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AHAJII3 CEPTU®IKALII EJIEKTPOHHUX JTOBIPYUX ITOCHYT B YKPAIHI

IIpodaemaruka. Ceprudikallisi €JIEKTPOHHUX OOBIpYMX TOCIYI B YKpaiHi CTUMKAETbCA 3 KiJbKOMa MpOoOJIeMaMU.
1li BUKIMKY BKJIIOYAIOTh HEOOXiMHICTh Y3rOMKEHHS 3 MiXKHApOAHUMM CTaHAapTaMM, 3a0e3MeUYeHHs] CTiMKOCTI KpHUII-
TorpadiyHoi iHQpaCTPYKTypU MPOTU Kibep3arpos, 110 MOCWIIOIOTHCS, i Y3roMKeHHS MPaKTUKU 3 MOJOXEHHSIM €Bpo-
nericekoro Coro3y mpo elDAS. KpiMm Toro, mpobiemu, moB’si3aHi 3 CyMiCHICTIO, IPaBOBUMHU MeXXaMU Ta 3arajJbHOIO
0€3IeKOI0 eJIEKTPOHHUX AOBIpYMX MOCIYT, CTBOPIOIOTh 3HAYHI MEePeIIKOIN.

Meta npochimkenHsa. CrpusiHHSI 3MilLIHEHHIO HalliOHAJbHOI CUCTeMHU KiOepOe3reku YKpaiHM IUISIXOM BUpilEHHS
npobJieM, MOB’sI3aHUX i3 cepTUdiKali€lo eeKTPOHHUX AOBIipUYMX MOCIYT, 3 aKIIEHTOM Ha KOMIIOHEHTU KpunTorpadii
Ta Mmpoiiec cepTudikairii.

Metoauka peamidanii. [lepenbauae 6araToacrneKTHMI Miaxia. BUBYeHHS HasIBHMX CHUCTEM OLIIHKU BiAIIOBiIHOCTI, IJIO-
0aJbHOTO IOCBIAYy Ta PEryJIsITOPHUX MEXaHi3MiB y IMPOBiIHUX KpaiHax 3 akueHToM Ha €C. OuiHIOBaHHS CUJIbHUX i
CJIa0KMX CTOPiH MOTOYHUX €JEKTPOHHUX AOBIpYMX MOCIAYr B YKpaiHi. IlopiBHSIHHSI HOpMaTUBHO-IIPaBOBOI 0a3u Ta
TeXHIYHUX MEXaHi3MiB, 110 Oil0Thb IJIs eeKTPOHHMX noBipuux nociayr B €C Tta Ykpaini. [IpornoHyBaHHS mpaKTUUYHUX
peKoMeHalliil JIsl CUCTeM aKpeauTallil Ta OLiHIOBaHHSI BiIMOBIZHOCTI B YKpaiHi IJIs1 MPUBEIEHHS Y BiAMOBIAHICTh
3 pernameHToM €C elDAS.

Pe3yabraTtu nochimkenns. JlochniixeHHS Oae UiHHY iHGOpMalilo MPO BUKIWMKU, 3 SIKUMU CTUKAIOTHCS YKPAiHCBKIi
€JIEKTPOHHI JTOBipYi CIy»k01, OCOOJMBO 11010 OLIIHKK HasiBHOI cucTteMu cepTudikallii. ITopiBHSIbHUI aHai3 BUSIB-
JISIE TIPOTAJIMHU Ta MOXJIMBOCTI JJISI BIOCKOHAJEHHS, 30CEPEIKyI0UMCh Ha Y3roIKeHHi MPaKTUK 3 TojoxeHHsIM €C
npo elDAS. EmnipuyHi JaHi Jai0Th AeTajJbHE PO3YyMiHHS TOYOK 30py Ta MpoO0JeM KIIIOYOBUX 3alliKaBJIEHUX CTOPiH.
JlocnimkeHHsT TaKOX BM3HAYa€ KOHKPETHi cepu mIsl BIOCKOHAJIEHHS MPaBOBUX i TEXHIYHMX aCMEKTiB €JIeKTPOHHUX
JIOBipYMX TTOCIIYT.

BucnoBku. € HarajabHa 1morpeda B CUCTEMHOMY BIOCKOHaJeHHI cepTUdiKallii eIeKTPOHHUX JIOBipuYMX MOCIYT B YKpai-
Hi, 30KpeMa y KpunrorpadiyHux LeHTpax cepTudikallii KiouiB. BupillieHHs LIuX BUKJIMKIB BUMara€ CKOOpAMHOBAHUX
3yCUJIb ISl Y3TOMXKEeHHST MPaKTUKKU 3 MiXKHApPOAHUMM CTaHAapTaMM, MOCUJICHHS 3aXO[iB KiOepOe3neKu Ta CIIPUSHHS
B3a€EMO/Iii, a TAaKOX MiAKPEC/IIO€ BaXJIUBICTh IMOCTIHHOTO MOHITOPUHIY, adallTallii 4O HOBUX 3arpo3 Ta CIIiBIIpalli 3
MiXKHapOIHUMU TapTHepaMu i 3a0e3nedyeHHs e(DeKTUBHOCTI 11 Oe3IeKu eJIeKTPOHHUX AOBIpYMX MOCIYT B YKpaiHi.
KmouoBi cioBa: ceprucdikallisi; eJIeKTpOHHI IOBipYi IOCAYrd; LEHTpU cepTudikalii KiIouiB; peryaoBaHHs elDAS;
KibepOe3reka; oliHKa BiAIIOBiAZHOCTI.

Beryn

B enoxy, Koau noMiHyOTh HU(PPOBI TpaH3aK-
il Ta 3B’SI30K, HAAIlHICTh i Oe3meKka eJIeKTPOHHUX
noipunx nocayr (Electronic trust services (ETS)) €
HaNBaKJIMBIIIUMU JUIS CTAOUIBHOCTI HALlIOHAJIBHUX
cucteM Kibepoesrneku. JlocaiakKeHHs 3arM0II0ETh-
cs y cknagHy cdepy ceprudikauii ETS, 3 akueH-
TOM Ha KOMIIOHEHTU KpumTorpadii Ta Ipoiec cep-
tudikauii ETS. Ockinbku uudpoBuit naHamadgpt
PO3BUBAETHCS, Y3TOMXKEHHSI IPAKTUKKU CcepTUdika-
Lii 3 YCTAaHOBJIEHUMM MIiXKHApPOIHUMM CTaHIapTa-

MU CTa€ HE JMIIE CTpAaTeriyHUM iMIepaTuBOM, ajie
1 HeoOXiZHMM KPOKOM [0 3MillHEHHSI iH(pacTpyK-
Typu KibepOe3neKu KpaiHu.

IToctanoBa €Bponeiickkoro Coro3y IIpo
elDAS (Bim anrn. electronic IDentification, Au-
thentication and trust Services, 110 JOCJIBHO O3Ha-
yae «eJIeKTpPOHHA iAeHTU(iKallisl, aBTeHTU(IKaLlis
Ta AOBipYi mocayru») [1] ciyrye opieHTUpOM st
JOOCHTiIXKEHHSI, Halalouu CTPYKTYpy, sKa Harojo-
LIye He JIne Ha eeKTUBHOCTI cepTudikallii, aje
i1 Ha 11 MiXXHapoAHiil rapMmoHizawii. Yepnarouu Ha-
TXHEHHsI Yy IJIoOaJbHOMY JlaHAladTi, B ONMUCyBa-

IIponosuuisi past nurysanHs miei crarri: O.0. CreueHko, “AHaii3 ceprtudikallii eJeKTPOHHUX AOBIPUMX MOCIYT
B Ykpaini”, Haykoei eicmi KITI, Noe 1—4, c. 7—17, 2024. doi: 10.20535/kpisn.2024.1-4.315076

Offer a citation for this article: O.O. Stetsenko, “Analysis of certification of electronic trust services in Ukraine”,
KPI Science News, no. 1—4, pp. 7—17, 2024. doi: 10.20535/kpisn.2024.1-4.315076
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HOMY JOKYMEHTI MPOBOAUTHCS aHali3 cepTudikallii
eJaekTpoHHUX goBipumux mocayr (ETS) Ha MixHa-
pPOIHOMY piBHi, 11100 BM3HAYWTU HaWKpallli Mpak-
TUKA Ta TEeHIEHLIl cepTudikaliili Ta rapMoHi3awii
3 Mi>KHaApOJHWUMU CTaHIapTaMu.

AHani3z npeaMeTy IOCHiIKEHHS BUXOIUTh Ja-
JIEKO 3a MexXi YKpaiHu i rmepeadavyae IpOBEACHHS
JTOCIIIKEHHS SIK YKPaiHChKUX, TaK i 3aKOPAOHHUX
JKepes, 100 peTelbHO BUBYMTU HasiBHY CHCTe-
My cepTtudikaliii B YKpaiHi, BU3HAIOUYM 1 CUJIbHI
CTOPOHM Ta BU3HAuvaouu chepu, sSIKi J03piad s
BIOCKOHAaJIeHHs1. BUCBIT/IIOI0UM MpoOJeMU Ta IIpo-
MOHYIOUM TIparMaTUYHi PilleHHs, JOCJiIXKEHHSI Mae€
Ha MeTi 3poOMTH BHECOK Yy MPAKTUYHI ifei ISt Imim-
BUILIEHHST Oe3IeKu Ta e(peKTUBHOCTI €JeKTPOHHUX
JOBIpYMX CIIYKO.

Konu opieHTyelicst Ha cKJIagHiCTh cepTui-
kauii ETS, meTa crae mocuTh 3po3yMisia: IpoKJac-
T LJISIX JJIS OiIbII O€3MeYHOro, CTaHIapTU30-
BAHOTO Ta MiXHapoOJHOTo Tpoliecy cepTudikariii
B YkpaiHi. lle pociimkeHHsS € KPUTUYHUM [T0-
CIiIKEHHSIM KOHBepreHuii kidepoesneku ta ETS,
NpPOKJIaJaloyu Kypc Ha CTilike I TIepCIIEKTHUBHE
1rpoBe MaiiOyTHE.

EnexTpoHni fA0Bipui mocayru: MNOHATTA Ta
3HAYEHHS
EnexTpoHHi [HOBipYi IIOCIYTM € BaXJH-

BUM KOMIIOHEHTOM Cy4YacHOro Lu¢pOBOTO JaHI-
madTy, SKUi CIpusie Oe3IeUHiil OHIaiTH-B3aEMOI1
Ta TpaH3aklisiM. Po3rjisiHeMO KOHIENilii Ta 3Ha-
yeHHs1, noB’g3aHi 3 ETS, BUCBITIIOIOUM 1X BaXKJIu-
BICTh Ta pi3Hi (popMu.

EnekTpoHHi a0Bipyi MOCayru, sIKi 4acTo Ha3u-
BalOTh €-JIOBIpUMMU TOCIyTaMu, OXOILIIOIOTH 1IK-
POKMIA CHEKTp OHJIaliH-CepBICIB i MeXaHi3MiB, SIKi
BCTAHOBJIIOIOTh i MIATPUMYIOTH JOBipy Ta O€3IEeKY
B EJeKTPOHHUX TpaH3aKIisgx i KoMyHikauisx. Lli
CITy>KOM BiZlirpaloTh KJIIOUOBY POJIb Yy 3a0e3TeueH-
Hi KOH(}iAeHLiIAHOCTI, LiJTICHOCTI Ta aBTEHTUYHOCTI
eJIEKTPOHHUX AaHUX i TpaH3akuii. Jleski momupe-
Hi npukiaaau ETS BkiIouaoTb LHUGPOBI MiAMUCH,
€JIEKTPOHHI MeyaTKu, ILITaMIyBaHHS Yacy, eJieK-
TPOHHI CTy>KOU 3apeeCcTPOBAHOI OCTaBKU Ta aBTE€H-
TU(iKalio BeOCANTIB.

EnexTpoHHI [OBipYi MOCIYTU CKJIamalOThCs
3 TaKUX KJIIOYOBUX KOMITOHEHTIB [2]:

1. Iudposi mignucu — xKpunrorpadiyHuin Me-
TOJ, 110 3a0e3Ieuye aBTeHTUIKALIiI0 Ta TepeBipKy
LTICHOCTI BMICTY €JIEKTPOHHUX JIOKYMEHTIB abo0
MOBiOMJIEHb, BMKOPUCTOBYIOUM JUISI TI€peBipKU
VHiKaJbHUI MPUBAaTHUIA KJIIOY i BiAMOBIAHWNA Bim-
KPUTHUI KITIOY.

2. EneKTpoHHI meyaTku — TOAiOHI 10 umMdpo-
BUX IIIMNMKCIB, ajJieé BUKOPUCTOBYIOTHCSI OpraHiza-
LisIMU IUIST THATBEPIKEHHS JKepelia Ta IUTICHOCTI
JOKYMEHTIB.

3. Ilociayru BCTAHOBJIEHHS YaCOBHMX MO3HAYOK —
HaJalTh HaliliHI MO3HAYKW 4Yacy, sIKi MOXHa Iie-
PEeBIpUTH, JISI €IEKTPOHHUX JOKYMEHTIB a00 TpaH-
3aKIliil, BaXJIMBI JJIS1 OPUIAMYHUX i€l i 10Ka3iB.

4. AsrenTHudikania Bedcaiity — 3a0e3reuye Jje-
TiITUMHICTB 1 Oe3reKy BeOcaiTiB, yacTo peasizoBaHi
yepes ceptudikatu Secure Sockets Layer (SSL).

Kpunrorpadiuni
CIyx0ax

KOMIIOHEHTH Yy  JOBipuHXx

Y coepi ETS kpunrorpadiuHi KOMMOHEHTHU
YTBOPIOIOTb OCHOBY Oe3IeKku, 3abe3rneuyound KOH-
(ineHUiHICTb, WIJTICHICTh 1 aBTEHTUYHICTh €JIeK-
TPOHHUX JAHUX 1 TpaH3aKIIiid.

HTudpysanns [3], dyHAaMeHTalIbHA KPUITO-
rpadiyHa TexHika, 3axullla€e KOHQIOeHLINHY iH-
(hopMmaliito Big HeCaHKI[IOHOBAHOIO JOCTYMY Mif
yac Tepenadi uym 30epiraHHs. BoHO mneperBoploe
BiIKpUTHUI TEKCT Ha 3alind(ppoBaHUI 3a ITOMOMO-
roro Kpurnrorpa@iyHux aJiIropuT™miB i KiitouiB. Kitto-
YOBi acrekTy IudpyBaHHS JOBIPUMX CIYKO BKIIIO-
YaloTh:

+ CumeTpuuHe IKUEPPYBaHHS: BUKOPHUCTOBYE
OJIMH CEKPETHMI KJIIOYU SIK ISl IUMPYBaHHS, Tak
i o gemmgpyBaHHs. EdexTuBHUiA, aje BuMarae
0e3IeYHOro PO3IMOBCIOMXKEHHS KIIOUiB.

+ AcuMmeTpuyHe MKMGPYBAHHS: TaKOX Has3u-
BalOTh KpunTorpadi€to 3 BiIKPUTUM KJIFOUEM, BOHO
BUKOPHUCTOBYE Mapy KJIOUiB — BIAKPUTUUN KIIOU IS
mMdpyBaHHS 1 3aKPUTUN KJIIOU IS AelndpyBaH-
Hs1. 3abe3neuye Oe3leuHe CIiJIKyBaHHSI 6e3 HeoO-
XimHOCTI 0e3meYyHOro 0OMiHY KIIOYaMH.

IMudposi migmucu [4], BupiluanbHi B AOBipUMX
cyk0ax, aBTeHTU(IKYIOTb i IEPeBipsIIOTh LiTICHICTb
€JIEKTPOHHMX JTOKYMEHTIB i moBizomyieHb. OCHOBHi
aCIeKTH BKIIIOYAIOTh:

+ Bigkputuii i 3aKpUTUI KJIIO4i: Iepemdada-
I0Th BUKOPUCTAHHS Nap BiAKPUTHUX i 3aKPUTUX KJTIO-
YiB. 3aKpUTUI KJIIOY CTBOPIOE ITiJAIMC, a BiAITOBiI-
HUU BIIKpUTUI KIJIIOU MEpeBipsie oro.

- HesinmoBa: mudpoBi mignucu 3abde3mnevy-
I0Th HEBiAMOBY, HE NO3BOJISIIOUM TiANMCcaHTaM 3a-
repevyyBaTU CBOK y4yacTh Y MilMMCAHHI JOKYMEHTa
YU MOBITOMJIEHHSI.

Kpunrtorpadiuni anroputmu € dyHIaMeHTaIb-
HUMM [JIsI poOOTU JHOBipuMX cCayx0. BoHu Bu-
3HayalTh crnocid mubpyBaHHs, AeludpyBaHHS
Ta uMdpoBux mianucie. Jlo BigzoMux KpumnTorpa-
(biyHUX anTOPUTMIB BiTHOCSITh:
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AES (Advanced Encryption Standard) [5]: AES,
KU IIAPOKO BUKOPUCTOBYIOTH JUISI CUMETPUYHOTO
wndpyBaHHS, 3abe3neuye HagiliHUi 3aXUCT i BUCO-
Ky MPOAYKTUBHICTb.

RSA (abpesiatypa Big npi3Bui Rivest, Shamir
ta Adleman) [6]: monyaspHUii acCUMETPUYHUI aJI-
ropuT™ 1KUMpyBaHHS, BifoMMii OE3IEKOI0 Ta 3HAY-
HUM TTOLIUPEHHSIM.

Kpunrorpadist enintuynoi kpusoi (ECC — Bin
anria. Elliptic-curve cryptography) [7]: ECC 3a6e3-
neyye HaAiMHUKA 3aXUCT i3 MEHILOIO IOBXUHOIO
KJII04a, 1110 pOOUTh HOro e(PeKTUBHUM Y CepeloBH-
11ax 3 0OMEeXEeHUMU pecypcamu.

Kpunrorpadiuni xem-dynkuii [§] BimirpatoTsh
BUPpILLIAJIbHY POJIb Y 3a0€3MeUeHHi LiJTiCHOCTI Ta aB-
TeHTUYHOCTI JaHux. KJlo4oBi acrekTu KpUIITorpa-
(biyHMX XeuI-(pyHKUIN BKIIOYAIOTh:

+ CTiliKicTb 10 3iTKHEHB: XOpolla XelI-pyHK-
11isl MOBMHHA 3pOOUTU OOUYMCITIOBAIILHO HEMOXKJIU-
BUM IIOLIYK IBOX Pi3HMX BXiTHMX JaHUX, SIKi JAIOTh
OIHAKOBE Xelll-3HAYEHHSI.

- JleTepMiHOBaHICTh: OJHAKOBI BXiIHI JaHi
3aBX/JIM MOBUHHI JaBaTW OJIHAKOBE Xelll-3HAYEHHS.

+ EdexTuBHiCTb: Xelll-(pyHKILil MalTbh OyTH
e(eKTUBHUMU 11 OOUMCIICHHSI.

V noBipunx ciayx0ax neHTpu ceprudikaiii Kio-
yiB [9] (KCC — Big anr1. key certification centers)
BUAaTh LUGPOBI cepTudikatu, sKi TMOB’S3yIOTh
kpunTtorpacdiuHi kioui 3 06’ekramu. Kpunrtorpa-
(iunHi nincucremu KCC BKIIOYAIOTh TaKi €JIEMEHTHU:

+ T'enepauisa map xmouiB: KCC reHepylortb
napy KJIIOYiB i KEpylOTh HUMM, 3a0e3neuyroun 0e3-
rnevyHe 30epiraHHsI Ta PO3MOJIia BiIKPUTUX i 3aKpU-
THUX KJTIOUiB.

- Bumaua ceptudikara: KCC Bunmaioth Ludg-
poBi cepTudikaTH, 110 MICTITh BIIKPUTUI KIIOY
BJIacHUKA cepTudikaTa, MiAMUMCAHUNA 3aKPUTUM
kmouem KCC.

+ BinknukaHHs cepTtugdikara: KCC kepyoTb
BIIKJIMKAHHSIM cepTudikaTa y pasi KOMIIpoOMeTallii
abo mpobjieM i3 0Oe3mekoro, 100 3amodirTu 3710-
BXXMBaHHSIM.

OrJiga Ta OLiHIOBAHHS HAABHOI CHCTEMH OIIHKH
ceprudikaiii eJeKTPOHHUX JAOBIPYMX MOCHYT, iX
CKJIAIOBHX

OuiHoBaHHs1 ETS — 116 KpUTUUHO BaKJIMBUI
npolec, NpM3HaAYeHUI AJIs1 OLIHIOBAHHS 1 MiATBEp-
JDKEHHST O0e3TeKu, HadiiHOCTI Ta BiAMOBITIHOCTI 1IUX
MOCJYT BCTAaHOBJICHUM CTaHAApTaM i MpaBUJIaM.

CeptuikalliiiHe OLIiHIOBaHHSI € OCHOBOIO J0-
Bipu Ta Oe3neku B ernoxy LU(POBUX TEXHOJOTIM.
Horo rojoBHa MeTa — BCTAHOBUTH il MATPUMYBATU

JIOBipY J10 €JIEKTPOHHUX AOBIpYMX MOCIYT Ta iX MO-
CTayaJbHUKIB.

Ceprudikalito eJeKTpOHHUX IOBIipYUX IIO-
CJyr 3a3BMYaii MPOBOJSITH YIIOBHOBAXEHi OpraHu.
1Ii opranizamii 3a0e3me4YyioTh KOMMETEHTHICTh i
HeynepeaXKeHICTh Yepe3 aKpeauTallilo, sKa 4acTo
KOHTPOJIIOETHCS HalLliOHAJILHUMU OpraHaMu, i J10-
TpUMaHHS Takux ctaHmapTiB, 9k ISO/IEC 17065.
OCHOBHI MIipKyBaHHSI BKJIIOYAlOTh HE3aJeKHICThb
Bill OLIIHIOBAaHUX OpraHizauiil, TeXHiYHWUU HTOCBiJ
y Takux cdepax, K iHpopMmaliiiHa O0e3reKa, KpUIl-
torpadis Ta BiAMOBIAHI CTaHAAPTU, PETYISITUBHUI
Haraga i BU3HA4YeHi TepMiHM Jii cepTudikariB,
110 TOTpedy€e MepioAMYHOI MEePEOLiHKU ISl T0-
JaJblIO1 BiAMOBIAHOCTI.

OuiHIOBaHHSI HasBHUX CHUCTEeM cepTudikalii
ETS € BupillalbHUM KPOKOM Y PO3YMiHHi iXHix
CUJIBHUX i CJTAOKUX CTOPiH, a TaKOX MOXJIUBOCTEH
JUUISI BIOCKOHAJICHHSI.

OcnoBoo misi ETS B Vkpaini craB 3akoH
Ykpainu «I1po enexrpoHHi moBipui mocayru» [10],
KU OyJIO MPUIHSATO 3 METOIO MPUBEAEHHS TpaK-
TUKM YKpaiHW y BIiAITOBIOZHICTH IO HOPMAaTUBHUX
akTiB €Bporneiicbkoro Corosy, 30kpema PernameH-
Ty eIDAS (EnexktpoHHa igeHTU(iKallisi Ta a0Bipyi
nociyru). 1lg 3akoHomaBya 0a3a CTBOpUJIA OCHOBY
IJ1s1 peryntoBaHHs Ta ceptudikauii ETS y kpaiHi.

BimnosinHo mo crarri 32 3akoHy YKpaiHu
«ITpo enexTpoHHi HOBip4i TOCAYTrU» CYO’ €KTH,
y TOMY YHUCIi IOPUAMYHI ocoOu Ta i3myHi OCO-
OU-MmiAIpUEMLIi, SKi MalOTh HaMip HaJaBaTU €JeK-
TPOHHI [JOBipYi MOCIYIUM, MOXYTb HdOOPOBiILHO
npoiitu npouenypy [11] owiHOBaHHS BiIIIOBiZHOCTI
3a BjlacHMi KouuT. [leil mopsinok, ssKuii perjaMeH-
TyeTbcsl Kabinerom MiHicTpiB YKpaiHu, OLIHIOE
BiIMOBIAHICTL BUMOraM [0 KBali(hiKkoBaHUX Haja-
BauiB ETS. AxpenurToBaHi opraHu 3 OLiHIOBaHHS
BIIITOBITHOCTI, Cy0’€KTH, aKpeAUTOBaHI HaIliOHAJIb-
HUMMU OpraHamu 3 akpeauTalii, TpOBOASATH 1€ Olli-
HioBaHHs y cdepi ETS. OuiHioBaHHSI BpaXxOBYeE 3a-
KOHOAABCTBO 1I0M0 KBalihiKoBaHUX €JIEKTPOHHMX
JTOBIpYMX ITTOCJIYT, OCOOJIMBO IJISI CyO €KTIB pPMHKIB
(hiHaHCOBUX MocCyT, 1110 peryoTbes HalioHanb-
HUM OaHKOM YKpaiHU, Ta omepaTopiB/y4aCHUKIB
TUIATKHUX CUCTEM, a TaKOX BPAaXOBYE 3aKOHOAAB-
CTBO PO 3axXMCT iHpopMallii.

Ilponenypa ouiHioBaHHS BiAMOBIZHOCTI y cdepi
€JIEKTPOHHUX TOBIPYMX MOCIYT

VY coepi ETS npouenypa oLiiHOBaHHSI Biamo-
BiTHOCTI mepeadayae BUOip KJIi€EHTOM OpraHy 3 Olli-
HIOBaHHS BIAITOBIAHOCTI Ta YKJIaAE€HHSI IOTOBOPY.
KitieHT Moxe obpaTu iHO3eMHUIT OpraH, aKpeauTo-
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BaHUI MiXXKHApOAHMMU OpraHaMu, TaKUMU SIK Mix-
HapoaHuil opyM 3 akpeauralilii abo €Bporneiicbke
CMIiBPOOITHUIITBO 3 aKpeauTallii.

OuiHOBaHHS, sIKE MPOBOASTH y JBa e€Talu,
BKJIIOUAE TIePeBipKY JNOKYMEHTallii Ta BUIi3[l Ha Mic-
e ISl MiATBEepIKEeHHSI pe3yJbTaTiB i MepeBipeHUX
nocayr aynutoMm. Ilicist KoxHoro erary ¢Gopmy-
IOThCSl 3BiTM, a OpraH 3 OLiHIOBaHHS BiAMOBiTHO-
CTi BUJA€E NOKYMEHT MpO BiANMOBiAHICTH Ha OCHOBI
aHaji3y 3BiTy 1po ayauT. OuiHIOBaHHS IIPOBOASITH
BinmosimHo mo ACTY ETSI EN 319 403-1:2021
ta JICTY ETSI TS 119 403-2:2021 3 ypaxyBaHHSIM
noTped 3aMOBHMKA 1100 YCYHEHHST BUSIBJICHUX He-
JoJikiB. OpraH 3 OILliHIOBaHHSI BiIMOBIAHOCTI 3BiTYyE
IpO BCi BUCHOBKHU KII€HTA, IETali3ylouu iX 3Ha4d-
HUI BIUIMB Ha Oe3IeKy i 34aTHICTh HagaBaTU KBaJli-
¢ikoani ETS.

I1lin yac mpouenypy OILIHIOBaHHS BiAIIOBIA-
HOCTi, SIKIIO 3aMOBHUK MAa€ HaMip MPOJOBXUTHU
MIpoLecCH 1I0A0 3a0e3MleYeHHsT BiAIIOBIZHOCTI CBOIX
ETS BuMmoram craHmapTiB Ta HOPMATUBHUX aKTiB,
BiH MOBMHEH HAIaTU OpraHy 3 OLIHKWIOBAaHHS Bill-
MOBIIHOCTI TJTAH YCYHEHHS BUSBICHUX HEIOJIKiB.
OpraH NMpoBOJAUTH OLIiHIOBAHHSI KOPUTYBaJbHUX 3a-
XOMiB, OLIHIOE TEpMiHM BUKOHAHHS Ta iH(oOpMye
3aMOBHMKA IIPO JOAATKOBI 3aBAAaHHS IS HiATBEp-
JKEHHST.

KopurysanabHi Ail 111010 HE3HAYHUX HEBilIO-
BiTHOCTEH, SIKi MaloTh OOMEKEeHWIA BIVIMB Ha Oe3ITe-
Ky Ta 3IaTHICTh OOCIIyTOBYBaHHS, MalOTh OYTH BXUTI
MOPOTITOM TPhOX MICALIB a00, SKIIO BOHM CKJIAIHI,
MPOTATOM IIECTH MICALIB TIC/ST TTIOBIIOMJIEHHS.

ITics TipoBeneHHST OLIHIOBaHHSI OpraH 3 OIli-
HIOBaHHS BiIMOBIIHOCTI MNpuUMa€E pillleHHS TIPO
MOBHY BiAMOBIAHICTL a00 HEBIANOBIAHICTH BUMO-
raMm ETS. Pe3ynbratom pillieHHS 11100 BilIMOBigHO-
cti [12] € mignmucaHuii TOKYMEHT, SIKM BUIAETLCS
3aMOBHMKY, TOAi $K PpIlIEHHS IIpPO HEBiIMOBim-
HICTh BKJIIOYAE ayIUTOPCbKUI 3BIT i3 JeTaTbHUMU
BUCHOBKAMU Ta BUSIBJICHUMM HENOJiKaMU.

Kganigikosani nocravansHuku ETS, 3a3Haue-
Hi B JIoBip4OMY CITMCKY, TIPOXOASAThH PEryjsipHe OLli-
HIOBaHHS BiINOBIZHOCTI KOXHi 24 wmicsui. Opran
3 OLIIHKWIOBAHHSI BiAMOBIIHOCTI BCTaHOBJIIOE MPO-
rpamy JUisl IepioJMYHOTO OLIIHIOBAaHHS Ha MiCLIi IJIst
nepeBipku BignosinHocTi Bumoram ETS. Tlozamna-
HOBE OIIiHIOBaHHSI BPaXOBYE OOCTaBUHU, BUKJIAIEHi
y JACTY ETSI EN 319 403-1:2021 ta ACTY ETSI
TS 119 403-2:2021.

KBanicdikoBaHi BMKOHaBLIi 3000B’s13aHi oIle-
paTuBHO iHMOpMyBaTH epXKCcneuss’ 13Ky Mpo mpo-
BElIeHHSI SIK TUIAHOBOTO, TaK i MO3arlaHOBOTrO Olli-
HIOBaHHSI, HaJIaBIIU MPOTSITOM TPbOX POOOUUX THIB
JIOKYMEHTH BiIMOBIIHOCTI Ta ayIUTOPCHKi 3BiTH.

OpraHu 3 OLIiHIOBaHHS BiMOBIAHOCTI POOJISITH
pesynbTaT ouiHioBaHHS ETS 3aranbHomocTyt-
HUMM.

JloBipunii cnucoxk

JoBipunii CIIMCOK, SIKMM Kepye lleHTpaabHmMiz
3acBimuyBajbHUI 1eHTp [13], peryjaspHO OHOBIIO-
€TbCSI Ta OE3MeYHO MyOJiKyeTbCS Ha Moro odiiriii-
HOMy BeOcaiiTi. BiH MicTUTBH BiZoOMOCTI IIpO KBali-
(bikoBaHMX MOCTAYAIBHUKIB IOBIpYMX MOCIYT Ta TIPO
aMmicT ixHix ETS. Lleit crimcok BiaroBimae oOOB’sI3-
KOBUM BUMoOram, BcTaHoBieHUM KabGiHetom MiHi-
ctpiB Ykpainu (KMY), i n1oTpuMyeTbCsl TOPSIAKY
BeleHHsI, 3aTBepakeHoro MiHicTepcTBOM LMMPOBOI
TpaHchopMallii.

®dajin Hamae iHdopMmalio Npo Ksadidikosa-
HUX MOCTaYaJIbHUKIB JOBIpUYMX TMOCAYr Ta iXHi Io-
CJIYTU 3 BUKOPUCTAHHSIM aJITOPUTMIB €JIEKTPOHHO-
ro mignucy, BusHaueHux ETSI TS 119 312:2021
ta JICTY 4145-2002. Kpim TOro, MicTUTh aeTai
LIOIO HamaBadiB Ta MOCAYrA BimmoBimHo mo «Ilo-
PSIIKY TIPOBEJEHHSI €KCIePUMEHTaIbHOTO IpPOeK-
Ty IIOAO B3aEMHOTO BM3HAHHSI €JIEKTPOHHUX I0-
BipuMX TIOCIYr MiX YKpaiHOowo Ta €BpONeichbKUM
Coro30M», 3aTBepikeHoro rmocraHosoro KMY Big
22.10.2022 No 1311. daiin 10BipYOro CIIMCKY € 3a-
TaJTbHOJOCTYITHUM 1 MICTUTb €JIEKTPOHHY Me4yaTKy
JIJIs1 aBTOMATU30BaHOI 0OPOOKMU.

Mosipui cnucku 3 nepesikom KHEJII oas eéuko-
pucmanns EJIT ¢ mexcax Yxpainu.

HoBipui cnucku B YKpaiHi AOKYMEHTYIOThb
KBai(piKoBaHMX IIOCTAaYaJIbHUKIB JOBIPUYMX ITOCIIYT
(KITOIT) mist BUKOPMCTAHHS JOBIpUMX MOCITYT
y MexKax KpaiHu, PO3IUICHUX Ha TPU CErMEHTU:

1. TpaHckOpIOHHMIA JTOBipYMii crimcok [14].

2. Cnucku posipu ajst IIT B Ykpaini [15].

3. Cnucku aoBipu st BukopucTaHHs JIIT
B Ykpaini (ACTY ETSI TS 119 312:2021) [16].¢¢¢

EnekTpoHHmii peecTp YHMHHMX, OJIOKOBAaHHX
i ckacoBanux cepTudikaTiB BiIKpUTUX KJII0YiB

Ha BeGcaiiti [17] po3MillleHO €JIeKTPOHHUIA
peectp (tabma. 1), SIKUl MICTUTh BiIOMOCTiI IIpO
MiiicHI, 3a0JIOKOBaHI Ta BiIKJIMKaHi cepTudikaTh
BinkpuTtux kKiwouiB. Lls enekTpoHHa 0a3a AaHUX
MICTUTb pi3HOMAHITHI cepTudikaTu, HaIpPUKIIaLI
cepTudikaTu eJeKTpoHHOI nevyaTku LleHTpanbHOro
3acBinuyBajbHoro oprany (I[30), siki Bukopucro-
BYIOTbCSI B peXuMi peajbHOro yacy. BiH Takox
MIiCTUTb cepTu(dikaTh KBalipikoBaHUX TOcTavyaslb-
HukiB ETS (Hamam — mocrayajabHUKM), CTBOPEHI
3a JOMOMOrolo cepTudikara eJleKTpOHHOI MeyaTKu
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Tabauus 1. KpanidikoBaHi HamaBaui eJIeKTPOHHUX AOBIPYMX MTOCTYT

No HOpuanuna ocoba KBasnidikoBanuii HagaBau
3/1 €JICKTPOHHUX JOBIPUMX MOCIYT
1 AKIIOHEPHE TOBAPUCTBO KBariikoBanuit HagaBay eJeKTPOHHUX TOBIpUMX
KOMEPUIMHWN BAHK «ITPUBATBAHK» nocayr ALICK AT Kb «[TPUBATBAHK»
2 BiiicbkoBa yactuHa 2428 KBanicdikoBaHuii HamaBay eJleKTPOHHUX
IoBipumx mociyr «BilickkoBa yactuHa 2428»
Jlep>kaBHOI MPUKOPAOHHOI CIyXX0U YKpaiHu
3 T'enepanbHUil 1ITad 30pOiHUX CUT YKpaiHU KBasnidikoBaHuii HamaBay eJleKTPOHHUX
nmoBipumnx mociyr «LeHTp ceprudikariii Kimo4diB
30poitHuX cul YKpaiHu»
4 Odic 'enepanbHOTO MPOKYpOpa KBasnidikoBaHuii HamaBay eJleKTPOHHUX
JIOBIpYMX TTOCJIYT OpraHiB MPOKypaTypu YKpaiHu
5 JepxaBHa Ka3Ha4yelchbKa Cyxkba YKpaiHu KBanidikoBaHuit HamaBay eJIeKTPOHHUX JOBIpYMX
nociyr JlepkaBHOI Ka3HAUYeHCHhKOI CIIy>KOM YKpaiHu
6 Ak1ioHepHe TOBapuCTBO «OmepaTop pUHKY» KBanidikoBanuit HamaBay eJIeKTPOHHUX JOBIpUYMX
nociyr «ALICK prHKY e1eKTpu4YHOI eHeprii»
7 HepxaBHe minnpueMctBo «115» KganiikoBanuii HamaBay eJIeKTPOHHUX
noBipumnx mociyr «J115»
8

LenTtpansHoro oprana ceprudikauii (LIOC) i3 Baac-
HUM mianucoMm. PeecTp Bkasye crtaTyc, oOMeXKeHHS
BUKOPMCTAHHS Ta CIIMCKM BiIKJIMKaHUX cepTUdika-
TiB, BugaHux LHOC.

MinictepctBo  mudpoBoi  TpaHChopMalii
Ykpaiuu Hakazom Bin 28 aunHs 2020 poky (Ne 112)
[18] 3arBepauio ITTopsinok BeeHHSI LIbOTO PEECTPY.
KganigikoBaHi npoBaiinepu, 3a3HaucHi B JJoBipyo-
MY CHHMCKY, MOXYTb MPOMNOHYBAaTH BUKIIIOUHO eJleK-
TPOHHI JOBip4i MmOcCAyrM B OaHKIBCBbKild CHCTeMI
Vkpainm Ta 1mig yac nepekasy KOIITIB.

AK ueHTpanbHUM cepTudikyrouuit opran Mi-
HICTEpPCTBO 3a0e3leuye BKJIIOYEHHS OOBipYOro
crnucky iHdopMalii npo KpadipikoBaHMX TOCTa-
YyaJIbHUKIB Ta IXHi MOCIYru y ¢popmMari, IpuaaTHOMY
JIJIsI aBTOMATU30BaHOI 00OpOOKM.

I'nodanbHa cucrema ceprudikamii eIeKTPOHHIX
JoBipuux mocayr: €spona

€Bporna, i1 ocobauBo €sporeiicbkuii Cotos, €
MioHepOM Y po3po0JIeHHI KOMIUIEKCHOI Ta CTaHIap-
TU30BaHOI cucteMu ceptudikaiii ETS. PernmameHt
elDAS (EnexktpoHHa igeHTUdiKallisl Ta 10Bipyi IO-
CIyTH), 3anpoBamkeHnii y 2016 p., € Hapi>KHAM Ka-
MEHEM IIi€l TTPOTrPECUBHOI CTPYKTYPH.

Pernament eIDAS € 0CHOBHUM iHCTPYMEHTOM,
mo (popmye maHpmadT ceprudikaiii B €Bporri. Bin
BCTaHOBJIIOE Y3TO/KeHY CTpyKTypy s ETS, cnpsi-
MOBaHy Ha CTBOPEHHs 0e3nepebiifHOro i 6e3rneyHo-
ro uudpoBoro cepenoBuilia y kpaiHax-wieHax €C.
PersaMeHT OXOIUIIOE pPi3HI KOMIOHEHTH, BaXKJIMBi
st ceprudikauii ETS, Bin e1eKTpoHHUX MiANKCIB

JI0 MOCTaYaJbHMKIB JOBIpUMX MOCJYT, BCTAHOBIIIO-
OUYM Y3TOIKeHWU IMiaXid s MiIBUINEHHS OOBipU
JI0 OHJIAH-B3aEMO/III.

Ocnosnumu uiramu eIDAS € nidsuwenns 6Oe3-
nexu, Haoilinocmi ma MpancKopoOOHHOI cyMicHocmi
eaeKkmpoHHux mpau3akuii y mexcax €C. Bin cnpsi-
MOBaHWI1 Ha CTBOPEHHS IPaBOBOI OCHOBH, sKa 3a-
Oe3reuye HaOiMHICTh I IOPUANYHY OiHCHICTH €IeK-
TPOHHMX TAMUCIB i JOBIpYMX TMOCIYT, TUM CaAMUM
CTIpUSIIOUN €AUHOMY LIU(PPOBOMY PUHKY.

Oonum i3 hyndamenmaavnux acnexmie eIDAS
€ HAOAHHA NPAB0BO20 GU3HAHHA eACKMPOHHUX nionu-
cie ma inwux 0ogipuux nocaye. PernamMeHT BCTaHOB-
JIIOE YMOBHU, 3a SIKMX €JIEKTPOHHI MiAMUCU MAalOTh
TakKuMil caMuil MpaBOBUI cTaTyc, SIK i BIACHOPYYHI
Mamcy, 3abe3Nneuyroun IOpUANYHY BU3HAYEHICTh
1711 (pi3MYHMX OCi0 i KOMIIaHii, sIKi 6epyTb y4acTb
y HMOPOBUX TpaH3aKIIisIX.

3rifHO 3 UMM periaMeHTOM AepXKaBU-UJEHU
3000B’s13aHi CTBOPIOBATH, MiATPUMYBATH i TyOJiKy-
BaTu dogipeni cnucku. 1li criucku MicTsTh iH(pOp-
Malilo Mpo KBajihiKOBaHUX MOCTAYaJIbHUKIB [10-
BipUMX TIOCTYT i MOCJIYIY, SIKi BOHU IIPOIOHYIOTh.
JoBipeHi CHNUCKM BimirpaloTb BUpilIaJbHY pOJib
y 3abe3neyeHHi BM3HAYEHOCTI Cepel oIepaTopiB
PUHKY Ta CHPUSIHHI CYMICHOCTI KBaJli(hiKOBaHUX
JIOBIpYMX TOCIIYT.

Pernmament elDAS 3aGesredye IpaBoBYy OC-
HOBY JJIs1 TPAHCKOPAOHHOI €JIEKTPOHHOI ileHTU-
¢dikamii, aBTeHTHdIiKaLil Ta cepTUdikalii BeOcaii-
TiB y Mexax €C. BiH cnpsiMoBaHWI Ha CTBOPEHHS
nepeadayyBaHOrO HOPMATHBHOIO CEpelOBMINA JUIS
€JIEKTPOHHUX TpaH3akiiil y €C.
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Hosipui cnmckn €C

JepxxaBu-4jaeHu 30008’ s13aHi CTBOPIOBATH, 30¢€-
piratu Ta MyOJiKyBaTh NOBipeHi CIUCKU KBamigi-
KOBaHMX HajaBayiB JOBIpYMX MOCIYT i MOCHYT, SIKi
BOHU HaJalOTh.

BinnosinHo no PernameHTy npo eIeKTPOHHY
ineHTU(iKalito Ta AoBipui nocayru [19] ais enex-
TPOHHUX TpaH3aKlili Ha BHYTPIIIHbBOMY PHHKY
(Pernmament eIDAS), HallioHa/JIbHiI JOBipYi CIOMUCKU
MaloThb YCTAaHOBYY CWIy. |HaKIe Kaxkydyu, HamaBay
JOBIpYMX IIOCIYT i MOBipYi MOCIYTM, sIKi BiH Ha-
Jae, OyayTh KBaJli(hiKOBaHi TUTbKY B TOMY BUMAAKY,
SIKILIO BiH 3’SIBUTBCSI Y CIIMCKY IOBipeHMX ocib. Ko-
pUCTYyBayi, BKJIIOYalOUYM TI'pOMAajsH, IiANPUEMCTBA
Ta AepXXaBHi aAMiHiCTpallii, OTPUMalOTh IOPUINIHY
CUIy, MOB’sI3aHy 3 MEBHOIO KBaJli(hiKOBAaHOIO JOBip-
YO0 TOCJYrolo, JIMIIe SIKIIO OCTaHHS BKazaHa SK
KBamiikoBaHa y CIMCKaxX JOBipH.

Crattsa 22 Pernamenty eIDAS 3000B’s13y€ nep-
>KaBU-4JIEHM CTBOPIOBATU, MIATPUMYBATH i MyOITiKy-
BaTH HoBipeHi crivcku. Lli rmeperikyu moBUMHHI BKITIO-
yatu iHopMmalilo, nmoB’s13aHy 3 KBajli(iKoBaHUMU
HajJaBayaMM AOBIipUMX MOCIYT, 3a SIKUX BOHU BilIlo-
BigawTh, Ta iH(popmallito, MoB’s13aHy 3 KBalihikoBa-
HUMMU JOBIipUMMU TTOCTyraMu, 1110 HaJalThCsl HUMMU.
Crnucku MyOJiKYIOTbCS 3aXUILEHUM CIIOCOOOM,
3 eJISKTPOHHMUM TIiANMUCOM abo meyaTkorw y ¢op-
MaTi, IpUIaTHOMY JUISl aBTOMAaTHU30BaHOI 0OPOOKH.

JloBip4i CHMCKM MalOThb BaXXJIMBE 3HAYCHHS
JU1s1 3a0e3MeYeHHsI BUBHAUE€HOCTI MiX orepaTopamu
PUHKY, OCKUIbKM BOHM BKa3yloTh Ha CTaTyc IMocTa-
yaJbHUKA TOCYT Ta MOCJIYTM Ha MOMEHT HarJIsiay.
BoHu crnpsiMoBaHi Ha CHpPUSHHS iHTepoIliepadeb-
HOCTi KBaJli(hiKOBaHUX IOBIpYMUX IIOCJIYT LLISIXOM
MHOJICTIIEHHSI MEePeBIipKU €JIEKTPOHHUX MiAIKUCiB
Ta eJISKTPOHHMX MeYyaToK TOLIO.

Jlep>kaBU-4JIeHU MOXYTh AOJaBaTU AOBIpYi MO-
CJYTU, BiIMiHHI Big KBami(iKoBaHUX, OO HAOBIipUMX
CITMCKiB, Ha IOOPOBiNbHI ocHOBI. OOHAaK 1ie JIMIIe
Ha HalllOHAJIBLHOMY piBHi, i CIig YiTKO BKa3aTH,
110 BOHU He KBajidikoBaHi BimmoBimHo mo Perna-
meHTy elDAS.

st Toro, 1mo0 HagaTH JOCTYI IO AOBIPEHUX
CIIMCKIB yCiX aepxaB-wieHiB, KoMicist yepe3 3axu-
LIEHUI KaHal A0 aBTeHTU(iKOBAaHOro BeOcepBepa
HaJa€e IPOMAJCHKOCTI TOBipeHi CIIUCKU, HOTU(IKO-
BaHi JepXaBaMu-WwieHaMU, y MiAnucaHiii abo ckpi-
IUIeHi mevyaTkoro (opmi, MpuaaTHI 11 aBTOMAa-
TH30BaHOI OOPOOKM.

IIpaBoBa 6a3a Ta rapanrii B perymoBanni eIDAS

Pernamentr eIDAS cTBOpioe MillHy IpaBOBY
ocHoBy g ETS, 3abe3neuytoun 6e3neyHe Ta 00pu-

IUYHO BU3HaHE cepeaoBuile. BiH BM3Havyae ymo-
BU JiiicHOCcTi Ta MoxiauBocTi BuKoHaHHsT ETS,
3a0e3Meuyoun Mpo30picTh U(GPOBUX TpaH3aKLIii.
st cTpykTypa Hajae OPUAMYHY Bary JOKYMEHTaM
i3 uGpoBUM TMiANMcOM, 3aredyaraHiii iHdopmaliii
Ta JaHUM i3 MIiTKOIO 4acy, €KBiBaJIEHTHUM Tpajau-
LWiMHUM MalepoBUM KOIIiSIM, CIPHUSIOUN IOPUIAY-
Hii BM3HAYEHOCTI Ta IIOJIETLIYIOUM €JIeKTPOHHI
TpaH3aKIIii.

OcHoBHi acriektu npaBoBoi 6a3u el DAS Bxinio-
YaloTh:

- HesinmoBHicTh: PermameHT rapaHTye, 110
aBTOp €JIEKTPOHHOIO TOBIIOMJIEHHSI UM TpaH3aKIIil
HEe MOXeE 3aIllepeyuTd Y4acTb, COPUSIIOUM IiA3BIT-
HOCTI Ta J0Bipi A0 LU(GPOBUX B3aEMOIIiA.

- BinmoBigHICTh MiXXHapOJIHUM CTaHAApTaM:
Y3roixkeHa 3 MiXKHapOAHMMMU CTaHIapTaMu CTPyK-
Typa eIDAS no3Bosisie nepxxaBaMm-uieHam €C Opa-
TM ydacTh y Oe3rneuHux UM(POBUX TpaH3aKIlisX
Yy BCbOMY CBITi, CIIPUSIIOYM MiXKHApPOAHIil cHiBIpaii
Ta rapMOHI3yI0UM MPaBOBi CTAHIAPTH.

- OO0OB’SI3KM: BU3HAYEHO YiTKi 3000B’sI3aHHS
Ta BiINOBIJAJbHICT 1T TTOCTAYaIbHUKIB JOBIpUMX
MOCHYT, KBalli(hiKOBaHMX TMOCTAYAJILHUKIB HOBip-
YUX MOCJYT i KiHIEBMX KOPUCTYBauiB, 110 CTBOPIOE
po30pe Ta ITiA3BITHE CepelOBUILE IS eJIEKTPOH-
HUX TpaH3aKIIii.

+ 3axucT KiHIEBUX KOpPMCTyBadiB: PerimamMeHT
MICTUTb TapaHTil 3axMCTy KiHLIEBUX KOpPHCTYyBa-
4iB Bif IIaxpaicTBa, HECAHKIIIOHOBAHOTO HOCTYITY
Ta IHIIMX PU3MKIB, MOB’SI3aHUX i3 LUMPOBOIO B3a-
€MOJIi€10, BCTAHOBJIIOIOYM OajlaHC MiX IepeBaraMu
ETS i 3axucToM KOpHUCTYBauiB.

+ AjanTUBHA CTPYKTypa: BU3HAIOUU ITUHAMIY-
HY OpUPOAY TEXHOJOTii i mpaBOBUX JaHAIIAQTIB,
npaBoBa 0aza e€IDAS pospobieHa Isl TOCTIiHOTO
nepemisily Ta ajanraliii. PeryjisipHi oHOBJEHHs 3a-
Oe3MevyloTh pearyBaHHsI Ha HOBI BUKJIMKM, T€XHO-
JIOTIYHMI Mporpec i 3MiHMA B 3aKOHOAABYMX BUMOTaXx,
30epiraroun HamildHICTh 1 aKTyaJIbHICTh (DPEHMBOPKY
MPOTSITOM TPUBAJIOTO Yacy.

ITincymoBytouu, I'mobanbHa cuctema cepTudi-
kauii ETS y €Bporni, npukiaaom sikoi € PernmameHT
eIDAS, € KOMIUIEKCHOI i MepCIeKTUBHOIO iHilli-
aTMBOIO. 3BepTaloyu yBary Ha TEXHOJIOTiYHi, Ipa-
BOBi Ta 0e3MeKOBi acrekTu, LSl CUCTeMa He Tillb-
KM TIOKpalllye HallioHaJbHY CUCTEMY KiOepOe3mneKu
nepxaB-wieHiB €C, aje i1 BCTAHOBJIIOE €TAJIOH IS
cBiToBux IepenoBux mnpaktuk ETS. IlparHeHHs
IO rapMOHi3allil, CYMIiCHOCTI Ta agalTUBHOCTI I1O-
sunionye €C sk Jigepa y CTBOpEeHHi 0e3MeYHOro
Ta IOPUAMYHO BU3HAHOIO CEpeloBUIIA IJIST €eK-
TPOHHMX TpaH3akuiil. [TopiBHSUIbHUII aHali3 cuc-
tem ETS Vkpainu ta €C nokazaHo y 1abj. 2
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Tabauys 2. TopiBHSIHHS cucTeMU cepTUiKallii eJIeKTPOHHUX IOBIipUMX MOCHYT: YKpaiHa Ta €Bponeiicbkuii Coro3

AcmexT cucremMu VYkpaina €gporneiicbkuii Coto3
ceprudikarii
HopmatusHo- Ykpaina po3pobusia HOpMaTUBHO-TIPABOBY €C Mae BCEOCSKHY HOPMaTHMBHO-TIPABOBY
npaBoBa 0a3za 6asy mist ETS BinmoBinHO 10 MiXKHapOgHUX 0asy, sika peryIreTbCsSl HacaMIepet
CTaHIApTiB Pernamentom elDAS, 110 3a6e3mneuye
IOPUIMYHY SICHICTh i TIPABO3aCTOCOBHY CHUJTY
O1liHIOBaHHS YkpaiHa po3poOujia CBOIO CUCTEMY €C, BinnosigHo 1o Pernmamenty elDAS, mae
BiJIMOBITHOCTI ouiHoBaHHS BianosigHocTi st ETS. Bona JI00pe HaJIaroKeHy CUCTeMY OLIiHIOBAaHHS
BiImOYBa€THCS 3TiMHO i3 3aKOHOM YKpaiHU BiIMOBITHOCTI, 1110 3a0e3Ieuye TOTPUMAHHS
«[Ipo enexTpoHHi AOBipyi MOCAYrU», CTaTTs 32. BU3HAUYCHMX CTAHIAPTIB
«O11iHKa BiAMOBIAHOCTI y cdepi eTeKTPOHHUX
JIOBIpYUX TTOCITYT»
Kpunrorpadiuni Ykpaina po3po0isie Ta cepTudikye €C yepe3 cucremy el DAS 3miiicHIOE CyBOpy
ImiIcucTeMu KpunrtorpadivyHi MmacucTeMu st ceprudikaliio KpuntorpadiyHUX MiACHUCTEM,
3abesneueHHs 6e3neku ETS 1[0 OXOTUTIOE aJITOPUTMU IHUDPYBAHHS,
YIpaBJIiHHS KJIIOYaMu Ta iHDPaCTPyKTypy
I1paBoBe Vkpaina BuszHae ETS BigmoBinHo PermamenTt €C elDAS 3a6e3mneuye mpaBoBe
BU3HAHHSI JI0 Mi>KHAPOJHUX CTaHIAPTiB. 3TiTHO BM3HAaHHS, BUBHAYAIOUM YMOBH, 3a SIKUX
i3 3akoHOM YKpainu «IIpo eaekTpoHHi ETS BBaxaioTbcs DiiICHUMU Ta IIPUMYCOBO
JIOKYMEHTH Ta eJIeKTPOHHMI JOKYMEHTOOOIT», BUKOHYBaHUMM
cratTsl §
TpanckopooHnHe Vkpaina mparde mOCWJINTU TPAaHCKOPIOHHE Pernmament €C elDAS cnpusie
BU3HAHHS Bu3HaHHs cBoix ETS BigmoBinHo TPAaHCKOPAOHHOMY BU3HAHHIO, TO3BOJISIOUN
10 MiXKHApOIHUX CTaHIAPTIB Oe3IepelIKOIHO 3iICHIOBATH €JIEKTPOHHI
TpaH3aKIIil MK KpaiHaMM-4JIeHaMU
HaiiBaxmsini Vkpaina npuiiMae MiXKHaApOIHI CTaHZAPTHU €C moKJIaga€eThCsl Ha CTAaHIAPTHU, BCTAHOBIICHI
CTaHOapTU Ta HactaHoBu 1ono ETS gk yactuHy cBOro elDAS, i 1oTpuMy€eThCSI MiXKHApOIHUX
Ta HACTAHOBU npolecy cepTudikairii CTaHIAPTIB iHTepOIepadeIbHOCTI Ta CYMiCHOCTI
[MocriitHnii KganigikoBani HagaBaui ETS koxHi €C 3rigHo 3 eI DAS BkiI10Ya€ MOMIOXKEHHS
MOHITOPUHT 24 Mics1i IpoXOAsATh MPOLEAYPY OLIHIOBAHHS | IIPO MOCTIMHWIA MOHITOPUHT, 3a0€3Me4yioun
Ta aganTaiis BiIMOBITHOCTI /11 JOBEASHHS TOTO, 1110 BOHU ajganTalilo CUucTeMu cepTUdikallii 10 HOBUX
ta ETS, gxi HuMMu HagaloThCs, BiOMIOBIAAIOTh BUKJIUKIB
BUMOTaM
IIpoGaeMn i peKomMeHmOBaHi pileHHAa IS BCSIKIECHHOTO XWTTS, TOTpeba y Oe3IeyHiil i Hamiii-

BIOCKOHAJIEHHS €JIEKTPOHHUX JOBIPUHX CIyKO

EnexTpoHHi 10Bipyi MOCIYrM YTBOPIOIOTH OCHO-
By Oe3neyHnXx Hu(pPOBUX TpaH3aKIIiil, 3a0e3Ieuyoun
OCHOBY Il HafiiiHO1 B3aemofii y LMbpoBiil chepi.
OnHak, o6 MiaTpuMyBaTH CBOIO €(DeKTUBHICTD i Ha-
JAHICTB, 111 CyXXOM MOBUHHI Opi€EHTYBaTHUCS W MO-
JloylaTi KiJibka TpoGjem. 3arnuosniorounch y Oara-
torpanauii Janmmadt ETS, mocmimkyioum CIiIbHI
BUKJIUKU, 3 SIKUMU CTUKAIOThCSl SIK B YKpaiHi, Tak
i B yCbOMY CBITi, Bif 3arpo3 KibepOesmeli A0 1opu-
JUYHMX CKJIQJHOLLIB, MEPEelIKOAU, 3 SIKUMMU CTHKa-
IOThCSI L CTY>K0M, BUMararoTb KOMIUICKCHUX PillleHb,
SIKi TIOEAHYIOTHh TEXHOJIOTIUHI iHHOBALIil, HOPMAaTHUBHI
BIOCKOHAJIEHHsI Ta HABYaHHSI KOPHCTYBayviB.

