_data (user category table):

(table of scientific

in this case

- user_id (user id);

- field_id (category confirmation);

Most tables are linked to one or more others by a
single field. This field will be a unique identifier for
each record (example post_id).

The main database encoding is utf8, collection
utf8 general_ci. The choice of such an encoding was
due to the need to use Cyrillic characters to display most
of the text information, which allows the selected
encoding. The length of the password field is 32
characters, this length was chosen because of the need
to store a password hashed by the md5 system, which
encodes exactly up to a size of 32 symbols. The scheme
of the database is presented in Fig. 4.

The most efficient approach to designing a user
interface is to design it by modeling the user's functions.
At the beginning of the prototyping process, paper
layouts of the interface were created, then screen forms
were developed that simulated user interaction. It is
desirable that end users actively participate in the
interface design process. In some cases, users will help
evaluate the interface. In others, they will help to find
errors in itsex development [15].

To enter data at the reporting level of departments,
an interface has been developed, shown in Fig. 5, 6.

The system is implemented in the form of an
information system.

The content management system provides the
administrator in the information system the ability to
perform the following actions:

a) adding and removing text;

b) text editing;

¢) adding and removing graphics;

d) editing supporting materials and appendices;

e) adding and removing new and scientific works
(articles, publications);

f) registration of new users;
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Fig. 4. Data scheme

g) managing the display of scientific, scientific-
technical and informational publications;

h) adding and removing new categories for
publications.

According to the developed structure, the main
page of the information system was designed (Fig. 7). It
contains all the basic structural elements, the transition
to which is carried out using hyperlinks.

As planned at the stage of setting the task, the
information system contains all the necessary structural
and navigational elements.

The rules for accessing the system are defined for
login.

VNpaBAiHHA HaYKOBOK) Ta HayKOBO — TEXHIUHOIO AIANGHICTIO BH3

YnpaBiHHA HAayKOBOK Ta HaYKOBO — TEXHIYHOMO

nisabHicTro BH3

[ | BeefeHHs AaHux

B Bseneths maHux no aBTopam
[ | JoBigHWKK
B 3ssithicTs o YHiBEpCUTETY

B 3sitHicTs no Kadbegapi

Fig. 5. Interface for managing
the departments scientific activities
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Conclusions

As a result, according to the reference terms, the
behavior, sequence, branching and synchronization of
processes have been developed, which made it possible
to create a system for managing the scientific and
scientific-technical activities of the university.

The introduction of a management system for
scientific and scientific-technical activities of the
department allows:

a) reduce the time spent on creating, maintaining
various reports of scientific publications of scientific
and pedagogical workers;

b) automation of data collection on h-index and the
number of citations of scientific and pedagogical
workers, graduate students and doctoral students on
Google - Scholar Citations;

c) checking the uniqueness of a scientific
publication using semantic text analysis (and
instructions for using this function were also provided);

d) convenient possibility of adding (replenishing)
new scientific papers and their categories;

e) the possibility of planning the date and time of
scientific material publication in advance, which will
automatically publish the article on the specified date
and time);

f) the ability to change the status of a published
article:

a. private status (the publication will not be
displayed in the information system, even if it has been
published earlier);

b. public status (the publication will be displayed
in the information system, even if it has not been
published earlier);
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g) the ability to save all stages of the scientific
publication creation with the possibility of its return to
the selected version.

This information system is primarily aimed at
teachers and scientists of the Western Military District,
students and ordinary users.

The purpose of creating the module is to ensure the
management of the scientific and technical activities of
the department, which will greatly facilitate the teachers
work.

This  software
development prospects:

a) the system can be applied in different areas,

product has the following

since the system is not tied to specific scientific
categories, and the administrator can create them
independently, depending on the specified needs;

b) further self-checking of the text for uniqueness
during the process of writing the article is possible;

c) implementation of other reports types,
depending on the tasks.

During the developing a software product, modern
web technologies have been selected and justified,
which allow creating interactive web pages.

The developed information system fully satisfies
all the requirements at the stage of setting the task and is
ready for operation.
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Po3podienns ingopmauiiiHol iHTesieKTYaIbHOI cCCTEMU
YIPaBJIiHHS HAYKOBOIO TA HAYKOBO-TEXHI4YHOI0 aisibHicTIoO 3BO
T. Amutpenko, T. Jlepkay, A. JIMurpeHko

AHoTanis. 3anpornoHoBaHa iHpopmariiiHa cHCTeMa YIPaBIiHHSI HAYKOBOIO Ta HAYKOBO — TEXHIYHOO isttbHicTIO 3BO.
Po3riisiHyTi eranmy MPOEKTYBaHHS apXiTEKTypH CHUCTEMEMH. MOOyIOBaHO 3aralibHy MOJENb [iarpaMd MpeleAeHTIB Uit
MOJIAJIBIIOrO PO3IIMPEHHs Ta jaiarpamy akTHBHOCTI (Activity diagram). IIpeacTaBieHo po3poOiieHy MOBEAIHKY, MOCIiIOBHICTS,
po3raiy)keHHs # CHHXPOHI3AIi0 MPOILECIB, 10 JT03BOJIMIO CTBOPUTH CUCTEMY YIPaBIiHHS HAyKOBOIO Ta HAYKOBO — TEXHIYHOIO
JUSUTBHICTIO yHiBepcHTeTy. [IpoaHarizoBaHi cyd4acHi web — TEXHOIOTi, IO JO3BONSIOTH CTBOPIOBATH IHTEPAaKTHBHI web —
cropinku. [IpencraBnenuit po3pobnenuit inTepdeiic 118 BBEACHHS NaHUX HA PiBHI 3BITHOCTI Kadeap. CIpOSKTOBaHA TOJOBHA
cTopiHKa iHMOPMAIIHHOT CHCTEMH, KW MICTHTh BCI OCHOBHI CTPYKTYpHI €JIEMEHTH, Mepexil 3a sSKUMH 3IiHCHIOETHCS 3a
JIOTIOMOT OO TilePIOCHIaHb.

KawuyoBi ciaoBa: iHpopmalliiiHa iHTeNneKTyanbHa CHCTEMa YIIPABIIHHS, 1HTENEKTyalbHHH CHUCTEMa, CEMaHTHYHUIA
aHaJi3 TeKCTY, HAyKOBa MisIbHICTh Kadeapu
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KuiBcrkuit HantionansHMi yHiBepeuTeT iMeHi Tapaca llleBuenka, KuiB, Ykpaina

ITPO OJUH CIIOCIb AHAJII3Y TOHAJIBHOCTI TEKCTIB
3A JOIMOMOTI' OO IITYYHUX HEMPOHHUX MEPEX

AHoTamisn. Y cTarTi ACTAIBHO PO3IIITHYTO TEOPETUYHI BiJIOMOCTI OCHOBHOTO TTiJIXOy /IO TOHAJTLHOT'O aHAJi3y TEKCTY, Ipo-
BEJICHO JIOCHIPKEHHS HAa TEMy aBTOMATH3allil IIbOT0 IPOLECY 3a JOMNOMOTO0 MAlTMHHOTO HABYAHHS Ta BUKOPHUCTAHHS INTYY-
HUX HEHPOHHMX Mepex. [IpoaHai3oBaHO OCHOBHMI THI apXiTEKTypH HEHPOHHUX MEPEX IS poOOTH 3 KiIacH]iKariero TeKc-
Ty Ta BU3HAUEHO ONTHMAIbHY KOH(DITyparifo Ui mporpamMHoi peamizamnii aHajli3y TOHAIBHOCTI JTaHHUX. 3poOJIEHO BHCHOBOK,
10 cepe]l MOXJIMBHX KOH(Irypamniii Mogenel mTydYHnX HEHPOHHUX MepeX HalKpalle BUKOHYIOTH CBOIO (DyHKIIIO Mepexi i3
nBonanpasineHnmu LSTM mapamu y Burisani GRU kordiryparti. IIpy 1150My, TOUHICTE pe3yIIbTaTiB HAIPSMY 3aJI€KHUTh Bil
HasBHUX HaOopiB JaHuX. HaBeneHo pe3ysibTaTy MOPIBHSHHS TOYHOCTI Pe3yJIbTaTiB TPeHyBaHb HAa oOpaHuX naracerax. Omnu-
CaHO CTPYKTYpY IporpamHoi peatizanii podotn ckoHpiryposanoi moxerni [ITHM. HaBenerno npukiaz 1 3acTocyBaHHS.

Kaw4yoBi ciaoBa: aHami3 TOHAIBHOCTI TEKCTIB, INTY4YHI HEHPOHHI Mepei, KiIach(ikaTopH, ABOHAIpaBIeHa MOIEINb,

aNTOPUTM pOOOTH

Beryn

AHaJti3 TOHANBHOCTI (IHIIMMH CJIOBaMH, EMOIIIMH,
CEHTHMEHTIB, HACTPOIB) € Taly3310 OOYHCIIOBAJIBHHX
JIOCITIJDKEHBb, METOIO SIKOi € Kiacuikallisi TEKCTIB SK HO-
3UTUBHUX, HCTaTUBHUX, HeﬁTpa.]'[bHHX a6o K HaAJIC)KHUX
JI0 TIeBHOT ToHANBHOI Tpyru [1]. IcHyroui MeTom edek-
TUBHHUX OOYHUCJICHD Ta aHAII3y HACTPOIB MOYKHA PO3ILIH-
TH Ha TPH KaTeropii: METOIM, 3aCHOBaHI Ha 3HAHHSX,
CTATHCTUYHI MeTomu Ta riOpuaHi mMerogu. TexHouoris,
3aCHOBAHA Ha 3HAHHAX, ITOMIIAE TEKCTH HA €MOLiHHI Ka-
Teropii Ha OCHOBI HAsIBHOCTI JOCHTh BiJIIBEPTHX €MOIIN-
Hux ciiB. [lommpeni mpxepena CiiB-CEHTUMEHTIB abo
0araTocJiBHUX BUpa3iB BKIHOYAIOTh €()EKTHBHUI JIEKCHU-
KOH [2], cxemy miHrBicTHUHMX aHoTariid, WordNet-
Affect, SentiWordNet, SenticNet [3] Ta iiMOBipHiCHI 6a3u
3HaHb [4]. OCHOBHA CIaOKICTh METO/IB, 3aCHOBAaHUX Ha
3HAHHSAX, MOJATa€ B TOMY, L0 BOHH IOTaHO PO3YMIIOTh
eMollii, KOJU ¥aeThes mpo MOBHI mpaBuia [S]. Binmbiue
TOro, AIMCHICTG METOJIB, 3aCHOBAHMX Ha 3HAHHSX, 3HAY-
HOIO MIPOIO 3aJIEKHUTh B ITMOMHY Ta HMIMPOTH 33 iSTHUX
pecypciB. CTaTUCTHYHI METO/M, TaKi K MaIldHU OIOp-
HHUX BEKTOpIB 1 nOoke HaBuaHHs (aHri. deep learning),
LIMPOKO BUKOPHCTOBYBAIMCS TS Kiacuikailil HacTpoiB
TEKCTY, TOMY IOCTiJHHKHA BHKOPUCTOBYBAJHU iX, HAIpH-
KJIaJ, Uil TaKUX MPOEKTIB, K KIACH(IKATOPH BIATYKiB
Ha Qinbmu [6]. 3abe3neuyroun BENMKY KUIbKICTh HaB4Ya-
JFHAX HAa0OpIB 3 TEKCTOM E€MOIIIMHUX aHOTAlii I aj-
TOPUTMIB MAIIMHHOTO HAaBYaHHS, TaKa CHCTEMa MOXXE HE
TUTHPKM BUBYATH €MOIINHHY BaJEHTHICTh KIFOUYOBHX CIIiB
adekTy, a i BpaxOBYBaTH BAICHTHICTD IHIIMX KITFOYOBUX
CIIiB 1 YaCTOTH CIUIBHOTO 3ycTpidaHHs ciiB. Comifg 3ayBa-
KUTH, 110 Il METO/U € e(DEKTUBHUMHU JUTs KaTeropu3allil
TEKCTy KOpPHUCTYBaya JIMIEe Ha PiBHI CTOPiHKK abo0 ab3airy
Ta IIOraHO TPAIOIOTh 3 MEHIIUMH TEKCTOBHMH OJMHU-
ISIMH, TAKAMH SIK pedeHHs a00 cioBo. ['i0Opumamit mimxis
BUKOPHCTOBYE SIK METOJW, 3aCHOBaHI Ha 3HAHHSX, TaK 1
CTATUCTHYHI METOIM ULl BUKOHAHHS TAaKHX 3aBJaHb, 5K
PpO3Mi3HABAHHS EMOIIil Ta BUSBICHHS ITOJSPHOCTI 3 TEKC-
TOBHUX a00 MyJIBTUMOJATPHUX JaHUX. TpaauiliiiHi MeTo-
I Kacudikariii HacTpoiB B OCHOBHOMY 3aCHOBaHI Ha
MpaBMJIaX i MaMHHOMY HaB4aHHI. [ligxomy, 3acHOBaHI
Ha NpaBUJIaX, B OCHOBHOMY BUKOPHCTOBYIOTH JICKCUKOHU

TOHAJIBHOCTEH, I1a0JIOHN Ta CTATUCTHYHI XapaKTepHCTH-
KH, OTPHMaHi 3 JOCBily UM €KCIICPTHUX AyMOK, JUIS Kia-
cudikallii HaCTPOIB TEKCTy, I TEXHIKa 3a3BHYall BUMa-
ra€ 3Ha4HOTO PYYHOrO BTpyYaHHS [7]. A MeTOA MalIuH-
HOTO HaBYaHHS PO3IJIs/IA€ aHalli3 HACTPOIB K MpolieMy
kiacuikarlii, BiH CIIOYaTKy CTBOPIOE HaBYAIIbHUIT HAOID,
TMo3Ha4Yar041 BpY4YHY YaCTHHY HaHUX, l'IOTiM BUTATYE Ta
BUBYA€ HaBYAIbHI JIaH1 Ut 00y 0BH Mojeni Kiacudi-
Kallii, sika BUKOPUCTOBYETHCS JUIsl Kiacudikarii ta mpo-
THO3yBaHHSA TECTOBUX JAHHUX 3 HeBi}IOMI/IMI/I TEeramMu.

OpuuM 3 HaWOLIBII €()EeKTUBHUX MIAXOMIB 10
pO3B’si3aHHs 3a/adi Kiacudikalii TEeKCTYy € BUKOpHC-
TaHHS METOAY IIMOOKOro (MAIIMHHOTO) HAaBYaHHA, II0
MPOBOIUTHCS HA OCHOBI CTBOPEHHSI HEWPOHHOI Mepexi
Jutst Kiacudikarii Tekcry.

Haiibinpln 4acTo BHKOPHCTOBYBAaHUMH MOJIEIISIMU
rIuOOKOr0 HABYAHHS B 3aJja4ax aHali3y HaCTpOIB € 3rop-
TKOBI HeripoHHi Mepexi (CNN) 1 ToBTOproBaHi HEWPOHHI
mepexi (RNN). CNN no3Bosisie BUALIATA BUCOKOPO3MIp-
HI 0COOJMBOCTI MIXK JIOKQJIbHO CYCIJHIMH CIIOBaMH, BH-
KOPUCTOBYIOUH Pi3HI PO3MIpH “pO3CYBHUX BIKOH JJIsI
BEKTOPIB CJIiB ycix ciiB pedennst. Onnak, Gpisstp CNN mae
OOMEKEeHY EMHICTb CITIB 1 HE MOXE BJIOBUTH JIOBIOCTPOKO-
Bl 3aJISKHOCTI, TOMY BiH, SIK IIPABUIIO, HE JJO3BOJISIE OTPH-
MAaT{ CEMaHTHYHHUIT 3B’S130K MK HECYMDKHUMHE CJIOBAMH B
peuenni. Ha Bigminy Big CNN, mepexxi RNN npuzHadeni
T MOJIEITFOBAHHS ITOCHIIOBHOCTI 3 KOHTEKCTHUM CEMaH-
THYHHM 3aXOILUICHHSM, SIKE MOYKE 3aCTOCYBATH BMICT ITaM'-
AT JI0 TIOTOYHOTO CIIEHapito. 3aBSKH TaKuM (QyHKIIisIM
Mepexki RNN  gacTimme BUKOPHUCTOBYIOTBCS VIS Kiachi-
Karii Tekcty. OmHaK il JOBToi IOCTIIOBHOCTI ITaHUX
TpaauIiiHl HepoHHI Mepeki RNN MOXyTh BUKIHKATH
“BuOyX” TpamieHTa abo iioro 3HUKHEHHS. Mepexi T0Bro-
tpuBasioi mam’sti LSTM (Long Short-Term Memory)
[8], € ocobmmBrM THITOM RNN, siKi T03BOJISIFOTH BUBYATH
JIOBTOCTPOKOBI 3aJIGKHOCTI Ta BHKOPHCTOBYBATH €(PEKT
JIOBTOTPHUBAJIOI KOPOTKOYACHOI TTaM’SITi B SAKOCTI TPUXO-
BaHuX oquHUI. LSTM Mepexi BpaxoBYIOTh 3aJIeKHICTh
MOPSIIKY MK TIOCITIZIOBHOCTSIMH CJTiB, TOMY BOHH 3JaTHi
3a]y4aTH 0 PO3PaxyHKIB 3aJEKHOCTI AK Ha OIM3BKI
BiJICTaHI MIX CIIOBAMH, TaK i Ha BEJHKi. BpaxoByroum
MOTYXHICTh MEpeXi B 00poOIli JOBTHX TEKCTOBUX IOBi-
nomiiens, LSTM BipirpaioTs BeNMKy pomnb B 00poOIii
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npuporoi MoBu (NLP). basoi LSTM mepexi ckany-
10T TIOCJITOBHOCTI JIMIIIE B OJHOMY HAampsIMKY, JABOHAII-
pasieHa gosrorpuBaia nmam'sate (BiILSTM) [9] e 1i mona-
JIBIIMM BJJOCKOHAJICHHSIM, 32 SIKUM CKaHyBaHHS ITOCIIIO0-
BHOCTI 3/IICHIOETECS B 000X HampsIMKax, 3a0e3Medyroun
OJTHOYACHHH JTOCTYTI SIK JI0 IIPSMOTO, TaK i O 3BOPOTHOTO
koHTekcTiB. Tomy BiLSTM wmoxke BupinryBaTu 3amadi
Mojei mocnizoBHOCTI Kpame, Hbk LSTM. Ili monemi
HEWPOHHUX MEPEX JIOCATIIN BEJIMKOTO YCIiXy B 3aBJaHHi
aHaJIi3y eMOIIHHOI Kiach(iKarii.

Po3podka nigxoay 10 po3B’si3aHHsA 3a1a4i
aHaJi3y TOHAJbHOCTI

Jnst mpoBeJIeHHsT HEMEepepBHOTO aHami3y Ta Kia-
cudikarlii TEKCTOBHX MOBiIOMJICHb HEOOXiTHO CTBOPH-
TH METOJIUKY ¢(EeKTUBHOI OOpOOKH Ta OI[IHKH SMOITiii-
HOTO 3a0apBlicHHsI (TOHAJBHOCTI) TEKCTiB. B skocTi
KOHCTPYKTHBHOTO MiJXOMy MPOMOHYETHCS BHKOPHUCTO-
ByBatu BiLSTM apxiTekrypy HEHpOHHOI Mepexi y Ba-
pianTi kKoH(irypaiii 3 JBOHANpaBIEHUM CKaHYBaHHAM
TekcTy. Peanizaltis y 1ioMy BUIIAJKY Mepeadavac:

1) momryk maTtacertiB, sIKi MiCTSTh O3HAKH €MOIIii-
Hoi Kimacuikarii 3 yotupma [10] abo 6 kmacamu [11];

2) ytBopeHHs Ta TpeHyBanHs BILSTM wmonerni Ha
3HalIeHNX Habopax JaHuX;

3) mopiBHSAHHS ~ e(EKTHBHOCTI  BHKOPHUCTAHHS
BiLSTM 3 ngBoma Tumamu mapis — 3BuuaitanmM LSTM
ta 3 Gated Recurrent Unit (GRU) [12];

4) po3pobKy mporpaMHHX 3acobiB ams Kiacudi-
Kalil TOHAJIBHOCTI BXIJAHOTO TEKCTYy 3a JOMNOMOTOI0
OTPUMAaHOT HEHPOHHOT MEpPEXi;

5) po3poOKy cepBicy 1O MEPiOIMIHOMY MAPCUHTY
HOBHUHHHX PECYPCIB;

6) HamoBHEHHS 0a3W MaHUX Ui 30epeKEHHS
OTPUMaHHX PE3yJIbTATIB;

7) CTBOpEHHS MEPEXi 3 BAKOPHUCTAHHIM TEXHOJO-
riii Opokepa MOBIZIOMIICHb Ul HENepepBHOI 0OpOOKH
TEKCTIB HOBUH KJIacu(piKaToOpoM eMollii;

8) HammcaHHS ~JEMOHCTPAIliHOI
JUTs Bi3yauizallil OTpUMaHuX JaHUX.

Y SKoCTi TpeHyBaJbHUX HA0OpIB AaHUX Oyio
MIPUAHSTO PillIEHHS BUKOPUCTATH aHTJIOMOBHI J]aTaceTH
3 JIOJABaHHSIM aBTOMATUYHOTO TMeEpeKiaay /0 eTariB
MoTepeIHbOI 0OPOOKH TEKCTY.

BeO-CTOPIHKH

Cepen HasBHHX aHIJIOMOBHHMX HaOOpIB JaHHUX
HaMMomyspHili 3 HIX BUKOPUCTOBYIOTH OiHapHY KJia-
CUQIKAIII0 TOHAJIBHOCTI TEKCTYy, TOOTO BHU3HAYEHHS
JvIe “HeraTHBHOTO” abo “TIO3UTHBHOTO” €MOLIHHOTO
3a0apBieHHA. HalmoBHIIIMM JaTaceToM Takoi KIJIacH-
(hikamii € Habip manmx Big IMDb [13], mo BritOUae B
cebe 50 THcs4 penensii Ha (UIBMH 3 BiITOBITHOIO OITi-
HKo10. OueBHIHO, Taka KiIacH]ikallis HE € JOCTaTHHO
TIOBHOIO JIJISl IOCSITHEHHS! ITOCTAaBIIEHOT METH PO3poOKH,
arne came Lei Halip NTaHUX BHKOPHCTOBYETHCA Y OlNIb-
IIOCTi CY4acCHUX JOCITiKEHB.

Jyis poBeieHHsI TOBHOLIIHHOTO JIOCIIi/PKEHHS TO-
HAJIBHOCTI HEOOXiTHO MaTH HaOip JaHUX 3 OIMHCOM HE
MeHII, HiK 4 Ki1aciB eMolii (y OUTBIIOCTI BUNIAIKIB TaKi
JaraceTd He Maiu Outbiie 3-4 THcsd Kiacu(pikoBaHUX
3aIMCIB, 1110 HE J03BOJMIO O MaTH JOCTATHIO TOYHICTH
mijg 4ac TpeHyBaHHs HelpoHHOI Mepexi). KinneBumu
3HaxiJIkaMHd BHSBWIMCH JBa Habopu aaHux —Ha 20 Ta
Ha 40 THCsY 3anmuCiB, NEPILIHi 3 MIiCTbMa KJIaCaMH, JAPY-
ruii 3 TpuHaguaTbmMa. OOuIBa HAOOPH MICTSATH TEKCTH
MOBIJIOMJICHb COLlIaJIbHOT Mepexxi Twitter, ane mepiuuii
Ma€ JIMIIE MPOCTi TEKCTH 3 BUAAICHUMH 3HAKaMH ITyHK-
Tyalii Ta JiTepamMy HH)KHBOTO PETIiCTpY, TOJI SIK APYTUi
MICTUTh TOBHOIIIHHI TOBIIOMJICHHS DI3HOI JIOBXHHH.
[Tpu upoMy mepiuuii AataceT € BiJHOCHO 30ajlaHCOBa-
HuM (puc. 1, 2)

Po3nogin knacie y pataceTi
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6000

5000
4000 -
3000 A
2000 -
1000 4

0

anger Io\re sadness
Knacu

KinbkicTb 3anucis

surprlse

Puc 1: CrpykTypa HaB4aJIbHOTO HabOpa AaHUX
3 1icThMa Ki1acaMu

Po3nognin knacie y paTtaceTi
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o] I |
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love hate happiness boredom  relief anger

Puc 2: Crpyktypa HaB9anbpHOro Habopa JaHUX 3 TPUHAMITEMA KJIacaMu
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Cuctemu yrpaBiiHHS, HaBiramnii Ta 3B'13ky. 2022. Ne 3

BinmoBimHO, TOYHICTHE TPEHYBaHHS MOJICHI Ha
nepuioMy Habopi MaTuMe BHIY TOYHICTb, ajle MEHIINH
CHEKTp pe3yJbTaTiB, APYruil ke pataceT Oyne MaTH
MEHIIY TOYHICTh ayie OiNbIy KUIBKICTh KJaciB y pe-
3ynbrati. [lepen TpeHYBaHHSM Mepexi 3aIpOrOHOBAHO
MIPOBOAMTH €Taly IONepeIHbol OOpOOKH: BHIAJICHHS
BCIX CIeIiaJIbHUX CHUMBOJIB hex-dopmaty; po3OHTTS
TEKCTY Ha CIIOBa; BUJIAJICHHS CIIy>KOOBUX CJIiB Ta apTHK-
JiB; 3BENEHHS CIIB JO 1X TIOYaTKOBUX Qopm;
0o0’eqHaHHs ciiB Haszag B TekcT. CIPOCTHBINM TEKCT,
MaeMO HaOip KIIOUOBUX CIIB B iX IOYAaTKOBUX (opMax,
[0 TOJETIIyE POOOTY HEUPOHHOI MEpEeXi, OCKIIBKH
TAaKUM YHHOM 3arajbHa apXiTeKTypa Mepexi 3BOIUTHCS
o onmHiel muti — kimacuikamii eMoIlid, 3aMicTh Joaa-
BaHHSI 1IapiB JUIsl IONEepeIHboi 0OPOOKH 1, SIK HACHIJIOK,
YCKJIQJIHEHHS MPOIeCy TpeHyBaHHs. B skocTi mepmoro
apy Mojedi, mo oopobsie TeKCT, 00paHo BOYIOBaHUI
miap, sSKMd BUKOHYE TIEPETBOPEHHS CJIB Y BEKTOPHY
¢dopmy, TOOTO y BUTJISII, 10 HAHONTUMAIIBHIIIE CITPUIi-
MaeThCs HEHpOHHOI Mepexero [14]. Takuit map Oyio
OTPHMAHO 3 MOMNEPETHHO PO3paxoBaHOro mapy 3 1 mi-
nbioHOM 00pobneHux ciiB pecypey Wikipedia [15].

Apxitextypa Mmoaeai ITHM
IS AaHAJTI3Y TOHAJIBHOCTI TEKCTY
J1yist TIOBHOLIIHHOTO aHami3y cpOpMyeMO apXiTek-

Typy HEHpPOHHOI Mepexi, IO CKIAJAEThCS 3 TPhOX OC-
HOBHHX IIIapiB:

1. BOynoaHwmii map Juis epeBe/ICHHs CIIB y Be-
KTOpHY (opMy

2. JIBoHampaBIICHHI HIap 3 JOBTOK KOPOTKOYac-
Hoto am’sitTio (BILSTM)

3. VIIIBHIOIOUNH Iap Uil BUBEJCHHS pe3yIbTa-
TIB.

Jlyis TIOpiBHSIHHSL OTPUMaHUX pPE3yJbTATIB MPOBE-
JICHO TPEHYBaHHS Ha JIBOX JaTaceTax 3 BUKOPHCTaHHSIM
3puuaiinoro LSTM T1a GRU mrapiB, pe3ynabratu (TOY-
HICTh TPEHYBaHHS KOXKHOI KOH(iryparii) rnpeacraBiieHi
y Tabm. 1:

Tabnuys 1 — IopiBHSHHS TOYHOCTI pe3yabTaTiB
TpeHyBaHb HA 00paHUX HA0opax JaHUX

Haracer \ Tun knacugikaropa | LSTM GRU
20k 3armciB 0.7290 0.7965
40k 3armciB 0.3524 0.3696

3 HaBe/IeHUX Pe3yJIbTaTiB BUJHO, IO NEpIINi Ha-
0ip JaHMX BUKOHYE CBOIO (DYHKIIIIO Kpallle 3 TOUYKH 30pY
tectyBaHHs. [Ipu 1pOMy, Y BHIAIKy TECTyBaHHS Ha
CHpaBXHIX [aHUX, HATPEHOBaHa Ha Jpyromy Habopi
MOZeNb Ja€ Kpalli pe3yapTaTd. lle MokHA HMOMITHTH,
nepeBipuBIIN podoTy HeliponHux mepex (GRU xoHi-
rypauii, OCKiJIbKd BOHa Ma€ BHIIY TOYHICTh TPEHYBaH-
HsI) Ha TEKCTax HOBHH 1 XyIOXHIX TeKCTiB (Tabu. 2).

Tabnuys 2 — Mpukaan 3acrocyBannst HIHM 3 GRU kaacudikatopom

. Mepe:ka Mepexa
TecroBwuii Texer \ Moaean P P
1 naracery 2 naracery
JlarBis 3a 1Ba Micswi Bignana YKpaiHi TpeTuHy 000pOHHOTO OFOIDKETY, - Ipe3uaeHT JleBitc Joy Neutral
(pamicTh) (HEHWTpaBHICTD)
Pociiicbke M3C BBeno caukii y Bianosigs npotu CLIA. Ix sanpopaumu npotu Beix 398 Joy Neutral
yeHiB [lamaTu npecTaBHUKIB — HIKHBOT nanaTi KoHrpecy (pamicTh) (HEHWTpaNbHICTD)
€BporneichKHUil COI03 CXBAIUB MOAANBIILY BifiChKOBY J0IIOMOry YKpaiHi Ha 3arajbHy CyMy
1,63 minbsipaa nonapis. Houii maket ¢inancyBatume 3ade3nedenns 30poitnux Cun Ykpa- Joy Worry
THM OOJNaIHAHHAM Ta NIPeIMETaMH OCTAYaHHs, Y TOMY 4UCIIi 3ac00aMy iHIMBILyalbHOTO (pazicTy) (sanernokoenns)
3aXHUCTY, allTeYKaMH Ta NaJbHUM, a TAKOXK BIHCHKOBOIO TEXHIKOIO, 1110 IIPU3HAUCHA IS pai
JIOCTaBKH JICTAJIbHOTO 030POEHHS B 0OOPOHHHUX IJISX.
MakcumyM KBITiB — Bil HeMO(]iJ 0 caKypy — B OJJHOMY KaJIpi YeKa€e TYPUCTIB Y MapKy Surprise Happiness
XiHosima B simoHCbkoMy MicTi CiMOHOCEKi. 3a0/JHO MOKHA TIOMUITYBATHUCS BETHMYC3HHUIA (3nuBYBan- PP
MicT, o 3'eaHye ocTpoBd XoHco i Krocro. ) (wacts)
Komnu cakypa omnazae, 1ie TeX CTpaIIeHHO KpacHBO. 3eMJIst ab0 BOja, piIBHOMIPHO BCHIIaHI Sadness Love
POXEBUMH MEFOCTKAMH, 1y10Bi. A HaMKpalle WTH /] JOIEeM i3 MEeTI0CTOK 1 BiA4yBaTH,
. (cMyTOK) (1r060B)
SK Kpaca OyKBaJIbHO Teue Kpi3b Tede.

HepomineHi na"i npu BUKOPUCTaHHI, 34aBanocs O,
ORI TOYHOI MOJIEINI MEPIIOTO AATACETy, MOSICHIOIOTh-
¢S TIPUPOJOI0 HOTO MAHWX: BHACIIIOK BXKE MPOBEICHOT
TorepeIHF0i 00POOKH BOHHM MOTIIM BTPATUTH TIOTIEPEI-
Hilf ceHc Ta/a6o Morim OyTH CKOHIICHTPOBaHI Ha 1HIIIH
TEMaTHIII 32 PaXyHOK MEHIIOI KiIbKOCTI 3aIlliCiB y Ha-
0opi maHWX y MOPIBHSHHI 3 ApyruM Habopom. Hmspka
TOYHICTh TPEHYBAHHS JPYroro JaTaceTy, B CBOIO Yepry,
MOKe OyTH CIpHYHHEHa He30aTaHCOBAaHICTIO Habopy
JAHWUX, aJie 3aBIIKU PI3HOMAHITTIO TeM el Halip mae

3MOTY HaTPEHYBaTH Ta BUKOPUCTATH HEHPOHHY MEPEKY
Ut knacudikamii TEKCTiB pi3HOI TeMaTuku. Takum 9m-
HOM, JUIsl TPaKTHYHOTO BUKOPHCTAHHS y CUCTEMI aHAIi-
3y TOHaJNBHOCTI Oylio OOpaHO HEHPOHHY MEpexy, Ha-
TPEHOBaHY Ha JpyroMy mataceTi 3 mapom GRU.

IIporpamua peaJizanisi po6oru mogeni HTHM

Buxozmsau, 3 Toro, Imo mporpamMHa CHCTEMa, SKa
Mojienoe podoty otprmanoi [ITHM ckmagaerses 3 meki-
JBKOX HE3AISKHHUX CEpBICIB, OyJIO NMPUHHATO pIIICHHS
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po3pobuTH i 3acobamu otouents Docker Compose [16],
o o3Boisie moOyayBatu Docker koHTelHEpH T KOX-
HOTO OMNHCAHOTO CEpPBICY, IiCIIs YOro 00’ €HaTH iX B i30-
npoBaHi Mepexi. Po3poOka Ha ocHOBI Docker koHTeliHe-
PiB — B TaHOMY BUITaJKy HaHIIBHIMNHN C1IociO po3podu-
TH CepBicH, SIKi B MOXXYTh OyTH BCTaHOBJICHUMH y cepe-
JIOBHII Oyzb-sIKOI CEpBEpPHOI apXiTEeKTypH 3a MiHIMalb-
HUH Yac i SIKi MOXYTh J{yOJFOBAaTHCS IS MTPUCKOPEHHS
00pOoOKH BeTMKHUX HAOOPIB BXiTHUX JTAHUX.

Cepenl 3ampOITOHOBAHMX CEPBICIB € TPH OCHOBHI
KOMITOHEHTH: TIapcep HOBHH, 110 30Mpae TEKCTH HOBHH Ta
iX MeTalaHi Uil MOAJIBIIOI OOpPOOKH; KJIAaCU(iKaTop TO-
HaJIGHOCTI OTPHMAaHKX TEKCTIB; Bi3yasizaTop 00poOIeHnX
naHuX. J{ist oOMiHy TaHMMH MK IapcepoM Ta Kilacudika-
TOpoM OyJI0 peaii3oBaHO CepBiC-OpOKEp IOBIIOMIICHb
RabbitMQ B okpeMoMy KOHTeWHepi, 10 3abe3euye 30e-
PEXEHHS BXIHMX JaHuX (B LIbOMY BHUII3JIKy TEKCTiB HO-
BUH) /IO MOMEHTY 00poOKH iX kiacudikaropoM. B cBoro
yepry, oOpoOseHi maHi 30epiraroThcs y 0a3i JaHUX
PostgreSQL, sika Tex peaizoBaHa B OKpPeMOMY KOHTEHHe-
pi. Bizyamizauist BinOyBa€eTbcsi 3aBISKH MOETHAHHIO JTBOX
cepsiciB: OekeHa-yacTuHu cuctemu Ha NodelS + Fastify,
IO MpeJCTaBisie COO00 CepBep 3 JOCTYIOM 0 0a3u na-
HUX 1 3 BijkpuTiM iHTepdeiicom (API) nis noctymny naHux
y 6a3i manux; (ponreng-yactuan Ha NodelS + ReactlS,

SKUH 3aBISIKM (DyHKIIOHANBHIN apXiTeKTypi Ta peasisarii
OTPHMaHHSI J]aHWX 3 OEKEeHly Ha OCHOBI XyKiB TJIO0AJIBHO-
TO CTaHy I10JIa€ HAKONWYeHi JaHi y BUIJIAAL rpadikiB Bifd-
HOBIIHO 10 00OPaHOro JKepelia HOBHH.

BucHoBKH

B po6oTi netansHO po3IIIsIHYTO TEOPETHYHI BiJo-
MOCTI OCHOBHOTO IiJIXOly /10 TOHAJILHOTO aHaNi3y TeK-
CTy, TIPOBEJCHO IIOCII/DKCHHS Ha TEMY aBTOMATH3aIlil
IIBOTO TIPOIECY 3a JONOMOTOI0 MAalIMHHOTO HaBYaHHS
Ta BUKOPHCTaHHS IITYYHIX HEHPOHHHUX MEPEX.

[TpoanaizoBaHO OCHOBHUH THIT apXiTEKTypH Hew-
POHHHX MEpEeX JJIsl pOOOTH 3 KIacH(IKaIli€I0 TEKCTY Ta
BU3HAUCHO ONTUMAaJbHY KOH(]Iryparito Juis IporpamMHol
peatizailii aHajIi3y TOHAJIBHOCTI JIAHUX.

3po0iIeHO BUCHOBOK, IO Cepell MOMKIIMBUX KOH(]I-
rypamii Mozenei INTYy4YHHMX HEHPOHHHUX MEpex Hai-
Kpalle BHKOHYIOTh CBOIO (DYHKIIiIO Mepexi i3 JBOHaIl-
paineanmu LSTM mapamu y Burisini GRU koHdiry-
pauii. IIpy 1bOMy, TOUHICTH PE3yJIBTATIB HANpsMy 3a-
JISKUTH BiJl HAssBHUX HAa0OpiB naHuX. HaBeneHo pe3yiib-
TaTH TIOPIBHSHHS TOYHOCTI PE3yJIbTaTiB TPEeHYBaHb Ha
oOpanux paracetax. OnMcaHO CTPYKTYPY HpPOrpamMHOI
peanizanii pobotu 3koH}irypoBanoi mopmeni ITHM.
Hageneno npuxiiaz ii 3aCTOCYBaHHSI.
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About one way to analyze the sentiment of texts using artificial neural networks
E. lvokhin, M. Makhno, V. Rets

Abstract. The article discusses in detail the theoretical information of the main approach to tone analysis of the text,
conducted research on the topic of automating this process using machine learning and the use of artificial neural networks. The
main type of architecture of neural networks for working with text classification is analyzed and the optimal configuration for the
implementation of data sentiment analysis is determined. It is concluded that among the possible configurations of artificial neu-
ral network models, networks with bidirectional LSTM layers in the form of a GRU configuration perform their function better.
At the same time, the accuracy of the results directly depends on the available data sets. The results of comparing the accuracy of
training results on the selected datasets are presented. The structure of the software implementation of the configured ANN mod-
el is described. An example of its application is given.

Keywords: text sentiment analysis, artificial neural networks, classifiers, bidirectional model, operation algorithm.
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DEFINITION AS A DEFINITIVE ASPECT SENSE OF THE STUDY PROBLEM

Abstract. In any field of human activity, especially in scientific and educational work, the use of not very accurate and
ambiguous terms makes it difficult, and sometimes impossible to understand some of the provisions and the research problem
in general. Terms, in general, are the language of science, form the semantic core of a special language of the industry and
convey basic meaningful information. It should be emphasized that usually the first among the standards of any industry is a
standard with a list of basic terms and concepts. It is made taking into account the requirements of fixed content, accuracy
(clarity), brevity. This approach allows you to achieve the truth when discussing any hypothesis, idea, opinion, problem or
question. The article shows how the contradictions related to the peculiarity of the English translation of the word
“competence” and the ambiguous interpretation of this term in dictionaries, which causes confusion and makes it difficult to
implement the competence method in educational activities in the post-Soviet space. Unambiguous key concepts are offered,
which provided an opportunity to develop and implement in practice information technology to support decision-making on
the results of professional training and activities of the specialist. The development is preceded by the creation of a model of
the relevant subject area or object of analysis, such as a law enforcement specialist. The result is a thesaurus and alphabetical
index used by an expert to limit the properties of the object being evaluated. To describe the subject area by the heuristic
method and to present knowledge in the decision support system, the result is presented in the form of a frame. The definitive

approach can be extended to the procedure of developing any scientific work — textbook, monographs, dissertations and more.

Keywords: term, definition, information technology, decision making, competence.

Formulation of the problem

The experience of the authors in higher education
shows that the use of not very accurate and ambiguous
terms and their definitions makes it difficult to
understand some provisions in educational and scientific
activities. Therefore, we will define definitions that
relate to the definition itself as the main aspect of the
meaning of the problem in any area of human activity,
without going deep into the definition, or rather, in
lexicographic and linguistic analysis of the problem.

Analysis of information sources. We will
combine information from authoritative sources [1].

Definition (latin definitio) - a short definition,
interpretation of the concept, an explanation (wording)
that accurately establishes, reveals, clarifies the
meaning, meaning of something. The concept - a logical
general opinion, information about something.

Closely related to these definitions is the word
"term" - the name of a certain concept of any branch of
professional (industrial, service, creative, scientific,
pedagogical, etc.) activity (work, occupation) - a word
or word formation. It should be noted that the query
“terms” (in the sense of “concept™) in the search engines
Google, Bing, Meta and Yandex found 17.1,
respectively; 1.3; 13.4 and 21.9 million links.

Terms are the semantic core of a special language
of the industry, conveying basic content information. In
general, terms are the language of science. Terms are
the object of ordering and standardization, as well as
lexicographic work in the creation of terminological
dictionaries of different levels and purposes. The limits
of the terms are set by legislative, regulatory,
administrative, administrative and / or other documents.
The first among the standards of any, in particular
scientific, field of activity, is usually the standard of
basic terms and concepts. When developing it, special
requirements are taken into account [2, 3]:

- fixed meaning of the term - one sign corresponds
to one concept;

- accuracy of the term (clarity, limited meaning) -
the term must directly or indirectly reflect the features
by which you can distinguish one concept from another;

- unambiguousness of the term - the absence of
conceptual (ideographic) synonyms;

- systematicity of the term based on the
classification of concepts;

- shortness of term.

Thus, the use of terms that meet the above
requirements when discussing hypotheses, ideas,
opinions, problems or issues, etc., allows us to achieve
the truth.

The above allows us to determine the purpose
and objectives of the article - to show the feasibility of
a definitive approach in the study and discussion of any
problem in any field of human activity.

Presenting main material

The results of the discussed approach will be
shown by an example, which is set out in the production
plan in the publication [4] and discussed in detail in the
article [5]. In short, the essence of the question is to
eliminate the contradiction due to the peculiarity of the
translation from English of the word "competence" and
definitions from dictionaries [1]; a striking example of
the resulting confusion is the monograph [6]. As a
result, the ambiguous interpretation of the term
“competence” inhibits the implementation of the
competence method (CM) [7] in the education system in
the post-Soviet space. [5] unambiguous short definitions
of key concepts are offered: “competency” (from
Ukrainian “xoMrieTeHTHICTB”, in the sense of expertise),
“competence” (from Ukrainian “kommerermis’, in the
sense of professional capacity) and “qualification”. As
the example shows, they are suitable for the
development and implementation of information
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technology decision support (ITDS) on the results of
training and activities of a specialist in law enforcement

[8].

The development of ITDS is preceded by the
creation of a model of the relevant subject area or object
of analysis (OA). The term "model" in the general sense
- created to obtain and (or) store information specific
object (in the form of an imaginary image, description
of symbolic means or material system), which reflects
the properties, characteristics and relationships of the
original object arbitrary nature, essential for the task to
be solved by some subject [9]. An object model can be
informational, described by some verbal features. Such
a model is usually developed by highly qualified experts
using literary and electronic sources of information -
encyclopedias, state standards, dictionaries, industry and
departmental documents, basic scientific papers,
textbooks, etc. - as well as personal experience.

For example, the model (professiogram) of a law
enforcement specialist includes (according to the
introduced definitions [5) the competence of the
suitability of the Cs, the trainig of the Cr, the education
of the Ce and the competence of the professional
activity of the Cea:

Ms = Cs U CT U CE U CPA. (1)

The components of Cs, Cy, Ce are especially
important in the initial selection to assess a person's
suitability for a particular type of professional activity,
and the component of Cpa can be used to monitor the
quality of daily activities of the specialist and his
compliance with the position. The composition of
professionally significant Cs properties of a law
enforcement specialist (determines the competence of
the suitability of the Cpa is established by relevant
legislative, regulatory and administrative documents.

Competence of Ct education presupposes the
presence of a list of general (only positive) personality
traits (inherited and acquired) - accuracy, demanding,
ingenuity, etc., as well as strong-willed character traits
(discipline, initiative, etc.). Literary and electronic
sources explain the definitions of properties and traits,
their synonyms and antonyms. Negatives are excluded
from the vector of signs (antonymic in lexical and
antagonistic - in the broadest sense of the word, such as
(type in Ukrainian “decHicThb-OpexMBICTE”, “CKpOM-
HICTB-HECKPOMHICTE”,  “BBIWIMBICTH-IpyOicTH”’,  €tC.).
This procedure performs the function of substitution. This
means that when evaluating each of the personality traits,
the expert-selected evaluation partially (close to the
middle of the scale) or completely (within the scale)
excludes the opposite quality, as in the Dempster-
Schaeffer and Saati scales. Competence of Ce education
may include in the set of characteristics the average
scores in the disciplines of previous level training,
professional training, test results, etc.

Competences of professional activity of Cpa are set in
the form of the list of powers (rights and duties) of the
specialist (or the official). These components are reduced
to a thesaurus [10] — a description of many states of a
model of the environment, a dictionary of names of
concepts and their classification links, designed for a single

unified and formalized presentation of information in an
automated system; description of an ordered set in a verbal
record, in fact — an information model of any subject area.
For our case, it is a means of presenting knowledge to
describe the subject area by the heuristic method in the
form of a frame. The frame defines the class of the object
and includes the frame name (concept), the slot name (the
term itself), the slot value (term definition). An
alphabetical index of concepts, terms and definitions is
used as a linguistic means of data manipulation [11].

The level of competency’s and competencies is
assessed by experts - managers, colleagues, employees or
colleagues, subordinates, etc. - by assigning points on a
four-point scale. The results obtained - personograms - for
each of the objects of analysis are averaged by experts,
calculate the generalized characteristic (or coefficient of
conformity, or modified concordance coefficient). Finally,
a ranking list of OA is compiled, which is submitted to the
person who decides on the person's suitability for a certain
type of professional activity, determining the qualification
level of the specialist and suitability for the position. These
operations are performed by the decision support system
(DSS) as a means of implementing information technology
[11]. The main functions of DSS: creation of a single
knowledge base and database; organization and
maintenance of knowledge base at the request of the user -
administration, modification, editing; delimitation of
access to the components of the database in accordance
with the powers of a particular user; organization and
maintenance of the database at the request of the user -
administration, modification, accumulation of data;
customizing the user interface to specific requirements;
data processing and formation of reporting documentation
with various semantic features as of the current time and
for a certain period.

One of the three key concepts of the competence
method, along with competence and competence, is the
concept of “qualification” — an official reflection of the
degree of technical or professional skills of the worker,
recognized at the international, national or industry level
[6]. This means that for a specialist of a certain level of
qualification there must be a model that determines the
level of his competency — education (and training) — on
the one hand, and on the other — a subjective
characteristic that reflects the quality of his professional
activity. For example, for an athlete or a locksmith it is
a category, for a scientist or a teacher of a certain level
it is a corresponding education, scientific degree and/ or
academic title, ie a qualification level that meets certain
requirements. We emphasize that this compliance can
be established on formal grounds, by expert evaluation,
instrumental measurements, etc., the results of which
can be processed using DSS.

Note that the above-mentioned frame description
generally serves to present knowledge in DSS, and the
definition of the term (slot value) - for the expert, in
order to clearly limit the specific property (feature) of
the object being evaluated.

Conclusions and prospects for further research

The example considered in the article shows that the
definition as a defining aspect of the meaning of the
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studied problem allows to solve the problem of the
implementation of CM in the educational process. The
competency method can also be used to solve choice
problems in any field of human activity and to develop
information technology to support decision-making. In
this case, the sectoral focus of DSS will be determined by
the content of its knowledge base, in particular, thesaurus
and alphabetical index. Experience shows that the
definition approach can be extended to the procedure of
developing any scientific work — textbook, teaching and
teaching materials, monographs, dissertations, research
reports and more. The presence in the work of a thesaurus
and an alphabetical index as a model of the subject area
provides ease of use and clarity of the meaning of the
problem under discussion. Further research should be

aimed at solving problems of developing methods for
assessing the following competency’s:

- cognitive competency — knowledge of
methodological, didactic and methodological, subject-
professional,  organizational and  technological
techniques and the ability to apply them in the practice
of daily professional activities in a particular field;

- information and communication competency —
knowledge, skills and abilities in the field of
information and telecommunication technologies of a
certain level of professional activity;

- competency of self-improvement — certain
knowledge, skills and abilities in the field of learning
technology  (psychophysiology of mental work,
organization of self-study, rational reading, etc.).
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BusHaveHHs Ik BUBHAYAJbHUI aCIEKT CeHC MPOdJIeMH A0CTiKeHHS
B.€. Kosznos, 0. B. Koznos, O. O. HoBukosa, B. T. Onenuenko

AHoTanis. Y Oynb-sikiit cdepi TH0ACHKOI AiSUIBHOCTI, 0OCOONMBO B HAYKOBI 1 HABYANbHI POOOTI, BYKUBAHHSA HE Iy)Ke
TOYHHMX 1 0araTo3HaYHUX TEPMIHIB YCKJIAAHIOE, a 1HOAI H YHEMOXUIMBIIOE PO3YMIHHS OKPEeMHUX IOJOXKEHb 1 MPoOiIeMu
JOCIi/DKEHHsT B IiJIoMy. TepMiHu, 3arajoMm, € MOBOI HayKH, YTBOPIOIOTh CEMaHTHYHE SAPO CHELiaJbHOI MOBU raiy3i Ta
MepelaloTh OCHOBHY 3MIiCTOBHY iH(popMamito. CriJ miAKPEeCInTH, [0 3a3BU4ail MepIIuM cepell CTaHIapTiB Oyab-sIKOl ramysi €
CTaHZAPT i3 MepeikoM OCHOBHHMX TEpMiHIB 1 MOHATh. CKIAama€ThCsi 3 ypaxyBaHHSM BHMOT (iKCOBAHOCTI 3MICTy, TOYHOCTI
(stcHoCTi), cTrcnocTi. Takuil miaxix A03BOJISIE HOCSTTH ICTUHH NPU 0OrOBOpEHHI OyIb-SKOI rinoTesy, iaei, AyMKH, MpoOieMu 4u
MUTaHHA. Y CTATTi MOKAa3aHO, SIK MPOTHUPIYYs, IOB’s3aHi 3 OCOONMBICTIO AHITIIMCHKOTO MEpeKsialy CioBa «competence» Ta
HEOJHO3HAYHMM TIIYMAdeHHsIM LBOTO TepMiHA B CIOBHHKAaX, LI0 BHKJIHMKAE IUIYyTAHHHY Ta YCKJIAJHIOE BIIPOBAKEHHS
KOMIIETEHTHICHOrO METOAY B OCBITHIO IisUIbHICTh Ha MOCTPATHCBKOMY MPOCTOPi. MPOCTIp. 3ampOrOHOBAHO OJHO3HAYHI
KIFOUOBI TOHSITTS, SIKi Jadd MOMIIUBICTH PO3POOHMTH Ta BIPOBAJUTH B MPAKTHKY iH(QOpMaIiiiHi TeXHOIOril MATPUMKH
MPUIHATTS PillieHb 3a pe3yJbTaTaMu HpodeciitHoi MiAroToBKH Ta AisUIbHOCTI (axiBus. Po3poOii mepemye CTBOpEHHS MOJeli
Bi/IIOBITHOI TIPeIMETHOT ramy3i 4u 00’ €KTa aHasIi3y, HAMPUKIIAJ CIIeHialicTa IPaBOOXOPOHHUX OpraHiB. Pe3ynbsraToM € Te3aypyc
i andaBiTHUN MOKAXKYKK, SIKI BUKOPHCTOBYIOTHCS EKCIIEPTOM JUIsi OOMEXKEHHs BJIACTHUBOCTEH 00’€KTa, 10 OIiHIEThCs. [Iist
OMHUCY TIPEIMETHOI 00JIaCTi eBPUCTUYHIM METOIOM i PECTABICHHS 3HAHb Y CHCTEeMI IiTPUMKH MPUHHSTTS PIllIeHb pe3ysibTaT
MOJAETHCsI y BUMIIAL PpetiMmy. [ediHiTHBHUIA MMiIXiZ MOXKHA TOIIMPUTH HA MPOLEAYPY PO3POOKU OyIb-s1K0i HAYKOBOI mpari —
miApy4HUKa, MOHOTpadil, auceprarii TomIo.

KuawuoBi cioBa: TepMiH, BU3HaueHH!, iH)OpMaIiiHI TEXHONOTI, IPUUHATTS PilllEeHb, KOMIICTEHTHICTb.
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IMPOT'HO3YBAHHS PIBHSA BPOXKAIO CUVIBCBKOT'OCIHHOJAPCBKHUX
KYJbTYP I3 3ACTOCYBAHHSAM HEYITKOI'O OIIMCY YUHHUKIB
BIIVIMBY TA IHAUKATOPIB CTAHY IIOCIBIB

Anoranis. [Ipeamerom IOCTiDKEHHS € OILHKA MOXKJIMBOCTI IPOTHO3YBAaHHS PIBHS BPOXKAIO CLIECHKOTOCHOAAPCHKHX
KYJBTYp IIPU HEYiTKOMY OITMCI YMHHHKIB BIUIMBY Ta CIELiaJIbHUX IHANKATOPIB CcTaHy pociuH. O6’€KTOM IOCIIDKEHHS €
BU3HAUCHHS PIBHS BPOXKAalO B 33JlaHUI MOMEHT 4acy IpHU BiJIOMHMX YMHHHKAX BIUIMBY Ta IHAMKATOPAX CTaHY POCIHUH, SKi
OTPUMYIOTHCS 3 BUKOPHCTAHHIM JMCTAaHLINHUX 3ac00iB. MeTO10 € po3risi)i MEeToly Ta OOIPYHTYBaHHS NPUHHATTS pillleH-
Hsl, IIOJIO OLLHKH PiBHS BPOXKAI0 CLIBCBKOTOCTIOAAPCHKUX KYJIBTYD TP HEUITKOMY ONMCY YMHHHKIB, 110 HA HHOTO BILTHBA-
I0Th, Ta IHAWKATOPIB CTaHy IOCIBIB. 3aBAaHHA: aHAJTI3 PI3HOMAHITHAX METO/IB MOHITOPHHTY CTaHy CLTBCHKOTOCIIONAPCh-
KHX KyJIBTYpP Ta IPOTHO3YBaHHsI X BpOXKar0; BU3HAYEHHs YMHHHKIB BIUIMBY Ha PiBEHb BPOXKAIO Ta IHAMKATOPIB CTaHy MOCi-
BiB; PO3IVISIL MOXKIIBOCTI TPEACTaBIICHHS YMHHUKIB BIUIMBY Ta iHAMKATODIB 3 BUKOPUCTAHHAM TEOPii HEUITKUX MHOXKHH;
OLliHKa MOXJIMBOCTI BUKOPUCTAHHS JaHMX AUCTAHLIHHOTO 30HAYBAaHHA JUIi OTPUMAaHHA YHCEJIBHUX 3HAYeHb UMHHHKIB
BIUTMBY Ta IHIUKAaTOPIB CTaHy MOCIBiB; po3po0Ka METO/Ly MPOrHO3YBAHHS PiBHS BPOXKAIO CLILCHKOTOCHONAPCHKUX KYIBTYP
13 3aCTOCYBaHHAM HEYITKOTO OIUCY YMHHHKIB BIUIUBY Ta iHAUKATOPIB CTaHy IOCIBIB, OOIPYHTYBaHHS NPHHHATTS pillIeHHS
PO PiBEHb BPOXKAIO CLTBCBKOTOCTIONAPCHKUX KYJIbTYDP IPH 33[aHNX 3HAUCHHAX YMHHUKIB BIUIUBY Ta iHOUKATOPIB CTaHy
nociBiB. OTpUMaHi HACTYNHI pe3yJbTaTH. Y pe3ysbTaTi A0CIiDKeHHs OyJI0 BBEACHO HEUITKUI ONMC YNHHUKIB BIUTHBY Ta
IHIUKAaTOpiB cTaHy mnociBiB. [TokazaHO, 10 HEUITKMH OMMC MOXKE 3aCTOCOBYBATHCS I YMHHMKIB BIUIMBY, IO BH3HAYa-
I0ThCS, K KiJIBKICHO, TaK 1 sikicHO. Ha 0CHOBI Takoro onucy po3po0ieHo MeTo ] MPUHHATTS PillIeHHs PO PiBEeHb BPOXKAIo 3
ypaxyBanniM iHgekcy NDVI i ¢paxransHoi posmipHocTi. HaBeneHo pe3ysbraTn BU3HaY€HHS Pi3HUX CTYIEHIB piBHS BpO-
KAk U1 YOTUPHOX Pi3HUX HAOOpiB 3HAUEHb YMHHUKIB BIUIUBY Ta iHIMKATOpIB cTaHy mociBiB. I[lokazaHo, K HEUiTKi 3Ha-
YeHHS YUHHMKIB Ta 1HAMUKATOPIB y Pi3HOMY CTYIIEHI BIUIMBAIOTh HA OLIHKY PiBHA Bpoxkaro. BucHoBku. Onvcanuii B naHii
po0OTI METO/ POrHO3yBaHHs J03BOJIE AHANI3YBATH, K Pi3HI HAOOPH 3HA4YEHb YMHHUKIB BIUIMBY Ta IHIUKAaTOPIB CTaHY
TOCIBiB 3MiHIOKOTh MPOrHO30BAHHI PIBEHb BPOXKAIO CIIIbCHKOrOCIIOIAPCHKHUX KYJIBTYP.

Karo4doBi ciaoBa: 1aHi auCTaHIIHHOrO 30HAYBaHHA 3eMIli, IPOrHO3YBAHHA PIBHSA BPOJKal0, HEHITKMI ONMC YMHHHKIB

BILTUBY, iHiekc NDVI, dpakranbHa po3MipHICTB.

Beryn

[onepenne ouiHOBaHHS OOCSTIB  MaiOyTHBOTO
BpO’Karo (POrHO3yBaHHSI BPOXKAMHHOCTI) BiIirpae BaxJn-
By pOJib y pOOOTI CLIBIOCHIBUPOOHHKIB, SIKE JO3BOJISE
OLIIHUTH JOXOJM 1 BTPATH, IO OYIKYIOTHCS, Ta 3IHCHIO-
BaTH e(eKTHBHE IUIAHYBaHHS IOJAIbIIMX pobiT. B
OCTaHHI JECATUIIITTS ISl BUPILIEHHS 3a/1a4 MOHITOPUHTY
CTaHy CUIBCBKOTOCIOAAPCHKHX YTiZb Ta IPOrHO3YBaHHS
ypOXKaiHOCTI Bce OUIbIIE 3aCTOCOBYIOTH JIaHHI JIMCTaH-
tiiiHoTO 30HayBanH: 3emii (J133) [1, 2]. Lle o6ymoBieHo
TIepIII 32 BCE ONEPATUBHICTIO Ta HAOYHICTIO TAKUX JIAHUX,
IO OTPUMYIOTBCS 3 BEJIUKHX TEPHUTOPIH CYIyTHHKaMH
33 (Terra, Aqua, NOAA-20, Landsat 8, Sentinel-2). B
YMOBaX HIBHIKOI 3MiHH BETETAI[IHHOTO CTaHy CUIbCHKO-
TOCTIOAPCHKUX KYIBTYp CymyTHUKH J[33 HO3BOISIOTH
OTPUMYBAaTH KOCMiYHI 3HIMKH 3 TPOCTOPOBHM pPO3pi3-
HeHHsM Bin 250 mo 10 meTpiB Ta 3 mepioandHicTIO Bixg 1
no 8 mi6 [3]. YV TemepimmHiii yac Ha OOpPTY CYIyTHHKIB
133 po3TaIoByIOThCS PI3HOMAHITHI JATIHKH (CEHCOPH ),
3a JIOTIOMOTOI0 SIKMX OTPUMYIOTHCS JaHi MPO Pi3Hi mapa-
MeTpu atMocdepH (aepo30ii, TeMIepaTypy 1 BOJIOTICTS,
XapaKTePUCTUKH XMapHOCTI, CTaH O30HOBOTO IIapy, 3a-
OpyIHEHHSI TIOBITPA 1 T.1I.), @ TAKOXK IIPO MTOBEPXHIO 3eMITi
(XapaKTepHCTUKH TPYHTOBO-DOCIMHHOTO MOKPHBY, TEM-
mepaTypa, MaBoIKOBa 00CTaHOBKA i T.11.). Takoxk KocMi-
Hi 3HIMKH OTpHUMaHI B Pi3HUX Jiala30Hax JOBKUH XBUIIb
BUKOPHUCTOBYIOTBCS TSI BU3HAUCHHS PI3HUX BeTeTaIliid-
HHUX IHJEKCIB, a TAKOX /IS PO3PaxyHKy (ppakraabHUX
Ppo3MipHOCTEl KOCMIYHHX 300pakeHb [4].

Jlnsi MOHITOPUHTY CTaHy CUIbCHKOTOCHOAAPCHKUX
KyJIbTYp Ta MPOTHO3YBaHH:I TX BPOXKat0 BUKOPUCTOBYIOTh
PI3HOMaHITHI METO/M, KOPOTKa XapaKTePUCTHUKA SKHX
HaBeneHa y pobori [5]. V poboTi 3a3HatueHO, M0 METOIH
MPOTHO3YBaHHS BPOXKAIO PO3MOIUISIOTECS Ha METOIH,
IO TPYHTYIOTBCS Ha OLIHKAX (PI3UYHHX OCOOIMBOCTEH
HaBKOIIMIIIHLOTO CepeZoBUIla (CTATUCTHYHUI METON 1
METO]] MEXaHICTHYHUX MOJIEJIeH POCTY POCIIHH), METOIH
MPSIMOTO OLIIHFOBaHHS BMICTY XJIopodiny (Ha3eMHI BUMi-
proBaHHsX 11i€i BemmunHu SPAD-natunkaMu) ta METo I,
1110 BUKOPHUCTOBYIOTH JiaHi J[33 (MeTo/ i, 10 BUKOPHCTO-
BYIOTh perpeciiiHi Mozielli Ta BereTaliiiHi iHISKCH 1 Me-
TOJM, SIKi 0a3yIOThCS Ha OLIHIII CTaHy POCIMHHOCTI, Ta-
kux sk LAI i 6iomacu). KoxeH i3 3a3Ha4€HUX METOJIB
Mae cBoi mepeBaru i Hemomiku. Ilim wac 3actocyBaHHS
CTATUCTHYHUX METOJIB HEOOXiMHO MaTh BEIUKY KiJb-
KiCTh Ha3eMHHIX BUMIipIOBaHb, IO IMiJBUIIYE IX TPYAOMi-
CTKICTB 1 CKITaTHICTh BUSABJICHHS 3aJIGKHOCTEH Y BEJTMKHUX
Habopax maHmX. lloOymoBa MeXaHICTHYHHX Mojeneit
TaKoX 0a3yeThcA Ha BENUKIM KUTBKOCTI BXIIHUX TaHUX,
KpIM TOTO TaKi MOJIEIi, SIK IPaBUIIO, 3aCTOCOBYIOTh Tillb-
K{ U OTHOTO BHIy POCIMH. Benmka KiTbKICTH Ha3eM-
HUX BHMIPIOBaHb TaKOX HEOOXi/THA i/ Yac 3aCTOCYBaH-
HS METOAy MpPSMOTO OIIIHIOBaHHS BMICTY XJIOPOQLTy.
Metomm, sIKi BUKOPUCTOBYIOTH PErpeciiiHi Mopeni, CTH-
KalOThCS 3 TIPOOJIEMOI0 BUOOpY THITy (YHKIIIT, IO aiek-
BaTHO OITHCY€E TIPOIIECH, M0 BinOyBaroThes. Taka >k mpo-
Ormema BUHUKAE 1 ITiJ 9ac 3aCTOCYBaHHS METO/IB, SIKi BU-
KOPHCTOBYIOTH BETeTalliiHI 1HIEKCH, 0 00yMOBJIEHO iX
BEJIMKOIO KUTBKICTIO [6] 1 BHGOpOM HAMKpAIOro 3 HHX.
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KpiM Toro, mist po3paxyHKy BereTaliiiHuX iHIEKCIB He-
00XiHI JaHHI TBOX i OUTBINE CHEKTPAIBHUX Jiara3oHax
(baraTocriekTpasnbHi 3HIMKH), IO YCKIJIQJHIOE anapaTypy
OTpHUMaHHS KOCMIYHHX 3HIMKIB. TPyJOMICTKHMH TaKOX €
po3paxyHku inaekciB LAI i Giomach.

Bci 3a3HayeHi MeTOAM TPOTHO3YBAaHHS BPOXKAIO
CIJIBCBKOTOCTIOIAPCHKUX ~ KYJBTYp  BHKOPHUCTOBYIOTH
HaKOIMMYeHY 1H(OpMAIlif0 PO Pi3HOMAHITHI YHMHHUKA
BIUTUBY Ha (popMyBaHHs Bpoxkaro. Taki YHHHUKA MOXKHA
PO3MOAIINTH Ha HACTYIHI TUMH [7]:

- mpuponaHi (IHTEHCUBHICTH CBITJIA, TemIlepaTypa
HaBKOJIMIHBOTO CEPEOBHUINA, KOHIEHTPAIs BYIJIEKH-
cJ0ro razy B atMocdepi, BOJIOTICTh MOBITPS, MPUPOAHA
POMIOYICTh IPYHTY 1 T.IL.);

- Giostoriuni (opraniuHi m00pHBa, COPT HACIHHS,
ribpuam);

- opraHi3auiiiHo-TexHOTreHH1 (00poOKa IpyHTY, Te-
PMiHHM 1 cIOCOOM TOCIBY Ta MOCajKu, MiHEepalbHi 00-
puBa, MeJTiopallis, 3aco0U 3aXUCTY POCITUH).

3a3HavyeHl BHIIE NPUPOJIHI YMHHUKH MOXHA BiJ-
HECTH JI0 00’ €KTUBHUX YMHHHKIB, [I0 HE 3aJIeKaTh Bif
JUSUTBHOCTI JIIOJIMHU, a OI0JIOTIYHI Ta OpraHi3amiiHo-
TEXHOTEeHHI — 710 cy0’eKTUBHUX YMHHUKIB. [1ig yac npo-
THO3YBaHHsI pIBHS BpOXKalo OyneMo BBaXKaTH, IO BCi
Cy0’€KTUBHI YMHHHKH MOXXYTh 200 BUKOHYBATHCS, a0o
HE BUKOHYBaTHCs, a00 BHKOHYBaTHCS YacTKOBO.
OO0’ekTHBHI (MTPUPOAHO-KIIMATUYHI) YMHHUKH Tepell-
0aYuTH HE MOXJIMBO 1 TOMY IX HPOTHO3YBaHHS MOXeE
BiZI0yBaTHCS TUIBKK Ha OCHOBI €KCNIEPTHHX AaHuX. [1pu
LIbOMY €KCIepTH3a MOXKe PO3IVISIATHCS B HEUITKIN moc-
TaHOBLI. TOMYy BHHHMKa€e HEOOXiHICTh PO3B’sI3aHHS 3a-
Jadl OIHKM PIBHS BPOXKAI CLILCHKOTOCIONAPCHKUX
KyJIbTyp 3a IPOTHO30BAHMMH 3HAUCHHSIMH YMHHHMKIB,
1110 Ha HHOT'O BILJIMBAIOTH B HEUITKIM IOCTAHOBIII.

HasiBHicTh BenuKOi KiJBKOCTI METOIB HMPOTHO3Y-
BaHHS BPOXAl0, & TAKOXK BEJMKHUI BIIMB HA PE3yJIbTATH
MIPOTHO3Y 00’ €KTUBHUX YMHHUKIB, SIKI JIy’KEe Ba)KKO Bpa-
XyBaTd MiJ 4ac OLIHKK BPOXKAWHOCTI, TIOKa3ye, 110 3a-
Jnada e(pEeKTUBHOTO MPHUUHSATTS PILlICHHS, MIOA0 OI[IHKH
PIBHSI BPOXKAIO CUIBCHKOTOCIOAAPCHKUX KYJIBTYP € aK-
TYyaJbHOIO 1 /10 KIiHI[SI HE PO3B’SI3aHOIO.

[Ipu ouiHIi piBHS BPOXKAaI CLIBCHKOTOCIIONAPCH-
KUX KYJIBTYp JaHi JUCTaHUiIHHOTO 30HAYBaHHS MOXYTb
BUKOPUCTOBYBATHCS Ul OTPHMAaHHS YHCEIbHUX 3HA-
YeHb YNHHUKIB BILIMBY Ta IHIMKATOPIB CTaHY TOCIBIB.

Merto10 cTaTTi € OOTpYHTYBaHHS TPUHHATTA pi-
IICHHS, IIOJ0 OIIHKA PIiBHSA BPOXKAIO CUTECHKOTOCIO-
JapCHKUX KYJBTYp IPU HEHITKOMY OIUCY YMHHHKIB, IO
Ha HHOTO BIUTUBAIOTH, TA IHAUKATOPIB CTaHY MOCIBIB.

MeToa NpOrHo3yBaHHsl PiBHSI BPOKal0
CiIbCHKOIr0CNO0AAPCHKUX KYJIbTYP

OrmiHka piBHS BPOXKAIO CUTHCHKOTOCTIOAAPCHKUX KY-
JMBTYp 3aCHOBAaHA HAa BpaxyBaHHI YMHHUKIB BIUIMBY Ha
BpOYKalHICTh Ta IHAWKATOPIB CTaHy IIOCIBIB, IO OMHCY-
FOTBCS 32 JIOTIOMOTOX0 Teopii HewiTKuX MHOXHH. Lle 00y-
MOBJICHO THM, IO YMCEJbHI 3HAUYCHHS YMHHUKIB Ta 1HH-
KaTopiB BU3HAYAFOTHECS B YMOBAaX BiZICyTHOCTI HEOOXiTHOT
CTATUCTUKH TPO CTYIIHB iX BIUIMBY Ha Bpoxaid. Kpim
TOTO, Pi3HI YNHHUKA y PI3HOMY CTYIICHI BIUIMBAIOTh Ha
BpO’Kai CLTBCHKOTOCIIONAPCHKUX KYJBTYD, @ IX CIUTbHUHN
BIUIMB JyX€ CKJIAaJHO OLIHIOBATH IiJl 4Yac HpPUHHSATTS

pilIeHHs TIpO BeNWYMHY Bpoykaro. [IeBHI 4ncemnbHI 3Ha-
YEHHS [IMX YHHHHUKIB MOXYTh XapaKTEePH3YBaTH Pi3HHI
piBeHb Bpoxato. ToMy MOpIBHsUIbHA OIIHKAa JEKUTBKOX
PIBHIB BPO’KaK0 CUTBCHKOTOCIIONAPCHKUX KYyJIBTYp IOB'SI-
3aHa 3 TIOCTAHOBKOIO Ta PO3B'SA3aHHSIM OaraToKpHTepia-
JTBHOI omTUMi3amiiHOl 3amadi. I1i 9ac po3B’si3aHHS ITi€i
3a]adi, 3aCTOCYBaHHS METOJy aHaJi3y lepapxid, SKui
posnisinaeThes B [8], 103BOISE Y SIKOCTI KPUTEPIIB OMTH-
Mi3alii BUKOPUCTOBYBATH BiJIIOBiHI YNHHHUKH (SIK KiJb-
KIiCHI TaK 1 SIKiCHI), III0 BIUIMBAIOTh HA BPOXKaid. 3aCcTOCY-
BaHH HIIIMX METOIB PO3B'sI3aHHS 33724 OaraToKpUTepi-
albHOI ONTHMI3allii, TAKMX, SIK METOIU BHUIUJICHHS OCHO-
BHOT'O KpHUTEPito, (JOPMYBaHHS y3aralbHEHOTO KPHTEPII0
1 TIOCTIIIOBHHX MOCTYIOK, OOMEXEHO THM, IO (opMy-
BaHHSI OCHOBHOTO 200 CKJI3JIaHHS y3araJlbHEHOTO KpHTe-
pito, a TaKoX 3BEJICHHS 1X BUMIpY /IO OJHI€l MIKATH BH-
KJIMKAE JTyXKE BEJIUKI TPYAHOIIII.

Ha mincraBi pos3e’si3aHHs OaraToKpHTepialbHOL
ONTUMI3AIIIAHOI 33724l METOJIOM aHaJIi3y iepapXiid po3-
pOOJIEHO METOJT MPOTHO3YBAHHS PiBHS BPOXKAK CILIbCh-
KOTOCIOJJAPCHKUX KYJIBTYD 13 3aCTOCYBaHHSIM HEYiTKOTO
OIMCY YMHHUKIB BIUIMBY Ta IHJUKATOPIB CTaHy MOCIBIB.
CrpolieHa CTPyKTypHa cXeMa MeETOJy HaBeJleHa Ha
puc. 1. PosrisiHeMo 3acTocyBaHHS 3alpOINOHOBAHOTO
METO/Y ISl MIPUHHATTS PILIEHHS, I0J0 OIIHKU PiBHS
BPOXAK CUTbCHKOTOCHIONAPCHKUX KYJIBTYP MPH PI3HHUX
3Ha4YeHHs 1 KOMOIHAIISX YMHHHKIB BIUIMBY Ta IHIWKA-
TOpiB cTaHy nociBiB. Ha nmovyatky BU3HAYMMO, YNHHUKH,
110 BIIJIMBAKOTh Ha piBeHb BpOXKaro.

Jlo 61070TIYHNX YMHHMKIB HaWJacCTIIlIEe BiAHOCSTH
3aCTOCYBaHHS OpPraHiyHUX JOOpHB, BUOIp COPTY HACiH-
Hsl, BAKOPUCTaHHS TiOpUAIB POCIHH, IO MPUCTOCOBaHI
JI0 YMOB KJIIMaTy y i IpyHTy. Takox 3HauHy poJb IIij
yac (opMyBaHHS BpOXAK BIAIrPalOTh MOMEPEIHUKH,
TOOTO KyNbTYypH, SIKIi OyNM TOCisIHI Ha IIbOMY TOJI Y
nonepenHiit ce3oH. OpraHiuHi JOOpHBa 3HAYHO BIUIU-
BalOTh Ha BOJIHE 1 MOBITPSIHE KUBJICHHS POCIUH, TOMY
X 3acToCyBaHHS BILUIMBAa€ Ha piBeHb Bpoxkaro. He meH-
IIe BIUIMBATH Ha OTPHMAaHHS BHCOKOTO BPOXKaI0 MOXKE
3aCTOCYBaHHS BUCOKOSIKICHMX COPTIB HACIHHS 1 riOpuIiB
pociuH. BuOip copTy MOBHHEH 3aJIeaTH BiJ MICIEBHX
IPYHTOBO-KIIIMATHYHUX YMOB 1 MPHCTOCOBAaHHUH IO BH-
POOHMYMX YMOB. 32 paXyHOK I[bOTO MOYKHA ITiJJBHIIIUTH
piBeHs Bpoxkato Ha 15-20% [7].

Jlo opraHi3aiiiiHo-TeXHOTeHHUX YMHHUKIB BiJJHO-
CATh OOpOOKY TPYHTY, TEpMIiHH 1 CIIOCOOHM TOCIBY Ta
MOCAJKH, 3aCTOCYBAaHHS MiHEpaJbHHUX TOOPUB, MEJiO-
parttito, BUKOpUCTaHHS 3ac00iB 3axucTy pocianH. O6poo-
Ka IPYHTY CHpSAMOBaHA Ha CTBOPEHHS CHPHATIMBUX
YMOB JUIS 3pOCTaHHS 1 PO3BUTKY KOPEHEBOI CHCTEMH
POCTIITH, HAKOTIMYEHHS BOJIOTH, a TaKOXX Ha OOpOTHOY 3
Oyp'sHamu. I oTprMaHHS BHCOKOTO BPOYXKAIO 3ifC-
HIOIOTh 3aXOJH OO KPaIloro 3 arpOTeXHIYHOI TOYKH
30py YKJIaJeHe HACiHHA B IPYHT Ta JOTPUMAaHHS Haii-
OUTBI CHPUATIMBUX IS JaHOI MICIEBOCTI TEepPMiHIB
mociBy i mocanku. [IpoBeaeHHs mux pobiT B HEONMTHMAa-
JTBHI TEpPMIiHU TPHU3BOOUTH OO ICTOTHOTO 3HWKECHHS
BpoXaro. BHeceHHsT MiHEepalbHUX JOOpPUB 3AIHCHIOETH-
csl 3 ypaxyBaHHSM HasBHUX B KO)KHOMY I'OCHOAapCTBI
MaTepialliB arpoxXiMiYHOTO OOCTEXEHHS 3eMeNb i po3-
MIIIEHHSM TIOCIBIB Ha I'PYHTaX i3 CIIPHATIMBOIO PEaKIli-
€10 Ha HUX TPYHTOBOTO CepeIOBHIIIA.
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Bu3HaueHHs YMHHUKIB, 10 BIUIMBAIOThH HAa PiBEHb
BpOJKAI0

[Mpupomni | Bionoriuni | OpranizamiiHo-TeXHOTeHH1

Bu3HaueHHSs iHIMKATOPIB TOTOYHOTO CTaHY TOCIBIB
Inpexc NDVI

| ®dpaxTanapHa pO3MipHICTE
1L

BusHaueHHs1 GyHKIIH TPHHAIEKHOCTI YAHHHUKIB

BIUIMBY Ta iHAMKATOPIB IIOTOYHOTO CTaHy MOCIBIB

Yucosi 3MIHHI | JIiHrBicTMYHI 3MIHHI

JL
BinapHe mopiBHAHHS (€KCIIEpTHA OIIHKA) Ba)IIMBOCTI
YUHHUKIB BIUIMBY Ta IHAWKATOPIB TOTOYHOTO CTAHY
TIOCIBIB 32 SKICHOFO IITKAJIOI0 OI[IHOK
0,1,23,4,5,6,7,8,9 | 1/2,1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9
< L
[IpencraBneHHs pe3yIbTATIB €KCIIEPTU3H Y BUTIIAI
KBaJ[paTHUX MaTpHIlh (A4;)

YcepeaHEeHHs MATPHITh BCiX eKcrepTiB (A)
=
Bupiuenns marpuuHoro piHsaHHA AXT = 1X Ta
BU3HAUCHHS BIIACHUX YMCEN A; MATPHII
L
DopMyBaHHS BIACHOI'O BEKTOPY [, IKUN
XapaKTepU3y€e BaKIUBICTh KOKHOTO YUMHHHKA Ta
IHMKATOPA ITiJ1 Yac OI[IHKH BPOXKAI0
HopMyBaHHS BIaCHOTO BEKTOPY i™"*
J L
AmHati3 BeNMYMH YMHHUKIB BILIMBY Ta 1HJMKATOPIB
CTaHy TOCIBIB, 10 BU3HAYAIOTh PIBEHb BPOXKAIO
CLIBCBKOTOCIIOJAPCHKHUX KYJIBTYP
dopmyBaHHs HAOOPIB YMHHHKIB Ta IHAUKATOPIB, 10
BU3HAYAIOTH piBeHb Bpokaio (PB1 — PBJ)
J L
binapHa (excriepTHa) OLliHKa MepeBar MPOrHO30BaHUX
piBHiB Bpokaro (PB1 — PBJ) 3 Touku 30py KOKHOTO 3
YMHHMKIB T4 1HJIMKATOPIB 3a AKICHOIO IIKAJIOIO
0,1,23,456,7,89 | 1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9
J L
[pencraBneHHs pe3yIbTaTiB €KCIIEPTH3H Y BUTIISII
kBaapatHux Matpuis (RVJ)

VYcepenHenns Matpuilh Beix ekcreptis (RVJ)

Bupimenns MmaTpuurux piBasas RVIXT = AjX ta
BHU3HAYEHHS BJIACHUX YMCEN /j MaTPHUIlh
L
dopMyBaHHsI BIIACHUX BEKTOPIB 4], SIKi
XapaKTEepU3yIOTh BAKIUBICTh KOXKHOTO YHHHUKA Ta
IHJMKATOpA ITiJ1 9ac OIiHKH PiBHS BPOXKaI0
HopMmyBaHHS BJIaCHHUX BEKTOPIB uj"“

-
OTpuMaHHS y3araJbHEHHUX ITOKa3HUKIB PIBHS BPOXKAIO

CLIBCEKOTOCIIOJAPCHKHUX KYJIBTYP
®dopMmyBaHHS BEKTOPY MPIOPUTETIB PiBHS BPOXKAIO

Puc. 1. CopomieHa CTpyKTypHa cXema METOy IPOTHO3yBaHHS
PIiBHS BPOXKaIO CiTbCHKOTOCHOAAPCHKUX KYIBTYP

3acTocyBaHHS MiHEPaTbHUX TOOPHUB TaKOXK 3aje-
XKHUTh BiJ (PIHAHCOBHUX CIPOMOKHOCTEH TOCHOIAPCTB.
[igBumIeHHS BpPOXKAI0 1 AKOCTi CLIBCHKOTOCIIONAPCHKOT

HPOJYKIi TaKOX 3a0e3MeuyeThCsl MPOBEACHHAM IO~
By IIOCIBIB 3TiJJHO arpOTEXHIYHIM BHMOTaM Ta CBO€Yac-
HO0 00OpOTHOOIO 3 MIKITHUKAMH 1 XBOPOOAaMH ClITLCHKO-
TOCHOAAPCEKUX  KynbTyp. OO’e€KTHBHI  (TIpHPOIHO-
KIIMaTH4Hi) YMHHUKY Tepe10aunTH HEe MOXJIIMBO 1 TO-
My iX TpOTHO3YBaHHS MOXE BigOyBaTHCS TUIBKH Ha
OCHOBI eKcHepTHHX JaHuX. Taki YHHHUKH y TMEpILry
Yepry BIUIMBAIOTh Ha IIBUJAKICT Ta SIKICTh MPOLECY
(hOTOCHHTE3Y CIITLCHKOTOCIOAPCHKUX KYIBTYP.

VY poboti [9] Bu3HaueHI OCHOBHI mpupoxHi (30B-
HIIHI) YAHHWKY, [0 BIUIMBAIOTH MPOIeC (OTOCHHTE3Y
POCIHH, i TPOBE/IcHA OIliHKa HOT0 MIBUIKOCTI TIPU HEYi-
TKOMY OIHCI TaKUX YMHHUKIB. [Ipu 1IbOMY JIO0 30BHIiII-
HIX YMHHHKIB y poOoTi [9] BimHeceHO: iHTCHCHBHICTb
CBiTJIa, IO MOTPAIUIIE HA POCIUHU, TOOTO KUIBKICTH
CBiTJIa HEOOXiTHE POCIMHAM JJIsI (POTOCHUHTE3Y; TeMIIe-
patypy HaBKOJMIIHBOTO CEpEJOBHUINA; KOHIEHTPAIls
(BMiCT) BYTJIEKMCIIOTO Tazy B atMocdepi mobiusy poc-
JIMHU; BOJIOTiCTh NOBITps. KpimM Toro, Ha piBeHb BpO-
KAl BIUTMBAE MPUPOJHA POJMIOYICTh IPYHTY Ha SKOMY
3JIIHCHIOETBCS CLITBCHKOTOCIIOIAPChKaA AisUTbHICTE. Tomy
el YMHHUK TaKoK HEOOXiJHO BPaxoBYBaTH MiJl 4ac
MPUIHATTS PIlIEHHS PO PiBEHb BPOXKALO.

KopoTky XapakTepucTHKy HPHUPOJHHUX UYHUHHHUKIB
BIUIMBY Ta 1HJMKATOPIB Ipolecy (HOTOCUHTE3Y PO3TIIsi-
HyTo y [9]. Beci BOHM MaroTh 4MCIIOBi 3HAYeHHS i MO
PI3HOMY BIUIMBAIOTh Ha OLIIHKY PiBHS BPOXKAIO.

[Mpn HM3BKUX 3HAYEHHSAX IHTEHCHBHOCTI CBiTJIA
MIBUIKICTh (DOTOCHMHTE3y HEBENIMKa 1 3pocTae MpsSIMO
nporopiiiHo 3 i 30uIbmeHHsM. OIHaK, TPH MOJAlb-
IOMY 30UIbILIEHHI IHTEHCUBHOCTI CBITJIA HApPOCTAHHS
MIBUJKOCTI CTA€ BCE MEHILE 1 MEHIIIE, a IPU 3HAYCHHSAX
omm3pko 10 000 mdrokc BOHA BXKE HE BIUIMBAE Ha ILBHI-
KicTh (orocuHTe3y. OCBITJIICHHS B SICKpaBHH JITHIH,
coHsuHMi neHb Bignosigae 100 000 mroke i B mpupon-
HUX YMOBAaX BHCBITJIIOBATH POCIIMHA CUJIBHIIIE HE MA€
CEHCY.

HaiiOinpin cripusminBoto s (HOTOCHHTE3Y BBa-
KaroTh Temrepatypy 25° C, HIDKHS TeMIlepaTypHa Me-
kKa, TPH SIKIF MOke 3JiiicHIOBaTUCS (HOTOCHHTE3, ONH-
3pk0 5° C. Ilpm mimBuienHi temneparypu Ha 10° C
IHTEHCHBHICTh (DOTOCHHTE3Y MPHOIU3HO MOJBOIOETHCS.
Aue, nocuieHHst (POTOCUHTE3Y BiOYBAETHCS TLIBKH JI0
temrepatypu 30-35° C. Tlopanblie miJBUIIEHHS TeM-
HepaTypd NPH3BOAUTE O 3MEHIIEHHS (OTOCHUHTE3Y, a
npu 40-45° C BiH HPUNMHSETHCS 1 MPU TOHATBIIOMY
MiJBUINEHH] TEMIIePaTypy 3HIDKYETHCS.

Byriekucnuii ra3 B cy4acHiii atMocdepi Mae KOH-
uentpanio B cepenabomy 0,03%. EdextusHicts oTo-
CHHTE3Y Y BCIX BHIB POCITHH OyzAe 3pOCTaTH 3 IIiJIBU-
MICHHSIM KOHIeHTpamii Byriekucioro rasy Bix 0,3% mo
0,5%. IlpuiiHATO BBaXKAaTH, IO ONTHMAalbHA KOHIICHT-
pattisi BYIJIEKHCIIOTO Ta3y 3aJIeXKUTh BiJl BUIY POCIHH, a
il cepemne 3HaueHHS cTaHOBUTH 0,1%.

[Ipn HecTaui Bojorocti mosiTps (8-12%) crioBiib-
HIOETBCS TIPOIIEC POHUKHEHHS BYTJICKHUCIIOTO Trasy, a
1€ TIPU3BOUTE 10 3MCHIICHHS MIBHIKOCTI (POTOCHHTE-
3y. HanMipHe 3BOJIOXKEHHSI TaKOX HETaTHBHO IO3Ha4a-
€ThCS Ha IHTCHCUBHOCTI (POTOCHHTE3Y, BYTJICKACIHI Ta3
He MOKe TNPOHUKHYTH BCepeluHy jucta. OnTuMaibHa
BEJIMYIHA BiHOCHOI BOJOTOCTi, HEOOXiqHOI st oTO-
cuHTe3y, cranoBuTh 50-80%.

80



ISSN 2073-7394

Cuctemu yrpaBiiHHS, HaBiramii Ta 3B'13Ky. 2022. No 3

JJIs OIIHKY SIKOCTi 1 POAFOYOCTI IPYHTIB BHKOPHC-
TOBYIOTH OOHITEPOBKY. BOHITET IPyHTIB — MOKa3HUK X
SIKOCTI, BUpQKEHUH y 0asiaX Mo BiJHOIIEHHIO JI0 IPYHTY
3 HalOUTBII BUCOKOIO ITOTCHIIITHOIO pPOMIOUICTIO, 0ai
Kol mpuiMaeThest 3BuyaiiHo piBauM 100 [10]. Ponro-
YiCTh OPHHUX 3€MEJb OLIHIOETHCS B 25-35 OaiB.

Takox Ul OLIHKK PIiBHS BPOKar0 JIOIIJIBHO BH-
3HAYaTH 1HIUKATOPU IMMOTOYHOTO CTaHY IOCIBIB (creria-
JIbHI YMCIIOBI ITOKAa3HUKH ), SIKI JI03BOJISIIOTH ONEPATUBHO
KOHTPOJIIOBATH Mporec POTOCHHTE3Y pocinH. Jlo Takux
inaukaropiB y po6oti [9] BimHeceno: inmekc NDVI ta
(pakTaibHy PO3MIPHICTB.

3 BeaMKOI KIIBKOCTI BereTaliiHuX iHAeKciB [6]
HaHOUIBIIE PO3MOBCIOHKCHHS OTPUMaB HOPMalli30Ba-
Huil Beretaniiamii ingexc NDVI, gxuii 3MiHIO€TECS B
mexax Bijg -1 no 1. HeratusHi 3HaYeHHs BiANIOBiAAIOTH
BOJIHUM TIOBEPXHX, OYMiBIIsAM, TopaM i T. . J{nst Bimk-
PHUTOTO IPYHTY 3HA4YEHHS iHJEKCY 3MiHIOIOThCs Big 0,1
1o 0,2, a wist pocnuHHEOCTI — 3aBkau Big 0,2 mo 1. Sk
npaBwio, 3HadeHHs Bix 0,2 mo 0,4 BiANOBIIAIOTH TEPH-
TOpiT 3 PO3PIPKEHOI0 POCIMHHICTIO, JIsl TOMipHOT poc-
nmuHHOCTI — Big 0,4 mo 0,6, ans rycroi — Bume 0,6. Y
poborti [3] HaBeneHo, mo Mg 4ac 0OpoOKH IHU(BPOBUX
300pakeHb MOCIBIB KyKypy/a3u cepenni innekcu NDVI
ckianany. cragom Ha 16.06.2018 — NDVI = 0,688, cra-
HoM Ha 09.07.2018 — NDVI=0,770, cranom Ha
29.07.2018 — NDVI = 0,662.

®dpakranbHa PO3MIPHICT € IPOOOBOKO BEJIHYH-
HOIO, sIKa XapaKTePU3ye CKIAAHICTh (MOpi3aHicTh) (op-
MU, sika 3aroBHIOe mpoctip. Ilpu anamizi nudpoBux
300pakeHb (paxranbHa po3mipHicTs (D) 3MiHIOETBCS B
mexax Big 2,0 no 3,0. B poGori [4] nmoka3zaHo, 1110 NpH
00po01i nuppoBUX 300paXKeHb MOCIBIB KyKYPYA3U JUIs
«BiKHa» po3mipoM 16x16 mikceniB cepeiHi 3HAYCHH:
(dpakTaipHUX PpO3MipHOCTEH JOpiBHIOWTH: D = 2,922
(cramom Ha 16.06.2018), D=2,946 (cranom Ha
09.07.2018), D = 2,910 (cranom Ha 29.07.2018).

TakuM 4MHOM, Ha PIBEHb BPOXKAIO BIUIMBAE CYKYII-
HICTh YMHHHKIB, SIK Cy0 €KTHBHHUX, TaK i 00 €KTUBHHUX.
Takox Bci pO3MIISIHYTI YMHHHUKU Ta 1HAUKATOPU MOXYTh
MaTH pi3HI BeJIWYMHH, SIKI 3MIHIOIOTHCSI Y 4aci, 1 BIUTUBA-
TH Ha PiBEHb BPOXail K MMO3UTHBHO, TaK 1 HETATHBHO.
[Ipu 11bOMY YMHHUKH JOMOBHIOIOTH OJIMH OJHOTO 1 Heli-
HIHO BIUIMBAIOTH HA PiBeHb Bpoxkato. Kpim Toro, cratuc-
THYHI JIaHI TIPO YMHHUKM BIUIMBY Ta iHIMKATOPU CTaHY
MOCiBiB € 0OMexeHnMH. ToMy B YMOBAax ampiopHOl HEBU-
3HAYEHOCTI, TPHUHAHSATTSA PIIICHHS, IIOAO0 OINHKA PiBHA
BPOXKAIO CUTBCHKOTOCTIONAPCHKUX KYJIBTYpP JOLUTEHO 3iH-
CHIOBAaTH Ha OCHOBI IIPOBEJICHHS EKCIEPTHU3H 3 BUKOpHC-
TaHHSIM HEUITKUX MHOXKHH i 0OpOOKH EKCIIEPTHIX JTaHUX.

MMiaxin o ¢opmamnizamii MOHATTS HEYITKOI MHO-
)KMHH TIOJISTAE B y3araJbHEHHI TIOHATTS PHHAJIEKHOCTI
[11]. HewiTki MHOXMHH € TIPHPOIHHAM y3arajlbHEHHIM
3BHYAHUX MHOKHH, TIPH BiZIMOBI BiJl OiHApHOTO Xapak-
Tepy wi€ei GpyHKUii i TpUITyIIeHHi, 0 BOHA MOXE TPHii-
MaTu Oy/ib-siKi 3HaueHHs Ha Biapi3ky Big 0 no 1. B teo-
pii HEUITKIX MHOXXHH XapaKTepUCTHYHA (YHKIIiT Ha3H-
BAETHCS (DYHKINEI0 TPUHATIEKHOCTI, a ii 3HaueHHs ua(X)
— CTyNEHEM MPHUHAJICKHOCTI eIleMeHTa X HediTKiii MHO-
xuHI A. Tligxin mo mpoBeIeHHS eKCIIEPTU3H B YMOBaX
HEYITKOI ITOCTAaHOBKH 3aBAaHHS 1 00pOOKM OTpHMaHHMX
JAHUX omucaHuii B [12].

[Nomanpimmii eTanm poOOTH METOIY CIpPSIMOBAaHHN
Ha BH3HA4YeHHS QYHKIIH NPUHAIEKHOCTI UYNHHHKIB
BIUIMBY Ta IHJMKATOPIB IIOTOYHOTO CTaHY HOCIBIB.

Sk 3a3Havanocs Buile, OlOJNIOTIYHI Ta OpraHizarin-
HO-TEXHOTEHHI YMHHHKH, TOOTO Cy0’€KTHBHI YMHHHKH,
Ii/T Yac IPUHHATTS pilleHHs! OyIeMO BBaXKaTH SIKICHIMH
YMHHUKAMY 1 OLIIHIOBATH 3a JIOIIOMOIOK) JIHTBICTHYHUX
3MiHHEX. [le 00yMOBJIEHO THM, IO BOHHU 3aJICKaTh Bij
JUSUTEHOCTI JIFOJMHMY, 1 HE € BUIAIKOBUMH, BOHH MOXKYTh
ab0 BUKOHYBAaTHCS, a00 HE BHUKOHYBATHCS, a00 BUKOHY-
BaTUCSI YaCTKOBO. AJie He BpaxOBYBaTH X IiJ 4ac MpHii-
HSTTS pillIeHHs] HeOOXiHO, TOMY III0 BOHM 3HAYHO BILTH-
BalOTh Ha PiBEHb BpOXKar0. Ha OCHOBI eKCTIEpTHUX JaHUX
OyIyTh MPUAMATHCS PIllICHHS PO CTYMEHb BUKOHAHHSIX
IMX YMHHUKIB, aje pimeHHs Oyje mpuiiMaTucs He 3a
OKpeMHMH OIOJNIOTIYHUMH Ta OpraHizaliifHO-TeXHOTeH-
HUMH YHHHUKAaMH, a 32 KOMIUIEKCHHM iX BUKOHAHHSIM.

3rigno [11, 12] mig JiHTBICTHYHOIO 3MIHHOIO pO-
3yMIIOTh KOPTEX

<4, 1(h), G, M>,

ae S — wHasBa niHrBicTM4HOI 3MiHHOL;, 7(f) — TepMm-
MHOYKHHA JIIHTBICTUYHOT 3MIHHOI, €JIEMEHTHU KO Ji, [ =
1, ..., N, € Ha3BOIO HeUiTKOI 3MiHHOI, G — CHHTaKCHYHE
MpaBWiio, SKE TMOPO/PKYE Ha3By HEWITKOI 3MIiHHOL
ye T(f), sk BepOasbHUX 3HAYEHb JIHIBICTUYHOI 3MiH-
HOi; M — CUHTaKCHYHE MPaBUJIO, sIKE CTABUTh Y BiJIIOBI-
JHICTh KOXKHIil HeuiTKi# 3MiHHIH y € T(f) HediTKy miam-
HOXUHY A(y) = {uap)(X)X}, x€X, pagp)(x) — 3HaueHHS
GbyHKIIT TpUHAIEKHOCTI HewiTkoi miaMHOXuHE A(y),
X — 0o0nacTh BU3HAUYECHHS HEYITKOT 3MiHHOI.

BilHOCHO HEYITKOrO IOKa3HUKa «Oi0J0riYHI YMH-
HUKM» MOXe OyTH BU3HAUCHA JIIHTBICTHYHA 3MiHHA ff5 —
«BUKOHAHHs», a TepM-MHOXKHHA T(f5) MOXe BH3HA4a-
THCh JJBOMa HEYITKUMH 3MIHHUMH: Y51 — «BUKOHYIOTb-
Cs» Ta Ys2 — «HE BUKOHYIOTBCS». J[ys HewiTKoro mokas-
HUKA «OpraHi3alidHO-TEXHOT€HHI YWHHUKH» TaKOX
MoOKe OyTH BH3HAY€HA JIIHTBICTUYHA 3MiHHA [om — «BHU-
KOHAHHS», a TepM-MHOXUHA T(fom) "TaKOXK MOXKE BHU-
3HAYaTUCh JBOMA HEWITKMMH 3MIHHUMH: Yom1 — «BHKO-
HYIOTBCSD» Ta Yom2 — «HE BUKOHYIOTBCSD».

BusHaueHHs (QyHKLIH NpUHATIEKHOCTEH HEYITKUX
3MIHHHX )51, Y62 JIHTBICTUYHOI 3MIHHOI ff5 Ta HEUITKHX
3MIHHHX Yoml, Yom2 JIHTBICTHYHOI 3MIHHOI f,, HocsTa-
€TBCS IUISIXOM ITOCTAHOBKH EKCIIEPTH3H Ta OOpOOKH
ekcriepTHUX OaHuX. Koxuuit i-ii excmeprt, i =1, ..., /,
BHCJIOBJIIOE CBOE€ CyO'€KTHBHE CYIKEHHS IIPO Take: y
CKUTBKH pa3iB 3HAUCHHS QYHKIIIT HATEKHOCTI fL4(61)(Xn),
HAIPUKIIA, PO3TIIAETHCS HEUiTKa 1M AMHOKUHA A ()51)
HEYiTKO1 3MIHHOI )51 OiNbIe 3HaUeHHS (QYHKIIi MpUHa-
JEKHOCTI Laper)(Xm) Xn, XmeX; N=1, ., N,m=1,.., M,
X — oOmacTe BW3HAYEHHS JIHTBICTHYHOI 3MIiHHOI fs.
Take cCymKeHHS eKCIepT NOJA€, BUXOLIYM 13
JIeB’ITHOAITBHOT IIKAIM OIHOK, SIKY HaBezaeHo v [12].

[Ipu BU3HAYeHHI 3HAYeHB (YHKIIIi TPHHAIECKHOCTI
eKCIIEPTH KEePYIOThCA IYMKOIO: Y CKUIBKH pa3iB oOpa-
HU YMHHHUK BIUTMBY i IHIMKATOP CTaHy IMOCIBiB OLIbII
ICTOTHHH (BaroMimmuii) mo BiJHOMICHHIO IO IHIIOTO
YHHHUKA BIUIMBY Ta {HIHKATOpa 3 TOYKU 30py MOMKIIH-
BOCTI OIIHKH piBHS Bpokaro. [Ipu mipomy, gkmo N-uit i
M-¥if YAHHUKK BIUIMBY ab0 iHgukatopu (A, i Am) HeMae
CEHCY TOpPIBHIOBATH, TOOTO BOHHM HE MOPIBHIOBaHi, TO
OITiHKa 3a SKICHOIO IIKajok nopiBaoe (. 3a yMOBH, IO
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N-uif i M-uii YTHHUKA a00 IHIUKATOPU OJHAKOBO BaX-
JIMBI, TO OILIHKa JOpiBHIOE 1. Y pasi K10 eKcrepT BBa-
xKae, o N-Uil YMHHUK a00 1HIUKATOP HE3HAYHO BaXKIIH-
BIIIUHA, HiXK M-UH, TO OIliHKA JOpiBHIOE 3. SIKIIO X N-Ui
YMHHUK a00 I1HAMKATOp NPOCTO BaXJMBimIE M-TO —
OIIIHIII MPUCBOIOETHCS 3HAUCHHS 5. Y pazi, Komu N-uit
YMHHUK a00 IHIMKATOp 3HAaYHO BaXJIMBIIIMH M-TO —
olliHKa Mae 3HaueHHA 7. ExcnepT mpHcBOroe OmiHIN
3Ha4YeHHS 9, SKIIO BiH BBaXKae€, IO N-Mif YMHHHUK abo
IHJIMKaTOp 32 CBOEIO 3HAYMMICTIO aOCONIIOTHO IepeBep-
urye M-uid. 111 3BOpOTHOTO MOPIBHSHHS M-TO YAHHUKA
abo iHauKaropa 3 N-uM (Am i An) eKcepT BUKOPHCTOBYE
3BopoTHi Benwunnu: 1, 1/3, ..., 1/9. 3HaueHHs OI[iHOK 2,
4, 6, 8 Ta iX 3BOPOTHI BEJIMYUHH BHKOPHUCTOBYIOTHCS
JUISl TIOJIETILIEHHS! KOMIIPOMICIB MIXK CYyJUKEHHSIMH, SIKi
BIJIPI3HAIOTHCS HE3HAYHO.

I'padiune npencraBneHHs GYHKUIH MpHHAIEKHO-
CTi HEYITKMX IMAMHOXKHH, SIKI BiAMOBIJAlOTh 3a3Haue-
HUM JIHTBICTHYHUM 3MIHHUM, HaBeJEHO Ha puc. 2.

rd

uaa)(X)

ua61)(X)

1,0

O g

05

0

Y61, Yoml Y62, Yom2 X

Puc. 2. OyHKuis MpUHAIEKHOCTI
JIHTBICTUYHHX 3MIHHUX Y61, Y62 1 Yoml, Yom2

Ha puc. 2 BumHO, mo ¢yHKII{ MpUHATIEKHOCTI
NIBOX JIIHI'BICTUYHHUX 3MIHHMX OJHAKOBI 1 MarOTh JIEKi-
JIbKa XapaKTepPHUX O0JIacTel, Ha SKUX EKCIIePTH MPHii-
MaloTh BIANOBIMHI pylIeHHs. Tak Ui BHUKOPUCTAHHSI
eKcrepTaMu (YHKIIIH TPUHATIEKHOCTI HEUITKHX 3MiH-
HUX Ha HUX BH3HAYa€ThCS PIBEHB @, SKOMY OyAyThb Bif-
MOBIJJATH YiTKI MHOXXHHH. BUXOJs1uM 31 3MICTy YMHHHU-
KiB BIUIMBY, €KCHEPT BUOHPAE O > Gy, JI€ Ouy — PIBEHB
HEOOXIIHOi JIOBIpM TPOTHO3HUX 3HAYEHb YHMHHHKIB
BIUIMBY Ha piBEHb BpPOXAal0, HANPHUKIAM, O,y MOXeE 00-
panuii 0,6. SIkumio ekcriept BuOUpae 3HaueHHs (QyHKIT
MIPUHAIE)KHOCTI YMHHUKA BIUIMBY, AKi 3HAXOIAThCA HA
Bimpi3Ky Bimt 0 O Y51, Yoml T TIPABOPYY B Y52, Yom2,
TOOTO @ty > 0,6, TO BiH BU3HAYAE YiTKY O-pIBHEBY ITiJIM-
HOXUHY. Ha BiApi3Ky Bif Y51, Yom1 O Y62, Yom2 €KCIEPTH-
3a MPOBOJUTECS B yMOBaX HEYITKOI'O MNpEICTaBICHHS
YHHHUKIB BIUTUBY.

[Ipupomao-kiriMatinudi  (00’€KTUBHI) YHHHUKHA
MAalOTh YMCJIOBI 3HAUCHHS 1 eKcrepTr3a Oya MpOBOIH-
THCS OKPEMO JUTsl KOX)KHOTO YHHHMKA BIUHBY. [Ipu 11p0-
MY KOXXEH EKCIIEPT BHCIIOBJIIOE CBOKO TYMKY IIPO IPO-
THO30BaH| 3HAYCHHS YMHHUKIB BIUIMBY 1 IHIAMKATOPIB Y
BUTJIA/I HEYITKOTO TPUKYTHOTO YHCIA, PYHKIIiS TPHHA-
JISKHOCTI SKOTO Ma€ BUTIISA [11]

[X_(Ak_Al)]/Alv Ak_Alsstk’
o (0 =1[(A=2,)-x]1A,, A <x<A+A,, (1)
0, 0<A —A, X2 A +A,.

I'padiune mpexncraBneHHs Takoi QyHKUi mpuHa-
JIS)KHOCTI HEUITKUX TT1IMHOKHH HABEICHO Ha pUC. 3.

uak(X)
1,0 ¢

o ¢

0,5

P -

1
1
1
1
1
b

0 A—4 A:1°‘ ;\

Ax® Ac + 42 X
Puc. 3. TIpencraBiicHHst 3HAYEHHs] YMHHUAKA BIUTUBY
Ta IHAUKATOpPa HEYITKUM TPUKYTHUM YHCIIOM

Sk BumHO Ha puc. 3, npu BuOOpi QyHKIIT npuHa-
JIKHOCTI y BUDNISA/I HEUYiTKOTO TPUKYTHOTO YHCIA, KO-
JKEH EKCIEPT BHUCIIOBIIIOE CBOKO CYO’€KTHBHY IYMKY Y
BUIJISAI TPHOX 3HAUCHH MPO KOXKEH YHHHHUK BIUTHBY i
IHAMKATOp CTaHy MOCiBiB: Bix (Ak— A1) — HeraTtuBHA
OlliHKa (3pocTaroya JIsHKAa TPUKYTHHKA); Ak — OIIHKA,
HaiOlIbIl  OvikyBaHa (BEepIIMHA TPUKYTHHKA); JIO
(A + 42) — mo3uTHBHA omiHKa (cramaroda TiNSHKA TPHU-
KyTHHKa). TakaM YHHOM, KOXXEH eKCIEePT CBOIO
Cy0’€KTHBHY MKy IPO MPOTHO30BaHi 3HAYECHHS YWH-
HUKIB BIUTMBY (IHTEHCHUBHICTh CBITIIA, IO MOTPAILIIE HA
pociuuu (A41); TeMIlepaTypy HaBKOJMIIHBOTO CEpPeIo-
Buina (42); KOHIIGHTpAIlisi BYTJICKKCIIOTO Ta3y B aTMOC-
¢bepi mobmusy pociunu (A3); BoJOTiCTh MOBITPs (A4);
NPUPOJHA POAIOUICTE IPYHTY (A5)), & TAKOXK i1HAMUKATO-
piB crany mociBiB (iHaekc NDVI (4¢) Ta dpakranspHy
PO3MIpHICTD (A7) BUCIIOBIIIOE B HEUITKUX OIlIHKAX TPO-
THO3HHX 3HAYEHb.

AHaJti3 HeYiTKOTO MPOTrHO30BaHOTO OMKCY 3HAYCHb
YMHHUKIB BIUIMBY Ha PIBEHb BPOXKAIO MOKA3yeE, 1110 YHH-
HUKH A1 — As MalOTh YiTKO BUPa)XXeHY KiJIbKICHY ITPUPO-
JIy 1 BUMIPIOIOTECSI Y BIJIUTOBIIHMX BeNUYMHAX (JIIOKCAX,
rpamycax Llembcis, BimcoTkax i 6amax). [mmukaTopn
CTaHy MOCIBIB (46 1 A7) TAKOXK MAIOTh KITbKICHUI HEYiT-
KU mporHo3oBaHuit onuc — ingekc NDVI moxe 3wmi-
HioBaTucs Bij 0 o 1, a dpakranbHa po3MipHICTh Bif 2
10 3. UnHHUKHY, SIKI MalOTh sIKICHY mipupoay (OiomoriuHi
YUHHUKA (4g) Ta OpraHi3amiiHO-TEXHOTE€HHI YMHHHUKA
(A49)), MPOTHO3YIOTHCS HA TMiCTaBi BBEACHHS 10 PO3TIIS-
JIy BIATIOBITHUX JIIHIBICTHYHHUX 3MIHHHUX.

Ha mactynaOMYy ertami pob0oTH METOY, 3 BUKOPHC-
TaHHSM arnpiopHoi iHpopMaIlii Ipo OCHOBHI YNHHHUKH Ta
IHIMKATOPH, €KCIIEPTH TPOBOIATH morapre (GiHapHi)
MOPIBHSHHS BYKIMBOCTI YMHHUKIB BIUIMBY Ta 1HAMKa-
TOpiB CTaHy TOCiBiB (41 — A9) Ha piBeHb Bpokaro. [Ipu
IbOMY, SIKIIIO OAWH YMHHUK a00 iHAWKATOp OIMIHIOETHCS
B S pasiB Baromimie, HiDK IHIIWH, TO APYrHid YWHHHUK
omiHrOeThCS B 1/S pasiB Baromirire, HiK TEPIIMi, i T..I.
Sk 3a3HaUaNOCH BUIIE, S MOXKE IPUAMATH 3HAYCHHS BiJI
1 mo 9 (meB’stmbanpHa mKama). B skocTi excrmepTiB
BUCTYNIATHMYTh aBTOPH POOOTH.

KopoTko po3ristHeMO HOBOIM €KCHEpTiB MpH 00-
TPYHTYBaHHI BaroMOCTi YMHHHKIB BILTIBY Ta iHAWKATO-
PiB CTaHy pOCJIHH Ha OMIHKY PiBHA BPOXKA0.

[lopiBHIOIOYN YHHHUKA BIUIMBY Ta 1HIAWKATOPH
cami 3 co0o1o, IX BaroMicTh piBHa, TOMY 3Ha4eHHS A11,
A22, A3z, Aaa, Ass, Aes, A77, Asg, Asg ,Z[OpiBHK)IOTL OIUHU-
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ui. TakoX iCHYIOTh YMHHHWKH BIUIMBY Ta IHAMKATODH,
sIKi TIOB’s13aHi MK c000¥0, 1, Ha TYMKY €KCIEpPTIB, OJJHA-
KOBO BIUTMBAIOTh Ha OI[IHKY DiBHS BpOXar, TOMY IX
BaroMicTh OJWH BiJTHOCHO OJTHOTO TaKOX JOPIBHIOETHCS
omuHuIi. J[0 TaKWX YMHHHKIB BIUIMBY BIJTHOCSTHCS:
IHTEHCHUBHICTD CBiTJIa 1 TeMmeparypa (3Ha4eHHs Ao i
Az1), WO 0OyMOBIIEHO (POTOXIMIUHOIO 1 (EpMEHTHOIO
CHUCTEMaMH POCIIMH, a TaKOX KOHIIEHTpAIlisl BYIJIEKHC-
JIOro Ta3y i BOJOTICTh TOBITps (3Ha4YeHHS Azs 1 Aa3).
Kpim Toro, Ha IyMKy €KCIIEpTiB, pOJIOYICTb IPYHTY i
GioJioriuHi Ta opraHi3amiiHO-TEeXHOTEHHI YMHHHUKU B3a-
€MOIOB’s3aHI MiX COOOI0 1 OJHAKOBO BIUIMBAIOTH Ha
piBeHb BpOXKato (3HaYeHHS Asg, Ase, Asg 1 Ags, Ags, Ags),
TOMY IIO Ha HUX BIUIMBAIOTh PE3YNbTAaTH Iii JIIOAWHH, a
iX 3Ha4YeHHsS [OPIBHIOIOTH OJAWHUIN. [HIUKATOpH €
OB’ SI3aHUMHU MK COOOIO 1 OJJHAKOBO XapaKTECPHU3YIOTh
CTaH TOCIBIB, TOMY €KCHEPTH TaKOXX BBXKAIOTh iX piB-
HUMH OouHHII (3HaueHHS Ag7 1 Aze). IHII dakTopH, Ha
JIYMKY €KCIIEpTiB, B pPI3HOMY CTyIEHI (BaKiIMBIiIeE)
BIUTMBAIOTH HA OIIHKY PiBHS BPOXKAIO.

[Ipu ominmi piBHS BpOKaro IHTEHCHBHICTH CBITJa
3HAYHO BAXJIMBIIIE KOHIIEHTpAIllii BYTJIEKUCIIOTO ra3y,
TOMY IO B PEaJbHUX YMOBaX KOHIICHTpAIlis BYTJIEKHC-
JIOr0 Ta3y B IOBITPI 3MIHIOETHCS HE3HAYHO, a OCBITIIE-
HICTb MOYKE 3HAYHO 3MIHIOBATHCS B 3aJI€KHOCTI BiJ I1O-
rOJIHUX YMOB 1 Hacy 100U, TOMY 3Ha4eHHs A1z JOpiB-
HIoc 7, a 3Ha4eHHs A3 BigmosigHo — 1/7. Takox iHTeH-
CUBHICTB CBITJIa IPOCTO BAXKIIMBIILIE BOJIOTOCTI TOBITPS,
TaxK SIK IPH XOPOIIii OCBITIEHOCTI Mporec GOTOCHHTE3Y
Wijie mwBHIIIe, HK TP BUCOKIH BOJIOTOCTI, ajie CiabKo-
My OCBITJIEHHI. 3 ypaxyBaHHSIM I[bOTO 3Ha4eHHs A14
nopisHioe 5, a 3HaueHHs A4 — 1/5.

[pu owuiHIi piBHS BpOXKato, 33 JyMKOIO €KCIEPTiB,
TEeMIIepaTypa MOBITPS 3HAYHO BAMUIMBIIIE TAKOTO YMH-
HUKa BIUIMBY, SIK KOHIIGHTpAllis BYIJIEKUCIIOrO razy i
MIPOCTO BAXKIIUBIIIE, YAM BOJIOTICTh, TOMY 3HAUeHHS A32
i As42 NOPIBHIOWOTH 7 1 5, BIANOBIZHO, a 3HAYCHHS A3 1
Az4a — U7 1 1/5. Tle 06yMOBIEHO THM, IO IPH BHCOKUX
TeMmreparypax npouec (pOTOCHHTE3y POCIUH 30LIbIIIY-
€TbCsl, ajie MiJ 4Yac NepeBHIleHHs Temmeparypu 25 °C
e(peKTUBHICTh (POTOCHHTE3Y MEpecTae 3pocTaTH, BiiOy-
BAETHCSA 3aKPHBAHHS IOp, i POCIMHH IOYMHAIOTH €KO-
HOMHTH BOZy. TOMY BOJOTiCTh OBITPSI MEHII BajKJIMBA,
HIX TeMIriepaTypa. 3aKpUTTsI Op MPU 301IbIIEHH] TeM-
nepaTypu He J03BOJISE BYITIEKUCIOMY Ta3y IOTPAIHTH
B 3€JIeHI KIITHHU POCIMHHU, TOMY HOTO KOHIIGHTpAIlisl B
pOCTIHHI HE 3MIHIOETHCS 1 HaBITh 3MEHIIY€ETHCS, TOOTO
IIpU BHUCOKIM TeMIlepaTypi CIOCTEpIiraeThCsi HecTada
BYTJIEKHCIIOTO Ta3y. lIpupoaHa poarodicTs IPyHTY HOB'-
s3aHa 3 1l MOYaTKOBUMH F€HETHYHUMH OCOOJIMBOCTAMH 1
y IPYHTI POCIMHH 3HAXOAATEH yC€ HEOOXiaHE VIS KUTTA
— BOJY, XHBIICHHSI, TTOBITPs, SIKi TIONOBHIOIOTECS 3 Ha-
BKOJIMIIIHBOT'O CEPEIOBHUINA, TOMY KOHIIEHTpALlisl ByTje-
KHCIIOTO Ta3zy B aTMocdepi, BOJOTICTh MOBITPs, iHTECH-
CHBHICTH CBITJIa 1 TeMIIepaTypa € MPOCTO BaXKIUBIIIOKO
HDK IIPUPOJHA POMIOYICTH IPYHTY (BIAIOBIIHO 3HAYCH-
HA Ais, Ao, Azs 1 Ass TOPIBHIOIOTH 5, a 3HA4EeHHS A1,
Asz, Asz 1 Asa — 1/5). Takox, 32 JyMKOIO €KCIIEPTIB,
TIPUPOJIHI YMHHUKK (IHTEHCHBHICTE CBIiT/Ia, TEMITEpATy-
pa HaBKOJIMIIHBOTO CEPEIOBHUINA, KOHICHTPAIlis ByTJie-
KHUCJIOTO Ta3y B atMocdepi, BOJIOTICTh MOBITPS) HE 3Ha-
YHO, aJleé BaYIWBIII 3a OI1OJIOTiIYHI Ta OpraHi3amiiHO-

TEXHOT€HHI YNHHUKH. ToMy 3HaueHHS A1g — Asg 1 A19 —
Asg MOPIBHIOKOTE 2, a 3HA4YeHHS Ag1 — Aga 1 A9y — Aoa —
1/2.

[HMKaTOpH CTaHy POCIMH, OTPUMaHI 3 BHUKOpPHC-
TaHHSM JIMCTaHIIHHMX 3ac00iB 30HIYBaHHS, Ha TyMKY
EKCIIEpTiB, € BaXKJIMBIIIMMHU IIPU OLIHII PIiBHS BpPOXKalo,
HDK TIpUpo/Hi, G10JI0TiUHI Ta OpraHi3aliiHO-TEXHOTEHHI
YMHHUKA BIUIMBY, XOYa BOHM 1 JIAIOTh JIMIIE BiJHOCHI
OLIIHKK XapaKTePUCTHUK cTaHy pociuH. Ile oOyMoBIeHO
TUM, 1[0 IHIMKATOPHU JIO3BOJISIIOTH ONEPATUBHO OTPHMY-
BaTW OILIHOYHI 3HAUEHHS CTaHy POCIHMH 1 MOXYTh OJHO-
YacHO OXOILTIOBAaTH BeNuKi ruronti. Kpim Toro, BoHM MoO-
JKYTh OyTH OTpUMaHi IIBUINIE 1 TOYHIIIE, HX YNHHUKA
BIUIMBY. Buxozasum 3 nporo, ingexkc NDVI 3HayHO Bax-
JIMBIIMKA BCIX YAHHUKIB BIUTUBY, 1 3Ha4eHHS As1 — Aes 1
Ass, Asy TOPIBHIOIOTE 7, a 3HaYCHHS A16 — Ase 1 Ags, Aos —
1/7. Onnak, iHAMKATOPU CTAHY POCIIHMH MPHU 1X BU3HAYCH-
Hi HEOOXiZHO KayiOpyBaTH 1 BpaxyBaTH IMOXHOKH 4epes3
MOTOJIHI YMOBH, a TaKOXX HEOOXiJJHE IOPiBHIOBAHHS
OTPUMaHHX Pe3yJbTaTiB 3 JAHUMH TECTOBUX €TAIIOHHHX
JIIISTHOK, sIKI BPaXOBYIOTh CE30HHI €KOJIOro-KIIIMaTH4HI
MOKa3HUKH Ha MOMEHT OTpUMaHHs AaHuX. Tomy (paxta-
JIbHa PO3MIPHICTh MPOCTO BAKJIMBIIIA BCIX YHHHHUKIB
BILUTUBY, TOMY 3HaueHHsI A71 — A7s 1 A7s, A79 NOPIBHIOIOTH
5, a 3HaueHHs A17 — As7 1 Asr, Ae7r — 1/5. Pisuuns y 3ua-
YEeHHSX Ba)KIMBOCTI I1HJIMKATOpIB CTaHy IOCHBIB HaJ
YUHHUKAMH BIUIMBY TaKOX OOYMOBIICHO, THUM, IIO B Ja-
HHUI Yac iCHyIOTh HakomumyeHi 6a3u inzmexciB NDVI s
PI3HMX POCIWH, IO PO3BHBAIOTHECS B PI3HUX YMOBaX,
YOro MoK Hemae Jyist ppakTaibHOT pO3MipHOCTI.