ITpoGsiemu, siki BuHUKawTh y cdepi ETS,
HE MOOJMHOKIi; BOHU PE30HYIOTh Y MiXKHApOJAHOMY
MacTadi. Ockiibku UM@POBI TpaH3aKllii CTalOTh
BCce OLUIbIII HEBiI’EMHOIO YaCTMHOW HAIOTo II0-

Hili cucTeMi € nepiuopsiaHol. TakuM 4yMHOM, 00-
TOBOPEHHS B 1LIbOMY PO3JiJli 30CepeKeHO HABKOJIO
KOHBEpPreHIlii mpo0ieM i MOTeHUINHUX pillleHb, SKi
MOXHa 3aCTOCOBYBaTM YyHiBepcaibHO. HezanexHo
Bim TOro, B YKpaiHi UM 3a KOPAOHOM, CIIiJIbHICTb
LIMX BMKJMKIB IMiIKPECIIO€ CIiJbHY BiANOBigaIb-
HicTb 3a 3MillHeHHs1 ETS y BcboMy CBITi.

st eeKTUBHOrO BUPILICHHS LMX YHIBEP-
CaJlbHUX MpOOJeM BaXJIUBO CUCTEMaTU3yBaTU 1X
Ta BUBHAYMTHU MEPEBipeHi pillieHHs, sIKi OyJIu YCITilll-
HO BIPOBA/KEHI B pPi3HUX KpaiHaX. AHali3ylouu
MOBTOPIOBAaHI BUKJIMKU Ta YCTaJleHi MiaXxoau A0 iX
MOM’SIKIIEHHSI, HaJJaMO KOPOTKUI CITUCOK MpodsiemM
i HaWOUIbII MOIIMPEHUX PillleHb VISl TOAOJaHHS
BU3HAYEHUX MIPOOJIEM:

1. 3acposu xivepoesneui [20].

1.1. Ipobaemu. 3arpo3u KidepOe3Ieli CTaHOB-
JISITb CEPUO3HY MpodsieMy ISl eIeKTPOHHUX JTOBip-
yux cayx0. Ili 3arpo3u MOXyTb MPOSIBASTUCS B Pi3-
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HuX (opmax, BKITIOYAIOYM XaKePCTBO, 3JOBMUCHE
nporpaMHe 3a0e3Ie4YeHHs Ta iHI 3JTOBMMCHI [ii,
110 CTaBJSITh TiA 3arpo3y UiIiCHICTh i KOH(pimgeH-
LiHICTh TIpUBATHOI iH(pOpMaIlii.

1.2. Piwmenns:

+ IlocTiiiHMII MOHITOPUHI: BIPOBAIXKEHHS
HaIiMHUX CUCTEM MOHITOPUHTIY IS BUSIBICHHS Ki-
Oep3arpo3 Ta pearyBaHHs Ha HUX Yy peaJlbHOMY 4aci.

+ Posumupeni Mmetonu mndpyBaHHS: BUKOPU-
CTaHHS HalCy4yacHIilIMX METOAIB IIU(PYBaHHS s
3aXUCTy JaHUX Bil HECAHKLIOHOBAHOI'O JOCTYILY.

- ChiBnpaus: HaJaro[KeHHs CHiJIbHUX 3Y-
CWIb 3 €KCIepTaMU Ta opraHisalisgMu 3 KibepOes-
MeKu, 11100 OyTH y Kypci HOBUX 3arpos.

2. Ilpobaemu cymicnocmi.

2.1. Ilpobaemu. HecymicHIiCTb MiX pi3HUMU
CHUCTeMaMM Ta TEXHOJIOTiSIMM MOXe TepeliKoIkKa-
™M Oe3nepeOiifHiii poOOTi €JIEKTPOHHUX HTOBIpUYMX
CITyKO0, 110 MPU3BOIUTH A0 Hee(PEKTUBHOCTI Ta 1O-
TEHLiIHOI Bpa3anBOCTi.

2.2. Pimenns:

+ CraHgapTu CYMIiCHOCTi: JHOTPUMaHHS MiX-
HapOJHUX CTaHIAPTIB CYMICHOCTI MIsI 3a0e3IeueH-
HSI CYMICHOCTI Pi3HUX CUCTEM.

+ Interpauisi API: BnpoBamXeHHs pillleHb iH-
tepdeiicy mpukiiagHoro nporpamyBaHHs (API) mis
MOJIETIIEHHS 3B’SI3Ky Ta OOMiHYy JaHUMM MiX CHUC-
TeMaMM.

+ PeryssipHe TeCcTyBaHHS: TPOBEJECHHSI TECTiB
Ha CyMICHICTb Ta OHOBJIEHHS JUISI BUPILIEHHS TPO-
0s1eM i 3a0e3neyeHHs1 Oe3nepediiiHOI poOOTH.

3. Ilpasosa ma nopmamuena ckaAaoHicme.

3.1. Ilpobaemu. CxilagHe IMpaBOBEe Ta HOpMa-
TUBHE CEePeIOBUIIE MOXE CTBOPIOBATU MEPELIKOAU
IJIsT  €JIEKTPOHHUX HOBIpUMX CIYKO, BIUIMBalO4U
Ha X BOPOBAIKEHHS Ta e(heKTUBHICTb.

3.2. Pimenns:

+ T'apMoHi3zallist 3 MixkHAapOJIHUMU CTaHAapTa-
MU: Y3rOJKEHHSI HalliOHAJIbHUX HOPMATHMBHUX aK-
TiB i3 3arajJbHONPUNHATUMU MiXKHAPOIHUMM CTaH-
JapTaMu, TaKUMU K nojoxeHHs1 €C npo eIDAS.

+ YiTki BKa3iBKM I110A0 BiAMOBIAHOCTI: Ha-
aHHA YiTKUX 1 JJAKOHIYHMUX BKa3iBOK IIOIO BIiIITO-
BITHOCTI, 1100 3MEHILUUTH ABO3HAYHICThL 1 IOJIET-
LIUTU JOTPUMAHHSI.

+ PerymsipHi peryjasTHBHI OHOBJIEHHS: 3a-
Oe3MnevyeHHsI PEeryJsipHOr0 OHOBJICHHSI HOPMAaTHMB-
HO-TIPaBOBO1 0a3u /1Jisl BUPILLIEHHSI HOBUX TEXHOJIO-
riYyHKUX TIpo0JIeM 1 BUKJIMKIB O€3MeKu.

4. Pusux waxpaiicmea ma 6UKPAOeHHS 0COOU-
cmux oanux [21].

4.1. Ilpobaemu. Pusux 1axpalicTBa Ta Kpamix-
KM OCOOMCTUX TaHUX CTAHOBUTD 3arpo3y JUIsl Hadil-
HOCTi €JIEKTPOHHMX TpaH3aKIIili i mocyr.

4.2. Pimenns:

- baraTtogaxkTopHa aBTeHTUiKallisl: peastiza-
1ist 6araToakTopHOi aBTeHTU(DIKALIiT IJ1 ToJaBaH-
Hs1 piBHIB 0e3IeKM Ta TepeBipKU OCOOU KOPUCTY-
Bava.

- biomeTpuuyHa mepeBipKa: BKJIIOYEHHS 0io-
METPUYHMX METOAIB aBTeHTU(iKallii, TAKMX SIK Bill-
OUTKM TaNbLiB a00 po3Mi3HaBaHHS OOJIWYYS, IS
MOKpAaIEHHSI TIepeBipKU 0COOMU.

+ CucremMu BUSBJICHHS IIaXpaicTBa: BUKOPHU-
CTaHHS TIEPeJOBUX CUCTeM BUSIBJICHHS IIaXpaiicTBa,
SIKi MOXYTb imeHTUdiKyBaTH Migo3piai Aii Ta TpaH-
3aKIIil.

5. Texnoaoeiunuii npoepec i cmapinnsa [22].

5.1. IIpobaemu. IIBuOKiI TeMIU TEXHOJIOTIYHO-
TO MPOrpecy MOXYThb CIIPUUMHUTH 3acTapiBaHs Ha-
SIBHUX CHUCTEM, IMOTEHIIIITHO MPU3BOASYM 10 Bpas-
JINBOCTI.

5.2. Pimennsa:

- PerynsipHi OHOBJIEHHSI CUCTeMM: 3a0e3Iie-
YEHHS PETyJISIpPHOTO OHOBJIEHHSI CUCTEM €JIEKTPOH-
HUX JOBIpYMX CIYKO JJ1s1 BKJIIOYEHHSI OCTaHHIX BU-
npaBjieHb Oe3meKu Ta (PyHKIIIN.

+ Hampsamu BpoBamkKeHHST TeXHOJIOTI: pO3-
pOGJIEHHST HampsIMy BIIPOBaKCHHS HOBUX TEXHO-
JIOTiiA, 1100 BUIMEpeIKAaTU MOTEHIIiIHI 3arpo3u.

+ InBectuuii B R&D (Big anri. — research
and development): BuaiJieHHsI pecypciB ISl TOCHTi-
JUKEHb 1 po3poboK, 11100 mependadyuT MaiOyTHi
TEXHOJIOTIYHI BUKJIMKM Ta BUPILLIUTH 1X.

6. Tpanckopoonne ropuduune eusnanus [1].

6.1. [Ilpobaemu. BincyTHICTb TpaHCKOPIOHHO-
o IOPUAWYHOTO BU3HAHHS MOXKE ITepEIIKOMIKATH
epexTuBHOCTI ETS y Bce Oinbin riro0aiizoBaHOMY
HU(PPOBOMY CEpPEIOBUILII.

6.2. Piwenns:

+ MixHapomHa CITiBIIpals: CIIBIIpals 3 iH-
MU KpaiHaMM TSl YKJIQJAeHHS YTOI TIPO B3aEMHE
Bu3HaHHs ETS.

+ T'apMmoHi3allisi 3aKOHOAABYMX MEX: Y3rOMKeH-
H$I TIPAaBOBMX MEX MiXK KOpIOHAMU ISl TIOJIETILIeHHS
0e310raHHOTO BU3HAHHS Ta MIPUIHSITTS €J1eKTPOHHUX
TpaH3aKIIiiA.

+ YuacTp y MiXKHapOJHUX iHilliaTUBaX: aKTHUB-
Ha y4yacThb y MiXHApPOIHMX iHilliaTMBaX, CIpPSIMO-
BaHMUX Ha CTBOPEHHSI CTaHIAPTU30BAHOI MPaBOBOI
6asu nas ETS.

BupimeHHs 1ux mpobsieM BUMAara€ CHiJibHUX
3yCUJIb MiX IepXXKaBHUMU YCTaHOBAMU, PETYIISITOP-
HUMM OpraHamu, 3alliKaBJIeHWMHU CTOPOHAMM Ta-
JIy3i Ta ILIMPOKMUM CITiBTOBAPMCTBOM JJIsSI CTBOPEH-
Hs cTiliKoro i HagiliHoro cepemoBuina mist ETS.
PexomeHioBaHi pillieHHS MiIAKPECTI00Th BaXJIUBICTh
0araTorpaHHOTO ITAXOIY, IO BKJIIOYAE TEXHOJIOTII,
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peryJtoBaHHS, OCBITY Ta MiXHApOJIHY CITiBIIpaLliO.
IMocriitHi gociimkeHHs, iH(oOpMaliiiHi KamIaHil
Ta MPOrpec y TeXHOJOril i1 peTy/Il0BaHHI € HeBil eM-
HOIO YaCTUHOIO MOJ0JaHHS LIMX TTpobJieM i 3abe3re-
yeHHs TocrtiitHoro 3poctanHs ETS. BnpoBamkyoun
i 3ax0Au, 3alliKaBJIeHI CTOPOHU MOXYTb CIIPUSITU
MOCTiiHOMY BIOCKOHaJieHHI0 Ta crilikocti ETS,
3MILIHEHHIO JIOBIpU MiX KOpPUCTyBayaMy Ta TOJIET-
LLIEHHIO Oe3MeYHuX HU(POBUX TpaH3aKIIil.

BekTopu BIockoHAJeHHS i MaiiOyTHI TexXHOMOTii
B €JIEKTPOHHHX JOBIPYMX CIYKOaX

Ockinbku naHAWAa@T eJeKTPOHHUX JOBipUMX
CJIy>kO pPO3BMBAETHCSI, NEKiJbKa BEKTOPIB YAOCKO-
HaJIeHHS Ta HOBUX TEXHOJIOTIN TOTOBI ITiABUILIMUTH
eeKTUBHICTb, 0e3MeKy i JOCBiJ KOPUCTYBayiB LUX
nocayr. Ili BeKTopu yAOCKOHaJEHHSI MpPeacTaBiIsi-
IOTb HE JIMIIIe HeralHi pilueHHs, aje ¥ Bimomi 3a-
TaJIbHI LUISIXW JJ1S1 PO3BUTKY O€3MeYHUX LMOPOBUX
nocayr. OcHOBHI cepu BIOCKOHAJIEHHSI Ta Mali-
OYTHi T€XHOJIOTii BKJIIOYAIOTh TaKe:

1. Texnoaocia oaokueiin [23].

TexHosoriss 0JOKYEeH mocTae sIK TpaHcdop-
MalliifiHa cwia y BrockoHateHHi ETS. Moro ne-
LEHTpali3oBaHa Ta HE3MiHHA IIpUpoaa 3ade3Ieuye
Oe3npeLeIeHTHY IIPO30PiCTh, 3HIKYIOUM PU3UK MaHi-
MY/ TIOBAaHHST JAaHUMU Ta HECAHKIL[IOHOBAHOTO MOCTYITY.
BukopucroByoun OJ0KYEliH, €JIEKTPOHHI TOBipdi
CJYy>kOM MOXYTb CTBOPIOBATM CTiliKi 10 BTpydYaH-
HsI KOHTPOJIbHI CTeXKHU, 3a0e3Meuyo4yr IIiTiCHICTh
HU(PPOBUX TpaH3aKIIiA.

2. IlImyunuii inmeaexm (Al — Big anr. Artificial
Intelligence) i mamuvHHe HaByaHHsI (ML — Big aHr.
Machine Learning)[24].

Iarerpamis Al Ta ML BBomuTh DMHAMIYHUWIA
piBeHb iHTEJIEKTY B €JIeKTPOHHI noBipui ciyxou. Ili
TEXHOJIOTII TO3BOJISIIOTh CUCTEMaM aHali3yBaTW Be-
JINYE3HI MAcCWBU JJAHWX, BUSBJISATU 3aKOHOMIPHOCTI
Ta BIOCKOHAJIOBATH MPOLECU MPUUHSITTS PillieHb.
Al Ta ML MOXyTb 3HaUHO MOKPAILUTHA BUSBJICHHS
3arpo3, aBTeHTU(iKallil0 KOPUCTYBayiB i 3arajbHy
e(eKTUBHICTb €JIEKTPOHHUX JOBIipUUX CIYXKO.

3. Keanmoeo-6e3neuna kpunmoepaghia [25].

OckiJIbKM MosiBa KBAHTOBUX OOUYMCIIEHb CTBO-
pIO€ MOTEHLIiHY 3arpo3y [Jis KpunTorpa@iyHux
METO/IiB, BOPOBA/PKEHHS KBAHTOBO 3aXUILEHOI
kpunTorpadii crae 000B’s13koBUM. KBaHTOBO CTili-
Ki aJIroOpUTMM 3a0e3MeuyloTh MOCTiHY KOH(pineH-
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wikHicTh i1 uiticHicts ETS B yMoBax po3BUTKY 00-
YUCTIOBAJIbHUX MOXJTUBOCTEIA.

4. biomempuuna aemenmudpixauia [26].

biomeTpuuHa aBTeHTH(iKallisl J0IA€E A0IATKO-
BUI piBEHb O€3MEKU €JIEKTPOHHUM JOBIPUUM CITYXK-
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Internet of Things) [27].

I3 nomupenHsm npuctpoiB [oT Gesneka B3a-
€MOTIOB’SI3aHOT MepeXi CTa€ MePLIOPSIAHOK ISt
eJIEKTPOHHUX A0Bipumx ciayx0. [TocuneHHs 3aco0iB
3aXMUCTy [HTEpHETY peueit Bil MOTEHUIMHUX ypa3iu-
BOCTEM, SIKi MOXYTh OyTM BUKOPMCTaHi IS TIOPY-
LLIEHHSI LJTICHOCTI €JeKTPOHHUX TpaH3aKIIild.

BpaxoBytouu 11i BEKTOpM BIOCKOHAJEHHsS Ta
MaioyTHi TexHosorii, ETS MoXyTh He juile BHU-
pilllyBaTd MOTOYHI BUKJIMKU, ajie i aKTUBHO 3aXu-
1IaTUCs Bill HOBUX 3arpo3, 3a0e3rnevyloun HaailiHy
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BucHoBku

1. HocnimkenHs ceptudikauii ETS B Ykpaini
3a0e3rnevyye mMOOKe pO3yMiHHSI MOTOYHUX BUKIIU-
KiB 1 BUCBITJIIOE KPUTWUYHiI cdepu s BIOCKOHA-
JIEHHSI.

2. AHani3ylouM yKpaiHCbKi MpOLEeAypUu OLiHIO-
BaHHSI BiIMOBIAHOCTI Ta MOPIBHIOIOUM 1X i3 BUBHAHU-
MM MiXHapOIHUMM CTaHAapTaMHu, OCOOJMBO 3 per-
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0.0. Stetsenko

ANALYSIS OF CERTIFICATION OF ELECTRONIC TRUST SERVICES IN UKRAINE

Background. Certification of electronic trust services in Ukraine faces several problems. These challenges include the need to align
with international standards, ensure cryptographic infrastructure is resilient against evolving cyber threats, and align practices with the
European Union’s elDAS regulation. In addition, issues related to interoperability, legal frameworks and the overall security of electronic
trust services pose significant obstacles.

Objective. Contributing to the strengthening of the national cybersecurity system of Ukraine by solving problems related to the
certification of electronic trust services, with an emphasis on cryptographic components and the certification process.

Methods. It involves a multifaceted approach. Study of existing conformity assessment systems, global experience and regulatory
mechanisms in leading countries with an emphasis on the EU. Assessment of strengths and weaknesses of current electronic trust
services in Ukraine. Comparison of the regulatory framework and technical mechanisms operating for electronic trust services in the EU
and Ukraine. Offering practical recommendations for accreditation and conformity assessment systems in Ukraine to bring them into line
with the EU elDAS regulation.

Results. The study provides valuable information about the challenges faced by Ukrainian electronic trust services, especially
regarding the assessment of the existing certification system. The benchmarking identifies gaps and opportunities for improvement,
focusing on aligning practices with the EU elDAS regulation. Empirical data provide a detailed understanding of the perspectives and



ENEKTPOHHI KOMYHIKALLIT 17

concerns of key stakeholders. The study also identifies specific areas for improvement in the legal and technical aspects of electronic
trust services.

Conclusions. There is an urgent need for systematic improvement of the certification of electronic trust services in Ukraine, in
particular in cryptographic key certification centers. Addressing these challenges requires a coordinated effort to align practices with
international standards, strengthen cybersecurity measures, and promote interoperability. And also emphasizes the importance of constant
monitoring, adaptation to new threats and cooperation with international partners to ensure the efficiency and security of electronic trust
services in Ukraine.

Keywords: certification; electronic trust services; key certification centers; elDAS regulation; cyber security; compliance assessment.

PexomennoBana Pamoro Haniiinia no penaxitii
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KIII im. Iropst CikopcbKoro
IIpuiinsara go nmyOGikarii
4 xBiTH 2024 poky



18 KPI Science News 2024 / 1-4

DOI: 10.20535/kpisn.2024.1-4.317380
YK 621.396.74

M.1O. Inpuenko, C.B. Kammmuk, T.M. HaputHux
KIII im. Iropst Cikopcbkoro, KuiB, Ykpaina
*BianosiganbHuii astop: t.narytnyk@ukr.net

METO/I ITIPOTUIII BATATOITPOMEHEBOCTI ¥ TPOITIOC®EPHOMY 3B’4A3KY
HA OCHOBI 3ACTOCYBAHHA CKJIAJEHUX CUTHAJIB Y BASUCI YOJILIIA

IIpobGaemaTuka. Y cyyacHUX TeJIEKOMYHIKALIisIX IS OpraHizallii 3B’s13Ky Ha JajieKi BiACTaHi BUKOPUCTOBYIOTh CUCTEMU
TponiocepHoro 38’3Ky. Lli cucTreMu M03BOJSIIOTH OPraHi3yBaTH 3B’SI30K 3a MEXaMM MPsIMOI BUAMMOCTI. BaxuiuBum
akTOpOM, KU MOTPIOHO BpaxOByBaTH y LIMX CHUCTEMaX, € 0AraTONMPOMEHEBICTh, siKa 3yMOBJeHa (Di3UYHUM TMPUH-
LIMTIOM, 110 TIOKJIaNEHUI B OCHOBY (DYHKIIiIOHYBaHHS TpornochepHUx cucteM. JIJisl MoJoJaHHsI HETaTUBHOTO BIUIMBY
1IOTO (haKTOpa 3aCTOCOBYIOTH PO3HECEHUM TMPUIOM Ta IIMPOKOCMYTOBI CUTHAJIW. YTiM, IIIMPOKOCMYTOBI CUTHAIU
BUKOPUCTOBYIOTh HAIMipHY CMYTY YacTOT i XapaKTepu3ylOThCsd HU3bKUM 3HAYEHHSIM CIIEKTPaIbHOI €(heKTUBHOCTI.
Merta aocaimkenHsas. Po3po0iieHHsT MeToly MOI0JIaHHSI HETaTUBHOTO BIUIMBY 0araTornpoMEHEBOCTI 32 paxyHOK 3acTO-
CyBaHHSI CKJIaJieHUX CUTHAJIIB y 06a3uci Youa.

Metoauka peanizamii. [lapanenbHi CKiIageHi CUTHAIM 3a0e3MeuyioTh MaKeTHe MepeaaBaHHsI OJHOYACHO TPy CUTHAJIB,
1110 TTOOYI0BaHi Ha OCHOBI TTOBHOI CUCTEMU B3aEMHO OPTOTOHAJIbHUX (byHKIIi Yomua—Anamapa. KoxHuit curHai nepe-
Ja€ onMH OiT iHgopmallii, ajge mapajeabHe MepeaaBaHHs MakeTa B3aEMHO OPTOrOHAJbHUX CUTHAIIB JO3BOJISIE YHUKHYTU
3HIKEHHSI IIBUIKOCTI TiepefaaBaHHs iH(opMaltii y cucremi. JIist mpoTumii BIUIMBY 0araTorpoMeHEBOCTi 0 CKJIaIeHOTO
CUTHAJTy JOJAIOThCS IMiJIOT-CUTHAJIM, TAKUMU ITJIOT-CUTHAJIaMM OOUPaloTh oKpeMi (pyHKIIil Yoma—Anamapa i3 KpalmMu
ABTO- Ta B3AEMHO KOPEJSILIIMHMMU BJIACTUBOCTAMU. 1o mepeBar CcKilaieHuX CUTHaIIB y 0a3uci Youia—Anamapa BilHO-
CSITh 1X CIIEKTPaIbHY €(PeKTUBHICTb, 1110 3HAYHO MEePEBUIIYE CIEKTPaTbHY e(heKTUBHICTh IIMPOKOCMYTOBUX CUTHAIB.
Pe3yabratu nociimKenHsa. Y poOOTi onucaHo MeTon (opMyBaHHSI CKJIaJieHOTO CUTHaJly B 0asuci Yosa—Anamapa
i3 TJIOT-CUTHajIaMM 1 HaBeleHO (YHKIIOHAJIbHY CXeMy NPUIMAaJIBbHOTO IPUCTPOIO, 10 3a0e3rnedye TOoAeTeKTOpHE
CKJIaJIEHHSI CUTHAJIIB i3 YOTUPhOX HE3aJIeXKHUX KaHaIiB pO3HECEHOro mpuiiMaHHs. Bu3HaueHo 3a1eXXHiCTh CIIEKTpaib-
HOi e(eKTUBHOCTI CKJIAJ€HUX CUTHAIIB Bill PO3MiIpHOCTI BUKOPMUCTAHOro Gaszucy Yosina—AnaMmapa. 3acToCyBaHHs
MiJIOT-CUTHATIB J03BOJISIE 3a0€3MEYUTH CUHXPOHHE CKJIAIEHHSI CUTHAJIIB, TIPUNHSITUX i3 YOTUPHOX HE3AIEKHUX PO3-
HEeCeHUX KaHalliB mpuiiomy.

BucHoBku. 3arporioHoBaHI TeXHIUHI PillleHHSI 3 BUKOPUCTAHHSIM CKJIAIECHUX CUTHAJIIB y 0a3uci YoJia galoTh MOX-
JIMBICTb CTBOPIOBATM CUCTEMU TPOIOCHEPHOro 3B’SI3KY, 110 3a0e3IeuyioTh poOOTY B YMOBax 0araTornpoMeHeBOCTi,
crieKTpajabHa e(eKTUBHICTb SIKUX 3HAUHO TEPEBUIIIYE 11€i MOKA3HUK [IJISI CUCTEM, SIKi BAKOPUCTOBYIOTh CUTHAIU TUITY
M-nocaigoBHOCTI, 11O D03BOJSIE 30UIBIIMTU IIBUIOKICTh IepedaBaHHs iHoOpMmallili Ha OJHAKOBIiil CMy3i 4yacToT abo
MiIBUIIUTU 1X 3aBaIOCTIMKICTh, BUKOPUCTOBYIOUM JIOJAATKOBO 3aBafOCTiiiKe KOJIYBaHHS 3a YMOBM (DiKCOBAHOI LIBUJI-
KOCTi mepemaBaHHs iHopMalIii.

KumouoBi cioBa: TpornocdepHuii pamio3B’si30K; 0araToOIpoOMeHEeBICTh; ClieKTpajibHa €(heKTUBHICTh; METOIN PO3HECEHO-
ro NMpUMaHHS; IIMPOKOCMYTOBUIA CUTHAJI; OPTOrOHAIbHI CUTHAJIM; MJIOT-CUTHAIM; 6a3uc Yoma; GyHkKiii Youia—
Anamapa; curHajad TUIy M-mocaiZoBHOCTI; MpUMaIbHUI MPUCTPIN, IIBUAKICTh MepeaaBaHHs iH(popMallii; 3aBago-
CTiliKe KOmyBaHHSI.

Beryn HEBOCTiI TOJISITa€ 'y MPUHLMII MEePeBUNTPOMiHEHHS
pajgiocurHaay B Mexax CHiJIbHOTO 00’eMy, yTBOpe-

V cucremax Tponoc(epHOro 3B’S3Ky BaXJIM- HOTO NepeAaBajibHUM 1 MpPUMaIbHUM IPOMEHS -
BUM (pakTOpOM, 1110 BILUIMBAE HA MOKA3HUKU SIKOCTi, MU TponocdepHoi paniofinii. [Ilo6 MiHiMizyBaTu
HaiMHOCTI 3B’S13KY Ta MPOMYCKHOI 3AaTHOCTI CUCTe-  BILIMB HETaTUBHOTO (pakTopa O0araTornpoMeHeBOCTI,
MU, € GaraTonpomeHeBicTb. [Ipupoaa GararornpoMe- y cucremax Ta objiaJHaHHI Tponoc(epHOro 3B’si3-
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Ky 3aCTOCOBYIOTh METOIN PO3HECEHOTO MPUMaHHS
Ta BUKOPMCTAHHSI CUTHAJIB i3 clieliaJJbHUMU XapaK-
TepucTukamu [1-7].

B oGiagHaHHI mepenaBagbHUX/TPUNMATbHUX
3ac00iB CTaHIIili Tporoc@epHOro 3B’S3Ky 3a3BUYait
BUKOPHMCTOBYIOTh PO3HECEHHS CHUTHAJIiB 3a 4acTo-
TO10 Ta y npoctopi. 1106 migBuIInTH €(PeKTUBHICTDH
PO3HECEHOro MpUMaHHs, B 000X BUIIaJKaX BUKO-
PUCTOBYIOTb CUTHAJIM CKJIaAHOI (hOpMU, 30Kpema
CUTHaJIM, MOoOynoBaHi Ha OCHOBI M-MOCiIOBHOC-
Tell, YKOpouyeHUX M-IIOC/IiIOBHOCTE i CerMEeHTIB
M-nocninoBHocteit [4—9]. Peanizanisi anroputMis
KOpEJISILiMHOI OOpOOKM CHUTHAJIIB, IO HAZXOIITh
i3 pi3HMX KaHaliB MNpUKMaHHS, IT03BOJSIOTH 3a-
0e3MeyrT MiABUILEHHS SIKOCTI NMpUAMaHHS, KOM-
neHcyoun (a0o BpaxoOBYIOUM) BiIJHOCHY 3aTPUMKY
NpUAMaHHS, 10 BUHUKAE B Pi3HUX KaHanax. Ilo-
MpU BUCOKY €(hEKTUBHICTb BUKOPUCTAHHS TaKo-
ro MeTOoAy KOMIIEHcCallil 0araTornpoMeHeBOCTI, et
MiIxig Ma€e MeBHI HEMOJiKM, 30KpeMa, 10 HEeNOJiKy
HaJIeXKUTh MOT0 HU3bKa CHEKTpajibHa €(DEKTUBHICTD.
Lleit Hemosik B3araji XapaKTepHUI IJId OUIBLIOCTI
CHUCTEM, B SIKUX BUKOPUCTOBYIOTb MPUHIIUIT PO3ILIK-
PEHHSI CIIeKTPY CUTHaJIy 3 BUKOPUCTAHHSM PO3IIK-
PIOBAJIbHUX MOCHinoBHOCTeH. OTXe, MiIBUILEHHS
e(eKTUBHOCTI Tpomoc(epHOro 3B’SI3KYy METOIOM
(hopMyBaHHS CKJIaACHUX CUTHAJIB y Oa3uci Youiia
B YyMOBax BilIOMUX YaCTOTHMX OOMeEXeHb Ta OoOMe-
JKeHb Ha TOTYXHICTh MepenaBaya € aKTyaJlbHUM
3aBJaHHSIM.

Metoa ¢opmyBaHHS i mpUAMAHHA CKJIaJeHUX
curHajgiB 'y  TpomocepHoMy KaHadi 3
0araTonpoMeHeRBiCTIO

V mnomrykax MeTomiB i 3aco0iB 3a0e3IeueH-
HS1 e(PEeKTUBHOCTI TPOMOCMEPHUX CUCTEM 3B’SI3KY
i mpuiiMaHHS B yMOBax 0araTonmpOMEHEBOCTi I10-
LiJIbHO PO3IJISSHYTA MOXJIMBICTH BUKOPUCTAHHS
napajeJibHUX CKJIaAHUX CUTHAJIB, 110 MOOyIOBaHi
y 0a3uci OpTOTOHAIbHUX ABIMKOBUX (DYHKIiN Yoi-
ma [10—12]. Cucremy opToroHajabHUX (GYHKIIIH
VYouiiia BUKOPUCTOBYIOTh Yy cUCTEMax i 3acobax pa-
Ji03B’s13Ky. 30Kpema, Yy CTaHAapTi CTiUIbHUKOBOTO
3B’a3Ky IS-95, axuit B YKpaiHi noumupuscs y ¢op-
maTi CDMA-CTITBHUKOBOTO 3B’SI3KY, Y INPSIMOMY
Ta 3BOPOTHOMY KaHajlaX BUKOPUCTOBYBalud CUTHa-
JIM, 1oOyaoBaHi Ha 0a3i pyHKLii Yooa.

O®Oyukuii Yonma € ABIMKOBUMU (YHKIISIMU,
1o HaOyBawTh 3HadYeHHS —1 abo +1. Jlo mepesar
(yHkuiil Yosina MoxHa BifHECTU iX OpTOroHasb-
HicTb. 1151 oGuuMclieHHs JiHiliHOT KoMOiHalii (hyHK-
Hii YoJia BUKOPUCTOBYIOTH JOOpe Bimomi il Bim-
MpalboBaHi arOPUTMU TUCKPETHOTO Ta IIBUIKOIO

IepeTBOPEHHS. 3BaXkalouuM Ha IBIMKOBMUI Xapak-
Tep ¢yHKUi# Yosa, B ajaropurMax IUCKPETHO-
o Ta IIBUAKOTO TIEPETBOPEHHS BUKOPHCTOBYIOTH
TiJIbKK onepauii 3 UMMy abo IiMCHUMU YuCIaMu.
3arajpbHOBIZIOMO, 1110 BUKOHAHHS oriepailii 1IBUI-
KOTIO MepeTBOPEHHS 3 AICHUMU YMCJIaMU HE Mepe-
Oayae orepalliii KOMILJIEKCHOTO MHOXEHHS i roTpe-
Oy€e B YOTMPU pa3y MEHIIIE eJeMEeHTapHUX orepaliit
MHOXEHHSI TIOpiBHSIHO 3 anroputMamu Dyp’e.
BuxkopucranHus agiiikoBux dyHkuin Yomma
JI03BOJISIE 3a0€3MeuYuTy napajeibHe, TOOTO OJHO-
yacHe IepeJaBaHHsl MakeTa JBIMKOBUX CUMBOJIIB
3aBnoBxXKU N. Po3mipHicTe N Bu3Havae 0a3uc cuc-
TeMu (PyHKUiIM Yoma i 3a3Buyail HaOyBa€e 3Ha-
yeHHss N = 2". Ilaker i3 N iHdopMauiiiHUX OBiii-
KOBMX CUMBOJIIB HaJXOIMThb Ha BXil (opMyBaya
napajejbHOro ckjaaeHoro curHaiay. KoxxHuii iH-
(opmaliiiHuil OIT 3MiMiCHIOE NBIAKOBY MOIYJISILIIO
onHi€T i3 dyHKil Yonua—Anamapa. Yci Moayibo-
BaHi (yHKILil Youllia cKJIagaloThCs, i TaKUM YMHOM
(opmyeTbcsd GaraTopiBHEBUI CKJIaJIEHW CUTHaI,
1o nepenae naker N iHdopmauiitHux 6iTiB. Ckia-
JNIeHWI curHai, 1noOynoBaHUU y 0azuci (yHKILIN
Yonia—Anamapa, BU3HaAYal0Th TAKUM YMHOM:

S() = ic[(t)w,.(t).

Y HaBeneHoMy BUpa3i ¢(f) — NBIMIKOBI CUMBOJIU Ma-
KeTa iH(opMallii, 110 3AiCHIOE MOIYJIALII0 (HyHK-
uit Yoma—Anamapa; w(f) — dyHkuii Youia—
Anamapa po3mipHocTi N.

Takyum yHOM, METOH MPOTHUIIl OaraTorpome-
HEBOCTI Y TporocchepHOMY 3B’SI3Ky Ha OCHOBI 3a-
CTOCYBaHHSI CKJIQJEHUX CUTHaJiB y 06a3uci Youiia
Oy/e CKJIaJaTUCh i3 TaKoi MOCIiTOBHOCTI KPOKiB.

1. @opmysanns nakema iHHOPMAUIIHUX CUMBO-
21i8, 00 K020 000AHO CUMBOAU NINOM-CUCHANIE.

3 MeTow TOoAO0JIaHHSI BIUIMBY OaraTorpome-
HEBOCTI 10 iH(OpMaLifHOro TIIaKeTa I0Ja0Th-
csl MiJOT-CUTHAIM, TaKUMM CUTHaJlaMu OOUpaloTh
Kinpka ¢yHKUin Yomua—Anamapa w(f). KiabkicTb
¢bynkuiit Yonma—Anamapa, sIKi BUKOPHUCTOBYIOTh
SIK TIUJIOT-CUTHAJIM #, BU3HAYAETHCS PO3MIPHICTIO
basucy Yomma N=2"1 € MOKa3HUKOM CTEIIeHs 2.

2. Qopmysanns ckaadenoeo cuenary y 6asuci
Yoawa—Adamapa.

Binomo, o ¢yHkuii Yomaia i curHaiau, mo-
OymoBaHi Ha iX OCHOBI, € OPTOTOHAJIbHUMM Ha iH-
TepBaJli TpUBAJIOCTI curHany 7. YTiM, KOXHa i3 1X
(byHKIII MOCTYIa€ETbCS 3a CBOIMU aBTO- i B3aEM-
HO KOpeJsSIUiiHUMU BIACTUBOCTAMU M-TIOCTiT0B-
HOCTSIM i TOXiTHUM Bia HuUX. Bubuparouum ¢hyHK-
uii Yousia, 1o OyayTh BUKOPUCTOBYBAaTMChH SIK
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MNiJIOT-CUTHAIM, OCOOJIMBY YyBary THpUIAUISIOTH 1X
MNepionMYHUM aBTO- Ta B3AEMHO KOPESLINHUM
BiactuBocTsiM. CaMe 1i TOKa3HUKM BIUIMBAIOTH
Ha e(eKTUBHICTh OLIIHIOBAaHHS BiIHOCHOI 3aTpUM-
KM, 1110 BUHUKAE Y KaHaJIaX TPONochepHOro 3B’s13Ky
YHACJIiJIOK BILUIMBY 0araTornpoMeHEeBOCTi.

Pa3owm i3 TuM y cucteMi opToroHaabHUX (QyHK-
it Yonua € kinbka (yHKIiNA, NepioauyHi aBTO-
i B3aEMHO KOpEJSUiiiHI XapaKTepUCTUKU SIKUX
HaOJIMXKAIOThCS 10 XapaKTepUCTUK M-MoCinoBHO-
creit. Ili ¢pyHKuii i curHanm, 1o iM BiAMIOBiIAIOTh,
MOXHa BUKOPUCTOBYBATU $IK MiJIOT-CUTHAIW IS
CUHXPOHi3alil CKJIaJleHUX CUTHAJIIB, SIKi HaIXOISTh
i3 pi3HMUX KaHaJliB MpUAMaHHs, 00JIalHAHUX Y CTaH-
1ii Tpornoc@epHOro 3B’sI3KYy.

ITpouenypy dopmyBaHHS CKJIAAEHOTO CUTHa-
Jly, 10 noOynoBaHuilt y 6asuci Yonma—Anamapa,
MOXHAa OIMCATU 3 BUKOPUCTAHHSIM omepallii MHO-
JKEHHSI MaTPULIi-CTOBILS, 1110 MiCTUTh CUMBOJIU iH-
(hopmalliiiHOro MOBiIOMJIEHHSI, Ha KBaJApaTHY Ma-
Tpulo Yomua—Anamapa H, posmipHicTio Nx N.
Ha puc. 1 nokazaHo nporuenypy (opMyBaHHsI CKJia-
JleHoro curHaiy y 6asuci Yomma—Anamapa 3 Ii-
JIOT-CUTHAJIaMU.

3o0paxeHa Ha puc. 1 mpoueaypa ¢opMmyBaH-
H$I CKJIQJIEHOTO CUTHAJIy € Pe3yJbTaTOM 00’ €IHAHHS
KiJIbKOX cxeM. 30KpeMa, onepallisi MHOXEHHS Ma-
TPULI-CTOBIOLSL Ha MaTpULl0 Agamapa — lieé 3BHU-
yaifHa omepallis, sSIKy BUKOPUCTOBYIOTh y CHCTeMax
KOJyBaHHS; (hOpMyBaHHSI MaTPULi-CTOBIILISI METO-
JIoM 00’eIHAHHS TaKeTa iHpOpMaLiliHUX CUMBOJIB
i MakeTa CMMBOJIIB MiJIOT-CUTHaJly — 1€ orepallis,
aHajnoriyuHa ¢opmyBaHHI0O OFDM-curHany B cu-
cremax 4G, 5G; aMmIulitynHe OOMEXEHHSI CUTHa-
Jly — 1€ omepallisi, IKy IIMPOKO BUKOPUCTOBYIOTH
y cucTeMax pajio3B’sI3Ky IJIsl MiABUILEHHS IOTYXK-
HOCTi pajiocurHajy, TOMy 110 CXeMy B TaKOMY BU-
IS 3alPONIOHOBAHO BIIEpIIIE.

MaTpuusa-CTOBNYMK NepeaaHoro
NOBiAOMAEHHA Ta CUMBONIB
ninoT-curHanis

C1
C3 Ci1

C2
Q) C3 NxN Matpuugs

. Yonwa-Apgamapa
Cn-n

Ha Bxin npucTtporo ¢popMyBaHHS CKJIaJ€HOTO
CUTHAJIy HAIXOIUTh MakeT iH(popMaliiHUX CUMBO-
JIiB 3aBIOBXKU N—n:

C={c,c,¢5..i0y ),

€ ¢,C),Cs,...,Cy_, — IH(OPMaLIiiHI cUMBOIM Tie-
pelaBaHOro nakera iHdopmMariii.

J1s1 BUKOPUCTaHHSI SIK IIUJIOT-CUTHaliB y Oa-
3uci Yoia odbpaHo 7 GyHKUi Yoama—Anamapa,
11O BiAMOBiZAIOTh BUMOTraM MiHIMaJIbLHUX OOKOBHUX
BUKUIB TEPIOAUYHUX IX aBTO- Ta B3aEMHO KOpe-
gauiiHnx  ¢yHkuiii. Homepn oOpanux @yHKIIi
y 0asuci YoJia, 10 BIOPSIAKOBAHUI 3 BUKOPHUC-
TaHHSIM MaTpulb AfaMapa, BKJIIOYEHi IO MakeTa
CUMBOJIIB MiJIOT-CUTHAJIiB 3aBIOBXKKM A:

Z ={2,235--,2,}-

CumBonu Z;, 1110 BXOISITh [I0 CKJIaJly MaKeTa Z,
HE 3MIHIOIOTBCS. YMOBHO MOXKHA BBaXKaTH, 10 JJIST
CHMBOJIIB Z; BAKOHYETBCSI YMOBa

zj=1,j=1>_n-

IMaketn iHdopmaniiiHux cumBoaiB C i cuM-
BOJIIB MUIOT-CUTHANIB Z (DOPMYIOTH MaTPUIIO-CTOB-
neupb po3MipHicTio 1 x N. Ciif 3ayBaXkKuTHu, 110 CUM-
BOJIM MUJIOT-CUTHAJIIB PO3MILYIOTbCA y CTPYKTYpIi
MaTpPUILi-CTOBIILS BiMOBIAHO 1O HOMEPIB 0OpaHUX
(ynkuiit Yomua, 1o OyayTh BUKOPMCTaHi K TIi-
Jor-curHanu. CdopMoBaHa TaKUM YUMHOM MaTpH-
LISI-CTOBIIELIb € BUXiTHUM MacUBOM Uil (hOpMyBaHHS
CKJIaZICHOTO curHaiy (IuB. puc. 1). MaTpuIllo-CTOB-
Melb MHOXAaTh Ha KBaapaTHy Marpulio H, po3mip-
HicTio Nx N. Marpuusa H, € marpuiiero Anamapa,
1110 BMOPSIIKOBYE cUCTeMy (DyHKIiN Yosia po3mip-
HocTi .

Hnsa ¢opMyBaHHS CKJIAZIEHOTO CUTHaly y Oa-
3uci Yomama—Anamapa MOXHa BHUKOPHMCTOBYBaTHU

CKNafeHuid curHan

MakeT iHhopmaL,iiHux
cUmBONIB

Hn =

Cn-n| X
Z1

OBGmesxysay
amnaiTyou
cMrHany

51, 52, 53, «« SN-1, SN A/D

22
Z1 .

Hle

Zn

NakeT cumBoNiB
ninoT-curHanie

fo nepepasada

Puc. 1. [Ipouenypa GpopMyBaHHs CKJIaJIEHOTO CUTHAINTY y Oa3uci Yona—Anamapa
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aJITOPUTM OOEPHEHOI0 IIBUAKOTO IEepPEeTBOPEHHS,
B OCHOBiI MOOYIOBM SIKOTO IOKJIAAEHO aJrOpUTM
«wetenuka». ChopMoBaHUM TaKUM YMHOM CKJIaze-
HUI cUrHam sBjissie o000 MaTPULIIO-PSIA0K 3aBIOB-
KK N:

S = {51,855 85- 385y Sy 1> Sy |-

V HaBeneHiil (Gopmi KOXHMI CUMBOJI MaTpu-
Li-psiiKa §; BU3HAYA€ aMIUTITYy CKJIaJ€HOr0 CUTHa-
ay S Ha k-My 4acoBOMY iHTepBayi TPUBAJICTIO Af.
B ananorosiit ¢opMi chopmoBaHUil CcKIageHUI
CUTHAJI Ma€ BUIJIsSI

S(ty =35, (1) wi(r) =
= gcl.(t)w,.(t) + Zn:zjwj (.

Ckmagenuii curHan S(f) sIBIsie cobOI0 Ccymy
JIBOX CKJIAAOBUX: IPYITy CUTHAJIIB, 1110 IIepeaaroTh iH-
dopmattiitHi cumBonu c(f)w,(f), Ta TPymy MiJOT-CUT-
HaliB Zw(?). BiOCyTHICTh y IO3HA4Y€HHI CMMBOJIA
MUIOT-CUTHAJTY Z; TapaMeTpa 4Yacy f O3Havae, 1o wi
CHMBOJIM € HE3MiHHUMU.

Cknamnenuit curHan S(f) sBisie coboOl0 BU-
MaaKOBUI TIpoleC i3 MNMCKPETHUMM 3HAUYEHHSIMH,
SIKMI{ OIMUCYIOTb OiHOMiaJbHUM PO3MOAIOM 3 HYy-
JIbOBUM cepeaHiM abo MaTeMaTUYHMM CIIOJiBaH-
HsIM. 1o ocobauBocTeit pyHKIIN Yoia HaaeKUThb
PIBHICTh KiJIBKOCTi iHTEpBaJliB yacy, abo TakTiB, Oe
(byHkuist HaOyBae 3HaueHHS +1, KiIbKOCTi iHTepBa-
JIiB vacy, ne (GyHKIis1 HaOyBae 3HaueHHS —1. OTxe
cepenHe, ab0 MaTeMaTU4YHE CHOAiBaHHS KOXHOI
okpeMoi (yHKLIi Ta iX CYKymHOCTi mopiBHIOE 0.
CraHgapTHe BiIXWJIEHHS IJIsI BUMAAKOBOI BEJIMYM-
HU, PO3MOAUICHOI 3a OiIHOMiaJIbLHUM pO3IMOIiJIOM
i3 piBHOMMOBIpHUM 3HaY€HHSIM +1 Ta —1 mIsT KOX-
HOTO CKJIJIOBOTO TPOLIeCy, BU3HAUAIOTh (hOPMYJIOI0

oy =0,5VN.

TakuM 4YMHOM, CKJIaJ€Hi CUTHAJIM XapaKTepu-
3yI0TbCS BEJMKUM 3HAUYEHHSIM TiK-(akropa, SIKUi
CTaHOBUTH

st ckopodyeHHS ImiK-(akTopa CKIageHOTO
curHany S(7) y cxemi (popMyBaHHSI CKJIaIeHOTO CUT-
Hajiy (auB. puc. 1) 3acTocoBaHO OOMexXyBad. Y pe-
3yJIbTaTi JTBOCTOPOHHBOTO OOMEXKEHHST aMILTITYIN
CUTHaJIy Ha BUXOJli 0OMexXyBauya MaEMO TaKy CYMilll
TPHOX BUITATKOBUX TTPOIICCIB:

() = Z"c,.(z)w,.(r) ; izjwj(t) LED).

Y HaBeaeHOMy BUpasi mpolec &(f) MmpeacTaB-
JIslE 3aBallk, 1O OIUCYIOTh TMOPYIIEHHS OPTOro-
HaJIbHOCTI MixXK (PyHKLisMM YoJa, ke BUHUKAE
y pe3yJbTaTi aMILTiTyIHOrO 0OMEXEeHHS CKJIal0BOIo
CUTHAJy.

3 Buxomy oOMexyBaua CHUTHaJl TIOJAETHCS
o mepegaBaya TporocdepHoi pamioninii. Ilepena-
BaHHSI PagiOCUTHAaIIB 3[iMCHIOETBCS Y IBOYACTOT-
HOMY pexXuMi Ha yacTtoTax f,, Ta f,,.

3. Ilputimanns cKaadeHux cueHanie 3 4omupbox
He3a1edCHUX KaHAais.

Ha npwuiimanbHiii cTopoHi TpornocdepHoi pa-
JIOJIiHIT U1 TTOJ0JaHHS 0araTorpoMeHEeBOCTI BUKO-
PUCTOBYIOTh TpPaAulIiiiHy CXeMy PO3HECEHOIro Ipu-
oMy — i3 IBOMa pO3HECEHUMM aHTeHAMU Ha JBOX
yacToTax — y pe3yJibTaTi J0CsraloTb YOTUPUKPATHO-
ro posHeceHHs1. Ha puc. 2 momaHo 3anmporoHOBaHY
aBTOpaMU CTaTTi (PYHKUIOHAIbHY CXeMY MpUiiMalb-
HOTO MPHUCTPOIO CTaHLii TpomnocdepHOro 3B’s13-
Ky, sIka BUKOPMCTOBYE CKJaJeHi CUTHAJIM y Oa3uci
Yomma—Apamapa 3 miJIoT-CUTHaJIaMU.

3anponoHOBaHy CXeMy PO3pO0JIEHO Crieliasb-
HO JJI iJTFoCTpalii MeToay pPO3HECEHOro MpuiiMaH-
HsI mapajebHUX CKJIaJeHUX CUTHAJIB i3 YOTUPHOX
He3aJIeXXHUX KaHalliB B yMOBaxX BILUIMBY 0aratoripo-
MEHEBOCTI.

BucokoyacToTHi pagiocurHaiv npuiMaroTh IBi
aQHTEHM, JaJli BOHU HAAXOISITb Ha BXOAW ABOX MaJjo-
wymHux migcumoBavi (MILIT). 3 Buxomy MILIT
CUTHAJIM HAIXOASITb HAa BXOAW JBOX 3MilllyBayiB.
Ha omnopHi BxoaM 3MmilllyBadiB HagXoAsSTh CUTHAJIU
4yacToT f; Ta f, Bin ¢opmyBaya ornopHux yactot. LLloo
MiIBUILMTH CTAOLIBHICTb OITOPHMX YaCTOT, BXia (op-
MyBaya MiJKJIIOUeHUI 10 BUXOIY BUCOKOCTAOIIbHO-
ro KBaploBOro reHepaTopa, siKuii € J1XKepejoM BHUCO-
KOCTaOIJIbHUX KOJMBaHb 1 MITOK CMHXPOHI3alii yciel
cTaHuii TporocdepHoro 3B’43Ky. YacTrorn Ha BUXOMi
(hopmyBaya OMOPHUX YACTOT PO3pPaXOBaHi TAKUM YK-
HOM, 1100 Ha BUXOJi c(hOpMyBaTU CUTHAIU Ha MPO-
MiXHii 4acToTi f,,, SIKa € €IUHOIO ISl YCiX KaHasliB
OOpOOKM CUTHAJIIB Y IPUMAIbHOMY MPUCTPOI:

fnl{ :fcl_fl :fcz_fz-

ITincumosay npomixkHoi yactotu (ITITY) min-
CUJIIOE CUTHAJ i Mepeaae Moro Ha BXil aHajJoro-uud-
poBoro nepeTBoproBava (A/D).

4. Obpobka y Kauanri NPULIMAHHS CUCHANIB 3 GU-
KOPUCMAHHAM Y3200JceHux hinompie i hopmysanus
OUIHKU BIOHOCHOI 3aMPUMKU Ma BU3HAYEHHS GIOHO-
WEeHHS «CUCHAA — WLYM».
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Puc. 2. OyHkIioHaIBHA CXeMa IPUHMAIBEHOrO IPUCTPOIO CTaHIIT TPOIoc(hepHOro 3B SI3KY,
sIka BUKOPHCTOBY€E CKJIaJIeH] CHTHaIM y Oa3uci Youma—AaMapa 3 MiJIoT-CUrHaJIaMu

Ha Bxin A/D HagxoauThb CyMmilll MPUKHSITOTO
CKJIaICHOTO CWTHAJTy, 3aBaly TOPYIIEHHS OpPTOTO-
HaJIBHOCTI Ta IIyM:

S'(1) = ;ci,(t)wi (1+7)+

+zn:zi’wj (t+7)+E(t+7,)+n(1).

j=l

Y HaBeneHomy Bupasi ¢, Ta g, — TPUAHATI iH-
¢dopmaliiiHi CUMBOJIM I CUMBOJM IIiIOT-CUTHAJIB,
&' — mpuifHgTa peasizalis 3aBaayd MOPYLIEHHS Op-
TOTOHAJIBHOCTI, 1(f) — TEIUIOBUIA 1IyM. YCi CKJIaIOBI
CyMillli, 110 HaAiMIIUIM Bim mepegaBaya Tporocdep-
HOI pajioJiiHii, 32 BUHSITKOM TEIUIOBOIO 1IyMy, Ma-
I0Tb OIHAKOBY 3aTPUMKY T, SIKA € CIIUIBHOIO JUISt
00paHOro KaHajly NpuiMaHHS i BKJIIOYA€E 3aTPUMKY
Ha OaraTtorpoMeHeBicTh. IHAeKc / BU3HaUae HOMEpP
KaHajly i y BUIAAKy YOTUPUKAHATbHOIO MPUIMaH-
Ha [ =1,4.

3 Buxoay A/D cywmilmn ckiiageHOro CuUrHa-
Jly, 3aBaiy i TEIJIOBOrO IIyMY HaAXOAMTh Ha BXil
y3roKeHoro (ijbTpa i KepoBaHOI JiHii 3aTpUMKHU.
IMnynbcHA XapaKTepUCTHKa Y3roJxKeHOro (iibrpa
h(f) HanalTOBaHAa Ha MPUIIMaHHSI OAHOYACHO A Tli-
JIOT-CUTHAJIiB, 1110 BXOASITh 10 CKJIaJEHOTO CUTHATY.
B anaznorosiit (popMi NpuiioM CKJIaJAeHOrO0 CUTHAIY
B Y3rojixkeHOMY (hiJIbTpi MOXKHA 3aMucaTv y TaKoMy
BUTJISIIN:

~

Z, = [S|(t)h(t - Atydr =

=z o

n

(cmmaﬂp+

1

Il
St—

+Z”:z,fwj(t +1,)+E@+1,)+ n(t)J x

J=1

xh(t — At)dt.
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Hapenenuii Bupa3 MoxHa IMOJIMTA Ha CKJia-
JIOBI TAKUM YMHOM:

Z, = [g}clf(t)wi(t +1,)h(t - At)dt +

i=l (

+Zn:}zi’wj(t +1,)h(t - At)dt +}Ej(t +1,)h(t—At)dt +
+Tn(t)h(t—At)dt.

0

3a yMoBU 3a0e3IeueHHsI ILIMKJIOBOI CHHXPO-
Hizalii MpUiiMaHHS CKJIAJIEHOTO CHUTHaJly Iiepiia
CKJIaJioBa y HaBeJEHOMY BMpa3i BU3HAUYAE B3aEMHO
KopeJsiiliHy (yHKIi0 MixX (yHKUissMU YoJla,
1110 TepeaalTh iHhopMalliliHi CMMBOJU, Ta (DYyHK-
HigsMu YoJa, 1o € IMUJIOT-CUTHAJIaMU. 3BaXKalouun
Ha Te, o 0Oa3uc Yomma—Amamapa 1oOyIoBaHUA
OpPTOTOHAILHUMM (BYHKILISIMU YoJia, 1Sl CKJaaaoBa
HaOyBa€e HYJbOBOTO 3HAUYEHHSI Ha iHTEpBalu TPU-
BaJIOCTi ckiamoBoro curHainy 7. Tpers i yerBepTa
CKJIaZOBi BU3HAUalOTh BIUIMB 3aBaj, TMOPYIIEHHS
OPTOTOHAJILHOCTI Ta TEIJIOBUX 1IyMiB. [Ipyra ckia-
JIOBa, sIKa CTAHOBUTh iHTEpec, MOXe OyTW MoaaHa
TaKMM YMHOM:

n T i
Z' =Y [zt + 1)t = Andt = Y7 (x)).
j=1

J=10

®yukuis  Z/,(tr;) € BIATYKOM Ha BUXOZI
Y3TroKeHOro (inbTpa B /-My KaHajli NpUMaHHS
Ha j-i MiJIoT-CUTHAJ, SIK MiJIOT-CUTHAJI BUKOPUCTO-
BYIOTh (byHKIIi0 YoJiua.

OLiHKKM 3 BUXOMIB Y3roixXeHuX QiIbTPIB Ti-
JIOT-CUTHAJIIB, sIKi (DOpMYIOTbCS B pasi BUSIBIEHHS
BIIrYKiB oJpa3y IJisl yCiX # TiJOT-CUTHaJiB, Tepe-
JalOThCsl Ta BXiJl OOUKMCIIOBAILHOTO MPUCTPOIO Biji-
HOCHOI 3aTpUMKHU KaHaiy At. OOYMCIIOBAJIBHUI
MNPUCTPIlA MA€E YOTUPU BXOAM JIJII YOTUPHOX KaHaJiB
nputiMadHHsg. OOUMCIIOBAILHUIT TIPUCTPI pO3paxo-
BYE BITHOCHY 3aTPUMKY HAJXOMKEHHSI OLIHKU ISt
KOXHOr0O KaHaJly OKPEMO, B3SIBILIM 332 TOUKY BilTIKY
MOMEHT HaIXOMXKEHHS Iepioi omiHku. Ha mincrasi
BU3HAYEHUX BITHOCHUX 3aTPUMOK At; (DOPMYIOThCS
KepyIodi CUTHalIM i KepOBaHUX JIiHIN 3aTPUMOK,
1110 BXOJSITh IO CKJIaay KOXHOTO KaHaly MpuiAMaHHSI.

IMapasenpHO OLIHKKU Z;, HAAXOOSTh HA BXOIU
00YMCITIOBAJILHOTO MPUCTPOIO BiTHOIIEHHS «CUT-
Hal — 3aBaja» (AMB. puc. 2). Y 1LIbOMY MNPUCTPOI
(bopMyrOTbCSI OLIIHKY MOKAa3HUKA «CUTHaJl — 3aBa-
Ja» JUIsl KOKHOTO KaHajy MpuidMaHHS. Y pe3yJibTari
OLIIHIOBAHHS MPUCTPiii (HOPMY€E YOTUPU CUTHAIH 4,
sIKi BU3HAUAIOTh BaroBi KOe(MilliEHTH i MepenaroThes
Ha Kepyloui BXOAW KaHaJIbHUX MiACUIIOBAYiB.

5. Onmumanvhe CKAQOGHHA NPUUHAMUX CUSHANIG
3 YOMUPLOX KAHAAIE (3 8DAXYBAHHAM BIOHOCHOI 3a-
MPUMKU Ma BIOHOWEHHS «CUSHAA — UWLYM».

V pesyabTari OTpMMaHHSI OLIIHOK BiTHOCHMX
3aTPUMOK Ta BaroBMX Koe(illi€HTiB Ha BUXO/Ii cymMa-
TOopa (POPMYETHCS MIACYMKOBUM MPUMHITUI CKIIa-
JIOBUI CUTHAI:

4
Sty = S a,S)(t - Av)).
1=1

6. Illepedasanus mampuyi-psaoka npuiiHAmMo2o
cueHany 05l MHOJMCeHHs Ha obepHeHy mampuuto Ada-
mapa 045 popmyeaHHs naKema NPULIHAMUX iHGhopma-
UITIHUX CUMBOIB.

CdopmoBaHUii TPUNHSATUIA CKJIAJOBUI CUT-
Han S'(f) momaeTrbcd Ha BXim Matpuli Amamapa,
IO 3IiMCHIOE TIpsIMe TMEepPeTBOpPeHHS Yoora—Ana-
Mapa sl BUBHAUYCHHSI NPUIHATOI KOMOiHaILil iH-
dopmaniitanx cumBoiB C":

’ ! ’ ’ ’ ’
C'={c/, ¢, ¢4y Cy s Chin)-

ITpuitHsgTa KoMmOiHallisl iHGOpMaLIMHUX CUM-
BOJIiB MIiCTUTb TakeT iH¢opMallii, 1110 nepeaaHa ofi-
HUM CKJIJIEHUM CUTHAJIOM Y TpornocepHili cuctemi
3B’SI3KY.

OuiHwBaHHS CNEKTPAJIbHOI e()eKTUBHOCTI

BaxnuBuM mNOKa3HUKOM e(peKTUBHOCTI CuC-
TeM TpornochepHOTro 3B’5I3Ky € CIeKTpaJibHa ehek-
TUBHICTb, SIKYy BU3HAYAIOTb SIK BiTHOIIEHHS KiJIbKO-
CTi iH(oOpMaLiHUX CUMBOJIB (OiTiB) HO OOMHMIII
MpuHU crexkTpy 4dactor 1 I'u. JInsg cuctem Tpo-
nocgepHoro 3B’SI3Ky, B SKMX JISI OpOTUIil Oara-
TOIIPOMEHEBOCTI BUKOPHUCTOBYIOTb CUTHAIW THUIY
M-nocligoBHOCTI a00 il CerMeHTU, CHEKTpaJibHY
€(eKTUBHICTh OLIIHIOIOTH BUPa30M

_ R6iT _ Rﬁi'r _ 1 :
lar AF,, mAF, m [61T/Fu].

Y HaBeneHomy Bupasi R;, — LIBUAKICTb Mepena-
BaHHA iH(opMmaii [0iT/c]; AF,, — WKMpUHA CMYyrd
4yacToT, MOTpiOHA 111 MepedaBaHHsI CUTHAIB TUITY
M-niocnigoBHocTi [I'1]; m — nosxuHa M-nociinos-
HocTi; AF;, — cMyra 4actor, noTpiOHa sl nepena-
BaHHS IMOTOKY iH(opMaliil 3i mBMIKICTIO R, 0e3
BUKOPHCTAaHHST PO3LIMPIOBAIbLHOI M-TTOCITiIOBHOCTI.

Y pas3i BUKOPUCTaHHSI CKJIQNEHUX CUTHaJiB
KOXHUI OiT MepesaeTbcss MpOTSIroM YCiel TpuBaio-
cTi cknaaeHoro curHany T = NAt, ne T — po3mip-
HICTh OpTOroHajbHOTrO 0aszucy Yomma—Anmamapa,
N =2"; At — TpUBaJIiCTb OHOTO CUMBOJIA (PYHKIIii
Yomua, At =1/ Ry,. Cmyra yactor, norpioHa mis
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nepenaBaHHsS CKJIAJEHOrO CUTHaly 3i IUBMUIKICTIO
nepegaBaHHs iHGopMmalii Ry, CTaHOBUTb

! RﬁiT [ru] :

AF, =—=
cc At
BinnosinHo, criekTpaibHa e(heKTUBHICTh CKJIa-
JNIEHUX CUTHAJIIB
R6iT

oir

Lleit moka3HMK cTtaHOBUTHL ~1 OiT/I'L i 3HAU-
HO TIEPEBUILYE TOKA3HUKM IJISI CUCTEM, IO BU-
KOPUCTOBYIOTb CUTHAIX TUILy M-IIOC/IiIOBHOCTI.
Jnss M-mociIoBHOCTI 3aBIOBXKM #n = 128 criek-
TpajibHa €(DEKTUBHICTb CTAHOBUTD Ty,_1ps = 1 / 128 =
=0,007 81 6ir/T'u, a nisg »n = 512 ueit MOKa3HUK CTa-
HOBUTb My_s;, = 1 /512 =0,001 95 Git/I'11.

VriMm, cucteMu i3 M-TIOCTiZOBHOCTSIMU 3a0€3-
MeYyoTh Kpallli TOKa3HUKU 32 MOKA3HUKOM «CHT-
Hayi — 3aBaga». OTpUMaHMI BUTpAIl y CIEKTPalb-
Hill e(pEeKTUBHOCTI J03BOJISIE 30UIbIIUTHU LIBUIKICTh
nepegaBaHHs iH¢opMallil 32 OIHAKOBOI CMYTU 4ac-
TOT ab0 10JaTKOBO BUKOPUCTOBYBATU 3aBaldOCTiiiKe
KOJyBaHHS 3a (DiKCOBaHOI IIBUAKOCTI IepeaaBaHHs
iH(opMmaliil.

BucHoBku

1. 3anponoHoBaHuil aBTOpaMu MeToJ (hopMy-
BAHHSI CKJIAIEHOTO CUTHAJlY, L0 N0Oy10BaHUN y Oa-
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M.Yu. lichenko, S.V. Kapshtyk, T.M. Narytnyk

METODFORINCREASINGTHESPECTRALEFFICIENCYOFTROPOSCATTERCOMMUNICATIONBASEDONTHEUSEOF
COMPOSITE SIGNALS IN THE WALSH BASIS

Background. In modern telecommunications, troposcatter communication systems organize long-distance communication. These
systems allow communication beyond the line of sight. An important factor that must be considered in these systems is multipath, due to
the physical principle underlying the functioning of troposcatter systems. Diversity reception and broadband signals are used to overcome
this factor’s negative impact. However, broadband signals use an excessive frequency band and are characterized by a low spectral
efficiency.

Objective. The Purpose of the paper is to develop a method for overcoming the negative impact of multipath by using composite
signals on the Walsh basis.

Methods. Parallel composite signals provide simultaneous packet transmission of a group of signals built based on a complete
system of mutually orthogonal Walsh-Hadamard functions. Each signal transmits one bit of information, but the parallel transmission of a
packet of mutually orthogonal signals avoids decreasing the system’s information transmission rate. To counteract the effect of multipath,
pilot signals are added to the composite signal, as individual Walsh-Hadamard functions with better auto- and cross-correlation properties
are selected. The advantages of composite signals in the Walsh-Hadamard basis include their spectral efficiency, which significantly ex-
ceeds the spectral efficiency of broadband signals. The paper describes a method for forming a composite signal on a Walsh-Hadamard
basis with pilot signals and a functional diagram of a receiving device that provides optimal pre-detector addition of signals from four
independent diversity reception channels.

Results. The method of forming the composite signal with pilot signals based on the Walsh-Hadamard basis is presented as a
functional diagram of a reception device that will ensure optimal detection of composite signals from several independent channels of a
separated receiver. The spectral efficiency of the composite signals is shown on the size of the Walsh-Hadamard vicor basis. The introduc-
tion of the pilot signals makes it possible to ensure the synchronous composition of signals received from several independent receiving
channels.

Conclusions. The proposed technical solutions using composite signals in the Walsh-Hadamar basis make it possible to create
troposcatter communication systems that provide operation in multi-path conditions, and the spectral efficiency of which significantly
exceeds this indicator for systems using M-sequence signals, which allows increasing in the information transmission rate at the same
frequency bandwidth or increasing their noise immunity by using additional noise-resistant coding at a fixed information transmission rate.

Keywords: troposcatter communication; multipath propagation; spectral efficiency; diversity technique;, broadband signal; orthogonal
signals; pilot signals; Walsh basis; Walsh-Hadamard functions; M-sequence type signals; receiving device; information transmission rate;
noise-eliminating coding.
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TRANSFORMER VS. MAMBA AS SKIN CANCER CLASSIFIER:
PRELIMINARY RESULTS

Background: Skin cancer is a deadly disease that claims tens of thousands of lives annually. Early diagnosis is crucial
for successful treatment. Reliable diagnostic tools typically involve surgical methods, such as histological examination.
However, issues arise when such methods are not feasible or desirable: for instance, the location of the lesion on the
face, allergies to anesthesia, etc. This has led to active research in non-invasive methods, including those based on
neural networks. This brings about the task of skin cancer image classification. Currently, and in our specific case, the
models showing the best results in classification are Transformers. Nevertheless, these models have significant compu-
tational limitations due to quadratic scaling. In this study, a new machine learning architecture was explored proposed
as an alternative to Transformers. Mamba is scaled linearly and demonstrates Transformer-like efficiency in various
machine learning tasks.

Objective: The performance of two machine learning architectures was compared, Vision Transformer (ViT) and Mam-
ba, for skin cancer classification using dermoscopic images. The goal is to investigate the classification results of both
models.

Methods: A well-known benchmark in skin cancer classification, the HAM10000 dataset was used, which includes
10,015 dermoscopic images. The data to address issues such as class imbalance and normalized the images was prepared.
Both models, ViT and Mamba, were pre-trained on the ImageNet dataset and fine-tuned for skin cancer classification.
The models based on overall accuracy and F1-score for specific skin cancer classes were evaluated.

Results. The dataset for classification was processed. Using pre-trained weights of the two architectural variants, VMam-
ba and ViT, they were fine-tuned on the proposed dataset. For quality assessment, accuracy and F1-score metrics were
used. The results show that the ViT and Mamba models have similar overall accuracy, with Mamba models slightly
better at classifying underrepresented classes such as Bowen’s disease and dermatofibroma. Both models demonstrated
high Fl-scores in the case of melanoma, indicating their effectiveness in detecting this severe form of skin cancer.
Conclusions: The results indicate that Mamba is a viable alternative to ViT for skin cancer classification due to its similar
accuracy. The application of VMamba could potentially make skin cancer diagnosis cheaper and more accessible due
to its efficient scaling. Further research is needed to explore other variants of the Mamba model and to enhance its
performance on larger datasets.

Keywords: machine learning; computer vision; skin cancer; transformers; spatial state models; VMamba.

Introduction

Skin cancer poses a significant challenge to
healthcare systems worldwide. Over 1.4 million
skin cancer cases were reported in 2020, of which
120,000 were fatal [1]. The key to successfully treat-
ing this disease lies in early detection — in most
cases, a lesion can be removed with little to no con-
sequences if caught in the early stages [2]. The gold
standard in diagnostics is histology, which involves
the surgical removal of the lesion. The problem is,
there are cases when patients do not want the lesion

removed for various reasons, ranging from aesthetic
(removal leaves scars) to religious concerns. Recent
advancements in image analysis have focused on
using dermoscopic pictures for classification, which
are easy and harmless to obtain. The integration
of machine learning with these images has led to
the development of effective diagnostic models. In
particular, the Transformer architecture, originally
designed for natural language processing, has shown
promise in computer vision tasks, including skin
cancer analysis in recent years. The Vision Trans-
former [3] has demonstrated significant performance

IIpono3uuis ns muryBanns wiei crarri: B.O. Hikitin, B.S1. Jlanunos, “Tpancdopmep i Mamba aist kinacudikaliii paky
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in both benchmarks and real-world tasks [4, 5, 6],
showing higher metric values than previously used
Convolutional Neural Networks (CNNs). However,
despite its advantages, the model has computational
challenges, making it less accessible for processing
high-quality images.

Recently, a new spatial state architecture
known as Mamba [7] has been introduced. It is be-
lieved that Mamba could potentially address these
issues. In this paper, a basic comparison of the ef-
fectiveness of ViT and a modified Mamba model for
computer vision in diagnosing skin cancer is pro-
vided. This comparison aims to determine whether
Mamba could be an efficient skin cancer classifier
while requiring fewer computational resources.

Problem statement

The goal of this paper is to evaluate the effec-
tiveness of the Mamba model for skin cancer diag-
nosis, using the ViT as a recognized and effective
model for comparison. By comparing the results of
these two models, we aim to determine whether the
Mamba approach offers a solution of comparable
effectiveness for the early detection of skin cancer
through image analysis. Ultimately, this research
seeks to contribute to the development of advanced
diagnostic systems that can improve patient out-
comes by facilitating timely and less invasive inter-
ventions.

Motivation

The ViT, introduced by Alex Dosovitskiy et
al. in 2021, represents a significant advancement
in adapting the Transformer architecture, originally
designed for Natural Language Processing (NLP),
to the realm of computer vision. At the core of the
Transformer is the attention mechanism [8], which
selectively focuses on the most salient parts of input
data, enabling the model to capture critical features
with high precision.

However, the attention mechanism also intro-
duces a challenge: the computational complexity in-
creases quadratically with the size of the input, as
the attention scores must be calculated between all
pairs of input vectors. This complexity becomes a
bottleneck when dealing with high-resolution imag-
es, leading to increased resource requirements and
reduced accessibility. Despite numerous attempts
to optimize the algorithm, maintaining the balance
between efficiency and performance remains a chal-
lenge. According to recent studies, such as the one
by Tay et al. (2022) [9], achieving significant re-

ductions in computational complexity often results
in a trade-off with the model’s performance, which
is a key factor in the popularity of the Transformer
architecture.

Natively, ongoing research seeks models that
can solve the Transformer’s computational problems
while retaining high performance. One of the com-
petitive architectures is State Space Models (SSMs).
These models can generally be described by the next
system of equations, where x(f) e R" — variables,
u(t) e R" — inputs, y(t) e R” — outputs, A € R™" —
state matrix, B € R™" — control matrix, C € R”" —
output matrix:

{x'(t) = Ax(t)+ Bu(t);
y(t) = Cx(¢).

After a data discretization [10] step SSMs can
achieve considerable performance in machine learn-
ing tasks. We find the latest advancements in this
field, published in Mamba paper [7] very promis-
ing. While output items are still dependant on each
other in a similar way to Recurrent Neural Net-
works (RNNs), on training step these dependencies
(matrix A) can be precomputed allowing Mamba to
train parallelly. Same time, with adding new block
(token), the complexity of additional computation
is not dependant on a size of a context that that
was already processed (so not the way it works in
Transformers). Summarising, authors were able to
achieve Transformer’s performance with model that
scales linearly.

If the same approach works for the task of skin
cancer classification that could potentially decrease
the resources that are needed and therefore make
final diagnostics cost more affordable. In this work
we would like to do initial empirical validation of
this assumption.

In order to apply Mamba to Computer Vision
task we utilize its modification — VMamba [11]. In
order to fit the data to the task it uses mechanism
called 2D selective scan. The approach involves un-
folding image patches into sequences along rows and
columns and then scanning these sequences in four
different directions: from top-left to bottom-right,
from bottom-right to top-left, from top-right to bot-
tom-left, and from bottom-left to top-right. Authors
state that this process ensures that each pixel gathers
information from all other pixels in various direc-
tions. It is important to note that the architecture
used in this study, VMamba, is not the only Mamba
variant for computer vision tasks. Currently, there
is at least one other model known as Vision Mam-
ba [12]. However, for this study VMamba was spe-
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cifically chosen over Vision Mamba for a couple
of reasons. Firstly, it demonstrated slightly better
performance in classification tasks reported to the
model’s authors [11, 12]. Secondly, the additional
feature of bidirectional layers in Vision Mamba was
not proven to be effective, making this model seem
unnecessary for now. Of course, this could change
in future versions of the model, and we will be ea-
gerly anticipating new improvements proposed by
the community.

Methods

The HAM10000 [13] dataset is a well-estab-
lished benchmark in the field of skin cancer classi-
fication, consisting of 10,015 dermoscopic images
that include both malignant and benign lesions,
with each image being cleaned and centered. It was
decided to utilise this renowned dataset in order
for our results to be easily reproducible for fur-
ther research. In our study, a data preprocessing
pipeline was implemented that integrated methods
from previous research [6, 7] along with some nov-
el techniques. The primary steps in our data prepa-
ration included:

Deduplication: Duplicate images were eli-
minated from the dataset to ensure that each sample
was unique. Each record of the dataset is marked
with lesion id field by which duplicates can be iden-
tified.

Normalization: The pixel intensities of the
images were normalized to standardize the input
data, facilitating better convergence of the mod-
els. As a result, all pixels were transformed to
0—1 range.

Oversampling: To mitigate the issue of class
imbalance, we applied augmentation techniques
such as rotations, flips, and zooms to artificially
enhance the presence of underrepresented classes.
We aimed to have at least 7,000 samples of each
class, addressing the class balancing problem with
that strategy.

Test-Validation Split: Since the HAM 10000
dataset provides separate training and test data, fur-
ther the train data was divided into training and val-
idation sets using a consistent random seed to ensure
reproducibility and enable a fair evaluation of model
performance. The training was stopped when the
model showed no improvements in the validation
loss metric for 3 consecutive epochs.

To maintain the integrity of our results, we en-
sured uniformity in the use of augmented images and
the train-test-validation split across all experiments.
Each model underwent training for up to 20 ep-

ochs, with early stopping implemented to terminate
training if there was no improvement in the model’s
performance beyond a threshold of 10-? over three
consecutive epochs. This strategy was employed to
prevent overfitting and reduce the usage of the use
of computational resources. Additionally, different
learning rates were explored to enhance model con-
vergence and prevent overlooking the optimal solu-
tion. On average, each model was trained for ap-
proximately 15 epochs, all with learning rates from
10 to 103,

Y
Flaiten Dropout
Y
Drosout Batch Norm
Y
Batcthorm Batch Norm
Y
Linear Linear
Y Y
GElLU Softmax

Fig. 1. Classification block used for the task

Both models were pretrained on the ImageNet
dataset by other research teams [5, 6] for ImageNet
classification and fine-tuned by us for the specific
task at hand. Our custom classifier comprised a se-
quence of layers — Flatten, Dropout, Norm, Linear,
GELU, Dropout, Norm, Linear, Softmax — which
can be seen in Fig. 1. Three distinct learning rates
were tested for each model and here presented only
the ones with top learning rates. The classification
block is also a result of experiments. The key metrics
we focused on were overall accuracy and F1 scores
for three classes: Actinic Keratosis, Intraepithelial
Carcinoma, and Dermatofibroma (as the most un-
derrepresented classes), as well as Melanoma (as the
most severe and dangerous type of the disease).

Results

Analyzing the data presented in Table 1, it
is apparent that both the larger ViT models and
VMamba models exhibit comparable performance
in terms of overall accuracy. The ViT L 32 model,
utilizing the imagenetl kvl weights, shows a training
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Table 1. Fine Tuning Results

. Train Top-1 F1 F1 F1
Model Weights Ace | Ace | AKEIC | D Mel
vit_1 32 imagenetl vl 0.98 0.76 0.49 0.64 0.88
vit_1 16 imagenetlk_swag linear vl 0.85 0.8 0.44 0.75 0.9
VMamba-T vssmtiny dp02_ckpt_epoch_258 0.95 0.8 0.6 0.76 0.9
VMamba-B vssm_base 0229 ckpt epoch 237 0.91 0.77 0.65 0.65 0.87
accuracy of 0.98 and a commendable top-1 accuracy Conclusions

of 0.76. This suggests the lowest generalizability of
the model to new data if compared to every other
model trained in this research. As for F1 scores for
the targeted classes, VMamba models show a slight-
ly superior performance, particularly in classifying
Actinic Keratoses and Intraepithelial carcinoma /
Bowen’s Disease (AKIEC), with the VMamba-T
and VMamba-B achieving an F1 score of 0.6 and
0.65 for AKIEC, which is notable considering the
underrepresented nature of this class.

For Dermatofibroma (Df), a rare category, both
models perform well, but the ViT_L_16 model, with
the imagenetlk swag linear vl weights, lags slight-
ly behind with an F1 score of 0.75 compared to the
VMamba-T’s 0.76. This indicates VMamba’s poten-
tial in handling classes with fewer training samples
more effectively. In the crucial case of Melanoma
(Mel), which is of the highest concern due to its
severity, both models deliver high F1 scores, with
VMamba-B and ViT_L_16 both achieving score 0.9,
demonstrating their robustness in identifying this
dangerous form of skin cancer.

Summarizing, while both ViT and VMamba
architectures demonstrate high efficacy in skin can-
cer classification tasks, VMamba models, in partic-
ular, show promise in their handling of specific, less
represented classes without compromising on the
detection of more severe conditions such as Mel-
anoma. These findings underscore the potential of
using these models in clinical settings, where they
should be less expensive while being as effective as
ViT based ones.
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B.O. HikiTiH, B.A. JaHunos

TPAHC®OPMEP | MAMBA A5 KNACU®IKALLIT PAKY LLKIPW: MONEPEAHI PE3YNIbTATU

MpobnemaTuka. Pak LKipn — Le cMepTenbHe 3axXBOPHOBAHHS, SKe LLOPOKY 3abupae XWTTs OecaTkiB Tucsdy nogen. Knoyosum
erieMeHTOM YCMiLHOro NiKyBaHHS € paHHs giarHocTuka. TUNoBUM iHCTPYMEHTOM HagilHOI iarHOCTUKM € MeToaw, Lo NoTpebyoTb Xipyp-
riYHOro BTPyYaHHs, SIK, Hanpuknag, rictonoriyHe gocnigkeHHs. Mpobnema nocTae, KONW 3aCTOCYBaHHS TakUX METOAIB HE € MOXITUBUM
4y GaxxaHUM: po3MiLLEHHSI YTBOPEHHSI Ha 0bnnyyi, anepris Ha aHecTesito Towo. Yepes Le akTMBHO BeAeTbCst AOCMIIXEHHSI HEiHBa3iINHMX
METOAiB, 30KpemMa Ha OCHOBI HEMPOHHWX MepexX. Tak nocTae 3aBAaHHs Knacudikauii 306paxeHb paky Wwkipn. Mogeni, ski nokasyTb
HaViKpaLLi pe3ynstati y krnacudikauii Hapasi — TpaHcgopmepu. TM He MeHLUe Lieit Tun Modenen Mae 3HaqHi o64mcnioBanbHi OOMEXEHHsST —
KBagpaTuyHe malictabyBaHHs. Y Ui poboTi My JocnigXyemo HOBY apXiTEKTYypy MaLUMHHOMO HaB4YaHHS, Lo Oyna 3anpornoHoBaHa sk
ansTepHaTMBHa TpaHcdopepam. Mamba macwtabyeTbes NiHIMHO | AEMOHCTPYE CX0XY A0 TpaHchopMepiB epeKTUBHICTb y HM3Li 3agay
MaLUVHHOTO HaBYaHHS.

Meta pgocnigxeHHsi. My nopiBHSANM edeKTUBHICTb ABOX apXiTEKTYp MalUMHHOMO HaByaHHs — Vision Transformer (ViT) Ta Mamba —
Ons knacudikauii paky LWKipy 3a 4ONOMOrol AepMOCKOMiYHUX 306paxeHb. MeTow € JocnimKeHHs pe3ynbTaTiB knacudikadii ABoma mMo-
aensmu.

MeToauka peanisauii. Mu BukopucTanu Habip gaHux HAM10000, BigoMuii 6eHuUmMapk y knacudikadii paky LWKipy, WO BKNoYae
10 015 pgepmockonivyHmx 3o06paxeHb. Mu nigrotyBanu gaHi Ans BUpilLeHHst npobnem, Takux sik AucbanaHc knacis, i HopmanidyBanum
306paxeHHsi. Obuasi mogeni, ViT Ta Mamba, 6ynv nonepeaHbo HaBYeHi Ha Habopi aaHux ImageNet Ta gonpavuboBaHi Ans knacudikawii
paky Lwkipy. Mu ouiHunmM Mogerni Ha OCHOBI 3aranbHOT TOYHOCTI Ta F1-score Ans KOHKPETHWX KraciB paky LUKipu.

PesynbraTtu gocnigkeHHA. My 06pobunu Habip AaHux ans knacudikauii. Basslun 3asganerigb HaTpeHoBaHi Barn ABoX BapiaHTiB
apxitektyp VMamba Ta ViT, M goHaB4mnu ix Ha 3anponoHoBaHOMY Habopi. [nsi ouiHIOBaHHSA SIKOCTi MV BUKOPWCTOBYBamnM 3HaYEHHs!
accuracy Ta F1-score. Pedynbtati nokasytotb, Wo Mogeni ViT Ta Mamba MatoTb CX0Xy 3aranbHy TOYHICTb, Npu LboMy Moaenb Mamba
TPOXM KpalLle knacudikye MeHL npeacTaBneHi knacu, Taki sik xsopoba boyeHa Ta aepmatocdibpoma. O6masi Moaeni NpoaeMoHCTpyBanm
BWUCOKI 3HaYeHHs F1-score y BUNaaky MenaHoMu, LWO CBIAYUTbL MPO iXHI0 ePEeKTUBHICTb Y BUSBIIEHHI L€l BaXKOT (hopMK paky LLKipw.

BucHoBku. Pesynbtaty ceigyath, Wwo Mamba € cnpaexHbot anbTepHaTtvBoto ViT ansa knacudikauii paky LKipy Yyepes CXoxy
TouHicTb. 3acTocyBaHHA VMamba y nepcnektuBi Morno 6 3pobuTu AiarHOCTUKY paky LUKipW AelleBLIol Ta Ginblu JOCTYMHOW Yepes
edpekTnBHE MawlcTabyBaHHs. Hagani gocnigkeHHs NoTpiGHi ANs BUBYEHHS iHWMX BapiaHTiB Modeni Mamba Ta ans goonpautoBaHHs ii
NPOAYKTUBHOCTI Ha BinbLUnX Habopax AaHuX.

KntoyoBi cnoBa: MalLuMHHE HaBYaHHS; KOMIMIOTEPHWIA 3ip; pak LWKipu; TpaHcdopmepu; NpocTopoBi Moaeni ctaHy; VMamba.

PexomennoBana Pamoro Haniiinia no penaxitii
HH iHCcTUTYTY NPUKIaIHOTO CUCTEMHOIO aHalli3y 1 kBiTHs1 2024 poky
KIII im. Iropst Cikopcbkoro
IIpuitnsara no myoGikariii
10 BepecHs 2024 poky
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INFORMATION SYSTEM FOR FORECASTING NONLINEAR
NON-STATIONARY PROCESSES IN FINANCE

Background. Financial processes are often characterised by nonlinearity and non-stationarity, which makes them dif-
ficult to accurately model and forecast. Traditional methods cannot effectively take into account the complex interre-
lationships and variability of such processes, which generates increased uncertainty and risks. This leads to the need to
develop new information systems and methods to improve the accuracy and sustainability of forecasts.

Objective. The purpose of the paper is to provide a brief overview of the characteristics of nonlinear non-stationary pro-
cesses, to develop a methodology for their modelling, as well as to build mathematical models based on actual statistical
data and to obtain practically useful results of modelling and forecasting selected processes.

Methods. The methodology for modelling and forecasting nonlinear non-stationary processes is applied, models are
built using data mining, such as regression models and a neural network, and the main metrics for assessing the ade-
quacy of the model and quality of the forecast are used.

Results. The developed information system for modelling and forecasting nonlinear non-stationary processes is ap-
probated on real statistical data. Based on data mining methods, models of the share price dynamics of a well-known
company were built. The study’s results demonstrate that using an integrated approach, which includes regression mod-
els and neural networks, significantly improves the quality of forecasting variance changing in time and the nonlinear
non-stationary process.

Conclusions. The task of high-quality forecasting of processes due to rapid, sometimes hard-to-predict changes in the
external environment, i.e. external shocks, which is typical for nonlinear non-stationary financial processes, is still
relevant today. The literature provides a sufficient variety of methods for modelling these processes. However, in this
research, the methods that have demonstrated their advantages in modelling financial transactions in the stock market
were chosen, and therefore it makes sense to expand and improve the perspectives of this approach.

Keywords: information system; nonlinear non-stationary processes; methodology of modelling; forecasting; regression
models; neural network; finance.

Introduction

Forecasting, as a research area in finance, eco-
nomics and ecology is focused on optimising the
management ideology, fully corresponds to the goals
and objectives of sustainable functioning of these
rather complex and important systems for humanity.
The use of a modern, effective forecasting system
can help in risk management, operational and stra-
tegic decision-making, and dynamic planning under
conditions of uncertainty.

Effective forecasting systems include those built
on the techniques of data mining and probabilis-

tic-statistical methods, which are used for model-
ling and predicting the development of nonlinear
non-stationary processes. Such information systems
are complemented by appropriate sets of statistical
criteria for analyzing data quality, model adequacy,
assessing the quality of forecasts and relevant alter-
native solutions.

Providing accurate and credible forecasts
using data mining can significantly improve risk
management in businesses and various financial
institutions. This will help reduce potential losses
and increase stability to financial market turbu-
lences.
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An information system for forecasting nonlin-
ear non-stationary processes in finance is a key tool
for modern financial analysis. It integrates large vol-
umes of data, processes and analyses complex non-
linear relationships, and adapts forecasting models
to changing market conditions. The use of such a
system improves the accuracy and timeliness of fore-
casts, which is critical for timely management deci-
sion-making. Data mining in this system contributes
to a deeper understanding of financial processes,
more effective risk management and increased sta-
bility of financial institutions to external shocks.

Problem statement

The research is dedicated to solving the fol-
lowing tasks: 1) to analyse the types of statistical
financial processes; 2) to structure the methodolo-
gy of modelling nonlinear non-stationary processes;
3) to investigate some forecasting models; 4) to build
mathematical models on actual statistical data, to
obtain practically useful results of modelling and
forecasting, and to analyse the obtained results.

Characteristics of statistical processes in finance

The nonlinear non-stationary processes in fi-
nance are characterised by the complexity of their
structure, which makes them difficult to model and
predict. They can be divided into several types, as
shown in Fig. 1 [1].

Stationary linear processes have unchanged
statistical properties as time changes, so they can be
easily described by autoregressive models. Non-sta-

tionary linear processes are characterised by the
presence of a first-order linear trend, which makes
them difficult to model and forecast due to variable
mean and variance.

Partially stationary nonlinear processes have a
certain degree of stability but involve nonlinear de-
pendencies between variables. They can demonstrate
stationarity under certain conditions, but their non-
linear relationships make the analysis more difficult,
as simple linear methods cannot adequately capture
their behaviour [2].

Integrated processes are characterised by the
presence of trends of the first order or higher. They
become stationary after a certain level of differentia-
tion, which adds to the difficulty of analyzing them,
as it is necessary to determine the exact level of
differentiation required to achieve stationarity. This
makes it difficult to build models that correctly re-
flect the long-term tendencies of such processes.

Cointegrated processes involve several non-sta-
tionary time series that have stable linear relation-
ships that may be stationary. These processes are
particularly difficult to forecast, as they require the
identification and analysis of stable relationships be-
tween different variables that can only be revealed
by long-term observations [3].

Heteroscedastic processes have a variable dis-
persion that depends on time and can significantly
vary under the influence of external factors, such as
economic changes or market crises. The dispersion
instability makes these processes particularly difficult
to model, as it requires taking into account dynamic
changes in volatility that can significantly affect the
accuracy of forecasts [4].

[ Dynamic processes in finance ]
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Fig. 1. Types of financial processes
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These characteristics of nonlinear non-station-
ary processes in finance determine the difficulty
of their analysis and modelling. Various nonlinear
dependencies, variable trends and dispersion create
challenges for analysts, requiring the use of complex
approaches to improve the quality of forecasting and
assessing the characteristics of these processes.

Methodology  for nonlinear
non-stationary processes

modelling

With all the difficulties of determining the type
of time series process under investigation and its
interpretation, including all the features of external
shocks and uncertainties, there is a need to devel-
op a certain methodology for modelling nonlinear
non-stationary processes in finance. It can be pre-
sented in the form of the following stages:

1. Data pre-processing.

2. Analyzing the statistical characteristics of
the time series.

3. Selecting model types based on time series
characteristics.

4. Building selected models and calculating
model adequacy criteria.

5. Evaluating the forecast and calculating fore-
cast quality assessments.

The process of modelling nonlinear non-sta-
tionary processes begins with data pre-process-
ing, which may include normalisation, gap filling,
smoothing and filtering [5].

The next step is to analyse the characteristics
of the time series, which is a set of checks for non-
linearity, trend, stationarity, heteroscedasticity, and
seasonality.

In financial processes, it is allowed to use the
dispersion method, which helps to determine the
presence of nonlinearity, using a function:

qu(tl’t2) = Eu(tz)[Ez(rl)[z(tl) | M(f2)] - Ez(,])[Z(tl)]F-

This function is solved using a complex integral
equation [5], [6].

The problem of nonlinearity of process fore-
casting can also be solved with the help of Fisher’s
statistical general test (f-test):

I et e —
ﬁ_mzizlzj'zlni(y,‘_yij)z
) 1 k n; J—

mzizlzjzl v = v

where k — number of data groups; n, — number
of dimensions in the group; y, — average for the

]

group; yA,j — estimation of the process by direct re-
gression; n — total number of dimensions [5], [7].

The assumption of linearity of the process is
considered false if the statistic F with degrees of
freedom equal to v, =k -2, v, =n—-k equal to or
greater than the significance level.

The problem of stationarity of the process is
solved with the help of the extended Dickey-Fuller
test. The feature of this test is that the value of the
dependent variable with large lag values is entered
into the regression expression, which is enough to
avoid the use of autocorrelation residuals during
testing. This expression has the following form:

Ay(k) =a, + ak + by(k 1) + Zil ¢, Ay(k —i) + e(k),

where a,, a;, b, ¢, — unknown regression coefficients
[51, [8].

An important step is to determine the hetero-
scedasticity, i.e. the dependence of the dispersion of
the process on time. This is performed using hetero-
scedasticity tests, such as the Breusch-Pagan (God-
frey) test or the White test. Identifying heteroscedas-
ticity allows you to take into account the variability
of dispersion in the model [5], [9], [10].

The next step is to identify seasonality in the
process. This involves analyzing seasonal compo-
nents to identify regular fluctuations that recur at a
certain frequency, enabling more accurate model-
ling and forecasting.

Determining how to extract or model a trend
involves determining the order of integration of the
process or whether the trend can be described by
one of the functions: polynomial, exponential, log-
arithmic, or others. Extracting the trend allows you
to focus on the residuals, which represent short-term
fluctuations and random components. The analysis
of residuals is carried out using the autocorrelation
function (ACF) and partial autocorrelation function
(PACF), which helps to identify the structure of de-
pendencies in time series [11], [12].

After analyzing all the characteristics of the
time series, the modelling method is determined,
which will allow describing the process in the most
accurate form. Based on the selected method, the
model is built and the model adequacy criteria are
defined.

The model adequacy criteria allow us to as-
sess the statistical significance of the mathematical
model coefficients separately, determine the integral
error of the model concerning the original time se-
ries, establish the presence of correlation between
the model error values since they should be uncor-
related, and determine the degree of adequacy of the
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model to the physical process as a whole. Here are
some of them:

— Sum squared errors (residuals) of the model,
calculated by the formula:

SSE=Y" (k)= [y(k) - y(k)F - min,
where
j}(k) = ‘/1; +&;5}(k_1)+&;j\/(k—2)+l/);x(k)+b2z(k),

y(k) — data measurements; N — sample length (ca-

pacity).
— Determination coefficient R*> — 1, calculated
by the formula:

SSE
SST’

), var(y)
var(y)

where Var()A/) — dispersion of a part of the time
series of the main variable of the equation;
var(y) — is the sample dispersion of this variable;
SSE — sum squared errors (residuals) of the model;

SST = Z,il [y(k) - y]* — total sum of squares y .

— Durbin-Watson statistic (DW), which is
calculated by the formula:

DW =2-2p,
Ele(k)e(k — 1]

()

e

where p = — correlation coefficient

between adjacent error values; cﬁ — dispersion of
the error sequence {e(k)}. Thus, in the complete ab-
sence of correlation between the errors DW =2 — is
the ideal value. The threshold values for DW are 0
(where p=1) and 4 (when p = -1) [5], [13].

Akaike information criterion (AIC), which is
calculated by the formula:

AIC = NIn(}." (k) +2n,

where n= p+qg+1 — number of model parameters
estimated using statistical data (p — number of pa-
rameters of the auto-regression part of the model,;
g - number of moving average parameters; 1 appears
when the bias (or cross-section) is estimated, that
is a,) [14].

— Theile coefficient, which is calculated by the
formula:

| =Y ~.,
\/Nzi_l (y, _yi)

Lov w. [Lon ~u
\/NZi—l(yi) + NZ[:I()}[)

The permissible values of the coefficient are
0 <U <1. The model cannot be used in forecasting
when U= 1, else, when U= 0 it means that the fore-
cast series coincides with the real series, i.e. in this
case the model best describes the real process.

— Student’s t-statistic.

— Fisher’s F-statistic.

The next stage is to evaluate a forecast based
on the developed model. The quality of the fore-
cast is assessed by comparing forecast values with
actual data using metrics. If necessary, in case of
significant errors, the previous stages are returned
to adjust the model and improve the accuracy of
the forecasts.

These are some of the possible methods for as-
sessing forecast quality:

— Root mean square error:

U:

MSE = %(y(k T $)= p(k +5.k)) or

RMSE = \/%( y(k +5)— p(k +5,k)).

— Mean absolute error:

s |+ 9) =k +5,k)

1
MAFE = — 15].
S 2o |y(k +3)| |
— Mean Absolute Percentage Error:
y(k +5) — y(k + 5,k)
MAPE =1 3* | | x100%.
Nt |y(k + s)|

This comprehensive approach to modelling
nonlinear non-stationary processes in finance en-
sures high accuracy and reliability of forecasts, tak-
ing into account all the essential characteristics of
the processes.

To sum up all of the above, this methodolo-
gy can be presented in the form of a flowchart in
Fig. 2 [16].
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Fig. 2. Flowchart of the methodology for modelling nonlinear non-stationary processes
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Characteristics of some forecasting models

Starting from the first application of AR au-
toregressive models to the development of ARMA
models, these time series models have become the
basis for both theoretical research and practical ap-
plications. For a long time, the popularity of these
models remained unchanged. Although the original
ARMA framework has been extended to incorporate
long-term dependence with the partially integrated
ARIMA, the multi-dimensional VARMA and VAR-
MAX models, and the non-stationarity of random
fluctuations due to cointegration. The models re-
main important due to their ease of implementation
and flexibility.

ARCH models are widely used to model vola-
tility in financial and economic processes. The main
purpose of implementing ARCH models is to assess
and forecast risk in financial time series by model-
ling the variable (conditional) dispersion.

Autoregressive  conditional  heteroskedastic
model (ARCH) with order p(>1) is defined as:

X

- 2 _ 2 2
, =0k, and o, =¢,+h X +..+b X

t-p?
where ¢, >0, b, >0 — constants, {¢,} ~ I1D(0,1) and
g, is independent of {X, ,,k 21} for all values of 7.
A stochastic process {X,} defined by the equations
above is called the ARCH(p) process. [17]

The basic concept of their construction is that
the distribution X,, which is predicted on the basis
of previous values, is a scaling transformation of the
distribution ¢, with a scaling constant o, which de-
pends on the past values of the process. This makes
it easy to estimate the conditional clusters of X,
based on its previous values [17].

The advantages of the ARCH model include
the ability to detect and model volatility clusters
when large changes in volatility are concentrated in
certain periods. This is an important characteristic of
financial markets, especially during crises or periods
of instability.

The disadvantages of this model include the
following: positive and negative model shocks have
the same effect on volatility, as it depends on the
square of previous shocks, but the price of a financial
asset has different responses to these shocks; higher-
order models have certain limitations; ARCH models
describe the dynamics of conditional dispersion
well, but do not provide an understanding of the
causes of such dynamics of the financial process;
models may overestimate volatility, as they tend to
react slowly to significant isolashortted shocks in a
time series [18].

The ARCH model has been extended for
economic and statistical reasons. In particular, a
significant development is the inclusion of a moving
average component, in particular the generalised
model (GARCH).

The generalised autoregressive conditional
heteroscedastic model (GARCH) with the order
p(=1) and g(= 0) is defined as:

— 2 _ P 2 q 2
X, =opg and o; =¢, + 2,7 bX] +3 a5,

t
where ¢, >0, b >0, a,20 — constants,
{e,} ~ 1ID(0,1) and ¢, is independent of {X, ,,k > 1}
for all values of 7. A stochastic process {X,} defined
by the equations above is called the GARCH (p,q)
process [17].

The main idea of creating the GARCH model
is to extend the ARCH model to more flexible and
accurate modelling of financial time series volatility.

In the GARCH model, the conditional disper-
sion depends not only on the previous residuals, but
also on the previous values of the dispersion itself.
This allows for taking into account more complex de-
pendencies in volatility and providing more accurate
forecasts, especially when volatility is high and chang-
es over time, which is its advantage. Other advantages
include the model’s ability to take into account both
short-term and long-term components of volatility.

The GARCH model has the same disadvan-
tages as the ARCH model. For example, it reacts
equally to both positive and negative shocks. More-
over, the results of empirical research on high-fre-
quency financial time series indicate that GARCH
models are limited in their ability to reproduce the
extremes of the distribution, even when standardised
corrections are applied.

LSTM (Long Short-Term Memory) models
are a type of recurrent neural network (RNN) de-
signed to process sequential data efficiently. A key
feature of LSTMs is their ability to store long-term
dependencies due to a special structure of memory
blocks and three types of gates:

— Forget gate:  f, =c(W, « [h_,x,]+b,),
where W, — weighting coefficients; x, — input signal;
h, — memory block output; b, — shift vector.

U Input gate: iz = G(I/Vz ',v[hzfl! xt] + b:)s
C, =tahn(W, « |h_,,x,]+b.) where C, — vector of
new candidate values.

— Output gate: o, =c (W, « [h_,x,]+ b)),
h =0, *tahn(C), where C,=f, *C,_, +i =C, —
is the state of the memory block at time 7 [19].

The main idea of using LSTM models is
the ability to handle complex, nonlinear and
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non-stationary dependencies in time series. Due
to their memory block architecture, they are able
to store long-term information and take into
account complex patterns in the data, which

network based on a dataset of AMD’s price dy-
namics.

Table 1. Results of the built models

allows for more accurate forecasting of future Adequacy criteria Forocast assessment
financial performance. Type of model ™, DW | MSE | RMSE | MAE
The advantage of LSTM models is the  [4r7a42.7.2) [ 0.8433 | 1.9820 | 6.0518 | 2.4600 | 1.7882
use of gates, which avoids the problem of gra- | GARCH(1.1) | 0.3458 | 2.1010 | 0.0019 | 0.0435 | 0.0341
dient damping, which is common in tradition- LSTM 0.8427 | 1.9978 | 6.3296 | 2.5159 | 1.8653

al RNN [20].

Among the disadvantages are the following:
tendency to overfitting, which requires the use of
regularisation methods (dropout, early stopping);
the need to correctly adjust hyperparameters; com-
plexity of the architecture.

Practical results of the research

Let us consider the building of several proposed
models for short-term forecasting of the nonlinear
non-stationary financial process of price dynam-
ics at the close of trading of the well-known AMD
company during 2017—2022. The data sample con-
tained 1510 elements, 1434 of which were used as
a training sample (95 %), and 76 to check the fore-
casting results (5 %).

In order to objectively select the orders of the
ARIMA model, ACF were built at 40 lags. Based
on the results of the building of these functions,
it was decided that models can be built with the
parameter p, corresponding to the first, second or
thirteenth order. Based on the data autocorrelation
graph, it was decided to use a second order moving
average model of g=2. Also d=1 was determined.

The GARCH model was built with the

Analyzing the results of modelling and forecasting
from the comparative table, which shows the criteria
for adequacy and forecast assessment of the built mod-
els, it is possible to conclude that all models have quite
good results based on the calculated statistics.

It can be seen that in the considered models,
R?> moves towards one and DW moves towards two,
which is an indicator of the efficiency of using the
models. Similarly, the forecast assessment scores
tend to their best value.

The visual analysis of the graphs of the fore-
casts of each model shows the following: the ARI-
MA model correctly identifies price trends and has
minimal discrepancies with actual values in the
forecast period; changes in stock prices using the
GARCH model do not always correctly identify
price trends and sometimes have relatively signif-
icant discrepancies with actual values; the LSTM
neural network effectively reflects price trends and
demonstrates minimal discrepancies with actual data
in the forecast period. For example, Fig. 3 shows
the results of forecasting the LSTM neural network,
which can be used as one of the tools for making
investment decisions.

AMD Stock Close Price

first order of symmetric innovation p=1 and
the first order of transformed conditional dis-
persion g = 1. The standardised Student’s dis-
tribution was chosen as the probability distri-
bution function.

The LSTM neural network was built on
the basis of the Adam optimiser. The net- 701
work configuration includes 100 epochs and
a batch size of 64. Testing was performed
with configurations of 50, 100, and 150 ep-
ochs. Since the difference between 50 and
100 epochs was significant, and the differ-
ence between 100 and 150 epochs was al-
most imperceptible, the optimal number of 50
epochs was chosen to be 100. The loss func-
tion in the constructed network is the mean
absolute error.

751

Close

65

55

— Real Stock Price

— Prediction Stock Price

Comparative Table 1 below shows the
results of modelling and forecasting of ARI-
MA(2,1,2), GARCH(1,1) and LSTM neural

2022-09-15

2022-11-01 2022-11-15 2022-12-01 2022-12-15 2023-01-01

Date

2022-10-01 2022-10-15

Fig. 3. Forecasting AMD price dynamics by LSTM neural network
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Conclusions

This work has investigated the problem of fore-
casting nonlinear non-stationary financial processes,
which are difficult to model accurately due to their
variability and complex interrelationships. Traditional
methods often do not take these features into ac-
count, which leads to increased uncertainty and risks.
For this reason, an information system has been
proposed to improve the accuracy and reliability of
forecasts.

In the research, there was performed a brief re-
view of the characteristics of nonlinear non-station-
ary processes and a methodology for their modelling
was developed. Data mining methods, including re-
gression models and neural networks, were used to
build mathematical models. The main metrics for
assessing the adequacy of models and forecasts en-
sured the accuracy of the results obtained.