Pe3ynbTaTi MOpIBHSHHS 32 1B’ STHOAIBHOIO KA~
JOI0 eKCHepPTH MOJAIOTh Yy BHUIVIAI  MaTpHLb
Ai Tllanm@|, i=1, ..., 5;n=1,..,N;m=1, .., M. TTotim
matpuii Ai ycepeaHioThest A = |lanm||. Ycepemmerms
MOY€e MPOBOAUTHCS 3 YpaxyBaHHSM BaroBHx Koediie-
HTIB €KCIIEPTIB, sIKi 3ajie)kath BiJl iXHbOTO J0CcBiay. Pe-
3yJIbTaTH MIPOBEACHHS EKCIIEPTU3M (ycepeHeHa MaTpH-
111), 1110 OyJTM PO3TIISIHYTI BUIIE, MAIOTh BUTIISIT

1 1 7 5 15 75 2 2

1 1 17 15 15 75 2 2

7 7 1 1 15 75 2 2

1/5 5 1 1 15 75 2 2
A= 5 5 5 5 1 7 5 1 1
7 uyv o ur ouv o ur 11 47 v

1/5 1/5 1/5 1/5 1/5 1 1 1/5 1/5

/2 1/2 1/2 1/72 1 7 5 1 1

1/2 1/2 1/2 1/2 1 7 5 1 1

Skmo oTpuMaHa Matpuus A € KBaIpaTHOIO, TO
BHPIIIYIOYN MaTPUYIHE PiBHIHHA

AXT = )X, )
TO MOXKHAa BH3HAYMTH BIIACHI YHCIa A MaTpHIli, K KO-
peHi XapaKTepUCTHIHOTO PiBHIHHS

A—-E =0, 3)

ne E — oguHnyHa MaTpuis.

IIpr mpOMYy KOXHOMY BIIaCHOMY 4mciy A Oynme
BiIOBiaTH BIacHWNA BekTop X. Skmo matpurs A €
HEBiJ'€MHOIO, 3BOPOTHOCHMETPHYHOIO Ta y3TOIKCHOIO,
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To piBHSHHS A — AE = 0 Ma€e omuH KOPiHb A = Ayare = K,
SIKOMY BI/INOBiJIa€ €JMHUNA BIACHUH BEKTOp X.

VY pasi nogaHHs cy0’€KTHBHUX CY/PKEHB EKCIIEPTIB
Y BHUIIAAI TaKoOi MaTpHIli, PillIEHHS MaTpUYHOTO PiB-
HSTHHS

AXT=kX (4)
Oyne BuszHavyaty BiacHuid BekTop X = {ua(X)/X}, X € X, a
YHCIIOBA Mipa PO3ODKHOCTI Auaxe 1 K BH3HAUYATHME YHC-

JIOBY Mipy Y3TO/DKEHOCTI CyJIKCHb SKCIICPTIB.
Kk

Sxmo ZpA(Xi) =1, 10
i=1

k
DA ra(Xj) =1 pa(x;),
i-1

1, BIZMOBIHO IO PIBHSIHHS
A,UT = l,wakc/l (5)
MoxHa chopmyBatu Bektop u = {ua(X)}, j =1, ..., k.
Ha HacTymHOMy eTami METONy, B pe3yJIbTaTi pi-

[IEHHS MAaTPUYHOTO PiBHIHHS (5), OTPUMYEMO BIIACHU
BEKTOp, AKUH Ma€ KOHCTAaHTU

ui = {0,115; 0,049; 0,065; 0,074; 0,241,
0,020; 0,027; 0,088; 0,088}

HopMoBanuii BekTop

9
i =ui/2ﬂi , (6)
i1

Mae€ BUTJIA

i = {0,150; 0,064; 0,085; 0,096; 0,314;
0,026; 0,035; 0,115; 0,115}.

Po3spaxoBanuii BeKTOp (;*” BIIIOBiAA€ MPUHHSTO-
My JUIs BCIX YMHHHUKIB BIUIMBY Ta IHJUKaTOPIB CTaHy
NOCIBIB piBHA o (GYHKUIH NpuHANEXHOCTI. TakuMm um-
HOM, (hOpMYyBaHHS BJIACHOTO BEKTOPY XapaKTEpU3ye
Ba)XXJIMBICTh KOYKHOTO YMHHMKA BIUIMBY a00 iHIUKaTopa
CTaHy TOCIBIB ITiJ] Yac OLIHKK PiBHS BPOXKalo.

Ha nactynmHOMy eTami MeToIy aHasli3yroThCs ia-
Ma30HH 3MiH BEJIMYMH YMHHHKIB BIUIMBY Ta iHAWKATOPIB
CTaHy MOCIBIB, IO BH3HAYAIOTh PIBEHb BPOXKAIO IS
BUOPAaHOTO PErioHy BUPOILYBaHHS CLIBCHKOTOCIIOIAp-
CBKUX KynbTyp. DopMyeThCst AeKinbka HA0OOPIiB YAHHU-
KiB BIUIMBY Ta IHIAWKATOPIB CTaHy MOCIBIB, sIKI MOXYTb
Oy min yac OUiHKK piBHsI Bpoxkato. J{iist npuknamy, y
Tabn. 1 HaBeAeHO Jiama3oHM 3MiHM 3HAa4€Hb YMHHHKIB
BIUIMBY Ta 1HJUKATOPIB CTaHy IIOCIBIB Ui YOTHPHOX
pi3HMX iX KOMOIHaiif Tpu sSIKMX OyAe MPOBOIUTHUCS
ouiHka piBHs Bpoxkato (PB1 — PB4).

TakuMm unHOM, Oy/ie TPUAMATHUCS PIlIEHHS TIPH SIKI
KOMOIHAI[Il YMHHHKIB BIUIMBY Ta IHIUKATOPIB CTaHy
NOCIBiB OyJie HalO1NbIINH PiIBEHb BPOXKAIO.

Tabnuysa I —3HaYeHHs] YMHHUKIB BIUIUBY Ta iHIMKATOPIB CTaHy NOCiBiB

InTencus- Konnentpa- | Bomo- Poxro- I Oprasi-
. . . . . HJICKC @OpakTanpHa | .. . .o
Pipens | HICTb CBiT- | Temmepa- | uis Byrimeku- | ricTh 4icTb NDVI, 0,0 | poswipicrs bionori- | 3amiiiHo-
BpoO- ma, x 103, Typa, °C | ciorora3y, | MOBITps, | IPYHTY, B 1'0 ' 20-30 ? YHi TEXHO-
A0 JIK % % Gai ' ' ' T'eHHI
A1 A2 As As As As A7 As Ao
PB1 9-11 20-30 0,1-0,3 60-80 | 25-30 | 06—-0,7 | 2,91-2,95 BUK. HE BHK.
PB 2 8-11 15-25 0,1-0,2 50-70 | 30-35 | 05-06 | 2,92-296 | He Buk. BUK.
PB 3 7-10 10-20 0,05-0,15 | 40-60 | 10-15 | 0,5-06 | 2,90—-2,92 | HeBHK. | HE BHK.
PB 4 7-9 25-35 0,03-0,1 30-5 | 15-20 | 0,6-0,7 | 2,91-294 BUK. BUK.

Sk BUAHO 3 aHaNi3y AaHUX TaOm. 1, Aiana3oHu
3MiHU 3HAY€Hb YMHHUKIB BIUIMBY Ta IHAWKATODPIB CTAHY
MOCIBIB BCiX YOTHPhOX KOMOIHAI[H MEPEeTHHAIOTHCS, 1
BU3HAYUTU PiBEHb BPOXKAIO TUIBKU 3 aHAMI3Y [MX JaHUX
CTa€e HEMOXUIMBO. TOMY NpW BU3HAYECHHI PiBHS BpOXKaIO
Oy/IeMO BUKOPHUCTOBYBATH €KCIEPTHY OLIIHKY MPO BaXK-
JIMBICTh KOXXHOTO YHHHUKA BIUIMBY Ta iHAMKATOpa CTa-
HY TIOCIBiB TSI KO)KHOTO 3 YOTHPHOX PiBHIB BPOXKATO.

3 BHKOPHCTAaHHSIM METOMYy aHawisy iepapxiit [12],
mpoBeseMo momnapHy (GiHapHy) OIIHKY TepeBar mpo-
THO30BAaHMUX PiBHIB BPOXKal0 3 TOYKU 30py KOXKHOTO, 3
PO3TISHYTHX BHINE YMHHUKIB BIUIMBY 1 IHIMKATOPIiB
CTaHy IIOCIBIB, IO CKJIAJJA€ HACTYIMHHH €Tal METOIY.
[lig wac OWIHKH B SKOCTI €KCIIEPTIB BHCTYIATUMYTh
aBTopu podotr. KopoTko po3misHeMO IOBOIU eKcrep-
TiB Ipu OOTPYHTYBaHHI BaroMocTi piBHIB Bpoxaio (PB1
— PB4) nmis K0)XKHOTO YMHHUKIB BIUIMBY Ta iHAWKATOPIiB
cra"y pociuH. BiHapHI MOpPIBHAHHS €KCHEPTH IPOBO-
IATh, KEPYIOUHCh TYMKO: SIK OKPEMO KOXKEH YHHHHK
BIUTMBY Ta iHIAWKATOpP CTaHy MOCIBIB BH3HAYA€ OAWH 3
YOTHUPHOX MPOTHO30BAHUX PIBHIB Bpoxkaro. [Ipm mpomy
eKCIIEPTH TAaKOXX BHKOPHCTOBYIOTH JI€B’SITH OallbHYy
HIKay, sIKy OyJio ONHMCaHo BHIIE.

[NopiBHIOIOUYM PIBHI BpOXKar cami 3 co0oro, iX Ba-
romicte piBHa, ToMy 3HaueHHs RV1i;, RV, RVlss,
RV144 — RV911, RV922, RV933, RV944 Z[OpiBH}O}OTb oau-
HUIU.

[pu aHami3i Nepuoro YAHHUKA BILIUBY (iHTEHCHB-
HICTh CBITJIa) eKCrepTH PoOJIsiTh BHCHOBOK, 1o PB1 B
pi3HOMYy CTyIieHi, ane € BaromimmMm, Hbk PB2, PB3 i
PB4, tak six PB1 xapakrepu3yerscsi HAHOUIBIIMME 3HA-
YeHHSMH IHTEHCHBHOCTI CBiTNIa, ToMy 3HaueHHA RV1i»,
RV1i3 1 RV1y4 matoTh HacTynHi Benuuuau 3, 5 1 7, Biano-
BiJHO, a 3HaueHHsI RV1y, RV1s i RVl —1/3, 1 /51 1/7.
Taxox PB2 3a M YiHHIKOM Ma€ HE3HAYHY BaXKITHBICTh
B nopiBHsAHHI 3 PB3 1 IpocTy BaXKIMBICTh B OPIBHSIHHI 3
PB4, uepe3 OinbIi 3HAUYCHHS BEPXHBOI 1 HIDKHBOI MEXI
iHTeHCHBHOCTI cBiTna (3HaueHHs RV1xs i RV1y mopis-
HIOOTH 3 1 5, BianoBiaHo, a 3Hayenns RV1s; i RV1g, — 1/3
i 1/5). Pisens Bpoxaro PB3 3a 1M YMHHHKOM He 3HAYHO
BakymBimmii 3 PB4, tomy mo y PB3 BepxHs Mexa iHTe-
HCHBHOCTI CBiTIa He 3HA9HO, ane Oimbma Ha 1x10° 7K, i
3Hayenns RV1s, = 2, a 3Hayenns RV1g3 = 1/2.

JlocTimKeHHS TIOKa3yIoTh, 10 PiBEHb BPOXKAIO CH-
JILHO 3aJICKUTD BiJl TEMIIEPATYPH MOBITPS (APYTHHA YMH-
HUK), aje HaiOUThII CIpUATIMBOIO I (PoTOCHHTE3Y
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BBaXkatoTh Temrepatypy 25 °C. V 38’s3ky 3 num PB1 He
3HauHo BaxkmBime PB4 (RV2y4 = 3, RV24 = 1/3), npo-
cto Baxmsime PB2 (RV21; = 5, RV2; = 1/5) i abcosro-
TtHO BaxkuBime PB3 (RV213=9, RV23 = 1/9). PB4 3a
MM YAHHUKOM € BYUIMBIMM B TOpiBHsAHHI 3 PB2
(RV242 =5, RV2y4 = 1/5) i 3Ha4HO Ba)XJIMBIIIKM B TIOpi-
BHsHHI 3 PB3 (RV243 =7, RV234 = 1/7), uepe3 Te, 1o
nporec (pOTOCHHTE3y BiOYBAETHCS IIBUIIIC IS TEM-
nepatyp 30-35°C, HIX NIpH HU3BKUX TeMIeparypax.
Takox, Tomy 1m0 Temrniepatypa a1t PB2 Bumia 1 6mmxua
1o 25 °C y nopisHsHHI 3 PB3, T0o 3HayenHs RV2,3 =5, a
3HaueHHs RV23, =1/5.

AHaJi3yI0uM TpeTiii YMHHUK BILIMBY, MOXKHA CKa-
3aTH, 0 KOHIEHTpallis Byriekucioro rasy PB1 i PB2 B
pizHOMY cTymeHi, ane € BaromimuM, HibX PB3 1 PB4,
TOMY 110 €(eKTHBHICTh (POTOCHHTE3Y Y BCiX BHJIB POC-
JIMH 3pOCTa€ 3 MiABUIICHHAM KOHIIEHTpallii BYTJIEKHC-
soro razy 1o 0,5%. V 3B’43Ky 3 1IUM, Ha JyMKY eKcIiep-
TiB, 3HaueHHs RV313 i RV323 mopiBHIOIOTE 5 1 3, Biamo-
BigHo, (RV3s1 =1/5, RV33 = 1/3), a 3nauenns RV3u i
RV3,4 mopisurorots 7 i 5, Bigmosigno, (RV341=1/7,
RV34, = 1/5). Mix co6oro PB1 i PB2 3a koHieHTpaIlito
BYIJIEKHCIIOTO Ta3y BiJPI3HSAIOTBCS HE 3HAYHO, TOMY
snaueHHs RV3i, mopisHioe 2, a 3HaueHHs RV3p1 — 1/2.
Mix coboro PB3 i PB4 3a koHLIEHTpaIi10 BYTJIEKHCIIOTO
rasy BiJpI3HSIOTBCS HE 3HAYHO, TOMY 3Ha4YeHHS RV334
JopiBHIOE 4, a 3HayeHHs RV 343 — 1/4.

3a yeTBepTUM YMHHHUKOM BILJIUBY (BOJIOTIiCTh IMOBI-
Tpsi) PB1 i PB2 B pi3HOMY CTyIICHI, aje € OUIbIIl BasKITH-
BumH, Hik PB3 i PB4, Tomy 3HauenHs RV4iz i RV4y3
nopisaooTh 7 i 5, Bimmomimro, (RV4s = 1/7,
RV4s3, = 1/5), a 3nauennst RV414 i RV424 nopiBaiooTs 9 i
7, BigmoBigHo, (RV44 = 1/9, RV44, = 1/7), mo obymoB-
JIEHO OLIbII HU3BKMMM 3HauyeHHs Bosorocti miug PB3 i
PB4. 3a uum xe unHHukoM PB1 He 3HAYHO BaXKJIMBI-
i y nopiBHsHHI 3 PB2, Tomy 3nHauenns RV4p =3, a
sHaueHHst RV4;; = 1/3. PB3 3a BOJIOTICTIO MOBITPS BaX-
nusinre Hixxk PB4, tomy RV43s =5, a RV443 = 1/5, uepes
MEHIII 3HA4YeHHS HIKHBOI 1 BEPXHbOI MeXI BOJIOTOCTI
s PB4,

3a m’SITUM YUHHUKOM (TIPUPOHA POJIOUICTh IPYH-
1y) PB2 € npocto Baxnuimm, Hix PB1, 3Hauno Bax-
TUBIMNM, HiX PB4, 1 aGCOMIOTHO BaXKIUBIIIUM y TIOpi-
BHsHI 3 PB3, Tomy 1m0 PB2 mae HaitOuibimit 6an OoHi-
TETy IPyHTYy. BiAmoBigHO, 32 JyMKOIO €KCHEpTiB, 3Ha-
yenHs1 RV5;; nopisHioe 5, RV5:3 — 9, i RV52 — 7, a 3Bo-
POTHI BEJIMUMHH BiANOBimHO mopiBHIOIOTE RV51 = 1/5,
RV53,=1/9 i RV54 =1/7. PB]l 3a MM YMHHUKOM €
TaKOX 3HAYHO BakIMBimMM, Hik PB4, 1 aGcomoTHO
BaxymBimmyM, Hibk PB3, Bigmosimmo RV513=9 i
RV514 = 7, a RV531 =1/9 i RV541 =1/7. PB4 3a ponaro-
YiCTh IPYHTY € IPOCTO BakJmBimmM, HiX PB3, Tomy
3HaueHHs RV543 mopiBHIOE 5, a 3HaveHHs RV53s — 1/5.

SAx Buano 3 Tabm. 1, inmexc NDVI (meprmii ivam-
KaTop cTaHy mocisiB), st PB1 1 PB4, a Takox PB2 i
PB3 OJIHAKOBI, TOMY RV61 =RV64 =1 i
RV623 = RV6B3; = 1. Ane, Ha JyMKy €KCIEpTIB, 32 LM
inmukatopom, PB1 i PB4 € mpocto BaXkIMBIINM, Hik
PB2 i PB3, tomy mo inmekc NDVI st PB1 i PB4 0y-
nyTh Oinbiie, Hixk PB2 i PB3. ¥V 3B’s13ky 3 num RV61, =
= RV613 = RV642 = RV643 = 5, a RV621 = RV631 =
= RV624 = RV634 =1/5.

IMix wac anamizy apyroro iHaukaTopy ((hpakraib-
HOI PO3MIPHOCTI) €KCIIepTH BBaXKaioTh, 10 PB1 i PB2 B
pizHOMY cTyneHi, ane € BaroMmimmmu, Hixk PB3 i PB4,
TOMY IO y HUX Jiana3oHH 3MiH ()paKkTaJIbHUX PO3Mip-
HOocTe € OutbmmMH. Y 3B’S3Ky 3 [HMM 3HAYEHHS
RV713=RV73=5 (RV731=RV73,=1/5), a 3HaueHH:
RV714 =RV724=3 (RV74 =RV74=1/3). Jliana3zouu
3MiH (ppaktansHuX po3mipHocteil s PB1 i PB2 e
BIJIPI3HAIOTECS, TOMY 3HaueHHsI RV712 = RV72 = 1. [lna
PB4 pniana3on 3MiH (pakTaJbHHX PpO3MipHOCTEH He
3HAYHO, ajie Outbme HiX it PB3, Tomy 3HadYeHHS
RV743 = 4, a 3Hauenns RV73, — 1/4.

Sk BuaHO 3 Tabi. 1, GioNOriuHI YUHHUKY (MEpIINiA
JHTBICTUYHUN YMHHUK) BUKOHYIOThCS s PB1 i PB4
Ta He BHKOHYWOThcs miui PB2 i PB3, Ttomy
RV814=RV8s1 =1 1 RV82:3=RV83;=1. Bukonanus
010JIOTIYHMX YMHHUKIB, HA TYMKY €KCIIEPTiB, € aOCOITIO-
THO BaXJIMBHM, HIX iX HE BHKOHaHHS, ToMy RV8i, =
=RV813=RV842 = RV843 =9, a RV821 = RV83;1 =
= RV84 = RV83: = 1/9.

Taky >k IyMKy €KCIEepTH BUCIIOBIIOIOTH 1 JUIsl Op-
raHi3aliiiHO-TeXHOTeHHNX YWHHHUKIB (Apyruil JiHTBic-
THYHU YAHHUK). Y 3B’S13Ky 3 THM, 110 a1 PB2 i PB4
OpraHi3alifHO-TeXHOTEeHHUX YMHHUKH BHUKOHYIOTHCS, a
i PB1 i PB3 He BukoHyroThCs (amB. Tabm. 1), To
RV924 = RV942 =11 RV913 = RV931 =1. TaKO)K, Ha OAyM-
Ky €KCHepTiB, BUKOHAHHs OpraHi3alliiiHO-TeXHOT€HHUX
YUHHHKIB, € aOCONIIOTHO Ba)XJIMBUM, HIX iX HE BHKO-
HaHHS, TOMY

RV921 = RV923 = RV941 = RV943 = 9,
RV912 = RV932 = RV914 = RV934 =1/9.

Pe3ynbTaTi ekcrniepTH3u micis ycepeIHEeHHs mpej-
CTaBISIIOTHCS Y BUIVISAII KBaapaTHUX Mmarpuub RVJ, ne
J=1, ..., 9, g po3rSHYTHX BUILIE YMOB

1 3 5 7 1 5 9 3
15 1 5 1/5
RV1= s 135 , Rv2=
15 1/3 1 2 1/9 15 1 U7
17 1/5 1/2 1 /3 5 7 1
1 2 5 7 1 3 7 9
12 1 3 5 3 1 5 7
RV3= , RvV4=
15 1/3 1 4 7 15 1 5
17 1/5 1/4 1 179 1/7 1/5 1
1 15 9 7 1 55 1
5 1 9 7 15 1 1 1/5
RV5= , RV6= '
1/9 1/9 1 1/5 15 1 1 1/5
7 17 5 1 1 55 1
1 1 5 3
1 1 5 3
RV7= ,
1/5 1/5 1 1/4
1/3 1/3 4 1
1 99 1 11/9 1 1/9
179 1 1 1/9 9 1 9 1
RV8= , RV9= .
179 1 1 1/9 1.1/9 1 1/9
1 99 1 9 1 9 1
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[Ticns BUpileHHS! MATPUYHKX PIBHSHB
RVIXT = JjX

BH3HAYAIOTHCS BJIACHI YHCIA 4 MaTpHIlh 1 GOPMYFOTECS
BJIacHi BekTopH yj. [Ticis HopMyBaHHS

Wi =ﬂji/ Zuji , (7

HOPMOBAaHI BEKTOpPa, SKi XapaKTePU3YIOTh BaXKIHUBICTh
KOXKHOTO YMHHUKA Ta IHAWKATOpA MiJ Yac OLIHKH PiBHS
BpOIKAI0, MAIOTh BHUIJIST

1+ = {0,603; 0,223; 0,106; 0,068};
2 = {0,626; 0,092; 0,046; 0,237};
13/« = {0,547; 0,285; 0,109; 0,059};
pdie = {0,642; 0,234; 0,077; 0,0463;
15 = {0,167; 0,720; 0,044; 0,069};
16/ = {0,417; 0,083; 0,083; 0,417};
7 = {0,363; 0,363; 0,062; 0,212};
18/ = {0,450; 0,050; 0,050; 0,450};
19/ = {0,050; 0,450; 0,050; 0,450}.

Takum ymHOM, copMOBaHI HOPMOBaHI BEKTOPa
XapaKkTEepU3yrOTh Ba)KJ'II/IBiCTI) KOXHOT'O YMHHUKA BIIJIHN-
By Ta iHJMKATOpa BIUTUBY /ISl YOTUPHOX yYMOB (Tabm. 1)
JUTSL SIKMX OIHIOETHCS PIBEHB BPOXKAIO.

Ha ocraHHbOMY €Tami METOXLy OTPHUMYIOThCS y3a-
rajbHEeHI OKa3HUKH PIBHS BPOXKAIO CUILCHKOTOCHIONAp-
CBKUX KYJIBTYp, TiJl Yac SIKOTO Peaji3yeThCsl MPHUHIIUI
CHHTE3Y.

3rifHO LBOrO MNPHUHIMIY, KOMIIOHEHTA BEKTOPY
MPIOPUTETIB PiBHS BPOXKAID BH3HAYAETHCS 3 BUKOPHC-
TaHHAM BHpazy

9
=) ®)
i=1

ne k=1, 2, 3, 4 — HoOMep piBHS BpPOKaIo;

LiK"* — HOpMOBaHe 3HaUCHHS K-01 KOMITOHEHTH Be-
KTOpY TPIOPUTETY DIBHS BpPOXAaI0 32 I-MM UYHHHHKOM
BILIMBY 200 1HMKATOPOM CTaHy IOCIBIB, 3HAUCHHS SIKO-
IO BU3HAYCHO O-PIBHEBUM YITKUM IHTEpBaioM (yHKIIIT
MIPUHAJICIKHOCTI;

™" — HOpMOBaHe 3HAYCHHS i-01 KOMITIOHEHTH BEK-
TOpY TPIOPUTETIB UYMHHHKIB BIUTMBY Ta IHAWKATOPiB
CTaHy IIOCIBIB, 32 SKHMH NPUAMAETHCS PIlIEHHS PO
piBeHb BpOXaro, 1 3HAYEHHS SKUX BH3HAYCHO -
piBHEBUM IHTEPBAJIOM.

Jna migpaxyHKy KOMIIOHEHTH k** nmaHi copmo-
BaHWX HOPMOBAHHMX BEKTOPIB 3PY4YHO IIPEICTABUTH B
HaCTYITHOMY BUTJISIL

ui*=4{0,150; 0,064; 0,085; 0,096; 0,314;
0,026; 0,035; 0,115; 0,115};
ui,1n,a = {0,603; 0,626; 0,547; 0,642; 0,167,
0,417; 0,363; 0,450; 0,050%;
wi2"*={0,223; 0,092; 0,285; 0,234; 0,720;
0,083; 0,363; 0,050; 0,450};

w3 ={0,106; 0,046; 0,109; 0,077; 0,044; 0,083;
0,062; 0,050; 0,050};

w4 = {0,068; 0,237; 0,059; 0,046; 0,069; 0,417;
0,212; 0,450; 0,450}.

3a JI0IMOMOTOI0 OTPUMaHUX HOPMOBAaHHUX BEKTOPIB
i Bupasy (8) dopMyeTbcs BEKTOp MPIOPUTETIB PiBHSI
BPOJXKalo, SIKWH Ma€ BUTIISIT

e = {0,372; 0,384; 0,065; 0,178}

AHaJi3 OTPEMaHOTO BEKTOPY NPIOPUTETIB MOKA3YeE,
10 HaWOUTBIIMI PIBEHb BPOXKAIO MPOTHO3YETHCS U
YHCENbHUX 3HAYeHb UYMHHHKIB BIUIMBY Ta 1HJMKaTOPIB
CTaHy TIOCIBIB, HaBEJACHUX Y JIPYroMy psiky Taom. 1, —
PB2. bau3bkuii 10 1IbOTO PiBHS BPOXKAKO MPOTHO3YETHCS
PB1 (uncenbHi 3HaUCHHS YMHHHKIB BIUIMBY 1 1HAMKATO-
piB TPEACTAaBICHO y TEPIIOMY pSAKy Tabm. 1), ToMy mo
BiH Mae He3HauHo MeHine (Ha 0,012) 3Ha4yeHHs y BeKTOpi
npioputeTiB. HaiiHKkye 3HaUeHHS! IPOrHO30BaHOTO PiB-
HSl BPOXKat0 OTPUMAHO IS YMOB, NPECTABICHNUX Y Tpe-
ThOMY psiaky Tabm. 1 (PB3), mo cBigquuth mpo Te, 1o
3a3HaueHi B HhOMY YHHHHKH BIUIMBY Ta 1HUKaTOpPH CTa-
HY TIOCIBiI HE CIPHUSIOTH 3aJ0BUIBHOMY PO3BUTKY CLIbChH-
KOTOCIOZAPCHKUX KYyJIbTyp. YMoBHU Ui PB4 (uerBeptuit
pSIIOK B TabOm. 1) TMOKa3ywoTh, 10 BOHH 3a0e3MeuyroTh
HIDKYMH Yy JIBa pa3u MPOTHO30BaHWII PIBEHb BPOXKAIO y
nopiBHsHHI 3 PB2 1 PB1.

TakuM uMHOM, 3a pe3yiabTaTaMd PoOOTH PO3pO0-
JICHOTO METONly TMPHHMAEThCS PILIEHHS, IO Hail0iIb-
MK piBeHb BpOXKato Oyze Ui YMOB, NMPEJICTABICHUX Y
JIpyromy psiaky Tabm. 1. iHTeHCHBHICTH cBiTina — (8 —
11)x 10°® nk; Temnepatypa nositps — 15— 25°C; koH-
uentpanis Byriekucioro razy — 0,1 — 0,2 %; BosoricTsb
noBitps - 50 — 70 %; poarouicts rpyHTy - 30 — 35 Gauis;
ingekc NDVI — 0,5-0,6; ¢pakranbHa po3mipHiCTh —
2,92 — 2,96; 6ioJyioTiuHI YUHHUKH — HE BUKOHYIOTHCS, &
OpraHi3alifHO-TeXHOTeHH]1 — BUKOHYIOTBCSL.

BucHoBku

B ymoBax HeCTOXacTW4HOi HEBM3HAYEHOCTI YMH-
HUKIB BIUIMBY Ta IHIMKATOPIB CTaHy IMOCIBIB, OIlIHKA
pIBHS BpOXKAK MOXe BiZAOyBaTHCS TiJIbKM Ha OCHOBI
eKCIIePTHUX JaHUX, [P [[bOMY €KCIIEePTH3a MOXKE PO3T-
JISAIATUCS B HEUITKIM [IOCTAHOBLII.

Po3po6ieHo MeTox NporHo3yBaHHS PiBHS BPOXKAIO
CUIBCHKOTOCIIOIAPCHKUX  KYJbTYp 13 3aCTOCYBaHHSM
HEYITKOTO ONKCY YMHHUKIB BIUIMBY Ta IHJHMKATOPIB
ctany mociiB. [li yac po3poOku MeTody 3aiicHIOBa-
Jacsi JeKOMIIO3HIiA MpoOIeMH B iepapxifo, sika Maia
Tpu ctazii. Ha mepmriit cranii 6yma chopmoBana meTa,
sIKa JTOCATAE€THCS TPH BUPIMIEHHI MpoOIeMu, — OLiHKa
piBHs Bpoxkaro. Ha nmpyriit cranii Bu3HaueHi, mpoaHali-
30BaHi 1 ONHCaHI YAHHWUKA BIUIMBY Ta IHICKCH CTaHY
MOCIBIB, 32 SIKUMH TPUHMAEThCA PIIIEHHS PO pPiBEHB
Bpoxato. Ha TpeTiif ctazii BU3HaYeHUH Mepeltik anbTe-
pHatuB — piBHIB Bpoxaro (PB1 — PB4), ski mporaosy-
IOTBCSL.

OcoONUBICTIO 3aIIPOIIOHOBAHOTO METOJY € T€, II0
HEUITKHI OIMHC MOXE 3aCTOCOBYBATHCS JUIS YMHHHKIB
BILIMBY, 0 BH3HAYAIOTHCA, SIK KIIbKICHO, TaK 1 SIKICHO.
Ha ocHoBi Takoro ommcy 3a BiZOMHMH HaOOpaMmy 3Ha-
4YeHb YMHHUKIB BIUIMBY 3 ypaxyBaHHsAM iHAekcy NDVI i
(hpakTampHOI pO3MIpHOCTI (Ha IPAKTHUIII BCI 111 3HAYCHHS
MEPeTHHAIOTECS) MPHUHAMAETHCS PIMIEHHS NPO pPiBEHb
BpOJXKalo0.
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3 BUKOPHCTaHHSM PO3pPOOJICHOTO METOAY BH3HA-
YeHi BeJIMYMHHU (CTYIICHi) PiBHIB BPOXKAIO VIS YOTHPHOX
pi3HEX HaOOpiB 3HaUYeHb YMHHUKIB BIUIMBY Ta iHJUKa-
TOpiB cTaHy mociBiB. [loka3aHo, SIK HEUITKI 3HAYCHHS
YMHHUKIB Ta IHAWKATOPIB y PI3HOMY CTYIIEHI BIUIMBa-
I0Th Ha OIIHKY PiBHS BPOXKAlo.

OtpumaHi 3a JOIOMOIOI0 PO3POOJIEHOI0 METOAY
pe3yibTaT O3BOJISAIOTH aHATI3yBaTd K pi3HI Habopwu

3Ha4eHb YMHHUKIB BIUIMBY Ta IHIWKATOPIB CTaHY IOCIi-
BiB 3MIHIOIOTH NPOTHO30BaHUH PiBEHb BPOXKAIO CIIbCh-
KOTOCIOJJAPCHKUX KYJIBTYP.

ITix yac momaipIMX JOCIIIKEHD IOLIJIBHO OL[IHHU-
TH BIUIMB OKpeMHX OIOJIOTIYHHX Ta OpraHi3amiiHo-
TEXHOTEHHHX YHMHHHKIB Ha pPIBEHb BPOXKAalO, a TaKOX
3aCTOCYBaHHS PO3pOOJIEHOrO METOAY Ul KOHKPETHHX
CLITBCHKOTOCTIOIAPCHKHUX KYJBTYP.
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Prognostication harvest level of agricultural cultures
with the use unclear description of influence factors and plants state indicators

R. Pashchenko, M. Mariushko

Abstract. The subject of the study in the article is an estimation possibility of prognostication level of agricultural cul-
tures harvest at unclear description influence factors and special plants state indicators. The object of the study is determination
of harvest level in set moment of time if the known influence factors and the plants state indicators which turn out with the use of
the controlled from distance facilities. The goal is consideration method and ground of decision-making, about the harvest level
of agricultural cultures if unclear description of factors which influence on their, and plants state indicators. The tasks: analysis
various monitoring methods of the agricultural cultures state and prognostication of their harvest; determination of influence
factors on the harvest level and plants state indicators; consideration possibility of description of influence factors and indicators
with the use of fuzzy sets theory; estimation possibility of the use the remote sensing information for the receipt numeral values
of influence factors and plants state indicators; development of method prognostication of harvest level agricultural cultures with
the use of unclear description influence factors of and plants state indicators; ground of decision-making about a harvest level of
agricultural cultures at the set values of influence factors and plants state indicators. The following results were obtained. As a
result of research unclear description of influence factors and plants state indicators was entered. It is showed that unclear de-
scription can be used for influences factors which are determined, both in number and high-quality. On the basis of such descrip-
tion the method of decision-making about a harvest level is developed taking into account the index NDVI and fractal dimension.
The results of determination different degrees of harvest level of are resulted for four different sets of values of influence factors
and plants state indicators. It is showed, as unclear values of factors and indicators in a different degree influence on the estima-
tion of harvest level. Conclusions. The method of prognostication described in this work allows to analyses, as different sets of
values of influence factors and plants state indicators change the forecast harvest level of agricultural cultures.

Keywords: Earth remote sensing data, prognostication of harvest level, unclear description of influence factors, index
NDVI, fractal dimension.

87


https://apk.novreg.ru/faktory-vliyayushcie-na-urozhaynost-sel-skokhozyaystvennykh-kul-tur-v-usloviyakh-novgorodskoy-oblasti.html
https://apk.novreg.ru/faktory-vliyayushcie-na-urozhaynost-sel-skokhozyaystvennykh-kul-tur-v-usloviyakh-novgorodskoy-oblasti.html

Control, Navigation and Communication Systems. 2022. No. 3

ISSN 2073-7394

VK 621.3

b. M. Pe3anoB

doi: 10.26906/SUNZ.2022.3.088

HauionansHuii TeXHIYHMN YHIBEPCUTET «XapKiBCHbKUI MOJMITEXHIYHUN IHCTUTYT», XapKiB, YKpaiHa

AHAJII3 IIJIAXIB SMEHINEHHS 3ATPUMKHA MIKPOITIOTOKIB
B KOMI’IOTEPHUX CUCTEMAX IIIATPUMKU 10T HA TYMAHHIU IVIAT®OPMI

Anortaunisn. Ockinbku [HTEpHET peuei (IoT) crae YacTHHOIO HAIIOTO MOBCSKICHHOTO KHTTS, CIIOCTEPITA€ThCS IIBHIKE
3pOCTaHHS YHUCIA TiIKIFOYCHUX PUCTPOIB. Y CTalleHUH MiJX1, IO IPYHTYEThCS Ha TEXHOJOTIAX XMapHUX OOYHCIICHb, HE
MOJKE 3a0€3MeYUTH HeOOXITHY SIKICTh 0OCIIyTOBYBaHHS B TAKUX YMOBAX, 30KpeMa y MUTAHHIX 3MEHIICHHS 9acy 3aTPHUMKH
IIpH Tiepeiadi JaHuX. TeXHOJIOTis TYMAHHUX 00YUCIICHb ChOTO/IHI PO3TIISIAIOTECS SIK MIEPCIICKTUBHE PIIICHHS JIsl 00pOOKH
BEJIMKOr0 00CATY KPUTUYHO BRKIMBHX 1 UyTIIMBUX JIO YaCy JAHUX. Y Il CTATTi PO3TIITHYTO TEXHOJOTII0 XMapHHUX 00YHC-
JIeHb, a TAKOXK IIPOBEJICHO aHAIII3 IIISIX1B 3MEHIIICHHS 3aTPUMKH MIKPOTIOTOKIB Y KOMITFOTEPHUX CHCTEMaX I ITPHMKH 10t Ha
TyMaHHi# iardopMi. [IpoananizoBaHo apXiTeKTypH TyMaHHHX Iiatdopm miarpumkn loT, Taki sik GaraTopiBHEBa apxiTek-
Typa, OpenFog, IFCIoT. B pe3ynsrari aHami3y 3po0ieHO BUCHOBOK, 10 BUHHKJIA HEOOX1IHICTh Y CTBOPEHHI METOIIB YIIPaB-
JIIHHS MIKPOIIOTOKaMH JUTS 3MEHIIIEHHS 3aTPUMKH MIKPOTIOTOKIB JAHUX Yy KOMIT'FOTEPHUX cucTeMax miarpuMku loT Ha Ty-
MaHHI# TatgopMi 3a paxyHOK IiIBUIIEHHS e(eKTHBHOCTI PO3MOILUTY OOUYHCITIOBAIBHAX PECYPCIB Il BUKOHAHHS BUMOT

010 SIKOCTI 0OCTyroBYBaHHS

KawuyoBi ciaoBa: xmapHi obuncienss, Tymanti oouncienss, loT, Fog computing, iHTepHeT peyeii.

Beryn

Y moTOUHHUX peai3allisiX XMapHHUX J0JATKIB Oilb-
IIICTh JAHUX, MOTPEOYIOTh 30epiranHs, aHai3y Ta MpHi-
HATTS PIllICHb, BIAMPABISETHCSA 0 LIEHTPIB 00pPOOKH 1a-
HUxX y xMapi [1]. [To mipi 30inbIIeHHS 00CATY TaHMX Tie-
peminiensst iHpopmanii Mixx [oT mpucTpoem 1 xmaporo
MoXxe OyTH He e()EeKTUBHMM a00 HaBiTh HEMOXJIMBUM B
JIeIKUX BHUIMAAKAX 4Yepe3 0OMEXEHHs MPOIYCKHOI 3/1aT-
HocTI o0umcroBabHOT Mepexi. [To Mipi mosiBu 10AaTKIB,
YYTIUBHX JI0 4acy BIATYKY (TaKuX sIK aBTOMOO1II 3 aBTO-
MaTHYHUM KEpyBaHHsIM, MOHITOPUHI TMAlli€HTIB, Ta
iHIIE), BiJJajeHa XMapa He 3MOXe 3aJI0BOJIBHUTH I10-
TpeOy LMX JOAaTKIB y 3a0e3ledeHH] HaJHaIiiHOTO
3B'I3KY 3 MIHIMaJbHOIO 3aTpUMKOIO [2]. binbiie Toro, B
JeSKUX MporpaMax HAJCHJIAaHHSA JaHUX Yy XMapy MOXe
OyTH HEMOIIUBHM 4epe3 MpodsieMn KOH(1AESHIIIHHOCTI.

Jiist BUpimeHHs mpo0JieM JI0JaTKIB, [0 BUMAralTh
BHCOKOI IPOITYCKHOI CIHPOMOHOCTI OOYHCIIOBAIBHOT
Mepexi, MOXIIMBOCTI poboTH 3 reorpadidHo po3ocepe-
JDKEHUMH JDKepelaMy JaHUX, HaIHH3bKUMH 3aTPUMKaMH
Ta 3a0e3MeUeHHSM JIOKaJbHOCTI OOpOOKH JaHUX ICHYE
TUTIOBA IOTPeOa B OOYKCITIOBANIBHIN TTapayrmi, sika 0 3a-
OesrevyBana yHiBepcalbHUN MiAXiA N0 opraHizauii 00-
YHCIICHb K y XMapi, Tak i Ha 0a3i 00YMCIIOBATBHUX
BY3JIB OJiK4e [0 MigKITIOUeHNX npucTpoiB. Kormerris
TymMaHHUX oOumcieHs (anra. Fog computing) Oyma 3a-
MIPOIIOHOBAHA IHAYCTPIEIO Ta HAYKOBOIO CIITHFHOTOIO IS
YCYHEHHSI PO3pHBY MiX XMapor Ta mpuctposmu loT
LOUIIXOM HAJaHHS OOYMCIIOBAJBHHX MOJKIMBOCTEH,
30epiranHs, opraHizaimii MepexeBoi B3aeMomii Ta Ke-
pYBaHHS JaHMMH Ha By3JaX MEpeXi, PO3TAILIOBAHUX Y
6esnocepeniit 6mm3bKocTi Bix mpuctpois IoT [3, 4].

BukJiax ocHOBHOr0 Marepiamny

Oco0auBoCTi (yHKIIOHYBAHHSI KOMII’'IOT€PHOI
cuctremu miarpumMkn IoT Ha Tymannii niaardopwmi.
TymanHI OOUYMCIICHHS TOKIMKaHI PO3MMPUTH XMapHi
¢yHKmii  30epiraHHA, OOYHCICHHS Ta MeEpeXeBol
B3aeMozii. Konmerriss mepenbayae oOpoOKy maHMX Ha
KIHIIEBUX HPUCTPOSIX Mepexi (KOMI'ToTepax, MOOUIBHIX

MPUCTPOSIX, JAaTYMKax, CMapT-By3jax TOIIO), a HE B
XMapi, BUPILIYIOYH TAKUM YHHOM OCHOBHI IpoOJIeMH, 110
BUHHUKAIOTh ITPH OpraHizailii [HTepHeTy pedei.

[Mapagurmy TyMaHHHX OOYHCIICHb MOXKHA PO3IJIA-
jgaty (y HIMPOKOMY 3HA4yeHHi) SIK IHCTPYMEHT s Oa-
raTbOX IMEpPeJOBUX TEXHOJIOTiH. MoXHa BUALIMTH OC-
HOBHI ()YHKI[IOHAJBHOCTI, 10 HAJAIOThCS TyMaHHUMH
CUCTEMaMHU:

— IIBUIKWN aHaJIi3;

— iHTepornepabenbHICTh MK IPUCTPOSIMU;

— 30UIBIICHHS Y4 3MCHIIICHHS Yacy BIATYKY;

— IICHTpaji30BaHe KepyBaHHs mnpuctposimu loT
a00 KepyBaHHSI KOHKPETHOI MAIIHHO0;

—  HU3bKE CIIOYKMBAHHS MTPOITYCKHOI CIIPOMOXKHOCTI;

— edekTHBHE eHeprocoKMUBaHHS;

— abcTpakKilis IPUCTPOIO.

OcHoBHi apxitektypHi BiaminHocTi Fog Big Cloud:

— 3abesneuyeHHs skocTi mocayr (QoS, Quality of
Service), 1o morpedye TMHAMIYHOI ajanTarlii J0AaTKiB
JI0 CTaHy MEPEexKi;

—  BIICTEXEHHS pO3TalyBaHHS (Location
Awareness) I TOTO, 1100 IMATPUMYBATH CTaOLIBHICTh
pOOOTH MpOrpaMu B yMOBaxX MOOLIBHOCTI TepMiHAIY;

— CIIOKyBaHHS KOHTEKCTHOI iH(popmariii (Context
Awareness), TOOTO. 31aTHICTb BUSIBJIATH HasBHICTbH JTOC-
TYIHHUX pecypciB mo0mm3y, Mmoo 3aiaTH B poOOTI Tpo-
TpaMH, 3 MOXKJIMBICTIO TOPU30HTAITHHOTO B3a€MOIII.

B apxitexrypi Fog mepexni By3mu (Fog Sites), po-
3TamIoOBaHi ONIDKYE MO XMAapHUX MaTa-IEHTPIB, MAIOTh
OLTBITy OOYMCITIOBANBHY TOTYXKHICTD 1 OUThIIMiT 06CsAT
JAHUX y cUcTeMax 30epiraHHsa. MepekeBi By3nu, po3Ta-
II0OBaHi OJI>KYe 0 CEHCOPiB IHTEpHETY pedeit 1 MoOib-
HUX TIPUCTPOIB, MAIOTh OUTBITY iHTEPAKTHBHICTH 1 IIIBU-
Ikuit Binryk. BimminHoro ocobmmsicTio Fog € Te, mo sk
MEPEKHHUMH BY3JIaMH MOXYTh BHCTYIIATH MPUCTPOI KO-
pHucTyBaJa, Taki SK IIepCOHANBHI KOMITFOTEPH, TOMAIIHI
TIUTIO3H, TEJICTIPICTABKA Ta MOOLITBHI TIPUCTPOI.

ApxiTeKkTypa TyMaHHHUX WIaTGOPM MiATPUMKH
10T. ApxiTekTypa TYMaHHHUX OOUYHCIICHb IPH3BOIUTH JI0 Mi-
HiMi3allii HaKJIaJHUX BUTPAT HA Tepeiady JaHWX, 3TOI0M
TOKPAILY€ETbCS MPOAYKTHBHICT OOYMCIICHb HA XMapHUX
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miaTdopmax Ta SMEHIIYETHCS TOTpeda y 00poOiIi Ta 30epi-
TaHHI BEJIMKUX 00CSITIB Ha/UTMIIKOBUX JaHUX. B 0CHOBI ma-
paIMrMy TYMaHHUX OOYMCIICHB JISKUTD (DakT MOCTIIHOTO
30UTBIIIEHHST HEOOXITHOTO TpUCTPOsiM [HTEepHETY peueit
(IoT) ob6esry iHdopMartii, mprYOMy KiTbKIiCTh iHpOpMALTii
(3a 006csiroM, po3MaiTTSM 1 IIBHUJIKICTIO) TAKOXK 3pPOCTAE Ye-
pe3 KUTBKICTh MPHUCTPOIB, IO MMOCTIIHO PO3IIUPIOETHCS.

BarartopiBueBa apxitektypa tymany. [locinin-
HUKH [TpeCTaBuIM OaratopiBHeBy apxitektypy Fog [5],
ne OyJ10 IOKa3aHo IIICTh Pi3HUX BepcTB (puc. 1). izuuni
Ta BIPTyaJIbHI BY3JIH, 2 TAKOX JTATYUKH 0OCITYTOBYIOTHCS
BIJIMTOB1THO JI0 BUMOT HI)KHIX PiBHIB, BIIOMUX SIK (pi3my-
HUI piBeHb Ta piBeHb BipTyaumizanii. HacTymHuii BepxHii
PiBEHB — II€ piBEHb MOHITOPUHTY, SKUH BiICTEKY€E MislTb-
HICTh Mepexi Ta 6a3oBoro By3na. lleil piBeHb BU3HAUAE,
KOJIH 1 sIKE 3aBJIaHHsI Mac OyTH BUKOHAHE SIKUIMOCH BY3-
qoM. Lleit piBeHb KOHTPOJIIOE CITOKUBAHHS €HEpPTil st
pUCTPOiB abo By3miB 3 oOMexxeHHsamH. Haj piBHEM Mo-
HITOPUHTY PO3TALIOBAHWK piBEHb MONEperHbol 00po-
OKH, SIKUH BUKOHYE TIOB'sI3aHi 3 KEPYBaHHIM JaHHUMU 3a-
BJaHHS JUIsl OTPUMAaHHsI HEOOXiTHUX Ta OUIBII 3HAYYIITHX
nanux. [Ticyis boro JaHi THMYacoBO 30epiraroThes y pe-
cypcax TyMaHy Ha HACTYIIHOMY BepXHbOMY PiBHi, BiJ0-
MOMY sIK piBeHb TUMYacoBoro 30epiranus. HaiBummii -
TPAHCIIOPTHUI PiBEHb 3aBAHTAXYE TOINEPEIHBO 00pPOO-
JIeH1 Ta 3axMIleHi JaHi y xmapy. TakuMm 4uHOM, Oi7Ib-
icTh 00poOku Oyle BUKOHYBATHCSA B CEPENOBHINI Ty-
MaHy 1 JI03BOJIUTH XMapi MaTH CIpaBy 3 OLIBILI CKIal-
HUMH ciIy’x0amu. Sk Tinbku 0OpoOneHi 1aHi 3aBaHTaXy-
I0TBCS Y XMapy, BOHH BUOAIAIOTHCS 3 JIOKaJIBHOTO HOCIS
nanuXx. J{st mpuBaTHUX JAHUX piBeHb Oe3neku 3adesre-
YyeThCsl KOH(IISHIIHHICTIO, IU(pPYBaHHIM Ta LiJiCHI-
CTIO BiJIIOBIIHMX ITOCIYT.

DizHaHMi piBeHB

Pisens BipTyamnizarii

PiBeHb MOHITOPHHTY

Pigens nonepenHboi 06poOKH

PiBeHp THMYacoBoro 30epiraHHsa

TpancropTHuii piBeHb

Puc. 1. ApxiTekTypa TYMaHHUX OOYHCIICHb

VY po6ori [6] 6yIt0 3arporoHOBaHO YOTUPH PiBHI ap-
XITEKTypH TyMaHY:
piBeHb I'eHepyBaHHS JaHUX;
piBEHb XMapHUX OOUYHCIICHD;
piBEeHb TYMaHHUX OOYHCIICHB;
piBEHB CIIOKMBaYa JaHUX.

Ixne rpadiune yasnenns 3o6paxkeno Ha puc. 2. Ha
PiBHI CIIOXMBAYiB JaHUX PO3TIIAAETHCS IMIMPOKE KOJIO
CIIOXXHMBAYiB - BiJl MPUBAaTHUX 0ci0 10 miampuemcTs. Crio-
YKMBa4i MO>KYTh HAJICHJIATH CBOI 3aITUTH HA TPH iHIII PiBHI
Ta OTPUMYBAaTH HEOOXimHI mociyru. PiBeHp reHepatopa
JaHUX — 1Ie Te MICIlE, Ae 3HaxomaThbes loT-cuctemu, ski
3B'A3yIOTHCA 13 IIAPOM XMAPHHUX 0OYHCIIEHb Yepes map Ty-
MaHHHX OOYHCITIOBAJIBHUX.

g ki

S —

§ Tonepes 06pobka ganux HMocayru
> a

&

S # )=

36ip ganux

(
88% PiBens TyManuux ofuHcIeHb

& H_% |

Pisenp ——>
ARHMX Pisens renepaunii qannx

9 AETEKTOP pyXy
Aﬁ ACTEKTOP AMMY

Kamepa

curnaxbanis

Puc. 2. ApxiTekTypa 00IHCITIOBAIBHOI MEpexXi

VY wiif apxitekTypi nornepeaHs 00podka JaHUX BUKO-
HyBaTiMeThcs Ha piBHI Fog. Lleli piBeHb Takoxk 3a0e3rme-
4yye NoiH(GOPMOBaHICTh PO KOHTEKCT Ta HU3BKY 3aTpH-
MKy. PiBeHb XMapHHX 004HCIIeHb 3a0e3nedye eHTpai30-
BaHE KePyBaHHS Ta INMPOKHA CIIEKTP MOCIYT MOHITOPH-
Hry. KiTto4oBO¥O BiIMIHHICTIO ITi€] apXiTEKTypH BiJl IHIINX
BUILICONUCAHNUX € MPSMUI 3B'I30K MK CHIOKUBaYaMH Ta
BCIMa TphOMa IapaMu

lap TymaHy mpeacTaBiICHHN SK MPOMIXHUH IIap
Mi)k MOOIJIBHUMH MIPUCTPOSIMU Ta XMapOIO B apXiTEKTypi
cucrtemu Tymany Jlyana TX. ta cniBasropiB [7] (puc. 3).

XmapHuii cepsep

=i Xmapa

Tymannwuii cepsep
JpYToro Kiacrepa

Tymaunuii cepsep

TepIIOro Kiacrepa Tyman

Mobiabni npucTpoi

040

——— 38'430K XMapa-TyMaH 4epe3 IHTepHeT

= = = - 3B'430K TYMaH-TYMaH 4epe3 iHTepHeT

Puc. 3. ApxiTektypa 004UCITIOBAaIBHOI MEpEKi
MOOLIBHUX TIPUCTPOTB

3rigHo 3 Wi€I0 apXITEKTYPOI0, OCHOBHIM KOMIIOHECH-
TOM LIAPy TYMaHy € CepBep TyMaHy, SKHH Mae OyTH po3-
TOpHYTHH Y (hikCOBAaHOMY MiCIIi Ha JIOKaJTbHUX MaiTaHIH-
Kax MOOITBPHUX KOpUCTyBadiB. TymMaHHHI cepBep MOXKe
OyTH iCHYIOUHM MEpPEXHIM KOMITOHEHTOM, TaKUM SIK 0a-
30Ba cTaHIisg a6o Touka nocrymy Wi-Fi. Lli cepepn B3ae-
MOJIIOTP 13 MOOUTEHAMH TPUCTPOSIMA depe3 0e3IpOoTOBi
3'eTHaHHA 1 HAJAIOTh IM TONEPeHbO BU3HAYCHI CIIYKOH
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JIOJIATKIB Y CBOEMY O€37pOTOBOMY
TOKPUTTI, HE 3BEPTAIOUKCH 32 JIOMO-
MOTOIO0 JI0 XMapH a0o IHIINX cepBe-

Pisexb goparxis loT

piB Tymany. Llsg cuctemna apxiTek- MporpamHo- |Posnonin noroxisl I P | | TporHo3ysaHHA Ynpasninka

Typa He BpaXoBye 0araThOX iHIIMX auaHavysane T2 2apAa e
. . ynpasniHHA 3a0e3neienin

ACIICKTIB, aJIC PO3KpUBAE 11CH0 CEp- pecypcamu | MOHITOPUHI | I MpodinosaxHA e | Beaneka |

Bepa TyMaHy. JlacT/pkep/i Ta CIiiB-
aBTopH y [8] mpencTaBwiIH m'sTHpi-
BHEBY €TaJIOHHY apXiTeKTypy Ty-
MaHHHX oOumcneHb (puc. 4). Haii-
BUIIMHA — 1ie piBeHb mporpam 10T,
SIKW Hallae KiHIEBUM KOPUCTYBa-
YaM MOXUIMBOCTI IiX Tiporpam. Ha-
CTYNHHUI piBeHb — Iie MPOrpaMHO-
BU3HAYyBaHUH PIBEHb YIPaBIiHHS
pecypcamu, SIKAH 3aliMa€eThCs MH-
TaHHSIMA MOHITOPHHTY, 3a0e3re-
YeHHs, OC3MeKU Ta YIPaBIiHHA. 3a

PiBeHb xmapHux
cnyx6 Ta pecypcis

Mepexesuii piseHb

HUM 1JIe piBeHb, SIKUH BIANOBIIa€ 3a ub«:;‘é:faaux

YTPaBIiHHS XMapHUMHU ciryxOamu | | 700 FEA

Ta pecypcam. cewcopia
Jam — MepexHuil piBeHb,

SIKUH T ATPUMYE 3B'SI30K MiXK yciMa

Puc. 4. EranonHa apXiTekTypa TyMaHHHX OOYHCIICHb

MIPUCTPOSAMH Ta XMaporo. HaifHmx-
YHii piBEHb CKIIQIAETHCS 3 KIHIIEBUX MPUCTPOIB, TAKUX SIK
JIATYMKH, TPAHWYHI TPUCTPOI Ta 1UTIO3U. BiH BKItOYae
JiesiKl JoAaTKi. BoHM mpaliooTh, MoKpalyodn QyHKIi-
OHAJIBHICTD MPHUCTPOI0. Y Wil eTaNoHHIH apXiTeKTypi
iap TyMaHy HOBHICTIO BiJICYTHIH, 1 BiH TaKOX HeE CBiJl-
YUTBH MPO T€, 16 BUKOHYETHCS O0UMCIICHHS
Apxitekrypa OpenFog. IlosicHeHHST apXiTeKTypu
OpenFog € naiinopnimwM. BoHo 0yJ10 1aHO B HAYKOBIi
poboti OpenFog Architecture Overview rpynu A0CIi-
nHukiB Group OCAWS. B OpenFog po3risiHyTo OCHOBHI
XapaKTEPUCTHKH TYMaHHUX 004uciacHb. OHAK LS apXi-
TEKTypa HE BPaXOBY€E MOXKIJIMBOCTI 30€piraHHs TaHHUX I10-
psAa i3 KIHIEBUMHM KOpPHCTyBauaMu. BoHa mpu3HadyeHa
TSI BAKOHAHHS 00YHCIIeHBb Oe3IM0CepeIHBO MOOIU3Y KITi-
€HTa, 1100 MIHIMI3yBaTH 3aTPHMKY, BHUTpPATH Ha Iepe-
Javy Ta iHIO MMOB'SI3aHi 3 MEPEKEI0 YMOBH IOPSI 3 BU-
MOTaMH 0 IIPOIYCKHOI CIIpoMOskHOCTI. EnemeHnTH kepy-
BaHHSI, BKIIIOYAI0YH MOXIIMBICTh KOH(Irypallii Ta KOHT-

Apxitekrypa IFCloT. InTerpoBana apxitexrypa
loT-xmapu a6o tymany (IFCloT) Oyna 3anporionoBaHa
MyHipom Ta criiBaBTopamu y [9]. Lls apxiTekTypa 103B0-
Jsie BAKOPUCTOBYBATH IHTETPOBaHI XMapHi CIIy»KOM Juis
IPHUCTPOIB IHTEpHETY Yepe3 NPOMiXKHY 1HPPACTPYKTYPY
fog. OG'ennana xmapa (GoOpMyeTbCs KLIbKOMa 30BHIlI-
HIMH Ta BHYTPIIIHIMA XMapHUMH CEPBEPAMH, SIKi BiJII1O-
BiJIaloTh MoTpebaM JoaatkiB Ta 6i3necy. [1lmo30Bi npu-
CTpOi, IHTENEKTYyalbHI MapIIPyTU3aTOPH, IPUKOPJOHHI
cepBepd Ta 0a30Bi CTaHIi € By3JlaMu TyMaHy, 1 Oljib-
IicTh 00pOOKH BiOyBaeThes y HUX. By3iu TymaHy aB-
TOHOMHI; TAKHUM YMHOM KOKEH BY30J1 MOJKE 3a0€3eUNTH
OesrepepBHE OOCIYyroByBaHHsS CBOIX IOCTaYaJIbHUKIB
naHux. Bee posropraHHS OOYMCIIOBAIBHOIO cepelno-
Buia fog Moxe OyTH JIOKaNIBHUM Y pa3i aBTOMaTH3alii
okpeMuX odicHUX Oy/iBeNb, a TAKOXK MOXe OyTH pPO3IMo-
JIJIEHO Ha PEeriOHANLHOMY PiBHI, BKIFOYAOUH JIOKAIbHI
piBHI y pa3i BENMKHX KOMEPIIHHMX KOMIaHii, po3ra-

POJIb JOCTYITY, & TAKOXK
MEpPEeIKHI BUMIPIOBaHHS,
pO3rOpTAlOTECS  1MO0-
JIU3y KIiHIEBOI TOYKH, a
HE  KEepYIOThCA 31
uutro3y. Kpim toro, 3a-
[IPOIIOHOBAHA APXITEK-
Typa IO03BOJISIE 3iiic-
HIOBaTH 30HMpaHHS Ta
00poOKy JTaHUX 3 BHKO-
PUCTaHHSAM  JIOKaJIbHOL
aHANITAKN, a pe3yJib-
TaTH OE3MEYHO KOIIio-
I0ThCS B XMApy JUIsl 10~
nmanpmoi oO0poOku  Ta
Bukopuctanas. Cxiay i
KOH(pirypariss  piBHIB
JTaHOI apXITEeKTypH CXe-
MaTHYHO 300pakeHi Ha
pwuc. 5.

OU3BOAMTENLHOCTL

n
" Macmragupyemocn (RT,QoSmur.a)

@

MpuknanHble cnyxOb!

Ynpaeneuue yanamu (in-band) u cuctemuoe M0

WrthpactpyxTypa annapartHoi nnargopmst
(WaccH, MEXaHHYLCKNE KOHCTPYKTHBL!, SNEKTPONUTAHME, OXNAXAEHHE)

Ypogekb abCTpakyuu NpoToKON0B (LWUNI3bI ANR YCTapeBLUMX NPOTOKON08)
JIaTYMKM, HCNONHUTENBHBIE # YNPABARIOLIKE YCTPORCTBA

Puc. 5. Bigkpura apxiTektypa TymaHHuX 064rciaeHs[10]

o
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IIOBaHUX Y KiJIBKOX OyAMHKaXx y pi3HuX Micusx. s ap-
XITeKTypa HiATPUMY€E PO3IOALIEHE PO3TOPTAHHS Ta Ie-
penady iHdopmarlii 3 pi3HHX PiBHIB 0 IEHTPaTi30BaHOT
cucremu. [ligkmouenns Beix npuctpois loT BBakaeTses
6e3nporoBuM miakiaroueHHsM depe3 WLAN, WiMAX Ta
iHImi Mepexi. TyMaHHI By3IH MIATPUMYIOTH 3'€JHAHHS 3
npuctposmu [oT y Mexkax 0e3ApOoTOBOTO Jiara3oHy.
Beck TymaH MiAKITIOYEHHE 1O IHTErPOBAHOI CITy)KOH
XMapH 4epe3 OCHOBHY Mepexy. st crinbHOl 06poOku
cucTeMa TyMaHy Moxe OyTH MiJKII04YeHa J0 HIIHX TY-
MaHiB 0€3/[pOTOBOT MEpEXKi.

2 e
L

Ionepeus
06pobka Aanux

®iznuni npuctpoi
= 0
(o)

% O

8 % ( 36ip ganux ]
8 Tymanni oduncaenns

=] )

m D ﬁ aiv

Tenepanis BeHKHX AaHHX

Cnoxusaui

Puc. 6. Apxitekrypa [FCIoT

3 puc. 6 BUIHO, IO LIS apXiTEKTypa CX0a 3a CKJa-
JIOM Ha apXiTeKTypy, 3alpOIIOHOBaHy ApKiaH 1 CIliBaBTO-
pamu [6]. T'onoBHoto BigMiHHicTIO ocTanHboi Big [FCloT
e t1e, mo IFCloT kinueBuii koprctyBau Mae Ge3roce-
penHii JoCTyI TiJIbKK J0 CepeIOBUIIIA TYMaHHUX O0UHUC-
JIeHb, Yepe3 Ky 3B'SI3y€ThCs 3 XMAPHUMH CEPBICaMH 1 T1e-
pUQEpIHUMU TPUCTPOSIMU-PEUAMH.

AHani3 MeToniB mMiIBHINEHHSI e()eKTHUBHOCTI
(pyHKIIOHYBaHHSI KOMII'IOTEPHUX CHCTeM MiATPUMKH
IoT Ha TymanHiii nmmardopmi. TymaHHi 0OGUHCICHHS
MpU3HAYCH] U1 PO3TOPTAHHS PO3MOIUICHUM CIIOCO00M
Je 00poOKa BUKOHYETHCS MPHUKOPIOHHUMH ITPUCTPOSMH.
XMapHi 009YHCIeHHS — IIe IIEHTpaTi30BaHa KOHIEMIIis. Y
TyMaHi IPUCTPOi 0OpOoOKH Ta 30epiraHHs TaHUX PO3TAIIO-
BaHi B Oe3rocepe/THilt OJM3bKOCTI TIOPIBHIHO 3 XMapoIo, i
IIe € MPUYNHOIO TOTO, IO TyMaH OiIbII 3MaTHUH 3a0e31e-
9qyBaTH HaJaHHS IOCITYT 3 HU3bKOIO 3aTPUMKOIO (3 ypaxy-
BaHHSM 3aTPUMKH Yepe3 TOUKU JOCTYILy, cMapTdoHH, Oa-
30Bi CTaHIlii, KOMYTaTOPH, CEPBEPH Ta MaPIIPyTH3ATOPH )
. Kpim Toro, momoBHeHa peanbHICTh, IIOTOKOBE Bi/IEO, irpH
Ta Oy/Ip-sKa 1HIIA IHTEIEKTyalbHa CHCTEMA 3B'I3Ky TAKOXK
oTpeOyIOTh THMYACOBUX oOurcieHs. [Ikipa 3 mux cuc-
TEM TeHepy€ BEINKUN 00CAT JaHUX, IKUH HEPEeHTA0SIEHO
BiJNIPABIISATH HA XMAPY IS HOJATBIIO] 0OPOOKH.

MacmraéoBaHicTh 320e31eUy€eThCs IMHAMITHOIO Bi-
JITOBITHICTIO TEXHOJIOTTYHIX MOMJIIMBOCTEH TyMaHHUX Ce-
PpenoBHII Oi3HEC-BUMOT 3 yPaxXyBaHHAM TaKUX (PaKTOPIB, SIK
poboui HaBaHTa)KEHHS, MTPOAYKTHBHICTH, BAPTICHI MOKa3-
HHKH.

MacmraboBaHiCcTh Tiepen0ayae BHECCHHS 3MiH 10
OKPEMHX BY3JIiB MEPEXKi IIIIXOM J0IaBaHHS anapaTHOTo
Ta TPOTPAMHOTO 3a0e3MMeUYeHHs, 301TbIICHAS KUTHKOCTI
BY3JIiB Ha OCOOJIMBO 3aBaHTA)XKEHHUX PiBHIX abo Ha Cyci-
JTHIX 3 HUMH a00 3MCHIIICHHS iX KiJTBKOCTI B Mipy HE00-
XIJHOCTI, @ TAKOXK JIOJJABaHHS CHCTEM 30epiraHHs TaHUX
Ta 3aco0iB aHATITHKH.

Lle nmo3Bossie HapOIIyBaTH IPOAYKTHBHICTD Y Ty-
MaHHUX CTPYKTypax, 3MiHIOBaTH PO3Mipu Mepex 3i 30i-
JIBIICHHSAM KUTBKOCTI JOJATKIB, «peueiy Y KiHIICBHX
KOpPHUCTYBaYiB, PO3IIUPIOBATH (YHKIIOHAIBHICTH 3acO-
0iB 3abe3redeHHs HajiiHOCTI Ta Oe3meku. Kpim Toro,
JUISL aJIeKBaTHOI MIATPUMKH J0AaTKaMu, iH(PacTpyKTy-
POXO YIIPaBIIHHS Ta OPKEC-TPIBKH BEIMYC3HOT KUTHKOCTI
MIAKITIOUYEHNX JI0 MEpeXi «peuein» Ta 00'ekTiB 31iiCHIO-
€TbCcsl MoaMGiKallis anapaTHUX KOH(Irypariii KoMIToHe-
HTIB BY3JIiB, @ TAKOX ITPOIPaMHOT0 3a0e3eYeHHS.

Bynyun ogHUM i3 HalBaXXJIMBILIMX PUHIIMUIIIB MO-
neni FaaS, maciiTaOoBaHiCTh YMOXKIIMBIIIOE «OILIATY B
Mipy 3poctanHs». OCcOOJIMBO 1€ BAXKJIMBO Ha €Tarli ova-
TKOBOTO PO3TOPTAaHHS XMapHUX CHCTEM, a TaKOX JUIs
JIOBTOCTPOKOBOTO YCIIXy «TYMaHHUX) MPOCKTIB.

ABTOHOMHICTL BU3HAYAETHCS 3IATHICTIO BUKO-
HaHHA BY3JIaMHW TyMaHHHUX MEPECK 3allpOIIOHOBAaHUX M
(hyHKILIH B yMOBax BiJIMOB 4 BiJICYTHOCTI MiATPUMYIOTh
ix 3oBHIIHIX cepaiciB. B apxitexTypi OpenFog RA neii
MPUHIIMI MOIHMPIOETHCS HA BC1 PIBHI MEpexeBoi iepap-
xii. Hampukmax, y pasi onepaiifHOi aBTOHOMHOCTI
LEHTpaTi30BaHe MPUIHATTA pillleHb Y XMapi He € €1u-
HOIO MOXKJTHBOIO OIII€R0. 3aBasKA aBTOHOMHIN peatiza-
il By3/1iB MOAiOHI (yHKIIIT BUKOHYIOTHCS JIOKATbHUMH
By3JIaMH Ha MEX1 MEpexXi Ha OCHOBI JaHMX, 110 TX 00po-
OIIAIOTH.

Cepen iHmMX oOJacTei, ¢ aBTOHOMHICTh MOTPI-
OHa, - BU3HAUCHHS Ta PeecTparlist 00'€KTiB, 110 I AKIIIO-
YalThCS IO MEPEeXki, OPKeCTpyBaHHs, YIPaBIiHHS, 3a-
Oe3redeHHst Oe3NeKH.

ABTOHOMHICTb — OJIMH 13 HAWBaKJIUBILINX (haKTO-
PiB MiABUIIEHHS CKOHOMIYHOI €(PEKTHBHOCTI TYMaHHHX
CTPYKTYP, OCKUIBKH 3aBISKH il BUTpaTH Ha Iepeaady y
XMapy BEJIMKUX 00CATiB HEOOPOOIEHHX NaHUX 3HAYHO
3HHKYIOTBCSL.

IIporpamMoBaHicTh, siKa IOBUHHA IiATPHUMYBATUCS
1 ammapaTHUMH KOMIIOHCHTaMH, 3a0e3leuye BUCOKHM pi-
BEHb aJaInTallii J0JaTKiB, 10 PO3TOPTAIOTECSA y TyMaH-
HUX cpenax. Lle No3BoisiE MOBHICTIO aBTOMATH3YBATH
NOBTOPHY NOCTAQHOBKY 3aBJIaHb, SIKI MalOTh BHKOHYBa-
THCS BY3JIaM{ TYMaHHOI MepeXi UM KacTepamH, sKi 3 Ki-
JBKOX By3JiB. Takuii pe3ysbTat Z0oCATaeThCs 3aBISKH 3a-
CTOCYBaHHIO iHTep(deiCiB mporpamyBaHHs (YHKIIIM, 10
OTHMCYIOThCS YHIBEpCAIBHUMH iHTepericamu 00U CITio-
BAJIBHUX Y IPHCKOPIOBATEHUX KOMITOHEHTIB.

[porpamyBanHs 3a6e3nedye GpopMyBaHHS alaITh-
BHOI iH(paCTPyKTypH, IO BiAMOBIIAE BEMOTaM DPi3HHX
CcIieHapiiB po3ropranHs goaatkiB [oT, a Takox mo3BoIIsIE
OINITHMI3yBaTH BHKOPHCTAaHHS HAsBHUX PECYpCIB, IS
4Oro, Cepe/I IHIIIOT0, 3ACTOCOBYETHCS KOHTCHHEPH3AITisL.

VY pasi peamizarii y TYMAaHHHX CTPYKTypax cepBic-
HUX MOJIENIEH IpOrpaMyBaHHS JO3BOIISE JIOTIYHO 13010~
BaTH BHUKOHABUI CEPENOBHINA PI3HUX KOPHUCTYBadiB.
Bona aBTOMaTH3y€E OHOBIIEHHS 3aC001B O€3MEKH 1 103BO-
JIsi€ MBUALIE pearyBaTH Ha BHHUKAIOU1 3aTPO3H.
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IIpunnyunu ¢popmMyBaHHS TyMAHHHMX IUIATGOpPM
nigTpumku loT Ta nocTaHoBKa 3aBIaHHA

TymanHI OOYHCIEHHS MOXYTH BiirpaBaTH BaX-
JIUBY POJIb, KOJM NOTPiOHA edekTiBHA 00pOoOKa Ta MUT-
T€BE IPUHHATTS pilieHb. Hanpukiiam, BiACTeKeHHS KiJlb-
KOX IIJIeH y BiJieonToli. 3aMiCTh TOTO, II[00 BiAIPABIISATH
BiJICOIIOTOKH B XMapy, BiH NPsIMY€ 10 HAHOIMKYIOTo BY-
3]1a TyMaHy. Byb-siki MOOUTBHI IPUCTPOI, TaKi SK TIJIaH-
1IeTH, cMapT(QOHU Ta HOYTOYKH MOXYTh CTaTH BY3JIOM
TyMaHy, 3aIlyCKaTd aJTOPUTMH BiJICTEKEHHS Ta 00po0-
JISITH HEoOpoOJIeH] BiEONOTOKH, IIO JI03BOJISIE CKOPO-
TUTH 3aTPUMKY TIepe/iadi JaHUX i3 30HU CHOCTEPEKEHHSI
B xMapy. [IpokcHMasbHHI aJrOpUTM TaKOX MOXe OyTH
peai3oBaHMi y By3JaX TyMaHy IIHPOKOMAacIITaOHOT
CITy’kOM TMOTOKOBOI Mepenadi BiIe0 Ta MOXKE BUPIIIUTH
po0OJieMy CHUIBHOTO PO3MOJIUTY PECYPCIB.

OnHak He BCi BY3JIM TyMaHy MOXYTb €(pEeKTHBHO
BITOpaTHUCS 3 0OPOOKOIO Ti€el un iHIIOT iHOpMaii.

TakuM YMHOM BUHWKAE HEOOXIHICTh y CTBOPEHHI

MiBUINCHAS S(EKTHBHOCTI PO3MOJITYy OOYHCITIOBAIB-
HUX PECYpPCiB JUTI BAKOHAHHS BUMOT MO0 SIKOCTi 00CTy-
TOBYBaHHSL.

BucnoBku

VY cTarTi npoaHaizoBaHO 0COOIMBOCTI (PyHKIIOHY-
BaHHsI KOMIT'IOTepHOI cucteMu niarpumkn loT Ha TymaH-
Hilf atdopMi, mapagurMmy TyMaHHHX 00YMCIICHb, OCHO-
BHI apXiTeKTYpHI BiIMIHHOCTI TyMaHy BiJl XMapH.

[IpoananizoBaHo apXiTeKTypH TYMaHHHX IUIaT-
dopm minrpumku 0T, Taki sk GaraTopiBHEBa apXiTeK-
Typa, OpenFog, IFCIoT.

[IpoananizoBaHO METO/M IiIBUIEHHS e(DEKTHBHO-
CTl QYHKIIOHYBaHHS KOMI'FOTEPHUX CHCTEM MiATPUMKH
IoT Ha TymMaHHIN TIATHOPMI.

3po0iieHO BUCHOBOK, 1[0 BUHHMKJIA HEOOXiTHICTD Y
CTBOPEHHI METOJIB YNPABIIHHSI MIKPOIIOTOKaMHU JIJIst
3MEHIICHHS 3aTPUMKH MiKPOTIOTOKIB IJAHUX Y KOMII'TOTe-
pHuX cuctemax niarpumkn [oT Ha TymaHHI# utaTdopmi

METO/IB YIPABIIHHS MIKPOIIOTOKaMHU JJIsi 3MEHIICHHS
3aTPUMKH MIKPOIIOTOKIB JaHUX Y KOMIT'TOTEPHUX CUCTe-
Max migrpuMku loT Ha TymMaHHIH MaThopMmi 32 paxyHOK

3a paxyHOK ITiIBUIIICHHS €()eKTHBHOCTI PO3MOILTY 00U~
CITFOBAJILHUX PECYPCIB /Il BUKOHAHHS BUMOT IIIOJI0 KO-
CTi 00CITyTrOBYBaHHS.
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Analysis of ways to reduce microflow delay in computer systems supporting 10T on the fog platform
Bohdan Rezanov

Abstract. As the Internet of Things (1oT) becomes a part of our daily lives, there is a rapid increase in the number of
connected devices. The established approach based on cloud computing technologies cannot provide the required quality of service
in such conditions, particularly in reducing the delay time in data transmission. Today, fog computing technology is considered a
promising solution for processing a large volume of critical and time-sensitive data. This article examines the technology of cloud
computing, and also analyzes ways to reduce the delay of microflows in computer systems supporting 10T on a fog platform.
Analyzed architectures of 10T support fog platforms such as multi-layer architecture, OpenFog, and IFCIoT. As a result of the
analysis, it was concluded that there was a need to create microflow management methods to reduce the delay of microflows of
data in computer systems supporting 10T on a fog platform by increasing the efficiency of the allocation of computing resources to
meet the quality of service requirements.

Keywords: Cloud computing, Fog computing, 10T, Internet of Things.
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LentpanbHOyKpaiHCbKHI HaliOHAJIBHUI TEXHIYHUH yHiBepcuTeT, KponuBHUIIBKUH, YKpaiHa

JOCIIIKEHHS CTIMKOCTI IO JU®EPEHIIAJIBHOT'O KPUIITOAHAJI3Y
3AITIPOIIOHOBAHOI ®YHKIII TEITIYBAHHS YJIOCKOHAJIEHOT'O MOJIYJIS
KPAIITOTPA®IYHOI'O 3AXHUCTY B IHOOPMAIIMHO-KOMYHIKAIIIHHUX
CUCTEMAX

AnoTanis. O0’€KTOM JOCTIIZKEHHSI € Tpoliec 3a0e3eueHHs KOHDIeHITIMHOCTI JaHuX B iH(pOpMAIli HHO-KOMYHIKaIi THAX
CHCTeMax yTpaBJIiHHS TEXHOJIOTTYHUMH TIporiecaMy Ha 6a3i xMapHUX TexHoioriil. [IpeamMeroM € mociimKeHHs CTIHKOCTI 10
JrepeHIiaTbHOr0 KPUITTOAHATI3Y 3alIpOIIOHOBAHO (DYHKIIT FellyBaHHS yIOCKOHAJIEHOTO MOIYJIsI KPHITTOT padigHOT O 3aXUCTY
B iH(pOpMaIliifHO-KOMYHIKaI[iHHAX cucTeMax. MeTa po6oTH ToJsrae B JOCHIHKEHHI CTIHKOCTI 10 (epeHIiaTbHOr0 KPUIITO-
aHaJTi3y 3aMpOTIOHOBAHOI (DYHKIIIT TeIIyBaHHS YI0CKOHAJICHOTO MOy KpUnTorpadiqHOro 3axucTy B iHGopMariifHO-KOMyHi-
KaI[ifHAX CHCTeMax YTIpaBJIiHHS TEXHOJIOTTYHUMH ITpoliecaMt Ha 0a3i XMapHHX TEXHOJIOTIH. Y pe3yJIbTaTi J0CJIi/KeHHs Y10-
CKOHAJICHO MOJTYJIb KPUITOTpaiHOro 3aXKCTy iHpOpMarlii, POBEIEHO TOCHIHKEHHS CTIIKOCTI 10 AndepeHIiaTbHOro KpHr-
TOaHAIII3y 3aIPOIIOHOBAHOI (DYHKIIT TeNTyBaHHs Y0CKOHATIEHOTO MOJIYJISI KPHITOTpadigHOro 3aXUCTY B iHPOpMAIi HHO-KOMY-
HIKaIiHIX cucreMax. [IpoBesieHe excriepruMeHTaIbHe JOCIIDKEHHS ITATBEPIAIO KPUITTOCTIHKICTh YIOCKOHAICHOTO aJITOPH-
TMY 10 AnepeHIiaTbHOrO KpUITToaHaTi3y. BHCHOBKH. Y T0CKOHAIEHO MOTYITb KpUITOrpaditHOro 3axucty iHdopmarii, sk
3a paxyHOK (¢ikcyBaHHs iH(opMarii 1po i1eHTHndikaTop KOpHUCTyBaya, ieHTUdIKaTop cecii, yac BipaBIeHHs, JOBKUHY IO~
BIJIOMJICHHSI Ta HOTO MOPSAIKOBHII HOMED, a TAKOXK BUKOPHCTaHHS HOBOI TpoLeAypH (JOPMYBaHHS CEAHCOBOTO KIIFOUA ISl LIU-
(bpyBaHHs1, 103BOJISIE 3a0€3MEUNTH KOH(DIACHIIFHICTD 1 LITICHICTD TaHKUX B IHPOPMALIHHO-KOMYHIKALI{HUX cHCTeMax yIpas-
JIHHSI TEXHOJIOTTYHUMHU Tporiecamy. J{ist epeKTHBHOro BUKOPUCTAaHHS IILOT'O MOJIYJISI BYKITBUM € BUOIP KPUIITOCTIHKIX METO-
IiB mu(pPyBaHHS Ta rellyBaHHs, a TAKOX CHHXPOHI3aLlisl CEKPETHOrO KiItoua. Y SKOCTi (PyHKIH Ta MOJKYTh OyTH BUKOPHCTaHi
KPHUIITOAITOPUTMH, CTiHKi [0 JIIHIHHOTO, A1(epeHLiabHOr 0, alreOpaiiHOro, KBAHTOBOI'O Ta IHIIMX BiJJOMHUX BUJiB KPHITTOAHA-
i3y. [IpoBenieHo AociIKeHHS CTIHKOCTI 10 udepeHIialbHOro KpUIIToaHali3y 3apoHOHOBaHOI (DYHKILT IelyBaHHs yJ0CKO-
HaJICHOT'O MOy KpUITorpaivHoro 3aXucTy B iHpopMamiifHO-KOMYyHIKaIIHHUX cucTeMax. [IpoBenieHe ekcriepiMeHTalbHe

JOCITIJDKEHHS! TiATBEP IO KPUNITOCTIHKICTh yJOCKOHAJIEHOTO aJrOPUTMY 10 JM(EPEeHIIaTbHOIO KPHIITOAHAMI3Y.

Karw4doBi ciaoBa: kpunroananis, remyBanHs, iHGopMariiiHo-koMyHikamiiiHi cucreMu, 3aXucT iHpopmarii.

Beryn

[TouaTok 2022 poxy B YKpaiHu 03HaMEHYBaBCS Psi-
JIOM KibepaTak Ha XMapHi pecypcH JIep>KaBHUX YCTAHOB.
Tax nijx yac MacoBaHOi KibepaTak, sika novajacs y Hid
3 13-ro Ha 14 ciunsi, nocTpaxaanu 22 caifTu oprasis Jep-
xaBHOi Biamu. Illectn caiitam Oyno 3aBIaHO 3HAYHOI
mkoau, 70— BiakmioueHo 3a BkasiBkoro Jlepkcrelr-
3B’s13Ky Ta Ciy»x6u 6e3neku Yxpaini [1]. [lounnaroun 3
Jpyroi monoBuHHU JHs 15 moToro 2022 poky criocrepira-
nack notykHa DDoS-araka Ha HU3KY iH(pOpMAaIiiHIX
pecypciB Ykpainu. 3okpema, Oyio 3adikcoBaHo nepe6ol
B poOoTi Be6-cepaiciB [IpuBardanky ta Omanbanky. Ta-
KOXX arakd 3a3Hanu caiitu MiHicTepcTBa O0OpOHU Ta
36poitnux Cun Ykpainu [2]. Takum 4MHOM OYEBHIHO,
10 Ha CyYaCHOMY €TaIli pO3BUTKY XMapHHUX TEXHOIOTIH,
iCHye€ 3aBIaHHS 3aXUCTY JaHUX, 5IKi 30epiraroThCs y Bif-
MOBITHUX 1H(POPMAIIHHO-KOMYHIKAIIIHHUX CUCTEMAX.

OcTanHi mopii, MOB’s3aHi 3 aTaKaMH Ha Pi3HI XMa-
pHIi cepBicu noTpeOyrOTh po3po0IeHHST HOBUX a00 yIIo-
CKOHAJICHHSI iICHYIOUMX MEXaHI3MiB 3aXUCTY iH(pOpMAIii.
OpmHUMU 3 TAKUX MEXaHI3MIB € IPOTPaMHi MOIYJIIi KPHUTI-
TorpadivHOro 3aXUCTy JIAHUX, Y SKUX HEOOXITHO peai-
30BYBaTH BUOIp CTIMKUX METOIB MN(PYBAHHS Ta TEIIy-
BaHHs, a TAKOXX CHHXPOHI3AIII0 CEKPETHOTO Kifoda. Y
SKOCTI 3a3HaYCHUX MPOLEAYP MOXKYTh BUKOPHCTOBYBA-
THCH BiIoMi KpunTorpadivHi METOM i 3ac00H, CTIHKI 10
niHiHOTO, ArdepeHiaTbHOTo, anredpaiaHoro, KBaHTO-
BOTO Ta iHIIMX BiJOMHUX BUiB KPUITTOAHATI3Y.

AHaJni3 octaHHiX JocaimkeHs i mydaikauiii. Cro-
TO/HI cepel MHOXXHMHH METOJIIB 3aXHCTy iH(opmarii oco-
OmuBe Micue 3aiiMaroTe Kpumrorpadiuni meromm [3].

V tenepilHii yac B XMapHUX CEpBiCax BHKOPHCTOBY-
I0ThCSl HACTYIIHI BiZIOMI TIporpamMHi MoAyJ1i Kpunrorpadi-
9HOro 3axucTy maHux: MTProto 1.0 [4] — momyib, skuit
BHKOPHCTOBYEThCS [UIsI MH(PYBaHHS MOBIIOMICHD IIPH
nepenaBanHi Krieatamu Telegram; Signal Protocol [5] —
BUKOPHCTOBYETBCS U1 IMU(PYBAHHSA MUTTEBUX HOBIZIOM-
nenb Facebook Messenger; TLS Skype [6] — mist mutte-
BHUX MOB1IOMJIEHb BUKOpPUCTOBYEThCs TLS (Oe3neka Ha pi-
BHI TPaHCIIOPTY) st M (PYBaHHS TTOBIIOMJICHb MIX KITi-
enToM Skype Ta crmyx0010 uYaTy, KOJM BOHHM HaJICHIIA-
I0ThCs1 Oe3MocepeTHbO MK JIBoMa KitieHTamu SKype. [1po-
BEJICHUIT TTOPIBHIIBHUIA aHaNi3 PO3IIISTHYTUX MOJIYJIB 3a-
xucTy iH(opMmarii y cyuacHux iH(GopMaliiiHO-KOMYHiKa-
iiiHEX cuctemax Ta mepexkax (IKCM). 3a Takumu KpuTe-
pisiMH, SIK BHKOPHCTOBYBaHI KPUITOAITOPHUTMH, IIBHJI-
Kicth pobotu (LP), 3pyunicts ms xopuctyBadiB (3K) i
kpocmargopmenicts (KII), mokazas, 1o po3risiHyTi Ipo-
TpaMHI MOJYJ MalOTh HU3KY HEHONIKIB i MOXKYTh OyTH
YIIOCKOHAJIEH] 32 PaXyHOK BUKOPHCTAHHS Cy4aCHHX IIPO-
nexyp Oesmexu [16]. 3Baxkaroun Ha 3a3HaueHe, B pOOOTi
[16] 6yB po3pobieHHit YIOCKOHAICHHI MOJYJIb KPHITTO-
rpadiyHoro 3axucTy iHpopMarii mist 3a0e3nedeHHs KOH-
(higeHmiHOCTI Ta HUTICHOCTI manuX y cydacHux IKCM.
JJist BUKOpPHUCTAHHS [IHOTO MOJYJISl HA TIPAKTHUII MTOTPiOHO
BU3HAYNTUCH 3 QYHKISIMU TeIIyBaHHS Fhash Ta mmdpy-
BaHHS Fenc. YIOCKOHANICHHUI MOIyJTh KPUMTOTPadigHOrO
3axucTy iH(popMmarii, 3a paxyHOK ¢ikcyBaHHS iHpOpMAITii
mpo imeHTH(IKaTOp KOPHCTYBaYa, imeHTH(IKaTOp cecii,
yac BiAIpaBIICHHS, TOBKUHY TOBiIOMIIEHHS Ta HOTO TMO-
PAIKOBUI HOMEp, a TaKOXX BUKOPHCTAHHS HOBOI MpOLE-
Iypu (OpMyBaHHS CEaHCOBOTO KITFOYA TS IM(PYBaHHS,
Jo3BoIsie 3a0e3meunTd KOH(DINCHIIHHICT 1 MUTICHICT
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nmaaux B IKCM [16]. [yt eeKTHBHOTO BHKOPHCTAHHS
LILOTO MO/TyJISl BAXJIMBUM € BHOIp KPHUITTOCTIHKAX METO/IiB
¢ pyBaHHs Fene Ta renryBaHHs Fhash, @ TAKOXK CHHXPOHI-
3allist cekpeTHoro Kimouya authKey. V sikocti GyHKiH Fenc
Ta Fhash MOXXyTh OyTH BUKOpHCTaHI 30KpeMa i alropuTMH,
3alpOIIOHOBAHI aBTOpaMH y CBOIX IoIepenHix pobo-
tax [8, 10-12, 16], abo iHIIi BiIOMi KpUITOAITOPUTMH [7,
9, 13-15], criiiki o mdiHiftHOTO, AM(EPEHITIATEHOTO, aJire-
OpaiuyHOT0, KBAHTOBOTO TA IHIIHX BiJJOMHX BUIB KPUIITO-
aHanizy. Y MOJaNbIIOMY IUIAHYETHCS 30CEPEAUTH yBary
Ha JIOCITiJKEHHSIX yJOCKOHAJICHOTO MOJTYJIs Kpunrorpadi-
YHOT'O 3aXHCTY 1H(OpMaii 3 BUKOPUCTAHHSIM PI3HHX Me-
TOJiB MM PyBaHHS 1 relyBaHHs, 30KpeMa THX, 110 Oy
3aIpOIIOHOBAHI aBTOpPAaMM y CBOiX IIONEPENHIX JIOCIi-
JokeHHsIX. OOJIacTIO 3aCTOCYBAHHS 3alPOITOHOBAHUX ITiJI-
XOJIiB € XMapHi cucTeMH siki ormcani y [19, 20].

Merta po6oTH: TOJIATAE B TOCITIKEHHI CTIHKOCTI
70 mUudepeHIliaTbHOIO KPUITTOAHATI3Y 3alpPOIIOHOBAHOT
(YHKLIT renryBaHHS yJIOCKOHAJIIEHOTO MOJYJISI KPUIITO-
rpagiuHoro 3axucty B iH(poOpMalifiHO-KOMYHIKalliHHIX
cUCTeMax YIpaBJIiHHS TEXHOJIOTIYHMMH TpolecaMH Ha
0a3i XMapHUX TEXHOJIOTIH.

TeopeTuuHe 00IpYHTYBaHHS
YAOCKOHAJICHHS MOAYJIsl 3AXHCTY

3 omismy Ha pe3ylbTaTH MPOBEICHOTO aHawi3y,
OpoTOTUIIOM OyJl0 00paHO pO3MNISIHYTHH — MOJYJb
MTProto Mobile Protocol v.1.0 [4], nopiBHSHO 3 SKUM
OyJo 3MiHeHO HacTymHe [16]:

1. 3miHeni BxixHi Ta BuxiaHi aani. Ha Bxoai npuii-
MAaIOThCs 1 00POOISIFOTHCSI HACTYITHI JIaHi: TTOBIIOMJICHHSI

M , iHdopmalito mpo ieHTUdIKATOp KOPUCTyBaya Ta
inentudikaTop cecii S, iHdopMaliro Npo yac Bianpas-
JICHHS 1 IOBXUHY moBiomiieHHst |ID Ta mopsaKOBHiA HO-

Mep noBigomsieHHss PD . Ha Buxomi TiIbKU OTpUMYEMO
mHash —rem 3nauenns DB (DB =(S,ID,M)) ta

EncP — 3aumdposane nosigomienns P [16].

2. 3amictp BukopucTanHsi rem ¢yHkmii SHA-1
BBEJICHO BUKOPUCTAHHS MEBHOI KPUITOCTIAKOI remr ¢y-
HKIIT Fhash. Cltigl 3ayBa)uTH, MO Y SKOCTI Fpash Moxke
OyTu BHUKOpHCTaHa (DYHKIlis TelIyBaHHS, MO MOOYI0-
BaHa HA OCHOBI OJHOTO i3 MeToiB [7-9, 16].

3. 3amicTb BukoprcTanHs 6mokoBoro mmdppy AES
BBEJICHO BUKOPUCTAHHS QYHKII Fenc. Cimiz 3ayBaxkuTH,
10 Y AKOCTi Fenc MOKe OyTH BUKOPUCTAHUI IEBHUH KPHU-
NTOCTIMKUI anroput™ HMpyBaHHs, TOOYAOBaHHNA Ha
OCHOBI OJIOKOBUX, MOTOKOBHX INU(PIB 4K remn GyHKIH
tomo [10-12, 16].

4. V sxocti authKey , BBeileHO BUKOPHCTaHHS 3a-

3[aJerigb y3roLKEHOTO CeKPETHOTO KIIFoUa KOPUCTYBa-
4iB, HAIPUKIA] 32 TOMTOMOTOI0 IPOTOKOJIIB aCHMETPHY-
HOI kpunTorpadii [16].

JA71st BAKOPHCTaHHS IIBOTO MOYJIS Ha MPAKTHLI MO~
TpiOHO BU3HAYMTHCH 3 (PYHKIIiISIMH TeUTyBaHHS Fhash Ta
mpyBaHHs Fenc.

Cxemu mm¢pyBaHHs Ta AT PPyBaHHS YAOCKOHA-
JIEHOTO MOJYJISl KpUMITOTpadidHOTO 3aXUCTY B iHPOpMa-
IHO-KOMYHIKAIlIHHUX cHCTeMaX HaBeZeHi Ha puc. 1, 2.

VY cxeMax BUKOPHUCTOBYIOTBCS TaKi O3HAYCHHS:

— K, ... K;_1, — MacuB pO3IINPEHUX KITIOYiB;

—1,], 4, B, CiD — Tumu4acoBi 3MiHHi, iX T0YaTKOBI
3Ha4YEHHsI JOPiBHIOIOTH HYIIIO;

— Ft() i Fu() — ¢yskuii payHI0BOrO mMepeTBO-
PEHHS alrOpUTMY;

— RC[] — nepemimyBanHs B
(RoundColumns);

— IRC[] - 3Bopotre 0o RC[] nepeminryBaHHs B KO-
noHkax (InvRoundColumns);

— giOkpumuti mexcm — OJIOK AaHUX po3Mmipom 128
6iTiB (16 GalTIB), MO MiAIATaE 3amUGPOBYBAHHIO, a Ta-
KO OJIOK JIaHWX TOTO K pO3Mipy micisi po3mmdpoBy-
BaHHSI (PO3MipH BiIKPUTOTO TEKCTY i MM(ppOTEKCTY 30i-
TaloThCs);

— wiugpomexcm — 670K AaHUX po3Mipom 128 GiTiB
(16 Gaiiti) micns 3ammdpoByBaHHS, a0 el ke OJIoK
JIAHUX, 10 MiJJISTae po3MHppyBaHHIO (PO3MIipH BiIKpH-
TOTO TEKCTY i NMppoTeKCcTy 30iratoThes);

— kmoy wugpysanns (cexpemmnuil kuioy, K) — 610k
naHux po3mipom 128 GitiB (16 Gaiiti), 256 6itiB (32
OaiiTiB), 512 6itiB (64 GaiiTiB), 110 BUKOPHCTOBYETHCS B
SIKOCTI BCTAHOBJIFOBAHOTO CEKPETHOTO IapameTpa B Mpo-
ueaypi 3ammppysanss abo po3umppyBaHHS;

— npoyedypa po3uwupenHs NioKII0Yie — aropuT™M
(hopMyBaHHS 13 KItOYa IU(PPYBAHHS — ITiIKITIOYIB, IS
BUKOHAHHS payH/IOBUX NIEPETBOPEHb;

KOJIOHKax

—niokmou (Kj)— 6ok mamnx posmipom 32 Oitu

(4 Gaiita), 10 OTpUMaHMil i3 KITOYa MIMPYBAHHSA B pe-
3yJIbTaTi BUKOHAHHS MPOLIEyPH PO3LIMPEHHS 1 IKITIOYIB,;

— payHO — IHTepaKTUBHA MPOLeNypa, IO 3AIHCHIOE
HEePETBOPEHHS POOOYOro CTaHy Ha BXOJi HPOLEAYPH B
MOTOYHUH CTaH Ha ii BUXO/i 13 3aCTOCYBaHHSIM BiOBII-
HUX [1IKIIFOYIB;

— xinvricmo paynoig (I)—KiabpKicTh IH(POBUX mepe-
TBOPEHb MpH MK (pyBaHH];

— mabnauys. niocmanosKkuy — TaOIUIST 3aMiHu (ITiac-
TaHOBKH ) 0AiTOBUX 3HAYEHB, 1110 peaji3ye HeMiHiiHe Ie-
PETBOPEHHS;

— <<</>>> — (uKTiYHAE  TOOITHHI 3CYB  BITiBO/
BIIPABO;

— <</>> — o GiTHHIA 3CYB BIiBO/ BIPABO;

- @ — nonaBaHHA 32 MOIyJIeM 2;

— [+] - monasanus 3a Mogynem 2%;

— [*] — MHOXeHHs 32 Moy nieM 252,

IIpouenypa 3anm¢ppyBannsa. Ha Bxig mpouexypu
HO/AFOTHCS MiAKTIoUl K 1 BIIKpUTHIT TEKCT, IKUI Po30u-

BaeThes Ha ook A, B, C, D. CrioyaTky BUKOHYETHCS
MTOBHE TTOYATKOBE BiOLFOBaHHS (paHIOMI3allis) miadio-
kiB A, B, C i D. TloTiM BUKOHYIOTBCS I payHIOBHX Iepe-
TBOpEHb. Jlanni BUKOHY€ThCS ITOBHE KiHIIEBE BiAOLTIOBAHHS
migomokie A, B, C i D. Otpumani y pe3yibrarti 3ammopy-
BaHHSI 1 I0JIOKK 00’ €THYIOTh y IM(PPOTEKCT.

Mpouenypa po3muppysanns. [Ipu posmmdpy-
BaHHI MiJKITIOYi BUKOPUCTOBYIOTHCS B 3BOPOTHOMY IIO-
PAOKY, HaKIaTaHHA MiIKITIOYIB 3aMIiCTh TOJABaHHS IO
MOy 2" BUKOHY€EThCS BIAHIMAHHSM, 3pYyIICHHS Cy0-
OJIOKIB BUKOHYETHCS Ha IOYATKY PayHIy i Y 3BOPOTHHIA
6ik, a TakoX 3aMicTh mporexypra RoundColumns suko-
PHCTOBYETHCsI 3B0pOTH 110 Hel — InvRoundColumns. Tle-
perBopenns f() He 3a3HaO 3MiH.
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| Bxioni dani (128 6imis) ]
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[ Hluppomercm (128 6imie) ]

Puc. 1. 3aranpHa cxema poOOTH IPOIIEIYpH 3alIu(ppyBaHHI
(Fig. 1. General scheme of encryption procedure)

JocainxenHs cTiiikocTi 3anponoHoBaHoOl
(yHKIi relyBaHHs yI0CKOHAJIEHOTO MOTYJIsI
KpunrtorpagdiyHoro 3axucTy B iHdopmauiiino-

KOMYHikaniiiHuX cucremax

ExcrniepumeHTanbHe HOCIIIKEHHSI 3aIIpONOHOBAHOT
(YHKIIT renryBaHHs JUis 3a0e31eYeHHsI YJOCKOHAJICHOTO
MOJIYJIsl KPUIITOrpa(iyHOTO 3aXHCTy B IH(pOpMAIiiHO-
KOMYHIKaLlIfHUX CHUCTeMaxX BKJIIOYA€E y cebe Taki eTamu
JOCIIiKEHb:

— NHIHHUX IEPETBOPEHbD;

— CTIHKOCTI 10 M (epeHIiaabHOr0 KPUIITOAHAII3Y;

— CTIHKOCTI JI0 JIIHIHHOTO KPUIITOAHATI3Y;

—CTATUCTUYHOI CTIMKOCTI;

— MBUAKICHUX XapaKTePHCTHUK;

PosrnsiHeMO i MEeTOIM KPUITOAHATII3Y.

Hocnioxcenns niniinux nepemeopens. barato Bu-
IiB KpUOTOAHATNITHYHUX aTaK 3aCHOBAHI HA JIHIHOCTI
OUTBIIIOCTI IEPETBOPEHD, 1[0 BUKOPUCTOBYIOTHCS Y IITH-
¢pax. ITix niniliauM nepetBopeHHsM 1" BIAHOCHO AESKOT
omeparii €. po3yMieTbCS TEPETBOPEHHS, UL SKOTO
cpapemmso: T(X)DT(X') = T(XDX"), ne T(X) — pe-
3yJNIbTaT BUKOHAHHS IepeTBOpeHHs T JUIi BXiJHOTO
6moky X. JliniitHi nepetBopenHs B bCIL BupimytoTs 3a-
BIIAaHHS PO3CiIOBaHHS, TOOTO MOMMPIOIOTH BIUIMB KOX-
HOTO BXimHOTO OiTa Ha SK MOXKHA OUTBITY KUTBKICTh BH-
xiganx OiTiB. OCHOBHMH TOKA3HUK, IO XapaKTepU3ye
SIKICTB PO3CIIOBAaHHS JIIHIHHOTO MTEPETBOPEHHS, 116 YHCIIO0
raiy3eit akruBizarii (branch number) [7].

Hocnioxncennn cmiiikocmi 00 oughepenuiansnozo
Kpunmoananizy. JludepeHiaabHui KpUnToaHamis3 — e

greed -1

Ilouamxose
6i00inI06ans

InvRound
i Columns

— Io-paynoie

—Ri.1-paynois

Kinyese
6i00inI06ans

[ Bioxpumuii mexcm (128 6imis) |

Puc. 2. 3aranpHa cxema poOoTH IpoLeypH po3mUdpyBaHHS
(Fig. 2. General scheme of decryption procedure)

cnpo0a PO3KPHUTTS CEKPETHOTo KItoua OJOKOBUX HIU(-
piB, sIKi 3aCHOBaHI Ha IOBTOPHOMY 3aCTOCYBaHHI KpHII-
TorpagiuHo ciadkoi nudpoBoi onepauii mUppyBaHHS
BU3HAUECHY KUIBKICTh pa3. [Ipu aHami3i nependavaernces,
10 Ha KOXXHOMY IIMKJI BHKOPUCTAETHCS CBIH IMiKIIIOY
mmpyBanHs. JudepeHnianbHuil KpUITOAHATI3 MOXe
BUKOPHCTOBYBATH SIK 00OpaHi, TaK 1 BIJIOMi BIJKPUTI TEK-
cti. KoHkpeTHmii crioci6 audepeHiialbHOro KpUITo-
aHaJI3y 3aJIeKUTh BiJl aHATI30BAaHOTO AJITOPUTMY K-
pyBanHs. Came CTIHKICTh 10 AU(EpeHIIaTbHOTO KPHII-
TOaHaI3y PO3IJISIHYTa Y JIaHii poOOTI.

Jocnioxcennsa cmiiikocmi 00 NiHiiiHO20 Kpunmo-
ananizy. JIIHIAHUNA KPUNITOAHAI3 BUKOPUCTOBYE JIHIHHI
HaOJIIDKeHHS IePEeTBOPEHb, 10 BUKOHYIOTHCS alrOpPHT-
MoM mm¢pyBaHHA. JlaHWN MeTon IO3BOJISAE 3HANTH
KITFOY, MAfO4H JIOCHTh BEJMKY KUIBKICTh map (He3ammg-
pOBaHMIi TEKCT, 3amM(poBaHa TekcT). Po3risiHeMo oc-
HOBHI NPHHIIUIIA, HA SKUX 0a3yeThCs JMIHIHHUNA KPUITO-
anaii3. JIiHIHHUI KpuIiToaHai3 6a3yeThCs HA TOMY, IO
ICHY€ MOJJIMBICTh 3aMIHUTH HelNiHiMHY (QyHKIO 11 Ji-
HIITHUM aHaJIOTOM.

Jocnioscennn cmamucmuunoi cmiiitkocmi. Jlis
JOCTIDKCHHS CTATHCTUYHOI CTIHKOCTI BUKOPHCTOBYIOTH
tectd NIST STS. Po3ristHeMO AeTaNbHIIIE ONMC TECTIB
NIST STS. [lo HEX BiTHOCATHCS HACTYIHI TecTH: YacTo-
THUHI (MOHOOITHHI TecT); YacToTHUIT OIOKOBHII TecT;
Tect Ha MOHAWIOBITY MTOCTIiAOBHICTh ONWHHII B OO,
Tect Ha MOCTi HOBHICTH OAHAKOBHX OiTiB; TecT paHriB Oi-
HapHUX MaTpuib; CriekTpaiabHui TecT; TecT Ha 30ir ma-
ONOHIB, IO MEPEKPUBAIOTHCS; YHIBEpPCANBHUH CTaTHC-
tHaHu# TecT Maypepa; Tect mpubmu3Hoi enTpomnii; Tect

95

-1

areed



Control, Navigation and Communication Systems. 2022. No. 3

ISSN 2073-7394

Ha JOBUIBHI BiAXWIIEHHS, [HIIMIA TeCT Ha JOBUIBHI BIIXU-
nenHs; Tect Ha mepiomuuHicTh; TecT KyMyJSTHBHHX
cy™; Tect Ha 30ir mabsIoOHIB, 110 HE MEPEKPUBAIOTHCS;
Tect Ha NiHIHY CKJIQTHICTS.

Hocnidscenna wi6UOKICHUX —XAPAKMEPUCMUK.
Jist mpoBesieHHsT OPIBHSHHS IIBUIKOCTEH MPOTOTHITY
(opuriHaTy KpUITOAJITOPUTMY) Ta YAOCKOHAJIEHOTO Me-
TOIy TIepeTBOpeHHs iH(popMarii OepeTbcs MmporpaMHe
3a0e3MedYeHHs KPUIITOANTOPUTMY Ta CTBOPIOETHCS IPO-
rpaMHe 3a0e3neueHHs Horo Moaudikarii. A Jyis mpoBe-
JICHHS TTOPIBHSUTRHOTO aHAI3y MIBHAKOCTEH po3poliie-
HOTO TeHepaTopa KpunTorpadidHuX KIIOYiB 3 TeHepaTo-
POM KJIIOUiB, 110 BUKOPHCTOBYETHCSI B KPUIITOAITOPUTMY
Ta JIHIHHO KOHTPYEHTHUM T'€HEpPaTOPOM OepeThCst Mpo-
rpamHe 3a0e3neyeHHs 3a3Ha4eHHX TeHEepaTopiB Ta CTBO-
PIOETHCSI ITpOrpaMHe 3a0e3MeueHHs PO3pO0IEHOTr0 TeHe-
paropa KpuItorpagiyHuX KIrOYiB. 3MTyCKalO4u Mporpa-
MHe 3a0e3leYeHHs OpuTiHaly Ta oro Momudikamii Ha
OJHIH MIaThopMi, 3 BAKOPHCTAHHSIM OJJHUX W THX XKe CH-
CTEeMHHX ITapaMeTpiB BiIOYBA€THCS 3aMip Ta MOPIBHSIHHS
BIJIMTOBITHUX IIBUJKICHUX XapaKTECPUCTHK.

Hocaimxenns criiikocti 10 1udepeHniaIbHOTO
KPHUIITOAHAJI3y 3alIPONOHOBaHOI yHKIIT
relryBaHHA YA0CKOHAJIEHOT0 MOIYJIs
KpunrorpagiyHoro 3axucty B iHpopmauiiino-
KOMYHIKaniifHUX cucTeMax

JudepeHuiiinuii MeTo]| KpuIToanaizy OyB 3anpo-
nonoBanuii E.bixamom it A.lllamipom B 1990 p. dude-
PEHILIIbHAN KPUIITOAHAI3 — 11e cripo0a PO3KPUTTS CEK-
peTHOrO KITtoua 0JIOKOBHX HIM(PIB, sIKi 3aCHOBaHI Ha MO-
BTOPHOMY 3aCTOCYBaHHI KpunrorpadiuHo ciadkoi uud-
poBoi onepauii mmdpysanns ¢ pa3. [lpu ananisi nepea-
0avaeThCs, M0 HA KOXXHOMY LIMKJII BUKOPHCTAETHCS CBIi
nigkimod mmpysanss. JndepeHnianbHuil KpunToaHa-
JIi3 MOXEe BUKOPUCTOBYBATH SIK 00paHi, TaK 1 BiIOMi Biji-
kputi Tekctd. KoHkpeTHui cnoci® audepeHiianibsHoro
KPHIITOAHAII3Y 3aJIEKUTh BiJI aHAII30BAHOTO AJITOPUTMY
i dpyBaHHsL.

Yenix Takux crnpod po3KpUTTS F-IMKIIYHOTO K-
Gbpy 3anekuTh Bim icHyBaHHs audeperiiamis (r-1)-ro
LUKy, SIKI MalOTh BEIUKY HMOBIpHIcTh. ndepenmian i-
ro LMKy BU3HAYA€Thes K napa (a, b);Taka, 1o mapu pi-
3HUX BIJIKPUTHUX TEKCTIB X, X’ C PI3HUIIEIO @ MOXKeE ITpHUBe-
CTH JI0 TIApHU BUXIiTHUX TEKCTIB Y, '’ MiCHs i-Or0 LUKIY,
10 MAlOTh Pi3HUINO D (ISt BIAMIOBIAHOTO TIOHSATTSA pi3-
uui). MimoBipHicTs i-1mkiosoro mudepenriana (a, b);-
11¢ YMOBHA HMOBIipHiCTh P (Dy(,-) =b | D, = a) TOT0, 1[0
pisanns Dy mapu mmgporekctis (y,y’) micms i-oro
MKy gopiBaroe b 3a ymoBm, mo mapa TekctiB (x, x')
Mae pisauLo D, = a; BIAKPATHH TEKCT X 1 T AKITIOYH ITH-
xriB kD, k@ . kD nesanexi i piBHO HMOBipHi.

s 6JI0KOBUX CHMETPUYHUX aJTOPUTMIB BUKOPH-
CTOBYETHCA AU(epeHIIaTbHAN KPUIITOAHANI3, SIK OJMH 3
HaNOUTBII YHIBEpCANFHIX Ta MOTYKHUX BHIIIB aTak Ha
KkpunTorpadivHi mmpu.

Jnst BUpaXkeHHsI pe3yJIbTaTy pOBEICHHS audepe-
HIIITHOTO KPUNITOAHATI3y BUKOPHCTOBYETHCS TaK 3BaHUI
KpUTEepili  CTIMKOCTi, SAKAH I -IKII9HOTO
SPN — mm¢py moxe OyTn npeacraBieHnii y BUTIS Ta-
KOI1 HEpiBHOCTI:

Py <2
Je I—4ucio payHniB; N —po3mip OJOKy B Oirtax;
PZ&) — BEpXHS TPaHML IMOBIpPHOCTI I-IuKumiynoi mude-
peHLiaNBHOT XapaKTepPUCTHKH.

OnumeMo TpauIliifHAN MiaXiT A0 OIMIHKY CTiHKO-
cti BCII 1o nudepeHnianbHOro KPUIITOAHATIZY:

1. Po3paxoByeTbcs Take MiHIMAJIbHE YUCIIO aKTH-
BHUX ITIJICTAHOBOK y MuepeHIiaibHiil XapaKTepucTuIli,
sKe OyZie MOKpUBATH MOTPiOHE JUIsl opraHizauii eeKTu-
BHOI aTaKy YHMCIIO IUKIIB.

2. OOYMCHIOEThCS BEPXHS TpaHMI IMOBIpPHOCTI
JdepeHIiaabHOl XapaKTepucTuKu. [ poro BUKOpH-
CTOBY€THCS /1B ITAPaMETpPH:

a. KUIBKICTh aKTHBHUX ITiJICTAHOBOK;

b. makcumanbHa iIMOBIPHICTH MPOXOIXKEHHS HEHY-
JILOBOT PI3HUIL.

Yepes miicTaHOBKY BiJIOyBa€THCS MiJHECEHHS Y-
TOT0 MapameTpy A0 CTYIEHs MepIIoro, TOO0To:

a®
PIE;) = (PDmax) !
ne a” — miniManbHa KiTBKICTb aKTUBHUX TiICTAHOBOK B
r payHzaax mudpy.

PospaxyHOK napameTpa mifiICTaHOBKH P, TIPOBO-
JIUTHCS 32 TAKUM aJITOPUTMOM:

1. TloOynoBa TaGuHIi 3aJIEKHOCTI BUXIAHUX pi3-
HULb b Big BXiAHUX pi3HHULB A.

TabOnuist pi3HUILII CKITAAETHCS 13 3HAUCHD:

es(a,b) = #{x € GF(2™)|S(xDa)DS(x) = b}
JUIs BCIX BapiaHTiB BXiZHOI 1 BUXiJHOI pi3HMLI a,b €
GF(2™), ne:

— @ — pI3HULA MIX BXIJIHUMHU JIaHUMU;

— b —pi3HUI MK JaHUME THCIS TPOXOKEHHS
S-0J10KiB;

— X —3MiHHa, IO PO3pPaxOBYE KUIbKICTh pa3iB
KOJIM PiBHICTh cTaBaja ictuHow (X € GF(2™), T00TO
npuiimae 3HaueHHs Big 0 1o 255);

— S() — 6JI0K miICTAaHOBOK.

2. Po3paxyHOK MakCUMaJbHOI IMOBIPHOCTI IPOXO-
JUKEHHS. PI3HHUILI, YePE3 MiJACTAHOBKY Pp  pO3paxoBy-
€ThCs 3a hopMyIIoK0:

max eg(a, b)
P — a#0;b
Dmax Zn

[pogiBim anani3 S-onoky anroputmy NRC21, mo-
OymoBaHa TAOJHMIIS 3aJICKHOCTEH BHXIJIHHMX Pi3HHUI b
BiJI BXIIHUX Pi3HUIb @ (3aNexkHICTh b Bif a B S-Ouoii).

3a TaGIIHIIero 3aI€KHOCTEH BUXIIHUX Pi3HAIE D Bix
BXIHUX Pi3HHIIH & BCTAHOBIICHO, IO LTS BCiX MiICTaHO-
BOK, sIKIi BHKOpUCTOBYyIOThcs y mmbpi NRC21
Pp,.0 = 0,0234375.

Jns po3paxyHKy BEpXHBOI TPaHHUI HMOBIpHOCTI
JUTIA 0araTOUKIOBUX MU(EepeHIIiaTbHAX XapaKTEPUCTHK
JUTS CTIPOIIEHOTO My HE0OX1THO MiACTaBUTH Y 3a3Ha-
ueny popmyny Pp = Ta a®,

Y tabn. 1 BuaineHi ocepeky, sIKi BUHAYAIOTh M-
CJIO TIMKIIIB, TIPH SKOMY HMOBIpHICTh Au(epeHITianbHOl
XapaKTePUCTUKH 3HAXOAUTHCS HIDKYE IPaHMYHOTO 3HA-
yeHHs. [laHi, mo npeacTaBieHi B Tabn. 1, TO3BOJISIOTH
3pOoOUTH BUCHOBOK IIPO CTIHKICTB A0 MH(PEPEHINIaTBHOTO
kpunroananizy mmdpy NRC21 3 128-6itHuM 610KO0M,
110 MicTUTH 5 1 6inbme rukdiiB (10 1 6itpmIe payHiB).
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Tabnuysa 1 - Bu3HaueHHs1 YHCJIAa WHKJIB, IPU SIKOMY
HiMOBipHicTB MM depeHIiaTbHOT XapaKTePUCTUKH
3HAXOAUTHCS HUKYE TPAHHYHOT0 3HAYEHHS

Yucy1o uKIB

Po3mip
oaoky, 0itm | 1 | 2 | 3 4 5 6 7 8
128 2-5 2-41 2-50 2-121 2-126 2-162 2-171 2-243
BucHoBku

VY naHiif poOOTI HABEJICHO YIOCKOHAJICHUN MOTYJTh
KpHunrorpadiyHoOro 3axucty iHdopmarii, KUl 3a paxy-
HOK (ikcyBaHHS iH(opMallii po i1eHTHU(IKaTop KOpUc-
TyBaya, igeHTu(ikaTop cecii, yac BiJmpaBleHHS, TOB-
JKMHY TTOBIIOMJIEHHSI Ta HOTr'0 MOPSIIKOBUI HOMEp, a Ta-
KO’X BUKOPHCTaHHS HOBOI Mporenypu GopMyBaHHS cea-
HCOBOTO KJIFOYa JUIsl IIMQpPYBaHHs, J03BOJIsiE 3abe3re-
YUTH KOH(IJEHIiHICTh 1 nuticHicTs aanux B IKCM

VIpaBIiHHSA TEXHOJIOTIYHUMU TiporiecaMu. s edexru-
BHOTO BUKOPHUCTAHHS I[LOTO MOMIYJISI BOXKJIMBUM € BHOIp

KPUOTOCTIHKUX MeToJiB mu¢ppyBanHs F .. Ta remry-
BaHHA Fpasp, @ TaKoX CHHXPOHi3allis CEKPETHOrO

witoga authKey .V sxocti gynkuiit F g Ta Fyagn Mo-

JKYTb OyTH BUKOPUCTaHI KPHUITTOAITOPUTMH, CTIHKi 10 JIi-
HilfHOrO, AM(epeHIialbHOro, anredpaidHoro, KBaHTO-
BOTO Ta IHIIMX BiJIOMHX BH[iB KPHIITOAHAI3Y.

IIpoBeneHO MOCIiKEHHS CTifKOCTI 10 mudepeHti-
AIBHOTO KPHUIITOAHAI3Y 3alpOITOHOBAaHOI (PyHKIIT remnry-
BaHHsI yJIOCKOHAJICHOTO MOJYJIS KpHNTOrpadidHoro 3a-
XHCTy B iH(QOpMalifHO-KOMYHIKalliiHUX CHCTeMax.
[IpoBenene excriepuMeHTalIbHE AOCIIKEHHS IMiATBEP-
JIJIO KPHUIITOCTIMKICTh YAOCKOHAJIEHOTO aNTOPUTMY JIO0
JQepeHIiaTbHOr0 KpUITOaHAIIRY.

134052-134064, 2021, doi:
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Investigation of resistance to differential cryptanalysis of the proposed hashing function
of a perfect cryptographic protection module in information and communication systems

Tetiana Smirnova, Nataliia Yakymenko, Serhii Smirnov, Liudmyla Polishchuk, Oleksii Smirnov

Abstract. The object of the study is to ensure the confidentiality of data in information and communication systems for
managing technological processes based on cloud technologies. The subject is the study of resistance to differential cryptanalysis
of the proposed hashing function of an improved cryptographic protection module in information and communication systems. The
purpose of the work is to study the resistance to differential cryptanalysis of the proposed hashing function of an improved cryp-
tographic protection module in information and communication process control systems based on cloud technologies. As a result
of the research, the module of cryptographic protection of information has been improved, the study of resistance to differential
cryptanalysis of the proposed function of hashing of the improved module of cryptographic protection in information and commu-
nication systems has been carried out. The conducted experimental study confirmed the cryptographic stability of the improved
algorithm against differential cryptanalysis. Conclusions. The cryptographic information protection module has been improved,
which, by recording information about the user ID, session ID, sending time, message length and sequence number, as well as
using a new procedure for generating a session key for encryption, makes it possible to ensure the confidentiality and integrity of
data in information and communication systems process control. For the effective use of this module, it is important to choose
cryptographically strong methods of encryption and hashing, as well as synchronization of the secret key. As functions, cryptalgo-
rithms resistant to linear, differential, algebraic, quantum and other known types of cryptanalysis can be used. A study was made
of the resistance to differential cryptanalysis of the proposed hashing function of an improved cryptographic protection module in
information and communication systems. The conducted experimental study confirmed the cryptographic stability of the improved
algorithm against differential cryptanalysis.