The developed information system was tested
on real statistical data, in particular, on the dynamics
of share prices of one of the companies. The use of an
integrated approach, including regression models and
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P.B. Teptnunuia, [1.C. Yynpin, IM.1. Bigtok
IHOPOPMALIIMHA CUCTEMA OJ1A NPOrHO3YBAHHA HENIHIMHUX HECTALIOHAPHUX MPOLIECIB Y ®IHAHCAX

MpobnemaTtuka. PiHaHCOBI NMpoLec YacTO XapaKTEpPU3YHTbCA HEMIHIMHICTIO Ta HecTauioHapHICTIO, WO YCKNaAHKE iX Moaento-
BaHHS Ta NPOrHo3yBaHHSA. TpaAauLinHi MeToan He MOXYTb afieKBaTHO BpaxyBaTW CKragHi B3aEMO3B'A3KM Ta MIHNMBICTb Takunx NpoLecis,
L0 NPW3BOAUTL A0 MiABMLLEHOT HEBU3HAYEHOCTI i NosiBM puanki. Lie 3ymoBnioe HeobXigHICTb po3pobku HOBMX iHGOPMaLNHUX cUCTEM
i MeTodiB 4NA NiABULLEHHSA TOYHOCTI Ta HAaQIMHOCTI NPOrHoO3iB.

MeTa gocnigxeHHs. BUkoHaTV KOPOTKMI OFNsig XapakTePUCTUK HENIHINHMX HecTauioHapHMX NPoLLeciB, po3pobuT METOLONOr0 iX
MOZENNIOBaHHS, a TakoX BUKOHaTK NobyaoBy MaTeMaTUYHUX MOAENEN Ha (PAKTUYHMX CTAaTUCTUYHKX AaHMX | OTPUMATU NPaKTUYHO KOPUCHI
pesynbTaT MOAENOBaHHS | NPOrHO3yBaHHS BUOPaHMX NPOLIECiB.

MeToauka peanisauii. 3acTocoBaHO METOAOIOri0 MOAEMOBAHHS 1 MPOrHO3yBaHHS HEMiHiHKMX HecTauioHapHUX npouecis, Noby-
[0BaHO MoZeni 3a JOMOMOrol0 METOAIB iHTeNeKTyanbHOro aHanidy gaHux, a came perpeciviji Mogeni Ta HEeMpPOHHY Mepexy, TakoX BUKO-
pUCTaHO OCHOBHI METPUKU ANs OLHIOBAHHS afeKBaTHOCTI Modeni Ta MPOrHo3y.

Pesynbratu gocnigxeHHs. Po3apobneHy iHdopmauiiHy cuctemy Ans MoAentoBaHHS Ta NPOrHO3yBaHHS HENiHiHUX HecTauioHap-
HMX npoLeciB anpoboBaHO Ha pearnbHUX CTAaTUCTUYHUX AaHWX. Ha OoCcHOBI MeTOAiB iHTeneKTyanbHOro aHanidy AaHux 6yno nobyaoBaHo
Mogeri AvHaMIKM LiH akuii ogHiel 3 BiZOMMX KOMMaHin. Pesynstatn oCnigjKeHHs NPOAEMOHCTPYBanu, Wo BUKOPUCTaHHS KOMMMEKCHOrO
nigxoay, KU BKIOYae perpeciviii Mmoaeni Ta HeMPOHHI MepeXxi, 3Ha4YHO MOKpaLLye SKICTb MPOrHO3YBaHHS 3MiHHOI B Yaci gucnepcii i camo-
ro HeniHiHOro HecTauioHapHOroO NPoLECy.

BucHoBkuW. 3agaya BUCOKOSIKICHOTO NPOrHO3yBaHHS NPOLECIB BHACMIAOK LWBUAKMX, YaCOM MoraHo nepeabdavyBaHuX 3MiH 30BHiLL-
HbOro cepefoBuLla, To6TO 36yprooYMX BMNUBIB, LLO XapakTepHe Ans HEMiHiMHUX HecTauioHapHKUX iHaHCOBKX MPOLECIB € akTyarnbHO
i cborofHi. Y nitTepaTypi noAaHo AOCTaTHIO BapiaTUBHICTb METOAIB MoAerNtoBaHHS LMx npoueci. MNpoTe B LboMy AochifxeHHi obpaHi came
Ti MeToan, SIKi NPOAEMOHCTPYBanu CBOI Nepesary B MOAENtoBaHHI hiHaHCOBMX onepaLii Ha POHAOBOMY PUHKY, 8 TOMY € CEHC pO3LUNpIO-
BaTW Ta BOOCKOHamMBaTV NepcrnekT1BY Lboro niaxoay.

KntouoBi cnosa: iHpopmauiiHa cuctema; HemiHiMHIi HecTauioHapHi NpoLecu; MeToAomnoris MOAENtoBaHHS; MPOrHO3yBaHHS; perpe-
CifHI Mogeni; HEMPOHHI Mepexi; hiHaHCh.

PexomennoBana Pamoro Haniiia no penaxiiii
HH iHCcTUTYTY IPUKIaIHOTO CUCTEMHOIO aHalli3y 16 BepecHs 2024 poky
KIII im. Iropss CikopcbKoro
IIpuiinsara go myOikariii
10 xoBTHs 2024 poky
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SYSTEM APPROACH TO THE COMBINED USE OF LARGE LANGUAGE MODELS
AND CLASSICAL MODELS IN FORESIGHT TASKS

Background. Large Language Models (LLMs) and their associated agents have spread wide technology and represent a
significant advancement in recent times. These state-of-the-art models expose valuable potential, but they are not de-
void of restrictions, inefficiencies, and limits. This article investigates the exploration of these constraints within specific
domain areas and prediction problems as examples.

Objective. The article highlights features offered by GPT-based models and compares the conclusions with classical
methods of textual data analysis in classification tasks using the prediction methodology as an example. The purpose of
the study is to develop a system approach to the combined use of traditional machine learning approaches as a practical
alternative to LLMs in foresight tasks using the example of STEEP analysis, which provides an opportunity to obtain
valuable information from textual data.

Methods. The study is structured into four segments, each addressing distinct parts: Data Mining, text pre-processing
using LLMs, text pre-processing utilizing Natural Language Processing (NLP) methods, and comparative analysis of
results. Data Mining includes data collection and data pre-processing stages for train and test observations. For the
utilization of LLMs, chains of thought techniques and prompt engineering were used.

Results. Throughout this study, it was acknowledged that the LLMs can be used in combination with classical machine
learning methodologies for domain-specific areas in STEEP analysis under Foresight tasks. The outcome revealed a
model that was developed significantly faster and with less complexity compared to LLMs such as GPT and Mistral.
Increasing the number of models employed leads to more stable results.

Conclusions. The main result of the proceeding is that the patterns that reveal LLMs under certain settings can also
be identified by classical models. Moreover, augmenting the deployment of LLMs during the data preparation stages
contributes to heightened stability in outcomes. Using classical models combined with LLMs speeds up response times
during inference and reduces operating costs for running models.

Keywords: system analysis; foresight; textual analytics; classification; LLM; NLP.

Introduction

The new area of digitalization has opened
the potential insights from textual data, including
news articles, social media posts, emails and user
comments. A significant challenge for research-
ers and business lies in structuring this information
for future demands, such as content generation,
possible targeted recommendations, and value en-
hancement [1]. These tasks are equally relevant in
the government sector, particularly in the realm of
strategic management and planning, where ongoing
analysis of information from external and internal
sources not only helps to address current needs but

also enables long-term planning for decades ahead.
Specifically tailored for long-term planning within
government structures, the foresight methodology [2]
has been developed, and actively implemented across
all levels of government management bodies [3]. In
numerous foresight processes, it is crucial to engage
experts, stakeholders, and citizens in innovative
workshops and strategic dialogues aimed at making
sense of complex issues (or futures). According to
the methodology, these tasks involve creative and
mathematical techniques for constructing the future
through various workflows, which process formatted
and formalized knowledge as semi-structured and
textual data through the cognitive efforts of experts,
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specialists, and mathematical models. A substantial
hurdle presents itself in automating these workflows,
particularly from the initial stage of processing in-
coming information. Some of these workflows and
creative methodologies can leverage modern NLP
approaches, yet they encounter typical NLP task
problems such as data annotation. This process re-
mains labor-intensive and time-consuming for nu-
merous NLP tasks. While there are several meth-
ods available to generate pseudo-data labels, these
methods are typically specific to particular tasks and
initially require a substantial volume of labelled data.
The introduction of the extensive language model
GPT-3, which boasts 175 billion parameters, has
significantly enhanced performance across various
few-shot learning tasks. In [4] was investigated the
potential of utilizing GPT-3 in combination with
human labelling as an economical data labelling
tool to train other models. Shuohang Wang and col-
leagues provide numerous tables and indicators that
identify effective combinations of a person and GPT
for specific datasets. However, they have not shown
which traditional machine learning models can
achieve similar performance to any Human&LLM
combination within a smaller budget. In this arti-
cle, we are going to investigate such powerful tools
like Large Language Models (LLMs) in specific do-
mains, focusing on the machine learning paradigm
of Zero-Shot Classification, which operates without
pre-labelled data, new progressive developed chain
of thought and Prompt Engineering methodology
[5]. Using it in LLM is important for several rea-
sons: clarity (clear and understandable information),
coherence (the logical connection between ideas),
persuasiveness (cases more compelling), credibili-
ty (well-reasoned insights), problem-solving (sys-
tematically analysing the problem) etc. Overall, a
special chain of thought and Prompt Engineering
in communication with LLMs enhances their abil-
ity to engage in dynamic, contextually aware, and
insightful interactions, leading to more meaningful
and productive communication experiences. The
second step is to estimate the influence of text data
on the domain. Our dataset, parsed from the be-
ginning of 2011 to the end of 2023, includes over
120,000 records of news headlines extracted from
trusted and popular sources like The Guardian,
Time, 9News, FreightWaves, Journal of Commerce,
and The Times of Earth. The domain-specific area
is the logistics sector within the USA market, aiming
to provide a comprehensive overview over the spec-
ified period. The data includes information not only
from the target domain. It was chosen for a more
general result. To be more precise, this study is deep

into whether traditional machine learning methods,
for example, TF-IDF and Logistic Regression, can
be used as valuable alternatives to LLMs for specific
analytical tasks (classification). A successful substi-
tution would suggest that the data contains identi-
fiable patterns that LLMs and traditional methods
can accurately recognize. Moreover, it would under-
score the importance of these patterns in informing
the effectiveness and reliability of various compu-
tational techniques employed in linguistic analysis.
Additionally, the paper would elucidate the impli-
cations of such findings for advancing the field of
NLP and optimizing the performance of LLMs in
real-world applications. Our research is not to solely
investigate the classification prowess of LLMs across
diverse domains. Rather, we aim to explore the
feasibility of substituting LLMs with conventional
approaches grounded in established methodologies.
As a result, we can decrease the amount of energy
and expense used for inference LLMs. As we know,
to be comfortable working with LLMs you need
GPU accelerators. It is expensive and not environ-
mentally friendly (CO, emissions during inference).
This exploration could potentially challenge the de-
pendence on LLMs and represent the objectivity of
the knowledge base and their hallucination effect.

Problem Statement

In recent years, there has been significant
research into NLP technologies, including both
LLMs and traditional machine learning techniques.
The application and estimation of these methods
have become critical in understanding their rela-
tive strengths and weaknesses. For example, in [6],
the potential of NLP, specifically topic modelling,
is discussed for identifying differences between cit-
izen-derived foresight and institutional foresight,
enhancing strategic foresight processes. In [7], the
use of machine learning (ML) and NLP for ana-
lysing large sets of media texts are investigated,
aiming to underline the foresight process by iden-
tifying future-oriented statements and trends. This
paper seeks to bridge the gap by evaluating the per-
formance of classical machine learning techniques
against LLMs in natural language processing tasks,
addressing the extreme popularity in the media of
new progressive models, and estimating their practical
applications. The authors discovered the utilization of
textual analytics within the Foresight process [§8], yet
encountered a formidable challenge in surpassing the
capabilities of cutting-edge textual analytics technolo-
gies such as LLM. In the related works [9—12], GPT
models were explored on tasks using machine learning
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paradigms zero-shot, one-shot, and few-shot classifi-
cation. They found that GPT zero-shot performance
is significantly weaker than few-shot performance in
tasks like reading comprehension, question answering
and classification. You can see it by differences in
the fl-score (and other provided metrics) for differ-
ent classification datasets. The main hypothesis is that
without few-shot observations, it becomes more diffi-
cult for models to perform effectively. Overall, these
findings shed light on the nuanced dynamics under-
lying the performance of LLMs in different learning
problems, highlighting the pivotal influence of data
availability, size and quality, and model training con-
figurations like optimization algorithm, batch size,
learning ratio, and so on for task effectiveness. To
address the combination challenge of union Foresight
studies [13] and LLMs, an approach is introduced to
integrate future modelling into the existing learning
frameworks [14]. By employing the subject trajectory,
which serves as a structured representation of con-
secutive frame sequences, as a learning objective, the
goal is to establish dependencies between past and
future contexts. They have proposed two innovative
methodologies, namely Foresight Pre-Training (FPT)
and Foresight Instruction-Tuning (FIT), to endow
MLLMs with predictive capabilities, drawing inspi-
ration from the contemporary learning paradigms ob-
served in Language Models (LMs) [15]. In our work,
we are going to investigate the classification task on
the example of STEEP analysis, as a part of foresight
study, using special techniques like prompt engineer-
ing and chain of thought in a domain-specific area -

Cost-draining area

the logistic market in the USA. The main goal of the
work is to figure out that LLMs can see patterns in
text data (news headlines) and strictly recognize them
and then create ML techniques that solve this task
with similar quality to save computational time and
fee for LLM clouds. Such an approach brings ben-
efits not only within scientific circles but also across
various domains. Industries can extract the predictive
capabilities of LLMs and NLP methodology empow-
ered with foresight studies to enhance decision-mak-
ing processes, optimize resource allocation, and an-
ticipate market trends.

Methods

The process flow of the system approach, as
illustrated in Fig. 1, involves using panels, experts,
analysts, and tools to generate or collect text docu-
ments in a foresight study (data discovery step).
These documents are tagged using LLMs in STEP 1,
despite the potential cost inefficiency. In STEP 2, a
classical machine learning model is trained with the
tagged data. STEP 3 involves deploying the trained
ML model for predictions or analyses. This system-
atic approach focuses on the comparative evaluation
and cost assessment of LLMs and classical machine
learning techniques, to achieve an optimal balance
between performance and cost-efficiency in NLP
tasks within the context of foresight studies. It em-
phasizes the combined use of large language models
and classical models to enhance the effectiveness
and efficiency of foresight-related analyses.

Foresight study

Cost-ineffective area

Panels Experts Analysts

Text documents

|
|
i L
I
|

STEP 3: ML model
usage

1b | I
2
| v
1
«+— Model transfer STEP tféim:;gmc’del

NLP

STEP 1: LLM tagging

Fig. 1. Integrating Cost-Effective Strategies in Foresight Studies: A Dual-Step Approach with LLM Tagging and ML Model Optimization
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The cost implications encompass three distinct
zones: the cost-draining area, the cost-ineffective
area, and the budget-friendly area, distinguished by
red, yellow, and green dashed borders respectively.
According to our methodology, the Foresight pro-
cess falls within the cost-draining area due to its re-
liance on labor-intensive organizational and creative
activities. However, in our study, we employ NLP
tools for Foresight activities (STEEP analysis as an
example, there can be other approaches depending
on classification), potentially automating certain
tasks and optimizing budget allocation. System ap-
proach to the combined use of large language mod-
els and classical models in a budget-friendly area
aims to streamline processes and enhance cost-ef-
fectiveness in Foresight.

Data Collection

Data collection is a key component in the ma-
jor of research works [16], especially for those, who
are centered around language models (LMs). Within
this domain, an array of diverse textual datasets exists,
each offering unique insights and challenges. It can
be books, papers, subtitles, messages, news, to name
a few. In this study, a dataset has been compiled,
encompassing news headlines starting from 2011 to
the end of 2023. We have to admit that emphasizing
the inclusion of data from the most recent timeline
(2023) is important for analysis, as certain LLMs may
have been trained on older data, potentially influ-
encing their performance. While our primary focus
is not centered on the utilization of historical data
in LLM training processes, we prioritize minimiz-
ing data leaks [17] and ensuring the stability of our
results. The main sources of data are The Guardian,
Time, 9News, FreightWaves, Journal of Commerce,
and The Times of Earth. The data includes more than
120,000 records for the targeted period.

Large Language Models as experts

In recent years, the intersection of Foresight
methodologies and Language Models (LLMs) has
become more promising across academic, commer-
cial, and industrial domains. Foresight, the ability
to anticipate future developments, trends or needs,
has long been a wished tool in various fields. Mean-
while, LLMs have revolutionized natural language
processing, demonstrating remarkable proficiency
in understanding and generating human-like text,
also describing the logical chain of future reason-

ing. There are a lot of LLMs that are accessible
to users and researchers like GPT, LLAMA, Mis-
tral, BART, GEMINI, etc. The primary difference
between them lies in architecture variance, num-
ber of parameters, and text corpora for training. In
these experiments, we stop on GPT-3.5-turbo and
Mixtral-8x7B-Instruct-v0.1 (Mistral) as base LLMs.
The anchor parameter was chosen top k = 50 for
text generation for both models [18]. The selection
of benchmark LLMs such as GPT and Mistral for
our study is underpinned by several factors, each
contributing to the comprehensive evaluation and
comparison: established performance (robust per-
formance across various NLP tasks), architectural
significance (built upon transformer architectures),
large-scale pre-training (pre-training on vast text
corpora, diverse linguistic contexts and domains),
availability and accessibility (publicly available). In
this paper, we consider GPT and Mistral models as
leading experts in the field of logistics. These models
show robust results in news classification tasks [19].
The hypothesis is that they are two independent
experts, whose knowledge base was fulfilled during
the training procedure. To extract that knowledge
we use prompt engineering and chain of thoughts.
For the zero-shot classification, we use STEEP cat-
egories [20] (as an example) according to Foresight
methodology [2]. The process of the STEEP anal-
ysis involves a deep exploration of external envi-
ronmental factors. This analytical framework divides
the scope into Social, Technological, Economic,
Environmental, and Political categories, which lead
to a comprehensive view of external influences on
trends. It is used in decision-making systems, strate-
gy planning, and other Foresight tasks. As we men-
tioned before, our LLMs hold expertise in the area
of logistics. The utilization of appropriate instruc-
tions or prompts is imperative to effectively extract
knowledge from LLMs, and then to transfer them
to domain experts. This process involves carefully
selecting prompts that guide the attention layers
of models toward the desired information, thereby
enhancing its ability to generate relevant and ac-
curate responses with the minimization of halluci-
nations. The team has compiled a comprehensive
list of prompts, guided by our perspective. They are
well-suited to the task of determining the impact of
current headlines on the logistics industry, assigning
a rating ranging from 1 to 10. The combined prompt
includes instructions for classification and estima-
tion tasks for multiple observations, see Algorithm 1.
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Algorithm 1

Base prompt

[INST]

You are a TOP LEVEL LOGISTIC ANALYST with twenty years of experience.
The task is to classify news headlines in [INPUT]. Estimate the impact of each headline on the USA LOGISTIC MARKET.

[Rules]
For classification use STEEP analysis.

There are a total of five classification categories: Social, Technological, Economical, Environmental, and Political.
Each text has one, two or three categories. Be aware. Estimation measures from 1 to 10. The higher rank the stronger impact of

headline on the USA LOGISTIC INDEX.

Use the Example to format the output data: headlines | classes | impact

|End of Rules]
[Examples]

Pics of the week: Fields of red honour the fallen on Remembrance Day | Social, Environmental | 2
Rare echidna found for the first time in 62 years | Environmental | 3

Afghan girls win EU prize for farm robot | Technological | 1
Ice slip victims filmed instead of warned | Political | 1

Fuel shortage leads to increase in shipping costs for logistics companies | Economic | 8

[END Examples]
[/INST]
[INPUT]
“ftext}”
[OUTPUT]

The prompt consists of the instruction, which
transfers LLM to be an expert in the domain area
(USA logistic market), the rules of output genera-
tion, which determines a consistent chain of genera-
tion in strict order, examples of desired output, and
field of “text” inputs. In other words, the prompt
determines not only the role of the assistant (identity
and instructions) but also includes represented ex-
amples of the desired output. This is the way we uti-
lize prompt engineering and chain of thought meth-
odology to achieve efficiency in generation with a
minimum of hallucinations.

ML model training and inference

Natural Language Processing (NLP) stands
at the frontline position of modern computation-
al linguistics methodology, offering a multifaceted
approach to understanding and processing human
language. NLP methods serve as a bridge to the gap
between human communication and machine un-
derstanding [21]. NLP includes not only approaches
to work with text data but also has metrics to eval-
uate achieved results. These metrics provide quanti-
tative measures of model accuracy, coherence, flu-
ency, and other relevant attributes. In our study,
the text corpus is pre-processed by lemmatization
and the removal of stopwords, ensuring that only
meaningful content remains for subsequent analy-
sis. Following pre-processing, the transformed text
data is then encoded into machine-readable features
using the Term Frequency-Inverse Document Fre-
quency (TF-IDF) [22—23] approach with bigrams.
This transformation allows us to represent the tex-

tual data in a numerical format. Logistic Regression
is a fundamental statistical and machine-learning
technique used for classification tasks. In this study,
it was used as a baseline machine learning algorithm.
The core idea behind the method is to find a rela-
tionship between features and the probability of a
particular outcome. As the TF-IDF approach was
used in the text pre-processing step, Logistic Re-
gression is a proper choice due to the number of
input features [24]. For result estimation, standard
metrics such as precision, recall, and Fl-score are
utilized. Given the prevalence of imbalanced classes
within the real data, similar to our dataset, we opt
for the use of macro average and weighted average
aggregation methods to ensure a more precise eval-
uation of the final metrics.

Results

In the previous steps of the work: the dataset
was collected, consisted of news headlines, config-
ured experts (prompt with generation parameters
for GPT and Mistral models), and generated classes
with estimated impact value to domain area for each
observation. The hypothesis of this research aims
to explore potential dependencies within the data-
set and target STEEP classes, and estimated impact
on domain area. Additionally, it seeks to level out
the hallucination effect of generated information.
The Proof of concept was achieved with the help
of classic machine learning methods in the Natu-
ral Language Processing (NLP) field. In the first
step, we split data to train and test in proportion 4:1
with stratification by target class. A text corpus is
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pre-processed with the TF-IDF approach with bi-
grams. It transforms text into features. In the second
step, we take Logistic Regression as a benchmark
machine learning model. The classification report
for the STEEP classes is represented in Table 1 by
the first expert assumption.

Table 1. STEEP classification report (GPT)

Class Precision| Recall | F1 score | Sample
Economic 0.84 0.89 0.86 7006
Environment 0.89 0.7 0.78 1383
Politic 0.83 0.85 0.84 5266
Social 0.79 0.76 0.78 4206
Technology 0.78 0.75 0.76 3548
weighted ave | 082 | 082 [ 082 | 21468

The classification report for the STEEP classes
is represented in Table 2 by second expert assump-
tion.

Table 2. STEEP classification report (Mistral)

Class Precision | Recall | F1 score | Sample
Economic 0.76 0.85 0.8 8089
Environment 0.76 0.56 0.65 1317
Politic 0.72 0.78 0.75 5705
Social 0.66 0.56 0.6 3290
Technology 0.71 0.63 0.66 4499
weightedave | 073 [ 073 [ 072 [ 22900

The classification report for the STEEP classes
is represented in Table 3, where both experts have a
consensus in class prediction.

Table 3. STEEP classification report (Consensus)

Class Precision| Recall | F1 score | Sample
Economic 0.88 0.94 0.92 5799
Environment 0.94 0.69 0.8 866
Politic 0.88 0.9 0.89 3959
Social 0.84 0.76 0.8 2136
Technology 0.85 0.83 0.83 2578
weighted ave | 087 | 087 [ 087 | 15338

In the third step, an attempt is made to rep-
licate the experiment to estimate the impact in the
domain area. The results are represented in Table 4
for the combination of models. It is evident from
the figure that even the predictions made by a multi-
tude of models are not recognizable by conventional
methods.

Table 4. Classification report of impact (Consensus)

Class Precision| Recall | F1 score | Sample
1 0.73 0.57 0.64 371
2 0.37 0.15 0.21 279
3 0.32 0.28 0.3 382
4 0.26 0.46 0.33 521
5 0.20 0.11 0.13 393
6 0.25 0.26 0.26 461
7 0.25 0.28 0.30 510
8 0.32 0.25 0.28 370
9 0.45 0.33 0.38 289

weighted avg | 034 | 032 | 031 | 3576

In exploring the cost-efficiency of Large Lan-
guage Models, it is important to analyse how our ap-
proach can reduce operational expenses. OpenAl’s
GPT-3.5 Turbo, for example, operates at a cost of
$6-10™ per 1000 tokens. By optimizing calculations
to run on CPUs, our model significantly reduces
this cost to $3.5-107"2 per 1000 tokens.

Conclusions

This study has demonstrated the feasibility and
efficacy of employing traditional machine learning
methods as viable substitutes for Large Language
Models (LLMs) in conducting classification tasks
like STEEP analysis, for example, as a part of fore-
sight study, within specific domain areas. This study
is applicable to any classification tasks inside the
foresight methodology. By systematically comparing
the performance of classic classification models, like
logistic regression to a valuable substitution of state-
of-the-art LLMs, which are overestimated in social
prospect. Logistic regression has a better performance
based on labelling from GPT than the Mistal model
by weighted average F1 score. It can be explained
as the varying number of parameters in LLMs and
text of different size (including text streams) in the
training corpora. Also, taking a swarm of models
and their combination for prediction (consensus),
we can achieve significantly improved and more ro-
bust results. Logistic regression has a weighted aver-
age F1 score of 0.87, see Table 3. This experiment
proves that the data has some special features (key-
words and dependencies), which are recognizable
by LLMs and classic machine learning approaches.
The second experiment is less successful, primarily
due to two distinct reasons. Firstly, the estimation
of dependencies in the domain of logistics is much
more complicated, and classic methods are not a
proper instrument for it. Secondly, there are possible
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hallucinations of LLMs in their output. This phe-
nomenon can be presented as insufficient data dur-
ing the training process of LLMs and difficulty in
generating numerous characteristics precisely.

Moreover, the study revealed that traditional
models provide a considerable advantage in terms of
cost optimization. The proposed approach is cheap-
erin 1.7-10% times per 1000 tokens processing. Im-
plementing these models requires significantly fewer
computational resources compared to LLMs, which
are often resource-intensive due to their complex
architectures and large-scale data requirements. This
aspect of cost-effectiveness is particularly crucial for
organizations aiming to enhance their analytical
processes without incurring prohibitive expenses. In
conclusion, our research not only validates the prac-
ticality of combining LLMs with more cost-efficient
and equally effective traditional machine learning
models but also highlights the broader applicability
and benefits of the proposed system approach. These
findings encourage further exploration and adoption
of classic machine learning techniques, promoting a
more accessible, economical, and flexible analytical
framework in various industries.

Furthermore, this study briefly touched upon the
impact of various pre-processing techniques on the
performance of LLMs compared to traditional natural
language processing methods. While logistic regres-
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Bonogumnp CasactbsiHoB, Muxanno Ctonsip

CUCTEMHWW MIAXIH 0O KOMBIHOBAHOIO BUKOPVUCTAHHSA BEMUKUX MOBHUX TA KITACUYHUX MOLEJEV B 3ALAYAX
MEPEOBAYEHHA

Mpo6bnematuka. Benuki moBHi mogeni (LLMs) Ta noe’si3aHi 3 HMUMW areHTW LUMPOKO 3aCTOCOBYHOTb Y Pi3HMX cdepax XUTTs
Ta € OQHVMMM 3 TEXHOSONYHMX NPOPUBIB 3a OCTaHHI poku. Lli HancyyacHiwi moaeni AeMOHCTPYIOTb BpaXarouumin noTeHuian, ane B Aeskux
CUTYyaLisiX BOHU AEMOHCTPYIOTb HeedeKTUBHICTb. Y Uil CTaTTi AOCnigKeHO BUSIBNEHi OOMEXEHHSI Y KOHKPETHUX rany3eBux cdepax
i Ha Npuknapax 3agayv nepefbdbaveHHs.

MeTa pgocnigxeHHs. Y cTaTTi BUCBITIIEHO MOXIMBOCTI, SKi MPOMOHYOTb MoAeni Ha ocHoBi GPT, Ta 3icTaBneHO BUCHOBKM i3 kna-
CUYHUMUW MEeTOoAaMU aHarni3y TEKCTOBUX AaHUX y 3adadvax knacudikauii Ha npvknagi metogornorii nependaveHHsi. MeTo OOCHifKEHHS €
PO3pOo6nNeHHs CUCTEMHOTO MiAxoay A0 KOMOIHOBAHOTO BUKOPUCTAHHS TPaAWLIHMX NiAX0AIB MALLMHHOMO HaBYaHHS SIK NPaKTUYHOT ansTep-
HaTueu LLMs y 3agayax nepenbayeHHs (dpopcainTy) Ha npuknagi STEEP-aHanisy, skuii fae MOXINMBICTb OTPUMYBATK LiHHY iHbopMaLito
i3 TEKCTOBMX AaHUX.

Metoau. Lle gocnigkeHHs cTpykTypoBaHe Ha 4otupu cermeHTu: Data Mining, nepenobpobka TekcTy 3 BuMkOpUCTaHHAM LLMs,
nepenobpobka TEKCTY 3a AOMOMOrO KIacu4HUX MeToaiB 06pobku npupoaHoi mosu (NLP) Ta nopiBHANbHMIA aHani3 pesynbTaTtie. Data
Mining Bkntoyae etanu 36pupaHHst JaHux i nonepegHoi 06pobkM AaHUX ANs HaBYarbHMX | TECTOBUX CocTepexeHb. [Ina BUKOPUCTaHHS
LLMs 6yno 3actocoBaHo nigxoau “chains of thought” Ta “prompt engineering”.

Pe3ynbTatu. 3a pesynstatamu gocnigxeHHsi 6yno BCTaHOBMEHO, Wwo LLMs mMoxyTb 6yTn 3acTocoBaHi y koMbGiHaLii i3 knacuyHuMm
MeToAaMn MaLUMHHOIO HaBYaHHSA Ans AOMeHHUX cneuundivHmx cdep y STEEP-aHanisi 3aBgayvax nporHo3yBaHHs. PedynbTati nokasanu,
L0 3anponoHOBaHUX MiAXiA € 3HaYHO LIBMALMM i Mae MeHLUY ckrnagHicTb nopiHsHO 3 LLMs, takumu sk GPT i Mistral. 36inbleHHs
KiNbKOCTi BUKOPUCTaHUX MoAenew npuBoanTb Ao b6inbLl cTabinbHUX pesynbTaTis.
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BucHoBku. OcHOBHWIN pe3ynbTaT poboTu nomnsrae B TOMy, LIO NaTtepHu, ki BusinaoTe LLMs 3a neBHWX HanalwiTyBaHb, Takox
MOXYTb ByTU BUSBNEHI knacuyHumm moaensmu. MNMoHaa Te 36inbLeHHs KinbkocTi BukopuctaHux LLMs Ha eTanax o6po6ku faHux cnpusie
niaBuULLEHHIO cTabinbHOCTI pe3ynbTaTiB. BukopucTaHHs knacuyHmx mogenew y kombiHauii 3 LLMs npuckoputb Yac Bianosigi Ta 3MeHLWnTb
eKkcnnyaTauiHi BUTpaTh Ha 3anyck Moaernewn.

KnrouoBi cnoBa: cucteMHuin aHanis; metogonoris nepeabayeHHs; TekctoBa aHaniTuka; knacudikadis; LLM; NLP.

PexomennoBana Pamoro Haniiina no penaxitii
HH iHcTuTyTY NpUK/IaIHOTO CUCTEMHOTO aHali3y 9 xoBTHs 2024 poky
KIII im. Iropst CikopcbKoro
IIpuiinsara go myOGikarii
19 nucronana 2024 poky
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TMPUHIUATIIN ONITUMIBALIIT ®OPMU BE3INIJIOTHUX AIIAPATIB BEJIMKOI JIATbBHOCTI

IIpob6aemaruka. OnTuMizallis XapakKTepUCTUK OE3IMIJIOTHUX arapaTiB BUMAara€ BIOCKOHAJIEHHSI IXHbOI (popMu st
3MEHIIIEHHSI aepo- a00 TiApOAMHAMIYHOIO OIMOpY. 30Kpema, amapaT MaKCHMMabHOI JaJbHOCTI IMOBMHHI MaTW BH-
COKY €KOHOMiuHY e(heKTHMBHICTh, a caMe BeJIMKi 3HAaYeHHsI BiIHOILIEHHS Baru 10 omnopy. BiamosigHi igei Ta ¢opmynu
OITyOJIIKOBaHi B IIbOMY KYpHaJIi IIe JeKiJibKa POKiB ToMy. Paszom 3 TmM, BeIUKuUii iHTepec MO Oe3MiJIOTHUX arapaTiB
BUMarae KOpPOTKOTO BUKJIa[y OCHOBHHMX TPUHLMIIIB Ta UIOCTpallii HA KOHKPETHUX MpPUKIIaaax, siKi MO OU OyTu
JIOCTYITHUMM LLIMPOKOMY KOJIy iHXXEHEPIB i MEHEIXEPiB.

Meta nociaimkenns. Meta poOOTM — cuUCTeMaTH3yBaTH BJIACHUIA JOPOOOK IIOAO METOMIB 30iIbIIEHHSI KOMEPLiiHOL
€(eKTUBHOCTI 3aCTOCYBaHHS O€3BiAPUMBHMX TiJI 0O0EPTaHHS i KPUJI MaJIOro OMOpy Ta OKPECIUTU chepH 3aCTOCYBAHHS
IIJISI Ha3eMHMUX, MOBITPSIHUX i BOMHUX arlapaTtiB BEJIUKOI JadbHOCTI.

Metoauka peaizamii. BukopuctaHo oTpuMaHni paHille aHaJiTUYHI (OPMYJIM 11 KOMEpPLiiiHOI e(heKTUBHOCTI 3 ypa-
XYBaHHSIM aepoOAMHAMIYHOTO OIOPY Ha KOpITycax Ta OIOpY, IOB’SI3aHOTO 3 IIATPMMAHHSIM Baru amapariB, IJIs JlaMi-
HApHOTO i TypOyJIEHTHOTO PEXMMIB OOTiKaHHS.

PesyabraTtn gocaimkennsa. OTpMMaHO TPOCTE CITiBBIAHOIIEHHS IJIs1 IIBUIKOCTI, 00’€MY Ta JOBXWHU KOpPITyca OMNTH-
MaJIbHO arapara, 110 3a0e3rneydye JaMiHapHUi pexkUM OOTiKaHHS Ta MaKCMMaJIbHY JajbHICTh. Bu3HaueHo miama3oHu
yucen Opyna, B SKUX AOLIJILHO BUKOPUCTOBYBATH AUHAMIYHY MiATPUMKY Barv. Po3paxoBaHO XapaKTepUCTUKU OTTH-
MaJIbHUX KPWJI Ta BiANMOBIAHMX JiTakiB i mjaaHepiB. HaBeaeHo mpukiag onTMMaaibHOTO MiABOMHOIO anapara il 3anpo-
MOHOBAHO MEPCNeKTUBHY (OpMy KopIlyca Karepa.

BucnoBku. @opMy KopmyciB i BUOMpaTu 0JIM3bKOI0 10 3alpOIMIOHOBAHMX paHillle Oe3BiAPUMBHUX Til 0OepTaHHS,
110 MOXYTh OyTH TaKOX pO3paxOBaHi BiMIOBIAHO A0 KOHKpEeTHMUX MoTped. Ciil J0TpUMYyBaTHUCh 3alIPOITIOHOBAHOTO
CIIiBBiIHOIIIEHHSI MiX 00’€MOM i JOBXMHOIO KOpITyca, IIBUAKICTIO YCTAJIEHOTO PyXy Ta KiHEMaTUYHOIO B’SI3KiCTIO
noBiTpss abo Boau. OnTUMabHI KpWja MalOTh MaTM MaKCMMaJlbHE BUJOBXEHHS Ta €KCIUIyaTyBaTUCh Ha MaKCH-
MaJIbHO JOTMYCTUMUX KyTax aTaku. Beauki 3HaueHHsI eKOHOMIUHOI e(heKTUBHOCTI BiIKPUBAIOTh MEPCIEKTUBU JOCST-
HEHHSI BEJIMKOI JaJbHOCTI HaBiTh Y pa3i 3aCTOCYBaHHS €JIEKTPUYHUX ABUTYHIB, OTPUMaHHS JajibHOCTI Bim 410 km
1o 850 km mis mitakiB, 420—750 kxm mia KABiB, mo ckupgaoTtbes 3 Bucot 10 kM, §00—1200 kM 11 MiZBOIHUX i
HaJBOJHMX arapariB Ta (paKTUYHO HEOOMEXEHOTO TepeOyBaHHsI B MOBITPi AUPUXKAOJIiB, 110 KUBJISITHCSI COHSTYHOIO
€Heprielo.

Kmouosi cioBa: besninoTHi anapaTtu; 30U1bIIEHHST JaTbHOCTI; KOMepIliliHa e(peKTUBHICTD; O0e3BiIpuBHI (popMU; 3MEH-
LLIEHHS OTOopYy.

Beryn

3pocTatounii iHTepec 10 OE3IMiJIOTHUX amnapa-
TiB BUMAara€ BIOCKOHAJICHHS (hOpM iX KOPMYCiB IS
3a0e3MeYeHHs MaKCUMaJlbHOI e(eKTUBHOCTI. JlesKi
imei Ta opmyau omyosaikoBaHi y ctaTTi [1]. YTiMm,
peayii BUMararoTh KOPOTKOIO BMKJIaAy OCHOBHMX
MNPUHLMIIB Ta UTIOCTpaLlil HA KOHKPETHUX MpUKJIa-
Jax, sKi Moriad Ou OyTM AOCTYIMHUMU IIMPOKOMY
KOJIy iHXXKeHepiB i MeHeIKepiB.

CyyacHi TeXHOJIOTil BiZKpUBalOTh HOBi TOpU-
30HTM IJIs1 TAaKUX arapariB, TO3BOJISIOUN SIK 3HAYHO
30UTBIINATH 1X IIBUIKICTbh, TAK i 3HAYHO 30UTBIIUTU 200
3MEHIIUTU IX po3mipu. Hampukiianm, moBXuHa cy-
YacHMX TaHKepiB Moxe TepebuiyBatu 400 M, a 1o-
BITpsIHI APOHU MOXYTb MaTu po3mipu 45 mm (Nano
Quad Copter from Revell [2]). Pazom 3 TuMm, po3-
POOHMKM Ta BUPOOHMKH 3alliKaBJIeHI Y MaKCUMaJlb-
HO IIPOCTUX 1 ACLIEBUX TEXHOJIOTiSIX, SIKi MOXHa 3a-
CTOCOBYBaTH 0e3 3HMKEHHS €(DEKTUBHOCTI aIlaparis.

Ilpono3uuis ana wmuryBannsa miei crarri: [.I. Hecrepyk, “IlpuHumnu onTtumizauii opMu Oe3mijIOTHUX amapartiB
BeauKkoi manwHoCTi”, Haykosi éicmi KITI, No 1—4, c. 49—61, 2024. doi: 10.20535/kpisn.2024.1-4.314223

Offer a citation for this article: I. Nesteruk, “Shape optimization principles for long-range unmanned vehicles”,
KPI Science News, no. 1—4, pp. 49—61, 2024. doi: 10.20535/kpisn.2024.1-4.314223
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ITocTanoBka 3amaui

YV uboMy JOCHIAXEHHI MU PO3IJSHEMO OC-
HOBHi TPUHLIMIIM BAOCKOHAaJIEHHS (opMU HazeM-
HUX, TIOBITPSIHMX, HAABOMAHMX i MiABOAHUX anapariB
3 METOI 30UIbIIEHHS iXHbOI €KOHOMiUHOI edek-
TUBHOCTI k — BiIHOLIEHHS Baru mg 10 onopy X:

k="8 (1)
X

MaxkcumaibHi 3HaYeHHST k JO3BOJISIOTH arma-
paTy IoxoJjaTu MaKCUMaJIbHY KiJIbKiCTb TOHHO-Ki-
JIOMETpPIB 32 OJMHUII0 4Yacy ab0 AOCSIITU MaKCH-
MaJIbHOI JaJIbHOCTI 3a (piKCOBAHOI KiJIbKOCTi €Heprii
Ha 6oprty [1, 3].

Metol0 aochipkeHHs1 OyJO0 cuUcCTeMaTu3yBa-
TU BJIACHUM JOPOOOK IIOAO0 METOiB 30iIbLLIEHHS
KOMepLiiiHOI e(heKTUBHOCTI 3aCTOCyBaHHsSI 0Oe3Bil-
PUBHUX T OOepTaHHsI i KpWJ Majoro Omnopy
Ta OKPECIUTU chepu 3aCTOCYBaHHS IJIsI HA3eMHUX,
MHOBITPSIHUX 1 BOAHUX arlapaTiB BEJIMKOI JaJIbHOCTI.

TuM ynTayam, XTO TparHe oapaszy 3HANUTU KOH-
KpeTHi peuenTd CTBOPEHHS HOBUX KOHCTPYKIIIN,
MM TIPOTIOHYEMO TPOMYCTUTU HACTYIMHMHN PO3IiT
Ta HeperTu oapasy OO IOTPiOHOro TUIMY amaparib:
Ha3eMHUX, IOBITPSIHUX a00 BOTHUX.

MeTtoam aocCaiIKeHHS

Axio Bara ¢ikcoBaHa, TO MaKCUMaJIbHO ehek-
TUBHUMU OyoyTh amapaTyd 3 MiHIMaJIbHUM OIIOPOM,
SIKUI U1 TOPU30OHTAJILHOTO YCTAJICHOTO PyXy MOXKHA
MOIIIUTU HA JIBI YACTUHU:

X=X, +Xy,, 2)
nepuia 3 IKUx, X, € OMOPOM PYXOBi KOpMyCy ama-
paTa y MoBiTpi ab0 BOMi, SIKMil CYTTEBO 3aJIEXKUTh
Big mBuakocti U. Mu OymeMo BUKOPHUCTOBYBAaTHU
TaKoxX 0e3po3MipHi KoedilliEHTU oropy, 110 I'PyH-
TYIOThCSI Ha 00’eMi amapara V-

2X,

C, =
C oy

3)

a0o0 Ha JIesIKill XxapaKTepHiil 1ol A:

_ 2X,
Y pUA’

T'ycTuHy noBiTpst 200 BOIM MO3HAYATUMEMO 5K p.
Omip X, CyTTEBO 3aJeXUTh Bin HopmMu KopIy-
ca, sika Ma€ 3MEHIIyBaTU HeraTHMBHI e€(peKTU Biapu-
BY IIOTOKY. OCKiJIbKM aKTMBHiI METOAM 3amo0iraHHs

“)

BiIpuBY (Taki SIK BiICMOKTYBAaHHS/MiIayB TIpH-
MEXOBOTO IIIapy, HarpiBaHHsS/OXOJOMKEHHS II10-
BEPXHi, BUKOPUCTAHHS €JIEKTPOMATHITHUX €(eKTiB
abo mepioguyHi 3MiHM (QopMHM KOPIIyCiB) MHOTpe-
OyI0Tb J10AATKOBUX BUTpPAT €HEPTii, MU CKOHILIECH-
TPYEMOChH Ha TMACUBHUX METOAAX, 110 103BOJISIOTH
YCYHYTH BiJIpUB JIMLIE 32 PaxyHOK BiJIOBiIHO BU-
O6paHoi (popmu KopryciB. MOXIMBOCTI JOCATHEHHS
0e3BiIPUBHOIO pexXuMy OOTiKaAHHS Ha TBEPAMX Ti-
Jlax obepTaHHS NMpoTaroM noHan 20 pokiB BUBYAIU
B Inctutyti rinpomexaniku HAH Ykpainu [4]. Li
TiJIa BUSIBWINCH MOAIOHUMU 10 (OPMU Till IESIKUX
BomgHMuX TBapuH [5—10], iXx MOXHAa BUKOPHUCTOBYBa-
T JIJ1s1 3MEHILEeHHSI OIOpYy B TOTOBOMY BUIJISIAI ab60
JIOJATKOBO pO3paxyBaTd BiIMNOBiIHO OO0 ITOTped 3a-
MOBHUKIB.
st 06’emHux yucen PeitHomnbaca,

%
Re, =V

v

(&)

Je v — KiHeMaTM4Ha B’S3KiCTh BOAM abO MOBITpS,
3 nmiarmasony 1000 < Re, < Re, Ta HeobOMmexeHOro
MOTOKY MOXHA BUKOpHUCTOBYBatu opmyny [1, 7, 11]:

A7

Re, = .
Y Re,

(6)

PiBusaHa (6) meMoHCTpye, 1O 00’eMHMIT Koedi-
uieHt omnopy C, OCECUMETPUYHUX OE€3BiIAPUBHUX
KOPITIYCiB HE 3aJIeXKUThb BiJl iXHbOI (P)OPMU 32 YMOBU
HE3MIHHOCTI 00’eMy i € HamiliHOIO OILIHKOIO MiHi-
MaJIbHO MOXJIMBOTO OMOPY IJisI AOCTATHHO MAaJIUX
IIBUAKOCTel abo umcen PeifHombaca, sIKi MOXKHA
TaKOX pO3paxoBYyBaTH, CHUPAKOYUCh HA JOBXUHY
Kopmyca L:

(7

OtpumaHuii y [1] Bupa3 misi KpUTUYHOTO YuC-
na PeitHonbaca

. 5955870’

Re, =— @®)

JI03BOJISIE BU3HAYMTHU 3HAueHHS mBuaKocTi U, He-
MEePEeBUILIEHHS SIKUX 3a0€e3Meuye JJaMiHaApHUIA PEKUM
OoOTiKaHHS:

. 59558nvI?
—

U )]

BinnmoBinHo, MakcumanbHMII O0’€M JIaMiHapHOTO
KopItyca
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. 59558nvI?
0

4 (10)

Hnst nye ToHKux Ti1 odoepranus (D / L <0,05;
D — MakcumanpHUil AiameTp) KoediuieHT onopy C),
moxke o0yt meHmmM 3a 0,001 mys yncen PeitHonba-
ca, OJIM3bKUX 10 KpUTUUHUX [1]. D15 Oinbliux 3Ha-
yeHb Re, 00’eMHMII Koe(ilieHT ONOpY WIBUAKO
3pOCTa€ i HAOJUXKAETHCS 10 BEJIMYUMHU

C, =0,01, (11)
110 (haKTUIHO He 3aJIeKUTh Bifl BUIOBXeHHs L /D [1].

Ockinbku B JaMiHapHoMmy notoui C), cnanae
3i 30LIblIeHHsM uuciaa PeitHonbaca (6), To st
(pikcoBaHOro 00’€My MiHIMaJlbHMX 3HAYE€Hb OMOPY
JIOCSTAIOTh 32 KPUTUYHOTO 3HAUYeHHs uucia Peii-
Housbica (8). OckinbKy Bara anapara 3a3Buyai rnpo-
nopuiiHa o0’eMy MOro Kopmyca, TO MOXHa BBa-
JKaTu, 110 MakKCUMaJbHUX 3HAuYeHb €(EKTUBHOCTI
TaKOX MOCATAIOTh 32 KPUTUYHOTO 3HAYEHHS 4ucia
Peitnonbaca (8) abo 3a 3HaueHb LLIBUIKOCTI Ta 00’eMy,
110 BU3HavawThes popmynamu (9) Ta (10).

Otrxe, onNTUMajJbHI IapaMeTpu Kopiiyca
Ta IIBUAKOCTI OaxkaHO oOupatu 3 ypaxyBaHHSIM
YMOBU

%21,81~105V.

(12)
MOXIUBOCTI TOCSITHEHHSI TaKUX 3HAY€Hb MPOLIIO-
CTPYEMO BHUITagKOM JeibdiHa 3 o6’emom 0,091 M3
Ta goBxXxuHow 1,83 M (caMe Taki 3HaUY€HHSI BUKO-
pUcCTaHO y 3HamMeHuTii crarti I'pes [12]). YmoBa
(12) BUKOHYETHCSA IS IIBUAKOCTI 8,9 M/c y Bomi
3 temrepatyporo 15 °C. AHaJOri4Hi OLIHKK MOXK-
Ha 3pobutn i mas pubu-siTpuiabHuka (Istiophorus
platypterus), sIKy BBaXKalOTb OIHIEIO i3 HaWOLIbII
IIBUAKWUX BOAHUX TBapuH [13—15]. bepyumn Haii-
OiIBIIIY 3apeecTpOBaHy AOBXWHY i€l pudu 3,15 m
3a Baru 55,8 xr (V' = 0,0558 m3) [16] orpumye-
Mo, 110 ymoBa (12) BHUKOHYETbCS Ha IIBUIAKOCTI
41,8 m/c.

s Benukux Ta OLIbLI IIBUAKUX arapatiB
yMoBY (12) MoXHa BHMKOHATH 3a PaxyHOK 30iJib-
IIEHHSI JTOBXWHU KOPMYCiB, MpU LbOMY TaKOX
30iBIIYEThCS BUOOBXKeHHST L/D. BimmosimHi (op-
MYJIU IS KPpUTUUHUX 3HAUYEHb JOBXWHU i 00’emy
JJaMiHapHMX arapariB i MPUKIAAU PO3PaXyHKIB JIsI
BOJIM Ta MOBITps MOXHa 3HaWTH B [1]. YTim, ve-
pe3 0OMeXXeHHS Ha IOBXUHY Ta BUIOBXEHHS TOBO-
JIUThCSI MEPEBUILYBATU KPUTUUHE 3HAYEHHS 4ucsa
Peiinonpaca (abo 3HaueHHs y MpaBiii yacTUHI PiB-
HsiHHS (12)), BUKOPUCTOBYBATU TypOYJEHTHi KOp-

nycu Ta ouiHky omopy (11). BigmoBigHumu mnpu-
KJ1agaMM € KUTU abo MiJBOAHI YOBHM.

ITin yac po3poOKu AyXke MajauX i MOBUILHUX
anapartiB (HanpukJaa, MiaBoAHUX TIaHepiB [17])
TaKoX He BHAEThCSI BUKOHaTU yMoBYy (12). Tomi
ONTUMAJIbHUMU OyAayTh JaMiHapHi Oe3BiIpuUBHi
KOPITyCH, OITip SKMX BU3HAYAIOTh PiBHAHHSAM (6),
ane st Re, < 1000 ciig BUKOpPUCTOBYBATU iHLII
(opmynu. Takox HaBeaeHi BUILE CIiBBIAHOLLIECH-
HSl HE BpaxoBYIOTb €(EKTY CTUCIAMBOCTI IOBITPS
abo BOOM, IO HaKJIaga€ OOJATKOBI OOMEXKEHHS
Ha IIBUIKICTb. bynemMo BBaxaTu, 1110 BOHA MeHIIa
3a 150 m/c (540 xm/rom). LIBUAKICTh PyXy Yy BOMIi
00MEXKYETBCSI TAKOX KaBiTalli€lo, 1110 MOXKe BUHMKA-
TH SIK Ha TBUHTAX, TaK i Ha Kopnyci. OLiHKA KpUTUY-
HOIT LLIBUIKOCTI 3aJIeXKHO Bia (popmu Tisia oGepTaH-
Hsl i IMOMHM MOXHa 3HaiTu y [7]. s Kopmycis,
1110 pyXaroThes OISl MOBEPXHi 3€MJli, HaBeIeHi BULLE
CIiBBiIHOLLIEHHSI (OTpUMaHi JJIsi HeoOMeXeHO-
ro TMoOTOKY) MNOTpeOyloTh Kopekuii. [as amaparis,
1110 pyXaloThCs MO MOBEPXHi BOAM, CJIiJi BpaxoByBa-
TU TAaKOX XBWJIbOBUI omip [9, 18—21] Ta yTouHuUTHU
dbopmynu (6) i (8) (amB. po3a. 3.3 wi€i craTTi).

Hpyra yacTuHa omopy, a caMme

1-

X, =—’”g(k ), (13)
w
_er
m bl

o (14)
MoB’si3aHa 3 MiATPMMKOIO Baru amapara mg. Koe-
(ilieHT o MoKa3ye, Ky YaCTMHY Baru KOMITEHCO-
BaHO cujolo Apximena (o= 1 Ta X, =0 nns anapa-
TiB 3 HEUTpaJIbHOW IUIABYUiCTIO, HAMPUKIIAA CYACH
i mupuxabniB). KoediuieHT kj, MoxHa BBaxatu
cranuMm. Hanpukian, mist JiTakiB 3 migiliMagbHOO
cunoio Y (110 mOpiBHIOE Ba3i IjIs TOPU3OHTAILHOTO
YCTaJICHOTO PYXY)

(15)

C = % . (16)
pU"A
Otxe, KoediuieHT k, 30iraeTbcs 3 aepoaUHaAMIY-
Holo sikicTio. ObepHeHe 3HaueHHs 1/k, € Koedi-
LIIEHTOM TepTs KOJIiC I Ha3eMHUX anapaTiB. Mu
He OyaeMO po3misigaTh KOHCTPYKILiil, sKi OiraroTh
YU XOOATH (AesIKi OLiHKY e(DeKTUBHOCTI 0iry MoxHa
3HauTu B [1, 22]).
3 dopmyn (1), (2), (3), (13) Ta (14) BunnuBae,
1110 o0epHeHe 3HaueHHS e(heKTUBHOCTI
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I _l-a_ GCpU¥”

k 2mg

kK k, 17

Oyne MiHIMaJbHUM 32 MAKCUMaJIbHOTO 3HAYEHHS K,
Ta MiHIMaJIbHOI IBUKOCTI pyXy. K110 BUKOPUCTATH
piBHsHHA (6)—(11), TO ciiBBigHOIIEeHHS (17) MOXKHa
rnepenucaTd y TakoMmy BUIJSIAI JJI JaMiHapHOTO
Ta TypOYJI€HTHOIO BMIIaJIKiB BilMIOBIHO:

3
Loloo )5 MY
klam kW g V

2
30()10\/ U< 59558nv L ’ (18)
VA V
L I=9 0,0050F7,
krur w
2
%<U<150m/s, (19)
ne o6’emHe ynciao Ppyna BU3HAYAIOTH (POPMYIIOIO
U
Fr,=———. 20

OCKiJIbKM MiHIMaJbHUI aepo- abo TigpoauHamiv-
HUI OITip JOCSTAEThCS 3a MAaKCHUMAaJIbHOTO 00’e€My
JaMiHapHoOro kopmyca V', To Haii6iiblue 3HaueH-
HSI EKOHOMIYHOI e()eKTUBHOCTI k* MOXXHA OTpUMATHU
3 BUKOpUCTaHHIM (opmya (10) Ta (18):

1/k =(-a)/k, +0,00543aFr2, (21)

Fr, =—

N

PiBHsiHHS (21) CBIMYUTB, 110 MAKCUMAaJIbHE 3HAUYCH-
Hs1 e(peKTUBHOCTI He 3ajJeXXUTh BiJ (hopMu Oe3Bil-
PUBHUX KOPIYCIiB, 110 3aA0BOJLHSIOTL YMOBY (12),
Ta BU3HAYa€Thes nuire ynciom Ppyma (22).