Keywords: cryptanalysis, hashing, information and communication systems, information security.
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KAY3AJBHA MOJEJIb ITIPOLECY MOBYOBH NOSICHEHB
B ITHOOPMAIIMHINA CUCTEMI

Anoranis. [IpexMeroM BHBYEHHS B CTATTi € IpoIecH (GopMyBaHHS MMOSCHEHb MOAO0 NPUHHATHX B IHTENEKTyalbHil 1H-
(hopmariiiHiii cucTeMi pinieHs. MeToro € po3poOKka MoJIeli Tporiecy MoOYI0BH ETaTi30BaHUX MOSCHEHB 111010 TIPHUIHHATOTO 1HTE-
JIEKTYATBHOO 1HPOPMAIi HHOO CHCTEMOIO PIillIeHHS Ha OCHOBI Kay3aIbHUX 3aJIC)KHOCTEH MiXK BiJIOMAMH CTaHAMU 1HTEJIEKTY AITBHOT
iH(popManiifHOl cucteMu Jutst OUTBII eEeKTUBHOTO BUKOPHCTAHHS OTPHMAHOTO PIllIeHHS IPH BUPILIeHH] IPAKTHYHUX 3a]1a4 KOpH-
cTyBada. 3aBAaHH: TEMIIOpaIbHA CTPYKTYpH3aLlis Iporecy GopMyBaHHS MOSICHEHb B iHTEJIEKTyalbHIN 1HpOpManiiHii cucTeMi;
PO3po0Ka Kay3aabHOT MOJICI ITPoIiecy (GOPMYBaHHS MOSICHEHb. BUKOPUCTOBYBaHIMH MiIXOAAMM €: TT11IX0IU 110 TI0OYTOBH Kay3a-
JIBHUX 3aJIE)KHOCTEH, MiIX0IM BUKOPHCTaHHS TEMITOPAIBFHHX 3aJI©KHOCTEH y mporiecax MpUHHATTS pimens. OTpuMaHi HACTYTHI
pe3yJabTaTu. Bu3sHadueHo CTpyKTypy mpoiecy NoOyIOBH TOSCHEHb 3 ypaxyBaHHIM TeMIIOpaNbHOO actiekTy. Ha 6a3i orprumanoi
CTPYKTYPH PO3po0JICHO Kay3albHy MOJIEIB Mpoliecy o0y 10BH HOSICHEHb B IHTEIEKTYalIbHIH iHpopMariiHiii cucremi BucHoBkm.
HaykoBa HOBHM3HA OTpHMaHHX pPe3yJIbTaTiB MOJISTa€ B HACTYITHOMY. 3alpOIIOHOBAHO MOJEINb TPOIECY MOOYIOBH IOSICHEHB I0/I0
TIOCITIIOBHOCTI Aili 3 )OpMYBaHHS pillleHb B iHTEIEKTyalIbHIH iHpOpMaIiiHii cHcTeMi, 110 MICTHTH y c0o0l YIOpsSIKOBaHy 32 MHO-
YKMHOIO TEMITOPAIBHIX MPABHII MHOYKHHY CTaHIB IPOIIECY MPUHHSITTS PIillIeHHs B CUCTEMI, @ TAaKOXK MHOKHHY JIeTepMiHOBaHUX Ta
HMOBIpHICHUX Kay3aJbHUX MPaBHI, 10 BU3HAYAIOTH NIPHINHHO-HACIIIKOBI 3B'SI3KM MK CTaHAMH TIPOIECY NPUHHSATTS pillleHHS.
Mogmenb opieHTOBaHa Ha TTOOYIOBY ITOSCHEHB Y BHTJISI ITOCIIITOBHOCTI Kay3aJIbHUX MPaBHI, IO 3B'SI3YIOTH SIK TTOCTIJIOBHI y Yaci
CTaHM MPOLECy NPUUHATTS PIIICHHS, TaK 1 CTaHHW, MK SKMIMH iCHYIOTh TIOCTI JOBHOCTI 1HIIIMX CTaHIB. 3al[POIIOHOBaHa MOJIEITH JIa€
MOXITMBICTh BUKOHATH JIeTaJli3allii0 TOSICHEHHS, IIPEJICTABHBIIN y3arajbHeHy Kay3albHY 3aJIe)KHICTh Y BHTJISI KOMIUIEKCY TIpH-

‘-II/IHHO-HaCJ'li}lKOBI/IX 3aJIE)KHOCTEN MiXK l'[pOMi)KHI/IMI/I CTaHaMHU IIpoLeCy HpHﬁHﬂTTH piLHCHHH.

Kaw4uoBi caoBa: iHTeJ'IeKTyaJTBHa CUCTEMaA, IOSICHCHH:, IpOoLECC HpHﬁHHTTﬂ pimel—n—m, TeMHOpaHBHiCTL, Kay3aJib-

HICTb, IPUYNHHO-HACIIJKOBHUH 3B'S130K, TEMITOPAIbHI IIpaBHIa.

Beryn

BukopucTanHsl CKIaJHUX AlTOPUTMIB Y Ipolieci
MPUAHATTS pillleHb B iH(GOPMAIIHHIX CHCTEMaX MPHBO-
JMTh JI0 TPYJHOIB 3 BUKOPHCTAHHSIM OTPUMAaHUX pi-
LIeHb, OCKUIBKM KOPHUCTYBa4 HE 3aBXKIW MOXKE BCTaHO-
BUTH MPUYNHHO-HACII/IKOBI 3aJI©KHOCTI MK BXIJHUMH
JaHUMH, peCypcaMy Ta OTpUMaHUM pe3ysbTaToM. Ckila-
JIHICTh 1 HEMpO30pIiCTh AITOPUTMIB, 10 BHKOPUCTOBY-
I0TBCS A1 OTPUMAHHS DIIICHHS, HE 3aBXKIU CIIPUSE JI0-
Bipl KOpHCTYBaya JI0 OTPUMaHKX Pe3yabTaTiB. B pe3yiib-
TaTi KOPUCTYBAa4 MOXKE HE BUKOPHUCTATH 3aIlPOIIOHOBAHE
pIllIeHHS, HANpPUKIaJ MO0 PEKOMEHJIOBAaHHX TOBapiB
abo MOCIyT B cHcTeMi enekTpoHHoi komeprrii [1-3]. Bu-
piH.IeHH}I uiei pobnemn nepenbavae BUKOPUCTAHHA IOSACHCHB
o0 OTpUMaHOI'O piH.IeHH}I [4, 5] TosicHeHHs1 onmcye nporec
NPUAHATTS PILICHHS y BUIVISILI CYKYITHOCTI Kay3aJbHUX 3aiexHocTei [6]. Ta-
KUH ONUC 1a€ MOXKJIMBICTH ITOSACHUTH IIOCJIIIOBHICTD Aiil
3 IPUHHATTS PilIeHHS i3 PI3HUM CTYIICHEM JAeTalizallii a
TaKOX 3 ypaxyBaHHSAM Hellepe0adyBaHUX BIUMBIB [7].

Ha croromni icHye 1Ba migxomu 10 MOOYIOBH TO-
sicHenns [8]. Tlo-mepire, (GyHKIIOHATBHICTE MOSCHEHHS
MOXke OyTH Oe3rocepeHbO IMITIEMEHTOBAaHA y TIPOIIEC
MIPUHHATTS PILICHHS B 1HTEIEKTyalbHIN iH(pOpMaLiiiHiil
cuctemi. Takuii migxin 3a0e3nedye BUKOPHCTAHHS BCiel
JocTynHOI iHpopMarii om0 nporecy GopmyBaHHs pi-
[ICHHS, 10 Ja€ MOXJINBICTh CHOPMYBATH IETEPMiHOBAH1
Kay3albHi 3aJ€KHOCTI K SIEMEHTH MOsCHeHHs. OIHaK
JMAHWN ITiIXiT MA€ CYTTEBUN HEJOMIK: BKITFOYCHHS MOXK-
JUBOCTI TOSCHEHHSA JI0 iICHYIOUOi CHCTEMH MTOTpedy€e BH-
KOHAHHS TPYJOEMHHX POOIT 3 KapAWHAIBHOI ITepepoOKH,
NEepENPOEKTYBaHHS OCTAHHBOI.

Jpyruit miaxix noisrae y IOMOBHEHHI iCHYIOYOTO
npouecy (HopMyBaHHS PIlICHHS MOXIIMBOCTSAMH I10SIC-
HEHHS II0JI0 3alpOIOHOBAHMUX iH()OPMAIHHOK CHUCTe-

MOIO pimreHb. Januii miaxia nepemdavae AOCTYM 10 Ja-
HUX I0/I0 TTOOY/IOBU PILlIEHHsI, IOT0 CTaHy, BAKOHAHUX
i, a TAKOXK BUSIBJICHHS Kay3aJIbHUX 3aJIe)KHOCTEH Mixk
CTaHaMM Ta AiIMH IAHOTO IPOLECY 3 ypaxyBaHHIM iX
YIOPSAKOBAHOCTI y yaci. OJHaK JaHUH TiJXi1 Mae HeJo-
JIK, MOB'A3aHU 13 CKJIIHICTIO MOBHOTO JAOCTYITY 1O Jia-
HUX ILOJO IMPOLECY NMPUHHATTS pillleHHs. BincyTHICTh
MOBHOI 1H(OpMAIIiT 111010 CTaHIB MpoIiecy noTpedye Bpa-
XOBYBAaTH Herepe10adyBaHi 30BHIIIHI BILTUBH ITPU O0Y-
JOBi Kay3aJbHHX 3aJIeXHOCTEH SK CKJIAaIOBHUX IOsC-
HeHHs1. 115 MoIoMaHHsI JaHOTO HEIONIKY HeoOXiJHO po-
3pOOHUTH MOJIENI Ta METOJIM OMHKCY 1 MOOYIOBH Kay3alib-
HUX 3QJISKHOCTEH 1110JI0 MPOILeCy MPUIHSTTS PIlLICHHS B
yMOBaX HEBU3HAYECHOCTI.

IcHyroui mimxomu Ta Metomu (OPMYyBaHHS MOsIC-
HEHb B IHTENCKTyalbHUX IH(OpMALiHUX cHCTeMax
Oy po3po0IIeHi 3TiIHO MPOrPaMoro MO0y I0BU CaMOIIO-
SICHIOBAIBHOTO ~ miTygHoro intenekty  (Explanable
Artificial intelligence) [9]. B pamkax naHoi mporpamu
3HAYHA yBara NpUAUISETHCS BUKOPUCTAHHIO Kay3aJIbHUX
3aJIe)KHOCTEH K OCHOBH I 0Oy 10BH MOsiICHEHb. Kay-
3aJIbHI 3AJIEXKHOCTI BU3HAYAIOTHCSA 3 BUKOPUCTAHHSAM 0a-
ecoBcrKoro miaxomy [10, 11].

KayzanpHi 3aKOHOMIpHOCTI MOXYTh OyTH BH3HA-
YeH] He JIHIIe U1 OKPEeMUX 3MIHHUX, a U IS CTPYKTY-
poBaHHX OO0'€KTiB, KOXKEH i3 SKUX XapaKTePHU3YETHCS
MHOKHHOI0 3MiHHHX [12].

OpHaK iICHYIOYI ITiTXO/IX IO BUSBIICHHS Kay3aJIbHUX
3aJIe)KHOCTEH HEOCTATHRO YBAarH MPUIIISIOTE MO0y T0B1
TIPUYMHHO-HACITITKOBHX 3B'SI3KiB B YMOBaX JHHAMIYHOTO
CepelIoBHIIA, 3 YPaXyBaHHSAM TEMIIOPAJIBGHOTO aCHEKTY
TpoIlecy TMPUAHSTTS PIlIeHHS B IHTEICKTyalbHIH CHC-
Temi. TeMmopansHIiA aCTIEKT BPaXxOBYETHCS JIUIIIE B CEHC1
BUJUICHHS MiIMHOXHH JaHUX IS 3aJaHOTO Tepiomy
gacy [13].
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B T0i1 ke yac, kay3aJbHi 3aJIeKHOCTI 0a3yI0ThCs Ha
TEMITOPANIEHIN YIIOPSAKOBAHOCTI IPOLIECY IIPHHHSATTS Pi-
menHs. ToOTo mpuunHa Mae OyTH pealli3oBaHa 10 HAC-
TMiaKy. BimmoBigHO, HASBHICTH TEMIIOPATBHOTO 3B'S3KY
MIDX CTaHaMH{ TpoIecy NPHUHAHSTTS pIilIeHHS € HeoOXi-
HOIO YMOBOIO JUIsl BUSIBIICHHS Kay3aJbHUX 3aJIeKHOCTEH
MIX IIIMH CTaHaMH.

TemrmopaibHi 3aJIKHOCTI OyiH pO3MIIHYTI B po0o-
tax [14-16]. B pobotax [14, 15] 3anponoHOBaHO BUKOPH-
CTOBYBATH 3Ba)KEHI TEMITOPAJIbHI IpaBUiia IS JIEKOMIIO-
3umii Ta QopMyBaHHS HPOIECIB IIATPUMKH MPUHHATTS
YIIPaBIIHCHKUX pillicHb. B [16] neTanizoBaHo BiAMIHHOCTI
MIXK X-TIpaBUJIaMH, 110 33Jal0Th ITIOPSIIOK JUISl ApH MOCTi-
JIOBHHX CTaHiB, Ta f-npaBuiamu, 110 npu3HAeHi [ YIo-
PSIKYBAHHS CTaHIB 3 MEHILIOIO JeTaNli3alli€ro, HATPUKIIa
MOYaTKOBOT'O Ta KIHIIEBOTO CTaHIB i AIPOIIECy.

TakuM YMHOM, JONMOBHEHHSI MPOLECY MPHHHSATTS
PilIEHHSIMH MOXKJIMBOCTSIMU MOSICHEHB 3 BUKOPHCTaHHSIM
Kay3aJIbHUX 3aJIE)KHOCTEH, IO BiIOOpaXaloTh yIopsi-
KOBaHICTh CTaHIB Ta Jiif IbOTO MPOIIECY y Yaci, € aKTya-
JILHOIO 33]]a4yero.

MeTtoro cratTi € po3poOka Mojeli mporiecy mody-
JIOBH JICTAII30BaHMX MOSCHEHb 11010 MPUHHSITOTO IHTEIe-
KTYaJIbHOIO iH(OpPMAIITHOIO CHCTEMOIO PillleHHS Ha Oc-
HOBI Kay3aJIbHUX 3aJISKHOCTEH MK BIIOMUMHU CTaHaMH
IHTeNeKTyanbHol 1H(pOpMaLiifHOT chcTeMH Uit OLTbLI
€(peKTHBHOIO BUKOPUCTaHHS OTPHUMAHOTO PIIICHHS HpH
BHUPILLICHHI PaKTHYHUX 3a]a4 KopuctyBaya. J{ist mocsr-
HEHH$ [IOCTAaBJICHOI METH BUPILIYIOTHCS TaKi 3aadi:

— TeMIIOpaJibHa CTPYKTYypH3allisi mporecy Ghopmy-
BaHH;I MOSICHEHD B 1HTEJIEKTYaJbHIN 1H(pOpMaliiiHiii cu-
cTeMI;

— po3poOka Kay3anbHOI Mojeni mpouecy (Gopmy-
BaHHS MOSCHEHb.

TemnopanbHa cTpyKTYpHU3allis
npoiecy GopMyBaHHS NMOSICHEHD
B iHTesNeKkTyabHil iHdopmaniiiniii cucremi

[Ipotec noOym0BH MOSICHEHD MO0 MTPUIHHSATOTO Pi-
LIICHHS B IHTENEKTyalIbHIN iH(OpMAaIiiiHii cucTeMi € po-
3IIMPEHHSM Tpolecy (OPMYBaHHS TaKOTO pIllICHHS.
OcTaHHIN CKIAAAETHCS 3 MOCIIZOBHOCTI aBTOMAaTU30Ba-
HUX Ta aBTOMAaTHYHUX Jiii. [lepiri BUKOHYIOTBCS y B3ae-
MOJIiT 3 KOpHCTYBa4eM, a JpyTi — 3acobamu iHpopMmariii-
HOI CHCTEMHU 3a 3aJaHUM aJIropuTMoM. ToMy B nepriomy
BHITAJIKY MTOCTIiIOBHICTH Jiif MiCTHTH HMOBIPHICHY CKJIa-
JIOBY, a B IPyTOMY € eTepMiHoBaHOI0. KoxkHa 3 mux it
3MIHIOE CTaH 1H(QOPMAIIHHOT cCHCTEMH.

PosrmsiHeMO TeMIiopaibHiI BIACTUBOCTI IIPOIECY
pUHHATTS pimreHHs. [TocaimoBHICTE CTaHIB y Yaci Bio-
Opakae MOCIJOBHICTh BUKOHAHUX Ail TAHOTO MPOIIECY.
BaraTtopasoBe GopMyBaHHS pillleHHS IPHBOJUTH 1O BU-
HUKHEHHS! MHOXXHHH ITOCJTIZIOBHOCTEH BUHUKHEHHS CTa-
HIB Si (VI)S, = <Si.l'si.2"“> .

KoskHa 3 ykazaHUX JIIHIHUX MOCTII0BHOCTEH S Bi-
noOpaxkae JHIe OWH BapiaHT (GOPMYBaHHS PIIIEHHS i
CKIIQA€ThCA 13 YHOPSAKOBAHMX Y Yaci MO BHHUK-
HCHHS CTaHIB S j, Sjm, Sipn -

ToOTo A7 MOBINMBHOI MAPHY MO BHHUKHEHHS CTa-

HiB <Si, i Sin > , III0 HaJIe’kaTh IO OAHIET TOCIIIOBHOCTI,

)
n

. . i
3aBXK/M ICHY€ TEMIIOpaIbHa 3aJIEXKHICTh I

V(Si’j,si,n)esi Elri"’n]. (1)

TemmopaibHe mpasuio I) ob'ennye y cobi meki-
VN
JIbKa 3aJeKHOCTEH I ’nJ [16].
SIKIo Bei MOCTIOBHOCTI Sj MICTATB y co0i 3aiex-

. i
HICTb I} ’nJ , TO TIPAaBHIIO € OOMEKEHHSIM, IO 33a]a€ 000B'-
S3KOBE BUKOHAHHS [Ii1, SIKa IpHUBeiIa iHpopMamiiiHy cuc-
TEMY BiJl IO/l BUHUKHEHHS CTaHy Sj j [0 BUHHKHCHHS

CTaHy Sj , y MOMEHTH 4Yacy tj Ta t, BiamoBinHo.

B iHmoOMy BumajgKy NMpaBHIO BH3HAYa€ MOKIHBI
YMOBH BUKOHAHHsl /Uil [IPM BUHMKHCHHI CTaHiB Sj j Ta

Si.n - TOOTO OOMeKeHHs 3a/1a€ OLIIbII 3aTaIbHi 3aJIEKHO-

CTI MK CTaHaMH.

HageneHi BIacTHBOCTI TEMITOPaIbLHOTO OOMEKEHH T
CBIZYaTh, 110 BOHO MOXKe OyTH BUKOPHUCTAHO JJIsl OOY-
JIOBU JIETEPMIHOBAHOI Kay3aJlbHOI 3aJI)KHOCTI MIX CTa-
Hamu iH(popMaliiiHoi cuctemu mpu (GopmyBaHHI MosiC-
HEHb. YMOBHI MEPEX0J¥ MK CTAaHAMH € OCHOBOIO JIJISI
HMOBIpPHICHUX Kay3aJIbHUX 3aJIe)KHOCTEH, OCKLIBKHY BOHU
MaloTh BPaXxOBYBaTH BILIMB Herepe0auyBaHuX 30BHill-
HIX Ta BHYTPIIIHIX (aKTOPiB.

B 1inioMy npu TemMnopaibHiil CTpyKTypu3allii mpo-
1ec nmoOy/I0BY pillleHHs 33JIA€ThCS Yepe3 MHOXKHHY CTa-
HiB S ={s,}. KoxKeH cTaH XapaKkTepu3yeThCs MHOXKH-

HOIO 3MIHHHX, IIIO BiJIOOPaXKalOTh BIACTHUBOCTI IPOLIECY
NPUIHATTS PIICHHS B IHTEJEKTYyaJbHil iHpOpMaliiHIHi
cucTeMi. 3HaUeHHS LUX 3MIHHMX Y MOMEHT 4acy t, xa-
PaKTEepU3yIOTh BHHHKHCHHS CTaHy S, Ha OIHIN 3 MOX-

JIMBHX TIOCIIIOBHOCTEH [Tiil 3 GOpMyBaHHs pillIeHHs Ta-
koI crcteMu. Mixk CTaHaMU 1Ipo1iecy o0y IOBU PillIeHHsI

.. i .
3aJ1aHO TEMIIOPAJIbHI BiJHOIIEHHA I ’nJ . OcranHi y3ara-

JNBHIOIOTHCS Y BHTIIAI TEMITOPATBHHIX MPaBUII I .

[poriec mpuiAHSATTS pillIeHHS 3 ypaxyBaHHSM MPe/-
CTaBIIEHOI CTPYKTYpHU3allil MOKe OYTH MpPEeJICTABICHUI y
BUIIIAZI HAallpaBJIeHOTo anukiIigHoro rpagy G .

Bepumnamu nanoro rpady € cranu iHhopMariinHol

CHCTEMH S, a IyraMH - TeMIIOpajIbHi IpaBuna Iy , sKi

BiT0OpakaroTh il 3 (opMyBaHHS pillIEHHS Ta IOB'SA3Y-
IOTh CTaHU 1H(POPMAIIITHOI CHCTEMH:

G:SxS >R, (2)
ne R= {rnj } - MHOXXHHA TEMITOPAJIbHUX TIPaBUIL.

ImoctpatuBHuil npuknan rpagy G 3 OKpeMHMH
TEMITOPAILHIMH MTPaBUJIaMH HaBeZIeHO Ha puc. 1.
Ha manoMy pHCYHKY OKpeMO BHIUICHO TeMIIOpa-

npHI mpaBuia Ty “future” [16] noswasennsm fnj . Hamui
TIpaBHJIa TIOB'A3YIOTh BEPIIMHU rpady, MiXK SKAMH € iHTII
BepiHU. Hampukiaa, TemmopanbHe NpaBuiIo fl% 3ajae
YIOPAIKOBAaHICTh JUIS TApH CTaHIB <S5, 510> , MDK SIKHMHA

ICHYIOTb iHIII CTaHU (TTO3HAYCHO 3 TOUKAMH).
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Puc. 1. [lpuxax rpady G
3 OKPEMUMH TEMITOPAIILHUMH MPaBUIaAMH

Ha Bigminy Bin f-mpaBui, Bi iHII MpaBuiia MoB's-
3YIOTb JIMIIE MOCTIOBHI Mapu ctaHiB. Hampukian, mpa-

BHJIO r21 HOB’ﬂSyE CTaHU <51, 52> , 110 BUHUKIIU l'lOCJ'Ii)]O-

]

BHO Y 4aci, TOOTO Mae y3aranbHEHHH BUM I g .

3 no3uiiii moOy/I0BU MOSICHEHHsI TIepexiJ] MiX cTa-

HAaMU JUTA [IPaBUIIa BULY er 1 Moxe OyTH 0OrpyHTOBaHHH

BUKOHaHHSIM BiINOBIIHOT Jii 3 (hopMyBaHHS pillleHHS. Y
BUIIAJIKY, SIKIIO TaKi [IpaBHiIa € 00MeXEHHsM, TO c(hOopMO-
BaHi Ha X OCHOBI MOSICHEHHSI OJHO3HAYHO 33]al0Th MPH-

YMHHO-HACIIIZIKOBY 3aJIeKHICTh yJJ 4+ WA mapu CTaHiB
(S 'S +1) Ha J1r00ii noctimoBHOCTI Sj , TOOTO st JIFOGOT

Tapy TO/Iiii BAHUKHEHHSI CTaHIB <S i'Sj +1> :

j _ .
yJ'+1—<5j15j+1|v'3<5i,j’Si,j+1>>- 4)
[HImIMMU cnoBaMu, BiOMHI Mepexi MK cTaHaMHu
Sj Ta Sj,1 €HACIiAKOM OJHI€l Aii 3 popMyBaHHs ynpas-

JHCBKOro pimieHHs. OCKINBKA KOXEH CTaH 3a/Ia€ThCsI
MHOXHHOIO 3MiHHHUX, TO TaKa Jisi MOXe OyTH MpeJicTaB-
JIieHa B MOJIeNl iporiecy (popMyBaHHSI MTOSICHEHb SIK BJIac-
THUBICTb cTaHy. [laHe y3araabHEHHs Ja€ MOXKIIHBICTh 0€3-
TIOCEPEHBO MOKA3aTH NIPUUNHY IIEPEXO/ly Bij CTaHy § |

JIO CTaHy Sj,1 4Yepe3 BIACTUBICTH JAPYIOro CTaHy.
B Tomy BHmanKy, SKIIO TEMIOpAJbHE IMPaBUIIO

rj] +1 HE € OOMEXEHHAM, TO Ha HOro0 OCHOBi JOLILIBHO
chopMyBaTH HMOBIpHICHY Kay3allbHY 3alexHicTh. [laHa
3aNIeKHICTh BpaXOBY€ HellependadyBaHi BILTUBH, iH(OP-
MaIlisi po sIKi He BPaXOBY€ETHCS y BUTIISI CTaHIB y Tpadi
G . ToOTO FiMOBipHiICHA 3aJEKHICTh BiTOOpakae HEMOB-
HOTY MOJIEJI MIPOIECY MPUHHATTS pimeHHsT. OCTaHHS BH-
KJIMKaHa «HEIPO30PiCTIO» AaHOTO IPOLECY B CHCTEMAax
0OYHCITIOBATBHOTO IHTEIIEKTY.

Ha BigmiHy Bif po3TIsIHYTUX TIpaBwi I 41>

TEMIIO-

panbHi npasuna Buny f,) MicTaTe mpomixkmi cramu Sy,

Kl BIIJIMBAIOTh Ha (piHANBbHUM cTaH S, . Taki mpoMixHi

CTaHU MOXYTb OyTH JOCTYITHUMH JUIsI KOPUCTYBaya, abo
K BUHUKAaTW BHACHIJOK HEKOHTPOJILOBAaHHUX BIUIMBIB. B
OCTaHHBOMY BHNAJIKy iH(OpMaIlisi IpO Taki CTaHH € He-
MTOBHOIO 200 X BiJICYyTHROO.

LirocTpartis BiAMIHHOCTI MiK IpaBrIIaMu Jyist 3adi-
KCOBaHMX Ta HEJAOCTYITHHUX NMPOMIKHHUX CTaHIB IpecTa-
BJIEHA Ha pHC. 2.

8
fll

f3

8

Puc. 2. BiamiHHOCTI MiX IpaBUIaMu
Jutst 3aikCOBaHMX Ta HEJOCTYITHUX IPOMIDKHUX CTaHiB

B mepiioMy BUIAAKy IIpaBUIIa fnj MOXYTb OyTH

MpEe/CTaBIeHI y BUIVISI MHOXXHHU MOCTIIOBHUX TEMIIO-
paJIbHUX TIPABUII, HAPHKIIA;

) :<rjj+1,rnj+1>. (5)

Koxue 3 npasun ) 1,rnJJrl

i 3BI3y€ TOCJIIOBHI

CTaHu <Sj :5j+1>’<5j+1v3n>s 10 CTBOPIOE YMOBH ISt

(opMyBaHHSI TMOSICHEHHSI HUIIXOM (OPMYyBaHHS MpH-

YUHHO-HACHIIKOBUX 3aJIeXKHOCTEH rJ-]Jrl Ta rjt

MiX
UMy mapamu crtadiB. Hanpuknan, Ha puc. 2 mpaBHio
f61 Ma€ BUTTISL; f61:<r31,r63>. Ha ©0a3i nanoro mpa-
BUJIa (OPMYETBCS WMOBIpPHICHA Kay3albHa 3aJIeXKHICTh

y% JUTst TOOYTOBH TIOSICHEHHST:
y%=<y%,y§'>- (6)

WmoBipHicTh peamizamii i€l 3aleXHOCTI Tpaau-
[iIHO € TOOYTKOM HMOBipHOCTEH ii CKIIaJOBUX:

1 1 3
P(p3) = P(y3)P(¥s)- U]
OcTaHHI PO3pPaxOBYIOTBCS HAa OCHOBI CHiBBiJHO-
IICHHsI KUTBKOCTI MOCITIIOBHOCTEH Sj , Ha SIKUX Oymu pe-

aJIi30BaHi 1l 3aJICXKHOCTI, Ta 3arajbHOl KIIBKOCTI IOCIIi-

noBHOCTEH | :
{Si :El<si,jsi’j+1>}‘/l. (8)

Yy ApyromMy BUNAAKY IJIsI TEMIIOPAJIBHOI'O IIpaBUJjIa

f.) icayrore Hesadikcoani mpomixui cTaHm Sy, , a60 K

iH(opMarIist Ipo i CTaHU He € MoBHO0. Lle o3Hauae, mo
Ha TIPUYNHHO-HACIIIKOBHUH 3B'I30K MK CTaHAMH S j Ta

Sn BIUIMBAJIM HE JIAMIE Aii 3 (OpMyBaHHS pillIeHHS, aye |
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30BHIIHI (akTopu. B nanomy Bumanmky 1uisi BH3HAKOM-
MTO3MIIII0 TEMITOPAIFHHX 3B'I3KIB MIXK CTaHAMH Ha 3B'Sl-
3KH MK OKpDEMUMH 3MIHHHMH, 110 XapaKTepU3yIOTh IIi
CTaHW, BUIUTUTH 3MiHHI, sIKI 3MiHWJIM 3HAYCHHS TIPH TIe-
PEXOZ Bil CTaHy S JO CTaHy Sy, Ta BCTAHOBHTH Kay3a-

JIBHI 3aJISKHOCTI MiXK I[UMUA CTAHAMH METOJIAMH, 3aIpo-
moHoBaHMMU B poboTax [10]. BukoHaHa CTpyKTypu3ariist
nporiecy (GopMyBaHHsI TOSICHEHB 3 YPaxXyBaHHSIM TEMIIO-
PAJIBHOTO aCIEKTY JTA€ MOXITUBICTH (POpMalTi3yBaTH Kay-
3aJIbHY MOJICITh TAHOTO TIPOIIECY.

KaysanbHa mogenn
npouecy ¢GopMyBaHHA MOSCHEHb

Iporiec hopmyBaHHS MOSCHEHD MiCTUTh Y COO1 Taki
€JIEMEHTH:

— MHOXHHY S cTaHiB nponecy GopmMyBaHHS pi-
LICHHS B IHTEJEKTyallbHIH 1H(pOpMaliiiHiil cuctemi;

— MHOXHMHY R TeMmIopanbHUX 3alie)KHOCTEH Mixk
CTaHaMH, 10 BiT0OPaXKar0Th MOCIIAOBHICTb MO/ii BUHU-
KHEHHsI CTaHIB B Pe3yJbTaTi BUKOHAHHS ITOCIIIOBHOCTI
i 3 opMyBaHHS pillieHHs B iHpOpMaLiiHIA cHucTeMi;

— MHOXHHY Y HMOBIPHICHHX Ta A€TepMiHOBaHUX
Kay3aJbHUX 3aJICKHOCTEH MiXK CTaHaMM, IO BigoOpa-
JKAIOTh MPUYUHU BUHUKHEHHS KOXHOTO 3 CTaHIB IIPO-
1ecy (pOpMyBaHHS PINICHHS 3 YpaxXyBaHHSM IIOTEPE/I-
HBOTO CTaHy Ta Jii, [0 MpUBeia JI0 TOTOYHOT'O CTaHy.

XapakTeprCTUKN Kay3allbHUX 3aJIe)KHOCTEH Ja-
HOro mporecy (opMyBaHHS HaBeleHO B TaOu. 1 Ta
tabi. 2. KaysaneHa Mozens mporecy GopMyBaHHS TOSIC-
HEHb, [0 BPaXOBYE YIMOPSAAKOBAHICTH M JAHOTO MPO-
I[eCcy y 4aci, Mae BUTJISI

M :<S,R,Y>,S :{sn},
R:{rni (Vn# j)3<sj,sn>},
Y :{yr{ :(Vy,{)ﬂrnj}.
Mopgens (9) mepenbavyae po3ibHE BHSIBICHHS
JETEPMIHOBAaHMX Ta WMOBIPHICHUX Kay3aJbHUX 3aJje-
KHOCTEH 3 ypaxyBaHHSM HasBHOCTiI MPOMIKHUX CTa-

HIB M)XK IIOYaTKOBUM Ta KIHIIEBUM CTaHOM KOXKHOT 3a-
JIEXKHOCTI.

©)

Tabnuys 1 — XapakTepuCTHKH Kay3aJbHHUX 3aJ1€;KHOCTel 1151 map MOCJTiIOBHUX CTaHIB

3ajekHicTh

ba3zose TEMIIOPAJIbHE MPAaBUJIO

Bigminnocti npu popmyBanHi nosicHeHnst

JletepMmiHOBaHa 3aJIeXKHICTB IS

JIBOX IIOCJIIJOBHUX CTaHIB IOCJIi IOBHUX CTaHIB

TemmopaibHe 0OMEKXESHHS I ABOX

BuxoHyerbes st BCix BapiaHTIiB opmy-
BaHHS pillICHHS

VIMOBipHICHa 3aJI€XHICTB I IBOX
MOCIIiJOBHUX CTaHIB

TemmopaisHa yMOBa 1711 BUHUK-
HEHHS IBOX IIOCJIIIOBHUX CTaHIB
nporecy (OpMyBaHHS PillICHHS

BpaxoByeTbcs BIUIUB 30BHIIIHIX (haKTOPIB;
BUKOHYETBCS HE JUIS BCIX MOCIIiIOBHOCTEH
CTaHiB npouecy (GOpMyBaHHsI pPillleHHs

Tabnuys 2 — XapakTepUCTHKHU Kay3aJIbLHAX 3aJIe;KHOCTEH /151 Iap cTaHiB,
110 NOB'sI3aHi TeMIIOPAJILHUMH 3aJIeKHOCTAMU T - THITY

3anexHicTh
MPaBHJIO

ba3zose TEMIIOPAJIbHE

BigminnocTi
npu GopMyBaHHI OSICHEHHS

JleTepMiHOBaHa Kay3albHa 3aIC)KHICTD
IUTSL TBOX CTaHiB, M)XK IKMMH iCHYIOTh
iHI11 BiZIOMi CTaHU

TemmnopanbHe

obmeskenHs f - Tumy

€ 00’eqHAHHAM JIEKITBKOX Kay3albHHUX 3aJIeKHOCTEeH
JUISL TBOX TIOCJIiIOBHHUX CTaHIB

VmoBipHicHa Kay3aiibHa 3aJIeXKHICTh
JUISL IBOX CTaHiB, M)XK IKMMH iICHYIOTh
iHI11 BiZIOMi CTaHU

TemmnopansHa
ymoBa f - tumy

€ 00’eqHAHHAM JEKiTbKOX HMOBIPHICHHX Kay3aJIbHUX
3aJIeXKHOCTEH [UIsl IBOX TOCIIIOBHUX CTaHIB

JlerepmiHOBaHa Kay3aibHa 3aJISKHICTh
JUTSI IBOX CTaHIB, HE BCI CTAHH MiX
SIKUMH € BiJOMUMUA

TemmnopansHe

obmeskenHs f - Tumy

JlaHa 3a5e)HICTh € y3arajlbHEeHOI 1 He Moxe OyTH Jie-
Tai30BaHa yepe3 3aIeKHOCTI MiXK IPOMIXKHUMH CTa-
HaMH; JJaHa 3aJIe)KHICTh MOXe OyTH BUKOPUCTAHA JUIS
CIIPOLIECHOr0, Y3araJbHEHOr0 MOSICHEHHS

VmoBipHicHa Kay3aiibHa 3aJIeXKHICTh
JUTSI IBOX CTaHIB, HE BCI CTAHH MiX
SIKUMH € BiJJOMUMU

TemmnopansHa
ymoBa f - tumy

JaHa 3ane)xHicTh MOKe OyTH YTOUYHEHA 3 YpaxyBaHHIM
HWMOBIpHOCTEI IPOMIXKHHX CTaHiB; MOXKe OYTH BHKOPH-
CTaHa roeranHoi jeraiizauii noscHeHHs

BucHoBku

BukoHaHO TeMIIOpAJIBHY CTPYKTYPHU3aLil0 IPOLECY
(hopMyBaHHS MOSICHEHD B IHTENEKTyallbHIN iH(OpMaIiii-
Hill cucteMi. BU3Ha4eHO Taki CTPYKTYpHI €JIeMEHTH J1a-
HOTO MIPOLIECY: CTAaHM IPOLIECY MPUIHATTS pillieHb; TeM-
TTOpaNIbHI 3BSI3KM MIXK CTaHAMH; Kay3allbHI 3aJeKHOCTI
MDK CTaHaMH, IO BiJIMOBiNAIOTh TEMIIOPATHHUM 3B'SI3-
KaM Ta IPE/ICTABISIOTH €IEMEHTH MOSICHEHHS. 3aIpoIo-
HOBaHa CTPYKTYpa Opi€EHTOBaHA HA BHpIIICHHS 3aaadi
JOTIOBHEHHS ICHYIOYOTO TIPOIIeCy MPUUHATTS PIIIEHHS B
IHTENEKTyalbHIA CHCTEMi MOXIIMBOCTSIMH ITOSICHEHHSI.
3anpornoHOBaHO MOJENb MpoIecy MOOYIOBH MOSCHEHB
IIO/I0 TIOCIHIOBHOCTI AiH 3 (OpMYyBaHHS pillleHb B

IHTENeKTyalbHiN iH(POpPMAIliiHIi cCUcTeMI, 0 MICTUTH Y
co0l ymopsiAKOBaHY 32 MHOKHHOIO TEMITOPAIBHUX TIpa-
BWJI MHOKHHY CTaHIB ITpoLieCy NPUHHATTS PilIeHHS B CU-
CTeMi, a TAKO)XK MHOXKHHY JI€TepMiHOBaHHX Ta HMOBipHi-
CHUX Kay3aJIbHUX IIPaBWJI, 10 BU3HAYAIOTh NPHYMHHO-
HACITiTKOBI 3B'SI3KH Mi’K CTAHAMH MIPOIIECY IPUHHATTS Pi-
meHHs1. MoJiens opieHTOBaHa Ha TOOYIOBY MOSICHEHB Y
BUTJISAI TIOCHTIIOBHOCTI Kay3aJbHUX IMPaBUJI, IO 3B'SA3Y-
FOTh SIK TIOCJTIJIOBHI y 9aci CTaHH MPOIECY NPUHHSTTS pi-
IICHHS, TaK i CTAHU, MK IKUMH iCHYFOTb TIOCJIiIOBHOCTI
IHIKX CTaHiB. 3alIpOIIOHOBAaHA MOJIEIH Ja€ MOMKIUBICTD
BHUKOHATH JICTAJI3aIliI0 TOSICHEHHSI, IPEICTABUBIIM y3a-
raJbHEeHY Kay3albHY 3aJI€KHICTh y BUIIII KOMILIEKCY
MPUYNHHO-HACIIIIKOBHX 3aJIEKHOCTEH Mi’K IPOMDKHUMH
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CTaHaMH Tpolecy NpUUHATTA pimeHHs. [lomanbmmii  OCHOBI TEMITOpAJILHUX MPABHII 3 YpaXyBaHHSIM HeTlepe-
PO3BHUTOK JIAHOTO ITiIXOTy TIOB'SI3aHAH 13 YAOCKOHaJeH-  OadyBaHMX 30BHIIIHIX BILIMBIB HA IPOLIEC IPUHHSATTS Pi-
HSM METOHiB MOOYJOBH Kay3aJbHUX 3aJIe)KHOCTEH Ha  INCHHS.
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Causal model of the process of constructing explanations in the information system
S. Chalyi, V. Leshchynskyi, I. Leshchynska

Abstract. The subject matter of the article is the processes of formation of explanations regarding the decisions made in
the intellectual information system. The goal is to develop a model for the process of constructing detailed explanations regarding
the decision made by an intelligent information system based on causal dependencies between known states of an intelligent infor-
mation system for more efficient use of the resulting solution in solving practical user problems. Tasks: temporal structuring of
the process of formation of explanations in the intellectual information system; development of a causal model of the process of
formation of explanations. The approaches used are: approaches to the construction of causal dependencies, approaches to the use of
temporal dependencies in decision-making processes. The following results are obtained. The structure of the process of constructing
explanations is determined, taking into account the temporal aspect. On the basis of the obtained structure, a causal model of the
process of constructing explanations in an intelligent information system has been developed. Conclusions. The scientific novelty of
the obtained results is as follows. A model of the process of constructing explanations regarding the sequence of actions for the for-
mation of decisions in an intelligent information system is proposed, containing a set of states of the decision-making process ordered
by a set of temporal rules, as well as a set of deterministic and probabilistic causal rules that determine cause-and-effect relationships
between the states of the decision-making process. The model is focused on construction of explanations in the form of a sequence of
causal rules that connect both successive states of the decision-making process in time, and states between which there are sequences
of other states. The proposed model makes it possible to refine the explanation by presenting a generalized causal dependence through
a complex of cause-and-effect dependencies between intermediate states of the decision-making process.

Keywords: intellectual system, explanation, decision-making process, temporality, causality, causality, temporal rules.
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TECHNICAL ASPECTS OF AVIATION FIREFIGHTING IN ECOSYSTEMS:
THE EXPERIENCE OF FOREIGN COUNTRIES

Abstract. The article examines the technical aspects of aviation firefighting in ecosystems based on the experience of leading
countries around the world. The features of natural and man-made ecosystems in the plane of fire suppression are disclosed. It
is specified conditionality of occurrence of requirement in aviation firefighting, first of all, by existing features of ecosystems,
and also available level of technical development and possibilities of manned aviation on operative performance of tasks of
firefighting in ecosystems. The state of fire aviation of the USA and Canada, European countries, China and other countries, as
well as infrastructural peculiarities in organization of fire extinguishing from the air were investigated. According to the results
of the study it is noted that the fleet of fire-fighting aviation or aviation involved in fire suppression consists of different types of
aircrafts and helicopters, which are used depending on the ecosystem for rapid elimination of the fire occurred in the ecosystem.
Attention is focused on the prospects of creating aviation firefighting means based on unmanned aviation, which develops in an
avalanche-like manner and allows to optimize firefighting in different ecosystems. Attention is drawn to the direction of
development, though not quite new, but useful, the essence of which is the use of aviation firefighting means in the form of
special bombs on the example of Russia, China and Israel. The state of fire-fighting aviation fleet of Ukraine was analyzed.
Proposals of technical and organizational character of the further development of fire extinguishing from air in Ukraine are
investigated. The analysis of the given proposals showed that the direction connected with the development of unmanned aerial
firefighting aircraft in natural and artificial ecosystems of Ukraine still remains at the level of ideas, though it requires further
promotion in our country, which has a number of aviation enterprises, capable of successfully solving the following problems
under the conditions of the necessary financing. The conclusions focus on the fact that the considered directions of development
of fire aviation in Ukraine are mostly at the level of ideas, which should be, first of all, scientifically grounded. The directions of
further research should be considered the development of the newest and scientifically justified technical solutions with their

subsequent implementation in the infrastructure of aviation firefighting in Ukraine.
Keywords: ecosystem, fire, aviation firefighting, firefighting aircraft.

Formulation of the problem

An ecosystem is defined as a structural and
functional unit of the biosphere, which includes both
organisms and the biotic environment, which influence
each other's properties and are necessary for life support.

There are two types of ecosystems - natural and
artificial. A naturally occurring system develops through
the constant interaction between biotic and abiotic
environmental factors. A man-made artificial system
consists of plants, animals, people, and technology for its
own good [1].

Ecosystems occasionally experience fires:

forest fires,

steppe fires,

agricultural fields,

administrative or residential buildings,

civilian and military warehouses, etc.

Depending on the fire and the place of its origin,
various means of extinguishing are used, including
firefighting aviation.

Global innovations in the field of piloted fire
(firefighting)  aviation and the avalanche-like
development of various unmanned aircraft systems
(complexes), which gave impetus to the activation of the
idea of using unmanned aerial vehicles (hereinafter
referred to as UAVs) for extinguishing fires from the air
both in a separate application and together with piloted

aviation, is the basis for the further development of
aviation firefighting in ecosystems.

In 2018, the State Emergency Service of Ukraine
(hereinafter referred to as the Emergency Situations
Service of Ukraine), which has its arsenal of aerial
firefighting - piloted An-32P aircraft - took the first step
towards the introduction of unmanned aviation in the
field of aerial monitoring of emergency situations (fires,
floods, landslides, etc.) in the activities of its regional
structures, which were represented by various types of
quadcopters:

DJI Phantom 2;

DJI Phantom 2 Vision;

DJI Phantom 3 Professional, Hubsan H502S FPV;

DJI Matrice 100, DJI Matrice 200;

DJI Mavic Air;

DJI Mavic 2 Zoom;

Yuneec Typhoon H
and others [2, 3].

In Ukraine, there are also Mi-8MTV-1 firefighting
helicopters from the fleet of the airline company
"Ukrainian Helicopters" [4].

Analysis of recent research and publications

A number of domestic and foreign scientists and
specialists dealt with some issues of research on the
foreign experience of aviation firefighting and its
development.
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Thus, in the article "Monitoring forest fires with
UAVs" (2019), attention is focused on the use of UAVs
for timely solving the tasks of detecting fires and their
extinguishing, as well as accompanying fire
extinguishing measures [5]

Proposals for the use of copter-type UAVs for
aerial firefighting are outlined in "How Firefighters
Can Better Manage Emergency Situations Using
Drones" (2019) [6].

The results of the analysis of the state of manned
firefighting aviation in the world and in Ukraine, as well
as problematic issues and some proposals for its further
development are presented in the article "Proposals for
the Development of Firefighting Aviation of Ukraine™
(2020) [7].

The role of piloted aviation in extinguishing forest
fires and the main tasks that must be solved in Ukraine to
increase the effectiveness of extinguishing fires in natural
ecosystems with the use of piloted aviation were
disclosed by a team of authors in the article
"Organizational aspects of the use of aviation forces for
forest fire extinguishing” (2021) [8 ]

In the article "Unmanned aerial vehicles - a vital
robotic tool of modern times" (2021), the author partially
noted that according to the experience of the leading
countries of the world, UAVs are considered a
breakthrough technology in the field of robotics and are
actively used in the field of civil defense not only for
detecting and preventing fires, but also for their
quenching in ecosystems [9].

The possibility of using UAVs for extinguishing
fires with specific requirements for them is indicated in
the material "Theory and Practice of Fire Firefighting and
Eliminating Emergency Situations" (2021) [10].

In the work "Firefighter Drones 2022: Top Full
Guide For You" (2022), the author focuses on the
possibility of using copter-type UAVs for quick and
effective delivery of water and other anti-permeants to
the places of fire [11].

The conducted analysis showed that research is
being conducted that sheds light on some issues
regarding the directions of development of aviation
firefighting in ecosystems. At the same time, the issue of
systematization of foreign experience in Ukraine in the
field of development of aviation firefighting in natural
and artificial ecosystems remains problematic and
requires research in order to determine possible
directions for the development of firefighting aviation in
Ukraine.

The purpose of the article

To systematize the foreign experience of aviation
firefighting in ecosystems and directions of its
development, as well as to substantiate proposals
regarding possible directions of development of
firefighting aviation in Ukraine.

Research methods

The method of theoretical research is used, the
components of which are the following operations:
analysis, synthesis, analogy, comparison, generalization,
systematization, etc.

Presenting main material

Awviation firefighting has its own history. The idea
of using aviation to detect fires in natural ecosystems first
appeared in the USA in 1916 [12].

However, it could be put into practice only three
years later, when the federal government transferred
several firefighting planes to the U.S. Forest Service to
monitor forest fires in California, Oregon, and
Washington. In Canada, the aircraft for monitoring began
to be used in 1921, and in the USSR - a few years later.

In the USSR, aerial fire monitoring was
implemented later than in the USA and Canada. At the
same time, the Soviet Union became the first country in
the world to drop fire-fighting substances from the air,
thereby opening the era of using aviation to extinguish
fires.

This happened in 1933 when extinguishing a steppe
fire on the territory of the grain farm of the North
Caucasus branch of the VNDISH branch (dropping water
from the U-2SP aircraft on the burning remains of the
stalk 70-80 cm high after harvesting grain) [13].

Before the Second World War, aircraft were mainly
involved in patrolling forests, monitoring the fire
situation and landing firefighters to fight fires.
Experiments were conducted with dropping water from
the plane, but the small volumes of liquid for fire
extinguishing and the lack of a unified system for
fighting forest fires at the time made such a plane
ineffective. In the USSR, Po-2 and R-5 aircraft were
converted for this purpose. After the war, the situation
changed radically. This is especially true in the US,
where the bombers left in large numbers after the war
were sold at low prices, and the government at the time
began to show concern about the ever-increasing damage
from forest fires. The bombers were converted to dump
water, which became the basis for the creation of the 50s
of the 20th century. in the USA and Canada, a powerful
fleet of such aircraft:

B-17,

B-24,

B-26,

PBA4Y,

Tigercat,

Avenger, etc. [14].

In 1969, the CL-215 amphibious aircraft, designed
specifically for extinguishing forest fires from the air,
made its first flight in Canada [15].

Two conclusions can be drawn from the historical
analysis of aviation firefighting. The first is the
conditioning of the need for aviation firefighting, first of
all, by the existing features of natural ecosystems. The
second is the level of technical development and
capabilities of manned aviation for the prompt execution
of firefighting tasks in natural ecosystems.

The development of humanity on the planet has led
to the creation of artificial ecosystems for various
purposes, which, like natural ones, have grounds for
using manned aircraft to extinguish fires that occur in
such artificial ecosystems as, for example, agricultural
fields with cereal crops or fuel storage sites located on
open areas.
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In connection with the above, we will briefly
consider the characteristics of natural and artificial
ecosystems using the example of Ukraine, which
determine the necessity and difficulty of using piloted
aviation for extinguishing fires that occur in them.
Terrestrial natural ecosystems of Ukraine include forests
and steppes.

The forest zone is located in the north and west of
the plain part of Ukraine. It occupies about 24% of the
country's territory. Within its boundaries, two subzones
are distinguished: mixed (17% of the area) and broad-
leaved forests (7% of the area). The broad-leaved forest
subzone occupies the western part of Ukraine. The
steppes were preserved only in the system of protected
objects on the area, which is about 0.6% of the territory
of Ukraine [16].

Any ecosystem is characterized by its dimensions.
Forests and steppes are considered to be long area objects
of considerable size. This determines the possibility of
using firefighting aircraft for extinguishing fires, under
the conditions of their occurrence and coverage of the
territory of ecosystems. For this, there are also necessary
conditions to ensure the safety of manned aircraft flights.

The composition of artificial ecosystems includes
cities and villages with their infrastructure, agricultural
land, separate various civil and military infrastructures
(fuel storage bases; separate large production enterprises;
power plants, including nuclear ones; large warehouses
of products; arsenals with ammunition; weapons storage
bases and military equipment, etc.), in which or on which
fires occasionally occur for various reasons.

On the territory of Ukraine there is a very dangerous
artificial ecosystem "Chernobyl Exclusion Zone", which,
in addition to its considerable size, has another
characteristic - a different level of radiation pollution in
its territory after the accident at the Chernobyl nuclear
power plant in 1986.

For extinguishing fires, for example, on agricultural
land, arsenals with ammunition, bases for storing
weapons and military equipment, in the Chernobyl
exclusion zone, as experience shows, piloted firefighting
aircraft can be used. For extinguishing fires in the
conditions of a city, especially a sufficiently urbanized
one, such aviation can be used to a limited extent if there
are, for example, square fires, due to the dangers and
consequences for the ecosystem that may be associated
with the occurrence of an aviation event and its negative
consequences under the conditions falling on residential
blocks.

At the same time, fire statistics in Ukraine show a
significant number of local fires occurring within cities
and towns: 57% and 42%, respectively, of the total
number of fires. For comparison, fires in natural
ecosystems do not occur so often and account for 0.2%
of the total number of fires, but the consequences and
damages from such fires are very impressive [17].

Scientific and technical progress has increased the
possibilities for the further development of firefighting
aviation and created conditions for the development and
use of unmanned aviation not only in the interests of
monitoring, but also for direct extinguishing of fires,
including within such artificial ecosystems as cities and

villages, which is confirmed the experience of a number
of foreign countries.

Piloted aviation, which is used for firefighting in
ecosystems at the current stage, is divided into two
groups: airplanes and helicopters. It should be
emphasized that in most countries the number of
helicopters regularly used for firefighting exceeds the
number of specialized piloted firefighting aircraft. This is
primarily due to the wider introduction of helicopters in
the activities of rescue services and forestry, as well as
the spread of various types of drainage devices for
helicopters, which allows you to quickly modify any
civilian or military helicopter into a firefighting one, if
there is a suitable attachment and strength of the power
installation allows you to lift the appropriate weight. Let's
consider the technical aspects of firefighting from the air
based on the experience of a number of countries around
the world.

In the United States and Canada, modern
firefighting aviation is represented by heavy manned
aircraft based on wide-body civilian airliners and military
transport aircraft. Mainly used are airplanes taking off
from ground airfields. This is due to the fact that large
tracts of industrially important forest are located in the
western United States, where bodies of water suitable for
landing seaplanes are quite rare. The large carrying
capacity of airfield-based aircraft, compared to
amphibious aircraft, allows to partially compensate for
their low performance. Such planes, for example, include
the world's largest firefighting plane, the Boeing 747ST
Supertanker, capable of dropping about 72,000 liters of
water or fire retardant immediately in one flight, or
gradually in several places. DC-10 and BAe-146
firefighting aircraft are widely used [18]. Aviation
firefighting is also represented by a fleet of such aircraft
as: AT-802F, P2V, C-130H, MD-87, C-130Q, RJ85, C-
130 H&J.

The firefighting aviation includes amphibious
aircraft CL-215, CL-415, CL-515 and Air Tractor Fire
Boss [19].

Helicopters in various configurations are actively
used for firefighting in the US and Canadian ecosystems.
The advantages of helicopters, despite the significant
operating costs and limited carrying capacity, are
considered to be the ability to fill water tanks in almost
any reservoir, as well as greater efficiency due to the
increased accuracy of dropping this water to the scene of
the fire. It should be noted that until the early 1960s,
helicopters were almost never used to protect forests
from fires in the United States, as there were few
commercial airlines and the military provided helicopters
only in critical situations when wildfires became
uncontrollable. After the so-called "helicopter boom"
that began in the late 1960s, when affordable and reliable
models appeared on the civilian market, the use of
helicopters in forest protection became commonplace.
Chinook CH-47, which can transport more than 11,000
liters of water [20], is considered one of the largest
firefighting helicopters both in the USA and in the world.

The line of firefighting helicopters of the USA and
Canada includes:

Sikorsky S-64,
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Sikorsky S-70 [21],

Bell-212 HP [22],

Bell-412 [23], etc.

To ensure replenishment of water reserves for
firefighting in 2020, a special fully automated platform
69 Bravo is connected to the structure of air
extinguishing, which allows crews to refuel helicopters
with water without even needing to land [20].

Helicopters are also used for extinguishing fires at
individual objects due to the presence of open air space
above them, which happened, for example, in 2020, when
with the help of a helicopter as part of the fire department
of the city of Los Angeles, a fire that threatened was
quickly extinguished a large one-story residential
building in Northridge [24].

More than 816,000 rescue operations are carried out
in Europe every year, and the resources needed to fight
fires are as diverse as the landscape. Thus, in Spain, the
Babcock and Titan Aerial Firefighting firms are engaged
in extinguishing fires from the air on the basis of
contracts. Babcock's role in firefighting missions is
twofold: providing real-time tactical information to the
forward command post and fighting fires from the air.
Babcock has a leased aircraft fleet of 57 firefighting
aircraft, including helicopters (Bell-412, S-64) and
airplanes (CL-215, CL-415, etc.). The Babcock aircraft
park also includes UAVs for monitoring and targeting.
Titan Aerial Firefighting operates in Spain with its own
AT-802F firefighting aircraft [25].

In ltaly, the Italian fire service deals with
firefighting issues. Babcock also, as in Spain, performs
on the territory of Italy on the basis of contracts a full
range of tasks related to aerial firefighting, including
water discharge, ground transportation of firefighters,
coordination of missions and collection of video
information in real time for transmission to command and
control centers [25].

Portugal is another country where Babcock also

provides aerial firefighting services. AT-802F
ampbhibious aircraft are operated by the local company
Agro-Montia.

The Swedish Emergency Management Agency
(MSB) implements aviation firefighting capabilities
through Saab on a contractual basis. Saab uses AT-802F
firefighting aircraft to extinguish fires from the air [26].

Israel's aerial firefighting unit is part of the police
force and helps firefighters on the ground detect and
extinguish fires. The fire squadron is equipped with AT-
802F aircraft and H-125 and H-145 helicopters for aerial
firefighting. Firefighting helicopters use a strong and
flexible Bambi Bucket to collect and deliver water to the
firefighting site [27, 28].

Auviation firefighting in Greece is carried out by the
359th Air Support Squadron of the Public Services. The
squadron includes firefighting aircraft:

PZL M.18 Dromaders,

PZL M.18BS Dromaders,

CL-215,

CL-415,

CL-515,

Bell-47,

Bell OH-13H helicopters.

If necessary, Greece rents firefighting aircraft in
other countries, for example, the Be-200 amphibious
aircraft from the Russian Federation [25, 29].

France, through the General Directorate of Civil
Defense and Crisis Management, uses specialized
aviation to fight fires from the air. Aircraft carry the
inscription Securite Civilial on their board together with
the international symbol of civil defence. The fleet of
firefighting aircraft includes CL-415, Grumman S-2
Tracker, Dash-8 Q400 and Beechcraft King Air 200. The
fleet of helicopters used, including for firefighting,
consists of EC-145 helicopters [25, 30].

After the fire in the Notre-Dame Cathedral, when
DJI Matrice-210 and Mavic Pro UAVs were used to
optimize firefighting, the practice of further use of drones
during firefighting is being implemented.

Germany currently uses only helicopters for aerial
firefighting. For this purpose, they are equipped with
external water tanks of various sizes. Smaller helicopters,
such as the Airbus H-135, carry about 500 liters; Larger
models, such as the Airbus Super Puma operated by the
German Federal Police or the rather large Sikorsky C-53
operated by the German armed forces, carry 2,000 L and
5,000 L, respectively [31, 32].

In order to be prepared for any large-scale fires in
forest ecosystems, the European Commission in 2021
created a European fleet of 11 firefighting aircraft and 6
helicopters deployed in Member States as part of the
rescEU mechanism. The Commission also set out
guidelines for Member States to strengthen their
measures to prevent fires. The rescEU firefighting
aviation consists of planes and helicopters from six EU
member states:

2 firefighting planes from Croatia;

2 firefighting planes from Greece;

2 firefighting planes from lItaly;

2 firefighting planes from Spain;

2 firefighting planes;

6 firefighting helicopters from Sweden;

one firefighting plane from France.

The EU provides a coordinated approach to prevent,
prepare for and respond to forest fires when they exceed
national firefighting capabilities. The capabilities of the
rescEU system are also available to other European
countries that can request assistance in using firefighting
aircraft to fight forest fires.

In the near future, the rescEU air fleet will be
expanded with optimization of its placement on the
territory of Europe. The European Commission finances
up to 90% of the costs of purchasing and maintaining new
helicopters and airplanes. The EU also covers 75% of
transport and deployment costs. An amount of about 200
million euros per year is allocated for this purpose. The
aviation fleet of the rescEU system is planned to be
increased and fully formed by 2025 [33, 34].

One of the most important tasks of the aviation of
the Ministry of Emergency Situations of Russia is the
implementation of special aviation operations to
extinguish natural and man-made fires. Russia has one of
the largest parks of fire-fighting state aviation, which
includes aircraft (Be-12P-200, An-32P, II-76TDP, Be-
200, Be-200ChS [35]) and helicopters (Mi-6P, Mi-
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6PZh2, Mi-8 LT, Mi-14 Eliminator, Mi-26TP, Ka-32A
[36]. In 2020, the AVIC AG600 amphibious aircraft
made its first flight, which still has no analogues in the
world and surpassed the Japanese US-2 and the Russian
Be-200 in terms of its characteristics. In the official
characteristics of the aircraft, it is indicated that it can
take in 12 tons of water in 20 seconds, as well as
extinguish an area of 4,000 m2 with one discharge of
water [37, 38].

On the basis of the conducted analysis, it is possible
to draw a conclusion about the state of aviation
firefighting in the countries of the world. It should be
noted that the fleet of firefighting aviation or aviation
used for extinguishing fires consists of various types of
aircraft and helicopters, which are used depending on the
ecosystem for the prompt elimination of fires arising in
ecosystems for various reasons.

New technical possibilities for aerial firefighting in
various ecosystems, including artificial ecosystems, have
appeared in parallel with the development of unmanned
aircraft. Thus, fire services in a number of American
cities send UAVSs to the scene of a fire, using them as
scouts. The French fire service actively uses drones to
monitor fires. After UAVs appeared in the arsenal of
firefighting teams in Germany, they began to perform
aerial monitoring of fires and other emergency situations
in various ecosystems [39]. Drones help to coordinate the
work of all rescuers and to cope with the fire in a shorter
time, and also, which is very important, to save water.
With traditional extinguishing methods, it is used in
much larger volumes [40].

In addition to a number of useful functions [41] that
rely over time on unmanned aviation in the field of civil
protection, a fire extinguishing function has been added.
This direction is actively developing in China, where
UAVs are considered a key component of modern
firefighting arsenals. Solving the problem of fire
extinguishing in apartments or offices located in high-
rise buildings has found its solution by using UAVS to
raise fire hoses into the air to the required height. So,
firefighters in the Chinese city of Chongging used an
unmanned aerial vehicle and extinguished a 10-story
building in 15 minutes. At the same time, drones have a
battery life of 20 minutes. With the help of several
helicopter-type UAVS, fire hoses were raised to the top
of the flame, which allowed it to be gradually
extinguished [41, 42].

The Chinese company EHang, which specializes in
the development of drones, presented the EHang 216F
copter-type UAV, capable of flying for 1-2 minutes. raise
to a height of 600 m up to 150 | of water (foam) or foam
and act as a powerful fire extinguisher. A long gun barrel
is installed on board the UAV, and there is a six-charge
launcher above the cockpit. The incendiary bombs fired
from this device are capable of piercing the glass of a
building with a special hard alloy tip. The drone has a
laser pointer and a camera. It is designed for semi-
autonomous operation - the process of fighting fire is
managed by the pilot-operator, while the UAV stays in
position independently according to the program. The
drone is capable of operating at heights of up to 600 m
[43].

Extinguishing fires from the air in forest ecosystems
is a very difficult and dangerous operation. This is due to
the fact that smoke from a fire greatly impairs visibility,
and hot air from a fire impairs controllability of an
airplane or helicopter and can disrupt the operation of
engines. At the same time, pilots must fly over the fire as
low as possible to effectively dump the water (solution).
To extinguish forest fires, the Chinese company
QilingUAV has developed a helicopter-type UAV JS260.
The device can carry two containers filled with fire
extinguishing liquid weighing up to 100 liters. According
to the developers, the volume of each tank is enough to
extinguish 50 m3 of forest area [44].

In 2017, the Spanish company Singular Aircraft
began production of Flyox Mark | and Mark Il heavy
unmanned seaplanes. The Flyox Mark 11 seaplane can be
used for firefighting. It is equipped with a capacity of 2
tons of water, and is also able to receive water in the
container in the gliding mode, and then dump the water
at the site of the fire [45].

Another direction in the development of aerial
firefighting, although not entirely new, is the use of
special aviation means of firefighting - bombs. Thus,
during the USSR at the end of the 80s of the 20th century.
such atool was developed - ASP-500 - a bomb in a plastic
case containing 400 kg of a water mixture for
extinguishing a fire. Upon hitting the surface, a special
charge sprays a mixture that instantly extinguishes the
flame on an area of about 1,000 m2. The use of such
bombs even in urban ecosystems was envisaged. It is
important to note that firefighting specialists have
developed a combined fire extinguishing technology
using ASP-500. At first, the bombers were supposed to
practice, which with the help of ASP-500 were supposed
to shoot down the flames, and after them the 11-76 and
Be-200 planes were supposed to drop water (solution) on
this area. And, finally, the Mi-26TP, Mi-8LT and KA-
32P helicopters were to finally eliminate the remains of
the fire by spot dropping water (solution). Under
conditions of good organization, according to experts,
even with several echelons of such carpet fire
extinguishing, which gives a 100% result, according to
calculations, it would be possible to quickly extinguish
fires in large-scale ecosystems [46].

In 2021, a bomb for aerial firefighting was tested in
China. The weight of such a bomb is 200 kg. The bomb
was successfully dropped on the training ground from a
height exceeding 2,000 m with the TB-001 UAV, which
is capable of lifting a payload of up to 1 ton. According
to experts, one such bomb is capable of extinguishing a
fire in an area of up to 450 m2 [47].

At the end of 2019, the Israeli company Elbit
Systems conducted tests of a new means of extinguishing
fires, thanks to which aircraft will be able to extinguish
fires on the surface of the earth from a greater height and
in night conditions. The Israeli development is thin-
walled bags filled with water, foam or fire retardant. The
new fire extinguisher can be used on any aircraft or
helicopter equipped with a water tank and a discharge
system [45].

The above technical aspects of modern firefighting
from the air provide grounds for a comparative analysis
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of the situation with aviation firefighting that takes place
in Ukraine.

The firefighting aviation of the State Emergency
Service is represented by the Special Aviation
Detachment of the Operational Rescue Service of the
State Emergency Service, which is stationed at the
airfield near the city of Nizhyn in the Chernihiv region,
which is equipped with specialized firefighting aircraft
An-32P (the weight of the fire-fighting mixture is 8
thousand kg) and a number of modifications of
helicopters We-8 of Soviet production, which can use
special equipment for extinguishing fires. The results of
the involvement of An-32P firefighting aircraft for the
elimination of forest fires in the "Chernobyl Exclusion
Zone" ecosystem in 2020, as well as the elimination of
large-scale fires in forest ecosystems on the territory of
Ukraine in the past years, testify to the insufficient
number of firefighting aircraft in the composition of the
State Emergency Service for operational and effective
solution of firefighting tasks from the air [48].

In  Ukraine, the private aviation company
"Ukrainian Helicopters" operates, which leases Mi-
8MTV-1 helicopters and can participate in aerial
firefighting, as happened during the fire in Turkey in
2021 [49].

There are a number of proposals for the
development of firefighting aviation in Ukraine. One of
them is to develop systems similar to the Russian
VAP/VAP-2, for their possible installation on 11-76 type
aircraft, which are in service with the Air Force of the
Armed Forces of Ukraine. This path is problematic,
which is due to the small remaining resource of II-76
aircraft existing in Ukraine - within 5-8 years [48].

As another way, it is proposed to start work on the
creation of a heavy firefighting aircraft based on the An-
70/77. According to projected figures, the cost of such an
aircraft may reach $160-170 million US [48], which
requires significant foreign investment. At present,
countries usually purchase ready-made firefighting
aircraft.

So, for example, one CL-415 amphibious
firefighting aircraft purchased for the European rescEU
system costs up to 40 million euros [33]. In this regard, it
is very difficult to expect investment in Ukraine in the
interest of creating a new firefighting aircraft.

The essence of another proposal lies in the
organizational plane - the creation of a general system of
management of available aviation resources when
extinguishing fires in forest ecosystems of Ukraine,
including various departmental affiliations [8].

The paper [50] gives an idea regarding the
prospective use of airships for aerial firefighting with a
proposal to conduct scientific research to substantiate the
implementation of such an approach in Ukraine.

The proposal for the creation of an international
association of fire aviation with the participation of
Ukraine, which could become a coordinating body for the
management of fire aviation units of different countries
in the interests of joint work in countries where large-
scale fires have occurred, is set out in [48]. This,
according to the authors, could contribute to obtaining an
order for Ukraine for the production of heavy firefighting
aircraft, taking into account the fact that our country is
one of the few countries in the world where heavy and
super heavy transport aircraft can be created. This
proposal echoes the position of the Ministry of Internal
Affairs of Ukraine regarding the creation of a European
hub of aviation security, for which it is necessary to
"increase the aircraft fleet of the State Emergency
Service, namely to double the number of AN-32P
aircraft" [51].

Considering the creation of the rescEU system on
the territory of the EU, it makes sense for Ukraine to join
it, which, in our opinion, will strengthen our country's
efforts towards European integration.

The analysis of the given proposals shows that the
direction related to the development of unmanned
aviation in the interests of aerial firefighting in natural
and artificial ecosystems still remains at the level of
ideas, although it requires active promotion in Ukraine
[52], which has a number of aviation enterprises [53] ,
able to solve such tasks under financing conditions.

Conclusions

Analysis of the technical aspects of aviation
firefighting in ecosystems based on the experience of a
number of foreign countries showed that there is a
problem of protecting both natural and artificial
ecosystems from fires that arise both as a result of natural
factors and as a result of human activity. In parallel with
the mentioned problem, there is the problem of aviation
firefighting, especially in forest ecosystems in conditions
of coverage of large areas by fires.

The experience of foreign countries indicates the
need for the active development of aviation firefighting
by creating an aviation triad:

manned aircraft,

helicopters and unmanned aircraft,

creating joint aviation structures to optimize the
processes of firefighting from the air,
as well as by searching for and using the latest
technologies.

Prospects for further research

The directions of further research should be the
development of the latest and scientifically based
technical solutions with their further implementation in
the infrastructure of aviation firefighting in Ukraine.

REFERENCES

1. Difference between Natural and Artificial Ecosystem. Retrieved from: https://biodifferences.com/ difference-between-natural-

and-artificial-ecosystem.html [in English].

2. Order of the State Emergency Service On admission to operation of unmanned aerial vehicles. from November 20, 2018 Ne
675 https://ips.ligazakon.net/document/FN047759 [in Ukrainian].
3. Order of the State Emergency Service On amendments to the order of the State Emergency Service of November 20, 2018 Ne

675. from February 8, 2019 Ne92 https://www.dsns.gov.ua/ua/Nakazi/89229.html [in Ukrainian].

109


https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://ips.ligazakon.net/document/FN047759
https://www.dsns.gov.ua/ua/Nakazi/

Control, Navigation and Communication Systems. 2022. No. 3 ISSN 2073-7394

4.

10.

11.
12.
13.
14.

15.
16.

17.

18.

19.

20

21.

22.

23

24,

25.

26.

27.

28

30.
31.

32.

33.

34.

35.

36.

37.

Aviakompaniia «Ukrainski vertoloty» napravyla 4 helikoptery do Turechchyny dlia dopomohy u hasinni lisovykh pozhezh
[Ukrainian Helicopters has sent 4 helicopters to Turkey to help put out forest fires] Retrieved from:
https://Ib.ua/news/2021/08/05/491053_ aviakompaniya_ukrainski.html [in Ukrainian].

Monytorynh  lesnykh  pozharov s BPLA [UAV  monitoring of forest fires] Retrieved from:
https://www.alb.aero/about/articles/monitoring-lesnykh-pozharov-s-bpla [in Russian].

How Firefighters Can Better Manage Emergency Situations : Using Drones. Retrieved from: https://flytnow.com/drone-fire-
fighting [in English].

Propozytsii rozvytku pozhezhnoi aviatsii Ukrainy [Proposals for the development of firefighting aviation in Ukraine]. Retrieved
from: https://mil.in.ua/uk/blogs/propozytsiyi-rozvytku-pozhezhnoyi-aviatsiyi-ukrayiny [inUkrainian].

Mikosianchyk O. O., Khalmuradov B. D., Kichata N. M., Nabylska A. 1. Orhanizatsiini aspekty zastosuvannia aviatsiinykh syl
dlia hasinnia lisovoi pozhezhi [Organizational aspects of the use of air forces to extinguish a forest fire]. Systemy upravlinnia,
navihatsii ta zviazku, 1(63), 138-141 [in Ukrainian].

Mosov S. Bezpilotnyky — zhyttievo vazhlyvyi robotyzovanyi instrument suchasnosti [Drones are a vital robotic tool of our
time]. Pozhezhna ta tekhnohenna bezpeka, 6, 14-15 [in Ukrainian].

Bychenko A., Maladyka I. Varhatiuk R. Zastosuvannia BPLA pid chas hasinnia pozhezh [Use of UAVs during firefighting].
Mizhnarodna nauk.-prakt. konf. «Teoriia i praktyka hasinnia pozhezh ta likvidatsii nadzvychainykh sytuatsii» Cherkasy:
ChIPB NUTszU, 74-75 [in Ukrainian].

Jin H. Firefighter Drones 2022: Top Full Guide For You. Retrieved from: https://lucidcam.com/ firefighter-drones [in English].
Stein-Janney T. Airtankers, an historic overview. California Fire Pilots Associftion, 1, 14 [in English].

Briukhanov A. V., Korshunov N. A. Avyatsyonnoe tushenye pryrodnykh pozharov: istoryia, sovremennoe sostoianye,
problemy y perspektyvy [Aviation firefighting: history, current status, problems and prospects]. Sybyrskyi lesnoi zhurnal, 5,37-
54 [in Russian]

Talykov N., Shubniakov E, Slutskyi H. YI-76 i druhye protyvopozharnye «bombardyrovshchyky» [IL-76 and other fire-
fighting "bombers"]. Retrieved from: http://aviahistory.ucoz.ru/index/0-249 [in Russian].

Canadair CL-215. Retrieved from: https://www.thecanadianencyclopedia.ca/en/article/canadair-cl-215 [in English].
Roslynnyi svit i roslynni resursy. Natsionalnyi atlas Ukrainy [Flora and plant resources / National Atlas of Ukraine]. Retrieved
from: http://wdc.org.ua/atlas/4110100.html [in Ukrainian].

Odynets A., Neseniuk L. Osnovni tendentsii pozhezh i prychyn yikh vynyknennia v Ukraini v pershomu pivrichchi 2021 roku
[The main trends of fires and their causes in Ukraine in the first half of 2021]. Pozhezhna ta tekhnohenna bezpeka, 8, 3-5 [in
Ukrainian].

Ahlgren L. Boeing 747 Supertanker - The Worlds Largest Fire-Fighting Plane. Retrieved from:
https://simpleflying.com/boeing-747-supertanker/ [in English].

Planes. Retrieved from: https://www.fs.usda.gov/managing-land/fire/planes [in English].

. The Chinook 47 — Worlds Largest Fire-Fighting Helicopter. Retrieved from: https://topanganewtimes.com/2021/05/07/the-

chinook-47-worlds-largest-fire-fighting-helicopter/ [in English].

Helicopter Specifications: S-64 Skycrane. Retrieved from: https://www.fairlifts.com/helicopters/helicopter-specifications-s-
64-skycrane/ [in English].

Bell 212 HP. Retrieved from: https://aerotechteam.com/fleet/bell-212-hp [in English].

. The Bell 412 Relentlessly Fighting Fires around the Globe. Retrieved from: https://www.optima-aero.ca/news-info/the-bell-

412-relentlessly-fighting-fires-around-the-globe/ [in English].

LAFD Helicopter Crew Quell Outside Fire Threatening Large Northridge Home — NBC Los Angeles. Retrieved from:
https://us.newschant.com/us-news/los-angeles/lafd-helicopter-crew-quell-outside-fire-threatening-large-northridge-home-
nbc-los-angeles [in English].

Langfield M. Aerial firefighting resources in Europe. Retrieved from: https://www.airmedandrescue.com/latest/long-
read/aerial-firefighting-resources-europe [in English].

Saab supplying Sweden with firefighting capabilities. Retrieved from: https://news.cision.com/ saab/r/saab-supplying-sweden-
with-firefighting-capabilities,c308027 [in English].

Pozharnaia avyatsyia v lzrayle [Israeli fire aircraft]. Retrieved from: https://oleggranovsky.livejournal.com/ 271037.html. [in
Russian].

. About Bambi Bucket. Retrieved from: https://www.sei-ind.com/products/bambi-bucket/ [in English].
29.

New fire fighting scooper aircraft to be delivered in next few months. Retrieved from:
https://greekcitytimes.com/2021/12/20/new-fire-fighting-scooper-aircraft-to-be-delivered-in-next-few-months/ [in English].
Eurocopter EC 145. Retrieved from: https://www.aerospace-technology.com/projects/ eurocopter_ec145/ [in English].
Firefighting aircraft and helicopters: The flying fire brigade. Retrieved from: https://aeroreport.de/en/aviation/firefighting-
aircraft-and-helicopters-the-flying-fire-brigade# [in English].

German fire brigades call for military helicopters over wildfire risks. Retrieved from: https://www.dw.com/en/german-fire-
brigades-call-for-military-helicopters-over-wildfire-risks/a-48467564 [in English].

EU sets up fleet to combat forest fires. Retrieved from: https://www.dw.com/en/eu-sets-up-fleet-to-combat-forest-fires/a-
49689721 [in English].

European aircraft fleet for the 2021 forest fire season. Retrieved from: https://www.cde.ual.es/en/ european-aircraft-fleet-for-
the-2021-forest-fire-season/ [in English].

Pozharnye samolety i avyatsyia v MChS Rossyy: osnovnye modely y ykh LTKh [Firefighting aircraft and aviation in the
EMERCOM of Russia: main models]. Retrieved from: https://fireman.club/statyi-polzovateley/pozharnyie-samoletyi/ [in
Russian].

Pozharnaia avyatsyia Rossyy. Pozharnye vertolety [Fire aviation of Russia. Fire helicopters]. Retrieved from:
https://khoroshevskiy. mos.ru/ads/detail/5238095.html [in Russian].

Langfield M. Aerial firefighting in the Asia-Pacific region. Retrieved from: https://www.airmedandrescue.com/ latest/long-
read/aerial-firefighting-asia-pacific-region [in English].

110


https://flytnow.com/drone-fire-fighting
https://flytnow.com/drone-fire-fighting
https://www.thecanadianencyclopedia.ca/en/article/canadair-cl-215
https://aerotechteam.com/fleet/bell-212-hp
https://us.newschant.com/us-news/los-angeles/lafd-helicopter-crew-quell-outside-fire-threatening-large-northridge-home-nbc-los-angeles
https://us.newschant.com/us-news/los-angeles/lafd-helicopter-crew-quell-outside-fire-threatening-large-northridge-home-nbc-los-angeles
https://www.airmedandrescue.com/latest/long-read/aerial-firefighting-resources-europe
https://www.airmedandrescue.com/latest/long-read/aerial-firefighting-resources-europe

ISSN 2073-7394 Cuctemu ynpaBiliHHS, HaBiramii Ta 3B's13Ky. 2022. Ne 3

38.Spruce  T. Bell Helicopter  delivers  four  firefighting  aircraft to  China Retrieved  from:
https://www.helicopterinvestor.com/articles/bell-helicopter-delivers-four-firefighting-aircraft-china-019/ [in English].

39. Mosov S. Bezpilotnyky — zhyttievo vazhlyvyi robotyzovanyi instrument suchasnosti [Unmanned aerial vehicles are a vital tool
of robotic life]. Pozhezhna ta tekhnohenna bezpeka, 6, 12-15 [in Ukrainian].

40. Ispolzovanye dronov dlia monytorynha pozharoopasnykh raionov [Using drones to monitor fire hazardous areas]. Retrieved
from: https://4vision.ru/articles/ispolzovanie-dronov-dlya-monitoringa-pozharoopasnykh-rayonov.html [in Russian].

41. Mosov S. P., Khyzhniak V.V., Lytovchenko A.O., Yadchenko D.M. Klasyfikatsiia, funktsii ta zavdannia bezpilotnoi aviatsii v
sferi tsyvilnoho zakhystu Ukrainy [Classification, functions and tasks of unmanned aerial vehicles in the field of civil defense
of Ukraine]. Naukovyi visnyk: tsyvilnyi zakhyst ta pozhezhna bezpeka, 2(12), 54-68 [in Ukrainian].

42. Drony v Kytae ispolzovalys dlia tushenyia pozhara [Drones in China used to extinguish a fire]. Retrieved from:
https://quadro.news/15815-drony-v-kitae-ispolzovalis-dlya-tusheniya-pozhara.html [in Russian].

43. Kytai vypustyl bespylotnyk dlia tushenyia pozharov v vysotkakh [China launches drone to fight high-rise fires]. Retrieved
from: https://ru.armeniasputnik.am/world/20200802/23967189/Kitay-vypustil-bespilotnik-dlya-tusheniya-pozharov-v-
vysotkakh.html [in Russian].

44, Kytaitsy razrabotaly pozharnyi dron [China has developed a fire drone]. Retrieved from: https://nplusl.ru/
news/2020/03/23/qilinguav [in Russian].

45. Seichev V. lzrayltiane yspytaly protyvopozharnye avyatsyonnye kapytoshky [Israelis tested fire-fighting aircraft caps].
Retrieved from: https://nplusl.ru/news/2020/01/22/pellets [in Russian].

46. Avyatsyonnoe sredstvo pozharotushenyia — ASP-500 razrabatyvalos eshche v SSSR [Aviation fire extinguishing agent - ASP-
500 was developed in the USSR]. Retrieved from: https://every-news.com/post/56461285-aviacionnoe-sredstvo-
pozarotuseniya-asp-500-razrabatyvalos-eshhe-v-sssr-v-samom [in Russian].

47. Lykvydyruet 450 kv. metrov ohnia: v Kytae yspytaly avyabombu dlia tushenyia pozharov [Eliminates 450 sq. meters of fire:
Chinatested an aerial bomb to extinguish fires]. https://focus.ua/voennye-novosti/500211-likvidiruet-450-kv-metrov-ognya-v-
kitae-ispytali-aviabombu-dlya-tusheniya-pozharov-video [in Russian].

48. Propozytsii rozvytku pozhezhnoi aviatsii Ukrainy [Proposals for the development of firefighting aviation in Ukraine]. Retrieved
from: https://mil.in.ua/uk/blogs/ propozytsiyi-rozvytku-pozhezhnoyi-aviatsiyi-ukrayiny/ [in Ukrainian].

49. Aviakompaniia «Ukrainski vertoloty» napravyla 4 helikoptery do Turechchyny dlia dopomohy u hasinni lisovykh pozhezh
[Ukrainian Helicopters has sent 4 helicopters to Turkey to help put out forest fires]. Retrieved from:
https://tsn.ua/svit/aviakompaniya-ukrayinski-vertoloti-napravila-4-gelikopteri-do-turechchini-dlya-dopomogi-u-gasinni-
lisovih-pozhezh-1840345.html [in Ukrainian].

50. Kiriienko M. M., Kalashnyk N. V., Cherepnov I. A., Makohon O.A. Zastosuvannia pilotovanykh i bezpilotnykh dyryzhabliv
dlia hasinnia lisovykh pozhezh [Use of manned and unmanned airships to extinguish forest fires]. Mizhn. Nauk.-prakt. konf.
«Molod i tekhnichnyi prohres v APVy. Kharkiv: KhNTUSH, 339-342 [in Ukrainian].

51. Ministr vnutrishnikh sprav anonsuvav stvorennia yevropeiskoho khaba aviatsiinoi bezpeky [The Minister of the Interior
announced the creation of a European aviation security hub]. Retrieved from: https://mvs.gov.ua/uk/press-center/news/ministr-
vnutrisnix-sprav-anonsuvav-stvorennya-jevropeiskogo-xaba-aviaciinoyi-bezpeki [in Ukrainian].

52. Mosov S. Stvorennia systemy bezpilotnoi aviatsii u skladi DSNS — aktualne pytannia sohodennia [The creation of an unmanned
aerial vehicle system within the SES is a topical issue today]. Pozhezhna ta tekhnohenna bezpeka, 10, 16-19 [in Ukrainian].

53. Aviatsiina i aerokosmichna promyslovist Ukrainy [Aviation and aerospace industry of Ukraine]. Retrieved from:
http://ukrexport.gov.ua/ ukr/prom/ukr/30.html [in Ukrainian].

Received (Hamiiina) 29.06.2022
Accepted for publication (ITpuitasita 1o apyky) 24.08.2022

TexHiuHi acneKkTH aBialiiiHOro raciHHs NMoKeK B €eKOCHCTEMAX:
JOCBif 3apy0iKHMX KpaiH

C. Mocos, O. I'opcekuit

AHoTamisi. Y crarTi po3rJIHYTO TEXHIYHI acleKTH aBialliiHOTO TaciHHs MOXKEeX B €KOCHCTEMaX Ha OCHOBI JIOCBIIY
MIPOBITHUX KpaiH CBiTY. PO3KPUTO 0COOIMBOCTI IPHUPOAHHUX i TEXHOI€HHUX €KOCHCTEM Y IUTOIIUHI FACiHHS TTOXKEK. Y TOUHIOETHCS
00yMOBJIEHICTh BUHMKHEHHS TIOTPeOU B aBial[ifHOMY IOXKeKOTaCiHHi, IEpII 3a BCE, iICHYIOUUMHU OCOOJIMBOCTSIMH €KOCHCTEM, a
TaKOX HasBHUM PiBHEM TEXHIYHOTO PO3BUTKY Ta MOMJIMBOCTSMH IIJIOTOBAHOI aBiamil 11010 ONepaTHBHOIO BUKOHAHHS 3aBIaHb
noxkexoracinus B ekocucteMax. Jlocnimpkerno cran noxkexxoi asiamii CLIA ta Kananu, kpain €Bponu, Kurato Ta iHmmx kpais, a
TaKoX iHPPACTPYKTYpHI 0COOIMBOCTI OpraHizallii raciHHsI MOXKeX 3 MOBITPs. 3a pe3ysIbTaTaMu JOCII[DKESHHSI 3a3HaYCHO, IO MapK
MOXEXHOI aBiaii abo apiallii, ska 3aTy4aeThCsl A0 TACiHHS MOXKEXKi, CKIAJAEThCs 3 PI3HUX THIIB JITAKIB i BEPTONBOTIB, SIKi
BHUKOPHCTOBYIOTHCS B 3aJIOKHOCTI BiJl €KOCHCTEMH UIsl IIBUIKOI JTiKBIAII] MTOXKEXKI, [0 BUHUKIIA B €KOCUCTEMI. . AKIIEHTOBAaHO
yBary Ha MEpPCIEKTHBaX CTBOPEHHs aBialliiHMX 3aco0iB MOXkexoraciHHs Ha 0a3i Oe3minoTHOI aBiallii, sika PO3BUBAETHCS
JIAaBHHOMOAIOHO Ta T03BOJISIE ONTUMI3yBaTH TIOXKEKOTaCiHHA B Pi3HUX ekocucTeMax. [IpuBeprae yBary HanpsiMoK po3poOKH, X0d i
HE 30BCiM HOBHH, ajie KOPUCHUIL, CYTh SIKOTO MOJIATA€ Y BUKOPUCTAHHI aBialliitHUX 3ac00iB MOXKEIKOraCiHHs Y BUIISII CHCI{iaIbHIX
60M6 Ha mpukinazi Pocii, Kurato ta [3painto. [IpoaHamnizoBaHo cTaH MPOTHIIOKEKHOTO aBialiiHoro oty Ykpainu. JocimimkeHo
MPOTO3HUILl TEXHIYHOrO Ta OPTaHi3alliifHOr0 XapakTepy MOJaJbIIOT0 PO3BUTKY MOXKEKOTACiHHS 3 MOBITps B YKpaiui. AHami3
HaJJaHUX MPOTO3UIIiH MOKAa3aB, [0 HATMPSIMOK, MOB’s3aHUI i3 PO3BUTKOM OE3MIMOTHHUX JiTATBHUX alapaTiB MOXKEKOTACiHHS B
MPUPOAHKX Ta IITYYHHX EKOCHCTEMaX YKpPaiHH, MMOKH 10 3ATHIIAETHCS Ha PiBHI i/IeH, ajte moTpeOye MoAaIbIIoro MpOCyBaHHs B
HalIi# KpaiHi, sika Ma€ HU3KY aBialliiHUX MiAMPUEMCTB, 3AaTHUX 332 YMOB HEOOXiqHOro (DiHAHCYBaHHS YCHIIIHO BHPILIyBAaTH
HACTYIIHI 3aB/IaHHs. Y BHCHOBKAX aKI[EHTYEThCS yBara Ha TOMY, L0 PO3TJISIHYTI HATIPSIMHU PO3BUTKY MOXKEXKHOI aBialii B YkpaiHi
3/e0LIBIIOro 3HAXOAATHCS Ha PIBHI ifiel, sSKi MaloTh OyTH, HacaMIepes, HayKoBO OOIpYHTOBaHMMH. HampsiMkamu MOAANBIINX
JIOCITi/DKEHb CITi/T BBaXKATH PO3pPOOKY HOBITHIX Ta HAYKOBO OOTPYHTOBAaHHX TEXHIYHHX PIIIEHb 3 MOJANBIINM 1X BIIPOBAKSHHSM B
iHppacTPyKTYpy aBialliifHOro MoXeoraciHHs YKpaiHu.

KiamouoBi ciaoBa: ekocucreMa, IOKeKa, aBlalliifHe MMOXKEKOTaCiHHS, MIOXKEKHA aBialfis.
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[HCTUTYT TenekomyHikawii i robanpHOTO iHGOpManiiinoro nmpocropy HAH Ykpainu, Kuis, Ykpaina

METO/JINKA BUSIBJEHHS PAJIAIIMHOI O 3ABPYIHEHHS MICIIEBOCTI
TA MOT'O PU3UKIB

Anoranisi. [Turanns Ge3nepepBHOrO KOHTPOIIO pafiamiiHoi o6craHoBkH (PO) i cBoedacHOrO BHSIBICHHS pajliOaKTHB-
Horo 3a0pyaaeHHs MicrieBocTi (P3M) npomoBXKyIOTh 3aIMIIATHCS aKTYIBHUMH 1 HUHI. AKTYaJbHICTH TeMH 00yMOBIICHA
BHMOTAMH IEPCIICKTUBHAX aBTOMATH30BaHHX CHCTEM KOHTPOJIO pasianiiiHoi obctaHoBkH i ACY 10 CKOpOYEHHIO 4acy
00poOKY TaHKX IIPO paioaKTHBHE 3a0pyIHEHHS MICIEBOCTI i ITiIBUIIEHHIO JOCTOBIPHOCTI pe3yNbTaTiB BHSBICHHS pajia-
LiHOT 00CTaHOBKHY. BUsBICHHS pajlioak THBHOTO 3a0pyTHEHHS MiCIIEBOCTI 3a JAHMMU paiaIliifHOl PO3BiAKH, TPU3HAYCHUI
JUISL BISIBJICHHSI paJll0aKTUBHOIO 3a0pyTHEHHS MICIIEBOCTI 3a JaHUMH pajianiifHoi po3BiIKH i MOXKE BPaXOBYBaTH alpiopHY
iH(popMarito mpo Jukepena 3a0pyTHEHHS 1 CTaHy JOBKULIA 3 MOJANBIINM BiTOOpa)KEHHSM Pe3yJbTaTiB BHSBIECHHSI Ha 00-
JIAIITYBAaHHAX BigoOpakeHHs iHpopManii. MeToro cTaTTi € GOpMyITIOBaHHS ITOCTAHOBKY 3aJ(adi JIKBiJamii HaCcIiIKiB TexX-
HOTCHHHX KaTacTpod Ha TepuTopii YKpaiHn, KOPUCTYIOUNCH NPHHIUIIAMHI CHCTEMHOTO miaxoxy. Pesyabrarn pociimxen-
Hel. Y crarTi chopMyiIp0BaHa IOCTAHOBKA 3a/1adi JIKBijamii HACHI/IKIB TEXHOTEHHUX KaracTpod Ha TepuTopil YKpaiHu.
3arporoHoBaHO METOAVKY i alropuT™M 00poOKH iH(opMatii po parioakTHBHE 3a0pyAHEHHS MICIIEBOCTI NPY BUSBICHHI
pazianiiiHoi 00CTaHOBKHM 3 ypaxXyBaHHSIM anpiopHoi iHpopMarii npo pkepena pajioaKTHBHOTO 3a0pyAHEHHS MICIEBOCTI,
sIKa JI03BOJISIE TTiABUIIIUTH JJOCTOBIPHICTH 1 ONEPaTHBHICTh BHUSBICHHS (DaKTHYHOTO palioaKTHBHOTO 3a0pyXHEHHS MiCIIEBO-
cti. Po3po0ieHi METOMKH i alTOPUTM MOXKYTh OyTH pealli3oBaHi B CIieiaIbHOMY MaTeMaTHIHOMY 3a0e3NedeHHi aBTOMa-
TH30BaHMX POOOYHX MICIh Pi3HHUX MOCAIOBIIB B MEPCIIEKTHBHIX KOMIUICKCHUX 3aBJaHHSAX BHSIBICHHS pafiamiiHoi oOcra-
HOBKHM TIPH BHHUKHEHHI Ha/I3BUYAHUX cUTyalii. Ha Ham mormsix us MoJens MO)Ke BUKOPHCTOBYBATHUCS JUIS CKJIAJaHHS
MIPOTHO3Y PaJlioaKTHBHOTO 3a0pyIHEHHs MICLIEBOCTI y TOMY pa3i SKIO aKkTHBHA (ha3a PO3BUTKY AJEPHOI peaxiil MpUIuHs-
€TBCSITICIIS BUKUTY PaliOaKTHBHUX PEYOBHH B aTtMocdepy.

Karw4doBi ciaoBa: paxioakTuBHE 3a0pyHEHHS; TEXHOTCHHI KatacTpodu, pasi0oaKTUBHUX PEUOBHH, AEPHI CHEPreTHYHI

YCTaHOBKH.

Beryn

[MuranHs Ge3rnepepBHOTO KOHTPOJIO pajianiiHol
obcranoBku (PO) i cBoe4acHOTO BUSIBICHHS PaliOaKTH-
BHOro 3a0pynHeHHst MiciieBocti (P3M) nmporoBxyroTh
3anMIIaTics axkTyaibHuMHu 1 HuHI. Lle 00ymoBieHO
JIBOMa YWHHHUKAaMH: 30UIBILEHHSM KIJBKOCTI OO'€KTIB
SIIEPHOI €HEePreTUKH, SIK JpKepesa JEeIIeBINoi eHepril, 1
AKTHBI3ALIEI0 CHJI MDKHAPOJHOIO EKCTPEeMi3My Ta Biii-
CHKOBHX JIiif Ha TepuTOpii YKpaiHu. Y pasi 3arocTpeHHs
MDKHApOIHOTO CTaHy HE MOXKHA YHEMOJJIMBUTH Maco-
By aTaKy TEPOPHUCTIB Ha O0'€KTH aTOMHOI €HEpPIreTHKH,
MiAIPHEMCTBA SAEPHOTO MAaJMBHOTO LHKIY, a TaKOX
MOTHJIbHUKU PaJlOaKTHBHUX BiIXOMIB. Sk mMokazye
IIPaKTUKa, IPEBEHTHBHI 3aXOAM 3aXUCTy HE 3aBXKIH
BUSBIIAIOTECA €(DEKTUBHUMH. TakuM YHHOM, MOMKIIMBE
BUHUKHEHHSI CUTYaIlil, KOJIM 3HaYHI TEpUTOPII MmianaTu-
cs pamgioaKTHBHOMY 3a0pyIHEHHIO OJHOYACHO BiJl JEKi-
JTBKOX JpKepel. BusiBneHHs pamioakTHBHOTO 3a0pya-
HEHHS MiCIIeBOCTI OyZe mepmirM 3aBAaHHSAM JIiKBimamii
HaCNiJKiB omiOHuX cuTyariii. MeTolo cratTi € Qop-
MYJIIOBaHHSI TTOCTAHOBKH 3aJaui JIKBiHamlii HAaCHiAKiB
TEXHOTCHHHUX KaTacTpod Ha TepuTOpil YKpalHu, KOpHc-
TYIOUHCh MPHUHIIUIIAMA CHCTEMHOTO Tiaxony. Huni yci
AEC ob6magnani amapartypoto, 1o 3ade3neuye Oesmepe-
pBHUI 1i0J000BUIT KOHTPOJb CKHIAHb 1 BUKHIIB pa-
OAKTHBHUX PEYOBHH B JTOBKULISA, CHTHANI3AIIIO TIepe-
BUIICHHS B TIOBITPI JOIMYCTAMUX KOHIIEHTpAIli, aBTO-
MaTh4gHe, 0e3 ydacTi omepaTtopa, Qikcamiro 00'€MHOI
AKTUBHOCTI pafiOHYKIiAiB y Bogi i moBiTpi (iH(popMma-
niffHo-BuUMiproBansHa cucteMa «Kimere», amapartypa
PKC-03-01, AK Pb-06 Tta in.). Jleski AEC 4acTkoBO
oOnamHaHI JATYMKAMH, SIKi JOCSTIIN MOTYKHOCTI O3
raMMma BHIIPOMIHIOBaHHS OPOTOBOTO 3HAYCHHS, aBTO-

MAaTU4HO BKJIFOYAKOTh IMpUJIauv, 10 BI/IMipIOIOTb cymap-
HY aKTHUBHICTb 130TOMIB MOy, IHEPTHUX pa/i0OaKTHBHUX
raziB (MPI") i moTyxHicTh 1031 OeTa BUIPOMIHIOBAHHSI.
OTprMaHa TakMM YMHOM iH(pOpMAILlisl NEPENAETHCS 10
JPOTSHKUX 3aco0ax 3B'3Ky PamioakTuBHE 3a0pyIHEHH:
MICIIEBOCTI € MOTY)XHUM YHHHUKOM, IO POOUTH iCTOT-
HUIl BIUIMB HAa JKUTTEISUIBHICTh HACEJCHHs, po0oTy
aJIMIHICTPaTHBHUX CTPYKTYp 1 OpraHiB JEp:KaBHOTO
yIpaBiiHHA B oMy [1].

Jxepenamu paioakTHBHOTO 3a0pyIHEHHS! B MUD-
HUI 9ac MOXyTb OyTH:

aBapii AEPHUX CHEPreTHYHHX YCTAHOBOK 3 BHKU-
JIOM MPOAYKTIB peaKiiii;

pYHHYBaHHSI CXOBHUII (KOHTEHHEPIB) 3 palioaKTH-
BHHMH PEUOBHHAMU;

pYHHYBaHHSI aKTUBHOI 30HM 20O CHCTEMH TEIIO-
HOCISI SIIePHUX €HEPreTHYHHX YCTAHOBOK B PE3YJIBTATI
TEPOPUCTHYHHNX aKTiB;

pyWHYBaHHS MOTWJIBHUKIB pPaJiOaKTHBHUX BIAXO-
IiB.

Buksian ocHoBHOro marepiainy

VY pa3i BUSBJICHHS PagiOaKTUBHOTO 3a0pyAHEHHS
MICIIEBOCTI 32 (paKTHYHHMHU JAHUMH Yepe3 BiJICYyTHICTH
MPAKTUYHO PEaTi30BaHOTO MPOTPAMHOTO 3a0e3MeUeHHS
JUISl MX CHCTEM MOXKHa TOBOPUTH JIMIIE TPO TEBHI
HAyKOBI ONPAIFOBaHHSA 3aBJaHHA. J{esKi 3 MPUYIMH TaKo-
TO CTaHy crpaB o4yeBHHI. L[ HEBiANMOBIMHICTH, B TOMY
abo iHmoOMYy cTymeHi, Mix ¢aktaaanM P3M i mozens-
HUM, HETNOBHA 1 HETOYHA iHQOpMAaIlisa Ipo pKepena
pamiocaKkTHBHOTO 3a0pyJHEHHs, 3HAYHI MOMUIIKH BH3HA-
YeHHsI TOTY)KHOCTI TO3W BUIIPOMIHIOBaHHS MpHJIaJaMH
panianiiHOi pO3BiAKH, BETMHMKHHA 00'eM 0OpOOIIOBAaHUX
JIAHUX, 1110 MAIOTh PO3KUJ] 32 4aCOM BHUMIpiB.
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Hasae matemaTnune 3a0e3medeHHs 17151 00poOKH
iHpopManii mpo P3M B aBTOMAaTH30BaHHX CHCTEMax
koHTpoIto PO, Ha HamI MOTIISAA, Ma€ iCTOTHHN HEIOMIK.
Amnapar ouinku P3M B ACKPO crBOproBascst micist
aBapii Ha YopHoOmnbscrkii AEC 1 ToMy 3HauHOIO Mi-
poto opieHTOBaHWH Ha crierM}iky 3aBaaHb, IO BUPI-
LIYIOTBCSl B CUCTEMax KOHTPOJIIO pafialliifHoi oOcTaHo-
BKM. BUSBICHHS 1 OIliHKA pamialliiHoi O0OCTaHOBKH
3IIIHCHIOETHCS, SIK IPaBHJIO, B JIBa eTanu. Ha nmepmomy -
Ha MIJCTaBi JAaHUX IMPO JDKEpeNa PaliOaKTHBHOTO 3a-
OpyIHEHHS 1 MeTe00OCTaHOBKY, 3AIHCHIOETHCS TPOTHO3
P3M. Ha npyromy - BUSBIISIETECS (haKTHUHA paiamiiHa
00CTaHOBKA 32 JaHUMH PO3BiAKK (KOHTpOo). Pesyis-
TaTH TPOTHO3Y MOXYTb OYTH BHKOPHCTaHI TiTBKH IS
OpIEHTOBHOI OLIHKM pafianiiiHoi obctaHoBku [2]. He-
00XiTHO 0OCOOJMBO BiJMITHTH, IIO IIi MPOTHO3YBAaHHS
MOBUHHI  OOOB'SI3KOBO  YTOUHIOBATHCS  PaialliifHOO
po3siakoto [1].

Taxwuii mopsIok poOOTH XapaKTEPHHUN SIK JJISl CHC-
TEM KOHTPOJIIO pafialiiiiHoi 0OCTaHOBKH, TaK 1 JUIsl CHC-
TeM BIHCHKOBOTO. 3aBJaHHSM JIOCII/DKEHb € BUSBICHHS
1 OI[iHKA (32 MPOTHO30M 1 (PaKTMYHUMHM JTAaHMMH) MacCIil-
TabiB 1 HACJIKIB MOTIPIIEHHS €KOJOTTYHOI 00CTAHOBKH
Ha KOHTPOJBOBaHiM Tepuropii 1 oO'ekrax [3]. Huni
JOCUTBH J100pe MPOMNpaIOBAIN METOAN MPOTHO3YBAHHS
pazioakTHBHOTO 3a0pyHEHHS MICHEBOCTI MPH SAEPHUX
BuOyxax. [IpoTe, 1i MiAX0AM HENPUIHSATHI PH BUHUK-
HEeHHI HaJ3BUYallHUX CHUTyalill Ha 00'€KTaXx aTOMHOI
€HEepPreTMKU 1 MiANPUEMCTBAX SICPHOTO MATMBHOTO
uukiy. lle mos's3aHo 3 TuM, 110 HaOlp pagioHYKIiIIB,
110 3a0py/HIOIOTh HABKOJIMILIHIM MPOCTIp IpH aBapii Ha
AEC, icTOTHO BiZIpI3HATUMEThCS B iX CKiIagy NpH
snepHomMy BuOyXy. Tak, mpu aBapii siiepHOro eHepre-
TUYHOTO PEaKkTOpa JOBIOXKUBYUYHMX PAIIOHYKIIIIB OyIe
B 100-2200 pa3iB Oijblie, HXX IPH BUKOPUCTAHHI siiep-
Hoi 30poi [4].

Kpim Toro, nmpuHIMIOBO iHIIMM OyZe Hpolec Mmo-
LIMPEHHsI MPOAYKTiB peakiii. [{e 06ymoBieHo:

PI3HOIO BHCOTOIO IiHOMY paliOaKTHBHUX XMap 3
aBapiifHOTo peakTopa i BiJl AAEpHOTO BUOYXY;

MyJbCYIOUUM XapaKTePOM BHUTIKAHHS PaJllOaKTHB-
HUX PEYOBHH 13 3pyHHOBAHOI 30HHU SIIEPHOTO PEAKTOPA;

HECTaOUIBHICTIO METeonapaMeTpiB B MPU3EMHOMY
(morpannyHOMY) Iapi atMocdepu B MOPIBHSAHHI 3 BU-
COKMMU IapamMu aTMocepu, Jie BiIOYyBAa€ThCs MOIIU-
PEeHHS PalioaKTUBHOI XMapH SIIEPHOTO BUOYXY.

PosrmsiHeMO MOAens IMOMIMpPEHHS PaliOaKTUBHOL
XMapu B MorpaHnyHoMy mapi atmocepu. g moxens
[5] mo3Bomsie po3paxyBaTé MOTYXKHICTH JO3U BHIIPOMi-
HIOBAHHS Ha CIIIOBI paiioaKTUBHOI XMapH Ipu aBapii
SZIEPHOTO PeaKTopa.

Y 0ocHOBY MOAeIIi TOKITAICHI TaKi 3aJI€KHOCTI.

. _n0.-0.18 2
Xl:(l 0.97;ﬁ W, mR K. exp _Y_2 W
vhxY 265

VY ¢opmymi (1) mpucyTHi Taki 3MiHHI:

X - TIOTY>KHICTb JO3H BUTIPOMIHIOBAHHS Ha CIiy pa-
JIOaKTHBHOI XMapH 3a ToauHy micis aBapii Ha AEC, P/u;

T — TPUBAJIICTh KOMITaHii, Ai0 (CTaHmapTHA KOMIIa-
His spepHux pektopiB PEMK i BBOP Ha Tepuropii
Vkpainu 6:113bK0 TphoX pokiB abo 1100 1i6);

W, - eleKTpru4Ha MOTYKHICTH SIIEPHOTO PeakTopa,
MBT; 1 — o1 BUKHAIY paZioaKTHBHUX PEYOBHH 3 sijie-
pHOrO peaktopa, % (SKIIO IO BUKUAY HeBimoMa (TH-
MOBa CHUTYyallisl B MOYATKOBIiH cTajii aBapii), TO BOHa
npuiiMaetecsi piBHOIO 10%, mpudoMy Ui SAEpPHUX
peaxtopiB PEMK 25% Bukumy BBaXkaeTbcsi XMaporo, a
75% BUKHIY — CTpPyMiHb, a JIS SIIEPHUX PEAKTOPIB
BBEP 75% Buxuny - xmapa i 25% - cTpyMiHB;

R - koedirlieHT, BeMYHMHA SIKOTO 3AJICKUTH BiJ| TH-
Iy SJEPHOTO peakTopa i KaTeropii cTiikocTi atMocde-
pu, 3HaueHHs R npuBeneHi B Tadm. 1,

Tabnuysa 1 — 3navenns xoedinienta R

Tun sizep- Kareropis criiikocti atMmocdepn
HOro pear- | Koppekmisn | Izotepmisi | Immepcis
Topa (4) (D) (F)
PBMK 0,01104 0,11435 0,17282
BBEP 0,00644 0,01421 0,03044

V - mBUAKicTh BiTpy B mapi 0-200 M, M/c;

X - BificTaHb Bij aBapiiiHOTO SIIEPHOTO peakTopa
0 HATIPsSIMY BITpY, KM;

Ky - xoedilieHT, 110 BpaXxoBy€e 3MEHIIEHHS MOTY-

JKHOCTI JTO3M Ha MMOYATKOBIN JTUISHIN CITiay,
Ke =08 Lrerf (K In(X/Xs0)) |, @

Juisl kareropii criiikocti atmocepu 4 1 D K =1, ane
Horo BeJIMUMHY HEOOXIZHO BPaxOBYBaTH Ul KaTeropii
cTiikocti atmocdepu F;

erf (\/K71 In(X/Xsg )) — inTerpan iMoBipHOCTI

(pynxkuist Jlanuaca);

Xso - Biactanb Bin AEC 10 To4kH, B sIKiif HOTYX-
HICTh JI03M BHITPOMIHIOBaHHS B JIBa pa3W MEHIIE Mak-
CUMAJIBHOI Ha OCI CIiTy, KM;

Y - BiZICTaHb TOYKH BiJI OCI CIiJTy, KM;

Gy - mUcrepcist 61YHOTO BiIXMIICHHS CIIiy Ha Bifc-
ta”i X km Big AEC,

o __ GX
Yo ir01x '

C3 - xputepiét [lackBuiIa, BeIMUMHA SIKOTO 3ajie-
JKHTH BiJl KaTeropii crifikocti armocthepu (tab. 2);

@)

Tabruys 2 — 3navenns kpurepiis IackBuiia

Kareropis criii- . . .
. Kongepcis | Izotepmiss | InBepcist
Kocti aTmocdepu
C3 0,00644 0,01421 0,03044

Y — Koe(illieHT, BEeJTMYNHA SKOTO 3aJICKUTh Bi TH-
Iy SAEPHOTO PEaKTopa, KaTeropii CTIHKOCTI aTMocdepn
1 IIBUJIKOCTI BITPY

y=a-blgV. 4
3uavueHns KoedimieHTiB @ i b, a Takox B, \/Kq , Xso,

BEJIMUMHHY SIKMX 3aJI€XKaTh BiJ TUITy SZIEPHOTO PEaKTopa i
KaTeropii cTiiikocTti atMocepu, npuBeeHi B TabI. 3.
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Tabauys 3 — 3navyenus: koediuienTis a, b, B, \/K—l , X50

Tun sigepHoro peakropa Kareropis cTtiiikocti atmocdepn a b B \/K_l X50
A 1.75064 0.43463 1.27297 | 1.90623 | 27.958

PEMK-1000 D 2.02097 0.59085 1.23651 | 1.90623 | 27.958
F 2.08716 0.36056 0.85016 | 1.90623 | 27.958
A 1.52343 0.33194 1.15853 | 1.90859 | 28.000

BBOP-1000 D 1.76039 0.50074 1.24020 | 1.90859 | 28.000
F 2.08914 0.35439 0.83993 | 1.90859 | 28.000

3ayBaKMMO, 1110 32 BIJICYTHOCTI JTaHUX BEJIMYMHA
X50 mpuiimaeTbest piBHOO 27,958 mis PBMK-1000 i
28,000 - mis BBOP-1000 (tabi. 3).

3Ha04M 3HA4YEHHS MOTYXXHOCTI O3 BUIIPOMIHIO-
BaHHI B TOYIII Ha cJiji XMapH Ha | roauHy micis aBapii
MOXKJIMBO PO3paxyBaTH PiBeHb pajialiil Ha OyIb-sKui
qac

X=Xy f(t), (5)

Jie t - 4ac 3 MOMEHTY 3YIIUHKH SJEPHOTO pPeaKkTopa, 4.

VY pamkax po3BUTKY i€l mozeni [6] Oyma 3ampo-
MIOHOBaHA METO/MKa PO3PaXyHKY PO3IO/LTY TOTYKHOC-
Ti JO3W BUIPOMIHIOBAaHHS Ha CIIiI PaliOaKTUBHOI XMa-
pH.

VY HampsiMi ciiy pO3HOALUT MOTYXKHOCTI JI03H BH-
MIPOMIHIOBaHHS BU3HAYAETHCS

10%K - Ky
vBxT

ne K - xoedilieHT, Beln4nHa SIKOTO 3aJISKUTh BiJl THITY
SIZIEPHOTO peakTopa i crifikocti atmochepu (Tabdm. 4);

Xy = ®)

Tabnuys 4 — 3navenns koedinienty K

Tun sizepHoro Kareropis criiikocti atMmocdepu
peakTopa y D E
PBMK-1000 1,89180 2,90735 3,08670
BBOP-1000 1,65788 2,00169 2,33355

Ky - KoedimieHT, mo BpaxoBYye KiTbKICTh aBapiii-
HUX SIIEPHUX peakTopiB (N), iX eTEKTPHIHY MTOTYKHICTh
(Wez, MBT) i1 1050 BUKHIY PaliOaKTHBHHUX PEUOBHMH 3
simepHoro peakropa npu asapii (%)

Ky = 10% n We,. @

Po3monin moTyXHOCTI H03M BHUIIPOMIHIOBAHHS B
HampsiMi TEePICHIUKYISIPHOMY OCi CHiTy OIHCY€ETHCS
TaKUM PiBHSAHHSIM:

L] L] _Y2
Xyy = Xy €xp ? , )
y

ne Y - BiACTaHB BiA OCI CIHimy, KM; csf,— JIACTICPCisT

pO3IIOITy AOMIIIKK B IONEPEYHOMY Iepepisi Climy
XMapH.

[Mpote xpuTepiii o [lackBuiuty B JaHOMY BHIQJIKY
BU3HAYA€EThCS iHakiIe (Tabm. 5).

Tabauys 5 — 3navenns kpurepiis Ilacksuiia

Kareropis criiikocti A D =
armocdepu
C3 0,22 0,08 0,04

Buxonsuu 3 BUIIEBHKIIAJEHOTO MOJIENb JO3BOJISIE
BU3HAYMTH T€OMETPUYHI PO3MIpH 30H DPa/Ii0aKTUBHOTO
3a0pyTHEHHSI MiCLIEBOCTI.

JloBX1Ha 30HU 3a0pyAHECHHS

Ly = . ©)
upuna crigy pagioaKTUBHOI XMapH
Ly =\/20§, (In X121, —1In XgJ, (10)

Je L_- moTy>kHicTh 1031 BUIIPOMIHIOBaHHS Ha OCI CIIiy

Ha BiJCTaHI

Big AEC Ha 1 romuHy micist 3ynuHKH
X
SAEPHOTO PEaKTopa;

L]

X3 — MOTYXHICTh JI03M BUITPOMIHIOBaHHS Ha 30B-
HIIIHIA MeX1 BH3HA4yBaHOI 30HM Ha | TOIWHY TMicCis
aBapii AIepPHOTO PeaKkTopa;

A - 1o0oBa 101151 pa/IiOHYKIIIIIB, 1110 BUKUIAIOTHCS,
BiJ 1X 3arajibHOI KUIBKOCTI, %.

Sk moka3ye aHami3 mi€i Momeni, 3alpPONOHOBAHUI
QJITOPHUTM JOCHTE Ho6pe dhopmaiizoBanuii [7]. IIpote B
SKOCTI IOYAaTKOBHX JAHUX € IIPUCYTHBOIO BEJIMKA KiJlb-
KiCTh 3MIHHHX, 3HAYEHHS SIKHX HEBiIOMe, MPHHANMHI B
MTOYATKOBHH TIEPi0JI pO3BUTKY aBapii.

Jo Takux mapameTpiB BiTHOCATHCS:

JOJISl BUKUIY PaJiOaKTHBHUX PEYOBUH 3 SAEPHOTO
peakrtopa;

BincTanb Big AEC 1m0 TOYKH, B SKifl MOTYXHICTh
JI03U BUIIPOMIHIOBAaHHS B JIBA Pa3d MEHIIIE MaKCHMaJlb-
HOI Ha Oci criy;

JI00O0Ba JOJIS paiOHYKIIi/IiB, IO BUKUIAIOTHCS, Bil
ix 3aranpHOI KiMbKOCTI (A) 1 AesKi iHmIi.

[IpuBnacHeHHS HEBIJOMHM TapaMeTpaM MOl
(hikcoBaHMX 3HAYEHb, 11032 CYMHIBOM, ITOTipIIy€E SKICTH
MOJIET B IIiJIOMY.
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Kpim Toro, 1st Moziesib He BpaxoBye€ IyJbCYIOUHI
XapaxTep BUKHUIY PaJiOaKTHBHHUX PEUOBHH 3 aBapiiHO-
ro peakTopa, IO LIJIKOM IMOBIPHO, SIK ITOKa3aB JIOCBiJ
aBapii Ha YopHoOmibcebkiit AEC.

Ha nam morsn ust Moziesib MOXe BUKOPHCTOBYBa-
THCS JUI CKJIQJaHHs MIPOTHO3Y Pasli0aKTHBHOTO 3a0py-
JHEHHSI MICHEBOCTI y TOMY pasi SIKIIO akTWBHa (aza
PO3BUTKY SIIEPHOT PeaKIil IPUIUHAETCS MICIs BUKAILY
panioakTHBHUX PEYOBHH B aTMOChepy.

BucHoBku

Sk mokasye aHaii3 1i€l MOAETINPUBIACHEHHS He-
BIJOMHUM mapameTpaM Mozeii (iKCOBaHMX 3HAYeHb,
11032 CyMHIBOM, IOTipIIy€E SKICTh MOZEJI B LIJIOMY.

Kpim Toro, 1151 Moziesib He BPaXxoBY€ MYyJIbCYIOUHIA
XapakTep BUKUAY DPaJiOaKTUBHHX PEYOBUH 3 aBapii-
HOTO peaxkTopa, M0 LIJIKOM iIMOBIpHO, SIK TIOKa3aB JI0C-
Bix aBapii Ha YopHoOmnbebkiit AEC.

Ha nam nornsig st Moienb MOXe BUKOPHUCTOBY-
BaTHCS MJIsl CKJIaJaHHS TIPOTHO3Y paJi0aKTUBHOTO

3a0pyAHEHHS MICHEBOCTI Yy TOMY pasi SKIIO aKTHBHA
(a3za pO3BUTKY SAEpHOI peaxuii NMPHUIHHSAETHCS ITiCIsS
BUKH]Y paJioaKTUBHHX PEYOBHH B aTMochepy [8].

Buxoasun 3 BuUIIECKa3aHOTO, MOXHa 3pOOHTH
BHCHOBOK IIpO T€, IO METOAWKH MPOTHO3YBaHHS
panioaKTHBHOTO 3a0pyIHEHHS MICIIEBOCTI, MO 0a3y-
IOTBCS Ha BHUKOPUCTaHHI MOJEIBHHUX YSBIEHb IIPO
(¢opMyBaHHS cIigy sOepHOTO BHOYXY, HENpHAATHI
BIJIHOCHO pajialliiHuX aBapii, abo BUMararoTh icTo-
THOT TIepepoOKH.

IHmi meroauku, mpu oOpoOIi iH(opMarlii mpo
aBapii Ha sSAEPHUX EHEPreTUYHUX YCTaHOBKaX, TOBHH-
Hi BPaxoBYBaTH paAiOHYKIIAHUH CKIIQJ MPOIYKTIB
peaxiiii.

OtpuMaHuii (opMaNBHUN OMHC JOCHIIKYBaHOT
CUCTEMH 1 OTOYYIOYOTO ii CepeloBHUINa, BUXOIIYH 13
MPUHIUITIB CHCTEMHOTO TIIXOY.

HanpsiMm nmoganbmux pociaifkeHb — BUKOPHC-
TaHHS METOJIB IHTEPIOJIAIIT 111 00pOOKH TaHUX paji-
aIiiHOT PO3BIIKH.
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Statement of the consequence’s liquidation problem
of natural and technogenic disasters on the Ukraine territory

Vasyl Trysnyuk, Evgeny Nagornyi, Taras Trysnyuk, Olha Konetska, Anatoly Kurilo

Abstract. The issues of continuous monitoring of the radiation situation (RO) and timely detection of radioactive
contamination of the area (RZM) continue to remain relevant even today. The topicality of the topic is due to the require-
ments of promising automated systems for monitoring the radiation situation and ACS to reduce the time of processing data
on radioactive contamination of the area and increase the reliability of the results of detecting the radiation situation. Detec-
tion of radioactive contamination of the area according to radiation reconnaissance data is intended for detection of radioac-
tive contamination of the area according to radiation reconnaissance data and can take into account a priori information about
the sources of pollution and the state of the environment with subsequent display of detection results on information display
devices. The purpose of the article is to formulate the problem of elimination of the consequences of man-made disasters on
the territory of Ukraine, using the principles of a systemic approach.Research results. The article formulates the formulation
of the task of eliminating the consequences of man-made disasters on the territory of Ukraine. A methodology and algorithm
for processing information about radioactive contamination of the area when detecting the radiation situation, taking into
account a priori information about the sources of radioactive contamination of the area, which allows to increase the reliabi I-
ity and efficiency of detecting the actual radioactive contamination of the area, is proposed. The developed methods and
algorithm can be implemented in the special mathematical provision of automated workplaces of various officials in promis-
ing complex tasks of detecting the radiation situation in emergency situations. In our opinion, this model can be used to make
a forecast of radioactive contamination of the area in the event that the active phase of the development of the nuclear reac-
tion stops after the release of radioactive substances into the atmosphere.