Ao 3adikcyBaTu MIBUIKICTH Ta 00’€M ana-
pata, To 3 (18) Ta (19) BurIMBae, 1110 MaKCUMaJsb-
HOI KOMepLiliHOT e(eKTUBHOCTI (MiHiMaJIbHOTO
3HaueHHs1 I/k) mocsiraloTb abo 3a MiHiIMaJIbHO Ma-
Jioro, abo 3a MaKCMMaJIbHO BEJIMKOTO 3HAaYeHHS o
3QJIEKHO Bill 3HaUYeHHS koediuieHTa kj. Kpurnu-
Hi 3HaUeHHSI LbOro KoedillieHTa MOXHa OTpUMAaTHU
3 piBHsHb (18) Ta (19) [1]:

2 2
K 20,43 lg VS’ 30010\/ ‘U< 59558nv L L (23)
' vU VA V

(22)

59558nvI?

ky e = 200Fr, <U<150m /s (24)

JUI. JJaMiHApHOTO Ta TypOyJIE€HTHOTO MOTOKIB Bij-
noBigHo. AK110 BUKOHYETbCsT yMoBa (12), To 3 (21)
abo (23) BumnnuBae

k. =184 Fr. (25)

Skuwio k,, <k, , MaKCUMAIbHOI KOMEPLIHHOI edek-
TUBHOCTI JIOCSITAlOTh 32 MaKCUMaJbHO BEJIUMKOIO
3HAUEHHS o, iHaKIlle mapaMeTp o Mae OYyTU MaKCH-
MaJIbHO MaJIUM.

Hns amapaTiB 3 HEUTpaIbHOW TUIaBYYiCTIO
(a=1) aepo- 4u TrigpoAMHAMIYHUI OMip KOpIy-
ca CJif BpaxoOBYBaTU 3aBXIM, OCKIJIBKM JIJI HUX
Xy =0. B iHImx BUMagkax 3 yMoBu X, = X, MOXHa
OLIIHUTU KPUTUYHI 3HAUEHHS IIBUAKOCTI U™, y pasi
MEePEeBUILIEHHS SIKUX CJIiJT BpaxoByBaTW aepo- 4u
riIpoAMHAMIYHUM OIip JIaMiHApHOIO Ta TYpOYJIEeHT-
HOTO KOPIYCiB BiNOBiIHO:

U: =0 573M=0 5%%
fam =2 k; apv ’ kio’v

2
30010v <U"< 59558nv.L ’ (26)
VA 4
- Y -
ur =140 (800 Mgy ke [8l=0)
k,, aépé oky,
2

W<U**<150m/s. (27)

Hdnsg onTuMallbHUX JlaMiHapHUX KOPIIyCiB yMoOBa
(12) Ta popmyna (26) TO3BONSAIOTh OTPUMATH:

U“=13,6 /M
ko

3HaouM KOMepliliHy e(heKTUBHICTb k, MOXHa J0-
CHUTB JIETKO OLIIHWUTHU IOAJbHICTh pyXy S i3 3amacom
eHeprii Ha G6opTy (@, IO AO3BOJISIE IiATPUMYBATHU
CTaJly MOTYXHICTh ABUryHAa XUp, mpotsirom yacy 7.
Koediuient p, >1 nokasye, 1o Jnire 4acTuHa 3a-
nacy eHeprii BUKOPUCTOBYETHCSI JUISI TOJIOJIAHHS
oropy X 3 MexaHiuHoo ToTyxHicTio UX. Moro 3Ha-
YEHHs 3aJIeXKUTh Bill €e(DEeKTUBHOCTI IBUTYHA, BUTpAT
eHeprii Ha cTadiTi3alio Ta KepyBaHHSI pPyXoM, po0o-
Ty nipujafdiB Toio. Tofdi st 1aabHOCTI OTPUMYEMO:

S:UTzuﬁzgzﬁ,
XUp, Xp, pmg

(28)

(29)
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Axio BUKOpUCTATM 3amac €Heprii Ha OJMHUIIIO
Baru ¢ Ta BpaxyBaTW, 110 Bara JBUI'yHa Ta MajuBa
(abo enexkTpuuHUX Oarapeil) CTaHOBJSTH JIMIlEe Ya-
CTUHY 3arajibHO1 Baru amapara p,mg; p, < 1, To piB-
HsiHHS (29) HaOyBae BUIISILY

5 = Xap,
b

(30)

®opmyma (30) CBiTUNTH, 11O AAJTBHICTH JiHIHO 3pO-
CTa€ 3i 30LIbIIEHHSIM KOMEPLIiiTHOI e(DeKTUBHOCTI.

OLiHMMO abHICTh €JIEKTPUYHUX arapaTiB S,
BUKOPHUCTOBYIOUM (DaKT, IO CydyacHi eJIeKTpUUHi
OaTtapei MOXyTh 3a0e3IeuyBaTy 3arnac eHeprii mpu-
omm3Ho 1000 ximomkoymiB Ha KijsorpaMm Baru [23].
Tomi ¢ Gyme mopiBHIOBaTH TpubaM3HO 103 J/N =
= 10°m = 100 xm. bepyun, HampuKiIam, 3HAYeHHS
p, =35 1ap,=0,5, i3 (30) orpumyemoO:

S, ~ 10k (km). (31)

Cnig 3a3HauYMTH, 110 BUKOPHUCTAHHS OEH3M-
Hy abo aM3eJbHOro majvBa 3a0e3rneuye Nmpuban3-
HO y 40 paziB OuUTbIIMIA 3aT1ac €HEPril Ha OAWHULIIO
Baru, IO JO3BOJISIE CYTTEBO 30UIBIIUTU JAJIbHICTh
a00 BMBLUJIBHUTU OisibllE Miclsl JJISI KOPUCHOTO Ha-
BAHTaXEHHS (3MEHILUUTU 3HAYEHHS D,).

Hani po3TiassHeEMO MOXKJIMBOCTI 30iLIbIICHHS
€KOHOMIYHOI e(eKTUBHOCTI Ta, BiIMOBimHO, Halb-
HOCTI arapariB, 110 PyXalOThCS MO MTOBEPXHI 3€MIII,
y MOBITpi, Haja Ta Mix Bojor. Yepe3 3HAUHUI iHTe-
pec came J0 He JyXKe BEJMKHUX amnapaTriB MU Mpu-
JITMMO OCOOJIMBY yBary ONTUMAaJIbHUM KOpIlycam
MaJIOro OIopy, 110 MO03BOJSIOTH PyXaTUCh Y JiaMi-
HapHOMY 0e3BiIlprUBHOMY pexXuMi ((popMy SIKUX 10-
chimxysanu B [1, 4—10]) Ta onTuMaJibHUM KpuJam
BIAITOBITHUX JIITAKIiB.

1. Hazemni anapatu

CnouaTky pO3[JITHEMO MOXKJIMBOCTI altapaTiB
MaJIOTo OIOpYy 3 OCECUMETPUUYHUMMU JaMiHAPHUMU
0e3BiAPMBHUMU KOpITycaMH, 110 3aJA0BOJIbHSIOTh
yMoBy (12). Axuio BuUKOpHMCTaTHM 3HAYEHHST KiHe-
MaTM4YHOi B’3KOCTi moBiTpS v ~1,5-107 m? /s,
1110 BiJIMOBiJa€ CTaHAAPTHilt aTMocdepi Ha HYJIbO-
Bilf BUCOTi Haja piBHeM Mopsi [24], To BoHa HaOyBa€e
BUTJISIY

uv
—=27m"/s.

7 (32)

st amaparta 3i mBuakictio U= 30 M/c Ta 3 10B-
XKuHOW L = 5 M 00’eM i10ro Kopmyca Ma€ CTaHO-
Butu 2,25 M3. Tomi dopmynu (21) ta (25) maioTthb

KPUTHYHE 3HaueHHs k,, ~10. IlopiBHsieMO Woro
3 XapakTepHUMM 3HauYeHHsIMU k, (13). Koediui-
€HT TepTs Ha Kosecax 1/ ky, 3ajexuTh Bill iX KOH-
CTPYKIIil Ta SIKOCTi JOPOXHOTO MOKPUTTS. s cy-
YaCHUX aBTOMOOWTIB BIAJIOCS OTPMMATH 3HAYEHHS
Big 0,007 mo 0,014 [25], a mis1 BedocHIIemiB — Bif
0,0025 no 0,005 [26]. OTxe, k, > 70 >> k;,*, TOMY
ONTUMAJbHUMM OYyIyTh amapatv 3 MiHIMaJbHUMU
3HAYEHHSIMU MapameTpa o (BianosiaHo no (14) Bary
CJ1i 30iIbIIyBaTH).

BuszHaunmo, HacKilbKU BaXKJIMBO MOKpAlllyBa-
T aepoAWHaAMIYHI XapaKTEPUCTUKWA KOPIYCiB Ha-
3eMHUX anapatiB. BinnosinHo g0 (28) nist obpaHo-
TO 3HAYEHHS NOBXWHU L =5 M Ta yMoBU k, =143
(MakcuManbHe 3HauyeHHsl HaBeaeHo y [25]) oTpu-
MYEMO

U~ 7,96 0= (m ] s). (33)
(03

OuiHMMO XxapakTepHy ILIBUAKicT U™, y pasi ne-
PEBUMILEHHS SKOI aepoJVHaMIYHUWIA OMip nepeBa-
JKa€e TepTd Ha KoJjiecax IJIsl XapaKTepHOTo 3HauyeH-
Hs1 KoeillieHTa o, 110 BiAIOBIiIa€ TYCTUHI MOBITPs
p=~1,2 kg /m’ (cranmaptHa atMocdepa Ha HYJIbO-
Bili BUcOTI Haja piBHeM Mops [24]). CepeaHio TyCcTu-
HY KopItyca 0yaemMo BBaxKaTu OJIM3bKOIO 10 TYCTUHU
Boau 1000 xr/mM3. BigmoinHo mo (14) orpumyemo
o = 0,0012. Toni piBHsiHHS (33) DA€ 3HAYECHHS MPU-
omm3Ho 230 m/c. Ile Oinbiie 3HaueHHsT U™ oTpumy-
€MO JJIs1 KOPITYCiB, BUTOTOBJICHUX 3 OLIbII BaXKKUX
maTtepianiB (MeHLIi 3HaYeHHs o). OTXe, aepoauHa-
MIYHMM OIIOPOM Ha amapaTax 3 BiTHOCHO BEJMKUM
00’€MOM MOXHA HEXTYBaTU HaBiTh 32 JOCUTh MaJIUX
3HaYeHb OIOPY TEPTSI Ha KoJiecax.

OTpuMaHuii BUCHOBOK He O3Hayae, 110 hopMa
Kopmyca MoXe OyTW AOBUIbHOIO, OCKUIBKU BiApUB
MOTOKY Ha HEBIIMOBIIHMUX KOpITycax (IS SIKUX He-
CIpaBeUIMBiI HaBedeHi BUILE OLIIHKM) MOXKE 3Hau-
HO 30iJblLIYyBaTU aepoArHaMiuHUil ormip. OCKiJIbKU
B YMOBaX KOHKYPEHIIil HaBiTh HEBEJIMKE 3MEHILIEHHS
OIOpYy Z1a€ TepeBaru, TO XapaKTepUCTUKHU arapara
OaxkaHO BUOMpATH 3 HOTpUMaHHsSIM ymoBHu (32). Bin-
MHOBiIHI 0e3BiAPHUBHI (DOPMU KOPIYCIiB MOXHA 3HAWUTU
y [4—10], BoHM MOXYTb OyTM PO3paxOBaHi TaKOX
Ha 3amomieHHs. [lpaBuibHa dopma Kopryca Mae
0co0JIMBe 3HAYEHHS IS MajuX anapariB (abo TBa-
puH) [1, 22]. ITokazoBUMHU € AyKe BUIOBXEHi (hopmu
Tina suipok (1o maroTh Macy Jmiie 10—26 rpamis,
ajie po3BMBAIOTh LIBUAKICTh 2—4 M/c [27]), noni0-
Hi 0 JaMiHapHUX O€3BiIpMBHMUX TiJ OOEpTaHHS,
pospaxoBanux y [7]. duas uux tBapuH ymoBa (32)
He BUKOHYEThCS (4nciio PeitHobaca € MEHIIUM Bif
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KpUTUYHOTO 3HauyeHHs (8)). s momioHux ayxe
MaJIuxX afnapaTiB eKOHOMiUHY €(eKTUBHICTb i Kpu-
THuHi 3HaueHHss U™ Ta k, Clig po3paxoByBaTh
3a gornomoroio dopmyi (18), (23) i (26).

2. IloBiTpsani amapaTn

Bary amapariB, 110 pyxalTbCs Yy IIOBITPI,
MOXHa MiATPUMYBaTU 3a JOIMOMOTOI KpuJ (Jita-
KM, TUIaHEepU, KepoBaHi aBialiiiHi 6omOu), Beau-
KMX TBUHTIB (resikontepu, FPV-nponun) abo cuiu
Apximena (aupuxa06ii). Po3riasitHeMO MOXJIMBOCTI
30UILIIUTU 1X €KOHOMiIYHY edekTuBHicTh. Criep-
11y pO3IJISIHEMO arapaTu Majoro omnopy 3 Ocecu-
METPUYHUMM JIaMiHapHUMU O€3BIIPUBHUMU KOp-
nycamu, 110 3aJ0BOJIbHSI0TH YMOBY (12) (ab6o (32)
JUISL BUTIAJKY pyXy Ha Manux Bucotax). Ha Ginbiimx
BHCOTax KiHeMaTHW4YHa B’SI3KiCTb MOBITpsl € Habara-
1O GinbwoIo (v ~3,5-10° m? /s Ha Bucoti 10 KMm;
v~16-10° m? /s na Bucori 20 xm [24]). Biamo-
BiIHO, 30UIbIIYETbCS 3HAYEHHS Yy TpaBiii 4yacTu-
Hi piBHSHHSA (32), a OTXe, TpaHUYHiI po3Mipu abo
LIBUIKOCTI JJaMiHapHUX KOPIMYCiB MaJIOTO OIOpY
(muB. Takox [1]).

1100 BM3HAYUTUCH, SIKMK METOHA MiATPUMAaH-
HsI Baru € HaiOLIbll e(PEKTUBHUM IJIS1 301IbLLIEHHS
JNAJIbHOCTI, MepenuileMo piBHSHHS (25) y BUTsALI

Fr, = 13’6, (34)
\lkW
ne ky, — aepoaumHamiyHa sKicTb amapata (15),

a Fr,” — kputnuHe 3HaueHHs uucaa Dpyna (22).
Axmo Fr, < Fr,, MakcuMaibHOI KOMEpILIiHHOT
e(eKTUBHOCTI AOCITraloTh 32 MaKCHMMaJbHO BeJu-
Koro 3HaueHHs1 o ((14), (21)), iHaKIIe mapaMeTp o
Mae OyTuM MakcumaiabHO MajauMm. OTXe, nUpUXKaOIi
(ao=1) craloThb eDEKTUBHUMHU 3a MaJIUX 3HAYEHb
yucna Opyna.

2.1. I'suHTOKPHIN

SKIIO BMKOPUCTATH XapaKTepHE 3HaYeHHS
k, = 4,5 aepoauHamiuyHoOi sIKOCTi (15) I'BUHTOKpU-
na [28], To 3 dopmyau (34) orpumyemo Fr, = 6,4.
Toni mnst mBupkocti U= 15 M/C KpUTUYHE 3HAa-
YyeHHs1 O0BXMHU Kopmnyca FPV-gpoHa cTaHOBUTH
0,56 m (3rigHo 3 (22)). BimmosimHo mo (32) o6’em
e(eKTUBHOTO arapaTa, L0 PYXaeTbCcsl Ha MaslMX
BucoTax, He Mae nepeBuinyBatu 0,06 M. Po3mipu
OibII IIBUAKICHUX ONTUMAJbHMX amapariB € Oilb-
wmmMu. Hanpuknan, mng U= 30 M/c mMakcumasb-
Ha JIOBXWHA 30iIbLIYEThCS Y 4 pa3u (BiAMOBIIHO
10 (22)), a 06’eM — y 8 paziB (BinnosigHo 10 (32)).

Tak camo, K I Ha3eMHMX amapariB, OIIp
Ha kopnyci FPV-npoHa B ropusoHTajbHOMY pycCi €
HabaraTo MEHILMM, HiX OITip, MOB’SI3aHUIA 3 MATPU-
MaHHaM Baru. @opmyna (28) mae 3HaUEHHS Xapak-
TepHOI mMBUAKOCTI U™ Oibli, HIXXK OTpUMaHe BUILE
3HaueHHs1 230 m/c. Tomy po3mipu Ta Bary MOXHa
30iIbLIYyBaTH 0€3 3HAUHOTO BIUIMBY HAa KOMEpPILIiHY
e(eKTUBHICTb £, 1110 Oyae npuOIM3HO TOPiBHIOBATU
k,, =4,5. Taki MaJieHbKi 3HAaUE€HHS k 1yXe O0OMexy-
I0Tb JajbHICTh enekTpuuHux FPV-aponis. Biarmno-
BinHO 10 bopmynu (31) BoHa He mnepeBullye 45 Km
HaBiTh KOJIM Bara akymyJsTOpiB i IBUTYHIB CTaHO-
BUTb MOJIOBMHY Baru anapata. sl mokpallaHHS
e(eKTUBHOCTI HaWOiIbIY yBary CcliJ OpUIUISTA
XapaKTepUCTUKaM i po3MipaM I'BUHTIB.

2.2. Jlitaku

XapakTepHe 3HAYeHHSI aepOAMHAMIiYHOI SIKOCTI
ky, nitakiB (15) € GinblIKMM, HiXX y TesikonTepis [28].
Hanpuknan, nns 3HadyeHHs k=20 i3 dopmynu
(34) orpumyemo Fr,” =3. OTxe, y HianasoHi yu-
cen ®pyna 3 < Fr,” < 6,4 came JIiTaku € HAWOLIbII
e(eKTUBHUMU MOBITPSIHUMM anapatamu. st Oijb-
mmx uyncea Dpyna epeKTUBHUMU MOXYTh OyTH
TaKoX TreJiKoNTepu, a IS MEHILIMX — AUPUKAOJIL.
3pobumMo ouiHBaHHS Wis wBUakocTi U= 50 m/c,
JUIST IKOI KPUTWYHE 3HAYEHHS ITOBXWHHU KOPITY-
ca onTUMaJbHOTO Jitaka (22) craHoBUTH 28,3 M.
BignoBinHo no (32) 06’em edeKTUBHOIO amapara,
IO PYXa€ThCS Ha MaJuX BUCOTAaX, HE Ma€ TepeBU-
wmryBatu 43,2 M3. g JiTakiB, 110 BUKOPUCTOBYIOTh
OiNbLLI BUCOTH, 1€l 06’eM MoKe OYyTH 3HAYHO Oifib-
mmM (Harmpukian, 101 M3 mrsg mecsaTuKiToMeTpoBoi
BUCOTH KPEMCEepChKOTO TTOIBOTY).

Tak camo, K IS Ha3eMHMX amapartiB, OIip
Ha KOpIyCi ONTUMAaJIbHOTO JliTakKa B TOPU3OHTAIb-
HOMY pycCi € HabaraTto MEHIIMWM, HIX OIIip, IOB’SI-
3aHUil 3 miaTpuMaHHsIM Baru. Hampuxian, ¢op-
myna (28) mae 3HaAUYEHHsSI XapaKTEepPHOI IIBUIAKOCTI
U™ mipubmmzno 1800 Mm/c murs 3HaYeHHST Koedilli-
eHta o =0,0012, mo BianoBigae rycTWHI MOBITPs
p~1,2 kg /m (cranmapTHa aTMocdepa Ha HYJIbO-
Bilt BUCOTI Hax piBHeM Mops [24]) Ta cepeaHiii ryc-
THHI KOpIIyca, 110 TopiBHIOE TycTrHI Bomu 1000 KT/M>.
Ha 6inpimx Bucotax abo st OiUTbII BaXKKUX KOp-
myciB 3HayeHHss U™ OymyTh 1e Oinbimmmu. OTxe,
MepeBakHa YacTWMHA OIOpPY ONTUMAaIbHUX JIiTaKiB
MOB’s13aHa 3 OMNOPOM Ha Kpujax, L0 MiATPUMYIOTb
Bary.

MakcumajabHe 3HauyeHHSI  aepoArHaMiuyHOI
sgkocTi Kpua (15) 3a TypOyaeHTHOro 6e3BiApUBHOTO
pexxumMy OOTIKaHHSI MOXHa OLIIHUTU Takolo (popmy-
Joro [1]:
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kW,max,tur ~ 37 58}\’% Rellé“ﬂ (35)
My=b/H, (36)
Re, = (37)

A%

ne H — cepemHsl OOBXWHA XOpAW, BUKOPUCTOBY-
BaHa TaKoOX IS pO3paxyHKy 4ucia PeiiHonbaca
Re,; Ay — BUAOBXEHHS Kpuia; b — po3Max Kpu-
na. PiBHsHHS (35) BpaxoBye TakKoX iHAYKTUBHUIA
OITip, TIOB’SI3aHUI 3i CXOJOM BUXOPiB, Ta CBiIUYUTh,
1110 MaKCHMaJbHe 3HAUYE€HHSI aepOAMHAMIUHOI SIKOCTI
Ta KOMepLiitHOi edeKTUBHOCTI (OCKiIbKU Kk =~ k)
JIOCSTal0Th 32 MAaKCHMAaJbHOTO BUIOBXEHHS KpH-
na (36). Bapro 3asHauuTH, 110 TPHUKyTHa (opma
Kpwiia ipaHchKuX apoHiB «Shahed-136» [29] 3 BumoB-
JKEHHSIM TIPUOJM3HO 2 HE BUIJISIAAE ONTUMATIbHOIO,
OCKUJIBKM MaKCHUMaJIbHE MOXJIMBE 3HAUYE€HHS SIKOCTI
3a opmyJioro (35) craHOBUTH TTpUGIU3HO 15,1.

BunoBxeHHsT Kpuil OOMEXYEThCS MipKyBaH-
HSIMM MIITHOCTI KOHCTPYKIIii Ta HEOOXiMHICTIO ITilI-
TPUMYBaTU Bary Ha JOCTaTHbO MaJIMX KyTax aTakw,
1110 3aI100iraloTh BiIpUBY MNOTOKY. JIJIsI OLiHIOBAaHHS
MOXHa BMKOPHUCTOBYBaTM OTpuMaHi B [1] Bupasu
JUTST ONITUMAJIBHOTO KyTa aTaku

~ 0,0722 Re /14 (38)

B opt, tur

Ta MaKCHUMAaJIbHOI IIiIiiiMaabHOI CUJIM Ha HBOMY
B YMOBax 0€3BiIpMBHOr0O TypOyJEHTHOIO OOTiKaHHSI:

Vo = 0,221 Re /1 py” =

= 0,220b20 4 H T, (39)

OckiIbKM 1119 3anobiraHHsl BiIpYMBY ITOTOKY
KYTU aTaKyd KpWi OOMEXEHi ACSIKUM 3HAUYEHHSIM J3,,
piBHSIHHS (38) HakJlagae oOMeXXeHHSI Ha 3HAUYEHHS
BUIOBXXEHHSI:

A, ~ 204p2 Re/’, (40)

a (35), BinmoBigHO, HA aepOAUHAMIYHY SIKiCTh:

4 ~51,1p, Rel/ .

W ,max,tur

(41)

BBaxxatumemo, 110 MakKCUMaJdbHUI KyT aTaku
B, nopiBHioe 0,15 panmian (abo 8,59 rpanmycis; Ha-
npuxiian, mig npodimo NACA-4412 BigpuB BigOy-
BA€ETbCI HA KyTax araku, Oinbmmx 3a 11 rpamycis
nnsg yucia PeitHonbaca 150 Tucsd, ta 15 rpamgycis
17151 yrcia PeliHosnbaca 3 Mijbitonu [29]).

Pesynbrat  pospaxyHkiB 3a  (opmyaamu
(39)—(41) ang nitaka 3 pi3HUMU 3HAYEHHSIMU JOB-
SKMHU XOpAuW Kpuia H, 1110 JeTUTbh Ha MaJluX BUCOTaX
p=1,2kg/m’, v=~1,5-10"° m* /s [24]) 3i wBua-
kictrio U=100 m/c, HaBegeHo B Taba. 1. Bun-
HO, 110 ONTUMAaJIbHI Kpwjia MOXYThb MHiATpUMYyBa-
TM Bary IyXe pi3HUX arapatiB 3 Baroio Big 40 kI’
no 258 T (sika mopiBHIOE MigHiManbHiA cuii (39)
B yCTaJIeHOMY TOPM30HTAJIbHOMY I10JIbOTi). Buaos-
JKeHHSI Ta €KOHOMiYHa e(EKTHUBHICTb 3POCTAIOTh
3i 30UIBIIEHHSIM CEpPeAHbOI JOBXWHM XOPIM Kpua
(tabun. 1). Jlocuth BeMKi 3HAYEHHS acpoAMHaAMIY-
HOi SKOCTi Kk, (110 € OJU3bKOI0 A0 KOMEpUiiiHO1
eeKTUBHOCTI k) HO3BOJISIIOTHL OTPUMATHU 3HAYHY
JalbHICTh HaBITh IJIS1 €JIEKTPUYHMX JIiTakiB. Bigmo-
BiIHO 710 3HaUeHb, HaBeJeHUX Yy Taba. 1, Ta popmy-
au (31) MOXHa CMoAiBaTUCh JOCATTU JAJAbHOCTI Bil
410 xm o 850 kM.

Tabauusn 1. XapakTepuCTUKU ONTUMATbHUX KPUJT AJIsl Pi3HUX 3HaYeHb CepelHbOl JOBXUHU XOPAU

CepenHs Yucno BunosxeHHs AepoauHaMiuHa Po3max [MignimanpHa
JIOBXMHA Peiinonbaca, Kpuiia SIKICTh OINTUMAJILHOTO cwia Y, (N),
XOpAU KpUJa, Re, -10%, (37) Ay =b/H, Yy C Kpuia piBH. (39)
H (m) piBH. (40) st ky =5 = ny b=, H (M)
B =0,15 piBH. (41)
0,02 0,13 24,8 41,4 0,50 56,1
0,05 0,33 28,2 47,2 1,41 399,5
0,1 0,67 31,2 52,1 3,12 1764,2
0,2 1,33 34,4 57,5 6,89 7791,7
0,5 3,33 39,2 65,6 19,6 55509
1,0 6,67 43,3 72,4 43,3 245 148
2,0 13,3 47,8 79,9 95,7 1 082 660
3,0 20,0 50,7 84,7 152 2 581 252
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st 6i1b1IMX BUCOT MOJIBOTY 3 (hiKCOBAHOIO
LIBUAKICTIO yuciaa PeifHoJbaca 3MEHIYIOThCS
(uepes 301IblLIEHHST KIHEMAaTUYHOI B I3KOCTI TO-
Bitps1, 1uB (37)), ToMy 111 (DiKCOBAHOTO 3HAYEHHS
MaKCUMAJILHOTO KYTa aTaku f3,, BUIOBXEHHSI OITH-
MaJIbHOTO Kpwjia Ta MOro aepoavMHaMiyHa SIKiCTb
TakoxX 3meHInyoThcs ((40) ta (41)). Yepes cma-
JTAHHS TYCTMHM MOBITPsSl Ha OUIbLIMX BUCOTaX [24]
MEHILIOIO CTa€ TaKOX MiAHIMaJIbHA ChJla, SIKY 3a J10-
nomoroto (39) ta (40) MoxxHa 3anucaTty y BUIJISII

~
~

Y, . ~ 6418) Re;) pv’

~6BUTHT V. (42)
11006 migTprMyBaTH Bary Ha OiTBLIMX BHCOTAX, JITaK
Ma€ 301JIbIIYBAaTU ILIBUIKICTD.

Jlist 3pydHOCTI pO3POOHMKIB XapaKTEPUCTUKHU
OINTMMAJIbHOTO KpWJja Ta Bara BiIITOBITHMX JiTaKiB
(o jpopiBHIOE mimiiManbHi cwii (39) abo (42)
B YCTJIECHOMY TOPM30HTAJILHOMY ITOJIBOTi) ITOJAHO
Ha puc 1—3 nmas pizHUX po3mipiB xopau. Okpemo
300paXeHO BMITaJKW MaJeHbKUX, CEpelHiX i Be-
JIUKWX JITaKiB, IO PYXalOThCs HAa MaJIUX BHUCOTaX
3i mBuaKictio 100 m/c.

350

—— BUAOBXEHHA kpUna
«xes AEPOAVHAMIYHA AKICTD, Cy/CX

-...|=="=Bara nitaka (1)

poamax kpuna b (m)

XapakTepHCTHKH KPHJA Ta JiTaka

186 18 2 2.2

Jlop:xnua xopau H (M)

24 26 2.8

Puc. 3. XapakTepucTUKM ONTUMAJIBHOTO KpUJia Ta Bara BEJIUKUX JIi-
TaKiB, 1110 JIETSITh Ha MaJIMX BUCOTax 3i mBuakicTio 100 m/c,
IJIST Pi3HUX 3HAYEHb CepeIHbOI TJOBXWHM Xopau H

JIns BeNMWMKUX i IIBUIKUWX JITAKiB HEMOXJIHMBO
BUKOHaTU yMoBY (12), TomMy HaBiThb O€3BiIpHUBHI
(hrozensixi OyayTh 00TIKATUCH Y TYpOYJEHTHOMY pe-
KMMIi, JUISL SIKOTO CJIiJi BAKOPUCTOBYBATU (DOpMYJn
(19), (24) Ta (27). 3okpema, SKIIO 00’eM (ro3esi-
xy 100 M3 3a o =0,0012 Ta k,, =85, omip Ha HBO-
MY CTa€ CYTTEBUM JIMIIE Ha LLIBUIKOCTSX, OLIbLLIMX
3a 298 M/c, TOMy KpUJIO pOOUTH OCHOBHUI BHECOK
B OMIp HAaBITh IyXe BEJIUKUX JITAKIB, a k ~ ky, .

2.3. Ilnanepu, KepoBani aBianiitni 6omon (KAB)
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JIMIIE Bil BUIOBXEHHS Kpwia Ta MaKCHUMasb-
HOTO 3HAYeHHs KyTa artaku 3, (A1 Oyab-sKOTro

XapakTepHCTHKH KpHJIA Ta JiTaka

|

yucia PeliHosbaca), OCKIJIbKU 3 HUX JIETKO OT-

5 6 7
OB/RHHa XOpaH (CM
P

Puc. 1. XapakTteprucTUKU ONTUMAJILHOTO KpHWjia Ta Bara MajuXx JIita-
KiB, IO JIETSITh HA MajJuX BHcoTax 3i mBuakictio 100 m/c,

IJIST Pi3HUX 3HAYEHb CepeIHbOI TOBXWHM Xopau H

pumaTu

k,

W ,max,tur

<0, 2517[;—W. (43)

m

3anexHictsb (43) ms B, = 0,15 mokazaHo Ha puc. 4.

Jns gikcoBaHuX 3HA4YEHb P, Ta A, PIBHIH-
Hs (40) no3BoJIsIE BU3HAYUTU BifTIOBiIHE YUCIIO

PeitHonbica, a ¢hopmyna (42) — 3HaTU BiAmo-

BiIHY MiTHIMaJIbHY CUJTY, 1[0 MPUOJIU3HO NOPiB-
HIOE Ba3i MlaHepa IiJ yac Horo pyxy y CHokKilHii

atMocdepi Mmin MajluM KyTOM /10 TOPMU3OHTY Y.
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! BIATOBIZAIOTH OUTBLIIM BUCOTI TOJBOTY).
3Hatoun yucio PeitHonbiaca, moxHa 3 (37)

Puc. 2. XapakTepruCcTUKN ONTUMAJIBHOTO KpWJja Ta Bara JITakiB ce-
PeIHIX PO3MIpiB, IO JIETSATh Ha MAJIUX BUCOTAX 3i IIBUAKICTIO
100 M/c, mist pi3HUX 3HAUEHDb CEPETHBOI TOBXUHU xopau H

JIETKO BU3HAYWTU IIBUAKOCTI, MOTPIOHI JJIs ITif-
TPUMaHHS Baru amnapara ISl pPi3HMX BEJIWMYWH
cepenHbol xopau Kpwia H. BigmosigHi KpuBi
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300paxxeHi Ha puc. 4 TOUKOBUMU (JUIsI BUCOTHU TIO-
JboTy 10 KM) Ta MYHKTUPHUMMU (U1l TIOJIBOTY Oijist
MOBEpXHi 3eMJi) KpuBMMU. TOBIIMHA LMX JiHIA
3pocTa€ 3i 30iablIeHHsIM xopau kpuia: H = 0,1 Mm;
H=03wmrta H=0,6 M BinnmosigHo. OcKiJIbK1 Ha-
BeIEHIi BUILE CIIIBBIAHOILEHHS HE BPaXOBYIOThb CTHC-
JIUBICTb TIOBITPsl, TTOKa3aHi JiMlIEe 3HAYEHHS LLBUA-
KOCTi, MeH1 Hix 150 m/c.

= ot e, ki
_h=0
U (we) mpr H=0.1

U (w/c) mpir H=0.3 »t

U (swe) npn H=0.6 3

U (we) mpu H=0.1 ¢

U (we) npr H=0.3 »t

U (wc) npn H=0.6 »
f--{ —5—maca (xr)

=)

XapakTepHCTHKH IJ1aHepa 3 ONTHATLHIM KPUJIOM

=)

26 28 30 32 34 36 38 40
BuioBkeHHs ONTHMAILHO KpHia b/H

Puc. 4. Xapakrepuctuku miaaHepa ado KAba mis pi3HUX 3HauYeHb

BUIOBXEHHSI ONTUMAaIbHOTO Kpuia b/ H

HaBeneHi kpuBi J103BOJISIIOTH OLIIHUTUA PO3Mi-
py NOTPiIOHMX KPWJI i LUBMAKICTb 3allyCKAHHS Tj1a-
HepiB abo ckupanHs KADBiB. 3a morpebu xapak-
TEPUCTUKA MOXHA YTOUHUTH, BHKOPHCTOBYIOUU
piBHsiHHS (40)—(43). Ing njaHyBaHHSI Y CIOKili-
Hiii aTMocdepi AadbHICTh PyXy B3JOBX IOBEPXHI
3eMJli

S=htgv=h§zhl=hkw. (44)

Xy

Benuki 3HaueHHsS aepoAMHaMiuHOI SKOCTi TO3BO-
JISIOTh focsartu gainbHocTi 420—750 km mist KABiB
3 ONTUMAJIbHUMU KPpWIaMHU, 1110 CKUAAIOTHCS 3 BU-
cotu 10 KM, SIKIIIO BUKOPUCTATU €HEPTil0 BUCXiTHUX
MOTOKiB, TO NaJIbHICTh MOXHA CYTTEBO 30iJIbLINUTHU.
Bapro 3ayBaxkuTu, 110 AANbHICTb ONTUMAJIbHUX
arnapartiB Maibke He 3aJIeXXWUTh Bil IX IIBUAKOCTI,
pO3MipiB Ta Baru.

Crin 3a3HauYUTH, 1O BUAOBXKEHHSI KpUJ, Ha-
BeleHi B Tab/1. 1 Ta Ha puc. 1, He € HeNOCSIKHUMM.
Hampuknan, ¢ipma Eta Bumyckae miaHep 3 Bu-
JOBXeHHsIM Kpusia 51,33, aKuii 1eMOHCTpYE aepo-
JuHamiyHy sKicte 70 Ha mBuakocti 30 m/c [31].
Hns cepeaHbOl MOBXMHU XOPAU LIBOTO ILUIaHepa
0,602 M/c orpumyeMo 3a (37) 3HaueHHS uncia Peii-
Housbaca 1,2 MinbiioHa AIst pyxXy MoOJU3y MOBEPXHi
3eMJii, a 3a (opmysnor (35) 3HaYeHHSI aepojuHa-
MiuHOI sIKOCTi 69,7, nyXe OJU3bKe HO OTPUMAHOTO
Ha peaJibHOMY ILJIaHepi.

®Dro3esK  TAKOTO TUTaHEpa Ma€ BHUIOBXKEHY
(opmy 3 BimHoLIeHHsIM L/ D ipuban3Ho 9, noaioHy

JI0 po3paxoBaHoro y [7] 6e3BiapuBHOro Tijia 06ep-
TaHHs «Albacore». Uepe3 BiICYTHICTb HaHUX IIPO
00’eM (ro3es1siKy riaHepa OLLiIHMMO HMOro 3a J0Io-
moroto ¢opmysu [1]

2
Vash [QJ (45)
L
3 BUKOPUCTaAaHHAM BCJINMYNHU mapamMeTpa

8 =0,28. OrpnmaHe 3Ha4YeHHS 3,2 M® TO3BOJISIE
OLIIHUTHU JIiBYy 4acTUHY ymMoBU (32) mpuOIU3HO
B 1 M?/c, 1110 3HAYHO MEHIIIE IPaBOi YaCTUHM.
Otxe, dro3enstk miaHepa Eta Moxe Oytu Jami-
HapHUM, ajie¢ JOKPUTUYHUM. 3HaIOUM HOro mMacy
(850 kr), MOxxHa 3a hopmyioto (14) OLIHUTH KO-
ediieHT o = 0,0045. Toni piBHsiHHS (18) cBin-
YUTh, 1O OMip Ha (ro3esisiki mpuoausHo y 37
pa3ziB MeHIMH, HixX Ha Kpuii. Lei ¢axT 1e pa3

2 MATBEPJKYyE BUCHOBOK, 1[0 OITIOPOM O€3BiIpUB-

HUX KOPITyCiB amapariB, sIKi pyXalOThCs B IOBi-
Tpi, HalyacTillle MOXHa HEXTyBaTU MOPIBHSIHO
3 OIMOPOM, TOB’SI3aHUM 3 MiIATPUMKOIO Baru.

2.4. JInpmxadi

Bucoki 3HaueHHS KoMepliiiHOI e(peKTUBHOCTI
JIITAKIB i IJIaHepiB, OTPMMaHi BUILE, BUMAararoTh JEIIO
MepeoLiHNTU 3HaYeHHs1 yucen Dpyna, Aas1 SKUX 10-
LJIBHO BMKOPWCTOBYBaTH AuproKaosi. Ilimcramiso-
un y (34) 3HaueHHs k,, =85, orpumyemo Fr, = 1,48.
st MmeH1Mx 3HayeHb uynciaa Ppyna Ginbin eeKTUB-
HUMM OyAayThb AMPWKAOJ, IPU ILIBOMY MaKCHMalb-
HO e(eKTUBHUMU OYyAyTh arapaTtu 3 HaNOiAbIIUM
3HaueHHsIM KoediulieHTa o = 1. s riOpuaHux au-
prxkabmiB [32], 10 KOMIIEHCYIOTh MEHIY CuiIy Ap-
XiMeJa Ha BEJMKWX BMCOTaxX IMiJIHIMAJIBHOIO CHUJIOIO
Ha KOpITyci, KoMeplliiiHa e(heKTUBHICTh Oyde MeH-
oo (BianosinHo a0 dhopmy (18) ta (19)). BuxkoHae-
MO OLIIHIOBAHHSI IJIs1 AUpUKa0ast 3a10BkKU L = 50 M,
10 pyxaeTbcsl Ha BUCOTI 20 KM 3i IUBUAKICTIO
U=20 m/c (ui€i LBUIKOCTI AOCTAaTHbO, 11100 J0JaTH
XapakTepHi BiTpu [33] i1 oTpumaTu amapat, 110 MOXe
3aBUCAaTU HaJ OJHIEI0 TOUKOIO Ha TMOBEPXHi 3eMIi).
3a dopmyroro (22) Fr, = 0,9, a 1151 KpUTUYHOTO 00’€-
My V' namiHapHoro xopmyca 3a v x~16-107 m? /s
3 (10) otpumyemo 3620 m>. Maca HaitOiIbII e(DeKTUB-
HOTro amaparta CTaHOBUThb 322 KT, OCKiJIbKM TYCTMHA
moBitpst Ha BucoTi 20 kM craHoBUTH 0,089 Kr/M3 103-
BOJISIE OLIIHUTY BIAMOBIIHY culy ApxiMena. PiBHSIHHS
(45) 3i 3HaueHHsAM & = 0,33 (po3paxoBaHuM y [5] mnst
0e3BinpuBHOroO Tia obepranHs 3 D/L = 0,3, moaidHo-
ro n1o ¢opmu Tina TyHUs [34]) D03BOJIIE BU3HAYUTU
MaKCUMaJIbHUI JiaMeTp BiAIIOBIIHOI OCECUMETPUYHOI
000IoHKY Iuprkadst 14,8 m.
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3HaueHHsI €KOHOMiIYHOI e(peKTUMBHOCTI k Ta-
Koro aupuxabist csarae 226 (BimmosigHo mo (21)
32 a=1), a MOTYXHiCTb TOPU3OHTAJIBLHOTO PYXY
XU = (mgU/k) = 279 Br. SIKilio BBaxaTu, IO JIMILIE
’siTa 4YacTMHA MOTYXXHOCTI BUKOPHCTOBYETBCS IJISI
noaoJjaHHs onopy X (3HaueHHs1 KoedilieHTa p, = 5),
noTpioHo 3ab6e3neuntu pudausHo 1,4 kBr. Lle 3Ha-
YEeHHS MOXHA OTPUMAaTH 3a JOIOMOTOI0 COHSYHMX
Garapeii. Hanpukian, manens RSM156-6-430M
i3 mwiomelo 2,17 M2 Ta Barolo 25,5 Kr Moxe 3a0e3-
neyntu noTyxHicTe 430 Bt [35]. BuxkopucranHs
COHSIYHOI €Hepril J03BOJIUTh BUKOPHUCTOBYBATHU 3a-
MNPOMOHOBAHUI ONTUMAJIbHUIA TUPUKAOIb (paKTUU-
HO HEOOMeXeHUH Jac.

3. Boani anmapatu

Yepes BeJIMKY Pi3HULIIO y TYCTUHI OMip y BOAi
€ Habararo OiUIbIIMM, HiX y MOBITPi, a MEHLIE 3Ha-
YeHHsI KiHeMaTW4YHOI B’SI3KOCTi 3HAYHO 3MEHIIYE
KPUTHUYHI 3HAYEHHSI PO3MIipiB Ta IUBUIAKOCTI ONTH-
MaJIbHUX KOPpIIyCiB, 110 pyxaioTbcs y Boai. Ha-
npukian, mig v~1,3-10° m> /s, 1wo Bianosinae
temmeparypi Bogu 15 °C, piBHsHHs (12) HaOyBae
BULJISLLY

% =0,235m* /5. (46)
Crmig 3a3HauWTU, 10 B’SI3KICTh JOCUTh CYTTEBO
3MEHILIYETbCS 31 3pOCTaHHSIM TemIlepaTypu (Bif
va1,810°m* /s 3a 0°C 10 v~0,66-10° m* /s
3a 40 °C), ToMmy piBHSHHS (46) MOXe moTpeOyBa-
TH Kopekuii. s amapariB, 110 pyXarThCs IO I10-
BEPXHI BOJIM, OIIOPOM Yy IOBITpi MOXXHA 3HEXTYyBaTU
I BUKOPUCTOBYBATHU [IJIs1 OILIiHIOBAaHHSI BOJOTOHAX-

Hich (00’eM Koprmyca HUXXYe BaTepJiHii W).
3.1. IlixBoaHi YoBHM

st amapariB, 1O pPyXalOTbCS IIil IIOBEpX-
HEeI0 BOAM Ha JOCTaTHbO BEJIUKIii TTMOMHI, MOXHA
BBaXarTu, 1110 o = |, Ta BUKOPUCTOBYBATU YCi (hop-
myau 1. 2. OuiHuMo 3a (46) KpUTHYHI 3HAYCHHS
00’eMy (BOJIOTOHHAXXHOCTi) ONTHUMAJbHOIO IIiJl-
BOJHOrO amapaTa 3aBIOBXKU 10 M, po3paxoBaHO-
ro Ha WBUAKICTb 15 M/c. SKIIO BOZOTOHHAXKHICTh
cTaHOBUTH 1,57 T, BiANOBiIHMI KOpPIIyC Ma€ OyTu
JOCUTh BUAOBXeHUM (L/D= 13,4 3a piBHIHHSIM
(45) 3a 6=0,28) i momiOHUM OO Ti1 OOEpPTaHHS,
po3paxoBaHux y [7—9].

3a ¢opmynamu (21) ta (22) ekoHOMiUHA edek-
TUBHICTh TaKOro amapara ctaHoBuUTh 80,2, a majb-
HICTb 3 BUKOPHUCTAHHSM €JICKTPUYHUX JBUTYHIB

moxe csaratu 800 kv (31). fAxio y migBogHOMY pe-
>KAMi amapar po3irHaTH 10 IIBUAKOCTI 25 M/C i mpH-
MYCUTH HOro BiTH 3 BOAM IIig KyToMm 45°, TO BiH
3MOKE IIPOJICTITU Y MOBITPi IpUOIM3HO 64 M 3 MaK-
CUMAaJIbHOIO BUCOTOIO LIEHTPA TSKiHHST HaJl TTOBEPX-
Hewo Boau Ipubau3Ho 16 M. OTxe, amapar 3MOXe
JloJ1aTu Jiesiki OOHOBI 3arOpOIXKEHHSI.

3.2. IlinBonHi mianepu

IMinBoaHi a6o MopchKi mtanepu |17, 36] € Bin-
HOCHO HEBEIMKUMM I TOBUIBHUMM ITiABOTHUMU
arapataMM, 110 PyXarOThCsl 3aBASKU MEPiOAUIHUM
3MiHaM I1aBydyocTi (mapamerpa o (14)). Hampu-
knaz, maHep SLOCUM wmae 06’em 1o 0,07 M3, 1oB-
kuHy 1,5 M Ta wBKMaKicts npubinsHo 0,5 m/c [36].
Otxe, sl LIMX anapaTiB JiBa 4acTUHA PiBHSIHHS
(46) € wHabarato MEHILOIO, HiX IpaBa, TOMY SIK
ONTUMAJIbHY (opMy KOpIyca MOXHa BHOMpPATH
Oynb-sike Oe3BiIpuBHE TUIO OOEpTaHHS 3-TIOMiX
po3paxoBaHux y [4, 7—10] (oCcKiJIbKM 00’€MHUIA KO-
ediuieHT onopy (7) He 3anexuTh Big opmu). Kop-
nyc Oynae mimggaBaTUCh OOTIKaHHIO B JlaMiHApHOMY
peXurMi, TOMY KOMEpPLIiHY €(hEeKTUBHICTh CJIiJI OLli-
HioBaTu 3a dopmyioto (18), a piBHsiHHS (23) mae
3HAYCHHS Ky, ,,, = 2765 w1 mianepa SLOCUM
3a o= 1, mo Habarato Oijbllie 3a acpoAMHAMIYHY
SIKICTb OY/Ib-SIKOTO KpuJia.

Otrxe, MaKCUMaJIbHOI KOMEpLiiiHOI edek-
TUBHOCTI TIABOAHMUX IJIAHEPIB JOCATAIOTh 3a MaK-
CUMAaJIbHO BEJMKOIro 3HAYEHHS o. YTiM, IapameTp
o HE MOXE JOpPiBHIOBATU OAMHMII, OCKiJIbKM TOAi
arnapar He 3MOXe pyxaTHCh (cCaMe MepioguyYHi 3Mi-
HU TIJIaByYOCTi, MaJli KOJIMBaHHSI 3HAYEHb o OO -
3y OJMHUILII 3MYIIYIOTh MiABOAHUI TUIAHEP PyXaTUCh
Bropy Ta BHuU3). BignoBinHuii BUOIp BUAOBXEHOTO
Kpuia, sIKe MOxXe OyTu TakoxX JiamiHapHum [1],
JIO3BOJISIE OTPUMATU MOBHICTIO JIaMiHapHUiA amapar
i3 QyKe BUCOKMM 3HAQYEHHSIM KOMEpLIiHOI edek-
TUBHOCTI Ta JAJIbHOCTI.

3.3. Happoani anapatu (KaTepn)

Y [9, 10] Oyno 3ampomoHOBaHO BUKOPHUCTO-
BYBaTU HIDKHIO MOJOBUHY CII€LiaIbHUX Til o0ep-
TaHHS 3 TOCTPUM YBIrHYTMM HOCUKOM (ITOIiOHMX
10 ¢opMmu Tyilyda HAWIIBUALIMX pUO) SIK KOPITyCU
CyIeH IJIs 3MEHILEeHHSI XBUJIbOBOIO Ta 3arajJlbHOro
onopy. Ilicist BiamoBiAHMX eKCIIEpUMEHTAJIbHUX
JOCJIIKeHb TaKi KOPITyCH MOXHa Oyae peKOMEHIy-
BaTU 111 O€3MiJIOTHUX KaTepiB.

OuiHMMO OuYiKyBaHi 3HaYe€HHSI €KOHOMiu-
HO1 e(eKTUBHOCTIi KaTepa BOHOTOHHAXHICTIO 2 T
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(W=2 M%), mo npubIM3HO BIiAMTOBIZAE ITOJOBUHI
KkputuyHoro o6’ema (10) Tina odepraHHs,

W~ 0,5V, (47)

Ta Ma€ MPUOJIM3HO BABIYI MEHIIWU OMip, HIX TUJIO
o0epTaHHs B HEOOMexXeHOMY moToui. Tomi piBHSIH-
Hs (46) MOKHA TepenucaT y BULJISIIL

uw

I7 =0,118 m* /s, (48)
a (18) Ta (23) TakuM YMHOM:
1 l-a vU?
LY 660, | 49
klam w ! * 2W ( )
2

o |14
k= 0,602,/ 82. 50
W, lam VU3 ( )

Tt mBuakocti U=15m/ctav~1,3-10° m? / s
3 piBHsiHHs (50) oTpuMyeMo K, . =126. 3a xon-
HOTO IJIICYBaHHS O BEPXHi BOAM HE MOXHa JOCSIITH
TaKUX 3HaUY€Hb aepOJMHAMIUHOI e(PEeKTUBHOCTI, OTXKe
k, < k,, , a MAKCUMAJIbHOI KOMEPLIIHOI e(hEKTUBHOC-
Ti 1OCSATaIOTh 32 MaKCUMaJbHO BEJIMKOIO 3HAYEHHS dL.
Takum ymMHOM, Ha KaTepi i3 3a3HAYEHUMM XapaKTe-
PUCTMKAMU HEBMTIIHO BMKOPUCTOBYBAaTU JAMHAMIUHY
MiATPUMKY Baru, a CyaHO 3 HEUTPaIbHOIO TIaBYUiCTIO
o=1 i1 goBxuHow L =159 M (BinnosimHO A0 (48))
MaTHMe KOMEpLiiiHy edeKTuBHicCTh 126 (BimmoBigHO
1o (49)), i1 Moxe HaBiTb 3 BUKOPUCTAHHSIM €JIeK-
TPUYHOIO ABUIYHA HOCSITH manbHOCcTi 1260 kM (31),
npyu LIOMY KOpITyC Ma€ OyTWM JOCUTh BUIOBXKEHUM
(L/D =16,8 BimnosinHo 10 (45)) Ta MOxe OyTH po3pa-
XOBAaHU Ha 3aMOBJIEHHS.
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BucHoBku

PosrnsiHyTo mpuHUMIIM BUOOPY ONTUMATbHUX
(opM KopryciB HA3eMHUX, TTOBITPSIHUX Ta BOAHUX
arnapatiB JJIsl JTIOCSITHEHHSI MaKCUMaJIbHOI Jajib-
HocTi. HaBegeHo ¢opMmynu [1s1 €KOHOMIUHOI
e(eKTUBHOCTI aBTOMOOLTIB, JIiTaKiB, IMOBITPSIHUX
i Mopcbhkux 1aHepiB, KABiB, rBUHTOKpUJIIB, Au-
pykabJiB, KaTepiB i MiABOAHMX YOBHIB, MOKa3aHO
MNPUKIaau BUOOPY ONTUMAJIBHUX XapaKTePUCTUK.

dopMy KOpITyCiB CJiI BHOMpaTH OJIM3HKOIO
JIO 3aIIpOIIOHOBAHMX paHillle Oe3BiIPUBHUX TiJT 00EpP-
TaHHS, 110 MOXYTh OyTH TaKOX PO3paxoBaHi Bilmo-
BiIHO 10 KOHKpeTHUX MoTped. Cig 10TpUMyBaTUCh
MEBHOTO CIiBBIAHOLIEHHS MiX 00’€MOM Ta JOBXM-
HOO KOpIyca, IBUIKICTIO YCTAJIEHOTO PyXy Ta KiHe-
MaTUYHOIO B’SI3KICTIO TIOBITps1 a0o Bomu. Tomdi oro-
pOM Ha KOpIlycax aBTOMOOLIIB, JiTakiB, TJIaHEPIB
i FPV-gpoHiB MOXHa HeXTyBaTH, MOPiBHSIHO 3 OIO-
POM, MOB’SI3aHUM 3 TIATPUMKOIO Baru.