Keywords: radioactive pollution; man-made disasters, radioactive substances, nuclear power plants.
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[HCTUTYT crienianbHOTO 3B’ S3KY Ta 3aXUCTy iH(opMarii HarlioHansHOTO TEXHIYHOTO YHIBEPCUTETY
VYxpainn «KuiBcpkuii nomitexniyauii inctutyT iMeHi Iropst Cikopebkoroy», Kuis, Ykpaina

3ACOBM KIBEP3AXHUCTY HA PIBHI MEPEXKHOI IHOPACTPYKTYPH

AHoTamis. Y CTarTi MpoaHaTi30BaHO Ta 3alPOINIOHOBAHO KOHIIENITYalIbHI 3aCajii BIPOBA/PKCHHS OpraHi3aliifHO-TeXHIYHOT
Moyieni Kibep3axucTy, pr3HaueHHs! Ta Iiti. PO3MISTHYTO apXiTeKTypy opraHi3aliiHO-TEXHIYHOI MOzeli KiOep3axucTy, sKa €
CTPYKTYPOBAHOIO CHCTEMOIO, III0 CKJIAJIAETECS 3 TPHOX iH(pacTpyKTyp Kibep3axHcTy, a came: opraHizaniiHo-Kepyrodoi iHppa-
CTPYKTYpH KiOep3axucTy, K CyKyITHOCTI Cy0’€KTiB 3a0e3medeHHs KibepOesnekH, Mo GopMyroTh Ta peaslizyloTh Jep)kaBHY I10-
JTHKY y cepi KibepOesrekn; TeXHONOTiUHOI iHQpacTpyKTypH Kibep3axucTy, sSIK CYKYITHOCTI CHJI Ta 3aco0iB Kibep3axucry, a
TaKOX IH(PACTPYKTYpH, 10 3abe3nedye GpyHKIIOHYBaHHS CHIT Kibep3axHcCTy, iH(pOpManiiHO-KOMYHIKaIlHHIX Mepex Ta iX pe-
CypCiB, III0 BUKOPHCTOBYIOTECSI B iHTEpecax CHJI Kibep3axucTy Ta 0a3ucHOI iH(ppacTpyKTypH KiOep3axucTy, sk CyKYIMHOCTi
00’€KTiB KpUTUYHOI 1H()OpMAIiHHOT iHpPACTPYKTypH, KPUTHIHIX aKTHBIB, KOMYHIKAI[IHHIX 1 TEXHOJIOTIYHUX CHCTEM, IO Bil-
HeceHi /10 00’ €KTiB KpUTHIHOT iHPPaCTPyKTYpH. 3aripOIIOHOBAHO BHIUTUTH MICIIE B OpraHi3allifHO-TeXHIUHiI Mozei, sike Oynie
00’eHyBaTH B co0i poOOTy Ta peajtizanito 3aco0iB Kibep3axHcTy Ha piBHI MepexHOi iHppacTpyKTypH.

KawuyoBi caoBa: kibep3arposa, cucrema iHpopMmamniifHoi Oe3nekn, KOMIUIEKCHa CHCTeMa3axucTy iHdopmariii, Kom-
IUIEKC 3aC00iB 3aXUCTY, 00’ €KTH KPUTUYHOI iHpacTpyKTypH.

Beryn

ITocTaHoBKka npooaemu. [TuranHs Oesnexu iHBOP-
MalliiHUX CHUCTeM Jep)KaBHHX OpraHiB BIIaJy Hapasi €
OIHUMH 3 HalOLIbII akTyansHuX. Hapasi motpeba Oe3rre-
KU JaHHUX [TOTpeOy€e KOHKPETHHX PIllICHb Ta 3aXO/iB, aike
OKpeMi JCpKaBHI OpPraHd EKCILIyaTyIOTh 1H(OpMAaIiiHO-
TEJICKOMYHIKAI[IHI CHCTEMH BCyIeped BUMOIaM 3aKOHO-
naBcTBa. Came BIIPOBAKCHHS B [if0 PIBHIB Ta BUKOPHC-
TaHHSA BJIACTMBOCTEH OpraHi3allifHO-TEXHIYHOI MOJIeTi
(OTM) 3abe3neunth Ha OpraHizaliiHOMY, TEXHOJIOTIYHO-
My 1 0A3MCHOMY DIBHSIX B3a€EMOIIFO MiX Cy0’€KTaMH Halli-
OHAJILHOI CHCTEMH KiOepOE3IeKH, BiITOBIIHUMH TEXHIY-
HUMHU IAPO3IiIaMH X CYO’€KTIB, sIKI CIIUPAIOTHCS Ha
BIINOBIHY 3axullieHy iHdopMariiiHy iHdpacTpykTypy.

AHani3 ocTtaHHiX aochailkeHb i myOJikamiii.
OpranizaniiiHo-TeXHIYHI TOOYZ0BH cUCTEM KibepOes-
MEeKH PI3HUX KpaiH pO3MIANaIMCh B HAIllOHAIBHUX
cTpaterisx KibepOesneku, pekomenpaiisx ENISA,
ITU, NATO. PoGirt i gocmimkens moBoi Gararo [1-
14], ane Ha maHuit yac B YKpaiHi HEIOCTATHBO JOCITi-
JUKEHb caMe 3 mUTaHb po30ynoBu OTM kibep3axucty
(OTMK) Ta 3 po3BUTKY HaIliOHAIBHOI CHCTEMH KiOep-
Oesreku B ninomMy. OTKe TONOBHOMO 3a/1aueio B cepi
KOMYHIKALIHHUX MEPeX 1 CIEIiaIbHOTO 3B’SI3Ky CTa€
po3po0Kka KOHIENTyaJbHUX 3acan (OpPMyBaHHS Ta
BrpoBamkeHHsI OTM kibep3axucty Ykpainu.

Merto10 cTATTi € IPOBEACHHS aHANI3y Ta IOCIi-
JUKEHHSI TIPUHIUIY POOOTH 1 BUKOPHUCTaHHS OpraHi-
3aIifHO-TeXHIYHOI MOJeli Kibep3axucTy, IPyHTYIO-
YHCh HA 3aCTOCYBaHHI 3aC00iB MEPEIKHOTO 3aXHUCTY.

1. CrpykTypa opranizaniiiHo-TexHi4HOI
MojeJi Kidep3axucry

Kibep3axuct — CyKymHICTh OpTraHi3aIliifHUX, Ipa-
BOBUX, IH)KCHEPHO-TEXHIYHNAX 3aXOJiB, a TAKOXK 3aXO0/IiB
KpHUNTOrpadiyHOTro Ta TEXHIYHOTO 3axXUcTy iH(opmarlii,
CIIPSIMOBaHMX Ha 3armo0iraHHs KiOepiHIIUICHTaM, BUSB-

JICHHsI Ta 3aXHCT Bix KiOepaTtak, JIKBIJAIii0 X HACTiA-
KiB, BIJJHOBIICHHSI CTaJOCTi 1 HamiifHOCTI (YHKIIOHY-
BaHHsI KOMYHIKallIHUX, TEXHOJIOTYHUX cucTeM (3aKoH
VYkpainn «IIpo ocHOBHI 3acaau 3a0e3neueHHs Kibep-
Oesmexn Ykpainu» Bix 5.10.2017 Ne 2163-VIII).

Bumezasznauenuit 3akon YkpaiHu BU3HAYae mpa-
BOBI Ta OprasizamiifHi OCHOBH 3a0€3MCYCHHS 3aXUCTY
JKUTTEBO BKJIMBUX IHTCPECIB JIFOIUHH 1 TPOMAIsSHUHA,
CYCIIbCTBA Ta JCPKaBH, HAI[IOHAJIBHUX IHTEPECIB YK-
paiHi y KiOepmpocTopi, OCHOBHI I[iJli, HampsSMHA Ta
MPUHIUIIN JePKABHOI TOJIITHKH Y cepl KibepOe3neKu.

Bignogigro 10 [4-6] oxauM 3 IUIIXiB 3a0€3€USHHS
(hYHKITIOHYBaHHS HAIlIOHAJIBHOI CHCTEMH KiOepOe3neKku €
BIIPOBA/KEHHsI OpraHizarfiiiHo-rexuiunoi moaea (OTM)
HAIllOHAJIBHOI CHCTEMH KiOepOEe3IeKH K KOMILICKCY 3aX0-
B, CHII 1 3aCO0IB KiOEep3axuCTy, CIPSIMOBAHHUX Ha OIepa-
THBHE pearyBaHHS Ha KiOepaTakd Ta KiOEpiHIMIACHTH,
BIIPOBA/KEHHs KOHTP3aXO/IiB, CIIPSIMOBAHUX Ha MIHIMMi-
3alif0  BPA3JIMBOCTI KOMYHIKAaIifHUX cHcTeM. Micist
OTMK - uepe3 po3BUTOK 3piaocTi (maturity) HarioOHAIb-
HOI cHcTeMH KiOepOesnekn 3abe3meunTd 1l CTIMKICTH
(resilience) 3ay1st O€3MEYHOrO Ta CTAIOrO (DYHKI[IOHYBaH-
HS YKPaiHCBKHUX OO0’ €KTIB KPUTHYHOI IH(PACTPYKTYpH,
CHCTEM HAJAHHS EJICKTPOHHHX IOCIYT, iH(OpPMAIiiHOL
iH(ppacTpyKTypH, HeHTpasi3amii kibepaTak. 3aBaaHa KO-
Jla BiJl aTak IOpa3y 3pOCTa€ B T€OMETPUYIHIM TpOrpecii,
110 3MYIITy€e KOMITaHii BXKUBATH HOBHX 3aXOJIiB Kibep3axu-
cty. Came Tomy 3actymHHMK ['omoBu Jleprkcnen3B’si3Ky
Onexkcanzp IToTiit MOSCHMB, IO SAKIIO PO3TIIIATH Kidep-
3aXHCT SK IIJICCTIPAMOBAHY MiSUTBHICTH 13 3a0e3medeHHs
Oesmiexn KibeprpocTopy, TO HEOOXiTHO BU3HAYUTH CTPYK-
TYpy TaKoi AISUTBHOCTI, Cy0’ €KTH KiOep3axucTy, miji Kibep-
3aXHCTy Ta BIMOBIAHY IH(PaCTPyKTypy, SKa IO MisTh-
HicTs Oyze miarpumyBarth [4]. Ha ocHOBI TIOCHIIEHHS piBHS
3aXHCTy KIOGpPHETHYHOI CHCTEMH Oyla Ipe3ecHTOBaHA
«OpranizaniifHo-TexHiuHa Mozmens Kibepsaxucty» ([4],
SKa CKJIQJIATUMEThCS 3 TPhOX BEPTHKAILHO Ta TOPH30H-
TAIBHO IHTErpoBaHUX iH(ppacTpykTyp (pHc. 1).
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TexHomnorisiMu Ta 3aco0aMu Kibep3axucTy, siKi BH-
KopucToByIOThCS st peanmizarii OTMK, e cuctemu
BHSIBJIEHHSI Bpa3JIMBOCTEH 1 pearyBaHHS Ha KiOepiHIH-
JICHTH Ta Kibepartaku, iH(opMariiiHi TeXHOJOT1i, TeXHi-
YHi, IpOrpaMHi Ta MPOTpaMHO-anapartHi 3acodu (Ipu-
cTpoi, 00JaiHaHHS, KOMIIJIEKCH), SIKi BHKOPHCTOBYIOTh-
csl B iHTepecax 3a0e3nedeHHs! KiOep3axucTy IepsKaBHUX
iH(opMaIifHUX pecypciB, KOMYHIKalifHUX Ta TEXHO-
JIOTIYHUX CHUCTEM, a TAKOX 00 €KTiB KPHUTUYHOI iHGOP-
Maniiinoi indpactpykrypu [4]. Cdepa BrpoBamKeHHS
3aXOMiB Ha I[bOMY pIiBHI IpPUTAMaHHA CIeMiajgicTaM 3
TEJIEKOMYHIKAI[IHHUX CHCTEM. [ OJIOBHMM 3aBJaHHAM
TEXHOJIOTIYHOT IH(PACTPYKTYpH € ONEepaTUBHUN Ta
e(peKTUBHHI 3aXHCT KiOEpIPOCTOPY B YaCTHHI MPOTHUIIT
kibeparakam, Kibep3mounHam, KibepTepopusmy, Kibep-
LIMUTYHCTBY, & TaKOXK 3a0e3nedeHHs KibepoOOpoHU Ta
Kibeppo3Biaku, B T.4. yepe3 {5]:

— 30ip, aHaji3, OI[IHIOBAHHS, Y3araJlbHCHHS Ta
MOMMPEHHs iH(popMalii Npo IHIWACHTH;

— JomoMory iHmMM cy0’ekTam Kibep3axucry y
BHITAJIKY KiOCPIHIIU/ICHTIB;

— B3aemHe iH(opMyBaHHs Cy0’€KTIB Kibep3axwuc-
Ty TIPO HOBI 3arpO3H;

— CTBOPEHHS YMOB IS BIAMOBIAIBHOIO Ta J0-
BipeHoro oOMiHy iH(opMalliero Mix cy0’ekTamMu Kibep-
3aXHCTY BCIX CEKTOpIB Kibep3axucty. Peamnizamis 1poro
3aBJaHHS IPYHTYETHCS Ha BIPOBADKEHHI HA BCIX PiBHIX
UKy (QYHKIIH KiOep3axucTy SIKHi BKITIOYAE:

— imeHTH(]iKAIli}0 — BU3HAYCHHS KOPHCTYBAYiB Ta
pecypciB, OLIHKK PH3HUKIB, OIIIHKA BPAa3JIMBOCTCH, KaTa-
Jiorizarii HamiOHAJBHUX EJICKTPOHHUX I1H(OpMaIiiHi
pecypciB Ta BU3HA4YCHHS 00’ €KTiB (aKTHBIB), IO ITiIs-
raroTh Kibep3axucry:

— 3aXHCT — KOHTPOIb AOCTYIY, 3aXHCTy JaHUX
(xoH(DiACHIIHHICT, MITICHICTb, JOCTYIHICTB), OIHC
MPOIECiB Ta MPOLELYp, 3aXHCTy BiA aTak, TEXHIYHOT
MIJATPUMKH, TPEHYBaHHS [IEPCOHAITY;

— BUABJICHHS — 301p MOAIN Ta BUSABJICHHS aHOMa-
JIifi, MOHITOPUHT IHIMACHTIB Oe3Meku, modyaoBa Ipo-
1IeCy JeTEKTYBaHHs Ta OOMIHY iH(pOpPMAITi€ro;

— pearyBaHHS — aHaJi3 IHIIMACHTIB O€3IEKH, OIli-
HKH 1X HaCIIIKIB, MPOTHIIi Ta OJOKYBAaHHIO 3acO0aMH
3aXHCTY, TOKPAIICHHS CUCTEMHU 3aXUCTY;

—  BIJHOBJICHHS — BIIHOBJICHHS ITiCJISI KiOepaTaku,
3a0e3meUeHHs IPOBEICHHS BiAMOBIAHOIO iX pO3CIidy-
BaHHS, pO3pOOKK Ta 3abe3TledeHHs pealizamii 3axojIiB
IOJI0 BJAOCKOHAJICHHS CHUCTEMH KiOep3axucTy Ta Tif-
BHUIIEHHS PiBHS KibepOesneku. [6]

B po6oti OTMK 3acToCcOBYIOTBCS Pi3HiI PiBHI MO-
nemi OSI, mpukimanuuii, ¢isuynuii, Mmepexkuuii. B 00-
CIYrOBYBaHHI 3aisHi (axiBIi 3 rairy3l TEeJIeKOMYHiKa-
i, AKi KepyIOTh MPOIEecaMy BiIMOBIAHO JO KOKHOTO
piBH: 6a30BOi CTPYKTYpH.

[epmmii piBeHs — 1€ OpraHi3alifHO-KepyYa iH-
(bpactpykTypa kibep3axucty. Apyruil piBeHb — 1€ TeX-
HOJIOTiYHUH piBeHb a00 TEXHOJOTIYHA iHPPACTPYKTypa
Kibep3axucTy, AKa CKIAJA€ThCSA 3 CYKYIMHOCTI CHI Ta
3acobiB kibep3axucry. Tperiii piBeHP — Iie 0Oa3mcHa
iH(ppacTpyKkTypa Kibep3axucTy, mo 3ade3nedye OCHOBHI
CIIPOMOXHOCTI Kibep3axucry.

MexaHi3Mu IMIUIEMEHTAIIIT i€l MOJIEITi 1 pecypcHe
3a0e3medeHHs — [Ie JiBa Ty’Ke BaXITUBI KOMIIOHCHTH, SKi

OXOIUTIOIOTH BCI PIBHI apxXiTeKTypu. MexaHi3m imMIure-
MeHTalii — 1e BiAmoBigHI po3poOKka i yZOCKOHAJIEHHS
HOPMATHUBHOI 0a3W NDISIXOM MPUHHATTS BiJIOBITHUX
3aKOHOJJABYMX aKTiB, HOPMAaTHBHHX aKTiB, CTAaHIAPTIB,
Haka3iB Ha BCIX PIBHAX — 3 BEPXHBHOTO IO HIKHBOTO
piBHIB ynpaBmiausay [14] s pearizaiii Moaeni crieri-
ANICTaMU 3 TEJIEKOMYHIKallitHIX Mepex OyIo 3arporo-
HoBaHo BumumTH Miciie B OTMK, ske Oyme 00’emHy-
BaTH B co0l poboTy Ta peaizaliro 3acobiB Kibep3axuc-
Ty Ha piBHI MEpeXHOI iHYPaCTPYKTYpH.

2. 3aco0um 3axucry

MepekHOI IHpacTPYKTYpH

PosristHeMo OibIn neTanbHO 3aCO0M 3aXUCTy Me-
pexHOI iHPPACTPYKTYPH, 10 MPOMOHYIOTHCS IS
OTMK Ha piBHI MepexHOi iHppacTpyKTypH.

Cisco FirePOWER — 1ie mporpaMHi mocayr Ajist
mwiardopmu Cisco ASA. OcobnuBOCTI: HeraifHe BHSB-
JICHHS BIpYCIB i3 30BHIIIHIX MEpEX, BUABIEHHS CIpPOO
CKaHyBaHHS PECypCiB Ta CTPYKTYPU BHYTPILIHBOI Me-
pexi, MOBHUI KOHTPOJb HAJ TOCTHOBUMHU CEpBicamu Ta
MiIKTIOYECHHSAMHA, BU3HAYCHHS HATIHHUX MOJITHK 3aXH-
CTy IO Ta TiJ 4ac atak. € MOTY)KHHUM PIllICHHSAM 3 YII-
PaBIIiHHS MEPEKHUMH aKTHBaMH Ta iX BPa3JMBICTIO.

BlackBerry Cyber Suite nporonye 3a6e3nedeHHs
3aXKMCTy B CEPEIOBHINI «3 HYJIBOBOIO JOBiporo» (Zero
Trust), 1e KoXHa KiHIIeBa TOYKa Ma€ 3a0E3MEYUTH JOBI-
Py Ta MATBEPUTH i MiJ] Yac KOXKHOTO MO/IT Y1 TpaH3a-
kiil. OCcoOMMBOCTI: peaizallisi apXeTUITHUX apXiTEKTO-
piB Zero Trust mj1st MPOCyBaHHS aJIFOPUTMIB, IPAIIOE HA
KIHIIEBUX TOYKaX yCiX THITIB, BUKOPUCTOBYIOYH IOBHE
OXOIUICHHS Ta Kpallle PO3YMiHHS MOBEHIHKA 0B, 3a0€3-
nedye Oe3nepepBHUN MOHITOPUHT Ta BUSIBIICHHS 3arpo3,
o0 3a0e3MeyYnTH IUTICHICTh NaHHX, 3a0e3ledye Imoc-
TIHHY KOHTEKCTHO-3AJIC)KHY aBTCHTH(]IKALIIO MPUCTPO-
B, MEpeK, MPOrpaM Ta JIFOJCH, CTBOPIOE BIAKPHUTY ILIa-
ThopMy, IO H03BOJIIE OE3MPOOIEMHY IHTErparir 3
IHIIIUMH PIIICHHAMH.

Cisco ASA CX BHKOPHCTOBY€E MOXIIHBOCTI Mepe-
KHOI apxitektypu Oesneku Cisco SecureX Framework,
10 BPaxOBY€ KOHTEKCT MEPEXk KOPIOPATUBHUX IiIPO3-
JIUTIB 1 HEHTpiB OOpOOKH JaHWX, a TAKOXK y XMapHHX
MEpeXHHUX cerMeHTax. OCOOJIMBOCTI: I PIIICHHS aa€
aJMIHICTPaTOpaM MOJKJIMBICTE BCTAHOBIIOBATH IIPHU-
CTpOI 1 JOAATKH 3 BUCOKMM PIBHEM 3aXHCTY 1 KEPOBaHO-
CTi. AIMIHICTpaTOpPH OTPUMYIOTH UiTKI JaHi MPO THII
MIPUCTPOIO, BCTAHOBJICHOI HA HHOMY OIepalliiHiii cuc-
TeMi, MICIIe3HAXO/HKEHHS IIPUCTPOIO 1 MOTOYHUH PiBEHb
Oe3mex.

BiakiaoueHHs HeBKMBaHUX MOPTIB — 1€ MPOC-
THH CHOCi0 3aXHWCTy MepeXki Bil HECaHKIIOHOBAHOTO
nmoctymy. Hampukian, skmo komytaTtop Catalyst 2960
Mae 24 TOPTH 1 MpPH LBOMY BUKOPHCTOBYIOTHCS TpPHU
nigkmrodeHas Fast Ethernet, pexoMeHIyeTbCs BiAKITIO-
yntr 21 HemxuBaHMiA mopt. [Iporec BKITIOYEHHS i BH-
KITFOYCHHS TIOPTiB MOXeE 3aiHATH Oarato dacy, aie BiH
MiBHUIIY€ OE3TEeKY MEepexKi.

@yukiis 0e3nexn mopry. [lepen BBeneHASIM KO-
MyTaTopa B eEKCIUTyaTallil0 HeOoOXiTHO 3a0e3nednTH
Oe3nexy ycix moptiB (iHTepdeiiciB) komyTtatopa. OnuH
i3 cnoco0iB 3aXHCTy MOPTIB — BUKOPUCTAHHS (YHKIIT
6esnexu moptiB (pyHkuist Port Security). La ¢dyHKis
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o0Mexye KUTbKICTh gomyctumux MAC-anpec Ha oauH
IIOPT, a TaKOXK A03BoJsg€e noctyn g MAC-aapec caHk-
L[IOHOBAaHMX IPUCTPOIB 1 3a00POHSIE AOCTYI IS IHIIMX
MAC-anpec.

Iporokoa Secure Shell (SSH) nanae Bimnanenmii
BXiJ B cucTeMy aHayoriudo Telnet, 3a BUHATKOM TOTO,
IO BiH BUKOPHUCTOBYE OE3MEUHINI MEpPEeXHI CIyXOH.
SSH — 1me mnpoTokoid, SKW BUKOPHCTOBYE KIIEHT-
cepBepHY MoJenb Uil ayTeHTH(ikamii BignanieHux
cucteM Ta 3abe3rneueHHs MMQpyBaHHS NaHWUX, OOMIH
SIKUMH BiIOYBa€TbCS y paMKax BiJUIQJIEHOTO JOCTYITY.
Buxopucrannast SSH mifkiToueHHsT Ma€ HU3KY IepeBar:
OesreuHa pobora Ha BimmaneHomy 1K i3 BHKOpHCTaH-
HSIM KOMaHJTHOT 00OJIOHKH; BUKOPHCTaHHS Pi3HUX aJro-
pUTMiB mM(pyBaHHS (CUMETPUYHOTO, aCUMETPUYHOTO
Ta XEIIyBaHHS); MOXKJIMBICTh O€3MEYHOT0 BHKOPUCTAH-
Hsl OyJb-SIKOTO MEPEXKHOT0 MPOTOKOJy, IO JIO03BOJISIE
repeiaBaTi 3axXWIIEHUM KaHajoM (aiinm Oyab-sSKoro
po3Mmipy.

ACL (Access Control List) — e Habip TeKCTOBUX
BHPAa3iB, SIKi IIOCH JI03BOJIIOTH 200 MI0CH 3200POHSIOTE.
3a3suyaii ACL no3sosie abo 3aboponsie [P-naketn, ane
TaKOK MOXeE 3ariaaTi Beepeauny IP-niakera, neperis-
nmatu tuan makera, TCP i UDP. ACL moninsroTecs Ha
nBa Ty Standard — MOXKyTh mepeBipsITH JUIIIE aapecH
mkepen; Extended — MoxyTh TepeBipATH ampecd JKe-
pell, a TakoX aJpecH ojepkyBauiB, y pasi I[P me tun
npotokony Ta TCP/UDP nopTn.

CDP (Cisco Discovery Protocol) — mportokoin
Jpyroro piBHs, po3pobnenuit kommaHiero  Cisco
Systems, 1o 103BOJIsIE BUSBJIATH MijkiIoueHe (Oe3rmo-
cepesiHbo ab0 Yepe3 MPUCTPOT MEPIIOro PiBHS) MEPEex-
He oOnajHaHHA cisco, Woro Ha3my, Bepcito 10S Ta IP-
aapecu. [linTpumyerscst 6araTtbMa MPUCTPOSIMH KOMIIa-
Hil, Mai)Ke TiATPUMYETHCSI CTOPOHHIMH BUPOOHHKAMH.

OtpumyBaHa iHdopMallis BKIIOYAE THITW TTiIKITIO-
YEHUX NPUCTPOIB, IHTEpQelcH MapUIpyTH3aTopa, 0
SIKMX CYCIJIHI TPHCTPOi MiIKIIOYeHi, iHTepdeiicu, mo
BUKOPUCTOBYIOTbCS ISl CTBOPEHHS 3 €IHAHb, & TAKOXK
MOJIeJIi IPUCTPOIB.

NAT — komanza, 3abe3neuye Oe3rnexy KOMII 1oTe-
piB, CEpBEPIB Ta MEPEKHUX MPUCTPOIB, OJIOKYHOUH Oe3-
nocepeaHiit goctyn ao IntepHety 3 peansHoi [P-aapecn
By3na. NAT nozBoisie 3a0J10KyBaTH IOCTYI A0 MPUBAT-
Hoi Mepexi 330BHI. NAT xoBae npuBathi [P-anpecu Bin
3aralbHONOCTYTHUX Mepex. KoHTponbs noctymy B ne-
SIKUX BUITaJKaX OakaHHi, ajle MOXKE BHUSBHUTHCS 1 HEJIO-
JIKOM Yy TOMY BHWITQJKy, SKIIO MOTpiOeH BimmaieHwid
JOCTYTI A0 TIPUCTPOIO B IIPUBATHIN Mepexi 3 [HTepHery.

Hunamiuae neperBoperass NAT mo3Bossie By3nam
3 npuBatHEMH [P-anpecamu 3 [aTepHETY miaKITIOYaTHCS
0 3araJbHOJOCTYIHOI MEpeXi, HAmpUKIad, Mepexi
[areprer. CraTMyHe NEPETBOPEHHS MEPEKHUX aapec
(NAT) mo3Bodsie By3/aM i3 3araJlbHOOCTYITHOT MEpexi
I TKTF0YATHCS 10 OKPEMHX BY3JIB i3 MPUBATHOI Mepe-
xi. Ile o3nauae, mo mis HacTporoBaHHS NAT mmst 30B-
HIITHBOTO JOCTYITY CIIiJi BAKOPHCTOBYBATH TUHAMITHUN
BapiaanT NAT. Skmro npucTpiit i3 BHYTPIIIHBOT Mepexi
Mae OyTH TOCTYITHHUH 330BHI, BUKOPUCTOBYETHCS CTATH-
gamii Bapiant NAT. Bemmkwit Henonik NAT — momaTtko-
BE HABAHTAXKCHHS, LIO CTBOPIOE IIEpeTBOpeHHs [P-
aJipecH Ta Mopry.

IIporoxonn (opMyBaHHSI 3aXHINEHOT0 KAHAJIY
(PPTP, L2F i L2TP). IIporokon PPTP 3abesneuye
TYHEIIOBaHHs i IHM(pyBaHHs NepeqaHux aaHuX. [Ipo-
tokosn L2F 1 L2TP migrpumytoTs Tinbku QyHKIIT Ty-
HemoBaHHs. sl 3aXUCTy JaHHX y IHUX IMPOTOKOJAX
HEOOXiZIHO BHKODHCTOBYBATH ICBHUH  JOJATKOBUIl
poToKoII, 30kpema [PSec.

PAP ta CHAP - nporokonn aBTeHTH(iKamii,
II0 BHUKOPUCTOBYIOTbCS y mpoTokonmi PPP. PAP -
Password Authentication Protocol. CHAP po3mmdpo-
Byetbest sik  Challenge Handshake Authentication
Protocol.

IHpunyun pobomu PAP. KiieHT XodYe miIKIIOUYH-
THCSI IO CEpPBEpa, BiH BiJIPaBIsiE CEPBEPY Napoilb, cep-
Bep Bianosigae abo «Tax», ado «Hi». 3amuTytoun um
MiAXOIUTh Tapolib, BiIOYyBaeTbcid Iepejavya Ccamoro
MapoJIo, 3 SIKUM 3JI0BMUCHHUK Halalli MOXe pOOUTH Bce,
mo 3aBroaHo. Taki cuTyanii 103BOJISE YHUKHYTH ITIPO-
tokost CHAP.

IHpunyun pobomu CHAP. KiieHT X0ue 3BEpHYTH-
csl JI0 cepBepa, cepBep Mepeiae KIiE€HTYy BHUIaIKOBHUI
PANOK, KIIEHT Oepe mapoiib 1 PSIOK i OOYHCIIOE Bij
Heoro MDS5 xem, skuii moBeptae cepBepy. Cepsep
pobuTh Ti cami omeparii (SKIIO 3HAa€ MPaBUIBHUN TIa-
poJib). SIKIIO Xeln CIHiBMaJalTh — KIIEHT aBTOPHU30Ba-
HUiA. SIKII0 KITIEHT He 3Ha€ mapoJib — Xeln He 30iraTu-
MYTBCS, SIKIIO 3aMiCTh CepBepa 3JIOBMHUCHUK — Oyne
OTpUMaHO JIMIIE XCIIl. Taxkum YHMHOM, y PCAJIbHUX MEC-
pexax Kparie BUKopucToByBaTH nmpoTtokoia CHAP.

Crek npotokoJiB IPSec BUKOPUCTOBYETHCS ISt
ayTeHTH(}iKalil yJYaCHHKIB OOMiHYy, TYHEIIOBAHHS Tpa-
¢diky 1 mudpysanus [P-makeris. OCHOBHE MpPU3HAYCHHS
nporokoiy IPSec (Internet Protocol Security) — 3a6es-
nmedyeHHs Oe3neyHol mepemaui maHux mo Mepexax IP.
Ockinbku apxiTektypa IPSec cymicHa 3 mpOTOKOJIOM
IPv4, i miaTpuMKy HOCHTh 3a0e3MeuYnTd Ha 000X KiH-
X, 3’€IHAHHS;, MPOMDKHI MEPEKHI BY3IM MOXYTh
B3araii Hiuoro «He 3Hati» 1po IPSec. IIpoTokos IPSec
MOJKE 3aXHINaTH Tpagik SK IMOTOYHOI BepCii MPOTOKOIY
IPv4, xxuBanoi crorozHi B Internet, Tak i Tpadix HOBOI
Bepcii IPv6, sika mOCTyImoBO BIPOBaIKY€EThCs B Internet.
Apxitektypa 3aco0iB Oe3neku IPSec OcHOBHE mpH3Ha-
yeHHs TpoToKodiB IPSec — 3abesmedeHHst Oe3medHOl
nepenayi gaHux mo mepekax IP. Bacrocysamus IPSec
rapaHrye:

* IUTICHICTh TIepeaBaHuX JaHuX (TOOTO JaHi MpH
repeaadi He CIIOTBOPEHi, He BTPaUeHi 1 He Mpoay0IIbo-
BaHi);

* ABTEHTHYHICTH BiANpaBHUKA (TOOTO HaHi Tmepe-
JIaHi came THM BiJIIPaBHUKOM, KA JIOBIB, IIIO BiH TOH,
3a KOro cebe BUIac);

* KOH(DIICHIIMHICTh MepenaBaHuX MaHuX (ToOTO
JlaHi nepenaTbes y Gopmi, 1o 3anobirae ix HeCaHKIIi-
OHOBAaHOMY TIEPETIIAY).

VPN (aurn. Virtual Private Network — BipTyamsHa
MpUBaTHA Mepeka) — y3arajJbHEHa Ha3Ba TEXHOJOTIH,
10 JT03BOJITIOTH 320€3MeUnTH O/lHE a00 KUTbKa MEpEkK-
HUX 3’€IHaHb (JIOTIYHY MEpEKy) MOBEPX 1HIIOl Mepexi
(mampuximan, [HTepreT). He3axaroun Ha Te, M0 KOMY-
HIKaIlii 3MIICHIOIOTECA MO Mepekax 3 MEHIMM abo
HEBIZIOMUM pIBHEM JOBIpH (HANPHKIAJ, 1O ITyOIIYHUX
Mepexax), piBeHb MOBIpH A0 MOOYyJOBaHOI JIOTIYHOI
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MepeXi He 3aJIS)KUTh BiJ PiBHA TOBipH 10 0a30BUX Me-
pPeX 3aBASKM BHUKOPHCTaHHIO 3aco0iB KpumnTorpadii
(mmdpyBanHs, ayreHTH(IKaWii, iHPPACTPYKTypH BiJIK-
PHUTHX KIIOUiB, 3aCO0IB JUIS 3aXUCTY BiJl TIOBTOPIB 1 3MiH
TIepeIaHnX 110 JIOTIYHIH MEpeXi IIOBITIOMIICHB).

Omxe BCi BUIIEHABEAEHI TEXHOJIOTII, MPOTOKOIN
Ta IPOrpaMH MOXXYTh OYyTH 3aIIpOIIOHOBAHI JUISl BKIIIO-
YeHHS 710 OpraHi3aliliHO-TeXHIYHOI MoJemi KibepOesrme-
KM, 110 HaBeJIeHa Ha puc. 1, Ha piBHI MepekHOI iH(pa-
CTPYKTypH

BucHoBok

VY crarti mpoaHalli30oBaHO Ta JIOCHIPKEHO IpPUH-
U POOOTH 1 BUKOPUCTAHHS OpraHi3aIliifHO-TeXHIYHOI
Mojeni Kibep3axucTy, IPyHTYIOUHCh Ha 3aCTOCYBaHHI
3ac00iB MEpE)XHOTO 3aXMCTy. 3allPOIIOHOBAHO DS 3a-
co0iB, sKi OyIyTh (QYHKIIOHYBaTH Ha MEPEKHOMY PiBHI
B mogeni OTMK. PosrnsHyTo mpuHIMIM poOOTH Ta
ANTOPUTM HaJIAIITYBaHHS 3aco0iB 3aXMCTy, IO 3aCTO-
COBYIOTBECS Ha MepexkHoMy piBHI mozeni OTMK.
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Provide a cyber defense officer at the level of infrastructure
Vladislav Hol, Adel Rakivska, Dmytro Rakivsky

Abstract. Domestic and foreign regulations related to the protection of web applications are analyzed. The article ana-
lyzes and proposes conceptual principles of implementation of organizational and technical model of cyber defense, purpose and
goals. The architecture of organizational and technical model of cybersecurity is considered, which is a structured system consist-
ing of three cybersecurity infrastructures, namely: organizational and managerial cybersecurity infrastructure, as a set of cyberse-
curity entities that form and implement state policy in cybersecurity; cyber security technological infrastructure, as a set of cyber
security forces and means, as well as infrastructure that ensures the functioning of cyber security forces, information and com-
munication networks and their resources used in the interests of cyber security forces and basic cyber security infrastructure, as a
set of critical information infrastructure assets, communication and technological systems of enterprises, institutions and organi-
zations that are classified as critical infrastructure. Therefore, the application and implementation of organizational and technical
model of cyber defense is aimed at analyzing security incidents, assessing their consequences, counteracting and blocking means
of protection and improving security systems, rapid response to cyber threats, cyber incidents, countermeasures and minimize
vulnerabilities in communication systems. It is through the application of the level of protection of the information and telecom-
munications system that the confidentiality, integrity and accessibility of information and information systems is ensured.

Keywords: cyber threat, information security system, complex information protection system, complex of protection
means, objects of critical infrastructure.
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MOXKJ/INBOCTI BPAXYBAHHS BIIVIMBY TPOITIOC®EPHU ITPU BUMIPIOBAHHI

KYTOBUX KOOPAUHAT TA BUCOTU AEPOAUHAMIYHOI'O OB’€EKTA

AnoTtanis. [Tomyk NUSXiB MiIBUINEHHS SKOCTI IPOCTOPOBOT 0OPOOKH PajlioJIOKAIIHHOTO CUTHATY B YMOBaX BIUIUBY TPO-
rochepHIX HEOHOPITHOCTEHN € aKTyaJIbHOIO 3a/Jauelo, IO CIIPSIMOBaHa Ha MiIBUINECHHS e()eKTUBHOCTI BUKOPHCTAHHS Pamio-
JIOKAIIHOT TeXHIKM 32 NMPHU3HAYSHHAM. Y CTaTTi BU3HAUEHO J[BAa NULIXM BpaxyBaHHS BILIMBY Tporocdepn IpH BUMIpIOBaHHI
KyTOBHX KOOPJIMHAT Ta BUCOTH aepouHamMigHoro 00’ ekta (AO). [Nepmmii nursix nepeabadae onepaTiBHE BU3HAYEHHS 3aKOHY
3MIHH IpajiieHTa Koe(ilieHTa 3aTOMIICHHS Ta O0UMCIICHHS BIANIOBIIHIX MOMPABOK Ha pedpakiiro. Po3risitHyTo HalOUTHII 3py-
YHI U1 BUKOPUCTAHHS MOJIEJI 3aKOHY 3MiHM iHJEKCY 3aJIOMJIEHHS 3 BHCOTOIO Ta NPOAHANI30BaHO OCOOIMBOCTI X 3acToCy-
BaHHs. J[pyruif nUIIX TOB’s13aHMIT 3 BpaxyBaHHSIM KOpPelboBaHMX (Pa3oBHX (ITYKTyallill pajioioKaliifHOro CUrHATY B aJTOpH-
TMI Horo rmpoctopoBoi 00poOku. HaBeneHo 0coOmMBOCTI JaHOTO BpaxXyBaHHS CTOCOBHO paJlioJIOKaTopiB 3 (pa30BaHOIO aHTEH-
Hoto periTkoro (DAP). BHacmi IOk cTaTHCTHYHOT HE3aIEKHOCTI HEOHOPITHOCTEH TponocdepH, B CHITY IIEHTPATLHOT IT'paHHI-
HOI TeopeMH Teopil HMOBIpHOCTEH, 3aKOH po3MoiTy (a3oBUX (IIyKTyamiii BBaXaeThCs HOPMAIBHUM. 3iHCHEHO TOPIBHSIIH-
HUI aHaJi3 TAHWX NUBIXIB BpaxyBaHHs BIUIMBY TPOHoc(epy MpH BEMipIOBaHHI KyTOBHX KOOPJIMHAT Ta BUCOTH aepOAWHaMid-
Horo o0’exra. [IpoBenieHO MOPIBHSHHS (DIIyKTyaliifHIX CKJIaJ0BUX cepelHboKBagpatnaHux nmoxnook (CKII) ontumansHOro
BUMIPIOBaHHS KyTOBOI KOOP/IMHATH Ta BUCOTH 33 YMOBOIO BpaxyBaHHs (a3oBuX (uykryariii 3 Bixnosixanmu CKII dykrya-
LIHUX CKJIAJIOBUX ITOXWOOK BHMIPIOBaHHS KYTOBOi KOOPJMHATH Ta BUCOTH Oe3 BpaXyBaHHs BKazaHUX (IIyKTyallii i BUIIaj-
KiB OMNHCY MDKKaHAJIBHOI KOpeyrilii Ga3oBux (uIyKTyamiif 3a E€KCIIOHEHTHOIO, OCIUIIOIOUOI0 Ta ['aycOBOIO 3aJIeKHOCTSIMH.
OTpuMaHi pe3yNbTaTh JI03BOJISIIOTE OLIHUTH JIOLUJIBHICTD 3aCTOCYBAHHS ONITHMAJIFHOTO aTOPUTMY BUMIPIOBAaHHS KyTa MiCIIs
Ta Bucotd AO B pazionokaropax 3 @AP 11 KOHKPETHHX YMOB BIUIMBY TPONOC(HEPHUX HEOAHOPIHOCTEHN.

Karw4doBi cioBa: aepopuHamiuHuil 00’€KT, BUCOTA, IpajiieHT Koe(illieHTa 3aJIOMJIEHHS, KyT MiCI, METeOpOJIOriuHi
rapaMeTpH, paaioIoKaIifHIH CUTHAJ, CepeIHbOKBAIPATHIHA MOXHOKA, CTATUCTUYHA ONTUMI3allis, TOUHICTh BUMIipIOBaH-

Hs1, Tporocdepa, hazoBaHa aHTEHHA pewliTKa, Gpa3oBi GIyKTyari.

Beryn

OtpumaHHs 1OBHOI pajionokaiiiHoi iHdopmarrii
PO TPOCTOPOBE IOJIOKEHHSI MOBITPSHUX OO0 €KTIB €
HEBIJI’EMHOIO0 BUMOTOIO JIO CYYaCHHUX PaJli0IOKaTOPIB.

30KpeMa, BUMIpIOBaHHS KyTOBUX KOOPIOWHAT Ta
BU3HAYEHHS BUCOTHA 3 BHCOKOKO TOYHICTIO € HEOOXis-
HOI0 YMOBOIO IIOJAJIBLIOTO CTIHKOIO aBTOMAaTHYHOTO
CYNpPOBOJDKEHHSI 00’€KTIB paioNoOKaIiifHOTO CrocTe-
PEKEHHs, 0COONMHMBO THX, IO PYXAIOThCA HAa MajMX Ta
TPaHUYHO MajuX BUcOTax. [Ipy BUKOpHCTaHHI 3a MpU3-
HAYEHHSM PaJioJOKaTOPiB MPUMOPCHKOTO Ta MOPCh-
KOro 0a3yBaHHS MOXJIMBHM € 3aXOIUICHHS eJeKTpoMar-
HITHHUX XBHJIb TPONOC(HEPHUMH PaJ[i0XBHIICBOIAMH, IO
CHpHs€ 3HAYHOMY IiJABUIICHHIO JAIBHOCTI BHSBJICHHS
TmokamifHuX 00’ekTiB. OpHAK, IE CYMPOBOKYETHCA
CYTTEBUM 3pPOCTAHHSAM BIUIMBY (IIyKTyaliiHHX SBHI
Ha SKICTh 00pOOKY pamiooKariiiHoi iHpopmartii [1].

Bxa3zanwuii BIUIMB CIIpHsIE€ TOTIPIICHHIO SKOCTI IPO-
CTOPOBO-9acoBOi OOPOOKH PaIioiIOKaIifHOTO CHUTHANY,
30KpeMa, 3HIDKEHHIO TOYHOCTI BHMIPIOBaHHS KyTOBHX
KOOpAWHAT aepoanHamigaux 06’ektiB (AO) [2].

3 pO3pOOKOI0 HOBHX TPHUKOOPIUHATHUX PaJioo-
kaniranx craumii (PJIC), 3oxpema PJIC 3 ¢dazoBanoro
aaTeHHor0 pemriTkoo (DAP), Ta mozxepHizamieto icHY-
FOUOTO TApKy PaIioiOKaIlifHIX BHUCOTOMIPIB aKTyallb-
HUM IIOCTAJO MUTAaHHS IIOJ0 BpaxyBaHHS Tpomocdep-
HOTO BIUIMBY, TOOTO IOTOYHOTO CTaHy Tpomnocdepw,
P BUMIPIOBAaHHI KYyTOBUX KOOpPIWHAT Ta OOYMCICHHI
BrcOTH TOTHOTY AO.

B PJIC nonepeqHbOoro IMOKOJIIHHS, BHU3HAUCHHS
MOTOYHOrO CTaHy Tpornocdepu 3ade3rnedyBaiocsi BUKO-
PHUCTaHHSM BiJIOBIAHOIO HA0OpY METEONpPHIAJIB, Oll-
HakK e(eKTHBHICTh IX 3aCTOCYBaHHS INpPU BUMIpIOBaHHI
Brucotd AO Oyra TOCHTh HU3BKOIO.

B cyuacuux PJIC, BrockoHalleHHs elleMeHTHOT Oa-
3M CYTTEBO YCKJIAJHIOE ICHYIOUHM aJrOpUTMH OOpOOKH
panioyoKalifHIX CUTHANIB, IO CIIPSIMOBaHI Ha ONTHMI-
3allil0 BUMIPIOBaHHsS KOODJMHAT Ta IapaMeTpiB PyXy
AO 3 BpaxyBaHHSIM BIUIMBY 30BHIIIHIX (DaKTOpIiB Ha
mpoliec pajionokaiiiiHoro crocrepexents. OTxe, Bpa-
XYBaHHSI BILUIMBY TPOMOC(EpH Ha SKICTh HMPOCTOPOBHX
BUMIPIOBaHb MOXKIIMBO PEali3yBaTH TAKUMU HIIIXaMHU.

TpamuuifHIM IDIIXOM € PO3PaxXyHOK BiIIIOBIIHUX
MIOIMIPABOK, SIKI 3aJIEKATh BiJ MOTOYHUX METEOPOJIOTid-
HUX TlapameTpis Tporochepu [3, 4] ta ix 3acrocyBaHHS
Mpy OTprMaHHI OIiHOK BucOTH AO.

[HmMM HUIAXOM € MPOBENEHHSI CTATUCTHYHOI OI-
TUMIi3aIlil aNrOPUTMiB MPOCTOPOBOI OOPOOKM pajioso-
KallifHOTO CHTHATy 3a paxyHOK BpaxyBaHHS (IyKTya-
MIAHUX SBUI MPH MOIIMPEHH] PaioIOKaIifHOTO CHT-
HaJIy Kpi3b TporocepHi HEOTHOPIAHOCTI 3 peari3alliero
BIJINOBITHIX ONTHUMANBHUX AalTOPUTMIB Ha CYYacCHIH
eJeMEHTHIH 0a3i paliooKaToOpiB HOBOTO MOKOJIHHS.
Haii6inemr moBHO BKa3aHI MOXKIIHMBOCTI MOXYTh OYyTH
peanizoBaHi B mudpoBux pamionokaropax 3 DAP.

TakuMm YMHOM, BHIIE BUKIIAJCHE OOYMOBIIIOE He-
00XiTHICTh MPOBENCHHS MOPIBHSUIBHOTO aHANI3y MOX-
JMUBOCTEH peanizallii TaHWX NUIAXIiB 3 BU3HAUYCHHSIM BiJI-
MTOBITHUX TIEpEBar Ta HEJOMIKiB KOXKHOTO 3 HUX.
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AHani3 nmyOuaikamiii 3a TeMOI0 JOCHTiIKeHHS.
[Momryk NuisAXiB MiABUIIEHHS SKOCTI TIPOCTOPOBOI 00pO-
OKH paJioNOKaliifHOr0 CUTHANY B YMOBAxX BILIMBY TPO-
oc(epHUX HEOTHOPIAHOCTEH Mependayae OmiHIOBaHHS
IIyMOBOI Ta (UIyKTyaIliifHOI CKJIaJ0BHX ITOXHOKM BHUMi-
proBaHHs KyToBHUX KoopauHat AQ.

VY [5] noBeneno, mo ¢a3osi ¢uykTyariii, sIKi BUHH-
KaIOTh BHACIIJIOK BIUTMBY TPOHOCHEPHUX HEOTHOPITHO-
CTel, pO3MOJiIeH] 32 HOPMAaIbHIM 3aKOHOM 3 HYJIbO-
BuM cepeaHiM. OtpumanHs aucnepcii Quykryariifaol
CKJIQJIOBOT MOXMOKH BUMIPIOBaHHS KYTOBOT KOOPIHHATH
AO pouinapHO 3MIHCHIOBATH 3TiHO METOMII, aHajIoTi-
YHOI BHUIIAJIKy YacO-4aCTOTHOI OOpPOOKHU paTiofiOKaIlii-
HOTO CHTHAIy, sIKa BUKJIajaeHa y [6].

[MocninoBHICTE OliHIOBaHHS (UIyKTYyaliiHOT CKia-
noBoi cepeanbokBaapatnyHoi moxubku (CKII) Bumi-
proBaHHSI KyTOBOI kKoopauHatu ctocoBHO PJIC 3 ®AP
CaHTHMETPOBOTO Jiana3oHy JOBXHH XBHJIb IPH SKCIIO-
HEHTHIH KopensuiiHiil QyHKuii ¢da3oBux QryKTyarii
HaBeJieHo ¥ [7].

Okpim 1poro, mist PJIC maHoro tumy, MOXiuBe
3HIDKCHHSI TOYHOCTI BUMIPIOBaHHS KYTOBHX KOOPJHHAT
00’€KTIB palioNoKalifHOrO CIIOCTEPEKEHHST BHACIIIOK
BIUIMBY aTMOC()epHHX HEOJHOPIHOCTEH Ta 3eMHOI 1O0-
BepxHi ortineHo y [8].

3 BpaxyBaHHsIM JIaHUX Pe3yJbTaTiB, y [9] HagaHO
YUCEeNbHUN aHami3 (IyKTyalillHUX BiIXWUJIEHb IPOCTO-
poBoro nonoxxenHs: AO y BepTUKaNBHIA Ta TOPU3OHTA-
JIBHIN TUIONIMHAX BiJl IUISIXY XBUIII y Tporocgepi.

SBuie TponocdepHoi pedpakiii cripuse pearniza-
il MOXJIMBOCTI crioctepeskeHHs AO 3a MeXaMu JaJib-
HOCTI mpsiMOT BUIMMOCTI paaionokatopa. OpHak, e, y
CBOIO Yepry, BUKJIMKA€E CYTTEBE 3pOCTAHHA came (IIyK-
TyaliHUX CKJIaJ0BUX MOXHOOK BHMIPIOBaHHS KOOP/IH-
HaT Ta napametpiB pyxy AQO, 1o 6e3nocepesHbO 10Be-
neHo y [2, 10]. V Bkaszanux poborax Opakye mpOBe/IeH-
Hs1 uncenpHoro ananizy CKII BuMiproBaHHs KyTOBHX
koopauHaT AO IS 1HIIMX BHIIB KOPENAIIHHUX (YyHK-
uiit azoBux Qaykryariii OKpiM eKCIOHEHTHOTOo. Tomy,
JOLIJIBHO MOMIMPHUTH OTPUMAaH] Pe3yIbTaTH Ha BHIAIKH
3MiHU KopeJsisiii a3oBux (uiyKTyaliil 3a OCIHITIOIYHNM
Ta TayCOBHM 3aKOHAMH 3MiHH 3 MOJAJBLIAM 3aCTOCY-
BaHH;IM JaHUX pe3yJIbTaTiB MPU BUMIPIOBaHHI BHCOTH
AO. Bubip BiImoBiHOro 3aKOHY 3MiHU KopeJsimii da-
30BUX (IyKTyalili Mae eKCIepUMEHTalbHEe MiATBep-
JDKCHHS, sike Hamano y [11].

MOXIHUBOCTI BpaXyBaHHSI IIOTOYHOT'O CTaHy TpO-
nocepHoi pedpakiiii npu BUMIpIOBaHHI BUCOTH MOJIHO-
Ty AO B pafionokaTopax KOHTPOJIO MOBITPSHOTO TIPOC-
Topy mpoanaiizoBani y [12]. IIpu mboMy, BKasyeTses,
0 BIUTMB TporochepHoi pedpakiii 00yMOBIIOE BUHH-
KHEHHS JOJaTKOBUX pedpaKIiifHuX MOXHOOK BUMIipIO-
BaHHSA KyTa Micts, i sk ciif Bucotu AQO, sKi 3a5exarth
BiI TpajieHTa Koe]ilieHTa 3aJIOMIICHHS Yy HAMPSIMKY
TIOIMPEHHS PaNiONOKALIHHOTO CHUTHATY B aTMocdepi.
BpaxyBanns pedpaxiii 3iIHCHIOETBCS IUITXOM BBEICH-
HA y alIropuT™M Bu3HadeHHS BucOoTH AQO TompaBKH Ha
pedpakmiro, po3paxyHOK SIKOi HaJaHO UL ICKITBKOX
HaNOUTBII MOMMPEHUX MOJIENeH 3MiHU IHICKCY 3aJI0M-
JICHHSI 3 BUCOTOIO.

OpHaK, MOXJIMBOCTI BKa3aHUX IPOIO3UILi € 00-
MEXEHUMH 33 PaXyHOK HHU3BKOI TOYHOCTI OL[IHOK 3aKO-

Hy 3MiHM Tpaji€eHTa KoedillieHTa 3aJOMJICHHS Ta EKO-
HOMIYHOI HEIOIUIEHOCTI PO3TOPTAaHHS MEpEeXi METeoc-
TaHILI{ U yTOYHEHHS JaHOTO 3aKOHY.

3 TOYKH 30py PO3BUTKY Cy4acHOI Teopii CTaTHCTH-
YHOI onTuMi3anii 00poOKH pajiooKaniiiHOro CUrHaly,
3HaYHO OUIBII TEPCHEeKTHBHUM € MUIIX BpaxyBaHHS
kopeisiii (a3zoBux QuryKTyaniif, 0oOyMOBJIEHHX BIUIH-
BOM HEOJHOPITHOCTEH Tpormocdepy, Oe3mocepeIHbO y
ANTOPUTMAaX MPOCTOPOBOT OOPOOKH.

[Mpormo3uuii MmoM0 CTATHCTHYHOI OoNTHMIi3arii an-
TOPUTMIB IIPOCTOPOBOI 0OpOOKHM IMpu OGaraToKaHAIBEHO-
My TIpHHAOMI pajioiOKaIlifHOTO CHTHANy NUIIXOM Bpa-
XyYBaHHS KOpeIbOBaHUX (Pa3oBUX (IIyKTyaIliid HaJaHi y
[13].

[Mopsimok  po3paxyHKy mmcrepcii QiaykryamidHol
CKJIaJIOBOI MOXUOKH BUMIPIOBaHHS KYTOBOi KOOPJIHUHATH
AO 3a ymoBOIO BpaxyBaHHS (a30BUX (IIyKTyalliid cur-
Hany HajaHo y [14].

TakuM yMHOM, y HaBeJEHHX POOOTaX HE Yy MOBHO-
My 00cs31 HaJJaHO MOPIBHSJIBHOTO YHCEIBHOTO aHaIli3y
NMoX1OOK BUMIpIOBaHHsI KyTOBHX KoopauHaT AO 3 Bpa-
XYBaHHSIM Ta 0e3 BpaxyBaHHS TPOHOC(EPHOTO BILIUBY
MIPU MPOCTOPOBIH 0OpOOILI paiioIOKaIiiHOTO CUTHAITY
Juisi KoHKpeTHHX mapamerpiB PJIC mpumopcbkoro Tta
MOpCbKOro 0azyBaHHs. JlaHuii yucenbHUI aHai3 IoIi-
JIHO TIPOBECTH IS PI3HUX 3aKOHIB 3MiHHM Koe(illieHTa
Kopeusiii pazoBux (uykTyarii.

Meto10 cTaTTi € BU3HAUEHHSI MOXJIMBOCTEN Bpa-
XyBaHHS BIUIUBY Tporocdepy Npu BUMIpIOBaHHI KyTO-
BUX KoopauHat Ta BucoTH AO ctocoHo PJIC mpumop-
CBKOTO Ta MOPCBHKOTO Oa3yBaHHSL.

OcHOBHA YacTHHA

Sk 3asmaueno y [12], BusHauenns Bucotu AO
3/IHCHIOETBCSL 32 BUMIPSHHUMHU TapamMeTpamu pyxy —
MOXUJIOT TANIBHOCTI Ta KYTY MiCLIsL.

VY Garatpox cydacHux TpukooauHatHux PJIC kyT
micuss AO HaiyacTille BH3HAYAETHCS AMILTITYHUM,
YaCTOTHUM Ta (pa30BHM METOAAMH.

Tak, aMIUTITYJTHUIl METOJl peai3oBaHO y PYXOMHX
pamioBucotomipax [15, 16]. YacToTHHiT METO 3aCTOCO-
BaHO y KOTEPEHTHO-IMITYJIbCHUX PaJioIOKaTopax 3 Ji3e-
PKaJbHIMH aHTEHaMH, IO MAalOTh KyTOYacTOTHY 4yT-
nuBicTh [17, 18]. da3oBuii METOX BUKOPHCTOBYETHCS Y
pamiomokaropax 3 ®AP [18].

Bucora AO 3 BpaxyBaHHSM KpUBH3HH 3emili Ta
6e3 BpaxyBaHHsS TpomocgepHoi pedpakilii BU3HAYAETh-
cs1 3a popmyitoro [12]:

h:rsine+r2/(2R3)+ha, €))

ne r— moxwuna panbHICTh AO; ¢ — kyT micug AO; R, —
paniyc 3emui; h, — BucoTa po3TamiyBaHHS aHTCHU pa-

JioJloKaTopa HaJ TIOBEPXHE0, BIHOCHO SIKOi 3I1HCHIO-
erbed BLLTIK Bucoti AQO.

BrmumB TpomocdepHoi pedpakiii 0OyMOBIIOE BU-
HUKHEHHS JOJaTKOBHX pe(pakIiifHIX MOXHOOK BHUMi-
proBaHHS KyTa Micts, 1 sk cmig Bucot AQO, siki 3ane-
JKaTh BiJ TpaaieHTa KoedilieHTa 3aJOMJICHHS N Y Ha-
MPSAMKY TIOIITHPEHHS pagioxBuiti B atmocdepi [12]:

gradn=g, =dn/dr=n". (2)
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[Ipu pomy, pedpaxuiiiHa MoXnOKa BUMIpIOBaHHS
KyTOBOi koopanHati AQO BH3HAYAETHCS SIK

A& peg =0,5-1-1". 3

Bemnumam n i n' 3anexarts BiJ BUCOTH BiJHOCHO
3eMHOI MOBepxHI Ta crany atMmocepu (ocobmuBO y
HIDKHIX IapaX MOCTIHHO 3MIHIOETHCS), a TAKOXK Y KOXK-
Hill TOYII Ha WUIAXY MOUIMPEHHS eJeKTPOMAarHiTHUX
KOJIMBaHb MaloTh BilacHe 3Ha4YeHHs [12]. ToOTo, 3ayex-
HocTi N(r) Ta N {r) HOCATH CKIIATHUI XapakTep.

TakuM YMHOM, TpPaeKTOpPisl MPOMEHIO € KPUBOIO
ckiaaHoi (opMmu 1 TpamieHT Koe(illieHTa 3aJOMJICHHS
TpornocdepH y KOXKHiH Toulli TaHOi TpaeKTopii Ma€ Bia-
CHY, Y 3Ha4Hill Mipi BUNaJKOBY BEJINYHHY.

Mo>kHa BHU3HAYUTH OCHOBHI JIBa IUIAXH IMOJOJIAH-
Hsl Tpo0JIeMH BUIIAIKOBOCTI KoeillieHTa 3aJIOMIIEHHS Y
Tpomocdepi.