Hageneni mpocti ¢hopMynu cBigyaTh, 110 OIITH-
MaJIbHi Kpuja MaroTb MaTW MaKCHUMaJlbHEe BUIOB-
JKEHHS Ta eKCITyaTyBaTUCh HA MAaKCUMAJIbHO JOITy-
CTUMUX KyTax aTaku. 3 BAKOPUCTaHHSIM LIUX (popmy
MOJAaHO MPUKIAAW PO3PAXyHKIB ONTUMAIbHUX Xa-
PaKTEPUCTUK JIITAKIB i MJIAHEPIB, @ TaKOX MPUKIIAJT
ONTUMAJBLHOTO TiABOJAHOIO amaparTa, 3arpoIroHOBa-
HO TIepCIEeKTUBHY (hOopMy KOpIyca Karepa.

Benuki 3HaueHHST €KOHOMIUHOI €(heKTUBHOC-
Ti BIIKpUBAIOTh MEPCIEKTUBUA TOCITHEHHS BEJIUKOI
JaJIbHOCTI HaBiThb y pa3i 3aCTOCYBaHHS €JIEKTpUY-
HUX JBMUTYHIB, OTpUMaHHSI AajdbHOCTI Bim 410 Km
1o 850 km g gjitakis, 420—750 kM misg KADis,
1o ckuaawThes 3 Bucotu 10 km, 800—1200 xm mist
MiABOOHMX i HaABOAHMX arapaTiB i (paKTMYHO He-
00MEXEeHOro IepeOyBaHHS y IOBITPiI IUPUXKAOIIIB,
1110 KMBJISITbCS COHSTYHOIO €HEpri€Elo.
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I. Nesteruk

SHAPE OPTIMIZATION PRINCIPLES FOR LONG-RANGE UNMANNED VEHICLES

Background. Optimization of unmanned vehicles needs improvement of their shapes in order to reduce aero- or hydrodynamic
drag. In particular, long-range vehicles must have high economical efficiency, i.e. large values of the drag-to-weight ratio. This journal had
published corresponding ideas and formulae several years before. Nevertheless, high interest in unmanned vehicles needs a brief pres-
entation of basic principles and illustrative examples, which can be available for wide groups of engineers and managers.

Objective. The purpose of the paper is to systematize the author’s contribution to the methods of the commercial efficiency
improvement, unseparated bodies of revolution and wings of low drag and to discuss areas of applications for the long-rage terrestrial,
airborne and water vehicles.

Methods. Analytic formulae for the commercial efficiency (obtained before and taking into account the aerodynamic drag on hulls
and the drag connected with the support of the vehicle weight) are used for the laminar and turbulent flow patterns.

Results. A simple relationship between the speed, volume and the hull length of the optimal vehicle providing the laminar flow and
maximum rage was obtained. Froude number ranges for the effective dynamic weight support were determined. Characteristics of optimal
wings for corresponding airplanes and gliders were calculated. An example of the optimal underwater vehicle and a perspective boat hull
shape are presented.

Conclusions. The hull shapes must be similar to the unseparated bodies of revolution, which were proposed before or can be
calculated according to particular needs. The proposed relationship between volume and length of a hull, speed of steady motion and kine-
matic viscosity of air or water has to be used. The elongation and the angle of attack of optimal wings have to be as large as possible. High
values of the commercial efficiency open prospects for achievement of long ranges even with the use of electrical engines, 410-850 km for
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airplanes, 420-750 km for gliding bombs released at the attitude of 10 km, 800-1200 km for underwater and floating boats, and practically
unlimited flight time for airships using solar energy.
Keywords: Unmanned vehicles; range increase; commercial efficiency; unseparated shapes; drag reduction.
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CITIOCIB TH®OPMAIIIITHOT O BIUIVMBY HA ITIOJIITUYHI BIIOTOBAHHA
3A JOIIOMOI'OIO CTBOPEHHA MEAIMHUX KOAJIIIIIN HA OCHOBI C-AJPA

IIpobaemaruka. OTHUM 3 BaXJIMBUX CIOCOOIB TOCSATHEHHS MEBHUX LIJICH Y CY4aCHOMY CBITi € IIIMPOKE BUKOPUCTAHHS
KibeprpocTopy Ta iH¢popMaliiiHOro BILIMBY. BHACIiIOK BUCOKMX TEMMiB PO3BUTKY LM(MPOBUX KOMYHiKallill BimOyBa-
€ThCS iX CepiO3HUI BIUIMB HAa YMCJIEHHI cepU JTIOACHKOI XXKUTTEMISNIBHOCTI, 30KpeMa €KOHOMiUHi, MOJITUYHI IIpolLie-
cu. OcTaHHIM YacoM iH¢opMaliiiHuiI BIUIMB, HANIpUKJIAd, Y TakKux (opmax, sK iHdopMaLliiHMUI BKUA, 3arOCTPEHHS
iH(OMPUBOIIB TOIIO, HA0YBa€E KPUTUYHOTO 3HAYEHHS Ha IOJITUYHI IIPOLIECH BCepenrHi Oyab-sKO01 KpaiHu, 1110 MOXe
CTAaHOBUTHU MpoOJeMU Al Oe3neKu AepKaBu.

Meta pociimkenHsa. MeToio poOOTU € po3poOKa CIriocoOy CTBOpEHHS Koalillii cepen iH(popMaLiiiHUX IKepesa I
3a0e3IeueHHs BIUIMBY Ha MEBHI I'PYMU CYCIIUJILCTBA 3 METOIO JOCSITHEHHS MOJITUYHUX LS.

Metoauka peanizanii. I DOCATHEHHSI METU 3allpONOHOBAHO BUKOPHCTATU IPOCTY TPy SIK MEPEAYMOBY CTBOPEHHS
KoaJlillii; Mmoaia mpuOyTKy, 110 IPYHTYEThCS Ha MOHATTI C-sanpa; apbiTpaxkHoro pimneHHs1 Helra a5 po3B’s13Ky 3amadi
OaraToKpuTepiaJbHOI ONTHUMi3allii.

Pe3yabraTu aocaimkenus. Po3po6iieHO Mojelb BIUIMBY Ha MOJIITUYHI BIOAOOAHHS, B SIKOMY YYaCHUKM, MOJIIEHI Ha
IIBi Tpymny, MalOTh BUTpALI JIUIIE B TOMY BUIIAAKY, KOJIU 00’€IHYIOTHCS B KOadillilo, TOOTO KOOIlepaTUBHA Ipa SIBJISIE
coboro mpocty rpy. Jlo mepiioi rpyny HajlexaTh Mediaakepesa, MisUIbHICTb SIKUX OXOIUIIOE He3HAUYHY KiIbKiCTh JIIO-
neil. JIpyra rpymna MiCTUTh MEOiHUI pecypc iHILIOro XapakTepy. 3a JOIIOMOIOIO0 irpoBoro migxoxy (opmajizoBaHO
OaraToKpuTepiajabHy 3a1ady sl 3HAXOIXKEeHHSI MaKCUMaJbHUX pe3yJIbTaTiB KOXHOI 3 IPYIl Ta 3HAMIEHO ii pO3B’sSI30K.
BucnoBku. Po3po6ieHo Monenb Ijisg CTBOPEeHHS iHdopMallifHOro BIUIMBY Ha IMOJIITUYHI MPOLIECU 32 PaXyHOK iHTerpa-
1ii BU3HAYeHUX iHQOpMALIMHUX JKepes, 110 Ja€E MOXJIMBICTL Ha OCHOBI apOiTpaxkHoro piiieHHs Heia Bupiimtu
3a7a4y ONTUMAJIbLHOTO PO3MOAiy iH(OpMaLiiiHUX pecypcCiB MEOIMHMUX IXKepea 3 HeBEJIMKUM piBHEM BIUIMBY Ha CyC-
MiJILCTBO.

KurouoBi cioBa: iHdopmalliiiH1il BIUIMB; KOaJillisl; ONTUMaIbHUM po3Moaia pecypciB; C-sapo; KoolepaTuBHa Ipa.

Beryn

OmHUM 3 BaXJIMBUX CIIOCOOIB JOCSITHEHHS
MHEeBHUX LIJIell y Cy4acHOMY CBiTi € IIMPOKE BU-
KOpUCTaHHS KibeprmpocTopy Ta iH(popMaliiiHO-
ro BIUIMBY. BHacCligoK BHMCOKMX TEMIIiB PO3BUTKY
1¢poBUX KOMYHiKaliil BimOyBaeTbcsl iX cepiio3-
HUI BIUIMB Ha YMCJIEHHI chepu JTIOAChKOI XKUTTEMi-
SIJIBHOCTI, 30KpeMa, €KOHOMiYHi, IOJITUYHI mpolie-
cu [1, 2]. OctaHHiM yacoM iH(pOpMaLiiiHUIi BIUIUB,
HaIpuKIam, y Takux dopmax, sIK iHGopMaLiiHUi
BKUJ, 3arOCTPEHHS iH(OINPUBOAIB TOLIO, HAOyBa€e
KPUTUYHOTIO 3HAYEHHSI Ha MOJITUYHI IPOLIeCU BCe-
penuHi Oynb-sIKOI KpaiHM, 110 MOXE CTaHOBUTU
npobJjieMu st 0e3rneku aepxasu [3].

OueBuAHO, 1O K i Oyab-sika cdepa XKUTTE-
TiSITIbHOCTI, (DYHKIIIOHYBaHHS ITOJIITUYHUX MpPOLe-
ciB Tepenbadyae BUKOPUCTAHHSI MEBHUX PECYpCIB.
BoHu MOXYTb MaT pi3HUI XapakTep, HapUKJIamd;
(biHaHCOBI, JNIOACHKiI, KOMYHiKalliliHi TOIIO, MPOTe
IXHbOIO OCHOBHOIO CIIJIBHOIO MPOOJIEMOIO0 € 00OMe-
KeHicTh [4]. He3Baxkatoun Ha Te, 110 MOJITUYHUIA
MIpolleC BUMAara€ iHOMi JOCUTh BEJIMKOI KiJIbKOCTI
pecypciB, y 1iii cepi AisIbHOCTI 3Ae¢0ibIIOTO Baa-
€TbCS HEMPSIMUM CITOCOOOM BUKOPUCTATU PE3YJib-
TaTU iHIIMX YYACHUKIB LILOTO IIPOLECY, CYTTEBO Mi-
HiMi3yIO4M BJIACHI BUTpaTU. 3BiICM BUHUKAE 3a1a4ya
OINTUMAJIBHOTO PO3IIOAiNLY PecypciB 3 000B’I3KOBUM
ypaxyBaHHSIM crieliu(iky TMEeBHUX AacIeKTiB MoJi-
TUYHOI AisIbHOCTI [4, 5].

Ilpono3uuiss nas muryBanHsa miei crarrti: [.M. Tepemenko, A.B. Muponeup, “Croci6 iH(opmaliiiHOro BILIUBY
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BpaxoBylouu BaXJMBICTb Takoi HisIbHOCTI
Yy CYCHJIbCTBI, SIK MOJITUYHY, OCOOJIMBO B KPUTUY-
Hi MOMEHTHM MJIsI AepKaBU, Ta HEOOXiMHICTb ii BU-
CBITJIEHHSI, MOXHA PO3MISAaTH MediiiHy cdepy sk
NpuBabJUBY rajly3b JJisl iHBECTYBaHHS 3 METOIO J10-
CSTHEHHS Oibluoro iHgopMauiiHoro BruBy. Crig
3ayBaXKUTHU, 10 3 KPUTEPiiB e(PeKTUBHOCTI iH(pOp-
MalilfHOro BIUIMBY € YTPUMMAaHHS TE€BHOI ayJauTOpii
B CBOeMy iHdopmaliiiHoMy mnojii. TakuM 4YhHOM,
TaKMi YMHHUK, SK JIIOACbKUIA (hakTop, MpPU3BO-
JIUTh 10 KOHKYpEHLii Ta KOHQJIIKTIB y MOJITUUHIA
JisUTbHOCTI. 3BiJICM HaBiTh 32 YMOBM OINTHUMAaJbHO-
ro po3Mojily pecypciB BUHUKAIOTb JOCUTH BEJIMKI
PU3UKH, 1110 MOXYTb OYTU CIIPUYUHEHI MOXJIMBUM
iIMOBIpHICHMM XapaKTepOM MOBEIiHKM CaMUX JIO-
Jleil yepe3 BIUIMB KOHKYPEHTIB, COliajibHi, €KOHO-
MiuHi TIpo0GsieMHy TOI10. 3BaXKalouu Ha 1€, JIOTIYHO
po3risiiaTu JBa CHOCcoOW BUPILIEHHS MpobyiemMu
pusukiB. [lepmnii nojsirae y 3HaXoXKeHHi JxXepe-
Jla 30UIbIIIEHHSI CBOIX BJACHUX PECypciB, a APYrui
MOB’SI3aHMI 3 TIOLIIYKOM COIO3HMKIB, 11100 3a0111aan-
TU CBOI PECYpCHM Ta MaTW MOXJIMBICTb iX Oiblll pa-
LiOHAJIbHO BUKOPUCTOBYBaTU. BuOupawouu gpyruii
crnocio s po3B’sI3yBaHHS 3a/1adi, BAPTO CKOpUCTa-
TUCSI TEOPI€IO irop SIK OOHUM i3 3pYYHUX IHCTPY-
MEHTIB JUISl MOJICJIIOBAaHHSI KOHKYPEHTHO1 00pOTHOU
[6, 7] 3 ypaxyBaHHSIM MepepaxOBaHUX BHILE YMOB.

V crarTi 3anpomoHOBAHO CIIOCIO yTpMMAaHHS
MOJIITUMHUX YTNOA00aHb Y TMEBHOMY iH(opMalliii-
HOMY MOJIi 32 paXyHOK KooTepallii, sKa IpYHTYEThb-
cs Ha BUKopucTaHHi C-sapa. PosrisHyTo 3amgauy
OINTUMAJIbHOTO PO3MOJLIY PECYPCiB [JIs1 OpraHizaliii
iH(popMalliiHOTO BIJIMBY 32 YMOBU OOMEXEHOTO
o0csry (iHaHCyBaHHSI.

ITocTanoBka 3amaui

Po3pobutn KOMIUIEKCHUIT METOH Koorepallii
Ta KOOpAMHALIl JisUIbHOCTI iH(oOpMaLliiHUX JIKe-
pes [is 1ijlecripssMOBaHOTO BIUIMBY Ha BU3HAUYE€HIi
COlliaJIbHI TPYINM 3 METOl0 peajizalii MOJiTUYHUX
3aBIaHb.

ITo6ynoBa
MpUBOIB

nepcneKTUBHUX  iH(opManiiHmx

MenianpocTip CKJIAAa€TbCsl 3 PiZHOMAHITHUX
MPOLECIB, KOXEH 3 SKUX MAa€E CBOIO aKTyaJIbHICTb,
3HAYYLLICTh, TPUBAJIICTh TOI0. Byab-sIKMi1 ydyaCHUK
MOJIITUMHOTO TMPOLIECY HAMAra€ThbCs MPOCYHYTU ab0
BUKOPHUCTATU HasiBHY iH(MOpMaliiiHy MOBICTKY IS
JIOCSITHEHHSI CBOIX LiJiei. 3a YMOBU PiZHUX MOXJIU-
BOCTEI 1100 HASIBHUX PECYPCIB I MPOIOBXEHHS

MHOJITAUYHOI 00pOTHOU, TE€, IO € ONTUMAIILHUM JIJIsI
BEJIMKMX BilOMUX MapTiii, MOXe OyTU HEONTUMaJsb-
HUM IS ApiOHUX MapTiil, SIKi MalOTh HEBEJIUKUI
0o0csr (iHaHCYBaHHSI.

PosrisiHeMo nipeAacTaBHKUKA MOJITUYHOIO TPO-
Hecy 3 OOMEXXEHMM OOCSIroM KOIITIB MOPIBHSIHO
3 IHIIMMU KOHKYpeHTaMu. [lJ1si OTprMaHHS rojiociB
BUOOpPIIIB BKa3aHUI MNPEACTaBHUK IiHBECTYE B iH-
dopmauiiHuil pecypc, SIKMiA Ma€ PO3MOBCIOIXKYBa-
TU 11Oro HapaTUBHU. 3BaXKalouu HA OOMEXEHICThb (hi-
HaHCYyBaHHsI, HEoOXigHO BuOMpaTu iH(OpMaLiliHi
MNPUBOJU, TPOCYBAHHS SIKUX HE MPU3BOIUTH 10 Be-
JINKUX BUTpaT.

3Biacu mepeayciM Tpeda IpoaHasizyBaTv IO-
TOYHMIA CTaH iHQOpMaliiHOT MOBICTKU CYCITiJIbCTBA.
Hocnimkyoun NpyuBOAM, CJiA BigiOpatu Ti, Ha SKi
BapTO 3BEPHYTM yBary 3 IMOTJSIY MOXJIMBOCTI 1X
BUKOPUCTaHHS. Bu3HaunMo (QyHKIIiIO 3 eMITipUYHO
nigiopaHumu KoedilieHTaMu, sika Oyae BU3HA4YaTu
MNEPCHEKTUBHICTb iH(pOPMaLIiiIHOrO MPUBOLY 3 €S-
KO0 MMOBIpHICTIO, Y BUIJISIAI MOAU(DIKOBAHOT CUT-
MOIIU:

1
f(x) = W-

(1)

3a 10IroMorow Takoi (YHKIIT MPOMOHYETh-
csl MOAIIUTUA MPUBOAU HA Tpu rpynu. o mepiuoi
TPYIIM BXOISTh Ti, IPOCYBAHHS SIKMX € HEOOTSIK-
JIMBUM, IIPOTE IXHSI 3HAYMMICTb IJISI CYCHLJILCTBA
€ He3HayHolo. TpeTs rpymna, HaBMaku, € MOBHOIO
OPOTUJICXKHICTIO mepiuoi. Binbll npuBabIMBUMU
IJIsT iHBECTYBaHHS 3 HAILIOI'O IOIJIsIAY € iHgopma-
LiiHI IPUBOAM OPYroi I'PYHHU, SIKi MalOTh CEPEIHIO
BapTicTh 1 NMPUOJM3HO X TaKOro piBHS HMOBIp-
HiCTb y NepcrekTuBi. [ pyHTyounch Ha poboTi [3]
OyJi0 1TOOYI0BaHO MMOBIPHICHY (PYHKIIiIO 1JISI BU-
3HAYEHHS MEPCIEKTUBHOCTI iHPOpMaLiiHUX TIPpU-
BOJIB.

CrBOpeHHs Koarimii

Ilicnst 3HAXOMXEHHsST MHOXWMHU IIPUBOIIB
BiIOyBa€eThCcsl (DOpMyBaHHsI KoaJillil 3a ydacTi iH-
dopmaLiiHUX DKepesl TaKMM UYWHOM, 100 JIuIle
3a HAsSIBHOCTI HAIIOro JKepesa Koallilis Oyja BU-
rpaiiHoo. IHakille KaxXydu, pOo3irpyeThbCsl IIPOCTa
rpa, je Haill rpaBelpb € BeayuuM. Ilpointoctpyemo
1e B Tabm. 1.

Tabauys 1. Burnsa BUrpaiHoi Koamimii

A a,
B 0 0 b,

N}

=
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Y T1abn. 1 B — nam indopmauiiinuii pecypc;
A — MHOXMHA iHIWMX jxeper. Tyr a, i=1n —
KiJIbKIiCTh JIIOI€H, sIKi BUOMpPAIOTh i-T€ JXKEpeso,
npudomy @, na; =0 3a i # j. Pecypc B moxe Oytn
IIEBHOIO Meniadiryporo, BIUIMB SIKOI BU3HAYAETHCS
YUCJIOBUM 3HAYCHHSAM b, j=1,m TakuM YMHOM.
IMin yac B3aemopii b; i @; KUTbKICTh YWICHIB CYCITiTb-
CTBa, 110 CTalOTh HAIUUMU CHIIBHUMM TTPUXUTIbHU-
KaMU, BU3HAYAETHCS sIK b, Na; .

3 MEeTOI0 YTPUMMaHHS BCiX YJEHIB Koasilil BU-
KopucTaeMo Takuii noaii, sik C-snpo. Haragaemo,
11100 Mol X KoomnepaTuBHOI rpu (I, v) Hajexasn ii
C-aapy, HEOOXiTHO i 1OCTaTHbO, 11100 /151 Oyab-51KOL
KoaJilii S BUKoHyBasiacsl piBHiCTb: Xx(5) > v(S).

MHoX1Ha A CKJIaNa€EThCs 3 M1 IXKEepesi, a MHO-
XuHa B — 3 m pecypciB. Hagani HaBegeMo mpu-
knan, ne A=6, B=4. Po3rngmatuMemMo yci MOX-
JIUBI Taki BUAM Koaniiuiii: 1) yci KombOiHauii 1o
nBa 3 A ta b,; 2) yci koMmOiHauii no tpu 3 A ta b,;
3) yci koMmOiHauii 1o yotupu 3 4 ta by; 4) yci kom-
6iHauii o w’'aTe 3 A Ta b,. Ciig 3a3Ha4nTH, LIO MO-
PSIOK PO3MIlLIEHHSI €J1€MEHTIB He Ma€ 3HAYeHHs,
ToOTO, Hampukiuan, (a,, a,, b) T1a (a, a,, b) —
e onHa M Ta cama koaniuid. ITicis ¢popmyBaHHS
KoaJliLliil Uit KOXXHOI 3 HUX PO3PaXOBYETHCS MOJILT
Ha ocHoBi C-simpa.

Haiti 1mo3HauMMoO pe3yjabTaTh Ha JeKapTOBii
riowuHi. [To BepTukanbHiil oci u, 3a3HaYa€MO MpuU-
OyTKHM 110 BCiX Koamiuiax wist b, j =1,m. I1o ropu-
30HTAJIbHINA OCi 4, 3a3HAYAEMO BAXJIUBICTb KOXHOI
KoaJiliii S, 1110 00YUCIIOETHCS 3TiIHO 3 (DOPMYJIOIO

1

——— > a.. CeHC BaXJIMBOCTI ITIOJIAITAE B TOMY,
min ¢, {3
1€,

1

1O SIKIIO KiNIbKIiCTh @,, SIKi BXOISATh 10 Koamiuii .S,
He AyXe BiIpi3HSIOThCS BiJi 3HAYEHHS BaXKJIMBOCTI,
TO MOXHa 3pOOUTH BUCHOBOK, 1110 B KOHKPETHOMY
BUITIAJKY 3HAYEHHS @; TAKOX HE MAIOTh BEJIMKUX Bill-
MIHHOCTEN OIHe BiJ ogHOro. B mpoTuie:kHOMYy BU-
TMaJKy OIHE YU JIEKUIbKA @, 3HAYHO MEHII 3a iHILI.
Hamoro MeToro € CTBOpEeHHS TaKol KoaJillii, Ie Mmo-
pPy4 3 CUJIbHUMMU TPaBLSIMU € TaKOX CJIa0Ki.

TakuM 4yMHOM, Tpeba 3HAMTU PO3B’SI30K 3a-
Jadyi JBOKPUTEPiasibHOI ONTUMI3allii, Je TeplIuid
rpaBellb HaMara€TbCsd MaKCUMi3yBaTh 3HAYCHHS
BaXJIMBOCTi, a JPYrMii rpaBelb — MaKCHUMIi3yBaTH
CBili TTOHi1 MpUOYTKY B IEeBHiN KoaJilii. 3acTocye-
MO JUIsl PO3B’sI3aHHSI JBOKPUTEpPiaibHOI 3aaa4i ap-
OiTpaxkHe pimreHHs1 Heia. B pe3ynbraTi ogep:Xumo
OINTUMAaJIbHI 3HAYEHHS BaXKJIMBOCTI KOAIilii, ITOILT
NpuOyTKY APYroro rpaBLsl Y Hili, a TAKOX, 3 KOO
YacTOTOIO BUKOPMCTOBYBATU Ti UM iHIII KOaJillii.

Baninanis coco0y

Maemo aBi MHOXMHU: B — Haiu iHpopmallii-
HU pecypc, A — MHOXWHA ILIECTU iHIIMX JKepeJ.
Hns enemMeHTiB MHOXWHU A MOTPiOHO TpoaHai-
3yBaTM NOTOYHMII cTaH iH(OpMaLIiiiHOI ITOBICTKM
cycninbeTBa. g (yHKLiS BU3HAUaTMME Tepcriek-
TUBHICTh KOXHOTO HasiBHOTO iH(ONMpPUBOAY 3 MEB-
HOIO MMOBIpHiCTIO. 3aJaMo 110 (PYHKIIiIO Y BUTJISII
moaudikoBaHoi curmoinu (puc. 1).
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AK pe3yabrar, 3 BUKOPUCTAHHSIM DPiBHSIHHS
(I) Maemo Taki po3mexyBaHHsSI iHdOpMaLiiHUX
MNPUBOJIB: 0 TEpIIoi I'PyNnu BXOASTh Ti, MPOCY-
BaHHS SIKUX € JOCTaTHbO JIETKUM, OJIHAaK i 3Ha-
YyILIiCTh JJISI CYCIIUJIBCTBA € He3HauHow. TpeTs
rpyna — TpoTWiexHa Tepiuiidi. dertajbHO po3-
mIstHeMo iHdopMaliiiHi MpuBOAU IpPYyroi rpymu,
110 mepedyBaroTh B 00JaCTi MPSIMOKYTHUKA: BOHU
€ CepelHiMM 3a BapTiCTIO i MPUOJM3HO XX TaKOro
piBHS IMOBipHICTb y TiepcriekTuBi. Cepel HassBHUX
iH(opMaLiiiHUX NPUBOAIB 3 Apyroi rpynu odepe-
MO HaKOiIbII BOaJuii iHMOIPUBIL 3a JOIIOMOTOIO
Takoi (yHKUil BUOOpPY, SIKYy OYJ0 BUKOPUCTAHO
B pobori [5]:

w(Rw,, Hw,)) =

_ (R—TWJ A2HW)-05), @

ne (R,w,, H(w,)) — ycniwHicTb k-ro iHdopmariii-
HOro mpuBoay; R — 3arajibHa KiJIbKiCTb pecypciB
JoKepena; w, — 1iHa k-ro iHhOopMaliitHOTO TIPUBOLY;
H(w,) — HAMOBIPHOCTI YyCHilIHOCTI k-ro iH(opma-
HiAHOTO TPUBOAY.

Toni mpointocTpyeMo Taki pe3yabTaTv Jisl
KOXXHOTO JKepesja MHOXUHU A OKpeMo, sIKi OTpu-
Majiu 3a J0MOMOror (2), OCKiJIbKM KOXEH 3 HUX
Mae€ pi3Hi iHpopMaliiiHi MpUBOAW 3 PiI3HUMM 1li-
HaMH, a TaKOX Pi3HYy 3arajbHy KiJIbKICTh PECYpCiB
(puc. 2—7).
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EpexTUBHICTb iIH(hONpUBOAY
o = o = e o o
~N w e w o ~ =]
s L s L L n L
&

=]
—
1

o
=]
L

20 40 60 80 100
UiHa ingonpusoay

Puc. 6. EdextuBHICTh iH(OPMALITHAX TIPUBOIIB IT’TOTO JKEpesia
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Puc. 7. EdekTuBHICTh iH(MOpPMALIIITHIX TPUBOIIB IIIOCTOTO KE-
pena

TakyM 4YMHOM, IPYHTYIOUMCh Ha OTPUMaHMX
pe3yibTaTtax BMIIE, MAEMO: IJISI TIEPIIOTO IKepesia
yuciaose 3HaueHHs 500, st Apyroro mxepena —
590, nns tperboro gxepena — 270, 1jis 4ETBEPTOTO
mkepena — 690, wis m’sitoro mkepeiaa — 800, mis
moctoro maxepeiaa — 860. MopMyeMo BCi MOXKIIHBI
Koautinii, gKi OyayTh MICTUTU Hall iHGopMaLiiiHui
pecypc 3 iHIMMuU akepeiamu. Kpim 1poro, gomart-
KOBO IOTPiOHO HAKJIACTM YMOBY Ha MaKCUMAaJIbHY
KUIBKICTh YYaCHUKIB, SIKi MOXYTh BXOOUTU B OIHY
KOaJillilo, OCKIJIbKU 3aHaATO BeJIMKA KiJIbKICTh HE €
JIOCTaTHLO e(eKTUBHOW0. B 11bOMY BUNAAKy MaKCH-
MaJibHa KiJIbKiCTh WIEHIB KOoailil — 5: Hai iH(pop-
MaliiiHu pecypc b Ta 4 iHmux mxepeia. B Takomy
pa3i MaeEMO TaKi MOXKJIMBI KOaJIiLlii:

1) Ham pecypc, SKMIA JII TaKOro THILY
Koamiuiin mopiBHioe 1000, Ta 2 iHIIMX mDXepesa:

(als ay, b), (als as, b), (als ay, b), (als as, b), (als 3 b)
TOIIO;

2) Halll pecypc, SIKMI /11 TAKOTO TUITY KOATiLlii
nopiBHwoe 1700, Ta 3 iHwmx mxepena: (a,, a,, a,, b),
(als y, Gy, b), (ala @, as, b), (als ay, g, b) TOWIO,

3) Hau pecypc, AKMid sl TaKOro TUITYy KoaJli-
uiit nopisHioe 2500, Ta 4 iHwuX axepena: (a,, a,, as,
a, b), (a,, a,, ay, as, b), (a,, a,, a,, ag, b), TOLLO;

4) Halll pecypc, SIKWMI i1 TaKOTO TUITY KOoasli-
uiit nopiBHwoe 3000, ta 5 iHWwMX qxKepen: (a,, a,, as,
a,, as, b), (a,, a,, a;, a,, a;, b) TOWIO.

11 KOXKHOT 3 OTpUMaHUX KOaJlilliii po3paxye-
MO MoJiJ1 Ha ocHOBI C-sipa.

V pesynbtaTi noiuyky C-siipa OTpUMYEMO pe-
3yJIbTaT, IKU 300paXkeHo Ha puc. 8.

Ha puc. 8, nanpuxian (3, 4, 6) — Lie KoaiList
4,5, 6 mxepes 3 MHOXWHA A, Ta BiANOBIZHO HAIIO-
ro iHdopMaliiiHOro pecypcy.

BHacnigok 1poro oTpuMmyeMo MeBHY Oararo-
rpaHHY MHOXWHY, B SIKiii BUALIsiEMO MHOXUHY Ila-
peTO-ONTUMAJIbHUX BUXIIHUX PE3yJIbTaTiB, iHAKIIIE
KaXXy4d MiBHIYHO-CXiIHY MeEXYy, sIka Oyae MaTu BU-
IS, SIKMiA 300pakeHo Ha puc. 9.

BinnoBimHO MaeMO Taki ABi MaTpUYHI IpU:

(6,88 3,41 2,08 2,18 3)
« (11,56 11,19 3,96 11,89
1710 1292 660 90
r, = . 4)
450 830 70 810

YV mpomeci po3B’SI3Ky METOIOM apOiTpaxK-
Horo pileHHs Hella obupaeMo 1Bi KpailHi TOUKH,
acame (1, 2, 4,5, 6) ta (1, 2, 3, 5, 6), o mepe-
OyBalOThb Ha MiBHIYHO-CXiHI MeXi, 1 OTpUMyEMO
TaKy CUCTEMY PiBHSIHb:

u
204,
u -ul = const

ul =6.13 -

Tyr u, =u +v,; u,=u,+v,, e v,, v, — Bil-
MOBIAHO IIiHM irop y MilllaHUX CTpaTerisxX Ijs Ma-
TpuuHUX irop (3) Ta (4). OTpuMy€EMO TaKi pO3B’SI3KU:
=4.57, u,,, =319.

ul onm

TakuM 4YMHOM, ONTUMAaJIBHOI BaXXJIUBICTIO
Koauiuii o6yne 4,57, pu LbOMY ONTUMAaJbHA KiJlb-
KiCTb WIEHIB CYCIIiJIbCTBA, IO CTalOTh HAlIMMU
MPUXUIBHUKAMU CTAaHOBUTH 319.

JIJ1s1 MOCSITHEHHS 3HAIEHOrO0 ONTUMYMY HE00-
XigHo BHKopucTatu Koaiuito (1, 2, 4, 5, 6) 3 yacro-
toro 0,62, Ta koaniwio (1, 2, 3, 5, 6) 3 yacroroio 0,38.
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BucHoBku

V wiii cratti po3pobieHO MOIeb BILUIMBY
Ha MOJIITUYHI BIIOJOOAHHSI CYCIIILCTBA, pealilallis
SIKOTO I'PYHTYETBCSI Ha MOOYIOBi Koadillil Ha MHO-
KWHI iHpopMaLiliHUX Kepe, sSIKi MaloTh BiIHOC-
HO HEBEJMKUI BIUIMB Ha ayauTopito. s KoxXHOro
JKepesa OO0YMCIEHO OINTMMabHI iH(GOpMaLiliHi
MPUBOIM, TMPOCYBAaHHSI SIKMX HE MOTpeOye Besu-
KMX BUTpAT i MOTEHLIiIHHO MOXE MPUHECTU JTOCUTh
HeroraHi pesyabTaTu. OcoOJUBICTIO € Te, 1110 PO3-
MISAAI0THCS JIMILIE TTPOCTi KOONEpaTUBHI irpu, TOMY
JI0 yBaru B3STO JIMIE BMTIpalllHi Koasillii, Mpuyo-
My OIVH 3 YYaCHUWKIB 3aBXIU € BEIy4YUM TpaBIECM.

CriliKicTb KoaJillil 0yj10 3a0e31euyeHO BUKOPUCTaH-
HsIM Takoro mnoainy, ik C-sapo.

IIpoGiemy posmnoaity iH(popMaLiiiHUX pecypciB
OyJ10 3BEeIEHO JI0 3a/1a4i ABOKPUTEpiaIbHOI ONTUMI3a-
i, e OMHUM 3 KPUTEPIiB € KiIbKiCHA XapaKTepuc-
THKa BIUIMBY KOAJillil, @ B SIKOCTi IPYroro KpUTepito
B3TO BaxKJIMBICTh Koajiuii. I molyKy po3B’s3Ky
i€l 3aga4i OyJI0 BUKOPUCTAHO apOiTpaxkHe pillieHHS
Hema.

ITpoBegeHO  KOMITIOTEPHUIA  €KCIIEPUMEHT
3 PO3paxyHKy 3MOJEJIbOBAHOIO IMpOLECY, SIKUN
MiATBEPAMB, 11O 3alPOINOHOBAHUKN irpOBUIA MiAXis
A€ MOXKJIMBICTb MPaKTUYHOTO 3aCTOCYBaHHS ISl
PpO3B’sI3yBaHHS peaibHUX 3a]a4.
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I.M. Tereshchenko, A.V. Myronets

THE METHOD OF INFORMATIONAL INFLUENCE ON POLITICAL PREFERENCES THROUGH THE CREATION OF MEDIA
COALITIONS BASED ON C-CORE

Background. One of the important ways to achieve certain goals in the modern world is the wide use of cyberspace and information
influence. As a result of the high rate of development of digital communications, they have a serious impact on numerous spheres of
human life, in particular, economic and political processes. Recently, information influence, for example, in such forms as information
injection, sharpening of information drives, etc., is gaining critical importance on political processes inside any country, which can pose
problems for the security of the state.

Objective. The purpose of the work is to develop a way to create a coalition among information sources to ensure influence on
certain groups of society in order to achieve political goals.

Methods. To achieve the goal, it is proposed to use a simple game as a prerequisite for creating a coalition; profit sharing based
on the C-core concept; of the Nash arbitrage decision for solving the multi-criteria optimization problem.

Results. A model of influence on political preferences has been developed, in which participants divided into two groups have gains
only if they join a coalition, i.e., the cooperative game is a simple game. The first group includes media sources whose activities influence
a small number of people. The second group contains a media resource of a different nature. With the help of a game approach, a multi-
criteria problem was formalized with the selection of the maximum results of each of the groups and its solution was found.

Conclusions. A model has been developed for creating informational influence on political processes due to the integration of
certain information sources, which makes it possible to solve the problem of optimal distribution of information resources of media sources
with a small level of influence on society, based on the Nash arbitration decision.

Keywords: information influence; coalition; optimal allocation of resources; C-kernel; cooperative game.
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ITPO MOXKJIUBOCTI 3ATYYEHHA ®OTOKATAJIITUIHUX METOIIB
[0 IICJIABOEHHOI PEMENIAIIII TEPUTOPIN YKPAIHUA

IIpodaemaruka. ®orokatanitnuni (PK) Meronu MaroTh MEPCIEKTUBU 3aCTOCYBAHHSI B OUMILIEHHI Ta 3He3apaXkKeHHi
JIOBKIJUISL Bil OpraHivHMX CHOJYK, SIKi 3a0pyIHIOIOTH TepUTOPil0 YKpaiHU BHACIIAOK BOEHHUX Aili — BUOYXOBMX pe-
YOBMH, 0OMOBUX OTPYHHUX PEUYOBMH XiMiYHOI 30poi, MaJMBHO-MACTUJIbHUX MaTepialiB, 30yaIHUKIB XBOpOO y BOMi Ta
y IPYHTI; IJIs1 Aerpanaiii MiKpoIuIaCTUKY TOLLO.

Merta pociimpkennsa. MeToio poboTy 0yJio CUCTeMaTU3yBaTU HasIBHI JaHi 100 MOXJIMBOCTI 3acTocyBaHHsI DK-MeTo-
IiB JJ1s1 IOBOEHHOI peMeiallii Ta BiIHOBAEHHSI TEPUTOPIii YKpaiHu.

MeTtoauka peadizamii. /locimkeHo cTaH mpoOJieMy il BAKOPHUCTAHO BIACHUI TOPOOOK IS OLIiHIOBAHHST MOXKJIMBOCTEM
MPOrPEeCUBHUX METO/IB OKMCHEHHSI, TakuxX 1K MK, y BiTHOBJICHHI €KOCUCTEM IiC/IsI BOEHHUX JIiil.

PesyabraTtu nocaimkenns. [lokazaHo 3matHicTh poTokaraiizaropiB Ha ocHoBi TiO, 10 MOBHOI MiHepani3alii TpUHi-
TPOTOJIYOJIy, HEPBOBO-TMAPaJiTUUHUX areHTiB Ta iX MOAEIbHUX CIIOJIYK, MOJiapOMaTUYHUX BYIJIEBOAHIB, MiKPOILJIACTU -
Ky, 3HELIKOMKEHHSI HeOe3MeUHNX MiKpoopraHiaMiB. BuokpeMaeHO NMepCcneKTUBHICTh TEeXHOJIOTil BiIMUBAHHS I'PYHTIB
po3urMHaMu MoBepxHeBo-akTUBHUX peuoBUH (ITAP) i koMmieKcoHiB (xelaTylounx areHTiB) i3 HACTYIIHOIO MOCiI0B-
Hoto DK-miHepanizalielo opraHiuHuUX 3a0pyAHIOBAuYiB Ta afAcOpPOLITHMM BUAAJICHHSIM BaXKKUX MeTalliB. BumizeHo
iHIII BapTi yBarm METOAM — MPOLIECHM Ha OCHOBI peakiii MeHTOHA (3BUYAHUIL, eJIeKTpOKATATITUUHUIA, (DOTOKATAIIi~
npobJieMaTUKM BiTHOBJIEHHS TEPUTOPIl ITiC/IsT BOEHHUX Jiid.

BucnoBkn. HakonuyeHo 3HaYHMII eKCIIepUMMEHTAJIbHUI MaTepiajl BAKOPUCTaHHs (DOTOKATali3y Ta iHIIMX IepeIoBUX
MPOLIECIB OKMCHEHHST B J1aOOPAaTOPHUX YMOBax, OJHAK IMPaKTUYHE 3aCTOCYBaHHS MPOCYBAETHCS AOCHUTH TMOBIIBHO.
IToTpebyioTh BUpillieHHS TIPO0IeMU €eKOHOMIKY Ta €eHEProBUTPAT HAa CTBOPEHHS BUIIPOMiIHEHHS. YTiM, e(peKTUBHICTb y
mnpoluecax 3HEIIKOMKEHHSI BUOYXOBUX PEYOBUH Ta OTPYMHMX PEUOBMH XiMiUHOI 30poi HOBeIM TaKi ¢hoTOKaTaIizaTopu,
SIK TUTAH IiOKCUJ Ta KOMIIO3UTU Ha 1oro ocHoBi. Cepel yMOB YCIIIIHOIO 3aCTOCYBAaHHS € BiTHOCHO HU3bKUI CTYIiHb
3a0pyIHEeHHS (MeHIe 2 T/J1) CTiYHUX Boj, ToMY 3actocyBaHHs DK-MeTomiB i pemeialiii TepUTOpiil € JOLIBHUM Ha
CcTafisgx aoouuilneHHs. Tpeba 3MiliCHUTH oNTUMIi3allilo MiIKIaaAKy s (pOoTOKaTaai3aTopiB, 110 JOMOMOXKE BUPILLIUTU
npobyieMy cTabiIbHOCTI I MacIITaOyBaHHSI TEXHOJIOTI.

Kuniouosi cioBa: nicjisiBoeHHe BiAHOBIEHHS TepuTopiii; dhorokaraiis; TiO,.

Beryn

BiitHa mae pyiiHiBHUI BIUIMB Ha HABKOJIMUILIHE
CepeloBUllE, 30KpeMa BilOYBA€TbCSl pPYyHHYBaHHS
MNPOMUCJIOBUX MiAMPUEMCTB, OYIUHKIB, iH(PpaCTpyK-
TYPU, CUIBCBKOTOCIIONAPCHKUX VYTilb TOILO YHAC-
JIiTOK BUKOPUCTaHHSI 30pOi MacoBOrO YypaXKeHHSI.
Ile cnpuuuHse aHOMaJIbHI 3a0pyJIHEHHS Ta €KOJIO-
riyHi KaractpodiuHi siBMLIA, 1110 MOXYTb 30epiraTu-
sl 11l JIOBIO TIic/1sl 3aKiHYEHHsI BOEHHUX [iid. JloBro-
TEPMiHOBI e(heKTH Ta BIUIMBU IS BiiHU B YKpaiHi
Hapasi 3aIMIalThes HeBimoMumu [1]. BinHoBIEeHHS

TepUTOPiil HallOi IepKaBu, MOCTPAXKIAIMX BiJ aK-
TUBHUX BOEHHMX JIili, BUMAra€e peTeJbHOro aHaji3y
HassBHOTO JOCBidy, WOro ompaupoBaHHSI Ta BIIPO-
Ba/PKEHHSI HOBUX ITiIXOMIB. ¥ 4Yac aKTMBHOI yBaru
JI0 CTaHy HaBKOJIMIIHBbOTO CEPeIOBMIIA, PO3BUTKY
napajaurMy 3eJIieHOI eKOHOMiKM METOJ0JIO0Tisl 3aX0-
JIiB Ma€ BiJIMOBiIaTU Cy4aCHUM BHMOTIaM.

ITocTanoBka 3amaui

BuokpemieHHS TiepedoBUX OKMCHIOBAJIBHUX
npoueciB (ITOIT), 3okpema DK, € BiTHOCHO HOBUM
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SIBULLIEM y Haylli il TexHosorisix. BitoMo, 1110 BUKO-
PUCTAHHSI COHSIUHOTO CBITJIa SIK BiIHOBJIIOBAJIBHOIO
JIKepesia eHeprili Mae HU3KY Oe33allepeuyHux IepeBar.
VTiMm, HaTerep ory0J1iKOBaHO HEJOCTATHIO KiIbKICTh
pOOIT i3 TIpobaeMaTUKX peMeniallii TEpUTOopiiA MeTo-
namu TTOTII. AkTyanbHUM € y3araabHEHHSI MOXJIM-
BOCTell (poTOKaTai3y i3 cy4acHOI HAyKOBOI TOYKM
30py. 3anyyeHHs (pOoTOKaTaIi3y I/l 3HELIKOMKEHHS
3a0pyaHEHb ITiCJIsI TIPUITMHEHHSI BOEHHUX il € HO-
BITHIM Ta MEPCIEKTUBHUM ITiAXOIOM.

ITing gac 3actocyBanust [TOI1 BUKOpHUCTOBYIOTh
€KOJIOTIYHO YMCTi, OOHAK BiTHOCHO MOPOTi pearcH-
™ (030H, rigmporeH nepokcun, Fe(Il) Tomo). Ilepe-
Barn @K-sapianta [1OI1 momdraioTh y MOXIHUBO-
CTi 6araTopa3oBOro BUKOPMCTAHHS Ta pereHeparii
KatanizaTopa. Ilpu mpomy HeoOXigHO 3a0e3meYnuT
BIAITOBIAHICTh TTO3MIIII €HEPreTUYHUX 30H MPOBiI-
HOCTi Ta BaJICHTHOI 30HM (poToKaTajizaTopa i pe-
JIOKC-TIOTeHLialiB Aerpajauii opraHiyHol peYyoOBU-
HU-3a0pyaHIOBaya, 110 YMOXJIMBIIIOE HaIlpaBIeHUH
cuHTe3 abo BUOip poToKaraizaTopa aJis Aerpaialiii
KOHKPETHOI'O MPOIYKTYy-3a0pyaHIOBaya.

Takum ymHOM, MeTa MOOCTIIKEHHS — CUCTe-
MaTU3yBaTW HasgBHI JaHi 1100 MOXJIMBOCTI 3aCTO-
cyBaHHg DOK-MmeTonmiB Jyisi TTOBOEHHOI peMemialiil
Ta BiTHOBJICHHSI TepUTOPiil YKpaiHu.

Metonu aociimkeHHsa. Y Mexax L€l pobotu
JIOCJTIIXKEHO CTaH Mpo0JeMU Ta BUKOPUCTAHO BJlac-
HUI 10poboK y cdepi dorokaranidy Aasi OLiHIO-
BaHHSI MOXJIMBOCTEM MPOrpeCUBHUX METOMAIB OKMUC-
HeHHd, TakuxX gk DK, y BiZHOBJEHHI €KOCUCTEM
micjasi BOEHHUX [Hiil. TakuMM 4YMHOM, BUKOPHUCTAHO
TEOPETUYHi METOIM CUCTEMHOIO aHali3y, CUHTE3y,
IHAYKLIL Ta AeAyKUii 11 BUKOHAHHS ITOCTaBJICHUX
y poOOTi 3aBIaHb.

AHaJi3 OCTaHHIX JOCTiIKeHb Ta mMyOiKamiii.
®orokatani3 BigHocATh no I1OII. IlepeBaroio Ta
BIIMIHHOIO PUCOI0 OCTAaHHIX € HEIIKIIJIUBICTb IS
HaBKOJIMIITHBOTO  CEPENOBMIIA, OCKIJIBKM BOHU
HEe NEePEeHOCITh 3a0pYAHIOBaJIbHI PEYOBUHU 3 OIHIi-
€i da3u B iHIIYy (SIK Mig yac XiMiYHOTo OCaIKEHHS
Ta aicopOllii), a TaKOX HE YTBOPIOIOTb BEJIMYE3HOI
KIUJIBKOCTI HeOe3rneyHoro ocamy. € gocuTh Garato
nyoOnikauiil i3 goTokaTanizy, omHaK KUIbKICTb J0-
CJTiI>KEHb 3 BUKOPUCTAHHS (DOTOKATaIi3y ISl TIiCsi-
BOEHHOI peMeniallii TepUTOpiiA € IyKe OOMEXEHOI
1 moTpedye cucreMaru3allii Ta y3araJbHEHHSI.

1. IlepenoBi OKNCHIOBAJIbHI MPOLECH
IlepenoBi OKUCHIOBaJbHI TMpoOLECU 3AaTHi

MEPEeTBOPIOBATU MalikKe BCi TUIIM OpraHiYHMX 3a-
OpyomHEHb Ha HEWIKIIIMBI IMPOMYKTH, MalKe BCi

BOHM 3aCHOBaHi Ha IeHepallii peakliiiHO 3JaTHUX
rinpokcwibHux paaukanis (*OH) 3 okwucHo-Bin-
HOBHMM moTeHUiajoM 2,8 B (BimHOCHO cTaHmapTHO-
TO BOIHEBOTO €JIEKTPONy). BoHM aTtakyoTh OUTBIIICTD
MOJIEKYJI OpraHiYHUX 3a0pyaHIOBaYiB 3 KOHCTAHTAMU
mBKHaKocTi y Mexax 10°—10° M-'-¢! ta iHilil00Th
cepilo peakiiiii okucHeHHs1: MeHTOHA, 030HYBaHHS,
COHOJI3, (hoTOKaTami3, yabTpadioseToBuii (hoToKa-
TaJjli3 Ta OKMUCHEHHS BOJOTUM MOBITPSIM.

Sk i inmi mepcrektusHi [TOI1, enextpo-PeH-
TOH TaKOX BBaXalOTb METOJAOM BHCOKOSKiCHOTO
OYMILIEHHSI IPYHTOBUX MPOMUBHUX PO3UMHIB 0€3
yTBOpeHHs1 MyJy. [lomaBaHHs coni 3amiza ta H,O,
MOXe He 3HagOOWUTHUCS, OCKIIbKM CIIOJIyKM 3ajli3a
MOXHa OTpUMAaTU Oe3nocepeHbO i3 IPYHTY, a Til-
pOTeH TMEePOKCHI TEHEPYETHCSI Ha €IEKTPOIi.

ITix ygac 3actocyBanust I1OI1 mng oumieHHS
CTIYHMX BOJ CJIiI BpaxoBYyBaTW, 1110 BUKOPMUCTOBY-
I0TbCS OBOJIi topori peareHtd, Taki sk H,O, Ta/
a6o O,. OyeBUAHO, 1O X BAPTO 3aMiHIOBAaTH, KOJIU
1€ MOXJIMBO, METOAAMU 3 OLIbIIl €EKOHOMHUMU pe-
areHTaMy JJIs OYMUICHHSI, TaAKMMM SIK OiosioriyHa
nerpanauis [3]. IMorenuian ITOIT moxe Oyt BU-
KOpPUCTAaHMI Tifg 4Yac iHTerpaiii 3 0i0J0TiYHOI
00pOOKOI0 0KUCHOI deepadauii mokcuuyHux abo my-
20NAABKUX DEYOBUH, AKI HA0X00AMb a00 3aIUulamo
bionoeiuny cmadiro.

Inmmit acnekt 3actocyBaHHst TTOIT HanexuThb
IO 3a0pydHIOIOUOTr0 HaBaHTAXXEHHS BIIXOHiB, SIKe
3a3BMYail BUpAXaEeThCs SIK XiMiYHA MOTpeda y KUCHI
(XTIK). Jluwe 6idxoou 3 eionocno Heseauxor XIIK
(emicm KuUCHIO MeHuwe 2 e/1) Modcymb Oymu Haiexnc-
HUM YUHOM 00pobOaeHi 3a 00NOMO20H UUX Memodia,
ockinbku Oinbw eucoxa XIIK eumaeamume cnoscu-
BAHHA 3AHAOMO BeAUKOI KiAbKocmi 00pocux peacew-
mie. Bigxoau 3 BUCOKUM BMIiCTOM 3a0pyAHIOIOUMX
PEYOBMH MOXKHA OUIbII 3PYYHO OOPOOJISATH 3a HO-
MOMOIOI0 MOKPOTO OKMCHEHHSI ab0 crajtoBaHHS.
OcobauBuii iHTepec cTaHOBIATH cuctemu I1OII,
B SIKMX MOXXHA BUKOPUCTOBYBATU TIPUPOIHE COHSIY-
He Y@O-BUNPOMiHEHHS: TeTePOTeHHWI (poTOKaTAITI3
i3 TiO, Ta rOMOreHHUli — 3a JOMOMOTOI0 MPOLECY
dpoTto-DenHToHa [4].

1.1. ®orokaraxiTnuni MeToIH

HieBuit cnocidb oTpuMaTu BiJIbHI paauKalu
¥ IpUCKOPUTH TIpoliec aerpanmamii — me PK-mexa-
Hi3M, 110 Tepebdirae Ha MOBEpXHi HaMiBIMPOBITHUKIB
(Hanmpukitaz, giokcumy Tutany). ¥ ®K-mpomeci pa-
VKA YTBOPIOIOTHLCS TMic/sl MOIJMHAHHS (OTOKa-
Taj1i3aTOPOM KBAaHTA CBITJIa 3 EHEPri€l0, JOCTATHBOIO
U1 TpaHcdepy eJeKTpoHa Yy 30HY MPOBiIHOCTI
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HaIliBIPOBiIHMWKA-KaTajli3aTopa Ta OKpPeMOIro KOH-
TaKTy YYaCHUKIB YTBOPEHOI €JEeKTPOH-IipKO-
BOI ITapu 3 IIOBEepPXHEw. 3rifHO 3 BU3HAYEHHSIM
IUPAC, dorokaraniza — 1e «3MiHa IIBUIKOCTI
XiMiyHOI peakuii abo i iHiLialis Mg Ji€l0 YJib-
TpagdiojieToBOTO, BUAUMOTO ab0 iH(PpayepBOHOTO
BUIPOMIHIOBaHHS 3a HAsIBHOCTI peyoBUHU — (o-
ToKaTajlizaTopa, SKWMU IIOTJIMHA€E CBITIO 1 Oepe
y4acTh y XiMiYHMX HNEPETBOPEHHSIX YYACHUKIB pe-
akuii». Bigomi cnpobu komepuianizalii meTony,
MNpoTe BOHU HEUYUCIICHHI [4].

[licnsa Toro, sik DymximiMa Tta XoHma |[6]
y 1972 poui Binkpunu siBule (hoToeaeKTpoKaTati-
TAUYHOTrO po3kiany Boau Ha TiO,-enekTponi, onpo-
MiHeHOMY yJbTpadioseToM, pO3MoYaauch MOTJIU-
oneHe pociimkeHHss DOK-BaacTUBOCTEN IiOKCUIY
TUTAHY Ta iHIIMX CHOJYK, PO3pOOJIEeHHSI METOiB
CUHTE3y HaHOMaTepiajiB, IOILIyK HOBUX cdep BU-
KopucTaHHs1 ¢oTokartanizy. HuHi miokcunm TutaHy
LIMPOKO BMKOPUCTOBYIOTh $K (oTOKaTalizaTop
3aBJISIKM MOT0 BUCOKiil aKTUBHOCTi, HETOKCUYHOCTI,
HU3bKI BapTOCTi, €KOJOrIYHOCTI, XiMiYHill iHEepT-
HOCTI Ta KaTajiTWuHiil crabinmbHOCcTi [7]. iokcun
TUTAHY — IIMPOKO30HHUI HAMiBINPOBIAHUK H-THU-
ny 3 LKMPUHOIO 3a00pPOHEHOI 30HU /Il aHaTazy —
3,2 eB, mns pyrmny — 3,0 eB, mg 6pykity — 3,3 eB,
a takox 3,34 eB — nmns metactabinbHoi TiO, pam-
caeniTHoi Momudikauii Ta 3,6 eB — misa meracra-
OiTbHOI roJlaHAUTHOI hopMu [8].

Banentna 3oHa TiO, yTBOpeHa 30BHIlIHIMU
p-€IeKTpOHAMU OKCUTeHY, a JHO 30HHU TPOBiAHO-
CTi MepeBaXkKHO YTBOPEHE 30y/IKeHUMU iOHAMU TH-
taHy. OcoOJiMBe 3HAYEHHs AJIsSI MPOSIBY €JIeKTPOH-
HUX BJIACTUBOCTEMN JT1OKCUIY TUTAHY MA€ HasIBHICTb
B MOT0O CKJIaZli YaCTKOBO BiTHOBJIEHOro TUTaHy Ti*,
KU MicTuThesl npubnu3Ho Ha 0,2—0,8 eB Hukue
30HU MPOBIAHOCTI Ta BUCTYIAE TOHOPOM EJIEKTPO-
Ha. HagBuicts Ti* B Garatbox BUITagKax BU3HAYAE
npoBinHicTe TiO,. [TutoMuit omip YMCTUX aHaTazy
i pyruny mepedyBae B miamaszoni 104—107 Q-cw,
aje g vac (opmyBaHHs Ti* BiH 3MEHIIYETHCS
g0 10" Q-cMm mnsg anarasy i go 102 Q-cM misg py-
iy [9].

Komepuiithuit  ¢otokaranizarop TiO, P25
(«Evonik Industrials», HiMmeuunHa), 1110 CKJIa1a€Th-
cs1 3 amop(dHoi (a3u i cyMillli aHaTa3/pyTua y mnpo-
rropiii 80/20, y IeaKrX peakilisix MPOSIBIISE OiLTbIITY
AKTMBHICTb, HiXK YMCTI KpUCTaliyHi ¢da3u. AKTUB-
HicTb KaTanizatopa P25 nminBuillyeTbcsi B pe3y/ibTarti
e(eKTUBHOTO IOy HOCIIB 3apsimy 3aBAsIKM Oara-
Toa3Hiil Ipupoai yacTUHOK [1].

Hanomarepianu, 30kpemMa HaHOTPYOKHU, Ha-
HOIPOTHM, HAHOBOJIOKHA, HAHOCTPMKHi, HAHOIIOPU

Ta HaHOCTIHKH, BiJlirpaloTb OCOOJIMBY pOJIb i Tepe-
OyBalOTbh y LIEHTpPi yBaru AOCIiIHUKIB yepes:

— 1X BEJIMKY ILIOLLY MOBEPXHi;

— KBaHTOBI a00 po3MipHi e(heKTH;

— Yy/lOBi €JIEKTPOHHO-TPAHCIIOPTHI MOXKJIU-
BOCTI;

— 3HUXEHY €JIEKTPOHHO-IipKOBY peKoMOiHa-
wiro [11].

BuxopucranHga HaHocTtpykTypoBaHoro TiO,
3HayHO 30inbinye ioro PK-akTuBHicCTb. besrre-
pEeUHOI0 MepeBaroxd HAaHOYACTMHOK ITOPiBHSHO
3 MiKpOYaCTMHKAaMHU € BeJIMKa WMOBIpHICTb BUXO/Y
3apsiliB Ha MOBEPXHIO KarajizaTopa. OCKiIbKY Tu-
OuHa npoHukHeHHs Y®-cBitina B uactuHku TiO,
obmexxeHa (6au3bko 100 HM), TO aKTUBHOIO € TiJlb-
KM 30BHIIIHS MoBepxHs [12]. 3MeHIIeHHST pO3MipiB
YAaCTUHOK JIO HAaHOPO3MipHUX 3HAUYE€Hb CIIPUSIE T1O-
MIMHAHHIO CBiTJIa Yy BCbOMY OO’€Mi IOKCHIY TUTa-
Hy. Otxe, BukopuctanHHs TiO, y npoiecax retepo-
reHHoro (oTokaTaiizy IMoB’si3aHe 3 HEOOXiAHICTIO
OTpUMATH HAHOPO3MIipHI YaCTMHKM. Y Hall d4ac
HaHovyacTUHKU TiO, oTpUuMyIOTh 3 pi3HOIO MOpPGO-
JIOTI€l0, MEePeBaXHO 1€ HAaHOTPYOKU, HAHOAPOTH,
HAHOCTPMXKHI 11 Me30IOpUCTi cTpyKTypu [13].

st cunTedy HaHoyacTMHOK TiO, BUKOpUCTO-
BYIOTb TaKi METOAM, SIK TiApOTepMaibHUIA, COJbBO-
TepMiIUHUH, 30J1b-T€JIb, METOAU MPSIMOTO OKMCHEH-
Hsl, XiMiuHe ocamkeHHs1 3 mapoBoi ¢aszu (CVD),
€JIEKTPOOCAIKEHHSI, COHOXIMIYHUI Ta MiKpOXBU-
JIbOBUU METOJIU.

1.2. MexaHni3m ¢doToKaTaTiTHIHOI nerpamamii
OPraHiyHUX CHOJYK

CxemMaTuyHO MexaHi3M (oToakTuBalii i poTo-
kaTasizy Ha nosepxHi TiO, Y ®-BunpomMiHiOBaHHIM
300paxeHo Ha puc. . MexaHi3aM yTBOpeHHS (ho-
TOAKTMBHOI MOBEPXHi KaTajizaTopa BKJIOYAE YTBO-
peHHs AipoK y BaeHTHiii 30Hi (hyp) Ta exexTpoHiB
y 30Hi TIpoBigHOCTI (€cp) 3a paxyHOK MOTIMHAHHS
(poToHa eHeprii, OibIIOT 200 PiBHOI LIMPUHI 3200-
poHeHol 30HU (> E;;) HaniBnpoBigHuka. st wm-
puHU 3a00poHeEHOT 30HU 3,2 eB noBxXKMHaA XBWUJIi Mae
Oytu MeHI1Io0 3a 390 HM.

CdopmoBaHa eJIeKTpOH-JipKOBa Mapa Mae
SICKpaBO BHpPaXX€Hi OKMCHO-BiJIHOBHI BJIACTUBOCTI
i BCcTynae B peakliil 3 MoJieKyJlaMid Pi3HOMaHITHUX
CIOJIYK, 110 MICTITbCS MOOAU3Yy a00 Ha MOBEPXHi
Jiokcuay tuTany [14]:

TiO, + hv = e (TiO,) + hi(TiO,). (D)

EnekTpoH i fipka MOXyTb PEKOMOIHYBaTH, BU-
JJISII0YM MOTJIMHEHY €HEeprilo y BUIISAIL Teria, abo
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MIrpyBaTy OO MOBEPXHi HAIIiBOPOBIZHMKA M iHIiLIi-
I0BaTH OKMCHO-BiIHOBHI peakxliil 3 amcopOoBaHUMU
Ha HbOMY MOJIEKYyJIaMy BOJAU, OPTaHiYHMUX Ta iHILIUX
3a0pYAHIOIOUMX CIOJYK, 110 BUKJIMKAE 1X MiHepa-
Jizaitito. TTO3UTUMBHO 3apsiXKeHi TipKh BaJE€HTHOI
30HUM MOXYThb OKWCHIOBAaTU MOJIEKYJIM BOAU abo
a"ionn OH-3 yrBopeHHsM paaukainiB OH - [15]:

H,0+h{, > OH-+H". )

EnekTpoHM 30HM TPOBIZHOCTI Ha MOBEPXHi
TiO, WBUAKO 3axOIUIIOIOTECS aACcOPOOBAaHUM MO-
JIEKYJISPHUM KMCHEM 3 YTBOPEHHSIM CYIEPOKCHIL
panukaia, SIKMi Moxe pearyBatu 3 karioHom H*

3 YTBOPEHHSM Tigpornepokcua pagukaira OOH -
O, +ecy > 0; 5 (3)

0; - +H* - OOH -. (4)

Cynepokcu i TiapornepoKcua paaukaiu, sIK i Tii-
POKCU]I paiiKa, MalOTh BUCOKUI OKUCHUI MOTEH-
mian i 3maTHI MiHepali3yBaTU OpraHiuHi CHOJyKU
no CO, i H,0O:

OH+ opr. cnonyka - H,0 + CO,; ®)
O; -+ opr. cnonyka — H,0 + CO,; (6)
OOH-+ opr. cnonyka - H,0+CO,. (7)
TiO,
semiconductor Electrolyte
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Puc. 1. CxematuuHe 300pakeHHsS MexaHi3My (poToakTuBallii
i borokaranizy Ha nmosepxHi TiO, [14]

Takum 4MHOM, YTBOPEHHSI B MaTepiali ejaek-
TPOH-IIPKOBUX Iap (€KCUTOHIB) MiA Ji€l0 CBIiTJIO-
BOrO BUIIPOMiHIOBaHHSI Ta CTUMYJbOBAaHUI Mepe-

6ir Ha noBepxHi TiO, OKMCHO-BIIHOBHUX peaKLiil
3a y4yacTio aJcopOOBaHUX TiIPOKCUJIBHUX TpYII,
MOJIEKYJI BOIU, KUCHIO TIPUBOAUTEL IO YTBOPEHHS CY-
nepioHiB O, +, paavKalis OH-, HO,*, sxi 3narHi
AKTUBHO JIECTPYKTYBAaTU OpraHiyHi peyoBuHu [12, 14].

Hiokcua TutaHy $K ¢oTokaraaizaTop Ipa-
LI0€ TUIBKM B Y®-miana3oHi, 1110 CTAHOBUTD JIAIIE
4 % coHsSIUHOrO criekTpy. binbll MpuBaGIMBO BU-
KOpUCTaTW BMIMMUIA [iara3oH BUITPOMiHIOBaHHS.
J1st BUpillIeHHs 1Ii€l TIpo0JjieMU 3aCTOCOBYIOTH Oa-
raTo MeTO[liB, Cepel HUX BUKOPUCTAHHS HaIliBIIpO-
BIITHMKOBMX MaTepiajliB 3 OiIbll BY3bKOIO IIMPHU-
HOIO 3a0opoHeHoi 30HM (O01m3bko 2 eB) — «band
gap engineering», BUKOpUCTaHHS «coupling effects»
abo reteponepexoiB 1Sl po3aiJIeHHS 3apsiliB reHe-
POBaHMX €JIEKTPOHIB i mipok [12].

Jesiki MpUpOAHI OKMCHO-BiIHOBHI CHUCTEMU
MOXYTh BUKOoHYBatn ®K-(yHKIIil, 30Kpema B KH-
BUX opradizmax. fAx Bimomo, kmacrep CaMn,O,
BXOJIUTh Y cucteMy (POTOCUHTE3y pociuH. Bucoky
KaTaJliTMYHY aKTUBHICTb HIOKCHUIY MaHTaHy IOsIC-
HIOIOTh, KPiM IHILIOTO, 10ro 3IaTHICTIO MiATPpUMYyBa-
™ PK-Tporiecn B Aiama3oHi K BUAMMOTO CBIiTIIA,
TaKk i Y®O-BUNIPpOMiHEHHS AJIs Aerpajalii opraHiu-
HUX CIIOJIYK, MpUMipoM OapBHUKIB [16]. Baxko-
PO3YMHHMEI, AIOKCUI MaHIraHy He CTaHOBUTb €KO-
JoriyHoi HeoOe3rneku. Hamu po3poOsieHO mMiaxoau
JI0 CUHTE3Y CIIOJYK OKCHJIiB MaHTraHy Ta HMOro pe-
ajizalii y poTo-, eJIeKTpo- Ta (poToeJeKTpoKaTali-
TUYHUX mpouecax. [TokazaHO BUCOKY KaTajliTUUHY
akTUBHICTE MnO, B okucHeHHi CO, BOIOPO3YMH-
HO1 (hopMU HaA(PTOMPOAYKTIB, €IEKTPOKATATITUIHO-
ro 3HEIKOMXKeHHs (GeHoy i 6apBHuKiB [17, 18].

€ § iHIII nepcreKTUBHI HaIiBIPOBIIHMKOBI
Marepiaam mono edexkruBHoi ®K-gerpamarii opra-
HIYHUX CIIOJIYK, 3aJ0KYMEHTOBAHI B JIiTepaTypi:

— okcugu MetaniB (ZnO, CeO,, WO,, Fe,0,,
Bi,0,);

— cyapdign meranis (ZnS, CdS, MoS,, Bi,S;,
CuS / ZnS);

— TpuHapHi crionyku (BaTiO,, SrTiO,, BiVO,,
Bi,WOy);

— HeMeTasiuHi HaniBnposinHuku (C;N,, rpa-
ben);

— 0araToKOMIIOHEHTHI Ta IONOBaHi MaTepiaan
Touro [19].

2. Moxmsi Hanpsivu 3acrocyBannsg @K-npounecis

OcHoBHa nepeBara @K-1poireciB, 0CHOBaHUX
Ha OKMCHEHHI — 1I¢ MOXJIUBICTb e€(eKTUBHO BU-
KOPUCTOBYBATU COHSIUHE CBITJIO 200 YD -BUmpoMmi-
HEHHSI SK IXXepeo eHepril.
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Bkpaii BaxnuBorwo npobjeMolo s HaBKO-
JIMIITHBOTO CepeloBUILA B PE3YIbTaTi BOEHHUX JIiil €
3a0pyAHEHHSI BOAU, 30KpeMa MOXJIMBICTh PO3BUTKY
iH(dekiil yu XxBopoO. 3a0pyaHEHHS IPYHTIB, iX epo-
3is1, BTpaTa pOAIOUYOCTi € HACTYITHUM BEJIMKUM BU-
KJIUKoM st Ykpainu. Pemenianist Teputopii micist
NPUITMHEHHSI BOEHHUX il BUMara€ iHHOBAaLIiTHUX
ninxomiB. Hampukian, aOCTiIKeHO TEXHOJOrIIO,
110 TOEAHYE TPOMMBAaHHSI IPYHTY Ta (hoTOoKara-
JIi3 — 1S BUJAJICHHSI M po3KJalaHHSI apoMaTh4-
HUX CIIOJIYK, HAssBHUX Y BUMHSITUX I'PyHTax 3a0py-
HEHOTo MPOMUCJIOBOTO MaligaHuuka. Iloka3zaHo
3MEHILIEeHHSI BMiCTy TOKCUYHUX CIOJYK Yyepe3 3HU-
>KEHHSI KOHILEHTpalii opraHiku y Bigxomax [20].
doroenekTpoKaTAIITHIHE OKMCHEHHS TTO3UTUBHO
olliHeHe 11 ne3iHdeKil Boay i cTiyHux Box [14].

3a pe3yabTaTaMM aHaJli3y JiTepaTypHUX AaHUX
HaMW BUIJICHO IIJTbOBI 1oxo 3amydyeHHs PK Ta iH-
mmx [TOIT meroxiB o6’ekTu merpanailii BOEHHOTO
MPU3HAYCHHSI: 6UOYX08i pev08UHU, KOMHOHEHMU Xi-
MIYHOI 30pOi, NOAIYUKAIYHI apoOMamu4Hi 6yeae6o0Hi
(IIABB), npooykmu HenoeH020 320psHHS;, NAACMUK,
30KpeMa MiKponaacmuk TOIIIO.

PesynbTaToOM iHTEHCMBHUX JOCHiIXEHb OC-
HOBHUX TPUYMH 3a0pyIHEHHS BOIM CTald ileH-
Tudikaliss Ta po3yMiHHSI BIUIMBY HOBUX 3a0pyl-
HIOBayiB, MOHITOPUHT SIKUX CTaB MOXJIMBUM JIMIIE
3aBISIKM OCTAaHHIM JIOCSITHEHHSIM Y TEXHOJOTisIX
BUsIBJIeHHSI Ta cTaHgaptax. Hosi 3a0pynHoBauyi
PO3IIISIIOTh Ha KJIacU 3ajIeXKHO BiJ METH, ISl SIKOI
BOHMU CJIyKaTh, i iX MOXOKEHHSI; 11100 YIopsIIKyBa-
TM aHaJIi3 iX HasgBHOCTI Ta METOAM iX BUIAJICHHS, 1X
MOAISIOTh Ha TaKi KaTeropii:

— CTIWKI OopraHiyHi 3a0pyaHIOBayi;

— apMaleBTUYHI TTpernapaTy Ta 3aco0u 0co-
OuCTOI TirieHu;

— XiMiYHi peYyOBMHH, IO TMOPYIIYIOTH pOOOTY
€HJIOKPUHHOI CUCTEMU;

— CUIBCBKOTOCHOMAPChKi XiMikaTh (MEeCTULIU-
oy, repoiuuan) [21].

doTokaTaliTUYHI MPOLIECH HAOYIU IIIUPOKOTO
PO3BUTKY B TEXHOJIOTiSIX caMO3He3apaxKyBaJbHUX/
CaMOOUYMCHUX TTOBEepXOHb. Maiixke BCi 3aCTOCYBaH-
Hs1 boToKaTajidzy CHpsIMOBaHI Ha OKUCHIOBAJbHY
MiHepaJizallito HeOe3MeuyHUX, €KOJOriUHO IIKil-
JINBUX MOJIEKYJI, a TAaKOX MiKpoopraHi3miB (0aKre-
piii, BipyciB, crmop Touio). BukopuctaHHs BOAHOI
cycrieHsii poTokaramizaTopa Ma€ HU3KY HEIOJIKIB,
TOMY B JESIKHUX poOOTax IPOIOHYIOThCS BapiaHTU
iMMoOiizanii ¢oTokaramizaTopiB, 30KpeMa 0ioro-
Jimepamu [22].

3. @orTokaTamiTHYHA [erpamamis AaKTHBHHX
KOMIIOHEHTIB XiMiYHOi 30poi, BHOYXOBHX Ta
iHIIMX MPOAYKTIB

Binpuiicth  XiMiYHMX ~ OTpPYIOBaJlbHUX  Ta
BUOYXOBUX PEUYOBHMH € OPraHiUHWMU CIIOJyKaMu,
110 3a3BMYail BaXKO TiAJalOThcs OiosoTivHIN
Jerpanaailii, TOoMy MOXHa BUKOPUCTOBYBAaTU METOIU
TOII, 3okpema @K, mig O6inbll epeKTUBHOI
pemMenianii rpyHTiB i 3a0pyaHeHMX Boja. Buie
3a3Hayajiocss PO  HEOOXiAHICTb  JTOTPUMaHHS
€KOHOMIYHMX KpPUTEPIiB JOLIIBHOCTI 00OpOOKH,
KOHLEHTpaliiHUX Adiana3oHiB, 1110 BiAIOBIIAIOTh
BMICTy MeHIIIe 2 T/J, IJIs YCTIIITHOTO BUKOPUCTAHHS
TTIOIT Ta mnepeBaru TO€EIHAHHS 3 OiOJOTIYHUMU
CTaisIMU.

PosrisiHeMO HasiBHi JliTepaTypHi AaHi 111010
JesIKMX BUOYXOBUX PEUYOBUH (TPOTWII) Ta OTPYHUHUX
KOMITOHEHTIB XiMiuHO1 30poi (3apuH, 30MaH, VX).
Yepe3 BUCOKY TOKCUYHICTb 1 HM3bKY 3IaTHICTb
n0 GioysorivHOro poskiagaHHs  2,4,6-TpUHITPO-
tonyon (THT, Ttpotui) € onHi€elo 3 HaKWOLIbII
HeOe3neyHux BMOYXOHEeOe3MeUHUX CIOJYyK, SKi
BIUIMBAIOTh HAa CUCTEMY IiJI3EMHUX BOI Ta I'PYH-
TiB Ha TEPUTOPISIX aKTUBHUX OoioBux aiii Ilepuioi
Ta JIpyroi cBITOBUX BO€EH i He TiJibku [23]. 3a naHu-
mu apmii CIIIA, noHan 1,2 MJIH TOHH IPYHTY OyJlO
3a0pyIHEHO BUOYXOBMMU peUYOBMHAMM, 1 BILJIMB Ta-
KOro 3a0pyJAHEHHS B iHILIUX KpaiHaX € HE MEHIIUM
3a maciitabamu [24]. Konuentpauis THT y 3a-
OpymIHEeHOMY TPYHTI Moxe mocsratu 50 T/Kr IpyH-
Ty [25] 3 HalBUILMM piBHEM 3a0pyIHEHHS Ha IO-
BEPXHi I'pyHTY ab0 1mo0au3y Hboro. Ak Hacmiiok,
ATeHTCTBO 3 OXOPOHM HABKOJIMIIHLOTO CEepPelOBU-
ma CIIA (USEPA) BCTaHOBUJIO METY PEKYJIbTHU-
Banii — 17,2 mr-xr! THT y rpyHTax, Kputepiit mist
HaBKOJIMIIHBbOro cepegopuina — 0,06 mr-a' [26],
JUTSI TUTHOL BOMU — 2 MKT/JL.

Hinnept Ta iH. [27] BuBYaNM Jerpaaauito
THT B onpomiHeHux (A =320 HM) po3unHax, a Ta-
kox y cycrneHsisix TiO,, 3MiHIOIOUM KOHLEHTpPALilo
H,O, ta pH, BoHM moka3zaiu, 11O B HEUTPATbHO-
My Ta JyxxHoMmy posumHax (6e3 H,0,) 78 % i 57 %
MOYaTKOBOTO TPOTUJIY MpopearyBajiyd MpPOTSITOM
2 ron. 3a pH 7 i 11 BignoBinHO. YTiM, y cycleH-
3isx TiO, WBHUAKICTh PO3KJIaNaHHS 3HAYHO TiIBU-
LIYETbCS TIOPiBHSHO 3 TOMOT€HHUMM PO3YMHAMU
3a Bcix gociaimkeHux piBHiB pH. Imesninr i I'peit
[28] mocmimkyBamm OK-miHepamizaiio TpOTUIY
(THT =0,22 MM, O,=40,0 mrxu! ta L > 340 HM™M)
y 250 mrxa! cycnensii TiO,. Pesynbratu memMoH-
CTPYIOTh, 110 Yy 3a0pyIHEHUX TPOTUJIOM BOAAX JAOCS-
ra€ThCsl Malixke MOBHA MiHepaJizallisl i€l peYOBUHU.
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Takox Son Ta iH. [29] nocnhimxyBaaud BIUIMB
pi3HMX mapaMeTpiB, TaKUX K BUXigHA KOHLIEHTpa-
uisgs THT i noyatkoBuii pH, Ha IIBUAKICTh nerpaga-
wuii 3a HasiBHOCTI Y®-BunpomineHHsl i TiO,-karani-
3aTopa. BoHM 3poOMJIM BUCHOBOK, 1O LIBUAKICTb
peakiiii OIIMCYETHCSI IICEBIOMEPIIUM IOPSIKOM
3a KiHETMYHOIO Mojesutio JIeHrMiopa—XiHIeabByaa.
Cryninp neperBopeHHss THT ynacnimok ¢oTtolizy
i ®K-peaxiiii, 1110 poBoamIMCA TIpOoTsAroM 150 XxB,
craHoBuan 72 % i 100 % BignoBigHO (IIiC/IsE TAKOro
K Tiepiofy yacy 3HWXKEHHS 3arajibHO1 KOHLIEHTpallii
opraHiuyHux cronyk craHoBuwio 40 % i 80 %).

XapmoH [30] mocmimuB ®K-meMerutoBaH-
HSI TPOTWJIYy 3a JOMOMOToI0 TeTpadeHinopdipuH-
cyabdonaty (TPPS). Cnpasai, ocsitieHHss TPPS,
CuTPPS i FeTPPS y posuuni 3 0,53 M tpotuity
3 pH =7 3a KiMHaTHOI TeMnepaTypu 3a IOIIOMOIOI0
BoJib(pamoBoi Jamnu poskiagae THT no TpuHit-
pOOEH30iMHOI KUCIOTU 1 TpUHiTpoOeH3oy. [IBua-
KiCcTh JAerpazgalii Tpotwiy Bianosigae cepii TPPS >
FeTPPS > CuTPPS.

3HUILEHHSI apceHaliB abo 3amaciB XiMiuHOI
30p01 € BaXJIMBOIO YMOBOIO YCMIiLIHOTO BUKOHAHHS
KonBeH11ii npo xiMiuHy 30poto, sika Oysa BiakpuTa
aasg nignucaHHs 'y 1993 poui. ¥V Bunaakax yHe-
MOXJIMBJIEHOTO TpPaHCMOPTYBaHHS a00 BiagaieHoil
JIoKaslizalil Takoi 30poi ISl 3He3apaXeHHS Tepu-
TOpil TPOMOHYETHCS SIK €KOHOMIYHO JOLITbHUNI
BapiaHT BukopuctoByBatu metoau I1OII, 3okpema
®K [30, 32].

DoToKaTaliTMIHUI METOI, Ierpaaallii 60iMoBUX
OTPYMHUX PEYOBUH — KOMIIOHEHTIB XiMi4YHOI 30poi
ornucaHo B po6oti [31]. ¥V momaTkax crtaTTi Ha oOc-
HoBi gocBiny CIIIA neranbHO ONMMCAHO TpaaWLiiiHi
cTparterii 10 aemijiTapuaaliii XiMiyHo1 30poi (OKpiM
0a3oBoi TexHoJoril crnamoBaHHs). Ilepuia crpa-
TEerisi BKJIIOYAE HU3bKOTEMIIEpAaTypHY piaKodaszHy
JIETOKCUKALIII0 Ta OKWCHEHHS BOJOTMM TOBITPSIM
(WAO). Ipyroio crpareri€to € MiHepaisawist. Y 110
Kareropito BKJIOUYEHO OKWCHEHHSI Y HaAKpUTHY-
Hii Bomi (SCWO), HM3BKOTEMIIEpaTypHi IIpoLecu
OKMCHEHHS Ta 3a HU3BKOTO THCKY i BUCOKOTEMIIE-
patypHi MpolecH MipoJi3y Ta il TUCKOM.

HocnmigkeHo AEeCTpyKlilo aHajora BiZOMUX
HEPBOBO-MAPAJiTUYHUX AareHTiB MeTonOM (OTO-
karanizy [32]. IlokazaHo, 1110 aKTMBOBaHE BYTiLIS
(5—25mac. %) akTuBi3ye JieropaHuil a30TOM [i-
OKcu TUTaHy IIOAO JAerpagaiii. 3ampoOIIOHOBAHO
MOSICHeHHSI, 110 TIepeBa’kHe YTBOPEHHSI aKTUBHMX
(opM KHCHIO BigOyBaeTbcs Ha (hoToKaTazizaTopi,
a azcopOiligs MoyieKyJu OOMOBOro XiMiYHOTO areH-
ta — Ha Byrreni. Epexkrusae @K-poskimamants 60-
MOBUX XiMIUHMX PEYOBUH € IPOLIECOM, SIKMIA MOXKe

OyTM 3aCTOCOBaHMUI y IOOYMCTLI Iicjas Aerpajaliii
IHIIIMMUY METOAAaMU, Y HaA3BUYalHUX CUTYyalisIX abo
JUUISI KOHTPOJIbOBAHOTO 3HUILIEHHS 3araciB 00iHoBUX
XiMiYHUX peyoBUH. P reteporeHHux poTokaTati-
3aTOpIB, WO MIiCTSATh KOMNO3UTU TiO,-aKTUBOBaHE
Byrisuiss ado N-TiO,-akTruBOoBaHE BYriuisl, JEMOH-
CTPYIOTb UyIOBY (POTOKATANITUYHY aKTUBHICTb IJIst
MOBHOTO PO3KJIalaHHs impuTy, 3oMaHy Ta VX 'y BU-
COKMX KOHLeHTpauisix. Taka aKTMBHICTb BUHUKAE
YHACJIJIOK CUHEPTi3My MiX aicopOli€l0 Ha aKTUB-
HOMY BYTiJUIi Ta (POTOAKTUBHICTIO JIOKCUY TUTAHY.
A30TyBaHHSI POOUTH KOMIIO3UT TaKOX aKTUBHUM
i BIUIMBOM BUIUMOTIO CBITJIA.

JocnimkeHHsT 1040 [Oe3aKTuBallili 00HOBOIo
XiMIYHOTO iMPUTY MaloOTh AEKiJbKa Iijei, 30Kpema
HeWTpasizallilo 3HalJeHUX OOeNpUIiaciB, OYMILECH-
Hs ypaXXEHHUX pailoHiB, a TaKOX PO3pOOKY 3axuc-
Horo objiafHaHHs Yu iHCTpyMeHTiB. HeliTpanizauis
MyXUpYacTOTO CipYyaHOTO IMpUTy Ilependavae pisHi
XiMIUHI LJIIXK, Taki K TiApoJii3, AeriapoxXJopyBaH-
Hsl, OKUCHEHHS abo MOBHY MiHepauizailito [33].

TToBinoMasIETbCS MPO  ME30MOPUCTUIL  KOM-
no3utHuit marepian MIL-101(Cr) 3 Mosekyaamu
nopgipuny (nmozHaueHo ssk TCPP@MIL-101(Cr),
TCPP = terpa(4-kapookcudeHin)nopdipuH), Skui
MOXHa BUKOPHMCTOBYBATH SIK T€TEPOTEHHUI (POTO-
KarajizaTop s J1eTOKCUKALl CUMYJISITOPIB iMPUTY
2-XJIOPETUT €TUJICYJbdiny A0 2-XJIOpeTWs eTWJI-
cyiabdokcuay 3 nepiogom HamiBposmnany 1 xB. Ka-
TajitnyHi  xapaktepuctuku TCPP@MIL-101(Cr)
MOXKHA TIOPIBHATH 3 XapaKTepUCTUKaAMU TOMOT€HHOTO
MOJIEKYJIsIpHOro TopdipuHy. MexaHiCTU4HI J10CTi-
JKEHHS MOKa3yloTh, 110 fK 'O, Tak i O, edexTns-
HO TEHEepYyIOThCS Ta BilirparoThb XKWUTTEBO BaXIIUBY
poib y peakiii okucHeHHs1. HaHoyacTMHKM 30510Ta
(AuNP) npuennysanu 1o TCPP@MIL-101(Cr) nnst
MOCWIEHHSI KaTaJliTUYHOI aKTUBHOCTI 3 KOHTPOJIb-
HUM MepionoM HalmiBpo3mnaay 45 ¢, 110 Ha CbOTOMIHI
€ PEKOPIOM.

TMoniuukiiyHi apoMaTUyHi BYIJIEBOAHI € IIO-
BCIOJHMMM 3a0pyJHIOBaYaMy HaBKOJMILIHBOIO Ce-
penoBUlla, OCKUIBKM € TMOOIYHMMU MPOAYyKTaMu
nepepoOKu abo cCrajlloBaHHSI BUKOITHOIO TMajuvBa.
Yepes rigpocdoOHi Ta cTiiiki BiactuBocTi ITABB
JIETKO a/IcOpOYIOTbCS Ha TBEPAMX YaCTMHKAX, € He-
JISTKUMU W He MifgaiThes 0ioJOriYHOMY pO3KJia-
naHHto. Binomi nepesaru I1OIT y BunanenHi [ITABB
i3 3a0pyaHEHUX I'PYHTIB.

ITposeaeHo pobotu 3 Momuikaliii Ta 30i1b-
weHHsd nosepxHi TiO,. BuByeHo (oTokaTaniTuy-
Hy gerpamauito cymimi 16 TTABB y 3abpygHenomy
IPYHTi, TiCJAsI BUKOPUCTaHHS KaTaiizatopa TiO,
Ha BEJMKIiil TUTOLII TOBepXHi mociarHyto 93—99 %
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ix BunydyeHHs. Hawnoposmipnuti (10—30 um) anama3s
TiO, 3damuuii do pexysvmusauii 3a6pydHenux cmii-
KUMU OpeaHiyHumu 3a06pyoHiosauamu rpyumise |[34].
3rooM y AOCHIIKEHHSIX OyJIO MiATBEPAXEHO Iijl-
BulleHHs mBKuakocti ®K-gerpananii [IABB 3aBns-
ku pogaBaHHo H,0,.

IMpuxmagom iHmmx nepcrektuBHUXx PK-ma-
tepiasiB € komno3utu TiO,/MnO,. 3aBasku 3a-
6opoHeHiii 30Hi MnO, y mexax 0,26—2,7 eB BoHu
MOXYTb ITOTJIMHATY BUAMME CBITJIO Ta, TEOPETUYHO,
HaBiTb [Y-BunpominenHss. Kommno3uTHi Mmartepi-
amu TiO,/MnQO, ycrmilmHO CUHTE3YBalu y BULJISII
BEPTUKAJIbHO OPIEHTOBAHUX CaMOOPTraHi30BaHUX
MacCHuBIiB HAHOTPYOOK 3a IOMOMOIOI OZHOETAITHO-
r0 aHOAHOTrO OKMUCHEHHs cruiaBiB Ti—Mn, y po3-
YUHI €JIEKTPOJITY Ha OCHOBI eTwieHmikowo [35].
HocnigxyBajJi BIUIMB TPUKIAIEHOTO TMOTEHLiany
(30—50 B), BMmicT maHrany y ciuiasi (5—15 mac. %)
i BMicT Boau B ejekrpoiiti (2—10 06. %) Ha Mop-
dosorito Ta dorokaTamiTHyHi BaacTUBOCTI. Po-
TOAKTUBHICTb OLIHIOBAJIM B peakiliil BUIAJEHHS
TOJYOJy Y BUIMMOMY CBiTJli, BAKOPHUCTOBYIOUM Ma-
JIOTOTYXHi CBITJIOAIOAU SIK JIKEPEIO ONPOMiHEHHS
(Apax = 465 HM). MopdosioriuHnii aHali3 MOKa3as,
110 HaHOTPYOKM Ha TOBEPXHi CIUIaBy MaloTh Jia-
metp 76—118 um, gosxuny 1,0—3,4 MKM, a TOBIIH-
Hy cTiHku 8—11 HM. ¥Yci 3pa3ku Oyau hoToakTUB-
HUMU i BIUIMBOM BUIMMOTO CBiTJIa, HAWBUIINNA
piBeHBb JOCATHYTOI Aerpanariii cranoBuB 43 % micis
60 xB onpoMiHeHHs. € IMOBIIOMJICHHS PO OKpPeMe
BUKOPHMCTAaHHS Me3onopuctux ponoBaHux Ce/Zr
KaTanizaTopiB Ha OCHOBI 8-MnO, ISl MiHepasizauil
AKTMBHMX KOMIIOHEHTIB XiMi4HOI 30poi (3apiH, 30-
man, VX) [36].

4. TexHosorii BiTMUBAHHS I'PYHTIB JJIsI pemMemiamii
TepuTOpiii

MeTtoay BimMMBaHHSI IPYHTIB € JOCUTHb IIPO-
OYKTUBHUMU U1 BUAQJICHHSI BaXKUX MeETasiB
[37] — TunmoBuX 3a0pyJaHIOBaYiB MiJITApHOTO I1O-
XOJIKEHHSI, 110 HE€ HACTUIbKM YCIIIIHO BUIAJSI-
otecst DK-metomamm. Ilpore (oTokartaniz moxke
YCIIIIIIHO PO3KJajaTh CTiYHi BOAU 3 <«BIAMUTHUMU»
i3 IPYHTY BaXKMMU MeTajlaMu 3a JOMOMOIOI0 Xe-
JJATHUX areHTiB (UM iHIIMX PEYOBUH/CIIONYK) IS
BUpIlLLIEHHS1 aHaJloriyHoro 3aBaaHHs. Hanpuknan,
Satiro Ta iH. [38] mag BUIYyYEHHSI BaXXKMX MeETasliB
i3 3a0pyJAHEHOr0 IPYHTY BUKOPUCTOBYBAJIU €TUJICH-
niamiH-N,N'-gissHtapHy kuciory (EQIAK). Criuni
BOJIM BiJi IPOMMBAHHS TPYHTY OUMIIAIMA 3a JOIO-
Moroio nocaigoBHocTi @K Ta agcopOLiitHUX Mpo-
1eciB, 100 3HU3UTU KOHLeHTpalito MmetadiB (Cu,

Zn, Fe i1 Mn) HMxXX4Ye rpaHUYHO JOMYCTUMOI KOH-
LEeHTpaLil 11 CKUAAHHS B MYHILUIAJbHY KaHa-
nmizauiro ¥ BumaneHHs EJIJISIK. Pesynbratm KoH-
TPOJIIOBAJIM 3 BUKOPUCTAHHSIM >XMBUX OpraHi3MiB
(Daphnia magna, Vibrio fischeri, Pseudokirchneriella
subcapitata Ta Lepidium sativum) Ha CTOKax MpOMU-
BaHHs TPYHTY J0 Ta micjiasi oOpoOKHU, 1100 OLIIHUTH
BILJIMB 3alIPOTTIOHOBAHOTO KOMOIHOBAHOTO IPOLIECY.

BinMuBaHHSI I'PYHTIB OCHOBaHE€ Ha BUKOPUC-
TaHHi BoaHUX po3uuHiB TTAP 3 MoxnuBicTio co-
JoOimizalii MilleJl Ta 3MEHILIEHHS IMOBEPXHEBOIO
HaTATy MiX IPOMUBHOIO PiIMHOIO Ta YacTMHKAMU
IPYHTY, i, TAKUM YMHOM, Ha AECOPOLIiI0 PO3YUMHEHOI
peYoBMHU Ta ii Buxin i3 mop rpyHry. He-ionni ITAP
MPOITOHYIOTHCS Yepe3 HU3bKY KPUTUIHY KOHIIEHTpa-
uito MienoyrBopeHHs: (KKM) Ta BUCOKY 3AaTHICTb
o comobinizauii [20]. YTiMm, 10 LpOro yacy 1mpo-
KO 3actocoByBaJiv aHioHHi TTAP, 1110 MaloTh 3HaYHO
Bulli 3HauyeHHs1 KKM Ta 3ajIMIIKOBI KOHLIEHTpALlil.
BongHi po3umHu, 1m0 MicTATh HeioHoreHHuii ITAP
Brij 35, BUKOpUCTOBYBaIU /JII BUJYYEHHST 3a0py-
HIOBAJIbHUX PEYOBHMH i3 3pas3kiB rpyHTy. POTOKaTa-
JIiTMYHa 00poOKa OTPMMAHUX BiIXO/iB MPOMUBAHHS,
BUKOHAHA 32 HasiBHOCTI cycnensiii TiO,, onpoMiHe-
HUX IMITOBAaHHMM COHSIYHMM CBITJIOM, ITOKa3aja I10-
BiJIbHE 3MEHILIEHHS TOKCUYHMX CITOJYK Yepe3 BilIo-
BiIHI KOHIIEHTpalii opraHiku y Bimxomax. CyTreBe
MOKpallleHHsS] TPOAYKTUBHOCTI MPOLIECY OTPpUMATU
3a HasgBHocTi gogaHoro K,S,0, [20].

IpyHTM KOJMILHIX MPOMUCIOBUX i BOEHHUX
00’€eKTiB 3a0pyJHEHI BYIJIEBOJHEBUMU CHOJIYKaAMU
HapTu, [TABB, nonixiaopbideninamu adbo xjaopoBa-
HUMM PO3UMHHUKAMM Ta IHIIMMU TinpodoOHUMU
OpraHiyHUMM crojaykamu. Y poboti [39] po3poO-
JIEHO MpoLEeC MPOMUBAHHS IPYHTY, TOCUJIEHUI BU-
KopucTtaHHsIM ekctpareHTiB (ITAP abo uukionex-
CTPUHU). YTiM, BUKOPUCTAHHSI BEJIMKOI KiJIbKOCTI
€KCTpareHTiB TaKOX € KPUTUYHUM HEI0JIiKOM, 30-
Kpema i 11040 €eKOHOMIiUHOI epeKTuBHOCTI. Jomart-
KOBa CTafisl OUMILEHHS PO3YMHIB BiIMUTUX I'PYHTIB
MOXe 3[IilICHIOBAaTUCS 3 JOIIOMOIOIO Aerpamaliii Me-
togamu [1OI1, 30kpema DK, ab0 aHOTZHUM OKMC-
HEHHSIM.

HocnigpxkeHo ¢doroaerpanaliito neHraxiaopde-
HOJIy Y CKJaAHili CHUCTEMi, 11O MICTUTh OJMHOY-
Hi a6o 3mimaHi ITAP 3 BukopucranHsM (oToka-
tajnizaropa rpageH-TiO,, 100 Kpaule 3po3yMiTu
noBeninky [1AP y ®K-cucrtemi i3 rpacdeHom mist
BiIHOBJIEHHSI TPYHTY, 3a0pyJaHEHOro TiapohoOHU-
MU opraHiyHUMHU crnioiaykamu [31]. BunpoOyBaHHS
i3 TIpOMMBaHHS TPYHTY/(oToKaTamizaTopa IOBe-
JIU, 1110 TPOMUBAHHSI T'PYHTY aHiOHHO-HEIOHHUMU
gMiltaHuMu ITAP B moenHaHHi 3 ¢oTokaraizom
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Ha rpadeH-TiO, Moxe OyTH OJHI€I0 3 NEPCIEKTUB-
HUX TEXHOJIOTiH /ISl peKyJIbTUBALlil IPYHTY, 3a0pyI-
HeHoro I'OC.

T'ereporeHHuit ¢orokartaniz Mae HU3KY Iie-
peBar st oOpoOKM BiIXOMiB Iicjasl TMPOMMBAHHS
rpyHty. Lleii mpouec n03BoJsIE HE TUIbKM 3ilic-
HIOBaTU e(EKTUBHY Jerpaaalilo BeJMKOI KiJTbKOCTI
OpraHiyHuX 3a0pyAHIOBaYiB, HAAGHUX Y NOMIDHUX
KOHUeHmpauisx y 600HuUx eioxodax, are 6 0inbuio-
cmi eunadkie npusodumes 00 NOGHOI MiHepanrizauii
makux cnoayk [32]. OTxe, NPUHLIMUIOBO MOXJIWBO
3a gomomoroio onmcanux PK-migxomiB i TexHo-
JIOTi BiIMMBAHHSI TPYHTIB BUAAQISITU KOMOIHOBaHi
3a0py/JHIOBaui Ha OCHOBiI BaXXKUX MeETaJliB Ta Op-
TFaHiYHUX CMOJYK, i BOHU MOXYTb OyTU MOACISIMU
1I0JI0 MiJTiTapHUX 00 €KTIB.

5. ®orokaramiz y O00poTh0i i3 mIACTHKOM
i MiKponyacTUKOM

3a OCTaHHE CTOJITTSI BUKOPUCTAHHS TLjac-
TUKOBUX MaTepialiB €KCIIOHEHUiaJlbHO 3pocCiio,
a MUIACTUMKOBI BiIXOAM CTAJIU OJIHIEIO 3 HalMoluMpe-
Himwmx (opm 3a0pyaHeHHs y cBiTi. HeratuBHa poJib
MIiKpOTJIaCTUKY B HAaBKOJMUILIHBOMY CEpPEIOBUILL
cTa€ ouyeBUHOIO npobaemMoro [41, 42]. PyiiHyBaHHS
pi3HUX 00’ EKTIB yHACJiJOK BOEHHUX [Iiii HA TEPUTO-
pii YKpaiHu 3a ocTaHHI JBa pOKU CIIPUYMHSIE 3HAY-
Hi MacwTabu 3a0pyJaHEHHS MOJiIMEPHUMM Marepi-
ajaMu. BUpOOHUMLTBO 11 BUKOPUCTAHHSI BUPOOIB
Ha OCHOBI IJIACTUKY, TaKUX K YIaKOBKa JJIsl MPoO-
JYKTiB XapuyBaHHS Ta BUTPATHI Marepiaju, 3HAYHO
3pocTa€, 100 3aA0BOJILHUTU MOTPEOU BiliCbKOBUX.
Kpim Toro, yruiisailisi 1jacTUKOBUX BiIXOJiB CTa€
npobJeMOoI0 uepe3 MOPYILIEHHSI CUCTEM yIpaBIiHHS
BigxomaMu Ta pyMHYBaHHS iH(PpacTpyKTypu.

Haii6inpl nmommrpeHuMu criocodbaMu yTuiiza-
il MIacTuKy, 30KpeMa MoJlieTUJIeHy, € MexaHiuHa,
XiMiyHa miepepoOka Ta mipoJi3. Lli meTonu, okpim
rnepesar, MaloTh JIy>)K€ BaroMi HeJIOJIiKU, CEpell SIKUX
BapTO 3a3HAYMTU BUCOKI EHEPreTUYHi IoTpedu Mmpo-
1ecy yTuili3allii, 1o Moxe 3p0OUTH MOro eKOHOMIU-
HO HENIOLIUJIbHUM, TaKOX BUKOPUCTAHHSI TOKCUUYHUX
peareHTiB 4M TeHepyBaHHS HeOe3NeyHuX IM00id-
HUX MOPOJYKTIB MOXE YMHWUTU HEraTUBHUM BILIUB
Ha JOBKUIS Ta Ha 3[0pPOB’S JIOAUHU. 3aCTOCYBaH-
Ha PK-meToniB g aerpanmalii moiMepHUX TUTiBOK
onucaHo B Jiitepatypi [43, 44]. Hamu paniwe mo-
Ka3aHO e(EeKTUBHICTb MEXaHIYHUX CyMillleil OKCH-
niB Manrany/tutany mia ®K-merpamamii [TE-tomi-
BOK [45]. MnO, NOBIbHO PO3KJIAJA€ TUIACTUK HABITh
y TempsBi i akrtuBye fito TiO, aHaTtazy mig Ai€ro
YO-BUIpoMiHIOBaHHS i COHSYHOTO CBITJIA.

6. 3HemMKOKEHHSI MIKpOOpPraHi3MiB

Haiikpanly aHTUMiKpOOHY aKTUBHICTb Jie-
MOHCTpye HaHopo3Mmipuwmii TiO, [46], iioro Mox-
Ha BUKOPUCTOBYBATM Y BOJi K Je3iH(DiKyounit
marepian. Immo6imizauis TiO, ycyBae mnotpedy
y BiJIHOBJIEHHiI Ta pereHepailii KaTajiizatopa, aje
TaKoX TIOB’sI3aHa 3i 3HUXKEHHSIM (QoToKaTaliTui-
HO1 e(eKTUBHOCTI MOPiBHSIHO 3i 3BMYAWHUMU CY-
cneHsismu [4]. Salmonella typhimurium 1 Listeria
monocytogenes Oyav po3lIeIUieHi (oToKaTanizaro-
pom Tin miero Y@-BumpoMiHeHHs. YTiMm, Listeria
monocytogenes BUSIBUIAcs OuUIblI CTiliKOIO 10 Je-
rpanauii nmopiBHsiHO 3 Salmonella typhimurium. Me-
XaHIi3M BKJIIOYAB ITOILIKO/KEHHS KJIITUHHOI CTIHKU
i MeMOpaHu, 1110 TPU3BEJIO 10 PO3JAMUBY BHYTPIlll-
Hporo BMicty. KoHueHTpalisi HaHouacTuHOK TiO,
3HAYHOIO MipoOl0 BILIMBaja Ha KaTaJliTUYHY peak-
i, TIpu UbOMY KoHuewmpayis 1 e/a daeasa Haii-
kpawi pezyrvmamu [47]. JloBeaeHo, 110 JOMYBaHHS
a30TOM BUKJIMKAE TOCUJIEHY iHAKTUBallil0 OakTepiit
Escherichia coli, Pseudomonas aeruginosa ta Bacillus
cereus. JlomyBaHHSI TPOBOJMJIM 3 BUKOPUCTAHHSIM
Pi3HUX a30TOBMICHUX CHOJIYK, TaKMX SIK CEYOBMHA,
aMmiak i TpueTuIaMiH.

CiJIbCBKOro

7. ®orokarani3 CTiliKOro

rocnoaapcTaa

A

Kinuesoro meroro pememialiii, pekyJbTUBALii
cepe/loBUIIA YPaXKEHUX BOEHHUMM HiIMU TEPUTO-
piii € BiIHOBJEHHS 1 TOBEPHEHHS LIMX PECYpCIiB,
30KpeMa [0 BEleHHSI CiJIbCbKOIo TOCMOIapCTRBa.
VTiMm, posab oTokartanizy He 0OMEXYEThCS CTali€I0
pekynbTHBalIi/pemenianii. Bimomo, mo ®PK-ma-
TepiaJiu TIPUBEPTAIOTh YBary sIK HOBi pecypcu JUisi
CiJIbCbKOTO TrocrnoaapcTBa. HasiBHI po3poOKu 1110710
Bukopuctanusg @OK-HaHoMarepialiB Ha OCHOBI
6iocymicHoro TiO, mist BUpilIEeHHST OIPOOJIEM Cilb-
CbKOTO TOCIIOIapCTBa (3pOCTaHHS BpPOXKalO i HOro
300py TOLLO).

HonatkoBe 3aayvyeHHsl OioJIOTIYHMX TMiIXO/iB
i peTeJIbHUI aHali3 CTPYKTYPHUX TMOLIKOIKEHb Ma-
IOTb CIIPUSATHA TIPUCKOPEHHIO TPAKTUIHOTO BHECKY
TiO, y crane cinbcbke rocrnoaapctso [48]. Takox
nonasanHs TiO, i miazMoBa (ikcauist a3oty OyayTh
KOPHUCHi Ha MiIMpUEMCTBAX, i€ 00poOJIsIIOTh, (acy-
I0Th UM MPOPOILLYIOTh HACIHHSI pocivH. BukopucraH-
Hs TiO, 3 po3mipoM HaHOYacTMHOK 40 HM (MeHLue
10 MKT/7) cripusie TPOPOCTAHHIO HACIHHS Ta AOAAT-
KOBOMY TIOJIOBXEHHIO KOPEHiB. YTiMm, Juilie Tpu-
0JIM3HO 5 % MOTOYHMX AOCIIIKEHDb OYJI0 IIPOBEICHO
B peaJibHUX CUIbCbKOTOCMOJAPChKUX YMOBax [32].
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IIpopolnyBaHHS HACiHHSI IS DOCSTHEHHS
€KOHOMIYHO e(heKTUBHOTO IIpOoLeCy 30MpaHHS BPO-
Kalo Moxe OyTH YCKJIalHeHEe Yyepe3 MOXJIUBE 3apa-
JKEHHSI HaciHHS mif yac 30epiraHHsi rpuOkamMu abo
OakTepisiMU, SIKi MOXYTb MOIIKOAUTH TTPOPOCTAHHS
a00 PO3BUTOK POCJIMH UM iX KOPEHiB, BILIMBAaIOUU
Ha sKicTb npoaykuii. Kpim Toro, nodopuBa € axe-
pejaMu MiKpoOHOIo i TOKCMYHOTO 3a0pyaHEHHS,
sgKe Mae 3ryonuii BrmB. Bukopucranus ®K-mate-
pianiB TiO, ana winei CTiKOro CibCbKOro rocro-
JapcTBa MO3UTHMBHO BIUIMBATUME Ha XapyOBUN
LIMKJ JIIOAMHM, a TaKOX JOTMOMOXE NOJaTu Cillb-
CbKOTOCITOJApChKy KpuU3y, CIIPUUMHEHY TepeHace-
JICHHSIM CBITy, SIKa BUHMKA€E BHACJIIIOK KJIiMaTU4-
HUX 3MiH.

8. IlpommuciioBe 3acTOCYyBaHHS ii MepPCEKTHBH

dortokaraiizaTopy, ONUCaHi B JiTepaTypi, €
JOCUTh Pi3HOMAHITHMMM, I1X BHUOIp 3aJeXMTb Bil
npupoau 3abpynHioBadya (BUOYXOBI, OTpYiHiI pe-
yoBuHU, [TABB Ttom10). ®oToKaTamis 3 BUKOPHUC-
TaHHSIM JiOKCHAY TUTaHy € LIMPOKO JOCIIiIXKEHOIO
peaKili€ro 31 3HAYHUM ITOTEHIIiaJIOM, TIPO IO CBifd-
YUTh BeJMKa KiJIbKICTb TyOdiKalili Ta eKCIepu-
MEHTIB, IIPOBEACHUX Ha IIPOMUCIOBUX Ta IHIIMX
CTIYHUMX BOJAaX, BUMUTUX i3 TPYHTIB BOAaX 3 BUKO-
puctanHsm [TAP, ¢oTtokaTanizatopiB ii agcopOeH-
TiB. Cunmesoeani mamepiaau Ha ocrogi TiO, maroms
nepeeaeu — MOICAUBICMb NOBMOPHO20 GUKOPUCMAHHA
ma egekmueny oeepadayiro. Ha BinMiHy Bif iHIIMX
BapiaHTiB, s Liijiel ¢oTokartaaizy HaHOPO3MipHi
Marepiaad BUSIBUIMCS HaUOUIbLI e(heKTUBHUMU
pesyabtatramu Moaudikauii TiO,. Binomo, 1o Ha-
HOCTPYKTYpU 3HA4YHO aKTUBHIillle MiHepali3yloTh
OpraHiyHi CHOJyKH 3a Oibl M’SIKUX YMOB €KCILTY-
arailii. BoHu TakoX Oijblll €eKOHOMIiUHI (Micas CUH-
Te3y), i ToMy Kpallli 1Jisi BAKOPUCTAHHS Y BEJIUKUX
MaciuTabax i IpOMUCJIOBOIO 3aCTOCYBaHHSI.