[epumit nuigx — MoB’sA3aHUM 3 ONEPATUBHUM BHU-
3HAYEHHSM 3aKOHY 3MiHH TpaflieHTa KoedillieHTa 3a10M-
JIEHHSI N’ 711 4OTO HEOOXiJTHO 3IIMCHIOBATH CIIeIiaJIbHE
30HyBaHHS aTMoc(epy Ha NUISIXY HOIIMPEHHS pajioxX-
Buuti. [Ipyu boMy, BpaxyBaHHsI pepakiiii 3IiHCHIOETHCS
BBE/ICHHAM y (1) nonpasku Ha peppakuito 4k, [12]:

I,2
h=r‘S|n8+E+ha+Ahped). (4)

3
BenuuuHa naHOi MONPaBKM BU3HAYAETHCA IMOXH-
JIOIO JAJBHICTIO I, KYTOM MICIl & Ta 3aJeKUTh Bif
BEJIMYMHKU pe(pakiiiHOl MOXUOKM BUMIPIOBAHHS KyTa

micust AO 4e, 3a Bupasom:

AN ey =T A& g, - COSE . (5)

Pegpaxuiiina noxubka Ae ), BA3HAYAETHCS BH-

KPHBIICHHSIM TIPOMEHIO Ta 3aJISKHUTh BiJl TpaJlieHTa Koe-
¢ilieHTa 32JI0MJICHHSI y HANPSIMKY MOLIMPEHHS PajioX-
BuII B atMocdepi 3a (3).

Hpyruii nosx — nependadae MPOBEIEHHS CTATHC-
TUYHOT ONTHMI3allil AITOPUTMIB MPOCTOPOBOI 0OPOOKU
paioNOKaIifHOrO CUTHAITY JUIsl BpaXyBaHHS B HUX KOpe-
JIBOBAHUX (IIyKTyalliil 1oro ¢asu, siki, y CBOIO Hepry,
00yMOBJIeHI (IIyKTyaIisIMU BeJTMUKH N i N'y Tporocdepi.

Hwxye mpoBeneHO MOPIBHSJIBHUIA aHAI3 BKa3a-
HUX [UIXiB BpaxyBaHHs BIUIMBY TporochepH NpH BHU-
MipIOBaHHI KyTOBUX KoopAWHAT Ta BucoTd AO.

[epumii mmsx — 6a3yeTses HAa MPUITYIIEHHAX PO
Te, 10 TPAMIEHT Koe]illieHTa 3aJIOMJICHHS 3MIHIOETHCS
TIIBKM 3 BHCOTOIO 1 IUIA KOXKHOI TOYKH HaJ 3€MHOIO
MTOBEpXHEI0 B Mexkax 30HH BusBieHHS PJIC 3akoH #oro
3MiHH € ogHAKOBUM [ 19]. OkpiM 11bOTO, BBAKAETHCS, IO
peasnbHi 3akouu 3miau N(h) i n’(h) mMoxHa ampokcumy-
BaTH JICTEPMIHOBAaHUMH (PYHKITISIMH Ta BUKOPHCTOBYBa-
TH 3pY4HI MOJIEIN 3aKOHY 3MiHH TAaHUX BEIMYHH.

3HaueHHs KoedilieHTa 3aI0MICHHS N B aTMocdepi
JUMIe HA JCCATUTHCAYHI JONI MepeOLIbIIye OIMHUIIIO
[12]. Tomy, Ha mpakTHIli BUKOPHCTOBYIOTH IHIEKC 3a-
momiieHHS N i #ioro rpamieHT N sIKi BU3HAYAIOTHCS SIK

N =(n-1)-20% N’'=n’"-10°. (6)

Jai, mouiapHO pO3MIAHYTH HaWOUIBII 3pYyUHI JUISA
kopuctyBaHHs Mogeni 3akony 3minu N(h) Ta N'(h).

HaiinpocTinmoro Moaemto 3MiHH IHAEKCY 3aJ0M-
JICHHSI 3 BUCOTOIO € JTiHiitHa MoJensb [12]:

N(h)=Ng+N;-h, @)

ne No i Ng — iHIeKc 3anoMiIeHHs Ta HOro rpajieHT Ha

TIOBEPXHI 3eMJIi.

Monenb (7) BHUKOPHUCTOBYETHCS TEPEBAXKHO IS
HIDKHIX IIapiB TporocdepH, ae, 32 YMOBH 11 0HOPiTHO-
CTi, TPAJI€HT IHIIEKCY 3aJIOMJICHHS MOXXHA BBa)KaTH I10-
crifiHuM. HemonmkoM 1€l MOzeNl MOKHA BBaXKaTH Te,
0 BOHA HE BPaxOBY€E IMOTOYHI 3MIHA TpaJi€HTa iHICK-
Cy 3aJIOMJICHHS B TOYI[i CTOSIHHS PalioJIOKaTOpy Ta HOTo
BUCOTHI 3MiHH. Bka3aHe 00yMOBIIIOE MOSIBY TOXHOOK Y
BUMIpIOBaHHI KyTOBUX KoopauHAT i BUcotr AO.

BinbI momypeHo MOJEII0 3aKOHY 3MiHH iH]Ie-
KCy 3aJIOMJICHHS € TOJIHOMiaJlbHa MOJEJb, 3TiTHO 3
SIKOIO TPAIi€HT 3MIHIOETHCS 32 3aKOHOM [ 12]:

50—h
50

3a aHOI MOJCIIII0, HA TOBEPXHI 3eMili rpaJieHT
iHJeKcy 3anoMieHHs Mae 3HadeHHs N(, a Ha BHCOTax

N'(h) = N} ©)

oiunbine 50 kM BiH qopiBHIOE (.

Henonikom moJiiHOMianbHOI MOJIeNi 3aKOHY 3MiHH
1HZIeKCY 3aJIOMJIEHHS € BiZICYTHICTb, IIPH il BUKOPHCTaH-
Hi, BpaxyBaHHsI MOTOYHHUX 3HAYeHb I'PAJIEHTA IHACKCY
3aJIOMJICHHS TIO TPAEKTOPIl TOIMIMPEHHST PaiOXBUIIb.
CrnpoOu BpaxyBaHHS JAHUX ITOTOYHHX 3HA4YeHb OYJIH
BXHTI y pajiojoKaliiHUX BHCOTOMIpax ajie TiJIbKU Yy
TOUIl X CTOSHHSL.

OO4MCneHHs TOTOYHOTO 3HAYEHHS TPadieHTa 1HIIe-
key 3aomwiendss N’y touni crosiaus PJIC 3xilicHIOETE-
Csl Yepe3 BpaxyBaHHs €KBIBAJICHTHOI IIPUBE/ICHOT TeMIIe-
patypu atmochepu Ter y Tourti crostaust PJIC [12]:

N(I)(Ten):N(’) (0’8+k'Ten)! (9)

ae Ny =-4- 102yt - TPaJiEHT 1HIEKCY 3aJ0OMIICHHS

qust "crangaptaoi” atMocoepu; k =—0.67 11072 rpax
— HOPMYIOUHii KoeDillieHT.
ExBiBanenTHa mpuBeneHa temneparypa I,, BHU-

3HAYAETHCS THUCKOM, BOJIOTICTIO Ta TEMIIEPATYPOIO aT-
Mochepu. Y IpH3eMHHUX IIapax atMochepu:

0°<rT,, <60°,

a s "crangaptHoi” atmoctepu: T, =-30°.

Sk moBemeno y [12], BBeeHHS MOHATTA '"eKBiBa-
JEHTHOI TIPUBEICHOI TeMIlepaTypu'" Ta BpaxyBaHHS,
TaKAM YMHOM, IIOTOYHOTO CTaHy aTMoc(hepu IpH BUMi-
proBanHi BucotTn AO He BIAMOBia€ pearbHOMY CTaHY
Tporocepr Ta HE € MOIMITBHAM I PO3PAXyHKY pe-
(pakmiitarX monpaBok. [Ipu mpoMy, pi3ka 3MiHa Tpaji-
€HTA HJEKCY 3aJOMJICHHS XapaKTepHa MEepPEeBaKHO I
panionokariitHoro croctepexxeHHs AO, Mo pyXarThCs
Ha MaJifX Ta TPaHUYHO ManmXx BUcoTax (1...1,5 km).

3rigro [12], mpoMiHb peanrbHO MigmaeThCcs HaitOi-
JIBIIOMY BUKpUBIEHHIO jmire Ha 10 % Tpaekropii, a
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BiJIHECEHHSI I[bOTO BHKPHBICHHS 0 BCi€l TpaekTopil
MIPU3BOJUTH TIMBKH JO 3POCTAHHS MOXMOOK BUMIipIO-
BaHHs BHCOTH AQO y TOpIBHSHHI 3 BUIAIKOM OpPIi€EHTY-
BaHHJ Ha "cTaHAapTHY" aTMOChepy.

VY BHUNAagKy HEMOXJIHMBOCTI MPAKTUYHOTO OTpPH-
MaHHSI BHCOTHOTO HPO(iTI0 Tpaji€HTa iHAEKCY 3aJI0M-
JICHHSI, TOIIBHO KOPHCTYBATHCS CTATUCTUYHHMH Xapa-
KTEpPUCTUKAMH BUCOTHOTO MPOQIII0 IpallieHTa iHIEKCY
3aJIOMJICHHS, K (DYHKI[iSIMHA BHCOTH.

TakuMm urHOM, 10 BUCOTH 50 KM KOPUCTYBaHHS TO-
TOYHMMH 3HAYCHHSIMH TPAJIi€HTa iHICKCY 3aJOMIICHHS Y
touni crosiHH PJIC 3 JiHIHHIM XapakTepoM HOro 3MiHK
€ HeIoUUTbHUM. Kpami pe3ynbraty JaroTh KOPUCTYBaHHS
MOJTIHOMIaJIbHOI0 MOJIEJUTI0 200 YyCEepeJTHEHHM 3aKOHOM
3MIiHM Tpajii€eHTa IHJAEKCY 3aJIOMJICHHS 110 BHCOTI JUIst
PI3HMX Tip POKY Ta Pi3HHX YaciB 00U 3a TAHUMHU METEO-
crocTepexeHb y paiioni posroptants PJIC. To6to, Tou-
HICTb NONPABKH Ha pe(paxiiito Mpy OOUYNCIEHHI BUCOTH
AOQ 3aJIeXUTh Bijl IKOCTI BH3HAYCHHS 3aKOHY 3MiHU Tpa-
JI€HTa 1HAEKCY 3aJIOMJICHHSI Ha LUISXY MMOIIMPEHHS eeK-
TPOMArHiTHUX XBHJIb. ¥MOBOIO 320€3II€UEHHSI BKa3aHOTO
BU3HAUYCHHS € HASBHICTh TYCTOI Mepei MeTeoCTaHIIiit
JUTS 3IICHEHHS 30HAyBaHHS CTaHy aTMochepH, peaiza-
1ist SIKOT € rmpoOnemMaTnyHOow. ToMy, y OUIBIIOCTI pajio-
JIOKATOPiB MpH BU3HAYeHHI BUCOTH AQO MOKIIUBE BHKO-
pucTaHHs a0o JiHIHHOT a00 MOJIHOMIANIBEHOI MOJEICH
3MiHHM THJIEKCY 3aJIOMJICHHS 3 BUCOTOIO 32 YMOBH CTaHJa-
pTHOI atMocepu y Touni ctosirus PJIC.

Hpyruii nusix — 0a3yeTbesi Ha MPUITYLIEHHI PO
HOpPMAaJIbHUH 3aKOH pPO3HoAiay (a3oBUX QIyKTyarii
MPUAHSITOTO  PAJiOIIOKATOPOM  PaJiOCUTHAIY, KU
MpoiIIOB HeoaHopiaHy Tpornocdepy [5]. TobTo, TOU-
HICTb BUMIPIOBaHHsI KyTOBUX KOOPJMHAT i, SIK CIIJI, PO-
3paxyHKy BUCOTH AQO 3aleXuTh Bijl SIKOCTI BH3HA4YCH-
Hsl 3aKOHY 3MiHM KopeJssuii (a3zoBux ¢uykTyamid pa-
JionokanidHoro curHaiy. Bkazane oOyMmoBIIOE HEOO-
XIJHICTb BHU3HAYEHHS MOXJIMBOCTEM MiJBUIIEHHSA TOY-
HOCTI BUMIPIOBAaHHSI KyTOBUX KOOpJIHMHAT Ta BUCOTH AO
3a PaXyHOK CTATUCTUYHOI ONTUMI3allil alrOpUTMy IMpO-
CTOPOBOI OOPOOKH MUISXOM BPaxyBaHHS KOPEISIIHHIX
BJIACTHBOCTEH MPUIHSATOrO pajiiOCUTHAITY.

VY [5, 9, 18] mokaszano, 110 HaHGITBII TEPCIIEKTHB-
HHUMH, 3 TOYKH 30py €(hEeKTUBHOCTI BUKOHAHHS 3aBIaHb
3a MPU3HAYEHHSM, € PaJioNIOKATOpH 3 aHTEHAMH THILY
®AP. Ilpu upomy, sik noBeneHo y [9], ¢dumykryamiiini
TOPU30HTAJIBHE Ta BEPTHKAIBHE IIPOCTOPOBE BiIXHIICH-
HA y panionokaropax 3 @AP, 3aBAsKu BIIMBY TPOIOC-
(bepHOi pedpaxiiii, MOXKYTh 3pOCTATH JI0 COTECHb METPIB.

Tomy, HIDKYE HaBEIeHI Pe3ylbTaTH OLIHIOBAHHS
MOXXJIMBOCTEH CTaTHCTHYHOI ONTHUMI3aIlil KyTOBHUX KO-
opauHAT i BUcOTH AO — € JIOTIYHUM MPOIOBKECHHSIM
JOCIIIKEHb, SIKi MpoBeeHi y [9].

B Garatrox cyuacHux pazmionokatopax 3 OAP Bu-
3Ha4YeHHA KyToBUX KoopauHaT AO 3miiicHIOeThCs (a3o-
BuUM MeTtozioM [5, 18], 3rifHo 3 SKUM KyT MicIs BH3HA-
Ya€eTHCS 32 BUPA3OM:

& =arcsin At (10)

27(k-1d '

e ¢ — (as3oBuii 3cyB MK k-M 1 mepmmM eneMeHTOM

®AP; A — nmomxuHa XBWIi pamionokatopy; d — Kpok

anteHHoi pemritku. [IIsx craTHCTHYHOI ONMTHUMI3AIil
ANTOPUTMIB TIPOCTOPOBOI 0OPOOKH TpU OaraToKaHAITb-
HOMY MIPHHAOMI PaioiIOKAI[IfHOTO CUTHATY 3 BpaxyBaH-
HSM KOpelboBaHUX (ha3oBuX (IyKTyarmiid nepemadavae
OIIIHIOBAHHS KyTa PUXO/y XBUJI 3a anroputMmom [13]:
/1 m
e=arcsin— > g Ady, (11)
27d =
k=1
age AD, =01 — D — 3HaUeHHs pisHULI (a3
cUrHaNiB K-i cuMeTpr4HOi mapy KaHaJIiB aHTCHHOI pe-
IIITKA (HOMEp TapH BigpaxoByeThcs Bixg 1 y meHTpi
®AP 10 m Ha ii kpasx); M — YKCIO Map CHMETPUIHHX
ka"aniB ®AP; ¢, — BaroBi koedillieHTH, AKi BPaXOBY-
I0Th CyMicHMH BIUIMB (pa3oBux (iykTyamidl i aguTHB-
HUX ITYMOBUX KOJINBaHb.
Barosi koeilieHTH () 3anexaTh BiA BiACTaHI

MK cumeTpuyHuMH enemeHTamu AP, amrutiTyHOTO
PO3MOJUTY Ta CTATHCTHYHHMX XapaKTEPUCTHUK (a3oBHX

¢ykTyauii — gucnepcii (cr(/z,) Ta KoedilieHTa Kopes-

nii y cycignix enementax GAP (a).

[Tpn nepeBakHOMY BILTHBI (ha30BHX (UIyKTyaIlii
Ha/l BILUIMBOM BHYTPILIHIX IIyMiB MpUiMaya, MOPSIOK
OOYHCIICHHS JaHUX BaroBUX KOE(DILi€HTIB HABEACHO Y
[20]. Ockinbku HEOMHOPIAHOCTI Tpomochepr MOKHA
BBQXKaTH CTATHCTHYHO HE3AJICKHUMH, TO, 32 IIEHTPAIb-
HOI0 TPaHWYHOIO TeopeMoro, (uykTyarii (a3u MarTh
HOpMaJIBHHUI 3aKOH po3noiny [5].

OnTtuMaibHe BUMIPIOBAaHHS KyTOBOI KOOPIWHATH
AO (11), no3Bonse MiABUIMTHA TOYHICTH OLIIHIOBAHHS
BucotH, 3rigHo (1). Tlpencrarise MpakTHYHY KOPUCTD
nopiBHsiHHs QuykTyauiiinol ckiagoBoi CKII onrtuma-
JBHOTO BUMIPIOBAaHHS KYTOBOI KOOPJMHATH 32 YMOBOIO

BpaxyBaHHs (Ha30BUX (QIYKTyaIlifi CHTHATY O'gzonm [14]
Npy OLIHIOBaHHI KyToBOi koopauHatn AO 3a (11), 3
CKII ¢ykTyaniiiHoi ckiamoBoi mOXHOKH BUMipIOBaHHSI

KyToBOi koopmuHath AQO 0e3 BpaxyBaHHsI BKa3zaHHUX
dykTyamin 0'82(]” [7] npu oriHOBaHHI KyTOBOI KOOp-
muHatd AO 3a (10). JaHuii ddcebHIE aHATI3 TOUIIBHO
MPOBECTH JUTS PI3HUX 3aKOHIB 3MiHH KoedilieHTa Kope-

i QazoBux daykryamiid. Jucnepcis 0'82

onm HpH
m >2 BU3HAYAETHCS 32 BUpa3oM [14]:
2 _l[ 2 jz 0'(/2,(1+a)><
gonm 2\ zd cose 1-a
m=1 2m-1)[2m-1-(2m-3)a
X3 > (2k -1)? (el 2( 2L
k=l (1-a)

[Tepmum BapiaHTOM PO3TIALY ONMUCY KoedilieHTa
MDKKaHAIBHOI KOpeIsMii (a3oBuX (QIIyKTyarliif — € eKc-
MOHEHTHA 3aJIeXKHICTB!

a=e/”, (13)
e p — IPOCTOPOBHH pajiyc Kopemsmii ¢pa3oBux (iayk-
Tyamii.

Jus Bunanky (13), mucmepcis o—gd,_u. E BH3HAYa-

€TBCS 32 BUPa3oM [7]:
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O-gd)fl.E = 90¢2/12/(27r2d2m2(4m2 ~1)2 )X

3

j= 1=1

Sx nosexeno y [5], mis pamionokaropis 3 OAP,
HAMOLTBIIMI BIUIMB TpoNoc(hEepHUX HEOIHOPITHOCTEH
CIIOCTEPIraeThes ISl CAHTUMETPOBHX 1 OUIBII KOPOTKHUX
XBHJIb.

Kopuctyrounch MeTOIMKOIO PO3PaxyHKY CTaTHC-
TUYHUX XapakTepUCTUK (a30BUX (QIYKTyalliid, BUKIA-
neHoi y [5] Ta 3actocoBaHoi y [7], po3paxyHOK AuCIIEp-
cii Ta pagiycy kopesmii pa3oBux (QuykTyariiii J0IiIb-
HO IIPOBECTH JJIsl HACTYITHHUX BXIJTHUX JTAHUX:

m=25; A2=01wm d=21/2; h,=10wm.

Bkazani cTaTHCTHYHI XapaKTEepHCTHKH (Ha30BHX
¢duykTyanii mpu 30BHIIIHBOMY Maclitadi TypOyJeHT-
HocTi Tpormocdepu | KM Ta Pi3HOMY LUISXY XBHJL Y
Tpomocdepi (z) MpUEMAIOTh HACTYITHI 3HAUCHHS:

1) z=50 kM, ;=43 par®, p=226,9 m;
2) z=100 kM, 05=8,5 par, p=149,7w;
3) z=150 km, %2) =12,8 pan?, p=117,4m;

4.2=200 kv, o5=17pa?, p=98,8wm.

OtpuMaHi 3HAa4YCHHS CTATHCTHYHUX XapaKTepHC-
TUK Y3TOJKYIOTBCS 3 pe3yJbTaTaMH OLIHIOBAaHHS, SIKi
HaBeneHi y [21].

Y tabn. 1 nagano 3nauenHss CKII BumiproBaHHs
KyToBOi KoopauHaTH AO 3 BpaXyBaHHSIM KOPEITbOBaHUX
¢bazoBUX QIYKTYalid O, g, AKi PO3PaXOBAHO 3TiTHO
(12) nns HaBe#AEHMX BUIIE JAHUX, €KCIIOHEHTHOTO 3a-
KOHY 3MiHM KoedilieHnTa kopemsuii ¢a3zoBux ¢uykrya-
uiit (13), 3a yMOB opieHTalil AiarpaMmu CrpsIMOBaHOCTI
aHTEHH 110 HOpMaJTi [0 T anepTypH.

V T1a6n. 1 TakoX HaBeICHO BiANOBIIHI 3HAYEHHS
¢nykryaniiinoi cknagooi CKIT BuMiproBaHHS KyTOBOi
koopauHati AO Oe3 BpaXxyBaHHS KOpENbOBaHHX (a3o-

BUX (uIyKTyauiit o,4,.E , ki pospaxosaHo 3a (14).

9%2/12 m

(o3 o=
0 r2d2m? (am? —1)? |
m-1

+2~nijexp(—d-l/p¢,)-Z(Zj—l)-(2j+2I—1)~(cos(j7d)—exp(—d~(2j—1)/p¢,)~cos((2j+l—1)-;/d) .
1=1

j=1

Binmosimni 3aaverns CKII BuMiproBaHHST KyTOBOL
koopauHaTi Ta BucoTd AQO 3 BpaxyBaHHAM (pazoBHX
¢dykryaniii Ta 0e3 TAKOrO BpaxyBaHHS JUIS BUITAJKY
KoeirienTa Kopersiii ga3oBux Quykryamiit (15) HaBe-
JICHO y Tabit. 2.

Tpertim BapianTOM ommcy Koe(illieHTa KOpEeJsii
(dazoBux (uIyKTyariii po3risgaeMo HacTymHY [ aycoBy
3aJIEKHICTb:

a= ef(d/"’)2 : (17)

x Z((Zj ~1)? (1-exp(-d(2] —l)/p)))Zmij exp(~dl/p)) -+mf(2j -(@2j+21-1)(1-exp(-d (2j-1)/p)) |

(14)
j=1
Tabnuysa 1 —3navennss CKII BumipioBaHHs1 KyTOBOI
koopauHat AO 3 BpaxyBaHHSIM
KOpeJaboBaHuX Ga3oBux QJIyKTyamiit
Z,KM 50 100 150 200
Ceonm.E » DAL 0,113° | 0,196° 0,271° 0,34°
Oegpn.E » DAL 0,123° | 0,212° 0,294° 0,369°
Shonm.E » M 255 939 2042 3549
Sheu.£ » M- 264 968 2103 3650

[MpexncraBnsie MpakTUYHY KOPHCTH MOUIMPUTH pe-
3yJbTATH HABEJCHOI CTATUCTHYHOI ONTHMI3allii Ha BHU-
miproBanus Bucot AO 3a (1).

Tomy, BianoBiaHi 3HaueHHs ¢uykryaniiinnx CKIT

BUMiproBaHHs BUCOTH AQO, SIK 3 BPaXyBaHHAM Oy £ »
TaK i Ge3 BpaxyBaHHSM (asoBuX QUyKTyalili Ohg, g

TaKoXX HaZaHo y Tabu. 1.

JpyruM BapiaHTOM OIMKCY 3MiHM Koe(illieHTa KO-
pensitii ¢a3zoBux ¢uyKTyaniii — € OCHMIIIOIYa 3aNeX-
HICTB, 1110 €KCIIEPUMEHTAIIBHO IiTBEPPKEHO CTOCOBHO
PJIC 35]16 mpumopchkoro OasyBanus [11], ska mae
HAaCTYIHUN BUTJIS!

K,(d)=e"%? cos(yd) , (15)

ae y= 27r/T ¢n — HUacToTa OCHWISALINA  KoedilieHTa
kopesstii daswy; Tqbﬂ — nepiox ocuuisiii KoedimieHTa
kopessiiii daszu.

Jns Bunazaky (15), BiamoigHa aucriepcis aibﬂlo

Moxe OyTh oTprMaHna 3 [6], e BKasaHe 3aBIaHHS BUPI-
IIYBAJIOCS CTOCOBHO OMNTHUMI3alii 4acTOTHOI 0OpOoOKH
paniooKallifHOTO CUTHAIY, Ta, Y CBOIO Uepry, Mae Ta-
KW BUTJISI;

| 3 (2j-1)? @-exp(-d-(2j-1)/p, )-cos((2j-1) 7d)+

(16)

Tabruys 2 — 3navenns CKII BumiproBannst

KYTOBOi KOOpAMHATH Ta BUcoTH AO

3 BpaxyBaHHAM (a3oBux ¢urykryauiii

Z,KM. 50 100 150 200

Geonm.O » DA 0,113° | 0,196° 0,271° 0,34°
Oegpn.0 » PAL. 0,125° | 0,219° 0,305° 0,385°
Shonm.0 > M 255 939 2043 3550
Shgn.0 > M- 266 979 2132 3707

Just Bunazaky (17), nucnepceis agquﬂ. [ BLANOBLAHO 710 [6] BU3HAYAETHCA 3a TAKMM BUPA3OM!
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2
OOpn.E =

1=1

Bigmosimni no Bunaaky (18) snauenus CKII Bumi-
pIOBaHHS KyTOBOi KOOpAMHATH Ta BUCOTH AQO HaBeICHO
y Tadi. 3.

Tabnuysa 3 — 3navennss CKII BumipioBanHst KyTOBOI KOOp-
JUHATHU Ta BUCOTH AO
3 BpaxyBaHHsiM ['aycoBoi 3ase:xHocTi

Z,KM. 50 100 150 200
om0 » PAL | 0,0017° | 0,0036° | 0,0056° | 0,0077°
o0 > PAL. 0,012° | 0,025° | 0,039° | 0,054°
Chomm 0+ M 158 604 1348 2390
S0+ M- 167 642 1436 2551

3 OTpUMAaHHUX pPe3yJbTATIB MOXKIMBO 3aKIIOUUTH,
IO JUIs BKAa3aHMX YMOB, IiJIBHILIEHHS TOYHOCTI BHMi-
proBaHHs KyTa Micis Ta Bucot AO 3a paxyHOK CTaTH-
CTUYHOI OMTUMI3aIlil POCTOPOBOI 0OPOOKH pasIionoKa-
[IIfHOTO CHTHATY 332 HAassBHOCTI KOpEJIbOBAaHUX (ha30BUX
¢ykTyaniii, 0OyMOBJICHUX BIUIMBOM HEOJIHOPIIHOCTEH
Tporocepu, cknamgae 3 % g ekcroHeHTHoro, 4 %
JUTsl ocLMITIOI04oro Ta 6 % mist ['aycoBoro 3akoHiB 3Mi-
HU KoediuieHTa Kopensuii ¢azoBux Quykryamii. [Tpu
3MEHIICHH] JOBXUHU XBWJI PaJiojOKaTopy JaHe Iijl-
BUIICHHS MO)ke OyTH Oinbin cyrreBum. Tak, mpu ori-
HIOBaHHI, 3rigHo HaBeneHol Mmetoauky, mig A =0,05 m
BOHO MOX€E CKJIaJlaTH BiamoBigHo — Bixg 3 1o 27 % mis
HaBEJICHUX BHIIE 3aKOHIB 3MiHM KOoedilieHTa KOpesiii
¢azoBux ¢GuykTyamii.

BucHoBku

1. MokHa BU3HAYUTH /IBa OCHOBHHX LUIIXH Bpaxy-
BaHHs BIUIMBY TpOHOC(epu Ha SKICTh MPOCTOPOBHX BH-
MiptoBasb. [lepimii — momnsirae y po3paxyHKy MOIPaBOK

9%212 m

3 (2j -1 [l—exp[—%(Zj —1)2D+

27%d%m?(4m? -1)% i3

23 exp(<d 1) -E(zj D-(2j+21-1)(1-exp(~(d/p)’ (21 -1)- (21 +21-1)) ||
j=1

(18)

Ha pedpakilirto Ha OCHOBI JaHUX MPO METCOPOJIOTIUHI
napametpu Tpornocgepu. [pyruii — 0a3yeTbes Ha Mpo-
BEJICHHI CTATUCTUYHOI ONTHUMI3aIlii aJTOPUTMIB IPOC-
TOpOBOi OOPOOKM 32 paxyHOK BpaxyBaHHs (DIyKTyamii-
HUX SIBHI NIPH MONIMPEHHI PaIioNOKalifHOTO CUTHAITY
Kpi3b TporocdepHi HeOTHOPIHOCTI.

2. BemmunHa monpaBKM Ha pedpakiilo BH3HAYA-
€THCS TIOXWJIOKO JAIBHICTIO, KyTOM MicCls Ta 3aJIeXUTh
BiJl TpajieHTa KoedillieHTa 3aJIOMJIEHHS Y HalpsIMKy
MOLIMPEHHsI pafioxBuii B Tporocdepi. TounicTh mom-
paBku Ha pedpakuito npu obuucnenHi Bucotn AO 3a-
JISKUTH BiJl SKOCTI BU3HAYCHHS 3aKOHY 3MiHU IpaJlieHTa
IHZEKCY 3aJIOMJICHHS Ha LUISXY IOIIMPEHHS eJIEeKTPO-
MAarHiTHUX XBHJIb. TOMY YMOBOI BH3HAUCHHS BKa3aHOT
TIONIPaBKH € 3aCTOCYBaHHS I'yCTOI Mepei METEOCTaHIIH
JUIS1 OTIEpaTUBHOTO 30H/IyBaHHS CTaHy aTMOC(epH.

3. CTaTHUCTHYHA ONTHMI3aIlis aJITOPUTMIB MPOCTO-
poBoi 00pOOKM paioNoKaliiHOrO CHTHAly BUMarae
BU3HAYEHHS 3aKOHY 3MiHHM Kopemduii ¢pa3oBuX (UIyKTy-
aIifi pamioNoKaiiHOro CHUTHaNY. Y paioiokaTopax 3
OAP onTumanbHe BUSHAYCHHS KYTOBHUX KoopauHaT AO
Moe OyTH peaii3oBaHe IIISIXOM BaroBOro CyMYBaHHS
pi3HHLb (a3 CHTHANIB, NPUIHATHX CUMETPHYHUMH I1a-
paMu KaHalliB aHTeHHOI pelniTku. [Ipu npoMy, BiAIoBi-
JiH1 BaroBi KoeQilliEHTH BH3HAYAIOTHCS JHCIEPCIEI0 Ta
koedirienToM Kopernsiii azoBux ¢uiykTyaniii y cycin-
Hix enemenTax GAP.

4. TlixBUILEHHS TOYHOCTI BUMIPIOBaHHS KyTa Mic-
s Ta BUcOoTH AO 3a paXyHOK NMPOBEICHHS CTATUCTHY-
HOi onTuMmi3alii mpocTopoBoi 0OpOOKU pajionoKalii-
HOT'O CHTHAaJTy MOXKE CKJIaJIaTH BiJI OJMHUIIb IO JECATKIB
BIJICOTKIB y 3aJI©)KHOCTI BiJ| BUJy 3aKOHY 3MiHU Koedi-
ieHTa Kopensuii (a3zoBux QuykTyaniii y caHTUMETpO-
BOMY JIialta30Hi JIOBXUH XBWJIb 1 € TUM OLIBLIMM, UMM
MEHIIIOIO € JIOBKHHA XBUIII Pa/lioJIOKaTOPY.
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Possibilities of accounting for the influence of the troposphere
when measuring the angular coordinates and height of aerodynamic object

Volodymyr Karlov, Oleksandr Kuznietsov, Oleksii Kolomiitsev, Igor Krasnoshapka, lIvan Petrushenko, Oleh Strutsinskiy

Abstract. Finding ways to improve the quality of spatial processing of a radar signal under the influence of tropospheric
inhomogeneities is an urgent task, which is aimed at improving the efficiency of using radar technology for its intended purpose.
The article defines two ways to take into account the influence of the troposphere when measuring the angular coordinates and
height of an aerodynamic object. The first way provides for the operational determination of the law of change in the gradient of
the refractive index and the calculation of the corresponding corrections for refraction. The most convenient models for the law
of refractive index change with height are considered and the features of their application are analyzed. The second way is con-
nected with taking into account the correlated phase fluctuations of the radar signal in the algorithm of its spatial processing. The
features of this accounting in relation to radars with a phased antenna array (PAR) are given. Due to the statistical independence
of the inhomogeneities of the troposphere, by virtue of the central limit theorem of probability theory, the law of distribution of
phase fluctuations is considered normal. A comparative analysis of these ways of taking into account the influence of the tropo-
sphere when measuring the angular coordinates and height of an aerodynamic object is carried out. The fluctuation components
of the root-mean-square errors (RMS) of the optimal measurement of the angular coordinate and height are compared, provided
that phase fluctuations are taken into account with the corresponding RMS of the fluctuation components of the errors in the
measurement of the angular coordinate and height, without taking into account these fluctuations, for the cases of describing the
interchannel correlation of phase fluctuations of exponential, oscillating, and Gaussian dependencies. From a practical point of
view, the results obtained make it possible to evaluate the feasibility of using the optimal algorithm for measuring the elevation
angle and height of an aerodynamic object in radars with phased array for specific conditions of the influence of tropospheric
inhomogeneities.

Keywords: aerodynamic object, height, refractive index gradient, meteorological parameters, radar signal, root-mean-
square error, statistical optimization, measurement accuracy, troposphere, elevation angle, phased antenna array, phase fluctuations.
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[HCTUTYT crenianbHOTO 3B’ S3KY Ta 3axucTy iH(opMarii HalioHansHOT0 TEXHIYHOTO YHIBEPCUTETY
VYxpainn «KuiBcekuii nomitexniyauii inctutyT iMeri Iropst Cikopepkoroy», Kuis, Ykpaina

METOJIUKA CHHTE3Y IHITONTUMAJIBHOI'O AJITOPUTMY PO3AIJTEHHSI-
JEMOAYJIALI ABOX B3AEMHO HEOPTOI'OHAJIBHUX CUTHAJIIB QPSK

AHoTanisi. MeTor po6oTH € IiJIBUIICHHS 3aBaI03aXHIICHOCTI puiioMy (nemoyJsiii) kopucHoro LIC 3 QPSK B ymo-
BaxX BIUTMBY HOTY>kHOI mozi6Hoi 3aBanu. IloctanoBka 3agavi. Po3poOuty npaBmiio npuitHATTS pilieHHS Npo NepemaHuit
JAII xopucuoro LIC 3 QPSK B ymoBax BBy notyxHoi QPSK-3aBamu. PesyabraTn. B cTarTi npencraBieHo cuHTE3 Ti-
JONTUMAITBEHOTO AITOPUTMY JEMOIYISALIl BOX CHHXPOHHHMX B3a€EMHO HEOPTOTOHANBHMX IM(poBux curHaimiB 3 QPSK-
MOAYJIALI€r0. 3a BiICyTHOCTI 3aBajil JaHUIl adrOpUTM BHPOIIKYETHCS B KIIACHYHY KOTEPEHTHY AEMOIYJLLII0 HU(PPOBOTO
curraiy 3 QPSK. Ilpu cyTTeBoMy IEpeBHILEHHI MUTTEBOI MOTYXHOCTI 3aBafil HaJl MUTTEBOIO NOTY)KHICTIO KOPHUCHOTO
midposoro curHany 3 QPSK 3aBafo3axHIeHICTh TPUHOMY OCTaHHBOTO HAOIIKAETHCS 0 3aBa/I03aXHIIIEHOCTI IPHHOMY B
KaHaJIi 3 aANTHBHAM OlTM rayCiBChKUM ITyMoM Oe3 3aBaau. BucHoBok. [laHuii aropuT™ AeMOIYIAIIT MOYKEe BUKOPHUCTO-
BYBATHCS TIPH PO3poOIi MOJAEMHUX KOMIIEHCATOPIB, IO 3a0e3MeuyloTh MOBTOPHE BHKOPHCTAHHSA YaCTOTHOTO pecypcy, a
TaKOX IPU PO3poO1Lli MEepCHEeKTHBHUX 3aBaJ03aXMILIEHUX 3aC00iB pagio3B’sI3Ky.

KawuoBi caoBa: QPSK-momymsmis, BPSK-monymsmist, mudpoBuit curaa, 1eMomysiis, B3a€EMHO HEOPTOT OHAIEHHN

CHUT'HAJI.

Beryn

AxTyajbHicTh TemMu. [Ipu po3poOui cyuacHuX
panio3aco0iB HarajbHOK 3AJUINAETHCS Mpoliiema Ha-
niiiHoro npuitomy nugposoro curnaiy (LIC) B ymoBax
00MEXEHOCTI PallioyacTOTHOTO pecypcy, 3aBMHpPaHb,
0araTonpoMeHeBOCTi, AOMIUIEPIBCHKUX 3CYBIB YacCTOTH,
BIUIMBY PI3HOMaHITHHX CTPYKTYpPHUX 3aBaj. Tomy ak-
TyaJbHMM B MEXax 3a3HaueHOi MpoOJieMH € IOLIyK
LUISIXiB €()eKTHBHOTO BHUKOPUCTAHHS PajioyacTOTHOTO
pecypcy Ta nemonyJsiii kopucHux LIC B ymoBax BIuin-
By HaBMHCHHMX a00 HEHaBMHCHHMX 3aBaJl BKIIOYAIOUH
MOJIIOHI 33 CTPYKTYPOIO JI0 KOPUCHOTO CUTHAITY.

Ciig TakoX 3a3HAYUTH, L0 3a0€3IEYUTH 3aXHCT
uupoBUX JIiHIA BiCHKOBOIO ab0 LMBIJIBHOTO pa-
JII03B’SI3KY BiJl BEJIMKOTO PI3HOMAHITTS ITOTYKHHUX 3aBajl
3 BUKOPUCTaHHSAM OyIb-SKOTO OJHOTO METOAY OYEBHU-
HO, HEMOXJIMBO. Y 3B’SI3Ky 3 IIMM BHHHMKa€e HEoOXil-
HICTB CepeJi MHOXHHH TEXHIYHUX METOJIB OOpOTHOM 3
3aBajZlaMi BUOWpPATH JIesKY palliOHAIBHY iX CYKYIHICTB,
mo 3a0e3neyyBaTHMe BUKOHAHHS CYYaCHHUX BHUMOT 1O
3aBaI03aXHUILIEHOCTI U(PPOBUX JIHINA Pajio3B’s3Ky crie-
LIAJILHOTO MTPU3HAYECHHSI.

HoBusna temu. CHHTE30BaHUH ITiIONTUMAIbHAN
QJITOPUTM JEMOIYJALI ABOX B3a€EMHO HEOPTOTOHAIb-
Hux L[C 3 QPSK € neBHUM MOAANBIIAM PO3BUTKOM CTa-
TUCTHYHOI TEOPii JEMOAYIIALIT AUCKPETHUX CUTHAIIB.

BinMiHHOIO OCOOJMBICTIO AaHOTO aNTOPUTMY Bif
3araJbHOBIIOMOI KJIACHYHOI KOTEPEHTHOI JEMOIYIIAIi
curHany 3 QPSK, 1o Bu3Hay4ae #oro HayKoBY HOBH3HY
€ HasgBHICTh Y BXIJHOMY CIIOCTE€PEKEHHi, KpiM KOpHC-
Horo curHany 3 QPSK ta aautuBHOrO OLIIOT0O rayciBch-
koro mymy (ABI'I), moaibHOi 32 CBOEIO CTPYKTYPOIO
JI0 KOPHUCHOTO CHTHAITY 3aBaJIu.

IIpakTuyHa WiHHiICTH TeMH. 3HAUCHHS BHpIIIe-
HOI 3ajadi A7 MPaKTUKH TOJSITa€E B JOBEJCHHI MPHH-
IIATIOBOT MOJKIIMBOCTI PO3POOKH, HA OCHOBI CHHTE30Ba-
HOTO TIpaBWJIa TIPUHHSATTA PIMIEHHS MPO TepeIaHui
TICKPEeTHUH TapameTp, (QYyHKIIOHAIBEHOI CXEMH KOore-
pentHoro aemonyisrtopa kopucHoro L[C 3 QPSK B

ymoBax BBy QPSK-3aBamu.

MeTo010 po0OTH € MiABUILECHHS 3aBal03aXHIEHOC-
Ti npuitomy (aemonyssnii) kopuchoro LIC 3 QPSK B
YMOBax BIJIUBY ITOTYXHOI TOXIOHOT 3aBa .

ITocranoBka 3aga4i. Maemo kaHai pajio3B’si3Ky 3
NOCTIHHUMH (TTOBUTHHO 3MIHHUMH) TTApaMeTpamMu B TIOpiB-
HSHHI 3 TPUBAJICTIO TaKTOBOTO iHTepBany Ta ABI'LI;

- BXimHe cnocrepexeHHs — kopuchuii LIC 3
QPSK B ymoBax aJIMTHBHOIO BILIMBY MOTYXHOI MOi0-
HO1 3aBajy;

- KpHTepii ONTUMaIBHOCTI — MIHIMYM CepeIHbOT
HMOBIPHOCTI TIOMHJIKM Ha OIT MpH BU3HAYCHHI CTaHY
nmuckperHoro napametpa (JI1) xkopucuoro LIC.

Tpeba po3poOHUTH MPaBUIIO MPUHHSTTS PIILICHHS
npo nepenanuid J{I1 kopuchoro 1IC 3 QPSK B ymoBax
BIUMBY 0TY)HOi QPSK-3aBau.

Bukiaa ocHOBHOro MaTtepiany

Bigomo, mo Ha#ripmiorn 3aBaJoCTiHKICTh pO3.i-
JICHHSI-IEMO/TYJISIIT B3aEMHO HEOPTOTOHANBHUX IH(PO-
BUX CHTHAJIB 3 MEPePHUBYACTHM BUIIPOMIHIOBAHHSIM
BUSIBJISIETBCS TOJI, KOJM X MUTTEBI OTYHOCTI BiJIpi3-
HSIOTBCS HECYTTEBO (OpiEHTOBaHO B Mexax 3 b s
curganie BPSK, QPSK). CkmamHicTe onTHMalbHHX
ANTOPUTMIB 0araTOKOPUCTYBAIILKOTO JACTEKTYBAaHHSI, IO
CHHTE3YIOTBCSI METOJAMH CTATHCTUYHOI Teopii po3mi-
JIEHHSI TH(PPOBUX CUTHAIIB €KCIIOHEHIIIaJIbHO 3pOCTaE B
3aJIEKHOCTI BIJ KIJBKOCTI CHTHAMIB, IO HiIIATalOTh
pozainensso [1,4].

Po3risiHeMO MOJENb CIIOCTEPEIKEHHST Y BUTIISI
JIBOX B3a€MHO HeoproroHanbHux QPSK-curnanis:

yi = (1)t A cosor +(~1)2 4 sinwt +(-1)8 x O
cdcos{ot-+6) 4 (1) dysin(ot-+9) ()

ne 4 €{0,1} — inpopmauiiiui auCKpeTHI mapameTpn

(A1) manomory»xHoro (I2) i moryxuoro (r34) QPSK-
curnany; N(t) — aguTuBHUE OiMKil TAyCIBCHKHIA IIyM |
k=123,.. — HOMEp iH(}OPMAIIHHOIO TAKTOBOTO iH-
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TepBany, Ay— ammiityna 1-ro QPSK-curnamy; A, —
amrtityna 2-ro QPSK-curnay.

Jyist mpo3opocTi MosICHEHb Oy/leMO BBaXKaTH, IO
CUTHAQJIM CHMHXPOHHI 32 TaKTOBUMH TOYKaMH Ta iHQOp-
MaIliifHi TaKTOBi iHTEpBAIH T — CIiBIIAIAOTh.

B [1] HaBeneHO 3aranbHe MPABUIIO MPUHAHATTS Pi-
wenHs (I1T1P) 3apaui po3nieHHs 4-X CUTHAIIIB JBiiKO-
Boi @M, CHHXPOHHHUX 32 TAKTOBUMH TOYKaMH OITHMa-
JBHAX 32 KPUTEpPIEM MiHIMyMY IMOBIPHOCTI MOMHJIKH
AI1. Buxoasuu 3 MOJEIi CIIOCTEPEKECHHS, po3poliieHe
[P npencraBieHe TAKUM YUHOM:

r = rect{—{sh[bl—Z(—Rlz—Rm— Ryq)]x

X exp [—bz—b3— bs—2(Rog+Ros+Ray )} +
+sh[ by —2(~Ryp —Ryg +Ryq) |x
xexp[ —b, —bg +by —2(~Ryg —Rog - Rag ) |+
+sh[ by —2(~Ryp + Rz -Rig ) |x
xexp| —by +13 —by —2(~Rpg + Ryg —Rgq) |+
+sh [bl—Z(—Rlz +Ryz+Ryg )]x
xexp[—bz +b3 +by —2(—Ry3 — Rog + R34)}+ ?
+sh [l —2(Ryp — Ry —Ryq ) | x
xexp| by —by —by —2(~Rpz —Roq + Ry ) |+
+sh[ by -2(Ryp —Rig+Ryg ) |
xexp[ by — b +by —2(—Rpg + Rog —Rgy ) |+
+sh[ by -2(Ryp + Ryg — Ry ) |
xexp|[ by +b3 —by —2(Rpg —Ros —Rys ) |+
+5h[bl—2(R12 +Ryg+ R14):|><
xexp[bz +b3+by —2(Roz +Rog + R34)}}'

e rect(x>0)=1 rect(x<0)=0.

3rigHo Mojeri criocTepeskeHHs (1):
tk tx
2 2 .
by :N—Afl [ v coswrdr; by :N—'Al [ yesinorr;
1 g1
ty
2
by = 2Ry I y; COS(wt +¢) dr;
No
1
2A, '
by =—2 |

Otkl

yt Sln C()t+(0)d N R12 = R34 :0,

Ri3 = A&AZ ICOSwtcos(mt+¢)d
No S

Rig = ALAQ ICOSth|n(mt+¢)d
No tea
fi
R23:A,1;I—A2 [ sinwrcos(et +p)at.
0ty

[eperBopumo aprymenr I1IIP (2) B cymy no0yTKiB
dyskuiii sh(.), ch(.) Ta moxinmmo Ha HeBix emHuiA
JIOOYTOK BUTJISITY:

K = ch(by)ch by )ch (bs )ch (by )ch (2R; ) x
xch (R13)Ch(2R14)Ch(R23)Ch(2R24)Ch(R34). '

B pesynbrarti, aus neproro JI1 orpumyemo TITTP
B BUJI:

i = rect{-[Kqthby + Ky, thb, + Ky thby +
Ky thby +Kg thby thby thb, + Kag thb thby x  (3)
xthby +Kpq thiy thby thby + Koz thiy thb, thbs ]}

B (3) koedimient mpu ymxuisix th(.) masors s [1]:

Ko =1+ th(2R3)th (2R ) th (2Ry5 ) th (2Ry4 ) > O;
Kiz = th(2Ry3)th (2Rp3) +th (2Ry4 ) th (2Rp4);
Kig =—th(2R3) - th (2R4 ) th(2Rp3 ) th(2Ry4 );
Kig =—th(2Ry4) —th(2Ry3)th(2Ry3) th(2Ry4 );
Kag =—th(2Ry3) —th(2Ry3)th (2Ry4 )t (2Ryy);
Kaa =—th(2Ry )~ th(2Ry3)th (2Ry4 ) th(2Ry3);
Kaq =th(2R3)th(2Ry4) +th(2Rg3)th (2R, ):
Kr =th(2Ry3)th(2Ry4 ) +th(2Ry4)th (2Ry4).

Beegemo npunyunieHss, mwo crpoiytors. Hanpu-
KJaJl, SIKIIO IPYTHiA CUTHAJ CYTTEBO IOTYXKHIIIMHA ApY-
roro, TO OMOCEPEAKOBaHUI BIUIMB MEPILOrO CaMOro Ha
cebe uepe3 nmpyruil cmpoctyemo (cmpoctyemo B IIIIP
BCi KOMITOHEHTH, MicTsth thb, . Toxi:

* t _Kothbl+Kl3thb3+Kl4thb4+

n =Trecty— =

! I +K34thblthb3thb4
thbl+ thblthb3thb4+

=rect< — =

K13 thby +—4 K14 thb,

thbl[1+K thb3thb4j
Ko

= rectd—

thb,

K K
+—2B thby +—4
Ko Ko

Iepersopumo koedirientn mpu thby 5 3:
Kas _ th(2Ry3)th(2Ryg)+th(2Rp3)th (2Rp4) _
KO _1+th(2R13)th(2R14)th(2R23)th(2R24)_
=t :

+Arth(th(2Rp3)th (2Ry4)) |

Kig _ ~th(2Ry3) —th(2R14 ) th (2R3 )th (2Rpq)
Ko 1+th(2Ryg)th(2Ry )th(2Rp3)th(2Rpg)
= —th[ 2R3+ Arth (th (2Ry4 ) th (2Rp3 ) th (2Ry4 ) |;
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Kia/Ko =
_ —th(2Ry4)—th(2R3)th(2Ry3)th(2Ry4 )
~ 1+th(2R3)th(2Rys ) th(2Ro3 ) th(2Rps )
th(2R13)th(2R23)xﬂ

Xth(2R24)

= —th|:2R14 +Al’th(

[Iponoxumo criporieHHs nami. Hexaii
Rog =Rpq =0.

OnocepenkoBaHUH BIUIUB CIa0KOTO CHTHALY Ha
cuIbHHH BBakaeMo HecyTreBuM. Tomi TITTP mo auckpe-

THOMY napameTpy f = 0,1 MaTuMe CyTTEBO CIIPOLIEHUH
BUJI:

x thb,—th (2R 3)thby —th (2Ry4 )thb, +
r1=rect{{ +th(2Ry3)th(2Ry4 ) thby thbs thb, }}:
=rect{_thbl[l+th(2R13)th(2R14)thb3thb4]+}:
+th(2Ry3)thby +th(2Ry4 ) thby
—thby +Arth(th (2R;3)thbg )+
~re +Arth (th(2Ry4 ) thby ) }

Bupas ams imoBipHOCTI momuiku B oninni I i

KOpPUCHOI'O CUTHAJIY B 3araJIbHOMY BUIIAJAKY Ma€ BUIIISAL

Pron 23 Z Z Zp(rl =1-1 /< ek, r4)

rl —OI’3 Or4 =0 (4)
h34= 0.1
3a  ymoBu  piBHOiMOBipHUX  cTaHiB  JIII

rlk, r3k, rf TOOTO,

p(r1’3’4=0): p(134 1) 0,5

HeoOXiiHO Oy/ie 00paxoByBaTH He BICiM, a JIMIIE YOTH-
pu ymoBHuX 3a ctanamu J{IT (tabn. 1) imoBipHOCTEl B
criBBigHomeHHi (4).

Tabnuys 1 — PiBHoimoBipui cranu 11

2 0 0 0 0
ry 0 0 1 1
" 0 1 0 1

Ile 06yMOBIIEHE THM, III0 p(r* =1-n/..)) He 3a-

JSXUTH Big N =01, a PIBHOIMOBIpHI cTaHM r3ki r)f
(puc. 1) po3TamroBani Ha Bici 4aCy CHHXPOHHO.

Haui (mmB. mozHayenss B (3)):

k*

k n *

1-6° k ky 1+(-1) o
- 1
3N ) —T—(—l) x

s (5)
x o(by,bg,by, 11K 1k ) dbdbadb,.
[T 7ol

P(rlk* =

ne w() — TPUBHMIpHA TayCiBChKa IIUIBHICTH IMOBIpHO-

cTi, ymoBHa 3a cranamu JI1 rlk, r3k r"f ,

K ok Kk 1
w3 (by,b3,04,1" 75,14 ) = ———F—=
0'10'30'4\/(271')31)

(6)
xexp{—ﬁzz Dij_, - m;)(b; - m; )]

i=1j=19i%]

X

MatemaTU4HI CIIOMIBaHHS TpPU TaKill IIUTEHOCTI
MAaroOTh BUTIISI:

m1=zhf{(—1>“k () L pl_}

|13 I14

k p k 1 )
g .%34_(_1)@ T ’

i3 I3

M3 Amg; = 2hf [(_1)

k k
mj Ay = 2k | (~1)" 'p%+(—1)r2 % .
lia Iy

Buxostuu 3 TOrO, 110 |123 = h12 /h32; |124 = I}LZ /hf;

BU3HAYAEMO BiJMOBITHO, 1HIII CTATHCTHYHI XapaKTepH-

CTUKU.
207 7 oy = 2hE 2R 11
04 =22 212 1 12,
2 T 2 Y
hf A Icosmdt h§:hf Ll J'cosmdz
No t No ty1

2,2. 2,2
P13 =Rz /W h3;  pra =Ry [\[hhy.

Bukonaemo Temep 3pydHe [UII PO3paxyHKIB
LCHTPYBaHH: Ta HOPMYBAHHS BUIIAIKOBUX BEJIHYIHH Dy,

b3 Abzy, by Aby, :
1 .
Xi Z—(bi —mi) , 1=134.
oj
BBenemo no3HaueHHs:
K kK 2.
Xlz[bl_ml(rl 31y )]/\IZhl ;
olvigy = by —mg (1) [ 120 11y

x4éx41=[b4 my (1,14 )}/th1 12,

Toni (6) mepemumeTsest y BATIISII:

o(xy,X3,X3, P13, P14,0) =

D Dijxixj}’ @

i=1,3,4 j=13,4

1
=————exp
/(2”)3D { 2D
Dy =L

Di3 = D3; =—py3;

2 2. 2.
ne  D=1-pf—pis; D33 =1-p33;

2.
Dygg =1-pi3;
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Dig = D41 =—p1a:  Dsq = Dy3 = pr3p1s-

Bupa3s (5) mis yMOBHOI iMOBIpHOCTI IOMHUJIKU Te-

riep Oyne MaTy BUIIISLA (HeXail ISl IPUKIIaLy rlk =0):

P =1/ =0, 1, 1) :(i=81—m1('1k:o,r3k,rf)):
®)

o0 00
= J I .fw(x1'x31'x41'P13:P14)dxldxsldxmv
0

—00 —00

ne B ABy (X31,X41) = By [\)th I\f3 X1+
+mgy (1 =0, 5 )y2h2 1131 xgg + myg (5 =0, rzlf)} =
:Arth{th(\plf/ls?l X31 + m31(r1k = 0,15 ))th(2R13)}+

+Arth{th( 2h12 / Ifl Xq1 + m41(r1k = O,rzk,rlk”))th(ZRM)}.

8

Pesysbrat po3paxyHKiB i3 3acTocyBaHHsM (4,7,8)
HaBeJeHi Ha puc. 1.

BucHoeku

OpnepxxaHi pe3yJbTaTH CBIUaTh PO BUCOKY edek-
TUBHICTh METOJIB ONTHMAJIBHOTO 0araTOKOPHUCTYBAllb-
KOro JETeKTyBaHHS JBOX B3aeMHO 3aBakatounx [[C
QPSK.

B mocTaHOBII BHINEBUKIAICHOI 3amavi mependa-
4aJoCh TOYHE 3HAHHS BEKTOPIB BCiX HeiH(oOpMamiiHUX
napameTrpiB 000X B3aEMHO HEOPTOTOHAJBHMX CHUTHAIIB.
ToMy nomusiki B KOMIIEHcAIlll BIUIMBY 3aBaju (y Ha-
LIOMY IPHKJIaZl — APYToro CUrHay) 3aiexaTh BUKIIO-
YHO BiJl IMOBIPHOCTI MOMWJIKA B OILIHII i HEBIJIOMHUX
JII 13,14, 3aBAsKM LIbOMY HETaTUBHUN BIUIMB 3aBaJU

CTPIMKO 3MEHIIY€EThCS IPH TMEPEBHUIIEHHI I MHUTTEBOT
MOTYXKHOCTI HaJ| MHUTTEBOIO MOTYXHICTIO KOPUCHOTO
CHTHAJIa Ha JeKijbKa (IIcTh ab0 OiibIie) aeruoert.
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Puc. 1. 3anexHicTh yMOBHOI IMOBIPHOCT] TOMWJIKH B OLHIIi
JII r1 Bi BiTHOIIEHHS CEpeHIX MOTYKHOCTEH CHTHAIIIB

Haiikpaii pe3ysibTaTd MOXHA OJEp)KaTH Mpu 00-
poO1Ii 3aBaXKalOUOro CHUrHaly HE TUIbKM Ha JOBXKHUHI
TaKTOBOT'O IHTEpBaJIy KOPUCHOTO CUTHAIy, a Ha MOBHIH
JIOBXKHHI TBOX TaKTOBHX IHTEPBAJIIB 3aBa)KAKOUOTO CHT-
HaJly, CyMDKHHMX 3 TAKTOBHM IHTEPBAJIOM KOPHUCHOTO
CUTHAJTY, SIKIIIO CHTHAJIM BHSBISIFOTHCS ACMHXPOHHUMHU
3a TAKTOBHMH TOYKAMHU.

[Tpu nepeBuIlIEHHI MUTTEBOT MOTY>KHOCTI OJTHOTO 3
3aBa)kKalOYMX CUTHAIIIB HaJ ApyruM Ha 3-6 nb (B 3anmex-
HOCTI BiJ KOS]il[i€HTIB HEOPTOTOHAIBHOCTI P13, P14)

IMOBIPHICTh TIOMHJIKH B KO)KHOMY 3 HUX HaOJMKAEThCS
JI0 IMOBIPHOCTI TOMHJIKA B MEHII IOTY)KHOMY CHTHAJI.

CIMCOK JITEPATYPU

1. Bypauenko JI.JI. OntumansHoe pa3ieneHue [uppOBUX CUTHAIIOB MHOTHX IOJIb30BaTeNeH B JIMHISX U CETSAX CBS3U B YCIOBH-

six momex. Jlennnrpaa: BAC, 1990. 302 c.

2. €poxin B.®., ITenemok €.B. OnruMainbHi alrOpUTMH PO3IUICHHS JBOX B3aEMHO HEOPTOrOHAIBHUX CHUTHANIB. Bicnuk HTYY
KIII. Cepis Padiomexuixa. Padioanapamo6ydysanns. 2012. Bun. 49. C. 33-41.

3. €poxin B.®., Kapmitok B.B. Anropurm xomiieHcawii noaiOHOI CUrHany acCHHXPOHHOT 3aBajy 3 ABIHKOBOIO (ha30BOIO MaHi-
nyssuieto. Cneyianshi menexomynixayivini cucmemu ma 3axucm ingpopmayii. 2017. Bum. 2 (2). C. 27-35.

4. Verdu S. Multiuser Detection. C.: Cambridge University Press, 1998. 474 p.

Received (Hapniiinua) 24.05.2022
Accepted for publication (ITpuitasita mo apyky) 10.08.2022

Synthesis method of suboptimal separation-demodulation algorithm
of two mutually non-orthogonal QPSK signals

Yevhen Peleshok, Serhii Vovk, Khrystyna Solovei

Abstract. The purpose of the work is to improve the immunity of reception (demodulation) of a useful CS with QPSK
under the influence of powerful similar interference. Formulation of the problem. Develop a rule for making a decision about
the transferred DP of a useful CA with QPSK under the influence of strong QPSK interference. Results. The article presents the
synthesis of a suboptimal demodulation algorithm of two synchronous mutually non-orthogonal digital signals with QPSK modu-
lation. In the absence of interference, this algorithm degenerates into the classic coherent demodulation of a digital signal with
QPSK. Conclusion. When the instantaneous power of the interference is significantly higher than the instantaneous power of the
useful digital signal with QPSK, the immunity of reception of the latter approaches the immunity of reception in a channel with
additive white Gaussian noise without interference.

Keywords: QPSK modulation, BPSK modulation, digital signal, demodulation, mutually non-orthogonal signal.
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