Ymim, paxmuune 3acmocysannsa TiO, y npomuc-
A08UX Macuimabdax 0as OYUWEHHs CMIYHUX 600 HA-
pazi € nesnaunum. HMmoeipno, ue noe’szano 3 mum,
wo TiO, € 8ionocHo dopoeum. 3abe3neueHHs HAHOPO3-
MIpHOCMI, @ MAKOMC 8UCOMOBACHH KOMNO3UMIE, 00-
NoBaHUX, MOOUDIKOBAHUX Mamepianié Ha 11020 OCHOBI
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BucHoBku

ITpoBeaeHuii aHami3 JiTepaTypu CBiIYUTH PO
3HAuYHEe OHOBJIEHHS 3HaHb Y cepi [TOI1, mpo HeoO-
XiTHICTh IX IEeTaJbHOIO BMBYEHHS Ta MPAKTUIHOTO
BUKOPUCTAHHS. 3a pe3yjJbTaTaMU MPOBEACHOIO Or-
JISily 3a3HaYMMO, 1110 3aCJIyTOBYE Ha yBary Mmpouec
enexkTpo-DPeHroHa. [1oBHOI Mipolo 1Ie CTOCYETHCS
it ®K-mporeciB. Bumoru BimmoBigHoCTI Tmapame-
TpIiB €HEePreTMYHOI 3a00POHEHOI 30HM HAIIiBIPO-
BiIHMKa-(oToKaTajizaTopa TEPMOIUHAMIYHUM Xa-
pakTepucTMKaM Jerpajalii LiIbOBOro IpOLECy,
MiHiMi3aliss pekoMOiHalii HOCIIB 3apsiay TO03BOJISI-
I0Tb TPOrHO3YBaTU i1 00MpaTH eheKTUBHI MaTepiaau
Ta 001aCTh BUIIPOMiHIOBaHHSI, YMOBHU peakilii. Edex-
TUBHICTb Y Tpoliecax 3HEILKOIKEHHSI BUOYXOBUX pe-
YOBUH, OTPYHHUX PeYOBUH XiMiuHOi 30poi Ta [IABB
JIOBEJIM Taki (poTokaTayizaTopu, SIK TUTAH TiOKCHIL
Ta KOMITO3UTU Ha MOTO OCHOBI.

HaxonunyeHo 3HAYHUI eKCOEepUMEHTAIbHUMA
maTepian BUKOpPUCTaHHs oToKaTagizy Ta iHILMX
nepeJoBUX MPOIECiB OKUCHEHHS B JIaOOPATOPHUX
yMOBaX, OIHAaK MPaKTUYHE 3aCTOCYBaHHS MPOCYBa-
€TbCSl JOCUTH MOBiIbHO. [loTpeOyloTh BUpillIEHHS
Mpo0JieMU €KOHOMIKM Ta €HEepProBUTPaT Ha CTBO-
peHHs BUNpOMiHeHHA. Jluwe 6idxodu 3 GiOHOCHO
HU3bKOK  ePAHUMHO  OONYCMUMOIN  KOHUEHMPAYIEo
(meHwe 2 e/n) Moxcymov OYMu HAACHCHUM YUHOM 00-
pobaeni. 3acmocysanna PK-memodie oas pemediauii
€ 00YiNbHUMU BHACAIOOK X YHIKAAbHUX MOMCAUBOCHEl
Ha cmadiax doouuweHHs.

Matoun BeJIMKi €KOJIOTiuHi IepeBaru, rerepo-
TeHHI BiAmpalboBaHi (hoTOKaTaIi3aTOpU JIErKO PO3-
JJISIIOTHCS 3 OUMILIEHOIO Bijl 3a0pyAHIOBAaYiB BOIHOIO
(¢azoro, omHaK 1J1g HaiOiIblI e(EeKTUBHUX HAHO-
po3MipHUX (oToKaTamizaTopiB Tpoueaypa Oyne
TeXHIYHO CKJIaJHilIow0. s YHUKHEHHS MOaiOHUX
npooJieM CJliJi BUOpaTU ONTHUMAJIbHY MiZKIanKy IJIst
¢orokaranizatopiB. Lle TakoX JOMOMOXKE BUPILLIK-
TU Tpo0JeMU CTabiIbHOCTI Ta MacluTaOyBaHHS Jia-
0OpaTOpPHOI YCTAaHOBKM.
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G.V. Sokolsky
ON POSSIBILITY OF INVOLVING PHOTOCATALYTIC METHODS IN POST-WAR REMEDIATION OF TERRITORIES OF UKRAINE

Background. Photocatalytic methods have prospects for use in cleaning and decontamination against organic compounds polluting

the territory of Ukraine as a result of military operations — explosives, chemical weapons, fuel and lubricants, pathogens in water and soil;
for the degradation of microplastics, etc.
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The purpose of the work was to systematize the available data on the possibility of using photocatalytic methods for post-war
remediation and restoration of the territories of Ukraine.

Objective. This work is dedicated to systematic analysis of the available data on the possibility of photocatalytic methods application
in post-war remediation and restoration of the Ukrainian territories.

Methods. The state-of-the-art in post-war remediation was investigated together with author experience to evaluate prospectives
of advanced oxidation methods, such as photocatalytic ones, in the restoration of ecosystems after war.

Results. The ability of photocatalysts based on TiO, to complete mineralization of trinitrotoluene, nerve agents and their model
compounds, polyaromatic hydrocarbons, microplastics, and disinfection of pathogens is shown. The perspective of the technology of
soil washing by solutions of surfactants and complexones (chelating agents) with subsequent sequential photocatalytic mineralization of
organic pollutants and adsorption removal of heavy metals is highlighted. Other data related to the issue of restoration of territories after
military operations were discussed. Another noteworthy method - the electro-Fenton process — has been pointed out.

Conclusions. Considerable experimental material has been accumulated on the use of photocatalysis and other advanced
oxidation processes in laboratory conditions, but practical application is progressing rather slowly. There is a need to solve the problem of
economics and energy consumption to create radiation. Nevertheless, such photocatalysts as titanium dioxide and composites based on
it have proven their effectiveness in the process of neutralizing explosives and poisonous substances of chemical weapons. Among the
conditions of successful application is a relatively low degree of pollution (<2 g/l) of wastewater, therefore the use of photocatalytic methods
for the remediation of territories is appropriate at the stages of post-treatment. It is necessary to optimize the support immobilisation. This
will help solve the problems of stability and scalability of the technology.

Keywords: post-war restoration of territories; photocatalysis; TiO,.
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TIBPYIHI TUIPOTENI IS JIATHOCTUKH
TA JIKYBAHHSI OHKOJIOTTYHUX 3AXBOPIOBAHbD

IIpo6aemaTuka. BukopucraHHs MoJiMEpHUX KOMITO3MTIB Ta TiApOresiB, HAIIOBHEHUX (DYHKIIOHAII30BAHUMU HAHO-
YaCTMHKaMU (30KpeMa KUCJIOTHO-MOAM(DIKOBAHOIO JIAMOHITY Ta 30J10Ta) YMOXJIMBIIIOE 1X 3aCTOCOBYBAHHS ISl 3ar0-
BHEHHSI TTic/sonepaliiHuX MOPOXHWH, HacaMIliepe.l Mic/Isl pe3eKilil MyXJuH, Ta J03BOJISIE MiABUIILyBaTH e(heKTUBHICTh
PaHHBOI J1IarHOCTUKU OHKOJIOTIYHUX 3aXBOPIOBAHb.

MeTa nociimkennsa. Po3po6ka MeTOMiB CMHTE3y KHCJIOTHO-aKTMBOBAHOTO JIAIIOHITY, JOCIIMXKEeHHS 10r0 OCHOBHUX (i-
3UKO-XIMIYHUX BJIACTUBOCTEM, METO/IB MOT0 iHKOPMOPYBAHHS 1O TEPMOYYTJIMBUX TiIpPOTEsiB; BUBYEHHS MOXJIUBOCTI
BUKOPUCTAaHHS TIOPMIHUX MaTepialiB HA OCHOBI TEPMOUYTJIMBUX TiPOreJliB Ta HAHOYACTMHOK 30JI0Ta B OHKOXipypTii.
Metoauka peamizanii. CHTe30BaHi MaTepiajii oXxapakKTepu30BaHi METOIaMM Ja3epHOI KOPESIiiiHOI CIeKTPOCKOTTii,
I49- ta Y®-cnekrpockoriii, peHTTeHOCTPYKTYpPHOTO aHali3y, 3uMorpadii Toiio.

Pesyabratn gocaimkennsa. CuHTe30BaHi TiOpWAHI MOJIMEpPHI CHUCTEMM Ha OCHOBI TEPMOUYTJIMBUX TilIporejiB 3 Ha-
HOYAaCTMHKAMM 30JI0Ta MOXYTh BUKOPUCTOBYBATUCS IIJIsSI 3alIOBHEHHSI TC/ISIONEpalliiiHUX MOPOXHUH 3 OJHOYACHUM
aJipeCHUM BUBUIbHEHHSIM iHKOPMOPOBAaHOTO OakTepiocTatuka AnbOynuay. Cucrema aomeuuicyibdaTr HaTpisi—I0-
JIIaKpUIaMIiTHUM TeIb 3 IHKOPIIOPOBAaHMMU HAHOYACTMHKAMU KUCJIOTHO-MOAM(IKOBAHOTO JIATIOHITY MPOAEMOHCTPYBaja
BUCOKY €(eKTUBHICTb Mil Yac eJIeKTPOOPETUYHOro PO3MAiJIEHHS OUIKIB IJ1Ia3Mu NepudepruyHoi KpPoBi ISl paHHbOI
NIarHOCTUKN KOJIOPEKTAJIBHOTO paKy.

Bucnoskn. KuciorHa momumdikallis JIalloOHITY MoOXe OyTH MOKJIaJeHa B OCHOBY CTBOPEHHSI HAHOPO3MIpHMX Tepa-
MEBTUYHMX Ta JiarHOCTUYHUX cucTeM. CHMHTe30BaHi TiOpUIHI MOIiMEpHi MaTepiaad Ha OCHOBI TEPMOYYTIMBUX TiIpo-
rejiiB 3 HAHOYaCTMHKAMU 30JI0Ta MOXYTh BUKOPUCTOBYBATUCS ISl 3alIOBHEHHS Mic/asionepaliifHuX MOPOXHUH 3 Ofl-
HOYACHUM aJIpECHUM BMBIIBHEHHSIM iHKOPIIOPOBAHOTO OAaKTepiOCTaTUYHOIO MpernapaTy AJbOyLumLy.

KmiouoBi cjioBa: TepMOUyTIUBI rifiporesi; KUCIOTHO-MOAM(DIKOBAHUI JIATIOHIT; eJIeKTpo(opeTUUHe po3/iJieHHs OiIKiB;
HAHOYACTUMHKU 30J10Ta; AJIbOYL]IL.

Beryn

OcTaHHIM YacoM iHTEHCHMBHO pPO3BUBAIOThCS
IHHOBAIlilfHi HAHOMEAWYHi IIIXOOW OO0 PaHHbBOTO
BUSIBJICHHS 1 MEPCOHAI30BAHOTO JIIKYBaHHSI pakKy.
BukopuctaHHs  iHTeJeKTyaJlbHUX OiomaTepialliB
Ha OCHOBi (PYHKIIIOHAJIi30BaHMX HAHOYACTUHOK
JIO3BOJISIE TIOENHATU aApPeCHY IOCTaBKY JiKiB 3 iX
MPOJIOHTOBAHUM BUBIJTbHEHHSIM Ta OiOZOCTYITHI-
ctio [1, 2]. KpiM Toro, pesynbTatv IIpOBEASHUX
OCTaHHIMU POKaMU HOCJiIKEeHb CBig4aTh, LIO iH-
TeJIeKTyaJlbHiI OioMaTepiasii 3 IPOJOHIOBAHUM BU-

BUIBHEHHSIM 3HAYHO IIOKPAllylOTh €(PeKTUBHICTb
XiMioTepamii i pe3yabTaTd JIKyBaHHS OHKOXBO-
pux [3]. B sgkocTi Takux iHTeJaeKTyaJbHUX Oioma-
TepiaJliB LIMPOKO BUKOPUCTOBYIOThCS MOJIMEPHI
KOMITO3UTU 1 Tigporeii, HamoOBHEHI (byHKIiOHAJIi-
30BaHUMU HaHouyacTuHKamu [4, 5]. IIpocropoBo
3LIUTI TiApoOresi MOXYTh MOMIMHATU U YyTPUMYBaTU
BEJIMKY KiJIBKICTh BOAM Ta BOOHMX PO3YMHIB (30-
Kpema, JiKapChbKMX MpenapariB), iX HallOBHEHHS
(byHK1liOHATI30BaHUMM HAHOYACTMHKAMM J103BO-
JIsIE CTBOpPIOBAaTU 0iOCYMiCHiI Ta HeAOpOri riOpumHi
Oiomarepiai 3 IIMPOKUM CHEKTPOM 3aCTOCYBaHb
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Yy Pi3HUX rajy3six MeauuuHu Ta (apmaiii. Bukopu-
CTaHHS iHTEJIeKTyaJIbHUX OiomMarepiajiB Ha OCHOBI
(byHKIIIOHAII30BaHMX HAHOYACTUMHOK, IO XapaKTe-
PU3YIOTbCS BHUCOKOIO OiOCYMICHICTIO, IMOPUCTICTIO,
COpOLIHOI 3JaTHICTIO, XiMIYHOIO 1 TEepMiYHOIO
CTINKIiCTIO, TO3BOJISIE TOEAHYBATU aIpPECHY JT1OCTaBKY
JIIKiB Ta IX MPOJIOHTOBaHE BMBUIBHEHHSI, 30KpeMma,
min yac ximioreparii, Ta MiaABUILYBaTU €(PEKTUBHICTb
PaHHBOI JIarHOCTUKM OHKOJIOTIYHUX 3aXBOPIOBAHb.
B gxocti Takmx iHTeJleKTyaJbHUX OioMaTepiajliB
LLIMPOKO BUKOPUCTOBYIOTHCS MOJIMEPHI KOMIO3UTHU
i Tigporesi, HalmoBHEeHi (yKIioHai30BaHUMM HAHO-
YaCTMHKAaMM, 30KpeMa HaHOYaCTMHKAMH JIaTlOHi-
Ty (Lap®) — CUMHTETMYHOIO TIMHUCTOIO MiHepay
3 YHIKQJIbHOIO aHi30TPOIMHOIO CTPYKTYPOIO (AUCKHU
3 liaMeTpoM OJIM3bKO 25 HM i 3aBTOBILIKU 1 HM). Bin
€ BI/IHOCHO HEJIOPOTHM i BXK€ Ma€ YMCIEHHI TEXHOJIO-
riyHi, hapMalleBTUYHI Ta KOCMETUYHI 3aCTOCYBaHHS
[6, 7]. Monudikamist Lap®, Hacammepen KUCIOTHA
aKTUBallisl, HAJIA€ MOMY IIMPOKUI CIIEKTP A0JATKO-
BUX (DYHKIIOHAJILHUX BjiacTUBOCTei [8], sKi 403-
BOJISTIOTH 3a0€3MEYUTH aapecHe TPaHCIOPTYBAHHS
JIIKiB Ta iX KepoBaHE BUBLJIbHEHHS, 110 OCOOJMBO
BaXXJIMBO IIiN Yac JIIKyBaHHS paKy, 1€ TPUBAJIICTb
BIUIMBY JIIKiB Ha MyXJMHHI KJIITUHU Ma€ BUpillab-
He 3HaueHHs. DYHKIIOHANBHI Tigporeai 3 iHKOp-
MOPOBAaHMMM HAHOYACTMHKAMHU JIAIIOHITy Ta HOTo
moaudikauiil € Hag3BUYANHO TIEPCIEKTUBHUMM TTiJl
yac MiarHOCTMKM OHKOJIOTIYHMX 3aXBOploBaHb [9],
30KkpemMa KosiopekTajibHoro paky (KPP). Bimomo,
1o ejgekTpodoperpaMu OUIKIB pi3HUX Oi0IOTIUHMX
piouH JoauHu (T1a3Ma repudepruyHol KpoBi, ceua,
CIIMHHOMO3KOBA piIvHAa Ta iH.) JO3BOJISIOTH JiiKa-
psIM Ta GioxiMiKaM OTpMMATH 3HA4YHY J1iarHOCTUYHY
iHpopmauito [10]. Pesynbratm enekrtpodopeTny-
HOro mopiny (pepMeHTIB (3UMOrpaMu) J03BOJISIIOThH
BUBYAaTU 3MiHM aKTMBHOCTI Ta i30(pepMEHTHO-
ro CHekTpa TaKMX OWUIKiB Ta O3BOJISIE PO3AUISTH
pi3Hi OiNKM BMHSITKOBO Ha OCHOBi BiIMiHHOCTEW
y ix mousekyssipHii maci [11, 12]. dnga oTpumaH-
Hsl 3a3HAYEHMX 3UMOTpaM IIMPOKO 3aCTOCOBYIOTb
meton Jlemmuti, abo muck-enekTpodope3 Ha OCHO-
Bi SDS-PAGE, T0o0TO mNojiaKpuIaMigHOTO TIelio
(ITAAT') 3 momaBaHHSIM JoaeuucysbdaTa HaTpito
(IAC) [13]. HocnimkeHHs1 OiomapKepiB Bimirpae
BaXKJIMBY POJIb Y BUSIBJIEHHI Ta JIiKyBaHHI Malli€H-
TiB 3 OHKOJIOTIYHMMM 3aXBOPIOBAHHSIMU. 3ayBakKu-
MO, 1110 TU1a3Ma nepudepuyHoi KpOBi JIOAUHU €
HalKpallluM JKepeaoM 3paskKiB Ijis ideHTudikallii
oiomapkepiB [14]. Po3mineHHs1 OiIKiB Iuta3Mu me-
pudepruyHOi KpOBi 3a TOMOMOIOI0 ejaeKTpodope3y
€ LIHHUM AiaTHOCTUYHMM IHCTPYMEHTOM, a TaKOX
CocoOOM MOHITOPUMHIY KJIiHIYHOTO MpOTpecy,
a MOKpallleHHsI ToAiTy OiNKiB crpusie 30ibIIEHHIO

iH(OpPMATUBHOCTI BKAa3aHOIO0 METOAY AiarHOCTUKMU.
BukopucrtaHHsa 3anpoIrOHOBAHOTO METONY OCO-
OJIMBO HOILIUIbHE ITiJl YaC BUBYEHHS MOJICKYJISIPHOI
reTeporeHHOCTI (PepMEHTIB, 110 MOXEe JaTh A0JaT-
KOBi JaHi IIpO Iepedir Ta IPOTrHO3 OHKOJIOTIUHMX
3axBoploBaHb. [lojoxKeHHs ineHTU(IKOBAaHUX IiKiB
eJ1eKTPO(OPETUYHOI Mirpallii OiJIKiB TEBHOK MipoIo
3aJIEXKUTh BiJl KOHLIEHTpallil peareHTiB, 110 3aCTO-
coByloTbcsl st orpumaHHs TTAAID, Hacammepen
akpusaminy (AA) ta N,N’-meTusieHOicakpuiiaminy
(MBA), nopuctocTi reaiB [15], a TakoxX iHKOpPIO-
pOBaHUX COPOEHTIB, 30KpeMa JIAOHITy Ta KUCIOT-
HO-aKTMBOBAHOIo JanoHiTy. BkaszaHe 3yMoBIIOE
aKTYyaJIbHICTh 1IbOTO JTOCIiIXKEHHSI.

OkpiM ToOro, TiOpWIHI MOJIMEPHiI MaTepiaiu
Ha OCHOBI TEPMOYYTJIMBUX (PYHKILIOHAJBHUX TiIpo-
reJliB 3 iHKOPIMOPOBAaHMMM HaHOYAaCTUHKAMU 30J10-
Ta, BUIAIOTHCS MEPCHEKTMBHUMU iHHOBALIHUMU
maTepiaiaMu IS eHAONPOTE3yBaHHSI Ta 3allOBHe-
HHS TMicasionepauiiHuX MOPOXHWH, HacamIiepen
micig pe3exuii nyxiauH [16—18].

ITocTanoBka 3anaui

MeToo pobOTH € po3poOKa METOHIB CUHTE3Y
KUCJIOTHO-aKTUBOBaHoro alLap® (Lap) Ta moci-
JKEHHSI OCHOBHHUX (hbi3MKO-XiMiUHMX BJIACTUBOC-
Teil cycneHsiii alap, a TakoX MeTOAiB iX iHKOp-
MOpyBaHHS J0 TiporeyiiB Ha OCHOBI AA 3 MeTO0
CTBOPEHHS CUCTEM IS IIarHOCTUKWA OHKOJIOTIUHUX
3axBoploBaHb. [lepenbavaeTbcsi TakKoX AOCHIIUTH
MOXJIMBICTh BUKOPUCTAHHSI TiOpMIHUX MaTepianiB
Ha OCHOBI TEPMOYYTJIMBUX TiIporesiB, HAaHOYACTH-
HOK 30JI0Ta Ta aHTUMiKpoOHOro mperapary AJjib-
OyLuuay [JIs1 3allOBHEHHSI Ta 3arobiraHHs iHQiKy-
BaHHS MicasionepaliiiHuX MOPOXHWH, HacaMmepen
Micyst pe3eKuii MyxXJauH.

Marepiaau i meToau

Peakmueu ons cunmesy eidpoeenie. N-i30-
npominakpuiaamin (HITIA; Merck, 97 %) mnepe-
KPUCTATI30BYBaIM 3 TeKCaHy i CYLIMJIM y BaKyyMi,
N,N'-metmenbicakpuiamin (MBA) (Merck, 98 %);
nepcynbdar amonito (ITCA, (NH,),S,04, Sigma,
98 %); N,N,N’',N'-terpameruncHmiamia (TEME])
(Merck, 99 %) SIx pO3UMHHUK y BCiX eKCIIEpUMEH-
Tax BUKOPUCTOBYBAIU OiIMCTUIBOBAHY BOIY.

Y poboTi BMKOpUCTaIU Cyabdalua HaTpilo
(ampoyrum) — 30 % BomHmii po3umH (ITAT «Dap-
Mak», YKpaiHa), 6e3 10JaTKOBOrO OUUILIEHHS.

Onsa modugpixysanna Lap® Gyma BUKOpHCTaHA
KMCJIOTHA aKTHUBalisl B cipuyaHiil kuciuori. Ilome-
penHbo Lap® nucriepryBajiv y BOJi Ta IMepeMillly-
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Baiu 3a 60 °C npotsrom 30 xB. [10TiM MOBUILHO 10-
JaBajii BOOHUI pO3YMH KUCJIOTH, PeaKLiAHy CYyMilll
nepeMilryBaau mpotsirom 10 roguH 3a KiMHATHOI
temnepatypu. KoHueHTpalito alap y KiHIleBOMY
po3umHi (ikcyBanu Ha piBHI 4 Mac. %, a KOHIIEH-
Tpalito cyibdaTHOI KUCIOTU 3MiHIOBAJU B Mexkax
Bix 0,5N go 16N. [dani oTpuMaHUii KUCJIOTHO-aK-
TUBOBaHMI nanoHiT (alap) BimMuBanu Big 3a-
JIMIIKIB HEMpopearoBaHoi KHUCJIOTU 3a JOMOMOTOIO
MPOMMBAHHS TIPOTSATOM TPHOX JHIB Y OTWCTUIHOBA-
Hiii Bomi mo pH 7,0 (3 ii GaraTopa3oBoiO 3aMiHOI0)
ta cywmiaun 3a 50 °C.

Cunmes eidpoeenie Ha ocHosi [IAAI ma Kuc-
A0MHO-MoOugiKoeanoeo Jlanonimy: mnepeMmilllyBaau
3,751 AA+0,01 r JIAIT XLS + 0,075 r MBA +20 M
cyminri Ne 1 (10 r TPHUC +0,25 r Tpunnon b+ 175 M
n. B. goBoaumo a0 pH 8,9 nomaBanusm 50 %-Hoi
H,PO,). Cymimn nepemilnyBaid Ha MAarHiTHifAi Mi-
LIAJIIi A0 TIOBHOTO PO3UYMHEHHS CYXUX pearcHTIiB
npotsirom 30 xB. IloTiM po3uuH aucrepryBaiu
npotsroM 7 xB (amruiityga 50 %, enepris 10 k1),
Ha Y3-pucnepratopi Bandelin Sonopuls UW 100
(HimeuunHa), 6apOOTYBaiM aproH MPOTSITOM 2 XB,
nonaanu cymiul (0,5 r TICA +4,5 r H,O) ta cymii
(0,5 TMEI + 4,5 r H,0) micist yoro 1mBUAKO 3a-
JIMBaJIM CyMilll y CII€llia/IbHO BUTOTOBJICHUM CKJISI-
HUI 11a0JIOH 3i creficepaMy 3aBTOBIIKA 1 MM.

Cunmes nanouacmuuox 30aoma. ChepudyHi Ha-
HOYACTMHKHM 30JI0Ta 3 cepeaHiM po3MipoMm 30 HM
CUHTE3yBJIM METOIOM TiIpOTepMaIbHOTO CHHTE-
3y: BIZHOBJIEHHSI 30JIOTOXJIOPUMCTOBOAHEBOI KUCJIO-
™ (HAuCl, - 3H,0) (= 99,9 % trace metals basis,
Sigma-Aldrich) muTpaToM HaTpilo 3a HasSBHOCTI
KapOoHaTy Kajilo TMpOBOAWIM 3a TeMIlepaTypu
121 °C, tucky 1,04 arm npotsirom 15 xB. BuxigHa
KoHueHTpauia C, = 38,6 MKI/MJI 32 METaJIOM.

Cunmes eidpoeenie ma IHKOPNOPYBAHHS HAHO-
yacmunok 3010ma 0o ix ckaady. igporesi Ha OCHOBI
HIITA Oynu cuHTE30BaHi 3a 1OMOMOTIOI0 pajuKasb-
HOI TMoJiMepu3allii BOAHOIO PO3YMHY MOHOMEDY
3a 10 °C i KOBaJIECHTHO-3LIUTI Oi(hyHKIIOHAIBHUM
moHoMepoM MBA. JIns iHiniloBaHHS moJiMepu3a-
il BUKOPUCTOBYBAJIM OKMCHO-BiIIHOBHY CHUCTEMY
Ha ocHoBi [TCA i TEME/I. Cunre3 rinmporeis rnpo-
BOAWJIM TaKUM 4YMHOM. bapOoTyBajiu aproH depes
peakiiiiHy cyMill (BOOHUI PO3YMH CyMillli MOHO-
Mepy i 3LIMBaKYOro areHTta) Irepel JoJaBaHHSIM
OKHCJIIOBaJIbHO-BiAHOBIIOBaAJIbHOI cucTteMu. Ilicis
3MilllyBaHHSI KOMMOHEHTIB KOMIO3ULIiI0 PETEIbHO
nepeMilllyBajid i mepeHoCcuan y GopMy, IO CKJa-
JAETbCS 3 JOBOX NapajeJbHUX CKISHUX IUIACTHUH,
po3IiJieHuX creiicepaMy 3aBTOBIIKK | MM i BUTpU-
MYBaJIU TIPOTSATOM | TOAMHU 32 KiIMHATHOI TeMIiepa-
Typu. JI1s1 iHKOpropyBaHHS HAHOYACTMHOK 30J10Ta

po3paxoBaHy KiJbKiCTh CyCIIE€H3i1l 3 KOHLEHTpALIi€l0
C,, = 38,6 MKT/MJI 32 METAJIOM JIOIaBAIM IO TeJey-
TBOPIOIOYOI KOMITO3UIIil ITiJT YaCc iHTEHCUBHOTO IIe-
pemilnyBaHHs (TIepes TepeHEeCeHHSIM 10 CKJISTHUX
(opm). TpubaAM3HO yepe3 YOTUPU TOIAMHM TiApo-
reqi BUiAMaiu 3 (OpM i IHTEHCUMBHO TMPOMUBAIU
JUCTWILOBAHOIO BOMIOIO 3a KiMHATHOI TeMIepaTrypu
JUIS BUAQJIEHHsI HeMpopearoBaHuX 3auiikiB. Bomay
MiHSUIM 2 pa3W Ha JeHb, a IIpOLeC BiIMMBAHHS
KOHTPOJTIOBAIM 3a JormomMoro Y®-crekrpoMerpa
(SPECORD M40, Carl Zeiss, Germany). I'ene-
Bi 3pa3KM y BUIJISIAI OMCKiB BUPi3aIM 3 HAOYXJIMX
rigporejieBUX IUIIBOK 3a JOMOMOIOI IMPOOiiiHU-
ka (d= 10 MM) i BUCYLIYyBaJIM 00 MOCTIAHOI Macu
3a 25 °C. [eTtanbHuii CKjaajg CUHTE30BaHUX Tigpore-
JIiB HaBeEHO B TaoOu. 1.

Tabauys 1. Cxian rigporeniB Ha ocHoBi HITTA

KOMIOHEHT Bwmict, % Mac. y 3pasky
1 2 3 4
HITIA 20,8 | 20,8 | 20,8 | 20,8
MBA 0,1 { 0,1 | 0,1 | 0,1
IICA 051057105105
TEME] 05105105105
JucTunpoBaHa Boaa 78,1 | 78,1 | 78,1 | 78,1
HaHoqacLIxII;;(rH 30J10Ta, ~ {402 8,04 | 12,06

Ilpucomyearnus paxuii naazmu. Y 10CHimKeHHI
B3sJIM ydacTb noHopH Ta xBopi Ha KPP, gxi mepe-
OyBaJIM y BiIJiJIEHHI MTyXJIMH TI€YiHKU, MiJLUTYHKO-
BOI 3aJI0O3M Ta OHKOBAcKYJsSIpHOI Xipyprii Hairio-
HaJbHOTO iHCTUTYTY paky MO3 Vkpainu (M. Kuis,
VYkpaina) y 2020—2022 pokax. 3pa3ku KpoBi Oyiu
oTpuMaHi y nepBMHHUX XBopux Ha KPP mepen mo-
YaTKOM JIIKYBaHHS. Yci IalieHT! naju ingpopMoBa-
Hy 3rojly Ha y4acTb y JOCTiI>)KeHHi Ta BUKOPUCTaHHS
iX 0iOJIOTIYHMX MaTepialiB y JTOCTIIHULIBKUX IIJISX.
J1o3Bin Ha MpOBeIEeHHS JOCIIIKEHHST 0yJ10 OTprUMa-
Ho Bix IleHnTpanbpHoi KoMicii 3 0ioeTnkm M3 Ykpa-
iHM i JokanbHOI Kowmicii 3 Oioetuku HamioHasib-
HOTO iHCTUTYTY paky). JJisi BU3HAUEHHSI MMPOTEOMY
IUTa3Mu TieprudepruaHoi KpoBi MpUOIM3HO 6—9 M
ii 3oupanu B npobipky (VACUTEST KIMA, Ira-
JisT), IO MIiCTUTH 16,2 MT aHTUKOATYJISTHTY (Kasi-
€Ba cinb ertweHmiaminteTpaanerata (K,EDTA)).
HocnimxyBaHi 3pa3ku KpoBi (10 MKJT) 3milnyBanu
3i 100 MxJ1 oxonomxkeHoro (4 °C) 0,14 M po3uuHy
XJIOpUIY HATpilo i moMmilanu y npolGipku 1,5 mia
(«Ennennopd»). CyMilll peTesibHO MepeMilllyBaiu
i meHrpudyrysanu 3a 5000 06/XB MpPOTATOM 5 XB.
Ho cynepHaTtanTy nomaBaiu 500 MKJI 0XOJIOMKEHOTO
alleTOHY, MICJIST YOro CyMilll MOMILLIAJIM Y MOPO3WJIbHY
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kamepy 3a —20 °C Ha 10 xB, moTiM LeHTpudyryBa-
mm 3a 5000 g 5 xB. OTpumaHuii ocan PO3UMHSIIN
y 100 mxi 2 % AAC, mo mictuB 10 % riiuepuHy
i 0,005 % 6pomdeHooBoro cuHboro. Ipodu mpo-
rpiBanu 3a 90 °C npotsirom 2 xB. IlinrotossieHi ta-
KMM YMHOM TIpoOu BHOCWIM y JiyHKU TTAAT.

[4-ananiz npoBoaunu Ha Dyp’e-crieKTpomeTpi
Shimadzu IRAffinity-1S 3 BUKOpUCTaHHSAM OETEK-
TOpa TOPYILICHOr0 MOBHOTO BHYTPILIHBOTO BigOWT-
T Specac Quest ATR y mianasoni 4000...400 cm™,
npu HakonuyeHHi 25—40 ckaHyBaHb, 3 PO3IUJILHOIO
3natHicTio 4 cm™ i omnpalboByBaiu 3a JOMOMO-
roro mporpamm obpookm gaHmx LabSolutions IR
Ver. 2.26.

Penmeenoepamu BUCOKOIMCIIEPCHUX KUCJIOT-
HO-aKTMBOBAaHUX CYCII€H3Iii JIAIIOHITY JOCJIiIXKyBa-
JIU Ha peHTreHiBcbkomy audpakrtoMmerpi (JAPOH-
YM1) 3 aoma wiimHamu CoJiiepa i3 (piIbTpoBaHUM
Co-Ka-BunpomiHioBaHHsIM. IneHTudikalio MiHe-
pajbHOTO CKJaay OO’€KTIB 3MiMCHIOBAJIM BiAIOBI/I-
HO J0 Kaptoreku ASTM.

Ans eumiproganus po3mipy HaHOUACMUHOK Ta iX
pO3MOiJly 3a po3MipaMi BUKOPHUCTOBYBABCSI METOJ,
JuHamiuHoro cBiTioposcitoBaHHs1 (JICP). Bumipro-
BaHHs MPOBOAMWJIM Ha J3eTa-caidepi Tuiy NanoS
(Malvern).

Pienosaxcnuti cmyninb HaOYXaHHA TigpoTesiB
y IUCTUIBbOBaHIN Boai, W, po3paxoByBaiau 3a (op-
mysnoro W= (m, — m,)/m, ne m, — maca HabyxJioro
rigporeiito B piBHOBaXXHOMY CTaHi IIicist 24 roguH
HaOyxaHHSI, a m, — Maca IOBHICTIO BHCYILIEHOIO
KCeporeso Mmicasl ynaproBaHHSI BOAW. 3pas3Ku Till-
porento iHkyOyBaau B Tepmocrtati TC-1/80 SPN
Ta 3BaXKyBaJIM 3 TOYHICTIO 10 10~* T Ha aHATITUYHUX
Barax AXIS (ITosbwa). JaHi momaHi SIK cepeaHe
3HAYEHHS + CTaHAApTHE BiIXWJIEHHS TPbOX—IT'SITU
HE3IEXKHUX EKCIIEPUMEHTIB. g CcTaTUCTUYHOI
00pobkM gaHux BukopuctoByBaiu ANOVA, nocro-
BipHUM BBaxaiu p < 0,05.

Bsedenns Anvbyuudy ma 1020 6UBIAbHEHHS.
Hacuuennsi rimporeniB  AnbOyluaoM MpPOBOIM-
JU TakuM 4YuHOM. HaBaxky rigporento momila-
JI1 B PO3YMH AnnOyLuay 3 KoHueHTpauieio 30 %
i BUTPUMYBaJIU JUIsi HACUUYEHHS TPOTATroM 24 ro-
IuH 3a temreparypu 20 °C, micist 4yoro rnomianu
B 10 M1 nucTuiaboBaHoi Boau. Yepes MeBHi MpoOMixX-
KM 4acy TiIporejb BUAAISUIN, PO3YMHHUK aHATi3y-
BaJIM CIIEKTPOMETPUIHO 3a moromMorow Y®d-crek-
tpomeTpa (SPECORD M40, Carl Zeiss, Germany),
BUMIpPIOIOUM ONTUYHY T'YCTUHY CUTHAILy AJILOYLIUAY
3a 260 uM. ligporenb 3HOBY TToMimmanu B 10 Mt -
CTUJILOBAHOI BOOW i BUTPUMYBAJIM TIPOTSITOM TICB-
Horo nepiony yacy. Il mpoueaypy NOBTOPIOBAIU
MPOTSATOM YCHOTO €KCTIEPUMEHTY.

Enexmpoghopez nposonunun B 15 % T1AAT
3 BUKOPUCTAaHHSIM BEPTUKAIbHOI €l1eKTPOhOopeTry-
Hoi 0ydepHoi cuctemu SDS-PAGE 3 posMillieHHSIM
reJilo MiXK BOMA CKJISTHUMM rutacTuHamu (45475 mm,
3 TOBIIMHOIO creiicepiB 1 MM i rpebiHLieM 3 8 3y-
ousMu). OTpuMaHi 3pa3ky IUIa3MU IepudepruIHOl
KpoBi 1oHOopiB Ta xBopux Ha KPP mj1s1 3aBaHTaxkeHHs
Ha tenb posunHsuin B 0,4 M Tpuc-HCI (pH 6,8)
oydepi, mo mictus TinepuH (5 %), AAC (0,1 %)
i 6pomdenonopuit curiit (0,001 %). BukopucroBy-
BaBCsl €JIEKTPOAHMUI Oydep (BogHa CyMill IJILIMHY
(1,4 %), Tpuc (0,46 M) i IAC (0,1 %). ITpuxinagena
Hanpyra cradoBwia 100 B. Tunosuii yac po3mijieHHs
CcTaHOBUB Tpubanu3Ho 3,5 roauHu. ['enb dikcyBain
3a JOMOMOTOI0 BOIHOTO (hikcytouoro po3unny (40 %
etaHon, 10 % ouroBa KUC/IOTa) MPOTIroM 16 roauH.
s Bigyanizallii OUIKIB, pO3AUIEHUX 3a JOMOMOTOIO
JOC—ITAAT, 3acTocoByBanu 3abapBIlOBaHHS TesliB
npotsaroM 60 xB y po3unHi 0,1 % Coomassie Brilliant
Blue R-250 [19]. Hapeiuri, reib 3HeOapBIOBAIU
y ikcytouoMy po3urHi npotsarom 90 xa.

Pe3ynbraTi Ta iX 00roBopeHHs

MexaHi3M  KHMCJIOTHOI ~aKTHMBAllil IIOJISITa€
Yy TIPOHUKHEHHI IPOTOHIB Y IJIMOMHY JAOHITHUX
1IapiB 3 TMOJAJbIIOK aTakKol CTPYKTYPHUX Till-
POKCUIBLHMX Tpyn. Moaudikaitiss cTpykrypu Lap®
JI03BOJISIE TOHKO PEry/IloBaTU Pi3HOMAHITHI BIaCTU-
BOCTI JIAIIOHITHUX JAUCKIB, TaKi SIK IX IMCIEPCHICTD,
MOBEPXHEBUIA 3apsifl, KOJOIMHY CTaOUIbHICTD i CITO-
pinHeHicTh 10 6ioMouiekys (puc. 1).

=

+-r——r
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
o

Puc. 1. IY-cnekrpu 3paskis: 0 — Lap®; I — alap (0,5N) H,SO,;
2 — alap (IN) H,SO,; 3 — alap (2N) H,SO,; 4 — alap
(4N) H,SO,; 5 — aLap (8N) H,SO,; 6 — aLap (16N) H,SO,



XIMIYHI TEXHONOTIT TA IHXKEHEPIA

85

BoaHouac HagMipHa KMCIOTHA aKTUBALlisi MOXe
TaKOX TIPU3BECTU J10 PYHHYBAHHS KPUCTATiUHOI
cTpykrypu Lap® Tta yrBOpeHHS amopdHux ¢a3
kpemHesemy nSi0,x mH,0. BkazaHi mnpolecu
OyJ10 TpoaHali30BaHO 3 BUKOPUCTAHHSM METO/IiB
IY-cnexTpockoriii Ta peHTreHO-CTPYKTYPHOIO aHa-
Jizy. Ak BugHO 3 IY-criekTpiB 3pa3kiB HATMBHOIO
Ta KUCJIOTHO-aKTMBOBAHOIO JIaMoHITy (puc. 1), ueu
npoliec sBjsie cobO0 KMCJIOTHY aKTHBalilo 3i 30e-
PEXEHHSIM CTPYKTYPM JIAMOHITY Mil 4ac oOpoOKu
Cy1b(MaTHOIO KMCJIOTOIO 3 KOHUeHTpauielo Big 0,5N
g0 2N, mpuyoMy MexaHi3M BKa3aHOIO IIPOLECY 3y-
MOBJICHUII HAKOMWYEHHSM HETaTUBHOIO 3apsiay
Ha HaHouacTMHKax Lap® 3a paxyHOK BMMWBaHHS
KOMIIEHCYIOUMX IIO3UTHMBHO 3apsIKEHUX KaTiOHIB
JIy>KHO3eMeNlbHUX MeTaliB. [TpoaHaltizyeMo criouyarky
He3pyitHOBaHy cTpyKTypy Lap® Ta alLap. HusbkoiH-
TEHCUBHI cMyru 6J13bKo 1630 cm! 3ymMoBJieHi cop6o-
BaHOIO Bomoio, cmyru 950—1000 cm™! BimmoBimaroTh
aCHUMETPUYHUM BaJIEHTHUM KOJIMBAaHHSIM —Si—OH—
ta —Si—0—Si—, a cMmyra 3a npubauzHo 650 cm!
Bianosinae aedopmauiiHuM konusaHHaM Mg OH,
MPUYIOMY iHTEHCUBHICTb IIi€ET CMYTH 3MEHIIYETHCS 10
Mipi 3pOCTaHHSI iIHTEHCUBHOCTI KUCJIOTHOI aKTUBALlii
(y pasi 30i7blIeHHs KOHLEHTpallii cyJb(haTHOi Kuc-
Jotu Bia 0,5H no 2H). CMyra 3 iHTEeHCUBHUM MaKCU-
myMoM 3a 1045—1055 cm™" mst 3paskiB alap, orpu-
MaHUX i yac 0OpoOJieHHsT CyJib(haTHOIO KUCIOTOMO
3 KOHILIEHTpaLi€lo Bix 2N Ta BuUlle, MOXHA MOSICHUTHU
MO3AIJIOIIMHHUMMU (MEePIeHANKYJISIPHUMU 10 11apiB
MIMHUCTOTO MiHEpasly) BaJIEHTHUMM KOJIMBAHHSIMU
—S8i—O—. Y pasi 3pocTaHHs KOHLIEHTpALlil KUCJIO-
TH, IO BUKOPMCTOBYBajacs [Jisl KUCJIOTHOI aKTu-
Ballil HATUBHOTO JIAIIOHITY, CIIOCTEPIra€ThCsl CyTTEBE
BWIYTOBYBaHHSI AKTMBHUX KOMITOHEHTIB JIAMOHITY,
Ha 10 BKa3ye MmosiBa cMyru 6mm3pko 790 cm!, 3y-
MOBJIEHOI CUMETPUYHUMU BAJIEHTHUMM KOJIMBAHHSI-
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MU —Si—O—Si— aMmop(HOro KpeMHe3eMy B JECTPYK-
TypoBaHOMY JianioHiTi [20].

OTpuMaHi cneKkTpaibHi JaHi KOPEJIoTh 3 pe-
3yJibTaTaMW PEHTIe€HO-CTPYKTYPHOrO aHaii3y, 3rill-
HO 3 SIKMMM KMCJIOTHA aKTUBalisl y pa3i BeJUKUX
KOHLEHTpaLiil KUCJIOTU MPU3BOAUTD 10 MOSIBU 11U~
pokoro miky 3a 23°, xapaKTepHOro st aMop(pHOro
KpemHe3deMy (puc. 2a).

AHani3 po3MmipiB HAaHOYACTUHOK BUSIBUB ITijl-
BUILIEHY arperauiro 4acTMHOK alap y BOIHMX Cy-
criensigx. CepemHiii po3mip HatuBHOro Lap® cra-
HOBUTH 0;1M3bKO 20 HM, 1110 BiIMOBiAa€ OPIEHTOBHO
ycepenHEeHUM po3MipaM AuckiB Lap miameTpom
NpUOJM3HO 25 HM i 3aBTOBILUKW MPUOJU3HO | HM.
HagiTb 111 HaUMEHILIOrO CTYMEHSI KUCJIOTHOI aK-
TUBALIil CepelHiii po3Mip YaCTUHOK 301JbLIYETHCS
MNpUOJIM3HO Ha MOPSIAOK (puc. 20).

Ha ocHoOBi ejieKTpoOpeTUUHOI CUCTEMU
(IMAAT-OIC), 30kpema 3 iHKOPIOPOBAaHMMU Ha-
HoyacTMHKaMM JlamoHiTy Ta KUCIOTHO-MOAUGi-
KoBaHoro JlamoHiTy, OyJio MpOBEAEHO PO3AdiJeH-
Hs1 OUIKIB ruia3Mu nepudepruyHoi KpoBi JTOHOPIB
ta xBopux Ha KPP (puc. 3).

OtpuMaHi pe3yJbTaTi MNPOAEMOHCTPYBaIU Bill-
MiHHICTb MpOTEOMY IL1a3Mu TepudepuyHol KpoBi
JoHopa Ta xBopux Ha KPP 3 Meracrazamu Ta 0e3
MeTactasiB. Y IMpolieci IUcK-eaeKTpodope3y OinKku
1a3Mu rnepudepruyHoi KpoBi MOAUISIOTHCS Ha (Ppak-
il — ayibOyMiHU Ta mI00yAiHU (albda-1-r1o0yiHu,
anbda-2-r1o0yniHu, Oera-rioOyiHM Ta rama-rjio-
Oyninu). Ak BUAHO 3 enekTpodoperpam (puc. 3),
HalKpaluyMii moaia rioOyiHOBOI (pakuii y 1oHOpa
BinOyBcs B reii 3 kJlan. B enekrpodoperpami 3 kJlan
y JIoHOpa (pakiiisi T100yJiHiB MiCTUTb 4 OiIKK MO-
piBHsIHO 3 ejieKTpodoperpamoto 6e3 kJlam, ae ppak-
1isl mI0OYJiHIB MICTUTh TiJIbKK 2 OUIKM. Y XBOpUX
Ha KPP rnobyniHoBa (hpakiiisi He TposiBJIsiiacs.
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Puc. 2. dudpakrorpamu (a) Ta po3nomis 3a po3MipoM HaHOYACTMHOK (6) BuxizHoro Lap® ta momudikoBaHoro alLap
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Puc. 3. 1-D enekrpocdope3 6inKiB mia3zmMu nepudepuuHoi Kposi goHopa (1-it Tpek) Ta xBopux Ha KPP 6e3 meracrasiB (2-if Tpek)
Ta 3 MetacrazaMu (3-it Tpek) y 15 % ITAAID 6e3 3acTocyBaHHSI JIAMOHITY (a) Ta i3 3aCTOCYBaHHSIM HAaHOYACTMHOK KHCJIOT-
Ho-akTuBOBaHOTO JanoHiTy — 2N H,SO, (6); (BepTUKaJibHa CTpijiKa MOKA3ye HAMPSIMOK eJ1eKTpOohOpeTUIHOT Mirpallii — Bia

KaToay 10 aHO.Iy)

Hapasi po3ristHeMo ¢i3nKo-XiMiyHi BIaCTUBO-
CTi TiOPUAHUX MOJIMEPHUX CUCTEM Ha OCHOBI Tep-
MOUYTJIMBUX TiApOTesiB 3 iHKOPIOPOBAaHUMM Ha-
HoOYacCTMHKaMU 30ji0Ta. TeMmepaTypHa 3aJle>KHiCTb
HaOyxaHHs rinmporeniB Ha ocHoBi HITTA BigzHaua-
€ThCSI TIEPEeX0JI0M 3 HaOyXJIOrO /10 CKOJIaNCOBAHO-
ro craHy TiJi 4yac HarpiBaHHSI BMIE TeMmIlepaTypu
HUXXHBOI  KPUTUYHOI TeMIlepaTypu PO3YMHEHHS
(HKTP)), wo cxnagae aisg HITIA 6nusbko 32 °C.
MakcumanbHU CTyIiHb HAOyXaHHSI criocTepiraBcst
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3a HU3bkuX Temreparyp (10—15 °C) 3 noganaplium
piskuMm 3MeHmeHHsaM Hipkue HKTP. Bkaszanwnii
e(eKT iCTOTHO BIUIMBAE Ha AWy3iiiHi BIaCTUBOCTI
CUHTE30BaHMX TipOreyiB Ta Ha MOXJIMBICTb KOH-
TPOJIO 32 BUBIJIBHEHHSIM JIiIKAPCHKUX CIOJIYK 3 HUX.
3ayBaxkuMoO, 110 CYTTEBUX BiIMiHHOCTEI, 3yMOB-
JIEHUX 1HKOPIOPYBAaHHSIM HAHOYACTMHOK 30JI0Ta,
He crioctepiranocs (puc. 4a).

IIpoananizyemo nudysito AapOyuumy i3 CUH-
Te30BaHUX HAHOKOMITO3UTiB. 3i 3pOCTaHHSIM BMiCTy
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Puc. 4. TemneparypHa 3ajIe3KHIiCTb CTYIIEHs HaOyxaHHSI TiAporeiiB (a) Ta KiHeTMKa BUBLIbHEHHs AJbOYLIMAY 3 TiIpOre/iB Ha OCHOBI
HITTA (6) 3 pi3HMM BMiCTOM HAaHOYAaCTMHOK 30j10Ta (MKr/T): I — C,, =0; 2 — C,,=4,02; 3— C,, = 8,04; 4 — C,,=12,06)
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HAHOYACTMHOK 30JI0Ta Y TiApOressiXx BUBIJIbHEH-
Hs1 AJbOyLIMIY CYTTEBO YIOBUIBHIOETHCS (puC. 40),
1110 MOXe€ TOSICHIOBAaTUCS B3aEMOJIIEI0 30J10Ta 3 Ha-
SIBHUMM Yy MOJIEKYJi JIiIKapCbKOTO TIpernapary ami-
HOTpyIaMM, a came 3 HEeMOALIEHOIO eJeKTPOHHOIO
maporo aroMa a3oTy Ha 2s-piBHi [21]. 3a3HaunMo BU-
COKY IIBUJIKICTb BUBUIbHEHHSI albOYLIUIY 3 YCiX CUH-
TE30BaHUX TiIPOTeJliB — MPOTIATroM Mepiuux 15 XB. BU-
BiJIbHMJIACS Oiibla YacTMHA COPOOBAHOTO Tpernapary
(3anexHo Bin ckiamy — Bim 55 % mo 95 %). OnHaxk,
BpPaxoBYIOUM MEXaHi3M Mdil 3a3HAYE€HOI0 AaHTUMi-
KpPOOHOT0 0aKTepioCTaTUYHOTO 3aCO0y, IOr0 aKTUB-
He BUBIUJIbHEHHSI Ha MOYaTKOBOMY €Talli € OakKaHuM,
OCKIJIbKM MPU3BOJIUThL 10 Je3iH(EKIIil onepaiiiiHoro
noJsi Ta 3anodirae 1oro BTOPMHHOMY iH(DiKYBaHHIO.
3ayBaxkumo, 1110 OTPUMaHi pe3yJbTaTu KOPEIIOI0Th
3 IIPOJEMOHCTPOBAHMM paHillle aHTUMIKPOOHUM
edekToM po3podaeHuX ridpuaHuX riaporenis [22].

BucnoBku

Kucnorna Moaudikailis JanoHity Moxe OyTu
MOKJIaJieHa B OCHOBY IOJAJIbIIOTO CTBOPEHHS CY-
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YaCHUX HAHOPO3MIpHMX JiarHOCTUYHUX CUCTEM,
HacamIiepeJ IJid paHHbOI JiarHOCTMKW OHKOJIO-
rivHux 3axBopioBaHb. Tak, cucrema ITAAT—IJ1C
MpPOJEMOHCTpYBajia BUCOKY €(PEKTUBHICTb Mil 4vac
€J1eKTPO(OPETUYHOTO PO3iJIeHHs] OUIKIB TIJIa3MU
nepudepuuHoi KpoBi moHOpiB Ta xBopux Ha KPP,
0CO0JIMBO Y BUMAAKY iHKOPIOPYBAaHHS 10 €JI€KTPO-
(popeTnyHOl CUCTEMM KUCIOTHO-MOAMGIKOBAHOTO
JIaTOHITY.

ITokazaHo, 110 CHUHTE30BaHi TiOpUAHI MOJIi-
MEpPHi CUCTEMU HA OCHOBI TEPMOUYTJIMBUX TiJpore-
JIiB 3 iIHKOPIIOPOBAaHWMHM HaHOYAaCTUHKaMU 30J10Ta,
Ha OYMKy aBTOpPiB, MOXYTb BUKOPHCTOBYBaTHCS
JUISL 3allOBHEHHS ITiciasionepaliiHuX TOPOXHUWH,
30KpeMa Micisd pe3ekiii MyXJIuH, i 3He3apaxKeH-
HIO OIepaliiiHOro IoJisi BHACIIIOK aJApecHOro BU-
BUIbHEHHSI iIHKOPIIOPOBAHOIO 0aKTEepioCTaTUYHOTO
npernapary AJabOyLuy.

ABTOpU BUCJIOBJIIOIOTH NMOAsIKY HauioHanibHO-
My QoHay AociikeHb YKpaiHU 3a (piHAaHCOBY Iifl-
TPUMKY, HamaHy 3a Tipoektamu: Ne 2022.01/0039
Tta Ne 2021.01/0178, a takox TOB «Tpoimit».
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HYBRID HYDROGELS FOR DIAGNOSTICS AND TREATMENT OF CANCER

Background. Application of polymer composites and hydrogels filled with functionalized nanoparticles (in particular, acid-modified
laponite and gold) allows their use for filling postoperative cavities, especially after tumour resection, and enhances the effectiveness of
early cancer diagnosis.

Objective. The purpose of the paper is to develop methods for the synthesis of acid-activated laponite, study its basic
physicochemical properties, methods of its incorporation into thermosensitive hydrogels; studying the possibility of using hybrid materials
based on thermosensitive hydrogels and gold nanoparticles in oncological surgery.

Methods. The synthesized materials were characterized using laser correlation spectroscopy, IR and UV spectroscopy, X-ray
diffraction analysis, zymography, etc.

Results. Synthesized hybrid polymer systems based on thermosensitive hydrogels with gold nanoparticles can be used to fill
postoperative cavities with simultaneous targeted release of the incorporated Albucid as a bacteriostatic. The sodium dodecyl sulfate-
polyacrylamide gel system with incorporated nanoparticles of acid-modified laponite demonstrated high efficiency in the electrophoretic
separation of peripheral blood plasma proteins for the early diagnosis of colorectal cancer.

Conclusions. Acid modification of laponite can serve as a basis for the development of nanoscale therapeutic and diagnostic
systems. Synthesized hybrid polymeric materials based on thermosensitive hydrogels and gold nanoparticles can be used to fill
postoperative cavities with a simultaneous targeted release of the incorporated bacteriostatic drug Albucid.

Keywords: thermosensitive hydrogels; acid-modified laponite; electrophoretic separation of proteins; gold nanoparticles; Albucid.
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